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I nventi on The present invention relates to novel netall ocene
conpounds useful as conponents in polynerization catalysts, to catal ysts
conprising such netal |l ocene conpounds, to a process for the pol ynerization
of olefins and to particularly propyl ene, and ol efin honmopol ynmers, random
and i npact copol yners prepared by using the net al | ocene cat al ysts.
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In summary, the main deficiency of supported catal yst systens conprising
et al 1 ocenes of the above nentioned prior art, is that so far no catal yst
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propyl ene/ et hyl ene copol yners, all at very high catal yst productivity. As a
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aryl oxy group of from®6 to about 10 carbon atons, an al kenyl group of from
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group, a halogen atom or a NR232 group, where R32 is an al kyl group of
from1 to about 10 carbon atons and an aryl group of from6 to about 14
car bon atwopleit3wherein R and R2 may form one or norePCTAS26881484 S) |

R4 and R4’ are identical or different and are selected fromthe group
consi sting of a hydrogen atomand a linear, cyclic or branched hydrocarbon
group optionally containing one or nore hetero atons selected fromthe
group consisting of Si, B, Al, 0, S, N P, F, d and Br, Rl is a bridging
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activity/productivity and lowest achievable homopolymer melt flow rate.
PCT/US2007/022614, a co-pending applications by the present inventors, demonstrated
that metallocenes having ligands being B-branched in the 2-position created surprising increases
in activity of the metallocene catalyst and also created products with unexpectedly superior
properties than previously known metallocenes. The inventors now have discovered a species of
. the previously revealed geﬁus that unexpeétedly produces even significantly higher increases in
catalyst activity and improvements in product properties.
In summary, the main deficiency of supported catalyst systems comprising metallocenes
of the above mentioned prior art, is that so far no catalyst has been found that, when used for the
homopolymerization of propylene, affords isotactic polypropylene with a high melting point and
very high molar mass (or very low melt flow rate) and that, when used for the copolymerization
of propylene with ethylene, affords high molar mass propylene/ethylene copolymers, all at very

high catalyst productivity. As a consequence, when compared to Ziegler/Natta catalysts, the



atons, or a substituted or unsubstituted al kylsilyl group, an

al kyl {arypsilyl group and an arylsilyl group, wherein each of the groups
may cont awo 20m70230nore hetero atons |like Si, B, A, 0, PEI/uN2@s/o0R14and / or
may contain halogen atons like F, Cd or Br, and where R302 is a hydrocarbon
group selected fromthe group consisting of a substituted or unsubstituted
al kyl group of from2 to about 20 carbon atons, and an substituted or
unsubstituted al kenyl group of from3 to about 20 carbon atons, and wherein
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the B-position and that the B-carbon atom is a quarternary carbon atom and part of a mono-cyclic



ML2 i's silicon, germaniumor tin, and Rl can optionally link two units of
the formula 1 to one another, and R30 has the structure: CH 2 R301 R302
wher e R30WOi2810407733near, cyclic or branched hydrocarbon gcoass@iseciied from

t he group consisting of an al kyl group of from1 to about 20 carbon atons,
‘an al kenyl group of from2 to about 20 carbon atons, an aryl group of from
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atons, an al kylaryl group of from7 to about 40 carbon atons, or an
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atons, with the proviso that R3, in any case, :is not branched in the
a-position, and where R5, R6, R7 and R8 and also R5', R6', R7' and R8' are
identical or different and are each selected fromthe group consisting of a
hydr ogen atom a lirear, cyclic or brgnched hydr ocarbon group or a
substituted or unsubstituted al kyl siRyl group, an al kyl (aryl)silyl group
and an arylsilyl group and wherein eac groups may contain one or
nmore hetero atons like Si, B, A *or 4@4nd / or may contain

hal ogen atons like F, d or Br, gnd f Qr‘threin adj acent radicals R5,
R6 or R6, R7 or R7, R8 and also R5', ', R7" or R7', R8 in each

Fig. 1 illustrates individual steps of the process for producing transition
metal conpounds of the bridged netal l'ggene conpound of the invention. Fig.
2 is a photograph of the copol ynmer ol ained in Conparative Exanple 20. Fig.
3 is a photograph of the copol ynmer obtai nM1R1rR2ExarrpI e 19. DETAI LED

DESCRI PTI ON W have found Ahat\this” object is achieved by a supported
catal yst system conprising at pgast* Bdoi cal |y substituted and

bri dged netal |l ocene, at |east qne G | yst, at |east one support and, if
desired, at |east one netal co d and a further additive conponent.
According to the present invention, theRtatalyst systemis prepared by

m xi ng at | east one specifically substituted and bridged netall ocene, at

| east one cocatal yst, at |east onelFiBp@rl) and if desired at |east one
nmetal compound and a further additive conponent. . The first enbodi nent
of the invention relates to a substituted, bridged netall ocene conponent of
t he gewberraM'Fis)a meital of GneupolV/b of the Periodic Table of the Elements,

R' and R? are identical or different and are selected from the group consisting of a

hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to
about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy group of

from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an OH



WO 2010/ 077230PCT/ US2008/ 014144 where M is a netal of Goup IVb of the
Peri odic Table of the El enents, preferably zirconiumor hafnium and

parti cul avbypomveefspabl y zirconi um 'Rl and R2 are i ¢#emttise@is/014144

or _different and are each a hydrogen atom an al kyl group of from1l to
about 10 carbon atons, an al koxy group of from1l to about 10 carbon atons,
an aryl group of from®6 to about 20 carbon atons, an aryloxy group of from
6 to about 10 carbon atons, an al kenyl group of from2 to about 10 carbon
at ons, A 2 . i /n an al kyl
o oup. 8P R ERRBTVAE I SR RN or OB C13beul BT
about tarbenptesys aad emend gduURlof resh K20 atwpt 14 carbomatoots, argneharein®' spd REAnGay) .
Prefer / identical or different and are an al kyl group
offrom‘%%"i/%nea%nrﬁ(?g’ilggég{tg% SSJ’atorms, an al koxy group of from1 to about 10
carbon at om’ aadiRArayd ideptiqt otuiffofent aaharé sélectad G the groapkonsiaingis Hr a

hal ogeﬁ} grtom or R and R2 t oget her n@l/ ({!ormone or npre_ring systen(s).
Par t i cOYHPBSH HPeraad adingar. gyclicy brancheehydresarbansgron opfionally eontiaining oae er

met hyl mdr@h&eionLorRs seddt@tOfréth he group cdiisBRg of ¥, BAAE ), 4SRN ipCAl C%'ndqir]: ferent
and are each a hydrogen atom a linpear, cyclic or branched hydr ocaf bon
group, for &Bxakplbsidgmgaireyp whgreinR ofs sklegied fromg 20 car bon atons, an al kenyl
group pf—from2to 20 —carbonatons, —an aryt—group—of—f+rom6-—to—26—¢ar bon
atons, |an aryl al kyl group of from?7 to 40 carbon atons, an al kylaryl group
of from8 to about 40 carbon, atons, or an %}yl al kenyl Jroup of from8 to
about 40 carbBn atons or a Bubstituted or Rihsubstit ute 1ky|si|y| group,
an al kyl (aryLy$dlyl group_og_an aryl stdJ_h',g:!Qup. Th_e_c'gr_ 2_I@y_congai n one
or noreg heter%‘i@toms like Si, B A, 0, Si,Nor P, and,/Igr my contain

hal ogen WD 2010/ 077230PCT/ BE2008/ 014144 Rfons 1ike B R or Br.
Preferably, R4 and R4' are identical or different and are each a hydrogen
atom @ linear, cyclic or branched hydrocarbon group, for exanple an al kyl
group pf from1l to about 10 carbon atons, an al kenyl group of from?2 to
about [10 carbon at &%, an aryl grlp‘ﬁp & from 6 to RBouR*®0 carbon atons, an
aryl al kyl group oferom 7 to ab_thzﬂﬁ,paLbon ato_'_glc':z_il_kyl aryl group of
from 8 to about 20| ¢arbon atons, o, an4§1ryl al kenyhﬁqroup1 of from8|to about
20 carbon atoms orRa substituted Br ufSubstituted RI'kyRSilyl group| an

al kyl (pryl)silyl group or an arylsilyl group. The groups may be
hal ogepated. Particularly preferably, R4 and R4' are both hydrogen; RIOis
a bridging group wherein Rl is selected from _WO :
2010/ 07 7230PCT/ USRB08RIPLAREA wher e RR*AndREAN, Ré¥en when beafing the
sanme index, can__l:t'g_igént_i_ al  or different_N?nd e f2_a hydrogen atom a
Cl - 40| group such:4qs an all yl group havi ng|f{o 1%1 0 |about 30 carbon atons,
an aryl group of RYonRE t 8 hbout 40 car bonRit o R*lor oal kyl group of
from 1l to about 10 carbon atons, an al koxy group ofXfrom 1l to about 10
carbon| atons, an aryloxy group of from6 to about 10 carbon atons, |an

al keny] group of from2 to about 10 carbon atons, an aryl al kyl group of
from7ito ébout4040 cay bon,atoms, an al kylaryl group of from7 to about 40
carbon| at op; Fa substMuRed or ufsubsti tut@dal kytsBryl, al 8@ (aryl)silyl
or arylsilyl group, or an arylal kenyl group of from8 to about 40 c¢arbon
atons.| R4 and R4l together with the atons connecting them can formone or
nore cycli c\»%systems or R4 and/or R4l can contain additional heterojatons

(i.e.,| non- bon ato B) 4ol ke Sh _BiaoAl, 0 4N or P or hal ggen atons |ike
d or PBr, y?js?an |n/t/|gg§ from)Ft’o 8, M,ZP‘@%iliccﬂﬁ, ge _ﬁiumo tin,
and i | co may also link two units of the fornula 1 to oné another.

Preferpgbly, R is R4OR41 si=, woe Ge=3 woe --.=
or 4e/el cR4oR4AI) , where RE and R4T are identical or different and are
each a hydrogen atom a hydrocarbon group of from1 to about 30 carbon
atons, in p%gljfecul ar an al kyl group of from1l to about 10 carbon atons, an
aryl group o rom6 to about 40 carbon atons, an arylal kyl group of from?7
to about 14RCand®l',avemwherabeasink yheasaye igdex,parobe identinal ot diffateatiindleancar bon
atons or a substituted or unsubstituted al kylsilyl group, an

al kyl (arypsilyl or an arylsilyl group. Particularly preferably, the

bridging unit Rl is R40 si or e F{41-:6




R4l are identical or different and are nethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, cyclopentyl,
cycl opentwadizermd77230ycl ohexyl , phenyl, napht hyl, benzyl, pcriuseaospi«aud yl or
3,3,3-trifluorQoropyl. R' and R'' are identical or different and are
each a divalent C2-C40 group which together with the cycl opentadi enyl ring
forms a further saturated or unsaturated ring systemhaving a ring size of
from5 to 7 atons, where RI | and RI may contain the heteroatons Si, Ge, N,

P, 0 R e ; ' Ntadi :
pr of er SRyt Pirh RetckdaflinS 0 BB 0t Bfe @OhPodrSRUGU G SPETARO.IN KM o
di val eBt, agd excpeketed dtomd thergronyt dvmsisting ofea hiydrogar aumaen dlkyM@oup having from 1|

2010/ 077230PCT/ US2008/ 01414 , . and v_and Fornulag 1 Ly, 8,
(p', aﬁ&%sut,ﬂéii’po@ﬁ?%m.a aeodiqrdiart Reo s g Gekbon aﬁOﬁ%ﬁHﬂpgﬁxl HRLP
For mul agfrdma to abowdNd cdrbdn atonys, an ARSRE Efou BF FromdeRbBut IEcEhGtEMS, daonds
joining R' and r to the c¥cl opentadi enyl rings. For illustration, if R

R
i s repPREHEERIPES st frig abau) 1 serben atoms, asjal kesyh geowp 9§ fresy igl abouy10 carbem t he
struct RV ' I i [ Part | Iy,
ot cf or Sy ingE Rl GRLUE fohfy (oBGu ) Al Forls oS Rury 608 S8 7o |
group aleib#@icarbort gomsy amsdbatitutedamanfRbsiitsitedellgddibyt] ahratipltand)sily vabemtangr oups

in Formulae la' . 13", and v' .or R' .and R' are jdentical or differeni and
are di %Isg?ﬁltgr%‘r“’o&B‘ga%ﬁiygﬂqlﬁ‘?%g’i"b‘l’ eGfiRm §°| ot 49 ‘iagb""o"rto% heRgin Bng 113
or For sd R kogethRel with ‘theddtome comtedtidBthamtbah8ornPbnd st mdte & yblidsyaehsl (p' or
Formula Iv and 1 v', respectively, . SS Fornul a 113Fornul’a 113’ R8RS

For nul a | yPolsdintegsr frompbtod8.0/ 077230PCT/ US2008/ 014144  FR55' R66, R7T
M'? is silicon, germanium or tin, and '

R'® can optionally link two units of the formula 1 to one another,
R" and Rlyl’ are identical or different and are each a divalent C,-C,49 group which together
. with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring
size of from 5 to 7 atoms, where R!! and R'" optionally contain the heteroatoms Si, Ge, N, P, O
or S within the ring system fused onto the cyclopentadienyl ring, and

R3% has the structure
R301

— CH,— ¢~ \

302
R

where R*®' is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of
from 2 to about 20 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms, an alkoxy

group of from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon



RO R Formula |V R5, R6, R7, R8, and R9 and also R', R6', R7',
R8' and R9' as well as R', R66, R77, R88 and R99 and al so R55', R66', R77',
R88' and wO2oiczn7e23ndentical or different and are each aprohydiSogsniatom a

| i near, cyclic or branched hydrocarbon group, for exanple an al kyl group of
from2 to about 20 carbon atons, an al kenyl group of from2 to about 20
carbon atons, an aryl group of from6 to about 40 carbon atons, an
aryl al kyl group of from?7 to about 40 carbon atonms, an al kylaryl group of

40 car bon ook A SPLRREY B i¥fe e d RN AT RSB Ry O fhd 4 7oout

al kyI (ar yI ) Byl gyoup vhereimeachrof kil grglipsgnaugpntalinvonaot racerticteradioasllke 85, R6

or 7' O or R8, R9 or R8',
P os’ el | Bh §g§ Rese: %9%6/%5"” %@@‘Ph?lowtmﬁ?;k%}:%%’ R77' or R77, R88
or R77', R88" or R38, WO 2010/077230PCT/US2008/ 014144 RO9 or R88', R99' in
each case may form g saturated or unsaturated hydr ocar bon ri n? system The
groups nay WgrivhernRonis ohydresacbonarenmselactndsrom khe gpup epnsisfing of a gibshifugad p,

and / or y, R55,
R06,  R77, el B U 2l i 2foyBn Homs, and an GhRHEARE Y. T2
hydr ogen atmsubatmltﬂsalkﬂ@l gi%pr oRBroandl tARboan20 edrban Ro6ns, 4Ad' whelldin tl3e and RO’
are identical or dif and are each a Béé(yol?&lggr’% a substituted or
unsubst|tut%rau%ﬁ'ﬂ%“s%%}?og?orarp%eslees??até’fmt?d % Pi‘Nedr £ Pt Yo" ched
al kyl gr oupcoataif ha16geh dtemahiralF, Aibr@s| fRNfuAheBherélh RAT faiyd a BOAGUYCRE rihg OM 6
to about 40 car bon atoms and the groups nmay contain one or nore hetero
atoms |i ke Withthg B ggrbonators, N or P, and / or may contai n hal ogen atons |ike
F, G or Br. The two adj acent radicals R5/R6 and also R5'/R6' may forma

hydrocar bon ring systemor RS and R5' are identical or different and are
each a subski hasttieomeaningnsfiirSt,itutitRéchead ybt tgridemical tofR°¥noART 3 adbesit, chddiccar bon

atons. Part referab R55, 6, R7 - 88 R apd R99 and also R''
R66, FIPH '}f%%é’ L&i{agﬁﬂg@ ZrgpR W, éicbwpaow@%aéﬂma%%eaﬁme hetgro atoms pelestel cal
or di ffrerh e grotslcafshtif@ensaBNRIIQUE N, L ONTOSr By, bi Rbﬁrseleé:tﬁglﬁ'oﬁl ME ghipnched
al kyl grougnof from1 to about 10 carbon’ atons, or an aryl group of from6

t 0 abotpnsisangefranatkyd geHp. offmﬂ { dwaboyt 3¢ earbon a@mamsalhﬂalmlmmfsfmnms
t ogehbg" reaybofn%q,]sa aa' YIS K SR 7q9gbdﬁ$4o 3 %oh 9&9{ | G a0

dlfferent an are eacha su unsubstitute grou of from6
“to aboalkyld@ladlmnbbgroap oftﬁommoetbost@daﬁﬁm atomsgrvatmhe\p&'wnse tR&0ih ang casd, Rhear ,
ed h)&dro arbon group, for exanple an al kyl group of from 1

cyclic. or ch
to abodf® tZH Iégﬂggghthﬁt loéfh al kenyl group of from2 to about 20 carbon
atons, an aAlydth@reﬂiuadﬁxienft deNtribed Rerainqsih I%Qeﬁ%b@l@ﬁagegﬁlen@@@raﬁhﬁﬂsbﬁ% group

of from7 to about 40 carbon WO 2010/077230PCT/ US2 /014144
contacting one or more olefins each having from 2 to about 20 carbon atoms under olefin
polymerisation reaction conditions with a catalyst system including a bridged metallocene
'component having Formula 1 shown above.
Yet another embodiment described herein is a bridged metallocene having the general

Formula 1a shown below:



atons, an al kylaryl group of from7 to about 40 carbon atons, or an

aryl al'kenyl group of from8 to about 40 carbon atoms, an al koxy group of
from 1l t owekowro723ocar bon atonms, an aryl oxy group of frecrastasabout 20
carbon atons, or a substituted or unsubstituted al kylsilyl group, an-:

al kyl (aryl)silyl group or an arylsilyl group, and the groups may contain
one or nore hetero atons like Si, B, Al, 0, S, Nor P, and / or may contain
hal ogen atons |like F, O or Br. Preferably R301 is a is a |inear,
cyclic or branched hydrocarbon group,4for eéanple an al kyl group of froml
to about 10 carbon atoms, an al kenyl Rgroup of from2 to about 10 carbon
atons, an aryl group of from6 to abouj atons, an aryl al kyl group
of from7 to about 20 carbon atogs, group of from7 to about

- 20 carbon atons, or an arylalken%? om 8 to about 20 carbon
atons, an al koxy group of from1 to abput carRon atons, an aryl oxy group
of from6 to about 10 carbon atoms, or a supgtituted or unsubstituted o
al kyl silyl group, an al kyl (arypsilyl p 'or an arylsilyl group, and the
ons like Si, B, Al, 0, S, Nor P,
and / or may contain hal ogen atongr8like F\ C or Br. Parti cul ar
preferably R301 is ais a Iipear cychi.c M'BiRIched hydr ocar bon group, for
exanpl e an al kyl group of fRo Q_abQg 4 carbon atons, an aryl group of
from6 to about 10 carbon atons al lndoogroup of from7 to about 20
carbon atons, an al kylaryl gro 7 to about 20 carbon atons, an

al koxy group of from1 to adUt I9 carhon atons, an aryloxy group of from6
to about 10 carbon atons, and theggr oupR4*may contain one or nore hetero
atons like Si, B, Al, 0, S, Nor B,»and / or may contain hal ogen atons |ike

i

F, G or Br. - Most particul ar pargfilgriably R301 is a linear or branched
hydr ocar bon group, for exanple an al kyl group of from1l to about 4 carbon
at ons, R302 is a hydrocarbon group which is building a nono-cyclic

ring WiyhBretMeis h3nGA ol B of E P@?f@(gpllﬁblé of HREILMELED Or unsubstituted

al kyl group of from2 to about 20 carbon atoms, an substituted or
unsubst i t ut Bdand Keary idegtical pr differerd and atecekbted tfropOthe rdagreonatisting ofend t he

groups cont ai n _one or het er,0 ns,like Si A, 0 N .or P,
ana | BG4 ] eRinp R i i 1 Frph P, an stkory evppis pEira) Lorzn2
is a hybyup¢acirbon gomspandiy Cdtoins odfiidrh Gi td @bsutORarboY Gtdnss, bh BNy droligefl 3-

car bon atqyl Lor xaqg%e a subs}ituted or unsuybstituted al kyl group of from
2 to aB8E° PEveu Waartonsiams, apalkeny gruupkiromy te aheuli!A carhen glomfpar Okbt er o
atons b j 3 R 32/; ' tonms |ike
F, d grd& ’rgal?%nfésﬁflog%%zoﬁg%&ho%ggofi%%mgrswégfrntg}?gﬁtlbgrgﬁg lgr ef erably
R302 | sarhomstgmsaad aoaryberoup offiomd fosabbui 14diankpnaternnandRcandR riagfonintdnet he
P-carb anpl e a substituted or unsubstituted al kyl group of
fron138€%8%ﬁg%¥&§%@§§bon atons, and the groups may contain one or nore

het er o at onR* andkR* Sie,iddhticAl or differSnt ddaire Rlectitifrém dlie groyp caistihg ohal ogen

at ons Li$e F, d 05 Bé, with the proviso that R30 contain nore than 6

car bon "4{r8 atom and a fiaearQy ol of RaehedhygFRcRrhan give opEpnally LonHiRg PSR R30
(but Reoreradiotatdnes deRerUiffomh tHeQr&aPnsRlindsr $iSBaANSI08ep, Rl@Mnd®B,! | near,
cyclic or brgnched hydrocarbon group which may be 'hal ogenat’ed and/ or may
cont ai n oneRoris a#bridging gwup vdesrig R | iseclepted BomAl | 0, S, N or P. for exanple
an al kyl group of from1l to about 20 carbon atons, an al kyl al kenyl group of
from3 to about 20 carbon atons, an al kylaryl group of from7 to about 40
carbon atons, or an al kyl aryl al kenyl group of from9 to about 40 carbon
atons, with the proviso that R3 is not cyclic or branched in a-position.
Preferably, R3 is chosen fromthe sanme set that described R30 (but R3
neednot be idéntical to R300) or R3 is a linear, cyclic or branched

hydr ocar bon group of from1l to about 20 carbon atons, for exanple an al kyl
group of from1l to 20 carbon atons, an al kylaryl group of from 7 to about
20 carbon atons, an al kyl al kenyl group of from 3 to -about 20 carbon atons
or an al kyl aryl al kenyl group of from9 to about 20 carbon atonms with the
proviso that R3 is not cyclic or branched in a-position. Mor e
preferably, R3 and R30 are identical or R3 is a nmethyl group or a linear,
cyclic or branched hydrocarbon group of from7 to about 10 carbon atons

whi ch may be hal ogenated, an al kyl aryl9 group of from 7 to about 10 carbon
atons or an al kyl al kenyl group of from7 to about 10 carbon atons with the

proviso that R3 is not cyclic or branched in a-position. Particularly
preferably, R3 and R30 are identical with the proviso that R3 and R30
contain nore than 6 carbon atons. Preferable, either of R3 and R300,

or both are not cyclic or, in the alternative, are not branced in the

- [ o " ~ . rf 1.1 M N B o [ T Y 1 [T N 1



For the substituents R5, R6, R7 and R8 and also R5', R6', R7' and R8' of
Fornmula la, there are two equitable substitution patterns. In the
first subsoizowd7msopattern, R5, R6, R7 and R8 and al so RET/USR®8/0148¥4 and R38
are identical or different and are each a hydrogen atom a linear, cyclic
or branched hydrocarbon group, for exanple an al kyl group of from1l to
about 20 carbon atons, an al kenyl group of from2 to about 20 carbon atons,
an aryl group of from6 to about 40 carbon atons, an aryl al kyl group of
from 77 to about 40 car bon atoms, an al Kylaryl——group of from 7 to apout 40
carbon atons, or an aryl al kenyl group of from8 to about 40 carbon| atons or
a substituted gr unsubstitutgd al kylsilyl_group, an alkylfaryl)si
or an |arylsil'yl group. The 'Jroups may confain one or?nol hetero atons |ike
Si, B| A-0%M%-ON or P, -ang/ or nmay— #in hal ogeg-atphsd-ike F
Br, and / or tao adjacent riggdicals R5, RGlgr R6, R7 0§, Ri4y R8 and
R6' or| R6', "or R7', R8"in each case %ay form a hydrbcarbon ripng
system Preferably, R5, R6, R7 and R8 and also R5', R6', RY
are identical or different and are each a hydrogen atom a substituted or
unsubstituted al kyl silyl or arylsugyl group, a Iing r,‘éyclic or bfranched
al kyl |group of frdﬁ11 to about 1@ carBon at ons, nRryl group o

Si, BJA, 0, S Ngr P, and / 0H4qaylﬁontain haI0g¢n|q oms like H C or
Br, and / or the tWo adjacent rafical® W R6 and R'sofR5', R6' may| forma
saturgted or unsaturated hydrocarbon ring system WO
2010/ Q77230PCT/ US2008/ 014144 Particularly preferably, R5, R6, R7 and
R8 and also R5', %@',4§7' ﬁpd R8' are identjc or, different and are each a
hydr ogen at om or 'I?a Ii|71~‘1ear|1Q cyclic or br anoﬂh@d aR‘f?y ?Ooup of from{l to
about |10 carbon_ _orcan aryl group ofy14r 6 it ;ymabout 40 carbon at ons
and / jor the two ladjacent | padicals R5, R6 andal §q ', RO6' together may
formad saturatedPor dhsatBrated ring systdl | R"| IR the second
substiftution pattern, R6, R7, R8 and also R6', " R7 Xand R8' are identical or
di fferlent and are each a hydrogen atom a linear, cyclic or branched

hydr ogar bqn group, for exanple an al kyl group of from1l to about 10 carbon
at ons,| an _Kgmyl grb Ej?% from2 to about. 10 carbon atoms\_an ary| group
of froam6 bout QQHC bon afo®8, an ar{Aal kyl group of {¥8m 7 tjo about

40 car|bon atons, an al kylaryl group of from7 to about 40 ‘carbon atons, or
an aryl al kenyl group of from8 to about 40 carbon atons or a substjtuted or
unsubstitu&ed alkylsﬁlyl group”\an alkyl(eryl)silyl group or an aryl silyl
group.| Two | acent \dpeal s R6,p_RRaor 'R?,P(@Ras Welolr as R6'» R7' pr R7',
R8' in each case may form a hydrocarbon ring’system” The réaps maly contain
one or] nore hetero atonms like Si, B, Al, 0, S, Nor P, and / dr nay contain
hal ogen atons like F, d or Br. R5 andR5' are identical or different and
are each a substituted or unsubstituted aryl group of from®6 to about 40
carbon atonms. They nmmy contain one or nore hetero atons like Si, B, A, 0,
S, Nor P, e/ or may contain hal ogen atons like F, O or Br
Preferably, R6, Rf and R8 and also R6', R7' and R8' are identical or

di fferent dhdapd R eavan whanheadagthe sameindgxseandeiidantiod) aydifferenttaadicant ed

al kyl si | I i r 1 LGy .aRC | ky Qup of
From Dl SRt i R o Yk il o STBERE D B N D

car borBaawhze eathi shecteayfrao theagroupomsstingrof £ hybganmatamparsalkylkgodp havilhg Al , 0,
S, Nog P,..and / .or pay contain hal ogepn_.ato li ke F, O or Br._ R5 R5'
are i G{E ilé%flg(btp 3 QF?‘P8¥8§’{“Saﬂ'aa%(P grogﬂgﬁfrgms%sa[bpymozﬁrmn *H?l‘?ﬁrﬁ‘sqlfo(r?ﬁaf aryl
gr oup @bup 600k 1tte abiRUD cdfbofi AldIN) aRhIREBRyY group of frBAY £ ioCdbboad 1 0/catbsif K60 V.

R6, R7 and R8 and also R6', R7' and R8 are identical or different and are
each NArYP¥YyeiwuRebfPeyo t© abopek} carbgreatoms.an abeakgredp af fkgm 2dp ebeutd0 from 1

to abautbohQi&Ad R Qrﬂﬁlﬁﬂ?roﬁﬁ offfor b a?c%lﬁ’ B cBfboh %%56 ah Qlkgﬁﬁg%ﬁ%ﬁ)y@m :

atoms. R5 and R5' are identical or different and aré eac

4- ( O -Tocbautiddl captearyomsp @ sabstioBedC0uRubititpthed alklylsd vl An akkyKaryiysilyl\grouphemy| |

4- bi phenyl , 4-ethyl -phenyl, 4-n-propyl-phenyl, 4-isopropyl-phenyl,
4-tert-butyl phenyl, 4-sec-butyl-phenyl, 4-cyclohexyl-phenyl,

4-trimethyl silyl-phenyl, 4-adamantyl-phenyl, 4-(Cl-Cl0-fl uoroal kyl)-phenyl,
3-(C -G o-al kyl)-phenyl, 3-(Cl-d o-fl ttoroal kyl) - phenyl, 3-(C6-

C20- aryl ) phenyl |ike 3-biphenyl, 3,5-di-(C -G o-al kyl)-phenyl such as

3, 5-di met hyl - phenyl, 3,5- WO 2010/ 077230PCT/ US2008/ 014144

di - (Cl- C10-f | uroal kyl ) - phenyl, such as 3,5-di (trifluoromethyp-phenyl or

3, 5- (C6- C20- aryl ) phenyl 1ike 3,5-terphenyl. Non-limting exanples for
the particularly preferred netal |l ocene conpounds according to Fornula 1 and

VAN AN A N]D AN nrweo~NT| 1 1S es] /A A A "



Di net hyl si |l andi yl bi s[2- [( 1-nethylcyclohexyl)nmethyl]-44 1 -naphthyl)- 1
Zi ndenyl Fzirconi um di chl ori de Di nethylsilandiylbis[2- [( 1 , ‘

- met hyl cywbapsvt7ydspnet hyl 1 - 4- (1 -naphthyl)- 1 -indenyl] PEIrAIS00SOM 144
dichloride D nethylsilandiylbis[2- [( 1 -nethylcyc |oheptyl)nethyl]-4-(1
-naphthyl)- 1 -indenyl Fzirconi um di chl ori de Di net hyl si | andi yl bi s[ 2-

[ (1- met hyl cycl ononyl ) net hyl]-4-(1 -naphthyl)- 1 -indenyl]-zirconium

di chl ori de Di net hyl si | andi yl bi s[ 2-

1- et hy, I ) Wi 4C ride
D ot e TR PR epiatone Eﬁﬁ%ﬁyﬂgﬁgaéf PRI SRETRCT e

1-i ndeRyﬁdgethrmﬂmthmtdmhbmacdag iememhy Fam arediryhdre sydic syfteds,

-ethyl cycl o entyl neth 1 -naphthyl)- 1 -indenyl Fzi rconi um di chl ori de
Di net hyl si | h“’aa Ve[ % »- et hyl cycl oheptyl ) net hyl]-4-(1 -naphthyl)- 1
-i ndeny1] - th‘?cl@@inuam @eﬁmr@um@euﬁa‘ ATRlt hyl silandiyl bi s[2- [( 1

-ethyl cycl opgnyl)methyl ] -44 1 -napht hyl) - -indenyTzirconiumdi chl ori de
Di net hyl si Rarsan gptgnafly mlftwqummfﬁh%ésmeﬂ@clttymeﬂw h¢r. aud 1 - naphthyl )- 1
-indenyl] - 2|rcoannmg§@% Qhdigge: WO 2010/ 077230PCT/ US2008/ 014144

Di met hyl si | andi ylbisf2-[( 1

- et hyl cycl obut ypnet hy1] - 4- ( 1- napht hyl ) - 1-i ndenyl i - zi r coni um di chl ori de

D nethylsilandiylbis[2-]( 1 ‘

- propyl cycl ohexypnet hy1] - ARqulapht hyl ) - 1-i ndenyl | - zi r coni um di chl ori de

Di et hyl si | andi yl bi s[ 2-[ ( :

- propyl cycl opent ypnet hyl ] -B- (1- napht hyl ) - 1-i ndenyl Fzi rconi um di chl ori de

D net hyl sil andi yl bi s[2-](
- propyl cycl ohep t hyl ]
Di nethyIS|Iaﬁa|3ﬁ ﬁx_
-propylcyclononyl)nethyl]
D net hyl sil andi yl bi s[ 24(1
-propyl cycl ooctyl ) met hyl1-4-(1-
D met hyl silandiylbis[2-[( 1

- propyl cycl obut yl ) met hyl ] - 4- Sl napht hyl ) - 1- i ndenyl] -zirconiumdichl oride
Di net hyl si | afere biig pdinpgrcyclic or branched hydrocarbon groupselected from the group
Dpﬁgfﬁ'yfﬁfl cgﬁg@@e@oaasﬁzawgi&p(& AP 1t Mokt 20 LAFSINORAE! LCARIM B or T de
- met hyl cycl fobre2ytb pbait B9 Thrbén phoemsy dn dryl pab@p i fromi 6 arboun2éazbdroatoms, an

Di net hyl si | andj,yl bi s 2-

- et hyl cycl %n@h%issoﬁ{a?ﬁ%; le74t°rﬁ1zeﬁv’r° BRI 1an Alkylasut grrvRipiom,7 tggbout

D met hyl si | anehirddnitshs ol bn &rylalkenyl group of from § to about 40 carbon atoms, an alkoxy
-nethylcycloheptypnethyl phenyl -"1-1 ndenyl ] -zi rconi um di chl ori de
group of from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon

“(1- ht hyl ) - 1-i ndenyl Fzi r coni um di chl ori de
1
- (1-napht I3@2- 1-i ndenyl Fzi rconi um di chl ori de

pht hyl') - 1-i ndenyl ] - zi r coni um di chl ori-de

atoms, or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an
arylsilyl group, wherein the groups may contain one or more hetero atoms like Si, B, Al,

0O,S,Nor P; and/or may contain halogen atoms like F, Cl or Br,

and where R*%* is a hydrocarbon group selected from the group consisting of a substituted
or unsubstituted alkyl group of from 2 to about 20 carbon atoms, and an substituted or
unsubstituted alkenyl group of from 3 to about 20 carbon atoms, and the groups may
contain one or more hetero atoms like Si, B, Al, O, S, N or P, and/or may contain halogen

atoms like F, Cl or Br, wherein R** forms a monocyclic ring with the 3 carbon atom.
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Di met hyl si I andi yl'bis[2-[( 1

“met hyl cycl ononyl ) met hy1] - 4- phenyl - 1-i ndenyl Fzi r coni um di chl ori de .
Di net hyl swoandvorvisns] 2-[ ( 1 PCT/US2008/014144
-met hyl cycl ooct ypnet hyl] - 4- phenyl - 1-i ndenyl Fzi r coni um di chl ori de

D net hyl sil andi yl bi s[2-[(1 ' ‘

- et hyl cycl ohexypnet hyl] - 4- phenyl - 1-i ndenyl | - zi r coni um di chl ori de

D net hyl si |l andi yl bi s[ 2- (1,

-ethyl cycl OﬂéﬁﬁsXhé Hr%&:hm bf PR nked H&%Xbé:&i'cﬁlctg U qighl enigde. cyclic
D nethyl silandiylb

- et hyl @rybramhe@hytémm 911]§t04|P ptheehyeptionaliyieamdohtain ersooti roere dictehd atoind eelected

D net h i

Oty OB AE G LB E 8 b, A1, O,8,N. P 0] or Brar R i selgfted frgp thg eroup

Di met hydrsistingiof 3 dkgl[g2e i df frah Hytb abmit Q0 ehnpbn Bk hi) al‘kynh&ﬂyﬂ grodp of from 3
-1 ndenyl ZII’ OnludeCh|OI’Id rreth |Iand| | bi s[2-[

- et hyl ARt anAl Iﬁﬁ@%q/grow P %WI tpa gi":“é‘@rﬁaﬁhﬂ“cﬁt%ﬂ%éflﬁi ae

Di met hyk h}yﬂ’d’lk’értﬂ ?foixi)%‘f‘@r%m 9 to about 40 carbon atoms, with the proviso that R?, in any case,
- propy! cycI ohexyl hyl] - 4- phenyl - 1-i ndenyl Fzi rconi um di chl of I de

2010/ O rRBoPEheddG20E8F-DAsttions Di et hyl si | andi yI bi s[ 2- [( 1

- 4 I
o o T EERNATRELY  afr ARFRY. R o™ LTS (AR B el Bt G
- i ndenseldctezli fran Ithajgmub cirstting of Dhyaropan eﬁtbthazﬂ dhezak b:lySl[léZor[ l{raﬂchea hpwbﬁbsn

I I th | Fzi i d

i ot haPap Lty isReera rpueptitu Ly bl ebtior o1 Skikary by vk Sppvgrapd an grylsilyl
- nden%/ b hiCRRERIR ek BF e fﬁi&aﬂaxﬁ@témzﬁd Ix?ertqw&elhé{e% $tbrhs like i, B, AL O, S,
- propyl cycl obut yl ) met hyl ] - 4- phen -ind eg%/r Fzi rconi um di chl’ori de

Di met h19§ P} W‘!}'I%}’s‘[@te{ﬂl hq_logemsws bye Fopray I9nﬁeﬁuni1¢l]whﬂrplh@dyﬂ°entl
-i nden h 6 d s2 50/ Q7 230 PG 0]
5 e e RS2 8 R g g ) ey A e iy o
-1 ndheydwc]arbmmtg:ﬂysttem di chI ori de Di net hyl si I and| ylbis[2- [( 1 -ethylc yc
I ob utypnet hyl] - 4-(4-nethyl -phenyl)- 1 -indenyll-zirconi umdichloride.
D net hyl silandiylbis[2- [( 1 -propylcyc | ohexypnethyl]
- 4- (4- et hyl - phenyl) - Bm@wtﬁmmowmp FREDRAWINGS
D|rrethyI5|Iand|yI bi s[ opyl cyc ) .
| opent ypnetFiga} 1 M%ﬂtﬁﬁﬁlﬁmu‘iﬂ)ﬁé @lthe process demgrpjlucing fransisianumetali compornde

Di et ¢ bRk Ene EimourRl PR GVl RRePt YRSt hy L] - 4 (4. et hyl - pheny! )-

1 -indenyl] -"zirconiumd yIS|Iand|be|s[2 [( 1

- propyl cycl Elgoir‘-IySIa)mmaghaftbaccvmﬂ)hqubtaeWI1)1Comparanﬂeﬁymhpm20coni um
dichlorid I I 2+ < '

I Bgct §|”) meet]%%n? @%@?‘ﬁﬁlt] E g‘hﬂ?ﬁ“gérf%gai"%@gH%fr-%\érqlgom um di chl ori de

Di net hyl si | andi yl b| s[2- [( 1 -propylcyc

| obutyl ) met hy1] - 4- (4- net hyl - phenyl)- 1 -i ndenlyl Fzi rconi um di chl ori de

D met hyl si | andi yl bi s[2- [ ( 1—%1%%5@&3—

I I d
DOPan ?Eyl )Slneml ané@? fo&?ﬂ%?m bbj@&qg){&ﬁ%vg%b 'S‘ﬁgx ﬁa f f% égIMIIIS;S}I& d{g drde

i met hyleags eaegpecifically suhitinpad andzridged metallgrcerel @trlr:@eom easatajyssiak keastiopebi s[ 2-
[( 1 - h}&’é %ﬁ%(?elggga,ya?ﬁgth%%]mé}al(c m’péuﬁdd an'ar%ﬁytkexpa%?qufl componentdenyl]

zirconiu
According to the present invention, the catalyst system is prepared by mixing at least one

specifically substituted and bridged metallocene, at least one cocatalyst, at least one support and
if desired at least one metal compound and a further additive component.
The first embodiment of the mventlon relates to a substituted, bridged metallocene

component of the general Formula 1 below,
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Oi met hyl si I andi yl bi s[2- [( 1 -nethylcycloheptyl)nethyl]-4-(3 ,5 -di

et hyl - phe ny1)- 1 -indenyl] - zirconiumdichloride Dinethylsilandiylbis[2-
[ (1 -metwol2oyai7oasonypnet hyl ] -4- (3, 5-di net hyl - phenyl ) - PCTiusd@spiqi44
zirconiumdichloride D nethylsilandiylbis[2- [( 1 -nethylcyc

| ooctyl)methyl]-4-(3 ,5-d i methyl-phenyl)- 1 -indenyl] - zirconium
dichloride Dinethylsilandiylbis[2- [( 1

- et hyl cycl ohexyl ) met hy1] - 4- (3, 5-di net hyl - phenyl)- 1 -indenyl]- zirconium
dichloride Dinethylsilandiylbis[2- _4
[ (1- et hyl cycl opent ypnet hyl] - 4- (3, 5- dB
di chl oride D nethyl silandiyl bis[ 2-
[ (1-ethyl cycl oheptypnet hyl] - 4- ( 3R8-
di chl ori de D net hylsil andiyl bi s[ 2-
[ (1- et hyl cycl ononyl ) net hyl ]-4-(3,5-di
di chl ori de Di net hyl sil andi yl bi s[ 2-

[ (1-ethyl cycl ooctyl)methyl]-4-(3,5-di
di chl ori de D net hyl sil andi yl bi s[ 2-

[ (1-ethyl cycl obutypmnet hyl ] -4-(3, 5-di
di chl oride Di nethylsilandiylbis
[ (1- propyl cycl ohexypnet hyl ] - 4- (/3, 5-
di chl ori de Di met hylsi 1andiyl bi ]'2-
[ (1- propyl cycl opentyl ) net hyl-4-(3,5
di chl oride Di net hyl sil andiyl bi s| "
[ (1- propyl cycl ohept ypret hyl | - 4- ( 3, 5- di Bt hyl - pheny1) - 1-i ndenyl ] - zi rconi um
di chl ori de D net hyl sil andi yl bi s[ 2- F

[ (1- propyl cycl ononyQret hy1] - 4- (3, 5SYEMERWI - pheny1) - 1-i nder 1 y1] - zi r coni um
di chl ori de Di net hyl sil andi yl bi s[ 2- :

1- | cycl ooct t hyl ] -4- (3, 5-di pethyl - pheny1) - 1-i nd - Zi i
Eil( Chlpg)}%ﬁéé Ipiﬁgwg’?%é?fé %Mb(ﬁf(é{l Per%drircFTat;ie OP thgn err)lents, Ippefgrggly]zircgrllirug‘logrl um
[ (1- prREYusY Ghe N B%fdrétﬁy%e&i%'mt hyl - phenyl) - 1-i ndenyl1] - zirconi um

di chl oride D net hyl silandi yl bi s[ 2-
[ (1- propy! cBcanddk oy identeahpr flifferqre agd atiereatthy hydrhganatymian alkidrgrolp offrerooni um

Lt Propy o . Ak
S ol bt [TCU DA AR M efoun of fram f 49 Foqut 19 sy atpms, iy grou
zZir Conbﬁft[lnﬂ i6(1<:51 hlogut ?e cﬂbfﬁw{myﬂsi ant inyfhxyl glﬁt![)Lﬁa[(ﬁ‘-fyc)lm I6 to about }-O cirbpn gtoms, an

L eoriIRRE ERn BF PP TSSOy Csarbanistoe i erdup, § haloger stoms, o & MK

[ (1- megdomp, omiekORERS XPARYINFbp f fedmtirth ABSRIN Shbh AR Wt ah-atyli GG Welom 6

zi rconiumdi chl ori de WD 2010/ 077230PCT/ US2008/ 014144
to about 14 carbon atoms and R' and R* may form one or more ring system(s). Preferably, R

t hyl - pheny1) - 1-i ndenyl ] - zi rconi um

yT - phgmyl ) - 1-i ndenyl | - zi rconi um
enyl)-1-indenyl]- zirconium
- phenyl ) -1-indenyl]- zirconium

t hy MWI )-1 -indenyl]- zirconium
yl -ghenyl) -1-indenyl]- zirconium
R300

t hyl - pheny1l) - 1-i ndenyl ] - zirconi um

and R? are identical or different and are an alkyl group offrom 1 to about 10 carbon atoms, an
alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms or a halogen atom, or R' and R? together may form one or more ring system(s).
Particularly preferably, R' and R? are identical or different and are methyl, chlorine or phenolate.
R* and R* are identical or different and are each a hydrogen atom, a linear, cyclic or
branched hydrocarbon group, for example an alkyl group of from 1 to 20 carbon atoms, an
alkenyl group of from 2 to 20 carb'qn atoms, an aryl group of from 6 to 20 carbon atoms, an
arylalkyl group of from 7 to 40 carbon atoms, an alkylaryl group of from 8 to about 40 carbon
atoms, or an arylalkenyl group of from 8 fo about 40 carbon atoms or a substituted or
unsubstituted alkylsilyl group, an alkyl(aryl)silyl group or an arylsilyl group. The group may

contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may contain halogen

13



WD 2010/ 077230PCT/ US2008/ 014144

Di met hyI si | andi yl bi s[ 24(1- propyl cycl ooctyl ) et hyl ] - 4- (4- et hyl - pheny1) - 1-i nd
enyl Fzi.r csoi20mvidiashl ori de PCT/US2008/014144

D net hyl si | andi yl bi s[ 2-[ (1- propyl cycl obut ypnet hyl ] - 4- (4-et hyl - phenyl) -1-ind
enyl Fzi rconi um di chl ori de

Di met hyl si | andi yl bi s[2-[(1- propyl cycl opropyl ) met hyl ] - 4-(4-ethyl - phenyl)-1-i
ndenyl i - zi rconi um di chl ori de.

D net h 2] #3-di - V. -4-(te but yl phen
y1)-1- |¥ln en;f/}{éqj gl ?t gl[:] %%@g{bgpﬁl Xx]rdﬁ %réjfdgﬁ(t?cm 3 A’&f%%% gﬁ’d elre%ac(h lrly;d'rogen

Di et hytai,ladimdaty tynlis o2 bfanbhet h)yilrechr&m(grmmlforfexynh))mm}k)]l glouptaffionblity | pheny

1)-1-i 2|r oni um

Di et Wﬁ%‘% SAgP BlemSs i o ﬁnﬂﬂmpn@tfmzio aboyf bQ sarben glomtethiny gr&ﬂle PBrt - but
yl phenyiom 8 to ab@der%dfmrr £6Mk,HN eﬁ’ylﬁfklyD%ﬂodﬁ of from 7 to about 20 carbon atoms, a

D et hyl si I-andi yl bi s[ 2 22 -di netyhl-5-ethyl-1, 3-di oxan-5-yQret h I] 4-(te
rt - but WkyHEWyerqupef fr%éﬁ%b%??whpnmoms@:m emarml@lkenyl group of from 8 to about
qgg;g%lk)l%hﬂbg{?rg{:ogﬂr??t%[sﬁ ﬁ]ltgﬁbm{ﬁsugﬁﬁﬁt@@a&y%il}lrﬁsm h aﬂ(y (Elgfl)tsﬂa%rguﬂa& r}lyl) 1
Di met hyhydsilyhguiup) Biesfroviisanat byhalogestiad.- Butj@ivelyyrblerably, Rérahd BAtaré poany 1) - 1- i
ndenyl If]2| rconi um di chl oride D nethylsilandiylbis[2- [( 1 -methylcycl ohex-3
-en-1 - 8% I}‘lyl ]-4-(tert-butyl phenyl)-1 zirconiumdichloride

Di et hyl si [ andi yl bi s[2-[(1-ethyl cycl ohex-3-en-1-yl)methyl]-4-(tert-butyl phe
nyl)-1-indenyd]- zirconiumdichlorjde as well as the anal ogous

zi r coni undi Ret‘ﬁ?lbr‘éé'r‘?ﬁ(gm‘rﬂ’sw@ﬁﬁnﬁ t§c§ﬁ1eﬁﬁ‘?¢5ﬁ0ﬁhenol ates and

zi rconj uny bi sphenolates. Imstead of the preferred—pure chiratbri dged
racem ¢ or pseudoracem c netal |l ocene conmpounds of fornulas 1 and | &,
m xtures of the metallocenes,pf formulas 1,and Ia and he correspondi ng
nmeso of pseud nmeso net al | oc@nes may be us?d’ﬁ n the c#i '&st prepar ation.
Howevert, -t @iemration ofcthe i sorreu@aMh%Lpure ragempgg'fqymi s
especi al ly prgherred for thgsuse of netal |lgcenes in :ﬁg?rfgﬂl yneri zati on of
olefing to isotactic polyolefins, since the correspondi nmeso form may
produce undesired atactic pol ypropyl ene ("PP"). The WO '
2010/ Oy 7230PCT/ US2008/ 014144 "isomerically pure” racemc formis understood
to neah a rac: nmeso r@tlo ofgreater thaq 5:1 prefera Iy of at |east |10: 1,
more preferred of 3 | east 15:1 nﬁs? preferred? ? | east 20:
As used herein theieerm” racemJ:Mﬂ(_QLMWZaC ) in p_eudoracem c" (or
"pseudoprac"), and khp term "neso’ |J1ncllgges pseudomqsm

5\,40 ,_-"140 ,]?40 340 ,;\,40 B4o
—C—C—C— ' M2 Cc—-M"12—
I|?‘“' I'Q‘” ,'QM ,'Q41 lll‘“ }'-‘,41
' X
\ \ ' \
B—R®  A-R% —Ge—  —O0— —8s—
y Y Ge (0] S /SO
\ \ : \ \ \
SO N—R*0 P—R*0 P(O)R*° C=0
S0: y Y y (O) or )
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rac/ pseudoracem ¢ i soner neso/ pseudoneso i soner The present invention
al so i'ncludes-a process for producing the transition-netal conpounds of

" formul as woanoyd7z230f the invention. W) 2010/ 077230PCT/ B62033¢08h4444
(Formula la) in which the variables R and ML have the neani ng specified
above, including the preferred enbodi nents, conprising the steps of: a)
Deprotonation of the conpound of fornula 2: with a base, in which R300,
R4', R5', R6', RT, and R8' have the neaning specified above. e b) If RL
has t he neaningAn12R4oReti, where re ML2, R40, and R41 have the neani ngs
speci fied above, then the further production proceeds by the reaction of
t he depr ot owhered conpounds fron1step (a) with RAOR4I mL2X2 to formthe
conmpound of %or sl 4, dependin t he qua I V
proportions usé’gllq mﬁé?%whﬁgbeaﬂﬁgtheaﬁqa‘el\/ﬁ% %b ﬂ%‘nfﬁ?gﬂr ‘ﬂéjg é@@le 4t g3eh
above, a anpdtogernmympeCt-g, gaa@s@h aglaﬁaﬂdyegsouamdvmgmm Btd@ogScaabsintoms,
preferably chl orine, brom ne, I odi ne, anot her IeaV|n?tgroup

pr ef er @bPYy! gpP phitem 6 9abpyi49, Cabtronr?é%'?%étﬂémroalkyl group of from I to about 10

carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6
to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an arylalkyl
group of from 7 to about 40 carbon atoms, an alkylaryl group of frdm 7 to about 40 carbon
atoms, a substituted or unsubstituted alkylsilyl, alkyl(aryl)silyl or arylsilyl group, or an
arylalkenyl group of from 8 to about 40 carbon atoms. R** and R*' together with the atoms
connecting them can form one or more cyclic systems or R* and/or R*! can contain additional
hetero atoms (i.e., non-carbon atoms) like Si, B, Al, O, S, N or P or halogen atoms like Cl or Br,

X is an integer from 1 to 18,

M'? is silicon, germanium or tin, and

R' may also link two units of the formula 1 to one another.

Preferably, R'® is RPR*'Si=, R¥R*'Ge=, R®R*'C= or -(RR*'C-CRPR*')-, where R*’
and R*! are identical or different and are each a hydrogen atom, a hydrocarbon group of from 1
to about 30 carbon atoms, in particular an alkyl group of from 1 to about 10 carbon atoms, an
aryl group of from 6 to about 40 carbon atoms, an arylalkyl group of frbm 7 to about 14 carbon
atoms, an alkylaryl group of from 7 to about 14 carbon atoms or a substituted or unsubstituted
alkylsilyl group, an alkyl(aryl)silyl or an arylsilyl group.

Particularly preferably, the bridging unit R'° is R*R*!Si= or R“*R*'Ge=, where R* and
R*! are identical or different and are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, naphthyl,
benzyl, trimethylsilyl or 3,3,3-trifluoropropyl.

R'"and R'" are identical or different and are each a divalent G-Cyg group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring
size of from 5 to 7 atoms, where R!! and R'" may contain the heteroatoms Si, Ge, N, P, O or S
within the ring system fused onto the cyclopentadienyl ring. Preferably, the groups R'' and R'"

are identical ordifferent and are each a divalent group selected from those given in Formulae 1
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(Formula 3)(Formula 4) c) After the production of chlorosilane indenes or
chl or oger mane i ndenes of fornula 3, these are reacted with a netal -i ndene
conpound wb 2bovarzdsa 5 0 S. (Formula 5) in which M standecrars2daos,idag or K,
and R3, R4, R5, R6, R7, and R8 have the neani ngs specified above, to obtain
t he conpound of fornula 6. WD 2010/ 077230PCT/ US2008/ 014144 (Formula 6) d)
Reacti on of the conpound of forrmula 4 or 6 with a base and addition of M
Cl4, in which M stands for zirconium titanium or hafnium to formthe

conpou f n_step.(a).th foraul a2, for
exanpl @dyg{ ( 1“’9%@%%‘& g?/%rfucl)%ee%(?/é bt ﬁyﬁ% ’-%Zd v( ’zf?fpé*??%ﬁq}%-ag e&%‘%l) - fﬁﬂi ndene
i n an [“Herib Feohulentand Bbimidae bnsisirel b’ -ovierespectively, denoteathé chemicallboptiat i ¢
hydr ocar.bonsiiand/ qr- .one or, nore .polar, rotic solyvents, is deprotonated
ot o Re Ry R o i cdvianmian B Bley Hr hisGfonsialBseuEestn Bn | <
carri edormila & arddePEE adpidseite@by FOfmiia 190 thenaRWstRIcafr8 ARh Yn Pérniula BD(see The

resulting nmetal salt is then reacted directly, w thout further isolation,

in st epelpw) isbiained. Bartipwlarly pesirablidR o end By naisiidenticag sifferentirad REois@ai ns t wo

| eavi ng;. 9 t r j1OF 0 f [ K r the
compounyle it #our HCBHARE!Pobin B QANE RIOR: Rlecl AR IRUPe Rero BTy Fomi L
pr opor 1i&'of’s anOprpdihaisd R droiduntieal 3r diféerereand ek divalaitepoups hcsurding 2

nmet al - Lnden coppqund. of formula 5. 1n the follow step, (d),,..the

bi s(i ng%Wﬁl%/L‘? ?‘bdggas °5$ Of’wﬂﬂﬁf’ énﬁ?groré; oé'ir‘@gdl(’!d’ﬂfi)}yd‘ér rmf?altae‘ﬁkdvﬁsjt; Afa strong
base, Bowtul@iso Bkt Yt bi Edthiuma 1V ahdainv’l RGpdctisellyvent , whi ch consists of one or
nore aromatic or aliphatic hydrocarbons and/or one or nore polar, aprotic
solvents, and the bislithiumsalt formed in this way is reacted, wthout
isolation, directly with a ggurce of Ti, Zr, orghf to obtain the conpound
of fornula la. The deprotqpation is carried o at tenperatures of-70Cto -
80C, and preferably 0C 6 ROC. pendi ng on-t nature of the ligand system
of formula 4 or 6, the net enes can be iso & either directly from
the reaction mxture w ac: meso rati os orygseudo-rac: nmeso ratios of
greater than 5:1 preferabl yy,of at |east 10:1, e preferred of at | east
15:1 and nost WO 2010/077£§0PCT/U82008/014144 referred of at l|least 20:1
or further rac:meso sgpRuftion steps haveotgulas@pp! i ed to reach rac: nmeso
rati os or pseudo-rac: neso gatios of at least 5.1 preferably of at |east
10: 1, nore preferred of aR”least 15:1 and nné?spreferred of at least 20:1
to obtain a suitable al yst. In E 1, the individual steps of the
process of the inventio Reproduci ng tran§'tiﬁm-netal conpounds of
fornulas |la are shown_opCe again for the exanhple of a preferred enbodi nent.
In addition, the presén? invention rel ates R0 a catal yst system conpri sing
~at | east one compound. of forjrulas 1 or |4 and q ,| east one cocatal yst.

