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Thi s applicatd Qir‘q?ko%%%émmw'é%% Nﬁﬁ%@ﬁﬁ@hl CATI Ogl

60/023, 768 fil Wi'E Aﬂ@@wﬁ»LE];@@fﬁAND OLEFIN POLYﬁ}ﬁiﬂAQ*ION‘P DR i on

This i nvention ates to a class nmet al conpl exes. the ?I gands used to
prepare these nmet al corrpl exes and to olefin polynerization catal ysts
deri ved t her ef rGROSSaE Y RELATESX APPKIGABION for use in a

pol ymeri zation process for preparl ng pol ynmers by 10 pol yneri zati on of
a-ol efins and Xt ur es of ol.ef i und

Const r ai ned geon¥f AHP FFé‘f‘&? L@Hﬂ%}fh&}’éyﬁh?fwt Resyisigny AtPHEFZ}MS‘ Qaration are
di scl oged gdgnid Fg iRl Aupatd Pno&erial No. 545,403, filed July 3, 1990

( EP- A-z %5 . U.\gﬂ Application Serial No. 547,718. filed July 3,
1990 (EP— A— 468, 651); U S. 15 Application Serial No. 702,475, filed May

20. 1991 (EP- A-Eitid @282 Inven$on Appl i cati on Serial No. 876,268, filed
May 1, 1992, (EP-A-520,732) and U. S. Application Seri aI No. 8,003,
filed January ,. 1993 (WD 93/ 191

4). as |l as U. 055,438, U. S. -
A 5057 475, " U Biis ANGTGOBIo4SS () labserresale Spiexeg; ¢ 35 ligeris 350 S ePARA VIO
95/00526. fbe ﬁ)@tﬁpéﬂrﬂgéxéﬁanalté ofdfin Fﬁ& Syrh i 280h Bt L@ecplrhewﬁ%m that
correspondi ng U pat ent appli‘cations are“hereby 1 ncorporated by
r ef er ence. are particularly suitable&Jf@. usE’izt 2pblyhierizaticn #b0es8 1ot mephring3Hollyricrd bdi scl ose

Zi rconl um conpl exes with bri dged- rret al | opcene |igands, wherein two

i ndenyl0 gr%‘ﬂb@e%%‘%‘&f& gsfipgang mrdres of c-qlefgist her by a bridge containing
carbon or silicon, which are useful for the pol yneri zati on of

pr opyl ene. 25 o EP- A-577, 581 di scl oses unsymmetrical bis-Cp

nmet al | ocenes co%%‘% fluorene ligand with heteroatom
substituents. -1- WO
98/ 06728 Constrained geometry metal complexes and methods tor their preparation are

Ri el [ W RFHIOseQin ) Applicsion Serial Dy g ADS, HEIIHY i PR et G815
© ganoner b4 Megheori S 5207 87 ey Aty %@e@? Bsa SR on ?h‘é
15  Application Serial No. 702,475, filed May 20, 1991 (EP-A- 514 ,828); U.S. Application
Serial No. 876,268, filed May 1, 1992, (EP-A-520,732) and U.S. Application Serial
No. 8,003, filed January 21, 1993 (WO 93/19104). as well as U.S.-A-5,055,438, U.S.-
A-5,057,475,U.5.-A-5,096,867, U.S.-A-5.064,802, U.S.-A-5,132,380, and WO-
95/00526. The teachings of all of the foregoing patents or the corresponding U. S.

20  patent applications are hereby incorporated by reference.

U.S. Patent No.’s 5,350,817 and 5,304,614 disclose zirconium complexes with
bridged-metallocene ligands, wherein two indeny! groups are covalently linked
together by a bridge containing carbon or silicon, which are usefu} for the

polymerization of propylene.

25 EP-A-577,581 discloses unsymmetrical bis-Cp metallocenes containing a

fluorene ligand with heteroatom substituents.
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PCT/US97/13171
cycl opentm%sﬁ%fnsrl ng of the indenyl is substituted with a dinethylam no

group i n non- 5 bridged and Si-bridged bis-indenyl useful for the
formati on of | sotféc(ﬁar&tm@ol;y?pﬂh@rb}q dfheH. Prosengnl. Foefy & olfe. Weyland: B.

R Lei no; i.khedde: Leh j_0h .
Leht onen; J. D%"éf?ﬁall'la ?f‘"ﬁ”’%ﬁéén@&%ﬁ@m@éﬁ (éc’&ﬁzelg\%lggafﬁg %35 gl%rﬂﬁ‘é%

di scl ose Brhe/ l’drgp,'id,ﬁa&mcmh%na mdwwmrmaﬁ%@as V%IyslelihSQKWéh ine t he
2-position of the i ndenyl 10 group, and Gauthier; J. M

Bal | ; B. |yengpent&diedpl fingwf the mdenﬂhgarb@nméjl \Ivnbs dxmgmbanixmp SRADS R 2OBD

dlscloses Cerr]-bridged bis-inden ocenes in the
5. 5 post 1 ons g aib ST RISEA DISTIERY! YR PrGe RTERHPR 86 ispuic pobatdpglene
G Cons'gl'(%naf%i&ﬂif Me M Mret Oganonerallics, 1990, 9, 3098-3105
di scl oses brldged bi s-i ndenyl netall ocenes with oxygen in the 4-
and 7-positions of the 15 indenyl group. It has been
t hought that het eRobgiaor SubH. iLutttkhedde: a’sLdmmsSQd-E.dVﬂam terSJOiﬂolm A.
hydr ogen substltutlo on any_positiqgn of the | ndené stem a
|

net al | ocene befipreax Seppala mNasgen Marramolgredes.n 99 f"n‘éﬁﬁ%ﬁﬁ@]&’é‘hl yst .
renders the 8}2 b%dxocf b;s(ﬁ@en ch%ﬂocetngétw[ujh%x 'é‘fﬂhe t?rbe&’sﬁl nsqrg AN erﬁgt al yst

product|V|ty or p Wi th err e poly

produced, 5Joﬁwnd’r%ﬁﬂ«!£aw Wﬂﬁge?’“ﬂp{ hQM‘eﬁ f)@ﬁ%dr t@01 h{ has been

suggeste e di mni activity of -t roa cl ass of

catal ysts | S Odprnobrerdliig £ 1992,1/6n2 10fS-2 1R discloses Oatridpat bis-indeey! padtallcebesst r ons
with the Lewis acid cocatal yst pol ynerization activator, resulting in
a nore el ect mhioomgdnymdbaﬁtﬁipmhbds thheiimttg,ny\hgrobpj whﬁa& BIoP'rn:onlea\smr.-ir PcBinby

0ot S ok i TR Ddomin S B GO

het er oat om s Q3R SIEL Sl OEERESn e 4-and - B
EP- A- 416, 815”%%}10%1{ 2@’9%’3&3529t pi”é‘?ﬁ o Pésqoge F
and 5, 6215 12@mdamyd gt@lpat ed cases.
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PCT/ US97/ 13171 w it has. been thou tha het er oat om
substitution in nmBtaF PeTehausht ‘ha‘gE‘SFﬂ? f UG SUOS G} 88 QBPOgF‘gfq firoon or

pol ymeri zat i ﬁpdrseérﬁéwﬁzﬁuwt&ndanpgcaueh SR ARG ESy S of @ metallocett WIS

interactions of The lone pair e trons of the heteroatomeither wth the
transiti on nmethah umiomaofoldfh@od)ana‘matloacnialfy‘srermult:rsrtbe ahthlyseless atniveabdtas, or
with other 5 conponents of the caft st system
there is lower catalyst productivity for ymcn ations with a-olefins, and the polymer
20  produced has lower molecular weight with lower tacticity. It has been suggested that
the diminished activity of this broad class of catalysts is due to interaction of the
heteroatom lone pair electrons with the Lewis acid cocatalyst polymerization activator,
resulting in a more electronically deactivated Cp ring which is also more sterically
hindered. SEE P. Foster; M. D. Rausch; J. C. W. Chien, J. Organometallic Chem.

25 1996,519,269-272.

Disclosure of random heteroatom substitution in mono-Cp metallocenes is
found in EP-A-416,815, WO 95/07942, WO 96/13529, U.S. Patent No.’s 5,096.867

and 5,621,126 and related cases.



Nuner ous i nprovenents in various netall ocene conpl exes used as olefin
pol yneri &b bsas7est al ysts have been nmade. However, probl enspstiUb$7/13¢Ttai n

W th cat al yst ef fici ency and deactivation of the catal yst under high
tenperature h ion co dltlons It woul d be adva ta eous to be
abl e to produce H@I‘98Pé’f‘f & begn thapghithaf haterpateg) SoSHWHORH) KR woul d

al so be advg&ﬂ@gﬁg%hb& fReiai ﬁol% egfaafogvcstaxysswo&hmﬁc%@,@maﬁa?es due to

characteristic e pol yners uce tering t substTtution
around t he oywimgbimedetemglof dredoge pdir tlbardmtoaltﬂa)lmmmﬂfmtrexwhubed in

ol efin pol yneri zati on cat al yst s¥stems A new cl ass of of the

met al | ocenetrerjﬁmws@' pigm ofdhe samé or 3 firlsrent metdlocsarempleakle ofr wish aihgst
systens qray, &'119?? S @hetha gl\g ol utions to the 15 af orenent i oned

probl ens” whi ch* have aévan es over other solutions. Sunmmary
of the Invention According to the present invention there are
provi ded netal cdipleza@Simprovemeaiin@aionine@!llbeent Remblexesiigd ak etefin

20 where Mis a netal fromone of Goups 3 to 13 of the Periodic
Tabl e of t heolymerizatiqn catalysishavetbeen madeaHiowsyeroprobismsritidgsmaishwish is in the

+2, +3 +4 1 t at bonded t

cycl opeg': adf% @?t@t%uggé)’(j%pd)&aﬁwgﬁo?gf%e%}z}%lxsg nanh mtc@8¥§@<’§%l zgg © 0 one
[ err] - boundpbiyBrRAga@smedndRME.ND %Mb@ﬁdﬁaﬂ%&@us to B @ble]td [p%cfu]:eg[%wfﬁsl i's
zero, | or 2: RB: RC: RD and Z; where Rerr], err err] and

Rl err] b{} e mr@rl'@ghpg mcﬁmlw@ts It would also be advantageous to be able to improve
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beT/ Use7] 138 ir PpHysial characteristics.of the golyamess BIRE R BY Hifring eVRIEHEPY bonded

to the Cp rbmndmymp%@afehyrvga@\ip bf the metauo'éer{e&f exeaﬁkglememcmn is 0 Tis
F, d, Br, or L when j is 1 S, or has a

doubl e bondpolam"érlznmlcqtalyss sgsteriis.i & ermias@.of aﬁdwe\mﬁ;aléocenc complexes for useRA
|ndependentl | ccurrence |]s h drog n Or\i'di a zgrou avi ng from lto
B0 nonhyi SREROBATHHERGHT Sy SHyerRo iy mgrviss Jesfod P ufindpry nt

haI 0- supsst i hdk&@fentioned problems which have advantages over other solutions.

Summary of the inventign

According to the present invention there are provided metal complexes

corresponding to the formula:

T—(RA)j

RE yA

G\\MXpX'q

RC rP

20 where M is a metal from one of Groups 3 to 13 of the Periodic Table of the
Elements, the lanthanides or actinides, which is in the +2, +3 or +4 formal oxidation

state and which is n-bonded to one cyclopentadienyl group (Cp) which is a cyclic,
delocalized, n-bound ligand group having 5 substituents: (RA)J'-T where j is zero, | or
2:RB; RC ; RD and Z; where RA, RB, RC and RD are R groups; and where
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hydr ocar by™C ¥87%car byl oxy- substi tuted hydrocar byl . PCT/USITIIALT

hydr ocar byl am no-substituted hydr ocar byl ,

nyarocar by’ st | Y1 DY aGat Bl om WL ﬁ%pﬁxkaglg&{degiénﬁ%ﬁﬁg ARG hen |

hydr ocar byl oxy, eacﬁ optiona one or nore
groups whi ch . [ I ATt r A

hydr ocar byl sﬁf 1 OM %e\pﬁﬂ’yﬁggcgr‘ yl si ggl%glrin no, %c]g? o%gfgbg%/ ﬁfgﬂ 3ngnl1{ no,
hydr ocar byl afﬁa@@double bond €4 TWﬁérOp@Qb’Yhs)I&mr POancﬁwﬁmdr ocar byl ) phosphi no,
hydr ocar byl sul fi do, hydrocarbyl, hal o- substituted hydrocarbyl,

hydr ocar byl oxy-substituted hydrocarbyl, hydr ocar byl am no- substl tuted
hydrocar byl , hydr cRArdsepsndently canch occurremtyutr incogepl st, isyd fpdp bewnpylomhave ng
from1l to 20 nonh drogen atons, noni nterferin roquhaw ng from

1 to 20 nénhyd¥nagaydragemaoms i %‘éﬁy‘é‘PcﬁPé‘r Rydroggriylsiylghpdo-Substtuteqrp |s

hyd

A R T i S
hydrocar byl , hydrocartiyydfy@ma&wlsamhg@mwbﬂt hydtbebxA s aiyrocarbyl)amino,
hydr ocar byl si I'yl hydr ocar byl si | yl hydrocarbyl, each Rfer r} R err]

or Rlerr] opthydasathyldei eghRbepiisnallgdeingishbstinge®With ok offfifoee gtFon@S/hWhl ch
i ndependent |y each occurrence is hydrocarbyl oxy hydrocar byl si | oxy,
hydr ocar by| siingepeagently cagh peppTeEBRSIP byqirgpqryylyéynhmgrocarbylsxlomdr ocar byl ani no,

T CARH e —Ce R

substi t uted w@H Edth Damied R AdrBHreyT) esmrh;shy&ru&@a Iewiiee Cradedtarby!,
hydr ocar byl si | yl % h droc)zd; byl si Iphl hydr ocar b%h avi ng q?:om 1°to 20
1

nonhydr ogen ahmubsﬁwt@ hy rocarbMdmdmcefbwéwngbs;me @@Fﬁéylfrom 1to 20

hyd of
Rert] and R e R Bl prdublh piresac el ¢ ol Form oo or
more fused “Wo&l‘bﬂéx@%ﬁﬂ&&&%hﬁﬁﬁ% REmf r @0Inoh By &HBgetrNbMEr gen at ons for
each R group, ‘the one or nore fused rings or ring systens being

unsubst i t 1§t ednaninteddsdg grotipHaving from 1 to 20 nonhydrogen atoms: and each of RB, RC and
-4- WO 98/ 06728

PCT/ US97/ 1317RD is hydrogani. ioh iscngronp hm‘mgafrgmdmpsBOvd@hbyﬂrbgniﬂpemd&ﬂmdhyxs each
occurrence are hydrocar by

hydr ocar byl si PXArea B, haig- E%ﬁ%ﬂﬁ?@w’yar 34 Slloxy SXbS“WHﬁ’ BYUPEAFP Y no,
di (hydrocar bywad?%@agﬁ,mging%gﬁgﬁ@g gyérbpﬁgsﬁp d?arb IS’B/yI hydr ocar byl sul fi do,

hydr ocar byl bstitute dro hydro oxy- 5 substituted
hydrocarbyl, kysQen w;mmmﬂe%&u R Bt Rﬂ IR ggRdMY beiny dLOGREDRY Wedhlonk OF

hydrocar byl si I'yl hydrocar byl havi ng from| to 20 nonhydrogen atons, or a
noni nt er fr i nor gorsgooupawirich i‘nldqmntiemty@Chnmmhymmgémdmtmmoxy z

compr i see " YCRoGEIIOGY: by ResRue BT ap oSS BV B PR ¢ Tabl e of the
X 1 8 an ani oL RS nlE M oms excl el ve
of hydrocarbylsulfido, hydrocarbyl halo-substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
25  hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms, or a

noninterfering group having from | to 20 nonhydrogen atoms; or, optionally, two or

more of RA, RB, RC and RD are covalently linked with each other to form one or
more fused rings or ring systems having from | to 80 nonhydrogen atoms for each R

group, the one or more fused rings or ring systems being unsubstituted or substituted

~4-



the class of ligands that are cyclic, delocalized, [err]-bound |igand

gr oups; wo 98/06728 X' independently each occurrence | scrmmminal Lew s
base |igating conpound having up to 20 atons; 15 pis

zero, 1 or 2, and is two less than the formal oxidation state of M when X
is anWHRio8AOE MOFg&HoHPs WRiSK 1ndependently sashgrencg arrchxstref?pby I9xY- s 1; and

g is zero, , : : - ab TR exi st as isolated
crystals op dgé%%w}mljonxypmdero?aé%#l(ly}mm@. a&gg@%@ gﬁ% Wi'th ot her

conpl exes, hydrbf@bflamiAc iRy drotarey irehiasl di@ydroosbygptsplyinbn a 20  sol vent,
especially an organic liquid, as well as in the formof a dinmer or chel ated
derivative byspeasbylsuifide.diydracaebybaloatubsiijuiad &ndrorarbuln hydrgeatbrlonst eri al |

preferably a, .. neutral ,Lew s e,. especj al t ri hydrocarbyl.am ne,
PrFhydr oo ar P Reeafy vt amR Ty SRRE R Ml Gararp DRI TS

Al so, accor g{di8cdrBytsiNhPIr8SRB] Hal@ TP o imﬁfrﬁ]yliﬁ)gﬁﬁ aihiiegr 4 catal yst
systemfor 2 olefi’n polynerization prepared from catal yst system
conponent s oomperfering group having from | to 20 nonhydrogen atoms;

- 5- WD 98/ 06728

PCT/ US97/ 13171 . . A a, cat al yst onent conprising a netal
conpl ex of one of if adivalent mOiﬁ%PB‘h%tPﬁ’Bﬁb g gigél?ongﬁdwngereico%pnscs (B)

a cocat al ys&;%ﬂ”&%ﬁ,@h{;%féﬁﬂo??ﬂg ome%gggﬁpgsgog?g@tfmﬁts, WRPNE n the

mol ar ratio of {A) to om 1: 10, or actrvation of (A)
by use B avorbpriseaaitrogeh] prosplenrhs)isolfier.or oxygen; Anot her enbodi nent of
this invention is a catalyst systemfor olefin pol yneri zati on

prepared from catal yst system.conponents conpri sing: : (A a
cat al yst corrpone&:&séﬂﬁﬁl'q%é‘:i‘ﬁ ‘ﬁ“%fgﬁar@&%‘l‘% V&B‘bﬁ@éﬁat?rﬁéexclusweof

af orenent i OHl%ctl:E?.tof"ligm&%)'ﬁﬁescglcﬂa%e\lloﬁgized. n—bﬂ%mgand% gatal yst conponent

conprising an activating cocat al yst ereint rrm ar ratio of (A to
(B) is from1:10,000 to 100: 1 wherein the nmetal conplex is
in the form of aX adieperdentdy eaph.occurrence is a neutral Ldwis bherligadopcaihpanndo t he

resent invention there is provided a process for the
P having up to % atoms, P P

15 p is zero, | or 2, and is two less than the formal oxidation state of M, when X is

an anionic ligand; when X is a dianionic ligand group, p is 1; and
q is zero, 1 or 2.

The above complexes may exist as isolated crystals optionally in pure form or
as a mixture with other complexes, in the form of a solvated adduct, optionally in a
20 solvent, especially an organic liquid, as well as in the form of a dimer or chelated
derivative thereof, wherein the chelating agent is an organic material, preferably a
neutral Lewis base. especially a trihydrocarbylamine, trihydrocarbylphosphine, or

halogenated derivative thereof.

Also, according to the present invention, there is provided a catalyst system for

25  olefin polymerization prepared from catalyst system components comprising:
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pol yner i ¥R PEHIHY ol efi ns conprising contacting one or nor & 1]3

[err]-olefins under 15 pol yneri zation conditions with one of t he

af orenent i oned C%ﬁ\%' Y St cabalysk 88Mponent comprising a mefal RoRbRKkIFGnpLOGRSS of this
invention is a high tenperature solution pol ymeri zati on process for
t he pol yner afatmemiofedsbmpiaxss.@ddpri si ng contacti ng one or nor e
Clerr] [err]-olefins under polynerizati on condi tions with one of the

af orenenti oned cat al yst systens hature fro

100[err]C to abo&P)ZSG’[Cé)FF‘]a 3t coggponent Compns”\ﬁ’%nhzlc YHHE Og%falm“ ‘f'&frﬁm the
i nvention ar o}%ﬂ?mg%lfg (B'?xdoﬁ UICI@O(EU Rduped obYcdvaBon of (A Jtﬁ,ﬁf&emﬂtl oned

processes. erre ucts have long chain branching and reverse

mol ecul ap araehvdtmgttwmuque This invention also provides a
cycl opent adi enyl -contai ning |igand of one of the af orement i oned
nmetal conpl exes where the ligand_ is in the form (A a

free base vm th 2 4% QSF‘Hr%“Q?S gt of giis HHFh‘ngh‘éaﬁaiagYﬁéfYé&m for olefin
- 6- /

PCT/ US97/ 13 ?yrgeqyzz‘xﬁon prepared frolg)x cata]&s sys Imucr%m 6clmems comprising: (O a
magnesi um salt: or (D) a nono or disilylated dianion.

Wthin the scope (@f) thisatsigpecinpoheritizemprisiag tainali oniphex efsme of ttene of t hese
5 | i gands for synthesis to produce a nmetal conplex of this invention, or
for synt hesiaforegentioned petabcrieplexestd conpl ex conprising a netal from one
of Goups 3 to 13 of the Periodic Table of the Elenents, the

| ant hani,des or nid

The presgnt cat aI@s?ts ﬁ?l?fa%%ééés@gbdern Eeg%rﬁ ané Klﬁacuﬁrla [glgnh %/dcgéa% (§:|wg?1rtem the
producti on oholhPratiolvfgA) wo{Bdsifram 1ve0HDO tcol@ﬁ.i n polyners over a w de range
of pol ymnerization conditions, and especially at el evated
tenperatures. They are especially useful e .. sol ution or bul k

pol yneri zati on of VBER{N Be &t GpPPEHdS rgpeﬁ%qr@,ﬂlg:} wfical¢aONene/ oct ene

(EO pol yners), ethylene/styrene (ES pol ymers), propyl ene and

et hyl ene/ propyl enl%r%e‘? Eedrdih B§ﬂ1v¥m%rthé}et1§‘ﬁ'odﬂd@@§ pkeedsfor the

et hyl i denenor bor nene, 1. 4-he d e or simlar nonconjugated di ene. The use
of el eptﬂjrmdrlia‘tmpeifatdﬂ"mesoxcﬂpammg|comh¢t;ng| aneroe ases Colpg gotedims undert y of
such processes due to the fact that increased polyner solubility at
el evat ed 5t enpeymtnizanabohdivient wish ese obthe aforementianed aslalysicysiearssi ons (hi gher
concentration of polyner product) W t hout exceedi ng sol ution

ener gy costs neodB B RARIIANT DS PeRp A Tgh AT ton®e reduced 20

polymerization process for the polymerization of olefins comprising contacting one or

more Cp_7( a-olefins under polymerization conditions with one of the aforementioned

catalyst systems at a temperature from about 100°C to about 250°C.

20 Within the scope of this invention are the polyolefin products produced by the
aforementioned processes. Preferred products have long chain branching and reverse

molecular architecture.

This invention also provides a cyclopentadienyl-containing ligand of one of the

aforementioned metal complexes where the ligand is in the form of:

25 (A) a free base with 2 protons capable of being deprotonated;
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The catal ysts of this invention nmay al so be supported on a support material
and wo esmm®s n ol efi n pol yneri zati on processes in a sl BETESEFIIA t he gas
phase. The cat al yst may be prepolynerized with one or nore olefin

nmononmers in sit n a.Rpol Jdzation reactor or in a separate
process with in?§> r‘?e@'@fuéxggéovery of the prepol ynerized 25 cat al yst

prior to the primary polynerization process. Up to now it has
been thought that) hahefmeauaivagubstitution directly on a
cycl opent adi enyl (Cp) group which is a cyclic, delocalized, [err]-bound

| i gand group of a net al | ocene_conpl ex woul d not have a benefici al
ef fect upon t he (B fmpeResdisiylagg dianion. W 98/ 06728
PCT/ US97/ 13171 conplex in an olefin polynerization catal yst system

However, it has WHHYnQﬁc?Q:Io%gH?ﬁ\i%aﬁ%gt &fggz{ gﬂ%@ﬁticﬂ{ KR E%doffli%%'f hgene

conpl exes of this inven er substitution directly on
a singlg [ efpicstronshachess 1@ hestach aveetedoradddbfalsyinmival bi fo8 syfhesis to

olefin catalysts, allow ng the production of high nolecular weight polyners
with 5  cexducablrestagromplaxetomnarising amerl flomensefgrouns Bitgil 8 pbthe

Met al | ocene,_conpl S Wt teroat om substituti.on in the 2-position
are highl y$5F'8$;gr1|%§EC.°f%c Elcmcnts, mcqgmﬁ?’f’g?s %fe%gp’idﬁf’iagﬁ fB mtl ﬁ%aﬁ?{ﬂfr es
Figure 1 shewedst he crystal structure of dichloro(N-(1, 1 -dinethylethyl)-
1,1 - ““dimethyl- 1 -((1,2,3,3a,7a-[err])-2-dinethylam no- 1Hinden- 1
-yl)silanam nato-(2-)-N)- 10 titanium ) ~ Figure 2 shows
the crystal strdepreseofcyayysiand prgressesrghidt imthg highly gffigiemp proghctiop of
((1,2,R,3a,7a-[err])-2- QX - i nden- o o

U1 s M st BReohd SRt QR pplimdn DAt e range of polymerizatipg, 4 | o

Descri pti oonditions, and especiallfal ele@fted @RfRrdnerel NEhdleirk RpetialBUserupfortiite

El ements herein shall refer to the 15 Periodi c Table of the Elenents,
publ i shed anlitionpy bitlyipobundsiza®RCoPetbylenc/prapyleng 98B polymers). ethylsog/ocinge
reference tg.a (xoup, or QHPS_S | be to-the oup .or Groups as reflected
inthis Per(ggoﬁog"f‘ﬁ’g?'§{h8gnfﬁ§rﬂeg#érﬁ° MEPhG IWEFIBAC syst em for numbering
groups. ethylene/propylencidigld (EPDM géhafk BewBdBinah€ dfenelig ] al i phatic or
aromati ¢ conpounds cont ai ni ng vinylic unsaturation, as well as

cycl i c leonpohmidenanechorasnec V. éthehedieneor ipdhopancoejugate@@iencaddic mer dfor nene,

i ncl udi ng ngr bor.nene substd t ut ed Ii n_the 5- and,6-. Posifti ons wth

Cerr] hydrStaREyFMBFaNES A RP a4 P UEEs” PRI IFEST YNBSS P IR as
vwell as  the fact tHaXintfe8SedqfoliHer ol bty 6 e )ab 41Bd fen@erdiufbis QhiBH fheGRBBPUNTS.
Exanpl es of the latter conpounds i ncl ude ‘et hyl i dene nor bor nene,
1, 4- hexadi angeasadcbovensionisdhigheneancemiationkaf polymer product) without exceeding

solution viscosity limitations of the polymerization equipment as well as reduced

20  energy costs needed to devolatilize the reaction product.

The catalysts of this invention may also be supported on a support material and
used in olefin polymerization processes in a slurry or in the gas phase. The catalyst
may be prepolymerized with one or more olefin monomers in situ in a polymerization
reactor or in a separate process with intermediate recovery of the prepolymerized

25  catalyst prior to the primary polymerization process.

Up to now it has been thought that heteroatom substitution directly on a
cyclopentadieny! (Cp) group which is a cyclic, delocalized, n-bound ligand group of a

metallocene complex would not have a beneficial effect upon the usefulness of the
-7~



The cat al Y %047%$ processes herein are especially suited f oY CHYBTRIT!

preparation of 25 ethylene/ 1 -butene, ethylene/ 1 -hexene,

et hyl ene/ st yegiglex Gt {VbIBNR/BIARY1Z8M6N catalys syste @l N¥& @RS, St RRMHo®Seen found
et hyl ene/ 4- met hyl - 1- pent ene and et hyl ene/ 1- oct ene copol yners as

- 8- WOhaahe prferred metallocene complexes of this invention with heteroatom
PCT/ US97/ 13171 @ wel | as t_er{gol gme g f et h¥\l ene, pr Xg'fll ene and a
nonconj ugat etkbaiiwHEn dugetly gRa sipgle m-bonde CEp Em%“ia@?% Ty REYRSTUCS s

Preferred X . e ; L.de; ek ' ' :
1§ et hyl phod el SEENAr ARl R BRI orMIRCRGI AR nERRER BRIl 4
di met hyl phosghirapl:ehhaserisiis@Rhashrdaldlgst nttiviide ridealBEae chmpiexby dithcar by

silyl or a conmbination . ~ _thereof; ethers, especially tetrahydrofuran;
am nes, espebsteroptprpsubistiutien ibthsyd-pegitian are highly pesfersadet hyl et hyl enedi ami ne
(TVEDA), and triethylam ne; olefins; and conjugated di enes having from

4 to 40 carbon at msF ;CO:E.e Fi I gi ng the latter X groups I ncl ude
t hose wherein theg ot é' 1 S tpe Pgures rmal oxidation state. 10
Preferred coordination conpl exes according to the present invention are

conpl exes correspeisrdg shewd e chyBtdrdiracturelFrdidhloro(N-(1,1-dimethylethyl)-1.1-
where Rerr], Rerr|], Rerr] and Rerr] are R groups, each of which

i ndependent | gimeshyl-1-((1.2n3,32.0g82-dmethy lamige ddpindan tnyf)silrmamibatoe280N-)-
nonhydr ogen atons whi ch i s hydrocarbyl, 15 hal o- substi tut ed hydrocar byl ,
hydrocarg§IoQ?PgﬁBstituted hydr ocar byl , hydr ocar byl ani no- substi t ut ed
hydr ocar byl , hydrocarbyl silyl,

Figure 2 shows the crystal structure of (N-(1.1-dimethylethyl)-1,1-dimethyl-1-

((1,2,3.3a,7a-1)-2-ethoxy-  H-inden- 1 -yl)silanaminato-(2-)-N-)-dimethyl-titanium.

Detailed Description

All reference to the Periodic Table of the Elements herein shall refer to the
15  Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 1989.
Also, any reference to a Group or Groups shall be to the Group or Groups as reflected

in this Periodic Table of the Elements using the [TUPAC system for numbering groups.

Olefins as used herein are Cp_p aliphatic or aromatic compounds containing

vinylic unsaturation, as well as cyclic compounds such as cyclobutene, cyclopentene,
20  and norbornene, including norbornene substituted in the 5- and 6- positions with
Cj-20 hydrocarby! groups. Also included are mixtures of such olefins as well as

mixtures of such olefins with C4_4¢ diolefin compounds. Examples of the latter

compounds include ethylidene norbornene, 1,4-hexadiene, norbornadiene, and the like.
The catalysts and processes herein are especially suited for use in preparation of
25  ethylene/l-butene, ethylene/]-hexene, ethylene/styrene, ethylene/propylene,

ethylene/1-pentene, ethylene/4-methyl-1-pentene and ethylene/1-octene copolymers as



hydr ocar byl si | yl hydrocarbyl. each of RW RX, RY and RZ optionally being
substit owedsn6728 with one or nore groups which i ndepende®RCIUSSHLEIH71
occurrence i s hydrocar byl oxy, hydr ocar byl si | oxy,

hydr ocar byl si | yl am no, di rocarbylsilyl)amno.. 20 hydrocarby.lam no,
di (hydr ocarByl %a\?ﬁ?ﬂ@,’““'&? ?%%%&%rpﬁ 34‘3‘\8%§6m°ﬂ8?“3“g‘“"d Q%Wr%g’é?%;??‘sul fi do,
hydr ocar byIexaraglbpgpgmgciqg&p@,grshydrocar byl , hydrocar byl oxy-

substituted hydrocarbyl, hydrocarbyl am no-substituted hydrocarbyl,

hydr ocar byl silyl or -9-

WO 98/ 06728 Preferred X' groups are carbon monoxide; phosphines, especially

PCT/ US97/ 13171 hydr.ocar byl si |yl hydr acar byl havin roml to 20
nonhydrogeﬁ"g‘{:@%p,hoﬁqmﬁé”qm[ﬁ%pﬁ%srﬂ%m%hr}éff’ﬁaﬁ‘@ﬁpﬁu’ﬁ aﬁ‘g\;’l’%b’gfrom 1to 20
nonhydr @gen,. at e Lon it ar i - ne, of er Rl err
Rtors) Sig b8 paftiindBheRN ROk S WReRinRLismgrdtiRL v S Shnithiher ' o
form one:. r i [] er [ 4 1 to 80
nonnydr oger S 1 ot TG tdrioritan! LS UShETRIIRAANE bifhe 0 o
rin t eneurdisdthgethyenbdibining @MEDA), and trieByRgtind; WiEthsVaddcodf\gzatd nor e
g:ogpgyahichraré %sd?ocarbyloQ§ hyg?d%%:g§lgiléiy,_ e Jla
SY?L og ar by|cﬁ¢n|e9 hama&og_uﬂ g}mg«@ﬁ@éa@ B?Fmﬁ mr?];amesn@qlzqiwaﬁhﬁ:)larﬁyhlifggﬂm,

[ rocar. no, . di r r. i no, . hydrocar sul fi do,

nycir ocar byt 4 ol et WM TR 71 R J T B g datEh SR Y

hydr ocar byl oxy-substi tuted hydrocarbyl, 10 hydr ocar byl am no- substi t uted

hydrocaobyl , hydrefeaielbsddindtiofcomplexes adtweli O &Y thy pedskyt ilvehtiogardy! havi ng

froml to 20 nonhydrogen atoms, or a noni nterfering group having from
| to 20 norfeydlexgeomespaBding to the formula: Preferred RA groups are those
wherein RA is hydrocarbyl, hydrocarbylsilyl, hydr ocar byl

oxy-substituted hydrocarbyl, hyd
and Tis Oor N nore preferred

wcar byl am no-substituted hydrocarbyl 15
gse wherein RA is hydrocarbyl or

hydrocarbylsilyl and T is %%or 6till nore preferred are wherein RA
IS hydr ocar byl or hy 2 | and T is O.
Preferred heteroatom contai ni Sp&t the 2-position of the Cp

gPoup di net hyl am no,
met hyl phenyl am no, di propyl am no,
pyrrolidinyl, hexahydro- 1
octahydro- 1 H azoni n-
et hoxy, propoxy, nmethyl ethyl oxy,

are t hose wherein the
di et hyl am no, nethyl et hyl amo,
di butyl am no, piperidinyl, Rrdr phpl i
H azepi n- 1-yl, hexahydro- 1 (2H%
1-yl, octahydro- 1 (2H)-azecinyl,
1,1 -dinmethyethyl oxy, trimethyls
1- di et hyl et hyl (di et hyl si | yl ) oxy.

1,

where RW, RX, RY and RZ are R groups, each of which independently is
hydrogen, or is a group having from 1 to 80 nonhydrogen atoms which is hydrocarbyl,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl,
hydrocarbylsilylhydrocarbyl, each of RW, RX, RY and RZ optionally being substituted
with one or more groups which independently each occurrence is hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilyl)amino,
20 hydrocarbylamino, di(hydrocarbyl}amino, di(hydrocarbyl}phosphino,

hydrpcarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-

substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsily! or

-9



: 711317
Mor e pref‘gpr“’éﬁs"a“Fe those wherein the (Rerr])[err]-T groupPF'gmrsrget oxly,

et hoxy, 25 propoxy, methylethyloxy, 1, 1-dinethyethyl oxy,

trimethyl si |@®yocarbyishythydrocarby! Khivivt figth @b 20 ehivedrbyensitbrih.Jop sy -
I n anot her aspect of this invention either the Iigand or netal conplex has

one ooningeréeringsaseup havipg (59m ita g0 sgahwdragenmtemeliori amional . RWOOF or
I ndenyl wherein the,,on 0 -7 oA B . )
-10- v@rg@,f@é"}g@ .RY. R4, R and R® are covalently linked with each other to form

T UB27, 517 gy B P 000 B WP P BB A BT

ring het er oat' 6% reng et erdat ons

are N or sO gk R of®itRbodEdrendit Qﬁkariﬂgﬁéﬁﬁﬂgeﬂnstems being unsubstité®deF hi ghl'y
preferred conpl exes correspond to the fornmula:

[err] substitgted with one or e groupeWwhighiats kydaecartydoxyr bydroasrbylsdesy.ned, or,
V\rrz(ra(raep: ﬁge;&ﬁ%@cgr%&ﬁsgﬁ’%g?'féj\%ihéﬁﬁfgl:yb@gﬁl%fr’rg’lh%:d.roclg“%ryli“lmino'H! ghly preferred
e SOGATER o A At ol R o o
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
10 hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
hydrocarbylsilylhydrocarbyl having from | to 20 nonhydrogen atoms, or a

noninterfering group having from | to 20 nonhydrogen atoms.

Preferred RA groups are those wherein RA is hydrocarbyl, hydrocarbylsily!.

hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl
15  and T is O or N. more preferred are those wherein RA is hydrocarbyl or

hydrocarbylsilyl and T is O or N. and still more preferred are wherein RA is

hydrocarbyl or hydrocarbylsilyl and T is O.

Preferred heteroatom-containing substituents at the 2-position of the Cp are
those wherein the (RA)J'-T group dimethylamino, diethylamino, methylethylamino,

20  methylphenylamino, dipropylamino, dibutylamino, piperidinyl. morpholinyl,
pyrrolidinyl, hexahydro-1H-azepin-1-yl, hexahydro-1(2H)-azocinyl, octahydro-1H-
azonin- 1-yl, octahydro-1(2H)-azecinyl, methoxy, ethoxy, propoxy, methylethyloxy,

1,1-dimethyethyloxy, trimethylsiloxy or 1,1-dimethylethyi(dimethylsilyl)oxy.

More preferred are those wherein the (RA)j-T group is methoxy, ethoxy,

25  propoxy. methylethyloxy. 1,l-dimethyethyloxy, trimethylsiloxy, 1,1-
dimethylethyl(dimethylsilyl)oxy.

In another aspect of this invention either the ligand or metal complex has one

or more fused rings or ring systems in addition to the Cp or indenyl wherein the one or

-10-



Yis -O, -S, -NR-, -PR*-: Z* is SiR*[err], CR[err],

Si R*[ err |\pofssherns], CR*[err]CR*[err], CR*=CR*, CR*[err] S RPC®MSP7/13171
CR*[err]SiR*[err] CR*[err] SiR*[err]CR*[err] Si R*[err]

CR*[err])CR*[err] Si R* [err] CR*[err]CR*[err]CR*[err] GeR*[err];
and 15  more fusedrings 96 FaR ALHETY CRURA 058 EUMPETERS *i‘eéefﬁ?‘é?ﬁég%mc*‘ & ™ Qrenber
sel ected fr d I al kyl ,
nal ogenat ed Sy P PLeiaHel BREREK qucH I Rat PN S org AR PR B 2 Y0
nonhydr ogen atons, and optionally, two

-11- WO 98/ 0638r highly preferred complexes correspond to the formula:

PCT/ US97/ 13171 R* groups fromZ (when R* is not hydrogen), or an R*
group fromZ and an R* group fromY fgrma ring system

where pis 2, gis zero, Mis in the +4 forRal oxidation state, and X is

i ndependently each occurrence nethyl, trimethylsilylmethyl, allyl,
pyrollyl or 5 two X groups toget , 4- butAane diyl, 2-butene- 1

, 4-diyl, 2,3-dinethyl-2-butene- -yt T- (R |)ret hyl - 2- but ene- 1
,4-diyl, or xylyldiyl. ghly preferred are the netal
conpl exes and t he het eroat om cont ai ni ng, | i gands t hereof where -Z-
is -Z*-Y-, with zZ* bondedtonandYbo ded, to M and Yis
-0, -S, -NR*-, -PR*-; 10 * 18" SiR[err], CR*[err],
SiR[err]Si R*[err] CR*[err] CIR’*[errJ](qXQE?%1 =CR*, CR*[err] Si R*[err]
CR*[err]SiR*[err] CR*[err] SiR[err]CR*[err] S| R[err],

CR*[err] [err] r A r r r];
and gR* S\k%%é Jaf‘mbgf? e%t #%&gﬁfyég?ﬁc{réh(zxﬁorf ?Feﬁerred corrgﬁ&w ?J
menber sel ecthedorudan hydr ocar byl , hydrocar byl oxy, sil yI haI ogenat ed
al kyl, hal ogenated aryl, and 15 conbi nati ons thereof, said R* havi ng up to
20 nonhydr ogen at ons, and optionally. R* groups fromZ (when R*

is not hydrogen), or an R* group frg an I%*Rgroup fromY forma
ring system (

X'qXpM
where the symbols are as previously defined.

Highly preferred are the metal complexes and the heteroatom-containing

10  ligands thereof where -Z- is ~Z*-Y-, with Z* bonded to Cp and Y bonded to M, and
Y is -O-, -S-, -NR*-, -PR*-;

Z* is SiR*7, CR*3, SiR*28iR*7, CR*3CR*), CR*=CR*, CR*3SiR*7,
CR*38iR*9CR*5, SiR*9CR*,8iR*;, CR*9CR*78iR*y, CR*9CR*pCR*», or
GeR*7; and

15 R* independently each occurrence is hydrogen, or a member selected from
hydrocarbyl, hydrocarbyloxy. silyl, halogenated alkyl, halogenated aryl, and

combinations thereof, said R* having up to 20 nonhydrogen atoms, and optionally, two

-11-



where p iWOPEOETs sor0, Mis in the +3 formal oxidation sESEES AR X is
2- (N, N- di met hyl ) am nobenzyl, 2-(N, N-di met hyl am nonet hyl) phenyl,

al lyl, methag* ¥Yloup2font Z (WRSA B+ &JdoYh?dirb%én). or an R* group from & & A MEdbup
preferred are The netal conplexes and the heteroatom containing

| i gands t herfearh Yofpemea o systemiz*- Y- with Z* bonded to Cp and Y bonded to
M and Yis -O, -S, -NR*-, -PR*-;

-12- WD 98/ 06728 . . _ N .

PCT/ US97/ 13171  Where pis 2, q is zeop, M s igithe. +4 [qrnal pxjdation state. and X is

Si R*[ err] Si Ryb&ehdent ke beduRnEemnethyl, Ry CRime HF i1 RALAT pyrollyl
CR*[err]Si R*[neﬁe] &\5‘* err], SiR*[err] %R*[ezryr] Si R* erllr%l], §y i ﬁ)]ro yror

CR*[ er r] GR* [ wvor X 8rdwpk eogether @R* [.&bnja@Rd{ydra-bOR¢-¢d-diyl. & 3-dimethyl-2daErdeer r | ;
and ) R*. i ndependent|y each occurrence is hydrogen, or a
menber sel ecl'é‘@‘xlf%me‘h)ﬁ‘r}-qbﬁ??fr‘béﬁ‘ﬁy‘?r,xyﬂﬁjgﬁygcar byl oxy, silyl, hal ogenated
al kyl hal ogenated aryl, and conbi nations thereof, said R* having up
to 20 nonhydr ogens &b Highly pRAerAR drO B! thétal dofib! d ke K L {Airfin& WhEN
R* is not hydr ogen?, 6‘? )é? I'~Z£’:k gr(gup frozran n%xegrz]mR* egr oﬁgaém éogm’%P%mY
form a ring ligaetiediereof where -Z- is -Z*-Yaheith E*ibenfed op Cs add YMonded 1 N{hand+2
formal oxidation state, and X is 1.4- 10 di phenyl - 1, 3-but adi ene,

1, 3- pent adi ene or_2, 4-hexadi ene.__ A variety of netals can be
used in the pr epaYé‘E i@n- ‘f*%‘ﬁe"h%lf‘fa‘l' conpl exes of this invention,
desirably a netal fromone of Goups 3 to 13 of the Periodic Table of

the Elengnts, thezkangipan éﬁso,%Rwsmﬂ?,o@ﬁ*q@i@*&rc&ﬁ:c;ﬁ*.tdfss*;s%R*{?’ or +4

f or mal oxi dation state, “nore”desfrably a metal from ore of“'G oups 3
to 13. Metal cresIReXER*158iR*9EREEIR %, NZRALCRA, SIRH,NGRIQORMEER +4li 4, f er ent
characteristics " are"thoSe whére Mis™a et al”™ from ong of “G oups 3-6,
one of G oupseR*f .ad one of G oups 10-12. Preferred are those where M
is anetal fromGoup 4, desirably Ti, Zr or H, with Ti and Zr bei ng
nore preferred. Ti is the nost highly preferred netal, especially for use
in conpl exeB* widepbndeotly atah axabuyercaés iGpirega, at anmegnber ghewdediorah i s t he
het eratom 20 containing ligand of this invention, while Zr is highly
preferred fol?ydﬂgcé‘rt?yﬁﬁlycd’r?ﬂ“él?%’é Y S'Iﬁ'h eEﬁeeﬂﬁ&yi\iml"c&iﬂ“‘Eﬂ)@r_@’bﬁﬂ‘éi ni ng
ligands, At L eashatyds trediAdR* hafinBGh &6 36 ABkhydrogen AL 2hBloBdodan920R

R* groups from Z (when R* is not hydrogen), or an R* group from Z and an R* group

from Y form a ring system;

where p is 1, q is zero, M is in the +3 formal oxidation state, and X is 2-(N,N-
dimethyl)aminobenzyl, 2-(N,N-dimethylaminomethyl)phenyl, allyl, methallyl,
20 trimethylsilylallyl.

Also highly preferred are the metal complexes and the heteroatom-containing

ligands thereof where -Z- is -Z*-Y-, with Z* bonded to Cp and Y bonded to M, and

Y is -O-, -S-, -NR*-, -PR*-;

-12-



In one enbodiment it is preferred that Ti is in the +4 fornmal oxidation
state, woo9smémBe, alternatively it is preferred that Ti PETUSIVRETL3
formal oxidation state, and nore 25 preferred is that Ti is in the +2

formal oxidation.sta *erg)i?p i
preferred that Zlf se% PR 2 SIRIIRIRT %x¢%a¥a¢kgi g%t dﬁm’tsbk
al ternativelog. éﬂgz,geaﬁ SiRH Bk 3RIG ERP,ERAUGR *, CR*2CR*CR*2. or
PCT/ US97/ 131 *,- 5 I n anot her aspect of this invention it is
preferred that A s -NR*, with the nore preferred -NR* being those
where R* is a group havi ng a primary or secondary carbon at om bonded
to N. Highly prefgesgd éfd@mif@x%ﬁ dhgt@cRs r\y'“{'ir@ééw SNENEIMBEY sel TR RRYy | -
[llustrative derlvatlves of ‘metals that may be enployed in the practice of
the 5 5 piydseatbyi, mydmcaxbmiqucixlydtmalogenatcd alkyl. halogenated aryl, and
2- N-[ het er oat om t - But }/I am_do-jndenyl conp exeéa Nl-§
- Di met hyl et WF) maixoml heggobes@ H‘y}E i‘”“% PR 10 %O 8o dr;ggep@fqn]us and eption ] two

ro

RS B e R W e
- pi per; di nylf}omy fdnnJ;Drma sysegen- 1-yl)silanam nato(2-)-N)dinmethyltitani um
(N-(1, 1-Dinethylethyl)- 1, 1-di rrethyl 1-((1
,2,3,3a, 7a-[err 2- (hexahydro- 1 n- A H- nden- 1
_%,): )S![ |hana[n[ nat ]0%"2 3"(FN)S)C(Q ﬁé}:]h,ymtlis ﬂ'hWied‘r% formal oxchaluoEt smui glr% g_h Ih ] .
-Di me e err exahydr o-
(2H) - Ab Wéﬂen?’lll]} blﬂécnﬁ Yaepne}m%ﬁenjel%rsﬁsgﬁgln%ﬁ%t o(2-)-N)di net hgl titani um
15 (N-( 11 -Dinmethylethyl)- 1, 1-dinmethyl- 1-((1
, 2,3, 3a, 7a-[ err])A2afiogtodimetrioecanlbd-tsed in rhe p.izpmitmn df thyyinpaki cahplgkdsidfani um
N( 1, 1 -Dnethylethyl)- 1, 1 -dineth
E(((l 2,3, 3a,!4 me Sretz!ramﬁdwrmm@zﬂyf Groupﬂtazléafﬂga Beriodiqabigyefn- 1
32”% ggaggqtgggﬁ%ﬁcmﬂhﬂﬁﬁﬁgﬁﬁéﬁﬂh%ﬁ Ivrlrlh céhnr_s rath T’} +3( +4 formal
dl, m,at hyl et hoxdidatioh slate, 20ore dedrabbt hytetal from one of Groups 3 to 13 Meral complexes
(23'3| ggag]an?c{e‘gr*% }n@%g‘ E?%Ss gﬁ%@%@f%rtrﬂemwﬂsm g moee yherg Miis a
, g'm”ﬁfnhy' et P érdm ohe of Groups 396 "Bl B¥Grougs 7-6%r bAOBIERAQ 18-k WALRE! hyl ti

are those where M is a metal from Group 4, desirably Ti, Zr or Hf, with Ti and Zr
being more preferred. Ti is the most highly preferred metal, especially for use in
complexes which contain only one Cp-containing 11Jgand which is the heteratom-

20  containing ligand of this invention, while Zr is hrghiy preferred for use in complexes
which contain two Cp-containing ligands, at least one of which is a heteratom-

containing ligand.

In one embodiment it is preferred that Ti is in the +4 formal oxidation state,
while, alternatively it is preferred that Ti is in the +3 formal oxidation state, and more

25  preferred is that Ti is in the +2 formal oxidation state.

In another embodiment it is preferred that Zr is in the +4 formal oxidation state,

or, alternatively, in the +2 formal oxidation state.

-13-



4
(1,2, 3,@8,9959912@”] )-2-(Di propyl ami no)- 1Hinden- 1 -yl )(ﬁ(‘(’rﬂlssimn 1
-dinethylethyl)- 1, 1 - dimethyl- 1

- (si | anam nat o( 2n)anbbhet aepebrydfithis amNertion it is preferred that Y is -NR*, with the more
- 14- WO 98/ 06728

PCT/ US97/ 13tgferred -NR* being those wr(qe R*3s g groug- l[agmlg]a)prgn:(rmobgqgandmyﬁéybonl

Hilsmjgﬂzam r‘F‘é 1'8%3 n(jlc%fd\}ng?_ﬂge céﬁet% )thosc Where R* is cyclog o|r¥sopropy]

-Dinmethylethyl)- 1, 1 dlrrethyl -(( 1
2,3,3a, 7a-[er r]ﬂln?&re(t%hﬁéhﬂﬁﬁ%)!'oﬂﬁie@é that5may be @niﬁ'ldy@g((ﬁﬂtheibradxce of the

)SI | anam nat o(2-)-N)di met hyl ti tanl um

1- Di met By| eirbseh) invantion indiudet hyl -1 -((1 ,2,3,3a, 7a-[err])-2-

(et hyl phenyl ami no)-1 H-i nden- 1 yI )si | anam nat o(2-)-N)di net hyl titani um
(N( 1, 1 -Dineth . -1 (ngllx233a 7a-[err])-2-
(et hyl ( pheny| nethytteighed N EAIaRICe

-yI)S|Ianamnato(2) N)dlnethyltltanlum (N( 1, 1

-Di net hyl et hyl ) - -@13 8Y-5) ) porblididyl- 1H-10
di met hyl et hyl ) me h§/1| in‘?’ﬁ%‘@“‘“@ i]?\{d%’%&hly 14-Q1 233874 A1) pyrebliciby - 1H
-yl)sil ananmdat-b(yﬂ)smam{)-rdnme(myl\lt)diih&mylhmnium (N-( 1, 1

-Di net hyl ethyl)- 1, 1 dirrethyl ((1 233a 7a-[err])-2-(methyl ( 1 -

met hyl et hyl ) am | anam n thyltitanium

o o™ D o -a Aimeshg et b (L B Tm B 4k prae s i
15" Peny PRaaa Ak garkfib 07 Maimerh iR N2 00 21) - di met vl Ei tant um

1-((1,2,3,3a,7a-[err]) - 2- (di met hyl phosphino)- 1 Hinden- 1
-yl)sil anam nat oN2< ), 1 1D ictetratl ey 10411 ladimenhy!- 1 - ((1 2,3.3a.7a-n)-2-Chdx{dh ¢ drd, 1 H-
-Dinmethylethyl)- 1, 1 -dinethyl- 1 -((1, 2, 3a 7a[err]) 2-

(et hyl phen%ﬂeplﬁolgbhﬂﬁb)ndem Iy Dsilragminato(2-)- \I)dxmethylmamum
-yl)silanam nat o(2-)-N)di nethyl titanium (N( 1, 1

-Dinet hyl ethyl ) - 1., 1 5di Lo 1L o e ) ]
25 30 78 | or 1] P8RRI AR I ARy -1 239 i pephyaro- 280
-yl) si | ananizZasaingH2rH-imdedi TpH$ankint k(DM N)dimethyltitanium

15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-({1,2,3.3a,7a-1)-2-(octahydro- 1 H-

azonin-|-yl)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-(octahydro-1(2H)-

azecinyl)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,2,3,3a,7a-1)-2-(Dimethylamino)-1 H-inden-1-yl)(N-(1, 1-dimethylethyl)-1,1-

20  dimethyl-1-(silanaminato(2-)-N)dimethyltitanium

(1,2,3.32,7a-n)-2-(Diethylamino)- | H-inden-1-yD){N-(1.1-dimethylethyl)-1,1-

dimethyl-1-(silanaminato(2-)-N)dimethyltitanium

(1.2,3,3a,7a-1)-2-(Dipropylamino)- 1 H-inden- 1-yl)}(N-(1,1-dimethylethyl)-1,1-

dimethyl-I-(silanaminato(2-)-N)dimethyltitanium

-14-



(N-(1, 1 -Dimethylethyl)- 1, 1 -dimethyl- 1 -((1,2 3,3 7a[err]) 2-(bis(1

WRDBI8T28t hy| ) phosphi no) - 1 H | nden- 1 CT/USN
-yI)S|Ianamnato(2) N) di met hyl titani um (N-(1, 1
- Di net hyl et hyl 7a-[err])-2-nmethoxy-
wingens o0 11 fa iR B in ipbiatTin e Gl e i TRy LY
- 15- Qi REh IR 148 1anaminato(2-)- N)dlmethylntamum :
PCT/ US97/ 13171 (N-(1, 1 -Dinethylethyl)- 1,1 -dinethyl -

1-((1,2,3,3a,7a-[err])-2-ethoxy- 1 Hinden- 1 -

yl ) si | anam nat o((IZI—{)l N))dmntbylagﬂyl)i-t.ammcthyl 1 ((1 2,3.3a,7a-1)-2- (eNa)(lmr.th}zlamino)-

- D et hyl etrg%/ - - ( 3a, 7a-[err])-2-propoxy- 1

H i nden- ‘“diﬂxll‘;%ﬁ‘lla%ﬁ'ﬁ?‘ﬁ bf‘éd’}n él‘i“ﬂﬁ‘t“ﬁyl titani um 5

(N-(1, 1 D|msthylethyl) 1,1 -dinethyl- 1-((1 ,2,3,3a,7a-[err])-2-but oxy-

1 Hind t4_t ani um

(N-( 1, 91 o met ¢ hﬂ“f‘mgﬂea‘?m ﬁ‘%@é}ﬂyﬂr@ldﬂ %’?52@)361 7a-[err])-2-((1 ,1
- di(retHyyprehpimisyyiH- mﬂehﬂl-ylb;bﬂanarﬂmatoﬂ -)-N)dimethyltitanium

-yl ) sil anam nat o( 2- -I\I)dlrrethyltltanlum (N-(1, 1
Dinethylethyl)- 1, 1 -dimethyl- 1 -((1 3,3a,7a-[err])-2-(trimethylsi
oxy)- 10 1 HNl-HdbEJmithylﬂh))@r] énﬂamﬂhhltb'(@ 23.3.8p.dametAhyl tit ani um
N

| ox
P T Rt Dy anab g >asz§;3an4rémpﬁ%2kSig%rﬁeihw&mmu]n? #

y)5|lanamnato(2) N) di met hyl titani um (N-( 1,
- Di met hyl et hyl) <Nl ﬂmlﬂnefﬁwamyn 111 dﬁrﬁetﬂlylrg((q Bz aalrﬁfzr ‘;\3 q2-(1
- met hyl et hoxy) - I ndén- 1-yl)silanam nat o( di met hyl titani um

15 10 dxmemmlemyl)meth)[mmmohyﬁemhyﬂ )-yl)sglarmmmhm@t hpil)dmﬁ:th)(h(xmmum
,2,3,3a,7a-[err])-2- phenoxy 1Hi nden-

}Dy:rza'tslkli/figﬁr?yln?t&(a E%’ﬁ%gﬁb]w) ’d?’(’i‘Hylzl $193.9%7p20; r2]'()"(‘egk’§if)ﬁenyl t hi o) -

1H methylethyl)amino)- 1 H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-
(diphenylphosphino)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-

(dimethylphosphino)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-
(methylphenylphosphino)- 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-(diethylphosphino)-
20  1H-inden-1-ylsilanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-(bis(1-

methylethyl)phosphino)- 1 H-inden- | -yl}silanaminato(2-)-N)dimethyltitanium

(N-(1.1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-methoxy- | H-inden-

1-yl)stlanaminato(2-)-N)dimethyititanium

-15-



i nden- 1 YA %¥128nani nat o( 2-) - N) di met hyl titani um PCTOSYTANY 1, 1
-Dinethylethyl)- 1, 1 -dinethyl- -((1,2,3,3a, 7a-[err])-2-(methyl thio)-
1H 20 i nden- ta( | | tiat .

