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(54) Title: BIMETALLIC INDENOINDOLYL CATALYSTS

(57) Abstract: Catalyst systems useful for olefin polymerization are disclosed. The catalysts include a bimetallic complex that
incorporates two linked indenoindolyl groups, each of which is pibonded through its cyclopentadienyl ring to one of the metals.
Compared with conventional indenoindolyl complexes, the bimetallic complexes of the invention have enhanced ability to give poly-
olefins with desirably low melt indices. Certain bimetallic indenoindolyl complexes also provide a way to broaden polymer molecular
weight distribution and thereby improve processability simply by regulating the amounts of comonomer and activator used in the
polymerization.
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known (see U.S. Pat. Nos. 6,232,260 and 6,451,724). In many of the known

complexes, an indenoindolyl group is bridged to another group, which -may be a
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In sum, there is considerable current interest in bimetallic complexes and
their potential value as catalysts for the manufacture of polyolefins because
bimetallic complexes can have electronically coupled active sites. Known
indenoindolyl complexes, which are mostly monometallic, have limited ability to
give polyolefins with desirably low melt indices and broadenable MWDs. The
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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Catalyst systems of the invention comprise an activator and a bimetallic
indenoindolyl complex. The complex includes two metal atoms, which may be
the same or different, from Groups 3-10. Preferably, the complexes include two
Group 4-6 transition metals. Most preferred are complexes that include two
Group 4 transition metal atoms, such as titanium or zirconium.

"Indenoindolyl” ligands are generated by deprotonating an indenoindole
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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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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Ememqilyaatylekash@nal lbbite Ggampl (sc@h @Ef halides, raldenxys oaryloxi8 Calkyls,
Oaﬁ%'él?i/ls,'g?yls, dialkylaminos, or the like) is present. Particularly preferred labile

10  ligands are halides, alkyls, and alkaryls (e.g., chloride, methyl, benzyl). Suitable

polymerization-stable ligands include cyclopentadienyl, indenyl, fluorenyi,
boraaryl, indenoindolyl, and the like. ‘

In preferred catalyst systems of the invention, the bimetallic complex has
the general structure: X,M-J-G-J-MX, in which G is the divalent linking group,
each J is independently an indenoindolyl 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. Particularly preferred complexes have

one of the following general structures:

ot ,f\ é@
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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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NOPh Or--- OC O 2z 000 \C OCH B
BB 9NOC Or- M\ S—i Cla @ O o zr TSIANYARY 2007

w@20d3as08\\ O O GH3 H3C The conpl exes can beparUs2003/028209
any suitable nmethod; those skilled in the art wll

recogni zg—a-variety of acceptable synthetic
strateg'ﬁpt@n{B the synthesks begins with
pr epatat\i t he desi rﬁﬁa’ i ndol e conmpound from
1 ANUA ‘ q i 11¢&8 PCT/US211113

/112 8¢ 2119\paqti cul ar | ol and /a&J1 hydr azi ne
0 rare usually

precu @O‘I‘S\@ X{, theginde
Iirﬂki%ito 8 gi/vetheand p?\ sor. The
final : i nvol Mes/pes t& the |igand

st @ mal lf i ;

precurso a\@ﬁitigﬁ source to give the
binmetallic orrplgﬁé[;’. act @ hetic steps and the
sequence used will 5 normally depend upon the type of
di val ent |inking group used, the transition netal
source(s), and whether the indenoindolyl groups wll
be joined through the indenyl carbons (G G C |inked), '
t he i ndol itrogens (NG N |linked), or one of each

. Consider the ppiepafpti on of the NG N
6 R [ 4i ndol e conpound

£ 1-indanone and

_ beIeI OW. @ i'o\i nde
i A ) 4
D%' hyd .o opad’i t he i ndenoi ndol e

tionwith 0.5 eq. of
R deno[ 1, 2-

HaC




b] i ndol yl ) di met hyl silane (5). This neutral conmpQu '
doubly deprotonated and then reacted with 2 ed%i%kd&kYzmﬂ

wa@yomhosend adi enyl -zirconiumtrichl oride to gi vect/82008028209
desired binetallic conmplex, 6. A simlar approach is

used to gener ate<_pbanyl boranyl conplex 8. A sonewhat
di f f erent ap'r
a C-G_djsq?\jqn.