A suitable cocatalyst‘%@Hko ent which ma OHE“BT sent according to the
present invention in the catal yst system conprises at |east one conmpound of
the type of an alum noxgne, a Lewis acid or an ionic conmpound which reacts
with a netall ocene to nvert the latter i

0 a cationic conpound.
Al um noxanes are ol i gopericgdr polymeric allum nge oxy conpounds, which nmay
exi st in the form of

, cyclic, cag ol ymeric structures.
-Al'though the exact structure(s) of alum noxangs is still unknown, it is
wel | accepted that al j7noxanes havey meral formula 7. (R A-0)p
(Formula 7). Exanp] es tor cyclic, linear or cage structures of
al um noxanes are depicﬂﬁﬁ inthe fornulas & 9 and 10:

Formula ly Formula 1y’
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p+2 (Formula 8) WO 2010/ 077230PCT/ US2008/ 014144 /IRI1 Ii Rl o-d.AIl -0
Al -RA10411'. (Fornmula 10) The radicals Rin the formulas (7), (8), (9)
and (10) wenot7rdenti cal or different and are each a CpCT@®20ognoups such as
an al kyl group of from1l to about 6 carbon atons, an aryl group of from®6
to about 18 carbon atons, benzyl or hydrogen and p is an integer from2 to
50, preferably from10 to 35. Peferably, the radicals R are identical
and are nethyl, isobutyl, n-butyl, phenyl or benzyl, particularly
preferably methyl. . 5 gd5 the radicals %{s-arﬁsfdi fferent, they are
preferably methyl andR o] , methyl and N sobutyl or methyl and n-butyl,
wi t h hydrogen, isobuty -butyl prefera ng present in a proportion
of fromO0.01 to 40% (nunbelr ﬁgsradi cals R). R?%he al um noxane can be
prepared in various S szwn nmet hods.._One Rt,he met hods conpri ses the
reaction of an al um nufixpydrBCar bon conpourttkan a

hydri doal um num hydr ogeg conmpound w t t'RF, which nmay be gaseous,
solid, liquid or WD 2010/ 077230PCT/ US2008/ 014144 bound as water of
~crystallization, in aforina@l 18 sol vent suclFamulzolstene. To prepare an

al um noxane having different alkyl groups R two different

trial kyl alum nunms (Al R3 +A1R13) corresponding to the desired conposition
and reactivity are reg&tqghswith water, cfrs S .gpasynkiew cz, Polyhedron 9
(1990) 429 and EP-A-O . : Regar d\ ¢ss BT the nethod of
preparation, all alumx e sol utions have-trngcommon a vari abl e content of
unreacted alum num startin ound which is p\ esgnt in free formor as an
adduct .

Formula 1v Formula 1v’

R’ R% R’, R®, and R’ and also R*, R%, R”, R® and R” as well as R®, R®, R”, R® and
R” apd also R*® ’, R, R7", R® and R* are identical or different and are each a hydrogen' atom,
a linear, cyclic or branched hydrocarbon group, for example an alkyl group of from 2 to about 20
carbon atoms, an alkenyl group of from 2 to about 20 carbon atoms, an aryl group of from 6 to
about 40 carbon atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl
group of from 7 to about 40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon
atoms or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group or an arylsilyl
group. Two édjacent radicals R®, R® or R® Y, R® or R®, R’ or RG’, R” or R”, R®or RT, R¥ or Rs, R’

g g , , , , , ,
or R, R’ as well as R55, R® or R%® , R% or R66, R’ or R%¢ R R or R77, R® orR”’ s R%® or R88,
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Furthernore, instead of the al um noxane conpounds of the formulas 7, 8, 9
~or 10, it is also possible to use nodified al umi noxanes in which the

hydr ocar bwo 20sdi7ezbs or hydrogen atonms have been part | yPcepisa@sdidy4 al koxy,
aryl oxy, siloxy or am de radicals. The amounts of al um noxane and

nmet al | ocene used in the preparation of the supported catal yst system can be
varied wwthin a w de range. However, it has been found to be advant ageous
to use the netall ocene conmpound of formulas 1 or |a and the al um noxane
COMPOURYSr IRY” SRETnRATHAUsS ndal) Frnd £ Sat@hRAIGF uhithirRie@Thy@lodMibBH Bk sA%erh Mehe

al um noxane conpounds to thé transition netal fronthe netalTocene conpound
i S i n BMBPY HAYECHRin PN Or morrhet@otoms likedticBahl, P, Sy drdDand { or BO0cchtaind i n
partic i e fyom30:1 to 400:1. In the case of

met hylgql%nnaﬁl{é%@fer%@foerr%hce is given to using 30% strength tol uene

sol utions, Preferstiy RISRBFRT Y and R gink atsol RIF | RIS RS, R¥ sand RIS skdéaeh aAs Lewi s

acid, preference is_given,tqQ usigg conpounds of the fogrnmula 11 nPXi x2x3
(Fornuleél(?‘ig_fP W{EF‘%‘?M%sﬂgh{ ép #Eﬁ’f‘é:%lﬁo&rogp’ R3 Bt al{“I]% Péer‘fi_ﬁ‘alcél 9fabl e of
El emendisferenfamtPdrt e&dH AhydBogel atéth, LFubsttul & aRdubstittre@alisilykbr arfiilgnd X3 are
the same or different and each are a hydrogen atom an "al Kyl giroup of from

1 to ayeup vlmeancydis atbsanshedalkzrgyoupefdigm dfto fbaunl @ carbonlbtams, aBarcatybon

at ons, I I r C ving from 1l to 10
car borE BB L AOH e Abkog o iPiithe BloupEh R in B P Fortionos

r adi calikeo8i, Bl AbrQ,13eN atit, and her, miyy comtais halogeroatome likPFeCor B Tax anpl es f or

Tnsat st isls RS aBodPTR gaviBina A Ayirorban Fiie e PhR, 1d Kahin]

gr oupsidetidalior iEBRAYANd ate 2adh f duUBSHtARA %FMﬁsub@tﬂUkﬁ%Wl% m 6 to about 40
pent af | uor ophenyl, 3,4,5-trifluorophenyl WD 2010/°077230PCT/ US2008/ 014144
and 3, BURANatPME| uor onet hyl ) phenyl . Preferred Lewis acids are

trimet hy! al peigiidfyy prlohdrAdIy] o e empst %ﬁa RO B UMt Igivfglyabumm num
trifluoroborane, triphenyfboranég, tris(4-1luorophenyl)bdrane, tTis(3,5-
di f | uoarepheiry hydrogearstomnd B, &% R{ & ant RAyhdhisn R ) ROy RAR® and R® are

tri o CBrYRRbB MBS RER ekt RFoarh RO ) Betefiaic bF phehed ST Sroup of
di f | uofrerahan by RA0AAHLAMMAY, of A sry( Sofp B frbifd BALERNBNVADICKGRE THRRWSI cul ar -

preference is given to tris(pentarl uorophenyl)borane. As ioponic

cocat atdjasent radicals éi? elﬁég@ldi %S(tﬁﬁé%? fogethiel May EsmpoliRgysiem ehR ol Ry #rca

non-c [

ot apnonpor AeRALAR S E LA bR LR BTGl ATRRARCR BiFaboui ), o,
Lewi s cachah abpmBr oenst edt aci d cati on. As Broensted acids, particular
pref erence }Qﬁo giaven to protonated am ne or aniline derivatives such as

met hyl ammoni uny” “ani | i ni um di met hyl ammoni um  di et hyl ammoni um

Nmet hyl ani I i ni um di phenyl ammoni um N, N-di net hyl ani | i-ni um

trimethyl anmoni um triethyl apmoni um tri-n-butyl ammoni um

nmet hyl di phenyl anmoni um pyR@Oﬂi um p-bronmoN, N-di net hyl ani |i ni um or
p-nitro-N, N-di net hyl ani i nff¥m N, N-di met hyl benzyl ammoni um

N, N- di et hyl cycl ohexyl ammopi um Suitable Lewi s-acid cations are cations of

the formula 12 [(Ya+)Q 1 Ao Q] d+(Fornmula 12) where Y is an el enent of
Goups 1 to 16 of .the Peri T le of the Elements, QL to Qz are singly
negativelymréﬂgzﬁup's uch as I - C28-al kyl, C6-Cl5-aryl, alkylaryl,
aryl al kyl, hal oal kyl", hal ogryl each png from6 to 20 carbon atons in the

aryl radical and from1l to car g *at'éns in the al kyl radical, cycloalkyl
groups of from3 to about 10 C on atons, which may in turn bear alkyl

groups of from1 to about 10 carbon atonms as substitutents, hal ogen, al koxy
groups of from1 to 28 carbon atons, aryl oxy groups of from6 to 15 carbon

at ons, greup, Wheor Rifbiscaliriept, cyelougrarammhid hpdrocambaggoup,rforexantple an alkylagroupt eger
fromO 5.and d rrespopnds to the difference.a-z, b d is |arger than
or equll g 118 Sod 8 GAGRR 3 Rt Bt Ao o atout 20 citbort atofs o aryl

group of from 6 to about 20 carbon atoms, an afylalkyl group of from 7 to about 40 carbon
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Particulary suitable cations are carbonium cations such as

tri phenyl car beni um oxoni um cations, sul fonium cations such as

t et r ahydrwOhoopiiezsoum phosphoni um cations such as tri erhylysh@spinani um

tri phenyl phosphoni um and di phenyl phosphonium and al so cationic transition
metal conpl exes such as the silver cation and the 1,1'-dinethylferroceni um
cation. Preferred ionic conpounds which can be used according to the
present invention include: triethylammoniuntetra(phenyl)borate,

£ 1 i DUt Y ARTHYITAS] g@@gbpﬂﬁn)mra%@p 400 Lo BB AR TR bRy R bR Y HaRY @t e,

tributyl amoni unt étta
t ri but (i apeniot @nltcmtatq(lpemaacfokw grm{pmélﬁly)h) by altoat 20 carbon atoms, an aryloxy group

: : : g;’g%t; gn :énr}bn ?ggrﬂ% 2{) Igé gff @E)H?;{)Jrge}r] olﬁ)ﬁhen Oétug§urgsp tu%e% alkylsx]yl group, an

tribut gdkyil(myl()snlylh pto@p ba ki aﬂyishlypg@uptdmyllthwas) 1@y adtain one or more hetero atoms

t 'bt tra(4-fl henyl ).bo
Nr :\p gl ,'Qgﬁ,ﬁ \ %ré)wﬁ%uf {rorﬁg@? ﬁ%&%g Pﬁ'@ﬂ?ra‘?tP%ﬂllS?Jﬁeﬁwl)%for at e,

N, N-di met hYﬂ’IJ@%?ZBI} Rgﬁpﬂ'aqgﬁeﬁhéﬁké @%PB&%H&W%P&MO}&%@} for example an

N, N- di et hyl ani | i ni unt et ra( phenyl”) borat e,
N, N- di @kﬂﬁrm ofi frang I}rlt@ab(a{t [bﬂ earpbih btonsst & alkenyl group of from 2 to about 10 carbon

A T 4 D SRR o o
di (pr Oﬁyéakmums;maﬂkﬂkysgrp&plbﬁfrbmow tofbeiryd0) daesoatoms, or an arylalkenyl group

di (cyc ex et r aki st (pent af | uor gphenyl ) bor a
triph e?f;h géé ngﬂt ghlcgr}bpla&pgtsp%ﬂg%}b@pap g gom I'to about 10 carbon atoms, an

t ri et hylyRROSRIPIFILES tPdtost W@d?%r) Qc@fn@tcﬁ’a substituted or unsubstituted alkylsilyl
di phenyl phosphoni unt et r aki s(phenyl )b or at

tri ( megmyp ﬂﬁ@ﬁwl@mdﬂmﬁmmm@tamllall:sl(gywmaynq thergneups may contain one or more

: : : |(oﬁleny carﬂg%ﬁl rﬁ pl? ?be%g’ Fﬁ%}r%(lﬁ%?pﬁ%ggal?égﬂ atoms like F, Clor Br.

tri phenyl caﬁ’dnecularrpra’erahly Ri(eistad 4 lingapjdyeliy by ratictied dydrocarbon group, for

triphe b m t t
For | ocBTI 1 ke s L Bt AghBB Als. shapbpunes fom btz

- PCT/ L&Z&Q&t&ﬁ%ﬁwmkyp@s@ sftr6thr7ak Ias&lnez@tcafdo%mmﬂ%wh(% BA\BLSE-from
Preference is_given to triphenyl carbeni untetr aki sé ent af [ uor ophenyl )

bor at e/ to\abrat @%%W@mwe%woammmﬁfm ém gl(q.véh sdtbowatoptsemyarylsayat e or
N, Ndi | f I
! g?jgh'%’l)pﬁ&ﬁ% t@MR'IB% Ay Fdngs](o Rtﬂ{h@% Xdﬁ% b oefrllltlore hetgr(! gto}n§ al so

possibfe to use m xtures ‘o oW ne
cat i onlieo¥inBngl, € Spdiomds and  efreay eohtain halugcmsatomsrpke BEeChérBd noxanes and an

comonent & 40 e RalEF g GOT s pe e By iae ben Efp s or xample

7, 8- di sredl byl \wielgCeriFanan éd dbut 4 carbon atoms,
undecahydrlltgjq,]z? 8-di net hy1- 7, 8- di car baundecabor ane,

godeﬁ ahydr i Ro- i ajwdiogarben graypodnelaisdwidiog araona-eyclipting M)lﬁilrfh@ﬁroarhm
bi o t 1ot 0 Brdtholi s et & BRSRRABP LA dpur o AR A0S AR bromys,

bi s(t re_u(SbIbSt;tht)edmmguhst')tukedl elkabylrgadwp of from 3 to about 20 carbon atoms, and the groups
bi s(t rrlngyp gng&'ﬁ?\ neor rlngx[p hetero % oI Rk e%ﬁ?lg,ol&l?b?s, N or P, and / or may contain halogen

atoms like F, Cl or Br.

Preferably R302 is a hydrocarbon group which is building a mono-cyclic ring with the B-
carbon atom, for example a substituted or unsubstituted alky! group of from 2 to about 10 carbon
atoms, and the groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or

may contain halogen atoms like F, Cl or Br.
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tri(butyl)ammoni um | -carbadecabor at e,

tri (but yl ) ammoni um | - car badodecabor at e,

tri (butylwearmowizesel -tri net hyl si | y1 1- car badecabor at e, PCT/US2008/014144

tri (buyl ) anmoni unbi s( nonahydri do-1, 3-di car banonaborato)cobaltate(l!11),
tri(butyl)ammoni um bi s(undecahydri do-7, 8-di car baundecaborato)ferrate(lll).
The anobunt of Lewi s acids or ionic corrpounds havi ng Lew s-acid or
Broensted-acid cations is preferably fromO 1 to 20 equivalents, preferably

from 1 tO 1Parﬁ%r‘lr'£+x%@r§bl ?@g %apl%id%bec‘tr% % 1§Wm§§%§? 10 rﬂtrgmjl as

1 or nati o east o eW| S ba
corrpouwuth theef B-tdrbort ypm, Rrkxi@ple ibubﬁlﬂ;&&qumbR&ataﬂ/B(ky@gMﬁﬁM fpm 3 focabisud a

2 %SCI’I bed in Patent Application WO 99/40129, are |ikew se i rrportant
as cocArt¥PYRROTyandhe SToNps MY cPRIgAre oRMPrehricTRAROMS ke Bie Bs Alrd.ch N

di f f er prdndaRe nfag raaaaar}tal@gbhwrma& B BR witlhe BV QARAFOPCHaeABR/ 014144

hal ogen atom a - on-cont ai ni ng group, especially an alkyl group of
f r om 1than 6£8dban apmscar bon at ons, hal oal kyI of from1l to about 20 car bon

atons, al kogy, r 105 yl about
20 carbon g%omgy bibﬁ%ﬁgﬁ&tﬁggr om%ﬂf%dg 50 ?élg bu? on: Erée {len AR xy of

f r om 6R{%) aiis us a BYdrogerbmomad hinaar, aclit at lkry(hcmﬂ hfydmmtrboh groatbmmcmaagz ae bon

at ons, %al oary &{v) of from7 to abﬁut 40 c bosrf] l%’n&;rs al kyl aryI of from
7 to aB0genaiEd Aad/Bomay LHMRIN o of Flogehetsiogtoms lie Siy G & NisB&s 1910 car bon
at ons. eﬁlﬂpl@ﬁyalﬁifl%?o BPorn @b BBt 201caMBn atomsMi &iRylal@n ko8 OtRSmaT e t he
same or different and have the same neani ng as fe? 1?43 is the sane or

di f f er ghput Aeprberprtemeransliraw] éwnpfﬁpmrﬁaiorﬁbgwcﬂﬂﬁamqn a&éms.lps aper i odi ¢ tabl e
of el eﬁﬁﬂtaéﬂ alkena/l groﬁggz‘)ﬁo@ x FB{‘Rﬁcathnl o g}tﬂg OQ’ESOQh%}.]R 1sort10t%¥clﬂnd o+

j +visn e coca accor ormul a
13 ar eonclnramnhad\dsapésmm mul as (A) and (B) R18 R B 0-Al-0- /B\ R17R17"

poci {1 od ABIEDY T iy Egm%‘"éérﬁ%%%ﬁt%%@”@tg S Lo Do
:: ggar dmgma?l fprle’f"b le R i Endah @5€lid O BTRRLHhBY hychscarrsac%ﬂoa{a oPfrol1 dotdsht 2ne
npound. o ornulas (Q and/ or (D) _and/or (E) wt | east one conpound
of f or $Aiben gtems, for example an alkyl group of from 1 to 2 carbon atoms, an alkylaryl group of
' _ from 7 to about 20 carbon atoms, an alkylalkenyl group of from 3 to about 20 carbon atoms or an
alkylarylalkenyl group of from 9 to about 20 carbon atoms with the proviso that R?is not cyclic
or br_anched in a-position. |
More preferably, R* and R*®are identical or R® is a methyl group or a linear, cyclic or
branched hydrocarbon group of from 7 to about 10 carbon atoms which may be halogenated, an
alkylaryl group of from 7 to about 10 carbon atoms or an alkylalkenyl group of from 7 to about
10 carbon atoms with the provise that R? is not cyclic or branched in o-position.
Particularly preferably, R? and R are identical with the proviso that R® and R*® contain
more than 6 carbon atoms.
Preferable, either of R® and R3°°,.or both are not cyclic or, in the alternative, ate not
branced in the a-carbon position. '
Preferably, the specifically substituted, bridged metallocene component of the first

embodiment of the invention is as given in Formula 1a below.
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Rf | 7B- (DR27) g(C) R217B-D-BRI72(D) WD 2010/ 077230PCT/ US2008/ 014144 R17 0 0
0 BRL7 (E) RI8 RI8 RIS
WO 2010/077230 PCT/US2008/014144

Formula la

M', R', Rz, R3, R4, R4', R'? and R*® have the meaning set forth above with respect to Formula 1.

For the substituents R>, R®, R” and R® and also R’ ’, R(”, R” and R?* of Formula la, there
are two equitable substitution patterns. ”

In the first substitution pattern, R?, R® R’ and R® and also R’ R®,R” andR? are
identical or different and are each a hydrogen atom, a linear, cyclic or branched hydrocarbon
group, for example an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of from
2 to about 20 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, an arylalkyl group
of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, or an
arylalkenyl group of from 8 to about 40 carbon atoms or a substituted or unsubstituted alkylsilyl
group, an alkyl(aryl)silyl group or an arylsilyl group. The groups may contain one or more hetero
atoms like Si, B, Al, O, S, N or P, and / or may contain halogen atoms like F, Cl or Br, and / or
two adjacent radicals R’ Ré or R6, R’ or R’, R® and also RS’, R® or R6’, R” or RT, R% in each

- case may form a hydrocarbon ring system.

Preferably, R, R®, R7 and R® and also RS’, R6', R” and R® are identical or different and
are each a hydrogen atom, a substituted or unsubstituted alkylsilyl or arylsilyl group, a linear,
cyclic or branched alkyl group of from 1 to about 10 carbon atoms, or an aryl group of from 6 to
about 40 carbon atoms, which may contain one or more hetero atomslike Si, B, Al, O, S, N or P,
and / or may contain halogen atoms like F, Cl or Br, and / or the two adjacent radicals R, R® and

also R*, R® may form a saturated or unsaturated hydrocarbon ring system.
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-h (F) in which R27may be a hydrogen atom or a boron-free Cl-C40

car bon-cont ai ni ng group,, such as an alkyl of from1 to about 20 carbon
at ons, arwb 20fo/f7r3m 6 to about 20 carbon atons, aryl al kycTafS26080m1741t 0
about 40 carbon atons, and al kylaryl of from7 to about 40 carbon atons,
and in which Rl7, R18 have the sanme neaning as specified above, Dis an

el ement of main G oup VI of the periodic table of elenents or an NR61
group, where R61 is a hydrogen atom or a Cl-C20 hydrocarbon group, such as
al kyl of fream; SCR6 5y L6 0k 7T ’ 20
car bon-at ongruguir ARSI, i KR Bl 8 kPR BhARE el Reat b P o
t o 3 wiigerenf andpre eachesipalnopentatorh bea lia¢angyyliobr Banched allnd groupsofdronhble

nunber fr 1 10 .10. he bi allic co unds of fornuyla,l3 are

poss; bF LD i pr 20 GERGHITIE bl RBMBU A CBR Stog A A0R S rog

[ MAR19adjkceni radiohis RO, RAaridalsd R 8| FEMRREthef mapfdim@ @uRated of linsafiratkd kingf the
periodic table of the elenents, R19 is the sane or different and represents
a hydr ®§¥fM-atom a hal ogen atom a Cl-C40 carbon-contai ning group, an al kyl
group of fr . 6ah OIS, ¥l Rar sof ..t ut 6 to
about 40 ca@l%%setg?%@n%@ggty éprépﬁﬁ%’o ’ r’g%aya? 1osaa 6t}}t a%@{ V%eﬁ&e%mﬁt&)

2010/ 0Fifee0PaN dwSeahsy iytiddges atem rolneat, opslic @artdamhkd hpdrgtarbdn groopnfér t o about

e N

pr ef er abtarboreatdmalanlagyt gowdrd ftom 6o Whdig RO Wirbsh afvess, Avhryldlkighdtp JTE@AeSI UM
and/ or al un‘iiwm especi al Ly al um num _Exanpl es of preferred organonetallic

conmpoulfddo4darhamatomsy, ag allvdary lasow piroim e Apout AP setkpn afouis PLAA
trii sopkamehdl 45H S frorh 81 th a8 20 WHIHAH Tontd drAGLBLtRldTHP H{@urbﬁtli’]tldted ag(ly}%lgfhyl

tri-n-batylalum num tri-npropylalumnum triisoprene alu m I
al uni ngevpEnebil@enigdy! stbumeramarisitdgroup. iTev, adgticestabdicyls RYIRmirRInR® as

nonoch] or i dge’ + @ um num sesquik chl qride, .ethyl al um num

sesquil(’:V 1%??d’el?ﬁéwnm@dym&%ﬁr%asﬁum%'h{g? iaalé'flroé:f“ﬂ’%nﬁéﬁlswﬁ?li ﬁfée ERPSTRY opy !

al um neomtdiy dié etlemordihe®tdytonBIlikeiSABYAlL OSiNBE Bj 4rdvidl @)ay cdhtaki haldgen

al um nun(trjethyl siloxide). . phenylal an, pentafl uorophenylal an, and

o-t ol yfg aﬁf!ée k_ &lor Blfhé %992%3 %t‘?"é\}@?‘éﬁd&? eremfeand Aleesfch afubsitiied A5 an

or ganopRRuBR¢E MU%&QHBPHBHM b6 AR oHE They Hlay R éhelod mé@s the
cocatal ytically active chem cal conpound. Conpounds of fornula 13 in which

MB st ah@ierofatmsikedt, BrALOu & NumPaprd peranast ¢anthin idlegeroatpms Hls Fi Gher Bront ai n
units of f 6 MRy 0L S eNLHAS, 7 . i clic,.or
cage-like o r?%ég%é}%si PE\A%&‘}{ é{rﬁ%irag&)c%e’r%n{ g%%dg%négglt%a lﬁ%%% ag%ér? mu?ﬁc{ls? of
f or mul bydt@gemayonalassmbstinted di mesubstittitet mtkysilybor diylgihdrgragiyhilinedr] oyedicafong

e T TN I LI E RN T PR WA

Al -0 cdéborfator, whiEhl@@y (:dc)lﬁﬁi_li"ilﬂn@ ot Mord BB Qitoms like Si, B, Al, O, S, N or P, and / or
may contain halogen atoms like F, CI or Br. R’and R® are identical or different and are each a
substituted or unsubstituted aryl group of from 6 to about 40 carbon atoms.

Particularly preferably, R®, R’ and R8 and also R®, R” and R¥ are identical or different

and are each a hydrogen atom or a linear, cyclic or branched alkyl group of from 1 to about 10
carbon atorﬁs, or an aryl group of from 6 to about 10 carbon atoms. R® and R® are identical or
different and are each naphthyl, 4-(C,-C,¢-alkyl)pheny! or 4-(Cs-Cyo-aryl)phenyl such as 4-
methyl-phenyl, 4-biphenyl, 4-ethyl-phenyl, 4-n-propyl-phenyl, 4-iéopropyl-phenyl, 4-tert-butyl-
phenyl, 4-sec-butyl-phenyl, 4-cyclohexyl-phenyl, 4-trimethylsilyl-phenyl, 4-adamantyl-phenyl,
4-(C,-Cjo-fluoroalkyl)-phenyl, 3-(C,-C,o-alkyl)-phenyl, 3-(C,-Co-fluoroalkyl)-phenyl, 3-(C6-
Cyo-aryl)phenyl like 3-biphenyl, 3,5-di-(C,-C¢-alkyl)-phenyl such as 3,5-dirﬁethyl-phenyl, 3,5-
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RR?1B-0-A -0-BAmRRI100 "100 R (formula 16) in which Rl and R20
have the sane meani ng as the substituents RL7 and R18 in fornula 13.

Exanpl es wb 20tw7eseat al ytically active conmpounds of for rolras2d8/oands 16 are
FF H3C- Al- 0- B- 0- Al - CH3 CH3CH3 Al-0-B-0-Al /\ H3C\ FF /-CLI3
Al-0-B-0-Al H3CG/\-CH3 ‘

di-(C,-Co-fluroalkyl)-phenyl, such as 3,5-di(trifluoromethyl)-phenyl or 3,5-(C¢-Cyo-aryl)phenyl
like 3,5-terphenyl.
‘Non-limiting examples for the particularly preferred metallocene compounds according

to Formula 1 and 1a are given below:

Dimethylsilandiylbis[2-[(1 -methylcyclohexyl)methyl] -4-(tert-butylphenyl)- 1-indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-methylcyclopentyl)methyl]-4-(tert-butylphenyl)-1 -indenyl]-
zirconium dichloride '
Dimethylsilandiylbis[2-[(1-methylcycloheptyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-
zirconium dichloride '

Dimethylsilandiylbis[2-[(1-methylcyclononyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium

dichloride
Dimethylsilandiylbis[2-[(1-methylcyclooctyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclohexyl)methyl]-4-(tert-butylphenyl)- 1 -indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclopentyl)methyl]-4-(tert-butylphenyl)- 1-indenyl]-zirconium
dichloride '
Dimethylsilandiylbis[2-[(1-ethylcycloheptyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclononyl)methyl] -4-(teft-butylphenyl)- 1-indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclooctyl)methyi] -4-(tert—buty1phényl)- 1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclobutyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcyclohexyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride

Dimethylsilandiylbi§[2-[( 1 -propylcyclopentyl)methyl]-4-(tert-butyl phenyl)-1-indenyl]-zirconium
dichloride
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WO 2010/ 077230PCT/ US2008/ 014144 The conpounds naned in EP-A-924, 223, DE
196 22 207.9, EP-A-601, 830, EP-A-824,112, EP-A-824,113, WO 99/ 06, 414,

EP- A- 811,w02010M2736/ 11, 775, DE 196 06 167.9 and DE 198 ®¢TARR00sAMIBE used
as additional cocatalysts, which may be present in unsupported or supported
“form The amount of cocatal ysts of fornmula 13 and/or 15 and/or 16
used in the catal yst of the present invention can vary from0.1 to 500
equi val ents, preferably from1 to 300 equivalents, nost preferably from5
to 150 h héﬁt t f the
For mul R B P (P P PR R RO
furthedwbbﬂﬂ¢|se as additional conponent, a netal conpound of the fornula

oot o Difrghy A CBIB Qe iy ARl o RES Mo B B ingBin Bl Briury "

2010/ OdicBBERECT/ US2008/ 014144 R22is . a hydrogen atom al kyl of fron11 to

about aryl of from®6 to _about 15 carbon atons,

al ky! aﬂ\y‘FCt ylsi %"QIYE‘PIE@H(%a@ﬁylr?éielioﬂﬁnbws%‘/lﬂ -4 Gert-butytphsayl) Atlaﬁi@ynrmcn@um kyl
part apghforigen 6 to 20 carbon atons in the aryl part, R' and R24are each a
hydr ogen atom hal ogen atom alkyl of from1 to about 10 carbon atons,
Cb- c:15Dan9thylélianﬂryébw[a?{()hproaykcdclab@tut)mrsmyaak-ﬁmbaWMnylml -indenylJemisconium
aryl al k¥hiofhe @l koxy each having from1 to 10 carbon atonms in the alkyl part
and frome to 20 carbon atons in the aryl radical, r is an integer from1l:
to 3 aﬁmnahﬂnumﬂudmqzqnbpg@y&yéhpnmgbﬂ@ﬂﬁuAM@ethwhﬁeﬁuynnmﬁmyucorrESpondS
to the val ency. of N6, where this conponent is not identical wth the above
nentioﬁgﬁnﬁﬁ%g?gpy f compounds. It is also possible to use mixtures of
various netal compounds of the fornula 17. Anong the netal conpounds
of the fornula 17 preference is given to those in which M6 is |lithium
nagnes PimstBylsitand vl bislarGhmety e yglohe rgimeth]-4 4 tmaphthyl)- 1 dfdénylmincopiwmbout 10
car bon F ﬂﬁ Particularly preferred netal conpounds of the forrmula 17 are
n-butyﬂ Ithrum n-butyl-noctyl-magnesi um n-butyl-n-heptyl magnesi um

t ri - n- Pansthgkilamdiylbis[24[( I-ims tlylityy lopkntyl ) methy1]t4-( lendppittal uivindeny ] -zirconium
trinetg%hﬁL#ninun1or m xt ures thereof. I f a nmetal conpound of the

f or mul PP used, it is preferably present in the catal yst systemin such
an an‘DDlilhethfflé‘llaanngQl[?l’ ~miethyl & cRhep@1)hnethiy - $1L1@dﬁ>ﬁt goﬂlrm%ﬁﬂ!-zfr&ﬁﬁ@nhhe

met al | ocene conpoun formulas 1 or lais ron18 1to1:1,

parti cfichlerife om 200: 1 to 2: 1.

Dimethylsilandiylbis[2-[(1- methylcyclononyl)methyl]-4 (l-naphthyl)-l -indenyl]-zirconium

dichloride
Dimethylsilandiylbis[2-[(1-methylcyclooctyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium
dichloride |
Dimethylsilandiylbis[2-[(1-ethylcyclohexyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclopentyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-ethylcycloheptyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium

. dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclononyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1 -ethylcyclooctyl)methyl]-4-( 1-naphthyl)-1-indenyl]-zirconium
dichloride
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The support conponent of the catalyst systemof the present invention can
be any organic or inorganic inert solid or a mxture of such solids, in.
parti cul ave 2pwvomsosol i ds such as hydrotalcites, talc, Pobrusanmso1ad des and
finely divided pol yner powders. Suitabl e i nor gani c oxides, which are
preferably enployed include fromthe Periodic Table of El enents G oups 1,

2, 3, 4, 5, 12, 13 and 14, netal oxides such as silicon dioxide, alum num
oxi de, alum nosilicates, zeolites, MO Zr02, Ti Q2 or B203, CaO ZnO Th02,

N2, SRR RO AP RS M T e DDAy 21 0/ S

CaCCB, dinyjoids Na2SO4, AI2(SO4)3 BaSO4 KNGCB, Ng(Noe)z and Al (NO3) 3.

Sui t able 0 s are h 0 rs, ol - ro slinked pol yners
or pol PSRRI 5o 2 s ACRBR DT Ret L PRFAET Findipizreom S

pol yprdiphbede, pol ybutene, WO 2010/ 077230PCT/ US2008/ 014144 pol ystyrene,

di vi ny] benzene-crossli nked pol ystyrene, polyvinyl chloride

acryl o rneqtﬁ 1%'laﬁdtylalaf[ér{(e‘sPS?Pé‘ﬁéCIEEﬁrS’éYQm%tPﬂ]ﬁdllsﬂéﬁh‘&él) InsfenydlcFiEsopipmt e,

pol ycagibppage, pol yester, pol yacetal or polyvinyl alcohol. The
preferred support rraterrals have a specific surface area in the range from
10 t o Roaghyipilagdiyibisid+ €l -propylerclpheptyligmethylfid- @ maphtbyl)- Itiodénytlrdrognamnd a mean
parti C&r@hlﬁh&e of from1l to 500 gm Preference is given to supports having a
specific surface area in the range frau 50 to 500 n2/g, a pore volume in
the raDgﬂetlﬁylﬁlIHnﬁxyﬁ)li[Q [BL-PropyiB{¢ordty | yneifBdip4-PBhapithy)-$iddeni1)-zidenitmnge from
5to 2 Particular preference is given to supports having a specific
surfac Clg{gggem the range from 200 to 400 nR/g, a pore volune in the range
from Op@ndi n [Q m

The su por?ylﬁga?gﬁrmgé[g [glaﬁmgyle?ag?o?rg?ﬁlsﬁgﬁa‘/sd c%r gﬁglr}rlrf)clamdé%ﬂeﬁécr]og@rngat ed in
or der lghla'diitnst certain properties of the carrl er such as the water and/or

ot st v et SRRt ey ek ok BRSO Rp TR By EARRG ber or e

use cadiclderideri tted. If this is not the case "as when usi ng silica gel as
support. material, d ration or drying is advis Thermal dehydrati on
or dryﬁﬁ’ge%if Sli%@lﬂh&% &t prﬁaylqulgprogélhmgtgyl(]’ér(rlrr@@ﬁ@g) - loindenyl-gEeeBtn pr essur e
W th odicNibdiout simul taneous inert gas bl anketing (nitrogen). The drying
tenperature is in the range from80 Cto 1000 C, preferably from 150 Cto
800 C and nost preferred from 150 C to 400 C. The duration of the drying
proces 0 r s are
B s porietyiQfanhy R it emehy RoLiohex Fiteu 1P pRbn i1 BB AR DN AP RBICHAET
supporDxmm]n)dsﬂaatis'lhm[tzr[(lamm&ry@lytlobexsyl)mathglr]wnpimﬂ L-Gkdenglf]-zGcEniwh. % or Iess,
and ev(glnlg re preferred with a LOD of 0.3 wt% or less are used. Hi gher
amount SHPTMysi cal |y adsorbed water up to 1 wt%are possible, but result

i n redDiRhAsilaatiysis[aqt ii- Mbﬂ?%@cloﬁ&ﬁyi)ﬁh@ﬁlyﬂm -piaRl L1 Hiieh - rciuhhe support
material is preferably 1 wt% or greater or even nore préferred between 1.5
and 3.4chipuge In addition or alternativel y dehydratl on or drying of

th ton h t
the acomihy SRR ARG 24 AOmBlra Ry BonGA iy PU MO RRLAR- R aighigrRect ! nO
passi vRinetlyylsipadiytbis[Rd 6lemityloyc bohcty Dme ot st- phﬂnyh@;-m@glﬂnﬁrccmumabchlemde t he

oy bR RS ey Yo REE L e EaPery - Sodiral i oubS el o
passi VIatmd%lgylagmﬂtyiiblé{Qé{( 1sethy1ep¢10ﬂsaity19}hahyq>l41;ﬂmﬁr prndamrp@.sconﬂgn dichldrigen

tetrach| orj de chl or ot I chl orodi al kyl si | anes,

di met hyimgthylel ar“pb’m‘ﬂ?tlgll ?ta}ﬁ]éydﬂhwmlﬁﬁbﬂlrl“d’rhewlnl mdewl}:rz'mqmrwml@ﬁlziyr ani ne
)i I

L e L R A e

trii soIBl!lnﬁ)ﬂD)drilhlmﬂwihﬁ[M?ll etbblsyqlbentxiMnmhmﬂHyrdrenulel mden}elﬂ-hytmmmrda:hatmrde

di buty, . C port .mater such
e e s RS R T s e
| i kew Bigndleyl§itatdiylis[O+[( laprp ppldireohaxy])metisl]w-phers Maddnyl]SsicOhiam dichlotider
inpurities by neans of appropriate purification and drying operations.
Preference is given to using silica gels having the defined paraneters as
support materials. Spray dried silica grades, which inherently exhibit neso
and nmacro pores, cavities and channel 8 are preferred over granular silica
grades. The supported catal yst systemaccording to this invention can be
made i n various ways. I n one enbodi nent of the present invention, at

| east one of the above-described netall ocene conponents of fornmulas 1 or la
is brought into contact in a suitable solvent with at | east one cocat al yst
conponent preferably grvrng a soluble reactron product an adduct or a

I o " T 1



d) isglating the supported catal yst -system and e) if desired,

prepol ymeri zing the resulting supported catal yst systemw th one or nore
ol ef i ni c worrorar7¢(=s), to obtain a prepol yneri zed support edTasba@Bpsii4syst em
I n anot her enbodi nent of this invention the netall ocene / cocatal yst
conposition is mxed with the dehydrated or passivated support material,
the supported catalyst is recovered and optionally washed with an aromatic
hydr ocar bon and/ or paraffinic hydrocarbon solvent. The WO

Y b s e R L

m ner aDiroé¢thylsitandiyhzis{2€[( 1-propyleyelshegtgmethyl])-4-phenylnl -ndeny{-azcondurb ditihherite of

this ipvention the .cat st |s prepare ording tq the .procedur .

i sct oBuEAhY SR SauRleb paleSpBr e B g Phi - e A R BREL R oridg,

6, 107 230 o1 e B e o e e e apaun 4T T ol ha 301 1 a
as t heDirsethylsidndiibisl3ribnmnylcyclobuty Baethyllehkalhepyk  -indenyibzirspmomichlaride ee

fl owi ng; i Lihed; ' D 1€ < 1S

pr epar S e g RS et PR RS KRy RS H RGN G SRR Shre s ER S Gde,
support material with a first portion of at |east one co-catalyst in a

sui table splvent. . . i,mpr egnat | co-cat al yst. L. oaded support with
P L T TGRS R TRt N BN 2t S
seconddpnlotid®n of at | east one co-catalyst in a suitable solvent c)
e e L AR

prepo nor e
ol ef i nyghidpROEr (s), to obtain a prepol ynerized supported catal yst system
Thus, as an exanple, the process according to WD 06/ 60544 for preparing a
free.f b t?ysi%xu})fllbi{s[ze{ésh:tb}llsiyqiolaqp@rlym;;hycl%-é?hn?plpbylb-édndmb]lt-qjs:p?mmst fam .
conpri ges, t.he foll ow ng steps: a ntacting a support material w

a firs?wggﬁg%sition whi ch includes at |east one alum noxane in a first

sol venDiméth@siladpabigL Bnethyddyelthon{)hethgid- (R alabbiveld- 16y d&8dpzif@niune m Xt ure
at abouyr 20C for 0 to 12 hours, subsequently heating the resulting m xture
to a t isploFige ure of 30 to 200C and keeping the mixture at 30 to 200C for 30
m nut eEi&x&h@l@ili?ﬁ%fllﬁs[2C{I?f-h{%ﬂﬁllé%l&o@iﬁl%ﬂrl}b&(ﬂﬁ%‘{hﬁﬂlﬁxlxdenﬂ]-zﬂ%ﬁiuﬁhf the
first solvent and/or optionally foll'owed by one or" nore washing step(s)
usi ng dichlgrilebl e sol vent, b) Suspendi ng and/ or di ssol ving,

respecty: . at.. t f.or . a second
por (1 oR Bty R A3 Ry ELBhe TR PR BB o, ?, S50
conpoudidhleridé or a Lewis acid in a second sol vent or suspension nediumat a
tenperature of 0. .ta 100C _optionally fol] owed by a preactivation tinme of |
mi nut e faetgﬂelt'%wﬁ@sfér[?%;eihéfRﬁ&lpa‘frﬁylémsf?whﬁ‘f@awfé@é)-1-mﬁenylkilr%mi ng the
m Xt ur gicRlogR&r ed in b) to the al um noxane | oaded support material produced
ina), at a tenperature of 10 to 100C and a contact tine of 1 mnute to 24
hour s, Dinpgthylgdadiyityisl3cbtehylcyolobemyimathyll-4-(2-naphthy Relvindemdl-ziFeoni or  par t
of the aplygot fromthe resulting mxture and optionally washing the
resultirng supported catalyst with a suitable sol vent, e) Isolating
the suPoethgidiladiybiyiet[( bgtylycandny))methyl]-4(Rmiaphthyl)t -ipdepyttsireniuai ng the

resultinﬂlsg ported catal yst systemw th one or nore ol efinic nononer(s),
to obt icHE grepolynerized supported catal yst system Mor e

speci f Dedbthylsilailiyabisx@mpthelcytbectynaress- A alphtiil)- [-hdé6106ir66dh f or
preparing a free-flowng and, if desired, prepolynerized supported catal yst
systenﬂ@ Wﬁﬂ?ses the foll owi ng steps: '

Dimethylsilandiylbis[2-[(1-ethylcyclobutyl)methyl]-4-(2-naphthyl)-1-indenyl)zirconium
dichloride ' ‘

Dimethylsilandiylbis[2-[(1 -propylcyclohexyl)methyl]-4-(2-naphthyi)- 1-indenyl]-zirconium
dichloride
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the process for preparing a free-flow ng supported catalyst system
according to the present invention conprises the follow ng steps: a)
Cont act i-ngoaosvppsrt material with a first conposition woirals2emsolades at

| east 5 mmol of an al um noxane or of a m xture of alum noxanes per g
support material in a first solvent at a tenperature of about 20C foll owed
by keeping the m xture at about 20C for 0.15 to 2 hours, subsequently
heating the resulting mixture to a tenperature of 50 to 160C and keepi ng
the m v renovi ng
al | orﬁ%tfylgtantﬁﬁle&ﬂz JE(? Ic)))fl\%)('ecrllkt)IS égl;l}g I@?H%lgf |(gﬁlr§#) Hﬂﬁ? 1 m&éﬂ O)gf;@ig%}gl or nore
washi ndjclloadg s) using a suitabl e sol vent, b) Suspendl ng and/ or

O oot A IS, Moo B SRS RS oIS AR 21

| east dicHloridd % of the enpl oyed second portion of an al um noxane or of a

m xt ur m.ngxanes per g suppo i al .east onpe metallocene
of rorlﬁwr ﬁm%@/yﬁﬁ?é W e e e eﬂ%@&rl NHEFITERRIAR a

t enper@tpbgdof 20 to 50C, optionally followed by a preactivation time of 1
mnute to 200 hours at a tenperature of 20 to 30C, c) Applying the
m xt urlingatleysitaadiyiis[BY(lrer OPYie)’dDQmYle%hWé-4l-(8atﬂlébthyl)'dpmd@n}'&hlleqonmm produced
in a),qidhofad €mperature of 10 to 100C and a contact time of 1 minute to 24
hour s, d) Renoving the major part of the solvent fromthe resulting
m xt urlerrmhiyla)andmms[ma(ll-yropﬂsjmlalgrtylbneeuhels]w(armhﬂypplerrﬂawlpatozdnm with a
sui tabl.e solvent, and/or drying the resulting supported catalyst at

t erperdeRIPEL of 30 to 60C, and 0 Optionally prepol ynerizing the

r esul t DigetBySIRQETyRHs[2A¢ 13prdpY1cPASHBPY ihé Ry egz%pmh&g 1Oinaéﬂym] FirdGAnger (s),
to obtain a prepol ynerized supported cata system

2010/ ofigtdgudeCT/ US2008/ 014144 In a preferred enbod| nment, as an

S gk BT R R NBREATPRAE R RRERPLA SR o, | ol

foll ovmrcgnmtreqhshlonde a) Contacting an opt| onal ly ther mal |y pretreated

2 uppor PHHER G e T2 3 1B eSion R e By e sPeuuB et P D by

subseqiphiun dierbiidg the resulting m xture to a tenperature of 50 to 110C
and keeping the m xture at 50 to 110C for Ito 6 hours, optionally followed
by ren]BWeﬁ Isifandiypbisiarit1-wethyleycloberizhmethyldr Grmetpyt- gheayDyl-demdled by one
nmor 2. Wag| W&Qhﬁﬁ&&(s) using a suitable solvent, b) Suspendi ng
and/ or cfl ssolving, respectively, at least 0.5 mml e of a second portion of
an al ulammﬂx)slmempeiblﬂZ{(jplpethvlcryalDeom)d)meahyi] -Ai(4inealsyt]-phedy)rdtisdenyl]t he enpl oyed
second., OI’II 0 n al um noxane or of a m xture of al um noxanes per ¢
suppor% ﬁﬁiugﬁ?gﬁ ? at |least one netallocene of formula 1 and/or la in
t ol uenbingdthylsilapdiyesieRy(lemothy R clooctyDiaettyfitd-eriakihyl-pRenyDvie thdeyylRzirconium
preactlvatlgn time of 1 mnute to 200 hours at a tenperature of 20 to 30V,
c) Applishlagde he nixture prepared in b) to the al um noxane | oaded support
mat er i - . time
o 1 o AUEGIRA - R 1c b RIBH R Bl ndBPL Rl SRAHEED ene
from tdiehloddal ting mixture and e) Optional Iy washing the resulting

Suppor PR A Byt 1 Ao B B R e Bt Fnb S TR )

pr epol diokibtidé ng the resul ti ng supported catal yst systemvmth one or rmre

'n"a neeBaeR b I 2ot e rlofhedd RRe bRt T rYe e R aPRg o o

06/ 6054idh1bQge Preparing a free -flowing and, if desired, prepolynerlzed
supported catal yst system conprises the follomnn step a)

Cont achm@hﬁﬁlwétyﬂbj 1[(lyethwey<ﬁﬁmmvl)meelml]e%r{‘eme§1ﬂ wb@yéhbrmenylrhﬁtrermwn wi th
a wei gty %ﬁ@§ on dryness (LOD) of 0.5 w.% or |less and a weight | oss on
ignition of 1.0 wt.% or greater with a first conposition which

i ncludes at |east 10 mmol of nethyl al um noxane per g support material in
toluene at a tenperature of about 20C foll owed by subsequently heating the
resulting mxture to a tenperature of 110C and keeping the m xture at 110C
for 1 to 6 hours, optionally WD 2010/077230PCT/ US2008/ 014144 fol | oned by
removing all or part of the toluene, &hAd/or optionally foll owed by one or
nore washing step(s) using a suitable sol vent, b) Suspendi ng and/ or
di ssol ving, respectively, at least 1 nmmole of a second portion of

met hyl al um noxane per g support material and at |east 0.1.nol % of the

enpl oyed second portion of nethylalum noxane per g support material of at

| east one netallocene of fornula 1 and/or Ia in toluene at a tenperature of

~rN 2 N~ o, 1 . g, . o, v P



c) Applying the m xture prepared in b) to the nethylal um noxane | oaded
support material produced in a), by passing the inpregnation suspension or
sol uti on WP 20twoszagh t he net hyl al um noxane | oaded suppor PCRAISINBAI41HN a
direct flow or by using an incipient wetness inpregnation technique, where
the vol une of the inpregnation suspension or solution or the total liquid
vol une used in the inpregnation step, respectively, does not exceed 250% of
the total pore volune of the support material, at a tenperature of 10 to

100C apfn@heRiMmKIbik[201-8fhyiky BloBMy Bmiethyf|4-f1OMEfy1-ph Ll%dEi%QEM Qe
maj or part .gfl thgtltloq L{gne 1yr gmthgsrrnesgﬁtitr?g mﬁl?(’tﬂreélygnd e) t#onghhy
washi ndichlegide esul ti ng supported catal yst with a suitable solvent, and/ or

dryi ngt |t RELLE t al yst tenmperat ures of 30.to 60C,  and
0 Cpr 1 SR SRR S PRk TP Btk L BRSPS Bk Moo -l s v
one or divhlogide! ef i ni ¢ nononer(s), to obtain a prepol ynerized supported
catal yst system . n a partjcular preferred enbodi nent, as an exanpl e,
the pr @e&%‘éylé@%@rych‘i’ﬂ&-[ﬁ L-Pw@wlebwmeéhylb?-éﬁmf%rpaemﬂbé—mdeamlﬂﬁg%mw i f
desi r edichRyi@®o! ynmeri zed supported catal yst system conprises the foll ow ng
steps: a) Contacting an optionally thermally pretreated silica

suppor Dimethglsilandiylbis[3-[4] -pesipyley cloperdy hme iy e sméthPipheof) 0 -iBdetyl %o or. | ess
and a i aqpn ignition (LO1) between 1.5 and 3.5 wt.% wth at | east
10 mm%@%(?lmn%bﬁﬁﬁ%gﬁgm noxane per g support material in toluene at a

t enper Bimethylsilandbobit[20Gpfoplylcyviete fayl methgipdL@nhd iy lnshingd -inbenyljesul ting

m xture to.a é.e erature of 110C and keeping the m xture at 110C for 1 to 6
hour s, “5PHEH HCH@“% | oned by renoving all or part of the toluene, and/or
opt i ongith¥h{eiidra RBRYI mﬁ&qygﬁm 434 SRUD-pHERYIP | Andel f] Bk 6ni

sol vent ,l V\% 201%%@%0?’0“2 lﬁ 2008/ 14122}3 R l§})li:))p Su)ggendi ng]and/ c;lr1rr1

di ssol dichlgride espectively, at least 1 mmple of a second portion of

crrpl by EAMELDERANG AR B1-BBRRY PR Gl A 300 Rl EREm TR L Preahlfy o

| east dicblond¢ al | ocene of forrmula la in toluene at a tenperature of 20 to

50C, optionally faoll b reactivation ti f.1 mnute to 200 hours
at a tﬁﬁm@ﬁg‘flﬁ%@y ‘rls[g\él?ﬁaf%as@,yglo uty me@yllﬁpﬁ-v%fz?h@wa%ztnd%vlbzlé@alﬂ% in
b) to #ierlonmt hyl al um noxane | oaded support material produced in a), by
passi n%_the I mpr egnati on susgensi on or solution b) through the alum noxane
| oadedDPéngtpysila pli2d( 1-piopy ke yelopiopslomethy Bvi-Grmpthy biphenyDalnindersilhi ent

wet nes§hgdmn§gi@g,]tohg@ techni que, where the volune of the inpregnation _
suspensi on or solution or the total liquid volune used in the inpregnation
st ep, Dangbylsilandlyybis[@debmettyl@x bexly ibébyha-(8 Hadimethyl-plaryd)- holdang]-of t he
suppor%. cmateri-ahll,p .gt a tenperature of 10 to 100C and a contact tinme of 1
m nut e ltrémﬂﬁnﬂ'(g gée d) Renoving the nmajor part of the toluene from
the r eBﬁﬁléthﬂgildﬁHMblﬁ[Q-[@l’lfheﬂbyl@aIdp@ﬁ@l)hl‘yétwgﬂh(Mdinmhil%BMlb-mgn&éﬂ@H0r t ed
catalyst with a suitable solvent, and/or drying the resulting supported
cat al y&ifconum digpleridé ures of 30 to 60C, and f) Optionally

pr epol wiREthak a8l talysh: € i1t b r nore
PR R R S U b R S bt i B ST el
Accor diigpnium dighlopdesent i nvention, for preparing a free-flowing and, if

car al BB ERA IS MR R b Rea SISyt S Reup PaRe S g "o

m xt ur gir@hium dichloeidanes, at | east one al kyl conpound of el enents of nmmin
Goups _lto Ill aof the Periqodic Table, for exanple a magnesium al kyl, a

17 ¢t oRERRypa s (s el P et ot Ryt nihaar- -ndenyl?

triet hykeniim SeRlonlig 1 | sobutyl l al um num triisopropylal um num

trihexylal um num trioctylalumnum tri-n-butylalum num

t ri - npPépsthesilandiylis[2t(€ i-tbulsyenbexaiDmeithnling-(A5 wimethyl-phensriimdenyhlechl or i de,

alumn : J.de, diisobutyl alum num nonochl oride, nethyl alum num

sesqui %’im%ﬂ?’g@?i‘@f‘ﬂ% al um num sesqui chl ori de, dinethyl al um num hydri de,

al um num hydri de, diisopropyl alum num hydride, dinethyl

al um nunm(trinet hyl siloxide), dinmethyl alum nun(triethylsiloxide),

phenyl al an, pent afl uorophenyl al an, and o-tol yl al an, can be used. Preferred

al um num al kyl s are trinethylalum num triethylal um num

triisobutylaluminum WO 2010/ 077230P&%/ US2008/ 014144 In an even

further enbodi nent of the present invention a free flowing and, if desired,

prepol yneri zed supported catal yst systemis prepared conprising the

foll ow ng steps: a) preparing a trialkylal um nhun/borinic acid

m xture in a suitable solvent or suspension nedium b) applying the

trial kylalum nium borinic acid mxture to a porous, preferably inorganic,

S o e



f) if desired, prepolynerizing the resulting supported catalyst systemwth
one or nore olefinic nononer(s), to obtain a prepol ynerized supported

cat al yst wWp08mM77230 Preferred solvents for the preparatriusaoosiiiine

nmet al | ocene/ cocat al yst m xture are hydrocarbons and hydrocarbon m xtures,
which are liquid at the selected reaction tenperature and in which the

i ndi vi dual conponents preferably dissolve. The solubility of the individual
conponents is, however, not a prerequisite as long as it is ensured that

he soPuonPReEr Al Al PR Ry LSRR MARG AR PR P RBRIE D ko0 7 © 1

i sopentiaromjunndichloede i sohexane, heptane, octane and nonane, cycl oal kanes

such as.cyel.opent an n | ohexane a r e Eh as.  penzene, tol uene,
oty DRI RSB IRER  BeRRReRlRy A A b B B RE Y en L o

t ol uengirconih aikBlogne et hyl benzene. For a preactivation, the
metal l ocene in the formof a solid is dissolved in a solution of the

cocat aPinaethylsilandiylbis[2H( ety cyelaponyimethyl#-£3 S sbmethy)-phanyDdi-indenyll: t he
netallg(gﬂﬁm§g@ﬁ%ﬁhgly in a suitable solvent and subsequently to conbine
this solution wth the cocatal yst solution. WO

2010/ OPHASHASTINISAGERA Ol dthst by Eloedtehmattel] i4s(3gfi -dimmethyd-phenyiy 1 indenghe. The
preactiygghpndihpedis from1l mnute to 200 hours. The preactivation can

t ake pfECEEY “FB8 Y enperature of 25 C. In individual cases, the use of

hi gher Dirﬁétﬁﬂ&i&’dﬂd[)@lﬁs[(za{m-émsiwg@lobllitgl)fr@ﬂiyi]f@@,?ﬂﬁl@&lﬁ}l%@hﬂﬁl1Iihdl@lyﬁ}nd give an
additional ,increase in activity. Elevated tenperatures in this case refer
to a rafgEiun dichiegdet o 100 C. The preactivated solution or the

e DRI RS 5 YRR XSO PRI D

or as areongpedishloridé n one of the above nentioned sol vents. The support

materi al | ef.erably used as po . The ctivated .
netalI@33%§w§%ggpgrggﬂ(gBV@Fﬁ3ﬂ88$gﬁh8dﬂgfgﬁi%%8“%%@6@5?&?9§Pdﬂp&kure can
be ei t fiedonhdsédhloeidé he i nitially charged support nmaterial, or else the
supporb,na enial.?an be introduced into the iniLiaII¥ charged sol ution.
The voPimghyilandiylbisiedct-peayleyclobentyhmethyh-4-Ge-dimetiml-ohemdr indsnylly st

m Xt ur gr&RAintdcfRAdd00% of the total pore volunme of the support material
used or else be up to 100% of the total pore vol une. The tenperature

at whi Bimethgsitandiydbis(2el( enropyleyelononybmetind]-#¢d Atdimedbykephroybtlaindenyllvi xt ure is

br ought. | with the support nmaterial can vary within the range
from(ﬁqgéﬁﬁﬁggﬂ%ﬁﬁibmever, | ower or higher tenperatures are al so possible.

Wi | e Dheethykilediylbis{2¢0lrplopy lyyloocty Nmsthlyi]-4-Gnh itk tiiyl phehylp 1 Sadepol]t ed
.he m xture can be stirred and, if desired, al so heated.

cat.al yst systgnhltﬂ

Pr ef er @B U BHOCA AR visi bl e portion of the solvent and the portion in the
pores Dfméth@sitaHaRMis[20pL-BFd 1cy@lb§ut!’y§ﬂi’éth9q-4-@)ﬁdfrﬁémyladheﬁ}tl)-tlhﬁde%?l]ye”t can

be carried out in a conventional way using.réduced pressure and/or purging
wi t h i Aegopivgadichiofide ng t he drying process, the mixture can be heated until

Al e

vi si bl sirqeaium dichlofide he sol vent in the m xture. For the purposes of the

present..i ntian,. .residua ol vent [s portion present jn the res.

ot s i e R e R A A TG T MR

cat al ysitconimt @idhioaide al so be dried until only a. certain residual solvent
content is left, wth the free solvent having been conpletely renoved.

- SsubseqRénethylsilandiylRislgol-methydcyclapgaty Dagthydr- wnaﬁéhwlﬂbﬂ@aewlifhn@denyll-

| ow boiil it dhREaE bon such as pentane or hexane and dried again.

The supported catal yst system prepared according to the present invention

can beDimseliylsilandienbisi2r[€letriethylayclahlpty Duleshyr4-Fatrinsathyd$ilydiphenyd)s 1 -omdelng! ] -

prepoligy%h%$ icm’tigeone or nore olefinic nononers, with or without the use

of hydrogen a mor'af mass regul ating agent, prior to use in a WO

2010/ 077230PCT/ US2008/ 014144 pol ymeri zati on process. The procedure for the

prepol yneri zati on of supported catal yst systens is described in WO

94/ 28034. As additive, it is possible to add, during or after the

preparation of the supported catalyst system a snall anount of .an ol efin,

preferably an al pha-ol efin such as stg$Pene or phenyl di net hyl vi nyl sil ane as

activity-increasing conmponent or an antistatic, as described in U S. Ser.

