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GROUP 4 METAL COVPLEXES, CATALYSTS AND OLEFI N POLYMERI ZATI ON P

CROSS- REMERIINGE1sTO RELATED APPLI CATI ONS Thi s appl i cati on P%f‘/}lgﬁ)/ﬂ@&ef it of
priority from provisional applications b0/170,178, 5 60/17 7, and

60/ 170, 175, all dusedTorEDYSROUs BM@HI hi s

i nvention relates to a cl ass of m@%%%égg?s'%g#%gﬁ S use%‘{l\ir
prepare these metal conpl exest 'Elgl%%?p%%‘isal ysts derived therefrom

and the ¢ m@s$k£@mnbzmkz@kmb,@ﬂ@@ﬁ?ﬁms using the sane. More
particularly, _such al npl'exes are characterized by a nitrogen

cont ai ni ng 10TH$ ?RBH%PL“PE%F“%R%F@&WPBM frempivisiapal applicationseENi 108t ed Wi t h
one g@r Wﬁoavvlan%@mﬁwsaénﬁfc&hn?ﬂé@éﬁﬂ&H)t?@93' | 'ane bridging group, or one
or nore Gr up 14 organonet al [oi d substituénts on the netal . BACKGROUND
EP- A- 92315 val ent to W98/ 06727, published February 19,
1998, di Scl 0SEifk ihBenBb Okt tHETcﬁL mﬁe?dnﬁ

hGen s é:ﬁ%ex%?'?l‘i igahy 58 lag,kégnlfmgeq Gt

substituent at the 3-position of pent adien (?enyl

|i gand §PBRjsXes: P%WP?‘%W’%&“F?@(S&%&YM%&RH&@M thg resulting pelymatizatipmprocedsad
di hydr Oﬁﬁfnbyﬁe&ﬁmaOM%téQﬁhichMﬁW sach Hx@lapéynﬁgcxgs' a@wﬂyalct%ﬁg,?godta;‘/r}lg%ﬁ %@r{anﬁgg

anm no, neth hen ani no, S)ro yl am no

| et
pi pg i di¥} %‘Pam ﬁb‘fYﬁ!%'lthﬁ%}/q mojst; ﬁheﬂlf shbsijtnted Witk erteyad more aybgroypsnantarylt
hexahyd rsﬁbsﬁ&ﬁdd)srl&?e%ﬂéiﬁ# gro%%t Goyd Bﬁnéﬂjé_"ﬂ(’ij‘l&@rlh Rtdandhetaifhd s@gtltue fs on the

oct ahydr o- 1{ 2H) - azeci ny -A-577,5 | oses unsymetrica s-Cp
nmetallo s containing a fluorenyl |igand with heteroatom substituents. E.

BarstiegA(S(GlS@UNbbl e; M- H Pr osenc; U Rief; W Roll; O Wyland; B.
Dorerer; H. Br i nt2| ngw anonetal lic Chem 1996 S20, 63-68, and H.
Pl enio; D. Bt 2P G Y Bm%\r cat ioERP8/A6IDB publisbed Bebouary 19, dPeK; Hiselesed

systens Grmpvhmabldo leXé&s &Mﬁi:ﬂ&g@élﬁ&&bﬁ&){k bsti i's substituted
with a d| %I am E%:gﬁﬁup i n non-Dbridge u a@ﬂ&t%{@é??oéﬂﬁ?ﬂ i ndenyl

conpl ex 8% firnxlorpecilly fmsenyl; kiasnd 8T°“P% d’@‘é.‘é‘!lﬁfchefm’w epnyaining subsfuents

pol yet hydchrnied dx@&&aﬂ@lﬂhﬁn@iub&ﬁtﬂéﬁﬁn@ﬁ&ﬂ%ﬂ%@?)aﬁﬁg&%Eh %hggx;biggzgmo gpusp
an S

net al | oce f.ound p EP- A- 416, 815
5, 096, 83‘?%%8‘ %“8% ‘“f%’l’ enylaminp diprgpylapiae. Sibutyianing pineridiny morhokimd, 3- and
2- posi pymoolidiryl,ihexkbydeb- | Elcdrpiaxies], Bixakijded (2H)-2REBYIS oMY dfl- BE 236l 1 -4 and

06 nd 98/.0 728 respectively. Despite the advance in thé art,
par?olcuggmh%lrgh(gﬁS S -‘ferrperature obt ai ned by such prior art netal

conpl exes as PReX-877)58 alisoees un@yxhﬁiemf:ﬂfbﬁqgﬁ MgallRERE @&ﬁﬁmn& HekubrehAMRARS 2
bl.e of even furt i NnCrease i n use

desire raoved | exe
t enper a?&?’get 43 sr"llésrtrlg‘te?tfl caffibise gcﬁ"%@f’ M-l Presepcih Rjef WcBﬁlbc%l tions
usef ul chbndxcm aomgerpm-mmmzingermgrgun@hem& /eml 61996/\/5%&*&3%8?5]% H. ];l]’%lo
*166166+ 316~5 et hyl ene I gher
a-ol ef i A %gtrl)lo[ gépgimg E%%Pgﬁ&f@’ Bﬁ‘?ﬁ?ﬁf in which t8¢)5; ect
condosi cyclmsntahewhmg ofnhaandemlsshmummmpmm&hylmﬁm\g%@nﬁ nérlbrideé nd
desi r abg oE T, | ON Accordl ng to the present
i nvent i olﬁbl{%g&riég gtﬁignyﬁyov Y “E %'%é??@é’f BePft &?PB?W&“FG“ he 5
f or mul apolyethydepe, g where M | s a Group 4 netal that is in the +2, +3 or +4
formal oxida n each curr ce i.s_h drogen or a
hydr ocar byl , bLQlP Lﬁé gtirrg%dgﬁﬁbﬁtem 3&’3% BBV dﬂﬁ? EVF“"S i found in
di hydr oE%ﬁb‘yIIGM Mﬁﬁdﬂﬁ@‘b?r b\ﬂ) 96d|35|2w araESIy $,0006,860,and § 42 0,026, ypeaiRy |

30 - heteroatom substitution of the 3- and 2- position of indenyl complexes of group 4 metals was

disclosed in W098/06727 and WO/98/06728 respectively.

Despite tt’1e advance in the art, particular higher use temperature, obtained by such prior art
metal complexes as were disclosed in the foregoing reference, there remains a desire for improved
metal complexes capable of even further increase in use temperature that are still capable of forming

35 catalyst compositions useful in producing polymers having high molecular weights and, for
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10 hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group ofj fargf%lmg'o
80 atons, not counting hydrogen, or further opti onaIIy two or

groups WOfi1/413e5 sane or different metal conpl exes or R ark/dBossigqem t he
sanme or different netal conplexes may be covalently |inked together; RB~

|h n?eﬁe gctbylblhej hghex’[]u-gleﬁmwpgmrsl, Bigh ydb@@afion 6f comnonyElérQ Clglé :QMhect c%m%osmons byl .
A e e e G R e R A

t ri hydr SUMMARYOF/THE @FEBNDION gr oup of from 1 to 80 atons, not counting
hydr ogen, anqg _opt.i o I t WO re RB~ oups fromdifferent netal
conpl ex or Fégi""g{%‘ag Q)ﬂh?%bﬁcp%‘m?‘ﬂ%"n@ﬁwwmg‘ E#B?‘élr"é’mplw COTEINORPINg o they be

covd enfokmulhi nked together; Z is a divalent noiety, bound to Mvia a

coval ent or coordi nate/ coval ent bond, conprising boron, or a nenber of

G oup 14 of the Periodic Table of the Kfenents, and al so conprising 20

ni trogen, phosphorus, sulfur or oxygenj X is an anionic or dianionic |igand
group having up to 60 atons exci cl asgpof |igands that are
cyclic, delocalized, n-bound |igand i ndependent |y each
occurrence is a neutral | i gand havin €0 M@pX9ons; p is zero, 1 or 2,
and is two less than the formal oxmlationgstate of M when X is an anionic
25 ligand, and when X is a dianionic ligand group, pis 1; and q is zero, 1
or 2; with twkerpMbigiSigoupHametainiat gvin ther-€2, @8 ot hefohmhlloxwiatiéh aaedi ti ons A), B)

ocou ence 15 madepdiily ERbOERREILT, Acelf Bt b bad iy
hydr oc d!‘)’ﬂ@ﬁarhﬂpeﬂydmpm’ewlJ"dihxdmcalrbyb.tﬂlgdhydmudib)ﬂj dlwdmbada@taxmad Iby@'oé’d?b)fl&@r eof ,

sai r ofs _not hydr o and
corlrg r ?sk{}g%cgtg P F ?l & %ﬁﬁ{og%ﬂab?hﬁ %%?' &8 u'é%?f fﬁ’ é})gatmxﬁ ng] ‘ﬁpﬁl%oa WO
01/ 123 ydoes, UsomhprI IB)tw of moreM) ZBbups- from/\ihe sancmrlamrmm deipleyeseach

occurr a & er _a Iene and Y
s bongogt f‘t‘ﬁ‘g Tl G M ol SRl Rl HEY B Fonlefi i el
-NRE-, and epemﬂbmh oREriengtd phyrilegen| gr aa‘ardhcarbyiuhaidnd&)cmsylhydr ogen, or

P e e R e S T AR L

Kyd hyereearhylgiiv.or thQIPC@Kbylﬂlyalydtoeabyl group o dour | erRdentdiss, aeticondting from t he

)
?i ?E’Eyﬁ‘?ﬂ*@%ﬁﬁ“ﬁé‘ﬁ’“l?h‘@?ﬁgéﬁﬁﬁé Hholf i QYA OE A Complex 5 % RSy oups
t oget hdfomyh ésaanecnr\?ain%m meghmmxonWchvwemmmeg@m 2)x wherein E is
silicon, gerz”f@ﬂ'dwmeﬁt('}nélé C&BQ@Q MQH\ta éo@a@ﬁt&@@tﬁ&n&nﬁoxp e%'tj[)on%nce ) | 1 con

or gernmani um and i nd e endent each occurrence I's IR group
sel ect Qﬂmf"r%ﬁn‘%‘?“l‘tiﬂ of Growp g‘tﬁr@ﬁﬁ"“ﬁ?%@&f Wlﬁi%yemdndﬁimonmnsmgs t her eof ,
sak@ Rnitfdgat, pBospRorh) sllfar 626HR&; Or silicon atons, and X' is an integer from
1 to 8. The_apove conpl exes may exi st as isol at ed crystals optionally in
pure form or*§&n niggig of dignignic wapﬁs@pnéawezmmo@@gomsl excluive 6fzhewlads of
sol vat g gleHdtdre ¢ i i specially an organic liquid, in
t he forrgnangf a _di H%H?Eodrarbgmez!d b (z‘r?#é\flg{é}v gt her eof , wherein the ehel ating
agent i s anZXorRfgpsndentlyeach q&lcmrqyc@lfsemam ligaridehaving bp 6240 zampem aI ly a
d| hydr ocar byligidd&.or 8 Ykl I r r
Locar gyl phogqohl *Eelh lwﬁgpg%éh%t e@ﬁgé’rﬂfﬂ\‘}g&tnpége herwz% ggonéc
pandpndoyhea !Fmé@awwhgarérgr@upppmh@nd wherei n one or m)re R' groups
are pol yner g3egrdMitop2one anot her 20 or copol ynmerized with an ethylenically
unsat urated conononer. Al so, according to the present invention, there is
provi ded a (‘YéFPélF%?V‘i"dh%(%? o1 ragre of the fallowingxoaditighs 4), B) or C}, iaempol yrrerl zation

of add'“O“AQCR")’@&Fegﬁcﬂﬁéﬁtﬁ%&?m{ﬁfkﬁoméieﬁiﬁ@eaw@ ciftbh il e Ao HaREN o 2

or the reaction t there Ae or nore e rmul a
(1); afQursspsesher &&tﬂu adivalenghysoesarban yoiety osvehatd-ror silyd- substirated dﬁnvatmf (A) to

(Bjo i Sthbfe .S inventjon is the
f or egoi ng@fgg%gk;@ ggcégln%ng’st???ér%o \?ﬂ%&@?rqllo‘?%g""ﬂﬁrﬁgﬁmgennﬁ?&e]%oql@s]nﬁa‘“?é St or m of
a rad.@&larwtmnbsummmer according to the present invention there is

provi ded a pol ynerization process 30 conprising contacting one or nore

addi tion pol yneri zabl e nononers under pol ynerization conditions with one of
the aforenentioned catal yst conpositions. A preferred process of this
invention is a high tenperature sol ufion polynerization process conprising
contacting one or nore addition polynerizable nononmers under pol ynerization
conditions with one of the aforenmentioned catal yst systens at a tenperature
from50C to 250C, 35 preferably from1l SOC to 250C, nost preferably from
175C to 220C. Wthin the scope of this invention are the polymneric products
produced by the aforenenti oned processes.




-3. 2 8 APR 2pp~ wo o0i/.sz3ls PCT/US00/316: 15 This invention absoappcisides
the precursor of the delocalized electron containing, cyclic noiety of the

met al cow) @xapl formula (1), said precursor correspondin formul a:
R~ ""-Y , (I'l) wherein, Y is -0ORc, -SRc, -NRcRE, -PRcRE;ﬁgin/g'sM;ﬁgjaRE are

as previously i s RBwhl e | (v r a
hydr ocar byl , %%g} r%e?ﬁ%’%’?g‘%g??g%gﬁr{%ﬁbg%ﬁﬁ§’/‘%‘F\‘g§£§?Ei}(r;‘t” Ayl SRR Broup?

di hydroc'ﬁgﬁwa’iﬁqmﬁfﬂfﬂéf_éa? yl, dihydrocar byl ani no, hydrocar byl oxy,

hydrocar byl si¥¥d hon@&d th i By QAadiycth tn¥ %gilb%&fsﬁﬁ}?é/&f-ﬁfr}%?g- ef LQpRet o 80

atonms, not counting hydrogen, and optio two or ~’ groups’ from

di f f er enVheiein A} indspendentlygaciRpreurense irhyArogem of 2 mamberscleeted: from hydratarbyls ent

net als ¢ i . . i i R~ .

S Reas P ATy, S SRR ol Bl B 8 s onP Bl TR pavine

CR~' z CRrUPAsRéaonhydrogsuoaterrs: r BR2~ or GeR2; wherein each Rc group is

hydr ogen, an i t Lo, ] | tion, or both Rc
ydr og @ X8 dt 1438 oﬂl: o el is &[eﬁf@crim ﬁ?g]%em mglbﬂ%noga

groups together are an a I ne eart I on, 15 R

i ndependethydipcashyd)silylhydreeashyt cri(hydiepatbyi)gemmylyidroganbplybed mixgirecthereoff orowo X
hydr ocardips idg¥Her igard | inf1Pds O ,
and conbélQngts itdgns t hégr g%%l,gﬁ%!agimgd %X#a%ﬁﬁégﬂ%%n?@ﬁngﬁ r?/ %Sgﬂg%g%&aﬂ%#d
opt il@naldrygarbew, bt in aideyss onroeciireenc©is Bitidor Ar@eintuium, whd R’ indepepdedrly 8acht hat one

or both g he follow ng conditigns, are true: 1 B~ corresponds to the .
formul a ‘N(1 Cj'cge,ls @%‘lé?%’.“r?gﬁéf°é‘38ﬂ°°3%d§ffﬂf? ﬂh’i’é‘y rgcaé%’%h YFWC?’%H‘%X%Wd RS 20 groups
t oget hercombinatians dieveal,saitl R having ap toB0 cambbediysilivon atoh) and xOfs aniihtyger from 1 to
substityted derivative thereof, said group pontaining from4 to 40 atons

not counting hydrogen, and conprising at |east one aronatic substituent,

AR, 2) Z* i s TheBbaSicomplekesmeiyrexit asisttpahetendls yptioaslly in arerfomnerasiasnikurea

arylicor f. t. ther are, C~.zo arylene. 25 |1 is to. under st ood
> e e BeablBR R BELO) ofY e gL bpEhA A gl il i
i nt er anfighidrin thiedfatwh ef Hdimdr orschelated derivativet therbofawherain clie dhelatimy dgentdis anict ur es

i nt i f 1), .The.finpal i t.of th
vent | GHEAR shbrif pleRirbty BT.e8t valk Bedhuly ol ity B e, FRBORER s ) T,
synt hesitghydrocgrbpldmine, tih@irocabylphosphite, ordrajuigenatedidefivative thereof, Jor as3Opoliaerir esent

t al I ~SUJ in.t . duct | f
b h, rolcL a3 ERRAS ptafeh IREGh e ot K BrohBlark Bl ARG °
pol yéer ioz eapolymegesddvith amathylenichlly spsaturatdd opmamomervat ed t enperatures, with

exceptional | yh t el j : : 20 WO
oL 42315 per! Vi 2R3 lpréh e, Bre f BVIARL Foumiva FopdSiopB L on
of et hylineraligofenihe pylymerzation pHaddition polymerizahlel reonomeist épnapisigobebllowing her

t han et Ry t6 6 MY tBORBref thbregOPO!l Yers), and et hyl enel propyl ene/ di ene
i nt erpol yrrgdrhgn(EPDM ol ;/ﬁ)érs) vvhgrei n the dinme is ethylidenenorbornene,

1, 4- hexadi enéAbr NP1 Bere mstal somplgses effoanelaf); afle use of el evat ed

tenper at ur es (B angh W&Rktivg dRELEAS FRerbil theRf A Hadd dﬁ({a to )5"% PiggsGReS due
to the fact that increased polyner solubility at elevated tenperatures

all ows tf%luse of increased conversions (hi gher concentration of polyner

roduct) wt i et WAV j i. 2k ' . .
p ) AQbhererRRAh R0l iiveRbn\E HE ?(ﬁ'lééognnéedfgl A dnfPositioh ggﬂ'gltn Ct)he

pol yneri zati on equi pnment as well as reduce cost's nee

devol at Mefabeemnlex 15 infhe fosm of a seligal catipy, t he preparation particul arly of

copol ynmer s ofueR¥éceRng8 theiredeRAR} & X (26 i B TRH Bsiont esent
i ti 1% i ne?;or? |§or atelelgéhglhgrf :?vag{ni;&l arge quan??nté?gcs?p%f

cat gl yst conggytlo,ns Id ; 1 e

non?bt h§PRRISNE SAMATING one eiFpereaddition polymagrizable mepemers adeg pelymerigation i onal
metal . kéhditivhé Wik by of tRS didleMBftiondd S£LRNERRAbYTEr S havi ng reduced density
due to increased incorporation of 1-octene therein, may be nmade using the

present cat afyReferedRacess othis .i“VFWémrﬁﬁ high mmamwlﬁbnmlmcﬁmbnwmnssway
al so becaihiiRREcBktadting 3nd SARGKE hddBSESdyther2ble MSRSekPunder QAI%IAE ibation

pol ymeri zation processes in a slurry ‘or in the gas phase. Itronally,
t hose c6EeRditionewith\pre-ofithe afmementionkg tatalyst syistems atustamperatuesifrora F012to256%C,t 0 f or m

pol ri o] Vi i zat . i zatign, of such
G ] enp BB TS PLIE B0 o T Hor R s on et D he ot e el o
sl urry wwenjias aphixspolypnériceodur aipraincadi by hie tforementiohed pracesseddi t i onal support
material. Such a polyneric catalyst may be fornmed by prepol ynerization of
the functional.ized 20 metal conplex) dptionally with one or nore

et hyl enical ly unsaturated nononmers, in situ in a polynerization reactor or.
in a separate reactor with recovery of the prepolynerized catalyst prior to
the primary polymnerization process. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 shows the single crystal structure derived by X-ray anal ysis
(ORTEP) of (N-(I,i 25

a T T 1 a 7 £ oA "~ N N — Y ~ oA ~ I L T P




di met hyl et hyl ) -1, 1-di (4- et hyl phenyl )-1-((1, 2, 3,3a, 7a-rl)-3-(1, eé-di ha/dr 0- 2H
i soi ndol - 2-yl ) - 1Hi nden- 1-yl ) si | anani nat o- (2-)-N-) - 8 APR 2004
((di met hwigolibgne) bi s(nmet hyl ene)] titani um (Exanpl e 18). p&r@ido®sgsShons
the single crystal structure derived by X-ray analysis (ORTEP) of (N- (1,1

di met hyl et hyI )rmi;nizexdioM}samchMEMEptéh)rs&nf(hl-,dBLoSau?zad diactfoh kostainthg deydiid1y dr o- 2H

i soi ndol 1H35 |nd -1- il nat o- ( 2- - titapium

bi s(tri nﬁ’tof’f)& ‘gﬂfeﬁﬁﬂﬂtcﬂ’?l’ ?&Hﬁ'ﬂ éﬁf@‘;r precyrsor ?FQSSPR#?“@ %ﬁ“@)‘if 1231

PCT/ US001316~t ~ Figure 5 shows the singlegcrystal structure derived by
X-ray analysis (ORTEP) of ( 1 [( 1,2,3,3 1 b-r))-1 Hcyc

| opent a[ | ] phenant hren-2-yl]-N-( 1,58 i nethylatpyl )- |1

di met hyl si |l anam nato(2-)-N]-[bis(tri Tyl methyl)] titani um ( Exanpl e
25). DETAI LED DESCRI PTI ON All reference the Periodic Table of the

El enents herein shall refer to the Perjodic\Table of the Elenents,

publ i shed and copyri ghted by CRC Preds, Inc.R 1988- Al so, any reference to
a Goup or Goups shall he tq the Gou or Groups as reflected in this
Peri odi ¢ Tabl Whesgin, ¥ids R peSR s-NRRig-PRAR™ | UPAC system for numbering groups.
As used her ei p* §daR™afd Mpr&iBy RERGE; | S not intended to exclude any

addi ti onal conponent, additivé or step. For purposes of United States

pat ent practi Eem wntiwéyeeﬁmmryns«r is ipdrogeay e hydrogerdk, haleiyidrasatdybn or
publ i cat mﬂocmylemp&e@hrm fcﬁhi&r@&aﬁoylﬁhﬁ&h)ﬁdﬂo@&@ﬂﬂﬁﬁﬁir@dlrﬂ}}énﬁﬁé %? Efoyldkyt hei r

enti rety, esgﬁ respect ‘to di scl osure of “synthetic techni ques

and genehyro Yé-dlj E‘Wﬂr%ﬁéyla‘ﬂxlhywbb'bﬁfewfrfﬁ’%foaﬁo %Qm% nesGeyntinge
prefer abxh;wlr@ubdhd/m@ﬂauym RufIrERP YRop RO iR me&)n c&)l%l@m .5 an gl | ovs.

15A Metal conpl exes corresponding to the fornula ere Mis
up Bomthespme of  diffegent ﬁ‘%é"mﬁe" may bg covalenth linked &SF@ml on st ate; R'

i ndependent | yzelasmﬁgmﬂ rsm‘@:,g.n dwqcmem%zmﬁach% 1@‘93('51@‘? 5iR®,CRY,,
rgcarb i hyd ocarby am nohyérocar byl ,

hal ohydr ocarh roc
di hydr oc%fFa ?ﬁ‘lﬁe'c GO a£§éﬁ'(§v#%x9 R*68°h BGE@B& Bilyl, or
tri hydrocar bywiekdity édel RF efoRp Mydﬁfgéhl Rn@fkali bR datiof, @ reRERum RAlde CRIHR T

hydr oge further tio , two or nore R' groups fromthe sane or
di ffereﬂtf dh'ét gf’“péé‘??ﬁp‘@&"g 35@‘”@(99%‘?@?\‘?\%""!@%@86 t oget her; RB i ndependent!y

ﬁag h50ccur r enl!femltidi)elﬁfeﬁﬂlykéhhh ourreH& :@d%g@ﬁlnﬁ tatr&ﬁﬂkt f g@([jecfeeﬁmrﬁlt yéh%éﬁﬂbﬁlﬂtf

ydr ocar ie [ ituted derivative reo

sai d grdW g’%%ﬁﬂ%’fyflﬁ'é h?“’g?ﬂaffdfg‘yllzl L?ée“éfe ’r?Bf' %%?t}qq@“ﬁ%F éﬂé# and
conpri siiagingup tecdionkydeogar QoRls] ahdopthiciaily RS grblips nfayi e jGined aétR&t Noi ety,
bound to I\/Imglg a, coval er;gtaﬂor clg?hw@asf(gz oval ent sbon’ld Jcgrrpr ?%stl ng boron, or
a nenber of C?‘HUB"&‘&V‘B‘? thatqne og pot, panggondifionseAretiigit s and al so

g onprising nit rR)‘gmiresmlﬂdstbhm fosmula NRYy, wm&reﬁm'bﬁah oééutrSnoans @/akPNbaAwARE

i anj,oni ¢

a r ou Vi n at o excl ysive of the.class of 30
1 9295e et SREer ol PVt RSP moied o8 aRo: ¢ giina Sgriisd desgarve
[ ndepenctberedfysadegodupccomumngtfmm 4 ® 40 aremy riod bountig@inflirbpeyj ahg cofptingldl l@soNs; -6
2 8 APR fQ,gr%m csutljsn {3 5 PCT/ USO0/ 316~5 p is zero, 1 or 2, and is two | ess
than the Tormat. ox *state of Mwhen X is an anionic |ligand, and when
X is a di ani MEkis (@hﬁd wherein,R findependentiynehchl oéchrrameds Cely attyl & twB)R \debups

corrplex onding to the formula: A iXpX q where Mis a Goup 4
net al %gge(a%&gég’?ﬁgl +3 or +4 formal oxidation state; RA independently

eacRSoccur r erltistd ke undetstogrbthat the foregdojigfoamiddl) degicth ohe/alsevedl lylivalent
interannular, double bond isomers, and that all such isomeric structures are intended to be included
by formula (II).

The final embodiment of the invention is the use of one of the foregoing compounds of
formula (II) in a synthesis to produce a Group 4 metal complex of formula (I).
30 The present catalysts and processes are especially: suited for use in the production of high
molecular weight polymers of olefin monomers, over a wide range of polymerization conditions,

and especially at elevated temperatures, with exceptionally high catalyst efficiencies. They are
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hydr ocar byl oxyhydr ocar byl , di hydrocar byl am nohydr ocar byl ,
di hydrocar byl am no, hydrocarbylsilyl, or trihydrocarbylsilyl hydl’(;CBdIABW 2004

group of wg@ma23140 80 atons, not counting 10 hydrogen, or PE"H[H@?/E Gh
optionally, two or nore R' groups fromthe sane or different

are covaksetihy et tHeQSl@h&?ﬁolerenzaﬂuﬁl o?'cﬁ?ien&xéfﬂﬂﬁ%@éa @Etﬂo‘l'yn‘?ﬁ?f& ethy{fne
occurrence is C~.ZO aryl or two R groups together are C:zo a ene;

_O, - S- Withgreolefiner fhaaﬁﬂlmse(aﬁl detpé«?fareqw@lymera!; Iandactbylpmeémmlens/dxene
hydr ogen 1 Anére 8 X silyl,
hal ogena{nééd?ﬁ%?n @%Mggﬂgﬁ%{szgahéax??%M%Q&&%ﬁ?ﬁ%%%np%{%é%ﬁ ﬁé%ﬁe?( ‘}Lér}f 4 RE
havi ng uﬁ)‘mﬂ r WCWVéﬂGQ@nT%ﬁ%PrQ cloyated temperatirehdramatfcatly smareases thel i gand
gr oups hayloBg:tivity bCubiP I ' at are
cyclic, gel oélail%l/ zecllll gr_%&égﬂ&;] dﬁéﬁéﬁé&g?ﬁmﬁ%&&fg Qﬁﬁ?r Qgc]lé%‘el % ?Ya;t/eraeach
occur r enfeEPeratuses glios the use of énveeaprshconygraigns (gl cencenteatiop of polymsergrodiictpr 2
and i s twindess gdm

| igand or ab sente oidi‘i%n QREJHH' h&%‘g&g‘% ?gﬁf @5'?’5‘5%% OM(@}%&nﬁs Welqasr ‘ﬂ
zero, 1 ©rey.cogty nwé?%qo demmh@aéxs rmumpmnduln@qmegakwoﬁpmmy of 2 a APR

2004 wo U 1645 V\/ne net al that
isinthe + ofs oghalg?ér?ada?)&el gg él g%Pe/g apeonRer nd%rﬁ%eﬂﬁ%aﬁﬁ%/? cg’?ﬁ"ﬁmB‘i',scurrence
i s hifdr ogemporate r@iatWyUrlueaqwm;lesm hmwylmohmmomycbrmwdby katydy dr ocar byl ,

di hydr oc@uby ; o) by} drocar byl silyl) or
trihydrocar b%/llag:aPéq%&fq g@g L o Arrgé&%’oﬂ?%mﬁg& cholg% avt %éd‘écﬁﬂntl ng
hydr ogerdengity dug fq mrpase@mcgtmatanyn oft l\mntcme threpsim nfdy.be neade uging ﬂlecpmsédn eatsiggre or

di ffere%ngg;,%nscoml ex may be covalently |linked together; Z is a dival ent
noi ety, bound to Mvia a coval ent or coordi nate/coval ent bond conpri sing
boron, or a nﬂwlépﬂlﬂewpf ihds ipPentibe mRy plso bk mpiﬁatdd@nmfsupﬂw e teriab midsusedind

i gand. g oun Bt E‘f‘é&“m PP by Rnci il AU HRED oy coipBits ™" O ©

l'i gand group, rovi so one
trial kylvéerajn Rfetswwylenh:a wpaturates mayt be Mcd:tarfdunrwlymeneaedcneﬂ mtluogsr\&up, or two

X gr OUD%OI)Q%%B o?éd?)o()ﬂ{epi% Bﬁlof de){ gﬁ)ﬂg 'uﬁgamt!}% i 91%35{ i g 8;,[ nt ly
each occurrence Is a neut ound ¢oordr natey oY%
net al cdMIbeemplayediag styrygs gﬂbph@@e mllom;rzatppnl withburee@ forandddjtional shppar 1 or

2. In alha@fal tﬂ;'UéhE?B@Eﬁh@gatﬂgﬁixﬂ%lagﬁ)rﬁlg@g}dtﬂgg&%rael&uorf%ftﬁ(ﬂgn&} ahzé Ra)Z, is

pr ef (8rab d| benzyl am no or rou er w n atom
for i Ga‘PPlﬁﬁé’P‘i“?,“aﬁY ¥ith ongipramere e@lenvedbrtungmrawﬂ ntdnemﬁR tg SiZUipS

conpr i sippymeBzdtion feabto&H if a Qepald dehd?rSy
pr ef erapeey .in tﬁe aerrbooil ﬁenpta wherein 'EH\AlgaﬁeB@gr oué)dréb0 er WI hprfqnto

ni t r oger a{’cr’é‘mqu‘%{’zéwll{aﬁsﬁhatlc group, a single ARgroup, which is a

C~.zo ammsthuow@pmmrmu@wm@sfused to the cycloaliphatic group.
Most prefera?_@%l— RB)2 is in the formof a nultiple ring, fused,

aza-cyclic g ﬁ'btfee‘éng&‘crk’%‘ﬁ% strgsturg derivgd by Mermpmelypisd ORI EPhof @ed;1-

1, 3261 hylths ; 2-yl,
L § A ﬁﬁ;{:‘;ﬁ?ﬁ“ﬁ‘é?\?ﬁ*ﬁ“’?é’éﬂf% :é,é 3, 7§q?ta%53-&1ﬁ1§aﬁ4‘2/ﬁ'isﬂagﬁti -3 589% 18l 18- 2-Y

benzo[ ePPe3napinato-£2 )tlia“?’%dmeﬁé’! prle®).2H benzo[ gl i soqui nol i ne- 2- yI
L R T A e

benZOJh]lsqu|noI|ne zo| de] 1 soqui hol

di benzydiEmthytetyiol; bé)pherml-rl e(élp%hé%ﬁ'rgﬂl-@r( t,hdlh[&'drIOI-msngdtble? yltm-ll Hsindengl- 2 8
APR 20041&addhinao-2)- NG itdhund dikietiyl (Exhmple/s).

30 Figure 3 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(1,1-
dimethylethyl)-1,1-di(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3~(1 ,3-dihydro-2H-isoindol-2-yl)-1H-
inden-1-yl)silanaminato-(2-)-N-)- [(dimethylsilylene)bis(methylene)] titanium (Example 18).

Figure 4 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(1,1-
dimethylethyl)-1,1-di(4-methylphenyl)-1 -((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-2-y1)-1H-

35  inden-1-yl)silanaminato-(2-)-N-)- titanium bis(trimethylsilylmethyl) (Example 19).
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N/ Nv / \/ \ I or PCT/US00/316~5 / \ \ / N Al'so in the foreggiipg 04
preferred enbodinents A, B), and C) of the invention, -Z*- is pre erabe
Si (R) Z- ,wolre31®, each occurrence, is phenyl, tolyl, benzytyuswoddtisl phenyl,
naphthyl, or two R groups together are: . 0 O Most preferably, R each

occurrence |SanlheB)showﬂmérﬁhé‘lyh@ﬁerﬁlﬂuctuﬂrdeﬂvé&m ydyRh&pys (ORTEY) 8f Ued G oup
4 metal for_all of the present netal | exes is titanium Fina for

the for dfofsfrg® b’rtbﬂ)éufl'é’éi‘ﬂ@i??ﬁ@mmﬁn@f‘?%'z' A-6)1 dlme@vléﬂw&)d X gr oups ar e
chloro, dﬁﬁ&tﬂ}’lklhﬂﬁﬁllﬂ'ﬁkﬁ)’ Lﬂ MH@&MAllyln%hﬁ%m%ug{(ﬁH E}ﬁﬁn s 2> get her are

l'ene nost préfera hyl si |yl methyl, or

(di et hyl si | il ene% bi s-g
two X gr (d| rrethyIS|IyI ene)bls(rrethyl ene). In the

embogi ment s Wieregdrenct té e Phridiid f%kéddtwé ﬂ%kﬁfé h&&ﬁﬁﬁxﬁ TRLEY B mﬁ&@frﬁme of

i nproved catalytic activity. | I ments erern two X groups

t oget herthelemenis. publighed ?qdfpm@;tﬁdw&qu@n@y 1969. ﬁ«éqoaanm&wnes@g Group
addi ti orRaGroups EmIRR" S lh‘é'ﬁr@tfﬂ Of Grbialag réﬂ'égpdjﬁlttﬂls FE}gﬁfc ()3‘318) ‘%l{?%nher ifgnd use

conditions. Preferred RA groups in I ment han
the - ~THIe IPAGSysismdor wimheyingigroupso fsised herdin the tagms pcemm)ngausemnymndgiem or
an al kylexe

b T ey ARAARE EhncbR 0¥ve HEled 1 pRireP BRn B Bl dbe B |

pr efl@r abhe,copients obpRy patany; ehightapplicaties onpubligafipn 1 reremxmheeqin are hepebyips i n aI | of
the for s iad sphi nes,
especi aﬁ}‘lg:g rimeth {e%@é%tﬁreénhfeﬁ gt"%@‘t‘""ﬁg‘s‘%ﬁ?‘ﬁﬁ%?‘%ﬁﬁ enyl pﬁg}'np}ﬁ??\e and

bi s( 1, 2%%%??%%5&%%@4&%@ ap( ORK) 3, wherein R', independently each
occurrence, IiThe APl aI |y

t et rahydrof uran Ii}(wzfllém nesmﬂeos?g%z:e:xgé argbr-e?elrébw M&ﬁ%ﬁ@@fn%@r?g%&&%ﬁb%g .\ﬁ‘@&& 2315
PCT/ USO®) 88¢Ch g foleWsi ne, bi pyridine, tetramethyl et hyl enedi ani ne ( TMEDA),

or fsiethyl am)nﬁempé&ﬁm&gsc&&gp&g;ﬂ?wgg%nqlaenes having from4 to 40 carbon
atons. Conpl exes including the " groups, especially termnally

hydr ocar byl substituted-1, 3-but adi enes, iRftcl ude those wherein the netal is
in the +2 formal oxidation state. In the foregoi ng preferred enbodi nents A)
and B), when p is 2, qis zero, g¥,NS_li + r #A)formal oxidation state,
and X is independently each occurrence eraply is chloride, methyl,
benzyl, trinmethylsilylnethyl, allyl, p yI—dXpXWwo X groups together are
1, 4-butane-diyl, 2-butenel, 4-diyl, 2g8-di methyl-2-butene-1,4-diyl,

2- et hyl - 2-butene-1,4-diyl, xylyldiyl, or

(di rnet hyl si iwhewend )idi Gfoup  mydta i) is ih mepae#mrnacfomﬁbadhmmsﬁtd\) and B), when

is 1, i t 3 f dat
Brlefser abﬁyl,S?C#@%W&%&?ﬁﬁ?ﬁ%éﬁ?ﬁg@%@ o ﬁ?‘f@ﬁ’? hyI)phenyI
aI |yl , bydrogattyddxlylrydrodarbyh iétfydrocartiyleminoblydrecatis/, Am&dcﬁmylmm,rhyﬂrdc&bﬁoxg is
t t
1 4 ilode1s, P DG S hod B 05 U 8 g ot o
preferr bxﬂrwnwrefmm aptixmaldy, tgo Omanmﬁ‘@anpnfrmﬁ)thmme osfiffiertnt methlvemplexmul as:

a. i ~ ~ N Si z NC(CH3)3 ~ CH3}~\ Ti (R~
/NC(CH%SMYLG% e}ltl}llmﬂ&%fgh CH3) 3 vvhle_Dre R'C( |s) met h?l( p%lenyl t(()I yl or

n- butyl phenyKR uﬁeptrndemb'l eactogceumedniag is, ardikyi, 2y ltwo RP gnoutshygesher fdnmmtdwdlenor two R
groups ﬁﬂﬂ&ta%ﬁ ity 6Pa l(aléb‘%} silyl- substituted derivative thereof, said group containing from 4

25  to 40 atoms not counting hydrogen, and comprising at least one aromatic substituent, AR;

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising
nitrogen, phosphorus, sulfur or oxygen;

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of

30  ligands that are cyclic, delocalized, n-bound ligand groups;

X’ independently each occurrence is a neutral ligand having up to 40 atoms;
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(di met hyl silyl ene)bi s(nmethylene); and R is allyl, 2-(dinmethylam no)benzyl,
1, 4- pent adi ene or 1, 4-Bi phenyl -1, 3-but adi ene. I n the conpl exes 2§ APRe2004
formula Wodiisamd 1A2'° the titaniumnetal is formally in pheusd/AB4s
oxidation state when R is allyl or 2-(dinethylam no)benzyl, and in the +2
lc:)xi dat i ?n st gtp&s xdnxg n oR2, zini imj-lfvg Iﬂtaﬂdlixqefﬁﬁnaﬁ)bxi&a}t%n Bliatalrwwy{vh&x ﬁiﬁg_taaﬂin&ne- )

or preferr odiynent,. .iJlustrative mefal conpl exes according to the
present f‘ ‘K}‘gh‘f"i%g“?f‘ef‘R@Fﬁﬂ@."&’t“ﬂ@a‘)“s&fi'ﬁ”P‘S"2“ AP R 2004 WD O1/ 12315
PCT/ LTS00/ 316 gibzero, 1 or 2.
di chloro(N-(1,1-di et hy] et hyl )-1, 1-Bi phenyl -1-((1, 2,3,3a, 7a-rl)-3-(1, 3-di hy
dro-2H i soi ndg$ @9@%"—“ {Sﬁ‘?sr%lé‘%\sPT—“é)LP%%‘P"a‘?i Hat0- (2-)-N-)-titanium
{N-(1, 1-di nethyl ethyl)-1, 1- Bi phenyl - 1- ((1, 2, 3, 3a, 7a-rl)-3- (1, 3-di hydro- 2H
i soi ndol -2-yl) 1Hinden-1-yl)silanam Aat o-(2-) )-titani um di net hyl ;
(N-(1,1-di methylethyl)-1, 1- Bi phenyl - 1- ,2,3,3a, 7a-~) - 3- (1, 3-di hydr o- 2H
i soi ndol -2-yl) 1H i nden-1-yl)sRFanap ral % -)-N-)-titanium
bis(trinethylsilylnmethyl); (N ( 1, 1\ginsethyllethyl)-1, 1-Bi phenyl - 1-((
1,2,3,3a,7a-rl)-3-( 1, 3-di hydro- ' MXp¥%['q)
1Hinden-1-yl)silanam nato- (2-) - N/
(di mét hyl si |l yl ene) bi s(net hyl ene);

(N-(1,1-di net QH&@W%'a_)Gréue;%f %ﬁgﬁ;@ﬁl# inthd §2 43 °§’Z‘g‘%’§’zﬁ°§‘ld%’?‘§’ &4e.3- di hydro- 2H

i soindol-2-yl) 10 1Hin anam nat o- anirdm (11n

2- (N, N- di net hyh pribna)bag exdy: :

(N (L 1-di et by St i) éach courmence s 1Y 0084 bydrogubyl hatohydrocabyly | i1 o- 21
i soi ndol Wysraepylpxyhydessarbyl. dihyarpeashdaminehydrocarbyl, dipydrecarbytaming, (| n

1, 4- Bi phgiicarbyRilfiUdrastyRRRarbylsilylhydr i

di chl or ohlgg ( cygl ghexyl)-1, 1- éi pﬂg)r'\y?c-aﬁ.b-y% %rf‘,lpz?fSﬁ,o??a,l t70a8-0rai0 -s(' 'll?tf-og?tf?ﬁdr o- 2H
i soilfdolLysragey, of further qptigraly: | or 1oreiR agropstfeany the yame. or different metal complex

(N (cyclabesidlentyl bokd8 dapamet! - 1- ((1, 2, 3, 3a, 7a-rl)-3-(1, 3-di hydro-2H

i soi ndol -2-yl)-1H i nden-1-yl ) sil anam nato- (2-)-N-)-titani undi net hyl ;
(N-(cycl ohexytd sBiR%Bi phenyl -1-((1, 2, 3, 3a, 7a-rl)-3-(1, 3-di hydr o- 2H

i soi ndol -2-yl)-1H i nden-1-yl)silanam nato-(2-)-N)-titanium

bi s(trinmet hyl &Y indeperddanty pachdbcurrence is Cs 5 aryl or two RP groups together are Ce o arylene;
(N-(cycl ohexyl)-1, 1-Bi phenyl -1-((1, 2, 3,3a, 7a-rl) - 3- {’1, - di hydro-2H

i soi ndol - 2- yl Y ig-48-j -8R %; SPRFgbhdinani nat o- (2-)-N-) -ti tani um

(di met hyl si |l yl ene) bi s(net hyl ene);

(N- (16ycl ohex VR indeptnddniynency bechrredck, iRhydirapan, boa fejnberselkctdd SbhhgaRdeabyl,
IZ??:Vncl\il?gllyaﬁ%o%{%éYléﬁ’ 'rs]f?gf,gngllqo%%gtgds a'uly"i‘,']\%ﬂ?gé‘x%&% agy%, a)nd %x)xbiﬁa{t}ogsn t grrg]o , lse{icli }lE having