i s needed to make conpl exes having
Here, it is best to use an

N itu ‘D ndenoi ndol € -Coprpound. I n preparing

¢ ex 10 Yvelow, we firs etd)yl at e an i ndenoi ndol e
conpo ae the prepa on | 1'2). Deprotonation

of 4 H at i?’lloo ezr foll owed by reaction
Wi t 5 I DenD- p- xyl gi ves

| i nked conpound
is easil ) ! cqct e wth 2 eq. of
CpzrCl 3 to give bineta onpHex 10. In the fina
step, the ligand precu s usual |y deprotonated
with at |east 25 abo gqui val ents of a strong
base. Two equivalenﬁé3of transition netal source are
then added to give the binmetallic conplex. In another
sui tabl e approach, however, the ligand precursor is

e precursor is 'sinply

d wth a

conbinedpgan?

bi s(dial ky\ a transition netal

C d. ™ aéﬁhanine el imnation,"
gi'ves\ 3o thg di scr depr ot onati on
st ep. = NS 6, 44 . For
addt’ijonal (Bpanagg/?o maki ng

or garfdret

i ON e ee\U. S.TRat . No.
5, 495, 035; “ A @: (a;b%') 8024; and
Or ganonet akli X2 QX 11 19 JANUARY 2007 WO
211114/ 11511718 PCT/ 12 8 2119 As will be
apparent to those skiMled in the art fromthe above

di scussion and the exanpl es provided bel ow, the
synthetic steps required to prepare binetallic

conpl exes of the present invention are

wel | - est abl i shgdlapdteel atively straightforward. 5

ce of the transition nmetal can be

use nake bi metallic conplex. The transition
sour phveni ent |y, has il e ligands such as

hal i de Ky aniHao are easily

di spﬁ enoi ndé/? : les are

hal ¢itdds (et QL.4Zr iges, am des, and

the %ik WSt syste ' nti-on

i ncl ude, addi tijonCHo t he Qi
HsC

HsC

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



i ndenoi ndol yl conpl ex, an activator. The acti va{ 0
hel ps to ionize the binetallic conplex and act 9\!r ARY 2007

wo hmsostrad yst. Suitable activators are well kneenusmos/028209
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the art. Exanples include al unoxanes (nethyl

Fé’ﬂ%’@eﬂé\ﬂ ﬁwdaMf}@ anBMMhy@bAME predudsirs anaxt, the SdHAdoles are

unopxane) ?ﬁ%l al um num conpounds (tri et hyl al um num
1E!Sldﬁ”¥t'm'/<?d dPORRULMA SO JaNE (RTREMTRYT allfifi Highstep normally

t [ivbRes WexdtioR! s thBYighnd %FIQ:UHB? withks tran&ﬂbﬁ 3h&t8! source to give
activators include acid salts that contain

n81e- Aimatalip RPMptexant hsngxact sieibetic sieps adsthg esapangsy used will
CHBﬁ’ﬁaﬁfy @épé?\ldl 5|¥or{ ltr%a%% &t Hl@&l@ﬁfjhﬁl@né’%rr&fb BEed, the transition

al um num les include lithiumte
kﬁ@(tqj@mlmﬂ @oa@qaw@ﬁvlley sy igdenoindaliggerps will be joined through the

t r

¢ ST SBER: & eSrERRERS PP BRcBen G-} Ren) or ome o
Seachail-&-bdinkedt ors al so i nclude or ganobor anes, whi ch

i nclud n I aka

gr oupsémg%r %g]%eg Fa\}g O&g{h%l ﬁc@tﬂdgn@u P m?) X é g%%’l” An
uirslebsindolet mdnpaundlik fiist pregatead leelabmgammyldhmdsnone and p-

PR G 0 PEREShe B B indnopBRL R, orowea by

S edctibh e witr @ns ceqt amfnldn@lmmmamml&nar givdescr i tieghdemo[1,2-
ghﬁ?%iﬁb"ﬁé%ﬁ’{;ﬁ%’?ﬁ% ;ﬁgglr?%grag én%gofl'r? Is d%u%lysdezpdfotonated and
atHen FeRsdMAthes - ed. eSiCEYcpeRfARMBNGL-Srcdhiuah Kiithigidemtd e the -
conpounds and, ‘organobaroni ¢ aci ds--as described in

udesirgsh bimgigdic gomplex 1o andy SMEaB, aparpach S, #5%drie generate

aphtMAb&anyl oRfpkee MAO - are preferred. The optinmum
amount of actlvator needed rel ative to the anpunt of

30 bi rAtsamewhat slifiret apsesrdisisoreasiadio fragiteoe@mplexes having a
[ [ tyE L ex: ;

| BECSkARn o 88, i0usl 16 BB R B ompouna
p#mpmparlng cheplexald below cwe dirst iNomethyéatel aotihdanofraloteocsmnpound

b i resAralRHbt o ekt b Bl BB ipgernoindor

usadidwed| by rbactiont ith @.6eeq.aofga, d}ﬂlbadnnomo Wldhk tiveabaolyi-linked

S60Poues 1 i G ket BEPORY s Begreiriadatd eacted

abawt2 &p%fmplze@e tagide maalméeémpmlm fromabout 10 to
about 20 num pe of transition

