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FLUORENYL/ | NDENYL METALLOCENES AND THE USE
ﬁmmmmmrftl on The present invention relates to
ecific aspect the invention rel dtMarem280 ¢ cul ar
'types of br| dged'“?'?“uor enyl /indenyl netallocenes 5 having unusual
effectiveness as catalysts for the polymerization of olefins. In another

aspect the invention relates to the use of such net aIIocenes in the
pol yner i ZBRIBGEFLYORBNYL/ANDENYEMERALLOCIENES ANDHH

a nethod for preparing bridged lelll r l./in %p]yl | i gands haV| ng certain
substituents at the 3 position béﬁﬂﬂ%%%ﬂ&— whi ch |igands can be used to
prepare the netal | ahenpeseaif idvaftid RFAE toi MvaNédenss. a Bﬂﬁkgf)é&ﬁga §fect he
tnvention Metal | ocenes are unique in the field of olefin merization in

that it Wagnmwnd.cbﬂw\ﬁermtmﬂwtyggs Mr@edglqor@yymmtmemlgcmu he
organt ¢ k1 Santifudla LAERLAL RGE0% 4 fof T é&l?&cﬁ?ﬂ?ﬁ:ﬁbdfeoléﬂnfhﬁxn%? ertain

effe OCeRESNAVE nertzation proces anpl es
of changapeatbe ineshtion!reladsng O ke sihs'uaﬁ emﬂioc&ﬁvcssmhﬁé pblyarizaiie bpde
pol yrrerl‘zatl on activity, polynmer nolecul ar weight, and - conohoner

sel ect i vlefins. Tﬁéllpm&@g aspgct @étﬂéfr mvnmtmg rms tofaf r@eﬂwé tfahg@@anm bridged t uent s
Il h t
n o e Do B el b A SRRk s 3 mtRBoRI B RaskOY ot L on

properti %uﬂ\xshgﬂnﬁﬁ icBin Pelu¢e® o %)ﬁiphfbnlh@%e?dlwéé&s ofQhSpre@itVinedntiofe | nventi on
The present invention is concerned with bridged fluorenyl/indenyl

nmet al® ocenes of the formul a (Backeroundmf thedmyzptiops |n \ R (1) whereitn R
di val ent | |
Fodrcal | n s an MgaRSeRs: AROUNEE e Rl olkfin plyictiAudi i HLSEY,

R at thaagb@@sdibécvered3Bavbe chaning HRGubbtit@dnes 6 €heOstpinis Llilgahdlst offies on I n,
wherein R is selected fromthe group consisting of al kyla aral kyl)

- al keny!| , mgtallacenq yus oﬁtpkewywbheny|c}1a@g¢weaam<ﬁ€§e@t5k‘wt tha dnetaliecenes/hawg an t o 20

carbon at,ons., M.i.s ect e Al <A 6
Var ch 200% PolyMstiza el iBeest SIS of et ob GO AARRRE SOl et AR,

and fch sibstiteats MIddBQ)oiiﬁﬂEnihhoﬁlafzﬁﬂf)e pblyated éleagdrowight, an@m hydr ogen

hal i des, al kyl radicals containing 1 to 10 carbon atons, aryl radicals

havi.ng 6 CcpmonomenselemiviiyorEhe pracessyal deeamining what/¢ffest shanges o subshigients ons,
aryl al kyLYlﬁah%Bg Q@e‘(lk gmﬁ lglggnﬁp 'ﬁ@gﬁ‘b’an atons,. aryl al kcnyl radicals 5 -
a

havi ng 8 aryl radlcals having; 7 to 40 carbon

atoms, nis a nurrbﬂre pxesémhhvdnlnen rpecsmdmdagamairmgeeﬂuofcnm ifdengylher
charact eri zed by the fact that R is not allyl or propenyl |f Ris
di met hy| dnetgliocengiothathavesiserrovest P'toﬂ?émieﬁ%ﬂIFﬁB rpoll)emavé oR sata Yi§#t hod f or

prepapi ng bridged fluorenyl/in | %L certain substituents at
t he 26p05|t| on of the 10 inden SfhiHlay b rg'd[ﬁvg[glshcan be used to prepare the
met al | ocenes of t heTlpy preserit mmmhimnoncé&rmd with bridgeddancenyMindenyhe present
invention there ingrOV|ded the process of using such netallocenes in the

pol yrer i Z8gtakncenes of e fgemula (1)
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- wherein R is a divalent organo radical connecting Fl and In, Fl is a 9-fluorenyl radical,
In is ai 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

R R
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Detail ed Description of the Invention The bridge R of the nmetall ocenes of
the present invention can be 15 selected fromany suitable dival ent organo
“radicals, preferably those containing 1 to 20 carbon at om@Marghe200d,i cg ",
-exanpl es include dinethyl siiyl, diphenyl silyl, phenyl nethyl silyl,

di met hyl net hyl ene, 1-nethyl-1-phenyl nethyl ene, di-phenyl nethyl ene, al kenyl
substituted ethyl enes having 4 to 12" €4r bon atons, al kyl substituted

et hyl enes, .having.4 to 1 ar.bon. at ons nd_unsubstituted ethylene, i.e.