No. 08/365,280. The nolar ratio of additive to netall ocene conponent of

formulas 1 or la is preferably from1:1000 to 1000: 1, very particularly

preferably from1l:20 to 20: 1. The present invention also provides a

process for preparing a polyolefin by polynerization of one or nore ol efins

o T ey oy



The pol ynerization can be carried out in solution, in bulk, in suspension
or in the gas WO 2010/ 077230PCT/ US2008/ 014144 phase, continuously or

bat chwi seyoi2nioare23er nore stages. As an exanpl e, inpact pcofskyoseiH4ar e
preferably produced in nore than one stage. The honopol ynmer or random
copol ymer content of such a polyner can be produced in (a) first stage(s)
and t he copol ymer rubber content can be produced in (a) consecutive
stage(s). The supported catal yst system prepared according to-the

pr esenDimneheR1lAry 16:3[2- [ &-ntesigd lY&itiri 1 -1- -
pol ymer ilzat ?on o?y gllagfqeﬁs or %’%ﬁ‘%"z’?ﬁ?‘gﬁ?ﬁ %@%ﬁ%mﬁ@\?\n&) ?%Blﬁa?tf F@gg)(l] one

al kyl évsppsumdichlorideenents of main Groups Ito 111 of the Periodic Table,

ol noarey S L Bl TRERE D s i i el pestin

medi umeziagndigedicbbride free the nmonomer of substances, which can inpair the

catal yty.c activity.. a nt of al kyl conpound added depends on the

qual i tyl%?tﬁi’lﬁ’é&w{?ﬁl&'ﬁégﬁl'ﬁ@ y CIORCXY%%}‘)H}@%&I@“@#@Sllﬂ'iﬁ@mj’lﬁ'ér1§d<ﬁé’\ui' ng a

broad aircodiu@drhlogigt ecul ar wei ght distribution or a broad or binodal

mel ti ngﬁran)géle_, it is recoomended to use a catal yst systemconprising two or

nor e dPimethElsdandiibisl2dé Eatiylcaplgpenty Dmethyl-dn@rteintityisiye pheryb)e biraleygl]-s .

Altern?itréoYlﬁJnYd%HBriﬁé nmore different catal yst systems of the present

invention can be used as a m xture. As nolar mass regulator and/or to

I ncr eabémethesiderdiybis[2;[( hythy lgelohepstylaelbgl] i4F (4r igtettyedlyl-phenyl)- IThRlefg]-al yst.

system.n§0¥l. be SHIOP|di ed to the polynerization systemas a solid or in the
St 8uspension in a hydrocar bon or may be treated with inert

form of & buél%fh@ _

COWPOnBﬂhahylsiﬂ!eﬁlhiy@tSis[Qq(BEt‘hbe&§gloﬁbﬂﬁ)mé?l‘i 1]A@>(¢§nimét9yl§ﬁﬂllﬁu\éﬁ¥15?ﬁt-ihﬁén Btering.
e

[f the catal yst systemis to be netered into the reactor toget ith the

nonomefireesiugedisblofider i zed or the nononer nixture to be pol ymerized, the

m Xi NgpkHd Bt L4 ' ef gra oQh ed. . . Furthernore,
an addi.ltﬂﬁé\/t_gylgtq]%ﬁwggsa Egéﬂthpgy Je:allto pgy@:n@g&[]gﬁ @o@g‘}e\{h asﬁglh)ggﬂnggdl?we?ﬂ " process
of t hezipossendichletidait i on, for exanple to inprove the particle norphol ogy of

t he ol gfi o} .. eneral, jt 1s possjble to yse all antistatics which
are s wﬁ “éq'f‘@“#%g@ﬁ%?[?ﬁ( %8‘5%%?‘9@‘&? b'@i‘ﬁg‘ﬁﬁ b‘%é‘é@’é‘é@thﬁ%‘gﬁﬂ@ll‘fﬂyé} kindsayo dose

t he antir®hhi dichlofieet |y i nto the pol ynerization system either together
wth or, separately fromthe catal yst system used. The pol yners

pr epar BYNGIRYFigndiyabigla 61-propylsyelpbawy Datethyhled--tinaethylsitylenhendir L didegpyy  an
uni f or grdRafubd &kBiof@s phol ogy and contain no fines. No aggl onerates or
deposits are obtained in the polynerization using the catalyst system of

t he prPurathylsitendiyibis]d-[(IFpropglayelbysity yyethylivd-(@étritmbthypsilel plny)riviadenydp gi ve
pol ynEEi?coﬁlL&%p 25 H&)é ypr opyl ene havi ng hi gh nol ecul ar wei ght and cover a
broad range o? sf)ereospeci ficity and regi ospecificity. WD

2010/ ommm@mhusaﬁqm[mﬁrbﬂﬂcyc1oheptﬂimﬁetﬁgmL(yrmﬁq@thwlghpmmfbleinaé&npr ed

usi ng t.he catal yst. system based on netall ocenes of fornmula 1 or | & of the
presen%‘r‘ioﬂ\}‘gh‘?‘F%H“ﬁedve a significantly higher nolar mass compared to the
prior PlrethyNilahB® 1t L} BA 34 i€ L1 Ysddhont he
SR i e X S R A R R b T (BT Tl
i ndust #ircaniun gighlesidmt process paraneters without deposit formation.

The. POLMRER L REAN 3 el 09 AREER PRl LRGN ATARLY N S5 201 e

i nj ectZzizonivol dleldopde t s, filns, sheets, caps, closures, bottles or |arge

hol | ow,bodi es, such. i pes with excell ent properties. EXAMPLES Ceneral

pr oc edpdhyisiandss i3 o BER b B o bp benbrb e T
conpouzftenivey @cklasidd €ed out under argon using Schl enk techniques or in a

gl ove box. Al solvents were purged with argon and dried over nolecul ar

si evesPistiyidlapdiglbis[2-[(1-propdcyriepippydaetbyl ] ¢r@dtimethylsily b pemabakindeny bd

byl f1 - MNVRai : py using a Bruker DMX 500 spectroneter, operating at

- 500 MHz usl?ﬁlgtﬁec%%ﬁeoas t he sol vent. The pol yners produced were
characterized byll-1-NWR, 13C-NWR, DSC, GPC, TREF/ ATREF, Melt Fl ow Rate and
| R spectroscopy. 1.Cel Perneation Chromatography (GPC), determ nation of Mw
and Mw/ Wh «
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A Waters Alliance/ GPCV2000 equi pped with a refractonmeter, a triple
capillary online visconmeter (Waters Corporation, 34 Maple Street, Mlford,
Massacl uswot2810/0012887 USA) and a |ight scattering detect @CTRD288404144
(Precision Detectors Inc., 34 WIllians Way, Bellingham M\, USA) was used
for the determnation of the nolar nass data of the sanples. 0.05 wt%
solutions of the sanples in 1,2,4-trichlorobenzene were anal yzed at a
tenperature of 145 C using a Mxed B light scattering quality colum

gi’%yﬁﬁgg)&ﬁ?%%@bg@g@g% tl%%g?oh%@ir%tﬁﬁﬂi@%t@ﬂé&ﬁ?&lf—@gléc}’éﬁ&gi%% '%E{Per age

nmol ar dwbbride nunber average nol ar mass (Mv M) were cal cul ated using the

Cunul aty.ve t.chi.ng. % oad St andard pracedur hat, is.available in.the
vat o < D End R8sl e R RS T BS T4 st P b W 4144
2. NVR gpékiidescopy of Pol ymers Sanmpl es were prepared by wei ghing 0. 32
g of polymer into 2.5 nm of a 1,2,4- trichlorobenzene/ deuterobenzene-d6

(4: 1 vHinebylstandiylbis2-[Shmstiode xedoheprybatethy 4 (drothpl-phrny b xindemp-zircogium
homogeggaidsigso! ution was formed (typically 1-4 hours). Spectra were

obt ai ned at 120C on a Varian Inova 500 instrunment (Varian Inc., 3120 Hansen
Way, PAlimethylsdandiylbis@4[g 0-methydn)cl apeylanethyl] dt-(dacthyd-pheryl)-1 dnddngt]-Aircenjuency of
125. 7 Méﬁlo?iﬁd using a 10 mm probe. Spectra were obtained using 5000 scans
enpl oyirng a R /2 pul se of 10.0 Rs, a recycle delay of 10.0 s and an :
acqui s DimethylsilamliybisR-[81-sethhid ickoot /1 HeSOUPL (RS thHyEpRé YOI -allehyI-2k&iRuh t he
pul se sequence to gain the signal to noise enhancenent due to the effects
of nOe?NEE’F‘Bar Over hauser enhancenent). Spectra were processed with 1 Hz of
line b j ; 20fTOR i _hvh. I fqi ) 1m was
used a?ﬁgﬂﬁ?]rﬁ?g}drlgﬁeghem éﬁ@glﬁ?‘ﬁﬁi&gﬁt@ %Jé egﬁg‘b&g}lﬁsg&t@gﬁg%.ﬁ% ppm

3. Di f f dickleridal Scanning Cal orinetry (DSC), determ nation of the polymer

mel ting,: ROk D1 T1: o DSC nmeasur nt s e rrie ut .usi-ng a Mettler
Tol ecto SRy 2 01-208S] TP ETRe e eaCo BN e R Tlhg S isRntiE | oy
43240, didblyide4 ng of sanple were weighed into a standard al um num pan and
subj ected to the. follow n e rat ure schedul e: The sanpl es were heated
From r bumrth el b i seBalsselohesu mewy g e RIEmdd | PRSP RVEl ned at
this tgrarEgture for 5 mn, then cooled down to-55 C at a cooling rate of
20 Cmmn, nmaintained at the sane tenperature for 5 mn, then heated to 220
C at aDimsethylsdandiylbisi@f[(Pethglayrlenomsiimetky li-#Hig-etoil-phevds | -tteteaylirziveehitmom t he
seconddaﬁg}ﬁgg run as the tenperature where the nain peak was observed in
the curve. 4.Melt Flow Rate (MFR) The MFR of the sanples were

det er nDireethglsitamdili1big[ 2t [¢1 - G@lcy2BBctat)m2BQT-4-Pnethdli- fHeanD- 1Hindets | wef@nlised: 2. 16
kg and 5% ., Values are reported as MFR(23012. 16) and MFR(230/5),
r especfi %9‘.’ WO 2010/ 077230PCT/ US2008/ 014144 5. Productivity The

pr OdUCﬂiMéth}’lsﬂzfnd@lB@pa[kVé&yio@c@ﬁﬁtﬁbﬂieﬂ@ﬂ-b{ﬂ-@ﬂhﬁ- \egl) IDRBYIEHFRRiunH4S  of
pol ypropgll ene by the mass of catalyst used and the reaction tine. 6. Yield
The yi @icBloge 3 sanpl e is deterinined by dividing the isolated anount O the

pr oduc e AL Hn A EIR L Bionk D5 bR A L F BB L ARG TR P\
met al | dicblesd€at = supported catal yst system
_ Dimethylsilandiylbis[2-[(1-propylcyclopentyl)methyl]-4-(4-ethyl-phenyl)-1 -indenyl]-zifconium
dichloride _
Dimethylsilandiylbis[2-[ 1-propylcycloheptyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcyclononyl)methyl]-4-(4-ethyl-phenyl)-1 -indenyl]-zirconium
dichloride
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h = hour Tg = glass transition tenperature in C, determned by differential
scanning calorinetry (DSC, conditions see above) 7. Loss on Dryness (LQD) /
Loss on Iwoi2bioar7gg3t ' | The Loss on Dryness and t Re€TIUSS@8OMIMgNI tion
are determ ned by thernogravi nneni ¢ neasurenent. The Loss on Dryness is the
wei ght |l oss tha the support material . experiences by heating it fromroom
tenperature to 300C and |, keeping this tenperature until a constant wei ght
is obtained. Loss on Dryness i, that weight |oss as expressed as percent age

o o OB DS 200 e S BRGBIc VRSB s RSB S
t enper aichtogidanti| a const ant vvel ght [ ﬁ obt ai ned.. ThﬁeLgZS of | ?nll'(t)bgré :;]d
at roomimelyhETbEPu kb Sl b iredaf BT a8 shers hel kg Zironie

or| gi ndichfggaport materi aI As an exarrpl e toillustrate the above, a 10 gram
sanpl e (at roomternE rat ure) Is heated to 300 C where it maintains a

const amtimgdylsiandiylbis 1mﬂyéqyatqmrppybme@ly@r‘h(ﬁ;ethyhehembsl -indemi ] piecogiyng
10. 0% dl‘g@ﬁ% is 100 x((10 -9) L 10 ) RECTIFIED SHEET (RULE 91) ISAEP WO
2010/ 077 (5 CT/ U82008/014144 The sanple is then further heated to 1000 C

wher e iDimathyistlaidiydbia[ 2s [ Hratettmt]- vdd pixth-&-yBnEthyd]-d-tert-biitgd pharsd)- Bindegyli-t i on i s

16. 3% z}/r\@(im%]m icilscillo:lr'i%(e) x ( (10.-8.37)}
Dimethylsilandiylbis[2-[(5-ethyl-1 ,3-dioxan-5-yl)methyl]-4-(tert-buty1phenyl)-1 -indenyl]-
zirconium dichloride
Dimethylsilandiylbis[2-[(2,2,5-trimetyhl-1,3-dioxan-5- yl)methyl] 4-(tert-butylphenyl)-1-
indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(2,2,-dimetyhl-5-ethyl-1,3-dioxan-5-yl)methyl}-4-(tert-butylphenyl)-1-
indenyi]-zirconium dichloride
Dimethylsilandiylbis[Z-[(3-methy1-oxetan—3-yl)methyl]-4-(tert-butylphenyl)-1-indényl]-
zirconium dichloride
Dimethylsilandiylbis[2-[(3-ethyl-oxetan-3-yl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride |
Dimethylsilandiylbis[2-[(1-methylcyclohex-3-en-1-yl)methyl]-4-(tert-butylphenyl)-1-indenyl]-
zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclohex-3-en-1-yl)methyl]-4-(tert-butylphenyl)- 1-indenyl}-

zirconium dichloride

as well as the analogous zirconiumdimethyl-compounds and zirconium—biphenolatés and
zirconium-bisphenolates.

Instead of the preferred pure chiral bridged racemic or pseudoracemic metallocene
compounds of formulas 1 and 1a, mixtures of the metallocenes of formulas 1 and 1a and the
corresponding meso or pseudomeso metallocenes may be used in the catalyst preparation.
However, the preparation of the isomerically pure racemic form is especially preferred for the
use of metallocenes in the polymerization of olefins to isotactic polyolefins, since the

corresponding meso form may produce undesired atactic polypropylene (“PP”"). The
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10 .. Synthesis of netallocenes: Conparative Exanple 1:

‘Di t net hyl si | andi yl bi s[ 2- (cycl ohexyl net hyl )-4-(4-tert-butyl phenyl)-1-indenyl
11; zircomoumodi7edsbori de (2- Bronp- et hvn-cycl ohexane | nPaTiS2e08/0041n€bot t om
flask equi pped with a refl'ux condenser 164 g concentrated sul phuric acid
and 200 g hydrobrom c acid (48 %in water) were added

subsequent |y under cooling with an ice bath to 88.7 g (0.693 nole)

2-cycl ohexyl - et hanol . The. m xture was refluxed for

“isomerically pure” racemic form is understood to mean a rac:meso ratio ofgreater than 5:1
preferably of at least 10:1, more preferred of at least 15:1 and most preferred of at least 20:1.
As used herein the term “racemic” (or “rac”) includes “pseudoracemic” (or “pseudorac”),

and the term “meso” includes “pseudomeso.”

rac/pseudoracemic isomer meso/pseudomeso isomer

The present invention also includes a process for producing the transition-metal

compounds of formulas 1 and la of the invention.
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N . and after cooling to roomtenperature it was poured onto 400 g

of ice. The ague 'us phase was extracted with 400 mM pentane. The organic

| ayer waswoastoed72e0th a 2 NabH-sol ution and with wat er, PATIUSA00SE144
magnesi um sul phate, and the sol vent renpoved in vacuo. The product was
distilled in vacuo to yield 112.7 g (85 % of bronp-ethyl)-cycl ohexane as a
colourless oil. "HNWR (400 MHz, CDCL): = (2H, t, di9Br), 1.73 - 1.61 (m
7H, 1.44 (m 11-0, 1.26 -1.11 (m 311), 0.92-0 f134 (ra, 21-1) ppm

142- Chiyar @- o . 4 | e i i.hgs were placed
a1 o A g & e g B e 5 B
condenser, and 50 m of tetrahydrofyyan KHHF) wer e added. The magnesi um was
etched slightly with a few crystal sof RECTI FAED SHEET (RULE 91) ISA/EP WO
2010/ 077230PCT/ US2008/ 014144 i odi ne e 2 g of

‘ the m xture was heated | ocally.

(2-brono-et hyl)-cycl ohexane werr®
g7 rest of the

After the start of the Gignard-for
(2-brono-ethyl)-cycl ohexane in 350 gHF (112.65 g in total, 589 mmol e)
~were added within a period of 20 m/n, M xture was refluxed for 1.5 h
and then cooled to roon1tenperaturR1°In~a1s¢ srate 2 1- roundbottom fl ask
70.5 g (5,13 nmmol e) of 2-chloro-benzonit iReRand 156 ng (0.16 nole %

copper (I)iodide were dissolved Q8 of THF. The Grignard-sol uti on was
added dropwi se over a peri i and the reaction m xture was
refluxed for 3 h. After st'an at roomtenperature, a mxture
of 190 m water and 127 ml co RWYUrochl oric acid were added very
carefully, "causing a strongf mc reaction. The m xture was stirred
at 50C for 1 h and the |ayers ar at ed. The aqueous | ayer as
extracted twce with 150 nl of toluene each. The conbi ned organic | ayers
were washed twice with 2 Msul phuric acid, once with a saturated sodi um

bi carbonate sol uti on and once wWFommadadax ur at ed sodi um chl ori de sol uti on.
After drying over magnesi um sul phate the sol vent was evaporated in vacuo to
yield 133.5 g (quant.) of the desired phenone as slightly brown oil. '"H NWR
(400 Mrzwhi€lBt Jnsiables/R 4dd M .hhde ﬂﬁlméhlﬂingas?@dfﬂéd ghoveZinihding the?plefdefedH2) , 1. 71

- 1.55, 1.28 - 1.10,, 0:93 -0.85 (3 x m 13H ppm
embodiments, comprising the steps of:

a) Deprotonation of the compound of formula 2:

(Formula 2)

with a base, in which R*®, R"', R, RS, R7', and R® have the meaning specified above.

b) IfR'" has the meaning M?R*R*', where M'%, R*, and R*' have the meanings specified
above, then the further production proceeds by the reaction of the deprotonated
compounds from step (a) with R*R*'M'2X; to form the compound of formula 3 or
formula 4, depending on the quantitative proportions used, where R*’, R*', and M"?
have the meanings specified above, and X may be the same or different and means a

halogen atom, preferably chlorine, bromine, or iodine, or another leaving group,
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7- Chl or o- 2- cycl ohexyl net hyl -i ndan- 1- one 66 g (263 mMmol e)

1- (2- Chl or o- phenyl) - 3- cycl ohexyl propan-1-one, 77.5 g (2.1 eq.) urotropine
and 72. 6 wo(2B10/07e230) -.of acetic anhydri de were placed i nPaTABR0081014144
roundbottom fl ask and the m xture was stirred at 80C for 4 h. Then 100 mi
water and 100 ml 2M NaOH were added and the m xture was extracted two tines
with 200 ml dichl oronet hane each. The organic | ayer was washed two tines
with 100 ml saturated aqueous ammoni um chl oride and dried over magnesi um
sul phate. Th if180Y d in vacuo to a total of 150 m

vol une and t gﬁggpﬁﬁpgn hagﬁgggéaﬁﬁggﬁﬁﬁse over a period of 2.5 h to 660 g
of hot (70 - 75C) concentrated sul phuric acidugﬁtﬁf stirring for an
additional 30 min at 75C the mxture was allowkd t§ stand overni ght at room
tenperature. The m xture was poured onto %@@r Jgof i ce and extracted
three times with 150 nl_.d€ichl or onet hane exh. , gani.c | ayer was washed
twice with 150 ml of afsat m'3R¥H*'sodi um bi carbgnat & s& uti on and once with
100 m of a saturafed_sodidm chl oride solution. AfRer drying over nmagnesi um
moré¥ i n vacuor®AHm'Product was purified by

col um chromat ogr aghy on si{lica (heptane / 0 2010/.077230PCT/ US2008/ 014144
di chl oronet hane 5:1) tqsyi ek'd 40.0 g (61 % of theRﬁesired product as a
slightly off-white oil, which slowmy crystallizedALR'NVR (400 MHz,

CDC13): 8 = 7.42 (t, 1H, aromatic), 7.29 QP atic), 7.24 (d, 1H,
aromatic), 3.25 (dd, 11-1, COCH), 2.71 (m 2H, jbengyligs), 1.78 - 0.87 (m
13H, aliphatic) ppm 7-(4;tert-ButyI-phenyl)-Z?%ychmhexylnethyl-indan-l-one
60 g (228 mml e) 7-Chl oro-2-cycl ohexyl net hyl -i ndan-1-one, 49 g (1.2 eq.)
4-tert-butyl -benzene i§ acid, 53 g sodi ate, 750 m. ethyl ene
gl ycol and 150 mi wagib?ﬁq\%\l/e@r placed in a 2 lfdmrnglﬁfrll%l)%gttomflask equi pped
with a nmechanical stirrer and a reflux condenser. The m xture was degassed

three tines,by.slight evacuation and recharqi with argon. A.prenjxed
catal yst 580 CnEnhEBied iR bftrafine gREeds? iRttt Matieanr BEA S, 3 m
NaTPPTS (2.6 fibdearpvidabled vathts mibtaBin¥@neadtthpduid oPforivafa€y was added and the
m xture was refluxed at 125C until conplete conversion (approx. 4 h). 300
m of water were added and the m xture was extracted three tines with 150
m of toluene each. The combined orgam c | gyers were washed twice with 100
m water and once with 100 m of _a saf uraMed sodi um chl ori de sol ution.

Dryi ng over nagnesi um sul phate and @ﬁ)} gn of the solvent in vacuo
yielded 87.2 g (quant.) of the degi Soditt as a yel | ow sti cky

oi 1. 1H- NWR (400 WMHz, CDC13): 8 =R7.54-§t, 4H, aromatic), 7.43, 7.38 (2 x d,
4H, aromatic), 7.24 (m 2H, aromatic)R” 3.30 (m 1H, COCH), 2.80 - 2.67 (3 X
m 2H, benzylic), 1.85- 1.47 (m 7H, Elip atic), 1.35 (s, 9H, C(CH3)3),
1.27 - 0.87 (m 6H, aliphatic) ppm (Formulas) v

4- (4-tert-Butyl - phenyl)-2-cycl ohexyl net hyl- 1H i ndene 82.3 g (229
mol e) 7-(4'-tert-Bu%%l-phenyl)-Z- c%plohg% | et hyl -indan: 1 -one were

di ssol ved i n 28pwhich M ptaedsdfor ki, Najon. ,amnﬁﬁ&BMRLMRelwaewimgs a
refl ux condens R : ' i de were added. Then 40 mi
(4.3 eq.) neth negf&&éngéé%é%g%ttﬁ%g%q%&r@d?gggﬁﬁx ét;jre was stirred for 3 h at
50C. An additional WO 2010/ 077230PCT/ US2008/ 014144 1 g of sodi um
borohydride and 5 m nethanol were added and the m xture was stirred
another 2 h at 50C. 2M sul phuric acid was added until the gas evol ution
ceased. After addition of 100 mM water the |ayers were separated and the
organi c | ayer was washed two tinmes with 2M sul phuric acid and once with a
saturated sodium chloride solution. The sol vent was evaporated and the
crude indanol was dissolved in approx. 350 ml of toluene. After addition of
0.7 g p-toluene sulfonic acid the m xture was heated to reflux using a
Dean-Stark-trap until TLC showed conpl ete conversion (90 mn). The sol ution
was washed twce with a saturated NaHCO3- sol ution, once with water and
once with a saturated sodium chloride solution. Drying over nmagnhesi um

sul phat e,  evaporation of the solvent and crystallization from 800 m

ethaiol afforded 67.3 g (86 %9 of the desired indene as white
crystals.11-1-NWR (400 MHz, CDC13): = 7.45, 7.33, 7.25, 7.14 (4 x m 7H,
aromatic), 6.69 (s, 1H, =CH), 3.35 (s, 2H, benzylic), 2.34 (d, 2H,
aliphatic), 1.71 - 1.50 (m 6H, aliphdbic), 1.39 (s, 9H, C(CH3)3), 1.24 -
0.87 (m 5H, aliphatic) ppm

D et hyl si | andi yl bi s[ 2- (cycl ohexyl net hyl )-4-(4-tert-butyl phenyl)-1-indenyl]
-zirconiumdi chl ori de 20 g (58 nmole) 7-(4-tert-Butyl-phenyl)-2-

cycl ohexyl -nmet hyl- 1Hi ndene were dissolved in 340 mM toluene and 20 m of
THF in a 1000 M - roundbottomflask. 24.4 ml of n-butyl lithium (2.6 Min

M ~ o~ A I N N N B D 1 o, M I T

sul phate the sol vent




WO 2010/ 077230PCT/ US2008/ 014144 filtration. Washing with 2 portions of 30
m diethyl ether each and drying in vacuo yielded 22.7 g of the crude

conpl ex (wacbhmaygm3s 1.5: 1, containing |ithium chloridepCTiseonsatand c

conpl ex was isolated by fractional crystallization fromtoluene. Yield: 8.1
g (9 mol, 31 %9 as a bright yell ow powder. 1H NWR (400 MHz, CDCl13): 8 =
7.61 (d, 2H, aromatic), 7.57, 7.44 (2 x d, 8H, aromatic), 7.36 (d, 2H,
aromatic), 7.22, 7.15, 7.07 (3 X m 10H aromatic + toluene), 6.94 (s, 2H,

i ndenyl -H), 2.64 ("dd", 2H, indenyl-Qr®), 5 34 (s, toluene) 2.13 ("dd", 2H,
i ndenyl -CH2), 1.75 - 1. 45 (m 10H, aI| 1.33 (s, 18H, C(CH3)3), 1.31
(s, 6H Si(CH3)2), 1.12 - 0.76 (mR @
Conpar ati ve Exanpl e 2: Di nethyl sil andi

1- Brono- 3, 3-di met hyl - butane | n geogstypi2roundbottom fl ask equi pped with a
reflux condenser 232 g concentrated sul phuric acid and 283 g hydrobrom c

ol . The mixture was refl uxed
for 6 h and after cool i ng t,o roomobe e, it was poured onto 400 g of
i ce. The aqueous phase was extracted 11 pentane. The organic |ayer
was washed with a 2 M NaOH sol ution ater, dried over magnesi um
sul phate, and the solvent was renoved in \?acuo The product was distilled
in vacuo to vyi eId 88.1 g (55 %9 of 1- brorm 3, 3-di net hyl - butane as a
colourless oil. "HNWR (400 M-I z, CD%;L 8 =3.35 (m 2H, CH2Br), 1.80
(m 2H, CH2), 0.90 (s, 9H, t-Bu) PPm¢ 0{7@“2(910/077230PCT/ US2008/ 014144 14.1
g (580 mmol e) Magnesium turnings were placed inal I- roundbot t om f | ask
equi pped with a dropping funnel and a reflux condenser, and 60 m of THF
wer e added.d) TReackaypielie gampewndeefdiheauls Hiog twith abash aad pddition 9EMITls, inf i odi ne

neat od 1 ocarl§ ok PR for bR o 20 BRI, B R Shan o7 ° e

1- br ono- 3, 3- dfomaulla;lla butane in 350 nl of THF (88.1 g intotal, 533 rrrml e)

wer e added t hi erio n, .-The m xt r ef

and then com @b%‘gfﬂﬁ‘?%ﬁgé’f i‘?r 12, fyr %f‘ag’é’beaga(iénwaﬁﬁ CYFEHWE@F&%% il ask
63.9 ¢ (4 4B aEyPhihyD 1 R indehd @ LriRe §810édt ! whieh 8e1isiAdt I of thotdardRialic B
copper(])iodide were dissolved in 265 m of THF. The Gignard-sol uti on was
added @liphahir brdrggaspons andfor gge oF more Pﬁl% ametiq wéverneaetdeawtmamdw@ plsong

refl uxegef di ture
of 10000 B etarble SLAGLTARC 1hd LA 52 AU A ERBLANK BT ot y
car ef ulgbsg, aﬁdip&lfd’t@olgzl 03¢ t®OBEACY "ﬂm*emﬁxﬁg ﬁleﬂ’aE@@ttlb €Hen rddteeddirectly, Bvitsit St i rred
at 50C for 1 and the | ayers were separated. The aqueous | ayer was

ext r acfuthet WP@EOW"E Ffen £ With apilicon cumprouad op germesiump pemprunddhdjsantins dyear s
wer e e di um

bi car ﬁ@%gtggé%ﬁl Et F}c?rflérgnnt%ﬂ n@kem&?ﬁhge g%?ﬁ?uéltgg T dllul]%ngl(") tc??{n é&gjo ution.
After derpiuteyt candre MQnetbnmjguhphmfeht heantititive mtopnamnsv Gpoweatmts of formatauo to

yield e henn | L ght own_ qi |

11-1 - %/lﬂg)é( A {A?le%})éﬁ%IY%' S O fotita 3 @4&?(@5@% gp [ on
COCH2) 1he1b1§91délﬁlyl)sakhes6lﬂi’ortnuﬂlé} or Ga&Qio(uBly &b‘rotcﬁnaf’dd)wﬂﬁpﬁfbtrong base, such asn-

7- Chl (C):ﬁo- ﬁ_-lg,z, -di et hyl p ropyfl‘ - i ndan- 1- one 101. 8 453 nmol e)

1- ( 2- chrfinigie 2 nert Solientevhish septisiHof og g8 mofaaromagje ezalipleaC) ur ot r opi ne
and 12‘ﬂlglgr09ar6c%1s an8/dr )mep(f)r RERPofar AP e hf Rk %fs‘ﬁ%xhlﬂ st KRR this
roundbottom flask and the m xture was stirred at 80C for 4 h. Then 200 ni
wat er avad ipeacted, witlonbisplatien, dirgettewithagowme ofil ik Zaraz Hiite obtain the cenipouns t| mes

with 250.m dichlor ne each.. The orgar ay gedtvvotl

R T Y 3 e R D e

sul phapec tol§1PCs Pepentdin@ R tittnatV@e of BEUREAU §RteVRLRrhPa d otr%t €h|e n‘i’é(talﬂﬁgné?)1

vol ume and the solution was added dropw se over a period of 2.5 h to 1000 g
of hot cqrvbr— isphieyd eitbpcdiractx dom thgirgastion sminlgredwitinracgnesotratios qrg>s¢u§l|orm1meso

addi tig VA t Y t at room
terrpera ure an?ept#]%gdfbgett\%g%l%ﬁértgﬁt thﬁ r%rle?’re T %fsat?eagt ﬁég adn &t ract ed
WO 2010/ 077230PCT/ U82008/014144 three tinmes with 250 n1 di chl or onet hane
each. The organic | ayer was washed twice with 250 mM of a saturated sodium
bi carbonat e sol ution and once with 2086m of a saturated sodi um chloride
solution. After drying over magnesi um sul phate the solvent was renoved in
vacuo. The product was purified by colum chromatography on silica (heptane
/ dichloromethane 1:1) to yield 79.4 g (74 % of the desired product as a
slightly off-white oil, which slowy crystallized. 'H NWVR (400 MHz, CDC13):
5 =7.44 (t 1H aromatlc) 7.30 (d 1H, aromatic) 7 27 (d, 1H, aromatlc)
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5 g (148 mmol e) 7-Chloro-2-(2,2-dinethyl-propyl)-indan-1- one, 31.6 g (1.2
eq.) tert-butyl phenyl boronic acid, 34.5 g sodium carbonate, 438 n

et hyl ene wybyowlo7zasd 88 ni water were placed in a 1 1- r@amdiseesomifid ask
equi pped with a nechanical stirrer and a reflux condenser. The m xture was
degassed three tinmes by slight evacuation and recharging with argon. A
prem xed catal yst solution consisting of 67 ng (0.2 nole % palladium
acetate, 1.94 nl NaTPPTS (2.6 Min water, 0.8 nole %9 and 2 nl of water was-
added 3ndertdato ik }EEHQ@ lv\ﬁsfuftﬁér r%ﬁgs@& %?a%gn Rps ha\Eg gf)]? ed to reach '
conver si on(appr ox. h) . er were a he mxture was
extrac t@dn@mrre@oiqrmdmramm&ﬂraﬁlbs gif attledsti&n grefemahly o'ﬂaele@drﬂiﬂc newror gam c

| ayers ce WI th

sat ur af YE%‘&‘Fed 63?1 lglr i 4 oyt Bfe%grrrlerg Tﬁf\@?e@t %H] fej};o %@Hé‘ﬂ‘ﬂ?ﬁ%ﬁ?@ﬁ% e and

evapor at i OnIIDFlgt hehs pidivedual Btapyadh@pwcéﬁsdﬁdleﬁﬂv@ﬁlog félquaﬁliclﬁg @4nsitioa- desired

pr oduct aﬁ el |l ow g[;tlcky oi | H NVR (400 MHz, CDC13 = 7.58 (t, 1H,

T g e i b i e Y
¥bBdi enzylic s m u : S,

OH, Phet Bul{n 03 (s, 9H, CH24-Bu) PPm WD 2010/ 077230PCT/ US2008/ 014144

4- (|4 ';ert gddity mejp)resgnt(lave_ntdnrmlamlo pcaspl%&tl)sygtpm%rmegg at lleastsmeg (150

mol e yil yl propyl) -i ndan- 1- one were

di ssol velag&ndfg(g&ﬁrﬁ‘ﬁ oll ?Jrgllr%erﬁ?i% Te%ggyée%?cat oundbot tomflask equi pped with a

refl ux condansmétable GocZalgst cdmpormt WhivhGhaybdogresunyshicofligngiertie prdskad invEhgon 26. 1

m (4.3 % t hanol were adcied at 50C ang ftjrkf m xture was stirred for 4 h
at 50Cin ‘i}ﬁs tﬁ&gf system ePNUBiSeS FhIEast O ARG REthe BYPE Qf anelymingranged bewisded
and t hgciflok hi! [dhid\&mpouhd WtthatadOkitR UShth i bne %Mo%%rpmérlbt?er%‘&bq c‘éﬁém@dded

until the gas evolution ceased. After addition of 100 ml water the |ayers
were sépapaindd and t he organic | ayer was washed two tines with 2Msul phuric

d and t | t
avapor at eq Autrhds 8ROt 8hEHe FPRIUMLACLARLARn 35 thhRllnal 1y aplntg hist @
t ol uendén thafferer ofdiwat, icpelicotagkd gr peltyoletie seuctues. 04nl|tm>ugh |t}d: dxlaet stiuzdubt($) ofas -

heated to.refl ux us| Dean-Stark-tr TLC sho npl ete :
conver §fu8}\n((x§8€srff Ay f u%ﬂ'@“%ftdi Y"Sﬁa%ﬁfgteaégzﬁ@ ylt'W'EB‘Oﬁ"iel\él\%é""s &FReld NaHCos-
sol uti @gtmuate With water and once with a saturated sodi um chl ori de
solution. Drying over magnesi um sul phate, evaporation of the solvent and
recrystallization from 500 n1 et hanol afforded 35.3 g (74 %9 of the desired
i ndene as white crystals. §4Q€W 7nCDC13): 8 = 7.47 (s, 4H
aromatic), 7.34 (d, 1H, ar ITH'[I a( 1H, aromatic), 7.16 (t, 1H,
aromatic), 6.72 (s, 1H, C=CH), 3.44 (s, 2H benzylic), 2.36 (s, 2H,
CH2-t - Bu),

Di net hyl si | gﬁ%ﬁ]@lﬁ%f% ﬂéltcznﬁeadl ﬁ%‘ﬁ? rb‘F‘tS’éS?i’)f E"'}lﬂo’faé‘ﬁ Hﬁtdﬁg‘ﬁﬁgd?ﬁ)e 1-i ndenyl
] zi r cofirthlAisshland i ote (6. 28 mol e)

4- (4-tert-Butyl -phenyl)- 2- (2 2 d| met hyl propyl) 1H i ndene were dissolved in
34 mM toluene and 2 M of THF in a 100 mM - roundbottomflask. 2.64 m of
n-butyl lithium (2.5 Min toluene, 6.6 mole, 1.05 eq.) were added at room
tenperature and the solution was stirred for 1 h at 80C. After cooling to
40C 405 ng (3.2 mmole, 0.5 eq.) dinethyldichlorqgsilane were added in one
portion and the mixture was dqtirred at BOC for 17 h. The sol vent was
renmoved in vacuo and 20 m dilet hyl ~et he,kl weré added. 2.64 m of n-butyl
lithium (2.5 Min toluene, 6.6 nmwole, 1.05 ed| }2were added at room
tenperature and the m xture was stirred overm ght at room WO

2010/ 077230PCT/ US2008/ 014144 t enpefEQmda 8)Aft er cooling to room tenperature
776 mg (3.3 mmole, 0.53 eq. regarding to "indene") zirconiumtetrachl oride
were added in portions. The orange- yell ow suspension was stirred for 5 h
at roomtenperature and the conplex was isolated by filtration and washi ng
with diethyl ether to yield 1.59 g crude conplex. The racem c form was

i solated by fractional recrystallization fromtoluene. Yield: 0.65 g (24 %
as a bright yellow powder.1H NVR (400 MHz, CDC13): = 7.62 (d, 2H,
aromatic), 7.58, 7.45 (2 x d, 8H, aromatic), 7.37 (d, 2H, aromatic), 7.23,
7.16, 7.08 (3 x m 10H, aromatic + toluene), 6.93 (s, 2H, indenyl-H), 2.64
(d, 2H, indenyl-CH2), 2.34 (s, toluene), 2.15 (d, 2H, indenyl-CH2), 1.35
(s, 6H, Si(CH3)2), 1.32 (s, 18H, Ph- t3I§u) 0.83 (s, 18H, CH2-t-Bu) PPm
Conpar ati ve Exanple 3:

D et hyl si | andi yl bi s[ 2- (1- adamant yl net hyl ) -4-(4-tert-butyl phenyl)-1-i ndenyl
Fzirconium di chl ori de 1-(2-Brono-ethyl)-adamant ane In a 11-
roundbottom fl ask equi pped with a reflux condenser 164 g concentrated

sul phur| c aC| d and 200 g hydrobromc aC| d (48 % in wat er) wer e added
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7-Chl or 0- 2- ( 1- adamant yl nmet hyl ) -i ndan- 1- one 78.7 g (260 mmol e)

1- (2- Chl or o- phenyl) - 3- (1- adamant y1l) - propan- 1l-one, 77.5 g (2.1 eq.)

ur ot r opi r®oant)/072236 g (2.7 eq.) of acetic anhydride wer eCplise®d/oi4146 500
roundbottom fl ask and the m xture was stirred at 80C for 4 h. Then 100 mi
water and 100 ml 2M NaOH were added and the m xture was extracted two tines
with 200 ml dichl oronet hane each. The organic | ayer was washed two tines
with 100 m saturated agueous amoni um chl oride and dri ed over nmagnhesi um
sul phate. The sol vent anount was reduced in vacuo to a total of 150 ni

vol une and the solution was added dropwi se over a period of 2.5 h to 660 g
of hot (70 - 75C) concentrated sul phuric acid. After stirring for an
additional 30 min at 75C the m xgure WO-3010/077230PCT/ US2008/ 014144 was
al lowed to stand pvernight at ropmytenpergture. The pixture was poured onto
approx. 500 g of 1 and extracted,three tlinmes wt 50 m di chl or onet hane
each. The organi |ayer was washe i\f/l ce,.Wjth ?g m of a saturated sodium
bi car bonat e sol ution afd orfte wi LQ 00 B Jef & Saturated sodi um chlori de
solution. After dry/i/ns over nmagnesi um sul phate thessol vent was renoved in
vacuo. The produck was purified by colum chronmat ogrBphy on silica (heptane
[/ dichloronmethane 5:1) to yield 58 (Borffnila 9) of the desired product as a
slightly off-white glassy solid. 11-1-NWR (400 MHz, CDC13): 5 = 7.39 (t,
1H, aromatic), 7.27 (d, 1H, aromatic), 7.21 (d, 1H, aromatic), 3.37 (dd,
"1H, COCH), 2.70 (m 2H, benzylic), 1.36- 1.18 (m 17H, aliphatic) ppm
7-(4-tert-Butyl -phenvl)-2-(1-adamantyl net hyl ) -i ndan- 1- one 71.8 ¢
(228 mmol e) 7-Chloro-2-(1-adamantyl net hyl )-indan-1- one, 49 g (1.2 eq.)
4-tert-butyl-benzene boronic acid, 53 & sodi umcarbonate, 750 m ethyl ene

glycol and 150 ml water were p h\az 1- roundbottom fl ask equi pped
with a nmechanical stirrer %T?' refl ux denser. The m xture was degassed

three tines by slight evacuafi oMk arging with argon. A prem xed

cat al yst sol ution consisting|of 1§ (.2 nole %9 palladiumacetate, 3 m
NaTPPTS (2.6 Min water, 0.80f0lEe % AMd—ml of water was added and the
m xture was refluxed at 125C u I ete conversion (approx. 6 h). 300

m of water were added and the m Xture was extracted three tines with 150
m of toluene each. The conbi ne® organic | ayers were washed twice with 100
m water and once with 100 ml of a saturated sodium chloride sol ution.

Dryi ng over nagnesi um sul phate and evaporation of the solvent in vacuo
yielded 94.1 g (quant.) of the d'es&rgg ergsluct as a yellow sticky

oi 1. 11-1-NWR (400 MHz, CDC13): 5 = 758 (t; 1H, aromatic), 7.41, 7.36 (2 X
d, 4H, aromatic), 7.21 (m 2H, aromatic), 3.37 (m 1H, COCH), 2.77 -. 2.68
(28]1 o/zg%“g %}%&% §§%riuj{%4kﬁ (é)rft9)zagdH (1 (ﬁ lc!at? Béa }deﬁtic%l g gfpe}e:gr?t arEl)(P Q;‘le eaé:/}\P aG

4- (4- t eCf,ghuipysuelphediydlkyl 2rdulp effesran tty hbait b\hboh Htdnisl @i ryl group M ffdng6 (228
mol e) 7- (A -t rt-Buty{)-phen 1)-2-(1- adamantyl net hyl ) -i ndan-1|-one were

di ssol ¢BYl R car§en glomspbsnaxkor hydrogen and g isiniptageriremaR S0gprefssally fomhi0a
refluxisgondenser. 9.5 g (1:1 eq.) sodium borohydri de were added. Then 40 ni
(4.3 eqg.) nethanol were added at 50C and the m xture was stirred for 6 h at

50C. 2M sul Befarably, Hei radigals Raare ddentipaliand ateemethyl, isobutyl, indutyd.adseyl or Aenzy,

addi ti of - he | ayers were separated and the organic | ayer
was mgﬁrélgﬁlf&gg{ei%ﬁ%%@vgmﬁ{t??;IZM sul phuric acid and once with a saturated

sodi g_m ch: otﬁéli@rasltdalstR m.difggensdie?mfd ;ﬁm&satﬁyi?dfyahmghﬁitrdgdnbﬁ}eﬁgyugm i ndanol
was dissplv i N, appr,ox. . ol.uene. er addition o .7 Q

p-tol Lanbudirmehy a@éiféb%‘ﬁewwwgwge%? HOAPBR ObE! P §rally bsinggresentin a

Dean- Spajpkrtiohd® fleft 0.01 M%erq)@mﬁ&qs@[{ponversi on (90 mn). The solution
was washed twice with a saturated NaHCO3-sol ution, once with water and once
with a sat ufb¢ algminpxaontamieorreprsed il arioshwayy by knpvovisethady @msiofithesul phat e,
evapor at. : ly i I t hanol afforded
76. 9 g"’feﬁ'@’r“%""g%@‘rﬁ%ﬁZ‘@Jé?ﬁ??’é‘g’@?ﬂﬁfe&@‘%h B8 I;é'ﬁg‘?‘%g%ﬂmﬁ (400 MHz,
CDC13) hydriddalhinutn3@drogarddn cFmpur(ddwith water,Wyhiclt mapbe @iseobs,83lid,diquidhr =CH) ,
3.32 (s, 2H, benzylic), 2.29 (d, 2H, aliphatic), 1.69- 1.15 (m 15H,
aliphatic), 1.38 (s, 9H, C(CH3)3) ppm

D net hyl si |l andi yl bi s[ 2- (1-adamantyl net hyl )-4-(4-tert-butyl phenyl)-1-indenyl
J-zirconiumdichloride 23 g (5838ole) 7-(4-tert-Butyl-phenyl)-2-(1-
adamantyl met hyl )-1H i ndene were dissolved in 340 m toluene and 20 m of
THF in a 1000 M - roundbottom flask. 24.4 m of n-butyl lithium (2.6 Min
toluene, 63.4 mole, 1.1 eq.) were added at roomtenperature and the
solution was stirred for 1 h at 80C After cooling to 40C 3.5 m (3.74 g,
29 mmole, 0.5 eq.) dinethyldichlorosilane were added in one portion and the

~NNr~ —— - g,



t hree hours at 60C. It was cooled to roomtenperature, and then 218 niL of

an n-butyllithiumsolution (2.5 Mn toluene) were added dropw se. After

t hi s addiwoaniowas23eonpl ete, the solution was heated to 80TUsnessting ed for
one hour at this tenperature. It was allowed to cool to room tenperature,
then 71.1 g (0.305 noles) of zirconiumtetrachloride were added in _
portions. The solution was stirred for two hours at 45C and the precipitate
that forns was separated by filtration through a G3 fitted glass filter and
then c

D010/ oo aaeiREh /algdf%ﬁ'ﬁq'?%%gﬁgg i Scfths (W To prepare an alyminopane
oi | - puhgyingditfarent alkyl growepspy, GWaduffcmm todkplaluednums GAIRS élAdiR@)fcoh%pogld(r&O% and

wth W rs, nust b

naai ¢ e MRS BR Sa Radpitiife ISERR AT pObEts 8F S PRSp RNt 4 Bofheonar i on
11-1- CII\I(\_gw())44)2(9 ahdHiEP EHKZKE)424 7. 63 6. 85 (1m5H16H ar gmwléi)z 214;13(i ZSH
g?_SHO- t er% ' b ff%;llrdlgsfsepé Iwgtgyd otj_prggaregon ffl ghpmlﬁ@%e g;@?xonsl have )m commona (m
Conpar ddriabR denAPbLurréacted al

Di et hyl i anedi y1( o et 1A p Starting B%T@?“ﬁ’ﬁ%}i}%l? Is presentin free form or 25 an, (4-
tert butddughenypi ndenyl ) zi r coni um di chl ori de

Di net hyl si | 2- tert-hutyl phen -L-ind ) (2- 1 sapr opyl - 4-
( 4-_ tert but yﬁl}ﬂ{ékﬁ{ TQ@M%%II&S} a(uf'nmoxa-ni 80@};%&%%?}‘%%#}6?@%&% g or Il(?, 1P 1S

2- |sopalscppdsslb4e(t4 Ltsentoblﬂeyalaphmnyﬂéneim Wdlehme\/mfrdﬁmalrbbh@ghi@doﬂ Wydeogkdl nL of
t ol uene an 0 n n-butyllithiumsolution (2.68

f T
M n t of G ?VWBI’%I@E I_]‘ﬂﬁepﬁﬁ'lﬁl ‘?’ﬁ’t%"ry ‘B‘ﬁft Hilory gf a digtperature. After
this additipge mmllﬁhiﬁoxédéeanmrﬁgtéﬂo%eﬂ%ea?r?{h%q;réoﬂara&ggo?% s%gfizgr[e‘ad for
one hour at this tenperature. It was then allowed cool . toro
t enper eatalyd systeia car bevariedgvithin etwiderange. d‘d(i)wemtshaahcmtfoamd)mes e to a

| 1)-1-
> ctony ftafaaddls fo fheldhd méafIBERE S Rhun o fThiis Tof f bRl he BpHREY 1) 2
hour . Jdmepaunds inrsecmamowtts thatite atoatinirg it ofaluminam ﬁ@ﬂﬂﬁﬂﬁrﬂfrﬁxaﬁ@bﬁﬂqp@ﬁn&ﬁ- of

wat er E\Ifﬁée ﬁed arn dlhftr hase whi ch formvvertg%separ ated. The arganic

phase rﬁ}eta OGFRE SPMRRING iR I B s SmaHl b U 0Hases wer e
ext r acprefbrdbly H8mvI0t Ntoss 000l aHd iR fpakRlarin BE rér%le YRRE30: The460 ThhiRdRE gani ¢
phases were dried over magnesiumsulfate. After filtering off the magnesium
sul f at @ethy H@@GPWQIPW@@@@ ircsieeh landingka3 We strahgth ahusne sélatonisnbuatrthoiide gfunp

vacuu 0° isolated in a yield of 31.6 g (90%

(puri {T%/ )_g@%%%io& q%]4 W%f—e{z CDCl 3): WD 2010/ 077230PCT/ US2008/ 014144
7.51-7.1 (m 14H, aroml-l) 6 71 6. 62 (each s, each 1H, ol efin-Hindene),
3.35, 3.31 (each. eacp 2.65 (m 1H CI—I-lsoPropyI) 2.41 (s,
31-1 CH3- H)S ke ’§a°‘i‘ RS “(’%‘&GHS gwe'é Wlwor@@vﬂdmﬁtw formplajq (. 6H,

i sopropyl-CH3), 0.2, 0.0 (each d, each 3H, SiCH3).

Di net hyl si lanedi y1(2 met hy1-4- (4. tert- but ylphenyl) - 1-i ndenyl) (2-i sopropyl -

-(4-tertbutyl phenyl)-1-i ndenyMiXiX36ni (fartiuleshl 107 i de 36.6 g (60
nmol es) of
di met hyl si | anedi y1(2- et hyl -4-(4-tert-butyl phenyl)-1-indene)(2-isopropyl-4-
(4-t erthzran ip e plg hentlofiGrdep @) ofitePerindic ddblead BlethentS 66 parkicalbr Bj At dhGa,

et her, f lithiu qutlon 2.68 M n toluene) were
added RiFt f]ﬁa&pr oﬁlr‘ng’r)?l &; IaB‘ﬂXaf‘reyth%ﬁar"Pee Sﬁe[}tr@d eﬂélﬂéﬁeat}ﬁ' deogghdlaneh was

conpl edlRyl grb\ ARG €o W&t SO birb@ldat@\#%ramérghéroaﬁ of b ¢ 8 BSAWabon! t WaS
then cooled to OC a zirconiumtetrachl ori de were

added #Ampetkylasys arwﬁylnh%l?ﬁhé (waéloaml e%éwamgvﬁmfml t@ 19 owhon atepsrimther e and
was sthikd I t tatethat
forns 2\i/{llélsleegde&gra géi@gh{;@ﬁ? E%m?lgfgt:dgﬁ '? hreoa}tﬁi'lsra“1il %&\ffﬁ] BH ChPEIE‘S%Sﬁ & and was
was hedlomnt hPtafﬂreﬁ(Exampb@ernbné( aifid Kéaxreahgtuylopmpylmsambpy\i isobatgeor70 b

portio e resi due was d n and the

pr oducttrlﬂ m% Ehyil 408 uFa edagr?/li'péls&db?s f %E‘I 36’( hﬁ'%aantBHY}eP PP Fati o
of abo@mordphknyl,me dlﬂmmpr&nwpentb@u@x@Fm@ @dnﬂaﬂu&oﬁh@@mwmnfﬁlo%bh%ﬁylobt ain
sel ective catalysts for propyl ene polynerization. -

CDC13) : 7.7-6.9 (m 14H, aromH), 3.26 (m 1H CH-|sopropyI) 2 23
(s, 3H, CH3), 1.31 (s, 18H, tert- butyI%, 1.33, 1.32 (each s, each 3H,
Si-CH3), 1.08, 1.03 (each d, each 3H, 3% sopropyl - CH3).

Exanpl e 6:

D et hyl si | andi yl bi s[ 2-[ (1- net hyl cycl ohexypnet hyl ] -4-(4-tert-butyl phenyl)-1
-indenyl | zi rconium di chl oride WD 2010/ 077230PCT/ US2008/ 014144



2- (2-Brono-benzyp-mal onic acid diethyl ester In a 4-neck 4 1 round bottom
f1ask ‘equi pped with a reflux condenser, gas outlet, thernoneter and stirrer
are pl aceao20t/wof23et hanol . A sol ution of sodi um et hoxi decirusetdsanals i s
prepared by gradually adding 25.5 g (1.11 nol) of sodiumcut in small
pieces to the reaction mxture. At a reaction tenperature of 40-45 C the
sodi um addi tion and reaction is finished after -1.5 h. The solution is
cooled to roomtenperature and 192.5 g (1.20 nol) of malonic acid diethyl
ester ( e M is stirred at this tenperature for 15 m nutes.
Then 2 gga’gﬁ@g%uo}r%ﬁﬁtﬂgﬁﬁ%%ﬁ%benzyl brom de are added via a dropping funnel
in a way thBtefdrted Lresde adidmart enimpethatalumginniaj steﬂwyﬂalumﬁm%ﬁnsmnﬁalutﬂmmm,ddi tion

is compl.e the reagtion m xture is heated reflux. for 3 h or wor kup,
rost P b G Parhd: biirenh Porati gy Rior e toRine B ided ot he
r esi dudiflublph¥ydil oranb asis(4L udedinEtdglpAeh bohind Ofis@d6-ifl ioiBshe APl JFhneDf

di et hyl ~ether, The conbi ned organic phases are washed with 200 ni of water.