Po0al fyeliah Sienoing JBRI PREUISRT 5 sy ARestTATRS i ghleast

| @BbGt DegalSeMs oatlatwﬂoﬂguo@set @0 20MAlentsSEdrapsition estal source
within the range of out 0.01 to about 5000 nol es,

p& dreanpgded inbiyedhe Rimetallis commiex. 5 I @pothsr suitakle approach,

a%{/vé@énorthé’%aﬁ@p@e&lfrsd\/l is Hoe o%ﬁthHr?eIté’cﬁ Qﬁ:&eQ@ %”R*eﬁ@r‘%or is
with the r&l ex and added to the reactor as

niSiaRlY ézorreﬁm dad APy ARl sheaipd) bé"thaﬂdéﬂd'@ﬂ(y{ﬁﬁ'@no) -substituted
r §aRLiR6N HRAAT@RIoUnd. This approach, known as "amine elimination," 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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The catal yst systenms can be used with a support, s ?@
as silica, alumna, titania, or the like. suﬂ@a“\ ARY 2007

wer@hesoresl. The support is preferably treated pdnus2003/028209
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thermally, chemically, or both prior to use to reduce

the copcapt Bé‘taksggreﬂf OSP:{OE@%QI“Q% G 9‘3@’5& Yo e ?%\Fercﬂ?éussmn

treat nent cons cal Cl ni ng
sapthdhe eranples rovidess pelove e eyréWmeatepempgumdm@ prepare

PGB0 S84 B e AR, R B ey

Astvaightémwam different chenical treatnents can be

used, Egﬁ ﬁ]bl erﬁge?r{t Qa6 o& tﬂ%ttgnQQOR rnggtgpgﬁ'l Hgﬁgmto make the

- magnesi I'con,
e pmmgthlic coimplexe cTime t{aesatlcdemtal lsedrcemddv@melﬁw had\zbile ligands

VaINAR B30 OEOROWEMIS A B B 25 CaBRLavedl b pepginaoly
aagioat hybemeplesn réhalch3 @@/ é’f@lnsZrS)la()halasmmsymnhldes and the

1- Eutene 1- hexene, 1l-octene, and the |ike. M xtures
ofk®l ef i ns can be used. Et hyl ene and 20. m xtures of

et hyl eggtalyst fsyéiarrfélaf meolrﬁémm RicRides peaidalibi to the bimetallic
preferred. A w vari

p#mgwelybawa@xu%actet ¥%f e o eff"vnﬁoggs@ngé"é[ﬁ%e the bimetallic

SleHinblex dHdl Kctivarl MkicatblyskNSul@sie RRBERoRIDE Q\&aﬂﬁcnoﬁfn in the art.
slurry or gas- phase process is preferably used

sExaaiples ﬁ@@lﬁ%salﬂwsty g1ty nglusiaenas MASIn PYAL.  ethyl
C%‘Lﬁ‘n‘]d’x%hé Qifsobnﬁll élU?ﬂh%Q&h alﬂgﬁluﬂﬁﬁ%'ceﬁ%ouﬁ&% (t§XBPRIUinum,

5 d@gigyl Eﬂmnmﬁéf}ﬂmd?nwﬂeé%)ﬂ?'éw%ﬁ”'@@b‘ﬂ%‘r?ﬂWI%’G“)OQ/@ thg like.
nglgaﬁlgn.a@ﬁ\%d%ée EI@BQeamd SYLHR ﬁ’%ta&ﬂﬂém §Q§n&&eé}hﬂi€ anions.

nor e pre erred range is from about
abbese 1@0MGouUndst ggnesllyr cerpistsot kulky aliggads r%ifﬁCQB@uRO Boren or

t %lLﬁ'ntﬁﬂ gﬁg £ lﬁélbae mﬂﬁGmQEtrNI%%Hggﬁ%rggﬁQﬁ)l b}Srate hthlum

range rom ia to a
prtetfaéms(pehtaﬁuqrhahera/ﬁglelﬂ‘ﬁmaim abniliniurg p§¢tselwsdp@ﬁ@mor0phenyl)-
é&? tgs'a &l Y 8Lt gétGFs' ) lHﬁlﬁgef&paﬁJb%ranes which
i po yneri Zat ron een
anflm‘abd)rxon dnolvesneeor, mbl’aealkyjnaryhtor aralbﬁ greupge sSUitable activators