T 5 et gl RN iftoh B TRy iy nd Bt aRR o RS SpE ke Bine b
unsubst pf difffent HAE i SEIBER I BYEogdd hahidis! SIRGI AdicdResdnlehiabN & goal so
sonetinmes referred to as nethylidene and ethylidene, respectively. Mst of
t he met edrbor etems, afyliradicpls dgeing 6 tovhedrben atamspalkemyd dadiests havisgebto i ng t he
-necessary oraanic |igangd. and.then reagcti the dilifhi sal f the |igand
25w ¢ n 18 BOERR et AT St B 7 b PE chton (Rl ARV rltcald

Var i pus hhwdag Bi 16 UBScaBoh RO 8k hikyREyRadicals heviig 7aw st sarbbwatdnss, bl gand. One
i nventive techni que involves reacting |ithiumf uone&gl with a benzoful vene
i n di et lyiumbeeto fil) the semaining valenggeat M, fprtheschasarterigerkhy the faghthat Rt hi um
salt which i hen react w t.h an yl, al kenyl, or organosilyl halide to
result h'% %‘Wf 8588’3"{‘@0&3%% élmgﬁgrlﬁyl(l I gand havi ng the 30 correspondi ng

al kyl, al kenyl, orArigaRnR@pdck BF thrdinvétRionrelalid S anfsthbd st prepirg: | ndenyl .
After the reaction of the ligand salt with the nmetal conpound the

met al | obydgedBuorenylfindenyd digandsrhvingr ¢ertaipdsubstitnente ahthent pesiien pEdlini ques

kno in the .--..6 rch,2002,' -3- -..art,such as.filtration,

ext Fhct fodenl, MUGHLlianstRiche be waih tq micpysitaf mesliBbele B e Bleflerar 1y

desi r abligyehfon. 6ARY ¢h abéttdatetviitl BegiEsehiin@edtntheledt prévidé®Meqroddty =~
substanti al anmount of by-product inpurities. Accordingly, recrystallization

and fr aof iusinalsueh metallocenestin dhe pelymistizationrad|odgfingel y pure netal | ocenes is

. desirabl e.. Di chl oronet han s, been. f.ound it 0 articularly useful for
such recrystallizations. ebq d crption;of e lnb’ lithi various nmetallocenes
varies, it is genamal bridgderiof @ Refaflotenss bNthePeésehl wemash emobe after their
preparation or at least to store the netall ocene under conditions favoring

theld stselsrted fipm may switabie Hivalentorgane radicads, peeferaply Jhper cantaining kt2@d in

the dark_at |lowite r re, J.e: b ' C f en and
water oot RBRE VL crarplos RS et s MARERCHLE pBYOCT 200
used i n gl siigl,i dimetbyl Mhethydetie, Alth@hglor-phetlyy sietifydene! Biphpoylynethylerrt i on of

ol efinic_nononmers. In such processes the nmetall ocene or the cocatal yst can
be enpl GJkeaybsnbstivitad ethylesen baying Hi0 17 carban atosms gty substityed el isneg g
process e ' . PhC al l ocene is
pr epol yr?gp ?‘ge{:lnll hﬁ%@ké%ﬁ@ﬁ%g@ﬁk%bﬁﬁhﬁ%ﬁ%{xéﬁ%?.e.ug,lﬁgég%{lﬁlg@lgﬁ% echni que

t au@dt icurrently pfédéresd that 4SfhdckenyPrradiea el unsadsetutede pBhe teemi mathytenei and
conducted in the presence of a parficul ate diluent ch as,sili.ga or

pol yet hyatieriene Wﬁﬁ@?‘%??“sﬂﬁ? sppeliregsatested dp &s P}?&‘?ﬂ@&nﬁgeﬁ% F@wilﬁe%y of

t hose cq.gﬁ;e@{i‘ya*s whi ch have in the past been enployed in conjunction withr”
transition netal containing netallocene ol efin polynerization catal ysts.
Sone typical exanpgMest ofithkuketallocenes 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 li.thium fluorenyl with a benzofulvene in diethylether to produce a bridged
fluorenyl/indenyl ligand lithium salt which is then reacted with an alkyl, alkenyl, or
organosifyl 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



20 organonetal lic conpounds of netals of Goups IA IlIA and I11B of the
* Periodi c Tabl e. Exanples of such conpounds have incl uded6 oggiallic
- hal i de conpounds, organonetallic hydrides and even netal €S. Some
“specific exanples include , triethyl alam num triisobutyl alum num

di et hyl al um num chloride, diethyl alum num hydride, and the |ike. 25 The
‘current | yarhesth g Bltetioedexioetom| oyystallization, aidurccrystedlimatiotudh icgenpoaliyd s

i ncl ude those sconpounds havi r epeat in nits.of the fornula R . '

LI T0 ARRaR AP aSeNeE i infiogesB S0 o i I R R ey Spigupg of
atonms. Al pinprsdaenBipurties0 AQORIAIR SretSE@INZEG01 B fraf@dna( BAtOR2dtion to

al um num oxi des) are well known 1n the art and are &gneral |y prepared by

react i ng @aipriglatively purgunesallozenss is desisabileo clAichlpremetipne ki begsofavad\iotbe

