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4- ARYL- SUBSTI TUTED, TRI CYCLI C | NDENYL DERI VATI VES Cross Reference

St at ementw 200M/@3egpl i cation clains the benefit of U S. pemms2ei3mnedss
Application Nos. 60/400,489, filed August 2, 2002 and 60/400, 398, filed
July 31, 2002. Background of the Invention This invention relates to a

class of GHfPR4 COMBLEXES CARMT AT IG Iy me¥ + SaBSeh VIR dRJsY sTier i ved
therefromthat are particul arl ywsghkvaberiiarmvse in a pol ynmeri zati on
process 10 for preparing honopol yners and copol yners of ol efins or

di ol efins, including copolyners conprising two or nore olefins or diolefins

such as copQlyRBLS.EPRLAsL N a monovinyl  aromatic nonomer and et hyl ene or
'—é_rl s‘g“g“‘l n etgfl%*

copol ymer s conp ylene, propylene and a conjugated diene. In USP
5, 965, 756 t her eThieampliditive cloedhetmant il of U dugyistiomabdpplicaipadipsy 04P0.48Rdeny |

15 conpl ext?l%drh{?@}st%'bg’z@%5Hb+¥989%d9¥1‘§%1a§009| efin polymerization catalyst
conponent s. e- present conpl’exés are“species within this previously

di scl osed Bzhgoanddf tiglowgntidn net al conpounds. Sunmary of the I nvention
According to the .present invention re provi tal .exes 20
cor r espondi ng P@h 1?%@“&8?%?%5%??fﬁssﬁ%r&%u%rﬁn%l Olélﬁaegﬁ%ﬁdaf‘g%tﬁl n%%%{l&lzi rconi um
or haf ni unatalystshierived, ther&frant thatdrd partiaullarkysiitidbld formsstias pylymdRizatiordepesdent | y
each occurrence is hydride, hydrocarbyl, .silyl .. gernyl. _halid

hydr oot by PBRSPHEHPBRRERHE SRR PUBTTSF LR ol copctymers

di ( hydr ocagdmprisiapiwi®er i2dre bi¢Hiisae Alolfine nedns dpolydiefsepaipadag Hybiptosphi no,
hydr ocar byl ene- phosphi nao, ydr ocar byl sul fi do, an-subsﬁitut d

hydr ocar by FoRfFdRROTEhAd sy eBe BEOPPIET CRAYRT SRRy PrESF 28 st i t ut ed
hydr ocar byéonjugiidd @iead. byl si | oxy-substituted hydrocarbyl,

hydr ocar byl si I'yl am no- substituted hydrqcarbyl, L.

di (hydr ocar byl ) Bri? $o2-2re0iters By dﬁ%?rege%ﬁ%%@wp 4 metal fused ring, indenyl

hydr ocgy bylaaael Merwdidsderliy bR ohors @i R lymet kA d4A¢AEMponeROSPRY no 30

substituted hydrocarbyl, hydrocarhbyl ene-phosphi no-substituted hydrocarbyl,
or 1 present complexes are species within this previously disclosed genera of Group 4 metal

compounds.

Summary of the Invention

According to the present invention there are provided metal complexes

20  corresponding to the formula (I):

where M is titanium, zirconium or hafnium in the +2, +3 or +4 formal oxidation state;
R’ independently each occurrence is hydride, hydrocarbyl, silyl, éermyl, halide,
hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbyl)amino,

25  hydrocarbyleneamino, di(hydrocarbyl)phosphino, hydrocarbylene-phosphino,
hydrocarbylsulfido, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
silyl-substituted hydrocarbyl, hydrocarbylsiloxy—substituted hydrocarbyl,
hydrocarbylsilylamino-substituted hydrocarbyl, di(hydrocarbyl)amino-substituted
hydrocarbyl, hydrocarbyleneamino-substituted hydrocarbyl, di(hydrocarbyl)phosphino-

30  substituted hydrocarbyl, hydrocarbylene-phosphino-substituted hydrocarbyl, or



WO 2004/ 013149 PCT/ US2003/ 016265 hydrocar byl sul fi do-substituted

hydr ocarbyl, said R group having up to 40 nonhydrogen atons, and

opt i onal |wot2eor/@si4eor e of the foregoi ng groups nay togetrlearuscanmeesi val ent
derivative; R' independently each occurrence is a C6_12 aryl group; 5 R"

is a divalent hydr rbyl ene-. or substityted hydrocarbylen roup formng a
f used systlggﬁoﬁ?%ﬂsﬁﬁ‘go"?“éﬁg&ﬁ%}@f roé’f‘r%l?' ];éa“ﬁrgt %rlou%%%qgélf o As{éflm E?f?queg’ ont ai ni ng
from 1 to a¥dins, BEdpyidhigeno at 0e6rs pf e f@egdirdi gralpe niay Mpedénfornos digalemdi et y

conprising one r-bond and a neutral two electron pair able to forma
coor di nat é°B¥Pent bond to M said Z conprising boron, or a nenber of 10

G oup 14 of thepPagégeedetly adeh Becafredddes FELYEME Sougnd al so conpri si ng
nitrogen, phosphorus, sulfur or oxygen, X is %ggonoval ent anionic |igand
group Raving upkt dsagivalerihydisarpyiency er sybstified toidspearbylgre soupdRORnE fat  ar e

cyclic, deh@aaldaedithMeRodndid boathear ix, shid RNOQRA dny 1 @ath _
occurrence is a neutral ligating conpound having up to 20 15 atons; X' is
a di val entnoghydsedee alopgand group having up to 60 atoms; p is zero, 1, 2, or

3, qis zero, lyqr cl"fvaléi’lpgoﬁgrf ééxsda@gs c%]i)r}sing%gle B8 LA B QRN ¥R rdac cor di ng

to the present Tnvention t conpl exes corresponding to the
f or mul a ( |dajr:abR t&RfprD adoRdFiateXovalanh bonsl th/M, sait Ztcampuising borers ord membar ohaf ni um

in the +2, .+3 I i i at e 1..R._h t

occurr 1eonceGrimslp %%ﬁge’g{g‘%,{o 1?%% Ogﬁ%?/a? %ﬁiezl{rsa%n?yallsoS?m@ﬁgfggng[?%ﬁ’,ﬂh é?ﬁgl%g’f erably
met hyl or dodnzotloxygeRh is a C6_12 aryl group; R independently each
occurrence is drogen, C1 6.al kyl . or cl oal ref er abl e
occurrence R i ts.l%lﬁ 8lb°le\'ﬁ]:erjlt?n1°§1°§§?i1d\%?u@n Vlrr’}%lll%py%o By X?r%iﬁ‘é %fﬂclzeo%%slrgi si ng
one 6- bondofaishds tixe e lcpdlict dsbcaliR6, - und Bfendatdupsibl € to form a

coor di nat e- cov a}li’ei?lElep%ggegﬂ}tl gac]q/locc?lgier%e %s a? r?eqlggli hsgiat?rgg cl())?nrpgur}fd hgxl;inga u;%%e roof
15 atoms;
X is a divalent anionic ligand group having up to 60 atoms;
pis zero, 1,2, or 3;
q is zero, 1 or 2, and
ris zero or 1.

20 Preferred complexes according to the present invention there are metal

complexes corresponding to the formula (II):

RS RO

RS R

Z,MXchPC'r

R
where M is titanium, zirconium or hafnium in the +2, +3 or +4 formal oxidation state;
R” independently each occurrence is hydrogen, C.jo alkyl, aratkyl or cycloalkyl,

25  preferably methyl or benzyl;
R®is a Cq.1, aryl group; .
R® independently each occurrence is hydrogen, C;.¢ alkyl, or cycloalkyl, preferably

each occurrence R°® is hydrogen;

Z is a divalent moiety, or a moiety comprising one c-bond and a neutral two electron

30  pair able to form a coordinate-covalent bond to M, said Z comprising boron, or a member of



2 WD 2004/ 013149 PCT/ US2003/ 016265 G oup 14 of the Periodic Table of the
El enents, and al so conprising nitrogen, phosphorus, sulfur or oxygen; X is
a nonoval wot2oeuniienioc | i gand group having up to 60 at ons pexalsaaidxes2ws the
class of ligands that are cyclic, delocalized, n-bound |ligand groups; 5 X
i ndependent | curr L neutral. 1igating conpound having up to
20" bt o Crsde PESIGRGRATARE of B BRI <bb SBhiiha AR MR B e
is zero, kplfiorokygsh; q iS zero, 1 or 2, and 10 r is zero or 1. The above

conpl exes may ist as i.sglated . crystals aoptio ly in pure formor as a
i xEur e i th othi RamsHEReBo R HEE R arBh LR it AR na 1y
in a sol vesfligande SREGE 8ydli¥, @%cﬂi@@,ﬂﬂ-&‘ouhd%ﬂadgro&ﬁs;m” as in the formof a
di mer or cheFat ed derivative thereof, erein the chelating agent is an

organi ¢ materi at BefpRdsatineasl PesHEenc I APl ligatingcrrmparddavingur ©3PA) . Al so,
accordi ng @t he present invention, there is provided a catalyst for olefin
pol yneri zation conprising: A 1) a netal conplex of formula (1) or (I1),
and 2) an acti¥asidiyalegtanicnioligand groun yinggipde 60 pmy of 1) to 2) being from
1: 10,000 to 100;;1,.8r1.B.oigne reaction product fornmed by converting a netal
conpl ex of forrula ’I])’ or (Il) to an active catalyst by use of an
activating technisgere.l & evbr according to the present invention there is
provi dgd a proc@g%e <§<8f the polynerization of olefins conprising contacting
one or nore C2- (r -o1'efi ns under 25 polynerization conditions with a
cat al yst conpr i Biengove complExesamayesxist asggrqiédecxystdls dnsiomallyan ptrf fam ofk$ ), and 2)
an activatjng cocatal t he. [ rati f 2 L m 1: 10, 000
to 100: 1, OF i %tﬁ?%gc }eé?ls’ Bﬂg%ﬁ)g{l 0?%%0%%d8§3%%%8§%3?§81 %gso% al conpl ex
of for nul aspdcialipen ighnic tiquid, s w0 agintthe/ferne af adiyst olvhelated dafvatve thataofyat i ng
te]? ]? Ih 2: gg? 'Vﬁl‘;égegrbg{e F%%a%@%raggn‘% E]stan%?gtagfc Satcesriaﬁs%gh gsre%y?ésnséggmgn%ftégge}cgﬁcl ar(]:idt he highly
15 (EDTA).

p

Also, according to the present invention, there is provided a catalyst for olefin
polymerization comprising:
A. 1) a metal complex of formula (I) or (II), and
2) an activating cocatalyst,
20  the molar ratio of 1) to 2) being from 1:10,000 to 100:1, or
B. the reaction product formed by converting a metal complex of formula (I) or (II) to an
active catalyst by use of an activating technique.
Further according to the present invention there is provided a process for the
polymerization of olefins comprising contacting one or more C,.59 o-olefins under
25  polymerization conditions with a catalyst comprising:
A. 1) a metal complex of formula (I) or (II), and
2) an activating cocatalyst,
the molar ratio of 1) to 2) being from 1:10,000 to 100:1, or
B. the reaction product formed by converting a metal complex of formula (I) or (I) to an
30 active catalyst by use of an activating technique.
Use of the present catalysts and processes results in the highly efficient production of
high molecular weight olefin polymers over a wide range of polymerization conditions, and
especially at elevated temperatures. They are especially useful for the formation of ethylene

homopolymers, copolymers of ethylene and one or more a-olefins other than ethylene,



hi gh nol ecul ar wei ght ol efin polyners over a wi de range of polynerization
conditions, and especially at elevated tenperatures. They are especially
useful fowotdeydier4aati on of ethyl ene honopol yners, copecynener3oicss hyl ene
and one or nore a-olefins other than ethylene, 3 WD 2004/013149

PCT/ US2003/ 265 ol ymer f _ethyle ne and a_ diene (EPDM
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of et hyl ened stgteye Esepolyamds)acodolgmers CESDNbypo Stymes, 8)1d a diened ESDpDpotyeers), of

hyl : EP I .. Th f th I :
Cspct al | /00 RERDTRR B R M@ TRAEAT e HELRES SR BT et B3 YakE on Stat e i 5

cont i nuousom@lekids] Epediflythze WvhatinaRsmeilipin thé AYfoymsiesidhfich sifle fnor mat i on of

pol ynmers, especially EPDM ter.pol yners havin xtremely }&i h nol ecul ar

Wi ght 5. FRETESYSHoy o PR me7AoR SHBEPEN P IS ENE L aBEBFeEPEAY suppor t
mat eri al @APDMSEshlyhéts RAved Rir@dly IR hbdchlanwggsesses in a slurry or in the
gas phase. The catal yst may be _prepolynerized with one or nore ol efin
mononers in si tieicptalysts g thisapventinn may ql@d)@tswozﬁd Phe &PRet wasE apdufocess

