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The use of metallocene compositions in olefin polymerization is well

known. Metallocenes containing substituted, bridged indenyl derivatives are

5

20

25

noted for their ability to produce isotactic propylene polymers having high
isotacticity and narrow molecular weight distribution. Considerable effort has
been made toward obtaining metallocene produced propylene polymers having
ever-higher molecular weight and melting point, while maintaining suitable

catalyst activity.

Toward this end it has been found that there is a direct relationship
between the way in which a metallocene is substituted, and the molecular
structure of the resulting polymer. For the substituted, bridged indenyl type
metallocenes, it is now well established that the type and arrangement of
substituents on the indenyl groups, as well as the type of bridge connecting the
indeny! groups, determines such polymer attributes as molecular weight and
melting point. Unfortunately, it is impossible at this time to accurately correlate
specific substitution or bridging patterns with specific polymer attributes, though

trends may be identified.

For example, U. S. Patent No. 5,840,644 describes certain metallocenes
containing aryl-substituted indenyl derivatives as ligands, which are said to
provide propylene polymers having high isotacticity, narrow molecular weight

distribution and very high molecular weight.



provi de propyl ene pol yners having high isotacticity, narrow nol ecul ar

wei ght distribution and very high nol ecular weight. 2 3 DEC 2004 73 DEC 2004
Li kewi se, U S. Patent No. 5,936,053 describes certain netall ocene
conpounds said to be useful for producing high nol ecul ar wei ght propyl ene
pol yners. These netal | ocenes have a spécific hydrocarbon substituent at the
2 5 position and an unsubstituted aryl substituent at the 4 position, on
each indenyl group of the netall ocene conpound. WD 98/40419 and WO

99/ 42497 both describe certain supported catal yst systens for producing
propyl ene pol yner.s havi igh nmeltin oint. 10 Metal | ocene conpositions
and their acti \r;ri'tﬂger“ém%rggogt g’ﬁte%n%?'ngog%\ﬁ’kqsﬁ decrisporeertapamataligcenan or der
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propyl ene aving nmeltrng points higher than known netall ocene
catal yst systens and close to, or as high as, propylene polynmers obtained

using 20 conventional . Ziegler-Natta catalyst systens, i.e., 160C or
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material in order to obtain a catalyst system that is less likely to cause reactor
fouling. However, it is known that supported metallocene catalyst systems tend to
result in a polymer having lower melting point than would otherwise be obtained
if the metallocene were not supported.
15
Much of the current research in this area has been directed toward using
metaliocene catalyst systems under commercially relevant process conditions, to
obtain propylene polymers having melting points higher than known metallocene
catalyst systems and close to, or as high as, propylene polymers obtained using
20 conventional, Ziegler-Natta catalyst systems, i.e., 160°C or higher. The present

inventors have discovered metallocene compounds that have this capability.
SUMMARY

25 The present invention relates generally to metallocene compounds

represented by the formula:



zirconium hafniumand titanium nost preferably zirconium 5 Rl gn J@%}]%m}
identical or different, preferably identical, and are one of a hydrdg

atom a C 1-C 10 al kyl group, preferably a C 1-C3 al kyl group, a C 1-C 10

al koxy group, preferably a C 1-C3 al koxy group, a C6-C 10 aryl group,
preferably a C6-Cg aryl group, a C6-C 10 aryl oxy group, preferably a C6-C8
aryl oxy group, a 10 C2-C10 al kenyl group, preferably a C2-C4 al kenyl group,
a C7-C40 aryl al kyl group, preferably a C7-Cl0 arylal kyl group, a C7-C40

al kyl aryl group, preferably a C7-( @)al kyl aryl group, a C8-C40 aryl al kenyl
group, preferably a C8-Cl2 aryl al kenyd group, or a hal ogen atom

preferably chlorine; or a ceprugat ed diene which is optionally substituted
wi th one or nore hydrocarby i (hydrocarbyl)silyl 15 groups or

tri (hydrocarbyl)silyl hydroca roups, said diene having up to 30 atons
not counting hydrogen; R5 and e identical or different, preferably
identical, are one of a hyh ¥ a hal ogen atom preferably a
fluorine, chlorine or brom 0~C 1-C 10 al kyl group, preferably a
C 1-C4 al kyl group, which @ edp/ a C6-C 10 aryl group, which
may be hal ogenat ed, preferaHl ary})” group, a 2 3 DEC 2004 4 C2-C10
al kenyl group, preferably a - group, a Cr7-C40 aryl al kyl group,
preferably a C7-Cl0 aryl al kyl Q a~C7- C40 al kyl aryl group, preferably

a C7-C12 al kylaryl group, a Cg-C4 ” al kenyl group, preferably a C3-Cl12
aryl al kenyl group, a -NR215, -SR15,/=0R

wherein: R15 is one of a hal ogen a
al kyl group, preferably a C 1-C3 altky)
preferably a C6-Cg aryl group; R7 is R19

5, -0Si R315 or -PR215 radical, 5
preferably a chlorine atom a Cl1-Cl0

o) r a C6-C 10 aryl roup,
HQ}[)& yl g p

wherein: M is a metal of Group 4, 5, or 6 of the Periodic Table preferably,

zirconium, hafnium and titanium, most preferably zirconium;

R! and R2 are identical or different, preferably identical, and are one of a
hydrogen atom, a Cy-Cj alkyl group, preferably a C{-C3 alkyl group, a C1-Cyg
alkoxy group, preferably a C1-C3 alkoxy group, a Cg-C|q aryl group, preferably
a Cg-Cg aryl group, a Cg-C 1 aryloxy group, preferably a Cg-Cg aryloxy group, a

10 C2-Cyo alkenyl group, preferably a Cp-C4 alkenyl group, a C7-Cyq arylalkyl
group, preferably a C7-C arylalkyl group, a C7-Cy4 alkylaryl group, preferably
a C7-Cyp alkylaryl group, a Cg-Cy( arylalkenyl group, preferably a Cg-Cyo
arylalkenyl group, or a halogen atom, preferably chlorine; or a conjugated diene
which is optionally substituted with one or more hydrocarbyl, tri(hydrocarbyl)silyl

L5 groups or trithydrocarbyl)silylhydrocarbyl groups, said diene having up to 30

atoms not counting hydrogen;

RS and RO are identical or different, preferably identical, are one of a
hydrogen atom, a halogen atom, preferably a fluorine, chlorine or bromine atom, a

20 C1-Cqg alky! group, preferably a Cy-Cg alkyl group, which may be halogenated,

a Cg-C1 g aryl group, which may be halogenated, preferably a C4-Cg aryl group, a



R19 20 21 R22 10 wherein: R17 to R24 are as defined for Rl and Ri ed f\tm%
or nore adjacent radicals R1l7 to R24, including R0 and R21, tog % E ﬂ'*
the atonms connecting them formone or nore rings; 15 M is carbon

silicon, germaniumor tin; the radicals R3, R4, and R10O are identi cal or

di fferent and have the neanings stated for R5 and R6, or two adjacent R10
radi cals are joined together to forma ring, preferably a ring containing
from about 4-6 carbon atons. 20 More specifically, the present invention

rel at es gef@ies@lg ylkenylnebap) preéereblycofiyelnddkengpzespntaet 78y, heyldlbylnul a: 2 3
DEC 2004 -5 R10 wherein: ML is selected fromthe group consisting of

titani um gionpoprefemably h&i-rCypardalkabgrenp, nCotsiqgmlkylant aroup, potfereblyum

nol ybdenum and tungsten; 5 Rl and R2 are identical or different, and are
one of a hydrpbep kdany! raup.- a €gr04al kylalkgnplu proug, @rqfel(abhyoaaq?g&w group, a
C6-C 10 aryl group, a C6-C 10 aryloxy group, a C2-Cl0 al kenyl group, a

C2- C40 al kemldlkeaybupours £7-NRE SarwRAPKyDR 1gr oans;R;alicbfczmzdﬁkyadwaw gr oup,
a C8-C40 aryl al kenyl group, an OH group or a halogen atom or a conjugated

di ege whi clipbiPRiIoRabey of Yhedlbdeht fIMMptdTeRBE 2 chkfindCiemhydr pegiby!
tri (hydrocarbyl)silyl groups or,  tri(hydrocarbyl)silylhydrocarbyl groups,

sai d di eneaRavirBdp, YRefefibBPa @10@ all@l ortPuBE 4 0Q-OYFL9I8RUp, preferably a
Cg-Cg aryl group;

R7 is

wherein:
R17 to R24 are as defined for Rl and R2, or two or more adjacent radicals
R17 1o R24, including R20 and R2l, together with the atoms connecting them
form one or more rings,
15 M2 is carbon, silicon, germanium or tin;
the radicals R3, R4, and R10 are identical or different and have the

meanings stated for R3 and R, or two adjacent R| 0 radicals are joined together to

form a ring, preferably a ring containing from about 4-6 carbon atoms.

20 More specifically, the present invention relates generally to metallocene

compounds represented by the formula:



R3 are identical or different and are each a hydrogen atom a haI? 2004
atom a C1-C10 al kyl group which may be hal ogenated, a C6-CI O ary qgi@@b
15 which nay be hal ogenated, a C2-C 10 al kenyl group, a C7-C40 -aryl al kyl
group, a C7-CA0 al kylaryl group, a C8-40 arylal kenyl group, a -NR ?, -SR
-OR' 2 3 DEC 2004 -6 OSiR 3 or -PR 2 radrcal wherein: R is one of a

hal ogen atom a C1-C10 al kyl group, or a C6- C 10 aryl group; R4 to R7 are
identical or different and are hydrogen, as defined for R3 or two or nore
adj acent radicals R5 to R7 together with the atonms connecting them 5 form
one or nore rings; R13 is represented by the formula: R18 R19 R0 R21 R22
10 wherein: R17 to R24 ar&"as defined for Rl and R2, or two or nore

adj acent radicals Rmto 4, including R20 and R21, together with the
atons connecting them\f orm one®f nore rings; is carbon, silicon
germaniumor tin; RS, R11 and R12 aretridentical or different and
have the neanings 15 s ’a?y;er R4 to RY. e present invention further

relates to netall ocene c t systems ¢ rising one or nore or the
above conpounds and'! nor'g?® geti vat or récat al ysts, and optionally,

support material, an#? he u of suc Iocene 20 catal yst systens in
ropy\ine pol ymer pol yneri zati on.

olefin polynerizatron,
RS (1)

wherein: M! is selected from the group consisting of titanium, zirconium,

hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten;

5 R! and R are identical or different, and are one of a hydrogen atom, a C-
C10 alkyl group, a C1-Cy alkoxy group, a C¢-Cyq aryl group, a Cg-Cqg aryloxy
group, a Cp-Cpq alkenyl group, a C3-C4p alkeny! group, a C7-C4p arylalkyl
group, a C7-Cyq alkylaryl group, a Cg-Cyqq arylatkeny! group, an OH group or a
halogen atom; or a conjugated diene which is optionally substituted with one or

10 more hydrocarbyl, trithydrocarbyl)silyl groups or,

trithydrocarbyl)silylhydrocarbyl groups, said diene having up to 30 atoms not

counting hydrogen;
R3 are identical or different and are each a hydrogen atom, a halogen

atom, a C1-Cq alkyl group which may be halogenated, a Cg-C|g aryl group
15 which may be halogenated, a C>-Cyq alkenyl group, a C7-Cyq -arylalkyl group, a

C7-Cap alkylaryl group, a Cg-Cqq arylalkeny! group, a -NR's, -SR’, -OR/, -



2 3 DEC 200x4 -7 DESCRIPTION In one enbodinent, the netall ocenes(ﬁér‘jﬁ?
present invention nmay be described as bridged bis(indenyl) netall 2004
conmpounds in which the bridge between the 1 -positions of the indenyls is
a group of the formula: 5 R18 19 wherein R17 to R24 nay be identical or
different, and are each a hydrogen atom a C1l -C 10 alkyl group, a C 1-C
10 al koxy group, a C6-C 10 aryl group, a C6-C 10 10 aryl oxy group, a C2-C10
al kenyl group, a C2-C4 al kenyl group, a C7-C40 arylalkyl group, a C7-C40

al kyl aryl  QiISORIR, ora-PRB; €A Wheteke R/ |is 9howd,a haloghl awnoupCeC gy slaylogen

atom or two or nore adj acent radicals R17 to R24, including R20 and R21,

t oget her wgidupf frea Cpteyvani goupt oms of the phenyl group(s) formone or
nore rings fused with the phenyl group(s); and M2 is carbon, silicon, 15

germani um or ti R4 BV gRtiHeR Rl Y SiRedr el Ak BUbES, R BRI Gr BOSkE | 0N Of
the indenyl rings. In one enbodinent, the netallocenes of the present

i nvention Ry oPgoré ﬁg'&é‘éﬁ'ﬂﬁ(ﬁgal?y{ﬁtbq{} gtep with Be REmP&thecthgdmerei n: Mis
a netal of Goup 4 of the Periodic Table preferably, ~ zirconium
haf di um anﬂvmid;rwmrum)rermgs preferably zirconium 5 Rl and R2 are identical
or different, p%ﬁterably identical, and are one of a hydrogen atom a C
1-C 10 al kyl B,is mepedsentaBiby the formulad al kyl group, a C 1-C 10 al koxy
group, preferably a C 1-C3 al koxy group, a C6-C 10 aryl group, preferably

R]? R]g

10 wherein: R17 to R24 are as defined for Rl and R2, or two or more
adjacent radicals R17 to R24, including R20 and R2!, together with the atoms
connecting them form one or more rings;

M2 is carbon, silicon, germanium or tin;

R8 RY9. R10 R1! and R12 are identical or different and have the meanings

15 stated for R4 10 R7.

The present invention further relates to metallocene catalyst systems
comprising one or more or the above compounds and one or more activators or
cocatalysts, and optionally, support material, and to the use of such metallocene

20 catalyst systems in olefin polymerization, particularly propylene polymer

polymerization.



a C6-Cg aryl group, a C6-C 10 aryloxy group, preferably a C6-C8 aryl oxy
group, a to C2-Cl10 al kenyl group, preferably a C2-C4 al kenyl groupg, %%EC 2004
C7-C40 arylal kyl group, preferably a C7-Cl0 aryl al kyl group, a C7

al kyl aryl group, preferably a C7-Cl2.alkylaryl group, a C8-C40 aryl al kenyl
group, preferably a C8-Cl2 aryIaIkenyI group, or a hal ogen atom

preferably chlorine; RI and R2 nmay also be joined together to form an

al kanedi yl group or a conjugated C4-40 diene |igand 15 which is coordi nated
to M1 in a netallocycl opentene PESSRIPTION and R2 may al so be identica

aaiari ST R 2 AR e 05 B

tri(hydr OQ&@&yBehsaé BHAylr Bﬁﬁh@éﬂyl) gfemmaenesemﬂp&lrﬂ@% WRh NBe Wpidge 30 at ons
not counting hydrogen and form a 7r conplex with M exanpl es incl ude,
but are ndietwéen thed noamonsafmepn&wlmagr@w Puhedlirtenda: 1, 3- pent adi ene,

2-net hyl - 1, 3- pent adi ene, 2, 4- hexadi ene, 1l-phenyl-1,3 2 3 DEC 2004 -9
pen?adiene, 1,4-dibenzyl-1,3-butadiene, 1,4-ditolyl-1, 3-butadi ene, 1, 4-
bis(trinethylsilyl)-1, 3-butadiene, and 1 , 4-dinaphthyl- | ,3 -butadiene. R5
and R6 are identical or different, pﬂé%erably identical, are one of a 5
hydr ogen atom a hal ogen atom ﬁefe ably qgfluorlne chl orine or brom ne
atom a C 1-C 10 al kyl group, of epah| Cl -C4 al kyl group, which may
be hal ogenated, a C6-Cl0 aryl gro ' |ch may be hal ogenated, preferably
a C6-C8 aryl group, a C2-C 10 al qr oy preferably a C2-C4 al kenyl
group, a C7-C40 -arylal kyl Qroup, p eferﬁbfy a C7-C10 aryl al kyl group, a
C7-C40 al kyl aryl group, prefer y 10 a Cg2Cl2 al kyl aryl group, a C8-C40
aryl al kenyl group, preferabl aryl al kenyl group, a -NR215, -SR15,
-OR15, -0OSi R315 or -PR215 radical, | _whgrein: R15 is one of a hal ogen atom
preferably a chlorine atom a a R2 group, preferably a C 1-C3

al kyl group, or a C6-C 10 aryl group, Pre erably a C6-Cg aryl group; L5 R7
i's

wherein R17 to R24 may be identical or different, and are each a hydrogen atom,
a C1-Cyq alkyl group, a C-Cg alkoxy group, a Cg-Cq aryl group, a C4-Cyg
10 aryloxy group, a C-Cyg alkenyl group, a Cy-Cy4 alkenyl group, a C7-Cyg
arylalkyl group, a C7-C4q alkylaryl group, a Cg-C4q arylalkenyl group, an OH
group or a halogen atom, or two or more adjacent radicals R17 to R24, including
R20 and R21, together with the intervening atoms of the phenyl group(s) form one

or more rings fused with the phenyl group(s); and M2 is carbon, silicon,
15 germanium or tin, and optionally substituted on the remaining positions of the

indenyl rings.

In one embodiment, the metallocenes of the present invention may be

represented by the formula:



R18 R19 R0 R21 R22 wherein: R17 to R24 are as defined for RI and R2, or
two or nore adjacent radicals 20 R17 to R24, including R20 and R2£I,Z3 DEC 200%
together with the atons connecting them formone or nore rings; i'S
carbon, silicon, germaniumor tin; 2 3 DEC 2004 - 10 the radicals R3,
R4, and R10 are identical or dlfferent ‘and have the neanings stated for R5
and R6, or two adjacent R10 radicals are joined together to forma ring,
preferably a ring containing fromabout 4-6 carbon atons. 5 Particularly
preferred netall ocenes of the preggﬂﬁ |nvent| on are represented by the
formula: RIO wherein: M1 is sel ed &rom the group consisting of
titanium zirconium 10 ha vanadi um ni obium tantalum chrom um

nol ybdenum and t ungst en, ably zirconium hafniumor titanium nost
preferably zirconium Rl and are identical or different, and are one of
a hydrogen atom a C 1- C 10 § a C 1-C 10 al koxy group, a C6-C
10 aryl group, a C6-C 10 agyl gup, a C2-Cl0 al kenyl group, a G )-C40
al kenyl group, a C7-C40 ar 3 %r, a C7-C40 al kylaryl group, a

C8- 40 aryl al kenyl group, gr ouR-or a“~hpfogen atom or are a

conj ugat ed di ene which is SFE al |y [substiytuted wwth one or nore
hydr ocar byl , tri (hydrocarb %I,qy ghoupg” or, 2 3 DEC 2004

(R10 )4

wherein: M 1s a metal of Group 4, 5, or 6 of the Periodic Table preferably,

zirconium, hafnium and titanium, most preferably zirconium;

R and RZ are identical or different, preferably identical, and are one of a
hydrogen atom, a C|-Cyq alkyl group, preferably a C;-C3 alkyl group, a C1-Cyy
alkoxy group, preferably a C1-C3 alkoxy group, a Cg-Cjq aryl group, preferably
a Cg-Cg aryl group, a C-C1 aryloxy group, preferably a Cg-Cg aryloxy group, a

10 C»-Cq¢o alkenyl group, preferably a C3-C4 alkenyl group, a C7-Cy4p arylalkyl
group, preferably a C-C arylalkyl group, a C7-C4q alkylaryl group, preferably
a C7-Cyp alkylaryl group, a Cg-C4q arylalkenyl group, preferably a Cg-Cjo
arylalkenyl group, or a halogen atom, preferably chlorine; R1 and R2 may also be

joined together to form an alkanediyl group or a cornjugated Cyq_g¢ diene ligand

15 which is coordinated 1o M! in a metallocyclopentene fashion; R! and R2 may also
be identical or different conjugated dienes, optionally substituted with one or more
hydrocarbyl, tri(hydrocarbyl)silyl groups or tri(thydrocarbyl)silylhydrocarbyl
groups, said dienes having up to 30 atoms not counting hydrogen and forming a n
complex with M, examples include, but are not limited to: 1,4-diphenyl-1,3-

20 butadiene, 1,3-pentadiene, 2-methyl-1,3-pentadiene, 2,4-hexadiene, 1-phenyi-1,3-



-11 tri (hydrocarbyl)silyl hydrocarbyl groups, said diene having up to 30
atons not counting hydrogen; preferably Rl and R2 are identical andl Bk 2804
Cl-C3 al kyl or al koxy group, a C6-C8 aryl or aryloxy group, a C2-C4

al kenyl group, a C7-C 10 arylalkyl grgup, 5 a C7-C 12 alkylaryl group, or
a hal ogen atom preferably chlorine; R3 are identical or different and are
each a hydrogen atom a halogen atom a C 1-C 10 al kyl group which may be
hal ogenat ed, a. C6-Cl0 aryl grou whi ch may be hal ogenated, a C2-C 10

al kenyl grispdicgecy- m&dlb&nyylah,gypta&r%p, a A-ditolghd. Sabwgdiang| gldup, a

C8- C40 ar . [ NR 2, .- o ' 0] IR 3 or -PR 2 radical,
wher ei n: &15{#@% g%glsg¥8§%gﬁgagleeﬁe’aﬁhg%ﬁgin&&%{l@l%T]tl?)tfgisen&roup, or a CG6-C 10
aryl group; preferably R3 is not a hydrogen atom preferably each R3 is
identical and is a fluorine, chlorine or bromne, atom a Cl-C4 alkyl
group whi ch nmayRbanbat@genideadcal aorCaiGeeray plef@ssyndwhical arnebst a

hal ogenated, a -NR 2, -SR, -OR, -OSIiR 3 or -PR 2 radical, wherein: R is
15 one of hydeagenptoie ahadegenatem) preferaply yiflugrigachlerinepordgomepesatym. yr oup: R4

tvo or more sapAtoheRpapirebRe FO AR DERRET Thir P ehE hBRrBinnoct | ng
o £or B ope Gt LGS pR A RN SR SRLELY, Ehe RKTULEy 20 2 3 PEC
o acent el gl ST 0aFahc b U D0 DN TRL, LOTIPS AN (he
5" v, ro, el TR Rl G Ch Pl A R o 2
MeaNi Ngs  a Cy-Cyp alkylaryl group, a Cg-C4q arylalkenyl group, preferably a Cg-Ci2

arylalkenyl group, a -NR215, -SRIS, -ORlS, -OSiR315 or -PR215 radical,
wherein: R15 is one of a halogen atom, preferably a chlorine atom, a C-Cjp

alky! group, preferably a C{-Cy alkyl group, or a Cg-C aryl group, preferably a
Cg-Co aryl group;

15 R7 is

RIS
R” R]g
XX
M R2!

e
R4 R2?