3- et hyl - 2- N- [ het er})gt o[?r]h-lte- ut v)ng‘rlnqd%"?c%%)eﬁé g%p jéx@? oxy-1H-inden-1

(N-( 1, 1- D ngddihanimatol2-)-N)dinkitmgtitaplund- ((1 , 2, 3, 3a, 7a-[err]) - 3-net hyl - 2-(
1- pyrrolidinyl)-1Hinden-1-yl)sil anam nato(2-)-N)di met hyl titani um
- 16- WO 98/ 06728 . . _

PCT/ US97/ 13171 (N-(1,1-Dimethylethyp-(1., lydimethgi-delf b Sampt)-2-propexydiHviadps -
1-((1 ,2,3,3a, falerr])-3- Ay - piperidinyl)- 1 Hinden- 1
“yl)sil anam ﬁ'ébgléé‘%ﬁ‘%\ﬂ‘%ﬁ%#er]ﬁ@#ﬁﬁ et (N-(1, 1
-Dinethylethyl)- 1, 1 -dinethyl- 1-((1,2,3 ,3a,7a-[err])-3-nethyl -
(hexahydrp- 1 H agrem L E D1i|rreYHy)eth -k dﬁehanryl 1 ((1.2,3.3a,7a-1)-2- butoxy IH mden 1-
-yl)sil anam nat o( di met'hyltitani um ( (1,

- Di net hyl et hyll)sllanilmmmda-l)ﬁ@dhmthyImtan(ll(nl 2, 3 3a,7a-[err])-3- rret hyl -
(hexahydro- 1 (2H)- a200| nyl)- 1 Hinden- 1

-yl) si |l anam nat o( 2-

-Di rreL hél ethyl ) - (&‘ fgl mﬂ%ﬂ’!’ alml(ff‘hyb‘é% 3P4 7[%%41031 “met hyl - 2-
=t N-( 1,1
O ot hyl ot héﬁ*ﬁf?’%?&*iﬂ??f?y&éﬁyﬁq?”?fﬁ%’5?’&6?‘3?%5@75- Mimejtyttgania, 10 15

(oct ahydro- 1 (2H)-azecinyl)- 1H i nden-

1-yl)sil anam nat O(NZ-() -H‘il)ndldﬂlt‘;tldftwdt)ntlammtmy! 1-((1,2,3,3a,7a-1)- 2—((N*n(dhyls’h]oxy)—
Drrethylethx , di me 3,3a,7a-[err])-3-nethyl -
di met hy}@ni H)mdeﬂ—ll1YH§IW“‘1“}‘P(°))3M%§}WW&{“6{“2 )-N) di met hyl titani um
1-Di et hyl ethyl)- 1, -dinmethyl - 1-((1

1,
3a ra-ferr]) mtﬂﬁeﬂfﬂetmle tl 1- élgde i)ff)l-(‘?lm’ @@a’?ag‘q)l-_”-k{(‘fip_

si | anam nat o( 2-

thyl et hyiracmﬂezhﬂ)dx&lemwl)ox ) (}({ xﬂde3113yl$salaﬁﬂn{rﬁfd(i )N imdtipticadium
ropylamno)- 1 Hinden- 1 -yl)silanam nato(2-)-N)dinethyltitanium
1, | -Dimethylethyl)- 1, 1 -dinethyl-
, 3
[
t

—~~ 1 " - —~~ |

a, 7a- [err])(mirétlhwmfzﬂethy!) I1- Qrmemyﬂyr(éhé‘%cﬁ)aﬂainw{ henethylethoxy)-
| £ t N( 1, 1
hyl et | hgﬁ)‘%‘i“ FR Lt +(T°L)iﬁ?dé'?g}‘;v'é’f%“‘§3 7a- [err]( ) - et hyl - 2-

I5 (N-(1,1-Dimethylethyl}-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-phenoxy- 1 H-inden-

1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-11)-2-(phenylthio)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3.3a,7a-1)-2-(methylthio)- | H-

20 inden-1-yl)silanaminato(2-)-N)dimethyltitanium

3-methyl-2-N-Theteroatom]t-Butvlamido-indenyl complexes

(N-(1,1-Dimethylethyl)- I, 1-dimethyl-1-((1,2.3,3a,7a-1)-3-methyl-2-( 1 -

pyrrolidinyl)-1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

-16-



20 (ethyl nethylamno)- 1 Hi nden- 1

| ) si | awanasa128( 2- ) - N) di et hyl ti tani um ( NpQIYSITIINT

1-Di et hyl ethyl)- 1,1 -dinmethyl - -((1,2,3,3a,7a-[err])-3-nethyl - 2-

(LT Dl s R A A BT o1 o
, 2,3, 3a, 7a -gi rfdxﬂyl?l'lﬂeﬁlhéfd 1%fl)sdanammatéﬂef-N)’dxﬁ\@h@mﬁhﬁﬁmy| )amno)- 1

H i nden- 1- yl ) silanam nato(2-)-N)di nethyltitani um
-17- WO 98/ 06728 _
PCT/ US97/ 13171 (N-(1,1-Dimethylethyl}- Nl(dxmethyl-JMh%,ﬁWl7@tmﬁy$ -methyl-24 - di net hyl - 1

d| Ere'} hylze'? }.{fjp}a{]g&éh ]rﬁ)zﬁﬁﬂ‘ qe)il%k-lnl&gép } yl)sxlanammato(" -}-N)dimethyltitanium

1-yl)sil anam nat o(2-)-N)di net hyl titani um (N-( 1,1

-Di net hyl et hyl) Hgg‘té L (1 (& 3g7aalgr _- I-2(rrethy|(1-
met hyl et hyI ) ami n(b{L“liTq H1n en-ylilh’-ly%yéluﬁ'}agg% ngt%(fzal %I) i %thl titani um

5 (he(zmyeroln(73)-aao¢rnylmyliehbyﬂ-)=y1)knaxﬂamxdacw-hw)dinﬂamyamamum
3,3a,7a-[err])- 3 rret hyI (di phenyl phosphino)- 1 Hi nden 1

2,
yl ) si |l anam nat o( 2 ltita

Di et hyl et hyl ) -¢ xmeﬁ’dﬂqﬁ y-14- qx(newlé (81.33,3pa/2 0y 3 }")QﬂWST?et hyl - 2-
di et hyl p%ﬁ@?%@%ﬁ%&*‘?%@‘méﬁh &t%{wrl‘anam( ?aao( 2-)-N)di methyl titani um

N-(1
2, 3, 3a 7a-[err])-3-methyl-2- 10 (et hyl phenyl phosphino)- 1 Hinden- 1
yl') si | anam nat o Pifﬂ)lﬁhe di 1511 HadimeMyl-1-((1,2,3,3a,7a-1)-3-déit

Di net hyl et hyl ) - «NZ( dlﬂhy:f§ 1 ((1y2 3(3a 7§-[e1?r )-S)ﬁEthyI

di et hyl%ho@phhm 1(ZHHAZQ¢d‘e’h)- 1 H-iydensi- vaﬁmmataa((z =) N ) mie g ititgniarm t am um
N(1, 1 -Dinethylethyl)- 1, 1 dlrrethyl 1-((1, 2

, 3,

3a, 7 -3 hi
1 Pt (o o PP O st (B R D WA 700
- Di et hyl et (‘]E_inl_n%lmrﬂmﬁno)dl Mrddexl I'-%l‘)&fa;tam%aﬁ)({‘;@«’\i)au{xcﬂﬁyl}l)a'n?ﬁrﬁe'[ hyl - 2- met hoxy-

1 Hinden- ) si | anam nat o di met hyl t'i t ani um

nme
nme

—~~ 1 " - ~—~~ |

(N-(1,1-Dimethylethyl)-{,l-dimethyl-1-((1.2,3,3a,7a-1)-3-methyl-2-

(diethylamino)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-methyl-2-

(dipropylamino)- | H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1.1-dimethyl-1-((1,2,3.3a,7a-n)-3-methyl-2-

(dibutylamino)- 1 H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-methyl-2-

20  (ethylmethylamino)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)- I, 1-dimethyl-1-((1,2,3,3a,7a-1)-3-methyl-2-

(methylphenylamino)-1H-inden-I-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1~((1,2,3,3a,7a-1n)-3-methyl-2-

(methyl(phenylmethyl)amino)- 1H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

-17-



PCT/US97/13171

(N-(1, 1SRyl ethyl)- 1, 1 -dimethyl- 1 -((1

, 2, 3, 3a 7a-[err])-3-nethyl -2-et hoxy- 1 Hinden-
1- yl)Sllanam' nat &(2r, ) -DhheinGREWY- 1 i LAMEtR- 1-((1.2.3.3a,7a-1)-3-meMNyl-2X (1. 1-
1- Di net hyl et hyl )(N% 1 -di %tlﬂjyl -1 -((ml ( " Biyl-2k¢

2, 3, 3a, 7a-disethly)etBylvetthylminopridbidgr- | -2Bilanamifato(2-)-N)dimethyltitanium
H-inden- 1- yl)silanam' nato(2 ) N)di met hyl titani um

, 3a, 7a- [err]) 3- (b

1Hind 1- t L F ]t b _—
AL kg B
,2,3,3a,7a-[err])-3-nmethyl-2-(( 1, 1-

dl1 get hylset hyl ) oxgy-¢ [ HDir@hyiethy)-) didimatyi-ngt 2,3;3h;7drdi 3eiethyl i t ani um

- WD 98/ 06728

PCT/ US97/ 13iphenylphosphino)-1H-inden- éNJ)(sgﬂgrg@mlmtg@t-hyb@mmy)maqpm -di et hyl -
1-(( 1,2,3,3a,7a-[err])-3-nethyl - (trimethyl siloxy)-

1H i nden- 1-yl) si (N-( 1,
1 Dot hyl o )ms/: ?ﬁ‘ﬁ“ ‘meg](yﬁfé ﬂwq‘ﬁe% (;F‘glbég BUPEIY3: et byl - 2E (((
1,1 - I -

- yI ) si | anam rllrg%[g? hxéﬁrgﬁr%?lngg % |h ty)le{%:nh%ml%%zz ;H)almﬁmézl rI‘\i-uinl 1

D nethylethyl)- 1, 1 -dinmethyl- 1-(( 1 ,2,3,3a,7a-[err])-3-nmethyl-2-(1-
met hyI et hoxy) - 1N, inRimettyletlyy)- $j1|—danmh'yhat(0(23)3aN}1d1)Fﬁatdeyiyﬂ47t ani um

- hyl et hy
E(Nig l;g) 3a(?17egt?$lg etgt@s;?ﬁé@q.}yll}}@dﬁﬂelnbl}ssylanammazo('? Y dimethyttitanium
-yl)s |Ianamnato(2) N) di met hyl titani um (N-(1, 1

Oi met hyl et hyl) - Q&Jn Jrel%nfhe?%{)éﬁ{%n 13 -difrdetn »1%?%3% 3@3@[@; Ln)e n?l et hyl -2- 10

(phenyl t hi o) - Si l'anam at 0 tani um
(

e

N( 1,1- [Xd’mhﬁyshﬁphbtio)-lﬂlindén {@I\)l@ﬁirhyﬂmat&(ZGXde)methymtamum
,2,3,3a, 7a-[err])- 3rrethy| (rrethylthio) 1 Hinden-
1-yl)silanam nat o( 2-) - drrethyltltan

2- N het er oat onf afiféib] Dlﬁﬁmthﬂbr‘rﬁl‘@%@éhyl -((1.2,3.30.72-m)-3-methyh2-Bisole names
wh 2-h f
Conpounds. ol EtDISIUAHSHQ PRI S5y R EndRE . EN B Atdhlull TANDE 7

by N-cycl ohexyl as denonstrated by the foll ow ng conpounds.
15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1)-3-methyl-2-methoxy-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,I-dimethyl-1-((1,2,3,3a,7a-1n)-3-methyl-2-ethoxy-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

{N-(1,1-Dimethylethy!)-1, 1 -dimethyl-1-({1.2,3.3a,7a-n1)-3-methy!-2-propoxy-
20 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-I,1-dimethyl-1-((1.2,3,3a,7a-n)-3-methyl-2-butoxy-

IH-inden--yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-methyl-2-((1,1-
dimethylethy!)oxy)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

-18-



N- Cycl ohexyl -1 ,1 -dinethyl- 1-((1,2,3,3a,7a-[err])-2-(1-pyrrolidinyl)-
H i nden-wbss86728 yl )sil anam nato(2-)-N)di met hyl titani umpctruss?i13171
N- Cycl ohexyl - 1, 1-dinmethyl- 1-((

3,3a,7a-[err])-2-(1-piperidi nylnl) -1 Hinden-1- 20

il anam nat O( 1 ‘(N}‘(ﬂlﬁ:’é w%thylﬂd i-glmethyl-l—((l.2,3,3a.7a—n)-3-methyl-2—

) s

1, 2,3, 3a, 7g; 212< (\D | am - i +L= VL) (N-cycl ohexyl -1, 1-di net
yi TR S TR AL Db R b i (1
,2,3,3a,7a-[err])-2-(D ethylam no)- 1Hinden- 1-yl)(N-cyclohexyl- 1, 1

-di et hyl - (NE€ K, SiDinmrehyionaipd A-dinddeli L ed 213t ot AR S0methyl-2-(((1.1-

-19- WO 98/ 06728 . _

PCT/ US97/ 131dimethylethyl)dimethylsilyNoxy)c) Htirdeypt -y hsilenaininatoli3-)-N)gimgthgititanium
,2,3,3a, 7a-[err])-3-net hyl - 2- (et hyl net hyl am no)- 1 H i nden-

1-yl)si | anam nat o{2;, ; N).di l.ti.t.ani u N- Cycl ohexyl - 1 ,1
) diyrrzet hyP- 1-(( 1,@,Z'é'?’é‘@"fﬁﬁ@%j‘}-‘é:m{%m‘t‘zﬂ( LL?"“*”‘WF}%‘W%HQHW Ani no)- 1
Hi nden- 1 - i } i F4 i :
(N-Cycl ohexyr?‘%{)ll),%g@gmrg?ﬁ%n-zt%1@1%121@?%?; "aj, %’Z@{"gm‘ﬁ‘?@-‘ﬁet hoxy-1 Hi nden-
1 - : yl)silanam nato(2-)-N)di rr.ethyltitanium

(N-Cycl ohexyl - 1,(N-¢Idi-iBtriethyletiiy ) (11dizhetnyl-3a( V,2.3[3ar7a}) - 2nlethyl-2-phenoxy-
1d;/|n§’\i-r |yLﬁ;M{i{%%)z‘}y‘}ﬂ%PWEPWF%I{’%%%W*“HMM (N-Oycl ohexyl - 1,
1 -dinmethyl- 1 -((1,2,3,3a,7a-[err])-2-(trinmethylsiloxy)- 1 Hinden- 10

1 -yl)silanam nat -1 i Lt ani 1. Ns Cycl ohexyl - 1,
1 -dimethyl- 1-( (@c@ ?,%fagl,%'f%# il ’-’5’-3’(3617%&%%@?9%‘%/ :

1H-i nden® 1 (pdnysthicanidivimiahd¢@skahedinari byIN)dinsethyiManium In the

above nanes where 2-heteroatomindenyl conplexes are nanmed, a simlar

range of conpounds, are_those where the N-(1,1-dinethylethyl) group is 15
repl aced by N net(Af! kDimehyisshnlid dadime -(f b2 BdaiTagl)comsthyhds.

(methylthio)- 1H-inden-1-yl)si Janaminato(2-)-N)dimethyltitanium

2-N-heteroatom{amido]-indenyl complexes

In the above names where 2-heteroatom-indeny! complexes are named, a
I5  similar range of compounds are those where the N-(1,1-dimethylethyl) group is

replaced by N-cyclohexyl as demonstrated by the following compounds.

(N-Cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-n))-2-(1-pyrrolidinyl)- | H-inden-1 -

yhsilanaminato(2-)-N)dimethyltitanium

(N-Cyclohexyl-1,1-dimethyl-1-((1,2.3,3a,7a-11)-2-( 1-piperidinyl)- 1H-inden- -

20 ybsilanaminato(2-)-N)dimethyltitanium

(1,2,3,3a,7a-n)-2-(Dimethylamino)- 1 H-inden- l-yD)(N-cyclohexyl-1,1-dimethyl-

I-(silanaminato(2-)-N)dimethyltitanium

(1.2,3,3a,7a-1)-2-(Diethylamino)- 1 H-inden-1-yl)(N-cyclohexyl-1, I-dimethyl-

1-(silanaminato(2-)-N)dimethyititanium
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(N- et hyWOP80878Gi et hyl - 1 -(( 1 ,2,3,3a, 7a-[err])-2-( 1 2pyrrolidinyl)- 1

Hinden- 1 - yl)silanam nato(2-)-N)di nethyltitanium

(N-nethyl- 1, 1 (mdcperbhwym; E-Gimelnyd- 13¢(82,373 T£AJ-B)mehl-4 - pi peridinyl)- 1
H i nden- 1- )silanam nato(2-)-N)dinethyltitanium 20

(1,2,3 ,3a, (E@w[mh}lpnﬁm()dhﬁmdqwlayﬁ)sml@ydmmm(hdé\ﬁdxmethylmz(nwmet hyl - 1,

1-di rrethyl- 1- (S|Ianam nat o( 2-) - N) di rrethyltltanl um

(1233a7a[er -Die; Iam I (N- et hyl -
, 1- di net hyl - TN- e Cl%hé 81(%11’*%3(1 ?ﬁﬂ‘?[r‘{a%l um
- 20_ 1. AN
PCT/ US97/ 13WW anﬁaﬁﬁo) IH mdcle\l_ K/gsﬂanammato(” Mr%iértnﬁ%/l_malmum
-((1,2,3,3a,7a-[err])-3-net hyl - 2(ethy|rrethy|amno)-
1H-i ndes- 1-yl ) si (Ixa@mohaam(lzr )imlfé)tld)lnle((mllll:I.?a?hw-mmcthoxy—1H-inden-l-

(N-Methyl- 1, 1 -dinethyl
, 2,3, 3a, 7a- Ilmlpwémmﬁéi%)d@%%éﬂﬁw%enyI am no) - 1Hi nden- 1
-yI)S|Ianamnato(2) N) di met hyl titani um (N-I\/Ethyl 1, 1

-dinmethyl -1-((1

1) o1 1 anam nat o SFSRFAERECh G (- b e iyt -

-di met hyl - Lingéq-1- yl)%xlgnﬁﬁnZt@l‘Z[ £NYdirednldidnibndi met hyl et hyl)oxy)- 1 H

inden- 1 -yl)silanam nato(2-)-N)dinethyltitani um (N- Met hyl -

1,1 -dinethyl- 1-((1,2,3 ,3a,7a-[err])-2-(trinmethylsiloxy)-1 Hinden-1- 10
yl ) si | ananmi nat o( @-Cykloliexsgt hi-dimatbyli 116601.2,3,3a,7a-n)-2-(trimethg NildAst)hyH-indep- 1

- di et hyl - a, r err])-3-nmethyl-2-(dinethylamno)- 1 H
i nden- 1191 )!;'l?'i)é‘iﬂi‘ﬁi“d%ﬂ‘%éz) \‘?wﬂihﬁé YR t ani um In the above
nanes where 2-heteroatomindenyl conplexes are naned, a simlar range

of conpounds ar et kAR HRRAT 1 kilkerh1l1 -4 B F8 8L RYSLBKY L 2 QiR i Smino)-

1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

In the above names where 2-heteroatom-indenyl complexes are named. a
similar range of compounds are those where the N-(1,1-dimethylethyt) group is

15  replaced by N-methyl as demonstrated by the following compounds.

(N-methyl-1,1-dimethyl-1-((1,2,3,3a.72-n)-2-(1 -pyrrolidinyl)- 1H-inden- | -

yl)silanaminato(2-)-N)dimethyltitanium

(N-methyl-1,1-dimethyl-1-((1,2,3.3a,7a-1)-2-( 1 -piperidinyl}- IH-inden-1-

yl)silanaminato(2-)-N)dimethyltitanium

20 (1.2,3,3a,7a-n)-2-(dimethylamino)- | H-inden- | -y[)(N-methyl-1,1-dimethyl-1-

(silanaminato(2-)-N)dimethyltitanium

(1.2.3,3a,7a-1)-2-(Diethylamino)- | H-inden- 1 -yI}(N-methyl-1,1-dimethyl-1-

(silanaminato(2-)-N)dimethyltitanium

-20-



15 repl aced by N-ethyl as denonstrated by the foll ow ng conpounds.
(N-Et hylwobshérdi nethyl - 1 -((1,2,3,3a,7a-[err])-2-( 1 -pymnamsussgiizwm) -
1H i nden- 1- yl)sil anam' nat 0o(2-)-Nydincthyltitani um

(N-Ethyl- 1, 1 dln'ethY 1
, 2,3, 3a, 7a- [err](l)*‘ Methy éllp‘é‘meéh)’rNH)U 213-Jantacn)-34methyl-2-(ethyimethylamino)-

?gl gaggmﬁfi{@g@]{)y@g ‘t’f‘%r?;tr?]ﬂﬁ’o%“ﬁﬁgf‘ bn- 1 -yl)(N-ethyl- 1, 1

|
1

di net hyl - (silanam nato(2-)-N) dinmethyltitanium (1
, 2,3, 34, 7a [er r JN=Re(tn-at iy JnQ)«l 3, R L3 ek 2t hathyiphenylamidionet hy| -

1- (silanam nato(2-)-N)di net hyI titani um

-21- I\eindsn-0 67 sglanaminato(2-)-N)dimethyltitanium

PCT/ US97/ 13171 (N-Ethyl 1, 1 -dimethyl- 1 -((1
233a7a[err] yl -2 tIm'n)-lH- .

i nden- 12yl ) si | ar@n’ﬂqgﬁwz‘ S“W&H’i sty r%hf% Efnﬂh%methoxy-m-mden-l- (N-Ethyl- 1,1

- di net hyl . net hyl - 2- (et hyl phenyl am no) - 1

H i nden- 1-yjr) 14&?"6{%%81@%&%&%&@@%%#& hyl titani um 5 (N- Et hyl -

1, 1 -di rrethyl 1-((1,2,3,3a,7a-[err])-2-nmethoxy- 1 Hinden- 1-

yl)sil anam nat 0((&‘Mem)d-ilmeﬂim}dth)iltlaailﬂm 3a,7a-1)-2-((1,1-dimethyIdthbyy)- 1H-1

-dlrrethyl (;(1 2, 3a7 NMH f‘l_ 1 -dinethyl ethyl)oxy)- 1H

i nden- 1 -y9gedr] aﬁamnﬁ@ew 2y): My 3 ani um (N Et hyl -

1, 1 -d| methyl- 1-(( 1 ,2,3,3a, 7a- [err]) 2-(trinmethylsiloxy)- 1 Hinden- 1

- 10 I il 2 4.8 : : Et hyl
L1 i ety E‘Wf”@‘“q(‘ gyl TR 2 S B S ety giloxyy; - indef s = IV
i nden- 39yl yigiladaawiamo@ay-Ni@metiYlchiapiibhy! ti t ani um In the

above nanes where 2-heteroatomindenyl conplexes are named, a simlar

range of conpounds are those where the N-( 1 ,1-dineth Ieth ) group is
(N-Methyl-1,1-dimethyl-1-({1.2.3,3a,72-1n)-3-methyl-2-(dimethylamino)- | H-

y
(

inden-1-yl)stlanaminato(2-)-N)dimethyltitanium

In the above names where 2-heteroatom-indeny! complexes are named. a
similar range of compounds are those where the N-(1,1-dimethylethyl) group is

15  replaced by N-ethyl as demonstrated by the following compounds.

(N-Ethyl-1,1-dimethyl-1-((1.2,3.3a,7a-1)-2-( 1 -pyrrolidinyl)- | H-inden- 1 -

yl)silanaminato(2-)-N)dimethyltitanium

(N-Ethyl-1,1-dimethyl-1-((1,2,3.3a,7a-n)-2-(1-piperidinyl)- 1 H-inden-1-

yi)silanaminato(2-)-N)dimethyltitanium

20 (1,2.3.3a,7a-11)-2-(Dimethylamino)-1 H-inden-1-yl)(N-ethyl-1,1-dimethyl-1-

(silanaminato(2-)-N)dimethyltitanium

(1,2,3.3a,7a-1)-2-(Diethylamino)- | H-inden- I -yl)(N-ethyl-1,1-dimethyl-1-

(silanaminato(2-)-N)dimethyltitanium



15 re&%g%%"ﬁsy N- phenyl as denonstrated by the foll ow n%%"é%’é}&ﬁ’s.

(1, 1 -Dinethyl-Nphenyl- 1-((1,2,3,3a 7a-[err])-2-(1 -pyrrolidinyl)- 1
Hinden-1 - N1 paaRERAt (@23 M), di bbb hita th')m'n thylamino)-1H-

(1, 1 -Dnethyl - %\I—phe)?lyl- 1 l(ii%l 2, 3, 3a, 7gﬁerr]§ '(U -eplyperll dinyl)- 1
H-i nden- 1 inden-i- yl)s;dnr)asmhatnélﬁ h&dm@h»ww}!nﬁmt hyl ti tam um 20

(1 ,2,3,3a,7a-[err])-2-(D nethylam no)-1Hinden-1 -yl)(1, 1

(5 P ey IR P

:glzrr?t hyl - '\ITHQ%E%\S 6il6j§ﬂanammato((.5)' NRAE Rt Rién) - N) di methyl titani um

PCT/ US97/ 13171 (1, 1 -Dinethyl-Nphenyl- 1-((1
, 2, 3, 3a,%a- [ err] IN-Etmgt hydirzethgit hy1 (553, By, 7 &n)-20hethoxy- 1 H-idden-1-
Hi nden-1-yl)silanam nato(2-)-N)di methyl titani um (1, 1

- Di net hyl - NyBsilsayminago(2(N)dimethyltitanium
,2,3,3a, 7a-[err])-3-net hyl - 2- (net hyl phenyl am no) -

1H—' d 1-yl , 1
"Dy ot hy! - N phen{ TRyt e 1B By tz?‘hé.&dms@wemwem-
yl)silanam prer(i3y1) ﬂ!%ﬂhlﬁﬁﬁomgﬁ\lgaﬁﬁtmnamum

- Di et hyl - N-phenyl - 1 - a, 7a-Terr])-2-(( 1,1 d| rrethyl et hyl ) oxy) -

1H i nden- 1 -yl )SI | anami nato(2-)-|\|)d| met hyl titani um
( 1,1-Di et hyl - I\I(WWPH—ﬂim(tbSﬂ 2(3,B337.da-he2rmehysiloxmt i imiehdxy) - 1

I(—I-ll n(ien-& mefﬁ?'““?@ﬁ i 17 lm%[ lluﬂan-i\zrﬁ'\l) di met hyl titani um
,2,3,3a, 7a-[err])-3- rrethyl 2- (di nethyl am no)- 1 H

i nden- 1-yl) si | anaqIERg10f, Palmdth i F—?(tlh.y% B Ham. %mnethhz (dlmethylammoi 'f'Ht he above

nanes where 2-heteroatomi nden conpl exes are m | ar
range of connbnMebﬂ)w&neamho&e.\)Mdmdthann(uh 1 -dinet hyI et hyl) group is

In the above names where 2-heteroatom-indenyl complexes are named, a
similar range of compounds are those where the N-(1,1-dimethylethyl) group is

I5  replaced by N-phenyl as demonstrated by the following compounds.

(1,1-Dimethyl-N-phenyl-1-((1,2,3.3a,7a-n))-2-(1-pyrrolidinyl)- 1 H-inden- 1 -

yD)silanaminato(2-)-N)dimethyltitanium

(1,1-Dimethyl-N-phenyl-1-((1,2,3,3a,7a-n)-2-( 1 -piperidinyl)- 1 H-inden- 1 -

yD)silanaminato(2-)-N)dimethyltitanium

20 (1,2,3,3a,7a-n)-2-(Dimethylamino)- 1H-inden-1-y1)(1,1-dimethyl-N-phenyl-1-

(silanaminato(2-)-N)dimethyltitanium

(1,2,3,3a,7a-n)-2-(Diethylamino)- 1 H-inden- 1-yl)(1, 1-dimethyl-N-phenyl- I -

(silanaminato(2-)-N)dimethyltitanium

~-22-



15 repl aced by N phenyl nethyl as denonstrated by the follow n

conpoundwo 98/06728 (1, 1 -Dinethyl-N(phenyl met hyIPleS”’?{‘I‘
,2,3,3a,7a-[err])-2-( 1 -pyrrolidinyl)- 1 H i nden- 1

-yI ) si | anami nato

- D| met hyl - N- ( phé ﬁrﬁﬁi"\%ﬂ% EX“Y('(&&?*Z%EB%Q EEaRt R Oy %‘QJITC% %’é‘f’f’hu nyl)- 1

Il eend; - lﬂl])aﬁiﬁlﬁ\ﬁt%(ﬁ P~ )Qﬁn?etﬂylm#lluﬁ?t hyl titani um

(1 2,3,3a, 7a-[err] ¥ Di met hylam no)-~ 1 Hinden- 1 -yl)(1,1- d| met hyl -

(phenyl met hyl ) - 1- (sil anam nat o( 2-) - N)dl met hyl titani um

(1,2,3,3a,7a-[er ﬂ]l)Dﬂnc(tﬁyleNeryAbwhlnd) 2384, Fedp)a3-rdethylt - (mdthypherdilareinkyx -

henlrreth si | anam nat o inmethyltitani um
523_ Y illb) rgigp 6§712981anammato(’7 )&\V)dxmehpxﬂmamumy
PCT/ US97/ 13171 (1, 1 -Di nethyl-N(phenyl nmethyl) -

1-((1, 2, 3 3a, 7a- (Elgr?]rkﬁ ﬁ}']nﬁ?ﬁx ){]2‘ g 2 U%,,a-,a(_ﬁ} b%aﬁé{}y{ﬁ%q@gk 1H i nden- 1

-yl)sil anam nat o

- Di met hyl - Nvlfsﬂbﬂ?ﬁﬁhﬁi@lil)LN))dmkti‘(yﬁntlmuih 3,3a,7a-[err])-3-nethyl-2-

(et hyl phenyl am no)- 1H-inden- 1 -yl)silanam nato(2-)-N)dinethyltitanium
(1, 1-Dinethyl-N-(phen Irrethy ) -

1-((1, 2,3, 3a, 7a- ([Ielrp]r;xetbyln!ﬁtpﬁm) -2 3R 3s fe-nE2-((1.1-dimethylethyl)oxy)- 1 H-

)il (1
'H e ﬁ;?mn toé‘ﬁy%ﬂg{”ﬁi}i%( )‘&}“?'%Q‘Ihgmé‘,“%%’,“7a-[err])-2-2( 1, 1 -

di me thylethyl)oxy) 1 Hinden- 1-yl)silanam nato(2-)-N)dinethyltitani um

(1, 1 -Di methyl -&(DRREMYIPRIZA¥AYI=1-((1,2.3,32,7a-1))-2- trimethylsiloxy)- 1H-inden- -
1-((1, 2, 3, 3a, 7a- ?Lerr -Zi-’ FJ|ﬂma%hy$(5| y) ?) € lllnder%l-) 1 e
I

yl ) si Il@nanymdnm(rﬂm)uo{\]) &}N)@mwhydmtammnum (1,1
D net hyl - N- (phenylnmethyl)- 1 -(( 1 ,2,3,3a,7a-[err])-3-nethyl -

In the bove nandeRHEFEY SN msEaliohf bt siEhp! 985%“9&%%%“%' o

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

ol

In the above names where 2-heteroatom-indenyl complexes are named. a
similar range of compounds are those where the N-(1,1-dimethylethyl) group is

15  replaced by N-phenylmethy! as demonstrated by the following compounds.

(1,1-Dimethyl-N-(phenylmethyl)-1-((1,2,3.3a,7a-1n)-2-( | -pyrrolidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-Dimethyl-N-(phenyimethyl)-1-((1,2,3,32,7a-1)-2-( 1 -piperidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethylititanium

20 (1,2,3,3a,7a-n)-2-(Dimethylamino)- 1H-inden-1-yI)}(1,1-dimethy}-N-

(phenylmethyl)-1-(silanaminato(2-)-N)dimethyltitanium

(1.2,3,3a.7a-1n)-2-(Diethylamino)- | H-inden-1-y1)(1,1-dimethyl-N-

(phenylmethyl)- I -(silanaminato(2-)-N)dimethyltitanium
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simlar r¥07&%P3compounds are those where the N-(1,1-di neFﬁV”é?%”‘i‘ gr oup

is 15 r epl aced by N-cycl ododecyl as denonstrated by the follow ng
conpounds. 1,1-Dimethyl-i t@ﬁlrﬁéi 264k 1.23:3a )R 21 -((1
S 7a- [ er r] ) 4 eI AARARGNI 1 2 b0 7alH Rkl 2

yI ) sil anam(mybﬁahylamd)mh){m mgen-il yd)silarmaminato(2-)-N)dimethyltitgiafy cl ododecyl - 1,
imethyl- 1-((1,2,3,3a, 7a-[err])-2-( 1 piperidinyl) 1H i nden-
)si |l anam nato hyl titani um (N Cycl ododecyl - 1,

11. methyl - 1 ﬁl I3 mzetbylgrrg (pRgeny Rqtpyll-3=(( HZ AERHA TRM- ﬁ@;hyl It i nden-
l%' )G et A ‘W‘cﬁﬁaﬂ% e %P?H@veao& nDdimeteietlin haens Y

y )-(silanam nato(2-)-N)di rrethyl titani um

24- 5 WO 98/106#r&hyl-N- (phenylmethy]) 1-((1 2,3 3a, 7a-T}L)-7 mcthoxy | H-inden-1-

PCT/ US97/ 13171 (N-Cycl ododecyl - di met h 1-((1

, 2, 3, 3a, 7a- [¥stijangnatet)N)dimethyltitaniget hyl met hyl ani no) - 1 H-| nden- 1
-yl)silanam nat o(2-)-N)di nethyl titanium (N- Cycl ododecyl - 1,

(lrre?ih;r:sm)élnyl ;m rfg]‘ ?l@%hﬂ%ﬂ(&l‘i”yhg %yl?é”ﬁh?ﬁa%@g?@ﬂ))? f‘ﬁ)‘dr met hyl titani um
S ?%ﬂeﬂ?g??w dé'n Lyt K(}Qﬂdﬁ%ﬁ@ato(?]j N{dmlelhylmamum

, 2,3, 3a, 7a- [err] oxy-
yI )SI | anami nat o(2-)-N)di net hyI t| tanl um (N-cycl ododecyl - 1, 1
- di met hyl - ( ( 1, !2D8néihy!7rd- pleamy|mhetByl{-( 4( 1.2 Gi3aaby) Butiyed@teybxy)- 1H- 1
H i nden- 1 yI il anam nat o(2-)-N)di net hyl titani um
(N-cycl d@odéec}qml -yDsijanagjipaie @y N)dimethyltitanium
-((1,2,3,3a,7a-[err]) - 2- (trlrrethyIsHoxy) 1 Hinden- 10

e e

H-inden- 1 -(¢imahylamare)1d-mden)l=-y\sdhnmedinytbi2-3-BidiEthyltitanium In the
above nanes where 2-heteroatomindenyl conplexes are named, a

-d
-y

NSl el

In the above names where 2-heteroatom-indenyl complexes arc named. a
similar range of compounds are those where the N-(1.1-dimethylethyl) group is

15 replaced by N-cyclododecyl as demonstrated by the following compounds.

(N-Cyclododecyl-1, l—dimcthyl-l -((1,2,3.3a,7a-1)-2-(l -pyrrolidinyl)- | H-inden-

l-ybsilanaminato(2-)-N)dimethyltitanium

(N-Cyclododecyl-1,1-dimethyl-1-((1,2,3.3a,7a-1)-2-( | -piperidinyl)- | H-inden-

t-yhsilanaminato(2-)-N)dimethyltitanium

20 (N-Cyclododecyl-1,1-dimethyl-1-((1.2,3,3a,7a-n))-2-(dimethylamino)- | H-

inden- 1 -y})silanaminato(2-)-N)dimethyltitanium

(N-Cyclododecyl-1,1-dimethyl-1-(1,2,3,3a,7a-n)-2-(Diethylamino)- | H-inden-

1-yl)-(silanaminato(2-)-N)dimethyltitanium
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simlar range of conpounds are those where the N-( 1, 1 -dinethylethyl)
group i s 1%oosidetd aced by N-net hyl ethyl as denonstrated by pdwus®nBULAM ng
conpounds. (1,1 -Dinmethyl -N-(nethylethyl)- 1-((1
,2,3,3a,7a-[err])-2-( 1 -pyrrolidinyl)- 1 Hinden-

1- yI ) si | anam nat o( 2(y-Qycthdadedi-l ti-dimethyinl -((1.2,3.3a,7a-m)-3-meghy!-2- 1

Lot~ R e e ke astsy R bl D B B @ ™)

(1,2,3,3a,7a-[err])-2-(Dimethylamno)- 1 Hinden- 1 -yl)(1, 1
-di net hyl - N- N®tRYdelEl ) ;1 -dinretiSild 1 a0RIBMAAMD 3-ridighZet hyl ti tani um
(1,2,3,3a, 7a- [err]§ Z)J(ED etiasy’l an no) -W &Oln den- 1T% yl)( Hyl 1 -dinethyl-N
(rret hyI et hyl ) -( rﬂeth;(lshd:wrhmnnnhﬂﬂ(xﬁdz)n—Ny@smmatm(ﬂa)ﬁﬂmmnethymtamum

- 25- WD 98/ 06728
PCT/ US97/ 13171

zI 3,3a, 7aJerr])- 3£m1st/ﬁl§)fiodzcy’ L l-dlmefgf/ﬂﬁﬂmw éﬁﬂﬁ@yme@fzgx Aﬂéﬁderﬁ
B et hyt o (meonBr A SO ) s ety 2

(rret hyl phenyl am no)- 1 Hinden- 1 -yl)silanam nato(2-)-N)dinethyltitanium
(1, 1 abicyeloldydeci-{ Melidaydhel-by(1)2,3,32,7a-1)-2-((1,1-dimethylethyl)oxy)-
((1233a 7a err])-2-nethoxy- 1 Hinden- | -
yl ) si | anani nat & \[‘lznsienN)mlmlmxt\i}l@(&rormﬁlmethylmamum (1, 1
-Dinmethyl -N-(nethylethyl)- 1-((1 ,2,3,3a,7a-[err])-2-(( 1,1
- di et hyl et hyl ) oxy) . . .
1) si | anani nat o( 2- W&yﬁlg{jﬂaﬁcﬂ ?ggipr&ﬁ%h}l '13((1,2 3.3a, 7a—n)-2-(trime(i\ylsxloxy)-lH-mden-

- Di et hyl - ( W?Iylﬂ)xhzmafﬂmhhu(zl) Nidihethdifadam/a- [err] ) - 2- (trimethyl siloxy)- 1

H 10 i nden- -yl)si | anam nat o( -)- N) d| met hyl titani um
(1, 1 -Di methyl - N-(methylethylz -((1 3a, 7a-[err])-3-net hyl - 2-
(di met hyl anmi no) - 1 MNicydlododety yll)@ﬂnb@.\uhmmaﬁ 3827y W@n@vh%@m@hﬂlmno)—

szghﬁ;ﬁégamgk«[&‘%’g&'ﬁgﬂl &%M ?\@glﬁw&%ﬁ‘gﬁg%‘?are named, a 15 a tS|hren | ar

range of conpounds are those where the two nethyls bound to the titanium
are In the above names where 2-heteroatom-indenyl complexes are named. a

similar range of compounds are those where the N-(1,1-dimethylethy!} group is

replaced by N-methylethyl as demonstrated by the following compounds.

(1,1-Dimethyl-N-(methylethyl)-1-((1,2.3,32,72-n)-2-( 1 -pyrrolidiny!)-  H-inden-

t-yl)silanaminato(2-)-N)dimethyltitanium

(1,1-Dimethyl-N-(methylethy!)-1-((1,2.3,3a,7a-1)-2-(1-piperidinyl)- 1 H-inden-

1-yl)silanaminato(2-)-N)dimethyltitanium

20 (1,2,3,3a.7a-n)-2-(Dimethylamino)- | H-inden-1-yl)(1,1-dimethyl-N-

(methylethyl)-1-(silanaminato(2-)-N)dimethyltitanium

(1,2,3.3a,7a-n)-2-(Diethylamino)- 1 H-inden-1-yl}(1,1-dimethy!-N-

(methylethy!)- 1-(silanaminato(2-)-N)dimethyltitanium
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repl aced™R 871381 i des as denonstrated by the foll ovvi ng comydinge 7

Dichloro(N-( 1, 1-dinethylethyl)- 1, 1 -dinethyl- -((1

, 2,3, 3a. 7a- [err]()1331(‘néhyl N-(methyRytiyi e icdiny k) 7@#@-@% 1-3.

-yI )sil anam nat o(2-)-N)t'i t ani um chl or o( N-cycl ohexyl - 1,
1- di et hyl {d;hyl@(elhy,l@neloi)ld}i?mdﬁleﬂ ryji)silanaminatof3i- bk‘ﬂdlmedwlll)tanmm-l- 20 i nden-
1 yI)S|Ianamnato(2) N)tltanlum Di chl oro(N-nethyl - -1, 1

S: ;nsa;[ Ihglnam nat él 25) %‘}9117@5{"3 Q‘hy%)‘ - quag 9% %%O%’Fg‘ryb?ﬁ\l- met hy! - ! n(ien-l !
-dimethyl - ey @ g}g@%@%ﬂm SRR Ly SRR AN @medyifkanium 1 Nden- 1

-yl)sil anam na tani um

- 26- WD 98/ 06728

PCT/ US93/ 13171 (1,1-Dimethyl-N-(mBthyltetionp( Xt 162, Bk, 7a-hy)- 2L methorpdi byinded- 1 ( (1
, 2,3, 3a, 7a- [lerr]) 3- net hyl - 2- (et hyl met hyl am no)- 1H-inden- 1

"yl ) sil anan }ﬁdﬂt@(@ﬂ?mﬂ)ﬂ difedmmlititanium Di chl or o( 1,1

- Di et hyl - N-phenyl -1 -((1 ,2,3,3a, 7a-[err])-3-nethyl -

t hyl ph I tit
E)iméhl )C/)rg(inyla_ %Pmﬁﬂnﬁgwgw eﬁ%p% T(glapi'?ag?%sqélé-%thyﬁ:%quxy)
[err]) - 3- mehydes-|-yhsilanam{cARN DYy NDBRABhY 8BRS - 1H-i nden- 1
-yl ) sil anam nat o( 2- :5 titani um Di chl or o( N-cycl ododecyl - 1,

1 -dinmethyl- 1-((1, 2, 3 3a, 7a-[err])-3-nethyl - 2-
(et hyl phenyl aM(hd)DMthﬂd&ﬁmemmtbﬁ) Il d blavB BafoR-2-(eNjnet iy dsliowyd- 1 H-

2 0h o8N iR gy D gt s hyidgumg | nden- 1

-yI)S|Ianamnato(2) N)titani um Dichloro(N-(1, 1
- di met hyl et hyl) B ; [ 3- met hoxy- 1
Hinden- 1 -yl) s(lll]ia%}a%ghgﬁgng{ah- ﬂ'?)l(lé ?I B%Qﬂ% ?He]h)ﬂ Dichloro(N-( 1,1

- di et hyl et(hyh@thyl.’immr)dll-fmtdby-ll yl]sila(n.(zﬂmatb(zs) Badireitydnvahur?2- ((( 1, 1 -
di met hyl et hyl )di met hyl silyl)oxy )-1Hinden- 1 -y

| il anam n i ni ym Y -
)silana at 0(2’?\4 hc%erct)aatlom amidelTiXs-indenyl complexes

In the above names where 2-heteroatom-indenyl complexes are named, a
15  similar range of compounds are those where the two methyls bound to the titanium are

replaced by chlarides as demonstrated by the following compounds.

Dichloro(N-(1,1-dimethylethyl)-1.1-dimethyl-1-((1.2,3,3a.7a-1)-2-(1-

pyrrolidinyl)-1H-inden-1-yl)silanaminato(2-)-N)titanium

Dichloro(N-cyclohexyl-1,1-dimethyl-1-((1,2,3.3a,7a-n)-2-(I-piperidinyl)- L H-

20  inden-1-yl)silanaminato(2-)-N)titanium

Dichloro{N-methyl-1,-dimethyl-1-((1,2,3,3a.7a-1)-2-(dimethylamino)- 1 H-

inden-1-yl)silanaminato(2-)-N)titanium

Dichloro(IN-methyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-(diethylamino)- | H-

inden- 1 -yl)silanaminato(2-)-N)titanium
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15 In the above nanes where 2-heteroatomindenyl conplexes are
named, a wo9806®m8ni | ar range of conpounds are those where tRETUR/ ¥yl s

bound to the titani um are repl aced by phenyl met hyl as denonstrated by
the follow ng co met hyl et hyl 1, 1

- di met hyl - 1g rerD‘C °§><§‘a¢“7\é1‘ f&dimpgthyl-d-( 1>F|é}y-’fi‘rl7’d‘r‘i1}35) ﬂyﬂy?i - i nden-
I -yl)silan iy

(N yq%l Ohex?ﬁh?ﬁﬁ&]&ﬁg%ﬁf%{?@ftﬂgﬁ ']Y)L]?@?Fam(rln}r{a'té(ég "'J'{(?é:ﬁfw? L
-piperidinyl)- | Hinden- - yl)sil anam nato(2-)- N) bi

s(phenyl met hyl ) t iDiahloestl, 1-Dimethyl-N-phenyl-{-{(1,2,3, 3a ,7a-1)-3-methyl-2-

, 2, 3, 3a, 7a[err])l 2-(Di methlamnl)2 1H i nden- l'\<I)(I\I-m<athyl 1, 1
- di met hyl - 1{methy Phcnlf'slml%ﬁ)a Hes( Yb)S‘M"BF%Q%SP@n)y PFERBPI) t i t ani um
-27 - WO 98/ 06728

PCT/ U897/ 13171

1H | nden- 1-vyl )(@‘m’%‘toﬁ%] 1 ?lm%ﬂ'y]cﬁ @P%@l%%[h[yﬁr u()] %%?Dhﬂ]gél ﬁg{hgﬁi

-) - N) bi S(phqmétﬂm%mg% m@mmmﬂden 1-yl)sﬂanamma{éﬂ’i‘ﬁNb\Ylhmuﬂh 1 -Dinethyl- 1 -((
1 ,2,3,3a, 7a-[err met hyl - 2- (et hyl met hyl amino)- 1 H

den 1-yl)silanani nato(2-)-N)bi s(]phenyl met hyI )t| tanium 5 (1, 1
D| met hyl - N- phenymmhlpro(q\( q_ycio odecyl-1,1-dimethyl-1-((1,2.3,3a,7a-n1)-3-methyl-2-

,2,3,3a,7 I 1 Hinden- 1
TGRS o 2
-Di net hyl - N-(phenyl nethyl)- 1 -((1,2 ,3 ,3a,7a-[err])-3-nethyl-

(et hyl phenyl am nggeniolétN-id H]{d thyl- - 1.2,3.32,7a-n)-2~(dimethyl 1.
-yl ) si | anam nat o( 2-) - N)bls(gﬁeny rrlg%eh)f tl((tan u?nan) (dimet yammo)l

(N- Cycl d@odeogdn-1 y})sﬂanﬂmmmb(ﬁy]-mtixam(u(ri 2,3,3a,7a-[err])-3-nmethyl-2- 10
(et hyl phenyl am no)- 1Hinden- 1

-yl)sil i nat t

(1503 30 7ar Ler bl o AT DA ed oL eriadeemy-methony-

-di met hyl - 1. It b h | methyl )tit

(N (L 1 O S e R A, TP ey MLV L tantum
,2,3,3a,7a-[err])-2-nmethoxy- 1H i nden-

1-yl) si | anam nat dDzh)ord(Ns{ s { dimaety leetyily 1 ) tditadiytihy((1L3,3,.3a.7a-n)-2-(((1.(N- (1, 1

-Dinethylethyl)- 1, 1 -dinmethyl- 1 -((1., a, 7a- 1,1-
y c}{m)ethylethyl)dimethylsil¥l)oxy)-lI-g—(mden yl)sxlanamugatoa]))\I)t1t:(1r$u(1m

15 In the above names where 2-heteroatom-indenyl complexes are named. a
similar range of compounds are those where the two methyls bound to the titanium are

replaced by phenylmethyl as demonstrated by the following compounds.

(N-(1,1-Dimethylethy!)-1,1-dimethy!-1-((1,2,3,3a,7a-n)-2-( 1 -pyrrolidiny})- 1H-

tnden- [ -yl)silanaminato(2-)-N)bis(phenylmethyl)titanium

20 (N-Cyclohexyl-1,1-dimethyl-1-((1.2,3,3a,7a-1)-2-(1-piperidinyl)- 1H-inden- 1-

yl)silanaminato(2-)-N)bis(phenylmethytitanium

(1.2,3,3a,7a-n)-2-(Dimethylamino)- 1H-inden- 1-yl}(N-methyl-1,1-dimethyl-1-

(silanaminato{2-)-N)bis(phenylmethytitanium
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- CT/US97/13171
di met hyl YR ?’5’ et hyl silyl)oxy)- 1 Hinden- 1 -yl)sil anamPnato 2-)-

N) bi s(phenyl net hyl )titani um In the above nanes where

2- het er oat om i ndeny B, Jaompd )ex eBietvytanmiaoBdH-iaden- 1-y)(Simetha) | nadigetht- 1-
conpounds are those where the two nethyls bound to the titaniumare 20

repl aced by(ﬁQltm¢fm§1ﬂW§(1%1"1)913%?6@}1?16“&/@‘%%5t rated by the foll owing
conpounds. 1,1 -Dinethylethyl)- 1, 1 -dinmethyl- 1 -((1

e b RO oty o
(N-Oyel ohexylgendy l_zlasxraﬁhrﬂﬁ\tafh‘(*‘)N])brs(;{h%nyl%e'é\ﬁﬁrtiﬁmﬁwe”]) 2-( 1

- pi peridinyl) i nden- -

yl)silanam nato(2-)-N)bis((trinmethylsilyl)methyl)titanium

- 28- 5 WO 98/ aBirizéhyl-N-phenyl-1- ((1 2.3, 3a 7a- n) -3- methyl 2-(methylphenylamino)-
PCT/ US97/ 13171, _ _ S é ﬁ re z nng met hyl am no) -

1H i nden- 1 !Hyingdeny ndisHgpamigatol?- -0 B Wylmgz 3’1) aniu

(silanam nato(2-)-N)bis((trimethylsilyl)nmethyl)titanium (1

2y 3 3a Ta- L Ty 2-bileRly R AR iently S Q028 30 o - ey DY ! -

lldlrrethl

(silanam namez%ybphwpm(r(ot)nmamll%njsmhamhbmtz §-N)BR{phehyImfethyl )titanium
(NEthyl-1,1 -dimethyl- 1 -((

,2,3,3a,7a-[err]) - 3- rrethyl-2-(ethy| met hyl am no%i i nden- 1
- yI )sil anam nat o(M-Gyalpdsideeyitls | -dnailyyls] [(ﬁl")%% ?ﬂ?ﬁrmathvh?n

1, 1 - h
2 3 3a R, (B BN AR H i sHaRT RAe(s) 2 bistohenyimethydifaniyem
-yI ) sil anam nato(2-)-N)bis((trimethylsilyl)nmethyl)titanium
( 1, 1-Dinethyl - o@mmA- ﬁFQJMxHethylam%i-l?L—r%d@x@-ﬂﬁ)(f\l%éﬂw}r- -t Ryt 4 10
(rret hyl phenyl am no)- 1 Hinden- 1 -yl)silanam nato(2-)-
N) bis((tri méslhynhmmdyd()lﬁﬁﬂb}d([)hcwmtbuﬁmamum (N-Cycl ododecyl - 1 ,1
-dinmethyl-1 -(( 1,2,3,3a,7a-[err])-3-nethyl -2- (et hyl phenyl am no)- 1

N bl s (111 ne¥L)yf¥Fr0%"b8%%f5§5%E’? D} ey 11,2332, Tap -methoxy- L inden-
2,3, 3ﬁy7a [lefl5511an%niﬁlg0m§JMb§(ﬁh9@Imew}tl@ﬂﬁ’ﬁ}n 1 -yl)(N-nethyl- 1, 1

" di met
15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1.2,3.3a,7a-1)-2-(((1.1-
dimethylethyhdimethylsilyl)oxy)-1H-inden- I -yl)silanaminato(2-)-
N)bis(phenylmethyl)titanium

In the above names where 2-heteroatom-indenyl complexes are named, a
similar range of compounds are those where the two methyls bound to the titanium are

20  replaced by (trimethylsilyl)methy! as demonstrated by the following compounds.

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-{(1,2,3,3a,7a-1)-2-( | -pyrrolidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)bis((trimethylsilyl)methy]titanium

(N-Cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-( | -piperidinyl)- |H-inden- -

yDsilanaminato(2-)-N)bis((trimethylsilyl)methyl)titanium
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(silanam nato(2-)-N)bis((trinmethylsilyl)nmethyl)titani um

(N-( 1, Iwvobywerdyl et hyI )- 1, 1 -dinethyl- 1 PCT/US97/13171
-((1,2,3,3a,7a-[err]) - rrethoxy 1H i nden-

1- yI)s i lanam nato(2-)-N)bis((trimethyl]sjl I)rreth Ié&ltani um

(N-(1, 1 -Dinet bzl 947)1 SiVEA lmemym'ﬁwl 1m<éf(n byD @%%yl?lalﬁe'ﬂ?‘w': o 1,
1- 20 i nden-

-yl)sil anagg: H%'{ g?éﬁé&y Mﬁ QRWX&@( %w‘ rgé%@%ﬂ‘ yl) nmet hyI )titani um

In

t he above nanmes where 2-heteroatomindenyl corrpl exes are named, a
simlar range of(xc;pms@aadﬁ A(CHethRRSsingW B Endehiel -§ OV-FREHY 181 bmmcym@ t he

titanium are | aced by 2, 2-di net hyl propyl as denonstrated by the
fol | owi ng c@ﬁm;md@o(”- —N)bls((mmethylsxlyl)methy! titanium
-29 - WD 98/ 06728

T S SSLTL o gy im0 3y TS Mol G
d 1-yl t
(N Oyl onengro PN E bt S g X ™ o per i di nyl) -
1 Hinden- 1 - yl ) silanam nato(2-)-N)bis(2, 2-di net hyl propyl)titani um
5 (1 {121 Eiﬁmh&&N[ piran}:b—l-lél(m Ge &) drmedy-2{methyiphemylarhino)-

, 1 -dj
(311 &nam nal Ginde: Nyap'@wnwa@rmn gyt AR ritanium (1
,2,3,3a,7a-[err])-2- (D ethylam no)- 1Hinden- 1 -yl)(N-nethyl- 1, 1
(drmethyl - 1Dk ANRR el Mo T Re ) S8R R)es 0Py ) U tani um
, 2, 3, 3al(/ a- (math}iphéhytarhing)-1 A-icedrh yyieill dniahamats@))- 1H 10 i nden-
(11?/I1) SH ﬁg?mwr:?(wl (2- ; - mylpet%)(limgr;xg%t hyl propyl ) titani um
,2,3,3a, 7a-[err])-3-nmet hyl - 2- (net hyl phenyl am no) - 1 Hinden- 1

yl) si'l anam nat o(g:0 N8P 2Bty ML RT SRHaHal BRIy 2-

(methylphenylamino)- |H-inden-1-yl)silanaminato(2-)-

Nibis((trimethylsilyl)methyl)titanium

15 (1,2.3,3a,7a-n)-2-(Dimethylamino)- 1H-inden- I -y)(N-methyl-1, 1-dimethyl-1-

(silanaminato{2-)-N)bis((trtmethylsilyl)methyDtitanium

(N-(1,1-Dimethylethyl}-1,1-dimethyl-1-((1,2,3,3a,72-1n)-2-methoxy- 1 H-inden-

l-yDsilanaminato(2-)-N)bis({trimethylsilyl)methyl)titanium

(N-(1,1-Dimethylethyl}-1,1-dimethyl-1-((1,2,3,3a,7a-1)-2-(((1,1-
20  dimethylethyl)dimethylsilyl)oxy)-1H-inden-1-yl)silanaminato(2-)-
N)bis((trimethylsilyl)methyl)titanium

In the above names where 2-heteroatom-indenyl complexes are named, a
similar range of compounds are those where the two methyls bound to the titanium are

replaced by 2,2-dimethylpropyl as demonstrated by the following compounds.
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1- D N HE™R (phenyl methyl)- 1 -((1,2,3,3a, 7a-[err])- 3<nethyl - 2-

hyI phenyl am no)- 1Hinden- 1 -yl)silanamnato(2-)-N)bis(2,2- 15
met hyl propyl ) tidani UBimethyleth DL -dimeth | Ddogeeyh2-d-dyredidmBinyl: 1
1,2, 3, 3a,7a- [(er(rl]) 3h { y N%@ hyT pheny)ang n%y - 1H i'nden-

(
yl)sil anarnindext b(yBS“j&nlalyrmrsQ(Z )EN)th( dxmcmumﬂwy@mwnmtu tani um
N- Met hyl - 1, 1-dinethyl - -((1,2,3,3a,7a-[err])-2-(dinmethylamno)- 1

(N (11 70 et hme:%gz%ﬁé&i?"’l”&&ae?@ ﬁ¢ %bﬁ%ﬂf’ &1 endnpbr Aot noxy -

N-
Hind di net hyl l)tit
S i LRy ik S s BN A PR T

di et hyl et hyl ) di met hyl si | yl )oxy) 1 H-i nden-

1- yl ) si | gnam nat q(12,3 38 HingL2ADImeBSlaminsdi FFBikdehpIr- PIEN- )ﬁ.eutyam [Uthimethyl-1-

- 30- WD 98/ 06728

PCT/ US97/ 131(Rilanaminato(2-)-N)bis(2.2rdimethy | RibpKl BitkWBS wher e 2- het er oat o | ndenyl
conpl exes are naned. a simlar range of conpounds are those where the

220t et hyl am najiret gy ke e g £ B emethy P 1 -8ttt ng

conpounds. (i 2Nl o e e nmmthyl)phenyl)(w( 1,1
- Di mathyleth(;‘ amll?ato( x ) 2< y'l'&* ﬁ)‘ﬂt : ,2,3,3a, 7a-[err])-2-( 1

-pyrrolidinyl)- 1Hi nden- 1 -yI )SI | anami nato(2 ) N)tl tani um
(N-Cycl ohexyl - 1, (N-ediiyh'é,tlﬁ?iln(cﬁa)(l(ldﬁ( Wﬂmhﬁmnbﬁmyiﬁl-@myhngthﬂmme)-m-

AHl Q_I—\/-\
[ W

'_\/—\ H/-\

g( §| )23|3| gﬂaZﬁ%h%”?E)r %))s)lamrmta blS( A l)'ncthyﬁropﬁ)tltamum

(2-((D et hyl am no)rrethyl )phenyl J(NNmethyl- 1, 1 -di nethyl- 1-(( 1,2,3
,3a, 7a-[err])- t - 3

Ly sil anan nat o(g- Pﬁﬁ] l’;ﬁ ng\éhﬁ”} -9/ ﬂ-ﬂ"'*]ﬂﬂ?@ “méthyl-2-(methylphenylamino)

(2- (( D et hylHinded) n?t)hyxlnhmhﬁmﬂ bt hdimdthyfpropyhititanium

-dinmethyl-1-((1,2,3,3a,7a-[err])- 3-nmethy 1-2-(ethylnmethylam no)- 1

H-i nden- 1-yl 5|Ianam nat o( 2-) -
yh (1.1 Dxmethy](N ()phtl\rlm)yﬁmethyl) 1-((1,2,3,3a,7a-n)-3-methyl-2-

(methylphenylamino)-1H-inden-1-yl)silanaminato(2-)-N)bis(2,2-
15  dimethylpropyl)titanium

(N-Cyclododecyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-3-methyl-2-
(methylphenylamino)- I H-inden- [-yl)silanaminato(2-)-N)bis(2,2-

dimethylpropyl)titanium

(N-Methyl-1,1-dimethyl-1-((1,2,3,3a,7a-1n)-2-(dimethylamino)-1H-inden- i -
20 ylsilanaminato(2-)-N)bis(2,2-dimethylpropyl)titanium

(N-(1,1-Dimethylethyl)-1,1-dimethyi-1-((1,2.3,3a,7a-1)-2-methoxy- 1 H-inden-
1-yl)silanaminato(2-)-N)bis(2,2-dimethylpropyl)titanium

(N-(1.1-Dimethylethyl)-1,1-dimethyl-1-((1,2.3,3a,7a-1)-2-(((1,1-
dimethylethyl)dimethylsilyl)oxy)-1H-inden-1-yl)silanaminato(2-)-N)bis(2.2-
25  dimethylpropyljtitanium
-30-



D net hyl am no) net hyl ) phenyl ) (1 ,1 -di net hyl - N-phenyl - 1
, 2, 3,80, 98m6728r1]) - 3- et hyl -2- (et hyl phenyl ani n&ET/H97/ Hdéh-
S|Ianamnato(2) N)titanium 15

T A R AR

| ananmisigil £ cgnge of compoundY)dré tHRé Witkre the two methyls bouhdhd e |t@.ﬂﬁldﬁ@bé| 1,
met hyl (2- ((dinet hyl am no) net hyl ) phenyl) - (1

3a, 7a- [repiadey by- armngiyll (i thytaphipedereshydiphomy)l-2s dempnyizated by the

S|Iana natoé %ﬂ’@ N)titani um (2-((D

| ani no)?r%‘f”ﬂf) B Hyﬁ“is(r\pmethyl- 1,1 -dinmethyl- 1 -((1,2, 3,3

[err])- 2- (di net hyl am no) - 1H-i nden- 1

i | agam nat o BiFhethyl)ph L1 dimethyl-1-

Di ot hyl an g%}én%tl}%\éﬁ‘%l%ﬁ!é‘n% XPRrepy (L L Dimethylethyly-| et hy! - 1-

1,2,3 3a ((7£a,B6nﬂh-)n)22-nnpjvmod;dm)d!)=|-mnddﬁn-l«ywkx)mhmmmna‘tm(uﬁm)mN)t| t ani um
-31- WO 98/ 06728

PCT/ US97/ 13171 hyl am no) e IY(N-(1, 1

-Di net hyl et hyl ) - iV-(ivclahw wr‘gl"f el ((Jlmeth(/ a@ln@)ﬂﬂﬂ‘@é)g?a"ﬁk?(r] )-2-((( 1, 1
-dirrethylet 5 ; ) € AL

yl)sil anam 1 ?Q%E@tl #lpéﬂ]&%% - H’dl:@qeﬁjsx}awrarr]mpﬁtg(’l bB’&‘é‘“"’anes wher e
2-heter oatoml ndenyl conpl exes are naned, a 5 simlar range of
compounds are thQSQ(M‘;\&m@/lﬁerow@zhm@ﬂt)iyﬁ(bbﬁiéﬂql-t]Ol -gifetiyltiaMi am RR-n)-
replaced by a single 2-((dimethylam no)phenyl)nethyl as denonst r at ed by the
fol | owi h9 cénfson ﬁgglammo) IH-inden-1-yl)silanaminato(2-)-N)titanium

2-((Di rrethyl am no)phenyl)rrethyl J(N-(1, 1 -Di rrethyl ethyl)- 1, 1 -dinethyl-

il anam nat o% S%%ﬁl%rﬁ{r@#wetﬁél(}phcnyﬁéﬁ Ct% ? %ihgm%&ld?gfﬁi -T)-

l)s

met hyl (2-3( ik bh!ﬂh?fﬁ)él@l@r‘ﬂ%ﬂ DHYBbY )y1)sﬂarrammato('7 )-Nftkanium
3,3a, 7a-[err] pi peridinyl)- 1H'i nden-
)

silanam nato(2-)-N)titani um
(2-((Dimethylamino)methy{)phenyl)(1,1-dimethyl-N-phenyl-1-((1.2,3,3a,7a-1)-

- HlAAHlA
N \</-\N|/—\N
1 —\]H\<- L S < N
/-\U) I\<\_/- —U)" NN - ~

3-methyl-2-(methylphenylamino)- | H-inden- | -yl)silanaminato(2-)-N)titanium

15 (2-{({Dimethylamino)methyl)phenyl)(1,1-dimethy!-N-(phenylmethyt)-1-
((1,2,3,3a.7a-n)-3-methyl-2-(methylphenylamino)- | H-inden- I -yl)silanaminato(2-)-

N)titanium

(N-Cyclododecyl-1,1-dimethyl(2-((dimethylamino)methyl)phenyl)-1-
((1,2,3,3a,7a-1n)-3-methyl-2-(methylphenylamino)- 1 H-inden- 1-yl)silanaminato(2-)-

20  N)titanium

(2-((Dimethylamino)methyl)phenyl)(N-methyl-1,1-dimethyl-1-((1,2.3.33,7a-1))-

2-(dimethylamino)-1H-inden- I-yl)silanaminato(2-)-N)titanium

(2-((Dimethylamino)methyl)pheny!}(N-(1,1-Dimethylethyl)-1, 1-dimethyl-1-

((1,2,3,3a,7a-1)-2-methoxy- | H-inden- 1-yl)silanaminato(2-)-N)titanium
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(2- ((Di meWRBLET%80) phenyl ) met hyl ) (N-met hyl - 1, 1 -di met hyl - TEoqe £
,2,3,3a, 7a-[err])- 2-(dinmethylamno)- 1 Hinden- 1

-yl ) si | anam nat o((Z{QDingh)thning)methyl)phenyl)(N-(l.l-Dimethy]ethyl) I,] dimcthy]-l-

(2-((Dinmeth h t hyl N—e-.I- I

1,2, 3, 3a, 7a Taﬂ}*? )7Q1’§W' Hﬁi{%é ‘%’Qﬂhﬁﬁﬁé‘bﬁiﬂ%ﬁﬁdﬁédmﬂﬂl nden- 1

-yl)si Ianam 7t__t4 i

(2- ((Di met hyl g’tr]nmﬁ‘grﬁ )“Hg?ly Aot Wi 1 1 dimethyl N pheny! -

-((1,2,3,3a,7a-[err]) - 3- et hyl - 2- (net hyl phenyl am no) 1H i nden- 1

-yl') si I anam nat o(I21he N)olvehamesmhere 2- heteroatom -indenyl complexes are named, a

