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ACTI VATORS COWMPRI SI NG EXPANDED ANI ONS The present invention relates to

conpounds t{@esab7usef ul as catal yst conponents. More parti Gighaidoyoidie
pr.esent invention relates to such conpounds that 5 are particularly adapted

for use in the coordi Bﬁtrhﬂvsﬁ%dﬂvp"réﬁé EBWNBII@@IE%I?AI@SE@WB ds
conprising an anion containing at [east two Lew s basic Srtes ich are
coordinated to Lewis acids. Such conpounds are particul arly advant ageous

for, use in & pol yeiglon (cAiso Rt Linsal HNSl  EBLALY R byt o

and at |east one I zabl'e noner ar e conbi ne y ation
condi tions to dammpnnants0 Nk padicularlp theedoresentlinvendiop relgies de sychkemompounds thes
art to activatg _Zzi ri I ' ' kcul such
catal yste ComptroeifuB S8R BT WERGRInGR B SuEh Bl idhelimbel

~- bonded | i gancbngpanngs cotoprigihg an asioofcoBlainisg atdeastitao davisbasipsites avhidh are
transferring a_pr cat L.oni ivative. t catal ytically
15 active deri Q/O%tr@b%gg#g%%@ﬁry&% 8{}%@9%&%@3«# %%r?\péﬁ'ec%{ar raeg érr‘t?%%o"’@rffﬂrrl‘ﬁeed
aci d sal ts ar einsumdiyroengatiomdeocessmwhendimeatalystacatelyst antivator, @eidrat idaat ones
capabl e of rengdgr.i e - .Jg?; I |yt | yve.
Suitabl e acti vg‘?%’ng'gzcatS%p’P%%H?I a’j(e):clgna éag’ ué‘(ragpgéﬁéte g%%nocr?b t&ﬂéh%tr?a@snl‘ a

t et r aki s( peht apolyroedppredydt) bor at e. Addi ti onal suitabl e anions include
sterically shiel dedgél : j ; far RS E . wher ei n:
S i s hydrogen, al kyIt?é ﬁg&lg?%g%wm&ﬁs}a?ﬁggﬁ?@ﬁ%?ggi@;ll?ﬁgrélﬁeﬁzgg%r} oaryl,
and X' is eit heatalygtdr payticularly sughicdtalysth sahprising GroupgSS-A0 fetal toBplexes

Addi ti I l.es. i d . h i scl. d
claimed in Us. Aoy lafesd B0 BT BRBE P HE LRy Bichelesiiad e "
(cation/ ani oncgymbie ofaranisfeairgy & prtan @ifoon awatiosiu dbovativenor athep batayticailyum

| t f. 1 [ ' di, scl d in USP's 5 198 401,
5 132, 380, T, 4901 SFNInTes! T GRYR SE6 e Corig 3fgoBrpbyed g <A
ferroceni um satevrch@ompeantsaintaifing iasetios/ahiompaiSifatisicap8Ble b Peraieeing the
i e 90 oS PRSI bRl e apilly pBUE) Rl AL Bt 1 L
activat ors f or fladranasdzbargiboet@bnionsisue as tétrakis@uentafiucoophebglbaratec iAdigitional
i ncl udi tri berfl . I . T fl [ )b
" oe1ae oot 85 BOGHK RS E 85e bR s Y OHRIET ) 7o rer
conposition has been previousl x'di scl osed for the above stated end use in
EP- A- 520, 732, whereas the | atyer\chposi tionis simlarly disclosed by

Marks, et al., in J. Amp/Cgem Soc.’, 118, 12451-12452 (199fi). Despite the
satisfactory performance of e for/é?g%ﬁ ng catal yst activators 5 under a
variety of polynerization con ié§ ons, there is still a need for inproved

cocat al ystsgfor use in the activation of various nmetal conplexes under a
variety of reaction conditions. Accordingly, it would be desirable if there
wer e provided éNdI%%'t}nds that could be enployed in solution, slurry, gas
phase or hi gh press§ ie hydtogeeralmatfiuonsaliahdryindefudnoarpigArfés fisoroaryl, and X' is

Accor ding to t RUNBrBREFER s shetB L I Rty Bos Al ba s s ol
as cat al yst actcanatranescampauadpench asjatecdisdiesedanuudiamedN USyAEA0T§81- cd,

ther e 1. oels @ 2 el ShPAGed B3 font a0l

cont ai ni ng two ammoniam, bdfoinginas ehesghenjund Salisckpabiede itangfeeringa bydrogereiooe

is a Lews acid.coordin ' j f. Z* nd
optionally two dd?c;?%ggén @%E% %fg%l%%{ugs?%r%@&ﬁéﬂ'%faaq}%ﬁ%zﬁz?ﬂi%%If“ ety

havi ng nul ti pl eoXidizihg saltsi silich ab dereddenia,isityer a2 (egd sadts adiaclodmetin lUSHs 2,188,192
and a, b, c, an i oI, : i ' " bis
equal to c X d.EIOL d%f&%@%’?“g&@“@@{ 'a%% a[:@mfﬁ]agwspéhsgegg a@%@'\éhf@oshgﬁnegaé@ S ‘
provi ded a 3fat adiydosedonp®ii's 5,800,788 apd/5yGR8rQ87at i on of an ethylenically

unsat urated, pol ymer le . LS i i i above
descri bed conpound aﬁ%ﬁgr%"(?)%ﬁgg&%%rrrsefogFw%%%@gﬁel%ﬂ%@gg*é(}gbggﬁ%s%%
activation to floswisanidaddiudingtripieesfiverdphanylinerans and/kis(pegiucrdtiphenyitharane.

product of such conbination. Additionally according to the present
invention there is provided a process for polymerization of one or nore

o O,

aromatic hydr ¢ W wth the above catal yst conposition. The

conpounds ar e '@¥f*quel y adapted for use in activation of a variety o tal
conpl exes, especially Goup 4 netal conpl exes, under standard and atypi cal
ol efin polynerization conditions. Because of this fact, the foregoing



35 conpounds are capable of form ng highly desirable olefin polyners_in

high efficiency. -2 2 8 JUN 2002 PCT/US99/ 03413 WD 991 42467 Al 18 JUN 200
ref erences rej o elenents belonging to a certain Goup r I ]

Peri odic Ta@ﬁeﬁ}(‘)‘?ﬁ%he El ement s published and copyri ghted by wgg%‘,l?
Inc.) 1995. Als,l%gnkl reference to the Group or Groups shall be to the G oup
or Groups as r&fedRIRe AMAASHIopias HEER PreyiuslyY fisqiereddprdhe abave sialed angaise

I UPAC syst em f g EP-ASZ0S3RN@hEMRAs B%o lattéreofioditivh s SifilhMpdisciss<df byt Marks, et

i nvention are Laxrth‘?r characterized in the follgvvl ng manner. A*+a is
desirably chos "t%ﬁpﬁ-@m'aﬂs'ﬂéﬂﬁ1r‘¥‘}w1 8% he conpound and to not
interfere wth subseDegpite thabatisfadierypeHbnhdnte dVeRYRoind dialgd tacvatsmy
participate_in the formati on of the active cat alréSt ﬁpeci es, desiraply 10

t hrough a pPot JiIEF &yafigly of gRlymerizafion copdifipns, Mg ik shlapsedionBia¥isn) or a
conbi nati on t hejoeafalysfidr Ls@ Mathk activgibh af Vardakindital domiptdxesivAbibya Lamdtpye the .
solubility of the resultjng activator in rticular reaction nedia under
use conditi ons.TeREHONSLATOBS. ﬁﬁcqrﬁ@g St @anSEQP'FJﬁh?fP WEBBIMASS zat i on
of aliphatic ol @nprsundMdticeuldare empibyddip sclativh, shiinpBas phastordigPprakssre
diluent is commonly used. Accordingly, 15 cationic species that are

rel atively sol lﬂﬂ'\gx?rﬁaé'%?]a? He qrd%r%g&p%euscgr hetgagsNeoH? PrOSess GAAItaRs; vat or
nmore sol ubli® t hesvidiniréved abtivatidy bpsrties]. Exanpl es of suitable cations

i ncl ude anmoni um sul foni um hor;s{ghoni_ um  oxoni um carbonium and silylium

cations, preferably PREEENEHR Y iyeptipnghets FRDONROVERH EPRBOUNFE USE R,
as well as ferr I 1 di gl Oxgations. In a
preferred errbodia)scrnge{%th &H@a%dﬁg:a”tbaf%bﬁﬁasﬁgdr@égﬁtr‘n@z%rﬁylé!t(é %% JZﬁ 8an be any
ani oni ¢ noi ety cont aiwRemrgh:two or nore Lewi s basic sites. Preferably, the
Lew s base sites are,on differ«?nb atons of a polyatom c anionic noiety.
Desirably, such Lew § BAFNQLEAG8a o atively sterical |y accessible to
the Lewis a@ d, J*. Prpfarahby gidi® df @oiSt 50, prétbiaBly PoS3004tomis! FR@80nHg
carbon atons. 25 Exanpl es of suitable Z* anions |nclude cyanide, azide,
am de and subst NY4iP8e aiemse furligr aPHRIREIAWE O NRER eYiSEdsa iR ni de,
di cyanam de, i m dazolt figepsnideptly badieebdurfeficzield Idavis hiit @¢adminatddi®. at least one
substituted i mdazolinide, tricyanonethide, tetracycanoborate, puride,
squarate, 1,2, BL?‘P’WS%FiSH%Pféuﬁ‘éf’i%’ﬂ?’@&”")"?‘?@mpﬁ 14" @EPUPE MayiRs joinesly) j de,
substituted 1, 2iogettidra7@hicily hayinh Mulipd Déwis abiifd fuhétopdlitpy i m di ni de, 30
tetraim dazi%l borate, and subst.tuted %et rai m dazoyl borate ani ons, wherein
each substiflient, if)|SrRuRper framgdrandhydrocarbyl, hai ohydrocar byl ,
silyl, (including nmoagb,c,dind dred ihtehérd 0T & HWilistheproviscsthhia R g iy b x
or hal ocarbyl group of up to 20 atons not counting hydrogen, or two such
substituents toaet her forma saturated or unsaturated ring system -3 Z 8
JUN 2002 VWD 99/ 42467 AAGTOhaIROBRIGIOTNE pR5sBRGNZEntioh Bs isrevideda daemst de,
2-nonadecyl i m dazol i de, g 510 u,ndecr?/l i m qgﬁol,l cfe, 2-t§5%£c¥| i m,daszol i de,
2- pent adecyl i ni §97BPFH? %H@éﬁb‘?&'@%&'ﬂ g £Ifieically SnH PPIYREHZ2RPi de,
21, g gi f l( Eor%fs(r? W@ml _ 'qia%on&{iﬁdbﬁhf@g%ﬁnﬁtidﬁ.aﬂé iald@_:e dedéiriﬂé%c_bé@ﬁ&:md?ﬁw(ﬂ Gd_mdp 3-

, 5- bi s(hept adecg i azqlide, . 4, s(uyndecy, azofide, i azol i ni de,
3 monadecyl | m adbsetRl GRS, abis1ePAPEEL B VAN otbc I AnSEPn ROYEERR e,
g- pent gdec]y! i _m;j@assfn,}sjt,_r&rqhee 29%15&&? ?Tﬂﬂﬁw df @pgﬁemilnbinhm.
4,501 ohl of of m dazol | MAEONIECRaBBAS FPdZeRsn VRRION there is provided a process fo
g, g- bi IS( he(rj)t adeq&,bl)&rﬁé(’jfizdﬁ%mbﬁ dﬂdiﬁ'amérei;clﬂig{lé?r(icwﬂyleﬁydithidgécdﬁﬁﬁ]Heﬁhﬁiﬂe monomers

i decyl am pi peri djnide, 4,4-dinethyljmdazolin~de, , -
et ra 5 pyr O iR RO tasbd e oo baaly B e Rorasben ol 7R inegaiphic
4, 5di cyanoi m daznitydie or argindtictydratattdun, itin tHenabdae datatist esrmpesttionCoor di nat ed
to the Lewi s base sites fof t he anion are from% tﬁiﬁ]fz l})ewi s.acitds 15f J*,
two or nore of which ﬁh%/%%gﬁ"lﬁ FRIEPIUDGE AHYTRYE 2HRRES {PT MR It PR
Lewi s acidic fumatribq:rtaImétalhcdgﬁ;ﬂémsabépeciaily Gioub 4mdalbbmrea?gmddavbta?dérdcﬁm3
to 100 atons not caounti rogen are present. MNor peci fjic.exa es o
the foregol ng LeRCAQTMRSHBIHAUSN sondiiage, BsGarts TsE ety BF IRIPEORY Ra) 2- wr
Arfi, (R1 )38, ddipouniik afs eapsibds ef formidg highlyi desirhbleiorefimpolymzss orhigh Bificiency
Arfl M Arty or
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(R2)-(~* Arf2 2 ¥ Ar2 3 Rl and R2 independently each occurrence are
hydride) halide) or a 25 hydrocarbyl, halocarbyl) hal ohydrocarbyl, 28 JUN 2002
di al k)’l am dQN 34/kAxt de, or aryl oxide group of up to 20 carbo T/l‘ﬁ\és:to@silri
provi so that 1n not rmre than one occurrence is RL or R2 hali

Arfl-Arf2 in conbinati [ ndeBendent eacgsoccurrence i s a divalent

f1 uorosubstituted ar 6 ?PE‘*’EP% f)relf‘fmferI lopging 49 B GREaIN Grpymraieripdper r ed

Lewi s adds are gleHddio TEbRIof B Blemearibise ddhdCodpy RSHISNBY cacti@re&beméowwa
AIRl g, or BR13, wherein Rl independently each occurrence i s selected from

hydrocarbyl , haPsOAYyEerenss tﬂéneo IRYPSE S ByRs shadlibedp dhe Graup orGrowRs 2y up

to 20 carbons. kétedtedan enid Pehbdic pasik of teEIemBARI usidithe RIFAC Systemdor 2 8 JUN
2002 WO 99/ 424G7 PCT/ US99/ 03413 fl uori nated Cl1-20 hydrocar byY group, nost
preferably, f PUBPEARA SEPURPy | group, especially, pentafluorophenyl.
Preferred exanpl es ofrhkhatdiat Q&Waflﬁs bEE Snvaetich Slrequmer(tﬂﬂnfa%te'ﬁkéwlrfmbt' ple 5
Lews acid sites are: C6Fs F 1 F B(C6F5)2 F/ B/ F F I | FI BCFF~B ~
FIl 6 4) F I F pllewinhghasms) A2 gafesirahly Fhasesup padids @wm\lmaaum@me
conpounds accor

anmoni um phospggﬁ‘lguzr'nﬁd éﬁf oﬁ\ﬁﬁﬁ]%e&%wnﬁﬂ%%bgﬁu%&%%ﬂﬁ% %ﬁlﬁl\@f)lmuﬁ]'% UQ‘EJE (I 1),
silver or ferrocetvrumeayaptticipate iniihe formatiqnpefitbe ttivercataivshgpodias; desiiabpani de,
bis(tris(pepgafl {1 . .

bis(tris peﬂ af ltt'lij'gp@n EE‘F&F brgﬁgﬁg)%%lﬁéﬁcgﬁ%r h%arsd abstraction mechanism, or a

bi s(tris(pent af |ogmbu'p|ngnyhgrmfr Additionaliyagertainieations beneficially improve the solubility of
bis(tris(pentafl

bis(tris(pentaf ﬁ%ﬁeggﬁiﬁﬁ%ci \Eagér an %lr'tlgu! Q%gﬁﬁ’cln HS%Q%BL.‘ lSjsPe 'conditions. For

bi s(tri s(pent af lexempjehémtpe)homopaiveierizationds copoiyndezatipn of aliphatic olefins,

bi s(tris(pentafl I
b: sgt r: sg Bent af |p%85°§%{§'2 ri bor a%g%mg eg ga’?ﬁ%%tcggecy{%&l%gh@@?ed Accordingly,
tris(tris-(pént aatiove epemeglth)abmaﬁletnrelscwmﬁm stichiereaction media, or render the

et T okl SCLProL S i BB RO SORRANL A are hiahly preferted.

tetrakis(tris(pen uor op orane rai
bi s(tri s(pent af | uor opkxamypigsadiaviakly cationsdaciude ammonium, sulfonium, phosphonium,

al urane) cf oyanart E b SR Ll e CAY e fer e ey SPURERes Lot RO P b avoms
(11 et o oottt Loscpt s oo

bi s(tri s(Be@baf | G8PBDh P%ezq [ﬁ%ﬁ‘r@% %md%«ctwc 3nd 31813/ fayal to one.

bi s(tris-(pentafl uor ophedihe amyarsrfy @bd‘fﬁhiﬁﬂt\b@ﬁimﬁ‘r@@&m& bésic S|tes
A L Gk S 20 e o
tris(tris(pentaf Hnd@tpphﬁir}ébkﬁbwﬁiﬁlwm)wsldﬁtes are relatively sterically accessible to the
totraki s(1ri s(pept.af Luor ophenyl Jl imanc) o121 0 ez e ROLRLS) caon aforie) M
bi s(tris(hepsaf | Bgdripids Bﬁ@hﬁabmlz) eions ejatycrndydaide, azide, amide and substituted amide,
bi s(tris(heptafiuoro-

bi s(tris(hept af | #BIYY %en%'g?)ﬁ‘f “;)96{) ﬁh‘}%ﬁ g%ﬂ%ﬂ“aﬁ imidazolide, substituted

bi s(tris(heptafl mﬂ&oad@ammahmwdweamautm mheidetdlifide, tatyenhbmetdw pt af | uor o- 2
napht hyl ) borane) - 2- undecyi i m daz

bi s(I1ris(heptafl [?HPBYC’?"H rﬁ{er,lw5|<g%'s%%r?te51§53 “Hiazatidey PyRstitited LiaSoipgide.
bi s(tris(heptafl me@trtazaththén)M ﬁaet)tnézc’fhdbl ;s;(rhﬂmhadeambﬁmmdqaﬁmmdee,

H: :E: ;: :E Ee :; lfqﬁu%grﬁ quy%?tﬁfpgj Etzttjeél anl%ggoy orate anions, wherein each
tetraki s(tri s(heptisshitusn, Of;ﬁ'ﬁﬁé?htnbﬁlh)alwhm):éreyir Ralohyaceyh b aiigl @ncluding mono-,

bi s(tris(heptafl uoro th

bi s(tris(hept af | bP8d§ ﬁé% ﬁ¥‘§sé}"5$ﬁﬂ§§°§§ éﬂ qrghalocarbyl group of up to 20 atoms
bi s(tris(heptafl ner wﬁtm@bmrbgéd @ wasehciubgtitnants degether form a saturated or

bi s(tris(heptafluoro-2napht h al umane) i m dazol i de,

bi s(tris(heptafl HB?% ’??Fg 8% unane) - 2undecyl i ni dazol i de,

bi s(tris(heptafl uoro-2- napht hyl )aI umane) - 5, 6 di met hyl benzi m dazol i de)

bi s(tris(heptafl uoro-2-naphthyl)al umane) -4, 5bi s( hept adecyl )i m dazol i de,
tris(trisheptafl uoro-2-naphthyl)ai umanetricyagonet hi de, 15
tris(tris(heptafl uoro-2-naphthyl)al umane) puri de, and
tetrakis(tris(heptafluoro-2naphthyl)al unmane)tetrai m dazoyl bor at e.



Exanpl es of suitabl e expanded ani on conpounds are the foregoi ng ammoni um
salts, especiall y those which conprise trihydrocarbyl- substituted agngini 08
cations, especi trimethyl anmoni um, triethyl amoni um

tripropyia 983 % tri(n-butyl )ammnl um, nethyldi (oct adecy%caTrﬁ)r%gr?/omz',

met hyl di (tet radecyl ) mmnl um, neth tet rﬁgdecg g(oct adecyl ) ammoni um

N, Ndi et hy! ani fi ni unfrefqrad £/ ¥eHRs ﬁl -nonadecylimidazolide, 2-

N, N-di et hyl (2, lﬂm@cwm.aai&mé agltrideaynmraazon@m parthyeFiimidak el gl anmoni um

cations or mixtures thereof. Mst pre anmoni_um cation contai ni ng
5‘?14’96%@?'8??

salts are thoseeRiafesylimidgzaige 2ng Qlidg, hordifuarimidazrtivg. dd-cat i ons

cont ai ni ng one d]éhlbmi}nﬁaﬁblﬁém aldwbmgmmud@S@S%'is%théﬁ{adecyl)lmudazohde 4,5-
met hyl bi s(oct adegéngammn um met hyl bi s(tet ra anmoni um cati ons.

BRI iy 1 g R A SO P

hydrocar byl gr OMRfecWﬁmi@hiéh‘ﬂfdeng—trﬁc@'&ﬁhﬂﬂ&azdﬁﬁiﬂeez‘%@ﬁ{a@ec}hhﬂdﬁo%lﬂéaﬁ-Ed
amoni um cation derived fromthe commerci al Iagplaval | abl'e | ong chai n 30 anine

conprising a m Qqug%eqyfnm%ol@d@ 2@°§a"('f‘r°y@“? ke d’r%ﬂ‘ﬂgo@ﬁ'ﬁfdﬁ?‘@'”f@t Ayt

group. Such am aeﬁsomim;dayalnk@bhes dlbr@monHQ.ﬁb!ﬁQ{ep4 5- MQ@@btaHB@ymmﬂeom&E
Kemam neT"" T9701, and under t he tra name ‘Ar me

2
The foregoi ng cﬂ)@aﬁ‘%(P?%?%" W‘??ﬁ?ﬁ?'?%t%%ﬂ?@'%ﬁp?{%ﬂ'% ﬁwm*@rlméazohmde
substit ut edig ni gaad- bﬂ'ﬁ‘mdl lbelRds, fgnm%.dé,ld@@wcm&@sbdzmdmhbm ge,

benzi m dazol i de, or substifuted benzi m dazol i de, ani.ons) may be depi ct ed
schematical |y adicydjlqipigezolids, ands.g-dippinylgenzimgageldeamtionsra «+ ~x~  N-N_~

Ao4 ~ 4RR WOGF e%ordﬁqédmﬁé Q&ﬁﬂs?oagé sftds 6 the hionMre trom 2 1o ’fZLeN*SNmId%

NI AJ ~ or 4 4 A*+ is a npnoval ent cation as

R
previously defi r\eélwo Shﬂ‘o{ﬁ' éff‘%'% ébp‘f?‘y 0§ J%l”?q foRFtes LR BIRietRAYIAY MH!tRie Lewis

cont ai ni ng one gEidicWandaonaitd! Ridier@bigUdm 2a8RELi grblips Ravitffrom 3 to 100 atoms not
nmet hyl bi s(t et radecy] ) amoni um or net hyl bi s(octadecyl )amoni um canon, R4,

i ndependent18 e8RYHEAYATASRE &re PeSeRtdr ogen or a hal o, hydrocar byl ,

hal ocar byl , hal ohydr WéQMéOIfloSéia)ﬂdTééddefo‘Pé/dOIn%Le\ﬁﬂs|a)é|d)ccfrﬁﬂWnH9'J‘g mno-,
di- and tri (hydrocarbyl)sHyI) qroup of up to 30 atonms not counting

hydr ogen, pref eFamkespand tothefppla: and 10 J*' is

tris(pentafl uorophenyl)borane or tris(pentafl uor 'R nyl ) al unmne). Exanpl es
of the most highly preferred(R3salNYAr dct (R/atovis Merei M iféfude t he

forgoing trihydrocarbyl amoni um, ecli ally,
qhyl bi s(octa e‘cy )Cc;ar n

e
met hyl bi s(tetradecyl) u salts of:
i|dazofide, 1

ium or
bis(tris(pentafl uoroéﬁW) bor ane) i
bi s(tri s(pentafl uorophenyl)borane) - 2-lun eCé Jimd gii de, o
bi s(tris(pentafiuorophenyl ) qBfpreM 2AHgpt ddDeyM* 2 Wit -l AT 3

bi s(tris(pentafluorophenyl)borane)-4,5-bi s(undecyl )i mi dazol i de,
bis(tris(pentafl uoro%g&h) bor ane) - 4, 5- bi s(hept adecyl )i m dazoi i de)
bi s(tris(pentaffuorophenyl’) borane)i m dazol i ni de, 20

bi s(tris(pef@baf| uor op¥eisdiyniourarce poenundecyl i m dazol i ni de,

bi s(tris(pentafluorop nyI or ane) - 2- hept adecyl i m dazol i ni de,
bi s(tris(pentafl uor orﬁl }‘g&d&%?d%t% eBF'%??R%@E?F)af%%E’@} F?ﬂdﬁe?r a

bi s(tris(pentaf Inyamahgmwa)daaib@nahroﬂycﬁo&ursﬁl heiafi gﬁm&d )alkbixidiaz 6t Arjiostiie group of
bi s(tri s(pentafl uorophenyl)borane)-5, 6-di net hyl benzi m dazol i de, 25

bi s(tris(pent af Iumo@ﬂmgdr)sbwnaﬁw)pray@o iag (rmmewe)tmmzmewmzr@hc@@ R or R2
bis(tris(pentaf Iﬁé(ﬁ 9| yl ) al umane)i m dazol i de,

bi s(tris(pentafl uorophenyl)al umane) - 2- undecyl i m dazol i de,

bi s(tris(pemgaf |M®T-ﬂﬁa¢rﬂﬁérﬁﬁh§ﬁﬁiﬂﬁﬁeﬁeﬁtﬁhﬂﬁld§w btdtr@aze) it dalivalent fluoro-

bi s(tris(pentafl uorgphen al. umane) % #ndg %%)I m dazoi i de, 30

bi s(tri s(pent af |%@§B‘§ P é'%%PHB)mKO'S‘ Qfecyl )i mi dazol i de, 2 8
JUN 2002 WO 991 42467 Righly\pprdRfred4&wis acids are aluminum or boron compounds

bi s(tris(pentafl uorophenyl)al umane)i m dﬂff' i n|1de
bi s(tri s(pent af | esraspheding jetha dermala: AR tal o B s Wé@(ﬂ'ﬁ Ril drdependently each

bi fl h 2-h dec
bi ot 11 5( pont af | H6FBBAER 1 FReLRIAE) PAErBeBPd, OReRY) A HabY diarary radcals,
bis(tris(perdpaf | ugg @ﬂmw @ tﬁ@f’t%}bcﬂwsﬁnbh%cf}éﬁﬁ%ﬂﬁﬁbékéﬂéa @lﬁ%&lm@hﬂw is a

bi s(tris(pentafluorophenyl’) al umane) -5, 6- di net hyl zi m dazol i de, and

bi s(tri s(pentafl uorophenyl)al unane) -5, 6- bi s(wpdecyl ) benzi m dazol i de. The
conpounds may be prepared by a condensation reaction between the al kali
netal salt of the anion, Z*, and a Lewis acid, J*, preferably under phase
transfer




