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PCT/ USO1/ 1%&%2,@47 I nvention relates to netall ocene conpositions i

use in the preparation of catalyst systens for ol efin pol ymeP¢ ZHb96§:73
particularly propylene polynerization. 10 BACKGROUND The use of netall ocene
conpositions in olefin polynerization is well known. Metallocenes

contai ni ng substituted, brisgedeiNndRreyL@EINAbIMES caiykBgnoted for their
ability to produce isotactic propylene polyners having high isotacticity
and narrow nol ecul ar wei ght distribution. Considerable effort has been nade
toward obtai ning netall ocene produced propyl ene pol yners having ever-higher
nol ecul ar wei ght and nelting point, while nmaintaining suitable catalyst
activity. 20 Toward this end researchers have found that there is a direct
rel atiogshi p between the way in which a_netallocene is substituted, and the
nol ecular structure of the resulting p *[IJM}_ For the substituted, bridged
I ndenyl type netallocenes, it is now well established that the type and
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time to accurately correlate specific su I tutton p erns i fic
pol ynmer attri bpalgwerigdtmmgh trends nmay be identified. 30 For exanple, U. S.
Pat ent . 5,840, 644 describes certain netall ocenes containing

aryl -substituted i ndenyl derivatives as |igands, which are said to WO

02/ 02576 -2 2 0 DEC 2004 BACKGROUND

The use of metallocene compositions in olefin polymerization is well
known. Metallocenes containing substituted, bridged indenyl derivatives are
15 noted for their ability to produce isotactic propylene polymers having high
isotacticity and narmow 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.
20
Toward this end researchers have found that there is a direct relationship
between the way in which a metallocene is substituted, and the inolecular
structure of the resulting polymer. For the substituted, bridged indeny] type
metallocenes, it is now well established that the type and arrangement of
25 substituents on the indenyl groups, as well as the type of bridge connecting the
indenyl groups, determines such polymer attributes as molecular weight and
melting point. Unfortunately, it is impossible at this time to accurately correlate
specific substitution patterns with specific polymer attributes, though trends may
be identified.
30
For example, U. S. Patent No. 5,840,644 describes certain metallocenes

containing aryl-substituted indenyl derivatives as ligands, which are said to




PCT/ US01/ 16573 provi de propyl ene pol ynmers having high isotacti ci tyszygcognm
nol ecul ar @&2}2 di stribution and very high nol ecular weight. Lik U,
S. Patent . ,9?:66,053 describes certain netall ocene 5 cormpuusiangsizd to
be useful for producing high nol ecul ar weilght propyl ene polyners. These

nmet al | ocenes have a specific hydrocarbon substituent at the 2 position and
an unsubstituted aryl substituent at the 4 position, on each indenyl group
of the metall ocene conpound. 10 WO 98/40419 and WO 99/ 42497 both descri be

certain suppobptoxitdec pioplylsie pAYSHERARa¥iRE H | g pr |.ene pol.ymers having

high melting point. Metal I%c_yéne corrpo%i télgﬁ%&%éﬁgl ’hgﬁoi&?@gﬂl& eght of t en
conbi ned wi t hdistriwbignand vent kigh atolecularwieight 0 obtain a catal yst system t hat

is less likely to cause reactor fouling. However, it is known that

supported netal |l ocene catal yst systens tend to 15 result in a polynmer having

| ower nelting point e I ;se ained. if the netallocene

were not support ed. wk\?%’\é\?ptﬁe?%%ﬁ\éw P?g’éggéhd?ﬁ‘f“lbﬁ? SeRpEy mpallossan

di rect éd towacainpmindg saibt@lbeotRitg €t BloMasind VIS | all
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rel evant pr oceﬁs condjitions, to 20 obtain propyfene polynmers®
poi nts hi gher PRIKRATSk nEhpsenetallpeanes dave at speyific Isydst@morpfibsGheseat fe BT aS

hi gh as, prop rs ,obt ai ned usjin conventional, Ziegler-Natta
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di scovered m@hb@ﬁﬂi&%@t@ﬂ@%@%ﬂ%%gd not only have this capability, but
retain it upon supportation. 25 SUWRARY The present invention relates to

novel netall ocene conpositions capable of providing propyl ene polyners
havi ng, hi gh nelti | d cul ar weight. 30 The present invention
furt hg? rel at es tgﬁ/&g?g}lb{%ggﬁ@g&é a?%/§34%7y§‘?tér¢65mh¢mer@%nfgxpponed oatalyst e of
these conposidykeis F66 BRARILI L v or, cocat sts, .and 2 0 DEC
2004 WD 02/ 03526 pey LER) 16§g¥r§p@%{‘% oﬁ%‘&ﬁ%}“ sﬁapvb%’-rtgj‘rgét dPElERE PRt o t he

use of such nde@llpesnemempaisitions tand théie aBtivators @tebfish BhYREA WAL Qlbport
particularly propyl .enedgolg/ﬁgr .pol yneri zation.

alciidl i order t0 obtamn a Catalyst system that is less likely to cause reactor
fouling. However, it is known that supported metallocene catalyst systems tend to

15 result in a polymer having lower melting point than would otherwise be obtained

if the metallocene were not supported.

Much of the current research in this area has been directed toward using

metallocene catalyst systems under commercially relevant process conditions, to

20 obtain propylene polymers having melting points higher than known metallocene
catalyst systems and close to, or as high as, propyiene polymers obtained using
conventional, Ziegler-Natta catalyst systems, Le, 160°C or higher. The present

inventors have discovered metallocene compounds that not only have this

capability, but retain it upon supportation.

25
SUMMARY
The present invention relates to novel metallocene compositions capable
of providing propylene polymers having high melting point and molecular weight.
30 The present invention further relates to metallocene catalyst systems comprising

one or more of these compositions and one or more activators or cocatalysts, and




DESCRI PTION 5 The netal | ocenes of the present invention may be deszrﬂsl{@ 3004
bridged bis(2-R3-4-phenyl-indenyl)netall ocenes wherein: the radical may
be identiW&9282576i fferent and are each a hydrogen atom a ReF¥§eHiaidbm a
Cl-C10 alkyl group which may be hal ogenated, a C6-Cl10 aryl group which may
be 10 hal ogenated, a C2-Cl0 al kenyl group, a C7-C40 -arylal kyl group, a
C7-c40 al kylaryl group, a C8-C40 aryl al kenyl group, a -N2, -SR, -OR,
-CSiR 3 or - PR2radical, wherein R is one of a halogen atom a Cl-Cl10

al kyl group, g4 - IS af BURe uld e SABE Mekalol kfyted at
the 3" and 5 %B%a??bsr%%ggn%g%i cal sﬁv\,hi ch rras? bg%:tdggfk%z%aﬁﬂgsr@g?%g%nt and
are each a G definlpvlymeardiacah, patbcdianty prpplytenmpa!ymer 201yewarizatiomt ons, t he

nmet al | ocene being optionally substituted at the remai ni ng positions on the
phenyl and/or indenyl ring(s), with the proviso that when either R3is a
hydrogen atom a nmethyl or ethyl gr 1 fh phenyl rings are
substituted at the 3' and 5 positi%m-éggy—ﬁwa groups which nay be the
sanme ok different. 20 The netal |l ocenes of the present invention can be
represented by the fornula: 2 0 DEC 2004 WO 02/02576 PCT/ USO1/ 16573 -4 R
Q R R5 R& R4 :|_Theamewrli®eaes RY thipresent: inverttidns mak| tecdesdribedbas thidged oup
consisting of titanium zirconium hafnium vanadi um niobiumn tantalum
chrom um nol Q@%MMykmdggy]émptallocenes wherein:  the radicals R2 may be

identical or different and are each a hydrogen atom, a halogen atom, a C{-Cjg

alkyl group which may be halogenated, a Cg-Cyg aryl group which may be
10 ~ halogenated, a C»-Cyq alkenyl group, a C7-Cyqq -arylalkyl group, a C7-Cy4q
alkylaryl group, a Cg-Cyqq arylalkenyl group, a -NR', -SR, -OR/, -OSiR"3 or -
PR’y radical, wherein R’ is one of a halogen atom, a C{-Cy alkyl group, or a Cg-

Cyp aryl group; the phenyl rings are substituted at the 3' and 5' positions by

radicals which may be identical or different and are each a Group IVA radical
15 having from 2 to 20 carbon atoms, the metallocene being optionally substituted at

the remaining positions on the phenyl and/or indenyl ring(s), with the proviso that

when either R3 is a hydrogen atom, a methyl or ethyl group, then both phenyl
rings are substituted at the 3' and 5' positions by butyl groups which may be the
same or different.
20
The metallocenes of the present invention can be represented by the

formula:




5 preferably zirconium hafniumor titanium nost preferably zi rco@iﬂJlﬁE['RZﬂm
and R2 are\l{@%%&ﬁ?' or different, and are one of a hydrogen atom a C | -
gr )

C10 al kyl up, Cl-Cl O al koxy group, a C6-Cl10 aryl group, PETE§OCNGT3
aryloxy group, a C2-ClO al kenyl group, a2-C40 al kenyl group, a C7-C40
aryl al kyl group, a C7-C40 al kyl aryl group, a C8-C40 aryl al kenyl group, an
OH group or a 10 halogen atom Rl and R2 may al so be joined together to form
an al kanediyl group or a conjugated C4-40 diene |igand which is coordinated
to M in a netallocyclopentene fashion; RlL and R2 may al so be identical or
different conjugated dienes, optionally substituted with one or nore
hydrocarbyl, tri(hydrocarbyl )gélyl groups or

tri (hydrocarbyl)silylhydrpcarbyl groups, said 15 dienes having up to 30
atons not counting hydr n and forgbng a it conplex wth M exanples

i nclude 1, 4-di phenyl -1, 3-b 71, 3-pentadi engl 2-nmethyl 29 DEC 2004 WO
02/ 02576 PCT/ USO01/ 16573 -5 nt adi ene, 2, 4- hgxadi ene,

1- phenyl - 1, 3- pent adi ene, 1, nzyl -1, 3- but adi ene,
I,4-dito|y|-|,3-butadi§gp i 8 tgri met hyl si fyl)-1 ,3-but adi ene, and

1, 4- di napht hyl - 1, 3- but adig .Tﬁy R a q,szgre identical and are a
Cl- C3 al kyl or al koxy group A~ Mr aryl oxy group, a G2-C4

al kenyl group, a Cr7-C 10 ar . ) a G7-C 12 al kyl aryl group, or a
hal ogen atom preferably ch L2 are identical gor different and are
each a hydrogen atom a ha 9 gy oup mhichlﬁay be
hal ogenated, a C6-Cl O gféyl groyp which m a C2-C16 al kenyl
group, a C7-C40 -arylal kyl gr&up, a to C7- group, a C8-C40
aryl al kenyl group, a -NR 2, -SR, -OR, - R 2 radical, wherein
R is one of a halogen atom a Ci1-Cl10 al kyl p~por 8 _C§-C 10 aryl group;
preferably R3 is not a hydrogen atom preferg eadh R3 ®s identical and is
a fluorine, chlorine or bromne, atom a Ck- | gr@up which may be

hal ogenated, a C6-C8 aryl group which 15 may be WwdlQgehated, a -NR 2, -SR

a chlorine atom a C

-OR, -OSiR3 or -PR 2 radical, wherein R is ong
1-C4 al kyl group, or a C6-Cg aryl group; nore preferablNy, R3 are identical
and are each a C3 al kyl group, nost preferablpy isoﬁropangroups;

Rll)

wherein: M1 is selected from the group consisting of titanium, zirconium,
hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten,

5 preferably zirconium, hafnium or titanium, most preferably zirconium;

R! and R2 are identical or different, and are one of a hydrogen at.om, aCy-

C10 alkyl group, a2 C-Cy alkoxy group, a Cg-Cyg aryl group, a Cg-Cyp aryloxy

group, a C2-Cjq alkenyl group, a C-Cy4q alkenyl group, a C7-Cyq arylalkyl

group, a C7-Cy4q alkylaryl group, a Cg-Cyqy arylalkenyl group, an OH group or a

10 halogen atom; R! and R2 may also be joined together to form an alkanediyl group
or a conjugated C4.4¢ diene ligand which is coordinated to M! in a
metallocyclopentene fashion; R! and R2 may also be identical or different
conjugated dienes, optionally substituted with one or more hydrocarbyl,
trithydrocarbyl)silyl groups or trithydrocarbyl)silylhydrocarbyl groups, said

15 dienes having up to 30 atoms not counting hydrogen and forming a = complex

with M, examples include 1,4-diphenyl-1,3-butadiene, 1,3-pentadiene, 2-methyl-




alternatively, R3is a C1l or C2 alkyl group; 20 R4 to R7 are ident'quIDEtgr 2004
different and are_hydrogen, or are as defined for R3 or two or noré

adj acent r 3R E4S'R5 to R7 together with the atoms connecti MET/U$RME0r m one
or nore rings, preferably a 6-nenbered ri-Ag, preferably 4-S nenbered ring;
R13 is 2 0 DEC 2004 WO 02/02576 PCT/US01/ 16573 -6 R14 R14 R14 R14 M2 M2 M2
M (CR216) 1 11 1 RI5 RI5 RI5 RI5RI4RI4R141 I I -O-M--01 RR5C-0O
-M2 R15 R15 -B(R14)-, -Al(R14)-, -CGe-, -Sn-, -0-, -, -SO, -S2-,

-s
-N(R14) -, - CO153-p&tRiidhe, 2U-hexRtfhé Rl‘%%ﬁen 14“,’@%&’1}3@; ngéghl’g%dg?ﬁ%ggl-g 6 ore

identical or different and are a hydr og tom" a
branched or | ibutadrenal ky,H-@HOQdﬂ,,S-huﬁdikﬂ@ZQ,4—bis(tﬂfr@ﬁ{y4mclzw,r1p![,3sgdt§gﬁgrl@fl agdoup, a

C6-C, 0 aryl gr,oup, - fl yoroaryl group, a Cl-C20 al koxy group, a
C2- C20 al kenyll’%g%&ggl'g’gﬁi@f%fﬁyl al kyl group, a Cg- C40 arylal kenyl group,

a C7-C40 al kyl aryl grou nd, R15, together with 10 the atons
bi ndi ng them for mpgefggpg)il)f @ﬁ @PR%gi,za%FﬁeéFI%Iay, a1 & C1 5 alkiyd oraony graugent i cal

206 CH ary RS Ik e £ bloyid ke s e G-Slerapkihgoup,
e o B e e s T
R3 are identical or different and are each a hydrogen atom, a halogen
atom, a C1-Cjg alkyl group which may be halogenated, a Cg-Cyp aryl group
which may be halogenated, a C»-Cy¢ alkenyl group, a C7-Cy4 -arylalkyl group, a
10 C7-C40 alkylaryl group, a Cg-Cqp arylalkenyl group, a -NR'5, -SR', -OR), -
OSiR'3 or -PR" radical, wherein R’ is one of a halogen atom, a C1-Cqo alkyl
group, or a Cg-Cy aryl group; preferably R3 is not a hydrogen atom,;
preferably each R3 is identical and is a fluorine, chlorine or bromine,
atom, a C1-Cq alkyl group which may be halogenated, a Cg-Cg aryl group which
15 may be halogenated, a -NR', -SR', -OR), -OSiR'3 or -PR'y radical, wherein R is
one of a chlorine atom, a Cy-Cy4 alkyl group, or a Cg-Cg aryl group;
more preferably, R3 are identical and are each a Cs3 alkyl group, most
preferably isopropyl groups;
alternatively, R3 is a Cj or Cy alky!l group;
20 R4 to R7 are identical or different and are hydrogen, or are as defined for

R3 or two or more adjacent radicals R> to R7 together with the atoms connecting
them form one or more rings, preferably a 6-membered ring, preferably 4-8

membered ring;

R13is



15 group, a C8-Cl2 arylal kenyl group, or a C7-Cl4 alkylaryl groupR}g@rpaEc dmgl'
or nore car bons, silicon, germaniumor tin, preferably silicon;

al so be anVHH&YSr ane- type radical such as is described in"@G’W’GOQﬁ’GMG
(herein ful I y incorporated by reference)¢WD 02/ 02576 7 2 Q DEC 2004

PCT/ USO01/ 16573 R8, R10 and R12 are identical or different and have the

nmeani ngs stated for R4 to R7; and RO and Rl11 are identical or different and
are a Goup NA radical having from1l to 20 carbon atons or are each
primry, secondarqur 4 tertiary A1 gr s, 5 aryl groups, i sopropyl
groups, fluoroal kyl'* groups, tri yl si'tyl groups, ? ot her groups of
simlar size, prefjrabl y a tertilary butlyl group. Ink anot her enbodi nent, the
net al | ocenes of th resent inv ntlon re represented by the fornmnula: RIOR
11 -R9 O R12// -84 'R-03 W2 10-whdrein:» ML_if2sel ecf@R,1®pmthe group
consisting of titanium zirconium haf nium vanadi ym nio um tantal um
chrom um nol ybdenﬂm and tungstg nd R2 are identical or different, and
are one of a hydrogetd atom a Cg.15 15 RO al kyl grpup, a C 1-C 10 al koxy
group, a C6-C 10 aryl group, a C6-C 10 aryloxy group, a C2-Cl0 al kenyl
group, a C2-C40 al kenyl gr oup, a C7-C40 arylal kyl WO 02/02576 2 0 DEC 2004

PCT/ US01/ 16573 R14 R14
0 !\/12 O— IC : 0 !\/12
FL15 Lw ,L15

-BR!%- "AIR14)-, -Ge-, -Sn-, -0-, -§-, -80-, -S05-, -N(R14)-, -CO-, -P®R14)-,
or -PO)R14)-;

5 wherein: R14, R15and R16 are identical or different and are a hydrogen
atom, a halogen atom, a Cy-Cyq branched or linear alkyl group, a C1-Cogp
fluoroalkyl or silaalkyl group, a Cg-C3¢ aryl group, a Cg-C3p fluoroary! group, a
C1-Cpq alkoxy group, a Cp-Coq alkenyl group, a C7-C4q arylalkyl group, a Cg-
Cyg arylalkeny! group, a C7-Cyqq alkylaryl group, or R14 and R13, together with

10 the atoms binding them, form a cyclic ring; '

preferably, R14, R15and R!16 are identical and are a hydrogen atom, a
halogen atom, a Cy-Cy4 alkyl group, a CF3 group, a Cg-Cg aryl group, a Cg-Cjg
fluoroaryl group, more preferably a pentafluorophenyl group, a C-Cg alkoxy
group, in particular a methoxy group, a C2-Cy4 alkenyl group, a C7-Cyp arylalkyl

15 group, a Cg-Cy7 arylalkenyl group, or a C7-C14 alkylaryl group;

M2 is one or more carbons, silicon, germanium or tin, preferably silicon;

R13 may also be an amidoborane-type radical such as is described in

20 WO00/20426 (herein fully incorporated by reference);



group, a C7-C40 alkylaryl group, a C8-C40 arylal kenyl group, an O—llfgobuepomm
a hal ogenyy l&m Qo a conj ugated diene which is optionally substit d

one or nore &rocarbyl tri (hydrocarbyl_)sHyI groups or PCT/USO1/16573

tri (hydrocar byI )silyl hydr ocar byl groups;‘said diene having up to 30 atons
not counting hydrogen; 5 R3 are identical or different and are each a

hal ogen atom a C3-Cl10 al kyl group which nmay be hal ogenated, a C6-Cl0 aryl
group which nay be hal ogenated, a C2-Cl0 al kenyl group, a C7-C40 -aryl al kyI
group, a C7-C40 a 10y. [01]] n ou a -NR 2

-OR, -CSiR 3 or - R%Kg raé]élilqjéal &Bvﬁg%agé%dﬁ?%&%n%%ﬁwﬁ%ﬁl %f‘é’ngétS(SﬂFda C
1-C 10 al kyl  e4rqtfso B7: 84d4C6- 10 C10 aryl group; R4 to R7 are identical or
different and are hydrogen, as defined for R3 or two or nore adjacent

radicals R5 to R7 R& T yat f arm eor mor e
rings; R13 is Rl4 gljlﬁilglhg Rﬁ&‘z:ﬁer{tﬁﬁl @%T\é/@?%ﬁ&w %%@%Wf\ I'radllca RIBE R15
R15 R15 R14 RﬂMnRILw 20 carbon é)tohE oDafe &ch@rimy, fecditlaly br Bk tﬁ?ouﬁ§ R14)

-Al (R14) -, - -Sri - -, -SO, -S02-, -N(R14)-, -
_P(O (R14) -, 6‘?3’1 SFPURT %E@P&hérquaau Regroalipg erops Frielkyd silyD gfmBs 2a0ather

PCT/ USO01/ 1657 &h !Pﬁ;é e i dentl cal or different and are
a hydrogen gr\r%] P"&hmdggé%e to raﬁgzdzt@%t?aég@ugl group, a C1l-Cr70
fluoroal kyl or sil bpadother embodiment, the metallocenes of the present invention are

represented by the formula:

R g1
R 10
10
wherein: M! is selected from the group consisting of titanium, zirconium,
hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten;
R! and R2 are identical or different, and are one of a hydrogen atom, a C1-
15 C10 alkyl group, a C1-Cj alkoxy group, a Cg-C1¢ aryl group, a Cg-C10 aryloxy

group, a C2-Cyg alkenyl group, a Cy-C4qq alkenyl group, a C7-C4qp arylalkyl



group, a C6-C30 aryl group, a C6-C30 fluoroaryl group, a Cl-C20 al I?Oﬂ(yDEC 2004
group, a % Q_al kenyl group, a C7-C40 aryl al kyl group, a C8-C40

~aryl al keny gﬁ%’aﬂﬁ 5 a C7-C40 al kylaryl group, or Rl14 and RPET/USgativer with
the atons binding them forma cyclic ri-fg; M2 is one or nore carbons,
silicon, germaniumor tin; R3, R10O and R12 are identical or different and
have the neanings stated for R4 to R7; and 10 RO and Rl11 are identical or
different and are each a G oup I VA radical having from2 to 20 carbon atons

or are each agfupR:- t ity : , ryl _group, an
Tt Cﬁﬁ@gﬁ?ﬁy%ﬂ?ﬁpﬁ Gc?r @ééf a?lt}éiké(@a%r{gﬁéfl 0 ?grﬁp aﬁ?)? IEler

iﬁgpgppyltg:g;p{ trLfI Ky i bis donven uor GO
ennodal nen a rehiod€ &re ; b -L0OF r - e
Formil & RLO KT RS O v 0 (3 SUReARLLE ™, Spda0B TRk b Rt b3
wherein: M| morebydeeastyt, tuthydiveadybsitylavospsséri trighyalkodairbyalsilg By dEdca@Hni um

haf ni um vanadi u ni phi u tantal u chrom um nol ybdenum and "tungsten; 5
RL and R2 ar egﬁod‘g%nsia@;‘?‘e nhﬁ”?& ep échgé A9MS Nt soyKEdTydrogendr ogen atom a Cl-

C 10 alkyl group, £ 1-.¢ 10 alk roup, a C6-C 10 aryl group, a C6-C 10
otord o o o B el il cdeslo mud doghi g oo
aryl al kyl gr - yl ar roup, . a C8- aryl al kenyl group, an
OH group or a&%ﬁgl g"é’é%‘ é'f’%ab%rhaio%ﬂﬁgﬁg db-Hi18narilhBERiDi svtdeh i wanl by
substituted w or _por e hydrocar byl , . tri (hydrocarbyl)silyl groups or
tri (hydrocar m%l?éﬁa%dhyadgcg?%ﬁlk%ﬂ)@%‘fp’ saaiqy'ﬁﬁé n'é“ﬂ%l@)’ L@TQHB': o) CBE&BG oS
not counti n?ﬂlpgldrgg%n; R- gftga e identical or different and are each a
hydr ogen ato AP 2 MBorg0 ardalkend sipwRsia PNBgp -BRi cORNBPDHR'S or -
hal ogenat ed, R'%égé&aﬁl _gngpp 1(3_ whi ch nmay be hal ogenated, a C2-C 10
al kenyl grouptf®™ar oheegiy Ralskarie afraciabogea atom, a C1-Cyg alkyl group, or a Cg-
' 10 Cio aryl group;

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

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

form one or more rings;

RI3 s
R14 R14  R14 R14
| ] |
—_—M2 M2 M2 » — M2 — (CRp16)—_ .
;L15 |L15 ,L15 ius
R14 R14 R14
|
0—mM2 0 ' L ' o) !\AZ
|
. R15 ,L15 ,|q15

-BR!4)- -AlR14)-, -Ge-, -Sn-, -O-, -§-, -80-, -809-, NR14)- -CO-, -P(R14).,

or -P(O)(R14)-, or an amidoborane radical;



Cr7-C40 al kyl aryl group, a C8-C40 aryl al kenyl group, a -NR 1, -SR, _@TEC 2004
CSiR 3 or -PI%?] radical, wherein: R is one of a halogen atom a Cg- 1
al kyl gro\yﬁ’, dF% o8- clo aryl group; R4 to R7 are identicalPC@rusdutésesent
and are hydrogen, as defined for R3 or 2@-two or nore adjacent radicals R5
to R7 together with the atons connecting them formone or nore rings; R13
is WO 02/02576 R14 R14 RI4 R14 1 11 | M M M M R15 R15 R15 R15 R14 2 O
DEC 2004 PCT/USO1/16573 (CR216) RI4 R141 1 I O M OPCp _0_M 1 RL15 R15
R15 -B(R14)-, -Al( - SR16-0- 0. -S . - , -SR-, -N(R14)-, -CO,
_P(R14)-, or -P(OY %?'-3%3?&“%&13&5%?“5?}6@Qaﬁggﬂf?m@%ﬂ@raehbf@mm, RL5
and R16 are i gep,iad@llogn atbrhf £C 1) : gen atom
a Cl-C20 al kyl group, a Cl-C20 ?fcgoof%g:rl%rlgu%rar%fF’gglef{}ﬁ&hé}rpgﬁgﬂﬁg‘%& C30

Chin C20

P a

aryl group, agapBCEC 2Eupds CYIC R ldr 0
al kenyl group, a C7- Ojkg?gl al k;I?I gzgou:?o(?1 a 88%@:50 u??%/ité%@fw@?%rup,’

C7- CAD al kyl as ¥h-Gp@uikenyligréils £09-GiParyl268 1R, WG&%@%@!?@% géo'&gi ng

them 10 forma cyclic ring ; M2 is one or nore ca &r mani um

o L7 1%, a0 MG o Keoerln O, GDLAN, DBYR ARRIFAOS

stated _for R4 to and ar é
each pri Wﬁry,fo?ﬁpé)émifc%ir@;

M2 is one or more carbons, silicon, germanium or tin;
R8, R10 and R12 are identical or different and have the meanings stated

for R4 to R7; and

10 R9 and R1! are identical or different and are each a Group IVA radical
having from 2 to 20 carbon atoms or are each a prumary, secondary or tertiary

butyl group, an aryl group, an isopropyl group, trialkyl silyl group, or a

fluoroalkyl group.
In another embodiment the metallocenes of this invention are represented
15 by the formula:
RID
R 11

(I}

RIG



tertiary butyl groups. 2 0 DEC 2004 WO 02/02576 PCT/ USOI/ 16573 - 32 DEK')[: 2004
anot her ermgq,iz);@{yg the netal |l ocenes of this invention are represented Dy
the formula: RIO RI1 | _R9 5 wherein: ML is selected from tReTgiSoupes73
consisting of titanium zirconium hafnillm vanadi um niobium tantal um
chrom um nol ybdenum and tungsten; Rl and R2 are identical or different, and
are one of a hydrogen atom a C- io ClO alkyl group, a Cl-C0 al koxy group,
a C6-Cl10 aryl group, a C6-Cl0 aryloxy group, a C2-Cl0 al kenyl group, a

C2- 40 al kenyl group, a C7-C40 arylal kyl group, a C7-C40 al kyl aryl group, a
Cg- G40 aryl al kenyl group, an OH group or a halogen atom or a conjugated
diene which is optionally substituted with one or nore hydrocarbyl,
tri(hydrocarbyl)silyl gr s or. 15 tri (hydrocarbyl)silyl hydrocarbyl groups,
sai d di ene having Wée¥g*1 %péﬁt Hiectetbirometba graupgconyidgting ehititandf 22i0@mien, 13 2 0

CEC 2008 TR WRTA Ryl SO SR o it A o
adi cal s R to R7 Rognt Ror iy TR EHe” SRR AN Gk Prr  REPES RORAdRE or
more rings; Rig igyFRbuRACRE, Rifoly érollp,i a c‘i’g-d\{% al}/yzl gl\l%ulg,ca 8%-](;6 1) 0 aryloxy

group, a C-Cyq alkenyl group, a C-C4g alkenyl group, a C7-Cyqp arylalkyl

group, a C7-Cyg alkylaryl group, a Cg-Cqag arylalkenyl 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

tri(hydrocarbyl)silthydrocarbyl‘ 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 C}-Cyg alkyl group which may be halogenated, a Cg-Cyg aryl group

15 which may be halogenated, a Cp-Cp alkeny! group, a C7-C4q -arylalkyl group, a
C7-C4p alkylaryl group, a Cg-C4q arylalkenyl group, a -NR'5, -SR', -OR, -

OSiR'3 or -PR'2 radical, wherein: R’ is one of a halogen atom, a C1-Cjq alkyl

group, or 2 C4-C1o aryl group;

R4 to R7 are 1dentical or different and are hydrogen, as defined for R3 or

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

form one or more rings;

RI13 s



115 11 | R15 R15 R15 R15 R14 R14 R14 0O M O0O_p CIl _ O M 154 R I?lﬁ ﬁﬁé 2004
-B(R14) - AvbRAdsy -Ce-, -Sri-, -0-, -S-, -SO, -SO?-, -N(R14)-,

-CO, 1P(R 4) “18 or -P(O (R14)-, or an am doborane radi caPCTANSEYHISA3 R14,
R15 and R16 are identical or different and-are a hydrogen atom a hal ogen
atom a Cl-C20 al kyl group, a Cl1-C20 fluoroal kyl or silaal kyl group, a

C6- C30 aryl group, a C6-C30 fluoroaryl group, a Cl-C20 al koxy group, a

C2- C20 al kenyl group, a C7-C40 aryl al kyl group, a C8-C40 aryl al kenyl group,
15 a C7-CAO al kyl ary14 group, or5Eh4 and,q®15, together,with the atons binding
them forma cyclic ring; 20 C 2008 Vo 02/ 02578 / US01/ 16573 M2 is one
or nore carbons, sillicon, germarniumor |tin; RS, ng and R12 are identical or
di fferent and have t?e nmeani ngs Séated for R4 to R7; and 5 RO and Rl11 are

i dentical or di rreléfit—and are—dd h~p¥mﬁ%pyr-seconqa2y_nl(cﬁﬁgﬁing hut yl
groups. As utiIizeq her ei n, the’tern1" | kyl ", along or in co igation, means
a straight-chain, ibranched-chailn, or ¢yclic al kyl [radical which may be
optional ly substiﬁﬁ&gd. Exanpl @tof s@db radical s gl ude, but are not
limted to, nethyl, 10 ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, Qﬁntyl, i so-anyl, hexyl, octyl cyclopropyl,

cycl obutyl, cycl opentyR'“cycl ohexyl, cy@bbctyl, and t heg14i ke including
their substituted anal pgues. The term "al kenyl" neans a strai ght- chain,
branched-chain, or cyc|ic hydrocarbon ragdical having onefor nore doubl e
bonds. These alke@yl rgdi cal fhmay be optionally subﬁtitu %d. Exanpl es of
suitabl e 15 al kenyl ragdicals 1nclude, bul are not M H‘toT‘ethenyI,
propenyl, allyl, 1,4- gutadienyl cycIoperenyI, cycIobutFnyI, cycl opent enyl
cycl ohexenyl, cycl oct eay$ r15 a15

-BR1%- -AlR!4)-, -Ge-, -Sn-, -0-, -S-, -SO-, -802-, -N(R14)-, -CO-, -PR14).,
or -P(O}R!4)-, or an amidoborane radical;

5 wherein: R14, R13and R16 are identical or different and are a hydrogen
atom, a halogen atom, a C|-Cj alkyl group, a C1-Cayg fluoroalkyl or silaalkyl
group, a Cg-C3 aryl group, a Cg-C3 fluoroaryl group, a C1-Cpq alkoxy group,
a C2-Cq alkenyl group, a C7-Cgq arylalkyl group, a Cg-Cyqg arylalkenyl group,
a C7-Cyq alkylaryl group, or R14 and RI13 together with the atoms bin&ing them,

10 form a cyclic ring ;

M2 is one or more carbons, silicon, germanium or tin;

R8, R10 and R12 are identical or different and have the meanings stated
for R4 to R7: and

15 R? and R1! are identical or different and are each primary, secondary or

tertiary butyl groups.




and the like including their substituted anal ogues. The term "al koxy{ PE@ 04

an al kyl q§r [adical wherein: the termalkyl is as defined above.

"Exanpl es o {#8bl e al kyl ether radicals include, but arePdtUSOLIBI7d t O,

" met hoxy, ethoxy, n 20 propoxy, isopropoxyl2-n-butoxy, iso-butoxy, sec-butoxy,
tert-butoxy and the like. The term"aryl" neans a phenyl, azulenyl, or

napht hyl radical and the |like which optionally contains a heteroatom and/ or |
carries one or nore substituents, for exanple, alkyl, alkoxy, hal ogen,

hydroxy, amino, ni i endthér edBodifent eid ﬁwangce%@opﬁ{l& iRhabd YrdfeplRERES

met al | ocenes: . rac-di net hyl sil adi yl (2-net hyl,
4-[3',5'-di-tbﬁﬂvﬁbﬁ§h9l]lndenyl)22|rcon|un1 di chl ori de;

rac-di met hyl siladiyl (2-ethyl, 4-[3",5"-di-tbutyl phenyl]indenyl)2zirconium

di chl oride; 30 rac-dinethylsiIadiyl(2-n-propy|,

4-13',5' -di-tbutyl phenyl ]i ndenyl ) 2zirconium dichloride; W 02/02-"76 -15 2 |
0 DEC 2004 PCT/ US01/ 16573 rac-di net hyl sil adi yl (2-i so-propyl,
4-13',5" -di-tbutyl phenyl ]i ndepyl ) 2zi r coni um di chl ori de; |
rac- dlnethyIS|Iad|yI(2 n; buty , 4-[3",5 -di-tbutyl phenyl]indenyl)2zirconium
dlchlorlde 5 rac- di met®iyl si | diyl (3 i so-butyly

4-13",5 -di -tbutyl pheny!]I rconiunl  di ghloride; |
rac-dinethylsiladin(Z-sec-
4-13',5" -di-tbutyl phenyl ]i
rac-di met hyl si | adi yl (2-1 2
4-[3',5'-di-tbuty|phen§hi§nd nyl ) Rtonlunl Q/dkdﬁloride;

rac-di met hyl si | adi yl (2-ne BUYyl phenyl ] i ndenyl ) 2haf ni um
di chl ori de; rac-dinethylsil
4-13",5 -di-tbutyl phenyl i
rac-di net hyl si |l adi yl (2-n-

2Zirconium dichl ori de;

af ni-um di chl ori dg?
2! 1fi -tbutyl phenyl ]Sl ndenyl ) ( t)'n ni um

4- FS\,{dl-t utw' henyl ] i ndenyl )

15 rac-di nmet hyl sil adi yp¢2-i so- propyl
2haf ni um

Rll

RID

wherein: M1 is selected from the group consisting of titanium, zirconium,

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

R! and R2 are identical or different, and are one of a hydrogen atom, a Ci-
C10 alkyl group, a C1-Cyg alkoxy group, a Cg-Cy aryl group, a Cg-Cyp aryloxy
group, a C3-Cyq alkenyl group, a C-Cqq alkenyl group, a C7-Cygq arylalkyl
group, a C7-C4 alkylaryl group, a Cg-Cqq arylalkenyl group, an OH group or a

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

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

more hydrocarbyl, tri(hydrocarbyl)sityl groups or
counting hydrogen;




di chloride; rac-dinethylsiladiyl(2-butyl, 4-[3",5 d|-tbutylphenyl]zndsgglﬂmk
2haaf ni um _di chl ori de; rac- dlnethyIS|Iad|yI(2 nethyl

4-[3",5' -di (I%ﬂ¥9ﬂbhenyl]|ndenyl)22|rcon|un1 20 dimethyl:  PCT/US01/16573

rac- dlnethyIS|Iad|yI(2 ethyl, 4-[3,5 dlltbutylphenyl]lndenyl)22|rcon|um

di met hyl ; rac-dinethylsiladiyl(z n- propyl

4-13", 5 di-tbutylphenyl]indenyl)22irconiun1 di net hyl; 25

rac- dlnethyIS|Iad|yI(2 i so-propyl, 4-

e di met hyl 4 | adh if*h‘f“’g ?dé\‘*“%%ﬁ’%%a%dd GF P o sRyR Sl $20 oni um

di met hyl; rac-dp Hgﬁgél (2-1so-butyl,
4-13',51-di -tbut p ny hyl ) 2zirconium 30 dinethyl;
rac- di ni et hyl si | ad

o L bt o WA LCRT .aaaaﬁp?'sdiﬁrpe%wewwmmgenea%dﬁg@dzfeba@m

02/ 02576 -16 PCT/ US01/ 16573 r [ Ia utyl, .

