GROUP 4 METAL COVPLEXES CONTAI NI NG 4- ARYL- SUBSTI T
DERI VATI VES Cross Reference Statenent 5 This application

~benefit of U S. Provisional Application Nos. 60/400, 48[%””"”@'”'“‘%“5' gust 2,
2002 and 60/400, 398, filed July 31, 2002. Background o ion This

invention relates to a class of Group 4 netal conpl exes anudestse

pol yneri zation catalysts derived therefromthat are particularly suitable

copol yrer s of "ol ePRe ot Ml SRR EhS T HENE B SR SR PR "o or
nore ol efins or diolefins sSuChRESY@AagaNpEBIYS DERIPATSVESY a nonovi nyl
aromati ¢ nononer and et hyl ene or copol yners conprising ethyl ene, propyl ene

and a conjugated diene. In USP 5, 965, 756 there were di sclosed certain
G oup 4 neCabssRefechce Bma:me'mndenyl 15 conpl exes that were usefully enpl oyed

as olefin poly i zatl 0 t.al rese C | exes are
speci esgvm t hi nnﬁﬁissap}i)l}cég?noczs?y 8| ?g@qﬁggg&%?‘ EPP&CSL%’%OSW@%O’&S’
conmpounds. fisudneguyt 20 20G2head lbHMENBIH fileAdalerd)j 2092t 0 t he present invention
there are provi de tal conplexes 20 corresponding to the formula: AR
CkTi X, ( wherein: 25 ARis C6-12 aryl; R is nmethyl or
benzyl; and X i érhhah‘iedeororrela&shqdclassaxf @yd»upgﬂrrocqﬂ cham]eng; ano tapslEnérivation30
oY 0 0950, 80 R G4 s TR ORI i P PR S

di chl od®[ N-ft(rl)rébadmgmm)}vblemhlyla)ld dgpilzl-ymers'@lf hlyfms[or diolefins, including copolymers

1, 2,3, 3a, 8 é J%tholcT-SIO?eélEt%ﬂyog'a% %n%rﬁm}:% c%polﬁrmers comprising a monovinyl

phenyl S-i n anam nato
aromatic monomer and ethylene or copolymers comprising ethylene, propylene and a

conjugated diene.
In USP 5,965,756 there were disclosed certain Group 4 metal fused ring, indenyl
15 complexes that were usefully employed as olefin polymerization catalyst components. The
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:

R
\‘ TiX;,
(‘13C) 291 l
NC (CHy)
wherein:
25 ARis Ce-1n aryl;

R® is methyl or benzyl; and
X 1s halide or a hydrocarbyl group having no more than 30 nonhydrogen atoms.
In particular, A® may be phenyl or naphthalenyl.

In particular, the metal complex according to the invention may be:

I
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[N-(1,1-dinmethylethyl)-1,1-dinmethyl-[ 1,2,3 ,3 a, 8a-rl)-1,5,6,
7-tetrahydro- 2- nmet hyl - 4- phenyl -s- indacen-1-yl]silanam nato(2-)-N titanium
“dimethyl; 5 '

di chloro[ N-(1, 1-di nethyl ethyl )-1,1-dinmethyl -[1,2,3,3a,8a-rl)-1,5,6,7-tetrah
ydr o- 2- et hyl - 4- (1- napht hal enyl )-s-indacen-1-y 1 ]silanam nato(2-)-N]|
titanium or [N-( 1,1-dinethylethyl)-1,1-dinmethyl-[ 1,

2,3,3a,8a-r| 7tead-2- -4-(1-

napht hal en;‘?l%‘logolﬁr{géélé‘ﬁet F{l i ?éiﬁﬁ‘%’hg{g@g %a' 10074 (RFparethyrd- There
is also pr @mrgedxrﬂa@hqc}eﬁﬂanfaﬁhrnatokm) Npligdiaesm| zati on of ol efins conprising
contacting_ 10 one or | ef i ns _under merization conditions with a

cat al yst c%béldt”f’ffhwﬁ@%% tls‘ihﬁ‘ﬁthy]oHez %?a ‘F)ey?ré*t7éftr3(1}é5ﬁ’fﬁ12e‘%%tgylafce}&|"bjl|Sng to

t he i nvent hrmrgeenLnyp]@ngdaﬁma@J(g )m]hyg,ﬂnﬁda,mhﬂne or nore C3-8 a- ol efl ns or
styrene_and opti onal Ié conj ugat ed or non-conjugated di ene may
me

pol yner? zedich %[Na@elv atae ks Lidietbyli (42,330, Sas@rlaﬁ éd- te&%ﬂr&r%mﬁwi énal | y

in pure fomhpgmm ?1) slédameaq9[&1%%&@@!1\1]@9&%@&@8 inthe formof a
sol vat ed adduct, i onal in a solvent,  especially an organic l'iquid, as

wel | as in[XHd, W@mﬁfb’ﬂet@’lh Aresimeshyldhle R IaeBactr i 467 iteteahy trer e thyl- -fdier ei n the
chel ati ng ﬂ%ﬁl‘ialér@rl)asnmﬁécgﬁﬁ'ﬁ srrmaﬁma%(z%qqmtﬁﬁurﬁtdnxétﬁﬁed' ani net etraaceti c

acid (EDTA). according t he preéesent 1 nvention, there is provided a
catal yst for ol éﬁhPfﬁ is B Pp@iIW@ﬂ%a%Slf@ﬁh%mhpﬁqrgﬁtnxg OfNeﬁllS)COHlpn@tlmon@@mm ex of

formul g9 (1 hnObr rhdrk ))I’eﬁﬁsngldelégolﬁrﬁn%ltoh \f@Hd'ltﬂ)gs @%QE@AW& Eomﬂo@fﬁoﬁ@é rls{n tio of

1) to 2) being from B. the reaction pro ormed by
convert i ng °ac PreneE n@@h«fﬂrmkexs:‘racpwiwemhe In)\’efmon(l 1) to an 25 actl ve cat al yst

by use of an acfj gzﬁ' i, Et‘ﬁgllgﬁ'é Héne ol"ﬁ%ﬂ:eéa 8%8@{:19% (Qme)ﬁr&e 48 o E{l&%ﬁg%efl ns

invention there | rovi de process tor the Izatl o
conpri si ngcmqurmnaneuwedwﬁ@mmmmref:d ns under pol yrrerl zation

condi tions with @ﬁgmkmpeggm loRis Dl i te@w@alg@%@{gnﬁlﬁmﬁ dagnmila (1)

or (I11), and 30 2) an activati cocat a atio ¥ to 2)
bei ng % ommixta@, wWdothey cadpleses, mrthﬂorm ga $Cé‘a¢€td|add|u0pr0@der@ﬂlyﬁlo¢ spicknby

convert! ng egofieialn GOMR!IRKIOLs LA fe fdoh o2k alvlek of Gheflla dBRblVEGRAI VST DY
use of an activating techni que.
wherein the chelating agent is an orgamc material such as ethylenediaminetetraacetic acid

(EDTA).
Also, according to the present invention, there is provided a catalyst for olefin

20  polymerization 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 (II) to an
25  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,_,, a-olefins under
polymerization conditions with a catalyst comprising:

A. 1) a metal complex of formula (I) or (II), and
30 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

active catalyst by use of an activating technique.



Use of the present catal ysts and processes results in the highly efficient
production of high nol ecular weight olefin polynmers over a w de range of
“pol ynmeri zation conditions, and especially at elevated tenperatures. They
are especially useful for the formation of ethylene honopol yners,
copolynmers of ethylene and one or nore a-olefins other than ethylene, 5 3
WO 2004/ 013149 PCT/ US203/ 016265 copol yners of ethyl ene, propylene and a

di ene (EPDM cop I rs of ethylene nd.styr.ene (.ES. pol.yners),
copol ymers of el?‘l?j% Eﬁ%’g?}reget%gér%gaﬁ%g ,geag?i Brogeséﬁsé%ggﬁs(lﬁgﬁﬁﬂl%gf %/f}rlf%Flg)p,ro(dugﬁ of

copol yner s hggh nedlépplae mejghpelefry bdyraerandkr s twideeneze( RSy potizatien synditlne, ange of
the conpl e : i e - t is.in the +2. fornal

oxi dati on é?%% @ f%%?Vgggh%lﬁrﬁrﬁg%ﬁges\g@E{Ytﬁrgﬁsﬁjgcg?l né?f{mz%f }hg rq:%rmg ﬁ?npcr?fi e‘é;}llyrllegnle'y

resul ts i nhbeppaymon copolpoéry eetByleresipd onadr nyore BRI ethpothymethgledeavi ng
extrenegy hi gh nol ecul ar wei ghts. The catal ysts of this invention may al so
be supported on a support material and used in olefin polynerization
processes in a slurry or in the gas phase. The catal yst may be

prepol ynerized with one or nore olefin nononers in situ in a polynerization
reactor or in a 10 separate process with internedi ate recovery of the
prepol yneri zed catal yst prior to the primary polynerization process.
Conpared to conplexes lacking in the present aryl group substituted at the
4-position of the substituted indenyl |igand, the present conpl exes
denonstrate greater activity and incorporate increased quantities of
a-olefin or other conononer into ethylene copolyners. 15 Accordingly,

catal yst conpositions including the present netal conpl exes are capabl e of
produci ng et hyl ene/a-ol efin copolyners in greater efficiency and/or are
capable of formng copolyners of |ower density, due to the fact that such
copol yners have increased | evels of incorporation of the a-olefin
conmononer. Detailed Description of the Invention 20 Al reference to the
Periodic Table of the Elenents herein shall refer to the Periodic Table of
“the El ements, published and copyrighted by CRC Press, Inc., 1999. Al so, any
reference to a G oup or Goups shall be to the Goup or Goups as reflected
in this Periodic Table of the Elenents using the | UPAC system for
nunberi ng 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
Wi th respect



to the disclosure of synthetic techniques and general know edge in the art.
The term "conprising" when used herein with respect to a conposition,

‘m xture o peEEsSyi S not  intended to exclude the addi tpcamedop@gaace of
any other conpound, conponent or step. Oefins as used herein are

