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the polymerization process. Examples of changes observed following some changes of
15 sﬁbstituents include polymerization activity, polymer molecular weight, and
comonomef selectivity. The process of determining what effect changes in substituents
will have is, however, still largely empirical.
The present invention provides certain bridged fluorenyl indenyl
metallocenes that have improved propérties as olefin polymerization catalysts.
20 ' Summary of the Invention '
The present invention is concerned with bridged fluorenyl/indenyl

metallocenes of the formula (I)
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R .
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/ \ /

R '

(®
wherein R is a divalent organo radical connecting Fl and In, FI is a 9-fluorenyl radical,
In is an indeny! radical connected to R at the 1 position and to R' at the 3 position,

30  wherein R and R' are the only substituents on In, wherein R' is selected from the
group consisting of alkyl, aralkyl, alkenyl, alkylsilyl, alkenylsilyl, and alkoxyalkyl
radicals having 1 to 20 carbon atoms, M is a metal selected from the group consisting
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group consisting of alkyl, aralkyl, alkenyl, alkylsilyl, alggawsilyl, and
al koxyal kyl radicals having | to 20 carbon atons, Mis a netal selectéed
fromthewooupnzeonsi sting w W 99/ 14219 PCTI US98/ 13095 - BeT/0$98130%Ni um
zirconium hafnium niobium and tantalum and each R2 can be the sane or
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di met h yl ene, 1- phenyl” net hyl ene, di phenyl net hyl ene,
al ken!ﬁl sindenylt whech legangs emabe lnsadi togprdpare thomemilbomea b e, prafday |

substi t ut thyl enes _havi 0,12 carhon ato and unsubsti t ut ed
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f1 uorenyl of agdh€ shchb@etansedst it tHefblynl&rezatieh Bf BRifH%! ene and et hyl ene as
used herein are also sonmetines referred to as nethylidene and ethylidene,

respectively. Mst of the ri2etailaddoessriptiorf of the Inventiont | nvention can be
produced by prepar e sar ani and and then r actl ng the
dilithiumsalt of tlﬁg‘%‘gg %gfgt%evr@%ﬂ?ogggﬁ(fﬁh? %resertltl \%nélr?ﬂocﬁﬁ usi ng

t echnl jueseléataimromnartyheiitable. divéént igaroe@bithig U@ ferably those containing 1 to 20

carbon atoms. Some typical examples include dimethyl silyl, diphenyl silyl, phenyl
methyl silyl, dimethyl methylene, 1-methyl-1-phenyl methylene, diphenylmethylene,
alkenyl substituted ethylenes having 4 to 12 carbon atoms, alkyl substituted ethylenes
having 4 to 12 carbon atoms, and unsubstituted ethylene, i.e. 1,2-ethylene. It is
20 currently preferred that the fluorenyl radical be unsubstituted. The term methylene and
ethylene as used herein are also sometimes referred to as methylidene and ethylidene,
respectively.
Most of the metallocenes of the present invention can be produced by
preparing the necessary organic ligand and then reacting the dilithium salt of the ligand
25  with a suitable metal compound using techniques known in the art. Various techniques
can be used to prepare the necessary organic ligand. One inventive technique involves
reacting lithium fluorenyl with a benzofulvene in diethylether to produce a bridged
fluorenyl/indenyl ligand lithium salt which is then reacted with an alkyl, alkenyl, or
organosilyl halide to result in a bridged fluorenyl/indenyl ligand having the
30  corresponding alkyl, alkenyl, or organosilyl halide in the 3 position on the indenyl.
After the reaction of the ligand salt with the metal compound the

metallocene can be recovered and purified using conventional techniques known in the
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techni que involves reacting lithirumfluorenyl with a benzoful vene in

di et hyl et\¥@P944¥19r oduce a bridged fluorenyl/indenyl |igan&CGTYSFER2al t
which is then reacted with an al kyl, alkenyl, or organosilyl halide to
result in a bridged fluorenyl/indenyl +idgand having the 30 corresponding
al kyl , al kenyl. or..organosjlyl] halide in the 3 position on the indenyl.
After the ape%lgfg iaérmg?tg‘lrhéxw ’é’ﬁdcg'é‘ia‘ﬁlzﬁl?% Eﬂqere ftﬁfhz () otinid gteﬂgra_ﬁy ‘
met al | ocergsifadle RErdc8GQBE GikiAlddeiinl { thith Ut NOHEOBY 85 sttt kA BuR TS
known in the WO 99/14219 PCT/ US98/ 13095 -3 art suchas filtration,

ext r act i oly-reegunt amphrites. oAccaadidglye cooygstalliationt andnfradtionplscryetallizationy to
desirabl e .recover the netall ocene in formthat is free of .an

subst ant | SPRETRT ebt PO RERTeRs B assiteilee SioNoRBpei S bedh BLHd to be

recryssal lph@RtieR @s@ﬂllffbﬂ%cih%@ﬂﬁrstﬁméﬁtti&{sl i giabd M2 deabilighifahe vagbad i vel y pure
nmet al | ocenes i s desirable. D chloronethane has been found to be 5

parti cul amefalipgenes| variss, i i penceadlyydesihble 2atiso e, meiaHeeeneh soat affgri thely of t he

vari ous |l.ocenes ,varies, it is neral |y desirable to use .the, ..

ot &l | oce MR R A | ERpr' e apuATGRRRG vaderiPRiRS; TyigPobafiat dRpitio

net al | ocerFer ¥REApleR dhdtAlRIEEnds WA geall{ Bk Istrb @ tHet dark aFRfw eopapaRhiard, he
nmet al ' ocenes_ can (g%ge_rally be stored in the dark at |ow tenperature, i.e.

bel ow 0C, lnbelpw andlee dscrseyeferrygeanl andiveater. 10 The resul ting inventive
i ndenyh-containing ngtallacenes can be used in. conmbination w,th a.suitable
1 oo RSEER R MG Corl g ARG L el fodl e Soc

cocatalyst for the polyneriz rs.

the net al lcogeiation wittea ceita@tytal Pt Fold@ie Oy ANEMALOA ofl ofeTinid monsalekd| B
particul ate support. In a preferred process when the netall ocene has a
pol yner i z&¥tteProgessephtheractadecene o dhrecdoatabyse gan Pesmipkagdion 2 paliinseluble of

the cocat "f)laﬁﬁhla't’es Lihobernlp g{e?e%pe%! &ngsts N I{']]tth.é %e\.‘élﬁcaﬁaﬂfsn& P@gé%?lzgtﬁ%

Preferably the prepolynerization i's conducted in the prese

par ti cul atgeoupi theanétalierehe iBprepollyhedizd itk \RtRYtEeoLthe doxaapisessing tisli t abl e
cocat géyst s i nclude h%ener ally a(r%4 of those cocatal ysts which have in the
past been KEHPIY dalghh 1k Sy uRatent w8 38 - ¢ Prefagnbly dhe pepalymegation M ng

net al | oce j I i i : | y: Aol s include
20 organo Eg?g%cﬁdcﬁc@%%%g%ezgf;é ?r@%lg‘?ltsd%o{lﬁ}@ E)ﬁ%gl Asfllyolgl %%Oelﬁ%ﬂﬂg#% of the .
Peri odi c Tabl e. Exariplaeplsfofsuithble eppazilysts ildude genetallyeahyosfghnsaret al |i ¢