10 conditions, using for exanple a crown ether to solubilize the al lgzﬂny N 2007
nmetal salt, followed by a nmetathesis reaction with the correspondi ng aqlcqge
salt of the cation, A*+a. Certain of the cocatalysts are also anenable to
pr epar at i onW@i9%8/42#6dne step, single reactor process. For exanpF&USPH@3413
amoni um or phosphoni um i m di azofi de, or substituted imdiazolide salts can
be prepared by floornated Cag Hydechdbyl groag,i rdost prefeably, adivbeinated laag grdlip, adduct ,
such as an ethera WL ral conmpound corresponding to the anion,
7+ Both react §ﬁPé§€é'Wepﬁ'}é}§§‘lr&g%‘f}‘%H§"el atively lipophilic, such that the
reacti on can be per fRrefeeedierampies pbtharforegbingitesvis dcidigtoups cohtairlimg Muttipldase
correspondi ng tQq . ion). A*+te, results in formation of the charge
separ at ed specitL \s"ﬁshg\ﬂﬁg#sn%%/ be recovered fromthe reaction m xture by
devol atilization or used without furtlgF;20 purification. Suitable
catalysts for use in conbination pith |t he fPor egoi ng cocatal ysts include any
conpound or conplex of a netal of,Goyps 3-10 the Periodic Table of the
El enents capabl e of bBIGgshct FvafetntD Pe priZe et hyi efii cal |y unsat urat ed
conpounds by the presént activa i ncl ufle& _Gds 5 di i mi ne

ein M is

derivatives 25 corre %ndi ng 2 ok, N pIM
Ni (I'1) or Pd(I1); K H}i|0) ydr ¢ , hydr oc&r b ) 0 and the two
nitrogen atons are |inked by a brFdgi ng sysFem SuchFcatal ystiB have been

previously disclosed BCgFs),Am Chem SogFs, 118) 267268 F1996), J. Am
Chem Soc., ®117, 6414 -6415 (1995), and Orcganone®fal | i cs, 16, 1514-1516,
(1997)  _0_ 2 8 JUBLiBR2eEnas Adbdomsalidsastedtiiotslpicsamahvaritonl yst s
i ncl ude derivatives of Grouﬁ;lq 3, 4, Br Lant hani de netal s ich are in the
+2) +3, or +4 fiBFHEE hSEGBHRPNYR: BRCFPACNIEM$ HOPATH FEHORIT Y e Jead
conpl exes cont &iInisiderd drdehrdeeh@mmsatts PR i His@indfiuerspheAR)orate) byaiaded gr oups,
whi ch may be cyclic¢c or non-cycllﬁ del ocal i zed ~-bonded anionic |igand
groups. 5 Exenpq"ﬁ(ﬂriﬁ(BQ?téfl}@FP'HhW B‘é"é!"%)ﬁ?'_&‘ﬁi c ligand groups are conjugated
or nonconj ygat els(ufs(éntaiiudroph@Rylfisraricldieailiddlr oups, allyl groups,

bor at abenzene groups, phosphol e, and arene groups. By the term "~-bonded"
i's meant that tWé(tﬂ'ﬁ(@%@'L@’W"Y‘&WWQZQ "?‘_h@‘-"t%&(&qnﬁ%“@ﬁr%?BLY')WQ?)“?'
sharing of el ectfqa§i-ifridFofad? BlsitrigbbitafifdrogainyBBstane ifiddzolffffeh) atomin the

dei ocal i zed ~-bonded group nmay i nde|pendent I %/ﬁ be 10 substituted with a
radi cal sel ect eBiSHHHRERIABIQGPRIGRYIEBRIENeY 2 HdeRYImIdRZOlEAS: hal ogen,
hydr ocar byl , haﬂ)ig?ﬁ(étb@lﬁiaﬂJbYd)pheh}’l?dd?@rﬁ)@){é-dﬁ\&ﬁilbédﬂrﬁﬂai@fd@! loid radicals

wherein the netalloid is selected from Goup 14 of the Periodic Table of
the El ement® ah'a(t"é%ﬂ?ﬁntﬁwmb&qra%)'wgﬁﬁﬁfﬁcy&'mﬁﬁ-ed metal | oi d
radi cal s furt hegispHbtddrtafiuebphehybardaeitpaddmeathidkd hetero at om contai ni ng
noi ety. Included within t er rrbéct}gdrocar byl" 15 are Cl-20 straight,

W, he t
branched and cy¥is(tes@eripfluqrapheny RYPYer onmt i ¢ radicals, C7_20
al kyl - subst i t ut edragisRiE(pbstafi@ftbpingl)barate fetdimidaydylsathl i t ut ed al kyl

radicals. In addjtion tw or rmr? such radicals may together forma fused
ring system i nbi{gsRgMiverpriranyEmae)eyanisiir ogenat ed fused ring syst ens,
or they maygd or msarig@baﬂah@@rmﬁeemy»émap@azm;xals trispéntafiictophenyl)- _

hydr ocar byl - substi t ut ed orga_norrg,t &I_I oi {adlgl s .1 nclude 20 ano-, di - and
tri-substitut edalﬁﬁ”&é}%‘ﬂﬂaﬁ Mifeq Pisus(Reptatiygrorienypalumang)ipidazelideyner ei n each
of the hydrocar Bléktrig(fp@Hﬁﬂu@r@ﬁﬁéﬂ?ﬂﬂuﬁfaﬂé)—é«uh@eo%ﬂnﬁﬁzbm,atOTTB- Exanpl es of
sui t abl e hydrocar byl - substituted organonetal loid radicals include
trimethyisilyl, bt '”ém%mazlv?fwbe'M)ﬁ&‘fﬁﬁr'ﬁ)émlﬁw%‘l'\"%v, met hyl di et hyl sil yl ,

tri phe: nyl ger ny lpis(#i8®ehtafiisopérysamtang)-2wpdecyiimidaorsidef G oup 15 or 16

hetero atom.contai ning noj eti es incl ude 1. ne hosphi ne, ether or

t hi oet her néret ibé%t"é‘r(g@?t@{é{'f%‘?ﬂ eaé'%wa%'?%)%'BW%?*&%P?“@%?&% de, phosphi de,
et her or thi oet btrg(penpsiubRsHeAyOurhaee)t4, BB (dpradetphiadidadolident hani de
metal, and bonded to the Eédr carggl ro or' t%. he hydr ocar byl -
substituted net dN§EISPOH! TOFP%%‘V 'B@gf‘e APPBEINKIL: Sy t abl e ani oni c,

del ocal i zed ~- bafsieb(gsntaftdrdphehyldendhespurideprenariditaspbntatiustony |
fluorenyl, tetrah dr@%nden *% tetrah%gr fl uorenyl, octahydrofl uorenyl,

pent adi enyl , cycq%ﬁ)é Wf‘%‘?f%s etraliZAYERM®r acenyl , hexahydr oant hracenyl |
decahydr oant3pr acenyl groups, phosphol e, and borat abenzene groups, as well
as hydrocarbyl - silyl- (including nono-, di-g or tri(hydrocarbyl)silyl)
substituted derivatives thereof. Preferred anionic, delocalized ~-bonded
groups are _g_ 2 8 JUN 2002 WO 99/ 42467 PCT/ US99103413 cycl opent adi enyl ,
pent anmet hyl cycl opent adi enyl , tetranethyl cycl opent adi enyl

tetramethyl (trinethylsilyl)-cyclopentadi enyl, indenyl, 2,3-dinethylindenyl,
fluorenyl, 2nethylindenyl, 2-nethyl-4-phenylindenyl, tetrahydrofl uorenyl,
oct ahydr of | uor~nyl, and tetrahydrondenyl .



5 The ,bor at abenzenes are anionic |igands that are boron containing JUN 2002
anal ogues to benzene. They are previously known in the art having bezeﬁn
descri bed by G Herberich, et al.) in Oraanonetallics, 14,1 471-4

(1995). QY445 or at abenzenes correspond to the formul a: T/gs99/o3413\,

g- R. R R 10 wherein R' is selected fromthe group consisting of

hydr ocar byl , lPl‘é(WS(hwtmqw@rﬂﬁ%Mbaﬂ@hﬁEya@ﬂed@!ﬁi(ﬁfﬁ(hepﬁ%ﬂl@rm having up to

20 non- hydrog%ﬁ J@Q%orén@b&%g)b (eB ﬂhwo@ngﬁrgﬁs}@%r%%.%ﬁwﬁ of such

del ocal i zed n- roups one er eof
coval ent bond lkjs(tris( benﬁaill&wﬂyﬂa@bﬂw@bomnehmii&zo@eobp(ttldhamﬂmo-ht om of the

cOMpI ex_ther ety BB n T S3chEL, ARATRIRL RS2 L6 APIMATH1d gands

PGS AR songe, st ent a
are previ odsl ydlme@wfbermmlﬁezc&ﬂe, M@(Waﬁ@smefmr@-@snﬁphwwmnw 98/ 50392 and

el sewher e Pr efigiiicpihaBBARARALBide) eggtﬂﬁghegfamea&%ﬂaswfssrafrﬁmggﬁoraamdg P

R\ R 20 Wnere I's" sel ect ed e group consistin rocar byl ,

silyl, N, Ndi hytistds(hpptadiuwera-nanhtiydbaiane)piuide, Riraligisigental t!Qi'iO-ZE)
non- hydr ogen aﬁﬁiﬁhyn&@par%% r&ﬂﬁé& g@%ﬁt@%n%ﬁhéﬁaf%@@s may be bonded

toget her form I'ticyclic ft rin or forma bridging group
connected to tn@hmlmlumarrﬁ)@mp:\eek@ﬁrw(nemaﬂuwg Znapiityhalumane)egideses of such

Coval ent - nighd DRCASAeHERUES 2R MRS A B SRRmEeBlelBRDS 0 2, 1o
conpl ex ther eb9anmlnyﬂahgn@n&)mld@]@¢id@.>m$(Umhﬁﬂw&pm-ﬂmnpmbw)aiymhn@eﬂﬂ adi enyl
CCRy 3 pong byPR R fiPRR=bite, isfin RO FASREMRERATEES e, 001 2467

PCT/ US99/ 03413d!me‘thyllsenzlrmdam)@teebfs(tms(gemaﬂuqroimmhﬁwéalumnaydﬁegen

hal ogen, | { and,
Vi Ta s G oup irtieRteatdlyiRliadzfuc s EREARIA R phry Qg artphorhi
~-bonded gtouplisristheptafiaorechoaphiteyiialumapepurides apy tettakiséris@eptaflbgroldydr ogen,
hal ogen or hyd A suitable class of catalysts are
transition rreté cé%%l%?%ggé%rﬁir@g%%ﬁrdboﬁ%teto the formula: 10 Lpl MXnX' nX"p,
or a diner thereof \xemplas ofispitatie axpandedranion chenneuabs aeetthe foregoided gr oup

Lo oupe ! B GRTGf HBER, $Ose AnRATOMENEOSRPaREART. ORLkRE| Y, ¢ O

Lp groups may be joine ormn urt her
optionally oneanpnmwnwati@wnapemallxtrlmetwlammgmamnémeihylahn@nmmp 4 of the

X1 s an: opts ondiProgiEmmeR TR il Bulyiemiionidh, flembfin(cBlBBoyBHGuAD ot 7o
together with Inpﬁt!hyidI(tetradenyt)aﬂnnmytm-emmthw*(tqwadxcw)(Qctaqiﬁoabammmlunneutl‘i-aI
|1 gand having Ypn Ly BiRBk- W&%lﬁ:‘}la‘?\p@ﬂﬁ% RN ﬁumd& @P&?ﬁ’rﬁétﬂ%ﬁhhnﬁm}l, Fr)}d

nmonovaf ent, anionic’ nol ety a ydr ogeh 'at ons, ° opt |
two X' groups mwh!délcidvmwmfwmwmndah%afIﬁéxtufﬁsﬂml’ﬁgf a dival ent di ani onic

moi ety having both \é\ﬂ%ﬁ 9(9‘§er HH\%&rﬂuMcaf?é &'ﬁélhﬁ’ig%g‘t% % thosdESHiRRingRY be

covalently bound to rto orm a neutral, conj or nonconj ugat ed
di ene that2ps -rilhysineksubylosubstitvtask aromenium casthnﬁ containi Qe efdwpdno-25 alkWt e)

or further optl r i6i \ 8 X' groups may be
bonded t oget he Wéfé%@ éo& mémy 'Sﬁ’é"ﬁ%"?ﬁ ﬁmﬁ? coval ently bound to M
and coor di nat ednethyelb@(tatra@eqyﬁammomunn_mhgn@als@fﬂulmrtundmltoqdythaut g sation mapr
2; msoOorl; comprise a mixture of hydrocarby! groups of differing lengths. For example, the

protonated ammonium cation derived from the commercially available long chain
30 amine comprising a mixture of two Ci4, C16 Or Cys alkyl groups and one methyi group.
Such amines are available from Witco Corp., under the trade name Kemamine™
T9701, and from Akzo-Nobel under the trade name Armeen™ M2HT.
The foregoing cocatalysts (illustrated by those having imidazolide, substituted
imidazolide, imidazolinide, substituted imidazolinide, benzimidazolide, or substituted

35 benzimidazolide anions) may be depicted schematically as follows:

-6-



30 nis a nunber fromO to 3; pis an integer fromO to 3; and the sum

| +m+p, is equal to the fornal oxidation state of M except when 2 XZ%HBM[HEGZ
t oget her forma tral conjugated or non-conjugated di ene that i.S n-bonded
to M in V\h?vﬁ”é‘ﬁg the suml+mis equal to the formal oxidat qﬁ”%"?&?“é:‘of

M -11 2 8 JUN 2002 WD 99/ 42467 PCT/ US99103413 Preferred conpl exes

i nclude those containing gither one or t 4-p groups. 5 The | at

conpl exes include those nt aining a brid

ng group liDbking thejt mo Lp
groups. Preferred rldgl gr:gps afe th?;E:rN rresponding to t f or mul
’f..L '3

(ER*2) x wher ei n gz=+{ g2 sNIADNK J*der griruaN ot | cafb n-' 'RF“l
each occurrence is hydr or |a grpup selegted fromgiiyl, drocar byl ,
hydr ocar byl oxy and nawi o t hereof ,/ sa d Hlvi ng up to sar bon or
silicon atons, and x }R 1 tB*8. Pref el(a‘bizy, Y4 ndependent | y
occurrence is nethyl, ethyl, propyl, benzyl, tertbutyl) phenyl)—net hoxy,

et hoxy or phenoxy. Exarrpl es of the corrpl exes containing twop# gromps are
conpounds 10 corresponding to the formula: RS RS R3 3/ RRR R R3 Rs
wherein: R3 R3 aherginR~ ~ (I1) (RzEX MX"z R Ror s R Mis titanium
zirconiumor hafnium preferably zirconiumor hafniu in the +2 15 20 or
+4 fornmal oxidation ﬁgﬂsea MRYOY3ierd satichaT pievioNel qeﬂﬂ&)@ﬁﬁé’ﬁ?“ﬁ?ﬁ')’slsélel ected
fromthe group Qr‘ﬂfWE'ro%IaPHWaﬂHohwﬂf&ili%ﬂ c&uﬁhmg%rnewr)wéblwm alkgﬁ‘jrmfﬂ)s eSYEsly

hal o and conbi nati‘ons ereo sai avi non rogen atons,

or adjacent &3 Q'P%)Gﬁﬁ‘yi%@ffﬁéﬁcﬂ)émmoﬁ“@\ﬁﬁl’Q‘%FY'E@HWPW@WWRBWW satiqq,
hydrocarbadi yl, sil aq:\“}’l'l\d@ﬁerﬁ@ﬁﬂ\;af,ddc}‘llocg{n‘?é'rme ‘Wd%énfd?ramar@ dé:ﬁﬁﬂ'l ring

system and X' independently each occurrence is "an anionic group of

up to 40 nonhydrgipsartat GahvEPcariid, stylhyawgao vt @g@%émcmmraom-v@r and
anionic |igand Qﬁﬁ.y@roeérbwéuwgﬂo@p%@tlp lhy 96 @ERs RGN g ﬁmsééhebr@éﬁb@ Cio

conj ugat ed di ene having from 30 non hydrogen atoms formng a ~-corrpf ex
with M whereupdand in the +2 formal oxidation state, and 25 R*, E and x
are as previgusly defJ*ﬂ@ﬂ:s(ﬁh%fL@Fo%ﬂ@hﬁ%o?&ﬁe%r tﬁﬁﬁ@h@ﬁ@&o@tﬁ&ryﬁélﬁﬁfa‘n@i ly

suited for the preparation o ner s havi ng stereoreqular nol ecul ar

structure. In such cdp@spies ththq %‘Oﬁtr"ég@)’ P{ﬁie'tf%t’atﬁlﬁg WP gsBiadraludasthes
Symmetry or pOSSgRRiwy tﬁhﬁﬂééa%ylarﬁ%@ﬁlﬁﬁ{ 'éﬂp‘écﬁﬁ tHﬁ!S‘ls(tﬁ}(@d&gﬁ&nﬂBnﬁﬁﬁ or

first type are conpounds possessing different de | ocal i zed ~-bonded -12
8 JUN 2002 WO 99natbu|erﬁ<qn@neggmmgm@ §§/‘§5t‘§ms such as one cyci opent adi enyI

group and one f|M&El&"ﬁ/éntéﬂuekbghe@l)‘ﬂibfé?q'é)ﬁ\‘{c?éz%r@e based on Ti (l1V) or Zr(1V)
wer e di scl osed for reparatl on syndiotactic aolefin polynmers in Ewen, et

al., J. Am 1@1en§"s(gé§épe"ﬁb'°f°@?§®d)@2%‘el 29pgpcylimidagolide, of chiral structures
i ncl ude rac bi s-g, éntmmpﬁéﬁﬁmoﬁd@» bﬂ’fep?éﬂ%b?ﬁﬁd@z’b‘-ﬁ@é‘ on Ti(IV) 5 or

Zr(1V) were disclose preparation i sotactic olefin polymers in Wld

et al., J. O aandsis( P%WTOF’?SW'WQ@BA‘?‘ S-piggupsipeyliidagelidley bri dged | i gands
contai ni ng two agg &wﬁ&ﬁafwowgnﬁy&rar@)m% Bi‘étrmpﬁo%ﬁﬂhﬁﬁﬁ%m enyi)sil ane,

di met hyl bi s(tetranet hyl cycl opentadi enyl ) si | ane,

di met hyl bi s( 2- et Wﬂtr@mr&fwwﬁeﬂlbpme)Igmi%mmde
di met hyl bi s(ggy t - Bigftué(ﬁé«ﬁémedyhaﬂw%réne:}@ uﬂae%yllrﬁaszoumde

2,2-bis(tetramet hyl cycl opent ad |enzq propane, di nethyl bi s(inden-1-yl)silane,
di et hyl bi s(t et rB‘ﬁQWB‘W@M—’WW' L0y 2 'aﬁmeﬁyl"mdg%?'mm en-1-yl)sil ane,

di met hyl bi s(tetr BoFan 11ﬁ5b decvilimidazofinid
di met hyl bi s( 2- netgiﬁﬁﬁé_(géﬂsﬁﬂel{]&cﬁhbnw 6‘3 |s(un ecyl)imidazolinide,

di met hyl bi s( 2- mePist H@!@ﬂﬂl@rw}eﬁvlvb&ﬁ@&kﬂ %&%‘%R‘aﬁ&vwmzaw‘"%w ) (f1uoren-1
yl)silane, di et BiglifigpenamMRndsHéngiborade) s, eansstajiberifidalolide) i | ane,

25  bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolide,
bis(tris(pentafiuorophenyl)alumane)-2-heptadecylimidazolide,
bis(tris(pentafiuorophenyl)alumane)-4,5-bis(undecyl)imidazolide,

30 bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolide,
-7-



15 dinet hyl (cycl opent adi enyl ) (tetrahydrofluoren-1-yl)silane, (1, 1, %’B JUN 7
2-tetranethy)-1, bi s(cyci opent adi enyl )di sil ane) (1, 00z

2- bi s(cycl open nyl ) et hane, and

di net hyl (cy@%%ﬁgf‘sgdl enyl) 1-(fl uor en- 1-yl ) net hane. Pref erreapc;(cm%"rs’/gwg are
sel ected from hydri de, rocarb Si l%’f‘ gqer , hal ohydrocar byl ,

hal osilyl, sily '?@/&ﬁ@%‘ﬁ?%ﬂﬂmmy AHMEAgHMIsa B’;R/ rgroups, or two X' 20

groups toget herb|§(‘ﬂ*é’(béhtgﬂO@bxﬂmny#ﬁmn‘éﬁé)-ﬂ-@n@écyﬁmmﬂbluﬁ?é ed diene or else
together they forma neutra - bo conj ugate di ene. Most preferred X'

groups are Cl %SWﬁPWQﬂWPPWUﬂEmaﬂeT‘W‘FH@ eylimidazghinidet al conpl exes

utilized ln theoz@(&@ﬁﬁ@r‘itaﬂdb«‘@rb’ﬁén?l)algﬁfah mﬁ@@fﬁﬂﬁuﬁ&%ﬁhﬁz@ﬁﬁdé ng formula
Lpl MX, . or a di mer thereof is a dival ent

subst i t uent 5of Wﬁ(t?%PB@aMQWB@HWa&?B% ig{aertadepyinddazalingdeL p forms a
netal | ocycle wi ﬁlbgm(paﬁtaﬂwrbﬁﬁbrm)wah@hb) Ke%ﬁhémybﬁﬁﬂﬁ%dzaﬁdéﬂﬁd groups

containing up to 30 nonhydro %tom; conpr east one atomthat is
oxygen, sul fur, b'E(S’r‘ﬁiHe%tP ﬁ%?ﬁ% halymagge;e.g- qauagewh@mweml@emm e of the
El ements directly attrag ReMpbandsiRapBe pedpacat] hyz & donddpaaititredttiibetRbéh the

different atom selected fromthe group consisting of nitrogen, phosphorus,
oxygen or sul f upikglhmetal sak gt heamany ZHdelevss grida) pP[@I‘%’PPQ‘d‘”&'P%@@SSf"aé‘ﬁtﬂﬁ

Group 4 nmetg) CesHdmidhal uQﬁ%fdP@Rbﬁh}SléSa B Wb @lblusmi@thbm(amrrﬁasmau followed
i nvention corresponds {o t fornmula: -13 2 8 JUN 2002 WO 99/ 424 'Z

Z-Y M X' 2 R3 RYY aestathesispeagtionydingha earagrosdinghalide salbet the catinn 6 Ce"ta'”
preferably titapftBdobatalyBtszte alsd arfénabfe oPré@dration Wakide sk Pleﬁegg‘lol n

each occurrence independéently is selected fromthe grou consi s
hydr ogen, hydr oBBCE§S-, P&l $XAmPple; dheimmanim 87 PREPBORHE igvsizrokae. |Q5ﬁ§bfﬁtﬁé960f

said R3 having idia@ofkdd macau%qm@hre@ QVEontQétur@Glhélﬁéﬂis 3/, gf Q#H§ wa&q;talser
forma dival ent derivative (that is, é/drocar badiy qu | adi

ger madi yl grupRddydsr B9 asangtherate. f"ﬁ@éa PeWER! sompeYRd aqirespe Wtq the anje o,

hydrocar byl , hygr osafrhaéb@témscerre aeélvdbugfeqw.pelyai?b;shuw 8lgh xlnat/fhegeaa@ioh Qarbe
non- hydl‘ ogen atons, or two Em&r oups toget er orm a neutr al

conj ugat ed di enBeBPrmeEdinAeN Pl i AddlitioRf they freeybase QOGGSPO@?HQ tonthe - )
-PR*-; and Z is c§luﬁ* ACRsdis B fafn%ﬁldﬁ cﬁythecﬁka%&é’parﬁ% s?gﬁes qﬁ&ﬁh Be OF

GeR*2, 15 wherein I's as previously defined lustrative Growﬁ rretal
conpl exes t hat ﬁ%F;PVBEEUefﬁ%Vﬁiﬁa@aPWWWé‘ttﬁﬁé’&{td?&‘ﬁa@\‘zai'%ordﬂ%gé’mhw #hefi on

include: cyshopepfifichigpy! titaniuntrimethyl)
cycl opentadienyltitaniuntriethyl, 20 cyclopentadienyltitaniuntriisoprop

cycl opent adi enyl ti tarﬁ%‘ﬁ’t’\elﬁﬁf?é\‘ﬁﬁ for use I"b?%"r‘ﬁ'%l"é’ﬁ%’}?"t"f‘?é‘?f?%‘f‘@ FB@%&WS elide

cycl opent adi eny lah, lcaRigeihe oficathprek By 4 Pestdidf GRéLHs, 3-10 of the Periodic Table of the
cycl opent adi enyl titani um 2, 4-dji met hyl pent adi en %l tri et hyl phosphi ne

cycl opent adi eny [Elerpants ¢APad'a ofiPeiRg Rylivated B RosMArizeistheniaK Hﬁﬁm‘rﬁ?

cycl opent adi enylcbidradhHsTHy Rt presemR aBavESl8, Examples include Group 10 diimine derivatives
cycl opent adi_enyl titani undi et hyi chl ori de,

pent aret hyf 89ci SPERERRNMRG e MR ri met hyl, indenyl titaniuntrinmethyl, -14
2 8 JUN 2002 W O 99l 42467 i ndenyltitaniuntriethyl,

indenyltitaniuntripro wdergl titaniuntri phenyl

t et rahydr oi ndenyl ti ta{um r i M

wherein
M* is Ni(Il) or Pd(ll);
K is halo, hydrocarbyl, or hydrocarbyioxy;
30 and the two nitrogen atoms are linked by a bridging system.
Such catalysts have been previously disclosed in J. Am. Chem. Soc., 118,
267-268 (1996), J. Am. Chem. Soc., 117, 6414 -6415 (1995), and Organometallics,
16, 1514-1516, (1997).



5 pent.anet hyl cycl opentadi enyl titaniuntriisopropyl,

pent anet hyl cycl opent adi enyl ti tani untri benzyl, 28 JUN 2002
pent anet hyl ¢ cI 0 ent adi enyl titani undi met hyl met hoxi de,

pent anmet hy! ¥ 3¥? 8 it adi enyl titani undi met hyI chI ori de,

bi s(rl 5-2, 4-di net hyi pent adi enyl )titani um

bi s(rl5-2, 4- di met hylg dtions @f?b’?‘ﬁ"ﬁ%‘ﬁ%‘?ﬁ’W?W{ﬁSIﬂﬂGﬁﬁ%Bh‘? (& Lanthanide metals
bi s(r~$-2, 4- di rnghiby bReRtRS 2Ny, b I 36HraTbib ARyt RE O PREfeREd compounds include
oct ahydr of I uor enyltitani untrinethyl, tetrahydroi ndenyl titaniuntrinmethyl,
t et r ahydr of | uorreetal gq;mglgxmqnta@nquom 1% 3 n-bonded anionic or neutral ligand groups,

e SRR ATBHY b bt gy o o s

(tert-butyl gm @)e(rﬂpléry?of%ubrewb@ﬁﬂédlﬁhlo&cﬁ dnPrblps hrelcoﬁh CL?afad%rfhoncon ugated,
hexahydr onapht hal enéf%dl met hyl si | anetit ani umzh et hgé U89910341§

(tert-butyl ani dO/Fli¢ %{I@XCI'IS}P'GPVEWBW G TS RRTARLRNZRNEAFPYRS BRRIANC SN 2O

di benzyl, 20  rene groups. By the term "n-bonded" is meant that the IIgand Igrou[n is bonded to the
(tert- butyI am do) (tetranet hyl -rf5-cycl opent adi enyl ) di mét hyl'si [ aneti t ani um

di et hyl , transition metal by a sharing of electrons from a partially deIocaI:zed m-bond.

tert-but fam do) (te ne rl ent a 2-et hanediyl titani um
fji met hyl , y(tert-z)fjt y&ﬁ%i‘ a@?{lf‘é?? aﬂ’sﬁ QFR{? aﬁ‘ggﬁ&&‘ﬁ)’ﬁi‘wsﬁ@ﬁ FP@%@II tani um
di met hyl , (|(1}0|e;tswsgwt@dnr\]rd?h(rmtmgm@lfrdnﬁ thecgrolip persistieg ©h 1y drdgers halgeh) ane
titani um - (di net m no) ben
(tert-butyl an doytee PR At nsarhyk e st SHmailAgrasiFan PPt inem
1) allyl, metalloid is selected from Group 14 of the Periodic Table of the Elements, and such
|e|r§ guZyg??e? ﬁ%rtﬁgqt{ ggéh récrarbSyI-CYx bsti L?tg ta aIIOIQ'IyrazﬂlcaIm?urw lrsslu{)sa}lrt]uetteclj twilatpll U
ert - butyl anm dg}4dEis aned hwerdétsmcodhltabnm@muenmbh:demthwtﬁé teanehydracarbgmr
1) 1,4-di _enél {]5 3-but a qg%/% 8
ert - but yl B dBYg ¢ eeaRIAR Prarjebed aof sydivaln! wdinesy Cemar/rraicmsicals G7aee
1)
er

. lbﬁ'E 5?2%@3%??@3%3“ uted armatic 5ac?llcals and G720 aryl-substituted alky radicals. In

PCT/US99/03413

|n eny nmet hyl si Itani um (

di phenyf -1, 3ddwbrad/vdaﬁremore such radicals may together form a fused ring system, including

4-
t - but d met | | tit
o henadl cae.  ShHEITt My bHTERnASS BRRAYRS Fyst B TR IArt & metalioRyEt urn
V) 2, 3-dinet ththlh@meiéi Suﬁ’atﬂe Aliivo2f01- é@sﬁwmdﬂ@fdlbﬁﬁ%ﬁaﬁlﬂclude

soprene) (¥8nt T kAo BT R or AR Bl eg e Rt 1 SRS og e

1, 3- but adi ene, (hat bf ihutrwatma_dxy) §dups domeink yromntl &g &afbmbimydssiamﬁ&ﬂéstani um
()2 3 e it A R opsmarygeie sl S e e
(tart-butyfanf d@)l;{IZetByIdfmilesIlyI Imhihmydilktﬂnymb}l,hmbmdyweehylt amd wimethyigerohyhgpbhyyd.
(1 ont - but 1 am dayEBPESATEPHY ' RASRYPIR AT ar nER BT ke apin, "o

1, 3- but adi e®, Hhosphine, ether or thIoether moieties or divalent derivatives thereof, e. g. amide,

(1t gr :)emj gé: 2nmed%g [bI%dg 'e erwltﬁlg&ﬁgy gr)oupstTgcgnr@éd%o khe ?aHsEt%WrH rpal(or L)anthanlde
(tart-butyl am dcn).étaI and borddd/toi thel apgrotatbpiegrinyd s tbdimehydracarbyh §ubstifuted

1, 4-di phenyl 1, h?‘?& ene, .