C2-100, 000 a]i phat. r aronpti c conpou ont ing 30 V|nI|c
unsat ur at FBRYTES Q/@éfhy?eé‘% RESpEIPE 2 %ﬁ&%@g’@ﬁﬁwo é“eE‘*S}(?PB‘HM”Pé‘ﬁ@ ethylene

cycl Opentﬁﬂl%tyréﬁbq}isrﬁ@f b@fgﬁr&spolyxﬂgﬂs UHléAgeMOEDRAE aRea SBRSESDI g8lyihbrsf he 5 and
6 position with C 1 g gr oup Al so included are mxtures of

rocar by
such ol ef FH<opRlyRErs|of a@yf?%l%(pw%nwdss@eﬁi%%$ PH¥MGES: HThe a0l thi ol ef i n
Comoundscon@f%plegﬁcml%mb@e R Li8 h SRERAY RS, Wﬁnlnlrlﬁieox%ta{‘é/rl Lgepenor borrene,

hexadi ene, and norbomadi ene. Long chain vinyl term nated nonomers may
be f orimedcongnyyns 30i0UgrOpEIAYizRENs BSR0OBED 166N fefmationypfphiynp, yspecialat i on

process, £y EUARLE, Al DE AIRIPRERAL.(Jelydr | de el fminaton of o

protonfromag ng po I'S protess results in incorporation
of extrenely ﬂ‘bm@ta:jj’m ofghib mtvmttohenerymluewmg)oped cym:esuppcm materibling ueddai n

br anchi NG, : 1 O? Yt s and §)r ocC EI‘OEI %em al I sw ted for
use in préparati r{n Cinl?y?cg?fg Bréoy y er{én §t°ﬁ§/? et hyl ene/

1- hexene, pepdiythaiwel s\ntyroaaer mara dledih mydnemerslin @amra@okyﬁlpﬂiaylﬁﬁli@ct%omlal as

terpolymers of eth Ienea a no ated diene, referred to
as E p%ﬁp?ﬁjér%?cesgl‘%‘tt e\?ﬁﬁ’@g 9{18?18“’1’ YIBf’J‘J§/2| gﬁaéaléﬁ(ﬂ’“grttﬁrﬂéﬁ‘ne referred

to as EPSpmairypelymerigdtioh gfde@kymers of et hyI ene, styrene and a
nonconj ugated di ene, referred tqQ_ as ESDM ymers,. Mnovin aromatic

monomers for uS8MREFSIOFommlerEdacksg lﬁéheaﬁrﬁen%aﬂﬂﬁ qup SHRsHMERAAY ?/}E Hepositign
conpoundsoftay ubgtithfRe iddes Tk aia, B@ pRﬂ;erRl;omﬁexéghemB%trBe g@ter \Mﬂﬁ/’ft? 'aﬁ‘d R,

i ndependent|y each occurrence is hydrogen or Cl_4 al ,
i ndependelff9poratedncrensed qraatiess of g-qiefingyr ofhgr @pmopsmprrﬂntow@y&mmpqumm exes,

pref efy eda X, AE QYRS RS ypeﬁhsm Qashcd&e pﬂgnykggognspp%gggr%gg%%gyo& Lo

trimet hyl phosphi ne, triet osphi ne;
di net hyl ppmélpimgml)yé@dwémeleﬁﬂmmerwmgrwm efﬂCiescmmr g dapdierdf Yormigg her s,

especi al | gopolymers of lower density, due to the fact that such copolymers have increased levels of
incorporation of the a~olefin comonomer.

Detailed Description of the Invention

20 All reference to the Periodic Table of the Elements herein shall refer to the Periodic
Table of the Elements, published and copyrighted by CRC Press, Inc., 1999. 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 IUPAC 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 C,.199 g aliphatic or aromatic compounds containing

30  vinylic unsaturation, as well as cyclic compounds such as cyclobutene, cyclopentene, and
norbormene, including norbomene 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
Ca.40 diolefin compounds. Examples of the latter compounds include ethylidenenorbomene,

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



t et rahydrof uran; am nes, especially pyridine, bipyridine,

t et ranet hyl et hyl enedi am ne (TMEDA), and triethylam ne; olefins; and
“neutral weojugetsed di enes having from4 to 40 20 car bonpatrQ¥Bes/oPitRs exes

i ncl udi ng such neutral diene X groups are those wherein the netal is in
the +2 fa ati.on in reference to the netal conplexes
(1) or (I ufmg gfeﬁ é’f"gf%af)lf)?/pliogesgeflfi’é%’iag‘cﬂ’{efbrydh‘? PRERRMEIOB OpP Lo fiadeshmigtien - hal o,

hydr ocar Wfla prasér fdm aarusking pigheal dﬁyﬂnamiﬂ@r&%!g$§§uttyﬁle§corﬂwg{09Qf”‘é\pr&lnel The
nunber of X groups depends on the oxidation state of her Z |s 25

di val ent 'B878 F8Es SHthGArst HRE PANChé Gt loas Chpireprendginguge @ﬂ*almtwﬂemcesxés gr oups
are preseatein skbespeSikily JuReh BF hdeSaPraphial 10@&%1%@% ofo gl@gé eﬁlg%ngygﬂ gy of the
various substituents and the identity of are cﬁ sen F ovide” “char ge

bal ance, Stehperus ativieng/sivrers, %T@L%hvéﬁne/r}rélcwhe capepiness. as F\@ﬂ as exaiypiess when Z
i's dival egtmyRRd Hf ZEH%, th oxidation state
of M Wen corgtogp%g %ﬁ%nﬁgﬁdn}a%gmv?})e%g%e% lg&(;tr? atszgglfrjgf hat®Ttoval ent bondi ng
site, andermlb'@efS@f eth@enef propkneosiddgtrénsnretrat @ BSEPSPplymensay: tegolgineer o and r
equal 1, n u 2 N0 200 149 PCT/ US2003/ 016265
zero. Inog %hPleE%a)étggarr%}d azno% gﬂ}ﬁag&lcﬁeng i %Sg)ﬁ P‘ﬁ?‘lmgrts’ate of +2, Z may
be a dival ent Momnﬂl argnampnoxmnmndfor ustareROBluGO0R) arFBfubstAneh @lmeﬂaeut ral

liga gry esent.. Preferred coordination conpl exes used
acco?gl ngg{ngo%r%g(ha\?@é ff”f“r%ent. on are conpl exes corresponding to the
formula: AR (I111) g®- Ragr Z* 5"Y wherein: AR is phenyl or

CR% e

napht hal enyl; or' benzyl; Mis titanium 10 Yis -0-, -S-,

-NR -, - PR - BNRREANQr ~PRE ; Z* is S|R*2, CR*2, SiR*2Si R*2, CR*, CR*2,
CR*=CR*, CR*2Si R*Z GeR*2;rR, R* each occurrence is independently
hydrogen, or a nemper/selected from hydrocarbyl, hydrocarbyl oxy, silyl,

hal ogenat ed al%yl, hgl ogémated aryl, and conbi nati ons

wherein:
R; independently each occurrence is hydrogen or C,4 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 C,.2 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 (IT), X preferably is selected from
the group consisting of halo, hydrocarbjrl, silyl, and N,N-dialkylamino substituted
hydrocarbyl. The number of X groups depends on the oxidation state of M, whether Z is

R
wn

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 isin a

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

5



tHer_eof, said R* having up to 24 non-hydrogen atons, and optionally, tw R*
groups fromZ 15 (when R* is not hydrogen), or an R* group fromZ and an R*
‘group fragpYed@n@ ring system X X and X' are as prguvi i ned;
pisO,lor2; gis zeroor |I; and 20 r is zero or 1; and V\]ﬁ}eﬁlr/ll?%&%lwmg?g’q and r
are zero, Mis in the +4 formal oxidation state (or Mis in the +3 fornal
oxi dat i on t%t!d ajfpabgxpmple NRVs gya foppel pyidagerdstate pist2a i reayibenidivaldngiged

sel ected fdoup, bhkd r G5PbHN SRABISS 4HaG {1 i drocarbyl , hydrocar byl oxy,
di (hydr ocarglii?l%}am do.” dil_%ﬁ_lydreocar by %ﬂ%ls%%‘ﬁ%é’mﬁ?& %88%5‘43?I{.'sul fido, and
silyl groups, a¥efpEed copsditsibncomplexeadiufdiyademdiag bythy prsdomyertiye@car byl oxy-,
and di (hydigeak {;5 Il S tituted derivatives thereof, said X group
havi ng up tog$309ynég%lrﬁ gﬁ@g“eﬁq%%%%é?la\/\hen risl p.and q are zero, Mis in
the +4 fornmal oxidation state, and,eX" is a dianionic |igand selected from
the group consisting of hydrocarbadiyl, oxyhydf®carbyl, and

hydr ocar byl enedi oxy groups, gars Qr-emp. havi ng up to 30 nonhydrogen atons,
6 WD 21104/ 013149 PCT/ US200% W—p-8fs 1, g and r are zero, Mis in
the +3 fornmal oxidation state—ang tabilizing anionic |igand group

sel ected fromthe group consisting of allyl MX(N'N- di net hyl am no) phenyl,
2- (N, N-di met hyl am nonet hyl ) phenyl , and Z (N, N- di net hyl am no) benzyl, and 5
when p>and r are zero, qis 1, Mis in the ¥2 formal oxidation state, and
X is a nRgetdiml . conjugated or nonconjugated diene, optionally substituted
Wi th one or norg  hydrocarbyl groups, said X having up to 40 carbon atons
and fornming a 7t-¢BhYEE ngplihpleoyl Most preferred netal conpl exes are those
according to the;phan1Q¥fedpr mula (111), wherein M X, X, X', R R, Z*,
Y, p, g and r are as previously defined, and: 10 when p is 2, g and r are
zero, Mis in tMé& ttapiymey mal oxi dation state, and X is independently each

occurignce net obenzyn« opphali-de; n.p and q are zero, r is one, and
sO,e§], PR -NR>* or -

Mis in the +4 formal oxiddtion’statke, *ts a 1,4- butadienyl group that

forms a netal | &yebiBie fRENSRLAR “WIGRTOR* WIRN=GRA, SR¥,SiR28dGdR*ar € zero, M
isinthe +3 f Q{*@éh &?éﬁrge%téé BQnd%E?ntdgmlya}l@gro)g(erix,sor g fngglgérl\é-elected 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;
15 150,1 0r2;
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,
whenr is 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,