2 S'leicfl? i EOEB%?§§ Wfﬁé}gg%'gnigttﬂé lp!cls(% bggrgj Eein%leosye?f r%rq cgl\{iﬁgctﬁt _\%Eth Q%%Eiitigg Srr'1etaOma
‘containing metallocene olefin polymerization catalysts. Some typical examples include
20 organometallic compounds of metals of Groups IA, I1A, and IIIB of the Periodic -
Table. Examples of such cbmpounds have included organometallic halide compounds,
organometallic hydrides and even metal hydrides. Some specific examples include -
triethy] aluminum, triisobutyl aluminum, diethyl aluminum chloride, diethyl aluminum |
. hydride, and the like.
25 . The currently most preferred cocatalyst is an aluminoxane. Such
compounds include those compounds having repeating units of the formula
'R
|
-£Al-O
30

where R is an alkyl group generally having 1 to 5 carbon atoms.
Aluminoxanes, also sometimes referred to as poly(hydrocarbyl aluminum

oxides) are well known in the art and are genérally prepared by reacting an organo
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15 containing metallocene with one or more othe.r cyclopentadienyl-type metallocenes.
The indenyl-containing metallocenes when used with aluminoxane are
particularly useful for the polymerization of ethylene in the presence or absence of
other olefins. Examples of other olefins that might be present include mono-
unsaturated aliphatic alpha-olefins having 3 to 10 carbon atoms. Examples of such
20 olefins include propylene, butene-1, pentene-1, 3-methylbutene-1, hexene-1, 4-
methylpentene-1, 3-methylpentene-1, heptene-1, octene-1, decene-1, 4,4-dimethyl-1-
pentene, 4,4-diethyl-1-hexene, 3-4-dimethyl-1-hexene, and the like and mixtures
thereof.
The polymerizations can be carried out under a wide range of conditions
25  depending upon the particular metallocene employed, and the results desired.
Examples of typical conditions under which the metallocenes can be used in the
polymerization of olefins include conditions such as disclosed in U.S. Patents
3,242,099; 4.892,851; and 4,530,914. It is considered that generally any of the
polymerization procedures used in the prior art with any transition metal based catalyst
30  systems can be employed with the present inventive indenyl-containing metallocenes.
The amount of cocatalyst can vary over a wide range. It is currently

preferred for the molar ratio of the aluminum in the aluminoxane to the transition



20 ol efins include propyl ene, butene-1, pentene-1, 3-nethyl butene-1,
hexerfe- 1, 4- met hyl pentene-1, 3-nethyl pentene-1, heptene-1, octene-1,
decene- 1, W0%94¢3 ket hyl - | - pentene, 4,4-diethyl-I-hexene, PCT/USI8/13095
3-4-dinmethyl -1-hexene, and the like and m xtures thereof. The
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and advantages will follow fromthe follow ng exanples. 15 Exanple 1
Synthd?i s of Orega Al kenyl Silyl |ndde@mpieilot her | ndenes

Synthesis of Omega Alkenyl Silyl Indene and other Indenes

Dimethyl chlorosilane was reacted with an excess 1,5-hexadiene in the
presence of a platinum catalyst to form dimethyl-5-hexenylchloro silane. Then indene -
was reacted with butyl lithium in a mixture of diethyl ether and tetrahydrofuran to

20  produce the indenyl lithium salt which was then reacted with the dimethyl-5-
hexenylchlorosilane to yield the omega alkenyl dimethyl indene which can be called 5-
hexenyl-dimethyl-silyl-1-indene..

Other substituted indenes were prepared by substituting other
organohalides for the above dimethylindenyl-5-hexenylchloro silane. The substituted

25  indenes prepared included allyl-1-indene, 3-butenyl-1-indene, 4-pentenyl-1-indene, 5--
hexenyl-1-indene, butyl-1-indene, hexyl-1-indene, and benzyl-1-indene.
Example 2
Synthesis of Dihydrocarbyl Silyl Bridged Fluorenyl Indenyl Ligands

An unsubstituted indenyl or one of the 1-substituted indene compounds
30  prepared in Example 1 were employed to produce silyl bridged ligands having
fluorenyl and indenyl groups. This was done by reacting the respective indenyl with

butyl lithium in diethyl either to form the corresponding indenyl lithium compound. A



D net hyl chl orosilane was reacted wth an excess 1, 5-hexadi ene in the
presence of a platinumcatalyst to foerm dinethyl-5-hexenyl chloro silané.
Then i ndeMe 99449 reacted with butyl lithiumin a m xture ofcdiustdnsosxt her
and tetrahydrofuran to 20 produce the indenyl lithiumsalt which was then
reacted with the dinethyl-5- hexenyl chtér-osilane to yield the onega al kenyl,
di net hyl indene ich can be called 5- hexenyl-dinethyl-silyl- | -indene.
O her subé‘f[]Ty&ﬂcé W derdiresilane avasressagcewithyflustenyi lithivinrig rsoteae to produce
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Exanple 1 were enpl oyed to pro and ing fluorenyl
and i ndenglissgjvedi psperifiriesandailtetod evirysili@agdli Mthid pencrdgpeats poduneithel with
butyl i ttfi(i) Pm.i n.diethyl either to formthe corresponding indenyl |ithium
conpound. ‘RANEEIB19 pCT/ USO8/ 13095 -6 di hydr ocar byl di chl of osi | ane was

react ed mrﬁuofrémrleiﬂ},{én}llidqrggmm §iﬂmPent ane to produce the corresponding
9-f|uorenéa di hydrocarbyl chlorosilane. Then the 9-fluorenyl dihydrocarbyl

chl or osi | @kdlugeenytdriBiatlydindenyldinmehylsitbmay| |ithi um conpound and stirred
over night o 4h B xtur.e S drol yzed and dried over sodiumsulfate and the
5 org!a%i c9bfh“é’§%“@]&'ﬁr<§ab%§?ﬂa%‘{?a& Hﬁ?thﬁé&a”ﬁuri fication the organic product
was  di 5591ﬂ4ﬁ>‘ﬂeﬂyﬂllF(@%e?ﬂf?l-éwgir;dk+§l§ih§‘eg}lﬁéﬁgarn?5i lica gel. This general
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process produced the | 1 owing |1 ga | uorenyl -1 -i ndenyl di et hyl
silane  #8-fhomspyén y3=hex-5-e@ulingdnyldudethylsidemet hyl sil ane 10 9-fl uorenyl - |
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9-fluorenyl-1-(3-butyl)indényldimethylsilane
9-fluorenyl-1-(3-hexyl)indenyldimethylsilane
Example 3

Preparation of Substituted Benzofulvenes

6,6-dimethyl benzofulvene was prepared by dissolving 0.14 mmol of
20 indene with 0.17 mmol of dimethylketone in 60 ml of methanol and 0.17 mmol of
pyrrolidine. The reaction mixture was stirred over night and then reacted with 11.5 ml
(0.2 mol) glacial acetic acid and extracted by shaking with water and pentane. The
organic phase was dried under a vacuum and distilled under high vacuum to yield 6,6-
dimethyl-benzofulvene. A similar technique was used to prepare 6-methyl-6(3-
25 butenyl)-benzofulvene using the methyl-(3-butenyl) ketone.

In another process 0.14 mol of sodium dust was added to 60 ml of
ethanol. Then 0.14 mol of methyl phenyl ketone was added. Then 0.28 mol of indene
was added dropwise and the mixture stirred for 15 hours under reflux. The resulting
product was then diluted with water and extracted with pentane, the organic phase

30 evaporated, the excess indene removed using HV distillation and the residue dissolved
in pentane and filtered over silica gel to produce 6-methyl-6-phenyl-benzofulvene. A

similar process was used to produce 6,6-diphenylbenzofulvene.