(tart-butyl ani dd'?? ERVRINNEHOPD di met hyl si | anetitani um {11)

1, 3- pent adi ene, (tartE)@ﬂﬁMé@Bﬁﬂﬂhbl&dﬁ&iﬁb{ﬁbl@d@ﬁﬁh)rthdmbb)gI'cﬁpraImIdet ani um

dinmethyl, i 5 (tart-butyl am do) (2-nmethyfinde t hyl si | anetitani um
3 di benzép cycIo(pentadIenyI |¥Idenyl fl orenyI tetr%ydrcu Jy\yl) tetra drglluorenyl

art-butyl am doa&&ya%ﬂwer@r pBetaglenpid epydhestadiedhydisdrégibrateiy,um (1 1)
4-di phenyd 7 , 3-but adi e

art - but yl am ddﬂ"?h)‘r@f’ﬂﬂ}wa&eﬂﬂeﬂ?ﬁaih%@ﬁmhfacﬂeﬁﬂt%?fl‘%sr PRoRRAPleaRRd Roratpppnzene

3- pent adi ene, groups, as weII as hydrocarbyi- silyl- (lncIudlng mono-, di-, or tn(hydrocarbyl)suyl)
art-butylamd ? 2- rreth henzl i nd}g ¥ 2d| nmet e/l S| fanet| t ani ugw 3

4- hexadi ene) ofH st|tuted envatwes thereof. Preterred anionic, delocalized n-bonded gtoups are
art-butylam do) (tetranet hyl -rts-cycl opent adi enyl ) di net hyl -sil anetitani um

I

I

t

t

t

t

V) 1, 3-but adi ene, -0-
tart-butyiam do) (tetranethyl - ~5-cycl opent adi enyl ) di net hyl sii anetitani um
1

t

I

t

I

(1
(t
(1
(t
(1
(t
(1
(t
1,
(t
2,
(1
but
s

V) 2,3-dinethyl -1, 3-but adi ene,

art-butylam do) (tetranet hyl -rl 5-cycl opent adi enyl ) di net hyl si |l anetitani um
V) 25 isoprene,

art-butyl am do) (tetranet hyl -~5-cycl opent adi enyl )di net hyl - silanetitanium
I 1,4-dibenzy| 1 3 butadlene
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(tart-putyl am do) (6, 6-di met hyi cyci ohexadi enyl ) di met hyl si fanet i tani untli net by

(tart butyI 1-dinethyl-2,3,4,9,10-rl1-1,4,5, 6, 7, 8- hex hal e
n-4 35y %?ﬁ%é& | anet i tanl urmll met hyl, -16 2 8 JUN 2002%@9@%

PCT/ U899/ 03413 (tert but yl am d

1,1, 2, 3-tet rarre?mpe?taﬁ'ed‘ybpﬁ@‘a"'tetwWCIQPBV“?"'BUHéﬁHWﬂWh’éﬁﬁPﬁﬁP@ﬁﬂylyI ) di net

hyl si | anet i t ani té'ﬁﬂhf%Mﬂmethsﬂyf cyclopentadlenyl indenyl, 2,3-dimethylindenyl, fluorenyl, 2-
(tent-butylam do) (tetranmeth -cycl opent adi e

I
met hyl phenyl si | ¢ yn@gﬁnyh,gfrpgtpyl qumquﬁenyg tetrahy%i/roﬂuorenyl octahydrofiuorenyl, and

{tert-butylam dg&,@hg@@m@ﬁﬁyl - r 15- cycl opent adi enyl
met hyl phenyl si | aneti tani um ( 1, 4-di phenyl - 1, 3- but adi ene,

1- (tert - buty ani do) - 30 FP@WWWS 4’?@‘[99‘[9 ligaads tat aishoren rentaiting anajegwesm

(1V) dinethyl, to benzene. They are previously known in the art having been descrlbed by G.
1-(tert-butylam do) 2-{tetranmethyl -ri'$-cycl opentadi e 3/5) ) et hanedi yl -

titanium (ti) 1Hgrbesich¢fipbniQrganometaligs.diel, 471-480 (1995). Preterred
(tent-butyl am dgfatadeNzeyds @riedbod thithél Rl met hyl sil aneti tani um (1V)
2, 3-di et hyl - 1, 3- but adi ene,
(tert but yl am do)( ' 'rrofl di nyl )i ndenyl ) di net hyl silanetitanium (IV)
i soprene 15
(tert-butyl am dgy- -'(I\I-)ry_r_r @l i dinyl)indenyl)dimethylsilanetitanium (IV)
di mret hyl (tert-buty\anido) (3-(Npyrrolidinyl)indenyl)dinethylsilanetitanium
(1'V) dibenzyl
(tert-butyl am do)(§ (N-p@rrol i di nyl)indenyl)dinmethylsilanetitanium (lV) 7

, 3-but adi engy
(tert-butyt 2, dSTEE R TSNS AR PTG Y LoraRet S (1t
1, 3- pent adi ene, duhydrocarbylamlno or germyl, said R” having up to 20 non-hydrogen atoms. In
(tent-butylamd | i tani u
1, 4- di phenyl %g?‘r% e(b%(u?a | eﬁ) cﬁkléi%t)d H\%%OXJ. %PAJER QP{; gl'ize% eééno%% grou so e
(tert but yl am d@)c(ramérpgfns domr;dd bydeegrs) aharmivhgehtsbdararm*ta ¢<malamﬂy pbhdged divalent

ol a2 TGP B9 B LA oo ol B Sl
bi s(cycl oPemfadi enyl )Phasplolesiai andriiy ligana$ thait a(ecyieisppens @dniaimihg analoguesito

bi 5( oy 1 bpent adi NI a OBV ARt FEHY $HERFICUSly 1BBHA%h the art having been

bi s(cycl opent adidesytibed bycWd 28780382 apd pisewhere. Preferred phosphole ligands correspond
bls(cyclopentadH§ 4% ip@niun}allyl, 30

bi s{cycl opent adi i i rconi unmet hyl net hoxi de,

bi s(cycl opent adi enyl ) zig"coni unmret hyl chl ori de,

bi s( pent anet hyl cR&l opent adi enyl ) zi r coni undi et hyl ,

bi s( pent anet hyf cycPMopeRt adi enyl ) ti t ani undi net hyl ,

bis(indenyl)zirconlf et hyl ) 35 |ndenyIfIuorenylzirconiundinethyl, 2 B
JUN 2002 WD 99/ 42467~ /s (i ndenyl ) zi r coni umret hyl (2- (di met hyl am no) benzyl ),
bi s(i ndenyl ) zi r cBhl unmeghyl tri met hyl silyl,

bi s(tetrahydroi ndenyl ) zl'r coni utmet hyl tri net hyl silyl,

bi s( pent anetday| cygrérapeRt i@ dpRekk o %@rb&ﬁﬂ@d@)ﬁhh@?h@lc}roc‘%myl sityl, N,N-

bi s( pent anet hyl cycl opent adi enyl ) zi r coni undi benz

bi s( pent anet hyl CQ'BY‘HB@TP)QEW&WW Q?’Wbﬁ?@r%&%ﬂgd@ttﬁ@)@% hydrogen atoms, and

bi s( pent anet hyl CU&IdﬁBW&ﬁé’bﬁﬁwe)R" droQpy Mayraé Mh@éﬁ bbMer forming a multicyclic fused
bi s(met hyl et hyl cycl opent adi enini ?#l rconi undi met h Z

bi s( but yl cycl opeﬁ'?giﬁysé?fw 9rgpr 8 Rridaine @Wopng@ d to the metal. In complexes involving
bi s(t-butylcycl OB@QlEﬁfjdlé?ﬂﬂn)ez:.'cﬁ SO Y&BEB Y bonded %roqu one atom thereof is bonded
bi s(et hyl t et ranet hyl cycl opent adi enyl ) zi r coni undi hy]

bi s( et hyl prépy| By g1espe ﬁf agp\aigntpend o Aicavaienbopred divalent group to another atom
bi s(trimethylsil t Ydrinfrld £ BfideartyeRRzY!

di met hyl si |l yl - bi ét@é%:og%gér%ttgg‘leggylr) 2|d; coni umjl met hyi, PCT/ U S99103413 15

di met hyl si |yl - bi s(t et PhasRiiRiMiNe Cypenrirdiany| sonpexas 4jmd(5|clqsydaf EftA-890581

di methyl silyl-bis(t-butylc n ho Ior

di met hyl si |yl - b|§%ﬂ Bﬁ?%ﬁ ég?gggn%§§|g yI§Z|P§%n ﬂ%ﬂ.éﬁ?&r §ENHn
(et hyl ene- bi s(tetranet hyl cycl opent adi enyl )t itcani unm(111)

2- (di met hyl am no) benzyl ,

(et hyl ene- bi s(n-butyl cyci opentadi enyl ) titaniun(l11)

2- (di et hyl am no) benzyl, 20

di met hyl si |l yl - bi s(i ndenyl) zi rconi unbenzyl chl ori de,

di met hyl si |yl -bi s(2-net hyl i ndenyl ) zi r coni undi net hyl ,




di met hyl si |yl - bi s{2- net hyl - 4- phenyl i ndenyl ) zi r coni undi et hyl , gﬂ JUN 2002
di met hyl si |yl - bi s(2-met hyl i ndenyl) zi rconi um 1, 4- Bi phenyl -1, 3- but adi

di met hyl si |l yl - bi s(2- et hyl - 4- phenyl i ndenyl ) zi rconi um (I1)

1, 4- Bi pheny ‘?501’ 94214801t adi ene, 25 PCT/US99/03413

di net hyl si Iyl -bis(tetrahydroi ndenYI )zirconiun(l 1)
1, 4- Bi phenyl - 1, 3- butfidisehaonovalentligand, illustrated by hydrogen, halogen, or hydrocarbyl, or

di methyl si Iyl - Ry,gH- Yoy, Eey gtamerr&mélmtmt ghdori de)
dimethyl siiyl-bis(te uorenyl )zirconium bis(trimethylsilyl),

(i sopropyl i dene) (cyd¥ op‘eﬁtG&@H'Fe‘hWe} f1 uorenyl ) zirconi undi benzyl, and
dimethylsilyl(tetra 4 RS la} Wl gygn di methyl . 30
QO her catal ysts, espr%clrglaep éﬁca a%“ftysrgigﬁr?t glélhi:‘ﬂgzﬁgt ae%“(%?% 4 netal s,

will, of coBrse, be tdppamedtiovaient iyase gedpl illastrated by @yaioben, N‘bssctgelm ghly
preferred met al conpl exes for use herein are the follow ng netal conpl exes:
(t-butyl am do) d ((ta@ ramet hyl cycl opent adi enyl ) si | aneti tani um di net hyl ,
(t-butyl am do) di rret hyis (it@ta amet hyl cycl opent adi enyl ) si | anetitanium (I1)

1, 3- pent adi ene,

(t-butyl am do) di rret Hy Byitable clans 9t FRIRNEISHE ARRRT A N iCPIRIE*eS SATEFRANEING 12, 4
di phenyl 1, 3- buhatrenam: 18 2 8 JUN 2002 WO 99/ 42467 PCTI US99/ 03413
(cycl ohexyl,ani do) di met,hyl ,ranet h ent adi enyl ) si |l aneti tani um

di met hyl , 6 Te I\W % p cradl% %ered?

cycl ohexyi am do) di mafhyhift et r anet hyl cycl opent adi enyl ) sil anetitanium (1 1)
1, 3pent adi ene, _ ' _

cycl ohexyl ani do) di meltphiglaptasianigrdelagaliged| openseddirewsy that isl konadite Micanajning up
1, 4 di phenyl - -

(cycl ododecy!l am %kﬁg}dﬁc&%(\ tagc%n?séh%g %"ai"té o%é’ﬁ‘%“at’éi"é%ﬁ"i lsor"feéjntg?et{\ &ghi tormmg 2
di net hyl , bridged structure, and further optronally one Lp may be bound to X;

gcgcggggggﬁgn am do) ik i 'oF 8PS BYhE ¥ekiBBE LBl ke ERIGHIEN hanim ()
(cycl ododecy! ant4itoymainexidajiog state:anet hyl cycl opent adi enyl ) si |l anetitani um (11)

4 di phenyl - 1, 3-bu b f
(t but yl am do) di net h{(ﬁ’éﬁﬁ@ OH;PdwalreRhséuceStrltmEm? Ugrtf)anert rglr?{%ﬂ%ndet?r@fsrtt'ﬁt,
(t-butyl anmi do) dtog‘elhhyW(tQLmrmﬁlaI@eiaHQm/G@antb-Ml )sr | anetitanium (I1)
1, 3- pent adi ene, : .
(t but yl am do) di net hyllf fn R t?tnﬁl neutral cngnhafm)?l%psﬁolzgnn r}t[\;girr]'? i c'(\tlons 1,4
Bi phenyl - 1,20 but adi eKteach occurrence rs a monovalent, anionic moiety havrng up to 40 non-

(cycl ohexyl am d 2- n ) I y.j .
15 cycl ohexyl am ﬁ?@é}%ghél ?FgBBQI%QhWOX ‘{1"’35@%@%}' - ﬁ%bélraﬁg)’nie(%ﬂyatﬁ tﬂnb‘?ﬁt"ﬁ 9
( 3- pent adi ene, a divalent dianionic moiety having both valences bound to M, or, optionally 2 X"

cycl ohexyl ani doygj |de2soVRleht) BSinkNEGEREH1d 1ot S hbaRal ddrijfatdd & ) 1, 4

Bi phenyl - 1, 3 pop SyPE Y detcclE ‘)_ i ' » oty |

(cycl ododecy! anhoisonjugatedydigre- thatis gtbosded ttaddwhereypbdr M igirethiet ethdxidation

di net hyl , " ,

(cycl ododecy ant Oe))dorfu herloPEonallly SVE 28 n}orr]ed()a(cgrrt]d PS %)r(eggroy %P&X{bﬁ) 1,3
20 pent adi ene, bonded together thereby formrng a moiety that is both covalently bound to M and

g%ﬁggg?fegyl ngPQ%E% {E%ttney,rje(ozbﬁgmg ofﬁ_ew"sd@é:s%r}ur’tc%lneﬁtw anetitanium(l 1) 1,4
(t-butyl am do) di net hyis(CB,tébr@cycI opent a( nphenant hren-1-yl ) sil anetitani um

di net hyl, 25 i 1

(t-butyl am do) di net h{/‘? (S’op . (cycl opent a( ~phenant hren-1-yl ) sil anetitani un(l

1) 1,3 pent3diene, nisanumberfromOto 3,

(t-butyl am do) di net hyl. - (hphenant hren-i -yl )silanetitaniun(ll)
1,4 Biphenyl- 1,3- bu%&%ggﬁ?‘e‘;&&éﬁkwgmﬁ 2hd

(cycl ohexyl am do) di méhérgung 3P cip eppda the fopmhal mxidation state o1 Msexceptwheadi Xim
30 di net hyl, .

cycl ohexyl am do)gd?urpgttﬂ?/?ﬂ(‘?,fatn( 8y”€t“6%'e°r?{‘ %‘Pﬁtﬁﬁe"rﬁé‘ﬁ B glrltJ giteld)dre eatrl?gt l|s'tnat?1?nud I
) 1, 3- pent adi endo M; jrewhick xasatinecojrdi-mes leyuigl 3o thecfpohalpeddatior steemahbinr en- 1-
yl)silanetitaniun(ll) 1,4 Bi phenyl-1, 3-butadi ene,

(cycl ododecyl am do) di et hyl ( 3, 4- (cycl opent a( ~phenant hren-1-y1)sil anetitani u
m di net hyl , (cycl ododecyl am do) di net hyl (3, 4={cycf opent a( ~phenant hren-1 35
yl)silanetitaniun(ll) 1,3- pentadiene, -19 2 8 JUN 2002 WD 99/42467 PCTIU
S99103413

(cycl ododecyl am do) di et hyl ( 3, 4- (cycl opent a( ~phenant hren-1-yl)sil anetitani u
m(11) 1,4 Biphenyl -1, 3-but adi ene,

(t-butyl am do) di net hyl (2- net hyl - 4- phenyl i nden- 1-yl ) siianetitani um di met hyl ,
(t butyI am do) di et hyl ( 2- et hyl - 4- phenyl i nden-1-yl )silanetitaniun(ll)

Y |



(t-butyl am do) di met hyl ( 2- net hyl - 4- phenyl i nden- 1-yl ) sil anetitani um (hIg) JUN 2001
1, 3- pent adi ene)

(t-butylam do) hyl ( 2- rret hyl - 4- phenyl i nden- 1-yl)sil anetit 1,4
di phenyl 1 ‘§0 g’h%%ﬂ ene, %EUTM&S/E&)B

(cycl ohexyl am do) di net hyl (2 met hyl - 4- phenyl i nden- 1-yl 2 silanetitani um
di met hyl , Preferred complexes include those containing either one or two Lp groups.

cycl ohexyl ani dopgd IEREMBEM e Bt iRALdeHHRBE BYhth TR a Bridding bloBP RhkihgdHe ' lp 1.3

ent adi ene,
(F:)ycl ohlexyl am dcﬁ’@i‘?n%t'ﬁ'ﬂf(f z&qmqswg-growewﬁhmmrnesyp%mg %@elf@rmlefﬁﬁﬁsz 1,4

Bi phenyl - 1, 3-Db
(cycl ododecyl ar’# %%g@i%;%t%l P it m A{mp?lr mﬁ) ?t}kﬁer{nciepfp?%nqyaeegpIotcgwrenﬁe IS
di rethyl, 2% hydrogen or a group selected from silyl, hydrocarbyl, hydrocarbyloxy and

(cycl ododecyl amo%g Qatlon% h|¥erggf ng’ﬁlﬁd havm%m%qxfdo cda‘l:‘gon orysﬂ?c%n a o I’;(I |§' q(t

1, 3 pent adi ene,

(cycl ododecy! anfPrtrdblgeR hipdéRendently bach pdvarmghcenidanethyly éthgli bmpelt berazyl,Uet(t-I I )
1,4 Bi phenyl - b tad

(t- but yl am do) é?"ﬁ%l gr?eiih%)gyr FHP?% E}rl‘e)nloﬁ)ﬁ“en- 1l-yl)silanetitani um

di net hyl, 30 Examples of the complexes containing two Lp groups are compounds

(1t BbBte%![ ggll g)o) déorFFetsBXJ\cgmg (o th%yf&rns?uléd' nyl)inden-1-yl)silanetitaniun(ll)

(t-butyl am dO)dI met hyl (3-(1- pMI’I’OH:dI nyl)inden-1-yl)silanetitaniug(ll) 1,4

Bi phenyl - 1, 3 but adi ene,

(cycl ohexyl am do) di et hyl &3- *idinyl)inden-1-yl)sila =AM

di met hyl ,

cycl ohexyl am do) di net hyl ( 3- (leyrr qul nyl SI nden- 1-yl pRslzé)aneﬁ tannyn( | | )

1,3 35 pentadi ene, R® MX "2

cycl ohexyl am do) di net hyl (3- L%o&n di nyl )i nden-1-yl)sil - ml 1)
1,4 Bi phenyl - 1, 3-but adi ene 2 8 JUN Z002 W O 991 42487 RC/'18599103413
(cycl ododecyl ami do) di met hyl (33 1- pyrrol i di nyl ).inden-1-yl)sil ani um

di net hyl ,
(cycl ododecyl am do) di net hyl (3-(1-pyrrolidinyl)inden-1-yl)sil §net| taniunm(11)
1, 3 pent adi ene, i

(cyci ododecyl ani do) ARV (3- (1- pyrrol i di nyl )i nden- 1-yl ) si | anetit ani un{I1)
1,4 5 Biphenyl - 1, 3- Misditaréurs, zirconium or hatnium, preferably zirconium or hafnium, in the +2
(t-butylam dO)dI thyl (3-(l:pvrrolidinyl)inden-1-yl)silanetitanium

di met hyl | g f0|¥'nél ox{d%ngr)( {a?é

(t-butyl am t®) di net h®(Beédh psaurrehcalindgpéndettiy islsejéctad framdite gmap wongikting of
1, 3- pent adi ene)

(t-but yl am do) dVHRYEN PAPRBY: 98T MY TaRgenale a”P)CSmP'QﬁE?”St‘Qﬁfeﬁﬁmsﬁl"l? 1,4
Bi phenyl - 1, 3 butaxihigaspeto 2D0non- hydrogen atoms, or adjacent R® groups together form a divalent
((j::?/rg![ gCFXyl a dc@rgh{@et (Iyét 33 (r?yd‘?é(cfa%ﬁduﬂ,' sr\XJi %‘ &dg%’ﬁm%auyn' g}rgud)qngrtew ?cﬂhﬁHB a
cycl ohexyl am ddusedmndyyst@n(argyrrol i di nyi)inden-1-yl)silanetitani un(ll)

1, 3pent adi eBg, -
cycl ohexyf agﬁdo) di meX NYPEREEENRY PR QRFHSNSS RAQRNT Jeane A oLk 199"

1, 4 Bi phenyl - 1hRirtgercatomseor two X” groups together form a divalent anionic ligand group of up
((jlcyrglt ﬁSFdGE? A ST I driato s 1o Hthet 47 b doR g et didneviHtdrh 3b 48hnon-
(cycl odoaecyi anhytipdgbmatbmgl 16 Brit d -apycoroplexivitly V), iwrdeeupbnyM )ssin Itizee2 fdrenal un( | 1)
1, 3 pent adi ene) t "

(cyci ododecyl ar‘rﬁ”ﬂ%"jl Hmrﬁﬁ ﬁyﬂ% (1-pyrrolidinyl)inden-1-yl)silanetitaniun(l

1) 1,4 Bi ph@3yl - 1, 3RHLE add emee ad pievidusyrdstined.i nden 1-yf)zirconium

di et hyl 2012eth ebi sl inden- 1- V4 onlu t
1, 2-et Kanebl sl i nden- iﬂ‘ gro(':%'i'nﬁg?( [g?'%‘pff&%s ?{ep'?hs %H)illmgteﬁ(?&r tﬁ?@ﬁeoa’ratton of
1, 2- et hanebi s( 2- prreymm’s-rﬁvmbeswlenre@em inojdcuiar lstroclucen Idisoett bapacity it is preferred

1, 2- et hanebi s( 2- l.ind 1- ! - |

1, 2- et hanebi s( 2- ‘ﬁa‘ﬁéf%pg T grb ST y)ﬁn?e%yr%r %ng 1 %:chril, Qt%%o?*%ﬁoeﬁﬁmture.
Bi phenyl - 1, 3- but Bxtirgies o%edwsmyﬁwéreldompebne\s postessitg differnt delocalizedimendgd ,
di net hyl si | anebi sl i nden-1-yl)zirconiun(ll) 1,13 pentadiene,

di met hyi si | anebi slinden-1-yl)zirconium(l1) 1,4 Biphenyl-1, 3-butadi ene,

di met hyl si i anebi s(2- net hyl - 4- phenyl i nden- 1-yl ) zi rconi um di et hyl ,

di met hyl si | anebi s(2- net hyl - 4- phenyl i nden-1-yl)zirconiun(ll) 1, 3-pentadi ene,
and 30 di et hyl si | anebi s(2- net hyl - 4- phenyl i nden-1-yl)zirconiunm(ll) 1,4

Bi phenyl -1, 3 butadi ene. The expanded ani on cocatal ysts of the invention may
aI so be used [ n conbl nat| on. WI t h an oI [ gorrerl c or pol yneri c al unoxane

-
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bi s{dihydrocar byl am do) (silyl)al um num conpound, or a m xture of thezﬂ JUN 2002
f oregoi ng conpounds, having from1 to 20 non-hydrogen atons in each
hydrocar byl , 5 hydrocarbyl oxy, or silyl group, if desired. Tq’ese al uni num
conpounds a}’vé)?.?é"éfél |y enpl oyed for their beneficial abilitydE¥Hde
inmpurities such as oxygen, water, and al dehydes fromthe polynerization

m xture. Pref ergysieras, $hhamone gpeopritadieny! giripcndane: fivozriyy groep u Similan
conmpounds, espegj I -
sopropyl ) - bugroy Ceaut e 1100 8L ) et BELioBkd R brlefar b byndibABK olet
di al kyl (aryl oxypelymeisiomwesnporlndsAmahamiSeg. 110%6235-6226:(198Rs Exaropies al ky|
group and from &,; BSad e | .