15 di net hyl am no) benzyl; and when p and r are 0, qis 1, Mis in the +2
formal oxidation state, and X is 1,4- diphenyl-1, 3-butadi ene or
-1, 3- pent adoeme/n1Bi4bustrati ve netal conpl exes that may bepepptayghiches t he
practice of the present invention include: 20
g_mngg;]é: rrgt EC?? h"ﬁ%ﬂ%g‘,% Q{ldﬁﬁtee%?foa }_{%rugltk%dg%e%\al 0x1dat10nnP|tee§r?dSX (13ta buty!
7- t et r ahy dtabilivtgeeinnitligh) Sirbanetectea fiotMhe frobp cdnsistndbmmenyla -

, 3- but adi ﬁf
(t-but yl afi Ao THPRECRYFY AR Hy sty praingmettyigphenyl. #pd@-GLNet r ahydr oi ndacen- 1-
yl)sil anetdntnatlﬂylu;mnoiblexhz)yl Lnd- pent adi ene, 25
(t-butyl anli do)di met hyl ( 2- et hyl - 4- phenyl-ll
5-s-1, 8, 6, 7- tetW%?&PéFﬁ@&e@nq -y M iin diseiferansl oxitlationistaje, and X is a
2- (N, N- di I B
(t-butyl anr}?glg%dd(?ﬁ?gf ﬁ%/c%)?g]% %r%%nﬁuf ategdlgn%no)?tlorﬁaﬂ%substimge d6W 191 TECT ERY, ydr oi ndacen- |
-yl ) si | anétyidtoaarbyirgroups, Waiddi’ mevihg bp to 40 carbon atoms and forming a n-complex with M.
E ;ll ? g;[ ?llaﬁglt fi?)aglé/lgs?n}) h%e(sx(e% IH%F tl hg lexe@ F%”%ose accordcin01 f05the6prev1o§stf%glbl}ia (I?I,ndacen |
(i - propyl aniedon M, ReKhy{( R F(é,t?hyh’,pi quelmakea"slp&v&ullyaeﬁneH; 4|t r ahydr oi ndacen- |

- vyl | tit thyl,, . . . )
(bgn)z;l: a?nngol) d? ef’ﬁ’)}% ’?—Wé%%&lzﬁf-’ Nhis g fhe 1 Sormabgrigatipn state. snd%{s ahydr oi ndace

n- | -yl )isddpamiehtiyt cach wasu(réﬁé): 1mlmgﬂnhxyiyl o?héd\@e2004/ 013149 PCT/ US2003/ 016265
(cycl ohexyl am dol% di met hyl ( [I)vl 15-s-1,5, 6, 7-t et rahydr oi ndac
en-1- yl)sil aneVieR &in F;natelz\%o a}sr?\é fl 1510 the +4 formal omdatmn state, X" 1sa [ ,4-
2-benzyl - %ur&awﬂyllgr@rplhaﬁf&mz-atneattdllabwk;@hﬂaﬁ’@r%ﬂmhrM' conpl exes 5

(t-butyl am do)di net h I 2- henzyl -4 h i5-s-1,5, 6, 7- t et r ahydr oi ndacen-

| -yl)silanetit%HPe (qlalr’)irire 2310 5 formal gyidasian efaie, andeX BRr@iMni do) di m
et hyl 162- hﬁ;ﬂ&ﬁ&laﬂm@j&e;wl ahé 5-s-1, 5, 6, 7 t etrahydroi ndacen- I. -yl)si

l anetitanium (I11) 1, 3-pentadiene, (t-butylam do)dinethyl

(2- benzyl - 4- phe‘ﬁlgﬁmrap@kr%ref % isgl, MtSéWx&h“y?é@rmah@paéaéwn sfate, gnd X¥iis [ 4net i t ani um

10 (111) ?mﬁﬂéln%hob PRidbAePT Aghemzyd . (t-butyl amido)di met hyl _
(2- benzyl - 4- phenyl -rl15-s-1,5,6, 7- tetrahydr0| ndacen-1-yl)si |anetitanium
Illustrative 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_—pheny1-n5 -s-1,5,6,7-tetrahydroindacen-1-yl)silanetitanium
(II) 1,4-diphenyl-1,3-butadiene,
(t-butylamido)dimethyl(2-methyl-4-phenyl-n’-s-1,5 ,0,7-tetrahydroindacen-1-yl)silanetitanium
(ID) 1,3-pentadiene,
25 (t-butylamido)dimethyl(2-methyl-4-phenyl-1°-s-1,5 ,6,7-tetrahydroindacen-1-yl)silanetitanium
(1) 2-(N,N-dimethylamino)benzyl,
(t-butylamido)dimethyl(2-methyl-4-phenyl- n °-s-1,5,6,7-tetrahydroindacen-1- -yl}silanetitaninm
(IV) dimethyl, _
(t-butylamido)dimethyl(2-methyl-4-phenyl-n 5-5- 1,5,6,7-tetrahydroindacen-1-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 (I'V) dimethyl,



(1Vv) dinethyl,

(t-butyl am do) di net hyl ( 2- benzyl - 4- phenyl -rl1 5-s-1.5, 6, 7-t etrahydr oi ndacen- |
-yl)si | anetztensim (1V) dibenzyl, 15 PCT/US2003/016265 |
(i-propylam do)di net hyl ( 2- benzyl - 4- phenyl -rl 5-s-1,5, 6, 7- tetraﬁ o{r ol ndacen- |
- yl)silan tltanlum i et

(bgn)zyl am @%C)l?ﬂ R &‘ﬁgﬂ% %Ylpﬁélﬁfﬂ’l-“‘frs‘59§»71tersah6drpifldéwﬂdhydr oi ndacen-. |
-yl) si | angfsiidBianibi (10 M)neﬁizm%‘t hyl,

(cycl ohexyl ani do) di net hyl ( 2- benzyl - 4- phenyl -rls-s-1,5,6, 7-tetrahydr oi ndacen
- I - 20 yl)silanetitanium (1V) dinethyl, 2-methyl- 4- (I-napht hal enyl)-s--1
56 7-tetra el

(t-butyl amb%]g{llfdne ﬂ%eﬁbwtt%m P 5 S)-rI5 s-1,5,6, 7-tetrahydro
i ndacen- I(t-butyla)nstD@meﬂwl(bh@myﬂH( phe)r1y111154s—¢iD46ﬁaatydhyﬂlno&rdbwaaldylﬁn@nen%ﬁmm

(t-butyla Ig Y, t hyl - 4- (1- napht hal enyl )-115-s-1, 5,6, 7-tetrahydro
r& %ﬁc%q%r#]l{ém u?ﬂe(ll) 1, 3- pent adi ene,

i ndacen-| et’

t - but y| ant-datydintiehdiy btk ednbyilk4-h ht BalerathhirofdaRsed = 1lyiRilbrefieabily @hydro
fndace%- rﬂ%l&);’dgey ?a%e??i(am 5%1 (?Iel(n%l-ﬂa?N N- dtl et Eylgdg%eﬁol lgr@j Ff hih &

(t-butyla At A
(2- net hyl '(flblft}}l’aﬁ%mlﬁ%ﬁ@iﬁnz; lﬁﬁpl?en}ln‘? 6 Z 6‘7‘%&&&9&%‘8&&9%‘3}‘35}11anemam§8

yl)silanetitani um (I
(t-but}l arfﬂ@o’fy@imrhﬁgi l(lzmme)cbhlyzlym (1- napht hal enyl )-, 06-s-1,5, 6, 7-t et rahydro

I(|n dg(r:ggyl am Jy Qc?%n&e&ﬁ%%]? i/zf‘b%)"(qﬁsg:p%’rzé'fbémgrf)mldi‘?nsl ~Wsdangtitsnipgy r ahy dr

oi ndacen- (IV)dimkthgl | anetitanium (1V) dinethyl, 8 WO 2004/ 013149
PCT/ US2003/ 016265
(benzyl am dg [gla%dtoml?‘ftﬁylﬁe?wl 4 PRepY iR SRt deAby droindareg- i1y llsilgetjtapiomy ahydr o
i ndacen- IIV) dibengyl] anetitani um (1V) di et hyl,

(cycl ohexy| ami 1- napht hal enyl ) -, g5-s-1,5,6, 7-tetrahy

dr oi ndacert!” Pmp)aP‘)‘@ﬂdé{ﬂ@ng%a'??P@Hﬁ(H’f\??ylm el h§ teU@lﬂvdromdacen 1-

2- benzyl - zgd)@liang@tg[mxlﬂqiwmmg 1 7-tetrahvdroi ndacen-1-vl conpl exes
(t-butyl am do)di neth

yl
(2- benzyl @@ﬂlﬂrﬁéjﬁ}ﬁﬂIH%mé‘ﬁ%@ePzﬁf%P@nm 15;56L, 56,7 e¢trahhirdindacanid ey )sianktitanium
yl) sil anetiyamhatmi(! 1) 1, 4-di phenyl -1, 3-but adi ene,

(cyclohexylamido)dimethyl(2-benzy1—4-phenyl-n5-s-1,5_,6,7-tetrahydroindacen-1-
20 yDsilanetitanium (I'V) dimethyl,

2-methyl-4-(1 -naphthalenv]);s--LS,6,7—tetrahydroindacen- 1-v]l complexes

(t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1 ,3,0,7-tetrahydroindacen- 1 -
yl)silanetitanium (II) 1,4-diphenyl-1,3-butadiene,

25 (t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5 ,0,7-tetrahydroindacen-1-
yDsilanetitanium (II) 1,3-pentadiene,
(t-butylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1 ,3,6,7-tetrahiydroindacen- 1-
yDsilanetitanium (II) 2-(N,N-dimethylamino)benzyl,
(t-butylamido)dimethyl(2-methy!-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 .0,7-tetrahydroindacen-1-
yl)silanetitanium (IV) dibenzyl,
(i-propylamido)dimethyl(2-methyl-4-(1-naphthalenyl)-n’-s-1,5,6.7 -tetrahydroindacen-1-
yDsilanetitanium (IV) dimethyl, '