523

wherein:

R17 to R24 are as defined for Rl and R2, or two or more adjacent radicals

20 R17 10 R24, including R20 and R2!, together with the atoms connecting them

form one or more rings;

M2 is carbon, silicon, germanium or tin; and



stated for R4 to R7. As utilized herein, the term"alkyl", alone a 3iBEC 2004
conbi nation, neans a straight-chain, branched-chain, or cyclic alkyl
radi cal which may be optionally 10 substituted. Exanples of such radicals

include, but are not limted to, nethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-anyl, hexyl, octyl
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl, and the I|ike

i ncluding their substituted anal ogues. The term "al kenyl" neans a strai ght-
chai n, branchedtighgidical®R3¢YRA, i sndhrdPogar Hentidahdircéilffefaviand e @fe more
doubl e 15 bonds. These al kenyl radicals nmay be optionally substituted.
Exanpl es ofnestihgadthted fad kK2ayd RP astitoal sjdcan] RitEradhwts ¢ ®inat togeiliet ©d t o,

et henyl, propenyl, allyl, 1,4- butadienyl cyclopropenyl, cycl obutenyl,

cycl opent efym 2 By nsefesadly A ring gentaipingiypm bt 4-heatboralame] udi ng t hei r
substituted anal ogues. The term "al koxy" nmeans an al kyl ether radical
wherein: the termal kyl is as defined above. Exanples of 20 suitable alkyl
et her radicals pagicudfly phaferred etiPbcédelof 8¢ fréseniBl BRIOH ar® rél¥entcd-

pr opoxy, i Ssopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the
| i ke. Theby therformulgl " neans a phenyl, azul enyl, or naphthyl radical and
the Ii ke which optionally contains a heteroatom and/or carries one or nore
substituents, for exanple, alkyl, alkoxy, hal ogen, hydroxy, am no, nitro
etc_ 25 2 3 DEC 2004 - 13 ,The following are particularly preferred

met al | ocenes: rac-9-silafff uorendiyl (2- net hyl - 4- phenyl i ndenyl ) 2zi r coni um

di chl oride; rac-9-s! orendi yl (2-ethyl -4-phenylindenyl)2zirconium

di chl oride; rac-9-sil re FyI(Z-n-propylﬁﬂ-phenylindenyl)22irconium
dichloride; 5 rac-9-sil of endi yl (2-i so- propyl - 4-phenyl i ndenyl ) 2zi r coni um
dichloride; rac-9-silaf rendi yl (2-n- but yl~4- phenyl i ndenyl ) 2zi r coni um

di chl ori de; i dgyl(z-iso-b yl - 4-phenyl i ndenyl ) 2zi r coni um
di chl ori de; R' g4 R

wherein: M! is selected from the group consisting of titanium, zirconium,
10 hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten,

preferably zirconium, hafnium or titanium, most preferably zirconium,
R! and R2 are identical or different, and are one of a hydrogen atom, a C -
C1g alky! group, a C1-Cyq alkoxy group, a Cg-Cqq aryl group, a Cg-C | aryloxy
group, a C»-Cyq alkenyl group, a Co-Cyqq alkenyl group, a C7-C4q arylalkyl
15 group, a C7-Cy4q alkylaryl group, a Cg-Cyg arylalkenyl group, an OH group or a

halogen atom, or are a conjugated diene which is optionally substituted with one

or more hydrocarbyl, trithydrocarbyl)silyl groups or,



rac-9-silafl uorendiyl (2-sec-butyl -4-phenylindenyl)2zirconium di C&Lﬂ{if&ej;
rac-9-silafluorendiyl (2-tert-butyl -4-phenyl indenyl)2zirconium di 1 eZﬂﬂ'i
10 rac-9-sil afl uorendiyl (2-nmet hyl - 4- phenyl i ndenyl ) 2haf ni um di chl ori de;
rac-9-sil afl uorendiyl (2-ethyl - 4-phenylj ndenyl ) 2hafni um di chl oride; rac-9-
si | af | uorendi yl (2- n- propyl - 4- phenyl i ndenyl ) 2haf ni um di chl ori de:

rac-9-sil afl uorendi yl (2-i so-propyl - 4- phenyl i ndenyl ) 2haf ni um di chl ori de;
rac-9-sil af] yorendj yl (2-n-butyl -4-phenyl i ndenyl ) 2haf ni um_di chl ori de; 15

fac. o si | iy sy Ihydeogihed 1 grounsh spigl diste AYNEHET &9 G dPEBI TSt de;
rac-9-sil 4&1&5%“8&%%% -sec- butyl - 4- phenyl i ndenyl ) 2haf ni um di chl ori de;
rac-9-silafluoreéndry -tert-butyl -4-phenylindenyl) 2haf ni um di chl ori de;

rac-9- 511 af | or Endl o1 5 oF Ryl - pReiut wieryt) o ol ARISIE 2o
oo o i1 ot FHar Y B e P F S R s oY

rac-9-sil afl uorendi yl (2-1S0-propyl=4-pheny ) ( . t hyl;
racs9-sil af byar endiybl2 piupubyd helo ey pfé?é%%%mo&ﬁ@{" um di net hyl ;
- [

rac-9-sil afl uoréndiyl (2-i so-butyl -4-phenyl i ndenyl) 2zi rconi um di net hyl ;
rac-9-sil afl uor Lyl (2- - M - 4- | Lpdenyl %, 2zirconiurn di nethyl; 25
rac-9-sil afl uor ggzg%el %jgglt%(gd(rfto? tﬁljﬁ/ﬁeﬁhg 'Eﬁgﬁeyk#ﬁ‘d%ﬁv%oﬁﬁ? rag%ﬂi ?Jrlﬁag’lgﬁ%t hyl ;

I
I
- 9- si | adibmpred fcyly( Ak yiegldyp -whiph bada enad iafEt grwh
:gg- 9- 2: I aftl Iﬁgfenﬁi%lbg Z-yeﬁ?%ylﬁl-u- Sﬁem ngen%l)ehaéhaf n:@u%%‘?lﬁeﬂ%ih%?hp
rac- 9- si | avhiabmexydieyhialzenated ap§h-Grppdieemyll igred@ny IOy-QI{tﬁfait'mejxd'gmbhyl ;
rac-9-sil afl uorendiyl (2-i so-propyl - 4- phenyl i ndenyl ) 2haf ni um di net hyl ; 30
-9-sil af { _&- i 2hatgR yum_gj | ;
e o a1 1 af | e B et Co d et hy!
rags 9-sil by SecH -4+ ph } I nj i hyl; 2 3
% 2008 A LE LRI BIREE NI FoRTER LG B KTERG I Nat o

DEC 2004 -14 r uodrendi yl (2-tert-buty ium

di met hyl ; group, or a Cg-Cj aryl group; preferably R3 is not a hydrogen atom;
preferably each R3 is identical and is a fluorine, chlorine or bromine,
atom, a C1-Cy4 alkyl group which may be halogenated, a C4-Cg aryl group which
may be halogenated, a -NR'y, -SR/, ~OR', -OSiR'y or -PR'7 radical, wherein: R is
15 one of a chlorine atom, a C1-C4 alkyl group, or a C4-Cg aryl group:

R4 to R7 are identical or different and are hydrogen, as defined for R3 or

two or more adjacent radicals RS to R7 together with the atoms connecting them

form one or more rings;

RI3 s represented by the formula:

20



rac-9-silafluorendiyl (2-nmethyl, 4-[3',5" -di-tbutyl phenyl]indenyl)2zir i
dichloride; 5 rac-9-silafluorendiyl (2-ethyl, = 2 f(ﬁf[:u'ﬂ]ﬂ#
4-13',5"' -di -t butyl phenyl ]i ndenyl ) 2zi rconi um dichl ori de;
rac-9-sil afl uorendiyl (2-n-propyl,
4-[3',5'-di-tbuty|pheny|]indenyl)22ifé%hiun1 di chl ori de;
rac-9-silafluorendiyl (2-iso-propyl 18
4-[3',5'-di-tbuty|phenyl]indenrl)22|rconiun1 10 dichl ori de;
rac- 9-si | af | uorendi yl (2- n- but gl’,
4-13',5"' -di -t butyl phenyl ] i ndeny
rac-9-sil afl uorendiyl (2-i so-butyl
4-13',5" -di -t butyl phenyl ]i ndeny
rac- 9-sil afl uorendi yl ( 2- sec- but
4-13",5' -di-tbutyl phenyl ]i peén
rac-9-silafluorendiyl (2-tert-but
4-[3',5'-di-tbuty|pheny|jinde?yl coni,ym di chl ori de;
rac-9-silafluorendiyl (2-met hjl] , 5'Rdi -t but yl phenyl ] i ndenyl ) 2haf ni um
20 dichloride; rac-9-silafluorendi y§2-ethyl,
4-[3",5" -di -tbutyl phenyl ]i ndenyl) af nium dichloride;
rac- 9- si | af | uor ehetiei: (Rl h1privdy lare 4s [d@fin&d foii Rt!bandy[Rehenmytvid ndengre)
2haf ni um dichloride; 25_rac-9-sil afl uorendiyl (2-iso-propyl,
4-[3", 5" - dadjadeut yadpteen 1 i tadReHy | inclindingi R aud &A1l otaggther with the atoms
rac-9-sil af l uorendiyl (2-n-butyl, 41[3',5'-di-th5yIEQ$nyl]indenyl)2hafnium
di chl or i deconnagsirg-themgpim one ntimprg tngss praferably, R/ to are hydrogen.
4-[3',5'-di-tbuh&yphenyl]LndenyI)Zhafniun1 30 _dichl ori de;

is carbon, silicon, germanium or tin, preferably silicon; and

eoni um dichloride;
i20m di chl oride; 15

um dichloride;

5 R8 RY, R10 RII and RI2Z are identical or different and have the meanings
stated for R4 to R7.

As utilized herein, the term "alkyl", alone or in combination, means a

straight-chain, branched-chain, or cyclic alkyl radical which may be optionally

10 substituted. Examples of such radicals include, but are not limited to, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl. tert-butyl, pentyl, iso-amyl,

hexyl, octyl cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl, and the

like including their substituted analogues. The term "alkenyl” means a straight-

chain, branched-chain, or cyclic hydrocarbon radical having one or more double

15 bonds. These alkenyl radicals may be optionally substituted. Examples of suitable
alkenyl radicals include, but are not limited to, ethenyl, propenyl, allyl, 1.4-
butadieny! cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloctenyl

and the like including their substituted analogues. The term "alkoxy" means an

alkyl ether radical wherein: the term alkyl is as defined above. Examples of

20 suitable alkyl ether radicals include, but are not limited to, methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the like.

The term "arvl" means a phenyl, azulenyl, or naphthyl radical and the like which
optionally contains a heteroatom and/or carries one or more substituents, for

example, alkyl, alkox_v,‘halogen, hydroxy, amino, nitro etc.



rac-9-sil afl uorendi yl (2-sec-butyl, ] Q@ 2004
4-[3",5" -di -tbutyl phenyl ]Ji ndenyl ) 2haf nium dichloride; 2 3 DEC 2004¥-

rac-9-sil afl uorendiyl (2-tert-butyl,

4-13',5" -di -tbutyl phenyl ]i ndenyl ) 2haf.nsum di chl ori de;
rac-9-silafluorendiyl (2-methyl, 4-[3",5 -di-tbutyl phenyl]

I ndenyl ) 2zirconium dinmethyl; 5 rac 9- si I afI uor endi yl ( 2- et hyl

4-13",5 -di-thbu i nden |rc i met hyl ;

rac-9-sil afl uoriﬁﬁ?‘gf(‘% %1 Hﬁ"ﬁ% arypre cired metallocenes: '

4-[3°, 5" - diaelaylaflu @At d2- Me-4 pkehy|

rac-9-sil afaltuorendl yl ( dlslgggl?opy&% ﬁmhwg%mg?mﬁﬁ% lorid eﬁy

i ndeny| ) 2ziacbsilafiwordddgilZetthyl-4- phawl@dsmyllﬁtzlmmﬂmdnqﬂk(rﬂ:}em but yl,

fac-9l i | dRFUGHALPRER s ,gggi%;;@agegﬁ?ngegg;)zzgimmugygmhimde
4-13', 5" - dige Iy glgg}tﬁ?yl 1@5‘%&)6 %%Heﬁ?ﬁ'ﬁ&é%ll)z i UERIN dicHBride;

rac-9-sil afl uorendi
4-[3',5" - ch1ae-t9bs.ltaﬂupimdgdl@l-mﬁ&ﬂyyﬂ);ﬁmhy1@1€d’¢h}4mzndbrﬁﬁﬁh’hdd|:hlorlde

“9sil afl | Ut
Elaggz : | &ac’&mk&lub%éaéﬂ(%ﬁrﬁééﬁwlf @]GPEW%M)i?éﬁCﬁ@pﬁthchlondiden ) anatni um
ra
20" i mot byt P LA PR ey iy Hpa iy ALK RT 6Kl iRl enY

4-13',5" - dlae-@bﬂllaﬁhphﬁdwﬂ(ﬁl-tad&myﬂlﬂ ﬁﬂi@fynhdﬁﬁy@)lzﬂ'ﬁiohiiim dichloride;
rac-9-sil afl uorendiyl (2-n-p g 5' -di -tbutyl phenyl ]i ndenyl)
2haf ni um @fPetilafinorepdiyl(g- @?tﬁé ﬂﬁé?@ﬂmdﬂl)(lbhaﬁbmp pride;

4-[3,5 dﬂac-bbéffa}’lhBJ%EHD& (b-ét%%ﬁf)f&ﬂﬁ&éﬂy%afnium dichloride;
rac-9-silafluorendiyl(2-n-propyl-4-phenylindenyl) shafnium dichloride;
rac-9-silafluorendiyl(2-iso-propyl-4-phenylindenyl);hafnium dichloride;
rac-9-silafluorendiyl(2-n-butyl-4-phenylindenyl),hafnium dichloride;

15 rac-9-silafluorendiyl(2-iso-butyl-4-phenylindenyl);hafnium dichloride;
rac-9-silatluorendiyl(2-sec-butyl-4-phenylindeny]);hafnium dichloride;
rac-9-silafluorendiyl{2-tert-butyl-4-phenylindenyl);hafnium dichloride;

rac-9-silafluorendiyl(2-methyl-4-phenylindenyl);zirconium dimethyl;
rac-9-silafluorendiyl(2-ethyl-4-phenylindenyl),zirconium dimethy]l;

20 rac-9-silafluorendiyl(2-n-propyl-4-phenylindenyl),zirconium dimethyl,
rac-9-silafluorendiyl(2-iso-propyl-4-phenylindenyl);zirconium dimethyl;
rac-9-silafluorendiyl(2-n-butyl-4-phenylindenyl);zirconium dimethyl;
rac-9-silafluorendiyl(2-iso-butyl-4-phenylindenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-sec-butyl-4-phenylindenyl),;zirconium dimethyl;

25 rac-9-silafluorendiyl(2-tert-butyl-4-phenylindenyl);zirconium dimethyl;
rac-9-silafluorendiyl(2-methyl-4-phenylindenyl) ;hatnium dimethyl;
rac-9-silafluorendiyl{2-ethyl-4-phenylindenyl) ;hafnium dimethyl;
rac-9-silafluorendiyl(2-n-propyl-4-phenylindenyl) shafnium dimethyl;
rac-9-silafluorendiyl(2-iso-propyl-4-phenylindenylhhafnium dimethyl;

30 rac-9-silafluorendiyl(2-n-butyl-4-phenylindenyl);hafnium dimethyl;
rac-9-silafluorendiyl(2-iso-butyl-4-phenylindenyl);hafnium dimethyl;
rac-9-silafluorendiyl(2-sec-butyl-4-phenylindenyl);hafnium dimethy!;



25 di nethyl; rac-9-silafluorendiyl (2-n-butyl, 2 3 DEC 2004
4-[3',5" -di -tbutyl phenyl ]i ndenyl ) 2haf ni um di net hyl ;

rac-9-sil afl uorendi yl (2-i so-butyl,

4-13,5" - dl-tbutylphenyl]lndenyl)2hafq um dinethyl; 30

rac-9- S|Iafluorend|vl(2 sec- butyl,

4-1 3", d|-tbutylphenyl]|ndenyl)2hafn|un1 dinmethyl; 2 3 DEC 2004 - 16
rac- 9- S|Iafluorend|yl(2 tert-buty

4-[3',5' - dractBsilafluyohawdyl]3- Wdemyyl)ﬁ?phﬁmlmden)d}zhﬁnhyh dimethyl;
rac-9-5|lafluorend|yl(2 methyl, 4-[3",S -bis-
trifluoronethylphenyl]indenyl)Zzirconiun1dich|oride; 5

rac-9-sila Al : ; ;

trifluor orrPeAtClr?;F n]dl n enyﬁyi cgn?lﬁlr)#tgh%ﬁp%uLlna%?ylhwcomum

rac-9- Sl|aﬁkhmﬁﬁﬂdly|(2 n-propyl, 4-[3",5" -bis-

trifluoronethyl phenyl ]|nden¥ 2 Z|rcon|un1d|chlor

059”51 | A B S0 ¥ 6§13 iy Ipbenyligaerg ozirconium

trifluoro tp% enyl]lndenyl)22|rconlun1d|chlor|de

rac-9-sil afl uorenﬁlyl(z n-butyl, 4-[3",5 -bis-

trifluor 0nﬁb@&llﬂfﬁlﬂyénﬂiyl@eﬁl)ﬁfdp&l,w-[mB‘-dintbdtyfllpﬁﬂeﬂyl]ﬁﬂeny Yazirconium

rac- 9- S|Iafluorend|yl(2 I so-butyl, 4-[3",5 -bis tri

f 1 uor ormet hgjich h@d?i]lndenyl)22|rconlun1d|chlor|de 15

ri 11 uor onBERGT ORI EERO S %uafhﬁﬂaf“rﬂmdenyl)zmmum

raq09-silaakgghggd|yl(2 tert-butyl, 4-[3",5 -bis-

trifluorometh he nyl]i ndenyl )22|rcon|un1d|chlor|de

rac- 9-sil afac sn yandiylGendbyiy], 44[3.3-disbubyiphenyliindguylbiiseenjrmsheny | |
I ndenyl ) dichlonde;

rac-9-silafluorendiyl(2-iso-butyl, 4-[3,5'-di-tbutylphenyl}indenyl),;zirconium
dichloride;
15 rac-9-silafluorendiyl(2-sec-butyl, 4-[3",5'-di-tbutylphenyi]indenyl},zirconium
dichloride;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3",5"-di-tbutylpheny!]indenyl),zirconium
dichloride;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-tbutylphenyl}indenyl) ;hafnium
20 dichloride;
rac-9-silafluorendiyl(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl) ;hafnium
dichloride;
rac-9-silafluorendiyl(2-n-propyl, 4-[3",5'-di-tbutylphenyl}indenyl) ;hafnium
dichloride;
25 rac-9-silafluorendiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5"-di-tbutylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium
30 dichlonde;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl}indenyl);hatnium
dichloride;