(3, 5-di (t-butyl it st tg’fé;%_herlloxé '&P@S%’%"JF?@E‘%&%{Z@ %L?*éﬁ"éf Bﬁ%?da%”eg'“v)
nmodi fi ed netthyl e Gikyx weee diselose BLRPAration ah Jeptrctic nipglyarers iy Wid 6 alpak: al

conplex to al u%ﬂfﬁ% b8o IR £F ¢dgp)from 1: 10, 000 to 1000:1, nore
preferably from T 501 "10(2)': 1, nost pl)ef erably from1:100 to 100: 1.
The cocatai ysts of t kxepplaselridgeqiigandsoeordgieing dyasthonded gupsaré:ng a wi de
variety of netal : lita 16 {1 i.n
Uheir b1ty ¢ S iSopoaaeitade B 8llidio R bRl Ryp bl
ani ons, Z*, havdimpthybis@-dthgeydopentadign-1-yhsilang, dimethyilis(2tgutylcyaodentadies-1-

e o eyanan Go. ViRES 28SRAReMHicoipigaietipordan Bl AR, Qagdc"

ani on sal ts whi dimethwbis@etsahwdtdindencbihsilang.slimethyibis(Budien-1wésiamel es bei ng

the same, than ppdskabi ' I ONShsi : b 71 inden-1-vi)-
benzotri azol i de, be'ﬁl I%t%tééz?@r?!'oglg@gﬁﬁgp?I%sfnlrﬁgl&ml@%y&ﬁ%%ﬂﬁiﬁﬁgxhr}dﬁ nt1u¥|}1
gi ve | ess acti veilanee dimdibylyis2smetiwiindenehyligiaee imethydelicopentadisop) fgorgn - 25

di met hvlim d . : s s > d 2
indecy! | m dagor PiRNFisrEHARE RIS Aracherin e BIGHBEREL M e, J€ 27
tri s( pent af 1%or diphethyl(cyalopemtadieoyl)(tatiabydrofiterendeylsitaneh  hyll, Ra2-teteameethy)vie 2-

{71 S pent af 1 uor SERUEOPRRBARRYslep 07 U G i BoaRar 07" 02

hi ghest acti vi t giBé&hyyatoabytatienpii dfleoren sylmeatbaneai ng hi ghly basic Lew s

b tos | b . Y oh hi S A ; "
ot o of Ccat al yat/ coriptatedol sty sBbEbhoh P diAThitbocshIf SO |
cat al yst and anihalihydrobarbyk balosily radylbudracarbyland amipplydserapbyk Hrauab)l or tvanjes

from1:10 tgn10: : Jou0 L ki t

a0 22 27 SR GEuEGRTh A Pl et Aronke R e otk ey
activati ng cocatfainysnhsutnél, tibenged senjugatedeairneorMostyretbged Kegroups ayed.ish
desired. Suitable addition polynerizable nononmers include ethylenically
unsat ur at ed mondWEFSarYE@IoPPENi ¢ conpounds) conj ugated or non-conj ugat ed

di enes, and 5 pol yenesARefbigss 60mBRINESRHIExSIGHIRES ir0hEbrd¥ent ihdéntRKkanpl es
al pha-ol efins having from2 to 20, 000, prefe*ﬂg(l;l*/, from2 to 20,

| npr .
preferably fromSresP@dsdp RmPIRCBARY ITEUEY ofp: BF 8 HiRer dheragh @’E‘Sfe"éﬁch
al pha-ol efi ng. Rartj r i L efi I
ot byl ene, | prspyl SRS s betlie BELE12oERAH RN Bt HE 0bGhp RS forms 2
1- hept ene, 1- octrmaeta)ocyecieonmitinld, 1- decene, 1-undecene, 10 1-dodecene,
L-tridecene, 1-letradseenfy duRenbedaaaRenIhaGaLRIdaL cBRSAAIF R0 R e
as long chain vinyl termnated oligomeric or polyfreric reactron products
formed during t heydoadepragoing abinprising iatile@storgoatamathef is wxyggne silfur dedrby ondded

to the reaction qi j r - [ : es
in the resulti ng%éﬁgﬂéfr%guggg%grﬂté%rgl,r'&ﬁﬁgagF%hg{éoglgﬁﬂlg%é}?gw;%ﬁﬁhgég@&g
propane, 1-8f andglochiined hpongechgsoner dnd 4 tifehant atmm, sblestadafine) thengroup consisting
conbi nati ons of gt ene r e. W ot her

al pha- ol efins. cﬁfh'ﬁ‘?%gg?‘eP@ng{é‘gF%’gﬁoﬂ%r s°r:@h’&ﬁmd§§ﬂ§?§‘r’£e’%{e‘@ W%Té‘i’%‘%g}“' al kyl
substituted styrenes, Ayprefgirbe ciase pt sudhuGoup 4 et bhenrdidatomecomplexes used

di cycl opent adi en , i rbor nene {c jene. M xtures of

t he above-nentio%%ﬁﬁﬁﬁ%g%gﬁgﬁﬁggﬂa gﬁﬁ emgnpﬂgégﬁFRQ%ﬂﬁkﬁg%neraI, t he

pol yneri zati on may be acconplished at conditions well known in the prior
art for Ziegler-Natta or Kam nsky-Sinn type polynerization reactions.
Suspensi on, solution, slurry, gas phase or high pressure, whether enpl oyed
in batch or continuous formor other process_gfinditions, may be enployed if
desired. Exanples of such well known pol ynerization processes are depicted
in WD 25 88102009, U.S. Patent Nos. 5,084,534, 5,405,922, 4,588, 790,

5,032, 652, 4,543,399, 4,564,647, 4,522,987, and el sewhere. Preferred

pol ymeri zation tenperatures are from 0-250C. Preferred pol ynerization
pressures are from at nospheric to 3000 at nospheres. Preferred processing
conditions include solution polynerization) nore 30 preferably continuous

Ly o o o



or aiicyclic liquid diluents include straight and branched-chain CM‘?@JUNZ%Z
hydr ocarbons and m xtures thereof; alicyclic hydrocarbons such as

cycl ohexane, cycl ohept ane, nethylcyclohexane met hyl cycl ohept ane,

m xtures t h&Q éY 4246/nd perfl uori nat ed hydrocarbons such as peF?ﬂUSPPWaPéd
CA_lO al kanes. SU|tabIe di luents al so include 5 aromati c hydrocar bons
(particularly for use with aromatic a-olefins such as styrene or ring

al kyl -substituted styrenes) including tolrene, ethylbenzene or xylene, as
well as liquid olefins (which may act as jprononmers or conononers) i ncluding
et hyl ene) propyl ene, butadi ene, cyghop S Z-Yiexene, 3-nethyl -1-pentene,
4- met hyl - 1pent ene, 1, 4- hexadi ene - 8¢ décene, styrene,

di vi nyl benzene, allyl benzene) 10 and M Qincluding all isoners
alone or in adm xture). M xtures of thg ggoi ng are al so suitable. The
foregoing diiuents may al so be advantaoeousl enpl oyed during the synthesis
of the netal conplexes and catal yst aRfivatolRS of the present invention. In
nost pol ynerization reactions the nolar ratio of catal yst: polynerizable 15
conpounds enployed is from10-12:1 to 10-1:1, nore preferably from 10-12:1
to 10-':1. The catalygw“dbnp05|t|on of the invention may al so be utilized

i n combi nation with Q id GESLmASirBHRirh! Saflratip AARAE HiheQl, D8! & -Q0RARAMS
pol ymeri zation catal yst In separate reactors connected in $eries or In
paral l el to prepXidatiopbiatair bl ends 20 havi ng desirabl e properties. An
exanpl e of sgch a prW‘%ﬁ%abﬁoédtﬁr‘éh@éﬁﬂ]gbého‘éﬁl?@/&% 1l e grgsgfcotastﬁ

Serial Number 071904, 770. A nore ecific process 1Is |sc 0S n cope |ng

appl i cation U. $ydsmenamydtmm@fl S‘JBV qe98% cyanog, é@lomm@bnmwnw%eofmldm ar
wei ght control {hg @Obff'on%fbgeﬂ a?&ﬂ?'d?%ﬁla@@nt"ﬁatd? ﬁétﬁ@tei'a %Sdlvalent

cocat al ysts. Exanp such ular wel cont ro ts |n

hydr ogen, tri al nglnvat\@rﬂhatm adwgegadedigh sdﬁdmépr uermmttydzlmun) thesabyffetmlag@nt S.
A particular bengfdd ridd s use of the present cocatalysts is the ability
(dependi ng on reacti on condi ti onsg to produce narrow nol ecul ar wei ght

di stributiodDa-ol efi neamnﬁ’p@ahﬁbr yaieeRre pridyerariayloxy ofsiid Oraupi ﬁ@ﬂ@v@w
catal yst effici VA I
nore preferabl yqugs@%tatan 2@5%&5@%@?’?‘%&% ec% %m%egﬁﬁ” tr| al?c%)a'o

pol ymer product &oa[t@atdq;dnbrye dmdiwalbhtejeﬂmetntedhémpf oved tensile strength
properties. The catal (f g? E of the present invention can al so be
enpl oyed to advantage Y her gz ge BB ynmeri zation and copol yneri zati on
of olefins. Gas 35 phatﬁistwgmsgﬁﬂtgem*t tma‘@ORygneRi*zcamt OR*SiR0J, of GeR*,,
especially t%g ono neri zation fg 8 JUN 2001 WD 99142467

PCT/ US99/ 034 a‘ﬁ'de'gb"d%l'ﬁr‘?érﬂr%"a?‘isgn 'Pe%t hyl ene and propyl ene, and the
copol yneri zati on of elibstrative Gmbmdim h\eﬁlebnmlqadeatmitafayrt& empibyeasin thepractice of
exanpl e) 1-buten & 1- hexene qg 1-pentene are well known in the art.
Such processes a 8‘%% tEUﬁﬁ%?bP V?% on a large scale for the manufacture
of high density @elopentadienybitanitdbitfnethybdi um 5 density pol yet hyl ene (MDPE),
|l i near | ow densit ol ne (LL E) and pol ypropyl ene. The gas phase
process enpl oyed %&cfpegédttar& 'MP@P of the type which enploys a

mechani cal | \P0st i cyombeheaﬂlenyltwargastnfsbpnodylzed bed as the pol ynerization
reaction zone. Preferr iﬁ roces mhereln t he pol ynerization reaction
is carved 10 outCYqPanJ5¥?qW§ n"EE'P?ﬁﬂ pol yneri zati on reactor
containing a fl ucﬂlmﬁtdm&w&amhmmzypartl cl es supported above a

perforated plate e fl |d| atlo of fluidisation gas. The
gas enpl oyed to FY%‘?FEﬁ %o‘ﬁﬂ d%@'gg‘trﬁaeé'?ﬁﬁ' omer or mononers to be
pol yneri zed) andcy@dl@pbrﬁaﬂmntasum-mmnmwdsmmﬁeﬁmamlmmspmmve t he heat
15 of reacti fromthe bed. The ene the t of the

react or, nor%l I {jy‘?rl‘]?%?”aaqq?%%’r't&?ﬂ"l"f‘;a% P%??%Q@P@taégyb'"ﬂﬂ%ﬂpggs g'r\?el ocity
reduction zone, bpsbpuhtadighydiRaniomaifiti®imeteridehe fl uidi zed bed and wherein
fine particles entra|n d.in tream have an opportunity to gravitate
back into the be§YC!PRENt qie’a)f"ét@"'b’gg'mﬁ?%ﬁﬂ@%us to use a cyclone to renpve
ultra-fine parti @bﬁ&rﬁd’tﬁyﬂh)ﬁd’t@ehﬁﬂ|eﬂﬂﬁta&tuh&ﬂrﬁ9th7he gas is then 20 normally
recycled to the be neans, of bl ower or conpressor and one or nore heat
exchangers to st HW‘%“@'%?"&H@“'W "tyﬂe heat of polynerization. A preferred

met hod of cooling of the bed, in addition to_the cooling provided by the
cool ed recycle gas, is to feed a volatile I|qU|d to the bed to provide an
evaporative cooling effect. The volatile liquid enployed in this case can
be, for 25 exanple, a volatile inert liquid, for exanple, a saturated

hydr ocarbon having 3 to 8, preferably 4 to 6, carbon atons. In the case

that the nononmer or conononer itself is a volatile liquid, or can be
condensed to prOV|de such a I|qU|d this can be SU|tany be fed to the bed

. Y e p—




2 8 ~uN 2002 WD 99142467 PCT/ US991 03413 recycl ed continuously to th@z U
fluidi zed bed. It is possible to recycle the precipitated liquid to %e’ %éw
as |iquid dropl t2 carried in the recycle gas stream as described, for
exanpl e, in"‘i%g"-9 288691, US- A- 4543399, WD 94/ 25495 and US- A- 53SHUS0A13
particularly preferred method of recycling the liquid to the bed is to
separ at e the |infignutimniurgiiete recycl e gas streamand to reinject this
liquid directl ymjeﬂklgtamﬁmgsgpylpref erably using a method which generates
fine droplets of the liquid within the bed. This type of process is
descri bed i n Wndenyliosomtrighenybol yneri zati on reaction occurring in the gas
fluidized bed g fabRlindendiiBhidrMBb&yl, | nuous or sem -continuous addition of
catal yst. Such catalyst can be 10 supported on an inorganic or organic
support nat er i #enfameadeyciapentagienytitaniupatriserieryl so be subjected to a
prepol ymeri zat i@Rt=MétRyicycRipeRteBNy RitanfUmiBeyEr | zi ng a smal | quantity of
olefin mononer 'in a liquidinert diluent, to'provide a catalyst conposite
conpri si ng cat &epameihyleycionestadiguliteniumaimettimethpideiner particles. The
nmp g 8 p
pol yner is_pr oduteshdlhyisrddpénistidfidiumalientidrsiay catal yzed 15
(co) pol yneri za?}ifi‘on5 of ){ﬁg’ r‘%rrllom'eérng) C_)I!l _tﬁe ?ﬂuqﬁy'zeé particles of catalyst,
support ed cat albjsin -34-gimepwipgriadiefybtippiuhe bed. Start-up of the
pol ymeri zathon f8acki,on. | i UST - or med pol yner
particles, tI\tR/hi ct{'ﬁﬁ ?'é‘f@?“&g]yﬁ’%h?agye?g%“?@p ql'gm?ﬁgw%orsgéﬂgpol yofefin, and
condi ti oni ng t hds(hed, 4dimethyipegtadienyl)iitasiumetrzshydphosphinegen prior to
i ntroducing the talyst, t monaner.s) and any other gases which it is 20
desired to haveoc:t:a%y?hoglupr‘eew{ﬁfa@uﬁ&gmghyl’am such as a diluent gas) hydrogen
chai n transfer taganidroinderattitami@ntrineatmdensabl e gas when operating in gas
phase condensi node.. The produced polynmer is discharged continuously or
di sconti nuousl Qgtfr?ryrquh:gqqyﬁ‘tmui@@l Qiy"as desired) optionally exposed to a
Cﬁ.t al yst Kitlsl apsh-binyiaaidd )[1;{1ﬂ&?émﬁigz@ﬁ,g,ﬁﬁanm,s;sjﬁgx It is understaﬁq Lhﬁt
the present invention is operabple in the absence of any conponent ic as
not beon Spect 1 | o 2R SEPBLBIE VAR el BN G GRAMABE ar e pr ovi ded | n
order to furthe('iert-bvht?ﬁh{i@é)ﬁ,i,bf%-!eﬂ‘éﬁ@iﬂwlﬂ,aaﬂdjéfrﬁ,'291,6 7@®-be construed as
limting. Unless stated to the contrarl%/y, arts and percentages are

, all parts
expressed on a wengKEMSEIaphthpiRaVhdMelfapeitgHumdmethfhsed, refers to a
time of appr oxi s Sliyiahiad)ReREmBeNE .oy SRRMARI L st iSiancliahBRins her S

to a tenperature of _ "mxed al kanes ' refers' to a mxture o
nmostly C6- @R aftrhhulylagvdeXiaia@etwhneevsiapeniadianybdimetiyisilansidanivie dirsethyl
ET"" from Exxon 1 Gals ' ' fy A bl mt orjal s
was performnmed Iﬁ%ﬁﬂ?ﬁa&éﬁo){t{@ﬁxg’é‘lﬂy{/ﬁﬁ %Hae?' Erdoogp 'r1é§?{haﬁ%\ﬂ/@h%h%ﬁqo%§ﬁw§

hi gh vacuum | i ngettrsutytansitia)tidaracheiyl-ghindabyljdirnbthilgilestitahivmudimstwis puri fi ed

by passage through, col ums cke i$h activated gl umn Kaj ser A-2) and
support ed coppe&gr('EH@b"Hna?)cﬁ@%@ﬁ‘-egyyﬂ '@j@%@%@/'ﬁw V—"%é'('e %‘"Mﬁ}{) 2002 WO
99/ QR467 PCT/ US99/D@#hathplarrind)eehdyy di stillation from sodi um benzophenone
ketyl. Tris(pentafiuorophenyl)borane; (TPB) wa rchased from Boul der
Scientifi c.égot Q%@‘PHM%’E’HQﬂ%t’\)ﬂﬂ?“M'@%éWé%‘zW%ﬂs‘ﬁ&bmn?ﬁ "agetﬁé’é'_ﬂmg@ﬁé"ﬂt ed
in toluene. ”!3UitHﬁfb@fWé?ﬁ@BRtéﬁ%ﬁleW-gﬁ@ﬁ&&bérﬁ%r@ll)ﬁﬁné}%iﬁﬁéﬂa%mm
further purification.” 5 I mdazol e, dichloronethane (anhydrous, sure-seal),
18- crown- 6, chl or cHISALAYIPERIEAIZAY, i odi ne and salts not nentioned above
wer e purchased 1 JoLF i (a4 S

par chased 11 om el ioB RN bR B R RSB ag P

Di oct adecy| net hy| ah#épheayl-barhstadiens. f r om Akzo- Nobel (Armeen M2HT), and

used as recghve _ SS] ; : . T

bis(tris( peﬁ? af ﬁ&%#@&ﬁéﬂ%@é@ﬁ%’@z 52%’%?’1‘%%&@5”?&5‘?%"%8%"32'&‘#’“11?'T'm) azi de
(238.0 ng) 2.930 mhBtpentadime; 3000. 0 ny, 5.859 mmol), 18 crown-6 (7.7 ny,
0.029 mml ) and | r { . | ag ke heated to
refl ux under ar éitgﬁ.W?@%&ﬁ%‘&?@ﬂﬁﬂgB%ﬁgﬁ‘g‘fgaﬁ%@é%|(|§d1?§g’l@?ﬂg%%l orl ess
15 solid all owed tbutsdienee and the supernatant decanted. The solid was
washed with thr 1 inQ 8 Adt&furh £l ield, 3075
ng) 94.97 per cegﬁn %3@%’2@%%%@#@%&& _a ﬁﬁu e ‘HQ.xaaféﬁ'é,

bi s(tri s(pelbaf fltentpyiemdo)@onatnwlindenyedinetigisipreatitardpm N 2(3-dimstin)-d B 2N3~)
Pot assi um bi s(tri s(pentafl uorophenyl)borane)ggi de (1500.0 ng, 1.3573 mol)
20 and di oct adecyl net hyl ammoni um chloride (777.0 ng, 1.3573 nmmol) were
placed in a 50 nL flask. The solids were cooled to -78 C and taken up in 20
nmL of dichl oronmet hane, added via syringe under argon counter-flow As the
stirred mxture warned, the original solids dissolved and a fine
precipitate of a colorless solid forned. The solid was renoved by
filtration and washed with two 5 nL portions of 25 dichloronethane. The

. o, o AN A



2 8 JUN 2002 WD 991 42467 PCT/ US99/ 03413 Di oct adecyi net hyl anmoni um 28
bi-s(tris(pentafl uorophenyl)borane) di cyanam de JUN 2002
(C(C, eH3~) 2%% % Cst)3B) 2NCNCN] ) Sodi um

bi.s(tris(pe 3 ophenyl ) bor ane) di cyanani de (1000.0 mg, O Wmiﬂand

di oct adecyl met hyl ammoni um chl ori de (514.4 ng, 0.8985 mmol) were 5 placed in
a 50 nL flask. Théutasiengs were taken up in 20 mL of dichl oronethane, added
via syringe un rred, the original
sol i ds di ssol Vggértaﬁggfé??lﬁ@@ﬁq@{hy NGl %@ﬁfe‘@%c':l%:‘%{rt é%@?é/&I'ﬁoBr e}r@r med. The
solid was renpvéast BytYhm'@CP)é?(-ﬁthﬁ\y mﬂ?%@h@mmﬂamﬁtnmrﬁ (IMH;Babmtaaie&eof
di chl or onet han I um giving a pale
bei ge, vi Scouse(terlbﬁtyfarﬁ fka(i}fd@hﬁﬁﬁb%ﬁ%&%?fangg@ﬁ. arrpl g 3 Pgt asgl um -
i mi dazol i de (KCBF@P@Z?'W%)&'&M@HQ'Q% 4 my, 3. 840 nmml ), potassi um benzyl
(500.0 ng, 3.83% ,-{Igpll,,ng&g d| 25 mL fl ask

h (é@hmﬁlﬁa%ﬁmdre Iﬁlaﬁgﬁghlﬂ (sv) 'ﬁ%‘?rﬁaﬁzyl col or

and heated to refl ex under -orange pota

faded as the midarhbutylagtdns- d@fqtéﬂmdeWiﬂwhﬂsﬁahamamunf (Idimetrass sol i d.

Af 4 h fil d
dried in vacuo, ﬁg} Bl s d b g IRah e Bl abena ] o) 4" "
Pot assi um bi s( t{#erspyiamide)(2o3- dmwlnﬂﬁwi)dmthmlmgmamdm ('V) 1,3-butadiene,

5l 38 RblicF L S ATyl ¢ 2ol e (o
m) were pl acedtqmbaty@mm) (23- éEﬂl@tbﬂwjdHaé)ﬂenbthyisﬂaeélxtemummn J4adighenyl-Af t er 16
hours the m xturevRg,egehed. a colorless solid allowed to settle and the
upper |ayer discarded. The 'solid was washed with three 14 nL portions of

t ol uene and dri&&t-Prtylagide(2-wethylindeayldimethyistanetitaniare (i), 1,2peBbdRney, 102. 7
percent. Di oct J@atHLiTRhIYd) c?f{’?ﬁ@fﬁ:){ denyhdimethylsilanetitanium (IV) dimethyl,

bis(tri s(pent afI uor ophen

(~(C, aHs~) 2 MﬁﬂrLPm@pyq@)Q;me&mmyl)mmmalmutamum (IV) dibenzy!,

di oct adacy ! met H Soamar o e eRIEL oA irielilseliE) m@?i ?L%?&ea”d

ina 50 nL flask drﬁbumﬂlepefrlt The solids were taken up in 20

di chl th : fl xt
tirred. the ort s aagemid EXEIAE BB BRI BRfamER o3 o emadidne.” ©
col orl ess soli dtﬁfrbb%f@mldm& @chyl:l4‘\nasnylledem@dmtgthylsnlahemmum @na, 4Aﬂa&mel€brw, th

vacuum | gi ong (e AERRTEyobaEn el Rifighihs o Bbey g 'S, M

percent. -28 2 §.3bmagdieoe, W O 99/ 42467 PCT/ US99/ 03413 2) | mi dazoie
0. 1330 1. 954, gne 2, OOO 3.9063 mmol
gand di ogt adecyl %L%@#né&ﬁ%@frﬁé@&lﬁw g%’l Pr'%ﬁﬁg ﬁh&'sﬂﬂ@f&' iy )50 ni :

flask, taken up i &,3dirmdthyd, Emitaeieaeand refl uxed under argon for 16 hours.

The vol atil es i pped undﬁr vacuu 2.8591 of viscous,
tan oil) 5 89 \é\(i rggy{'yngg t81|p %n qygloge@ag?ienﬁsdlmet%ylsuanetltan(i:]um (V)
t et raki s(t 125s( pentissfpreray, ophenyl )borane) tetrai m dazoyl borate

(Na( (CsFs) sBCa rg-)o Q go)gl umt as; m dazoyl bor at e '%295 0 , 0.9766
mol ), TPB (200 M migo 9%89‘ rﬁyc'ofsmé%mw)we y%sw@eﬂ@nm(lﬁml) and
toluene (21 n) ware.dmleamdstsu'[gd,éﬁ)ent flask and heated to refl ux under
argon. After 16 ho rs the mxture was cooled, a beige oil allowed to settle
and the upper |&§EPutranide)detiametiy-vreyclonsniadiendirimethisianstitapiym (Wor t i on of
t ol uene and drledgnhgﬁé‘d,@,eto an off white solid. Yield, 2236.7 ng, 97.46,
percent. 15 Di oct adecyl net hyl anmoni um

t et r aki s(t A% ( pdert-REY '6@&%%?%?1&n@)CIQPéﬂtlﬁdienvlmwwbemaltetltamum ()

([ (G, 8H37) 2CHSNH [ i) BRARRAGIS 3)]) Sodium

tetrakis(trispentafl uoro heny etrai m dazoyl borate (1500.0 ng, 0.6383
mol ) and di octﬁ%@ywm'ﬁw %ﬂnﬁ!e:metnwpemta@pn@e/l)(dmnylsmeuen@mhaﬂm) wer e
placed in a 50 fibrblidmig (%sfdkr{w@th{/leyélohe@éﬁgg;? dlﬂéth%@ﬁa%eh%’ﬁﬁﬂ?#lp\el@l 20

of 20 di chl or onet hane, via syringe un ar go
m xture stirr ed(te'ﬁﬁéty&m'ép}ﬁhﬂ dy'oeﬁhuls2 314§5U1 -uddd, éﬁc? Srhexanydpnaphtriale-4 of a

colorless sggid f I)Hfr"ﬁie s moved by filtration and washed with
two 10 mL porti ongyo c} ﬁﬁ‘"r@h{%@ ane. tl:@he filtrate was stripped under high
vacuum giving a beige glass. Yield, 1685.0,g0) 92.17 percent.



25 Exanpl e 5 Di octadecyi nmet hyl anmoni um

bi s(tris(pentafluorophenyl)borane)benzotriazolide 28 JUN 2002
(((C SHs~ ) 2CHs ?I-{!lﬁ%g CsFs)sB) 2CsHsN2] ) Benzotriazole (0.2327g, 1.953 mmol),
tri s(pent af '8P yl )borane (2.0000g, 30 3.9063 nmmof) and PCT/US99/03413

di oct adecyl met hyl ami ne (1.0469g, 1.9531 nmol) were placed in a 50 nL flask,
taken up in 21 ftertdfutylamide)i¢,1:38 tetedmatbig 2,31 GEI0-RN 30816 [708-hkahQihiohapiRgien-

vol atil es were Y under. v um giving 2.3g of very sticky beige
gl ass (70 percent Q“’ﬁé“‘ﬂg'f)aé‘%%‘a“'é@d'm%ﬁﬂ JUN 2002 rf ~. -

t Di oct adecyi nefteyt idoptetas(ettiyi- EL A
di met hyl benéll m gag hmymm( [ {uC gﬁl% )yz?:l(;lgﬁl—ﬁp[%;n( C6F ?@%ﬁ@g@@ﬁﬁét‘ém@m (IV
5, 6- di met hyl benzi ngﬂb?ga’l'e (0.2855g, 1.953 mmol),

tris(pentaf|sor Qtphaﬂw&rh%ﬂfé@raﬁ%ﬂgﬁlﬁﬂ% !@pe%%%n?lmbﬁwyl%ﬁg%%ﬂlanentamggm (1

di oct adecyl net hyl am ne 5 4699, 31 nmmol ) "were
flask, taken up in! QFH*H?“M'I”?@PI?@W@Q&nd refl uxed under argon for 16 hours.

The vol atil es War(eer{-ia@tmaﬁﬁdd @@é{ra\r'ﬁléiﬁﬁ ?&I%Bné&ﬂu&%eth%n%%u&mu%u@f‘

percent. Examal e Di oCt adecyl met hyl ammn
bis(tris(pentafl uo‘i‘ yI ) bor ane) benzi m dazol i de

ol )t ‘;‘%ém T ior Y 2 et el QARG g a1 222
di (izctnadecyln Zahyllpé)ﬁﬂWé bupdieng) 1.9531 nmol) wer erplofrallcfegrl n a35g m;u];!saSk
EI'f]leevotjzlgt: I efﬂ \r/]\ewregzggt;g&gmgj Eigﬂﬁ&' vac&'gd?'qggpyﬁ et?%%@) 91. 33
percent. Exanl he e anmoni um

(1(C aro s an R R RIRRrRLPTAaRR iR SRRV ERF B ¥ o (0. 26750,

1.953 mmol ), tri s(lﬁ@meam uor ophenyl ) borane (2.0000g, 3.9063 mml) and

o octadecy| T8t LA RSl B By Ao D7 POy T
vol atiles were t(ﬂeérbtéylamppda (Nrryevlidiad)indenylYdimbthylsRar@ditmiunB @VH dibpazgent .

