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industry would benefit from the availability of new bimetallic catalysts, especially
ones that can provide polymers with desirable attributes. Particularly valuable
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compound using a potent base. By "indenoindole compound,” we mean an

organic compound that has both indole and indene rings. The five-membered
rings from each are fused, i.e., they share two carbon atoms. Preferably, the
rings are fused such that the indole nitrogen and the only sp®-hybridized carbon
on the indenyl ring are "trans" to each other. Such is the case in an indeno[1,2-
b] ring system such as:
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fTe heteroaton1 Thus,
4 nunbered as

The ring atoms can be unsubstituted or substituted with one or more groups
such as alkyl, aryl, aralkyl, halogen, silyl, nitro, dialkylamino, diarylamino, alkoxy,
aryloxy, thioether, or the like. Additional fused rings can be present, as long as
an indenoindole moiety is present.

Numbering of indenoindoles follows IUPAC Rule A-22. The molecule is
oriented as shown below, and numbering is done clockwise beginning with thé

ring at the uppermost right of the structure in a manner effective to give the
lowest possible number to the heteroatom. Thus, 5,10-dihydroindeno[1,2-
blindole is numbered as follows:
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[ He i nventi on:

in which M, X, G, and n have the meanings described above, L is a
polymerization-stable ancillary ligand selected from the group consisting of
cyclopentadienyl, indenyl, fluorenyl, boraaryl, and indenoindolyl, and R is
5 hydrogen or hydrocarbyi.
Exemplary bimetallic complexes 6f the invention:
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conpotind Q 1 of TR). Deprotonation
of the N fapl Cobwed by reaction
with 0.5 | ene gives

xylyl-1inked 1Ms GG C |linked conpound
is easily deprotonated and reacted wth 2 eq. of
CpzZrCl3 to give binetallic conplex 10. In the fina
step, the ligand precursor is usually deprotonated
with at |east 25 about 2 equivalents of a strong
base. Two equi SHof transition metal source are
then addgg:to elthe binetallic conplex. In another

suit e app however, the |igand precursor is
n br ot d¥ I nste t he plecursor is sinply

mbi hed (and=opt i ondyc] tled) W t
(t:)ios(lcy,e ,.g. I—Subsfj eaps?i_t;%n net al

conpgb . KS @ ) arirne el i m nation,"
givesgb @;:y ‘E-iscret
step. See g.

rot onati on
. 440, ~ For
addi ti onal Neganplds of this gpprofich to making
organonetal lic conpl exes, gsee\l. S.CHat. No.
5,495,035; J. Am Chem So 3 (1996) 8024; and
Organonetal lics 15 (199q30
3

The complexes can be made by any suitable method; those skilled in the
art will recognize a variety of acceptable synthetic sirategies. Often, the

synthesis begins with preparation of the desired indencindole compound from

10



11 WO 2004/ 050718 PCT/ US2003/ 028209 As will be
apparent to those skilled in the art fromthe above

wdizemeseilen and t he exanpl es provi ded bel ow, tReT/US2003/028209
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synthetic steps required to prepare binetallic
C @apicalr SnddnohBeardr @9BRtirdzimeesteb@Bo@r eNext, the mdenomdoles are

Ao b BS L oot Tt G RBE EoR gomal
UsR@ied reakiort BethebligiBti Prbdus&ronNi eXtranEitRnt MmatsisbiRe to give
net al . sour.ce convenlentl%ahas | abile |ligands such as

hdns bsneialiaicamplant i expe atheia stapscanthile geauence Used wil

dingphamedepnd rojgsn%@dg&é/bf d%le@lﬂf’nnklﬁéaémb@%s@&ethe transition
hal i des (e.g koxi des, am des, and

t ieetal squsce 5)@ apg veejiar ﬂé%/gldéﬁ%'n@@y'tg’f@u@ﬁww&lrhﬁ jgined through the
| ich t t I

oA carbing 0 ey R IR Lftcdefs, (NSRS, ¥ one of
tl@@cbl(@'éi-é\l linked).conpl ex and activate the catal yst.

Sui ¢ aDlcgngfbt VAl O Sheitoret bnd Rmy SR iex Spgeiow. An

Exanples |nc al unoxanes unoxa
Pls@noatdeld corapaurnsikiatiest pokpasedbhby ydactihg foreihgl) 1-indanone and p-

g:té%hgéh%%n “mﬁegﬂ&%ﬁ“ T }f}ytb&ﬁﬂ&ér%%‘ax?“ i s%@ﬁ? K‘ol%wed by

umm chl ori alunin
alreadtionmwithran@l 5t feey. | Df(edlChlS[ﬂ]dtl‘aéihyelSﬂmt?I V@ves sa i brshudi@qoﬁ,z-

o =B PR BB o3 Rt anc

atth@t heskté® Wit ane@r of alciohentddieryl-amdriemi tichludee to give the -

[ithjumtetr kls t af | uor phenl)borat lithiu

t SEPURY 'B‘@Fﬁé"fl‘?&%\%ﬁ%e‘%yl) g 5t3é3pr%%ﬁ$1 ii%hi YFRH "o generate
t%@ﬁ@@,@@f@@ﬁ&g@@phﬂyl) 20 borate, and the I|ike.

Sui tabl e activators al so include organoboranes, which

i ncl udé sRPewhaindieieet 8PPRBR isan&§Aed for ppke SPMRISXER flaving a
IrQEPs. infYhd. aPkR, f‘ﬁ% b¥&tglse dnn@isugsq.t&e@%detnBLrﬁgueaéH#npound.

unsubstituted trial kyl and triaryl boranes suc ,

t @(@mﬁmsfqom%h%hylloy\rowedm@t N-ntipheteyardiodemaindole compound

tr t d r. .
LS WPAEARE o 21 bBSclsfen o 1S AR posnaincor

U.fQloviestt by 2ablisn with163, 8.7 of &, d Qirdod;p-aylend ghas, 9B-linked

I tabl d
- oty T6hel B8 & PG el i s caniv toppptonies g practes
comﬂomedmfmrcgrtg@mkltxggeggg c?mgﬁﬂms described in -

act valbing T ofeeabich kN Fhee o ol dpRE iR S ot least
arapaont 2@auagrehteaéf@r st d@@ef anwatdquivaientd bErasivtmetal source

30 bipetalli ds on many factors
e UBE GUPRG 19 GNGr BeTERALIC eUTRIPEy 1B RICKEY  Syibeble approach,

t hevisst ree lfg%ﬂ@tm@éhrﬁé\t B ndt%ﬁf@tﬁﬁat@ﬁ PRkMGe e precursor is
pr oduct the reacti on conditions, and ot her tact