The et Mis(penta-flearerheaybbrrane, trsfiobd popnssisiseed- aimetrehenylthorape oS- s

distil I 0 obtain re

2[?2[ Blrd %L@Rzﬂ%ﬁ}%ﬁownﬁl oP G “gf"pg’%@)?’% %re| d: 2I30 8? 70 % .11-1- N\R
(500 MHz, CBatigylapprierer8e is g*iyét)to(trrs(p&mﬂaﬂmroplmnybbqraﬁe 22 (m 1H, aromatic),

7.17 (m 1H, aronati 7.0 1H, ar omatic CH2CH3) ,

L g b 1 MRS Rcaflysslpppfertie i bive I e SoupolindS p bidh efpbaina i < b,

- 0- CH2 Gl lfinatng adridd ﬂi@ﬁaﬁ)Mﬁkis?peﬂfaﬂl@b%h&yﬂ%bﬁteqtdraﬁl@&lkrlb%rdté tSHF, T ORS00t t om
flask with equi pped with a reflux condenser, thernoneter and stlrrer is

char ge@t Qe Eé@lﬁc?‘é’tef@“ﬁﬁﬁel@ﬂ beys.apidrdirpeniegt 3cid gefivmi ¢ aci d di et hyl
t d i t
ydroxi de | Ao ZiEadang parfaldprdet il sinRea Rl it By added |

W t h stenvatives su¢hes mdwtanmnomemupmthumdmxtln,)damfmhium, dizthylonmdniamg N- he /

addi ti on.,0f the drox sol tlo is inte ted.as soon as a
S P L e SNAEARR e Rata DbF Y BRSGR, oo a6
80C. Th&tﬂi}&ﬁfﬁﬂﬂﬁhlﬂ@l, ﬁﬁhdﬁlsylaminbmﬂlmXﬂdﬂ@l@lphéﬂylahﬁmm’iuﬁhdﬂﬁﬁﬂlﬁﬁnﬁ pMiords- t he
initial. react BIiltarts t 0. subsi de. en that no change in

t enper AbUEMethylapilisrper I\’NﬂitIIOeNé\&éWf’ghxlw@l%ma ﬁihmﬁt}ﬂulrbswéﬁén@emum, on. |f
thi's hapR&ifeth)RFe1sREGanfodfimt ure is carefully and slowy heated to 80C
The exotherm ¢’ reacti On may suddenly start. As soon as the initial reaction
starts to sbwblel.ewinacideationsone patiangoéthedommale ¢ to 100 C and stirred for
h at this tenperature. To separate nost of the ethanol, 225 m of water
are added and about half of the total volume is renoved on a rotary’
evaporator in a vacuum The¢(¥aiQq k.. 29" nl (Brmudd E2) are agai n added and
concentrated hydrochloric acid is carefully added (neutralisation is
exothermc) until the sdution is strongly acidic. -
2- ( 2- BrdeR- Y atdelomd b o Girdupaqite nroememern@ai%srabwtﬁéerénieﬁtsfI Itered off on a
frit and washed with water until the washing water has a of
appr oxQrée Q yre3ingly megativily shargsd/groupsartirlyas S1-Ges-dliylufaténs- M!H @H@’bﬁrﬂs essure,

t r ansf 1 r t

boubi ¢ Sa AL RS ALk REh, 3l ool dd e 4t B HEAnE bl B ol

t her e un¢ 28 cdrben gamsmvﬁkuikﬁm@ab,psrcloéncybgroapﬁomfcﬁ(om 3Qo abmmtl@samoyetdmsw oi |
formsvx/n sol.i dif r. tepperatu The crude uct is

i S50l TIPSR oet I s Sl BeAti 16 Sirborieis i SRR

3- ( 2- Bh@iager BIROYY groRpOef fdth q 1808 Eafdof Glost atyRskyD¢Slipsidf ot 619 sarbdd t-er ed
off. A further crop of pure product can be recovered fromthe filtrate by

r emovi AYMELBLY! oomercaptyberetpranol  and agal n cooli ng the renmmining solution to
-30C over ni ght; ,g}[{r% |d: 128.2 g, 80 %. 'H NWR (500 MHz, CDCI 3,
ppm: 8 = 7. 5% b egﬁgg%/ioﬁhtlc) 7.28 - 7.20 (m 2H, aromatic), 7.07 (m
1H, aromatic) ZISamelt‘(gerf@HOthiﬁdZ CHZ COZH) 2.70 (t, 2H,

Ar - CH2- CH2- CO2)

3-(2-Br om)phenquofTes rogf)if gotpsggﬁ rflncﬁraez B}" ‘&35 '%ﬁ‘(tga'ﬁor er?é'BLt)or]wnd bottom f | ask
with gas outlet and stirrer. 133.2 g (1.12 nol) of thionyl chloride are
added and the m xture is heated under reflux for 2 h with stirring in an
argon at nosphere and excess thionyl chloride is renoved in a vacuum The
resulting yellow oil is dissolved in 700 m of nethyl ene chloride, cooled
to OC and 82.0 g (0.615 nol) anhydrou#Oal umi ni um chl ori de are added in
smal| portions. The reaction mxture is stirred at OC for 2 h and then
hydr ol yzed by carefully pouring it on crushed ice. The organic |layer is WO
2010/ 077230PCT/ US2008/ 014144 separ ated. The aqueous layer is acidified with
concentrated hydrochloric acid and extracted twice with nmethyl ene chloride.
The conbl ned or ganl c Iayers are washed once W|th 2 M HCl ~once with water,

1 . o o L,
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Al dol condensat i onbetween4- (4-tert-butyl -phenyl)-indan-1- oneandl- net hyl -

cycl ohexawmecardaizdehyde 18.35 g (69.4 mmol ) of PCT/US2008/014144
4-(4-tertbutyl -phenyl)-indan-1-one, 9.20 g (72.9 mol ) of

1- net hyl - cycl ohexyl car bal dehyde, 12.85 g (93.0 mml) of potassi um carbonate
and 184 m of ethanol are placed into a round bottom flask. The m xture is
heated to a tenperature of 76 - 78C with stirring for 54 h. 10 %

hydrochl ori c nore and

t he preci pi ta?}lgl h‘%”lsﬁ’( t@@f&gg nglesag \%%9@1 %dl%é a%gggtrﬁ%%g?é%%fﬁn%f ssol ve

t hem ®heiayeeioons, piiksrn catiors s@tascﬂetta}wdnethmpﬂenmﬁﬁ phbspd:bmmtda}nbmmdl

chloride,. Th i ned or,gan ases are MySO4 and t he sol vent
A R T e S S e N i
was  us etnsitfonl rieth0donigléxes WARBUROSi1VEE Edtfon andhe?() 1 0dithéitd HOREdnting OR0 14144

Hydr ogenat i on of '
4- ( 4-t er t - bhiEefaredrians cympaynds yhighgambel usedasroydivg t9ythe present igyaption inglyde:28. 62
g of cg lé}nﬁémuﬁﬁét;w ¥y bcﬂ nyI) -2-(1- _ _ _
met hyl cycl o- hexyl nmet h -one (GC. -83 %opurity) are dissolved in
286 ni trdfut)éamlylbnlamtsﬂ(phelnml)borhﬂeask vmth gas inlet and stirrer. 2 g of

pal | adkrumtg)ﬂ act i vattetd g?rlﬁbon %10 wt - % pal | adi un) are added. The systemis
evacual S ERFT MO YRR IPO%B 00 three tines to renove oxygen and then
evacuatritiityanamosiuiitétedtonljbordiy,dr ogen three tinmes. The stirrer is started
and the reaction mxture is vigorously stirred to help the diffusion of

hydrogEH’u@’é%m‘i“HP‘b‘mct?f@(Pqnéﬂﬂ%“? sBY)hoRates xt ure. The hydrogen uptake is

moni t offfhnMHmshiufiidtPdpdrarAQSto ot he hydrogen uptake ceases.
Filtering themcrlu de f%%éﬁ on #%ﬁgﬂg&l@% a paper filter, and renoving the
sol ventrifrepydammeniumtétesddinsthyiphgayl)borate,

4- (4-t h t hyl - | methyl ) -indan: 1 - I d
2750 Gt Bl ok PRI e br octuct was used wi t hout

furt hetrxumﬂaxﬁmcﬂlhnmraf(aﬂubﬂmphaqﬂ)bemu@nt reduction/elimnation-sequence.
'7-(4-tﬁlrt Butg eny -2-[(1- et hyl cyclohexgqpmeth yl]-1Hindene 27.9 g of
crude A:-NAIpehylgys 91Pex§i?éﬁw)‘“‘2tefr@lﬂs(ﬂ"rﬁlaﬂb‘?r€9 rgheHS net hyl ]i ndan-1-one (-
83 % pwmmethgb&;ezyganc,zénmmms@ahamaﬂh b6dS M of toluene are
charged in a f equi pped with reflux condenser, dropping funnel and
magnet I\bNgitmfvthylﬁgllxbauntet!a{ehemyiabma@,| s warmed to 50C and 14 ml of met hanol
are sl d stirring is continued for 2.5 h to
ensur e%?&eﬁqgﬁg%@geé%}{e%%c%gs NaBH4 is carefully hydrolyzed with

appr oxNN—@méthyihnﬂmdﬂﬁ&@dqs(ﬂ'émaﬂuog@heﬁylmae is separated and the water

phase S wi.th ano r 35 n1 toI uene, The conbi ned organi c phases
are tvm\ﬁa ?tﬁglé’t“élﬁu\mftﬁ‘ ngl PWHHFer anhydr ous MySO4. Most of
t he som(ﬁab masmh@,ﬁumearakﬁ nmﬂgg@gh bhfid. aced by fresh toluene up to a
total vol une of 100 0.3 g of 2010/ 077230PCT/ US2008/ 014144

p-t ol ué%@@mhﬁéﬂb%ma@mammt@katia@aaﬂmﬁ@heeﬂébqr@tn, flask is fitted with a water
separ aj, s heated to reflux for 1.5 h. The:
converg%ﬁ@%&EQOJ&%ﬁ%%%@SW%§Iﬁ%té ’Once the dehydration is conplete, the
sol uti trmthﬁphmammmmtrﬁ(ls(phmymbatamj NaHCO3 sol ution and dried over

anhydr The solwvent | roughly renmpved in a vacuum and 25.85 g
of a bﬁ@%ﬂl\%ﬁ]osﬁ’@%‘ﬁ?ﬁrﬂﬂﬁ( f“fﬂﬁ)ib ieatl on of the indene is carried out via a
col urrntrc(hfemyqﬂ\egylwiayphommtéualéﬁp% Qbbrated> % of 7-(4-tert-B

utyl - phenyl )-2-1(1-net hﬁ/lc ycl ohex )rret hyI]-1H-| ndene. 'H NWR (500 MHz,
CDC13, trt(Smetthhenyl)a@Sv ouumietralgis(phanyl}beratey) | 7.29 (m 1H, aromatic) , 7.25
(m 1H EQW@&r&Q tefralis(peMafldbio 6.56 (s, 1H, =CH), 3.47 (s, 2H,
benzyl i c@ 2. 3% Lér,nera §(g ﬂatl 8?68{%%%@ 1.2 (br m 10H, aliphatic), 1.37
(s, 9Htrlphaqmp@')lum@n@ms((psmaﬂhpmﬂi@)yl)alanstme (4-tert-butyl-phenyl)-24(1

-nethy . cycl.ohexyl d-inden-1-yll-dinmethyl-s ilane 24.4 g (68.0
nmol ) 1p?1 nylfaéﬁ?ﬁ'ﬁ}‘ PX%’L‘E'F@aj uin (‘t(ei met hyl -cycl ohexypnet hyl )- 1H i ndene
ver e dfsmotniedtdtrakidlpéniatluabphalyhesatesdid/ok22 M of THF in a 1000 nl - round
bottom flask. 28.6 m of n-butyl lithium (2.5 Min toluene, 1.05 eq.) were
added at roomtenperature and the solution was stirred 1 h at 80C. After
cooling to 40C 4.13 m (0.5 eqg.) of dinmethyldichlorosilane were added in
one portion and the mxture was stirrdd at 60C for 20 h. After cooling to
roomtenperature 250 mM of water were added and the phases were separat ed.
The aqueous | ayer was extracted once with 100 mM of toluene and the

conbi ned organic | ayers were washed once with 200 mM of saturated

NaCl - sol uti on, dried over nmagnesi um sul phate and the sol vent was evapor at ed
|n ‘a vacuum The cr ude product vas pur| f| ed Vi a a coI um chromat ography to

1 oA ~S N - A N A Y 1 A~
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D et hyl si | andi yl bi s[ 2-[ (1- met hylcyclohexyl) nethyl] -4-(tert-butylphenyl)-1-
i ndenyl | -wOrzemi7esnd: chl oride To 9.2 g (11.8 mmol ) of BPSTAISEED8/014144
tert-butyl -phenyl)-2- [(1-nethylcyclohexyl)nethyl]- 1Hinden-1-yl] -

di met hyl sil ane were added 92 ml of dry diethyl ether in a 250 m round
bottom flask. Approx. 20 mnutes after adding 9.8 m of n-butyllithium (2.5
Min toluene, 2.05 eq.) at roomtenperature the initial suspension

t r ansf ggpgRdniuffiQrakistp Al vOFPRBRY RAHinhRN- The m xture was stirred over
night at this tenperature and t'hen was cooled to 0C. 2.77 g (1 eq.) of
zirconiumtetrachl ori de were added and after warm ng to roomtenperature
stirring wa in h Gru eaction m xtu s fijtered
over o o1 ricahes b3 ribhdo 0B bR PP bR Aty °

et her . dithehylcydleliexghkenmremetthkia@eadlooophanyl)bordfe sfIN,Nonce wi th 20, once

W th 15;a%gyl§?ce with 10 m  of ho}1 toluene, fromthe filtrate 2.95 g of the
met al | G¥B nzylammopipmistigkistheniaiyproghenyliberateo ht ai ned. For further r/m

enrichment {fgaRé gawle WP Ghixalrdd dfl oies thd HBVE 66w Iﬂehﬁénéw\@ti@ﬁ@&nh@g 1
CDC13, ppm: 8 = 7.61 (m 2 H aromatic), 7.53 (m 4H aromatic), /.40 (m
2 + 4Hcompenndsi Rypferrpd 3yxiurgs cRRiprise alvatinaxpnesand®nipnic 2éinpeundpand/ena Leviel (s,
2H, indegnyl-H, 2.65 and 2.23 (2 x "d", 2 x 2H, indenyl-CH2), 1.48 - 1.08

(multiple ms, 20 H' ring), 1.35 (s,. 6H, CH351), 1.32 (s, 18H C(CH3)3),

0.75 (s, 6HOtkdpeful MWOaROKOEGTPRBARGET LA Yovihd i 4adbsaifp kcempounds such as

Di met hyl si.| andi yl bi s[ 2- -met hyl cycl opentyl ) net hyl ]-4-(4-tert-butyl phenyl)
C1- ndﬁr@ﬁhﬁarg?‘f%smbﬁﬁﬂ“ﬁh%&rl ori de |

Al dol CQﬂﬂ'&ﬁﬁﬁ{rid@f@ﬁﬁﬂﬁﬁgﬁfﬁ@-dl&?ﬁauﬁ&@eﬁbdr@ﬁt‘?nV1) -indan- 1 - oneand1- net hyl -
cyc | opent anecar bal dehhg 15.4 g (58.3 mmol ) of

4- ( 4- t dpdecahiydjidetlephenyl-i Acticarhangnaborgney g (61.5 ol ) of |
1- Met hérli@F&gkgg?ﬁ}a&rﬁ%ﬁ%&gﬂ%@ﬁxg@eq‘%& é—d%aﬁb%ﬁg&ag% % Of potassium carbonate

and 16 aced td a roun om flask. The m xture is
heat ed 4ta@rtanombpemefldy,e of 76 - 78C with stirring for 50 h. 10 %
hydr oc I.C idis added until no gas evolution is observed anynore and

Al or.
t he pr@ﬁ%h@%‘i‘b’ngﬁf‘?’ apboTgies sol ved by addi ng enough water to di ssol ve

them DherigsigaRnsmekiamfuridecabotdt@cted twice with 150 ml of nethylene

chl oride. The conbi ned organi c phases are dried over MJSO1 and the sol vent
i s remEE(byYRammenjumdadegaberate.21. 1 g of crude product. The crude product
was useg@ssdet)dnthotilgn&idk s. Hydrogenation of .

4-(4-te(t(- uty;l? - p%%r{yﬁ- Za?%g%eatbﬁ@afegycl opent yl ) net hyl enei -i ndan- 1- one
21. 0 g trfbutyhanienosivid-1taarhiadbeabytate,

pheny1)-2-(1- et hyl - cycl.ohexyl net hyl ene) -i ndan-1-one (GC. -83 % purity) are
di ssol %/ré@uﬁg'irl?a'?%n}/mgfca qaﬂgﬁ%ﬁﬁ?ge inaflask with gas inlet and stirrer.
1.5 g of(bpal)hadionianon-tagiethyidiigtl | cardagecabd@iep - % pal | adi un) are added. The
system :‘{% evacuated and refj|led with argon three tines to renove oxygen

and t h&{ouvlarmerimatsinanabydrided.. drdisprhanonarpssolonpeliate(Ihe fibytybammontism | s
Sffarte@isﬂ]ﬂeééﬂ?dﬁ&ﬁ?,@lcﬁ&rﬂ&_dﬁﬁé’éa‘%of&o)ﬁrﬂ@%ﬁﬂs| y stirred to help the

di ffusion of hydrogen gas into the I'iquid reaction m xture. The hydrogen
uptake is nonitored and stirring is continued until the hydrogen uptake

ceases. Fil tl“ﬁé Ll{ﬂguﬁt%?.L%(vli'sdegci(iseo%clg%nig réonr];i ())<1}n ggg\gﬁg i\:%sg?a(fc_? é{éiﬂle%l%%%%{}ﬁ) -2-((

renmovi ng the solvent in a vacuuml eavesS cru

1 - et hytiowy dd prhfexatlly frothy/1 Jo 2Melpurivaldntg peefénblel fbrl 9 18 10 equiVlents, based on

2010/ 0 7230Pﬁr/ USZOO%S%!“ 44 - %8uri ty). The obtained crude product
was usélf UFRAYGHS FUPPHHY (%ﬁl?q reues 59T 48r t he” subsequent "

reduct i on/ eCofibiatibAy o ISR Lelvié BaseSHiltr Bmetariic RINGINNAds o thé ypeEIMYL cyC

| openty Dgethyl]-1HJj ndgne.19.5 g of crude o -

4- ( 4- t M RUDyPHRe M (O-MR( Dy flormyladyias dessriped imBateny ApplitativanW - one (- 86
% puri 24.. ; ) 52 m of toluene are charged in
a flasgyﬁgb%ﬁggdg(ﬁ@% 1?1@?{»?811\} agg%c et&r\lllggr@?s%{rqupi ng funnel and magnetic
stirring baln thisregardxR irned RE® avetheesintemr diferantcind Geprésenf a hgtrbgonadtoray £ sl owl y
added with stirring and stirring is continued for 2.5 h to ensure a
conplete reaction. Excess NaBH4 is carefully hydrolyzed with approx. 30 ml
of 2n H2SO4. The organi ¢ phase is separated and the water phase is washed
with another 26 nl of toluene. The corfi ned organic phases are twice
extracted with 2n H2SO4 and dri ed over anhydrous MySO4. Most- of the sol vent
is renoved in a vacuum and repl aced by fresh toluene up to a total volune
of 75 mM and 0.22 g of ptoluenesul fonic acid are added. The reaction flask
is fitted with a water separator and the reaction mxture is heated to
reflux for 1.5 h. The conversion can be nonitored by TLC. Once the

. o o, o o B o T 1 17N~
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i's[4-(4-tert-butyl-phenyl)-2-1-(1-nethyl cycl opentyl)nethyl]-1Hinden-I-yl]
-di net hylwei2oewme788 g (37.7 mmol) 7-(4-tert- PCT/US2008/014144

Butyl - pheny1) - 2- ((1- et hyl - cycl opentyl ) met hyl ) - 1H-i ndene were dissolved in
228 m of toluene and 67 mM of THF in a 500 mM - round bottomflask. 15.8
m of n-butyl lithium (2.5 Min toluene, 1.05 eq.) were added at room
tenperature and the solution was stirred 1 h at 80C. After cooling to 40C

2.27 m fe di 1 i.chl j . i rti and
the m iR ol bChCH IO URR, bRFiRNT oF RSP ERuD Br BOF B abbdeTl,
120 i cafbonatoars, hadodkddddchmahtb dboat Phemrben atoms, dkparatimm 1 Thaboat) U@ carboh ayer

wor o ol BERGn B0 2D cabonaferbSPaTRea t i Abf 208h e et °

nmagnes iadytosubfifiah 6 teaisbut D@ cabbi BRdims\\&F 12842 BOframETtol abodk A0BGatbbM atdig Cr ude
s purified via a colum chronat to yield (67 9% of

pr oduct o?r af)hty 9.4 %

t he de g]a%@/leﬁkﬂdﬁ d&gom Hoabout 4% ¢arberyatpms lkylaryl of from 7'to about 40 carbon atoms,
2- i / t ~¢ls -Ru Jaikd =

o2 [ a3 s Rl 895

Bi s[ 4- (whighethe REugrplipsheee the)same [of diffeerityphd by tbpearhg eamipg hyR] M’ is the same

i ndep- i et hyl si| dded f dry. diethyl ether. i
ot v ounh At A Fepbediy B3l G R aoutoi GG i 1.3 hnd 227

n- but y v dath stands(fér & witblehubrbe1@1¢ or 2. 409 1€7.4) v &lnot 0Bl teoper ature the initi al
suspensi on transfor rm(il into a clear orange solution. The m xture was
stirred ovetsuﬁ‘iﬂaﬁ?("é{a YsheystanaAasepding te fopmpla héaresaapeuisised formutps (A apd g (1
eq.) ofpgirconiumtetrachloride were added and after warming to room
tenperature stirring was continued for 5 h. The crude WO

2010/ 077230PCT/ US2008/ 014144 reaction m xture was filtered over a 4 frit
and the residue was washed twice wths 10 m of diethyl ether. The filter
cake was extracted once pith 30 m ,Ronce with 7 once with 15 and once
with 10 m of hot tol uene,\fromthe|fi|trate .95 g of the netallocene with
a rac/meso-ratio of 4:1 weiB—ob@anAt—Bor—Byrther r/ menrichnment the
product was crystallized,from tol uene. Exanpl®_§z

D net hyl si | andi yl bi s[ 24('1- et hyl cycl ohexyl ) net hﬁl ]-4-(4-tert-butyl ptenyl)-1-
i ndenyl ] -zirconiumdi chloride '

Al dol condensati onbet ween4- (4-tert-butyl - phenyl)-indan-1-oneandl- et hyl -

cycl ohexanecar bal dehyde 18.6 g (70.4 mml) of 4-(4-tert-butyl-

phenyl)-i ndan-1-one, 10.3 g (73.5. mm1l ) of 1-ethylcycl ohexyl carbal dehyde,
,13.0 g (94.1 mmol ) of p%t@ssi um car®ddnat e and g9 m of ethanol are placed
into a round bottom flaski\The m xture is heat/e’ to a tenperature of 76 -
78C with stirring for 50 h.pzl20—Y-hyds-ecithorig acid is added until no gas
evolution is observed anﬁqgre and the precipidatjnng salts are dissol ved by
addi ng enough water to dfssolve them The aqued®s phase is extract tw ce
with 150 m of nethylene chloride The conbi ned organi c phases are dried
over MgSO4 and the solvent is renoved in a vacuumto yield 25.9 g of crude
E{yg?ggéwnhaegépggaggﬁ% R0 B am¥aRedfifithsApedificd fovi Ne Subsequent steps.

4- (4-t ert - bifustherpioes) gdnp@ur{ds that bteydenyllp e ky Fogaricl ub preéérrddrdathode forme@5. 0 g

of crude 4-(4-tert- butyl-phenyl)-2-(1- ethylcycl ghexyl hy| ene) - i ndan- 1-
one (B sy Bt BRRBI AT b S By AaRigHoTSELVAF Aot 208 | s
WO 201Q6M Pt Emi208/ 014144 with gas inlet and stirrer. 1.75 g of

pal | adi um on activated carbon (10 wt-% pal |l adium are added. The systemis
evacuated and refilled with argon three tinmes to renove oxygen and then
evacuated and refilled with hy ompdy ee tyses. The stirrer is started
and the reaction mxture is vi 3%*’?%5@?@ {,Sti rrt,@eto hel p the diffusion of
hydrogen gas into the liquid reaction m xture. The hydrogen uptake is
nonitored and stirring is conti&iﬁgéy@ 1 the {Bdrogen upt ake ceases.
Filtering the crude reaction mi e over a pa & filter and renovi ng the
solvent in a vacuum | eaves crude

4-(4-tert-butyl -phenyl)-2-(1-ethyl-cycl ohexyl net hyl)-i ndan-1-one (yield
24.4 g, GC. -82 % opurity). The obtained crude product was used w t hout
further purification for the subsequert3 reducti on/ el inination-sequence.



7-(4-tert-B utyl-phenyl)-2 -[(1 -ethyl cyc |ohexyl)nethyl]-1Hindene 24.0 ¢
.of crude 4-(4-tert-butyl phenyl)-2-[(1-ethylcyclohexyl) nethyl]indan-1 -one
(- 82 % pwoizb1)y77804 g (63.4 nmol) of NaBH4 and 60 ni ofcralSo@seiane
charged in a flask equi pped with reflux condenser, dropping funnel and
magnetic stirring bar. The mxture is warmed to 50C and 12 m of nethanol
are slowy added with stirring and stirring is continued for 2.5 hto
ensure a conplete reaction. Excess NaBH4 is carefully hydrolyzed with
approx. 35 m of 2n H2SO4. The organi c phase is separated and the water
phase is washed with another 30 ml of toluene. The conbi ned organi c phases
are twice extracted with 2n H2SO4 andgqidri ed over anhydrous MySO4. Most of
the solvent is renoved in a vacuum and repl aced by fresh toluene up to a
total volune of 90 ml and 0.26 g of Q?oluenesulfonic acid are added. The
reaction flask is fitted with a water-separator and the reaction m xture is
heated to reflux for 1.5 h. The c?nversi%n can be nonitored by TLC. Once

t he dehydration is conplete, the golutionn is washed with a saturated NaHCO3
solution and dried over anhydpggsB SQ&,BIQf solvent is thoroughly renoved
in a vacuum and 22.4 g of a IRdwm oilpTs obtgli’ned. Purification of the
indene is carried out via a colum chromatography. Yield: 15.3 g (- 81 %
of 7-(4-tert<ButyI-phenyl)-2-[(1-et@§lcyc | ohexyl ) met hyl] - 1H i ndene. WO
2010/ 077230PCT/ US2008/ 014144 B is [4-(4-tert-butyl-phenyl)-2-[(1

-et hyl cycl ohexyl )nmeth_y1]-1Hinden-1 -ylj-dinmethyl-silane 15 g (40.3 nmol)
7-(4-tert- Butyl-phenyl)-2-((1 _-ethyl cyclohexyl)nethyl)-1Hindene were
dissolved in 245 m of toluend and 7R"™ of |THF in a 1000 nl - round bottom
flask. 16.9 m of n-butyl lithium (2.5 Min|toluene, 1.05 eq.) were added
at roomtenperature and the sql utionappas stirred 1 h at 80C. After cooling
to 40C 2.43 mM (0.5 eq.) of di teyT di @r ¢si | ane were added i n one
portion and the m xture was stlirred at C flo, 20 h. After cooling to room
tenperature 150 m of water were added and t he phases were separated. The
~aqueous | ayer was extracted once mﬁtQ go m of toluene and the conbined
organic | ayers were washed once with E O mM of saturated Nad -sol ution,

dri ed @vwhichagnesi um sul phate and the sol vent was evaporated in a vacuum
The crude product was purified via a colum chronmatography to Xield 10.0 g
(62 % Rof t may be gihy@@gﬁlp #Qmcqr a boron-free C;-Cy carbon-containing group, such as an

D et hyl si | i i - X I P enyl)-1-in
deny| 2211 con Lo ooy e U O ) ' bk A0 calbh MRS

Bi s[ 4- ( 4-t eanylabot pf frpimehtpRboutd( qatbamtdtyrhs, and alkylaryl of from 7 to about 40 carbon

cycl ohexyl) hyl |,- 151 nden- iy 1] - di net hyl si.l ane were .added 95 ml of dry
di et hyl et h’gg&ls’na"g i lcrlwllci?lr ’o%n%‘a%eo&f’ SH¢ ﬁﬁ%‘%?g A%iﬂ%&f‘.%d?g% nutes after
addi ngD1i@ al elemenf offmdin Qebhp VhbLithe priSdidtable sf@lldiRsifs orZanQ8R® Group iwhe !
tenmperature, the initial suseension tr%psforned into a clear orange

f

sol ution. THE MHIASER 81AMRAET Bti-{-redty dERFaFOORiEEIP: Bchiasialkyl ehisemdtigrabow?d t hen
was cool ed ¢fbdiators Bfal bAFEM 610 bodiZ0GaHHRRL T achl ori de were added and
after warmng to roomteénperature stirring was continued for 5 h. The crude
react i &is awhalenembgrdrdm PtteBed over a G4 fit and the resi due was washed

twi ce W | I W ol 1 K S tracted once with
30 m, y(l)gn%‘évﬁ@me H:'um%r H%Iﬁtgng%/i ‘tglf!]&%? g\)%?rf%dfg;l g%ﬁ%ﬁ%&%’ﬁ%ﬁ%’ %&%144 and once
wi t h 18 i9d whéle hainbtofrorarietp 1lromthe filtrate 2. 80 g of the netall ocene with
a rac/nesoratio of 5:1 were obtained. For further r/menrichment the
product was crystallized fromtoluene. Preparation of nethylal um noxane
treated sil TE@binfeiPésmFounds of formlla 13 a¥d pdssB SHINRAEWAR aRbrgdfidmbtaltic
silica (Grace XP02107, dried,af 18 and 1 nmbar for 16 hours,” LOD <0.5
and Lorompaung ofifapnuiani 4 569 [M{R ol imwhichéM| is an gleseens pbmpip Goop killor [H 080
Ww-%s L 1. Q% i I ti.0n) . at
Foom ¢ periodle AbidR Y LRI O shinf B MRt ShERPRALES FRUEBESLAGH)a S0
Af t er thileganddiorhj 00,-Cs cadmpl@neining growp xdnalleyligsowgt ofifreenl 1 ft@abdun@0 barbos at

room tenper at ure and arated by, filtraticn, The resid i s washed with

t wo. 1SB%a“p%YltgrB?‘%oﬁt?&P6‘3?1‘&%&"5‘%“% rcég’ofgﬁb“%ﬁryﬂ‘gﬁi’liogﬁ@"’o? 19 33’8%‘}&% and
dried in vacuumto constant wei ght. The nethyl al um noxane treated silica is
obtained as a free-flowi ng powder in a yield of 408 g. Exanple 10: There is
no Exanple 10 in this application. Ind4d4rder to nake it easier for the
reader to correlate the netall ocenes nmade in Exanples 1 thru 8, to the
catal ysts nmade in Exanples 11 through 18, exanple 10 has been omtted. In
this manner, the netallocene of Exanple 1 is used to prepare the catalyst
in Exanple 11, simlarly, the netall ocene of Comaprative Exanple 4 is now
used to produce the catal yst of Conparative Exanple 14, etc. Preparation of

T Y 1 T I T | o,

wt %



Conpar ative Exanple 11: 10.0 g of the nethyl al um noxane treated
silica prepared in Exanple 9 are placed in a fitted glass filter as a

col um wiwb 2a10T0230h surface. A m nimal anount of tol uemreTits2@dded4and t he
treated silica is carefully stirred with a spatula to renove any air
pocket sin the colum. The excess toluene is renoved by filtration |eaving a
snooth surface. In a separate flask 326 ng of rac-D nethylsilaned

iyl bis(2-(cycl ohexyl nethyl)-4-(4-ter(-butyl-phenyl)-1-indenyl)-zircon i um

WO 201 44 . dj [ anpl e

1), ar e WOLAORR AR AT Stk 30 Bt ORRR R IR IRBE O T 631

rret hyl 3 andiknex avield muntelr fienel (0M.bemarl e Corporation). The slurry is stirred
roomte rature f one ho ive an oran sol ution. This.solution

's then car SRLSIESRTRIANC Srmpeds et fardhuliel e ATl A TRHER R BUS if ca and

sl oW y whidhtht @ghdaifér Iwhiuki, tagREN @] ARl laYundRuil ptaally MgdneEgahplasss of

t he col ored sol ution reaches the top of the silica, the filtration process

i s st ops&dred aganmetalliq ompospds (pfsfoeawéf16|areytnaw@ntlﬁamwh|t5rethxliamneaurby neans

of as t ﬁa‘@ﬁiﬂ t r. The

resi dugﬁgdsblcr)%\yéa-rwﬁ llngﬁl ?r} t e&lgh&ok i E/rgf’ bu{ £luﬁ’1 ? I\l/ilvl ce with

i sohexamey(aiamnnﬂu)l tairsghpbni @bliniinura, dmtethygehunmurgmmoc}dmm ahtmlmnght The

catal yst a| ne wder in a. eI d 12.0 g.

Corpay Bepb e @by 3 Pl mpgbeleridsy el RO sehofisblesie: dhdat ec

si | i caalphepai e@qulahlath@etaywlanmuamﬂjride dAuhlnubd Blirde a&&ofnﬂobywlumﬁmm

columm with a snmooth surf anount of toluene is added and the

t r eat eBYide; dimethyl elamwwngtmsrl@ad% f‘!ﬁn“é}% pRmipymitgethglsdoddeny ai r

pocket ?hédg,latlghep&%ﬂ{[gpoph'gﬁﬁaﬁﬁcgﬁ% {oBlidigne i s renoved by filtration |eaving
a snooth Surface. In a separate flask 307 ng of

rac- Di net hylkg ¢8é¢1$ﬂ|syﬂt@n9€ the(inegntiob wopthine ah prdandbqrdalimirtunbenngpind nyhich 1- i nd

1 hl Ex d
v 2SR RGP LS YRR Bficd R p Bt SombR Ty oorhedlinds S €
met hy| &rmlanidXavehicnvE stabidsfer bdvoheraluntinn arorafeired) Thd bempdunds yhat s Sti rred

at roomterrperatfbjge for_one hour to give an orange solution. This solution

i s t hefOEARNLT PhioHpYRd3 YRS Pretent 2rameRamays af ‘ifrﬁq‘?é&ﬁﬁ‘é“‘t prcpeelkei | i ca and
sl oW Y ofigdrk@$.eBwO bf métd éHe&x@a@@BﬂiSblﬁfﬁi%%aX céﬁalmuﬂui §8forMIaN 31 AW fodme Of
the colored solution reaches the top of the silica, the filtration process
i s st opiveats, dmgenshe higher ecpmbm@onsgm.géhmse;weahm L asidgbdsy infetactians. by means

estaunl so vinen B A By by Y Bl D1l Bl EotesoSly BIERRPU Lo 1o

i sohexane (20 nlL) and dried in a nitrogen purge to constant weight. The
catalyst is obtained as free-flowi ng reddi sh powder in a yield of 11.4 g.
Conpar ative Exanple 13: R 10010. R2Y of tmﬁ met hyl al um noxane treated
silica prepared in Exanple 9 ar_ﬁflaced ifa fritted glass filter as a
colum with a snmooth surface. t of toluene is added and the
treated silica is carefully §Q|rred with B spatula to renove any air
pockets in the colum. The excess toluene is renoved by filtration IeaV|ng
a snmooth surface. In a separate flask 363 ng cf WO

2010/ 077230PCT/ US2008/ 014144 (formula 15)

rac- D met hyl si | anedi yl bi s(2-(1-adamantyl net hyl)-4-(4-tert-butyl phenyl)-1-in
deny1l)-zirconiumdichloride (prepared in Conparative Exanple 3) are m xed
with 27 nL of toluene and 13800 {24 30 oo % sol ution of

‘met hyl al um noxane in toluene Albenarle Cﬁ?poration). The slurry is stirred
at roomtenperature for one h 5 ngé3an ,0range solution. This solution
is then carefully added on tBp of the net&y?aluninoxane treated silica and
slowy filtered off within approximately 30 m nutes. Wen the surface of
the colored solution reaches the top of the silica, the filtration process
is stopped and the filter cake i s(ferarwd 1) y and thoroughly stirred by neans
of as |.ap 108 ab re tnf our The

resi dua%go \l}en?ﬁlg f.ﬁ%‘%%b"e%’r‘%“% ?S%]ngé%%eﬁgg‘él% uen l} and hé%l ual Wi th

i sohexane (BRanpl}s afitbe cbqa&tuytncallaam\teramgqmumsrcg"e“oﬁrmlmrﬁ%rﬂmm alrel ght . The
catalyst is obtained as free-flowi ng reddi sh powder in a yield of 11.8 g.
Conpar ative Exanple 14: 10.0 g of the nethyl al um noxane treated
silica prepared in Exanple 9 are placéd in a fitted glass filter as a
colum with a snooth surface. A m nimal anount of toluene is added and the
treated silica is carefully stirred with a spatula to renove any air
pockets in the colum. The excess toluene is renoved by filtration |eaving
a snmooth surface. In a separate flask 267 ng of

rac- D nethyIS|Ianed|be|s(2 nethyl 4 (4 tert- butylphenyl) 1 |ndeny1) Z|rcon

o o,



10.0 g of the nethylal um noxane treated silica prepared in Exanple 9 are
placed in a flitted glass filter as a columm with a snooth surface. A

m ni mal awouwnto/wof23bol uene is added and the treated sili eaTits2@anefind | y
stirred with a spatula to renove any air pockets in the columm. The excess
toluene is renoved by filtration |leaving a snooth surface. In a separate

fl ask336 ng of

~rac-Di net hyl sil andi yl bi s[ 2-[ (1- et hyl cycl ohexyl ) net hyl]-4-(tert-butyl phenyl
)-1-indenylizirconiumdichloride (prepared in Exanple 6) are mixed with 27
mL of toluene and 13.6 nL of a 30 w-% sol ution of nethylal um noxane in

tol uene (Al benmarle Corporation). The dlurry is stirred at room tenperature
for one hour to give an orange sofution. Tpis solution is then carefully
added on top of the methylal um noxa cated silica and slowy filtered
off within approximtely 30 m nutes t he surface of the col ored
solution reaches the top of the sFlicg”™ the filtration process is stopped
and the filter cake is carefulhy _tthopough stirred by nmeans of a
spatula. the catalyst is theﬁ%l I'?gnv\gd I%]oér é%s’t b%Liér one hour. The residual
solvent is filtered off and the &dlal yst i £Hpashed twice with i sohexane (20
m.) and dried in a nitrogen purge to nstant weight. The catalyst is
obtained as free-flow ng orange powder;in a yield of 11.6 g. WO

2010/ 077230PCT/ US2008/ 014144 Exanphe ¥ _ _F 10.0 g of the

met hyl al um noxane treated silica pr gpar ap in Exanple 9 are placed in a
fritted glass filter as a cQlum w thy.a spoot h s:rface. A m ni mal anount of

toluene is added and the tre Eilica isSFc ully stirred with a spatul a
to renove-any air pockets ip thegobg-oHyg excess toluene is renoved by
filtration | eaving a snooth surface. In a segarate flask 326 ng of

rac-Di met hyl si | andi yl bi s[ 2-[ (1-jet hyl cycl opentyl ) net hyl]-4-(tert-butyl pheny
1)-1-indenylizirconi um di chl a¢i (prepare Exanple 7) are mxed with 27
m. of toluene and 13.6 nL of a 30 w-% sol ution of nethylal um noxane in
toluene (Al bemarle Corporation). The sjurry is stirred at roomtenperature

for one hour to give an orange soFutigr, Jhis solution is then carefully
added on top of the nethylal um noxa pated silica and slowy filtered
of f within approximately 30 m nutes en the surface of the col ored

sol ution reaches the top ofy the.sFlicd the filggyation process is stopped
and the filter cake is careful |y gng—tghopoyghl y stirred by neans of a
spatula. The catalyst is theg-atl1owed to rest—f@y one hour. The residual
solvent is filtered off and’the catalyst is washed twice wth isohexane (20
rnL) and dried in a nitrogen purge to fconstant weight. The catalyst is
obt ai ned as free-flow ng orange powdeseN{#F a yield of 11.3 g. Exanple 18:
10.0 g of the nethyl al um rr il . i

placed in a fitted glass fil

m ni mal anmount of tol uene A's gddgd gnd,the gregted silica is carefully
p

stirred with a spatula to renbve jany ai r pockets in the colum. The excess
toluene is renoved by fiItratF?fi;ffvinq bth surface. In a separate
y

flask 346 ng of

rac- Di met hyl si |l andi yl bi s[2-[ (%-e Fcyclfohexyljmet hyl ] -4-(tert-butyl phenyl)
-1-indenyl |l zirconiumdichloride Fprepared ifm Exanple 8) are mxed with 27
m. of toluene and 13.6 nL of a 30 wt-% sol ution of nethylal um noxane in
tol uene (Al bemarle Corporation). The slurry is stirred at roomtenperature
for one hour to give an orangp solution. This %olution is then carefully
added on top of the nethyl H.Aabxane treate iliFca and slowy filtered
of f within approxinmately 30 utes. ﬁ%bn t he face of the col ored
solution reaches the top df the §lpcay-bbhagTira&tion process is stopped
and the filter cake is carefufly |and thorou-hlg stirred by nmeans of a
spatul a. The catalyst is thenf d tdye or one }pun The residual
solvent is filtered off and th al yst i @ashed twi ce with i sohexane (20
m.) and dried in a nitrogen plirgd td corstant Weight. The catalyst is
obt ai ned as free-flow ng orange powder in & yield of 11.5 g. WO

2010/ 077230PCT/ US2008/ 014144 Exanpl e 19: The reader will note that
in the tables conparing results, Exanple 19 and Conparative Exanple 20 are
separated fromthe conparisons nade bébween all other inventive Exanples
and Conparative Exanples. The reason for this is that the catal ysts for
both inventive Exanple 18 and Conparative Exanple 19 were prepared by a
speci al process previously revealed by the inventors in U S. Patent

7,169, 864 that has been denonstrated to increase the activity of

net al | ocene catal ysts over standard preparation nethods. It would be
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Conparative Exanple 20: To a stirred suspension of 100 g of silica
(C}ace XP08001, dried at 180C and 1 nbar for 16 hours, LOD < 0.5 wt % and
LO = 2. 5wot2090/7m3480 ni of toluene is added slowy 250 PEIL/USR00&/0BA 40 - %
sol ution of nethylal um noxane in toluene (Al bermarle Corporation) at room
tenperature. During the addition the tenperature nmust not exceed 30C. After
the addition is conplete, the mxture is stirred for half an hour at room
tenmperature and then heated and allowed to reflux for four hours. After
cooling down to roomtenperature the solvent is separated by filtration
The residue is washed with two 500 nmlL portions of toluene and three 500 niL
portions of isohexane and dried in vacuumto constant weight. The

met hyl al um noxane treated silica is obtained as a free-flowi ng powder in a
yield of 180 g. 10.0 g of the nethylal um noxane treated silica are
placed in a fritted glass filter as a columm with a snooth surface. A

m ni mal anount of toluene is added and the treated silica is carefully
stirred with a spatula to renove any air pockets in the colum. The
excesstoluene is renoved by filtration Ieaving a snmooth surface. In a
separate flask 326 ng F
ofracEinethylsiIanediylbis(2-£cy-|o¢e§yl tpyl)-4-(4-tert-butyl -phenyl)-1-
ndenyl) - zi rconi um di chl ori de ( pyepat edYt nparative Exanple 1)are m xed
with 10 nmL of toluene and 33 4 § -% sol uti on of

triisobutylalum numin heptane (“'zo?hbb ). 1The slurry is stirred at room

tenperature for one hourf s sol utpon | § ~thercareful ly added on top of
t he net hyl al um noxane tre" g silica;and sl a filtered off within
approxi mately 30 m nutes’
the top of the silica, the ﬂllt atlon pr01es§ is stopped and the filter
cake is carefully and thoroug §tirred nmeans of a spatula. The
catalyst is then allowed to.r or one [. The residual solvent is
filtered off and the catal yst i washed twi ce with i sohexane (20 nL) and
dried in a nitrogen purge.to const ant wei ght. The catal yst is obtained as
free-flowng powder in a yield of 11.8 g. Polynerizations: Polynerization
Procedure (batch propyl ene honmo- and co-pol ynerization): WO

2010/ 01"1?@&9&?&%&&5@&%/ 19 Bp14%24 223, DA 166 ¥2 209N b IAQEEINS U EBEAl 854 9 n@ EP-

aut ocl ave e ed with a stirrer is charged Wth if dedired 100
net al | Ac&iﬁé Wheft/ 06e k0 BBed-8 |67 0WA) 97/1 1,275 & h?ﬁwOGalﬁiﬁ]and)DEH)?&ﬂéé’éﬂ is

netereg | I f % t ane),

1 qui dgapr%gys%rffe#ﬁ?ﬁ*éé%‘%%f?*mﬁﬁ%@3%‘% RprSehtinibaipthER B uBPotdt RER;
optional |y, The amcmrmbﬁccamalmts afffomidhglllielamd/arks mvcerlednsemxrahdcitm@stmfxlwr e is
stirred for.at least 5 rrer. speed m 0 C The

uppor MBSV e e aapratn Dok o B epuiRelent e s B i 08 capvatens,

i nj ect dstWrdtBrablyodrl SR6 QHY EQICal€E) Bakd dn 1€ ugéat@ho@mﬁﬂktanme tempbilifa run) .
"The reactor is heated to the internally nmeasured run tenperature (65, 60 or
30 O 9Mithefosmylpsdiosdees. The pol ynerization reaction is allowed to proceed
at the run tenpeflﬂetéé{a%{sft Nsteth bPRe pledefinPéhtiBh Q& ﬁmheP&U t&%dﬁﬁno%f‘
copol yneri zati on runs the reactor pressure was nal ntal n y cont1 nuous

f eedi ng of wmipphentea methl poropyundrod theTfoemplallyrer i zati on i s stopped by

rel easi ng the nonomer and cooling down the reactor. The polyner is

di scharged and dried under reduced pressure. WO
2010/077230PCT/USZOO&MQR&@AR”IQ&?ﬁ 1: Rpbiyvigi ipati ons Poly. Exanple
Catalyst fromH2 [ng] C3 [g] C2 [(Q]

wherein
M’ is an alkali, an alkali earth metal or a metal of Group 13 of the Periodic

Table of the Elements,
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R* is.a hydrogen atom, alkyl of from 1 to about 10 carbon atoms, aryl of from
6 to about 15 carbon atoms, or alkylaryl or arylalkyl each having from 1 to
10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the'éryl
part,
R® and R* are each a hydrogen atom, a halogen atom, alkyl of from 1 toabout 10

carbon atoms, Cg-Cs-aryl of from about 6 to about 15 carbon atoms, or
alkylaryl, arylalkyl or alkoxy each having from 1 to 10 carbon atoms in
the alkyl part and from 6 to 20 carbon atoms in the aryl radical,

ris an integer from 1 to 3 and s and t are integers from 0 to 2, where the sum r+s+t corresponds
to the valency of M’,

where this component is not identical with the above mentioned cocatalyst compounds. It is also

possible to use mixtures of various metal compounds of the formula 17.

Among the metal compounds of the formula 17 preference is given to those in which M
is lithium, magnesiurri or aluminum and R* and R* are each alkyl of from 1 to about 10 carbon
atoms. Particularly preferred metal compounds of the formula 17 are n-butyllithium, n-butyl-n-
octyl-magnesium, n-butyl-n-heptylmagnesium, tri-n-hexylaluminum, triisobutylaluminum,
triethylaluminum, trimethylaluminum or mixtures thereof. '

If a metal compound of the formula 17 is used, it is preferably present in the catalyst
system in such an amount that the molar ratio of M’ to the transition metal from the metallocene
compound of formulas 1 or 1a is from 800:1 to 1:1, in particular from 200:1 to 2:1.

The support component of the catalyst system of the present invention can be any organic
or inorganic inert solid or a mixture of such solids, in particulate porous solids such as
hydrotalcites, talc, inorganic oxides and finely divided polymer powders.

Suitable inorganic oxides, which are preferably employed include from the Perio.dic
Table of Elements Groups 1, 2, 3,4, 5, 12, 13 and 14, metal oxides such as silicon dioxide,
aluminum oxide, aluminosilicates, zeolites, MgO, ZrO,, TiO, or B,0;, CaO, ZnO, ThO,, Na,0,
K20, LiO; or mixed oxides like Al/Si oxides, Mg/Al oxides or Al/Mg/Si oxides. Other suitable
inorganic support materials are Na,CO;, KZCOQ, CaCO;, MgCl,, Na;SOy, Aly(SO4);, BaSOy,
KNO;, Mg(NO3); and AI(NO;)s. '

Suitable polymer powders are homopolymers, copolymers, crosslinked polymers or

polymer blends. Examples of such polymers are polyethylene, polypropylene, polybutehe,
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polystyreﬁe, divinylbenzene-crosslinked polystyrene, polyvinyl chloride, acrylonitrile-butadiene-
styrene copolymer, polyamide, polymethacrylate, polycarbonate, polyester, polyacetal or
polyvinyl alcohol.

The preferred support materials have a specific surface area in the range from 10 to 1000
m?/g, a pore volume in the range from 0.1 to 5 cm’/g and a mean particle size of from 1 to 500
pm. Preference is given to supports having a specific surface area in the range fran 50 to 500
m?/g, a pore volume in the range from 0.5 to 3.5 cm’/g and a mean particle size in the range from
5 to 250 pm. Particular preference is given to supports having a specific surface area in the range
from 200 to 400 m%g, a pore volume in the range from 0.8 to 3.0 cm’/g and a mean particle size
of from 10 to 100 um.

The support materials can be thermally and/or chemically be pretreated in order to adjust
certain properties of the carrier such as the water and/or the hydroxyl group content.

If the srrpport material has a low moisture content or residual solvent content, dehydration
or drying before use can be omitted. If this is not the case, as when using silica gel as support
material, dehydration or drying is advisable. Thermal dehydration or drying of the support
material can be carried out under reduced pressure with or without simultaneous inert gas
b]anketirlg (nitrogen). The drying temperature is in the range from 80 °C to 1000 °C, preferably
from 150 °C to 800 °C and most preferred from 150 °C to 400 °C. The duration of the drying
process can be from 1 to 24 hours. But shorter or longer drying periods are also possible.

In a preferred embodiment of the present invention, support materials with a weight loss
on dryness (LOD) of 0.5 wt.% or less, and even more preferred with a LOD of 0.3 wt% or less
are used. Higher amounts of physically adsorbed water up to 1 wt% are possible, but result in
reduced catalyst activities. The loss on ignition (LOI) of the support material is preferably 1 wt%
or greater or even more preferred between 1.5 and 3.5 wt%.

In addition or alternatively, dehydration or drying of the support material can also be
carried out by chemical means, by reacting the adsorbed water and/or the surface hydroxyl
groups with suitable passivating agents. Reaction with the passivating reagent can convert the
hydroxyl groups completely or partially into a form, which does not show any adverse
interaction with the catalytically active centers. Suitable passivating agents are silicon halids, |
silanes or amines, eg. silicon tetrachloride, chlorotrimethylsilane, dichlorodialkylsilanes,

dimethylaminotrichlorosilane, N,N-dimethylanilin or N,N-dimethylbenzylamine or
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organometallic compounds of aluminum, boron and magnesium, eg. aluminoxanes,
trimethylaluminum, triethylaluminum, triisobutylaluminum, diisobutylaluminum hydride,
triethylborane or dibutylmagnesium.

As outlined above, organic support materials such as finely divided polymer powders,
can also be used and should, before use, likewise be freed from any adhering moisture, solvent
residues or other impurities by means of appropriate purification and drying operétions.

Preference is given to using silica gels having the defined parameters as support
materials. Spray dried silica grades, which inherently exhibit meso and macro pores, cavities and '
channels are preferred over granular silica grades.

The supported catalyst system according to this invention can be made in various ways.

In one embodiment of the present invention, at least one of the above-described
metallocene components of formulas 1 or 1a is brought into contact in a suitable solvent with at
least one cocatalyst component, preferably giving a soluble reaction product, an adduct or a
mixture. The obtained composition is mixed with the dehydrated or passivated suppo‘n material,
the solvent is removed and the resulting supported metallocene catalyst system is dried to ensure
that the solvent is completely or mostly removed from the pores of the support material. The
supported catalyst is obtained as a free-flowing powder.

As an example, the process for preparing a free-flowing and, if desired, prepolymerized
supported catalyst system comprises the following steps: |

a) preparing a metallocene/cocatalyst mixture in a suitable sdvent or suspension medium,
where the metallocene component has one of the above-described structures,

b) appiying the metallocene/cocatalyst mixture to a porous, preferably inorganic, if
necessary thermally or chemically pretreated support,

¢) removing the major part of solvent from the resulting mixture,

d) isolating the supported catalyst system and

e) if desired, prepolymefizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

In another embodiment of this invention the metallocene / cocatalyst composition is
mixed with the dehydrated or passivated support material, the supported catalyst is recovered and

optionally washed with an aromatic hydrocarbon and/or paraffinic hydrocarbon solvent. The
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isolated catalyst is then dispersed in a non-reactive suspension media such as a paraffinic
hydrocarbon solvent, a mineral oil or a wax or mixtures thereof.

In a further embodiment of this invention the catalyst is prepared according to the
brocedure disclosed in WO 06/60544 (an application by the present inventors), WO 00/05277,
WO 98/01481, US 7,355,058, US 7,193,100, US 6,492,292, US 6,107,230 or US 6,355,594
using at least one compound of formulas 1 or 1a as the metallocene component.

As an example, in WO 06/60544, a free flowing and, if desired, prepolymerized
supported catalyst system is prepared comprising the following steps:

a) contacting at least one support material with a first portion of at least one co-catalyst in
a suitéble solvent |

b) impregnating the co-catalyst loaded support with a suspension or solution, which
comprises at least one metallocene and a second portion of at least one co-catalyst in a suitable’
solvent

c) isolating the supported catalyst system and

f) if desired, prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

Thus, as an example, the process according to WO 06/60544 for preparing a free-flowing
and, if desired, prepolymerized supported catalyst system comprises the following steps:

a) Contacting a support material with a first composition which includes at least one
aluminoxane in a first solvent at a temperature of about 10 to 30°C followed by keeping the
mixture at about 20°C for 0 to 12 hours, subsequently heating the resulting mixture to a
temperature of 30 to 200°C and keeping the mixture at 30 to 200°C for 30 minutes to 20 hours,
optionally followed by removing all or part of the first solvent and/or optionally followed by one
or more washing step(s) using a suitable solvent, |

b) Suspending and/or dissolving, respectively, at least one metallocene of formula 1
and/or 1a and a second portion of an aluminoxane or of a mixture of aluminoxanes o of an ionic
compound and/or a Lewis acid in a second solvent or suspension medium at a temperature of 0
to 100°C, optionally followed by a preactivation time of 1 minute to 200 hours at a temperature
of 10 to 100°C, ‘

c¢) Applying the mixture prepared in b) to the aluminoxane loaded support material

produced in a), at a temperature of 10 to 100°C and a contact time of 1 minute to 24 hours, .
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d) Removing the major part of the solvent from the resulting mixture and optionally

washing the resulting supported catalyst with a suitable solvent,
‘e) Isolating the supported catalyst system and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

More specifically, as an example, the process according to WO 06/60544 for preparing a
free-flowing and, if desired, prepolymerized supported catalyst system comprises the following
steps: - ’

the process for preparing a free-ﬂoWing supported catalyst system according to the
present invention comprises the following steps:

a) Contacting a support material with a first composition which includes at least 5 mmol
of an aluminoxane or of a mixture of aluminoxanes per g support material in a first solvent at a
temperature of about 20°C followed by keeping the mixture at about 20°C for 0.15 to 2 hours,
subsequently heating the resulting mixture to a temperature of 50 to 160°C ahd keeping the
mixture at 50 to 160°C for 1 to 6 hours, optionally followed by rembying all or part of the first
solvent and/or optionally followed by one or more washing step(s) us_ing a suitable solvent,

b) Suspending and/or dissolving, respectively, at least 0.5 mmole of a second portioh of
an aluminoxane or of a mixture of aluminoxanes per g support material and at least 0.1 mol% of
the employed second portion of an aluminoxane or of a mixture of aluminoxanes per g support
material of at least onevmetalloéene of formula 1 and/or 1a in a second solvent or suspension
medium at a temperature of 20 to 50°C, optionally followed by a preactivation time of 1 minute
to 200 hours at a temperature of 20 to 30°C,

c¢) Applying the mixture prepared in b) to the aluminoxane loaded support material
produced in a), at a temperature of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the solvent from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,
and
f) Optionally prepolymerizing the resulting supported catalyst system with one or more

olefinic monomer(s), to obtain a prepolymerized supported catalyst system.
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In a preferred embodiment, as an example, the process according to WO 06/60544 for
preparing a free-flowing and, if desired, prepolymerized supported catélyst system comprises the
following steps: '

a) Contacting an optionally thermally pretreated silica support material with at least 10
mmol of an aluminoxane per g support material in toluene at a temperature of about 20°C
followed by subsequently heaﬁng the resulting mixture to a temperature of 50 to'110°C and
keeping the mixture at 50 to 110°C for 1 tb 6 hours, optionally followed by removing all or part

- of the toluene, and/or optionally followed by one or more washing step(s) using a suitable
solvent, ’

b) Suspend;fng and/or dissolving, respectively, at least 0.5 mmole of a second portion of
an aluminoxane per g support material and at least 0.1 mol% of the employed second portion of
an aluminoxane or of a mixture of aluminoxanes per g support material of at least one
metallocene of formula 1 and/or 1a in toluene at a temperature of 20 to 50°C, optionally
followed by a preactivation time of 1 minute to 200 hours at a temperature of 20 to 30°C,

| ¢) Applying the mixture prepared in b) to the aluminoxane loaded supbort material
produced in a), at a temperat‘ure of 10 to 100°C and a contact time of 1 minute to 24 hours,

d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,

and '

“ f) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

In a more preferred embodiment, as an example, the process according to WO 06/60544

for preparing a free-flowing and, if desired, prepolymerized supported catalyst system comprises
the following steps:

a) Contacting an optionaily thermally pretreated silica support material with a weight loss
on dryness (LOD) of 0.5 wt.% or less and a weight loss on ignition (LOI) of 1.0 wt.% or greater
with a first composition which includes at least 10 mmol of methylaluminoxane per g support
material in toluene at a temperature of about 20°C followed by subsequently heating the resulting

mixture to a temperature of 110°C and keeping the mixture at | 10°C for 1 to 6 hours, optionally
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followed by removing all or part of the toluene, and/or optionally followed by one or more
washing step(s) using a suitable solvent,

b) Suspending and/or dissolving, respectively, at least 1 mmole of a second portion of
méthylaluminoxane per g support material and at least 0.1'mol% of the employed second portion
of methylaluminoxane per g support material of at least one metallocene of formula 1 and/or 1a
in toluene at a temperature of 20 to 50°C, optionally followed by a preactivation time of 1
minute to 200 hours at a temperature of 20 to 30°C, |

¢) Applying the mixture prepared in b) to the methylaluminoxane loaded support material
produced in a), by passing the impregnation suspension or solution b) through the
methylaluminoxane loaded support material in a direct flowor by using an incipient wetness
impregnation technique, where the volume of the impregnation suspension or solution or the
total liquid volume used in the impregnation step, respectively, does not exceed 250% of the
total pore volume of the support material, ata temperature of 10 to 100°C and a contact time of 1
minute to 24 hours,

d) Removing the major part of the toluene from the resulting mixture and

e) Optionally washing the resulfing supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

In a particular preferred embodimert, as an example, the process according to WO
06/60544 for preparing a free-flowing and, if desired, prepolymerized supported catalyst system
comprises the following stéps:
| a) Contacting an optionally thermally pretreated silica support material with a wei'ght loss
on dryness (LOD) of 0.3 wt.% or less and a weight loss on ignition (LOI) between 1.5 and 3.5
wt.%, with at least 10 mmol of methylaluminoxane per g support material in toluene at a
temperature of about 20°C followed by subsequently heating the resulting mixture to a
temperature of 110°C and keeping the mixture at 110°C for 1 to 6 hours, optionally followed by
removing all or part of the toluene, and/or optionally followed by one or more washing step(s)

using a suitable solvent,
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b) Suspending and/or dissolving, respectively, at least | mmole of a second portion of
methylaluminoxane per g support material and at least 0.1 mol% of the employed second portion
of methylaluminoxane per g support material of at least one metallocene of formula 1a in toluene
at a temperature of 20 to 50°C, optionally followed by a preactivation time of 1 minute to 200
hours at a temperature of 20 to 30°C,

- ¢) Applying the mixture prepared in b) to the methylaluminoxane loaded support material
produced in a), by passing the impregnation suspension or solution b) through the aluminoxane
loaded support material a) in a direct flow or by using an incipient wetness impregnation
technique, where the volume of the impregnation suspension or solution or the total liquid
volume used in the impregnation step, respectively, does not exceed 250% of the total pore
volume of the support material, at a temperature of 10 to 100°C and a contact time of 1 minute to
24 hours, |

d) Removing the major part of the tolﬁene from the resulting mixture and

e) Optionally washing the resulting supported catalyst with a suitable solvent,

and/or drying the resulting supported catalyst at temperatures of 30 to 60°C,

and

f) Optionally prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

“According to the present invention, for preparing a free-flowing and, if desired,
prepolymerized supported catalyst system, in step b) of the catalyst preparations as mentioned
above, instead of an aluminoxane or a mixture of aluminoxanes, at least one alkyl compound of
elements of main Groups I to III of the Periodic Table, for example a magnesium alkyl, a lithium
alkyl ‘or an aluminum alkyl like trimethylaluminum, triethylaluminum, triisobutyllaluminum,
triisopropylaluminum, trihexylaluminum, trioctylaluminum, tri-n-butylaluminum, tri-n-
propylaluminum, triisoprene aluminum, dimethy!l aluminum monochloride, aluminum
monochloride, diisobutyl aluminum monochloride, methyl aluminum sesquichloride, ethyl
aluminum sesquichloride, dimethyl aluminum hydride, aluminum hydride, diisopropyl aluminum
hydride, dimethyl aluminum(trimethylsiloxide), dimethyl aluminum(triethylsiloxide),
phenylalan, pentafluorophenylalan, and o-tolylalan, can be used. Preferred aluminum alkyls are

trimethylaluminum, triethylaluminum, triisobutylaluminum.
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In an even further émbodiment of the present invention a free flowing and, if desired,

prepolymerized supported catalyst system is prepared comprising the following steps:

a) preparing a trialkylaluminium/borinic acid mixture in a suitable solvent or suspension

medium

b) applying the trialkylaluminium/borinic acid mixture to a porous, preferably inorganic,

if necessary thermally or chemically pretreated support which was prior treated with a base like

N,N-diethylbenzylamine, N,N-dimethylbenzylamine, N-benzyldimethylamine, N-

benzyldiethylamine, N-benzylbutylamine, N-benzyl tertbutylamine, N-benzyli‘sopropylamine, N-

benzylmethylamine, N-benzylethylamine, N-benzyl-1-phenylethylamine, N-benzyl-2-
phenylethylamine, N,N-dimethylbenzylamine, N,N-diethylbenzylamine, N-methyl-N-
ethylbenzylamine, N-methyldibenzylamine and N-ethyldi(benzyl)amine,

¢) removing the major part of solvent from the resulting mixture to obtain a supported
cocatalyst, ‘ ‘ _

d) preparing a metallocene/supported cocatalyst mixture in a suitable solvent or
suspension medium, where the metallocene component has one of the above-described -
structures,

e) isolating the supported catalyst system and

f) if desired, prepolymerizing the resulting supported catalyst system with one or more
olefinic monomer(s), to obtain a prepolymerized supported catalyst system.