(t'-butyl am do) di net hyl ( 2- benzyl - 4- ( 1- napht hal enyI) ,05-s-1,5,6,7-tetrahydro

i ndacen- | - 10 yl)silanetitanium (l1) 1, 3-pentadi ene,
“(t-butyl awiooydomsetvhyl ( 2- benzyl - 4- (1- napht hal enyl) - r | 5- spg&rRisB0dnt@k£ ahydro
i ndacen- | - yI)S|Ianet|tan| um(III) 2- (N, N-di net hyl am no) benzyl

t-butyla I 1-napht hal enyl )-i15-s-1,5,6, 7-tetrah dro
i(ndace%- %g'%%'“ ‘gﬁ‘e am ?%b&iap&\gﬁg 1%9&- & é )67 ~tetrahydrormdacen- | - Y
(t-butyl amllsdérdnmetuhy(lezdlben@yl 4 (1 napht hal enyl )-r15-s-1,5, 6, 7- tetrahydro

i ndacen- | (ﬁ%)’/é%)fl | anetitani um (

(i -propyl a oY ﬁ‘@tdﬁgﬂllr(l?hﬂ@nﬁﬁhl’% (%Mﬁh%hlteﬁbd} -8y 1P 1B sy dromdfed-1t et r ahydr
oi ndacen- yhsiangtifefinkAes dikRyUm (1V) di nethyl,

(benzyl am do) di met hyl (2- benzyl - 4- (1- napht hal enyI )I-,q05-s-1,5,6, 7-tet rahydro
i ndacer- | - 20 yl)silanetitanium (IV) di met hyl , and

(cycl ohexw. (dronaR gllllenlll)-_rIS s-1,5,6, 7- tetrahy
dr oi ndacen- nplexes can be

pr epar ed tiyblll,tslemam)d&mbﬂhyll(hbwzylstyfﬂt mhﬂhelehﬁbhﬁs-qum-tenmﬁiomgdehM a reduci ng

agent can glla%rergagx Sf&ﬁ,?"'pdép q;g{)}itﬁéower oxi dation state conpl exes. 25

The synt heses are conducte e noninterfering solvent at a
t enper at ur(ebﬁtylﬁmdojcﬁﬁeﬁ]ﬁ(ﬁﬁé}@yl prefaBraRkyy - oM 568 t‘é@ahjyﬁ’r%d%égmt preferably
" I

fromQO to\lﬁ)‘g % term"reducing agent" herein neant a metal or
conpoutfld fpett ’h‘B’é‘r(HP &dirergie®ondi ti ons causes the netal M to be
reduced frgm Riheheth @bgngi,eéf_ a 4 es .of suitable
net al umtﬂa agZﬁt est glge al (loar%gﬁ{ﬁ%lkm ﬁksg? ?r?ﬁé@ﬂ&ﬂ FoRgee &S al uni num
and zi nc Yé)Flllaé‘%ta@PméHQéll'GN Belimehdisingberdykal i ne earth rret al s such as

sodi um mer gy fﬁ né) )| 9% il I es of suitable
reduci ng agen : %3%2@%?% rog{org tgﬁ nlétsa} 9%37&? BWace‘Eférrpounds
havi ng frd&bﬁllmpmaﬂ@nd&f)MSthym each hydrocarbyl group, such as, sodium

napht Ie t assi aphite, lithiu | ithium or potassium

al kadln gnyIQ }?u lﬁrg%@?%t;}%?%e@%ﬁé'%@‘%W@O‘?f%{wéée”@@@ﬁé@@ -feagent s.

Most pref efi)sidmlemteﬁmai(ng dgepils are the alkali nmetals or alkaline earth

net al s, DeCH g % L thi um and magnesi um netgl. Suitable reaction nedia for
the for rrat BhPoi™ ﬁ)ém’&%%@egfééyl“‘ ingRRshaki iy Bt tsr oS- Gtdetralydspindacen-1 -

hydr ocar botysilanetithéitug (IVamey@l i ¢ et hers, particularly branched-chain
hydrocarbons 5 such as isobutane, butane pent ane, hexane, heptane, octane,
and m xt ulkeazyl Pfglrd@)gifmeté)g}@ benzy (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 ,3,6,7-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 1 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



alicyclic hydrocarbons such as cycl ohexane, cycl ohept ane,

nmet hyl cycl ohexane, nethyl cycl oheptane, and m xtures thereof; aromatic and
hydr ocar bwio subetsijut ed aromati c conpounds such as benzegg,ush@lskwgbRs and
xyl ene, Cl-4 dial kyl ethers, Cl 4 dialkyl ether derivatives of :
(poly)al kyl ene glycols, and tetrahydrofuran. M xtures of the foregoing are
al so 10 SEienarisaseniie MstpERTedicdbansasiie eale alkell prielsar dkelivy eartint act i ng
t he correspandi ek EOFRIEm aAd mhdEsidif ka1 +3 Oxi dation state with a neutral
diene in the presencé of a reduting agent, preferably a group 1 or 2 netal
al kyl deri vat i veuitahigirergtion padia for hegdoremiipo ASthi gomplgkesandyde aligmbumd n an
inert dil - 1.0.to.2, 0

equi val en?ag&%?tlcthhg% %%QQ%?%R%@’%H&’% Cliel@%ttl)]% et oﬁyﬁcg]la?fggg{n?ggrg 'Célf“\r}g]gdrf)%}?%ed

yi el ds Sandsuplugsi isoputine  huand gehtard hekaen bemarep baanes andpaixadesttieerdolfie ytlsearalf

| ar ger quapi.| tiic% he di di t e reaction m xture

S . of ene. I.n ad jon, heatjng t
prior to A T ERge ar%’?‘unes B YA G & ﬁ!é)%Fpe[%l%et glﬁ{hy %591&%?1)%' y to a
t enper at urmethyloydi@ptane, Abd mGturgH ti@Sofparbiiiti edid iy aRE QYA titdd Ydr@dtd and
purity. The resulting ouF 4 net al Con%aﬁxe% %rye activated to formthe
actual catQFpe™ 6“‘%’0%%8%%6 $ U5, b KA at-ofalit #hes: Cocditlkyhether preferabl y
an al um nakaNRiveRoO@biyRilkyi Ok Fiyods, a6 @&ahIN Y&thran OMiRmAe BRI R Bhthengpf and
desirably enployed to polynerize olefins or conbinations of olefins,
especi A1 | yUEL8Y§/i ene, propyl ene, 1-butene, 1-hexene, 1-octene; mixtures
thereof; m xturgg RutrhiBenk Qb RHICIDGre TGRS WhhOinGI Y AEPIRGLL AR S or
conj ugat ed_or non-conj ugat ed di enes; and nixtures of all "of the foregoing
nmononer s. PhTHODES SHEFIER Bl WiiGdwsyEal SieRy Irethe PesAehce Ak shudingragert3 8 a- ol ef i ns
or styr enepr@f_@ﬁbl?%%@ﬂ@i b2 BetalGAR) HIRLER lﬁ(/m@,gﬁ'gf: PFH éj&%oﬁgin%'ac%rhefkﬁr €
interpolynerized The process IS characterize y low tenperatures,
t ypi cal | y Sroupmi 25 iney Gloent Hrigs pace §ind et foe o oftfnas pA e 2.6 equivalddisvPahe
Sui t abjse 3l £ - herein i 2 r..olkgoneric, =
a1 Uroanee, UL BETehlbs HaRCHRNRL okl Yiefusil SR o nlloeel BRI S e
met hyl al unoseered tothe 36 ¢fdarigentaphmitieneiizmnd enen dutdditior, bedtiag the irchctioth xineel

ocl 11 a5y TR offre TOHTPAT S, SN, BRrclilE ] L FRRLEE 0 08 S ompound.

especi al | yCagives  fuyttieroogrdygind@liuyield amd puwity.t o ( hydr ocar byl ) bor on conpound,

or a hal ogenated (includin erBaI ogenat edé. deri vative thereof, having
from1l to 10 car e()réssuhlmr%'»@rfbgﬁl\%e? %?E?p%fﬁﬁﬂﬁa &‘la%ﬁ%‘? /t%flaé%gata Ath
hydr oczr bydomppsitial mgemattiedionyith o catayhst, grefetghly aDslem@mpee] Adatiyn forming
erfluorinat tri(aryl)boron und .or a perfluorinated
Pr i (aryl)a oaa%(l:l sLtl,rﬁr ézgco Ohrx?,a]lgt?li t%erec():t%rqg 86511‘3 ly emplo?recg 10 po?ymerlze olefins or.
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. In a

25  preferred process ethylene and one or more Cs.s a-olefins or styrene and optionally a
conjugated or non-conjugated diene are interpolymerized The pfocess 15 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, triisobuty] 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_3o hydrocarbyl substituted Group
13 compound, especially a tri(hydrocarbyl)aluminumf or trihydrocarbyl)boron compound, or

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

10



The G oup 4 netal conplexes may al so be rendered catal ytically active by
conbination with a cation form ng cocatal yst, such as those previously
known i n woeoasbisier 5 use with Goup 4 netal ol efin pol y@qmgf’;}kk@f\z(,,
conpl exes. Suitable cation form ng cocatal ysts for use herein inc
neutral Lew s acids, such as Cl-30 hydrocarbyl substituted G oup 13
conpounds, %4 ﬁé‘é‘P%ﬁr\JX} F PP ERPRFORAY PRATDA RIPNP T0PF coiecielhy A ieylircnioaiedy| ) bor on

conpounds gfighy)haboesReuaE of 4 fet &b@h%d@x@(’é@@ %yl X % ﬁ%l vatives thereof,

havi ng from 1 to 10 carbons in each hydroc enat ed hydrocar byI
group, nore esp@b?@Fqlgw%é?tﬁllcampieﬁ@twa@lterrﬁlcheﬁlcyﬂakthﬂyeomachunds and nost

es peCI al | ycérﬁﬁlﬁe(n%ﬁ %&U &ngpfo%%pxé)gapdg%&?gch %qgﬁ%é%%ﬁélﬁ%w&]% (?ﬁtqj(q,]g’npoun ds

noncoordi nating, 1on formn ractu
under oXi disei \wgl Gonp ﬂme@ais)efm eelpmeiizitioy complexese SoifabRroanun fafthing phtagpRENI UM,

oxoni um, fO?%Equ%?ell]}lj mcludg el}fra} tlew1s gg]dss lél,}l,ﬁfhoars]: o a)dnygré)f:aréxl |S\1R§Ptu£g§at | bl &

noncoor di nati ng i on erroceni G IGreupt3

conpat i bl econmundmeaﬂmmamy tnighya ricarbglyal @i thumo Bhiriiaidt@asyIforckc dkfpeufae b oi ng
ues. The foregol ng activating

cation for 0 sts ndte

cocat al yst gg %ﬂﬂeégflﬁk}%ﬁ e atl%gé?ﬂar‘i?ﬁE@‘gvaﬁ‘é(%thﬁré%fnh%ﬂr@\ﬁoéhgF%/lotcaﬁlgﬁf’t fnyj t h
respect t Oedthhy@bembyl BehabgensoNPldescayi Gﬂ'ougrﬁfré@s BAANBRFlBRhA QNS 1N the
follow ng refe ences EP- A- 277, 003, US-A- f US- A- 5, 064, 802,