0135 di -t BOP SRS ATACRBLRG P 57 R ipREthi il i atoms conirecting thenn
rac- di ITjBt hyl sighadloné bPnided Ribs; 4 [3 5' -di -tbutyl phenyl ] i ndenyl ) 2haf ni uni
dimethyl; 5 rac-di methylsiladiyl(2- et hyl, 4-[3',5"-di-tbutyl phenyl]

i ndenyl )2haf| iium cRIﬁe;shyI rac-di net hyI si | adi yI (2-n-propyl,

4-[3',5" -di-tbutyl phenyl]i ndenyl ) 2haf ni um di et hyl

rac- di met hyl si | adi yr(2-i so- propyR144-[ 3g18' - di - t but Wahenyl ] i ndeny] ) 2haf ni
um dinmethyl; 10 rag-dinethylsil adiyl (2 n- butyl ,

4-13",5" -di -tbutyl pf;nyl ] i ndenyl T 2haf n‘ um di net hyll;

rac- di et hyl si | adi y}f2-i so-butyl Mz(l- [ 3 @ - di -t'butyll\ﬁﬁenyl ](hrhdzeir@fl_)_Zhaf ni um

| . |

R15 R15  RI15 R15
R14 R14 R14
O LA2 0 ; |c - 0 LAZ
rL15 ;L15 ,L15

BRI%- -Al(RI4)-, -Ge-, -Sn-, -0-, -§-, -50-, -809-, -N(R14)-, -CO--P(R14)-,
10 or -P(O)(R14)-, or an amidoborane radical;

wherein: R14, R15and R16 are identical or different and are a hydrogen
atom, a halogen atom, a C-Cpg alkyl‘ group, a C1-Cpq fluoroaikyl or sitaalkyl

group, a Cg-C3q aryl group, a Cg-C3q fluoroaryl group, a C1-Caq alkoxy group,
a C3-Co alkeny! group, a C7-C4q arylalkyl group, a Cg-Cy4g arylalkenyl group,
15 a C7-C4 alkylaryl group, or R}4 and R1, together with the atoms binding them,

form a cyclic ring;




di et hyl ; rac-di nethyl siladiyl (2-sec-butyl, 4- [3',5'-di-tbuty|pheny|ju DEC 2004
i ndenyl) 2hafnium Is dinmethyl; rac-dinmethylsiladiyl(2-tert-butyl,

4-[3", 5 -d¥Q BThhenyl ]i ndenyi ) 2haf ni um di met hyl ; PCT/USO1/16573

rac-di met hyl siladiyl (2-nmethyl, 4-[3",5 -bis-

trifluoronethyl phenyl]indenyl)2zirconiumdichloride; 20

rac-di nethyl siladiyl (2-ethyl, 4-[3 ,5 -bis

trifluoromethyl phenyl]indenyl)2zirconium dichlori de;

rac-di net hyl siladiyl (2-n-propyl, 4-[3",5" -bis-

trifluoromnethyl phenyl]indenyl)2zirconi um di chl ori de;

rac-di net hyl si | adi Mz%d')@é)oﬂheﬁydarbo%'s,[sﬁicogt} '%%}rofap.ﬁ%éor tin;

trifluoromethyl phenyl]indenyl)?2zirconium

rac-di met hyl si | adi W& 10 gt B2 e ER5- i ‘ .
trifl uoronet hyl phenygl(’] "ndenyl ) 271 1 Idtntical ol diferent a7l have the meanings stated

rac- di met hyl sifdraRft 1 R2; dro- butyl, 4-[3',5' - Dbis-
trifluoronethyl phenyl]indenyl)2zirconiumdichloride; 30

rac-di et hyl si | adi R @ndRE owd Vdentida [3' differeRi S '

L1 'uor omet hyl phenyl | ndenyl) 221 con Sirlereth fid arg each primary, secondary, o5 pec
2004 PCT/ USO¥raas batylgrouisnet hyl sil adiyl (2-tert-butyl, 4-[3',5' -bis-
trifluoromnethyl phe chl] ori de;

e di nethyl o1 1 ad e Jgﬁ@gﬂﬁ?ﬁ@%’f@ﬁ'p@?@% f"f{gkgﬁ'x RloRe 196 1B reomplingtinen hgansdeny | )
210 U 8 A o004 S Sy R s
rac- di met hyl spybstifwjed. 2 Bxampbgsydf, suth[radicals-ihlade, tbuit fakd! b0 LI RY! RN eRB¢hy 1,
a5 1B 257 "hAT BriPe eBtonyl FAyh TroRs ey BuL i ek iscizmy,
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
bonds. These alkeny! radicals may be optionally substituted. Examples of suitable
15 alkenyl radicals include, but are not limited to, ethenyl, propenyl, allyl, 1,4-
butadienyl 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
suitable alky! ether radicals include, but are not limited to, methoxy, ethoxy, n-
20 Propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the like.
The term "ary!” means a phenyl, azulenyl, or naphthyl radical and the like which
optionally contains a heteroatom and/or caries one or more substituents, for

example, alkyl, alkoxy, halogen, hydroxy, amino, nitro etc.

25 The following are pénicularly preferred metallocenes:
rac-dimethylsiladiyl(2-methyl, 4-[3',5'-di-tbutylphenyl}indenyl),zirconium
dichloride;
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-di-tbutylphenyl]indenyl),zirconium
dichloride;

30 rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl},zirconium
dichloride;




L

rac-di met hyl sil adiyl (2-n-butyl, 4-[3",5" -bis- | 2004
trifl uoror{gf)w) J(}gnyl ] i ndenyl )2haf ni um di chl ori de; 20 DEC
rac-di met hyl's Iyl (2-iso-butyl, 4-[3",5"-bis- - PCT/USNDI/16573

trifluoromethyl phenyl]indenyl )2haf ni um dl1€h| oride; 15
rac-di met hyl sil adi yl (2-sec-butyl, 4-[3'",5" -bis-
trifluoromethyl phenyl]indenyl) 2hafni um di chlori de;
rac-di methyl siladiyl (2-tert-butyl, 4-[3",5 -bis-

trifl uoronet hyibﬂﬂlmam Jsila Yl dirchl
r ac- di net hyl si | adi yI |(y2 ng‘?f(g 1 b@ffgl '42['3 SSET' t%t&ff)‘ﬁenyl]1ndenyl)zz1rcomurn

trifluoromet MIFMRERSI ] i ndeny! )22| rconi um d| met hyl ;

rac-di met hyl si,

trifluoronet hy{: %%gyh&ﬁlﬁ%g@ﬂ‘%ﬁ é&gi’%ﬂ‘éh%élph%ﬂy;l]indeﬂ}’l)zzirconium
rac-di met hyl sditideiiygé.(2- n-propyl, 4-[3',5 -bis-

trifluoronethyl phen /111 ndenyl )22| rconi um di net hyl; 25

r ac- dihet hyl see-dithgthyRiladipl(Rismpinity], 4-[B3' -’dﬁtblﬁ’j/l%henyl]mdenyl)gzucomum
trifluoronet q\{ ﬁhe | 11 ndenyl ) 2zi r coni um di
rac- di met hyl st'f (2-n-butyl, 4-[3',51-bis-

e di et iyl i T agr ot 2 e A —
trifluoronet khddrdae;l ] i ndenyl ), zi rconi um di net hyl ;

rae- di met hyl si | adi 2-sec- but bi s-

trifl uoromet ﬁ@? %blg ];Hl*ﬁﬂléllﬁ-’y'f‘ﬁ)fghﬁltb’b6rﬁ3l45nd1htbmyﬂphbny1m&§1)%&?)ﬁimnI s 2 0 DEC
2004 gPCT/ Us%c}ﬂcé] &.6573 rac-di methyl siladiyl (2-tert-butyl, 4-[3",5" -bis-
trifluoronethyl phenyl ]indenyl)2zirconi um di net hyl ;

rac- di net hyl sad- dninqth;(l?ﬂamyltwhlet}f}d [éﬁpz;g: gl%ﬁfyiﬁﬁe%qjﬁﬁg{ﬁ)t hydphenyl 1indeny1)

2haf ni um di rr%ﬁhx rac- di met hyl si
4-13",5 -bis qq%romet hyl phenyl ]indenyl) 2hafnium dinethyl;
rac-di met hyl sid Aot A1mAFLBNLL 4% i Routglpheny indenyhafium dichloride:
rac-dimethylsiladiyl(2-n-propyl, 4-[3',5"- -di-tbutylphenyl]indenyl) ;hafnium
15 rac-dimethylsiladiyl(2-iso-propyl, 4-[3 ,5'-di-tbutyiphenyljindenyl) -hafnium
dichloride;
rac-dimethylsiladiyl(2-butyl, 4-[3‘,5'-di-tbutylphenyl]indenyl) 2hafnium
dichloride;
rac-dimethylsiladiyl(2-methyl, 4-[3%,5 -di-tbutylphenyl)indenyl)»zirconium
20 dimethyl; ‘
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-di-tbutylphenyljindenyl),zirconium
dimethyl;
rac-dimethylsiladiyl(2-n-propyl, 4-[3',5"-di-tbutylphenyl}indenyl),zirconium
dimethyl;
25 rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5-di-tbutylphenyl]indeny!),zirconium
dimethyl;

rac-dimethylsiladiyl(2-n-buty], 4-[3',5'-di-tbutylphenyl]indenyl},zirconium

dimethyl;

rac-dimethylsiladiyl(2-iso-butyl, 4-{3',5'-di-tbutylphenyljindenyl},zirconium
30 dimethyl;

rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indcnyl)gzirconium
dimethyl;



trifluoronethyl phenyl ]indenyl)2haf iium dinmethyl; 2 0 DEC 2004

rac- di met hyl dzﬁ%yl(z i so-propyl, 4-[3",5 -bis lo

trifluoronet y{ phenyl ]i ndenyl )2haf ni um di met hyl ; PCT/USO1/16373
rac-di met hyl sil adiyl (2-n-butyl, 4-[3',5" =Wi-s-

trifluoronethyl phenyl]indenyl )2haf ni um di met hyl ;

rac-di met hyl sil adiyl (2-iso-butyl, 4-[3",5" -bis-

trifluoronethyl phenyl]indenyl)2hafiiiumdinmethyl; 15

rac- di met hyl sidcadimett(y2sibeiytuentlburdt 135,945 E«hﬁ
trifluoronethyl phenyl ] i ndenyl )2haftg1| urqn a. met }flphenyl]mdenyl)znrcomum

rac- di methylsld}“ék1 F(2 tent-butyl, 4-[3",5 bIS-

trifluorometh cg ?ﬁ(y]%s @a Sq&lr}lgtﬂy i (0 d[ll-qg éheny [Jindenyl):hafnium

rac- di nmet hyl si
4-13",5' -di-i denddk pyl phenyl ] i ndenyl ) 2zirconium 20 dichl ori de;

rac- dlrnethyIS|Ia EZ n- pr opyl ,

4- [Sd § tﬁl l—lé’f’f Cbméw aﬂihém(ﬂiatmamn )52:4]-thaey1pheRy i de Ry YHafBfum dimethy!:
rac-di ne sila

4-[3",5 - d?/- i €6° ‘ﬁ‘?%@fsﬂﬁéwﬁ]q H@@Mb Iy B35 rdd-dprtyphenti fihdanylgleatni2an
rac-di met hyl sgingghy! ( 2- n- but yl

4-13',5' dy-lgo pR%p§lphenyl{lndenyl)22|rconlun1 di chl ori de;

rac- di met hy| stacalingthy Biladigh Dusorpropst, 433!, §-di Gbaty i e
i ndenyl ) 2zi r c@ni mb di chl ori de; rgg d4?[rret hyl S|$§)&e@f1?§¥ésr§®3%ﬂfdyw
4-13",5 -di-i HT pyl phenyl ]i ndenyl ) 2Zi rconi um 30 di chI oride;

rac- dijgret hyl - -|s ro henyl ]
|nden;?r$22¥r?gh]%ﬂ'}r}1¥ﬂlglgg%cﬁg ‘3‘%&%432’%’2‘?%“1/ p p 2 u¥1|:>CT/ US01/ 16573
rac- di net hyl sdilmethiyy;] (2-ethyl,"4-[3",5" -di -| so- pr opyI phenyl ] i ndenyl ) 2haf ni um

di chl oride; rac-dineth IS|Iad|yI(2 n- pr opy
4-13", 5 -di - i2&neshyl Sﬁéﬁhﬁlﬂ }ﬁ%mnlyﬁ)[azﬁadﬁmmmphdm}dhhmy@ghaﬁumn

dimethyl;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3 ,5'-di-tbutylphenyl]indeny!) ;hafnium

15 dimethyl;
rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-tbutylphenyl}indenyl) shafnium
dimethyl;
rac-dimethylsiladiyl(2-methyl, 4-[3',5'-bis-
triffuoromethylphenyljindenyl),zirconium dichloride;

20 rac-dimethylsiladiyl(2-ethyl, 4-[3',5"-bis- |
trifluoromethylphenyljindenyl),zirconium dichloride;
rac-dimethylsiladiyl(2-n-propyl, 4-[3',5"-bis-
trifluoromethylpheny!Jindenyl),zirconium dichloride;
rac-dimethylsiladiy!(2-iso-propyl, 4-{3',5"-bis-

25 trifluoromethylphenyl)indenyl),zirconium dichloride;
rac-dimethylsiladiyl(2-n-butyl, 4-[3',5'"-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride ;
rac-dimethylsiladiyl(2-iso-butyl, 4-[3',5'-bis-
trifluoromethylphenyljindenyl),zirconium dichloride;

30 rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'-bis-

trifluoromethylphenyljindeny!l),zirconium dichloride;




5 rac-di nethyl siladiyl (2-iso-propyl, 4-[3",5 -di- iso-propyl phenyl ]érﬂdﬁﬁt' %Uﬂli
2haf ni um woehbhers de; rac-di nethylsiladiyl (2-n-butyl, 4-[3' peradhiiesss

i so- propyl phenyl Jindenyl) , hafnium dichleride; )

rac-di net hyl siladiyl (2-iso-butyl, 4-[3",5" -di- iso-propyl phenyl]indenyl)
2hafnium to dichloride; rac-dinlethylsiladiyl(2-sec-butyl, 4-[3,5 -di-

i so- propyl phenyl ]indenyl) 2hafnium dichloride;

rac-dimethylsiladiyl(2:-tert-butyl 4-[3' 5 -di- iso-propylphenyl] indenyl)
2haf ni um  di ﬁ?'gwééyéﬂédlwli%:tw%émw-b Sabisy| (2- et hyl |

4SSl R RO DAY R b e et P
4-[3', 5" - di - i no-dineylshhapy 2 imaEeny i3 22 ibicalfivaBméethiBhédy]indenyl)

rac-di met hyl si | adi yl (2-i so-propyl,
4-[3",5' -di-izafnweghebivredeyl i ndenyl ) 2zi rconi um 20 di net hyl ;

rac-di pet hyl si | adi =Nz.buty oL . . .
4-13", 5 di - i‘&%‘%ﬂ?‘%‘bﬁ%ﬂﬁ%ﬁwfkﬂi’&eﬁﬁ y 29 e BHpiemethi Rkaoplindenyl) 2hafnium
rac-di met hyl sg; hyd-(2-1sobutyl,

4-13",5' d?/?c!sllézgigfgililzqggn%l ]%/ndenyl )2zirconium direthyl; 25

rac- di met hyl siat-dgnsgthyRilasdgl Dut-mopyl, 4-[3',5-bis-

4-13',5' d?/lslfsjﬁé! Trogllgl)%llﬂflpen>}/(|1]]i d?ﬁyﬂa)fnzuzuinrcésgl%rl{gé di et hyl ;

rac-di net hyl -HH@?} ;

4-13',5" - d?/- i 904l fsﬂglﬁ ?jlgcp yi ég[éi ._Gcgg_i um di met hyl ;

rac-di net hyl si | ag.lflf/lwz-et% , 4&‘[39 .5 -df-l So- propyl phenyl] i ndenyl ) 2haf ni um
30 di net hyl ; triflcorhmathyipheaiyl i Aralfini pinodi ide;[3' ,5' -di -

i so- pr opy%/phengl ?i ntge :ﬂ?% 5@3“?591 di et hgllhl;on2 E) DEC 2004 WO 02/ 02576
PCTI USOl / 16578¢lpe Ylgé% YA& Ryl 35 déspropyl , 4-[3', 5" =di -

Ir Zg: glr %?Lgrgﬂ?ﬁ'&g{"y - hﬂebnépﬁcfeﬂgiﬁh‘?ﬁhgﬁtcg?ﬂ]o?%% propyl phenyl ]i ndenyl)
2haf ni um rac-dimethylsiladiyl(2-iso-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl);hafnium dichloride;
15 rac-dimethylsiladiyl(2-sec-butyl, 4-{3',5'-bis-
trifluoromethylphenyl]indenyl);hafnium dichloride;
rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyl)indenyl);hafnium dichloride;
rac-dimethylsiladiyl(2-methyl, 4-[3',5'-bis-

20 trifluoromethylphenyljindenyl);zirconium dimethyl;
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-bis-
trifluoromethylphenyllindenyl ) zirconium dimethyl;

25 rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5'-bis-

trifluoromethylphenyl)indenyl),zirconium dimethyl;
rac-dimethylsiladiyl(2-n-butyl, 4-[3,5"-bis-
triflucromethylphenyl}indenyl);zirconium dimethyl;
rac-dimethylsiladiyl(2-iso-butyl, 4-[3',5'-bis-

30 trifluoromethylphenyl]indenyl),zirconium dimethyl;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3'.5'-bis-

trifluoromethylphenyljindenyl),zirconium dimethyl;



di met hyl ; 5 rac di et hyl si | adi yl (2-1 so-butyl, 20 DEC 2004
4-13", 5 ﬁ’ %ropyl phenyl ]i ndenyl ) 2zi rconi um di net hyl ;

rac- dlnethy SI adi'yl (2-sec-butyl,

4-13',5-di-iso-propyl phenyl ]i ndenyl ) 2zi reBii um  di et hyl ;
rac-di met hyl sil adiyl (2-tert-butyl,

4-[3",5" -di-iso-propyl phenyl ]indenyl) 2zirconium 10 di net hyl;

rac-di met hyl siladiyl (2-nmethyl, 4-[3",5" -di-phenyl phenyl]indenyl)2zirconi um
di chl ori de; r sac-dimetiysilasliyl @ateyt-flyk dkipl,5'-bis-

4-13",5 -di - phe I hey ' nyl ) 2zirconium, dichioride; i5

rac- di et hyl sf Il § Wegsﬁlzf:sw%vmdﬁlmsf‘{béfﬂw phenyl ]

|ndenyl)22|rc U |,

4135 - di - pherghs Fﬁd.%ﬂ e BB b RaBE ARy

rac-di met hyl sihegluyl d;&:emh)bytyl [3 5' - di - phenyl phenyl ]i ndenyl ) 2zi r coni um
20 dichloride; rac- dlnethyIS|Iad| 2-1so0-butyl,

4-[3,5 -di- phwm@ §lla]dl}fi@eﬁ§lyl)2 .3 dns-treflucdpmathyipherylindenyl) shafnium

rac- di met hyl si,l a . (2-sec-butyl,

4-13",5 -di - ﬁ %“" enyl ]i ndenyl) zirconium dichloride; 25

rac- di et hyl Skdcamme&{ﬁsdagi)tlczbhupyép 1, 4-[3',5'"-bis-

4-[3',5"' -di - phenyl phenyl ] i'ndenyl ) zirconiurn dichloride;

rac- di met hyl sitdifaetirgmethyiphenyllindanylphaftiurdidimétbply| phenyl ] i ndenyl ) 2haf ni um

?1I fgl C)r5| dgl Lﬁceﬁwgﬁyéiaﬁ ﬂ@gﬁgﬂl’)(f%ba %‘ﬁ'}ﬁ'b@o di chl ori de;

rac-dignet hyl %ﬂ@gbmgﬂ%qoﬂheg%gmgw%hﬁmrﬁ difétphenyl phenyl ] i ndenyl ) 2haf ni
urn dichloride,; DEC 2004° "PCT/ US01116573

rac-d1meﬂ1ylsxlad1yl(2-n butyl, 4-[3',5'-bis-

PCT/US01/16573

trifluoromethylphenyljindenylhafnium dimethyl,;
rac-dimethylsiladiyl(2-iso-butyl, 4-[3",5"-bis~
trifluoromethylphenyl]indenyl);hafnium dimethyl;

15 rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'"-bis-
trifluoromethylphenyl]indenyl);hafnium dimethyl;

ac-dimethylsiladiyl(2-tert-butyl, 4-{3',5"-bis-

trifluoromethylphenyl)indenyl);hafnium dimethyl;
rac-dimethylsiladiyl(2-ethyl, 4-[3",5'-di-iso-propylphenyl}indenyl),zirconium

20 dichlonde;
rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-iso-propylphenyl)indenyl),zirconium
dichloride
rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indenyl)>zirconium
dichloride;

25 rac-dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl),zirconium
dichloride;
rac-dimethylsiladiyl(2-iso-butyl, 4-[3",5'-di-1so-propylphenyl]indenyl),zirconium
dichloride;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium

30 dichloride;
rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5"-di-iso-propylphenyl]indenyl);zirconium
dichloride;



rac-di met hyl si | adi yl (2-i so-propyl, ‘ 20 DEC 2004
4-[3',5'-dhﬁgrg§% henyl]indq'nyl)2hafniun1 di chl ori de;

rac-di net hy & | (2-n-butyl, 4-[3",5 -di- phenylphenyﬁhrumﬁwmwnharnlum
dichloride; 5 rac- dunethyIS|Iad|yI(2 i so-butyl,

4-13',5' -di - phenyl phenyl ] i ndenyl ) 2haf ni um dlchlorlde,

rac-di net hyl sil adi yl.(2-sec-butyl, 4-[3',5"'-di-phenyl phenyl ]i ndenyl ) 2haf ni um
di chl oride; rac-dinmethylsiladiyl(2-tert-butyl,

4-13',5' - di - phenyindtanyi ' L d&; -

r aE: di net thI El Iagglﬁ(gyrlr&ec{lﬂ }HXX %fj gi &[g:so-la éﬁﬂﬁ%hg%lﬁﬁypﬁgﬁ%grﬁzi rconi um
di net hyl ; rac-ddl‘ilﬂﬁfti I si | adi yI (2- et hyI

4-13",5" -di I di met hyl ;

Fac-d et hyl STRGHCBS P ESrebar 4155 diisomenyiomsaindenniaebogiipen

zirconium di Iﬂ?étﬂdrhde rac-di net hyl si I adi yl (2-i so-propyl,
4-13', 5" -di - phenyl phényl ]i ndenyl ) 2zi rconi um di net hyl ;

rac- di rfet hyl sﬂ&tadmyﬂthﬂﬂdﬂdnyl@-ﬁswp‘m 8l 433 SdJch-nEtg ) BiY- @gﬁw coni um
20 dinethyl; r di pet hyl si | adi yl (g i sg but P p?ﬁﬂ )h]Lh il
4-13",5 -di - pﬁg%w bc[gnyl ] i ndenyl ) 2zi r coni um d| met hyl ;

rac-dirrethyIS| BLCoby (e qi . }

4-13",5' - di- pﬁ%ﬁ%%i@?xﬁ%?ej%“)“?z? 1L oniiidso-gropgiphyayllisdenyl) shafnium

rac-di net hyl sidIic:iﬂhrjdeﬁZ tert-butyl, 4- [3

t,5 -di- phenylg [ ndenyd 2zj rconjum di met hyl;

rac- di net hyl sif ‘h&ﬂwﬂ% Vsiladd H(3-isosytgl, 453" ;ﬂd}-pk@pﬂpphﬁ&ﬂl]xhdﬁi@@%hhﬁ&hﬂﬁhl um

di met hyl ; racyel hﬁffi vl siladiyl (2-ethyl,

4-13", 5 -di - phen ényl ] i ndenyl ) 2haf ni um di net hyl ;

rac- di net hyl snrzicadimdd(ﬂm ;Véc,-blﬁy% 355" dﬂlls&g%&yipﬂgﬁyth&é%eﬂxﬁ 2haf ni um

dinethyl; 2 0 DEC 2004 WD 0 02576 /USOl/ 16

dichloride;
rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5"-di- iso-propylphenyl]indenyl) shafnium
dichloride;

15 rac-dimethylsiladiyl(2-ethyl, 4-[3',5 -di-1s0-propylphenyl]indeny!); zirconium
dimethyl;
rac-dimethy!siladiyl(2-n-propy!, 4-[3',5'-di-iso-propylphenyl]indenyl);zirconium
dimethy!
rac-dimethylsiladiyl(2-iso-propyl, 4-(3',5'-di-iso-propylphenyljindenyl),zirconium

20 dimethyl; '
rac-dimethylsiladiy}(2-n-butyl, 4-3',5"-di-iso-propylphenyl]indenyl),zirconium
dimethyl;
rac-dimethylsiladiyl(2-isobutyl, 4-[3',5'-di-iso-propylphenyljindenyl)zirconium
dimethyl;

25 rac-dimethylsiladiyl(2-sec-butyl, 4-{3',5'-di-iso-propylphenyl]indenyl),zirconium
dimethyl;
rac-dimethylsiladiyl(2-tert-buty!, 4-[3',5'-di- 1so-propy1phenyl]mdenyl)zzlrcomum
dimethyl;

rac-dimethylsiladiyl(2-ethyl, 4-[3",5'-di-iso-propylphenyl]indeny!) ;hafnium
30 dimethyl;

rac-dimethylsiladiyl(2-n-propyl, 4-{3',5'-di- iso-propylphenyl}indenyl) ;hafnium
dimethyl;



- 22 rac-dinet hyI si | adi yl (2-i so-propyl, | 2 0 DEC 200%
4-[3',5"' -di - phenyl phenyl ] i ndenyl ) 2haf ai um di net hyl ; ‘

‘rac- di met hwglol”ﬁ Y| (2-n-butyl, 4-[3',5 -di-phenyl phenyl ] i ndREUB@MESR um

di mret hyl ; 5 rac-di nethyl sil adi yI (2-iso-butyt,

4-13',5' -di - phenyl phenyl ]i ndenyl ) 2haf ni um di net hyl ;

rac-di net hyl sil adi yl (2-sec-butyl, 4-[3',5'-di-phenyl phenyl ]indenyl) 2haf ni um

di rethyl; rac-dinethylsiladiyl(2-tert-butyl,

4-[3",5 -di- phﬁ@éﬂﬁrﬁ&ﬂg%llldlgﬂﬁf%' ﬂn%@?lf m[‘-’:l”3 cﬁoxsg y?%#“%ﬂqn]y {}lp l'bafmum

rac-di net hyl si |l adi yl (
i 14-1,4-di phendtmethy];3- but adl ene; rac-di rret hyI SI | adi yl (2-et hyI

4-13',5" -di-tbutyl enyl )2 4- 4 di phen 1, 3- butadlene 15

rac- di met hyl s.IiaacﬂlflgthzPéHlﬂiW’g%«yrbumL ?:11’ 'dﬁQ'PBIRY lwnéﬁyxdr:nmim@ﬁmym rl4-1, 4-
di phenyl -1, 3- byt A gg@ rac- dlnethyIS|Iad|yI(2 i so-propyl, 4- [3',5' -di
-tbutylphenyl] I ndeny 1)2 x14-1, 4- di phenyl -1, 3- but adi ene;

rac- di ngt hyl si faadinibth@ishadiyli¥iso-VuthB'4. ‘5£H-§ob emiihiseen
x14-1, 4-di phenyl - 20 % 3abgl£(acli£:0enet& ra[g di rlnlst hglfogél?lgdl y:](2 |soﬁlk3%0?l§/urfl

4-13",5 -di-t enyl]lndenyl}2 ri4-1, 4- dlphenyl 1, 3- but adi ene;

rac- dlnethyIS|Ia 3 tbut phenyl.]i ndeny] ) 2
rla-1,4- di pheny%uﬁétéy%ﬁ?cgﬁll?‘gﬁ%q b‘itgl’[d' 3c- g q’ré?%?foﬂ' F%‘ﬁ%{‘éé@ygw“%{l’éw,
4-[3",5" -di -t hayinetrgienyl ] i ndenyl )2 rt4-1, 4- di phenyl - 1, 3-but adi ene;

rac- di met hyl sil adiyl (2-ethyl, 4-[3",5 _bis-trifluoromet hyI phenyl ]Jittdenyl)2
ri4-1,4- di phemgidinethglsiladiy§2itetrbutyt, def345 p'riti by-piply ieny{] Rdenyl apydnium

4[3 bi s- tcilfh_yﬁ)ronethylphenyl]lndenyI)Z 'q4- 30
4- di %enyl - adi ene; 0 DEC 2004 WD 02/ 02576 PCT/ US01l /16573

rac-dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl)yzirconium
dichloride;
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl).zirconium
dichloride;

15 rac-dimethylsiladiyl(2-n-propyl, 4-[3',5"-di-phenylphenyl}indenyl)>zirconium
dichloride;
rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyljindenyl),zirconium
dichloride;
rac-dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium

20 dichlonde; '
rac-dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dichloride;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyl)indenyl):zirconium
dichloride; |

25 rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5"-di-phenylphenyl)indenyl),zirconium
dichloride;
rac-dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium
dichtoride;
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-di-phenylphenyl)indenyl);hafnium

30 dichloride;
rac-dimethylsiladiyl(2-n-propyl, 4-{3',5'-di-phenylphenyl]indenyl);hafnium
dichloride; '



23 rac-di nethyl siladiyl (2-iso-propyl, 4-[3",5" -bis-
trifluoronethyl phenyl]indenyl)2 rq4- 1, 4-diphenyl-1, 3 -

rl4-1, 4- diphenyl. 1, 3-but adi ene; 5 rac-dizget hyl sil adi yl (2-i so-butyl,
4-[3',5'-bis-trifluoronethylphenyl]lndenyl)2 T 4-

4-di phenyl - 1, 3- but adi ene; rac-di nethyl siladiyl (2-sec- butyl
4 [3',5" -bis- trlfluoronethylphenyl]lndenyI)Z Tl 4-

1, 4- d| phenyl - r.ac- di | yl.(2-tert-butyl,
4-[3',5 -bis- F?%é?‘&%‘ﬁﬁlﬁ eE‘F?B]’ F’rgé ?r% zp%iﬂmle qpfbluadqamartymfmum

, 3- but adi ene; dlé}ggnﬂg met hyl si | adi yl (2-et hyl,
4- [3',5' -di-iso-propyl phenyl]indenyl)2 r14-1, 4- diphenyl -1, 3-but adi ene;
rac- di met hyl smt-ddne;thylzﬂ&dz}d(b-lﬂyﬁutyl44{[3' 5'&i- -pfﬁbn)il?lﬁbnlﬁ}[]qméh Wlildpndenyl) 2
rig-1, 4- dlp‘gg%/ 3 -butadi ene; 15 rac-dine siladi yl (2-1so-propyl,
4-13",5 -di-i ?ﬁ‘ yI phenyl ]i ndenyl) g4 1, 4- d| phenyl - 1 3 - but adi ene;

rac- di t hyl |, S ro yl i.ndenyl)2 ,q
4-1, 4- i phe%@@éjh%@gﬁ‘df@%s ‘?”;F%ig [?rei @’w&wﬁ spviim eﬁﬁ Hm 42 3
, 5' - di -i so- plighihigenyl ] i ndenyl ) 2 x14-1, 4- 20 di phenyl - 1, 3- but adi ene;
rac dlnethyIS|Iad|yI(2 sec- butyl,
4-13",5' -di - |r9@dmﬁz§bxlslimh}ﬁ92-}semhﬂﬂ'ylyI4}Blﬂﬁliplﬂnylghﬁmmm?q),&fmm adi ene;
rac- di rrethylaﬁ | (2-tert-butyl, 4-[3",5"-di-Iso-propylphenyl]indenyl)?2
g4 1, 4- diph Qﬁ 1de:3 - but adi ene; 25 rac-di met hyl sil adiyl (2- et hyl,
4-13",5"-di - 1 41 4 rdiphenyl - - but.adi ene;
rac- di net hyl g P?g%%w;%let%gww&l’%’s dldﬂkﬁnﬁpxmylﬁﬁénﬂj iy
4-[3' 16" - di - phebyrideenyl ] i ndenyl ) 2114- 1, 4-di phenyl - 1, 3- but adi ene;

rac-di nmet hyl si | adi yl (2- n- propy 5'-di- phenylphenyl]lndenyl)z
r14-1,4- 30 dﬁfp%mhxiﬁﬂaﬂbd(ﬁ-mﬂ@/ﬂ#&m -ARpigg ithenPlindery | DEC GO

dimethyl;
rac-dimethylsiladiyl(2-ethyl, 4-{3',5'-di-phenylphenyl}indenyl),zirconium
dimethyl;

15 rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl;
rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl),zirconium
dimethyl;
rac-dimethylsiladiyl(2-n-butyl, 4-3',5'-di-phenylphenyl]indenyl),zirconium

20 dimethyl; "
rac-dimethylsiladiyl(2-iso-butyl, 4-{3',5'-di-phenylphenyl}indenyl),zirconium
dimethyl;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-phenylphenyljindenyl);zirconium
dimethyl;

25 rac-dimethylsiladiyl(2-tert-butyl, 4-f3',5'-di-phenylphenyljindenyl)zirconium
dimethyl;
rac-dimethyisiladiyl(2-methyl, 4-[3',5'-di-phenylphenyl]indenyl)}-hafnium
dimethyi;
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium dimethyl,;

30 rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl);hafnium

dimethyl;

ut adi ene; 20 DEC 20[]'1

rac-di met WOIRNEGé yl (2-n-butyl, 4-[3',5 -bis-trifluoronethypeheswiddspsenyl )2




PCT/ U801116573 rac-di met hyl sil adi yl (2-i so-propyl, 2 0 DEC 2004

4-13", 5 Qﬁgﬁ%phenyl]indenyl)21l 4-1, 4- di phenyl - I, 3- but adi

rac- dlnethy Lyl (2-n-butyl, 4-[3",5" -di- phenylphenyl]|n8§myﬁyﬂu&431 4-
di phenyl - 1, 3- but adi ene; 5 rac- dlnethyIS|1%H|yl(2 I so- butyl,
4-[3',5'-di-pheny|pheny|]|ndenyl)2 114-1, 4- di phenyl -1, 3- butadiene;

rac-di net hyl si |l adi yl (2-sec-butyl, 4-[3',5'-di-pheny|phenyl]indenyl)z
rla-1,4- diphenyl- 1,3-butadiene; rac-dinethylsiladiyl(2-tert-butyl,