abo 0. cy omyl e t

it Sy B el g, PRt Ooranes gyen oo
t hn&s(bgnﬂeflmﬁropinem@bsranehdenpitwnyﬂbpsmecdmmemcttylmriana,, aathdhe like.
ot.her fact JANUARY . 2007. 211 11511
POPRER e A% LB SPr7G CeaRM R PO aiet SherrRpPE L O, Pt
?lt_Ll‘ﬂbsC @PER 57, W6 1BB A0S ewad 8 2$eomd SSltntBbﬁa@\aet‘i\zdtorshaieo snclude

owi hg exanpl es rate.the
! aneb oAk ieEReT | 8P e A ARFIMHECsgmPgunds and
rT&ﬂgaMﬂfdr@Hm; abRist-hadeadrdediih i 8. PaE Nd¥. 154140180 hied 5,648,440.
i nvention
Alumoxane activators, such as MAQ, are preferred.

The optimum amount of activator needed relative to the amount of
bimetallic 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
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5 and scope of the clains. The organonetallic
conpl exes are generally prepared in a dry-box URINUARY 2007

woRdonoges at nosphere. Air-sensitive reagents apEr/us2003/028209
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transferred by syringe or cannula using standard

t a6t 800 ML ARAThEN @bred o%mfndeng’??u-t 1 B%rgof by® ¥ mojes, of

Exampl e 10 (a) Prep aratlon
mi 3T iNEMb Per- MRH‘%\n@fnéra(‘g'GOfG mgtal238 mihgnathe activator is an

P-dr O@_%Ndd?a\‘é“@ér‘ ARioEH RSB L ;L%% %%Zt?—% %L%ﬁ%smll? bé Qiithin the

agueous
héaﬂ%l 0!‘ @bpef E)@ﬂ tpoabogltb 5008 .mates preferahly drons aboul @d to about

0 s gty 80 GF0L SEROR G B 00 e

h@@m@@( @zdoadﬂ@}i toTthe repstopfds- ahinbxéursobi the sonhpmeehts can be
(b) Preparation of 2 by

N%{éﬁ;?ﬁ#y@ag%gs%é}iateré of 1 (36.5 g, 166 mmol),

aqueoughﬂa@alpjlsushem qahli® uigd \?zmh B suppart soth as silica, alumina,

fﬁéﬂﬁé”“‘%{?%ﬁ‘é IFKQ 6%§I?:|ar }ség?ei "e%om T?%%@bﬁ&tﬁﬁ epref@ré\[b%y treated

I'S Vi gorously
scdhertniadly, cHeniieally( b7 béthrrior ayasemmie)jucmtﬁeoédmeeﬁtréﬁb'ﬁ dflslrface

 SWRROSE gER R 3Rl dtmienl cBhS el heathg [or galtining’) the

crsysbatt lin medapbunmbsbnm@amemat@aqumraaurr@ pseféﬂabtyegr@ater than

el 08 R iy chomniols 38 tambauLAe"C) Heor o use.

aqueatisty fof anifdrent tiermegneshivehid M bEeN8ed anéluéi%g r@&%‘uon with
The organi ¢cs are conhi ned and dried over

f i9"9¥%ER uml*'l'i'é“*voF‘éﬂP?%%mar‘é'“F%'hDQEdbefﬂﬂ’erCOE!POVB@ﬁJumsee for
anskaliite, mﬁ@@‘ecﬁh@awdé&rﬂéu UL et m h the

crystalllne pro uct Total yield of N-nethylated
i ndeno[lRexaialysfgeysiems jase gzgrtmu@rlya‘@gablq dor polymerizing olefins.

| retenebl, defitls eﬂ@%‘thl&ier &W‘C&J @zo@g@ﬂﬁ s§%h éf P?’ogg|eﬂ¥el?%tene

under nitrogen, N-nethylated i n
( Tuhexege, goc nenang thedl"épr'éW%SOf alkfinsraané used iEhylene and

N sm.mésobwaﬁynéﬁb mh ot (Mﬁr if¥are e@p%ﬁél%%ﬁewekjm (38.0

M sol ution i n hexanes i S" added
car ef uH wld@n@éety\nfgﬂﬁf@@lmma‘tmg psacesseroean berpeedht Braferred

r&':éé%e ﬁé@%uﬁ?u%lkoé‘olk it ‘%dcqé%dd?%#érgp&e%r Sc'ﬁplsfﬁ% or gas-

erat ur
O\Jfélaﬁe g119068§n|§ preferaien LISEﬁt e$ethbin chethwaishiad pmlw’nerlzmg olefins

t QJs Q:des@g'bf frfﬁ@qn\;éﬁ‘ﬁgn Ig?e%g&'ﬁbgg,?tﬁ Ql’z?rg;\)/l ﬁ &;ngay Nos.