9-fluorenyl- | -(3-benzyl)indenyl di nethylsilane 15 9-fluorenyl- |
-{3-Butyl )i ndenyl di met hyl si | ane 9-fl uorenyl -

- (3- hexy WPP3a#32Pdi net hyl si |l ane Exanple 3 Preparation of SFEIBIBET
Benzof ul venes 6, 6-di net hyl benzof ul vene was prepared by dissolving 0.14
nmol of 20 indene with 0.17 nmmol of di-néthyl ketone in 60 nml of nethanol
and 0.17 mmol of pyrrolidine. The reaction m xture was stirred over night
and then reacted with 11.5 ni (0.2 dxampig 4ci al acetic acid and extracted
by shaking with water and pegt . The ~ ( NG e was dried under a
vacuum and distilled under hp} dfinion B G BHdELd Li ., 0- di net hyl - benzof ul vene.
A simlar techni que as 3éstthol of PluBibAE avds-digdoR)eld-10(1802hl of diethylether and
butenyl)-binaofulv ne using the netgél-(S-buten |) ketone. In another

process 0.S19VhgpIxg ‘@Hﬂgﬁma&?f byt dideum; progigiediviag .G Hanwne sofpien ot 14
mol - of smet gy t@ﬂ@%ﬁnggtﬂf&enem&arﬁ%?\ﬂi ng{%es'?m%dzfgr ga}eraghogf)}d en YpS added

dropwi se and the m xture stirre ours under r . e resulting
product weguinhaar sinbutesl avsubistineddelbenaofh]lwnt et eidedvahd theemiane, stirfed or gani ¢
phase 30 eva e excess indene renmoved using HV djstillation and

or.at , 1 .
the residf¥ e@i‘%@ol tEF MIXBRE e hydeplyzedveith g0 é"\’/le‘?fg‘ﬁtF'i’ dhe geganicophaseduce

o B yher I SOROACMAENR 18 sofbi e BoRiREETSy SR RS Tnp deiRE UGS
Prepar at i ahissolved,in Behtigedht isglatids fiicredt ov@6 sitivalgebind buystaiized wasl &ficssol ved

in 10Q.m .qf diethyl ether an slowy mxed with 36 mmol of n-butyl [ithium
provi ggd \;ﬁ’és BroECENA %ﬂéﬁ%gq’llﬂwl% gands; r oom t enperature. The reaction

m Xt ure wWas(Shhéesdl)han -Seuai Rk rs. Then an equi nol ar anmount of a
substi t ut ed( benzofﬁ?vg(:lel \/\/a@r)gd%#ezgyand the m xture stirred overnight. Then

t he ni xt urle(Svlgonayyl)-dHtziedenyil - h-pbenyitthade wat er, the organi ¢ phase dried
over sodi umgsyl fat &, and .t Qee QL ent evaporated under vacuum The residue
was  di ssme T ’(ej%ﬁt(jnl& I{yﬁ')e !‘81‘?5’[‘3 on filtered over silica gel and
crystallized at -18Gq another process 36 mmol of fluorene was dissolved in 100 ml of
15  diethylether and mixed with 36 mmol n-butyl lithium provided via a 1.6M hexane
solution and then stirred for several hours. An equimolar amount of a benzofulvene is
added and the mixture stirred over night. Then the mixture was cooled down to -78°C
and 36 mmol of a hydrocarbyl halide such as an alkyl, alkenyl, or organo silyl halide
was added and the mixture stirred for 15 hours at room temperature. The reaction '
20  mixture was fhen hydrolyzed with 50 ml of water and the organic phase dried over
sodium sulfate and the solvent evaporated under vacuum. For purification the residue
was dissolved in pentane, the solution filtered over silica gel and crystallized at 18°C.
This technique was used to prepare the following ligands:
2-(9-Fluorenyl)-2-[ 1-(3-allyl)-indenyl]propane
25 2-(9-Fluorenyl)-2-{1-[3-(3-butenyl)]-indenyl } propane
| 2-(9-Fluorenyl)-2-{1-[3-(4-pentenyl)]-indenyl } propane
2-(9-Fluorenyl)-2-{1-[3-(5-hexenyl)]-indenyl } propane
2-(9-Fluorenyl)-2-[1-(3-trimethylsilyl)-indenyl]propane
2-(9-Fluorenyl)-2-[1-(3-allyldimethylsilyl)-indenyl]propane
30 2-(9-Fluorenyl)-2-{1-[3 -(5-hexenyldimethylsilyl)]-indenyl} propane
2-(9-Fluorenyl)-2-[10(3-butyl)-indenyl]propane
2-(9-Fluorenyl)-2-[1-(3-hexyl)-indenyl]propane



10 This process produced the follow ng |igands: ‘
2-(9-fluorenyl)-2-(1-indenyl)propane- 1-(9-fluorenyl)-1 '

- (1- i nden¥yp)991413Benyl et hane 5-(9-fl uorenyl)-5-(1-indenyl) PCTRSE B9 | n
anot her process 36 mml of fluorene was dissolved in 100 m of 15

di ethyl ether and mxed with 36 mMmol n-bBWltyl [ithiumprovided via a 1.6M
hexane solution and then_ stirred for several hours. An equi nolar anmount of
a benzof ul7&hENosenyDetrd &[22 mavkoxyeshylijendenypeapass/er ni ght. Then t he

m xt ure \Ii\?,(§;gﬁ‘{??g]y Y e l'ﬁ'?dlgﬁ({'g( S?ﬂga?rm enyl]%asp%npydr ocarbyl halide such

as an al eny r-orga added and the m xture
stirred f@-(%Bluogenyd)-2{l- (bbmﬁyﬁfﬁﬁ&é@ﬂ}pf@anahe reaction 20 mixture was then

hydr ol dth h dried di
Sutfats amiChbosgy B Y2 ahabe e vaBRRRIRor pur 111 catl on the
residug V\ﬁ.Fg ﬁlu%?é‘?l’)eﬂg -03- w\zmnﬁiq &B&EM*‘BQ filtered over silica gel

and crystallized a tec s used to prepare the follow ng
| i gands: ZL(%FHomran}fI{)—[z—@-lbu(eayb] imiler)yl}ndp&mylb/]eﬂraﬁaane 25

o 3 G b By o o) 2
(5- helx@ﬁyiu)o}en'[y[)dﬁgy [3405. %@ﬁ{}‘?s) -in yl}n ; 8 I1y]lethane and isomer

3-
9- Fl uorenyl)-2 trimet propane

9- Fl uorletfsFiuogeniyl)- (-BL-&1- bgrtlytilmienyly-llspHeyj/l):thandemyis})preopane 30
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9-
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| US98/ 13 | uorényl) - nmet hoxyet hyl )] -i ndenyl }
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9- Fl uor engd-Ftuofenyl)-1Lf I- @‘ aliy1¥imethy1 6 81 InkiedyI RISMEh AL GRS and isomer
15 1-(9-Fluorenyl)-1-{1-{3-(2-methoxyethyl)]-indenyl}-1-phenylethane and isomer
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5-(9-Fluorenyl)-5-[1-(3-trimethylsilyl)-indenyl]- 1-hexene and isomer
5-(9-Fluorenyl)-5-{1-[3-(3-butenyl)]-indenyl}-1-hexene and isomer

Example S
Preparation of Ethylidene Bridged Ligands

20 A series of ethylene bridged indenyl/fluorenyl ligands having omega
alkene branches off the ethylene bridge were prepared by reacting various
1,2-epoxyalkenes with fluorenyl lithium to obtain the corresponding 1-fluorenyl-
omega-alkenyl-2-ol. Then mesyl chloride, i.e., methane sulfonyl chloride, was added
to that compound in the presence of trimethylamine and methylene chloride to produce