US- A- 5!%321r{#gbqmen gompopsds. i@sflloswpﬂmsl%%émtsﬂuowsplxsnylsbom ®Ppolymeric,

US-A-5. 625 WSioAc5or88 30 (, (U A
20 5, 965, 7%(g§gaté?<lanpl oo 1 ﬁéﬁacr%tn%g%&&%mugp@f 2/ uchcomoBl

i nvent i on BRSEPEdigae keprdiiionshasperidly the Hea dfemhoniynt- Hosibewnwe Ommuany

conponent wb&lhmkta§1wﬂ;n Qﬁﬁﬂfox%%%aflﬂs 6RLdpaRbRCld gé@o%mam@ anibd bOW Ng
exanpl es are provid as further illustration o he 1nvention and are not

to be 25 cHHOEIN 5§d‘| qrilter prgts of¢qmpagihieheaesordipating priohn pmechnibiché pnschfy
i trogen atIRSPiREEcash Ambhe cgpd%s&aéﬂdqg'chﬂqulg {&9«)81n%§gtwang%c<%{:§‘&§' s

techni ques. Unless stated t0 the contrary a are
expressed #H agtivasing kechpigugsdiavertigen Prékusmmghnvgmféspwfto mﬁetépt mailers to a

time of apgy ngﬁiéx@}‘o? é)Yef%%o&ﬁlgHQﬁBﬁs intREhEL N réf?%l}@eE %@E&?@H&f A-ef ers toa

tenperature term™m xed anes
conmer ci al 159'5?(9b5t7aUﬁe%I-519i69<§Qﬁr FSo%-5081, QOQOJFaADpHatlB@, Usfdncﬁtsaﬁbmmﬁ-Aval | abl e

under the bliaerxleslABabs e tRORIssEEh) ud AY BXKONe SNORGA S f:, 1 1 the

event the nameé of "a cohpound her éi n”do€s not orm
r epr estht adPoh’ibhereof, the structural representation shall control. 11 WO
2004/ 013148, PCT/US2003/ 016265

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

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 mixwre of Céo

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.

11



Example 1 Synthesis of: dichloro(N-(1.1-dinethylethyl)-1 1-dinmethyl-fl 3 3a
8a-rl)-156 7-

t et r ahydr evodea@nsidy et hyl - 4- phenyl - s-i ndacen- I-yIIeranaﬁ@ﬂgggﬁgoﬁagﬁ
titanium S Tid2 \ / N 11111~ 5 1 a) Preparation of :
3.5.6.7-tetrah pro 2- met hvl - s- hvdr ai ndacen- 1(2H) -one Cc& CH3 I ndan (91.8
m., 0.75 ngiégiﬁénd 2- bronoi sobutyryl bromde (92.7 nL, 0.75 noles) were
stirred in sohREh2o BRMMIRN-(AL. d%etﬁlzraﬁvm\h@léméz%t@ 1%Ba $2:,39 4PV €S) was added
slowy as a solid under a nitrogen T]OM/ s mxture was then all owed to
stir for 6 SEhrgondaczn-2onetiryl-4qmhenyltsenda vHsitahiminatp@e - htithiiemni Xt ur e was
poured over ice and allowed to sit 16 hours. The mxture was then decanted
into a separatory funnel and the remaining salts washed well wth CH2, Cl12.
The organic | ayer was then separated and the volatiles renoved resultrng in
the isolation of_a dark ~I. Vacuum di stillation resulted in the isolation
of the desired p 2 yellow oil (120 g, 86 percent). 15 1|Db
ahydro-2-nethy|-4-brono-s-hvdraindacen-l(ZFD-one
- met hyl - s- hydr ai ndacen- 1( 2H) - one (50. 24 g,
0.270 nol es) was gr adug Tadded over one hour with stirring to an oven
dried, nitrogen purged, NL-glass round bottomflask containing Al C 3
(99.842 g, 0.749 nol). BrYni ne (13.8 nmL, 0.268 nol) was 20 added via a
droppi ng funnel over 45, g%nutes. The resulting red m xture was heated with
12 WD 2004/ 013149 PCT/ t)SP003/ 016265 stirring to 76 C for 45 mnutes. The
reaction mxture mas cooled to roonrtenperature and poured onto ice (1500
g) contai nitd PRy O IBLE thise - extracted
with d|ethylether (4 X 200 4 The organrc fractrons mere conbi ned, washed
w th aqueous NaHCO3 and watfer, dried over MgSO4, and dried under dynanrc
vacuum 5 The m 3 en fractionally distilled. The fraction
obt ai ned at 135- loiggas found to be the desired product in
greater than 90 y. Yield: 20.4 g,

Preparation of 3.5.
CH, Br 3,5,6,7-tetrahygs

Indan (91.8 mL, 0.75 moles) and 2-bromoisobutyryl bromide (92.7 mL, 0.75 moles)
were stirred in CH,Cl, (600 mL) at 0 ‘C as AICl; (300.6 g, 2.25 moles) was added slowly as 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-hvdraindacen-1( 2H)-one

3,5,6,7-tetrahydro-2-methyl-s-hydraindacen-1(2H)-one (50.24 g, 0.270 moles) was
gTadually added over one hour with stirring to an oven dried, nitrogen purged, 1L glass round
bottom flask containing AICl; (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
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54 percent. |c) Preparation of

3.5.6.7-tetrahydro- 2- net hyl - 4- phenvl - s- hvdr ai ndacen-1(2H) one CO CH3 Ph
10 100 nmiwof20eu/6132@ M et hl yene gl ycol di nethyl ether sol uptposRs016265

5,6, 7- tetrahydro 2- met hyl - 4- brono-s-indacen-1-one (22 mmol) was gradual ly
added with_sti gg%%o an oven _dried, nitrogen purged 250 nmL gl ass round

bot t om f |1 as’lgmtlzgt)tr(%t7 NG BT BECEHE 40T Bdge s cqlef o rave) FRPIRREERd( 3. 379,

31. 8 mmol ) pain c(nﬁSGI:EOI @»ﬁnta%ﬁoné%ﬁa@&-hyd&“@éﬁloﬁgqgﬂ (ML%%IH% xture was
heated to reflu m stlrred 15 After 16 hours the solvent was:
renoved unﬁ‘éﬁaCthid ?SIF@% re*SQMal-} Hde prstair friaptipns Véllelcowbmdcwmdexﬁth_act ed
with di et hyuesRenHEED, ¥ndah driedl ni ed, dried
over l\/gSO4ydand filtered throul% d;lﬁr?f;:gg@ ﬁg%?%%éer%fﬁgg?%@ rem)ved under
dynani © vacuum Tyextgs Wesgher fracsisnally dﬂ&ﬁl@eqar%dmt?tlontdWmndmt LASel48eb€ @gai n
conbi ned i f nd. di ssol,v i.n hot
oxane (125 0T oY ehols HORP R oL R i b & i Bl i chde
puri fi catidhpasiing col um chrorrat ography and 5:1 voI :vol. mxture of
hexane/ met fy of product

wi th >90 pe pUT ‘
3,5.6,7-tetrahvdro- 2-net hyl - ¢

nhenvl S- hvdral ndacen 1(2H) of HCH3 Cqol:
03/016265
-phenyl s- hydr ai ndacen- 1(2H)-one (2.48 g, 9.46
% m xture of tetrahydrofuranhnethanol
de (Na H4, 0.54 g, 14.2 mmol) was slowy
added. The reaction m ture was stirred overnight at roomtenperature.
Water (50 nL) was add and the product extracted with 5 diethyl ether (4 x
70 nmL). The conbi ned umes were dried over MgSO4 then dri ed under

SLraI VoS KB L AR AR S0 A%, 8

t et r ahydr dnefetltfyliromo-s-indacen-1-one (22 mmol) was gradually added with stirring to an oven
dried, nitrogen purged, 250 mL glass round bottom flask containing Pd(P(C¢Hs)s)s (0.19 g,

0.16 mmol), Na,COs; (3.37g, 31.8 mmol) and (CsHs)B(OH),. Water (25 mL) was added and
the mixture was heated to reflux while being stirred.

15 After 16 hours the solvent was removed under 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/methy! acetate elutent resulted in 2.48 g (43 percent) of pfoduct

with >90 percent purity by '"H NMR.