20 2hafnium dichloride; rac-9-silafluorendi yl(2-ethyl,
4-13",5 -bis-trifluoronethyl phenyl]indenyl)2hafnium dichloride; 23 DEC 2004
rac-9-sil afl uorendi yl (2-n-propyl, 4-[3,5"-bis-

trifluoronethyl phenyl]indenyl)2 hafnijymdichloride; 25
rac-9-silafluorendiyl (2-iso-propyl, 4-[3",5 -bis-
trifluoronethylphenyl]indenyl)z hafniun1dich|oride

rac-9-sil afl uor, 2- n- but yl %

trifluor onEenisi gﬂﬂf’%@eﬁw‘wﬂaﬁﬁ tﬁndmtwlehwé]mdenyl)zhafmum

rac-9- 5|Ia34HQ# Edlyl(Z i so-butyl, 4-[3,5 -bis 30

trifluoronet enyl]indenyl)2hafniun1dich|oride

rac-9-sil afadcbﬂmﬁmxbwnﬁgrl(szememyt W D[E 3, 8= d&bm{;@h@hﬁpﬁédﬂj Hedori®t hyl phenyl ] i
ndenyl)2hafn|unldlchlorlde

rac-9-si | aflimggh )éndlyl(z tert- butyI 4 [3 5' bIS-

tritluorongt i.nde ) f Ior rac silafluorendiy
1( 2E net hyIm%1 Z@/TI Venhlyé@ ?q%(l %E r%l%f YIBE ']‘Cfeﬁ?jléﬂ%‘:))’?‘ffnr coni um

di net hyl ; &nkggrQ sil afl uorendi yl (2-ethyl, 4- [3 5'-bis

tr|fluoronethyl henyl | |ndenyl)22|rcon|un1dinethyl;

rac- 9- si | afact¥os mbldpsend 34 (@-n-proppls 14-[ 345 B bty hihiesylJindenyl),zirconium

trifluoro %Eﬁ%@henyl]lndenyl)22|rconlun1d|nethyl

rac-9-sil af! ndi yl (2-iso-propyl, 4-[3 ,5 -bis-

trifluorongtly. rcank ,

ri 1 uor ongy Jgoérlgggpafhhf 'rtdq%)o%@i 4 r[ca ! tgk)ﬂgih@x}( infihy1); HISRAT
|nd@nyl)sznmdn1un1d|nethyl rac- 9- S|Iafluorend|yl(2 i So- butyI

4-13%,5- brlag 9- sﬂralﬂl:.lln%ggll?/ uty[]en%l C{lggl?t?fy lh)er?}%ll]lggé)nr;fll)gzr?rc%lnmeré hyI
dimethyl;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3’,5'-di-tbutylphenyl}indenyl);zirconium
dimethyl,
L5 rac-9-silafluorendiyl(2-sec- butyl 4-[3".5'-di-tbutylphenyljindenyl);zirconium
dimethyl;

rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium
dimethyl;
rac-9-silafluorendiyl(2-methyl, 4-[3",5'-di-tbutylphenyl]indenyl) ;hafnium
20 dimethyl;
rac-9-silafluorendiyl(2-ethyl, 4-[3',5'-di-tbutylphenyl}indenyl) ;hafnium dimethyl;

rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl) ;hafnium

dimethyl;
rac-9-silafluorendiyl(2-iso-propyl, 4-[3",5'-di-tbutylphenyl]indenyl);hafnium
25 dimethyl;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5"-di-tbutylphenyl}indenyl);hatnium
dimethyl;
rac-9-silafluorendiyl(2-tso-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium
dimethyl;
30 rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl);hafnium

dimethyl;



rac-9-silafluorendiyl (2-sec-butyl, 4-[3,5 -bis 15 23 DEC 2004
trifluoronethyl phenyl]indenyl)2zirconi um di rret hyl ;

rac-9-sil afluorendiyl (2-tert-butyl, 4-[3',5 -bis- trifluoronethyl phenyl]

i ndenyl ) 2zi rconi um di nethyl; rac- 9 Si I afI uor endi yl (2- et hyl,

4-13",5 -bis-trifluoronethyl phenyl ]I né envl) 2hafnium di net hyl; 20

rac- 9- si | af | uor endi yl (2- et hyl,

4-13',5" -bis-trifluoronethyl phenly i ndenyl ) 2haf ni um di net hyl ;

rac-9- S| | afaccbigaittiopdndiy| @-teropipy ], 44313 «digbutiipseny! Jindenyl),hafnium

trifluoro henyl ]i ndenyl )2 haf ni um d| rret hyl ;
rac-9-sil g?’l’?%ﬂ“@ndi yl (2-iso-propyl, 4-[3",5 -bis-

trifluoro PRI nlumdlnethl
rac- 9-sil gﬁcﬁélendl ));éln](dizﬁﬁﬁﬂgmﬁ{h)y?4 %5[553%5' bi s- y

trifluor on*etﬂty)lrcphethylp]wmyd}m@dn)Y%chrmmwm dlchhirhﬂyl
-9-sil f| | (2- tyl, .4-13",5 -bis trifl
Lot St hy| RN Rl RPN S a e byl 30
9-sil
Crifl uglro?r{e% y %ﬂ%‘r}ﬂ"i‘%ﬂﬁgg %’% 1¥Cr??iﬂ'{rnn$ llcﬁrel@otr Iy1S 2 3 DEC 2004 -18
rac-9-sil afalckmslmmiownﬂ&l(tzeﬁ-tprdwﬂw [3'8~big- , 5" - bi s-

trifluoromet hyl phenyl ]indenyl) 2haf ni um di net hyl ;
r ac- 9- si | aFiflioremethyippenyiin ) Fasircontum dichiorid,

faE:SQ §| I g#af:' 20 Lﬂﬁfal.%g%ﬁ{@h@?%l Jp'rc%jﬁn&/ Q%Zbr conium dichloride; 5

4-[1g' . 5 dtrrﬂxﬁ;ﬂ;rﬁétﬁ?l}&h@ﬂﬂﬁﬂcﬂdﬂy[)Ejﬁft)éh%&iHifcﬁlbﬁ‘idls.lm di chl ori de;
rac-9-sil afl uorendiyl (2-n-

4-13',5 - dT%t%@quh@Wﬂmi@n@ﬂbPiymdeh@ﬁ)—lzm rconi um dichloride;

trifluoromethylphenyl}indenyl).zirconium dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3",5'-bis-
trifluoromethylphenyljindenyl),zirconium dichloride;

15 rac-9-silafluorendiyl(2-sec-butyl, 4-[3",5'-bis-
trifluoromethylphenyllindenyl);zirconium dichloride;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyl}indenyl);zirconium dichloride;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl)

20 shafnium dichloride;
rac-9-silafluorendiyl(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyljindenyl};hafnium
dichloride:
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-bis- trifluoromethylphenyl]indenyl);

hafnium dichloride;

o]
Ln

rac-9-silafluorendiyl(2-iso-propyl, 4-{3",5'-bis- trifluoromethylphenyljindenyl).
hafnium dichloride;

rac-9-silafluorendiyl(2-n-butyl, 4-[3',5'-bis-
trifluoromethyiphenyl]indenyl)y,hafnium dichloride;
rac-9-silafluorendiyi(2-iso-butyl, 4-[3",5"-bis-

30 trifluoromethylphenyl]indenyl);hafnium dichloride;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl);hafnium dichloride;



rac-9-sil afl uorendiyl (2-iso-propyl, 23 DEC 2004
4-[3",5" -di-iso-propyl phenyl ]indenyl)2zirconium 10 dichlori de;

rac-9-sil afl uorendi yl (2-n-butyl,

4-[3",5'-di -iso-propyl phenyl ] i ndenyl ) 2zirconium dichloride;

rac-9-sil afluorendiyl (2-iso-butyl,

4-[3",5" -di-iso-propyl phenyl ]i ndenyl )2zirconium dichloride; 15

rac-9-sil af | yorendi yl (2- sec- but
4-13", 5 - dicrsy ﬁl’%rﬁ 'piK@ﬁ?fI"]bP Mﬁﬁ”zhisr coni um dichl ori de;

E16?39 ZI l flh?é’rg)ﬁ%?ﬁﬂ é J tef? %é%”“r“}lﬂ?m%%‘ﬁ‘i um dichlori de;

rac-9-si | afd- gcsﬁleﬂdmhd@t(mam443[5%155 -di -i so- propyl phenyl ] i ndenyl)
2haf ni um 20 di chl oride; rac-9-sil afluorendiyl (2-ethyl,

4-13', 5 - diiflperemsiinppheptiindeny hdogniymatinetiybm  di chl ori de;

Lafssg Es'al l gffw! %@g@‘r’%%ﬁ%]ﬁgﬁ@]y?’ %E@Fﬂy?‘)ﬁhaf nium dichloride; 25

rac-9-si | afiflusroriReipHeAYI|RRCRYINPHE )
4-13", -dll-l So- pr o%l!;l pKé\nylei]%lF %denc;/mum d]?qﬁ%hgénra%?éHFﬂuorﬁnd]yl(zn

rac-9- SI I epfﬂmyd),r‘bWybl@QHﬂhbtmyd:thylphenyl Jindenyl),zirconium dlmethyl

R L R L
4-[3', 5" - difhBrRIY (eg?gfgggwgﬁsaﬂzar%mgmw 30 dichloride;

rac-9-sil afl uorendi
4-1@3' , 5" - déc—QsﬂaﬂummdipllﬁkadtjzlnMBM )azshaf nium dichloride; 2 3 DEC 2004 -
19 rac-9-S| af | uoren tert-buty

2
4-13", 5 - &l H‘%erﬁFhé( WQF!}}ilhalé?ﬁﬂ"}rzrsiamﬁﬁhyum di chl ori de;
rac-9- 511aﬂu0rend1yl(2 -tso-butyl, 4-[3",5"-bis-

trifluoromethylphenyl]indenyl),zirconium dimethy!;
rac-9-silaﬂuqrendiy1(2-sec-buty1, 4-[3',5'-bis-

15 trifluoromethylphenyl]indenyl),;zirconium dimethyl;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-bis-trifluoromethylphenyl)indeny!)
;hafnium dimethyl;

20 rac-9-silafluorendiyl(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl):hafnium
dimethyl;
rac-9-silafluorendiyl(2-n-propyl, 4-{3',5'-bis- trifluoromethylphenyl]indenyl),
hafnium dimethyl;
rac-9-silafluorendiyl(2-iso-propyl, 4-[3',5"-bis- trifluoromethylphenyl]indenyl),

25 hafnium dimethyl;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5"-bis-
trifluvoromethylphenyl]indenyl;hafnium dimethyl;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indeny!l);hafnium dimethyl;

30 rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyljindenyl);hafnium dimethyt;



rac-9-silafluorendiyl (2-nmethyl, 4-[3',5' -di-iso-propyl phenyl ]indedy§ DEEi Q84
onium dinethyl; 5 rac-9- S|Iafluorend|yl(2 et hyl,

4-13',5"' -di-iso-propyl phenyl ]i ndenyl ) 2zi rconi um di et hyl ;

rac-9-sil afl uorendiyl (2-n-propyl,

4-13',5" -di-iso- propylphenyl]|ndenyl)f%lrconlun1 di et hyl ;
rac-9-sil afl uorendiyl (2-iso-propyl,
4-[3',5'-di-iso-propy|phenyl]indenyl)22irconiun1 10 di et hyl ;
rac-9-sil aid- ﬂaﬁleﬂubrey(ﬂiﬁfHENerbhtlyfﬂ,A [3',5'-bis-

4-13",5' d|-|so phenyl ] i ndepyl ) 2zirconi um direthyl;
rac-9-sil é’f‘ﬂﬂ?ﬁo )&pl'(egy gye @d?zg‘? nium dimethyl;

L 2 B bRk REI NN eOW Rl OB IR T L zircd

rac-9-silafl doren

4-13', 5" - diichletdepr opyl phenyl ] i ndenyl ) 2zi rconi um di et hyl ;
rac-9-silafluorendiyl (2-tert-buty

4-[3', 5 - dpc-Psga ww}lmﬁ%ﬁmm4n[feﬁyqilylzwr«mhwhwl}mdmlhynrcomum

rac-9-sil féﬂﬂ9ﬂﬁpd|vl(2 met hyl ,

4-13',5" -di-T150- propylphenyl]lndenvl)22|rcon|un1 20 dinethyl; rac-9-s ilafl

uor endi yl (- eishxﬂ]uorém{u?of(zé-prdp li sqs'm@pyéop&@wbhemﬁm&@n%amuw

di methyl; rac-9-silafluorendiy (2 n-p
4-[3',5' - dichigrsiepr opyl phenvl]lndenyI)Zhafnl um dimethyl; 25

O-silafl d : .
1Tar 5 e e T o RBR A513) St e st igeny Dazirconium
ragyr 9- si | @fdnuaigndi yl (2-n- butyI

pylphenyl]lndenvl)2hafn|un1 di met hyl ;

4-13",5 -di-iso-pro
rac-9-si| afd- %r@rlg%mrymctlgl{l-gdnbyh $i[3',5'-di- Iso-propylphenyi]mdenyl)zzirconium
4-13",5' %whcnukpropylphenyl]lndenvI)Zhafnlun1 30 di net hyl ;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl}indenyl);zirconium
dichloride:
15 rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indeny!)»zirconium
dichloride;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenylfindenyl);zirconium
dichloride;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-iso-propylphenyl]indenyl) ;hafnium
20 dichloride;
rac-9-silafluorendiyl(2-ethyl, 4-[3",5'-di-1s0-propylphenyl]indenyl) shafnium
dichloride;
rac-9-silafluorendiyl(2-n-propyl, 4-[3",5"-di-iso-propylphenyl]indenyl);hafnium
dichloride;

[
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rac-9-silafluorendivl(2-iso-propyl, 4-[3',5'-di-i1so-propylphenyl]indenyl);hafnium
dichloride;

rac-9-silafluorendiyl(2-n-butyl, 4-{3',5'-di-1so-propylphenyl]indenyl);hafnium
dichloride;

rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafnium
30 dichloride:

rac-9-silafluorendiyl(2-sec-butyl, 4-[3",5'-di-1so-propylphenyl]indenyl >hafnium
dichloride;



rac-9-sil afl uorendiyl (2-sec-butyl, 2 3 DEC 7004
4-13",5" -di-iso-propyl phenyl ]indenyl)2haf nium dinethyl; 2 3 DEC 2004 -20
rac-9-sil afl uorendiyl (2-tert-butyl,
4-[3',5'-di-iso-propylphenyl]indenyll%ggfniunl di net hyl ;
rac-9-silafluorendiyl (2-nmethyl, 4-[3',5" -di-phenyl phenyl]indenyl)2zirconi um
dichloride; 5 rac-9-silafluorendiyl (2-ethyl,

4-13',5"' -di - phenyl phenyl ]i ndenyl ) 2zi r coni um di chl ori de;

rac- 9-si | afctfoy aadpyandl@-tertdmyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hafnium
4-[3',5'-d}-m%ﬁgﬁlphenyl]indenyl)22irconiun1 di chl ori de;

rac-9-silaffucr di yl (2-1i so-propyl,

4-[3',5'- diac@hﬂﬂt‘i’llu_ﬁﬁﬁﬂgﬂ@-rﬂ@lﬁm{|4)-[%Z,S'IQQQ-Hmpy%e@lﬁmié?lrvl)gﬁiconium
rac-9-sil afl uorendiyl (2-n-butyl, '

4-13',5' - ddimgtety| phenyl ]i ndenyl ) 2zi rconi um di chl ori de;

rac:9-silafl yorendi yl (2-iso-RQutyl, . ... , ) .

4-13',5' - d‘ia9'§h§é Pﬁ%éﬁwe]zr%@n% AT aRy Pksre Ninsienylgezirggnium

rac- 9-sil afjldayendi yl (2-tert-butyl,

4-[3',5' -di - phenyl phenyl ] i ndenyl ) 2zi rconi um dichl ori de;

rac- 9- si | abt-Gesilafidonehdi2i(Sacploply 4;[3',5-di-iso-propylphenyl]indenyl);zirconium
4-[3',5'-d]-p@$nylphenyl]indenyl)22irconiun1 di chl ori de;

rac- 9-si | #M§BYENdi yl (2-nethyl, 4-[3',5' -di- phenyl phenyl ]i ndenyl ) 2haf ni um
20 di chl ord,de; . ta6a2: 5 tal:L U igyjt 2-ethyl . 4 ‘2 = di aphenyl phenyl |
“ndenyl ) 2Har Sd'%ﬂﬁ%ﬁ%gﬁﬁ’grgi%?‘r"?’gg-%ﬂ}s% | ‘gf‘%BFOQHH*‘;%W@P%@B’J)E%W’%‘LP”‘

4- (18", 5 - dimptiwityl phenyl ]1i ndenyl ) 2haf ni um di chl ori de;

rac-9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl,;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3",5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;
15 rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl}indenyl);zirconium
dimethyl;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
20 dimethyl;
rac-9-silafluorendiyl(2-ethyl, 4-[3",5'-di-iso-propylphenyl]indenyl) ;hafnium
dimethyl,
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-iso-propyiphenyl]indenyl);hafnium
dimethyl;

]
A

rac-9-silafluorendiyl(2-iso-propyl, 4-{3',5'-di-iso-propylphenyl]indenyl);hafnium
dimethyl;

rac-9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyljindenyl)>hafnium
dimethyl;

rac-9-silafluorendiyl(2-1so-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);hathium
30 dimethyl;

rac-9-silatluorendiyl{2-sec-butyl, 4-{3',5'-di-iso-propylphenyl)indenyi);hafnium
dimethyl;



25 rac-9-silafluorendiyl (2-iso-propyl, 2 3 DEC 2004
4-[3',5" -di - phenyl phenyl ] i ndenyl ) 2haf ni um di chl ori de;
rac-9-silafluorendiyl (2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl)2hafni um
di chl ori de; rac-9- S|Iafluorend|yl(2 i s@-butyl,

4-[3',5' -di - phenyl phenyl ] i ndenyl ) 2hafitum 30 dichl ori de;

rac-9-sil afl uorendiyl (2-sec- butyl 4-[3"',5" -di - phenyl phenyl ]

i ndenyl') 2haf ni um dichl oride; 2 DEC 2004 -21

rac- 9- si | afdcbsibafhioggndbdEetert- llwrlylfi [3'45' @ 1s05progy lppérenjingsme hyhiafnium
|ndenyl)2hafn|gﬂ1 di chloride; rac-9-silafluorendiyl (2-nethyl,

4-13",5 -d yl phenyl ] i ndenyl)2zirconium 5 dinethyl; rac-9-silafl

uor endi y! (?aceé malﬂuof%rhgﬂ(ﬁmemﬂ RhErsLANeRY hBda Mo BLARBRim  di met hyl ;

rac-9-silafluorendiyl (2-n-pro
4-[3', 5" - ddichhendy] phenyl]lndenyl)22|rcon|un1 dimethyl; to

rac-9-sil afl uor iyl 0- pr - phe Iphenyl]lndenyl
) 2zPr coni ufAc %Flﬁﬁj fﬁ“dlyrl%?cetbi"sgﬁgﬁ Lﬁ’érpgﬁ%bﬂ?l]‘e(“? 52""0“1“”1