Ge'?'f@P'é(l fgm 'ﬁ@%@@?’ ORUREAIM ﬁéategbt"Y'W‘a?o*P‘Sﬁdslsa”é)ﬁam'”O) 'sibstituted

322&&%@\3%&@ @cﬂnl@étﬁd’ Bis! Bbpreatic ABRMNS "ahlife @fifRisation," gives
the complex without a discrete deprotonation step. See, e.g., U.S. Pat. No.
6,440,889. For additional examples of this approach to making organometallic
complexes, see U.S. Pat. No. 5,495,035; J. Am. Chem. Soc. 118 (1996) 8024,

and Organometallics 15 (1996) 4045.
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be within the range of about 0.01 to about 5000 nol es,
preferably fromabout 10 12 WO 2004/ 050718

WOQaT4dSeaR3/ 028209 to about 500 nol es, and nNDPET/US2003/028209
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preferably from about 10 to about 200 nol es, of

al um nHQ’vﬂf?%egﬁﬁp%ré?ﬁ 16 rtﬁ’d%%' dKiRA inBh&lart me\fW@%bB\Vhedlscussmn

activator 1s organo orane or an ionic borate or
alandi thet examples aprovided uesdevwile swethelic 1stepst FrRaUirednigeprepare

gi%rﬁ?tggltc n%;e%out tgé’g Oe%QRplanant%%  arB RIS RB1nEd QY relatlvely

of activator per nol
ofstreightfevasidt i vat or can be conbined with the conpl ex

and ads&ﬁg c%ﬂvemgrgrﬁg@%egéf i ﬁr{&a&ﬁq%@tal Qb tﬂeeusecﬁ to make the

conponent s can e reactor separate
Thimetatlial qampI@ysfF berdravaitiom enajalexpuvdet corvepigpp has mm ligands

assgfsslla gn%hdgowcﬂa 1amlbbﬁm€%gpera%r&sl 5%{3!3§éé ?g%de‘chomdolyl

he “suppor
t lemionsl | Exaroplesi aval Hajideo(e.00tTClar Zxtls)t alkosides,camiel@éscend the
:]g concentration of surface hydroxyl groups. Ther mal
St ment consists of heati ng (or "calcining") the

suppor Catdly&t gfsteras BDIhémvention dhohvd, 6 ddeitioer ft teebimetallic
AT FPERIna0 CoRuiot of HhBRLAOE P, Bhize §rq Enetalic

A dég‘ﬁdléi &ngcﬁi}aﬁé @feeéﬁtalyﬁemﬁtabletdcm&ﬁtﬁwall@ weélhkrzgvn in the art.
used, i ncludj reaction with 1s ano- a u
e nnolds) pEirexages et W@éﬁ "Pypo. ety

e@urmbﬁa o, BfsdHRAN BILAMBENER S04/ idNefinlM dénipounias (tribylal
6, 211, 31n1 T?]gwﬁgt al ){st ns)e ?(gris ape aptﬁiogul ar( nowylaluminurm,

vadl@taw AumisMoelgniRs, it %’@Wél”@?"ﬂ% ’fr“%ﬁPé?yé?'HEW‘{W)eﬁPﬂ@e like.

lf%biyla%ﬁﬁat@r@dlr@m@z@c@ ehief itRs §M%E|na$loﬁfn9§l)éb Rife anions.
utene, 1-hexene, 1l-octene, and the like. M xtures

of Theisef Ferspeuliish el cengift eﬁ@%dhgws Attaghedeto dpron or
etgl %ﬁﬁhﬁﬁ W'éi%nﬁﬁes%hﬁe%ﬁﬁhn%tr‘ékﬁ(p%%@ﬁ@b%dh)ég¥l)borate lithium

erred w de variety of olefin meri zation
prtetrebs(@entaﬂnor@@heesé)@lumnéheer r é@lmlprrnocé@%@lﬁswﬁetaﬂwmphenyl)-

% Yl the R%Utéﬁgbleagalvgﬁﬁs %%cﬁ{)o%‘@@%ﬁobﬁanes which

Iurry or gas- ase process 1S prefe
Suintlaté dormt mrblgné or rrw whk anil gy asalsy gfgupa;sSw@ahim activators

B Bl g SRy S BR AR G IRE R ARR o as

5, His@ehRAluocTipbepy)bpnans, Zdphenyorame, big-pectyiborase, andr the like.

{ . t
s beserabp Bet S Bfop-Rfas pBiits i velBupi U s. Pat
abludstb 5,866;15Wp§t198r1fe)‘1eraneld;5J2@1|1tOBé rSugﬁoléramtvaibfmaIsGOiﬁclude
t In partla ur es. .nor na
r gﬂa@?rfqtbgm r?g%ﬁﬁrei‘gloﬁs i pgochg:tsa bBlut éﬁgﬁ avlo]oRt™ Sc}og%( Paypeig and
pr@*‘genmﬁom& doius- xaarc@ecrfwwnnatb&tPaiSNpsua41zq1am>aud 5,648,440.
yst cog@g tratlo used for the

ol /glluf'ﬁ)xﬁﬂ? )?ﬁ%‘f%tt%rﬁt? d 26 W factors.

Prefer aMev,ophmmvemomheafcmmam reddded redtyestd tmmamount of
about 0.01

blmetalllc complex depends on many factors, including the nature of the
complex and activator, the desired reaction rate, the kind of polyoiefin product,
the reaction conditions, and other factors. Generally, however, when the
activator is an alumoxane or an alkyl aluminum compound, the amount used will

be within the range of about 0.01 to about 5000 moles, preferably from about 10

12



m cronol es per liter to about 100 m cronol es per

liter. Polynerization tinmes depend on the type of
wonron@ser1st he catal yst concentration, and ot hePCT/US2003/028209

factors. 13 WD 2004/050718 PCT/ US2003/ 028209

Cenesisdut 500 nﬁblﬁérEéﬁolzﬁabré)B@f&éslyQRim'aSB@t L fohétEbu'% %ﬁ@rrﬁ%les of
seconds to several hours. | om ng exanpl e

mefEMPYM | pet Magle Pﬁetrqrﬁﬂ'@ﬁt ,n@!qal 'IMose N [teg ﬁlcﬁlvaﬁohels an
ar érg\é’hbﬂmréﬁ@ Q8 Bh ThidBAM /G él%ln‘é’fb? tﬁ@ Qﬁwoaﬁﬁls‘@dt\/ﬂll Be Wiffin the

spirit of the invention 5 and scop

Th’@“&?dﬁrﬁﬂ%‘f Q7 o abrii DEsmales, g@;ﬁ@aaﬂw orprabout 8d tonabout
5 Sy i, %'F%%ﬁvaté\f ;Slértrﬁ&gecﬁ AL RS BBR/Sor d%'nrbe?‘?&‘ﬁbl“eg Qith the

reagents are transferred y syringe or cannu
st eqTaRley anslc AAdesliés thepREmRARRATS @NMHHUGOMPLEERX a@mponents can be