Preferred solvents for the preparation of the metallocene/cocatalyst mixture are
hydrocarbons and hydrocarbon mixtures, which are liquid at the selected reaction temperature
and in which the individual components preferably dissolve. The solubility of the individual
components is, however, not a prerequisite as long as it'is ensured that the reaction groduct of
metallocene and cocatalyst components is soluble in the solvent selected. Suitable solvents are
alkanes such as pentane, isopentane, hexane, isohexane, heptane, octane and nonane,
cycloalkanes such as cyclopentane and cyclohexane and aromatics swh as benzene, toluene,
ethylbenzene and diethylbenzene. Very particular preference is given to toluene, heptane and

e,thylt;enzene.

For a preactivation, the metallocene in the form of a solid is dissolved in a solution of the

cocatalyst in a suitable solvent. It is also possible to dissolve the metallocene separately in a

suitable solvent and subsequently to combine this solution with the cocatalyst solution.
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Preference is given to using toluene. The preactivation time is from 1 minute to 200 hours. The
preactivation can take place at room temperature of 25 °C. In individual cases, the use of higher
temperatures can reduce the required preactivation time and give an additional increase in
activity. Elevated temperatures in this case refer to a range from 25°C to 100 °C.

The preactivated solution or the metallocene/cocatalyst mixture is subsequently
combined with an inert support material, usually silica gel, which is in the form of a dry powder
or as a suspension in one of the above mentioned solvents. The support material is preferably
used as powder. The preactivated metallocene/cocatalyst solution or the metallocene/cocatalyst
mixture can be either added to the initially charged support material, or else the support material
can be introduced into the initially charged solution.

The volume of the preactivated solution or the metallocene/cocatalyst mixture can exceed
100% of the total pore volume of the support material used or else be up to 100% of the total
pore volume. |

The temperature at which the preactivated solution or the metallocene/cocatalyst mixture
is brought into contact with the support material can vary within the range from 0 °C to 100 °C.

‘However, lower or higher temperatures are also possible.

While the solvent is completely or mostly removed from the supported catalyst system,
the mixture can be stirred and, if desired, also heated. Preferably, both the visible portion of the
solvent and the portion in the pores of the support material are removed. The removal of the
solvent can be carried out in a conventional way using reduced pressure and/or purging with
inert gas. During the drying process, the mixture can be heated until the free solvent has been
removed, which usually takes from 1 to 3 hours at a preferred temperature of from 30 °C to 60

- °C. The free solvent is the visible portion of the solvent in the mixture. For the purposes of the
present invention, residual solvent is the portion present in the pores.

As an alternative to the complete removal of the solvent, the supported catalyst system
can also be dried until only a certain residual solvent content is left, with the free solvent having
been completely removed. Subsequently, the supported catalyst system can be washed with a
low-boiling hydrocarbon such as pentane‘ or hexane and dried again.

The supported catalyst system prepared according to the present invention can be used
either directly for the polymerization of olefins or be prepolymerized with one or more olefinic

monomers, with or without the use of hydrogen as molar mass regulating agent, prior to use in a
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polymerization process. The procedure for the prepdlymerization of supported catalyst systems is
described in WO 94/28034.

As additive, it is possible to add, during or after the preparation of the supported catalyst
system, a small amount of an olefin, preferably an alpha-olefin such as styrene or '
phenyldimethylvinylsilane as activity-increasing component or an antistatic, as described in U.S.
Ser. No. 08/365,280. The molar ratio of additive to metallocene component of formulas 1 or 1a is
preferably from 1:1000 to 1000:1, very particularly preferably from 1:20 to 20:1.

The present invention also provides a process for preparing a polyolefin by
polymerization of one or more olefins in the presence of the catalyst system of the present
invention comprising at least one transition metal component of the formulas 1 or 1a. For the
purposes of the present invention, the term polymerization refers to both homopolymerization
and copolymerization and the term copolymerization includes terpolymerisation or-
copolymerisation of more than three different monomers.

Preference is given to polymerizing olefins of the formula R"-CH=CH-R", where R™ and
R" are identical or different and are each a hydrogen atorﬁ or a radical havng from 1 to 20
carbon atoms, in particular from 1 to 10 carbon atoms, and R™ and R" together with the atoms
connecting them can form one or more rings.

Suitable olefins are 1-olefins, eg. ethene, propene, 1-butene, 1-pentene, 1-hexene, 4-
methyl-1-pentene or 1-octene, styrene, dienes such as 1,3-butadiene, 1,4-hexadiene,
vinylnorbornene, norbornadiene, ethylnorbornadiene and cyclic olefins such as norbornene,
tetracyclododecene or methylnorbornene. In the process of the present invention, preference is
given to homopolymerizing propene or ethene or copolymerizing propene with ethene and/or one
or more 1-olefins having from 4 to 20 carbon atoms, eg. 1-butene or hexene, and/or one or more
dienes having from 4 to 20 carbon atoms, eg. 1,4-butadiene, norbornadiene,
ethylidenenorbornene or ethyinorbomadiene. Very suitable copolymers are ethene-propene
copolymers, propene-1-pentene copolymers and ethene-propene-1-butene, ethene-propene-1-
pentene or ethene-propene-1,4-hexadiene terpolymers. '

The polymerization is carried out at from -60 °C to 300 °C, preferably from 50 °C to 200
°C, very particularly preferably from 50 °C to 95 °C. The pressure is from 0.5 to 2000 bar,
preferably from 5 to 100 bar.

The polymerization can be carried out in solution, in bulk, in suspension or in the gas
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phase, continuously or batchwise, in one or more stages. As an example, impact copolymers are
preferably produced in more than one stage. The homopolymer or random copolymer content of
such a polymer can Be produced in '(a) first stage(s) and the copolymer rubber content can be
produced in (a) consecutive stage(s).

The supported catalyst system prepared according to the present invention can be used as
sole catalyst component for the polymerization of olefins or preferably in combimtion with at
least one alkyl compound of elements of main Groups I to I1I of the Periodic Table, for example
an aluminum alkyl, magnesium alkyl or lithium alkyl or an aluminoxane. The alkyl compound is
added to the monomer or suspension medium and serves to free the monomer of substances,
which can.impair the catalytic activity. The amount of alkyl compound added depends on the
quality of the monomers used. '

To prepare olefin polymers having a broad or bimodal molecular weight distribution or a
broad or bimodal melting range, it is recommended to use a catalyst system comprising two or
more different metallocenes and/or two or more different cocatalysts. Alternatively two or more
different catalyst systems of the present invention can be used as a mixture.

As molar mass regulator and/or to increase the activity, hydrogen is added if required.

The catalyst system may be supplied to the polymerization system as a solid or in the
form of a paste or suspension in a hydrocarbon or may be treated with inert components, such as
paraffins, oils, or waxes, to achieve better metering. If the catalyst system is to be metered into
the reactor together with the monomer to be polymerized or the monomer mixture to be
polymerized, the mixing unit and the metering line are preferably cooled. |

Furthermore, an additive such as an antistatic or an alcohol can be used in the process of
the present invention, for example to improve the particle morphology of the olefin polymer. In
general it is possible to use all antistatics which are suitable in olefin polymerization processes. It
is preferred to dose the antistatic directly into the polymerization system, either together with or
separately from the catalyst system used.

The polymers prepared using the catalyst systems ofthe present invention display an
uniform particle morphology and contain no fines. No agglomerates or deposits are obtained in
the polymerization using the catalyst system of the present invention.

The catalyst systems of the present invention give polymers such as polypropylene

having high molecular weight and cover a broad range of stereospecificity and regiospecificity.
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The copolymers which can be prepared using the catalyst system based on metallocenes
of formula 1 or 1a of the present invention have a significantly higher molar mass compared to
the pridr art. At the same time, such copolymers can be prepared using the cataly.st system of the
present invention at a high productivity and at industrially relevant process parameters without
deposit formation. '

The polymers prepared by the process of the present invention are suitable, in particular,
for producing products such as fibers, filaments, injection-molded parfs, films, sheets, caps,

closures, bottles or large hollow bodies such as pipes with excellent properties.

EXAMPLES

General Procedures

The preparation and handling of the organometallic compounds were carried out under
argon using Schlenk techniques or in a glove box. All solvents were purged with argon and dried

over molecular sieves before use.

The metallocenes produced were characterized by 'H-NMR spectroscopy using a Bruker
DMX 500 spectrometer, operating at 500 MHz using CDC]; as the solvent.

The polymers produced were characterized by 'H-NMR, *C-NMR, DSC, GPC,
TREF/ATREF, Melt Flow Rate and IR spectroscopy.

l. Gel Permeation Chromatography (GPC), determination of Mw and Mw/Mn
A Waters Alliance/GPCV2000 equipped with a refractometer, a triple capillary online

viscometer (Waters Corporation, 34 Maple Street, Milford, Massachusetts, 01757 USA) and a
light scattering detector PD 2040 (Precision Detectors Inc., 34 Williams Way, Bellingham, MA,

USA) was used for the determination of the molar mass data of the samples. 0.05 wt% solutions
of the samples in 1,2,4-trichlorobenzene were analyzed at a temperature of 145 °C using a Mixed
B light scattering quality column (Polymer Labs 1110-6100LS) and a Mixed B guard column
(Polymer Labs 1110-1120). Weight average molar mass (Mw) and the ratio of weight average
molar mass to number average molar mass (Mw/Mn) were calculated using the Cumulative
Matching % Broad Standard procedure that is available in the Waters Millenium 3.2 GPC

software module.
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2. NMR Spectroscopy of Polymers
Samples were prepared by weighing 0.32 g of polymer into 2.5 ml of a 1,2,4-

trichlorobenzene/deuterobenzene—d6 (4:1 volume) mixture. Samples were heated to 125°C and
mixed until a homogeneous solution was formed (typically 1-4 hours). Spectra were obtained at
120°C on a Varian Inova 500 instrument .(Varian Inc., 3120 Hansen Way, Palo Alto, CA, 94304,
USA) operating at a '>C-spectrometer frequency of 125.7 MHz and using a 10 mm probe.
Spectra were obtained using 5000 scans employing a w2 pulse of 10.0 us, a recycle delay of 10.0
s and an acquisition time of 2.5 s. Waltz-16 decoupling remained on throughout the pulse
sequence to gain the signal to noise enhancement due to the effects of nOe(Nuclear Overhauser
enhancement). Spectra were processed with 1 Hz of line broadening. The mmmm peak in the
methyl region of the spectrum was used as an internal chemical shift reference and was set to

21.85 ppm.

3. Differential Scanning Calorimetry (DSC), determination of the polymer melting
point Tm '
DSC measurements were carried out using a Mettler Toledo DSC 822¢ (Mettler—Toledo

Inc., 1900 Polaris Parkway, Columbus, OH, 43240, USA). 4 mg of sample were weighed into a
standard aluminum pan and subjected to the following temperature schedule:

The samples were heated from room temperature to 220 °C at a heating rate of 20
°C/min, maintained Vat this temperature for 5 min, then cooled down to—55 °C at a cooling rate of
20 °C/min, maintained at the same temperature for 5 min, then heated to 220 °C at a heating rate
of 20 °C/min. The melting point was determined from the second heating run as the temperature

where the main peak was observed in the curve.

4, Melt Flow Rate (MFR)
The MFR of the samples were determined according to ISO 1133 at 230°C. Two diffent
loads were used: 2.16 kg and S kg. Values are reported as MFR(230’2.16) and MFR(230/5),

respectively.
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3. Productivity
The productivity of a catalyst is determined by dividing the produced mass of

polypropylene by the mass of catalyst used and the reaction time.

6.  Yicld

The yicld of a sample is detcrmined by dividing the isolated amount of the

desired product divided by the theoretical achievable amount of the product.

The following abbreviations are employed:

PP = polypropylene

MC = metallocene

Cat = supported catalyst systcm

h=hour ‘

T, = glass transition temperature in °C, deiermined by differential scanning

calorimetry (D8SC, conditions see above)

7. Loss on Dryness (LOD) / Loss on Ignilion (LOIT)
The Loss on Dryness and the Loss on Ignition arc detcm'lmed by ‘
thermogravimeiric measurement. The Loss on Dryness is the weight I(M th i the

support material experiences by heating it from room tempcrature to ‘-500" and

R 0 W it S

keeping this temperature until a constant weight is obtained. Loss on Dryness 1;2 that
o

weight loss ag expressed as percentage of the weight of the original support matcrial.

Subsequently the support material is heated from 300°C to 1000°C and is képt ar this

temperature until a constant weight is obtained. The Loss of Ignition is defined|as the

weight loss between the weight of the sample at 1000°C and at room temnpegralure
expressed as a percentage of the weight of the original support material.

As an cxample to illustrate the above, a 10 gram sample (at room terr::peﬂ*a'lturc)
is healed to 300 C where it maintains a constant weight at that temperz—.ﬁlunl,} of 9
grams. The Loss on Dryness is 10.0% , which is:

100x ((10 ? ))

10
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The sample is then further heated to 1000 C where it maintains a constanl weight 'c:»f

8.37 grams. The Loss on Ignition is 16.3%, which is:

| UOX((m—sm))
: 10 0 /.

Svynthesis of metallocenes:

Comparative Example 1.
Dimethylsilandiylbis[Z—(cyclohcxyhnethy1)—4—(4-tcrt-butylphenyl)-l-'mdenyl]!—

zirconium dichloride

‘ (2-Bromuo-eihyl)-cyclohexane

In a 11— roundbotlom flask equippéd'with a reflux condenser d B
164 g concentraled sulphuric acid and 200 g hydrobromic acid [

(48% in water) were added subsequently under cooling with anice I
bath to 88.7 g (0.693 mole) 2-cyclohexyl-ethanol. The mixiure was refluxed i‘or 6/h

and after cooling to room temperatute it was poured onto 400 g of ice. The aquedu.‘s
phasc was extracted with 400 ml pentane. The organic layer was washed with a 2\M
NaOH-solution and with water, dried over magnesium sulphate, and the solvent Was
temoved in vacuo. The product was distilled in vacuo to yield 112.7 g (85 %) of] @-
bromo-cthyl)-cyclohexane as a colourless oil. "H-NMR (400 MHz, CDCls): 3 gCTAO

~ (2H, t, CHzBr), 1.73 - 1.61 (m, 7H), 1.44 (m, 1H), 1.26 — 1.11 {m, 3H), 0. 02 L4
(m, 2H) ppm.

1-(2-Chloro-phenvl)-3-cyclohexyl-ptopan-1-ong

15.57 g (640 mmole) Magnesium turnings were placed ina | o o
11— roundbottom [lask cquipped with a dropping funncl and a B x/’“‘a(j
reflux condenser, and 50 ml of letrahydrofuran (THF) were L_/ | -

added. The magnesium was etched slightly with a few crystals of

RECTIFIED SHEET (RULE 91) ISA/EP
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iodine and then 2 g of (2-bromo-ethyl)-cyclohexane were added and the mixture was heated
locally. After the start of the Grignard-formatibn the rest of the (2-bromo-ethyl)-cyclohexane in
350 ml of THF (112.65 g in total, 589 mmole) were added within a period of 20 min. The |
mixture was refluxed for 1.5 h and then cooled to room temperature. In a separate 2 |-
roundbottom flask 70.5 g (513 mmole) of 2-chloro-benzonitrile and 156 mg (0.16 mole %)
copper(l)iodide were dissolved in 130 ml of THF. The Grignard-solution was added dropwise
over a period of 30 min and the reaction mixture was refluxed for 3 h. After standing overnight
at room temperature, a mixture of 190 ml water and 127 ml concentrated hydrochloric acid were

~ added very carefully, causing a strongly exothermic reaction. The mixture was stirred at 50°C for
1 h and the layers were separated. The aqueous layer was extracted twice with 150 ml of toluene
each. The combined organic layers were washed twice with 2 M sulphuric écid, once with a
saturated sodium bicarbonate solution and once with a saturated sodium chloride solution. After
drying over magnesium sulphate the solvent was evaporated in vacuo to yield 133.5 g (quant.) of
the desired phenone as slightly brown oil. 'H-NMR (400 MHz, CDCl;): § = 7.41 —7.14 (m, 4H,
aromatic), 2.91 (t, 2H, COCH}), 1.71 — 1.55, 1.28 — 1.10, 0.93 — 0.85 (3 x m, 13H) ppm.

7-Chloro-2-cyclohexylmethyl-indan-1-one
66 g (263 mmole) 1-(2-Chloro-phenyl)-3-cyclohexyl-
propan-1-one, 77.5 g (2.1 eq.) urotropine and 72.6 g (2.7 eq.) of

cl 5

acetic anhydride were placed in a 500 ml roundbottom flask and the

mixture was stirred at 80°C for 4 h. Then 100 ml water and 100 ml
2M NaOH were added and thel mixture was extracted two times with 200 ml dichloromethane
each. The organic layer was washed two times with 100 ml saturated aqueous ammonium
chloride and dried over magnesium sulphate. The solvent amount was reduced in vacuo to a total
of 150 ml volume and the solution was added dropwise over a period of 2.5 h to 660 g of hot (70
—75°C) concentrated sulphuric acid. After stirring for an additional 30 min at 75°C the mixture
was allowed to stand overnight at room temperature. The mixture was poured onto approx. 500 g
of ice and extracted three times with 150 ml dichloromethane each. The organic layer was
washed twice with 150 ml of a saturated sodium bicarbonate solution and once with 100 ml of a
saturated sodium chloride solution. After drying over magnesium sulphate the solvent was

removed in vacuo. The product was purified by column chromatography on silica (heptane /
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dichloromethane 5:1) to yield 40.0 g (61 %) of the desired product as a slightly offwhite oil,
which slowly crystallized. "H-NMR (400 MHz, CDCl3): 6 = 7.42 (t, 1H, aromatic), 7.29 (d, 1H,
aromatic), 7.24 (d, 1H, aromatic), 3.25 (dd, 1H, COCH), 2.71 (m, 2H, benzylic), 1.78 — 0.87 (m,
13H, aliphatic) ppm.

7-(4-tert-Butyl-phenyl)-2-cyclohexylmethyl-indan-1-one

60 g (228 mmole) 7-Chloro-2-cyclohexyimethyl-indan-1-one,
49 g (1.2 eq.) 4-tert-butyl-benzene boronic acid, 53 g sodium carbonate,
750 ml ethylene glycol and 150 ml water were placed ina 2 1-

roundbottom flask equipped with a mechanical stirrer and a reflux

condenser. The mixture was degassed three times by slight evacuation

and recharging with argon. A premixed catalyst solution consisting of 103 mg (0.2 mole %)
palladium acetate, 3 ml NaTPPTS (2.6 M in water, 0.8 mole %) and 2 ml of water was added and
the mixture was refluxed at 125°C until complete conversion (approx. 4 h). 300 ml of Water were
added and the mixture was extracted three times with 150 ml of toluene each. The combined
organic layers were washed twice with 100 ml water and once with 100 m! of a saturated sodium
chloride solution. Drying over magnesium sulphate and evaporation 6f the solvert in vacuo
yielded 87.2 g (quant.) of the desired product as a yellow sticky oil. 'H-NMR _(400 MHz,

CDCl3): 6 = 7.54 (t, 1H, aromatic), 7.43, 7.38 (2 x d, 4H, aromatic), 7.24 (m, 2H, aromatic), 3.30
(m, 1H, COCH), 2.80 - 2.67 (3 x m, 2H, benzylic), 1.85 - 1.47 (m, 7H, aliphatic), 1.35 (s, 9H,
C(CH3)s), 1.27 — 0.87 (m, 6H, aliphatic) ppm.

4-(4-tert-Butyl-phenyl)-2-cyclohexylmethyl-1H-indene
82.3 g (229 mmole) 7-(4’-tert-Butyl-phenyl)-2-

cyclohexylmethyl-indan-1-one were dissolved in 292 ml toluene ina | | O

- roundbottom flask equipped with a reflux condenser. 9.5 g (1.1 eq.) .

sodium borohydride were added. Then 40 ml (4.3 eq.) methanol were O‘

added at 50°C and the mixture was stirred for 3 h at 50°C. An additional

65



30 60 60 40 Ex 18 - 1800 - 100 65 60 790 7,900 41 Ex 18 50 1820 - 39 65

WO 2010/077230 .. . PCT/US2008/014144

1 g of sodium borohydride and 5 ml methanol were added and the mixture was stirred énother 2
h at 50°C. 2M sulphuric acid was added until the gas evolution ceased. After addition of 100 ml
water the layers were separated and the organic layer was washed two times with 2M sulphuric
acid and once with a saturated sodium chloride solution. The solvent was evaporated and the
crude indanol was dissolved in approx. 350 ml of toluene. After addition of 0.7 g p-toluene
sulfonic acid the mixture was heated to reflux using a Dean-Stark-trap until TLC showed
complete conversion (90 min). The solution was .washed twice with a saturated NaHCO;-
solution, once with water and once with a saturated sodium chloride solution. Drying over
magnesium sulphate, evaporation of the solvent and crystallization from 800 ml ethanol afforded
67.3 g (86 %) of the desired indene as white crystals. 'H-NMR (400 MHz, CDCl;): 6 =7.45,

~ 7.33,7.25,7.14 (4 x m, 7H, aromatic), 6.69 (s, 1H, =CH), 3.35 (s, 2H, benzylic), 2.34 (d, 2H,
aliphatic), 1.71 — 1.50 (m, 6H, aliphatic), 1.39 (s, 9H, C(CH})s), 1.24 - 0.87 (m, 5H, aliphatic)
ppm.

Dimethylsilandiylbis[2-(cyclohexylmethyl)-4-(4-tert-butylphenyl)-1 -indenyl]-zirconium
dichloride
20 g (58 mmole) 7-(4-tert-Butyl-phenyl)-2-

cyclohexyl-methyl-1H-indene were dissolved in 340 ml
toluene and 20 ml of THF in a 1000 ml — roundbottom flask.
24.4 ml of n-butyl lithium (2.6 M in toluene, 63.4 mmole,
1.1 eq.) were added at room temperature and the solution
was stirred for 1 h at 80°C. After cooling to 40°C 3.5 ml
(3.74 g, 29 mmole, 0.5 eq.) dimethyldichlorosilane were

added in one portion and the mixture was stirred at 60°C for

8.5 h. The solvent mixture was removed in vacuo (purity of

the ligand > 99 % according to GC — analysis) and the

ligand was dissolved in 200 ml of diethyl ether (yellowish suspenéion due to LiCl). 23.8 ml of n-
butyl lithium (61.9 mmole, 1.07 eq. regarding to “indene”, 2.6 M in toluene) were added at room
temperature and the mixture was stirred overnight at room temperature. Then 7.1 g (30.5 mmole,
0.525 eq. regarding to “indene”) zirconium tetrachloride weré added in portions. The orange-

yellow suspension was stirred for 5 h at room temperature and the solid was isolated by
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filtration. Washing with 2 portions of 30 ml diethyl ether each and drying in vacuo yielded 22.7.
g of the crude complex (rac/meso = 1.5 : 1, containing lithium chloride). The racemic complex
was isolated by fractional crystallization from toluene. Yield: 8.1 g (9 mmol, 31 %) as a bright
yellow powder. 'H-NMR (400 MHz, CDCl;): 6 = 7.61 (d, 2H, aromatic), 7.57, 7.44 (2 x d, 8H,
aromatic), 7.36 (d, 2H, aromatic), 7.22, 7.15, 7.07 (3 x m, 10H, aromatic + toluene), 6.94 (s, 2H,
indenyl-H), 2.64 (“dd”, 2H, indenyl-CH}), 2.34 (s, toluene) 2.13 (“dd”, 2H, indenyl-CH)), 1.75 —
1.45 (m, 10H, aliphatic), 1.33 (s, 18H, C(CH5)3), 1.31 (s, 6H, Si(CH3),), 1.12 = 0.76 (m, 12H,
aliphatic) ppm.

Comparative Examplé 2:
Dimethylsilandiylbis[(2-(2,2-dimethylpropyl)-4-(4’-tert-butylphenyl)-1-indenyl]-zirconium
dichloride '

1-Bromo-3.3-dimethyl-butane

In a 1 I - roundbottom flask equipped with a reflux condenser
232 g concentrated sulphuric acid and 283 g hydrobromic acid >‘/\/Br

(48 % in water) were added successively under cooling with an ice bath

to 100 g (0.98 mole) 3,3-dimethyl-1-butanol. The mixture was refluxed for 6 h and after cooling
to room temperature, it was poured onto 400 g of ice. The aqﬁeous phase was extracted with 400
ml pentane. The organic layer was washed with a 2 M NaOH-solution and with water, dried over
magnesium sulphate, and the solvent was removed in vacuo. The product was distilled in vacuo
to yield 88.1 g (55 %) of 1-bromo-3,3-dimethyl-butane as a colourless oil. 'H-NMR (400 MHz,
CDCls): 6 = 3.35 (m, 2H, CHBr), 1.80 (m, 2H, CH,), 0.90 (s, 9H, t-Bu) ppm.

1-(2-Chloro-pheny)-4.4-dimethyl-pentan- 1 -one Cl O

(YK
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14.1 g (580 mmole) Magnesium turnings were placed in a

1 1-roundbottom flask equipped with a dropping funnel and a reflux condenser, and 60 ml of

" THF were added. The magnesium was etched slightly with a few crystals of iodine and then 2 g
of |
1-bromo-3,3-dimethyl-butane were added and the mixture was heated locally. After the start of
the Grignard-formation the rest of the 1-bromo-3,3-dimethyl-butane in 350 ml of THF (88.1 g in
total, 533 mmole) were added within a period of 20 min. The mixture was refluxed for 1.5 h and
then cooled to room temperature. In a separate 2 |- roundbottom flask 63.9 g (464 mmole) of 2-
chloro-benzonitrile and 141 vmg (0.16 mole %) copper(D)iodide were dissolved in 265 ml of THF.
The Grignard-solution was added dropwise over a period of 30 min and the reaction mixture was
refluxed for 3 h. After standing overnight at room temperature, a mixture of 190 ml water and
127 ml concentrated hydrochloric acid were added very carefully, causing a strongly exothermic
reaction. The mixture was stirred at 50°C for 1 h and the layers were separated. The aqueous
layer was extracted twice with 150 ml of toluehe each. The combined organic layers were
washed twice with 2 M sulphuric acid, once with a saturated sodium bicarbonate solution and
once with a saturated sodium chloride solution. After drying over magnesium sulphate the
solvent was evaporated in vacuo to yield 103.8 g(quant.) of the desired phenone as slightly
brown oil. '"H-NMR (400 MHz, CDCl3): & = 7.41 — 7.26 (m, 4H, aromatic), 2.87 (m, 2H,
COCH,), 1.59 (m, 2H, CH>-t-Bu), 0.90 (s, 9H, t-Bu) ppm.

7-Chloro-2-(2.2-dimethylpropyl)-indan-1-one
101.8 g (453 mmole) 1-(2-Chloro-phenyl)-4,4-dimethyl- Ct o

pentan-1-one, 133.4 g (2.1 eq.) urotropine and 124.7 g (2.7 eq.) of w

acetic anhydride were placed in a 1000 ml roundbottom flask and

the mixture was stirred at 80°C for 4 h. Then 200 ml water and 200 ml 2M NaOH were added

and the mixture was extracted two times with 250 ml dichloromethane each. The orgaric layer
was washed two times with 150 ml saturated aqueous ammonium chloride and dried over
magnesium sulphate. The solvent amount was reduced in vacuo to a total of 250 ml volume and
the solution was added dropwise over a period of 2.5 h to 1000 g of hot (70 — 75°C) concentrated
sulphuric acid. After stirring for an additional 30 min at 75°C the mixture was allowed to stand

overnight at room temperature. The mixture was poured onto approx. 800 g of ice and extracted
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three times with 250 ml dichloromethane each. The organic layer was washed twice with 250 ml
of a saturated sodium bicarbonate solution and once with 200 ml of a saturated sodium chloride
solution. After drying over magnesium sulphate the solvent was removed in vacuo. The producf
was purified by column chromatography on silica (heptane / dichloromethane 1:1) to yield 79.4 g
(74 %) of the desired product as a slightly off-white oil, which slowly crystallized. 'H-NMR

(400 MHz, CDCl): 6 = 7.44 (t, 1H, aromatic), 7.30 (d, 1H, aromatic), 7.27 (d, 1H, aromatic),
3.38 (dd, 1H, COCH), 2.79, 2.60 (2 x m, 2H, benzylic), 2.10, 1.21 (2 x m, 1H, CH-t-Bu), 0.90
(s, 9H, t-Bu) ppm.

7-(4-tert-Butyl-phenyl)-2-(2.2-dimethyl-propyl)-indan-1-one
35 g (148 mmole) 7-Chloro-2-(2,2-dimethyl-propyl)-indan-1-

one, 31.6 g (1.2 eq.) tert-butylphenyl boronic acid, 34.5 g sodium '
carbonate, 438 ml ethylene glycol and 88 ml water were placed ina 1 O

| - roundbottom flask equipped with a mechanical stirrer and a reflux ?
condenser. The mixture was degassed three times by slightevacuation O’
and recharging with argon. A premixed catalyst solution consisting of

67 mg (0.2 mole %) palladium acetate, 1.94 ml NaTPPTS (2.6 M in water, 0.8 mole %) and 2 ml

of water was added and the mixture was refluxed at 125°C until complete conversion(approx. 4
h). 100 ml of water were added and the mixture was extracted three times with 100 ml of toluene
each. The combined organic layers were washed twice with 100 ml water and once with 100 ml
of a saturated sodium chloride solution. Drying over magnesium sulphate and evaboration of the
solvent in vacuo yielded 58.82 g (quant.) of the desired product as a yellow sticky oil. 'H-NMR
(400 MHz, CDCls): 6 = 7.58 (t, 1H, aromatic), 7.48 — 7.17 (m, 6H, aromatic), 3.48 (m, 1H,
(C=.O)CH), 2.88,2.63 (2 x m, 2H, benzylic), 2.38 (s, IH), 2.13 (m, 1H, CH,-t-Bu), 1.40 (s, 9H,
Ph-t-Bu), 1.03 (s, 9H, CH,-#-Bu) ppm. - '
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4-(4-tert-Butyl-phenyl)-2-(2.2-dimethyl-propyl)-1H-indene

50 g (150 mmole) 7-(4’-tert-Butyl-phenyl)-2-(2,2-dimethyl-
propyl)-indan-1-one were dissolved in 180 ml toluene in a 500 ml — O
roundbottom flask equipped with a reflux condenser. 6.22 g (1.1 eq.)
sodium borohydride were added. Then 26.1 ml (4.3 eq.) methanol were O‘
added at 50°C and the mixture was stirred for 4 h at 50°C. Another 3.11 g

sodium borohydride and 10.3 g methanol were added and the mixture was stirred at 50°C
overnight. 2M sulphuric acid was added until the gas evolution ceased. After addition of 100 ml
water the layers were separated and the organic layer was washed two times with 2Msulphuric
acid and once with a saturated sodium chloride solution. The solvent was evaporated and the
crude indanol was dissolved in approx. 300 ml of toluene. After addition of 1 g p-toluene
sulfonic acid the mixture was heated to reflux using a Dean-Stark-trap until TLC showed
complete conversion (90 min). The solution was washed twice with a saturated NaHCQ;-
solution, once with water and once with a saturated sodium chloride solution. Drying over
magnesium sulphate, evaporation of the solvent and recrystllization from 500 ml ethanol
afforded 35.3 g (74 %) of the desired indene as white crystals. 'H-NMR (400 MHz, CDCl3): 0 =
7.47 (s, 4H, aromatic), 7.34 (d, 1H, aromatic), 7.25 (d, 1H, aromatic), 7.16 (t, 1H, aromatic), 6.72
(s, IH, C=CH), 3.44 (s, 2H, benzylic), 2.36 (s, 2H, CH-t-Bu), 1.37 (s, 9H, Ph-t-Bu), 0.96 (s, 9H,
CH,-t-Bu) ppm. '

Dimethylsilandiylbis[2-(2,2-dimethylpropyl)-4-(4-tert-

butylphenyl)-1-indenyl]zirconium dichloride
2 g (6.28 mmole) 4-(4-tert-Butyl-phenyl)-2-(2,2-

dimethylpropyl)-1H-indene were dissolved in 34 ml toluene and
2 ml of THF in a 100 ml — roundbottom flask. 2.64 ml of n-
butyl lithium (2.5 M in toluene, 6.6 mmole, 1.05 eq.) were
added at room temperature and the solution was stirred for | h
at 80°C. After cooling to 40°C 405 mg (3.2 mmole, 0.5 eq.)

dimethyldichlorosilane were added in one portion and the

mixture was stirred at 60°C for 17 h. The solvent was removed

in vacuo and 20 ml diethyl ether were added. 2.64 ml of n-butyl lithium (2.5 M in toluene, 6.6

mmole, 1.05 eq.) were added at room temperature and the mixture was stirred overnight at room
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temperature. After cooling to room temperature 776 mg (3.3 mmole, 0.53 eq. regarding to
“indene”) zirconium tetrachloride were added in portions. The orange - yellow suspension was
stirred for 5 h at room temperature and the complex was isolated by filtration and washing with
diethyl ether to yield 1.59 g crude complex. The racemic form was isolated by fractional
recrystallization from toluene. Yield: 0.65 g (24 %) as é bright yellow .powder. 'H-NMR (400
‘MHz, CDCl;): 6 = 7.62 (d, 2H, aromatic), 7.58, 7.45 (2 x d, 8H, aromatic), 7.37 (d, 2H,
aromatic), 7.23, 7.16, 7.08 (3 x m, 10H, aromatic + toluene), 6.93 (s, 2H, indenyl-H), 2.64 (d,
2H, indenyl-CH}), 2.34 (s, toluene), 2.15 (d, 2H, indenyl-CH,), 1.35 (s, 6H, Si(CHj);), 1.32 (s,
18H, Ph-t-Bu), 0.83 (s, 18H, CH,-t-Bu) ppm.

Comparative Example 3:
Dimethylsilandiylbis[2-(1-adamantylmethyl)-4-(4-tert-butylphenyl)-1-indenyl]-zirconium
dichloride

1-(2-Bromo-ethyl)-adamantane

In a 1 1 - roundbottom flask equipped with a reflux condenser ‘/{>
Br
164 g concentrated sulphuric acid and 200 g hydrobromic acid

(48 % in water) were added subsequently under cooling with an ibc; bath to 126.20 g (0.70 mole)
2-(1-adamantyl)ethanol. The mixture was refluxed for 6 h and after cooling to room temperature,
it was poured onto 400 g of ice. The aqueous phase was extracted with 400 ml pentane. The
organic layer was washed with a 2 M NaOH-solution and with water, dried over magnesium
sulphate, and the solvent was removed in vacuo. The product was distilled in vacuo to yield
153.2 g (90 %) of (1-(2-Bromo-ethyl)-adamantane as a colourless oil. 'H-NMR (400 MHz,
CDCl3): 6 =3.29 (t, 2H, CH;Br), 1;71 (t, 2H, CCH;CH;Br), 1.56 — 1.17 (m, 15H, aliphatic) ppm.
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1-(2-Chloro-phenyl)-3 -( 1-adamantyl)-propan-1-one

15.57 g (640 mmole) Magnesium turnings were placed in
' cl O

a 1 1 —roundbottom flask equipped with a dropping funnel and a '
reflux condenser, and 50 ml of THF were added. The magnesium

was etched slightly with a few crystals of iodine and then 2 g of

(1-(2-bromo-ethyl)-adamantane were added and the mixture was heated locally. Afterthe start of
the Grignard-formation the rest of the (1-(2-bromo-ethyl)-adamantane in 350 ml of THF (143.5 g
in total, 590 mmole) were added within a period of 20 min. The mixture.was refluxed for 1.5 h
and then cooled to room temperature. In a separate 2 1— roundbottom flask 70.5 g (513 mmole)
of 2-chloro-benzonitrile and 156 mg (0.16 mole %) copper(l)iodide were dissolved in 130 ml of
THF. The Grignard-solution was added dropwise over a period of 30 min and the reaction
mixture was refluxed for 3 h. After standing overnight at room temperature, a mixture of 190 ml
water and 127 ml concentrated hydrochloric acid were added very carefully, causing a strongly
exothermic reaction. The mixture was stirred at S0°C for 1 h and the layers were separated. The
aqueoué layer was extracted twice with 150 ml of toluene each. The combined organic layers
were washed twice with 2 M sulphuric acid, once with a saturated sodium bicarbonate solution
and once with a saturated sodium chloride solution. After drying over magnesium sulphate the
solvent was evaporated in vacuo to yield 178.7 g (quant.) of the desired phenone as siightly
brown oil. '"H-NMR (400 MHz, CDCl;): § = .7.39 —7.12 (m, 4H, aromatic), 2.55 (t, 2H, COCH,),
1.40 — 1.13 (m, 17H, aliphatic) ppm. '

- 7-Chloro-2-(1-adamantylmethyl)-indan-1-one
78.7 g (260 mmole) 1-(2-Chloro-phenyl)-3-(1-adamantyl)-

propan-1-one, 77.5 g (2.1 eq.) urotropine and 72.6 g (2.7 eq.) of ¢l o

acetic anhydride were placed in a 500 ml roundbottom flask and the

mixture was stirred at 80°C for 4 h. Then 100 ml water and 100 ml

2M NaOH were added and the mixture was extracted two times with 200 ml dichloromethane
each. The organic layer was washed two times with 100 ml saturated aqueous ammonium
chloride and dried over magnesium sulphate. The solvent amount was reduced in vacuo to a total
of 150 ml volume and the solution was added dropwise over a period of 2.5 h to 660 g of hot (70

— 75°C) concentrated sulphuric acid. After stirring for an additional 30 min at 75°C the mixture
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was allowed to stand overnight at room temperature. The mixture was poured onto approx. 500 g
of ice and extracted three times with 150 ml dichloromethane each. The organt layer was
washed twice with 150 ml of a saturated sodium bicarbonate solution and once with 100 ml of a
saturated sodium chloride solution. After drying over magnesium sulphate the solvent was
removed in vacuo. The product was purified by column chromatography on silica (heptane /
dichloromethane 5:1) to yield 58 g (71 %) of the desired product as a slightly offwhite glassy
solid. "H-NMR (400 MHz, CDCl;): 6 = 7.39 (t, 1H, aromatic), 7.27 (d, 1H, aromatic), 7.21 ,
1H, aromatic), 3.37 (dd, 1H, COCH), 2.70 (m, 2H, benzylic), 1.36 — 1.18 (m, 17H, aliphatic)
ppm.

7-(4-tert-Butyl-pheny])-2-(1-adamantylmethyl)-indan-1-one
71.8 g (228 mmole) 7-Chloro-2-(1-adamantylmethyl)—indén—l-

one, 49 g (1.2 eq.) 4-tert-butyl-benzene boronic acid, 53 g sodium

carbonate, 750 ml ethylene glycol and 150 ml water were placed in a 2 O

1 — roundbottom flask equipped with a mechanical stirrer and a reflux o ‘
7

condenser. The mixture was degassed three times by slight evacuation "
and recharging with argon. A premixed catalyst solution consisting of

103 mg (0.2 mole %) palladium acetate, 3 ml NaTPPTS (2.6 M in water, 0.8 mole %) and 2 ml

of water was added and the mixture was refluxed at 125°C until complete conversion (approx. 6
h). 300 ml of water were added and the mixture was extracted three times with 150 ml of toluene
each. The combined organic layers were washed twice with 100 ml water and once with 100 ml
of a saturated sodium chloride solution. Drying over magnesium sulphate and evaporation of the
solvent in vacuo yielded 94.1 g (quant.) of the desired product as a yellow sticky oil. 'H-NMR '
" (400 MHz, CDCl3): 6 =7.52 (t, lH,' aromatic), 7.41, 7.36 (2 x d, 4H, aromatic), 7.21 (m, 2H,

aromatic), 3.37 (m, 1H, COCH), 2.77 — 2.68 (m, 2H, benzylic), 1.42 - 1.18 (m, 26H, aliphatic &
C(CH3)3) ppm.
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4-(4-tert-Butyl-phenyl)-2-(1-adamantylmethyl)-1H-indene

94.0 g (228 mmole) 7-(4’-tert-Butyl-phenyl)-2-(1-
adamantylmethyl)-indan-1-one were dissolved in 291 ml toluene in
a 1 I - roundbottom flask equipped with a reflux condenser. 9.5 g O
(1.1 eq.) sodium borohydride were added. Then 40 ml (4.3 eq.)
methanol were added at 50°C and the mixture was stirred for 6 h at O‘

~ 50°C. 2M sulphuric acid was added until the gas evolution ceased.

@

After addition of 100 ml water the layers were separated and the orgaic layer was washed two

* times with 2M sulphuric acid and once with a saturated sodium chloride solution. The solvent
was evaporated and the crude indanol was dissolved in approx. 350 ml of toluene. After addition
of 0.7 g p-toluene sulfonic acid the mixture was heated to reflux using a Dean—Stark—trap until
TLC showed complete conversion (90 min). The solution was washed twice with a saturated
NaHCO;-solution, once with water and once with a saturated sodium chloride solution. Drying
over magnesium sulphate, evaporation of the solvent and crystallization from 900 ml ethanol
afforded 76.9 g (85 %) of the desired indene as white crystals. 'H-NMR (400 MHz, CDClL): 6 =
7.44,7.32,7.23,7.12 (4 x m, 7H, aromatic), 6.63 (s, 1H, =CH), 3.32 (s, 2H, benzylic), 2.29 (d,
2H, aliphatic),.1.69 —1.15 (m, 15H, aliphatic), 1.38 (s, 9H, C(CH3);) ppm. |

Dimethylsilandiylbis[2-(1-adamantylmethyl)}4-(4-tert-butylphenyl)-1-indenyl]-zirconium
dichloride
23 g (58 mmole) 7-(4-tert-Butyl-phenyl)-2-(1-

adamantylmethyl)-1H-indene were dissolved in 340 ml
toluene and 20 ml of THF in a 1000 ml — roundbottom
flask. 24.4 ml of n-butyl lithium (2.6 M in toluene, 63.4

‘mmole, 1.1 eq.) were gdded at room temperature and the =si’ zrCl,

solution was stirred for 1 h at 80°C. After cooling to 40°C

3.5ml (3.74 g, 29 mmole, 0.5 eq.) dimethyldichloroéilane !
were added in one portion and the mixture was stirred at ' O

60°C for 8.5 h. The solvent mixture was removed in vacuo )\

~
-

(purity of the ligand > 94 % according to GC — analysis)
and the ligand was dissolved in 200 ml of diethyl ether (yellowish suspension due to LiCl). 23.8

74



Conp 20 - 1830 - 45 65 60 362 8,000 60 Conp 20 50 1840 - 16 65 60 518
32,400 61 Conp 20 -
WO 2010/077230 : PCT/US2008/014144

ml of n-butyl lithium (61.9 mmole, 1.07 eq. regarding to “indene”, 2.6 M in toluene) were added
at room temperature and the mixture was stirred overnight at room temperature. Then 7.1 g (30.5
mmole, 0.525 eq. regarding to “indene™) zirconium tetrachloride were added in portions. The
orange - yellow suspension was stirred overnight at room temperature and the solid was isolated
by filtration. Washing with 2 portions of 35 ml diethyl ether each and drying in vacuo yielded
25.1 g of the crude complex (rac/meso = 1.6 : 1, containing lithium chloride). The racemic
complex was isolated by fractional crystallization from toluene. Yield: 9.8 g (9.7 mmol, .33 %) as
a bright yellow powder. 'H-.NMR (400 MHz, CDCl;): 6 = 7.62 (d, 2H, aromatic), 7.55, 7.42 (2 x
d, 8H, aromatic), 7.32 (d, 2H, aromatic), 7.21, 7.15, 7.08 (3 x m, 10H, aromatic + toluene), 6.83
(s, 2H, indenyl-H), 2.53 (“dd”, 2H, indenyl-CH)), 2.34 (s, toluene) 2.09 (“dd”, 2H, indenyl-CH>),
1.75 - 1.15 (m, 30H, aliphatic), 1.34 (s, 18H, C(CH;);), 1.32 (s, 6H, Si(CH3),) ppm.

Comparative Example 4:

Dimethylsilahedivlbis[2-methvl-4-( 4-tert-butylphenyl)-1-indenyl]zirconiumdichloride
143 g (0.54 moles) of 2-methyl-4-(4-tert-
butylphenyl)-i-indene were introduced into 2.4 L of

toluene and 143 mL of tetrahydrofuran, and 234 mL of @
an n-butyllithium solution (2.5 M in toluene) were

added without interruption at room temperature. After

this addition was complete, the mixture was heated to > Si  ZrCl,
80°C and stirred for one hour at this temperature. It @ <D

was allowed to cool to 40°C, then 33.6 g (0.26 moles)

of dimethyldichlorosilane were added dropwise to this

reaction solution. The reaction solution was stirred for

three hours at 60°C. It was cooled to room temperature, and then 218 mL of an n-butyllithium
solution (2.5 M in toluene) were added dropwise. After this addition was complete, the solution
was heated to 80°C and stirred for one hour at this temperature. It was allowed to cool to room
temperature, then 71.1 g (0.305 moles) of zirconium tetrachloride were added in portions. The
solution was stirred for two hours at 45°C and the precipitate that forms was separated by

filtration through a G3 fritted glass filter and then carefully washed with 700 mL portions of
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tetrahydrofuran. The residue was dried in an oil-pump vacuum, and the product was obtained in
a yield of 155 g (80%) and with a rac:meso ratio of 1:1. The isomers must be separated in an
additional step to obtain selective catalysts for propylene polymerization.

'H-NMR (400 MHz, CDCly):

7.63-6.85 (m, 16H, arom-H), 2.44 (s, 3H, meso-CH3), 2.24 (s, 3H, rac-CH3), 1.46 (s,
1.5H, meso-SiMe,), 1.33-1.29 (m, 21H, tert-butyl, rac-SiMe,), 1.23 (s, 1.5H, meso-CH;).

Comparative Example 5:
Dimethylsilanediyl(2-methyl-4-(4-tert-butylphenyl)indenyl)(2-isopropyl-4-(4-tert-

butylphenyl)indenyl)zirconium dichloride

Dimethylsilanediyl(2-methyl-4-(4-tert-butylphenyl)- 1-indene)(2-isopropyl-4-(4-tert-

butylphenyl)-1-indene)

16.8 g (57.7 mmoles) of 2-isopropyl-4-(4-tert-

butylphenyl)-1-indene were introduced into 131 mL of toluene

and 5.0 mL of THF, and 21.5 mL of an »-butyllithium solution ' O
(2.68 M in toluene) were added without interruption at room
temperature. After this addition was complete, the mixture was O’

heated to 80°C and stirred for one hour at this temperature. It
was then allowed to cool to room temperature. The resulting
reaction solution was added dropwise to a solution 0f20.5 g
(57.7 mmoles) of (2-methyl-4-(4-tert-butylphenyl)-1-
indenyl)dimethylchlorosilane in 246 mL of toluene over a

period of one hour. The mixture was stirred overnight at room

temperature. Then 60 mL of water were added and the phases

which form were separated. The organic phase was washed with 100 mL of water and the
combined aqueous phases were extracted twice with a total of 100 mL of toluene. The combined
organic phases were dried over magnesium sulfate. After filtering off the magnesium sulfate, the
solvent was removed and the residue was dried in an oil pump vacuum. The desired product was
isolated in a' yield of 31.6 g (90%) (purity: 90%).

'H-NMR (400 MHz, CDCl;):
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7.51-7.1 (m, 14H, arom-H), 6.71, 6.62 (each s, each 1H, olefin-H-indene), 3.35, 3.31
(each s, each 2H, CH,-H), 2.65 (m, 1H, CH-isopropyl), 2.41 (s, 3H CH;-H),‘ 1.35, 1.33 (each s,
each 9H, fert-butyl), 1.15 (d, 6H, isopropyl-CH3), 0.2, 0.0 (each d, each 3H, SiCH;).

Dimethylsilanediyl(2-methyl-4-(4-tert-butylphenyD-1-indeny])(2-isopropyl-4-(4-tert-

butylphenyl)-1-indenyl)zirconium dichloride
36.6 g (60 mmoles) of dimethylsilanediyl(2-methyl-

4-(4-tert-butylphenyl)-1-indene)(2-isopropyl-4-(4-tert-

butylphenyl)-1-indene) were introduced into 366 ml of @
diethyl ether, and 44.9 mL of an n#-butyllithium solution

(2.68 M in toluene) were added without interruption at room
temperature. After this addition was complete, the mixture > Si  ZrCl
was stirred over night at this temperature. It was then cooled CD

to 0°C and 14.0 g (60 mmoles) of zirconium tetrachloride @

were added in portions. The mixture was allowed to warm

to room temperature and was stirred for another two hours at

this temperature. The precipitate that forms was separated
by filtration through a G3 fritted glass filter and was washed with two 50 mL portions of
tetrahydrofuran and with one 70 mL portion of pentane. The residue was dried in an al-pump
vacuum, and the product was obtained in a yield of 23.5 g (50%) and with a rac:meso ratio of
about 1:1. The isomers must be separated in a subsequent step to obtain selective catalysts for
propylene polymerization.

'H-NMR (400 MHz, CDCls):

7.7-6.9 (m, 14H, arom-H), 3.26 (m, 1H, CH-isopropyl), 2.23 (s, 3H, CH3), 1.31 (s, 18H,

. tert-butyl), 1.33, 1.32 (each s, each 3H, Si-CH3), 1.08, 1.03 (each d, each 3H, isopropyl-CH3).

Example 6:
Dimethylsilandiylbis[2-[(1-methylcyclohexyl)methyl]-4-(4-tert-butylphenyl)-1-indenyl]-

zirconium dichloride
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2-(2-Bromo-benzyl)-malonic acid diethyl ester
In a 4-neck 4 1 round bottom flask

equipped with a reflux condenser, r

gas outlet, thermometer and stirrer Br r

are placed 2 1 of ethanol. A ' NaOEt / EtOH COOEt
solution of sodium ethoxide in + OOEt

ethanol is prepared by gradually
adding 25.5 g (1.11 mol) of
sodium cut in small pieces to the

EtOOC” “COOEt

reaction mixture. At a reaction temperature of 40-45 °C the sodium addition and reaction is
finished after ~1.5 h. The solution is cooled to room temperature and 192.5 g (1.20 mol) of
malonic acid diethyl ester are added. The mixture is stirred at this temperature for 15 minutes.
Then 250 g (1.00 mol) 2-bromobenzyl bromide are added via a dropping funnel in a way that the
reaction temperature raises to 40-45°C. After the addition is completed the reaction mixture is
heated to reflux for 3 h.

For workup, most of the ethanol is distilled off, and 300 ml of water are added to the residue.

The water phase is extracted with 300 and 2 times 150 ml of diethyl ether. The combined organic
phases are washed with 200 ml of water. The ether is removed under reduced pressure and the
crude product is distilled in a vacuum at a pressure of 1 mbar. To obtain pure 2-(2-Bromo-
benzyl)-malonic acid diethyl ester (Yield: 230 g, 70 %). '"H-NMR (500 MHz, CDCl;, ppm): 6=
‘7.50 (m, 1H, aromaﬁc), 7.22 (m, 1H, aromatic), 7.17 (m, 1H, aromatic), 7.06 (m, 1H, aromatic),
4.13 (m, 4H, -O-CH,CH3), 3.82 (t, 1H, -CH,-CH(CO,Et),), 3.31 (d, 2H, Ar-CH,-CH(CO,Et),,
1.18 (t, 6H, -O-CH,CHs).

3-(2-Bromo-phenyl)-propionic acid

A 4-neck 2 litre round bottom

flask with equipped with a reflux r 1. KOH /H,0 r
condenser, thermometer and COOEt 5 Hey

stirrer, is charged with 230 g (0,70 00Et 3. OOH
mol) of 2-(2-Bromo-benzyl)-

malonic acid diethyl ester and
placed in an oil bath. A solution of 225.8 g (4.02 mol) potassium hydroxide in 225 ml water is
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slowly added with stirring. The reaction temperature is carefully monitored and the addition of
the potassium hydroxide solution is interrupted as soon as a significantly exothermic reaction
starts. The temperature may rise up to 80°C. The remaining potassium hydroxide solution is
added as soon as the initial reaction starts to subside. It may happen that no change in
temperature is observed while adding the potassium hydroxide solution. If this happens, the
. reaction mixture is carefully and slowly heated to 80°C. The exothermic reaction may suddenly
start. As soon as the initial reaction starts to subside, the reaction mixture is heated to 100 °C and
stirred for 6 h at this temperature.
To separate most of the ethanol, 225 ml of water are added and about halif of the total volume is
removed on a rotary evaporator in a vacuum. Thereafter 200 ml of water are again added and
concentrated hydrochloric acid is carefully added (neutralisation is exothermic) until the sdution
is strongly acidic. 2-(2-Bromo-benzyl)-malonic acid precipitates. The acid is filtered off on a frit
and washed with water until the washing water has a pH of approximately 3— 4.
The dicarboxylic acid is dried under reduced pressure, transferred irto a round bottom flask with
a suitable gas outlet and a bouble counter. The flask is immersed into an oil bath at 165°C and
left there until the gas evolution stops. After approx. 20 minutes a yellow oil forms which may
solidify at lower temperatures. The crude product is dissolved in 400 ml of Ethanol and placed in
a -30 °C fridge. Pure 3-(2-Bromo-phenyl)-propionic acid precipitates over night and is filtered
off. A further crop of pure product can be recovered from the filtrate by removing about % of the
ethanol and again cooling the remaining solution to -30°C over night (Combined yield: 128.2 g,
80 %).
'H-NMR (500 MHz, CDCls, ppm): 6 = 7.53 (m, 1H, aromatic), 7.28 — 7.20 (m, 2H, aromatic),
7.07 (m, 1H, aromatic), 3.06 (t, 2H, Ar-CHz-CHz-COzH), 2.70 (t, 2H, Ar-CH,-CH,-CO,H).