Ex le 9 25 D|
> 2?& |es( pent af | uo?tg'gﬁeny §(E§Njﬂ?&@&g’u&den¥% ﬂhl)ﬂs&%r}eélfqn&gn (V) 1,3-butadiene,
([(C sH3,)z CI—BNK-IP[‘(*{@&@)@B?X& ;snohmwi)meﬁylaﬂuphmgsﬂanenmm ﬂl)(m-éaﬁt%@ene

1.953 I 9063

di oct a(rzlrg([:)yl) rret h ﬁégﬁ%%f& 838“33%' %l %@&mﬂ cfmgggggﬁqeiéa@&‘m I(]lﬂgnég Pﬁ‘E”Y'r ask,
taken up i n2@1 nL bB-hutadenteasthd refl uxed under argon for 15 30 hours. The
\ég;?r;[) : Lei owg gc:(% \ﬁ)?léﬂn[bﬁgﬁ r\;’rﬁ lryﬁﬁ&é}}ifﬂhlme'tlﬁ)lsqlanghtan]ﬂrg () 3 adaxBGesEt -

bi s(tris(pentafluor o&@g}ﬁ)}etsmoam)mgm@ 4 goupeiotiudiag bridged complexes suitable for

([(C, 8H3, )zCHSNId]gherEﬁ%FFggsaeﬁ}g.‘ ﬁ% (?92 4-triazole (0.1349g, 1.953 mml),

tris(pentafluorop q%@p or ane 35 3.9063 nmol ) and
di oct adecy! met hyrséeN eO@dMB%fCOIllUBSBTlethﬂDI) were placed in a -30 z s

~uN zooz y ¥O %%{(%EH%FPﬂ/éﬂcggghocggﬁ%ﬁo mL flask, taken up in 21 nL of

t ol uene and refi uxe on for The volatil es were then
stripped under pisdenniapeniagieny!)zrcpoiRg methyldsenggr cent . Exanpl e 11 Pot assi um

bis(tris(pentafl !mp(%g Csl =5) 3B) 2CN) 5 Pot assi um
cyanide (65.1 wé Ryd}elﬂ? ggﬁ%ﬁggmglr%{&g 000 mmol ), 18crown-6 (2.6ny,
0.010 mmol ) and %an(@wn zircppinendjphgodd in a 50 nl flask, stirred and

heated to refl uy; a% nhLi6H- hours the m xture was cooled, a fine
colorless solid aél{l o to s t)‘ﬁ%“ n%‘ﬂ’he super nat ant decanted. The solid

was washed WPt h bisteychmniadignghzitconismatetnydmatnridend dried in vacuo. Yield,
854.9 my, 10 78 (Bfdidgeitadienyl)zirconiummethyichioride,

bis(pentamethylcyclopentadienyl)zirconiumdimethyl,
bis(pentamethylcyclopentadienyl)titaniumdimethyl,
bis(indenyl)zirconiumdimethyt,

35  indenylfluorenylzirconiumdimethyl,

-17-



Tri phenyt carbeni um bi s(tris(pentafl uorophenyl)borane)cyani de N2007
(¢(PhsC] I ((CsPs)3B)2CN]) Potassium bis(tris(pentafl uorophenyl)borane) Z;ﬂaW oz«g

(827.5 ny, 07 I) and chlorotriphenyl nethane (211.8 ny 759 1)
were pl acedwpr? /éz"ggm) ~ 5 flask. The stirred solids were takgﬁ"{?g”&ﬁ{% mL
of dichl oronet hane, added via syringe under _argon counter-flow An

i medi at e r eacPis§RogEr@nERRetW(2-(imetbyiaminmbentia col orl ess sol i d. The
solid was renpyg n@gnyi)hl,gorn%,gahﬁmnmg.@p (four times 4 nmL) until all

col or was gone. filtrate was reduced under vacuumto 4 nL, cooled to
-78 C and dil uP%evﬁ?'ﬂwTQOdQﬁY%ifmﬁlé'ﬁHP@BY‘t’W@hY'é'b'hI ting suspension of 20
brown oi | was g|d(suesmé E@Jdﬂeﬂf&éne’?\?l)ilrcoﬁmrﬁéthylé@ﬂ\iy@' fied and then

|
digested to_a canary-yel Yow solid ter stirring for 30 m nutes. The yell ow
solid was i%ol ét%é?’ﬁ%’“?ﬁ“ylﬁx‘céﬂﬂe@@d%')ﬁquéwniﬁ%ﬂﬂiyh| gh vacuum Yield, 935.3
Ny, 95.20 per CeR{perkAbRY l@yg HFBonlummeth imethoxide
bi s(tris(pent affuoropheny boran cyanl (CGF5)3B)2 3CN) 25
Pot assi um cyanibiférentemetigigycioppgta @QG’W")’“GWFAB“PB%O 0 ny, 5.859 mml),
18-crown- 6 (7. BigetrIchRyBBBbladBl fzpboRMaRRIyIL) were placed in a 50 ni
flask, stirred and | ux' under argon ‘After 24 hours the nmixture
was cool ed, a Pi%@itEIQYQBCPHe@?Q'%D?'@OEPMMZY0 settl e and the supernatant
decant ed. dee %@!%tml%f%ﬁmnwﬁﬁohmﬁ%éﬁk yirL portions of tol uene and

dried in vacuo. Yield ercent. Di octadecyl net hyl anmoni um
bi s(tris(pent aﬂﬁﬁ%‘hb‘ﬁﬁi@ﬁlﬂ‘ﬁ%ﬁ'&ﬁ@ﬁ@?‘&ﬂwwﬁo'@E',md'methyl

(1 BC, sHs~) 2CHs Nd}mlefHofrspyRSLidp &@&&énﬁﬁtra@rﬁamaben%y

bi s(tris(pentaf| uoropheny I)boraq&ec ani de-" 3C (1500.0 ng, 1.3760 nmmol) and
di oct adecy! met Pia(ERASHIIMCRHPRANE ’(Y'?B“?COP'W'bi“ZSVGO nmml ) were 35 pl aced
ina 50 nm f'Wfrneth@nﬁ%Is'(rgélo)ﬁ@ﬁ Sd.@ AeoniGmuiffetyiand taken up in 20 nmi of
-31 2 8 J_UN 200 47467 /U899/ 03413 di chi or onet hane, added
via syri ngéSundtnetyigii-bisgatampthyicysiorensadierytianiure dithalid ur e war nmed, the
original solid mg, olorless solid
fornmed. The oﬁ"ﬁbﬁg‘s&h#{gﬁ% IénydP @ﬁtarag'f‘ ?%inmgﬁ%ﬁ\vg/gésm&g%wth 10 mL of

di chl or onet hane,dlmﬂ’mlsﬂYHbﬁ(’abét}@W'PWé@'del)érrcqﬂ"gjﬁdlv’d@[ﬂﬁn gi ving an al nost

col orl ess, 5 exie@dne- Mé(ﬁﬁ%hﬂ%to%hﬁh%ﬂ%?ﬁumll) ? @t ﬁfétrﬂﬁ'{rﬁlﬁg)tben@faﬁpl e

13 n- Butylferocenlumtrll go
n- But yl f er r ocerl@et®ienegis(@putyic pen@aieﬁul)t{temmmg") ¢iﬁ\9 ’)Y'%EWGO)ED@“HL- of

absol ute eggbanc&,m\gﬁfy%“ﬂlb@&ﬁgeﬁﬂﬁw‘n}@%nz RRloAHLt ure was stirred and heated
to 45 C 10 w a warm wat er kept warm for one hour. The resulting

dark cr ystal | i rf@mgmyisdykna%"seémvéwwvﬁmqmw@metm,' washed with four 25 nL
portions of et ham@thyRN¢-vid(E-nibithyed. h%h?lhﬂien}l?zu%gmu%wﬁ’&ﬁﬁem

n- Butyi ferroceni um bi s(tri s(pent afI uor op yl ) borane) cyani de-' 3C

(1(C 5H5) (( mwwwwm@mhmwwmuw ‘Penpaggylﬂpﬁ butadiene,
bi s(tris(pent af dimERRNGIHIE S MWt erﬂéhglggfc()ﬁlaﬁm i) "f‘#—dehW@ m&aleﬁé‘dm

nbutylferrocenlumtrl|od|deé were£ aced in a
flask. The 2| rdig@tysilyidisiadia vqraqaéﬁ B"F‘PP“Z'D('M “eiPheRi1et-bWadRaRe, added

via syringe Und&ﬁwe%{)ﬂi&ﬂ?l rSiQHL'BrSﬁyIler@dﬁnurﬁh@tﬂﬂdﬁi&ﬁ% was stirred for an
addi ti onal 15 m nutes and filtered to remove a col orl ess solid, which

was washed wit hd'W#"Z'ﬁp'ﬁfﬁtrﬁbﬁrP@ﬂﬁe'@f')zé’B‘PW'éfﬁtb's(WtW%'éﬂ yel | ow vi ol et
filtrate was reééw@pwlae& cnbﬁbﬁ«mml)(mmz%bm}ﬁd&mﬂ ahBe resulting

bl ue crystals isolated tration and dried in vacuo. "Yield, 690.7 ny,
66.5 percent Ex@mateisiyl tBI’%@PE‘M@&?}?P@‘WP%M’W')Z"CO“'Um dimethyl.

1.3 bi s(trigg pent af | uRipAeRs) basena caihA® shrimhinglor tsaod uﬁh@lﬁls wil of
([(C gH3,) zCH3NH] [ (( C6F5) 3B) 2C5HIN2] % é%sl nmi dazoi i ne 192%’

mol ) was addedCeHEPReAPPRIEN IiNRe P “Qﬁ'ntt'ﬁ? §(‘p &F‘EUUr%@'ﬁEﬁ?I“)QS@JrC& l6xes”
(2.009) 3.91 nMMYrluse Herht Hdany ioMBiviNg rAstansorhdieds: 9, 1.95 mmol) and 21 nt of .
toluene in a 50 nL flask) stirred and refl uxed under ar)gon for 5 hours. The -

vol atiles were then $tRutyipiotpehy\igtameinyiiycopgtadisay)sdanalitaning dneth¥ | ow

gl a?ts YI( el d wag- ﬂlﬁy@mmsdi@amyn feampticyblo rﬁtﬁ@@ﬂﬂi‘sﬁbﬁﬁ&éﬁurﬂmmﬂla%htbd%ne
is(tris(p

ent af | uor ophen
(oG al 538 % i (deict@fmt)ege%ﬁmﬁyﬁ'fmtad@vas"Qneé'témnét&bh4\ﬁ9henvl
99/ 42467 PCTNS99/3)34batddmndazol e (0.064g, 0.947 mmuol),
tris(pentafl uorophenyl ) al umane (1.000g, 1.8%gmol) and
di oct adecyl nmet hyl am ne (0.507g, 0.947 nmol) were placed in a 50 nL fl ask,
taken up in 21 nL of toluene and refluxed under argon for 5 hours. The
vol atiles were then stripped under vacuum giving 1l.46g of viscous beige
oil (92.6 5 percent yield).



Exam~-~} e 16 Di oct adecyl net hyl ammoni um

1,-3-bis(tris(pentafluorophenyl)al umane)-2 undecyl i m dazol i de 28 JUN 2002
([(C, 8H3) 2CHSN %éCsFS) 3Al ) 2C3H3N2} ) Undecyl m dazol e (O. 267% 20 mol ),
tris(pentaf M nyl)al umane (1.27g, 10 2.40 mmol) and CT/US99/03413

di oct adecyl et hyI amne (0.64g) 1.20 mmolj were placed in a 50 nL fl ask,
taken up in 10 nyclQﬂiexlybopM)dlE\thmmhﬂwmmmbﬂldﬂehtanm& dioethyl, The

o1 (1 00 por ceneEyPENERB R ASREAREIEY bRtk laf it FEE i g
pol yneri zati onspemadlmm cwlohdxglamwtz)dlnmﬂmyidtemethﬂeﬁblmmrwpaﬂaadtnamuhhel)
fol |l ow ng manne ro nd CH2Cl 2 were purchased from Al drich and
used as recei ve{étd'cﬁ@%}qg P r@%r% recorded on a Varian XL-300 instrument
('H 300 VHE @@{lbdid}qecyladezc)|mewb'[(te)tramﬁl()dhwwnentammm|bnet;tar)|emmnethy!

25 Teouived. 5 CYap SpyesramH MR AR PR R BRe bR A F o PCC
yl's gi es),

n-but yl I i t hi um ( ACRO®3ntadien&2- net hyl - 4- phenyl i ndene (Boul der Scientific)

V\Nﬁlr S ) gseceit a; . r e&g%ggﬁegé%hh%&h%&%&?gﬂﬁﬂ% ?B%d%gptégngitanihnle(us pyte of

(1-(1-pyrrolidi diphgnyl- H i hddmyadiéne, hi um was prepared by 25 reaction with

butyllith h |
opestra arel® epor t eqtEan SR ALE TR 1idREA AV s hiunt Brmohyi T
t he residual soltwehtiamidaldiméhg(Lamethyba-iddagen-1-yl)silanetitanium (If) 1,3-pentadiene,
o (T 1 (1, & DA RS- SRS Bt 0 b 32, 7
H i nden-1-yl | sil anarrbnml@nKNl (4-))))tetrachlorodititanium-33 2 8 JUN
2002 }/\? gglhg)zég c(y GF%%&% ﬁg’)ﬁﬁethbl ZSmEtI'{ Egdaeelg q:IVI)anQnetl?arﬁ)m dimethyl,

chl or o- N- (15 1- dysiehexylamidojiinetnyit@trsthyl-ssindacenai -mbsifRoetitanivod! Iy d13:pantadierte,

1,6-bis(chloro oml:

(24,0 L. 0. 176CHe s aklcs BRI G Retb intoch- FhuenBuBidmfl £ WEBGs,
1 hour a sol ution of bttadienbut yl amme (16.8 ni, 0.160 nole) in 100 nmL of
et oot hane o H RS SASS B A B AR IR RO BRGAR U
product was ext (actodddésytamidd)ginmthy(2-mestahendacen-fi ef)sirretiteniunellh&danes
renmoved in yécug) fo | eave 29.5 g (96 percent yield) of

1,1 -{1, 6- héXan glypfeg'ls 1-chloro-N- (1, 1di et hyl et hyl ) - 1- met hyl ) si | anam ne
as a pal e- pi nk \(c)@t;mge¢Mlaqmchdlm¢#hNW(6¢6'B&)nda§e®5 learmxi}antqn@I)U@@phﬁqyl;
1.13 (s, 18H), 11:83 (nggad?e 0.75 (m 4H), 0.33 (s, 6H). "3C{'H (C6D6):
50. 35, 33.42, 32! 2% 20, 34, 3.12. 15 Bl 1,1'- 1.6-hexanediyl)bi s(N-(
1.1-dimethvlethyl |- heutiamidp)digiehyi(3dyicyepperitapphenanthren-1-ylsilanetitanium

H nden- 1-vl)-sil anam a -30C solution of

1,6-bis(N-(tert- butylcg}ﬁ?[ @hl oro-1 net hyl sil anam ne) hexane (1.50 g, 3.89
mol) in 20261 df-batEmideidinethyt(3a- (pv@ewt@(dpberwmreedwj)zsilmatuﬁmum(ll)1 3-
(2-(i-pyrrolidinyl)- ipHHdm@nyl)l'th' um (1.49 g, 7.78 mmol) 20 in 10 nL of
THF. The reaction wa owed to warmto roomtenperature as it gradually
darkened and chahbesilamidadicmsty!(Bedicyelopeadphenansireni ityl)siangjitaniymeen 4

fl ourescence. ho olatiles were renoved in vacuo and 50 nL
of hexanes addedaaﬂ%&psusug%g}"%ﬁﬁvr\%s filtered and hexanes renoved fromthe
filtrate in vacdqulazhelxalamtdozdlme@y(@zt (sxelepental)pbenantiyen-1-yl)silanetitanium

él ﬁ”e . E;I St Ey &”nﬂl-&p'c%l&lze%&l? i 1305)d|rmoe1\th%(34 fc)yclopenta(l)ghenanthren -1- | anani ne as
a red/purple 0| |yl)sﬂarmqtlmn(rutﬁbas)’3 pertaic!ler(qncydomxylam@cr)dmﬁthw@4 5.4715.43 (2
?ﬁ} 2? HI))SOTE;.?.) : IE&?r(:é(gver thrﬁh 29y égénit)(arﬁum) 1%5&%11&&}?—1[@2&3:&%:51 30
(s, 4H), 0.201 0. @yclpgodsicHg m@togdm@m 8a- “(cyelararia()phergnthrep de@nifi)eﬂtamgn 21
146. 99, 141. 66, a%mﬁ (cgc%oéécyuéra@o%neﬂ@@ 82cycickbnta(RorendbiNig92 WO

991 42467
35 ybsilanetitanium(ll) 1,3- pentadiene,
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PCTI US99/ 03413 120. 95, 105.11, 50.86, 49.54, 43.20 (nm), 34.05, 25. 4228 JUN 2002
24.51, 17.25116.19 (isoners), -0.711-1.88 (isoners). d

1.1'-(1.6-h | )bi s(N-(1.1-dimethylethvll-1-methyl-1-(3

1-ovrroli dl%a#ﬁ%\é i nden- 1- yI) 2. PET/US”’O“L”
(deloc-1.2.3.3a.7a:1'.2'. 3 a. Taa silanamne, dilithium dilithiumsalt

To a sol ution (6$Vci°deBF)é§f(1N°lCi"§Pfh¥ %ﬂ;ﬁpngPﬂmﬁ(Wen@m@mlywluan@mtamuww))141
Hindenl-yl)sil anamgynehexaigitdderft> 9. 3.6 mmle) in 50 nL of toluene was -

added over 15 minutes a sorutl on of n-butyl lithiumin hexanes (1.60 M
9.42 m, 15.0 mo!). tbwlarmmdmmd@ methaldﬂpberwhndqmbybsniagemmlum@metﬂyut| on

turns orange fz{ %&ﬁ{g%&&jﬁww rﬂch YiiEdn- Py) fthhlEﬁﬁl@ :ﬁ)%ﬁtﬁdlene

stirring for 1 |tatevva ec ed tratioh

and washed ®wi dbblvwlﬁmlclcﬁdlmgtmﬂ@t@ﬁhéh'kp I"ﬂ¢ﬂ§h1ﬂﬂﬁlt§éetﬁﬁnlhm1|0 It diphenyl-1,3-

hexanes. The dark yg| %Y?é lid was dried in vacuo for 8 hours to |leave 2.6
g (quantitive yield) o ¢ desired product. 15 Dl

~u-((1.1'-(1.6 (ﬁ\&kﬁ}%dliawqu'mtmﬂ@ methyIrfephafvindast 1-yhsiapetignium dimethyl,

(1.2,3.3a.7a-nl élﬁéxﬁé/rﬁeedrﬂét'ﬂiénﬂethm henylinden-1-yl)silanetit [
H i nden- 1-yl )5|C|yar?am nat lo ’x' 4 yt ra?cﬁ%lrnogl?t |Y)§'nant?n|1a?'c¥ma( )p1r gcool ed

(-30C) suspensiRshtasiieng; G’Q‘Qhﬁwbaﬂ“‘éq}dlﬂ'@“@” 2aneghyirArphgnylindepol -hisilgnetipumdy
added a pr 00|1e&|d(oh ) P8. brﬂ-adTé'r‘% soI ut| on of
1, 6-bi s( (N tertbut (Xi & I‘I‘O|Idln|% 1 o
Hi nden-1-yl ) sile ylm&@aw@ethy Eﬂ%ﬁthylﬁrmhﬁnzhn@ar -ylisilazsitanium dmethwm)
| medi ately th
Foom t empet at une AR orE aRE R R AR ISRBE el 13 T
col or gradually char@%‘tﬁadl@mark bl ue/ purple as lead balls forned. After 1
hour, the voi at 4%};15 [ nto 25
mL of t ol uene, 'C}I J&gﬁaﬁ] %‘?@Wﬁﬁﬁ@ rermnyggd o qug%g&%%gﬁggﬁﬁ
bl ue/ pur pl 5r esq“m@VES was3dutadienes vacuo for 4 hours and then triturated

h 30 nmL
in hexanes ( ) (T*Bﬁpfhﬁ‘-ﬁ@&%ﬁn%{d?z B IILESnbAIMAGH aﬂgﬁiﬂn\%ﬁl alfbinPhipfafhiAnes

was added followed by t ration again resutln
suspensi on was {t-Putvianeidp)dimethya- mtwémanmtﬂwﬂe@amm@nwmﬂnéca -pentadiens

pur ol /bl ack sof PSP gy PEERER-pHERMad L o rRRLAgR ?‘EQW%@@' "

567(m 2H), 3188 (butadipngH) , 3.22 (br s, 4H), 1.49 (br s, ,18050

1264, 15525 16097 a@%ﬁ%ﬁﬁg‘l’yﬁt*@@ pﬁe"%ﬁé%ﬁ"sy@&%"gﬁ‘@ W‘ﬂ% 554 o

(i soners), 19. 7cycmemam1dp)®metwl(87netbylshpi(einym%r\sy yl)sﬂsnw@';malr) léh 2 35
2 8 JUN 2002 A
(== ((1. 1 V\%%gxa%é%l Vagglé)g/%q'ﬁ/d?%é;’trﬂﬁ rrr]!\e/afhgl ﬁ );/thenylmden -1-yl)silanetitanium(!l)
- 1- et hyl - 1 | (112 dipiwaylFal 3=Qutgd|@qe pyrrolidinr~l)-1
H inden-1-vl)si tcge@aw@cﬁ{%n?ﬁ&&)eﬁnatwlgztﬁtafhan@bnem.Haéd -{ HitdeRanibinimethitt) ~

~N" 25 To a s ensi

1, 6- hexaned®y| )mygleﬂpmcymmbétm@xhﬂ%w}hmﬁebwwlmqer(Ml)glaaemamwa\(lﬂ)nﬂe (1-p
yrrolidinyl}-1 Hi ndSQnt&d%hés' i anam nato-KN)(4))))tetrachlorodititani um
(0.189 g, 0.21 mml) In 10 nL of diethyl ether was added a sol ution of MeLi
(1.4 MEtzO, O. Byc\@god@pvmmm!ryethv!k%maﬂm drrheryiigdenrd iybailanghitasymdlr W4 r ed.
After stirring afphgﬁﬁmter{yﬁf,@ggregefor 1 hour, the volatiles were renoved
in 10 vacuo and the product extracted into 20 nL of hexanes. The suspension

was filtered and the(bblﬁmnuqq)@lmetfwaﬁé1mg@i@wyomen ) sikgntitasiuy Hinetiyd,
col or appeaggd '(tfbl}tﬁﬁmmﬁlh@%gl 511¢-pvﬁbnﬁw|)ﬁ@emtﬁ)sfnmvaﬁmjrﬁai|5>mst;k@naro@aue

filtrate and the resid he resid

extracted into Iﬁ‘ebé—ﬁﬂé%“@i@"\ﬂ")ﬂ@r{a W[VP'!‘%'PV@H‘C’FB 1r¥€)§ﬂ%’@%ﬁ€@‘"&ﬁrﬂlﬁiﬁ@"&"1@r ne .
particul ates. The he@gﬁeﬁ@ere removed fromthe 15 filtrate in vacuo and .
the resulting red 'flaky' solid dried in vacuo overnight to | eave 0.130 g
(75 percent vyi elleyclabexylamidogtimethyl(Br(Ampprrelidmbinden- 1739)58@&9“@4}“"7 dimgthylim 2H)
7.04 (m 2H)) Gﬁaoﬁ&dlﬁﬂho)dﬁn&aw@m Bﬁ)ohdlaylﬁﬁdém y%ﬂaneﬁtaglﬁ mi,4H, 1.53

(sh m 36 6
133. 95255 133399@'91125036%})“%;%'"‘1@)&@&!1% ( ‘PZS‘O‘WY'wemﬂaé')éweﬂmﬂb@}
83 90 57.78, 54 B4iphefyll3 3pbtfbifened8. 86, 34.91, 33.99, 33.86, 26.05,

24. 73, 24 38 20.84, 19.20, 2.86, 0.39. Prepggation 3

~u-((- - (1. 2- et hanedi yl ~bi s(N- (1. 1-di et h~r| et hyl

-1-rrethy| -1-((1. 2.3.3a.7a-nl-3-(1 25 pyrrolidinyl)-1

H i nden-1-vl)silanam nato-xN)(4-)1)ItetrachlorodititaniumS~ TiCl , (CH,)/
2 -36 2 B JUN 2002 WO 99/ 42467 PCT/ US99/ 03413 A)

1.1'-r (1. 2-ethanedi vl | bi s(1-chloro-N- (1. 1-di nethLrl et hyl)-1-nmeth~)silanam n

e To a - 10C sol utlon of and 1 6 bIS(dICh| ororrethylsnyl)ethane (5. 00 h

AN - ~T AN N N



mmol) in 10 nL of THF was added a -30C sol ution of
1,6-bis(N-(tart-butyl)-1-chl orol-nethyfsilanam ne)ethane (1.47 g, 4 186JUN 2007
mmol) in 5 . The reaction was 20 allowed to warmto

t enper at ur ewéqseq/?uglrzadual | y darkened and changed to a deep-rePr pur9|%/ 3’e‘"3

solution with s]igh reen.fluyores e. After.16 hr t roomte ture,
the vol atiles V\;@"goﬁt’% ‘éH"C;%HWhethg@gith{@éqﬁPy@ﬁ‘%ﬂ'15s')ﬁ?l@)‘(ﬁ'??égumg&géﬂed_
The suspensi on (@esiofioddcylaemidadithetind(3h@xyrotdime)miend -fljsilandtitenidrn{ii) n@-e in
i nden- 125 y1) 1| anBRi AP hane (207 g, 67 percent yield) as a red! purpl e
i - ' . :

gi 1305 (H Ng/R (Cﬁ:@ﬂs lzagocz’ebc?&nﬂdgain(em}g@flz()g;p(ygroﬁkﬁnﬂ)éigriclf_ebnémil)sglgl)e(tit@ilﬂﬂgcll() m4 2H)|)

: m Vo r s, 1. r s, , 1. set of severa
shar p peaks,5|_|)18d'95'?ny(5'. 88 ?r‘?.‘b‘ﬁft@‘?"?).54 (m 4H, 0.45-0.00 (m 6H). '3C{'H
(CsDs}: 149.07, 147. QdutBdrbidoRiméPel(S8)-pylrttidid9)ind@3198silabdfkaridm didete,

199,22 90,5%) 48, 088t 56 heibpder el 7 ki)

- 1- met hyl - 1- ( 3- (tbupyamiab)diinelyl(3-( Hppesidinkhintien-123/)silanetitanium (11) 1,4 diphenyi-1,3-
(deloc-1.2.3.3a.7a:1, . 2' .3 .3 a.7 al-silanamne. dilithium dilithiumsalt
To a stirred soluti Onutgplene,

1, 6- bi s( ( N-1Q er tcybohgxyarhidogtinyginyl{3-( Bpyrrolighyhinbérdit iy)i)angtidasiom dimethyl,

added nBuLl (L1 eE BRI e ey ol e LU e R B OOy gf ma
red sol ution - 3pentadieBe JoydoNeAB&RidBdird Bth¢iZ3t Bi 2 pyrEoTibidBHa €3 My Bsirnentkiiutngined
to a orange-yel | ow, sus ﬁna;agtr)l over one hour. After 16 hours, the

yel | ow or ange sﬁsﬁp@ﬂ%‘?r@' SOYEMEIPed and washed with tol uene until the
washi ngs becane (gelodotessantidoxirbethil(3raspes)idinflfiedeaatpl)stanstitati@dimesiied 3

S 2 R A B i 0 9

1-pyrrolidinyl)-1 Hipgfeaieheyl ) si | anam ne))ethane, tetralithiumsalt as a

ot b T B kb 1
H-i nden- 1- v~si | aiphehyiat o- xiNg-bdtaplengt et rachl orodi ti tanium 10 To a precool ed

-300C) suspension of T1d.3(THF) 3, (1 . 3. 44 o in 20 nL of THF was
gdded)a prgcool ed (_§0%%h98ew_aqqqga-gil{zd%prwmcgmethyl,)
I%Ii 6- 3i s( (1 N—:lg?er Fmbmbhetﬂismﬂﬁehyﬂ-yljzin(c8ni(n|1r_(lp)ﬂ;3—péxhtd1:lieyd(a,) - 12 L 7 N

i nden- 1- Si am ne).) et han tetralithi umsa ) . ) mmol ) .
| mredi at el ; t he 1%? nﬁ'&féﬁb%&'f%”@@??”ﬁ'gba'%Eﬁﬁ?@b'ée%p‘}tﬂ?'g%?' stirring at
r olom t errpgr alt :JI’ € ,Q-thaﬂzglhiewndweiﬁlggl-lahé:%liﬁaerm-sziltblonmSi c)limﬂ)yaflded].c Thed15Af
col or gradua chanpged, t a e/ pur,pi s | ea i cles. forned. ter
hour e vol daERSReRsE- PRI RRNENRIARY SR R R REL iR engy T r vacuo
for 1 hour. The pe-ethankebistsmettyl-dphenylindére1§0zinrdonaim(tipl deliphenyli1,3-eurdienead
the vol atil renoved,.in o..After .dryving.the dark residue in vacuo for
an h\(;ur, Ihe?gnes (\2/0 th\%ﬁgﬁ%ﬁ@d%ﬂ'w%féco%mg%ﬁ%ﬁ' tri !tulrjat Ied. VThg
vo: a'éli I es were Eicﬁrlmetrgtiilér!rebvﬂm' [ der,m?%_ﬂ’)z'md:orﬂfm(ﬂﬁ))ﬁq:m«mﬂel ’ jenger e added an](cj_]the .
solid triturated,aqgain. e resultin ur S nsion was filtere
and the solid ma%rﬁgg’y[é\ﬂf%%'wnﬁﬁnﬂ'W95$n'¥{£@§ﬁ%s£éhe ygf'?'%ﬁqdﬁer\?acuo

over ni ght to | eadimethyBianehid2-methyarphenyliriddh-1ofl)drhenidmsdimettylpr oduct as a

dark purple solid. \H I . -7 - U . - . ,
575 (m 2hy . 3 JpetmeBemdy e Arepbinnt ChodRbanho] Vggodasthe b, |,
'3C['H (CsB): dinetyisjiapebis(26nethyliBphdnyliid-Hyl)zirzenism(I)2%4 diphdrdT-148- 126. 6,
126.4, 126.1, 106't1 %‘é ) 92.4, 61.1, 50.7, 33.3, 25.9, 15-9 (m,
0.92/0.811-1. 19 (Y8YREFS)  Preparation 4 30

Sau_~~1.1'- (1. 2- et han€hé ekpands( ldnjoh. cbeatialyststof the invention may also be used in

| ~y)-1-meth~~(1. 2. 3. .3a. 7a-1):-3-( , .

byt Tol 1 anyl - 1-EormeiBRIer i &7 pldomerie.y SOMIEHS FINAPES SPACY i ¢ ¢ ¢ ani um
- 38 2 8 J U N Rigozircd@ar9fjaievisimiompsund,-avii(hy@ocabyh(hytifecarbylox@aluminum

PCT/ US99/ 03 T ' ; ; ;

(b (L1 - (52 e enlRAliR i EeBpvieyarcosioy amidlelyminum compoynd 2, 3 34 74
-rl)-3-(1- pyrr ol big{diypdredarbyl-amido)(hydrocarbyl)aluminum compound, a

H i nden-1-yl)silanam nato-xN)(4))))tetrachl ofadi titani um {0.430 g, 0.50
mmol) in 25 nL of diethyl ether was added a 5 solution of MeLi (1.4 M Et 20,
1.43 m, 2.00 mol). Instantly the solution turned dark red. After stirring
at roomtenperature for 1 hour, the volatifes were renoved in vacuo and the
sanple dried in vacuo for 1 hour. The product was extracted into 50 nL of
hexanes, the suspension filtered and the brown filter cake washed until no
appreci abl e red col or appeared in the washing. The volatiles were renoved

Y




s, 4H), 3.28 (br m) 4H), 1.55 (sh m 36 H), 1.8-0.50 (m 12 H), 0.09 (m

6H). '3C['H (C6DB): 144.2 (m), 134.1, 133.8, 126.0-124.0 (m), 104. 622]rﬁ)UII2002

83. 85 (n), , 54.5 (m), 50.52 (m), 51.0-49.0 (m), 34.

