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relates to novel transitiont nmetal conpounds and to
processes to polynerize or oligonerize unsaturated
nmononers using these transition netal conpounds and
pol ymers or oligonmers produced therefrom Background

of tOBEFIN ®OLYMERDOOPIONTADAL VSTOSESTEM AND PROCESS
catal ysts exist for tgiagiﬁﬁgﬁ_ nerization or
copol yneri zation of u Kers, particularly

the polynerization of olefins. For many applications,
it |s deS|rabIe for a polyolefin to have a high
onolecular wei ght while having a
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[0003] US 6,051,522 describes bridged chiral metallocenes as catalysts
useful for olefin polymerization. W02002/01745, US 2002/0004575A1,
W02002/083753A1, and US 6,525,157 disclose processes for the preparation of a

propylene/ethylene copolymer containing tacticity within the propylene sequences

using the chiral metallocene rac-Me;Si(1-indenyl),HfMe; and an ionizing
activator. US 6,057,408 discloses a process for the preparation of high molecular
weight propylene/ethylene copolymers with high crystallinity in the propylene

sequences using chiral bis-indenyl metallocenes. The catalyst that yielded the



2 hi ghest nol ecul ar wei ght copol yner was
rac- Me2Si (2- Me-4- (1-napthyl)-1- indenyl) 2ZrCl2.
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obtained were ca. 60 Kg/mol and polymer melting points were 144.8-147 °C.

These molecular weights were lower than the analogous complex with H in the 5
and 6 positions , rac -Me,Si(2-Me-1-indenyl)Zr(1,4-diphenylbutadiene), Mw = 79
Kg/mol. Similar results observed in ethylene/octene polymerizations with these
two catalysts. No H,-free solution polymerizations were reported. Supported
catalysts were also examined in this patent, however broad molecular weight

distributions (> 3.5) make comparisons between catalysts difficult. These results



di stributions (> 3.5) make conpari sons between

catal ysts difficult. These results WO 2006/ 010139
WwWEON6I08A6D5/ 024708 3 indicate that a nol ecul apCeRZE/024708

advantage is not expected Bor catalysts with |arge

groups in the 5 and 6 positions. Thus, no neani ngf ul
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disdid s @5t PRloYeTRIal weigho advahtage isexm expdcted for catalysts with large
met hyl al unoxane and, di net hyl sily
bigEquPs fethgy| ang 6gt(qsg1(o|n§m§£1m no meamngful increase in polymer

défgdé&tﬂgdrg}ae C@f &b 5‘5@ BYd }ozthés%gﬂé\}{&ﬂscguﬁgl grdgle and al so

ta|n|n eny econpounsvmth
afoadéqt ed sIROPOOWIOETR4 disgsses holmerration®2DEhe O&D7 24

?°es %Bgéa%' PaciRtsiE writred Lo REa T o ar
&@1&%&&#@3&%&16&& ﬁﬁihls&dé%&ﬁﬂé%l RethiBAshy]

|ng I gh | ecul ar wei ght as well as good
c n)ﬂmcammnndwlﬂpamfuéatabw npﬂnémmdelmnﬁt hwerO 2004/050724

585 Bt obabaaT R utubh S Je B
pg @0ty at i on ’I‘Bﬁs tHeRy is @Qﬁ@d §P@6 iaR %0 Prov{d®-catalyst systems that can
5-di -t-butyl phenyl)-5,5,8,8-tetranmet hyl -5,6, 7, 8-tet

r @F\‘W‘ﬂ WREs hayias dygh mo I@-gﬁllﬁq wieiehi aspyedt asggood crystallinity

f%”@'é’%f%%é{b tlﬂ%’% % t%r)e Zir ﬁ?éﬁﬁnﬁ%ﬁg gﬁ%lobr[tl %@,& !

b|p3és2b1(34 t- butyl phenyl ) 5 5, 8, 8- . .

g?tg(gﬂasgflt g)e” %@4@? g%%g s gfloggs t{leo grgga%rgtflgr{ gfd uenl?)}[ild)gecl1 gpfegfeg g}s(Z—
I Let-5ANB