W th int enmBRERbOYMESAES Prolsseh HEa MMBP&! i IRIchZ Ml atna sl stiidy®e t0 the
primary polynerization process. Conpared to conplexes |acking in the
present amyiPolFstipdstilseenmers oAfinPRROMETS R Fifh ip A PolymeriFE0R [Apeips QTR &d

i ndenyl | is98RM8e ploB&s RitE SR GREPLBYES oﬂtﬁ@?ﬂ%ﬁ&l&ﬁ&‘?ze@%ﬁ&ﬁbri%&kﬁé‘ ty and
incorporate increased quantities of a-olefin or other Conononer into

et hyl ene @pwrypabymerizaipnsesessdi ngl y, catal yst conpositions including the
present netal S : thé[lﬁi - gl ef

copol ymers in gre tagera%e |I§?Xg%§;a}ag%élﬁ%erprg%ee capa gﬁ%ﬁuﬁg%mﬁlﬁg P%%:%g% yners
of | ower détwmistlstituedendanylligend, detpreshettcomplekesclepotsimte igeeatsasaivitnerdeased

| evel s of . incorporatiqn of. .the a-olefi nononer.. talled scription of
tho- 1 nvendTBP R bl oo Rt tnsthef STRASTE o ok EreREN  herei n
shal | 15ef exccodiniglye cdely it ochpositibadineludihg the @restne metal sompbesbs ars hadbiand
copyrighted py. ress, nc., 1999. Also,. an reference tqQq_a Group or

& o shartdas EGYERGSag oot s eRn il e Pl BORTO - Tabl o
of the El e8pdlirfierd s RGet MBsity\ RAGo SeThd Maf Qich Bap¥B ek HivEneteRkd 1dvelk opur poses

of United States patent practice, the contents of any patent, patent

appl i cat i GRFOBROTHIGBIOf B4 (Cr IPI9MOBYIARi i ed herein are hereby incorporated by

ref erence phdhifedPebcr®Rbl s8hymvesBeci al ly with respect to the disclosure of
synt heti c ‘tTechni ques and genéral knowl edge in the art. The term

"compr®si ng"  whehrefpsense krethePeriogict Febleod Bedilenantsshersiiipald raferdmthedesiedie e or
process 1 S fRlyr tﬂe%gﬁ%?sg{)&ebgs}%é%d'%yﬁmemﬁé PRE, IR, ?§®?Czﬁsc95n}ﬁny ot her

conpound, conponent or S
reference to a Group or Groups shall be to the Group or Groups as reflected in this Periodic

Table of the Elements using the [UPAC system for numbering groups. For purposes of
United States patent practice, the contents of any patent, patent application or publication

25  identified herein are hereby incorporated by reference in their entirety, especially with respect
to the disclosure of synthetic techniques and general knowledge in the art. The term
“comprising” when used herein with respect to a composition, mixture or process is not
intended to exclude the additional presence of any other compound, component or step.

Olefins as used herein are Cy 199,000 aliphatic or aromatic compounds containing

30  vinylic unsaturation, as well as cyclic compounds such as cyclobutene, cyclopentene, and
norbornene, including norbornene substituted in the 5 and .6 position with C, hydrocarbyl
groups. Also included are mixtures of such olefins as well as mixtures of such olefins with
Cap diolefin compounds. Examples of the latter compounds include ethylidenenorbornene,

1,4-hexadiene, and norbornadiene. Long chain vinyl terminated monomers may be formed



O efins as used herein are C2-100, 000 aliphatic or aromati c conpounds
containing 30 vinylic unsaturation, as well as cyclic conpounds such as
cycl obut ewe,20oey@bBopent ene, and norbonmene, includi ng noroarmEnesswéssi t ut ed
inthe 5 and 6 position with Cl-20 hydrocarbyl groups. Al so included are
m Xt ures . fi as | . as_m xtures, of such.qglefins with C4-40
ol of i n SaiBE0HAVRLI AR RTGE] rRer b€ BusimEG e PGt e agon

i denenor bofrepeton fignda frewadipelyeer atizth. richidypoceatiesitein ihangpratvaioneatiengly

Gt gt he RO HEPTART FORIBRERE | 1 (PRSRMPENgE (HE SHHORCHNEREDF

(3- hydri daexeinit and EBpEdiONy suicd fartq@é Qilﬂ]l?paiati?ﬁbﬁetlﬂﬁ@lﬁfﬁ?@ywlﬁ)é?@[engm?hﬁ?%Thi S
process results._in incgrporation of extrenely ong chains into e

resul t ? ng e%%{eﬁ?%k‘?xei“‘?’ eg’.y ﬁp?{ﬁ&% &P%et@‘é‘}?@ﬁ?%“@? CqROLTRERY A WrRtka8 IR P D cesses
her ei n ar ef ehjes, flobylertlind Qﬁorfc@ﬁju%b‘i&i dithePleRPRRA & ds PDAL pQYANs ene/ propyl ene,
ethylene/ | -butene, 5 ethylene/ 1-hexene, ethylene/styrene, and ethyl ene/

1- oct ene EBPRYNFE PEetdengairppylane pagd Breysrsiared e asdiiSynobmeers, pr epplyares and a
nonconj ugat edylehee R9rend B MLEDnfuRaRS diEEQMfH@dX%r@DM%&P&Q}S}( mers of

et hyl ene, propyl ene and styrene, referred to as EPS polyners, or

terpol ymers ofMIOKpyIgFEatis mpnamers H7dsahesdin fshidegen eyl shibstiteted ethflerer ed to as
ESDM pe!l Y @BhSound MRR@ b gmat i ¢ monomers for use herein include C8_20
aryl substituted ethylene 10 conpounds having the fornula: RR R RL R2 O
RIL R2 R2 R2 whereif2 RRl independently each occurrence is hydrogen or
Cl_4 alkyl, and, R2 ijndepgndehtly each occurrence is RL or halo. 15 In the
met al conpl exes,? groups are carbon nonoxi de; phosphi nes,
especially trimeth phi neRitri et hyl phosphi ne, tripenyl phosphi ne and

bi s(1,2- dinethyl phosghino) et hane; P(OR)3, wherein Ris Cl_20 hydrocarbyl;
et hers, especialkly ftfet raﬁ?ydrof uran; am nes, especially pyridine,

bi pyridine, tetramethylethyl enediamne (TMEDA), and triethyl am ne;

ol efins; and neutral conjugated dienes having from4 to 40 20 carbon atons.
Compl exes i ncl wdirgnh: such neutral diene X groups are those wherein the

netal 1is in the.+2 formal oxidatio tate.
1 1ndepen86n[c][§l/ eac?l occurrencer}s Isjydarlogen or Cy4 alkyl, and

R; independently each occurrence is R, or halo.

15 In the metal complexes, preferred X’ groups are carbon monoxide; phosphines,
especially trimethylphosphine, triethylphosphine, triphenylphosphine and bis(1,2-
dimethylphosphino)ethane; P(OR)s, wherein R is Cy.59 hydrocarbyl; ethers, especially
tetrahydrofuran; amines, especially pyridine, bipyridine, tetramethylethylenediamine
(TMEDA), and triethylamine; olefins; and neutral conjugated dienes having from 4 to 40

20  carbon atoms. Complexes including such neutral diene X’ groups are those wherein the metal
is in the +2 formal oxidation state.

Further in reference to the metal complexes (I) or (II), X preferably is selected from
the group consisting of halo, hydrocarbyl, silyl, and N,N-dialkylamino substituted
hydrocarbyl. The number of X groups depends on the oxidation state of M, whether Z is

25  divalent or not and whether any neutral diene groups or divalent X groups are present. The
skilled artisan will appreciate that the quantity of the various substituents and the identity of Z
are chosen to provide charge balance, thereby resulting in a neutral metal complex. For
example, when Z is divalent, and r is zero, p is two less than the formal oxidation state of M.
When Z contains one neutral two electron coordinate-covalent bonding site, and M is in a

30  formal oxidation state of +3, p may equal zero and r equal 1, or p may equal 2 and r equal

5



Further in reference to the netal conplexes (1) or (11), X preferably is
selected from the group consisting of halo, hydrocarbyl, silyl, and

N, N- di al kylbawvaassabstituted hydrocarbyl. The nunber offCXRepIcdepends
on the oxidation state of M whether Z is 25 divalent or not and whet her
any neutral,_ di Ok Al X or resent ... The .. skjlled
artisan w %ﬁr&!a%%r%élgllrea?]g&te ’hlg t ﬁgi %l%%ltofﬂtdg& 08‘1% Pa?%cgﬂ\?a?fngﬁge%Sgglteﬁ?ttlﬁgﬁ s and
t he i denti gipum afd r mpebagh egrhzer@anprony neleratlimnd)grobmmanbepretchier eby resul ting
in a neutral ne c | ex... For _exanpl e, en is divalent, and r is
zero, pis tw %geér e?g%ﬁ(ﬁ?%lé’nfc%?%’fesg%idc'flﬁ‘foyr\@ﬂg ts?t%g?%re%flt WURhER Z contai ns
one neut r atonipixeet@etponding achefonatle- coval ent bonding site, and Mis in a 30
formal oxidation state of +3, p nay equal zero and r equal 1, or p may
equal 2 and r equal 5 WD 2004/ 013449 PCT/ US2093/ 016265 zero. In a final
exanple, if Mis in a formal axidatNon state of +2, Z nmay be a dival ent

| igand group, p and r may aad one neutral ligand group may
be present. Preferred coordiX pPexes used according to the present
invention are conplexes correspo 3 korul a: AR (111) pa

MXPX gX'r z* ~ 5 Y wherein: AR is phemwyl |o napht hal enyl ; Ra is methyl
or benzsé/l; Mis titanium 10 Y is -0-, -S>~y NR*-, -PR*-; -NR2*, or -PR2*;
Z* is SIR*2, CR*2, SIR*2SiR*2, CR*2CR*2, CR*=CR*, CR*2Si R*2, or CGeR*2; R*
each occur VBHE®: i s i ndependent |y hydrogen, or a nenber selected from

hydr ocar byl , hyﬁkg@g@yg%hthggﬁﬂ.l , hal ogenat ed al kyl, hal ogenated aryl,
and conbi nations_ thereof, said R* having up to 24 non-hydrogen atoms, and
optionally, twoRRsnghglgsdessybm Zz 15 (when R* is not hydrogen), or an R*
group from Z angh@p.Rumgroup fromy forma ring system

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

Z* is SiR*,, CR*,, SiR*,SiR*,, CR*,CR*,, CR*=CR*, CR*,SiR*,, or GeR*,;

R* each occurrence is independently hydrogen, or a member selected from
hydrocarbyl, hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations
thereof, said R* having up to 24 non-hydrogen atoms, and optionally, two R* groups from Z

15 (when R* is not hydrogen), or an R* group from Z and an R* group from Y form a ring
system;

X, X’ and X” are as previously defined;

15 is0,1or2;

q is zero or 1; and

20 ris zero or 1; and

when p is 2, q and r are zero, M is in the +4 formal oxidation state (or M is in the +3
formal oxidation state if Y is -NR*, or -PR*,), and X is an anionic ligand selected from the
group consisting of halide, hydrocarbyl, hydrocarbyloxy, di(hydrocarbyl)amido,
di(hydrocarbyl)phosphido, hydrocarbylsulfido, and silyl groups, as well as halo-,

25  di(hydrocarbyl)amino-, hydrocarbyloxy-, and di(hydrocarbyl)phosphino-substituted
derivatives thereof, said X group having up to 30 nonhydrogen atoms,

whenris 1, p and q are zero, M is in the +4 formal oxidation state, and X is a
dianionic ligand selected from the group consisting of hydrocarbadiyl, oxyhydrocarbyl, and
hydrocarbylenedioxy groups, said X group having up to 30 nonhydrogen atoms,



X, X and X' are as previously defined; pis O, | or 2; qis zero or 1; and
20 r is zero or 1; and when pis 2, g and r are zero, Mis in the +4 fornal
oxi dat i onwet2ae4016o0 Mis in the +3 formal oxidation st@Cca/usko0sonees NR*2 or
-PR*2), and X is an anionic ligand selected fromthe group consisting of
hal i de, hydrocar y

di (hydrocar byl )p%(‘é3 i dgin%‘}%éér%é i%islng{l?%fklx r‘%anda{akl))‘l@gpflt(g alrn(C)la(plga as well as
hal o-, 25 sia’t(llrlzymyanmarcbgghl)chgmumselechﬁ@oww glylllp)ooylswtlr@mf allyl 2-(N,N-