Coggidadi N %ﬁ?dg@{ a) Preparati on of
Indengfﬁl) g[) egalia(?el m xture of 1-indanone (30.6
g, 232 'lf‘hﬁomtaﬁﬁfcﬁyﬁtetnﬂﬂ garhbeluagd mith laysiippoht such de (IB3, Blumina,

% 8t|t§rﬁ§, ngFgfh o KE, d %%Qel’g‘f%crj aggh%qﬁfp%?ﬂels H{%&?VBPQ treated

10 sthetmale/d cherdically, toe rbeth praordo ube ts cddude itise varsdeattatidrt bf surface

i%tlgg}glc)qr%séx g'%%gg'ﬁg%ﬁng%a 318? Et%—l%((?r %Cfll)llag") the

| ssuppioeidinuandiey atracspinerd 36 efevgted72Wperdthle, réfofibd gater than

f | f 36.5 66 .
0 aif R g At s Plbsero o BEat 45D biatpit Soartgripr to use.
C1lAHZEblyeSBdiffé@nb Bh@mnicall tré@neme tan a8diskal H\%m@hr%lﬂe%ction with
ar ousl| %/qstl rred at. roomt %rrperat ure

15 so‘i)’rg?P%ﬁ N} MBENgSIM,  SHSORnEQN) -NAReR GfRsIndss ege, for

| Sexamolnd, tﬁé@@ﬁn&f&es@@gcrﬂﬁsdtlh@ @FétUNS 6?11“3*1'1 r ed at
room t er at refor 4 and refluxed for

cryst al Iféngatgysi 8y9rt8'mﬁsar9p‘2ﬁ1"t'%@1’yi MR Uabig fPé pplmeénzm olefins.
angref@pdtedicihd AreCéth elﬁe 4REL,-dt %léfﬁ@%uﬁh)asfg?%ﬂé“ﬁd 1Btene,

hexanes (10 | ayers are separated

aqliéguns, r1af?,‘%t‘?'?ﬁ)a ang It Madres PB@IQ@?ﬁeca(mbe(ua@D kthylene and

20 ThRi@ir8a6F EdyRhHe W|fh%§otﬁ%ﬂoléﬂr% ere'@sge@l gt and
filtered. The volatiles are renoved er 25 vacuum

and t hé® m@cv%ienapfecle@ a@lvwﬂ@i@nwm%@@l cahn Pk uske. Preferred
cr Wr%Eé’éée'srlf‘re%rlﬁgg%hlk sa_IQ:E e}}'ideb% @ﬁgé@!’ ;EFBgcg%lsat,s%lurry or gas-

i ndeno[ 1, 2-b]in
| nrefea@@[ Arogess i%l'ﬁﬂf%@b’r%&ﬂdt uBHGg Iresthads for @plyghemm@pleﬂns

Un&jﬁﬁzg tH 5&&5&8@@ of Eﬁé‘rﬁ(/ém,oﬂta‘?g deEjr al for %ég']é’b Pr{ §. 52 Pat. Nos.

repared as eScrl
25 | $5,802.866)2837, A59.iNeen®34,124 nl). n-Butyllithium (38 0

car of ui 1y BeuRcHtshs 3an' B BEARE %8t SUR srleREllEy eonoe

t osughvas abmetd—@bDutu almut ABOLE. o%mdremrefeaeﬁrrang@ua fibm about
fO58%: to about 180°C; most preferred is the range from about 60°C to about
100°C. Olefin partial pressures normally range from about 15 psia to about

30 50,000 psia. More preferred is the range from about 15 psia to about 1000 psia.
Catalyst concentrationsAused for the olefin polymerization depend on

many factors. Preferably, however, the concentration ranges from about 0.01
micromoles per liter to about 100 micromoles per liter. Polymerization times

depend on the type of process, the catalyst concentration, and other factors.
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The m xture is kept at room tenperature overnight, and
is then filtered and washed with toluene (100 nL) and

woOheny/osepgane (200 nmL). The sticky product is PdTiUSe003/028209
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under nitrogen in the gl ovebox and is collected and
drGeskramgd epoly@etiziiond 4ardOc P8O IS several seconds to several
P / US2003/ 028209 A sanpl e of the

o[ 1, 2- blJindolyl lithiumsalt produced above (10

9, 42 myel f)ollda\ﬁmgléS@ﬁipVe%dmbfélyi fluseane t685n\féﬂ}|orﬁ 0 Wo@g%‘kﬁled in

an, oran slurr Di et et her -added
BRI B0 Beb e rAISOTS e At MG BBISALGH thg nvention
adgiRbs @pEIof tHedclAimy, at room tenperature with stirring
to a sl urry of cycl opentadi enyl zirconium5 trichloride

(11 g, 42 eraargmetallic sompirxes £o9 Irngralin Bregireachipl a efyHeax under
( ur, p
A o e v €8 8 rlsfer{ s by Fhringe or
r egpigla upingetagdarddechiiues. i s washed with tol uene (200

m.) and dr VREEID | d 6.5

g. ) The 1H Kﬁ/gpéwégﬁ?”rﬁq‘l S colﬁg%(?t er(]lt%tnp%?{fﬁ/leel?%(a%plé

pr oposédad) é?reuaﬂatwrenf i@leAo[H;2:blinddBC1 0 A Whuid ofl 1-irdbEBode (30.6

of 2 Hh oA eI P ATty bl o2, 3. Rl Rhecon

i @60 L), éhob@quudmts&mlé()lzn\s 1[8rrﬁpﬁa|@zd‘|éat®clrto reflux for 90 min. The

d p- yl hyd d
TP o P L TP, B Bieloh e dBodg B0 580 m
zaorméo bgrzmo/guaqnmusf Etd1¢r(4cﬁolﬁm rﬁn)i f&falﬂy ®BRAGRA(200 BL). The
tt ask slurr .
%D%F? ??Ifﬂd'ﬁﬂ”f’g ugdmva&pur@ §61%H%§IZL{‘[)I on i % hexane,
13 0 m’(Bj , Prebaﬂahoﬂ%f)zlbi/ Ra@&ly@fior. OPMniiRiRE bht W(@;StEPg 166
give a bright- %el ow Sl urré@The m xture is stirred

oVBFRgRgueQUSy selvian 4t 17 msL, 20 ¥b124 Meh. BfeHzsNMesBr (0.65 g,
di £hi ‘Pﬁlﬁgl}) e 2 Gﬂ.& is mgoro'irsKistm@al e(\jt rgoﬁoceﬁ\%e}ature A

in diethyl ether (about
t exfpetiont QfrMek @7 Ohaly &3 mmcsl) @rtpwenmmmmtﬁ pAddeshdigpwise, and

| EEdhakgLYis difved ?ﬁhf'otoﬁw %ﬁﬁéraﬁpg%r 30 rﬂr@i re-lflrlﬁed d‘or 3h A

m xture stirs at room rrperaturefor
t haystalling @pb;uformﬁeimncqoowyg prod fuldereds am&mehled/wwth cold (-78°C)

EtOH (300 mL) followed by hexanes (100 mL). The layers are separated and

the aqueous fraction is washed with toluene (2 x 100 mL). The organics are
combined and dried over Na,SO, and filtered. The volatiles are removed under
vacuum and the precipitate is dried and combined with the crystalline product.
Total yield of N-methylated indeno[1,2-b]indole 2 is 25.7 g (66%).