3%’)& dr%ggﬂ llgheﬁ?d? c5 ?n?gr%@ttr dic h%lct?rldﬁ 3? %ﬁ@%@?@s‘%d ?9 o

pihafhice dirhiqridechie(2p@] 5 diet-butypdeod) 5,68 fetetmur kA HekS of

T M NN N e
2)tetm%iet1&§fi566 #@Qet%a‘}&zdrcﬁt)@ﬂz(ﬁlnde ) Bath3®n 88Kloride, and bis(2-(4-t-
parti cul ar 38 exanples 8 and 9 [0010] Furt her t here

| éauaflpi@enl)ﬁ ﬁéetgamethid -p0.03%r 18 alyideabeng Hindeay ) rBeRmEwn
PR SRS EP 4,89 KRGS, AR Mgt ooul o

sqbeugjon pr @Iﬁa&e&rericeé(@ﬁlm&east noRide: 1)U$6)084022 nphitieularly

pgerBles Tad) TS Taeaiarh RICOLD SRERBIoG 3 S G Qe and 4

R P e T he pr opyl ene

cq0ekt r at i durther, theee fearbed : the ertdo provide processes to produce
propylene based polymers having higher molecular weights at higher
temperatures, preferably in solution processes. Likewise, there is a need in the art
to provide processes to produce propylene based polymers having higher
molecular weights at higher temperatures in solution processes using a non-

coordinating anion activator, where the propylene concentration in the feed is

lower.



WD 2006/ 010139 PCT/ US2005/ 024708 4 Summary of the
I nvention [00111 This invention relates to a
wo c@a®idiBon et al catal yst conpound represent BAI/D§20051624708
formula 1: R RR R7 5 R (R)b8 (Ra R I-. RB R
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R2 where Mis a transition netal selected from group
4 Semmary ofidheiInviintionabl e; WD 2006/ 010139
PCT/ US2005/ 024708 5 each Rl is independently sel ected
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M is a transition metal selected from group 4 of the periodic table;



i nked; each R2 is independently selected fromthe

group consisting of nethyl, ethyl, propyl, butyl,
w@eobplai3hexyl and the isoners thereof, provi dedr/URzD5/024708

when R3 and R6 and or R12 and R15 forma 5 carbon

ring, then each R2 is independently selected fromthe

group consisting of ethyl, propyl, butyl, pentyl,

hexyl and the isomers thereof; R3 is carbon or
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glstitutag Bydseearbyjand &unstipnal grew ﬁ%%@tg«odwmay be
on;fefunctional group, R4 and RS may be bound
together to forma ring, and R5 and R3 may be bound
t agelt R8is mdepehdasnnyaeremg from ihs g&)upik;onsmtn& oﬂ-?ﬁeﬂqyl ethyl,
carbon .or sili o 4 . and nd toget;her
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hydrogen, nethyl, —ethyl, propyl, butyl ntyl exy
arfibrn Hee groemreensisting oéethyl, proppl, Batyl, peniyl élpeyidmdtﬂhqasomers
%ectfed fromthe group consisting of hydrogen,
hs &arbyl, substituted hydrocarbyl and a functiona

gqéqpcmﬁﬁﬂofmﬁc&y groups may be |inked together to
forma ring, and R8 may be |inked together to form

R'1p hydrogen, élﬁ@romréylnﬁgb% tad hykdeagarbyl et # Bmctional graywpa
rlqgo BQ)Qnd R11 may be linked together to forma
ring; Cis 0,1 or 2; RIO is -M(R16)h- where M2 is B,
AIR 1NhydRpgé$1 hydro@bylhsubstmltedl hydegearbyt oparfihctiona? groupuR‘hand