A e L S L RS R e
the +4 f ordmletbpkintmjbensyl shate, and X' is a dianionic ligand selected from

t he group consisting f hydr ocar iyl hydr ocar.b

hydr ocar byl ened‘fv% 66 S gﬂsdlbwﬁﬂ%@ﬁqﬁﬁﬁgo lf%s@ﬁ g%)‘/sd"’r ogen at ons,
6 WO 2004/ &ﬁ&iﬂ&nﬁ@&'ﬁé@&&&ﬁ%@dg@%@ﬁwn&%@ﬁorﬁuy subdtituyd &g ohe af Borg€r o, Mis in
the +3 formal oxidation state, and X is a stabilizing anionic |igand group

sel ected fR6HERY FewspadoRdeEiRe M tut0 Aoy ptoms apdformingia fetompleaifidfpheny | |
2- (N, N-di et hyl Mtfﬁpé}‘&%éaﬂétﬁf&&ﬂk{/:exes%Mh@seQ&o%ng%'ﬁﬁ’etﬂ}é’xhé\fw&%)uﬁqm)}" and 5
when p and r are zero IS is in the +2 formal oxidation state, and
X is a nwebereigM, %Kng%g& B4, B> Yapricojratsas evigrdndefinsgtandnal | y substi t ut ed
W th opg or ”Dr@rhengylgFoiﬁ{dmﬁke ;&;&mmﬁ]@wf%mmmaﬁg Whrel Ma40iscar bon at orrs
and formng a ic-c Most preferred rret conpl exes are those
accor di ng ndepehdenily whown’cmemnﬁﬂa'h(uenm or hajideir ei n X X, X', R R, Z,
Yerb, Mis in i hambpRgRi AHE L R ISR P8 +g%%ﬂ¥é”89dﬁloh§ts%e%ﬂlgﬁﬁf4yr ok
occu’rrencebtrt&hdwlgromhztyfbrmsarmétdlqcﬂéqpemhmlr}g\uﬂdMq are zero, r is one, and
Mis in the +4 formal .oxidation s IS dj p that
forms a netall ocgéllpolf)éh(i e &S an IN?{ %WFerlfuormgl &mﬁnfg&%t% Angwlségg%;ero M
is in the &&eﬂmbnmio)henz}d,amdon state, and X |s 2- (N N- 15

di et hyl am no) bepz and he +2 fornal
oxi dati on state, Qépr/f)adnﬁrafedl\,%lséll R\élsﬁﬂglﬁy? f‘fmﬁl %(g?aéanéfﬁtée %nrd %1 ent adi ene.

Il ustr at i dieheipl- Bb-beadiplecc @ S-ichatdienmy be enpl oyed in the practice of the

pr esent

Hlustrative metal complexes that may be employed in the practice of the present
invention include:

20  2-methyl-4-phenyl-s-1.5.6.7-tetrahydroindacen-1-yl complexes

(t-butylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5,6,7-tetrahydroindacen-1-yl)silanetitanium
(IT) 1,4-diphenyl-1,3-butadiene,
(t-butylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5,6,7-tetrahydroindacen- 1-yl)silanetitanium
(II) 1,3-pentadiene,

25  (t-butylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5,6,7-tetrahydroindacen-1-yl)silanetitanium
(II) 2-(N,N-dimethylamino)benzyl,
(t-butylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5,6,7-tetrahydroindacen-1-yl)silanetitanium
(IV) dimethyl,

(t-butylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5,6 7-tetrahydr01ndacen-l -yl)silanetitanium

30 (IV)dibenzyl,

(i-propylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5,6,7-tetrahydroindacen-1-
yl)silanetitanium (IV) dimethyl,
(benzylamido)dimethyl(2-methyl-4-phenyl-n‘’-s-5,6,7-1,5,6,7-tetrahydroindacen-1-
yDsilanetitanium (IV) dimethyl,



invention include: 20 2-nethyl -4-phenyl-s- 1,5,6,7-tetrahydroi ndacen-1 -
conpl exes

(t-butyl awodo)diaehyl ( 2- net hyl - 4- phenyl -, g5-s-1, 5, 6, 7- wewnahynnmﬁmﬂacen 1-
yl)silanetitanium (11) 1,4-diphenyl-1,3-butadiene,

(t-butyla r hydr0|ndacen 1-
yl)sil anem 98‘%]%%56%11&1@% cﬁn%eitﬂg 2hﬁlxl: Pé—épgx%gx nzgq% &7 %etéh}%roméa%én f
(t-butylanﬂﬁdﬁdhmnhmyﬂvymneﬂmyl-4 phenyl -, g5-s-1, 5, 6, 7-t et rahydr oi ndacen- 1-
yl)silanetitanium (111) 2-(N,N—dinethylanino)benzyl,

(t-butyl am do) di net hyl ( 2- net hyl - 4- phenyl - 715-s-1, 5, 6, 7-t et rahydr oi ndacen- |
-yl) si | aneR-bérapi-dphentl-&v) .5 @i7Aekdhylrpindacen-1-yl complexes

) ;) g;[ ?léaﬁg{ -%{?VQ%H}%S&é%&%i(ggé%%%mylenqyl 1 8(? 7-§tetr]éh}§drg1ndacgrit -ry%?l aggtgzlinrlluqr? cen- |

(| propyl am)dq)(dpm;,lhlyj bdadi®lchyl - 4- phenyl -, 05-s-1, 5, 6, 7-t et rahydr oi ndacen- |
- yl)silanetitani um (1V) di net h

( benzyl am %}lfdlaﬁaé@q}@lm@@%%rbﬁwl‘ﬁplﬁﬁﬁ@ﬁw&lri 67 4etmhirgindacgn-&-ypsitapetitainmdr oi ndac
en- - yl%gllgg %h$ﬁglun1(IV) di nethyl, 7 WD 2004/013149 PCT/ US2003/ 016265
(cyclohexy ? I met’hyl ( 2- met hyl - 4- phenyl Tl 5-s-1,5,6, 7-tetrahydr oi ndacen
- - yl) s(t-lbemkamldq)dun@t]uy((l b@nzﬂ]rétrphelnyll—n -s-1,5,6,7- tetrahydromdacen— ~yD)silanetitanium

2- benz ngl"%a el ahydr oi ndacen-| -yl corrpl exes 5

(t- buty an% Qyﬁre(f’ﬁ#{aimgl@% E’4 phenyl-115-s-1,5, 6, 7-t et rahydr oi ndacen- 1-
yl ) si | anet (t-lbaﬂylal:lﬂdo)dﬂnlet)hy[@%crﬁy]l&hﬁ]ibﬁill-ﬁfvs& Q&Uadtaﬁy"t&omdacen 1-yD)silanetitanium
(t-butyl anal\?é%idl rre hyl ( 2- benzyl - 4- phenyl -rl 5-s-1,5, 6, 7-t et r ahydr oi ndacen- 1-

yl)sil anet F‘GWV *(1'1) 1, 3-pent adi ene,
(t-butyl ang t@@@/ﬁhf@i)dﬁ)hleﬁl?Kﬁﬁ%ylL?\lﬂheﬁﬂ%ﬁétrfB5'te°tfaﬂ1 cﬁmﬁdaz:eﬁ ethabudigingdacen- 1-

yl)silanetitanium 10 di et hyl'am no) benzyl,
(t - but yl anTHbyiBsaE: hy| (2 benzyl 4- phenyl -r15-s-1, 5, 6, 7-t et r ahydr oi ndacen- 1-

yl ) sil anet L4 ns-

(t-but 35{1 ang Eﬁ%ﬁuﬁgk’ﬁd‘ %9% ényg/?ﬁ y pheﬂyl IS- I%7 tetrfhsgj%ndfcetme% r ahydr oi ndacen- 1-

yl)sil anet}’lisslmeut@nm@ Wy) dimbdmiz y| | 15 _

(1~ pr oyl g Sohdh TS B 2 BEREYL AN 5 £ S inecls S ARl dacen
(IV) dimethyl,

(cyclohexylamido)dimethyl(2-benzyl-4-phenyl-n°-s-1,5,6,7-tetrahydroindacen-1-

20  yDsilanetitanium (IV) dimethyl,

2-methyl-4-(1-naphthalenyl)-s--1.5.6.7-tetrahydroindacen-1-yl complexes

(t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5,6,7-tetrahydroindacen-1-
yDsilanetitanium (II) 1,4-diphenyl-1,3-butadiene,

25 (t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5,6,7-tetrahydroindacen-1-
yl)silanetitanium (II) 1,3-pentadiene,
(t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5,6,7-tetrahydroindacen-1-
yDsilanetitanium (IHI) 2-(N,N-dimethylamino)benzyl,
(t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5,6,7-tetrahydroindacen-1-

30 ylsilanetitanium (IV) dimethyl,
(t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5,6,7-tetrahydroindacen-1-
yDsilanetitanium (IV) dibenzyl,
(i-propylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n >-s-1,5,6,7-tetrahydroindacen-1-
yl)silanetitanium (IV) dimethyl,



(benzyl am do) di et hyl ( 2- benzyl - 4- phenyl - 715-s-1, 5, 6, 7-t et r ahydr oi ndacen-1-y
| )silanetitanium (1V) dinethyl,

(cycl ohexwbaxvgdapdionet hyl ( 2- benzyl - 4- phenyl - 115-s-1, 5, 6 pcatEskomshyeosdi ndacen
-1- 20 yl)silanetitanium (1V) dinethyl,

2 e ol AL O S Bl AR RS By SOTLEES

i ndacen- 1- yl)}il%rstliammeﬁ(i[‘t’)edmauhyl(l ) 1, 4-di phenyl - 1 3 but adl ene, 25

e e T e e R b e

(t - but yl anjidmmdtinmihyi()2dxenhity| - 4- (1- napht hal enyl) T15-s-1,
5,6, 7- tetrahydr0| ndacen- | - yl)silanetitanium (I11)
2- (N, N-di met hyl am no) benzyl ,

(t-butylam. @Bﬁmlmﬁtmmﬁaeﬂmtshw 641&tﬂahﬂﬁ&ﬁ&d&a{ eRVdohiplekes S- 1, 5, 6, 7-tetrahydro

i ndacen-1- 30 y )S|Ianet|tan|um(l\/) di nmet

(t-butyl arf- H'Hylamrr?@emptpzl(%’eqnﬁxl%@J@nhtheéfmxbﬁmsérm J-temalydsoindagenel-7- t et r ahydr o
| ndacen- 1-y 1Qréilﬂaﬁﬂz|%t(h ?a'dwiew)s ﬁkéafagé -propyl am

do) di met hyl"( 2- net hal eny r15 s 1,5,6, 7-tetrahydroi ndacen- 1-
yl) si | anet(- blawammomlmthyi(mmm (131amam@mrma;154®7 Rﬁﬂ;tdﬁﬁﬂﬁ&’n@]l&%

b 4- (1-napht hal enyl )| -r15-5-1, 5, 6, 7- hyd
ndacel PSSR AT LR ) G met iyl etranyere

(cycl ohexyt- anyldm)ddpdmﬁahyltz( Bmagatmlmﬂnﬁalen@gpﬁish@d &Merhhytiddindceh, 2, 6, 7- t etrahy

dr oi ndacen- nium (IV), dinethyl, 5
2- benzyl - 4"1)@’% ﬁ%%‘ﬁ%‘ﬂélﬁwl\r' 1nieﬂ§'l"’@m7°){"°é]tzl’ahydr0| ndacen-1- 1 conpl exes
(t-butyl ar(t &Q}ldinm maﬁaab@wm (4-n ahtm&br)hﬁ-lsﬁl[bxé T-dithiydfsirtacn®y- /- t €L r ahydr o

i ndacen- - anetl tani um ( - di 1, 3- but adi ene,
(t-butyl arﬁ1 ltﬁ@t‘%ﬂ\()zil%@thfﬁyl 4 (1 napht haI enyI)-rI 5-s-1,5,6, 7-tetrahydro

d - t
(1 put 5 ar ] il AL Ak af Pl chy BT 068 Byaroindendl2 ot ¢ aydr o
i ndacen- Ylﬁllﬁyﬂbytsmlumdb\ﬂldlmmm (rer) 2- (N N- di net hyl ani no) benzyl ,
.( t-butyl arH &8%;?1 ﬁYm tl%{l@eb%n r‘ﬁl'(ﬁ{]&'ap&ﬁ etnﬁ 1%%_%'1)/5 é 7 {elranyﬁromdgceg-l? tetrahydro

i ndacen- ane ni u
yl)s11anet1tan1um (IV) dimethyl,

(benzylamido)dimethyl (2-benzy1-4—(1 -naphthalenyl)l-n’-s-1,5,6,7-tetrahydroindacen-1-

20  yl)silanetitanium (IV) dimethyl, and
(cyclohexylamido)dimethyl(2-benzyl-4-(1-naphthalenyl)-n’-s-1,5,6,7-tetrahydroindacen-1-
yDsilanetitanium (IV) dimethyl.

The complexes can be prepared by use of well known synthetic techniques.
Optionally a reducing agent can be employed to produce the lower oxidation state complexes.