(¢) Indeno[1,2-blindolylzirconium Complex 3. In a glovebox under

nitrogen, N-methylated indeno[1,2-bjindole 2 (14.2 g, 60.9 mmol), prepared as
described earlier, is dissolved in toluene (175 mL). n-Butyllithium (38.0 mL of
2.5 M solution in hexanes, 95 mmol) is added carefully under vigorous stirring at
room temperature to give a red solution. After one hour, a precipitate fofms.
The mixture is kept at room terhperature overnight, and is then filtered and
washed with toluene (100 mL) and then heptane (200 mL). The sticky product is
dried under nitrogen in the glovebox and is collected and dried under vacuum.
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di et hyl ether. The washi ngs are conbi ned and stri pped
to give a yellow residue. The residue is washed wth

woesarseriand dried under vacuum Yield: 0.968 gCcB@st®2/028209
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% . The 1H NVR spectrumis consistent with the

struct ur&pion deo b d

i S(1 ndengFJl ZP@%?%dol [15)2C in ol¥]l hthlumasglet prc?ducgd above (10 g, 42
Prepel) ist dissplvsid Ditoloens (6 mbbwptrr@stuc@ arprange slurry. Diethyl ether

bl(%é H}ﬂi{?& andSngR&ttE%W E@%‘Lﬁlbk\ agﬁés'sscﬁx@?no%gﬁé added over

2064m055t7merrﬁ@mp@gza@3wmwom toch alugp @f eysleperdmlienylzirconium

fl o [

n BTl i€ 4R GRB iy REgerRStHbyRY g cigthvt et 120 mb). The
4 nGixtemepturnL deere tpd) andsisd@obat wonT someraintsep\@right, Hredsiurryis
t l.ut I ; :
dl?igﬁl%gntg rE c?/er '5"5%? s‘;asgo\aé/rgw Qﬁ?g{é&wﬁ%goﬁ#%r%ﬁfp n'ﬁld and dried
S uhdeavaear. aYieldbO0campléx asks.5 g. The 'H NMR spectrum is con5|stent
c ent adi e i,yconiumtrichloride (1.031 , 3.65
n#ﬂ%h?‘ﬁﬁpé‘hoo)s 8% PR (70 m), a ethyl et her (10

nm.) are conmbined to produce a g sl dflry. The

di anion m xture is added dropw se tozéﬁ@rd an orange

m xture. After conpleti nidgCt he t he di ani on,

the m xture is cloudy and ) @ /m xture

stirs overnight at roomtenpera . Re—10 m xture is
filtered, and the orange sol iMds Ne washed with

hexanes (30 nmL). "H NWMR anal ysis ﬁhOV\B that the

solids contain the desired blnetalllc conpl ex 6.
Concentration of the filtrate to ahout 80 nmL produces

addi tional solids (0.29 Q) Whl ch are |soI at ed. 1H NVR
anal ysis shows that this mater nonmet al |

bi s(i ndenoi ndol ﬁBEFz"i\BﬁyrQNJQFC%'WWL'QF&CPMPBEX@ 0. 47
9 (25;%&1) 1EPrérSaratloriL‘dfsﬁs@nd%n%d@Wdln@h@!maH%"@C l‘\‘Qs@imethyl-

ci cl/ Z5 PREPARATTON CF BI VETA
Conrext, 8- b I(ldgulepr @patsat pPespaggd  from  6-methyl-1- lndanone and p-

b't?@lr@g%%{ %sobé@c?ﬂBQc? 154 h%oﬂrgaﬁa? on l)f]qje?\o%a'lmgle '4”@9}399, 11.7

mmol) and diethyl ether (1 50 mL) are charged to a 500- mL round-bottom flask to

make a slurry. n-Butyllithium (5.2 mL of 2.5 M solution in hexane, 13.0 mmol,
1.11 eq.) is added at room temperature to give a bright-yellow slurry. The
mixture is stired overnight at room temperature. A solution of
dichlorodimethylsilane (0.7 mL, 5.77 mmol, 0.50 eq.) in diethyl ether (about 10
mL) is added at room temperature to the yellow slurry, which turns pale
immediately, then white after about 30 min. The mixture stirs at room
temperature for 3 days, and is then filtered. The LiCl by-product is washed with
diethyl ether. The washings are combined and stripped to give a yellow residue.
The residue is washed with hexanes and dried under vacuum. Yield: 0.968 g
(32 %). The '"H NMR spectrum is consistent with the structure proposed for
bis(indeno[1,2-blindolyl)dimethylsilane 5.

(b) Preparation of bimetallic complex 6. The bis(indeno[1,2-
blindolyl)dimethylsilane 5 (0.953 g, 1.82 mmol) and diethyl ether (100 mL) are
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described) is charged to a 250-nL flask, and di et hyl
ether (180 nlL) is added to 30 give a slurry.

wo-28ut030718t hi um (5.8 nmL of 2.5 M solution in hegams2003/028209
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145 nmmol, 1.11 eq.) is added carefully at room

Lre, L n
[ ndeﬁ% of%5%_?%g_sf%s’\§<ég o étﬂgé]%g ou%dﬂ)(ﬁoﬁ . B&t’?ﬁith}l{uml (G M- o
pr%éll\ﬂ)S@latl@n ﬂbh@?@neTﬁQ mfﬂﬁpktzd% ed.3 15 addeghaly gp@ﬁ@m@@rature and
r diqghl
Otﬂ@ B%ﬁ /@é‘%@l%éel@ %@gf/egé‘g’zgg'% d(?%rﬁ@lis‘ ﬁﬂ)?(‘tb#éoétﬁ@ Svernight
mlrpomt@mp@@tqren n toI uene (10 m.) is added to the