(2- ((Di net hyl am no)phenyl)rreth 1 -di nethyl - N- (phenyl net hyI) 1 -

((1,2,373a5malgrdprge @DW@@HWS aze (hnaé@ WF??HB%W%WHH}@OPHMQ gditaniym are

-yl)sil anami, gdecyl- 1, 1

_di met hyl (2 %?%&(dgolyh ?13%?’7 -( yra?)l: g}r?hft}vl)raethylasdemo{xg\l' a%’dcbyﬂ

((1, 2, 3 3a, ?chE»elmg]cbrr@mﬁmshyl 2 (et hyl phenylam no)- 1 Hinden- 1

-yI)S|Ianamnato(2) N)tltanlum

(2-( (D met hyl am no) phenyl ) met h (I\I—msthz'm.é -dinmethyl- 1 -((1,2,3,3

a, 7a-[err])- 25 (2- (BDl(rlmt}ﬁ;é{irﬁyﬂo ﬁﬂ)mgqhy{ h_l B_umethylethy! -1,1-dimethyl-1-

:?22 st anam({‘l\m?égﬂégg)zg(l pytToL{eryl) 1H-inden- [-yl)silanaminato(2-)-N)titanium

PCT/ US97/ 13171 (2-( (D et hyl am no) phenyl )methyl ) (N-( 1, 1

- Di met hypet hyl ) - (&-&ycldhdii- hMLdmﬂm%l(o ((dxmeu{yﬁénmg)pﬁe%a)n?émh%ﬁr]) 2- et hoxy-

1 Hinden- 1 -yl)silanam nato taniu

(2 ((Di et h)([lahﬁﬁo)ﬂahe)ﬂ%ftl) mﬂ:hq«hyl()NH inded-1- mmnminatomﬁb -Ntithniuin - di net hyl -
(1,23, 3a, 7a[err]) 2- (((

11d|rrethylethyl t hyl si |

yl ) si | anam nat o( 2()>(% Igb%f Hﬂ?‘ﬁﬁghen%mc‘%yﬁr{‘mcmﬂ'lt- h‘&‘%@(}é"ﬂéﬁ&-”%ﬂb

2- het er oat orp dn,q@tﬂ |arR RO BXSEn A6l i 2-N)tieaHiff, | @ar range of

conpounds ar e(I t hosg \;fvﬁe% he th0§-‘ )g%‘ﬁlsna o(urm)tu(t)a%{'@é titanium are

replaced by [err]-bound 1,4 diphenyl-1, 3-butadi ene as denonstrated by the

fol | owi ng (é{((‘mmmmlwbdammbﬁphcnyl)mcthyl)(N-(eﬂhyl—l I-diffeerytJi-(¢ 1,2 3;3aMaaght ene-

1,4-diyl)bis(b - Di et hyl et hyl

! yl; ! S3( mgtr}]\Z Qe&%:?hy,\l-ethy]ammo) lHnﬁ'ldC%/ l?yl)s)l/la%ammatoﬂ )-N)titanium

(2-((Dimethylamino)phenyl)methyl)(1, I -dimethyl-N-phenyl-1-((1.2,3,3a.7a-n)-

3-methyl-2-(methylphenylamino)-  H-inden- 1-yl)silanaminato(2-)-N)titanium

(2-((Dimethylamino)phenyl)methyl)(1, 1-dimethyl-N-(phenylmethyl)-1-
((1,2,3,3a,7a-1)-3-methyl-2-(methylphenylamino)- 1 H-inden- I -yl)silanaminato(2-)-

20 Ntitanium

(N-Cyclododecyl-1,1-dimethy!(2-((dimethylamino)phenyl)methyl)-1-
((1,2,3,3a,7a-n)-3-methyl-2-(methylphenylamino)- 1 H-inden- 1 -yl)silanaminato(2-)-

N)titanium

(2-((Dimethylamino)phenyl)methyl)(N-methyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-

25  2-(dimethylamino)-1H-inden-1-yi)silanaminato(2-)-N)titanium
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dimethyl- 1 -((1,2,3,3a,7a-[err])-2-( 1 -pyrrolidinyl)- 1 Hinden- 1
-yl) si | anagbRgheha-) - N)titani um (1, PCT($9ens i
1, 3-butadi enc- 1 ,4-diyl)bis(benzene)) (N QICI ohexyl 1, -dinethyl- 1 -

((1,2,3,3a,7a-[err pi peridinyl) -
-yl )S| | anami nat O(@&(h\]}’lﬁg‘lyﬁlﬁ] g,(p;}phq_ryl)methyl)(N (L, l plmgthvle(tlp)é) ]l ~dimethyl-1-

<1 155, 30, dy e%ﬁ Rz S B L e

|Ianamnato(2 -N)titani um (1,1-([err] 1, 3-butadiene- 1
i yl ) bi s( benzege)(DimcMplamiho)phenyl)melhy TR, t-Dlmethylethyl)-1.1-dimethyl-1-

, 3, 3a, 7a- [erFTg( 2- (dg?et hyl gm n%)) 1H | néclllen- ylethyD Y

il anam f(eht.-o?(ZZL?a»N) -LH{@nii- dnmethylethyl)dlmethylsxlyl)@&y)-lH-l(lﬂm-ﬂ-] 1

adl 4- dlg))lzrsxiébenzene))(l\l-et hyl- 1,1 -Dinethyl-1- 20

, 3, 7&1 T’@P?T naO(RR AU Pet hyl net hyI am no) 1Hi nden- 1-yl ) si | anani na
-)- N)titani um "-([err]- 1 ,3-butadiene- 1
Pyl)bis( benzeﬂ?&ﬁb&vénir&smé?é/b H@Ie?&ﬁ&%l-mdr;ny] complexes .(u@:l'\amed a

,3a, 7a-[err])-3-met hyl - 2- (net hyl phenyl ani no 1 Hind

si | anam siatila¢ 2ange of compourids tare thoseuwhere the two methyls bound to the titanium are

- WD 98/ 06728 _

Us97/ 131%eplaced by nt-bound 1,4 dxphq_nyj_ +1,3- kn[téqlpq\a 3s demafistragddyahe following
d|yI)b|s(Qgrg )s)( 1, 1 -Dinmethyl- (phenyl methyl)- 1 -((1

3, 3a, 7a- [err;ﬁn@ et hyI 2- (et hyl phenyl amno)-1 Hinden- 1 -

silanam nato(2 -)-N)titanium (1,1

err] - 10 3- but adi ENetn*11, 34udidisn i & diyepRERaRNE, Rovdesylethyl-1.1-

- di et hyl - 5 1-((1,2,3,3a,7a-[err])-3-met hyl -2- (et hyl phényl'am no)- 1
Hinden- 1 ﬁlmﬁh)llalné(mmﬂib@?n) -2-(1-pyrrolidiqyt) tEwdem: -yDsilanaminato(2-)-

Nititanium

I~~~ 1
—
Q_v

1= - e~
w‘i_l\J-bO"‘(D‘<"‘J>
o~—-
- I\)CU)I\)_U)
—_ —

l\<- - -Ul
A:.NAQ'
\OOVOOD.I\)"

(1.1’-(m*-1.3-butadiene- 1 4-diyl)bis(benzene))(N-Cyclohexyl-1, 1 -dimethyl-1-
((1,2,3,3a,7a-n)-2-(1-piperidinyl)- 1 H-inden- 1 -yl)silanaminato(2-)-N)titanium

15 (1,1 '-(T]J- 1,3-butadiene-1,4-diyl)bis(benzene))(N-Methyl-1,1-dimethyl-1-

((1,2,3,3a,7a-n)-2-(dimethylamino)- [H-inden-1-yl)silanaminato(2-)-N)titanium

(1,1 '-(n“‘- 1,3-butadiene-1,4-diyl)bis(benzene))(N-Methyl-1,1-dimethyl-{-

((1,2,3,3a,7a-n)-2-(diethylamino)- 1 H-inden- 1 -yl)silanaminato(2-)-N)titanium

(1,1 '-(n*-l ,3-butadiene-1,4-diyl}bis(benzene))(N-ethyl-1,1-Dimethyl-1-
20 ((1.2.3,3a,7a-n)-3-methyl-2-(ethylmethylamino)- 1 H-inden- 1 -yl)silanaminato(2-)-

N)titanium

(1,1 '-(n*- 1,3-butadiene-1,4-diyl)bis(benzene))(1, 1-Dimethyl-N-phenyl-1-
((1,2,3.3a,7a-1)-3-methyl-2-(methylphenylamino)- 1 H-inden- l-yl)silanaminato(2-)-

N)titanium
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(1,1 ' -([ SYPPYOT28 3 [yt adi ene- 1 , 4-diyl) bi s(benzene))(NNEFHW’-S"?(}“T
-dinethyl- 1 - ((1,2,3,3a,7a-[err])- 2(dirrethy|am'no) H i nden- 1
-yl S|Ianamnato 4 nN] -1

, 3- %out adi ene- g: INI)‘)b:fs B%tg}z’eerllég(l@?(binzefe))gll H‘efﬂeﬁﬁy}) 1, 1 - 10
di met hyl - 1 ¢ ﬁé@]&e&ylﬁa((ﬁa}j&wd )15-3=rﬁ&h?ﬂ®2<—¥{m&dﬁvlﬁm€ﬁﬂami|no) IH-inden-1-
-yI)S|Ianamnato(z-)-N)tltanlum (1, 1-([err] - 1

3- but adi eneyhsilanamigiptl(3-HiNDpBaenc) ) (N- (1, 1 -Dinmethylethyl)- 1, 1 -
dlrrethyl 1-(( 1 ,2,3,3a,7a-[err])-2-(((2, 1
- di et hyl et hyl )di

yl ) si | anani nat o( 2 t’h Lﬁlt’idﬁl %&é?{él 4 1y i)&g&gﬁze%fs}-’?@}%%%\%cyﬁﬂnlégi“\‘ﬁlll‘éyl'
2- het de |
compounds gmek@hogékmﬁw RIS 2l BTy i) L Rl 4 RRERInlo0--

repl aced by E)thiggiofn- bound 1, 3- pent adi ene as denonstrated by the foll ow ng
conpounds. (N— Cycl ohexyl - 1, 1 -dinethyl-
-((1, 2,3, 3a, 7a[errl erldlnlg 1Hinden- 1 - )
) si | anami nat o( 2¢h N)f\((113 Qutadwnfvéﬁqhyl) is(benzrag) N MY+  hmatiyl-1-
N-et hyl - 1, : : _—

5o 7o 16Ty R A A R e A egepracogy Nigpismy
S|Ianamnato(2) N)(( 1,2,3,4-[err])- 1 ,3-pentadiene)titani um

y

(N-e

3,

)

1 -Dinet hyl - 18 4- -

3, 3a, 7a- [err]) 3 Mhy?lblz’&ﬁlrrge ly %‘%ggl;%bgrr}]zer?gg HN-(L.1- D‘meth){—fm%ge]nl-

) si | artam digietyd- - NR(3, 3ﬂ7£n3°4ne£tbéx>a )H-idden3t pemzaﬂrrem()(m)t-‘ammnnm

1 -Dinet hyl - N-(phenylnethyl) ((1 2,3, 3a, 7a[err]) nethyl-2-

met hyI phenyl amno)- 1 Hinden- l | anam nat o(2-)-N) (( 3,4-[err])-
1, 3- pent a bn@b th. .}—gmagwpe 1, dxyl)bls(benzenc))(N (1,1 Dxmethylcthyf) I1-

- 34_

bet Use7/ 1319 ”0'*7(%85 3.3 7a- -2 (b Hipstydsly Ddimethylsilyhoxyp U -indpn-1-

- (1, 2, 3, 3a, 7gndiRhhmimato(DBLNYanam (et hyl phenyl am no)- 1 Hinden- 1
-yI)S|Ianam nato(2-)-N(( 1,2,3,4-[err])-1, 3-

|

, 2,

-yl
(1,
, 2,
_y|
(1,
(

In the above names where 2-heteroatom-indenyl complexes are named. a
15  similar range of compounds are those where the two methyls bound to the titanium are

replaced by a n-bound 1,3-pentadiene as demonstrated by the following compounds.

(N-Cyclohexyl-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-(1-piperidinyl)- {H-inden-1-

yl)silanaminato(2-)-N)((1.2.3,4-1)-1.3-pentadiene)titanium

(N-ethyl-1,1-Dimethyi-1-((1,2,3,3a,7a-1n)-3-methyl-2-(ethylmethylamino)- | H-
20 inden-l-yDsilanaminato(2-)-N)((1.2,3,4-1n)-1,3-pentadiene)titanium

(1,1-Dimethyi-N-phenyl-1-((1,2,3.3a.7a-1)-3-methyl-2-(methylphenylamino)-

IH-inden-1-yl)silanaminato(2-)-N){((1,2,3.4-n1)-1,3-pentadiene)titanium

(1,1-Dimethyl-N-(phenylmethyl)-1-((1.2,3.32.7a-1)-3-methyl-2-
{methylphenylamino)- 1 H-inden-1-yl)silanaminato(2-)-N){(1,2,3,4-n)-1,3-

25  pentadiene)titanium
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pent adi ene) titani um (N( 1, 1 -Dinethylethyl)- 1, 1
-di met hylwo dsosfas 1, 2, 3, 3a, 7a-[err])-2-( 1 -pyrrolidinyl)- HBeT/UssBididen- 1
-yl)silanam nato(2-)-N)(( 1,2,3,4-[err])- 1 3pentad|ene)t|tan|um

N( 1, 1 -Dinethyleth 1, 1 -dinmeth 3,3a, 7a-[err 2-( 1
Ep. éer. di nyl) - \P/hCyclogodzecyl Iphée*ﬁef;l}ﬂ 1-98/ 1123, 343??&?1‘? ﬁaﬂ@m—? N)(E -2

1234[err ent t|t Lum

- Di net hyl etl %Wl th Ogg?'ﬁw% ﬁ? i”a"ﬁm%mé'a) 9’3« Grﬁﬂ)?’# hexahydr o- 1 H
azepin- 1 -ﬁéhbame;,e)ﬂtdnmﬂﬁn- 1 -yl )SI | anam nat o( 2-) - N)((

1,2,3,4-[err])-1, 3-pentadi ene)titanium 10 (N( 1, 1
-Dinmethylethyl)- 1, 1 -dinmethyl- 1 -(( 1,2,3,3a,7a-[err])-2-(hexahydro- 1
( 2H) - az(bleﬁ InlyDymethylethyhidb h*dirmethyl-) i1 2ahani/ aa)-of Ql.-per)l'(dény 1)-1H-

1,2,3,4-[err 1 .3-p ntadlﬁnc&tltan N-(1,
“Di et hy Iet‘F\%F}“)rL y@“‘“ﬂ*"éﬂ‘}?ﬁ( yrivig m%{*ln) b3-geniadipge)tiganiym. 2 (oct ahydr o- 1 H
azonin-1-yl)(( 1,2,3,4-[err])- 1,3-pentadiene)titanium (N-(

o o M R T

,2,3,4-[errihy iL RARAGR DN (L 12NB UR)- 1,3-pentad (1
, 3, 3a, 7a- I[ eernr f’gs' met(ﬁy?an‘)l“no)- nm r?é%tﬁ-lerlle)";aln)i%m N( 1,1

|rrethylethyl) 1, 1- dlrrethyl- -(silanamnato(2-)-N)(( 1
,3,4-[err])- J(I\Bélpbmiradhghm)yﬂ)i-t ardiroethyl-1- ((1 2 3 3a,7a-1)-2- (l’(eXahydro—IH-

3, a7a[err]) 2- m,no) - 1H i nden- ﬁ}?l.é’r

i met hyl et#§pip=-yb-1 o entd -yDsgRamingof2- Ny ?éﬁ‘a Eﬂnzﬂéienqyt(temym
3

,4-lerr])- 1 3pentad|ene)t|tan|um 20

4-
3
0
213;\1%?6[?; li)ewm @Dﬁ&tﬂ&@%ll)@mlﬂﬂﬁé hyl-[fq( 985 7& Oh%:gliéydkﬁ %’*i)‘
4-
3
1

1~
Q.NNQ.}—‘NQ.I\)I\)Q.I\)

e anam
, 3, [er rdzbcxih l)afpﬁxa&:adxyeﬁe)ﬁdnmmbwn -N)((1,2,3.4-1)-1,3- pemac(xénc)utamum
3, a7a[errf (D|butylamno) 1H i nden- 1 y)(N—( 1, 1

met hyl et hyl ) - 1, dimethyl - 1 -(silanam nato(2-) _'\21((
,3,4-[err])- AN- @~b&nmarchvlsﬁw)ll~i tlahmml 1-((1.2,3,34,7a-n)-2-(octahydro- 1

.’
2
> azonin-1-y1)((1.2.3,4-n)-1.3-pentadiene)titanium

1 H 1 -
w-

(N-(1.1-Dimethylethyl)-1,1-dimethyl-1-((1,2.3,3a,7a-n)-2-(octahydro- I (2H)-

15 azecinyl)-1H-inden-1-yl)silanaminato(2-)-N){((1.2,3,4-1)-1,3-pentadiene)titanium

(1,2,3,33,7a-n)-2-(Dimethylamino}- { H-inden- 1 -y [)(N-(1, I -dimethylethy})- 1,1-

dimethyl-1-(silanaminato(2-)-N)((1,2,3.4-n1)-1,3-pentadiene)titanium

(1.2.3,3a,7a-n)-2-(Dicthylamino)-1H-inden- 1-y)(N-(1, | -dimethylethyl)-1.1-
dimethyl-1-(silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

20 (1,2,3,3a,7a-n)-2-(Dipropylamino)-1H-inden-1-y)(N-(1, 1-dimethylethyl)-1,1-
dimethyl-1-(sitanaminato(2-)-N)((1,2,3.4-n)-1,3-pentadiene)titanium

(1,2,3,3a.7a-1)-2-(Dibutyiamino)- |H-inden- 1-y[}(N-(1, 1 -dimethylethyl)- 1, 1-

dimethyl- I-(silanaminato(2-)-N)((1,2.3,4-n)-1,3-pentadiene)titanium
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PCT/ US97/ 13171 (N( 1, 1 -Dimethylethyl)- 1,1 -dinethyl -

1-((1, 2, 3, 3a, 7a- [(®-f1.)-Dime& gtamym mdkraahym-((l ,3,.32,7a-n))-2-(ethylmethylamino)-
1Hi nden 1-yl)si I anam nat o( , 3, 4-[err])-1 3- pentadl ene)titanium

(N-( 1,1 -Di lﬂ%trimyhelt-wyﬂlyanammatb(l d}%ﬂ ﬁ;BI 4-m-1 SXpentignedazmani err]) - 2-

(rrethyl phenyl am no) - 1 H i nden-1-yl)silanamnato(2-)-N)(( 1,2,3,4-[err])-
2 B RSB byt A D5k O e e
t h 1
2.3, 4 [ orr et gheny BRRG) i hide “iﬁikye&a g RRTDMALDI T

- Di net hylset rbéln)adwjﬂe thami@ipret hyl -1-((1 , 2,3, 3a, 7a-[err])-2-(( 1,1- 10
di et hyl et hyl ) net hy?am no) - 1Hi nden- 1 -yI )silanam nato(2-)-N)(( 1
,2,3,4-Terr])- 1, 3- pent adi ene)titani um (N( 2, 1

"D net hyl ct hyl ) - (N- (H,I—Dirrnmylbyhy-l) INE c(u@ithylzl (1383 2aTpantd) - 2- (rret hyl (1-
mathylethyl)amnoz si | anam nat o( 2 k%((( 3,4-[err])-
1, 3- peettad Pélﬁ@)lmeffa/ﬂﬁammo) lkfslmden 1-y1>sﬂananelﬂﬂte(~1) @)%ﬂhyﬁet hyl ) -

1, 1 -dinet 3a, 7a-[err 2- di phenyl phosphi no
1H i ndeln alenfﬁdmnl(cgiﬁ%ﬁ‘lu%at o(2-)- RI)((])l 2,3, 4- [err]()I I01,3}/ Phosphi no)-

pentadiene)tltanlum (N-(l, 1 -Dinethylethyl)- 1, 1

-di met hyl - ((11@(8,1331::1% ﬂﬁ@ﬁ)ﬂi)-lzhmethyl E-((1 1@135Hhhwl29ﬂ¢§phl no)- 1
Hinden- 1 yI)S| anam nat o(2-) - 1,2,3,4-[err])- 1, 20

pent adi ele) tdxmmydmhyl)methylammo) lH :ndeq—r{h)(i)snana;tnmuo@eﬂ h@q(é,t..rﬁﬁ Nn-B- 1
-di net hyl - n; 3,3a, 7a-[err])-2- (et hyl phenyl phosphi no)- 1
Hinden- 1 eﬁ @*?%ﬁ‘&ﬁ?'ﬁa’to(z) N(( 1,23 4-[err])- 1,3-

pent adi ene)titani um
(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-(methyl(1-

methylethyl)amino)- 1H-inden-1-yl)silanaminato(2-)-N)((1,2,3.4-n)-1.3-

pentadiene)titanium

15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-
(diphenylphosphino)-1H-inden-1-yl)silanaminato(2-)-N)((1.2,3.4-1)-1,3-

pentadiene)titanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-
(dimethylphosphino)-1H-inden-1-yl)silanaminato(2-)-N)((1.2,3,4-11)-1,3-

20  pentadiene)titanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-1n1)-2-
(methylphenylphosphino)-1H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-

pentadiene)titanium

(N-(1.1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-(diethylphosphino)-
25 1H-inden-1-yl)silanaminato(2-)-N){(1,2.3,4-1n)-1,3-pentadiene)titanium
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(N( 1, 1 -Dinethylethyl)- 1, 1 -dinmethyl- 1 -(( 1
3, 3a, W §846738) - 2- (di et hyl phosphl no)- 25 1 Hinden- 1 PCT/USI713171
)S|Ianamnato(2) N)(( 1,2,3,4-[err])- 1,3-pentadiene)titani um

67
use7/ 13171 T %%“e‘hy‘e‘hy')( N PP at ApRde i @S 1 - di et hyl -
1,2,3, %tgﬁe{hﬂ)gﬂlaspgmﬁpllH(—maen IL?/ Fll&ndﬁﬂh%éﬂh}'«b @bQﬁﬁf“l no)- 1 Hinden-

/
(
yl )SI | anam hat o( err] pent adi ene)titani um
(
3,

Syl
- 36
PCT
(
N-

1, 1 Ipcntatihylbnnmthm 1 1 -di msthyl- 1 ((1

3a 7a-[err])-2- rrethoxy-lI-I-inden- -yl)silanam nato(2-)-N) ((
[
I

o byt ot i ) - Bl SR dRleRpi- - it %"5l3«b%f3%aﬂm)&yméwéw%&wden-
?ad SO ““f‘mmawrﬁ SeEREE gp)c?%%‘“’lﬂ‘m?a’% fre% ﬁ;/lr]e% hyI )- 1, 1
y

1-

1

(

1

-1I—I-|

1, 3-

-di - 1-((1,2,3,3a,7a-[err])-2-propoxy- 1H i nden-

I yl nam nat of2¢ ), t-BifmethdiecdilB1 A- cﬂtﬂfciﬂy) A-(l1,2 3:3pgatrpdi-ane)y- uHaawm 10
1

, 3

, 2,
y
3
, 2,

nd
pen
met h
)sil

N(1, 1 -Dinethylethyl)-1, 1 -dinethyl- 1-((1 2,3,3a,7a-[err])-2-but oxy-

H- i nden- yl)silanaminato(3) N((Kéﬁa‘tﬁﬂhﬂtb@@q@dxﬂ)@omamum 3,4-[err])- 1
-pentadlene)tltanlum (1,1 Drrethylethyl)- 1,

(N—
1- di met hyl 7 | e I -
1 #.mﬁde%- 1 yl()‘ Izéija mwaﬁ [1lg I(IIC ‘é‘<é‘1%3[3ér7f1ﬂ)‘ R’°§°XY T gaa! ) )
tad t lethyl)- 1, 1
E)glnmi,lt L;P?)llw)?{bfu%naﬁgg l\l/)((l['%?'r‘*]ﬂ)- g (}{ep%dnl\et??%m oiy)e- a 1 Hinden-
1 -yl)silanaminato(2-)-N(( 1 ,2,3,4-[err])- 1 ,3-pentadiene)titani um
(N'( 1,10 - D et hgN-ef, héﬂ!)ncthljletﬁyb-dlln@:mydﬁ IJ((I-QG3k7a2h)32. BaoX -1 Heinddn-12- (((

1, di met hyl et hyl ) di methyl silyl)oxy)- 1 Hinden- 1
-yl )SI I anamlhalum(rzm)xwm;o (1,223, 4= . Zpejtpdiens)@ranium pent adi ene) titani um
20 (N-(1, 1 Dlmathylethyl)- 1, 1 -dimethyl- 1 -(( 1

,2,3,3a,7 h
- yI ) Si ?angm[ ﬁ;{]@% @wﬁ%&tgylﬁ ?ﬁe}hﬂ;lg{(beﬁ#gﬁ é’ﬂgf'ﬂilt ani um
dimethylethyloxy)-1H-inden-[-yDsilanaminato(2-)-N)((1.2.3,4-1)-1,3-

pentadiene)titanium

15 (N-(1,1-Dimethytethyl}-1,1-dimethyl-1-({1,2,3,3a,7a-1)-2-(trimethylsiloxy)-
tH-inden-1-ysilanaminato(2-)-N)((1,2,3.4-n)-1,3-pentadiene }titantum

(N-(1,1-Dimethylethyl)-1, [ -dimethyl-1-((1,2,3,3a,7a-m)-2-(((1,1-
dimethylethyl)dimethylsilyl)oxy)- | H-inden-1-yl)silanaminato(2-)-N)((1,2,3.4-n)-1.3-

pentadiene)titanium

20 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1.2,3,3a,7a-1)-2-( 1 -methylethoxy)-

{H-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-1)-1,3-pentadiene)titanium

(N-(1,1-DimethylethyD-1,!-dimethyi-1-((1,2,3,3a,7a-n)-2-phenoxy- 1 H-inden-

1-yD)silanaminato(2-)-N)((1.2,3,4-1)-1,3-pentadiene )titanium
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(N-(1,1 _Be 8{0ﬁyzlset hyl)- 1, 1 -dimethyl- 1 -((1 PCT/US97/13171
1

,2,3,3a, 7a-[err])-2-phenoxy- 1 Hinden-
- yI ) si | anam nat o(12-() ;AND{rhekhPeBy - I, Bdimethyldi-@1 LeNBAT-gNe) (bhéraMhion | H-
-37- WO 98/ 06728 ' o
PCT/ US97/ 13imgen-1-yl)silanaminato(Z-)-N)({ (2. 34-0)- I3 -petadierd)itgnium 1, 1 -di nethyl - 1
-(( 1,2,3,3a,7a-[err])-2-(phenylthio)- 1 H

h e, 27 b B RO Bl L0 s adr AR o o
3a, 7 hivahr 1 th.ny-1 3. N EERY)
)SI I an:m ﬁaﬁrgfféjl)-y]% l%x?’%&:ﬂ% &( I) (1 T‘a.n)l’% génpgéémnt a }l[é%én%{i tani um 5

In the above nanes where 2- heteroatomi ndenyl conpl exes are naned, a
simlar $ange of Iicthepbune saraeewhdroehewhen@ntihdenyhoompleked Ge Bambe 40 t he
titanium are, . repl aced by a [err]-bound 2, 4- hexadi ene as denonstrated
by the fol | 8K %ﬁﬁé&ﬁﬂ@ounds e those where e tmrmthm bopnéria W ltisaniympre 1, 1

ndone 1 -y TSP RkARESREET PR s Gerondilehy (s Miding spmeyndst ani um

10 (N-Q/clohexyl 1,1 dlrrethyl 1-((1,2,3,3a,7a-[err])-2-(1

-pi peridinyl)- 1k ndBinedhylethyl)-1,1-dindi Pl 1-gPaM 5a50622)A ! idinyl)- 1H-
1,2,3,4-[err])-2, 4(hexad|%:tn)é§:§t |yt)an| AR % ﬁ;(lﬂwhdmy” tH
, 2, 3,3a, 7a- ﬁr&ien-]l}ylst(ab)nmm‘tam(Eaﬁi)l(\(d)n A-mh2 Atendleneigdibnmet hyl - 1, 1

" di met hyl- 1 -

(sil anam nat o( 2- 4- hexadi eneg titaniu

(1,2, 3)8a, 7a [ew?&? RWEEH%%%H&{QI (122430 Aarap=2- IPI?F’NlMlh'éﬁ‘hsﬂldCﬂi 1
~di et hyl .
2I 3, 4- )[/er r]y )S'?ninh%aié I eng(?p'? &%4)thQo(1£ne%u‘xmum (N-ethyl- 1,1

-D| methyl-1-(( 1 ,2,3, 3a, 7a- [err])-3-rrethy| -2-(ethylnethylamno)- 1 H
inden- 1 -yl)sil @nam,mﬁﬁ?.?)@m&tﬁyllmirﬁ)ﬂH4'mB@rM191)(31,-141efh9}1@91cﬁ%)ﬁyi1-t1ani um

(silanaminato(2-)-N)((1,2,3,4-1n)-2.4-hexadiene)titanium

(1,2,3,3a,7a-1)-1-(Dicthylamino)- | H-inden- 1 -y)(N-methyl- 1,1 -dimethyl-1-
15  (silanaminato(2-)-N)((1,2.3,4-1)-2,4-hexadiene)titanium

(N-ethyl-1,1-Dimethyl-1-((1.2,3,3a,7a-1))-3-methyl-2-(ethyimethylamino)- 1 H-

inden- | -yl)stlanaminato(2-)-N)((1,2,3,4-1)-2,4-hexadiene)titanium

(1.1-Dimethyl-N-phenyl-1-((1,2.3,3a,7a-n)-3-methyl-2-(methylphenylamino)-

IH-inden-1-yl)silanaminato(2-)-N)((1,2,3,4-11)-2,4-hexadiene)titanium

20 (1,1-Dimethyl-N-(phenyimethyl)-1-((1,2,3,3a,7a-n})-3-methyl-2-
(methylphenylamino)- ] H-inden- I-yl)silanaminato(2-)-N)((1,2,3.4-1)-2 4-

hexadiene)titanium
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(1, 1 -D nmethyl-Nphenyl- 1-(

1, 2, 3, 3a¥GasP&R8] ) - 3- met hyl - 2- (et hyl phenyl ani no) - PGYPSIIEAL 711

-yl )SI | anani nato(2-)-N)(( 1 ,2,3, 4-[err])-2,4-hexadi enc)titanium 20
1, 1 -Dineth thI- - 3 3- net hyl -

Erret hyl phenyl aﬁ‘ﬁ@%feag‘iym M‘"iembf Si %%iﬁ%a?é‘(fﬁef IR ](% e

1,2,3, 4 [e(rﬁét)] 1Bhék lamino)- 1Hhi%n§rd'19ﬁ?s)15hzrr%hwﬁ )-N)((1,2.3,4-1)-2.4-

-~ 38 8/ 0672

PCT/ US97/ 1demhene)mamum (N- Cycl ododecyl - 1,1 -dinethyl - -((1

,2,3,3a,7a-[err])-3-nmet hyl - (rret hyl phenyl am no)- 1 H-i nden- 1

-yl ) silanam nat o( 2- )t

(3{ ?2 3, 3a, 7aa[ Eﬁzﬁgsa%ﬁmm a)ﬁlflm&‘)Q) lﬁ-chnde)‘b(\rme@ﬁ{lﬁfﬁ@ﬂlfeﬁn 1,1

- di et

(silan ?r/n n@&fain‘)']a%(‘(()i\[)é(l 7+ 4[Tla)r ]") FQ?ddgrheég%tgaﬁug’ne) titani um

(N( 1,1 -Di et hyl et hyl ) - 1, 1 -dinethyl - -((1

, 2,3, 3a, 7a- [errgm 52 IUEIMKMeth%l)HUﬁ%&hyI I- ((1 i,3ayh-)r91i-mamx5lla1m(n21eh:N)(( 1

2,3 ,4-Terr]) hexadi ene)titani um

- Di et hyl et iy)sjlanainindto¢Zi)- nm(m;zlu-m(zm he2addendgitarduner r] )-2-((( 1, 1-

di me hyI et hyl )d| rret hyl silyl)oxy)- 1 Hinden- 1 -yl)silanam nat 0(2 ) ((

1,2,3,4- t

2. N het er oat On O3ri doDimFRUGEYOF hrehpEbgbi 33327241 10 the

above nane simlar

range of cghr%\é(}ﬁ#gthga? %hﬁ%ﬁ%g?q?{% @’35@* ﬁé’?si ﬁj)&/tﬁ(%ﬂl ‘igh@“broup i's

repl aceyl byeshdnehenyiusi | yl bridging group as denonstrated by the follow ng

15 corrpounds (N( 1,1 -dimethylethyl)- 1, 1 -diphenyl-

1-((1, 2, 3, 3a, 7a[err])-2-( 1 -pyrrolidinyl)- 1H
2-N[heteroatom}-amido-{bridge]l-indeny] complexes

In the above names where 2-heteroatom-indenyl! complexes are named, a
similar range of compounds are those where the dimethylsilyl bridging group is
replaced by a diphenylsily] bridging group as demonstrated by the following

15  compounds.

(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1.2,3.3a,7a-n)-2-(1-pyrrolidinyl)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl}-1,1-diphenyl-1-((1,2,3.3a,7a-n)-2-(1-piperidinyl)- IH-

inden-1-yD)silanaminato(2-)-N)dimethyltitanium

20 (N-(1,1-dimethylethyl)-,1-diphenyl-1-((1,2,3,3a,7a-1)-2-(dimethylamino)- 1 H-

inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-1,1-diphenyl-1-((1.2.3.3a,7a-1)-3-methyl-2-methoxy-

|H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,]1-dimethylethyl)-1,1-diphenyl-1-((1,2,3,3a,7a-1n)-3-methyl-2-
25  (trimethylsiloxy)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium
-39~



PCT/US97/13171
i nden- 1 ﬁ%s""‘?anam nato(2-)-N)di nmethyltitanium (N-(

1-dimethylethyl)- 1, 1 -diphenyl- 1-(( 1,2,3,3a,7a-[err])-2-( 1
- pi peridinyl)- 1ltthc above namhgsdelrere 2- ryclte)rsitbmrﬁadi:rr)atoma}e)(ed\brdinl‘mi‘ehyht i tani um
20 (N-(1, 1 -dinethylethyl)- 1,

, 2,3, 3a, 7a- f@lkﬂ})anzceapwpwmdaﬁfwayse Yhege the. dlmethxlﬂ ihmdgmg group is

1- yl )si| anaf?y%%c?&? ?{fn'\%ﬂbﬁgiﬁwltﬂf c@“éjgpoup as demonstrated by tgml:\lfo(ll]ow&g

- di net hyl et

-((1, 2, 3, 3acdmpdueide] ) - 3- net hyI 2- met hoxy- 1 Hinden- 1
-yI)S|Ianam nato(2) N) di rrethyltltanl um (N( 1,1
- di et hyl et hyl) - - di phenyl - -(( 1,2,3,3a,7a-[err])-3- rrethyl-2- 25

(trimethylsil oxy}'f'I B.!lt}'-l-l rht!lézéhﬂ ﬂlelh)gib oKy Arialtl Ak 1 22-)- B tipyreohginy D tl&hi um
-39 V0 98/ 40128  ninatal: i

PCT/ US97/ 13fgn-1-yl)si a“am’“ato("1)'rwfiHBe[5¥)<5‘\%“‘H5rres wher e 2- het er oat om i ndenyl
conpl exes are naned, a simlar range of conpounds are those where

the dimethyl silyhnBsigol i Jléﬁox}z)&l ((?,Elsafaeﬁ A28 H r#ﬁgg@g{ggp%ysy y!

bri dgi ng group as nstrate

(N-But yl - 1;ndknbl—ysl()sllaﬂmtdagd(ét)*}b)xlwmhyllnan(t(m1 2 3,3a,7a-[err])-2-( 1
-pyrrolidinyl)-1H i nden- 1-yl)silanam nato(2 ) - N) di net hyl ti tani um
(N-Butyl- 1, 1 -bis( 1 -methylethoxy))- 1 -((1 ,2 3a, 7a-[err])- 1

- pi peridinyl)- 1MN-Butyl- 1 1rbr&tiiﬁnet&ylﬁ%ow)ﬂa%g&i%%%k(2 )-3(fieetmdemipoy-l i-lani um

2 5. 3410, e g AR Ikl | e 4

-yl)silanam nat o(2-)-N)di nethyl titanium (N-Butyl- 1, 1

-bis(1 rret hyl et sy E-1.1-big(( - rﬂeth)?!efhoﬁ?‘ e 2r3.3a). 7&3nfr31rﬁefhy12>-mém6§!§ H-1H
i nden- yl ) silanam nat o(2-)-N)di met hyl titani um uty
1-1,1 b| s( indennley g lagemano(3-- I‘s)dupqtmylzxt@mraa 7a-[err])-3- net hyI 2-
(trimethylsiloxy)- 1 Hinden- 1 -yl)silanam nato(2-)-N)dinethyltitanium

(N-Butyl-1,1-bis(1-methylethoxy))-1-((1,2,3,3a,72a-1)-3-methyl-2-

(trimethylsiloxy)-1H-inden-1-yl)silanaminato(2-)-N)dimethyititanium

15 In the above names where 2-hcteroatom-indenyl complexes are named, a
similar range of compounds are those where the dimethylsilyl bridging group is
replaced by a dimethoxysily! bridging group as demonstrated by the following

compounds.

(N-Cyclohexyl-1,1-dimethoxy)-1-((1,2.3,3a,7a-n)-2-(1-pyrrolidinyl)- 1 H-inden-

20  I-yDsilanaminato(2-)-N)dimethyltitanium

(N-Cyclohexyl-1,1-dimethoxy)-1-((1,2,3,3a,7a-n)-2-(1-piperidinyl}- 1 H-inden-

I-yl)silanaminato(2-)-N)dimethyltitanium

(1,2,3.3a.7a-n)-2-(Dimethylamino)- 1 H-inden-1-yl)(N-cyclohexyl-1,1-

dimethoxy)-1-(silanaminato(2-)-N)dimethyltitanium
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15 In the above nanes where 2-heteroatomindenyl conplexes are
named, a wo98w6%8ni | ar range of conpounds are those where HEERFEINYI silyl
bridging group is repl aced by a dinmethoxysilyl bridging group as
denonstrat ed by t

(N Oyol ohexyl - 1(NTCiqpgt b bymetsonfir T30 BT n) Papetpyt- pmertory-1H-
-pyrrolidi ny‘i&ﬂjiwqﬂgﬁ rﬁg(q_ -I\ﬂaduﬁ{étﬂﬁhlaﬂﬁ%“ nato(2-)-N)dinmethyltitanium

(N- Cycl ohexy (1,2,3,3a, 7a-[err])-2-( 1-piperidinyl)-

1 Hinden- 1yI)S|Ianamnato(2) N) di met hyl titani um (

1, 2,3 3a, 7a- [err](l)I—ch(ldihaxpt—hykﬁmtﬂhoay) u{(mmem nk-3-méthydecycl ohexyl - 1, 1
di rret hoxy) (1 i | anam nat o(2-) - i methyltitanium

- 40_ ey gg);qg- H-inden-1 yl)sﬂanammato 2- )-N)dlmethylutamum

PCT/ US97/ 13171 (N-Cycl ohexyl - 1 ,1 -dinethoxy)- 1-((1

,2,3,3a,da-[err] ?5%3 ’%tow h%xt%%sr@ﬂg?gxﬁcge%atom mdeny'l B Brexds ﬁ‘f &%‘F%’h%xyl -

-yI)sHanamnato yltifaniu 1, 1

- di met hoxy) sxrﬂmrr(r(ldge?of&o&@oﬂrais[aea“ﬂhbée\ahéfetl’(tydlrrﬁthylsxly! brldgnhg greetpHy | si | oxy) -
1 Hinden- 1 -yl)silanam nato(2 3] N) di met hyl titani um In the
above names r%m@eébzarpéb@wmlw iiyhbradging swmaéfé@@oas{@tm\idw;afhe fellowing

simlar range rgé)rrpounds are those where the dinethylsilyl bridging group
is by a et hoxynet hyl silyl bridging group as denonstrated by
the foll OWI ng conmpounds. (N-Cycl ohexyl - 1 -ethoxy-

1-nmethyl)- 1 -((IN-GydoRayLdelRkyI}mehind-q PR3 7TdhnYl) -pydbldikQl)-1H-nden- 1
-yl)silanam nato(2 )-N)di nmet hyl titani um ﬁ- Cycl ohexyl - 1

- et hoxy101 dimdephiyyhsilapatnirnial2 3-18dimethyldtanium 2- (- 1- pi perl di nyI y- 1H

inden- 1 -yl)silanam nato(2-)-N)dinethyltitanium

(N-Cyclohexyl-1-ethoxy-1-methyl)-1-((1,2,3,3a.7a-1)-2-(I-piperidinyl}- 1 H-

inden-1-yl)silanaminato(2-)-IN)dimethyltitanium

(1,2.3,3a.7a-n)-2-(dimethylamino)- | H-inden- 1 -y1)(N-cyclohexyl-1-ethoxy-1-

methyl)-1-(silanaminato(2-)-N)dimethyltitanium

15 (N-Cyclohexyl-1-ethoxy-{-methyl)-1-((1,2,3,3a,7a-1)-3-methyl-2-methoxy-

IH-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-Cyclohexyl-1-ethoxy-I-methyl)-1-((1,2,3,3a.7a-1n)-3-methyl-2-

(trimethylsiloxy)-1H-inden-1-y!)silanaminato(2-)-N)dimethyltitanium

In the above names where 2-heteroatom-indeny) complexes are named, a
20  similar range of compounds are those where the dimethylsilyl bridging group is
replaced by a methylphenylsily! bridging group as demonstrated by the following

compounds.

(N-(1,1-Dimethylethy!)-1-methyl-1-phenyi-1-((1,2,3,3a,7a-n)-2-(1 -
pyrrolidinyl}- 1 H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium
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(1 ,2,3,3a,Waspes) - 2- (di net hyI am no)- 1Hinden- 1 -yl) (N SABREGTE |
-ethoxy- | - nmet hyl ) - -(silanam nato(2-)-N)dinethyltitanium 15
(N-Cycl ohexyl - 1- et )

O Yy, @Pﬁé Y1-bi g@)é'zﬁyn iLn(th)& I-phepy-1-((},2.3.39.7a-n)-2<(1

-yl) sil anam nﬁ})tﬂ{cﬁn))l) demtrat hl-}yﬂ)tsimrﬂmxm('? - N)dlmethy[txtamum( N- Cycl ohexyl - 1
- et hoxy- 1- net hyl) (( 1,233, 7a-[err])- 3rrethy|

(trimethylsiloxy)- 1 Hi nden- 1 -yl ) sil anam nat o( 2- N)dl metaél titani um
In the above namss(lv%bpaﬂ%ﬂh@t@@amMIH@eﬁwmf@mﬂpﬂé&bﬁ brdemerapisthylal-20

simlar raneofc re t.hos di.net hyl silyl bridgin rou
is rgpina‘@éh ‘BBC q%é@ﬁ%%%ﬁ?&émy{‘mﬁﬁs‘ﬁﬁﬁ?mg%rgup ag dem)ngtrgt gd bs
the foll ow ng corrpounds (N( 1,1 -Dinethylethyl)- 1
-methyl - 15 - phe”y' Y- Fifdxmeﬂa(yle%h)slﬁa%e%ﬁyﬁapr{eﬁg 11}(122& 3d.7a-m)-3- methyl-2-

pyrrol idinyl )- I nden- | anam nat o methyltita
V&&Sk%mﬁden 1- y!)sxl‘mammato(7 )-N)dimethyltitanium
PCT/ U897/ 13171 (N- ( 1 1 - Di net hyI et hyI ) 1 -nmethyl- 1

-phenyl- 1 -((1,2,3, 3a, 7a£err% dinyl)- 1 Hinden- 1

_yl)si | anam nat o( 28N Nj dRimstmat % amw 1-phenyl-1- il 3a(7:m) -3-methyl-2-

,2,3,3a,7a-[ e h ind |

" di met hyl et hy{tszln)etfyls{igx%e fH ¥1kaa¢51nhl %sx]f%mwatﬁ;ﬁ])-kfglrgeghylt(uanmm

-(silanam nato(2-)-N)di nethyltitani um 5 (N-(1,1

-Di met hyl et hyl) - 1t Aydve nkmep Ry 2-hdiefohibmRindedd complexes hoerdmiea] hy! -

nmet hoxy- 1Hinden- 1 -yl)silanam nato(2-) Eﬂf—\&‘dl met hyl titani um

(N-( 1, 110D mﬂmy;a@ghyf gamgounﬁ%grmﬂpaseyvh: p]g]metbylsx y! bridging group is
,2,3,3a, 7a-[err ne t (004 1H | nden-

! yI )si | anani naetplj%’???z %#&?rﬁ%ﬁl?q roup as ¢ Qé demm?xstted% the %}Iqughcongbogncés nanes

where 2-heteroatomindenyl conplexes are nanmed, a

(N-(1,1-Dimethylethyl)-2-((1,2,3,3a,7a-1)-2-(1 -pyrrolidinyl)- 1 H-inden- I -

yhethanaminato(2-)-N)dimethyltitanium

(N-(1,{-Dimethylethyl)-2-((t,2.3,3a.7a-n)-2-( | -piperidinyl)- tH-inden- -

15  ylethanaminato(2-)-N)dimethylititanium

(1.2,3.3a,7a-n)-2-(Dimethylamino)-1H-inden- 1 -yl}(N-(}, 1 -dimethylethyl)-2-

(ethanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-2-((1,2,3,3a.7a-n3)-3-methyl-2-methoxy-  H-inden- { -

yl)ethanaminato(2-)-N)dimethyltitanium

20 (N-(1,1-Dimethylethyl)-2-((1,2,3,3a,7a-1)-3-methyl-2-(trimethylsiloxy)- { H-

inden- 1 -yl)ethanaminato(2-)-N)dimethyltitanium

In the above names where 2-heteroatom-indenyl complexes are named, a
similar range of compounds are those where the dimethylsilyl bridging group is
replaced by a tetramethylethyl bridging group as demonstrated by the following

25  compounds.
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10 simlar range of conpounds are those where the dinmethylsilyl bridging
group is ywoosed7e®! aced by an ethyl bridging group as denonstT/EsSEU3LY t he
fol | owi ng conpounds. (N-(1, 1 -Dinethylethyl)-2-((
1,2,3,3a,7a-[err])-2-( 1-pyrrolidinyl)-1Hinden-1-

yI ) et hanami nat o( ZN)(-ll\l)-dimiEmmekltyill-bt(hBﬁ 3a 7a—n)-’> -(1-pyrrolidinyN- (H-inden-1-
-Dimethylethyl)-2-(( 1,2, 3, 3a 7ap{% H 1 -piperidinyl)- 1Hinden- 1 -
15 'yl ) etyhasisameiayieh20amigaf dns ?e/’ Y}%Hf"e} (1
,2,3,3a,7a-[err])- 2(D|rrethylamno) 1 Hinden- 1 -yl)(N-( 1, 1

-di met hyl et hyl ) - t en-1-

(N(C 1, 1 - D et hy PIW%&%QWW @gﬁﬁ% »a/a ["eﬁel? ?yglal%?gwﬁg met hoxy- 1
H-i nden- l)tecramezb{j’lkmtahﬂﬁﬁmo([ab Bldimet\igtametrhy| titani um 20

(N-( 1, 1-[§n'ethylethyl) 2(( 1,2,3,3a,7a-[err])- 3n'ethyl 2-(trinmethyls
iloxy)- 1 H i nden- 1 I)ethanamnato (2-)- h|t|tanl%l

In the abBove naned.2whdadaz) m@w&mm%@ﬂmd%\ow )@kéblé%ée‘ﬁ& r

simlar ran e of co unds _ar re .the dinethylsilyl brldgl ng group
i's yg%}gﬁm’t"é‘f’?[&&é)fﬁﬁg’te%ﬁ“%m}"a’g| ng group as denonstrated by
the foll ovvi ng 25 conpounds.

- 42- WO Q8¢ PP fAthethylethyl)-2-((1,2.3.3a,7a-n)-3-methyl-2-methoxy- | H-inden- 1 -

bet Use7/ 13171 G R P-Difhetnyle AT T R R Sk S

1, 2,3, 3a, 7a-ilaeurz}r)metﬂyl_(ethhnmymmmi@d-il\_ﬁsﬂn)emﬁm_anm 1-

yl)tetranet hyl et hanam nato(2-)-N)di nethyltitani um (N-(1, 1

J1) Lot ramet hyl &1 ﬁeﬁémmﬁs@mﬁanﬁﬁhiﬁaﬁh ahiBFogtRdhyRaddh ipeen L -
(1,23, 3 7a1nFi§ﬁ-é])h)tgtthHﬁEmX$ﬁWhﬂg R0 B@Raniinr Y1) (N-(1, 1

(

1

rrethy eth (tetranet hyl et anam nato 2-)-N)di net hyl titani um
(1, 1-Dinethylethyl)-2-((1,2 ,3,3a, 7a-[err])- 3 nmet hyl - 2- net hoxy-
i nden- | - In the yb) tectianzasstteyd khﬂammmm@@qummlthmqut ani um

similar range of compounds are those where the dimethylsilyl bridging group is

1,
di
N-
H

replaced by a propyl bridging group as demonstrated by the following compounds.

(N-(1,1-Dimethylethy!)-3-((1,2,3,3a,7a-n)-2-(1-pyrrolidinyl)- | H-inden-1 -

15  yl)propanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-3-((1,2,3.3a,7a-n)-2-(1 -piperidinyl)- |H-inden-1-

yl)propanaminato(2-)-N)dimethyltitanium

(1,2.3,3a,7a-n)-2-(Dimethylamino)- 1 H-inden- | -yl)(N-(1,1-dimethylethyl)-3-

(propanaminato(2-)-N)dimethyltitanium

20 (N-(1,1-Dimethylethyl)-3-((1,2,3,3a,7a-1)-3-methyl-2-methoxy-1H-inden- 1-

yl)propanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-3-((1,2,3,3a,7a-n})-3-methyl-2-(trimethylsiloxy)-  H-

inden-1-yl)propanaminato(2-)-N)dimethyltitanium
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(N-(1, 1B ethyl)-2-(( 1 PCT/US97/13171
,2,3,3a,7a-[err])-3-nethyl-2-(trinethylsiloxy)- 1 H 10 i nden-1

“yi)tetranet hyl gh enabdve ateeLwheddha@bRyntinbédyl Ufnplexes are named, a I n the
above nanes where 2-heteroatomindenyl conplexes arc named, a

SI mlar r arsgexlasfrawmcmm@um%ar@ M@W\hh@rf@ﬁ dimethyisibyt brydaing groupris dgl ng gr oup
db trated b
o g, R A B MR SR G

,2,3,3a,7a-[err])-2-( 1-pyrrolidinyl)- 1 Hinden- | -
| ) propanam nat qfN2¢1) t- BDn%tﬁSﬂétlﬂ\yii)U -{@NIAR, 7a-n)-2- (1 errohdmyl) ﬁﬁ‘lﬁdcn—l-
1- Di net hyl et hyl ) - 3- 3a, 7a-[err])- pi peridinyl)- 1Hinden- 1

y
1,
- 5 yIy)mwmamm@(ﬂdéﬁ)@mWGIIM1ml ti tanl um (1

, 2,3, 3a, 7a[err]) 2-(Dinethylam no)- 1 Hinden- 1 yI)(N—(l 1
- di et hyl et hyl t di net It t 20
(N (L1 D et HpF et gt BsR S B3, et 2 P peao O ThH TR hoxy- 1

(1,
|(+NI- ?dinl : ﬁ“%ﬁ‘?@ﬁ%}'ﬁ%}%@%ﬁ?‘?ﬁ?h@ﬂ t%gm) N) di met hyl titani um
,2,3,3a,7a-[err])-3-nmethyl -2-(trimethylsiloxy)-1H i nden- 1

-yl') propanam nat(@(223,3a, MN-dh-TeihydthyiamitioTH-inden- | -yl)(N-(1, 1-dimethylethy})-3-
43- WO 98/ 06728

PCT/ US97/ 1dmpthanaminato(2-)-N)dimethyititamiuabove names where 2- het er oat om i ndenyl
conpl exes are nanmed, a simlar range of conpounds are those where

e B L BB OAR T Ta DS Mool By 000
- di et hyl et)h)ﬂ,gm‘;*m(ﬂr(,n&o(';Z),.ﬁ)(ga,c&gu[t@mﬁﬂn) 2-( 1 pyr rolidinyl)- 1 Hinden- 1
5 ylI") met hanam nat o inmethyltitanium (N-(12, 1

-d| met hyl ethyl)-3-(( 1 ,2,3, 3a 7a-[err])-2 (1l-piperidinyl)- 1 Hinden- 1 -
yl ) met hanani nat d(\'Z‘U) 1-Nl)ft!¢fhﬂt=thyl)t3 -€(d33n. 72-1)-3-methyl-2-(trimethylsiloxy)-1H-

, 2,3, 3a, 7a-. Hinden- 1 -yl)(N( 1,1
- di met hyl et L@‘? Dmc ha“am ?(ag'rlgﬁ)“ﬁﬁ‘%ﬁi(‘?nj“% di net hyl titani um
In the above names where 2-heteroatom-indenyl complexes are named, a
15  similar range of compounds are those where the dimethylsilyl bridging group is

replaced by a dimethylmethy! bridging group as demonstrated by the following

compounds.

(N-(1,1-dimethylethy!)-3-((1.2,3,3a,7a-n)-2-({-pyrrolidinyl)- 1 H-inden-1-

yl)dimethylmethanaminato(2-)-N)dimethyititanjium

20 (N-(1,1-dimethylethyl)-3-((1,2.3,3a,7a-1n)-2-(1-piperidinyl)- IH-inden- -

yldimethylmethanaminato(2-)-N)dimethyltitanium

(1,2.3,3a,7a-n1)-2-(dimethylamino)- | H-inden-1-yD(N-(1, 1 -dimethylethyl)-3-

{dimethylmethanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-3-((1,2,3.3a.7a-11)-3-methyl-2-methoxy- 1 H-inden- 1 -
25  ylhdimethylmethanaminato(2-)-N)dimethyltitanium
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10 (N-( 1,1 -dimethylethyl)-3-((
1, 2, 3, 3a,wo9kmEr2B) - 3- net hyl - 2- net hoxy- 1 Hinden- 1 - PCT/US97/13171
yI)nethanamnatoZ) N) di rrethyltitanium (N(1,1

1

(

0 e B ST R e
above nanes 1 rﬁ)ﬁf.ﬁ nanmed, a 15 simlar
range of colr?%%ﬁr]l s”%g?g&‘%ose e”lr;l‘fe! {ﬁ Ngﬁ y lenl 5’? bridging group is
repl aced by a di net hyl methyl bridging group as denonstrated by the
foll ow ng hnhpahmtsnames where 2- hetcroatom(imde(rtyl cdmpt&kmaﬂrh hreedyd ) -3- (( 1

,2,3,3a,7 2 1 lid 4 d
yl ) di rrgt hs | 5[45{1 E%%?&&% ﬁéf%i’@gwrnr i?\l?éﬁ th%tﬂn‘yﬁ'qr? fhgrﬁlmﬂh%lyl bridging group(ifL (1,1
-di met hyd et i [ nden- 1 -
yl) di met hyI l% %ﬁ et?&l‘?}f% g?‘ﬁl‘[l 5151 %rot?:ggarsljﬁi&ﬂroﬂﬁfdtgd Ewh): foﬂm“za%

, 2,3, 3a, 7Ta-{@h c]u);dg (d| nmet hyl am no) - 1 Hinden- 1 -yl)(N( 1, 1

" di et hyl et hyl (di rret hyI met hanam nat o(2-)-N)di net hyl titani um
(N-(1,12 d|rrethylethl 3, 3a, 7a-[err{ 3- et hyl - 2- met hoxy-
1Hinden- 1 - (N ( lyr l@r-% qﬁwlhéﬂﬂa%éﬁﬁﬂam(é \gpm@ivwlwﬁrnn@igmlum

-44 -

bet Use7/ 1ot MRy °e”“‘“a§°(°’Q’}@Tc‘fy“ﬁa“‘%ﬁ‘net hyl et hyl ) - 3 ((
1,2,3,3a,7a-[err])-3-nethyl-2-(trinmethyl siloxy)-1H i nden- 1

-yl') di met hyl net heqa i ndineltethyy-di(et BBk b - (ll’fplpendmyl) IH-indendi0 the above
nanmes where 2-heteroatomindenyl conpl exes are naned, simlar

range of0 coypdimethy!garaindwe(Se-Midémethyhigardemet hyl si | yl br| dging group is 5
repl aced by a di net hyl germanyl bridging group as denonstrated by the

foll ow ng 0 S , . 1,1 -di lethyl)- 1 -((1

,2,3,3a, 7a-[err] fl&R%‘ugg‘b%m)lzl(ﬂl’ﬂi}wlmi“qqs"w_ﬁgme"'ll%&(EEPY

yl ) di net hyl g bt (N(C 2,12

- di et hyl et %ﬁ%ﬂﬁéﬁ?(g&da@ld&rﬁﬁ%_ [)étﬁl?ﬂ'nh'ﬂylutam?ra peridinyl)- 1 Hinden- 1

- 10 yl ) di met hyl ger mi nat o(2-) - N) di net hyl titani um
(N-(1,1-dimethyiethyl)-1-((1.2,3,33,72-1)-3-methyl-2-methoxy- | H-inden- 1 -

yhdimethylgerminato(2-)-N)dimethyltitanium

15 (N-(1,1-dimethylethyl)-1-((1.2,3,34,7a-1)-3-methyl-2-(trimethylsiloxy)- 1 H-

inden-1-yl)dimethylgerminato(2-)-N)dimethyltitanium

In the above names where 2-heteroatom-indenyl complexes are named, a
similar range of compounds are those where the dimethylsily! bridging group 15
replaced by a tetramethyldisilyl bridging group as demonstrated by the fol]owmg

20 compounds.

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-n)-2-(1-pyrrolidiny])- | H-inden-1-

yDtetramethyldisilanaminato(2-)-N)dimethyltitanium

(N-(1,1-dimethylethyl)-2-((1,2,3,3a,7a-1)-2-(1-piperidinyl)- | H-inden- 1 -

yDtetramethyldisilanaminato(2-)-N}dimethyltitanium
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(1 -((1, 29 %4578 [err])-2-(dinethylanino)- 1 Hinden-1-yl )RS3

di nmet hyl et hyl ) di met hyl germ nato(2-)-N)di nethyltitani um (N-(
1, 1 -dinethyl et hyd () I iH i nden-
1- yl ) di KU h?/fégra r#)nqagdg?"&h%“m’ it ‘L‘)ﬁ“ TEho o 2yt etyn-2 (N (
1,1 -dinet hyd:tearirqzhyldxsﬂlan:(rn@matp@, BN%nmmmam]u)n 3-nmet hyl -2-(trinmehyl sil oxy) -

1 H- i nden- yI)di rrethyl germ nato(2-)-N)di nethyltitani um

In the above nanes - het er oat om i ndenyl conpl exes are naned, a
sinilar range of '%6!1‘]5(515‘??8@)’51"6"1’%&@@- Méﬁé‘*ﬂ’rﬁe“’éihﬂﬁr’fwtbmwﬂ Hppderging gr oup
IS re I r in roup as denonstrated b
the fol | ow ﬂé'@ﬁ%ﬁew‘d?%%ﬁ%"‘uﬁ‘%@?i‘mdﬁ“‘“ﬂ“Bm i (e by Y

-dinethylethyl)-2-(( 1,2,3,3a,7a-[err])-2-( 1 -pyrrolidinyl)- 1 Hinden- 1
5yl ) tet rguer nydigesiyleanani tn§2 & ARty ikt .
(N 1, 2l ot Arptiieiat e s 3aa')77ah?)err] ) B‘2- { ’?%F%’é’r?’é() vh
H i nden- 1-inden-1- yl)tw@m@hy‘ldﬁﬁm‘wrhdats(z hhladnmehy(bl(ltzm)mi\l) di met hyl ti tanl um
-45- WO 98/ 06728
PCT/ US97/ 13171 1 )
12,3, 3a,7a-[err] " tﬁe(aa?‘f?e'faﬁ%sé'm(eﬁ%%'hiﬁf‘?%rﬂ“d@ﬂW’Wlﬁﬁe(sla,re jamed, 2

_di met hyl et g IR Bridgind gigghhy! tit
4 TELY LAl e SRR SRR ALY o

1H i nden- 1replaced by aydiyrtegtyl alybtriestiyd bsidgiag anoupnatde nyurdd dibyredetfigllbwingni um

5 (N 1 -dinethylethyl)-2-((1
, 2,3, 3a1,07a-fr€P?ﬁ('Tg!§- methyl - 2- (trimethylsiloxy)- 1 H i nden- 1
-yl )tetramet hyl di si |l anam nat o(2-)-N)di net hyl titanium In the

SR TS o AL L SEASAT ML SRS A NTE R 1 1o

similar range of conpounds-are those Wiere t
is r eplldicechybijy lamétinmehihatb&-)- W) dirmetiwditabiuigi ng group as denonstrat ed
by the follow ng 10 conmpounds.