25  The syntheses are conducted in a suitable noninterfering solvent at a temperature from -100 to
300°C, preferably from -78 to 100°C, most preferably from 0 to 50°C. By the term “reducing
agent” herein 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

30  metals or alkaline earth metals such as sodium/mercury amalgam and sodium/potassium alloy.
Examples of suitable reducing agent compounds are group I' or 2 metal hydrocarbyl
compounds having from 1 to 20 carbons in each hydrocarbyl group, such as, sodium

naphthalenide, potassium graphite, lithium alkyls, lithium or potassium alkadienyls; and
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(t-butyl am do) di net hyl ( 2- benzyl - 4- (1- napht hal enyl )- 71 5-s-1,5, 6, 7-tetrahydro
i ndacen- wo-2094/913i#0aneti tani um (1V) di benzyl, PCT/US2003/016265

(i - propyl am do) di met hyl (2- benzyl - 4- (1- napht hal enyl ) -rl5-s-1,5,6, 7-tetrahydr

oi ndacen- silan

(benzyl amcgﬂﬁna‘lydﬁé gﬁW(gfobté’ﬁ‘%we%&%“v‘)“ﬁﬁ%ﬁ?fs}?é%%‘ﬁﬁllk?llmet&g ogalfalipegarth 4 o 1 ahvdr o
(ycl ohexy! am gyt L (3 benzyl <4 (1 naght hai enyl) 1) 5 7-cetrahy
dr oi ndacen- | PYle reagl r?‘?%fni}%‘? fqr‘?étlodll GWF‘I’F ’f%é%%‘bdr?ﬁi@%‘ 8§ IZ:dan

prepar ed QYorhla‘-ii%h &ombdnsmmaﬁwmmhe@s baabnaguesnched¥Haindyatobtbéhsr edum ng
agent can be enp éed to produce the | ower oxidation state conplexes. 25

The synt hég@lsasaw@u B%au@%eeaethedleémet% fage. 961G £t REfyrEhaeafiaftic apd o

t enper at uraﬁc;tdh@'ﬂyara&%&neséﬁ%yc%&faﬁé %?ém]eiafaﬁénme?}&/wyaoﬂ&% nost preferably
fromO to 50 the term "reducin herein’is neant a metal or

conpound wmthsﬂcyc eletaney Endureixigps 8@#‘@? tarqmﬁélc é%@@sooeqbél suitged agpmetls be
reduced fr Hi:pgurlakgln:ﬁrasb&z@ne B, ored Ak Q) AR eth X AR WAy PIme Ui t abl e

netal re ng agents are a [T met'als, alkal'ine earth netals, alumi num
and zi nc, dafivasiyss Qﬁ(PdY)@HSMGn@Eiym aildsetophydiiofaman. Adixaugstof thederagoingsare tsas

sodi unfymer gy, amal gam and sodi unt potassi um al l oy. Exanpl es of suitable
reduci ng agent ‘compounds are group 1 or 2 netal hydrocarbyl conpounds
having from 1 tThe2@uica disonsonipiexesahpleyaedbpsdnictiny theigorrespoofing sompedinum

napht hal enj d tas i Lt N b LT pot assi um

al kadi enylnds1 1@%?1%%9 "%/%!“g‘g%f% ﬁtgf%gmﬁiﬂl i %ég%gl/r %%‘lé%é’gl“é&g%‘%aﬁ% ét’ reagents.
I\/b;stI pr ef @refeldbliy?cgnlmptrigaragmndlalka]rceﬂmmah\kiagt frométi@ab sarbmns&'liéaalhhlhy;l ear fj h f
netal s, eci.a [ et a [ i on, medi a for
the format§s8H B %/nﬁg dgg??gngsﬁsdbe?a@}lﬁ%%% k mmq Ot 9088%% s St tnd

hydr ocar bafige i the €srsgoimdactips bives 1ﬁ1§3fb®é($ylel]daﬁrtd mmt;acrﬂﬂ;e deslmdclliuael eahglen

hydr ocar bons 5 as i obut ane,. butane, pent hexane, heptan oct ane,
and m xt urcé’glpf‘rlffgro tg? useqf geé I ﬁesé’ll}l %}E’féﬁnle'cﬁ"na)flgplt%’ahﬁgtgﬁghesrﬁ%cﬁg%gnx e

cycl ohexangior eoyaahmhﬂ|afmeeonmgatehyﬂeﬁcyfebahtﬁx;menablynm rlpepakohaptanys and

m xtures thereof; aromatic and hydrocar b}/ -substituted aromati c conpounds
such as beivz&i{es a Pgheramarovement ipiddand R4 dj al kyl ethers, C -4 dial kyl

ether derivati¥RseRftingRRbyp Akl BB glegésyacf@wwat@m f6:@f tha hoteln edtyan. M xtures
of the foregoing are also 10 suita The neutral diene conpl exes are

prepar¥d HPmPeHtechy g bingHo Bith 2eqseAFnRfelCERE A lynHnoXapRs 2 e2tiogformng i dat i on
state W t hyogaedtdralcofibBBgon tRerd 1enPILR N EnMbye t6 FHNGENE oRABN

combinations of olefins, especially ethylene, propylene, 1-butene, 1-hexene, 1-octene;
mixtures thereof; mixtures of the foregoing monomers with vinylaromatic monomers or
conjugated or non-conjugated dienes; and mixtures of all of the foregoing monomers. Ina

25 preferred process ethylene and one or more Cs.g a-olefins or styrene and optionally a
conjugated or non-conjugated diene are interpolymerized The process is characterized by low
temperatures, typically from 25 to 50 °C and pressures from atmospheric to 10 MPa.

Suitable alumoxanes for use herein include polymeric or oligomeric alumoxanes,

especially methylalumoxane, triisobutyl aluminum modified methylalumoxane, or

30  isobutylalumoxane; neutral Lewis acid modified polymeric or oligomeric alumoxanes, such as
the foregoing alkylalumoxanes modified by addition of a C,.3p hydrocarbyl substituted Group
13 compound, especially a tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron compound, or

a halogenated (including perhalogenated) derivative thereof, having from 1 to 10 carbons in

10



preferably a group 1 or 2 nmetal alkyl derivative having from1l to 6 carbons
in each alkyl group in an inert diluent. It has been found that the use of
from 1.0 wo 280418i val ents of the 15 diene in the fore@arrg0acéiedn gi ves
i nproved yields and purity of the desired di ene conpl ex conpared to the

use of |arger ant i ien In addition, .  heat reaction

m xture %%P%%caé &P‘ﬁ?a&%e eg&ﬁgmﬁ%%l%oé? efa"r&e%‘}%&‘h ye%%?gﬁ(gmatﬁgef erably to
a tenperat m(aeylbb’o(ﬂdiﬁ @ﬁlpbmlcﬁﬁap@,ﬂu@imbﬁﬂ tﬁ(af'}LanILﬂi’reﬂiurm cptippvedrent in yield and
purity. The resyltin t al exe re activated to formthe
actual cat al ysti!%ér@gﬂg faﬁ)?Wr{%ﬁs@ ¢ 5°8 %ictaﬁﬁécaé]&?&?‘éﬂb}’st pref erably
an al um noxainatian Sath b @aicdh@srifinbocRAGa] Ably & those pre¥iotQyRhdAl in@ie 4f¥er eof and

desirably enpl.oyed to polymerize olefins or conbinations of olefins,
especi al | y"StHi @AY 4 by PRl merZRippgRBpletesh SREHE caionraie cocaflisyr es

thereof ;| MoxhtRRiPinchfenduRd]IRsHidTRIGTRIG ﬁﬂﬁ#bd%@)@h@dhﬁﬁm GeuprpNOMErs or
conj ugat ed or non-conjugated dienes; and m xtures o of the foregoing

monomer s.  $GMPRuIs, espesially ity dipselydaluag-¢on B (yfiocs s bpromenporsisgnd ol ef i ns
or styrenepand,ap] i %&ﬂﬁhdg?eﬁmloﬁ&ﬂieag@éﬁglﬁﬁ tHARBr, BRh P& 84 8 ERGNAIE

i nterpol ynerized ess s characterized by | ow tenperatures,
typi cal | y $achhydzecathyl @cha@garmtdphwér@gaxbaégrqumomvratemglp%epqrﬂuqrm@@ MPa.

Sui t ab

ol i e o HATPHARE ool 30 lof, Bpdo i WA oh s Bborthd, BiEffrie .
met hyl al unmaeblenmnwrdlw@bmuqn @tmnmggwamndﬂmmm theewsp of such cormuindsi ed

pol yneric | al unoxanes
nodi fi ed b‘;ﬁdggéf!‘? ggcén@t%h%lr@éegﬂﬁgd} élgggﬁ)%?mong st %t?uﬁ% g 003{8}§1 3 conpound,
especi al | ycaabdniving- hyl}hmnaoﬂsyﬁc)minursaﬁnﬁcompattbﬂa, (xdrr;pdmdm&ndgwh)dus;roon corrpound
or a hal ogenat ed udi n erhal ogenat ed vative t avin
A e S e T Sy e S e S T
hydr oca bythe @crregbaﬂgag&mafoﬁdm@y@ata@aus laid teghirdques. ﬂmfereg@p@mmhting cacatalysts
perfluorinated bor oun rflu

Pr (aryl ) aftcine S phesr gy Ha e imat ol malo be

render ed cedn@isses ablefin dollymbrezativhs i€ higiid patingOalevdntds: BP-Aa2 7170003 f08-A3 Ng

+ ot ol M ER RPN poca Pl e ticke 0t bl Bl bl g | 70

cocat al yst 5424,9m, USA-BE2£087, USQ-51g83, TaUBal-5 0eawss, usiAls, 78 R shasUS-A- 30
hydr ocar byl substit ut ed G oup 13 conpounds, especi ally

tri (hy&or 005’%@73 al um num or tri (hydrocarbyl)boron conpounds and

hal ogenat egxdnglgl udi ng per hal ogenat ed) derivatives thereof, having froml

to 10 carbons in each hydrocarbyl or_ hal ggenated hydr ocar byI group, nore
especial l'y perfp?%?kl‘lﬁéta@tfarmlntawr@‘élﬁﬂ?Iﬂ)aégﬁed’i“l"eé%?%?ﬁlfﬁ%d bezgsim3p8¢ especial |y

tris(pent aﬁﬂa&%@IxﬂH?ﬁﬁéEﬂc@@f AYRomPERROKNBRRAsGot been specifically disclosed. The

following examples are provided as further illustration of the invention and are not to be

25  construed as limiting. All syntheses were performed under dry nitrogen atmosphere using a
combination of glove box and high vacuum techniques. Unless stated to the contrary all parts
and percentages are expressed on a weight basis. The term “overnight”, if used, refers to a
time of approximately 16-18 hours, the term “room temperature”, refers to a temperature of
20-25 °C, and the term “mixed alkanes” refers to a commercially obtained mixture of Ce

30  aliphatic hydrocarbons available under the trade designation Isopar E®, from Exxon
Chemicals Inc. In the event the name of a compound herein does not conform to the structural

representation thereof, the structural representation shall control.
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conpati bl e, noncoordinating, ion form ng conpounds (including the use of
such conpounds under oxidizing conditions), especially the use of

anmoni umwohes@holi um , oxoni um, carbonium, silyli umcTarS2euslofiexas um
salts of conpatible, noncoordinating anions, or ferrocenium, |ead- or
silver salts of conpatible, noncoordinating anions; and conbinations of 15
t he foregd%ﬁﬂgi%fion form ng cocatal ysts and techni ques. The foregoing

act i vat i ngSw@esik af: isdhforo[HAJ, 1@@ﬁ¢tﬂﬁéth@1 tlefﬁrhé‘thﬂlle,s 3B3agenhesw. previ ousl y
taught with respect to d'fferent net. exes for ol efin

pol ymer i zaEfaisroidacen.2-methyl oy 1 : 1LE¥H¥@%3i$ﬁééﬂm€E A- 5,153, 157,
US- A- 5, 064, 802, US-A-5, 321, 106 US-A-5 721 185, US- A-5, 350, 723, US- A-
5,425,872, US-A-5,625,087, US- A-5,883,204, US-A-5,919,983, US-A-5,783,512,
and US-A- 20 5, 965, 756. Exanples The skilled artisan will appreciate that
the invention di @grein may be practiced in the absence of any
conponent which -:‘ e en specifically disclosed. The follow ng
exanpl es are provi u-ﬁgnyurther illustration of the invention and are not
to be 25 construed as I \ting. Al syntheses were perfornmed under dry

ni trogen atnosphere Usgng aricGenbi nation of gl ove box and hi gh vacuum

t echni ques. Unl ess stategfo the contrary al | parts and percentages are
expressed on a weight bagsis. The term"overnight", if used, refers to a
time of approxinmately %18 hours, the ternt"roonttenperature" refers to a
tenperature of 20-25 C' and the ternt"ntxed al kanes" refers to a

conmer of ol 1 9PhALNGT LU 00, GR280, ALLANSI S lidipgar bons avai | abl e
under the cals Inc. In the

event the nane of a conmpoung herein does not conformto the structural

g/ structural representation shall control. 11 WO
Q5 Exanple | Synthesis of:

H~=QH4-di nethyl -[1,2,3,3a,8a-rl)-1,5,6, 7-
tetrahydrorndace‘ A4- phenyl s-i ndacen- 1 yl'I sil anam nat o(2-)-N1
titanium Si TiCl2 N 111 ~ ggratron

3,5,6,7- tetrahyH’tdén@lr?étﬂm?ﬂSéIl%??i?%Qﬁ awﬁoﬁ%mbf%wée@éé@@ﬁfa%}ﬁs)(gl 8
m, 0.75 nplesirand 31,05 eoirsobud i ¥ Al1,qBe0eg, 093 1ol di)- wadadled TBVES) a

solid under a nitrogen flow. This mixture was then allowed to stir for 6 hours at 20-25 °C.