Chen s TEE s R, Ly RR Bt AL ALANgRnolSe (1.
m FtABEmingolf 2 B drielieng 0 s, arsl distbplathe. 26 ny)) ase eombined to

bi FSSJrEl enolﬁ_l yhﬁfllr?gﬁtrﬁeyb%ﬁogn&%@aé\)% {h%lddgr%'g\}v%% to afford an

stasrapg)@dnrﬁmmn tAfterfmdmpslaﬂlr@ the gdditoranf dnamimmiayl thd mixture is

orciond) apd fESaBea T FE e AL AP G e

Ofmlmredslﬁli'er'ed A thet drangke solidzcarp veaspkbb writariexanep @OL). 'H

Ph’@&{ﬁ BRR Igﬁgr B{«/gqggtf @gl tgglchhﬁmc ﬁ{%(ljegs)frgg girqegallic complex 6.
di @sber@dtibm of ire! Mithteetohaout 80 rm_-)pr@dua;eg raadmehant smxas i(8.29 g)

cooled to - 10 78C. Lithiumdijso Aoylam g mL
of Which ag d$9igied.on H NMR analysis show. th t’this material is monometalhc

he I e, ).of
Al @%%nbg{dg%nnﬁg& %IUW@IM blémécgr efouﬂgqg%ed The

m xture, which turns dark- re is.-slowmy.warned to
room tenperature and stir&r}mght Vol atiles are
renoved under vacuumto gi ve téhe-gli anion as a red
solid (1.87 g). In %Cseps ask, cyclopenta 15
di enyl zirconiumtrichl/g 4.99 mmol ) is
m xed with toluene (12Q—t gt hyl ether (50
m.). The dianion (1.87 g, 3N0 mmol) (C8: added, and the
m xture turns from orange t,é) deep red. After stirring
for 3 days at room te t\u\e ' [
filtered. The filtrate, mtich
phenyl borane conpound, is cong
vacuum Yield of 8 20 O. ¢
spectrum i s consi st enti;Cw
~cl  zr----C t'13C 00(

N> % . The 1H NMR
& pr osed structure:
WQ— s\e

PREPARATION OF BIMETALLIC COMPLEX 8
(a) Preparation of bis(indenoindolyl)phenylborane 7.

Indeno[1,2-blindole 1 (2.86 g, 13 mmol, prepared as previously
described) is charged to a 250-mL flask, and diethyl ether (180 mL) is added to
give a slurry. n-Butyllithium (5.8 mL of 2.5 M solution in hexane, 14.5 mmol,
1.11 eq.) is added carefully at room temperature. The mixture turns yellow and
the indenoindole dissolves. After about 30 min., a yellow precipitate forms. The
mixture stirs overnight at room temperature. A solution of dichlorophenylborane
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0d r cl 8 30 17 WO 2004/ 050718 PCT/ US2003/ 028209
REPARATI ON OF COWLEX 10 (a) Preparation of

woiesoseagof |, 2-blindol yI ) xylyl conmpound 9. ACH@B2008/028209
flask is charged with a,a' -di bronp-p-xylene (1.87 g,
7. @785MgDbk,531mbhol 206D idint ®lucABYED GhLy @nac(db'aotonﬂh)e drfon. The

added tfo give a clear solution. Separ ately
saWBﬁléreoiW NhriwEns, dagk ad-orgRo [S1then sfirad &t éocgn,tgmperature for 3

COaMRY. t Bk hixtliReisIMRRANT PRe BYlidse@ebiiN@ 25 tg) Wré Bound by 'H NMR
n-butyllithiumin tol uene, followed by vacuum

st?”éﬂ){ﬁ'%&’ cgrtairy thecdesed %(mﬂ@nomﬁelyaph%wlb@aarm7gVomles are
5 ““&hp%@d QoRflthe fllﬁaféofg’z()@%n"‘br*ahgé %'o NE9 %) hrqh) isAbd under
tetrahydrpfuran ( ive dr tion.
ThVQ@L@m utH BNR pralysize th@lcrsawge sAlig lrﬂm@ﬂie% thaathis ongyar portion of
t i-on, 1o which
bR auB W afo e LS B PR R e T & oouil o,
The m x(byrereparatist iof badetaliic mon@@@ﬁrpemmylbomermmgm g, 2.50

£ ok B8 ERalS pipk el R BB e B siporea o -

10 d| 2890y etmmrurmnobusdpnoe;dlanﬂdnen(ZtBe iLssof ved i M solution in

so (gétgr than@ﬂ&an@mnwev\ég%e F%‘% t%(rf)gxn%i_“l’}j‘agér maploddred.) is

sodarleznu;z lddaalale ,THel mltmgedwhibﬁ tagﬁ @agncr@cmt.e al Ay lV\tE'ﬁlﬁled to room
ultin el | oy sol i under vacyum as a
P LI AT BHOVENahEn oltlen & TomoceiBtRG varuim T give
SOfHedelélf &¢i 4 tat edf rsom t (ves7 of) ginnal Spalaty ehhaw cyclopenta-
filtrate. These are isol ated and washed with hexane
15 Th%'e”wF—'éf‘a"mm dichieridentd 4l gt 4CReMEes) ip dBXRS i f@k&ﬁﬁ@dﬁao mL)
9. arvd eiliedhyl ?eﬂ«%%é ﬁgo(rﬁll A Thé Qi)iad?&r?l@ﬁé?td @no %m&%r@ebaaéd Gnd the
conpl ex 10. is charged with ound
9 [ixtgre HIng flmn rafange fo lesgy. §€dand°\ftﬁre$ttﬁwg domhér d@yﬁs at room
m@em&réﬂp@dthe%lxﬁ%ylglﬂlt(emdjmﬂé ﬁtr% %m% %oMa C?s the desired
sol ution 1 n hexane, 3. )
syphwébcmane @@mp@mqaeas aoru@@tramdamdwéned mnd@revacuums Yneld of 8:
el t T [
0 0L 0T R ksl N T CaHE renuth Ul Apgssd structure:
cycl opent ad| enyl zirconiumtrichl ori de (1 00 g, 3.55
mol, 2.0 eq.) i's conbi ned ith toluene (70 nL) and
diethyl ether (10 nL). The ani oA i s added' at room
tenperature by pipette, and the'mctture turns orange.
The m xture stirs fe63 m t enper ature, and
iIs then filtered and ene (10 niL)
foll owed by hexanes (2€ arange solids are
col lected and dried undsr WVacuum The "H NMVR spectrum
>i's consistent with the trthure pyreposed for 30
bimetallic complex 1 \JN Q

30
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18 WD 2004/ 050718 PCT/ US2003/ 028209 CH3 H3 ON O 0.