. water .. Th ef erye | ysta. ar i ther =from
e P e R S S T A B

al un num g¥iatiedered draFies, it B genkrally \HesiribIE ©Xisd@he nictARREAds\ObM -aflek théir al SO

within the scope of the invention to use an al um noxane in conbination wth

a 5 trialkgparation ouet leastcte seredhe piettleeenienindersconditianst fawering thedustabidity. The

indenyl-c nt aj ni al locenes in conbi,nation .w e gl um noxane
cocat al ys °fc%’??“8’296@“§h‘4%‘c‘)’§%'}e§ BT BIETHY e %tgr,eaég 6%%9%% %}q%‘gﬁﬁg‘l’gﬁg’r‘f&ns
having 2 {& below 0°09in &eOiBsencefdfdrysdiCdhdPRAht¥iEr i zati ons woul d be carried
out in a honobgeneous systemin which the catal yst and coeatal yst were

sol ubl®e; however, i fTheseguiting invemtivehindenybpentaifinghaeiatleeanss chmbenisednint o

carry out the pelvoenizations in the.presence of su rted. or insoluble
par 11 cul arnpigpiien ST £ BhieiE edr ol A R o B0 BBy R BER A Ric e QB8 s
consi der eghchlprboddses fermétaliobeh®Br the! dékithlystOdandRSerflas€d on ROJoNdEInkSlableon. |t
is wthin the scope of the invention to use a m xture of two or nore of the

i nvent i vepantigelate sunpertai lni sprefased| nrogssnwhen theametiallecang has azpplymeeigabloe

i ndenyl 15 cont ai ni netal l ocene with qpne or r [ oot .
- oyeh opent Bl pRRodtEt & pREGHEe i 0 pBR TR (PA R Fitsins Bones
when s edigshhiquelAiEh @X ANS. Pdtént 34981 334! arkférabpeitel prepolyieeizp@by/ er i zati on
of ethylene in the presence or absence of other ol efins. Exanples of other
ol ef i ns t hendusteghin the nseseBemef 2 patiowate iluentsysh as silica ®r polysithitlere.

al pha-ol efins havin : . C ol efins

i ncl.ude propyl ene, %{%ﬁé@%&f%ﬁ%@%%@%@ gwﬁiﬁ%ﬁ%@ﬁg_aﬁ é)%gsnee-l , 4

met hyl pentegitalysts Whith hyvedmnthe past beetheppiened in cajtmnionlwitld @@asicioh, metal
4,4-dinmethyl-1_,. pentene, 4 4-diethyl-i-hexene, 3-4-dinethyl-1- h'eréi\?c?’ and
the |ike &aetaing metalloces elsfin pelyaesaatonegatalits- oeme 43pisel e@mplesiinside nder
a Wdgyra ! | iy .ak:l ocene
enpl og%d, g%&%ﬁgﬁpgghwgéﬁg}fggﬁmgggn%%gg%?ngyﬁﬁc%lgggﬂ{cﬁ ?lg'téﬁasll:under

whi ch t he Taeleal Exaraplies of auctbeomsomélds havielincipdddyorganamatiabic lefidelcehipumntdsicl ude
conditions such as_disclosed in U S. Patents , 3,242, (09; 4,892 ‘gcfl; and
4,530, 91 Arsanomegallip hydridescand;eyse meal dwdnidgsy Same Specificermmlpeinclude on -

procedur eg;URGHatmhihiif, BisYut alunihbd, iyl ARRRA QRIS kidiREHumMdhY St
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 v

: I
< " A0
30
where R is an alkyl group generally having 1 to 5 carbon atoms.

Aluminoxanes, also sometimes refcrred to as poly¢hydrocarbyl aluminum

oxides) are well known in the art and are generally prepared by reacting an organo



30 systens can be enployed with the present inventive indenyl-containing

met al'l ocenes. The anount of cocatal yst can vary over a wi gi raggﬁl It is
currently preferred for the nolar ratio of "the alum numi } noxane .

-to the transition 6 March 2002 -5 nmetal in the netallocene to be in the
range of about 0.1:1 to about 100,000;1 and nore preferably about 5:1 to
about 15,000:1. In many cases, the p‘o‘fymeri zations would be r carried out

in the b LT gu i luents i C adver.se affect upon
the carBeyaaRafafinmibbipbind SAbSr b PuPli 3R BREE Bsane)

but ane ,préﬁ)ﬂré@ eitheteom RéetifaluM@X AN Or tH@Pflaltthindf ! SORSetintesCletdifadiideas

met hyl cycl ohexane, tol uene, xylene, and the |ike. The pol ynerization

t enper doly@cghyl alypipugyexide) spdipolytatiyd aluraingey atide)e tespgiively-| It mmliod be in

- th Qf N . 00C ! . f
about - SGEnRnEREHe GrR BN piaaniaGeRE B EEABIRALR iliFp 20 O
f r os aheidlkylaliimaimmbg Wuckb 89 dREIBEPHEUSS Fakeny Noaide?94,006. The pol yners produced

witth this inventign have a wi de range _of uses that will be apparent to
those skilled in Theindepykcantaining metplocenss ireopnagtion withithe v espect i ve

pol ymer ; ' . ' t | | an Its objects
b acinpifbxat NGt RGh Ve AE RPpBllenge BeFRE Vepl RN hIpBR ofifhs . °, 7