10 After the reaction period the mixture was poured over ice and allowed to sit 16 hours. The
mixture was then decanted into a separatory funnel and the remaining salts washed well with
CH,Cl,. The organic layer was then separated and the volatiles removed resulting in the
isolation of a dark oil. Vacuum distillation resulted in the isolation of the desired product as a
yellow oil (120 g, 86 percent).

15 1b) Preparation of 3,5.6.7-tetrahydro-2-methyl-4-bromo-s-hydraindacen-1(2H)-one

O

Br
3,5,6,7-tetrahydro-2-methyl-s-hydraindacen-1(2H)-one (50.24 g, 0.270 moles) was
gradually added over one hour with stirring to an oven dried, nitrogen purged, 1L glass round
bottom flask containing AlCl; (99.842 g, 0.749 mol). Bromine (13.8 mL, 0.268 mol) was

20  added via a dropping funnel over 45 minutes. The resulting red mixture was heated with

12



were stirred in CH2C12 (600 nL) at 0 'C as AICl13 (300.6 g, 2.25 noles) was
added slowy as a solid under a nitrogen flow. This m xture was then

al | oned twosno401Bow 6 hours at 20-25 C. 10 After the rea@ctimnopeiéews the
m xture was poured over ice and allowed to sit 16 hours. The m xture was
t hen decan in [ funnel the r n sal t washed wel |
wth orpcts o8 ed s ARARLE, Y 0T AREL IS I LI iR a TR

renoved remuketdiqng) 1cen(115(prg) ctostainaiglcomemtfratal h:;arolchlonct acid/@()mlr)mdd Bfeml I atl on
ggsg; gceinlt %‘xtra%_][ {Vﬁ%\) clhg;:?%l%%erg{éllx;%% (SI?BS lI“Le orggnlc(:) lc‘irac(t:lé)nsa\%erg1 corXbmed was wgtl'}zo 9
3,5,6, 7- teiquahly!NaHC% aied Wjtkr; dridar @BOMEShy dr[cﬁlri&d&ﬁc&ﬁdﬂr(a&ﬂr@va@mﬁn CCI|

KITTirifglr -cH3 Br 3,5,6, a - s- hydr ai one

(50. 24 55, 0. 270 Hrgpistuye \X%Fsthe‘g} aa%ﬁv?)w E‘Jﬁé'\ffé“rmaﬁ & @?ﬁ\%ﬁ gr. ng to

an oven dri®@Tom vk e tope tigedsirellprauass gfeidiitlan Ik @M fukids le@l@nZ(ﬁél fi ng

A1C13 (99. 842 ,. 0.749 nol). Bromne (13.8 nL, 0.268 nol) was 20 added vi a

a droppi ng RFYEY over 45 minutes. The resul ti ng red m xture was heated

with 12 VWQ)200dktaibA 9r BEF/ USR03/, OLB AR 4-SehyilsieratfactR-101hQYne 45 M nut es.

The reaction mxture was cool ed to roomtenperature and poured onto ice

(1500 g) containing concentr&ed hydrochloric acid (50 nL) and then

(4 x 200 m.). The organic fractions were

ds NaHCO3 and water, dried over MgJS™, and

&Mz xture was then fractionally distilled.
sLAed gl ] 142 C @ 15 niforr was found to be the desired

product in greater thaph 90 percent purity. Yield: 20.4 g, 54 percent. 1lc

Preparation of 3 ,5,6,pxtetrahydro-2-neth

| - 4- phenyl - s- hvdr ai ndacen-1(2H)-one CH3 Ph 10 100 nL of a 0.22 M ethlyene

gl ycol 1adi met hy| &0t of00. wMcnmﬂsaefne@1ﬁolﬁxmahﬁahetdblancarof5 6,7-tetrahydro-2-

thyl-4-b dded th
CCir g O ChRRO i P o G g sgei o) SR Ao e Bot t orm
fl ask cont@ied] rﬁ@oged(oﬁi(géiﬁlﬂ&) ﬁxllgla(sﬁiroLﬁd BottonOflakP cAMhihg Pcﬁ@mg)ﬁ@)@@ 31.8

| d ded and th t heat ed
o r e | b PBONH 06 et a3l lCeaB e Neine CooTLEHE “ied Poroved

under r edumedm@ﬁres@yﬁ@team@iretmemﬁmlﬁg fgredyel | ow m xture extracted with

di et hyI et her (3 x 60 nmL). The organic |ayers were conbi ned,
After 16 hours the solvent was removed tnder reduced pressure and the remaining

yellow mixture extracted with diethylether (3 x 60 mL). The organic layers were combined,
dried over MgSO, and filtered through silica. Remaining solvent was removed under
dynamic vacuum. Due to impurities in the product, the mixture was again combined in
diethylether, washed, filtered, dried and dissolved in hot hexane (125 mL)followed by

20  filtration and devolatilization. Final purification using column chromatography and 5:1
vol.:vol. mixture of hexane/methyl acetate elutent resulted in 2.48 g (43 percent) of product

with >90 percent purity by 'H NMR.

1d) Preparation of 3,5.6,7-tetrahydro-2-methyvl-4-phenyl-s-hydraindacen-1(2H)-ol

.@Q
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dried over MgJSH4 and filtered through silica. Renaining solvent was renoved
under dynam c vacuum Due to inpurities in the product, the m xture was
agai n conmwored/iiai49di et hyl et her, washed, filtered, driedcarnbdizgsesyed in
hot hexane (125 nmiL)followed by 20 filtration and devol atilizati on. Fi naI

purification u I o
hexane/ nmet hyl ?c%?gfég[] agﬁ? gg{lé&ﬁggﬂ&@g Q%ﬂ%&%g%ger} 1%2%12 one 48@( ?14%(%“ oduct
with >90 peascespalvadur b2yl oY voHmigyRe of tt)rah?d@fﬁamdnmthmqbtzo mL) and sodium

?35\/\% Zoggo%%g%}%?g@%ggg (%Sf g@g@&lwﬁ slo%grra%d NHRGE NG e whl fRgq OB PP

3, 5, 6, 7- t &Vﬁm@tﬁtmom mehlytmel wmonﬁf)wsﬂammmmpmaw Eftraoteé wit. 48 g,

9. 46

tetrahydr ur an}1 és(tﬁ%a %&)( Be(r’ﬁ_l?bmeﬁld’oglgﬁfffﬁ’ie dBIS% 8%%/3&8(%%6&!3{3?—%““‘1@ 54 g,
14. 2 ol )dynamsic sicowhyleadaiettie pibdect aeawhitaanlidi Xield, 2.4085035dckdented over ni ght  at
roomtenperature. Water (50 nlL) was added and the product extracted with 5

di et hyl etller (PdeperaiGn of W-(1.THdenaioyidiyet 1-didtethyes-(Weoe -eirdhgfro@vuaethyiSO4 t hen

dried undetij ?gg na [ Vf;lcbfg!g}( |.eavi ng the product as a white solid. Yield,

2.46 g, 9 fon ofl\l—(lldirrethylethyl) 1

1-dinethyl-1-(1 5 6 7-ggetrahydro-2-meth phenyl - -i ndacen- |

-yl)silanam ne Cz:: Si (CH3)2 NHC(CH3)3 10

3,5,6, 7-tetrahydyo- | -\4- phenyl s- hydr ai ndacen-1(2H)-ol (2.46 g, 9.29

mmol ) was di ssd 3 100 m.) and p-toluenesulfonic acid (0.12

g) was added. 3on was heated to reflux for 3 hours,

t hen washed with fqueous NaHCGB (2 x 50 ni), dried over MySO4,

filtered, and dried under dy gg}g’f vacuum giving 2.0 g, 87 percent of the

correspondl ng i ndacene. 15 A gl ass flask was charged with the

i ndacene (1.045 g) and 50 rrL|mxed hexanes. To this was then added 2.65 niL

of n-butyllithiumin m xed h]euem(@%)@fter one hour, the nother |iquor was

decanted fromthe precipitate that had formed. The precipitate was

di ssolWed i n 306.5fM.7-sfraliyete-2imethybf-phenyl-§{-T}dgindaden- 1 (RHFolS@ MG &) DY mablyet hyl (t

but y! armi nQ). Sl L eBhPlohRe (180 B03%nd fiotucllbsurtd aclFD. A4 5 A0 1S, esul ting
resulting solution was heated to reflux for 3 hours, then washed with saturated aqueous

NaHCO; (2 x 50 mL), dried over MgSO,, filtered, and dried under dynamic vacuum, giving

2.0 g, 87 percent of the corresponding indacene.

15 A 125 mL glass flask was charged with the indacene (1.045 g) and 50 mL mixed
hexanes. To this was then added 2.65 mL of n-butyllithium in mixed hexanes. After one
hour, the mother liquor was decanted from the precipitate that had formed. The precipitate
was dissolved in 30 mL of tetrahydrofuran (THF). To this solution, dimethyl(t-
butylamino)silylchloride (0.800g in 5 mL THF) was added and the resulting mixture stirred

20 overnight. The volatiles were removed under dynamijc vacuum and the residue extracted with
mixed hexanes (50 mL), filtered and the volatiles again removed under dynamic vacuum,

giving 1.42 g (105 percent) of the desired product along with residual solvent.

v
J

1D Preparation of dichloro[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2.3.32,8a-1)-1.5.6.7-

tetrahydro-2-methyl-4-phenyl-s-indacen-1-yl]silanaminato(2-)-N] titanium
25 N-(1,1-dimethylethyl)-1,1-dimethyl-1-(1,5,6,7 -tetrahydro-2-methyl-4-phenyl-s-

indacen-1-yl)silanamine (1.42 g,) was stirred in hexane (30 mL) as n-Buli (4.75 mL of a 1.6
M solution in mixed hexanes) was added dropwise. This mixture was then allowed to stir 1.5

hours. THF (30 mL) was added and the solution cooled to —30 °C. Then TiCl;(THF); (1.4 g)

14



20 overnight. The volatiles were renoved under dynam c vacuum and the
residue extracted with m xed hexanes (50 nL), filtered and the vol atiles
agai n renwoedoandew dynam ¢ vacuum giving 1.42 g (105 Ppparceans)iesst he
desired product along with residual solvent. 1f) Preparation of

dlchloro[N- 1 di. met hyl -f1 j-1.5,6,7-

t et r ahydr o” ﬂ‘éetd {Teif”%‘r%@ﬁw %lekﬁed%%é”f’?rrfle Pt eﬁﬁ)ﬁﬁapﬂé‘i olt‘%!-r%? RHAYSSt ani um 25
N-(1, é di nf&tﬂ})dx&]faﬁtl)(h 5-g) whs ﬁﬂdﬁ&hl’mﬁhc ﬂqrx(uike 5gaﬁi1 &Hﬂegfcﬁrafh%ﬂﬁ OTli’e\J(ﬁiﬁihh:ylw)e&- phenyl -
s- indacen-1- si | gnami.ne rred. in hexane as

n- BuLi (4.r?f§°%€ upfer dyRangc V"}\‘?l |aﬁ‘ﬂ&’8ﬁesgﬁae ?ﬁt’i‘f‘&t&d HER Sfeess (‘deL)agléeég&@tdopw se.
This m xt uh@somwﬁdﬁemagaid @M‘Eﬂlﬂe@e Stiie filtdatdwad WOHEeBratdife drpfdsddnll wigqadded and
the solution cooled to - C. Then TiCl13(THF) 3 (1.4 g% 14 WO 2004/ 013149
PCT/ uszﬁoosfﬂeﬂfe%swt%@eda}éraé%fsmIHLL-WIP 1q RereselopadProdust wasextretedwdhtred t o
room t enpejombb@hexAhds@kirads WarbbéRenralRl %th@ﬁdaﬁ&tre&)%‘er@d 8) re¥8Sa18sded and the
m xture again stirred for2 hours. The volatiles were renovéd under dynam c
vacuum andPvemieht &spe e aekvashgadthgoldrhexanps eh secoaderap hf crystdly wasaerozerdd t he

sol i ds m%@th@%’tﬁ’ér% o?aﬁ&lfﬁi%?was-m% with! doldleRand@STEANGENWESL £F o0 dryness
and washed 5 repeatedfy wth m xed xanes (50 nil) until no nore col ored
product wdasTeextracted. The conbi ned hexanes extracts were concentrated and
t he product recovered by recrystallization overnight at -30 C and washi ng
with cél d Bxemalsds. A second crop of crystals was recovered fromthe nother
| quor af tg'lflthgé‘ig éfl}ﬁr(l\li@ﬁllg %ﬂ%e%l%q lccﬁmgchJ/’l%i( %%Sa 8a- C}tla§ 6.7 e?rlalgydr%—mefhvl g, 59
percent. I0 EXanpre 2 Syritesi

fN-(1,1-di {sehdugt 1- ﬁmdmmnmh F)- 1il)-1,5,6,7-tetrahydro-2-m
et hyl - 4-phenyl -s-i nda -n-l-yl]siIananinato(2-)-N1 titani um di met hyl -, CH3