( N- ( cycluphe§ hgnhydrogddi aodmesyy | - 1- ((1, 2, 3, 3a, 7a-rl)-3-(1, 3-di hydro-2H

i soi ndol -2-yl)-1H 25 inden-1-yl)silanam nato-(2-)-N)-titanium (1117

1, 4- Bi phenyl -X is3niznionid ioe disnionik dilgrol gréuy-havihg fip tbi GOmtdmy extinyile oflthd clbésof 4- M

et hyl phe; ks y Badde7a-r1)-3-( 1. 3-di hydro 2H
i soi ndol -2-yl') - i nden-1-y I Fan “(2-) N )-titaniunm (N-(
/o B 0 g el Ml & bond ey o,
i’ éZQ: Ln;é?gl %&_}hé%:gpéndemiy_ &EI’? g&hﬁ?ﬁc@(sl £ Qe%[yllli)gén]d_h(a(rin% hg t03403£3t‘6nzg -rl )3
i soi ndol - 2-yl ). i N 1. i i -(2-)=N)-titaniumdi nethyl.: (N
1, 1- di net hyIy tlﬁ%/ﬁ) ’-IW?Z%I g%?%{sﬁ%&%ﬁs&%ﬁo %—d%t(on ) ,gl,hgz‘av,h?'é- 122§ “-‘%(}/"('é (A
1, 3- di hjignsiorjabsent pniwhenX isla)dianiéniciggand groyp, pss 1;andni nat o- (2-)-N-)-titani um
bis(irimethylsilylmethyl); (N-( '
1, 1- di net hyl €thggry.-110r2. bi s(4- met hyl phenyl )-1-(( 1,2, 3,3a,7a-rl)-3-(
1,3
(di

, 3-di hydro-2H i soi ndol -2-yl)-1Hinden-1-yl)silanam nato-(2-) N )-titanium
di met hyl si | fDeMetabtompaxesgomsspopding taithe formula:



2 8 APP Q004 WO 0O1/2315 PCT/ US00/ 316. 15 (N-(
| - bi s(4-net hyl phenyl)-1-(( 1,2,3,3a,7a-rl)-3-
i soi ndolwo-yer313H i nden- 1-yl ) si | anam nat o- ( 2-
2- (N, N-di net hyl am no) benzyl; (N-(

1, 1-di et hyl et hyl } -1, 1- bi s(4- et hyl phgnyl ) - ( 1,2,3,3a,7a-rl)-3-(

1, 3-di hydro-2H i soi ndol - 2-yl ) - 1H i nden- 1- y si lggpam nat o- (2-)-N-)-titani um
(I'1) 1, 4-Bi phenyl -1, 3- but adi erﬁg; dIC or o N (cycl ohexyl)-1, |

- bi s(4- et hyl phenyl )-1-(( 1, 2,3, , ‘Ei( 1, 3-di hydro-2H

i soi ndol -2-yl)-1Hinden-1- yI)5|Ianat‘o~ o N-) titanium

(N-(cycl ohexyl)-1, 1- bi s(4- methylgnyl) 1: ((1 ,3,3a,7a-rl)-3-(1, 3-di hydro-
2H i soi ndol -2 yI)-I H i nden- 1-yl) Si Ianamﬁato (2 )-N-)-titaniumdinethyl; 10
(N-(cyclohexylg 1- bi s(4- et hyl phenyl )-1-((1, 2, 3,3a, 7a-r13-(1, 3-di hydro 2H
i soi ndol - 2y YoareM in aGroup.4ymetalithat irdniheatdcor (4 fyrmal yxidationrsfatem

bi s(trinmethylpt

(N (cycl Ohexylfé)#nﬁi_éﬂé?%epbsf% dach occhx{/rf:% els l;ydgogfn, O(a h§dr§carbyl , halohydrocarbyl,

3a, 7a-r |hydmcﬁrkylsxﬂww@nmdmgdwmbnu@hydrocarbyl dihydrocarbylamino,

%’L“) ngﬁ];/ﬂl?gﬁaﬁelﬁgl %%ﬁﬁlﬁ[gﬁl?yd)oc&‘}%%{)%}'ﬂoﬂ Eo 80 atoms, not counting

L- bi s( 4-hyéroggn, ghéﬁwx)omor(a(ly,zwg oBMgrg Rf‘egrwgsfon(me Samfi drydififeyerR phetad opmple - 2 15
yl)-1 leﬁ%}&vz}{é&@qlm el&@{.o (2-)-N)-titanium (111)
2- (N, N-di et hyl am ho) benzyl ;
(N- (cycl ohex yﬁl is.adivalent moigtynbaung rMetiaa govalepy or coordingtg/covalent bond, comprising
7a- 11} - Jofoh, &ﬂh&ﬂw f Gfdup §Qbﬂq9i>era)dlc 'gable of the Elements, and also comprising
yI)-IH-|nden1yI il anam nato-(2-) - titanium (I1)
1, 418 piéFseen,ph QFPMP‘@H@T oxHgerk| or o( N (
1-di met hyl e hyAn anfonie 1) ﬁc(ér olip, %{hxﬁooﬁ}sﬂyé )thalm(aé 1ést%n§o€t%n2ﬁc X§ (

1,
13d|hydro 20 2H i soin H i'nden-1-yl)si |l anam nat o- ( 2-
N)-tit dnaligydsilylmethyl, having from 1 to 4 carbons in each alkyl group, or two X groups together are

(N-(1, 1—(3&*,@;},@;,1@537%&()“&1, ikadi s(4- n-butyl phenyl)-1-((1, 2,3, 3a, 7a-rl)-3-(1, 3-
di hydro-2H i soi ndol - 2- 5’,-1I—|-| nden- 1-yl ) si | anam nato-(2-)-N—)-t| tani um

di net hyl ; (N-X indepenge qqgflr eacaence s a ientsald ewishagn gopineledhedoydinated to the

1,248, 3%1e?ﬂt6ﬁ1ble§ar(d bhvidg dp B4 Rorsd:]

i soi ndol -2-yl)-1Hinden-1-yl)silanam nato-(2-)-N-)-titanium

bi s(tri met hylpsish wt sRblyl ) ; 25

(N-(1,1-dinethylethyl)-1, 1-bis(4-n-butyl phenyl)-1-((1, 2,3, 3a, 7a-~)-3-(1, 3-d
i hydro- 2N i sqjingeb,-12r2l| ) - 1H i nden- 1-yl }si | anam nato-(2-)-N)-titanium
(dimethyl silylene)bis(nmethylene); (N-( 1,1-dinmethylethyl)- | | |

- bi s(4-n- but yih plh ef'tié Jorekoing pioféhe’cl edtboditents A); B)z(ndt)ﬁ*ldleWiél’p@efahbly

i soi ndol

2- (N, N 1ben lz) lé?]l_%-) Itgv?) eﬁ%‘i}l\é ogﬁb%rwim tne mtrog a)tom fc?rm a cyglroallprpat(lc grozlp, and at

1, 12@i nﬂﬁal!}dnebﬁtyxb AF Frolipbéonipfising Rtiy/d gfgteayt hulliple fing, aromatic group. More
1, 2,3,3

o nitoP" A, 15 Belyainent i o v st i e imapr o o

1, 4- Bi phypciydliphatis-goanpaakingie A group, which is a C(,zo aromatic hydrocarbon group is fused to the

il or ML SHEL UG Moo BbS MmO WNER s el st hd 3
( N- ( cyclestupx Ekampleshof tieSorégaing) LNER “pipeoups )ncludé,( ﬂ,3-am§dr3a1-lﬁom)iol3}-ﬂll 3:3g4-hydr o-

125 o M SR A il S, (b0

(N-(cyc bcﬂzeﬁeﬂalsc)mdbl-z-ymlszcm{eubhuciyd-pﬁmayiolg]isoqwﬂolﬂaa Bal,2,3,4rtgtrahdiol2/8- di hydr o
[JIZSH( ![ f?lrb%g nm&)q in lr%e,lth EE 94]tet¥ah;'§ro-ﬁp genzcr)]ﬂilsoqgl %lﬁeNi %'1 }it ani um
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Sy ot gl QYo I bis i funhoindl- 11,2330 70 301,23 4 tsraydro-2(1ED-

benzo [ d e}qqsmqhn)fhblli{-m@(xa 3yb)sildrjamindto-@e)ei)-titapivns (ITx2-@¥NAdimethy Bmino)benzyli t ani um

(d| thylsily 2

beTBsob) 31605 Gxg'%hefg'qﬁd‘hms‘gﬁe‘%‘ﬁ‘%hef“ﬂ*i%&18205 g%zf‘ e lﬁi%?* ‘é“lag’(‘%° HOED-

1, 2, 3, 3dsoqainblinyl3tH-irklen-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

benzo[ de]i soqui nolin-2(31~-yl]-1Hinden-1-yl)silanam nato-(2-)-N-)-titanium
(1) 2-(N, Ndi net hyl am no) benzyl; (N ( 1,1-dinmethylethyl)-1, 1-bi

s(4-n- but yI p hdieydrdANEC1(, (-dilneﬁ;yléihﬁ)aj, V-diphgny)-13¢1[,2,3,34;7a- -n)-3-(1,3-dihydro-2H-

b d Hind | t 2-)-N)-tit
Oy O PR SAB  dne eRiraR RE eBRE 1 5] A
s(4-28- but yI pl‘(BImIll)dl&re(hﬁ'leihyz)rﬁl-ai’ph&@}-[-l(()l 523,33, 7a-13-3-(1 3-d1hydro-2H benzo[/Jisoindol-
penzo[ deﬂ yl??ﬂqn en- 1- r])szlg.nam:nz% {2 )]'H-)ItRan?um ilimYetlzy?I | anam nato- (2-)-N-}-titanium

’( N ( cycl ohexxN)(i ]lrdlmlétl@(cﬂry'l) buatfhmanydl)zslsaualn)a -Q,Bdihydo-2H)bedzd[flisbiadeto| de]
i soquinglin 2(31~- l 1H i .nde si.l anam nat o (12 )-N-)-titanium
di nmet hy|2-yl) -1H-inden- l-yl silanaminato-(2-)-N ) tltamum bis(trimethylsilylmethyl);

(N-(cycl ohexyh) ]l:-élmla (eﬂ,yn lb}lhl‘é'l_:&@ﬁﬂﬂl 2313a(,3(a1n)23 d,3&h (ﬁo-@l‘[)begz fsbindol-

benzol dr?]e{ soqui noI in 3/ ["anam na 2-) - -titani um
bi s (3@,— i 1}19 gqlqewlmej)shl@pa)mxnato (2-)-N-)-titanium (. methylsnlylene)bls(methylene)

(N-(cycl ohexy d\l)- 3)1 cilmt@{{l?feﬁ]y’l') PP-Bbbh&*}F f'-Ydl”Zl 3, éa('g 1%) 33(133”‘-011%?&5 L))? b%m{:oyﬁsomdol-

benzo[ de] i soquin

231 2 y1%y1x il indsori-sh)sylbyesinatoridn)-Natsariim (DY diaetiyiamino)benzy;
di t hyl si | i | ) : ] .. )
(R Cevel onexo o T QngFRIAN CRAbhen1c1-(01.2,3 38 78im);3-( Ixdibyiro-2f-benpaf fjsoindol-

benzo[ de}ylptdandent li-yl)sAfininatd-[2-kN-)ithatéum {H)y1,4-diphenybiiBsbatadiend- ) - N-) - ti t ani um
(I I Ié 2- (N, N-di net hyl am no) benzyl ;
yclohexyl) 1, 1-bi s(4-n-butyl phenyl)-1-((1, 2, 3,3a,7a-r))-3-[1H

benzo[de]lsoqw nolin 2(3~-yl]-1Hinden-1- yI)S|Ianam nato-(2-)-N)-titani um
(11) 1, 4-Biphenyl -1, 3-but adi ene; 20 diléhl or o( N-(

1, 1-di rrethyl et hyl) - 1 1- Bi phenyl -1-(( 1, 2,3, 3a, 7a-r13- (N, N-di benzyl am no) 1
H-|nden-1-yl )silanam nato-(2-)-N)- tltanl um

(N-(1, 1-di nethyl ethyl)-1, 1- Bi phenyl - 1- ((
1,2,3,3a,7a-rl)-3-(N, N-di benzyl am no) -1 H-inden
1 yI)sHanamnato (2) N-) tltanlumdl rrethyl 25
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1-yl)silanam nato-(2-)-N-)-titanium (di methylsilyl ene)bis(nmethyl eneg E
1,1-dinethylethyl)- 1, I -d iphenyl-1-(( R 2
1, 2, 3, 3aydafih3153- (N, N-di benzyl am noj -1 Hinden 30 PCT/US00/31645

1- yI)sHanam nato-(2-)-N-)-titanium (111) 2-(N, N-di met hyl am no) benzyl

1, 1- di et hyl % _

U5 g et ﬁ,m&x ( cl?}'négcgﬁ;‘l ﬂlglgﬁieﬂ,&l 1(1.2,3.3a,7a-0)-3-(1,3-dihydro-2H-

1- yI ) Si I'&n&ﬁ?ﬂlﬁ%{tﬂ@l Zd)-lfrlklr)demlt}é)tﬁllasmm(nhﬂoj(nl\&) Eﬁaphenyl 1, 3- but adi ene;

n0y -1 141 ndert SE T R E k335 ey S o SR Sl A 504"V
01/ 423151PP@W*UB@O&B&@@E!(OW()dirbtmamemyiim%tllyli B| phenyl - 1- ((

y| S, | 2ﬁar7nan3#)( {'cé(gl)exﬂ:) cf &geﬁi'lf}lg( E? ?5{8? ﬁ@p 9 QF 3 dlnydro -2H-benzo[fJisoindol-2-yl)-
(

)
N- (cyclidhindsd- )-ymsﬂhnﬁninhlﬁqyl)-m) ﬁt(anlﬁm%;s&nﬂﬁth?/l%ﬂylhl)et@{)( N, N- di benryi am no) - 1
i
(
i
|

d 1 vyl thyl silyl meth
Cycl ooy ey eREgYRRE flbPartvi -2 e e el 5 gisep e Gempaiiom vl - 1
nden-1H-ibensi yaﬁﬂﬂ&ﬂi@ﬁt@ (Q N-)- ﬁfaﬂmxb'(&1ﬁl@thymlylene)bls(methylcnc)
(di nethyIS|Ierne)b|s (et
(

N oy el onex NHEYchery PRSI 23 32 Bt i drong benBilisoincahnsy - |

H i nden-1H-MhenSi-4 98 ﬁﬂ&ﬁ'ﬁ&t@-éé’-ﬁ-}' Naﬂmﬁ'n '(ltlﬂal-(ﬂml (ﬂnké?hylammo)benzyl
2- (N, N-di net (Kll am no) benzyl ; ohex phenyl - (1

,3,3a, 7a-rl )(cy;lf(ww dhltfbwyylér« ;‘,34,744!1) b?rrdmaysm 2H-benzo[fllsomdol-2-yl)-

P =4 o T 1 e SO i

[
(
)
c
2,3,3a,7a-~)-3-(N,N
b
1
3

y
di
1,
I b i G A A s
di

H
N-
H-

18N, WWW@MI%})!I)-_HH lﬂ.dﬂ-mlﬂdlsﬂarmmyia)(s@}.)m (2-)-N-)-titanium
aI r7r§1t mll) 3-( I\(li-égdolg%ﬁ?fgmﬁ‘,) qtlk%{é(ﬂ_’methylplg yﬁ)—l ﬂ?,tztyia%-nr}ybj 21 ,31-d|f1)('dro ’2%! 3,3
Hi ndenb@ﬂz?[/)lmlﬂ@hw)ﬁﬂi-md@m%’l)kﬂa)mnmata-m-mm)ammmmldmmhylt silylmethyl); (N-(

;: % ad'r F?t Qy'( K}“R!azdggﬁw%mg% ﬁOBIS(%ch% (1 5 S(I‘a 715-15-3 (lgﬁ—dlhydro-ZH-

H- i nden-binzg{f)isiindah24yl)nid-inde21 Jyh)Bilaharhinatd(2-)-M-)-titanium bis(trimethysilylmethyl;

(R BT 1Y o e b R e ety oy R ity tphemyDn (5 2. 3ap- 35 hadibdrp 28 5, -

| benzyl denzof)isoirdol - Mbrﬂ-}ﬂemﬂéﬁ $4yl)amam1iﬂaw2-§-&-»ﬁt&hihmti tanium (111)

2- (N, N- 1,1-dinmethylethyl)- |

,1-bi s( 'Wg{h%ﬁl’aﬁgﬁb (?e%yté(‘é)r 2 3,3 a, 7a-rl )-3-(N, N-di benzyl ani no)

%H;l i gden 1- ylaygi I ainagthytathgp1 A- t)ls(lt»lm)ethtylphafyu)um((,lm 3a,7a-n)-3-(1,3-dihydro-2H-
I'p

di chl orgfﬂé%éif’m%fiﬁgxsd})ﬁT%i“'i'lygf%“mﬁ?/ﬁ)hB’FNFQ‘P'“‘P(@DQ ANy 7a-r))-3- (N, N
di beﬁzyldﬁmthm)mxﬂddberﬂglen 1-yl ) si | anam nat o- (2 )-N-)-titanium
(N-(cycl ohex 1-bj s(4-nmethylp gg
Y S o Ty b empthut ooty 1 2.3.30. 78 301, 3-dihyaro 217
nden- 1bylzpFlidoitider2HHi191-{nden-1 -1,3-
i glyl) o 1-[9% s(ﬁ]a?re t?‘;?ﬂg&d;ﬁ%%@)ﬁ)&ﬁhhﬂb(ﬂ)l4dxphenyl 1,3
3, 38YRLENF ) - 3- (N, N-di benzyl anino)-1 H 30
nden- 1- yI)S| I anam nato-(2-)-N)- tltanl um bi s(trl met hyl si | yl met hyl ) ;
N-gcym ohexyl£ - bi s(4- et hyl phenyl g 2,3,3a, 7a-rl
N, N- di b8ig k?FO&NT(ﬁxf)lohfxw del me Vlybfmy riat R138.76m)33=(W3)dibydrerdHum
met h i
N (c Cl)flgibﬂ/]ﬂo?ﬂ@l)—ﬁyﬁ-l(lgi(iffhﬁde fgﬁgﬂgnamm?tg ) I(\I() -titanium;
3,
n-

2,
d
34
di
2,3, 3a, 7a- fl‘iﬁcymhmdu bészsﬁ-@nﬂhwpyenyl)ﬂ%(l 2,3,3a,7a-n)-3~(1,3-dihydro-2H-
d
(N
2,
nd

"N e R B30 b1 O b AR pldoi g 4215

- PCT/ USOO/316 5 (N-(cycl ohexyl) 1, 1- bi s{4- met hyl phenyl ) - 1- ((
3,3a,7a-rl)-3-(N, N-di benrylam no)-1 H
n-1-yl)silanamnato-(2-)-N)-titanium (I1) 1, 4-di phenyi -1, 3-but adi ene.

i
(
1,
i
(
) -
(
(
1,
i
2-
P
1,

i nde
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di chl oro(N-(1, 1-di net hyl et hyl ) -1, 1- bi s(4- n-butyl phenyl)-1-((

1,2,3,3a, 7a-r1)-3-(N, N 28 APR 200
di benzyl s aypsisH | nden- 1-yl ) sil anam nato-(2-)-N)-titani per/ubddfieds 1- di
met hyl et hyl ) -1, 1-bi s(4-n-butyl phenyl)-1-((

1,2, 3, 3a, 7a- 1 \N-(SrclobkAy)el, i-bis@mydtipyiptieayl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-

EII'_H;LI gﬁﬁg?%g#@ I8, ?ln%nliqg lg%eg%r&lﬁuw&rwﬂg{t%ﬁrg %m{mmeth;sxlylmethyl

1, 2, 3, 3abis@riméthysdyltyt; d| benr yI am no) 10

1H i I nden- 1-yl |Ia tanlumbls(trlrret(rjl)ﬁlsuylrrethyl)
-dl

(N-( 1,1-dime Y&@ﬁw) =gl ‘TS(BTWWIWCMI ¥ ahg3. Jan)-3-(4,3-dihydro-2H-
1,2, 3, 3ab&@o[f]hsbmaol(i\&lwﬁhk&ﬂhyﬁﬁﬂhﬁeﬂnam{z-)-lw-) -titanium

1H-|ndn1 )S|Ianamnato(2) -titani'um

(di net hyqdé‘?‘ thylsitydeppibis (mee¥gFlne) ; (N-( 1,

I1 gl geg gy;:t HN Icgéloﬂex h 1%&14-‘?:1;&1?%1&@?‘%1%(1%& $a,7a-n)-3-(1,3-dihydro-2-

1H i ndenbeﬂzgm;semﬂ@lr?ayﬁ hﬁtmsic(n-z =y))silanpminiatoa@i)ee)-tikdnium (1) 2-(N,N-

2- (N, N- daifetnl lg,g enryl (N-( 1,1-dinethylethyl)-1,

| -bi s(4-n-bu phényl)-1-(( 1,2,3,3a,7a-rl)-3-(N, N-dlbenzylamno) 15
1H iden- 1-yI &‘b(qyelnmhdtldll((ﬁl)etmp)wwll b33, 34, Ta-n)-3-(1,3-dihydro-2 H-

1, 4- Bi

di chl Ofg%ﬁgd([g&mﬁaﬁ%@ﬂ §ﬁ frdgn- YDsipnaminato () Sfanium (@B Laxdighegyl-L3- y 5\ N
di benzy‘?uéﬁrﬁqnﬁ,o) 1 Hi nden-1-yl)silanam nato-(2-)-N)-titanium

(N-(cycl ohexyl ) -1, 1- bi s(4-n-butyl phenyl )-1-((

1,2,3,3a,7a-r1)-3-(N, Ndi benrylam no)-1 H 20

i nden- 1-yl ) si dlm&bdl@@ﬂn)'lemy))-lti-bla@ll-njhutyllphatybyll-(;(l 2,3 3a,7a-n)-3-(l,3-dihydro-

(N5 2 Bebit 4 el Rl o
.( d?n 1I yl ) siMafiardimathgle(iph I ; lbbls(mmmpumylbus«m B,Havdlﬁ) s,y amwtteyin-;
cycC

1,2, 3y3z§’%9;)9r{‘|5% %FXMP"S%’HE?’?’%L?B%TX‘E‘(%&% -titanium dimethyl;

nden- 1-yl ) si (Na1 cindi mathleth?h)-) ;1Mbig(4-n-buyIpteay1§-0 (62, 594, %d-h )y 3-enNehysbmerhy | ene) ;

2( gygg)ohe lﬁ%mé'l %ﬁ fngghgybékﬁ%ﬁ@ﬁz&-ﬁ-&mmm bis(trimethysily!methyl;

ndeo-1-yl)s |(Na(nﬁm|maﬂh9letﬁ1?l)-) -1%%4—'&#%%&83&6 -11¢{1)2,3,3a,7a-n)-3-(1,3-dihydro-2 /-

- (N, N-di %/Iacgplno benzy

N- (cycl® ?&% gmdol-2-y)- k- H‘d’fP brbsleptaingtoy@-3-N ) titanium

1, 3 3, i:z@dlli?tuyls)lyﬁne_()ﬁik(mefbwza@é)gyI amt n?) 1 H oh 1 3-but adi

I hden- 1- Sl .hat O- -)- - anium enyl - ut adl ene.

For pref gr r edkgnllrﬁg]dﬁ"ﬁéﬂf’tgﬂ | qulﬁ(ﬂrgthuaﬂﬂh?@lhét(él’z %&ﬁ'ﬂ @x%él :f'ﬁ’(bb’@réézﬂ-hose

cor res pQ&GﬂoD’QsdianoBQ—yl)h@I-fn@éd—DW)Q%MH&M(@;—N Pmﬁmﬁ%( O)( V@}N (R~ NS (\RF~
2 8 APR 20 01/ 42315 CH3 N.

%m‘i%%‘%éb%%l (RNc’( c-rrl?,}?t w% (the (1B4) Si (RF~ NO(CH3~ ~~~ ~Ti (R~~
(l BS) CH3 (| BR)(1 3ldirhERRyiedNf- Chihispa-tibufylpnkay1f-1 B8)2,3,3a,7a-n)-3-(1,3-dihydro-2F- -
benzo[flisoindol-2-yl)-1H-inden-1 -yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-
butadiene;

30 dichloro(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-1)-3-(1 ,3-dihydro-2H-
benzo[f)isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[fJisoindol-2-yl)- lH-inden- 1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
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Si (R~ NC(CH3)3 ~Ti (R~~ PCT/US00/31645 (1B2') N Si (RFyz ~N CHS? y,R G
CH3 FNSi (Rh CH3~ NO(CH3)3 ~T~(R~ (IB3') (~4~) CH3 (IBS) si

NCHS R5z NC(CH3)3 ~Ti RJ ~F~ N Si ~F}~ 3)3 ~~
C( )%]dvzﬁf(}g}a( ot (Fez 1A 2 )8 APRI 2002 WO 01/ 4I2315} CI-lBFé\*‘(@@O’%164|§|~ ) CH3

F 92 cH 13 f}@e isfA- AR0Q). O where
RF |)s phenyl (N% 3}’15:'1"3 Ust%zbu?q:lfﬁesgﬁgéa%i 4- to:?’iéql@-f)}rﬁ %Olr?)f%utgl phenyl ;

R is n@?‘ﬁ—?[ﬂl%ﬂm‘i ﬂﬁé)rﬂirmﬁn- inglo-@ug¥- Rtltagwaul?jg(umgéymkn

(di met hx]sghh,g{hgglg)hpétgﬁrret hyl ene} and R is allyl, 2-(dinethylam no)benzyl,
1, 4- pent adi ene”or 1, 4- Bi phenyl -1, 3- but adi ene. In the conpl exes of the

formul a | B1l' (Nt(Epclohexyipl,1-bisghn-butyligrenyl)-Bi(1,2., B77a:n)einl 3-8bydrot2#e i t ani um

metakl i bhRnt 18\ is allyl or

2 (af meP R R 2 0, iRinkich S URRAR I MRERR | 2 DY R

1, 4- pen(thmﬁfémbllﬂpneibiﬂ(mthphe@yI 1, 3- but adi ene. IIIustrative met al conpl exes

Foeort na o TR Chifko SURUBRIFR ALEPH B0 bR

enmbodi n’bmzo[ﬂlsomﬂob-myl)dlfb(nﬂbx(-l y1)§11adammamt(y4)m-wia)1mm (ATI) 2- (N,N-

1- Bi phe arre hyl-r

cycl gpeﬁ%‘"zfg'yl%v F¥hani nat o- (2-)-N)-titaniunm (N-(

1, 11ali i net hy ns«bydloheiym Blenbyohiyty. AR 7ai)-uic-ahgarsadi-eny|) si | anam

I nat o- I, me . 15, I .

(N3 Bienidapidl Ay el g inator o Ry (D & feBhoMe b eny ) si 1 an

am nat ob¢tadignelN- ) -ti tanium bi s(trinmethylsilylmethyl); (N-(

1, 1-di met hyl et hyl ) - 1, 1- Bi phenyl -1- (tetranet hyl -rl - cycl opent adi enyl ) si | anam

nato-(2-~ N-)-titanium (di net hyl silyl ene)bi s(net hyl ene);
dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-

15  benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato~(2-)-N-)-titanium,;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-
‘benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium dimethyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1n)-3-(1,3-dihydro-2H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyt);
20 (N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(1,3~dihydro-2H-
benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium
(dimethylsilylene)bis(methylene);
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-
25  dimethylamino)benzyl;
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[e]isoindol-2-yl)- IH-inden-1 -yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-
butadiene;

30 dichloro(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium;
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2 H-benzo[e}isoindol-2-yl)-
1H-inden-1-y])silanaminato-(2-)-N-)-titanium dimethyl; '
(N-(cyclohexyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3<(1,3-dihydro-2 H-benzo[elisoindol-2-yl)-
35  1H-inden-1-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl);
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(N-( 1,1-dinmethylethyl)-1,1-Biphenyl-1-(tetramethyl-rl-cycl openf adi en;s[ﬂm
| anami nato (2-) 20 N)- tltanl um (I'11) 2-(N, N-di nret hyl am no)benzél

(N-(1, \Q, ElMI;et hyl)-1, 1- Bi phenyl - 1- (t et r anet hyl -r~-cycﬂ,@ﬁg§60¢gkﬁ1yl )sila
nam nato-(2-) N )-titanium (11) 1, 4-Bi phenyl -1, 3-but adi ene;

di chl or o( N ( A gga@exyn)q 1. dip B PORRY 3B b8 BATBLIM drd-bHE¥APRRBkAd2RY) ) Si |
anam nat o- ( 2- )-titaniuni

(N- (cycl| Bendgr-y-yhsilengnigprer3) b&)—(ltaewma(ﬁmeﬁwls:lmen@y@(r@@@m@m enyl ) si

| anam nat o- ( 2 aﬁﬂi
(N-(cycl ohe§<y (c%ghcglé)%l - %ﬂ (1 Q%lbgﬁét?ﬂ Tl,) 3( 3 dll@fdéo %Ir{tbgrézoéﬂlsfnfg?llz ;im' nat
0- ( 2-) - N-H-inden-ayvl)silandsiggto(2-di-htitaniuiny (T IHet- mN)dmetﬁylaml@)t@nAPR 200 WO
OL/. 1231 PCT/
(- ( Byl ohoxy PR RE ectphenyt ) 2.3 38 RSt S s RS OLAI PP st na
0- ( 2-) - N-H-irdent- &m)ulam(rninam{(zry-n\sj-htyhnmne()lbl S(dli’;ﬂibilb}“ leam)tadlene .
(N-(cycl ohexyl ) -1, 1- Bi phenyl -1-(tetranethyl -rl-c ycl opent adi enyl )si | anam
inato-{2-)-N-~ titanium (I11) 2-(N, N-di met hyl am no) benzyl ;
I( N-(cycl ohex;z/di%hioll\:f(&@;lpdiﬁqammeahly()t letj:bla@aﬁ'4 &lyiphenylgy o lﬁmﬁei(ijwﬁd)-&m%?)dﬁ%ydro-( N (
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di chl or O(I\I‘(C?\CIIOI]&WIh)erﬁmy? 191- sle(hnwt}hyﬁeabsny(gn)z 334 faH)-2[Bw3a, 7a-rl)-3-(
1-pyrrolidiny 1. H.i )si | anam nat o0 ).- -t1tani um
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2,3, 3a, 7a- 1 - gl%léggﬁ‘gel'&{) by F’?ﬁ‘r‘drzc? S ByP PN 1dbepzylpmino)-1H-inden-1-
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1H) isoquinolinyl)-1Hinden-1-yl)silanam nato-(2-)-N)-titanium
di met hyl si | yl ene) bi s(net hyl ene); 25

N-(I,1-dimethylethyl)-1,1-bis(4-nethyl phenyl)-1-((1,2,3,3a,7a-r1)-3-(1,2,3
4 tetrahydro 2( 1 H-isoquino | inyl)-1

zerzel ZZHEQE<
/_\_'D vl\)_\l

\</-\\</'\

D. o i—‘
> 7 IH_UZ z7
a8

_*I\)

o wm o -
_Oz

z

(
1,
(
1,
p
(
(
(di
(
(
1-
(d
(
(d
(
1,
1
1,

Q. w

(
(
yl

B
-d

(
(
(
(
(



| Hinden-1-yl)silanam nato-(2-)-N-)-titanium

(di met hyl sil yl ene) bi s(et hyl ene); 30 28 APR 2004

(N- (cyclwbeambiisl, 1- Bi phenyl - 1-((1, 2, 3, 3a, 7a-~) - 3- (1, 2, 3, Fetresoomhydr o- 2( 1H)
-isoquinolinyl) 1 Hinden- | -yl)silanam nato-(2-)-N-)-titanium (di nethyl si
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i ncl ude ea‘}zf’ H%BI %ﬁ&' 'B‘ﬁ‘ﬁ’f -¥DslionamyRalpoh e WEHEMS | and cyclic et hers,
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publication, W98/ 06727 (LTSSN 230, 185) filed July 28, 15 1997). The

conpl exes are rendered catalytically active by conbination with an
activating cocatal yst or use of an activating technique, such as those that
are previously known in the art for use with Goup 4 netal olefin

pol ymeri zati on conpl exes. Suitable actjvating cocatalysts for use herein

i ncl ude polyneric or oligomeric alundXanes, especially nethyl al unoxane,
triisobutyl 20 al um num nodified nethyl al unoxane, or isoburyl al unoxane;
neutral Lewis acids, such as C, _30 hydrocarbyl substituted G oup 13
conpounds, especially tri(hydrocarbyl)alum num or tri (hydrocarbyl)boron
conmpounds and hal ogenated (including perhal ogenated) derivatives thereof,
haV|ng fron11 to 10 carbons |n each hydrocarbyl or halogenated hydrocarbyl

o o o o T 1 o o,



2 8 APR 2004 WO 01/~231~ PCT/ US00/ 316~5 conpound having from1 t%BZRPR 2004
carbons in each hydrocarbyl group, especially

tris( per\tvgfollijlgphenyl )borane further conbi nati ons of susdr/osielsigds Lew s
acid mxtures with a polyneric or oligoneric alunoxane, and conbi nati ons of

a single neut(Nadl M}Pmyl@mym 1%&(@!%@&1&&911)&((9@1\,3 34 ihuﬁy sphsatyiRozRNe Wi th

a pol ymeric or oqlégomerl c” al unpxane are especially desirable activating
cocat al ﬁ@@[ﬂllml@i rybl Hrisden-1-yhsijagamigatoc gus)-Htapaim) :

conpl ex fdbanRByEAY. bor ane: al unbxane are from1:1:1 to 1:10: 30,
nore pre era F‘“g’? c))mal ?’91 "to 1:5:10. Suitable ion forning conpounds

useful as codHE(a\lly@mstthnthMlhé lehit{dartmeylphesy )1l HEL 3.5 &h1)-3 k& 8thydre-Hénpri se a
catin hdonahiigam Rpeten, and a
o R sy g S i P

" noncoordinethylpmigpo)baezyhs an ani on 10 or substance which either does not
coordi nate t f I+ Ml r L0 e

catal ytic deﬁthf/le.al |’°\C/%égt§glflé¥1gg t ls(ggl%u gm:?ﬁ e([;)l?l )ﬁh(lﬁg%ﬁﬁ?&a fwi %k‘ﬁggc%%rm nat ed
to such bemvg]:emmdbl-myh)nHb;ndexemyl)mlangnmatbf(éi)ém-ﬁganiuatﬂll)é 4t-d1pkmyld1,3pl aced by a
neutr al %\AA s_base. A noncoordinating anion specifically refers to an anion
whi ch V\,H’él ¥Flfct i oni ng as a charge bal ancing anion in a cationic netal
conpbex does not transfer an anionic substituent or fragment thereof to

ani ons uh ch SRSt CHRIAatI B e PAP Y ARt o i EYSsRE © ©

conpl ex UdmwmmzqodlHa.maemmyl)sitaaaxﬁmmor(g-)m-p-htadmm red subs equent

Cont a1 ni ng. o GrAURE b F SRR EL ot BrG-0-tR GBBEAr | ng motal

or et altegtoffiSsifidodl W)qm-mab@nyl)alaaaﬁabdongm pétanivai digethipl char ge of the

actl ve catal yst 20 spec cati g d when the
wo Eonponent®-Eydoheryihi ﬁ'é’éF(( 'Nbgﬁ’lph‘s'%ﬁlhl éﬂr%#a3asﬁo'§%@**@ “ently labile

to be dipzplofissinddy-28h)eiH-Hdén-191)ila8hhidhe-@)N- ﬁ-ﬁﬁhwhﬂﬂb(&ﬁhétuysﬂmtﬂyl at ed

conpounds or other neutral Lew s bases such as ethers or nitriles. Suitable

net al s idFimgthysibilmetayle not linited to, aluminum gallium niobium or

tantal um SU'(NG(Q{«&oHEﬁmi |l%§€'§-n1bﬂ(giﬁl'|@ﬁyl)-b-|€(tl 2 52 THOR)-3-(118-bi8garb Q- bor on,

phosphorus, and Silic ounds cont ai nlh&g{ ani ons whi ch 25 conpri se

coor di naenzsfflisaingsl QWBSIHTGHFIH HDpilpngminatePo-Nrtiterivgt netal | oi d atom are, of

counge, (MalethylsNPiake)BifthelBire); Particul arly such conpounds containing a
si ngl e boron atom in the anion portion, are available comercjally

Preferably subHcxdehsrd)- yétbés(ﬂsb“b(b’hﬁ'@ﬂ)‘éé(ér?t%@ Wrhe Tyt gener al
for mil a'pefdofpissthact-AyB- ﬁﬂm%}ﬁi ?l)ﬁlan!tmmht% @-)neMtitalunt @l 2obase; (L*-H+ is a
conj ugat e Bronst ed acid a noncoordi nating, conpatible anion
havi ng dim¢thylameingibergyl; and d is an |nt eger froml to 3. 35 More preferably
Ad' correspo Held)- 1 QLoid-RoubyAnekN)- 1 (LT 8 Thn - £l 3-aiRy@o AR 200 VO
01h12315 Pdméo%‘?%lgﬁ)s bqgle‘is bgé,gﬂ Qgslr) a(an num |?1) t he +13yf8r mal oxi dation
st at2é; éaqmzomnsmméwaem inderedyhsilapemingtor(@9-N-3-titiajuactB d.4r¢ipkankl; B3 de,

di al kyl g ﬁ hal i de, hydrocarbyl, hydrocarbyl oxi de, hal o-substituted

hydr ocar by ehal o-substituted hydr ocar byl oxy, and hal o- substituted
5|Iylhydrocarbyl radi cal s (including perhal ogenated hydrocar byl -

o cal o) s A-deYay Bt BERARL IR S KVIRIERE. ot nore
t han oneenwiajisoiada -1l 1 il dd)silarmingle- )dﬂ-)ﬁmlml e hydrocar byl oxi de Q
groups are diRel sl el BRGILT396A%, 40 RuRig e of orrod

i ment, one el counter e negative charge
and is /benzoMrtsomédHZFgg)-Hdmaiea-llﬂdbﬂammmta-@-hlg—)bmm dhnediyl,ar e particularly

useful in the pr.e a cat | may be

repr esent ed W}@Hé{“ﬁ“g‘?} ‘8\5}1‘33 5 PFEP&‘?{ X@:Zfﬁ:faah- Lﬁ(-‘r%]é-(g’é&ﬁ?%mer ein: L* is
as pr eviver|iseiaddl2ed)-11Bindend o Rilanamirtd- amml)-tmlldabis@nmsmm@eylmted@l); and 15
Q is a hydrocarbyl -, hydrocarbyl oxy-, fluorohydrocarbyl -

f I uor ohydr ocar byl oxy-, hydroxyfl uorohydrocar byl -

di hydr ocar byl al um nunoxyf | uor ohydr ocar byl -, or fluorinated

silyl hydrocar byl - group of up to 20 nonhydrogen atons, with the proviso
that in not nore than one occasion is hydrocarbyl. Most preferably, Qis
each occurrence a fluorinated aryl.gré P, especially, a pentafl uorophenyl
group. 20 Preferred Lewi s base salts are ammonium salts, nore preferably
trial kyl ammoni um salts contai ning one or nore C, 2~ al kyl groups.
[I'lustrative, but not limting, exanples of boron conpounds which may be
used as an activating cocatalyst in the preparation of the inproved
catalysts of thls |nvent|on are tri- substltuted annDnlun1saIts such as: 25

o . s T . T o



N, N-di nethyl aniliniumtetrakis(4-(triisopropylsilyl)-2, 3, 5, 4
6-tetrafl uorophenyl) borate, 35 N, N-di nethylanilinium 28 APR 70
pent af | wpp ophmeoxytri s(pent af | uor ophenyl ) borate, N, N-di etdwytsooisliéssi um

t et raki s(pent af |l uorophenyl) borate, -62 2 R APR ?004 WD 01/42315

PCT/ US00/ 3164 (A Nsletipteyh -1 - dhptn’ .| (2 o1Bdactain 131 0dinydro-2H-

t et raki s(pent af | uoropheny borajt e, dinmethyltetradecyl anmoni um

t et r aki BenFelalisgindpboph Bayadenf ofstanaminaips2niAN naHasdist vi anmoni um

t et r aki g{ipemlAfiliHaaRaRMylehe)por at e, di met hyl oct adecyl anmoni um
t et r aki g‘%pen af*gg?oghegggl )e)bor ate, 5 net h%;:, di tetradecyl ammoni um

t et r aki s( pent®f(l delimpthelahyl)-1-dedipheayl- hd A3, 1 TedD3dd ScdipydrmdHi um

S AT T RER e con

met hyl ddimestiadexinb)lrenryhi um t et r aki s( pent af | uor ophenyl ) borate,.

nmet hyl di hexa l, apmni ydr. henyb)t 4.0 s (Rant af 1. phenyl ) borate, 10
met hyl di hexaggg@’llé{hn btﬁylg%]?d?'zilé 'ﬁ%ﬁgﬂ ﬁw’%g)’(%b?%e ?ﬁ?’?r#@%‘g%af | uor ophenyl )
bor at e, berebfa}isaindud-2adpe tdiraiend nilsitarkatnagk(2sX Notitanfunu@l) d ghdipienyl-bdr at e,

met hyl d'i)otcéiatgecyl ammoni um (hydr oxyphenyl )tri s(pentafl uor ophenyl) borate,

nmet hyl di fo[& 5aeecyl anmmoni um (di et hyl al um noxyphenyl )tri s(pent af | uorophenyl)
bor#@e, m xtures of the foregoing, 15 dial kyl ammnium salts such as:

di-(i- I ' t et [ t af I t

et hyl bt ade SPERDHATIIEE L B RERr L o A B Gre2

(rjrpt h%/l gﬁﬁraldpqi@cﬁwmnptP%Mﬁ@ﬂrﬁjﬁilﬁ?ﬁﬁﬁt@@hmn@memy' £l % borzgt e, and ot ed
i oct adecyl amroni et r akj, n r orate; d-S it ute

phosphoni um SIHEE -SRI ey PR POk PR e Bel s RS 2o heny | )

bor at e, hémal Di19shade NPy Gkahi L dirRé i t af henyl ) borat e,

aggat (rai (IgHGJ!Hdll rr%l'?f]yl phgﬁbﬁghosphoﬁﬁun?ttg?kgii( p((aneat ufrgfogggng{éo)lo[)sr :t e;