(N-(1.1-dimethylethyl)-1-({(1.2,3.3a,7a-1)-2-( | -piperidinyl)- 1H-inden-1-

yDdimethysilyl)methanaminato(2-)-N)dimethyltitanium

15 (1-(((1.2.3.3a,7a-n)-2-(dimethylamino)- 1 H-inden- 1 -yl)dimethysily)(N-(1,1-

dimethylethyl)methanaminato(2-)-N)dimethyltitanium

(N-(1.1-dimethylethy!)-1-(((1 ,2,3,3a,7a-11)-3-methyl-2-methoxy-1H-inden- | -

yl)dimethysilyl)methanaminato(2-)-N)dimethyltitanium

(N-(1.1-dimethylethyl)-1-(((1,2,3,3a,7a-n)-3-methyl-2-(trimethylsiloxy)- 1 H-
20 tnden-1-yl)dimethysilyl)methanaminato(2-)-N)dimethyltitanium

In the above names where 2-heteroatom-indenyl complexes are named, a
similar range of compounds are those where the dimethylsilyl bridging group is

replaced by a (methyl)dimethylsilyl bridging group as demonstrated by the following

compounds.
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(N-(1, 1-dinethylethyl)-1 (((1233a 7a-[err])-2-(1-pyrrolidi ¥|‘|)
H i nden- WO98/06728  y|)di et hyS|IyI) net hanam nat o( 2-) - N) di REVHST B3 8ni um
(N( 1, 1 -dimethylethyl)- -((( 1,2,3,3a,7a-[err])-2-( 1 -piperidinyl)- 1

B eyl

-yl ) di net hygzli)rlnyth)/()ﬂl-n(elhylﬂllyiammato(" )-N)dimethyltitanium

di et hyl et hyl ) net hanam nato(2 )-N)di net hyl ti tani um (N-( 1,
1 -di net hyl et hyl err] t hyl - 2- met hoxy- 1 H-i nden-
1 - yl) di nz,ﬁ"lﬂ/érd( Wmﬁh&rﬂma&%@?e nmdllmml@xli YHrigaen- -
(N—( 1,1 d

.2, 3, 3a, 7a? lﬁ’% W?@@‘ndlﬁvf’?’a- %g"(z ARVRIPEhYANI™ 1 20 inden- 1
-yI )d| met hysi | yl ) met hanam nat o( 2-) - N)d| met hyl titani um In

the above nanes phglEe23;helen P2 GMetiidannb)-CHTREAX e fetnyIied, | -2

simlar range of corrpounds are those where the dinethylsilyl bridging group
is r epimessidetbyl)dingetistisiipidroinate 2B dimydthiriadigiomg  gr oup as denonstrat ed
by the foll ow ng conpounds.

-46-

PCT/ US97/ 13171 ?“?ﬂ & imethylethy-{-(§(1 2.3 .38 F&{!P]ere%thylra meghoxy. {H-jnden-1-
, 2,3, 33, 7a- L%@@ )&nﬁetftyl@ﬂlﬁﬂida@d(ﬂw&)‘dnﬂé’t‘h%}ﬂ%

yI)rrethyI)dlrret amhat o( 2-) - N) di nmet yItltanlum (N-(
1,1 -dinethyl ethyl) -(((1, 2, 3, 3a 7a-[err]) 2-( 1 -piperidinyl)-

1H-i nden- 1 - (N-(1, Iydi)ntmyﬂqth))]ai-ilr(é(tlmﬂ 3a V@*hMmahpl(?—(t)ithUjlmkixlyyllH-t ani um
5 -(((1, 3a, 7a- r]) - ZS nmet hyl am no) - 1H-i nden- 1

-yl met H?” ) (qq_etl-l -yl mcthyl)dxmcthylsx ylammato(Z- -N)dimethyltitanium

di et hyl et hyl ) di net hyl si | yl am nato(2 )-N)di nethyltitani um

(N-( 1, 1 -dinethwektavdas a4kl rl) - 3-net hyl - 2- net hoxy-
1H i nden- 1 - anm nat o(2-)-N)di net hyl titanium

In the above names where 2-heteroatom-indenyl complexes arc named, a
similar range of compounds arc those where the 2-heteroatom-indenyl moeity is
replaced by an alkyl or aryl substituted 2-heteroatom-indenyl group as demonstrated

15 by the following compounds.

(N~(1.1-Dimethylethyl)- 1, 1-dimethyl-1-((1,2,3,3a,7a-1))-5-ethyl-6-methy!-2-( 1 -

pyrrolidinyl)- 1 H-inden- I -yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-5-ethyl-6-methyl-2-(1-

piperidinyl)- | H-inden- 1-yl)silanaminato(2-)-N)dimethyltitanium

20 (1-((1,2,3,3a,7a-1)-5-Ethyl-6-methyl-2-(dimethylamino)- | H-inden- | -y }(N-

(1,1-dimethylethyl}-1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(N-(I,1-Dimethylethyl)-1,{-dimethyl-1-((1,2,3,3a,7a-1)-5-ethyl-6-methyl-3-

methyl-2-methoxy-H-inden- | -yl)silanaminato(2-)-N)dimethyltitanium
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fUS97/13171
( 1, 1YY ethy])- 1 -(((1 PCT
3,3a,7a-[err])-3-methyl -2-(trinethylsiloxy)- 1 H 10 inden- 1 -yl

thy

(

ymethyl ) di met hy k&idiyi- gmxaa&le&;n)x- Nigherpiby¢1i2 3B, vaihy)- S-efhyl -6-methyl-3-

2- N- het er oat om am do- [ i ndenyl ] "~ conpl exes I'n the above nanes
wher e 2- het enettatl @nttiimdtinyisilosirii-¢ -laylisilrapminate2-)-N)dimghyRitamiumange of
conpounds are those where the 2-heteroatomindenyl noeity is repl aced

TR I b O )
1, 1 -di et Wl_‘rﬂ_éilnxggh in%eﬁ lSﬁ sfidndrfinitol 7-'%1\%*&&/&&1)@&('&{%&?% -2-( 1 -

N-
, 2,

pyrrolidiny anam nat o( di‘met hyl titani um

(N-(1, 1 -Dinethylethyl)- 1, 1 -di net hyl - 1-(( 1

, 2, 3, 3a, §a- [ err] JNociet-hyheiyleeiyhyl, 1 -dirgethyl- 1 ((1 3.p4, Dﬂlnl)-dldqmlrﬁe{h)ﬂl Hu nden- 1
yI)S|Ianamnato(2-i-l\l)d|rrethItltanlum ( -((1

2, 3, 3a, 7a- [pperidjnyd)- Hltipdengl- %lWszlanirﬁéF}ﬁiW@mVW@mum H-| nden- 1 -yl)(N
(1, 1-di methylethyl)- 1,1 -dinethylsilanam nato(2-)-N) dinmethyltitanium

(SF g éa o [D'e;"f} ;}3(5;?1;?,%%%;76}%%?{9‘5{:1%5ﬁ%l(air%ézl§§1%mino)-1H-inden-l-yl)(N-(1.1-

et hy| - 2- metdyoty i) 042 ichetry bl AR (S- Rb @mleth iy | 1 tani um

-47- WO 98/ 06728

PCT/ US97/ 13171 (N( 1, 1-Dimethylethyl)- 1, 1 -dimethyl- 1
-((1 , 2, 3, 3a, 7a- [@¢].)-Démethlilethyb)- hittdipethgl-1-((1,2.3,32,7a-1)-3,4,6-trimethy1-2-

thyl - 2- (t thI 1 Hind
[T§|)Z||éﬁgmrfh yl?‘ R§ﬂﬁrﬁ!)l¥§ﬂ"flﬁ]'&ﬁ?(ar?mj"“d*mcmy““am“m (N-(l, 1

-Dinethylethyl)- 1, 1 dln'ethyl -((1 ,2,3,3a,7a-[err])-4,6-dimethyl -2-(1
- pyrroli : H}%D I-1-((1,2.3,3a.7 4.6- 1-2-

-yl ) sil anam nat o((j(;ng/ Dci r?y "t %z’a?ﬂlrl?ﬁ%hy ((1.2.3.3a.7an)- 3(l\|(-)(mmmhy

1, 1- D et hyl(e‘ﬁrhyth)l}sﬂ&xyil) Imnnmmhyyl)qllﬁnarﬁl@éltoﬂ -)-N)dimethyltitanium
,2,3,3a,7a-[err])-4,6-dinethyl-2-( 1- pi peri di nyI) 1 Hinden- 1
-yI)S|Ianamnato(2- - N) di n

. 2,3, 3a, 7a-[err] )Ml '6%‘?95%%1;)2 ‘#@FW! -4t oy 342 THd‘eWC“X %hmu 1 -
[

3,
di et hyl et hy}) ek 1] i5hdReL S} hanAmhRAlRE 3N aMElhyTRtRwe | t ani um

15 (N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-4-phenyl-2-(1-

piperidiny!)- 1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1-((1,2.3.3a,7a-1)-4-Phenyl-2-(dimethylamino)-1H-inden- { -y )(N-(1.1-

dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,l-dimethyl-1-((1,2.3,3a,7a-1)-4-pheny!-2-methoxy-

20  1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-({1,2,3,3a,7a-n)-4-phenyl-2-

(trimethylsiloxy)-1H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium
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(N( 1, 1 -Dinethylethyl)- 1, 1 -dimethyl- 1 -((1
, 2,3, 3a 7a-\{vgr9§,],g-,2§ 4,6-tri et hyl -2- 10 met hoxy- 1 H-indeoTnu$sr13171
yI) i l anam nato(2-)-N)di nethyltitani um (N-(1, 1
-Dinmethylethyl)- 1, 1 -dimethyl- 1 -(( 1
, 2,3, 3a, 7a- [err])(’S -@,16Diméthplethy - R1-dimethyl-1((13. 82 Ay-ndiSl ok $itetrapidinden-
1- I)S|Ianamn_at 2- yltita
"D et hyl et hyt) g% aJnth%ﬁW-ﬂ ‘%”01@8“ Ay -beng(p adenr by Psiy ag‘&m&l»f‘i‘?{yl%
pyrrolidinyl n'u'éth{l ?ﬁ'ﬂ:unjr yI ) si | anami nat 0(2 ) - N) di met hyI titani um 15
(Ne( 11-D|rret 1, 1 -dimethyl- -((1
, 2,3, 3a, 7a- [err]) 4- phenyl 2 (1- pi per|d| nyl)- 1 Hinden- 1
yI ) si | anam nat o( ZN}¢:tN)- Mmahw;thyil)t-hrlndmmhyl l-((l 2 3 3a,92-n)-5 &.7.8- tet('z(hydro-
,2,3,3a, 7a- [ - 4- Phenyl - 2- (di no) - N-( 1,1 -
di net hyl e® hyl5)5§ *etiamﬁh)‘r‘e% ﬁkrpéff&eﬁi Y‘Hﬁg (f)m‘k‘b"dl argﬂ?ﬁﬂdm"i%?{
(N( 1, 2-D -di net hyl - -((1
.2, 3,33, 7a- [reﬁk?’?w&ﬁ%%"}uq’ 2- et hoxy- 20 1H i nden- 1
-y) Si | anamnato(2) N) di met hyl titani um (N-(1, 1

met hyl et hyl ) - IN-Q, }-di:mmcthyl)l} ( {(ditheByB}-3d., 273,-3{1Gn-IB]a))—V,S,@,ﬁeetydhyﬁFo-B-
(trlmethylsHo 1H-i nden- 35|Ianam nat o( 2 dinethyltitani um
- 48- Q}éy lgB( bgm@xdmyl) s-indacen-1 yl)snlanammato -dimethyl-titanium
PCT/ US97/ 13171 (N-( 1,1 -Di et hyl et hyI )- 1, 1 -dinmethyl-

1-((1 ,2,3,3a,9a- [(ﬁ{-ﬂi)enz? ﬁeﬁqaﬁé)ﬁtfiadﬁﬁ)g@? -1-((1.2,3, 3§’8?-ve5as)q 596 PaptaRREdwy. - 2- (

1 -pyrrolidinyl)- anam nat o
N) di met hyDt i t(aspyeratidiny])-s-indacen-1-yl)silahamhinbto(2-)-Nodimsdthylh@biiyin) - 1,
1-di met hyl - 1((1233a 9a[err]) 5678tetrahydro- 55

,5,8,8-tetramet hyl - 2-( yrrolidin 1 H benz(f) flen-
-yl ) si | anani nat o Z{n)thc above namﬂj Efflhﬁ‘i-?t% ‘F‘iof”é’m mq,pny comp xes are named, a

similar range of compounds are those where the 2-heteroatom-indenyl moeity is
replaced by an alkyl or aryl substituted cyclopentadienyl group as demonstrated by the

following compounds:

15 (N-(1.1-Dimethylethyl)-1.1-dimethyl-1-((1,2,3,3a,7a-n)-4.5.6,7-tetrahydro-2-

(1-pyrrolidinyl)-1H-inden- | -yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)- 1, -dimethyl-1-((1,2,3,3a,7a-n)-4,5,6,7-tctrahydro-2-

(1-piperidinyl)- | H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(1-((1,2,3,3a,7a-1)-4,5,6.7-tetrahydro-2-(dimethylamino)- L H-inden- 1 -y [)(N-
20 (1,1-Dimethylethyl)-1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a.7a-1)-4,5,6,7-tetrahydro-3-

methyl-2-methoxy- | H-inden-1-yl)silanaminato(2-)-N)dimethyltitanium

(N-(1,1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n1)-4,5,6,7-tetrahydro-3-

methyl-2-(trimethylsiloxy)- 1 H-inden- | -yl)silanaminato(2-)-N)dimethyltitanium
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(N-( 1, LWOPHREB et hyl)- 1, 1 -dimethyl- 1 -((1,2,3,3a, 8&eVay2 1"
, 5,6, 7- tetrahydro 3- methyl -2-( 1 -pyrroli dlnyl) s-indacen- 1
-yl si | anani nat of 21)7 Nt ARt relrh M- meth topentddr 1 J1H-(1.1-

- Di net hyl et hyl)? iﬂ' i T ety laih oS- eyl 2 4 cvclopgntady SR

, 5, 6, 7-t et dahattyahy)- III.IGdImctI()clsil-apym'rrmld(ﬂi)ﬂil)ki)mahylndmuﬁn 1

-yl)silanam nat o(2-) - N-di rret hyI -ti tani um I n the above nanes

wher e 2- het er oat ont.i ndenyl ﬁxes are named imlar range of
conpounds are t hbdd - Jnhdsent- h‘é)‘Ele é’ﬂ‘Iéﬁ“ﬁal‘%f'rﬁq)/ﬁlﬂ)@ﬁvpdlﬁb'érxlw d.1- repl aced

by an al k [, ar b I tadi as denonstrated b
the Y gRra Ry I b Sfn R RRETSRRA IR 25, T Ry
-dinmethyl- 1 -((1,2,3,3a,7a-[err])-4 ,5.6,7-tetrahydro-2- 1

-pyrrol §di nyl) - i ngasn i3] & h@ma k=2 L um

(RE/( 1, 51 Dyrrzet Ig;il—:dgt hyl ) - TI)l- Pﬁhkl r)rjet yﬁ)M 2.4 Ky elopskdaent | 4B

-((1, 2,3, 3ayc71ahc§xe'ﬂfl]I)dvmtﬁh)ésxI}lnamtrrdmﬁgfdﬁ‘b)danethy!manu(m - pi peridinyl) -

1Hinden- 1 -yl ) si I anani nat o( 2- ) N) di rrethyl titani um (1 -((1
23 3, 3?17{11 [g :“n]§ 14% 'e?’ﬁ'y{? 3P hdyrlzpmlglo -cyc%ler?t%xno)l yl%k}:cyc o Qiyll yh (N
- di et hyl sijl di (N-( 1,1

"D ot hyI o hlf/l g?ﬁ@ %%ﬁ d}%( )”ﬁfd%éthy&@&m&%ﬁ‘

-((1 3, 3a, 7a[err]) 4567tetrahydro 3- met hyl - 2- net hoxy- 1

Hi nden- 1 -yl )s(llI(alnhthwzwithb&)mmthQlﬁ-mﬂamtadlen L-yD)-N-(1,1- (N-( 1,
1- Di net hyI et hy

1-((1 ?é?“?‘éé’f‘éylr)‘]’)l Q”‘E‘F‘@’l?‘lﬂt"é‘ﬁ‘ﬂé‘mfar g¥ylimethyltitanium

met hy 2(tr|n'ethyIS|ony) 1 Hinden- 1

-y

! )S' | anam n\%ﬁg—g 06%%5-%?—5“L615§ﬁ5,k’-@cIopentadien-I-yl)—N-(I,l-dimethyethyl)-

-49 -

PCT/ US97/ 13]i~-dimethyisilanaminato(2-%M)dithéthyltitanium

,2,3,4,5-[err])-2- Dirrethyl am’ no) - 3-met hyl - 2, 4-cycl opentadien- 1 -yl)-N(
11- di met hyet h ‘Z 1 d|rrethyIS|Ianamnato(2-)-|\|)d|rrethyltltanlum
(1 -((1,2,3,4, alt(élrﬁ) Snp2ridetigrand- nts)hy2°4kwmsp@ﬁtcad| dirN-gyclghexyl (1, 1

-5 d'IWE%IQX&%?X:IQndm]mat&(z-)(-jmga&uh%w na}lrllr%m nato(2-)-N)di nethyltitanium

1,2,3,4,5-[err])-3-D net hyl am no) - 3-net hyl -2, 4-cycl opentadien- 1 -yl)-N
cycl ohagyl - 1, Xi=di,m8id)5-n$i2l Medokyat edcibpddiadiieret Byl Nidyamhesi-1,1-

dimethylsilanaminato(2-)-N)dimethyltitanium

(1-({1,2.3,3a,6a-n)-2-(Dimethylamino)-1,4,5.6-tetrahydro-1-pentalenyl)-N-
(1.1-dimethylethyl))1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(1-((1,2.3.3a,6a-1)-2-(Dimethylamino)-1.4,5,6-tetrahydro- | -pentaleny!)-N-

20  cyclohexyl}!,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(1-((1.2.3.3a,6a-1)-2-(methoxy)-1,4,5,6-tetrahydro- | -pentalenyl)-N-(1,1-

dimethylethyl))1,1-dimethylsilanaminato(2-)-N)dimethyltitanium

(1-((1,2,3,3a,6a-1)-2-(methoxy)-1,4,5,6-tetrahydro- 1 -pentalenyl)-N-

cyclohexyl)1.1-dimethylsilanaminato(2-)-N)dimethyltitanium
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(2 -(( 1,2,3,4,5-[err])-2-Di nmet hyl am no) - 2, 4-cycl opent adi en- 1
-yl)- N-cywlmdamyjs- 1, 1 -dinethylsilanam nat o(2-) - N) dgwU$HI1357¢ ani um
(1 -((1,2,3,4,5-[err])-2-Mthoxy)-3-net hyl - 2,4-cyc|opentadien- 1-yl)-N( 1

,1- 10  dinethyet hyl i
(2 -((1, 2, 3' Ze%l[(g f)‘%&éa]@f%&]}?ﬁ%&gﬁ%g@} gg:ﬂ.gﬁ%%&% _’\%‘1 3Ie tl)hafl titanium
1- di met hyetfyldime hgrlertwl_})zl:lldln@'xt‘fgﬁhMhﬁﬁr{a@d@—m%ﬂﬁétﬂ?l}mh&ﬂh”Ft hy! t i tani um

(2-(( 1 ,2,3,4,5- hoXy) - 3- e -2,4-cyclopentadicn- 1
-yl) - N—cycl ohexyl - 1, ] -dinmethylsilanam nato(2-)-N)dinethyltitani um
15 (201-(¢ ( 1 3 3, 62:7); 5{Temeihyisdorpt hM@m&aMgdkmcram -B¥n- 1

-yl )-Ncycl ohexyl t.o( 2- dinmethyltit
055 St g SRR o) Shyer o) 5 T
- pent al enyl) N- (1, 1- d| methylethyl)) 1,1

-dlrrethIsHana (2 1

, 2, 3, 3a)s6a [err]) n(g 3nal)éét-dh ﬁﬁﬁ\%lhtyisﬂl@gy)“, 'Dt6‘§te§ra%dér o-pcf talé'?Yl)—-(lfanyl) N-
20 cycl thXMHetﬂyletﬁ b lnﬁlﬁrﬁtyﬂxﬁsxla@@ﬁm;ﬂ&ﬂﬂq(\l)d)médhgllcmﬁhyﬂ titanium

(2 -((C 1,2, 3a,6a- [err{) 2- (methoxy)- 1 ,4,5, 6- tetrahydro- 1

-pentalenyl) N( 1,1 dlmthylethl{ﬁ;
_di met hyl si | ananfrét é@zla)GamHZﬁtlmmyll&ﬂQh}')u 5.6- letrahydro I-pentaleny!)-Ri¢ 1

(2,5 oo oo IR ORSH a5 B gt P e

- 50- WD 98/ 06728

PCT/ US97/ 13171  The complexes can b4 prdphaded, B3, L?sc3&w@ﬂkb@vﬁ/h]s}/nt3clﬁa'febﬁiﬁt;ﬁaél si | oxy) -
1,4,5,6-tetrahydro- - pent al enyl ) - N- (1, 1 -dinethylethyl)) 1, 1

“di et h\d si Oanqm]lmaxtrmwr)g agedt eant bearaployed taproduce the lower oxidation ftgtg

' Se‘:’t 2{3‘9‘;;" % Sl ol des?shdl ég‘g({cggg %9f5fi‘o§lq.n%§s§’sﬁz4l‘?§2r 28RN qay 13, 1994,

- di met hyl si bayRRdAt W299/009241 iRt:E3thrighs @NWHIBh are hereby incorporated by
reference. The reactions are conducted in a suitable noninterfering solvent at a
temperature from -100 to 300°C, preferably from -78 to 100°C, most preferably from

15 010 50°C. By the term “reducing agent” herzin is meant a metal or compound which,
under reducing conditions causes the metal M, to be reduced from a higher to a lower
oxidation state. Examples of suitable metal reducing agents are alkali metals, alkaline
earth metals, aluminum and zinc, alloys of alkali metals or alkaline carth metals such
as sodium/mercury amalgam and sodium/potassium alloy. Examples of suitable

20  reducing agent compounds are sodium naphthalenide, potassium graphite, lithium
alkyls, lithium or potassium alkadienyls; and Grignard reagents. Most preferred

reducing agents are the alkali metals or alkaline earth metals, especially lithium and

magnesium metal.

Suitable reaction media for the formation of the complexes include aliphatic
25  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,

methylcyclohexane, methylcycloheptane, and mixtures thereof: aromatic and
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4,5, 6-tetrahydro- 1 - pent al enyl ) - N- (1, 1 -dinmethylethyl)) 1, 1

di met hyl si | 190Bsthr Mb%ﬁ%& Wddrd @Rk Bech as b luene, bd x§lend, 2, 3

, 3a, 6a- [err]@bg&(a% rret% P y)l 1,4,5 6-tet raglh%zreS? "9 uE:rf)eentaxgén?/l) N-
cycl ohexyl) @ 41d1aldyh¢ﬁhhyl@gJ4andhylrmm&)(d2nyatN)3dloﬁg:towmﬂcyteaaglynms and
The conpl exes can be prepared by use of well known synthetic techniques. 10
Opti onal | y atetrehiudedfugaragdintursant be feragbtngect tloo pritsdiircce t he | ower oxi dati on
state conpl exes. Such aprocess is disclosed in USSN 8/241,523, filed
May 13, 1994, WD 95/ 0052 e teachings of i,ch are
her eby i ncor por at 8¢ By,ntkesns OHF g?rg?tgﬁb%‘bsngFQQGPFrHﬁ@c%lég%ﬁrﬁﬁ% SN a

sui t abl e gaon
300] orr] & peRpala grach PE%“’@E&{%““S%“W o Ol Pt

to 50[ err] C Sé&hemiehke bewnwheeetuci ng agent” herein is neant a netal or
conpound whi ch, under reducing conditions causes the netal M to be
reduced froma higher to a lo i dation state. Exanpl es of

sui tabl e netal g‘&é‘l"ﬁ@‘é@’é‘ﬂ? \gﬁ‘él@@ ap kgl(%-r@t al's, alkaline earth
metals, alum num and zinc, alloys of alkali net aI s or alkaline earth netals
such as_sogi {1k ARE G @1ER), 98EY RACHICRPPES M a8k ke BXAMPI s
of suitable 20 )U%U ng age(n{mconp ﬁn} 3;are godi’'um napﬂ]t Ea enlmteje

pot assi um gr apkhte2s Pet hi um al kyl's, lithiumor potassium al kadi enyl s;
and Grignard reagents. Mst preferred reduci ng agents are the al kali
netals or alkaline earth netals, especi aI ly Iithium and magnesi um

metal. 10 c.) 1.05 syintBullithexane at 7' Gredi) d 9-0/5 agel-isne@HFon 2<5f°Ct he
conpl exes i nc aromati ¢ hydrocarbons, ethers, and
cyclic ether; U)disr?q BEH]@T V"BP%\W&%@?&H in hydr ocar bons such as

i sobut ane, but ane, pentane, hexane, heptane, octane, and m Xt ures
thereof; cyclic apdralRCeyR!'t Ry HReesRANS sQL@Bd ASeae ch@hPXANExcept on the
cycl ohept ane, nmet hyl cycl ohexane, nethyl cycl oheptane, and m xtures
t her eof ; ar oRtogen bcmpd directly to the cyc!openmdxenyl ring), alkyl. cyc)oalkyl aryl, alkylaryl,
-51- 8/ 067

PCT/ US97/ 131%?8()/1 and dﬁ@&?‘dgﬁ‘}%@?“'%%%ﬁ%ﬁ’%@ aromati ¢ conmpounds such as
benzene, toluene, and xyl ene, Clerr] dialkyl ethers, Clerr] dialkyl
et her derivatives of (poly)alkylene glycols, and t et r ahydr of ur an.

M xtures of the foregoing are also suitable. One synt hesi s of
het er oat om substituted cycl opentadi enyl systenms, which are 5 useful as
precursors to constrained geonetry catal yst systens (CGC), is depicted in

5 WQIBN62E 2 3 33, 6a-[err])-2-(Trinet hyI si | oxy) - PCT/US97/13171
1,

52—



Schene 1, bel ow, where:

(- H err] OO 98/06728
CHerr]dJ[err],

[err] G e.) 2.05 eq n-BuLi/ hexane&® [err] C, and
R, R, R", R'" independently selected in each case are H (except on the
nitrogen bound directly to the cycl opentadienyl ring), alkyl, cycloalkyl,
aryl, al kyl aryl, aral kyl, and are not |limted only to these groups.
-52- WD 98/ 06728
PCT/ US97/ 13171 Schene 1 C)
R R R
aorb c
O ——— NR.Z—“—'—_—‘ ©© NR'Z E
L ® |
S ketone enamine
R Cl "
R\ ot d -
N~R™ R“\Si H
l i ® H R SR
H
CGC-ligand
©
[ R
NR';
R @@ NR2 | 5 ®
H'/ ‘\ le R"\
?J Rm/SI\N,R""
H L o
10 CGC-ligand CGC-dianion

0 [err]C,

b. ) excess amne (8 eq),
t hen add ketone and
c.) 1.05 eq n-BuLi/ hexane at 25 [err]C

a.) excess am ne,

~-853-

MeOH, 25 [err]C

Ti A [ erp¢TAUL97%13)171 N

warmto 25 [err]C,
o .0-1.5 eq C-silane/ THF at 25
Selrho

10

R



[err] WO 985788/ 06728 PCT/USIT/13171
PCT/ US97/ 13171 The het eroat om cont ai ni ng substituent has a nitrogen

in the 2-position of the indenyl system 2-1ndanone is a convenient
starting Matrgg h@kroh@im-EOMUMIY @Bsti@ent BSs a nitroge S BT the IR ADFRRATLES) | _
al though formation of the latter is not restglctedtot e use o ‘ this
conpound. Esgswimed-Indanione srrorea vement stapingahatyrifldonech veysioretonthels known in t he

5 art, includi ngj .condensat i [%n f _secondary amnes with the ketone in
anhydr ouis aFUBREPIUiNg enamine al@ANEIHigTARID A RHET BOOhESHIAA, (ha ol 27,
4027-4029). i , 38 : = Lnd r I f or med
by am ne cohh-(g%ﬁésa |UI8§' t%gﬁmleg-%?w gr}]ogﬁgfgtygnchﬁ)ana ogu STSCLW%%“%D%&H“

stericalfy bitndeludiniglcendamaion «fisedondsry hriiBdshyith thel ket o @ni®fdrous alcohdPr €
vol atile am nes such as _dinethyl amne, it may be &ef erable to enpl oy
stronger 10(U. Ellugdif ghai Ghymiehepand sadaen 934, 374, #037-4M3DnTopisally cresmingener at ed

insitu froggsi | 2t T, l,oride and t he condensatjon am ne) (R
Carl son, A ||"§s°§§!%'l‘g£@crteé“°éﬁ8§ﬁ%&af8’?‘bed%y @3%8‘?@50?%‘8“@%’8?“@%%3 49-53) .
These two neidiegeshwie egrsiailipiRdert® kBoORAUGRCH as |-mERAMN. tituted
in the 2-posi ti@%ﬁ of the indene 5(Dt hee 1-positi onci gst;%i l('i:])gl I 3‘%3%‘?1’3%3

to a silicomost velatilermingssuplyandiimgthy! aming L say berprefcoippotoretis)loy Armigher

met hod r the preparation.of. enam nes. .involves electrophilic

i nat i o oPSgritarBRERE iR Sicdnius SR P RRigH (R aaeddn ot PRI Ay
Chem Rev., 1etQ88ori@@and @ odd®BFation amine) (R. Carlson, AFSi1sIM0EEL ¢GPS f,0r mati on
of highly pure CGC-ligands, enam nes prepared by these routes nust be
hi ghly pur eSeardirfavise BB8KGBAN)-53 Bldse bye meduds havebetnlengiieyed to produsei ght
reaction tars which typicall ccompany, prqduct formation. None of the 20
af or emont | ORBITELTES RSB A JP0V R Qlda mdpecn I PRRIER SSupioBdy banded

Wi t hout SONMg g silicon §dtherQfnkind ity iR Yitskd 3 118,

chr omat ogr aph;ilﬁzl 1(r:)cijnri f itc%t in(l)<n °uséi55ng IHHuss&ﬁ%ﬁg?%éps’?(ﬁ?t&%gtf]w;?&al um na
rapi dl ylpr othetprepamtbnaifyesnminef invobvepelacrophiltoorfiinegon of carb:mmidmauengs ket one,

an unfortunate consequence. . Al thou t hese npounds_are_ highly wat er
and air senSfymHan e@ﬂ%#nggd‘@Mt%?’gj’]‘ﬁét e lr%é? 1 ﬂl?‘lng@d by car ef ul
fractional 25 distillation, or occasionally, recrystallization. In
particular, rapid distillation of i ndanone enamnes is required to

prevent thermal Ppei suiBEduent foffatiod df RgghBf pilrk COCBlo8NAL 8fhmines prepfEPSY at ur e.
Expedi ent conversion of pure enamine to its corresponding anionic salt is

required toth§pt Wuies anust §highprpuse @ddres afdatbne sh liob beparduassinddyghat so be

PQZE ochem C@Iﬁ%%b%%%%%}/sewmch typically accompany product formation. None of the
PCT/ US920 134fbiementioned routes undohilg preiidesiapradik® whidl @heehRed Sidbid sBehe.
material for CGC-ligands substituted wi th oxygen in the 2-position. as

shown i n Scehel fartherepusificatigrer We have found that chromatographic purification using

flash-grade silica gel or alumina rapidly promotes hydrolysis of the cnamine to free

aminc and ketone, an unfortunate consequence. Although these compounds are highly
water and air sensitive, enamines of this nature may be purified by careful fractional

25  distillation, or occasionally, recrystallization. In particular, rapid distillation of
indanone enamines is required to prevent thermal polymerization in the still at elevated
temperature. Expedient conversion of pure enamine to its corresponding anionic salt is
required to obtain a highly pure CGC-ligand, since enamines may also be

photochemically sensitive.



a.) alcohol, benzene, reflux (-Herr]O; b.) 1.05 eq n-BuLi/ hexane at 25
[err]C, c.WO98/067281.0-1.5 eq O -silane/ THF at 25 [err]C, d. pcRuSsBa7t
n- BuLi/ hexane at 25 [err]C, and 5 R R, R, R', R'" independently

sel ected in each,case are H (except .on oxygen)., . al kyl,.cycloal kyl,
aryl, alkylaryl, ?";P;?r\f’w 1S iy Bﬁggéorﬁéltsu}mﬁgg@[f)”dhh‘; GQf-igaags Sﬁpﬁﬁbé.g
- 55- with oxygen in the 2-position. as shown in Scheme 2, below. where:

a.) alcohol, benzene, reflux (-H20); b.) 1.05 eq n-BuLi/ hexane at 25 °C; c.)

1.0-1.5 eq Cl-silane/THF at 25 °C; d.) 2.05 eq n-BuLi/ hexane at 25 °C; and

5 R,R.R", R, R"”" independently selected in each casc are H (except on oxygen),

alkyl, cycloalkyl, aryl, alkylaryl, aralkyl. and are not limited only to these groups.



WO 98/ 067340 98/06728

PCT/US97/13171

PCT/ US97/ 13171 Schene 2 [err]
Scheme 2
. )
R R : }
a b !
o — R ———— @@ OR‘j
L ®©
5  ketone enol ether enol ether anion
{ ) R
a , Cl
R\sf OR'
O-®| + rN\
l N-R™ R\g H
H e '\ R""
L © R W
H
CGC-ligand
10
R ()]
R
OR' d
—— @ OR' ®
" H © 2L
R\q -
R'"/ l\ ,R"" R\ i
rl\l Rm/ \N/R3""
H e
CGC-ligand CGC-dianion
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- 56- WD 98/ 06728
PCT/ US97/ ¥3Q98/06728 In particular, enol ethers in ERTASIERII on
can be nmade by dehydration of the appropriate hem ketal which is

cataryst (L A SAGERCEED YS! Ghr Pl fesitdh by made yRBRERRn 8 " 00 € ©
1984, 106, @gprépAdRtenikethl witlah Rafdtméd ilinMk bl iidadondArd alédhRMn hO57, 22, 5

1473-77). Silyl enol ethers can be made by form ng the enol ate of
2-i ndanone @rasence of angpgihie patalystilt A; PagiettexAnYrradargjapuE.yBeydl dert Koftess | y|

hlori de (Re LejdQ:; Lkhedde: , W | en; Si . J. H
Kasnmn. O oRREnSE {9 6704 balS WEE! Bopnamoceny Wrighl Bre. Brergy |90,
i ndanones, |k 7thesgiaitb@has ahPBaIRRde 8Y Cordlif@henERRII. Rdhsbr¥daol ysi s

and are very oxygen sensitive. Once pur|$)| ed, they are best
expedi ent | y qoemohéng witht for exemple, 1buty ledimethypolyticigrideniRo hienos . Luttikhedde:

On hi ghl ified, j f th ' Lo | -
anioni e CENNETR Sl Rach AbNAsman. Bpreervist 4 BnT St aDeRonr b base
of Sul L abl & 550 dhes, ke nAaRRAS SRILALE FORLILELAMIO0 SRIYERL and der

appropriate, anaerobic, S condi t1ons, of 1d anionic
salt may be atd Vdrgoeggenaabiade aDdcadpurificd, thep aer best dxpediequipodrvieattd wethyirel d.

Li kewi se, enol ethers of 2-indanone can be deprotonated to the

cor respégdi F§TEHROBAINE UANC Safiie choi ce of suitable base is nore restricted
in the case of silyl enol ethers, since certain bases, |ike

n-butyl I'i thium ‘r']@vzcl‘;eatggt‘dg%u;iﬂﬁ&%‘dﬁ?ﬂsion,o{;/}fiee?lia}nYr{c?Bii@@o%%n@xﬂ@%ﬁ%ﬁﬁ}cgn of

the enol ate anio tack on the si group).

formati on ofsalt onytheaicnem phgedbly reachiog aritsan G priagand) obaswblespremgt n

het er oat om substituted i ndenes is baseg ‘lil on the ani on@%l kyl atj on net hod
descri bed byP aPProprigiciqriterteinesolsnk e Ha %WEWH%‘F"F’@F I\2nhYYEQRSr e, Davi d

D.; WIson, PayidnRneS Id C-fnw‘.’_ic sdPRhy F(T M 23 QAR ﬁldo T 8 %earty™\N

- l ]
119: 160577, rpenetti, %Iosnoal oppenburg, ; Kupec, Justin
T.; Pet éfsemuadwhifiveyield. Liregdaseo amdlaithdre sf 2-28fanone can be Hp@)onafedtd t1@&l) i n
whi ch a cycl opentadi enyl anigon s reacted with el ectrophiles such as 25

hal ogenat ed “SEEHMAIE HMRYF 8t NS roiqsal syicabht Brre demairdarifics iy et to
give the si!# lEﬁﬁ%ﬂ)Qﬂb@&rﬁ%ﬂ:&ggrﬂk@w-ﬁnwittﬁ!ulﬁylwgﬁ"f@\?n 0 cause
siTyla af ogenat ed secon

cycl opent adi eny m ne. Under ge ary al kyl am nes
or hal ogenatdesi! Wetane&h gesdrhydraofi the snalne anival (bakedtiack on thecilylestanpl e

(t-butyl) (chl orodi net hyl silyl)am ne, (t-
??E %L% §,f;ﬂ( g; ggio ﬁ%o%%ﬂ%%c@%%t%%%ﬂf@g}etrgdigands (CGC-ligand) based upon
( g . butyhy( Z%Mé%tg@%guém&{@dﬁﬁden@ Rlsastb 5Bt RY hsibh ¥k (aBE MEtH A Bed&ribed by
PCT/ US97/ 131¥itkias and cqworkemrilNydKi4sc Bttar dididvery DavidyD), 3ilsoe, David R. PCT
(chiorodimet iyl sl ] Y 468 FXY 8T8 e AN 119:160577: Carpenetti, Donald W
Kloppenburg, Lioba; Kupec, Justin T.; Petersen, Jeffrey L. Organometallics 1996,
15(6), 1572-81) in which a cyclopentadieny! anion is reacted with electrophiles such as
25 halogenated secondary alkylamines or halogenated secondary silylamines to give the
corresponding cyclopentadienyl alkylamine or cyclopentadienyl silylamine. Under
halogenated secondary alkylamines or halogenated secondary silylamines are included
for example (t-butyl)(chlorodimethylsilyl)amine, (t-
butyl)(chlorodimethylsilylmethyl)amine, (t-butyl)(bromomethyldimethylsilyl)amine,
30  (1-butyl)(2-chloroethyl)amine, (chlorodimethylsily{)(phenyl)amine,
~-87-~



(benzyl )Z‘%%P%?%Eﬁ met hyl silyl)am ne and PCT/US97/13171

(t-butyl) (chl oronet hyl phenyl silyl)am ne. For exanpl e, dropw se
addi ti on ofadafifant lﬂfﬂl@rdﬂﬁjﬂeﬁﬂ%ﬂl)\rflﬁmﬁﬁc 1(bistoeutii@BihglsH|l) {cyt Bhdit¥akina
nol ar excess of -butyl ) (chl orodi net hill silyl)amne in THF foll owed by

st andar d 5benzylé<r¢bipewdlmeth>11stlm)am"tqﬂﬂéﬁ aétya&ﬁi"@fewgg!mcemtsmmme 5¢t en

provi des hi p vm t hout
further purcg %lﬁtﬁ?gﬁmsf%‘?@q]sog ocfé N\@‘O&[@}/’V?&&%%%ﬂ%ﬁ ; ‘f/{fﬁgfe‘ dhverted to
i ts insol ubhdiahix@BdsTi(Cbs@l)tchBtodigrRetyl QN RMmisdB mpmhﬁsea byl dedhdard t wo
equi val ents of a base of suitable strength in an appropriate noninterfering

sol vent5 removal oflxthmmB\yﬂcapipmpmmseelng:mq:mxbrqf@mmgwgeﬂ highly pure ligaadcont ext
of the present, invention is a, sol vent .t hat, does erfere

o th the. £ ok MoK Saeu B abeul e i BoR  BOE HTeHEn - i SSERIa BT o
product . Sg“ng?FH y%@tc%n%ﬂetd%!?'n@ nfs%lub‘ié’cﬁaﬂbﬁﬁasraﬁtb qgacﬂt)ntolf‘ﬁxe%e%%@ﬁﬂl ts
and iani onf ¢ sal he 1 nvention include, but are not Timted to
al i phati c awd eguienlehiscof a base ohgudtablearrbmats in paapproptizte hyniaterfarigi solaerd.
branched chai n hydrocarbons such as but ane, pent ane, hexane, heptane,
octane, decane, jncluding their branched i, s% rs and m xtures thereof;

cyclic and al i cy®) RRPTARFAGBAPIBIGHE 18 E¢ Vel iR @HW&H%‘}'C&WFB‘H%"I“&HB is
met hyl gycl Qllm E'QOJVQFtt ga/t FUG] ORERERD & iRk mrmfaﬂsr%f topﬁzra@pcielet@ﬁ gﬁn,and

hydr ocar byl - stl tuted aromati c conpounds such as benzene,

xyl ene, the dcfstx’ealpbcahmer&;chchoe)tehgslsbeatzem the grephation estﬂcharceﬁn‘ <altebhker s and
cyclic ethers, articularly (err] dlalkyl et hers, such as diethyl

et her, di btijt‘%ﬂlo@t: IS qerfBC HeERyon inclydequt aggnot lighiegyto a@@“ﬁ]“‘ér‘éﬂ%lc et her

d_eri Vat ' Veglyghfg hy?ﬁeﬁhkéﬁllﬁgﬁ t%ﬁ*ﬁ%& bwflyﬁ%}i &xin ydr%car%n%ﬁafﬁ(s)f:%ﬂgne and

di oxane an Xt ur e €t €0 xtures o oregol hg are

al so sui t alfediane, hexane, heptane oBax‘ae&'le@ﬂnesthcﬂx&hhgtlﬁtrﬂﬁmhbd fsometswndpr epar ati on
of the dianionic salts of vention include hydrocarbyl salts of
Group ISandniehBest ET%t‘%XFBC afé%‘ﬂ@dF‘éﬁ hxﬂrawwnw‘:@sb cycighgransafYEOREPIAPEL hi um

or magnesi qﬂétfﬁf!‘dfﬂgﬁ% Wtﬁﬁthgln%ab@]ﬁ%tahﬁlrﬁlktﬂésulm:rcgf aromatic angut y! I 1 thium

s-butyllithiu I'Tthium neth magnesi um

chl ori de, etyhpdcam@elsstmdbmmaﬂne,comppumwkzcmragmnm@bémr kgiene,
di but yl magnesi um (butyl) (ethyl) esi u di hexyl magnesi um G oup 1
or Group 2 Qﬁlﬁtlﬁq’@en%whﬁgenzenc fnd W’%‘Weﬁlﬁie‘%‘gd e “b‘é)ﬁléfé§|elﬁﬁr%nd magnesi um

féﬁ?ﬁmlhyg oy ¢ O URH L hch A0 Y B8 a3 )L LELGY 1 0.

- 58- the%?%/ﬁﬁzglgcthcr denvatwcs 8 (pog)alk lene g #yc&s such 35

PCT/ U897/ 13171 um num h netal am de

conpl exes, cﬁhhen\oafcchméﬂhmmxane ,mdl mPExﬁ’&Hxi’ﬁEkéithrEbft mmmr@s sehby! ani de,
i t hi um hexamet hyl di si | azi de, sodam de and

foregoing are also suitable.
Bases of suitable strength for the preparation of the dianionic salts of the

invention include hydrocarbyl salts of Group 1 and Group 2 metals, especially alkyl or
25  aryl salts of lithium or magnesium, such as methyllithium, ethyllithium, n-

butyllithium, s-butyllithium, t-butyllithium, phenyllithium, methyl magnesium

chloride, ethyl magnesium bromide, i-propy} magnesium chioride, dibutylmagnesium,

(butyl)(ethyl)magnesium, dihexylmagnesium; Group 1 or Group 2 metals, such as

lithtum, sodium, potassium and magnesium; Group 1, Group 2 or Group 13 metal

30  hydrides, such as lithium hydride, sodium hydride, potassium hydride or lithium
-58-~



magnesi um di i sopropyl am de. Bases of suitable strength for the
prepar at i oRy@hs/bdres anionic salts of the 5 i nvention i ncl u8€TU$a7/13171
foregoing as well as Group 1 or Group 2 metal al koxi de conpl exes, such
as sodi um et hOXI de, t.assi.um but oxi d

pot assi um anfl uzgigurh hy%“dc foup %groﬁ%géﬁ?ﬁqgﬁngﬁe SPPIRESYP 'élcr%" %ﬂlj SN may
be acconpl i shaehdy (RARthGirh @emétAylamide, litHihs RkhmadyWRiilazidReadhmide o t he
dianionic salt in THF with Tid [errT (THF)[err] foll owed by 10

oxi dati on wi timgmesilmyldiiseprobylemidte or | ead dichloride is a well established
procedure (J. kuda, S. Verch, T. P. Spaniol, R Sturnmer Chem Ber.,
1996, 129, 1429-1431, ore EP 514 828) which aff t he
titanium (1V) di cH%F esuétawlsggznvl?ﬁx%r the Prepgfappy Sﬁhﬁeanf%”c etsg?ﬂél ated or
hydr ocar byl atgd Y, bigaRahe Xsrhanae vl 28GRI 8PGHEUPE2 metal al&bkMEatl ng or
hydr ocar byl at| ng agent, such as nethyllithium nethyl magnesi um 15

chl ori de, beroyiplgxet, aach asisodaith gthoiidehsadimm tr butexidy) poitdsyiumebdoXide pBdhi um
neopent yl magnesi um broni de and phenyllithium A nore conplete I|ist

of appropri atP@‘3§§’P§ﬂ APy IAl or hydrocarbyl ating agents is given bel ow.
A general nethod for producing the titaniun(ll) diene conplex fromthe
corresponding tit aﬂb%&hbﬁu&' mb@ﬂﬂaﬁﬁnﬁ%ﬁltlﬁ%%éﬂzﬁ%gﬂph%d% RaKedsei@ath
cowor kers 20 Devor e . J. Timrers, 'D. L. K. Rosen. T.

J. Marks, P. this aaexskﬁelC Reaction of the SjanioniCsajbinGFREF atithi BE]; (T3;, fallgwed by
3132- 3134 D. D. Devare,

L. H Crdf orwda@owm\w%wnee@fos' sesfegééc%mﬁﬂsgsawe‘CSfﬂﬁfﬁgﬁmﬁe%ﬁ? he

di chl ori de V"'(Bll&c{]bgu‘t/&]c I +tahi g}uk)p g rg@urmeggggﬁefg m(,appg qrsHale ¢ ane

produces the anal dbgous |tan| I'l') diene conple
het er oat om subsidré BPed 4,828) wh&ysﬂfﬁam the titanium (1V) dxchloeraecofrmlcoatTlnm of the
CCC netal (I11) conplexes according gye i,nv nt|

acconpl i shed 439“19%95 oY §eeérla!ed§§m<ilr@§4f ga“‘gﬁbﬁ‘@“mﬁ?"é‘ﬂ ﬂar’BP‘PHE“m
fol I owi ng: xlgaalung%?h%ﬁr%%ﬂwﬂnh?g@gm %G&?ME@IP’QRQ}UQPM)Q%AGE%%“ ons of

the di ani oni ¢ rfvalent netal salts, such as Goup 4
metal (1115 hebioritz, bénzal orassiten colyplidwes, mmxmms}ylmethyl h!\h@r@&eomﬂ

PCT/ US97/ 13171 carried, out, o tionally follo lér atl?

hydr ocar byl atPagnesiurmbramige ardphenyliit PWI%N%@CWPP}I?%?%B 130y Ya@‘

to formthe cor e cel hal i de, aIkOX|de silyl or
hydr ocar byl c‘g it ?Zé%ggb%#g]t"hé ﬁﬁ%’?‘gﬁéw A further synthesis

met hod i nvol ves redu0| ng an appropriate CGC netal (IV)
A general method for producing the titanium(II) diene complex from the

corresponding titanium(IV) dichloride has been described by Devore and coworkers
20 (D. D. Devore, F. J. Timmers, D. L. Hasha, R. K. Rosen. T. J. Marks, P. A. Deck. C.
L. Stern, Organometallics, 1995, 14,3132-3134; D. D. Devore, F. J. Timmers, J. C.
Stevens, R. D. Mussell, L. H. Crawford, D. R. Wilson, US 5.556,928). Thus,
treatment of the dichloride with n-buty! lithium in the presence of an appropriatc diene
produces the analogous titanium (II) diene complex for heteroatom-substituted

25  systems.

The formation of the CGC metal (III) complexes according to the invention can
be accomplished by any of several synthesis methods, among which are the following:
The reaction under anaerobic and anhydrous conditions of the dianionic salts with

trivalent metal salts, such as Group 4 metal (II1) halide or alkoxide complexes, can be
-59-



5 di hal VB8P3 al koxi de conpl ex, or, preceded by nonosi IPyI PER

nmonohydrocar byl ation, the corresponding CGC (IV) silyl or hydrocarbyl
monohal i de carried ou@E%eﬁng ﬁsmswsl@bp@mh% Yy mr@eaawl&tﬁ,w Bitkl gfuelng agent to
t he correspondi ng I11) hali'de, al’koxide, silyl or

hydr ocar bylsxly,bnpg exhydrocarbylaung agcnts anu tmecﬁdmsmmdmgzﬁﬁé:rmytalsum able in

t he synt he of the nme | exes according to the
present inj@fﬁi? &l?‘oét‘%’ccﬁé ﬁéﬁf%@'kéﬁpe (EWIT%’&O SWYSHR™( D. R W/I son
US 5,504, 224, 1996) which is incorporated herein by reference. For

exanpl e, cycl oPeR R BydindsiHaaAsd FRAINS iz eg) P:g:ritaﬂzec deankane)sal ts
and/ or by the (stabilizing) hydrocarbylatin nts from

cycl opest adhmudlemdmﬂammqt@n@mprépramiad! by monosibdarjneotes i n the +3
oxidation state to give the CGC neta 1) conpl exes of the

i nvent i on, monohydrocarbylationy frg %T@PP%H%FF&) dyanty o sydroserby| ﬁ’@"?hﬁé‘de

oxi dati on from +4
to +3 have c{)een ekgglrhlgbggltpwt’)(é’(/@ g;s]u ?aebéepreeg}l%{ﬁgg mk@lhe%%@?&eg&gﬁ%@éal um num
and magnesimél (I11) halide, alkoxide, SByt @thydraatbyl admplgx.and hydr ocar byl ati ng
agents for the CGC netal (111) 20 conpl exes and the CGC netal (1V)

conpl exes of the_invention include alkyl, such as et hyl,

propyl , but yI 3pE e Pe Pﬁﬁﬂ“lﬁfé)@‘l“mbéﬁ ‘FI the synshessof peRGC mﬁ@béﬂl}ly and
bi ph X | | k |
it s s B O L A R

such as rTEtF{LYWﬂlsérVUS 5Lso4mr4hW%) I»»;H:@H isylhcorporated hdﬂemawwfaiehae Fod
trimethylallyl; trialkylsily such as trinmethylsilyl and triethylsilyl; 25

trialkyl si | SKaEIpkey chlgmwdwyi figanss gn be ﬂyph@qdm the ﬁmm galig|andigr Ry the or
3: lr%![ h;FBZ#tS{agltl{e%g }%I) hydroczﬁ'gi;'!%xfle S%Te{%‘ysl fr5 %Pcl%ﬁ«%nq%}x r}é'l}gg ntta%grlmge&{odp 4 metal

bi s(tri met fagnsléxes kb i@ xdvion smy@id)gleaaﬂl@malmmqlxr) complexes of the
di met hyl cycl ohexadi enyl : di al kyl am noal karyl, such as o-(N, N

di et hy‘Pamlﬁmf’élOﬁyl ) phenyl ; and di al kyl am noar al kyl, such as o-(N, N
- 60- WO 98/ 06728

PCT/ US97/ 13171 u1tatbhe Sac%lk%&&ﬁlsqg% EE%QZ%E thes&l &‘ﬁﬁﬁfsta% 8P{?1a:}nct§lsgf th%s

nmetal s, preferab I'um™ magnesi um

and al um nLmGCRhaﬁle(nv¢dorﬁplkydsartdmg4aada have bMdfemafebmba&d o @gecnmsy i ncl ude
trimethylalum num nethyllithium nethyl magnesi um chl ori de,

neopent yl | |"E‘F|'iu9?'r}’-’“€f4’ﬂ@t"(‘1‘w 4 PRgRES R nmagnesi um chloride and 5

phenyl I'i thi um Stabilizing gr oup- cont ai ni ng hydrocarbyl ati ng agents are

al so i ncl uded, u,mbf‘esg?l?ﬁ;h é‘?ﬁ‘f b%g?&r?ﬁééiﬁfié&ts%?@g ORI

hydr ocar byl ati ng agents an stabrli1zrng gro p- cont ai ni ng
hydr oce?:ObyIcogmp)em adéa‘terdi@édnétni (D8) &orbfldxA2A thenhoamion includahlks!, swtl asde, for
exanpl e, benz pot assi um (N, N-di pet hyl am no) benzyl | i t hi um

al 1yl lithi ufﬁféﬁh W heroryt ;?@Fwdm%wv* Wt*}%%ﬁ aml, w%a%ﬁhﬂavl |n2pmgylgan6ups are

(e 10 RSB R o BB St P,
and xylyl; allyl; silyl- or alkyl-substituted allyl, such as methylallyl, trimethylsilylallyl,
dimethylally! and trimethylallyl; trialkylsilyl, such as trimethylsilyl and triethylsilyl;

25  rialkylsilylalkyl, such as trimethylsilylmethyl; pentadienyl; alkyl- or silyl-substituted
pentadienyl, such as methylpentadieny!, dimethylpentadienyl,
trimethylsilylpentadienyl, bis(trimethylsilyl)pentadienyl, cyclohexadienyl and
dimethylcyclohexadienyl: dialkylaminoalkaryl, such as o-(N,N-

dimethylaminomethyl)phenyl; and dialkylaminoaraikyl, such as o-(N,N-
-60-



Preferred halides or al koxides of the netal (l111) halide or al koxi de
conpl exes wo 9s8/067281d t he CGC netal (111) halide or al koxi de RBSHEPEXALE

i nclude fluoride, chI ori de, brom de, iodide, nethoxide, ethoxide,
i - propoxi de, - tOXI enoxi I
(111) hali de neBy REY g""&% SISk Pﬁ%ﬁu 3r ?B‘&Fﬂ‘ TRFCE ﬁaPE’ Gesh 5°q’q‘%9‘
titanium (11 Isbdxeﬁ\hgaswﬁumt inb@itsium 4dd dilmibued)i pleferfeldtsaRiatiiy Ghd | )

i sopr opoxi de, titanium (111) (dichloro)(isopropoxi de) as well as
Lew s base ccburpwogm@eﬂﬂ@h taB@lS include irdmélgbllahI@meml@ﬁil?mm hi@erih)dorrpl exes
t hereof, particularl A

f d |
gl ycol di met [RABNESHEY ehioric t%ggg qﬁnélp iy mrﬁt@ﬁg@ﬁg%ﬂg Al and, Ry Lgpe

cycl opent gdi %w. /IG@NIAR] Sthbifzits QHRupdeoBiifth ﬁ?&@&ﬁ&?ﬁnh&‘aééﬂﬁs 48 aRBiiftAide@n
state incl ude triscycl opent adi enyl % ani um bi scycl opent adi enyl

titani um chl aspeate;lly the stabibzing geduppeontaining hydrocarbplatiograganenimisalts of the

bi scycl opent adl titaniumis titani um
di chl ori de, elg%g.,grgap éﬂ?f‘F‘“‘ﬂrivtO’g' %@?p%ﬁﬁﬁ?ﬁé‘ggg ngcﬁ)%] il eﬁf‘%l enyl
titani um di ”%L{P%hﬁ‘ae %ﬁ::@r@ﬁé theh %Bbﬁkﬁbﬂn}’uﬂw d%ﬁemylamm%)berrzylmm

butyl) cycl opent adi enyl) zi'rconi um I"ori I'gands ' of
this i nventl mmynnlauarmﬂtcbmemytpﬁn&dhsyh ptarﬂsadm:;/ﬁimﬂhadg grodps are further

cont ai ni n% ands where the go in_the f (A
free basdOwi tdgscribsden Hny %&d&ws %fﬁ'ﬁ%i%gilh-el&%t@féﬁseandm“w W0 93/19104)( B) a
di lithium sal; -61-

VO 98/ 06728 xﬁc:orporated herein by reference.

PCT/ US97/ 13171 (C) a magnesiumsalt: or . (D a

nono or disilyl at etefdrrad iholmdcs or alkoxides of the matdl GIIT) Hahiée scalgexidt complexes

invention is the u of a d of this invenption for . nthe5|sto
produce a netdgd!t ér%pe‘%e'é\‘ (1 Iﬁﬁ 1dey @for s COB‘PP 6? I@Wr{h@r@e{% Méduce a

5 net al elnal) t he

Peri odi ¢ Tablr{:'g!)@i<d el ﬁh%éfde%ﬁ%s'd; ﬁm;ﬁﬂ? %’ggp’gifs%% ’l“%ig es, and
from1 tds4 ghehdweidd.i Brafedeed metal (I11) halide or alktweidé t@apl&seﬂhcmbe sitaniwee(flfjon may
be used in various forns, |nclud|n&ésal th, varjous groups

attached at tghergepipanumpdll srheyide é@gmﬂgé)ohrﬁ@lcieoﬂmw (HBapEspeg de. in
whi ch the ne I ani des,
and in 10 iR ERETaERResopRal, RELAR EolR¥ate Rimblges @ik’

conbi nati on vﬁotelgom'rghmped:mmyamﬂsr complexes&h’e&qﬂ;ﬁm\ﬂarﬂmdm‘:hﬁi el conpl ex. The
met hods of synthesis may anal ogous to t oPse di scussed

herein for tHetr@yéc&fuwnr?é?awyifaﬁgfyg%émfhﬂ giher complatssdhereof. Prefeged ol | as
various apherg,s @Exf}g&bﬁyIPJoﬂ&%ﬂH%G%JyW{@za& &&&Ex&rxh éheTL‘?o ?ﬁ‘én Gagpl exes

are useful as”ca sts’in vari eactions, 1 ncluding ole
pol yneri zat i dAcloéaGistydispentatifeny! titanium, b:s@mom&ld}enyhatmngn ofilotibese net al
conpl exes. as well as the neutral Iigands and various inter msdl at es

i s conplicat éuscaﬁ@pemthcéﬂgitﬁgumafmntdﬁebmw@@emad*@wh tBugyiseRIpRoXide,  f or
these names acr §¥&5&en§& titaneh R Sride” %:%ep lekgh &Qﬁmﬁkggﬁ%&b&%e

representatlo cormen ment  of the

bridge of a C@B&bémhdiheﬁiylgﬂmﬁ?rhrdjmethomde emk@mmmﬂtxlﬁ)(brl dged bis-Cp
complex in the 1 -position, the heteroatomthen is in 20 the 2-position.
The st ru@dur dutyligyelopertadieniurcarive Glafisul d not be given a strictly
literal interpretation with regard to bond orders, bond | engths or

strengths. For The ligands of this invention are 2-heteroatom substituted cyclopentadienyl-

containing ligands where the ligand is in the form of:

(A) a free base with 2 protons capable of being deprotonated;

(B) a dilithium salt;
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exanpl e, W(ﬁgw%"?%y data show that the N-Cp bonds of sone c%cr;rp %’Z’éé"ére
shorter than woul d be expected for a single bond, which indicates at
| east some doubl eChanslagnesium sahasracter in the N Cp bond. 25

Wthin the scope of the above discussion relating to |igands, preferred

| i gands of (PhiasmpagerdisibiaiedeirB®sond to the formul a:

-62- WD 98/ 06728

PCT/ US97/ 13171 L o o : ; o

whoro x s 0 or {Vindieeopg of thisingentons the g of gligeng ofhis bty o g
and the synt@kdielo SRl Sm@hkcoRspldd eMhRUVeatidRf drifedsyniMesis € pRAus: t ed
circle wwthin the Cp ring inplies the various possibilities for double
bond chaf actmesta] goanpiéxa¢omimisirigen wotabfrom one oif firaensey todBd ddithenariadichahlaof er as

appropriate,, dependi n on the val ues for y... an . Z.

The conpl exd®e ggg‘@?n&’&ﬂgﬁgﬂ‘%loﬁ?t&rﬁﬁ Sya'}fc{;?’i?el tﬁ’?} %6%%‘%?‘% with an
activating cocatalyst or by use of an activating technique. Suitable .
activating TeRAAAAIY S Ris iVenHE magbeiused MGaHEs ROhY,TREILGinRkal®, | gomeri ¢
al unoxanes, especially 10 met hyl al unoxane, triisobutyl alum num nodified
met hyl al unoxetieyarimus groups aftahbd aythaZipositianen syrelsealeadiegismatl dsmplesesh as
Cferr] hydracarbyl substituted, G ou .13 ounds, especially

tri (hydr ocar‘{‘)y‘lh)%] DRHRARS ﬁ?mt WOPW@RBBQPHW#‘E)@%% the lanthapides, 3R&E and

hal ogenghed (i Al Gtk BEEIrRAROALAM), AsHd ¥3hlc¥RSinlisH & Vil i¢tis

froml ?g 15 }lggr?toﬁis&%r{ each hydr o%ar byl “or halcoglglrr\]a{@fj &{3 F%d?%&s'gr oup,
nore 15 egpepiesdrt yn prerfidtal@onmpiexe M hemdtbods| of spmtbesicmapbeisidd]ar and nost
especially tris(o- é&lonafl uor obj pp‘esn | ) baor ane, . ,

tri s(pent af 1318108pHeRYNS S&H@Fdﬁaﬁﬁbﬁ% r§7ouP AgngiakGopipéexes of this invention,
noncoor di nat,j j £.00 i j ; npounds
Under ] VAo T AATROBRCS L DI Rl 2 HRPmal SatfteRe
phosphoni umare asefuliagieatalysts in vadausbesrions, incdudiyg blefin polynewilziwar rnetiosal t s of
conpati bl e, noncoordi nati ng ani ons, or 20 ferroceniumsalts of

compati hl.e, noncaogrdi nating.aniops; bul k el ectrolysis (explained in
nor e de'ﬁéi | her ei AP %;“ag‘.r‘ﬂf %fgﬁ%gieﬂéet”iﬂc?ﬁg’?gﬁxef'ﬂé “fehr“é&ﬁ f??g‘"&@'ﬂ%%?&f ARy
cocat al ysts yarjous infltthelifafdd W QiSicattlend CRARRLRG, Aflthy AldNH vaAGH Ghrlss and

activating techni ques have
for these names are evolving. Therefore, reference to the structural representations is

recommended. Generally, with attachment of the bridge of a constrained geometry
complex or of a bridged bis-Cp complex in the 1-position, the heteroatom then is in

20  the 2-position. The structural representations herein should not be given a strictly
literal interpretation with regard to bond orders, bond lengths or strengths. For
example, the X-ray data show that the N-Cp bonds of some complexes are shorter than
would be expected for a single bond, which indicates at least some double bond

character in the N-Cp bond.