1d) Preparation of 3,5.6,7-tetrahvdro-2-methy1-4-nhenvl-§—hvdraindacen-1( 2H)-o0l

SOV
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phenyl - s- 2-i ndacen-1-vl)silanamne CZ, CH3 Si(CH3)2 NHC(CH3)3 10

3,5, 6, 7-tetrahydro- 2-net hyl - 4- phenyl - s- hydr ai ndacen-1(2H)-ol (2.46 g, 9.29
‘mmol) wasodnesmbed in toluene (100 nl) and p-tol uenesuﬁ&ﬁpgﬁmgﬁﬁ%i 0.12
g) was added. The resulting solution was heated to reflux for ours,.

t hen washed wt LUl .2 us aH (2 x 50_nL), dried over MgSHi
filtered, and c?ﬁ’%g&eu%ﬁ?}éaﬁg3ylﬁegﬁ§b4'%!t\ﬁﬁ%%@‘\???f&M%@@,ﬁ-é&&p&’e"r@éﬂpl)of the
cor r espondiasgisiaickddene: 1 vk ;val. kdburdof @@ﬁﬁdr&ﬂu?gﬁkn%@é%oﬂb@h&?%ad’@oﬁﬁxg& he :
i ndacene (1.@4;.%) ?ﬁﬁiga mL n'&dxed hexanes. To thi's was then added 2.65 nL
of n-but yITTLHTR NP Y2d ehkkameol wassiowlppdded h Bhg reagtion mriptiserasksiigedr  was

decant ed foverdightw rqieehPelaabe Waal (shag WPk ' I €, _\as _
di ssol yed | n}? ?0 nm_ of tg’t rahydrof.u(rban ()THI%Q.E&'?SI{PE‘leg@g‘ﬂﬁeﬁr%&fd‘H’;{\ﬁet hyl (t
but yl ami nd)E ST 8170l ) Ghgewosbines Diymes PR dsdoverddeSD aheh dried unésul ti ng .
m Xt ure stdyhdn@€vacdOnm OMSFiRd @b Iles emgyed under dynami c
vacuum andlyitc1 he \r’aecsi c}ue éx? ra%g(ogg&\%s %{%’&]ﬁ%%gd&’\r{]\%ég‘hdéfwgaerﬁﬁ, filtered and

the vol atilbes a6ahiibCERVeH) WAAGHIINIRT G YaEHUT, s Of Vi £ 42°

percent) of the ¢ P :

Pr epar at i @ASYES- byMilgnanine di net hyl ethyl-1 .1 -dimethyl- f 1.2,33
a8a-n)- 1 56 7 S

t et rahvdr o- 2- net hvl - 4- r}henvl -s-indacen-1-yllsilanam nato(2-)-N titanium 25
N-(1, 1-di net hyl et hyl
1,1-di methyl -1 -

10._§f2

ahydr o- 2- met hyl - 4- phenyl - s-

i ndacen- 1-yl) si 2 -LHayas stirred in hexane (30 nlL) as n-Buli
(4.75 nmL of a 1. in mxed hexanes) was added dropw se. This

m xture was then allowed to\stir 1.5 hours. THE (30 nlL) was added and the
solution cooled to -30 C. Th&{CHGI3(THF)3 (1.4 g) 14 WO 2004/013149

PCT/ US2003/ 016265 was added|with stirring as the m xture was warned to
roomtenperature. After 25 gf&%ﬁ-l PbCl 2 oxidant (1.5 g) was added and the
m xture again stirred for 2h 0r'S 3ﬁ‘le volatiles were renoved under

dynanmige vacuunsapd.fh 4 XA ed . to e 40 | filtered and
the solids washed aga?ﬂr%"a ﬁst ﬁllé?lgfﬁgir’l]%% %ﬁ}é&%%"?atc?nak @%&éé‘gmﬂ%ﬁ? PRSI t o
dryness af@s fisseivediingolugsed perily ang R-lelushssaifortie xan 651 ( HOvasbddednirhé no nore

col ored prealifd son@isn Sk heddqd renlSor 3%8)(5&%/&@9 wgsﬁl)é Qvtlatﬁ is%tﬁ{#%“ Teqie | ©

concentrated and the product recovere recrysta A%8Yer ni ght  at
-30 C andNadSRi Gg W mh). ddedrvseMenOs filttred epdddednpr dhamic abaig sas

recoveredzog, 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 dynamic 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.

1) Preparation of dichloro[N-(1.1-dimethylethyl)-1.1-dimethyl-[1.2,3.3a.8a-1)- 1.5.6.7-

tetrahvdro-2-methvl-4_-vhenvl-s-indacen-1 -vl]silanaminato(2-)-N] titanium

3]
W

N-(1,1-dimethylethyl)-1,1 -dimethyl-1-(1,5 ,6,7-tetrahydro-2—m'ethyl—4-phenyl-s-
ndacen-1-yl)silanamine (1.42 g,) was stirred in hexane (30 mL) as n-BuLi (475mL ofal.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 ¢)

14



ffomthe not her |iquor after further washing with cold hexanes. Total yield
was 1.1 g, 59 percent. 10 Exanple 2 Synthesis of

"IN (1. 1- dvoreediyhetshyl ) -1, 1-di methyl - £1,2.3.3 a8a-]1)-1 lﬁ;ﬁugmbmlr(,%ydro
met hyI 4- phenyl s-indacen-1-yllsilanam nato(2-)-N titanium di met hvl \

CH3 CI—% Dichloro[N-(1,1-dinmethylethyl)-1, i -dinmethyl-[ 1,2,3,3
a, 8a- I’I) fa%a(@ee}’ tsplaiﬁyéﬁ 816211)_1_1381‘8 was warmed 1o room ternperamre After 25 minutes

et hyl - 4- phenykidsnti N6 ar@fs dddyd ki thanam @%trﬁﬁgtr) d'\ﬂL thL n

di et hyl ether (15 niL) &/as cooled to -30r C and 1 e [ 'E\l TH%”%QR}TZSQWQQ

di et hyl et F&OVESRHeT BYPapic Yasuymy P@ﬁh@nmdumextmcmva@ tmlaslee(él@lmd) fikbte@ andt 5

M nutes 1 GRGhEAM kbR HALREL. o, nan ¢ vacuum and
t he residue extracted i th of e\&@iag%(vﬁg%ég%ﬁpﬁa%d%n Fé’bdt ARA

filtered aqmat%hwethmmdé@xms éﬁOymIe)sxmtu fhmoreawiaietprad@rt agadxiraged st ed i nto
10 nL of r vol atil es renoved under dynam c
vacuum | eg%/ﬁlﬁge%% Bﬁggﬂfagg vgeré éo Cgrgrageg aa Bﬂeé)goci?c%‘fqv&rm%’éqcﬁ"gta@‘z"‘ﬂmg 91
per cent . mﬁem@xtaoem mmaiz@asmﬁ:muszam%%ee 68 secEXéiBﬂéb ef dysmMBtvheStveRh:

C51| (éhIYOF ol ﬁ%%he other hquorhz}/iire?%u%er) was}nng w1‘31 cmlde hex ne_s %talzylgd%/%s?lg,—3-9n) 1

2- et hvl - perée’hf.napht hal envl ) -s-i ndacen-1-vllsilanam nato(2-)-N titanium\ O
Ti ,d NO5 3a) Preparation of

3,5, 610- t Ekanav@r o- 2- met hvl - 4- (1- napht hal envl ) - s- hvdr ai ndacen- 1( 2H) - one
CH3 (1- nathl enyl) A 250- m_ flask was charged with Pd(PPh3)4 (195 nyg,

0. 169 nmo ; S SEIReN pdimethylq[3.268.3aRa-mivi.6. 7 -tesmahlydny? -omtHybnat e
(3.39 g, 32nemm }nda&na,@saanamaart@tbmQna?mﬁmfyémvﬁl br on- s- hydr ai ndacen- 1( 2H
-one from Exanple Ib .22 Min DVE, 10 100 ni, 22 nmol ), and water (30
mL). The resulti ng jon was heated at reflux for 16

Dichloro[N-(1,1-dimethylethyl)-1,i-dimethyl-[1,2,3,32,8a-1)-1,5,6 ,7-tetrahydro-2-
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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heur s. The DME was renoved in vacuo, and the product extracted into diethyl
ether (4 x 50 nlL), dried (MgSH4), filtered and evacuated to yield a tan
‘semi - sol ivdo 2004@hsh46. 97 g (100 percent). 3b) Preparati onp /Uszoos(%_ﬁ(s

3.5.6.7-tetrahydro-2-net hvl - 4- (1- napht hal envl ) - s--hvdr ai ndacen-1 HO
CH3 15 (1-napht hal enyl)

3,5,6,7-t ro- 2-met hyl - 4-(1- napht hal enyl ) - s- hydr ai ndacen- 1(2H) - one
(6.97 g, 2 22,95, 3. ASE ELAoRel (60 nb
total), i ons.

g,
The dark bm&m_éﬁuma&wm@emmvlmanmmeﬁmmm] PCT/ US2003/ 016265
at room tenperature 16 hours. Water (50 nL) was added, and the organic
solvents renoved ikQ he product was extracted with ether (3 x 150
L) and di chl or onet ha 100 m.). The conbi ned organic fractions were
dried over MS and the solvents renoved in vacuo. The |ight
gray solid obta 's olved in warm hexanes (50 5 nL), filtered
t hrough nedi um poro ~paper, and the filtrate held in a-20 C
freezer. A white solid® ated, and was collected by filtration and
dried in vacuo. Yield 69C1 percent) 3c) Preparation of N(1 1-dim
ethvlethyl)-1 1-di rpkhé} - 1 I&g 7-tetrahydro-2-net hvl - 4- (1- napht hal enyl)
s-2-indacen-1-yl)silanamKé 1 6ht hal enyl <D6 CH3 Si(CH3)2 | 10
NHC( CH3) 3
3,5,6, 7-tetrahydro-2-ne - 4- (1- napht hal enyl ) - s- hydr ai ndacen- 1( 2H) - ol
(4.78 g, 15.2 mol) was dissolved in toluene (70 nm.), and
p- ol ueneay! pleiatird 407 250 Aamiel) uan.adied Tns.ehl ot gol uti or
was heated at refiux tenperature w th attached Dean-sStark trap.-— —ihe
sol ution darkened to a(eep purple color. After 7 hours, the sol ution was
cooled to room 1 terrprature washed with saturated sodi um bi car bonat e

sol ution (3 3 |ed over MSO, filtered, and evacuated to yield
4.207 ¢ (E i GH;neutral indacene as a

(1-napthalenyl)

A 250-mL flask was charged with Pd(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 in vacuo, and the product extracted 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-naphthalenvyl)-s-hydraindacen- 1(2H)-ol
OH

(IO

(1-naphthalenyl)

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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bfown oil. The product was lithiated by reaction with an equi nolar quantity
of butyl lithium in hexanes giving 3.055 g (71.2 percent) of a light