4-[3',5 -dj IIHfgﬁg]phenyl] i ndenyl ) 2zi r coni um dlnethyl
rac-9-silafluorendiyl (2-iso-butyl, 4-[3",5"-di- phenylphenyl]

i ndenyl ) 2z raceBsilaifvorehdiyd{2am-photyl, 4-H, Sgdls]laﬂeaj/lplherﬁ}d]lddigﬂy()gzlﬁ.eﬁnhut yl,
4-13',5" -di - Bhenylphenyl]lndenyl)22|rcon|un1 di et hyl ;
rac-9- S|Ia¢W loridadi yI (2-tert-butyl

4-[3, % dfacwsmﬁug e%'a}/)J é —ﬂg%@gﬂ))l,lez-'[f',%qaf--&mnyﬂ’)ihg%;Im{hényl)zzirconium
10 dichloride;
rac-9-silafluorendiyl(2-n-butyl, 4-[3",5'-di-phenylphenyl]indenyl),zirconium
dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;
15 rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium
dichloride;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl};zirconium
dichloride;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium
20 dichloride;
rac-9-silafluorendiyl(2-ethyl, 4-[3",5"-di-phenylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5"-di-phenylphenyl]indenyl);hafnium
dichloride:
25 rac-9-silafluorendiyl(2-iso-propyl, 4-[3",5'-di-phenylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3',5"-di-phenylphenyl}jindenyl);hatnium
30 dichlornide;
rac-9-silafluorendiyl(2-sec-butyl, 4-{3',5"-di-phenylphenyl]indenyl);hafnium
dichloride;



20 rac-9-sil afl uorendiyl (2-nethyl,

4-[3',5"' -di - phenyl phenyl ] i ndenyl ) 2haf ni um di net hyl ; 2 3 DEC 2004
rac-9-sil afl uorendiyl (2-ethyl, 4-[3',5' -di-phenyl phenyl ]i ndenyl) 2haf ni um

di chloride; rac-9-silafluorendiyl (2-napropyl, 4-[3',5"-di-phenyl phenyl ]
indenyl)2hafniun1 25 di et hyl ; rac-9-siIafIuorendiyl(2-iso-propy|,

4-13",5 -di - phenylphenyl]indenyl ) 2haf ni um di net hyl ;

&?ﬁe? h;: | arfalf:- —51 eag.h'ygg ﬁd%u)t/ﬁ %ﬁmﬁf ﬂygf'len%ﬁ]p%g%yﬁmgg}/y }zhatjl-ll{ju%?yl }2haf ni um

4-[3",5"- thmgHgylphenyl]lndenyl)22|rcon|un1Tea 1,4- 30
di phenyl - 1, 3-but adi ene; rac-9-sil afl uorendi vl ( 2- ethyl
4-13', '-dl-tbutylphenyl]lndenyl)22|rcon|un1| -1, 4-

dlphenyl-l 3- but adi en rac- 9- S|Iafluorend|yl(2 n- propyl ,
4-13', 5" - d@ct biﬁ‘@@P%@ﬁw(?erE‘gEW) ?‘%d’ﬁ?%'@dl Jindenyl);zirconium
1 4z dlphegy éa@ but adi ene; rac-9- S|Iafluorend|yl(2 i so-propyl,
- t’yl phenyl ]i ndenyl ) 2zi rconiumrl 4-
4-di phertyabJQLsﬁﬂbonteﬁdluyé(aeﬂh)H 4-4% ;9 dbphaiylpheneliddst vl Bzifedniing | |
4-[3',5' di -t butyl phenyl ]i ndenyl ) 2zi rconi um 714
1, 4- dipheﬁy thyd” but adi ene; rac-9- sil af l uorendi yl (2-iso-butyl,

435 - Qb yﬁ{ikéi(%'g%ﬂ%@ﬂi%?ﬁij'Qﬁlghgﬁl}lpgén?ﬁlilPJehgl%zirconium

rac-9-si | aff uoren

4-[3",5" - dhnkbgmylphenyl]indenyl)22irconiun114 10

1, 4- dlphenyl 3- but adi ene; rac-9-si Iafluorendlylsz tert-butyl,

4 [l@ 5 - d?Cﬁb%hailP%ew ?—rlfrmemﬂy; 37§31 i enxiphenyl]indenyl)yzirconium
dlphethwﬁng but adi ene; rac-9-sil afluorendiyl (2-methyl, 4-[3",5 -bis-

rac-9-silafluorendiyl(2-n-butyl, 4-{3',5'-di-phenylphenyl]indenyi),zirconium
dimethyl;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3",5'-di-phenylphenyl]indenyl);zirconium
15 dimethyl;
rac-9-silafluorendiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl]indenyl);zirconium
dimethyl;
rac-9-silafluorendiyl(2-tert-butyl, 4-{3',5"-di-phenylphenyljindenyl);zirconiurn
dimethyl;
20 rac-9-silafluorendiyl(2-methyl, 4-{3',5'-di-phenylphenyl]indenyl);hafnium
dimethyl;
rac-9-silafluorendiyl(2-ethyl, 4-[3",5"-di-phenylphenyl]indenyl);hafnium
dichloride;
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-phenyiphenyl]indenyl);hafnium
25 dimethyl;
rac-9-silafluorendiyl(2-iso-propyl, 4-[3",5'-di-phenylphenyljindenyl}:hafnium
dimethyl,
rac-9-silafluorendiyl(2-butyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dimethyl;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-tbutylphenyl]indenyl);zirconium n*-1 4-
30 diphenyl-1,3-butadiene;
rac-9-silafluorendivi(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium n*-1 4-
diphenyl-1,3-butadiene;



trifluoronethyl phenyl]indenyl)2zirconiumr14-1, 4-di phenyl -1, 3- butgcﬁi BRE 2004
15 rac-dinethylsiladiyl(2-ethyl, 4-[3 ,5 -bis

trifluoromethyl phenyl]indenyl)2zirconiumr14-1, 4-di phenyl -1, 3- but adi ene;
rac-9-sil af l uorendiyl (2-n-propyl, 4-[3,,5 -bis-

trifluoromethyl phenyl]indenyl)?2 zirconrun1r14-1,4-diphenyl-1,3-butadiene;
rac-9-sitafluorendiyl (2-iso-propyl, 4-[3 ,5 -bis 20
trlfluoronethylphenyl]lndenyl)22|rcon|un1x14 1, 4-di phenyl - 1, 3- butadlene
rac-9-sil afabt%snérﬂhhn;dndﬁﬂ(ﬂ—ﬂ&mqﬁyl 4[71 3" dlafbubalphenyl]mdenyl)zzzrcomum n'-
trifluoroneth phen I]|ndenyl)22|rcon|un1x14 4- di phenyl - 1, 3- but adi ene;
rac- 9- sila%ﬂ ii(@ﬂ@@@ﬁbutyl 4-[3",5 -bis-

trif gug{;)ggp[%re Y RO ) 280 £ @%@%ﬁ%eﬁyﬁfnehsm&lr&m%uwad' ene; 25

tr|fIuoronpnnﬂﬂﬂmgnyhhhﬂgﬁa%J)22|rconlun1r14 1, 4- di phenyl - 1, 3- but adi ene;

rac-9-silafl uorendiyl (2-tert-butyl, 4-[3", bIS-
trlﬁluorone&ﬁ&hbﬂmnwhﬂwﬂﬂenbh%ﬂzihé6hdwmmnm@wmynmdunhhmyhnﬂwﬁrbutadlene
rac-9- S|Iafluorend| | (2- et hyl ,

4-13'", 5' - dh-41daphesyl %Wwﬁ%qu i ndenyl ) 2zi r coni um 30

x14-1, 4- di P_@Dgﬂa & r;(i Ejgrtl@diﬁg%ﬁtylzﬁi ]?’3 REG- %gfﬁphe%?l Jindenyl),zirconium

rac-9-sil afl doren

4-13,5" - damh@ﬁd@ropylphenyl]lndenyl)22|rcon|un1 p4- 1, 4-di phenyl-1,3
-butadlene rac-9-silafl uorendiy ;2 n-p

.5 - d|-|sdﬂpﬁbﬂ@ﬂphﬁﬂﬂbﬂﬁﬁﬁeﬁymwz ﬂ?ébﬁlunmﬂRmeugu@nﬂh@nyommmaw -but adi ene;

5 rac-9-si]af).uore Y, .1 SO- propyl,
4 [% 5' - dt a‘téh ngﬂﬁﬁ 1% ndenyl ) 2zirconium TI 4_ 1,4- dlphenyl
bUt adi @@LSlf&%oﬁenal 1@f tleH u?yrldlli;k (5 dpTM]Phenyl]mdenyl)zzlrcomum n-

4 [3", I -1so0-propyl heny j 1 ndenyl)2zircon

114- 1, 4 dlnhammﬂeny -BAbmitadtierene; rac-9-silafluorendiyl (2-iso-butyl,

A R T ek [ 453 S8 T eont um
trifluoromethylpheny!jindenyl);zirconium n -1,4-diphenyl-1,3-butadiene;

15 rac-dimethylsiladiyl(2-ethyl, 4-[3',5"-bis-
trifluoromethylphenyl)indenyl).zirconium n*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium n*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-iso-propyl, 4-[3',5'-bis-

20 trifluoromethylphenyl}indenyl),zirconium n*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-n-butyl, 4-[3',5'-bis-
trifluoromethylphenyljindenyl),zirconium n*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendivl(2-1so-butyl, 4-[3",5"-bis-
trifluoromethylphenyl]indenyl)>zirconium n°-1,4-diphenyl-1,3-butadiene;

25 rac-9-silafluorendiyl({2-sec-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium n*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium n*-1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-iso-propyiphenyl]indenyl),zirconium

30 n*-1,4-diphenyl-1,3-butadiene;



10 r14-1, 4-diphenyl -1,3 -butadi ene; rac-9-silafluorendiyl (2-sec- thS(IDEC 2004
4-13",5 -di-iso- propylphenyl]lndenyl)22|rconlun1r14 1, 4-di phenyl - 1,3

- but adi ene; rac-9-silafluorendiyl (2-ter-butyl,

4-13',5" -di-iso-propyl phenyl ] 1ndeny[b2;irconiun1Tl 4 1 4-di phenyl -
1,3-butadiene; 15 rac-9-siIafluorendiyf(z-nethyl,

4-[3",5" -di-iso-propyl phenyl ]i ndenyl) 2hafni umr14-

1, 4- dlphenyl 1, 3- but adi ene; rac-9- S|Iafluorend|yl(2 et hyl,

4-13',5' - dﬁa619s%la§mwripﬁ(érgﬁhjh fdEriyH)-isprrrppyphenyl lindenyazircpmigmyn - |

- but adi ene: | upr endi yl (2- net hyl
4-13", 5 46ﬁ@ﬁ§VEhéﬂyinﬂH%nyl)22|rconlun1x14 20 1, 4-di phenyl -
, 3- bUt adl ﬁ@@»snfaﬁﬁo%nﬁiyl? ?Pd«'-w §2d1§§(;1}5}0IpX L{)henyl mdenyl)zzlrcomum

I

4-13',5' -di - phenyl phenyl yI)22|rcon|um phenyl - 1,

3- utad|ene,lﬂampﬁmgdnaﬁhumhamdlyl(2 n- propyl ,

4- - di - phenyl phenyl ] i ndenyl 22|rcon|un|H

1, 43di pherf>a1=91511@ voreadiviaso-penyad-B- érqliaﬁw-ampémiiewldlzd?ry&zﬁm@wm

4-[3',5" -di+phe h | | )2zirconium Tl 4_ 1, 4-di phenyl -

1, butadﬂ&nggﬁpégggﬁé"%F?ugxgndlyl(z n-butyl,

4- , 9 @ac@@ﬁﬂh%ﬁﬂ%’l(ﬁlmgﬁt@y ) Bz 5T HAR- HprZﬂ;ﬁmn}Jl ifiderfi AR um 1. 3
b | 'uor endi’yl (2-i so- buty

3,5 -dy- phethmmbmﬁHmnmﬂeﬂyl)22lrconlunlr- 30 1, 4-di phenyl -

out ad:f.gg §%§9P%@§vﬁ Eg%réﬁfv ;@% gc@rflﬁﬁ%lmlﬁ?fip gg';,l indeny 1 zircontur
, dlphe 6li-e rac-9-sil afl uorendi yl (2-sec-butyl,

% |-%%éﬁ]P%kgﬁgﬁ?ﬁmagﬁgl)22lrconlurn TJ 4- 1, 4-di pheny I-1 3
but adl eneraci? -silafluorendiyl(2-sec-butyl, 4-[3',5'-di-1so-propylphenyl]indenyl),zirconium

[
b
[3
4
[
3-
L adlene rac-9-sila
b
i
u

PR BRR A

114- I,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-tert-butyl, 4-[3',5'-di-tso-propylphenyl]indenyl),zirconium
n°-1,4-diphenyl-1.3-butadiene;
15 rac-9-silafluorendiyl(2-methyl, 4-[3',5'-di-iso-propylphenyl]indenyl) ;hafnium n*-
1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-ethyl, 4-[3',5"-di-iso-propylphenyl)indenyl) shafnium n*-
1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-methyl, 4-[3',5"-di-phenyiphenyl]indenyl),zirconium n*-
20 1,4-diphenyl-1,3-butadiene;
rac-9-si1aﬂu;)rendiy1(2-ethyi, 4-[3',5"-di-phenylphenyl]indenylyzirconium n*-1,4-
diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-n-propyl, 4-[3',5'-di-pheny!phenyl]indenyl);zirconium n*
1,4-diphenyl-1,3-butadiene;
25 rac-9-silafluorendivl(2-iso-propyl, 4-[3',5'-di-phenylphenyljindenyl),zirconium
n4—1 4-diphenyl-1,3-butadiene;
rac-9-sitafluorendiyi(2-n-butyl, 4-[3',5'-di-phenylphenyljindenyl);zirconium n*-
1,4-diphenyl-1,3-butadiene;
rac-9-silafluorendiyl(2-iso-butyl, 4-[3",5-di-phenylphenyliindenyl)>zirconium n'-

30 1,4-diphenyl-1,3-butadiene;



"O-silafluorendiyl-" refers to the substituent: The netallocenes:? t@tf 2004
i nvention are prepared according to general techniques known fro ah
literature, for exanple U S. Patent Nos. 5,789,634 and 10 5, 840,644 (both
entirely incorporated herein by refetgﬂpe). Generally, netallocenes of this
type are synthesized as shown bel ow ere (R4=H) (a) is an aryl-coupling
reacti on between a 4-hal osubstituted indene and an aryl Gignard catal yzed
by Nl 2(PPh3)2 in ether-type solvents at room 15 tenperature to refl ux.
Product i saerSeralafiyonsndiyt(P ecrtibytyd of -(ind -dhplemstphgndpingenyl ) zidiosiunh hat i on. (b)
is a deprotonation via a netal salt of an alkyl anion (e.g. n-BuLi) to
T ol b Ry

forman in ction with an appropriate bridging

Do oo reEYTRAGLEhBTI O Nel R T RIP sed RO bR RnfL) AR, fione L1

et her-type solvents at erat'ure roauct i's purified

by col um chdiprehagr, apyadine20 distillation. (c) is double deprotonation
via an al kyl anion (e.g. n-BuLi) to forma dianion followed by reaction
with a netal halide (e.g. Zrd4). The reaction are wusually done in

et her-type or axro i.c_solvent t .anmbient tenperatures. The fi nal
products are ob?ﬁﬁ%ﬁﬁm§9gwgcf@%F3PF?%%W?EHF%& the crude solids. 2 3 DEC
2004 -25 R o (a) MgX R10 (b) R10 2 3 DEC 2004 -26 The netal | ocenes of this
invention are highly active catal yst conponents for the polynerization of

ol efins. The netall ocenes are preferably enployed as chiral racenates.
However, it is also possible to use the pure enantioners in the

Z

X
Y
e

The metallocenes of this invention are prepared according to general
techniques known from the literature, for example U.S. Patent Nos. 5,789,634 and
10 5,840,644 (both entirely incorporated herein by reference).

Generally, metallocenes of this type are synthesized as shown below
where (R4=H) (a) 1s an aryl-coupling reaction between a 4-halosubstituted indene
and an aryl Grignard catalyzed by NiCI2(PPh3)2? in ether-type solvents at room

15 temperature to reflux. Product is usually purified by column chromatography or
distillation. (b) is a deprotonation via a metal salt of an alkyl anion (e.g. n-BuL1)
to form an indenide followed by reaction with an appropriate bridging precursor
as specified in the examples. Reactions are usually done in ether-type solvents at
ambient temperatures. The final product is purified by column chromatography or

20 distillation. (c) is double deprotonation via an alkyl anion (e.g. n-BuLi) to form a
dianion followed by reaction with a metal halide (e.g. ZtCly). The reaction are
usually done in ether-type or aromatic solvents at ambient temperatures. The final

products are obtained by recrystallization of the crude solids.



(+) or (-) form The pure enantionmers allow an optically active p°Z¥FﬁECtﬂm#
be 5 prepared. However, the neso formof the netall ocenes should b

renoved, since the polynerization-active center (the nmetal atom in these
conpounds is no longer chiral due to,4dhe mrror symmetry at the central
metal atomand it is therefore not possible to produce a highly isotactic
polynmer. If the neso formis not renoved, atactic polyner is fornmed in
addition to isotactic polynmer. For certain to applications this may be
entirely desirable. Rac/nmeso netal |l ocene isomer separation is facilitated
when netal |l ocenes containing certain bridging groups are prepared. W have
found this to be true when the bridging group, R13, is represented by the
fornula: R18 RLY 15 wherein: M ang R 17 to R24 are as defined above.

Met al | oceneg ar general ly used il conblnatlon w th sonmer'form of s 20
activator im t0 createRa’ #Ctj-vE cat al y8t system The ns
"activator" al / ar d i nterchangeadl y angd:-are -deki ned

herein to &f conpoundR& dﬁent _or conblnatlo%bof conpounds or
conponent s, S

to polynerize ol efi ns. Al kl yal unoxanes such as net hyl al unpxg
comoniy used as 2 3 DEC 2004 -27- netall ocene activat or§:
al kyl al unoxanes contain 5 to 40 of the repeating units: R(ARRO XAl R2 for

l'i near species q%g 5 (AIRO )X for cycligﬂspecie where Ris a Cl1-C8 al kyl
including m ed Ikyls Conpounds in whi S nethyl are particularly
preferred. %I an®’sol utions, parti arly

[
i
Ih




met hyl al unoxane sol utions, may be obtained from comerci al vendor < 3sDED 2004
sol utions having various concentrations. There are a variety of nmethods for
prepari ng al unoxane, non-limting exanples of which are described in U S
Patent Nos. 4,665,208, 4,952,540, 5,094,352, 5,206,199, 5,204,419,

4,874,734, 4,924,018, 4,908, 463, 4,968, 827, 5, 308, 815, 5,329, 032,

5,248,801, 5,2 4 s - A= @ v Bl 86,

2P A-0 504215 o T2 SAY 15148 R M ARl cEM ey

r ef er ence.fot d golpmeaedtionadidslefinay Tak swethléocasedart refetablyatmpimtdldsocenes.
These activators are neutral or ionic, qQr are conmpounds such as

tri (n-but yiAhIASAMAIS. TETYRERSE FeHbaPratip KA PBdRER enanfiRmers Iotieze t he

neut r al tal e co . . 110N, ZI ; S in an
Retive prare R TROIR R RiSHER HR b My A B T 8 ot e
or only | qeegiryd. CHom@Vaatietmes, fokieofItReRictilidgends @Rowlll berembord, zime

conpound. Conbi nations of activators may al so be used, for exanple,
al unoxane thagolyswrizptigp-acitveignsr (1Be Mt #tgrohin these compoundsising, loygar

94/ 07928. 25 i pti f_iani I f i nat
041 07525, F5PRRCH BB 0 SRR e HERIEDEffor o

non- coor diatibRAo3bARS aamgmg/ris&tacﬁdwpo@ﬁﬁ.ylf MO idesh oraPisd rémével)3, EP-A-0
277 004 and U. S. Patent No. 5,198,401 and WD A-92/00333 (each incorporated

her ei n by atastisr palysjer Fhdemneddehaddispr alsl esvGtigephbaerof Iregamtaini on

wher ei n: net glloce es argbprgtqngt ed E%/ an anion precursor such that an
al K1 / hy drdPRESHIO8a fiF e PHIT L4510 a transition metal to nake it both

cationi c and charge-bal anced by the non-coordinating anion. 2 3 DEC 2004
-28- Suitable ionic salts include tetrakis-substituted borate or al um num
salts having fRagmestethetallpcenzonsmet sepatatiosus Hacaktappdewlpdn mistableeengs and

2?? L2¥| ) Tc%%tatu%é“ cerq‘%rr]l-lg:r?d(,)grilggl E%ulpg %reagll'e?)gred.( N%)haggq’gusnda hi&fY B0 trvt\llgl ch

when the bridging group, RI13, is represented by the formula:

RIS

15
wherein: M2 and R17 to R24 are as defined above.