Synt heshavimf 2 @ni2-carbdnkaoms. Bften such GRNEnaE ieishesult ntecetedbueinhy |
chlorosilane was reacted with an excess 1, 5-hexadiene in the presence of a

pl at i nUMTBRRACAPUS SYSISIF By Yhishrihe egtrlyst srdceaoplabyst et salublgehoweiss, itdglene was
ted. W i £.hi L. } xt f di .
5, STl VARSI o o o

t et rahydrofuran uce enyl was t hen

r eact edprébdnge lofi upporet vt inSoluble parninidte Rrak @fithacgalyst atidédrdcdchalygiega
al kenyl _di nmet hyl . i ndene which can be call ed

hexeny!| The pealyY isdhus sansiderrgesyitable fae solutions (S1UrDL O8 22hBB#Es were prepared by

subst it ytind.. r Qrgar ' :

di met hy#’J ﬂ%ﬁ%ﬂ%ﬁzﬁ h@)&%ﬁ{/&ﬁgﬂwgﬁggg{ ﬁgh}%hﬁﬁ@mﬁ%g £5 f 0t lét 1 fit%vaeor{ensmrﬁr epar ed
I ncl udeef tleliyventive inkdengl-canthinipinktallotendebea mixmendLay linventinel émdenyb
hexenyl - 1-i.ndene, bhutyl-1-indene, hexyl-1-indene, and benzyl] - 1-i ndene.
Exampl econtaipingraeialocsne ity aneenmo oflyer wc\mtfghﬁay%y@s masfpllogengeny |

Li ~ands An unsubsiy ¢ filyi-BslRM%ingthe@iGechls thcn dscaURfA ahthdxidaigee

conpounds
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
polymerizafion 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
polymeriziation procedures used in the prior art with any transition mctal 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



30 ‘prepared in Exanple 1 were enpl oyed to produce silyl bridged ~i gands
having fluorenyl and indenyl groups. This was done by reacting the
respective indenyi with butyl lithiumin diethyl either to6Muaxeht2002
correspondi ng i ndenyl lithium conpound. A 6 March 2002 -6di hydrocar byl
dichlorosilane. was reacted with fluorgnyl lithiumin pentane to produce
t he correspondi ng "9-fl uorenyl dihydrocarbyl chlorosilane. Then the

9-f | uor emytal Gh thedhetiotdde t6HcOihQRé ke ofabot @RI N6 dbvatt H0C,000:1 add ikére
l'ithium corrpound and_stirred overnight. The m xture was _ hydrolyzed and

dried oveieferally @hpui 4 doabandl2,000:5 dn sy capsathe Rolyraeri ‘%ioﬁﬁ “@%beum For
f d

bver si 1 §utied oI Entt 8 Habia Bibend IR 46 floe BB ANRrWircdh uh6h °

9-f | uor emylcaﬂalysndﬁsmh Cﬁ',m;hdé ofSéuchrnuid diluents include propanc, butane,

#9-f 1 uorenyl -1-(3-al Iyl )i ndenyl di net hyl sil ane 10
| Gor el§gPutang, @%@m éleéqaw )hen@@ﬁwmswwml%@cthylcyclohexane toluene,

} 48]

o b Tl TSR TSRS G v i s
: uor ettyﬂpeﬁatljrﬁs hmeeﬂkﬁwysh}dobmt thy lrartpie | of |abbtlitd-60‘$(13 (/) ﬁmmw(E)PCami‘)re
|

uor enyl - - benzyl)lnd | di met hyl sil ane 15

-f1 uor ewfergblygnm {Ange (i Uﬁ'ngt 19y3behy KASC. Typically the pressure would
-quore ( I repar ati on of
Substi t u @‘é’n‘?‘c‘? ggr)r(\)g{;g%&% 13@@%%&10%@@5 l'l%?gven \%a;sppr epared by

di ssp vi ng 0 14 m"rn‘hccp‘ol)&ﬁersrp@laneewdh this likveitioh hate diwige ydeedfomesi n GO ni
of nmethanol and 0.17 ol B yrrolidine. The reaction mxture was
¢

stirred Habmikhbgppansat tqﬁéwswla & thetart framshephysicab prenerties efcthal  acet i c
acid and shaking with water and pentane. The organi c phase was
dried unﬁggéécgi%;%g'&%and distilled under high vacuumto yield

- 6, 6di met hyl - benzof W fietier vAdedstahdiag of eisdprespne imaatiors astl it opjeefsadr

6- met hyl - 6(3 25 butenyl)-benzof ul vene using the nethyl-(3-butenyl) ketone.

I n anot héﬁ"’ﬁ&?%é%%"éo oW fgm ghe Ellowing exasIPletas added to GO m of et hanol .
Then; . 14 nol of nethyl phenyl ket ogg% ﬁ@é ]added Then 0.28 nol of indene
was added dropw se and the m xture for 15 hpurs under reflux. The
resul ti ng product Swshésheof Gnjegh Sdkeiyt Silpbindenesard ether hrderes Wi t h pent ane,

t he organi c phase 3Q evaporatedq, the excess .i.ndene re ved Sin
distillation and t g‘éﬁ&h eﬁll@%mw@wm %\‘h%’“‘g‘r‘ﬁj rhexadiepe g‘%gi\'/ silica

gel to p 1841 r used
To. pr oduRe ag ARl SBARTN, IR atlh A e IOl Slack] JRRINER o
of C, Br mﬁgeehcted wah dmtylilithiun8 i anmmikturd off diethykbethenvarsl Mtrahjadruﬁuian to 100 ml of

e, i A B BASRAS  2
St ' rred B@ke@fdﬁﬁfr@éxlalﬂ@% %ﬂcla_ hﬁé‘oﬁ@ a SINEAYD dfthetR: dﬂQHﬂéneOJvhﬁh%dE%' daile8 -

benzof ul vene " was added and t he mx ure stirred overnight. Then the m xture
was hydrdlbml}dmaﬂ\ylsﬂlyhl -inflenat er, the organi ¢ phase dried over sodium

| f at dth I t d d d di I df
“h pentane. the sodRomsRRedindenssarere plepaced i Ui RG B e ot 1 ¢
$C. 10 T'b'réan@hﬂﬁﬁ§ Sfopftedwaeé dhh@mI{mIdeﬂyxtslae)Iehﬁleﬂl% sn?tm(zg ThURAIbBHNIEd 2- (