'yel ow prwdwoé018180 g (2.65 mol) O the lithiumsalt y@ﬁUggmbﬂggL wi th
20 mL of THE followed by 0.5 g (2.91 mol ) of dinmethyl (t 20

but yl am nq) si chlorid Af t stirring for three days
t he vol at |al}esrry\/\t/exﬁ186ra?léer1@/la6rdhquﬁ %%ﬂds%’ﬁg) Fﬁ%acfdr’é%addéheé’kﬁaF”éé?léﬁf‘t? nto 50 mL
of hexanesembiedtieteo amk frb@icy whsaiirh@& witiepmyad xUBOYr@S'a'in cI]éhlér%ﬁa\éﬁade 05 g
(93 percer}é%( ﬁ& N-(l | -di et hyl et hyl )-1, 1-di m et hyl -
(1,5,6, 7-t r‘1 o 1he ¢REIHRR Fiolff—a(“f f‘i‘i%ﬁt’ WaTeetpdpYe- I‘ngﬁ%d@@ﬁﬂa andjthy si | anami ne
in the forswedts ﬁsmo)&@d bOWeR, IThe ﬂizht\ég 2 d)
Dichlorof N(1.1-di methvlethvl)- yd%éﬁéémafﬂop%q%rg}ﬁ%%é%(%
t et r ahydr %) lhirﬁchghrmwhmdwalmqﬁay éhmp)apeg, iillehQ:@lerate-hylld]lrsa Partafreazat of 2- ) - N1
E); }\fl?lil.ulm gfhnet ﬁlgil %ﬂ]&%&ﬁ%ﬁi »§£|cHlt1éc% b9fﬁltpat%§ afld éged%g w%? ifwld 4.78 £ (69.1
di met hyl - Ipefegnts 6, 7- tetrahydro 2- met hyl - 4- (1- napht ha
| enyl ) -s-2-indacen-1-yl)silanam ne was 5 added 2.82 niL of nBuLi in hexanes
(4. 51 mmol3c) Prepangyion gGN-¢k, 1-Bitettivieitvisl, | -tivetisdl] ui 5 G -washydiol uinelvivd-th 40 il
of THE an ) hsvvas added 0.84 g (2.27 innol) of
T1013(THFql LatiNEaRst e AR JIEEE to stir and warmto roomtenperature.
After 30 m I’lu-tﬂ@hthalgnﬁ?: 5 mmol) of Pbd 2 and 10 nlL of dichl or onet hane
were added. The splution was stirred at room tenperature overnight and the
The residue 10 was extracted into tol uene,
ved in vacuo. The residue was extracted
¥o 6 nL and cooled to -30 C. The obtai ned

ether. The et her suspe S was cooled to -30 C and the obtai ned
precipitate isolated, émﬁwlth 1 mM of <cold ether and dried in vacuo to
| eave 250 ng (20 percent]) of orange powder. 15 Exanple 4 Synthesis of:

di rrettwl{l\l—(l 1-di met hviNHOWH3)E 1-dimethyl -f1,233 a8a rl)-15 6 7
tetrahvdro- 2-nethyl -4-(1-napht hal enyl) -s- |ndacen | -vl|silanam nato(2-)-N1L
titanium\ O - 3cHB7-tegahygro- ?@@Yd:édlﬁd?h(ha&@ybl)s -lydepeasho (2ol 0L T4 1.2( 0. 17

mml ) of Qhﬁﬂ Qﬁé)dxu'ofv%d ?{1 tﬁlq 4% (?_@{’r‘lg%ﬁﬁ]g—’{dldeqe u}foglc am% 5' ¥§ a,[1]3’1 rhmb?a ga-rl)-|

, 6, 7-tetrahydro-2- net
added The yellow solutlon was heated at reflux temperature with attached Dean-Stark trap.

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
MgS0s, 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 vellow 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.

17



i ndacen-1-yl]silanam nato(2-)-N] titaniumin 5 nL of ether was added 0. 20
mL of nethyl magnesium bromde (0.5 nmol, 3.0 M. After 30 mnutes, the

vol ati | esygenAme@ved in vacuo, the residue extracted '@f/Bs%ng‘m%f

hexanes, filtered and the volatiles renobved in vacuo. e residue was
extracted3i C : filtered and the volatiles removed in 25
vacuo to &4 OB~ ekt -dypetivicid |2 hia 8ag))i1eh.6.71graty@re004/ 013149

PCT/ US200 %626 50 fHcfydronalindhe L1 608 CORALYIRI A7ALLAN A Stirred 2 L
reactor was charged with 740 g of m xed al kanes sof vent and 118 g of

1- oct ene conpnamel20 iy 488k NBS) Sd&s, Al vei.ght .cant rol agent
by differential pr_essur\e exgansi on fr%%ﬁéé‘?@%rlrf%gi’]t%ﬁ%’%ﬁ%g&’f‘% psi
(170 kPa) dimsiylylda Sttot-tealygdep-hmathwds { boadhthaprol Yaerindati- by tipamenatws e of

140 C and jgadsurat .05 t_5 £0,63.2 MPa). The desired
quantity of rret%rﬁlggy\rrﬁ‘gi%%@%&g%ﬁﬁemfl ]g)? R ‘ff%t%r 33%‘“@?35’ regofipRIes £ or
runs 4-6 dieed with 60 BLyefdlHF dndcodleito:304aGd T0.t8is wavhdded 084 & UNS7 #nB)) oand
cocat al yst: 0 )] utibons.in toluene were prem xed in a drybox in a
1: 1 nol ar trrlgifs(iTg%)3ta?l§rtlﬂs\,41§1r%r"reeaa Hto‘ge%%o S&‘éf“é(r‘f/?im QAT FEPeRRRgk AR 30nj ected into

the react ovinwsset g&ppmondlyEPoCy and fomL dfidiiloR@hre SreralddddderHRQbMARY | zat i on
condi tiong were .maintained for 15 H}l nutes with ethyl ene on demand. The
resul ting Sorutl én SRESFRABVESVEPSH 119ehs wlptleyrematrd 74 vastes Bhoresidue

st abi 10 zewaamdracted ftle tobtnf MigBRl aRitht @¥laHRE terfBvEE BN Bcio? The Msidul Wi Of

| rgaf o0sTM 1_168 gnd #lr)%anox M 1010 from Ciba Ceigy Corporation) was added to
the resul tTH" S S0 CFERS 9 ERGPERIES & THnerihroesied iralli g Thpobtaimgd 100 g

pol yner. pReipit&s wat tdl@ce® hnanafhei i i Wk 8idi8d L ofetf cyym.gyen set to
15 achieve a maxi numtenperature of 120 C over a 20 hour drying tine.

Resul ts afBPEBKPATa&eCled 19 -FA b andithe plraige areaipitste telatsAsvashedewitint mpas ed
octene i Ne8IA BAEAINIQRied P Bk | | | exes according
to the invention as evi dencoetg?%f/e%%%ggﬂp(%%@gp?{/%%tﬂog’%}pmn Cat al yst
Cocat 15 Yi gkglndig) Eff.' Density2 M3 Mv PD4 1 Ex. 2 FAB' 89.0 1.86 0.880
3.6 - - 219 11 88.8 1.85 0.879 3.9 69,000 3.0 3* MIMb 40.1 0.84 0.889 0.6
139, 000 2Sgthesispf: dimetiEN-(h h-dingthyletivinl 37BN &hE-[78.30882-2)-3.5.67- 605 Erd. 51

0. 875 4. 62804000, (PnBonBilenMT Ve 31 53n B840 146,000 2.1

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 »3,6,7-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

vacuo to leave 0.060 g (72 percent) of a yellow solid.

o
|94}
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7 Ex. 4 FAB5 100.6 2.33 0.873 2.7 - - 8 103.6 2.40 0.871 3.1 93,800 2.3 9*
MIM6 62.9 1.31 0.883 0.6 - _ 10 Ex. 4 DAB' 93.7 6.52 0.870 2.7 95,800 2.3

11 * MIMow8&ogyh3B® 0.886 0.5 - * conparative, not an ei‘é‘%'sfbo% bhe
invention 20 '. grans pol yner per Etg Ti .2. g/m 3. nelt index 1 dg/ min

(ASTM D- 1288+ k) 1 I trls(pentafluorophenyl)borane 25
6 1 1-di Tﬁ—r—rwﬁ—j—%—%—ne{iv o/ Lo BUOHLRAEL 2l 1233a 8a- 1.5 6 7-tetrah

dr 0- 2- net hyl - s- A|S|ﬁdad:éh-rtac;dr]m{s bheagmlmnnﬁxtlo(b?of)mwd aﬁkaﬁa@dﬁdo%%ﬁ?ﬁi‘g

pr epar ed apggtrlgl &)gnongl USP 965 d% d Codi (oct adecyl ) met hyl anmon

t et raki s( pent a Uor-ophén qyff)oe?réf‘fés adflgd g3 Below B 1Figho cuTl 1RR003/ 016265

Et hyl ene/ mf@ehm@tﬁuhyéxpdx&mmxb@Wmﬁﬂﬁadﬁmoﬁ%&'a?—%ﬁs@’(ﬁ 70084, trh2ns A

l'i qui ds5 exce C}/Eil nenorbornene ENBT) and g feeds were passe through

col ums’ of 5 é RAC¥MHEADM LHPREREE ¢ 491‘Wnd;aqhamygthtammyleaéméot)r om

Engl ehar dt psidd3esmime SI'hEBE'&lr)zd ' iato the C ENB was
psigd3 al ReidnBify Jf%étﬂgrﬂglg é‘l(?ﬂmole f rrlu%srl aqsg‘ﬁr Aod

passed through a short 5 colum I'um na r uction
to the reatPele foroamsA-§and Uo@rﬁ@ﬂ@ﬁﬁfyramelo ahdmélpaﬁbld far aung b7y eRPpcAPNEaL Ni Ng

an at nosp f A stirr liter reactor is charged
with 640 g@ i %Sﬁgé%qﬁg"?\‘éeg%’% “e‘ig‘d‘ {Eyt@rx nia&dtf%?lér I3HQ) raBsTeyTedfto ENB.