4-Bromo-indan-1-one

1282 g (0.559 mol) of 3-(2-Br0rho-
phenyl)-propionic acid are placed in a 2- 1.80C|,

neck round bottom flask with ‘gas outlet 2. AICl; / CH,Cl,
and stirrer. 133.2 g (1.12 mol) of thionyl OOH

chloride are added and the mixture is 0O

heated under reflux for 2 h with stirring
in an argon atmosphere and excess thionyl chloride is removed in a vacuum. The resulting
yellow oil is dissolved in 700 ml of methylene chloride, cooled to 0°C and 82.0 g (0.615 mol)
anhydrous aluminium chloride are added in small portions. The reaction mixture is stirred at 0°C
for 2 h and then hydrolyzed by carefully pouring it on crushed ice. The organic layer is
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separated. The aqueous layer is acidified with concentrated hydrochloric acid and extracted twice
with methylene chloride. The combined organic layers are washed once with 2 M HCl, once with
water, dried over anhydrous magnesium sulphate and the solvent is removed under reduced
pressure (110.0 g, 87 %).

'H-NMR (500 MHz, CDCl;, ppm): 6 = 7.75 (m, 1H, aromatic), 7.70 (m, 1H, aromatic), 7.27 (m,
1H, aromatic), 3.08 (m, 2H, -CH,-), 2.72 (m, 2H, -CH,-).

 4-(4-tert-Butyl-phenyl)-indan-1-one

22.9 g (0.109 mol) of 4-Bromo-indan-

1-one, 23.18 g (0.130 mol) of 4-tert-

butylphenylboronic. acid, 23.0 g
(0.217 mol) sodium carbonate, 67 ml r %_@_B(OH)Z

water and 357 ml of ethylene glycol

are placed into a round bottom flask Pd(OAc),, NaTPPTS, Na,CO, O’
with reflux condenser and stirrer. The o} sthylene glycol, H;0 o)

flask is evacuated and refilled with
argon three times to remove any oxygen. 49 mg (0.22 mmol) of Palladium(II) acetate and 1.4 ml
(0.87 mmol) of a 0.6 M solution of NaTPPTS (tris-sodiumtriphenylphosphine-3,3°,3°’-
trisulfonate) are premixed in 2 ml of water and added to the reaction mixture which is
subsequently heated to reflux. The progress of the reaction is monitored via TLC. Complefe
conversion should be achieved within 3.5 to 5 hours. The mixture is cooled to room temperature
and water and toluene are added until two clearly discernible phases form. The layers are
separated and the water phase is extracted three times with toluene. The combined organic layers
are washed twice with a saturated sodium chloride solution, dried over anhydrous magnesium
sulphate and the solvent is removed in a vacuum to yield an oily product. The GG-determined
purity of the crude product is 92 %. Pure product can be obtained by treating the oily residue
with 35 ml of ethanol at room temperature. Solid 4-(4-tert-Butyl-phenyl)-indan-1-one ‘
precipitates and is filtered of. The filtrate still contains significant amounts of product which can
be isolated by evaporating the filtrate to dryness mixing it with 50 ml of heptane and storing the
mixture at -30 °C over night. The filtrate is filtered off, washed with two portions of cold (-30°C)
heptane and dried in a vacuum (Combined yield: 23.71 g, 82 %;).

'H-NMR (500 MHz, CDCl;, ppm): 8 = 7.75 (m, 1H, aromatic), 7.59 (m, 1H, aromatic), 7.48 (m,
2H, aromatic), 7.44 (m, 1H, aromatic), 7.39 (m, 2H, aromatic), 3.16 (m, 2H, -CH>-), 2.68 (m,
2H, -CH,-), 1.37 (s, 9H, -C(CH3)3).
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Aldol __condensation between  4-(4-tert-butyl-phenyl)-indan-l1-one _and  1-methyl-
cyclohexanecarbaldehyde

18.35 g (69.4 mmol) of 4-(4-tert-
butyl-phenyl)-indan-1-one, 9.20 g

K,CO3, EtOH

ﬁ\wo O

potassium carbonate and 184 ml of I
ethanol are placed into a round O. O’
bottom flask. The mixture is heated to o

a temperature of 76 - 78°C with

(72.9 mmol) of 1-methyl-cyclohexyl-
carbaldehyde, 12.85 g (93.0 mmol) of O

stirring for 54 h. 10 % hydrochloric acid is added until no gas evolution is observed anymore and
the precipitating salts are dissolved by adding enough water to dissolve them. The aqueous phase
is extracted twice with 175 ml of methylene chloride. The combined organic phases are driedL
over MgSO, and the solvent is removed in a vacuum to yield 26.03 g of crude product The crude
product was used as-is for the subsequent steps.
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Hydrogenation of 4-( 4-tert-butyl-phenvl)—2-[( 1-methylcyclohexyl)methylenel-indan-1-one

28.62 g of crude 4-(4-
tert-butyl-phenyl) -2-(1-
I H,,Pd/C I

methylcyclo- O
hexylmethylene)-indan-
l-one (GC: ~83 %
purity) are dissolved in O’ ‘ : O’
286 ml of ethyl acetate o) o)
in a flask with gas inlet

and stirrer. 2 g of palladium on activated carbon (10 wt-% palladium) are added. The system is
evacuated and refilled with argon three times to remove oxygen and then evacuated and refilled
with hydrogen three times. The stirrer is started and the reaction mixture is vigorously stirred to
help the diffusion of hydrogen gas into the liquid reaction mixture. The hydrogen uptake is
monitored and stirring is continued until the hydrogen uptake ceases. Filtering the crude reaction
mixture over a paper filter. and removing the solvent in a vacuum leaves crude 4-(4-tert-butyl-

- phenyl)-2-(1-methyl-cyclohexylmethyl)-indan-1-one (yield 27.99 g, GC: ~84 % purity). The
obtained crude product was used without further purification for the subsequent
reduction/elimination-sequence.

7-(4-tert-Butyl-phenyl)-2-[(1-methylcyclohexymethyl]-1H-indene

27.9 g of crude 4-(4-tert:
butyl-phenyl)-2-[(1-

methylcyclohexyl)

methyl}-indan-1-one (~ 83 O O

% purity), 2.82 g (74.5 I 1. NaBH, I
mmol) of NaBH, and 70.5 O’ 2. p-TsOH O’

ml of toluene are charged S

in a flask equipped with

reflux condenser, dropping

funnel and magnetic stirring bar. The mixture is warmed to 50°C and 14 ml of methanol are
slowly added with stirring and stirring is continued for 2.5 h to ensure a complete reaction.
Excess NaBH, is carefully hydrolyzed with approx. 40 ml of 2n H,SO4. The organic phase is
separated and the water phase is washed with another 35 ml of toluene. The combined organic
phases are twice extracted with 2n bSO, and dried over anhydrous MgSQ,. Most of the solvent
is removed in a vacuum and replaced by fresh toluene up to a total volume of 100 ml and 0.3 g of
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p-toluenesulfonic acid are added. The reaction flask is fitted with a water separator and the
reaction mixture is heated to reflux for 1.5 h. The conversion can be monitored by TLC. Once
the dehydration is complete, the solution is washed with a saturated NaHCO; solution and dried
over anhydrous MgSO,. The solvent is thoroughly removed in a vacuum and 25.85 g of a brown
oil is obtained. Purification of the indene is carried out via a column chromatography. Yield:
18.85 g (~ 85 %) of 7-(4-tert-Butyl-phenyl)-2-[(1-methylcyclohexyl)methyl]-1H-indene.
'H-NMR (500 MHz, CDCl;, ppm): § = 7.48-7.44 (m, 4H, aromatic), 7.29 (m, 1H, aromatic) ,
7.25 (m, 1H, aromatic) , 7.13 (m, 1H, aromatic), 6.56 (s, 1H, =CH), 3.47 (s, 2H, benzylic), 2.38
(s, 2H, aliphatic), 1.55 — 1.2 (br m, 10H, aliphatic), 1.37 (s, 9H, -C(CH3)3),0.91 (s, 3H, CH3).

Bis[4-(4-tert-butyl-phenyl)-2-[(1-methylcyclohexyl)methyl]-1H-inden-1-yl]-dimethyl-silane
244 g (68.0 mmol) 7-(4-
tert-Butyl-phenyl)-2-((1-

‘ methyl cyclohexyl)methyl)-

1H-indene were dissolved in O . O
414 ml of toluene and 122 I 1. n-BuLi I

ml of‘ THF in a 1000 ml - O’ | 2. (CH,),SiCl, O ‘
round bottom flask. 28.6 ml L

of n-butyl lithium (2.5 M in Si(CHy),
toluene, 1.05 eq.) were

added at room temperature and the solution was stirred 1 h at 80°C. After cooling to 40°C 4.13
ml (0.5 eq.) of dimethyldichlorosilane were added in one portion and the mixture was stirred at
60°C for 20 h. After cooling to room temperature 250 ml of water were added and the phases
were separated. The aqueous layer was extracted once with 100 ml of toluene and the combined
organic layers were washed once with 200 ml of saturated NaCksolution, dried over magnesium
sulphate and the solvent was evaporated in a vacuum. The crude product was purified via a
column chromatography to yield 16.8 g (64 %) of an isomeric mixture of the desired product.
'H-NMR (500 MHz, CDCl;3, ppm): & = 7.51 — 7.14 (multiple m’s, 14H, aromatic), 6.82 and 6.80
(2xs,2H,=CH), 3.94 and 3.85 (2 x 5, 2H, CH-SiMe;), 2.53 /2.35 and 2.38 /2.21 (2 x [2 x “d”],
4H, CHz-), 1.51 — 1.16 (multiple m’s, 20 H, aliphatic), 1.382 and 1.376 (2 x s, 18H, -C(CH»)5),
0.85 and 0.80 (2 x s, 6H, CH3), -0.08, -0.28 and -0.52 (3 x s, 6H, SiCHj3).
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Dimethylsilandiylbis[2-[( 1-methylcyclohexyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride
To 92 g (11.8

mmol) of Bis[4-(4-
tert-butyl-phenyl)-2-

>
o>

1-methyl- 1. n-BuLi
u Y I 2. ZrCl, >Si ZrCl,
cyclohexyl)methyl]-
[H-inden-1-yl}- O‘ =
L B 2
dimethylsilane were Si(CHy), @ \

added 92 ml of dry
diethyl ether in a 250

ml round bottom flask. Approx. 20 minutes after adding 9.8 ml of n-butyllithium (2.5 M in
toluene, 2.05 eq.) at room temperature the initial suspension transformed into a clear orange
solution. The mixture was stirred over night at this temperature and thenwas cooled to 0°C. 2.77
g (1 eq.) of zirconium tetrachloride were added and after warming to room temperature stirring
was continued for 5 h. The crude reaction mixture was filtered over a G4 frit and the residue was
washed twice with 10 ml of diethyl ether. The filter cake was extracted once with 30 ml, once
with 20, once with 15 and once with 10 ml of hot toluene, from the filtrate 2.95 g of the
metallocene with a rac/meso-ratio of 5:1 were obtained. For further r/m enrichment the product
was crystallized from toluene. 'H-NMR (500 MHz, CDCl;, ppm): 8 = 7.61 (m, 2 H, aromatic),
7.53 (m, 4H, aromatic), 7.40 (m, 2 + 4H, aromatic), 7.33 (m, 2H, aromatic), 7.05 (rh, 2H,
aromatic), 6.91 (s, 2H, indenyl-H), 2.65 and 2.23 (2 x “d”, 2 x 2H, indenyl-CH5), 1.48 - 1.08
- (multiple m’s, 20 H, ring), 1.35 (s, 6H, CHssi), 1.32 (s, 18H, C(CH3)3), 0.75 (s, 6H, CH3).
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Example 7:
Dimethylsilandiylbis[2-[(1-methylcyclopentyl)methyl]-4-(4-tert-butylphenyl)- 1-indenyl]-
zirconium dichloride
Aldol _ condensation _ between  4-(4-tert-butyl-phenyl)-indan-1-one _and _ 1-methyl-

. cyclopentanecarbaldehyde
154 g (58.3 mmol) of 4-(4-tert-butyl-

phenyl)-indan-1-one, 6.9 g (61.5 mmol)

of  I-methyl-cyclopentylcarbaldehyde, cHo

108 g (78.1 mmol) of potassium O é O

vcarbonate and 160 ml of ethanol are O’ .

cho3 EtOH
placed into a round bottom flask. The

mixture is heated to a temperature of 76 -
78°C with stirring for 50h. 10 %

hydrochloric acid is added until no gas evolution is observed anymore and the precipitating salts

are dissolved by adding enough water to dissolve them. The aqueous phase is extracted twice
with 150 ml of methylene chloride. The combined organic phases are dried over MgSQ; and the
solvent is removed in a vacuum to yield 21.1 g of crude product. The crude product was used as-
is for the subsequent steps.

Hydrogenation of 4-(4-tert—but?l-phenvl)-2-[( 1-methylcyclopenty)methylenel-indan-1-one
21.0 g of crude 4-(4-tert-butyl-

phenyl)-2-(1-methyl-cyclo- '
hexylmethylene)-indan-1-one (GC:
~83 % purity) are dissolved in O O

220 ml of ethyl acetate in a flask
with gas inlet and stirrer. 1.5 g of O’ . L T O’ .
palladium on activated carbon (10 \ Y

wt-% palladium) are added. The
system is evacuated and refilled with argon three times to remove oxygen and then evacuated

and refilled with hydrogen three times. The stirrer is started and the reaction mixture is
vigorously stirred to help the diffusion of hydrogen gas into the liquid reaction mixture. The
hydrogen uptake is monitored and stirring is continued until the hydrogen uptake ceases.
Filtering the crude reaction mixture over a paper filter and removing the solvent in a vacuum
leaves crude 4-(4-tert-butyl-phenyl)-2-((1-methylcyclohexyl)methyl)-indan-1-one (yield 19.9 g,
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GC: ~86 % purity). The obtained crude product was used without further purification for the
subsequent reduction/elimination-sequence.

7-(4Qtert-Butvl-phenvl)-2-[( 1-methylcyclopentyl)methyl]-1H-indene
19.5 g of crude 4-(4-tert-butyl-

phenyl)-2-[(1-methylcyclopentyl)

methyl]-indan-1-one (~ 86 % O O

purity), 2.06 g (54.5 mmol) of . 1. NaBH, .
2.p-TsOH/A ’

‘NaBH4 and 52 ml of toluene are O’ _— O’

charged in a flask equipped with 0 ~

reflux condenser, dropping funnel
and magnetic stirring bar. The mixture is warmed to 50°C and 10 ml of methanol are slowly
added with stirring and stirring is continued for 2.5 h to ensure a complete reaction. Excess
NaBHjy is carefully hydfolyzed with approx. 30 ml of 2n H,SO4. The organic phase is separated
and the water phase is washed with another 26 ml of toluene. The combined organic phases are
twice extracted with 2n H,SO4 and dried over anhydrous MgSO,. Most of the solvent is removed
in a vacuum and replaced by fresh toluene up to a total volume of 75 ml and 0.22 g of p-
toluenesulfonic acid are added. The reaction flask is fitted with a water separator and the reaction
mixture is heated to reflux for 1.5 h. The conversion can be monitored by TLC. Once the
dehydration is complete, the solution is washed with a saturated NaHCO; solution and dried over
anhydrous MgSO,. The solvent is thoroughly removed in a vacuum and a brown oil is obtained.
Purification of the indene is carried out via a column chromatography. Yield: 13.8 g (~ 86 %) of

7-(4-tert-Butyl-phenyl)-2-[(1-methylcyclopentyl)methyl]-1 H-indene.
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Bis[4-(4-tert-butyl-phenyl)-2-[(1-methylcyclopentyl)methyl]-1 H-inden-1-yl]-dimethyl-silane
13 g (37.7 mmol) 7-(4-tert-

Butyl-phenyl)-2-((1-methyl-

cyclopentyl)methyl)-1H-

indene were dissolved in O
: 1. n-BuLi

228 ml of toluene and 67 ml . 2. (CHy),SiCly

of THF in a 500 ml — round OQ :

bottom flask. 15.8 ml of n- | Si(CHa),

butyl lithium (2.5 M in

toluene, 1.05 eq.) were added at room temperature and the solution was stirred 1 h at 80°C. After
cooling to 40°C 2.27 ml (0.5 eq.) of dimethyldichlorosilane were added in one portion and the
mixture was stirfed at 60°C for 20 h. After cooling to room temperature 120 ml of water were
added and the phases were separated. The aqueous layer was extracted once with 60 ml of
toluene and thé combined organic layers were washed once with 100 ml 6f saturated NaCl-
solution, dried over magnesium sulphate and the solvent was evaporated in a vacuum. The crude

product was purified via a column chromatography to yield 9.4 g (67 %) of the desired product.

Dimethylsilandivlbis[ 2;[( 1-methylcyclopentyl)methyl]-4-(tert-butylphenyl)-1-indenyll-
zirconium dichloride
To 9.0 g (12.1 mmol) of

Bis[4-(4-tert-butyl-

henyl)-2-[(1-methyl | | .
phenyl)-2-[(1-methy
cyclopentyl)-methyl]- O 1. n-BuLi
. . ’ 2. ZrCl > Si ZrCIz
1H-inden-1-yl]dimethyl- . _ ruc, ~
silane were added 94 ml O‘ = .
A I, A
@)

of dry diethyl ether in a Si(CHy),
250 ml round bottom
flask.  Approx. 20

minutes after adding 9.9 ml of n-butyllithium (2.5 M in toluene, 2.05 eq.) at room temperature
the initial suspension transformed into a clear orange solution. The mixture was stirred over
night at this temperature and then was cooled to 0°C. 2.82 g (1 eq.) of zirconium tetrachloride

were added and after warming to room temperature stirring was continued for 5 h. The crude
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reaction mixture was filtered over a G4 frit and the residue was washed twice with 10 ml of
diethyl ether. The filter cake was extracted once with 30 ml, once with 20, once with 15 and once
with 10 m! of hot toluene, from the filtrate 2.95 g of the metallocene with a rac/meso-ratio of 4:1

were obtained. For further r/m enrichment the product was crystallized from toluene.

Example 8:
Dimethylsilandiylbis[2-[(1-ethylcyclohexyl)methyl]-4-(4-tert-butylphenyl)-1-indenyl]-zirconium
dichloride

Aldol condensation between 4-(4-tert-butyl-phenyl)-indan-1-one and 1-ethyl-
cyclohexanecarbaldehyde
18.6 g (70.4 mmol) of 4-(4-tert-butyl-

phenyl)-indan-1-one, 10.3 g (73.5
mmol) of 1-ethyl-
cyclohexylcarbaldehyde, 13.0 g (94.1 O mfwo O
mmol) of potassium carbonate and 160 O’ O
K,COs, EtOH —
o

ml of ethanol are placed into a round 0

)/

bottom flask. The mixture is heated to a

temperature of 76 - 78°C with stirring for 50 h. 10 % hydrochloric acid is added until no gas
evolution is observed anymore and the precipitating salts are dissolved by adding enough water
to dissolve them. The aqueous phase is extracted twice with 150 ml of methylene chloride The
combined organic phases are dried over MgSQ, and the solvent is removed in a vacuum to yield

25.9 g of crude product. The crude product was used as-is for the subsequent steps.

Hydrogenation of 4-(4-tert-butyl-phenyl)-2-[(1-ethylcyclohexyl)methylenel-indan-1-one
25.0 g of crude 4-(4-tert-

butyl-phenyl)-2-(1-

ethylcyclo-
hexylmethylene)-indan-1-
one (GC: ~83 % purity)

are dissolved in 250 ml of

ethyl acetate in a flask
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with gas inlet and stirrer. 1.75 g of palladium on activated carbon (10 wt-% palladium) are
added. The system is evacuated and refilled with argon three times to remove oxygen and then
evacuated and refilled with hydrogen three times. The stirrer is started and the reaction mixture is
vigorously stirred to help the diffusion of hydrogen gas into the liquid reaction mixture. The
.hydrogen' uptake is monitored and stirring is continued until the hydrogen uptake ceases.
Filtering the crude reaction mixture over a paper filter and removing the solvent in a vacuum
leaves crude 4-(4-tert-butyl-phenyl)-2-(1-ethyl-cyclohexylmethyl)-indan-1-one (yield 24.4 g,
GC: ~82 % purity). The obtained crude product was used without further purification for the

subsequent reduction/elimination-sequence.

7-(4-tert-Butyl-phenyl)-2-[(1 ethylcvclohexyl)methyl] 1H-indene
240 g of crude 4-(4-tert-butyl-
phenyl)-2-[(1-ethylcyclohexyl)

methyl]-indan-1-one (~ 82 % »
purity), 2.4 g (63.4 mmol) of O

NaBH4 and 60 ml of toluene are O’
charged in a flask equipped with

reflux condenser, dropping funnel

and magnetic stirring bar. The mixture is warmed to 50°C and 12 ml of methanol are slowly
added with stirring and stirring is continued for 2.5 h to ensure a complete reaction. Excess
NaBHy is carefully hydrolyzed with approx. 35 ml of 2n H,SO4. The organic phase is separated
and the water phase is washed with another 30 ml of toluene. The combined organic phases are
twice extracted with 2n HSO4 and dried-over anhydrous MgSQy. Most of the solvent is removed
in a vacuum and replaced by fresh toluene up to a total volume of 90 ml and 0.26 g of p-
toluenesulfonic acid are added. The reaction flask is fitted with a water separator and the reaction
mixture is heated to reflux for 1.5 h. The conversion can be monitored by TLC. Once the
dehydratioh is complete, the solution is washed with a saturated NaHCO; solution and dried over
anhydrous MgSQy. The solvent is thoroughly removed in a vacuum and 22.4 g of a brown oil is
obtained. Purification of the indene is carried out via a column chromatography. Yield: 15.3 g
(~ 81 %) of 7-(4-tert-Butyl-phenyl)-2-[(1-ethylcyclohexyl)methyl]-1H-indene.
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Bis[4-(4-tert-butﬂ-phenyl)-2-[( 1-ethylcyclohexyl)methyl]-1H-inden-1-yl]-dimethyl-silane

15 g (40.3 mmol) 7-(4-tert-
Butyl-phenyl)-2-((1-ethyl

cyclohexyl)methyl)-1H-indene O
were dissolved in 245 ml of O
toluene and 72 ml of THF in a

2. (CHy),SICl,
1000 ml — round bottom flask. O’ i O‘

16.9 ml of n-butyl lithium (2.5 Si(CH3),

7 s 7

M in toluene, 1.05 eq.) were

added at room temperature and the solution was stirred 1 h at 80°C. After cooling to 40°C 2.43
ml (0.5 eq.) of dimethyldichlorosilane were added in one portion and the mixture was stirred at

60°C for 20 h. After cooling to room temperature 150 ml of water were added and the phases

were separated. The aqueous layer was extracted once with60 ml of toluene and the combined

organic layers were washed once with 150 ml of saturated NaCl-solution, dried over magnesium

sulphate and the solvent was evaporated in a vacuum. The crude product was purified via a

column chromatography to yield 10.0 g (62 %) of the desired product.

Dimethylsilandiylbis[2-[(1 -éthvlcvclohexvl)methvl]-4-( tert-butylphenyl)-1-indenyl]-zirconium

dichloride

To 9.8 g (122 mmol) of

Bis[4-(4-tert-butyl-phenyl)- ; _
| W =

2-[(1-ethyl-

[ Y ‘ «» B
cyclohexyl)methyl]-1H- O 1. n-BuLi
_y g , 4 , I 2. 7161, >si zicl,
inden-1-yl]-dimethylsilane - —

' D
were added 95 ml of dry | O‘ ] 5
diethyl ether in a 250 ml

round bottom flask. Approx.

20 minutes after adding 10.0 ml of n-butyllithium (2.5 M in toluene, 2.05 eq.) at room

temperature the initial suspension transformed into a clear orange solution. The mixture was

stirred over night at this temperature and then was cooled to 0°C. 2.84 g (1 eq.) of zirconium

tetrachloride were added and after warming to room temperature stirring was continued for 5 h.

The crude reaction mixture was filtered over a G4 frit and the residue was washed twice with 10

ml of diethyl ether. The filter cake was extracted once with 30 ml, once with 20, once with 15
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and once with 10 ml of hot toluene, from the filtrate 2.80 g of the metallocene with a rac/meso-

ratio of 5:1 were obtained. For further r/m enrichment the product was crystallized from toluene.

Preparation of methylaluminoxane treated silica:

_ Example 9:
To a stirred suspension of 293 g of silica (Grace XP0O2107, dried at 180°C and 1 mbar

for 16 hours, LOD < 0.5 wt% and LOI = 2.6 wt%) in-1500 mL of toluene is added slowly 300
mL of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room
temperature. During the addition the temperature must not exceed 3(PC. After the addi‘tion is
complete, the mixture is stirred for two hours at room témperature and separated by filtratian.
The residue is washed with two 1500 mL portions of toluene and three 1500 mL portions of
isohexane and dried in vacuum to constant weight. The methylaluminoxane treated silica is

obtained as a free-flowing powder in a yield of 408 g.
Example 10:

There is no Example 10 in this application. In order to make it easier for the reader to correlate
the metallocenes made in Examples 1 thru 8, to the catalysts made in Examples 11 through 18,
example 10 has been omitted. In this manner, the metallocene of Example 1 is used to prepare‘
the catalyst in Example 11, similarly, the metallocene of Comaprative Example 4 is now used to

produce the catalyst of Comparative Example 14, etc.

Preparation of supported metallocene catalysts:

Comparative Example 11:

10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed in a
fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pocketsin the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 326 mg of

rac-Dimethylsilanediylbis(2-(cyclohexylmethyl)-4-(4-tert-butyl-phenyl)-1-indenyl)-zirconium
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dichloride (prepared in Cohparative Example 1) are mixed with 27 mL of toluene and 13.6 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is
stirred at room temperature for one hour to give an orange solution. This solution is then
carefully added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the ﬁltration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing reddish powder in a yield of 12.0 g.

Comparativé Example 12:

10.0 g of the methylaluminoxane treated silica prepared inExample 9 are placed in a
fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula'to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 307 mg of
rac-Dimethylsilanediylbis(2-(tert-butylmethyl)-4-(4-tert-butylphenyl)-1-indenyl)-zirconium
dichloride (pfepared in Comparative Example 2) are mixed with 27 mL of toluene and 13.6 mL
of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is

stirred at room temperature for one hour to give an orange solution. This solution is then
carefully added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing reddish powder in a yield of 11.4 g.

Comparative Example 13:

10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed in a
fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The

excess toluene is removed by filtration leaving a smooth surface. In a separate flask 363 mg o
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rac-Dimethylsilanediylbis(2-(1-adamantylmethyl)-4-(4-tert-butylphenyl)-1-indenyl)-zirconium
dichloride (prepared in Comparative Example 3) are mixed with 27 mL of toluene and 13.6 mL

' ~ of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is. y
stirred at room temperature for one hour to give an orange solution. This solution is then
carefully added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and |
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing reddish powder in a yield of 11.8 g.

Comparative Example 14:
10.0 g of the methylalurhinoxane treated silica prepared in Example 9 are placed in a

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 267 mg of
rac-Dimethylsilanediylbis(2-methyl-4-(4-tert-butylphenyl)-1-indenyl)-zirconium dichloride
(prepared in Comparative Example 4) are mixed with 27 mL of toluene and 13.6 mL of a 30 wt-
% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred at
room temperature for one hour to give an orange solution. This solution is then carefﬁlly added
on top of the methylaluminoxane treated silica and slowly filtered off within approximately 30
minutes. When the surface of the colored solution reaches the top of the silica, the filtration
process is stopped and the filter cake is carefully and thoroughly stirred by means of a spatula.
The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and the
catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.9 g.

Comparative Example 15:
10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed in a

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and

the treated silica is carefully stirred with a spatula to remove any ar pockets in the column. The
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excess toluene is removed by filtration leaving a smooth surface. In a separate flask 277 mg of
rac-Dimethylsilahediyl(2-methyl-4-(4-tert-butylphenyl)indenyl)(2-isopropyl-4-(4-tert-
butylphenyl)indenyl)ziréonium dichloride (prepared in Comparative Example 5) are mi>lced with
27 mL of toluene and 13.6 mL of a 30 wt-% solution of methylaluminoxane in toluene
(Albemarle Corporation). The slurry is stirred at room temperature for one hour to give an
orange solution. This solution is then carefully added on top of the methylaluminoxane treated
silica and slowly filtered off within approximately 30 minutes. When the surface of the colored
solution reaches the top of the silica; the filtration process is stopped and the filter cake is
carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for
one hour. The residual solvent is filtered off and the catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained as free-flowing

orange powder in a yield of 11.9 g.

, Example 16:

10.0 g of the methylaluminoxane treated silica prepared inExample 9 are placed in a
fritted glass filter as a column with a smooth surface. A minimal amount of toluene isadded and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask336 mg of

- rac-Dimethylsilandiylbis[2-[(1-methylcyclohexyl)methyl}-4-(tert-butylphenyl)- 1 -indenyl]-
zirconium dichloride (prepared in Example 6) are mixed with>27 mL of toluene and 13.6 mL ofa
30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred
at room temperature for one hour to give an orange solution. This solution is then carefully
added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the ﬁltratiqn process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.6 g.
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Example 17:
10.0 g of the methylaluminoxane treated silica prepared in Example 9 are placed in a

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 326 frg of
rac-Dimethylsilandiylbis[2-[(1-methylcyclopentyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-
zirconium dichloride (prepared in Example 7) are mixed with 27 mL of toluene and 13.6 mL of a
30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred
~ atroom temperafure for one hour to give an orange solution. This solution is then carefully
added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and |
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant -

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.3 g.

_ Example 18:
10.0 g of the.methylaluminoxane treated silica prepared inExample 9 are placed ina

fritted glass filter as a column with a smooth surface. A minimal amount of toluene is added and
the treated silica is carefully stirred with a spatula to remove any air pockets in the column. The
excess toluene is removed by filtration leaving a smooth surface. In a separate flask 346 mg of
rac-Dimethylsilandiylbis[2-[(1-ethylcyclohexyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-
zirconium dichloride (prepared in Example 8) are mixed with 27 mL of toluene and 13.6 mL of a
30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation). The slurry is stirred
at room temperature for one hour to give an orange solution. This solution is then carefully

added on top of the methylaluminoxane treated silica and slowly filtered off within
approximately 30 minutes. When the surface of the colored solution reaches the top of the silica,
the filtration process is stopped and the filter cake is carefully and thoroughly stirred by means of
a spatula. The catalyst is then allowed to rest for one hour. The residual solvent is filtered off and
the catalyst is washed twice with isohexane (20 mL) and dried in a nitrogen purge to constant

weight. The catalyst is obtained as free-flowing orange powder in a yield of 11.5 g.

95



709 2.9 51 Ex 19 2.3 134 8.8 31 267 2.7 52 Ex 19 4.3 119 2.5 9.4 306 3.3 53

Ex 19 7.1 103
WO 2010/077230 PCT/US2008/014144

Example 19:
The reader will note that in the tables comparing results, Example 19 and Comparative

Example 20 are separated from the comparisons made between all other inventive Examples and
Comparatlve Examples. The reason for this is that the catalysts for both inventive Example 18
and Comparative Example 19 were prepared by a special process previously revealed by the
inventors in U.S. Patent 7,169,864 that has been demonstrated to increase the activity of
metallocene catalysts over standard preparation methods. It would be inaccurate to compare

catalysts made by the ‘864 method to those made by standard metallocene preparation methods.

To a stirred suspension of 100 g of silica (Grace XPO8001, dried at 180°C and | mbar
for 16 hours, LOD < 0.5 wt% and LOI = 2.5 wt%) in 480 mL of toluene is added slowly 250 mL
ofa 30‘ wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room
temperature. For safety reasons not related to the efficacy of the process or the catalyst, during
the addition the temperature should not exceed 30°C. After the addition is complete, the mixture
is stirred for half an hour at room temperature and then heated and allowed to reflux for four
hours. After cooling down to room temperature the solvent is separated by filtration. The residue
is washed with two 500 mL portions of toluene and three 500 mL portions of isohexane and
dried in vacuum to constant weight. The methylaluminoxane treated silica is obtained as a frée
flowing powder in a yield of 180 g.

10.0 g of the methylaluminoxane treated silica are placed in a fritted glass filter as a
column with a smooth surface. A minimal amount of toluene is added and the treated silica is
carefully stirred with a spatula to remove any air pockets in the column. The excess toluene is
removed by filtration leaving a smooth surface. In a separate flask 336 mg of rac-
Dimethylsilandiylbis[2-[(1 -methylcyclohexyl)methyl]-4-(tert-butylphenyl)- 1-indenyl]-zirconium
dichloride (prepared in Exémple 6) are mixed with 10 mL of toluene and 33.4 mL of a 10 wt-%
solution of triisobutylaluminum in heptane (Akzo Nobel). The slurry is stirred at room
temperature for one hour. This solution is then carefully added on top of the methylaluminoxane
treated silica and slowly filtered off within approximately 30 minutes. When the surface of the
colored solution reaches the top of the silica, the filtration process is stopped and the filter cake is

carefully and thoroughly stirred by means of a spatula. The catalyst is then allowed to rest for
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one hour. The residual solvent is filtered off and the catalyst is washed twice with isohexane (20
mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained as free-flowing

powder in a yield of 12 g.

Comparative Example 20:
To a stirred suspension of 100 g of silica (Grace XPO8001, dried at 180°C and 1 mbar
for 16 hours, LOD < 0.5 wt% and LOI = 2.5 wt%) in 480 mL of toluene is added slowly 250 mL

of a 30 wt-% solution of methylaluminoxane in toluene (Albemarle Corporation) at room
temperature. During the addition the temperature must not exceed 30°C. After the addition is
complete, the mixture is stirred for half an hour at room temperature and then heated and allowed
to reflux for four hours. After coolihg down to room temperature the solvent is separated by
filtration. The residue is Washe_d with two 500 mL portions of toluene and three 500 mL portions
of isohexane and dried in vacuum to constant weight. The methylaluminoxane treated silica is
obtained as a free-flowing powder in a yield of 180 g.

10.0 g of the methylaluminoxane treated silica are placed in a fritted glass filter as a
column with a smooth surface. A minimal amount of toluene is added and the treated silica is
carefully stirréd with a spatula to remove any air pockets in the column. The excesstoluene is
removed by filtration leaving a smooth surface. In a separate flask 326 mg ofrac-
Dimethylsilanediylbis(2-(cyclohexylmethyl)-4-(4-tert-butyl-phenyl)-1-indenyl)-zirconium
dichloride (prepared in Comparative Example 1)are mixed with 10 mL of toluene and 33.4 mL

‘of a 10 wt-% solution of triisobutylaluminum in heptane (Akzo Nobel). The Slurry is stirred at
room temperature for one hour. This solution is then carefully added on top of the
methylalurhinoxane treated silica and slowly filtered off within approximatly 30 minutes. When
the surface of the colored solution reaches the top of the silica, the filtration process is stopped
and the filter cake is carefully and thoroughly stirred by means of a spatula. The catélyst is then
allowed to rest for 6ne hour. The residual solvent is filtered off and the catalyst is washed twice
with isohexane (20 mL) and dried in a nitrogen purge to constant weight. The catalyst is obtained

as free-flowing powder in a yield of 11.8 g.

Polymerizations:

Polymerization Procedure (batch propylene homo- and co-polymerization):
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A dry and nitrogen purged 5 dm® autoclave equipped with a stirrer is charged with if
desired 100 g of metallocene polymer seed bed. Optionally, a certain émount of hydrogen is
metered in. Triisobutylaluminum (1 cm® of a 10 wt.-% solution in heptane), liquid propylene
(one-half of the total amount used for the run), and optionally, a certain amount of ethylene are
metered in and the mixture is stirred for at least 5 minutes (stirrer speed 200 rpm) at 20 °C. Then

- supported metallocene catalyst, suspended in 5 cnt of white oil, is injected with liquid propylene
(one-half of total amount used for the run). The reactor is heated to the internally measured run
temperature (65, 60 or 30 °C) within 11 minutes. The bolymerization reaction is allowed to
proceed at the run temperature for either 15 or 60 minutes. During the 60 min copolymerization
runs the reactor pressure was maintained by continuous feeding of ethylene and propylene. The
polymerization is stopped by releasing the monomer and cooling down the reactor. The polymer

is discharged and dried under reduced pressure.
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Table 1: Polymerisations

Poly. Catalyst | H2 C3 C2 | Catalyst | Polym. | Polym. | Yield Productivity
Example from [mg] [g] [e] [mg] Temp. Time [g] [g polymer /
[°C] [min] g catalyst*hour]
1 Comp 11 - 1838 - 61 65 60 478 7,800
2 Comp 11 50 1837 - 55 65 60 1117 19,900
3 Comp 11 - 1192 25 30 60 60 183 6,100
4 Comp 11 - 1182 | 38 30 60 60 135 4,500
5 Comp 11 - 1836 60 75 65 15 190 10,100
6 Comp 11 1185 75 30 60 60 . 108 3,600
7 Comp 11 - 1115 | 110 30 60 60 98 3,300
8 Comp 11 - 1767 | 120 75 65 15 195 10,400
9 Comp 11- - 1700 | 180 75 - 65 15 210 11,200
10 Comp 11 - 55 100 50 60 60
11 Comp 11 - 55 125 50 60 60
12 Comp 11 - 55 142 50 60 60
13 Comp 12 - 1837 - 105 65 60 422 4,000
14 Comp 12 50 1836 - - 26 65 60 457 17,500
15 Comp 12 - 55 142 50 60 60
16 Comp 13 - 1837 - 97 65 60 410 4,200
17 Comp 13 50 1836 - 30 65 60 490 17,500
18 Comp 13 - 55 142 | - 50 60 60
19 Comp 14 - 1830 - 105 65 60 517 4,920
20 Comp 14 50 1830 - 56 65 60 667 11,910
21 Comp 14 - 55 142 50 60 60
22 Comp 15 - 1836 - 104 65 60 215 2,070
23 Comp 15 50 1834 - 61 65 60 581 9,520
24 Comp 15 - 55 142 50 60 60 :
25 Ex 16 - 1830 - 100 65 60 820 8,200
26 Ex 16 50 1831 - 41 65 60 1125 27,400
27 Ex 16 - 1189 25 30 60 60 242 8,050
28 Ex 16 - 1240 40 30 60 60 238 7,900
29 Ex 16 - 1845 60 75 65 15 211 . 11,250
30 Ex 16 - 1264 80 32 60 60 206 6,400
31 Ex 16 - 1010 | 100 28 60 60 188 6,700
32 Ex 16 - 1800 | 120 75 65 15 248 13,200
33 Ex 16 - 1610 | 170 75 65 15 296 15,800
34 Ex 16 - 55 100 50 . 60 60
35 Ex 16 - 55 125 50 60 60
36 Ex 16 - 55 142 50 60 60
37 Ex 17 - 1820 - 98 65 60 808 8,100
38 Ex 17 50 1835 - 40 65 60 1013 25,300
39 Ex 17 - 55 142 30 60 60
40 Ex 18 - 1800 - 100 65 60 790 7,900
41 Ex 18 50 1820 - 39 65 60 824 21,100
42 Ex 18 - 55 142 30 60 60
43 Ex 19 - 1835 - 45 65 60 443 9,800
44 Ex 19 50 1835 - 15 65 60 923 61,500
45 Ex 19 - 55 142 30 60 60 260 8,700
46 Ex 19 - 1809 60 50 65 15 173 13,850
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47 Ex 19 - 1752 | 120 50 65 15 245 19,600
48 Ex 19 - 1696 | 180 30 65 15 175 23,000
49 Ex 19 - 1628 | 240 30 65 5 145 58,000
50 Ex 19 14 234 | 558 30 65 45 320 14,200
51 Ex 19 25 | 1806 | 60 50 65 15 250 20,000
52 Ex 19 25 | 1749 | 120 50 65 15 285 22,800
53 Ex 19 25 | 1697 | 180 30 65 15 170 36,000
54 Ex 19 25 | 1630 | 240 30 65 5 140 56,000
55 Ex 19 25 [ 1224 | 5 51 70 15 333 26,300
56 . Ex19 25 | 1225 | 15 51 70 15 314 24,500
57 Ex 19 25 | 1225 | 25 52 70 15 276 21,200
58 Ex 19 25 [ 1223 | 35 53 70 15 283 . 21,200
59 Comp 20 - 1830 | - 45 65 60 362 8,000
60 Comp20 | 50 [ 1840 | - 16 65 60 518 32,400
61 Comp 20 - 55 | 142 30 60 60
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Table 2: Polymer Properties:

Poly. Catalyst C2 MFR 2.16 MFR 5 Mw

Example From [wt%] | Tm [deg C] (g/10°] [g/10°] [kg/mol] | Mw/Mn
Example

1 Comp 11 - 151 0.14 0.4 846 34
2 Comp 11 - 151 11 34 235 2.6
3 Comp 11 1.3 140 02 0.9 582 2.7
4 Comp 11 1.7 137 0.3 1.2 544 2.5
5 Comp 11 2.1 135 0.5 1.7 523 29
6 Comp 11 3.8 123 0.8 3.0 413 2.6
7 Comp 11 5.7 111 0.6 2.5 454 29
8 Comp 11 4.3 118 0.8 3.1 422 29
9 Comp 11 6.5 103 0.4 1.5 491 2.8
10 Comp 11 39.7 | amorphous 6.9 21 280 2.7
11 Comp 11 49.1 amorphous 11.5 35 188 2.8
12 Comp 11 56.0 | amorphous 16.7 51.5 166 2.6
13 Comp 12 - 151 <0.1 0.2 763 2.7
14 Comp 12 - 150 18 55 172 23
15 Comp 12 57.1 amorphous 0.5 1.7 440 2.7
16 Comp 13 - 152 <0.1 <0.1 920 2.6
17 Comp 13 - 153 11 30 241 2.6
18 Comp 13 56.0 amorphous <0.1 0.2 760 2.7
19 Comp 14 151 0.35 1.8 730 4.0
20 Comp 14 151 4.3 12 216 3.9
21 Comp 14 49.5 amorphous 25.4 81.0 170 33
22 Comp 15 - 153 1.2 4.0 387 2.8
23 Comp 15 - 155 45.3 152 146 24
24 Comp 15 53.2 amorphous 0.2 0.7 632 29
25 Ex 16 - 152 <0.1 <0,1 910 29
26 Ex 16 - 153 11 35 232 2.8
27 Ex 16 1.4 140 0.1 03 682 2.8
28 Ex 16 1.5 138 0.1 0.4 678 2.5
29 Ex 16 2.4 133 0.1 0.3 692 3.1
30 Ex 16 4.1 121 0.2 0.4 659 27
31 Ex 16 6.0 .__110 0.1 0.3 684 2.6
32 Ex 16 4.5 118 0.2 04 649 2.6
33 Ex 16 7.2 102 0.1 0.3 662 2.6
34 Ex 16 41.3 | amorphous 0.1 0.4 659 2.9
35 Ex 16 51.9 | amorphous 0.2 0.8 614 2.5
36 Ex 16 56.0 | amorphous 0.1 0.6 676 2.7
37 Ex 17 - 153 0.1 0,2 683 2.8
38 Ex 17 - 153 16 6l 202 29
39 Ex 17 54.0 | amorphous 0.2 0.7 646 - 29
40 Ex 18 - 151 0.2 0.8 629. 2.6
41 Ex 18 - - 152 21 76 189 3.3
42 Ex 18 52.1 amorphous 0.2 0.7 648 3.1
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Poly. Catalyst C2 MFR 2.16 MFR 5 Mw
Example From [wt%] | Tm [deg C] [g/10°] [g/10°] [kg/mol] | Mw/Mn
Example
43 Ex 19 - 153 <90.1 0,3 726 3.2
44 Ex 19 - 153 15 - 215 29
45 Ex 19 55.3 | amorphous 0.1 04 682 2.8
46 Ex 19 2.1 133 0.12 0.6 581 27
47 Ex 19 6.8 118 0.1 0.5 568 2.5
48 Ex 19 10.1 102 0.1 03 606 3.2
49 Ex 19 12.4 92 0.1 0.4 641 27
50 Ex 19 57.4 - 0.1 0.4 709 29
51 Ex 19 23 134 8.8 31 267 2.7
52 Ex 19 4.3 119 2.5 9.4 306 3.3
53 Ex 19 7.1 103 1.6 74 355 3.3
54 Ex 19 9.3 91 1.4 4.7 382 3.2
55 Ex 19 0.4 153 15 - 209 2.7
56 Ex 19 1.2 147 12 - 210 2.8
57 Ex 19 2.0 142 10 - 227 2.8
58 Ex 19 2.8 139 9 - 232 29
59 Comp 20 - 151 0.1 0.4 729 3.5
60 Comp 20 - 151 12 37 225 2.8
61 Comp20 | 56.0 | amorphous 18 55 149 2.9
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Table 1 and Table 2 represent the raw data presented by sixty-one polymerization test
runs. The remaining tables 3 - 13 break that data out by the ratio of propylene to ethylene (or if it
is a propylene homopolymer) and whether hydrogen was used in the polymerization process.
Only those results can be directly compared, where essentially the same polymerisation
conditions, like temperature, polymerisation time etc. were applied. Further more many of the
tables .contain two sets of data that are not comparable with each other. The difference between
those data sets is the way the catalyst preparation was performed As explained above, the
catalysts of Comparative Examples 11-15 and Examples 16-18 were prepared by a different
catélyst preparation procedure than Comparative Example 20 and Example 19 and hence
different polymerisation conditions are reflected by these sets of data. These data sets can only

be compared among themselves.

Propvlene homopolymers

Analysis 1: Production of Propylene polymers without the ethvléne comonomer and without

hydrogen.

Table 3 shows the results of four experimental Metallocene catalysts conforming to the
requirements of the invention compared to six comparative examples.

The individual catalyst comparisons of the first set of comparable results between
inventive samples 16, 17 and 18 and comparative éxamples 11 to 15 show in general a higher
activity of all the inventive catalysts over the comparativeA catalysts. Even the inventive catalyst
with the lowest productivity (Ex. 18) shows a 13% increase in activity compared to the highest
activity comparative catalyst (Comp. 11). When the melting points are compared it is obvious
that similar melting points are obtained, and the highest melting point of 153°C is obtained by
one inventive example (Ex. 17) as well as by one comparative example (Comp. 15). The direct
comparison of these two examples shows that the activity of the inventive example 17 is almost
fourfold higher than the activity of comparative example 15. Since the molecular weight of the
inventive example 17 is almost twice as high as the comparative example 15, this is a dramatic

improvement.
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A general comparison of the molecular weight shows that the highest molecular weights
of 920 kg/mol and 910 kg/mol are reached by the comparative example 13 and the inventive
example 16, respectively. These molecular weights can be considered equal within the |
experimental error. At the same time the activity of the inventive example 16 is almost twice as
high as the activity of the comparative example 13, while the melting points of these two
examples both are 152°C. '

It is also most important to note that the metallocenes of Comparative Examples 1
through 3, and the corresponding catalysts of Comparative Examples 11 through 13, would fall

“under the claims of the inventor’s co-pending patent application PCT/US2007/022614 (the
“genus application”), which the inventors have, inter alia, directed to the genus of B-branched
hydrocarbons in the 2-pbsition, but these Comparative Exdmple do not fall under the claims of
the instant species application. Table 3 shows that, in the case of propylene without a hydrogen

| moderator, the species catalysts of the current invention, on average, are an astonishing 51.2%
more active than the comparative catalysts claimed under the genus application. Further, the
species catalysts of the present invention also demonstrate the more desirable properties of a
higher Tr, and MFR 2.16 and MFR 5 values over the tested catalysts that would fall under the
claims of the co-pending genus application..

The superiority of the catalysts of the current species invention over the catalysts of the
genus application is again demonstrated when hydrogen is introduced as a moderator. In this
case, Table 4 shows that the activity of the species catalyst of the present inventionincreases, on
average, a remarkable 34.4% over those of the catalyst of the genus application. Once again, the
products of the species catalysts of the current invention show improvements in the desirable
properties of a T,, and MFR 2.16 and MFR 5 values over tnose products made from the catalyst
of the genus application (see also Analysis 2).

" The second set of comparable results consists of the catalyst derived from example 19
and comparative example 20. The catalyst preparation of these two catalysts differs from the one
of the already discussed results and hence they need to be compared seperately. Clearly it can be
seen that the inventive example shows a superior performance compared to the comparative
example 20. The productivity of the inventive example 19 is around 22% increased compared to

the comparison example 20, while the molecular weights and the MFR values are comparable.
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The melting point of the inventive example of 153°C is two degrees higher than the one of the
comparative example 20.
Hence, independent of the catalyst preparation procedure it canbe seen that the inventive

examples show dramatic improvements over the comparative examples.

Analysis 2: Production of Propylene polymers without the ethylene comonomer and with the

presence of hydrogen.

Table 4 shows the results of four experimental Metallocene catalysts conforming to the
requirements of the invention compared to six comparative examples. However, in this case,
hydrogen was added during the polymerization process to enhance catalyst productivity and to
regulate the Molecular Wei ght.

The individual catalyst comparisons of the first set of comparable results between
inventive samples 16, 17 and 18 and comparative examples 11 to 15 show in general a higher
activity of all the inventive catalysts over the comparative catalysts. Even the hventive catalyst
with the lowest productivity (Ex. 18) shows a 6 % increase in activity compared to the highest
activity comparative catalyst (Comp. 11), while the inventive example 16 even exhibits a37%
increase in productivity over comparative example 11. This is a dramatic improvement. When
comparing the molecular weights, the highest molecular weight of the comparative examples is
given with 241 kg/mol for comparative example 13, while the highest molecular weight of the
inventive examples is 232 kg/mole of example 16. These values can be considered equal within

“the experimental error, hence the inventive example 16 is reaching a similar molecular weight,
but at a much higher productivity level (56 % increase compared to Comp. 13). The melting
point for this set of comparable results is ranging between 150 and 155°C. The inventive catalyst
not only show a higher activity than all the comparative catalyst, they also provide with 152°C—
153 °C melting points of in the upper région of this range. The only catalyst that is able to
achieve a higher melting point is comparative catalyst 15 with 155°C, but this is achieved at the
lowest activity (9,520 g/ g h, 36% lower than inventive example 16) and the lowest molecular

weight (146 kg/g, 37% lower than inventive example 16) of all the catalyst in this set of results.
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The second set of comparable results consists of the catalyst derived from example 19 and
comparative example 20. The catalyst preparation of these two catalysts differs from the one of
the already discussed results and henbe they need to be compared seperately. The inventive
catalyst 19 clearly shows a dramatically improved performance over the comparative catalyst20.
The productivity of the inventive catalyst 19 is almost doubled compared to the one of the
comparativelcatalyst 20, while obtaining almost identical molecular weights and MFR values.
The melting point obtained with the inventive catalyst 19 with 153°C by 2°C higher than the

melting point of the comparative catalyst 20.

Propylene/Ethylene Copolymers

The properties of products made from the inventive catalysts were tested at various levels
of an ethylene/propylene mix to form copolymers. With the introduction of a new variable, the
propylene to ethylene ration, far fewer datapoints were taken for the copolymers at each ratio
because resources became limited. In each case the inventive catalyst from example b was -

tested, usually against the comparative catalyst from example 11.

Analysis 3: Production of propvlene/ethyllene copolymers with a propvlene/ethylene ratio of

approximately_ 48 and without the presence of hydrogen.

In this case, only one inventive catalyst (example 16) was tested against one comparative
catalyst, (comparative example 11), the results being presented in Table 5. The inventive

catalyst showed significant improvements over the comparative catalyst. The inventive catalyst

16 showed a 31% increase in productivity over the comparative example 11. Comparin'g the

MFR 2.16 values shows that the MFR of the inventive example is with 0.1 g/10° only half of the -
MER of the comparative example, which is also reflected in the 17 % increase in molecular
weight compared to the comparative example 11. The melting points and the incorporated C2
level are identical for these two catalysts within experimental error and herce the inventive

catalysts show a significant improvement in performance compared to the inventive example.
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Analysis 4: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of

approximately 31 and without the presence of hydrogen.

In this case, the inventive catalyst 16 and the comparative catalyst 11 were tested under
two different polymerisation conditions. The first set of conditions is defined by a
polymerization temperature of 60°C and a polymerization time of 60 minutes, while the second
set of conditions is determined by a polymerization temperature of 65°C and a polymerization
time of only 15 minutes. The results are summarized in table 6. )

Under the first set of conditions the inventive catalyst shows a 76% increase in
productivity compared to the comparative example 11. While the C2-incorporation and the
melting point of the polymers are similar, the MFR 2.16 value of the inventive example 16 is
only one-third of the comparative example 11. This is also reflected in a 25% increase of the |
molecular weight compared to the comparative example 11.

The second set of conditions again shows the superior performance of the inventive

. catalyst. The productivity of the inventive example 16 shows an 11% increase compared to the
comparative example 11. The slightly lower melting point of 133°C for the inventive catalyst 16
is a result df the higher C2-incorporation of the inventive catalyst under this set of conditions
(2.4 compared to 2.1 % for the comparative example 11). The MFR 2.16 value of the inventive
example 16 is only one-fifth of the comparative example 11. This is also reflected in a 32%

increase of the molecular weight compared to the comparative example11.

Analysis 5: Production of propylene/ethylene copolymers with a propvlene/ethylehe ratio of

approximately 16 and without the presence of hydrogen.

In this case, one inventive catalyst (examples 16) and one comparative catalyst
(comparative example 11) were tested, the results being presented in Table 7. The productivity
of the inventive example 16 shows a 78% increase compared to comparative example 1 1. Also
the molecular weight of the inventive example 16 shows an increase for the inventive catalyst,
namely 59 % compared to the comparative example 11. This is also reflected in the values for

the MFR 2.16, which is for the inventive example only one-fourth of the comparative example
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11. Since the C2-incorporation of the inventive catalyst 16 is slightly higher than for the
comparative catalyst 11, it is not surprising, that the melting point for the inventive example is

slightly lower. Under these conditions the superiority of the inventive catalyst is clearly visible.

Analysis 6: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of

approximately 15 and without the presence of hydrogen.

In this case, the inventive catalyst 16 and the comparative catalyst 11 were tested, the
results being presented in Table 8. As with all the analyses before, the inventive catalyst 16 in
this example achieves better productivity 27 %). This is achieved at a similar C2-incorporation
and the same melting point of 1 18°C as the comparative example 11.

The molecular weight of the inventive example is significantly enhanced by 54% compared to
the cdmparative example 11. This fact can also be seen in the value of the MFR 2.16 for the

inventive example 16, that is only one-fourth of the value of the comparative catalyst.

Analysis 7: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of

approximately 10 and without the presence of hydrogen.

In this case, one inventive catalyst (examples 16) and one comparative catalyst
(comparative example 11), were tested, the results being presented in Table 9. The inventive
catalyst shows a large enhancement of the productivity and the molecular weight comparedto
the comparative catalyst 11, while showing a similar C2-incorporation and a similar melting
point. The productivity is doubled compared to the comparative catalyst 11 and the molecular
weight is increased by a factor of 1.5. This is also reflected by the MFR 2.16 value, which is for

the inventive example 16 only one-sixth of the value obtained for the comparative catalyst11.

Analysis 8: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of

approximately 9 and without the presence of hydrogen.

The inventive catalyst 16 and the comparative catalyst 11 were tested, and the results are

presented in Table 10. As with all the analysis before, the inventive catalyst 16 in this example
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achieves a better productivity by 41%. This is achieved at a similar C2-incorporation and the
slightly lower melting point (1°C) of inventive example 11 can be rationalised by the higher C2-
incorporation of 7.2 % compared to 6.5 % of the comparative example 11. The molecular weight
of the inventive catalyst 16 is increased by 35 % compared to the comparative catalyst11. The
higher molecular weight is also reflected in the MFR 2.16 value, whichis only one-fourth of the

value of the comparative catalyst 11.

Analysis 9: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of

approximately 0.55 and without the presence of hydrogen.

Table 11 shows the results of the inventive catalyst 16 and the comparative example 11 at
a propylene/ethylene ratio of approximately 0.55. The productivity of these samples could not
be determined because in all of these examples and comparative examples amorphoﬁs
propylene/ethylene rubbers have been produced. Such polymers generally stick to the autoclace
walls and to the stirrer and a quantitative discharge of the autoclave was not possible which
makes the determination of the productivities unreliable. Commercially, polymers containing
such rubber components are produced in a two step polymerisation where in a first step a homo
polymer is produced and in a second step the rubber is prdduced. This mesure reduces the -
stickiness of the material and allows the commercial production and use of such important
materials for applications where low temperature toughness is required (applications like
bumpers for cars, frigerator and deep freezer food packaging, crates and pails).

Under the specified conditions the C2-incorporation of the catalysts is quite similar,
although the inventive catalyst 16 shows a slightly higher value of 41.3 % compared to 39.7 %
for the comparative catalyst 11. The example of the inventive catalyst shows a dramatic |
improvement over the comparative examples in gains of molecuar weight, and reductions in the
MEFR values. The molecular weight of the comparative example 11 is more than two times lower
than the one obtained with the inventive catalyst 11 (280 kg/mol vs. 659 kg/mol). This result is
also reflected in the MFR 2.16 values, which is 0.1 g/10’ for the inventive catalyst and 6.9 g/10°
for the comparative example 11. Hence the inventive catalyst shows a much superidr
performance under these conditions, since it delivers a polymer with a much higher molecular

weigth at a similar C2 incorporation.