C 5" 0C OON OCH3 H3C 10 10 PART 1:
WELURRYORROCESS Preparation of Supported Catal perasStms/ 028209

Exanpl es 1-21 and C22. General Procedure Silica

(Davison 948) is cal CREPAR]‘A@‘[O[Qd'F COMBEEN 4§ conpl exes
(quantity is 15 determ ned the required Al/Zr

ratios (pr éeparaton of n 1 Dpxgliibganyoound 9.

tr I [ |

de’éiéd?%e'ﬁ‘éﬁub“% Ry QXU\%@Q %P% %}H@ g%g}ﬁﬂﬁ%; t7307 mmol, 1.0

di s@ban@&trahydroﬂur@n (mcmm ) $ohddeidon dive a @le@éﬁelutan 6Separately,
5 A&an’@ﬂed {1“' lﬁetﬁg O‘\?ﬁ\ﬂd%ﬁo %?@F‘dgl 05\,{@/ ccBrR/eHlég 3 'ttlné fitbnoanion

polbyy meadtingtit wuthempetylhtfemmgnvmuaoet fodldaed |byns9dicwi|ny istrigpping, as

POl AP ABPGho Y ARt b o1 14 a2 055 R celiBiniet i oluene

St @ionhep an@temlhydmaﬂbn (10 enlghagiyed iobl-réd eblutiame THBGdIution

m), 1- h (100,.mL), t b
o Siackesh S v AIPRHS Fraorl) AR s P dRI T Rp i oluton,
10 ( ”ﬁﬁﬁ;ﬁrlﬁétoﬁ&sagl@‘eﬂ&ﬁw’eﬂoﬂr OR thickmracipitate reesite! ,ThEakieure is
25 The reactor gress

| to 350 '

©)stifegh opielea e Ve DO T g TG e Sfls and

SI hiyveRow YIRRRE st eisodarkt ere dolfde &eSN@heusmtmu@mye@ther and
|nt0 the reactor to start POlleerlzatlon I{ ene

i sddehpheR@re Hisgelyad dn tdéﬁh'q{@@ﬁ heg (989 dtlor EP%S% ogethane

358o108drDis WS With Wafér (25@@06 ﬁ@t&ﬁed §véf%'&'dﬁﬁn tsEiIfate filtered,
recover polyethyl ene %@l cal cul at ed
i

15 gcand coneeniratag. p-Eﬂ%/If@éldltlpg ,yg\{qw B s dried under vacuum. It has a 'H
NMR spectrum consistent with xylyl compound 9. Solids precipitate from the

original dark yellow filtrate. These are isolated and washed with hexanes. The

precipitate is more of the desired xylyl compound 9. Yield: 2.85 g (71%).

(b) Preparation of bimetallic complex 10. A flask is charged with xylyl
20 compound 9 (1.01 g, 1.78 mmol, 1.0 eq.) and diethyl ether (75 mL) is added. n-
Butyllithium (1.5 mL of 2.5 M solution in hexane, 3.75 mmol, 2.1 eq.) is added by
syringe at room temperature, and the mixture turns bright yellow. The dianion
mixture is stirred overnight at room temperature. In a separate flask,
cyclopentadienylzirconium frichloride (1.00 g, 3.55 mmol, 2.0 eq.) is combined
25 -with toluene (70 mL) and diethyl ether (10 mL). The dianion is added at room
temperature by pipette, and the mixture turns orange. The mixture stirs for 3
days at room temperature, and is then filtered and washed with toluene (10 mL)
followed by hexanes (20 mL). The orange solids are collected and dried under
vacuum. The "H NMR spectrum is consistent with the structure proposed for

30  bimetallic complex 10. Yield: 1.10 g (28%).
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30 are presented in Table 1). As the results in Table
1 denonstrate, the use of conplex 10 (p-xylyl- coupled

woie4iosaasoi ndol yl ) zi r coni um conpl ex) provi desPCigs2003/028209
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20

25
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ability to make ethyl ene-hexene copol yners havi ng
fractional nelt indices (see Exanples 1-7). Moreover,
the binetallic catalyst also makes it possible to
broaden nol ecul ar 1942004/ 050718 PCT/ US2003/ 028209

wei ght distributigg i red| ctabl e vvay by varying
t he amount of rmn\o vat or. An
i nportant t| “of £ N of
binmetal lic | ex ’

As Exanpl es 3,a 0
bimetal lic céhpe
F15 5 activator.
with conplex 8, thelpk
conpl ex (see Exanples 8-14).
di stribution H@ br oadenabl e, bt | esser degree
conpared wi th Conplex 10. Again, the activity of this
bi netal lic conplex is boosted by including F15 10

activator. 20 WO 2004/ 7 28209

aa) Oa) E UaDE FQF? égugg%lyﬁé%%i’dé)] U (U6U)(6U)N

- 0 1 6 Prephration@f S@p@r@d]CMaE}s@fUr Examglés m2310anid)CQZ.C
QCUOOUO a J .Qr ag %MCo-fI La co

to Lo OM~-~ "a OC E oG%Sber f’f@‘@ Qo LLas 1J C.O

O p LL $lica CFavidon)948) is Ealdifed For 4%, MdHafim 'coMbleX8t (quantity is

determined by the required Al/Zr ratios presented in Table 1) and optionally

so b de
db@ﬁmc

ulGk wei ght

tris(pentafluorophenyl)borane complexes (quantity is determined by the required
B/Zr ratio of 1.5) are dissolved in a 4.14 M MAO solution in toluene (1.6 mL),
and this mixture is added slowly to the silica (2.0 g). The free-flowing catalysts
are used in polymerization experiments without additional drying.

Ethylene Copolymerizations with 1-Hexene in Slurry Polymerizations

(Examples 1-21 and C22)

A two-liter, stainless-steel reactor is chafged with isobutane (900 mL), 1-
hexene (100 mL), triisobutylaluminum (0.8 mL of 1.0 M solution in hexane) and
optionally hydrogen (measured as a pressure drop from a 7-mL vessel, Table 1).
The reactor is pressurized with ethylene to 350 psig, and the contents are
heated to 70°C. A sample of silica-supported catalyst (0.1 to 0.5 g) is injeéted
into the reactor to start the polymerization. Ethylene is supplied on demand to
keep the reactor pressure at 350 psig. After 30 min., the.t reactor is vented to
recover polyethylene (10 to 50 g, calculated activities and polymer properties
are presented in Table 1).