25 Within the scope of the above discussion relating to ligands, preferred ligands

of this invention correspond to the formula:
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been previously taught with respect to different netal conplexes in the

f ol | owi ngwo 9s/06728ef erences: EP-A-277,003, U. S.-A-5, 153, 157,PCT/US97/13171

U S.-A 5,064,802, EP-A-468,651 25 (equivalent to U S. Serial No. 07/547,7
18), EP-A-520,732 (equivalent to U S Seéd' al

- 63- WD 98/ 06728 T (x+y+2)2
PCT/ US97/ 13171 No. 07/ 876, ! t'?g&, EP- A- 520, 732 (equivalent to U S.
Serial No. 07/884,966 filed v 92)R* t lie t eachi ngs of which are

her eby incorporated by reference. nbi nati ons of neutral
Lew s acids, especially the conbi naﬁb ridlkyl al um num
conpound having froml to 4 carbdns™in 3 ylf group and a 5

hal ogenat ed tri (hydrocarbyl)bororiconpound having from| to 20 carbons in

each hydrocar byl group, especially tris(pentafluorophenyl)borane,
tris(o- . ”F’Qﬂéée O MIANGY b %Pﬁ”ﬁﬁ?y of U rxt+hf§s FPLNAL (NG IOanS[HSh
neutral Lewis acid mXxtures with™a pol'yneric or ’oligonerit al unoxane,

and conbi nat ypassydibots Siengbeevividly dfine@Wrisere the doudg cifele aﬁmﬁcdhaldgmng
tris(pentafluorophenyl)borane with a polyneric or oligoneric 1

al unoxane arienpisp i wiriops gessibitineselondoublabondchavacseraparaalgioupledondf | t

according t t invention.is Jegg%gi scoveé%/vt hat . t he m)at
i

0.t he resen
oT 11 ci ent® catHF YA o5 AT SISt Ag “BRroRa:s. depending Hdn e R for 1., 38
tris(pentaflyorophenyl)borane/al unbxane m xture occurs at reduced
| evel s of al unoxane. Preferred nolar ratios of Goup 4 netal
conpl ex:tris(pentafl uoro&(henyl ) bor ane: al unoxane are from1:1:1 to 1:5:5,
nmore 15  pref er abhgcomplexas are 1erglered cataiyt@allypetivelhymondiinggion ithainent use of
| ower |evels_of . Lunoxane with the present inwention allows for the
product i on ofc(?‘c‘)’f“éﬁ ﬁocﬁg:flﬁggf §y use Oftm\/\ﬁcgﬁmﬁ]gg[ﬁgwé?‘gr ﬁﬁ“&?lgﬁ?liw@iugﬁci es using
less of the exReMstyRrakdRREANACIGEE FEIdMERE or oligomerllithbained, k¥pecRAl ymer s
with [ower |evels of alum numresidue, and hence greater clarity, are
obt ai nedl0 2®ethylalumoxanegiriisaiytyd alwninformedifjed owpryiplasoxarefen  as
cocatal ysts in _ong, enbodi nent ... the present invention conprise a
catton whi ohiPetdRTRRGPE el exisasids BEh Bbfacarty oy SSRGS
conpati bl e, nco inatin nj_on., . A.. ereir )
“noncoor di na ?%gmgﬁ‘ggs&gﬁggﬁf ggn%drrogdﬁgﬁpﬁrgg‘_u\%niogkﬁgﬁﬁg‘}rgﬁgesmnnot
coor f“ nat edt eqmpoqndshg@ hﬁo@gﬁhm’zﬁéﬁfi&ﬂ@dhingp?hﬂlbgtmdm_eﬁhmﬁef th@?ﬁnlhexilx;\lg.nd t he
catal ytic derivative derive therefrom or ich is only weakly
coordi nat ed fremslieh! Teatponsda sagprdsesaryd eahaipegpated hydrogasy| groBRtMere| abi | e

to be digpla . ral | e ' [ j

(0,0, O BF) SRS B AR A AR AP AT

bal anci ng anh@mfiuBrediphenyl)borand.itasbentifpicbpHalDb&¥nd @ofpdlpherid, 2BHbRIbIAN

ani oni ¢ substituent or fragment thereof to ) said cation thereby

f orm ng neut pencoeshpitinge ion foapmgarmpoandsinsiudingthe use pbyish gpinppunds under

-64- oxidizing conditions), especially the use of ammonium-, phosphonium-, oxonium-,
carbonium-, silylium- or sulfonium- salts of compatible, noncoordinating anions, or

20  ferrocenium salts of compatible, noncoordinating anions; bulk electrolysis (explained
in more detail hereinafter): and combinations of the foregoing activating cocatalysts
and techniques. The foregoing activating cocatalysts and activating techniques have
been previously taught with respect to different metal complexes in the following
references: EP-A-277,003, U.S.-A-5,153,157, U.S.-A-5,064,802, EP-A-468,651

25  ({equivalent to U.S. Serial No. 07/547,718), EP-A-520,732 (equivalent to U.S. Serial
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WD 98/ 067 280 98/06728 PCT/US97/13171
PCT/ US97/ 13171 are not degraded to neutrality when the initially

formed conpl ﬁ)yﬂz@?%%f%né‘ﬁg-ﬁfﬁg(?.?azs gcsq(]g)@ie% < Bgﬁ%ﬁgg_’&&%ﬁ&%ﬂd&%led

subsequent p ron or ot the C

Preferred anipfis!,ane?}. ieseadhoiys af whith ae Bérogy mcogorded ity tederefeIpl ex
conprising a charge-bearing netal or netalloid core which anion is capable
of 5 bal anci ng the charge of the active catalyst species (the netal

cation) which may Gsenbinations phpgAl Lpis a€H8. GSRerielbhidscambinazipa ot aialkdd.
O S o st e ALt L AOhonelF Bhdek Bfhapd aced b

olefinic, di 8 nrcal 'y un rate E?Ppounds or ot her
neutral Lew $,138808edHRAy@6cebIBofordéoniicuhll hesing Bleint ARl 20 BRbaksSn each
i nclude, but arée not limted to, alum num gold and platinum Suitable

met al | oi ds 1Gydioaatbydgroupiaspenialyrivs(pentafltasdphenybomoe triglhosphor us, and
silicon. Conpounds containin ani ons which ¢ ri coordi nation
conpl exes coMPa? %@b‘ah"s’}yﬁbﬁf’g"ﬁ’e&l%er&?"ﬁﬂ?&f’f‘b?ﬂsucg%B“tfaj_iﬁﬁ‘n‘%?cé‘? MHFUESur se,
vel | known anglRpyly Ak ot Gl dHidrit shiEbxIRRUBIDIFRARAbN BgR neutral LeSHNT! ©
boron atomin the a%. on portton. are available comercially

Preferably suacid, espeatadlly yrid(semafinobepheyljbesaetveith bpolyhrerit of bbgemegrigener al 15
I,Vﬁrermej! ﬁ 10 alumoxane are gspegially,desicahle agtivaung cogalysts. A bene(flx't a-c:cl:_grgiief\lrgzt%ih_Ae?_lg ir Ir ]S
a Bronsted agj.d...,: o o i [ | : |hl e
ani on havi ng a Eﬁtalr%g%mbofn lEc‘:IEh,e débﬁé@rpﬁ%lhe modt e?ﬁcﬁ&?gﬁgwﬁ#é‘rgg?ﬁ?s?g%dfhtO 3.
Mor e pref er akl gon{tAndtiwnrdf ids{permahonsishehyl )donanefdomukare rhidugk ecedri at reduced

wher ei n: M 1s boron or alum.numin the +3 formal oxidation
state; and devels of alumoxang iPrefeech@alaf Fajios &€ PrectiMediice i s sel ected from
hydri de. di al . | S I hOC . '

hal osubsti t utCéﬁ{pﬁ{,pdt?féggp Blglu?roﬁﬁdggggrsa? |¥g {‘Jl e ahY hre b I.OI.FWY.B%H&%

- 65- 190 PBéfe@bRBfrom 1:1:1.5 to 1:5:3. The surprising efficient use of lower levels of

PCT/ US97/ 13171 ) _ . . .
alumoxane with the present invention allows for the production of olefin polymers

with high catalytic efficiencies using less of the expensive alumoxane cocatalyst.
Additionally, polymers with lower levels of aluminum residue, and hence greater

clarity, are obtained.

20 Suitable ion forming compounds useful as cocatalysts in one embodiment of
the present invention comprise a cation which is a Bronsted acid capable of donating a
proton, and a compatible, noncoordinating anion, A". As used herein, the term
“noncoordinating” means an anion or substance which either does not coordinate to
the Group 4 metal containing precursor complex and the catalytic derivative derived

25  therefrom, or which is only weakly coordinated to such complexes thereby remaining
sufficiently labile to be displaced by a neutral Lewis base. A noncoordinating anion
specifically refers to an anion which when functioning as a charge balancing anion in a
cationic metal complex does not transfer an anionic substituent or fragment thereof to

said cation thereby forming neutral complexes. “Compatible anions™ are anions which
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hydr ocar byl oxy, and hal o- substituted silyl hydrocarbyl radicals (including
per hal ogeMe® espsmaadr ocar byl - per hal ogenat ed hydrocar byl oxy- Zf@/USI7/13171
per hal ogenat ed silyl hydrocar byl radicals), said Q having up to 20

carbons wit har%: '38: &)e;g%/deﬁototnF@&#tg wih t%e 1mt1allg[f5%1écgc%}n§ln§ dggo%&@P% g Q

hal i de. es of° surtab ydrocar roups are di 50'1 osed

in US. Pat eném&e&%nglaz&h debiged ﬂﬁ)@éﬂu&gSp@f/mmxthfr@nmmgésrbhhe complex.

i ncorporated by reference. In a nore preferred enbodi nent, d
is one, that is, the counter ion has a single negative charge and is
A. Activating coth“é‘FfVéi@"éWFﬁsqsﬁQO%W wnsﬁﬁ cgpidination CORRNeX cul ar | y

useful i1t NEoREEAAE 8EAR0. QLakl ALK bEmElublcbrd INRNLASh HRkpdfe GPT esent o

(L*-H) [ers] ( Balhsis dé bhc charge of the active cail}81 Peties (the metal cation) whith iy 88
previ ously define Bis boron in a formal oxidation state of

3; and 15 formed whenthe @vmcmmr@quﬁypomblny@r&sar sy¢ anipn sheplddei nat ed

o 11 hycr soaruPFERGE BEHES: oe gplsebbRERADH: Sbleimiind Bt flinpappeea
provi so that cbfpfiRids BPbfhet RArDNEWICEASE Q12h 2§ eRe RV TRFAED Wuitable metals
Most preferabl y Q is each occurrence a fluorinated aryl group, especially,

a pent afclluubr ophaengot lgniverbto, algninum. gold and platioenr Suitakle ririalloids
limting,,.exanples of ion for np S conpr,i roton. .

onat abi 10 A TOHE. Witk FBE (o b SRePIspRyt AR saised: SopnouRdsriining
preparat | 0” %noﬁ@@h%%hﬁké c%rdﬁﬂhﬁr 'c%!&&é%n%ﬁn%%‘ su%ﬂ@ﬁ?e'u’}l Bk %ﬂmmm um
salts suc ri met hyl anmoni um t et r aphenyl bor at e,

met hyl di oct ad@nydlramfmmumm vell kapwenyd hanat mrticularly suchrqoetmyhmmlmng a

tg%r aphenyl bor aﬁegzgy%atom in tl’\gam legrmnérlé?wtn?tb e orr]t?rrrlx ll'Cl?a ate,
PCT/ US97/ 13171 tri(n-butyl)anmmoniumtetraphenyl borat e,

net hyl t et r adecyl optag@si/ @GW@B&#&%;@H@@@%&&QQ&@%@ 'the following general
N, N-di met hyl ani I i ni um t €t raphenyl bor at &

15 formula:
(L*-H)q " (A)d-

wherein:

L* is a neutral Lewis base;

(L*-H)+ is a Bronsted acid;

20 (A)Y-is a noncoordinating, compatible anion having a charge of d-, and

d is an integer from 1 to 3.
More preferably (A)yd- corresponds to the formula: [M'Q4];
wherein:
M’ is boron or aluminum in the +3 formal oxidation state; and
25 Q independently each occurrence is selected from hydride. dialkylamido,

halide, hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted
-65-



N, N- di et WP 3%P47%hi um t et raphenyl borate, 5 PCT/US97/13171

N, N-di methyl (2,4, 6-trinethylanilinium tetraphenylborate,
trimethyl a”chI}b&EHbyth&;,%'d?&l%@@&t%ltitdté%ﬁvgﬁr}a?%{éa)rbﬂrrﬁ&i@ais (incluging

triethyl ammoni um tetraki s(pentafl uorop borat e, i propyl ammoni um

t et r aki s( pepéraflogernangrhieydrdabin apsehalogenatedthyidtarathyigiy) andrperhuloeenated

t et raki s(pent af | uor ophenyl ) borate, 10 triﬁ@sec- butyl )anmmoni um
t et r aki s( pesthydiorspHgATicyisy said Q having up fg R0 earheRsyitaHie AraYigehat in not

t et r aki s( pent af |,uor - i i L0 .
tetrakis( per‘ﬂoé? hﬁl r°§§§§%%“gg{53? g?hde' E*a“ﬁ;‘{{ﬁsﬁﬁ%?‘? gl{ohé}by{g?‘fdﬁeq hy
lani I'ini g9m gtk ale dédestian LS rapdhe 81296 4B8] @k @sachings of WhickREddramnoni um
tetrakis(2, § 4,6-tetrafl uorophenyl)borate, 15 triethyl amoni um

t et raki s( 2, cor@rated buf¢fewnrephenyl ) bor at e, tri propyl ammoni um
tetrakis(2,3 ,4,6-tetrafl uorophenyl)borat e, tri(n-butyl)ammonium

tetrakis(2, 3,4, 6-tetrafl h | : .di,net hyl (t - hut yl i
otraki (2. 3. 4. o8 BrIF PUIFERREMAGERoh s one. tat i ot iepmit sl Ay
tetrakis( 2y %ati‘l'e@hﬁr%ta faad SURT QRiiRalthg B&vatd Bts g&nprisih\é bbrdh @ihiod #8i | 1 ni um

tetrakis(2,3 6-tetrafl uorophenyl )borate, an
N, N- di et hy Ipagizplkrig-usefiuirist thy brepatation ofifatalysts of this invention may be represented

tetrakis-(2,3,4,6-tetrafl uorophenyl)borate. Di al kyl anmoni um
salts sagh Ry the f6°“°“’”bﬁ ge(“icf“b? l%/'am*rnni um

tetraki s(pent afl uorophenyl ) borate, and di cycl ohexyl ammoni um

t et raki s( pent af | uor ophenyl ) bor at e. 2@.*-H)*(BQ4)‘; Tri-substituted

phosphoni um salts such as: tri phenyl phosphoni um

t et r aki s(pent af | uor ophenyl ) bor at e, tri(o-tolyl)phosphoni um

t etraki s( pent af | usHepahenyl ) borate, and

tri(2,6-dinmethyl phenyl) phosphoni um tetraki s(pentafl uorophenyl ) borate.

-67- WO 98/ 06728

PCT/ US97/ 13171  L*is as previousiydefigediad are t et raki s(pent af | uor ophenyl ) bor at e

salts of long chg %[bg)lrrﬁlnawgrﬁﬁ]aon’%ir%arﬂoﬁ%%@lbfsy;%i t ut ed amoni um conpl exes,

especially (Jerr]- conpl exes, especially
met hyl di (oct adecyl ) anmoni um t et raki s(pent af | uor ophenyl ) borate and
et hyl dilgt et r adedy Is)zinydpocartpl-, hydrotaby ki s flnenitatd bpdropdreyly, f)uvoinated.

An especially preferred group of activati cocatal.ysts_js
tris(pent af e ptRelyy SO RREn S RORFoR 5 BT P A UP S 20 GeRNydrogen
tetrakis( pe%d’#\é.'&g{hQHng%dciﬁog?ﬂtQB %ohmore m?ﬂ\’gﬁé ScdBiofRdqRd atRdaRendent 1y each

occurrence are substit unsubstitute

Most preferably, Q is each occurrence a fluorinated aryl group, especially, a

pentafluorophenyl group.

20 Itlustrative, but not limiting, examples of ion forming compounds comprising
proton donatable cations which may be used as activating cocatalysts in the
preparation of the catalysts of this invention are tri-substituted ammonium salts such
as:
trimethylammonium tetraphenylborate,

25  methyldioctadecylammonium tetraphenylborate,
triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate,
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saturated hydrocarbyl groups having from1l to 8 carbon atons,

(Rlerr] Rworopbigkl err])[err] 10 (C[err]Herr]OH)B(( err] ppeuspyiarr], or
(Rlerr]Rlerr]NHCH err])[err]B(Clerr]F[err])[err], where Rlerr] and Rl err]

i ndependent |y each occurrence are substituted or unsubstituted saturated

hydr ocar byl tri(n-butyjyasupeninaeisphberpi®emee.t o 30 car bon at ons.

Anot her sui tabkeij]t'et%dfO{omgﬁ%y!ﬁﬁ%bxﬂﬂ %gﬁpgﬁzﬁﬁtogrlayest conprises a salt of a

cationi c oxi dizP) g ageé:H a noncoor conpati bl e ani on
represent ed ByNidi@eth§lanilintumitdifiphenylborate,

(O[err])[err] (A err )ige.rr]. wher ei n:

X[err] is aNc¥tdighylenibrivan eirapheaydisratBavi ng a charge of e+

eis aniate ) t.o 3, 20. Ad- and d are as previously
def i ned. gl %‘J‘memyl(z"%&%%@a’&‘%’”g’é‘_ﬂ)i‘8‘5‘?"@“@98??{?% ng agents include:
ferroceni um trﬂM&h?ﬁﬁ{n*iMfiam tetrakis(pﬁ%ﬁ!&b%ﬁﬁ&@i)ﬁ:@{a&@cen' um Ag+ or Pb+2.

Preferred enbodi nents of Ad- are anions previously defined with

respect to t mmetiylemstostinatimkistpenafiwornphentjboats, ng cocat al ysts,
_egg_eCI all y@?x&%&%&%ﬁuﬁ lteltjr?l 2 p@%pz%hlu)opo%gggﬁ)'borate,

PCT/ US97/ 131 {}p-hutyhammonium teﬁﬂﬂ&(lﬁgﬁtamﬁéﬁng%%tef orm ng, activating

cocat al yst conprises a conpou a salt of a carbeniumion and
a noncoot@i nat{seigbutgDamaiohineteamk v(pentafluoroppergdibotaed by the formul a:
[err]+ A- i err] is a (Jerr] carbenium

i on: and SN'N'dime[hY‘a”ﬂ\[A@t?’F’]%‘?%i%EC%?@HYWFWQP[&?‘F'ned. A preferred
car beni um i OW,Ngdiéth%aBﬂiinf%l\ teqaftis%ntzjﬂ'ugrophcnyl)bofarté.,phenyl met hyl i um .
N.N-dimethyl(2.4.6-trimethylanilinium) tetrakis{pentafluorophenyl)borate.

trimethylammonium tetrakis(2,3.4.6-tetrafluorophenyl)borate,

15 triethylammonium tetrakis(2,3.4.6-tetrafluorophenyl)borate,
tripropylammonium tetrakis(2,3,4,6-tetrafluorophenyi)borate,
tri(n-butyl)ammonium tetrakis(2,3,4,6-tetrafluorophenyl)borate,
dimethyl(t-butyllammonium tetrakis(2.3.4,6-tetrafluorophenyl)borate,
N.N-dimethy!anilinium tetrakis(2,3,4,6-tetrafluorophenyl)borate.

20  N,N-diethylanilinium tetrakis(2.3.4,6-tetraflucrophenyl)borate, and

N.N-dimethy!-(2,4.6-trimethylanilinium) tetrakis-(2.3,4,6-tetrafluoropheny!l)borate.

Dialkyl ammonium salts such as:
di-(i-propyl)ammonium tetrakis(pentafluorophenyl)borate, and

dicyclohexylammonium tetrakis(pentafluorophenyl)borate.

25 Tri-substituted phosphonium salts such as:
triphenylphosphonium tetrakis(pentafluorophenyl)borate,
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)borate, and

tri(2.6-dimethylphenyl}phosphonium tetrakis(pentafluorophenyl)borate.
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A further suitable ion formng, activating cocatal yst conprises a conpound
10 whi chvbes/aemaglt of a silyliumion and a noncoordi nat i ngcTasapETbIl e
ani on represent eq,

Rlerr]Si(x)[err] l“AfférFP]apé/ teEr%s(EQJtMo%phmépléci)rﬁt:e salts of long chain alkyhrrlmsnoq err]

hydr ocar byl .ana@ghulstitgrednehroniamh&ofDlaRes ehsuesdlly Tef-Chgdiky! akronium
Preferred silyliumsalt activating cocatalysts are frimethylsilylium

t et r aki spentfplsxes s peaibibomaheldi(betagdchihdidopiunym

t et r aki spent af | uor ophenyl bor at e and et her substituted adducts
thereof. Si I§¥3kistpeniplecrppheayherategpd meduddijtegedrsy emmopium di scl osed in
J. Chem Soc. e 3-384, as well as Lanbert, J. B., et

al., Og noﬁ%lgp%%ﬁ%gﬂ&%ﬁ?mg 30-2443. The use of the above silylium
salts as 20 activating cocatal ysts for addition polymnerization catalysts
is claimed in UniAgdspecali9Ppreferred greﬁb SﬂﬁctiA@@rll%'veé&hia%tsﬂﬁlti tlhed, "Silylium
Cationic Polynerization Activators For tal ' ocene Conpl exes", filed
in the nanmedrigfpeMafinerorbenyhipatne, Rz N-Raandlirium tetrakis(Rettafivoropteoly Hberaend
Robert Mussell on Septenber 12, 1994. ~ Certain conpl exes of
al cohol s. nevkepRarind Ry indppaAndentlyfach 2FquEenog amp spbstituted or unsubstituted
tris(pentafl uorophengl )borane are also effective catalyst _activators and
may be used saturated hydrocarbyl groups having from 1 to 8 carbon atoms, (R {RoNHCHg): WO

98/ 06728 ; . .
PCT/ Us97P13 16 H4OB(CEgk0, i (RyReNHEER) pPESehwe i ntBsie RyrtndReh cocat al yst s

are disclosed,in U. 5,296,433 . the teachings,of which are herein

i ncor por at ednggpepéj?rgpyewé_occurrente are SUbsmut[EI‘ﬁgr e W%ﬁ%s%f’rafﬁﬂ décfcéf:qy(r?ol ysis
i nvol ves theg,ghﬁq;;{vqgéqﬁajnclql[ogaicd@bhgangt t he nmet al conpl ex under

el ectrolysis conditions in the presence of a supporting electrolyte 5
conprising a noncoordinating, inert anion. In the technique, solvents,
supporting Apoiber qﬂmapgegn fonpning, adltvabng coqatadyst epmpeibes of soft of e

el ectrolysis_ are used such_ th .el.ectrol vsi.s byproducts that, woul d
Fender the. npanic g EE SRehuanb pronsqoyeifaigE: FOminle SBR REpHGR el BY und

subst antjsal | gorh@raned during the reaction. More particularly, suitable

solvents are materials that are: |iquids under the conditions of the
el ectrolysis (generally 10 tenperatures fromO to 100[err]C), capable of
di ssol ving the supporting el ectrol yte. (Qufd)g (Ad‘)e. inert. "lnert solvents”

are those that are not reduced or oxidized under the reaction
conditions enployed for the electrolysis. It is generally possible in view
of the desired  Wwheredliectrolysis reaction to choose a solvent and a
supporting electrolyte that are unaffected by the electrical
potential used f06 Lpe desired electrol ¥§| s. Preferred solvents include

x©T Is a cationic oxidizing agent having a charge of e+;

e is an integer from | to 3; and

20 Ad- and d are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-

substituted ferrocenium, Ag* or Pb+2, Preferred embodiments of Ad- are those
anions previously defined with respect to the Bronsted acid containing activating

cocatalysts, especially tetrakis(pentafluorophenyl)borate.
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15 di fl uorobenzene (all isoners), dinmethoxyethane (DVE), and m xtures
t her eof . wo 98/06728 The el ectrolysis may be conducted i mCa/usezardar d
el ectrolytic cell containing an anode and cat hode (also referred to

as the working el gct r.ode éF’E .COlflnt er ealcf:ctrgde respecti vel(¥%‘.d

Suitabl e materi al 8'8PCEYHEPILR TP CHYRINg£PFatalyy comPLiEes rAURTUDY corani ¢
and gl ass coghRd i§BSAl of 4 PALENIBRLIEALRS 2 AbRBFRRAINGIcdrh RifbldHidn conduct i ve
materials, 20 by which are nmeant conductive materials that are unaffected
by the react fepresamird by ¢heooformula:  reaction conditions. Platinumor palladium
are preferred inert conductive materi al s. Normal Iy an ion perneable
menbrane such as a fine glass frit separates the cell into separate
conpartments, the working el ectrode conpar®ient and counter el ectrode
conpartment. The working electrode is imersed in a reaction nmedium

conpri si 25 iRt al conplex to be activated, solvent, supporting
el ectrolyte, and any ot her materials desired for noderating the
el ectrolysis or stabilizing the resulting conplex. The counter

el ectrode is ime Qaicfl, %FL&MQE, 8h: 4dae sol vent and supporting
) t

el ectrolyte. The desired age may be determ ned by theoretical

cal cul ati ons or . experi,nent.al | y, by .sweepi.ng. t he cell .usiing.a .

ref erence el ect roé\e ’Ssﬁscwcglgugg‘safﬁ(}%dr %(Bher\é\cﬁe@fbregﬁlén forl?r}%l"@etagil ﬁg(fcf?e“&el I

el ectrol yte. ifenParignrund cell current, the current

- 70- WO 98/ 06728

PCT/ US97/ 13171 draw i n the absence of the desired electrolysis. is
al so deternined. Phiurépesuitableyien forming, activatipg apgasal By COMBHsasHecomporett dr ops
fromthe,desired .l evel e kground | eyel . | . t.his nner.,
conpl et o' Sonvlidhisd $Gh of Re it R He MR ebBrise. Bamenibie abidh Jerfablh e

Sui t abl e suppgiifd fagmelaectrol ytes are salts conprising a cation and a

conpati bl e, 5 noncoordi nating anion, Alerr]. Preferred supporting

el ectrolytes are salts correspondi ng toR3Si(X’)q+t\he formula Jerr]Alerr];
wher ei n: Jerr] is a cation which is nonreactive towards the
starting and resul ti ng conpl ex, and Alerr] is as
previously defi nedvhereid:0 Exanpl es of cations, Jerr], include

t etrahydrocar byl substituted amoni um or phosphoni um cati ons havi ng

up to 40 nonhydrogen atons. Preferred cations are the ]
t et r a( n- but yl anmoM &9 1- 1 aRvreearpyle sl KagvdiAiive esarrpyRysty defined.
During activation of the conpl exes of the present invention by bulk

el ectrol ysis I I . _—
Yas Preferred silylium salt activating cocatalysts are trimethylsilylium

tetrakispentafluorophenylborate, triethylsilylium tetrakispentafluorophenylborate and
ether substituted adducts thereof. Silylium salts have been previously generically
disclosed in J. Chem Soc. Chem. Comm., 1993, 383-384, as well as Lambert, J. B., et
al., Organometallics, 1994, 13, 2430-2443. The use of the above silylium salts as

20  activating cocatalysts for addition polymerization catalysts is claimed in United States
Patent Application entitled, “Silylium Cationic Polymerization Activators For
Metallocene Complexes™, filed in the names of David Neithamer, David Devore,

Robert LaPointe and Robert Mussell on September 12, 1994.

Certain complexes of alcohols. mercaptans. silanols, and oximes with

25  tris(pentafluorophenyl)borane are also effective catalyst activators and may be used
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the cati 3P B%7¥e supporting el ectrol yte passes to the couht&r %/"Rt¢r ode

and Alerr] mgrates 15 to the working electrode to becorme the anion of the
resul ting Oéféﬂ;'r&iﬁg (PIRBEent FVERRIN. Such coddflytOhNailcifedtin® $atinaal the
supporting electrolyte’'is reduced at the counter el ectrode in equal
mol ar quant ifteyeauhirdgstaiievhactoamthedin oxoghioraet yetef¢renanpl ex f or med at
the working electrode. Preferred supporting electrolytes are

t et rahydr ocar byl ni um sal.ts of tetrakis(perfluoroaryl) horates haying
From 1 to 10 20 MBI R DEUCHeS RIS IF bF Serpritancal sy ronpne
especi al |y t@id|6Rplex underae&:ya?m&udm&sﬁm &é&&@@&ﬁi&*@%ﬂ%%%h& rate.
A further recently discovered el ectrochem cal ‘techni que r g€nerati'on of
activati ig comptisihy atrentcortinatied,endrt adipsi b thé texhdigae] sehentopppunmgi n t he
presence of a source of a nagncoordi nating conpatible anion. This

t echni que i §leapsplytesand ¢legiretytis potentipls for the gleetralypis ard ysed sechghatvi ousl y

menti oned Unj j j i1l ed. cone oLyl um
Cati on ¢ o srary 5 BYBRe s T PR LA B0 e kbmBR sampraiealy Pt o
Sept enber 120t 4@ntially formed during the reaction. More particularly, suitable solvents are - 71-
WD 98/ 06728

PCT/ US97/ 131mierials that are: liquids urgles tecnoagdiviongofethe stectrelyeisi(gereradlot i vat i ng

techniq and activatin 0 ysts . . al so _be used in conbination.
Ao cspaddal 1y apt i Q3RAMZY Siriple of ARV IRAE s ot igeledlrcFAE 2nd

tri (hydrocanipd ) ahatidVERteT ark hdsBYKH: QFAidR Yddubed 81n6xiGREP AR ulaxhdi@nf rom 1
to 4 carbons in each hydrocarbyl group with an oligoneric or polyneric

al umoxane  cBnditicmngopinged for the electrolysis. ITisezenmedally possible imfiew of the desired

catal yst/cocat al yst enpl o¥ed referably ranges fro : 10, 00Q. t 0 ,100:
1 mote profBEARISISIFEHOR SRS 8 SO0RT g SEPRIENE FRIrgIvic Bk aTé inpsered
to 1:1. A umpxph8ectBRbHERE] B¥dirbsBk ldefid@lecRolysHateOd e cAl &ty Sikwdb S

enpl oyed in | arge quantity, generally at |'east 100 times the quantity
of net all5corndpfluaroamzenafallasords), dbasthexyethans (PME)adddionowke thetepbor ane.
where used as an activating cocatal yst, is enployed in a nolar ratio

to the metal co 1:1

ex,of formO.5:1 to 10: 1 r ref er.abl .. from
to 6: 1, nost pr 8reéeﬁltrﬁt#S}“orﬁ?)igelc?'gugt.e " Tﬁté“q&gﬁﬁ_réﬁfrﬂ@“&&l?/%%ﬁt?‘ﬂ@g an
cocat al yst s anode anddfaéh@RNEE& tdf¥rmeNi RYRSwbikiBPOEQXIIFRNE |cYuR e FRoas
quantity with the netal conpl ex. The process may be used to

pol yneri ze etdppstivelvalSuitabinseatenas etcansimeaviondorthe celhae gigsst plostic2caramz0
carbon atons _either alone or—in conbjnation. Preferred noponers .
nct ude mond0h &yt s RelaTh BRI A Presid i R pGRUREY Patcrial.
4-vinyl ogcl ehexatitare meant condubdEmalePRR R Are MAUTRLIAAF RO R a8Mh FIxAIrE br
aliphatic [err]-olefins, especially ethylene. propyl ene,
i sobut yl ene reattibuterdiions. g¥atimme or palldivemere Befistd yerdcopenttonmanatetiatet hyl -
1- pent ene, ]\1 he } ene, and 1- actene, (%[ er [:1] di enes. ?nd m Xt ures } her eof .
Nbst ormally an ion permeable membrane suchas a fine glass frit separates the cell into
separate compartments, the working electrode compartment and counter electrode
compartment. The working electrode is immersed in a reaction medium comprising
25  the metal complex to be activated, solvent, supporting electrolyte, and any other
materials desired for moderating the electrolysis or stabilizing the resulting complex.
The counter electrode is immersed in a mixture of the solvent and supporting
electrolyte. The desired voltage may be determined by theoretical calculations or
experimentally by sweeping the cell using a reference electrode such as a silver
30  electrode immersed in the cell electrolyte. The background cell current, the current
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20 preferred nononers are ethyl ene, propyl ene, 1-butene, hexene

1- oct ene X¥I98/06728 ni xtures of ethyl ene, propyl ene and a noﬁ&gﬁf%aéfllé'lj

di ene, especially et hyl i denenor bonene. In general, the
pol ymer | zat i gAY SbAAEOTRE BBGH Ale SR LOfIS YBLImIKER e electroly s e
prior art for Ziegler-Natta or Kam nsky-S inn type polynerization
reactions, thkatmpRid when the ewqwnaimpse&orhrthnm{m%&[ver o] 16 qukf!ﬁ'mmblk:ycBOnt o]

200[err]C ananressures from at nos ngl to 101000 g}nos res
Suspensi on, Sk TRPBS. CamBleiRFoR TS oprRL e inisipl et Gpplegicap e castly dejeciads

pol ynmeri zation or other process condition nmay be enployed if desired. A
support, especi al lsyigble sGgboritlgTbatfoly RS aft B} ¥6Fﬁ5n£:659%§t'1&4 bt a compaible,
pon(tetrafIuoroethylene) or a’polyol efin) be enpl oyed g

desi rabl y5i s nengdoogiaatinghamon, e. Patfatrgd swpparteng electrolytcs are salts correspondmg to
-72- WD 98/ 06728

PCT/ US97/ 131 e formula Gtidedvhereirm gas phase or slurry pol ynerization process.
The support is preferably enpl oyed in an anount to provide a wei ght
rati o of catalystﬂgbased on netal): support from1:1 00,000 to 1:10,
nore preferably f m51a®@0m@quhdsnowactamomsis thy gpBinglang resulting ¢qropiea.’
10,000 to 1:30, One such polynerization process conprises: contacting, 5
optionally i A" 5 solvent, one or nore [err]-olefins with a catal yst
according to the present invention, in one or nore continuous stirred
tank or tubul ar re%dses previeusipaefined.i n series or parallel, or in the
absence of solvent, optionally in a fluidized bed gas phase react or,

and recoverl ng the resulting pol ner . Condensed nononer or solvent nmay be
added to!Phe gas pHAREWIESOAERMNSaT ™ Wclysie|etkhydrpcridyt substuted ammonium or

comounds. crmrByAanE FEERS RhIEF vp R TR0kl nhe BB RURLRBIY R 01 ©

10[err]: 1 to tetra(n-butyl@h@bhibind- and tetraethylammonifni édhe sol vents for

pol ymeri zation are inert |iquids. Exanples include strai ght and
branched- chai n hydrocar baons such as |sobutane but ane, pentane, hexane, 15
hept ane, oct ane d?l‘h’"}ﬁ %?f“’*l“é’é’ Ct Htéfr goPlessryfitae a"ﬁéF"éI”i“’(?i)gP‘? by il destrdps
such as Ogexane Pclr }ane met h | cycl oh

met hyl cycl ohdt tRf WPR?rH yte P‘Héerse‘BF TG Fﬂg"t % fy JHEREShons
such as perf |tb‘9‘fe‘ »Oé‘xtkﬁgr i &lout t@&é&%ﬂ?@mc @ﬁ‘i@ntolf‘ﬁwelrbkﬁtma omdlzeégb‘ijocﬁfc?nEﬂh& and

al kyl -substituted aromati c compounds such as benzene,” tol uen

xyl ene, et hyltheswterme oatid catien bﬂthew;ﬁmmmg)tiects@ymemcsiuaécbm tharcburder | i qui d
ol efins which, 20 act as nnnoner r cono i.ncludin ene,
propyl ene, bASSHPEN & Sap i eqpial mofar qu:ﬁ’lﬁ‘féﬁ“é‘ t ’ildmﬁb‘é‘r?? Qﬁléiszef ’H%‘i“e”rﬂé'gp E‘é’ﬁicé‘ne
4-vinyl cycl OQ?m%rk}Ha tlhc?rﬁeé OBRKAEY sug orting elec g&xlaré pent ene.

4- et hyl - 1- pent ene, exadi ene, 1- ene 1- deCene, styrene,

di vi nyl benzena;ahaﬂfoph&hehmnm:umusam bbdcuehe(p(:rmmmnﬂymgoaxtds hasorgefremall ton@ or
in Sdmxture) nﬂthe |i ke. M xtures of the faoregoing are also
suit abl e2 carbons in each hydrocarbyl or perfivoroaryl group, especially tetra(n=

butylammonium)tetrakis(pentafluorophenyl) borate.

A further recently discovered electrochemical technique for generation of
activating cocatalysts is the electrolysis of a disilane compound in the presence of a
source of a poncoordinating compatible anion. This technique is more fully disclosed
25 and claimed in the previously mentioned United States Patent application entitled,
“Silylium Cationic Polymerization Activators For Metallocene Complexes”, filed on

Septemnber 12, 19%4.
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25 WO 9844738 cat al yst systens may be utilized in conbi RSTISA W at

| east one addi tional hompgeneous or heterogeneous pol ynmerization
catal yst in separgt 0 S el to
prepare polymer b eﬁa{:c%%g{\ﬂ t‘Irllém ersl?nr“eggl%ne& rﬁﬂe&ﬂh @‘?gir}% acm’a[&& og)"&(‘ﬁaﬁf o8
such a proceagsy ilso 6 ﬁs‘eldCiﬁQdmbhmM‘Q\ 9%@@@&%1!y®;ﬁuﬂemﬂeﬂmbhﬂnon is a mixture of
-73- WD 98/ 06728

PCT/ US97/ 131anti(hydrocarky | plurgapmegr tN(hvseacatoyhoomng rompagndavingal§omy 190 4ser i al
Number 08/ 10958. the t hi n ich are
her eby i ncorcﬁB °£t é’h“'%?g) h‘%'gf ?reb&c%roﬁ r"‘é?’nan oq’oo’mem or p%?(fn gﬁ?urg{ixna\éht he

cat al yst szséoﬁiﬁi)uﬁcﬂ. the present invention copol yners haV| ng high

conmonomner incorporation and correspondingly | ow density. yet having a | ow
melt 5 index may be readily prepared. That is. high nolecul ar wei ght
pol yners are readfhwmolar rauoa:tftcauah@dcqpptaiweemplownépmfggumtrarwsénoyst s even at

| ted t hi
bocanse t ho T Bod oaRot BinirE Binreab team 4 S05DES b ostpreipebly fom 20 |
reduced by tjhq. Psmuw‘.omgrmmsea byhe@mrarpmvauﬁcr@&afa st,306Mb »ogéu)}wver

i ncreasing the nolecul'ar weight of [err]-ol efin copolyrers is usually only
attai nabl e bl;ar;e(i;udmtadugen&gllllyhmlqasxl mﬁhrmmbc qmrtteyrpénmtaﬂwempth bhe maarcct or.
D sadvant ageousl eration r| zation reactor at reduced

t enper at % esPa$isq ’ilsf 3 Uyrqph&wé%@é@et WE 'g ?Jsfa" activatigg,eacdi¥sh 'Si nce heat
must be ren ?J&Watxjﬂﬁla? ?-ﬁi%ttQ'ihetxﬂeﬁPéd?ﬁﬁ\EQ of Eb?m §“438<1 ore BEAGIHIPN
eat e ad to t

t enper at ur e, e at the sane tine must e reactor

ef fl uent fromtiol o) mos griferabby fremtl. 1 {as:addhe remainiigeduedtingicoyatitlysts

i ncreased due to inproved polynmer 15 sol ubility, decreased sol ution
viscosity, aH8 gaﬂ%iﬁgh@ﬁpk%ﬁé/We%PPE‘B‘fHT@éﬁ‘HYr%&”I"BHW ANty g the metal cqmpledr esent
catal ysts, [err]-olefin honopol yners and copolyners having densities from

0.85 g/cnierr] torf ﬁr@cgysmﬁerdsed@a% pﬁl:.t,ﬁééz )‘é‘fsﬁ@&ﬁ?uﬁ{dm@d Bidhofngrs10- 0

dg/mn are readily attained in a erature process.
The cat al.‘yst hayret feom 2ot0 mertmnes@m emrrwelmncmm imc@Empandarc Ubrafelnyd atbnanteageous
for t he Froductlon et hyl ene honDpoI err]-olefin

d et hyl
“copol yrrer s higiud 5m°n°vmyhﬁ?f§r?f? ¥4 @OBQmTrBTFﬁ 'é{f%btg‘iﬁagc'{:%ﬁg{zyqﬂ[‘lgexﬁ & of
the catal yst v:ﬁyétgﬁgﬁexﬁxe trﬂ)?bd?ﬁ&ﬁ Izmd C': r%ﬁx@itc'opg ehﬂs %ﬁ[%lanlygﬂﬁlene.

pol yneri zati on” pfocesses, especi a
pol yneri zati Qi,DEAC ebE R lerd! i%ﬂ&nf: or. é‘rlté‘r}éati Q{ixér?ea‘?trﬁéth G

;,]e[zp K\@Lch
favor the formation of vinyl grmnated polymer chafns that may be
i ncor por at edl-paitenca | grepranegar@s octpmd Yiaeqq dithes: edod/ mptuies gheacdfoMpschai n
branch. The use of the present catal ysts system advant ageousl y
al | ows fHr tprefestedmmmioczdrs resthydaneopropylens, Hybwenmy, [| srexnepll efctanc@opol yner s

mixtures of ethylene, propylene and a nonconjugated diene, especially

ethylidenenorbomene.

In general, the polymerization may be accomplished at conditions well known
in the prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactions, that
35 s, temperatures from 0-250°C, preferably 30 to 200°C and pressures from atmospheric
to 10,000 atmospheres. Suspension, solution, slurry, gas phase, bulk, solid state
powder polymerization or other process condition may be employed if desired. A
support, especially silica, alumina, or a polymer (especially poly(tetrafluoroethylene)

or a polyolefin) may be employed. and desirably is employed when the catalysts are
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havi ng processability simlar to high pressure, free radical produced |ow
density WwoO98/06p28 yet hyl ene. PCT/US97/13171

-74- WO 98/ 06728

PCT/ US97/ 13171 aspect of rocess, f this
venti o, auidp argesahise gc st e tau Bt Rk T dRaleit & ref e bon

pol ymeri zat I SRpRyes @b an £:ﬁ6urhb@ mtdemem%ﬁt faflB o@f:m@lly&f(bas?ed on metal)‘%@;ﬁﬁlfd sing
contacting one or nore Cferr] Ferr] ol efins under polynerization conditions

wi th a catal from by60.600 tf i Gisore prefatabbnfrem 1a5G.@00ter latQined fuoshprafeoahly
100[err]C to_.abo referred as a.tenperature range
for this pr oé’@%vtlgoggf%llr’égr bﬁ"ﬁrsbgf P‘g{b €riZation prpeess COPpAisss: ;qz’ﬁmfﬂnabout
200[ err] p§€ leSo-LRER uy
150] or ] C 1 o OLTARD JFREEPRESA! biiole o LRARE g A Gl O TARRE o the prescar,
may be advanim@ﬂﬁmhyompd myectohtn@pnusarred tank or tbuddrireacpert yownectdthini ng
i nproved processi ng properties by pol%W rizing ethylene alone 10 or
et hyl ene/[erﬁqﬂ%w&mwl - RF irthe abfepee plowl yeay opgoratlyan: ﬂkﬁmﬁﬂj?%@rﬁi gasdbeseng
di ene, such ag [ 1= e d| e...Jhe
uni que comnbi ﬁe"tcfocrmangfree Vg\ea? f’}% r@ﬂﬁ'ﬂn 0159’% ¢ a@{mc{;gs%dar{l i er g‘g‘ 'ﬁ[ﬁ“@’c‘ﬂﬁ ar
wei ght (or | auddteblthd el phase readtohisib wegia@boh in the art.t errperat ures and high
conmonomer reactivity advantageously allows for the economni cal
production of polyners haV|ng excel I ent physical properties and 15
processab?lity. Prlemsm x/mgwob@wﬁen%the Rl rako af ey stipofysmarizableef i n.
i ncl udi ng ethylene, and a " brancl]l ng conononer. Pref gr ably, such
pol yrer s arecamaa‘eftdé&mmoyed is frog %f it ito A0 i lo Sase Prefisably Sram &03ph 0 a
cont i nuous sg u jon process. Alternatively, such pol yners may be

: 07
produced in phase process or a slurry process. As
previ ously rrentl oned, the present catalyst systemis particularly useful in
20 the preparat iSRRamiE saPeﬁg%er%%&%qwa&nﬁeﬁ Nqikd8hEXARpIEs ARAIde
productivity. The process enpl oyed may be either a solution or slurry
process bot h swhighhdrgibramased-chain hydeogarbass suck nowmobitane. hatzaet penkari eskye, J.
Poly. Sci., VYol. 23, 151-64 (1985) use of a soluble
bi s(cycl E?)en%ﬁ@i“% 5‘1%%:1:1 SHr ﬁ’ﬁ?‘“‘df’ﬁrg?ﬁﬂ'dﬁﬁ Wﬁg‘gm hygrocar Pt MYK system
for solutiong FQBH%E& Z3tlofEptite, R iAoM) ﬁﬁh‘?ﬂﬁﬁ@hc&n@ and mixturs 229, 478
di scl osed a slfurry polynerization process utilizing sim
bi s(cycl opentt!mximfnywﬂuznmmmhmmm soelt a pestlugrimstedrfey.- | 0 alkdnes and the like| n

general terms, it is desirable to produce such EP and EPDM el ast oners
and aromatic and alkyl-substituted aromatic compounds such as benzene, toluene,

xylene, ethylbenzene and the like. Suitable solvents also include liquid olefins which
20  may act as monomers or comonomers including ethylene, propylene, butadiene. 1-
butene, cyclopentene, [-hexene, 1-heptene, 4-vinylcyclohexene, vinylcyclohexane, 3-
methyl- 1-pentene, 4-methyl-1-pentene, 1.4-hexadiene, |-octene, 1-decene, styrene,
divinylbenzene, allylbenzene, vinyltoluene (including all isomers alone or in

admixture). and the like. Mixtures of the foregoing are also suitable.

25 The catalyst systems may be utilized in combination with at least one
additional homogeneous or heterogeneous polymerization catalyst in separate reactors
connected in series or in parallel to prepare polymer blends having desirable

properties. An example of such a process is disclosed in WO 94/00500, equivalent to
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under conWPISBEFESof i ncreased reactivity of the di ene nonoReFUEbipbdient .

The reason for this was explained in the above-identified '478 patent
'QSt he fO" %% MAffiber 07/904,770, as well as U.S. Serial Number 08/10958. filed January

PCT/ US97/ 1317]91 1993, Lhe teadhiirgds e twhith are heebysintonperatkipy tefertine ledhimnces
attained in such reference. A mgjor factor affecti ng producti on costs
and hence the utlllt of an EPDM is the diene r cost. The di ene

'S a more expensi YEIHBRBISAREE Sy ¢ %erpf&ieﬁwéﬁwwooo SR/mess Basinsaiigh
Further, the,f rr?ﬁ%Hewrkl}SgﬁFatg}n%’ﬂﬁ CHR&?ERJH?%WI g s‘?%e ¥an@%‘@ melt

met al | ocene catal ys ower than et hyle propyl ene.
Consequerst | yindé:0may be readilppparedh hhweig|tiigh releceqr wexgbn‘ pcdymme arqyzadipor at i on
to produce an EPDM wi t h_an acceptably fast cure rate, it has been

necessary t cAtiznedRydise Abthedressal catalytseveR akgleyted reactor ‘\‘Rﬁlpéﬁ““fé?( pﬁé%sed as a

f f
ubstant ol EbS e T e BRRABLRRE R Ip e SATEN Sy RLRAR bopdi e san e
i ncor por at edrebfifyoredfked btyhﬁe ﬁ&d"@}" hy@%@% Bf SH&t charl t?zﬁﬁfe?‘db%taﬁﬁ\h@kr amount s of

unr eact ed di ene ‘nononer Be recovered fromthé polymerization
react or effl men?chsmg)rhcrre@lymllm- wéightad si-olefin copolymprsdslusitatlgronlysatiaimablease d
unnecessarily Further adding to the cost of producing an

EPDM i s the Teduting RaPolyaeEEPD {Fmpefure of the reackss igadypniageoyslys pagration
pol yneri zati gn, cﬁ}%rﬂl&é{fatuoé(?cﬁt&'a? Bucdd géretuehgm{x g ui'c‘é ase &E‘E&ﬂ%‘fa“ ons

of di ene nononet tequired to pro uce requi si ene
i ncor por at i ogperftidniénckibeal mEl?[BMrm@detQm mf:tremdreﬁlumeraamhﬁe fedieedor activity
at which the catalyst will cause polynerization of ethylene_ and

propyl ene mﬁéﬁ*ﬂ%e’ﬁ‘éefﬁ%&‘é@ﬁle at the samegimedieabmuys gl Atded ibe resionaghsat s and
| onger react!oo\QB&ll ¢ BNEL] Qdeﬁ&F:pFoec@cuwt is inc @Egd’&@edtoﬁ\p?mfi&p%’é}“ on

of an et hyl ene-propy Ehe copo yner € or o ra-

copol yners el ag&n®! decreased solution viscobi, apd @ Spiher foIl mkySdncay@htm Utilizing
advant ageously al'ows for increased diene reactivity thereb

prepari ng EPHRIPpSEYIRardysty orplgfin erappplymers prderpol yrugrs jpaving denwmdqu onal |y,
t he catal yst s st en of the present invention achi eves the econom cal
production of-8 p‘@ﬂ/%g@”\%k e meleAawewnt Bamd. 1 @p iQdymineiederdilyer cent

or 25 hi ghﬁ{a{n%ﬂh%m &oge*ﬁggﬁurg?&g%e hi ghly desirable fast cure rates.

The nonconj uga ene a straight chain, branched chain or
cyclic hydrocarbon diene having from about 6 to about 15 carbon atons.
Exanpl es of Thestdtdigslsgstemn 0O ihe pgatedndneoe sregraeticaitari ivhntageius f@cycl i c
di enes such as 4- hexadi ene and 1, 6- oct adi ene; branched chain
acyclic # en®s ps%xﬁﬂ%O%ethﬂﬁmbor&omlmamde%ylene/a-olqﬁb gPPHETIghaving

PCT/ US97/ 1317x:§h levels of long chain branching. The use of the catalyst systems of the present

invention in continuous polymerization processes, especially continuous. solution
polymerization processes, allows for elevated reactor temperatures which favor the
formation of vinyl terminated polymer chains that may be incorporated into a growing
25  polymer, thereby giving a long chain branch. The use of the present catalysts system
advantageously allows for the economical production of ethylene/a-olefin copolymers
having processability similar to high pressure, free radical produced low density

polyethylene.
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3, 7-dinmethyl -1, 6-octadi ene; 3,7-dinethyl-1,7-octadi ene and m xed i sonmers of
di hydr ompavoeemerzand di hydr ooci nene; single ring alicyclic @ceuss?7sath as

1, 3-cycl opent adi ene; 1, 4-cycl ohexadi ene; 1 ,5-cycl ooctadi ene and

1. 5-cycl ododecadi ene: and nul {.i -ring al ioﬁ clic fused anfd bridged.ring

di enes such as 5 '™ IPUPFLAPER 8T KGAIECESHE N S PRERIHY 3rP55 AreH BrOTess is 4

di cycl opent a¢ghreReipe ¥ SbIAriér2paly Ak riB@RIndprdeess for the FolPinBALatioR! If D ins

al kyl i dene, cycl oal kenyl and cycl oal kyl i'dene nor bornenes such as

5- met hyl ene-c2mpasingroeretifghddB)or norp (apgmatol dinsamdemmprigmefzatioo gongitibasdene- 2-
nor bor nene, 5-(4-cycl opentenyl)-2-norbornene,

5- cycl ohexylwideneat@ysiayktemrod igs irBention at aiemperakire fnobrozboan 0@Hko about

nor bomadi ene. 10 O the dienes typically used to prepare EPDWVs,
t he partfcul28PT§. Mase prefeseed as a temperapse ragge for this Peocgss s ddempgopture from

5-et hyl i denc- 2- nqrbar nene . 2-Vvinylidene-2-. nor bor nene. (VNB),

S et hyl ene 5oL BAE R AR RREC 2ad Ve Hots R ERedin emeerahié PomDRtNgy | Tl
especi al |y prgéets gshdhgipes are 5-ethylidene-2-norbornene (ENB) and

1, 4- hexadi ene (H[fg. 15 The preferred EPDM el astoners nmay contain

about 20 up to about 90 wei ght percent ethylene, nore preferably
about 30 to 85 wellglpresper caiyst eyswyrhemay beodtantageousipempleyebtoprapmet 35 to

about 80 V\eiq%egt rcent et hyl ene. . . The all pha-ol efins suitable
for use in t lfp?@wﬁathﬂ&wswwa%Pb??éf»%nwpﬂemes by polyRyFiag&thyide dloshes
are prefigra LA ~Bk: 5 fd: I AR < 0 L e
exanpl eslgof wéé%ﬂegﬁe{)%gggﬁgﬁ i“ﬁg“%a*{‘g% lpor“(l)%%‘gtﬁg? lf %ﬂ#gﬁé+du%1nﬁeﬁn%\§h§gh as

1- hexene, 4-norbornadieft Mykoctitiienpesit leaei,eczﬂdiedaenmemaiqlu& cofbimatin ofleleiREENE,
and 1 -dodecene. The al pha-olefinis general |y incorporated into the
EPDM pol ynereagtordpmaeranoes: bighmenlec sy WrigyHer losr melyindices) at highigaetopr ef er abl y

at about 20 .t0_abo 6 i t.. .Th i ed .di enes are
general ly i r%%:rg %rgtrug%sea&gihﬁo&ﬁoélgéﬁmhﬁ'v@a}bgdu\i%@g%ndfsg'g%{%’ﬁtfoﬁ “wei ght

percent; mDle@oncthical fro@ictibAkF yolgneadRitinglexcelle physichd prepkalts aper cent, and
nost preferably at 3 to about 12 wei ght percent. If desired, nore

t han ond5di enecensapilby. PredoripysugherP!smets compeisns Gp 20 c-olefin. instudinganpl e HD
and ENB, with total diene incorporation within the limts specified
above. ethylene, and a “H”-branching comonomer. Preferably, such polymergare produagg)in
T/ Uso 7/ 13 fFplution process. most prefarably &cgptinyous selpton pigsesse Aliegavel- #h

honogeneous poitradry stayle pastilictd e @ds phase probds bEG LBl tpRo®eTPONENtS to a
solvent in which polymnerization wll be carried out by

As previously mentioned, the present catalyst system is particularly useful in
20 the preparation of EP and EPDM copolymers in high yield and productivity. The
process employcd may be either a solution or slurry process both of which are
previously known in the art. Kaminsky, J. Poly. Sci., Vol. 23, pp. 2151-64 (1985)
reported the usc of a soluble bis(cyclopentadienyl) zirconium dimethyl-alumoxane

catalyst systemn for solution polymerization of EP and EPDM elastomers. U.S.

L8]
n

5.229.478 disclosed a slurry polymerization process utilizing similar

bis(cyclopentadienyl) zirconium based catalyst systems.

In gencral terms, it is desirable to produce such EP and EPDM elastomers
under conditions of increased reactivity of the diene monomer component. The reason

for this was explained in the above-identified ‘478 patent in the following manner,
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sol uti onWRPH9AI?8 zati on procedures. The catal yst system nafCHPEGBE!
prepared and enpl oyed as a heterogeneous cat aI yst by adsorbing the

requisite cong ts on a g ?R)e? st s§§ To]§ r|aI such as silica
gel al umi ndnBR So KemaSafies Brseitt A wiAnse S BBEd in Such reSieabt, AdI Uhen
prepared incgk %ff@&ﬁ%e&ldéu&%n%ﬂ%ﬁd Béhck MeMtility of Sn PPOMBIS 1R dfefe USE
silica as the support material. Inorganic support materials, such as, for

exanpl e. si fnocamer cost. Thawigndis atm@ateedenmtehnatqnmrmmraﬂ Id)dnsctlm)rlemdler

chem cal pacificatign agents to reduce surface hydroxyl content of
t he supporthW\lémhe? e‘ﬁ%é‘?ﬁé“‘f‘&f?rfuu‘ﬁ?“et’H@“‘Hﬁﬁrél""y%‘tpri‘()ous“éiig‘?‘é?n may be
enpl oyeds i n V. i el

1 At o, Ele0RerR AR is Tt lor TR A AR prat e (APl o1,
condi tions hd‘hxcve the raghistib defree pHigne incprpoeitioh o p‘roﬁtubasiraBPDM lnythlansol ubl e.
Preferably, the diluent for slurry pol ymeri zation is one or nore
hydr ocar bonSCC\%PttaW“l fagicuavare. 8 hanPESNCAESARY. 10 e digne B@nomer CONCERifalioat ed

1 e Choviif ot RENPust B I o R e B ke 8 8 P
di fferent [efﬁsianebleéxlcé\ss compared/t® R Rir&entiky oP ieHe Bekited zb«feetreoegormd fn@s the
di luent. Most preferably the dil uent conprises in at least mmjor

part thi0 [ ethe]firgl EPDM pmsenerSinge substontesl amoontyof polegeted dicae monomer must

The catal ys stem this jnvention ma ri.se an alum

or ganonet al F’f&y%ﬂ'ﬁ% Sht thﬁA‘?Pb’l‘?“&’&f‘r‘b?q ?@?X%ﬂﬂggqj%&rﬁ%le CQF‘LﬂrE num al kyl or
a 20  conbppalih tgh,ecr,.@{ggd ulkbc8sse@Rponent may be present in a

nonacti vati ng anount function primarily as a scavenger, or it may
interact with the cocat aI yst conponent to enhance the activity of the
cat al yst corrponeﬁtlrlh@'rdddtngrmyhmsmftmOdUClng an EPDM is thd facy !san,lgdmrzétyodnt with

sui tabl e functl_onalf.l,tyl e cat al?( i)r cocat al st oé g} cat al yst
system can BEPLCYTA é‘ﬂtqei} Y‘Bﬁ”@é‘lo VAR HOREE 0 tpﬁ%‘“ LM materi al  of
the 25 15 SURRREhIr&RIRYPAne MYRbRRT FRIREA &ﬁéroau@m@erqt,stt@t@fetatmm chis a
pol yner, an inorgani ¢ oxide, a netal halide, or a mxture thereof.

Preferred su*ppmorzgxdnon tm&n.mmnm ppcpdysenften redentsi thecitnot adigithiagwhichplpr ous
silicas. al um)n l]a Wﬁ li.cate £ %Ir)}?j m éfures t hereof . The m)%%i
preferred sappery™ilcause t@?t‘%ﬁ“of@ &0y [e05 anq-proPX GBp BIPROWEESSP PIICSFhy be i n
granul ar, ag@te{Rnai, |Betd Ricuz®shts and longer rea es have been r .

ey o %06%%8 296lits and long ction times have been required

PCT/ US97/ 13¢ahpared to thecptrodaaayombhm cthyipsd-paipyfcoe nopayrtraddhseoment aerokteelr s -

i ncl ude, . but, are not ted to. silicas avai |l abl e from G ace Davi son

(di vi si th of! Iﬁop‘éﬁ’%&c&bwe5 under the designations SD 3216. 30,
Davi son Syl oi d 245, Davison 948 and Davi son 952, and from Crossfield

under the desi gnm %SE.ﬁ?chﬁngysternem@%&gé&ezﬁﬁd«&&%t mtttesétﬁﬁé&nat' on

Aerosil 812: and al um nas "avai |l abl e from Akzo Chem cal s Inc. under the
desi gnati on rdﬁetmenthae@d@repmng EBDM polymers in high yiSldppdpredustivitabl e for the

pr esent mve&r&tmn Lerablg/ have af urface. area as
dmona y, the catalyst system of the present invention achieves the economical

production of EPDM polymers with diene contents of up to 20 weight percent or

25 higher, which polymers possess highly desirable fast cure rates.