1-indenyl)propane 1-(9- uor enyl 1-i ndenyl ) - 1- phenyl et hane '

S=( 9251 udndenps p:eﬁax(cdjmclndedwllyl-n:mdemdebutmya-dan&mc mpenessl -Bdndeme] Sof

fl uorene ,was |ss rrI of ieth the m xed with 36 nmol
- bt vl BCRSTSBeR quty i dee, befrleinds- 888 Bl AReehen st rred for
several hours. ‘An equi ol ar amount @ha@ igepzoful vene i s added and tHe

m xture stirred over night. Then the m E.fure was cooI ed down to -78C and

O-f
o-f
O-f
O-f
O-f
o-f
9

36 mmol of adhy nthesipy h  Briglg 0 igandor gano si l yl
halid ded th t t d f t t

The reaction 20 maxg%P@e‘II?éE{‘I“ﬁ{aﬁ‘d%bh%%yE@g“Iﬂlfﬁ“%‘“iﬁdas‘ﬁg&g?%ggﬁ&{ﬁahgr -
or ganpc lE_ﬂg &seediin BRarRyR"1 weROEthpy&d td ﬁ%&u&%ﬂyﬁﬁx‘i‘d | ianlls R¥ARET at ed under

vacuum r purification the residue was dissolved in pentane, the solution
filtered fiwosenyiand drdemyl geavips. 'Ehlysvaaldbnqbﬂ r@mmg%d)e wmestweomemnhwxmﬁs used

tlo ( gr ZP?;%&N% g{reﬂﬁg %rg Stor” é? ccl:rlre%o %] )ndgn);l lithium compound. A

2- (9-Fluorenyl) - {1 [ 3-(3-butenyl)]-indenyl } propane



Fl.uor enyl ) - 2-
(5- hexenyl )]

trimethyl siil

Fl uorenyl) - 2-
Fl uorenyl) - 2-
Fl uorenyl) - 2-
hexydli)lydimd:ﬁhyl fichlopesilane. wais Iveactdd R0ID Auoregy! Hithiwm fh pentang |t pro

9
3-
3-
9-
9-
g
A T e
3-
3-
3-
9-

(4-pentenyl)]-indenyl}pr opane 3-(9-Fluorenyl) - 2- {
} propane 2-(9-Fluorenyl)-2-] )
Inyl ] propane 6 March 2002

1-]3-
deny
yl)-ind

e
[
( | yl di met hyl silyl)-indenyl]propane
[

{ 1-1
i ndenyl
| )-inde
[1-(3-a
{1-[3-(5-hexenyl di ret&yl silyl)]-indenyl}propane
[

10( 3-butyl ) -indenyl ] propane 2-(9-Fl uorenyl)- 2-[5
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benz&"nlh}'dl'o&ﬂﬁ?h/ ERIBFSNARE Was CSmbine® WaiRVthe 'll?dehg lithium compound and
(2-phenyl -ethyl)]-indenyl } propane 5 1 - Iuoreqdy -

al | ystirrddnavengight. 1Thé exiytuee m:ﬂbyd’co(ﬂed:au@udancj/ oyer1sqdium Sul ate and the

- but -ph h
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1- [ 3-, dizsdipedeinypenkanen@@Nitertd vlePiBaydet! ThEgaRehl ip¥6¢8E produced the
“FI uor enyl)-1-T1-(3-butyl-indenyl]-1-phenyl et hane and i sorer 10

( 9- Fl uofodieping ligands( 3- hexyl ) -i ndenyl ] - | - phenyl et hane and i soner |

-(9-Fl uor [ <1 ndenyl ]-1 -phenyl ethane and isoner

| - (9-Fl u0§2ﬁ39}e)nyil{mge1{yg d{’?e%'&L%Hﬂn et hyl )] -indenyl }-1-phenyl et hane and

i somer 1- #9iﬁb%ﬂyﬁm}(@a‘ll'{yt)ﬁddeﬁgldlﬁ H?l'smﬂc:S' l'yl')-indenyl]-1-phenyl ethane and
i soner 1-(9-Fluoren di et hyl silyl)-indenyl]-1-phenyl et hane

and i Konep-fdrenyi-9- (13|—lu.t§-r3enwl)mden{yl methylsxlane

1-{3-(2-ngt d i
5- (o- F1 uop ARSIt Reat Aol B NRlRtEny [ 1- hexene and i somer
5- (9- Fi UOQEﬂ\)Urényﬁ-1{-(3Lhe{x35-@ﬁ¥]l?idaéﬂ}bldll}ﬂetﬂym&ﬂw| }-1-hexene ~ nd i sorer °

Exanpl e 5 Preparati on of ~l i dene Brideed Lieands 20 A series of ethylene

“ bridged i ReftupyénylluGraxyd-enylgdimethyhraily Digdenyidjmetiyldlase br anches of f the