e val ence of is filled, sa R16 is_h
hyireea eo'gﬁrunﬁéagf‘&qrmﬁ/?%@ alﬁ%%@% s&wﬁj Ro ey bR R Bgiher o
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each R® is independently selected from the group consisting of hydrogen, methyl,
ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof;
each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R’ groups
may be linked together to form a ring, R’ and R® may be linked together to form a
ring, R’ and R'° may be linked together to form a ring, R’ and R' may be linked
together to form aring;
cis 0,1 or2;
R"Yis —MZ(Rlé)h- where M?is B, AL, N, P, Si or Ge, h is an integer from 1 to 2,
such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, and two R'® groups may be linked together to
form a ring;
dis0,1,or2;
each R'! is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R!! groups



may be |inked together to forma ring, and RI1 and R8

may be |inked together to forma ring, and Rl1 and
wRi@eowi3be |inked together to forma ring; e PCT/0S2005/024708

or 2; where the sumof c, o8 and e is 1, 2 or 3; RI12

I's carbon or silicon; R13 is hydrogen, hydrocarbyl,

substituted hydrocarbyl or a functional group, and

R13 and R14 maybe bound together to forma ring, and

RigayatirfREa t6@yhdb €0 Retring, a8€ RN dRS thay 8 Iankiet Aggether to
when g is 0; t,is 0,,1, or 2; Rl4 is hydrogen,
hyfema e aingyand R uigad R (mayibljeled degabhar toFors st i onal

ar ouRy 1a511d2, R14 and R12 maybe bound together to forma
ring, 'when’f is 0; gis 0, 1, or 2; and R15 is carbon
orwlsdré ihe@tin qfropudj ahdck ishak ot 8; t he two R1 groups are
l'inked, then they do not forma butadiene group when
MR s 1sgarbonay $81€Ohi s i nvention further relates to a
prge IR
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relates to a new cl.ass of catalyst conpounds that may
b O%Wit‘?lgw"\/\?’?ﬂg’mn&mﬁore activators to polynerize
anyisngadry;ated  nmonomer. [0014] For the purposes of
this invention and the claims thereto when a polyner

i R eflsidreggns ydsecagvipubsiithigd hydropmshdror atfiectiopalgrewp, and
prgs L I ' ' form of the
rmlﬁogrr@&rR ﬂgéyﬁ%%&%&?@gg%%éﬁ%?%aﬁgﬂg %iéﬁ??%n and the

cl g 1t be2;eind when a polyner is referred to as

conprising an__olefin, the olefin present in the

pdty Fefrhadl arsHiceB) yneri zed form of the olefin. In the
q S e 10 _
O Pk P Bk TR S Qo R T ke putadigne
prezeupawvbdnyNltis Zonpound, a transition netal conplex or a
cat al yst compound, and these terns are used

i nterchangeably. A catalyst systemis WO 2006/ 010139

PG801352005/ O@flY ffentfon further relates to a process to polymerize

unsaturated monomers using the above compositions, optionally combined with an

activator.
Detailed Description
[0013] This invention relates to a new class of catalyst compounds that

may be combined with one or more activators to polymerize any unsaturated
monomer.

[0014] For the purposes of this invention and the claims thereto when a
polymer is referred to as comprising a monomer, the monomer present in the
polymer is the polymerized form of the monomer. For the purposes of this
invention and the claims thereto when a polymer is referred to as comprising an
olefin, the olefin present in the polymer is the polymerized form of the olefin. In
the description herein the transition metal catalyst compound may be described as
a catalyst precursor, a pre-catalyst compound, a transition metal complex or a

catalyst compound, and these terms are used interchangeably. A catalyst system is



a conbination of a transition netal catalyst conpound
and an activator. An activator is also

wo paoentiangeably referred to as a cocatal yst. PET/US2005/024708

addition, a reactor is any’7container(s) in which a

chem cal reaction occurs. [0015] As used herein, the
nunbering schenme for the Periodic Table Goups is the
new notation as set out in CHEM CAL AND ENG NEERI NG
NEV&mbifa{on)of adrankilion metal[cBRLS] conusdubie and af ag@ivapes as

of this invention Me is nmethyl, Ph is Phen I, _Et is
etasfivatoris ajse lpﬁe@bwlgeabbrrefegea opsragnpptalyst pin addites, ggpactor
pr; ' ' I: ' tBu is tertiary
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di ene are prepared. In a preferred enbodi ment of this
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cr [0 nity . b Laht d I .
(TP o o DS e B B e ot B RASRR S Sgution
peshgensr gk phiselprodesdey using thirdlandallocasesrasiining sixgi sy
procedur e described bel ow and hi gh nol ecul ar weight is
erbriater indsayidieany. (sashis tnpsorapiroenred hx Eorula 1@30@02