pro nder nitrogen in
isﬁ,%@ﬂ 8@6:t5e®87a6ﬁ9 @ndéoﬁaﬂwtﬁe‘t vacuum 14 19 JANUARY

2007 AR 18 STLBRIAR R ARt e
prsodi asdalxdw80{a Go gbodR 280°C. A more preferred range is from about
30°C 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
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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mmol) is dissolved in toluene (95 nL) to produc
orange slurry. Diethyl ether (35 nL) is added @I%WARYZOW

wo 2ogiowg1en or ange sol ution. This solution is pdresk003/028209
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over 15 min. at roomtenperature with stirring to a

sladrieyalyf pohFheRenb@s dre nadnipis@0 JitHim §e\7errélc Qe&frid@etd ]s%veral
42 mmol) in toluene (190 nL) and diethyl ether

rth)OursThe m xture turns deep red and is kept at room

t enper Fhy I6lAMRG 'éb(éh’ﬂbles-rrﬁ@reﬁll |Hu§tbétté $he fdvlehf?dr?dThgse skilled in
recover a red solid, which i's washed with tol uene (200

mitlye &R rEeRENiZmBNERY abaiaRs tRbRE withie dhpisekit 9f thesingention

J-andRRopdloNMB et rumis consistent wth the
proposed structure: 10 ?r-ci H3C-~co 93 N | CH3 15

PREPARAITE Qrganenmstafior spmplexesome getesallya)reparegdn at drpiposfunder
b'éﬁitﬂ?ﬂ?%ﬂ%t@%@hﬂé%d' ts'%}ﬁelﬁve ?é‘igre%(’gﬁ ?rég‘tr%'n%hlaﬁl By syringe or

i ndeno dol e I'S pre
6£ﬁétﬂﬂi9luslng|3’ﬁ@mmeecanlﬁlups t ol yI hydr azi ne as descri bed

IZB :rrrgl )prgﬂgé%ig‘gghy@efﬁer '?%gbﬁﬁglgég&ﬁﬁgﬁégwp % a

500- . (a)o inebvatidroot rhtjejsc]gmdohnumem ‘a Astixturg .of 1-indanone (30.6

n B of 2.5 M xane
%%f&rm 418 PPl e Rubtiidids it g 228, e i EtoH

g|(3eo mur)]rangmqu;eehé eNgl $1zuNr 8 rﬂmiarenTeéEedrte r‘e?uﬁfdrfgt)efﬂm. The

over ni t at ra re. .SQl Ut on Of,

ERTS, cbehiond PR Bhd' 6o <PuT 4 kBB i1 500 )

| folinesdhiyy zeweque(o@baabm@toaanm-)and ginafldRekates (200" mL). The

te eraturetot e el low slurry, _which turns pale

‘Mh'?(@ is gy} rtvéc'éff"f‘é% 5&9@@?—@50 mn. The

m Xth?oStPr{eﬁar%oﬁ R bl NRRSHAAR. T @ rr%(tﬁ'@yéﬁ 1’”(§6 5Sg, 166
t hen f||tered Theé Li CI by-product i s washe

dinemal) agueres Nafhéesoton Hdé’, ralr,20cMnBi2neel) a(hthsiNrM%BééD 65 g,
t | T,

02 83,1 SN Tt o TG .
opsolutine of MelNF . Q@btﬂ@nﬁnr@l)doﬁ@uemeh‘w Wi} Is adsled dropwise, and
Sttﬁ%%lg{u?e RL %gﬁ%ﬁ?datg'%m per?tHrel‘ for. 4 h angd re{ B>)<ed for 3 h. A

eno[ 1 Sil an
Pregysdaliing selidoforrhs neorabbolmgcmmlsédie@d &ftewashed with cold (-78°C)

b'%@ﬁ-ﬁﬂﬁ@ﬂ%ﬂ}%ﬁﬂla %&%ﬁ F‘R@%\kﬁtﬁgq@f’er%refgépagrated and

JAIh&JARMe(MH)f/ractlon is Washed W|th 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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4.0 mol, 2.2 eq.) is added at roomtenperature, and

the sol %hmglé 6ff{ﬁ§ﬁid%h8ﬂoverwdbﬁd 'th'iu&)#*salygn}dd%%d EB@ve (10 g, 42

di ani on m Xture stirs roo erature.
smimplpis shgsaivet én sxbmaneL(QﬁH@)g)kto produce an orange slurry Diethyl ether

n'ﬁ% r‘ﬁp_g Ete%ﬂe’%y%vﬁl gc?]gﬂllf%gq %b&@ gﬁlgjcl%f ﬁls%ilu’[lﬁe’ls % géd over

mly nan.eatoooritempetature priddicengdodgr sy bmycgopemwélenylzwcomum

B0l ThY BB ol B BlsRe R B eha Myl (n 0 L e

t hmtm'exlUmsedéep redlaoddy kepicatrredndempgmturéhvemighturide siurry-is

Lrs . qverni r

¢ ikl 24P Bl bR TR b B SR b W B urie
haxasremcdn. rﬂiléld o’fHorerMR oy gi She F\Id\N\/Iwatacmhm is con&stent
sol bg?ﬂ cont a desired binetallic conplex 6.