4-[3',5' -di- pﬂaewﬂ@mstlahiymemip}@p}m&[} 54ti- gienIphBENYhacky B, RURARL ene:

rac- d| met hyl am dobor ane( 2- net h
4-13",5 -di -t@imeyhl)ﬂhenyl ]i ndenyl ), zi rconi um dichlori de:

rac- di et hyl am 3' .5 -di-tbutyl phenyl ]i ndenyl ) 2zi rconi um
di chl ori de; 1@"* ﬁ%ﬁ%’éﬁwﬁzﬁa%d’{'%éc@pheﬁybbynyl]p indenyl);hafnium
4-[3",5 -di-tly henyl ] i ndenyl ) 2zirconium dichloride;

rac-di met hyl am dobor ane(2-i so-propyl, 4-[3',5' -di-

t but yl phenyl ]namdﬁmﬂh}r&zlaﬁ@qahwrbdt}@ M—fﬂ’,isd@i?-phenylphenyl]indenyl)vhaﬁ]jum
rac- di met hyl am dobor ane(2-n-buty N
4-13",5' -di -tfbmeihb’éhenyl ]i ndenyl )ZZ| rconium 20 dichloride;

rac- d| nmet hyl a 0

4-13,S -di -t Eﬁ?éfﬂ’\f‘%%ﬁyi@éﬁﬁﬁ%%béu -tipheny ipheyliindenyl);hafnium
rac- di met hyl adnﬂéqgmane(Z sec- butyl,

4-[3",5" -di -tbutyl phenyl ]i ndenyl )22| rconium dichloride; 25

rac- di met hyl aﬂd@b@halsd@&l-yi(énembutﬂj 4-[3',5'-di- phenylphenyl]1ndenyl)2hafmum
4-13' -di -t put henyl ] i ndenyl ) 2Zi rconium dichlorid

racd t hyl ati’g ane(2-ethyl, 4-[3,5 -bis-

trifluoromethy ¥l L G ju_- i chl ori de; 4 .
rac- di et hyl ané-gnﬁ gisu?@?g{f F{)rl%%%’ll ﬁctg:[ gf 1-%11 _llgﬁgnyiﬁﬁdenyl)m -1,4-diphenyl-
trifl uoromnet hiy}phedydnkt ndenyl ) 2zi rconi um di chl ori de; WO 02/02, 376 -25
rac-dimethylsiladiyli(2-ethyl, 4-[3',5'-di-tbutylpheny!]indenyl), n'-1 ,4-diphenyl-
1,3-butadiene;
15 rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-tbutylphenyl]indenyl), n-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-tbutylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-tbutylpheny!] indenyl); n*-1 ,4-diphenyl-
20 1,3-butadiene;
rac-dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-tbutylphenyl)indenyl), n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3",5'-di-tbutylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;
25 rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5 -di-tbutylphenyljindenyl), n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-ethyl, 4- [3',5'-bis-triflucromethylphenyl]indenyl); n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-n-propyl, 4-[3 ,5'-bis-triflucromethylphenyl]indenyl); n*-
30 1,4-diphenyl-1,3-butadiene;




7 0 DEC 2004 PCT/ USO 1/ 16573 rac-di net hyl am dobor ane(2-i so-propyl, 20 DEC 2004
4-[3",5" -bis- trifluoronethyl phenyl]indenyl)2zirconiumdichloride;

rac- di met WP AHPH3bor ane(2-n-butyl, 4-[3',5 -bis- PCT/USO1/16573
trifluoromethyl phenyl]indenyl)2zirconi umadi-chl oride; 5

rac- di met hyl am dobor ane(2-iso-butyl, 4-[3",5 -bis-

trifluoronethyl phenyl]indenyl)2zirconium di chl oride;

rac- di met hyl am dobor ane(2-sec-butyl, 4-[3',5-bis-

trifluoroneth : : [:).27i | pn=di.ch i de. I . 4
rac- dnnet hyl a%!cg%gg?{g#g? gf-ﬂ%r %@é&:{p&?’u ?W’F 351?5%‘&[}4O§Cﬁ'%thylphenyl]mdenyl)gr| )
trifluoromet hy,gpﬁr%xm@]-q,r}dmydu};ﬁg;i rconi um di chl ori de;

rac-di met hyl am dobor ane( 2- et hyl ,

4-[3',5' -di - i so-dimethyisladiy)(21n-buité my[ 3,3 2bis¢nfluaromettiytptenyl}tdenyl), n’-1,4-
rac-di met hyl am dobor.ane(2-n-propyl, 4-[3",5 -di-iso-

propyl pheny! ] ¥4 11)3:‘?P§aé’g§ﬁ%m dichloride 15

br opyl phenyl | TRAERGS Bard AR a a5 i i Stomel tpheny Jindenyls '
rac- di met hyl apydphiengne G2niadese! . 4-[3', 5 -di-iso-

propyl phenyl ]i ndenyln?ZZ’l rcon(ihg%'di chl ori de;

rac- di met hy| aricdipethyistiadiyl(2esebbiapil, 443'[S8bistrifldbronsethydphenyl]indenyl), n'-
propyl phenyl ] i ndenyl ) 2zi r coni_ um di chl ori de;

rac- di met hyl akftdbpianyhéGobwediengityl | 4-[3', 5 -di-i so-

propyl phenyl ]i ndgn zi r.coni .um.di chl og,ide: . .
rac- di medhy!| aW@ewgﬁﬁéE?YﬁgftF?Mi ‘J;“? 15['§15;‘S'ﬂ118fq1’ile§h¥1phenyUmden)’l)z n'-
propyijghenyl ] i,ﬂdﬁ%l/én)yﬁ@-&ﬁﬂcii@ .dichloride; 25 _

0

rac- di net hyl am dobor ane{ 2- et hyl’,

4-[3', 5" -di - pheatihpthytsylatiyi@eanty]) 243 1cdbiso roﬁjilphér@ﬂ]hiﬁt&h Dant-1,4- .
rac-di met hyl ani dobor ane(2-ethyl, 4-[3",5' -di-phenyl phenyl]indenyl), zirconium
di chl oride; ré@benylret-hytadieneobor ane(2 -n-propyl, 4-[3',5 -di- 30

P e R A RAS R B S ropptenyindeas .o
diphenyl-1,3-butadiene;
15 rac-dimethylsiladiyl(2-iso-propyl, 4-[3',5'-di-iso-propylphenyl]indeny!) n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-n-butyl, 4-[3',5'-di-iso-propylphenyl}indenyl), n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-iso-butyl, 4-[3',5'-di-iso-propyliphenylJindenyl), n*-1,4-
20 diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-sec-butyl, 4-[3',5'-di-iso-propylphenyllindenyl); n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylsiladiyl(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-1,4-
diphenyl-1,3-butadiene;
25 rac-dimethylsiladiyl(2-methyl, 4-[3',5'-di-phenylphenyljindenyl), n*-1,4-diphenyl-
1,3-butadiene;
rac-dimethylsiladiyl(2-ethyl, 4-[3',5'-di-phenylphenyl]indenyl); n*-1,4-diphenyl-
1,3-butadiene;
rac-dimethylsiladiyl(2-n-propyl, 4-[3',5'-di-phenylphenyl]indenyl); n*-1,4-
30 diphenyl-1,3-butadiene;




phenyl phenyl ] i ndenyl ) 2zi rconi um di chl oride; 2 0 DEC 2004 WO 02/ 025723[]- gEC zum

PCT/ USO1/ 18Ry o3 /d~3% di et hyl am dobor ane( 2- n- butyl,

"4-[3',5"-di -phenyl phenyl ]i 4denyl ) 2zi rconi um di chl ori de; PCT/US01/16573
rac- di met hyl am dobor ane(2-i so-butyl, 4-[3%5' -di- phenyl phenyl]indenyl)2
zirconiumdichloride; 5 rac-dinethylam doborane(2-sec-butyl, 4-[3",5 -di-
phenyl phenyl ]i ndenyl ) 2zi r coni um di chl ori de; ‘

rac-di met hyl am doborane(2-tert-butyl, 4-[3",5 -di-

phenyl phenyl ] ravadimsth Azl a -lsm b sl rirdey;. - 4

rac-di met hyl am dobor a)ge( ge}?r(éﬁt hyll:fli lg?ht 4?3-'[3 ggfih?tﬁrmﬁhw%ﬂfg%ﬂy]‘kHd?lechyl )2
rla-1,4- 10 ddiphenylrl,3butgliensut adi ene; rac- di met hyl ai ni dobor ane( 2- et hyl ,

3',5' -di-tbutyl phenyl.]linderkyl)2 r14-1,4- di phenyl -1, 3- but adi ene;
Lac- di n‘elt hyl gFFféa‘SBle?%ﬁ%{ﬂglﬁ&pg-béwl,,r%&'dei;melngipiQx}t;d1iyd@igB;n1?.]1 !;cgggnyl ) 2

Tj4-1, 4- diph - | iene; 15 rac-di met hyl am dobor ane(2-i so- propyl,
[3",S -di tbu?@ﬁ%?%ﬁf]?%%@%&%yl )2 .94-1,4- diphenyl -1, 3-but adi ene;

rac- di get hyi apcciibReIgladiyi2 2 S . 4

4-[3',5' -di-tbutyl phényl ]afyg(gﬁgélﬁu%’ﬁg’f g-p h&“ﬁ‘rﬁ’&ﬁ%ﬂ‘&ﬁi%ﬂbbnr&&-ene;

rac- di nmet hyl adiptiemydrlghd(adiene; but yl |

4-13",5 -di -tbutyl phenyl]iitdenyl)2 r14-14- 20 di phenyl -1, 3-but adi ene;

r ac- di met hyl a‘fﬁcd%%%{h%l@él)’é@csebthuwl, 4-§3'[534di-phengtiphehllinbsy®an’ L 4-ndenyl ) 2
ii4-1,4- di ph@gk@ , &gu di ene; rac-dinet hyl am doborane(2-tert-butyl,
4-[3",5 -di-t y‘i"éﬂeﬁ Pﬁaﬁ}‘?&‘%’nyl )2 re-1,4- diphenyl-1,3-butadi ene; 25

rac-di met hyl agi wabhyl [ S )

4-[3' .5 -bis-t ﬁ?@ﬁ%‘?&‘%ﬁ‘éﬁﬁ?ﬁgﬁé ot K2R Ay ghenylppenyllindenyl) n'.1,4-

1, 4- ditpheny| -dipBedylitlatbenadiens;ac- di met hyl am dobor ane( 2- n- pr opyl ,
4-[3",5 -bis-trifluoronethyl phenyl]indenvl)2 TI4-1,4-d

i phenyl -1, 3- b‘iﬁ‘?'éjéﬁlé'%é'lafmdo orane(2-methyl, 4-[3',5-di-tbutylphenyljindenyl)zirconium

dichloride;
rac-dimethylamidoborane(2-ethyl, 4-[3',5'-di-tbutylphenyl)indeny!),zirconium
dichloride;
15 rac-dimethylamidoborane(2-n-propyl, 4-(3',5'-di-tbutylphenyl)indenyl);zirconium
dichloride;
rac-dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-
tbutylphenyljindenyl),zirconium dichloride;
rac-dimeﬂ1ylamidoborane(2-n—butyl, 4-[3‘,5'-di—tbutylphcnyl]indenyl)zzi_rconium
20 dichloride; |
rac-dimethylamidoborane(2-iso-butyl, 4-[3',5"-di-tbutylphenyl]indenyl),zirconium
dichloride;
rac-dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl},zirconium
dichloride;
25 rac-dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-tbutylphenyl)indenyl),zirconium
dichloride;
rac-dimethylamidoborane(2-ethyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;
rac-dimethylamidoborane(2-n-propyl, 4-[3',5'-bis-

30 trifluoromethylphenyl)indenyl),zirconium dichloride;

4-

4-




rac- di met hyl am dobor ane(2-i so-propyl, 4-[3",5 -bis 30 (? Q)EQ,EC 2004
trifluoroniygséydpnenyl 1indenyl )2 714-1, 4-di phenyl -1, 3- but adi ene; 2

2004 WO 02/ 02576 PCT/ US4) 1/ 16573 -27 _ rac-di net hyl am doboP&R&{SB1n6iat yl ,
4-[3',5 -bis-trifluorcnethy~phenyl]indeny$)2 a i
1, 4-di phenyl -1, 3- but adi ene; rac-di net hyl am dobor ane(2-i so-butyl,
4-[3",5 -bis-trifluoronethyl phenyl]indenyl)2 rl4-1,4-diphenyl-1,
3-but adi ene; 5 .rac-di methyl am dobor ane(2-sec-butyl, |

4-[3',5' - bi s- rad-dimethdamidopbrne(Ryishipreienyd-[3 5141, 4- di phenyl - 1, 3
- but adi ene; racgdi net tRII am doborane(2-tert-butyl, 4-[3',5' -bis-
tri#l uor omet h@ﬁl%‘ﬁfgﬂwl ViRieayilydenyihzicapidinsiviyidel, 3- but adi ene;

rac- di et hyl apgid Lo L3 £rz 91 so- propyl phenyl Ji ndenyl ) 2
rl4-1,4- 10 di ph@ﬁﬁ@%@ﬁ’%%ﬁ%‘?hp’éﬁ&’Pré "yl ami dobor ane( 2- n- propyl,
4130 i ahunengiplmey Hnad Whkediydd diphenyl -1, 3 but adi ene;
rac- di et hyl ani dobor ane(2- | jé]]‘J) pgg}g%/él ,coé?{lil ‘E'hcg&un i s0- pr opyl phenyl ]i ndenyl )
,q 4- %, 4- di pFéErfimethylamidobeliase@;isd-burdch-i' veiby| am dobor ane(2-n-butyl ,
4-[3',5'-di-isgspropylphenyl 1indenyl )2 r}4-1,4- diphenyl-1, 3 -butadi ene;
r ac- di met hyl aﬁ%@gﬁéﬁg@ﬁglbpaﬁ{y}%?rmgm dichloridle; i so- pr opyl phenyl ]i ndenyl ) 2
ri 4- 1, 4-di pheihet Ll ek @C: di et Ryl .am dobor ane( 2- sec- but yl
4-13',5' -di-iso- propﬁ%ﬁfgny |%§ﬁéﬁﬁﬁ14ﬁgz *1, 4-di phenyl - 1, 3- but adi ene;
rac- di met hyl aﬁifhmkmnahhﬂphem)_el]ihdémﬂ)yiircoﬁh{r@'diCﬁioTﬂE;'i so-propyl phenyl Ji ndenyl) 2
rla 1, 4-dipheny).-1, 3-butadi ene; rac-di net hyl am dobor ane( 2- net hyl
A 3Id-’ 5 tﬂ' lpwﬁfﬂﬁ Bﬁgml}aipmmpjtgt%g@,g-m;'e[biﬁhen?/l hl, 3|— ]b_ut Sdi e|n§a;2 2?4 L4
r ac- diygret hy! agj : By i phanyl phenyl Jindenyl ) 2 r14-1, 4-
di phenyl - 1, 3- but a%ﬁg%rg _lﬁ%{éiﬁ@?ﬁélwmgﬁcgﬁgég_ n-propyl,
4-13',5' -di- pﬂaefdyahﬁﬁhgfhyﬂllﬁbm&ﬁﬁ(ﬁ)eﬁlyl,]ﬂ[31,64di-iso-propy1p11enyl]iindenyl)zzirconium |

dichloride;

rac—dimethylamidoborane(2-n—propy1, 4-{3',5'-di-150-

propylphenyl)indenyl);zirconium dichloride

15 rac-dhnethylamidoborane(E—iso-propyl, 4-[3',5'-di-iso-
| propylphenyl]indenyl),zirconium dichloride;
rac-dimethylamidoborane(2-n—butyl, 4-[3',5'-di-is0-
propylphenyl]indenyl),zirconium dichloride;
rac—dimethylamidoborane(Z-iso—butyl, 4-3',5'-di-iso-

20 propylphenyllindenyl),zirconium dichloride;
rac-dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-iso-
propylphenyl]indenyl),zirconium dichloride;
rac-dimethylamidoborane(2-tert-butyl, 4-[3",5'-di-1s0-
propylphenyl]indenyl),zirconium dichloride;

25 rac-dimethylamidoborane(2-methyl, 4-[3',5'-di-phenylphenyl}indenyl),zirconium
dichloride; |
rac-dimethylamidoborane(2-ethyl, 4-[3',5"-di-phenylphenyljindenyl),zirconium
dichloride;
rac-dimethy]amidoborane(z—n—propyl, 4-[3',5"-di-

30 phenylphenyl]indenyl),zirconium dichloride;
rac-dirnethylamidoborane(Z-iso—propyl, 4-[3',5'-di-

phenylphenyl]indenyl),zirconium dichloride;



di phenyl - 1, 3- but adi ene; rac-di met hyl ami dobor ane( 2-i so- propyl , 2 0 DEC 2004
4-13",5 -q phenyl ]indenyl )2 x14-1,4- 30 di phenyl -1, 3-but adi ene; WO

02/ 02576 %g@%@%sf&c 2004 PCT/ US01/ 16573 rac- di met hyl anmi doBfeFER&YHESA but yI |
4-[3',5' -di - phenyl plienyl]ixldenyl)2 r1424;4- di phenyl - 1, 3- but adi ene;

rac-di met hyl am dobor ane(2-iso-butyl, 4-[3",5'-di-phenyl phenyljindenyl)2 4-i

, 4- di phenyl -1, 3 -butadiene; 5 rac-dinethylam doborane(2-sec-butyl,

4-[3',5" -di -phenyl phenyl ]indenyl)2 rl4-1, 4- diphenyl-l,SEbutadiene;

rac- di met hy| ant-dubethpiami @ toearte! buthyityl, Hﬂ'ﬁ'wdﬂ[phéiyéﬁh&@mﬂahﬁmﬁﬂcmgﬂyl ) 2
t14-1, 4- di phcga%il -1, 3 -butadi ene; rac-di net hyl am dobor ane( 2- net hyl

4-13",5' -di- Olidfenyl i ndenyl )2 zirconium 10 di met hyl ;

-di et hyl gl el 2-eth .4-13' 5 di,-Lbutyl ph ]ind ) 2zi i
Girethyl: ) ad R AR AR isp i, 23y i V! Prenyt T ndeny) 2zt reontum
4-[3", 5" - di - tghehylbR&en J 221 A I di met hyl; 15
raE:- di nmet h;/l %idd%gorain}é‘%%ﬂgg{%%%ﬁ Hl%ﬁw[r%g] 5' I(r:IrF Y
t but ylph | [rRerdemsthylama rang(d -skcamttily B+[3',5'~-di-
rag-éi?reteﬂgl Lm'd b rzrrlﬂcf-n-butyl_, tm{ [ l
4- [ 3'd_, 5" Eﬂi l-t%‘ﬁﬁﬁi’g%’ eniklezrePyss dichlotige: di met hy! ;
rac-di nme . Hﬂ@aﬁ : - Ve
4-13',5 -d%/-'?v%auty P gﬁ%ﬂ#@&%f%%?%é#u%dl?o di met hyl ;
rac- di met hy| guienylpherai{dengezidethin dichloride;

4-[3',5" -di-tbutyl phenyl ]i ndenyl)2zjrconiuin dinmethyl; -
rac- di met hy| d#§-dewsheamigoboeanelZmesty], 4-[3',5'-di-tbutylphenyl]indenyl); n*-1 4-

4-13" 5 -di-thytyl L1j.pdenyl ) 27i i di met hyl ; 25
e dlet hyi S ET AR ) 275705 e
trifluoromet hyd BReANhinRABBYNbEZEh) £ A UM HiBRL iy indenyl), n’-1 4-

diphenyl-1,3-butadiene;

rac-dimethylamidoborane(2-n-propyl, 4-[3',5'-di-tbutylphenyljindenyl), n*1,4-
diphenyl-1,3-butadiene;

15 rac-dimethylamidoborane(2-iso-propyl, 4-[3',5 '-di-tbutylphenyljindenyl), n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-n-butyl, 4-[3',5'-di-tbutylphenyljindenyl), n*-1,4-
diphenyl-1,3-butadiene; |
rac-dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-tb utylphenyl]indenyl)z,n"- 1,4-

20 diphenyl-1,3-butadiene; | "
rac-dimethylamidoborane(2-sec-butyl, 4-[3',5'-di-tbutylphenyl]indenyl); n*-1 4-
diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-tbutylphenyljindenyl), n*-1,4-
diphenyl-1,3-butadiene;

25 rac-dimethylamidoborane(2-ethyl, 4-[3',5'-bis-trifluoromethylphenyl]indenyl); n*-
1,4-diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-n-propyl, 4-[3',5'-bis-trifluoromethylphenyl]indenv1),
'r]4- 1,4-diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-iso-propyl, 4-[3',5'-bis-

30 trifluoromethylphenyl]indenyl), n1*-1,4-diphenyl-1,3-butadiene;




rac- di met hyl am dobor ane(2-n-propyl, 4-[3',5'-bis- 20 DEC 2004
trifluoro nyl ] indenyl) 2zirconiurn di met hyl ; ; .

rac-di met @Pt}%ﬂ g’l(;’ orane(2-iso-propyl, 4-[3,5 -bis 30 - PCT/USO1716573
trifluoromethyl phenyl]indenyl)2zirconi. urh dl net hyl ;

rac- di met hyl am doborane(2-n-butyl, 4-[3",5' -bis-

trifluoronethyl phenyl]indenyl), zirconi un-i di met hyl; WD 02/ 02576 -29 2 0 n C
2004 PCT/US01/ 16573 rac-di net hyl am dobor ane(2-i so-butyl, 4-[3",5"-bis-

trifl uor onet hydcphmathyldmideborkie(2 in-batyl, Wafi3', Dfl-bmdnﬂ!lllqrcmethylphenyl]lndenyl)a
rac- di met hyl armdob raneﬁlz sec-hutyl, 4-[3,5 -bis-

trifluoronet hIlI Hetiphenyhd enutpdieng;coni um di met hyl; 5

P U e e PN

4-[3",5" -di -i 4oL apYtBfambltadRdeny! ) 2zirconi um di et hyl;
rac- d| nmet hyl a§1 ngoPandéh 2 n- praolp§€ 4-13",5 -di-iso- 10

propyl phenyl ] rm%myﬁﬁ?ﬂiudomam‘(ﬁdbfﬂbhf}& J4- [ ,5'-bis-trifluoromethylphenyl}indenyl),
rac-di net hyl am, dobor aneﬁZ i so-propyl, 4-[3',5t-di-iso-

pr opél pheﬂy: ] nngéﬁph%ﬂe%htt@mem,net hyl ;

rac- di met hyl ani u i so-
PreRg o Bt Pe a4 Ty bis

e ai ot Ei: L i fphediflald hai iphBhgich 3 b3

propyl phenyl Ji ntﬂ'gp&ﬁ?@gl rccfiﬁrl é%y)ﬁg ‘{ phEny 1enes

rac-di met hyl afacdﬁmwmﬁlaomné{gremyi 4{3 3' dPisodiropiphenyljindenyl), n*-1,4-
propyl phenyl ]i ndenyl ) 2zi r coni um di met
r ac- di et hyl amp&@bdfla%@(l@dleeﬁ;t butyl , 4 [3 5 -di-iso 20

G QeI T AT A

rac- di met hyl 3”14-&99&@‘?%325&551%& 4-13", § -di - phenyl phenyl ]i ndenyl ) 2zi rconi um
rac-dimethylamidoborane(2-iso-propyl, 4-[3',5"-di-iso-propylphenyl]indenyl) n*-
1,4-diphenyl-1,3-butadiene;

15 rac-dimethylamidoborane(2-n-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl); n*-1 4-
diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-iso-butyl, 4-[3',5'-di-iso-propylphenyl]indenyl), n*-
1,4-diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-sec-butyl, 4-[3",5'-di-iso-propylphenyl]indenyl), n*-

20 1,4-diphenyl-1,3-butadiene; :
rac-dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-iso-propylphenyl)indenyl), n*-
1,4-diphenyli-1,3-butadiene;
rac-dimethylamidoborane(2-methyl, 4-[3',5'-di-phenylphenyljindenyl); n*-1,4-
diphenyl-1,3-butadiene;

25 rac-dimethylamidoborane(2-ethyl, 4-[3',5'-di-phenylphenyl}indenyl); n*-1,4-
diphenyl-1,3-butadiene;
rac-dimethylamidoborane(2-n-propyl, 4-{3',5'-di-phenylphenyl}indenyl), n*-1,4-
diphenyi-1,3-butadiene;
rac-dimethylamidoborane(2-iso-propyl, 4-[3',5'-di-phenylphenyl]indenyl), n*-1,4-

30 diphenyl-1,3-butadiene;



di et hyl ; 25 rac-di net hyl ani i doborane(2-n-propyl, 4-[3",5" -di- 20 DEC Zﬂﬂll
phenyl pheanleggﬁyl ) 2zi r coai uni di net hyl ; ‘

‘rac-di net hyl"arfi dobor ane( 2-i so-propyl, 4-[3 ,5 -di- PCT/US01/16573

phenyl phenyl ]i ndenyl ) 2zi r coni um di met hyl ;28 -

rac- di met hyl am dobor ane(2- n-butyl,

4-[3',5"' -di - phenyl phenyl ] i ndenyl ) 2zi rconi um 30 di net hyl

rac-di met hyl am dobor ane(2-iso-butyl, 4-[3",5 -di- f

phenyl phenyl | raddimdilylainidudoianet0hmakhy4- "',%'-Q'-@E& | 029146, - 30

PCT/ US01/ 16573 r ac-di met hyl am globor a%{zijsec-lb tyy%ﬁllgﬁ)flﬁ&,j%)aﬁ L4

phenyl pheny! ] idinhenyi-},3 diutagherieum di net hyl ;

rac-di met hyl am daborane(2-tert-butyl, 4-[3' ,5 -di-

phenyl phenyl ] Wa@‘ﬁsﬂt‘})aw@aﬁaﬁﬁdxsmuﬁw 3-{3,5'-di-phenylphenyljindenyl)> n*-1,4-

rac-dii soprop ] dober . 2- met hyl

4-13",5" -di té@%ﬂhggﬁﬁ%ﬁeﬁgnyl )2zirconium dichloride;

rac- di issopr opydcadiheiaRbarat . 131 5 di. - 4

4-[3 .5 -di-tbutyl phenyl]i ndfenyq%%egibru(%h?&?ﬁs -Bhsoyinhepyllindenyl) n'-1,4-

rac- di i sopr opyiphendehd+atelichen- propyl, 4-[3',5' -di- 10

t but yl phenyl i nmyl )2zirconi um di chl ori de;

rac- di i sopr oplAcaHinEgpdamdeborane@-tertdmyyl, 44318 di phemyiphenpllingémhpmy ! 4.ndenyl ) 2
[3 '

zirconiumdic L fes 1 yracsdii sopropyl am doborane(2-n-butyl, 4-[3',5'-di-
t but yl phenyl ] ?iﬁﬁéﬂ}ﬂﬁ%gu% #um di chl oride; 15

[ gﬁ; S: Ip?] gﬁ;?f?ﬂ:ﬁ%ﬁ%ﬁéﬁ%%@a@%&L ;_4i- @éﬁ 'gtliztﬁut'yﬂihényl]indenyl)z zirconium
rac- difPsopr opgieathidobor ane( 2- sec-butyl, 4-[3',5' -di-
TR R TR T ———

t butyl phenyl | dipstiptl ) 2zi r coni um di chl ori de;
rac-dimethylamidoborane(2-n-propyl, 4-[3',5'-di-tbutylphenyljindenyl),zirconium
dimethyl;

15 rac-dimethylamidoborane(2-iso-propyl, 4-(3',5'-di-
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dimethyl;
rac-dimethylamidoborane(2-tert-butyl, 4-[3',5'-di-tbutylpheny!]indenyl),zirconium
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trifluoromethylphenyl)indenyl),zirconium dichloride;
rac-diisopropylamidoborane(2-n-propyl, 4-[3",5"-bis-
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phenylphenyljindenyl),zirconium dichloride;
rac-diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-
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rac- bi s(tri nettagAEsapyoydaniioborane(@tiso-hutyltdy]3;,5'4dif 3°, 5- di -

rac-bi S(tri mtPST BHE T AR R SRty 4[5 -ai-

tbutyl phenyl ] irﬁﬂ&ﬁ%pﬁ‘@?ﬂlﬁ:ﬁi@l@bwﬁhéﬁz@%%{ﬂ,@i-[3',5'-di- o

rac-bi s(trinethyl silyl)arnidoborane(2-sec-butyl, 4-[3,5" -di
tbutylphenyl]indenyl),zirconium dimethyl;

15 rac-diisopropylamidoborane(2-tert-butyl, 4-[3',5'-di-
tbutylphenyl]indenyl);zirconium dimethyl;
rac-diisopropylamidoborane(2-ethyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenyl);zirconium dimethyl;
rac-diisopropylamidoborane(2-n-propyl, 4-[3',5'-bis-

20 trifluoromethylphenyl}indenyl),zirconium dimethyl;
rac-diisopropylamidoborane(2-iso-propyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl},zirconium dimethyl;
rac-duisopropylamidoborane(2-n-butyl, 4-[3',5'-bis-
tnfluoromethylphenyllindenyl),zirconium dimethyl;

25 rac-diisopropylamidoborane(2-iso-butyl, 4-{3',5'-bis-
trifluoromethylphenyllindenyl);zirconium dimethyt;
rac-ditsopropylamidoborane(2-sec-butyl, 4-[3',5'-bis-
trifluoromethylphenyl}indenyl),zirconium dimethyi;
rac-diisopropylamidoborane(2-tert-butyl, 4-[3',5'-bis-

30 trifluoromethylphenyl]indenyl);zirconium dimethyl;
rac-diisopropylamidoborane(2-ethyl, 4-[3,5'-di-iso-

propylphenyl]indenyl),zirconium dimethyl;



10 t butyl phenyl ]i ndenyi) 2zirconi um di chl ori de; 920 DEC 2004
rac-bi s(t r\b )ﬂ 47§i | yi ) am doborane(2-tert-butyl, 4-[3,5 -di-

t but yl phenyl'Ti'ndenyl ) 2zi rconi um di chl ori de; PCT/US01/16573

rac-bi s(trinethylsilyl)an doborane(2-ethyf; 4-[3',5 -bis-

trifluoronethyl phenyl]indenyl)2zirconiumdichloride; 15

rac-bi s(trinmethylsilyl)am doborane(2-n-propyl, 4-[3",5"-bis-

trifluoromethyl phenyl]indenyl)2zirconium dichlori de;

rac- bi s(tri mertdiisoprypylamidobofaae@nepropys %-PF 8RYiiso4- [ 3' . 5' - bi s-
trifl gororrg;&ill t]eﬂéll ]li,nden | ) 2z1 rconi-um di chl ori de; s_
rac-bis(tri ngXE rm})l%ﬂ?ﬂﬂ'éﬂéﬁ%mg(nzdmmﬁmlyl , 4-[3",5 -bis 20
trifl t I 2zi.rconi um dj ¢hl orij de;

o bt o( e e R B R LS B A s iSo 5 b5 tr

i f1 uor onet hylpebsylyhdoyligeRy LERAR diediygn! ori de;
rac-bi s(trimethyl sil %ml) am %%%gr ane(2-se§{- butyl, 4-[3',5"-bis-

trifl uoronet Hyfggrw?vmlm@n' bdgt)iﬁa(t?#rz:—buﬁyum-@lgs'hdilqgé.de;[ 25 )
rac-bis(trimeg si | yi,) am orane(2-tert-butyl, 4-[3 ,5 -bis-
trifluor ong?%ﬁoél%%q@m“aqe?ﬂgwm@“@iql@ém}’@im dichloride;

b opyl phenyl T e T e B el 3-ditae ~ 1 71 50"
rac-bis(tri n@@'%Mlldidnyl])miamﬂhlamcﬂiilaﬁZﬁmeﬁhwpyI , 4-[3",5 -di-iso 30
propyl phenyl 1 i ndenyl ) 2zi rconi urn_di chl ori de

rac-bis(tri m]ﬁ‘h‘ ‘%"i)f’r%ﬂyﬁ%%wﬁa%é%(%éefzbu%-%E.’d.éydii,-is@- [3,5 -di-iso-

pr opyjgphenyl j m%ﬁég 7] ' l.chloride; WD 02/02576 -37 0 DEC 2004
PCT/ U8001/ 1Gap3 rac- %ﬂﬁdéﬁﬁng?ﬁiqn%%swgobor ane( 2- n- butyl,

4-13',5' - di - randiisopogpylamhidodrhdiziecy bhd) 4-EPRI_Yimegi chl ori de;
rac-bis(trimeth i lIi)am dobor ane(2-iso-butyl, 4-[3",5" -di-iso-

propyl phenyl PF‘?%@VP? rdenydhrieansim dimethik: 5

rac-bis(tri ”%Mis%;aﬁﬂgla@rﬂh&ﬁ%{eﬁi&ﬁiﬁ @re%&g%%i 4-[3',5 -di-iso-

propyl phenyl ] i nden zlrconl um
phenylphenyl]indenyl),zirconium dimethyl;
15 rac-diisopropylamidoborane(2-ethy?, 4-(3',5'-di-phenylphenyl)indenyl),zirconium
dimethyl:;

rac-diisopropylamidoborane(2—n—propyl, 4-[3',5'-di-
phenylphenyl]indenyl),zirconium dimethyl;
rac-diisopropylamidoborane(z-iso—propyl, 4-[3,5'-di-

20 phenylphenyl)indenyl),zirconium dimethyl;
rac-diisopropylamidoborane(2-n-butyl, 4-[3',5'-di-
phenylphenyllindenyl),zirconium dimethyl;
rac-diisopropylamidoborane(2-iso-butyl, 4-[3',5'-di-
phenylphenyl)indenyl),zirconium dimethyl;

25 rac-duisopropylamidoborane(2-sec-butyl, 4-[3",5'-di-
phenylphenyl]indenyl),zirconium dimethyl;
rac-diisopropylamidoborane(2-tert-butyl, 4-[3,5'-di-
phenylphenyljindenyl),zirconium dimethy];
rac-bis(trimethyisilyl)amidoborane(2-methyl, 4-[3',5'-di-

30 tbutylphenyljindenyl),zirconium dichloride;
rac-bis(trimethylsilyI)amidoborane(Z—ethyl, 4-[3',5'di-
tbutylphenyllindenyl),zirconium dichloride;



rac-bis(trinmethylsily )arri doborane(2-tert-butyl, 4-[3",5 -di-iso- 20 DEC 2004

pr opyl pheanbﬂ@ﬁQ Ry!) 2zi rconi um di chl ori de;
rac-bis(trime si | yI ) ani dobor ane( 2- net hyI 4-[3",5'-di | 10 PCT/USOI/16573

phenyl phenyl ] i ndenyl ) 2zi rconi um di chl ori dé®-

rac-bis(trinethylsilyl)am doborane(2-ethyl, 4-[3",5 -di-

phenyl phenyl ] i ndenyl') 2zi r coni um di chl ori de;

rac-bi s(trinethylsilyl)am doborane(2-n-propyl, 4-[3",5 -di- phenyl phenyl]
i ndenyl ) 2zi r c&#i- bﬁ{tﬂmmml)d}amﬂéiborane(?-n -propyl, 4- [3' 5'_di-

bi s(t 2- |, 3 5 - di
bhenyl phenyl | RPTHLATRs g R ittt -
rac-bis(tri netr;kwlbﬁ(thmeﬁlﬁ@ H@Qﬂfh&&%&ﬂ&hso ﬂ’ropyl 3l [§ 3 I phenyl phenyl ]

i ndenyl ) 2zi r coni um di

rac- b.s(tr.netmwtphtwl)ladargo)@mmﬁﬂdicmorwyl 4- [3 5'-di 20

phenyl henyl ] I )22| rconi um di chl ori de;

r ac- bi (tr| nelrar‘r‘stFlé e hﬁﬂd@%ld@@fé{'f@%%m'bmyly# [3'4HB , 5 -di-

h | ph | di chl

P or i o e ke AR AR B R 1 | 4. (3,5 -di-

henyl pheny! | taeetdnineiylss > '

iy ey et e 1.0

4-[3",5" -di -t%@!"éﬁ%ﬁ Gﬂﬁﬂmgﬂomnndfm}mdé di phenyl - 1, 3) -butadi ene;

rac-bis(trirre bor h

4-[3,5 -di-t %ﬂﬁ%‘]hﬁl‘eﬂ‘ﬂm% (3%?§- e ’;' %/E QPtlﬂll Aémyidi-1, 3- but adi ene;
rac- bild(tri mthIﬁhdrwﬂnmﬂgwcaaﬁﬁ@df&wrﬁQ .
4-[3',5" -di -tbutyl phenyl ]Jindenyl)2 30 rrA-1, 4- di phenyl -1, 3- but adi ene;

rac- bi s(tri mefashiEiamethalsilabavidobeae(2 wrpbuaply b, [3',5'-di-

gzg 325% dlsét %ﬁéxﬂ%@?gé@%nﬁg%?yeé&ﬂ %lé@lpjg"l él; di phenyl -1, 3-but adi ene; a WO
o i LA Ry