Metallocenes are generally used in combination with some form of

20 activator in order to create an active catalyst system. The terms “activator” and
"cocatalyst" are used interchangeably and are defined herein to mean any
compound or component, or combination of compounds or components, capable

of enhancing the ability of one or more metallocenes to polymerize olefins.

Alklyalumoxanes such as methylalumoxane (MAQO) are commonly used as



5 does not coordinate to said cation or which is only weakly coordzaaBEa 2084
said cation thereby remaining sufficiently labile to be displaced by a
neutral Lewis base. "Conpatible" non-coordinating anions are those which
are not degraded to neutrality when the initially formed conplex
deconposes. Further. the anion will not transfer an anionic substituent or

fragnent ! felaSehR! hllaffls 35 deflGtl SAkl hidhddled Qb BEW IR JrolE

coordi nate netal |l ocene conpound and a heutral by-product fromt

Non- coor di reptating wiisons useful in accordance with this invention are those
whi ch are conpatible, stabilize the netall ocene cation in the sense of
balancing its ionic charge at +1, yet retain sufficient lability to permt

di spl acenent by an et hyl epi etyl eni cal | y,unsat urated nononer
during 15 pol ymeri zati onm‘gfﬁieéz*sp‘gﬁbggri }6%%35?916519153?4% conpounds not

congai ning an active proton l{mRoggﬂﬂbéﬁH@fspm@duci ng both the active
net al | ocene cation and a non-coordinating anion is also known. See, for
exanple, EP-A-0 426 637 and EP-A- 0 573 403 20 (each incorporated herein by

reference)_., An @additj.onal ho f making,the .ionic catal e

on 21 ng. APER BiEeFare alfR! ditufne TR SIS CURPuR S S WRER A But for m
the catio anion Loni zi reaction with the netall ocene

conmpounds Tln?t@?l e?(i%'fnpp %r%;@ ﬁlgrlﬁsep rgft?:g&egi s( pé HAFY205 (.‘?Bﬁ“élﬁ?f’) %%ﬁ‘é‘ﬂ%r.ly See

EP- A-0  52@ethsRl(rhereme psylaiad, haseite Rytahiekie FRRE QommaRiat eaidalsysss for
addi tion 25 pol ynerization can also be prepared by oxidation of the netal

cen® ers ofsolytimsihavoig vapeus cowapoaings. byhemi on prvedety sof setimds aoni ng

metal lic oxidizin roups alonpg..with the ani on. groups, see, EP-A.0 495 375
(i ncor por dt'&df glluﬁmﬁﬁ?g?’e?oé}'gﬁ%t&g. veBSI S_t(ﬁjewﬁgﬂa?rel ?ﬁéﬂﬁ%ﬂ i"ﬁclljl§_de hal ogen
noi eties (FddntaNed, 665, 2083-4 30 sa0c| DEEn adiserod 190 rseaai 4 di eyl pygi de) whi ch
are not capable of ionizi ngpabstractl on under standard conditions, they can

be conver teR4V S, kh80h4al.k§.La8.88h S388815.0AS2R0BR, 5r2988Get5alI5i @ lconpounds
such as it hi or al.um yar.i S, Xa Gignard
reagent s, %my egnééﬁgﬁgﬁggﬁ; ‘g&zﬂﬁf\g 1%:;22‘L %BEEP%@ESAQ dnd“Wo

15 94/10180, each fully incorporated herein by reference.

lomizing activators may also be used to activate metallocenes. These
activators are neutral or ionic, or are compounds such as tri{n-butyl)ammonium
tetrakis(pentaflurophenyl)borate, which ionize the neutral metallocene compound.
20 Such ionizing compounds may contain an active proton, or some other cation
associated with, but not coordinated or only loosely coordinated to, the remaining
ion of the ionizing compound. Combinations of activators may also be used, for
example, alumoxane and ionizing activator combination, see for example, WO
94/07928.
25
Descriptions of ionic catalysts for coordination polymerization comprised
of metallocene cations activated by non-coordinating anions appear in the early
work in EP-A-0 277 003, EP-A-0 277 004 and U.S. Patent No. 5,198,401 and
W0O-A-92/00333 (each incorporated herein by reference). These teach desirable
30 methods of preparation wherein: metallocenes are protonated by an anion
precursor such that an alkyl/hydride group is abstracted from a transition metal to

make 1t both cationic and charge-balanced by the non-coordinating anion.



-29- Al-0 570 982 (each incorporated herein by reference) for in s 8uDEC 2004
processes describing the reaction of al kyl alunmi num conpounds with

di hal o-substituted netall ocene conpounds prior to or with the addition of
activating anionic conpounds. 5 Methggs for supporting ionic catalysts
conprising netall ocene cations and NCA are described in WD 9950311, U.S.

Pat ent Nosg. .- 4 4 nd 5.9 23 L. S, ., Pat ent Lication, No. 09184358,
filed Novesr%grbpez‘f?"mﬁcggaégalﬁ‘%luﬁf GrfPghttag pF‘i’ré%?t ?roﬁﬁﬁ}&“%éi‘%ﬂ%‘@?gfi | ed
Novenber 2fluckRR8 afﬁ%hstﬁtuédtys&dh%fﬁh@ﬁﬁtl@i herﬂ;@aﬂ@hﬁlﬁtﬂylby reference). \Wen

2

the activator for the netall ocene supported catal yst” conposition is a NCA,
preferably the NCA is first added to the support conposition foll owed by

t he addition ofthe netall ocene catalyst n the activator is K MAQ
preferably 15 t ¥ KE® %&'%f@?#‘@@e%g%a@‘é%gf“%% a9 28 Wgtfht%ﬁ’éf her in

sol sition. doRe ndHRPGUtnatd o RGN bAGHSCh 1 émyt»b@a}k:r%gémhﬁléd%%% cat al yst

solution. O her nmethods and order of additionh w e apparent to those
ski |l | ed i reatibe thereby TéeaiovugadufSeicstslaie toskddisplaped parentihml dengosi ti ons

of this inventjQn ar 20 preferably supported usjng a porous particul ate
mat eri al, &dch Q\%’npﬁfbl‘éxﬁqu?(&‘g@ﬁﬁlglmpﬁ @réﬁﬁ‘&seo‘% ‘88@{3 ?%&EQE@HF@ &hl ori des
such as i | QL & J JBL6hiQl efin or
pol ymer i gq%gﬁglggrr?é@ tgé g‘ﬂﬁ?lgﬁwggﬁg&g%&rt Eéléteg'r ?3 g%}%%EE@OﬁEI i norganic

oxi de mat ewt &lassfer 26 anlvinchsubetiuedieort fragmedftr onthe katidlesd adite cdiadblie tof

El enents o Gou&s 2,.3, 4, 5. 13 or 14 netal/netalloid oxides. Silica,
al thi na, JPTM CaRN@mIOH coRrdingte ymgialkecene kepwennd ped darauiral pypredust ef er abl e.

uher | norgiRkice AbA9%od-BadraffRn EniBIPLONEAn LN CeAL RN il InvefliGP! Nat i on
with the silica, alumna or silita-alumna are nagnesi a, It ani a,
zi rconi a, aancthasbavliclkare Gfnpatible, stabilize the metallocene cation in the sense of
balancing its ionic charge at +1, yet retain sufficient lability to permit
displacement by an ethylenically or acetylenically unsaturated monomer during

15 polymerization.

The use of ionizing 1onic compounds not containing an active proton but

capable of producing both the active metallocene cation and a non-coordinating

anion 1s also known. See, for example, EP-A-0 426 637 and EP-A- 0 573 403

20 (each incorporated herein by reference). An additional method of making the
ionic catalysts uses ionizing anion precursors which are initially neutral Lewis

acids but form the cation and anion upon ionizing reaction with the metallocene
compounds, for example the use of tris(pentafluorophenyl) borane. See EP-A-0

520 732 (incorporated herein by reference). Ionic catalysts for addition

25 polymerization can also be prepared by oxidation of the metal centers of transition
metal compounds by anion precursors containing metallic oxidizing groups along

with the anion groups, see EP-A-0 495 375 (incorporated herein by reference).

Where the metal ligands include halogen moieties (for example, bis-

30 cyclopentadienyl zirconium dichloride) which are not capable of ienizing
abstraction under standard conditions, they can be converted via known alkylation

reactions with organometallic compounds such as lithium or aluminum hydrides

or alkyls, alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944 and EP-



Preferably the support material is porous silica which has a surfacfe3aﬂEﬁal 2004
in the range of from1l0 to 700 n2/g, a total pore volune in the range of
fromO0.1 to 2 3 DEC 2004 -30- 4.0 cc/g and an average particle size in the
range of from10 to 500 m Mre prefgrably, the surface area is in the
range of from50 to 500 nR2/g, the pore volume is in the range of fromO0.5
to 3.5 cc/ n .Gl 17e 1.Scl I 20 to
200 m Nbs’?l‘geg{dr ?g?%géﬁqgcﬁ%%{é:ﬁa%e‘%ni by jrefep ecéfg“%rgéﬁ g}ggSf}l]{oF%g%ngoo to 400
M2/ g, the qeedribin®thtTeedction Noft AIRyI Alngtingh dongioudd$S vwith Jidicedigtiand t he
average particle size is in the range of from30 to 100 m The average pore
size of typitalgceporwmposndp@ior nigt 6F i it the 4dditidne of AgEatyig fRIMCIO to
1000A. Prefera% , a support material is used that has an average pore

di amet er SPMPPY %0 to 500A, and nost desirably from 75 to 350A. It may be
pardicularly desirable to 10 dehydrate the silica at a tenperature of from
100C to 800C anywhere from3 to 24 hours. The netal | ocene, activator and
support mat eri diethags foe sepprisiing niccatalysts eempising ewdlpseneMsitiens freh one

nmet al | ocene., ma | so., be.u : anmpl f 15 sui u ri.t.echni ques
are descr ilﬁ‘e‘ﬁ %%%Fﬁcné?g%t%‘gﬂt”ﬁ@émﬁ %0%??8‘1@?1&’8%’%??ﬁgg’gtg@égﬁ’ fully

| ncor por atgq, bﬁ@%ﬂgﬁ’%a‘ﬁ%g%fWS&BSS‘?W@N@O&%&@, 1998 Al 9sepgRnand
activator are conbi hed and their reaction product supported on the porous
support netpplicaioraNdeddBEbRY filed WNo@miRat Znt 9o (eabh 2Ully S@dorpachtadDd 94/
28034, WD 96/ 00243, and WD 96/ 00245 (each fully incorporated herein by 20
refoerence.hfreAHIPIéF‘?faEePWIy, the netal |l ocenes may be preactivated separately
and then conbined with the support naterial either separately or together.
If the netallocenes are separately supported, then preferably, they are
dried then corWhaetheastiaatpofudehic mefaibenaseppartedalataiest campoonon B5

Regardl ess _of whether the netal.locene(s) and their activa are separately
pr econt ac ¥ oPrefiabldhe Nt pefimt @3%@51@(@)3 SURRPTLEP PRSP gﬁa@”@ ﬁ‘ﬁl ned at

once, in e addition of the metallocene catalyst. When the activator is MAO, preferably
15 the MAQ and metallocene catalyst are dissolved together in solution. The support
is then contacted with the MAQ/metallocene catalyst solution. Other methods

and order of addition will be apparent to those skilled in the art.

The catalyst systems used to prepare the compositions of this invention are
20 preferably supported using a porous particulate material, such as for example, talc,
inorganic oxides, inorganic chlorides such as magnesium chloride, and resinous

materials such as polyolefin or polymeric compounds.

Preferably, the support materials are porous inorganic oxide matenals,

23 which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13
or 14 metal/metalloid oxides. Silica, alumina, silica-alumina, and mixtures

thereof are particularly preferable. Other inorganic oxides that may be employed

either alone or in combination with the silica, alumina or silica-alumina are

magnesia, titania, zirconia, and the like.

Preferably the support material is porous silica which has a surface area in

the range of from 10 to 700 m2/g, a total pore volume in the range of from 0.1 to



sone instances it may be preferred that the total vol une of reactiz) C 2004
solution applied to porous support is less than 4 tines the total gopg

vol une of the porous support, nore preferably I ess than 3 tines the total
pore volune of the porous 30 support apnd even nore preferably in the range
of fromnore than | to less than 2.5 )Qi mes the total pore volune of the

porous suppgrt, Procedures for. i I por ous
Suppor t arc et SRRETAY A iRl 8 il of RO LPS RIstoRasts, P

escri be i,ment a ' ear.c Academ c
Press, 196@?&%{%&1@% 8%”5%?9%‘%”&%%? l\%hggg? af}-{}gt%%é;?/&s?g(?nnﬁ ’g%: Sed
directly ivol@at yrthe aingedf dlom &.5tHe. scay@hnisthe ayahgnparaylelezeds ephkyneri zed
usi ng nmet hods well known in the art. For details regarding

pr epol yneriapga Pbfrons 2@ tagPe edn shiess slepzabin thenpistacq app3isgn3he sgepfon1, 825,
and EP 0 279 863 and ER, 0 354 893 (each fully incaorporated herein by

rﬁf%r ence)fromy&04adap I%%éﬁéeéafanQ}B@eﬁ@t'@Prﬁa%ésctfrfi%‘ée-&fér%@ Re/gra@dyseful in
the poly i o) foall ty f ol ofi 8~ 1.0cl i zation
processce Al aree Plsisa s B ol fnel of dsER0 Iudo WL, AP VAR TR e

as wel | assizebbP &pi 6 B EigppandmbiEpialt isciapk ardes of Tides 4 Opel yooA.zat i on
processes na be carried out in solution, in suspension or in the gas
phase, comfe %l asupport Snasenial hsissd thashaa ay avsags prie demnaterafdestm 50n one or

nore steps r.ef er abl t.a..t of.. from 60C.{ 0 re

pr ef er abl bfsgg ’§6%nf(}o/°’t gﬁﬁablypﬁgﬁgcﬂfogﬁé& g’?‘%r@glﬂagﬁcfu?ac{r?ﬁ g%s%a‘%’%qgoc. The
pohymer i ZdehQfraly the GARG! Y ABEMBALLRA of FrofAT (0 0o Bab UahPEhaLaidmAS 18f the
formula RaRCH=CH-Rb . In this fornmula, Ra and Rb are identical or different
and are a Zidrwgen atom or an 10 al kyl radical having 1 to 14 carbon atons.
However, Ra and Rb may alternatively forma ring together with the carbon
atons connecting them Exanples of such olefins are ethylene, propylene,

1-butene, 1-hexpRem il hetivRG RN Gppdit A4EM may be combined in any
number of ways. More than one metallocene may also be used. Examples of

15 suitable support techniques are described in U. S. Patent Nos. 4,808,561 and
4,701,432 (each fully incorporated herein by reference.). Preferably the
metallocenes and activator are combined and their reaction product supported on

the porous support material as described in U. S. Patent No. 5,240,894 and WO

94/ 28034, WO 96/00243, and WO 96/00245 (each fully incorporated herein by

20 reference.) Alternatively, the metallocenes may be preactivated separately and
then combined with the support material either separately or together. If the
metallocenes are separately supported, then preferably, they are dried then

combined as a powder before use in polymerization.

tJ
h

Regardless of whether the metallocene(s) and their activator are separately
precontacted or whether the metallocene(s) and activator are combined at once, In
some instances it may be preferred that the total volume of reaction solution
applied to porous support is less than 4 times the total pore volume of the porous
support, more preferably less than 3 times the total pore volume of the porous
30 support and even more preferably in the range of from more than 1 to less than 2.5
times the total pore volume of the porous support. Procedures for measuring the

total pore volume of porous support are well known in the art. One such method



nor borene and norbornadi ene. In particular, propylene and et hyl ene2a3 egE[: gguq
pol yneri zed. The netall ocenes and netal |l ocenes catal yst systens of thi
invention are nost suitable for the pdlynerization of propyl ene based
polymers. |f necessary, hydrogen is added as a nol ecul ar-wei ght regul ator
and/or in order to increase the activity. The overall pressure

pol yrer i zat deseribyd irekolsnd ﬂpﬁxpeﬁ}nﬁexﬂﬁq\/{kﬁaﬁls InoCay s REe0RA Kbaderbiar -

Pol yneri Z}tl on}éé%prefe |y carried out in 30 the i ndustrial | y
parti cul arF§ss E%E‘?Sﬁ{? -essure range from5 (500kPa) to 64 (6,400 kPa)

bar. 2 3 DEC 2004 -32 Typically, the netallocene is used in the
pol ynmeri zation in a concentration, based on the transition netal, of from

10'3 to 10'8 nojpe ﬁfp§&ﬁé@9£myfsf%é194n a/obelgse Péahy lﬂ?ﬁggﬁga}' on nmetal per

dnB of sol vent or reactor v 12 LP§ed as the

co&at al ysthe ¢ataliyst sgfsmh maydaeqﬁap@lmmeaktcbﬂsm)% n‘feltEUdIB e PkiPmPinl e
pr ef er abl i__@f romlO0-4 to 10 nol , per dnB of solvent or per dn8 o react or

vol une. TREr §eRds T‘?ﬁfé@ﬂ&lwfﬁ%ﬁﬁ%ﬁt@ﬁeéﬁeavﬁmﬁsﬁam Ratent Mogr ‘&),QP.BUSB&I y
i | t t t h
igher - candTed e LR RE T B AR BB 0 35® B e oRbip et 15

carried oltregsbprefergned)si on or solution polynerization, an inert solvent
which is customary for the Ziegler |owpressure process is typically used
for exanple, the polynerization is carried out in an aliphatic or

CY | oal i phatic dr oc bon; eég/rgl es of which are propane, butane, hexane,
hept ane, i sooct Cofexa nﬁi’sﬁ?ﬁ’cshw%??b?fbﬁ@@ﬁeﬂrclﬁseﬁé i she 15

possibl e payisecasbessne s DSOS NS ugasl b eace)oncTo uene can

al so be pol'ymeri-zation 1's pre

nonomer . Mﬂmicﬂnprotduczshbmpblgrnwfg M@e@mdrﬂacmnmg snd@itge NRE @584kl Rggas or
liquid fo&g&kBefO{e addition of the catalyst, in particular of the

supported FOpelymesy) 284, 4NBZRL CRRBHFRSFS- al wemmw@ompmmws magh as, for
exanpl €, pe carried out in solution, in suspension or in the gas phase, continuously or

15 batchwise, or any combination thereof, in one or more steps, preferably at a
temperature of from 60°C to 200° C, more preferably from 30°C to 80°C,
particularly preferably from 50°C to 80°C. The polymerization or
copolymerization is carried out using olefins of the formula RACH=CH-RY . In
this formula, R2 and RY arc identical or different and are a hydrogen atom or an

20 alkyl radical having 1 to 14 carbon atoms. However, R and Rb may altefnati vely
form a ring together with the carbon atoms connécting them. Examples of such
olefins are ethylene, propylene, 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene,
norbornene and norbornadiene. In particular, propylene and ethylene are
polymerized. The metallocenes and metallocenes catalyst systems of this

25 invention are most suitable for the polymerization of propylene based polymers.