Uy irgagi{oii%\%iﬁf SNRHSLOP A %ﬁ?ona]ﬁ“&rha&?ﬁ’lli E&a}a‘?}';s?._ In one

prefer or use in applications such as plasticizer
arabodibmént affi this fnvemidng polyalpha-hlsfinsretetpremings | menother

appl.i catign coatings, seals, .insulation, noldin

o ISR Qe CaRslitors e ey e cLFlRF are ARG 1o 2
PriRbRItE emBHlRRRh B MthisQhvdnfibs, polypr&yldivikiSintdtfediate
preparation of propylene/ethyl ene copol yners
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v [ I L Ves,
A T sl e G e
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?&bg&tgg‘vbg%%‘éﬁg msglting éﬁgﬁtnjﬁs NRARC 8 el 3L Sodiment of this
invention is the preparation of propylene/ethylene copolymers containing tacticity
within the propylene sequences as described in W02002/01745, US
2002/0004575A1, W0O2002/083753A1, US 6525157B2. Such propylene/ethylene

copolymers have utility as thermoplastic elastomers, impact modifiers,

compatibilizers in thermoplastic polyolefins, elastic fibers and films, dynamically
vulcanizable alloys, curable elastomers, adhesives, PVC replacements and
viscosity modifiers. Also, blends of such copolymers with polypropylene, upon

orientation give significantly enhanced elastic recovery and tensile strength.
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systens conprising a netall ocene represented by
wo-eooai@E3d, an activator and optionally an adedT/usras/024708

cocatal yst are particularly suited for preparing

pol yol efi ns of high nol ecular weight at industrially

useful tenperatures. [0018] Differential scanning

calorinmetric (DSC) trace data is obtained wusing a TA
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4 aRd/or p&yIn@rs of unsaturated monomers, such as polar monomers and or olefins

comprising contacting a transition metal compound (as described herein) and,
optionally, an activator with the monomers. This invention also relates to a
process for the preparation of olefin polymers and copolymers using metallocenes

containing specifically substituted indeny! ligands as represented in Formula 1:
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where:

M is a transition metal selected form group 4 of the periodic table, preferably Zr or
Hf, most preferably Hf;

eachR' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably, R! is



R3 is carbon or silicon; R4 is hydrogen, hydrocarbyl,

substituted hydrocarbyl or a functional group,
wee@berEaky R4 is CH2, and R4 and R5 nmay be bopemus2005/024708

together to forma ring, antl or R4 and R6 nmay be

bound together to forma ring; ais an integer that is

equal to O, 1, or 2; R5 is hydrogen, hydrocarbyl,

substituted hydrocarbyl or a functional group,
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each R%is independently selected from the group consisting of hydrogen, methyl,
ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof, preferably R® is
hydrogen, methyl, ethyl or propyl, more preferably R® is hydrogen or methyl, and
the R® groups may be the same or different;
each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R’ is
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R’ is hydrogen, and the
R® groups may be the same or different, and any two R’ groups may be linked
together to form a ring, and R® and R® may be linked together to form a ring, and
R’ and R'® may be linked together to form a ring, and R® and R may be linked

together to form a ring;



the R11 groups maybe the same or different, and the
R11 groups nmay be |inked together to forma ring, and
wRideand3R8 may be |inked together to form a rPemUSENE024708