15 rac- b1s(trunethylsﬂyl)anudoborane(Z-n-propyl, 4-[3',5'"-bis-
trifluoromethyiphenyl)indenyl),zirconium dichloride;
rac-bis(trimethylsiIyl)amidoborane(Z—iso-propyl, 4-[3',5'-bis-
trifluoromethylphenyl]indeny!),zirconium dichloride;
rac-bis(trimc-:thylsilyl)amidoboranc(2-n—buty1, 4-{3',5"-bis-

20 trifluoromethylphenyl}indenyl),zirconium dichloride;
rac-bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-bis-
trifluoromethylphenyljindenyl),zirconium dichloride;

' rac—bis(trimethylsilyl)arnidoborane(Z-sec-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dichloride;

25 rac-bis(trimethylsilyl}amidoborane(2—tert-butyl, 4-[3',5"-bis-
tnfluoromethylphenyllindeny!)zirconium dichloride;
rac-bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5'-di-iso-~
propylphenyljindenyl);zirconium dichloride;
rac—bis(trimethylsilyl)amidoborane(B-n-propyI, 4-{3',5'-di-iso-

30 propylphenyl]indenyl),zirconium dichloride
rac-bis(trirnethylsilyl)amidoborane(2—iso—propyl, 4-[3",5"-di-iso-
propylphenyl]indenyl),zirconium dichloride;



rac-bis(trirnethylsilyl)am doborane(2-iso-butyl, o 0 DEC 2004
4-13",5 -dj .phenyl ]indenyl)2 r14-1,4-diphenyl -1, 3-bu i X
rac-bis(tﬁygggﬂ% giIyI)anidoborane(Z-sec-thyI, L@ﬂhﬁ@ﬁm;s
4-[3',5' -di -tbutyphenyl Jindenyl)2 71 4-1;4-di phenyl -1, 3- but adi ene;
rac-bi s(trimethyl silyl)am doborane(2-tert-butyl,
4-[3",5" -di -tbuty~phenyl]indenyl)2 14-1,4-di phenyl -1, 3-but adi ene;
rac-bi s(trinmethylsilyl)am doborane(2-ethyl, 4-[3',5 -bis 10
trifl uor omet hiAcphe(inEihydehyyayadebbaarne(Andivpremfd' StdBisbut adi ene;

rac-bi s(trinmefhylsilyl)an doborane(2-n-propyl, 4-[3",5" -bis-
trifl Iuo§ orriet héﬁ%ﬁ%ﬁli)ng]g?ﬁ%@c?m&pé@ﬁ%“%enyI - [1 3- but adi ene;

- bi s(tri megdayisitdi 19P8RY; 80 3 3: . 5' - bi s-
Crifl Iugg omet hyﬁa?ﬁgﬁﬂﬁfﬁﬁgﬁw ) éﬁ}%g@f,@?g% e%{l/l[- f’jjg?bsﬁ’t adi ene; 15
rac- bi s(tri meptopy kibeyyljadendpaircond¢R-dieoidd;, 4-[3',5' -bi s-

- bi S( 1T oS e sty 635 i by o

trifl t b ; - 1. i ph | -1, 3- but adi :

heebio(tr b oy SREYIREE0 e dd i BB oY S A "%

trif1 uor onet hyacHisiypibptbeipykiZiobbla et BN Ul 1S it adi ene;
9 (Bt plaghyl(3]

rac-bi s(triznethy] silyl)am doborane(2-tert-butyl, 4-[3",5' =bis-
trifl uor omet hBROpKERGNYllindeny)yrcqnium dichletidshenyl - |, 3- but adi ene;

rac-bis(tri S Vi ) Fane(2-efh .
4-13', 5'( - di [nialtsagwﬁ%kgﬁlﬂ&@ﬂ%ﬁﬁg}gﬁw?’"’%h‘ﬂ’ﬁ"h’-’aF(BhenyI -1, 3- but adi ene; 25
rac- bilg(tri nmephivlyhitienl ) adeaphei-entis-dcogdy! . 4-[;", 5 -di-iso-
propyl phenyl Jindenyl) 2 ri4-1, 4-di phenyl -1, 3- but adi ene;
rac-bis(tri nﬁaﬁshl%f}/ml?ﬁ%lﬁﬂéllﬂb@ﬁ@b@(@ﬁf ethpk, dplgl,3-di~ [ 3' , 5' - di -i so-
ropyl phenyl ] i Londikd- 1, 4- di phenyl .- 1.3 -but adi ene;
Pac%i g(t r?/nle?l#g]gg?%wl;%l#e (J)1 e rgl("?cﬁ‘:kﬂ%%l’ 4-13',5' -di-iso 3 o
propyl pheny! | ractds(eyhydylsii¢hamidoboreh-plopd1- 20 3diiene; WO 02/ 02576 -39 2 0

DEC 2004 PCT/ USQOL/ 16s73 rac-bis(trinethyl si I’yI am dobor ane(2-i so-butyl,
4-13,5" -di- i Bhgnylphenyl]indenyl),zirconium dichloride;

15 rac-bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-
phenylphenyl]indenyl),zirconium dichloride;
rac-bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-
phenylphenyl]indenyl),zirconium dichloride;
rac-bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5'-di-

20 phenylphenyllindenyl),zirconium dichloride;
rac-bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3",5'-di-
phenylphenyljindenyl),zirconium dichloride;
rac-bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-di-
phenylphenyljindenyl),zirconium dichloride;

25 rac-bis(trimethylsilyl)amidoborane(2-methyl, 4-[3',5"-di-tbutylphenylJindenyl),
1*-1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-ethyl, 4-(3',5'-di-tbutylphenyl]indenyl), n*-
1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-tbutylphenylJindenyl);

30 n*-1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5"-di-tbutylphenyl}indenyl),
n*-1 ,;4-diphenyl-1,3-butadiene;



roi henl widen1l ppypyly)..rl -1, 4-diphenyl-I,'-]-butadiene)() DEC 2004
rac-bi s(trivgeizhgksi | yl ) am dobor ane(2-sec-butyl, 4-[3',5' +di-iso-

"propyl phenyl ]indenyl )2 r14-1, 4-di phenyl - 1, 3- but adi ene; 5/ PCT/US01/16573

rac-bi s(trimethyl silyl)am dobor ane(2-ter1’-sbutyl , 4-[3",5]-di-iso-
propyl phenyl ]i ndenyl )2 114-1, 4-di phenyl - 1, 3- but adi ene;
~rac-bis(trinmethylsilyl)am doborane(2-net hyl,

4-13',5" -di - phenyé{phen I L;indenyl) 2 714-1, 4-di phenyl - 1, 3- but adi ene;
rac- bi s(tri mefaysiipeiyisilibboidubetae@-iphiyl, ¥ 132 -di-tbutylphenylJindenyl),
4-13",5 -di- phen)&I lirflh nyl]indenyl)2 714 10 1, 4-di pheny , 3 - but adi‘ene;
rac- bi s(tri meltiyi’s ngﬁyérﬁ,ﬂ BBHERE( 2- n- propyl , |

Fac-bi S(1 11 e R gTy it SE e bt By B S i abutslpgry linceny;

pheny! pheny! 1hhd,armFmalym,3-gu@agh@henyl -1, 3-but adi ene; 15
rac-bi s(trimethyl silyl)amn doborané(2-n-butyl,

4-[3', 5 - di - praerbya(fpiractyay ksilpilamidop@rand(24ed-banydli e pydi=buty Bl AIERSY,
rac-bis(trinmethylsi.lyl)am doborane(2-iso-butyl, -
4-13',5' -di - phé ﬁr%ﬂ%ﬁf&’?ﬂmb@ﬁ?&y% ri14-1, 4 -di phenyl -1, 3 -but adi ene;
rac-bis(tri - S ) or.ane( 2-sec- but yl . ‘

et TB%E%&%%L‘%%";?W%%@?&W@-tﬁ%ua),ﬁﬁ-Eﬁ',a'n@rrpmyap@nyamd@amne;
rac-bis(tri Jsdibhdnlyauri ; 2-tert-butyl,

4-1 3 I 2( d: -rrg?\g:r;yslﬁpl)%%dn I ]_f}rj\lglgﬁg}?f)?%( 114-1, 4- d%/phenyl -1, 3 -butadiene;
rac- bi s(tri nmEefnpistiringdthpisdyldaboloborads]2 reeihyd-[3' 4-1i3. , 5' - di -

t but yl gﬁlenyl ]..nden 1’9"1 Zli corj.ium di n?t hyl_})i;h’y42gj !

rac-bi&(tri rretflﬁk‘z‘f’@’?%}ﬁx a&?ﬂ%fc&wwen 21 4tdighenylk] Bbutliend;; -

t but yl phenyl ]4 | ' Lethyl ; -

_rag- b % t2 r |y%ﬁﬁ?ﬁgﬁﬁgiﬁ%%ﬁ@@(%p%Wr 4[3:X-8is-5' _di - tbutyl phenyl ]
i nden zir LOHeH i o nte1.4-di RER fana-
racobrs(trimethyl s ﬂﬂﬁgr Ay ey L. st diphenyll 5-buadispe; .y 59

t but yl phenyl ]rﬁ?rgésﬁym)@ lsibd)ﬁmidolmbraxm(hyslo;-pfw@/low[ﬂ22515&'-- 40

e ST e ) A SRR 5 s

15 rac-bis(trimcthylsilyl)amidoborane(2-n-butyl, 4-{3',5"-bis-

trifluoromethylphenyl]indenyl); n*-1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-bis-~
trifluoromethylphenyl]indenyl), n*-1,4-dipheny!-1,3-butadiene;
rac-bis(trimethylsi1yl)anﬁdoborane(2-sec—butyl, 4-[3',5"-bis-

20 trifluoromethylphenyl]indenyl), n*-1 ,4-diphenyl-1,3-butadiene;
rac-bis(trhnethylsilyl)amidoborane(Z-tert-butyl, 4-[3',5'—'i3is- ‘
trifluoromethylphenyl]indenyl), 1]4- 1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsinI)amidoborane(E—ethyl, 4- [3',S'-di-iso-propylphcnyl]indenyl)z
7*1 ,4-diphenyl-1,3-butadiene;

25 rac-bis(trimethylsilyl)amidoborane(2-n—pr0pyl, 4-[3',5'-di-iso-
propylphenyl}indenyl) ; n*-1 ,4-diphenyi-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'di-iso-
propylphenyl]indenyl) n4—1,4-diphenyl— I,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3",5'-di-iso-

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




t but yl phenyl ] i ndenyl ) 2zi rconi um di net hyl ; 9 0 DEC 2004
rac-bi s(tryg t/h Isilyl)am doborane(2-iso-butyl, 4-[3",5 +di-

t but yl phen@gﬁ’lzrq ﬁyl )2zirconiumdinmethyl; 5 PCT/USO1/16573 '
rac-bi s(trinethylsilyl)am doborane(2-sec-3Butyl, 4-[3',5 +di-

t but yl phenyl ]i ndenyl ) 2zi rconi um di net hyl ;
rac-bi s(trinmethylsilyl)anzi doborane(2-tert-butyl, 4-[3",5"-di-
t but yl phenyl ]i ndenyl ) 2zi rconi um di net hyl ;

rac-bis(tri naﬁhaﬂiﬁklrﬂéthﬁl@ﬂyljﬂﬁmro_ﬁﬂﬁﬁ@(‘z%&%hﬁyl,‘]ilﬁ[}|3,3'z-cﬁ'-iEJ’-'
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[92)

trifluoromethyl phenyl ]indenyl )gZ| rconi um di rret ; i
rac- bi s(tri nerrapylphensil)inddngdbar-dediphenyiriopylitaddng:3' , 5' - Pi s-

trifluoronethyi phenyl 1.jnd | ) i rconi um di et hyl ; 1

rac-bis(tri ne‘%ﬁ{g’llsiﬁ{v%4%%%%9@%{@(2@@%&%@[3{,Sadifm, 5 - bi s-
trifluoronet i | )2ziy coniur .dj pethyl; 15 |

rac-bi s(tri ml}%{— h&(‘l Eﬁ?ﬂy’ﬂ“g%%%bﬁr@ﬁ%@&ﬁ%‘dwg&m%[ﬁ%- ,5' -bi s-
triflupronet hyt-piwemihdthdRAyiniddbsaRaDUSH BulEL Y 5t di iso-
rac-bis(trimet h&s%dyll)gmﬁﬂ%bo&ane( 2‘??’35%‘%'3%1%‘@:?[%“?%. - bi s-

trifl uoronmet myppyiphenylimdtewi)) %22 4-diphényial i-brtadighe; |
rac-bis(trimeth Li” I aln:i dobor ane(2-sec-butyl, 4-[3',5 -bis 20
trifluoromet H?‘I“% ﬁ“r‘ﬁy/q ysidped pRioboranel A e, A6 1iHdj-phenylphenyllindenyt),
rac-bis(tri ahy )y S§ I Ne .ane(2-tert-butyl, 4-[3",5 -bis-
trifluor onemr%%?#yﬁ%%ﬁ?’ég%q?é%emoni um di net hyl ;

rac- bi s(tri meadylssiimei s H8Psase( Sl 4.5 53 di-phen Pl SR 4
propyl phenyl ] i nde?lt;l )22)?. _r)g%ﬁ[igum di me(t ﬁ:w) 2@3’5 d Iﬁjengfphér_lﬁ]_mdenyl)m )
rac- bi%(tri mdtérdintiehyl) Arivdatoreane( 2- n- propyl, 4-[3',5' -di-iso-
propyl phenyl ] i nge | %%i rcqni um di net hyl e s .

rac- bi s(tri mtH 13@?'#1%}? Yéﬁfﬁ%ﬁa%‘?%&%@wrﬁpﬂpwg ,%-df-phergyiphgnylisdenyl),
propyl phenyl L{‘nder i_§ GQnj j.met hyl ; 1

rac-bis(tri rrerl hyl siYF%y %L?%%Hr‘{%%é(z n-butyl, 4-[3 ,5 -di-iso 30
propy| pheny! fractis(tyiigefinilsitydpimidotBR(PYc-propyl, 4-[3'5'-di-

rac-bi s(trinmethylsilyl)am doboy ar;gf_ﬁzg(i so-%u%j{/l', [i- [ 3'l , 5" -di-iso-

pr opyl pheny| Prg@dpbanyibndenshi ur-d, dddipheryl;3-butediBRe 2404  PCT/ US01116573

13 rac-bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3',5'-di-phenylphenyl]indenyl)z
n*1 ,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5'-di-phenylphenyl]indenyl);
n*-1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-(3 ,5'-di-phenylphenyl]indenyl),

20 n4-1,4-dipheny1-1 ,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-(3',5'-di-phenylphenyl}indenyl),
n*-1,4-diphenyl-1,3-butadiene;
rac-bis(trimethylsilyl)amidoborane(2-methyl, 4-[3",5'-di-
tbutylphenyl]indenyl),zirconium dimethyt;

25 rac—bis(trimethylsilyl)amidoborane(ﬁ-ethyl, 4-[3',5"-di-
tbutylphenyljindenyl}zirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3,5'-di-
tbutylphenyl]indenyl),zirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3',5'-di-

30 tbutylphenyljindenyl)zirconium dimethy!;



WO 02/ 02576 -41 rac-bis(trimethylsilyl)am doborane(2-sec:butyl, 20 DEC 2004
4-13",5" -di-1so-__propyl phenyl]indenyl)2zircotuu. mdi nethyl; A
“rac-bis(tri ?%%Zﬁ | yi ) ani dobor ane(2-tert-butyl, 4-[3',5 -diPGlEs01/16573

propyl phenyl ]i ndenyl ) 2zi r coni um di net hyl ;4%

rac-bis(trinmethylsilyl)am doborane(2-nethyl, 4-[3",5 -di: phenyl phenyl]

I ndenyl ) 2zirconiumdinethyl; rac-bis(trinmethylsilyl)am doborane(2-ethyl,
4-[3',5'-di - phenyl phenyl ]indenyl) 2zirconi um di net hyl ;

rac- bi s(tri metrhy-bs{trivhgthyisithd Ronidotelana(Z syl 4-[353i- 5' - Fi 10
phenyl phenyl ] i ndenyl ) 2zj r coni um di net hyl ;
rac-bis(tri netthwm){llewl)]@dm)ﬂhmmﬁmﬁﬁﬂpropyl . 4-[3 $ -di - phenyl phenyl ]

A B e b e e e it O
o e Gl ggan . (5 5

rac-bi s{tri netrhﬁybb(tkiymf)thﬂﬁi&d]nmniddﬁ(rmsécbbmyl, A4-[34%'3li; 5' - di -

phenyl phenyl ] i ndenyl i rconium di nethyl. and

rac-bi s(tri mttﬁwg%ﬁéﬁﬁﬁ?wﬁbﬁmﬁ%ﬂﬂbutyl C4-[3',5 -di 20

phenyl phenyl ] i.pd ?ih)nﬁ&h | ' bt G 2004 PCT/ US1111 t 6573
The netall ocerfghgmo% t Isflﬁ%l%%@%iﬁegi’kﬁteﬁg légqgégltgrdi ng to general

t echni ques knabatyiphenyifjindedyil),erainiume didi@hylexanpl e U. S. Patent 1'fsios.

5,789,634 and 5, 840, 644 (both entirely incorporated herein by reference). WO
02/ 02576 - 42 ra%gﬁaﬂE@tééﬁwl)WW% 6575 4dsnerlis1 y, netall ocenes of this

(1P P18 S e s e S (2 1 en arylcowling

i rac-bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
rac-bis(trimethylsityl)amidoborane(2-iso-propyl, 4-[3',5'-bis-
trifluoromethylphenyl}indenyl);zirconium dimethyl;

15 rac-bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[{3',5'-bis-
trifluoromethylphenyl]indenyl).zirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-iso-butyl, 4-[3',5"-bis-
trifluoromethylphenyl]indenyl),zirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5'-bis-

20 trifluoromethylphenyljindenyl),zirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3',5'-bis-
trifluoromethylphenyl]indenylyzirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-ethyl, 4-[3',5"-di-iso-
propylphenyl]indenyl),zirconium dimethyl,;

25 rac-bis(trimethylsilyl)amidoborane(2-n-propyl, 4-[3',5'-di-iso- |
propylphenyl]indeny!),zirconium dimethy! j
rac-bis(trimethylsilyl)amidoborane(2-iso-propyl, 4-[3",5'-di-iso-
propylphenyl]indenyl),zirconium dimethyl;
rac-bis(trimethylsilylamidoborane(2-n-butyl, 4-[3',5'"-di-iso-

30 propylphenyljindenyl),zirconium dimethyl;
rac-bis(trimethylsilylamidoborane(2-iso-butyl, 4-{3',5"-di-iso-
propylphenyl]indenyl);zirconium dimethyl; |




and an aryl Gignard reagent catalyzed by N Cl2(PPh3)2 ipn et her-typgg %EC 2004
sol vent s aiv 5 rQomtenperature to reflux. Product is usually purifi y
colum ch gr{}&foaﬁt‘saphy or distillation. (b) is a deprotonat PENWUSPHIG 79ret al
salt of an alkyl anion (e.g. n-BuLi) to#erman indenide followed by
reaction with an appropriate bridging precursor (e.g. 2Si d 2). Reactions
are usually done in ether-type solvents at anbient tenperatures. The final
product is purified by colum 10 chromat ography or distillation; and (c) is

doubl e depr ot pRaii(@fm¥iheAY)ahldboAREOSecRind; 4 73Bubil Jsot 0 form a dianion
fol |l oned by reacti(on Wi ?h g)rret al c’hal ‘?d(?"(e.t’g’. T?E’MGL}HSOT e reactions are
usual |y done propgiphenyl]npenybrziaronimh donethylyent s at  anbi ent t enper at ures.

The final products, are obtajned by recrystallization of the crude solids.
15 WO 02/ o257@°§b4§tf§nethbgtb'fiwogw@w(@§m@5§7$~[é‘,aodDE@-2004 WD 02/ 02576 -

44 PCT/ USI A/ : I n f thi.s invention are highly active
cat al yst conpé‘ﬁ’ﬁﬁ’é‘z@%ﬁéfﬁ@l%%ﬁ%?ﬁ@ﬁ%‘?ﬁ%m of olefins. The netall ocenes are
preferably enrﬂcqxs{ﬂixﬁéthyr‘shyl)ﬁhjdw?@?@@erﬁethyl?wq_‘gf,e}g:*dij t is also possible to

+) or (-

use the pure enantioners in the ( ( form The pure enantioners allow
an optical |y Beanyiphenyldingenyi)tiocdpeus dimethpl ed. However, the neso formof the
metal atom i HoCCER OB BUIae P BoRRSPar T LB Al due to the mirror
o oduce. a hi gh o s e g b, 0 T orm i s not femoved.
atacti c pol ynec-tigtrimethpdily Damiddbbriane(2trepiopol, AcBi §-d0l ymer . For certain 10
applications this may be entirely desirable. Mtallocenes are generally used
in cotbinati oﬂhw{ﬂli‘e%ﬂgléd?lﬁ’ﬂwm%ﬂmﬂi in order to Er eate an active
catal yst systgmy: N acti ».and "cqgcat al yst" are used
i nt erchangeab 51 bé%ﬂﬁ%%tgygg}dp %@gb%%r%%(% 15‘008 Wé’gﬁ(ﬁéﬁyg dis
phenylpbenyl]indenyl);zirconium dimethyl; |

rac-bis(trimethylsilyl)amidoborane(2-n-butyl, 4-[3,5"-di- ‘
phenylphenyl]indenyl),zirconium dimethyt;

15 rac-bis(trimethylsityl)amidoborane(2-iso-butyl, 4-[3',5'-di-
phenylphenyljindenyl),zirconium dimethyl;
rac-bis(trimethylsilyl)amidoborane(2-sec-butyl, 4-[3',5'-di-
phenylphenyl]indenyl);zirconium dimethyl; and
rac-bis(trimethylsilyl)amidoborane(2-tert-butyl, 4-[3",5'-di-

20 phenylphenyl]indenyl);zirconium dimethyl.

\Si
e

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




15 conpound or conponent, or conbination of conpounds or| conponents UCﬁEﬁbmm
of enhanci&gﬂgrﬁqﬁbi lity of one or nore netall ocenes to polynerize Z)I S

- Al kl yal unoxan€s“such as net hyl al unoxane (MAO) are comonly PEadISBS/ 16573

net al | ocene activators. Generally al kyl at#roxanes contain 5 to 40 of the
repeating units: 20 RCAIRO ),,AIR2 for |inear species and (AIRO),, for
cyclic species where Ris a Cl1-C8 al kyl including m xed al kyls. Conpounds in
which Ris 25 nethyl are particularly preferred. Al urnoxane sol utions,
particul arly met hyl al unoxane sol uti ons, nay be obtained from commerci al
vendors as solutions having various concentrations. There are a variety of
met hods for prepafieneradlyymostalheenew of | thizi tyipB garex eﬁﬁe@fas""m(ﬁ\t}g%%g)
described in U. S Patent Nos. 4,665,208, 4,952,540, 5,091, 352, 5, &199,
5,204, 419, 4, 8¥rHpaherso(a) i9auagi-Bouplind(8actidd, bebw Q86 LRTlosEbsalieBikBiene

5, 329, 032, 5,%@3 801 f;’Sf 235d 081, 5,103,031 and EP-A-0 561 4/6, EP- B0 279
586, EP-A 0 59% F&YL{HleRad seaceanenalyesddy NiTlR(PRhGD mpihart tygle belveits aby

referegce. 2 Q-REG % 0 -4 CT/ US01/ 16573 1.Qnj zi ng activators
may al so be used to ct?t\;me;i el%/rreolt%gﬁ?'oce%é%@cﬁ'hésseusué Yi pai ?é h)‘ecﬂ'élmrr al or

ionic, or arechrompograshysorcdistiitationi ((By Ut &é&%ﬁ&ﬁﬂn% a metal salt of an allcyl

tetraki s(pentafl urophenyl)borate, which ionize the neutra

conpound. 5 SHEAN (%8 BBvd 1k tonfesnransindenide Guitoaved Bnreactonv@itAradtPPropefatsS ONe

ot her cation ¢l wth tear: cqordi nated or only |oosely

coor di nat ed t%, gﬁép?éecﬁr'gﬁoﬁi ¢?gg ‘%Fﬁlgﬁlst hgcw)lﬁ‘Piiaﬁ‘g useallyodomt irCethsripd ons of
activators mesodven®s Re asent teRhper@UAIP! 93, r e..and.koni,zi ng activator
conbi nati on, see for exanple, &)r 94/ 0792%.&5% @é&& b @ecg

: SEFY Bt PRRLECDY; 6pgn
catal y8ts forchsompgeraphy on distiliatien; amit (s doutpe Hgeotonefiodwihak! ASARGidpat i ons

555, e 6! BV LB B GRSk Phonst s me b (o5
ZrCly).  The reactions are usually done in ether-type or aromatic solvents at
ambient temperatures. The final products are obtained by recrystallization of the
crude solids.
15




WO A- 92/ 00333 (each incorporated herein by reference). These teach gqphfﬁqu“
15 net hods of preparation wherein netall ocenes are protonated by an-anion
precur sor Y¥@Q&K0IXat an al kyl /hydride group is abstracted fr®aT/ASPHEAS tion
netal to make it both cationic and char¢e-bal anced by the non-coordinating
anion. Suitable ionic salts include tetrakis-substituted borate or

al um ~num salts having fluorided aryl-constituents such as phenyl, biphenyl
and napthyla 20 The term "non-coordi nati ng ani on" (NCA) peans an ani on which
either does not coordinate to said cation or which is only weakly
coordinated to said cation thereby remaining sufficiently labile to be

di spl aced by a neutral Lewis base. "Conpatible" non-coordinating anions are
t hose which are not degraded to 25 neutrality when the initially fornmed
conpl ex deconposes. Further, the anion will not transfer an anionic
substituent or fragnent to the cation so! as to cause it to forma neutral
four coordinate netal | ocene conpound and a neutral by-product fromthe

ani on. Non-coordinating anions useful in accordance with'this invention are
t hose which ate conpatible, stabilize the netall ocene cation in the sense of
30 balancing its ionic charge at +1, yet retain sufficient lability to
permt displacenent by an ethylenically or acetylenically unsaturated
nononer during polynerization. WO 02/02576 -46 2 0 DEC 2004

PCT/ USO01/ 116573 The use of ionizing ionic conpounds not containing an active
proton but capable of producing both the active netall ocene cation and
non-coorui nating anion is also known. See, for exanple, . EP-A-0 426 637 and
EP-A- 0 573 403 5 (each incorporated herein by reference). An additional

met hod of making the ionic catalysts uses ionizing anion precursors which
are initially neutral Lewms acids but formthe cation and ani on upon
ionizing reaction with the netal | ocene conpounds, for exanple the use of
tris(pentafluorophenyl) borane. See EP-A-0 520 732 (incorporated herein by
reference). lonic catalysts,for addition 10 polynerization can also be _
prepared by oxidation of th§ netal centers of transitian nefal cgnpounds by
ani on precursors co%}a%ging et al | i ¢ oxi di zi ng groups érong

(a)

(b}

10
MgX




with the anion groups, see EP-A-0 495 375 (incorporated herein by 20 DEC 2004
ref erence) WOV%Z({%e‘i(t he nmetal |igands include hal ogen noieties for exanple,

bis- 15 cyclo Padi enyl zirconium di chloride) which are' notPCTapIbII6STGf

i oni zi ng abstraction under standard condit4-ons, they can be converted via
known al kyl ation reactions with organonetal lic conmpounds such as |ithiumor
al um num hydrides or alkyls, alkylalunoxanes, Gignard reagents, etc. See
EP- A-D 500 944 and EP- Al -0 570 982 (each incorporated herein by reference)
for; in situ procesgesmaflisesss bthiRdni i il i '

conpounds wi th di hal o-substi t ut edhﬂgrrlétgﬁ%?ﬁ%@?ﬁ%&ﬂ%@%ﬁ%ﬁ%@# Wi th
the addition &er thepbl}’mﬂinzgtiambﬁmibﬁns:oﬁhmmtﬁlocéﬁsh@ﬁpmf@ﬁblywﬂm@)tejd% ionic

tal yst i t al cat i 25 NCA described in WO
Go50511. U o BRI, BOBRETehp AAPosIBIEAoRe the et cRTEemerAmpEECat | on
No. 09184358, (fy ? . Patent . lLicatiqn No.
09184389, fil é‘? Wefﬁbﬁgﬁ?@‘yf&%?a?@g@ﬁ@ﬁaﬁ@93%%1?%8%@" 1y g gt by

refererice). 3@rophmmd. tHevaet, thaieto faim sthie ARIAILAEERRLAHRRELEGL ALY St
conposition is a _NCA, preferably the NCAis first added to the Support

conposi tion f &9 RAkEYCHAtioprAstixe e¢nterdtheonetahasomy irathiest eompamaidakis/sd longéen t he
activator i $ [ ably WO 02/02576 - 47, 2 DEC 2004 PCT/ USO1/ 16573
t he MAO and ne%@%lldglggélg{ec%{% T gpmgiey agilees‘iS’PV%]omFt@g@PH’e?‘ndi thisdhergtorgmot The

support is tpegislens potiaek Mhighiyt i@&aﬁﬂ&%&ﬁh@x‘.'ﬂ%e@o Mglhlofrggn%};iﬁS n. Qher

met hods and order of addition will be ‘apparent to those's the art,
5 The cat al ystagie pelmenscidnned prajdiion tohstavrgodihéroBreértaii S i nvention

are r.ef erably ;supported using a porous particulate material, such as for
exarrpﬂg, t al c?gplfcﬁﬁgﬁsatﬁﬂscmﬁ&}:’Elg%t,‘mﬁfrdﬁs’d%m -c chlorides such as nagnesi um

chloride, and resinous materials such as polyolefin or polyneric conpounds.
10 Preferably, the support nmaterials are porous inorganic oxide materials,
whi ch i ncl ude t hosMeétaltorenée aRe menetally Tasbd einotorBbABes SWRE On@UESm oS, 4
5, 13 or 14 ggtal/netalloid oxides. Silica, alumna, silica-alumna, and

m xtures thePEBRICEIB 9idsr O GIPAT BY a6HWE eatalbitesysiehel he fmgatactivaiei desl t hat

may be enpl oyegcatalyst” are used interchangeably and are defined herein to mean any
15 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 (MAO) are commonly used as

metallocene activators. Generally alkylalumoxanes contain 5 to 40 of the

repeating units:
20
R(AIRO ),AIR; for linear species and
(AIRQO ), for cyclic species
where R 15 a C1-Cg alky! including mixed alkyls. Compounds in which R is
25 methyl are particularly preferred. Alumoxane solutions, particularly

methylalumoxane solutions, may be obtained from commercial vendors as
solutions having various concentrations. There are a variety of methods for
preparing alumoxane, non-limiting examples of which are described in U.S.
Patent Nos. 4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734,

30 4,924,018, 4,908,463, 4,963,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081,
5,103,031 and EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WO
94/10180, each fully incorporated herein by reference.




either alone or in conbination with the silica, alumina or silica-a)@nQE§ 2004
are 15 rre‘gﬂqﬁ;ugﬂ titania, zirconia, and the like. Preferably the support
material is por U¢ silica which has a surface area in the pangsomicshyom 10
to 700 n2/g, a total pore volune in the t4ange of fromO0.1 to 4.0 cc/g and
an average particle size in the range of from 10 to 500 More 20
preferably, the surface area is in the range of from50 to 500 n2/g, the
pore volune is in the range of from0.5 to 3.5 cc/g and the average
particle size is in the range of from20 to 200 m Most' desirably the
surface area is in_the range of from 100 to 400 n2/g, the pore volune is in
the range of from BrBzing agfigators/ magraso tbheusay etb aghtiveR! fneflliBc&iede ThedoN the
range of fror‘r&c?tQ{aEO(g 100 m il'he.a\zerage pore 25 size of typical porous
support material s HnntE! PLARJUC. A arE sampouRds sLobGA. tri(iPbetythathohiug
support mat erfeghkit VT ore dianmeter of from50 to
500A, gnd mst q%zgt?re 3%?1% c%ﬁrﬂglt‘r%' Ib}??tg’%@%ﬁ.‘&g?e ﬁ‘&;}‘eréalda?tﬁ QSFIS CPYIuRG 1 abl e
to dehydr at edStdieloguding aompoandsempe rcabhiafe a®facki n ere from
3to 24 hours. 30 2 Q DEC 2004 V\% 02102576 E{éé%%‘%g‘%qi% Q/‘QQE&%&T%%@H

metal | ocene, HEPN{SH Sfiths RHt Raf seeidinated er ordy lomsslyieondindted ef) théredMiningunber
of ways. Mor . e al so be. used. Exanples of surtable
support tech ﬁ?gl@g gh g@%@% gé%‘ﬁé‘ﬂ%? ném. bigatipng ofractingters magelsoge1useddfor

4,701, 432 ( eandamipld, | gluibeiePoidatonthife Lad y : ce,) . Preferably the 5
nmet al | ocenes and activator are conbi ngﬁwaa;\ %ingllgdrﬁtf%a%?% ](g?f B’f%ﬂﬂ& k"Z(apported
on the poro&"@@@ﬁort material as described in U S. Patent No. 5,240,894
and W 94/ 28034, WO 96/ 00243, and WO 96/ 00245 (each fully incorporated
herein by reference.) Alternatively, the netallocenes nmay be preactivated
separately and t o&scepibhsGioWct . eriial either separately or
together. If the 10 rre'?al I.ocer(%&tlaﬂsC %Fagﬁgsegdél%%t%% shﬁb"&?ﬁ”&%aﬂ{oﬁé}‘? @F‘ilr ably,
they are dried mtfabocege eplionsdactivated lyvnar-chie b end! Sioh apﬁé&qﬁrthé%glil?n'

e e R DS SRERTEL) B i oo
(rjgggii |o 2 :ngI fﬁﬁ@ﬁ@@l@y%adﬂ in@ﬁ{)o%ecpﬁ@rgﬁlrlgf geférggée).t hﬁ)JSQ Ece%lch\éiglsilga[{)?e of
15 methods of preparation wherein metallocenes are protonaﬂed by an anion
precursor such that an alkyl/hydride group is abstracted from a ﬁansition metal to
make it both cationic and charge-balanced by the non-cobrdinating anion.