If necessary, hydrogen is added as a molecular-weight regulator and/or in

order to increase the activity. The overall pressure polymerization system is from

0.5 (50 kPa) to 100 (10,000 kPa) bar. Polymerization is preferably carried out in

30 the indust_n'ally particularly interesting pressure range from 5 (500kPa) to 64
(6,400 kPa) bar.



trinmethylalum num triethylalumnum triisobutylalumnum trioctylqhu
or isoprenylalumnum my additionally be i nt?/oduced i nmt o the rgazboﬁtcmﬁm
order to render the polynerization systeminert (for exanple to renove
catal yst poisons present in the olefism). This conpound is added to the

pol ynmeri zation systemin a 25 concentration of from 100 to 0.01 nmol of Al

per kg of react qyprany ant tetallSt&fesik @BgEInithe golyeRrikatidnrihiasohtdnyladbam num and
triethyl alumnumin a_ concentration of from10 to 0.1 nmmol pf Al per kg
of react or bessdtoarthe tramifien mictabvd framd0miv 40~ molnrelesbiln from Ho' dell@cted at a

|l ow | evel kn the.synthesis pof a supporte catal yst_ s m .30yl
principle, Hﬁb\e‘?feﬁ/ﬂs.{t’ﬁ@ IBE%PBEF dﬁ%r‘?#ﬁsé)ﬁveé@&?gn‘i soé of é[@at% %llu)'}ger M the
pol yneri ZaEfu%x%ﬁ@%tﬁ 8 2k Sh/PRELERR A Yo udedtn al dBcoHatiBADf FHONOP NG to the
invention can be used as the only catalysts for the polynerization of

ol efsi ns. 216" BT [26R4ablB &ofhE) hroodEssokhpendr! ofsdent hepérrenefiresctors

di stingui shed by the fact that the  netall ocenes descr. be i
propyl ene H@llum%fr?eé’fhe\liéPiﬁtﬁVﬁﬁWP@E?ﬂt F us?\ifrb?ﬁ APRERY MY y%&r’l I,l‘%/r:nd very

nioh ster cgLAGH S, bl W Shecahalnalnac by kienid " nEwtis, | Aghstrial |y

particularly Interesti ol'yneri zation tenperature range of from 50C to
80C. The cabmelhticiéShenBo pbssitie.s i nvention are capabl e of providing
polymers, particularly propylene honopol yners and copol yners, of
exceptionally high 10 nol ecul ar wei ght and nelting point even when used in

processes under ..comercially.rel.evant. eonditj.ons epAat Pl essur e
and'’cat al yst actlﬁ~ vtﬁ?y?dyﬁ]reg]z %téornedgne@ﬁﬂilfa%gggﬂoiéﬁt g gggepegtgaiﬁeggt slé)crlilg’uoﬁlllogh as

155C, nor e ppFRafceizaidn, aatinkeastventKich ievenomarefoptief Eieghdryoatpresast 157C,
and nost preferably 160C or nore. 15 The catal yst systens of this invention
are al so capmbsseisofypprabyi ueddor srappleetke polyyesizatiofals AYTIRA QL In an

ster eospeciafi%;}?aititcyoracr}%Ioraﬁgilﬁlscpl'?yccf.rgéa%i)&r}{ 'exgl%gfeg%tfiﬁhich are propane, butane,
hexane, heptane, isooctane, cyclohexane and methylcyclohexane. It is also

15 possible to use a benzene or hydrogenated diesel oil fraction. Toluene can also be
used. The polymerization is preferably carried out in the liquid monomer. If inert

solvents are used, the monomers are metered in gas or liquid form.

Before addition of the catalyst, in particular of the supported catalyst

20 system, another alkylaluminum compound, such as, for example,
trimethylaluminum, triethylaluminum, triisobutylaluminum, trioctylaluminum or
isoprenylaluminum, may additionally be introduced into the reactor in order to

render the polymerization system inert (for example to remove catalyst poisons

present in the olefin). This compound is added to the polymerization system In a

25 concentration of from 100 to 0.01 mmol of Al per kg of reactor contents.
Preference is given to triisobutylaluminum and triethylaluminum in a
concentration of from 10 to 0.1 mmol of Al per kg of reactor contents. This allows

the molar AI/M’ ratio to be selected at a low level in the synthesis of a supported

catalyst system.

In principle, however, the use of further substances for catalysis of the
polymerization reaction is unnecessary, i.e. the systems according to the invention

can be used as the only catalysts for the polymerization of olefins.



propyl ene pol yners prepared according to the processes of this inQbygggpzmﬁ
may have a proportion of 2-1-inserted propene units of |ess than O. t
atriad tacticity of greater than 98% Preferably there is no neasurable
proportion of 2-1 20 inserted propene, units, Triad tacticity is determ ned
usi ng 13C-NWMR according to J.C Randéll Polyner Sequence Determ nati on:
Carbon-13 NVR Met hod, Academ c Press New York 1978. Polyners prepared
using the processes of described herein find uses in all applications

i ncluding fiberphe prot@SLt@didR!6l @ inPaftioh is distiRBuisRidpsihetitct (RA thi 1 e the
present invention has been described and illustrated by reference to

par ti cul ameathegnere desribed vwnl pivbeprappicec ipeladerbyoft wogehigh mplicwlary  skil |

in the art, .that hhe inventjon lends itself. to r’m}]g dlflferent variations
not -1 DugtSiERtame R gt VK FEERGRLCLY, Bath high fp s HACUESE Y be made

solely to i f rue scope
o he pr e R R o o R S o 01 21 e

have si nglx®@°@pp8ddenci es in accordance with U S. patent practice, each of
the features in any of the appendant clains can be conbined with each of
the features of other appendant clainms or the main claim 5 EXAMPLES Al

i it i d d.dry b .
AT solvent s wolB AAEHTaGE ik dfitaPeh e siblecd P Bl Stist by
i ndene, 1QafticuldrBr n?py'r@{ehubmbm?ﬂ;ersaaﬁd tdopslyies,f buekerenxly Higr ane in

tol uene were purchased from conmercial sources. Al um num al Kyl s were
puihased ndectiyrd vatgitbend swklimigopsint r evenc ovheer eieal i oprocesses Thdeconmer ci al

commercially relevant conditions of temperature, pressure and catalyst activity.
Preferred melting points are at least as high as 155°C, more preferably at least

157°C, even more preferably at least 157°C, and most preferably 160°C or more.

15 The catalyst systems of this invention are also capable of providing
propylene polymers having high stereospecificity and regiospecificity. Isotactic
propylene polymers prepared according to the processes of this invention may
have a proportion of 2-1-inserted propene units of less than 0.5%, at a triad
tacticity of greater than 98%. Preferably there is no measurable proportion of 2-1-

20 inserted propene units. Triad tacticity 1s determined using YC-NMR according to
J.C. Randall, Polymer Sequence Determination: Carbon-13 NMR Method,
Academic Press New York 1978. Polymers prepared using the processes of
described herein find uses in all applications including fibers, injection-molded

parts, films, pipes etc.

25
While the present invention has been described and illustrated by
reference to particular embodiments, it will be appreciated by those of ordinary
skill in the art, that the invention lends itself to many different variations not
illustrated herein. For these reasons, then, reference should be made solely to the
30 appended claims for purposes of determining the true scope of the present

invention.



met hyl al unoxane ("MAO') was purchased from Al bermarle as a 30 wt % 203 BECo2004
in toluene. The netall ocenes racemc dinethylsiladiyl(2-methyl-4 15

phenyl i ndenyl )2 zirconium di chloride and racem ¢ di net hyl siladiyl (4-]

1- napht hy] - 2-net hyl i ndenyl )2 zirconi di chl ori de were obtained from
comrerci al sources. 2 3 DEC 2004 5 -35-" COVMPARATI VE EXAMPLE 1 racemc

di met hyl si | adi y} (,2- net hyl - 4- phe i ndenyl ) 2zi rconi ym di chl ori de Support ed
Conpari son Met lﬁ}boﬁgﬁéﬁ%ﬁpg?%f’p gpgﬁlla{e SPgtefifREndencies In accordance

di et hyl siigglng. (AreRp bhitlicdt <BBeY tHemeaNNkk iR ahy GODIUPHEAERY PRifietihO In a
100 nL round bottom flask racem c di nmet hyl siladiyl (2-nmethyl-4-

phenyl i ndderydonibirtd eothi eavhddicthi oichuiecs( @onthar apmamdamt ahinmc en¢helmath 055 Q)
was 10 added to a MAO solution (6.74 g, 7.2 nL) and stirred twenty m nutes.
This was “4Wtered through a mediumglass frit funnel and washed with
toluene (14 nm). To the conbined filtrates was added dehydrated silica
(4.0 g, Davison 948 Regul ar, 600C dehydration). This slurry was stirred
for twenty mnutes then dried at BNAMPDES wo mi nutes under vacuum on a
rotary evaporator until the |liquid evaporated, 15 and then the solid was
further dried a total of about two hours and twenty two m nutes. The

supported catal ygt._. L er S | Lght orange free@lo'n solid
(563 0. covpa AV pHE Sreshs o cattd ol hERRSel pRfsd R, =01
net hyl - 4- [Ay gmpmtbwergswpiga}ydsh@zbmmmmcigIsﬁlhrh@sr. Yderod- SRy igskneonpar i son
Met al | ocene Cat al yst @t_em 2 racem c dinethylsiladiyl(2-
netthyl - 4- [ 1-halterhyimeibgnpiymezanddoniparfluorophenyl) borane in toluene were
purchased from commercial sources. Aluminum alkyls were purchased as
hydrocarbon solutions from commercial sources. The commercial
methylalumoxane ("MAQ") was purchased from Albemarle as a 30 wt% solution
in toluene. The metallocenes racemic dimethylsiladiyl(2-methyl-4-

15 phenylindenyl),; zirconiun dichloride and racemic dimethylsiladiyl(4-{1-naphthy]-

2-methylindenyl), zirconium dichloride were obtained from commercial sources.



dichloride/ MAO In a 100 nL round bottom fl ask racem c di nmet hyl sil adi 3’]HEC— 2004
nmet hyl -4-[ 1- napht hy]i ndenyl )2 zirconium di chl oride (Conparison netall ocene
2, 0.064 g) was added to a MAO solution (6.74 g, 7.2 nmL.) and stirred

twenty mnutes. This was 30 filtered prough a nediumglass frit funnel and
washed with tol uene (14 m). To the’ conbl ned filtrates was added

dehydrated silica (4.0 g, Ia?y E PL QOOC dehydration). This
slurry was stirred for twenty m nutes hen rl at 40C for two mnutes

under vacuupa&ini@ difeaiy¥siRd @-ﬂkﬂfyluﬂéhéngﬂ|fi\ﬂehyl%lihd0ﬂ‘ﬁ?fpﬂfcﬁl(ﬁiﬂe 2 3 DEC
2004 -36- and then the solid was further dried a total of about two hours.

The supported catalyst was recove_red as an orange, free flowing solid
(g7r2re'?¥1yl ?ng)e(ﬁ\gflz_ 3 rac e 9:SI| eta“%eenrée “lltg %t stéml di -t-butyl phenyl)

4-[3",5 -di-t-b L d 6.1 g,
oo LSRN B el at el e (.

Et 20 3,5-Di -t-butyl phenyl nagnesdluhlorhieﬁ'fm (10 g, 37 mmol ) as a Et20
solution was added to the solution and the reaction was stirred overnight
at roomtenperature. After overnight stirring, the reaction was slowy

quenched with t@on z e g was
subsequent |y tt%g% 0 ﬁﬂl‘h%%{g ﬁ%&lﬂ?e@%&%%&%lc ?ﬁﬁgleyut E!ag]u{lgphl‘é{}iy‘i’ﬁ 15
sat ur at ed ;ﬂmdylumehvlq@zbanﬁm:ﬁ dichiends (Sompisison. mdtaloanhganilcdisayewawas dri ed

with magnesium sulfate and the solvent was renoved by, rotary evaporation.
Théd renmidddad o a MaQesohgion Galfett GAMY-)aang stired tgyémycrawfﬁﬁ ¥Rdited with

hexane. \@il rgnl:lemugﬁ a6mgd1(uﬁ9gloégs frﬁQuhﬂet] Iﬁh&' maéﬁedsvvlt§ tolgém GQ%M. pjf’@ nyl

-2-nmethvlin
the combined filtrates was added dehydrated silica (4.0 g, Davison 948 Regular,

600°C dehydration). This slurry was stirred for twenty minutes then dried at 40°C
for two minutes under vacuum on a rotary evaporator until the liquid evaporated,
15 and then the solid was further dried a total of about two hours and twenty two
minutes. The supported catalyst was recovered as a light orange, free flowing

solid (5.63 g).

COMPARATIVE EXAMPLE 2

20 racemic dimethylsiladiyl(2- methyl-4-[1-naphthy]indenyl),zirconium
dichloride

Supported Comparison Metallocene Catalyst System 2

racemic dimethylsiladiyvl(2- methyl-4-[1-naphthy]indenyl),zirconium
25 dichloride/MAO

In a 100 mL round bottom flask racemic dimethylsiladiyl(2- methyl-4-[1-
naphthy]indenyl), zirconium dichloride (Comparison metallocene 2, 0.064 g) was
added to a MAOQ solution (6.74 g, 7.2 mL) and stirred twenty minutes. This was

30 filtered through a medium glass frit funnel and washed with toluene (14 mL). To
the combined filtrates was added dehydrated silica (4.0 g, Davison 948 Regular,
600°C dehydration). This slurry was stirred for twenty minutes then dried at 40°C

for two minutes under vacuum on a rotary evaporator until the liquid evaporated,



4-[3',5 -Di-t-butyl phenyl |- 2-nethylindene (4.7 g, 15 mml) was d2sk8ECedllén
80 nL of pentane. To this solution was added 5.9 nL of n-BuLi (2.5Min
hexane) and the reaction is allowed to stir 4 hours at roomtenperature. A
white solid precipitated fromsolutign and was collected by frit
filtration and washed 25 with additional pentane. Yield was 3.6 g (78%.

o-silafluofq Qﬁ? 1R wds Tetek oY '}W O%f W?(E ¥litsNABRE supported
9, 9- Di chl oro-9-si a? uorene , i ssolved i'n 80 nL of THE
To this SOdatElyQMdA@&@EﬁWayaﬂdﬁk?@e ﬁrémﬂmmng-s()ad(ngp. t - but yl phenyl )-2- 30
nmet hyl i ndene (3.0 g, 9.2 nmml) as a dry powder and the solution was stirred
overnight. After this time, the solvent was renoved in vacuo and the
residue was taken up in diethyl ether. The solution was filtered through a
frit to renove LiCl 2 3 DEC 2004 EXAMEBIL 3 he sol vent was renpved in vacuo
andgused as a crude produgt (4 19). . 9-sil afl uorenebi s
4 5' - di - t - but y Faeeaig |[?-sHailyanenehis F ‘ Ytide solid fromthe
et o St 6 g, 5 T
stirred for 3 hours at roomterrperature The solution was cooled to -30C
femperaturs for 5 hours. o aor R cto. and {0l uene 10
\Aﬁs a]gdled t o t hieChlarde-mesiytndeneTigel gQIBl]tmcml)/vasd NICL6P B )2 6l S@ni)%e Li Cl .
The iltrate was concentrate pe e |$ heat i n The
solliiti on viggol )céﬂ"(‘y‘lr?adi”tsﬁlveijld’ﬂ‘c25@l %t%ﬁmE? tion: g‘l‘ H’%‘F Wgn?sé
i soner wa t S m 3

Sbr éﬁﬂY geneéqm?gé gu@l@g s?ﬁgd}{b\tvﬁé 5@&%%”1% t(l:é s%ld»fﬁah anisthe

racemc [9- i -t-butyl phenyl)
met hyl i ndaia@dtmnrwamstumcﬂdﬁﬁdnﬂughl gteroom temperature. After overmght stirring, the

reaction was slowly quenched with HO to neutralize unreacted Grignard. The
solution was subsequently treated with 100 mL of 10% HCl(aq), neutralized with
15 saturated sodium bicarbonate aqueous solution. The organic layer was dried with
magnesium sulfate and the solvent was removed by rotary evaporation. The
remaining residue was loaded onto a silica gel column and eluted with hexane.

Yield was 4.6 g (40 %).

20 lithium 4-[3',5'-di-t-butylphenyl]-2-methylindene

4-[3',5"-Di-t-butylphenyl]-2-methylindene (4.7 g, 15 mmol) was dissolved
in 80 mL of pentane. To this solution was added 5.9 mL of n-BuLi (2.5M in
hexane) and the reaction is allowed to stir 4 hours at room temperature. A white
solid precipitated from solution and was collected by frit filtration and washed

25 with additional pentane. Yield was 3.6 g (78%).

9-silafluorenebis[4-(3',5'-di-t-butylphenyl)-2-methylindene

9.9-Dichloro-9-silafluorene (1.2 g, 9.2 mmol) was dissolved in 80 mL of

THFE. To this solution was slowly added lithiun 4-(3',5'-di-t-butylphenyl)-2-

30 methylindene (3.0 g, 9.2 mmol) as a dry powder and the solution was stirred
overnight. After this time, the solvent was removed in vacuo and the residue was

taken up in diethyl ether. The solution was filtered through a frit to remove LiCl



In a 100 nL round bottom flask racenic [9-Silafluorenebis(4-(3",52-HiEC 2004
but yl phenyl ) - 2- et hyl i ndene] zirconiumdichloride (0.085 g) was added to a
MAO 20 solution (6.74 g, 7.2 nmL) and stirred twenty mnutes. This was
filtered through a mediumglass frit funnel and washed with toluene (14
m). To the conbined filtrates was added dehydrated silica (4.0 g, Davison
948 Regul ajyq tﬁ@gg“lvegte\lﬁ%d(eﬂ{g\@ﬂ')m vadloSariil 4R %s WRS &4 L hAGY r(r{l )tfmaﬁ%ey

m nutes, then dried two m nutes under va uu rotary
evapor at ornaxtstiep. t he |i qui d evaporated, and 25 then the solid was further
dried a total of about two hours and twenty mnutes. The supported

catal yst was recovered as a pink reddish, free flow ng solid (5.24 g) 2 3
DEC 2004 -38- E : .

19-si | af | uor eneb rdene] zi rconi um

di chloride 5 4-TRe crade dbhid ﬁbbﬂ thé ph@«nods sta (zscprgr @@yhﬁrﬂﬂﬁﬂﬁs taken up in
4- Chl oro- 2-i sopropyl i ndene (7.2 37 mmol ) and Nl G 2(PPh3)2 (1.8 g, 2.8

nmol ) wer eS&mésd] bYﬁ%hQS(TOﬁEIS@DILEIOBG’aSSﬂ@NDI addid n-Ebuitiy# gimehy2.fdgnesi um

brom de ( t20 olution was added to.the solution and
the react ?‘ol%x%g% a@?p # %rg%?%r eF‘ﬁ'l“é r%qmﬁ%ﬁqr?‘élﬁ%eﬁig ﬁ?lgtlo‘}\f"iaérm%l\‘i@r ni ght
stirring, dohsoUDakhLaLCl, IN28aS 454 AMh) WasRAAHa: Uh &0 ARl 4 €

unreacted Gignard. The solution was subsequently reated with 100 niL of

10% HA ( aqporm@umeeﬂtmrzédr i hChlrS sdbarsatvedt sodirammibid ar bonat adaiglieaes
sol tion. The ni,.c ed W|th nesj um sul f a the
Sotent e a3 s oM ke YRR, abhe S e e fmiage LaCk G Be var

| oaded ontf@yateSivhd @(ﬁlcgﬁtlrate&laﬂcﬂf?eﬁ‘tﬁge ol el Wdhnbg nel"he LAutbehdsi s 5 89
(45% lithium4-[3 t - but yl phenyl ]-2-1 sopropyl | ndene

4-13',5" - chootedbutlydilpmmyzttﬁithatscmo pY by of pdenecémicSisgmerl wasmBT mgvas7
%).

i5 Supported Metallocene Catalyst System 3

racemic [9-silafluorenebis(4-(3',5'-di-t-butylphenyl)-2-
methylindene]zirconium dichloride

In a 100 mL round bottom flask racemic [9-Silafluorenebis(4-(3",5'-di-t-
butylphenyl)-2-methylindene]zirconium dichloride (0.085 g) was added to a MAO

20 solution (6.74 g, 7.2 mL) and stirred twenty minutes. This was filtered through a
medium glass frit funnel and washed with toluene (14 mL). To the combined

filtrates was added dehydrated silica (4.0 g, Davison 948 Regular, 600°C
dehydration). This slurry was stirred for twenty minutes, then dried at 40 °C for

two minutes under vacuum on a rotary evaporator until the liquid evaporated. and

25 then the solid was further dried a total of about two hours and twenty minutes.