N,Ti--- CH3 Si\

Di chl or of ] ylethyl)-1,1-dinmethyl-[1,2,3,3a,8a-ii)-1,5,6,7-tetrah
ydro-2- 1 -s-indacen-1-yl]silanam nato(2-)-N] titanium
(0.25 g) (15 m.) was cooled to -30 Cand 0.5 nL of a 3.0 M

di et hyl et her solutl. et hyl magnesi um brom de was added. After 45
m nutes reaction trme e vOHBti | es were renoved under dynami c vacuum and
the residue extta %ed it mL of m xed hexanes. The extract was
filtered and concentNated to 3ryness The residue was again extracted into
10 nL of m xed 20 hexanes, filtered and the volatiles renoved under dynam c
vacuum | eaving th 'red
Dichloro[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-n)-1,5,6,7-tetrahydro-2-
15 methyl-4-phenyl-s-indacen-1-yl]silanaminato(2-)-N] titanium (0.25 g) in diethylether (15 mL)

was cooled to —30 °C and 0.5 mL of a 3.0 M diethylether solution of methylmagnesium

bromide was added. After 45 minutes reaction time the volatiles were removed under

dynamic vacuum and the residue extracted with 15 mL of mixed hexanes. The extract was

filtered and concentrated to dryness. The residue was again extracted into 10 mL of mixed

20 hexanes, filtered and the volatiles removed under dynamic vacuum leaving the desired

product as a glassy solid. Yield: 0.21 g, 91 percent.
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product as a glassy solid. Yield: 0.21 g, 91 percent. 15 WD 2004/013149
PCT/ US2003/ 016265 Exanple 3 Synthesis of dichloro[N-(1 1-dinethylethyl)-1
1- di met hyweof20d4/@A3B93a 8a-rl)-1 5 6 7-tetrah dro- PCT/US2003/016265

2- met hyl ~4- (1- napht hal enyl ) -s-indacen- | -yll silanam nato(2-)-N] titanium
\Tiva  SR\N _CL 5 3a) Preparation of 3 5 6 7-tetrahydro-2-nethyl-4-

1- napht haEenyIlLfTs hydr ai ndacen-1(2H)-one (J3__CH3 (1 -napthalenyl) A
250-nL f | sshhywasofchiolr@iN-vi.1- hnrl%dl(vEEPhB)léll (ih@Byhi.2.034%0n Whnb.) -tetrbhydro-

napht hyl bqr on . L sadi.u r onate (3.39 g, 32 nmmol),
3,5,6,7- L 1 = H) - one from Exanpl e
Ib (0.22 Min DVE, 10 Q m., 22 mmol ), and water (30 m.). The resulting
sol ution was heat ed £=c2 16 hours. The DME was renoved in vacuo,
and the product extract e di et hyl ether (4 x 50 rrL), dried (MgSO04),
filtered and ev t6 yield a tan sem-solid. Yield 6.97 g (100
percent). 3b) <

7-tetrahydro- 2- math Go hal enyl ) - s- hydrai ndacen-1(2H)-ol H CP:
CH3 15 (1-naphthal enyl)
3,5,6, 7-tetrahydr o-2+n -hyl\dr(/rcrlapht hal enyl ) - s- hydr ai ndacen- 1( 2H) - one
(6.97 g, 22 mmol) wes di sso,l/\/ea\l(n a 2:1 mxture of THE and net hanol (60 niL
total), and sodium boroh%rlde (1.25 g, 33.0 nmmol ) was added in portions.
The dark brown sol ution s stirred 16 WO 2004/013149 PCT/ US2003/ 016265

at roomtenperature for urs. Water (50 nL) was added, and the organic
sol vents renoved |n vacuo. The product was extracted vmth ether (3 x 150
nm.) and di3eh|Rveme [ ' phyilene dramide ] -
dried over MySOH4i flltered and the sol vents renmoved in vacuo. The l'i ght
gray solid obtained was{ti ssol ved in warm hexanes (50 5 nlL), filtered

t hrough nedi um po i filter paper, and the filtrate held in a -20 C
freezer. precj pitated, and was collected by filtration and
dried in %9.1

(1-napthalenyl)

A 250-mL flask was charged with PA(PPh3)4 (195 mg, 0.169 mmol), 1-
naphthylboronic acid (4.13 g, 24 mmol), sodium carbonate (3.39 g, 32 mmol), 3,5,6,7-
tetrahydro-2-methyl-4-bromo-s-hydraindacen-1(2H)-one from Example Ib (0.22 M in DME,

10 100 mL, 22 mmol), and water (30 mL). The resulting solution was heated at reflux for 16
hours. The DME was removed irn vacuo, and the product extractec{ into diethyl ether (4 x 50
mL), dried (MgSO,), filtered and evacuated to yield a tan semi-solid. Yield 6.97 g (100

percent).

3b) Preparation of 3.5.6,7-tetrahydro-2-methyl-4-(1-naphthalenyl)-s-hydraindacen-1(2H)-ol
OH

O

(1-naphthalenyl)

15 .
3,5,6,7-tetrahydro-2-methyl-4-(1-naphthalenyl)-s-hydraindacen-1(2H)-one (6.97 g, 22

mmol) was dissolved in a 2:1 mixture of THF and methanol (60 mL total), and sodium

borohydride (1.25 g, 33.0 mmol) was added in portions. The dark brown solution was stirred
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percent). 3c) Preparation of N-(1, 1-dinmeth
lvl)-1,1-dinmethyl-I-(1,5,6,7-tetrahydro-2-nethyl-4-(1-

napht hal ewgl2pese12t4ondacen- 1-yl ) si |l anam ne 1- napht hal enplcT@S300381426513) 2 |
10 NHC(CH3) 3

3,5,6,7-t s 2= -4- ( =53 ' - 1(2H) - ol
(475 g, ToioMERBrgnfbN il AR HE) BRAL SR Bolioailad

p- t ol uenesambediie vaep.dTpradicgyaskxB4ctatimalh) ethva$3 x &f{bel) antldeshipednhatvens ol ut i on
was heate t fhu 2rat yr i.t.h h -t ark trap.. . The

sol ution %?{klg?\g% )'t ?h%&grgognﬁgﬁﬁra%ft\e%%tbolng%%r%iip ? e?@gﬁ/%cs)@f"g{hertea’ea%gé ution was
cool ed t o sobyvoms femavediiperatouTae lig st doivd dHtaismaitwas disedvesiond wvenm Idxeds ifhat e

3207 8 (9o RerEkie® B Temd R MR Fivm g B HRee ApGAT B8 Ut Caten

was |ithi avl sbyd preaipitdtad) antl wd3 caliieced biy fitkagion antodiied iy vaefio. byiiepl4. Asid @d.am i n

hexanes gi Vicgfcx’t 3.055 g (71.2 percent) of a light yellow product. 0.80 ¢
(2.65 molB*E Y the lithiumsalt was conbined with 20 mL of THE fol | owed by
0.5 g (2.91, nm . ,i{ .IgtObutJ' 0)silylchloride in 20 nml of

: SHFFHAYT0 HEcedays,—tHevord R” vacuo
and t he regpglbgeBNtLAGHERANI100RI1HEmHe of hexanes, filtered and the volatiles
renoved in vacuo to | eave 1.05 g (93 percent)
of N- (1, 1- di met-hpephthglenyl, 1- di net hyl -1 -

in the for Y oil. 17 WD 2004/ 013149 PCT/ US2003/ 016265 3d)
Di chloro[ N @H/?’I)-l l1-dinmethyl-f 1 2 3 3a 8a-rj)-156

)-s-indacen-1-yl]silanam nato(2-)-N titanium To a
20 nL hexanes sol ution f &gg g (2.26 mol) of N-(1,1-dinethylethyl)-1, 1-
dinmethyl-1-(1,5,6,7-tet ra%y - 2-net hyl - 4- (1- napht hal enyl ) - s- 2-i ndacen- 1- vyl
)silanami ne was 5 added_2.82 nL of nBuLi in hexanes (4.51 mol, 1.6 M.
After g0 m nutes, the sOHE(GH3Mas diluted with 40 nL of THE and cool ed to

Al loved o ot rahd HEPHIT A SO TSRy g eiacsty AL & 153 (3.5
nol ) of RhGdR wandisshhetin Lluett Chno) R bhabecheoticacdderls gha1sahel) wan  was
stirred at ropmtemperature overni ght and the volafiles remoyed in vacuo.
The solution darkened to a deep purple color. After 7 hours, the solution was cooled to room
15  temperature, washed with saturated sodium bicarbonate solution (3 x 50 mL), dried over
MgSOs,, filtered, and evacuated to yield 4.207 g (93.4 percent) of the neutral indacene as a
brown oil. The product was lithiated by reaction with an equimolar quantity of buty! lithium
in hexanes giving 3.055 g (71.2 percent) of a light yellow product. 0.80 g (2.65 mmol) Of the
lithium salt was combined with 20 mL of THF followed by 0.5 g (2.91 mmol) of dimethyl(t-
20  butylamino)silylchloride in 20 mL of THF. After stirring for three days, the volatiles were
removed in vacuo and the residue extracted into 50 mL of hexanes, filtered and the volatiles
removed in vacuo to leave 1.05 g (93 percent) of N-(1,1-dimethylethyl)-1,1-dimethyl-1-
(1,5,6,7-tetrahydro-2-methyl-4-(1-naphthalenyl)-s-2-indacen-1-yl)silanamine in the form of a

yellow oil.
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10 was extracted into toluene, filtered and the volatiles renoved in vacuo.
The residue was extracted into hexanes and concentrated to 6 nL and cool ed
to -30 C.woheowhisaioned precipitate was coll ected and fecrhenopwiéedss ed by
trituration with 5 nL of ether. The ether suspension was cool ed to -30 C

and the objaAi B?c‘ﬂlop- q & Al fan @@l et her and
dried in vacuo e Exanpl e 4

Synt hesi s MMMMJMUMMMWG(Z )JN]ctttatrmnlnyI [1 2 3 3a 8a-rl )-1
5 6 7-tetrahydro

2- met hyI 4-(1- anmmlaLélmgdnyssghlﬁmdaﬂE% 4326 mhiob)rmﬁh@(matdmathyletﬂsﬂd)ﬂjlt anium\ /
FTT-IT_‘JDI ) of dAI%E{’Ihg{ l\?_,?,i te?raléygiro%-me%y?g (f-nap%thc?en}%ysa-m acen —}glssﬂanamme Vgas( 0. 17
c(:h met h%sl ﬁtddyld:cbilé R ﬂnLd)lfrIEm]hth he{xanela (85 Ilsﬁmﬁa-l rel yD. %Aﬁe;r@O frifugds) b Yelomdvizet hy:c
1- napht hal.e .2 S - 1- ' am pat o(2-) - titaniumin 5 nL o
et her was Aé&%%dg @4961112?_@ "#@%ﬂ%ﬁ?hﬁ%ﬁ g] Eﬁ]t}Berf?gatﬁlggd((bé‘gg ?ﬁ?&mm%l)ef M.
After 30 rTiCU{EER); dndehe/lx@ird AlRSelS Rir LRIMMELo réddin ¥aGbtaurd, NSfter 861 due
extracted into 3 52 ﬁ’;@f filtered and the volatiles renoved in
vacuo. The™Pgss: Lge(g&a@n%l ? S84 i g o dichireameihage wete added: (T sRlutigRd t he
vol ati | es waRBNEDatirdbn2Rmyaee: dverni BaMel tle RO réhieveR el £20d.) TR redause! | ow
solid. 18 WO 2004/013149 PCT/ US2003/ 016265 Et hyl ene/ 1-Cctene
Copol yier i asrarica inipitolneag, fiteredand the yplafiles regroaedadastior Ahy wsidge wes mi xed

al kanes salxgatd adthedshBs shd@bncedir A6 1836n1C HIRBIE to —JONVEr G8EBLYURSy added as a
nol ecul ar wei ght control agent by differential pressure expansion froma