Pl uor onyl 1Rl G-GhERp et RauiR i g o T ePoya kenes Wi

| -flupsg enyngqu-@myr)ﬁd@hyldelwl chloride, i.e., nmethane sulfonyl
chl oride, was added to that conpound in the presence of trinethylam ne and

met hyl ene 9ciimasenydd (%hw&m@eyl@m@th@ s@ier espondi ng

1-fluorenyl - onega- al kenyl - 2-nesyl ateg ”éﬁ nesylate was then reacted with

i ndenyl lithiumin diethyl ether and drol yzed wi sh water to produce
the ligand. This process v@gpatatish bOSulsstitucieBedmfiflotdeswi ng | i gands:

6- (9-fluorenyl)-5-( 1-indenyl)-1-hexene 8-(9-fl uorenyl

-indenyl ) -1- oct ene Sﬁﬁﬂﬁnf thyk %’W@*‘\Xﬂ"? ~vgis prepargiin g 1S)‘°1§‘“(3e®elr4emmqlrﬂfentl ve
f1 uorggyl 4 AielRhbl ARNDI 7R 81 3

posi t?gn l:‘“ﬂ%ﬁe |n3$e hﬁl\?\@rg%ﬁl%gglu &%qu%g\g(r:‘% P%g ?f?e s&gisqtl tuted i ndenyl

| i thium pyrrolidine. Thc reaction mixture was stirred over night and then reacted with 11.5 ml
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(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 adfled dropwise and the mixture stirred for 15 hours under reflux. The resulting
prodict was then diluted with water and extracted with pentane, the organic phase

30 evaporated, the excess indene removed using HV distillation :imd the residue dissolved
in pentane and filtered over silica gel to produce 6-methyl-6-i)hcnyl-benzofulvenc. A

similar process was used to produce 6,6-diphenylbenzofulvene.
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ol of the 11 gand TR0 s e? AuateRy M EROR s IE 300 IO ABIRICTE A0,
equi val ertowl9fmixedtwith B6 fthiel of AbudS dithim prodided/viex A6 $ekatid utasidat
stirring for at |east about eight_ 15 hours at roomtenperature, Then one
equi val emeomftemperagiteunhhectepetian mixtere was siged ifonseverabhpyrsn| baeng@n was added

and~t he i x{ i.rre .gh Fu er pr ' . d d
accor di ndap i BhORTEEh £ ¥EhARE bensBhiTe RLARGSE S ERLAIMRAT |
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Suchie t efHig pfotessmoddataotheSolowmgPligahdse a netal | ocene using ni obi um
pentachl ori de. The netal |l ocene produced can be naned
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pol yneri zati on t he Hutnatherrroogss 36immekofflugrempwangissglvecbm K mdd 7 ni  of

espass i IERIBHRE anft 353 wiR 36 Mt PRudERURER BROVIECA Vin SOTBM bR "7
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anount s C i e i : -t he
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the tabl e,g}&it he .pol yneri zat.i ons V\erﬁ‘s:tg[ 1 gglur nl ess indicated otherw se.
The - nbl ERU§|teghnigseqwes Bied R Prepars, lowineigahds ed using intrinsic

vi scosi ty2-QMFXTmﬂsl2yﬂ$(3dﬂWﬁH%5b§§jﬁS/ trans decal using an Ubbel ohde
i i t 1

preci sion capillary”visconet'er a +/- 0.1C. Prior to the neasurenent,

t he &8 yn2(9-Fimptmd)-2efle[3a63-bitenlyl)lFindagl jpodpane nal | f | asks and di ssplved in

an exact| sure upt ,of decal.in at 140 150C over a period of three to
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cal i bration curves.
2-(9-Fluorenyl)-2-[1-(3-trimethylsilyl)-indenyl}propane

2-(9-Ffuorenyl)—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
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MezSi - 46000380, 000138 B’?Il 3 000140hexy |39200k420 000140benzyl 138300'
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Br i Egeég‘éﬁbﬁﬁﬁ"%’@ﬁ@m(f?ﬂ dﬁ’%itg(y?hﬂ%iﬁ% R4,/ 8MF 43100275, 000138 6
Mar cio 20039-Fidorenii)- 11 (a%elgbhﬂdéﬁdl]phpmﬂyleahdnyIanBﬁsdilde

rAct i vi t¥M~I\/PH21800255 000~
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m nut es oOf er i za ion Table

- 7Contr ol 1#9Fpbreayb- 1L{ns@bstmdtwlg¢ylj fdemyi]- 1 phenpéthae: Bid @gaer FI uorenyl and
Branch Bonded At 1 posit

Bri dgeBr ér(@'rFAE@fCO)’lt)slNHkﬁsalbd@@wyh}i%/@ﬂaé@ﬂ@bmmjﬂmrﬁ@ﬂgmg?Q 0001327- oc
t enyhl??’qqg?ﬂumﬂ}ﬁq-{1-{3-(2-methoxyethyl)]-mdenyl}-l-phenylethanc and isomer
. 5-(9-Fluorenyl)-5-[1-(3-trimethylsilyl)-indenyl]-1-hexene and isomer
5-(9-Fluorenyl)-5-{1-[3-(3-butenyl)}-indenyl }-1-hexene &nd isomer -
Example 5