- Shbst | 1 ut GHHEYERReRY DA rRpea i b o 55 a0 SraayRRrAzole ool 23

tetraki s{RgdHnai- maWEMJ(Q-).Nommumcyis{éﬁnfcﬂiywiwmemyi)ym _

tetraki s(pent afl uorophenyl ) borate, and di(octadecyl)oxonium, |

t et raki s( pent(ﬁf(FXjféﬁbi}‘IbMdl?hB@fldt(éi,,Z’éihg Brll drddhydodF-benzglaliseindad-25kh as:

di (o-t 0'1Mhh&éﬁhﬂﬁﬁﬂliﬁﬂaxﬁiﬁﬁts-%i&%-ﬁt)gﬁ%jaﬁﬂ(Hﬁ{e&@m?béhé)bib@feﬁ%ﬁneﬁnd 30

met hyl cot adecyl sul foni um tetraki s(pent af | uor ophenyi) borate. Preferred
(L*-H) + cat i dNdcyplahenyd)-hytdithenylddébyBaatam)drit driihydro-2H-benzo[elisoindol-2-yl)-

di hyl, G ec. ffﬂ%ﬁ‘i- Ny LRE & f o C hahebpenAi d salts as
ac':rlE é/at ilﬁghgegcg%{lg ysts!n#{g;)nr(2 d |W§Hﬁé%q)?n(§$%x§ftg%8§aggl yzgts is known in
the art, havi(Ngcyrbahexyl)-33+diphenyli ln((LB3,38,7861)-3803;dilydoil7-bgwolefsandl-29)-and
el sewherg.. 35 ApQL sui table i { RO ivad i ocatal yst conpri ses
a salt 5 lgg’egaf\?lgﬁlggi%@#gikg? @ Jétg‘ghﬁ{nqggldagh%l%ﬁ%é}??ﬁ |t{1hgetn?’ng, conpati bl e
ani on represented by the formula: -63 2 8 APR 2004 WD 01/.t2315

PCT/ US00/ 316 A = 1€ e aQx i abi POk L2.0X1 di i ent
havi ng a cha?igctlaifoc(‘)??((N éé,’ ﬁg"%glylaew}ﬁnlf ‘eg'é?“%‘r’“c‘)#ﬁ""? %qghi;%%&%é)ﬁj ijgﬁ%ag‘yg%e as
pr e2$ ougHybededélisothdoEX-yhy Heipdort 1 -ghsilanamipatox2-0iNz)-titgnivgent s i ncl ude:

ferroceni um rogar byl - s ti.tyted fan: i +! Rr.ef erred
enbodi nent s cgpy(i‘:l'cﬁ%tgylﬁ%@gﬁé?{feg??’se%ﬁ'rl@\? f’g'ﬁg%‘%%%e 'é\%pt’ﬂﬁrﬁéqsrﬁézcr: " to the
Br onst ederao|fisainddl-2-yl)- Nig-imdehd 1 w)silagmimeos(2a)-Nottsanives ecthyl;| y |

t et raki s(pent gf | yoy.ophenyl rate. T us f oV, S tivatin
cocat al yg!tO s F(l]gd{ﬁwgﬁﬁﬁlﬁmlé'q§6?‘§ﬂ§rﬁqt€yj?qe ﬁ)'gé“laﬁggﬁga'?)?'@oﬁyﬁﬁ'ﬁ%e art, )
et Lyt oot Wi o 15 STt f & catbeni um
activating coca i _

i on3&nd agnomdéflcﬁgﬁawlﬁ@}’)l)ﬂdnﬁgﬁ“l!ﬁﬂéy Mﬂﬁ'lf(gp%’ééﬁh'@dﬁW'a‘ﬁi@&P%I a: D+
A_ wher gifyolelizoiftdd] 2-)- G-ifdeh AN RAsHaHIRAQD-)-RDDitdhiurh S as previ ously defined.
A preferred Carbeniumion is the trityl cation, that is triphenyl nethylium
The use (@methylsildpep)is@erylenslam sal ts as activating cocatal ysts for addition
pol yneri zat| gg-@ﬁtﬁhxﬁkﬁmyﬁ-1510&%-&,&11;15&%@15.?148*323!,&{1&.%@,31&&9&@%:1 in

US- A-5, 350, 7 A further”Suitable ion fornmng) activating cocatalyst
conpr i s&enzalaliseipdakdywhil dirdend -y)sianamieto-GF-)-H-)itanym (I 2¥N.Nand a

nonggor dj W g tible anion represented by the formula: R3Si (X )q+A
V\heggi ngl@%ﬂ%riﬁg%drocar byl, and X, g and A' are as previously
defined. Preferred silyliumsalt activating cocatal ysts are
trimethylsilylium 25 tetrakispentaf| udfop~enyl borate, triethylsilylium

t et r aki spent af | uor ophenyl borate and et her substituted adducts thereof. The
use of the above silyliumsalts as activating cocatal ysts for addition

pol ymeri zation catalysts is known in the art, having been disclosed in

US- A-5, 625, 087. Certain conpl exes of al cohols, nercaptans, silanols, and
oximes with tris(pentafl uorophenyl)borane are al so effective catal yst

29
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atons, further containing two or nore Lewi s base sites; 2 8 AP’E éﬁ%
0L/ =t 2315 PCT/ US00/31 C:15 J' independently each occurrence is é giCl d
coordin ﬁl at least one Lewi s base site 5 of Z andP@WﬂS‘ﬁﬁ'BHd two or
nor e suc groups may be joined together in a noi ety having nultiple

et 2611 QAR5 4 R i RS LR R A B0 B b © . and

are integer rom is equal to c' Xx
d' . The bérmoEeq;mun@l-efy@alt}ﬁlnﬁsm-s-)stildnamtm@t-(éd-l‘bytmahmsdﬂhMrdﬂ@enﬁr1d35rzoI i de,
substit & i mdazolide, to imdazolinide, substituted im dazolinide,
benzi m Léa Fi%e, or substituted benzini dazolide ani ons) may be depicted
schematlcally as follows Rs 1+ ~-. N-N_ J1 A 8~ a R R wherein: R8 1 ~_ N-N_

RRE PR < L Tty OB e SRR e iy S Sﬁ
(r:nce)'? La: B?g(&'? g{'ﬂ Soégk?é-n%?almd&k-kw” pﬁ;o-(eapepgagﬂ;g,t " i canon,
i nde)[;endent I &Né%W%Wéh¥ H Eﬁé‘bmeﬁ%&PH%HBb‘ggh%éB a’H%I?'(d %w c%?'}by

hal ocar Bylzofe @dnﬂmdrygqanhmden-sLymilﬁuﬂlﬁﬁ@a&l}w-}-u@hm&i dlml:thylel ncl udi ng mono-
di- and tri E&dr ocarb not, counti ng

|
hydr ogen, devsiphexyd); PSI é R‘?!%}’IPH‘FTHDIJI «F% 3t3?:|7%'(1bé1ﬂ é‘F‘FhXS‘?"Oyﬁ'enyl ) bor ane
or ?6 ' Sﬁa‘ﬁgfeﬁ‘&hm-@%ﬁm’ lnh@tk-ll'ml)@ﬁ’aﬁﬁmmE?éqm)lNif-tlQﬁlumﬁﬁmfeﬂﬂdllyﬁﬁetﬁyl} Ivators

i nclude t rihydrocar byl anmoni um, especi a

met hyl bi s(t emad@wtayémrbhis(ﬂme@vlph@whyu 1 a,éée;g%mbé;ﬂ SAyderih salts of
bi s(t 16
bi ot 11 SRS R R PR PGV TN ) ge,
bi s(tri &ipethylsitylensibistimethylend)or ane) - 2hept adecyl i mi dazol i de,
bi s(t 3
bi o(t 11 o( pont i HRHEEREL bipeRERGhgy R I (b ASIER D P RSAEE:
bi s{ari bgmmmmmmphuhmdymmmmmwm ti@mum (1) 2-(N,N-
bis(lIrig ﬁ'tla"ﬁ ‘k} henyl ) bor ane) - 2- undecyl i m dazol i ni de,
ing)B %glh I O I O

bis(tris pe enyl ) bor ane) - 2hept adecyl i m dazol i ni de,
bi s(tri s( peniBi(tycmhepitieh-bistomagiphenyd- b{(52.83a.2en)-p(hi diwdio-Hide,

bis(tri e |, bor -4, 5- hi C 0 |4 i de,

bi o(t 1 SYBAURr TGP IR ER e Bap AR fnaiodz R0y ERLATRCH Ly hRag s 2

bi s(tri btpdeteaf | uor ophenyl ) bor ane) - 5, 6- bi s(undecyl ) benzi m dazol i de,’

bi Sﬁqu s(pent af | uor ophenyl ) al umane) i m dazol i de, -65 2 8 APR 2004 WO
2315 PCT/ US00/ 31645

B! s(tris( penﬁmeNdlbhdmylét)njalbthyhdel)bnmmdm;dgﬂehyﬁ-dd@cﬂﬁ,lﬁmzja-n)%-(1,3-dihydr0-
b1 o(t 11 erRERE AR A A PSR AR SRR, (050 e,

E: 22 E : : s( pgnv(gi(ll wﬂrmmaktﬁ)«ﬂluwm%)budmgwbyl)s({(emaamm»i -1 Adibpdro Q&-
bis(tri Eé%s@ﬁwﬁvﬁﬁa@“@%% ldﬁgﬁ"é‘%‘ ﬁ’%ég }"rﬂ‘%‘g' PRy Y

b SH1 3 beneet bebnc :{‘b“‘“ﬂ‘é‘”’?‘zw‘ﬂ"”‘%?‘e?m“
b1 o(tr 1 BealrSrdRD PSP Rcba Ra i 3t HE RS mﬂﬁavﬁaf;!}r%ﬁwae
bi s(tris(penteid, ll'@hﬁéiﬁ&ﬂétlﬁl% -3)1BTE8) bubylsheay e (112, 3 il WA ik gdro-22Rd

bis(tri s(pent af | uoroi))henyl al uman ) benzi m dazolide. 10 A

undec
f ur t her benzgkedisqipdolgiy a‘ﬂf‘é‘da%'tll‘y\»é’tl"r"ﬁ@‘"@@cét)‘jé'glEiagmf\'/‘hcI ude cationic Goup 13
salts C@‘ﬁ,@&?@ﬂﬂéﬂ%ﬂ,ﬁ(ﬁeﬁlmné)or mula: ~-MQ-ZL,~, ]+ (~. 3M Q) wherein: M is

al um num gal | i nd
(N-(1, l-dlmethylethyl) 1 ,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
benzo[elisoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-
dimethylamino)benzyl;
(N-(1,1-dimethylethyl)-1,1-bis(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
benzo[e]isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-
35 butadiene;

45-



15 M is boron or alumnum Q- is C-.ZO hydrocarbyl, optionally fé]ll%hl inbl,'t ed
with one or nore groups which independently each occurrence are

hydr ocar g @xdpsishydr ocar byl si | oxy, hydrocarbyl silyl am no, pcT/useos3i6ss

di (hydrocarbyl silyl)am no, hydrocarbylam no, di (hydrocarbyl)am no,

di (hydrocar byl )phosphi no, or hydrocarbyl sul fido groups having from1l to 20
atons ot her than drogen [r)% opt i onallﬁq, two or 20 m)reeg (?roups may be
coval ently Ii H!@E‘Br {frclobep) ’rTB’Is(“r'?fb‘l‘%lP hd -6h2AvrdamiSed Srigeo-8F- r i ng

syst ens; béa%oneﬁsmoﬁi WJIHQﬁ&Eﬁpb-yl?s‘?ltahé?ﬂﬁitb X2- ?Nt»sthhﬁluxhed with one or nore
cycl oal kyI or ary fou said having from1l to carbons; L' is a

nmonodent at e oﬁN-ﬁR‘.YFlp Ddtleblﬁ(ém-@tﬂals@yl)ﬂr(é*f:%@éb?%rn)} (1,3-dihsigleq-2li| y
coordin | aced by an

o1 ef i niofefsoitol- 151 T ahad 0Tt inaibiilo (1 P4y bl et D 20€0. Y %0
nunber great e(N-(dyalnhewbd IPME(Aﬂ)abutyighmhle-lr(Ohbaﬁa @&d-n)-3+(1 .3-ditgden- DA et ies, L',

o0 o ST ARSI P B0 S PR,

hal ohydr oc ar b@¥-(cyalohex¢l)- llll-lgs(ndn -lptyiplenyl) (162, hBg T n RV, 3 Mhydrd-2/s a

quorin o £ fram Ocarbon atons, nost

prefera (l{hy "gi gi'%dgr'f‘ leﬁlyélFWi}t%(%by SIBPWY noiety of from6 to 30
car bion a(rdﬁmhylambnebis(mdthy@ﬂhle)( preferably Arf is a perfl uori nated aromatic
hydr ocar byl ety of from.6 ta 3 car t | es of e f oregoi ng
& oup 15 et av-Eabioten L S eI S hor B b aee-S gal | oini am
tris(fl L&h@qreydo):mtzaymHq@ddheﬁﬂmdﬂ;mm@(z_m-)fmmQm)[zMi\QqZL ] +(Ar

3BQR) b{r/nere, %‘)3 is alumnumor gallium Q is C-_20 hydrocar byl ,

pr ef er abf§peylamingdeenzyl At s perfluoroaryl, -66 2 8 APR 2004 WD 01/ 42315

PCT/ US00/ 3164{N- zbs/af)wxﬂlylm-mgmnaéuwlﬂreaﬂmrm y) 3 amla @Zy(ﬁsﬁmyamamyl
preferably re pr @ are identical C 8 alkyl

gr ougs, l?pggq[elﬁoglpglr%blpyH-m@pﬂyyl)sxléqqmatqu b@t);ntamqrﬁéll) bf"é’éfﬁ’FWﬁ lgktivating
cocat al ysitsdi¢m@y al so be used in conbination. An especially preferred
conbination is a mxture of a tri(hydrocarbyl)al um num or

tri (hydrocarbyl)borane 5 conpound having from1l to 4 carbons in each

hydr ocar byl ga.em&omgrﬁndlmwawbpfdﬁah&mtpﬁﬁs@bd-qum or polyneric

al unoxane conpound lar ratio of cat st/ cocat al yst enpl oyed

pr ef er abtepzoldelisaquinolinr(3¥))Hil- ﬂ@@dperlmlgﬂ@ammﬂoe@ﬁﬂ&)ﬂww from 1: 5000 to
10: by nost prgf. glr la@ihx\éthg'{eﬁlg\)]i llglgﬁ)et{yf)l-«:llgk BﬁaWﬁ%ben%@g %ﬁ:ﬂolml {-/ﬁ—:![f

as an activatin | ar ge quanti ener a

| east 100)- !Hﬂ%@ntlwé)SIi@a’qw&Wt@t)WMlt%mﬂm@@NbI ex on a nolar basis.
Tris(pentaflu €} i i's
A A T e A e R i

pr ef er abilly 1 rirden J!~>1)Stl@alem1to|-@§tN~¢1tmnabS(ylmqth»rhllyhmethﬂ),5 1 The remsu ni ng

quant 1ty i ¢ hOpHal dakly R SnaPnabRay ST PHER L ARPRABLIRH QSRR S, | |
any 28ui t)éblﬁ-l@ﬂﬂ&d)sxlmmb@-@s)@ﬂ-){tmm @mhﬂslyldiem%ybwmieu@i |y unsat urated

Continat i on.  SParERPERYERbrHP w@-k@@?é%?ﬁa@%@%ﬁ%@?ﬁwﬁémhﬁ%w

i ncl ude yi]-eH4imden- 1eilsilabminatox@d Nn)mtanrm(mhb(re,mlmleu@faanﬁ@ﬁemylefi ns ar e

aliphatic or co d n a tion as

cyclic conpouﬁ{i@r’qci"&] %Wlﬁmgu‘n]t %9{? '2’@&2’% ’raa%l oﬁ}}J %ﬁﬂﬁeﬁ%" qipolfns( tt

i ncl ude yi)ytH ofich-a RAd)silayiminaeQL)@NP-titanininb@I) N @Rdiphedpid] ,Bbutadiengne derivat i ves
thaé are substituted in 20 the 5- and 6-positions with Cl-20 hY~' ocar byl
gro 8 Preferred diolefins are C4.40 diol efin conmpounds, i ncl uding

ethyl i dene NodiEi6ro@N &ycldhetyl)aXagpeingl-1 ((QQEEQIa%d‘I)@DﬁH Bendo[dPsolphik&lin- The

catal ysts_and_processes herein are especially suited for use in preparation
of et hyl%%fyllgdﬁ‘@ﬁé'y%tlmw(]? mﬁéﬁ@m"évt hyl ene/ st yr ene,

ethyl ene/ pr OR-@98ohekiiy 1 fifedyINRRI OBSa 78S\ ALzl BA R Jcpﬁrﬂ(?ﬁ)eyl g

et hyl ene/ 1- oct ene copol yners as wel ef pol ymer s of efh ene, propyl ene
and a 25ndponiclsilanpatieago- @i-)eNé—tlt&uwhdtmﬂthyﬂ,or exanpl e, EPDM terpol yners. Most
preferred nononers include the CZ. zo a-olefins, especially ethyl ene,

propyl ene, isobutylene, 1-butene, 1-pentene, 1-hexene, 3-nethyl-1-pentene,
4- et hyl - 1- pent ene, 1-octene, 1l-decene, |ong chain macronol ecul ar

a-ol efins) and m xtures thereof. Ctheﬁ preferred nononers include styrene,
C, .~ alkyl substituted styrene, ethylidenenorbornene, 1,4-hexadiene,

1, 7-oct adi ene, 30 vinyicycl ohexane, 4-vinyl cycl ohexene, divinyl benzene, and
m xtures thereof with ethylene. Long chain macronol ecul ar a-olefins are
vinyl term nated polyneric remmants fornmed in situ during continuous
solutlon polynerlzatlon reactlons Under SU|tabIe proce55|ng condltlons

o o -, T T



sel ected from nonovinyl aromatic nononers, 4-vinylcycl ohexene, 4
vi nyl cycl ohexane, norbornadi ene, ethylidene-norbornene, C~ 0 aI% %ﬁ‘gﬁl %00
a-ol ef i ngo@espesi al |y propyl ene, isobutyl ene, 1-butene, ldRESNB1645

3-net hyl - 1- pent ene, 4-nethyl - 1-pentene, and 1-octene), and C4.40 dienes.

Most pref er r gol-(eRpmBERY B 1, 8dibhBhyiil U €5 3,08, 781 Y[ EHDemidSiboguROEn-2 (BRI HS- Of
et hyl ene, ro Jene an ene, mxtures of et ene, styrene and a
noncon; db‘&g ﬂaé‘ﬁ’@ma@s(ﬁé‘éﬁy'g'lnfa&‘?“’@tWWT@&P@?*[}? F%Lne or 1,4-hexadi ene, and
m xtures of Qma@lcﬁinexylprm hem 13(@,'2,@351wqpm[m%%[&q@wmoﬁmeqn@hLm-

et hyl i denenorbor'nene "or 1, 4- hexadi ene. | n general pol ymeri zati on may

be accoﬁﬁepéﬁ@éllaéﬂm@éw&zt)r}bbréﬂaﬂé‘m (CiepeshisilyieneYois(pethyene)0 art f or
Z - Na
Compr ar ur es GGl BBRBRIY LR P2 B YIRS A S it Bl G AR LB i

at rmsphémdec-ltxb)ml@amﬁﬁtoa(ﬂﬁﬁ%-m-h@nem (Mﬁéb&dlmnthyMIM)b@nyl slurry, gas phase,
solid state rizati ditia

enpl oyed if Eﬁ‘g@ med' % ‘qgélgie%?%t FI cgnzog‘ﬂ}soqum?%rgazﬂﬁ’glryner
(especi éﬂdey-lp{b)lsnj/a(nhmhn@i(lzam-betahgph'e(mb)l 4ed|pla=npbl y-ohefliemd; may be enpl oyed, and
desirably is enployed when the 15 catalysts are used in a gas phase

pol yneri zati on process. The support is preferably enployed in an anmount to

provdde a weidichlora(iit(il A-dihiethgibihly-d 1] -His(daeethydpheny)-a4(§1s2hpgTanE3-pdH-1: 106 to
1:10', nore ef er g 0.1 104. .pol ynmeri zation
reactio §"ZPH%£ PeHae "?%@H)’y@%l 'Bgcé]l'(@'t)s'lSB?T}%t?Q%'mg“@ bunds enpl oyed i s
from10-i 2: INI(D1-Bﬁn¢:hyléthy1)mnanm-m‘eﬂqu;hb@yl)trmnzmsagialn)m[lm 5:1. 20

Suitabl e so vents se for solution zatlgn are liquids that are

subst antFazeldglisouine “1]?'@@'3’ Tl8inden- ’c‘éﬁ%%f‘?"b‘ﬁ%mé fredUhtitapiug dimethylei 1 usage.
Exanpl es Inclauxémahﬁéfhﬂaaylﬁmd Mﬁ%hﬁ%h%ﬁ@%%ﬁb@ﬁhﬁuc“ as

i sobut ane, butan pent ane, hexane tane, octane, and m xtures thereof;
cyclfc Qﬁ‘&%‘?]‘%’%‘f‘?l@?@ﬁ? -¥d-AHoiden- isM'é a%“‘é@‘ﬁﬂ%‘h‘&hﬂ'ém“&/cl ohept ane,

et hyl ¢ palahekan9imdimihy! cycl ohept ane, and m xtures thereof; perfluorinated
hydr ocar bons suc erfluorinated C o 25 al kanes, and al kyI substituted

aromatic comfd ﬂh&ﬁl"%‘ﬁ%ﬂetb)ﬁ) bérbz%@ethﬂnhw%l QA3 & hy| benzene.
Sui bl el YRk SndlSAIHRGH Uity O RhHRS- W aRmact as monomers or

conononers. e cat al ysts may be utilized in conbination with at | east one
addi t i ofdimetigisbleabini@eBylensdi er ogeneous pol ymeri zation catal yst in the same

r eaghor or "ﬁ\l%?%m&ﬁylétﬁﬁﬁ%?s(&%ﬂx%%@&ljf‘(@%,fa%ai’\ﬂ N parallel to

prepare polyner bl ends having desira Ies. An exanple of such a

pr ocess benzoldekisonynalin-2(3NHAN]J lo(trmebyl)ﬂﬂqear@avm(gréﬂ%)-mmméﬂpr%@bﬂt i nvention
are par irdlyRinlivo)gdhyant ageous for the production of ethylene honppol yners
and et hyl enél a- oI efin cogﬁl ynmers having high | evels of Iong chain

branchi ng. TKRE(LEdinedthyles b&ﬂ@ﬂ%mthdmgﬁww(ééeﬁﬁﬂaméﬂ&l on in continuous
pol yrner C g t rigation
o o G R R s
fordati @Wa®¢0W| nyl term nat ed pol ymer chains that may be incorporated into
a -68 2 8 APR 2004 WD 01/42315" PCT/ USUU 3l C~h growi ng pol yner, thereby
giving a long chain branch. The use of the present catal yst conpositions
advant ageous Highlata®weyclabexithb 1 bisthoathyiphenyolt (¢ 2i36%. TeM)St i ene/ a- ol ef i n
copol y Ikl S | e, free radical
ggélﬁo‘:%g] Ot tfnof(gﬁgi? li-l' ihden f %All@:ﬁaxﬁnﬂatg (ﬂz i

pr oduc hyl ene. resent al yst tonpositions may be

advant ageousIly- (ce'nbhogye)dl t-bns(alr—mpxhylphanb'k)q‘h-(lﬁl @,6]3yﬂu-m$ 3H aMbagzol defisamenhlin-
pr o§@ssb&%phqﬁe{nﬁl Bélagﬁolhié%{ﬁ#'%w ma luX'\ frrﬁ%‘th ne or ethylene/a-olefin

o]
ures uci g di ene, such as
nor bor nadi en@y- (c@cmhaql)aﬂi-wgrmahylﬁhéﬁyﬂﬂqam 8138, 7a-hhe-[UHibghd [dedisdyjuitlinon of

el evateq reactor. tenperatures, hj | ecul.ar we low nelt indice
ot Chor IS i s b bt Nt oy o e i oAt ot ageous) 3
al lows for th&(@@l@ﬁ&&)@i-bﬂ@(ﬂd&ﬁ&l{:ﬁaﬂ ?flmptsmav&nljua&{wq)e@zsf&hlk&mnomysl cal

10 properties and processabi]ity era ol yners conprise

oty ona(3rh Y0 Phiga by Drmammeo 2. - - aeen (e OB B ML e abl y, such
pol ymers ‘are produced in a solution process, nDst preferably a continuous
sol ution process. The catal yst conposition nay be prepared as a honobgeneous
catal yst by addition of the reqU|S|t_ﬁfonponents to a solvent or diluent in
whi ch pol ymeri zation will be conducté The 15 catal yst conposition may

al so be prepared and enpl oyed as a heterogeneous catal yst by adsorbi ng,
depositing or chemcally attaching the requisite conponents on an inorganic
or organic particul ated solid. Exanples of such solids include, silica,
silica gel, alum na, clays, expanded clays (aerogels), alumnosilicates,
trlalkyIaIun1nun1conpounds and organlc or |norgan|c polynerlc naterlals

S Y Y ——y - o . o,



2 8 APR 200 WO 01/:t2315 PCT/US00/ 316.t5 At all tines, the indi 2igupR 2004
ingredients as well as the recovered catal yst conponents nust be protected
from oxwgeniassmoi sture. Therefore, the catal yst conponerdsuswdicadt al ysts
nmust be prepared and recovered in an oxygen and noisture free atnosphere.

Preferably, t('ﬂﬁd’c?él@ﬂeﬁyl)-tl Nevi§@afektyihenydy- E(Q 21T, u,m@ i-N A hezdaareqelal  an
dry, inert gas, such for exanple, nitro pol yneri zation may be

The
carri ed 263f0)- ﬂklﬁ"mdlﬂ)sﬂ%“aﬂt‘m& Mﬂﬁ’t‘ﬂﬁ‘&gﬂ BHP ﬁ‘r@ﬁ Q’éﬁ*ﬂl‘i’“b?%b?é‘%’g A
cont i nuous pr(‘f@&?ﬁoﬂ&yl? i Elf-t%(ﬁ SbenylgReNYN)- 601 QYL 70 R} 1 ¥EBenz T HESOEIMDOlin-

conononer, and optiona sol vent’, ar'e continuous ggl ied'to the

react i orR(dnd)- llaﬂ@ﬂepdl-bgmé%namm&) -Noriitaniim (15 M-ﬁ@?twb tHBdieR% om W t hout
limging in any way the scope of the invention, one means for carrying out
such a 10 pol yneri zation process is as foIIovvs: In a stirred-tank reactor,
t he nmononers ctidlldJe(T\bCil lydrime'thyéadhyé)rlel-bht%muwleuelwbﬂlt-((h@éﬂsﬂyn)—ﬁdg’é’t her with

sol vent .and t contains a liquid
phase C(;;ﬁ%zoéfﬁso ub b@fﬁi/{h I{dg'ﬁ ﬁe’#aa%gr%p‘tam (}H \?\n?aﬁhl any sol vent or
addi ti onal dI(Nb(&[lt—dxﬁtB(ﬂylﬂth?Bal Mask4pﬂb\wlphenyll)-fl (dEE,B;:&e,da-nm-ﬁf&I | anmount of a

"H'-bra ch |n u0|n I S bor nadi e oct a eor

1,9- dec it O T el SRR e B ok b

contwnuousl y (Nr(tld IIQﬁhllGﬂiSlleth@l)Ilthtﬁ(Qa\CE\QilpﬁdngD-lblCt(pha,se 7a-ilih&[{11ﬁact ?)r /

t enper ature pre e cont e j.usting the sol vent/ nononer
ratio, lacrayaoﬁaﬁ g’%”?&dén 1y9s W‘“ﬁé’@g'@%&*’? or heating coils,

j ackets mg(mmtﬂysﬂyﬁhahyxpl yrrerl zation rate is controlled by the rate of

catal yst addition. The e Kl ene content of the uct is

det er ni ned by®Nrld 4‘5%’1}‘81"6‘#’ ét’h?fﬁ(éﬂ’eb‘ttﬂpl?&ﬁ’éﬂdﬁ’e$3 3%71‘ Hb 'ct or, which is
contr ol Ib%&zobaé]@aﬁ%nﬁuhafsmgmthﬁlﬁda&@%taavantxa@otzr)at Z—ﬁtaﬂfun{ hese conponents to

the 20 reac e}/ 6fro uct nol ecul ar weight is controlled,
opt i énal@‘y’eﬂ'diﬁllﬁlﬁt‘ﬁ)?‘é(l"} her pol ynerization variables such as t he

tenperature, (Fﬂ'iqtﬂ%ﬁle&x%ﬁﬁﬂllrﬁ&k(ﬁﬂ:’-b&ﬁpﬁ&ﬁyﬁ)hﬁ((m 8%k %lﬁ} y-[ jention chain
transfer agent, such as a’ stream of hydr ogén 1 nt t'r oduced to t he reactor, as

is wel | breroldelisaquinglin3¢3H)- ﬂh@#‘@&%‘ﬂﬂl)S‘@P?‘PH’éWt(zt)sN Fonwa @ 24NN- a cat al yst

kill ageiheriishindfoe@i;er - The pol ymer solution is optionally heated, and
the polyner product i's recovered by hashing off gaseous_ 25 mononmers as wel |

as residual ddH}drdimgthylgthyDdpnk-big- rr'@mlel@ay le6b2P 2, 7an3-l1H- necessary,
congyct iaghof ik ainofl 3B FB VI 11 AldkRR- ,a)ala%g.mnafae@ 3-15‘)'9%&:%\ @n davibiRhirl i, 31| ng
extruder. In a contlnudus ‘process the nean residence tine of the catalyst
and pol W’@dlenm t he reactor generally is fromabout 5 mnutes to 8 hours,
and preferably from 10 mnutes to 6 hours. Ethylene honopol yners and

et hyl ene/ a-ol efin co&ol ynmers are particularly suited for 30 preparation

accordi ng t o didhtorp@eshielplexyl)delnis(dintiatdphenyhd t(Ind?.3a.iak3-tdhsi ties from
0.85 to | _ conobnoner to

et hyl enggﬁz?g‘{fgédr?ulﬁ?w'ag#ﬂr#emégﬁ f%nrit) %&Jmé&ln&gﬁ?é%?h&%ﬁu@er to adjust the
dengbty of t - (r:m!@het(ylh@] lﬂlﬂ(?ﬂétuwlnlhaad) b0 R 3aatp-ned-Eld-bangoldelishquinaliansi t y

range of, f/n0 e CRNMGS HSF(E ratio is less than U. 2,
pref er ab :IH)IJHS #emdqﬁi%a@@%ﬁ egg?aré‘f&e'?a'ﬁ% ess than 0.02, and may
even be | ess (NHaycléhe®yll)-1)1rbis(Hra-takydpbenydp 140 12/318a, Tazq)-3-Dirkd: pnn@dés]somymhimgen has

poi yrrer 2Rk EryitehDsfpapi eont Ry B st B S 1S5 o
il 0,538 ks
o300 B B bR Sl LR P S BT R U | he

pr esent | nVE‘f'(N'-(@ibléHixﬂ}l@ﬂﬂhé(&nlmtﬂ#@nﬁﬁﬁ-@l%,w ,TRRY3-CIONBRR6AElisdquikdlinh has

not been specifically disclosed ampl es are rOV|ded in

order t & 3’0r>tlhgil"‘?qepﬂs)tl}sﬁ%‘@mt‘¢?@ (2n\71§ﬂt“|"3<5‘ﬁ‘“aﬂg?%'r@ Mrgmethylagunq)bsngyli yed as
limting. Unl(ﬁ%y&&ﬁ&ﬁg 1h %15(5'% Hﬁ%hreﬁfl)(l-(ﬂli 3 ﬁ’éi‘fatﬁ) ﬁ‘[‘lq{ %&ﬂgaﬁsa&ﬁx?olﬁ[ e

expressed on a wel term™over used, refers to a
tinme of Zé%fﬁr)d}clﬂrm@by ﬂBﬂmnhm@-)-Nﬂﬁl@wmfﬂieln‘aﬂmh@yl 13foutadiene; refers to a
tenggrature of about 20-25 C, and "mixed al kanes" refers to a mxture of
hydrogenat ed propyl ene oligoners, nostly C6-C, x 10 isoal kanes, avail able
comercially under the trademark Isopar ET'" from Exxon Chemicals Inc. HRMVS
refers to high resolution nmass spect r‘8§‘copy. All sol vents were purified

usi ng the techni que di scl osed by Pangborn et al, Organonetallics, 15,

1518- 1520, ( 1996). All conpounds, solutions, and reactions were handl ed
under an inert atnosphere (dry box). ~H and ~3C NWMR shifts were referenced
to internal solvent 15 resonances and are reported relative to TM5. X-ray
anal y5| S was perforrred | n the foI I OWI ng manner: Data Col | ecti on: A single

oy o o ~



preparation was carried out using program XPREP (avail able from @

I nc., Madison, Wsconsin, USA). The structure was solved by dire et %ods
i'n SHELXWiOSiM281avai | abl e from Broker AXS, Inc., Mdison, RIBUSN0SIHeS USA)
fromwhich the positions of all of the non-H atons 5 were obtained. The
structure wasdicbiofeq],1-dingthylathyG-ELXphBoyl-1-((2,h3a, Tam)3-GaNrdibenzgaminopquar es
refinemept . (Ih ?ﬁ?ﬁau?m?n}g%- ')}?figﬁ%g‘%;“l ned wi th ani sotropic thermal

par amet ers and were calculated in idealized positions
and refined I‘(I‘d(]r,lgdmtltyl‘eﬂlyll) IphdiphényB14(152,3, 84, 72w BNy diben earhin 6)71 Hinden-
Differen & Fouri.er g?yysn refin %H t hout any constraints. A correction
for secondaygnamipstdey-Hy-{auum gim mled The final refinenent was carried
out ysi ng FZ matiheainieldttyl)l01-¥iph lil-( ;23&%@*)@%@%&@1&@&}&%@&-
reference tq the conventional R va ut it unction is not mnimzed.
Addi ti on]aV]i)%? anafpipatp-{2-)-fp)- ‘f‘EfHY'}P|b!§(P"{“ﬁ‘§b'lsi1%'mﬁihMD’m zed, and not R . The linear
absorption cogf.{i, paﬁ.{&hylemygm pd@ﬁaat,t.ef(urpga i@ﬁt@rﬁ@%&mmyﬁrm@w si on
corrections were cal cul at fromvalues fro ternat’i onal” Tabl es for

X-ray Crl¥isilrnasinaipit,)-Noeitanium %methylwylaw)iagme@vhem)n gham Kynoch Pres s

G For - Vol 050 el R AATN g SN RGP

2 - 1P 2(Impldsilpaapinatofd)-N-)Sitaniym [HH) B¢, N-dimephylainino)benzy) J 112 where n i s the

nunber of ref I Sg4: I u f| ned w
Lt Foo) BB DB.1y Pl 01 20 BTN AL REBFASE 1

Pr epar at li-gljsilafiaminato-(2-)-N-)-titanium (II) 1,4-diphenyl-1,3-butadiene;

dichloro(N- (1, 1-dinmethylethyl)-1,I-dlmethyl-1-((1, 2, 3,3a,7a-r13-(1,3

di hydr o- 2H i soi ndol - 2-yl ~I H- 1 nden- 1-yl )sil anam nato-(2-)-N)titaniumr N
(CH)~1~[Ti G(ﬂcmﬁ@(ﬂﬂ&)’sloﬂé(yl)vq\)lﬂpmwa((lam 3af7ay)3-Mi, Nrdibeazyiniind)- 1 H-inden-

i nd vl.elH isoin | ndanone 10.0 g, 75.1 mmol) , i soindol ene
(12%80 l,yl sﬂﬁna?“?ﬂ%?‘? 'gr?(l]‘tﬂ")ﬂ"nt of air free, dry toluene were | oaded in a
3-necked r ?:Jr(mk@pélbmylb-llasdép}?ﬂjmlp@ﬂd 3}lglaﬁb-rﬁ-3QNlN-diga{zyiaI;miﬁd)ﬂHdiﬁﬁerpri( The
st oppere ask wa e e box, equipped with a Dean-Stark trap
and ref % 3&'&]‘ W&&Jﬁgﬁg %ﬁf QI ysi s 30 showed maj or conversion

conpl et e W t hiNacyclbiiex§ign Gadqﬂfenjrlkla@l 98, mgﬁﬁﬁatm,mmam?mﬁd)qn-m -l | oned
APR Zoos WD O1/. 2315 PCT/ USQ0/ 31645 to reflux an additional 1 h

-72
and the y@éﬂ'%ﬁf“%@')r%ma‘“mﬂg‘rm beetbissure (to | nmat 80 C with a
shopp path StNkéycfbﬁé@l)—ﬂ-@#ﬁhéﬁ@PW@m& mﬁ)}-ﬂ'-?dNﬂﬂﬂenEﬁ@milﬂg)t-l}ﬂ%cﬁq to 120C

to distill_off traces of am ne and indanone nm (C-D6) S: 7.61 (d,
J=7.2 sz’l)S‘ia“ﬂ)‘“nalP @2-Nxtitagium (dimpeshylsilylgpe)big(maetbylens); (m 6H), 5.01 (t, 5 J=2.2
ngai 145, 9 (Ni(ﬁg&k(&ylﬁlﬂdmlé’%q«ﬁz 3%572'"?33& 5, Aoy i 2@?@% 18 120. 2,
1 00. 4, c¥siipnammato-QENEs)-titaauen (TE) 20N, N@lmﬁhsﬁmmnz_mm found: 233.1205. (B)
Preparation qf. (%ﬁéoﬁikwtﬂﬁ%&eﬁﬂH d(pﬁigaa:}laﬁﬁl)-béﬁlﬂl h§9§z¥ﬁ9lu€o) lHtI?Héﬁrri-sal t 10

2, 3- Di hydr o- 2- I soi ndol was slurried

in #® nwl)éliannr@mw#-)mﬂ@nw@m@pm ’a@i-é@tddlmet h stirring to forma

solution. n-BuLi (2.5Min hexane, 4.0 nL, 1.00 nmol) reagent was added over

5 mnute period and stirred for 20 m nutes as an olive green precipitate

fornmed. Thi s dichara(Natls! -dimethmlethyl)fl; lobis@methylpheoyl)-ar(d 2k 34 %en vd-(MNZ0 nlL

hexane NGk ust @ ee flow ng olive green powder
: Ql%) %lirﬁxhg)afﬁ deﬁ 1%1)%}@2?@&%:?32[) l\i txﬁn{uin

ani on ( ercen vacurrin drying). Analysis by'H

and' 3C spect r(Ns(d dp@lmbﬂhgﬂleth&lt)-&d -His(¢-ntlodshend )-o4(( la;ﬂf)h;mal-r[m @I M-dibedylamino)-

equ al gnts .of 1 n | vat & per .formul a weight. "H (TIC D8) 8: 7.48 (d,
s %ﬁt‘%ﬂﬁ‘”?ﬁ%@‘-’ %Xﬁﬁéﬂ}‘am%‘“é'éf“ 51 6,25 (d, 3=3.3 Hz. 1H))

5’229; o, I ik “‘SS“%‘**‘%“%@‘?’-"“*{ “‘m‘%’@"g&%’“i‘&"ﬁﬁ%‘é‘%

0. 0 ( naRapinsl- v Rhgmizalo-o i tygtip bscimerrysaiinelyli o 204 | soi ndol -2 yi -1 1

i nden- 1-yl | - NN(,11dislemptednylh-2 110614 (-6 hylpi [I?JB“;%— R-dbRydifndy-( | H

i nden-3-yl) ﬁ(l SQi ndm?te Yllbt hi ur$1 sﬁm Y§ (@ aé %vaas égly}gsotlnved 25

150 mitHohderrey Sramempao-Got-Dor o diinedulsi e ety isne)

N-(tert-butyl ~N-(1-chloro-I,ldinmethylsilyl)amne reagent ( 1.47g, 8.91

mmol, 1.3 eq) in 40 nL of THF. The reaction was allowed to stir for several

hours, and THF and excess el ectrophilggwere renoved under reduced pressure.