Pré’lppﬁ W@ filtrate tgﬁut 80 nL produces

addl tional soli ds (0.29 g) whi e/iCéoI ated. 1H NMWR
anal ysis shows that this material isZmomonetallic

bi s(i ndenoi ndol yl) zircoht G Feld of 6: 0.47
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COWLEX 8 (a) Preparation o
bi s(i ndenoi ndol yl ) phenyl borane 7. ‘|J| ndeno[ 1, 2- b] i ndol e

1 (2.86 g, 13 nmmol, prepared as preV|oust descri bed)

is charged to a 250- L flask, and diethyl ether (180

n) is added to 30 give a sl urry. “n-Butyllithium (5.8

m. of 2.5 Msolution in hexane, 14.5 mml, 1.11 eq.)

i s added car ef uPREPARATON PERIMETAKHC CERPIEXBur e
;ggnts éagl | Q%Q?é’tlont %ﬁ Bét%@ﬂb.ﬂé&%gwﬁig@@n&ﬁé 5 AT B dimethyl-

indeno(1,2- b]lndole (4) is prepared from 6-methyl-1- lndanone and p-

tolylhydrazine as described in the preparation of 1. A sample of 4 (2.73 g, 11.7
mmol) and diethyl ether (150 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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PREPARATION OF BIMETALLIC COMPLEX 8
(a) Preparation of bis(indenoindolyl)phenylborane 7.

CHa

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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Supported Catal ysts for Exanples 1-21 and C22.
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4 h. Zirconium corrpl exes (quanti ty s 1s det erm ned
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OpA '58?%L¥lasll dé ?H&ﬁq@&%\ghb g t En%%d E@ng@%ﬁg@igp?gnnag 1.0

1 efq)) m@te(mabwmwm {1PCamL)isIatidet M\Qvg(ﬂ deansoliition. Separately,

5 ¢ o SEplelar FsshysreB bt B ihotera sSea PGy 2 B thohSanion

us’cq/drearanpg)htywﬁm inziodty/IiiLen e itoloemd, sfollévdtd by \addumi stripping, as
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I sobut ane
t ri$ ,aggggns;g@y i p]lbﬁqte( gt §’°r‘i‘1l tgpéqragjréjf% &g, fibgmexylene solution,

10 h%ﬁ@)be@ﬁﬁ)eso%? é:ﬁl@ﬁ’-]yélyovhyqﬂi Qe péé@@wé 8613 aThe mixture is
ressure dro roma 7- vessel , Table :

r e%i'érteérat rgomrt@@gﬁﬁtlirécf’v\ﬁ[ "t'@htet | Bpire s ﬁ'&i éé‘i’ @'Veasrﬁ’éids and

the veRilt ailate # tuinalerl tThe Qids %réﬂfé@h@d Qfith diethyl ether and
S|I|ca supported catalyst (0.1 to 0.5 g) is_injected

i riried; feer aeceigpolved 4t dkchlor%etbaw &%QC? f‘ﬂ-\”)i ohe Etch&ﬂr@ﬂ@thane
' Ssow:RyH' ik §FhsPBd %m&el; @ xk&%%wedrfeea&fe%o@ihﬁﬁ%fa%e Flitered,

sig. After reactor is vented
15 r @qncpotrgt@dhﬁ h@rf@Slqlter v@lososqyd I%dﬂ%ﬂ@d%d/acuum It has a 'H

a r r

SN LB BRG0P B3P, 0L BBERHAE o e

usw@igifal canpyaiowlfitréle- Xhepk-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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the binetallic catalyst also makes it possible to
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s As Exanples 3 and 6 d VR the
bimetallic co : udi/ngt sone

F15 5 activé&t

W th conpl ex 8, enylboranyl

conpl ex (see Exanp 8-14). .The

di stribution is broadenable, but/t | €8lser degree

conpared with conmpl ex 10. AgHcn, i Vi
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10 activator. 20 19 JANUARY 2007 WO 2004/050718

PCT/ US2003/ 028209 w O N rnE E > B> >
OOE ANd~ "6 opﬁglu QE&ES%@‘?@E@% C c 000 J
O C 0 0 Fesparhfioiof Sugpdrel Cetalfsts fof @ampies]ﬂmfafnhf &V 0
Jnj Il -t NCA IR'OOCMNn2v 021, Nm ~.