75 nl addifrecitateaine calected aﬁ%ﬁlﬂb%mﬂréphyy trijygetion aiduSonl Sf sibsr. Abacther to t he
pol yner i zah,iapn &@W@km&z@foclaﬂ@th@ @eam HibRke ¢ 500
psig (3.5 NFEQ o 0e5| red quantity / englte Pﬁ%o%% g?(hva%ﬁ%a%lﬂﬁfmﬁ runs
1-3 and 9,cobl %her pwb@eedfueracrtm@sleaaze QSQma (ZI.OJperc@nB ofjerohgs pbwderr un 10 and 0.9
nole for runs 7-8) and cocatal yst as 0.005 Msolutions in toluene were
prem xéd iBxampkdybox in a 1:1 nolar ratio, transferred to a catal yst

addi t1on tanihea0dk: LlBGHRGL ) B e IR Bh RN 23PRENL TBIE) Yy Q!

m nute perrod. L0 The poOlymertzatr o condrtrons wer e e e ot

m nut es wiZinetbylHiy(lenphtbdeny@rrindhcen- TyHsilnesuinstb(26)-NSpitativron was rem)ved from
the reactor, and a phasphorus stabilizer and

NP

To a cooled (-30 °C) suspension of 0.090 g (0.17 mmol) of dichloro[N-(1,1-

20  dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-1)-1,5,6,7-tetrahydro-2-methyl-4-(1-naphthalenyl)-s-
indacen-1-yl]silanaminato(2-)-N] titanium in 5 mL of ether was added 0.20 mL of
methylmagnesium bromide (0.5 mmol, 3.0 M). After 30 minutes, the volatiles were removed
in vacuo, the residue extracted into 20 mL of hexanes, filtered and the volatiles removed in
vacuo. The residue was extracted into hexanes (10 mL), filtered and the volatiles removed in

25  vacuo to leave 0.060 g (72 percent) of a yellow solid.
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hi ndered phenol antioxidant mxture (2:1 mixture of IrgafosTM 168 and

I rganoxTM 1010 from Ci ba Geigy Corporation) was added to the resulting

sol uti on wo 2apgnexpmat e anounts equaling 200 ng/ 100 g [poiTyUsee03/0Tézes
resulting polynmer mxtures were dried in a vacuumoven set to 15 achieve a
Maxi mum t epweleAd/ ULGotée Challyire@Mbbn @ 20 hour drying time. Results are
contained in Table I and generally denonstrate increased octene

i ncor porati on i ft SHEPYAErecisr waueheteed with A40re obinixedaljsirex sdveat udrldB ggf t;) t he

i nvention b j : t cat.
Yield (g) E3hil %eﬁﬁg‘?‘?erzhﬂl%g&mgv@%ﬁgw%s%HOI%Q@A@%??@“’%%% 880 3.6 - - 2
" 88.8 1. gdiffgregtya P@SWWP%@HC&@a@mwmtlmtatﬂ()atm@sﬁmmk}&&gl‘l& r8acid39, 000

80, 000 5 3G kit 6 e el b Gt 118 B e Ryt gty 0o

2.33 0. 873psg (3. 5-1\’11)3)8 Thddmedqx&nﬁtybf 4ﬁtaﬂcc&7ple)ﬂ.1]) p@{ﬁ).legﬁgruas 33284 oMIMB 62. 9
1.31 0.883 0.6 AB7. 93. 7 g 870 7 98, 800 2. 3 11 * MIMb
41 36.2 1.%8° ‘ﬁf%é%nsd‘ Gan: “*OE fglertas g 03%99%01@%%&%%7 rand peeatalyseast i on
20 z. gr an®.0o@OM\sEREoREA tdluchb w@fe"ﬁremlﬁed iABldtyboR §EeX1 : i%o@gédpontrz{n@@;lfgég 1238- E)

Mv Mt tafl henyl ) bor ane
P {dh?%éaﬁs' 11 £ IaclRSuHg Faopy v apasys Snenu seriehy dr o- 2- m
et hyl - | TigbaB Anckizdttoh Shh iR '\n‘%ﬁztrﬁaﬁgtal)aed\ﬂor 715 bo@fatdd %‘H%ﬁeﬂy bn e e ed
accor d| ng to USP. 5,965, 756. 7' di(octadecyl)neth ni-um
tetrakis( p‘éffﬁra%uﬂt%rsalﬁﬂféh‘mr%w@é‘ronll@e YABPto; e m@mmmbm&@wl 016265
Et hyl ene/ ﬂm@éd%%{l@am&xlcﬂ%%@@ﬂﬁ& ur{(?ﬂ I)éggﬁi’s*wz Qgg&}{%%; slipa

| i qui ds except et hylidenenorbornene (E gas wer e passeg1 t hr ough
Clba Gelgy orporation) was added to the resulting solution in approx1mate amounts equaling

200 mg/100 g polymer. The resulting polymer mixtures were dried in a vacuum oven set to
15 achieve a maximum temperature of 120 °C over a 20 hour drying time. Results are contained
in Table 1 and generally demonstrate increased octene incorporation in polymers produced
with metal complexes according to the invention as evidenced by reduced density.
Table 1
Run  Catalyst Cocat. Yield(g) Eff.! Density” mr? Mw pPD*
1 Ex.2  FAB’ 89.0 1.86 0.880 3.6 - -

2 « “ 88.8 1.85 0.879 3.9 69,000 3.0
3* MTM® “ 40.1 0.84 0.889 0.6 139,000 2.3
4 Ex. 2 DAB’ 115.3 6.02 0.873 5.8 78,000 2.3
5 «“ « 105.5 5.51 0.875 4.6 80,000 2.3
6* MTM® “ 67.6 3.53 0.884 0.4 146,000 2.1
7 Ex. 4 FAB’ 100.6 2.33 0.873 2.7 - -
8 “ « 103.6 2.40 0.871 3.1 93,800 2.3
9* MTM® «“ 62.9 1.31 0.883 0.6 - -
10 Ex.4 DAB’ 937 6.52 0.870 27 98,800 23
11*  MTM® “ 36.2 1.89 0.886 0.5 - -
* comparative, not an example of the invention
20 " grams polymer per pg Ti
> o/ml
> melt index I, dg/min (ASTM-D-1238-E)
% polydispersity Mw/Mn
> tris(pentafluorophenyl)borane
25 5 IN=(1,1 -dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-n)-1,5,6,7-tetrahydro-2-methyl-s-

indacen-1-yl]silanaminato(2-)-N] titanjum dimethyl prepared according to USP
5,965,756.
di(octadecyl)methylammonium tetrakis(pentafluorophenyl)borate
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col ums of alum na and a decontam nant (Q 5TM catal yst available from

Engl ehardt Chemicals Inc.) prior to introduction into the reactor. ENB was
passed t hwowgow/@assort 5 col unm (3x10 cm) of al um na pripam/useod3nté268luct i on
to t.he reactor. Catal yst corrponents are - handled in a gl ovebox contai ni ng
an at moSpRGH L0 8GN AN BhEbAORRne AYBhETLER Cnfisbid er  reactor is charged
with 640 g of nixed al Kanes sofve 0 g of 1I-octene and 16 g of ENB.

Hydr ogen (20 psil] hqlmis ekd@al)eth)éldatbdeﬁomsn%ﬂih@[) ewsl gaa feediewerh passwhitmongh agent by

differenti pan The reactor is
heated to %ﬁl g{; 13%1 S‘];%a d{ ta%%nént?(g] > a%&egrr\%\%g%h%%gﬁ Eﬂl?ﬂb&(%t 5 MPa). Metal
conpl ex a@hdmiculsénct)@lrluetroentscmllucttqnomoahwdeacs:tmaEEBw@B pasasl ﬂ;holugit &shegl utions in
tol uene were m i 1:1 nol rat.i to a c yst

add £ o CRRRED ey ofy e ARe P ileBphioR B ol FARS: Selab {SpRogl A

met hyl di (m@ﬁcadﬁﬁyIg)ovetfommhmmgraﬁhﬁmlsplfe(qoﬁmt@ﬁ bumtmgqnhe\mylkr)emoalt@ (DAB), the

anmoni um cat i on of eriyv fro f am nes | | abl e
comer ci al'fajtoRE cﬁgg%\yﬁb?{()(g%npﬁ% f‘FeSO e{gi)§ (}F%?%E? ?rrtrd'a]t (Pic%g\gjlndi tions
wer e mai ntidrpen (20msil 1oHPAYs@8dedat B nRidyibenagiadaan] arndandfigentiall he

resul ting sol ution was rermved fromthe reactor

uenc i sopropyl
al cohol , RIS EPERIGOAER By Bdditighiepk Thergictps r‘fdﬂ%é%ﬁmog W@B‘Ef"‘&?ﬁ gp%7
ny/ 100g paiithealylab atagoblpag% Sapaphensal coa{pqu% Hﬁiﬁé‘lioh(ehé @XM dRiAiykr om G ba
Gei gy Corporation) and ng/ 100g pol a phosphorus stabilizer
(1 r gaf os TGP Sibge fqhawmnts@}u@.vwew B’raai/ ar r@@@ﬂ@@‘ﬁ‘s HE¢ Eh sakLysb o

pol ymer i zgj#iabh faHifshd I@e&@@ﬂﬂt&m&}eﬁctwsfhee&qﬁ%ﬁﬂaslr&tmlﬁbtaaé@ »g of nixed
al kanes was added to the reactor and the reactor was heated to 130 C. The

react or wasmoREW einpiiGematagporotpbenyhbareied Do) e A eRiER Faitos o) VBIER Br e
begi nni ng @;nawRP] ¥EGE 61%1'118& a%iﬁblepgﬁl%a?ly‘ﬁ@ﬁl@th BRQMASSAMIE, dhying in a

vacuum oven set at 140 C for hours. Densit ?ues are derived by
det er niSni glynisazgsion yengitions msmam’s@ned far B mmawawm elfylem qddereensdemang

met hyl et hy} &&Lﬁﬂgmﬁw st dvaq bt tﬁlﬁe %ﬁjch@&'wﬁﬁ?sggrﬁf)ﬂ JBhdiods and are

reported relatirve'to a po ystyrene ene uni ver calibration. The
per cent etstapiligerbby additivenga @h@nBﬂBltfoopontmelngéT g POgealymetef e hiviletedd by 13C

NVR | M i: i le 2
Vol d DendlBy poRSeTTh i 01 FHO o1y By COPLRETFnd Do [Tl Pepriiel, 7

oct ene ENBfa j)ﬁosEkaSQStz(bﬂler @IrgafO}TMGI&B Grofn Giba OeigBBodRtion)2 B4tiven quargal MTM2 (1
prrol ) %3 2o ym]é%iza 10181 §u]fls 3a4vZas cycle WaS2 cogduc’tge% lI’lI"Whl%Il %5(5: é §#1Gked gkzgxgé ‘Xlggegd/decg

titani‘um
di met hy!l ('Nb ¢tk rdacth areltthyteadtbrydds-heatdd ©i 168 0Oy Thd redclor3vad fifa emptiamétitey | cycl opent

adi enyl ) - heated solvent immediately before beginning a new polymerization run.

Dn—

Polymers were recovered by drying in a vacuum oven set at 140 °C for 20 hours.
Density values are derived by determining the polymer’s mass when in air and when
25  immersed in methylethyl ketone. GPC results are determined by standard methods and are
reported relative to a polystyrene/polyethylene universal calibration. The percent ethylene,
octene and ENB for the polymer were determined by ?C NMR analysis of the material.

Results are contained in Table 2.