25  the corresponding 1-fluorenyl-omega-alkenyl-2-mesylate. The mesylate was then
reacted with indenyl lithium in diethyl ether and then hydrolyzed with water to
produce the ligand. This process was used to produce the following ligands:
6-(9-fluorenyl)-5-(1-indeny!)-1-hexene
8-(9-fluorenyl)-7-(1-indenyl)-1-octene

30 10-(9-fluorenyl)-9-(1-indenyl)-1-decene

Inventive fluorenyl/indenyl ethylene bridged ligands with substituents on

the 3 position of the indenyl were prepared by reacting the substituted indeny! lithium



f 1-[3-(3-but enyl )]:'-'i ndenyl ) - 1-phenyl et hane

1- (9- Fl uorenyl)-1- -

|- (9-"Fl uorenyl )-1-{ 1-[3-(4-pentenyl)]-indenyl}-1-phenyleth | SOnmer
1- E 9- FIUM?%“%‘UI-E 1- % 3- E 5- Eexeny?/) % ] i ndenyl>/} } 1- pﬁeny?/et h%ﬁﬂ%ﬁﬁszgpés%ner

1- (9-Fluorenyl)-1-[1-(3-butyl -indenyl]-1-phenyl ethane and i soner 10

1- (9- Fl uorenyl ) - 1-[ | - ( 3- hexyl ) -i ndenyl } 91- phenyl et hane and i soner

1-(9-Fluorenyl)-1- -(3-be 1) -inden - 1- phenyl ethane and isomer

T (- FI uoPaRbpgadah i-promat i akorens Db, PRTERYAE: S0OAGT Pt ERD. and

;igrr;s;d rré?ﬁﬁfyﬂymrﬁ&yﬂr&e%s ks (Bed td pRGDM &iel ldwingd@smntd:- | - phenyl et hane
1- ( 9- FI uod €Ayflyordny k2 3-(3allyl)uidemstl)eghasiel y| ) - i ndenyl ] - 1- phenyl et hane . and

[ 15.1-(9- Fl 1}-1-{1-{3:(2- net thyl)]-ind |'}-1-ph |l eth

and 1 somet NSt Sy TSR IRy si 1yl ) -1 ndonyl |- 1- hexene. and -

i soners 5-1((Q:fﬁldllg{ﬁ)’]yl()_]:(§_£tgnt14|,_k§y1§i%dwfe%):]-i ndenyl } - 1- hexene and i soner
y

Exanpl e 5 Preparation o hyl i dehe Bridged Ligands 20 A series of ethylene
bri dged i Ad@rijuarénylb2€hyB-hek-Gagnyd)imienyDethanrega  al kene branches of f the

t hyl : Mvasepisond _ ene es of f the
e AR E LT B AARA it 2,or o e
onega- al kenylAdrehyl)- T3 HRAN)isdingT)e@Mne | - €., MEthane sulfonyl chloride,

was added to that conmpound i'n’ the presence of trimethylan ne and nethyl ene
chloride to produce 25 the corresponBkample 6

1-f1 uo enyl - onega- al kenyl - 2- rreg}y_l at @ Tgﬁ !rregil ate was then reacted with

i ndenyl lithiumin diethyl eth = 2 > ed with water to produce
the l'igand. This progesganasotERSmpRs DI aduees thge L8Id ©VhrBgart ingaalitscenes

6- (9-fluorenyl)-5-(1-indenyl)-1-hexene

8- (9- f | uoPéAYFInigm(and/ascafninin- 1Tl genssal 3gocess used involved dissolving 3 mmol of
10-(9-flugre -9- (n1- | -1-decene . Ve renyl{.l A

othyl ene B BHe oS Qe EERTME Thi ik sHSLEIGIHRAATY,

i ndenyl wens/lpthipapesiided vieact.oNOhd{age solagbn bhid edrringdienyt dastt dioumeight

99/ 14219 PCTI US98/ 13095 -9 conpound with 1-braono-2-(9-fl R}Ser_%nyl 51 ?t_hane,
hydr ol zi BGUrSaA,dOPTE dBRBsTRRC-adden gie eaAyivalgnt afFiecopiigy ilrachiordg OF hafyum

produce t h&dcRlokQWiviE dddR 3P the mixture stirred overnight. Further processing was

conducted according to the solubility of the product: for soluble complexes, the
mixture is filtered directly from the thus produced lithium chloride; for less soluble
- complexes, either the solvent is evaporated and the residue extracted with methylene

20  chloride, or the complex was filtered over sodium sulfate and the product extracted

with methylene chloride or toluene from the first and then the solvent was evaporated

under vacuum.

Such a technique was also used to produce a metallocene using niobium
pentachloride. The metallocene produced can be named 2-(9-fluorenylidene)-2-(1-(3-

25 (3-butenyl)indenylidene) propane niobium trichloride.

Example 7
Ethylene Polymerizations

- Various zirconium containing metallocenes were then evaluated to
compare their effectiveness in the polymerization of ethylene. The polymerizations
30  were conducted in a laboratory autoclave with 1 liter reaction volume. For each
polymerization the autoclave was filled with 500 ml of pentane and 7 ml of

methylaluminoxane. A catalyst solution was prepared by combining the respective



1-(9-fluorenyl)-2-(1-(3-allyl)indenyl)ethane
1-(9-fluorenyl)-2-(1-(3-but-3-enyl)indenyl)ethane 5 !
1- (9-fl uowerspi13212- ( 1- ( 3- pent - 4- enyl ) i ndenyl ) et hane PCT/US98/13095

1- (9-fluorenyl)-2-(1-(3-hex-5-enyl)indenyl)ethane

1- (9-fluorenyl)-2-(1-(3-hex-5-enyl dimetblytsilyl)indenyl)ethane

1-(9-fl uorenyl )-2-(1-(3-benzyl)indenyl)ethane Exanple 6 10 Preparation of

Met al | oceretatiqsgng Wgtaﬁaéthbkall&@msanﬂ tolgeneytedprodygsr @ selgtion contpiniigar e

nmetal | oce [ r fnium Th RLOCEsS used

i nvol ved %lsggtoq)?/f{r\ aB@R’U y%%{ﬂd h[% mQ?llo @ PFh 289%1&3;}% di el?eﬁglfet her and
combi ni ng aptmmmatelly 1 wip @tmhb\tﬂét@l[‘dc&n@fvaﬂemblﬂy}éﬂ lidh bmwmlpm@madﬁﬂ via a 1.6M
hexane sol ution and stirring for at | east about eight 15 hours at room
tenperature. Then orlB SEH§iSRsR &Rtllesamauptsoi f!}?ﬁa}cl‘éqeﬂﬁé’fﬂf%ﬁm@md whendt um
tetrachl orjde
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sol ubl e catpP¥Xesd ethlyk:nmwatswdded $ friairitzﬁﬁ &Cbrdz‘.sﬁﬁﬂbﬂ J0 baowhild éhet febicopr oduced
l'ithiumchlori de for. (gs sol ubl e onpl exes, either the solvent is

evapor at e (ORERSHEe sHEpdyd heype yé’&ftrl?atlw PaS tREmRAtech BY vorfingnihe Teae&r. oFhe he
conpl ex Wagactibh gkt o¥ef t { with

nmet hyl ene cﬁllorl de o? ol eﬁ%ﬁﬂéﬁ%%‘f{o&@%ﬁ% daérqgs ggﬁ&?gh%e%é%{evenﬁg

evapor at edifferaatesrinegtuities oStichcaalyechni que was al so used to produce a

nmet al L gcene usi ng ni obi um achl r| de. The netal | ocene produced can be
namedllg- (9-f | uor enylt JURBRL 52 €t§“e(r85“ ts mbtainggl s g Yisiech Ay A fog]@Wé‘)g B‘rb ane

ni obi um t kitehdiRNietRds RXAPPLiMIlAr bEIAN &8id oni um
cont ai ni n? mstlall ocesnesﬁ\{/i%rlelt%en ée]v%%t%gllpggké/gﬁ)hgorrpag?gé{ nglgérpg%?? ggltielcsveness
in the polly s tables |thﬁ1p@ﬁmtlh8,tioelneverér Iﬁc& lphbqrntaﬂctszandloatsd o8@rwise.e Thenduct ed
in a |labor IEfo] /A:1] efel rea§t| on .vol une.