As the results in Table 1 demonstrate, the use of complex 10 (p-xylyi-
coupled bis(indenoindolyl)zirconium complex) provides the “ability to make
ethylene-hexene copolymers having fractional melt indices (see Examples 1-7).
Moreover, the bimetallic catalyst also makes it possible to broaden molecular
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hydrogen, the Ms are fractional. Interestingly, the
nmol ecul ar weight distribution wth conplex 6 is

woeb@tisvagy insensitive to changes in comonomePCOUS2003/028209
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alumnum 5 level. This result parallels our earlier

resul LAt ©OMR! Gors. ERAFIeS: 1955 SidREthe  dimetnyisilyhlink
POLYMERIZATI ONS OOV EEXAVPLE. A ‘supported’ Y ed

Cdtrapiadic qanmiens) Mé\ﬂﬂslcﬁ abpwp| when hydrogen deipaiigrd( Ydithout
Yggqgéﬁkg{@ms Le @%Sﬂalt q fé?és}ﬁ)ﬁ?l? 0 Qlﬁguléﬁwglg%dlstrﬁautlon

n tol uene, UCt (0] marl e,
Alv)nth aordplel b tse@iﬂtwelugnswltueﬂ@mhasg@ inr wdormmero@nfﬂlummum

telg\%ﬁ ' 3’51 mgﬁulg%rélkgs ogfd %ﬁ%’ rgguI%fWIwgorg&le %' on-(2.5

s urry of
cal cined sili cEAR(Ermc@ABERHABE FIBISY MERIAATAON&I ci ned

at 600C for 12 h un I b, . A n toluene (18
m.). The slurry i s%MP@B@WW% ?‘coni um conpl ex
3h(72 nmy, O. Jﬁjlpfﬂi/ Ji (Y| dalﬁlyi;ﬂdeﬁh Mondetallie Cempiexder  of

t he octa ec no sol ytion e resu

sol ut i InOF@ §??WN@% 35? rﬂmo ‘gqqﬁol Bt gf'apu%poxane 6.2mL
cospd@x MAoAAdeRleHE oawaaa éfOArbemaﬁel zgzmrﬁbluAm Yanoﬂﬂfé resulting
the mxture is stirred for 1.

f i yaletionds stffed ehrooshianrerales W&§HbdA rwtm QTéB% aﬂlét'?rs@& mi,
10127Hmolm)9|ssé&€@9 rdr@&N@é‘i@la)éﬁIrry' & daWbodélhc,%d(G%Bé@Dawson 955

vacuum at room t errpera ure. Conponent | oadi ngs.

9. sllicarsnicined;atiofl’C sz lexnder nitsegey, @ﬂgwﬁdplpgn% |(13 E,nér) The
Al f1r
o MR T BT B AR e p g riad s goded o the
Ex@mflnmieﬂx dfghe obﬂadamovw& pelutieratandghaeesyiiinesdiigs sstirred
P n
rolfbriel ahecs iR 25 Sl K ASc HBiceb the silep sy, and
9 ’(Bnemnxtdrg is siirredafor @cﬁrbl é')helsmrr)msdmzredrmbl/t@e sblidscare washed

W@“ﬁ;ﬁ‘%ﬁ? (% 1%F!%H/msr : sU Io‘gféaip)%%e)/rs = EH%ﬁSd under vacuum at
perd‘om tetpératume | amr&mc&nénsldhdmgseklbﬂ@ 9.8quinppe silinit Bomplex 3:
| agitator t nocoupl e, and a val ve for
reh‘&%? 8 h ﬁ@ E%e j acket contains water, which
is reci rcul ated for tenpereEXAMPLEdtrol at 71C

tS:rJPPg(r)EJ(a?yICZIt u'%a/ ﬁésr%@%%%?mﬁn‘g? %a‘?%.f}mp'%‘d’ ng) are

added tpnd hgob&flird ftﬁfo@@h”np@raﬂwaEkbmb@nﬁ lisukfellov(e'ﬂleexcept that
anmount of sup orted catal i s adj ust ed to achi eve

t abigeatealtic sp 19i(¢4 msx Q)gmoll igusrd fstsAs cﬁfymgﬂgmetalhc

pe t [
oo, EAAREhCkoss B0 o Wos i 0

ni tmog)énsifcea0.G4dinginol lﬂg-léﬂd@me"\'(&ffzﬂﬁ_) i s added,
fol l'owed by Gas-Phase Polymerizations
Polymerization experiments are performed in a jacketed 3.3-L vessel
equipped with a helical agitator, a thermocouple, and a valve for removing
polymer. The jacket contains water, which is recirculated for temperature control
at 71°C. Supported catalyst (about 200 mg) and triisobutylaluminum-treated
silica (about 140 mg) are added to the bed through a polyethylene tube. (The
amount of supported catalyst is adjusted to achieve a targeted productivity of
about 1“‘50 g of polyethylene per hour.) The agitator is started and the reactor is
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enough ethylene to give a reactor pressure of 300
psig. This results in an ethylene concentration of 60

wonb®/xasd a 1- hexene concentrati on of 3.4 noPeT/U%2008/028209

10

m xture of 10 wt.% 1-hexene in ethylene is fed to
n'ﬁiré‘és%irﬁe@@@tgﬂ‘ﬁtr@gérﬂ('ﬂobep@g)r eptleREne WIEmLI) @aﬁd)écalfollowed by

hyl ene feed reaches about 300 ? %r}%
stasopah, ethyare (hdlveadesrior PeasHie ﬂeps'%o@%rfew”s in an
( @Wénéé@n%trbﬁor@bﬁﬁ@%lé pOEN Bel-héemet Whce@Patiohhsf 3.4 mole
po Iyrrerl zation is regeated three nore

t He. Amixiead’ Wewbpkhexans ia GEYERS 'ﬁéeC§ mqg\amﬁqqg 3@%{?&&'“ the
Of oG8R Wﬂenghé"t&ﬁldethyﬂen@%e'dsrbﬁéhé%ﬂdﬂj%o@ Bethb%é’dl th stopped,

time required to consune 300 g of ethylene Is 2-3
t Athéhef cracidr savaitieds Tl PRYMEAr@PPIEASIH @nis (ained from the

r q%%é o?ﬁ% tplﬁﬁlfr%nz%&ggknsg r@%%ffhreéram rinae—rgbﬂlrlﬁﬁ@ to k8RIofe the

Gawightea szeefr be@sslnEsucqa@dwgewnActthequw ofugalplyst charged is

De / t 7

DR S8 G e 8RR AR o R g 2B lR 2 .
gabhefoasth hetgreod peyrer drained front the nesstor issanshitzedneguitsappear
usi nlgatbLh? slurry process. In particular, the results
shBwHat binetal lic conpl exes can be used to prepare

l'inear |ow density polyethylenes having reduced nelt
i ndey i

seenlin the y per. men fi cone
at the expens-g""bg‘?’5 éje @i@'@% %H‘%%?fnojl:dt B/‘?E‘,fﬁmpi}d
slightly less effici en'f‘ac [9%E5Y por ati on (as

i ndi cated bhv 20 hi nhor densitv) Th nroecadi

exanrlé§'arécﬂﬁﬁﬁi onI mg | Iu§WratfoH@WM?he Afensity (g/om™)
A ot AP AR AL AR AV AT