15 0-10. 0 (%70@92“8 ~0.40 (m. 20 Preparation 5 bisl| PETUS 034
-(n4-1, 3- butadlene bi sl benzene éu (1.6- hexanedlxlbis~lnethvl

si I vl dynel bi s{ digh yﬂf%caw ?ﬁ"%(d‘?‘lyﬁé'ﬁ‘m“"&"?fﬁ P 8 dithydrocarby

H-inden-1-vli deamldol(walrczdaI%mmnlvaQnIﬂth&mp%rund a~ (CHz)s ~ Ph Ph 2 A

Li t hi um 2- et hy| - 4phen 25 To a solution of
5 ot Pyl 4 Ehen Ol dERe A A IIg S SR FTPOUEBhOnE MU dhe fragdina dded
dropwi se over 1lgofipéHdBShadndirorf1 1& 26 MoR-Hjdtdgen BiSng ﬁﬁé’d&'ﬂ%rdtﬁhl

suspension was stirred for 17 hours._ The suslpen5| on was filtered and the

239 2 8 JUN 2bvrocesbyoxw on iy preppUisdesieda 15ese RIUAIRE SemPoYResargiUseiuly ni

of hexane. The i I&yea%rlt@aw BéH efiial sty td ﬁ@verﬁgéaawﬁué@éuc% 4108y Geh, cwé@ave
9.21 g (89 percent 6%’;' d) of lithium 2-nethyl-4-phenylindeni de.” A second

crop (0.61 g) waad 5)"?%"%‘9/"@09&9@&'?&1‘?%@"@‘!{@ filtrate to 80 nL and
filtering after 4 hopkstedbd é@%d&ﬁ&ﬁ?@jd&%cl@éﬁm htﬁélﬁ\}l@mﬁﬁﬁurﬂ -Bfnpdunds,
percent. 5 B) 1.6-hexanedi vl bi s(nethvl bi s(2-net hy - phenyl -

Hi nden-1-yl)- sebmlmtlmeuwhemndiﬁe dlk@-gndupsdire Bthyt enexyh ysapiropl,ribotgin esoplityt, 8

Jor i vonof 191 t Aefibh Seafin el EREnSE HARRR O ARG Y BhaptRaf iR o

of THF. The cl oUeﬁlcaTbamrgle tb@blkyh grouplandiaem 1646 t1 8toarkxnisrin #te arpiogrote (espeaially e

he ThE was. ooy ER by RSty phadodtiigsilioiBimy Refyo e, mfiee

di et hyl ether ( Mhym)xmoﬂme mdg@nspbutqulumané aVie moleraticepaetat exnplax td he

ontracts vore o angiahofipolhd i bheffoupiotl 1Yo &' 14 it BABRER from
vo: atil ef 155rkem;ﬁ;mtonlf)oacmst ;?)‘rleteratzha’comdn100a9|1@0gl vvas d| ssol ved i n enough
Lojuene Loy Moke 25 M glcoRa kSR U el entlPare ABEER N ALIANNS e

subsequent |y chromat ograp on si cm co I ni
el uting with hewariety of aidtalwothplexes.: Mofe@xemm @idalyst mnmmMmEg@Menr

2- met hyl - 4- pheny] i wl h t bane
Furt he?/ el UFI ony%/t\)}"%ﬁ%}%l %xanegen(?éé hw%%\;ggéﬁlrgu%% ?‘? éf%?ﬁegdes? red
product 1, 6- bi s[hawink\Llesiid ydselsiteé 2t veayihg bade sthangitt, anddemwyd adids ahehaviRig var@ing8
silica, 2:1 exane hl or onet i ol re a f

vol atiles i ngacelfdet?'oLrﬁgit\}Jge g}ggﬂﬁki%ﬁﬁr@@en % b'gi%%"ﬁé?’ﬂo%g}s{%%‘ﬁoﬁde and
Furt her el ution Mﬁ-ﬁIcthrdmim@zalMg@-@(ﬂaﬁdé@dnmm salmwmbh are lebs actheomcdtalysts,

f ti whi ch

Lo 0n T i A B8 ihd Wt BN LI oy 05f sl Baice,
of pale yellow salededbel@:&mmondej|behdmmolme@dqe'6ammmbbyate "WHIEHNRRuUrn glve

1ohy, 16 0.4 (riss g eohptaif b oiHmarelei i sflen 457 155 BT

150. 9) 148 25 m dimettylididazdidide, {mifazolidg,. 56-@m)ethwhmzm§gdazdﬁe&nd]234 31,

0110 RN ey s e i = 201

6- hexanedi yl bi s (instpentafiisriophemnt)aipimahe oh &risfheplafidorondphthid)gluinase Igiveemore active

ol Uene sol ut {RRUR fan gBlgs i Lolfs BIRb R Ren ST L O P To @ 20

i ndenyl ) hexane (ttls(plang;ﬂu’aarwnemymbpanﬁ@s tl’mﬂmfhlomnaphtﬂyl)bmum dhe highest activity

mnutes (2.7 dﬂ‘ felcagal Mté I%‘?\Ibe coRfHII%r?g ﬂgﬂl&)basféf %S% S Qtegllrw fhBinaffon with
orm st

yel | ow preC|p|ta ring ours at room
t enper at ur e, thehrgnyIaGWIQ)lLeimgemgssuspenm on was filtered and washed tw ce

with 6 nL of toluene

in vacuo for 5 hours Eﬁ?ﬂﬂﬁ%@ﬁt 84 ﬁ’t %é%é%%géggg?)@?gee ohﬁg\g@é g&gl g
(89 percent yi el detayfn thetaatalyst anqimmomc charges on the cocatalyst) employed preferably
éoﬁug'r sL et g)y ST {alGeRindbR TR W ho:4; RBRIMbrer RSN 5118 42RR B eRoriBl 1B 1:4 to
bis(1.1'-(n4-1. 3-but adi ene-1. 4-di y) bi sl benzene)) (u- (1. 6- hexaned~| bi s(

met hvl silvlidvnel bis((1.2.3.3a.7a-n)-2-nethyl -4-phenyl -

H i nden-1-ylidenell))dizirconium To a -30C sugpension of tetralithium

1, 6- bi s[met hyl silyl - bi s(2-net hyl -4 phenyl -i ndenyl i de) hexane (0.300 ng, 0.30
mmol) in 5 nL of toluene was added a 30C sol ution of

bi s(triethyl phosphi ne) (1, 4-di phenyl but adi ene) zirconi um di chl oride 15
(0.432 g) 0.60 mol) in 10 nL of toluene. The reaction was allowed to
slowy warmto roomtenperature as the dark purple/black solution turned
red. After stirring overni ght the sol ut| on was f| I tered and the voI at| I es

o q



and washed with 5 nL of hexanes. The deep red solid was dried in vacmZUm
overnight 25 to leave 0.306 g (65 percent) of the desired product. '

(CDClI3): 8.0-7.6 Sm 4 H, 7.6-6.6 (m 52H), 5.6 (br s, 4H), 3.4 gm 4H) ,
2,1-0.5 (m WEDIY424673C(' H} (0BD6): 158.2, 150.9, 148.2 (m), 1X6TYSI9AM1P

(m, 141.6 (m, 140.55, 137.6, 134.31, 130-120 (several multiplets.), 77.1
(m, 48.9, 47.3:{nMixt@@s3f timactivatirg) cocaiajystsid the prepentitventiominay Ebsodbe ) ,
-5.4 (m. 30 P‘%Mﬂ@\ﬁé&@é&&% A~ Ethv | er ne/l-octene copol ynerization

Pol yneri zations are conducted in a two-liter Parr reactor that is charged

with 740 m of ni xedSuitabimeddition palymerizableapenamdrainchide ethiydenicady unsajutaded.

d , 35 i f . i oSSl j f
P Saddi ¢ on Tane) sbevRg SgmRbuil’ iRt d by R FTIGEARIS Ahe oM °
reactor is Eharppyensgst IPrefetred orwor@ringiPeg oleéins. dor axemples alphanoleting nawing t o
tabilize. Cat i i | | Lxed
T the drybox 1R @2 GREBIHRASY noRte REB MABDroBiebl i 210 BelniiIbkE]
charged to the ans ganbinationsoh tweacmere afisuou gipha-oefing.nPagisulstysvitableaaiphar

line using nitr ; u Y Y= A erization
conditions are ﬂagﬁ{rﬁ'gﬁﬂg%q? géxai%& ém nt}éégs? ’gﬁ’%'e@? ’?\f/ﬁlétﬁge’ohsﬂg%aé/ﬁd@ Heat is
conti nuousl y remsthetpentensrt, Hehaxenetli-kaptent. dorftensn 1inenens di-deseoe tryndegene,
The resul ti SOl4Kty I .4k . S UENEIMSin U i yl
2l conor . and st ST aRs: TIAGREKED hapacong, | fartaen S chinaliohg et a8
(1 rganoxT"" 1016el pglangicbainciiyd jerainatast ligemeyic oTpelymelic wactidnsproduess éefmad a

Rosul 15 ar e sholg e B aE Rt B Rt SpboRl bl bthe febctOh! o
pol ymer /pg Ti) mbOVEIN Briet 2 prbdBGTERNValy (orQHIREST rad S Gis GHEDE reSultiiinesghers.

10,3750 120 iy g i B il o, SR 01

(t - but yl ami o) dhexsniey il {octeneaard egriypationp ohetgiepr ahiior brpené withionenof Mdye of

di mret hyl 15 z' _Alafi ; )

(t-butyl ami do) dF e AVPT FiRha-glefing, Piher preferred Mpnomens lnqlude styreney hale- qr kvt

1, 3- pent adi ene 8ubstituted styrenes, vinylbenzocyclobutene, 1,4-hexadiene, dicyclopentadiene,

[ (t-butyl am do) dj I =g |- : I W1 P La-HehfGifdd 1 t ani um
(1V) di met hyl prg{ehggége% @3%%?%‘:‘%?‘%@ %é@%%l',@%agb%ejabx"é Heh il

[ (t-Dbutyl am do) diometrieys (nay Alsgibecemgleyad. 5- (4- si | acycl ohexadi en-1-yl ) sil aneti

t ani | i met hyl . "
veing 5. 5 et byl - 5 R FRAGE BRSO o maf b S8R fisfied ot cddiang by kedwn
condi ti ons wer eirsthegtrianaitdor Zieglephaticcet Kamninglnpian pewrslymerizetiensreasiions.

reactor set poi 14 . - :
TOR 202"V b7 Suied sk Pofef B S ferast T A TPy Wethe Sfeidted ip Batéh
each of cat al ystor continuous form or other process conditions, may be employed if desired.
((tbutyl am do) di ( - adi ' e JUME
1, 3- pent adi ene) %ﬁﬁé&%t@ g{:@g&ﬁ pé{r%%&%{(gtﬂFﬁ%\gqgﬁ%@e%e r?'?l gg’tm ggéﬁ )é%%ol yners
wer e anal yz23d f G8/QROAS8I W B. Hiatentrblos. §,081eR34, Ret1H 922, 4,588 78Rt ROIRE52. f, FAHBW0. 2.
5 TABLE 2 RunCo ' Beab i ey bt M2 r
Twg T (gl ) 17%3%@??’ ) [b%&?yh@élgﬁﬁiérej PRAYIPED oM ioh (b Stalifby AR
168. 01769. 20. 89 fepra-250°@ 1 Bedertey puypezayon pressB®s 20e BovAtpospherig 1q§00Q0. 89
94. 121 *NMATB' 0. 7,%,%63 Q031. 4 Conparative, not an exanple of the invention
met hyl bi s(oct adecyl ) anmoni um t et r aki s( pent af | uor ophenyl ) borate 10 z Melt
i ndex neasured by m drretenisidiprecasaing gordigpnsEnelydepription: Ratypryization, more
S s e (B T
and appr oxi mat elf ansHphatistoreicyalig iesid dilvaptr By e te(m SEotingms prlvnestzation”dy
differential pr erﬁééﬂt?hﬁ??gé}%vtp 8 Jré&ﬁ\@aoft?lge g%ly%@ginédtﬂog:élré BoHiinud bRy FePRGJeRrfrof'S _

charged with ethylene (1.4 MPa) heate al | owed to stabilize.
The desired anouhe regctiop srxiure. SHChas Br example by slevelatilizationof apritieneblngl yst

as sol utions in fabteNRie! Prate@BlydRE dr tdrd fedtiaOrel flsdédffindouslyladded to
equi valent ratio of catalyst and cocatal yst and charged to th

the
pol yneri zat i¥n 2bhempelymesization BigHe sudngihg robdnasization. (i xamies of suiteblg siiphatic
nitrogen and 10 mM of a toluene "chase". The pol ynerization conditions were
mai ntai ned for 15 mnutes with ethyl ene on degand. Heat was conti nuously
renoved fromthe reaction through an internal cooling coil. The resulting
solution was renoved fromthe reactor, quenched wi th isopropyl alcohol, and
stabilized by addition of a hindered phenol antioxidant 25 (I rganoxT"”
1010 from G ba Geigy Corporation). The solvent was renoved in a vacuum oven
set at 140C by heating the polymer solution for 16 hours. Results are
contained mtable 3 -43 2 8 JUN 2002 WD 99142467 TABLE 3 PCT/ US99/ 03413



Run Catal yst Cocatal yst Efficiency (g polyner /fig Ti or Zr) 22 TMC %J%IN 00
1.7 23 TP12 " 1.7 241 PH3 "0.225I PE "0. 126El ZS "2.827BHz6 "1.3

(t-butyl am i hyl (t et ranet hyl cycl opent adi enyl ) si |l aneti t g{u

1, 3. pent ad g@%&?& PR olobdi

(t butyI am do)di neth F él pyrrolidnyl)inden-1-yl)silanetitani um di nmethyl
or alicyclic liquid diluents include straight and branched-chain C4.12 hydrocarbons

é( P| )3 (1pyr T T gre2 ohfHof helche Bydlbhcha Sy oolBhhe lactdndien; 7ai {

i t ar num ( pr eparmagthyaycighexane, methylcycloheptane and mixtures thereof; and perfluorinated
1,1'-(1, 24 I I 3a, 7
<(31pr I( § 5y 1( ot rhg/PFbE:Bﬂfqr% sk?r'u 85 Peridortiathd €] 7Y ML) shitdHL Bilents bisdifictie’?

H i nden- 1- yb) sidramati¢ H?dr@ca?fﬂ&r(s"(phbﬂbﬁlh@} foausé With Ardrnhid BIBfINE sBERES ElyRdheor S

et hyl enebi s(2- net hyl - 4- phenyl i nden- %/ zi rconi um {I | )
1, 4- di phenyl butrml%l%sq@st@.uted styrenes) inCluding toluene, ethylbenzene or xylene, as well as

bis(1,1'-(rl4-% ardwém;l %%h%é&éﬂthbh@n%ﬁx‘é%‘ér%mc)r(o%éré)nﬁclhﬁﬁé%ﬁﬂlléﬂeb' s((me
thyl silylidyne) bls(I -rl)-2-me

) naen 1 ol | SR yon PhiHCieoR! DIfIQEBMERar L Stsines preathy: bpentang, 4-methy-1-

nol vireri zat i on dextdicORY- ﬁ’ék%di@ﬁfey{r@étbﬂémé%‘énweét?reﬂ@rcﬁlﬁhﬁBQnie’i‘\eaaIWMénlzéﬁ
j acketed, Autoclave Engi neer' s Eer- | aveT hat was  charged W g

m xed al kalfs snddmyitoliene {inguding At ispmersealons ar rdmixtuee 5 HlikPees afdke added

in runs _24, 25 18 oid'gearﬁ%&foréﬁhamé fl*héfcﬁ’ dgmﬁg gludMtEma "a%o%péﬂ%h&@eéﬁé?ym a 75
mL addition tank. The reactor was heated to the reac ion terrgerature and

al | owed to statfmpioxed dyring tae, ayiitaesis ofdbe (netal compipyen pnd atahysi agtivaiars ebieum
(I 1) 1,4-Bi phegpgkerkirehtiddi ene (1 pnole) and cocatal yst, as solutions in

tol uene, were prem xed in the drybox to give a 1:1 equivalent ratio of
catal yst and cocat al Wf'osirwelyewa?@t@@ ’?@Ftpﬁ%“}?dF’?ﬁéfﬁt@aﬂflcéﬁhrfséa@W@ﬁ”ﬁﬁ'@ugh a

st ai nl ess el sher fin il 0 -fnd_a toI chasehs.. The
pol yner i zatslltsgn co“ﬁfg‘ﬂt”"aﬁé“ ?d'rhng&ﬁggl nedt%elrb ? H\g{ﬁ‘prg ‘gl é’°('hi§en |tﬁg on
the rate of propybgne 25 uptake). Heat was continuously renoved fromthe
reaction through a cooling coil in the jacket. The resulting solution was

renoved fromthe reatb@FatalptionIRogitian chihe inyenkiey May ks utiZzad inseempinatasy
by addition of g@ithhiEgsesheriaamnohaiMohiogshstiBior Hetddagenebus pdlieriban éBthsC

Gei gy Corporation). The solvent was renoved in a vacuum oven set at 14
heating the pol {riePRERE [RACIHS FYMEEETHR,BoMes arirs ppradeldp prepgre Relvmer Rlemds) o 4

-44 2 E J¢N ZQQRnQ/‘&s‘?&bt%%ﬂéﬁerﬁ’Q/Aﬁ@% ééBsJM o%e&l@ d&fr&feﬁthWOT (O
time (mn) Efficienc p0| mer/ ug 1.19 29 Ex.1S 70

EX.
3.4 1.15 30 Ex.9#80 ﬁ%lﬁ) eﬂuwa'sn %@Gf@'l'\'umhqﬁ@w%é?@ 0‘\(!‘9re SPRSHIRRIPEESALS
not an exanpl e gfclbb&d inrabgaﬁduﬁg]applmamdh(L@@t@ériauNﬁﬁ%eowhbm iR JandaRdg) mer
nunber average nol ecul ar wei ght -45 2 8 JUN 2002 WD 991 42467
PCT/ US99/ 03413 t8¥¥-Ms: 1. A conpound useful as a catalyst activator
corresponding to theMdendra,elgMcdrabdvégé ¢ Ean sduswwcwnﬁbma.oﬁw.trﬁthape@ddnpn
r

of charge + Z* is an anion grou om1 to 50, preferably to 30

atoms, not unEPeRialNStar BYRAPIEE ShRUChiTRIpFHir "&%ﬂ'ﬁ“&ﬁ%f"ﬁbaﬁw 'BP'“% PYITPERRs

base sites; J* lrIHﬂ@PEﬂﬁﬁthMorﬂ@@dhd@Qﬁ@ﬂfeﬁ@ﬁ@m 8haiin k@nkisr agérfls.CAQadidurired to
at | east one Lew s base site of Z*, and o&tlo ally two or npre such J*

groups may be j PR olthersgef Hier Preseny cacatalysts s tierability (deppnding epireadtion di ¢

functionality, jcohditichs)WHBbudd Riftctv MBieédlaPRbight d@snbgi;omléi.na{o%damé S
froml1lto 3, with the proviso that a x b is equal to c x d. A conpound

according to cl &NFCIPQINBRE ik greally imaroved %ﬁﬁ“éﬁf fliciendiese arsfegﬁe@mm&héw ng

of anmmoni ungg sulNVIMrERIesEASPLBNMFE pr@i@aéw [Bss @R8I Wiich %hhwrhmbcular
ferrocenium Ag+, and Pb+2 cations. nmpound according to claim.1

wherein z* is sdveightsistdhudian pelmgr B’Gﬂ“%ﬁﬁﬁ @shlmgieanfaf&?éw&é'mpaev%tena'rﬁ de
and substituted S@}g‘h?ﬁ ?‘g,ﬁésnl de and substituted am di ni de, dicyanam de)
i mdazolide, substitfuted i m dazolide, 20 im dazolinide, substituted

i mi dazol i ni de, tricyalérRatalysigompesitionsfhe,Bisseat Bveniignican plso be empioyed to

1,2,3-triazol i deygvamagé inttHE%ds éhgse?pdl)%é\'k@hbr@ﬁnd L-ogouﬁlméﬁmaﬁfolf a@f.ns Gas
substltuted 1,2,4triazolid %I’Im di ni de, substituted @E)Ye”m dinid

tetraim daz89l bdhase Péﬂ?ﬁs%‘lﬂf@'{ ?@Ph’ﬂ‘et"é?tf%l FHotpiingy psnsciaf! thO'xm%rF@f'W
each substituent, if present, is a ClL _20 hysi-ocarbyl, hal ohydrocarbyl or
hal ocar byl group, or two such substituents together 25 forma saturated or
unsaturated ring system



4. A conpound according to claim1 wherein J* corresponds to the fo”Y‘*H.?I{IIEZI]I]Z
(R)2-M Arf~ (RL)-M Arty M Arfl (RL )3M, or (R)2-M Arf2 (R2)-M Ar

2 M Arf2 3 wherein: 30 M is alum num or boron; -46 2 a ~uN 2002 WO

99/ 47467 PCFOI8931633413 R1 and R2 independently each occurreREE/USHY03413

hydri de, dial kyl am do, halide, al koxide, aryl oxide, hydrocarbyl,

hal ocar byl , anendhabprityrderizatiohpl ethyieheandpropyede Rindthe RApdigmerizatiop of 0 20
carbons with t 1.5Q.. ' : e CALE e ls Rl or R2
al i do. and 5 ARSI TG bkl diihs TBitfad, 1 AN FHIER SondibrEnse. 1o o
di val ent fl uor methyhdtpentaredarameinknown gvtbepriofSuchprod@sses 2@ usadtomsnerbiallyd

conpound accor ¢j i \M}Flr ' * r e L g
or AIR g mhergbr%ga'}g% s%h%ef%?etﬁgen uf/a'ché%ﬁf @@é&?ﬁ%%léﬁye{é% %[ﬁ; r(()j(l:u?rﬁ%yl,
hal ocar byl ,5 or dégsityglobyehitaregd MDHE)/ ineaciov. depsitypelyethplend (lAERE)dndg to cl aim
5 wherein Rl i o‘?ﬁfo%v@/hgnat ed C, .20 hydrocarbyl group 7. A conpound

0 )

according to c €rein Rl each occurrence is pentafluorophenyl. 15 8.
A conmpound accor di nghegasIphase groeessempleyeadeantbd, (G, exaowdd, lof theaype whichm sal t

of bis(tris(pental gg?% ?Qﬂ) i de o N

bi s(tris(pent a?b@c‘é”ég&;@%yl Jg?l\g%ﬁer aZIe?éc?% 65% fluidized bed as the polymerization

bi s(tri s(pent af¢antivopheayPidierredie it procgsswhieein the polymerization reaction is carried
bi s(tris(pgnt af r I . Wy i o -

b1 5(t 11 9( ot arPhr D RRe pyRSHEN BobyBletgh petorrisinig a flidized bed of

bi s(tri s( pent afblyoresphdicids)suppertes)abbye adienfotatgd blate: ithe tidieaticsegrid, by a flow
bi s(tris(pent afok Fl%@gﬁu éég bor ane) - 4, 5- bi s(hept adecyl )i m dazol i de,
tris(tris(pentatluoro-phenyl)boranetricyanonet hi de,

tris(tris(pentafl uoriheluasydmioyedrie flpidize dleg bexbcomprises the monomer or monomers
tetrakis(tris( f I I ) J 91%8%' .

bi s(tris(hept a?ﬁ?ﬁ%?c?lyﬁ‘féﬁ'g%ﬂﬁ?‘yﬁI%%Sieg‘%g)até?aﬁ‘?d&%‘ GiithSo remove the heat
bi s(tri s(hépt afof remctior menghe betl.) Hbe hotc)ases @émerge from the top of the reactor, normally
bi s(tris(hept af - 2. i ) . . .

b1 o111 o hept arf b VEPGRESH p¥ie ARG o€ ¥AREN feduggon zone, having a wicer

bi s(tri s(hept afdiaroeter thandpéfitigizgdbedhard wheneindine parti¢iesentrdinkg in the gas stream

b1 5(t 11 9 hopt at FLgr BPRRBIbIY oiRE@DEL rinfy dBR, 1oL Bl 286 abGhus o
tris(tris(hept afsewsocysidhertaptrnong Yibafinepatticles invonibetiotigas stieam. TheBgaBUbl 02

WO 99/ 4246%4P ' ' A e i de,
or totraki &0 nalEANL AeAgps e bl bR R 8t o it or dBRgleskon ol e Able)
conpound accor dieagexchanbeisriv stripihe bas ef therbeatraf (xolymeasizatidry| ) anmoni um sal t
gf . bi s( tris(pentafl NﬁFé?QP?&%Qh%h%Wihg%@med&d. th addition to the cooling provided

I s(tris(pentafluorophenyl)al umane) azi de,
bi s(tri s(pent aftytbecphledyedysiegasnis felfesganaiatieliquid to the bed to provide an
bi s(tris(pentaf @ BN S ' gy
bi sEt ns( f)gnt af Iéu‘}cé?%p '2%3%%%1 umnéﬁf%%g%gﬁu?%ﬂg%ﬁ ge)'s casecan be, for
bas(t ns( peraf | exampihenydlatie inetfigyidgosexampie. sy saturatechihiioesrperehaving 3 to 8,
pi s(tris(pent af biphalpaiy ) QuiERAfIme: i 1Re BAQLREPARGHOA LI eBiofiBmer itselt
tris(tris(pentafluoro=phenyl’)al umanetri cyanonet hi de,
tris(tris(pent aislaxalaihbguid, oacambe epmsignsedio provide such a liquid this can be suitably
tetraki s(tns(pe el 0 .
bi 5 ns( hept af | Do 3 DEBRFRAry Ao R REr A3 (Bofg BHoct ERbRples of lefn
bi s(tri s( hept af moppmers-whiph tarybg amplesed indhisdqeanner are olefins containing from 3 to
bis(tris(h af L - 2= : ' ' .
bi sgt ns( geg%ﬁaf I é@ﬁ%%&%@gﬁ? Lﬁ?é@%‘gnnegl)‘%&_ a%gﬂi%gﬁéme liquid evaporates in the.hot
bi s(tri s(hept af fluidized Red tgpiorn\ges whiphdaniags with Hieltdizing @as.olfithreyolatile liquid is a

bi s(tris(heptaf |iabRe?oPahhitbmerat WikRakrgs Sl FRYRIRRBA ininddeef iR

evaporated liquid then emerges from the reactor as part of the hot recycle gas, and

enters the compression/heat exchange part of the recycle loop. The recycle gas is
35 cooled in the heat exchanger and, if the temperature to which the gas is cooled is

below the dew point, liquid will precipitate from the gas. This liquid is desirably
-05.