pol yneri zatl on 1 he uto?étgg\yg y\%egs f’v af F%‘Bp@\ﬁe H‘S’@édn‘iﬂnsﬁfV‘ffé)ﬁ‘tt%ﬁglc)amild? n of

met hyl al uma@maminea i @Ayt des Al ustd 5031, BB BhRPsHEGioRYcap AR DishndBe at
r especftl ve WD 99/14219 PCT/ US98/ 130
5 135+/- 0.1°C. Prior to the measurement, the polymer samples were weighed in

sealable small flasks and dissolved in an exactly measured amount of decalin at 140-
150°C over a period of three to four hours. Insoluble components were separated

using hot filtration over glass wool. The intrinsic viscosity values were determined

using available calibration curves.



-10 netailocene W th nethylalunlnoxane and toluene to produce a sol ution

cont al ni ng

about 0.2 to about 0.5 ng of the netall ocene per

m of toluene.

Gener al | yWOR9d2i nately 1 ng of the netall ocene was enpl oyREF/V$P8ENS
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t her nost at ed

In sone case smal |l er anpbunts of netall ocene were enpl oyed
when it 5 was recogni zed that the catalys$t- was extrenely active.
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The
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pressure of 1
pol ymeri zati g
was general |y

0O bar while the reactor

inwas-termnated by venting t

nts were sti
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The

rred. The

about 1 hour but DimediptiMethylénnBridgas because of the

reactionitinme

di fference ir abt.v.t.cs of—t-he—eatalyrsts—30—A—surrary—of —the—restlt s
obtained is grovi decRby t he |f ol I@W\n’q tabl es wHerein |i gand¥;havi ng
simlar briddrmggrogps are [grouped LUgbL TeT 110 arafe tabfEs. 11 the
- tables the pqlynerizations were 44001 houy unt @§§ &ndiqated t?ﬁermﬁse. The
- ol eculsar weijght 0 t@p pol yjmer's 0conpgred HESHO |n1r|n5|f:_in I.scogity
‘(M) ich Jas detefmined iln cis ans_decal “UsSi hg an|Ubbel chde prgci sion
capillary viqconglionmasild 135+/ -198pd C. Prion7s@oet he freasurgygent, tihe
pol ymer sanplles-—werfe weighed in <sealablel sl tlasksland dissolved in an
exactly measyred anaiyit of decal igsoat 140 1504D,080kr a|periomB3of thriee to
four hours. Imsotubte—conpeRents—were—sepprated—ustagrhot—H+trat+9n over
gl ass wool . The i Athuitenyi c V|scosﬂ09mWalues weP@),0t er mined 1% ng ayailable
calibration UTV?FT‘VIT?QTIﬂ219‘??%&?398#1309? bte metyl
Met hyl ene Bringe BN vitly M ! H 400 6?30‘330 185 5 WE3Si- 16670
265, 0@ 137 (jally 19200 0 13 300§ 240, O 133
3-but enyl 10400 3%%kg%§h133 4- pé@?éﬁvl 171005§¥@X8 31 H
butyl 35500 340,000 141
hexyl 24100 340,000 139
benzyl 14200 320,000 138
2-phenylethyl 25000 335,000 135 .
2-methoxyethyl n.d. 210,000 132

15




10 5-hexenyl 30900 340,000 137 butyl 35500 340,000 141 hexyl 24100
340,000 139 benzyl 14200 320,000 138 2-phenyl et hyl 25000 335,000 135 ‘15
2- met hoxywoleghamed. 210,000 132 THI'S" SPIEE. T WO 99/ 14219pr€6/Ukes338951 3095
-12- Table 2 Phenyl Methyl Methylene Bridged R Activity M MP H 10400
185,000 134 5 Me3Si- 53700 720,000 138 Xallyl)Me2Si- 11000° 800,000 137 .
allyl 6200 580,000 134 3-butenyl 88009 750,000 136 4-pentenyl 16600d

850, 000 135 [LO 5-hexenyl 6900h 770, OO ‘b’;’%g butyl 21600 620, 000 13 hexyl
14500 620, 00p—139 _henzyl 70000 680, 0f 3 2-phenylethyl 341001 540, 000
134 15 d baped on 120 m numnyﬁmgﬁgzg[@;aylg,@ Byiapées 9 based on 140
m nutes h bpsed—eA—90—ihu 20 ° s—Table 3
1- Met hyl - 2- (JL- But engl ) Met hy| ene ABtivitged M, M,
H 10400 185,000 134
5 Me,Si- 53700 720,000 138
(allyl)Me,Si- 11000f 800,000 137
allyl 6200 580,000 134
3-butenyl 8800¢ 750,000 136
4-pentenyl 16600¢ 850,000 135
10 5-hexenyl 6900" 770,000 136
butyl 21600 620,000 138
hexyl 14500 620,000 139
benzyl 70000 680,000 133
2-phenylethyl 34100 500,000 134
15

¢ based on 120 minutes
f based on 25 minutes
¢ based on 140 minutes
® based on 90 minutes
20 J based on 20 minutes

Table 3
1-Methyl-2-(1-Butenyl)Methylene Bridged
25 R! Activity M, M,
H 4400 210,000 133
Me,Si- 23822 300,000 137
3-butenyl n.d. 410,000 137




25 R Activity M MP  H 4400 210,000 133 Me3Si- 23822 300, 000 137
3-butenyl n.d. 410,000 137 WD 99/-14219- PCT/ US98/ 13095 - 13- Tab

Di met hyl Y9948 dged R Activity M MP H 8700 310, 000 nPET’USE?S%‘PF |
38200 350,000 134 3-butenyl 57000 330, ooo 137 4-pentenyl 90000 380, ooo 141
##5- hexenyl 26100 385, 000 138 *5- hexenyll3Me2Si - . 46000 380, 000 138 10
butyl 33300 400 000 140 hexyl 39200k 420 000 140 henzyl 138300 24, 000

137 k based|on 45 minutes of pol yrer i7agld #n 15 ' based on 15 m' nut ¢s of
pol yneri zat i gp—Fabte—b—Phrery—Mt-yH—SiHy—Bri-dged—20—-R—Aet+wty—ih M
allyl 44,400[400,000 141 5- hexebyhanﬂmm@42hﬁuaﬂo 138 THISi s WO
99/ 14219 PCTFUSQSTI?E?ﬁ"-lq- :
. Activity _ M, M,
H 8700 310,000 | n.d.
5 #allyl 38200 350,000 134
3-butenyl 57000 330,000 137
4-penteny! 90000 380,000 141
##5-hexenyl 126100 385,000 - . 138
*5-hexenyl Me,Si- ~46000 380,000 138
10 butyl 33300 400,000 ' 140
hexyl 39200* 420,000 140
benzyl 138300’ 24,000 137