Suitable ionic salts include tetrakis-substituted borate or aluminum salts having

o

fluorided aryl-constituents such as phenyl, biphenyl and napthy!,
20
‘The term "non-coordinating anion” (NCA) means an anion which either
does not coordinate to said cation or which is only weakly cdordinated to said
cation thereby remaining sufficiently labile to be displaced bﬁ a neutral Lewis
base. "Compatible” non-coordinating anions are those which are not degraded to
25 neutrality when the initially formed complex decomposes. Fuﬁﬁer, the anion will
not transfer an anionic substituent or fragment to the cation S0l as to cause it to
form a neutral four coordinate metallocene compound and a n(;:utral by-product
from the anion. Non-coordinating anions useful in accordance with this invention
are those which are compatible, stabilize the metallocene cation in the sense of
30 balancing its ionic charge at +I, yet retain sufficient Iability to permit

displacement by an ethylenically or acetylenically unsaturated monomer during

polymerization.



pore volu

taI ore szﬁbgb 20["'
PCTUSHEIS t han

rous support.

us support are well

1, Experinental

s 67-96. The

ization or 25 the

applied to porous support is less than 4 tines the total

por ous QQBQﬁBZTgDre preferably less than 3 tines the t
" the porous port and even nore preferably in the rang
1toless than 2.5 tinmes the total pore4 olume of the p
Procedures for neasuring the 20 total pore volune of por
known in the art. One such nethod is described in Volu
Met hods in Catal yst Research, Academ c Press, 1968, pag
supported catal yst system may be used directly in polyne
catal yst system be prepolynerlzed usi ng net hods wel || known in the art.
For details regar di[ Brgussr Wi%@ F@ﬁPOlé%dé ngh coRAIngIZ, ‘gctpatmtom\lw

4,923, 833 a 9 86 nd_ EP each fully

i ncor por at ed a‘é]brlg?%pg urcé?%ggtﬁ %‘f i ° ¥ lﬁﬁﬁ%ﬁ F"’btl?é‘naéé PBT‘&@?“%’Ferrs
described hergidh arzﬁsdlﬁﬁéwh el B eRBIPYSTERD-AGD 1408 @3f7 Aldl Bb ¥peg 504 4phefins.
This includes pol ynerization processes which produce honopol yners,

copol y#rers, t(eaghoingamposatadidhetdie Hy keferascehe!| An asldRichalDECHAOE! WAKNZ/ B2576 - 49
PCT/ US01/ 1657.3 bl oc copol%rrers and._i nmpact copo{%msrs These pol yrrerl zation
processes mayPMGEFARIYSE H3EDHIRNZIAS S9IQR PSRUCSPTS Whish e ijHalky neptralieewiss

phase, conti sy or
oo st ops,  ph S or kP EEARAL AR offbn 3kn FSIALD T E0e (A BRenellp i
preferably frampsdadd, doBOtamplephe s of afs(yerpafticesstizhyl) fHo@dﬁe5Q§éet BP30G. The
pol yneri zati on, or copol ymerizatiaon is carried out using olefins of the

fornul a RacH=30 RB2. (pgprbprated thereinl By wberspsg)Ro lanis F@ié}YﬁScﬁﬁPr addigiohf er ent
Roeads %) FAREALOCOR AR belrlihed BTLERLANN B pbdi Do RIORRBHO TS

However, may a rnati maring to

at oms connectregl ¢dmpnunax@mm pffecﬁﬂs@ﬂa cbBaling ifvsali¢ Exididnd Qx’b@ps Rlogpy! ene,
1- butene, 1-hexene, 4-nethyl-| -Eentene 1- oct ene, nor borrene and

nor bor nadi ene¥ith Hegaiqn &rgpa% sepE8p0eARs Eﬁdmpmqr@tﬁéh@negi bypesfsremec) zed. The
net al | ocenes and netal | ocenes catal yst systens of this |nvent| on are nost
suitable for the polynerization of propyl ene based polyners. 15 If

necessary, hydrogeWhese &ftdecktalsligan| RelidarhaesdNmoidtidy| @0exafigleObid-N
15 cyclopentadienyl zirconium dichloride) which are not caf)able of ilonizing
abstraction under standard conditions, they can be converted via known alkylation
reactions with organometallic compounds such as lithium or ﬂuminum hydrides
or alkyls, allkylalumoxanes, Grignard reagents, etc. See EP-A-D 500 944 and EP-
Al-0 570 982 (each incorporated herein by reference) for in situ processes
20 describing the reaction of alkyl aluminum compounds withi dihalo-substituted
metallocene compounds prior to or with the addition of activating anionic

compounds. ‘

Methods for supporting ionic catalysts comprising metallocene cations and

25 NCA are described in WO 9950311, U.S. Patent Nos. 5,643,847 and 5,972,823,
U.S. Patent Application No. 09184358, filed November 2, 1998 and U.S. Patent
Application No. 09184389, filed November 2, 1998 (each fully mcorporated

herein by reference).

30 When the activator for the metallocene supported catalyst composition is a
NCA, preferably the NCA is first added to the support composition followed by
the addition of the metallocene catalyst. When the activator is MAQ, preferably




order to increase the activity. The overall pressure polynerizatiom gyEEenﬁ[]l]h
Is from Q‘f t0.100 bar. Polynerization is preferably carried out in the

i ndustri al @“ZIBQFfi cularly interesting pressure range from BCTUSBHIG3EE . 20
Typically, the metallocene is used in the’pol ymerization in a concentration,
based on the transition netal, of from10-3 to 10-8 nol, preferably from
10-4 to 10- 7 nol, of transition netal per dnB8 of solvent or per dnB8 of
react or volunme. Wien alunoxane is used as the cocatalyst, it is used in a

concent r at i onthetMAOoaRdL@e@1lbeenelQtalystate diRodfeartadditNe fih 95u#04 : .
per dnB of solvent or per dn8 of re)éctor 25 vol u°rre.er'll'he ot he'rtlggégg@lrggts

menti oned ar eisuberl cpntagisd apith dhé MAEVmertodam| catalysarsolutionwi Othet esgtaeds t o t he
nmetal | ocene. | n principle, however, higher cqncentrations are also

possi bl e. |f THEOTHS i‘%’tﬁvﬁﬁb? @%"r"&i“éﬁ‘oé‘bﬁqﬁ%&q’& t883%ensi on or sol ution
30 polynerization, an inert solvent which is customary for the Ziegler

| ow- pressure process is typically used for exanple, the polynerization is

carried out in an ”Eh@cﬂE@st@@thﬁak@?&]ﬁ@re-tﬁ@cd?@'dsl&ﬁﬂé/cﬂfﬁﬁiﬁn@nh@H%Pé c or
cycl oal i phati c hydrocarbon; exanples of which a~e propane, butane, hexane,
hept ane, i sodEkRebLY SYRRAsIsEUSE 2PRIOHE PARIFWIE| Massual esuchtasifer eNagple,galssi bl e

to use a, ben r d.diesel ail fracti.on. ,tol.uene ,can al so be
used. The po%ﬁ%%ﬂ%a?gggg’ﬁgg Fe ecrhi?)rl1 Scséf?li’ 2 PRSI ‘Ekh%ncllijff’cf&pcfeﬁ“o‘i‘sf i nert
5 sol vents argatesiald suthes polpelFEhor ol midicothoudgas or liquid form Before

addition of the catalyst, in particular of the supported catal yst system
anot her al kyl al um num conpound, such asy for exanple, trimnmethylalum num

triethylal urni num gt kiisobutyiai unj num .tr.ioctyl alurni numor 10 .
i sopr E%yl al uni num ¥ rﬁg%/régladﬁ%léﬁﬁﬁ’q "Efgéﬁ'%h rabedBEé’él‘si‘HP’@aPﬁeo*lgéd‘E‘E‘F“?Iﬁ: or der
to render thghihliNeRAd ZRké GOns YR BRAIIRETibIE BPE]%'?%FGI—&;;%%Q@Y@, gzl yst

poi sons present in the olefin). This conpound I's added to
pol ynerij zat i @n 1§ ymetalimatallpid coxident rSilicynalomida; cilidB8lutnind). £ mhistured Al

per kg ofl reactofr_contents Pref eren s given tq triisobutylalum num and
triethyal um ﬁtﬁ “Phag P _C‘E%rﬂm%gﬁeffgr&ﬂeonﬁﬁ‘?r ’f“log%“foo’fl exthat map besmplpysser kg
of reactor C%&ﬁﬂtéoneTBf Sn &dnRation with the silica, alumina or silica-alumina are

15 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

4.0 cc/g and an average particle size in the range of from 10 to 500 pm. More

20 preferably, the surface area is in the range of from 50 to 500 mzlg-; the pore
volume is in the range of from 0.5 to 3.5 cc/g and the average particle size is in the

range of from 20 to 200 pm. Most desirably the surface area is in the range of

from 100 to 400 m2/g, the pore volume is in the range of from 0.8 to 3.0 cc/g and
the average particle size is in the range of from 30 to 100 pm. The average pore

25 size of typical porous support materials is in the range of ﬂi“orn 10 to 1000A.
Preferably, a support material is used that has an average pore diameter of from 50
to 5004, and most desirably from 75 to 350A. It may be particularly desirable to
dehydrate the silica at a temperature of from 100°C to 800°C anywhere from 3 to
24 hours.

30



~ the nolar AI/M ratio to be selected at a low level in tge synthesi 3 ©ofjER 2004
supported catalyst system In principle, however, the use of further

subst ancesYWOW02Ht al ysis of the 20 polynerization reacti orciraussnnecgssary,
i.e. the systens according to the' invent4on can be used as the only

catal ysts for the polynerization of olefins'. The process according to the

I nvention is distinguished bV the fact that the netall ocenes described can
gi ve propyl ene polynmers of very high nolecular 25 weight, nelting point, and

very hi gh stereot agi.Gi i t.h R ivitiesiin the,.
industrially parti gfﬂegllfﬂft%u?%%n%f‘ g‘télé‘%nlfbd pgﬁs%@rﬂt ?l;aqugkhlag e?%?@lpgd rRAGE of
from 50C to 80@beS0f palybi CMoas thanpsmpeallecdie TRAOhNIRESus2Ad E%ﬁhpé ¢s, of
exceptionally high nolecular weight and nelting point even when used in

processes undéitatie sHppet dechpiques carardeserthediini UnS. Phtene Noest: 4, 80%56 braadsur e

and cat al yst I VY., The tal yst systens.of thig inventign are capable of
provi di ng pol 3?@:134;’%\& /5@?)76‘“%’%?“ e({ﬁﬁﬁ'@zbbﬂg eUSI }ffef@@’?b’ Fiﬁ?léf erred
mel ting poi nt sneddlRcahes ARSActRELd 288 cGfibthe® Snd %ﬁe&&ioﬂrﬁgﬁgﬁ%hég%doggﬁ

157C, even nore preferably at | east 157C, and nost prefiera nor e.
The catal yst $yspenss shppdri mateniabas idestribed imlUs 8. PapabNe. §/240[894i Hidy/O 5

T b SO e sl b s
renc on Y bR § RIBRRSLON A pRlbRE AR DLROENT, T LSyl S50 1o

measur abl e pr ¢por ¢dmbined ith thé BeEpdre chapsriab @ftBerUstiphsatel ¥ 'dra@gb@et.i difttei S
determ ned. using 13C-NWR according to 10 J.C. Randall, Polyner Sequence
Det er tPnat i onMeEHo6EREs1 AroNsEPavRielo SupPostedd dbire prafecablyNetheotrk d6ad thewl yner s

prepared usi ”90&1@&88%9%%%%\%%; Béforéj&se%igﬁ%herm n find uses in all

applications including bers; i'njecti In&%tbon'parts, films, pipes etc. 15
Wil e the present invention has been described and illustrated by reference
to particular errbo%i?mants, it will be appreciated by those of ordinary
skill in the art, ®gardless of whsther ghe meﬁqﬁ@,cqnc@bmd theirmativatdi feeseparately

variations NOhecontacted or whether the metallocene(s) and activator are combined at once, in
15 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
suppott 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
20 total pore volume of porous support are well known in the art. One such method
is described in Volume 1, Experimental Methods in Catalyst Research, Academic
Press, 1968, pages 67-96.

The supported catalyst system may be used directly in polymerization or

25 the catalyst system may be prepolymerized using methods well known in the art.
For details regarding prepolymerization, see United States Patent Nos. 4,923,833

~and 4,921,825, and EP 0 279 863 and EP 0 354 893 (each fully incorporated

herein by reference).

30 The metallocene catalyst systems described herein are useful in the

polymerization of all types of olefins. This includes polymerization processes

which produce homopolymers, copolymers, terpolymers and the like as well as




illustrated herein. For these reasons, then, reference should be ma@l? PECe}[}ﬂ#
to the ap&sq}d&d_cl ains for purposes of determning the true scope o e
present 2 i%P&ei on. Al t hough the appendant cl ai ns have sPOpiUsSIRBENdENOES
in accordance wth U S. patent practice49each of the features in any of the
appendant clains can be conbined with each of the features of other
appendant clains or the main 25 claim EXAMPLES All air sensitive
experinments are carried out in nitrogen purged dry boxes. 30 Al solvents

ver e pur chaseblotk eOpSI9HIERy SdPimSRYE < Brefl: polVElpthadndene

4- chl or o- 2- et hyl - _iﬁlr)ldgne_ and t r?% (%@?¥T§3’r olgﬁgené?gﬁﬁgé%oé‘ PIPCESEUSMY wer e

pur chased frobf €amiedr @itain sutiapsn sﬁhpammrmainkmes%dgeﬁ&s@u&@[{tﬁﬁﬁgslgsoy\o
rom

02/ 02576 -52 gat ngC 2004 PCTI.US01116573 hydrocarbon sol uti ons
comerci al  solr ces-*The 28H n tharepl;| iai QnfoRaIMETE "shelS)' prefambpunc hased

f Al b I 0, v % ' ' I . Th tall '
i et hy 51 1 ack JECE RS T G A0S S e Grbbiiove Bt wesata,
racem & di netputicithrigi Yrdfdrably NaBRt Mydec® & "Bidy! i ndeny! I%}igtéé%ﬁi um

dichl oride were obtained from comrercial soufces. Al 1EXRRPLE |
Suppor ted Conpar son para oanad ot BRI Gl g R ECETRE " n® 10
T oo ) SR AR ©
Dot {08 VAD sol deton (B g e WERRPACLEA, RE4AYRAADS aherfudel ) oo
was filter ed®FRIACTRH 1Rt with icatacbdn atomis conatcting thevas Brampldsioft lcene (14

niL). g0 the&midi, L.t dded ,dehydrated silica (4.0 g, Davison
948 Regul ar, 600G %Eﬁ%‘*flsﬁ?f?hﬁ?ﬂe“rﬁ?%u%@%?ﬂw s +angthylalpertene, deontoneri nut es
then dried amoffini® fand hoboThatidnes MNGRFICHEE YRt A hA%APOL 8t Or
until the liquid evapor ated, ’ i

%o&ymerzze?i. The metallocenes and metallocenes catalyst. systems of this

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

15 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 to 100 bar. Polymerization is preferably carried out in the industnally
particularly interesting pressure range from 5 to 64 bar.

20 Typically, the metallocene is used in the polymerization in a concentration,
based on the transition metal, of from 10 to 10 mol, preferably from 10 to 10
7 mol, of transition metal per dm® of solvent or per dm’ of reactor volume. When
alumoxane is used as the cocatalyst, it is used in a concentration of from 10~ to
107! mol, preferably from 10™ to 107 mol, per dm® of solvent or per dm’ of reactor
25 volume. The other cocatalysts mentioned are used in an approximately equimolar
amount with respect to the metallocene. In principle, however, higher

concentrations are also possible.

If the polymerization is carried out as a suspension or solution
30 polymerization, an inert solvent which is customary for the Ziegler low-pressure

‘process is typically used for example, the polymerization is carried out in an



and then the solid was further dried a total of about two hours and%tuwBEgyan
two m nut%ﬂ]](aemsupported catal yst was recovered as a |ight orange, e
flow ng soll d(3%3 g). 25 COVPARATI VE EXAMPLE 2 racem PCT/US01/16573
di met hyl si |l adi yl (2- nethyl -4-[1-napht hyl t #denyl ) 2zirconi um dichloride 2 0O
DEC 2004 WO 02/ 02576 -53 PCT/USOL1116573 Supported Conmparison Metall ocene
Catalyst S stem 2 racem c dinethylsiladiyl(2- nmethyl-4-11-naphthy]i ndet
yl) 2zi rconi umﬁgikgh.l oride/ MAO5 In a 100 rnL round bottom flask racemc
di met hyl si | adRypiaRe aretybidalighdtit- hyRedirbod: i¢ad ) i.rconi um dichl ori de
( Conpari son rTFt al | ogene 2, 31?064 9) walgaﬂ’aeg%%gy%so%a&%ﬁ% OPIPRER Rusanes g,

S

7.2 ni) and sti¥¥Ped "ENERty isvPAanes cydhhexanasand héthyiRGeibREQHAN [ (FEALYM

glass frit fu shed with tpluene (14 ).

filtrates msﬁggﬁ%é%%g%ﬁ%d%&?g&e %%X‘@%?n@?ed ‘E?Sebazlif@@tioﬁdf'&lﬁ?ﬂma@ralsd Be 600C
dehydr at i on) . usedi Thepolkfie i wenty. mnutes) then dried at 40C
for twp ninute undeir3 gac%%o[ﬁ&g éﬁc;%gisséaé%%%(?}%‘fl © gAvd mepemer. ffiigert

evapor at ed, PIEHRER useth theonbomers afeielsd BY $8Gr BghtBlmOf about two
hours. The supported catalyst was recovered as an gr ange,” free flow ng
solid (4.72 g). 15 EXAMPLE 3 racem c diinethylsiladiyl-bjs-(

1 bromm- 3. 5- di - tort ool bongen OF FELHORE T dfelinol e suppancdocatatyst | ask

Tt T omeni ok Ml Ll
3 n Iy

i ask was. char ged o Chngt 52 a8ibiolly 1P ABEHEA dotcods Taob) modiadn i

acetoni t i | e feder RRCpolyarbelatickhsysteiihdit FERRARIR 1o AnfROLEG, L3 J.ce bath

for 15 mnute, ile stirying,. |
%res\ég]t in the oiet{nB. lc"lus compound is added to the polymerization system in a
concentration of from 100 to 0.01 mmol of AJ per kg of reactor contents.

Preference is given to triisobutylaluminum and triethyialuminum in a

15 concentration of from 10 to 0.1 mmol of Al per kg of reactor cofﬁtents. This allows

L ‘
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
20 - - . - - ! ¢
polymerization reaction is unnecessary, i.e. the systems according to the invention

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

The process according to the invention is distinguished by the fact that the
metallocenes described can give propylene polymers of verﬁ high molecular
25 weight, melting point, and very high stereotacticity, with high catalyst activities in

the industrially particularly interesting polymerization temperature range of from
50°C to 80°C.

The catalyst systems of this invention are capable of providing polymers
30 particularly propylene homopolymers and copolymers, of exceptionally high
molecular weight and melting point even when used in brocesses under

commercially relevant conditions of temperature, pressure and batalyst activity




dropwi se addition of 101.5 g brom ne (635 muol) took place ;within AiPDEC 2004
m nut es. \ﬁ\%to?!ﬁ?« om ne addition, the ice bath was renoved. 124 g g
3,%-di-tert yI'phenol (601 nmmol) and 140 nL acetonitrile REFASAUUEH i n one
portion The orange/white 30 suspension céhverted into an orange sol ution
upon heating., The nechanical stirrer was replaced by an egg-shape stir

bar. The solution was stirred at gentle reflux tenperature for three hours.
2 0 DEC 2004 WO 02/ 02576 -54 PCTIUSOL1116573 The flask was then fitted for a
si npl e di sti |Prefeired meldng ipoiRs ekoRi ldakd & HAS asdi S0 hede H{P&%Fa ‘g?ta?[%t

aspirator pressure. After all the acetonitrile had been |°r éfov

condenser wasl378p) evsadneveiprefarablioattlcast 46 7RE, (indfﬂi&isepregérﬁﬁf 1l60beE op pfppanect ed
to a 500 nL glass washing bottle half filled with water. The liquid mxture

was stirred for 80 mnutes at a tenperature of 280-310C. The reaction
m xture was cool edrg0 I 00C_an oured into a 1000 nL beaker. A
slight flow of ni ﬁ%geﬁgﬁfﬁyﬁﬁbﬁ #5? Ip¥et érepﬁﬁﬁuwa&ext) mEoyding At
room §enper girepydertehpolgmletsihaasg BidaBfeok R @ryding R g}{js P&ﬁ& 'I%gé)cft% i ne

ur

pi eces, and 10 ground |n a nortar. The ground materi Tre

times with 2tmomﬂf=rt9f po piéﬁfsan@Parﬁdeadcm:ﬁm&I tqohhs@soomee nineémmﬁpfﬂa gedh
washed with qutl ried MpSH, and the
sol vent evapora egﬁ%%e{)twﬁ ény Uhe e(%’P{S Efg,‘%éﬁb@’hé’)y’@a@éa&nae g
(25.7% of a taddicite of gdayes tiadd 98Y€. lPE-é}QH_l I}\l}%

7.30 (s, 3H), 1.28 (sg, 18H). 4- , -H-tthélr%tl% ty en E‘”ﬁﬁ ndene

Preparati on GPSCEed PEregn HRLS. sﬁnad mcmﬁm}'IHdeftd:mhedNaﬁng: m%@&dﬁw&g g M
-tertbutyl br onbbenzene (49.6 20

77. 3,gmD ToE. 13,
Enml)lwere o Radi, Phet? Sidplct ik IRl pRtRd e dCaborld MBMRuMstis. The

flask was healcaderhic BRGs levﬁW&k' 1980 eogle on started, and
this tenperature was kept for one hourm)ftern%rgg?rt%{i]gﬁfnﬁfa} hB5FBHbEenzene

was conpl et descrihed dierein find wssaparaik apmicatiens alchﬁﬁn@fide@, ggedtlon-mhefdedx
mai nt ai ned f%m ffﬂx%s Flggsre . 25

15 While the present invention has been described aﬁd 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 dlfferent variations not
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

20 invention.

Although the appendant claims have single appcndencﬁes in accordance
with U.S. patent practice, each of the features in any of the appendant claims can

be combined with each of the features of other appendant claims or the main
35 claim.

EXAMPLES

All air sensitive experiments are carried out in nitrogen purged dry boxes.
30 All solvents were purchased from commercial sources. 4- Bromo4-2 -methyl indene,
4-chloro-2-methyl-indene and tris (perfluorophenyl) borane in toluene were

purchased from commercial sources. Aluminum alkyls were purchased as



Coupling reaction: A 100 nmL flask was charged with 7.42 g 4-chloro-2- QEC 2004
met hyl i ndea;iT §Hpsd; mol ), 0.723 g |, 3- bi s(di phenyl phosphi no) pr opane

“nickel (11)chloride, (1.334 mol) and 30 nL_Et20. The red suffdAsbN6HRS
cooled to -20C, and the Grignard-salt suspension from above added within 20
m nutes. 30 The suspension was heated in an oil bath to 50C, and stirred for
40 hours at this tenperature. The flask was cooled in an ice bath. Wile
stirring, 4mL water and 15 m 10% aqueous HCO were added. The THE phase was
separ at ed, t héiydeacerbop 0s@EGOR004rotD CDMRRETEHI 550uRE]/ USOTﬁéGW%%SﬁQ&Zﬁ

washed with Et20 d the conbi ned organi c phases dried wth MySO4.
purification W@%@E‘ﬁﬁ‘f”@ﬁ? PAASYD a6 purehiaesiemat bemase apa 3atwieh solutibhe
solvent. Silica sed h i onary phase d nt ane as the

s~i | vent. Lat élr9 t he ngbl veﬁfh?t/vagngt%@%cﬁgﬁs t orage”b‘@nt %ﬂ%ﬁg@dwl@-wg)y@%: 2).

Al frictions laidenyly, Argahaghdic i ; : connpl.etel y
evapor at ed. Tr?&elelg oducgﬂgzwas_ rchygl’g’lfdﬁa?gg&%eﬂﬂgﬁgﬁ%@?f@@%@ﬁ%t@rﬁmunt
of pentane, storedybndensl):zireonivwl dichivrideveretabthinahiomhensedreid] shuied under
vacuum Yield Was 3.14 g (9.96 mmol, 21.9% . The product is a m xture of
two isonmers 10 3.36 (s, 2x2H), 2.13 (s, 2x3H), 1.36 (s, 2x 18H). dineth

I siladi |-bis- 4- 3',5-di-ter gy IVE ginden) 3.12 g

4-(3',5 -Di-tertbutyl phenyl)-2- - - ) was dissolved in 20
mL THF. A 100 rﬁélcffmasﬂllwahylsﬂadi;ﬂd-mktﬂyl-@i;ﬂﬁngﬁm;@m}jziié,ni&é &khibHGe At 2
tenperature of -75C the indene solution was added within 8 mnutes to the KH
suspensi on. The suspension was allowed to wnn up within 40 mnutes to

-50C, jand then withi _ngﬁ,(gr&ateg Qrison MetalloShe AL at _room

tenperature for 90 m M 2nd the orange
sol uti on transfer mademix dainmtnyisilndiyﬁshetﬂyﬁ@ﬁheﬂ}lﬁmeqyggg%hhy,hsi | ane
(4.95mol ) was 20 added to the K-salt solution at -35C’ "The sol ution was
stirred overnight at room tenperat fhichlopdefMAO of 3 L saturated NH4C
solution stopped the reaction. The solution was filtered froma white
precipitate and dr‘ihgd with MgSO4. Addition of 5 g silica and conpl ete
evaporation of sol rert 100imke muad|botdht Dask RPARAUS tdifettl ISI8diy 00| Hv]-a-
chroma}gographg over 12&? gziSi | j ca andi .c{)ent ane/ Et, O = iyl lyff‘6 yl-4
henylindenyl), Zirconium dichloride (Comparison metallocene 1, 0.055 g) was
added to a MAO 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 slury was stirred for twenty minutes then dried at 40°C
20 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 twenty two

minutes. The supported catalyst was recovered as a light orange, free flowing
solid (5.63 g).

25 COMPARATIVE EXAMPLE 2
racemic dimethylsiladiyl(2- methyl-4-[1-naphthylindenyl),zirconium
dichloride




25 99:1 (500 mL) and then 98:2 (500 nL). A quantitative yield with 3 {sDEGh2004
cont am nat W‘? of . .indene starting material was recovered. The product is a
mxture of Q% %oners. ' HHNVR (CHCI 3 = 7. 24ppm): 8 7. 48- 7TPCESH/ 16T 12H)

6.80 (m 2x2H), 3.85 (s, 2H), 3.80 (s, 2F); 2.24 (s, 6H), 2.23 (s, 6H),
1.38+1.37 (2s, 2x36H), -0.20 (s, 3H), -0.22 (s, 2x3H), 10.26 (s, 3H).
1H NVR (CHCl : = 7.24ppn): 8 7.40-7.12 (m 2x6H), 6.64 (s, 1 H), 6.53 (t, |

H, 30 2 0 DEC 2004 WO 02/ 02576 -56 PCTI USOI | 16573 racemnic

di met hyl si | adiyl - bi s- $upBortsd (HmpaRisoR WIYRNEENE CacdBtiSystedyden ! zi rconi um
dichloride 4 g of the @bove Silane ) ' n ~m pentane
and 43 nL THF. AracegHCdiméthylsiladBUCH nie2b¥M-[lInnapitapHadenly]),bikcerilm wer e

added 5 within 11 m nutes. The col og. ﬁ%@@ﬁ solution turned fromyellow to
red-brown. The solution was warnmed tYc n 30 mnutes arid stirred at
room tenperature for one hour. The solvent was conpletely evaporated, 10 niL
tol uene were added, followed again by conplete evaporation of the ;solvent.
The red brown resilduel®@mldicamd| boedmi flaskTadentio duaatyRistif1p2] ﬁ@ﬂiyp-ttﬁc-
Addition of 10 1 ng .9.Z2ZrCl4 (5.66 mol) gave a brown suspension. "Wthin two
hours the sudpBREYBRdeHD: zierrigm dchlotas (Comparison metallonene Beh0648) wesd f or

6.5 hours. Th v rd Of2H0e spensi,on. | uene was c¢ | ately
evapor at ed, GBH da%ff%pgn a?eéo\f\"/te}ﬁoen Qdde%l ?%H@sialndtsﬁgegg‘i‘ﬁgﬁﬂﬁﬁteﬁvm i
Filtration oveilteted throughwimedRei bR Bft MR BAR NS AFENet (R4 47 yTLTpeNt ane
gave a clear Prange filtrate. By 15 sl ow evaporation of the pentate sol ution

to the dry boxb&fombisgd fdtratenavasadded dehydratedsidice (0 @ IEtvasohi B8R egttlaf
luti gn. The bAItyL0N s.decant,ed from.th solid; .the solid washed with a
ow m ol o pdNBa e R & TR Sy uf Mirrethor Benth ipinvtes enarish 26401 o
above with tolfyefe min@keaide? aBaen balUhdBRy %%ﬂ&it@ﬁm‘&ﬂ%@ﬁguiﬂ%b&ﬁ%d
a he vol unmg of 20

Evaporation of half of the toluene and adding at |east t
pent ane gi ves 28 kemathy splidnwes further clniod entetal Vif @bdutafwor hoesd Thei suppopedne was

1.5 1.76 59 . 0.51 g (0. 60 |,. 10..49 0 Zi | d
be Dsoi at o ARURERS Fethisa 3¥ ol otpde b onnind Sol G4l ® 1y | 7 B0 (o ar)
7.40 (d, |

15 EXAMPLE 3

racemic dimethylsiladiyl-bis-( 4-(3',5'-di-tertbutylphenyl)-2-
methylindenyl)zirconium dichloride |

1-bromo-3,5-di-tertbutylbenzene

20 A 1000 ml. three-neck, round-bottom flask was :equipped with a
mechanical stirrer, a pressure-compensating dropping funnel, and a reflux ‘
condenser. A nitrogen gas flow adapter with overpressure valve was attached on
top of the reflux condenser. A slight nitrogen flow guaranteed an imert gas
atmosphere in the apparatus. The flask was charged with 181 g

25 triphenylphosphine (690 mmol} and 160 mL acetonitrile (H]PLC grade). The
white suspension was cooled in an ice bath for 15 minuteﬁ. While stiring,
dropwise addition of 101.5 g bromine (635 mmol) took place within 40 minutes.
After bromine addition, the ice bath was removed. 124 g of 3,5-di-tertbutylphenol
(601 mmol) and 140 mL acetonitrile were added in one portioni The orange/white

30 suspension converted into an orange solution upon heating. The mechanical

stirrer was replaced by an egg-shape stir bar. The solution was stirred at gentle

reflux temperature for three hours.



2x1H), 7.39 (s, 2H), 7.10 (t, 2x1H), 6.95 (s, 2xIH), 2.24 (1, 2x3H)22PéBE§ 2004

(s, 2x3H), 1.30 (s, 12x3H) for the racem c zirconocene, and a 7.6

2x' | H), 25WQ0%816 4H), 7.37 (t, 2x 1 H), 7.11 (d, 2x || H PC®B61/{aFr3 2x 1
H, 6.78 (s, 2x | H), 2.44 (s, 2x3H), %546 (s, 3H), 1.31 (s, 12x3H), 1.23
(s, 3-1) for the nesa zirconocene. WD 02/02376 -57 2 0| DEC 2004

PCT/ USO01/ 16573 Supported Metall ocene Catal yst System 3] racemc

di rethyl sil adiyl-bis-( 4-(3",5 -di-tertbutyl phenyl)-2 ‘

met hyl i ndenyl ) zi rconi um di chl oride/ MAO. 5 In a 100 nL round bottom fl ask
racem c di nethyl siladiyl-bis-(4-(3",5 -di- tertbutyl phenyl)-2-methylindenyl)
zi rconi um di chl or i e flask0Was thenVietedafidd ackimpleadistilfPonodndt the Rcétbnitdledwas’- 4 ML)
and stirred twenty, mnutes. This was filtered through a nmediumglass fit
funnel and vva‘i{eﬁ@ dnHRder: WRGE ASpirgten pregswrero Afier aHothsi arstpriitrile rtmdebeems

added dehydr hlhca , vison 948, Requl ar, 10 .600C dehydration).
This slurry \;\agggggﬁéll’r{rh g C&@F ste\?vew'fn yr‘?ﬂ?%cﬁflegﬁht%gﬁoﬁ’r }aéae-gfa.%er glgg%rt&‘?ne

m nut es undercongestedntn F00r AL aEMsCWASHAR Lot URAIE il Swikih Kkt ?M@E&gﬁ&{ ed,
and then the solid was further dried a total of about two hours an wenty

m nut es. The Bixpwerwasestigredaoy §0 miavtes ot avtemperagige 2112806 0PGh Thiendeactigree
flowing solid (5.4 g). 15.dinethylsiladi IS X

[4-(3',5' -di -?’%ﬁ??’?ﬁﬁ%ﬁﬁ‘%ég‘w‘l)’ﬂf?g%fw | Pﬁifgﬁ% Poyred i ariQ00 gplnbeaker. A
D net hyl si | add] ewl Brocer intodha b : I A j ndenyl ] ZrC 12
(488 nys, O. 57%%%1?) \d;\f/aé&gf’gxgcl)xll t\?gﬁle ib‘r?i %qﬁ%ygg] ? 0 Sét;\éu{:fg}eg%{b)é %qcr?ggléjr
orange 20 sompexshire 3hesblid MpBrbreughtintna idny EoRObfoked Gniolfin pResimiiel ) was

added at roomtenperature via syringe and the reaction was stirred al reflux
overnifnt . ATPERY f7 Moriary, [hegoyndmaiesl Yas siied donraimeowBhA00omL of

1, 4- di oxane tdhe SMERONiquiE 3B t ol utd an, . Ihj | ution
was fil tereda%é%roﬁgh a clglui téﬁésggcke (?é}?lﬁgg’ngo%ﬁgwgb%%g mﬂs; %azur%\geéld I n
vacuo. The r eNalilOagofwtiono@00otilg, dried with MgSOs, and the solvent evaporated.

Column chromatography (silica/pentane) gave 41.6 g (25.7%) of a white,

crystalline product.
15 'H-NMR (CHCl; =7.24ppm): & 7.30 (s, 3H), 1.28 (s, 18H).

4-(3',5'-Di-tertbutylphenyl)- 2-methylindene

Preparation of the Grignard salt:A 100 ml! flask was charged with 1.88 g

Mg (77.3 mmol) and 10 mL THF. 13.36 g 3,5-di-tertbutyl-bromobenzene (49.6

20 mmol) were dissolved in 45 mL THF and slowly added to the Mg-tuni'i'ngs. The
flask was heated to 50°C in an oil bath as soon as the reaction started, and this
temperature was kept for one hour after addition of the bromobenzene was

complete. The oil bath temperature was raised and a gentle reflux maintained for

four hours.

Coupling reaction: A 100 mL flask was charged with 7.42 g 4-chloro-2-
methylindene  (45.1 mmol), 0.723 g 1,3-bis(diphenylphosphino)propane
nickel(Il)chloride, (1.334 mmol) and 30 mL Et,O. The red suspension was cooled
to -20°C, and the Grignard-salt suspension from above added within 20 minutes.