1
1L

. f FE{nyS29033055209 " o3
cl ai jp—E ca??}! yst sysL et W—e% coffprtses——(a)—an
act i vater—and—(b)—a birmetattic conptex—whiTth
conprises 5 (i) two Goup 3-10 transition netals,

whi ch niEiye bessutth érons thergasrpluise fexpermentsi dopfirahe results obtained

15 g?ﬂ%gah o f Hir@geno'e?sgm 3“'1 5r‘ﬂg@§r %Cl?eﬁﬁtsv"gll\&p trﬁl'aﬁ t%lmetalllc

20

cycl opentadi enyl o
t.heomplexes can be used to prepare linear low denSIty polyethylenes having

reduced melt index and broadened molecular weight distribution. As seen in the
a‘:iurry experiments, these benefits come at the expense of reduced catalyst
activity and slightly less efficient comonomer incorporation (as indicated by
higher density). ‘

The preceding examples are meant only as illustrations. The following

claims define the invention.
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met al s; iO (iii) a divalent Iinking group that joins
t he i ndenoi |yl groups through an i ndenyl@mar bon or

wanoddndetiyl ni"trogen of each i ndgnei-prdok i (Gr-eapUS2006/028209
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30

(iv) two or nore ancillary Ilgands bonded to each
net al Y\; atlsfy the val ence of the netals. 15 2.
The ca el system of claim1l wherein the activator
is sel dctﬁedatélysimystdmewgit:bmmiﬁsi; sting of alkyl

al urmxaneso( gl kye{naellctf%eaprgngonpounds
n

al um nobor tes, gancoboranes, ionic borates, and
i oni c al um(pat esa blﬁtetﬂltrecqm}nlax ylstchsylstpelﬁe@f claim1l

wher ei n each of the tr@r@t Loy [p;;@{oﬁ] 'n*l?er‘%l% %gﬁgﬁn%y be the

metal . 20 4. The()ca 3l system

each of the trarwmtmrdlﬁa'eats is zirconium 5. The

cat al yst system wherei n the .
linking group is s&\f EPE%]%'PB‘&N?%%‘%R"&WA ggéc}‘r?#gl S Frr]]éJ f which
of dial kyl silyl ,;squabfydi@l {hydugheitskyydiopreatadienyl ring to one of the
aryl boranyl, sil ox pol ysi I oxy, and hydrocarbyl. 25

6. The cat aI yst 10g étsem of claim5 wherein the dival ent

l'i nki ng group i s(ig ahdﬁdzﬁl@ﬁtalllwlhg gyroup tisstl pirisethe irmfanoindoly!

the grou conS|s(t|n i al
pol yg| konene arg;pg rapgﬂ %péwzenyggqxr)pggﬁr&qemdolw nitrogen of

cycl oal kyl , adar‘rgg&yhderﬂ{,@dc}fwl fi®; an@l kenyl , and
al kynyl . 7. The catal yst system of ;‘}I aim

di val ent i nki ng(\gr 8 or gnpye ancikayy yigangs %‘?ﬂ%eig? eﬂ%‘?Etmetal

system of clai m jhy0a/se} MedlaidnRat tHeNhe@ls. t he metal s
is bonded to a polynerization-stable ancillary Ii

nd
sel ect ezl fThematdiyst gygiam ofcahaigl 'gwhﬁgelr@,fthe activator’is selgcted from

Cyt &%1%" yﬁﬁ{yéﬁngv%qz%&' %%'Wéégéé‘/ Us oosﬂ@zszgggmgounds'

Ttn&umatoabmatesyetganomraoeaumle bareégse iand (aec pleiN#HPHg
anci |l agy bgga{%ﬁjyg{es rt&n%? a&ﬁﬁ vler8 cﬁlofgh% rhs?uon metals is

cat al yst* erein neta
Coaprévp hasetalt he general structure: , M J-G J- l\/l><\ in

mhgge%éﬁpa qd alt ﬁg%ﬂg,ﬁalﬁnrﬁ 1%?%%1’&%@2%% tlarisfion metals is

I ngepangently a Group 3 10 transition netal, each Xis
i ndependent |y an anci |

satisfi@s -W?ec"\‘)tﬁﬁye'h%t%f‘ r‘%r?k.ﬁ 'ﬂeféﬁhereiri therﬁlé(algg ijag group s
Sy%l@&bé’f fremnitie 1§oub eEsidistinge obi diaikbilyl,c deoysilyéx ah@Eboranyl

arylboranyl, siloxy, polysiloxy, and hydrocarbyl

6. The catalyst system of claim 5 whereln the divalent linking group is a
hydrocarbyl group selected from the group consisting of alkylene, dialkylene,
polyalkylene, arylene, diarylene, polyarylene, cycloalkyl, adamantyl, aralkylene,
alkenyl, and alkynyl.

7. The catalyst system of claim 6 wherein the divalent linking group is p-

xylyl.
8. The catalyst system of claim 1 wherein at least one of the metals is
bonded to a polymerization-stable ancillary ligand selected from the group

consisting of cyclopentadienyl, indenyl, fluorenyl, boraaryl, and indenoindolyl.
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structure selected fromthe group consisting of: L
M"MLR NOOOO NGOOODOOYM MR/ \ L X
whQo0f/05¢710 XxXN\M O 00 Xn MO NCR N L G | angcGuskoodlo28209
RO xn/M00. NOOOML/ \Xnin which M X G and n

have theg fRarbRYmE Q)‘{f’sftérﬁ(iﬁ claiim @l vitheTeihQhe kerh&inthg akiillary ligands
pol yneri zation-stable ancillary ligand selected from

t e delidgs @oHkYIsti ng of cycl opent adi enyl, indenyl,

fluoreny , TROGABNS: s%ﬁeﬁ'\ bﬁ"gﬁiﬂp’mﬂﬂir&lh th@rtﬂmgtdllﬁz complex has
hydr ogen or hydrocar A process which conpri ses

pom?r@anezalrﬁgrumée oanPv%-l"@ -&1Bfni s WhiGh Bhig qnﬂé@@ﬁlé dnigng group,
5 CaL Y §tis SN fMuhtC Rl Mdnoifdblyl group, each M is independently a

Group 3-10 transition metal, each X is independently an ancillary ligand, and
each n satisfies the valence of the metal. _

11. The catalyst system of claim 10 wherein the bimetallic complex has a
structure selected from the group consisting of:

L X
}Vl/x" Y / R

OO

10 X

d
'\{ an

in which M, X, G, and n have the meanings defined in claim 10, L' is a

15  polymerization-stable ancillary ligand selected from the group consisting of

cyclopentadienyl, indenyl, fluorenyl, boraaryl, and indenoindolyl, and R is
hydrogen or hydrocarbyt.

12. A process which  comprises polymerizing one or more olefins

in the presence of a catalyst system of claim 1.
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