The nonconjugated diene monomer can be a straight chain, branched chain or
cyclic hydrocarbon diene having from about 6 to about 15 carbon atoms. Examples of
suitable nonconjugated dienes are straight chain acyclic dienes such as 1,4-hexadiene

and 1,6-octadiene; branched chain acyclic dienes such as 5-methyl-1,4-hexadiene;
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determ ned by nitrogen porosinmetry using the B.E T. nethod from 10 to about
1000 wo 9362 |/ g, and preferably from about 100 to 600PRTa&SPTIY7! The
pore vol une of the support, as 10 determ ned by nitrogen adsorption,
advant ageously is between 0.1 and 3 cnB/g. . preferably fromabout 0.2
to 2 cnf er r¥-Grainmeidy bl Srosrdiengs ?’1’70‘1“?%*?}’2'63%@&‘&%’6%3 ybmixeddsomers of process
enpl oyed, I YardaSi t : from1l to 100
[err]m b&my&xmyﬁgéAeB%idﬁd’}gC{??%:%n%ﬁd93?’8'%4#::{ lg%/éeﬂckcﬁ%'\%\;%%? %p%l%her ently
possess smal B-cqeiaptnthdiese; af4-cyclohexhdidnaxXysd-cyelosdradierl dndy. Wien used as a
support herein, these materials are preferably 15 subj ected to a heat

treat nent ahé&ryelodpdasrdisne:apd MiHeriing adicyelirulused and hridged xipg diengs sygh as

L1101 5 TGk alnd FERHTRLA B LS lof S ERBIAL SRR,

greater) f os-d@n@l;tmaéﬂy@.rhn@jndme,rf'yaumsnf}czma@yctoaxkyxid_iwrn%rﬂdan@ﬁs NEAES
at nosphere or under reduced pressure. Typical chem cal treatnents

i ncl ude cont-awsthyiepes?-nhrbognene (MEVR): aHkppenyl-Agnasbrernens. Susdprepylideneridr ocar byl
al um num 20 conpounds ri hydr.ocar byl chl or.osi | ane .c und
Ty O b o PSP o el dpentty 53 o Sl R Y Bormegs Sy

hydroxyl gr@ups2-abfdriaie ah8 MBMREhAdiche, chem cal treatnent.
The support nay be functionalized with a silane or chlorosil ane
functionali zi ng agent to attach thereto pendant silane -(Si-R)=, or

chl or osii0l ane - ( SDf @ie)diedasnypicallyalsed yo prepare ERIPMs ghe pRticslady Gfefenrdd

hyd byl .. ) i tabhl td lizi t N d
that ronot it B, Aol B SRR EhA RSt BtE L o vindid Gl h ' he
silicon or ﬁdrH@n@H@‘(\@NB?{kﬂi‘m:gﬁ{yfénéa-mmeﬁ@ (INBUAfPRL R 1 dpentldieppal | zi ng

agents i ncl ude phenyl si'l ane. hexanet hyl di si | azane "di phenyl si | ane,
met hyl pheny{CPRaneThe especiallylprefdried deneanes Sathylidgies? narbornedt ¢BNB) osd | ane,

agg di chl or&%lbgg;%%%gkgpe Techni ques

PCT/ US97/ 13171 - for formng such functionalized silica or alumna
conpounds were prTRY H&lﬂé?rk-éﬁ EPDM élh&i6mesefay forddhiPabiat?enipso vt HoW&gmnd
3.879, 368. the teachings of which arc herein i ncor porat ed by

ref erence. percent ethylene. mbreepre{epiidy fbonaypOad 85 Weaght perserictinilere, mestal unmi num
conponent sel ected froman . 5 o.al unbxane or.an al um num conpound of the
fornula Al @rgﬁtritﬁerép?ﬁtfgsvfﬁépg?téoﬁreéggl]peme"?e[hVE’H%‘pendent |y each occurrence

is hydride or R Rlerr] is hydride, Ror OR X' is 2 or 3, V' is 0 or
1 and the sum of Tie aipRE-oefins Suitabl&ERa iRt asthefprépariiivialof eRs@intels and Rl err]
groups incl ude met hyl , met hoxy, eth

' ?/I , et hox¥, propyl (all isoners),
propoxy (al ¢thylseerardyiengsarg preferpbly Ca_16 alpha-olefins. Tlu

strative non-limiting

20  examples of such alpha-olefins are propylene, I-butene, I-pentene. 1-hexene, 4-
methyl-1-pentene, 1-heptene, 1-octene, 1-decene, and 1-dodecene. The alpha-olefin is
generally incorporated into the EPDM polymer at about 10 to about 80 weight percent,
more preferably at about 20 to about 65 weight percent. The nonconjugated dienes are

generally incorporated into the EPDM at about 0.5 to about 20 weight percent; more,

tJ
W

preferably at about 1 to about 15 weight percent, and most preferably at 3 to about 12
weight percent. If desired. more than one diene may be incorporated simultaneously.
for example HD and ENB, with total diene incorporation within the limits specified

above.
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i soners), WBWBEK328(al | i somers), phenyl, phenoxy, benzyl, arfF¥eHZ{tb%y.
Preferably. 10 the al um num conponent is selected fromthe group

consi sting of al um noxanes and tri(derr] hgydrocarb | )al um .num
conpounds. Nbst PHeCaRISHSYAISTHTINPE PETRIG s ahomo encous catalyst by ASYIHRR.8f
trimet hyl al i o d L I '§I4%-r',--' 3l s .

m Xt ures thgr?@ e%ﬁmmé E&%(méhé s un%l&adn}ggﬁ?ggé%h?!é@r\?gg% %ﬂggd out by

al um noxanes_,bluabﬁp@l?ri-r@@iﬁﬁidrcpretcdm@ésy@feicﬁtalﬁt sy sednhl i ag R otheypregarpd Ml s
contai ning chains of alternating alum num and oxygen at ons, wher eby

t he al umi nuempieyed as adiewesnequsaatalysppy pasoabing theycaviRie CRpRISNISTHe!
structure of _al uppxane 1s_believed.to Lepres ed b fol |l ow.n
general - Por AL Sppoft g S ich 47 A FROESE 3R satapid frolinl bk
Rierr] Al - O i - Qi@ prépat Rintietdrogdmebudord suppéied form, it iCHRRStAde uherein R
is as previously defined, and mi is an integer ranging from1l to 20 about
50, prefer abilicaas thesmppomatariad., InQrgnmbxsuppsrt anateriaipissett a3y forrexamplec silion
products of water. and an al ym num al kyl, .which_.in addition to an

B oyl or oup S with Atarmy kRl B Benhe il pRcitioasats s St o al

different algym X g‘mq S _Th o f a&atafyshet hyl
al um num an&uﬁékwgg%}t 5?‘ﬁa um %mpp\omnt h \%/g%%fb%iﬁee lggoﬁ%@me é‘%wégﬁ ed
modi fi edQor syiw@dna bexpiogsd inPr gfsehaedoralurmpopapmsriznnnetshyprattiabxane 25

and net hyl al unoxane nodified with m nor anpunts of Cierr al kyl groups,
especi al | y lmitation; dggsy, polymepizatierk @iessPlgemad quid difushisindensonglitiqng in

substanti al t i - Al U ; .
Parti cul ar tecEn?‘tﬁﬁ’é’g‘?‘%ﬁiﬂe&%rsé‘B%‘?’é‘%aﬁlgﬁmof' ai '?ﬁ%%gar?? ’@%gﬁ%gr[r{)oéﬁ,nuég by
contacti ng gholyheriviatiom sdné\or neraphedmodarivbhdwah ldse drapaindatbsraitbme Ot deksined1g

wat er of - 80-
98/ 06728 saturated hydrocarbons such as ethane. propane or butane may be used in whole or part

/ /, ) , L] ; i scl ) - . |
U e e AL SR Pl 1

contact ed Wrhfhoindre 8RN at@DinewNGIE OF pAORS ik dilBeht. Most pfrabBNREdBLEGD as
hydrated alum na, silica or other substance. This is disclosed in EP-

A- 338, 044. Toemprisereinalt inzoxmajer pary theex-oletiormenomerdrimanomenetoshemodymeriggd.
reaction of a 5 hydrated alum na or silica material, which has
optionally been fynctionalized wt.h. . silane, .siloxane

hydr ocar byl oxysi Ingﬁec,a{aglfs?%ﬁ%%rpgﬁnl%ﬁlé’cﬁlﬁod)urfp‘@,’ él?/\W’P?lsea"mt‘lr Pm(rw'érr] al kyl)
al um num C0rmg%wn@é&hﬂ@ehowmmwantpe@m;ﬂmmoxm afi BRmif@ERINYYST a

cont ai ned therein the foregoing patents and publications, or there

corr esp@Rdi regmbdpatipaltegreof. This camppanent Banbepreagrplin e Aoneniyatiag empentany
i ncor porate nt of . the su&gg{rt%

df b%. referer]ce. 1Q’ " ori Trne atmrv%%g% f
material in SPC REDUIY S P ACAVGRRE oftT Bty ntEract with tie pacgialyst comp
trialkyl al U@nﬂk&iﬂe'tﬁ@&ﬂtﬁg?o‘f ﬂ'}éoc!avzﬂﬁst@@zﬂbé&tn'lﬂﬁ it gy aawBbefore, after or
simul taneously with addition of the conplex or activated catal yst hereunder
with the

It is understood with suitable functionality on the catalyst or cocatalyst of the
catalyst system can be covalently or ionically attached to the support material of the
25  support component, which comprises a support material which is a polymer, an

inorganic oxide. a metal halide, or a mixture thereof.

Preferred supports for use in the present invention include highly porous
silicas, aluminas. aluminosilicates, and mixtures thereof. The most preferred support

material’is silica. The support material may be in granular, agglomerated, pelletized,
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al unoxane or trial kyl al um num conpound, especially triethylal un num or
triisobuM® RS um Optionally the mxture can al so be heBtEYSURALT an
inert 15 atmosphere for a period and at a terrperature sufficient to fix
t he al unoxane e system
to the suppor ty ol&){ F%);SK f]’ol?% as'lu“%l@mtfr?zgg?:@@(& &AQ etno)§ hﬁ%te%att’)?ix%{%atﬁt ai ni ng

al unoxane awaitdbge fromabiaye &Iaummwmmon orw.mmmrw Gm)yurhier gliesigh@tbriso one
or nore wash steps to renove al unpxane or trial kylal um num not fixed

to the supSd 3216.3Q Davison Syloid e, lpsdsos B apd %159n83§m96rqmﬁr9ﬁ figldunoxane

t he al unoxan o nerat by,c unhygarol yzed
silica or é’lng?ﬁwﬁéd?ﬁ"”na“r%ﬁss? gh%ng g?[ﬁl C§U? A‘Lb ggeriﬁﬁﬁ? ‘%‘”3%5 &SP] ﬁq&r Kyl

al um num CQARANRGInAPAVARRE idomt AkENEhOMRERIRE alledRe dBGEation Ketzedi Graget -

Such a process is well known in the art, having been disclosed in EP-A-

250, 600; UBS. -A-4,912,075: and U. S.-A-5,008,228; the teachings of which, or
of the 25 correspondi ng U.S. application, are hereby incorporated by
reference. Suit r oc uents include pentane

i sopent ane, hexzﬁ’@poﬁ%b‘l‘%@aﬁof)@fﬁ’ﬁ?am 'Xvem’onlpgegﬁr@g’émé’veﬁéHgﬁ%e F%t‘ﬁ?onane ’

decane, Cy(‘cﬂe&%ﬁﬁ'ﬂ% ATRbERA! oY siAbeyK adlRg #RMB.E.T. meth&PFBINM@ b @BSutdfocbwo or
nore of such dil uents Ui tabl e aromatTc hydrocarbon diluents are

benzene, t ghlygNgnhd pwfeemy rraﬁzchb@nhmo 1lebpImBs. TR pare oRiS b1 thek@shoar, agat i ¢
30 corrpounds Most preferably, the dil uent is an aromatic hydrocar bon,

especi abl y determined by nitrogen adsorption, advantageously is between 0.1 and 3&in3/g. WO
98/ 06728

PCT/ US97/ 13teftrably from dbolieh e 2 AfnBay. ”ﬁ'teewafaat panticlersizehdzpéwdsagonnige manner
t he resi dual hydroxyl c¢antent hereof is desi rabl}( reduced to a | evel
| ess than Preresegmafoyety bb‘éfypgcrdél%‘%f"°§‘%bﬁ’r?00dy“~ preferahy frgm | el O} 1905 ousl y

di scl osed techni ques. The cocatal ysts of the invention may

al so be used in @&mnraafah@mumlwa@ knﬁéa (0 Hn‘h@hp%%@gmm WAtipenacompound

having from|l to 10 carbons in each hydrocar by group, an oligoneric
or pol ymer |twdadnyhﬁxanenzdmyrpwnd useal as a support herein, these materials are preferably

di (hydr carb J) vdrocarb umi num onpound hayi 1 to 10
Car band S n sabietd QR iR, BT Al CORBY oo G B Y B ERRE ur e of

the foregoigp eSPW%eat treatmentd argﬁiﬂf:rcﬁgut Jgg?tﬁpéﬂafﬁ% UM RPERLYBEGar €

usefully enployed Tor their benefi ci ty to scavenge inpurities
such as oxygeificrabigt2s0;C an80GCdeh§ thesrsfor graateiefor a duratipolof @ mizats wnSan xt ur e.

Preferred al um num.conmpounds i ncl ude er tria al um num
conpounds, "é’é‘b*e‘&“&l‘l’?fng‘l‘f&‘ééh%& wRder £ C%{ i&'ﬁs“&r oﬁé’é‘lﬂéF@’B’FﬁWe“"ﬂFbeyl

I sopropyl, ;fs|Q4d é’éntadtﬁ@%?&ewx?%&ﬁ%k&l%ﬁgﬁg%?/Eucho ;&‘f&;@ ¥ l-aldRBum

nmet hyl al unoxane, I ed net xane an obutyl al unoxane.
The nol28r reatripounds, alihydrouarbyldhlorositimp comgdodnas nethadirocaryplatooxy silape ef er abl y
from1l :10,000 to, 1000: 1, nore preferably

'compounds or similar agents. Residual hydroxyl groups are then removed via

chemical treatment.

The support may be functionalized with a silane or chlorosilane functionalizing
agent to attach thereto pendant silane -(Si-R)=, or chlorosilane -(Si-Cl)= functionality,

25  wherein R 1s a Cy_jg hydrocarbyl group. Suitable functionalizing agents are

compounds that react with surface hydroxyl groups of the support or react with the
silicon or aluminum of the matrix. Examples of suitable functionalizing agents
include phenylsilane, hexamethyldisilazane diphenylsilane, methylphenylsilane.

dimethylsilane, diethylsilane, dichlorosilane, and dichlorodimethylsilane. Techniques
-79-



from 1: 5000 %8®6180: 1. nost preferably from 1:100 to 100; 1, PCT/USITIITI

Sol ution polynerization takes place under conditions in which the diluent
acts s.a solvent. for the respective ¢ s,.of the reaction,
particul arl 6’ {?{@'WUSB funcliona E%I@r%’r@mb&ey?g&?@% *SET Wgﬁios‘ml@ncl ude

m neral oi | §s@apRdtiRer g arienis3 637000 andd8$9,268, thardheHin®y F WHiblb@ Matei eact i on
tenperatures. Illustrative exanples of useful solvents i ncl ude

al kanes sucincarpopesd:tymsferenpgpent ane, hexane, heptane, octane and nonane. as
wel | as m xtures of al kanes including kerosene and |sopar E[err], avail able

cycl ohexane: and ok oo asy 4% be GHHFur BRRBARAE  Fhgbien SAREARE

o ed oht o ubnala S 8 SRR Gymrednd ot fpmpula ARER AL IRER R, (e’ 7

protected f l{n%n})e%)égrﬂﬁnc %H%cgﬂ)#e%%gfseh d;rir&gléﬂi,oﬁgis fid€ 3 gl” HR x*is 2 or 3
PTararydrs Ofust. be prye

conponents an pared and re€covered rn'an oxygéH and

moi sture - o %relf £n%Eih9Em%?Peg§d y'Rs 8f %&?{;\b%s of E\ﬁ{agfeofﬁeaniﬁg Sg'}&ﬁagtlﬁc‘?urb% are

perfornmed in t presence o Inert gas suc or exanpl e,

nitrogen. methyl, methoxy, ethyl, ethoxy, propyl (all isomers), propoxy (all isomer§2butyl (all VO
98/ 06728 _ ) .

PCT/ US97/ 13ispmers), butoxy (all isomers)gphppy b pBenosy desdey. and baqayloguc Prederabldssel in

an anou t intain differenti r re i.n,excess of the
corb! netd valtsispel heiriee it STRoR) ramapt roaRGERTAIE S8R ind o° e
et hyl ene corient, BfdrédiebPRRlviRum confifiuaddyi Med pefeirb®aliiatihim @bmpbhaskene
differential pressure to the total reactor pressure. Generally the

pol yneri zat hemnlphmoestes. rimethylsudinum atebylblumiblimardisbbayanihiabmpiaessur e of
et hyl ene of from about 10 to about 1000 psi (70 to 7000 kPa), nost
preferably fHYHIaBIEC!40 to about 400 psi (30 to 300 kPa). The

pol ymeri zation is generally conducted at a tenperature of from25 to

200[ err] C, . ably from
greater than 95 tA c))%%a‘[?%?ﬂ% fefebfBtd ol aumrmx%risheg}go%r%eﬂgﬁg%{ P%ﬁ%&l be
carriedidput amsnisurbakg bompeurals canmonitg chninsof Alernathgd sinminwatndoxypeacess. A
continuous process is preferred, in which event catal yst. et hyl ene,
[err]-ol ef i AT EnYhEEPY E*Waalwmgm GASTIES %MS‘&F%’HeP%&é“b&W phkyberery- Toppiied to
t he r ' : : r [ £ efrom
Wihin the SesnasorERRRRE AR RE e en By AL ALY FIRKERIFLST | e
in this con(ed{R)aDg, 1 fersecyclic alunjxans aseé &7 AFOMAICR)-Ohgr-AlRb efor atlieeari t t ent
additions of reactants and renoval of 15 products at small regular

i nterval s, sompatd, wherin Riisres prehieudy defiddd, grdome ssaniistegentangingfisom | to
Wthout Jimting.in any way, the scope of the invention, one .neans, for
carryingd Maboutan prelEbInaIgns AbR Sach BmolHEs A8y PEAE e SFICHRE PGS
stirred-tanke L8R b aPLIBRYIER Sikyl, whicHRANE#Rbn k& ar mk?PQJdﬁs%a QBhiaftpiously
together with solvent, diene nohoner and et hyl ene hononer. The

react or conhalidesoralloixifdei gtopsa Reacumgpseyert! diffesnaaiimatuny atidy! 20mpowtdhy | ene,

ropyl ene and di ene nononers ther with any solvent or di tional
Propy such asE}\“or examp?e tr{methﬁ%?ummum and tn-exls%uty? alumr}num. w?t water ylé}ds

so-called modified or mixed alumoxanes. Preferred alumoxanes are methylalumoxane

19
W

and methylalumoxane modified with minor amounts of C_g alkyl groups, especially

isobutyl. Alumoxanes generally contain minor to substantial amounts of starting

aluminum alkyl compound.

Particular techniques for the preparation of alumoxane type compounds by

contacting an aluminum alky! compound with an inorganic salt containing water of
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diluent. If desired, a snmall amount of a "H'-branch inducing diene such as
nor bor nadwerss/062287- oct adi ene or 1, 9-decadi ene nay al so be REFEHIT/CHIHI yst
and cocatal yst are continuously introduced in the reactor |iquid
phase. The reactor . . tenperatur nd _pressure may he controlled by

adj ust i ng t H¥S@BIZoERR ArsliHes F‘a‘?iso,‘"%fs'ngt b2 pafigplae prefeqendiamedimg . as
wel | as by ¢ [ Fal ' A9 LSntadi@E% R . ining

pol yrmeri zat ?Igglhbg?uerﬂiaé@ggé@%nl gd @;a tt%g ?gt% ergéoefn %té%bé? ‘;'/l;gt?r g?jn |mtn |m(5’n. The

et hyl ene comsimnince such asdfydiaked ahohipaesiligar ercuhdr substareiee Misiedisbypsdédhia Bt i 0 of
ethylene to pr30£ | ene in the reactor, which is controlled by

mani pul at i ng-3 spuBiths Aumggane Mayeke BrompREssd into the SURRAFRYNEARLONAS 3t he

reactor.z Th I : g i . K . . :

opt onaiy. Mg aiel Hima Rt ks HRLAGL WMl Stion i A00h ek Bl wien |
gglﬁggr?gtsur €silane, siloxane, hydrocarbyloxysilane, or chlorosilane groups, with a tri (C 2 fPalkyl) WO
PCT/ US97/ 13 aftiinum compouihasresdinzowdantvhatdimiguesr Foytha ichiagntaitaibaddr ogen
introduced to the reactor. as is wel | known in the art. The reactor

ef fl uent i sthessio dha acamngpatenesandIRpdlications, erdlafe camesponding equ¥alopit er . The
pol ymer sol yii.onal.S. ORI ! r. product is

recovered b§ﬂ¥?%éh?%ﬁﬁép%ﬂéééégﬂgﬁéﬁﬂ?F@ﬁg"%n )ﬁgg%y‘ﬁhe as well as

resi dual solvent or 5 di luent at reduced pressure, and if necessary,
conduct igg furt h&the deuohent of thz alippont mierial in ordx W PSS irclividaiptiagal a

devol atilizing extruder. |In a continuous process the nean r esi dence
tinme of the2bER)eer GiRkyhdepmem ppdipgeinyalyes eantapding by sapne befere afieasbut 5
m nutes to § r ) o ef.e f 1. hour s, ..

n'a pret or PEiAEEonsR SR EGAER! she Lhitflek dr BLAME el e des it 1 o 10

conti nuous SRiMtxafd oPRlajkyRIlbmARLIOdbnStthe Nespedially Siety idlvBinugast or s connect ed
in series or &%al lel. In one reactor a relatively high nolecul ar
wei ght pr odtréisofuiplabympgm. Optionaily, the mixyreepw, Awpe hegied Usdestasriagt y 400, 000

ol ati vty PiloeBEaer APl ot sy SiRdp 0 BReY BBkt ool e

final produgdalkglaRnhhendombotdte coémplek @acialysedybletiadtite Wpp6h. Dpdodally,
conbined prior to devolatilization to result in a uniformblend of the two
pol ymer the fsgateliaPEOrt SHBRCIENHERNI2IR B A WRONe SR HS teplikplairmipyimt he

Pr epar at | on cgfy.RLOfG! B BRI 1 one or HIRE RYGLBIABREHb RS BxdheRy of o7 ed

enbodi nent the‘reactors are connected In Series, PSSl £ 1 uent

fromthe fiugdlkyleRedifimingt Gkeay@esk §,,%pbh,e second reactor and fresh
nononer, solvent and hydrogen is added to the second reactor. Reactor
conditions are 20 adj usted such that the weight ratio of polynmer produced

in the 89rst readiesides eonisezing the suppory Wi pdwmoxane thecald@epHe MRt or is from
20: 80 to 80:; Ln.addid. . f - £ i
control Ioed lg(%%ﬁzrng ﬁ'ggq{ we 6%2&%@%@%%%&%%”6%‘3&&% ' §$ﬁ°ﬁ)§&egj%ﬁ&dg;s; Zm

benefi ci al | yr alubiva (vixkh apfigidyiciivmimual cdohfidvnglopdomdlly ihavd presedcd af @ené@nge of
Mooney viscosities, as well as excellent strength and processability.

Pref erabl y dHeems Suchpgrregssis ¥6B&neyn (mbenrphevsg been digclased indERZ5{ err] C) of
e Losul L DBRRBRCIGS e012 075 3 54 SR Aol ek BEOR Gl © 200
25  corresponding U.S. application, are hereby incorporated by reference. Suitable
aliphatic hydrocarbon diluents include pentane, isopentane, hexane, heptane. octane.
1sooctane, nonane. isononane, decane, cyclohexane, methylcyclohexane and
combinations of two or more of such diluents. Suitable aromatic hydrocarbon diluents

are benzene, toluene, xylene. and other alkyl or halogen substituted aromatic

30  compounds. Most preferably, the diluent is an aromatic hydrocarbon, especially
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The proce¥® BWO6T8e present invention can be enpl oyed to adPAEyE Mt he

gas ~ phase copol yneri zation of olefins. Gas phase processes for the
pol ymer | 2l L o0 o S0 oo 33 TBREb Al lark D BB WBEL A 2bh @, and

- 84- F &4 QﬁZ@g duced 10 a level Jess than 1.0 meq of QH of support b
PCT/ US97/ 133‘#1/‘;’«8 noe rr%slyl ene, and theancopol ﬁmeri zg%ri %ﬁmof e %yl e)F]e wth

hi gher [ err hnybfaht psviausly disclésad techniqueexanpl e, 1-but ene, 1-hexene,
4- et hyl - 1-pentene are well known in the art. Such processes are used

commercially on a large scale for the manufacture of high densit
pol yet hyl ene ( HDPES FOQ%HY%?TP‘%‘@H%‘?VW“B%W&@WI Aeeq semPInation ¢yh ¥ow density

procegL ehg 0 can’be, Tor exanple, of °the type IC‘. ! enpl o shgse
S POl y£ }’A@gﬁo&}rbﬂ@ﬁ&mﬁ{ﬁ% 9&%%%{ng%bﬁ@qhom 1to 10 \c,:\%rbo?]q in each E'fdrgfa‘?‘g)ﬁ

mechani cal | growb| 4 €tk deesdicarr palygesicidluindiane dobpdums at he pol yneri zati on
reaction zone. Preferred is the process wherein the polynerization reaction
is carried di(hydrogagpy)Rydrogarpyioawialuyinpmdomparng bd el pial tood qagkans ot

containing a_fluidized be f 1 ol ymer  particl upported or suspended
above n per FerdbRiPaE PRy dRect Pilpal it Potr SRS oFfhe JORBORG Somghp
f1ui di zati off f#3%ed. These aluminum compBEndbase 84EPLIBYERDIbRd fobtiraRntfgabed
conpri ses the nononmer or nononers to be pol ynerized, and al so serves

as a held exbihighgescavaigeimperities socieas oxygemavaterf and aldehydeslremitber from t he

bed. The hot : f he, top.of th t .| [ 15
Cranqui | | 2aPPBAIEHEON BEUeI AHRTSS AU EPTRONE Vit 2608 K oy ng &

w der di.ameter than the flujdiz ed, and wherein fine particles

et rai ned i AHETE SEmpbpRl bsbeciahy et SReRERERR T REEH B YP PRl b
into the begkoptdpykatbdlls Rob@y RGYMAPL, 2GRS/ 1L & istpeni@). and methyiMGMBRENct O renove
ultra-fine particles fromthe hot gas stream The gas is then _

normal |y re®asifead methy lunexdnp pndesebubalemprange The madaplie sEadumamun one or

A prof o1 cd SREPRG BnagaoTHE 0P AE LYo e dFBE s nB ek

provided  from 18500 he10090 B8k hREMEDIS fES 1:100 16 Pod:¢ed a volatile liquid to
the bed to provide an evaporative cooling effect, often referred to

as operation in the condensi ng node. The volatile liquid enployed in
this case can beSohsiongehimparization abraplareundseenditiapsiie Whichrthe digent agtianpl e,

a_sat ur at ed by b0 ATBOR N0 AR 3l 8r AR08, RRELBIRALY b 4O 6.

T .
car bon case € nononer cono iTself is a

vol atile |i @PDM F@l’ynﬁ‘@ﬂ Peferred solventCiabRan grRekrhioiRMROY ittevasisth hadrotdbbgh, thi s
can suitably be fed to the bed to provide an evaporative cooling
ef f ect . 2Exanlidsarefigeider repcrom tamnesatfies.c Hlusuptivsexamples pbdsaful solvents  t hj s

{Tgngie)r( are %c‘ﬂdenﬁka%gg gtﬁ:‘hnals rf)%ntaarqgli';[o;;[eﬂ{aﬁg hteganaet,)ﬁéjpttan%l. g(mme_ ! _r]:o%t'u?c?lax three
well as mixtures of alkanes including kerosene and Isopar E™, available from Exxon
Chemicals Inc.; cycloalkanes such as cyclopentane and cyclohexane; and aromatics

such as benzene. toluene, xylenes, ethylbenzene and diethylbenzene.

25 At all times, the individual ingredients as well as the recovered catalyst
components must be protected from oxygen and moisture. Therefore, the catalyst
components and catalysts must be prepared and recovered in an oxygen and moisture
free atmosphere. Preferably, therefore, the reactions are performed in the presence of a

dry, inert gas such as, for example, nitrogen.

-82 -



WD 98/ 06728

PCT/ US97/ Y8178/06728 carbon atons. The volatile |iquid evaparaissgiim t he
hot fluidized bed to form gas which m xes with the fluidizing gas. If
the volatile liquid is a nononer or conmononer, it wll undergo sone
pol ymeri zati on i rEthhendsdidddhe e sgrotian gesstliiqunamount to miamiesdifgesnifat om

the reactor as part of th? hot recycle gas, and enters the 5

conpr essi on/PRESETCdR EXSRTG AT e COmBIMEHYAPPIRIGssuEe Pighp O-Ofpfan ped diene gas i s
cooled int . i re to,.whic he gas
s cool ed i o bse P oEfReaaRE 3R the dolyhits HERRRIBL Y Tod BEY Bl
gas. This |idifférentid piessireablhe tomtyeated pressure. Gendraly Mégloyyrhaidatien bhoekeli zed
bed. It s possible to recycle the precipitated liquid to the bed as
liquid df opletaTiedh PRy wih A qiffeentiad pressure ghathylene ahfromabout Yo aboupi@ess i s

10 descri a0k l e -\ 543 : 4/ and
us 354929 197050 EFP roshrbierbipiom sbophad | RuE o ey Dl W
particul ar | yhpipefyendrgtion is genefifly Rosdweted R aNEhperatISY frbgUisdoteotdie bed is
to separate the liquid fromthe recycle ?as stream and to reinject

a

this i quidP@fe@bty fjomniSgotiie"Gaad musepisienhly fusi pratr thenifSdo KON
generates fine droplets of the liquid within the bed. This type of process

is described 15 [ icals' WO 94/ 28032, which is hereb

i ncor por at ed by r'reh’feéjggﬁg%r%ﬁgﬁ ity be cifficd ff, 8 ?)ﬁi“f]%lsla 258 iCBW‘W”@Hgt i on
occurring i polyhergagon proceisz edcdiRiubss Sratak YZ@EiePMd, in whick Bfent eithjyguous or
sem -conti nuous addition of catalyst. Such catal yst can be supportyed

on an i nor gaiiyiengr clefamiand spipgrally soltrtrdndldias alesoninnedsigboytied Thee
catal yst can_al.so be subjected to a prepol ynerization_step, for
exanpl e, by f%‘&f“ﬁ'hé?'?ez?'}ﬁ’gpf’iy @Ffa‘}r “2‘(5comé{ﬁ’;?HBP't’éj)‘“BYeddP%‘Ffrﬁ%Wﬁh’é‘rl}‘F fcoge
l'iquid i nerbf ghel k@i tcoh@niNRY hAte @Gl AlsBtas GREPRhis@ontext are GRIERT | S1 NG
catal yst particles enbedded in ol efin pol'ymer particles.

pol ymer is prasdiscedh ehichahérg arenintehmitfenuidiidend dieehdmnicatddeyned) of

copol ynggi zation of thﬁ mononer and one or nmpre conononers on the fluidized
particl&d of HFY AL SPall Serls ARtaRy alsa $QINPE O VER ImF dfio PYSTal PIRCEH i COMEnUgEY
Start-up of the 25 pol ynmeri zation reaction is achieved using a bed of
preformed pol ynenyprddtilichigny inHyGbay t f I L -

target polyolefin, and cond%ti or)lli ngy thﬁgcobpgd&lg@g@&ﬂtng' y\?flﬁ%&%r&ﬂpﬁlgt gas
or nitrogenoprsueh atpelymerizetioe pregesshe astotlaivgs in a stieedrank medcsorgnopyagne ot her
gases whi chn{otnognserdes@ r&d t o _have iln t he recycl as, stream such as a

di | uent gas, S TRUATUSEE SORMOHSYY 1ogrlhes Vi lipahent. Slieng menamer a8 ndensabl e
ggg when opethilenB ghdrdneas TRO AS€tor contains a liquid phase composed substantially of

20 ethylene, propylene and diene monomers together with any solvent or additional

The

diluent. If desired. a small amount of a “H”-branch inducing diene such as
norbornadiene, 1,7-octadiene or 1,9-decadiene may also be added. Catalyst and
cocatalyst are continuously introduced in the reactor liquid phase. The reactor
temperature and pressure may be controlled by adjusting the solvent/monomer ratio.

25 the catalyst addition rate, as well as by cooling or heating coils, jackets or both. The
polymerization rate is controlled by the rate of catalyst addition. The ethylene content
of the polymer product is determined by the ratio of ethylene to propylene in the
reactor. which is controlled by manipulating the respective feed rates of these
components to the reactor. The polymer product molecular weight is controlled.

30  optionally, by controlling other polymerization variables such as the temperature,
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PCT/ US97/ 13171 condensi ng node. The produced polynmer is discharged
conti nuously or di scontinuously fromthe fluidized bed as desired.
The gas phasBOMITBTCOEENUSPR.050¥ sFeamd hydepgen duragicadhioghe reaeter.iasns alre f
ref er abl i e i rovide for the continuous su y O
Peactants o ke BE QIRE et ki Pl R I FY MM T aBe P

products fromvdier. rERqidlAfe&0REion is option@fly hBfed, 2AG LA pol§MEr SBYuAROVi ding a
st eady-state environnent” on the macro scale in the reaction zone of
t he react or .recovered by flashing offigaseeus gthylenchand prapylenedss wataoksidha sghenptrase
process i an 50[ err] C,

t t rrls,
pref er ablsfl ?‘ﬁg‘:‘?ﬁ%@gﬁ@c&%?’gefpg‘ir%ta{’{g?ﬁt%EﬁmﬂoﬁOgF’?‘%@%erﬁF%’ devalrBtizdoR ity om 10
about 70[er r&c@ﬁrﬁ’crﬁ'@@éﬂ as]al&([;/@_fafi]i?ﬁé extruder. Ina cominu&??fbﬁusﬁhé Hl%aﬁm' ar ratio
0

of conononer nmononer used in pol ymerization depends upon the
desi red densiesigerfcortinihef e ngelyst andrpobyenergn pieoduaergenerally is frogh dbduapout 0.5

or less. Desirably, when producin terials with a density range of
from about OMEHEsEC BHSHES: 8’."19@”3 elﬁ@’qkﬁ REhHENNHES WEMET ratio is | ess than
0.2. 15 preferably | ess than 0.05, even nore preferably |ess than 0.02,

and may even be |@SSpreferred manﬁ'\,g'ra& &e%onﬁé?%&%e&zfxﬁ&qsrcﬁﬁ&uocbe%];j hydrogen to

nmononer is |ess than about 0.5 pr ess than " hore
pref er ablly |@agngharsolitiob pobmenizaisesystedt esapliging 866 rehbrars connected [ 02 and
may even be | ess than ;2 01. ) .The above-descri bed ranges of
process variSHFeS’ BAd e B ffsrieatter 3 latively fjak mojegular pisighs ppduee@dwdtorn hi s

i nvention anghomy zé%oé,pbgﬂh&% pfrafsmmmo.&m;%gmﬁﬂwm' @%iié)g\ttgﬁ 4 patent

practice of this inventi er "of "pat

appl i cat i onssedmsireidior gamdptiage rpladeds $@8 molecular Wit hivey 60.8d0@s 300 80d)or
use in the process of this invention, particularly, U S. Patents

4,588, 790; 4% 5rgiedodhedingbproducsis 5 blend oBthe: twe rammoreifiuess whizhgeo;

5, 461, 123 . B 453 YT e 28, 670: 5 47 512 - 5,106, 804; and
EP appl i2|§at i&oﬁnsb‘%@fﬁ%é;é@vmél]Qgg%'gg).zrgbgf ’Q‘a‘ln"’1 'é&l % erfoq %c[ ??“6?1561‘3@%4/ 29032,
WO 94/ 25497, pruicds/ Qeh%dual reactor prod€sioR8032he YR pARtid3 30 piodWQs R44i#6793:
and WD 95/07942 all of which are hereby incorporated herein by
improved propertics. In a preferred embodiment the reactors are connectedip-series.
ref erence. P p
that is effluent from the first reactor is charged to the second reactor and fresh
monomer. solvent and hydrogen is added to the sccond reactor. Reactor conditions are
20 adjusted such that the weight ratio of polymer produced in the first reactor (o that
produced in the second reactor is from 20:80 to 80:20. In addition the temperature of
the second reactor is controlled to produce the lower molecular weight product. This
system beneficially allow for production of EPDM products having a large range of
Mooney viscosities, as well as excellent strength and processability. Preferably the
25 Mooney viscosity (ASTM D1646-94, ML1+4 @125°C) of the resulting product is
adjusted to fall in the range from | to 200, preferably from 5 to 150 and most

preferably from 1010 110.

The process of the present invention can be employed to advantage in the gas
phase copolymerization of olefins. Gas phase processes for the polymerization of
30 olefins, especially the homopolymerization and copolymerization of ethylene and
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PCT/ US9O 7WtBH&728 The catal ysts, whether or noRCEUBHHRIRd in
any of the foregoing nethods. nmay be used to polynerize ethylenically
and/ or acetylenically unsaturated nononers having from2 to 100, 000

car bon at optopgienhanddheerpalyménizationiof ethylcoa withrhigher cedlefins suchgodfoerrer s

i ncl ude the rr]. [err]-olefins_e ially ethylene ropyl en

i sobut yl eng’fa%[’ﬁ%’ F-butepgile eé‘,e"el'[lﬁ'é’ﬁﬁ'&ﬁ' Zpeﬂt-eﬁgferecn ?]?EQ%IFHWR-XfUng?%ne,

4- et hyl - 1ppRBdseNsre ude@EdBR@rcially on a 5@@&1@%: the GRGhubRAlrB ofMBigh @ERdigC Ul ar
[err]-olefins, and m xtures thereof. her preferred nononer s i ncl ude

styrene, Cpelyethyeh& (HDEEDsnédiumalgnsitypalyestylens (MPPEMrlsahiphvedessity

vi nyl bepzocycl obut a | j denenor,bor nene, 1, 4-hexadi ene, 1, 7-octadi ene,
vi nyl cytl oﬂé‘(ﬁﬁé’?“ﬁ@?@&%@ %ﬁ@?@%’?"‘ai vi nyl benzene, and mi xtures thereof
with 10 ethyl ene. Long chain macronol ecul ar [err]-olefins are vinyl
term nated pol yARe 585 phase prdc%wlébé@éam. fd? eRhrh 1e9wm99,peqpmiému0us

sol ution polynerization reactions. Under sul t abl e processing

condi t i ons esptdys komghehiaally stecddred| ce augas fluidiedbedrae theepadythyrization

pol ynerized into thre;‘?oo’{%ngr, (gr oduct a on,g1 B\”hi et hyl ene and ot her. ghort
chai n ol ef FFReHION ZONEFABKEFS 1% 15 GIRFESSHBFFINJOGRP Y TICESARA" AP SheA™He
branchi ng i.p, : i: g ot , nini : may al so be
utilized i r?ﬂtcltgg’(e)\fe?ltg%yg%hﬁv\\tngicﬁpg%wlﬁégﬁ&grgeeacé%f iotn }d(l)nﬁg?g Fﬁ%l%dﬁ%ﬁéeneous or
het er ogene@ulyneo pymields sappotredoataipeatied abovhe peefomial plawe, the plaidizagion

reactors connected in series.or in parallel to prepare pol yner bl ends

havi ng desi8fidppyes flow of thlidjzalianigds.  An exanpl e of such a process is

di scl osed in WD 94/ 00500, equivalent to U.S. Serial Nunber

07/ 904, 770, as lg. hidlzeNBE! : b ry 29,
1993, the teachﬁé§d%§m%oi§8%§§pgﬂkgreby icnﬁgér%g?gﬁe%é%éy@gf g}ogﬁg’g&ﬁgrei n.
For the prékenlyadriaed yavidedsorsepel ysre heaerpomige nedsunto telmoyeitieieat ofon, whi ch
may be produced by the pgl tyl_msri zation pr o?essis of tIgl s invention using the
catal yst reaction {fomdhe bsE. TR 804 &5 AMTAS rORLIE &Ry CIRarFICHF dREMAl% Vidonger
than t shor.t chal ch. . : PN the: N ration of
one orhrgmrqudgﬁgq‘?}gfbeﬁ%@b‘gﬁ%ﬁ%on%} %St?ﬁ%lg&ﬁ%h&%?fn Z%g%‘ﬁﬁ{eﬂf ggjggone. The
enpirical eidfnendr thin thedlyidieskbricandf wheseig folegiantidiesametaingd in thetghestream

copolynmers of this invention s i fested as_enhapced rheol ogi cal
properti es RgKF ¥hopportunity to grayisale g?@amwthﬁggﬁeﬁ G 3lio R A URsgRes,
and great ercz%l[)ﬁfo] detoSE ultrd- RANp SHORS FrBFh the RBR gas strearhMhPEdI6¢ ek r uct ur al

r
properties e conpositions. .
- 88- nomMNY9BL OBI@ B the bed by means of a blower or compressor and one or more heat
PCT/ US9Q7/ 13171 . Further, highly preferred polyolefin
copol yrr  ESH9ESTE 1o HEPShe 835 & thabeah of pplymerization.
A preferred method of cooling of the bed, in addition to the cooling provided
by the cooled recycle gas, is to feed a volatile liquid to the bed to provide an

evaporative cooling effect, often referred to as operation in the condensing mode. The

volatile liquid employed in this case can be, for example, a volatile inert liquid, for

[£%]
w

example, a saturated hydrocarbon having about 3 to about 8, preferably 4 to 6. carbon
atomns. In the case that the monomer or comonomer itself is a volatile liquid. or can be
condensed to provide such a liquid. this can suitably be fed to the bed to provide an
evaporative cooling effect. Examples of olefin monomers which can be employed in

this manner are olefins containing about three to about eight, preferably three to six
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have reverwesrod7e®ul ar architecture, that is, there is a mot SVUPHA R ght
maxi mum whi ch occurs in that 50 percent by weight of the conposition
whi ch has the highest wei ght percent cononomner content. Even nore
preferred arearpal stosf iThe volsbleyiimsid svaporamsp de: ho AlaidigrdiedaP SBrmEdFe | ong
chain branches. along th ol yner_ back T [ en produced
gtcﬁévgg%wﬁfﬁet tjmlxg}:zimr%/%s li’fol'ﬂg volatile hqé!?cg?ﬁl;r'fmgxlmér%rvm

with a catal y . . . msent i on-havi ng net al | ocene
conpl ex of t bi &, dWENE WA ubderdo SéEb6tyhRAEAIRN ih therbedl OUR %S aptatetihiguid

pol ymeri zation of an [err]-olefin nmononer with one or nore olefin
conpnoners, menemerges fesptheiradctar agipert of the hot taswels gpss apd enigts heous process.

10 Measur enent of cqonopnoner Er:%ntent \{s Io& ol e u(ljar. wgil h'gn JR?_(
GPC/FTIRS  compression/heatgachapBhpahel e ey lfloohs ENSEeNes 83 (SFOET SLiF ar

wei ght can b ; i MRk ROwRicR MW §Rris LSBT VelBv Herdaived
spectronet er gfﬁ?@“ﬁ% ﬁﬁvgt[%ertgn%w[ err r‘] \é lCcael SEE Per rregt ieon Cr?r omat ogr aph
(GPC). The sebintNguithwilcpktipitat fom tieganpEhiatigeid ipfesifably recycled syst em

together with the nethod for data treatnent has been descrjbed. .previqusly
(L.J. 15 Reewtinapugly to therflwidizedbeds dt iScH?S%‘P‘elﬁbr%‘ﬁﬁ&e&%‘:‘%ﬂs&yﬁ%‘ﬁé"83?

Coupl ed GPC ETIR'..i n . cherl i ggoerg rg" @
Tecﬁnol ogy, Eﬁ%&?oﬂ?‘i}dﬂﬁp‘%@g@# %@Iéc_?@fc g% 95&4‘8a 57- %%S%P)m%g?\&gr der to
char act efjfze dbi@ibe@Toeexdntiavi EP 80608 : COSDNSIBEII% WO 94/2548HanehtS.ated in the

hi gh nol ecul ar wei ght part of the polyner, the GPC FTIR i s used to
cal cul ate a pParSaigPewhishrechestyonerreprasariyi refesnce aArsvticutsty Piefesied] and

dara | o Ceehod o eyt TRERE RE 1HEBRT I8 AR BRUBMIE R OR 0 45

The conononersPahthd tPRidE kRS TigEid Gieny intethe dke Prefeatly usimg CREtCH Fhidat a.
It characterizes the ratio of the average conononer content of the
hi gher ol ecgeagrates fine dedpigis of tha dighignkithip therkeda TdistyBe eLPOABEY d&S6HPEht of

t he | ower _nol ecuyl ar wei gh acti.ons. Hi r ecul ar
wei ght aré ddf i%:#e@‘cé%‘cﬂgi &?’é) é@&%%;%r“’%&‘: '8\%“?&9’}28@0%%9%’?);}%&%0 Je'cul ar
wei ght respectively, that is, the nolecular weight distribution is
divided into two pgfetpgolphefAtian raatiighbccufipdy in shocgls Cluliditebibddriorutityaed by
fol |l ow ng equati on: - -
WD 98/ 06728 the continuous or semi-continuous addition of catalyst. Such catalyst can be supported

PCT/ US97/ 13170%1 an inorganic or organic support rr{a?errira] as described above. The catalyst can also

be subjected to a prepolymerization step, for example, by polymerizing a small
20 quantity of olefin monomer in a liquid inert diluent, to provide a catalyst composite

comprising catalvst particles cmbedded in olefin polymer particles.

The polymer is produced directly in the fluidized bed by catalyzed
copolymerization of the monomer and one or more comonomers on the fluidized
particles of catalyst, supported catalyst or prepolymer within the bed. Start-up of the

polymerization reaction is achieved using a bed of preformed polymer particles, which

t2
w

arc preferably similar to the target polyolefin, and conditioning the bed by drying with
inert gas or nitrogen prior to introducing the catalyst, the monomers and any other
gases which it is desired to have in the recycle gas stream, such as a diluent gas,

hydrogen chain transfer agent, or an inert condensable gas when operating in gas phase
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normal i zed weight fraction as determ ned by GPC/FTIR for the n FTIR data
poi nts WO98/06&%ove the medi an nol ecul ar wei ght, c[err] i PSR!

fracti on comononer content and werr] is the normalized wei ght
fraction as determ ned ? GPC/ FTIR for .the mFTIR data . 5 poi nts bel ow
the medi arf9BFRSERE Bk gfhtfodmﬁtpo DRBE S G\)éf*gtﬁscdﬁoaett%@ ow{err] or werr]
whi ch havedlgc%gggbg,_tsqa)dﬁgplltge ﬁﬁ@gﬂhg@dgpggqgf;e content val ues are used to
cal cul ate Cerr]. For a valid calculatio it is required that n and
m arc greater than or equal to 3. FTIR data corresponding to

nol ecul ar wei ghThd gaqghiasngrobeskovsuBiaifle forehe praoticd ofahisdmantion are i n the

cal cul ation Ed;ue to the uncertaintjes present in such data.

For the potife Yﬁ°%‘6b’8P§/R‘@FCSé%WB‘§PPFQ3’h%eﬁ?f“terﬁ"ﬁ“"Wéﬁt‘IPRS}ﬁO‘ GP%‘PF‘P
desirahly LS equal
to or gr eaetofaﬂr1e ﬁ?c“o'i?&%a&flﬁegrﬁg%%gen%%gFerﬁ&%poﬁéglfc;gf}éﬁe[gﬁa aE@ %or greater
than 1. 20, oftheteaca] tieteby prpniding o swoidygsiedicarirddrment dn Bk macro scalemir e
preferably is_ equal to or greater than 1.40, even nore preferably is equal
to or reactymezongof theagactorso, and still nore preferably is equal to or
greater than 1.60. 15 ATREF- DV ATREF- DV has been

descrbed 1 U $,2ah e Aol BAPOMARE st B0 oS LSRN cd e emphelBEPOT 21 o

by reference, m na al n Branc
Di stributi %StcﬂfhaEtSUY(t gnefeﬁmgotrm%auttweut) apRitadoR ek Ipfcaéram rfRﬁ‘ﬁ ature

Ri si ng El ution actionation” (Auto-ATREF), J. of Appl Sci :
Appl i eld Poibowe70°Q® abo8y hifl5€F um 45, 25-37 (1990). ATREF-DV is a dual
detector analytical systemthat is capabl e of fractionating

sem -crystalline pol rs like.Lipear Low Pol yet hyl ene

(LLDPE) as o fubebely BF moiyshus pl S o enater edin e

si mul t aneo?@&%cﬁﬁ&tldﬁe‘p@ﬂhh‘%@n bR &guéaaaen\gﬁ%%}tm@émﬁ;tzﬁutornaﬁtdgognéduc\éﬁt h

regard to the fractionation i s anal ogous to Tenperature

Ri si ng El uandon abpwatdd.§ onless. dpesirably, when producing materials with a density range of

- 90- from about 0.91 to about 0.93 the comonomer to monomer ratio is less than 0.2,

15  preferably less than 0.05. even more preferably less than 0.02, and may even be less
than 0.01. Typically. the ratio of hydrogen to monomer is less than about 0.5,
preferably less than 0.2, more preferably less than 0.05, even more preferably less than

0.02 and may even be less than 0.01.

The above-described ranges of process variables arc appropriate for the gas
20  phase process of this invention and may be suitable for other processes adaptable to the

practice of this invention.

A number of patents and patent applications describe gas phase processes
which are adaptable for use in the process of this invention, particularly, U.S. Patents
4,588,790, 4,543,399; 5,352,749; 5.436.304: 5,405,922: 5.462,999; 5,461,123,
5,453.471; 5,032.562; 5,028,670; 5.473,028; 5,106,804; and EP applications 659.773;
692.500; and PCT Applications WO 94/29032, WO 94/25497, WO 94/25493,

WO 94/28032; WO 95/13305; WO 94/26793: and WO 95/07942 all of which are

o
wn

hereby incorporated herein by reference.
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US97/13171
VO 98/ 06799 98/06728 PCT

PCT/ US97/ 13171 (TREF) analysis that have been published in the open
literature over #{& pasds Whe¥RAbSnot supporteiRf aRy bIME Yordh§ih g nRAGRIs] Saf hat
this Analytical - TREF (ATREF) technique is dohe on a smal | scal e and
fracti ons aeasabto puiymetiteethgetiatipdandlarstetyltnically ypiacahtet ingpniochers

chromat ographi ¢ (LC). nmass tector, suc an infrared single frequency

det ect or, i Raving f_forﬁééa 1pg,0§ SHPPR 9‘%@“2?3@?% P4 ‘ﬁicf’?‘bﬂl_aé‘f’?-i K554 as a
funct i on of - ghuiOfhEIGE B G oS eepecigy <At BUbYIOR. SaRuASR. e

transfor med P& AR unber  of erna

branchinrg fy. ) {_ St Jpyt 04 1fs ngi Thus,
s 30 B e B B e DT Bt Blkne, TS
sone struct uh@len¥ 3bh@EH£n macromolddulk® oCSIBERAN ARA nfi Rl Fs Mheredt iAMefepbd i Ne
use of ATREF for conparisons of various 10 LLDPE' s is often done directly
in the el uthomrerspeludestygents figiqalkyl substituted styreneTtstraflueronthNEREF- DV data, a
commercially avail abl e visconeter especially _ adapted for LC analysis,
such as a \wisxbengepxglphuipne, edyhdengnogopmennd 4-kexadiene dof wetadiene,

Toget her these t LC detectors can be.us to calcul.ate the intrinsic

vi scosity o‘fmﬁﬁ%gtghem“e‘zﬂﬁﬁﬂcwlﬁxﬁgﬁﬁlV‘ﬁ'ﬁger\lﬁcg%é‘gﬁf“))méﬁfértgﬂgogr:%‘luécuI ar

wei ght 19f e 1§ b A mERBmdRculah8IbId s God biﬁ?ﬁ%ﬁnmﬁﬂeﬂ%o@%rfép“ ate Mark
Houwi nk constants, the correspondi ng intrihsic viscosrty, and

sui t abl e coefrinacts éorneedtio s&8 tinmg eorttingods saditticanmlyaoercandn edacens. Under (dl / g)
as it passes . through the detectors., Thus, a typical ATREF-DV report wll
provi de t heSURaPi§Irogessies FMite pHet [oas ah3IN SAGETPGleciaungs afpgea®tl ar wei ght

ROTeRUE | _ o ar we
as a e%ﬂggmc%a hE bl hRADIRUBIGHN: B M RHE bd Sibk MR GAL G

using the Ion given. ar Wi g artitioning
Fact or monomers (o githanatilgeautlts ofikringlthaipebrandhirginny dadtiog pdlveret.] i s
cal cul ated from TREF/ DV data. It characterizes the ratio of the

aver age | ecul wei ght of the fractipns with . .. hi.gh comononer content
to the erage ﬁ'&b%&%&%&%‘smwﬂﬂp b&f““ﬁ‘ﬁ%‘%‘r“&&h‘%?“ﬁ‘_{mmI“g’W one "_‘dd“&i‘ﬁbnorrer
cont ent . - H @geAB6L QUELerGRATRARTERY RRAENN cAESS B a5 iPRlAR. el ow 25

or above the nedian elution tenpérdture of the” TREF concentration pl ot

respect i vel seactors conngdet inissriest drven pREHReldapaepase phiymeietdendsthavingalepiaatis of
?gli?l el gh;tzrm ,gyr.r 17|2§ar(r:1€]|cco?ls§c eadprocess is difscrigsrgdtirrn] %VE)%LJ %,geq%iq\% etnlt Q"
PCT/ US97/ 13¢/&L Serial Number 07/904,770, as well as U.S. Serial Number 08/10958. filed

20  January 29, 1993, the teachings or which are hereby incorporated by reference herein.

For the preferred polyolefin polymer compositions of this invention, which
may be produced by the polymerization processes of this invention using the catalyst
systems of this invention, the long chain branch is longer than the short chain branch
that results from the incorporation of one or more a-olefin comonomers into the

25  polymer backbone. The empirical effect of the presence of long chain branching in the
copolymers of this invention is manifesied as enhanced rheological properties which
are indicated by higher flow activation energies, and greater I)/I> than expected from

the other structural properties of the compositions.

-88-



[err] the normalized weight fraction as determ ned b¥ ATREF- DV
for the WQA¥BEBi nts in the fractions bel ow t he med®P&AEP{tdh
tenperature. M err] is the viscosity average nol ecul ar wei ght and

werr] is the n e t fr n_as, determ ned S

For the. m data BORRFShi o hietred b PElRT R0l rin EoRpty donsir s gy ention

t enper at ur Rave@latse molecutalﬁ@?c‘ﬂnwhrﬁhlhaf lsagktedd 8 moM&NddwaEhihBimbmi ch have
associ ated vi scosity average nol ecul ar wei ghts greater than zero are
used to cawbmhmceumemqt S0 percent hyaveighcefl tbatempesitjon which has the highesiqui r ed
that n and m reater than or t he

F
pol yol ef i nWE€ bF t COBRGETEE F%"s‘“qf%%t’rl’lf@“? probasied gre PRy Yefip CB&W‘%I yis
10  eqyal cc’irﬁ%&rm(g{se\@ﬁx@ﬁ afsggﬂvello;é chalR rb?an@ﬁéd zﬁ@er the p%l?ﬁrglr'%hcl@b%x@r gr gat er

t han 1. 30. n nore esirab I's equal to or ter than 1.
pr ef er abl yespeciejyatheh praducgd e/ahearcatd’nmsﬂsté'rﬂpf this mvemrmnehaprrfgfmwgiéy I s equal
to or greater than 1.60, even nore preferably is equal to _or greater

t han 1. 70. metallocenc complex Eg(gghsdp&nuomgn a single reactoringl RIRFISFERT tBS ti san wil |

appr eci ate lgﬁn ntzgi?od Wzﬁ\n& ?e'?m%grﬁ rﬁeﬁ'%tm&( eérr}n&"@%lé}ﬁ% comqnlome dslr ?qutré ced in

t he absenc y conpongen as mot been speci osed.
The foll O\Aerpgmammﬂca&hap@c@rswa getdinasud prokdser 11l ustration of the

i nvention and are not to be construed as Iimting. Unless stated to
the contrary all parts and percentages are expressed on a wei ght
basis. 10 20 {easuremeahel comanemer gegtant; ' A gh AR vi ng
organonetal lic conpounds wer e carrled out usi ng drybox t echni ques.

Sol vents (THF, gB@EQ&PP&%t&l &%\Lnﬂ Qﬁ“ }mo Cfc:ular w\é?grh?czﬂ%é rfnlzﬁq e%ébyp aSSI ng

t hrough al um na an

and vacuuméliginila Rdrri&@fr@ﬁﬂoﬂ#ﬁ mframp&@[e&hétar (FR) me;awar@@l 150?@&1

Varian XL-300 (FT 300 MHz, err!}H 75 MHz,[err]C). [err]H NVR and

[err] C([er F]:meaNnRChromatovruph (GPC). The scumo up, calibration and operation of this - 92-

system together with the method for data treatment has been described previously (L.J.

15 Rose et al. "Characterisation of Polyethylene Copolymers by Coupled GPC/FTIR" in
"Characterisation of Copolymers”, Rapra Technology, Shawbury UK, 1995, [SBN |-
85957-048-86.) In order to characterize the degree to which the comonomer is
concentrated in the high molecular weight part of the polymer, the GPC/FTIR is used

to calculate a parameter named comonomer partition factor, Cpf. M, and Mw are also

20  determined using standard techniques from the GPC data.

Comonomer Partitioning Factor (GPC-FTIR)

The comonomer partitioning factor Cpris calculated from GPC/FTIR data. It

characterizes the ratio of the average comonomer content of the higher molecular
weight fractions to the average comonomer content of the lower molecular weight

25  fractions. Higher and lower molecular weight are defined as being above or below the
median molecular weight respectively, that is, the molecular weight distribution is

divided into two parts of equal weight. Cpf is calculated from the following equation:

-89-



WD 98/ 06 V5)98/06728 PCT/US97/13171

PCT/ US97/ 13171 spectra are referenced to the residual solvent peaks
and are reported in pgpmrelative to tetramethyl silane. Al J values are
given in Hz. Mass spectvra (El) were obtai ned on t he Aut oSpecQFDP.

1-i ndanone, n-BuLi, ﬁk—[—err]SiCI[err. NH err]-t-Bu, NEt[err] and MeMl
were purchased from Akdrich Chemical Co. All conmpounds were used as
received. 5 -—,-F&r(-il-l- 2-i ndenyl )- N, N-di net hyl am ne (Acta Chem Scand
1973. 27, 4027) L w,d- rrolidine(Acta Chem ,
1973, 27, 4027)CpbTeEhoxy Q"]‘Tﬁi ¢ B eﬁ%edé %‘°Pf°m/%° gFfensgnd W1§r‘5‘ 3 106,
14), and tert-butyl - ()_iH— 2- i ndenyl oxy) - di net hyl si | ane

(Organonetal I'ics. 1998, 15, 2450) were prepared by literature

d f 1 .
P o ey TR ke pigh pstinn s ceferpined iy PR TR SR b IR Bt poifts o 11 03
g (75.92 npmyyh I&fméhleﬁHwoaedumW&aa &\kﬁél:ﬁa&fﬂmkﬁm Bﬁné{%‘%néi“c%ﬁ&hi/ﬁﬂ w5 in
m xture of 200 nL of ether r’)L hexane. To this solution 58 51 nL

(82. 42 mofskhOhorhraBéd wénlrhﬁfrh@ndhax% @@@@dacdm@m@mlww&ﬂhsmﬁi gaaddi tion
of the n-BuLi the sol ution was stirred overnight. The resul ting

of f - whik e poiaGibpiavathe mgdian molecelar McghédONYalhmd\wlabﬁimuoms’hem ith 100 nL

of ether and dried under reduced pressure qlve 10. 22 g of product.
Yi el d 83 pwhishhave asspgipiefl mole fraction comonomer contem values are used to calculate

- 93- Cpr. For a valid calculation, it is required that n and m arc greater than or equal 1o 3.

FTIR data corresponding to molecular weight fractions below 5.000 are not included

in the calculation due to the uncertainties present in such data.