30 The suspension was heated in an oil bath to 50°C, and stirred for 40 hours at this
temperature. The flask was cooled in an ice bath. While stirring, 4ml water and

15 ml 10% aqueous HC] were added. The THF phase was separated, the water



25 was washed with pentane and dried in vacuo to yield 257 nigs (59 B°PEDT2004

the desir OEFF}[%"?I:' ocene. 2 0 DEC 2004 WD 02/02576 PCT/ Us01/ 16573 -58

Support ed talTocene Catal yst System 3 racenic PCT/US01/16573

di net hyl sil adi yl -bis-(4-(3",5 -di-tertbutyt ptenyl)-2-

met hyl i ndenyl ) zirconiumdimethyl/NCA 5 In a 50-nl beaker, 1.07 g (0.232

nmml ) of an 11.05 w6 solution of tris (perfluoropbenyl) borane in toluene

was nmassed. 0.035 g (0.232 mmol) of N, N~ diethylaniline (Aldrich, 98+% was

added f ol | owathasy wastedgvioh Et0), 4ed€he Aomhilkd oSt S%” dy - Ihis sol ution

was pipetted inifo a 50 m round bottomflasﬁ"gll(l:lgtndthg%rsli 15 f@’&r%éf]é@iﬁ ca

(Grace Davi sdlfrEden hléaolalms@qomamgmhgfwda@eﬂchﬂewaap%%hf&) ofRd s%h[%gnet ic

stir bar. 4. %i?caotavag%é'c?gg t@/as sed th rinse the beaker, pipette, and the

sides of the flask. The fTaSk “RdS"HERWGEE #ed pontane as dhe solvebaat LaterThe

m xture was sblvenedas @hax%@drfbrh %‘B ).0f the

dunet hyl si | adi y| -gi s-(4-(3',5 %ﬂﬁ?gﬁtgﬁgﬁfﬁ% 3)% 1908 gentanung

zi rcom um  diPRRAUSY WerR sombited, de solsenti Ghairmetok 8 edmsl Wrry.  Stirring
Bty CRpBed. SR ol s

was conti nued, for ﬁg?d:;.hgﬁr at 50C. After this
heating were iR &R dhe ellegopessible wamust of pratney stopid i 4o @guo to

give 2.13 g Qfjvent &??t 0 r. . Conposition _by mass bal ance:

Zi rconi um O. Ofgmném geﬁ’ca &aﬁgesg&\{\%gf‘%:u“é?fﬂacuﬁﬁal /geldawas \3st4 20(Sagport ed
Met al | ocene @anel| §50%Jy The Pradfuct fs3GRMnGe O | si.l adi yl - bis-(

4- (3,5 -di-tertbut Ihi)‘geny ) - Zcmgt hyl i ndgir:?/;ﬁ% {zgg{[rn%gni um di nmet hyl / NCA Thi s
cat al yst prep'g‘rlm ke T Méppalre 74T (81, 2R6H), 26,6800 ), 65 5Py 25 M
beakgp, 2. 683§6((0.2‘§( 1), of an 11.05-wt % sol ution of 't ﬁlé » 1H},

(per f1 uor ophgnyIy’ né- 135t 13kbnd 3ds, ri$88d. 0.088 g (0.59 mmol) of N,

N-di ethylaniline was added followed by 15 g of toluene. A pink solution
resulted. This solution was pipetted into a 100 nmL round bottom fl ask

containing 5.0 of dmkthylsiladidl-dis-(@ABGNS1d: ferfthi 23.0 g of tol uene was used
to rinse the beakgr2 pi peffe, —and the ! fﬁﬂt}ﬁpl?é?fyl) %nQetHj/ﬁndene)
12 "g " 4-(3"5"-Di-tertbutylphenyl)-2-methyl-indene (9.8mmol) was

dissolved in 20 mL THF. A 100 mL flask was charged with 0.65 g KH and 25
mL THF. At a temperature of -75°C the indene solution was added within 8

minutes to the KH suspension. The suspension was allowed to w%arm up within 40
minutes to —50°C, and then within 75 minutes to —35°C. Afteﬁj stirring at room
temperature for 90 minutes the solid was allowed to settle, and the orange solution
transferred to a second flask. 0.6 mL Dichlorodimethylsilane t4.95nun01) was
20 added to the K-salt solution at -35°C. The solution was stirred oﬁfcmigiit at room
temperature. Addition of 3 mL saturated NH,Cl solution stopped the reaction.
The solution was filtered from a white precipitate and dried with MgSO,.
Addition of 5 g silica and complete evaporation of solvent gave a silica/raw
product mixture. Column chromatography over 125 g silica andi pentane/Et,O =
25 99:1 (500 mL) and then 982 (500 mL). A quantitative yieﬂd with a. slight
contamination of indene starting material was recovered. The proqlluct 1S a mixture
of two isomers. 'H-NMR (CHCl; = 7.24ppm): § 7.48-7.13 (tm, 2x12H), 6.80
(m, 2x2H), 3.85 (s, 2H), 3.80 (s, 2H), 2.24 (s, 6H), 2.23 (s, 6H), 1.38+1.37 (2s,

2x36H), -0.20 (s, 3H), -0.22 (s, 2x3H), -0.26 (s, 3H).
30 |




30 sides of the flask. The flask was heated to 50 Cin an oil bath.2 01DEC 2004
m xture 0 Ol,g.;ﬁed for 30 mnutes- 0.0061g (0.075 mol) of the
di met hyl si ['adi"yI=0i s-(4-(3",5 - di-tertbutyl phenyl) - 2- net hy PCHH&S0Y11J573
zi rconi um di net hyl was added as a solid t¥¥ 2 0 DEC 2004 02/ 02576 -59 5 10
PCT/ USO01/ 16573 produce a red slurry. Stirring was continued for 30 m nutes
at 50C. After this tinme, the stirring and heating were discontinued. The
soli vent was stripped overnight in vacuo to give 5.36 of a flesh col ored
powder Conposi ti ontasemicaissethylbidatipl-bigk(4-(9, 0UB dHbIe) plere Bl RIEHyl. B 0. 11
mol / g catal yst. EXAMPLE 4 dine th [siTadi T-bBis-—Z-meth,

ide 4-(3 ', 5 -dineth

y1-4-(3',5' -di-nmeth_yl phenyl)i ndadeayl)zireensumn dighlotidec hl or

1 hen 1 -2-neth |i - 2=net hyl,i ndene. (8.9 g, .54 mol) and

Ni C12( PPh3) 2 (1. 89?%2@%1%% %@Sﬁﬁgﬁﬁi&eﬁ&fgﬁvﬂ&m@%@m and 43

3, 5- Di net hyl phénYHiragaes2sAn 4l g 09, agya| sol ution was
added to the solution and the 15 ﬁ?%%%?%hs%%g%@crséz1%@@?&%‘35@? om

t enper &t ur e. Withiar 1 budnutes;hThstdoter di@thetsbﬁxtfo@atﬁfﬂe@rﬁ&ﬁsyeﬁb%ohé&l%?%ed with

H20 to neutraﬁlze/ym eacted Grignard. The solution was subsequently treated
with 100 i of "4 d9UHeR (WAS , WaEiser b i-0@% Writhin 3 twinates darsbdiitred hitcobRonat e
aqueous sol ut} Lc | gyer s . dried wt magnesj um sul f ate and

t he sol vent V\E@Fl@ﬁ%\%ﬁ%@ﬂ%@ga%eggﬁ%mgﬁ BQF‘I\’IY‘I?W oRPPeted: dPmal telspriue was
| oaded ont o awsiel dddad gRillov@dudmiR R ! ' Jield was 5.6 g
(4410). 1ithium4- 3.5 -dimeth 1 ge‘?diﬁlgt?rfégia%apﬁfég’ﬁm sdveht' 438 r2a

4- (3", 5' - di nebmyngREdys Was-dissphvetiindisne tRefie gnd 280Rd WGLF’?X?.V‘@?M%O%S&" ved 25

in 80 gt of pﬁgi,anz.s Toqt%s solution was added 9.6 nL off-BuLi (2.5Min
hexane) and thg“ FloR-Gamph ogase @ Pravnr suspensions MVithinotwd dwpey dieure. A

P vashod i ERIERAL fhedehaaduih B ICT MR U nlln "
This gave a bright orange suspension. Toluene was complet#ly evaporated, 60
mL pentane were added to stir the suspension overnight. F iltraéion over celite and
washing of the orange residue with 45 mL pentane gave a clear brange filtrate. By
15 slow evaporation of the pentate solution to the dry box atmosbhere, the racemic
zirconocene crystallized out of solution. The solution was aecanted from the
solid; the solid washed with a few mL cold pentane and dried. By washing the
orange residue on celite above with toluene, a clear orange toluene solution can be
obtained. Evaporation of half of the toluene and adding at least half the volume of
20 pentane gives crystalline meso zirconocene. Yield of racemi¢ zirconocene was
1.5 g (1.76 mmol, 30.5%). 0.51 g (0.60 mmol, 10.4%) meso zir%conocene could be
isolated. 'H-NMR (CHCly = 7.24ppm): 3 7.64 (d, 2x1H), 7.51 (s, 4H), 7.40 (d,
2x1H), 7.39 (s, 2H), 7.10 (t, 2x1H), 6.95 (s, 2x1H), 2.24 (é, 2x3H), 1.33 (s,
2x3H), 1.30 (s, 12x3H) for the racemic zirconocene, and & 7.62 (d, 2x1H),
25 745 (s, 4H), 7.37 (t, 2x1H), 7.11 (d, 2x1H), 6.86 (m, 2x1Hj, 6.78 (s, 2x1H),
244 (s, 2x3H), 1.46 (s, 3H), 1.31 (s, 12x3H), 1.23 (s, 3H) for the meso

Zirconocene.




30 dirrethlsil Ibis 4- 3,5 -dimeth | hen 1 -2-nmethy 1' dene Si Me2@ip OEC 2004
: % was _dissolved in 80 nL of THE. Wiile stirr ng, lithium

4 (3 5 dlﬁ% B3P %enyl ) - 2-rnet hyl i ndeni de (4.5 gb 18.7 nunoI?CR%§OVMT6§/02576

5-6020 DEC 2004 PCT/ USO1/ 16573 added’as a dry powder and the contents

were allowed to stir overnight at room tenperature. The| sol vent was renoved

in vacuo and the residue was taken up in pentane and filtered to renove

LiCl salts. The pentane was renoved in vacuo to vyield a flaky white solid

(4.23 g, 87 % . dinethvl slslupgbvdeHIMe{a‘ﬂnéﬁle,Catalyst System 3A
S' -di et hyl phenyl ) - 2- met hyT 1 nden;‘ ZrC 1

Di net hyl si |yl bi s[ 4- r@cewuhmﬁuﬂ qslmlnlyusj(Az(Shé‘t-ﬁw eaxD)s23 g, 8.0 nmmol)
was di ssolved in 60 nmL of Et V\hll Stl[l’l?ﬂ éﬁ@&?\ n-BuLi (2.5M to
in hexane) was added and dPf 8 T“r”“éﬂ’“ ‘HHP'E‘ ure for two hours.

After this tinme, the solution was cool ed to -35C and ZrCl4 (1.58 g, 8.0
nmol ) was added and allowed to stir at roomtenperature for 3 hours. The
sol vens was then Ineand0@adnl mowal bott@ndlaskeacearic dimethplsilidikbbisy(p-(B'b i xture

of met hyl ene ch orl?ge ind p n,ane nd filtered to rempve LiCl salts. The
Ciltrate was EHed semeie mby ity hamemie dobiorisHB.173 fiwaveided o a

crystal i 2at] 0o QoRitofl (65090 79/ nPY ol BRI RrenSOMRAHAT YRS G Hi0EGH 20

Support ed I\/Et ocene al yst ISl

yl - bi's- (2- metthydugh- a(ﬁxe,dﬁun%lasz(eﬁrmﬂmhbmmﬂ)wauhé@wﬂ)) wltigeni14mmlgi e gid de/ MAO
In a 100 nL round bottom flask Di nethyl sil adiyl-bis-(2-nmethyl-4-(3,5" -di-

met hy| phenyl )SoRfansd filtrates ovasuaddadc Aetiydrated (Sdlcga(i Q;B Mﬁ@@d%ﬂ tF@galamo

sol uti,gn n t svvasfllt

t hr ougﬁ a 25 é}l@eﬂgpuc?%hg@?g)onfl glu%g%%\r%ﬁ’qégg Te eﬂn t’ﬁm% ghe@ c{riﬁl e2‘)

t he conbi ned °C ifot radlee minaes addiesl wiehydr ah ed rsialy caraﬁéka@rgumnamesgqu%8
Regul ar, 600C dehydration). This slurry was stirred for: twenty m nutes,

then dried atevaporetetoand then thensalisswesnfithey dcigdm totel frabout pweapesrandor
until the |i ql!dv gtye YRRQESt eﬂ!e ﬁzpported catalyst was recovered as a'reddish pink, free

flowing solid (5.4 g).
15
dimethylsiladiylbis[4-(3’,5’-di-tert-butylphenyl)-2 -methylinr#enyl]ﬁrcodum
dimethyl |
Dimethylsiladiylbis[4-(3°,5’-di-tert-butylphenyl)-2-methylindenyl]ZrCl,
(488 mgs, 0.57 mmol) was dissolved in 30 mL of toluene to give a clear orange
20 solution. 3.0M MeMgBr solution in Et;O (0.76 mL, 2.28 mmol) was added at
room temperature via syringe and the reaction was stirred at reflux overnight.
After this time, the reaction was cooled and 0.5 mL of 1,4—dio$:ane and 0.5mL of
Me;3SiCl was added to the solution. This solution was filtered through a celite-

packed frit and the toluene was removed in vacuo. The remaining yellow solid
25 was washed with pentane and dried in vacuo to yield 257 mgs (55.3%) of the

desired metallocene.



then the solid was dried a total of about two hours and thirty fourzgiqﬁgezﬂ.m
The 30 sup\ggr ﬁ,g#at al yst was recovered as a light orange, free flow ng

solid (5.3 g‘#". 0 DEC 2004 WD 02/ 02576 -61 PCT/ US01/ 1657 3PEXASPLEE3

di et hyl si | adi yl - bi s-(4-(3', 5" -bistrifludfontethyl phenyf)-2-nethyl inden

| Yzirconiumdichloride 5 4-[3 ',5 -bis(trifluoroneth |) hen 1 -2-nmeth

| i ndene 4-Brono- 2-net hylindene (10.7 g, 51 mmol) and Ni Cl 2(PPh3)2 (1.8 g,
2.8 mmol ) were dissolved in 150 nL of Et-,Q 3,5

bi s(trifluoronethyl) phenylSwgnetiduviebiliotimaC4ialysFBpmaR a Et 20 sol ution was
added under vigorous stirring and the reactron stirred overnight at room 10

tenperature. After d&oepmicglitnedhylsiladiyi-bis+d-Boacdi-tentbugephemy)-2- quenched with
H20 to neutralize unreact i.gnard. . The sol.ution S subsequently treated
with 100 nL of 10% HCl(aq)%filetgkid&ﬂeelﬁ' icpoiump W'{‘ﬂﬁglél\t"}%ﬁat ed sodi um

bi car bonat e aqueous solution. The organic |ayer was dried wth nmagnesi um

sulfate and the solvent was renoved by rotary evaporation. The renaining
resi dud was | oadedlfont®8-ral b¢dker d.0715 (6282 coholiwfand 16)5uved sohtttorheXane.

Yi el d 2. 13 9 lithium4- 3 5 -bis trifl th 1) hen ! -2-neth
i noeni ae o @8 Forfleay) boransh folumys Vet @agie .Gl zommal of X, Ny, 6.5

I di o ' Lot | dded. 2.6 nL
mrol ) was di sgiethyRdilid ﬁgdﬁéh,@c%%n\?ﬁg‘egddea—??lﬁ%kédmgg4§é%\?\éo@%%%eas ePl - hour s

of n-BulLi ﬁg@&Z: 5Min hexane) reac

at room t enp@iuonr eesultedy e Mhisnsoliidre was Ipigbtiad dfiopa 58t @M réurAMb&RdHIA QR and
was col | ected .fritf2 fil téat Lon and washed with additional pentane. Yield
was: 1.6 g ( inige 20 By PEi il 96"0?%[123‘(@“1;5‘531%11@ at 500°C with 3-wt%

di ssolved in 80 THE Stirr

4-[3',5' - bi s(ripétfe] and omesitled phiheylask 2-Thetflaxk iwid erinde t6 30 8CTin 2 Sil HP! ) Was
added as a drﬁ}&powder and the contents were allowed to stir overnight at
room t enper at i MHES s ¥RY eFiISHa dOF etfbvmiguies. va&03&r(0.028e mredd) duf thaken up

' t ' 1€3: L] A0 t . d i
Vacor 30 ang Ph RS SR R e IR bR AR RN AR

eluted with hizwethgl was added as a solid to produce a red slurry. Stiring was continued for

Lri 11 wor omet KL pseRyfia 2 iRkl étﬁdt?a?.eiﬁl%} ot B Gial BscdtoYinsditle DliRe), "2

15 1 hour at 50°C. After this time, the stirring and heating were ciiscontmued. The
solvent was stripped overnight in vacuo to give 2.13 g of a flesh colored powder.

Composition by mass balance: Zirconium: 0.013 mmol/g catalyst, Boron: 0.11

mmol/g catalyst.

20 ' Supported Metallocene Catalyst System 3C

racemic dimethylsiladiyl-bis-( 4-(3',5"-di-tertbutylphenyl)-2-
methylindenyl)zirconium dimethyl/NCA

This catalyst preparation used the same raw materials as above. Ina 50

25 mL beaker, 2.68 g (0.58 mmol) of an 11.05-wt% solution of tris (perfluorophenyl)
borane in toluene was massed. 0.088 g (0.59 mmol) of N, N-diethylaniline was

added followed by 15 g of toluene. A pink solution resulted. This solution was

pipetted into a 100 mL round bottom flask containing 5.0 g of silica and a

magnetic stir bar. 1.0 g of toluene was used to rinse the beakeit, pipette, and the

30 sides of the flask. The flask was heated to 50 °C in an oil bath. The mixture was
stirred for 30 minutes. 0.0061g (0.075 mmol) of the dimethylsiladiyl-bis-(4-(3',5'-
di-tertbutylphenyl)-2-methylindenyl) zirconium dimethyl was acided as a solid to



Yield was 2.2 g (80 % 2 0 DEC 2004 WO 02/ 02576 PCT/ US01/16573 - 622 () DEC 2004
di net hyl sig%%?{)l bis[4-(3",5 -bis[trifluoroneth

| | phenyl ) - 22ngt%hy1% ndene] zr a 2 PCT/US01/16573

Di net hyl si |l adi yl bi s[4-(3",5" -bi s[trifluor¥8nmet hyl phenyl ]):2-net hyl i ndene]
(2.29, 3.0 mmol) was dissolved in 50 nL of Et20. Wile stirring, 2.4 nL of

n- BuLi (2.5Min hexane) was added and allowed to stir at roomtenperature
for two 5 hours. After this tine, the solution was cooled to -35C and zrd 4
(0.69 g, 3.0 poduye wasd sHEBI Stdging! WwaWaHt] " i t5?a'eer re.for 3
hours. The sqlvent was then rermnged I n \tllggeudcs)fdér?gar%lh@?%eti ue‘t‘gk(grnﬁﬂi) I n

tol uene and fHmeerl’ stiing andvieatingl weral discorTineed i | Theatsel wae&ripped

concentrat ed iLled to -35C 109, indu crystallization. 90 ng FS.S%
of pure racemg‘(:rlrgrél {831%0%50 BBEal- AR & Ogﬁﬁgﬁ}bﬁ@bf%l)%ﬂ@}IG@mSmnabyyst
System 5 di niahkybadcadzyo.dizsy atalyst, -9 [ | phenyl ) - 2_net hyl
i ndenyl ) zi rconi um di chl ori de/ m%fb%%ﬁtﬁlyg’?og)'1&%@35%%{0m fl ask

di met h§l si | adi yl -bis-(4-(3',5"- ‘

bi strifluoromefihyl phenyl)-2-nethyl-indenyl)zirconiumdichloride ( 0.075 Q)
was added to a MAO solution (6.32 g, 6.75 nL) and stirred twenty m nutes.

This was filtered through a nedi umﬁm@@ﬁé1 funnel and washed with
toluene (13 nL). To the comnbined fi s added dehydrated silica

(3.75 g, Davi sdiméehglsiadiylldis-(26heMN0Q-(e5YAr ety henyigd silyHizintolfsin St i T T ed
for thirty mnutes then dried at Or T ' ‘ n a
rotary evaporator until tho |iquid evalieMetidel and then the solid was
furthgsy dried a total of about two hours and twenty minutes. The supported
catal yst was recovered as a dull red pink, free flowng solid (5.03 g) 25
30 EXAMPLE 6 di net hyl si | adi-(31 PidséthyBhersyly-Pinsethyliddhd~! si vl - phenyl ) -2
riet hl i nden 1) zi rconj um di chl orr dé

4-Chloro-2-methylindene (8.9 g, 54 mmol) and NiClL(PPh;), (1.8g, 2.8

mmol) were dissolved in 150 mL of EtO. 3,5-Dimethylphenylmagnesium
bromide (10g, 54 mmol) as a EO solution was added to the solution and the

15 reaction was stirred overnight at room temperature. After ovei'night stirring, the
reaction was slowly quenched with H,0 to neutralize u.nreacti;d Grignard. The
solution was subsequently treated with 100 mL of 10% HCl(aqﬁ, leeutralized with
saturated sodium bicarbonate aqueous solution. The organic lajvcr was dried with
magnesium sulfate and the solvent was removed by rotary evaporation. The

20 remaining residue was loaded onto a silica gel column and elited with hexane.
Yield was 5.6 g (44%).

lithium 4-(3',5'-dimethylphenyl)-2-methylindene
4-(3',5'-dimethylphenyl)-2-methylindene (5.6¢g,239 mmol) was dissolved
25 in 80 mL of pentane. To this solution was added 9.6 mL of in—BuLi (2.5M in

hexane) and the reaction was allowed to stir 4 hours at room temperature. A white

solid precipitated from solution and was collected by frit ﬁltrﬁtion and washed

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

30 dimethylsilylbis[di-@',5‘-dimethylphenyl)—2~methy1ix‘1dene
SiMe,Cl> (1.2 g, 9.4 mmol) was dissolved in 80 mL of THF. While
stirring, lithium 4-(3,5-dimethylphenyl)-2-methylindenide 4.5 g, 18.7 mmol) was




3,5-Di bromo-trinethylsilyl-benzene 42.4 g of Tribronobenzene (134. mc) 2004
was dissolved in 600 nL Et20. The solution was chilled to -55C, at

t enper at ur¥ORAPng material WD 0210257(1 - 63 2 0 DEC 20BGT/US01/16573

PCT/ USQl / 16573 precipitated. 54 nL of n-BALi (2.5 Min hexanes, 135 xnnol)
were added wthin 20 mnutes. After stirring for 35 mnutes at -52C, 20 ni
TMSClI (158 nmol ) and 20 nL Et 20 were added within 7 m nutes. The suspensi on
twined into a solution at -42C, and a fine precipitate appeared at -30C.
The suspensi oaddedsassi dey pewderaandrthi Gohteats wereall@vak foastitr everdight Bl rody HC
were used to hydrolyze the mxture. After stirring for 30 mnutes, the

Et 20- phase waiemferattren The soljsay was remewqdei, vagng a8é theresidug pyasriakerdupiin |
conmpound crystallized t sol uti The | ask was st ored .averni ght at
220 “The crye Pt Biked n ARaler iRy PG TR ASHRENe HERSEAR VAR B “col o
pent ane, and ?{eilcp@lﬂu@d%tyggum;_zg g&gony 10 fraction of crystalline conpound
was obtained fromthe filtrate. Yield: 31.9 g (103.5 nmmol, 779 . 1H NWR
(CHC135= 7.24ppm: 8 7.62 (t, 1H), 7.49 (d, 2H),. 0.25 (s, 3x3H). 3,

5-Bi s-trimethylsilyl-bronmobenzene 15 17.18 g of

3,5-Di bromo-trinethylsilyl-benzene, 55.8 mol, was dissolved in 380 m

Bt 20. The sol uti on gasmeRikdionio(y 69Ginanfoten) Tmalyidilizd? 5 M 10
hexanes), 55.8 nmol; » hanged its
color fromclear tDimethybsiiylbasié-(35s-dihethylpehyl)-24hethilnndens]) a.2368€. 8§05 nL
TMSCL1, 59 nmmol, were added within _six_mnutes. The tenperature of solution
20 rose wit hi Fb s disseiyed a6 mingt Bhor WANGHEING 6 4 les Bubi A8M The
sol uti,gn was h Lo r.ni t.nl enne re
added lt(a o the %%"e&gbg%ag n‘@?%%ﬂ@ﬁuro rg‘%ﬁmgltof %}r} étg{%hﬁt‘ﬁrg%r%gegh%%y% Wo cl ear

phases. Et 20- pifes thivwime(ithe ecluribh vabB&EKE td i350€raad Zrahd 1 S8l 810 menApwasat ed.
Raw product was distilled at .a tenperature of 70-76C and 0.1-0.2 nbar. All
pure 25 fract pdded andrallogsaie sdatapamylempemnturs fgr dthoyrsodlie soiwent avamthen 9499

"HNWR( CHCI ?’e =%v%p§|ﬂ RB{D_O: aﬁg rt]ﬂci {%gﬁlglrgre 'vfa% Ii%eﬁé‘lpﬁlgl a(&lixn.j[r@o’f rr?eﬂ%?leﬁes chlgééé_l) . 4

3,5 -Bis-trine
and pentane and filtered to remove LiCl salts. The filtrate was then concentrated

15 and chilled to -35°C to induce crystallization. 0.23 g (5.0%) of pure racemic

compound was obtained.

Supported Metallocene Catalyst System 4

dimethylsiladiyl-bis-(2-methyl-4-(3‘,5'-di-methylphenyl)iuirdenyl)zirconium
20 dichloride/MAO

In a 100 mL round bottom flask Dimethylsiladiyl-bis-(2-methyl-4-(3',5'-di-
methylphenyl)indenyl) zirconium dichloride (0.061 g) was added to a MAO

solution (6.74 g, 7.4 mL) and stirred twenty minutes. This was filtered through a

25 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 shutry 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 dried a total of about two hours and thirty four minutes. The

30 supported catalyst was recovered as a light orange, free flowing solid (5.36 g).




Preparation of the Grignard salt: A 100 nL flask was charged with 2.D0gDEB02004
M (119 mMm@ly)pakeh10mM THF. 15.8 g 3,5-Bis-trinethylsilyl|-brombenzene

(52.4 mol) were di ssolved in 45 ni THE and sl owl y added t oPEREISUIENP ni ngs
at roomtenperature. The reaction started after 5 minutes resulting in a

bl ack WO 02/ 02576 -64 2 0 DEC 2004 PCT/US01/ 16573 brown, hot solution. The
m xture was stirred overnight, maintaining a gentle reflux tenperature.
Coupling reaction: A 100 nL flask was charged with 8.2 g 4-chloro-2- 5

met hyl i ndene (49.8 mmol) and 1.14 g ENAMBI(ESphenyl phosphi no) et hane

ni ckel (1'1')chlori daj&ng 16 .mol.) .. enperature the Gignard-salt
suspensi on from aSEREyisladyl; b premetyiphenyl)al-meathylyspensi on.
The suspension was stirred for ef lux tenperature. Wile
stirring, 5m water and 10 rer Snft ‘[']]tl'l'"q £added. The THF phase was
10 separated, the water phase washed with Et20, and the conbi ned organic

phases _dried with MgSO4. Puri fication by colum chromat ogr aphy fol |l owed
after Sevaporation of tHAd3satysiflucsomethyphenyik2anatbylindenst ati onary phase

Dont ol Bt < 20 i xt TERpSe et hiag (16 P 8 ¥ E il 3nd L AP el -Ser 2.5
(83 500 The pr et e e 470 e oy 8F°. BKER (i =
o S Je i ipionlue ol o g it 5
(Di met hH) | si | adtFDi ?Q&r %‘%?50“5* bf'%r-f‘?ﬂi ARd h%eg rgaction hiél)ﬁTlgl)d Dvm@g hat irﬁ@n@ng

wnr e dlseol vespebge; WATFOVn N HierBlal e deaodor AT o e LR

70 nL THF. Attoaeteslizenancaceddbrighi@ The sbhienevaaubidqoamtiyegeaddasnvighi n 20
room terrperat ure for two

m nutes to the Kl?%\%gﬁﬂfl n. After stirring at g i

hours 25 t he BhI9fd 3 peyelizgd withoyatuatedispdivasbicambgnath aqneaiss

sol ution trangf8lon€4htdr&nidA - HE e d to the KH
suspension, let stir and sétt%{‘k&;n trafﬁs nféamﬁﬂg%tetaﬁggg%%qlﬁ?r}tmst o the
new fl ask. 2.rémomtd by rotary evaporation. The remaining residue was loaded onto a silica

15" gel column and eluted with hexane. Yield was 2.2 g (13 %).

lithium 4-[3',5"-bis(triflucromethyl)phenyl]-2-methylindenide
4-[3',5-bis(trifluoromethyl)phenyl}-2-methylindene (2.2 g, 6.5 mmol) was
dissolved in 50 mL of pentane. To this solution was added 2.6 mL of n-Buli

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

by frit filtration and washed with additional pentane. Yield was'1.6 g (73%).

dimethylsiladiylbis[4-(3',5'-bis [trifluoromethyljphenyl)-2-methylindene
25 SiMe;Cly (0.48 g, 3.7 mmol) was dissolved in 80 mL of THF. While

stirring, lithium 4-[3",5-bis(trifluoromethylphenyl]-2-methylindenide (2.6 g, 7.5
mmol) was added as a dry powder and the contents were allowed to stir ovemight
at room temperature. The solvent was removed in vacuo and the residue taken up
in pentane and filtered to remove LiCl salts. The pentane was removed in vacuo,

30 and the crude product is loaded onto a silica gel column and eluted with hexane.
Yield was 2.2 g (80 %)



D nmet hyl di chl orosilane (21.4 mmol) were added to the K-salt sol uti aBE¢3%[]g§
5C. The solution was stirred over night at roomtenperature. Addit 0

‘ml sat. 30WMQ 23760l uti on stopped the reaction. The sol uti egTvewifikiter ed
froma white precipitate, and dried wthR6MSO4. Addition of 22 g silica and
conplete 2 0 DEC 2004 WD 02/ 02576 -65 PCT/ US01/ 16573 evaporati on of sol vent
gave a silical/raw product m xture. Columm chromat ography was done over 250
g silica with pentane/Et20 m xtures of 99:1 to 96: 4 Obt ai ned were 11.2 g

product (14.79 @ik 1§Ya e pr oduct
is a mxture of Da ' SBEH-Te 2 (
2x1214), 6.78 (m mdﬂayiﬂlaﬂ@lbsmw b3 tﬁﬂuér@ heRyl 25 (s,
6H), 0,31 (25, % 355) Y 198 |_3 [ E meaﬁ‘lpe%?f} ﬁﬁesthylﬁﬁgene]z

Di ni et hyl si | af-98:bi-8@meb was !§$¢§Y@ mé@ml; of ByO. pﬁﬁmlyls)mﬂagtr@;thyﬂh odenyl )
zirconiumdic fro bove (5. 4mmol ) were dissolved in
50 rnL THF. A@“ﬂt Mfl?‘nfge ?)%V 8?‘&9@1 OY¢ ‘Osséléat pogt fempgradyeifor BveM i n
hexanes, 10. 5howel )Aftwehes asdeheWolition ® ) I ution
turned fromyellow to red-br owﬁ 0T he soﬁkﬁﬁﬂ(%%&l\{/\ogs:;agrearfg&ék ?(f:){é%: |n 100
m nutes and t AeRel) svasr adsiedaand e&uwetbrtqnsmataurreoxfnoremj;&@nﬁb 5z gsho‘ilfbe q;gévent
was conpl et el Sva rat ed, ene were added follow ng again

3 nL
conpl et e evap%‘?’l?ﬁl} oYASdRen pemdve I"Qé’ﬁ‘f‘}o ¢ Essidygdakap gpde sadeingendifitesedr
tol uene and cePieRthvell i(82Gits. ’?ﬂg'ﬂl&% Wis ée@@mggs é?gl%@é% CB&]&H"B §Jc§SU| ted

in a light brown suspension. suspensi on 1 oom

tenperature, mehbegndtallontionssday §.3 %)(bfpagayaaensfb|caﬁlggmm/@5%&gﬁegt room
terrperature This resulted in an orange 20 suspension. Filtration over

celitd%and conpl ete evaporation of toluene gave an orange solid. 40 nL

Pent ane was added to the s us si.on.stirred Filtration,
using a flit, washing V\Athg ridl Hﬂﬁo F&I& £ under vacuo gave
fraction 1 (1.56 glimeRaditmtipl-biat(4q395" -mlgﬁmumnﬂztﬂﬁ n&@ 2-aldmpol vent was
evaporated fromthe filtrate, and exactly 8 nL penta re aéﬁed to

di ssol ve the 25 residue. The IBWMtl)ZUNOMHQMdedMHeezer at -3 5C which
initiated the «crystallization of a solid conpound. Filtration, using a
frit, washing with a few

15 ‘ In a 100 mL round bottom flask dimethylsiladiyl-bis-(4-(3',5'-
bistrifluoromethylphenyl)-2-methyl-indenyl)zirconium dichloride ( 0.075 g) was
added to a MAO solution (6.32 g, 6.75 mL) and stimed twenty minutes. This was
filtered through a medium glass frit funnel and washed with toluene (13 mL). To
the combined filtrates was added dehydrated silica (3.75 g, Davison 948 Regular,

20 600°C dehydration). This slurry was stirred for thirty 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 twenty minutes.
The supported catalyst was recovered as a dull red pink, free flowing solid (5.03

B).
25
EXAMPLE 6
dimethylsiladiylbis(4-(3',5'-bis-trimethylsilyl-phepyl)-z-
methylindenyhzirconium dichloride
30 3,5-Dibromo-trimethylsilyl-benzene

42.4 g of Tribromobenzene (134.6 mmol) was dissolved in 600 mL Et;0.
The solution was chilled to -55°C, at which temperature Starting material




m. col d pentane, and drying under vacua gave fraction 2 (0.63Q). Ra? npgg Zm]l,
ratio of fraction 2 is 85:15. Al solvent was evaporated fromthe te
and the so¥PAYREPt as fraction 3 (1.77g). Rac/nmeso rati o dfCTUSENIGEM 3 i S
73:27. "H-NWR 30 (CHC13 = 7.24ppm: 8 7.-8-(s, 2x2H), 7.70 (d, 2x 1 H), 7.64
(s, 2x 1 H), 7.41 (d, 2x1H), 7.12 (m 2xIH), 6.91 (s, 2x1H), 2.25 (s,

2x3H , 1.32 (s, 2x3H), 0.24 (s, 2 0 DEC 2004 WD 02/ 02576. PCT/ USol/ 16 73 -66
5 Supported Metail ocene Cat al yst stem6 dim

t hyl si | adi yl hi
et byt 1 ndenyl Ser Phated, o kT BUEPIAT IR KoB2 TS o s edivd i
Di et hyl si | 22 it ARr, shirritd for I60midutd¥eit hdoel by kml S| {153~ MRidYhddrdeny! )
zi rconiumdi chl oride (0.080 g) was added to a MAO sol ution (6.74 g, 7.3 n)

and stirred t3nlyEpChwewsaddedivathimd inutesr dde sukpeuugh tamee ditora gllaten frit

dohydr ated s T ettt § hischebiid b 50" %S%Ex'aé.rﬁégeiuq“%s_added
slurryswas stiydRighf 6f réd’fﬁ%ﬁﬁ QaﬂH&eSrootﬁxit%ﬁr p‘t‘i’@ée‘&ﬁe&ﬁo aidi)édv&e nut es

under vacuumon a rotary evap rat or unti evapor t hen

the solid wasmixtnteheAftdr sedirg foptH mifuted) b Eﬂzdaplmss v@d@cﬂﬁéﬂl with MBSt es.
The supported catal yst was recovered as a pink red, free flow ng soli d

(5.15 g). 20 fbssdy aqdoﬁol‘{qvé evaposaied uptif eqmmdecrysaﬁhm omtm spbutionx ZFhe 7. 66
. 2x1 1H)., 6.8 6. 75 2x1
(2843 ?sH) 2x3|1§1g% &‘E’ié%%i%&b%"ﬁ}mé%‘ %g%(@é 3HE Sg%l(“ig °°“|}E92 “faérﬁftﬁfédnésgb

zi rconocene. XNVBL&ItH a small amount cold pentane and dried under vacuo. A seco

nd
di met hyl si | adi yl bi s[4- (3", 5" -di met hyl | phenyl') - 2-i sopropyl i ndene) zi rconi um
di chl dBi de 4-factionsof @Iﬁymailmelcmpmmd-was sbtamed | fromlghe fitbate. Yield: 31.9 g

mol) wer e o Q08B 8. TNYRCHEE S LM byl by Firnd L

0.25 (s, 3x3H).

3,5-Bis-trimethylsilyl-bromobenzene

15 17.18 g of 3,5-Dibromo-trimethylsilyl-benzene, 55.8 mmol, was dissolved
in 380 ml Et;O. The solution was chilled to -68°C, and 22.3 mL of n-BuLi (2.5 M
in hexanes), 55.8 munol, were added within 18 minutes. The splution changed its
color from clear to yellow, and was stirred for 45 minutes at -68°C. 7.5 mL
TMSC], 59 mmol, were added within six minutes. The temperature of selution

20 rose within one hour to -33°C, and after another 30 minutes to -18°C. The
solutton was stirred overnight at room temperature. 60 mL of 2M HCI were
added to the white suspension. Stirring for 30 minutes resulted in two clear
phases. Et;O0-phase was dried with MgSO,, filtered, and solvent evaporated. Raw
product was distilled at a temperature of 70-76°C and 0.1-0.2 mbar. All pure

25 fractions were combined and gave 15.8 g of product (52.4 mmol, 94%). 'H-NMR
(CHCl3 =7.24ppm): & 7.56 (s, 2H), 7.50 (t, IH), 0.25 (s, 6x3H).