The crude oil was extracted into hexane and filtered through a nedi um
porosity frit. Solvent was -73




2 B APR 200 WD O1/:t231i PCT/US001316.t5 renoved under reducedm%%s%Q@q’o

give the desired product as an enerald green oil (2.40g, 6.79 , .

per cent )woof4¢53806) 8: 8.10 (m 2H), 7.66 (m 1H), 7.48 (primseo/fic®-7.10

(m 5H), 5.37(s,IH), 3.34 (s, 4H), 0.56 (s, 9H), -0.2l (s, 6H). 5 "' H

(1 (C):Z 36) 5b 714(2\19@,,1 -dithéthglethiA0, [bis(@3fethyiphiknyl)-1; ((1129;3&7@24(1@ ,N- a%a:r@lanﬁﬂol)l 0,
usi t ol uene el uent

at at m)slg’n@ldF’blﬁ?)é‘?é’ﬁrf"é‘atf’cg')&kf‘?f‘\‘}@ (}Ign’z &Wf?ﬁ&&@ﬂ?ﬂi%ﬁagsee, 1 Parent

M-, 100 per Ce(litt-él 1 &‘i%éth%e(h@ﬁ 1DEB; riﬁethylﬂﬁaﬂtyu(g 1,9B8a,7:38)-30N, ghlrhe&nfaﬁoﬁ-
soi ndo -

percent) . 231 perc di hydr.o- 2H

i nden- 1-Ji-mdep- éfi)iﬂa(%fﬁ@?qqﬁ%%!/ Mlh}ﬂ*ime@rh aaﬁa‘ff?‘h%“e dilithiumsalt To
a 119 nL hexane sol ution contalnlng 9.357 ¢ (25 81 nmol ) of

[ 3-(1, 3-di hydro-2H i soi ndol -2-yl)-1H i nden-1-yl ] -

(1, 1- di met hy| diegio@¥-(ayetohexyl)- 1sl-bis(Aamatidpheay)- éxﬂ(:le?eﬁ %78971}11(18#‘1 1.6 M n-BuLi
solutio 1 1 BuLi, a yellow precipitate
appear egl%%ﬁkﬁltng)r i@sl'?llldr"s‘rp:.f gﬂga\?glgﬁ{laigh@r} I@Ré“"grﬁ%‘& pi tate was col | ected on the
frit, washed @i-(clcldhexylp3, | rHis(éinettoyipdemsyahd(1 23,V aeneBe@, Nedioamedtapine}dbr e t o
give 8.85 9 lofl)sjﬂggagnumatm_&s) )ynegam&\{vdgxpw?r Yield 91.6 percent. (E)

Pr epar at't on of

di chbor o( N-( J(Nlecglclmhy-llﬂttm(h ﬁietHy’:pllbxmﬂ- bl 5213, 3a( 7857 BB N dibenzy [hmBo)- 1H-

1, 3-di hydr a- | so - 2. en- - am nato-(2-~N-)titani um
I(n theI d‘y%ﬂgli’%gﬂﬂ%’ﬂm?‘ﬁé )%N- T u"6 i %{'%M—T tg%%as suspeﬁlded i)n II 50I lrJn_
o; N:I'I(—|F Tobt hiNs(c§ ﬂﬁmﬁcw?m,n&@a,gglu(y@e@i)zn((mﬁ 3a, 7a-n2)-3 (N,N-dibenzylamino)-1H-

(o] tert -N-(1, 1-di et hyl,) -1, - Al . Q-
i SO ndo|md2n3r§l %Wﬁ“ﬁ%ﬁ@%‘gs g}%‘éﬁiﬂéﬂhﬁf'ﬁ'ﬁm@'ﬁn@i ssol ved in 100 nmL
of THF was aqsedydb ﬂeﬁ%lﬁllQ-W(Memﬁnhﬁﬁyl)-li{@Q,S{ﬁﬁaiﬂ)eﬁ(l\ﬁmdiﬁé?ﬁylﬁﬁfno?m After

this time 4.11 and the sol ution was

stiffed ‘?4??“12}‘\‘)5914?@1%‘1?5(%@ -)ititaninm %é’éﬂ Nrdignsthylegpberzyh @8 ure. Hal f of
the remini nqu&§e19my1m%.ﬂ1§(@ﬁ§ﬁwh&wp(@ ztﬂa,”ﬁﬂlﬂﬁﬁﬁm&bé’:@?laﬁﬁo;—@ﬂl ed

with 130 nL of nethylene chloridé "usi n‘? continuous extraction 25 outside
t he dryb'éﬁ@ﬂflgylmlyﬁmll*?éo e ynditanigm (1Hr1.4-diphenyk i dtutagigse.ext ract ed in
substantially the same nmanner. Sol vent was renoved under reduced pressure

and 80 nL of hexane was added to triturate the residue. Bl ack-green solid
was col | ect edlighoro@e(k i-dimethyietyBol . lbis4-pbytylgheny])- 151 ﬁé)@&ﬂé"fﬁﬁc&i’ﬂr ed under

r edyged ld was 72.7 percent. -74
°5 20 r BRI A0} ﬂﬁ’dgﬁlﬂcgr%ﬂ%gg’f 31 q?g%mﬁxﬁHF d$) 8: 0.71 (s, 3H), 0.81

(s, 3H), L1.31Ng,1-ORiptbyBihed-1(lbis(@a-buryiphery- 158,23 8e.]2-n5349, N-dibepaylaniooy H =

515 (i) gt e fudduimgily, [ 00, 16, o SIS 04T,

(N- (1, 1- di met(hy(let-diyethylethy )l Inis(yn-butylphenyld- 1 3( 353,38 75-h)-3ENN-dibeSayttintigalr 0- 2H
:jf3'bg)c('O'dnzihéé%;-%ﬁﬁkﬂﬂﬁiﬂét%ﬁ(if-')ﬁ)t-ﬁ&%ﬁ?b@s%ﬂie(h%lsllyl%eh{}h)@t hyl'titanium In the_
di cbor o N- ( (N1 ¢li- dm’tthyle&ybwl)-bniﬂah-bhtytphdnyll)-l EI((](1,3.3278n3a-(maﬂ-dib)anzs'lammo)-

1, 3-di d H- t 2-)-N)tit
(113 LR e YRR b R 2 ) ) o
r2rrml ) ?f |VELI(N(-(.I 16dnhﬂethplteﬁ1yhal;l)-bngqaaa &@ylﬁhﬁdyék}lc((lon%&&?-nmmd(ﬁ lﬁ]ﬂbﬁﬂml tnﬁx\oer a
m nu r|o e ion o ete e sol ution was
sti rred gﬂ)%@g‘“at%%’g‘g&hg tapigm{ {H’)%E mgﬁm?@%% bSP8dsure and the

resi due extrast@d-diethyREYHNS-biULEHRyIBRASRYII E((l(,ié 35 74-R)-3-(RIN-dlbknzyl dddino)-

sol ution flltered and the filtrate evaporated dryness under reduced

pr es8ur dHrigde- wl)@lazmmy%?-)éwgt@@m(ﬂb é’ﬂﬂbe’i’iéd %B‘ft?@e“eYl eld was 75.5
percent. The single crystal X-ray structure (ORTEP) of the corrpl ex was
obtained and is 1 S reproduced as Figure 1 attached hereto. 'H (C6D6) 8:
0.08. (s, 3H) dichlga®N- @yclsw(yl)ﬂ ldxs(egl-bumlvhenml) F4(6%53.381M)-3-N+(s, 9H), 4.62
(d, 2H, ; 2, -117Hz)546(s,1|—|)
6.91 (t dﬂk%{mmmé?llﬁ'maéyaz@a&% ”ZW"H' 7.52° (dd, 1 H 3JHH =
9.0 Hz, 4JH_HN=(cyclolexyk)-1,1-bis(#B-butydphedy)-1-8(1 13, 3—Ba;738n)?3 (NHN-dlhmﬂylﬂrmd)-lH Hz) .

7 83, 54.54, 56.66, 58.01, 84.47,
104354 indsiy i) 5'1%’2“2?“’1%(22)041“513'24"%@?%’%?1) 125. 48, 127.36, 128.30, 133.42,
137.80, 142.99. '3C (Ce6D6) b: 49.83 _% 'J~.H = 119. OHz), 54.54 (q, 'JG&H =
119.8 Hz). -75 2 8 APR 200 WD OL/.79315 PCT/ US00/ 31645 Exanpl e 3
Preparation of dlchloro(N-(1,1-dinethylethylrl,I|-diphenyl-1-((1, 2,3, 3a, 7a
r))-3-(1, 3-di hydro-2H
i soi ndol -2-yl)-1Hinden-1-yl)silananunato-(2-)-N)titanium



(A) Preparation of (3-(1,3-dihydro-2H isoindol-2-yl)-1H I nden-1-yj b A 3004
5 df met hyl et hyl ) di phenyl -silananmne To a 1.73 g (5.98 nmol) of

N-(tert WAOYHIAN- (1-chl oro-1, 1-di phenyl ) silyl am ne di ssolPeddUSOHNIPBS . of
THF was added 1.432 g (5.98 mmol) of ) )

1- ( 1H 3- i nderiP(ryclehezylB Ld tistéhndutiphend)-hddi2 33 -3 (N Nrdibsarxlaming s Hived i n
25 b of, fHR. aaGt \ ed overni ght the sol vent
was rem)v-eg(‘j< lu%ﬁ‘ u{(? 2(1)%533%@?&%%&%@? éth s extracted with 40 niL of
hexane and f|(M(eycédlexﬂDl,$dils(e-mtbumlﬂlenxd)fMéd W@mkwwepmgsim)elf@ vi ng

3 062 f, X as] ~ D6) fi: 1.07
B . A
11 45Hz) , 5. IB-(Eyklotigkyl)- BJHldf“-ﬂ -thiylghehiA)-) -(@,24BBa(7ed:n)BHN, B dichehizylardind)- Hi-)

33, 00, Atter v npminksr2naN yikpigh mn 51643 s i ailiasd ) o4 oo 124, 90,

127.00, 127. 3N(cyclohefog)- 11295(44&,1;1:152 )1%@5,3735,7&135 (BON-dibdazydanind)31H-00,
138.84, 141.17,.146.15, 148 epaﬁﬁ?'%l 3- (1, 3-di hydro-2H

0

i soi ndolindenylrylisilanamingion(29)- ]§1)]“‘W“(”1(11)d‘1 ket ﬂ)‘??‘ﬁi"lg’&nenyl si | anami ne,
di | |th| um salt 20 To a 50 mL hexane and 10 nL tol uene sol ution containing
3. 062 63mm|2fofthe . ' .
N( t épt but yI )Exm_nP s qf onlmféﬁ%ci:grfm@éQ (:rf,feg_eﬁfrﬂlgp&pbqnég) correspond to the formulas:
i soi ndol - 2-y i ndenyl )silyl)am ne was added 8 nt of 1.6 M n-BulLi
solution. Theg afreh was only part |y sol ubl e exane. During addition of
the n-BuLi, & i i rxdng ovprnl ght, the

i 2§yBi®% hexane and
i:(;(e{gbpw powder .

dri ed under reduced pre
Yield was 798per ent. 6.17 (s, 1
H, 6.48 (m 2HYCH o7. e 3 8 Hz), 7.94
(m 4H), 8.10 (d, 1 H 3 H:72Hz). "3C"H ( )8 38. 83, 52.41,
59.78, 94.90, 112.62, 113.90, 116.25, 118.10, 121.69, 122.55, 124.36,
124.77, 126.02, 126.37, 126.91, 133.38, 137.22, 141.99, 9§
AP R 2004 WD 01/ A2315 PCT/ US00/ 3164~ (O Prepar ation of
dlchloro(N-Cﬁl1d|rnethylethyl) 1lB|phen}1((123

{1, 3-di hydr 0\2H | soi ndol - 2-yl ) -1H i nden- 14yl ) si |l anam na )\mg(};y;); ani um

In the drybo gsi(®@)02 mol ) aek) Ti ¢ g&& was &plzn 20 nL of
THF. To téw ,\i& ﬁd@?
i soi ndol - 23yl) f den/ ‘5’1’?’ Ry | £ hy gB yl - si | anam ne,

di lithium salt .@ 4 @ i \ i rfIC5The

sol ution W)t hew_sk/i rred for this time 6.91% of PbA2 (3.3
nt nol) was added and the sol uti on vvas stirred for 45 mn.” The THF was t hen
renmoved under reduced pressure. The residue was first extracged with 4 x 30
nmL of rnethylene chloride and filtered. Solvent was renpvedfunder reduced
pressure |eaving a black solid. The residue left of t¢® wascggxtracted
with an 1Q~additional 100 nL of nethylene chloride. The s t was renoved
under redy o pressure.. ];ge sol ifgsqobt ai ned from both extr ikpge

combi ned ( ; w §3< ‘ AAfter.stirring ho

solid was ‘r a NEldHy), MR @, S\’,@F)’m_ of hexade and eu;),under
reduced pres L O\ Ve 1. 9§) RS i r(;NC(GH:o;duct as a, Hgep purple
solid. Yiel o"'ﬁ. 64.2 gent . Thechi pgte\thys al X-ray sﬁl/c\t\u,re ( ORTEP)
of the co v&) as @) ai ned and is reprogyced 15 ~ as Figure 2Rat t ached
hereto. ~H Y&506) 8: 1.36 (s, 9H), 1. N={f 4H), 5.86 (d, 8 3JH H =;13. 4
Hz), 5.47 (d, 2H_23 687(d 1H, 3JHH = 9.0
Hz). 7.00 (t “belgR Sinﬂ'f"ﬂ E&"Pyg‘?&‘;““rb‘{ﬁ?‘g@&‘ ?fw 6H), 7.4-7.6 (m 6H)) 7.89
(m 18H), 8. 131‘651:11 ol;hirreﬁsy'is HlmetﬁylényhiaathylExman'@m%pﬁogaaéraw on of

(N-(llglg FN l% 1B|phenyl 1-((1,2,3,3a, 7a-rlr3 20 {1, 3-di hydro-2H
i soi ndol( &D’ 3111“41‘?) Hos Ilef,’FbsHanam nat o- (2 }-N-)dinethyltitaniumlIn the
drybox 0. 46 qu&drative metal comp lexes according to embodlment C) mclude (in addition to those
dlchloro(l\l-(lldlrrethlet )-1,1-Bip 3 3a,7a-rl)-3

(1, 3-di H9’6P’GX%IH“’|V§I9FIMGEFL° &//‘v'}h@ﬁncheéwbq W)t% )gﬂaﬁ» nat o- (2-~-N-)titani um
(0.76 mmol ) was dissolved in 35 nL of diethyl ether. To this solution 1.1
mb (1.75 mmol ) of MeLi (1.6 Min ethers). was added dropwi se while stirring
over a 2 mnute period. After the addition of MeLi was 25 conpleted, the
sol ution was stirred for 50 ninutes. Then the ether was rempved under
reduced pressure and the residue extracted with a m xture of 30 nlL of

tol uene and the solution filtered, the




filtrate evaporated to dryness under reduced pressure. Hexane wa3s gape dods40
m.) and the m xture was stirred for 1 hour. A red solid was coll ected on
the & t ,woashzdswi th hexane and dried under reduced pressSROEUIO/3gG648e a
first fraction conprising 210 ng of product. Solvent was renoved from 30
the filtrate (M(lgl-damemgl'athyg 1af—d|me319bD(tdtrdnualm'}ﬂmeqycMbenthxbeqyt)&ttumhmathaJ
yieldwgg ¥§al (ts 1 l|1rst fraction was dissolved in 3 nL of toluene
fol | owe 'Pn} 206 tfy ll?me tol uene. The solution was filtered and

put into a fr(@mﬂﬂdlfmtﬂﬂ%ngf-ﬂ% y1-1-{teeanfetyV- iy copént stiengl)siRbandinsto (Lo
resul ti Sg_l)red crystals were washed wi th hexane and dri ed under reduced

pr essur eV HagiunbigEimathydlymethyiasi red product. The single crystal X-ray

struegture ( ORRER)1-@heth{iSth L& 4%,&% IRetteRfiflethyd-35 reproduced as

FI gure 2 attached he;3 ? 99”}71 N ﬁ%goqtem Olblaa 315 PCT/ US00/ 316.t5
' H ( C6DEyclgpengidipgyl)silanagyinatq2tBly-)-titaniem bis(trimethylsilylmothyl);) 68 (s) 9H, H 11 ),

g gg Eg .2H (@Mhexé%i Z-ddﬁeth,'ﬂ: llg%lﬁm%t@?[}fcgclo@md@%mamﬂ%ﬁg-@ﬁ H3 %ﬁ) 7

= 5.4 Hzti,taMUHbIS(tﬂm@hﬂSlbrimethiVILS) 6.99 (t, 1 H 3JHH=7.7 Hz, HS), 7.08

o, vy 7. oAl ool T Gy kel il 3*"“-@1@33 =

8. 7 1biz, ti%)umﬁls@&n(tuyjsllyﬂhbth)ﬂ)lH H=281H, 4JHH=1.2 Hz, H18), 8.15 (m

28 2 bl Pttt ol

124. 47 ((2Hydt-)HitaniddbigRimeES)silyliisthydB (C6), 125.36 (C4}, 127.35 (C 16),

1 28. 22, 128.35, 128.82 (C7), 130.00, 13, 133. 49 t.),..136.31 (C 19

136. 67 (c22) ,(N@: lr‘g'?etﬁﬁslg‘g&%ét ‘33 me'%%‘?‘ 5’3 I%ix]atﬂ 1-m %&‘%gh?gi‘a'ﬁmﬂm 4% 93 .

(ﬁgag )myl)&miuﬁﬁ@mk )3\1-) E&nﬁ&:mﬂmme@hylﬂﬂylﬁaelh%ﬁ?)ﬂ Hz, C 12), 56.32 (g, 'J~_H =
al a .

i ctPor o N ( SN0 dIBERYFEE Iy 1 BHenyir 451 &3 39iTa¢m) lpmetbylat-phenyl- Heinden- -

3a, 7a-r |y})s&nﬁrilnn3toft§b¥\ﬂ -ﬁmﬁiﬁlm bls(tnmethylsdylmeth l)
i soi ndol -2-yl ~I Hi nden- ). sl | anami nato- - -N-%Stl tani um 15

Preparation dN- (Nl(ql@ﬁbylﬁﬂﬂ}“llal W(ﬂ'lﬂelhyﬂphﬁ’éﬂ 11,233 7n- @bﬂ‘ﬁ%%ﬂ?{qyl‘lfl'

i soi ndoImd%nmLﬂ)sa&ainmﬁﬁ(yzL))rsJ)JnyAnmml%Jahf.s‘ilyuzahg) (5.35 mml ) cf
N-(tert-butyl~N-(i-chloro-i, 1- gsH am ne dissolved in 20 nL of
THF was addedNi(cyciaheyyl)- slsimﬁhwl)((bg 3;§a,(7a-n Wh}fiﬁaﬂrym)l-lﬂ indgmp1-3- di hydro- 1

H 2 I SQj ) R Bﬁﬁ@] nmL of THF. After the
rea%'?l on %ﬁ%atﬂrhgdov% I\tﬂdrd?hgladfl%?% IX%%%n soI vent was renoved under
reduced presdNr(eycloblxyl)- b idiphenybd (6% 8.Aada-ait! wmethyl-4phanyldH-indsvalre and
filtere \ ressure gi ving 2.806 of
product%s‘égl‘%'?'g{? : lldﬁ%@%ﬁ%ﬁ@sﬁ llrﬂ’&:cgﬁl)p 2 8 APR 2004 WO
01/ I 2315 Pthdmh@ﬂsﬁ)-El-bH({-ﬁiGmwhﬁwl)ll-Iﬂ 2(3333,‘91-*))- -heliyl-¢-pher§H) H-iled8 (s,

1L 7y O abetlflgneatighfedal’ S0 G g% 0" Yoyt

7.5@5(d, 1 H (NEXJ}H-dﬂneth)?letﬂylHZ)l-du?lelﬁ)?l -{1,2.B,34,7a3)43- (Ii-l-pyrtﬁll&nﬂz-)ﬂ-lﬂdeﬁil (d, 1 H,

3JH. H = " JH.H 5 ~3C C6D6) 8: 21.37.
21. 43, iﬁs‘%%ﬁ‘imdﬁa%sgpﬁ% m%%s wimety)sily. 'é‘%f%’y%o 08 |22{ 4?} 523 8)4 | 24. 71,
124. 84, 126. QB(1,12BmanylethAB-1 3 diphkad- 10§1,2,332,7991,)-33($Q>yﬁahd1ﬁﬁ§mandeﬁas 90,

136. p1, 6.39, 148.48. (B) P t f
N-(tgnt ybﬁ‘f”??‘}““ﬂf-o(@)‘T\Fbt'tlaB‘PVqﬁ's(Tnt"ihyéﬂﬁllnﬁ% Do- 2H 1 soi ndol( )2 ylr;apilr—la on o

I adtenyl )sil ylmqmlaﬁmetﬂyléthymu)talﬁmn{e:%h&?tuapt'é@ bzn!tamﬁn%aswﬂamm) 1H-

cont ai ni.n e ert-bu

t ol yP) - 1“‘{%3‘1(ﬂ)sﬁa‘ﬁmﬁﬂ?@r(3‘)2*11-1)1“?6}%'&(3’29‘3}!‘31515'@?%inyI Ysilyl)amnmne was added

74l of L. bRty b ih - 1012 98a 2615 51(9?%9511&&% N dBiteho1- @ vel | ow

precipitate appeared.” Af'ter stirring f e yell'ow precipitate was
col | ect aBsinamingior(2-)-Nnxtitseigm his(wimethylsilglmethyd®  hexane, and dried under

reduced presguf v f wder. Yield
s 766 por cereideRF bt 01,48, 167 oS FovRgidFI MRV EL (!

4H) , 6. F)silapamihatieh(3-)MN-Hftagiom Wis@rimethybilykmbthyld, 3JH a = 8.1 Hz), 7.15 (m
2H), 7.23 (m 2H), 7.50 (m 1 H), 7.81 (d, 4H, 3JHH = 7.8 Hz), 8.07 (d, L
H 3JHH=7.2 H). ~3C{ ~H (CeD6) b: 21.65, 38.83, 52.46, 59.82, 95.33,
112.93, 114.15, 115.78, 118.29, 122.0 122. b0, 124.16, 124.78, 126.94,
127.30, 133.06) 134.75, 137.30, 141.98, 148.17. (C) Preparation of

dl chloro(N-(1, 1-dinethylethylrl,l-di p-tolyl-1-((1,2,3,3a,7a-rl)-3 20

(1, 3-di hydro-2H i sof ndol - 2-yl rl H i nden-1-yl)silanam nato-. (2-rN-)titani um
In the drybox 1.5S2 g (4.19 nmol) of Tid 3(THF) 3 was suspended in 20 nL of :
THF. To this solution, 2.206 g (4.19 mol) of N-(tert-butyl ~N(I, '
p- toI yI) 1 (1 3 d| hydro 2H i soi ndoI 2y|) 1H-| ndenyl)5| IyI)am ne, di l'ithium

o Y — g— o o




solution was then stirred for 60 mn. After this tine, 0.76 g of JRpPapR 2004
(2.75 mmol ) was added and the 25 solution was stirred for 60 mn. The T
was t herWPdBds under reduced pressure. The resi due was HGT/E3008%¢45act ed

with 60 nmL of t hyl e oride and filtered. Solvent was.renpved under
Feduced presserevakbeg g iebist o il e ol S tkmEbonEs oot (50
nL) and fifRRadamaste- (aqaﬂl%&inmﬁl Ni@(ﬁqrﬁéthy]gl@qnétm) 10 hour. The solids were

collected on a frit hexane and dri ed under reduced

pressure to dtvld IZd‘@S‘Vﬁlgle@V')tlkﬂed‘G@Wl'bﬂl&F%%ﬁﬂf‘tﬂ)%(% Hetgrapydronl @ysidinyd- 30
gIH)el dSWS};H ﬁﬁe@l-&ﬁﬁﬁﬁﬂﬁxnatokﬁ §-ﬁ3£ztgﬁﬂlm%1sé&mfégn n%'ﬂ')yil_)| a 461(256 I?:|z|_2 é gg E:
1 H 5 b.95 (Em -, 1pimgthylethyl), 19dlghqn|zlyl «m@esaa@-n)@ @,3, 4 Htetrabydro-g- pmymyl)-

Loy & b e et o b5 gt ey ey (0, 1 1 10" 79

33. 38, 56. 87,(Nal,14dimetdylethyl)-1(17bi§B-mellRphsfiyl)- 128,273, 33, 2226)-5R,3,85-tdtAhyd4-1 -

15055, Ay Sndeintieo h bt isnbieingoi s, > 1
PCT/ US00/ 31G-MEcyciaherylp 1,6-dinabyrali,n0,3a74-W)-8 X2 3;408-weityioet-pyr dinyl)- Al

, 3, / (1, 3-di hydro-Z
| soi hdolmdfgylr’sl%'i i E’ﬁ@rl)JNS‘)t'iﬁnf“ghQIFAgéﬂ‘?r‘gﬂf';'lmf\'lm}lal methyltitaniumlIn the
dr %/bloxI 0150 Q(Nqéyoahlﬁkggp[ Q-l(dNrb(eﬂlel =(dl, mghﬁi g; bxt,)s A%5-thtralydro- 1-pyridinyl)-1H-
-tolyl-1; a-r i
Psm néolmdfg’)}rb)l)s'i%ai"mﬁ%@]? Iz'?‘)“éﬁ“f"&h%fﬁ@?ﬁ?‘ lf‘b'hnﬂlb)}li'l t ani um conpl ex (0. 79

nmol ) was di f(NQEyéﬁﬂlek}‘]) BO-bikls- ﬁEth?lpﬁérJ}nll—@%b@@a 7393003 ﬁﬁ{e%ﬂ)@i:b-l-l 14 nL (

1.6 mol ) er)_ was a gt|?IW|se while stirring over

alm me’E‘?lBﬂ} ?%ﬂn‘{%‘flrlé)s‘l‘%‘!#@“&&dfzr}lﬂﬂ ~tigamiuge bis(togmethylsiimethdy) t he sol ution
was stirred éﬂf(l 1-dﬁnaﬁﬂ5thylplqtd?h‘lbthﬁtlh§¥ 2‘9?3%%-2{7@@@-&1%6 m%&&ﬁﬂal}'i gssure

and the residue extracted wt Xane was renove nder

r educed 1priadengh-g)silanagingter(2-BNr)etitaniny disrimethyisitdmethyB] . This sol i d was
di ssolved in H&HR n filter d the
sol ution was (ﬁB? ltlﬁ]%‘gﬂidﬁﬂ;l trlgezerﬁylalzg %?3?17 %;332{;%% ﬁ}{ \l/n?%{'z'&gé t hen

decant edHa}ndPﬂtlhEl)Sﬂlemmat%g? bN;bsttahthﬁemMShéﬂmhvh cold hexane and dried

(0506) ' S: 0. ARk Yidp el Sianl) Pthds 0 3 Mg oBE £ 7T

3H) 204 5Qindgl-2-pi}] HiigdenIl-yI)siladainidato42-)-N4- tS@n(ud)blsﬂH)ncth}'Bllﬂnwthb/l)ﬂ_ 7 Hz) 5 68

15, 7 30 ( el duiadng @2 - Hlls Btk Sl e (o) 1

~JH_H7. éndeiz-) yl)Slla.’hﬂ.m(ndt;o-(Z-I)l-N-ﬁﬁtdnjanbliuﬁnddzﬂsxlyhﬁtﬁh){l) ~H} (CeD6) 8: 21. 45,

21.52, 35. 30, 6 65) 8 5. 24.5],
| 24. 56, 125. %?Cyfg’gé’é’g g%‘?“%‘%’,"?’?ﬁz‘efg%",’?Jﬂb;"ég?'di‘ﬂg’. ﬁ‘si‘éé’.%ﬁrﬁ)'i 2. 02,
534: 62, hﬁﬁl%}llagﬁﬁm%(f )ﬁ)—ﬁﬁmuﬁﬁgsl(ﬁﬁxert]ﬁb?&lyﬂﬂethﬁﬁ3. 84. 20 Ei(arrpl e 7
i chloro( N-(1..1- dj net thyl -1-((1,2.3 7a-r]}-3-(3
d ﬁ?%?o?é( 1(1@%?8l$g§?¥5}¥%’ﬁ§15érwtﬁl@a‘éeﬁy lﬁl‘) %P@%ﬁﬂ? Hélgil’(hz’%tq@é lst°f’{(dain?um ( A)
Pr epar atyl)aH-iadenll-)sfadentigdts-ed ). M yor tanéxﬂlu:s(mdemy&ﬂylhmugng nol i ne
o T s A0 g Sl
(2.30g, isd lﬂolmnyim .hdbnlﬁﬁ)mnaﬁmnét&kziﬁne) twnﬁn%is'(tg:ﬁ %'Bﬂﬁﬁfethm yi rogen and

ar

refluxed for 10 h with water renoval via a Dean appar atus. Upon
cooling a | afyél.bdisenthyleshyly-1.hdlinhap2-(61 %Mﬂéﬁ‘ﬂb?ébﬂéﬁ@?@dﬁl@aﬁlfd}n ne
hosgpha T NZ t hrough a
e por AR A A ARG - KN eER i RS RIMBORIT Zbour a0: 15
mol e rati o ofN-6hbdimethyleshyllet, bﬁsﬁ-msti)ﬂpml)vh(ﬂéﬁa?pdaat)ée(larﬂcﬂ-tclrdhydm}e/ am ne
about The
( § 1 %-g%goppe s dﬂﬁ%d pgijﬁ@“&mggg (} 291 )-tlf%%lugl bis It_‘g'lsaly ) i nert

process vva € enamne residue r cove
at nosphere, (V-(@ynigh&g)a, gdmfethy&ﬂ H(s%3]3gTaeg)a3-0i,2,3 49&:@gdroe(ltli)yis(ﬁjudxohii§l¢

crude 1 r C s ana shomed | ess than 2
per cent QHPA% l{ tl éég))%’m“?‘gigg?'ﬂaﬁg g'IYRe 7.29 (d) J=7.0
Hz, 1H), 6 85 7 20 (n1 6H)) 5.36 (t, J=2.3 Hz) FD 4 11 (s, 2H), 3.20 (t,
J=5.9 Hz, 2H), 3.14 (d, J= 2.3 Hz, 2H) 2 74(t J=5.9 Hz) 2H). '3C {' H}
(C-D6) S: 153.2 (q), 144.%(q), 142.1-ixp, 135.1 (q), 134.8(q), 129.1,
126.8, 126.4, 126.2, 126.1, 125.2) 124.4, 120.2, 109.1) 53.5) 48.7, 35.9,
29.5 15 HRMS: Cal cul ated C, BH, ~N. 247.1361, found: 247.1334. (B)
Preparation of 1,2,3,4-tetrahydro-2-(1X Ltden-3-ylrisoqulinoline Iithium
salt / \ NJ Li Crude 1,2, 3,4-tetrahydro-2-(1H i nden-3-yl)-isoquinoline
(15.0g, 60.6 mmol) was dissolved in 80 nL toluene and 150 nlL hexane was
added with stirring (emerald green solution). 38 nL of 20 1.6 M n-BuLi was




m. of hexane to a fine tan powder which was easily filtered and gﬁ’%ﬁ&th
hexane (60 m) to give 12.5 g of vacuumdried material. A second 0
orange pWedHMH2#&s obtai ned fromthe liquid, 25 washed w t RCPUSH/31645 hexane,
and conmbined with the first crop to give a total of 13.65 lithium 81
2 8 APR 20U \WS-Ei¢lelr3 Y- Raiiphespbl-013-353agatm)-Zaf 1t 3.4 teiehydmn -4 Hi)-rgayiadinybr cent
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o) ettt A iy T RS S v bsgrimetylsimebdl dr o- 2- (
| Hinden- 3- hé | 2,3 84} SdydroRH)b Roiadolof
THE s adder B e ety N

1chl or o-2tyDr1Biipdepryylisilpgamingte- ﬁ‘?e) -No)-tangum bisgrigiethylsilylmethyh; ¢ he addition was
conpl et e t he ReagLRRIFIeNHICI R BbhIpRe, DS 1591 70 T8 S okitgBo RS t hen

renoved under reduced pressure he resi dué was extrac hexane and

t he 180l (henzefyliseindab2exd)- UT-IN@CBdI-)(})émnamt%@e)an)émwbﬁﬁ@éﬁhﬂ@lﬂm@ﬂyllS

pressure | o2y ot 19 4REAJUPI 2 81 PSR SRR IP O ©

benzyl i dH-inderR G-y Dpilapadnina®-(8-){MNs)-titapium bis(Rinfethylglfmethiyls (m 2H)

1254, 153, 5, (O ieaio o p s sl ipo-pbpmpu i

140. 4, 1#binB¢n-1-§DsiBnainatot(-)MN-ppaniam Ws(triphethylsilylmethyl);

i soagln LoFF%M‘%W&ég@W )S?1¥(ﬁr3eél§ﬁ§wgnylg§1(¢tﬁ g%? %% l]ql'd'h{’q"rlo'zgr ybox 5.85 ¢

(15. 5 mieho[Qitdihdal-2rytl)- IHindendt-yi bildnashires-(2y)-N-)-titdhivn2 bisGrimetbysityltrechyl
2(1h17-i sggﬁ? ol.iyg%l ~| Hindenyl)silyl)amne was conbined with 150 nL of
hexane. ﬁt[h?' nl 9.5nm (3.2 mol) of n-BuLi ( 1.6 M was added

derWI se in a(b:qundaﬁnemynmyga 1-tipthyRB-(AORBETE R, 3divpdreR2H-he n-BuLi the
solutio

t d ht. Th It t |1 ected
PR ¥ AT AR B o e A A et ) e
gb \630\5/\0 1 Og/ of(gic} 1IgaC.an/e%%00 puﬁﬁényl-YJ(ﬁLst w’&-ﬁﬁ&[’l%dﬁib?dro 232 2 8 APR
G ont by deRlisaingel AV ik b sl ina ] N Do s bis(imethylsiiyimathyl);

(3, 4-di hydr o- (&((ﬂmhﬁﬂwmfgaf | Niis mahynpﬁiswr)-’h «iisnshaaq;rbmamm@&mm) titan
fum N-(tert-but 4- di hy

Ut o TR s a R Al e W DSR4 N AT s ey ity ol )
was dl ssol vegNL@ yaeiexPb- 10t dirhity1-1- mg ﬁsa%Lﬁ)U @m mwradmni@ I;ﬁomusilz?&l) THF) 3

nmoi ), suspensi on in HF. Atler |h

16 25 mﬁﬁlﬂﬂﬁslﬂaﬂ@éma@a@ (31)11‘17'&"@’“4@ ‘?‘%ﬁmqﬂéiﬂs‘h‘ilm%flb was then sti rred an
addi tional h ) S L he

. resi due was gﬂ@acte wl%ﬁﬁm%gﬁn{w t%?’ﬁenge(l j&g&lﬁ@%ﬁfe@%ﬁgnaﬂ?ﬁﬂ%d ded
end fi ndH-ipdetbyhsilanaminatas(2-)N-)-titapism bisthrimatkxdsityimetbds washed with 3 x 60 nL

R e A S e L O

pl aced ibenzofedisbindalz2yl)-dHeindensleyldsilanapringto-(3-)-B-y7Bagjumdss(toethplsigaethyDel d was

LI P el a7y b e 08,

6 7 (d, yHH)H uﬁmaxMpﬂﬁbamlﬁt@(zem-)wuﬂbx@(u(ndethylawune@ym H} (CeD6) S: 1.2,

3.8, 29. 32,7, 4 8, 4 0.8 .3, .126. S
196, 6 128, 5. 1De1g ipstmyietyhcl bbbl 0t B N SR i B

N- L t . 1 i§ h

ES Sf dl h@dﬁi%-%jwisl?aﬁr‘ﬁg %ﬁlmﬁ%gﬁ&ﬁ;ﬁg g}jﬁrgﬁtaﬁl?nato (2-)- N ~di net hy
I i

titanium Di chloro(N-( 1, 1-dinethylethyl)-1,1-dinmethyl-1-((
1,2,3,3a,7a-r1)-3-(2-( 1, 2 3, 4-tetrahydro20

i soqui noIine))-lH—inden-l-yl)siIanamnato-(z-)-l\l-)-titanium(10.6 g, 21.S
mol ) were dissolved in SO0 nL of ethgy. Then 28.2 nmL (45.1 nmol) of MelLi
(1.6 M ether) were added in a period of five mnutes. The tenperature of
the m xture increased from2S Cto 28 C and the m xture changed




from deep purple to deep browni sh-red, and was stirred for one hﬁ)gr RTbm;,
vol atil es were then renoved in vacuo and the residue was extracte

hexane (Wxoi28151) and filtered through a 25 di at omaceouBCeaISHdI31oexl. The
filtrate was dried under reduced pressure, re-dissolved in 2SO0 nL of hexane
and filtered, (N-éa!/-ldngettiqugh)d)‘-l (ﬂ-dhl‘sK4-m31lylilhalyl):l'lh(£l ,383a7a-on3dE- al | owed to

stand ov t in t and the solution was
decant edgen? elspyaipaling (é\é’)r elﬁgslﬂ‘gﬁ' 6’\)'1?%1%5%?’ %%ng ﬁgq?a "YPve a mass of
orange rbis(tdmstsylsilydmétlylBg) . A second crop of 0.9S g of good qual ity
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3H), 1nQenzl-§'gsﬂa3h|}nmatQ-(Q-)-ﬁ\5) -titdfhm bls(ﬁm(e‘éhylsﬂgﬁneth%l)G( m 1 3 2 8(m 1 H),

gs4 (m 1 ﬁ j ngH)lH} 6.9
(m 1H, 7. 100 (ﬁyclphsxyl)ﬁ Bdiphenyh L4(( 1,273 ?aZacm) &Hﬁbeﬂatt{idﬁmmw -Pl-iH- 4. 5,
126. 0 3‘1‘5‘2"“ £ lnadings GINY g bigiayMvitetil o 12479 S Exampie o
Preparati on ofN-(ﬂ)’élﬁh@‘r}’B(IN'Pli@fl!anhmqliyl)ét(hW 3,83,7a- nﬁpﬁéﬁpﬁnqudehqugmglma 7a
ris-(s, %@H?&gﬁﬂwﬁﬁﬁ-ybﬁﬁgﬂﬁ:ﬂﬂb JOYNL-ded M eRmtmYlilyi@ggm nat o- (2-) - N-) -

titahium r epar at
N- (tként - bat y| &N-f¢y¢lohdxyBilphdimethyl-1(3,2,3 3272 )3 Hrbbep ¢d[Helispgronplins{B Hpryl] -1HH

i ndenyl . L f 1 - Ladenyl ) - 3- (3, 4-di hydro-2
11~- |goé§?%1%|%ﬁ{/qaﬁﬁwglgﬂ'ﬁzd%&ls)g+eﬁ‘% ?m%.l%&lé]?e L@lsg‘%lﬁ'lﬁrhr]gﬁ) %/n) 20 §r1_ of TH)Ié was (
added wi t hi n @3(ayclohextyl)-1al -&igheniyl- T4 ,253)8a 1a-q)B-NiH heazd] dd]isbquinoliN-(1H)-yl]-1H-
chloro-1,1-d enyl si | d.14 g, 3. | )., After the addition was
conpl eteh%?{'el 9@%@( %@Z?’ -)-tugé{gm;bﬁ(&ngygsgggﬁnﬁght_ The sol vent was then
removed under (N-@gtiobekyl)f1isbis(danetylphen@iy1c(62,3, 30, 75)- BHIH-Betiz6{deNdohlinbiax ane

and the filt t hr.ou nmace earth. Th ol vent was then
r emo\ed %ﬁggyll] ﬁg 19?5&8@2"3?‘8“‘?‘2%{8 i 't'ti""?’g%{f%tﬁ'fmtﬁylﬁ"(lj’d@f’& 6‘1 eld was 86

per Cent (B) 6{ Bﬂi&ldﬂ@[&t ) it -Qinfetyl-1-((1,2,3,3a,7a-1))-3- (N,N—dlbenz?'lammo) 1H-inden-

but yl ~N- heny (.3, 4-di hydr o- 2( 11~| soqui nol i nyl') - 1Hi ndenyl )sily

| ) ami ne, p?‘**‘f‘ﬂ'ﬁﬁﬂﬁf’ §%1‘P“N )I"l'fa‘PH’E bis(pgisiaylsilylmetyl; 4 " nmp) ) of
N-(tert-butyl Ny, (—&mﬂﬂl@leﬂﬂ@%’ l-‘dlb‘héx?yl-(l (2,988 y8703-8 Nth‘”b&leammo 1H-inden-

i soqui nolinyl)-1Hi ndeg}yl si I'yl ~mi ne were dissolved in 60 hexane. To
this sol ht/D%Hnamzn@s-(m )ﬂ"ﬁ%'ln)b'%‘l"mﬁﬂmﬁﬂb"“(elhy@ lvi 7 was added dr opwi se in
aboufg 5 m nut MNaipde o R - A P hfco3l 5
oo 000! 31640t G MRLRETL, RoRmbnIBnerdt) 1((1.23 80 7o f gg\(/lg(riﬁ?ght The

resul t i ntlderi pisdanamigato-@otN-réitanipm bis(mmethyldlylmsthyDaashed with 40 ni
hexane and dr%eeﬁueﬁagnrﬁd&tﬁ,%gypi%a%fajaon)gg HenitRnDy1RhinBY. A ien-1Y €1 d was
86 percent. reparatio

di chl ord(lwlfmnw@emwtmmm yxs(tnme@ylp%émﬂhyli, ((1,2,3,3a,7a-r1)-3 5

oL G SR RAhL AL  S  SRalAR Pk kil a0 2

11~-25s ool )silariaminatd-C2-N+ ) righainmh )Js(mlylbt)mmlylmrthﬁlbl i thium saIt (1.5 g) 2.9 mmol)

was di ssol ved f t F~3 (
108 g 2. o riuleyauden il Ch YR BEEREN ol uph TH,

1. 9 mmol ihdenalsyRsildemninao-2- 3N -itanitinbis(temethylsiylmethyir e was then stirred an
addi tional hour. The 10 sol vent was renoved under reduced pressure. The
resi due was extracted with 60 nL of toluene and the m xture was filtered

t hrough di at o(ma(jebdlmee@retﬂyl) [Theintethyl1 Jtetramathyldy-cyethpentadiegtisitanamthatob@-)-

re5| ue trit hex he residue was then filtered, washed
(3 x@ﬁzt Q{’ EHF‘W‘ Pﬁf?fﬁ?tggl Yve 1.4 g of deep bl ack-purpl e product.

YI el d vvas 77 @B(l(}leﬁh'ineth ldu{y§61Dﬁhlp3enyL1fiteﬁﬁaaetﬁﬁl)m 1o§er(tﬁaner&muan£1§m'§to(m) 1H),
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(m 3H), N'H (darpethbjlsﬂﬁns)b(smwt Hyne)v 4 (d 1 H, 7. 6 (d | H) 8.0 (d,

2H), 8.1 (d, @y 1-adehmihRDEkESned ot #Bnfin51. 8, 61.1, 112.2,

125 3, ) 3, ) %em}'b Dpbnei oD nyﬁq @m R 130,64, 1335,

134. 9, 10361°Bentaﬁs?£ylisﬂamwpé2 - )sw@plame{mwhymlylene)bns(methylene),

(N-(1, 2-di et hyl ethyl ~I,1-Bi phenyl -1-((1, 2,3,3a,7a-rl)-3

(3, 4-di hydro-2(11~-i soqul nol | nyl)-1H 1| aden- 1-yl ) si | anam nat o- ( 2- ~N-)

dlmethyl tltanlum'l~ ~ i (CH3)2 C~S~Si_§§_C(CHS)3 20 CsHs



D chloro(N-( 1, 1-di nethylethyl)-1,1-Bi phenyl -1-(( 28 APR 2004
1,2,3,3a,7a-rl)-3-(3, 4-di hydro-2(11~

i soqui novpmyl4x313H i nden-1-yl ) sil anam nato-(2-)-N)-titaniran/@Soo2asg, 0.4
mml es) was dissolved in 30 m, of ether. Then 0.5 nL (0.8 mmol es) of MeLi
{ 1.6 M et hefN-(cyelshexgiid d -dithbihylai -geunnmethydg-dyblopensddienyBsilahoninatod2 Hd4y-. The

vol atil es wer .re wed der reduced pressure and the residue was 25

re-di ssoft%léfn g‘gm}qgfe%sginﬁéﬁg é’nd filtered. The filtrate was dried in

vacuum and t he- (dyauhd;xyl)g I-diptiegiyte] -petfantethytih Syclbyenchdicny Dethinaneinaoq2)-N-1- er ed.
ted to the point were a bright orange solid

The filtrate a
st artiad tt‘?i’"ﬂ?‘m@fnﬁﬁ‘y&’c %%m%vw Jwas collected by filtration and dried to
8 'ﬁ/i Sgi élp%T o 9%%% hiLtﬁJ(@anmwtzn r?eﬂmemﬁ!ﬁ-cyc% &xtﬁaﬁyﬁﬁ%ar}'mato-gl_b

. S,
2.6(m 1RY;N-ptignjum (drmqaﬂ)yl%lybse)pﬁzmtheneb 6 (m 1 H, 4.2 (d, | H, 4.5(d)
(ZED ZEI)Q (52 (?J H)l-dl_l(&e&yfe l)le) dlm%d'?li'@zﬁ_ga 7a )Zl%gﬂgybﬁb%eznyl;lﬁgl%&%lli%g E73 8
124. 4)  DASlaeminpge(24N-) lmnum(dungbyl@wleng)bmﬁrseta@rfe),26 79, 128.2, 128.4,
128-58, Eigﬁp - (11' ?@m% etyl): 11443?1}%‘;11.?-?(1,2?3%,784.“»1%9&394.&&%1@1}1&%&&; 137.8,
(N- (10, 1- )dl)sﬂmingdaei-@y)l-N-Hmdnmdl (rdnnd:tWIsnlyle@é)bgsan&h}BmeYa r)~3(1, 3-di hydr o- 2H

{1 van um 10’1 AP RRED TR B Gl b PR St

1, 2, 3, 3édndea-l-yysilanainitto-(Ry )N -tiddhium (dlmethylsﬂylene)bls(mcthylene)

d 2-yl H- i ndepn- 1- 1.0
21 ol | B dapby g R de e e SRR o 1 hi o
sol g ac_)%l_)ﬁ/gﬁﬁmito -29- ﬁ&tnmhﬁ(dﬁﬁemmgmg)uﬁuh&maﬂgt Ir| met hyII si |yl met hyl ,
e ropwi s ile i.rring over a
mlv?ldtse per i ooé‘I é‘(ngt}exy élé{&ﬂeg\ﬁo‘ﬁ&bg% '8 'rld“’rﬂévi% “é/dg'ls@s?ﬂﬂe?ed t he
sol ut i oryl)éidhamiratd-@0) my.&,taﬁmh, (dﬁnaﬁ)qg,g[énm,ﬁagﬁweym of the solution showed

the conversion to the | ex was mcongqjete An addi ti onal
)

quantity of n@@chM)édrhm(‘i-m&(y henybl-1-(Je?.2 38 dAiaH 1 -msthyid-phensd 1 HoRdSR- xt ur e

and the 1'i§€lfs Eﬁa?xﬂndi%-(i}«lﬁg-t}&ﬂﬁuétdnﬁétﬁﬁsﬂléx‘{em&m:th l@ﬁ@}l ysis by ~H NMR showed
substantially conpl ete conversion di al ky onpl ex and resi dual

quantities of@@lblg@m(?@}’le@a(@éritdlmﬂlyhl{@é,%@a@tfl)&{lmwhﬁléyl)-ﬂﬂ-@@vel-was
rengyed m@ﬂﬁnﬁm’ %?Q\l-%nga%%&if uﬁélﬁyl&?&né)%ﬁkrﬁ&ﬁyl%? di ssol ved in 20 nL of

hexane and' filtere ure vol umeé was reduced to 14 niL and the

vessel was pulN-(lprd¢imgthylethahdyl-diphenygl-({1,2g%3aa-r3-(FHinyrrobidinghl Huidendlecant ed
and t he C s washed with 3 nL of
coI d he angﬁa%rﬁ% n‘?’ﬁ ékah&g]d@mﬁwl@glseg rgéé% \(%?32 g of pure conplex. 25
'H (C6D6) S: (Neclaedn(ndt;bylmuylm-b*mmelm/lrﬂxchizl) 10, m3z(‘éa-n)e3-|§l,-pﬁr01@uwb 1HDH) )

0.59 o 95 (d, 1 H,
2o r o ingihleyfoaRptino S nftlugh fimdu gy Reddheders) - 0, %° (G0 !