10 For the polyolefin copolymer compositions of this invention, Cpr desirably is

equal to or greater than 1.10, more desirably is equal to or greater than [.135. cven more
desirably is equal to or greater than 1.20, preferably is equal to or greater than 1.30.
more preferably is equal to or greater than 1.40, even more preferably is equal to or

greater than 1.50, and still more preferably is equal to or greater than 1.60.
15 ATREF-DV

ATREF-DV has been described in U.S. Patent No. 4,798,081, which is hereby
incorporated by reference, and in *Determination of Short-Chain Branching
Distributions of Ethylene copolymers by Automated Analytical Temperature Rising
Elution Fractionation” (Auto-ATREF), . of Appl Pol Sci: Applied Polymer

20  Symposium 45, 25-37 (1990). ATREF-DV is a dual detector analytical system that is

capable of fractionating semi-crystalline polymers like Linear Low Density
Polyethylene (LLDPE) as a function of crystallization temperature while
simultaneously estimating the molecular weight of the fractions. With regard to the

fractionation., ATREF-DV is analogous to Temperature Rising Elution Fractionation
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PCT/ US97/W@PN6728 Preparation of N2, N2, - di net hypCT/USS7(18171
-(tert-butylamno)- 1,1 -dinethylsilyl)- 1 H I h2 |nde|namne (2%2 ,8\7
sol ution of H 2-indenyl )-N. N-di met hyl am ne, lithiumsalt g,

12.53 mol )(Tgﬁggiwi{‘ ‘?‘ *ﬁwcxksgn aawéaem e oPehliter Hiecayer thezpaspl hyearsF

sol ution of 4 a@? ;me

reaction mT)PFZpﬁtr? t dm%tr%’\rlgcé l;{s\lml(aﬁ !rhédn'?awcfﬂ hour s %e%a%'ﬁgg%’g]ld@g%

renoved i n swabusoate afth fagiagucd natastually isolatekt lheehdch ippichl Buial of hexane
ough a medi um si ze glass frit.

and the sol tion was filtere r
Hexane was SPEMRAIRE2RMH éd'&}@aifégée%‘?fe%&ﬂraé aPé‘afWTﬁ‘émBg]&EfT@U@f‘Cmi%m@m isas a

‘_’moi Bi ?9' ' Qxl_sc?{ﬂoedﬂ%gt?@ tR@g{y‘;ﬁﬂ limtaodls(tnbutﬁ_rb as alfuagt[lfr{ 5 eglﬁég Q%er ' ]ﬁ’ ferr]
6H), 3.40 (déstribiton dén@a%n(t% lﬁrihk’ﬁorm@d@@%r()lmuﬂmbéroﬁ‘@ftéﬂnarrvgd&n’a'ﬁl such ®83- 7. 32
Eg]rr]z cl_;%[er?rs?)gq} brpehipg egpqn]cy c[[qeﬁru;r}om_qy Amribwicpoor Bssibdy derditg4 Tha§ tis, 49. 47,
102. 42, 11§ l?if% d di bil' fh é %d‘S 49, .140. 45, 146. 08], 161, 75.
lerr] ransformed distribution can = [e)ér}tﬁlfpf 3 gﬁcomn&? som%wra \fLanaPlf

- (tert - but yika@bmehomds contehk MBBYE IS idu¥iha txseléfATREF fo:zcdxﬂﬁla‘?ﬁﬂm Bﬁar%'uk I thi um
salt, 53) In the drfi/box348 g(‘12 06 nmol ) methyl - 1-(1

(tert But HLEMRE 8 )s-oftenidoge eereeny mlthybmzloat@rﬂparmdmmmme was d| jssol ved in
80 nL of hexane. To this solution 18.0 nL (28.8 mml) of n-BuLi (1.6 M was

dded 20 d t ddi t|o BuLi the so]ution was
2t i (rar ed over n|r SW&?‘“"W??@S% ?9{51!"5?: ]iyﬁﬁvfg{bze Xissommeter E%PF%’BJ‘YN a

filtrationadymsded (@ irfhl)fs@s Bkchofs W%ﬁ&@kmg coupled wuﬂrth?ﬂ{ Wdehek&guced
pressure to give 3.40 g of white solid. Yield 94 perc

Together these two LC detectors can be used to calculate the xnmnslc viscosity of the
ATREF-DV eluant. The viscosity average molecular weight of a given fraction can
I5  then be estimated using appropriate Mark Houwink constants, the corresponding
intrinsic viscosity. and suitable coefficients to estimate the fractions concentration
(dl/g) as it passes through the detectors. Thus, a typical ATREF-DV report will
provide the weight fraction polymer and viscosity average molecular weight as a

function of elution temperature. Mpf‘ is then calculated using the equation given.

20 Molecular Weight Partitioning Factor

The molecular weight partitioning factor Mpf is calculated from TREF/DV
data. Itcharacterizes the ratio of the average molecular weight of the fractions with
high comonomer content to the average molecular weight of the fractions with low
comonomer content. Higher and lower comonomer content are defined as being below

25 or above the median elution temperature of the TREF concentration plot respectively,

that is, the TREF data is divided into two parts of equal weight. Mpf is calculated

from the following equation:
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PCT/ US97/ 13171 [err] Preparati on of
dichloro(N-(1, 1 -dingthylethyl)- 1, 1 -dinmethyl- 1 -(( 1
,2,3,3a,7a-[err])- T ¥ 2-di net hyl am no- 1Hinden- 1

-yI)5|Ianam nato- (2-)Er-titanium (4). N2, N2, - 5

D nmethyl-1-(1-(tert- buiyl am no) -1, 1-di methylsHyI) 1H 2-i ndenam ne,
dilithiumsalt ('3"4'0"g, 11.3 mml ) dissolved in 30 nL of THF was added

wthin 2 mnutegstQ a *i# Ji 11.3
mrol) i n 60 L NPT gt SRR AL B Aleolifhienky e]rﬁ’g%%g'e&'é’lﬁhf@]‘gigg, 7.34

nmol ) was added as a s‘i)}uld The reaction m xture was stirred an
additional 1.5 hours. “the sol vent was renoved under reduced pressure. The

10 ~ residyg ﬁaﬁi&tdr@éi&}ﬂchd@hbﬁ ag Qetimiata EPAWE?: BNGof lHetnedizﬁSj gBiI?\ESQth a

medi um si ze gl ass frit. Toluene was Tenoved under reduc pressure
and t he r ediedfoetioasbdlowtthe medidn wiution temperathee. MY; sfthdrexeosay avéragbdr own- r ed
solid was collected by filtration, washed wi th hcxane (2 x 30 m),

t hen dri ed motebaiar medghe @old pr ezstbemermzdlzgd weight facigpnafs dereoohired tysABRBFown-

red solid. Yield 70 perceng [err]H (CJerr]Derr]) [err] 0.48
(s, 3H)$ 0Dp4fqrshe @idasa goi@8.in meffra(ctipns dye the, xsaiigrse;lug'm) ;enjpetzgurc Only (m

[Zlg)r ,r] 3'=58 Qh@sc:gwgg\t iﬁ\?tlor\% \\i::zorl(_%J w%g'g%lag? ?s]soqhtgligls%lty a-ye@:ge (%Ple% rg[ (e'; r 15’
54 35, 2. ppishisegyer iy gBo TR byt Bl Shfcibat s 20 o

128. 92, 135eq‘h%'ed et n%Rd m a%%reatcr than or equal to 3.

For the polyolefin copolymer compositions of this invention, Mpf desirably is
10 equal to or greater than 1.15, more desirably is equal to or greater than 1.30. even more
desirably is equal to or greater than 1.40, preferably is equal to or greater than 1.50,
more preferably is equal to or greater than 1.60, even more preferably is equal to or

greater than 1.70.

Examples

) The skilled artisan will appreciate that the invention disclosed herein may be
practiced in the absence of any component which has not been specifically disclosed.
The following examples are provided as further illustration of the invention and are not
to be construed as limiting. Unless stated to the contrary all parts and percentages are

expressed on a weight basis.

20 General Considerations. All experiments involving organometallic compounds
were carried out using drybox techniques. Solvents (THF, hexane toluene diethylether)

were purified by passing through alumina and Q5 columns. CgDg was dried under
over Na/K alloy and vacuum distilled before use. NMR spectra were measured on a

Varian XL-300 (FT 300 MHz, 1H; 75 MHz, 13C). |H NMR and 13C{1H} NMR
_92_
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PCT/ USO7WOBMDET28  [err] Pr epar aPCaPSSTIPRL (1, 1
-dinethylethyl)- 1, 1 -dinethyl- 1 -((1,2,3,3a,7a-[err])-2-

dimethylam no- 1 Hinden- 1 -yl)silanam nato-(2-)-N)-dinethyl-titanium
(5). In thespecka argiref¢sonced. 16 thegesifiualiselvbourpsaks {ndiarg repditadithpprerdgiivetol, 1

-di hyl - 1 - 2,3,3a, 7a- - 2- . di h 1 No- 1LH- | -1
Y1) si 1 ananSt S R bR bl e ingiz, e FRar Wi AlEEET, 1 o
L Of Et [ e (ldh B8 phOBDBO-idbAoheLn LTI 351005, WL B0 NHENHA 14221 M

was added dropwi se with stirring over a 5 M nute périod. e sol ution

changed col @fere purchadeti Front RRIIIBIChignit ) QI @R cyBpbidils wikd @edabeccanidit i on of
MeMgl was conpl eted, the 10 solution was stirred for 60 m nutes. The

Et[err] O was renoved under reduced pressure and the residue was
extract ed with hdkaHd-2-ndsnyPeNdY-dimetheamine ticenChers Scprd ot9d. 444027, the
filtrate was evaporated to dryness under_reduced pressure to give 0.29 g
(53 pard&hi-indeay ypysoligeeiAsi GhemnScgnd. 4973, 27, 4027). 2-ethoxy-{RBr r | H

0.01 (s, 3H., 0.58 (s, 3H), 0.63 (s, 3H), 0.98 (s.
i)+ 1) 52" Mdeor . Ams Chegt §i. (854l 14 31 s {{Fed iy ioines Tor 1] =

18T, kbt (Gl 0, 15 2050, fepbties Wighttad = 8.3 1)

[err] 5.55, phocélures4. 65, 45.87, 51.00, 57.97, 58.29. 79.96, 95.64.
124. 23, 124.96. 125.46, 126.95, 130.31, 131.87, 161.99.

Li
_—} - Me
(10—«
N
10 Me

(1)

Preparation of N-(1H-2-indenyl)-N.N-dimethylamine, lithium salt, (1). In the
drybox 11.93 g (75.92 mmol) of N-(1H-2-indeny!)-N.N-dimethylamine was dissolved
15 in mixture of 200 mL of ether and 100 mL of hexane. To this solution 51.51 mL
(82.42 mmol) of n-BuL.i (1.6 M) was added dropwise. Upon complete addition of the
n-BuLi the solution was stirred overnight. The resulting off-white precipitate was
collected via filtration, washed with 100 mL of ether and dried under reduced pressure

to give 10.22 g of product. Yield 83 percent.

<
N
Me

;Mg
Me_,Sl

20 HN=—-Bu

(2

-93-
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PCT/ US97/ 13171 [err] Preparati on of

1- (1H 2-i ndeny! lid i thi
(82.2 mol) of PHErIA AN A Ut O POl AOmEReIBY 18D nt ot

o tol uene ﬂﬂﬁex%%ﬁngtp?f gglgﬁ{)jn of R- (tli]l' 5—15&{3‘1 B'I\Oﬂl é?ﬁcgﬁlfmnngﬁﬁhtju% l ) of

n-BuLi (1.6 ropw se at mte er on conpl ete

addi tion of (©loe gn4BYIBimmol) in 4(ths<ﬂITIHIF @is mﬁ:daﬁmﬁﬁ ed nﬁu@éﬂtcgmo mLTEHF
resulting off- whi teyprem pitate was col | ected via filtration, washed
with 70 mL goluiereh&-erd-bupiled-(rsdlarorl edimehybsilsdlamine. t Thegiegetion mixuwg. 29 ¢

of N (tore ottt oo s RS S hen pyobbromisemnshinaciun. Thegriefrge "

1H 1-i ndenyl gxghbiyl Wathi I0emL ©of hexafie a@dj tHeisBRitigh whs (iiered- rhfwgﬂmm{mqlﬂed' ne,
l'ithium salt (5.0 g, 26.15 mmol) in 50 nmL of THF was added with

10- 15 m nut @aqscbrla B@(ant%rer@@ﬁ@ﬂm@medhrd&bt@Mﬂgﬁ% goNp(odﬂxct-ashl or o-

1,1 -dinethylsil 4.98 g, 30.07 nmol ). The reaction m xture
was stirred %W@r%i“& Q}g‘ﬁc? BB ‘?he sol vent was renpved in under

vacuum The product was extracted with 40 nL of hexane and the sol ution

was {11 tered througheanegighy &' 49, 81338, 315! 1 ootE14)e: 8% GRICY§H Lnder

r educed
10 6H), 3.40 (s, 1H), 5.63 (s, [H), 7.08 (1, IH, 3JH.H = 7.1 Hz), 7.23-7.32 (m, 2H). 7.40
(d. 1H, 3/un = 7.4 Hz).

13C{1H}(CgDg) 8-0.75. 0.39, 34.08. 42.44, 45.23, 49.47, 102.42, 118.31,
120.46, 122.63. 125.49. 140.45. 146.08, 161.75. ]

j— Me

LiN—-Bu

15 (3)

-

Preparation of N2,N2 -dimethyl-{-(1-(tert-butylamino)-1.1-dimethylsilyl)- 1 H-
2-indenamine, dilithium salt, (3). In the drybox 3.48 g (12.06 mmol) of N2,N2.-
dimethyl-1-(1-(tert-butylamino)-1,1-dimethylsily})- 1H-2-indenamine was dissolved in
80 mL of hexane. To this solution 18.0 mL (28.8 mmol) of n-BuLi (1.6 M) was added

20  dropwise. Upon complete addition of the n-BuLi the solution was stirred overnight.
The resulting precipitate was collected via filtration, washed with 50 mL of hexane and

dried under reduced pressure to give 3.40 g of white solid. Yield 94 percent.

~-94~
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pressure Ieavgﬁ,rg 7.81 g of product as a white solid. Yiel q,cgl%ég%gﬁq\t

- 97-

%6728

-PCT/ US97/ 13171 [err]H(C[err]D[err]) [err] -0.01 (s, 3H),

. (s. 3H),
. (m 2H).
7.27 (m 2H),
[err]CP{[err]H (CJerr]Derr]) [err] -0.3

49.55, 50.43, 100.07, 5 117.89, H®@.85 122.4%% 125.51, 139.99, 146. 46,
159.04. [err] HiC” Py paf axvon of N-(1, 1

-Dinmethylethyl )- 1,1 -dinmethyl- 1-(2-( 1 Npyrrolidinyl)- 1H

i nden-1-yl)silanamne, dilithiumsalt, @ . In the drybox 4.56 g (14.51
mmol) of N 10 (1, 1D|msthylethyl) d,di methyl - 1-(2-( :
1-pyrrolidinyl)- 1 Hinden- 1 -yl)sil anath‘i ne was di ssolved in 80 nL of
hexanc. To this solution 18.75 nmL (30 mmol ) of n-BuLi (1.6 M was
added dropwi se. Upon conplete addition of E( e n-BuLi the solution was
stirred overnight. The resulting precipitate was collected via filtration,
washed wi th 50 mL of hexane and dried under reduced pressure to give

1.02 (s, 1H), 1.10 (s, 9H,
3.39 (s, 1H), 5.59 (s, 1H),

1H, [err] = 7.4 Hz) ,

7.40 (d, 1H [err] = 7.4 Hz
/ 0\ 5N—9%. 21, 34.11. 46. 35,

4.50 g of white sgbpstation 6 dchidd(N-(PI-dREGSRihyI)-1 I fifmkthyl-1-((1,2.3.32.72—1)-

10

15

2-dimethylamino-1H-inden-1-yl)silanaminato-(2-)-N-)-titanium, (4). N2.N2.-
Dimethyl-1-(1-(rerr-butylamino)-1,1-dimethylsilyl)- 1 H-2-indenamine, dilithium salt
(3.40 g, 11.3 mmol) dissolved in 30 mL of THF was added within 2 minutes to a

suspension of TiCl3(THF)3 (4.19 g, 11.3 mmol) in 60 mL of THF. After | hour of
mixing, PbCl, (2.04 g, 7.34 mmol) was added as a solid. The reaction mixture was

stirred an additional 1.5 hours. The solvent was removed under reduced pressure. The
residue was extracted with 70 mL of toluene and filtered through a medium size glass
frit. Toluene was removed under reduced pressure and the residue was triturated with
50 mL of hexane. The brown-red solid was collected by filtration, washed with hcxane
(2 x 30 mL), then dried under reduced pressure to give 3.22 g of product as a brown-

red solid. Yield 70 percent.

IH (CgDg) 60.48 (s, 3H), 0.64 (s, 3H), 1.28-1.5 (br. 6H), 1.38 (s, 9H). 3.19

(m, 2H). 3.58 (m. 3H), 5.92 (s. 1H). 6.98 (t, IH, 3/uyy = 7.5 Hz). 7.09 (t, 1H, 3/ =
7.5 Hz), 7.52 (d, [H. 3Ju.n = 8.5 Hz), 7.63 (d, 1H, 3/4.n = 8.7 Hz).

I3C{1H)(CgDg) 8 1.35, 4.15, 24.35, 26.14, 32.88, 51.62, 61.46, 92.92,

111.79, 125.08, 128.67. 128.92, 135.42, 151.09.

-95-
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PCT/ US97/ 1%%%%# Prepar ation of dichloro(N-(

PCT/US97/13171

1, 1-dinmethylethyl)- 1,1 -dinethyl- -((1,2,3,3a,7a-[err])- 2-(

1-pyrrolidinyl)-1Hinden- 1 yI)S|Ian

1,1-

1 -yl)silanam ne, d||ithiumsalt .,.,
50 nL of THF was added within 2 5 m Aut

0-(2-)-N)-titanium (9). N-(
1-pyrrolidinyl)- 1 Hinden-
g 13.79 mmol ) dissolved in
0‘%§f=suspen5|on of

D nethyl ethyl)- 1,1-dineth

Qs

Tic[err](THR) [err] (5.11 g, 13.79 MY in *of THF. After 1
hour of mxing, PbOlerr] (2.49 g, 8796 W) added as a solid. The

reaction m xture was stirred for aN additional 1 hour. The sol vent
was t hen renpved under reduced Rreﬁéure The residue was extracted
with 70 nL of toluene and filtered dough a medi um size glass frit.

The tol uene was renoved under reduced ﬂfcessure 10 and the residue was
triturated with 50 nL of hexane. The bl ack-gray solid was col l ected
by filtration, washed with hexane (2 x 30 @) and then dried under reduced

pressure.
percent .

4.3 g of product was obtained as & brown-red solid. Yield 72

IH (Cerr]Derr]) [err] 0.51 (s, 3H), 0.72 (s,

3H), 1.29 (m 4H}’reparammnpﬁ(N@H)\-dxmcmgle(hw)-l 1-dimethgH) ma lBa Omn)ZH) 5. 99

(s, IH),
7.32 (d,

[err]C{[§rr

84. 45,
160. 00.

10

15

20

1H erfi(% )fljlmmog l-;-up%x ] y])#@n%%maml) )[é’r)rc}lmethg 'G“F!tl)m (5) [n e
L e oL giliiof 30 e ot °

[ egimethylamino- ! H-inden-1-yl)silanaminato-(2-)-N-)-titanium (1.48 mmol) was

15 Hz),

dissolved in 35 mL of Et70. To this solution 1.00 mL (3.00 mmol) of MeMgl (3.0 M)

was added dropwise with stirring over a 5 minute period. The solution changed color
from deep brown to green-yellow. Afier the addition of MeMgl was completed. the

solution was stirred for 60 minutes. The Et2O was removed under reduced pressure

and the residue was extracted with hexane (2 x 20 mL), the solution was filtered and
the filtrate was evaporated to dryness under reduced pressure to give 0.29 g (53

percent yield) of yellow-green solid.

IH (CgDg) 80.01 (s, 3H). 0.58 (s, 3H), 0.63 (s, 3H), 0.98 (s. 3H). 1.52 (s, 9H).

2.45(s.6H), 6.17 (s, IH), 6.88 (t, H, 3/y.y=7.6 Hz). 7.12 (t. 1H. 3J}.4= 8.0 Hz),
7.40 (d, 1H, 3Jy.q=8.3 Hz), 7.50 (d, IH, 3/4.,y = 8.32 Hz).

I3C({1H}(CgDg) 8 5.55. 6.71, 34.65. 45.87, 51.00, 57.97. 58.29. 79.96, 95.64.
124.23, 124.96. 125.46, 126.95, 130.31, 131.87, 161.99.
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20 wo sgpgRgparation of (N-(1, 1 -Dinethylethyl)- 1, Acrgisepisinl - 1
-((1,2,3,3a, 7a-[err])-2-(1 - pyrrolidinyl)- 1 Hinden- 1
-yl)silanam nato-(2-)-N)-dinethyl-titanium (10). In the dr ybox
0.60 g of dichloro(N-(1, 1 -dinmethylethyl)- 4,1 -dinethyl- 1

-((1,2 -

,3,3a,7a-[err])-2-( 1- ]
-99- WO 98/ 06728
PCT/ US97/ 13171 pyrrolidiny In -1
-yl)silanam nato-(2-)-N)-titanium (¥. 39 nmol ) was di ssol ved in 40 nL

of Et[err]O To this solution 0.975 nL (2.92 nmol) of MeMgl (3.0 M was
added dropwi se while stirring over a 5 m g e period. The solution changed
col or from deep brown to green-yellow. After the addition of MeMl
was conpleted, the 5 solution was stirred for 60 m nutes. The Et20 was
t hen renoved undBreparedercedl -(1H-2-indgmyBpgrusledis ditiiine sale6Y Ul thadrydsk r act ed
wi th hexane he solution wa iltered and the filtrate

2 x 20 ni | : fi. {
was evaporalé%gﬁ%z-gméggg;%‘HMEP“‘?‘E&%&C S’Ia§§‘§§ﬂléeql'@ agnixgurg 08950 mL of g (72

P oo o i P i 534 foag oSl sy
?I:I)D 613 gé Entm wlaﬁﬁldc[k:d"dﬂ%};’nwillnz7 5§obﬁ,te&b&rﬁtzu;+’e.8gp&ﬁ&orﬁﬁw fad@i[%nﬁa'ff}hezﬂﬂgugﬁi_é? (s,
, 6. , 1H, [err] = 7. , 7. , 1H, [err] = 8. :

7.43 (d, 1Hhepelptpn wagsigredvermgige Thd resuking[oéf-white-precipitategy® deiycted

C Hi. . .33, 7.17,,25 05,, 34, 72, 50.69, 53.75,
57" 8. 5. ot g, WRERithglor Bt afa den we? MuotdrinR gt 5o 1o
131. 79, 1581819 g oftprodh&r Nield 97.5 percent.

-0

- Si— Me

10 HN—1-Bu
@)

Preparation of N-(tert-butyl)-N-([, [-dimethyl-2-(2-tetrahydro- | H-1-pyrrolyl-
1H-1-indenyl)sily)amine, (7). A solution of |-(1H-2-indenyl)pyrrolidine, lithium sal
(5.0 g, 26.15 mmol) in 50 mL of THF was added within 10-15 minutes to a SO mL
15  THF solution of N-(tert-butyl)-N-(1-chloro-1,1-dimethylsilyh)amine (4.98 g, 30.07
mmol). The reaction mixture was stirred overnight and then the solvent was removed
in under vacuum. The product was extracted with 40 mL of hexane and the solution
was filtered through a medium size glass frit. Hexane was removed under reduced

pressure leaving 7.81 g of product as a white solid. Yield 95 percent.

<
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Preparation of dichloro(N-( 1, 1-dinethylethyl)- 1, 1-dinethyl- 1

-((1, 2, 3vE29870672%r ] ) - 2 -( 1-pyrrolidinyl)- 1 Hi nd’éﬂ%'lUSf"”"l
-yl)silanam nato-(2-)-N)-zirconium N ( 1, 1 - 20 D net hyl et hyl)- 1,
1-dinmethyl- 1 -(2-( 1-pyrrolidinyl)- 1 Hinden- 1 -yl)silanam ne,
dilithiumsalt (3HEDeS-601nEdY), 03 (addddl 62 (i) alsiG(ssoH).d.350ma sl urry
of Zrd[err] (2. 24 9.60 mmol) in toluene (100 nL). This m xture

was then al lspes 74 @mSBHS, 3.06 (m. 2H). 3.39 (s, 1H), 5.59 (s, 1H), 7.05 (t. IH, 3/un =74
A GL P2l 3.06 (m. 2H). 3.39 (s, 1H). 5.59 (5. TH). 7.05 HH

-100-
PCT/ US97/ 1334} 7.27 (m, 2H viesonu o - 3/Af.Len 4tips. reaction period the mixture was

filtered and the vol atlfzes wer e renmoved resulting in the isolation of
the desired produdic(dsi}eCcgmy)d -0138r 05eyEs. 21 134ne, 46.35, 49.55050.43,(13002, 9, 68
percent vyield). [err]H NVR (C[err]D{err]) [err] 0.54 (s, 3
H). 0.695(s,113.89) 119.88-12246( 5.9, 39.99, B 46515004. 5 H). 3.0-3.1 (m 4
H, 5.81 (s, 1H), 6.98 (t, 1H, [err] =8.16 Hz), 7.10(t, 1H [err]
=8.01), 7.32 (d, 1H, [err] =8.25 Hz). 7.70 (d, 1H, [err] =8.49 Hz).

[err]C NWR (Clerr]Dlerr]): [err] 6.72, 7.09__25:19, 33.35, 53.30, 56.04,

78.34. 90. 38, 125. 03, 126. 31, A26. 4ﬂ' .50, 129.84, 131.71,
159. 18. [err] gatipn of (N-(1, 1
-Dinethylethyl)- 1, 1 -dinethyl- 1 - ; , 3a) [err])-2-(1 -
pyrrolidinyl)- I Hinden- | -yl)silanam nato-(2-)-N)-dinethyl-zirconium
(12). M,,—s\i""'e

LiN— 1-Bu

(8)

Preparation of N-(1,1-Dimethylethyl)- 1, 1-dimethy}-1-(2-(1-pyrrolidinyl}- 1 H-
inden-|-yl)silanamine, dilithium salt, (8). In the drybox 4.56 g (14.5] mmol) of N-
10  (1,1-Dimethylethyl)-1,1-dimethyl-1-(2-(I-pyrrolidinyl)- 1H-inden-I-yl)silanamine was
dissolved in 80 mL of hexane. To this solution 18.75 mL (30 mmol) of n-BuLi (1.6
M) was added dropwisc. Upon complete addition of the n-BuL.i the solution was
stirred overnight. The resulting precipitate was collected via filtration, washed with 50
mlL of hexane and dried under reduced pressure to give 4.50 g of whitc solid. Yield

15 95 percent.

—;

HaChreSi \ N:>

Tiees
H:,C/ NG
Cl

N
e
CH

H4C 3
9
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Di chl or o NWO $672%ji net hyI ethyl)- 1,1 -dinethyl- 1 PCT/US97/13171
-((1,2,3,3a, 7a-[err])-2-( 1- pyrrolldlnyl) 15

1H i nd 1-vyl | t 6.
b e e e AR T (TP
3.0 Msolutiong. E¥rrolld1nyl§“l?lt ﬁ){&?‘i rW)"s?la nzﬁg(& -b?l)(?l\f\AnYum (@) SNIpqLur e W_as

then allowed to I r overnight ter the reaction erlod t he

vol atil es wermec&hplvmgll)anQ-dtrimhylels(?eluepwaﬂndmwy-aﬁtxﬁdknangl)sxl.mdmnfd | tered
usi ng hexane. Renoval of the hexane resulted in the isolation of the

desired 20 dilignymsak (4308 Pal%minal) dssobysdiin S0 onisef FHFemspddedwithip 2| d)

071 (s, s o8 ghtgeptiGh bl C?afﬁ?‘)m)(s 11 2308 Mgdifyn S0k of T3tk o1 5 1y
gC?’ / 38375 TBI%‘%H& l éo@rzqférﬁxxgljg %b(&h (!@9 9?]7"%%05% waiadii_%as asolig. The relalg‘norr err]

% Tl o 00, Bl ks 3,58,

35. 13, 40. 83, re@dce@%redsdred The residue Wi e&?ractg@vﬁ@ 70]iﬁﬂ; 0P ®oluehéhind Filteredd- 02,
127.26. 131. 44, 159.02. 5 [err] Preparati on of

2- et hoxy- 1H-i therugh a medinmupiaeszlass frig e tolupna wes d:mmgd( ugdedFedpced presguzel. 03
nmol ) 2-

dis 0 nL t hi 10
Corul i on b O stigithe EIERSAS AP RISH if o ekt Ble HEA8RSY B bEL" Uoon
conpl ete addi édnaaeefbytfhﬁaﬁan%sheh RA ¢S xdhd @nx S‘@ﬁﬁtah& bR d??éaruﬂhai}kduclt}e

resul ting of White precipitate was collected via filtration, washed
with 50 nL ofplhssmmetl Aigdoldprbdigtt was obtaiméd s n bchwerecedmoid s Yiidd 178 pgicest. 3. 91 g
of product. Yield 98 percent. [err]

1H (CgDg) 8 0.51 (s, 3H). 0.72 (s, 3H), 1.29 (m, 4H), 1.4] (s. 9H). 2.99 (m.

2H), 3.17 (m, 2H), 5.99 (s, 1H), 6.92 (t, 1H, 3Jy.y = 7.8 Hz), 7.12 (t. 1H. 3Juyy = 7.7
1S Hz).7.32(d, 1H. 3/4.u=8.2 Hz), 7.70 (d. 1H, 3/y.4 = 8.6 Hz).

[3C{'H}(CgDg) 8 6.20. 6.77, 25.68, 32.89, 52.81, 61.61, 84.45, 96.57, 125.77.
125.89, 126.79, 127.80, 133.47, 134.13, 160.00.

oy,
HyCinee \ O
oS HCH
HiC \ / \c:na
HyC
HaC CH,
(10)
20 Preparation of (N-(1.1-Dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a.7a-1)-2-(1 -

pyrrolidinyl)-1H-inden-1-yl)silanaminato~(2-)-N-)-dimethyl-titanium, (10). In the
drybox 0.60 g of dichloro(N-(1,I-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-2-(1-

-99-~



Preparati onOSPR P 1, 1-dinethylethyl)- 1,1 -dinmethyl- 1 - (BCEPRYA?I ™
H-inden- 1- yl)silanamne, ( 14). A solution of 2-ethoxy- | Hindene,
pehium salt &3 Shicdn fizigdeq W&i@g?r'né—@'m@(f)q i hium 3o mafaed o, se
butyl) - N-(1- ghlaer, ' | yer b t ]

stirred qg\?grrﬁli:érf]? I%bng? {) %é}?dsl%t?’dv%(ﬁ?ﬂ;\g% @’%@@gﬁioﬁm\}&lﬁ?ﬂw@%gﬁ%roduct

‘é"g/sogétzgam edydikd Bropwise while stirring over a 5 minute period. The solution cﬁén%gd color WO

PCT/ US97/ 131 7tom deep browdlogkeenfyeHewardtenrtd: dddqichadfMeMpl wasscdmpléed abe
t hrough a medi um si ze Ias? frit, Hexane was renoved under reduced
pressure PeaioHion. was sgrisd fos 0 nmutess The Fea @ §igs e removed undeg educeds . 7

percent .

300 1 10 (mprasipre spdghf (sidboups ERated ith hésane (520 b Jaeoluibmpas3. 60 (

2H), 5.59 (s, e b = T ) 7 2 2H) 7. 38

(@ 17 Lerr i ofd B9 e 38k elablakedioftrphosf baael ribiegdompry BEFd 30 [ orr)
19. 20.

0.21, 0.41, I&RGerctht Pild)4ba YellowtBradge séif. 49, 98. 11, 1
121.75, 123.04, 125.51, 138.28, 144.80, 168.87.

[err]
TH (CgDg) 5 0.02 (s, 3H), 0.56 (s, 3H), 0.68 (s. 3H), 1.00 (s, 3H), 1.41 (m,

10 4H), 1.53 (s, 9H), 2.88 (m, 2H), 3.05 (m, 2H), 6.19 (s, 1H), 6.89 (t, 1H. 3Jyuy=7.7

Hz), 7.14 (1, |H. 3Ju.n=8.5 Hz), 7.43 (d, 1H, 3/u.n= 8.3 Hz), 7.56 (d. LH. 3/, =
8.6 Hz).

13c{1H)(CgDg) & 6.33,7.17, 25.05, 34.72, 50.69, 53.75, 57.80. 58.01. 78.90,
94.44, 123.96, 124.87, 125.29, 126.67, 130.16. 131.79. 158.86.

15

>
/N

Cl

H3Cl|n-si
HyC”

(1)

Preparation of dichloro(N-(1,1-dimethylethyh)-1,1-dimethyl-1-((1,2.3,3a.7a-n)-
2-(1-pyrrolidinyl)-1H-inden-1-yl)silanaminato-(2-)-N-)-zirconium. N-(1,1-
20  Dimethylethyl)-1.1-dimethyl-1-(2-(1-pyrrolidiny})-1H-inden-1-yl)silanamine,
dilithium salt (3.00 g, 9.60 mmol) was added slowly as a solid to  slurry of ZrCly

(2.24 g, 9.60 mmol) in toluene (100 mL). This mixture was then allowed to stir
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Preparation of N-(1, 1 -dinethylethyl)- 1, 1 -dinethyl- 1 -(2-ethoxy-

H i nden- WQ98/06728  y|)sj|anam ne, dilithiumsalt. (15). | rl’CtTﬁé*WHlﬁbx 6. 45

g (22.28 mmol ) of N (1, 1- dimethylethyl)- 1, 1 -dinmethyl- 1
-(2-ethoxy- 1 Hinden- 1 -yl)silanam ne was conbi ned with 120 nL of

hexane. To t RYenighl. u@*f‘@fn‘heﬁdﬁtm( M’C@ theraliytuesfwas-fBiared grid e Vplanies weke  added

dropw se. Up he sol t|on was stirred
over ni ght . ﬁe Orvggﬁ%gfl |nnng2q§(ral'e0| pi tt’ar{ &ége%’ﬁ?lpé%c{“%“\ﬁ Ol MIETOSENS BN ashed
V\/:C]Ehmﬂei(ane lsojgljg 0%, ¥ peitont yRIQI ve 4.52 g (67 percent yield) of an

o] ite soli

-103 - 10672
PCT/ US97/ 13171 ?ﬁrl?ME (%61)6)5054 (s 3H) 0.69 (s. 3H]Drle%-dr5a(tmoﬁ}ﬁf 1.34 (s, 9
dlchloro(N-(l -di net hyl eth 1, - di net hyt - ((1,2,3,3a,7a-[err])-

2- et hoxy-3 1 Hhﬁ@ehl (m, 4>11l)>sﬁ bhahﬁiaws( -I)LLRUquSLkéathrﬁ Iq@as)H, N-(1,1

- di et hyl et hyl ) ge eth(;ri%- 1 Hinden- 1
-yl) si | anani H-&iollit'ﬁﬁz:ﬁﬁ‘ sleﬂ 14%853_5 IQZ 75700(dsrbd| 3/un=8.49 Hii)ssol ved in 40 nil

of THF was added within 10 m nutes to a suspenS| on of

TiCI[err](THF)[eri & 56 g, 15,0 I(} 70 nL of THF. After 1 hour of
m xi ng, Pbd [err] C NMR (CgDg): 66.72, 7.09, 7519 33.35, 53.30, 56.04, 78.34, 90.38.

125.03, 126.31, 126.47, 128.50, 129.84, 131.71, 159.18.

>,

H:C" .S \

4 ZrmCH,
HaC

3 \N/ \CH3

5.
HyC
10 HyC

CHy

(12)

Preparation of (N-(1,]-Dimethylethyl)-1,1-dimethyl-1-((1.2,3.3a,7a~-1)-2-(!-
pyrrolidinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-dimethyl-zirconium, (12).
Dichloro(N-(1.1-dimethylethyl)-1,1-dimethyl- 1-((1,2,3,3a,7a-n)-2-(1-pyrrolidinyl)-

15 IH-inden-1-ylsilanaminato-(2-)-N-)-zirconium (0.86, g, 1.81 mmol) was stirred in
diethylether (50 mL) as MeMgBr (3.98 mmol, 1.33 mL of a 3.0 M solution in
diethylether) was added slowly. This mixture was then allowed to stir overnight.

After the reaction period the volatiles were removed and the residue was extracted and
fillered using hexane. Removal of the hexane resulted in the isolation of the desired

20 product as a pale yellow solid (0.51 g, 65 percent yield).

I'H NMR (CeDg) 6-0.52 (s. 3H), 0.36 (s, 3 H), 0.61(s, 3H). 0.7 (5. 3
H). 1.3-1.6 (m, 4 H), 1.40 (s, 9 H), 2.8-3.0 (m. 2 H), 3.0-3.2 (m, 2 H). 5.92¢s, I

»
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(2.71 g9,_9.75 mmol) was added as a solid. The reaction m xt stirred
an WORIP6TH8onal hour. The sol vent was renoved under Fﬁﬁ@%‘%ﬁ?‘essure.
The residue was 10 extracted with 70 nL of toluene and filtered through a
medi um si ze glass frit, Tol uene was renoved under reduce% pressure
and the resHiueo0ds 1Hr P {8601 Had t B 126U hH. Sfun=7.98 Hapx AR (d.1ik ed=br own
solid was coll ected by filt3rati on, washed with hexane (2 x 25 m.) and
then dried $A8ék2)r é884ed thrdestfeld Hhe yiel d of product was 2.65 g. - 44

per cent. 15 [err]H (CJerr]Derr]) [err] 0.58 (s, 3H), 0.67 (s,
3H), 1.02 (t, 3H = 6.8 , 1.3 : .. 3.57 1H). 4.19
(2 1H), 6.( 03 (s?3éwké¢§§6{§E‘%H?ﬁse%"](ﬁ: 34.54 ﬁé)lgwﬁpé- (%*—;8(6?&4-5)-

=7.8 . od .25 1 = 8.3.H).,.,7.5 1H, = 8.2
oy = TR, sded s, Thads Paaon dedal wpudayYso b 18l g

14. 46, 32.63, 62.41, 66.73, 83.88, 98.92, 125.92, 127.25. 127. 36,
128.58, £29.58. 132.04, 164.08. 20 HRVS (EI. Merr]): calcd

405. 0565, found 405. 0563. Lit

-104- WO 98/ 06728 -

PCT/ US97/ 13171 [err] Preparation of (N-(1, 1
-dinethylethyl)- 1, 1 -dinethyl- 1 a g-uerr])-z-

ct hoxy- 1Hinden- 1 -yl)silanam nat £ di rretEhyI -titanium (17). In

t he drybox 5 0.40 g of dichloro(}

-dinethylethyl)- 1, 1-dinethyl-
1-(( 1,2,3,3a,7a-[err])-2-ethoxy- :

(13)

Preparation of 2-ethoxy- 1H-indene, lithium salt, (13). In the drybox 3.85 ¢
(24.03 mmol) 2-ethoxy- | H-indene was dissolved in 100 mL of hexane. To this
10 solution 19.5 mL (31.24 mmol) of n-BuLi (1.6 M) was added dropwise. Upon
complete addition of the n-BuLi the solution was stirred overnight. The resulting off-
white precipitate was coliected via filtration, washed with 50 mL of hexane and dried

under reduced pressure to give 3.91 g of product. Yield 98 percent.

O

Me"'—Si’ Me
{5 HN— t-Bu
(14)

Preparation of N-(1,1-dimethylethyl)-1,]-dimethyl-1-(2-ethoxy-1H-inden- 1-
yl)silanamine, (14). A solution of 2-ethoxy-|H-indene, lithium salt (3.91 g, 23.5
mmol) in 40 mL of THF was added dropwise to a 80 mL THF solution of N-(ter:-

20  butyl)-N-(!1-chloro-1,1-dimethylsilyl)amine. The reaction mixture was stirred

overnight and then solvent was removed in vacuum. The product was extracted with
-102-



/ 1Hi ndenwo]._,sngn‘gm | anam nato-(2-)-N-)-titanium (0.98 mol pcnvasoisssol ved in
50 nL of Et[err]O To this solution 0.69 nL (2.07 mol) of MeMyl (3.0
M was added dropw se with stirring over a 5 mnute period. After
the additi Oﬂh AL JYeMAneRg OB Ewad rF‘?ten&:d throusStPh Hlehifdth W8S o I§£§ fred for 1
hour. Then the Et[err] O was renoved under regu%e pressure® and the
resi due wasHexdne ack ednowedhindex@decedPprassBie ledving 6. hiavs()bmiuamsmllbwl diker ed
and t he fbltrate was evaporated to dryness under reduced pressure to
gi ve 0.28 gYEiBobéPerant y| el d) of yellow solid. [err]H
(derr]Derr]) [err] -0.02 (s, 3H). 0.59 (s, 3H), 0.69 (s. 3H), 0.89 (s,
3H), 0 99 (t. 3H1H(C6D ) 8 beord, 3H)6094+cb2)3m BRo (i8, 1r9;H) o%@@r(mm?ﬂﬁ) 6.11
(s, 6.92 (t, Perr = Hz), 7.14 (t, 1H, [err] 5 Hz),

Fefrl]g:? rlr }I{j?(jg][ r_ﬁf)%ferr ')eff)? (Sg (ﬁéﬁ] &g% d -1%8 g“HQZ 65{2)'&;' 0(§! 57. 52,

58. 18, 65. 68y %41, 1H, BJHH9375'3,,IZ)124 66, 125.04, 125.39, 127.32, 126. 89,

163. 47. [err]

- 105- WD 98/ 06728

PCT/ US97/ 13171  13¢{lH)( céoé)soﬁre@ar amms@fostﬁrr h9%¥'6549 98.11,

H 2-1 ndenyl oxy) di net hyI silane, lithiumsalt, (1 the drybox 5.0

g (20.2 | )o.uf, (bens- futod, (45552 rzrsd:%nywso')r@srz?t hyl Sil ane was
conbi ned with 200 mL of hexane. To this solution 10.1 nL (20.2 mol) of

[ err] - BulLi (2.0 M was added dropw se. Upon conplete addition of the
n-BuLi the solution was 5 stirred overnlgb.tl Lthe resulting precipitate
was collected via by filtration, wi t h hexane and dried under

reduced pressure to give 4.20 g of |el&t82 percent.
[err]
Me""'Si’Me
LiN—(-Bu
10 (15)

Preparation of N-(1,1-dimethylethyl)-1,1-dimethyl-1-(2-ethoxy-1H-inden-1-
yDsilanamine, dilithium salt. (15). In the drybox 6.45 g (22.28 mmol) of N-(1,]-
. dimethylethyl)-1,1-dimethyl-1-(2-ethoxy-1H-inden-1-yl)silanamine was combined
with 120 mL of hexane. To this solution 32 mL (51.2 mmol) of n-BuLi (1.6 M) was
15 added dropwise. Upon complete addition of the n-BuL.i the solution was stirred
overnight. The resulting precipitate was collected via filtration. washed with hexane

(2 x30 mL) to give 4.52 g (67 percent yield) of an off-white solid.
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10
1H 1 -

WO 98/0ﬁ

Preparation of (2-(( 1 -(tert-butyl)- 1, 1 dlgﬁ%ﬂ% | ) oxy) -
7?f‘denyl ) (chloro)dinmethyl -silane, (19). A soIPut | on]" ifllny

tert-butyl (1H 2- i ndenyl oxy) di net hyl silane, lithiumsalt (4.20 g,

16. 64 mmol )
THF solution containing SiMe[err]d|[e
the addition was conplete the reaction m
The sol vent was then renoved under redeu

ed within 30 mnutes to a 50 nL
2 g, 249 mol ). After
was stirred overnight. 15
re®8ure. The resi due was

in 25 nL of THF was

d

extract ed w t h hexane and thewgmlytlon.yas filtered. The sol vent was

t hen renoved under reduced p %eav; g 5.44 g of product. Yield
96 percent. [err]H(C[err]D[Q r]) ferr] 0.03 (s, 3H), 0.15

(s, 3H, 1.52 (m 4H), 3.14 (m 4H, 3.4 1H), 5.14 (s, 1H), 7.24
(m 2H), 7.23 (m2H), 7.60 (m 2H). OZ( [err]C { [err] H} _
(C[err]D[err]) [err] -0.75, 0.48, 25.51,4&42¢%2, 50.52, 100.02, 103.77.

- 106-

121. 29, 124.30, 124.70, 125, 58, 141.29, 144.61, 150.50.
WD 98/ 06728

PCT/ US97/ 13171 [err] (16)

15

20

Preparation of dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a,7a-n)-
2-ethoxy-1H-inden- 1-yl)silanaminato-(2-)-N-)-titanium, (16). N-(1.1-dimethylethyi)-
I,1-dimethyl-1-(2-ethoxy- 1H-inden-1-yl)silanamine, dilithium salt (4.52 g, 15.0 mmol)
dissolved in 40 mL of THF was added within 10 minutes to a suspension of
TiCI3(THF)3 (5.56 g. 15.0 mmol) in 70 mL of THF. After | hour of mixing, PbCl»
(2.71 g, 9.75 mmol) was added as a solid. The rcaction mixture was stirred an
additional hour. The solvent was removed under reduced pressurc. The residue was
extracted with 70 mL of toluene and filtered through a medium size glass frit. Toluene
was removed under reduced pressurc and the residue was triturated with 40 mL of
hexane. The red-brown solid was collected by filtration, washed with hexane (2 x 25
mL) and then dried under reduced pressure. The yield of product was 2.65 g. 44

percent.

IH (CgDg) 5 0.58 (s, 3H), 0.67 (s. 3H), 1.02 (¢, 3H, 3/4.4 = 6.8 Hz), 1.38 (s,

9H), 3.57 (m, 1H). 4.19 (m, IH), 6.03 (s, 1H), 6.96 (t. 1H, 3Jyu =7.6 Hz), 7.11 (1, IH,
34 =7.8 H2). 7.25 (d, 1H, 3 /4.4 = 8.3 Hz), 7.55 (d. 1H, 3Jy.u = 8.2 H2).

13C{1H}(CgDg) §4.19, 4.89, 14.46, 32.63, 62.41, 66.73, 83.88, 98.92,
125.92, 127.25. 127.36, 128.58, 129.58, 132.04, 164.08.

HRMS (EI. M"): calcd 405.0565, found 405.0563.
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f

Pr epar at j f (tert-butyl)-N-(1 -(2-((1 -(tert-butyl)

- di net hy g)@ls(% Xy)- 5 1H 1 -indenyl)-1,1 -dinethyl sd’é'f’%g%?.“ﬁé" 20) .

| nt hedrybox5.44 g of (2-((1l-(tert- butyl)- 1,1 -di mathylsHyI)oxy) I
H | -indenyl) (chl oro)dinmethyl-silane 92 mmol ) was conbined with
150 nmL of hexane. To this solution N 1.95 g, 19.25 mmol) and

NH err]t-Bu (1.41 g. 19.25 mml) were adnd the solution was stirrcd

over ni ght . The reaction mxture wgs f{lt8Fed and the sol vent was
removed under reduced 10 pressur &ctipsigi ve 1th,34 g of product. Yield 88
per cent . [err]H (CDET e ?\])/[‘ﬂgjg 0.11 (s, 3H), 0.14 (s, m
3H), 0.38 (s, 6H), 1.08 (s, 9H), 1.25 (s,N , 3.43 (s, 1H), 5.88 (s,
1H, 7.14 (m 1H), 7.23 (m2H), 7.58 (m flH).

[err] Pr eparts€i ‘_gf N-(tert-butyl)-N-( J -(2-((

1-(tert-butyl)- 1,1 -dinethylsilyl)oxyHs 1 H 1-indenyl)- 1,1
-dinethylsilyl)amne. dilithiumsalt, (21). N(tert-butyl)-N( 1-(2-(( 1-
(tert-butyl)- 1,1 -dinethylsilyl)oxy)- 1I;— 1 -indenyl)- 1,

1-di met hyi silyl )anine (3.00 g, (17)

-107- WD 98/ 06728

PCT/ USITI 13171 preppragon B G2 Bl pudhl [ SfhdDEHAAS L1 000 a5 - BuL

(17. 4 mol, ution i Iohexane) mas added

slowy. Thétﬁoﬂj} XHUREenWBF!)sil@amEat YR I NE Pdisdettyl-titanium OM @Y. Ninghé dgBbk Ng Whi ch
time a white solid precipitated. After the reaction period the
5 0.40 g of dichloro(N-(1,1-dimethylethyl)- |, [-dimethyl-1-((1,2.3.3a4.7a-n)-2-ethoxy-

| H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (0.98 mmol) was dissolved in 50 mL of

Et70. To this solution 0.69 mL (2.07 mmol) of MeMgI (3.0 M) was added dropwise

with stirring over a 5 minute period. After the addition of MeMgl was complete, the

solution was stirred for 1 hour. Then the Et20O was removed under reduced pressure

10  and the residuc was extracted with hexane (3 x 35 mL). the solution was filtered and
the filtrate was evaporated to dryness under reduced pressure to give 0.28 g (78 percent
yield) of yellow solid.

IH (CgDg) 6 -0.02 (s, 3H). 0.59 (s, 3H), 0.69 (s. 3H). 0.89 (s, 3H). 0.99 (1. 3H,

"3 )= 6.9 Hz) 1.52 (s, 9H), 3.59 (m, 2H), 6.11 (s, 1H), 6.92 (1, 1H. 3 /.4 = 7.6 Hz).
15 7.4 1H, 3Jyu=8.5Hz). 741 (d, 1H, 3Jyn= 8.3 Hz). 746 (d. 1H, 3J4.,;= 8.5 Hz).

13c{1H}(CgDg) 6 5.22, 5.78. 14.65, 34.60, 50.03, 57.52. 58.18, 65.69. 77.18,
93.53, 124.66, 125.04, 125.39, 127.32, 126.89, 163.47.

Li*

"]...

OSiMezt-Bu

20 (18)
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desired pr was collected via by filtration, washed w , and
ed unfeusEhs g |  sol at T

dried un vacuumresulting in the isolation of a

was used without further purification or analysis ( 1.58 g, 51
percent vyield). ration

i chl or of N (L PEPRERBER ARy 2indsopgimnysizne dRag s Bhain o )
2- (D met hye- &x‘g&’;&tybﬁ' (hgnﬂmoﬁﬁflemﬁ&ﬂ%gﬂ{{ -2-indenyloxy)dimethylsilane was

-yl )silanam nat o-(2-) )-titanium ( (1,1°-Di et hyl ethyl) -
1,1 -di met hgmbingd wild- mOrrBLIof/hexanbu'tryltms sQimyoanD i me20.21mmol) of n-BuLi

yI )si |l ana was added

dropwi se t &’P §M)Id‘lﬁil‘5|r§tipd6$ Tﬁq%g‘%ee&jﬁ "é‘F P‘?d‘(@" 8 thlﬁr’]' élr“ Fd‘g"rﬁﬂi‘i“)‘?"l WASTHE (100
S S5 oy TS S AR )4 et

added to t h&thmexh:u:r @dadried undtd rddwlad pleswas td fien 40l pofgdodut. smerld gor an
additional hour. After the reaction period the volatiles were renoved and
t he PesPMue was extracted and filtered using toluene. Renpval of the
toluene resulted in the isolation of a red/orange residue which was
redi ssolved in hexane and filtered. 20 Renmoval of the hexane resulted in
the isolation of the desired produ as an or ange solid (1.27 g, 62
percent yield). [ € (CDCINLerr]) [err] 034(5 3 H,
0.44 (s. 3 H, 0.75 (s, 3 H, O. j— OSiMe28Y 98 (s, 9 H), 1.40 (s, 9
H, 6.56 (s, | H, 7.21 (t, [err]= 1 H, 7.35 (t,
-108- WD 98/ 06728
PCT/ US97/ 13171 [err]= 7.95 HzMe%H)S‘,’V.eSG (d, [err]=8.28 Hz. 1 H).
7.65 (d, [err]= 8.73 Hz. 1 \

ol

(19

10 Preparation of (2-((1-(tert-butyl)-1,I-dimethylsilyl)oxy)-1H-1-

indenyl)(chioro)dimethyi-silane, (19). A solution of rerr-butyl(1H-2-
indenyloxy)dimethylsilane, lithium salt (4.20 g, 16.64 mmol) in 25 mL of THF was
added within 30 minutes to a 50 mL THF solution containing SiMeoClp (32.2 g, 249

"mmol). After the addition was complete the reaction mixture was stirred overnight.
15 The solvent was then removed under redeuced pressure. The residue was extracted
with hexane and the solution was filtered. The solvent was then removed under

reduced pressure leaving 5.44 g of product. Yield 96 percent.

IH (CgDg) 8 0.03 (s, 3H), 0.15 (s, 3H), 1.52 (m, 4H), 3.14 (m, 4H), 3.43 (s,
[H), 5.14 (s, 1H), 7.24 (m, 2H), 7.23 (m,2H), 7.60 (m. 2H).

20 13C{1H}(CgDg) §-0.75, 0.48, 25.51, 42.72, 50.52, 100.02, 103.77. 121.18,
121.29, 124.30. 124.70, 125.58, 141.29, 144.61, 150.50.
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H) . [err]C NWMR (CDCl[err]) [err] -3.77, -3.38 ,
18.80. 23VEASNEMI839, 62, 53, 86.17, 104.44, 125.48. 1%"6”%979‘1?565;‘ 94,
128.11. 129.10. 131.26, 161.07. 5 [err]

Preparation of (N ( 1,1 -Dinmethylethyl)- 1, 1 -dinethyl- 1 -(( 1
,2,3,3a,7a- [err])-2- (di net hyl -t - butyI5|ony) 1 Hinden- 1
-yI)S|Ianam nat o- (2-)-N)-di nmet A | um (23). 10 Dichloro(N-( 1, 1

-dinethylethyl)- 1, 1 -dinethyl ~3NPee.iBm- et a) - 2- (di net hyl -t -
but yl sil oxy)-1H i nden-1-yl)sil amaginatg-(2-)-N-)-titanium (0.35 g, 0.74

mol ) was stirred in diethylethery (75 nL) as MeMyBr (1.50 mmol, 0.50
m. of a 3.0 Msolution in diejhyletMer) was added slowy. This
m xture was then allowed to stir for 2 Rours. After the reaction

period the volatiles were renoved and tidae— @61 due was extracted and 15
filtered using hexane. Renpval of the hexane resulted in the isolation of

the desired product as a yellow oil_ (0.21 g, 65 percent vyield).
[err]H NVR (C[err]Dlerr]) [err] 033(5-—O H. 0.21 (s, 3 H, 0.25 (s, 3
H, 0.65 (s. 3 H. 0.73 (s. 3 H. 0.99 (s. 9 H, 1.12 (s, 3 H, 1.59
(s, 9 H, 6.55 (s, 1H), 6.94 (t. [err] H=7.8 Hz, 1H), 7.19 (t, [err]

;ZI) 4 e 1H) . 7. $ledafhnioh O M- Fe Aoty TEN-Hib (1l 6hn-1 .f%éqaezh?fsﬁinﬁy%- 5 Hz,
5 1H-i-indenyl)-1,1-dimethylsilyDamine, (20). In the dry box 5.44 g of (2-((1-(ser:-
butyl)-1,1-dimethylsilyDoxy)- 1H-1-indenyl)(chloro)dimethyl-silane (15.92 mmol} was
combined with 150 mL of hexane. To this solution NEt3 (1.95 g, 19.25 mmol) and
NH~#-Bu (1.41 g, 19.25 mmol) werc added and the solution was stirrcd overnight.

The reaction mixture was filtered and the solvent was removed under reduced

10 pressure to give 5.31 gof product. Yield 88 percent. .

[H (CDCl3) 8 0.11 (s, 3H), 0.14 (s, 3H), 0.38 (s, 6H), 1.08 (s, 9H), 1.25 (s.
9H). 3.43 (s, 1H), 5.88 (s, 1H), 7.14 (m, 1H), 7.23 (m,2H), 7.58 (m, 1H).

Lt

'_l...

C@ OSngzf'BU

Me/SifMe

LiN=—1-Bu
15 (21)

Preparation of N-(rert-butyl)-N-(1-(2-(( I -(rert-butyl)-1,1-dimethylsityl)oxy)-
1H-1-indenyl)-1.1-dimethylsilyl)amine, dilithium salt, (21). N-(rers-butyl)-N-(1-(2-((!-
(tert-butyl')-K,I-dimethylsilyl)oxy)-IH-I-indenyl)-l,I-dimethylsilyl)amine (3.00 g,
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PCT/USQ?/@‘?XW&6728 [err]C NWR (Cerr]Derr])[err] Pgl% -3.48,
5.62, 5.97, 18.84, 25. 15 34.60. 52.13, 57.79, 58. 25, 80. 38 100. 38,

124. 70, 125 6 159. yneri zati on
data for ca§ é? '?(%§W§‘ gﬁréc ng%exdn Z(ﬁ ag "c%ur%ﬁ 17%5”8?! 8h70 mE of4 |n\|£/)ent|on

are present ﬁﬂsolhmo'fnhﬁ c&ﬁbh@mﬁ@&basﬁﬁﬂdk@%wly This mixture was then allowed to stir
overnight during which time a white solid precipitated. After the reaction period the
desired product was collected via by filtration, washed with hexane, and dried under

S vacuum resulting in the 1solation of a white solid which was used without further

purification or analysis (1.58 g, 51 percent yield).

—<;

\ OSiMe,t-Bu
HCS Ty

e \ /N

N

10 Preparation of dichloro(N-(1,1-dimethylethyl)-1, |-dimethyl-1-((1,2,3,3a,7a-1)-
2-( Dimethyl-t-butylsiloxy)-1H-inden- I-yl)silanaminato-(2-)-N-)-titanium, (22). N-
(1,1-Dimethylethyl)-1.1-dimethyl-1-(2-dimethyl-t-butylsiloxy- 1 H-inden-1-
yDsilanamine, dilithium salt (1.58 g, 4.40 mmol) in THF (30 mL) was added

. dropwise to a slurry of TiCl3(THF)3 (1.63 g, 4.40 mmol) in THF (100 mL) at 0°C.

15  This mixture was then allowed to stir at room temperature for 2 hours. PbCly (0.65 g,
2.35 mmol) was then added to the mixture as a solid which was then allowed to stir for
an additional hour. After the reaction period the volatiles were removed and the
residue was extracted and filtered using toluene. Removal of the toluene resulted in
the isolation of a red/orange residue which was redissolved in hexane and filtered.

20  Removal of the hexane resulted in the isolation of the desired product as an orange

solid (1.27 g, 62 percent yield).

'H NMR (CDCl3) §0.34 (s, 3 H), 0.44 (s. 3 H), 0.75 (s, 3 H), 0.87 (s. 3H),

0.98 (s, 9 H), 1.40(s, 9H), 6.56(s, | H), 7.21 (t. 3/u.u=7.68 Hz. 1 H), 7.35(1,
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PCT/ US97/ 13171 X—ray structure determ nation of

di chl or o( N- ( 1 -dinethyleth 1 -dinethy]- 1 -

.2, 3, 3a, 7a- [ Bhedd 725d‘lzmaltfﬁ3yl7a 29@3J&HH-3|3§dféﬁ-l¥”' 7.65 (d. 3= 878 Hz. 1
-yl)silanamg?to(Z) N-)-titani um Data Col |l ecti on:

A dark purpl®”bl ock-shaped crystal of dinmensions 0.21 x 0.17 x 0.06 mm was
5 imrersed in oil, Paratone N, Exxon, and nounted on a thin glass fiber.
The crystal VRN ¢ 178 S RreNg, SVARTI EBATEORM ¢ §6 1 gzspITet er
equi pped with a wé%@gpﬁlftegﬁonoc I’OTTB.'[I c crystal, a MoKl err] radiation

source (1 = 867063 d4e13945. 2oTRD126.04, bghar em_rpuBl od fevoTe) area

det ect or whi I's kept at 8 ¢tmfromthe crystal. The crystal was
bathed in a cold nitrogen streamfor the duration of data collection (-100
10 [err§ C). Three sets of 20 franes each were collected covering three
per pendi cul ar sectors of space using the [err] scan nethod and with a
ten second exposure tinme. Integration g the frames foll owed by
reflection indexing and | east squar e§ yenment produced a crystal
orientation matrix and a nonclinic |la Data col |l ection
was set up to collect a total of 163 1 fyanes+gsivebudi fferent 15  runs
covering nore than one full hem sphere 4f data. Frame scan paraneters are

summari zed in the foll owing tabl eHsCSi TiGH,
Scan Scan Fr anes ExposureHac &U] [err] [err] [err]
axi s V\ndth([err]) ( #) time (sedl) 1 -29 -26. 00
0. 00 54. 68 -0.3 626 30 2 -29 -21.00
90. 00 54. 68 2 -0.3 4%5C 30
HaC CH,
(23)

Preparation of (N-(1.1-Dimethylethyl)-1.1-dimethyl-1-((1.2.3.3a.7a- n)-2-

(dimethyl-r-butylsiloxy)- | H-inden- I -yl)silanaminato-(2-)-N-)-dimethyl-titanium, (23).
10 Dichloro(N-(1,1-dimethylethyl)-1,1-dimethyl-1-((1,2,3,3a.7a-eta)-2-(dimethyl-r-

butylsiloxy)—lH-inden-l-yl)silanaminat'o-(Z—)-N-)-titanium (0.35 g, 0.74 mmol) was

, stirred in diethylether (75 mL) as MeMgBr (1.50 mmol, 0.50 mL of a 3.0 M soiution

in diethylether) was added slowly. This mixture was then allowed 1o stir for 2 hours.

After the reaction period the volatiles were removed and the residue was extracted and
IS filtered using hexane. Removal of the hexane resulted in the isolation of the desired

product as a yellow oil (0.21 g, 65 percent yield).

IH NMR (CgDg) 8 0.33 (s, 3 H). 0.21 (s. 3 H), 0.25 (s, 3 H), 0.65 (s. 3H).