115



017 6E IsT 191 (NI 73-4;  ..... [ I 1 1 LE81 9E81 9ESI

WO 2010/077230 , PCT/US2008/014144

AnalySis 10: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of 4
approximately 0.44 and without the presence of hydrogen.

In this case, one inventive catalyst (examples 16) and one comparative catalyst
(comparative example 11), were tested, the results being presented in Table 12. The productivity
of these samples could not be determined because in all of these examples and comparative
examples amorphous propylene/ethylene rubbers have been produced. Such polymers generally
stick to the autoclace walls and to the stirrer and a quantitative discharge of the autoclave was
not possible which makes the determination of the productivities unreliable. Commercially,
polymers containing such rubber components are produced in a two step polymerisation where in
a first step a homo polymer is produced and in a second step the rubber is produced. This mesure
reduces the stickiness of the material and allows the commercial production and use of such
important materials for applications where low temperature toughness is required (applications
like bumpers for cars, frigerator and deep freezer food packaging, crates and pails).

As with Analysis 9, the inventive catalyst in this example achieves a much higher
molecular weight, while still creating a product with comparable C2-incorporation. The
molecular weight of the inventive catalyst 11 is by a factor 2.3 higher than the molecular weight
of the comparative catalyst. This result is also reflected in the MFR 2.16 values, which is 0.2
g/10’ for the inventive catalyst and 11.5 g/10’ for the comparative example 11. Hence-the
inventive catalyst shows a much superior performance under these conditions, since it delivers a

polymer with a much higher molecular weigth at a similar C2 incorporation.

Analysis 11: Production of propylene/ethylene copolymers with a propylene/ethylene ratio of

approximately 0.38 and without the presence of hydrogen.

In this case, four inventive catalysts and six comparative catalysts, were tested, the results
~ being presented in Table 13. The productivity of many of these samples could not be determined
because in all of these examples and comparative examples amorphous propylene/ethylene
rubbers have been produced. Such polymers generally stick tothe autoclace walls and to the

stirrer and a quantitative discharge of the autoclave was not possible which makes the
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determination of the productivities unreliable. Commercially, polymers containing such rubber
components are produced in a two step polymerisation where in a first step a homo polymer is
produced and in a second step the rubber is produced. This mesure reduces the stickiness of the
material and allows the commercial production and use of such important materials for
applications where low temperature toughness is required (applications like bumpers for cars,
frigerator and deep freezer food packaging, crates and pails). A generally applicable commercial
catalyst has to show a high versatility, meaning a high performance under all the conditions
relevant for producing commeréially évailable materials Under the conditions applied here this
means that copolmyers with very low MFR 2.16 values below 0.5 g/10° have to be obtained in
order to obtain materials where toughness at very low temperatures is required. All the inventive
catalysts fulfill this requirement, even more, they are able in all cases to obtain an MFR 2.16
value 0of 0.2 g/10° or lower (example 16, 17, 18 and also 19). The only comparative catalyst that
obtains a lower MFR 2.16 (< 0.1 g/10”) is the one from comparative example 13. Since a MFR
2.16 value of <0.1 g/10* does not mean a commercial advantange compared to values of up to
0.5 g/10° and this catalyst has been shown to have a much lower prdductivity under all other
conditions tested, it can be rationalized, that it flas not such a high versatility as the inventive
catalysts. ‘ _

The molecular weights of the inventive catalysts 16, 17, 18 are all in the range of 600 and 700
kg/mol, and only the comparative examples 13 and 15 can reach such high fnolecular weights.

But as explained before at much lower productivities for all other conditions tested.

The second set of comparable results consists of the catalyst derived from example 19 and
comparative example 20. The catalyst preparation of these two catalysts differs from the one of
the already discussed results and hence they need to be compared separatély. This second set of
conditions showed an unexpected result. As explained earlier under the conditions applied here
sticky materials are obtained and hence the reproducable determination of the yield is not
possible. In the case of inventive example 19 the copolymer obtained was not sticky and it
showed a nice morphology, as shown in the photograph of Fig. 3. This photo shows the
copolymer rubber obtained in polymerisation example 45 using the catalyst from Example 19.
The yield could be determined to be 8,700 g/ g h. The comparative example 20 produced a

sticky polymer, shown in Fig. 2. This photo shows the copolymer rubber obtained in
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polymerisation Example 6i using catalyst from Comparative Example 20. As with many
analyses before, the inventive example 19 was producing a much higher molecular weight and a
much lower MFR value than the comparative example 20 at comparable C2-introduction. The
molecular weight obtained for the inventive example 19 is by a factor 4.6 higher than that of the
comparative example 20. This is also reflected by a much lower MFR value of 0.1 g/10°

compared to 18 g/10” for the comparative example 20.

Conclusion of the analysis:

The different polymerization conditions tested represent the mostapplied conditions to
obtain commercially relevant polypropylene-based materials. The inventive catalysts have shown
under all conditions higher productivities than the corresponding comparative catalysts and most
of the time better or at least similar properties of the resulting materials. Hence the inventive
catalysts show a much higher versatility than the state-of-the-art catalysts and a better

performance under all commercially relevant polymerization conditions.

While the above description contains many specifics, these specifics should not be
construed as limitations of the invention, but merely as exeplifications of embodiments thereof.
Those skilled in the art will envision many other embodiments within the scope and spirit of the

invention as defined by the claims appended hereto.
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What is claimed is:

1. A bridged metallocene having the general Formula 1 below,

R4

(Formula 1)

where M is a metal of Group Vb of the Periodic Table of the Elements,

R' and R? are identical or different and are selected from the group consisting ofa

hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to

about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an aryloxy group of
from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an OH

group, a halogen atom, or a NR>*? group, where R*? is an alkyl group of from 1 to about 10

carbon atoms and an aryl group of from 6 to about 14 carbon atoms, and wherein R' and R? may

form one or more ring system(s),

R*and R* are identical or different and are selected from the group consisting of a
hydrogen atom and a linear, cyclic or branched hydrocarbon gfoup optionally containing one or
more hetero atoms selecfed from the group consisting of Si, B, Al, O, S, N, P, F, Cl and Br,

R' is a bridging group wherein R' is selected from:
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/ / / / /
where

R* and R*!, even when bearing the same index, can be identical or different and can
optionally contain heteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group
of from 1 to about 10-carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon
atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to

about 40 carbon atoms, a substituted or unsubstituted alkylsilyl, an alkyl(aryl)silyl group, an

120



"1 7 "Z Productivity [g polynmer / catal yst*hour] 0007 006'L 00r01

-0 T). 7 >? :Et
WO 2010/077230 PCT/US2008/014144

arylsilyl group, and an arylalkenyl group of from 8 to about 40 carbon atoms, and wherein R
and R*' together with the atoms connecting them can form one or more cyclic systems,

X is an integer from 1.to 18,

M2 is silicon, germanium or tin, and

R' can optionally link two units of the formula 1 to one another,

R'" and R'"" are identical or different and are each a divalent G-Cao group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring
size of from 5 to 7 atoms, where R'"and R'Y optionally contain the heteroatoms Si, Ge, N, P, O
or S within the ring system fused onto the cyclopentadienyl ring, and

R3% has the structure
R301

- CHZ— ,\

302
R

where R*”' is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of
from 2 to about 20 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms, an alkoxy
group of from 1 to.about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon
atoms, or a substituted or unsubstituted alkylsilyl group, ah alkyl(aryl)silyl group and an
arylsilyl group, wherein each of the groups may contain one or more hetero atoms like Si,

B, Al, O, S, N or P, and / or may contain halogen atoms like F, Cl or Br,
and where R*? is a hydrocarbon group selected from the group consisting of a substituted

or unsubstituted alkyl group of from 2 to about 20 carbon atoms, and an substituted or

unsubstituted alkenyl group of from 3 to about 20 carbon atoms, and wherein those
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groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or may
contain halogen atoms like F, Cl or Br, and further wherein R** forms a monocyclic ring

with the 3 carbon atom, and

R3 has the meaning of R3% , but R? need not be identical to R*® ,or Rlisa linear, cyclic
or branched hydrocarbon group which optionally can contain one or more hetero atoms selected
from the group consisting of Si, B, Al, O, S, N, P, F, Cl or Br, or R? is selected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3
to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, and an.
alkylarylalkenyl group of from 9 to about 40 carbon atoms, with the proviso that, in any case, R’

is not branched in the a-position.

2. The metallocene of claim 1 whereinR' and R? are identical or different and are .
selected from the group cbnsisting of an alkyl group of from 1 to about 10 carbon atoms, an
alkoxy group of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon
atoms, and a halogen atom, and wherein R' and R? together may form one or more ring

system(s), and wherein M is zirconium or hafnium.

3. The metallocene of claim 1 whereinR' and R? are identical or different and are methyl,

chlorine or phenolate.

4. The metallocene of claim 1 wherein R* and/or R? are selected from the group
consisting of a hydrogen atom, an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of
from 2 to-20 carbon atoms, an aryl group of from 6 to 20 car'bon atoms, an arylalkyl group of
from 7 to 40 carbon atoms, an alkylaryl group of from 8 to about 40 carbon atoms, an arylalkenyl
group of from 8 to about 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an

alkyl(aryl)silyl group, and an arylsilyl group.

5. The metallocene of claim 1 wherein R* and/or R* are selected from the group

consisting of a hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an alkenyl
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group of from 2 to.about 10 carbon atoms, an aryl group of from 6 to about 10 carbon atoms, an
arylalkyl group of from 7 to about 20 carbon atoms, an alkylaryl group of from 8 to about 20
carbon atoms, an arylalkenyl group of from 8 to about 20 carbon atoms, a substituted or

unsubstituted alkylsilyl group, an alkyl(aryl)silyl group, and an arylsilyl group.
6. The metallocene of claim 1 wherein R* and R* are both hydrogen.

7. The metallocéne of claim 1 wherein R'® is R40R‘“Si=, R40R4'Ge=, RYRYMC=or -
R*RY'C-CRR*")-, where R* and R*! are identical or different and each is selected from the
group consisting of a hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an aryl
group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to about 14 carbon
atoms, an alkylaryl group of from 7 to about 14 carbon atoms, a substituted or unsubstituted

alkylsilyl group, an alkyl(éryl)silyl group, and an arylsilyl group.

8. The metallocene of claim 1 wherein the bridging unit R' is R*R*'Si= or R*R*! Ge=,
where R* and R*' are identical or different and each is selected from the group consisting of
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, naphthyl, benzyl, trimethylsilyland 3,3,3-
trifluoropropyl. ' '
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9. The;metallocene of claim 1 wherein the groups R'' and R'"" are identical or different -

and each is selected from the group consisting of a divalent group selected from those given in

Formulae 1 4, v, 8, ¢, and v and Formulae 1 af§’, y’, 8°, ¢°, and v’, respectively, wherein the

asterisks “* and “**” in Formula 1 and Formulae 1 a-v and 1 a’- v, respectively, denote the

chemical bonds joining R'' and R'" to the cyclopentadienyl rings

R5
A N’

R6
/
7

Formula la
_ =
. RG

-

S

of

Formula 1B

R5
6 .
BN R
* 7 R7
R8

Formula 1y

Formula 18

Formula 1o’
RS
/5/\37 Rs'

Formula 1B’

. Formula 1y’
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Formula 1v - Formula 1v’ -

wherein R, RS, R’ R®, and R’ and also R*, R®, R”, R¥ and R” as well as R*® ,R®, R77,
RS and R* and also R*®, R%, R, Rss" and R are identical or different and are eachselected
from the group consisting of a hydrogen atom, and a linear, cyclic or branched hydrocarbon
group‘with or without heteroatoms selected from the group consisting of Si, B, AL, O, S, N, P, F,
Cl and Br, and wherein said R?, R®, R7, R}, R>, R*, R®, R”, R¥, R”,R*, R%, R”’, R®, R”, R¥*
R R R¥® and R** are individually selected from the group consising of an alkyl group of
from 2 to about 20 carbon atoms, an alkenyl group of from 2 to about 20 carbon atoms, an aryl
group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to about 40 carbon
atoms, an alkylaryl group of from 7 to about 40 carbon atoms, an arylalkenyl group of from 8 to
about 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group,
and an arylsilyl group, and wherein two adjacent radicals R>, R® or R*, RS or R®, R’ or R®, R”
orR”, R®or RT, R¥ or Rs, R’ or Rs’, R” as well as R, R% or R, R% or R®, R”” or R, R”” or
R, R®or R77’, R® or Rss’ R* or Rss" R* in each case may form a saturatgd or unsaturated

hydrocarbon ring system.

10. The metallocene of claim 9 wherein R'' and R'"" are identical or different and R'! is a

divalent group according to Formula 1y and R'" is selected from the divalent groups in Formulae
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1o’, B’, and y°, or R' and R'" are identical or different and are selected from the group
consisting of divalent groups according to Formula la and 1o, Formula 1B and 1B°, Formula 1y

and ly’, Formula 18 and 18°, Formula 1¢ and 1¢’, and Formula 1v and 1v’, respectively.

11. The metallocene of claim 9 wherein R*®, R, R, R®*® and R*® and also R’ 5’, R,
R, R® and R* are eacha hydrogen atom andR>, R®, R”, R® and R’ and also R¥,R%,R",RY
and R are identical or different and each is selected from the group consisting of a hydrogen
~ atom, a substituted or unsubstituted alkylsilyl or arylsilyl group, a linear, cyclic or branched alkyl
group of from 1 to about 10 carbon atoms, and an aryl group of from 6 to about 40 carbon atoms
wherein each of the groups may contain one or more hetero atoms selected from the group
consisting of Si, B, Al, O, S, N, P, F, Cl and Br, or wherein the two adjacent radicals R¥/RS and
R>/R® form a hydrocarbon ring system, or R® and R¥ are identical or different and are each a

substituted or unsubstituted aryl group of from 6 to about 40 carbon atoms.

12. The metallocene of claim 9 wherein R, R®, R”, R® and R”® and R%, R% R,
R% and R* are each a hydrogen atom andR>, R®, R”, R® and R? and R’ LRE,R7,R¥ and R”
are identical or different and eachis selected from the group consisting of a hydrogen atom, a
- linear, cyclic or branched alkyl group of from 1 to about 10 carbon atoms, an aryl group of from
6 to about 40 carbon atoms, and wherein the two adjacent radicals R’, R® and also R’  RY
together form a ring system, or R’ and R* are identical or different and are each a substituted or

unsubstituted aryl group of from 6 to about 40 carbon atoms.

13. The metallocene of claim 1 wherein R*! is a linear, cyclic or branched hydrocarbon
group which may optionaily be halogenated and wherein R** is selected from the group
consisting of a substituted or unsubstituted alkyl group of from 2 to about 20 carbon atoms, and a
substituted or unsubstituted alkenyl group of from 3 to about 20 carbon atoms, wherein any of
those groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and/or may
contain halogen atoms like F, Cl or Br, with the proviso that R*** is a mono-cyclic ring which

includes the B-carbon atom.
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14. The metallocene of claim 13 whereinR*”'is selected from the group consisting of an
alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of from 2 to about 20 carbon
atoms, an aryl group of from 6 to about 20 carbon atoms, an arylalkyl group of from 7 to about
40 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, an alkoxy group of
from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon atoms, and an
arylalkenyl group of from 8 to about 40 carbon atoms and wherein R>* is a substituted or
unsubstituted alkyl group of from 3 to about 7 carbon atoms, and that group may contain one or
more hetero atoms likc;: Si, B, Al, O, S, N or P, and/or may contain halogen atoms like F, Cl or

Br, with the proviso that R**? is a mono-cyclic ring which includes the B-carbon atom.
15. The metallocene of claim 1 wherein R** contains more than 6 carbon atoms.

16. The metallocene of claim 1 wherein R® maybe chosen from the same set that
described R*%, but R? need not be identical to R*®, or R® is a linear, cyclic or branched
hydrocarbon group of from 1 to about 20 carbon atoms, with the proviso that R is not branched

in the a-position.

17. The metallocene of claim 16 wherein R? is selected from the group consisting of an
alkyl group of from 1 to 20 carbon atoms, an alkylaryl group of from 7 to about 20 carbon atoms,
an alkylalkenyl group of from 3 to about 20 carbon atoms and an alkylarylalkenyl group of from

9 to about 20 carbon atoms.

18. The metallocene of claim 1 whereinR> and R*® are identiéal or R® is selected from

. the group consisting of a methyl group, a linear, cyclic or branched hydrocarbon group of from 7

to about 10 carbon atoms which may optionally be halogenated, an alkylaryl group of from 7 to
about 10 carbon atoms and an alkylalkenyl group of from 3 to about 10 carbon atoms, with the

proviso that R is not cyclic or branched in a-position.

19. The metallocene of claim 1 wherein R? is chosen from the same set that described

R*® but need not be identical to R,
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20. The metallocene of claim 19 wherein R? and R*® each contain more than 6 carbon

atoms.

21. A process for olefin polymerisation comprising contacting one or more olefins each
having from 2 to about 20 carbon atoms under olefin polymerisation reaction conditions with a

catalyst system including a bridged metallocene component having formula 1

(Formula 1)

where M' is a metal of Group IVb of the Periodic Table of the Elements,

R' and R? are identical or different and are selected from the group consisting of a
hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to
about 10 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, anaryloxy group of
froni 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon atoms, an OH
group, a halogen atom, or a NR;*? group, where R* is an alkyl group of from 1 to about 10
carbon atoms and an aryl group of from 6 to about 14 carbon atoms and R' and R? may form one
or more ring system(s),

R*and R* are identical or different and are selected from the group consisting of a
hydrogen atom and a linear, cyclic or branched hydrocarbon group optionally containing one or

more hetero atoms selected from the group consisting of Si, B, Al, O, S, N, P, F, Cl and Br,
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R'? is a bridging group wherein R’ is selected from:

R40 5240 '?40 ||?40 ||Q40
—O0—-M"2-0- —C— —0—-M"? —C—M"2%—0
R41 ‘IQM Fl{41 ||R41 §41
lR40 R40 R40 R40 R40
__M12 _M12 |\|/|12 _(l;_é_
| 41 I 41 I 41 I 41 ! 41
R R R R
R40 R40 R40 R40 R40 R40
| | ' | !
—C—C—C— ~M'2—-C—-M"?
R41 ll?‘“ I|Q41 Il?‘” Il?‘“ |IQ41
X
\ \ \
B—R?0 Al—R*0 —Ge— —0— —S— SO
/ / /
\ \ \ \ \
SO, N—R* P—R% P(O)R% or Cc=0
/ - / / /
where

R* and R‘”, even when bearing the same index, can be identical or differentand can
optionally contain heteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, Cl and
Br, and are selected from the group consisting of a hydrogen atom, an alkyl group having from 1
to about 30 carbon atoms, an aryl group of from 6 to about 40 carbon atoms, a fluoroalkyl group
of from 1 to about 10 carbon atoms, an alkoxy group of from 1 to about 10 carbon atoms, an
aryloxy group of from 6 to about 10 carbon atoms, an alkenyl group of from 2 to about 10 carbon

atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to
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about 40 carbon atoms, a substituted or unsubstituted alkylsilyl, an alkyl(aryl)silyl group, an
arylsilyl group, and an arylalkenyl group of from 8 to about 40 carbon atoms and wherein R*
and R*! together with the atoms connecting them can form one or more cyclic systems,

X is an integer from 1 to 18, |

M'? s silicon, germanium or tin, and

R'% can optionally link two units of the formula 1 to one another, .

R'" and R'" are identical or different and are each a divalent G-Cyo group which together
with the cyclopentadienyl ring forms a further saturated or unsaturated ring system having a ring
size of from 5 to 7 atoms, where R!' and R'" optionally contain the heteroatoms Si, Ge, N, P, O
or S within the ring system fused onto the cyclopentadienyl ring, and

R3% has the structure:

R301
|

— CH,— ¢~ ™\

302
R

where R*® is a linear, cyclic or branched hydrocarbon group selected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of

from 2 to about 20 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms, an alkoxy
group of from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon
atoms, or‘a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an
arylsilyl group, wherein each of the groups may contain one or more hetero atoms like Si,
B, Al, O, S, N or P, and / or may contain halogen atoms like F, Cl or Br,

and where R’ is a hydrocarbon group which is selected from the group consisting of a

substituted or unsubstituted alkyl group of from 2 to about 20 carbon atoms, and an

substituted or unsubstituted alkenyl group of from 3 to about 20 carbon atoms, wherein
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those groups may contain one or more hetero atoms like Si, B, Al, O, S, N or P, and / or
may contain halogen atoms like F, Cl or Br, and further wherein R** forms a monocyclic

ring with the 3 carbon atom, and

R? has the meaning of R*®, but R® need not be identical to R*® , or R? is a linear, cyclic
or branched hydrocarbon group which optionally can contain one ormore hetero atoms selected
from the group consisting of Si, B, Al, O, S, N, P, F, Cl and Br, or R® is selected from the group
consiting of an al.kyl group of from 1 to about 20 carbon atoms, an alkylalkenyl group of from 3
to about 20 carbon atoms, an alkylaryl group of from 7 to about 40 carbon atoms, and an
alkylarylalkenyl group of from 9 to about 40 carbon atoms, with the proviso that R, in any case,

is not branched in the a-position.

22, The process of claim 21 wherein R' and R? are identical or different and are selected
from the group consisting of an alkyl group of from 1 to about 10 carbon atoms, an alkoxy group
of from 1 to about 10 carbon atoms, an aryloxy group of from 6 to about 10 carbon atoms, and a
halogen atom, and wherein R' and R? together may form one or more ring system(s), and

wherein M! is zirconium or hafnium.

23. The process of claim 21 wherein R' and R? are identical or different and are methyl,

chlorine or phenolate.

24. The process of claim 21 wherein R* and/or R are selected from the group consisting
of a hydrogen atom, an alkyl group of from 1 to 20 carbon atoms, an alkenyl group of from 2 to
20 carbon atoms, an aryl group of from 6 to 20 carbon afoms, an arylalkyl group of from 7 to 40
carbon atoms, an alkylaryl group of from 8 to about 40 carbon atoms, an arylalkenyl group of
from 8 to about 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an

alkyl(aryl)silyl group, and an arylsilyl group.
25. The process of claim 21 wherein R* and/or R* are selected from the group consisting

of a hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an alkenyl group of from

2 to about 10 carbon atoms, an aryl group of from 6 to about 10 carbon atoms, an arylalkyl group
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of from 7 to about 20 carbon atoms, an alkylaryl group of from 8 to abdut 20 carbon atoms, an
arylalkenyl group of from 8 to about 20 carbon atoms, a substituted or unsubstituted alkylsilyl -

group, an alkyl(aryl)sily! group, and an arylsilyl group.
26. The process of claim 21 wherein R* and R* are both hydrogen.

27. The process of claim 21 wherein R'? is R“R*'Si=, R*R*'Ge=, R*R*'C=or -
(R40R4]C-CR4OR41)-, where R* and R*! are identical or different énd eachis selected from the
group consisting of a hydrogen atom, an alkyl group of from 1 to about 10 carbon atoms, an aryl
group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to about 14 carbon
atoms, an alkylaryl group of from 7 to about 14 carbon atoms, a substituted or unsubstituted

alkylsilyl group, an alkyl(aryl)silyl group, and an arylsilyl group.

28. The process of claim 21 wherein the bridging unit R' is R“R*!Si= or R“R*'Ge=,
where R*’ and R*! are identical or different and each is selected from the group consisting of
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
cyclopentyl, cyclopentadienyl, cyclohexyl, phenyl, naphthyl, benzyl, trimethylsilyland 3,3,3-
trifluoropropyl.
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~ 29. The process of claim 21 wherein the groups R'' and R'" are identical or different and

each is selected from the group consisting of a divalent group selected from those given in

Formulae 1 @, v, 3, ¢, and v and Formulae 1 aff’, y’, 8°, ¢°, and v’, respectively, wherein the

asterisks “*” and “**” in Formula 1 and Formulae 1 o-v and 1 o'~ v’, respectively, denote the

chemical bonds joining R!! and R'!" to the cyclopentadienyl rings

R5
A% N’

R6
/

R7

Formula la

R5

’*”\&Re

o
)]

Formula 1B

Formula 18
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Formula 1v’

Formula 1v

wherein R® ,R® R, R®, and R® and also R’ R®, R”,R¥ and R” as well as R%, R%, R,
R® and R” and also R*® ’, R66’, R7”, R and R* are identical or different and eachare selected
from the group consisting of a hydrogen atom, and a linear, cyclic or branched hydrocarbon
group with or without héteroatoms selected from the group consisting of Si, B, Al, O, S, N, P, F,
Cl and Br, and wherein said R’, R%, R7, R®, R%, R*, R®, R”, R¥, R ,R*, R%, R", R® R, R*",
R R”, R® and R* are individually selected from the group consisting of an alkyl group of
from 2 to about 20 carbon atoms, an alkenyl group of from 2 to about 20 carbon atoms, an aryl
group of from 6 to about 40 carbon atoms, an arylalkyl group of from 7 to about 40 carbon
atoms, an alkylaryl group of from 7 to about 40 carbon atoms, an arylalkenyl group of from 8 to
about 40 carbon atoms, a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group
and an arylsilyl group, and wherein two adjacent radicals R, R® or R*, R 6r R®, R7orR®, R”
or.R-’, R® or RT, R¥ or R8, R’ or Rs’, R as well as R* , R% or RSS’, R® or R%,R” or R66’, R" or
R, R¥® or R”, R® or R®, R*” or R®', R*® in each case may form a saturated or unsaturated

hydrocarbon ring system.

30. The process of claim 29 wherein R'"and R'" are identical or different and R' is a

divalent group according to Formula 1y and R'" is selected from the divalent groups in Formulae
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811 Z217Z 9 6 1z 19 WD 2010/ 077230PCT/ US2008/ 014144 Table 1
and Table 2 represent the raw data presented by sixty-one polynerization
test runswothm/o7ersai ning tables 3 - 13 break that data eat/usgosshesnati o of
propyl ene to ethylene (or if it is a propyl ene honopol yner) and whet her
hydrogen was used in the polynerization process. Only those results can be
directly conpared, where essentially the sane pol ynerisation conditions,

| i ke tenperature, polynerisation tine etc. were applied. Further nore nany

of thejt.ap! 0N @il ‘set. r b ith each
ot her . '§h8- 574 F DR an 87, 3 Bplcal ek 0l orlofe A BRI | Ut
pr epar edrisstingwasdipaert@roopd adsordingltaFomtulabousd 1d’hEorcadal f snd1Bf F&@ombpaiat i ve

Exanpl es, 11-15 a Ex J]es 16-18 re,pr red hy a,different catalyst

pr epar &4 eiy ’ %ﬁ’%’&@g@r“@ggﬁa Oﬁﬂﬁﬁél‘%{’\?‘ﬁ\)&’ ’@gﬁg%‘ﬂigzéﬂﬁ?ﬁxmq%‘vi@' and hence
di fferent polynerisation conditions are reflected by these sets of data.
These data sets can only be corrBar ed ém)ggg thepsel ves. Propylene, .
honopol yner 31- A Brasess af clgpnfivheisin BT, Br oyl Rnang 81 yandradsaikt hBut> R he

et hyl epes’ LOMRIONEL | B.n7 RS T shons; 1 b ul'ts
of four experi nent%cﬁqqh@)%(fqag%{eor?gxgcggﬁfs%éch?ﬁ %r %mngs?% the régﬁi %@srrent s
of t heR{ aveidetial aatifferesichrd@ash is selentpd fimin the geouprphsgsting of a hydikdgen atodi,\ai dual
catal yst. conparisons.of .the.first set of conparable.results between

pvent PpatEIR LBSRRiSleg it bt Rty isalit Al e os atsiog Srong e SRS oy i
gener abf Rorhiighabodq 0 xrbbil atofs, atd arl 4191 groue ot frre 68taBbUSIOTaoRratdheE
conparative catalysts. Even the inventive catalyst wth the | owest

pr oductPeRetnany ok thegsyuns pavscontanopg erdpeisdietarnatgmsisoleetyd Sigrpdie €PUPo t he

hi ghestoagtihy bf 3i, BORPY, &L NV B, FatiBndHr, émhermﬂeimﬁ%jﬁgﬁgﬁﬁgggo' nts.
are co ar6ed |%, IS obvi’olis’ t hat simlar nmelting points are” obtalned, and

t he hi BHBS andBT R’ rfigrmeihytrosfrbos 3iBgisystemt @i Riedd Ry arpddentivamr differentanphe ( Ex.
17) as || . Qne ¢ rative exanpl e . .. The direct conparison
of ¢ nesiian il PEEGRIRECT k) Eroli 3Bt (7 Bh AReerpollEnPiv e exanpl e 17
is alnmost fourfold higher than the activity of conparative exanple 15.

Since the nplecul ar wei ght, of the jnvgntjve,exampl e,l7 iscal gost,.tws,ce as
hi gh as thg?%:oﬂff’eﬂr%‘f"ﬁ/%fg“g%ﬁ}%? whamsin i B} B R aashly and RSy Brakont K Vo
2010/ 0F7PROPLT LAG200 b bt andR®, RA IWERELAI REMIP R RONRDI RY hiag KBl BLU! ar

wei ght shows that the highest nolécul ar wei ghts of 920’ kg/ nol and 910 .

kg/ ol idgntcal endiffergniand dre eacbipsaleat¢d/omibgmgrionp ¢nsistidlg hie hydrogen dtom, @xanpl e
16, re t] i ght i d i t-hin
the exiir il brRESE oK Eote 8E nl, Ol BofER ARBARGHORRE I 3 Blonof
exanpl from6 fonbaltrdsartoniacens andivibreastht veo adjntent tadicals RDR® amhgiss REj RE
exanple 13, ile.the nelti jsnts.of these two ex | es, both are 152C
oTe, eBeniSn aingay Ko1K ML HRATTEH OIS CENAE BFh BSHPLRATS T
Exanpl @n&suﬁsthﬁt&@ﬂ@hﬁ%u 3P froiEtocdbolEAPQRBdEomat al ysts -of Conparative

Exanmpl es 11 throug lg,- woul d fall under the clains of the inventor's

co- pendi ng patent application PCT/US2007/ 022614 (the "genus application"),
whi ch the i 2 ail i.Ar30d].r; . t - ched’
hydr ocar bon??ﬂqeﬁﬁgﬂg?%ﬁg?lw %ﬁFVh S{Iﬁt{heisseaq%%gldgl%g{cid\;g)r%%gér%?gr%cgp%o fall
under givep sthidhreayodptiohally bshalogensipd and svhareirl R Atsisolected ditvinethd gsdupws t hat, in

the case of. pr lLene w thout a dr.ogen noderator, .th eci es catal ysts
ot hecasrrinbptF HySAEIeder ios il aruP et Sl diashad BFBoRRaGRaRLAT | ve
t han t hsseRrgaar ahdubstitartd alkealbgrolpbMBemBNEaboilitt® @fdvhSatahy) Wherin &ty &fur t her,
t he species catal ysts of the present invention also denonstrate the nore

desi r aBioee FoupsSReY entain oge o PR hetrp aimair 9. BeAl e SMERT S, gud/orgBavver t he

t est ed gafighidhén 468 1iIMOR! @ §raBd WiHRR plolBo BlaRRP® ;O m%h@-c?cgfc fidh genus
appl i cation. The superiority of ‘t)he catal ysts of the current species
i nvent inoludevthe Ptdaebomat@hyst s of the genus application is again denonstrated
when hydrogen is introduced as a noderator. In this case, Table 4 shows
that the activity of the species catalyst of the present invention

i ncreases, on average, a remarkable 34.4% over those of the catal yst of the
genus application. Once again, the products of the species catalysts of the
current invention show inprovenents in the desirable properties of a Tni
and MFR 2.16 and MFR 5 val ues over those products made fromthe catal yst of
‘the genus application (see also Anal y8% 2). The second set of conparable
results consists of the catalyst derived fromexanple 19 :



and conparative exanpl e 20. The catal yst preparation of these two catal ysts
differs fromthe one of the already discussed results and hence they needto
be comparwo 28spermsvel y. Clearly it can be seen that theprcmusedaiswesiexanpl e
shows a superior performance conpared to the conparative exanple 20. The
productivity of the inventive exanple 19 is around 22% i ncreased conpared
to the conparison exanple 20, while the nol ecular weights and the MFR

val ues are conparable. WD 2010/ 077230PCT/ US2008/ 014144 The nel ting poi nt

of the inverji LS o3 i . L e t he
Comar at § ve b sFaRERb I Iiherk h R ARHBIRAE U RO

pr epar gtoupf froockthabeut 20 caldreatsmg rantalienyl greup of/fomi2vte abuarRdl casbosatorns,
dramatic i nprove nts6 over the cor;&arative i%ﬁg‘pl es. al ysi s, 2: groduction
of ProfyPMehe BBy AP iaPRYAY BRI SRAT IR R RR oLnem e A9 40pr esence
of hydeggematoms, an all@RlyEgrbup BOWSM N dLBEUT Garldn HtOME, aR %Rk FRIUHS from 1

Met al | ocene catal ysts conformng to the requirenents of the invention
conpar ERRO8t 4] sarbnaamatanasylexn sioup of frrpfeipabout 29 eatben atems andgair ogen was
added i ra I . roat. . ctivity
and tog%dgljﬁklglg% %%P ﬁg%%b egcté%tg?&%%ﬁ[{bﬁsﬁmﬁpa he iglﬁ |vil%§ Sgatéa%tﬁj%/{st

conpar uswhstitoted alkg] gionp bf frem Do abontghcabdreatoms,Lant thdd gtoupe maly Ruetaini ore. or

sanpl e 17 and 18 an rati examples 11 to 15 show.in eral a
i gher Mgl hessrp RS e STRAR RDS Riard oS B Pad Sonjoin malonen SRS AKkaF CLor

cat al y 8 Switthe Provit®d thueitiiv @ nidtoady¥Ré ring wWhichhifclL@useRd pRAGINGIonY] ty (Ex. 18)
shows a 6 %increase in activity conpared to the highest activity :

conparative catalyst (Conp. 11), while the inventive exanple 16 even

exhibits a 34%i £ Vi foy iye ex le 11. This
s a dramat 1y | BeasBeMinER ANE Y cithe ARTRAATH WIBGENEIR® T

hi ghest nol ecul ar wei ght of the conparative exanples is given wth 241
kg/ mol for rative 13, .whil e the highest nol ecul ar i ght, of
(b T nvent i 46 Tompretof aRRar e ey b Shesrd om e muses B belbar be
consi drP®@bueRtatedmdt B Richtigal @x REP o RALA 1iRSaF, @ clid & Br8ndHRE hi dYsE4tbéY Srofiy anp! e
16 is reaching a simlar nolecular weight, but at a nmuch higher ‘

pr oduc?f Fpmyl tp abeut 20xarbomjatpimse 3t thepigxisedhat & Soiep branghed imithe grpositiony poi nt
for this set of conparable results is ranging between 150 and 155C. The

i nventive catalyst not only show a higher activity than all the conparative -
cat al yst, tBbdyTla process of/éldien Mnet:bﬁfzk‘g is sdlb@eCfowl the grpupaondigtingfof ian atklye

upper region.of this range, The only catalyst.that is ahle to achieve a

o oer E58P B LD B Gteray ap Al Pyt e e pbaddbEane Socer o

achi evalttylatkehyiezrouprefrora 81td ubdut 20 a3 a@insGinb an AA3Adreikenyasup sTVRIH bV e
exanple 16) and the | owest nol ecul ar wei ght (146 kg/g, 37% | ower than '

i nvent [AAPOBLIMGAROMABIMEF 4l | the catalyst in this set of results. WO
2010/ 077230PCT/ US2008/ 014144  The second set of conparable results
consists of the catal yst derived fron} exar%)ol e 19 and cofnparative exanple .
20. The cat 28.yEhe prpegsapbelpion2 bivhetesR’ anddR C zarelidestieal o R srssletted fionhtheone of

t he al i t - h e .l hey need to be conpare

seper ab R o AP E el Yhoip P e e R e B R R AR o or ovea
per f or toeaboet verbdneorao whivhahayeptivahldy YshalOgenated, a1 dldylatyl yiouy offrobd o

i nventiyve talyst 19 is al o doubl ed red to the one of the

conpar élfqu\t/g & é’? gloms 3pd a%‘ikp'é‘h‘c?&']agr V%@tcfgqr’rrﬁgstf’ apefit ] 0jcaghonarae Withthéwei ght s
and M-Rovab des R’ KRt BRnthdddnBYPdftiopbt ai ned with the inventive catalyst 19
with 153C by 2C higher than the nelting point of the conparative catal yst
20. Propyl ene/ Et hyl ene Copol yners The properties of products nmade from
the inventi t . L I . 300

et byl one! pr Sy EREeR b R s i o 6y Einke 8 uifdreonbed s new
var i abbe needheotpreoggritiealdo R3°%et hyl ene ration, far fewer datapoints were taken
for the copolyners at each ratio because resources becane limted. In each
case the inventive catal yst fromexanple 16 was tested, usually against the
conpar at i ve4@arial prodest 60K WheremhlR® MNARSdash 3ontBnQAE thadls Qfbon atoms.
propyl ene/ et hyl ene copol yners with a propyl ene/ ethyl ene rati o of

approxi mately 48 and without the presence of hydrogen. In this case,
only one inventive catal yst (exanple 16) was tested agai nst one conparative
catal yst, (conparative exanple 11), t results being presented in Table 5.
The inventive catal yst showed significant inprovenents over the conparative
catalyst. The inventive catalyst 16 showed a 31% i ncrease in productivity
over the conparative exanple 11. Conparing the MFR 2. 16 val ues shows t hat
‘the MFR of the inventive exanple is with 0.1 g/10" only half of the MFR of
the conparative exanple, which is also reflected in the 17 %increase in
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In this case, one inventive catalyst (exanples 16) and one conparative
catal yst (conparative exanple 11) were tested, the results being presented
i n Tabl e wo 20tv7pa3oducti vity of the inventive exanpl e 1®&CcThisemsm1ii89o

i ncrease conpared to conparative exanple 11. Al so the nol ecul ar wei ght of
the inventive exanple 16 shows an increase for the inventive catalyst,
nanmely 59 % conpared to the conparative exanple 11. This is also reflected
in the values for the MFR 2. 16, which is for the inventive exanple only ,
one-fourth of the conparative exanple WD 2010/077230PCT/ US2008/014144 11.
Since the C2-incorporation of the inventive catalyst 16 is slightly higher
t han for thdl.cOhpproatssvéclaihall wiiereld theidleflns imdiidespropylersd and/orteltglenche
melting point for the inventive exanple is slightly |Iower. Under these
conditions the superiority of the inventive catalyst is clearly visible.

Anal ysi s 6: 4Profusbdesdiofflaifl PPWh&BRY 1R Bnéhﬁmcpuaga{ KBROAe ¥ekill having the

propyl ene/ et hyl ene ratio of approximtely 15 and w thout the presence of

hydr ogdefmula R™-CHCH4R" svhergie R "tand R soe he idzatiesd padifferent andiarg eatle conpar ati ve
cat al ys$tqivid r .bej r t LT m hth
all the éna?%eagl}lgg oﬁgfoni Elga faﬁiéék@?v&‘gfgg‘g&ﬁ??? &i}bﬁ) ;jcr‘%ll h{%trﬁ a?‘%sﬁé’?r& éﬁ%c i eves
bet t er tqgetntucdn forthpné d7mde riffdsi s i s achieved at a similar C2-incorporation
and the sanme nelting point of 118C as the conparative exanple 11. The

nol ecul ar wei ght of the inventive exanple is significantly enhanced by 54%

conpar ed t 048 NEheGREGRES Gdldith PXAAGER thdolefifé cfudf bn€ 8MmateS@niRuii®@eRidcfedt he
val ue of the MFR 2. 16 for the inventive exanple 16, that is only one-fourth

of t he fipg1 the geruptcrBsigtng ol ettylane. rrapyeyes tl-bumng) Lrp¢niere, 1hesense tHmsthydfl-
propyl Wl C R ) . ' fy:
Dby o P S SR AR T Byifele 3 BhARUICRR M SREnd, Boledpfijone
one i nethytriovwrgalicnkeysirbresmnpitesydéjodacsheané nethybaorbdinese. cat al yst
(conparative exanple 11), were tested, the results being presented in Table
9. The inventive catal yst shows a | arge enhancenent of the productivity and
the mol ecul a4, Awiigged mankad havihdthegenRal Bérnii Galeddw,st 11, while show ng
a simlar C2-incorporation and a simlar nelting point. The productivity is
doubl ed conpared to the conparative catalyst 11 and the nol ecul ar weight is
increased by a factor of 1.5. This is4al SO ﬁgflect ed by the MFR 2. 16 val ue,
which is for the inventive exanple 18ionly ©ne-sixth of the val ue obtai ned
for the conparative catalyst 11. Anal ysis Pr aRcti on of

propyl ene/ et hyl ene copol yners with a 5 et hylene rati o of
approximately 9 and w thout the esenck dr ogen. The inventive
catal yst 16 and the conparative cataly Rt ested, and the results
are presented in Table 10. As wth all apal ysis before, the inventive
catalyst 16 in this exanple WD 2010/ ’CT/ US2008/ 014144 achi eves a
better productivity by 41% This is achie
and the slightly lower nelting porgdt T1C) \of jnventive exanple 11 can be
rational i sed by the higher C2- inorpratiM?RH:{2 7.2 %conpared to 6.5 % of
the conparative exanple 11.R PheCUAg wei ght of the inventive catal yst
16 is increased by 35 % conparefl co pative catal yst-11. The higher
mol ecul ar weight is also reflect the MFR 2.16 value, which is only
one-fourth of the value of R comparat\ ve catalyst 11. Analysis 9:
Production of propyl ene/ et hyl ene gepol yRErs with a propyl ene/ ethyl ene ratio
of approximately 0.55 and wi thout the presence of hydrogen. Table 11
shows the results of the inventive Roahalayiat 16 and t he conparative exanple
11 at a propylene/ethylene ratio of approximtely 0.55. The productivity of
t hese sanples could not be determ ned because in all of these exanples and
conpar %@é%%aarmét@sommwWv&m&%xbm%ﬂﬂkwemﬁ@,ﬂ s have been

pr oduced. Sugh onmf:rs general Iy stick to the autoclace walls and to the
stirrer andRaarfiBnaretidentioal odidiftdrentged aefe seleeted ditont the\geowpemnsistingafssi bl e

whi ch t det ' i of ,t.he productivities unreliable.

Cormor SPPRcy 45 1 A0 80 A 4 QB AsEeoX alomBo e RRE L ERUE L mekcr n
two st aboypd yambon s@hispan avegreup bf froini 6 Htabsitedd Arbdmoms)layieyloxysgrpapeticed
and in a second step the rubber is produced. This nesure reduces the
stickiness of the material and allows the comercial production and use of
such inportant materials for applicatidhs where | ow tenperature toughness
is required (applications |ike bunpers for cars, frigerator and deep
freezer food packaging, crates and pails). Under the specified
conditions the C2-incorporation of the catalysts is quite simlar, although
the inventive catalyst 16 shows a slightly higher value of 41.3 % conpared
to 39.7 %for -the conparative catalyst 11. The exanple of the inventive
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(Formula 1) where M is a netal of Goup IVb of the Periodic Table of the
El enent s, Rl and R2 are identical or different and are selected from
t he groupwoanmvetisang of a hydrogen atom an al kyl groupPofi/seasioi4iio about
10 carbon atons, an al koxy group of from1 to about 10 carbon atons, an
aryl group of from6 to about 20 carbon atons, an aryl oxy group of from®6
to about 10 carbon atons, an al kenyl group of from2 to about 10 carbon
atoms, an OH group, a halogen atom or a NR232 group, where R32 is an al kyl
group of frg,ggrg, to about 10 carbon atonms and an aryl group of from®6 to
about 14 carbon atons, and wherein RL and R2 may form one or nore ring
systen(s), R* and R emerciwRAH bemrmag itlbesatrieciadiexp cardbe klemtéat oradiffe@neasiadaact ed

br anch B AN BeSPBaR B AR T B RBFHRG AL L. A s ok &r B e

- sel ect 8d, dnd @re dabk s€)é AHfr61 e %h?go&ﬁstﬁ of Bhyeﬁtbgerpatoﬁ; aalk{} grbup kdviggd Br,
Rl is a bridging group wherein is selected from

2010/ 0rPpBbPEPPYISHCEHEIN Bioms; apaet! @roup of fromy6 gmebori40 caéb@hatmé,rﬁ Pecrpallyl t he

sane i f
et or ol ae FEMICP URYY) GRonliofl shaleR gl SHERERYS A1 cBBY RO, |,
and Br an alrybbxargeomfefmd td atmt 1 O earhow atomsparsalkeriyhgromp ofl floyd2 wgebouat®m an

al kyl havi ng, 1 to out 30. c on .at ons | grou from6
to abou?rgﬁrgatomF 1O grogp f’?ﬁ%‘?‘o@f’@?u @ocﬁﬂ’o&at(f'?%ﬁpfﬂﬁygrg%ﬁ‘fpp ‘fgtf I¥8r bon
at ons, 7a@alﬁiuk¢0(yarbdir£)at§m@fa $ubstitutedtod uﬂ&ﬁb’dﬁtuﬂe@ aﬂé},ﬂ@@[‘ aﬂtaﬂ{f/if(arﬂﬁxlﬁlrgfbﬁ}%)éngr oup
of from? t o about 10 carbon atons, éoagrou from2 to about 10

car bon2&{sihssroum, o5 a1y prylalkenyl group ngrof“r Q)WI aPOt‘ AN atmwdowheramdﬁs angyn
al kyl aRyl, H’éi‘FMﬂlf thtf: Bﬁmsz:ohﬁ’ec"ﬁg 'tﬁenf%af ?Jrﬁ\ Odhedr MBre c?cl&%?%t\%ﬁlg uted or

unsubstituted al kylsilyl, an al y (aryl) y1l group

2010/ 07723OP(SWHU$29@§K01141@48,aryI silyl group, and an aryl al kenyl group of

from8 to a arbon .at ons wherein R4 and R4l together with the
Bf’ fssﬂ%ﬂ 0, ?m or% 18h%ndd

: rﬁermam
atons connecCting t can or nore cyclic systens, x is an integer

from 1-to 1R chi Bpticnatly link ORo ugies Gthé mala I iouneancthBag@n optional Iy |ink
two units of the fgprnula 1 to one anot her, R' and R' are identical or
different and ar& eé‘@%thﬁsHP?/t&Teent C2- C40 group which together with the

cycl opentadi enyl ring forns a further saturated or unsaturated ring system
having a ring size of from5 to 7 atons, where R' and R11' optionally
contain the heteroatons Si 801N P, 0 or Swithin the ring system fused
onto the cycl opent adi enyl Rng, and R30 has the structure R301

|
— CH,— ¢~ "\

302
R

where R*®! is a linear, cyclic or branched hydrocarbon groupselected from the group
consisting of an alkyl group of from 1 to about 20 carbon atoms, an alkenyl group of
from 2 to about 20 carbon atoms, an aryl group of from 6 to about 20 carbon atoms, an
arylalkyl group of from 7 to about 40 carbon atoms, an alkylaryl group of from 7 to about
40 carbon atoms, or an arylalkenyl group of from 8 to about 40 carbon atoms, an alkoxy
group of from 1 to about 20 carbon atoms, an aryloxy group of from 6 to about 20 carbon

atoms, or a substituted or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an
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where R301 is a linear, cyclic or branched hydrocarbon group selected from
the group consisting of an al kyl group of from1l to about 20 carbon atons,
an al kenywogooup7mh from 2 to about 20 carbon atons, anpramgis2gsowa4of from
6 to about 20 carbon atonms, an arylal kyl group of from?7 to about 40 carbon
atons, an al kylaryl group of from7 to about 40 carbon atons, or an

aryl al kenyl group of from8 to about 40 carbon atons, an al koxy group of
from1l to about 20 carbon atons, an aryloxy group of from®6 to about 20
carbon ato r

al ky| (arypg&m[ ?rg% délHE %8? Llﬁ@’é’o%&dlﬁ%eegﬁ{%o#@ﬂrﬁé&%n%1&[%%1 ¥ups
may cont ai nOoSeN(mrandeorhm)ecrcmtmhmlegdndtan&lkeB CWrBr), S, Nor P, and / or
may contain halogen atons like F, C or Br, and where R302 is a hydrocarbon
group selected fromthe group consisting of a substituted or unsubstituted
al kyl gr oupaef whereR*Z i§ @hﬁd}@wb&pg@a%wéu@é 0% th@fdup Bosiimb ot 4 s@sdtiffied

unsubstituted al kenyl group of fro to about 20 carbon atons, and wherein

those WO 20n@rsabstvgepakyismoapef ham 242 abpw29<sarhen atums, ailc}]aronévswtedmre
hetero ato ogen
atoms. 11 ke Ry a lkEny Byt Fom 3 o Bbdin 28Ritan Ao B LR BT
with the p centdoonabompresetero atoms 1% ShaB, AR O, Sehinur g and/oR3&Ycortaih hidgaeed
not be |dent|cal a_linear, cycllc or . branched. hydrocar bon
group which 8B1lehtl§ﬁ§|’ Eij%%wéls?% N s grmepscEclaing with thsikcasbanatiodd fr om
the group consisting of Si, B, Al, 0, S N, P, F, d or Br, or R3is

sel ected fromthe group con IPS'[I nq of an al kyI group of froml to about 20 .
car bon at on®; hasthemegniag RERyT, tyt Rimeed nétrteridantical tai3lt orRy lsarllluoaT, epctios, an

al kyl a rbon atons and a | aryl al kenyl
ar oup. o e B Boc bafkeyb Ruliioftyf Sin ! Bior BT EB-FuA Shc
* case, R8mithe gmmptcommimg@f Sh B, g, @; $J,CN|R lEom or Bror R® 12se1&tted ffﬁfn&hd: gape of
claiml wh re| or different are selected from

e |dent|c
the gr8UpS poefw u@ %?upa eyt g%ﬁ?o SROPR 3iAmS. palkiBlkenybereup sioFomGons.
an al keyabotf 20/urbdén 4tb@8) ah aﬂl@lﬁ?%{%uﬂ-@f ﬁ'@i’i’lbp['a BRI, cafbnHidth9%d & oup of

from6 to- about 10 carbon at’ons, a hal ogen atom and V\/nerel n R and R2

t oget helkykexjalkemingenve Otﬁlfmﬁb?@ ahonw%gegb@mtgtps witlel thepee dsanthm R, in aniyrcesmi um

or hafp tall ocene of claim1l wherein Rl and R2 are

i denti ca*(ggbrangwfdf%ﬁ%n% and are meth ,_chlorine or phenol ate. 4. The -
net al | ackwkeroR’ ARG RAadd Rhendalso R, %;Roandﬂ“ aa¢ pleatidad ot én‘ﬂfefernoamdheegcftoup
consi sti.n dro ena a | kyl of fr rbo at ons,
an al k&t ‘fﬁq (G({’%’Hﬁ o$r°f‘ §HsY lP%OE%JE%%P%%W@WO%EHC%WY&&W}H ‘PF‘H B to

20 car goop af@B@ostlﬁme@ernéﬁHﬁM{utﬁﬂkNngfl ghd@Mary alk QI(A9DSRN B Ip%h@aﬁ ary¥dilyl

al kyl aryl group of from8 to about carbon atons, an ar kenyl group of
f r om 8&18P Apdihersmn cagh Bhhe grips May contgst praATaROrE helgrosHpBIS| ltkase@ Al k& Silyl
gr oup, Na pahKy/ éah¥y éo?l'te{uy ilialggéhuzgom g 9”Cla(§ryéxshlluy1}urtﬁélp\ylpe ein adjacent> 1 N€
met al | ocené of gl aim 1 ere 7 are selected bt ff'nne gr oup
consi stadWQISdi B hy&r,chenRatlbmndai&soall kRS eRSUR 06r RY, R ih eiach ed:semay]tormar bon
at ons, %ﬁﬁl ‘%{ Oeln s 2010/ 077230PCT/ US2008/ 014144 group of from 2 to about
10 carbon a gar?’ aryl group of from®6 to about 10 carbon atons, an

aryl al kyl group of from7 to about 20 carbon atons, an al kyI aryl group of

from8 to a 20crbon n aryl al kenyl p of 0 8toaout 20
~ carbon atong qCF‘Eﬁ &H%P"{i‘n B@tq]?‘ﬁtREan-)a‘fﬂés‘fsoﬁd Iso Sod’rpp Rgran Q

al ky!l ( aveYdengicalok dﬁfé?é'r&an@@f& eﬁl@h@é’dt&! troth tl%r%HQp cghsmﬂ] ofEhid %)Q&leﬂgmoi claim
1 wherein R4 and R4’ are h hydrogen. nmetal | 6cene” of "clarm 1
wher ei hnaar, dysliazanciied hquggar@gn:grogp sele¢trd (hom amalkyl gYOlIQ - f@eRd 19 abounP@re R4

and R4 ect ed fron1t

consi sERePasb St s Phrofl b FORT o ARENCRF Ak FERE S O RAIBERE, o
at ons, atmuot 40 yarbon atomscdn drylatkybgtonp abfram A0 arbanbctnkaalbmomamnaHWIﬂykyl group
of fron17 t ab t 14 carbqgn atons n | ar roup_of from 7 to about
T cortsie i BRE Tt bewcfl itudars an 00 ke Sth T iGTES £ sooyt G0 gorban

al kyl (@b, 8 ishbstit@édstuns e tded Akybisyl BR Y cene
of claim 1) wherein the bridging usr?l ;H I%Y ng Rgﬂtzzﬁrygisnl:ylg?o &4%%2?§G;eﬁéliw\nhere
R4 and R41 are identical or different and each is selected fromthe group
consisting of nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl dodecyl, cycl ol#htyl, cycl opentadi enyl, cycl ohexyl,
phenyl, naphthyl benzyI, trinmethylsilyland 3,3,3- trifluoropropyl.

9. The netallocene of claim1l wherein the groups R' and RI P are identi cal
or different and each is selected fromthe group consisting of a dival ent
group selected fromthose given in Fornmulae 1 41, 'y, 8, cp, and v and
Fornulae 1 ca, 7 8', (p', and v', respectively, mhereln t he asterlsks o

a o a ) o a - a o I o N . .



-";;:;--S Fornula 113 SFor‘rruIa 113 Formula |y Formula |y’ R88
RR88 R5' Fornula 18Fornmula 18 WO 2010/ 077230PCT/ US2008/ 014144 For mul a
| v WO 2010/077230 - PCT/US2008/014144

group, andwherein those groups may contain one or nﬁore hetero atoms like Si; B, Al, O, S, N or
P, and/or may contain halogen atoms like F, Cl or Br, and further wherein adjacent radicals R’,
Réor RS, R” or R”, R® and also R® R% orR®,R” or R”, R¥ in each case may form a
hydrocarbon ring system. _
46. The metallocene of claim 45, wherein the linear, cyclic or branched hydrocarbon
groups contain one or more hetero atoms selected from the group consisting of Si, B, Al, O, S,
- N, P, F, Cl and Br, and/or adjacent radicals R® ,R%or R6, R’ or R7, R® and also R’ ’, R® or RS, R”

orR”,R¥ in each case may form a hydrocarbon ring system.

47. The metallocene of claim 44, wherein R>, R®, R” and R® and also R® ,R®*,R” and R*
are identical or different and are each selected from the group consisting of a hydrogen atom, a
substituted or unsubstitufed alkylsilyl or arylsilyl group, a linear, cyclic or branched alkyl group
of from 1 to about 10 carbon atoms, and an aryl group of from 6 to about 40 carbon atoms and
wherein the adjacent radicals R, R® and also R*, R® may form a saturated or unsaturated

hydrocarbon ring system.