4 25H§) 49 (5, (Hchiohehyl3S, ey 49, 2,3,Bhl7h4n=)=-3&1@yirhl;dli%1))-ﬂ]1;+m7dgﬁ(lg e, H4J QJE -
= 8.7 B )S“a“%‘&{“afﬂj%()% aniym (Ef“b%hyjf%ﬁﬂég”é(%hy"i{‘e 1, 34.18) 57.00, 58.91,
69. 59, 77. 12, (Noy8Ghex 90, phedf-1IRR28Ba, 74AP3q0-pyR AR IH-2eB4, 125. 20)

127. 55, APR 2004 WO Q1/ 2315
g N OO A e B Wt e
(N-(1,1-di rret(h:ydc@élwkyib a'l-bﬁ’dwhﬁwlphényd)é ﬂ((ia;s,ﬁafala-stol)m%o(n&nﬂwﬂhywnor-2H

i soi ndoI -1H i nden-1-y | anam nat o-

6i sfPri ﬁ‘@?‘l‘ﬂ? F!af?r@i-:)tﬁ'f?flt ?“WF&@H??EWIS‘]SICP??I’{S %Pf‘%gax 0.466 g of
di chl or o( N-( J(Nl(%ci'-dlﬁkﬁi ﬁn&ﬁ-ﬁ'l)-dxﬁwﬂa Bl RhQ’BYia h= r{)(31(2225 ﬁs%dﬁéhlpy%ﬁéyﬁ di hyd

ro- 2H i soi ndol | hden-1-y I'anam nat o- titani um conpl ex
(0.77 mm-mdgkbrubwbnmmmﬁ bhlrl-utymaméélmeuwllylﬁnezlss(m_eﬂwlena),et hyl et her. To
this solutio 6 I I dded
dr opwi se whi Ir(N étll %]rn?!fll’é&&ly@% I’WBM#YIOI (wgé%WAégsé%% e a%gll%qy%@ﬁﬁﬁ

G i gnar dHrisdegre hiyl)silasangioa(2:)-did)-titalnem<dimethybilyleaedbistmethylagie; or  2h. After that
time, 20 nL 10 of toluene was added with stirring continued for another 2h.
The solvent m xture was renpbved under reduced pressure and the residue
extracted with 40 nL of hexane. The sg utlon was filtered ad the filtrate
was evaporated to dryness under reducéd pressure. Extraction wth hexane
was repeated one nore tine. The solvent was renoved giving 0.334 g of red
solid. One half of this material was dissolved in about 4 nL of hexane and
the vial was put into a freezer at 1S -27 C overnight. After cooling, the
sol ution was decanted and the resulting crystalline red solid was washed
wi th cold hexane and the dried under reduced pressure. 'H (C6D6) 8: 0.67




PCT/ USO0/ 31645 Exanpl e 13 Preparation of 28 APR 2004
(N-(1,1-dinethylethyl)-1, 1-Bi phenyl -1-((1, 2, 3, 3a, 7a-r<~3

('3, 4- di hydp or/26iH) - | soqui nol | ayl ) - 1H-| aden- 1-yl ) si | anam natous8osiysy bi s(tri
met hyl silylmethyl) titaniuml / ~ ~Ti (CH2Si Me3)2 ~s~~. SiNC(CH3)3 Gds 5

Di chl or o( N- ( 1(09-(di-dixdiyllestiyi)|,) -bis(4lmEthpipRanyl)-11¢((,£.3,33,78:n33+(Z 3:4;5) telBatlydrodt-di hyd

2(1 | d ¥ N ) -t t 0.25
0 0. 4 g Dt v lroeiinele ) Fim S hren b RabhbomD & (0.8
mmol ) of MyC @H@c%héx%ll)ﬂ Mimiitt@l ny{1€X, 3184, Da- W@ﬁdéﬂ&mh{d}&l yaqamylsamas

stirred for 48 hours. The_ solvent was renpved der red ucea9 pressure and

the resi HYen-hybsifapamingewt-ydh)- ﬁ“ﬁmH’@)(ﬁ‘ﬁ@thélﬁﬂylﬂq)@mylevﬁb filtrate was dried
d 10 69

ggrgresm mcugg&exoﬁéx&nqrﬁm %yﬂl @(fl 23 ﬂ%%ﬂ@ k-veugm&& h%l_mdlg;g??ﬁ \1Nas

(<1 ingn-| obylaamipato @) N0 gy (dxmeﬁnytsdylynqxble{n(ert)y)enq) 2 (d) 4.6 (4, 6.0

(s 17, 0.6 fkcfindilyodudndihonelyt s Tufud o p Edidhyada® (0, 8.2

35.0, 49pBidind)- H-ingen-I-yl)§ianadninato L2-3-N-Ptitaniom (@imetBsillend)Big(n@:thyledE); 3 126. 4,

1372, 1577, Ofs SmeSRRb- Lo o ek L b P aibvesdr Erinsd Sl
| i quldd ahd-igdes- lfydBilsamnae-@96-pdtaninmodiphetinddilylne)bis{mahyledena and a

Fhe) pri or "t OFht-arelsth-£ Rubinkd R S oot eVt et B
handl ed 1H-igieg!1 iU BRI @L)N- E—ﬂmﬂﬂuﬂﬂﬁﬁl@l@l&&n@&séﬁé}@ﬁerﬁy nitrogen. A

stirred 2.0 liter reactor th about 740 of xed al kanes

sol vent and 195Uyl 'S‘F“eﬁ‘ylf&y:@n'el E'éﬁdﬂ?}hﬂl’hen)‘}}dr(@g%ﬁ 3?@“’3&3‘&83'5@3’51'0% ecul ar

wei ght  cisindé!2-yap eikindeiy- 1?41)1‘5;1@5@%1 -)N-T-ﬁ&aﬂfuﬁh @i&@éﬂﬁbx%mﬁ)b%&hﬂéxeﬂt
additjon tank _at 25 psi or is heated to the desired 25

pol yiferi zat i offN- fcé{ﬁlﬁ’%ﬁ’%i't)ﬂrledlﬁﬁﬂy’szx(@#a”t?@Javﬂ)@h(le"rﬂ?}’@?réﬁdﬁmmzﬂgr@{ (3.4

MPa) . Mefndén- £913lafamifdto-@-SINLWtsnidm k&ﬁ.@ﬁyﬁmﬁbﬂewﬂn@mc}neﬁac atalyst as dilute
solutions in toluene or nethylcycl ohexane,” were mxéd in a 1:1 nolar ratio

and transfer r@ﬁ("b’éo%{’x&'é'tldl'?shenﬂdb((ﬂ#éﬁﬁaﬂaﬂﬁ 3a(hé’¢hﬂfdé%‘?€dsql?ﬁ°b2ﬂﬁelf¥eact or.
The cocagalnyp &?Jlﬁﬁanﬁhzimw IR etefiRh (Jin %&yfﬁ%ﬂ%&ﬂeﬁ t adecyl ) anmoni um

tetraki s(pentafl uorophenyl)borate. (The of which is derived
froma m xt ur @N-teyclokaxpidd, lam(ﬂmm@he@ﬁ) 1-((12, 333%5]3!:11)233043 Yy dpo-2 Hiiggdddpl-2-

PCT/ 4450 Slatly 35 4 cocatal yst for
runsiég {f%ﬁ lé%eﬁﬁgpg%relnt a k @? ﬁiﬁ% %t@l%xﬁ‘@n@fﬂ?égrﬁlm g‘% ion conditions
wer e mai nt ai n@d(if bdlmtﬁlylcthyutlebdmethyl é{ﬁ)ﬂ BiwTaamde (1, 23,4 derahpdto-2[UYH- r esul ti ng
sol uti ong e hol , and
tabi |1 7SR ndeh ke R Gy SR Qb EARRERN AR ) 00
pol ymer of a @ﬂ- diediguithpletryt)t 1, ladiphemyl- d-é(ﬂ&ﬁ(?oal;'/@aﬂe‘k(ﬂ 2 34®aﬁhydro}rmﬁ)ba Gel gy

Cor por atl | | i
(I'rgaf os' @%? %nﬁ%?‘ﬁ}e 3535)5’ 86‘%”%%‘2% E?Ean @e‘gagggﬂ?e“gﬁ“ i%%l o%“e uns a
washScycl e wa@N- (:lolndimethgh}thyr) Iv\lhbxe(h mdibylpheay])-i (623,34, kanR3-(1)A 3 4aetthhgdrbo t he
react or the.r S ted to 1 he reactor was then enptied
of the 1%@@5?‘%“ iaﬁi%ﬁ%&ﬁ?ﬂ%‘@wab‘b&&‘g)ﬁ%ﬁ% ng a new pol ymeri zati on
run. Pol (dimetisylsilplene)bie@eusdend); by drying in a vacuum oven set at 140 C for
about 20 hour sity val.ue rived et er m ni ng e. polyner!'s
mass when in @@Dgﬁr’}?f V&%éﬂAJWﬁ@Y@élSﬁ %?éf‘ﬂw &fl“ -Jedplygro- 2@?‘21%@%9@071(1%
vaI ues (IMndet §l)sibhahinge- (mqmngnammqamfam1§1@ﬁé)sis@ndtwneyrrelnt IIn;: dl\/bdell5
and es_cal cul ated as

]3§\NSNF 015 &Ppar at us_at un va

fol l £Y¢ @P%ﬂk&éﬁlr’hemd lo(§53:8.37, 7a-drdr(b-23 - A=tefrplydrq-H 1K iseqnimoligyl)-
neasur ed m dee-vi 1. -89 2 8 APR
measul Oll / ?233 y gﬂ%&gﬁﬂm Jggg%ﬁlﬁmQHﬁleﬂf}mlﬂeﬁ@gxs(nﬂbt%Eﬁ

Cat al yst Tenp. &- @V@wﬁﬂi—wmﬂi&m@f@iﬂmﬂkb«é 28032, 3ot (A -2etrahydr 3R H)-

(0.4)14 £ T Dl L (0 4~"33 51, 70 - .

(0. 1) » 33 e R fiaedhs 305tphirh 885 g phunf e it opBmetytene):
(0.5)"88.73.70.895---6Ex. 4 (0.4)"65.13.40.896--- 7Ex. 4
(0.3)"62. 04. 30. 8952421, 99<0. 18EX. 4 (0.3)"61.94. 30, 895-- 9*Ti DM

1. ~"58. 20. 80. 898. - - - 10Ex. 8 (0.75)5"26.60. 7- .---11Ex. 8

(1.0)s"49. 51, 0----12Ex. 8 (0.5)" 24, 61,400. 901 - - - 13Ex. 8

(0.75)"51. 01, 40. 9012162. 15- 14Ex. 8 ~1°0)"65.31. 40. 901- - - 15Ex. 8
(0.4)16027. 11. 40. 9041632. 10<0. 116Ex. 8 (0.5)16037. 41. 60. 904- - - 17* Ti DVB~4) -

16026. 71. 40. 902462. 4T2. 47 18 Ex. 10 (0.5) 140 44.51.90.898 - - -19 Ex. 10
(0.5) " 41.81.50.898 - - -20 Ex. 10 (O SZ " 49.02.00.896 235 3.28 -21 Ex.
11 (0.1) " 87.618.30.898 - - -22 Ex. 11 (0.25) " 98.68.240.895 - - -23 Ex.

11 (0.1) " 92 619 30 896 198 2.3T -_ 24 Ex. 11 (O 1) 160 57.211.90.904 170

~ - P —— A PN - = N~ A o~ - N ™ e\ " - AN PN N TN TN



-90 A) Tetranethylsflane(MyCl]z (' THF )6 2 8 APR 200 WO 01/ = 1229’?5APR 2004
PCT/ USO0/ 316: 15 To 40 nlL diethyl ether solution of 2.5 g, 15.9

MezSi (CRyblohA23y@s added 0.851 g, 35.0 mmol of My turningspcffykflisigds rring
overnight, a large anount of white solid was visible. Solvent was renoved

under reduce 1e15&ufee.y&nd1)tlep1dﬁmlw«1mﬂ@am-npj (1, $ldimydrzef i uan (THF).

Upon addi ti on THF) al white solid dissolved. After stirring an
addi t i od’&l‘z"ﬂlsﬂnddé%thﬁeB‘lnﬂ)Sdfnaﬁ’é‘?é?n@ WR3-UAR and the sol ution was

fllteregdlm'ghg,lsﬁlyie;,g)g;g efffferRlYt into a freezer (-27C) overnight. Solvent was
decanted and | arge colorless crystals were washed with cold hexane (2X20

nm.). The sol i®¥- «Adsdlmq@me&wi)e'dlvdwaewl 1¥d Rebip. br‘@s%ﬂbfedthddfer%ben@[ﬂﬁgnéolof

dyct ~-d8 8-1.81
prod4es By itndel NRBAIIAS-2 VNt (Sihechy BRIGRRbis(riubiR - %) B,
NNR (THF d$) (Ns{l 12digethyRthyd- 1, RBis@m¢tifptenyl)-8 (Y%H3,84,74-RK)-3- (B)-dlhydTO-ZH-

(173 i Rbettado Bl e bindioere BN IR ot o- (27 20 (e and um

i) Pr epddxatettwlsllglfend)ps(ﬁwﬂﬁle)leﬁ Cl=. To a thr ee- necked 250 n1_ round- bottom

R G D e G e e

1- bno no-lH—ilndm,ll-yt)ﬂIanmmaat(vtz-)@g)-n&nﬂﬁﬂdmmm)lyhm)bﬁ(in&thyle)fe) THF were then

T o

The sol umiﬁmmyl)iihemmtbr@w—wtamum (BintettdAsiloRn&)BR(MHdtRIenefhe rest of the

brono benzener THF sol t| orh% th g added dropwi se to allow refluxing 20 to
Iy

occur. After @d&)"i“?'ﬁ b 2P0, Bt lotrdibydie-2f xt ure was

heat ed %Enzbgjxkdiaﬁomiyx)hﬁ [ReAT GIRAANMNRS 29 ML HERAm iﬁla&mh&ﬁy&h;medyﬁ ignard
solution , was then transferred to a 250 ni droppi ng funnel which

attééhed‘sﬂtﬁmﬁthb’ﬂ}yé@ethﬂcked 250 nL round-bottom fl ask under a nltrogen
at nospher e eq@NL(PREAmYhYRhI 1S -Hifnet Q?a?j Tahp-3- ezJam ad-Jpot tomed f1 ask,
100 nmL of heﬁa(ng \,\,'25 ?nt ?cﬁjuced fhgﬁm a 31;9 h 15.3g, 0.0'90
nol es) . bygofeliseindali2eyl)- Hﬁ-mclené-:cb)elww%@r)uwmm added dropwi se. After

addi ti ondinetyBMNIBAGbiSnleh§lenesul ting mxture was refluxed for 2h and then
all owed to cool to roomtenperatwe. Under an inert atnosphere the solution

was filtered (Nﬂflhé-qi@ﬁtﬁylﬁﬁhbi@ Isfiiphenyla -1 23 3aarm)viad hedibydroRfhept ane (3 X 40
™) 207 | blgoRatsGRIIOTRI NG dBAnAal DA heRhaRe sol ution. - The hept ane

was then renbved vid distillation at at m)spherlc pressure. The resulting 30
vi scous (@methylsdylenedbis@ngthyleneXi stilled with col l ection of the product at 1

mm Hg, ( 133 Rg) 1%m2ti11?4ﬁﬁg-1vl' B‘ig(4]n?e h@ﬁﬁl)ﬁ’?(lcz?i‘,ﬁa} 78k {;-?ﬁﬁfﬁ?&&% product..

ii) Preparation of I’amdoc orosilane
Di chl or Cfmf’(elllsmm!ﬁ!rﬂybﬂb%ﬁ}dﬁ)ldryl&ﬂ@ama@?@ YN-) IIEHB!EH mml ) was dissolved in

45 mL Otdnﬁ%gmlﬁ%)tﬁmrﬁ{h&fiﬁc To this solution was added 1.83 g, 25.03 mmol
of t-BuNH2 fter Stirrin 3')5 overnight) the solvent was renoved under

redd¢ed presMrevclohewyl)-bd tddnethwals-((é,ﬂﬁﬁad a-010r3v( B dibyRirerR H=bgnzo[eigoigdolf¥1)2 004

nder 1 AURER of SRaUPRAER PACRARG RSV e ARl 17 [T

Pr epar at i on @R-(¢ytlchend)-Bh)dighiead- i-€ b2,33a74-np3i(haalihyidr¢-BHbenA8[e)isoitdoF2-yd)- 4. 612

vas_adad 982y fpesala YL ek ysdkpcl 3R R e, oo of ssol vea

in 30 nL of [Ncychfheeyl)-1,hédis(eamthyiphenyl)xi-((1,2,3\8aFaai)+3-(leddibwie-dHght sol vent

d d t ted th 50 mL of
hex%é] rrgve ?‘t“g‘i%' %Sﬁf'\lﬂéﬁ{’ §Z$$B§7"§Tn"‘6§’\'fé%§qgufefn&la%f egr(r)gﬁc'? a\g a very °
Vi scous(dimdthiblsMnegmd(meﬂitheb was 91.0 percent. 10 iv) Preparation of
dilithi | t - dol I nd NH-t B T 50 nL
of hexane. ol MisrEeRyIEHIY-Smeibel 5 20- Bormot SLEbNerE ol el 24 s
i soi ndokinexindsen yi)31fahhh&atggi-)%%@ﬂﬂﬁqm%?eﬂ@ld‘lyleﬁé)bﬂs(rﬁetﬁﬂ'léheﬁuL' sol ution. A

few m nutes after n-BuLi ition recipitate eared. After
SEIrrTng. ove MiCGhmehued ) vfipheoel bi(ae Godasy dcli Fhesneel dgotine in 2
washed Yihif-ifiaeh. POndllanShinkEX BN At @heilay hEBEREnAERSSUr € L0 Oi ve 15
4.42 g of the desired product "as”a yell ow powdér. was  70. 0 percent.

v) Preparation of

di chl oro(N-1, 1-di met hyl et hyl ~I , 1- (4 béﬁyl phenylrl-((1,2,3,3a, 7at1~3-(1, 3-d
i hydro-ZH i soi ndoi - 2-yl ~I H-1 aden 1-yl)sil ananl nat o- ( 2- ~N—) titaniumlIn the
drybox, 2:62 g (7.10 mml) of Tid3(TI~")3 was suspended in 40 nL of THF.
To this solution, 4.32 g (7.07 mmol) of dilithiumsalt of

(4-n-Bu-Ph) ZSi (3-i soi ndol i no-i ndenyl ) (NHt-Bu) 20 dissolved in 60 nL of THF
was added W|th|n 2 m nutes. The sol utlon was then stlrred for 60 mnutes

~ - Y Ll ~ ~ A ~ o~ o o o




92 2 8 APR 200 WO 01/ 42315 PCT/ USO0/ 31645 Exanpl e 15 Prepar a5| on_ of,

(N-1, 1-di met hyl et hyl ) - 1, 1- (4- n- but yl phenyl ) - 1 8 APR 2004
((1, 2, 3,®8,0d4231s) - 3- (1, 3- di hydr o- 2H PCT/US00/31645
| 30| ndol - 2-yl)-1Hinden-1-yl)silanam nato-(2-)-N) dinetbyltitanium Bu

Me Me 5  (N-(1,l1-dimethylethyl)-1 1-bxs(4-methy1phenyl) 1-((1,2,3,3a,7a-n)-3-[ 1 H-

o o el S BN i S B G ol 2305 o) oo (2

(1.61 g,(diﬂleﬂ@ls‘mtehe)bﬁétﬁmfml@e)l4) was suspended in 35 nmL of toluene. To this

suspensi on dded her s ution. The
rea(F:)t i on cowgil @Pﬂg Hl)gtl %WE@Wmztfa}ak7ad})geﬂr¥ngél%3@£‘?eh‘6°%&° D2 H)-yR Hesy
sti rsi ngndefl- ﬂ)dﬂ@&&inmit&@-ﬁﬂl)\/tﬂﬂﬁmﬂ\/@&méfhzﬂﬂﬂ&lewsiﬁéthyl@ﬁh)ced pressure. The

resi due was extracted w t exane and filtered. Sol vent was

removed | eavi(®glexclalexy)-del -diphenylds((}.23.3378qUBt[ | Hbepzofdedisagyinotin-2G M yHt 18- 16
(PE ipar atlﬁ&ﬂ loil)sfl%a%lﬂa'tgtﬂﬁﬁla}ﬂtﬁﬁﬁ]ﬂ (dimdshdtsifleddyRim¥hpbgyy! ) - 1

ro-2

Sl ool o3 yI(N—(EVFIOhﬁéEIM,I q;s(menwmmimm(223,;a,m)-sdﬂarheum(«(qmoqumolm-

13" PeNREHGAR 1l nden-IyDsilhnahminatoX2'N Yitaniurs Rlitethy iy ilybishEthyidne); ~ ~3C O HS

Di cgpﬁr o( \- 1,(E-(d}'ﬁdtehyll)-éﬂFd}mythﬂkll(((ﬂ,3k3.at7yjrﬂ)f3ﬁéﬁsue)zold@ﬂlédhﬂglpﬁn-%%)lﬂﬂﬂ]l‘IIH-- 3-(1
. 3-di - { s0i -)-N-)titanium
(1. 2%6yg§£&%%ismaﬁg&&é' 'ﬁhé't%d%gsﬁgtég%eﬁ%eg)lsr&%r%@g ’ E)f )hexane. The
m xt urfa was t(Ndu%Mgk?)-gﬂm;bIEnyldf-d(uz Jdafathad 18- anzmtdelnﬁhqgﬂlc\)/gﬁBmdB{g@fl\]ﬂlH-

ed fo r MyBu in
'FIJ':—IIE)eryTEe 'Vi@ﬁ}Sﬁ A ')'E i'ﬁg éa“X‘g‘? fcﬁg?gtﬁﬁe”fg%s%b%mc ter cooling to room
te (rjrper 3t ure t(Ne(cymhckylpm 1Vnﬁ§zgaﬁthfy1ﬁhénﬁ,n)eg((aa§t maugm[maﬁnio@da}hlg ;(ﬂémlier
redyge s avi e. desir rq a ac ass
sol :Il% 2% ﬂé{@“)ﬂg l?@%ﬂ"%'@%’ @3’1& )ﬁéﬁﬁ%ﬁg‘}’?ﬁﬁﬂg )QH&@% eby egar at |>/on
of (N-(1,1- dl(NP(ll hYdlﬂiEdﬂykka)Jl 1dd1ﬁ14rhpr.b-«tnd PRENAW)-3-(N,N-dibenzylamino)- 1 H-inden-

I, 2,3, 3 13- (1 d
| Soi ndol AR RG-FauD 1A (et siene eyl

[ (di et hyl Si |(NL(@ H%Bbﬁg@ﬁgﬁw nedieaehw i- grilzlyna 7a-TBsa -, @dme&mmmo) 1H-fAlden-

Ti...~~~ NCH ~S t ol uéne sol ution

cont ai nilrid)sBangmigato-(23) Iie-tﬁmw (dametaylélmlwm(methylgnedn met hyl et hyl ~
1, 16l (4- n bl(NY(ll -1%&%&1&11&1")-(1(1 bks(Zqﬁaﬁ@ph%ﬂylz '13(("“;,%7% ofil Wﬁ%&h&ylaemm 4)5

i soi ndol - ée -1H i nden-1 | anam n trtani um (Exa

added 3.!Han n—hyléelammnat@{?-- Z?SF‘E@HBN@'@P}‘H{S‘M lame@ybm» d Af ter stirri ng
over ni ght at (KQeyRISHREAR @M&hyltlh@l §@Isut7wﬁ.3c(fah@ﬁlba&gﬁ Rt en: bl ack

to red. Solvent was renoved under reduced pressure ue was 10
ext r act ¥bsilapamingo-(31)-No)-tivgaiear{dimethylsilylepe)bistmetiiiene}; o vent vvas removed under

reduced pressgwr, i.ssolved in
40 11 of nox oo LS 62 350k K (U SR GEE MO =00 0 )
6 g2df pheldpaminate-(2-)MNetighismddinethyisilylewe)bistnenadengd and per cent H NI\/R

(CBD6): 8 -0, ( 0. 83
(0 on 3on ettt 11 fisdhmblmoibn- PE2 3 e i Nl bguted , 3,
(s. 2H) inden-4&/1ilanatirato-2IRNHHicaniih(dimtdylsilebDbitmetiline)l5 3JH. H = 7 8 Hz),
4.61 (m) 4H)) 5.84 (s, 1 H), 6.74 {t, 1 H 3JHH=7.7 H)) 6.89 (d, 1 H,
3JHH=8.7 Hz), 6.94 (m 2H), 7.05 (m 2H), 7.15 (d, 2H, 3JHH = 7.5 Hz),
7.26 (d, 2H, Theieomplexes cgh bdpreparkddy usclof el kriddvhl syhtheti® t@hiigyes. Théréadtidns 1 H,

ﬁé;bd* 3?5? @%‘3&‘%@%@@ %‘%mf“%’c]iﬁg*%’eﬁte"g Egpﬁf“‘gﬁg‘ﬁ H’Oé%khfoéJ%?Hﬁly 35. 91,

36. 06, 66mG38 tacWOYG, most preferably from 0 to 56°C. Suitable reaction media for the formation of the

complexes include aliphatic and aromatic hydrocarbons, ethers, and cyclic ethers, particularly

branched-chain hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, and
mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane,

35  methylcyclohexane, methyicycloheptane, and mixtures thereof; aromatic and hydrocarbyl-

-59.



80. 31, 84.35, 85.24, 103.81, 122.61, 122.81, 122.82, 124.27, 124 %p
127.34, 128.47) 128.51, 129.72, 20 131.03, 134.87, 135.00, 136.68, i@%?gg,
137.79, wé6IA0315144. 66, 144.85. HRMS (El): cal cul ated forpERokho/adESI 2T1
(M + 646.2679, found 646.2640. Analysis: Calculated for C-9H-N2SI ~T1: C,
72.42; Hpbsiinited ardinatic dthpotmiy sath aCbenfehe/Blueht, aid SAenelN.C 144 didlkyldghers, Cy_4

Et hyl ene/ Oct ene Copol ymeri zation The reaction conditions of Runs 1-30 were
subst antQI%lkxlythF@#@a@fws a5(paly)alloiane glycalp|and tegabydsefurant Miytutes gfhe fsegping yst |
et hyl ( dird fso shitablKy! ) anmoni um t et r aki s( pent af | uor ophenyl ) borate. Results
are contained in Table 2. -94 2 8 APR 200 WD O1/=42315 Table 2

PCT/ US00/ 31C.Gmionally 2 redesing agemszm be epploxegtte propuagdheTionss axjdation stateal yst ol es

-~ ~ %, . . /
10, 05, SarBRe ¢ sol Hegltyadthd ydg gl €0 PY Bmidim et bk vy ot

an ex arrp'p@cmg comditigng\geyses be mretal M, to be reduced from a higher to a lower oxidation state.

di met hy | bbles br SiehBE Bélapledydi aée&ts Q"eqff&h Metals, GiRatihebart &@%fs%ﬂhc%ﬁl opent
adi enyl)-5| anamnato titani urﬁ Prepar at1on

( N- 1, 1- dineedlleys ef alkalimetalg oy alkalipe pp;qhm@a{gﬁu;:h as sodlum/mercury amalgam and

((1, 2 3,
ol o Supnien nien ST ARbe ke g s e sodn

[ (t AP netrapht l«rn}de) Retassim STPPftltadltblﬁm ajgyls,-lithium olmowmm aufad@m Am/Srigeg TV
H3C 10 Irgugbhte ﬁ'b%l?ypé?elgeﬂgdlﬂlr@fagaitscz{?é fﬁ'égﬁ(% i!neaﬂlsddrmm/é éhﬂ}ﬂetals especially
1,1-(4- rrethylphenyl) 3,3a, 7a-t))-3-(1, 3-di hydro-2
i soi ndollitiiuf)jand mpgneﬁl&@rmqaly |S}l§4b|leetn@mqga for pxngtmmsympiemm‘ ump(esentznwnmty

(prepar ge aah%%% elsmll@?&ﬂﬁﬂl'aﬁgmﬁgb@ 1&85%%0 ﬁﬁiﬁi gll;,a&%ﬂ?g};m(ved in 70
NE3RT U

mL of toluene. IS solution

pent ane)exam@e»aeiﬁwrm@pmn@f@tlmd|peb15>9ﬁ-<rnr 8N63RT 230, 14t Gleg duly 38, Af ter
t he jaddifpypgn of |ithiumreagent was conpleted, the 15 solution was stirred
for 15 hours at roomtenperature The reaction mxture was filtered and
sol vent was ridssoBplexstdEs rendesed relytiepllyastivedy cpmbinatien with amactiyating was

di ssol Vegcatdlysiér ¥k oPén &ab&ag%&ah&eomﬁ apbhoé’éjtﬂhttal'é)ﬂeﬂfms%ﬁc%n(?ﬁ tHaexghe. The

solution was filtered sol vent renoved under reduce ressure | eaving a
r ed- br oWse ity Srowpi4, rméalsoéq ingolymerization GRMEPlexfg e guitable actiyating eoqameysm fokyiee was

stirred htRn id€ludd ﬂb(?n@é?ﬁ ok BEgbrRHE alufioRarks, @gieerani %th ﬂild&%&ﬁ& rrl?ﬁfﬂu@l ystalline

sol i.d was collected by 20 filtration, washed Wi th col'd hexane,
and 2 heAlugrinuwg modidied m@d@e@%ﬁxgme eiispbutylalurpexage; nevtoa l@W@fac@héu@e%ﬁne«d

roduct hydrot i (CH3) 3
3007 LIRS o h S el Byl i (09)0),
= 12. 0 p(hydregashy lxbequ)cswpoqnds *\af?eermd (meinzlsgmhslysanftei) d;ervat(@s thgpgof,
% CH3H) §)1?_Vl28() f:3m (120 16 thrbortk-irf dach Hy drad;irb yL dithatbgenated K dideirbygrup, ibre &gbc(lafy -y
705 (mPe "naﬁdﬂa(ﬂ%% °°§'|B_2‘4“¥—‘F’ Cgm%st%wab‘y Etf(r(eataﬂm-PE%rfxDPP Lane; 8mHz
7 335 ( d norigdlymbric Romp3tidle, hibhcoo?d:ﬂa&ng dorﬂﬁrm&ﬂlgicbinpo@d@(lﬂ;)dg)dlrbggthe\%se(g IS%%TS 3J H H
PCT/ usoﬁ%‘ﬁli%‘“gs “’@f“ ‘P%}“54 Nﬂﬁz“(’@étﬂéﬁ’ “8”55'2)’4‘"3 ‘55385‘”“'22“‘2 P%‘isp%‘““’ga oxoniumgy o3
253, ot St b ittt it 12
137. 43, S%%@fﬁﬂpaféé » Bgicogrdigating’ a“ﬁP&vB“‘?‘E °f“°lé’%lf 8‘6?‘31"8 ingrpore &%Hégﬁiég%’h
(M + 735nc8ébﬁﬁnnainonm ﬁéﬁm’é&ﬁ@ activaifiipadoyflgst&aldacdhaiqaek. fThe fézdabiigbadatdtingl: C,

. Found:, C,,65.96; H 8.74; N 2.11., The X-r
T0; 881 L Phoafbyiand aoratts TR AR boeB PrEv iRy dtieh vie tegies @ iffelent BietA 1o
Pr epar atomplexss i e fdllolvit refidnyéscEPWAL-1771003,-106-(Ads 183, Iyl UBe0$j054,802,

| Sof naolopt g7 A0 Ut it P AT 0723 005 5 438 720U 5,625,087,

[ (di met mswslm LO&US-A(5010[98B AU AL5, 7831 510] WD 99/155B4,/and BSSK 09/25 1 )d64HedH3C °
CH H3C b 317 Wt hyl sil ane[ MgCl ] =(THI ~~ To 40 nL di ethyl ether sol ution
of 2.5 §E°rYHY " of MeiSi (CH2C1~ was added 0.851 g, 3S.0 mml of My

t ungsgs. Af t Qombdinatisnsd newal Dévﬁbhmdls@é@@clﬂmm@&mﬁﬁmdﬂah bf:a frialkythi@isumi Si bl e.
15 Sol vent vva ed unger reduce essure and re ace&vvmth 40 nL of

t et r ahy §¥BRUP Ha"(“ﬁ—%‘? arbontiin pash alky! erpip an |“H¥°gf droggspylgporon

di ssolved. After stirring an addition 24 hr, about 20 nlL of hexane was
added and the solution was filtered. e filtrate was put into a freezer
(-2'"7 C) overnight. Solvent was decanted and |arge colorless crystals were
washed with col d hexane




(2 x 20 nL). The splid was then dried under reduced pressure tozgé_'\ﬁﬁl 2@53
g of product as the THF 20 hexa-adduct. Yield was 27.1 percent IS/R2

( THF- d8) 1 (s, 4H), -0.21 (s, 6H), 1.77 (m 28H, THE)., 3.66 (m 28H,
THF) . g{‘ﬁwz (THF-d$): S -2.50, 9.14, 26.37 (THF), GCUESERIMS B)

1 oPar at L oibobla hay 10,20 car cocarbyl

(N (1, 1- SRR PR TR Lol srPan iR s B HERYPY BouptPS Y3, 7a- 1 1-3

( 1, 3-di htyd(pgmmillorophenyl)borane further combinations of such neutral Lewis acid mixtures with a

L O PNl e )

nmol of m@mw’i@('dphényl)bdrane with a polymerlc or oligomeric alumoxane are especially desirable

di netzh | 4 3a,.7 di hyd 2H
o o £ Wbing cagaiaal P il Thits RE Gisbb A mersleg Rt il o
subst antplmhjrlboratm:aturdwage arafrb.lnel I: emhmlmnnenmfe prefesablydrom 1:0ESS tadekerd. 0. 667 g,
1. 05 | of i (. THF) 6 d, Aft t f 30 2
hour sm;? rgomé\{gé%i&g%ﬁ% 0;54 %f"ﬁﬁ?@aéﬁg‘fa?ys? B ﬂﬁs\éﬂg"&%‘{i’% 0 g‘réf‘eé‘bnt
conver si iovention ¢dnepris® 6 catiod V\&loﬂﬁ’& Bfdstda/4did dapable Sfldonki{ah/alfivbkcn, 34845 product .