R11 and R16 may be |inked tidbgether to forma ring; c

is an integer = 0, 1, or 2;, dis an integer = 0, 1,

or 2, eis an integer =0, 1, or 2; The sumof c, d,

and e is 1, 2 or 3, preferably the sumof c, d, and e
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silicon; f is an'integer that “is equal to 0, 1, or 2;
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pristisogerdnetiio ety piopyRe: eyl ReostoprafiratipRM ig hjdiogeh and
riﬂ% inln an alternate enbodi nent, and.,or R12 and R15
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CArReRITTD o 200 R For0 5 BT AR 9B Pl it and

[ (R2 2ihd R mayplrechinked ¢opetho bulfommra ringk3 and R6 do not
form a. car_g)o rii]g when Mis Zr. In an alternate
erttS 4 HEFR® — nE’%rr 'R12 and R15 do not forma 5 carbon
ridig awi@Bedv= 5 1Z6:2;1 N an al ternate enbodi ment R3 and
R6 and R12 and R15° do not forma 5 carbon ring when M
i ¢ iypn iftegyp 510, lnot; pr ef erred enbodi nent when Mis Hf,

for . Qn &£ nd_at .l east .one
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prpeéferabl, theatml fast, 4ndee iR2; gr oups are not net hyl,

prgferably at _three R2 groups are not nethyl,
pref ErRHI9R AgsilickBur R2 groups attached to the 5 carbon

riR19isHyRrd}eh, hydrocarbyl, substituted hydrocarbyl or-a functional group,
preferably CH,, and R'? and R may be bound together to form a ring, and R
and R'® may be bound together to form a ring, when g is 0;
R is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
preferably CHj, and R and R'? may be bound together to form a ring when f'is 0;
R’ is carbon or silicon;
fis an integer that is equal t0 O, 1, or 2;
g is an integer that is equal to 0, 1, or 2,
provided that if the two R' groups are linked, then they do not form a butadiene
group when M is Zr.
[0020] In a preferred embodiment, R? and R® do not form a 5 carbon ring.
In an alternate embodiment, and or R** and R'"® do not form a 5 carbon ring. In an

alternate embodiment R? and R® and R'? and R"® do not form a 5 carbon ring.



methyl. [0023] In an alternate enbodi nent, when Mis
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preferably at |east two R21groups are not nethyl,

preferably at three R2 groups are not nethyl,

preferably all four R2 groups attached to the 5 carbon

ring are not nethyl. [0024] In another preferred
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ments, the hydrocarbyl radical is selected from
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t r"h)?(ﬁggrﬂ‘gyl radical" encompasses radicals containing carbon, hydrogen and

optionally silicon atoms, preferably 1 to 100 carbon atoms, hydrogen and
optionally silicon. These radicals can be linear, branched, or cyclic including
polycyclic. These radicals can be saturated, partially unsaturated or fully
unsaturated, and when cyclic, may be aromatic or non-aromatic.

[0027] Hydrocarbyls may be arenes. An arene is a substituted or
unsubstituted aromatic hydrocarbon. Arenes may be monocyclic, polycyclic,
hydrocarbon ring assemblies or fused ring systems. Arenes may be substituted or
unsubstituted. Substituted hydrocarbyls may be arenes containing functional
groups. As such, substituted hydrocarbyls may be heterocyclics,

polyheterocyclics, heterocyclic ring assemblies or fused heterocyclic ring systems.



tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,
oct adecenyl, nonadecenyl, eicosenyl, henei cosenyl,

waolowederyd , tricosenyl, tetracosenyl, pentacosPOWIS2005/024708

hexacosenyl , heptacosenyl, 1bct acosenyl, nonacosenyl,
triacontenyl, propynyl, butynyl, pentynyl, hexynyl,
heptynyl, octynyl, nonynyl, decynyl, undecynyl,
dodecynyl, tridecynyl, tetradecynyl, pentadecynyl,
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and para-methylphenyl; dimethylphenyl would include 2,3-dimethylphenyl, 2,4~

dimethylphenyl, 2,5-dimethylphenyl, 2,6-diphenylmethyl, 3,4-dimethylphenyl ,
and 3,5-dimethylphenyl.