48. The metallocene of claim 44, wherein R6, R’, R® and also R®,R” and R¥ are identical
or different and are each sélected from the group consisting of a hydrogen atom, a linear, cyclic
or branched hydrocarbon group selected from an alkyl group of from 1 to about 10 carbon atoms,
an alkenyl group of from 2 to about 10 carbon atoms, an aryl group of from 6 to about 20 carbon
atoms, an arylalkyl group of from 7 to about 40 carbon atoms, an alkylvaryl group of from 7 to
about 40 carbon atoms, an arylalkenyl group of from 8 to about 40 carbon atoms, a substituted
or unsubstituted alkylsilyl group, an alkyl(aryl)silyl group and an arylsilyl group, and wherein
adjacent radicals RS, R’ or R7, R? as well as R¥, R” or R”, R¥ in each case may form a
hydrocarbon ring system and further wherein the groups may contain one or more hetero atoms
selected from the group consisting of Si, B, Al, O, S, N, P, F, Cl and Br, ‘

and where R and R* are identical or different and are each a substituted or unsubstituted
aryl group of from 6 to about 40 carbon atoms which may contain one or more hetero atoms

selected from the group consisting of Si, B, Al, O, S, N, P, F, Cl and Br.
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wherein R5, R6, R7, R8, and RO and also R5', R6', R7', R8" and RO as well
as R55, R66, R77, R' and R99 and also R55',R66', R77', - K88 and RO9' are
i denti calwonotvifsnent and are each sel ected fromthe grompsSecassiaus ng of a
hydrogen atom and a linear, cyclic or branched hydrocarbon group with or
wi t hout heteroatons selected fromthe group consisting of Si, B, A, 0, S
N, P, F, d and Br, and wherein said R5, R6, R7, R3, RO, R5', R6', R7',

R8', R9', R55, R66, R77, R88, R99, R55, R66, R77% -88' - and
R99 are in r ISl group
of from2 tgg\a];)lgﬁﬁétg%%gér gﬁﬂﬁg%‘ggm%egéﬁt@ 1%9’1 Egér]%uog bg% cﬁédo éédtagal (Ja out 20
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aryl al §y£I ﬁrlpltﬁ of, Bfrom 7 to about 40 carbon atons, an al kylaryl group of -
from 77t0’ abdu 26 Carbon atoms, an aryl al kenyl group of from8 to about 40
carbon atons, a substl tuted or unsubsti tuted al kyI si | yI group, an

al kyl (arypsi I and_ an lsily r oup, in,twy adj acent
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nmet al | 0, er el and fferent
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Formula Iv and Iv', respectively. . The netall ocene of claim?9
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R7" R8' ang ehﬁ&éﬁ& ?1? E%q F%F‘e’g ﬁ %ggclﬁﬁlgsl,@sg R‘} Fom t he
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from 1519%3 ra6ie 0{%' Rehe ity s@w O GO Lip %hoi/)f Q;?adﬁ?ﬁ HPIE BB AR ga%lasff
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hydr oc r e r are ,
each aglgéﬁbodsgt“l ?%éﬁﬁhms& it u% (ghc?ﬁe Z’ 1g4r %3’%58’# (bﬁ it Q%;, é’fo %lo@{engl@gcar bon
at ons. tetRbutfikghengt, é+5b0bQHyEphﬁnytl4a¢y¢1c91emyiajiaenyi R‘ﬁ'&netﬂﬁﬁ;lylmnyl 4- 88 K and

R99 and,R55! 9 0 om andR5, R,
R7, ReHRANY P a]ﬁﬁle%'% E@’ﬁq{ﬁalﬁﬂgp%&wé n?@e‘ﬂ{ lag%gf' %E!‘?fferent and
each | ﬂumhmgt)qmeﬁylpxn(cpezogerrpy;mee@nlskesz-bipﬁe@ﬁ, ﬁShV(@logﬁ)fhllagtlpﬁher@I Bisear,

cyclic or branched_ al kyl &roup from1l to about 10 carbon atons, an aryl

group Gmmsthyirahgnylo3.a1ie -%o- %%P%MI)EPPB‘% 3, andéltraffuoremethy brphemyd Hot( oot

radi cahs YREnPBG-t&pRehy> . RE t oget her forma ri ng system or R5 and
R5' arelsyl)ggenntl cal oralc‘i)lfrﬁrent and are each a substituted or unsubstituted
aryl group of from6 to about 40 carbon atons. 13. The rret al | ocene

of claiml ] cJ branched h roup
whi ch may og??f)lﬁaﬁfﬁﬁg&nﬁaﬁf%ae"ﬁa e‘éfhere(yﬁl ereg?l}l PRYoY ¢ &° rgé gtsg aotﬂ?"f’ he
group densowi ¢ongistifigaf: substituted or unsubstituted al kyl group of from2 to

P om 3 U ndag B s Tpesaraetohameop oy Dap 5 De b lyrcOmom

one or ¢ilgideetero atons like Si, B, Al, 0, S, Nor P, and/or nay contain
hal ogen atons like F,_C or Br mnth the proviso that R302 is a nono-cyclic
ring whlimgthylsandidbisini 1 -meshaexstonsntyMmethwi]-SGted omvipsoptTl-useadB/ 014144 -
14. The o ﬁ#hﬁﬁﬁn of claim 13 wherein R30' is selected fromthe group
conS|st|ng of an a group of from1l to about 20 carbon atons, an al kenyl
group of from2 to about 20 carbon atonms, an aryl group of from6 to about
20 carbon atoms, an arylal kyl group of from7 to about 40 carbon atons, an
al kyl aryl group of from7 to about 40 carbon atons, an al koxy group of from
1 to about 20 carbon atons, an aronx&ﬁgroup of from6 to about 20 carbon
atons, and an aryl al kenyl group of fr 8 to about 40 carbon atons and
wherein R302 is a substituted or unsubstituted al kyl group of from3 to
about 7 carbon atons, and that group nay contain one or nore hetero atons
like Si, B, A, 0, S, Nor P, and/or nmay contain halogen atons like F, C

or Br, with the proviso that R302 is a nono-cyclic ring which includes the.
13- carbon atom 15. The netallocene of cIa|n11 mhereln RBO contalns
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17. The netal |l ocene of claim 16 wherein R3 is selected fromthe group
consisting of an al kyl group of from1l to 20 carbon atons, an al kyl aryl
group of woamoh7toabout 20 carbon atons, an al kyl al kenpcTgrseans/oof144 r om 3
to about 20 carbon atonms and an al kyl aryl al kenyl group of from9 to about
20 carbon atons. 18. The netal |l ocene of claim 1 wherein R3 and R30
are identical or R3is selected fromthe group consisting of a nethyl

group, a linear, cyclic or branched hydrocarbon group of from?7 to about 10

e e O S G e T A L

about zidcomambdichlatiders, with the proviso that R3 is not cyclic or branched

in a-p@sitign, . .. 9. Th tal l.oce f.claim erei i S _chosen
Fr om ¢ REnahSasdiyhina el i B oy ane By TSP he e T Foioo.
WO 2018i:Ri6xid80PCT/ US2008/ 014144 20. The netal |l ocene of claim 19
wherein R3 and R30 each contain nore than 6 carbon atons., 21. A

pr oces Dimethylgilandjyibigldt[(irmethyigycloscybmstvdk hferdutyarheniy- lowdenil-#sosivd ef i ns
each hgypiggf rom 2 to about 20 carbon atons under ol efin polynerisation
reaction conditions with a catalyst systemincluding a bridged netall ocene
conpon®imethgvilangiyiwis[2[l RethylcyEloherylmethyjarétes-tutylplengl))ntetndénydf-zi@oouyn | Vb of
t he Perigldi.ﬁ Tabl e of the Elenents, Rl and R2 are identical or

di ffer SISPIOUA% are selected fromthe group consisting of a hydrogen atom an
al kyl  pifetpyloilandtydbis[2-[{ Re@bRyElopéhtgigm bl At @Fsbutgiphah PXindbh9IH2irednifmom 1
to about 10 carbon atons, an aryl group of from6 to about 20 carbon atons,
an ar yPERprigs oup of from 6 to about 10 carbon atons, an al kenyl group of
from2nt 1 0n:cral X _ 1 ; 32
ar oup, DapeR A Hng 2 L PirSleI e B A e
an aryHichloodp of from 6 to about 14 carbon atonms and RI and R2 may form one

or nore.ri t ) - and. R4, i.dent.ical ..or. diff t.and are
el oot DI PRHRL BN st Eond it RGeSO b it PR R o 1 ¢
or bradiheddhydrocarbon group optionally containing one or nore hetero -
atons selected fromthe group consjsting of Si, B, A, . Q, .S N. P.F dd
and Br le%‘éylélgaf@}ﬁ@‘?[%gb@hﬁ%g?'@%rb‘il&ti‘la"hzief‘i"bu%fﬁ’é’fe{‘%léﬁlH@df‘d‘lyﬂtﬁsf%‘é’%i n Rl
is sel gehrgdfrom where R4 and R41, even when bearing the same index,
can be identical or differentand can optionally contain heteroatons .
sel ect Bimé¢thylmilandiylbjs[3elpl -eibiksly shobwiyDorethsl]-4-@ert-hutylghend)-1Nndgmyl]ezircgpignBr | and
are Seld?ﬁfo?lg fromthe group consisting of a hydrogen atom an al kyl group

- havi ng roml to about 30 car bon(atons, an aryl group of from6 to about 40
car bon Dahetirglsilandfylbis[i2e[él -kydpy gy oclopexof )nfationt]-4-(tect-taioyd pliend ) - lc andbioyl ] -airamiym an

al koxy &Eﬂ%uﬁ of from1 to about 10 carbon atons, an aryl oxy group of from®6
to abof /9 ar bon atons, an al kenyl group of from2 to about 10 carbon

at ons, DifetByNiladkNbis@LOLBraplyIcyEREnty DReRpRUL (td RG] 131 QA%enyBibKymar y!
group of fr%m 7 f% I%6@281 }O%Zg%P}é@r/ Usgg08(/ 0141t?ifhgig%ut 40 car bon atons,

a subs#ichieridel or unsubstituted alkylsilyl, an alkyl (aryl)silyl group, an
at o i Gt AT Bty R SR O A B et TR Ment FREAR, |
f or m odehbriderore cyclic systens, x is an integer froml to 18, M2 is
st COBimgtﬁgllgﬁgrgdlijy%i(s)fZ-[t(i-Bl‘op?‘lpcglc10nony1)methyl]-4-(tert-butylphenyl)—1-indenyl]-zirconium
dichloride _
Dimethylsilandiylbis[2-[(1-propylcyclooctyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-{(1-propylcyclobutyl)methyl]-4-(tert-butylphenyl)-1-indenyl]-zirconium
dichloride
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Rl can optionally link two units of the formula 1 to one another, R’
and RI are identical or different and are each a dival ent C2-C40 group

whi ch t ogwohero/osrish t he cycl opentadi enyl ring fornms a fectrhseosatusat ed or
unsaturated ring systemhaving a ring size of from5 to 7 atons, where R’
and R contain the heteroatons Si, Ge, N, P, O or Swithin the ring system
fused onto the cycl opentadi enyl ring, and R30 has the structure: CH 2
R301 R302 where R301 is a linear, cyclic or branched hydrocarbon group

sel ect : -SLil | K fy T to about 20
car bon%‘%@@%ﬁ%@é@#@ 5‘3’? 2’6’2518\9 lg)ip ?@nrﬁgglypc? g%r(t:fg{l &%leg%l?'tl)blﬁ&gar% lc]Fns, an aryl
group wifconfusmdi@hlocidabout 20 carbon atons, an arylal kyl group of from7 to
about 40 carbon atons, an al kylaryl group of from7 to about 40 carbon
atons, or an aryl al kenyl group of from8 to about 40 carbon atons, an

al koxy Dgnhethipisitdndiyl SB[ ( t-metHIRyiclobOx ARh&ERN -AL(PIHEphif l)ﬂ!li}ili&iyg]-ﬂfc‘éﬁﬁmpf from6
to abog,t 120, carbon atons, or a substituted or unsubstituted al kyl silyl
group, ‘&H(’&p?(yl (aryl)silyl group and an arylsilyl group, wherein each of

h . .3 i i S, N
P a1 P R Bl 2O gt B Py Breorforn 2, 2

hydr ocdichlondgr oup which is selected fromthe group consisting of a

substi f nsubstd i ut ed. al kyl ou f fro 0, about - 20 car bon

at ons, bgﬁ%ﬁg%’iag ﬁ il?li?ltidk é@egﬁy]Wﬁ@?ﬁ%‘%f”ﬁﬁ‘é’g"‘é&k‘é%ﬁ’y FHECBYI-EEERRYN { o about
20 car biohlosit®ons, wherein WD 2010/ 077230PCT/ US2008/ 014144 t hose groups nmay
cont ai .onﬁ 0, rarpre_ hetero atons like Si, B, A, 0, S Nor P, and / or may
cont ai MR ﬂ@‘gﬁ‘ Kysie-((1-psthylcyejongpylppethylid-({ mephibyDvinadenyll-Amoniunbr s a
nonocygikcheriid N9 with the 13 carbon atom and R3 has the neani ng of
R300, but R3 need not be identical to R300, or R3 is a linear, cyclic or

br anc hBimetindpiband iyl sl 2¢ € bosthykriye loootylimstinil 4+ (Iepaphtind)- hiimdeaplg-zoronteme het er o
atoms gelected fromthe group consisting of Si, B, A, 0, S, N P, F G
and Br, or is selected fromthe group consiting of an al kyl group of

f r om 1Dimethylsilind30bis[ar[bicethglcocibheai)niet V-4 kaaphthygy-olimdead ] fzirovaidmt 0 about
20 car@.oglpa%iorrs, an al kylaryl group of from7 to about 40 carbon atons, and
an al k&Yl kenyl group of from9 to about 40 carbon atons, with the
provi spirhdtRylsiBadiyl - beert? ' Q- RAdBRI-3ikR0; 22.
The pr o_ces? of ' cl}‘aliﬂ?n[@g[gl %er%g(iﬂgﬁ%il%ﬁgmn%hgggg? gla?gtg%{jiqc??&%ﬂ %hkcﬁ] Iélrment and
are seflisblodde f rom t he group consisting of an alkyl group of from1 to about

10 : I f 10 :
A S R T I

wher ei dickbridend R2 t oget her may formone or nore ring systen{(s), and wherein

M is zirconi.um.or .hafniu 23. r oces f clajm?21 wherein Rl
and. roDup R R R Y curtapany inr o B 4 BoRgTE ) frindersl HEomHBol at e.

24. Thegichoagess of claim 21 wherein R4 and/or 11.4' are selected fromthe
group consj sting. of a hydrogen atom an al kyl group of from1 to 20 carbon
at ons, Dipethylgitan D’"@jFBdﬁK@f‘Y‘FV@ﬁ?%ylﬂ@e%Uﬂa@tﬁ?ﬂ? dybrisindgmy lkzipgongmoup of from
6 to Zﬁ)icfd@fi@é)n atoms, an arylalkyl group of from7 to 40 carbon atons, an
al kyl aryl group of from8 to about 40 carbon atons, an aryl al kenyl group of
f r om 8Dtreethysilandytbis{ar[Dloethpicpotsbutal)mathyt]i4-(It megphtry e subsyli-zintanduml kyl si | yl
group, an alkyl (aryl)silyl group, and an arylsilyl group. 25. The
procesglc M8 aim 21 wherein R4 and/or R4' are selected fromthe group

consi sDim@hyl§ilaadyysis[@genpdpoidyclahe:d)nethydF2upnaihtilylP Middehpl] 2hestiuk0 car bon
atons, an al kenyl group of. from2 to about 10 carbon atonms, an aryl group
of froMroNde about 10 carbon atons, an aryl al kyl group

Dimethylsilandiylbis[2-[(1-propylcyclopentyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcycloheptyl)methyl]-4-(1-naphthyl)-1-indenyl]-zirconium
dichloride

144



WO 2010/ 077230PCT/ US2008/ 014144 of from 7 to about 20 carbon atons, an

al kyl aryl group of from&8 to about 20 carbon atoms, an arylal kenyl group of
from 8 t owaehwowwo7230car bon at ons, a substituted or unsubgcirtusc@doadihy! sily
group, an alkyl (aryl)silyl group, and an arylsilyl group. 26. The process
of claim21 wherein R4 and R4' are both hydrogen. 27. The process of claim
21 wherein Rl is RAOR41lsi =, Roe CGe=, we ,-, or - (woe c_cR4o0R41. ,

) where R4 and R41 are i-dentical or "different and each is selected “fromthe

rou ' f bout 10
o bon o g lsi Abiss-{01 B SR B AR AL ARl
aryl al kdhlagideup of from 7 to about 14 carbon atons an alkylarél PLon_Ffl
from?7 yt n at ubstit uted al kylsily
gr oup, ‘5%6‘3‘?/% ?’@ﬁw@;ﬁfﬁopa aal&octa(i? lla‘% 1-83n ylf)gfw%nyl -zirconiumg” - The

pr ocesdlichforideai m 21 wherein the bridging unit Rl is RAOR4l Si=

RAOR4I Ge=, re. R4 and R41 are identical or different and each is sel ected
fromt ﬁﬁm@‘ihmgga%ﬂéus& i(hrgropplaystobyty DmethiyH4-(rpanhyhyD-indenyl] géseeniim hexy!
heptyl qid®fdrk. nonyl, decyl, undecyl, dodecyl, cyclopentyl,
cycl opent adi enyl cyclohexyl phenyl , naphthyl benzyl , trlnethyI5|IyI and

3, 3, 3- Dimpthylsdansirlbisk?H( 1-pPWPyRYLDPEHFDERRFIIAI2AAMIGIN I-ddtienyl]-zircordin The

process; Rmﬁ aim 21 wherein the groups R' and R11' are identical or

di fferent and each is selected fromthe group consisting of a divalent
group selected fromthose given in Fornulae 1 4, y, 8, cp, and v and

For nul e V', resgectlvely wherein the asterisks "*"

and "*' lmﬁth%éﬂ?%irﬂbli[%&m&rwc&@e&yam skkd-phegyl-1-indenyl-zgiseaniymp dichloridlenot e
th h i gs WO
b010; 0 P unedy shaidbaTL aeaficyRtbe Ry IEs BKEPRRIATI A bk 0°.

wher ei dicRBridRs, R7, R8, and R9 and al so R5' R6', RT, R8' and R9' as well

" ent 1 DypoRsTHABER FLR RSB DRl %pﬁ?%l (I OBYRR st ng of a

hydrogdmhhkﬂa1 and a Ilnear cyclic or branched hydrocarbon group wth or

th ected fr m the group consisting of Si 0, S
W o %ﬁ*yla Hslsérljél'mg})'é‘i)’ﬁ pﬂ)rpgthylﬂzg-plmyl hgldepgg]-zp@murR@lchlq:Qlﬁe

R8 R@lmetﬁ§l5blarﬁf3@bxs[|37[Z1 nﬁﬂ%lcﬁ%ctmthﬁpﬁ igh&%l? lalﬁ@%gﬁgz?rcoﬁiruﬂl diefloihdual 1y

sel ected from the group consisting of arn al
Dimethylsilandiylbis[2-[(1-ethylcyclohexyl)methyl]- 4-phenyl 1 mdenyl]-z1rcomum dichloride

Dimethylsilandiylbis[2-[(1-ethylcyclopentyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcycloheptyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclononyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclooctyl)methyl]-4-phenyl-1 -indenyl]—zirconium dichloride
Dimethylsilandiylbis[2-[(1-ethylcyclobutyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclohexyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclopentyl)methyl]-4-phenyl-1 -indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcycloheptyl)methyl]-4-phenyl-1 -indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclononyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclooctyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclobutyl)methyl]-4-phenyl-1-indenyl]-zirconium dichloride
Dimethylsilandiyibis[2-[(1-propylcyclopropyl)methyl]-4-phenyl- 1 -indenyl]-zirconium dichloride
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from2 to about 20 carbon atons, an al kenyl group of from2 to about 20
carbon atons, an aryl group of from®6 to about 40 carbon atons, an

aryl al kylwgnrowp7ef3of rom 7 to about 40 carbon atons, an aChyisasoglorgnoup of
from7 to about 40 carbon atons, an nylal kenyl group of from8 to about 40
carbon atons, a substituted or unsubstituted al kylsilyl group, an

al kyl (aryGsilyl group and an arylsilyl group, and wherein two adj acent
radicals R5, R6 or R5', R6' or R6, R7 or R6', R7' or R7, R8 or R7', R8' or

B i L T L e R R S S Iy

f or m adghtaridat ed or unsat urated hydrocarbon ring system 30. The process of

claim erein.R. Ridentical or-different and R'. is a divalent group

accor dﬁ’é‘%&“ﬁ&?‘%ﬁﬁ’gm1mﬁﬁiyc‘?Pﬁn&yi)ﬂé%feyéiafff-ﬁmfvﬁﬂ)-arlefiqnéﬂtmgpwg’s in

For mul drhlo@e2010/ 077230PCT/ US2008/ 014144 1a', 13', and y', or R i and Rl
are identical or different and are selected fromthe group consisting of

~ di val ettimgthylsandivbistZi Ingethylcpelehentyl mathylid-@-naphthybr ivindenyl - gireominn 13 |

For mul @idh¥rgged ly', Formula 18 and 18', Fornmula lip and lip', and Fornula

| v and Iv', respectively. 31. The process of claim29 wherein R55,

R66, RPimetRgBilamblylRBER-H hancahyd oydRony RG:i6thy RZZ(2-RpBthydaLiddesyl]-aireondanh a

hydr og DAL m andR5, R6, R7, R8 and R9 and also R5', R6', RT, R8" and RO

are id I’lthl cal” or different and each is selected fromthe group consisting

of a hmmeggnilaﬁ@ﬂbispz-p(mﬁettmu}tmcgn)mqupsl(zlnubmﬂyl 1Ml iyl VircBhiugd VI silyl

group, .a, linear, cyclic or branched al kyl group of fromIlto about 10 carbon

at ons, dightpridg aryl group of from6 to about 40 carbon atons wherein any of

t he gr ¢y AT ) 48h 8C r gr oup

cons! sy meny ARG ALZL PR o S IR LA R 25 MP B LBy L AR PP P e

two adpigblemider adi cal s R5/ R6 and R5' /R6' form a hydrocarbon ring system or

R5 andR5' ' 1i r.different an e each supstituted or

nsbs Pt Sl B8 e SrlsebS Dy BB A Lhu B IPRS BB e 3 e
pr ocesdichforideai m 29 wherein R55, R66, R77, R88 and R99 and R55, R66, R77,
R88 and.R99' are eac hydrogen atom andR5, R6, R7, R8 and RO and RS',
R6', -Rg‘lf,“e ISﬂ%EH’dﬁEQB'QF'éyhyéféfﬁ’coihEl&D’I)B’FﬂHi]f“r@r%"}ﬂm‘é{Hdl'a}dénbé]xéﬁcql%urgel ect ed
fromt BRh@EP consi sting of a hydrogen atom a linear, cyclic or branched
al kyl l(}(riou of from1l to about 10 carbon atons, and an aryl group of from®6
t o abolimaylsdansbyibiatZolts-ethatayclanend)methyld4+@maplthpldd Ainderydli- deosiuRG, R6 and
al so Ry hod@e together forma ring system or RS and RS’ are identical or
di fferent and are each a substituted or unsubstituted aryl group of from®6
t 0 aboDimétlylsdartibylbiaf2ef{b-ethylcyclooctyBmeTHyd]-B( B aghshyd)- 1 Ghdehpl]-Zircotigmei n R301
is a linear, cyclic or branched hydrocarbon group which may optionally be
hal ogeﬂ'ﬁgg’&dﬁnd wherein R302 is selected fromthe group consisting of a
subst i DithedlyRilandhabiREL (1 eihstyslobMiylaHemim-a{2- - ircofiun@l bon at ons
and a S_UbSt.Iyt utdyor%ﬂésugﬁt iytaute )gfkenyl té&%ﬁgﬂ%% iﬁ%&%l{%ggﬁlgut 20

car bondighlegige wher ei n any of those groups may contain one or nore hetero

atonms h il B 1Y i 2 fons |ike
R G g ey fita-(01-propyyBlonbo AL TR haBRRN R ARG AR R RY

i ncl uddishlohide 13- car bon atom . WO 2010/ 077230PCT/ US2008/ 014144 34.
The proces f clai.m33 wherein R301.is . selected, fr t he oup consi sting
of an @I“Rﬁiﬁyﬁp%ﬂ?@h&%ﬁbm"fﬁ CIQBSIEWI)%thé’Q'r“b@ﬁ"aé’MW@m' e@ﬂi(‘é‘ﬁ NYRoup of
from 2dichlogideut 20 carbon atons, an aryl group of from 6 to about 20 carbon
atons, _an. arylal kyl group of from7 to about 40 carbon_atons, an al kyl aryl
group Qfm?tf‘lﬁléﬁl@“dﬂﬂb‘éﬁoﬂﬁ -Prapyleariobeptab oyl ldn(2anapbsty Dgl-indenyi-ziteaminm. t o
about ZRneagbon atons, an aryloxy group of from6 to about 20 carbon atons,
and an aryl al kenyl group of from8 to about 40 carbon atons and wherein
R302 i Pimetbylsdaridiyibisl2-[6-prapyldysiononlpoethy k(2 graphthylpfl -ihdenyl J&zitconmbout 7
car bon g elis - and that groups may contain one or nore hetero atons |like Si,

B, Al ,dlﬁ, , Nor P, and/or may contain halogen atons like F, O or Br,
with the proviso that R302 is a nono-cyclic ring which includes the
13-carbon atom. 35. The process of claim 21 wherein R30 contains

" nmore than 6 carbon atons. 36. The process of claim2l1 wherein R3 may

be chosen fromthe sanme set that desci bed R300, but R3 need not be
identical to R300, or R3 is a linear,148clic or branched hydrocarbon group
of from1l to about 20 carbon atoms, wth the proviso that R3 is not
branched in the a-position. 37. The process of claim 36 wherein R3
is selected fromthe group consisting of an al kyl group of from1l to 20
carbon atons, an al kylaryl group of from7 to about 20 carbon atons, an

al kyl al kenyl group of from3 to about 20 carbon atonms and an

. T I T ~ o T ”~ ——



42. The process of claim 21 wherein the olefins include at | east one olefin
havi ng the formula Rm CH=CH Rn wherei n' Rmand Rn can be identical or

di f f er entwendicnr7e2seach i.ndi vidual ly a hydrogen atom or a&crascesaloidiayvi ng
from1l to about 20 carbon atons, or Rmand Rn together can formone or nore
rings. 43. The process of claim21 wherein the olefins include one
or nore conpounds sel ected fromthe group consisting of ethylene,

propyl ene, 1-butene, 1-pentene, 1-hexene, 4-nethyl-|pentene or 1-octene,
styreng; )i 14 i N en | iene,

ot Pyl e e D R D e AN AR

44. A Bichbgidel net al | ocene having the general Fornula la below, Fornula |la

e M e SRR L et T "

consi stlichipridé a hydrogen atom an al kyl group of fromIto about 10 carbon
at ons, _an glk?ﬁybggoup of from1l to about 10 carbon atons, an aryl group of
f r om 6 Aethysilandipbisl2rblRropy lsxglopeany Bmgthylvi-Greapbthad)- 1-iadenyl|-zirconium

2010/ OditRRAEET/ US2008/ 014144 from 6 to about 10 carbon atons, an al kenyl
group of from2 to about 10 carbon atons, an OH group, a hal ogen atom or a
NR232 group, where R32 is an al kyl group of from1 to about 10 carbon atons

and an o f Q qQut,. 1 rhon a Rl ,and R2 may form
one or D%n%%(tkelylrgllla%lgB’sl@é[tzé[gr?g%eﬁ’yﬁcy&) © A)%%Bﬁ%ﬁ% %ﬁﬁg'iﬁf’{ig'éfm%ﬁny ifferent and
ar e sekieamadn dichioridbe group consi sting of a hydrogen atom and a |inear,
cyclic_or branched. rocarbon group optionally containing one or nore

et er o ARSI 1 oo ey BRIk (e erent Lidomdl: s, N, P,

F, O ainébnRim didhloti@e @ bri dgi ng group wherein Rl is selected from WO

2010/ 077230PCT/ US2008/ 014144 wher e R4 and R41l, even when bearing the
sane i Rimasthylsiiandiydbislddht-methyloyclabiepty Bmethylleiach-wathybplhdnybal-Indemydht ai n

het er og, w8leokgd fromthe group consisting of Si, B, A, 0, S, N P. C
and Br, and are each selected fromthe group consisting of a hydrogen atom

an al kimethysitandpibis(@- [ -owthlyldyolonboyl)m&Ayl¢-d+(Wanethyigtenylan -iadedyljgr oup of
from6 to abogl 4Q .carbon atons, a fluoroal kyl group of from1l to about 10
car bonZ 58I SISO oxy group of from 1 to about 10 carbon atoms, an

ar y| oxpirgétBylsilaatiyiBisn 6] -k 3RS ood§ ) RRIBOM-a- Rl l-?ﬂer@ll)kﬁmﬂlen 1O BorRfimf rom
2 to about 10 carbon atonms, an arylal kyl” group o rom’7 to about 40 carbon

at ons, dighlogf&y| aryl group of from 7 to about 40 carbon atoms, a substituted

or uns ' Al leglrsi Lyl 5| . 1 L silyl group,
o Snse A ey S AL i B R R
and R4dichlogde her with the atons connecting them may formone or nore cyclic

Lt S L A S

R30 hagichlogidst r uct ur e: ,
Dimethylsilandiylbis[2-[(1-ethylcycloheptyl)methyl]-4-(4-methyl-phenyl)-1-indenyl]-zirconium
dichloride |
Dimethylsilandiylbis[2-[(1-ethylcyclononyl)ymethyl]-4-(4-methyl-phenyl)-1-indenyl]-zirconium
dichloride |
Dimethylsilandiylbis[2-[(1 -ethylcyclooctyl)methyl]-4'-(4-méthyl-phenyl)- 1-indenyl]-zirconium
dichloride | |
Dimethylsilandiylbis[2-[(1 -ethylcyclobutyl)fnethyl]-4-(4-methyl-phenyl)- I-indenyl]-zirconium
dichloride :
Dimethylsilandiylbis[2-[(1-propylcyclohexyl)methyl]-4-(4-methyl-phenyl)-1-indenyl]-zirconium
dichloride
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C H:2 R301 R302 where R301 is a linear, cyclic or branched hydrocarbon
groursel ected fromthe group consisting of an alkyl group of from1l to
about 20 wearbow7aizons, an al kenyl group of from 2 to abeutr/tdGoosandien at ons,
an aryl group of from6 to about 20 carbon atons, an aryl al kyl group of
from?7 to about 40 carbon atons, an al kylaryl group of from7 to about 40
carbon atons, or an arylal kenyl group.of from8 to about 40 carbon atons,
an al koxy group of from1 to about 20 carbon atonms, an aryl oxy group of
from6 t b ed

al kyl SH@C‘“BEE%“&?@*’W REPARTRonPhy BT LS PhySp Rk
2010/02?@8@9@?ﬁhﬁ£@68/014144 aryIeryI group, wherein the groups may

cont ai r ro a S nd/ or

cont ai &l%nr@flg‘rsr@ ('IPEOPPf &y Oh‘c}?‘yg?‘ th&-(,@@p@yhg@yl\l dﬁ'%focar bon
group sehﬁﬁmﬂdumkmnkthe group consisting of a substituted or unsubstituted
al kyl group of from2 to about 20 carbon atons, and an substituted or
unsubs D ébﬂ%ndkbég]w -l F-apylsyclonemylinethy ddmetaylnbenyhr | dndamy1]-zinsanivre

gr oups digRMorigent ai n one or nore hetero atoms like Si, B, A, 0, S, Nor P
and/ or may contain halogen atons like F, C or Br, wherein R302 forns a
rronocyleethb’isﬂqldlwlblh[%ﬂﬁbp&(&)ykarpboctyamﬁ)yl] 4-(4- meﬂa@l “hbenyl heimteaylj-nigcafiuR300,
but R34 g ghot be identical to R300, or R3 is a linear, cyclic or branched
hydrocar on group whi ch optionally can contain one or nore hetero atons

sel ect ®iméthglilaruity1bis[2u[01-peopsicytiobgtyDmetiyl]-B(4- ﬁdethymph&yljanﬂacnﬁ% -zfeborimBr  or
R3 is g h@ cted fromthe group consisting of an alkyl group of from1l to '
about SENERoN atons, an al kyl al kenyl group of from 3 to about 20 carbon
at ons, Difleth isnmr bisg@t 1 d an
aIkyIar | al kenyl %ro%%ﬁg?(?®(%$§B%éygggg?ﬂﬁ%eﬁg$ggapg?l ?HﬁbnﬂPthe provi so
t hat F@Hanwuadw tsidle, is not branched in the a-position, and where R5, R6,
R7 and R8 and also R5', R6', R/ and R8' are identical or different and are
each selected fromthe group consisting of a hydrogen atom a |inear,
cyclicDmnahybhmhmﬂbmydxDo&ﬂbmnmgmeuﬂyoahaq&ubSL&huMgmpbmnmPBmhﬁhyMUted

al kyl silyl . gr UB @n al kyl (aryl)silyl group and an arylsilyl group and
mherelﬁ“%ﬁwﬁnap groups nmay contain one or nore hetero atons like Si, B
Al', 0, Dinethly®ilarddiylBiB2-( 1-8let cfpRhE e/l L Br, and
further mhgyern aéjagzﬁt ra |caF§£§§) h%kng%SQ%gagﬁlﬂﬁﬁﬂzélgﬁﬁﬂg | so RS’
R6' or zipgoniunRdichigridr7' | R8' in each case may form a hydrocarbon ring

and o Dimelpysigiv g @Fhﬁk@%’é@e?@ﬁ{eﬁﬁ‘ﬂ?f PSR T efuscn

sel ect edcdniwmdichkrige oup consrstrng of a hydrogen atom a linear, cyclic or

branched dr ocat hon up..sel ect r of. t o about
D R AR S RS A0t Tbetly Lot 0 20t
aryl grieetpiumh dichRwdé to about 40 carbon atons, an arylal kyl group of :from?7
to about 40 carbon atons, ylaryl group of from?7 to about 40 carbon
at-oms, Dapethyksilandiodbigl2- [élr-mrﬂwéqyd%ml)@qﬂaylh%bé dimethyl-phenybtloingenyll-
substlgg@ﬁgnpawugﬁgbstltuted al kyl'silyl group, an alkyl (aryl)silyl group
and an arylsilyl WD 2010/ 077230PCT/ US2008/ 014144 gr oup, andwherein those
gr oups Dmaszthszl@rharalmbxo[ﬂe[( bethyisyelohextybnuetiat b3 5idimetByl-pligny ¢ 1-indeny®]- N or P,
and/ or ﬁbnﬁhalern atons like F, O or Br, and further wherein

adjaceﬁlc R6 or R6, R7 or R7, R8 and also RS, R6' or R6', R7

or RT, Dﬂﬂethylﬂllaiﬂl@hble[aqel Blhylc&@lbﬁérﬂylbrh%?ﬂalﬂ@@idfrnidﬂ@l%}'réﬁﬁffl indenyl]- 46. The

netallocene of g a|n145 wherein the linear, cyclic or branched hydr ocar bon
gr oupsZEtum dicB8der nore hetero at ons sel ected from the group consi sting

of SI Dﬁnet Isildhdi PethFlcySoh@fgl)Rbth Ojdr?ﬁyt EnyiRflifRhy RS, R6 or

R6, @761 ﬁrrlsﬂya[(sg gcy R%ﬁlﬂ) R%ﬁmd{? ‘%EI}'%R%J??H eailll case may

fornraﬂﬁymﬂo%éwbbndﬁrng system 47. The netallocene of claim 44,

ai 1 or Doty SR R ERGBh R e s BBy ook S cgen

at om ansmbsmdmhmadeor unsubstituted al kylsilyl or arylsilyl group, a

| inear, cyclic or branched al kyl group of from1 to about 10 carbon atons,
and an aryl group of from6 to about 40 carbon atons and wherein the

adj acent radicals R5, R6 and also R5', R6' nay forma saturated or
unsat ur at ed hydrocarbon ring system 148 48. The netal |l ocene of claim
44, wherein R6, R7, R8 and also R6', R7' and R8' are identical or different
and are each selected fromthe group consisting of a hydrogen atom a

| i near, cyclic or branched hydrocarbon group selected froman al kyl group
of from1l to about 10 carbon atons, an al kenyl group of from2 to about 10
carbon atons, an aryl group of fron16 to about 20 carbon atons ~an
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WO 2010/ 077230PCT/ US2008/ 014144 49. The netal |l ocene of clai m 48,
wherein the linear, cyclic or branched hydrocarbon groups may contain one
or nore hwoenm/arosns selected fromthe group consi stingpPafi/tSegosBi4144 , 0, S,
N, P, F, d and Br. 50. The netallocene of claim44, wherein R6, R7
and R8 and also R6', RT and R8' are identical or different and are each are
sel ected fromthe group consisting of a hydrogen atom a substituted or
unsubstituted al kylsilyl, an arylsilyl group, a linear, cyclic or branched

oL DR Sl M- R8O 2L A b A h S o &

heterozm;tcmlmndxehbcnﬂed fromthe group consisting of Si, BB A, 0, S 'N P,

I T Ny N MR MK C AR e My

carbonzﬁ&@mﬁndwhmnde 51. The netall ocene of claim44, wherein R6, R7 and R8
and al so RE' R8' are identical or different and are each are

sel ect Qﬂn?thﬂml%thyllyﬁ[adbl-etsmlcyt:lphwé)meéhm}]ﬁ{%é@nn@tbmhphe@yl)Tlni@dmyl]cyc| ic or
brancheg. bk bicHi: of from1l to about 10 carbon atons, and an aryl group
of fromo6 to COS?HQO carbon atons, and where R5 and R5' are identical or
differ Emtlethyldllzmde/llas{alr[(1-prcmg]cgclbpdltffll)memylh@(gﬁ-dhpethplﬁﬂiesyi)ngindénym]apht hyl ,
4- (CI-Cn}alnidgﬁﬁeag 4- (C6- C20- aryl ) phenyl such as 4-nethyl - phenyl,

4- bi héWVP“‘ S phenyl 4-n-propyl - phenyl, 4-isopropyl -phenyl, 4-
tert- buﬁméthplbmlylblé[zs[eppww&c1@h@51y1Pmetﬂqumcdacsh&melrm@ﬁsmh)- -indenyl]-
4-trimet hyl silyl-phenyl, 4- adamantyl - phenyl

4- ( C1- 1MUYy BicBIRridy | ) - phenyl , 3- (Cl1- C10-al kyl ) - phenyl ,

3- (Cl 5119&11 eﬂaeﬁl b- ! | 19 A

2 s Sy enad LB b R S B Y

3, 5- d|2¢@mumn@whbudoalkyl) phenyl 3,5- dl(trlfluoronethyl) phenyl ,

215 DR AR R B OBt R TRAM e

consi skirdo@ium dichloride

D et hyl si | andi y| bi.s[ 24( 1- met hyl cycl ohexypnet h tert-butyl phenyl)-1-in-
denyl Fﬁgm@hﬂp%ﬂ%a’l@ﬁdﬂ( H@pylcyclobgtyl)methy}/]& -3,5 )cqm]methyl(phenyl) 1 mXenF))'l]- y1)-

D nmet hy}&inl@dngichlopis[ 2- [ (1- met hyl cycl opent ypnet hy1] - 4- (tert but yl phenyl) - 1-
i ndenyl F zirconi um di chl ori de

Di met hipiméthesithngl ybbis224(-propylspylopsepl Dme hyli4); (3et- dlylie]th)tl-p@ibmrl)-l podeplyheny1) - 1
- i ndeny, &nnﬁﬁéﬁﬁ@hﬁg]d'Chlor'de WD 2010/ 077230PCT/ US2008/ 014144

D net hyl's [a s[2-[( 1 -propylcyclononyQOrethyl]-44 1 -naphthyl)- 1
-|ndenylF2|rcon|un1d|chlor|de Di nethyIS|Iand|be|s[2 [( 1

- propylcycl oocty thyl]-4-(1-napht hyl)- -|nden i conlun1d|chlor|de
Di et hb‘%?tkﬁﬁ&@%ﬁi} %‘?‘eﬂl&-}%%&i}ﬁethﬂidt@ﬂ Eﬁﬁy{ -pheny D= Inindeaily) ) - 1
-indenyﬁ&ﬁﬂhﬁggﬂkﬂa@dichloride D nethylsilandiylbi s[2-[( 1

- propyl cycl opr opyl ) f ]-4-(1-naphthyl)- 1 -|ndenyl|-Z|rcon|un1d|chlor|de
D et hpprgq:thgﬁxdﬁng}yﬂhls@[[g pv@th]ylcyclopentyl)methyl]—4 -(4-trimethylsilyl-phenyl)-1-indenyl]-

- et hy I, iget hy1] - 4- phenyl - 1-i ndenyl Fzi r coni um di chl ori de

o1 et e R GHOBBE 5

- et hy Dyehyisémtiplbiste oy i phlnity bty it ey Frimankytslybptieh)-biadieyl]-

D neth.IS|lang K s[2-[( 1 -nethylcycl oheptyl)nethyl]-4-phenyl- 1
-inden%ﬁT’EV? ISPOTIAE di chl or i de Di met hyl sil andiyl bi s[24( 1 °

- met hy Déigth @lwiy)tsrs[tztwﬂ-hreﬂwwyewylbnﬂnmaﬁﬂwl(hﬂm@ﬁ@muyrrpﬂar@blpmd@l@yl]

Di nethyIS|Iand| |bIS[2-[(

- met hy Figspaiuspichigride hy 1] - 4- phenyl 1-indenyl]-zirconiumdichloride

Di net h [ier. - 1. )
et hy | B e R g Dmps U iRl nden
Di nethmh&mhanﬂpwbbds[z [( 1

o YGRS ATE Y rcP BRI AT i Shach -
-ethylzy@mnme&bmbhdethyl] 4- phenyl 1-indenyl | -zirconiumdichloride
D nethylsilandiylbis[2-[( 1

- et hyl cycl ononyl ) net hy1l] - 4- phenyl - 1-i ndenyl ] - zi rconi um di chl ori de
D nethylsilandiylbis[2-]( 1

- et hyl cycl ooct yl ) met hy1] - 4- phenyl - 1- i Henyl Fzi r coni um di chl ori de

D net hyl sil andi yl bi s[24( 1 :

- et hyl cycl obut yl ) met hy1] - 4- phenyl - 1-i ndenyl Fzi rconi um di chl ori de

D nethylsilandiylbi s[2-[( 1

- propyl cycl ohexyl ) met hyl] - 4- phenyl - 1-i ndenyl Fzi r coni um di chl ori de
D nethylsilandiylbis[2-[( 1
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WD 2010/ 077230PCT/ US2008/ 014144 Di net hyl si |l andi yl bi s[ 2 di chl ori de

D met hyl si | andi yl bi s[2 dichloride D nethylsilandiylbis[2 dichloride -[( 1

- propyl cywbaoowogidsmet hy 1] - 4- (2- napht hyl ) - 1- i ndenyl Fzi r eomiusaoosjof4124
-propylc yc | obutyl)methyl]-4-(2-naphthyl)- 1 -indenyli-zirconium-[( 1

- propyl cycl opropyl ) net hyl] - 4- (2- naphthyl)- 1 -indenyl Fzirconium WO

2010/ 077230PCT/ US2008/ 014144

Di net hyl si | andi yl bi s[ 24(1- propyl cycl opent ypnet hyl ] - 4- (4- net hyl - pheny1)-1-in

denyl Fpzi i hisihlior.d _4-(d-tri ilvl- -1-i -

D1 ot e T 819ty opanty et 4 (- trimethyjsiyl-phenyle indemll )1
ndeny! Pr@pﬂ@bﬁﬁcﬁlﬁrlae chloride .
e | AR ARl ST it R ABM G Sh ARSI A TR i bR lae Y D) - 1
Di et hzitenluandickhlobils| 24( 1- pr opyl cycl ooctyl ) met hyl ] - 4- (4- met hyl - phenyl)-1-in

%‘e%{ rF] %‘ﬁ%ﬁﬁﬁgﬁ%%‘ﬁgﬁ1}%@byﬂﬁmw@&emgrbﬁmwbylsml(nbsﬂﬂé-wndwany 1)-1-in

denyl ] zizdohi@ididhlogli€ hl or i de
Di net hyl si | andi y| bi s[ 24( 1- pr opyl cycl opr opypnet hyl ] - 4- (4- net hyl - phenyl)-1-in
denyl Fﬁgn?tb)dﬂiqyﬁy&lﬂ%[ﬂrq:thg]cyclooctyl)metil)\yl]-4-§-trimethylsilyl-phenyl)- 1-indenyl)-

D met hylshlangienbRis( 2- [ (1-met hyl cycl ohexypnet hyl ] - 4- (3, 5- di met hyl - pheny1) -
1-indenyl F zirconiumdi chl ori de

Di met hinsithlsithingllybtis[p Faic dthytey ¢iybutyigietheidy@reinteytiylsigi-pReri )i -riehytl-- pheny 1) -
1-1i ndeznlcl F. zir.Cc ni.itilm di chl ori de _

D net hy SMUh F@PB %[ 24( 1- net hyl cycl ohept ypnet hyl ] - 4- ( 3, 5- di met hyl - phenyl ) -
1- i ndeDithdthylbila@@iy18isTRgi IC lcg@ohexyl)methyl]-4-(4-trimethylsilyl-ph -1-i -

Di net hy si ,I)gn]die%lilyhi i[%ggl(lbfj??r%t ﬂ??ceﬁ)gn&gﬁ et i igilyl-phenyD-indemyll. | eny1) -
1- i ndefiipenim eptids di chi ori de

D et huglidhyd il B 1D 261 o BEL Db SR ARG YRR it barsfish gl L M Laypreny D) - 1

-indenyl i zi'rconi Um
Di net haitconiuandiclbbds| 24( 1- et hyl cycl ohexyl ) nmet hy1] - 4- ( 3, 5- di net hyl - pheny1) - 1

o PO S BIG: S Rt by g A bneny )
1- i ndegigcbhiunzdititloridesm di chl ori de '
Dimethylsilandiylbis[2-[(1-propylcyclononyl)methyl]-4-(4-trimethylsilyl-phenyl)-1-indenyl]-
zirconium dichloride .
Dimethylsilandiylbis[2-[(1-propyl-cyclooctyl)methyl]-4-(4-trimethylsilyl-phenyl)-1-indenyl] -
zirconium dichloride
Dimethylsilandiylbis[2-[(1-propylcyclobutyl)methyl]-4-(4-trimethylsilyl-phenyl)- 1 -indenyl]-
zirconium dichloride
Dimethylsilandiylbis[2-[(1 -propylcyclopropyl)methyl]-4-(4-trimethylsilyl-phenyl)- 1-indenyl}-

zirconium dichloride

‘Dimethylsilandiylbis[2-[(1 -methylcyclohexy-l)methyl]-4-(4-ethyl-phenyl)- 1-indenyl]-zirconium
dichloride '

Dimethylsilandiylbis[2-[(1-methylcyclopentyl)methyl]-4-(4-ethyl-phenyl)- 1 -indenyl]-zirconium
dichloride

Dimethylsilandiylbis[2-[(1-methylcycloheptyl)methyl]-4-(4-ethyl-phenyl)- 1-indenyl[-zirconium
dichloride
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D net hyl si | andi yl bi é[ 2-[( 1 -ethylcycl oheptyl)nethyl]-4-(3,5-di _
met hyl - phenyl)- 1 -indenyl]- zirconiumdichloride D met hyl si | andi yl bi s[24(1
a_et Elyl cygNong;wmzﬁﬁf h_yll] - 3_— ( |3b5 di [nzet h%’l( - ghenyl )- 1 -inagemyukpoosmi4igoni um
i chloride met hyl si |l andi yl bi s - _ _ _
;j_et Elyl c_ygl 00D|pty|t¥1nFt _hlyl] d4I(g SEgi m[eE h;lll -phenyl)- 1 -indenyl]- zirconium
ichloride D ne si | andi i s[2-
-et hyl cycl obut yl ))r/ret hy1] -_4¥(3_, 5-di et hyl - phenyl)- 1 -indenyl]- zirconium
di chl omigleth PsTradnibisit R1Hethyid & drond ymdiny LAY AreRAX Y Likgsly VoHoo b
, 5-di net hyl - phenyl )-" 1 -indéenyl]- zirconiumdichloride
Direth;&‘lcﬁﬁéﬁdiﬁzl bis[z-?[(_l -propyl c " .
ycl opemy; o3y P- - T4t dind -1 _ .
T N R v A U
pnet hy dichrif8, 5- di met hyl - phenyl)- 1 -indenyl]- zirconium dichloride
Di net hyl.si‘l andi yl bi.s[ 2- ~ . L
- pr'opyﬂd?%*‘glﬁgﬂéﬁ'%f%ﬂé&‘y %’3f’@hﬁ’fyr%‘ﬂ%Wll'ﬁﬁ-‘é‘ﬁw5'l’h%‘yl)i'hH@ﬁ?yll]'er‘iqm‘éBni um
di chl odicHerige net hyl si l andi yl bis[2- [( 1 S _
-propyl cycl ooct ypnet hyl L 4- (3, 5-di met hyl - phenyl ) - 1 -indenyl| zirconium
di chl oPiethpsiandrybisi2t[ahethylctrlopentylhmethy Brioidydthylybenyi yihdanpt]rppcpriam( 3
5-di hligphenyl ) - 1 -indenyl]- zirconiumdichloride
Di met ﬂ?‘f“s‘?"f‘gﬁdm bis[2- [( 1 -
;j pr ﬁloy ngycihyi_pidaoqtd%]ygblrie[?zr[gﬁgtihgkfcgialg?ezlﬂyl[l)t(ﬁbﬁinyl]Ap(hwWI)pheﬂ,yl)-il nd@mym]zircaﬁinﬁp ni um
i chl or,i Di met hyl s - . .
- met hyfhcggl??flg]?‘lexypnet hyl] -4- (4-trinethylsilyl-phenyl)- 1 -indenyl]-
zi r conDixtHyIsinaryiliste 20 methb &bh&ﬂd}rﬂétl@l}ifl:{me{h(yl-ﬁheny])-l-indenyl]-zirconium
-nmet hyl cycl opentypnet hyl] -4-(4-trinethylsi |yl-phenyl)- 1
- ndenQHCKIQFIQ‘?:oni um di chl ori de Di methyl silandiylbis[2- [( 1 "
- met hy by hyid =L Ll Si_ r =1 1 ndenyi] -
e DA BB A TR S GO nad DA
- met hyHighleridaiony! ) met hyl ] - 4- (4-trinet hyl sil yl - phenyl )-ﬁ _|-| ndenyl ] -
Zi rconpu i.chl grid L et hyl si | andi b's%- - et hyl cye | )
B AL Ak
I chl odichlerid¥ ne Sl I _ - : -
-et hyl ¢ycl lg)lt]e,xyl ))r/ret hyII]Z- 4¥(4-tri met hyl si léﬁ_l -phenyl)- 1 -indenylJzirconium
di chi oPiehy silsngtylles It barspriey elabopbms il (4-ethyl-phenyl)-1-indenyl]-Zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcyclopentyl)methyl]-4-(4-ethyl-phenyl)- 1 -indenyl]-zirconium
dichloride '
Dimethylsilandiylbis[2- [1-propylcycloheptyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcyclononyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl]-zirconium
dichloride ,
Dimethylsilandiylbis[2-[(1-propylcyclooctyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl]-zirconium
dichloride
Dimethylsilandiylbis[2-[(1-propylcyclobutyl)methyl]-4-(4-ethyl-phenyl)-1-indenyl]-zirconium
dichloride |
Dimethylsilandiylbis[2-[(1-propylcyclopropyl)methyl}-4-(4-ethyl-phenyl)-1-indenyl]-zirconium
dichloride '
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D nethylsilandiylbis[2- [( 1 -nethylcyc 1

ohexyl ) met hy1] - 4- (4- et hyl - phenyl)- 1 -indenyl Fzirconium di chl oride

Di net hyl swoantvosiisns[ 2- [( 1 -nethylcyc | PCT/US2008/014144
opentypmet hyl] - 4- (4- et hyl - phenyl)- 1 -indenyl]-zirconiumdichloride

D nethylsilandiylbis[2- [( 1 -nethylcyc 1

oheptyl ) net hyl] - 4- (4-et hyl -phenyl)- 1 -indenyl [-zirconiumdichloride WO
2010/ 077230PCT/ US2008/ 014144 WD 2010/ 077230PCT/ US2008/ 014144

)D' TE;[ 2 éﬁllﬁ:l{h?ﬂﬂét?’drl)?gﬁ#fﬁ% ﬂﬁ;l f]y.J‘ 810x§n y?f(n%nhﬁ] X %tl;]dyll)ﬁeny tlemdenyLﬁ-yl phenyl
Di met hylreoriandichlavids| 2- [ ( 5- et hyI 1 3-di oxan-5-yl ) net hyl] -4-(tert-butyl pheny

%) rrétlh q@%{fﬁ&mﬁ Qﬁgﬁgﬂf" 6%¥§ W%% YhmethyY-te{testdrotehraner ipdqdl- (tert - but

yl phenyikdontum divh@smde Fzi r coni um di chl ori de
Di net hyl si | andi y| bi S{?d[é&éz 2,-dimetyhl-5-ethyl -1, 3-di oxan-5-yOret hyl ] -4-(te

r t - but YAippélsiandiylbis JS}trxmqtadﬁm?umommMydmne@yl]-4 ~(tert-butylphenyl)-1-
D| met hyA H@Qgé&gu%%[c%d)gﬁ% net hyl - oxetan-3-yl ) methyl]-4-(tert-butyl phenyl)-

i ndeny zirconli um ori de
D| rret hy}lmeﬂha}sdar;dl)ubs[ﬂ[@ zsdmteltmil—Seetleylalm-aroykhﬁ-lﬁgtlhiydtllxyl]ﬂ-4((teeﬂ’-l5mjdph¢ﬂyn))hBny -1

-i nden Zirconi um | ori de Di net hyl silandiyl bis[2-[(1-methylcycl ohex-3
-en-| -Mﬂ)ﬂiﬂﬁonﬁu?’g@ W&t yl pheny1) - 1-i ndenyl ] - zi rconi um di chl ori de and

Di net hYJlﬁnbdhgmﬂaﬁdlﬁbi@&Z[(ﬁMeﬂgmxbﬁmmmﬁahﬁjJar(telrr hémhi t4ndehgnd - butyl phen

y1)-1-indenyl]- zirconiumdichloride, as well as the anal ogous
zi r conriisafiddilaridsnpounds and zir coni um bi phenol ates and

ol cf i o SRR B2 Bl PO SRR or buyiohebf)- LB ESReckfim i g
from 2 dichlagideut 20 car bon at ons under ol efl n pol ymerisation reacti on
S LS R s QR e e S R R S A el

i ncl udeirgsrndny dRhkrRIedh®r et hyl ene. 55. The process of cI a| m 53
-wherein the olefins include at | east one olefin having the fornula

Rm CH=Bimeshy lwitandaylhisRnt(bsthy|ayclohexd-epel -y rasihy U (test-batyphend i -indetyHr e each

i ndi vi QH@ddanalclgydii{dggen atomor a radical having from1l to about 20 carbon
atonms, or 1r and le together can formone or nore rings. WO
2010/ 0 25 98l pCrhe 98210 g@ls(zj_mq_ni4md_1methyl—compounds and zirconium-biphenolates and

zirconium-bisphenolates of each of the above.

53. A process for olefin polymerisation comprising contacting one or more olefinseach
having from 2 to about 20 carbon atoms under olefin polymerisation reaction conditions with a

catalyst system including a bridged metallocene component according to claim44.
54. The process of claim 53 wherein the olefins include propylene and/or ethylene.
55. The process of claim 53 wherein the olefins include at least one olefin having the
formula R™-CH=CH-R" wherein R™ and R" can be identical or different and are each

individﬁally a hydrogen atom or a radical having from 1 to about 20 carbon aoms, or R™ and R"

together can form one or more rings.
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56. The process of claim53 wherein the olefins include one or nore
conpounds selected fromthe group consisting of ethylene, propylene,

1- but ene,wb-2psni7erse, 1- hexene, 4-nethyl-Ipentene or 1-oeCEsomsoysiene,

1, 3- but adi ene, 1, 4- hexadi ene, vinyl norbornene, norbornadi ene,

et hyl nor bor nadi ene, norbonene, tetracycl ododecene and net hyl nor bonene.

57. A process for olefin polynerisation conprising contacting one or nore
ol efins each having from2 to about 20 carbon atons under ol efin

pol ymer i sat k@rryfe LO8F GARFYF WRRin ég'leﬁnscﬁ*,l%!défﬁé §¥mbRBo %h”{ﬁ&%c
bri dged netal | ocene conponent accor I'n C )

of cl aiftenttiic groapebnsisting ofletfylems, pmpj'lanbe 1ty bpmtaru;l/ldlexmehgr-lnmnlwl-l-
59. The cess f cIa|n1 erein t ol.efins include at |east one ol efin
avi ng PERER S ReneraiPtat- g BAHRRT Jr Rt Ehe Vo BSTRODENS derEr el

di ffer eﬁtylmmn@rd@ne@fdabd)rﬂaue\;tdmaydlyd@ewﬁraagmtmﬁxffb@he@e radi cal haVI ng
from1l to about 20 carbon atons, or Rmand R' together can formone or nore
ri ngs. 60. The process of claim57 wherein the ol efins include one or
mor e COWPOUWSA?@c@s%tt&dolteﬁﬁ’Bblglﬂl%rlga[tf?)‘rmoﬁlﬁm&h kbﬁ&gctmg Sl ¥ hRIRE oleBRORAhENe,

1- but ene, 1-pentene, 1-hexene; 4-nethyl-Ipentene or "1-octene, styrene,

1, 3- buﬂiaﬁn@ﬁem 21t0zabhetx?é)cham atmnnymdm Dbfﬁnmnb’mamaﬁummdcbtmm&ondltlons with a

ethyl n%&?@gﬁ%@& incill EE g%‘?’lﬂgéd Ltf18& %lcggggge%?accorcﬂng FE h¥n por bonene.

rocess

58. The process of claim 57 wherein the olefins include propylene and/or ethylene.

59. The process of claim 57 wherein the olefins include at least one olefin having the
formula R"-CH=CH-R" wherein R™ and R" can be identical or different and are each
individually a hydrogen atom or a radical having from 1 to about 20 carbon atoms, or R" and R"

together can form one or more rings.

60. The process of claim 57 wherein the olefins include one or more compounds selected
from the group consisting of ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1--
pentene or 1-octene, styrene, 1,3-butadiene, 1,4-hexadiene, vinylnorbornene, norbornadiene,

ethylnorbornadiene, norbornene, tetracyclododecene and methylnorbornene. |
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