After stjrri an addi.ti.onal. 2, days spectr um di d not change
addi t i onéa B¢ ngneop rdt“ﬁén%? % G %sr'{fe%ﬁ?ela’cfgl%ﬁm VPP ‘H?‘Hl?t geans g aP\%ﬁct i on
m xtifr e ctruubsedce‘ wtncrh ¢jtheedpey potlcourdinate tetlic G%Ltpelrmahll doﬁuaiingxgameo%dadt donfpléxl 6

hour s, oyve er re e ue was
ext r act J&ﬁ t\‘l’%tc m%ﬂ ‘%PV el éﬁégthﬁregorf"i 9% I‘%ds °@¥) "?t g‘ under
r educed ®mbesssthcreb>t remgining sefficientiylhbikesy be displated bl ia hewteall deMSsed lassol ved

back in . f t ndl n .00 erature .over.n t he
ool vent "baesSifitind S0 Sreo By re Sl 30 o e BB 6l mlatpng 5
nl). Theww®ndn ysathis metal eompleedbes ndemnsfaohncaadmprsmwﬁt dr@ragmm tierebd to gidof

t h . Yi 2.9
95 B Bl e e UL e 1
( s '6 H) to Aew@rlityrwhef e, iniffallfFofmkd cbmplex Aedohipbkes arlPar® nbﬁ‘lht;:rféi‘n@hﬁlfﬂesﬂd) 5.81

i b et ol i 7 (0,100 ST

8.1 Hz), 7.37Pr¢farred ankgns wm;ndsie corgsining & §ingl¢ caBdipation Lorples binptisingh oaaaﬂgz) 8 09

(0 25 by el e g il e U 040

103 295, speeges 6@3 UIPE?C%‘DH) wiiich gay b@l.@ml@%heﬂm t¥3 compoheBS arel@bingd. AR, s8id,

130. 98, 143. 33.
v (Eoaa el b gt BB e ppiarsorniini, ggleffcidace ey 0 i o
Cal cul atvasnyrgied caenqungsgyr pther negiral zwisbases|such as gthetslor ditrflgs. Suitableme@)s 72. 78;

H 7.53;

o ovi e e JoplnE 6 o Bhi g Bobi Urpad . Slfaok AR '

di chl or dlgql\!l ;b %armnﬁbl@ml}qdé@ tbpron, phosphgysiandysilican. Compounds containing anions which

l(Jgnl ,2%8 3 Fgﬁlpﬁﬁ cBéx@rn@ﬂoﬂBb%%‘x&sddoﬂbéknd gt difpilefendr &Heﬁﬂl%ﬁ‘lm Bt & cggrse Weli- t1 tani

Preparati on of
but yn- NXPQWR AR} qufd!iap‘ﬁéﬁ*ﬁhl cyn@pm yentaininga sifgle horop atent igthexdianfpontion] 2. 66
g (50. Oafgmhl)abgfcomufem,myodl phenyl silane in 300 nL of hexane was added 7.38
g (101 mul) of t-butyl am ne. The reaction m xture was stirred
overm ght, t Resferpbly sesheglatalysts maxbeieprossnted by he dollowirpgenerabioredapr essure to
gi ve the progyemaa§Aﬁc vi scous colorless oil. The yield was 13.55 g (94
pergﬁnt ylel H (CéD6) 8: 1.10 (s, 9H), 1.51 (s, 1H), 7.14 (m 6H), 7.85
'}‘I}“(C6D6) 8: 33.2, 30 50.8,128.22, 130.67, 134.9, 135.81. -97
2 8 APR 200 ‘13@194551,&31@“13@5@800/31Gt5 (B) Prepar ation of
- N-(tent-butyl)-N-(1,1-Bi phenyl - 1- ( 3- tetrahydro-1H1-pyrrolyl-1H1
i ndenyl ) si | yI(l)"érHi)’ﬁfsaoénjsgdtuansted)icndlef(I_rH 3-i ndenyl) pyr roI idine, lithium
salt (2.00 g, n THE ad opvmsetoa80rrL
THF sol ution ﬁ??ggqcn%% e f\?n(‘par{h&m"f}?gavi?glad‘f r?gﬁ lyl)anine (3.03 g,

10. 46 mmol ) . dAS areintepdrdroadtictld. on was conpl ete the reaction m xture was

stigted over ol vent r.e under reduced pressure. The
res?%ue was @)I&g?é feé"g’? tﬁ°¢f§&°dﬁa§éﬁ%% ‘gagm{@ron filtered. The sol vent
was t hewheremoved under reduced pressure |eaving 4.57 g of product. Yield
was 99 percent. 10 "H (CDCh) 8: 1.17 (s, 9H), 1.83 (m 4H), 2.85 (m 2H),
3.20 (m 2H) 5.25 (s, 1H), 7.00-7.84-¢m 14H). ~~C{~H (CDCh) 8: 25.03,
33.43, 33.63, 40.39, 46.44, 49.92, 50.53, 104.36, 120.23, 123.28, 124.06,
124.27, 126.91, 127.10) 127.42, 127.69, 128.86, 129.00) 134.97, 135.13,

135. 34, 135.50, 141.20, 145.23, 149.59. (C) Preparation of N-(tert

butyl ~N- (1, 1- Bi phenyl - 1- (3-tetrahydro-1 H 1-pyrrolyl-1H1 15

-| ndenyl)5|ly|)atn| ne, d|||th| umsalt Oln the drybox 4 57 g (10 42 rrrml)

. a a ~ ”~ 2 a2



2 8 APR 2004 WO G /:1231~ PCT/ USO0/ 31G 1~ washed wi th hexane and fgm 2
under reduced pressure to give 3.37 g of product. Yield was 72 pe [{Ub)

Pr epar aly /0515 PCT
di chl or o( N (1, 1-dl met hyl et hyl ~i , | - Bi phenyl - 1- (1, 2, 3, 3a, 7a-1 13- (1 ®

pyrrolidinyl Mis%o&d%%@m%llﬂﬁrﬁ% ih@qg@arﬂlﬁ!:@u({a%bﬂ sthie; ziinrdt ani um 5

N-(tert-butyl)- phenyl - 1- (3-tetrahydro-,

1H 1-pyrrol yR- l&mindew&emhpgquwmeaﬁf%tedéﬁom hydridendipiipflamido.dmlide, 7. 47 mmol )
gas addﬁ?dr@c%rb@tl %?&rb&r%@oﬁdcg9%-s§9§tlHItéin}df6fcarEgtha%’ e&@,hmeaqumo%g,ﬁgyi@ (2.77

, 7. m nut es as a
sol i d m— 91“ tﬂﬁiyBwstqoaar’eylwa@cqlh@whsimgme@@loawammoswav Rerh#logemated

sol vent h%écafb?lmyﬁ‘ﬁlxd%@ﬂ%fogéﬁ%%ﬁ?lh?&%%ﬂ BadichlIf: s4i@ ) Mg\@% 96 Ldrnk G4tn W ¢
toluene and filtered. Tol lene was renoved under 10 reduc pressure and the
r esi due theaeovisp tha inropaorg thin eneagerstengeris Qdwlidel Examplesiof auitablg by filtration,
washed w, ar&afb?mm%cf@guﬁsaﬁad@abﬁdwﬂ)@pa&md; pressure. 3.39 g of product
was obtal ned (82 percent yield 1.47 (s, 9H), 2.04 (m 4H),
3.78 ( br s, Imanore preferred embodlmezm)d is @estbat(ls thelqqpntersion bag aginglepegativeds (m
1H) , 7. Ghige R8s AT A2t i GifiThes 2571,
15 33.36, 50,71 bllaing eotaudlls corisiy Boto ‘%gh'c'?‘ipe paﬁE{’llz igltiohe

1281013, nlzaarq_t@n 92 eat@nsts afrhys Menqmmbe remesested by the fellpwing gerprpl foralay g,

135. 99, 136. @ 8. Exanple 21 Preparation of
“(N-(1, 1-dl e her , | - Bi phenyl -1-((1, 2,3, 3a, 7a-~) -3

(1-pyrrotidi wmrymm nden 1-yl)silanam nato-(2-}-N)-dinethyl-titanium 20
To 0.50 g of L* s as previously defined;

di chl oro(N-(1,1-dimethylethyl)-1,1-Bi phenyl -1-((1, 2, 3, 3a, 7a-n)-3-(1
pyrrolidi nyt?lﬁh@rwaé orma) pxidationrsaig ofd and 2-) - N-) -t i t ani um (0.90 rmol) was
addggd 40 Qfis ﬁﬁﬂocal:ﬁgl-t ﬁ}‘d?ocikb?/ﬂﬁ hg&oh);'dréc%rbﬂ- flordfldrochrbyfox | N EL 20 )

was added dropvvl se Wth stirrin pon conpl etion of the addition, of the

MeLi t hBydsyfleqrehydipsarbyl-; dihydy yl@mlmmm@gorowqrwhnh gr flgommatedr i od t he
Et 20 vagiylyaRyRsyILRdes of-{pduqsqkom,@&,gua om0 vifthRe préviss tiat ﬁ?ﬁof ABleRkhnWnt h

hexane, the 25 solution ltered,” the filtrate evaporated to dryness under

r educedossREALE RAYEwcybyle l\éosggre&rﬁvﬁy,&léa%tocwﬁeem ingd gey} gwRR. ' H

(C~ D6)es§ec1z@lg%a}4en(aﬂuox% engpgr&Zp(S 3H)) 1 32 (bs 4H) 1 57 (S iH) ggg
322’ (bs 4Hj’fe eﬁe‘?,ﬁe‘('a as spifs ar?ﬂlwomm SQ'I"D- mosc rcssfe(aaly tzﬂjcylamse{uum}se D6) 8:

25 81, &intaifing due o2 thoreE), £ AlkyD Brotips. 57 36 82.73, 105.09, 124.37, 124.86, 30

125.12, 125. 1 128. 32 128.7 12? 130. 03, 133.63,136.29, 136. 65,

137. 55) 138, Hlgstratiye byjgiot higing, exaripioapfborp cqppoends WHS MBS L1586 165

Exanpl eactizatidg emta@fst mﬂh@ﬁreparanon of thc nmproved catalysts of this invention are :
(N-(1, 1-di ;)etngq lBI });u ((1,2,3,3a,7a-r1)-3

{1- pyrrolldl‘ﬁ'y%(l s W&‘Bﬁ““imf l3;1?‘r°’amnato (2-~N-)bi s{trinethylsilylnethyl
2:] t2hS|t antrm*ethl;danﬁﬂm:d uikt tysbﬂ(lﬁs(ﬁ%tﬁafgmﬁfphenyl) br(])rate I " ) (

I chl or 1,1-din et 1.1 enyl -1-((1, 2,3,3a,7a-~)-3-(1

pyrr ol |W§e%mpﬂ"fnr F%H? T°Bh%¥5r‘?§ﬁ?}(2 )-N-) titani um conpl ex (Exanple
1, 0. 72tnm‘npyl)lmmmuﬁhlt&sakhs(wﬂwﬂmﬁaheml)%mteol uene. To this solution, 1.51 nL

(1.51 was added dropw se while stirring
over am?'hi’“ﬁﬂiag’ °&H%E“%@8?%Wé°§am?}‘%%ﬂ ®of Grignard reagent was

Cindey et“"’“""’*""""”’“*‘2%‘?‘2""’am‘ﬁ"‘aﬂ‘éf.‘"’“e”" oS ekl racted with 30 M Of hexane
ang’%fl ItngJ"g th%iﬂé‘%‘g‘ﬁ? o[°8 WH\S‘B #419 g of red solid that was

di ssol vnnﬂ-dnmeablamnmﬂ:ﬁx muWMS(b&mneroﬂlﬂyplbbratentO a 10 freezer at -27C
After t%@\{-&‘ﬂ%ﬁl lFl ga a Qbé }e ved under reduced pressure and
then ab O W§ cagteye B’Qﬁ%%ﬂly partial dissolution of the
SOLII ?h Nﬂrédlmbﬂlylanmmumtxétraldiﬁ(@(@btftﬁ&mmyh lsﬂ)’l@-&[\},@h&tetfﬁlﬂgoxﬁpﬂldﬂ?nb%ﬂa&S deg ant Sd
an e sta re. was e and were drie
under f‘égﬁé‘@a l%@@g% q%q%f&tglqogrgpﬁalyﬁi Bhé %n'ﬁg?ff &P@F@Hh‘&@a ¢ H (CBD6) 8:

J Hﬁa (N,N-dlmbthylZmllhiuld penthBubroplzen nfa‘ﬂuoﬂ;bhengi? ba%téé ? (9H) 9H)1 0:7)) g g (1H
- 3 m , S , 3. m
3 DA ‘% Fﬂ‘g’lﬂ@m“% ‘%Ifitsi"e“éﬂagmmgﬁew) E’?fatei H 3J" H=7.7 H), 6.96 (t, 1

H 3JHH-77H2) 720734(m 7H), 7.70 (d, 1 H 3JH H=09.0 Hz), 7.98
(m 2H), 8.10 (m 2H '3C {'H (CGD6)628: 2.68, 3.59, 25.62, 35.32, 50.70,
58.42, 68.57, 79.80, 83.97, 101.19, 124.16, 125.06, 127.98, 128.17, 129.22,
129.88, 129.98, 134.10, 136.43, 136.88, 137.89, 138.1d, 20 147.38. Exanple
23 Preparation of dlchloro(N (1, 1-dinethylethyl~l,I-di(4-nethylphenyl)-1
((1,2,3,3a, 7a-~~3-(1-pyrrol I di nyt~l Hinden-1-yl)silanam nato-(2-)-N-)-titan
ium (A) Preparation of N-(tent

1 I L T T L P T o I L Y Y AN N o




"H (C6D6) 8: 1.12 (s) 9H), 2.04 (s, 6H), 7.01 (d, 4H), 7.82 (d, 2H). i
“H (CeD6) 8: 21.4, 30 33.2, 50.80, 129.06, 132.67, 135.09, 140.4&8 APR)(ZUU
2 8 APRwWO@1/316112315 PCT/ UsS00/ 31 G 1 S (B) Preparation ofpd¥nddoBiiscss
butyl}-N-(1, 1-di (4- et hyi phenyl }-1-(3-tetrahydro-1H 1

pyrrol yIN, Nlr&ﬂ:emylldz;ﬂyln)xn‘abthylhr)nﬁﬁﬁhﬁ&etraﬁxs@éhtﬁﬂhd?bpt@ﬁyl) borate,

1(1H—3d| ‘&Eﬂyﬂ) rrolidjne, I|th|umsalt§ 00-,523mm|)|n40rrLof
THF was 4RG4S P@%ME’W'&“’#W?@”‘WPMQB‘PW D B‘Pfaﬁ(tert but yl ) - N-{

Lchl or odimdnglheraaécplatofoblul a8l ferkaiuGopnyFoddid ol ). After the addition
was conpl.ete the reactiaon m xture was stin ed overnight. The sol vent was

then re/fd0eRylosieferylpmmomug tmp@ﬂuow@ep&?w@ was extracted with hexane
and_she rilyicoR o EhaASkE RSy Bager eroved under reduced
pressure Ie Vi ng. 2. of product was 99 percent. 'H (CGD6) S 1.07
(s, 9H) mefh Ygdzte(r cyla'iﬂlywm YQrgxyphwl)ﬂe(mgta@@mmyl) borgfe. (bs,. 2H), 3. 14
(bs, 2 H)metlf&lcﬁt%trﬁ&):yllﬁ')nonﬁm%alefh?)almaxﬂhéwl‘)lzlséémﬁﬁﬂoréﬁ@yl) vhhtd, ©)

Preparati on_ of

N- ( F er t MsYdibexadecylammonium wEakis(pstaiingrophenyl) bomatss r ahydro- 1H 1 -

pEy_) r r1 gl ylmemyuﬁndxas@ymhﬁn%hium (h9droRfphetiinkrs(fhiafhsiephenylh Borhde drybox) 2.41 g
mo

but yP1 - e\"‘zl'ldlh‘?}ﬂ%ﬂﬁ@mwﬁ}"@h‘ihﬂal‘ImEQ’(YBhQ"é‘DF‘é(WB‘P@“%PPhEmﬂX/W%‘F:yI 1H1- i ndeny

1)silyl hﬁmynﬁommﬁﬁiamnﬁd :euakh(p%&anﬂersﬁheSwwﬁe To this solution, 6.45 nL

(10. 33 was added dr opw se. Upon conpl ete

- M in hexanes)
addi ti oqﬂlng’fy]dt‘ ‘ﬁ Eﬂﬂ‘?mm?‘Héh%‘IP’iXPh%gl)%é@e@?ﬂW%ew Ro%ate.ni ght . The
resul ti thlmtme&mmmqaxl:dhymuadno%y@eﬁynb&.£<?édtmordw§i}9dmmet h hexane and

dried under re ressure to give 52 g of product. "Yield was 61
per cent ML P’E'SBMW% of

di chor o( N- ( B.alk,dhmhm}n%nygubh;s 1- di ( 4- net hyl phenyl ~I
((1233a7 ﬁ S%-LT yrrolidi nyn- 1H-|nden1yI)S|Ianamnato(2 ~N-rtltan
{1 r?p_yIQ_

ium N-(tert- oningy teakistpeniafiporapenyl) borate,

1- ( 3- tehfcﬂhwdfaﬁcéyﬁniknd?wmﬁ*dhs@ﬁnﬂﬂﬁﬂ)ph &fyomptargi | yl ~mne, dilithiumsalt
(1.52 ¢ was added a 0 8onL sol uti on of THF

cont ai n a‘y%‘:@g@)"’fhﬁ‘?%mi‘ tgfakis(pen g(m}&e?yl) ﬁ?’f"ﬁra‘@S mn, Pbdz (0.45 g,
1.63 deio)ctamylaad.dmdma&nms(pémﬂuoPapamya@siate@n m xture was then stirred an
addF(SI onal hour b {E\g Sf’&ﬁ’ ﬁnt vva ved under reduced pressure. The
resflue was Sxtiosepleq rhpsp °‘P'6'P|§ “filtered. Toluene was renoved under
reduced preSmphenyﬂpld)splimmmuﬂdﬂp&mmwophdmabeﬂhewth hexane. The solid was
cot | ect ed 2 filtration, washed and then dried under reduced
pressur e. hi'alﬁf}/éi GHPHgP ﬁ‘&?“ﬁ@“‘%ﬁﬁ’%ﬂ‘gﬂp ¢ gg G473 percent. ' H (CDCL3)
8 1:33 fri(2, GQlEi)wthStlpBéhy()iﬂmsﬁxonﬁaiﬂ t):trﬂcis’@&n(aﬂuor?’bl)enyﬁ baQtef s 3H), 3.65 ( br s,

oH). 3.87 b . 7.10 1H). 7.25 {bs, SH), 7.60
2H), 7.77 rd?‘ﬁé‘%"’%ﬁx {'H}(E:QCI 3)H)8: 21.0{1,521. E%, 25, 73,(m

333235, 50 701ph@@l®®pluﬁﬂetﬁﬂus(ﬁdﬁ7aﬂgdrppﬁbﬂﬂ)Bﬂ‘atCBO 126. 81, 127.23, |27.98,

128. 95, 136. 36, 140. 33, 140.53,
150. 38. d‘%‘?g’l’%)g“"ﬁrl‘é‘%/f\%é%%ﬁﬁ)%fﬁ%ﬁf?'% %SOO/ 316=15 Exanpl e 24
Pr epar adi(estade¢yl)oxerium tetrkistpetmafledrophenyl)ihotateli ( 4- met hyl phenyl r |
gg ﬁylzt |3t gﬁl Z% “")-*‘%théaé’ﬁf%m%‘%%lﬁ“ép -1H i nden-1-yl)silanam nato-(2-~N-)di m
di chl or@(woqmsmfmnwetmm@mﬂuoxqpmemylxmammw| phenyl )-1 5

1:2, 3 - L nden: 1-yl I t 2-)-N-)tit
aﬁu %J(fn Cgm@ﬁ%yl%@ta?%@[;@ffén}un }Ie%ﬂsdpgn 1’650 O\Pé%f’yh) ogage rr1_yo12 S:jl 2tn ﬁ;r: 2? hgr( TZ) t hl) sI
sol ution 1. OBrefdrred {1 EHYabipnscdre iethyldiottadecdammontuneand was added dropwi se

while s e Atter the . additi
conpl et &%{eﬁ{y&gt@%&aﬁ%&hﬂ%gﬁs 'fsrgr yclfe dbove ransied apid S%? %?‘%ﬂ’%@%ﬁﬁder
r educ edaqﬂntmsmbmmmmhaaiyss iscknewe it uhamtt Laaving béendfischisedih USPS520%4,802exane was
renmoved 10 giving 0.348 ng of red, crystalline
mat er fgijﬁ{s gggéjgmag\%ﬁg&gl ssolved in about 5 nL of hexane (heating was
usem and t hénothbrsuitabdd iondiermying, activatingfdocatalys coraprésena gdit of atcatdhic@xidizing Nng 75
ng of r ce6D6 0..26 s, 3H), 1.44 (m 4H),
72 (s gg@gﬁrﬁ% %bioot'dxﬂtéﬁ)com%at?b e ?néon rg%éen@dl_%g t}terﬁgn%—ﬁ 3.36 (m 2H)) 5.60
(s, 1 H, 6.70 (ddd, 1 H 3.>HH- 87 Hz, 3.I~H=6.6 Hz, ~JHH = 0.9 15
Hz), 6.96 (ddd, | H, 3JHH=8.6 H, ‘@ 1HH= 6.6 Hz, JHH= 0.9 Hz), 7.12
(m 4H), 7.68 (d, 1 H 3JHH=8.7 Hz), 7.68 (d, 1 H 3JHH= 9.0 H), 7.89
(d) 2H, 3JHH=7.8 Hz), 8.11 (d, 2H, "JHH=7.8 Hz). ~3C{~H (CeD6) S:
21.43, 21.50, 25.82, 35.31, 49.87, 50.45, 55.53, 57.45, 83.28, 105.28,
124.31 ) 124.86, 125.00, 125.50, 128.86, 128.96, 129.20, 133.65, 134.08,
134.77, 136.46, 136.81,

[~




139.57, 139.76, 144.86. 20 Ethyl ene 1-COctene Copol ynerizations The reaction
conditions of Runs 1-33 were substantially repeated. Metal conpl 2% AR 2004
dilute twhyensssol ution and cocatal yst as dilute sol utiong ,? sdoBh e or

met hyl cycl ohexane, were mxed in a 1:1 nolar ratio and transterred to a
catal yst addij blxeﬂ,{dank and injected into the reactor. The cocatal yst for
all runs was methyl di (octadecyl)amoni um tetraki s(pentafl uorophenyl) borate.
25 Resul ts arherditai ned in Table 3. -102 2 8 APR 2004 WD (11/. I2315
Tabl e 3 PCT/ Y5604 31 &idnk 0 ¥ sity_Mwun nol ~ ~Eff." nlx
103 Mv Mh MM Z234% Tughc“ ?Sa‘aki’?é‘f Cigfhlg 3 gﬁ%@l 962 - 8.535* TiPl4 (0.4) "
33.51. 7 0. 906is an mtegggfronTil BMB ad. 4) 160 26.71.4 0.9024d 2.47 2.4737 Ex. 21
(0.5) 140 56@12a4|dqrg okivimfinas EX- 21 (0.3) " 55.23.84 0.902305 2.0
239 Bx. 22 (0.15) 7%%%10%"9 888" 40 Ex. 22 (0.1) " 65.613.7 0. 90l 280
2.13 -41 Ex. Expmplgs ofationgo ogidizing agents iocgle: ferrogeniviy, hydnocgrbylisulBtituted) 9. 52 7

0. 90133 %erloc@fum4 p ﬂ%

76, 14, 0 8 S aY B S R Fedletelembohefidof ” aitHiose aniits oyl dfied P,

ef fi ci emespect & thoBromsted acid coritaining emwatmmcotra@alm bsnemllab( 190 C) (canpar atl ve

t echni qyg ﬂﬁ?

(t-but Iamﬂ{i%’)g’c;}h{rmolr %S{l %&r %%#@gﬂ ecsabg eosag%%s adf“éart]l % foca a Stestf?ﬁagﬁiuﬁ%

di md@ hy [pglymerization catalysts is known in the art, havmg been disclosed in US-A—S 321,106.

(t-butylamd ( 1-yl)
Si 1 anet i ani i eE e s Gmiod a3falds ol bl B bbb 4 DR

Pr epar aficatherpm ion and a noncoordinating, compatible anion represented by the formula:

[1-[(1, 2, 2a, Ig@¥y-1 1-r] ~- 1H-cycl opent a[ | Jphenant hren-2-yl]-N(1,1 10

di met hyl et hyI) 1, 1-di net hyI silanam nato(2-)~N]-bis((trimethylsilyl)nethyl]-
titanium 6 Xbewging H3C-. .gi H3C ~ ~Ti ~CH2TM5 CH2TMs H3C H3C | ~CH3 I n the
drybeox |.893 g

di cﬁl oro[ 1-[ (1, 125%. carberl)uml B Tll—l- cfycl opent a[ | ] phenant hren- 2-yl ]

N-(1, 1-di net H‘ylS@ﬁ nw)onilyﬂeﬂnﬁewe siir¢denachening iof i3-the thityl ratioanthatds (4. 09 nmol )

t . | .27, 1998
s par FIbpeABEA e Pucigs O the ble Litenidd %%‘*%@%ﬁ%ﬁ%ﬁ" ik (572"
ol ) oPOPI;’F‘FWaE}m atalEsthis knowsy inrthe a1ty having bepr diselpsed inUS-685Q7R23. n pe nt ane)
was added oveyfughek sBkdbitibn Pd:rﬁl'u%dadfwwng c8datdiyst chnprégé EdonfRihd WREh ista

reaction_ m xture was stirred f hours and the sol vent was renove under
r edé® ed °pt lylipmdon anda IS?EWW?‘@S#BE’@aWWYFﬂé%GdWEW famwla: of hot hexane
and filteredg, {}e sm ution was cooled to roomtenperature (crystals started
to fornm and |nto the freezer (-27C) for 18 hours. Solvent was decanted
and the 20 I&&'@‘é“‘yel | ow crystals were washed with cold hexane (2 x 10 nl)
and then dri gdscngeydxb@dbsqe&dm'e@ﬂdr@aieqs?keoﬁmaiyﬁgﬁ&dof the desired
product. Yi egg 3 ercent. The single cr%sta X-ray structure (ORTEP)
of the conpl EEfeREed s CBY?(S‘%SOCP‘@BF‘&GG&%C ¥isityliysy e 5 att ached hereto.
-10235  2udkidRnR1dE le&/atet%% ls?ﬁﬁﬂ-@% é&ﬁlﬁm eAYWRritEakBitherS - 0. 19 (s,
18H, Cgﬁpsfgﬁ %ﬁaepﬂé@ {qh éh? dﬂ%,ZJH =10. 8 Hz,
- CHI Si da “9‘& thegeoty i usggf fhe 3‘1?Y°8*1¥1r2'm S C('ta%; S9°8m1YS§§°'(%ddlt@H
(tc((j CHJZL&)I\)]rmanZﬁor( &tal}?sl'é)ls kifovain(theChrt, Mngaa&‘h_li‘isékaéd %Zb’quH 3% thijsle?SBHZH)Z) 78324
m = :
(dm 2H, 3J HHIEF*“" §°’1P‘F12°f °|f_'§°°h§& P@'&?F@%‘séda’ﬂﬂ‘%éﬁ‘ d pimeyWlbe): 8 1.34 (q.
31 c E —trilsaﬁnl@ﬂlh&ophc@lﬂﬁl'ﬁ):@e alsd.efibctivel catalyst aﬂlvatomg(%ddy'_gf §§Qi$§rgﬁy%9 (tt:f'&e, Je |
: , "Jc_
= 1%% 89‘19&"“‘ '"i’f“HZ%u %@ﬁ%ﬁtﬁlyﬁ% ?’62'?%)‘ in ‘gﬁ é%ﬁ?r "Jc H =171.2 Hz, Jc.H =
9.1 Hz)) 124 Ahdthérdthss ofiguitatte Satdipd afiivhisrs azel@cpkhded niOnitiédmpouads &%eé;suikdx JCH =
157.7 Hz, JcH-66Hz) 127.49 (dd, 'Jc_H = 160.2 Hz, 3J& = 8.1 f
128. 36, toxbofopnultp RAZYY e, 10 HRVS (EI): calcul ated for C~H4, NSi 3Ti
(M CH3) + 550, 261 found 580 2252. Analysis Calculated for C3,H ~NSi 3Ti: C,
65.80; H, 8.3%37r ‘RI; 2.48. Found: C, 65.96; H 8.74; N, 2.11. Exanple 26
Preparation af 1s[aka{x&:ﬂot2-1121@e19'b 11-rl)-1H cycl opent a[ nphenant hr en- 2-yl ]
N (L, 1-di netpyl eth % ﬁmethlsuanarnnato (2-~N] -
(et hyl i fy¥ananigt soHRehGPEd] 10, perforsbiv 4%, 30 dtes. apt qaueting hydpogen g -
CH3 CH3atoms, furtler tbhtaining fdBorflor8 LaWis Bhselsidstiene suspensi on contai ning 0. 624
g, 1.35 mmol  of dichloro[1-[(1,2,3,3a,1 1 b-rl~ 1
H cycl opent a[ | Jphenant hren-2-yl] N-( -64-
1, 1-dinmethylethyl)-1,1-di net hyl sil anam nato(2-)-N]-titaniumderivative was
added 1.294 g, 2.03 mmol of Me2Si (CHZMgCl ~(THF) 6 as solid crystals. After
stirnng 20 overnight solvent was renoved under reduced pressure. The
resi due was extracted with 40 nL of hot hexane and filtered. The sol ution
was put |nto a freezer over n| ght Sol vent was decant ed and yeI I ow crystal S

= q Y —




2 8 AP R 2004 wo ol /a2sls PCT/US00/316-t5 - '3C f'H NVR (C6D6):

-1.08, 1.39, 35.06, 58.45, 84.45, 109.15, 111.07, 123.91, 125. 238 Afﬁ720_0.'6
127. 64, Wa%1/4k1s128.59, 130.52. HRVB (El): cal cul ated forpcqRodtdagi&NTi
(vl 7+477.1787, found 477.1792. Analysis: Calculated for CZ~H35Sii NTI: C,

67.90; H, 7. agmd enaen(?@ el beBhirrefice 19 4 L8Wis atid cdorfihatedNto &0 ledstvhe LEWRHAbeite 7
Preparatiop of -di net hyl et hyl } ~1, 1-dj pet hyl -1 34, 8a- et a~

((1, 2,
1,5,6, 7°fét raa%%rroaaléx wa%moress%hms Ta¥/Pﬁ%’iqeéf?&ﬁ‘ihﬁrdéé(“%’-l?%}‘a‘ﬂl‘%'(“(‘l“i’]enet hy
tsHyI)rmWAc]dmtﬁ,hamnhm?,lo In the drybox) 0.710 g of
di chl oro(N- (1, 1-di net hyl et hy lb'z 1,1-dimethyl-1-((1, 2, 3, 3a, 8a-et a~
1,5,6,7- tetrdh&?ér"(’a‘m?er Ty fQ PAdacen- 1- yl ) si | anam nat 0(2-)-N)-titanium
(prepared acgdryli dthnli@' MeifegersHom 175;@ w(ththplommhatav\@s' iBaglal o dixgsol ved in
20 m, of toluene To this solution, 3.6 of L|CHZTI\/Sq(51M
in pent ane) WS forggriee ‘Eﬂ%‘ﬁ\){/ﬁt%@"W‘F@b&f@?erl?aﬁ’é‘gd)‘i}\élﬁz%dﬁﬁébw’é“?i’é? o
Sol ut i onmfaakaﬁudéhmgﬁﬁke@tmua&@ﬁmﬁé |ezRidadofide) BF sub¥rituted béHzirhidgzofidéladibey Of
| ithiumreagent, was conpl ete, the sol ution was stirred for 1 hour. The

sol ut i or’i“%dFP‘F‘FQF‘@Gméﬁ‘ﬁ“%ﬁf%Ws was renoved under reduced pressure
| eaving yellow, crystalline solid. The resulting solid was di agol ved in 20
nmL of hexane and sol ut R8n was filtered. RPhe sol ution was put ide into a

freezer overnight. The|solv decarjt ed and Ia1r yel | ow ¢ ystal wer e
washed with 2x,,1Q of | Ot 1dri eq er—+ ef pr_gs ure
to give 565 nﬁ P zgl‘g 3: éjraent { "H N 6)

-0.78 (d, 2H, z]H H 1.4 oS )3))| @03
0.23 (s, 9H, -CHZSiECH )%ys 0’ 52 (SGQ \ 3(20H3)2) 0.66 (
=11.7 Hz, CHZSI (CH3)3). 0.67 (s, 3H 2 729 (d, 2H,
Hz, -CH2Si (CH3)j)) 1.42 (d, 2H ZJH H llle _ CHZSI ( CHY3) . 1:&

OH, O(CH3)3), 1.85 (rn, 2H), 2.10 (s, 3H), 2.73 (m 2H), 2:82 (m'2H), % 94,
7.480 7. 49. 25 "C{"'H NWR (C6D6): 8 2.93. 3.18, 6.25, 6.50, 19.29, 26.50,
32.71, 32 77, h%f’er@8 58.39, 71.84, 78.85, 89.82, 113.26, 119.53, 122.11,
131. 45 134. 65 140. 95, 143.47, 144.01. HRMVS (E|)Z cal cul ated for
Cz~H49NSI 3Ti ﬁ(‘M:sl-a foddvakaGaation atpmhcﬁﬁ@ defiried, andrpedfrably iCatribydratasblylf or
CZ~H~-9NSi 3Ti : b2.39:. H 9. 50 9. Found 2.46: H 9.84;: N,

5 5y, aamIpgmT eatidhontaiais ae eyt s erpity Spesiy e 4OL T 5

Pr epar atxneﬂryllni(te(rhﬁdejd,)a’kmdommh#mlmﬂw&:g(eaaﬁeﬁ)amde-baﬁt(nl 2,3, 3a, 8a-eta~
1,5,6, 7-tetraghydno- th smdace | ) si k anam.na )=

[(dllgret hyl si fﬁ;r derep nﬁ ‘%Ih°f’°e“r’f‘e’5‘ﬁ“ Eydingenlef pb BB RRBIE oy < |1 (e
dr ybox (halﬁB)BiIg:adfyl sxlylhydrocarbyl or silyl, (mcludmg mono-, di- and tri(hydrocarbyl)silyl) group of

di chl or -- 1,2,3,3a,8a-eta)l,5,6,7-tet
rahydro%é ({’L%&f'gg&%bg (_yf %e]n)l%&{e gﬁ‘é r“i&ai 23")(i -titanium (1.52 mmol)
was di ssol ved' lsmiﬁﬂenmiluofoph@b'l)mme ons(mmsﬂwbmnyi)almnsm g ( 1.67 mml) of
Me2Si (CHZNUC'Exa&@éEXhhm%aéQQ%Qnﬁ !ié e g&&&xﬁ&mﬁ}lﬁrﬁﬁ)bﬁg '}Qpe%i%hgt' on for

15 hours, the sofvent was r raove er re pressure. The resulting
sol 28 wanethyibis(tstredadyammaenivn- @ﬁndtlé&taﬂecmlfammm salyaf: sol uti on was put

into fre devas decanted and yell ow crystals were
washed wgﬁﬁ %&&J{'ﬁFﬁn@%%n%ﬁgﬁMS dri ed under reéuced pr egsure to give
0. 357 g bisttriglpertaftnorophensiDiorans)-25undecylimidazelide, bisdrinirntafemepheny)wrang)-2s . 3H)
0.42 (s 77 (s, 3
1 31 (s,h e@‘ﬁ“yﬁi}" g%°}’gmb§§&#ﬁpé;’@i“§ °ﬁz%&l)§°'§§)43%’§%§!ﬁawﬁhﬂ%fi 9( Hz) | H)z 03
1 Hﬁxsgnsdpemaﬂumopge orage)@P-Yis(hepiadecyDimidagatide2 6 Hz)) 2.17 (s, 3H),
1H, 2JH.H 15 = 12.9 Hz), 6.39 {s
7%’5@“"’%—5 m%ﬁ?&zg@@‘?’m NVR (CBD6): S-O0. 71))0 03, 6{ 1)5
6 81 1%isttpis(peratiupropbenyiborags)- mdeerhmgbzolmmys(maﬂumplmyl)me
L1943, ndphdieddli 111220113&: 111'%@ @%tatixfé?o hehyboiindile s: ﬂxﬁ(ﬁg&‘ég &Fgﬁﬂd%xl ple 29,

Prepar at I on o te r amet open enyl
d| met hyI@KWS(R%MQP@QIMMMMHF(blﬁ(iflmfiwsrlhmid}l mdehyl ]-ti tanl um H3C CH3

- O3 Ry (plitariRfopHBifyTborane) 3, 6- iRt Y BelimfdboldE HSC - - - -

30  bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,

bis(tris(pentafluorophenyl)alumane)imidazolide,
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CH3 20 HsC In the drybox, 1.500 g of 28 APR 2004
di chl oro(tetranet hyl cycl opent adi enyl )-N-(1, 1-di net hyl ethyl)-1,

di met hylysplypmn&i nato(2-)-N)-titanium (4. 07 mol ) was parﬁdﬁUgjo;;_ﬁ@J-ved in
30 nmL of hexane. To this mxture 8.4 nL (8.4 muol) of LIiCHZTMS (1 Min

pent ane)b.éo@%ad&tﬁférdﬁhamybﬁﬁlamlzl $hdedylididRORVEE rrﬁ(plmanﬂ&b eaﬁ'szuﬁ}qaneﬁ&t er

the addition of the |lith |umreqﬂ%ent was conpl ete t he SO?]U'[IOH was” -

2 8 APR Mspredecyimidgzolide; Bisgrigtpent exorbgwéalwa%q)ﬁrSr@ﬂquﬁylmm?lsde The soI vent
was re gé}ﬁ,g W green crystalline
solid. ”%ngtﬂgcg&?ﬂfuofo% di sglg %ER%QWES%%X&G}?)I%@??A%%M the sol ution was
filteredis(tEspensfiuorppbenybalymaee)imridazolinideiuced pressure leaving 1.47 g of the
ga;ﬁ rsgd ggyzﬁ%%a@%r@hy@bm«aw ol ﬂ;fecgldd\iﬂ%l Wé(m%&ta?‘l%oﬁéh nyﬁg%,&f& A6 (S
(CBD86) : 28\1e3ta4@yhreldwlmm2, tesxms(rsmsﬂuor@@esﬂ)almnw S-b@(lmsecy@)amvlazohnmgs 29
132. 98. rﬁéltﬂx )~ 456. 2418, found
456. 2418 Ana §/SI smcgﬁéc'ﬁpgl?;e"g&f)ﬁrm%%m@@ %%azcﬁ'%ﬁdggg 68: H, 10.28; N,

2.98. Fdistrs(pentaflygrophenypalumane)d,64dimetyyl idagelifislandhe/ St yr ene -
Copol y Mg érﬁzhuﬂbﬁh&n‘%ﬁ%fn&%) S uhdRyRbzimitRzdllgeY ! ous pol yneri zation

were substantia repéat ed exceptling tilat styrene (445 g) was used in

pl ad@ of 1-oct éh’élel' wajé'welt@hidgcfg\)atmsoweld'snsmnqbllldm@tlohwrﬁ}mp 1B3esaltsies,

et hyl en pressure of 200 psig ( 1.4 MPa), the hydrogen 15
differ e(ra?f’mgﬁ%g?ggg%#%ﬁﬁ%‘%%o psig (0.4 MPa), the reactor tenperature was
set at 90C, gmriQhng]r@eNi@giy tine was 30 minutes. The cocatal yst for all
runs was nethyl di (oct adecyl ?ammni um tetral ci s(pentafl uoro-phenyl)borate.
Results are ¥ ned in Table 4. Table 4 Cat./ cocat. C2H4 Yield

Eff| ci ency Rmp iSCakumini®d, gil@Sorindiurh! 45* CDDT** 3/ 3 31 112 1.46 46 Ex. 25
3/ 77 218 2.85 * corrpar ative, not an exanple of the invention 20 **

[1- [lél 2, 2a, MYs horon pyaluminpme | opent af | ] phenant hren-2-yl ] =

di met hyl si | agig m.qs E&(d?o , oftidHRA Y ibktich @8 withlond br iRdre %&Bn&eﬁ%@e&lﬁ

0.892 < 0.1 H( -dinethylethyl)-1.1 -107 2 a.,a 00s
met al CG?FBI%WB?‘?"&’SW éhf% htyﬂ’@c?rb}’lﬁ‘lﬂ"é(’ hydepegphwsilyl ‘I\Wi“g’ a Group 4 netal

that i s di(hydedtarbyRilylyagisy, hy&oémﬂmm@mlcﬂ?ammﬁmm, difhydraea®pppbapting ofach
occurrenc g.r ‘? roc% hal ohydr ocar byl "
hydr oc aﬁ'ﬁ‘gf’?f%n% 1‘18%59“8? aving S otherghardy Sﬁ’ﬁfrbﬂ optionally, two or

di hydr oamed@! goips mayby dovatentiy ihicedywitheack oBéTtd Ydrmiony br m6fe fused rings or ring

tri hydroczflr byl si |l yl hydrocarbyl group of from1l to 80 atons, not counting
hydr ogeP* ¥ f urt her optionally, two or more R' groups fromthe sane or

di f f er ent nmet@ls matkyl grses optiondly autduiaBd withwik bidok 2pElodkyl &t hfvEs@tps, sand al
conpl ex ma e valently |inked together; RB corresponds to the fornula
N( RB) 2, %%Vr"é'ﬁm?&go @B‘aa?ogéps together forma dival ent hydrocarbon noiety
or a hal o- oL’ sialmydnodentds bi ;ioutdeﬁta«éerew\/sasase;prefdaﬂﬂ}eb’f is ré&@isiblgésvrdinfiedboai ni ng
frogL4 & nt i d conprisin t. one
aro%tl (E:hesf’b tc?'{lﬂgﬁucggw% ﬁ? 9'3%13?1%& f’é’fé{t}m "5’8%8’ fn8r‘%f ate?k’&a@d%ll ent or

coor di natoeddeotazilenis Hasnd, corrprl Si ng boron, or a nenber of G oup 14 of the

Peri odi ¢ Tabh 9s Qnulégl?great%pt% Zero mra P?t%ﬁstge ) Tlpeé ﬁ@&]s g:lastalrmg)geg eaﬁ&‘?hogphor us,

sul fur or oxygen, AR ani ont ¢ 0 fdah up to 60
atons excl usiAvdndsperidemslyodacls sccmfrerice g;aamdmlmhdtgam growp; peferablyl Alr'ds sdlécredd,

~- bound | i d
a0 s ol ine S RSP SORGON) e SR P OB BB gl 0"
oxi 3t i dn is4 fbazingted h&dnbmrby}(mo&t)eof foomi b 30 dartpantmsanost prederably ias’ ima di ani oni ¢

o cl ai RtRieA Bl Bty bBishCO inghe Ra0 rton <EnE. wrm SO BR G EeFAOY m o

cycl oal lArfhsaa perflgprinatpd ammdmahydrmﬂiyl mﬁety(ﬁfﬁoh% @r30ratbos adHiRst |3t uents |
conprisin IS,a I aronat L c A neta
coggl ex agco ?Wdestoiﬂl?l 8’i'°ﬁ?'ﬂg%\’ %etalli@gl—aifezal?%%l“h"? ﬁg?éfj“g’FW JOOLAGHOF ¢ pl e

gallicinium tris(fluoroaryl)borates corresponding to the formula: [M”Q',L’,]* (Ar5BQ?)’, wherein

35 M”is aluminum or gallium; Q' is C,.5 hydrocarbyl, preferably C, s alkyl; Ar'is perfluoroaryl,
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ring, fused, aza-cyclic group. 4. A netal conplex according to claim1l
wherein (NRB)2 is N-isoindonyl. 5. A metal conplex according to &BaARR 2004

wherei n wd 6882313 s 1, 3-di hydro-2H i soi ndol 2-yl, 1, 2,3, 4- petrr@oysiecds 2H
i soqui noline-2-yl, 1, 3-dihydro-2H benzo[f]i soi ndoI - 2-y| , 1, 3-di hydro2H

benzol €] b&wravﬂpisen&fmbmpﬂen% éndiQt netm&lmd,rmefﬂrﬂblb@z @Ikgl | MO preferabin ) 2my

|, 2,3, 4-tet égﬂbenzo%}o] i sofg hgol i el , 3, 4-t et rahydro- 2H

benzo[ h] PE€S th B{AUPS, FRosyRelgaRYy o, ¥r§Bﬁd’rﬂ‘8}V n-2(3lryl. -108 2 8

fAPR 2|00 6. A rm& ﬁire ﬁx@ﬁbtﬁ)ﬁn@@@d@ﬁtﬁﬂyﬁt@]mﬁ@al@dBdﬁﬁbdnmtﬁ&nomdmgspéﬁal}%ﬁ)e (A2
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(A) Preparation of 2,3-dihydro-2-(1H-inden-3-yl)-1H-isoindole 1-Indanone (10.0 g,
75.1 mmol) , isoindolene (12.00 g, 100.7 mmol) and 150 mL of air free, dry toluene were loaded in
a 3-necked round bottom flask equipped with a stir bar in the dry box. The stoppered flask was
removed from the box, equipped with a Dean-Stark trap and refluxed under under N,. GC analysis
30  showed major conversion complete within 7 hr (greater than 90 percent). The reaction was allowed
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2,3-Dihydro-2-(1H-inden-3-yl)-l 1H-isoindole lithium salt (1.64g, 6.86 mmol) was dissolved
25  in 10 mL of THF and this solution was added dropwise to N-(zerz-butyl)-N-(1-chloro-1,1-
dimethylsilyl)amine reagent (1.47g, 8.91 mmol, 1.3 eq) in 40 mL of THF. The reaction was allowed
to stir for several hours, and THF and excess electrophile were removed under reduced pressure.
The crude oil was extracted into hexane and filtered through a medium porosity frit. Solvent was
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to a thimble and it was extracted with 130 mL of methylene chloride using continuous extraction

25 outside the drybox (9 hr). The second half of the residue was extracted in substantially the same
manner. Solvent was removed under reduced pressure and 80 mL of hexane was added to triturate
the residue. Black-green solid was collected on the frit, washed with 2 x 50 mL of hexane and dried

under reduced pressure to give 7.92 g of product. Yield was 72.7 percent.
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10%99&' (Was 954 ercenl 018@dnd1e c@ét@lfx ra 1;91?/&11-@ YORTE® btee complex was obtained and is
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gg: ﬁg%fg £ )1I * IYEhe) 5)020PKBEH)) 0.4 §) SHOGE7 (s) 3P ES (9, 30, 1BYHs, (O 54PN ) - HIE IW
Jon = 11 7 Hz), 5.48 (d, 2H, *Jy.u = 11.7 Hz), 5.46 (s, 1H), 6.91 (t, 1H, *Jyy.y = 7.5 Hz), 6.98-7.13
(m, 5H), 7.52 (dd, 1H, *Jign = 9.0 Hz, “Jyu = 1.2 Hz), 7.75 (dd, 1H, *Jun = 8.7, Hz, “Jy. = 0.9 Hz).
BC{'H} (CeDg) 8: 2.37, 4.47, 34.65, 49.83, 54.54, 56.66, 58.01, 84.47, 104.34, 122.68, 124.10,
20  124.16,125.11, 125.48, 127.36, 128.30, 133.42, 137.80, 142.99. C (C¢Dq) &: 49.83 (q, 'Jeu =

119.0Hz), 54.54 (q, 'Jon= 119.8 Hz).
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lithium salt dissolved in 25 mL of THF. After the reaction mixture was stirred overnight the solvent
was removed under reduced pressure. The residue was extracted with 40 mL of hexane and filtered.

10 Solvent was removed under reduced pressure giving 3.062 of impure product as yellow-green
residue.

"H (CsDs) 8: 1.07 (s, 9H), 1.19 (s, 1H), 5.09 (d, 1H, *Jyy = 1.8 Hz), 436 (d, 2H, *Jyn = 11.4
Hz), 5.55 (d, 2H, . = 11.1 HZ), 5.49 (d, 1H, *Jup = 2.4 Hz), 6.93-7.24 (m, 12H), 7.5-7.6 (m, 4H),
7.70 (m, 2H).

15 BC{'H} (CsDs) 5: 33.69, 40.78, 50.03, 56.48, 103.88, 120.97, 122.50, 123.89, 124.66,
124.90, 127.00, 127.35, 127.63, 129.44, 129.48, 135.75, 135.86, 136.22, 137.00, 138.84, 141.17,
146.15, 148.54.