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 suifonyl 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 indeny! lithium in diethyl ether and then hydrolyzed with water to
produce the ligand. This process was used to produce the following ligands:
6-(9-ﬂgorenyl)-5-(l-indenyl)—l-hexenc
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 indenyl lithium
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i sopropyl i dene al so shows nol ecul ar wei ght was hi gher when the
i ndenyl hde(9aflsarbmtl}-2+{ &+(8-biun 3tdmyl)irdeogl)dthare. gr oups of the bridge results

in a npre active c For i nventive netal |l ocenes in Table
2 one”goes‘ @o‘!l:l Eh'g'éy'z ‘zi’ﬁﬁ‘(“é’g?%‘pwa?gﬁl" in activity over the control;
however, ‘tlh@i_glr;]})tf V%Z-?l{(ﬁ%k@&?ﬂ?ﬁdéﬁ?ﬁctﬂ&?éjuce pol ymers of much hi gher

nol ecul ar we e substituent ‘on the 3 position of the indenyl was
25 trimet Hy(9-Budrgiyl)- Z{M&ﬂmngﬁl -enyidimeithyldibXyndenpBethade, and 2- phenyl et hyl an

| mpr ovenent actiyv S 0.Nno Tabl e 3 denonstrates that if the
met al | ocerle® hﬁ‘é rﬁ“ﬂ)'?réi{ﬁ% ﬁ‘ i)ﬁq‘aﬁ%s result in a higher nolecul ar

wei ght pol yner. Table 4 dermnstrat esEg(l(;n,aEl %:bstituents in the 3 position of
t he i ndenyl butenyl) nethylene bridgé a ec nore active catalyst is

obtainéd if the |ndenyl has a Prepaedtionl of Metgllocenes) p at the 3 position.

Al t hough the effect a 1-bu up at, the 30 osition of the

i ndenyl” on the actuﬁ\ﬁ‘%&gs Hg%"é’éﬁ’&s% ﬁeﬁ“ Pﬁ’é‘"aéffeéi %I%‘Sp%rﬁdv\%‘altkl’%f‘esr esul t
in a nmuch Jrose. Gk M/m{ AL, Wﬂ@@eﬁé?ﬁ ﬁbé&gﬁsécﬁnn@ol@hd‘ﬁm&ﬂvuﬂnﬁ YAm8I bflge.

The 6 March 2002 - olynmers al'so were generally slightl I gher in
“ ol ecul ar theligmd mTﬁbtné oSdsdlbylsﬂmhamd tdmebiomgr thepwiiblitwg en'etvalelnt;mfnms in

whi ch one ,net subst.i t pent brid was ,replaced with henyl group
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those 5 ~ having a substituent at the 3 position on the indenyl were nore

active. Espleadhioride was added and theplivtwresstiared @vernighth Fusther praogssing #aged when
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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 sulfatc 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

Ethvlene Polymerizations v
Various zirconium containing metallocenes werc then evaluated to

comﬁare 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



the inventive ethylene bridged netal |l ocenes of Table 8, which have no
"branch on the bridge but which have a substituent in the 3 position of the
“indenyl are nmuch nore active than the catalysts of Table 7.6 Mapeh20029 ' )
Sel f I mmobilization of Catalyst The nmetal |l ocenes of the above exanpl es were
al so evaluated to 15 20 deternmine theijgability to copolynerize with
ethylene to forma prepol yneri zed particul ate catal yst. The evah~ati ons

wer e congighiestehd v@ﬁhh@%lﬁlﬂhﬁ%xar@ﬁﬁﬁ‘%lu@ﬁé & Prollicd'd sehutibRRomtBinfild 0Cene was
conbi ned with about 10 of a 30 wei ght percent solution of

met hyl al abbwiokate about @5uegpef theometaHodene pdi mitofdoluendy Generallyof t ol uene and

exposed to an.ethyl ene pressure,of 0.4 to 0.6 .bar. . The insertion of the
net al | o_(:é'RquxHP%teﬁ'hg %Béﬁﬁ’rmﬁtﬁ%‘?%ge\)oﬁ‘g_CP}PSQY(?QtIEd’aﬁg,P‘?Hg‘eﬁlﬁi&}oé‘ct eristic
col oration of the pmOgMELehsd AUnAIE anRiditd Of dfaflocehBBvérBlenlpldie@ Maenliavi ng an
onega ol efin substituent were nmuch nore 25 30 suitable for form ng

pr epod y mavaszeepgnazes) that theyoatalyss wah axtremaly actie. Thsrauieokivegwas tbermpstated

substi tuent ., The st, effective were those havin it her.a, pentenyl or a
nexonyl ShB0TE ATATEIETe WE® SMST4F FrGHthp PIEFhABAGIE PHIE BCHBSBhds of
formul a lconfeatsaivereRtirted. atle/polPherdZaBBRWes tédiniicd by AeHBAd HeStehdtbr. aTRe ShoWN
in EP-A-729978, published Septenber 4) 1996. One such conpound is listed as

t he seconcaationginaavasigelerblly atouiHoleir byt Vared foorspongrryns bécapserofitha | wherein
and conpounds of formula 1 wherein

R is 5-h nyl and R.i.s dipethylsilyl

R is all °‘8¥°°~'-fh%‘§3b"ﬁ‘§‘fs_‘ﬂjn‘ggﬁﬂ')r{‘lé/“ai phenyl silyl are disclosed in U. S
Seriap No. 081779, 4&%@&2%&9@%% Sbtaih@P s pravilied byahE FEIRNARE kAePat ent
applications in certain other countries. Three such conpounds 6 March