Table 2
Yield Density Mw percent percent
Run Catalyst () EBff! (gml) (x10) Mw/Mn octene ENB
12 Ex.2(0.9 pmol) 68.6 159 0.868 240 2.2 41 2.6
13* MTM? (1 umol) 53.3 1.11 0.881 347 2.1 32 2.8

30 I efficiency, g polymer/ pg titanium
2 dimethyl(N~(1,1-dimethylethyl)-1,1-dimethyl-1-(2,3,4,5-tetramethylcyclopentadienyl)-
silanaminato titanium
* comparative, not an example of the invention
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silanam nato titanium?* conparative, not an exanple of the invention 20 WD
2004/ 013149 PCT/ US2003/016265 CLAIMS: 1. A netal conplex corresponding to
t he formave 200d013148' O R R 1 Z where Mis titanium zipcaarszemioos26haf ni um
in the +2, +3 or +4 formal oxidation state; 5 R independently each
occurrencexf .dride, hydrocarbyl, silyl, gernyl, halide, hydrocarbyl oxy,
hydr ocar by oxy, hydrocarbylsilylam no, di (hydrocarbyl)am no,

hydr ocar byl eneahi no, Adictdhgeimpleaedmespoptios prthaprmiy dd:ocar byl ene- phosphi no,
hydrocar byl sul fi do, hal o-substituged hydrocarbyl,

hydr ocar byl oxy-substi tuted hydrocarbyl, R silyl- substltuted hydr ocar byl ,
hydrocar byl si | oxy-substituted hyo-ocaro |, 10 0

hydr ocar byl si | yl anmi no- substi t ir"v ar byl |
di (hydrocar byl ) am no- subst i tR) L."n

hydr ocar byl eneam no- subst it ut ed hye A by, ot (‘hydr ocar byl ) phosphi no-
substituted hydrocarbyl, hydrocarlyl ene /ﬁhosp i no-substituted hydrocarbyl,

or hydrocar byl sulfl do- subst i t ut el hydrocar byl, said R group having up to
40 nonhydr ogen opt r €3 roups
may toget her fol m a %{g% b &10%91 eJ?r?ﬁ\a}g t] vlgl th%g’ gg#éﬁbgm ISOF‘y eacng\r%mg
occurrence is aRGﬁgébEncmnw e@hocqmrreﬂé is hiydride, d’iydractadryﬂ sﬁyldgfmmalr lalidene- or
substitute hdoar Iene u r m_n V\nththeremalnder
of the met g’fdrc}cégrﬁ?ﬁll%&, o 3&‘%}‘2(%&89 l?)%%y%a%nrﬁ ﬁ?l%y Ll OHRhYdr ogen at ons;
20 Z i s a hydvarh®lendupingt, yx(h}aﬂrocarbm)pletsghnmonmmmblygn@pla)sﬂmb@nd and a neutral
two el ectr orm oor ec | en aid Z
conpri si nggﬁ&?”g%yls‘bl?g%%ﬁ%rfﬂé dahyéiofiﬁgyl d{)‘?ca{%ﬁgxﬁf’é‘f S'gt&{]ghﬂ‘gﬁﬁ%bygf t he

El enrentsI ﬁ@ﬂs@ht&@te@ﬁf@bdaﬁgﬂ@yﬂﬂo&dﬁr&@ﬁlﬂxy-ﬁfb@@rpﬂé@hytﬁ'ocaﬂ@w furI or oxygfen; hX is
a nDnova e ani on an v to 60 atons, exclusive of the

cl ass ‘?CF‘G&]ﬁ arP’Fi‘ ful?f g‘teéi;jjg’li‘i"& {’3’3’&1@‘2@(9?"2@8)”‘1“@ “HBHSY | gand gr oups:
X i ndepe NERIchiby L BFdo ASKUNEAREE st BYirsAtbyl, IdIBY dro@rtyOpRBptb-havi ng up

to 20 atons
substituted hydrocarbyl, hydrocarbylene-phosphino-substituted hydrocarbyl, or

hydrocarbylsulfido-substituted hydrocarbyl, said R’ group having up to 40 nonhydrogen
atoms, and optionally two or more of the foregoing groups may together form a divalent

15 derivative;

R” independently each occurrence is a Cq_1; aryl group;

R’”’ is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a
fused system with the remainder of the metal complex, said R’’’ containing from 1 to 30
nonhydrogen atoms;

20 Z is a divalent moiety, or a moiety comprising one c-bond and a neutral two electron
pair able to form a coordinate-covalent bond to M, said Z comprising boron, or a member of
Group 14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus,
sulfur or oxygen;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the class

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

X’ independently each occurrence is a neutral ligating compound having up to 20
atoms;

X” is a divalent anionic ligand group having up to 60 atoms;

pis zero, 1, 2, or 3;

30 qis zero, 1 or 2, and
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X" is a divalent anionic ligand group having up to 60 atons; p is zero, 1,
2, or 3; 30 gis zero, 1 or 2, and 21 WO 2004/ 013149 PCT/ US2003/ 016265 r

i s zero owOkoo4niziHae netal conplex of claim 1l corresponacmgsean3tohess or mul a
(I''): RRo RORa /I\/D(PX,ngr R Z where Mis titanium zirconium or
hafniumin the 2, .43 .9r +4 formal oxidation state; 5 Ra independently
each occurrence IS hydrogen Cl 10 al kyl, aral kyl or cycl oal kyl,

preferably meth{ Thy mitelroyiplex R clpim hcmsmdmgwthgfqmpla (Rb i ndependent |y
each occurrence is hydrogen, Cl_6 al lL<yl or cycloal kyl, preferably each
occurrence Re is hydrogen; 10RZ is g di vaI ent noiety, or a noiety

conprising one a-bond and a neutral two el ectron papr able to forma
coordi nat e-coval ent bond to M u,'-‘ si,nhg boron, or a nenber of
Goup 14 of the Periodic Tab a‘ nts and al so conprising

ni trogen, phosphorus, sulfur gén; ¥ mmnoval ent anionic |igand
group having up to 60 at ons exgkusive of vhe class 15 of ligands that are
cyclic, delocalized, n-bound |ligand groups; X independently each
occurrence i s awheniM & titaniuya tzirpepivso o imem Frailip Mg horttd formal eidatien stxe; | s a

di val ens. ani oni g phgang:7 OuR ARG LR ST 3 AR wrByloPo Ry, L 2. of

3; 20 g is zero, |sze exofCIalm
2 cor r espopaferaplyt methyleorberzmiyl a: AR (I11) O Ra

R’ is a Cg.1p aryl group;

R° independently each occurrence is hydrogen, C,4 alkyl, or cycloalkyl, preferably
each occurrence R° is hydrogen;

10 Z is a divalent moiety, or a moiety comprising one c-bond and a neutral two electron
pair able to form a coordinate-covalent bond to M, said Z comprising boron, or a member of
Group 14 of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus,
sulfur or oxygen;

X is a monovalent anionic ligand group having up to 60 atoms exclusive of the class

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

X’ independently each occurrence is a neutral ligating compound having up to 20
atoms;
X is a divalent anionic ligand group having up to 60 atoms;
pis zero, 1, 2, or 3;
20 q is zero, 1 or 2, and
ris zero or 1.

3. The metal complex of Claim 2 corresponding to the formula:

A (ITI)
SeET
MX X ' X!
Y% \ P Q-
Ny
wherein:
25 Alis phenyl or naphthalenyl;
R?® is methyl or benzyl;
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MZ*  wherein: 25 AR is phenyl or naphthalenyl; Ra is nethyl or benzyl; 22
WO 2004/ 013149 PCT/ US2003/016265 Mis titanium Y is -0-, -S, -NR*-,
-PR*-; - NRD*?2004001314PR2*; Z* is SIR*2, CR*2, SiR*2Si R*2, CERTAGHB/012&5=CR*,
CR*2Si R*2, or GeR*2; R* each occurrence is independently hydrogen, or a
menber sel ect edyfit apLRNydrocar byl , hydrocar byl oxy, silyl, hal ogenated

al kyl , hal ogenated aryl, and conbinations thereof, said R* having up to 24
non- hydr ogen at ¥as-O-afid -BBt+ dRAL YRt woPR*; gr oups from Z (when R* is not
hydr ogen), or aps: R gt 0tR« f &:8Mcd andn apnR* ~gLopp:: | N f ring

system X, X a%dlg;%’ﬁazfgﬂazéglg\rzg\%6ir]§]l(>}e§e?icg‘edélﬁrfq:}?égllgn@?{@%%z’pis 0, | or
2, q is zero orRlgachmdcurrendess inégpendentlyl hydaogdnyn e membesseReted framd r are zero,

Mis i t:}%’+ ﬁfQ '%%ti t.at is in.the +3 . fo l oxidation
State 1t vlsbagih SR SRk, A0, AL S Pl bl g P BRong ™ P O e
15 group cibersofstaidiB* bdvitpalpi tole4 ndnyldrdoapan bipins, dnyg dptivmaliy) yWwoRY groups from Z
di (hydroc %ylli;grln d(g cgéé hgdra%c[g,; bgl}% hozpahi do, . hydrocarbyl sul fi do, and
silyl grouPa™® Be SR Py ALsRA PR K FPIUYP 4¢af B RY SHE gom &W&éﬁﬁgbw oxy-,

y' 9 ! ! yl)al )
and di (hydsystemt byl ) phosphi no-substituted derivatives thereof, said X group
havi ng up to 30_ngnh %,o en at ons, en.r is 1, p and q are zero, Mis in
the +4 formal o in%a?‘%é ag? anEevioysly d\)g\(ﬁnq%én 81312‘0%’di ani oni c |igand sel ect ed
fromthe gr oupdﬁgrugil stp2.ng of hydrocarbadiyl, oxyhydrocarbyl, and
hydr ocar byl enedi oxy groups, said X group having up to 30 nonhydrogen atons,
when p is 1, q @R %4dedero, Mis in the +3 formal oxidation state, and X
is a stabilizipgagioenisdl i gand group sel ected fromthe group consisting
of allyl, 2-(N, N dinethylam no)phenyl, 2-(NN-dinethyl am nonet hyl) phenyl,
and 2- (N, N 25 dVh&xg 2adfigypmeisioy M isamie wA dwmpl eipdptipn grte (¥4 & inghei’s 1, Mis
in the +2 fahMRkid@Nd ek @7 i S or 3R, Xand B isn aRBHL1i8dnd CRAEUGEL AL OF
nonconj ugated di ene, optionally substifuted with one or nore

15 — group consisting of halide, hydrocarbyl, hydrocarbyloxy, di(hydrocarbyl)amido,
di(hydrocarbyl)phosphido, hydrocarbylsulfido, and silyl groups, as well as halo-,
di(hydrocarbyl)amino-, hydrocarbyloxy-, and di(hydrocarbyl)phosphino-substituted
derivatives thereof, said X group having up to 30 nonhydrogen atoms,

when ris 1, p and q are zero, M is in the +4 formal oxidation state, and X is a
20  dianionic ligand selected from the group consisting of hydrocarbadiyl, oxyhydrocarbyl, and
hydrocarbylenedioxy groups, said X group having up to 30 nonhydrogen atoms,
when p is 1, q and r are zero, M is in the +3 formal oxidation state, and X is a
stabilizing anionic ligand group selected from the group consisting of allyl, 2-(N,N-
dimethylamino)phenyl, 2-(N,N-dimethylaminomethyl)phenyl, and 2-(N,N-
25  dimethylamino)benzyl, and
when p and r are zero, q is 1, M is in the +2 formal oxidation state, and X’ is a
neutral, conjugated or nonconjugated diene, optionally substituted with one or more
hydrocarbyl groups, said X’ having up to 40 carbon atoms and forming a n-complex with M.
4. The metal complex of claim 3 which is:

30  dichloro[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-1)-1,5,6,7-tetrahydro-2-methyl-4-
phenyl-s-indacen-1-yl]silanaminato(2-)-N] titanium,
[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-1)-1,5,6,7-tetrahydro-2-methyl-4-phenyl-s-
indacen-1-yl]silanaminato(2-)-N] titanium dimethyl;

dichloro[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-1))-1,5,6,7-tetrahydro-2-methyl-4-(1-
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hydr ocar byl groups, said X having up to 40 carbon atons and form ng a
it-conplex with M 4. The netal conplex of claim3 which is: 30

di chl or o[ Wo(2b94to1di4aet hyl et hyl ) -1, 1-di et hyl -[ 1, 2, 3, 3a, 8@CT()S2003H1&67- t et r ah
ydr o- 2- net hyl - 4- phenyl -s-indacen-1-yl]silanam nato(2-)-N titanium

[N-(1, 1-di 1 sobn-15 AL (2-)-N] titani
1,2,3,3a,ég?%g¥?§&g¥%%%%?éeggﬁggg%%g§%%¥-@??ﬁ?ﬁﬁenyl-s-

i ndacen- | - N-(lsl-dimathriethat d (12dipethl- [ i2t3a09 3am) di ne Ttejrhhydro-2-methyl-4-(1-

di chl or of -dinret hyl et hyl) - 1. .1- dine 3 N

1,2, 3, 3a, ﬁg’lf}‘?%l?‘%’,l)ss,*é‘?é}?’?é?ﬁ%ﬁ?%’?lé?’g.{zﬁglﬁ%tlf‘glﬁ@(jT‘e_él? "Wo 2004/ 013149

PCT/ US2003/ 016265 naphdichalifemnlyd jolpndrizetamend-olbfiyd dosiprisingoontatiog @e)or N|

g_t t21ag|1 ;ﬂ, 8n§c_r)rl§ logel;}lf?% é?dé? gcg_lglg?tr? th%%lff?%é“)}én]ﬁgfjiﬁ%: cpn%Ey?%:cl_ofn[position comprising one or

napht hal enybrknsetdl oelagietes of atlyJos¢ bfaCiaimsnat.o(2-)-N] titaniumdinmethyl. 5. A
process for the_polynerization.of olefing co I.Si ng, contacting one or 5
nore ol efi ns unter pé@?ﬁ@?@?ﬁ?*ﬁﬁmfkﬁa?Wﬁ@ﬁ?ﬁaﬁgﬂwég%ﬁFéF§§¥eQﬁhposition
conpri si NGy BREnOér styFeHeBndBitRhal U RhREAS] & nodR¥njeedWenCai pdBmbrided, 6. A

process according to claim5 wherein ethylene and one or nore C3_$
oc-olefins or styrene and optionally a conjugated or non-conjugated diene
are polynerized. 24
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