3B) Preparation of [3-(1,3-dihydro-2H-isoindol-2-yl)-1 H-inden-1-y1]-N-(1,1-
dimethylethyl)diph'enyl-sllanamine, dilithium salt

20 To a 50 mL hexane and 10 mL. toluene solution containing 3.062 g (6.3 mmol) of the N-
(tert-butyl)-N-(1,1 -diphényl)- 1-(3-(1,3-dihydro-2H-isoindol-2-yl)-1H-indenyl)silyl)amine was
added 8 mL of 1.6 M n-BuLi solution. The ligand was only partly soluble in hexane. During

_addition of the'n-BulLi, a yellow precipitate appeared. After stirring overnight, the precipitate was
collected on a frit, washed with 2 x 25 mL of hexane and dried under reduced pressure to give 2.50 g
25  of product as yellow powder. Yield was 79.8 percent.
| 'H (THF-dg) &: 1.21 (s, 9H), 4.51 (4H), 6.17 (s, 1H), 6.48 (m, 2H), 7.07-7.27 (m, 10H), 7.51
(d, 1H, .y = 7.8 Hz), 7.94 (m, 4H), 8.10 (d, 1H, Yy = 7.2 H2).
BC{'H} (THF-dg) 5: 38.83, 52.41, 59.78, 94.90, 112.62, 113.90, 116.25, 118.10, 121.69,
122.55, 124.36, 124.77, 126.02, 126.37, 126.91, 133.38, 137.22, 141,99, 151.82.

-76-



10g ! 10%& ()-y10%& ()-mO0%& ()-fL10%& ()- mO%& ()- S10%& ()-Cp dEYNC 10g
109 ()-Z10%& ()- 10%& ()- 109 ()-10%& ()-10%& ()- E7| dEYNC 109 &2 8 APR 2004

109&' () -e@fyds16) - # 109& ()- "10%& ()- 109%& ()- 109%& ()ep&r/vede)di6islOg
Y1940 ()-F. 10% ()-, 109 ()- F+10% ()-)Z%0% ()-3(10% ()-c.345dE / 10

ig@(r)rgl/gogi&d ) éz?%fa‘gﬁ'('&')"iééﬁéﬁ?wqﬁow&% N@10 % e'?ylﬁ/&g%g/‘é%b??ggﬁft )Igd/E:/

10 9409&&3{dihydrodHas¢inddebylE HyindaobaBsilapaioewe@-XN-8@nbme & ()-. b dE: / 10

smioua () A BRI SO 1

103. 10%alis gc)lunonmcg(ém m@w&sﬂ 3)dnhy4@°@&isel)ndolf21ﬂ Hipdengl-yIhP¢e@;1¢ ) - RP

15 TSR S i )

100/<z &' ()min. Th¢ solution onal (hen stirred for 45 min. After this time 0.91 g of PbCl, (3.3 mmol) was added

10310047 100 < iR« o s sty editl B el B

103" L! 10esidie Was fitsDesraiciell wiBHOo0NL pf mewyleng ghloride and filtered. Solvent was removed

20, 100 SGAGREG rhsuBIHRE 5 bR St The cepidus 1efof the i1 was exppgisdwithan

) dEHE@  additional 100 mL of methylene chloride. The solvent was removed under reduced pressure. The

12007 ST P AT PRl A B 1))))))

MLOYAT& (syirring Gorlgioqs, thendolid was-cogetbd o Ofrit09asRed With@OUoL@Bh¢xane awkeied ynder

1094 T

ioocs (=Bt iRy e vl Pen BRI H e
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109K 1 &1 Z

Torcos! () o1 dBinle £ P5OERROGTSERE 1 dimetiylechy-Li diphepyi- L3 230 a0k o
101098 ((},341U0UEN-2 H-RAREON2) YI}- 181600} 1-FDSHRng ininBELOYEN- )Y inteliiBtitanium dEbC
10 109 ()~ y&100& ()< $7100 ()it 100 (Aol 109" (1o S109& () o0 S

.+ <j <<dEbC 10L
110%& ( Xb,3-BO@FofIH-isbBAG-Z-yl)-1 HOik@en( -y HslIakhifdte-(3 BNOUNTm: (0=76Tmmoty wasl YNC 10
10 dissolved in 35 mL of diethyl ether. To this solution 1.1 mL (1.75 mmol) of MeLi (1.6 M in ether)

was added dropwise while stirring over a 2 minute period. After the addition of MeLi was

25  completed, the solution was stirred for 50 minutes. Then the ether was removed under reduced
pressure and the residue extracted with a mixture of 30 mL of toluene and the solution filtered, the
filtrate evaporated to dryness under reduced pressure. Hexane was added (40 mL) and the mixture
was stirred for 1 hour. A red solid was collected on the frit, washed with hexane and dried under
reduced pressure to give a first fraction comprising 210 mg of product. Solvent was removed from

30 the filtrate to give 115 mg of a second fraction of the product. Total yield was 78.1 percent. The
first fraction was dissolved in 3 mL of toluene followed by addition of 15 mL more toluene. The
solution was filtered and put into a freezer (-27°C) overnight. The solvent was decanted and the
resulting red crystals were washed with hexane and dried under reduced pressure to give 80 mg of
the desired product. The single crystal X-ray structure (ORTEP) of the complex was obtained and is

35  reproduced as Figure 2 attached hereto.
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To a 1.70 g (5.35 mmol) of N-(tert-butyl)-N-(1-chloro-1,1-di(3-p-tolyl)silylamine dissolved
in 20 mL of THF was added 1.279 g (5.35 mmol) of 1-(1H-3-indenyl)-1-(2,3-dihydro-1H-
20  isoindolinyl) lithium salt dissolved in 20 mL of THF. After the reaction mixture was stirred for 9 h

and then solvent was removed under reduced pressure. The residue was extracted with 40 mL of

hexane and filtered. Solvent was removed under reduced pressure giving 2.806 of product as a gray

solid. Yield 101.9 percent.
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this solution, 2.206 g (4.19 mmol) of N-(tert-butyl)-N-(1,1-p-tolyl)-1-(1,3-dihydro-2 H-isoindol-2-

yl)-1H-indenyl)silyl)amine, dilithium salt dissolved in 30 mL of THF was added within 1 min. The
solution was then stirred for 60 min. After this time, 0.76 g of PbCl, (2.75 mmol) was added and the
25  solution was stirred for 60 min. The THF was then removed under reduced pressure. The residue
was first extracted with 60 mL of methylene chloride and filtered. Solvent was removed under
reduced pressure leaving a black crystalline solid. Hexane was added (30 mL) and the black
suspension was stirred for 10 hour. The solids were collected on a frit, washed with 30 mL of
hexane and dried under reduced pressure to give 2.23 g of the desired product as a deep purple solid.
30  Yield was 88.2 percent.
'"H (THF-ds) 5: 1.40 (s, 9H), 2.46 (s, 3H), 2.48 (s, 3H), 5.07 (d, 2H, Jyu= 12.3 Hz), 5.45 (d,
2H, 2y.p= 12.6 Hz), 5.93 (s, 1H), 6.95 (d, 1H, *Jy;1= 9.0 Hz), 7.08 (d, 1H, *Jyu= 7.8 Hz), 7.15-7.4
(m, 9H), 7.76 (d, 1H, *Ji:x= 7.8 Hz), 7.82 (d, 1H, *Jyu= 7.5 Hz), 8.05 (d, 1H, >/ 5= 8.7 Hz).
BC{'H} (THF-dy) &: 21.71, 21.76, 33.38, 56.87, 61.41, 94.5, 107.95, 122.86, 125.77, 126.68,
35  127.84,127.92, 128.40, 128.49, 129.36, 129.79, 131.23, 131.29, 135.79, 136.43, 136.73, 141.02,
141.22, 150.14.
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57.65, 83.80, 105.64, 122.69, 124.51, 124.56, 125.06, 125.35, 127.33, 128.98, 129.06, 129.22,

- 133.51, 134.02, 134.62, 136.49, 136.84, 137.69, 139.72, 139.87, 143.84.
20 Example 7 dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(3,4-
dihydro—Z(lH)—lsoquln;)linyl)-lH-inden-l-yl)sllanamlnato—(z-)-N-)-titanium

~ =)

(A) Preparation of 1,2,3,4-tetrahydro-2-(1 H-inden-3-yl)-isoquinoline
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10! 3+ l ttoouzh & medipsporosiy Fisand psspyed byyMdR aftegielune perevel) (alsout 85:15 mole ratio of

100 ( PSR ot o dbeaci el ikabocdnint (IS vt removed n
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10%8@; ( product svebahalyeed by 'H and *C NMR and showed less than 2 percent mole ketone.
'H (CDg) 8: 7.50 (d, J=7.2 Hz, 1H), 7.29 (d, J=7.0 Hz, 1H), 6.85-7.20 (m, 6H), 5.36 (t,
J=2.3 Hz), 1H), 4.11 (5, 2H), 3.20 (t, J= 5.9 Hz, 2H), 3.14 (d, J= 2.3 Hz, 2H) 2.74 (t, J= 5.9 Hz, 2H).
BC{'H} (C¢Dy) 8: 153.2 (q), 144.8(q), 142.1(q), 135.1(q), 134.8(q), 129.1, 126.8, 126.4,
126.2, 126.1, 125.2, 124.4, 120.2, 109.1, 53.5, 48.7, 35.9, 29.5
15 HRMS: Calculated C;gH,,N: 247.1361, found: 247.1334.
(B) Preparation of 1,2,3,4-tetrahydro-2-(1 H-inden-3-yl)-isoquinoline lithium salt

-
Cr

Li

Crude 1,2,3,4-tetrahydro-2-(1 H-inden-3-yl)-isoquinoline (15.0g, 60.6 mmol) was dissolved
in 80 mL toluene and 150 mL hexane was added with stirring (emerald green solution). 38 mL of

20 © 1.6 M n-BuL.i was added dropwise over 15 min and the solution became dark red. Withinl0 min a
brick red precipitation formed and the stir bar stopped within 15 min as the flocculent solid went to
gum. After standing for 1 hr, the orange solvent was decanted and the gum was triturated with 100
mL of hexane to a fine tan powder which was easily filtered and washed with hexane (60 ml) to give
12.5 g of vacuum dried material. A second crop of orange powder was obtained from the liquid,

25  washed with 20 mL of hexane, and combined with the first crop to give a total of 13.65 g lithium
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A solution of 1,2,3,4-tetrahydro-2-(1H-inden-3-y])-isoquinoline lithium salt (4.0 g, 15.8
mmol) in 80 mL of THF was added within 10 min. to a 60 mL THF solution N-(tert-butyl)-N-(1-
chloro-1,1-dimethylsilyl)amine (2.6 g, 15.8 mmol). After the addition was complete the reaction
mixture was stirred overnight. The solvent was then removed under reduced pressure. The residue
was extracted with hexane and the solution filtered. Tﬁe solvent was then removed under reduced
pressure leaving 5.85 g of product. Yield was 99 percent.

'H (CDCl3) 8 -0.5 (s, 3H), 0.0 (s, 3H), 1.2 (s, 9H), 3.05 (m, 2H), 3.4 (m, 2H), 3.4 (m, 1H,
benzylic), 4.25(m, 2H), 5.8 (s, 1H), 7.2 (m, 6H), 7.5 (m, 2H)

BC{'"H}(CDCL) &: -1.1, -0.1, 29.2, 33.9, 44.0, 49.3, 49.5, 53.7, 113.1, 119.4, 123.5, 123.8,
124.2,125.7, 126.1, 126.5, 128.9, 134.4, 134.8, 140.4, 145.8, 150.6.

(D) Preparation of N-(terr-butyl)-N-(1,1-dimethyl-1-(3-(2-(3,4-dihydro-2(1H)-
isoquinolinyl)-1H-indenyl)silyl)amine, dilithium salt.

In the drybox 5.85 g (15.5 mmol) of N-(terz-butyl)-N-(1,1-dimethyl-1-(3-(2-(3,4-dihydro-
2(1H)-isoquinolinyl)-1H-indenyl)silyl)amine was combined with 150 mL of hexane. To this
solution 19.5 mL (31.2 mmol) of n-BuLi (1.6 M) was added dropwise in about 10 minutes. Upon
complete addition of the n-BuLi the solution was stirred overnight. The resulting precipitate was
collected via filtration, washed with 50 mL hexane and dried under reduced pressure to give 5.1 g of

an off-orange powder. Yield was 85 percent.
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Example 8 Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-
(3,4-dihydro-2(lH)-isoquinolinyl)—lH-inden-l-yl)sllanamlnato-(z-)-N-)-dlmethyl titanium

:c%
M "CHy

Dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(2-(1,2,3,4-tetrahydro-
20  isoquinoline))-1H-inden-1-y})silanaminato-(2-)-N-)-titanium (10.6 g, 21.5 mmol) were dissolved in
500 mL of ether. Then 28.2 mL (45.1 mmol) of MeLi (1.6 M, ether) were added in a period of five
minutes. The temperature of the mixture increased from 25 °C to 28 °C and the mixture changed
from deep purple to deep brownish-red, and was stirred for one hour. The volatiles were then
removed in vacuo and the residue was extracted with hexane (3 x 100 mL) and filtered through a
25  diatomaceous earth bed. The filtrate was dried under reduced pressure, re-dissolved in 250 mL of
hexane and filtered, lea\}ing 1 g of dark residue. The solution was allowed to stand overnight in the
freezer. Crystals were formed and the solution was decanted, the crystals were washed with cold
hexane to give 2 mass of orange red crystals (4.9g). A second crop of 0.95 g of good quality
material was also obtained. Yield was 4.9 g + 0.95 g =5.85 g (60 percent).
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?2? G\AHBBaBSH= Example 9Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-

10G " 1004 1 0¥ ok iy SO DY Buoha SRR G NG adddQUE - BuceoD
10@ 99#109%&' () -s7$10%& ()- IRV ()-4"109& ()-93Z10%& ()-s90s$10%&k () - gDDDD
DDE#Gy&hC 10@ 10%& ()-I g& )-TM 10%& () - Y% 10%9& ()- 10 10 10F,;

-y"10%g& ()-10%& () - MB10%&' () - T#10%9& () - gJKK
1LLM N*<bC
10@f " $%4.0%&' () - f$%1%& ()-,#10%& ()-!9%0%& ()-!#10%g& ()- Sf10%g& ()-tN
NNNOCOCa?bC
10@! (3z109%&' ( : A& iy 1510%g&" () -s0@0%& ()-s-10%g& ()-f, G
10%;[& ()- oooosso 51| 109 () -, &10%&' () - 109 10g 10gF;

@#10%&! () -y10%' ()pigh SSH#100& () - | 109& () - S10%& () - SSSSSTr UaBbC
10@ ! "109%& ()-!Ds
"109&' () - gy, 10%&' ()- Ty, 10%& () - Ty10%& () -y, S10%&' () - r UUUI VWMWIBHC

10@ ! ! NL( 10%8(4) Prgparatynof NrerghotyR-N1,3-diphooyl: 1¢(3-(3.444ib i rpy2(LI)-

YLO%E! () s NRRORRNS e o0& ()- S9&6s! 100&' ()-'!X9&6s! 10%& () - 1z
109& () - EERYoL7 ()-Iageéi’i%s%f’?@%wwzz [O\jHC 1 10 ;3@ 10% ()-@| @
10% | & () - @T10%&’ ()-fst! JPTRA() - @L0% ()- 10 100\]]~*2__A<HC 1 10!;
1100 ()-f1# 1 10% () - 1098 ()-10%&' ()-!, @10%&' ()- @ 4apaaBHC

109%&' () - & 1098 () - f s( LQU& () o' 10%&! () - paUbbbccccexmbC 1 10! % 109& ()- 10
10 103S; mLOY%& () - 9y10%% 7$10% () - 3@10% ()-c>cccOeee{\ =mbC 1 10! Sz
109 () - $10%& | DE109& () - F$1096& () - F

,$10% ()-F)! -Fe@| f nf ygg- h} A?nbC 1

A solution of 1-(1H-3-indenyl)-3-(3,4-dihydro-2(1H)-isoquinolinyl) lithium salt (1.0 g, 3.95
mmol) in 20 mL of THF was added within 10 min. to a 20 mL THF solution N-(tert-butyl)-N-(1-
chloro-1,1-diphenylsilyl)amine (1.14 g, 3.95 mmol). After the addition was complete the reaction

~ mixture was stirred overnight. The solvent was then removed under reduced pressure. The residue
15  was extracted with hexane and the solution filtered through diatomaceous earth. The solvent was
then removed under reduced pressure leaving 1.75 g of product. Yield was 86 percent.

(B) Preparation of N-(tert-butyl)-N-(1,1-diphenyl-1-(3-(3,4-dihydro-2(1H)-
lsoquinolinyl)-lH-lndényl)silyl)amlne, dilithium salt

In the drybox 1.7 g (3.4 mmol) of N-(tert-butyl)-N-(1,1-diphenyl-1-(3-(3,4-dihydro-2(1H)-

20  isoquinolinyl)-1H-indenyl)silyl)amine were dissolved in 60 mL of hexane. To this solution, 4.35
mL (7 mmol) of n-BuLi (1.6 M) was added dropwise in about 5 minutes. Upon complete addition
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1'10%& (ﬁlﬁaﬁm&aﬂl}d wap 3@ &L(ﬁexanana- Bried under reduced pressure to give 1.5 g of product.

n&nmenhn%ﬁrﬂ\l/ 0%g@ " 10%& ()-10%& () -
109%gé& () Yrelouggd @)’m O‘Vg& ()-2Ss10%g& () -hnnnnnnn}[9mN/ ! 8f Z 10%HH&' ()-!fZ

10%[& ()-3" LgOreparatit ZlO@ﬁﬁ%@-M b Ot Pradhiyhr; MapRe@yit- (22,930 7EM)R0z [ <N

:gi%@%ﬁ, qmy'sw sqquinglingl)}PRinden-yDsilapamipator(Q-)-NQdtitsniam ) - z7&10%y;
& ()- zF‘)/aovggygoe@gg)gsrg&fcﬁﬂe;;ﬁg%g.%'3,a)dl-hyaﬂo@f@ﬁs-&quﬁmymlﬁt ttttasE? 108 8

108 8 108 8 !
& ()-y)’ m@myasﬂ(y Jaryoe,Biug) ssk 105g.2.9 pmpl 0 s o) vrin S0kt THBE ThisGOlgion

LS R oIl MM o S
f@of%g&g)l—%mmzlz 3dded3®ER/s01i0.8 T redcfiogRixtyr @jidigorbbb@ye: The $@

Lot e i Bl g b

11Y: $1009 'n(tg:e gl&s gh g@gmag@u( thTﬂeﬁma Was dried in vacuum and the
IL10% Aadfkd Y: .
1 S#lO(l;I/ergf ﬁ{éa (e;‘%%e 105%@ u&ﬂ'?ﬁe %’q 0% Tty ves e Rigrerh washgl pibopoe g it e () - g

godEdY; vacuum to give 1.4 g of deep black-puxple product. Yield was 77 percent.

119" " 10% & (ihr @39% K& brs S0k S} 15 90 4 o AT 019,45 A0S O/

TdEdY:
1! &%510% 216, 1), 66 & 11H).06.8:Gn,(3H)O7.0 (m,&¥H),783 (0),-6H),- 74LBRAHR7(6)(dTH)1 80(d 2H),) - SO !
10% u&

CraMN A X
11 1 5 00 (e 5 (CCRDGRAR: 2358351558 kA G151 307 3385 12678186 (103
u& () - kWi2ZB7G 2806, 130.78, 130.84, 133.5, 134.9, 136.5, 151.1.
Example 10 Preparation of (N-(1,1-dimethylethyl)-1,1-dipheny)-1-((1,2,3,3a,7a-11)-3-

(3,4-dihydro-2(1H)-isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-) dimethy] titanium

D

O \ Ti(CHs)2
/

C
6H5>SiNC(CH3)3
20 Clls™ .

Dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(3,4-dihydro-2(1 H)-

isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (0.25 g, 0.4 mmoles) was dissolved in
30 mL of ether. Then 0.5 mL (0.8 mmoles) of MeLi (1.6 M, ether) was added. The mixture was
then stirred for one hour. The volatiles were removed under reduced pressure and the residue was

25  re-dissolved in 10 mL of toluene and filtered. The filtrate was dried in vacuum and the resulting
residue was re-dissolved in hexane and filtered. The filtrate was concentrated to the point were a
bright orange solid started to precipitate. The solid was collected by filtration and dried to give 0.11
g of product. Yield was 47 percent.
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tss#10% (& ()-yS
109& () - YLO%& ()F T XSTQYR ()Q@Z}A<~ @f . FOO%& ()-S -
10%&' ()-!S ss' $109® 0 0% L& () - S&10%& () $310%&' () - ka m{~_@! 10%y
& ()- 910%;& () - Fed02g& - 10 10 10@

09& 9 - 10%9& (
@10%&(%) S| )”féé&zo 3 g : /g& 0)- 9l 10%5;& ()-f&@ 10%& ()-F bA~ @
T od0%VMVE () - T8 Cst'Mea
04 0% () - 10%& () /& 10%& ()-gl0%& ()-&10%& ()-' AH[9~ @' 10%g& () -
1" 10%XxSX& () - @gez‘q& ()-$10%& ()-1S Y40% ()- | 0%.0g9¢ ()-\~aVK@ 10g
109,400S; 10%& () 1,EY899g& () - | a6%L0YBB&! () - 5" 10%& ()-3 10%& () - qdEVK@
10S
10%g&' () - &s! Iothg drybyx, dichloradie(d; 1¢dimethyietigy: 1(1 - digieddd€(1¢2,3.34BogB-(1)3-. dEVK@

01101 g s SO NG L
a’PVK@ l §5mme/«k) Was-pritlg glistolygdyia 40 )ml3ofr0i0eirs, To)this $alobdl, 4,38 @EIE 38 &infdD) 60910%9& (
10, £210580 el R I IMBCICH TSN 1 ML ip fhir) wag aed doppus whil
oML &% &s'(rym%p‘foa/e gigyte p@oﬂa difter (hr-a gomf@gpymmwgsmlsseq »the solution

'1 (C)@ @fﬁoo/d}gg@%eﬁ}'drglﬂ. A PR HENIR - sgécu%ﬂz%ﬁ&ae(sbruuéﬁsﬁo&eﬁ}hc%ﬂ\/&&:(r)ﬂﬁ%‘(ﬁﬂ-ﬁ
Z 0,

Tooe g ( Fomsbontisomplets. 4R plifionpL qupatiny o6 ECICHETMS snisign (3.0 L) wereredded to

41099& (hereatfoibixfure éb@(ﬁ@?éﬂ&oﬁ}mxth&m{%@ Q&n siSHPHIMR) showbd
10zj yaBnN/ 410% 10%0& ()-! @A0%& () - SSF" 10%g& 10/ &()-S 10%& ()
1 1099& &Y MRpmplet conversnon to the di lcomplex and res1dual quantities of Grignard reagent

4 1020 ~* #ﬂxﬁe/&aétbon @RV TBluehe WAIUBEVEDunic HOMBE frbsstre lAIEBR réidue WhO UGS . ; €F
in 20 mL of hexane and filtered. The mixture volume was reduced to 14 mL and the vessel was put
into a freezer for 48 hr at—27 °C. The solvent was decanted and the dark red crystalline material
remaining was washed with 3 mL of cold hexane. Drying under reduced pressure gave 0.32 g of

| pure complex.

25 "H (C¢Dg) 5: -0.89 (d, 1H, *Jiyyy = 12.0 Hz), 0.09 (s, 9H), 0.18 (s, 9H), 0.59 (s, 3H), 0.69 (s,

3H), 0.87 (d, 1H, Yy = 11.7 Hz), 0.95 (d, 1H, YUy = 10.5 Hz), 1.35 (d, 1H, *Jyn= 10.8 Hz), 1.50

(s, 9H), 4.85 (s, 4H), 5.49 (s, 1H), 6.85 (ddd, 1H, *Jiuu= 8.6 Hz, *Jun = 6.6 Hz, “Jiuu= 0.9 Hz), 7.0-

7.1 (m, 5H), 7.56 (d, 1H, *Jyu= 8.7 Hz), 7.79 (d, 1H, *Jyu= 8.7 Hz).

BC{'H} (C4Dq) 5: 2.63, 3.14,3.72, 4.71, 34.18, 57.00, 58.91, 69.59, 77.12, 85.60, 100.79,
30 122.61, 123.90, 124.24, 125.04, 125.20, 127.55, 128.45, 133.80, 137.52, 144.66.
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10% & ()-y !10% 6% ()eml10% u& ()- L10% u& ()->U r ?2VK@

4103%10% u& ()-g! FESA0%& ()-9g!9y2- #10%u& ()- L#10% u& ()-F"'$10% u& () - Lf
10% u&' () - et ; aidia s K %4)-3-
Lor () NG4SR ARy SIS 3
10% &' () (lggq_-q_lbwg;%!)lsmndol-z-yl)-lH-mdcn- -yl)silanaminato-(2-)-N-)titanium complex (0.77 mmol,

@ é 0 ‘(Vo)z &;c giaiﬁ gﬁg%’é%&&y Qissotved 10 29 AL (of afdrlyadictY.Fé il @ Rition, 1 RALRLF 864 shmol)BF¥8.0%
zz - Y& () - ) .

9409 & (Msﬁgeﬁz{&{% 1M imethes) pyasaddesirppvdsg Whide stigring pxer(a 2 mingte pesipdodfenthe | o4 0
Yz & () - f additR¥BEGrikndrd f¥Eeht (wis (BRDRIA! IhbZolhB3@ Gas(stirredfor 2h. After that time, 20 mL

10 of toluene was added with stirring continued for another 2h. The solvent mixture was removed

1940% u- u& ()- ", #10
1°10% u& ()- L1 ng()-&lo% u& ()-w>aBVK@ 410 &10% u& ()-!# 10%PuPu& ()-y

under reduced pressure and the residue extracted with 40 mL of hexane. The solution was filtered
ad the filtrate was evaporated to dryness under reduced pressure. Extraction with hexane was
repeated one more time. The solvent was removed giving 0.334 g of red solid. One half of this
material was dissolved in about 4 mL of hexane and the vial was put into a freezer at
15 -27°Covemight. After cooling, the solution was decanted and the resulting crystalline red solid
was washed with cold hexane and the dried under reduced pressure.
'H (C4Dy) 8: 0.67 (d, 1H, Y= 11.7 Hz), 0.14 (s, 9H), 0.19 (s, 9H), 1.10 (d, 1H, *fyuy=
11.7 Hz), 1.32 (s, 2H), 1.68 (s, 9H), 4.75 (d, 1H, /= 12 Hz), 4.89 (d, 1H, “fyyy= 12 Hz), 5.74 (s,
1H), 6.71 (dd, 1H, i'JH.H= 8.3 Hz, *Jun= 6.9 Hz), 6.94-7.10 (m, 5H), 7.22-7.36 (m, 7H), 7.77 (d, 1H,
20 *Juu=8.7 Hz), 8.02 (m, 2H), 8.12 (m, 2H).
BC{'H} (CeDs) 5: 2.51,3.29, 35.10, 56.81, 58.40, 69.31, 80.94, 84.08, 101.82, 122.39,
124.30, 124.65, 124.70, 125.06, 127.49, 127.90, 128.05, 129.15, 129.83, 129.90, 133.87, 136.29,
136.72, 137.19, 137.55, 137.77, 145.99.
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" 104G ( oqllm @%ﬁ-xﬁ&efdol@nlﬂm%ﬁ%@@y())tntgﬁ%%%)041&1601 Example 9) was

10- u++N, digsplved! 30 mL of bl Thien 0B%TR (1.3 MuidEMQICHANS@D V), dmhy&a@ ()-L

1810% (YRGS Thoin dus Mg s, T S M et b o1

10@ 10 @ gresgurtGaditie rysidus B)pd R94@ROYVE in Hedasasing filtered. The filtrate was dried under
0,
| % &( A %&‘f” 8};}% {?2%%?8%5%%pd§}‘?%) %6%693&%22%345;15 Tl sl
1010%1& ( )-! 1PBW (09 ﬁ).mmg(& 9H); 0.29 GYBH), 0)88 &ih ), 0 Ze(8),(1)6 (5, 9H), 2.7 (m), 2.8
S10%& (9324, ?Tu??@% (8534 H 6 (d), 6.0 (s, 1H), 6.6 (m), 6.9 (m), 7.0 (m), 7.2 (m), 7.3 (d), 7.7 (d),
7.9 (d), 8.2 (d).
BC{'H}(C¢Dg) &: 2.3, 2.5 [Si(CH3)3], 3.1, 3.4 [Si(CHs)3), 29.6, 35.0, 49.5, 53.4, 58.4, 70.0,
15 87.0,107.8, 124.4,124.9,125.3, 126.4, 126.5, 126.7, 129.0, 129.5, 130.1, 133.4, 134.3, 134.7,
136.4, 136.6, 137.2, 137.7, 147.4.

Ethylene/ 1-Octene Polymerization Conditions
| All liquid and gas feeds were passed through columns of alumina and a decontaminant

20  (Q-5™ catalyst available from Englehardt Chemicals Inc.) prior to introduction into the reactor.
Catalyst components are handled in a glovebox containing an atmosphere of argon or nitrogen. A
stirred 2.0 liter reactor is charged with about 740 g of mixed alkanes solvent and 118 g of 1-octene
comonomer. Hydrogen is added as a molecular weight control agent by differential pressure
expansion from a 75 mL addition tank at 25 psi (0.2 MPa). The reactor is heated to the desired

25  polymerization temperature and saturated with ethylene at 500 psig (3.4 MPa). Metal complex as a
dilute toluene solution and cocatalyst as dilute solutions in toluene or methylcyclohexane, were
mixed in a 1:1 molar ratio and transferred to a catalyst addition tank and injected into the reactor.
The cocatalyst for all runs except 9-11 was methyldi(octadecyl)ammonium tetrakis(pentafluoro-

phenyl)borate. (The ammonium cation of which is derived from a mixture of amines available

-88-



10! (10%& ()- L!10%& ()- YnL0%g& () - 10%g& ()-! @Yd0%& () -z 109§ (P 2004
G7A778: +: 0: 1: z[ <1l 10g! ;
mw%g& (x)vo?@ﬂ%g& ()-'al 940%: ()-f!al %a0%&: ()-f-10%& () - Ip@(/ﬂxslmg&s()

- 9; NI~ 10gl ; mL0% #10%&' ()-y109%& ()- s!S10%& ()- L10%&' (

oo %) %é%% SRR e AR @@ggg@;&@&&mg Aty

10g! 6s: 10drgrex '[l)c-p@ﬁibﬁ%&o() YorBitions O%# rgdintained for 15 minutes with ethylene added on

i(())/ggi/%ty nza?d 'f%q) E’% SI%}\E_“LS %%gwgggaﬁmaeg[vth isopropyl alcohol,

10[ [ Ylo%:{d&ta@mam@mmao&fmmzq sah@ipRlcoAtardgabout Om' 10908 ()-!6
;/%8%1%)09/‘0%} ()ﬁLg3 %gger ofa Qndered pl?eﬁ%an&?omdm¥(l%§lz% (l})l({ g‘c‘w_ﬁﬁ bllbYaJ(‘}é]l gyBy Z
+2 10%08! Corporatichiy ARD4BELY 133 ghDOF Qetfiirie} oLAPIbAMEN (thbififit (Bfialss(168 FioH Gtk Kt KuKv
KK{ peF 8 %18% ug.( 100 100 1008F 10908 ()- ; mlO%O& ()-L/

10908 ()= % Y -BoRaKs '%)) KKKKYLt LLdBpeF 10g! 3Z 10%a& () - 3Z

10% u&' () - 91 ZR@WeenPolymegizatidnuniis( ) washldtewd’s (ndsct@lin which)850 g Miditkames -

109! 10% u&: (,

Tos ug: (YRl attor wd B meactar wos beaed 1915050, Toeetiesss thmgeplipd of the

10g! K) 101%&&&sc1§l)red9&ixﬁ€mamy befotbfbéginting & ney phlyiefizatiéa fun- &' f 10% u&' () - &@

"10% u&' () - PPQ,RRTTT[ <1F 10

10% gt () 1 S DOV TP BRREAD ¢ Yoot PO 6 O TS FOMARBY 5+ 109% e

' () - TTTTDelnsitp véaidds lare derived by determining the polymer s mass when in air and when immersed in

To- uovnarEmERIRIGh. e By oo D el opianeg e iy SCBisy ()"

| 10%08 (l)JstginlchOBiﬁ&d@el ZS{1 TIN5 Zpp ar@smcmmmm nit (€ Fah@Ocd Olited as

10 /% S ﬂ%&p {%g 8!/(8 6%@ fé%}%@ %%00/@%%“( Qcco%%gzs fiedsdred é%c‘]nsgment

. 10%&! (B.%Eltiﬂ:@mn(e)i-nlml ()- 10%& () - CZDZLZOZPZQZRZs1+@o0 X FF
. 10%8& ()-EF . 10%& () - EF

-89-



- 10%& ()-EF . 10%& ()-EF . 10%& () - ERZVZYZ[ 7] ZcZeZeF+@o  QF . JQU& (). EF
.10%& ()-EF .10%& ()-EF .10%8& ()-EF . 10%& ()-EF APR 2004

" 10%8&' (WokedsdsZzZ{ ZZZaG( +F . 10%& ()-EF . 10%& ()-EA0 f¥Fusdb@yesd () - EF

. 10%& () - EF . 10%& () - EZZZZZZZeF+F . 10%& ()-EF . 10%& ()- EF . 10%& () - EF
.109%& ()-EF . 10%8& ()-EF . 10%& () - EF lemg&' () - EZ222777F G +F . 10%¢& () - EF
J109%& ()-EF . 109%& ()-EF . 10%& ()- EAo 13 10%8& () - EZzzzz7zZe#tho QAF

. 109%& ()-EF . 10%& () -Gaklysd 0%r&ng,) -¥ebd . 10% &endityEF My

109%& () - EZ7777 78 J+ofumol 0%H &°C) - Efp). 1EMI& (eYmikrF (xJI00YiNw/vin- BBVI:

. 109%& ()-EF . 1096% ( JHIEVF (03D%h&40( ) - BA . 14)%)&0(8?6 EZ27277] [ 1-G(+F8.SL0%& () - EF
. 10%& ()-EF . 1098k ()TEA@HQ(F « 335 0.906

3 Ex.2(0.4) «“ 339 18 0.900

4 Ex.2(04) “ 552 29 0.900 271 1.92 <0.l
5 Ex. 2 (0.5) “ 88.7 3.7 0.895 - - -
6 Ex. 4 (0.4) « 65.1 34 0.896 -
7
8

<0.1

28 Ex.12(0.4) “ 430 23  0.897 -
29 Ex. 13 (0.15) 140 12.1 1.7 0.897 - -
30 Ex. 13 (0.5) « 503 2.1 0.896 - -

comparative, not an example of the invention

- efficiency, g polymer/ ug titanium

" micro melt index 190°C, (comparative technique of melt index determination)

" (t-butylamido)dimethyl(tetramethyl-n*-cyclopentadienyl)silanetitanium dimethyl

" (t-butylamido)dimethyl(-((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)-1H-inden- 1-yl)silanetitanium

dimethyl, prepared according to W098/06728
" cocatalyst is tris(pentafluorophenyl)borane

Ex.4(0.3) “ 620 43 0895 242 199

Ex. 4 (0.3) “ 619 43  0.895 - - -
9%  TiDM’(1.5)° © 582 08  0.898 - - -
10 Ex.8(0.75° 266 0.7 - - - -
11 Ex.8(1.0) “ 495 10 - - - -
12 Ex. 8 (0.5) “ 246 10 0901 - - -
13 Ex.8(0.75) “ 510 14 0901 216 215 -
14 Ex. 8 (1.0) “ 653 14 0901 - - -
15 Ex.8(04) 160 271 14 0904 163 210 <0.
16 Ex.8(05 160 374 16 0904 - - -
17* _TiDM*(04) 160 267 14 0902 46 247 247
18 Ex.10(0.5) 140 445 19 0.898 - - -
19  Ex. 10(0.5) « 418 15 0.898 - - -
20 Ex. 10(0.5) “ 490 20 089 235 328 -
21  Ex. 11(0.1) “ 876 183 0.898 . - -
22 Ex.11(025) * 98.6 824 0.895 - - -
23 Ex.11(0.1) “ 926 193 089 198 237 -
24  Ex.11(0.1) 160 572 119 0904 170 285 -
25  Ex.12(03) 140 713 60  0.895 - - -
26 Ex.12(025) 721 60 0892 220 216 0.1
27 Ex.12(03) 160 359 25 0897 181 187 <0.1

s W N = g

10  Example 14 Preparation of dichloro(N-1,1-dimethylethyl)-1,1-(4-butyl-phenyl)-1-((1,2,3,3a2,7a-
1n)-3+(1,3-dlhydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-) titanium

A) Tetramethylsilane[MgCl], (THF),
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J109%& (WoRhilaad 3L O[ 2[ 7[; [ G(+F . 10%&' () - EF . 10%& () - EF é@%@&/ 4sEF
. 10%& ()-EF . 10%& ()-EAo Q;[AIEHJ[B(+F . 10%& (s- 0 F
. 10%)&: ()-EF _10%¢& ()-EF . 10%& (%- EF . 10%& (f) -BEJ[ V[ X[ 1[a[g[i[eF+F
. 10%¢& () - EAFTo $9mbgiathyl ether sptwipro{ 3.5 g 5.9 romplspf(MeSCHj s@ylded0.851 g,
- 10%3&: ( 35.5mmol fMEninings! Mcﬂtﬂﬁﬁé&\[eﬁ{iélﬁaﬂgrgc AR drhnfE soli:hQ%Ql&i ﬁb)e' EF
. 10%& (%-EAO QF . 1098 ()-EF . 100p& (’)-E~[[‘[[£(E[HEF+F FL00%0% () - EF
. 10%& ( Polsnt wagrogeved)under re.czye%f&eisyrﬂ By replagaslavith .of tespRy degfuugr (THF).
- ig%i E ;J?EJA {)dﬁ[tiﬂ)ﬁ bf 15{F; a1l of Rtk botadissd0EP %&'sﬁ%ng%ﬂ%&ﬁé&al ﬁ:h.; aQuy () - EF
5  mL of hexane was added and the solution was filtered. The filtrate was put into a freezer (-27°C)
overnight. Solvent was decanted and large colorless crystals were washed with cold hexane (2X20
mL). The solid was then dried under reduced pressure to give 2.753 g of product as the THF hexa-
adduct. Yield was 27.1 percent .
'"H NMR (THF-dg): 3-1.81 (s, 4H), -0.21 (s, 6H), 1.77 (m, 28H, THF), 3.66 (m, 28H, THF)
10 “C{'H} NMR (THF-ds): § -2.50, 9.14, 26.37 (THF), 68.46 (THF).

B) dichloro(N~(1,1-dimethylethyl)-1,1-di(4-methylpheny})-1-((1,2,3,3a,7a-n)-3-(1,3-
dihydro-2H-isoindol-2-yl)-1H-inden-1-y)silanaminato-(2-)-N-) titanium

) Preparation of (p-Bu-Ph),SiCl,.

To a three-necked 250 mL round-bottom flask under a nitrogen atmosphere equipped with a

15  reflux condenser and a 250 mL dropping funnel 4.87g of Mg turnings (0.200 moles) were
introduced. 1-bromo-4-butyl benzene (42.6g, 0.200 moles) and 80 mL of THF were then added to
the dropping funnel. At this time 10 mL of the bromobenzene/THF solution was added to the Mg
turnings with a small amount of ethyl bromide. The solution was then stirred until initiation
occurred. The rest of the bromo benzene/THF solution was then added dropwise to allow refluxing

20  tooccur. After addition of the bromo benzene/THF solution, the mixture was heated at reflux until
the magnesium was consumed.

The resulting Grignard solution was then transferred to a 250 mL dropping funnel which
was attached to a three-necked 250 mL round-bottom flask under a nitrogen atmosphere equipped
with a reflux condenser. To the round bottomed flask, 100 mL of heptane was introduced followed

25 by SiCly (15.3g, 0.090 moles). To this solution, the Grignard solution was added dropwise. After
addition was complete the resulting mixture was refluxed for 2h and then allowed to cool to room
temperature. Under an inert atmosphere the solution was filtered. The remaining salts were further
washed with heptane (3 X 40 mL), filtered and combined with the original heptane solution.

The heptane was then removed via distillation at atmospheric pressure. The resulting

30  viscous oil was then vacuum distilled with collection of the product at !} mm Hg, (133 Pa) at
210 °C giving 19.3g (58 percent) of the desired product.

i) Preparation of bis(4-n-butylphenyl)(t-butylamido)chlorosilane

Dichloro-di(4-n-butylphenyl)silane (4.572 g, 12.51 mmol) was dissoived in 45 mL of
methylene chloride. To this solution was added 1.83 g, 25.03 mmol of t-BﬂﬁHz. After stirring

35  ovemight, the solvent was removed under reduced pressure. The residue was extracted with 45 mL
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. 10%¢& ()-EF . 10%& ()-EF . 109%& ()- EF . 10%& ()-EF . 10%& () - EF

. 10%&' (of hé&and ind\filteted!l Sorvent. Wl ¥OrRovel ulder rel8dd$rdspurEfeavitHIBE2 £ df thédesired

. 109%& ()-EF . 10%& ()-EA0 Q[ (\*\,\.\0\ 1\ 4\ B(+F . 109%& ()-EA0 QF
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~
: Si
pY
“~t-Bu
Bu
5 Toa 4.612 g (11.47 mmol) of (4-n-Bu-Ph),Si(CI)(NH-r-Bu) dissolved in 20 mL of THF was

added 2.744 g (8.37 mmol) of lithium 1-iscindolino-indenide dissolved in 30 mL of THF. After the
reaction mixture was stirred overnight solvent was removed under reduced pressure. The residue
was extracted with 50 mL of hexane and 'ﬁltercd. Solvent removal gave 6.870 g of product as a very
viscous red-brown oil. Yield was 91.0 percent. '

10 tv) Prepax;ation of dilithium salt of (4-n-Bu-Ph),Si(3-Isoindolino-indenyl)(NH-t-Bu)

To a 50 mL of hexane solution cdntaining 6.186 g (10.33 mmol) of (4-n-Bu-Ph),Si(3- '
isoindolino-indenyl)(NH-t-Bu) was added 13.5 mL of 1.6 M n-BuLi solution. A few minutes after
n-BuLi addition, a yellow precipitate appeared. After stirring overnight, the yellow precipitate was
collected on the frit, washed with 4 x 20 mL of hexane and dried under reduced pressure to give .