0.73 (s. 3 H). 0.99(s. 9 H), 1.12(s, 3H), 1.59(s, 9H), 6.55(s. | H), 6.94 (t. 3y,
=7.8Hz, 1 H), 7.19 (t. 3/un=7.4 Hz, | H), 7.47 (d, 3/u.y=8.3 Hz, 1H), 7.53 (d,

20 3Jyn=8.5Hz IH).
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PCT/ US97/ 13171 '°C NMR (CgDg) & -3. frhe3 H8s1.62 Lﬁm #86%)4 P15 60 fRA3uteMnt of
the first 50 frames fromrun is Is done to nonitor
crystal anéd angf()r%?t:tkﬂﬂ)e?tSeP%?%Hhﬁtlﬁy Eneb t187@ér F—’esc-'tﬁ f169-8Any crystal
decay. Diffractoneter setup includes a 0.8 mmcollinator
provi ding an X- f I r was
et st 50 kv anboYEUANdE dao e carllyl SR B BERE fpen FEBERREL oINS

di ffract onpivesitidhode hedsentbd ainBie BHRGBat folle@xi Ng, orientation matrix

cal cul ations. |east squares refinenent of cell paranmeters. crystal faces
measurements and the actual data collection. Program ASTROJQ err] was used to
set up data coll ection strategy. 10 Dat a Preparation:
Al'l 1381 crystall ographic raw data frames were read by program SAI NT[ err]
and integrated using 3D profiling algorithnms. The resulting data
were reduced to produce hkl reflections and their intensities and
estimated standard deviations. The data were corrected for Lorcntz
and pol arization effects. A total of 7842 reflections were 15 col | ected
representing a range of 2.55 to 1.70 redundancy | evel and have an R err]

val ue range of 2.9 percent, at the |lowest 20 shell of reflections,
to 3.1 percent at the highest 2[err] shell of reflections(55 [err]).
Crystal decay correction was applied and was | ess than | percent. The

unit cell paraneters were refined by |east squares of the setting angles of
5415 reflections. Unit cell paraneters arc:
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13.2048(5) [err]
980.54(6) [err]
-113- WO
PCT/ US97/ 13171

pr ogr am SADABS[ ef

coefficient was
were 0.812 and O
carried out usin
to be Plerr] (#
following crysta
1. 94 percent)

12, -17 [err] |
The structure wa
positions of all
refined, also in
refinenent. The
paranmeters and a
Fourier map and
refinenent, 3639
313 paraneters 1
fit) were 2.93 p
correction for s

Paolymerization Data

9. 18XR W/0672%

8.3173(3) [err]

= 91.324(1) | %El'r S97/13171

b = 91.541(1)[err]
g = 103.384(1)[err] V =
YT T
g S OAbsqution corrections were applied using
r% agco é&ng 0 | Bl essing[err]. Absorption
D. gt Fmf e ] {@Rd ridi mym and naxi mum t ransm ssi ons
QEE, respectj vel y. Dat a preparation was
) priogr am XPREP[ erjr]. The space group 5 was det erm ned
P—Rasedtor—sisterfat+e-4 absences. XPREP provi ded t he
| ogr aphilc pajf anmetiers: {4362 uni que reflections (Rerr] =
91 thlyg ndices{- 1 1 [err] h [err] 10, -8 [err] k [err]
of ] 18 = 3 Structure solution and Refinenent:
5 sqlWed by dl@ect‘ﬁethods in SHELXTL54 from which the 10
of |{the hon-H ators werje obtai ned. The structure was
) PHEL L[err], gsing full-matrix | east-squares
Pom H. at ogs refined wth anisotropic thernal
| sQfet hgsH vg;re | ocated by a Di fference
oRifred ujhoub arnysconstraints. In the final cycle of
opbgerveg Teffrections W th | > 2s(l) were used to refine
b and the rfesultiing Rlerr], wRlerr] and S (goodness of
prcent, V.40 jpercgnt and 1.061. respectively. A
pcorjdaryjextinctign wag applied with x
=
»
S
=
El 2
2|3 g
sl s =
2> g
Bl 2 =
~T|E B z
- £l - (5
TS5l T ® 5
rf*,,_,("l ~l .om
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—S|l=z2iTeIZE
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0. 0025¢( . maxi mrum and m ni mum resi dual el ectron den in the
final 1élbg&_ggzifsference Fourier map were 0.376 and -0. 369§b?es%z§f¥‘lﬁvel y.
The refi nenent was carried out using F2 rather than F values. Rerr]
is calculated to provide a reference to the 20 conventional R value but
its function i anuuy striupiups dosetminagian of dichlory(N-(I-dimdthylethyhd . [-dimethyl-

functions ni d not STRUCTURE
SOLUTI ON A&l[g %Ng 2 é‘me‘hyq“mmo'lﬂ"deTﬂeyli“t‘lP'ﬂfHP'l’}P@ ANt NIMy di r ect
met hods i n SHELXTL5 from which the positions of all of the non-H

atons were obtamedeqifdgogt ructure was refined, also in 25  SHELXTL[err],
using full-matrix | east-squares refinenment. The non-H atons were refined
with anisotropic thermal paranmeters and all of the H atons were | ocated by
a Difference A dark purple block-shaped crystal of dimensions 0.21 x 0.17 x 0.06 ndr 4vas

WD 98/ 06728 o _ _

PCT/ US9Y/ 15nmersed in oil, RaggipneN. Bopioneasnd meynterben ahimglass Bbsr- ddastystalints. In

t he final | l ect.i ons th | >
2lerr] (1) 8 indeatels SPRRhs SUARE pLATFORM AE ARt ERPRRG A" o).
wRl err] angra§hﬁgﬁ@daaﬁamﬁc Erybehl, W@(@ra@&lﬂaﬁrssméaJeiz?oxaeAwGC@nd 1. 023,
respectl vely A correction for secondary extinction was applied with
X = 0. 0018(chprgeTioupled dewgen agrtdetaor whiehi m!mptrféél(ﬂtaactm &beaht onystdbn'EhEt y peaks
|nthef|na fference. Fouri e

respect i veFVSHTH@S P%‘SF% qu %Qg%'g?tfeag’a‘ OBHF qh'é?“r?ﬁ q‘sfaﬁaaff’H%‘"r“"L“ﬁawoF val ues.
Rierr]ios el crh@t sés bp20ramefench wetd &IIREEE cb%ﬁn@%ﬁ%@@ﬁmm} sedioy@l ue but
its function is not m nim zed. Additional "y, t he

functi ons thspace gsing thend seid neetiibdnand vRftes tef.second exposure time. Int@gratidn ofear

absorption effici ,,atomc.scattering factors and anomal ous-, 10
di sper si ont¥ gf"r"é%“tf]ioﬁﬂ%’e@\gl‘ rHé?S\‘ PUPATRE 3RS, STURES TPHBRGM 8T99NEE hat i onal

Tabl es for cXsf@¥rientation Qﬁﬁ‘r&taﬂhh%n@ﬁm¥ iditer national Tables for X-ray
Crystal |l ography (1974). Bi r m ngham Kynoch Press.
(Present distributor, D Rel deI Dor dr echt ) . Figure 1 shows
the crystal str Lhmrutrcr}lcgtﬁordwmeoum(ol‘d;o(liqth-tdiaﬂmf M3 1 ramyds)in fdyridifferent
E:I;/er;BtSIh ﬁa;‘ a]mq%gpéérzrg Tg%_tgan J)ne f{l;l )nemlsp;]ere opglat pa?ﬂclsl_cl:n!\ ggr%rr}l-ete]fs are

summarized in the following table:

- Scan  Scan Frames Exposure
-Run 26 w ¢ y e axis width (°)  (#) time (sec.)
1 -29  -26.00 0.00 54.68 2 -0.3 626 30
2 -29  -21.00 90.00 54.68 2 -0.3 455 30
3 -29  -23.00 180.0 54.68 2 -0.3 250 30
0
4 -29 23,00 4500 54.68 2 -0.3 250 30
5 -29 2600 0.00 5468 2 -0.3 50 30
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15 titani Rel t f ti d f i
structhrg](lag?r}]%‘f"m nations are gi Seﬁvan uggl IO\C/)v.ns e o Jcbr%ggg{[lgl??i ng
[err](||F[err]| - |F[err]|]) / [err]|F[err]] wRerr] =
[[err][W(F[err] - F[err])[err]] / [err][WF[err])[err] [err] 20

Rl err] = [err]| FFbe tabt runfef &7 s]tifeesanensyremert/of [h;rﬁir%sl{iq @ann]]aq from run number S

]
= [[err][WF[err] - Flerr])[err [ (n:z err ere n is the nunber of
reflecti onsll:'aﬁ]"“[iS 71%"°t[ﬂé“J,P“L’r cry lt}”o‘l'ﬁil c{]‘ﬁ%@%‘%#a\gg’flé%@ K} corpest {on apy
w= 1/[s] err]:wgtlg[@ercﬁ)l_) +(0.0370*p)[err] +0.31*p], p = [max(F[err],0)+ 2*
Fc[err]]/3 °° -115-

WD 98/ 06728

PCT/ US97/ 13171 Diffractometer setup in¢ludey a$t8 mat eoliématet pravidiag boX-af bédk of, 1
-dinmethylethyl)- 1, 1 -dinethyl- 1 - (1.,2,3,3a,7a-[err])-2-ethoxy-
1H i nder® 103ymmdn diamersTn iegerater PoRes wag -‘r?é?'l—éﬂ K¥iangdmiSupfs. Program

Dat a Col | ecti on: . A translucent, red, platy crystal of

ONSi Ti O [ er SMART | peg wiedifordiffracepmagiph rinp{Tame ssang; iRSRENBRIEHILONA x 0.2 x

0.06 mm Wasfn%t’knéa?&xlﬂ%inp.geigl gqua&?&éﬂeﬁlﬁ%&ceﬁ%tﬁ%cﬁﬁml fact:sgI ass fiber.

Al measurenent's were nade on' an Enra ni us act onet er

wi th graphi anasrﬁ?é}ﬂ&m %ﬁ@%tmﬂﬁ[&e&ﬁl}ecﬁ&mﬁ& 2R ASTRO! was used to sef& !
constants and an orientation matrix for data collection, gbt alned Troma

| east - squar éxacelldctionsmdtegssi ng the setting angles of 25 carefully centered
reflections in 10 the range 18.2 < 2[err] < 23.6[err] corresponded to a
C-centered nonoclinic cell with di nensi ons: a

= 28.87W 9) [ er r Pata Preparatign: b = 9.924(3)) [err] [err]
= 121.99(2)[err] c = 16.294(3)[err] 15
V= 3959(2) [err L\H 1381 crystallographic raw data frames were rcad by program SAINT! and

integrated using 3D profiling algorithms. The resulting data were reduced to produce
hkl reflections and their intensitics and estimated standard deviations. The data were
corrected for Lorentz and polarization effects. A total of 7842 reflections were
15 collected representing a range of 2.55 to 1.70 redundancy level and have an Ry, value
range of 2.9 percent, at the lowest 26 shell of reflections, to 3.1 percent at the highest
26 shell of reflections{55°). Crystal decay correction was applied and was lcss than |
. percent. The unit cell.‘p'arameters were refined by least squares of the setting angles of

5415 reflections. Unit cell parameters arc:
20 2=83173(3) A a=91.324(1)°
b=09.1847(3) A b =91.541(1)°
c=132048(5)A  g=103.384(1)°

V = 980.54(6) A"
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For Z = 8 and FE.W = 406.28, the calculated density is 1. ].
Based onw°98'°67%8he systematl c absences of: %%{ﬁfsgﬂlgg;l[ err] 2n

hOol: 1 [err] 2n 20 packi ng consi derations, a statistical analysis of
intensity distribution, and the successful solution and refinenent of

the structure, tRgoPRAIcHEOIThs WRTe SIIRE WG Proéfam SADABS2 according to
C2/c (#15) 116-

WO 98/ 067288lessm°3 Absorption coefficient was 0.77 mm- ! and minimum and maximum '

PCT/ US97/ 13171 The data were collected at a tenperature of
-120 [err] insmigsons sieny0.8 hearfdl.942. [reapedtivelyan techni que to a maxi mum
2[err] value of 49.9. Orega scans of several intense refl ections.
made prior to data collection, had an average w dth aa hal f - hei ght of
0.25[err] VPRI PEEDREAED H125 cafFigd eubysing mperam XPRER)s The spacegpup 0. 35 tan
[err]) [err] were nade at a variable 5 speed™of 3.0 - 16.0 [err]/mn )
(in onegr) . whbydistemsecda eI TR R) MEsRadyelent2aie lkBeatsyd XPREP proRrRdfigENt S
were made by scanning an additional 25 percent above and bel ow t he

scan range. follhwingouystaiogapbict paramasenss 362 dnighe eefleatidraliRe: h oS4 poreeal) sl it
with a wdth . rangin romz2.0 to mm and a vertical slit set to
2.0 mMm Thewﬂhmcér‘bg géB °%-<- S ke lﬂeﬁ? $b%m col I i mator was 0.7 nm and
the crystal to detector distance was 21 cm 10 For intense reflections an

attenuator was aﬁ%'s&ﬁlxbﬁaﬂd‘ﬁ&’?ﬁe .n front of the detector.

Dat a Reducti on 36 refl ections which were coll ected,

3705 were unique Rint = 0.041). The intensities of three
representative refd ﬁﬁkt@@wwmvéaﬂﬁﬁmf&ﬂme%ag lm%ux?ﬂsmrem\eﬁxch the Of
X-ray exposure tinme. No decay correction was applied. The
li near Wdbsopgsiticon of giébf iheinemt] atbes Mere olgninki- Rpcestrqcurramaamfmdl asorin7
cnferr]. An

lyti b t t | i ed which
ot ted | roHELX T3S BRI Pi vt SRR o - Do BB P oveE The data
were cor f ecieffled Qin a8 e BRMnAYAIhAR bAall of the FPA0AR bibre okl ngt' on for

secondary extinction was ‘applied (coeffficient %.1.3
Struct ure abdfeSoicatFooneramap R@frcﬁm@nnhout any constraints. In the hnal cycle of

refinement, 3639 observed reflections with I > 2s(I) were used to refine 313 parameters
15  and the resulting R}, wR2 and S (goodness of fit) were 2.93 percent, 7.40 percent and
1.061, respectively. A correction for secondary extinction was applied with x =
0.0025(12). The maximum and minimum residual electron density peaks in the final
Difference Fourier map were 0.376 and -0.369, respectively. The refinement was
‘carried out using F2 rather than F values. R is calculated to provide a reference to the

20 conventional R value but its function is not minimized. Additionally, wR» is the

functions that is minimized and not Ry.

STRUCTURE SOLUTION AND REFINEMENT:

The structure was solved by direct methods in SHELXTLS from which the
positions of all of the non-H atoms were obtained. The structure was refined, also in
25  SHELXTLS, using full-matrix least-squares refinement. The non-H atoms were refined

with anisotropic thermal parameters and all of the H atoms were located by a Difference
- -
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,Ll'he structure was solved by direct net hods ( SHELXS86: Shel#&ﬂ@
(1985). W@ 98067285t al | ogr aphi ¢ Conput i ng' ‘[err] (Eds G M Sh Il( C

: Kruger and R Goddard) Oxford Univeristy Press, pp. 175- 189) and

; expanded usi ng Fouri er t echni ques (DI RDI F94: Beur skens,

. Adniraal, GouriBenaskeisfing witBagman consragss. Inghe ﬂefécmlle@érreﬁmmeni 48381 . R
and Smts J. MM 1994) IF 94 pr system.. Te ical
Report of thiEregd e 5?‘!%9@?"&%”)? E‘é PEEEASE ‘U% ’(}erer}i;%‘l ?Va%’Ft\/ﬁf\i i"}%‘ hef%@l'?m, The

'_\'itlg_er landg). \”7(8] _9%1}}%!1{%35%? Bf BH Ukre @ﬁ@%c?c%ﬁt‘, 199 RRieACITEROER kdspectir 0gen

PCT/ US97/ 1%2?’%&“ n for se&drfd é@{ﬁh@tiém@héjé’ﬁ@leﬂ mxﬂhd(eablomsl(mosme mAREmbH and Ot
refined. The Finar ¢ ycle of “full- matri x | east-squares

refinemgnt [rﬁhﬁi\umlaésmﬁ!seldctwn @&nRidy perkaliv thd finaf DiftdrermeFofiriecmap 0@f=d.834 1))
and 209 vari abl e paraneters and converged (|l argest paranmeter shift was 0.01
tines its and-0.36%3ehpeurely. UThuiefjhereentared caried loutdsing Fe eathertthdral values. of

5 R

0. 040 R is calculated to provide a reference to thq:&og?/Hnonal[%rvfli EE)& }tT %{nﬂﬂyi Js

| Fc|)[err] / [err]lwFalerr ard devi ation
of an obserMiatmE ‘HPE‘AliMeW&‘Zt‘Fé'Perﬁ“"GMSIh%TS m*m‘é“zeg ‘and nOV\gI lghting scheme
was based on countlng statistics. Plots of [errr]Jw(|Fo| - |Fc|)[err] versus

| Fo|, reflection.order i.n data Si rious

classes of indi ce€ WGATERTOPEON cﬂ%ﬂﬁ ‘tsﬁ%ﬂm’f P%‘E‘ﬁ‘[&ng f#ﬁe&%&% ‘r‘r%%"é% m ni mum
peaks QP I’lf p%}snd"ri cditelfiShsan&e chittfatedrfrom values R ROk ARNAPTabIOs Br Xiragnd
-0.35 elerr ? err respectively. Neutral atoms scattering

factors \Aerceryt:al{qragshydme@mmnl 'Eaubdts\fabxfmx Cncsmhography (1978). VolgIMaghéd., J. T.
"I nternational  Tabl es for stal lo | V... .The Kynoch
Press, Birm® ‘Hﬁﬁ’éﬁ?mEﬁéP%?ogge*l’alSFrés ‘f’sﬂ't( ﬁ) ;ie’d?-\hgjr?é? 8&%‘ )dl spersion 15

effects were included in Fcal ¢ (Ibers, J.A & Hamlton, Act a

Crystal | ogr. how8 the drist84krictubd 6r dieHise J‘pn c{ﬁ‘ﬂ’e thypd,ferr]f”
wer e t hose of a@é‘érﬁ lasng I\/bAe\uI%gg Crggg ﬁ\‘( : nkuc e@, W J.

"1 nt er nat i afimkethiabies2B80e, 7®m§-aﬂmemlgrlaphrp \H-Vfglen- 1@1)mlgmmm@m (29-N-)- W | son,
ed.), Kluwer Acadenm c Publishers. Boston, Table 4.2.6.8, pages 219-222
(1992))15 THE2RBMues for the mass attenuation coeffici ents are t hose of
Creagh and 20 Hubbel (Crcagh, D.C. & Hubbell, J.H; "International Tables

for Crystallogragly, t \{Rled f&zh fofe Michu5 0 Betc@8inktiorél BRveAcadeni c
Publ i shers, Bos?gﬂ vapL functions © gl’fu’%gses 200- 206 (1992)). Al l

cal cul ati orselover e perfor rred u5| ng the teXsan (teXsan: Cryst al
Structure Anal ysis Package Mol ecul ar Structure Corporation (1985 & 1992))
crystall ographl c sof.t lr_pﬁ)c}%%e of Mol ecul ar Structure Corporation.

wR3 = [A[w(Fo? - Fc2)2] / A[w(Fo2)2)1 /2
20 Rint. = A [Fo2 - Fo2(mean)l?/ A[Fo?)

S= [A[W(F02 - FC2)2] / (n-p)] 172 where n is the number of reflections and p is the

total number of parameters refined

w= 1/[s2 (Fo2)+(0.0370*p)2 +0.31*p]. p = [max(Fo2.0)+ 2* Fc2)/3
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[Zgr T I‘—"X? 9§/m§ Least - Squar es: Furp&,egb_,mm m zed:

|)[err] WO 98/ 06728
PCT/ US97/ 13171 where w = [err] [err](Fol[err]) =
[err] 5 S - Scan rate C = Total

i ntegrated peak X¥eapstructure determination of (N-(IRI-dirRethylothyh- lsb-dimathytel-t o
background count] ti . ) B - Total background count 10
Lp = Lorent(ﬁl-ggbid‘rn??&)izgﬁh?xé{f:)c%ﬂ“dc"'1‘y])s"3“‘““'“ato‘(-!;")‘lg')i‘gﬁ’?ﬁ’ggff‘wmm-

(b) Standard devi ation of an observation of unit weight:
[err] W | Fo| - | )8 ebtidn: (NO - Nv) ' where: No = nunber
of observations l'fgda dffekdién Nv = nunber of variables
Figure 2 shows the crystal structure of (N-(1, 1 -dinmethylethyl)- 1,1
-dimethyl - | - A wransiu¢dnt, 2d.38n ciiatal of ONSiTICiQyetys haMingrgeroximate
-yl)silanam nato-(2-)-N)-dinmethyl-titani um

5 dimensions of 0.4 x 0.2 x 0.06 mm was mounted using oil, (Paratone-N, Exxon) on a

glass fiber. All measurements were made on an Enraf-Nonius CAD4 diffractometer

with graphite monochromated Mo-Ka radiation.

Cell constants and an orientation matrix for data collection, obtained from a
least-squares refinement using the setting angles of 25 carefully centered reflections in
10 therange 18.2 <20 <23.6° corresponded to a C-centered monoclinic cell with

dimensions:

a=28.874(9) A
b =9.924(3)) A B=121.99(2)°
c = 16.294(3)A

15 V =3959(2) A°

For Z = 8 and F.W. = 406.28, the calculated density is 1.36 g/cm3. Based on

~ the systematic absences of:
hkl: h+k#2n
hOl: 1#2n

20 packing considerations, a statistical analysis of intensity distribution, and the
successful solution and refinement of the structure, the space group was determined to

be:

C2/c (#15)
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119 98/ 06728 PCT/USS7/13171
PCT/ US977Vf3 8?% WHAT IS CLAIMED | S: 1. A
netal conplex corresponding to the formul a:
ferr] where Mis a netal fromone of Groups 3 to 13
iof the Periodi c Thalshw ertcﬁ%ﬂc‘@ at apteraperatuge oftHé0 ranHisHisdas W8 8831 ni des,
;mhlch isinthe +2, +3 or + e and which is

flerr]- bond&fhﬂﬂuﬁl‘%a%”ﬁb’@ u@rﬂﬂ@?r og)ﬁ""(géﬁfawféﬁve@ el i c,

- del ocal i zed, ngo
CRoc Eed q&ﬁ%&%\e%&tog%pﬁc&reeu& R bR DR fiR gt orgase

Z; where R[“ﬁ{hrd tak &b dngle G268 [ScamdofR( BOr4 0.35 mFe)g’rwpsnadaradawmbee
T is a heteroatomwhich is covalently bonded to the Cp ring, and to Rlerr]

when | 510 spéed of 30 - 26. Oéthnlin\mmm@ngsMDvin‘g drgstiH, meying Boynterbackgrabedh j is 1,
Tis Oor S,orNorP andRA as a doubl e bond to is.2, Tis N
S B Cand \@Wements were made by scaRAime HaGURRIBH 1APCEIOh A bR A Shiok the

hydr ogen, %Ean }aﬁgé”} '%co&lﬂmt@\éb&glré ESHBisted & a variable horizontal slit with a width

ranging from 2.0 to 2.5 mm and a vertical slit set to 2.0 mm. The diameter of the
incident beam collimator was 0.7 mm and the crystal to detector distance was 21 cm.

10  Forintense reflcctions an attenuator was automatically inserted in front of the detector.

Data Reduction

Of the 3786 reflections which were collected, 3705 were unique Ry = 0.041).

The intensities of three representative reflection were measured after every 90 minutes

of X-ray exposure time. No decay correction was applied.

15 The lincar absorption coefficient, yt. for Mo-Ka radiation is 7.7 cm-!l. An
analytical absorption correction was applied which resulted in transmission factors
ranging from 0.85 to 0.95. The data were corrected for Lorentz and polarization
cffects. A correction for secondary extinction was applied (coeffficient = 1.34465e-

" 08).
20 Structure and Solution and Refinement

The structure was solved by direct methods (SHELXS86: Sheldrick, G.M.
(1985). In: “Crystallographic Computing™ (Eds G.M. Sheldrick, C. Kruger and R.
Goddard) Oxford Univeristy Press, pp. 175-189) and expanded using Fourier
techniques (DIRDIF94: Beurskens, P.T., Admiraal, G., Beurskens, G.. Bosman. W.
25  P..de Gelder. R.. Israel. R. and Smits, JM.M. (1994). The DIRDIF-94 program
system, Technical Report of the Crystallography Laboratory, University of Nijmegan,

The Netherlands). The nonhydrogen atoms were refined anisotropically. Hydrogen
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80 nonhydro en_atons which is hydrocarbyl, hydrocarbylsil

hal o- sub¥9 ’g hydr ocar byl , hydrocar byl oxy-subst¥Fa{U<§amn71

hydr ocar byl , hydrocar byl am no-substituted 15 hydr ocar byl ,

hydr ocar byl si | yl hydr ocar byl , hydrocarbyl am no, di (hydrocarbyl)am no,

hydr ocar by b, waaqﬂitlﬁﬁeerm}de@mddthiom Bet vy rétiHRa! Thefiagl syictdofqur- or nore
groups whi ch i ndependent|ly each occurrence i s hydrocar byl oxy,

hydr ocar by nfuitdi 0¥gst-squares refligteadavddtasdd ory2 231 odeerved (elmsed:rmeu byl&id(B) am no,
hydr ocar byl am no, di (hydrocar byl )am no, di (hydroc Lphosphl no,
hydr ocar by RadiP09 vasinblhpatamerarsipd convenzed (hargest gmmetemhlérowm&@ BEEBIH

hydr ocar byl ubstl t t}ydr ocar byl

ani no- subsff‘ﬁl}‘f‘ urh%gtbgg%@%etgﬁg;araegeg%m faptory Qi o

hydrocar byl si | yl hydrocarbyl having froml to 20 nonhydrogen atons, or a
noni ntesfering group having fropd Yl P20 Faprsiydf 2@gapat oms; and each of

Rlerr], Rerr] and -120-
WD 98/ 06728

PCT/ US97/ 13171 Rlerg]_i 0 [ having froml to
80 nonhydr ogen atons which |€“ ‘]'E(EWWOP &q%la?t‘)z“ffso 25?((5)6%558%“ tuted

hydr ocar byl , hydrocar byl oxy- substltuted hydrocarbyl
hydr ocar byl am nG: - subst.i t.u rocar byls
hydr ocar byl si | yI e §Rada B{?V‘a"8'¥8{1a’]féfat§F¥"]a“°'R§€‘r“}‘ WS‘IgX ?sﬂ 45plh%nal Iy bei ng

substituted w.th each
occurrence ‘Yeé'—‘]'}w’&rsg&eé?ebyf’ R?ed on cgurﬂm &@P%%aﬂg?}? 8Fﬁ%ngF'D§8¥loFé?‘ﬁyl silyl
am no, di (hygr I b l

di (hydr ocar%yl %Eﬁ%r{ &Ic?lk %/lﬁyd?ja%?cd;rggﬁn) E’Roeé)ﬁh?{cgoﬂ% t&)ﬁk?&@‘oﬁ‘ rd(;cccz:lrq ?/‘?’%dul fido,
hydr ocagbynp unasuat ereidst i Thetneckimyohr:amdanibishym Ipydfscunahbfnhd)QIFfercncc Fourier
substituted hydrocarbyl, hydrocarbyl an no-substituted hydrocarbyl,

hydr ocar bylrﬁdddblrree;sond&@[oobvdﬁmmwm? Irvdpayteliegecar byl havi ng from1 to 20
nonhydr ogen atons, or a noni nterfering gr oup haV| ng from1l to 20
nonhydr ogen atons: or, optionall ¥ two or err Rerr],
Rlerr] and R[errf‘jcuapbmema@étﬁfmg/ crark areipken fé%mﬁremﬁwdt apest (R or

mor e Lused 55 rhgswake .99 AShEMPRILAGS! SORY cheufigoRoRDY dpgenigl oms for

each R ne or rmre sed rings ’or rrn stens bern
unsubstit uu@ihoeﬁ P&uhsaxrmmgﬁdn JABngland, Ehblaaez AN 19TRNE Afcnidsusidibgeision
|ndependentgy each occurrence are hydrocar byl oxy hydr ocar byl si | oxy,
hydr ocad? by le&e¢ty ward meluded (ﬂﬁ@%ko@@ﬂfbw&l&ﬁd)‘mhﬁ’md” C.. Acta Giygraegsby} ani no,

di (hydrocar n hos a ul fido,
hydr ocar byl’ leﬁw)sﬁlf "geﬁ)tf ﬁéta‘?’fﬁlt SﬁﬁgFB"t’?‘aP Bpe %ﬁe {(‘bg‘l h.
substituteg, cy&rmeﬁmgl W, bnydrn@&a,-nh;\ahamm @Hé%laﬂlugﬁghyh}/(fbp@r(wj C.
hydr ocar byl silyl or hydr ocar byl si | yl hydr ocar byl "having from| to 20
nonhydr ogeWdgconed.).&luwer Acadermo Rublisbers B osign, Jiablept. hadi pages 2093202t 0 20
nonhydr Oge?l&t?.?)ﬁhe values for the mass attenuation coefficients are those of Creagh and
20 Hubbel (Crcagh, D.C. & Hubbell, ].H.; “International Tables for Crystallography™,

Vol. C., (A.J.C. Wiison, ed.), Kluwer Academic Publishers, Boston, Table 4.2.4.3,

pages 200-206 (1992)). All calculations were performed using the teXsan (teXsan:

Crystal Structure Analysis Package, Molecular Structure Corporation (1985 & 1992))

crystallographic software package of Molecular Structure Corporation.

25 (a) Least-Squares:

Function minimized: Tw(|Fo| - [Fc|)2
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Zis a Y 8c;uym{)mlety ound to bot and Mvia [err]- S9 e Z
, dj b d both Cp d ia [ ]-b whs

‘conpri ses oron, or a nenber of Goup 14 of the Periodic Table of the
; El ements, and al so conprises nitrogen, phosphorus, sulfur or oxygen;
i 25 X is an anionic or dianionic |igand group having up to 60
atons excl usi ve of where wifie cuass of4Fb@ands that are cyclic,
del ocal i zed, [err]-bound lig group X' independently
each occurrence is a neutraﬂgﬁgﬁls bd@éF@ﬂgatlng conmpound havi ng up
to 20 atons,; -121- WO
98/ 06728
PCT/ US97/ 13171 i ero ,1,or 2, and is two |less than the
formal oxidation stat f+\M Mh@d‘@?$k# pFo’) an anionic ligand: when X is a
dianionic ligand gro ( )IS 1: and p* gis zero, 1 or 2.
2. T@e met al conplex of Caim1l correspondlng to the fornul a:
[err] where Rlerr], Rerr], Rerr] and Rerr] are
R groups, each of which independently is hydrogen or is a group

having from1 to 80 mOnpyshrragen at ons which i s hydrocarbyl .
hal o- substi tuted hydrocarbyl, hydrocarbyl oxy-substituted hydrocarbyl,
hydr ocar byl anm no- subs@ﬂtﬂtédnlhgrfdﬁﬂ@d&ﬂbwumhydr ocarbylsilyl, 10

hydr ocar byl si | yl hydroga each. of o err] and R[err]
optional |y being subglgrﬁ‘&ﬁ%af”“" “m“v\h"t%{‘ia&ﬁé“"&r HB{’%F Bﬁiups whi ch
i ndependent |y each ocgumpaNeskigfouRd@o@aar byl oxy,

10 Lp = Lorentz-polarization factor

p = p-factor

(b) Standard deviation of an observation of unit weight:

Y w(lFol=|Fc)’ 7 (No— Nv)

where: No = number of observations

15 Nv = number of variables

Figure 2 shows the crystal structure of (N-(1.,1-dimethylethyl)-1,1-dimethyl-1-

((1,2.3.3a,7a—n)-2-cthoxy-1H-inden-1-yl)silanaminato-(2-)-N-)-dimethyl-titanium.
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hydr ocar | O hydr ocar byl si | yl am no, di (hydrocar byl si é%/lj ]
hydr ocar %g’iﬁé no, di (hydrocarbyl)am no, di (hydrocar byl )phd‘J ﬁ‘%%},‘m‘

hydr ocar byl sul fi do, hydrocarbyl, hal o-substituted hydrocarbyl,
hydr ocar byl oxy- 15 substituted hydrocarbyl, hydrocarbyl am no-substituted

hydr ocar byl , hydMHATLY GLAIMEDBIS: hydr ocar byl si | yl hydr ocar byl havi ng
froml to 20 nonhydrogen atons, or a noni nterfering group having from
1 to 20 nonhydrogen atons; ,or, .optionally, t r nore of Rerr],
Rlerr], Rerr], g{[er T "ﬁf%??rf’plggﬁoﬁsgp?%“y%ﬁﬁg?/‘??”é’ﬁt ly linked with each
other to form one or nore fused rings or ring systens having from1
to 80 nonhydrogen atons for T_(ﬁa each R group. the one or nore fused rings
or ring systens bei ng unsubst L)J't ed or substituted with one or nore

hydr ocar byl si | oxy,

groups which are hydr ogar bylioxy,
i byl si |yl )am no. hydrocar byl am no,

hydr ocar byl si | yl am noR
-122- WD 98/ 06728
PCT/ US97/ 13171 )am no, di (hydrocarbyl) phosphi no,
hydrocar byl sul fido. hy MXpXlgal 0- substit ut ed hydrocar byl ,
hydr ocar byl oxy-substituted hydrocar byl .

hydr ocar byl am no- substituted hydrocarbyl. hydrocarbylsilyl or

hydr ocar byl si | yI Qydroris Q%ctzﬁ%@n?gné Gfpﬂtoépégtg% ﬁf;@@ﬂﬁi?&@?g%%ﬁm or a

5 noni nterfering group having from non rogen a

3. The mefeahcnt i larthefid€d ariamidider, wHiah igithele); eB or R €drindal bgidation

hydr ocar byl , . hydrocar byl silyl, hydrocarbyl oxy-substituted

hydr ocar by Staandaekiehip Ehendsd to one C)’“@Gﬁiﬁ@ﬁt’ﬂtg@@ﬂm(ﬁﬁm*byh caelet. T is O or
N. . 4. The netal conplex of Claim/%wherein_R[err] IS
hydr ocar by| dgipcalizgd. T-Roundolisins grayip having deubstitaents: oRNj-T where j is zero, I'or 5.
The nmetal conplex of aim4 wherein_RA is hydrocarbyl or

hydr ocar byl i Rbt REMRE and Zowhere RA, RB, RC and Rﬁiure R grohps; aed shereonpl ex of
Claim3 wherein the (Rlerr])[err]-T group di et hyl am no,

di et hyl am no, nethyl et hyl am no, nethyl phenyl am no, di propyl am no,
T 15 a heteroatom which is covalently bonded to the Cp ring, and to RA when j

10 islor2 and whenjis0,TisF,Cl,Br,orI; whenjis I, TisOorS, or NorPand RA

has a double bond to T: when j is 2, T is N or P; and where

RA independently each occurrence is hydrogen, or, is a group having from 1 to
‘ 80 nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, halo-substituted

hydrocarbyl. hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino-substituted

15 hydrocarbyl, hydrocarbylsilylhydrocarbyl, hydrocarbylamino, di(hydrocarbyl)amino,
hydrocarbyloxy, each RA optionally being substituted with one or more groups which
independently each occurrence is hydrocarbyloxy, hydrocarbylsiloxy,
hydrocarbylsilylamino, di(hydrocarbylsilyl)amino, hydrocarbylamino,
di(hydrocarbyl)amino, di(hydrocarbyl)phosphino, hydrocarbylsulfido, hydrocarbyl,

20 halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or

hydrocarbylsilylhydrocarbyl having from [ to 20 nonhydrogen atoms, or a
noninterfering group having from 1 to 20 nonhydrogen atoms; and each of RB, RC and
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15 dib l.amno, piperidinyl, norpholinyl, pyrrolidinyl, hexahydro
1H azepi ;1&%9?/&798 P IOhexahyéro- 1 (2H)-azocinyl, oct ahydrBCTIYSg 13”1

H azoni n-1-yl, octahydro- 1(2H)-azecinyl, nmet hoxy. et hoxy, propoxy,
met hyl et hyl oxy, 1, 1-di net hyet hyl oxy, trlnethyIS|ony or 1,

1-di met hyl e ls(kdndrc@eh,ydrss b gtouptigying from 1 to 80 nonhydrogén atoms'rhﬁlcm al CO”D' ex

T up is net hoxy 20 et hox
RS R A ] A B I L eyl
di nethyl et @y&@%ﬁfagxﬂﬁkgp\é{x% e(a;%/drocarb hr}glglrocarby]mlyl8 The metal conpl ex

of Caiml fusedrlngs or ring

YS! o5 R R R e 0 BP Rl Bt B

het er oat s oanmeré\grotps which 1rQiependently cach occurrence is hydrocarbyloxy,
-123- WO 98/ 06728
PCT/ US97/ 13ydrocarbylsiloxy, hydrocarbyjlg)lylamiriee dilstdadcacygply&amadfo, O ai m 9 wher ei n

each ring h PEJOQ%%}QI?W@% %(Mrgcarbyl)ammo dl(hygirocarbyl)&\osgﬁ tal Ct)renr) lr ]e x of Gaim

2 correspon
~where the Shy@abﬁ g”l&@lﬁéS HYdEoeh 8 Ini A& ok iigitkd hgdll;ocar% ‘ hydrocarbyl?agy- The
nmet al conpl ex of aim 11 corresponding to th
substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl. hydrocarbylsilyl or
10 hydrocarbylsilylhydrocarbyl having from 1 to 20 nonhydrogen atoms, or a

noninterfering group having from | to 20 nonhydrogen atoms: or, optionally, two or

more of RA, RB. RC and RD are covalently linked with each other to form one or
more fused rings or ring systems having from | to 80 nonhydrogen atoms for each R
group, the one or more fused rings or ring systems being unsubstituted or substituted
15 with one or more groups which independently each occurrence are hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilyl)amino,
hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino,
hydrocarbyisulfido, hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
20 hydrocarbylsilylhydrocarby! having from | to 20 nonhydrogen atoms, or a

noninterfering group having from I to 20 nonhydrogen atoms;

Z is a divalent moiety bound to both Cp and M via o-bonds, where Z comprises
boron, or a member of Group 14 of the Periodic Table of the Elements, and also

comprises nitrogen, phosphorus, sulfur or oxygen;

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

the ciass of ligands that are cyclic, delocalized, n-bound ligand groups;

X' independently each occurrence is a neutral Lewis base ligating compound

having up to 20 atoms;
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[err] where the synbols arc as previously defined.

13. Th¥8(0§728conpl ex of one of Clainms 1- 12 where -Z- PETAUBSTBITL with Z*
bonded to Cp and Y bonded to M and 10 Yis -0-, -S, -NR*-,

- PR* - Z* is SiR*[err], CR*[err], SiR*[err]SiR[err],

CR[err]CR*[err], = err]SIRerr] .. . .

CR* % err } Si R£ [ er ]r ] fcéﬁ(?r g?péi [get‘r"]P]?ffF‘\’“%‘ﬁ‘rtﬁ‘} & gxidption state of M. when X i3
CR*[err] CR [ & ﬁi&hiR‘xggﬁc;:]whe@R* [serdidrnit ﬁ%é&@obﬁr;{ ks 1: 9fd GeR‘[err]:
and i ndependent|y each occurrence i s hydrogen. or a
menber selected from 15 hydr ocar byl , hydrocar byl oxy, silyl,

hal ogenat ed al kyl g ihzdrogesrat.ed aryl, and conbi nations thereof, said
R* having up to 20 nonhydrogen atons, and optionally, two

-124- WD 98/ 06728 . .

PCT/ US97/ 13171 2 The mgtal Goropler QRERIM heasresponding (9ethe {pgmylien) . or an R -
group fromZ and an R* group fromY forma ring system .
where pis 2, gis zero, Mis in gWe +4 fornmal oxidation state, and X is

i ndependent |y each occurrence netfiyl, bemazyl , trinmethylsilylnmethyl, allyl,
pyrollyl or 5 tw X groupst‘oget er are 1 ,4-butane-diyl, 2-butene- 1
,4-diyl, 2, 3-dinethyl -2-but eneg _ 1 ,4-diyl, 2-nmethyl-2-butene- 1
,4-diyl, or xylyldiyl. T-(RA)j

5 X'qXpM

where RW, RX RY and RZ are R groups, each of which independently is
hydrogen, or is a group having from 1 to 80 nonhydrogen atoms which is hydrocarbyl.
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbyisilyl,

10 hydrocarbylsilylhydrocarbyl, each of RW RX RY and RZ optionally being substituted
with one or more groups which independently each occurrence is hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilyl)amino,
hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino,
hydrocarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-

15 substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
hydrocarbylsilylhydrocarbyl having from | to 20 nonhydrogen atoms, or a
noninterfering group having from ! to 20 nonhydrogen atoms; or, optionally, two or
more of RW.RX, RY, RZ RA and RB are covalently linked with each other to form
one or more fused rings or ring systems having from 1 to 80 nonhydrogen atoms for

20 each R group. the one or more fused rings or ring systems being unsubstituted or
substituted with one or more groups which are hydrocarbyloxy, hydrocarbylsiloxy.

hydrocarbylsilylamino, dithydrocarbylsilyl)amino. hydrocarbylamino,
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14. The netal conplex of one of Clains 1-12 where -Z- is -Z*-Y-, with zZ*

bonded t qy&ps/e¢¥ss Y bonded to M and Y is -QerussmathR -,
-PR*-: 10 Z* is SiR[err]. CRt[err], SiR‘[err]SIR[err],
CR*[err]CR*[err], CR*=CR*, CR*[err]SiR‘[err],

CR*[err]SiR*[err]CR*[err]. Si.R*[err]CR*gerr]SiR* err!}. _
CR*[err]CR*[éie(hy@v.oaarhpmnomqy@mqamﬂp pyPhioRs pdreqarbyjpulfido. hydragareyferr] ;

and e - [ occurrence i s hydrogen. or a
menber sel ecthéié> Sfurb ig)trlﬁ:ed H}gﬁﬁgﬁgg@gb%)ﬁr%?ﬁ%%g%%wﬁﬁE@oeaﬁﬂy| , hal ogenat ed
al kyl , hal og@wpaicesrbglayhino-aishtituléd hy&&ﬁ%ﬂ.&ifd%&r&y@?{f@ﬁ , said R* having up
to 20 nonhydrogen atonms, and optionally, two groups from Z (when
R* is not hydydwpsapylsdylhydrocarbyl mypng fromlZo 2AdoshydRogegraveps, ora from Y
forma ripg syst : : er, is |, is zero, Mis in the +3
formal ox?dath Bw?ﬂeéwg,gr%‘%h%qgsﬁ%\(th\‘fﬁg"g“hydmge&icl‘r‘@'f‘ﬁyl ) ani nobenzyl ,

2- (N, N-di et hyl am nonet hyl ) phenyl, allyl, nethallyl, 20

trimethylsilylally. . The t .0 ne of
Caims 1-12 wher e%]-' Z- iTshe-rE;@I\ﬁo,mR}\ﬁxt@mm 1%F dﬁﬁ‘?ﬂﬁ@%ﬁ&s B}‘fgoﬂrarwnded
to M and i i . - s - .

1o V\Bygx*st)/cgrg¥lzsnslyl, hydﬁ'o!:a"'rbyl&y sﬂb%htutederocarH?B*hydrocarbylammo

PCT/ US97/ 131 Bgbstituted hydrocarbyl an2T is © @iR*[err], CR*[err],
SiR[err]SiR[err], CR*[err]CR*[err], CR*=CR*, CR*[err]SiR*[err],
CR*[err]SiR*[err]CR*[err], SiR[err]CR*[err]Si R[err],

CR*[ err] CR¢[ er r] Si4R* [ erltie, metrbqEplgxGrGlain § Gefesn R is dydrocarbyl orGeR* [ err] ;

and ai.nd nt{,y each occurrence is hydrogen, or a
menber sé(l) ecthéﬁrof?rgﬁs‘lgpan%ﬁﬁgg%% byl , hydrocarbyl oxy, silyl, hal ogenated

al kyl , hal ogenated aryl, and
S. The metal complex of Claim 4 wherein RA is hydrocarbyl or

hydrocarbylsilyl and T is O.

6. The metal complex of Claim 3 wherein the (RA)J'-T group

dimethylamino, diethylamino, methylcthylamino, methylphenylamino. dipropylamino.
15  dibutylamino, piperidinyl, morpholinyl, pyrrolidinyl, hexahydro-1H-azepin-1-yl,

hexahydro- 1(2H)-azocinyl, octahydro- 1 H-azonin-1-yl. octahydro-1(2H)-azecinyl,

methoxy. ethoxy, propoxy, methylethyloxy, 1,1-dimethyethyloxy. trimethylsiloxy or

l.1-dimethylethyl(dimethylsilyl)oxy,.

7. The metal complex of Claim 4 wherein the (RA)j-T group i1s methoxy,

20  ethoxy, propoxy, methylethyloxy, 1,1-dimethyethyloxy, trimethylsiloxy, 1,1-
dimethylethyl(dimethylsilyl)oxy.

8. The metal complex of Claim | or Claim 2 wherein the one or more

fused rings or ring systems contain one or more ring heteroatoms which are N, O, S, or

P.

25 9. The metal complex of Claim 8 wherein the ring heteroatoms are N or
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conbi nations thereof, said R* having up to 20 nonhydrogen atons, and

opt i onal o 9drous R* groups fromZ (when R* is not hyacogsay13lor an R*
group fromZ and an R* group fromY forma ring system

when pis 0, gis |, Mis in the +2 fornmal oxidation state, and X is 1, 4-
10 di phenyl -1, 3;butadiene, .1 3-pentadi.ene or 2, 4-hexadi ene :

16. The net al ca)(g'pl egﬁ'%fm%@o%?l%@oglaﬂ%m% "—Vﬁ)efgmvﬁ?&'? gn Ft§r°§l°r%fsaW' from one
of Groups 3-6, one of Goups 7-9 or one of G oups 10-12. 17.
The metal conpl ex)pf Craé Mebdcomisler obCigma dBRteaporidi AMoQREfd@iula oups

3-6. 15 18. The netal conpl ex of aim16 where Mis a netal
fromone of G oups 7-9. 19. The nmetal conpl ex of
Claim 16 where Mis a meta® from one of G oups 10-12.

20. The metal conplex of Claiml1l7 where Mis a netal from Goup 4. 20
21. The netal coupl ot Caim 20 where Mis Ti. 22. The
met al conpl ex of whe wﬂ)i s Zr. 23. The net al
conplex of Claim?2 is Ti 1s the +4 fornal oxi dation state.

-126- WO 98/ 06

PCT/ US97/ 13171 24. The metal conplex of Aaim21 where Mis

Ti is the +3 fornal %xi dation state. 25. The net al
conplex of CdaimZXpgXpgMre Mis Ti is the +2 fornal oxi dation state.
5 26. The metal conplex of Claim22 where Mis Zr is the +4

f or mal oxi dation state.

where the symbols are as previously defined.

5 12.  The metal complex of Claim 11 corresponding to the formula:

T-RY),

X’qXpM/
where the symbols arc as previously defined.

13.  The metal complex of one of Claims 1-12 where -Z- is -Z*-Y-. with Z*

bonded to Cp and Y bonded to M, and
10 Y is -O-, -S-, -NR*-, -PR*-;

Z* is SiR*9, CR*2, SiR*3SiR*9, CR*9CR*5, CR*=CR*, CR*,SiR*2,
CR*3SiR*9CR*7. SiR*9CR*7SiR*9. CR*9CR*,SiR*9. CR*9CR*72CR*1. or
GeR*>: and

R* independently each occurrence is hydrogen. or a member selected from
15 hydrocarbyl, hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and

combinations thereof, said R* having up to 20 nonhydrogen atoms, and optionally, two
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27. The metal conplex of Claim22 where Mis Zr is the +2 formnal

oxi dat i JHO98/647as 28.  The netal conplex of oRETHFIMNATe 13- 27
where Y is -NR*. 10 29. The netal conplex of Claim28 where R*
is a group having a primry or secondary carbon atom bonded to N.

30. The megal, e |, SR € hﬁgﬁ{l PL | .

31. The net af’r&@wogzg%h% gl E%hﬁ%g%)ﬁ?é%ﬂf%g\éﬁ ou%t fzo‘sr?{r(riudnsﬁ R)Férr]
-127- fAEMIBLRGY2Bng system;,

PCT/ US97/ 13171 32. The metal conplex of C aim 23 correspondi ng

to the fornul a: . ) . o ..
where p is 2, q is zero, M is in the +4 formal oxidation state. and X is

independently each occurrence methyl. benzyl, trimethylsilylmethyl. allyl, pyrollyl or
5 two X groups together are |,4-butane-diyl, 2-butene-1,4-diyl, 2,3-dimethyl-2-butene-

1,4-diyl, 2-methyl-2-butene-1.4-diyl, or xylyldiyl.

t4.  The metal complex of one of Claims [-12 where -Z- is -Z*-Y-, with Z*

bonded to Cp and Y bonded to M, and
Y is -O-, -S-, -NR*-, -PR*-;

10 Z* is SiR*2. CR*2, SiR*2SiR*9, CR*9CR*2, CR*=CR*. CR*28iR*3,
CR*78iR*2CR*1, SiR*2CR*3S5iR*>. CR*9CR*2SiR*3. CR*2CR*2CR*5. or
GeR*3; and

R* independently each occurrence 1s hydrogen, or a member sciected from
hydrocarbyl. hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and
IS  combinations thereof, said R* having up to 20 nonhydrogen atoms, and optionally, two
R* groups from Z (when R* is not hydrogen), or an R* group from Z and an R* group

from Y form a ring systcm:

where pis 1, g is zero, M is in the +3 formal oxidation state, and X is 2-(N.N-
dimethyl)aminobenzyl. 2-(N,N-dimethylaminomethyl)phenyl, allyl, methallyl,
20 trimethylsilylallyl.

15, The metal complex of one of Claims 1-12 where -Z- is -Z*-Y -, with Z*

bonded to Cp and Y bonded to M, and

Y is -O-, -S-, -NR*-, -PR*-;

-125-
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[err] | 5 33. The netal conplex of Caim23
corr esponWNOp/A6R& he formul a: % [err] PCT/USI7/EYT
metal conplex of Cl aim 23 corresponding to the formula: [err]

-128-

Z* is SiR*9, CR*7, SiR*3SiR*9, CR*3CR*5, CR*=CR*, CR*2SiR*1,
CR*78iR*9CR*7, SiR*aCR*2SiR*y, CR*9CR*2SiR*9, CR*2CR*2CR*7. or
GeR*5; and

R* independently each occurrence is hydrogen, or a member selected from

5  hydrocarbyl, hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and

combinations thereof, said R¥ having up to 20 nonhydrogen atoms, and optionally, two

R* groups from Z (when R* is not hydrogen), or an R* group from Z and an R* group

from Y form a ring system;

when pis 0, q is 1, M is in the +2 formal oxidation state, and X is 1,4-

10 diphenyl-1,3-butadiene, |,3-pentadiene or 2,4-hexadiene.

16.  The metal complex of one of Claims [-15 where M is a metal from one

of Groups 3-6, one of Groups 7-9 or one of Groups 10-12.

17.  The metal complex of Claim 16 where M is a metal from onc of Groups
3-6.
{5 8.  The metal complex of Claim 16 where M is a metal from one of Groups
7-9.
19. The metal complex of Claim 16 where M is a metal from one of Groups
10-12.
20.  The metal complex of Claim 17 where M is a metal from Group 4.
20 21.  The metal complex of Claim 20 where M is Ti.

2
9

The metal complex of Claim 20 where M is Zr.

23, The metal complex of Claim 21 where M is Tt is the +4 formal

oxidation state.

-126-
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WD 98/ 06728

PCT/ US97WPPB06728 35. The netal conpl ex of O ai m 2XTHPEYHIhding to
the forml a: [err] 5 36. The netal conpl ex of
Cl aim 23 corresponding to the formul a: [err] 37.

The metal conpl ex 28f ClTermed complaxsyfdridirmg! wherer i$ @i isuhe+3 fornml [err]

oxidation state.

25.  The metal complex of Claim 2| where M is Ti is the +2 formal

oxidation state.

5 26.  The metal complex of Claim 22 where M is Zr is the +4 formal

oxidation state.

27.  The metal complex of Claim 22 where M is Zr is the +2 formal

oxidation state.
28. The metal complex of one of Claims 13-27 where Y is -NR*.

t0 29, The metal complex of Claim 28 where R* is a group having a primary

or secondary carbon atom bonded to N.
30.  The metal compiex of Claim 29 where R* is cyclohexyl or isopropyl.

31.  The metal complex of Claim 23 corresponding to the formula:

<

N
\ —CH,

HyCresSi CHy

Ti.-
HJC/ leaCt

/e

N
e
CHs

HaC

15
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PCT/ US97 M3 25706728 38. The netal conplex of O ai m2¥EHPEEYN3hding to
the forml a: [err] 5 39. The netal conpl ex of
Claim 23 corresponding to the formul a: [err]

' 32 The metal complex of Claim 23 corresponding to the formula:

<

N—CH,
“CH,
HJC""'Si Tiias
H;C/ LCH

\\//.\\CW

H4C
it CHa
5 33. The metal complex of Claim 23 corresponding to the formula: %.

_

oy,
T
3 "') ! Tipgh
Hic /g
N
H,C
oo O
34.  The metal complex of Claim 23 corresponding to the formula:
-y,
Ha Gl Si \ !
F:;,C/ Ti""lCHJ
CH,y
HC
10 He
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40. The nmetal conpl ex of Oyggﬁ{s%usm
41.

corresponding to the formul a: [err] 5
catal yst system for olefin polymerization prepared from catal yst

system conponent s 360NPrikgicidal complex of Claim 23 td¥respordif@icdhy Formdaponent

conprising a netal conplex of one of Clains 1- 40; and
(B) a cocatal yst conponent conprising an activating cocatal yst wherein
the 10 nolar ratio of (A to (B) is from1: 10,000 to 100: 1;
activation of (A) by use of an activating technique.

e
\ >

HyCreeSi ver
H:,C( reentiCy
Ci
N
e
HsC CHy

36.  The metal complex of Claim 23 corresponding to the formula:

s

\ T
HsCr S ZruCH,

o \N/ \CH,

37.  The metal complex of Claim 23 corresponding to the formula:

HaCr S TieernCl

e \ ™
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42. The catal yst systemof Caim4l further conprising (C) an al um num

or ganome ™0 b3/esTe® ponent . 43. The catal yst REHEHTEIE ai m 42
wherein the al um num organonetal lic 15 conmponent conprises an al unoxane,
an al um num al kyl or a conbination thereof. 44, The cat al yst
system of ‘one of Ggal Moriftls A3 WAGIEI 0t dibi, S9EGEbKRIing tq the FGARONEN!
conprises an organoboron conp Whi cho18 noni onl ¢ oF 1 oni o,

45, The catal yst system of CI al m 44 wherein the cocatal yst conmponent
conprises tris(pentafluorophenyl )borane.

-13 1- WD 98/ 06728

PCT/ US97/ 13171 46. The catal yst system of C aim45 wherein
t he cocat al yst conponent conpri sI unoxane and
tris(pentafiuorophenyl)borane in a nmol ar T prom 1: 1 to 5:1.

47. The catal yst systemof one of O ains A1\46 ¢&rther conprising (D) a
5 support conponent conprising a sypalst mat\grl al which is a polyner, an
i norgani c oxi de, a netal hali de,c’o\ % '?H’-‘e t her eof .

48. A catal yst systemfor olefin polyneri ,@(?: on e epared from catal yst
syst em conmponents conpri si ng: (A a catal yst conponent
conprising a netal conplex of one of C & - 10 -40; and

(B) a cocatal yst conponent conprising aggcacthvating cocatal yst wherein

t he nmolar ratio of (A) to (B) is from 1: 10,000 to 100: 1

wherein the nmetal conplex is in the formof a radical cation.

5 39.  The metal complex of Claim 23 corresponding to the formula:

o

\ DSiMe,t-Bu

Hacllﬂ'si Ti"'
HaC” "C(': [
HaC
Hd G

10
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49. A process for the polynerization of olefins conprising contacting one
15  or moP&97%8 ] [err]-ol efins under pol ynerization con?figf’p&?éuwlth a
catal yst system of one of Clains 41-48. 50. The
process of C aim49 wherein ethyl ene, propylene and optionally a

nonconj ugat ed di er®. ar elteapeahlyceaiple@eds Claim 23 correspondinB e the f&RSulRr ocess of

Cl aim49 wherein ethyl ene, propylene, or ethylene and 20 propyl ene, and
one or nore CJerr] [err]-olefins are copol yneri zed. 52.

The process of one of Clainms 49-51 wherein the process is carried out

in solution. 53. The process of one of Cdains 49-51
wherein the process is carried out i.n the gas phase.

-132- VO 98/ 06728 )

PCT/ US97/ 13171 54.  The [@e@ys of one of Caims 49-51

wherein the process is carried out %s OSiNe,-Bu 55. A
hi gh tenperature sol ution pol ymeriﬁ t..i..%. progess for the

pol yneri zation of ol efins conprisinp-«0Rt act jThgravke or nore C[err]

[err]-ol efins under 5 pol yneri z %io&o dit™eps with a catal yst system
of one of Clains 41-48 at a tenperdfure fromabout 100[err]C to
about 250[err]C 56. The/process of C aimb55 wherein the
tenperature is fromabout 120[err]C HsC to about 200[err]C

57. The process of C aim 56 wherein tie t®hperature is from about
150[err]C 10 to about 200[err]C.

5 41. A catalyst system for olefin polymerization prepared from catalyst

system components comprising:

(A)  acatalyst component comprising a metal complex of one of Claims I-

40:; and

(B)  acocatalyst component comprising an activating cocatalyst wherein the
10 molar ratio of (A) to (B) is from 1:10,000 to 100:1: or activation of (A} by usc of an

activating technique.

42.  The catalyst system of Claim 41 further comprising (C) an aluminum

organometallic component.

43.  The catalyst system of Claim 42 wherein the aluminum organometallic

15 component comprises an alumoxane, an aluminum alky! or a combination thereof.

44, The catalyst system of one of Claims 41-43 wherein the cocatalyst

component comprises an organoboron compound which is nonionic or ionic.

45.  The catalyst system of Claim 44 wherein the cocatalyst component

comprises tris(pentafluorophenyl)borane.
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58. A pol yol efin product produced by the process of one of Cl ains -57
59. ThevBaBO&REf i n product of C aim 55 wherein the prodl& ’H%?g’lﬂﬂém 0.01
to 3 long chain branches per 1000 carbon atons. 60. The
pol yol efin product of C aim 58 wherein the product is a copol yner 15

conposi tion which ggas af['tﬁmm{”?)"steﬂ%ft@talrﬁ%%eféﬂﬁércogtﬁ?h]coﬂfﬂoﬁ@m' s equal
to or greater than 1. 10 or a nol ecul ar wei ght itioning factor

Mpf whi ch is coqpaisesta alwmoxane and gis¢penéafluohaphedylbot&ie iva ol grontia dresy (:1
partitioning factor Cferr] which is equal to or greater than 1.10
and a nol ecul'8r:hei ght partitioning factor Merr] which is equal to or
greater than 1.15. 20 61. The pol yol efin product of

G aim60 wherein tge coply st ﬁ@ﬁﬂpéhﬂe‘mc}mms 4lht?§fuﬁh%:iy?l g (D) a

partitioning factor Cerr] I's equal or greater or a
mol ecul ar SWEIsgbporpedmpdneﬂmdﬂg)rfsmgtmpfs{)rel‘rraler)MlMzh:hl isa palyaier.tan insrganieat er
than 1.30, or conononer partitioning factor Clerr] which is equal
to or greateroxﬂ¢¢ah metg haligey opa mixture theggpecul ar wei ght partitioning factor
Merr] which is equal to or greater than 1.30.

- 133- VO 98/ 06728
PCT/ US97/ 13171 - 4720 A caalyst sggem f°"A°‘8§’é STz MR I EHY Y i gand of

one of C aing amA,Q;o‘f,ﬁ;@h@mg Bémprising: |1 gand is | n the form of:
(A a free base with 2 protons capabl e of being deprotonated;

(B) adilithiumsalt: 5 (© a_magnesiumsalt: or

(D) a mono or di si(A)l atzestaiyshpemmpenent comprising a metabgomplex)of opg obClimaihd of
Claim 62 lBor 4%ynt41e5| s to produce a netal conpl ex of one of C ains
1-40. Use of a ligand of Claim62 for synthesis to
produce a netal conpl ex 10 conprising a netal fromone of Goups 3 to 13

of the Periodic TaBhe Qi‘cdchxelyEdmmmcomprmnhha atavitingRbelRsy Qrwhedih tedes.
and froml to 4 of the ligan
molar ratio of (A} to (B) i 1% from 1:10,000 to 100:1

wherein the metal complex is in the form of a radical cation.

49. A process for the polymerization of olefins comprising contacting one

15 or more Cp_9( a-olefins under polymerization conditions with a catalyst system of one

of Claims 41-48.

50.  The process of Claim 49 wherein ethylene, propylene and optionally a

nonconjugated diene are copolymerized.

51.  The process of Claim 49 wherein ethylenc, propylene, or ethylene and

20  propylene, and one or more Cq.70 t-olefins are copolymerized.

52.  The process of one of Claims 49-5] wherein the process is carried out

in solution.

53.  The process of one of Claims 49-51 wherein the process is carried out

in the gas phase.
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54.  The process of one of Claims 49-51 wherein the process is carried out
in a slurry.
55. A high temperature solution polymerization process for the

10

15

polymerization of olefins comprising contacting one or more Ca_20 Qt-olefins under

polymerization conditions with a catalyst system of one of Claims 41-48 at a

temperature from about 100°C to about 250°C.

56.  The process of Claim 55 wherein the temperature is from about 120°C

to about 200°C.

57.  The process of Claim 56 wherein the temperature is from about 150°C

to about 200°C.
58. A poiyolefin product produced by the process of one of Claims 49-57.

59.  The polyolefin product of Claim 55 wherein the product has from 0.01

to 3 long chain branches per 1000 carbon atoms.

60.  The polyolefin product of Claim 58 wherein the product is a copolymer

composition which has 4 comonomer partitioning factor Cpf which is equal to or
greater than 1.10 or a molecular weight partitioning factor Mpf which is equal to or
greater than 1.15, or a comonomer partitioning factor Cpf which is equal to or greater
than 1.10 and a molecular weight partitioning factor Mpf which is equal to or greater

than 1.135.

61. The polyolefin product of Claim 60 wherein the copolymer composition

has a comonomer partitioning factor Cpf which is equal to or greater than 1.20 or a
molecular weight partitioning factor Mpf which is equal to or greater than 1.30, or a
comonomer partitioning factor Cpf which is equal to or greater than 1.20 and a

molecular weight partitioning factor Mpf which is equal to or greater than 1.30.
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62. A cyclopentadienyl-containing ligand of one of Claims 1-40 where the
ligand is in the form of:
(A) a free base with 2 protons capable of being deprotonated;
(B) a dilithium salt;
5 (C) a magnesium salt: or
(D) a mono or disilylated dianion.

63.  Use of a ligand of Claim 62 for synthesis to produce a metal complex of

one of Claims [-40.

64. Use of a ligand of Claim 62 for synthesis to producc a metal complex
10 comprising a metal from one of Groups 3 to 13 of the Periodic Table of the Elements.

the janthanides or actinides. and from | to 4 of the ligands.

15
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