The supported catalyst was recovered as a pink reddish, free flowing solid (5.24

g).



di ssolved in 80 nL of pentane. To this solution was added 6.6 nL zf B-Ewgq
20 (2.5Min hexane) and the reaction was allowed to stir 4 hours t3 5
tenperature. A white solid precipitated fromsolution and was col | ected by
frit funnel filtration and washed with additional pentane. Yieldis 5.0 ¢
(87 % . silafluorenebis[4-(3",5 -bis[t-butyl]phenyl)-2-isopr opyl i ndene 25
9,9-Dichloro-9-sil afl uorene (1 1 %4 rﬁrﬁl) vvas di ssolved in 80 nL of THE
To this solution was slowy added M ium4- (3,5 -di-t-butyl phenyl) - 2-

i sopropylindene (3rfkenic$9-3iliRdnenabisel-Q ¥'- ﬂﬂ%ﬁ'ﬁylﬁﬂé’nﬂﬁﬂ- sol ution was
stirred overnight” Aiter this time, the sol Vent was renoved in vacuo and
the residue was taken ujsopropilindent]zinchsium Riehleriderti on as filtered
through frit to renmove LiCl and 30 the sol vent was renoved in vacuo and
used as a crude product (3.9 g) for the next step. 2 3 DEC 2004 -39
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and tol uene was added to t e cru resi due. The solution was filtered to
renove Li Geactibhewas itirtedatvermght @onoentempesdurandi entanegbiddednginter

heat Th | ut 10 l. d talli t | d of
bufb r acerfelont Saul” Suteng? ulorS e bRt GNERdr SR Cat By st
System 4 &HARRHiIwas DibSddudhd cfy&eae@bhﬁl( ool AL (if IU%'H'C‘IP&é]t) y.{eahﬁwéd)wah

i sopropyl i ndenel zi rconi um loride In a round bottom flask racenic
[[ 9- Si | af |satr@ed bodm-HiGirbanate aqueous solution. The orgamc layer was dried with

magnesium sulfate and the solvent was removed by rotary evaporation. The
remaining residue was loaded onto a silica gel column and eluted with hexane.

15 Yield 1s 5.8 g (45 %).

lithium 4-[3',5’-di-t-butylphenyl]-2-isopropylindene

4-[3",5'-di-t-butylphenyl]-2-1sopropylindene (5.8 g, 17 mmol) was

dissolved in 80 mL of pentane. To this solution was added 6.6 mlL. of n-BulLi

20 (2.5M 1in hexane) and the reaction was allowed to stir 4 hours at room
temperature. A white solid precipitated from solution and was collected by frit

funnel filtration and washed with additional pentane. Yield 15 5.0 g (87 %).

silafluorenebis[4-(3'.5'-bis[t-butyl]phenyl)-2-isopropylindene

25 9,9-Dichloro-9-silafluorene (1.1 g, 8.5 mmol) was dissolved in 80 mL of
THF. To this solution was slowly added lithium 4-(3',5'-di-t-butylphenyl)-2-
isopropylindene (3.0 g, 8.5 mmol) as a dry powder and the solution was stirred
overnight. After this time, the solvent was removed in vacuo and the residue was
taken up in diethy! ether. The solution as filtered through frit to remove LiCl and

30 the solvent was removed in vacuo and used as a crude product (3.9 g) for the next

step.
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a MO solution (6.74 g, 7.2 nL) and stirred twenty mnutes. This

filtered 20 through a mediumglass frit funnel and washed with tol uene (14
m.). To the conbined filtrates was adged dehydrated silica (4.0 g, Davison
948 Regul ar, 600C dehydration). This slurry was stirred for twenty

m nutes, then dried at 40 C for two m nutes under vacuumon a rotary

evaporator until the liquid evaporated and then the solid was further
dried a total of-sdtiusrenche(hétissdanbutyphendnyvisonroppladendgBeClsupport ed

catal yst was recpvered light purple, free flowing solid (5.17 g). 2 3
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9, 9-Di chl Orel- 9-sil afluorene Lithiumwre (3.33 g, 0.08 nol) was washed
with pentane, carefully cut into small pieces, and suspended in 150 nlL of
Et20. Wiile stirring, 2,2-

Supported Metallocene Catalyst System 4

racemic [9-silafluorenebis(4-(3',5'-di-t-butylphenyl)-2-

15 isopropylindene]zirconium dichloride

In a 100 mL round bottom flask racemic [[9-Silafluorenebis(4-(3",5"-di-t-
butylphenyl)-2-isopropylindene]zirconium dichloride (0.090 g) was added to a

MAOQO solution (6.74 g, 7.2 mL) and stirred twenty minutes. This was filtered

20 through a medium glass frit funnel and washed with toluene (14 mL). To the
combined filtrates was added dehydrated silica (4.0 g, Davison 948 Regular,

600°C dehydration). This slurry was stirred for twenty minutes, then dried at 40

°C for two minutes under vacuum on a rotary evaporator until the liquid
evaporated and then the solid was further dried a total of about two hours and

25 twenty minutes. The supported catalyst was recovered as a light purple, free

flowing solid (5.17 g).



20 di br onobi phenyl (25 g, 0.08 nol) in 100 nL of diethyl ether m%g ﬁggeg{]m‘
dropwi se over 1 hour and the contents were allowed to stir for ars.
The m xture was filtered through a frit to renove any unreacted Li and
LiBr. The filtrate was |oaded into ap,addition funnel and slowy dropped
into a solution containing Sic4 (50 g, 0.08 not) in 200 nL of Et20 After
addition, the contents were sti rrgg :@pll;rgazgoomterrperature for 5 hours. The
sol vent was renoved in vacuo and pent ane was added. The sol ution
was filtered[-gdMiReRetis(@(3g81dinfeh @phvryl)-2-isoopyhndéne]ziecomined i n vacuo.
The solids viere then oaded into a sublimator and allowed to subline at
150C under full vacuum Yield was dihdordd¢s51 o5 4 3' 5 -dineth | hen

| )-2-isopropyndene 30 4-chl oro-2-isopropylindene (10 g, 54 mmol ) and

Nid 2(PPh3)2 (1.8 g, 2.8 nmmol .e digsqlved in 150 nmL of Et-, O

3, 53D net hyl phenyl magnesi um béﬁ\é\&gﬂ@ﬁl&fﬁﬁ’f as a Et20 sol ution was added
under vi gorous I, r Ll e | Rig K 1 £ room
tenperature. Af Eéra S(@\%Ijeagﬁlg{;ﬁﬁgﬁtsa'?Pr({lﬁﬁgﬁdb?ﬁééﬁgqgﬁﬁlgcO%g%wﬁg?%pg%gi on was
sl oW y quenglyeebusi THFHAGs t aldeduTé.dl inte ofinn-Badt ed .03 gnditeD). ThEhe 3ol Ut i on
was subsequently treated wth 100 nL of A 10% HCl (aq), d n% tralized wth
sat ur at ed @bmmﬁheﬁﬂ@wﬂgbﬁ@ﬂé”%cﬁ?@&@sm%fﬁtlf%ﬁ*ﬁetoﬂ’?g’%S,E]Pﬁ ¥e r%-gfeewas dri ed

ith [ | f at tion.
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hexgne.  Yineldf 388 %y&rothi@rit 38 Thieirkdultig layers were separated and the aqueous

4-(3',5" -di net hyl pﬁenyl )-2-1i sopropﬁl i ndene ,

4- (3", 5' - diapet pyirasksng | ymes. masthhd (X 2 gehepqrioss i dizahyingher. wdde dith&dol ved 10
in 80 nL of pentane. To t.his solution. e : 2 i L2.5Min
hexane) an‘éra{hlﬁ Sy W SOt d:“étﬁltg\?\é)ggf%ﬁzjf %%%%gﬁ?réﬂg{@é ganlB%nglr%{ér ature. A

white sol yifps, ehieRid ah@dohdcataealut dionilaneg was tkolisatakah eynperdtire
filtration and washed w th additional pentane. Yield was 4.5 g f%o 9 .
reached 70°C. The residue was treated with 50 mL of absolute ethanol and coole

15 to give 2,2"-dibromobiphenyl. Yield was 2.32 g (7.4%)

9 9-Dichloro-9-silafluorene

Lithium wire (3.33 g, 0.08 mol) was washed with pentane, carefully cut
into small pieces, and suspended in 150 mL of EwO. While stirring, 2,2-
20 dibromobipheny! (25 g, 0.08 mol) in 100 mL of diethy! ether was added dropwise
over 1 hour and the contents were allowed to stir for 10 hours. The mixture was
filtered through a frit to remove any unreacted Li and LiBr. The filtrate was
loaded into an addition funnel and slowly dropped into a solution containing SiCl,
(50 g, 0.08 mol) in 200 mL of EL;O. After addition, the contents were stirred at
25 room temperature for 5 hours. The solvent was removed in vacuo and 300 mL of
pentane was added. The solution was filtered to remove LiCl and the solvents
were again removed in vacuo. The solids were then loaded into a sublimator and
allowed to sublime at 150°C under full vacuum. Yield was 10.0 g (51%).
4-(3',5'-dimethylphenyl)-2-isopropyiindene
30 4-chloro-2-isopropylindene (10 g, 54 mmol) and NiCl(PPhy), (1.8 g, 2.8

mmol) were dissolved in 150 mL of Et:O. 3,5-Dimethylphenyimagnesium
bromide (54 mmol) as.a EtO solution was added under vigorous stirring and the

reaction was stirred overnight at room temperature. After overnight stirring, the



15 9-si | af | uorenebi s(4-(3',5' -di met hyl phenyl )-2-isopropyliindene 23 DEC 2004
9, 9-di chl or o- 9- S|Iafluorene (1.4 g, 11 mmol) was dlssolved in 80 nmL of THE
To this solution was slowy added lithium4-(3",5"-dinmethyl phenyl)-2-

met hyl i ndene (3.0 g, 11 nmmol) as a dry,powder and the solution was stirred
overnight. After this tinme, the solvent was renoved in vacuo and the

resi due wagadod @Jﬁ?@ld‘&ﬂy' uegé}%ﬂh\\élth §ileto ngﬂﬁalﬁq?ld&éa@ﬁdv@ﬁ ﬁérbt elrlﬁd through
frit to renove LiCl he sol vent 'was renoved I n vacuo used as a
crude prodsmdttigrewhs gl)bsquemllvetrear@x‘twthtlﬁﬁ .amL of 10% HCl(aq), and neutralized

[ 9-si |l af | uorenebi s(4- nmet h henyl ) 2-1 sopropyl i ndene] ZrCI 2 25 The
crude sol i 8’1 rSBW%tT('FE ‘ﬁﬁ'é‘yﬁﬁ%?é{’ X‘(‘E’OE‘LS luory ‘g pigaiigdayespeds dijgdi n 50 ni

of di et hyl w*‘r’thg'&{ eSiBm! il it dé}{‘d g&ﬁ@ﬁ%ﬁ I%Y}‘lo\(ze@%?qgn%l & l&}#)rea_gl%liﬁ@fhgt 2.5 M

i n hexane) an en stirre ours room he "'sol uti on

wass cool etnianind&idrdwds (datled Qnict aGilicd. Zel ovinin WaS ehdelb dithshaxafidy powder
and stirred at roomtenperature for 2 hours. The solvent was renoved in

vacuo and 3&ld ¥géne Wes%)added to the crude residue. The sol ution was

filtered to remove LiCl. The filtrate was concentrated and pentane was
added under heating. The solution was cooled to induce crystallization.
Yi el d of pure rac/ nmegphigt &lt grapget herh2 2 0% Wiene2 3 DEC 2004 -42
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[9 si | af | uor enebi(d (54d(@cthﬂpﬁmm¥+mwbﬁmpn9 {2.6i s olfr opydl) maerkysglvedoni um
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d' Ch| ori dehe(x@n@l@ndg])ne y@&l@ﬁﬁ@ﬂaﬂ&vedtth%tl%@oﬁﬁla't'%d?r@te(rﬁ:e?éjtuﬂ A whithl) and

stirred twenty mnutes. This was filtered through a nmediumglass frit
f unnel andsoldsprecipuited fraph sehwiof landmivys cdltectddeby frit filtration and washed

with additional pentane. Yield was 4.5 g (80 %).

15 9-silafluorenebis(4-(3',5'-dimethylphenyl)-2-isopropylindene

9.9-dichloro-9-silafluorene (1.4 g, 11 mmol) was dissolved in 80 mL of

THF. To this solution was slowly added lithium 4-(3',5'-dimethylphenyl)-2-
methylindene (3.0 g, 11 mmol) as a dry powder and the solution was stirred
overnight. After this time, the solvent was removed in vacuo and the residue was

20 taken up in diethyl ether. The solution was filtered through frit to remove LiCl
and the solvent was removed in vacuo and used as a crude product (2.1 g) for the

next step.

[9-silafluorenebis(4-(3',5-dimethylphenyl)-2-isopropylindene]ZrCl,

b
Lh

The crude solid from the previous step (2.1 g, 3.2 mmol) was taken up in
50 mL of diethy] ether. To ttus solution was slowly added n-BuLi (2.56 mL., 2.5
M in hexane) and then stirred for 3 hours at room temperature. The solution was
cooled to -30°C and ZrCly (0.74 g, 3.2 mmol) was added as a dry powder and
stirred at room temperature for 2 hours. The solvent was removed in vacuo and
30 toluene was added to the crude residue. The solution was filtered 10 remove LiCl.
The filtrate was concentrated and pentane was added under heating. The solution
was cooled to induce crystallization. Yield of pure rac/meso metallocene was

120 mg (3.8%).



10 conbined filtrates was added dehydrated silica (4.0 g, Davi so?‘ im 2004
Regul ar, 600C dehydration). This slurry was stirred for twenty M ,
then dried at 40 C for two m nutes under vacuumon a rotary evaporator
until the liquid evaporated, and then,the solid was further dried a total
of about 2 hours and thirty m nutes. The supported catal yst was recovered
as a dull purple, free flowing solid 15 (5.06 g). EXAMPLE 6

rac-9-sil afl uorenebi s 2-net hyli ndenyl zirconium di nethyl 20 9-Sil af |l uorene,

9, 9-bi s-2- Met hyl i ndene '&tedmtwddeﬂdwm 5d Sytems(3. 34 g, 24.52 nmol)
was added to a stirred ~solution O oro, 9-sil afl uorene (3.08 g,
12.26 mol) in Et 2Ragchaeso§- smlﬂ;luombtsﬁ&(?r'@s@maﬂtyimw!)r% was stirred at

roomtenperature for 2. hours.. The sol vent and the residue was
extracted into CH2Cl 2 E&BWW%‘"#E?‘*IZf’“??'@%ﬂ@ﬁ%‘%@frj‘ﬁg sol vent renoved

giving a white powder which was washed with pentane (ca. 50 nlL) and dried
under vacuum | eaving 9-Sil afl uorene, 9,9-bis-2-Mthylindene as a white
powder (3.80 g, In732%00 Pnkpayuatli bott@wfr BasBi rafmesr ¢Preilafluorenebis(4-(3,5'-

9, 9- bi s- 2- Met hyl.i nd dilit A sl 9-.Si.| af ,
9, 9- b:: 2- W%E’n eﬁé-gh@ygngge&rc@pijﬁ{ lor@?z(&%7é%) \ﬁugsr %‘Ed)%dmt)ﬁs treated
Wi th n-but gl INfh @y éimlt(&? §f7 a n#ﬁa.M Stdt QR Iﬂmulfl%X%%aéﬁﬂerteBe

resultant m xt ure sti rr our roomteénperature producing a pale
yel | ow pr ethrqighad eneditme glasxtfmt dumvees ahill washed with idadnat@4tmk).pdloeth2 3 DEC

2004 -43 yel |l ow solid whi ch wa u cuum iving 9-Si|afl uorene,
9, 90D s- 2- coumbingd iRy Iwvadi adqeﬁh‘gﬂwﬁ{ JQ@%?‘@ (3 28 4y1so8gY ?393 ﬁﬁﬁ@ﬂ’ér ation of
9- Si | af | uogmye29s Al AR Teloly]) AR WenQir2d i xpur e of
9.5 | af | uthE &gg%ﬁn?zm% ’Jf’nqﬁenyﬁr L ﬁﬁ{l?n‘?a 50 0.8 "(1.83 g, 3.69
mmol ) and %I Goé t0d. dhguted . GBlenrmmakiumnobenzetaey (capodbr nﬂu)ulV\Eks liquid

evaporated, and then the solid was further dried a total of about 2 hours and thirty

minutes. The supported catalyst was recovered as a dull purple, free flowing solid

Is (5.06 g).

EXAMPLE 6

rac-9-silafluorenebis(2-methylindenyl)zirconium dimethyl

20 9-Silafluorene, 9,9-bis-2-Methvlindene
Solid 2-Methylindeny! lithium (3.34 g, 24.52 mmol) was added to a stirred

solution of 9,9-Dichloro,9-silafluorene (3.08 g, 12.26 mmol) in Et0O (ca. 25 mL)
and the resultant mixture was stirred at room temperature for 2 hours. The solvent
was removed and the residue was extracted into CH>Cl: (ca. 75 ml.), filtered and
25 the solvent removed giving a white powder which was washed with pentane (ca.
50 mL) and dried under vacuum leaving 9-Silafluorene, 9.9-bis-2-Methylindene

as a white powder (3.80 g, 71%).

Preparation of 9-Silafluorene, 9,9-bis-2-Methylindenyl dilithium

30 A slurry of 9-Silafluorene, 9,9-bis-2-Methylindene (3.80 g, 8.66 mmol) in
Et;O (ca. 25 mL) was treated with #-butyllithium (12 mL of a 1.6 M solution in
hexanes) and the resultant mixture stirred for 1 hour at room temperature

producing a pale yellow precipitate. The mixture was filtered to isolate the pale



stirred for 80 ninutes at roomtenperature producing an orange sof i3dJECh2)04
m xture was filtered and the orange solid was washed wi th hexane. Upon
mxing wth the benzene filtrate, the hexane wash produced a yell ow solid
and this 10 m xture was filtered to remeve the yellow solid. The sol vents
were renoved from the resulting benzene-hexane filtrate producing an
orange solid. The second orange solid was washed once with benzene and
twice withygiiont aoled antdcinied dris@deidey 388 givink W-SYa@iorkl, So olange solid
in benzene (ca, 10 nL) was treated wth Bf (0.8 nL of d4°3.0 M

sol ution iMethyhiglenyhdilithaum(EbOpes (389 m88%)ed 15 for 15 minutes at room
tenperature. Dioxane (ca. 2-3 nL) was added to the m xture which was
filtered to produce a clear yellow filtrate. The solvents were renoved
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under vacuum. A slurry of this orange solid in benzene (ca. 10 mL) was treated
with CH3MgBr (0.8 mL of a 3.0 M solution in Et;0) and the mixture was stirred
15 for 15 minutes at room temperature. Dioxane (ca. 2-3 mL) was added to the
mixture which was filtered 1o produce a clear yellow filtrate. The solvents were
removed from the filtrate under vacuum giving pure rac-9-Silafluorene,9,9-bis-2-

Methylindenyl Zirconium Dimethyl (0.035 g, 1.7%).

20 POLYMERIZATIONS

Isotactic Polypropylene Homopolymer

The polymerization procedure for producing homopolymers with the

supported catalyst systems prepared as described above (except for Example 6

25 which is described below) was as follows. In a clean, dry two liter autoclave
which had been flushed with propylene vapor, TEAL scavenger (0.3 mL, 1.5M)

was added. Hydrogen gas was added at this point if indicated. The quantity of

hydrogen is 1.55 millimoles for each psi added (6.895 kPa) as shown in the

Tables. The reactor was closed and filled with 800 mlL liquid propylene. After

0 heating the reactor to the indicated polymerization temperature, the catalyst was
added by washing in with propylene (200 mL). After the indicated time, typically

one hour, the reactor was cooled, and the excess propylene vented. The polymer

was renoved and dried,



as Catal yst Precursor - Isotactic Pol ypropyl ene Honmopol yner ProcZe&uBECAZUUII
solution of triisobutylalum num (TIBAL) scavenger (0.3 nL of a 10% 5 by
vol une solution in toluene) in toluene ( 0.7 nL) was added to a dry cl ean
two liter autoclave under a nitrogen.purge. The autoclave was filled with
300 nmL of liquid propylene and heated to 60C. The catal yst, formed by
reacting the catalyst precursor and the

trityltetraki sperfluorophenyl borate activator in equinolar apounts in

t ol uene ( eaPolymerartr) Usiog rac-Besilafuiorgpetis(@engthylindsayDgieconium diwagihyint o 10
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(0.3 nL, 1.5M was added. Hydrogen gas was added at this point. The

guantity of hydrogen is 1.55 Randommodmesyrhar(R€ERh psi added as shown in the

Tabl es. The . X
15 The polymerization procedure for producing random copolymers with the

supported catalyst systems prepared as described above was as follows. In a
clean, dry two liter autoclave which had been flushed with propylene vapor,
TEAL scavenger (0.3 mL, 1.5M) was added. Hydrogen gas was added at this
point if indicated. The quantity of hydrogen is 1.55 millimoles for each psi added
20 as shown in the Tables. The reactor was closed and filled with 800 mL liquid
propylene. Afier heating the reactor to 60 °C, a partial pressure of ethylene was
added as indicated and then the catalyst was added by washing in with propylene
(200 mL). Ethylene gas was fed to maintain a constant pressure. After the
indicated time, typically one hour, the reactor was cooled, and the excess

25 propylene and ethylene vented. The polymer was removed and dried.