Hydr ogen (@gﬂmaddltmommagi mjemeaiddmdhmacaorrmbl%pio&rmafe@yQ%ur B&{]génoﬂge?t by
reactor is

di ffergnt |ﬂj€ 0@ e%honc ansion from addi ti on tank.

heated to 1 AT ARG Wlf’ﬁméleﬂﬂléﬁé“%?s wigpethgeng qu3leBanPa) . Met al
conpl ex asMubmitmotsolluueﬂeaﬁerhuﬁddqrbnﬁfhd réx0%ataal M%Eospﬁ’&ugétﬁﬁfﬁz%r @ utions in
tolueneweh nolar ratio and transferred toacatalyst

addi tion tan ered)r%’g‘el?%jalét @éntlnl’ff‘ﬁ‘r‘f fre PEdEe o reafesd™ ¢ Ganddlapaex™A810 from
et hyl di ( dcibadeigy CprpoanioR)nidsrddet t ate reRfR ekl MPHLS: 8}91%?1@1}/&1[&) oLk eg&a? g\gl) the
e

amroni um c%blnégrglo@& whi ch derived froma m xtur am nes av
commer ci al 1y B i?etrﬁfql%%%% miNtHges %regbiesimear vacatm ovencserdi t i ons
wer e mai ntaahieesh hotimb 1o @S ovh tdeced Ryl Q@Soﬁ%%%g e ﬁ&%ﬁs dre 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? M Mw PD*
1 Ex. 2 FAB® 89.0 1.86 0.880 3.6 - -
2 “ 88.8 1.85 0.879 3.9 69,000

.85 878 . , 3.0

3* MTM® “ 40.1 0.84 0.889 0.6 139,000 23
4 Ex.2  DAB’ 115.3 6.02 0.873 5.8 78,000 23
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
9r  MTM® @« 629 131  0.883 0.6 . ”
10 Ex.4 DAB’ 937 6.52 0.870 27 98800 23

11*  MTM® « 36.2 1.89 0.886 0.5 o ]

* comparative, not an example of the invention

20 ' grams polymer per png Ti

2 p/ml

> melt index I, dg/min (ASTM-D-1238-E)

* polydispersity Mw/Mn

2‘ tris(pentafluorophenyl)borane

o
wn

[N-(1,1-dimethylethyl)-1,1-dimethyl-[1,2, 3 ,38,8a-n)-1,5,6,7-tetrahydro-2-methyl-s-
indacen- l-yl]s1lanammato(2 )-N] titanium dimethyl prepared according to USP
5,965,756.

7 di(octadecyl)methylammonium tetrakis(pentafluoropheny!l)borate
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The resulting solution was renoved fromthe reactor, quenched with
i sopropyl al cohol, and stabilized by addition of a toluene solution

~cont-ai ni r\go%(,m/ﬁLQOg pol ymer of a hindered phenol antlp&.@g&mgkr, noxTM
101Q from G ba Geigy Corporation) and 133 ng/100g pol ynmer osphor us

stabilizer_ (I rg;a\f 0sTM 168_from C ba Gel gy Corporat i on). Between sequenti al
20 pol ymet lang/ 1Ot _p_,_l idgaenerborpgng Poly cpaditiang whi ch 850 g of mi xed
al kanes vas - addagiquld ki ERALkAoRAth LOENTBAGHQ 0 C. The
reactor was then lequipt |ee&%o noeat gd ;&é\lﬁgent %'Sm*re atégl%agggh?oggz

begi nni ng caluweg\p%wlnyn@aqdzaacﬂchrﬁam@ﬁnt (Qo‘iTVnﬁnls'stweméab}GémvEmg!dey drying in a
vacuum ov r n are.de ed by

dot or m i e bals e Fo foihbaueRor it reodi ENE v S B hint T

met hyl &t hyblumet@)‘ﬁé cm@f}ﬂummalptlsr t@nmradlett@mnm ﬂnemleab;or sCaml@Iarcdmﬁafeﬂt@d& and are

reported r f4;ve 10,48 R ren ol ene uni ve | bration. The
per cent eth%ll enlé‘g fo erﬁ:t(am%(mcfPé ??% h% %‘t’ﬂ%i O\%Erf eé&rﬂ iew by 3C

NI VR anal ysicsr mfchztrgmi Wit €401 pbf. mlxaeakﬂnte§soareet ¢sg af neaederbnaabh gf Enplabl e 2
Yi el d Den er.cent talyst L Eff x103) Mn~ Vh
oct ene EN%iyd%l’ﬁ IEQB F‘& Léjo ﬁb ?Q@@SSW@@ "‘b"%‘é@t ?K@Ol?g@gﬂdlﬁ cntialzs Mrve (1
.trmol) 53 p&ss’hreléxpﬁhsﬁﬁ]fro%lg 72ml 33itidn &nk 3Pnelreac®éilib BlaRAGY 100 PR YEB afeat U
titaniu

di net P1‘§/I (Rf—“f]fthi/lea? HeCRYF8l iy ME) Yew sromigy as(dilpts tauepesolptien anfsetaalysycl opent

adi enyl ) - aséilvd @0 @ t&lhér@%éﬂéﬂnme@@rﬂp@ﬁ"i‘ﬁdléf@aud“ﬁh HARSFEXRATR L Bt T NE
I nvention 20 CLAI VS .. A netal conplex corresponding to the fornula: R

O Ra H3C)a§dnilon tepk qqéupgglg; intp thgypeastas. nhhe gogmtatyst waggethpldbeapadecyl)-
ammonium tetrakis(pentafluoro-phenyl)borate (DAB), the ammonium cation of which is
derived from a mixture of amines available commercially as methyl bis(tallow)amine. The

15  polymerization conditions were maintained for 15 minutes with ethylene added on demand.
The resulting solution was removed from the reactor, quenched with isopropyl alcohol, and
stabilized by addition of a toluene solution containing 67 mg/100g polymer of a hindered
phenol antioxidant (Irganox™ 1010 from Ciba Geigy Corporation) and 133 mg/100g polymer
of a phosphorus stabilizer (Irgafos™ 168 from Ciba Geigy Corporation). Between sequential

20  polymerization runs, a2 wash cycle was conducted in which 850 g of mixed alkanes was added
to the reactor and the reactor was heated to 130 °C. The reactor was then emptied of the
heated solvent immediately before beginning a new polymerization run.

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 (e Eff! (g/ml) (x10®) Mw/Mn octene ENB
12 Ex.2(0.9 umol) 68.6 1.59 0.868 240 2.2 4] 2.6
13*  MTM® (1 umol) 533  1.11 0.881 347 2.1 32 2.8

30 efficiency, g polymer/ pg titanium
dimethyl(N-(1,1-dimethylethyl)-1,1-dimethyl-1 -(2,3.4,5-tetramethylcyclopentadienyl)-
silanaminato titanium

* comparative, not an €xample of the invention
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Ris nmethyl or benzyl; and X is halide or a hydrocarbyl group having no
nore than 30 nonhydrogen atons. 2. The netal conplex of claim] wherein AR
‘i s phenyl or naphthalenyl. 3. The netal conplex of claiml which is: 10
dichloro[N- (1, 1-dinmethylethyl)-1,1-dinmethyl-[1,2,3,3a,8a-q9)-1,5,6.7-tetrahy
dr o- 2- net hyl - 4- phenyl -s-indacen-1-yl]s ilanamnato(2-)-N titanium [N-(1,
|- di methyl @4| &?; 1, 1 -dinethyl-|

1.2.3, 3a, 8a- -1,5,6, 7-tetrahydro- 2- et hyl - 4- phenyl -s- i ndacen-

1-yl ] si | anani nat o( B-metdNtorhléxaddtresposting 8 tHytbrmula:

di chl oro[ N- (1, 1-di met hyl et hyl ) -1, 1-di net hyl - [
1,2,3,3a,8a-rl)-1.5,6,7-tetrahydro-2-nethyl -4-(1 15
napht hal enyl ) - s-i ndacen- 1-yl ] si 1y, ti

tanium or [N-(]
, I -di methyl ethyl)-1,1-di net hy
1,2,3,3a,8a-1i)-1,5.6,7-tetral -
napht hal enyl ) -s-indacen-1-yl)silanam nat Q(2-)z:M titaniumdinethyl. 4. A
process for the polynerization of ol efdg)ssiconpri sing contacting one or
nore ol efins under pol ynerization condition®nesithya catal yst conposition
conprising one or 20 nore netal conplexes of any one of Clains 1-3. 5. A
process acc™¥ffy to clai m 4 wherein ethyl ene and one or nore C3-8
ct-olefifs or styReng apd optionally a conjugated or non-conjugated diene
are polynerized. , 21

R" is methyl or benzyl; and
X is halide or a hydrocarby! group having no more than 30 nonhydrogen atoms.
2. The metal complex of claim 1 wherein A® is phenyl or naphthalenyl.
3. The metal complex of claim 1 which is:
10 dichloro[N-(1, I-dimethylethyl)-1,1-dimethyl-[1,2,3,3a,8a-1)-1 ,3,6,7-tetrahydro-2-methyl-4-
phenyl-s-indacen-1-yl}silanaminato(2-)-N] titanium,
-[N~(1,1-dimethylethyl)-1,1-dimethy!-{ 1 2.3,32.82-1)-1,5,6,7-tetrahydro-2-methyl-4-phenyl-s-
indacen-1-yl]silanaminato(2-)-N] titanium dimethyt;
dichloro[N-(1,1-dimethylethyl)-1.1 -dimethyl-[1,2,3,3a,8a-n)-1,5,6,7-tetrahydro-2-methyl-4-(1-
15 naphthalenyl)—s-indacen—l—yl]silanaminato(Z-)-N] titanium, or
[N-(1,1-dimethylethyl)-1,1 -dimethyl-[1,2,3,3a,8a-1)-1,5 :6,7-tetrahydro-2-methyl-4-(1-
naphthalenyl)-s-indacen-1-ylJsilanaminato(2-)-N] titanium dimethyl.
4. A process for the polymerization of olefins compri.sing contacting one or
more olefins under polymerization conditions with a catalyst composition comprising one or
20 more metal complexes of any one of Claims 1-3.
S. A process according to claim 4 wherein ethylene and one or more Cs.

a-olefins or styrene and optionally a conjugated or non-conjugated diene are polymerized.
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