4-(3',5'-Bis-trimethylsilyl-phenyl)-2-methylindene
Preparation of the Grignard salt: A 100 mL flask was charged with 2.9 g
30 Mg (119 mmol) and 10ml THF. 15.8 g 3,5-Bis-trimethylsilyl-bromobenzene

(52.4 mmol) were dissolved in 45 mL THF and slowly added to the Mg-turnings

at room temperature. The reaction started after 5 minutes resulting in a black-



brom de (54 mml) as a Et 20 sol ution was added under vigorous sti rrj'nﬁ dlﬂﬂll
t he react{vﬁ)noz\//g?s7 stirred overnight at roomtenperature. After over m
stirring, 2% 8cti on was sl owl y quenched with H20 to neupCalusog1sIseact ed
Gignard. The 30 sol ution was subsequentdé¢-treated with 100 nL of 10%

HCl (aq), neutralized wth saturated sodi um bi carbonate aqueous sol ution. The
organic |layer was dried with magnesiumsulfate and the sol vent was renoved
by rotary evaporation. The WD 02/ 02576 -67 PCT/uSG nt.93 DEC 2004. remaining

resi due was | pased et ionl | 1 . and el ut w t h hexane. Yield
was 5.5 g (39%. 5 |its'(r?ihglr%§1 4(5@@%‘."?&#% Wbk %gs@&ﬂ@dwngn%ﬁn@@

4-(3', 5" -di neteflpkpérapgiaur@- i sopropyl i ndene (5.5 g, 21 mmol) was di ssol ved in
80 nL of pentane. To this solution was added 8.3 nL of n-BuLi (2.5Min
hexane) and the reaction was allowed to stir 4 hours at room tenperature. A

white solid precip} fromsolution apd was collected by frit to
filtration and vvasgégi’l\%g% oSt ¢ ﬁoﬁ% ineas chasger with 8.23g¢f-¢18689-2- Di met h

| silads |bis #ethdlindenedi h , 21 | ' Si.Me2C12 (0,69 g, 5.4

ol ) vas i segl g0 T 80 mL. ST 1208 P12 Bpe PR rino)thane ©

4-(3", 5 -di meeikiel@hehlairie2 (2. 86 pmupol).| ndani dond 2itagbrarit B! GriglBrdtag, added
oom

as a dry powder and the contents allowed to stir overnight at
t enper at ure. SHBTSHINERR aRQ¥e Mefpouedite theaimdenelnigkelhmtalpxstisdsens@s. tEieen up

in pentane sl 3 Li Gl salts,. The pentane was renoved in
vacug to i Zﬁgp %dsﬁna&?p%%%ﬁ)gg}éﬁgm&%g@ﬁeﬁ%x SNSRI Whileagliringi s 4-
3',5' -dineth mheatdr)and 18 ank. 0] 0% NEEBSUSZHE] 2vere. added. The T

D net hyl sil adi yl bi s[ 4- (3", 5" -di net hyl phenyl) - 2-i sopropy n er%]as? V% g, 3.6
mol ) le//vas di s¥Biptd. the Batenphate washed witti EeOs tandrthegomBirdrdsgaiic hBits

(2.5M1in hexqﬂﬁb a | owed to stir at roomtenperature for two
hours. After t |s¥€ﬁﬁmﬂé§ﬂ‘é ggtfrﬂiciagﬂn s CB@WIECFhFQinatQE@PhY\dfOZD@ICd 4fer83 g,
3.6 25 nmol ) evaporatiéledf BRGoRLhOVEcE RS hidy At enperature for 3 hours.
The solvent was then renoved in v&u?%@%h@%@@%ﬁéﬁ&w "gq‘l‘etaél uene
and filtered the &lventoletaritips saluint svas Ehanded tb eaentuRrEl D ixaLO eeypy ahgd and
chilled to '?fﬁgi&? i riduce crystallizatiogon. 0.24 g (6.0% of pure racemc
conpound was oab% 3 &ppamning product were combined, the solvent completely evaporated.
15 Yield was 15.35 g, 43.8 mmol (83.5%). The product is a mixture of two
diastereomers. 'H-NMR (CHCl; = 7.24ppm): & 7.67-7.63 (m, 2x3H), 7.37-7.10
(m, 23H), 6.61 (s, 1H), 6.53 (d, 1H), 3.36 (s, 2H), 3.34 (s, 2H), 2.13 (s,

2x3H), 0.29 (s, 2x18H).

20 Dimethylsiladiylbis(tl-(?»',5'-bis-trimcthylsilyl-phenyl)- 2—m:thy1inc:iene)
1535 g 4-(3',5'-Bis-trimethylsilyl-phenyl)- 2-methyl-indene (43.8 mmol)
were dissolved in 70 mL THF. A second flask was charged with 2.6 g KH, and
70 mL THF. At a temperature of -65°C the indene solution was added within 20

munutes to the KH suspension. After stirring at room temperature for two hours
25 the solid was allowed to settle for 30 minutes, and the red solution transferred to a
new flask. A few m! THF were added to the KH suspension, let stir and settle,
and transferred also this solution to the new flask, 2.6 mL
Dimethyldichlorosilane (21.4 mmol) were added to the K-salt solution at -35°C.
The solution was stirred over night at room temperature. Addition of 10 ml sat.
30 NH4Cl solution stopped the reaction. The solution was filtered from a white

precipitate, and dried with MgSOs. Addition of 22 g silica and complete




2 0 DEC 2004 WO 02/02576 -68 PCT/US01/ 16573 Supported Metal |l ocene CatjpiDEst 2004

System? Y] (EJ{ Siladiylbis
[4-(3', d| met phenyl) - 2-i sopropylindenej zi r coni um di chl 8CTASMMGS | n a

100 nL round bottom flask di methyl siladiy®bis

di met hyl phenyl ) - 2-i sopropyl i ndene) zi rconi um di chl ori de (0 066 g) was added
to the MAO solution (6.74 g, 7.2 nL) and stirred twenty mnutes. This was
filtered through a nmediumglass frit funnel and washed with tol uene (14
m.). To the éwporatma foﬂtsc&t&ﬁ Vgaseaddeg]lmdrﬁitogqctsulnbgg%(4 O&.g Davi son
948 Regul ar, 0 600C d hydration). This slurry was stirr or t H

m nutes, then® ofalpesPhy owa@cmrovmaﬁmg nmcesthhpmm@wmlmr@ df0}9fi[ Yo

t I th lid furth
r g a toral g Dainkd Wete LEYERAEET1. H urel 02585, e Sippoiesapucat al vt
was recover edfrasticn, M@@du&tﬁ@@rﬁ&ﬂ\% ﬁg%ozﬁgbﬁ,gm( 551{118@ ,S?é?éﬁ-o? 4&’5;’“2'”' ONS

| sotactic Polnépropﬁéene Honmopol yner T ynmeri z
producidng hon®pciSy i f (mpi2xi2Hpe 6. 730(@@{)3}1)1;@89@ RSt 8Y ¥t &I, pagga(rsed as
descri bed abogé V\ﬁi as follows. In a clean, two |1ter ‘aut’doclave i ch
had been flush8d 48 ks SFBpPI3ar(@s\256H), -OrEAG, §Ha,va)m(s 33)30115(5165,?0
added. Hydrogen gas was added at this point if indicated. The quantity of
hydrogen is 1.55 mllinoles for each psi added as shown in the Tables. The
reactor was cl oseinmteyidiiddl Eis ] ,pgyltened After heating
the reactor to the 1ndicated g e lIyst was
added by washing in with propyl enmt@%nmﬂbclﬂoﬁdfcer the I ndi cat ed tinme,
typi cally one hour ct or, was, cool e and the excess propyl ene
vent ea The pol yrre‘;' 1&3’8‘ &b%‘de(Du‘%m@ag wercrdissebredciopt] sie THFRCRY aThe
pol ymeri zat i oghothg GafUER gﬁ I n 0 rs with supported
catal yst systems prepar e agmgggggr’gﬁgég a dﬁﬁ] éP‘géMf’BlhebG%es i‘fﬁsalmw

were added within one minute. The color of the solution tumed from yellow to

red-brown. The solution was warmed to -30°C within 100 minutes and then
stired at room temperature for 100 minutes. The solvent was completely
15 evaporated, 13 mlL toluene were added following again complete evaporation of
the solvent. The residue was dissolved in 50ml toluene and cooled to -82°C.
Addition of 1.26 g ZrCl, (5.41 mmol) resulted in a light brown suspension. The
suspension was stirred overnight at room temperature, refluxed for 5.5 hours, and
again stired overnight at room temperature. This resulted in an orange
20 suspension. Filtration over celite and complete evaporation of toluene gave an
orange solid. 40 mL Pentane was added to the solid, and the suspension stirred.
Filtration, using a frit, washing with 3 mL cold pentade, and drying under vacuo
gave fraction 1 (1.56 g). Rac/meso ratio of fraction 1 is 8:92. All solvent was
evaporated from the filtrate, and exactly 8 mL pentane were added to dissolve the
25 residue. The solution was placed in a freezer at -35°C which initiated the
crystallization of a solid compound. Filtration, using a frit, washing with a few
mL cold pentane, and drying under vacuo gave fraction 2 (0.63g). Rac/meso ratio
of fraction 2 15 85:15.  All solvent was evaporated from the filtrate, and the solid
kept as fraction 3 (1.77g). Rac/meso ratio of fraction 3 is 73:27. 'H-NMR
30 (CHCly = 7.24ppm): & 7.78 (s, 2x2H), 7.70 (d, 2x1H), 7.64 (s, 2x1H), 7.41 (d,
2x1H), 7.12 (m, 2x1H), 6.91 (s, 2x1H), 2.25 (s, 2x3H), 1.32 (s, 2x3H), 0.24 (s,




WO 02/ 02576 -69 2 0 DEC 2004 PCTI USt 111 16,573 clean, dry two Iiterl 0 DEC 2004
aut ocl ave i d been flushed with propyl ene vapor, EAL scavenger (0.3
‘m, 1.5M ‘)\i\m/gg%gchggd. Hydr ogen gas was added at this point PEVURMY6aTded. The
quantity of hydrogen is 1.55 mllinoles 87 each psi added as shown in the
Tabl es. The reactor was closed and filled with 800 nL liquid 5 propyl ene.
After heating the reactor to 60 C, a partial pressure of ethylene was added
as indicated and then the catal yst was added by washing in with propyl ene
(200 niL). EtHR~3HR Garstheaacdmid difoRBidneaidnda 5 ONst ?é?tZXQHﬁswﬁeg é&ing the

I ndicated tine ty}))i callédone hour, the reactor was cool ed, and’ fhe ‘€xcess

propyl ene and-% 6y Rehd),v 8A2dd, 23158, 088, ey 2xids), r6eTsetx B 43 adoxif) | rr]rpact

Copol yrers' (| The pol ynerization procedure for producing | with'the
suppor t ed étq;(% gﬁst’ﬁ%’yétzérfés%db2%& 42t €o1i the theaboiveonoaeneas fol lows. In a
clean, dry two Iliter autoclave which had been flushed with propyl ene vapor,

TEAL scavenger 15 (0.3 nL, 1.5M was added. Hydrogen gas was added at this
poi nt.5 The quantity of hysi d®¥ L .l each psi added as
o by e SNARed MetalRiefit Cabdliiedysledf 65701 D5 o i qui d
propyl ene. After heatdimgthylsiladiphis(4+(3%3-0i0-tEmdthdsitaiptensh)-20as added by
washing in wth propyl enetnézgo,né). After the indicated time, typically one
hour, the reactor was vent®¢fyindénylizircopivm dichiloride/dEA0r e and then an

et hyl ene/ propyl ene gas m xture was passed through the reactor at the rates
I ndi cated while maintaining 200 psig. At the end of the gas phase stage,

typically 90 to 138 ni nif0esmLt heui®abbesm Waksk e MiRctFRdaGOMiQE. (YNl N2.
The granul ar 1.CP eﬁslé]ége[] was _renmpved and dried. 25 Polymerizatioh run
nunbel%s 1- 14 TNEFE sPAeI 2 suphindsayCairpomingotichlvide(Q. @8eglewaddaley St

System 1. Regyl i, Tabl es 1. and 2. Pol ynerization_run nunbers
15- 25 made usi ntg?%gip%éét?éég(écgﬁ%a??s mﬁé#‘éﬁeﬂggéﬂg r@i‘f\sgﬁsy t5syat Bhsred Resul t s
are report edthroudalal medidnagihsd friSfuite] ¥AEMaSHEd With' tfeR TP TEL 2 O T3nLer €
made usi ng Sugl%%rted
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
15 °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 4 hours and thirty

minutes. The supported catalyst was recovered as a pink red, free flowing solid

(5.15 g).
20 EXAMPLE 7
dimethylsiladiylbis]4-(3',5 '-dimethylphenyl)-2-isopropylindene]zirconium

dichloride

4-(3',5'-dimethylpheny])-2-isopropylindene
25 | 4-chloro-2-isopropylindene (10.0 g, 54 mmol) and NiCl;(PPhs); (1.8 g, 2.8
mmol) were dissolved in 150 mL of Et,0. 3,5-dimethylphenylmagnesium

bromide (54 mmol) as a Et;O solution was added under vigorous stirring and the

reaction was stirred overnight at room temperature. After overnight stirring, the
reaction was slowly quenched with H,0 to neutralize unreacted Grignard. The
30 solution was subsequently treated with 100 mL of 10% HCl(aq), neutralized with
saturated sodium bicarbonate aqueous solution. The organic layer was dried with

magnesium sulfate and the solvent was removed by rotary evaporation. The




Met al | ocene Catal yst System 3A. Results are reported in Tables 5 arﬁ 6 d@ﬂﬂ‘l
02/ 02576 -w0 02408:7PEC 2004 PCT/ US01/ 16S73 Pol yneri zati on r upcfgRBef %BE :
wer e made using Supported Metallocene Cajqal yst System 3B. Results are
reported in Tables 7 and 8. 5 Polynerization run numbers' 46-64 were nade

usi ng Supported Metallocene Catalyst System 3C. Results are reported in

Tabl es 9 and 10. Pol yneri zation run nunbers 65-74 were nmade usi ng Supported
10 Metal | ocene Catal yst, System 4, Results _are reported in Tables 11 and 12.
Pol ymeri zat i offMIMNE FREERE was_logdagepnio astlica; pheplomp pad: duted vt bexarene

Cat al yst Syst e reported in Tables 13 and 14. 15

Pol yneri zat i o?fgrkgr‘]”a?é%éﬁg §i3- 92 were made using Supported Metallocene

Catal yst System 6. Results are reported in Tables 15 and 16. Pol yneri zation
run nunbers 93-108 were made using Supported Metallocene Catalyst System 7.

wei ght determ nati ons pey neatj on omat ogr aphy (GPC)
accord?ng to the foll ow el XAV a1 SRRTOR :

wei ght distributiopgawer, I US| S 0C.g rneat i on
chr omat ogr aphy equi ;géd c%mt gg@li(lgﬁ%\ggyl@ﬁ%) (i$ 8%6%1 g(gngﬁnsw thd a
differential dsfoleet inv80imbef fedkink. 0B eleis Gbiutipaeds aldedts 1 48C ofirt- BuL i

1,2,4-trichlorobenzene as the nobile phase at_ a 1.0 nL/mn. flowrate. The
sanpl e i nj ect {3y dh UhRXaRg)s apdothsi £9astion ewas alipwed oloustis Andiosrscat i tooat ed

using 30 narr tyrene: ndar ds . nerate.a univers | i br.agion
curve. The p%}%f%?éo%%{ e%e‘gg'gf%@}(gﬁ feg%%gerd V O%Sé)thgtéo[“aad'l i‘é’ﬂseﬁoqkf’g gb3f< fat 8,33 X
10-5 aod a = fltAtORGndRAhMOVARA8aRbRal phtanBCV4IBGH4 3657 fs9800 as t he

Mar k- Houwi nk coefficients. The nunerical anal yses were perforned

)]
= u

Dimethylsiladiylbis{4-(3',5'-dimethylphenyl),2-isopropylindene
SiMe;Cl; (0.69 g, 5.4 mmol) was dissolved in 80 mL of THF. While
stirring, lithium 4-(3',5'-dimethylphenyl)-2-isopropylindenide (2.9 g, 11 mmol)

15 was added as a dry powder and the contents allowed to stir overnight at room
temperature. The solvent was removed in vacuo and the residue was taken up in
pentane and filtered to removed LiCl salts. The pentane was removed in vacuo to

yield a flaky white solid (2.1 g, 67%)

20 Dimethylsiladiylbis[4-(3',5'-dimethylpheny])-2-isopropylindene]ZzCl,

Dimethylsiladiylbis{4-(3',5'-dimethylphenyl)-2-isopropylindene] (2.1 g,
3.6 mmol) was dissolved in 60 mL of Et,0. While stirring, 2.9 mL of n-BuLi
(2.5M In hexane) was added and allowed to stir at room temperature for two
hours. After this time, the solution was cooled to -35°C and ZrCl, (0.83 g, 3.6

25 mmol) was added and allowed to stir at room temperature for 3 hours. The

solvent was then removed in vacuo and the residue taken up in toluene and filtered
to remove LiCl salts. The filtrate was then concentrated and chilled to -35°C to

induce crystallization. 0.24 g (6.0%) of pure racemic compound was obtained.




using Waters "Expert-Ease" software running on a VAX 6410 conputer. EﬂtﬂE@r@ﬂ#
anount s inh‘;(g&/ ﬂ(gom copol yners were determ ned by FT-1I 5 usi ng

calibratio d from sanpl es whose conposition was det é’tq'ﬁ/‘h%’d“éy” NIVR.
DSC nel ting points were determined on conffercial DSC instrunents and are
reported as the second nelting point. The polynmer granules weighing less to
than 10 mlligranms were heated to 230.0C for ten mnutes and then cool ed

from 230C to 50C at 10C/ minute. The sanple is held at 50C for five m nutes.
The second nelt is then r@@mﬁmaﬂmmhelyﬁ sgeﬁhﬁ?l from 50C to 200C

at arate of 10C m nute. €ak tenperature is r d as the second

mel ting point. dimetylsiadiybis( € 5adimethylpbenyly-2iisepropplindéne}rircoram

di ssolved in hot xylene and then all overnight. After
filtration the insol ubes are dried. ‘%\Aﬁ‘j’ﬁ @ﬁg&ol ubl e portion was

evaporated and the sol uble materi al recovered The 1V of the recovered
soluble material was neasured in decalin at 135C by using know net hods and

20 instf¥unents suchlmasaa H6hottl Ardifidr obattass osfldsy Admmmlmradgams[ale@ 525 At
very high | CP VFR thi.s t hod can extract sone_| ow nol ecul ar weig

i sotactic PP dhmethylrhengii-ispp@pylindspelzcqnium, @ﬂﬂpﬁﬂ?rﬁ%%@:@édﬁso&@@ddﬂ

Met hod The | CR I ratorie

fracti onated angﬂgﬁ?ﬁ@&gﬁ&g@%%ﬁg%&gﬁ# &‘g‘g&?ﬁ%&&‘%f %Phs ?Jsrg@%rﬁgre S
found in the rafeghne mediunC.gld3a e filnnel and®a¥hedSeith: tol?r%hé 8“4 E’ﬂgyﬁ% the
Chemi stry, Vol 36, 1527-1542 (1993(33 WO 02/ 02576 2

PCT/ U$01/ 1657 Fombangsh dilirates vpspadded glehydmtedosificad#.0 g, Davnson 948 Regular,
10 600°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

thirty minutes. The supported catalyst was recovered as a purple, free flowing
solid (5.11g).
15

POLYMERIZATIONS

Isotactic Polypropylene Homopolymer

The polymerization procedure for producing homopolymers with the

20 supported catalyst systems prepared as described above was as follews. 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

as shown in the Tables. The reactor was closed and filled with 800 mL liquid

25 propylene. After 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 removed and dried.

30 Random copolymer (RCP)

The polymerization procedure for producing random copolymers with the

supported catalyst systems prepared as described above was as follows. In a
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OVNNee EAL scavenger (0.3 mL, 1.5M) was added. Hydrogen gas was added at thjs

point if indicated. The quantity of hydrogen is 1.53 millimolesi for each psi added

as shown in the Tables. The reactor was closed and filled with 800 mL liquid

5 propylene. After 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 propyiene

" (200 mL). Ethylene gas was fed to maintain a constant presswre. After the

indicated time, typically one hour, the reactor was cooled, and the excess
propylene and ethylene vented. The polymer was removed and dried.

10

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
liter autoclave which had been flushed with propylene vapor, TEAL scavenger

15 (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 to 70 °C, the catalyst was added by washing in with propylene (200 mL).
After the indicated time, typically one hour, the reactor was vented to about 170

20 psig pressure and then an ethylene/propylene gas mixture was passed through the
reactor at the rates indicated while maintaining 200 psig. At the end of the gas
phase stage, typically 90 to 150 minutes, the reactor was vented and cooled under
N2. The granular ICP polymer was removed and dried.

25 Polymerization run numbers 1-14 were made using Supported Comparison

Metallocene Catalyst System 1. Resuits are reported in Tables 1 and 2.

Polymerization run numbers 15-25 made using Supported Comparzéon
Metallocene Catalyst System 2 Results are reported in Tables 3 and 4.
30
Polymerization run numbers 26-39 were made using Supported

Metallocene Catalyst System 3A. Results are reported in Tables 5 and 6.
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Polymerization run numbers 40-45 were made using Supported

Metallocene Catalyst System 3B. Results are reported in Tables 7 and §.

5 Polymerization run numbers 46-64 were made using  Supported

Metallocene Catalyst System 3C. Results are reported in Tables 9 and 10.

Polymerization run numbers 65-74 were made using Supported

10 Metallocene Catalyst System 4. Results are reported in Tables 11 and 12.

Polymerization run numbers 75-87 were made using Supported

Metallocene Catalyst System 5. Results are reported in Tables 13 and 14.

15 Polymerization run numbers 88-92 were made using Supported
Metallocene Catalyst System 6. Results are reported in Tables 15 and 16.

Polymerization run numbers 93-108 were made using Supported
Metallocene Catalyst System 7. Results are reported in Tables 17 and 18.
20 '

POLYMER ANALYSIS

Molecular weight determinations were made by gel permeation

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

25 and molecular weight distributions were measured using a Waters 150C gel
permeation chromatography equipped with Shodex (Showa Denko) AT-806MS

columns and a Jifferential 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

sample injection volume was 300 microliters. The columns were calibrated using

30 narrow polystyrene standards to generate a universal calibration curve. The

polypropylene calibration curve was established using k = 8.33 X 105 and a =
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0.800 as the Mark-Houwink coefficients. The numerical analyses were performed

using Waters "Expert-Ease" software running on a VAX 6410 computer.

Ethylene amounts in the random copolymers were determined by FT-IR

5 using a calibration obtained from samples whose composition was determined by
NMR.

DSC melting points were determined on commercial DSC instruments and

are reported as the second melting point. The polymer granules weighing less

10 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

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.

15 ICP Polymer Extraction Method

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

20 instruments such as a Schott A VSPro Viscosity Automatic Sampler.

At very high ICP MFR this method can extract some low molecular weight
1sotactic PP and thus lower the observed IV.

25 ICP Polymer Fractionation Method

The ICP samples were sent to Polyhedron Laboratories, Inc. to be
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). |



-
| — ]
m..t c — S ©)
37725
2oco .
M % > X O @®
- =~ Cc Cco©
02 ox N W
C,OW M. < N
xEZTz2
CgZ0Z] 0'1/0F 06/09 05 - b6°9 7802 0 0 _ bl
ne S8 Q b 1/9€ 06/09 0§ - 00°L 6'607 0¢ 0L I €1
S-S 60/ 06/09 08 - 6b'L 8'bTT o€ 0L ! 4
AT oS 0'1/0Y 06/09 0s - 1TAT) €12 o€ 0L I )
. S=7 521 010 051/09 05 - €L°6 6167 0€ 0L [ 0l
©O s - 09 0S - 9 6861 I¢ 0L i 6
08-zaZ~ - 09 0 - 759 S€67 S 0L ﬂ 8
B22s" 24 - 09 0 0z 6¢'¢ 8101 0€ 09 I L
EZZ2=.203 - 09 0 0L PEp TOET 0€ 09 1 9
S-Z—gon - 09 0 ss b0't €121 o€ 09 [ S
22256 - 09 0 0z LTS 644 o 09 H p
L =X=28 - - 09 0 01 S¢'¢ I'pEl op 09 I ¢
T T - 09 0 0 651 L1 Sh 09 ! z
T2k ~yZW - 09 0 0 01t L'vLT L9 09 I _
TzT_~"zZ0
- N M _a Cutwyy) (urw) ) (uosuedwios)
7T Z07 " o $3)el MOJJ : : waysig
*Z g t— €~ 7 mds  (isdeyep) (sdeiep) (3o 383) (8) wnowry (Do) 15AjEI8)
2. 10, =*0/=D aury, tH =20 Aoustorgzg PIRIA 1D dWHL  sudoojeRiy  # NN
_“0. .=
+— 1 N (@]
< m o W Sz w.w uosEdi1od - QY A/APLOIIp Wnued.uz {(1fuapunduagd-p-[Aqyawm-7) KipepsAigyaumyp Juddel
+— _ =
nMW%LNNJ I A19V.L
s =27
Ao P
omqummm
— O -
=~ Z ©
E-go0son
Nl\OVnr~
wamN o
"2818sz
~c0.0=ZzuW




f~y 4-F 2 0 DEC 2004

Nc*1 en 4uC U

PCT/ USCL1/ 16573 OO C A DO wwwn VO 00 00

~00 OON,n OC ¢gn

0.2\, BEG, 200%

a BCVQUSHYI657F - Q ON

00 O Kkl

'O

QA

% V7 116 |~ 116 to |-~ 00 ~0000 C~ nry

¥

N NP2
1 nv [~ WMWknOO0On MOOm"o-+ 00 N'd'

\O\o t-

44~]

- NN N4 Nu 0o000 %

Oo M-

V~ W v,

nwqQns U e 8911 8051 I'L6 €0 EH9 Lb0 I b1
6LL0 8Tt T16 Ev 05T 610 09°€1 96°8¢ €5 i €1
80L°0 I 001 0051 91°LTl €951 $0°0S 8L I A
L89°0 STE 86 9051 SO'pEl 0091 LELY 85’2 I I
0ZSL0 LEE T8 Ay ¢'8L1 6897 0T 6t AR 1 0l
- SI'e  LSEl 6051 $6'8S - - - ] 6
- 10°€ 9°0ZI £0SI 9'66 - - - 1 8
- S ArARE X (1% S'LET S0°C - - bh'l I L
- 0£Z  0'10¢ 0911 $6'S - - £F'p I 9
- v0'C  0'SST b1zl 8b'9 - - LL'E I S
- S6'l  0'08C b'8¢l LS'T - - 37’1 I ¥
- 60T 06YE 0Tyl #8°0 - - L9°0 I £
- 6’1 6199 8Pl $6°0 - - - I Z
- 00T 0°009 Al Al 91°0 - - - ! I
(uospedwo)))
1awjodo)) (9% 1) (241m) (9% 1) wiaskg
Jo (Do) (upw 01/8) 1qqny 1qqQy sua[Auyly 1sA1e1e))
Al AMIN M ulod Sunpaiy  YJW [euly eoL, ut aus[ Yy Jej0L ouadoffeloly  # NY

vostiedurod - QVIA/ApLogyp wnruod.nz I([Aaapuiduayd-p-[Aqiam-g)jAip epsfAyiouwip d1wade.l

CUTdV.L




0=

00 OL M
N ~T Mn
cg" MMMM

-7l

~ano0 MM N Mcn mmmrl CDOOOODP

Od NMMOA COM NMMMMMc+Y

(N
®® d NNNMM-~t ul "o t-:
nVvil It MCV 1.

N1 NOO 01 00 \J ooVN,N

r-
s

&3
DEC 2004 WD 02/ 02576 PCT/US01116573 -77 O ul

N N

1

4'r OO O c 0~ C14 Cv,
Ncn Nr

t~r~~[~nr
MMMMM
Q V1 -

b~r

0'1/0 06/09 0$ - 6L'€ 8'PET 29 z ¥4
- 09 ) ov €7 9'8E1 09 4 7/
- 09 S 0s 62C 6 1v1 29 z £T
- 09 S v 97T L'LEL 19 z (44
- 09 S 0t b6l 1’811 19 4 12
- 09 S 02 66’1 (At 19 4 0z
- 09 43 - £2'¢ 6'961 19 z 61
80/TY 0zT1/09 93 - vS'y 9'TLT 09 C 81
90/t 0T1/09 gt - bty 7992 09 z LI
0'1/0F 0Z1/09 3 - 8T 8°09C 19 4 91
- 09 o - LEY 0'zEe 9L z S1
] . ("unw) (Sur) waysk
(utuy) sper nds (sdeypp) (isdeiop)  (yeo 3/33) 3 Wnowy i_smw
Mo _tD/=LD  uny ZH =20 Kouaroya PISIX 18D ausosofeP  # N

uosriedwod - QYA prIegarp wintnod.nzi(jAuaput[Aypgdeu-1]-p-[Ayowm -)[AIpepis[Aamip NwIdes

¢t 'TdVL




-
s
Ly >Z2
&. c< -
=20
e~ €
cC x5 wHO
c'g. "
V@ . c
W .@,d Z
4-°878
1 -z o
s 90=8
-7 cg0> sl 6T 89LI ErIST 6% 98'L 6€° 8 £08°¢ z ST
>'9” <, - T 8TS £9°1€1 §TT0 - - 6€T Z kT
0.=2 0o - 9¢'T  0'6LS £8°LT1 €170 - - 4: 94 z X4
b - €T §'h09 06 1€l 9610 - - §TT 4 &
L9887 > - 65T 819 01°9€1 S1°0 - - L'l z 1z
= 60068 - 65T  0€09 £v'8el 61°0 - - LTl z 0T
S0 - 6T 08LT 0'ISI e - - - (4 61
vm!o%.o LTIL'] 96T ¥0IT 0151 86 1681 s'ls bL'6 z 81
o518 8POL'T €€C  60€C 8051 €1 L9927 SH19 6€91 z L
6=7°= < L9591 89C 172 L1181 9Ly ol LTLY 9L'L 4 91
a g wN - 8L'T 1662 $0SI 80°¢ - - - z ¢l
11 2 c
M g< S _ (uru g1/3) (% wa) waysAg
g 8o S kiod (0s) AT 3R2qqmy (%1m) 339y (% 1) 15410180
-z &2 040D JO AT _dMIN MIN 3urod Bunpeiy [BULT 1901 UrouolAy  ouSIAig [BI01,  ousdoqms # NNV
| C -
- .O0O00 .
s—©° mu 52 uosgredmod - QYAPPLIOPPIP wmuod.nz(j{wapur{{ypqdeu-1]-p-jApom -g)|AipepisiAppawmip surodea
MMWWON b ATAV.L
O b S m
b w ZoZ
oZ
=>F5_8
- e O >
“s1%62
e ,W_ >0




wlf
=
=
s
=5
m
=
ZoF
z-2 .
Z m 8'0/Tv 0Z1/09 St - '8 6°99¢ 0L £e \43 6t
. 9°0/v't 0C1/09 §¢ - 6L 0°8¢T 0L 0¢ Ve 8¢
0° 5 01/0F 0zL/SY 43 - 9 L6l 0L 0¢ Ve Lg
S v 1/9°¢ 06/09 133 - v'9 6'v0C 0L [43 Ve 9¢
O zg 01/0'v 021/09 43 - Vi Y 4 0L £e A4 S¢
S 010y 06/09 St - 69 0°LTT 0L 33 \43 143
e 01/0'v 09/09 T4 - 8¢ 6981 0L ce Ve 33
al ) - 09 5¢ - 09 8261 0L [43 Ve [43
=9 - 09 43 - 9¢ [ARN 0L 14 Ve £
AN
=oo
s m o_ . - 8¢ 0 st 09 L'89¢ 09 St Ve 0¢
s>_.>8 - 09 0 0t 6'C 0°SEl 09 9 vt 6¢
s -cQ - 09 0 01 8°C 8'¢el 09 Sv Ve 8¢
= = I - 09 0 S 81 v'e8 09 Ly A4 L
s—vg - 09 0 - ¢80 8'LE 09 o \42 9¢
m 0z o
=z (‘utw )
S=o 4 muﬁmw R%G (‘upu) (3w) waysAg
ssSo €, z nds  (isdejop) (sdenop) (180 8/8y) (8) (Do) jmoury 18A1e1E0
=<7, =*0/=%D sun [ s =20 fowemy  ppix dusg 12 QUSNOIEION  HNNY
5500
<s 9 . OVIA/3DLIONTP TINIHO0AIZ :ba_u::EBE-N-Q?Q_E_b_ﬁe.au-%-.mn.mv-v )-siq-1AipepisiAyyamip srmuaaea
L
20 2 S UTAVL
v osR©
« % 1 @©
V =" c
@ c C
- O W
V.5
V = iy
V & <
X <
8625

Cr kn



alfe
m
Bl <
| W |yN
> —
oZ.s 2
B 2
~ Z
o Oz
=25 3
Wmum_ = 9L8°0 LT'E 976l 7951 SLTl 691 99°9v 88'L \43 6¢
C 6L0'1 a9t Sl LELST 9L'9 1A wvs 6111 Ve 8¢
c %M rb80 £7'e 8't91 £8°951 1981 06t L6t Sl Ve LE
5~ 2 vZ8°0 et vl 06951 9Ltl 'yl 8T°LT ¥8'¢ A43 9¢
Eo S« 1+8°0 vt TTLI LU'LST 88°CI 0°Sl LU 1Y 819 h43 43
S o u LS6°0 [Z°c 68l L6°951 Lesl (A o'l L8'E h43 144
S5~ £00'1 €9t 8L9C LS9S1 LEL 601 88'1¢ 8Sv \43 X
sT 5 Toutlig ¢y { _
sz - - 05T  ¥0TC LELST 889 - - - Ve A3
s>8> - LET  6T61 LL'9S1 oSl - - - Ve 1¢
= . .
sl M > = - 98l  Vv'iLe L6'Ov1 8LY - - 8’1 vt 0t
= .0 > - [6'T 89l¢ bl ¢9¢C - - £l Ve 6¢
s£2og - 6¥'C  T8LY £20S1 £9°'1 - - ve'0 43 8¢
DO - gp'c 1696 LLEST 90 : - $60°0 A4 Lt
">z - vrT 189 €9°961 1o - - - Ve 9z
<
+=88
O © (% 1) (%) (% ) wayskg
“i5ob 1autkjodo) (Do) + (uwwolAd)  1Aqany 39qqy sualhyig 1541e1eD)
2o o JO Al AMN M utod Bunpin - AN [BUlY 810 ur sualg [EJ0L 3UIDO[[LIA H#NIMA
8x8°
,_WM °© OVIA/3pLojyap mnruod.nz (JAuapuifyjow-z-(Auaydilingyaay-1p-,6',£)- }-st-[AIpepIsAyawp d1umdde.a
“l 3 9 A'TAV.L
4§
> o
+ -
< i i
E__ ™
23%2%
o= =
=z m Z O
Se6:3




=
qb )w [ © —_
wm.r_v >_o0°_
& E°00
o e = -
AMI.-D|_r-_.‘W. - |~ © “
O - —i o
> bhcooa
O = T © >
()] M M
s '= <. mu. ©c
Mg 1 <O
= = = oZ
1 © O o
o< Z
i SESZOUR
T8 230
UUWWVNCO
M W Cc o ) .,)mw
— .1 . ©
D=3 a I I,
coo=_ m_. - .__. .
o T o oS w.o\w..v 09/09 St LP'S L'691 0L [£9 d¢€ 94
= - zZ A~ 90/F' ¥ 0Z1/09 S¢ S0'9 S L8 0L 1€
ol ). 0o e d¢ bt
< mwNm - WD ] 8'0/Tv 0Z1/09 39 LGS 1'€0Z 0L 143 1343 £t
MMWD_N +8- < 09 153 6t 6791 0L £ 12(3 [44
207" .o .
- I m - mo 0 580 TLl 09 0z (3 [
587,9,0C" 9 0 900 6'C 09 Ly de 0t
o m c q,m_% T (“urur)
O .- 0o - S (uruyp) saqur : (dur) waysk
m i - 8 m 2 w;_aou _£3/.%0 mds - (isdenep) (120 8/3y) (8) (Do) yunoury E_%w AIFNN
. o m = — W o— == Wi, CH Aouaroyyy PIRIX 'dwia, ®D AUI00[{BIS N
(9\V] — — .-
© 0O on—
. Wm = w m & m = VON/IAqpommp uminoa.rz ((AuapayiApauw-g-(Kuoyd A nqy1a)-1p- s¢,6)-p )-s1q-|AipepsjAmyonnsp srmaoes
282252 92 LATAVL
—-E0 w =0 s
oBBEZZETS
— =2 ! o
(£68 184"
MGO@@. —
a _ . ® =
o @ —~ - 0O
c > © o O
ot or O
28882292
oONOoco=2=202 .