20 bi s(tns(hept af | uor o- 2- napht hyl ) al umane) - 4, 5- bi s(hept adecyl )i m daz?IBi _ﬂﬁv 200
tris(trisheptafluoro-2-naphthyl)al umanetri cyanonet hi de,
tris(tris(heptafluqro-2-naphthyl)al umane) puride, or

tetrakis(t rf@(ﬁ@ﬁ?@fl uor o- 2- napht hyl ) al umane) tetrai m dazoyl bJr RSP F413 A
conpound accordi

ing to clai

met hyl bi s(tetrd& %‘é&ﬁ W*Odi)e H’é’f’ﬁ?ﬁ bedy gd? ReRsiie So9RyRie the Pregipitatsd -
El SE E : | SE pgm Z]thlhtﬁg:t@m’@ﬁé’d ébmm%ebdpmtslambu dethe drgcygle gas stream, as described, for

i's i's u z
bis(tris( Bent aﬂxamp EéT‘% Bgﬁgi ng S?%%&&?%%&%@P#&&-A 5352749. A
bi S(t 1 s( pent afpaAviyaRetelreanRNd d fBofd r.az iR ol 38 @ o d@paide the liquid
bls(trls(petafluoro henyl ) bor ane) - 4, 5- bi_ s( hept :i\ cyl)i ol | de
bis(tris(pe taf 'f%rht?d'ﬁé\‘é? ?B%Fté‘??é%‘ ARt & ki ‘Ffltg'é iquid directly '"t° ‘the bed, preferably
bi s(tris(pent afdsu@r@mwmd wiiet jenkrated fittedndbiotd 6IARE liduid Afthin the bed. This type
bi s(tris(pentafl uorophenyl)borane) - 2- he t adecyl i m dazol i ni de
bi s(tris(pentafdf B&%ﬁﬁéﬁr‘i‘f%"%ﬁ’%ﬁe‘%‘/ 28032 undecy! )i ni dazol i ni de, 35
bi s(tris(pentafl uor opHepof B@ia%ﬂﬁ)'eafbt@n Balrhey irade gis hiiBizda Bel it A8y zed Sy
2 8 JUN 2002 MD 99/42467 CT/ US99/ 03413
bi s(tris(pent aftN®EGPOBHOHS O] BEPLERINNEOYS addipn ofratalvsh Fvelusasplysteande
bi s(tris(papt adeﬂéQbﬂW@ﬁﬁh)ﬁ&Qaﬂ@br &ganialssbymﬁfayér)ab@aasrrsodan@ ¢fifystehn A

conpound according to cl whi i's. the net %rg)l(ésngs‘etradec ) amoni um

or nethyl bi s( o&'%'é%ﬁ'l’?’ﬁﬁtﬁﬂm amep:péxr@ergptuorsstep €, by polymerizing a small

bis(tris(pent afc?uamrrym@rerrh)raéwmére& armdnﬂziﬁ?ért difuent, to provrde a catalyst composite
bi s(tris(pentafl uorophenyl)al umane) - 2-undecyl | m dazol i d

bi s(tris(pent affATRISHISHRIYEH pé‘ﬁﬁ’l‘fé)*’@??&?f‘é’éi@@f}ﬂ PHWB‘&EBW’“G‘@S
bi s(tris(pentaf! uorophep my&rer idFRo@lced oﬁa&lﬁhwﬁ@mmhéd FadlBy eAtaBed

bi s(tris(pentafl| uorophenyl)al umane) - 4, 5- bIS he t adecy I |mdazoI|de 10

bi s(tri s( peft af CAMOHTRIEANIN P R MONomes) BF idized pa icles of catalyst, supported
bi s(tris(pent af tayariroreponghetimm the- Bé@ld@té{rﬁiuﬁ‘dﬂ dly?h@lﬁratron reaction is

bi s(tris(pentafl uofophenyl)ai umame;o 2- hept adecyl | m dazol i ni d

bi s(tris(pent af 2¥RvSEHSHIA 3 Bed plpie "ZPGQPBWE'(%H&B@VF)‘WW'&P&P&FF&M@ similar to
bi s(tris(pentaf ms%@shsayéréﬁﬂ taﬁarashdrﬂorﬁn@trs(mmﬁ. Iv&rﬂhrrh&aggé bﬂh.ﬁ@genlS

bi s(tris(pentafl uorophenyl ) al umane) - -di met hyl benzi m dazol
( (p @ﬁﬁ}/F‘)"

bi s(tris(pent af lP’ﬂRSr%tm mttm%gl;rsgir@ BPRA WPFB&RQ]W&%%WP'&B itigo A

cat al yst coposddirea tb Paved M MBPEdyeR! da@stebma satiehd A FilvehiBas, Hydtbgehithain
conbination, a Goup 4 netal conpl ex and a conpound accordi ng to any one of

clains 1-11, ort’%%e’r%rl%ﬁ”r&? eRdenpRRIR RS “@G“PBe’aA“%m%ﬁwaSEc?ﬁﬁ‘é%ﬂsmﬁbn

accordi ng to cl ﬁh'po13’h@‘1‘%dﬂc@dbb@n@rMséha'i@écﬁéorﬁrﬁﬂ&]sﬁ?‘or'&scontmuously from the
(t-butylam do)d| nmet hyl (t et ranet hyl C%/fﬁl opent adi eny la%t Itaniumd

(t-butyl ami do) ditHges Pe@éﬁﬁsﬁﬁ%m Iy GXRRsed;ta fAafalyst 5'H.aam°er'?wa"v pelistized.

1, 3- pent adi ene, E(({,.-.Tﬂgggl am do) di net hyl (tetramet hyl cycl opent adi enyl )titani um
[ nyT - 5 but adi ene,

I 1,4 d
gcyZ:I ohexy: %?nedo) di mitiyngersiopd Whatithe erpseriavaTEian isgRerable EyihaabaenRe Hyny
cycl ohexyf am do}glinpBhdhit Wi Ha TRt Bebs ¥peaRany adcrsyd.) tHd RNGWIRY Ekhmples are

1, 3- pent adi ene,
cycl ohexyl ani doPtavidacHy o[des e furbeniiusijate Sirdnvertionapdare patip (e nsiryedias,

Bi phenyl -1, 3 buhﬁrﬂingnftlnl@& stated to the contrary, all parts and percentages are expressed ona
(cycl ododecyl am do) di met h_!\gyll‘ tetr amet Eéf 'i// ent adi enyl )t tani um di net gl
C

(cycl ododecy! an@igbagisnig tespr ayRspi é@f?!fdpéﬁwf) of anpReximately 16-1

pent adi ene, 30 hours “room temperature”, if used, refers toatemperature of 20-25 °C, and “mrxed

(cycl ododecyl am do) di met hyl (t et r amef hyl ¢ é ent adl enyl )titani um g 2‘ dl
di phenyl 1, 3- bui@nesetess to a mixture of mostl\§ 2alkanes avallable commercially Gnder

(t-butyl am do) d'tﬁ@frﬁdérﬁ@rkﬂ?édh‘r"?'ﬁﬂoﬁdaﬁm dhemrbarsuﬁml um di net hyl,
(t- butylamdo)dlrrethyl(z nmet h s- i ndacen- 1- tltanlu 1

1, 3-pent adi ene, Allman LRt om SRS g S0 e WAERYgp el an argon filed,

(t-butyl am do) dlvlae&wla&raoém{ehyé gove R @r Bn brhigh Vaduaihiihe Using staddatd Shienk
Bi phenyl -1, 3_but adi ene,

(cycl ohexyl 2Ri ddgenniuasy TeiengraR RWified by Passagehiouph sAlTRS Aerkichyith activated

cycl ohexyl am do)irmimaKhisér AEY) Byl s&pp pér {Engeihaal) CuroA24 s)) Hexanes were
1, 3- pent adi ene, 5 cycl ohexyl am do) d| met hyl ( 20@et hyl - s-i ndacen-1-yl)titani um

(1) 1,4 Bi phenyl -1, 3 butadi ene,



(cycl ododecyl am do) di net hyl (2- et hyl - s-i ndacen-1-yl)titani um di net hyl 28 JU
(cycl ododecyl am do) di net hyl (2- et hyl - s-i ndacen-1-yl)titanium{l1) N 2002
1, 3- pent adi

(cycl ododecww‘&os di met hyl (2- met hyl - s-i ndacen-1-yl)titani umPﬁT./ljS9i/?344]3
Blphenyl 1,3 10 iene, . ,

(t-butyi am do) & ﬂgVP?t'&atPB)ffﬂnbﬁ%‘ﬁ'ﬂ’g(bﬁﬁﬁmﬁP?ﬁ KVl _y1 ) titani um di met hyl ,
(t-butyl am do) dirisgbdnthiiidrsbhetyfd Qo THE) WliunciaBee ok Bduiddristiindme. (1 1)

1, 3pent adi ene,

(t-butyl am do) dTQIRSHYP PSnaAY Was Areprd HempPrilesters Raseaapesated indpluane 1 ™ 1, 4

di phenyl 15 1, 3-gutyiestcRRe was purchased from Alfa and used without further purification.

Eilc?/rg![ ﬁg?;(yl gm qrr?lgazn? r¢.]:t¥chforomet§1 el(a? %g;[o% ~ ur}ee-rs]ga} qrs-ecr}own )él Jtitanium

clzyg | ohexgl am dogjHibratiphghyimethaheyiotinp ant aatphamaeritibned adovd wéretpardhased frbm
pent adi ene, . , : .

cycl ohexyl ani dd)'drieRend Keest a8 rEepivpd ERtBSEINMARIS AR WRhased flom Momeigic (1 1)

1,4 Biphenyl - 1, Shérbmati €0¥., a8 used as received. Dioctadecylmethylamine was purchased

(oyel ododecy! a, do) L) BV (2 4. QUSHAPER) AaPlieRagidy on--y1) LT tant um

(cycl ododeqy ang@hg_ﬂet hyl (3, 4- (cycl opent a(r 7phenant hren-1-yl)titani um

(1) 1,3 pentadjene,

(cycl ododecy! arr#’ Qiasgium bisfirisipantatiyerephenyiboranelazide KiCeTasBiNg ¢ ani um (11)

1,4 Bi phenyl -1, 3- but &dta%@@m ahde (238.0 mg, 2.930 mmol), TPB (3000.0 mg, 5.859 mmol), 18
(t- butylamdo)dlnet%/ %math l i nden siia tltanlumdlma
(%

|
(t-butyl ani do) dFREM Mg P Pfﬁmgﬂéﬁ F‘?'H%ﬂ@rﬁi"%)/-l))wﬁf?a £ N Q) L flapk and )

1, 3- pent adi ene, heated to reﬂux under argon. After 16 hours the mixture was cooled, a fine colorless
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109638 () - @7Tﬂ9@mregnwlei®ﬂ#1ow2&' ()-f 5 10%3& ()- 3410%& ()-j aBVK@ |
F 1098& ()-Y 1@9B&idaY F 109B& ()-3
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109B& ()-!| @tl@ﬁg%lme(ryklsgm@go erophenylbogane)tetraingidazoylborate

FL09BE ()1 K, YAUBUREE T SO 3410088 () - Sl xf FL#L0%E ()-8 o )
, 4109B& () - ! s@ #109ER&IYN) tegaimEanmghergty (295.0 mg, 0.9766 mmol), TPB (2000.0 mg,
10 3.9063 mmol), 18-crown-6 (2.6 mg, 0.010 mmol) and toluene (21 mL) were placed in
a 50 mL flask and heated to reflux under argon. After 16 hours the mixture was
cooled, a beige oil allowed to settle and the upper layer discarded. The oil was
washed with one 14 mL portion of toluene and dried in vacuo to an off white solid.
Yield, 2236.7 mg, 97.46, percent.
15  Dioctadecylmethylammonium tetrakis(tris(pentafluorophenyl)borane)-
tetraimidazoyiborate ([(C1gHa7)2CHaNHI[((CsF5)aBC3HaN2)4B)])
Sodium tetrakis(trispentafiuorophenyl)tetraimidazoylborate (1500.0 mg,
0.6383 mmol) and dioctadecylmethylammonium chloride (365.4 mg, 0.6383 mmol)
were placed in a 50 mL flask on a flip-frit. The solids were taken up in 20 mL of
20 dichloromethane, added via syringe under argon counter-flow. As the mixture stirred,
the original solids dissolved and a fine precipitate of a colorless solid formed. The
solid was removed by filtration and washed with two 10 mL portions of

dichloromethane. The filtrate was stripped under high vacuum, giving a beige glass.
Yield, 1685.0 mg, 92.17 percent.

25 Example5
Dioctadecyimethylammonium
bis(tris(pentafluorophenyl)borane)benzotriazolide
([(C1eHa7)2CHaNH][((CeF5)sB)2C3H3N2])
Benzotriazole (0.23279g, 1.953 mmol), tris(pentafluorophenyl)borane (2.0000g,
30  3.9063 mmol) and dioctadecylmethylamine (1.0469¢g, 1.9531 mmol) were placed in a
50 mL flask, taken up in 21 mL of toluene and refluxed under argon for 4 hours. The
volatiles were then stripped under vacuum, giving 2.3g of very sticky beige glass (70

percent).
Example 6
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f,' 1096G& ()-Y ang(yq@g(&d(tmdw argaméard 6(houss. The volatiles were then stripped under
vacuum. Yield, 3.060 g, 91.84 percent.

Example 7
Dioctadecyimethylammonium

10  Dbis(tris(pentafluorophenyl)borane)benzimidazolide
([(C18Ha7)2CH3NH][((C6F5)aB)2C7HsN.})

Benzimidazole (0.2307g, 1.953 mmol), tris(pentafluorophenyl)borane
(2.0000g, 3.9063 mmol) and dioctadecylmethylamine (1.0469g, 1.9531 mmol) were
placed in a 50 mL flask, taken up in 21 mL of toluene and refluxed under argon for

15 3.5 hours. The volatiles were then stripped under vacuum. Yield, 2.993 g, 91.33
percent.

Example 8
Dioctadecylmethylammonium bis(tris(pentafluorophenyl)borane)-4,5-
dichloroimidazolide ([(C1sHa7)2CH3sNH][((CsFs5)sB)2CaHN, C1,])

20 4,5-dichloroimidazole (0.2675g, 1.953 mmol), tris(pentafluorophenyl)borane
(2.0000g, 3.9063 mmol) and dioctadecylmethylamine (1.0469g, 1.9531 mmol) were
placed in a 50 mL flask, taken up in 21 mL of toluene and refluxed under argon for
hours. The volatiles were then stripped under vacuum. Yield, 2.937g, 88.62 percent.
Example 9

25 Dioctadecyimethylammonium bis(tris(pentafluorophenyl)borane)-4,5-
diphenylimidazolide ([(C1gH37)2CH3sNH][((CsF5)3B)2CisH,N2])
4,5-diphenylimidazole (0.4302g, 1.953 mmol), tris(pentafluorophenyl)borane
(2.0000g, 3.9063 mmol) and dioctadecylmethylamine (1.0469g, 1.9531 mmol) were
placed in a 50 mL flask, taken up in 21 mL of toluene and refluxed under argon for 15
30 hours. The volatiles were then stripped under vacuum. Yield, 3.217g, 92.52 percent.
Example 10
Dioctadecylmethylammonium bis(tris(pentafiuorophenyl)borane)-1,2,4-
triazolide ([(C1gHa7)2CHaNH][((CeF5)3B)2CyHyN3))
1,2,4-triazole (0.1349g, 1.953 mmol), tris(pentafluorophenyl)borane (2.0000g,
35  3.9063 mmol) and dioctadecylmethylamine (1.0469g, 1.9531 mmol) were placed in a
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10%t| & () -! 10%(11N&Stqed-\B EﬁuBnbﬂlddsldf%oIm%qrﬁ driedgfr vacuo. Yield, 854.9 mg,
:110% & () 3?%%:&% ) 3 9110%| & () - 10%t| & ()-3
109 & ()-F l 10 | +1099T& ()-!# | +109WN&' () -! y$#10%t| 4| & () - gl
y#' 10%4| & () -" Iﬂmwwarb!nimﬂ’db[sﬂr(s}pdmudrbph@wnudranﬂcyanide
10% & () -y @! %Bé!&@p )ﬁ%ﬂ&' O-'p@! 10%’22&' ()- 110% & ()-
1109 & ()-1111 [(PPClgerss ()-110%G& ()-' MLO%GE ()- 104| 104| 104 :
10%| & () - Potassium bis(tris(pentafluorophenyl)borane)cyanide (827.5 mg, 0.7598

mmol) and chlorotriphenylmethane (211.8 mg, 0.7597 mmol) were placed in a 50 mL

15 flask. The stirred solids were taken up in 10 mL of dichloromethane, added via

syringe under argon counter-flow. An immediate reaction gave a deep yellow
solution and a colorless solid. The solid was removed by filtration and washed (four
times 4 mL) until all color was gone. The filtrate was reduced under vacuum to 4 mL,
cooled to -78 °C and diluted with 10 mL of hexanes. The resulting suspension of

20  brown oil was allowed to warm and stir. The oil solidified and then digested to a
canary-yellow solid after stirring for 30 minutes. The yeliow solid was isolated by
filtration and dried under high vacuum. Yield, 935.3 mg, 95.20 percent.
Example 12
Potassium bis(tris(pentafiuorophenyl)borane)cyanide-"*C (K((CsFs)3B)2'*CN)

25 Potassium cyanide-">C (193.7 mg, 2.930 mmol), TPB (3000.0 mg, 5.859
mmol), 18-crown-6 (7.7 mg, 0.029 mmol) and toluene (25 mL) were placed in a 50
mL flask, stirred and heated to reflux under argon. After 24 hours the mixture was
cooled, a fine colorless solid allowed to settle and the supernatant decanted. The
solid was washed with three 14 mL portions of toluene and dried in vacuo. Yield,

30 3020 mg, 94.7 percent.
Dioctadecyimethylammonium bis(tris(pentafluorophenyl)borane)cyanide-'">C
(I(CreHa7)eCHaNHI[((CeFs)aB)2'"CNI)

Potassium bis(tris(pentafluorophenyl)borane)cyanide-‘3C (1500.0 mg, 1.3760

mmol} and dioctadecyimethylammonium chioride (787.7 mg, 1.3760 mmol) were

35 placed in a 50 mL flask. The solids were cooled to -78 C and taken up in 20 mL of
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n-Butylferrocene (5.0 g, 21 mmol), iodine (8.1 g, 32mmol) and 50 mL of
absolute ethanol were placed in a flask. The mixture was stirred and heated to 45 C
10  with a warm water bath and kept warm for one hour. The resulting dark crystalline
solid was isolated by filtration, washed with four 25 mL portions of ethano! and air
dried. Yield, 12.2g, 93 percent.
n-Butylferrocenium bis(tris(pentafiuorophenyl)borane)cyanide-'*C
({(CsHs)((CaHo)CsHa)Fell((CeFs)aB)2 °CN])
15 Potassium bis(tris(pentafiuorophenyl)borane)cyanide-'>C (875.1 mg, 0.8028
mmol) and n-butylferrocenium triiodide (500.0 mg, 0.8028 mmol) were placed in a 50
mlL flask. The stirred solids were taken up in 20 mL of dichloromethane, added via
syringe under argon counter-flow. The mixture was stirred for an additional 15
minutes and then filtered to remove a colorless solid, which was washed with two 5
20 mL portions of solvent. The clear yellow-violet filtrate was reduced to 5 mL in vacuo,
cooled to -78 °C and the resulting blue crystals isolated by filtration and dried in
vacuo. Yield, 690.7 mg, 66.5 percent
Example 14
Dioctadecyimethylammonium 1,3-bis(tris(pentafiuorophenyl)borane)-4,4-
25 dimethylimidazolinide ([(C1sHa37).CHaNH][((CeF5)sB)2CsHgNo])
4,4-dimethylimidazoline (0.192g, 1.95 mmol) was added dropwise to a mixture
of tris(pentafluorophenyl)borane (2.00g, 3.91 mmol), dioctadecylmethylamine (1.05 g,
1.95 mmol) and 21 mL of toluene in a 50 mL flask, stirred and refluxed under argon
for 5 hours. The volatiles were then stripped under vacuum, giving 2.54g of sticky
30 vyellow glass. Yield was 78.3 percent.
Example 15
Dioctadecylmethylammonium 1,3-
bis(tris(pentafiuorophenyl)alumane)imidazolide
([(C18Ha7)2CH3aNH][((CsF 5)aAl)2C3H3N,])
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undecylimidazolide ([(C1sHa7)2CH3NH][({CeFs)3Al)2C3H3N,])
Undecylmidazole (0.267g, 1.20 mmol), tris(pentafluorophenyl)alumane (1.27g,
10 2.40 mmol) and dioctadecylmethylamine (0.64g, 1.20 mmol) were placed in a 50 mL
flask, taken up in 10 mL of Isopar-E and refluxed under argon for 4.5 hours. The

volatiles were then stripped under vacuum, giving 2.18 g of viscous beige oil (100
percent yield).

Metal complex preparations

15 In the following polymerizations certain of the metal complexes used were
prepared in the following manner.

Anhydrous CgDs and CH,Cl, were purchased from Aldrich and used as
received. NMR spectra were recorded on a Varian XL-300 instrument (*H, 300 MHz;
BC{'H}, 75 MHz). Meli, bis(dichioromethylsiiyl)ethane, triethylamine and tert-

20 butylamine were purchased from Aldrich and used as received.
Bis(dichioromethylsilyl)hexane (United Chemical Technologies), n-butyllithium
(ACROS) and 2-methyl-4-phenylindene (Boulder Scientific) were used as received.
1-N-pyrrolidineindene was prepared via the route of Noland, et al., JOC, 1981, 46,
(1940) It's lithium salt, (1-(1-pyrrolidinyl)-1H-indenyi)lithium, was prepared by

25  reaction with butyllithium in hexanes and recovered by filtration. 'H and "*C{'H} NMR

spectra are reported relative to tetramethylsilane and are referenced to the residual
solvent peak.

Preparation 1
30 (u-({1.,1'-(1,6-hexanedivbis(N-(1,1-dimethyiethyl)-1-methvi-1-((1,2.3.3a,7a-1)-3-(1-

pyrrolidinyl)-1H-inden-1-yl)sitanaminato-kN)(4-))))tetrachlorodititanium
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AY 1.1'-(1.6-hexanedivDbis(1-chloro-N-(1,1-dimethylethyl)-1-methvl)-silanamine

To a -10°C solution of 1,6-bis(chloromethylsilyl)hexane (25.00g, 80.1 mmo!)

5 and triethylamine (24.6 mL, 0.176 mole) in 250 mL of dichloromethane was added
dropwise over 1 hour a solution of tert-butylamine (16.8 mL, 0.160 mole) in 100 mL of
dichloromethane. The suspension was allowed to warm to room temperature. After
stirring overnight, most to the volatiles were removed in vacuo. The product was
extracted into 175 mL of hexanes, filtered and the hexanes removed in vacuo to

10 leave 29.5 g (96 percent yield) of 1,1'-(1,6-hexanediyl)bis(1-chioro-N-(1,1-
dimethylethyl)-1-methyl)silanamine as a pale-pink viscous liquid.
*H NMR (CeD¢): 1.35 (m, 4H), 1.24 (m, 4H), 1.13 (s, 18H), 1.03 (br s, 2H),
0.75 (m, 4H), 0.33 (s, 6H). "*C{'H} (CsDe): 50.35, 33.42, 32.95, 23.74, 20.34, 3.12.

15 B) 1.1'-(1.6-hexanediyl)bis(N-(1,1-dimethylethyl)-1-methyi-1-(3-(1-pyrrolidinyl)-1H-
inden-1-vl)-silanamine

To a -30°C solution of 1,6-bis(N-(tert-butyl)-1-chloro-1-
methylsilanamine)hexane (1.50 g, 3.89 mmol) in 20 mL of THF was added a
precooled (-30°C) solution of (1-(1-pyrrolidinyl)-1H-indenyl)lithium (1.49 g, 7.78 mmol)

20 in 10 mL of THF. The reaction was allowed to warm to room temperature as it
gradually darkened and changed to a deep-red/purpie solution with slight green
flourescence. After 16 hours, the volatiles were removed in vacuo and 50 mL of
hexanes added. The suspension was filtered and hexanes removed from the filtrate
in vacuoto leave 2.5 g (92 percent yield) of 1,1'-(1,6-hexanediyl)bis(N-(1,1-

25  dimethylethyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)-silanamine as a red/purple
oil.

'H NMR (CeDe): 7.71 (m, 4 H), 7.27 (m, 4H), 5.47/5.43 (2 s, 2H, isomers),
3.51 (s, 2 H), 3.29 (br s, 8 H), 1.64 (shm, 8 H), 1.30 (m, 8 H), 1.11 (set of several
sharp peaks, 18 H), 0.616 (br s, 2H), 0.50 (s, 4H), 0.20/0.04 (2 singlets, 6H,

30 isomers). *C{'H} (CeDe): 149.21, 146.99, 141.66, 124.85, 124.63, 123.95, 123.82,
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minutes a solution of n-butyl lithium in hexanes (1.60 M, 9.42 mL, 15.0 mmol). Over
the period of addition, the onginal red solution turns orange followed by formation of a

10  yeliow precipitate. After stirring for 14 hours, the yellow precipitate was collected by
filtration and washed twice with 10 mL of toluene and then twice with 10 mL of
hexanes. The dark yellow solid was dried in vacuo for 8 hours to leave 2.6 g
(quantitive yield) of the desired product.

15

To a precooled (-30°C) suspension of TiCla(THF); (1.42 g, 3.82 mmol) in 30
mL of THF was added a precooled (-30°C) 30 mL THF solution of 1,6-bis((N-(tert-
butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)silanamine))hexane, tetralithium

20 salt (1.35 g, 1.91 mmol). immediately the color changed to very dark blue/green.
After stirring at room temperature for 45 minutes, PbCl, (0.8 g, 2.879 mmol) was
added. The color gradually changed to dark blue/purple as lead balls formed. After 1
hour, the volatiles were removed in vacuo and the product extracted into 25 mL of
toluene, filtered and the volatiles removed in vacuo. The dark blue/purple residue

25 was dried in vacuo for 4 hours and then triturated in hexanes (30 mL). The hexanes
were removed in vacuo and 30 mL of hexanes was added followed by trituration
again. The resulting purple/black suspension was filtered, the solid washed with
hexanes and dried in vacuo overnight to leave 1.42 g (83 percent yield) of the desired
product as a purple/black solid.

30 'H NMR (C¢Ds): 7.62 (br s, 4H), 7.08 (br s, 4H), 5.67 (m, 2H), 3.58 (br s, 4H),
3.22 (br s, 4H), 1.49 (br s, 36 H), 1.8-0.50 (m, 23 H). "*C{'H} (CsDe): 149.7 (m),
136.5, 135.5, 129.04, 128.9, 127.2, 126.4, 125.3, 106.77/106.29 (isomers), 92.3,
60.9, 50.6, 25.7, 24.3/24.0 (isomers), 19.7, 18.19, 14.34, 1.87/-0.54 (isomers).

35 Preparation 2
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5 To a suspension of (p-((1,1'-(1,6-hexanediyl)bis(N-(1,1-dimethylethyl)-1-
methyl-1-((1,2,3,3a,7a-1n)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-kN)(4-
))))tetrachlorodititanium (0.189 g, 0.21 mmol) in 10 mL of diethyl ether was added a
solution of MeLi (1.4 MEt:0, 0.59 mL, 0.82 mmol). Instantly the solution turned dark
red. After stirring at room temperature for 1 hour, the volatiles were removed in

10  vacuo and the product extracted into 20 mL of hexanes. The suspension was fiitered
and the brown filter cake washed until no appreciable red color appeared in the
washing. The volatiles were removed from the red filtrate and the residue dried in
vacuo for 1 hour. The residue was extracted into hexanes (15 mL) and filtered to
remove trace amounts of fine particulates. The hexanes were removed from the

15 filtrate in vacuo and the resulting red ‘flaky’ solid dried in vacuo overnight to leave
0.130 g (75 percent yield) of red solid.

"H NMR (CsDe): 7.73 (m, 2H), 7.50 (m, 2H), 7.04 (m, 2H), 6.89 (m, 2H), 5.42
(m, 2H), 3.43 (m, 4H), 3.25 (m, 4H), 1.53 (sh m, 36 H), 1.8-0.50 (m, 20 H), 0.09 (br s,
6H). *C{'H} (CéDs): 144.16 (m), 133.99, 133.31, 125.60, 125.13, 124.73, 123.90,

20 104.642, 104.02, 83.90, 57.78, 54.34, 54.13, 50.63, 48.86, 34.91, 33.99, 33.86,

26.05, 24.73, 24.38, 20.84, 19.20, 2.86, 0.39.

Preparation 3

25
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& ()-z*5Da?bC overi hour a solutlon of tert-butylamlne (4.1 mL, 39 0 mmol) in 20 mL of CHzCla.

The obtained white suspension was allowed to warm to room temperature. After

stirring for 16 hours, most of the soivent was removed in vacuo and 75 mL of
hexanes added. The resulting suspension was filtered and the volatiles removed
from the filtrate in vacuo to leave 1,6-bis(N-(tert-butyl)-1-chloro-1-
10  methylsilanamine)ethane (5.7 g, 97 percent yield) as a pale pink oily solid.
'H NMR (CeDe): 1.12 (s, 18H), 1.03 (br s, 2H), 0.91 (m, 4H), 0.33/0.32. (two s,
6H, isomers). "°C{'H} (CsD¢): 50.386, 33.32, 32.95, 12.65/12. (two peaks/isomers),
2.39/2.13 (two peaks/isomers).

15

inden-1-yl)-silanamine

To a -30°C solution of (1-(1-pyrrolidinyl)-1H-indenyl)lithium (1.705 g, 8.92
mmol) in 10 mL of THF was added a -30°C solution of 1,6-bis(N-(tert-butyl)-1-chloro-
1-methyisilanamine)ethane (1.47 g, 4.46 mmol) in 5 mL of THF. The reaction was

20 allowed to warm to room temperature as it gradually darkened and changed to a
deep-red/purple solution with slight green fluorescence. After 16 hrs at room
temperature, the volatiles were removed in vacuo and then 50 mL of hexanes was
added. The suspension was filtered and the hexanes removed from the filtrate in
vacuo to leave 1,6-bis((N-(tert-butyl)-1-methyi-1-(3-(1-pyrrolidinyl)-1H-inden-1-

25 yl)silanamine)ethane (2.7 g, 97 percent yield) as a red/purple oil.

"H NMR (C¢De): 7.75-7.55 (m, 4H), 7.40-7.15 (m, 4H), 5.42 (m, 2H), 3.505 (m,
2 H), 3.29 (br s, 8 H), 1.65 (br s, 8 H), 1.09 (set of several sharp peaks, 18 H), 0.88
(m, 2H), 0.54 (m, 4H), 0.45-0.00 (m, 6H). *C{'H} (CsDe): 149.07, 147.03, 141.59,
124.58, 124,39, 123.98, 123.78, 120.92, 105.22, 50.86, 49.49, 42.80 (m), 34.13,

30 25.43, 11.0-8.0 {(m), 0.0-(-3.0) (m).