“ based on 45 minutes of polymerization

15 ' based on 15 minutes of polymerization
Table 5
Phenyl Methyl Silyl Bridged

20 _ R' Activity | M, M,
allyl 44,400 400,000 141
5-hexenyl 43100 275,000 138
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Table 6 D phenyl Silyl Bridged R Activity M MP H 21800 255,000 139 5
##al | yl 26500 410, 000 131 3-butenyl 54700 * 44,500 140 4-pentenyl 828d0' -
430, 000 1wo9sn#B9hexenyl 53500 480, 000 135 (5- hexenyl ) Me2SrcTAB88130420, 000
137 10 based on 40 m nutes of polynerization based on 30 m nutes of

pol ynmeri zation 15 Table 7 Control Exanpligs - Unsubstituted |Indenyl Ethylene
Bri dge, Fluorenyl and Branch Bonded At .1-position on Bridge Branch

Activity M NP 3-butenyl 11500 330 O%bileBg 20 5-hexenyl 9300 270, P00 132
L 7-octenyl 17300 270,000 136 [2r" \u - -1 WD 99/14219 PCT/ US98/ 18095
-15- Tabl e 8 |Et hyl ene Bri dged R D@g{ey, 1s,yyll\ﬁn 2d benzyl 110000" 1404000 139
5 * * g|| y| 1530606 160, 000134 3-hut gn\/l 190800Q0" ’l’)‘-_\ 000 135 - ng_m eny|
204000" 180, 00 140 R* =* 5. hexeﬁg&ivxt‘y9800' 15, @ap 136 [5- hexielpyl Me2Si
60800 180, 00—t36
21800 255,000 139
5 ##allyl 26500 410,000 131
3-butenyl 54700™ 44,500 140
4-pentenyl 82800 430,000 141
##5-hexenyl 53500 480,000 135
(5-hexenyl)Me,Si- 45800 420,000 137
10
™ based on 40 minutes of polymerization
! based on 30 minutes of polymerization
15 Table 7
Control Examples - Unsubstituted Indenyl Ethylene Bridge, Fluorenyl and
Branch Bonded At I-position on Bridge
Branch Activity M, M,
3-butenyl 11500 330,000 135
20 5-hexenyl 9300 270,000 132
7-octenyl 17300 270,000 136
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10 based on 30 mnutes ' based on 45 m nutes based on 10 m nutes 15 Table
1 denbnstrates that certain substituents at the 3- position on the indenyl
resul t | WQIWHRY active bridged indenyl/fluorenyl netall ocBREURMER®he
bridge is dinmethyl nethylene, i.e. isopropylidene. It also shows that the
nol ecul ar wei ght was hi gher when the-ilddenyl had a substituent in the 3
position. A conmparison of the control netallocene of Table | with the
control of |20 Table 2 denonstrates thggleshe substitution of a phenyl group

for one of t e
catal yst. Fdr many of the mvenUﬂhyleMBHdgaénes I n Tabl e 2 one does not
see the dranmatTT TTprovement— ou,L|V|Ly over—ttre—comr ot wever ] t he

i nventive ngtall ocefes did prod BVigH| ymer s of Mwch hi gher | ecul far

wei ght. Wen :/lhe Ff)l.é] r%ltuen llwtﬁ)o,s po>|,t|grg19@b0the |nden£§ was 25

trimethyl sifl tenyl hexy and 2-phenyl et hyfl an

i mprovement lin  askijjyty Was aI ?g (ﬂ@t Tabligodogenonstratem that |if the
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a nmuch nore [aGgkl t] whe bri¢ge | I metfthyl s [ Dbrijdge. The
SYirrT k~ F{I‘:h %i@r@é@%/ 14 BECTI uBs98/ 132}39,9 -16_pol v?rie%/s al o were
generléﬂ ly slightly higher in nolecular weight. Table 5 shows that the
cor r espondi ridasest e BBawimstesi n whi ch one nethyl substituent on the bridge
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resul ts obt & twed on 10 minutes

15 Table 1 demonstrates that certain substituents at the 3-position on the
indenyl result in a more active bridged indenyl/fluorenyl metallocene when the bridge |
is dimethyl methylene, i.e. isopropylidene. It also shows that the molecular weight
was higher when the indenyl had a substituent in the 3 position.

A comparison of the control rhetallocene of Table 1 with the control of

20  Table 2 demonstrates that the substitution of a phenyl group for one of the methyl
groups of the bridge results in a more active catalyst. For many of the inventive
metallocenes in Table 2 one does not see the dramatic improvement in activity over the
control; however, the inventive metallocenes did produce polymers of much higher
molecular weight. When the substituent on the 3 position of the indenyl was

25  trimethyl silyl, 1-pentenyl, butyl, hexyl, benzyl, and 2-phenylethyl an improvement in
activity was also noted.

Table 3 demonstrates that if the metallocene has a 1-methyl-1-(1-
butenyl) methylene bridge a much more active catalyst is obtained if the indenyl has a
trimethyl silyl group at the 3 position. Although the effect of a 1-butenyl group at the

30 3 position of the indenyl on the activity was not determined, the data also shows that
such does result in a higher molecular weight polymer.

Table 4 demonstrates that substituents in the 3 position of the indenyl

result in a much more active catalyst when the bridge is a dimethyl silyl bridge. The
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using an indenyl/fluorenyl netall ocene bridged by a di phenyl silyl group.
Again those 5 having a substituent at the 3 position on the indenyl were -
nore act wWe@9yEpecially notable in Tables 4 and 6 is the mcr/Us9stiposbt ai ned
when the indenyl group is substituted in the 3 position by 1-pentenyl.
Table 7 should be conpared with Tabl e-86 -The conpari son shows that the .
i nventive ethylene bridged netal |l ocenes of Table 8, which have no branch on
the 10 bpelagersoalso vikiére lgeherally alighihshighereintmolaculivewsigbts Tablor gfowshthat

i ndenyl a ch re active than.the cat ts of Table 7..Exanple 9 Self
InnDbiIizggfgneg%ggﬁﬁﬁpﬁfho%ﬁﬁsHEFQF dH@HB%L%fﬂiﬁgu’Hdvbﬁﬁ%ﬁﬁgééggvere al so
eval uat edréptaced Withed BheyN@rdupeirt e hiokd adtfeC ORI BRAGWE thY £cbul® Sbthipee to
forma prepolynerized particulate catalyst. The eval uati ons were conducted

i n Schl enksing pedndenpliflecremeltra¢tglloctoe hridgdd bhe dipfteay] b geoupasAgaintthased wi t h
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the produtie®® oppsitasy bpldenisnylat e. The netal | ocenes having an onmega ol efin

substi tuent vere Mgl o Gouftid A S, LOLIOHTIOS. PHERAIRLLZ S Gahal vt

systens than those no alning s I'tuent. ective
wer e t hosthehavémtige etttylfme tidged ntiyllocotiesao N, wRith $14bs hb thi@ith @i thHehe 3
positjon on the indenyl. #The conpounds of formula | wherein R is allyl or
propetfyl  BrdesRbytavhngh ﬁé‘f@n@ F%b#lwe%r\et@ Ropgsition efptha indeggl are mugh meked

Sept enber ;4ive 10APthe QAE ound is listed as the second conpound of
Table 4 a%ovg. Theeconﬁ%ﬁﬁggTo g?brnula | wherein R is 5-hexenyl and Ris

30 dinethylsilyl and conmpounds of fdixauipde P wherein R is allyl or

5-hexenyl and Ris diphenylsjlyl are disclosed in US. Serial No.
08/ 779,496, filed January 8,géﬁﬁﬁﬁﬁﬁiﬁﬁﬁmiééﬁﬁgggonding pat ent
appl ications in cerffé he@diREEncsVUMhd hive khPRs WD 28TRANALE B WO 99/ 14219
PCT/ U18_98/ 13095
5

determine their ability to copolymerize with ethylene to form a prepolymerized
particulate catalyst. The evaluations were conducted in Schlenk tubes. Approximately
10 mg of the metallocene was combined with about 10 ml of a 30 weight percent
solution of methylaluminoxane in toluene and further diluted with 40 ml of toluene and
exposed to an ethylene pressure of 0.4 to 0.6 bar. The insertion of the metallocene

20  into the polymer chains was indicated by the characteristic coloration of the produced
polymer precipitate.