15  4.42 gofthe desired product as a yellow powder. Yield was 70.0 percent.'
v) Preparation of 'dlchloro(N-l,l-dlmethylethyl)-l,1-(4-butyl-phenyl)—1—((l,2;3,33,7a—
' n)-3—(l,3-dihydro-,ZH—isoindol-2-yl)-lH—inden-l-yl)sllanamlnéto-(Z-)-N-) titanfum
 In the drybox, 2:62 g (7.10 mmol) of TiCl3(THF) 3 was suspended in 40 mL of THF. To this
solution, 4.32 g (7.07 n;mol) of dilithium salt of (4-n-Bu-Ph),Si(3-isoindolino-indenyl)(NH-#-Bu)
20  dissolved in 60 mL of THF was added within 2 minutes. The solution was then stirred for 60
minutes. After this time, 1.28 g of PbCl, (4.60 mmol) was added and the solution was stirred for 60
minutes. The THF was then removed under reduced pressure. The residue was extracted with 50
mL of toluene and filtered. Solvent was removed under reduced pressure leaving a black crystalline
solid. Hexane was added (35 mL) and the black suspension was stirred for 0.5 hour. The solids
25  were collected on the frit, washed with 2 x 30 mL of hexane and dried under reduced pressufe to

give 4.68 g of the desired product as a black-blue, crystalline solid. Yield was 92.4 percent.
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5 Dichloro(N-1,1-dimethylethyl)-1,1-(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium (1.61 g, 2.25 mmol, Example 14) was
suspended in 35 mL of toluene. To this suspension was added 3 mL (4.75 mmol) of 1.6 M MeLi
ether solution. The reaction color changed at once from dark green-black to dark red. After stirring
for 1 hour, the solvent was removed under reduced pressure. The residue was extracted with 55 mL

10  of hexane and filtered. Solvent was removed leaving 1.46 g of the desired product as a red solid.
Example 16 Preparation of (N-1,1-dimethylethyl)-1,1-(4-n-butylphenyl)-1-
((l,2,3,3a,7a-1])-3-(l,3—dlhydro-2H-lsoindol—2—yl)-lH-inden-l-yl)sllanaminato-(z-)-N-)-titanium
D

(1) 1,3-pentadiene
Bu =y, N
\Qlln. - \ .
TN \/

Bu f
Hac

15 Dichloro(N-1,1 -dxmethylethyl)— 1,1-(4-butyl-phenyl)-1-((1,2,3,3a,7a-n1)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium (1.266 g, 1.77 mmol, Example 14) was
suspended in 60 mL of hexane. The mixture was brought to gentle reflux and then 0.9 mL (0.89
mmol) of piperylene was added followed by 1.86 mL (3.72 mmol) of BrtMgBu (2 M in THF). The
reaction mixture was refluxed for 2.5 hour. After cooling to room temperature the solution was

20 filtered and solvent was removed under reduced pressure leaving 1.30 g of the desired product as a

black glassy solid.
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25 Ethylene/Octene Copolymerization
The reaction conditions of Runs 1-30 were substantially repeated using toluene solutions of
catalyst and cocatalyst, methyl(di(C,4.15 alkyl)ammonium tetrakis(pentafluorophenyl)borate. Results
are contained in Table 2,
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Rwyzd@4 | 109R&&&8#3p | 10988&& () - | 1098&&& ()- | 109%R&&& () -
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| 109R&&S&! ( ) - Cat./cocat. C,H, Yield Efficiency  Density
Run  Catalyst (pmoles) {8) () (g/pg Ti) (g/ml) MMI
31* DSAT** 0.9/0.9 11 19.9 0.46 0.898 33
32 Ex. 14 0.3/0.3 17 40.9 2.85 0.892 <Q.1
33 Ex. 8 0.3/0.3 12 18.8 1.31 0.897 <0.1

* comparative, not an example of the invention
** dimethyl(N-(1,1-dimethylethyl)-1, 1-dimethyl-1-(2,3,4,5-tetramethylcyclopentadienyl)-
silanaminato titanium
Example 18 Preparation of (N-1,1-dimethylethyl)-1,1-(4-methylphenyl)-1-
((1,2,3,3a,7a-n1)-3-(1,3-dihydro-2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-
bis[(trimethylsilyl)methyl]-titanium.

U

S

_—Oum....s; \Ti...mCHgTMS
Jo At

HeC
Hoe CHs

10 In the drybox 3.42 g of dichloro(N-1,1-dimethylethyl)-1,1-(4-methylphenyl)-1-
((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-isoindol-2-yl)-1H-inden- 1 -yl )silanaminato-(2-)-N-) titanium
(5.42 mmol) (prepared substantially according to example 5) was partly dissolved in 70 mL of
toluene. To this solution 11.6 mL (11.6 mmol) of LiCH,TMS (1 M in pentane) was added dropwise
while stirring over a one minute period. After the addition of lithium reagent was completed, the

15  solution was stirred for 15 hours at room temperature. The reaction mixture was filtered and solvent
was removed under, reduced pressure. The resulting solid was dissolved in 15 mL of toluene
followed by addition of 45 mL of hexane. The solution was filtered and solvent removed under
reduced pressure leaving a red-brown crystalline solid. Hexane was added (25 mL) and the mixture
was stirred for 10 min. and then put into freezer for 24 hours. Red crystalline solid was collected by

20  filtration, washed with 2 x 8 mL of cold hexane, and then dried under reduced pressure to give 2.722
g of the desired product. |

'H NMR (C¢Dy): § -0.67 (d, 2H, ZJH.H = 11.7 Hz, -CH>Si(CH3)3), 0.14 (s, 9H, -

CH,Si(CH3)s3), 0.20 (s, 9H, -CH;Si(CH;);)I, 1.10 (d, 2H, “Jy = 12.0 Hz, -CH,Si(CHs)s3), 1.31 (m,
2H, -CH,Si(CHs)s), 1.71 (s, 9H, C(CH5)s), 2.13 (s, 6H), 4.77 (d, 2H, “Jun = 12.0 Hz), 4.91 (d, 2H,

25  “un=12.0Hz),5.78 (s, 1H), 6.73 (t, 1H, *Jyyu = 7.7 Hz), 6.98 (m, 3H), 7.05 (m, 2H), 7.13 (d, 2H,
*Jun=17.8 Hz), 7.20 (d, 2H, *Jyusy = 7.8 Hz), 7.33 (d, 1H, *Jyy = 8.4 Hz), 7.78 (d, 1H, *Jy,4 = 9.0
Hz), 7.98 (d, 2H, *Jyy = 7.5 Hz), 8.06 (d, 2H, *Juy = 7.8 Hz).
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6 109 0%
F10% & ( %°“’ %J;{.e&é(:s? [T‘)S&?L%S'ﬂ}é Zt"é’f ‘g“'(%) 2"'&"‘%6(?“‘&‘“(3 0 e(‘"“fé%‘%&f) -
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o e (). @100k %ésmbél‘%&&@%é)) 0445, S %3% W e ket o0’ v
, 1096 & 2)5 (s, 695/284((h; 2924894, 18, Ukr 2 1B.9 Hz), 4.61 (m, 4H), 5.81 (s, 1H), 6.74 (¢, 1H, *Ju.
u = 7.8 H2), 6.88 (d, 1H, *Jy = 6.6 Hz), 6.92 (m, 2H), 7.05 (m, 2H), 7.15 (d, 2H, *Jun = 8.1 Hz),
7.21 (d, 2H, *Jyu = 8.1 Hz), 7.37 (d, 1H, *Junu = 8.4 Hz), 7.56 (d, 1H, *Juy = 8.4 Hz), 8.09 (d, 2H,
*Jun= 6.9 Hz), 8.11 (d, 2H, *fuy = 7.2 Ha).
BC{'H} NMR (C¢De): § -1.10, -0.30, 21.50, 21.56, 35.87, 56.62, 56.88, 80.27, 84.40, 85.15,
15 103.75, 122.61, 122.81, 123.83, 124.29, 124.37, 127.35, 129.12, 129.68, 130.98, 134.58, 134.61,
136.65, 137.14, 137.78, 139.66, 139.86, 143.33.
HRMS (EI): calculated for C3HsN,Si,Ti (M)* 646.2679, found 646.2640.
Analysis: Calculated for CyoH,eN,8i,Ti: C, 72.42; H, 7.17; N, 4.33. Found: C, 72.78; H,
7.53; N, 4.13.
20 The X-ray structure (ORTEP) for the compound is provided in Figure 4.

Example 20 Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-
((1,2,3,3a,7a-1)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium

D

CoHaSi, /T'C'a
NC(CHa)3
(A) Preparation of N-(tert-butyl)-N-(1-chloro-1,1-diphenylylsilyl)amine. To a solution
25 of of 12.66 g (50.0 mmol) of dichlorodiphenylsilane in 300 mL of hexane was added 7.38 g (101
mmol) of t-butyl amine. The reaction mixture was stirred overnight, then filtered. The hexane was
removed under reduced pressure to give the product as a viscous colorless oil. The yield was 13.55
g (94 percent yield).
'H (CgDs) 5: 1.10 (s, 9H), 1.51 (s, 1H), 7.14 (m, 6H), 7.85 (m, 4H). *C{'H}(C¢D¢) &: 33.2,
30 50.8,128.22, 130.67, 134.9, 135.81.
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" HSYR (diphnyl lél 3%9 46 mmol). After the addmon was complete the reaction mixture
<=>?@\BCLE dipbEnyirisib STRAMKYZ] \

abcdef kKl nmopqgr st ~6Ti nmes
New Ro mﬁm@m@ Hemow tr?rpwpm&suw@md pressure. Bl redtd has

"HIYE (kfrdoted: \4:911&3:4&%8 Sahe solution filtered. The solvent was then removed under reduced
< >7?@\BCDEFGHI J KL MNOPOR Y[ l<] abcdef ghi j kIl mopqgr st uvwxyz{| } ~
ield was

" H#SYR (Pyessure l%&&éé%erégmduct 99 percent.
G \BCDEFGHiy. Y. b k f -
< >$%& ()*+ _ 01 g;gg\% 4185 [, 41HPS 96 (8 VE)k3. 00 @R DS b5 26 (& M i, 7.00-7.84
< >? GBAEHED Jiaf fmﬁmmmazps 13\ 33 8B ADKIG 6. 4A93 0T 53 1RABGy $20.33,

"HSYE (35812404 234287 BR.91, 127. 10, 12742, 127.69, 128.86, 129.00, 134,97, 135. 13, 135.34,
< >? @A\BCDEECH JKLMNOPQRSTUVINKYZ[ \ |2 abcdef ghi'j KI mmopqr st uvwxyz{ | } ~

S0 (19850, 141 G80H8A37B9:9.
<= QABCDEF Gy Hip S SENIEZ. IGHBA A s PR NP1 1

15 indenyl)silyl)amine, dilithium salt.

In the drybox 4.57 g (10.42 mmol) of N-(zert-butyl)-N-(1,1-diphenyl-1-(3-tetrahydro-1H-1-
pyrrolyl- 1H-1-indenyl)silyl)amine was combined with 80 mL of hexane. To this solution 13.0 mL
(20.83 mmol) of n-BuLi (1.6 M in hexanes) was added dropwise. Upon complete addition of the n-

20  BuLi the solution was stirred overnight. The resulting precipitate was collected via filtration,
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-2 aeckEfed YRR s ngesreoyord e give P oS ot i et 2
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' 5 NS(tert-butyl)-N-(l,l-diphenyl-l-(3-ten'ahydro—IH-l-pyrrolyl-lH-l-indenyl)silyl)amine,
dilithium salt (3.37 g, 7.47 mmol) was added as a solid to a 80mL solution of THF containing
TiCly(THF); (2.77 g, 7.47 mmol). After 45 minutes, PbCl, (1.03 g, 3.73 mmol) was added as a
solid. The reaction mixture was then stirred an additional hour. The solvent was removed under
reduced pressure. The residue was extracted with toluene and filtered. Toluene was removed under
10  reduced pressure and the residue was triturated with hexane. The solid was collected by filtration,
washed with hexane and then dried under reduced pressure. 3.39 g of product was obtained (82
percent yield).
"H (CDCL3) 3: 1.47 (s, 9H), 2.04 (m, 4H), 3.78 (br s, 2H), 4.05 ( br s, 2H), 5.80 (s, 1H), 6.95
(m, 1H), 7.05 (m, 1H), 7.21-7.26 (m, 2H), 7.57 (m, 5H), 7.95 (m, SH). “C{'H}(CDCl;) 5: 25.71,
15 33.36,50.71, 60.78, 93.14, 107.76, 125.63, 126.82, 127.34, 128.13,128.19,128.99, 129.24, 130.31,
130.51, 134.66, 134.74, 135.48, 135.99, 136.28, 150.48.
Example 21 Preparation of (N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-
(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-dimethyl-titanium.

e NN

Q"’“‘""Si Tiz-wCH3
O/ \N/ “NCHa

Ha
HG CHa

!

20 To 0.50 g of dichloro(N-(1 ,1dimcthyleﬁyl)-l,l-diphenyl-l-((1,2,3,3a,7a-r|)-3-(1-
pyrrolidinyl)- 1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (0.90 mmol) was added 40 mL of Et20.
To this suspension, 1.12 mL of MeLi (1.6 M in Et20 ) was added dropwise with stirring. Upon
completion of the addition, of the MeLi the solution was stirred for 30 minutes. After this time
period the Et20 was removed under reduced pressure and the residue extracted with hexane, the

25  solution filtered, the filtrate evaporated to dryness under reduced pressure to give 0.31 g of product.
Yield was 66 percent.

'H (C¢Dg) 8: 0.14 (s, 3H), 0.87 (s, 3H), 1.32 (bs, 4H), 1.57 (s, 9H), 2.99 (bs, 2H), 3.22 (bs,

2H), 5.44 (s, 1H), 6.75 (t, 1H), 6.95 (t, 1H), 7.02 —7.32 (bs, 4H), 7.54 (d, 1H), 7.83 (d, 2H), 8.05 (4,
2H). BC{'H}(CsDe) 8: 25.81, 35.30, 50.24, 50.43, 55.83, 57.36, 82.73, 105.09, 124.37, 124.86,

30 125.12,125.51, 128.32, 128.73, 129.87, 130.03, 133.63, 136.29, 136.65, 137.55, 138.13, 144.96.
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Example 22 Preparation of (N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n))-3-
(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)bis(trimethylsilylmethyl) titanium

In the drybox 0.4 g of dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(1-
pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium complex (Example 1, 0.72 mmol) was
dissolved in 30 mL of toluene. To this solution, 1.51 mL (1.51 mmol) of MgCICH,TMS (1 M in
ether) was added dropwise while stirring over a 2 minute period. After the addition of Grignard
reagent was completed, the solution was stirred for 90 minutes. The solvent was removed under
reduced pressure and the residue was extracted with 30 mL of hexane and filtered. Hexane was
removed leaving 0.419 g of red solid that was dissolved in about 10 mL of hexane and put into a
freezer at -27°C. After two days, the solvent was slowly removed under reduced pressure and then
about 4 mL of hexane was added causing only partial dissolution of the solid. The vial was put into
a freezer overnight. The solvent was decanted and the dark red crystals were washed with 2 mL of
hexane and were dried under reduced pressure to give 124 mg of the desired product.

'H (C¢Ds) 8: -0.69 (d, 1H, 2y = 12.0 Hz), 0.15 (s, 9H), 0.29 (s, 9H), 1.07 (d, 1H, Yyu= -
12.0 Hz), 1.23 (s, 2H), 1.50 (m, 4H), 1.67 (s, 9H), 3.33 (m, 2H), 3.43 (m, 2H), 5.61 (s, 1H), 6.68 (t,
18, *hey= 7.7 Hz), 6.96 (t, 1H, *Jyyu= 7.7 Hz), 7.20-7.34 (m, 7H), 7.70 (d, 1H, */;y5= 9.0 Hz), 7.98
(m, 2H), 8.10 (m, 2H)

BC{'H} (CeDq) 5: 2.68, 3.59, 25.62, 35.32, 50.70, 58.42, 68.57, 79.80, 83.97, 101.19,
124.16, 125.06, 127.98, 128.17, 129.22, 129.88, 129.98, 134.10, 136.43, 136.88, 137.89, 138.10,
147.38.

Example 23 Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-
((1,2,3,3a,7a-11)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium.

s e

@) - X.WC'
Fodh
H3Hac Chy

(A) Preparation of N—(ten—butyl)—N-(l-chloro—l,l-di-p-tolylsilyl)amine..

To a solution of of 10.0 g (35.6 mmol) of dichloro-p-ditolylsilane in 300 mL of hexane was
added 5.20 g (71.1 mmol) of t-butyl amine. The reaction mixture was stirred overnight, then
filtered. The hexane was removed under reduced pressure to give the product as a viscous, colorless
oil. The yield was 10.83 g (96 percent).

'H (C¢Dg) 8: 1.12 (s, 9H), 2.04 (s, 6H), 7.01 (d, 4H), 7.82 (d, 2H). *C{'H}(C¢Ds) 5: 21.4,
33.2, 50.80, 129.06, 132.67, 135.09, 140.46.
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(B) Preparation of N-(ter--butyl)-N-(1,1-di(4-methylphenyl)-1-(3-tetrahydro-1H-1-
pyrrolyl-1H-1-indenyl)silyl)amine. A solution of 1-(1H-3-indenyl)pyrrolidine, lithium salt (1.00
g, 5.23 mmol) in 40 mL of THF was added dropwise to a 80 mL THF solution N-(tert-butyl)-N-(1-
chloro-1,1-di-p-tolylsilyl)amine (1.66 g, 5.23 mmol). After the addition was complete the reaction
mixture was stirred overnight. The solvent was then removed under reduced pressure. The residue
was extracted with hexane and the solution filtered. The solvent was then removed under reduced
pressure leaving 2.41 g of product. Yield was 99 percent.

'H (CeDs) 8 1.07 (s, 9H), 1.52 (bs, 4H), 2.04 (s, 3H), 2.09 (s, 3H), 3.00 (bs, 2H), 3.14 (bs,
2H), 4.07 (s, 1H), 5.52 (s, 1H), 7.00-7.84 (m, 12H).

(C) Preparation of N-(terr-butyl)-N-(1,1-di(4-methylphenyl)-1-(3-tetrahydro-1H-1-
pyrrolyl-1H-1-indenyl)silyl)amine, dilithium salt. In the drybox, 2.41 g (5.16 mmol) of N-(ter:-
butyl)-N-(1,1-di(4-methylphenyl)-1-1-(3-tetrahydro- 1H-1-pyrrolyl-1H-1-indenyl)silyl)amine was
combined with 80 mL of hexane. To this solution, 6.45 mL (10.33 mmol) of n-BuLi (1.6 M in
hexanes) was added dropwise. Upon complete addition of the n-BuLi, the solution was stirred
overnight. The resulting precipitate was collected via filtration, washed with hexane and dried under
reduced pressure to give 1.52 g of product. Yield was 61 percent.

(D) Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-
(1,2,3,3a,7a-11)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium

N-(zert-butyl)-N-(1,1-di(4-methylphenyl)-1-(3-tetrahydro-1H-1-pyrrolyl-1H-1-
indenyl)silyl)amine, dilithium salt (1.52 g, 3.26 mmol) was added as a solid to a 80mL solution of
THF containing TiCl;(THF); (1.21 g 3.26 mmol). After 45 min, PbCl, (0.45 g, 1.63 mmol) was
added as a solid. The reaction mixture was then stirred an additional hour. The solvent was
removed under reduced pressure. The residue was extracted with toluene and filtered. Toluene was
removed under reduced pressure and the residue was triturated with hexane. The solid was collected
by filtration, washed with hexane and then dried under reduced pressure. 1.40 g of product was
obtained. Yield was 73 percent.

'H (CDCl;) 5 1:33 (s, 9H), 1.99 (br s, 4H), 2.36 (s, 3H), 2.39 (s 3H), 3.65 ( br s, 2H), 3.87(
brs, 2H), 5.74 (s, 1H), 7.10 (m, 1H), 7.25 (bs, SH), 7.60 (m, 2H), 7.77 (s, 2H) 7.82 (d, 1H).

BC{H}(CDCl,) 5: 21.01, 21.68, 25.73, 333.35, 50.70, 60.86, 83.69, 107.91, 125.58,
126.81, 127.23, 127.98, 128,95, 128.99, 129.37, 131.23, 135.48, 136.08, 136.36, 140.33, 140.53,

150.38.

-101-



10

15

20

25

2 8 APR 2004

WO 01/42315 PCT/US00/31645

Example 24 Preparation of (N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-
((1,2,3,3a,7a-n))-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)dimethyltitanium

N>

TrowiCH3
\ "
N 3

HaC
HaC

In the drybox 0.444 g dichloro(N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-
((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium complex (0.76
mmol) was dissolved in 30 mL of diethylether. To this solution 1.00 mL (1.6 mmol) of MeLi (1.6
M in ether) was added dropwise while stirring over a 2 minute period. After the addition of MeLi
was completed, the solution was stirred for 1.5 hour. Et20 was removed under reduced pressure

CHjy

and the residue extracted with 45 mL of hexane. Hexane was removed under reduced pressure
giving 0.348 mg of red, crystalline material. This red solid was dissolved in about 5 mL of hexane
(heating was used) and then the vial was put into freezer overnight at —27 °C, giving 75 mg of red
crystals. _

'H (C4Ds) &: 0.26 (5, 3H), 1.01 (5, 3H), 1.44 (in, 4H), 1.72 (s, 9H), 2.01 (s, 3H), 2.14 (s, 3H),
3.12 (m, 2H), 3.36 (m, 2H), 5.60 (s, 1H), 6.70 (ddd, 1H, */y.u= 8.7 Hz, *Juu= 6.6 Hz, *Jyy=0.9
Hz), 6.96 (ddd, 1H, >/ = 8.6 Hz, *Jyn= 6.6 Hz, “Ju.u = 0.9 Hz), 7.12 (m, 4H), 7.68 (d, 1H, *Juu=
8.7 Hz), 7.68 (d, 1H, *Jun= 9.0 Hz), 7.89 (4, 2H, *Juu= 7.8 Hz), 8.11 (d, 2H, *Juu= 7.8 Hz).

BC{'H} (CdDg) 8: 21.43, 21.50, 25.82, 35.31, 49.87, 50.45, 55.53, 5'7.45, 83.28, 105.28,
124.31, 124.86, 125.00, 125.50, 128.86, 128.96, 129.20, 133.65, 134.08, 134.77, 136.46, 136.81,

- 139.57, 139.76, 144.86.

Ethylene 1-Octene Copolymerizations

The reaction conditions of Runs 1-33 were substantially repeated. Metal complex as a
dilute toluene solution and cocatalyst as dilute solutions in toluene or methylcyclohexane, were
mixed in a 1:1 molar ratio and transferred to a catalyst addition tank and injected into the reactor.
The cocatalyst for all runs was methyldi(octadecyl)ammonium tetrakis(pentafluorophenyl)borate.

Results are contained in Table 3.
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Table 3
Catalyst Temp. Yield Density Mw
Run mol cC) (g} Eff! (g/m) (x10) MwMn MM
34*  TiDM® ©4) 140 93.1 49 0.89% - - 8.5

35*  TiPI’ (0.4) “ 335 17 0906 @ - - -
36* TiDM’(04) 160 267 14 0.902 46 2.47 247
37 Ex.21(0.5) 140 566 24 0898 320 1.93 -
38 Ex. 21 (0.3) “ 55.2 3.84 0.902 305 2.0 -
39 Ex.22(0.15) “ 71.5 100 0.900 - -
40 Ex. 22 (0.1) “ 65.6  13.7 0901 280 2.13 -
41 Ex.22(0.15) 160 394 55 0.905 - -
42  Ex.24(0.15) “ 195 2.7 0901 331 1.96 -
43  Ex.24(0.25) «“ 46.7 39 0.902 - - <0.1

44*  TiDM’ (0.4) “ 76.1 40 0.897 67 223 8.9

* comparative, not an example of the invention

" efficiency, g polymer/ pg titanium

micro melt index 190 °C, (comparative technique of melt index determination)

" (t-butylamido)dimethyl(tetramethyl-n’-cyclopentadienyl)silanetitanium dimethyl

" (t-butylamido)dimethyl(-((1,2,3,3a,7a-n)-3-(1-pyrrolidinyl)-1H-inden-1-yl)silanetitanium

dimethyl, prepared according to W098/06728

a2 W N =

Example 25 Preparation of [1-[(1,2,2a,10b,11-n)-1H-cyclopenta[/|phenanthren-2-yl}-N-(1,1-
dimethylethyl)-1,1-dimethylsilanaminato(2-)-N}-bis[(trimethylsilyl)methyl]-titanium.

HeC™ [ ™,
H3C CHS

In the dxybc'ax 1.893 g of dichloro[1-[(1,2,3,3a,1 1b-1)-1H-cyclopenta[/Jphenanthren-2-yl}-
N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N]-titanium (4.09 mmol) (prepared according
to EP-A-1,017,701, USSN 09/1 22958, filed July 27, 1998) was partly dissolved in 45 mL of toluene.
To this solution 8.4 mL (8.4 mmol) of lithiumtrimethylsilylmethyl (LiCH,TMS) (1M solution in
pentane) was added over a 1 minute period while stirring. After addition, the reaction mixture was
stirred for 2 hours and the solvent was removed under reduced pressure. The yellow residue was
extracted with 40 mL of hot hexane and filtered. The solution was cooled to room temperature
(crystals started to form) and put into the freezer (-27 C) for 18 hours. Solvent was decanted and the
large yellow crystals wei'e washed with cold hexane (2 x 10 mL) and then dried under reduced
pressure to give 1.82 g of the desired product. Yield was 67.5 percent. The single crystal X-ray
structure (ORTEP) of the complex was obtained and is reproduced as Figure 5 attached hereto.

-103-



}...

| " #SY&' () *+, - ./ 0123456789 ; 2&1 APR 2004

<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mmopgr st uvwxyz{

1" HSYE (WO b1/22319123456789: ; ] N PCT/US00/31645
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

10

15

20

25

'"H NMR (C/Ds): & -0.19 (s, 18H, -CH,Si(CHs)s), 0.50 (s, 6H, -Si(CH:),), 0.78 (d, 2H, 2y

= 10.8 Hz, -CH,Si(CH,)s), 0.94 (d, 2H, 2Ju.4 = 10.8 Hz, -CH,Si(CH,)3), 1.55 (s, 9H, -C(CH3)s), 6.71
(s, 2H), 7.33 (td, 2H, *Jug = 6.9 Hz, Sy = 1.5 H2), 7.39 (td, 2H, *Jun = 6.9 Hz, “Jun = 1.2 H2),
7.98 (dm, 2H, /.y = 7.8 Hz), 8.24 (dm, 2H, *Ju = 8.1 H2).

BC (gated coupled) NMR (C;Ds): § 1.34 (q, 'Jeu = 120.0 Hz, -Si(CH;),), 2.59 (q, Jeu =
118.0 Hz, -CH,Si(CHs)3), 34.04 (g, Yo = 125.1 Hz, -C(CH;),), 60.87 (s, -C(CH.)s), 76.89 (t, ‘Jen
= 106.8 Hz, ~CH,Si(CH3)3), 108.70 (5), 112.11 (dd, Jeu = 171.2 Hz,Jey = 9.1 Hz), 124.11 (dd, Ve
u = 155.6 Hz, Jo.y = 7.0 Hz), 125.83 (dd, Jey = 157.7 Hz, Jeu = 6.6 Hz), 127.49 (dd, Jey = 160.2
Hz,’Jou = 8.1 Hz), 128.36, 130.31 (m), 130.87 (m).

HRMS (EI): calculated for C3oH,NSi>sTi (M-CH;)* 550.2261, found 550.2252.

Analysis Calculated for C3H,/NSi;Ti: C, 65.80; H, 8.37; N, 2.48. Found: C, 65.96; H, 8.74;
N, 2.11.

Example 26 Preparation of [1-[(1,2,2a,10b,11-11)-1H-cyclopenta[/]phenanthren-2-yl]-
N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N}- [(dimethylsilylene)-bis(methylene)]

titanium

To a 50 mL toluene suspension containing 0.624 g, 1.35 mmol of dichloro[1-[(1,2,3,3a,11b-n)-

- 1H-cyclopenta[{]Jphenanthren-2-yl]-N-(1,1-dimethylethyl)-1,1-dimethylsilanaminato(2-)-N]-titanium

derivative was added 1.294 g, 2.03 mmol of Me,Si(CH,MgCl),(THF); as solid crystals. After stirring
overnight solvent was removed under reduced pressure. The residue was extracted with 40 mL of hot
hexane and filtered. -Thc solution was put into a freezer overnight. Solvent was decanted and yellow
crystals were washed with S mL of cold hexane and then dried under reduced pressure to give 350 mg of
product. The solution was decanted and volatiles removed under reduced pressure and the remaining
solid was dissolved hot in 5 mL of hexane and filtered. The solution was then put into freezer overnight.
The precipitated solid was washed with cold hexane and dried under reduced pressure to give 165 mg of
product. Combined yield was 515 mg, 57.8 percent.

'HNMR (C¢Dg): 8 -1.27 (s, 3H), 0.19 (s, 3H), 0.56 (s, 6H), 1.33 (s, 9H), 1.81 (d, 2H, *Jyy =
13.8 Hz), 2.37 (d, 2H, /. = 13.5 Hz), 6.89 (s, 1H), 7.31 (m, 4H), 7.89 (mn, 2H), 8.21 (m, 2H).
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BC{'H} NMR (C¢Dy): §-3.68, -1.08, 1.39, 35.06, 58.45, 84.45, 109.15, 111.07, 123.91, 125.23,
127.16, 127.64, 128.51, 128.59, 130.52.

HRMS (EI): calculated for C57H3sSiaNTi (M)* 477.1787, found 477.1792.

Analysis: Calculated for C,7H3sSi;NTi: C, 67.90; H, 7.39; N, 2.93 Found: C, 67.89; H, 7.64; N,
2.52.

Example 27 Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-eta)-
1,5,6,7-tetrahydro-2-methyl-s-indacen-1-yl)silanaminato(2-)-N)-bis[(trimethylsilyl)methyl]-
titanium

i

CH,
Hac”hn.si Tl“"“"“CHZSiMe
/ 3
HaC \N/ \CHgSlMea
Hac%

HyC CHj

In the drybox, 0.710 g of dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-cta)-

1,5,6,7-tetrahydro-2-methyl-s-indacen-1-yl)silanaminato(2-)-N)-titanium (prepared according to
US-A-5,965,756) (1.71 mmol) was partly dissolved in 20 mL of toluene. To this solution, 3.6 mL
(3.58 mmol) of LICH,TMS (1 M in pentane) was added dropwise while stirring over a one minute
period. Solution color changed at once from red to yellow. After the addition of lithium reagent was
complete, the solution was stirred for 1 hour. The solution was filtered and solvent was removed
under reduced pressure leaving yellov;, crystalline solid. The resulting solid was dissolved in 20 mL
of hexane and solution was filtered. The solution was put aside into a freezer overnight. The

solvent was decanted and large yellow crystals were washed with 2x10 mL of cold hexane and then

* dried under reducezi pressure to give 565 mg of product. Yield was 63.7 percent.

'H NMR (C4Dq): 5 -0.78 (d, 2H, 2y = 11.4 Hz, -CH,Si(CH3)3), 0.03 (s, 9H, -
CH,Si(CH3)3), 0.23 (s, 9H, -CH,Si(CH3)s), 0.52 (s, 3H, -Si(CHj3),), 0.66 (d, 2H, 2y = 11.7 Hz, -
CH,Si(CH,)s), 0.67 (s, 3H, -Si(CHs),), 1.29 (d, 2H, “un = 11.1 Hz, -CH,Si(CH,)s), 1.42 (d, 2H, %
1 = 11.1 Hz, -CH,Si(CH3)s), 1.47 (s, 9H, C(CH:)s), 1.85 (m, 2H), 2.10 (s, 3H), 2.73 (m, 2H), 2.82
(m 2H), 6.94, 7.40, 7.49.

BC{'H} NMR (C¢Ds¢): 5 2.93, 3.18, 6.25, 6.50, 19.29, 26.50, 32.71, 32.77, 34.08, 58.39,
71.84, 78.85, 89.82, 113.26, 119.53, 122.11, 131.45, 134.65, 140.95, 143.47, 144.01.

HRMS (ED: caiculated for C2;H4oNSi3Ti (M)* 519.2652, found 519.2616.

Analysis Calculated for C;;H4oNSI3Ti: C, 62.39; H, 9.50; N, 2.69. Found: C, 62.46; H,
9.84; N, 3.82.
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- Example 28 Preparation of (N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-eta)-

1,5,6,7-tetrahydro-2-methyl-s-indacen-1-yl)silanaminato(2-)-N)-
[(dimethylsilylene)bis(methylene)] titanium

-
g

\ CHg

LI ITT'S
H:EC SI\ / ...... _CHy
\CH3
HaC
HsC CHs
5 In the drybox 0.632 g of dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,8a-eta)-

1,5,6,7-tetrahydro-2-methyl-s-indacen-1-yl)silanaminato(2-)-N)-titanium (1.52 mmol) was dissolved
in 30 mL of toluene. To this solution 0.538 g (1.67 mmol) of Me,Si(CH,MgCl), (THF), v(ras added
as a solid. After stirring the solution for 15 hours, the solvent was removed under reduced pressure.
The resulting solid was dissolved in 35 mL of hexane and filtered. The solution was put into freezer
10 for 2 days. Solvent was decanted and yellow crystals were washed with cold hexane. The solid was
dried under reduced pressure to give 0.357 g of product. Yield was 54.5 percent.
"HNMR (C¢Ds): 3 0.14 (s, 3H), 0.42 (s, 3H), 0.50 (dm, 1H, 2y = 12:9 Hz), 0.59 (s, 3H),
0.77 (s, 3H), 1.31 (s, 9H), 1.76 (p, Jun = 7.2 Hz), 2.00 (d, 1H, gy = 11.9 Hz),2.03 (d, 1H, /=
11.9 Hz), 2.03 (4, 1H, YUy = 12.6 Hz), 2.17 (s, 3H), 2.62 (m, 2H), 2.72 (m, 2H), 2.89 (dm, 1H, 2y
15 =129 Hz), 6.39 (s, 1H), 7.18 (s, 1H), 7.65 (s, 1H).
PC{'"H} NMR (C¢Ds): 5-0.71, 0.03, 6.15, 6.81, 18.72, 26.71, 32.52, 32.79, 34.93, 56.43,
78.08, 84.96, 90.50, 114.43, 119.12, 121.79, 130.25, 132.78, 138.81, 142.86, 143.38.
Example 29 Preparation of (tetramethylcyclopentadienyl)-N-(1,1-dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N]-bis[(trimethylsilymethyl]-titanium.
H3C CHa
CHaj

chn.. s HaC \
\ '"ICHzTMS

CH 2TMS
HgC#l."'a,’
TH3

20 HaC ,
In the drybox, 1.500 g of dichloro(tetramethylcyclopentadienyl)-N-(1,1-dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N]-titanium (4.07 mmol) was partly dissolved in 30 mL of hexane. To
this mixture 8.4 mL (8.4 mmol) of LiCH,TMS (1 M in pentane) was added dropwise while stirring

over a 1 minute period. After the addition of the lithium reagent was completed, the solution was
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stirred for 2 hours. The solvent was removed under reduced pressure leaving a yellow-green
crystalline solid. The solid was dissolved in 30 mL of hexane and the solution was filtered. Solvent
was removed under reduced pressure leaving 1.47 g of the desired product as a yellow solid.

'H NMR (C¢Dq): 8 0.19 (s, 18H), 0.46 (s, 6H), 0.93 (s, 4H), 1.52 (s, 9H), 1.94 (s, 6H), 2.03
(s, 6H). |

BC{'H} NMR (C¢Ds): & 3.10, 6.44, 12.67, 15.86, 33.88, 58.58, 72.08, 98.74, 129.29,
132.98.

HRMS (ED): calculated for C;3H4oNSisTi (M-CH;)" 456.2418, found 456.2418

Analysis Calculated for C;3HygNSi;Ti: C, 58.68; H, 10.28; N, 2.98. Found: C, 58.71; H,
10.47; N, 3.04.
Ethylene/Styrene Copolymerization

The reaction conditions of the previous polymerization were substantially repeated
excepting that styrene (445 g) was used in place of 1-octene. Toluene (445 g) was used in place of
mixed hexanes, ethylene was added under a pressure of 200 psig (1.4 MPa), the hydrogen
differential pressure was 50 psig (0.4 MPa), the reactor temperature was set at 90°C, and the
reaction time was 30 minutes. The cocatalyst for all runs was methyldi(octadecyl)ammonium
tetrakis(pentafluoro-phenyl)borate. Results are contained in Table 4.

' Table 4

Cat/cocat. C,H; Yield Efficiency Density
Run Catalyst  (umoles) () (® (gugT) (¢gml) MMI
45* CDDT** 3/3 31 112 1.46 0.898 33
46 Ex. 25 3/3 77 218 2.85 0892 <0.1
* comparative, not an example of the invention
** [1-[(1,2,2a,10b,11-n)-1H-cyclopenta{/]phenanthren-2-yl]-N-(1,1-dimethylethyl)-1,1-
dimethylsilanaminato(2-)-N]-dimethyltitanium
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CLAIMS
1. A metal complex corresponding to the formula:
A
..
MXpX'q
RA RA

where M is a Group 4 metal that is in the +2, +3 or +4 formal oxidation state;

R” independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl,
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy,
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting
hydrogen, or further optionally, two or more R* groups from the same or different metal complexes
or R* and R? from the same or different metal complexes may be covalently linked together;

R® corresponds to the formula N(R™),, wherein two R® groups together form a divalent
hydrocarbon moiety or a halo- or silyl- substituted derivative thereof, said group containing from 4
to 40 atoms not counting hydrogen, and comprising at least one aromatic substituent;

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising
nitrogen, phosphorus, sulfur or oxygen;

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, n-bound ligand groups;

X’ independently each occurrence is a neutral ligand having up to 40 atoms;

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic
ligand, and when X is a dianionic ligand group, p is 1; and

q is zero, 1 or 2.

2. A metal complex according to claim 1, wherein two R® groups together with the
nitrogen atom form a cycloaliphatic group, and at least one of the aromatic substituents comprising
R® is a single or multiple ring, aromatic group.

3. A metal complex according to claim 1, wherein -N(RP), is in the form of a multiple
ring, fused, aza-cyclic group.

4. A metal complex according to claim 1 wherein (NR®), is N-isoindonyl.

5. A metal complex according to claim I, wherein -N(R®), is 1,3-dihydro-2H-isoindol-
2-yl, 1,2,3,4-tetrahydro-2 H-isoquinoline-2-yl, 1,3-dihydro-2H-benzo[f]isoindol-2-yl, 1,3-dihydro-
2H-benzo[e]isoindol-2-yl, 1,2,3,4-tetrahydro-2H-benzo[g]isoquinoline-2-yl, 1,2,3,4-tetrahydro-2 /-
benzo[f]isoquinoline-2-yl, 1,2,3,4-tetrahydro-2H-benzo[ #]isoquinoline-2-yl, or 1 H-
benzo[de]isoquinolin-2(3H)-yl.
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I HSYR () *+, - . [ (Bl234B6m&8I: complex according to claim 1 corresponding to the formula:

<= >’>@\BCDEFG—|I JKLMNOPOQRSTUWKYZ[ \ ] " abcdef ghi j kIl mopqr st uvwxyz{ |'}~
(a1 (TA 19
(R“ Sl(RH)z
NC(CH3)3 NC(CH3)3
T(R‘)z T®)

(IA2) (1A2)

@ e @ e
NC(CH3)3 NC(CH3)3

TI(R 2 TI(R )

where R", is phenyl, tolyl or butylphenyl;
R! is chloro, methyl, trimethylsilylmethyl or two R' groups together are dimethylsilylene-
bis(methylene); and
R’ is allyl, 2-(dimethylamino)benzyl, 1,4-pentadiene or 1,4-diphenyl-1,3-butadiene.
7. A compound according to claim 1 selected from the group consisting of:
dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium,
(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2 H-isoindol-2-yl)-
1H-inden-1-yl)silanaminato-(2-)-N-)dimethyltitanium,
dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-
2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium,
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-y!)-
1H-inden-1-yl)silanaminato-(2-)-N-)dimethyltitanium,
dichloro(N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-
2H-isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)titanium,
(N-(1,1-dimethylethyl)-1,1-di-(4-methylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)dimethyltitanium,
dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-(3,4-dihydro-2(1 H)-
isoquinolinyl)- 1 H-inden-1-yl)silanaminato-(2-)-N-)-titanium,
(N-(1,1-dimethylethyl)-1,-dimethyl-1-((1,2,3,3a,7a-n)-3-(3,4-dihydro-2(1 H)-
isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-dimethyl titanium,
dichloro(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(3,4-dihydro-2(1 H)-

isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium,
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(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(3,4-dihydro-2(1 H)-
isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-) dimethyl titanium, )
(N-(1,1-dimethylethyl)-1,t-dimethyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-yl)-
1H-inden-1-yl)silanaminato-(2-)-N-) bis(trimethylsilylmethyl) titanium,
(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2 H-isoindol-2-yl)-
1H-inden-1-yl)silanaminato-(2-)-N-) bis(trimethylsilylmethyl) titanium,
(N-(1,1-dimethylethy!)-1,1-diphenyl-1-((1,2,3,3a,7a-1)-3-(3,4-dihydro-2(1 H)-
isoquinolinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)bis(trimethylsilylmethyl) titanium,
dichloro(N-1,1-dimethylethyl)-1,1-(4-butyl-phenyl)-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-) titanium,
(N-1,1-dimethylethyl)-1,1-(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-
2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-dimethyltitanium,
(N-1,1-dimethylethyl)-1,1-(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3-(1,3-dihydro-2H-isoindol-
2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium (II) 1,3-pentadiene,
(N-(1,1-dimethylethyl)-1,1-di(4-n-butylphenyl)-1-((1,2,3,3a,7a-n)-3~(1,3-dihydro-2 H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)-[(dimethylsilylene)bis(methylene)]titanium,
(N-1,1-dimethylethyl)-1,1-(4-methylphenyl)-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2H-isoindol-
2-y1)-1H-inden-1-yl)silanaminato-(2-)-N-)-bis[(trimethylsilyl)methyl]-titanium, and
(N-(1,1-dimethylethyl)-1,1-di(4-methylphenyl)-1-((1,2,3,3a,7a-1)-3-(1,3-dihydro-2 H-
isoindol-2-yl)-1H-inden-1-yl)silanaminato-(2-)-N-)- [(dimethylsilylene)bis(methylene)] titanium.,

8. A catalyst composition comprising (A) the metal complex of claims 1-7 and (B) an
activating cocatalyst, or a reaction product thereof, wherein the molar ratio of (A) to (B) is from
1:10,000 to 100:1.

9. A process for polymerizing one or more addition polymerizable monomers,
comprising contacting said monomer or a mixture of such monomers under polymerization

conditions with a catalyst composition according to claim 8.
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