Impact Copolymers (ICP)

The polymerization procedure for producing ICP with the supported

catalyst systems prepared as described above was as follows. In a clean, dry two

30 liter autoclave which had been flushed with propylene vapor, TEAL scavenger
(0.3 mL, 1.5M) was added. Hydrogen gas was added at this point. The quantity of

hydrogen is 1.55 millimoles for each psi added as shown in the Tables. The

reactor was closed and filled with 800 ml. liquid propylene. After heating the



reactor was closed and filled with 800 niL Iiquid propyl ene. AfterZIaeBEEn%Uﬂ'*
the 2 3 DEC 2004 -45 reactor to 70 C, the catal yst was added by washing in
with propylene (200 nmL). After the itfdi-cated time, typically one hour, the
reactor was vented to about 170 psig pressure and then an

et hyl ene/ propyl ene gas m xture was passed through the reactor at the rates
i ndi cat ed WRFPE Y nEaile ¢ripleBovassidded by 378hloRaR Wit ptopgleand2@ afl)t he gas

hase sta typically 90 to 150, . m nutes, the reactor was vented and

E ool ed unggﬁehé’.% l?ﬁ’éaéﬂém?dmcw et bPﬂéfp thiatsastehyas yeatsd tambed. 170

Pol yneri zagd; = i orted ri.son

Vot al 1 ocar EPesile BN ert B RIS 443 Pt AR LS BRRER 180", 10
Pol yner i zatcactor atthe rateb gidicdted 2bilomeientdisg 26 pagT1 8o €PAPaKL HRen

gl
Met al | ocenef talyst System 2 Results are (eporteé in Tables 3 ancﬁj 4,
Pol Y ner i zatli 1R &sPiAtEaes Biclly Warte IPlduinkdsntheSepgtor ad venmdMatdal | ocene

Catal yst Qyg S are regorted in Tables, 5 d 6. Polynerization
run nunmbers %@%“‘{mﬁ?e%négéﬂ%gﬁfr{g%ﬁﬁiwft‘%% refpayed ‘gfﬂfél Cat al yst System 4.
Results are reported in Tables 7 and S. 20 Pol yneri zation run nunbers 133

and 134 were nmade using Supported Met él | ocene Catal yst System 5. Results
are reported i nPotsimergai®rand niberol - duvere ataile nsing Supporet Gohpirisvad 136

wer e nmade j Met al | ocene talyst System 6, Results are reported in
Tabl e 11. %E@&%@KﬁﬁéF@%%@g‘ﬁ%ﬁmW%ﬁ@ iybakdesy] aed 2ons were made by
gelp pernmeati on chromat ography (GPC) according to the foll ow ng technique.
Mol ecul ar wei ghts 30 and nol ecul ar wei ght distributions were neasured using

%e Wlit er Z_|_158g: gédlympeiratizat hom neinberyal @6 apbye @iz PPGHovel hcshpalgsen( Showa
nko) _]\%ctaichene Catalyst System 2 Results are reported in Tables 3 and 4.

Polymerization run numbers 65-71 were made using Supported

15 Metallocene Catalyst System 3. Results are reported in Tables 5 and 6.

Polymerization run numbers 72-88 were made using Supported

Metallocene Catalyst System 4. Results are reported in Tables 7 and 8.

20 Polymerization run numbers 133 and 134 were made using Supported

Metallocene Catalyst System 5. Results are reported in Tables 9 and 10,

Polymerization run numbers 135 and 136 were made using Meta]ld_ccnc
Catalyst System 6. Results are reported in Table 11.
25

POLYMER ANALYSIS

Molecular weight determinations were made by gel permeation

chromatography (GPC) according to the following technique. Molecular weights

30 and molecular weight distributions were measured using & Waters 150C pel
permeation chromatography equipped with Shodex (Showa Denko) AT-806MS

columns and a differential refractive index (DRI) detector operating at 145°C with

1,2, 4-trichlorobenzene as the mobile phase at a 1.0 mL/min. flow rate. The



colums and a differential refractive index (DRI) detector oper atiZ”na BEC 2004
145C Wth 1,2,4-trichlorobenzene as the nobile phase at a 1.0 nL/mn. flow
rate. The 2 3 DEC 2001 -46- sanple injection volume was 300 mcroliters.
The col umms were calibrated using nar#ow pol ystyrene standards to generate
a universal calibration curve. The polypropylene calibration curve was

est abl i sheghrsik Mfekticn Pol8me XvabB0D miteblaers. The@0Mnas Wire chlibratedavsiignk
coefficients.” Thé nunerical anal yses were performed 5 using Waters

" Exper t - Eapartow afclyeiywne ataidaglsoty gengaxte 6a 1o vesith sebbraliph iiiréhe Hiounts in

t he random copol yners were determined by FT-IR wusing.a c?ljbr tion

obt ai ned f polypromiisne salihssien c8rsowpt FoaPlivhed @é@ér&ﬁr@@ By 1RV 4G Dsc

mel ti ng poj r term ned on- ¢ i o] re
Feport ad al P Tedhr oM e BTaRTTIR. Bhrpiiey BRI TERt el P

thag 10 mi |4, g\adrBrsWekBeriEatedofiva?3Rindfagf ot a VAIX ¢4 Mudcespuaard t hen cool ed
from 230C to 50C at 10C/ m nute. The sanple is held at 50C for five

m nutes. The 15 second nelt is then recorded as the sanple is heated from
50C to 200C at rate of 10C/ minute. The peak te rat ure ,i,s rded as
the second nel t%w"nl'ﬁﬁl?}?ﬁ fpountegn PH‘E%?F?"M?%W %ﬁ%&nlﬁg ‘?ch%glg ymer was
di ssol ved hgﬁggpcaﬁ}fl{aﬁgﬁ oﬁthnédhﬁ&nﬁah@%%ﬁ&e%ﬁiposiagn%ﬁ@rdétéiﬁﬁned'%yt er

filtration inso es are drie he xyl ene sol uble portion was
evapor at edNaMR. t he sol uble material recovered. The 1V of the recovered
soluble material was neasured in decalin at 135C by using know net hods and
i nsior unents such as a Schott A VSPro Viscosity Automatic Sanpler. 25 At

Sotact to PP an SRR RO ASKH R o0 R TR AR I o
Met hod are reported as the second melting point. The polymer granules weighing less
than 10 milligrams were heated to 230.0°C for ten minutes and then cooled from
230°C to 50°C at 10°C/minute. The sample is held at 50°C for five minutes. The
15 second melt is then recorded as the sample is heated from 50°C to 200°C at a rate

of 10°C/minute. The peak temperature is recorded as the second melting point.

ICP Polymer Extraction Method

The ICP polymer was dissolved in hot xylene and then allowed to cool

20 overnight. After filtration the insolubes are dried. The xylene soluble portion was
evaporated and the soluble material recovered. The IV of the recovered soluble

material was measured in decalin at 135°C by using know methods and

instruments such as a Schott A VSPro Viscosity Automatic Sampler.

25 At very high ICP MFR this method can extract some low molecular weight

isotactic PP and thus lower the observed I'V.

'ICP Polymer Fractionation Method

The ICP samples were sent to Polyhedron Laboratories, Inc. 1o be
30 fractionated and analyzed by GPC. A generally described of the procedure is
found in the reference J. C. Randall, J. Poly. Sci.: Part A Polymer Chemistry, Vol.

36, 1527-1542 (1998).
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While the present invention has been described and illustrated by
reference to particular embodiments, it will be appreciated by those of ordinary
skill in the art, that the invention lends itself to many different variations not

5 illustrated herein. For these reasons, then, reference should be made solely to the
appended claims for purposes of determining the true scope of the present

invention.
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present invention has been described and illustrated by reference to
particul ar enbodi nents, it will be appreciated by those of ordinary skill
in the art, that the invention |ends i*self to many different variations
not

We claim:

Claim 1. A bridged bis(indenyl} metallocene compound

in which the bridge between the 1-positions of the indenyls is a group of the
5 formula:

RlB
R]7 ng
~ ; R20
M 3
Ri—l
/ =
Y
R24 R22
R23

wherein R17 to R24 may be identical or different, and are each a hydrogen atom,
10 a Cy-Cyp alkyl group, a C1-Cjq alkoxy group, a Cg-Cyp aryl group, a Cg-Cyy
aryloxy group, a Cp-Cyg alkenyl group, a Cp-C4 alkenyl group, a C7-Cyp
arylalkyl group, a C7-Cygq alkylaryl group, a Cg-C4q arylalkenyl group, an OH
group or a halogen atom, or two or more adjacent radicals R17 10 R24, including

R20 and R21, together with the intervening atoms of the phenyl group(s) form one

15 or more rings fused with the phenyl group(s); and

M2 is carbon, silicon, germanium or tin,

and optionally substituted on the remaining positions of the indenyl rings.

Claim 2. A compound represented by the formula:



S illustrated herein. For these reasons, then,
solely to the appended clains for purposes of
of the present invention. 2 3 DEC 2004 -58 W
bi s(i ndenyl) metal | ocene conpound in which the
1l-positions of the indenyls is a gret$ of the

R22 k23 wherein R17 to R24 may be identical or

reference shoul d be nade
determ ning the tr§e3 Sﬂﬁﬁ)&ﬂﬂ‘l
claim Claim1. A bridged
bri dge between the

5 formula: RI8 1 / R I R24
different, and are each a

hydrogen atom 10 a C 1-C 10 al kyl group, a C 1-C 10 al koxy group, a C6-C
10 aryl group, a Cg-C 10 aryl oxy group, a C2-Cl0 al kenyl group, a C2-C4

al kenyl group, a C7-C40 arylal k?/I 1group, a Cr7-C40 al kyl aryl group, a

Cg- 40 aryl al kenyl group, an OH i@roil£ or a halogen atom or two or nore
adj acent radicals R17 to R4 >~ynhcludinhg R20 and R21, together with the

i ntervening atons of the -@ group(s) formone 15 or nore rings fused
wi th the phenyl group(s); ‘a@rd M2 is carbon, silicon, germaniumor tin, and
@ i ning positions of the indenyl rings.
STIRg 0

optionally substituted on th
Claim2. A conpound represgn
R

(R10),

wherein: M is selected from titanium, zirconium, hafnium, vanadium,

niobium, tantalum, chromium, molybdenum and tungsten;

5 R1 and R2Z may be identical or different, and are each a hydrogen atom, a
C1C10 alkyl group, a C1-Cyq alkoxy group, a Cg-Cyq aryl group, a Cg-Cyg
aryloxy group, a Cp-Cyg alkenyl group, a C3-C4 alkenyl group, a C7-Cyq9
arylalkyl group, a C7-C4q alkylaryl group, a Cg-Caq arylalkenyl group, an OH

group, or a halogen atom; or R! and R2 are a conjugated diene which is optionally

10 substituted with one or more hydrocarbyl, trithydrocarbyl)silyl proups or
tri(hydrocarbyl)sitythydrocarbyl groups, said diene having vp to 30 atoms not
counting hydrogen;

R3 and R4 may be identical or different, and ere each a hydrogen atom, a
halogen atom, a C1-Cyq alkyl group which may be halogenated, a Cg-Cig aryl

15

group which may be halogenated, a Co-Cj alkenyl group, a C7-Cyqq -arylalkyl
group, a C7-Cqq alkylaryl group, a Cg-C4q arylalkenyl group, a -NR'y, -SR/, -
OR', -O8iR'3 or -PR'y radical, wherein: R' is one of a halogen atom, a C1-Cqg
alkyl group, or a C¢-Cy aryl group;

R7 is
20



5 wherein: Mis selected fromtitanium zirconium hafnium vanamqﬂr 2004
ni obium tantalum chrom um nolybdenum and tungsten; 5 RI and R2 yDEg
identical or different, and are each a hydrogen atom a C 1 -C 10 al kyl
group, a Cl1-Cl10 al koxy group, a C6-Cl.§-aryl group, a C6-ClO aryl oxy group,
a C2-C10 al kenyl group, a C2-C4 al kenyl group, a C7-C40 arylal kyl group, a
C7-C40 al kylaryl group, a C38-C40 aryl al kenyl group, an OH group, or a

hal ogen atom or Rl and R2 are a conjugated diene which is optionally 10
substituted with one or nore hydrocarbyl, tri(hydrocarbyl)silyl groups or
tri (hydrocarbyl)silyl hydrocarbyl groyps, said diene having up to 30 atons
not counting hydrogen; R3 and R4 may be identical or different, and are
each a hydrogen atom a hal oggfi7at o ] C10 al kyl group which nay be
hal ogenat ed, a C6-Cl10 aryl 15 gre may be hal ogenated, a C2-Cl10

a
5 whi-C , -
al kenyl group, a C7-C40 -aryl al kyl p, a C7-C40 al kylaryl group, a
C8- 40 aryl al kenyl group, a <NR 2R N :7200R, -OSIR 3 or -PR 2 radical,
a Cl;?t C10 al kyl group, or a C6-Cl10

wherein. R is one of a halog

aryl group; R7 is 20 2 3 DEC.Z004_- 6O _Ri gR¥herein: R17 to R24; and M2 are
as defined in claim1; and 5the radicafs R may be identical or different
and each have the neani ngs stated i 3 and R4 , or two adjacent R

radi cal s together with the at @ conyfectt®d them are joi ned together to
forma ring. 10C aim3. The corrpoundRﬂf claiml or claim?2, wherein M is
silicon.

wherein: R17 to R7-4; and M2 are as defined in claim | ; and

the radicals R may be identical or different and each have the meanings

5 stated for R3 and R4 | or two adjacent R radicaels together with the atoms

connecting them are joined together to form a ting.

Claim 3. The compound of claim 1 or ¢laim 2, wherein M2 is silicon.

10 Claim 4, The compound of claim 2 or claim 3, wherein M is zircopium,

titarium or hafnjum.

Claim 5. The compound of claim 4 wherein M is zirconium.

1s Claim 6. The compound of any of claims 2 to 4, wherein R3 and R are
identical or different and are a halogen atom, a Cj-Cyq alkyl group which may be

halogenated, a Cg-Cj aryl group which may be halogenated, a Cy-Cjq alkeny]
group, a C7-Cqp -arylalkyl group, & C7-C4¢ alkylaryl group, a Cg-Cqq
arylalkenyl group, a -NR';, -SR/, -OR/, -OSiR'3 or -PR'5 radical, wherein: R' is

20 one of a halogen atom, a C)-C1g alkyl group, or & Cg-Cyg aryl group.



Cl aim 4. The conpound of claim2 or claim3, wherein Mis zirconi u%(@@c r?l]ﬂ‘i
5. titaniumor hafnium 15C ai m 6. The conpound of claim4 wherein i
zirconium The conpound of any of clains 2 to 4, wherein R3 and R4 are
identical or different and are a hal ogen atom a C1-Cl10 al kyl group which
may be hal ogenated, a C6-Cl10 aryl group which may be hal ogenated, a C2-Cl10
al kenyl group, a Cr7-C40 -aryl al kyl group, a C7-C40 al kyl aryl group, a
C8-C40 arylal kenyl group, a -NR 2, -SR, -OR, -CSiR 3 or -PR 2 radical,
wherein; R is 20 one of a halogen atom a Cl1-Cl10 al kyl group, or &C6-Cl O
aryl group. 2 3 DEC 2004 -1 RL 0O RS RB Ra MR7 RI3 R6 -~11 (1) RS to R7
may be identical or diffefent and are each hydrogen, or a radical 5 as
defined for R3 or twdior jor e a]Qj;acent radicals R5 to R7 together with the
atonms connecting them for or nore rings;génd R8, R9, R10, R11l and R12
may be identical or diff and each have t'‘he neanings stated for R 10
Claim8. The conpound o im7 wherein R3/are identical Cl-C4 al kyl

(b

RS to R7 may be identical or different and are each hydrogen, or a radical

5 as defined for R3 or two or more adjacent radicals RS to R7 together with the
atoms connecting them form one or more rings;

and

R8, Rg, RIO, R!! and R1Z may be identical or different and each have the
meanings stated for R.

10

Claim 8. The compound of claim 7 wherein R3 are identical Cj-Cy4 alkyl

groups.

Claim 9. The compound of claim 8 wherein R3 are both methyl groups.



groups. Caim9. The conpound of claim8 wherein R3 are both net hyzégrﬁt@
15 2 3 DEC 2004 -62 Caim10. A conmpound as clained in claim?7, wh iD 04
are identical and are each a O -Cl10 al kyl group; and M2 is silicon. daim
11. The conpound of any of claims 7 tg 10 wherein R4 to R7 are S hydrogen
atons. Claim 12. The conpound of any of clainms | to 11, wherein Rl7-R24 are
hydrogen. t Q Caim 13. The conpound of claiml, wherein RO and RL | are
identical or different and are each a butyl group, an aryl group, an

i sopropyl _ group, or a fluoroal kyl group. Caim14. The conpound of claim
13, wher eiqalﬁglgnd R sompamndasitlamee it clainy 7, wherbint B3 agrioeticaGai m 15. A

cat al yst conposition conprising the reaction product of the conpound of

any of clains 1 to Eﬂﬁ%ﬁﬁngaéhc&mékxlgroupg&nmﬁ msilfconA supported catal yst
system conprising the product of support material, one or nore cocatal ysts
and one or nore conpounds of any of clains | to 14. Caim17. The catal yst
syst em of Cil'aiﬂ] 16 \Ll,herei n the support material 25 conprises nagnesi um

chl ori de, "M th or T4e componad iofrroyhef elsims @ i M YherdtheR% a0 R ate

cogposi tion of any ﬂgdﬁg@ a2 to 17, wherein the cocatal yst conprises

one or nore non-coordin |%§ anion activators, 30

Claim 12, The compound of any of claims 1 to 11, wherein R17-R24 are

hydrogen.

10 Claim 13. The compound of claim 1, wherein R? and R1! are identical or
different and are each a butyl group, an aryl group, an isopropyl
group, or a fluorcalky! proup.

Claim 14. The compound of claim 13, wherein R? and R!! are cach a tertiary

15 butyl group.

Claim 15. A catalyst composition comprising the reaction product of the
compound of any of claims 1 10 14 and a cocatalyst.

20 Claim 16. A supported catalyst system comprising the product of support
material, one or morc cocatalysts and one or more compounds of
any of claims 1 to 14.

Claim 17. The catalyst system of claim 16 wherein the support material

25 comprises magnesiutn chloride, silica or a combination therecf.

Clain 18. The catalyst composition of any of claims 15 to 17, wherein the

cocatalyst comprises onc or more non-coordinating anion
activalors,

30



2 3 DEC 2004 -63 Caim19. The catalyst conposition of any of clain¥ JEf 7004

17, wherein the cocatalyst conprises one or nore al kyl al unoxane

activators, 5 Claim20. The catal yst conposition of claim 18, wherein the

cocatal yst conprises a non-coordi na'fsf'ng ani on activator and an

al kyl af unoxane activator. Caim21. A polynerization process conprising

“contacting under suitable polynerization conditions one or nore nobnoners
and a catagl yst conmposition as clainmed an any of clainms 15 to 20. 10 Claim

22. The p& 44 of n&haicmamt o¢repesition he anp ndmbaims arsetos 87, eehadinf M

et hyl ene,” propyl ene, 1 _sbutene.and 1-hexene, 15 .
y propy cOcatalys't'compnses One or more alkyla?umoxane activators,

Claim 20. The catalyst composition of claim 18, wherein the cocatalyst
5 comprises a non-coordinating anion activator and an

alkylalumoxane activator.

Claim 21. A polymerization process comprising contacting under suitable
polymerization conditions one or more monomers and a catalyst

10 composition as claimed an any of claims 15 to 20.

Claim 22. The process of claim 21 wherein the monomers are selected from

ethylene, propylene, 1-butene and 1-hexene.