The metallocenes having an omega olefin substituent were much more
suitable for forming prepolymerized catalyst systems than those not containing such a
substituent. The most effective were those having either a pentenyl or a hexenyl

25  substituent at the 3 position on the indenyl.

#The compounds of formula I wherein R' is allyl or propenyl and R is
dimethylsilyl are shown in EP-A-729978, published September 4, 1996. One such
compound is listed as the second compound of Table 4 above.

| ##The compounds of formula I wherein R' is 5-hexenyl and R is
30  dimethylsilyl and compounds of formula I wherein R’ is allyl or 5-hexenyl and R is
diphenylsilyl are disclosed in U.S. Serial No. 08/779,496, filed January 8, 1997, and in

corresponding patent applications in certain other countries. Three such compounds



-17- are'indicated in Tables 4 and 6. *The conpounds of fornmula I wherein
R is 5-hexenyldinethylsilyl and "R is dinethylsilyl or ethylene are

di scl osedWVPPIMRY Serial No. 08/779,497, filed January 8, GSBAIISsuch
~conpounds are |isted as the sixth conpound of Table 4 5 and as the | ast
conmpound of Table 8. **The conpounds oflformula | wherein R is allyl or
5- hexenyl and R ia. %IE |l ene are disclosed in U S. Serial No. 08/781, 587,
filed Jantigripdisateddnda Adeh  conpounds are listed as the third and the
si xt h conpounds of % 1/ A - I 1. A
bridged fluorenyl/i nggég?ﬁg%%%dé}ggfﬁgﬁr?ég ;‘Ig? %%gngqgg }E%gﬂflg;xﬁt%&@l ‘Ji\® R ~
(R2) n 5 Rnis\dimethylsdykeometRylese areddivelbsedtin di.§aBerial ddo.c8l/7 %49k dlledg FI and
In, FI is;a 9-flu nyl. radical, In is an indenyl radical co ed to R
Bt the 1 PRURH Bl b RIS Forhppuinds gtk Rited AS hesgiash SOITONRSLQL TABIE A t et
~substig uepidas 3R Bffouhd ofTableky/! . an aral kyl, an alkenyl, 10 an al kyl
'silyl, an al kenyl silyl "or an al koxyal kyl radical having 1 to 20 carbon
‘atons, M is a metal*Whi compeunds tofifommla  iwheoein (Rhis bHynouMmhexénybiandnRois

tantal um _and each . an he me di e and |s ragen

hal i de, aﬁt%?;{fé?? A% ngleeaﬁ% 'Bolﬁ‘ga&ﬁflﬂ;ﬁ% 9@58115%3{15«8#?% g l(ggr?qafg'f’ SP&@i cal
having 6 témpeun@akRONstad afthe RidAnHaRY kixfRebRfdundddYimagle2s.t 0 10 carbon
atons, an arylal kyl radical having 7 to 40 carbon atons, an 15 aryl al kenyl

radi cal having 8 to 40 carbon atons, or an al kylaryl radical having 7 to 40
carbon atons, n is a nunber to fill the remaining valences of M further
subject to the proviso that R is not allyl or propenyl if Ris
dinmethylsilyl. 2. A metall ocene according to claim1l, wherein Ris a

di val ent radical which is dinethyl silyl, diphenyl silyl,; phenyl nethyl
silyl, dinmethyl methylene, 1



20 met hyl -1 -phenyl net hyl ene, di phenyl nethylene, an al kenyl substituted
ethyl ene having 4 to 12 carbons, an-al kyl-substituted ethyl ene having’4 te
12 car bonwo ®ri4d192- et hyl ene. 3. A netal | ocene accordi ng t ecalusssmdoss
wherein R is a radical which is a trialkyl silyl having 3 to 12 carbon
atonms, an onega-al kenyl- | , | -dinet hyI1 silyl in which the al kenyl group.
contains 2 to 10 carbon atons, an onega- gl kenyl having 2 to 25 10 carbon
atoms, or an alkyl having | to 10 cg bop aiags. 4. A netallocene according
to claim3, wherein Mis zirconium | ., and R2 is d. 5 A netall ocene
accordi ng k.o cl ai m 4A widgedifluoRngl/imdedyl | cosiainihg atetallbicgivestythe Sotnykla: 30 6. A
net al | ocene according to claimb5, V\herﬁeli n R is an onega-al kenyl radical
h

having 4 to 6 carbon atons. 7. A met/al ene according to claim®6, wherein
R is 1-pentenyl. TH S WO 99/ 14219 Pd%igpéﬂj 095 -19 8. A netall ocene
according to claim7, wherein R is g phe I'1¥Y1. 9. A netall ocene
accordidng to claim4, wherein Ris dimghyl methylene or phenyl methyl

net hyl ene. 10. A netallocene according tdQ claim9, wherein R is trinethyl
silyl, an 5 onega-al kenyl having 3 to 6 caRbon atoms, or an onega- al kenyl

di met hyl  sihetkine§ 8idivald @rgdnle&atical GnALRInBaY Adta, B & @%o?éngrrﬁadiéal,- A
net al | ocene according to clarm 10, wherein is 4-pentenyl. 12. A

met al | ocen@ ia@ddndenyd radicat icanmacted, tovihet thienl Positéorparehipl Rhattthy 13 pasisidmy| ene.
ot hyi ene. M5 IR TSR IQREn 8 oauEEe: HOTE ] S A AbarEih 19 dkgnyl
S- hexeny! & amyhsilyl, & AikbnyldiBl o aRRIIRAKL AGPNAIRECRAGIAANY th Q0CafoM kBms VT ei n
R is phenyl nethyl nethylene. 15 16. A netall ocene according to claim4,
wher ei n R i@ wetal whifdinis titanium, zirconium, hafnium, niobium or tantalum, and each R’
can be the same or different and is hydrogen, a halide, an alkyl radical containing 1 to
10 carbon atoms, an aryl radical having 6 to 12 carbon atoms, an alkenyl radical
having 2 to 10 carbon atoms, an arylalkyl radical having 7 to 40 carbon atoms, an
15 arylalkenyl radical having 8 to 40 carbon atoms, or an alkylary! radical having 7 to 40
carbon atoms, n is a number to fill the remaining valences of M, further subject to the
proviso that R' is not allyl or propenyl if R is dimethylsilyl.
2. A metallocene according to claim 1, wherein R is a divalent radical
which is dimethyl silyl, diphenyl silyl, phenyl methyl silyl, dimethyl methylene, 1-
20 methyl-1-phenyl methylene, diphenyl methylene, an alkenyl substituted ethylene having
4 to 12 carbons, an alkyl substituted ethylene having 4 to 12 carbons, or 1,2-ethylene.
3. A metallocene according to claim 1, wherein R' is a radical which is a
trialky] silyl having 3 to 12 carbon atoms, an omega-alkenyl-1,1-dimethyl silyl in
which the alkenyl group contains 2 to 10 carbon atoms, an omega-alkenyl having 2 to

25 10 carbon atoms, or an alkyl having 1 to 10 carbon atoms.