To a stirred solution of 1,6-bis((N-(tert-butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-
35 inden-1-yl)silanamine))ethane (2.7 g, 4.31 mmol) in 50 mL of toluene was added n-

BuLi (11.3 ml, 1.6 M, 18.1 mmol) over fifteen minutes. The original red solution
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IHf5 "10% yellow/orange suspension was filtered and washed with toluene until the washings
became colorless (4 x 5 mL washes). The sample was then washed 3 times with 20
mL of hexanes and dried in vacuo for 5 hours to leave 2.60 g (93 percent yield) of
5  1,6-bis((N-(tert-butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)silanamine))ethane,
tetralithium salt as a fine yellow powder.

10 To a precooled (-30°C) suspension of TiCla(THF)3 (1.27 g, 3.44 mmol) in 20
mL of THF was added a precooled (-30°C) 20 mL THF solution of 1,6-bis((N-(tert-
butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)silanamine))ethane, tetralithium salt
(1.12 g, 1.72 mmol). Immediately the color changed to very dark blue/green. After
stirring at room temperature for 1 hour, PbCl, (0.67 g, 2.4 mmol)was added. The

15  color gradually changed to dark blue/purple as lead particles formed. After 1 hour,
the volatiles were removed in vacuo and the residue dried in vacuo for 1 hour. The
product was extracted into 60 mL of toluene, filtered and the volatiles removed in
vacuo. After drying the dark residue in vacuo for an hour, hexanes (20 mL) was
added and the dark solid triturated. The volatiles were removed in vacuo, 20 mL of

20 hexanes were added and the solid triturated again. The resulting purple/black
suspension was filtered and the solid washed twice with 3 mL of hexanes and dried
in vacuo overnight to leave 1.35 g (91 percent yield) of the desired product as a dark
purple solid.

'"H NMR (C¢De): 7.80-7.55 (m, 4H), 7.30-6.70 (m, 4H), 5.75 (m, 2H), 3.75-3.00

25  (m, 4H), 1.45 (br s, 36 H), 1.90-0.50 (m, 15 H). *C{'H} (CeéDs): 149.9 (m), 136.4,
135.5, 129.5, 129.3, 129.1, 127 .4, 126.6, 126.4, 126.1, 106.1 (m), 92.4, 61.1, 50.7,
33.3, 25.9, 15-9 (m), 0.92/0.81/-1.19 (isomers).

Preparation 4

30
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To a suspension of (u-((1,1'-(1,2-ethanediyl)bis(N-(1,1-dimethylethyl)-1-
methyl-1-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-kN)(4-
Ntetrachlorodititanium (0.430 g, 0.50 mmol) in 25 mL of diethyl ether was added a

5  solution of MeLi (1.4 M/Et;0, 1.43 mL, 2.00 mmol). Instantly the solution turned dark
red. After stirring at room temperature for 1 hour, the volatiles were removed in
vacuo and the sample dried in vacuo for 1 hour. The product was extracted into 50
mL of hexanes, the suspension filtered and the brown filter cake washed until no

appreciable red color appeared in the washing. The volatiles were removed from the

10 red filtrate and the residue dried in vacuo for 2 hours. The residue was extracted
again into hexanes (15 mL) and filtered to remove trace amounts of an insolubie
brown residue. The hexanes were removed from the filtrate in vacuo and the
resulting red solid dried in vacuo overnight to leave 0.280 g (67 percent yield) of red
solid.

15 "H NMR (CgDs): 7.85-7.45 (m, 4H), 7.10-6.65 (m, 4H), 5.56 (m, 2H), 3.46 (br
s, 4H), 3.28 (br m, 4H), 1.55 (sh m, 36 H), 1.8-0.50 (m, 12 H), 0.09 (m, 6H). "°C{'H}
(CeDg): 144.2 (m), 134.1, 133.8, 126.0-124.0 (m), 104.6 (m), 83.85 (m), 57.89 (m),
54.5 (m), 50.52 (m), 51.0-49.0 (m), 34.99, 26.09, 15.0-10.0 (m), 2.0 (M), -0.40 (m).

20 Preparation 5

]
A
Q
I
5
=

A) Lithium 2-methvi-4-phenviindenide.

25 To a solution of 2-methyi-4-phenylindene (10.03g, 49.3 mmol) in 200 mL of
hexanes was added dropwise over 10 minutes 32 mL of 1.6M n-BuLi. The resulting

yellow suspension was stirred for 17 hours. The suspension was filtered and the
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-Silane

A solution of 1,6-bis(dichloromethyisilyl)hexane (1.78 g, 5.69 mmol) in 20 mL
of toluene was added dropwise over 30 minutes to a solution of lithium 2-methyi-4-
phenylindenide (5.00 g, 23.9 mmol) in 60 mL of THF. The cloudy orange solution

10  was left to stir at room temperature for 20 hours and then quenched by slow addition
of water (80 mL). Most of the THF was removed by rotary evaporation and the
product extracted into diethyl ether (120 mL). The organic/agueous layers were
separated and the aqueous layer washed twice with 50 mL of diethyl ether. The
organic extracts were combined, dried over MgSO, filtered and most of the volatiles

15  removed in vacuo. The reaction residue was dissolved in enough toluene to make 25
mL of a viscous solution. The reaction mixture was subsequently chromatographed
on silica (35 cm x 5 cm column) initially eluting with hexanes followed by 4:1
hexanes:CH.Cl; to remove excess 2-methyl-4-phenylindene (Rf = 0.62 (silica, 2:1
hexanes:dichloromethane). Further elution with 4:1 hexanes:CH.Cl, gave one

20 fraction of the desired product 1,6-bis[methylsilyl-bis(2-methyl-4-phenyl-
indenyl)hexane (Rf = 0.38 silica, 2:1 hexanes:dichloromethane) which was isolated by
removal of volatiles in vacuo to leave 1.53 g (27 percent) of pale yellow solid. Further
elution with 3:1 hexanes:CH,Cl; led to isolation of a second fraction which has a
much broader elution bandwidth (Rf = 0.35-0.10). Removal of volatiles in vacuo from

25 the sample gave 1.89 g (34 percent) of pale yellow solid. Overall yield was 3.42 g (
61 percent).

'H NMR (CDCl3): 7.70-6.9 (m, 32H), 6.74 (m, 4H), 4.0-3.5 (m, 4H), 2.4-1.9 (m,
12H), 1.6-0.4 (m , 12H), 0.45-(-0.2) (m, 6H). BC{'H) (CDCly): 158.2, 150.9, 148.2
(m), 145.9, 143.1 (m), 141.6 (m), 140.55, 137.6, 134.31, 130-120 (several

30 multiplets.), 77.1 (m), 48.9, 47.3 (m), 33.5, 24.1, 18.1 (m), 15.1 (m), 13.2 (m), 12.4
(m), -5.4 (m).

B) 1.6-hexanedivibis{(methylbis(2-methyl-4-phenyl-1H-inden-1-yl)-silane, ion(4-),
tetralithium
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10074 () #9002 vy pagiisyae dhd Bl bty ¢ mpsigolugnegnen suisein s mi
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10

To a -30°C suspension of tetralithium 1,6-bis[methylsilyl-bis(2-methyl-4-
phenyl-indenylide)hexane (0.300 mg, 0.30 mmol) in 5 mL of toluene was added a -
30°C solution of bis(triethylphosphine)(1,4-diphenylbutadiene) zirconium dichloride

15 (0.432 g, 0.60 mmol) in 10 mL of toluene. The reaction was allowed to slowly warm
to room temperature as the dark purple/black solution turned red. After stirring
overnight, the solution was filtered and the volatiles removed in vacuo. The reaction
residue was dissolved in 40 mL of toluene and added dropwise to 60 mL of hexanes.

An additional 50 mL of 3:2 hexanes:toluene solvent mixture was added and the
20  resulting orange/brown precipitate filtered and washed extensively with hexanes (3 x
30 mL). The volatiles were removed from the dark red filtrate and the oily red solid
triturated with 10 mL of hexanes and the volatiles removed in vacuo. The trituration
was repeated once more with 10 mL of hexanes and the obtained solid was filtered
and washed with 5 mL of hexanes. The deep red solid was dried in vacuo overnight
25 toleave 0.306 g (65 percent) of the desired product.
'H NMR (CDCls): 8.0-7.6 (m, 4 H), 7.6-6.6 (m, 52H), 5.6 (br s, 4H), 3.4 (m,
4H), 2.1-0.5 (m, 30H). "*C{'H} (CsDs): 158.2, 150.9, 148.2 (m), 145.9, 143.1 (m),
141.6 (m), 140.55, 137.6, 134.31, 130-120 (several multiplets.), 77.1 (m), 48.9, 47.3
(m), 33.5, 24.1, 18.1 (m), 15.1 (m), 13.2 (M), 12.4 (m), -5.4 (m).
30
Polymerizations
A) _Ethviene/1-octene copolymerization
Polymerizations are conducted in a two-liter Parr reactor that is charged with
740 m! of mixed alkanes solvent and approximately 118 g of 1-octene. Hydrogen,
35 (A170 kPa) is added by differential pressure expansion from a 75 mL addition tank.
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10%1| & S "s!10%4 0% <V
0% ()1, y iSRSk eayvaIeyTatd Shislasipnd Sesaalybiand %%éﬂén%fa 2 0)-
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104| y: 10% SS810%4 E 0%& F 109
109%& () - f s199&°f 9/&“%(&%259 ;R%ﬁ‘aé!? °§%’?t§'5}&s gre Wi@‘&ﬁ“?‘;‘m 19 50iputes.
wnth ethylene on demand. Heat is continuously removed from the reaction through
an internal cooling coil. The resulting solution is removed from the reactor, quenched
with isopropyl alcohol, and stabilized by addition of a hindered phenol antioxidant
(Irganox™ 1010 from Ciba Geigy Corporation). The solvent is removed in a vacuum
10  oven set at 140°C by heating the polymer solution for 16 hours. Resuits are shown in

Table 1.
TABLE |
Run Catalyst Cocatalyst Efficiency (g polymer /ug Ti)
1 TCM! Ex. 3 4.4
2 " “ 4.5
3  TCD? “ 1.0
4 CHEX® “ 0.1
5 SiCHEX® “ 0.1
6  TCD? Ex. 11 0.3
7 “ Ex. 12 0.9
8 “ Ex. 1 0.8
9 “ Ex. 4 0.1
10 “ Ex. 5 0.4
1 “ Ex. 6 2.5
12 “ Ex. 7 0.1
13 “ Ex. 9 0.2
14 “ Ex. 14 0.6
15 ‘ Ex. 15 1.8
16 “ Ex. 16 6.3

! (t-butylamido)dimethyi(tetramethylcyclopentadienyi)sitanetitanium (IV) dimethyi
15 % - butylamldo)dlmethy|(tetramethylcyclopentadlenyl)suanetltamum (1) 1,3-pentadiene

. (( butylamido)dimethyl(4,4-dimethyl-n -cyclohexadlen 1-yhsilanejtitanium (IV) dimethyl
prepared according to USP 5,541 349

({2 -butylamido)dimethyl(4,4- d|methyl-n -(4-silacyclohexadien-1-yl)silanetitanium (IV) dimethyl
prepared analogously to Example 4 of USP 5,541,349 using 5,5-dimethyl-5-sila-1,3-
20 cyclohexanediene

The forgoing reaction conditions were substantially repeated for comparative

purposes using reactor set points of 140 °C, and 118 g 1-octene comonomer, run
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1.4

* Comparative, not an example of the invention
! methylbis(octadecylyammonium tetrakis(pentafluorophenyl)borate
10 ? Melt index measured by micro melt technique

B) Ethylene/ styrene copolymerization
Ethylene/styrene copolymerizations were performed in a two-liter Parr reactor

that was charged with 357 g of mixed alkanes solvent and approximately 455 g of

15  styrene. Hydrogen, (A350 kPa) was added by differential pressure expansion from a
75 mL addition tank. The reactor was charged with ethylene (1.4 MPa) heated to 90
°C and allowed to stabilize. The desired amount of transition metal component (1
umole) and cocatalyst as solutions in toluene, were premixed in the drybox to give a
1:1 equivalent ratio of catalyst and cocatalyst and charged to the polymerization

20 reactor through a stainless steel transfer line using nitrogen and 10 ml of a toluene
“chaser”. The polymerization conditions were maintained for 15 minutes with
ethylene on demand. Heat was continuously removed from the reaction through an
internal cooling coil. The resulting solution was removed from the reactor, quenched
with isopropyl alcohol, and stabilized by addition of a hindered pheno! antioxidant

25 (Irganox™ 1010 from Ciba Geigy Corporation). The solvent was removed in a
vacuum oven set at 140°C by heating the polymer solution for 16 hours. Results are
contained in table 3
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109 ()- 109%& ()-!109%& ? fl 1-63}&' ()- VARRY 10} *?nmbC i F.109%& ()- ,f
109%&' ()-!'}Y( !109B83& () - b4 109&° () T#.’L'O%&' ()-'y 3" 10%02
& ()-91000311111}*?4C 10,1 0%&p! %) 5"109& () - f'y5" 10% & ()-f3 4mo%& () -
y2GLO%&' ()- !'|/z#10%/ & gz 112] 2t 2n\NC 10: 1 3S10% [ & () -

10%| & () -$10%1| & () - S1094| & '(-")Z (I 10%4| & ()- 10 10t 2%3Bwa4" 55z[ <NC 10F
f10%| & ()-gF y10%| & ()27 g#1EMAEI& () -1t g#10% (& ()-! 1.3 10%4| 4| & ()-g!,
"109%4ATAT& () -f55@60778}~?NC 101 y# 10%l| & ()- @™ 10%1 @ ()-!Y"10% | & ()- I F
10%4| 4| & () - gF ' 10%éiamldothimeiRydidmethyBfcbpertadienyl)Silaretfanium (1) 1,3-pentadiene
104 : 10%4 & () #Sy-BdQ)Uehias cﬁr)\etﬁ;}?l((s (1-pyrr yldn;ﬂ:ﬁden 1 1))sﬂllanet|tamum dlrgwezt P

, 510%| & () 5! 0%, @ @ A0 hehinhachy BN (s BRB G- B AT BR T b1
; y 3 <i <mNC 104| TPy el B-ifden@yhBitRSminAto-kN) (4-))))tetramethyldititanium (preparation 2)

(u-((1,1’-(1,2-ethanediyl)bis(N-(1,1-dimethylethyl)-1-methyl-1-((1,2,3,3a,7a-1)-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato-xN)(4-))))tetramethyldititanium (preparation 4)
3 ethylenebls(z methyl-4-phenylinden-1-yl) zirconium (I1) 1,4-diphenylbutadiene
10 ® bis(1,1'-(n*-1,3-butadiene-1,4-diyl)bis(benzene))(u-(1,6- -hexanediylbis((methyl-

silylidyne)bis((1,2,3,3a,7a-n)-2-methyl-4-phenyl-1H-inden-1-ylidene))))dizirconium
(preparation 5)

C) Propviene polymerization

15 Propylene polymetizations were performed in a two-liter, jacketed, Autoclave
Engineer’'s Zippe-r-ClaveTM that was charged with 625 g mixed alkanes soivent and
150 g propylene. Hydrogen, (A350 kPa) was added in runs 24, 25 and the control by
differential pressure expansion from a 75 mL addition tank. The reactor was heated
to the reaction temperature and allowed to stabilize. Ethylenebis(2-methyl-4-

20  phenylinden-1-yl)zirconium () 1,4-diphenyl-1,3-butadiene (1 pmole) and cocatalyst,
as solutions in toluene, were premixed in the drybox to give a 1:1 equivalent ratio of
catalyst and cocatalyst and charged to the polymerization reactor through a stainless
steel transfer line using nitrogen and a toluene “chaser”. The polymerization
conditions were maintained for 1 hour or less (depending on the rate of propylene

25 uptake). Heat was continuously removed from the reaction through a cooling coil in
the jacket. The resulting solution was removed from the reactor, quenched with
isopropyl alcohol, and stabilized by addition of a hindered phenol antioxidant
(lrganox™ 1010 from Ciba Geigy Corporation). The solvent was removed in a

vacuum oven set at 140°C by heating the polymer solution for 16 hours. Results are
30 shownin Table 4.
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* Comparative, not an example of the invention
! Tris(pentafluorophenyl)borane
5 2 polymer number average molecular weight
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5 A* is a cation of charge +a,

Z* is an anion group of from 1 to 50, preferably 1 to 30 atoms, not counting

hydrogen atoms, further containing two or more Lewis base sites;
J* independently each occurrence is a Lewis acid coordinated to at least one

Lewis base site of Z*, and optionally two or more such J* groups may be joined

10 together in a moiety having multiple Lewis acidic functionality,

j is a number from 2 to 12 and

a, b, ¢, and d are integers from 1 to 3, with the proviso that a x b is equal to ¢ x

2. A compound according to claim 1 wherein A*+8 is selected from the

15  group consisting of ammonium, sulfonium, phosphonium, oxonium, carbonium,
silylium, ferrocenium, Ag*+, and Pb+2 cations.

3. A compound according to claim 1 wherein Z* is selected from the
group consisting of cyanide, azide, amide and substituted amide, amidinide and
substituted amidinide, dicyanamide, imidazolide, substituted imidazolide,

20 imidazolinide, substituted imidazolinide, tricyanomethide, tetracycanoborate, puride,
1,2,3-triazolide, substituted 1,2,3-triazolide, 1,2,4-triazolide, substituted 1,2,4-
triazolide, pyrimidinide, substituted pyrimidinide, tetraimidazoylborate and substituted
tetraimidazoylborate anions, wherein each substituent, if present, is a C1.2¢

hydrocarbyl, halohydrocarbyl or halocarbyl group, or two such substituents together
25 form a saturated or unsaturated ring system.

4, A compound according to claim 1 wherein J* corresponds to the
formula:

B—Mr/Ar"  (RY—mr AT v A"

(R1)aM", or
F—M A2 (R)—mr APl mr—lAr?s
wherein:
30 M* is aluminum or boron;
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10, : 109%& ()-gghijii WdEb@! !! 10%&Z& ()-gsl0%& ()-  Y109%&Z& ()-!109%&Z& () -
109&Z& () - Z"109%Z& (B' S REGnaspenfisthi@dach bcoliredddde hydride, SiatkQRaEsdd, halide,
' " 109%Z8& () - SF f&L0%Z& ()-!s!"10%& ()-!#10% ()- 000A0005pdED@ !

|, 8nt 109Z& () 2llexiteyay/iqyde, hgheabyighaipcarby; am frohydroagpd yakeaty, seid R1or
10%Z& () -5p: p

- Dsp=pJpepgSs\; | I o |
Cy#100& () -1 STTAbRRIRP 0 72 £arpB0aMl the ReRYSRAaL . not gierg daan one occurrence is
1058 ()- 6 1 pyiode (| oeeends x v 111 10% (). #3113 10% (-6
1 109 () - G5! 109 ( )Af3-Ar2 in combination, independently each occurrence, is a divalent fluoro-

substituted aromatic group of from 6 to 20 carbons.
5. A compound according to claim 4 wherein J* corresponds to the

formuta: BR13 or AIR13 wherein:

R1 independently each occurrence is a Cy.5 hydrocarbyl, halocarbyl, or
10  halohydrocarbyl radical.

6. A compound according to claim 5 wherein R1 is a fluoninated Ci.z
hydrocarbyl group

7. A compound according to claim 6 wherein R1 each occurrence is
pentafluorophenyl.
15 8. A compound according to claim 1 which is the tri(C.40~atkyl}ammonium

salt of bis(tris(pentafluorophenyl)borane)cyanide,
bis(tris(pentafluorophenyl)borane)azide,
bis(tris(pentafluorophenyl)borane)dicyanamide,
bis(tris(pentafluorophenyl)borane)imidazolide,

20  bis(tris(pentafluorophenyl)borane)-2-undecyiimidazolide,
bis(tris(pentafluorophenyl)borane)-5,6-dimethylbenzimidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,
tris(tris(pentafluoro-phenyl)boranetricyanomethide,
tris(tris(pentafluorophenyl)borane)puride,

25 tetrakis(tris(pentafluorophenyl)borane)tetraimidazoylborate,
bis(tris(heptafluoro-2-naphthyl)borane)cyanide,
bis(tris(heptafluoro-2-naphthyl)borane)azide,
bis(tris(heptafluoro-2-naphthyl)borane)dicyanamide,
bis(tris(heptafluoro-2-naphthyl)borane)imidazolide,

30 bis(tris(heptafluoro-2-naphthyl)borane)-2-undecylimidazolide,
bis(tris(heptafiuoro-2-naphthyl)borane)-5,6-dimethylbenzimidazolide,
bis(tris(heptafluoro-2-naphthyl)borane)-4,5-bis(heptadecyi)imidazolide,
tris(tris(heptafluoro-2-naphthyl)boranetricyanomethide,
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salt of: bis(tris(pentafluorophenyl)alumane)cyanide,

5  Dbis(tris(pentafluorophenyl)alumane)azide,

bis(tris(pentafluorophenyl)alumane)dicyanamide,
bis(tris(pentafluorophenyl)alumane)imidazolide,

bis

(
(
bis(
(

tns(pentafluorophenyl)alumane)-2-undecylimidazolide,

tris(pentafluorophenyl)alumane)-5,6-dimethylbenzimidazolide,

10  bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolide,
tris(tris(pentafluoro-phenyl)alumanetricyanomethide,

tris(tris(pentafluorophenyl)alumane)puride,

tetrakis(tns(pentafiuorophenyl)alumane)tetraimidazoylborate,
bis(tris(heptafiuoro-2-naphthyl)alumane)cyanide,

15  bis(tris(heptafluoro-2-naphthyl)alumane)azide,
bis(tris(heptafluoro-2-naphthyl)alumane)dicyanamide,
bis(tris(heptafluoro-2-naphthyl)alumane)imidazolide,

bis(tris(heptafluoro-2-naphthyl)alumane)-2-undecylimidazolide,
bis(tris(heptafluoro-2-naphthyl)alumane)-5,6-dimethylbenzimidazolide,
20  bis(tns(heptafiuoro-2-naphthyl)alumane)-4,5-bis(heptadecyl)imidazolide,
tris(trisheptafluoro-2-naphthyl)alumanetricyanomethide,
tris(tris(heptafiuoro-2-naphthyl)alumane)puride, or

tetrakis(tris(heptafluoro-2-naphthyl)alumane)tetraimidazoyiborate.

10. A compound according to claim 1 which is the

25  methylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammonium- salt of:
bis(tris(pentafluorophenyl)borane)imidazolide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide,
bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazolide,
bis(tris(pentafiuorophenyl)borane)-4,5-bis(undecyl)imidazolide,

30 bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)imidazolinide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazolinide,
bis(tris(pentafiuorophenyl)borane)-4,5-bis(undecyl)imidazolinide,

35  bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,
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, & #10%-$~8 () bis(Kistpeotagerapiignybrlily|ahe bbb dimethpibiezinidazelide, 0O%AVE! ()-

L (1 310058 bty e P . 105 O
10%\/& ()-" 10%W&' () -12>Kd@ datalySrodompssitian fgp pplgmeyizatioB df bodleiBistedmpriirg), in
"10% Y# & () - &combma’uon a Group 4 metal complex and a compound according to any one of

claims 1-11, or the reaction product thereof.

20 13. A catalyst composition according to claim 12 wherein the Group 4
metal complex is:

(t-butylamido)dimethyl{tetramethylcyclopentadienyljtitanium dimethyil,
(t-butylamido)dimethyl(tetramethylcyclopentadienyl)titanium (il) 1,3-pentadiene,
(t-butylamido)dimethyl(tetramethylcyclopentadienyl)titanium (I1) 1,4 diphenyl-1,3-

25 butadiene,

(cyclohexylamido)dimethyl(tetramethylcyclopentadienyl)titanium dimethyl,

cyclohexylamido)dimethyl(tetramethylcyclopentadienyl(jtitanium (i1} 1,3-pentadiene,

cyclohexylamido)dimethyl(tetramethylcyciopentadienyl)titanium (11) 1,4 diphenyl-1,3-
butadiene,

30 (cyclododecylamido)dimethyl(tetramethylcyclopentadienyl)titanium dimethyl,
(cyclododecylamido)dimethyl(tetramethylcyclopentadienyljtitanium (11) 1,3-
pentadiene,

(cyclododecylamido)dimethyl(tetramethyicyclopentadienyl)titanium (11) 1,4 diphenyl-
1,3- butadiene,
35 (t-butylamido)dimethyl(2-methyl-s-indacen-1-yl)itanium dimethyl,

(t-butylamido)dimethyl(2-methyl-s-indacen-1-yi)titanium (I} 1,3-pentadiene,
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| £)10% 5! ° & ()regiagiene,
(t-butylamido)dimethyl(3,4-(cyclopenta(phenanthren-1-yl)titanium (il) 1,4 diphenyl-

15  1,3-butadiene,

(cyclohexylamido)dimethyl(3,4-(cyctopenta(/)phenanthren-1-yl)titanium dimethyl,

cyclohexylamido)dimethyl(3,4-(cyclopenta(/)phenanthren-1-yl)titanium (If) 1,3-

pentadiene, cyclohexylamido)dimethyl(3,4-(cyclopenta(/)phenanthren-1-yl)titanium (i)
1,4 diphenyl-1,3-butadiene,

20  (cyclododecylamido)dimethyl(3,4-(cyclopenta(/phenanthren-1-yljtitanium dimethyl,

(cyclododecylamido)dimethyl(3,4-(cyclopenta()phenanthren-1-ylhtitanium (11) 1,3-
pentadiene,

(cyclododecylamido)dimethyl(3,4-(cyciopenta(/)phenanthren-1-yhtitanium (11) 1,4
diphenyl-1,3-butadiene,

25 (t-butylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium dimethyl,
(t-butylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium(il) 1,3-pentadiene,
(t-butylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium(!l) 1,4 dipheny!-1,3-

butadiene,
(cyclohexylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium dimethyl,

30 cyclohexylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium(il) 1,3-
pentadiene, cyclohexylamido)dimethyl(2-methyi-4-phenylinden-1-yl)silanetitanium(il)
1,4 diphenyl-1,3-butadiene,
(cyclododecylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium dimethyl,
(cyclododecytamido)dimethyl(2-methyi-4-phenylinden-1-yl)silanetitanium(It) 1,3-

35 pentadiene,
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MLO% *: & ()-  ~(cydMactiedyldmido)dhdehyi(Eniethyl-aHiendlinden-1-yl)silanetitanium(ll) 1,4

15  diphenyl-1,3-butadiene,
(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium dimethyl,
(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll) 1,3-pentadiene,
(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(l!) 1,4 diphenyl-1,3-
butadiene,

20 (cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium dimethyl,
cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll) 1,3-
pentadiene, cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(il)
1,4 diphenyl-1,3-butadiene,
(cyclododecylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium dimethyl,

25  (cyclododecylamido)dimethy!(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll) 1,3-

pentadiene,
(cyclododecylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(it) 1,4
diphenyl-1,3-butadiene,

(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium dimethyl,

30  (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium (11} 1,3-pentadiene,

(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium (Il) 1,4 diphenyl-1,3-
butadiene,
(cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium dimethyl,
cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll) 1,3-
35 pentadiene, cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll)

1,4 diphenyl-1,3-butadiene,
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1,2-ethanebis(2-methyl-4-phenylinden-1-yl)zirconium(il) 1,4 diphenyl-1,3-butadiene,
dimethylsilanebis(inden-1-yl)zirconium dimethyl,

dimethylsilanebis(inden-1-yl)zirconium(ll) 1,3-pentadiene,

dimethylsiianebis(inden-1-yl)zirconium(ll) 1,4 diphenyi-1,3-butadiene,

15 dimethylisilanebis(2-methyl-4-phenylinden-1-yl)zirconium dimethyl,
dimethylsilanebis(2-methyl-4-phenylinden-1-yl)zirconium(ll) 1,3-pentadiene, or
dimethylsilanebis(2-methyl-4-phenylinden-1-yl)zirconium(ll) 1,4 dipheny}-1,3-
butadiene.

14. A polymerization process comprising contacting one or more a-olefins

20 under polymerization conditions with a catalyst system according to claim 12.

15. A process according to claim 14 which is a solution polymerization.

16. A polymerization process according to claim 15 which is a continuous
solution polymerization.

17. A polymerization process according to claim 14 which 1s a gas phase

25  polymerization.
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