IL (6 LL Gn 0'5L ? CQﬁe”@%P@Ce@JUf@No bEOOEUO
C O O GilNaQpAviRoRP 9t sMsEedkifdd fIM4™h.ZircBAAT comiblexes (quantity is

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

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.
20 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).

25 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

30 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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with conplex 6 is relatively insensitive to chang
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added to the bed through a, po yeth en (The
anount of supﬁﬂppgﬂe%gg 'xﬁéﬁomsB' §amP X3hi eve a

target efdweprﬁ%é@hréﬂdfycsﬂh a@mwteﬂaﬁ@plg Af ispedivaielly lexpept that
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22blmta1mN@mtRMez (74\/D92@ﬂﬁlmﬁlpi§1)lf§1lﬂﬁeﬂd‘f'ﬁf@§§ﬁﬂ@'l‘gmeta”'c

25 / 1&%1&3)%]&19C0mp0nent loadings: MAQ: 9.6 mmol/g silica; Complex 10: 0.022

30

mmol/g silica (0.044 mmol Zr/g silica. Al/Zr=215.
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 150 g of polyethylene per hour.) The agitator is started and the reactor is
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wo emghsr7ipr essure of 300 psig. This results i nP@MUS2003/028209

10

15

20

et hyl ene concentration of 60 nole % and a 1-hexene

CSF&%UM@H AR n@ﬂ‘-og%n4(10@|p%|g) Y01-Aexanet @rempf is18dddd, %ellowed by
hexene i n ethylene is fed to maintain 300

tﬁ@ogghr eltene. ONgR 2 HEAdeh Resayiey Pl Al RSy p‘i‘&t‘ﬁe%"ts in an
algiie A%O&hrﬁenfré}%nf&%b l‘n%les%oé}ﬁﬁé* ,1 -hed@fle tcBRcRRAEBATF | |3S4 mole

vent'e mer (about [g is drained fromth
r §acPonixtun de tﬂé’%’eﬂyﬁ*@‘ﬁﬂ?ﬂ ?@W eng is faskigiraainta aed ﬁ%‘ﬂé“ the

t 'ré?c?oni AVhEARYE L] %t@ﬂ’éﬂegf'eeélreag&\%g B8k 3d0g SHE WI‘S Rébpped,

t he anount of catal yst charged Is d usted so
ttaaﬂ theereactoal is tvented: ediier eelymer ém&rﬁa’»%eb igydeggined from the

etrggcl,tggea}r{dstlé ﬁolb%er&ﬁ;oﬁhl@ feBUAER tlﬂgéec b tfﬁ‘:’ésy B remove the

romthe-reactor na yze results appear
|mr'§aial sedd Hebl dn2suddgeding Bheethsl PMeUNh@E sl gharged is

e
PR b 0 RS P20 Bt SRR sfy v 2o .
2. Tk OufA HatchSf1BIVBBS diaifdd 8083the.réador iFlapalyeedi| results appear
frogj h%& gas- phase experinents confirmthe results
ot dPR&c15 using the slurry process. In particular,
the results show that binetallic corrpl exes can be

used -to prepare L i-rear—l-ew—densi-t y pu.yCLuy.enes

havi g oG TE b '”%ﬁaﬂa‘ﬁoﬁ eﬂe | PmBe

expefinents, these berﬂ'éf‘lcfaas Ri#re FP°E¥e expense of

0

reduced ca alvqt nPfIV|fv nd S!igh RV |acc nff:nl?
conohofér | nCOPRDr &t i @ﬁ"’aﬁgs i ndilat efl BYMbo Hjea?fé fgrem’)
dens téir e QFcucuuué%ﬁSxalpicfggle nez@q O |y %918
i |l ustFati-prs—TFheHolLonn c{*&ns ehie the o3
i nveht iBn 23 Mo 2004/ 880728 wal-fhy L nnd39g 1an AR08

V.
2007 '—H—g+t+—1-CFHUS2603/ 028209 W Tctarmr—1—A

cat al yst system whi ch conprises: (a) an activator; .
and (b)The fekoiet frbihi the gasphease vkparimedseonfyesths resylis elefained

Gt?slilrﬁ)g theosltuFrgj/mB}otclegsn m?n aéasrticu\f\g}', Ctﬂenpééuﬁg émﬁv that bimetallic