4, A metallocene according to claim 3, wherein M is zirconium, n is 2, and
R? is CL.
5. A metallocene according to claim 4, wherein R dimethyl silyl or

diphenyl silyl.
30 6. A metallocene according to claim 5, wherein R' is an omega-alkenyl
radical having 4 to 6 carbon atoms.

7. A metallocene according to claim 6, wherein R' is 1-pentenyl.




I T. A net al l ocene according to claim 16, wherein R is an onega-al kenyl
having 4 to 6 carbon atons. 18. A-netaltocene according to claim1l, wherein
R is net WP %#da- al kenyl nethyl ene wherein the onmega- al KEGIVUHIEA3IWSt o 6
carbon atonms. 20 19. A netall ocene according to claim 18, wherein Ris

met hyl omega butenyl nethylene. 20. A Kkt al' | ocene accor di ng to claim19,

wherein R is an onega- al kenyl . 1. A netall ocene according, t.0,cl aim 20,
wherein REis 3-but @WW‘SFC ce Zd}‘ﬂ%)g’e ain ;W F”(?thi lﬁgd’léinef)lg‘ %/1 5 whi ch
conpri sesgcontact i ngy #HetdiRdSle ackordMErPLifn B, Whefeim RMBidimk 0L Attiadem 6 ng

to any one of the preceding clains, under suitable polynerization

condi t i onpher3® methyroetbyknaccording to claim 22, wherein ethylene is

pol ymeri z and nethyl al.unm noxane,.i s, used as cocat . ocess
accor di ng?&o claim ﬁ%‘ﬁ?ﬁ@?@eﬂacﬁofdé“gef%éﬂ% n@%eff‘bn 35% ﬁ%‘?tgglg%ﬂ ’a%Hcor'di ng
to clag m gthegAReRIMATing $ 168 QPRAPatBMKCHYAn bRdps-alkenyladimethys silgl whereirbon
atons. 26. A Erocess according to claim23, wherein Ris nethyl (onega-

al kenyl ) e 8kemfl group ks DG §42bOnPEINEISO8/ 13095 - 20- net hyl ene. 27. A

br ocess adbordi ng 1 o> BIRRS% oRRERE b Haint 10, URLBRLRCR IERBRL 2501 o

. 29. A proggss accor i ngtdlRdcededhddoriing Whelaih N 1 RwheiBRpie phedylenythyl 30. A

“process according to claim?27, wherein R is an onega-al kenyl having 4 to
6 carbon #medden’d1. A process according to claim30, wherein R is- di phenyl

>0 Y10 343 A Process m??aﬁg)rc?rile” -chic B Ot g MARERLD R dimih P by 1 V1 -

10 33. A process accordin 0 C erein sard polynerization 1s
14. A metallocene according to claim 13, wherein R' is 5-hexenyl dimethyl
silyl. _

15. A metallocene according to claim 10, wherein R is phenyl methyl
methylene.

15 16. ' A metallocene according to claim 4, wherein R is ethylidene.
17.. A metallocene according to claim 16, wherein R! is an omega-alkenyl

having 4 to 6 carbon atoms.
18. A metallocene according to claim 1, wherein R is methyl omega-alkenyl
methylene wherein the omega-alkenyl has 4 to 6 carbon atoms.

20 19. - A metallocene according to claim 18, wherein R is methyl omega

butenyl methylene.

20. A metallocene according to claim 19, wherein R' is an omega-alkenyl.
21. A metallocene according to claim 20, wherein R' is 3-but-3-enyl.
22. A process for producing a polymer which comprises contacting at least

25  one olefin with a metallocene according to any one of the preceding claims, under
suitable polymerization conditions.
23. A process according to claim 22, wherein ethylene is-polymerized and
methylaluminoxane is used as a cocatalyst.
24, A process according to claim 23, wherein R is ethylidene. |
30 25. . A process according to claim 24, wherein R' is an omega-alkeny! radical
~having 4 to 6 carbon atoms.

26. A process according to claim 23, wherein R is methyl (omega- alkenyl)




conducted using a catal yst system prepared by prepol ynerizing said ,
netal l ocene in the presence of alum noxane and a particulate solid to .
obtain a yar®idubate solid active as a polynerization cat acyatses/Bhos A
process for producing a bridged fluorenyl/indenyl |igand having a 15
substituent a the 3-position of the indgmyl, which conprises reacting .
lithiumfluorenyl wth a benzofulvene in diethylether to produce a bridged
fl uor enyl /methelegd. |igand lithiumsalt and then reacting said |igand
lithiumsalt with an, organic hal.ide which.is, an alkyl halide n_al kenyl
hal i de, o?7an or gandsiFf eﬁhﬁf?%%@ §5&Q%PB?DW@?‘“ d%ﬁﬂ?ﬂ lﬂaﬂ@VﬁPﬁ134,
wherei n tp8. or gani ¢ Aakdcdes éc%pﬂﬁh%{ok&lbi_m 29, \Qﬁér!eﬂq{‘h@\ﬂ-ﬂ&g-é-eh?ldifgetﬁzr bon
atons, an gnega-al kenyl -1, 1-di nethyl silyl halide in which the al kenyl
group conts#¥hs 2 to 10 carbon atons, or an onega-al kenyl halide having 2

et al | beeng. whioh ‘eorsrLRES T o lgPh S bR b B W eny! 1 gand

net al | ocené, which nprises re enyl |igand

when made 30y a proces prodessiaefdiid ¢18int DA WhetdinR' 8%n Hhéda-ARerdl kmbinfg
lithiumto produce the lithiumsalt and then reacting the lithiumsalt
with a trdn@i¢ cahomatoms. hal i de wherein the nmetal is titanium zirconi um
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5- hexenyl 3@hen R is Alippdeestydccsiding to d8in380, whaemmRundingabdrsilyng to claim

37, wherein furthernore R is not (5- hexenyl)dinethylsilyl when Ris

di net H§| siPyl or et HYyPEIfESa¥fgoming © ¢aim 2B yhergin 31d prIy@syFatigel R i s

ethyl ene. codduded using a chthiyst system prepared by prepolymerizing said metallocene in the

presence of aluminoxane and a particulate solid to obtain a particulate solid active as a

polyinerization catalyst.

34. A process for producing a bridged fluorenyl/indenyl ligand having a

15 substituent a the 3-position of the indenyl, which comprises reacting lithium fluoreny!
with a benzofulvene in diethylether to produce a bridged fluorenyl/indenyl ligand
lithium salt and then reacting said ligand lithium salt with an organic halide which is
an alkyl halide, an alkenyl halide, or an organosilyl halide.
35. A process according to claim 34, wherein the organic halide is an alkyl

20 halide having 1 to 10 carbon atoms, an omega-alkenyl-1,1-dimethyl silyl halide in
which the alkenyl group contains 2 to 10 carbon atoms, or an omega-alkenyl halide
having 2 to 10 carbon atoms.
36. A process for preparing a bridged fluorenyl/indenyl metallocene, which
comprises reacting a bridged fluorenyl/indenyl ligand when made by a process

25  according to claim 34 or 35, with an alkyl lithium to produce the lithium salt and then
reacting the lithium salt with a transition metal halide wherein the metal is titanium,
zirconium, hafnium, niobium, or tantalum.
37. A compound according to claim 1, wherein R' is not 5-hexenyl when R
is dimethyl silyl and R' is not allyl or 5-hexenyl when R is diphenyl silyl.

30 38. A compound according to claim 37, wherein furthermore R' is not (5-

hexenyl)dimethylsily! when R is dimethylsilyl or ethylene and R' is not allyl or 5-

hexenyl when R is ethylene.
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