2002 - 1mheseindigiands daving sinaibdrdsidgingrgroums are Bneuped ipgatirtgn séparase nahles. 1

it scr osed™hE SRS Rolyth RO 0K 1383 hofl il MRLcREIhatbasn "y BNe S
- conmpoundsmele€ulhd %Bglut@sm@ﬁgl?n&sm&%wm Wingl aittissid viscaritgl (RB) WhecH ast

conmpound of Table 8. . . he conmpounds of forrmula |I wherein R is allyl
or 5-hexevas defersniped én eisfisane decahpeingiap dikdbskohde pregision cunillagy vissome®t 281 87,

filedcda [ o9 such co ds are || .rd and the
si xt 250091)%%[% S lo(%' %@r-e[x\@?e glgﬁsurcré)?nﬁgtﬂgﬁoém S@ﬁ%geg |‘fe3 %&}{é@g'{_ 1 June
2000, - 18 schlabl¢sniall Aatksiandealissbived e ay kkadiiganydsusedrinadunt 60 degltialat qgaene of

the formula: / rl ~~ Rz)n In R .
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.
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position and to R at the 3 position, wherein In has no furd Neirch 2002
substituents, wherein R is an alkyl, an aralkyl;.~ an al kenyl, an al kyl
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15 Table 7
Control Examples - Unsubstituted Indenyl Ethylene Bridge, Fluorenyl and
Branch Bonded At 1-position on Bridge
Branch Activity Mz M,
3-butenyl 11500 330,000 135
20 5-hexenyl 9300 270,000 132
7-octenyl 17300 270,000 136
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Table 1 demonstrates that certain substituents at the 3-position on the
indeny! 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 4position.
A comparison of the control metallocene of Table 1 with the control of
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
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
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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active than the catalysts of Table 7.

Example 9
Self Immobilization of Catalyst

The metallocenes of the above examples were also evaluated to
15  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 l;ll 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
dimethylsiiyl are shown in EP-A-729978, published September 4, 1996. One such

compoynd is listed as the second compound of Table 4 above.

v

##The compounds of formula I wherein R' is 5-hexeny] 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



e$ & ()- PS 10%e$ & ()- 310% e$ & ()- LYMYNYOYQYr YsYt YhLOALO% e$ & () - 10%
e$ & ()-10%e$ & ()-10%e$ & ()-#3t10% e$ & ()-10% e$

J &) St YuYXYYYYY| \ 80A#3t 10% e$ & ()-10% e$ & ()-10% e$ & ()6 Morchg002

‘& () - #3t YYYYYYY DOA#3t 10% e$ & ()-#3t10% e$ & ()-10% e$ & ()-10% e$
&-()-10% e$ & ()- YYYYYYY{ 20A#10% _—

are indicated in Tables 4 and 6.
*The compounds of formula I wherein R' is 5-hexenyldimethylsilyl and
R is dimethylsilyl orr ethylene are disclosed in U.S. Serial No. 08/779,497, filed
January 8, 1997. Two such compounds are listed as the sixth cdmpound of Table 4
5 and as the last compound of Table 8. )
. **The compounds of formula I wherein R' is allyl or 5-hexenyl and R is

ethylene are disclosed in U.S. Serial No. 08/781,587, filed January 8, 1997. Two such

compounds are listed as the third and the sixth compounds of Table 8.

¢
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CLAIMS

1. A bridged fluorenyl/indenyl containing metallocene of the formula:
_ Fl .
R M (RY),
In 4
2 \ N
wherein R is a divalent organo radical connecting Fl and In, Fl is a 9-fluorenyl
radical, In is an indenyl radical connected to R at the 1 position and to R' at the 3
position, wherein In has no further substituents, wherein R' is an alkyl, an aralkyl;
an alkenyl, an alkyl silyl, an alkenylsilyl or an alkoxyalkyl radical having 1 to 20
carbon atoms, M is a metal which is 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 arylalkenyl radical having 8 to 40 carbon atoms, or an
alkylaryl radical having 7 to 40 carbon atoms, n is a nuznber to fill the remaining
valences of M, further subject to the proviso that R! is not ally! or propenyl if R is
dimethylsilyl, R' is not 5-hexenyl if R is dimethyl silyl, R' is not allyl or 5-hexenyl
when R is diphenyl silyl, R' is not (5-hexenyl)dimethylsilyl when R is dimethylsilyl
or ethylene and R' is not allyl or 5-hexenyl when R is ethylene.
2. A metallocene according to claim 1, wherein R is a divalent radical
which is dimethy] silyl, diphenyl silyl, phenyl methyl silyl, dimethyl methylene, 1-
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 trialkyi 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 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,
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and R* is CL

5. A metallocene according to claim 4, wherein R dimethyl silyl or
dipheny! silyl.

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.

8. A metallocene according to claim 7, wherein R is dipheny! silyl.

9. A metallocene according to claim 4, wherein R is dimethyl methylene
or phenyl methyl methylene. KL
10. A metallocene according to claim 9, wherein R! is trimethy! silyl, an

omega-alkenyl having 3 to 6 carbon atoms, or an omega-alkenyl dimethyl silyl

wherein the alkenyl group has 3 to 6 carbon atoms.

11. A metallocene according to claim 10, wherein R! is 4-pentenyl.
12. A metallocene according to claim 11, wherein R is phenyl methyl
methylene.
' 13. A metallocene Zccording to claim 10, wherein R is dimethyl
methylene. )l )
14. A metallocene according to claim 13, wherein R' is 5-hexenyl

dimethy! silyl.

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

methylene.

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.

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
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