. complexes 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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same -or ‘di-fferent (ii) two nonoanioni c i ndenoi pd |
groups, eachgdf which "is pi-bonded t hr ough &J%"PUARYZOW

weyokogen adi €nyl ring to one of &he-p net@bisl ,H@r/(lszonj/ozszm
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a dival ent |inking group that joins the i ndenoi ndol yl

group gh an indenyl carbon or an indolyl
nltroégﬁq%ﬁH'each i ndenoi ndol yl group; and (iv) two or

nor e ?mcthmlystlsygtarrdwhibbndm@risaﬁ:each metal that
satisfy t val netals. 15 2. The catal yst
syst em of g‘?)al E \ggrtg'lt%ﬁ he activator is selected
from the gboup adimsiatici cognpdéx ahiklylcomptisesxanes,

al kyl al um num ¢
or ganobor ancs, fbni HongoHPes. Capalsh egfntist dmay e the

The catal yst system afdiftdrantn 1 wherei n each of the
transition netal

catal yst syst em@f t?é’Pa'?‘ﬁti&(‘)rU\ﬁﬁ'é? ér?rzﬁ:nggugﬂ%lggrc{%g §ach of which

transition met ali$ pi-Sondédrtbighms dyclopbrtadiahgl yreg to one of the
systemof claim1 wherein the divalent Iinking group
is selected frdws'®ise group consisting of

di al kyl silyl, digsya Sdl\lréfént lﬂlk"ﬁ‘»d @QSL@”&Hat joméyihbornaéybmdolyl
si l oxy, polysil oxy, and %‘ drocarb

cat al yst syst em%PURS B¥eH %&d@i”%' ¢a% orbIP(/éPéﬂqoM nitrogen of

inking group i Seqen iRietRR@iPYlousr aup sel ected from
the group conS|st|ng of alk Iene dla % ene

pol yal kyl ene, ar{iM eti®, Oﬁlﬁwr?I%a% g pesled to each metal

cycl oal kyl, adan{ﬁatt hisi ﬁéklsvéhs‘élsfth hdtgRy! . and
al kynyl. 7. The éqlsg/? system of g l ai m6 V\herel n the

di val ert. Thmlcahaglsgsyat@mcrf geim3owketejn thegactivaier isagaiesied from
gﬁ’et Eg‘hogj‘édcéo}s%h%"“a?r glk l a&luh%?Qﬁ n%l fall{rhlﬁumet@drﬁpounds

pol ynmeri zation-sta | i gand
S%ilmlheblorbnaﬁest dmgagmhmpnesccmm bmrrahag amd jonic alummates

o7l ook bl USSR e

PGQIG Mlﬂnbﬁall 112 8 2119 9. The catal yst system of.
Pl i dest-of IBCRGIVS! SYEST 7h8eag aff ey Sokh ehfBRpigBRpetle i
whgtshiont he bimetal lic conpl ex has

5. The catalyst system of claim 1 wherein the divalent linking group is
selected from the group consisting of dialkylsilyl, diarylsilyl, alkylboranyl,
arylboranyl, siloxy, polysiloxy, and hydrocarbyl.

6. The catalyst system of claim 5 whérein 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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the general structure: Xr,MJ-GJ-MX, in which '
divalent linking group, 5 each J is i ndependenﬁ‘96‘%§ﬂ“wZO07

wo paensi7glol yl group, each Mis independent!|y BCTAIS20D3/028209
3-10 transition netal, each X is independently an
anci | | 84 ynhé eaagst é}%@ém %ﬁé‘lammssm{e'réﬁ &reesreﬁmnmglaﬁemsryqigands
t he he "‘cat al yst system of claim 10 wheréin
tWéebﬁll*ﬁﬁsafla”ﬁllscorrpl ex has a structure selected from
t he gr SUP 'ﬁ%"éétﬁiy%ggys‘{’ém d\f“c’fe,lmxl (\Svhgpe;hﬁ]\lth@bmugeon%& has
orthe uemramtru@ww XaMa-G-bbiX, Gn WhirhxG issa dvaeniNmkmaogroup,

X t
5 Cﬂe'g id § rhdgbbﬁ&‘e% &n n%erf?)ﬂgifg/l W{})ﬁe%%zg??ggn g%ndently a
ar@:noup a’i-yo |tiagraitidn ge@@bt@@hfx demirdepeqdentily mﬁsclﬁawd@aoﬁ and

cycl e enyl , orenyl, boraaryl, and
ﬁ% %&‘%ﬁ% e v’a(?ngg%?mehméi ggen or hydrocarbyl. 12.
A pr ocdds Thei czibalxmmpsﬂeﬁresf qwmytmwhenemgthemehallmmplex has a

s%mzlg{llre selecteg?ropm S’eegnro&p %ns?stﬁ]%t ?l yst system of claim

X Xn\ / R
|

50

/

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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