= Q- zZ= OM
%. CMvnO OOMM%
&3 anmmmMoMN%
1 T o_x40"= 10
r B Z 1, V =z 1~
Mw"m 5 Inom _M.__.M
s>z wWomto s
deNNmM O\OM@W
_Cpoz MGtCHMm4
o !z 5°s S
CO@HNMNT s \._.)%2
1M?MbMMNJW %0
s oN4NnJWOMNm
Z-3x O g-—s 200
MMOW_N4 OMOVM N
MNm0+04kmt;uuo
e % I eH oD
1 Z . M o O N O
E . 22D ..
£ ' O8ZZ2_ S8k ST 8'8S1 1'8S 1 L'ET b1'8 99'8 96°€ d¢ S
SN_ZFy DL e 677 8°081 €8°LST €Tl 002 65°SS €111 qc b
ESNZ 3 $ . . . . _
S .DT@_ =5Oms0 , 0bC Z'191 £2°851 10°8Z Lol 6v'6v b8T'L fe £h
— 9. acc -2 08T £702 1651 L'yl - - - =03 v
UQDN o WNOUOo
" ZD .o
8. 053z72>%2 07 8868  £b8S1 SLO'0 - - - o3 It
JZoZoO=" _=.T-20 361 9178 £9°951 VN - - - qe o
oOdH Il o c e O
IS 1 [ CE3S o) GV G %) weshs
== T Oc tod (uw (1/3) Taqqmy Jagqny suaiyig sAee)  YIFNNN
WMnmwNn_Qmwm~_maE M SunppIN LA [RuLd [B10],  WouslAlg  [mI0L  ousoojelN NN
z— O~ .- o00Z 2>
w Qm = m m E-8s o w = “VON/IA|paurp wniuos.z (jAnspuifApam-g-(AuaqdifIng)10)-1p- 5 £)-p )-s1q-JAIpeisAqjoutp srmase.
SoER 1 44 0ls 5.7 8 ATAV.L
Dol _~WO Ss . =
UNOnWr%mn coJ€E .~
UWfﬂ__OlmMn- rI.CN
5s—g9+-%z540°_.F72,
1 D o - OO0=d«x N
O WCM c o ,WNMTRZJ
SO0XfocssSzs=z. s° X




2
S50 m
g
mhkww
[ .ﬂU/
=220
nmdm
c i 0
xor
SOE o
S=88
VN N
Z 0
> 0%
H”Mao
oz O«
©~Nan
oc
@nOOn
Oo
0140n
© .. Mw
1
o.L =8
OPM —
© >
O-Om
ZOdM
o o W
o> . =
On* +
aInGOU
MOt@l
“lcea 0o
e~WQ03
N~sH0£
O .Mw c
“s P
dJuWWS
HWM ©
o "o —
°—oC>5
O 0Omo
1 A~
OMQn5U
o c©
c -
GM ~ 0

-

09 s - €7 9672 0L zot 013 9
09 ¢ - v A 0L 15 of €9
09 01 0¢ Sl L'Th 09 9 D€ 29
09 S - 81 L'06 0L €S o]3 19
09 ¢ - LT 0'€gl 0L 0$ 513 09
09 0s - 61 0'161 0L 101 ]2 6
S Ot - 89T XAY4 0L 0ST o€ 8¢
09 Ot - €1 6'$9 0L 0 Of LS
09 oy - 4 9LLI 0L 0s O¢ 95
09 ov - €1 969 0L 0S Of 9
09 09 - L't 98¢ [ 0L IS Of S
ot 99 0€ A €0¢T 09 09 o] £
09 0z 0S v'T 68 09 9¢ 913 s
09 0z 1]3 LT 96 09 9¢ o€ IS
09 0z 0T $'T 168 09 oy 0l 0¢
09 0 0z 750 8°L1 09 143 Of 6¥
09 09 - I'g vEst 0L 0% Of 8t
09 $T - ral 609 0L 0 ot Lt
09 0$ - £¢ G991 0L 0 Dt Of
ﬁmEv wiAjsAg
(‘ujur) (1sd eyjop) (isdeiypap) (32 5/3) (3) (Ds) unowy 15A[e18)
auIt |, ZH =70 Koustoygyy PIRIA dwiay, 18D suaoojjeN  # NN

VONAAGup aryuoxaiz ({uapudypam-z-(JAnaydi4nqyeal-1p-,6¢,¢)-p )-s1q-[L1pepisjAyamp snmases

6 4'TdV.L



(A4 [A1) 44 EtLS] £9 - ot 9
00'¢ Fvee LLS1 SL'9 W a2t £9
€81 OLLT LS0V] €6'¢ 01 9]9 9
8¢'C 'St 9861 C6'C - ot 19
Fl'g 0'¢sCl tC'8SI 9L - 4} 09
SL'C £'68¢C LG'LSI 65°CT - J€ 66
09°¢C 9'vbe £'861 8¢S - JE 8¢S
9T L'18¢ t0'8SI (42 - 013 LS
09t Leel LLLST LE99 - ot a9¢<
LT '8¢t LU8C] Z'9 - JE ¢
v8°C 6'6L £C'8S1 a8v - ot 49
A4 £l L'Thl ¢ 0% L'l 9} €S
TN 6791 £9'efl 96'LT 0t It [AS
L6'1 L'881 0t'6tl £eol 't ot IS
0T L'e0¢ ['SH1 10°L1 Pl ot 0§
€81 6'LSE ety bl 769 €1 aJt 6F
or'C 1'601 ¢LS] €9'601 - ot P
01'¢ 13 27 6'9¢1 £08°0 - € Ly
£e'e L LI £O°LST £SCl - JE 9
(% ) wialskg
(Do) (unmQy/8)  suslAyig 184128
AMIN MIN wiod Bunjapy WA jeul] [el0] UD0JEIIN # NI

§3°
g2s
vammu.n
w_nmv
273
c O5
w Z@%
Lo
=z 2
! ~Om
OC !
mNGt
mmmM
_mlm
mnV.l
TR R
. Oo Tl .
Ss°z 3
° 8%
OC,1"46
O_oxn~
SN LA
T-8°2
22288
o .2 m
Wrd014
2208
NW&LMM
©$88o
O~W -
| LESTE
So0= 2
oc ¥
MM~\~)
L2502

0T A'TdV.L

VONALpowp mnjmoa.nz (JAuapuifygam-z-(1Auoqdi&ynqiiay-1p-,s',£)-p )-s1q-AipepsAqiawip srmase.




-t
Yo ﬂ"ow
MWOIGQ%
0Rs°8¢
B EZ0°h
™~ == N
NNTM6N0
O"WIGDM
NNVN6|m
zZ o
ocz""0om
o0O. N~ O
OMOf6%O
= WGlW
@MM 6”.0
OMlaG%O
mlr. 2o
mncr ..mmc
OmW"MPW
“:0c¢ss
MmNMHo
UQOOMPO
OONNMMN
O..ONOmD.n
OOMMWWN
OMM + _ 1
O|M~_Wll_
O.Il* ”n
OVrIu Ml
16|6MD.\
o
WOMP%
aW%.Otn
NTWQMMi
NPWQbMﬁ
(nQo >=
UDLOWHN
P
Ogs B¢

09 SE - L's 8981 X3 0L b bL
90/b'Y 06/09 13 - 9L V6% €€ 0L 4 €L
8°0/TY 06/09 S¢ - L8 $'65T 43 0L b 4
P 1/9°¢ 06/09 93 - 6L 89¢7 0¢ 0L b 1L
0'1/0°t 06/09 S€ - '8 TIsT 0g 0L b 0L

- 09 0 13 b's ST S 09 b 69

- 09 0 0z Sy 6'v0C 9p 09 ¥ 89

- 09 0 01 £°¢ 9'¢ST Ly 09 b L9

- 09 0 S ST 6111 S 09 b 99

- 09 0 0 91 LTl 7 09 b 59
mMﬁMw_.Mmm@ ('umu) (3ur) wa)skg

nds (isd eiop) (isdeyap) (30 8/8Y) C)) ymoury (Do) 1sAjere) #

=t0/=2D sy, H =70 fowdog PRI e dNTL  eusopmRl  NNY

OVINBPHOpPIP mnredz(Auapur(jAuaydiAqiow-1p- &°,€)-p-1Ayrau-7)-siq-jdipeqisjdqpaurp

[AROMEILAP




004
0

QSOOZDZFC 0

N Ln
1PETSPLI6533 O cn

Vi

2 0 DEC 2004 PCT/US01/ 16573 000Q0 000N O r SO N

VI C, N OOWOM282H6 N NNCNL m cal 00 N to (-'I

V_

c"l

O L..

- 86’1  6LTE 0€°151 6L'1 - - - 14 L
160°1 LST  P6LI 1esl 24 b'eT 99'19 el b €L
0Ty I 00 ¥02T €rTst LL ULl Lv'8S 866 y L
1980 LSE  SV8T L6161 579 Tel ANV Z pEs ¥ 1L
. 998'0 1s¢ 1182 LS'TS1 294 €91 L6y g b 0L
%3 - pLT LSST bl 86°¢ - - 81 b 69
- 681  8'€0E 6071 89T - - 'l b 89
- 10T 99 €0'SHI 650 - - 810 1 L9
- SI'T  €T1L9 £'8bI L10 - - - b 99
- 01T L'LEG 6051 $YZ0'0 - - - b $9
—
- 1pwijodor (Do) (% W) (%o1m) (W) woshg
- jo LGRS (unua g/3)  seqquy RAQWy  sudlAyl  shmeD
Al AN AN BunppIN AW BUL 0],  woudAing  [EI0],  ouddoeRIN £ NNV

OVIAApLoyap mnruodnz(j{uapur(duayqdilyami-ip- ¢¢, £)-p-[Ayporu-7)-siq-] {ipisj L ypowmip

(I IIdviy

MMMaO oa 00 tp ONN"Ctiap N 00 ~ocn v-) N4,
NC ---
t Kl to V) V)

cn mMr
Vitot n




= o mw @) ~
= - o S0
WM >0 .
o mm Lo —
QT =22
: @ MMO O
225522
8258
g U z> so
_._.,C s— =~ 8°0/TP 06/09 0t T Thel 9 £0 ¢ L3
W‘M‘l S0o6 .o P 1/9°€ 06/09 0¢ e 0veEl 19 £0 S 98
€O O45q 01/0% 06/09 0¢ 81 8011 19 £0 g €8
SPSyZ 0¢ gl L'88 09 £0 S 8
M T - (OFS 0'1/0¢ 0cl/st 33 Pl L'vy [43 £0 S £8
et o ! 8°0/TY 0¢1/09 St Tt £L6 0t €0 S z8
m R _,N — O _R/u
ZzZZE2% 90/b'p 021/06 3 I'e 1'86 43 €0 S 18
-z O1o 0°'1/0'% 0C1/09 33 £t 6'L6 0t €0 S 08
0OJ c . @WZ v 1/9°t 06/09 33 0t 56 [43 £'0 S 6L
oc .za” 2 010 06/09 13 pe 0201 o€ €0 ¢ 8L
1, .=z82¢ - 09 o€ €7 £'Lb Iz €0 S LL
°'s. °S+-o - 09 St 9'¢ 08 1€ £0 S 9L
g'<£E° - 09 0 zro b St €0 3 st
— Q C o
-0 = X s o @ )
- uiw .
Odc, . 2.8 soyE1 a\n_ua (unw) (Bw) (spw)
c =0~ 8 cn) 7 ds (isdeyiap) (120 833 (3) Junoury JUROWY  wiaysAg ishjeren)
co2.>c =*0/=C0 awiy tH Aouapyyy PIRIX 12 VAL suddolEly  # NMY
bE9—s8
588 o > o
I O OVIA/APLI0] 1P UINInoxIzZ :?ucE-_\EBE-N-:?o:a_b:aEEo::_.:m_n_-.mn.mv-vv-m_a-_bﬁa:m_bzoz__v
NCOr—o> o ) )
e ©.—8 €I A'TdVL
—A Zo~0_ ™
MM O: -0~
o PW . O © RPUV
o C o | — V Z -
Zcd  dod
MlOO%VN%
> -
~ 4T S
Zcoo~>00 -




Vi OC fl

3

L:w Caml CO ON 1.0 Nr

o~c~oa V MM M en

cVG ONo (NCam C) [*1 0O0O0O0OI

WU -n v A¥hie

Cl] Gam

S =
Sio
g
o8B
>sZ
o
=
m. °5 #8°0 YTy TP0T  oLbsI gyl 99z L8'SS P8Pl S L8
Sss 8.°0 69 6707  OLbST 9'5¢ 0'62 SYOv SL11 S 98
= 6L°0 9Tt  $61T  LSHSI 8781 LT LI 7€t 8505 SLTI S S
=0 > €6  0S8C  tbsst ¥9'S ‘80" - - 9 +3
L LLO 09c 68 £bs1 PT8YE SE05E 0°81 LS'TS 1.6 S €3
6 o 68°0 OF'E  8'8bl €551 $"ZE PO9E 0'8Z 6%°5S 65°ST S Z8
O =
& 3 i €01 ZTE 0001 $PbS1 LE LT ‘89tEl b1z 60'19 60°€1 S 18
S - 080 LU'E 8011 L'bS1 95766 ‘10°Z01 6L1 0TS 80€°6 S 08
o5 VL0 L6'E 8101  £8bSH 677581 '8 o ¥8L'€ $ 6L
o % Skl SLE  vL8 ChS b 1bE I'11 £5°ZS 628'S S 8L
o .
- go'Thi
- 5 - bL'E  §TLT  souw gy 5187 - - - g LL
S - 66'€ 6651  gTsel 90’1 - - - s 9L
s— - TEE  +8909 §bST - - - - S 5
=
1awAodo)) (Do) (% M) (941) (% ) wayshg
jo jutog (uw g /3) 1qqne Taqqny AUl iy 1shje1ED)
Al AMIN  MIN Bunpp AIN Teurg [2i0], ur susAYIg B0, auavO[[BIA # N

OVINPLOfYa1p wntuod.z ([Aaspul-{Aqiaw-z-(Auaydifipatwotonginsiq- s, €)-p)-s1q-JApepisiAypomp

PIL ATAV.L



~

12 UCPEC e’)Sl}[]l|

dl
100000Vl V)

cVvw O0O004C00

"1t O00 O~+ti0OOOC

Ov~inv7 knrrl V1 V-

Od W -3 00 Nr-
t Nrl1 MM

N E U G/
Vr

oz v-i
N r~l

- r'
Ln -

srOr"rm O OOO00ONC%Z OGL OPOTUDISN S yr QO

r

N LJ
.--1 Nr CSl

O

vitiDrl

00 O(V 00 00 QO71, 00 Q1 Cv ' ~+ OO00 2 O DEC 2004 VL)02/02576
~O00 O--r

OOH O-~ptiO 47 ~C O ~m 1% Wr

ct

PCT/ USQOl / 16&Y@m8% U H N i
u

ILE 97651 SEH 7871 '€l 8b'TS 7589 9 6

00 PILI L6951 €L61 691 60+ 690'y 9 16

6L'C  1'8T1 1961 $0°19 v'6 bE b 8¥1 ¥ 9 06

- 61'c 8692 LLSST 65'€ - - - 9 68

- 6’1 TH6S €551 €10 - - - 9 88
Tawdjodo) (% ) CALY) (% 1) walskg
jo (Do) (i n/3) Taqqny Jaqqmyy aus[Ayg s[eie)

Al MmN AN WIod SUnpiy - ¥, . jeurd [210L u1 SUBJAYY el suedojiElRI  # NNY

OVIA/APLIoIIp witwed.nz ([{ua puidgjom-g-(({uaqd-jApspiypomen-siq- ¢ .£)-p)siqritpe s Aypsumrp

91 A'IdV.L

o”o\v.v 06/09 gc ['f 8'eCl 0L 0t 9 c6
v.:w.m 06/09 93 L'e ¢TIl 0L 0¢ 9 [6
01/0% 06/09 §¢ I'v gt 0L 0t 9 06

- 09 St c'e £L01 0L I€ 9 68

- 09 0 89°0 g0v 09 09 9 88

(uruiy) sajel () wajsk
OB _E7T) (‘urur) (isdeyfop) (10 3/37) (8) (Do) junoury Ebemw

== Jpds swry, ZH Aouaroyyyg UELYS JWNAL 180 SUADO[IBISIL  # NI

OVIA/PPHIoIIp wintuoanz (jAwapuyAqyaw-g-(JAuayd-[AlsjAysawiay-siq-,¢¢, £)-p)siqrArpupsiiipomp

STHTIV.L




-
=
D2 » % EZ
({6 o4 % ,u . Z
& M — [N 1
Pz © - o . Z
@N%NMDmN+s
do@mlemnm
SIFy=C0CZg3.
> - S o3 S _os - 09 o3 b'Z £08 0L €€ L 801
83 eST . ooy 06/09 S¢ €€ £'66 0L o€ L L01
~ mpmlmt% NS - 09 o3 1z £'65¢ 0L Tl L 901
z- . @8eot iy - 09 0z 4 9'L91 0L t4 L S01
ol-T>_3 ~ . Yoy 06/09 01 01 1zl 0L 1z L P01
<= wow o! < e 09 01 580 S 10T 0L 0Z1 L €01
sz . V72 '8 8'0/C'F 06/09 01 Pl 9'L91 0L vTl L 201
= @,.w 0'1/0°Y 06/09 01 Al L'Evl 0L 121 L 101
- 10" ~5sB%=  olov 0Z1/09 S 6L°0 756 0L 0zl L 001
3. %, _=zs5S vt 06/09 S LSO TIL 0L Al L 66
ek I D ] Vi 5 06/09 3 18°0 1'66 0L %4 L 36
— 1 To5zzT08 oo 06/09 S 99°0 6L 0L 0zt L L6
0Tl0J30T o - 09 S 570 0€9 0L 1z L 96
>0 gz_<" - 09 S €50 $'$T 0L 09 L 56
I - 0z S 91°0 'Ly 0L 00€ L v6
T logegl T o - 09 0 $0°0 991 09 - pOg L £6
1l « D [ v
—o- .0¥=8°3 ('wm) (@) <
A = > ‘uruy|) sajer : walsAs
C o= GoEnse aﬁoc \mc - yds (isdeiop) (3o §/83) (3) (Do) oWy skieey 9
DS oI MUSDE0 g tH Kouorory PIoIA dwiay 1) uado[[e A # NI
Lo .0%37 s
m omw_ © m o .S OVINRPHo[1p wmuosnz(jAuapuiddordost-z-(jAuanddysaunp- &° €)-plsiqripeps Ao mrp
=0 _ Sy LT H'TAV.L
=) ttHXM
fogz8sl0° 27
. AE>SH
1ONruwm c >
NO pd \V)O Lo W
x0Z> [Sqg.Z
rON%OWNCCWM
fozz-6=25s.




—
m1 . O
o 1 O \)%
b5t
m \ Z - > ©
ol & S>89 ~
oS 90
> .UW 3 Qlw
N O o« —~S a
= O oL
Ll et NS
1 [~¥] W\ O D
y o O mmm - $9'C 6'Z8 0€°0ST 0'906 - - - LO1 L 801
25999 0V6tr1 mm”m o”mm LT0ST S6FZ8 ¥ P vO ¥ €€1°Z 901 L LO1
= 510 NW 8 - Q.N h.mm :”oﬂ omim - - - SOl L 901
Cc o228 - 1€°Z 1'9¢] £9°161 Tve - - - v01 L S0l
lg—- om - Dosee v8'€ 6'08C 01°ZS1 £5°0 8LE L1796 1712 L60 L 01
_ 1mo T 8 - 0£'C 86l €016t 98°G/ - - - 630 L £01
— > 5 T 1 7806¢ 8G'€ 8°GET £9°Z61 8¢ 2T €L vP Z0°01 L80 L 201
<S© N 4_ 4\ Yo d 19'¢ L¥0T £0°€ST L1z 661 TLLE 125°L 980 L 101
o T L9t vy L'90€ €TESI 6L%0 S Op L16€ $8°¢T ¥80 L 004
SS9 48~ =< S99t 8T'E 08T LLTST 67 £1¢ 7592 v67'8 €80 L 66
oF 0., $0ST 10°€ £961 €0°ZSI £l $'91 18°Ch 890°L 780 L 86
> MON comw z SO'€E 9°€1g £y ¢S 91'v1 $0Z 76°6€ 661'8 180 L L6
5°=>,2.:° 0TT  §8¢l £8°1S1 €5'9L - - - 080 L 96
wS—=-4,° - 6£°¢€ $pel £0CS1 £eLs - - - 6.0 L <6
a5 T3 =g - 98’ 621 L6 IST 6€°6L1 - - - 8.0 L 6
>~ _E€ 1 10 - €L°6€ 1°L91 S S 19'62 - - - LLO L €6
D o O N 0.3
qG=%: - L.aé@&ou (Do) (% 1) (%o1m) (% M) walsks
o, -9 csgyo o (u01/8)  13qqnu 19qquy uslAyig (-01812) 15418180
©So ' 8sZ . Al AMIN M JUnpPIN M [BUl] el ut ausAyg 0], JO0qaloN  suadsoeisiN  # NN
oo .— () ou)
o _ . cZ> D
pr NW g __, or m OVIA/ApRo[yd1p wntuedaiz[iAuapuyddordosi-z-(1Auaqdidyyv unp-,°.€)-p|siqipupis|Aypaup
zZ o00
- .8 Z>sH 28 ST H'IdV.L
— _wr ~LL
~ B = W_ © O S
o PR - m m
Z 4+ 0 c© QC
wmwmmqmmm
=2 M_ c o o
szz2 o0 L



Wil e the present invention has been descri bed and iIIuerat ed by giﬂ;aEengmq

to partic Brozﬁa';'i&ﬁ?di ments, it will be appreciated by those of ordin
skill in the arf, that the invention lends itself to nany RCT/EReHi(373
variations not illustrated herein. For t8fese reasons, then, reference
shoul d be nade solely to the 5 appended cl ains for purposes of determ ning
the true scope of the present invention. 2 0 DEC 2004 1 WD 02/02576 -90 W
claim PCT/USOL/ 16573 Claim 1. A bridged
bi s(2- R3- 4- pheny! - Widenythd netednt oeeagiophgieivien ddertadi.ca he
identical or different and are each a hydr ogennatorrrll a ?ﬁﬁa?%'ggrﬁ@c% acC
1-C 10 al kyl GESHFuiN BHURHY pebodimegiendtieidl, beagiedattd barthbse 6f Brllnii Ch may
be hal ogenat eg, = | kenyl group, K a C7{-C40 -arylal kyl group, "a
1B S Ao veroR dPitsigee ieomany

C7- C40 al kyl aryl “group, otgny ghiffpenp varigivns notOR",

-OSi R 3 or - ARu@ratedihedin. Phakel | e I atgm a C 1-C 10
al kyl group, o;.l a 06- CLO ar yl g%egﬁg;m%%égéﬁgﬁ{;%@gﬁg%“?ﬁgSgﬁbéfq 6t ed at

the 3'?and 5'2ppeBdad; @l%m_ﬁyfor quiirpasks ofhdetdrmtinyicbge hﬁ'ﬁ%&bﬁ@'ofoﬂhedk,{?fs&{tem and
are each a Giﬁ%) tlJDVA radi cal having from2 to 20 carbon atons, e

nmet al | ocene bei r{b 8pti onal ly substituted at the remaining positions on the
phenyl and/or indenyl ring(s), 15 with the proviso that when either R3 is a
hydrogen atom a nmethyl or ethyl group, then both phenyl rings are
substituted at the 3 and 5 positions by butyl groups which nmay be the
same or different. Caim2. A conpound of claiml| represented by the
formula: WD 02/ 02576 -91 R10 R11 | ,R9

\




RRER4/ M OR31v~R7 (1) wherein M is sel ected fLomthe groliff DEC 2004

_consi sting 0%&7‘%9{" um zirconium hafnium vanadium niobium tantalum
chrom um nol ybdéenum and tungsten; 5 Rl and R2 may be i dentiRGI/USS1/16573
different, and are each a hydrogen atom -&-C 1-C 10 al kyl group, a C 1-C 10
al koxy group, a C6-C 10 aryl group, a C6-C 10 aryloxy group, a C2-C 10
al kenyl group, a C2-C40 al kenyl group, a C7-C40 arylal kyl group, a C7-C40
al kyl aryl group, a Cg-C40 aryl al kenyl group, an OH group or a hal ogen atom
or a conj ugat ede diagme which is optionally substituted 10 with one or nore
hydrocarbyl, tri (hydrocarbyl)silyl groups or
tri (hydrocarbyl)silyl hydrocarbyl groups, said diene having up to 30 atons

i X . be,. i i, cal diff d h
nal ogen at on CELPIE AIRRS o R R eipr oy s alabese sdioresn 6. C. 10 aryl
group which ; e a CG2-.C10 al kenyl group, a C7-C40
-aryl al kyl gp%eplfagg&%}i—%ég?Sgﬁwﬂﬁkﬂr%ﬁGEﬂanéi%5@@ }wcgog@mamm, agroup, a
-NR 2, 5- SR, héaegen atol, RS-0 I /16573 R1,R2 2 0 DEC
2004 W0 02/ 02- 76 pCT b1 oLy At Pl 9@%%“5@5&%@? GCRGIO BHe of o
o dent L cal o G {Ter ant e CEOnRLE, . OF Gl otenyl B A U kLo ©T T

be identical or different and are each

defined for Rerosp, a lp-Q athyleryddrageatcd-agh E%J@k%ltg%‘g?at-ﬂﬁezt, b§f{'w th
OR,, -OSiR'3 or -PR'; radical, wherein R is one of a halogen atom, a C1-Cyo
alkyl group, or a Cg-Cj aryl group;

10 the phenyl rings are substituted at the 3' and §' posttions by radicals which may be

identical or different and are each a Group IVA radical having from 2 to 20

carbon atoms,
the metallocene being optionally substituted at the remaining positions on the

phenyl and/or indenyl ring(s),

15 with the proviso that when either R3 is a hydrogen atom, a methyl or ethyl group

then both phenyl rings are substituted at the 3' and 5' positions by buty! groups
which may be the same or different.

Claim 2. A compound of claim 1 represented by the formula:




5 the atons of the indenyl group connecting themformon or nore rllgm %ﬁ’l
is Rl4 Rldq J2J¥7M2 | R15 R15 R14 (CR216) , Rl4 R14 I %Sﬂ
8 so M6XCRL4) -

R15 R15 R15 (R14) Al(R14)-, -Ge-, -Sn-, -0-, -S-,

-CO, -P(R14)- 10 or -P(O (R 14)-, or 3% am doborane rad| cal; wherein:
R14, Rl5and R16 are identical or different and are a hydrogen atom a

hal ogen atom a C 1-C20 al kyl group, a C 1-C20 fluoroal kyl or silaal kyl
group, a C6-C30 is aryl group, a C6-C30 fluoroaryl group, a Cl-C20 al koxy
group, a C2-C20 al kenyl group, a C7-C40 aryl al kyl group, a Cg-C40

aryl al kenyl group, a C7-C40 al kylaryl group, or one R14 and one R15,
together with the atons in Rk® connecting them formone or nore rings ; 20
M2 is one or nore carbggps, sijlicon, germaniumor tin; 2 0 DEC 2004 WO

02/ 02576 PCT/ USQ / 1657 93 RS, RHAD and R 12 are identical or different and
have t he neani ngs st ated to R7; R9 and RiY1 are identical or
different and are each a NA radi cal having from2 to 20 carbon. 5

RI
R'."
R6 (D)
STO
RS
8
rY R R 12
R r!
RIO

wherein M1 is selected from the group consisting of titanium, zirconium,
hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten;

5 Rl and R2 may be identical or different, and are each a hydrogen atom, a
C1-Cy 0 alkyl group, a C-Cyg alkoxy group, a Cg-C g aryl group, a C6'-C10
aryloxy group, a C7-Cyg alkenyl gfoup, a C9-Cy alkenyl group, a C7-Cyy
arylalkyl group, a C7-Cy alkylaryl group, a Cg-C4q arylalkenyl group, an OH
group or a halogen atom, or a conjugated diene which is optionally substituted

10 with one or more hydrocarbyl, tri(hydrocarbyl)silyl groups or
trithydrocarbyl)silylhydrocarby! groups, said diene having up to 30 atoms not
counting hydrogen;

R3 may be identical or different and are each a halogen atom, a C3-Cyp
alkyl group which may be halogenated, a Cg-C 1 aryl group which may be
halogenated, a C5-C1 alkenyl group, a C7-Cy4y -arylalkyl group, a C7-Caqp

alkylaryl group, a Cg-Cyg arylalkeny! group, a -NR'5, -SR', -OR/, -OSiR'y or -




Claim3. The conpound of claim2, wherein RO and R11 are!independentd } DEC 2004
butyl grou wyl group, an isopropyl group, or a fluoroal kyl group.

Cl ai m 4. A%%ﬁ%%ﬁ% of general fornula |, 10 wherein ML , MFPCTRYSOIRBSTIRA to
R7, R8, RIO Rl12 and R13 are as defined i’A claim2; R3 may be identical or
different and are each a hydrogen atom a halogen atom a C 1-C 10 al kyl
group which may be hal ogenated, a C6-C |1 0 aryl group which nay be

hal ogenated, a C2-C 10 al kenyl group, a C7-C40 -aryl al kyl group, a 15 C7-C40
al kylaryl gr oupR"» dadiSal C4BerdiVR ak RBYE 2 Bh L N2 g oo SR 3 or
-PR 2 radical, wierein'R is one of aa%a@g%he%ﬁg}’%I?]lzgl(tﬁ?y}cg.rfﬁp’aqrﬁy‘% gr oup,
or a C6-Cl0 ar@{p &yeuupand R9 and R11 may be identical or different and are
each butyl groups. 20 Clpai m 5. The conpound of claim4, wherein the radicals

R3 are identical Cg4.:67 kvl groups...C aim 6- The copmpound of any of
clainms 4 or 5, wher%i i ghéga@aﬁ%swgc pgagfﬂéen?f“{rﬁgeﬁeieé 2 pydregemm Ry, yr oups.
25 Caim7. Thege B wherei,n R3 ar.e .bot-h thyl, daims§S.
The conpound (r)}? 10%423'%%}&@&18‘? Ocrﬁ%ai %{T@% %rg?gi%}a@ntdﬁ%cﬁﬁ% t%&@ OBAEr WHRt | ary
butyl go¥ oups. tMOaRHQAGHSindOMy12%uPEsanéOfrh thBGEhHPhd / o§ aim9. The
conmpound of any of clains 2 to 8, wherein R4 to R7Q%r%{ﬂ]§§bd}?n én atonms. 5

Cl aim 10. The corrpdklhﬁisof claim9, wherein R14 to R16 are hydrogen atons.
Claim11. A catal yst conposition conprising the reaction product of the
conmpound of any of Bf4ins 1 to 10 and a ¢oelatal yst. 10 Caim 12. A supported

catal yst system conprising the product of support material, cocatal yst and
one or nore corrpoung of any of clains | |to 10

M2 _MZ___(CRo16 ) __,
F|<15 ||q15

R14 R14 R14

o) !VIZ o__ ., __Ic , 0 !\AZ

1‘215 ;L15 ,L15

-B(R14)- -AlR14)., -Ge-, -Sn-, -O-, -S-, -SO-, -803-, -N(R14)-, -.CO-, -P(R14)-,
10 or

-P(O)(R 14)-, or an amidoborane radical,

wherein:

R14, R15and R16 are identical or different and are a hydrogen atom, a halogen

atom, a C1-Coq alkyl group, a C}-Caq fluoroalkyl or silaalkyl group, a Cg-C3q
15 aryl group, a Cg-C3() fluoroaryl group, a C 1-C20 alkoxy group, a C3-Cyq alkenyl

group, a C7-Cqg arylalkyl group, a Cg-Cyg arylalkenyl group, a C7-Cyq9

alkylaryl group, or one R14 and one R13, together with the atoms in R13

connecting them, form one or more rngs ;

20 M2 is one or more carbons, silicon, germanium or tin;



Claim 13. The supported catal yst systemof claim 12 wherein the su;zpﬂ)rDEC 1304
mat eri al conprises magnesium chloride, silica or a conbination thereof”

Cl ai m 14. WQ828HI4al yst conposition of any of clains 12 to FPATUMHEHETR t he
cocat al yst conprises one or nore non-coofdinating anion activators. 20 Claim
15. The catal yst conposition of any of clains 12 to 14 wherein the

cocat al yst conprises one or nore al kyl al unoxane activators. Caim 16 The
catal yst conposition of claim 14 wherein the cocatalyst conprises a

for-coot nt 1 10, apkoRoGl) KavaE 308 GDofh AL MERGRR ALk SR O 4

pol yneri zatiop g‘r{%i#j‘ons one or nore nononers and the catal yst conposition
of any of cl ar tto 16. 30 Claim 18. The process of claim 17 wherein the

mononers are sel GC%%HE @an argﬁdegtiéﬁ of ldﬂ%ér&ﬁ'ang a%ee?Flga %Q%rnr\?g\tr%ﬁhm 19. The

process of claim1l erein € nononers are se ene,

propyl ene, 1-jighRodtiol2(exbsre. 5 C aim 20. A polymer conprising propyl ene
units prepared by the process of any of clains 17 to 19. 10 15 20
5

Claim 3. The compound of claim 2, wherein RY and R11 are independently

a butyl group, an ary! group, an isopropyl group, or a fluoroalky! group.

Claim 4. A compound of general formula I,
10 wherein ML , M2, R1,R2 R410 R7,R8 R10  RI2 and R13 are as
defined in claim 2;
R3 may be identical or different and are each a hydrogen atom, a halogen
atom, a C;-Cy¢ alky! group which may be halogenated, a Cg-C1( aryl group
which may be halogenated, a C2-C alkenyl group, a C7-C4 -arylalkyl group, a
15 C7-Cyq alkylaryl group, a Cg-C4q arylalkenyl group, a -NR'7, -SR’, -OR, -
OSiR'3 or -PR'; radical, wherein R’ is one of a halogen atom, a C1-C1g alkyl
group, or a Cg-C aryl group; and

R? and R11 may be identical or different and are each butyl groups.

20 Claim 5. The compound of claim 4, wherein the radicals R3 are identical C
-Cyp alkyl groups.
Claim 6. The compound of any of claims 4 or 5, wherein the radicals R3 are

identical C1-Cq alkyl groups.

25
Claim 7. The compound of claim 6, wherein R3 are both methyl.
Claim 8. The compound of ¢claim 6 or claim 7, wherein RY and R11 are
both tertiary butyl groups.
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Claim 9. The compound of any of claims 2 to 8, wherein R4 to R are

hydrogen atoms.

Claim 10. The compound of claim 9, wherein R14 to R16 are hydrogen

atoms.

Claim 11. A catalyst composition comprising the reaction product of the

compound of any of claims 1 to 10 and a cocatalyst.

Claim 12. A supported catalyst system comprising the product of support

matenal, cocatalyst and one or more compounds of any of claims 1 to 10

Claim 13. The supported catalyst system of claim 12 wherein the support

material comprises magnesium chloride, silica or a combination thereof.

Claim 14. The catalyst composition of any of claims 12 to 14, wherein the

cocatalyst comprises one or more non-coordinating anion activators.

Claim 15. The catalyst composition of any of claims 12 to 14 wherein the

cocatalyst comprises one or more alkylalumoxane activators.

Claim 16 The catalyst composition of claim 14 wherein the cocatalyst

comprises a non-coordinating anion activator and an alkylalumoxane activator.

Claim 17. A polymerization process comprising contacting under suitable
polymerization conditions one or more monomers and the catalyst composition of

any of claims 11 to 16.

Claim 18. The process of claim 17 wherein the monomers are selected from

Cp-C1 4 olefins.
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15

20

2 0 DEC 2004

Claim 19.  The process of claim 18 wherein the monomers are selected from

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

Claim 20. A polymer comprising propylene units prepared by the process of

any of claims 17 to 19.