[0029] Functional groups are heteroatoms of groups 1-17 of the periodic
table either alone or connected to other elements by covalent or other interactions

such as ionic, van der Waals forces, or hydrogen bonding. Examples of functional



conmpounds, sul fur acids, seleniumacids, thiols,
sul fi des, sul foxides, sulfones, phosphines,

w@b@spiases, ot her phosphorus conmpounds, sil ane&T/US2005/024708

boranes, borates, al anes, 1&l um nates. Functi onal
groups may al so be taken broadly to include organic
pol ynmer supports or inorganic support material such as
alum na, and silica. [00301 In a preferred

eg’eepb inelnte flubiede ahlahyls,tbromnieomdnﬂs cpslakylie peidnacid balide,
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preferably RlL is a hydrogen, a hydrocarbon or
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Rreilipa | ndependent ly selected fromthe group consisting
of nethyl, ethyl, propyl, butyl, pentyl, hexyl and

the isoners thereof prOV|ded that when R3 and R6
[0030] Ina preferred embodiment, the catalyst compounds used herein are

represented by the Formula 2:

Ra_ R R’
R8
RY k2 (CR))e
(CR))e

where:



and or R12 and R15 forma 5 carbon ring, then each R2
is independently selected fromthe group consisting

w@booeimiB9 propyl, butyl, pentyl, hexyl and theCT/E81085/624708

thereof, preferably R2 is n&thyl, ethyl or propyl,

nore preferably, R2 is nethyl, and the R2 groups may
be the sane or different; each R7 is hydrogen; each R8
is independently selected fromthe group consisting of

hyids ageasitioe eyl selectediftbm groapy bf thewkesibdic pable, prefelablydr or
and the isoners thereof, preferably R8 is hydrogen,
e E, mast PRty 8 propyl , nmore preferably, R8 is
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and, R8_ nmayi1be |i t .her to forma ring, and R9
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hygdy 5’191@“&2 %& ggi%ﬁnfa@"&%(ﬁi @he MRAWach RF &f iRddehderdly selected

arene, R16 group may be the sane or

dfrbfrethe gtoupandsisting dfsthyRiBoml.duyty., prngylbleexty] #idetlie isomers

iemyrlergh e ot e Se it iy b5, & Wiy,
Sh{PinRRERY bR may ehs odnvd dukiiffeleng preferably RIO is
S Me2 or “Si Ph2; “WD 2006/ 010139 PCT/ US2005/ 024708 16

eeaxth BR1is hydrogerdependent |y sel ected from the group

e ; ' .
nrasap BoleBe ey PR SR EOBRNT Yo TS dtodh methyl
hm?zg @eshyl, Matyhyentydtteyy], andripisbmers théreoly breferablg R is
preferably RL1 is hydrogen, an(il the R1 roups ma%glg d
F hirogere msfindi 0 CE ROV A AR R REI o B EPh e PR G A
tﬂ%:%%?uésgnéﬂé%@sﬁmggrdﬁﬁgenaﬂ and R8 may be |inked

t 0g ormaring, ¢cIs an integer = 0, 1, or 2;
d each Rhisiimiepgetently S5lecied fiom2he geoup somgistingrod fudrogey, 1,

s S il Robigy ook ity 0Ly
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R’ is hydrogen, and the
R’ groups may be the same or different, and any two R’ groups may be linked
together to form a ring, and R’ and R® may be linked together to form a ring, and
R and R may be linked together to form a ring;

RYis —MZ(R16)h- where M2 is B, AL, N, P, Si or Ge, h is an integer from 1 to 2,
such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, preferably an arene, and each R'® group may be
the same or different, and any two R' groups may be linked together to form a
ring, preferably, R is SiMe,, Si(CH,) 2, Si(CHy) 3, SiPh,, Si(biphenyl),
Si(biphenyl),, Si(o-tolyl)z, more preferably R" is SiMe; or SiPhy;



preferably, the sumof c, d, and e is 1; provided that
if the two RL groups are |inked, then they do not form
w@2aadsene group when Mis Zr. [0031] | n anPCT/US2005/024708

al ternate enbodi nent, wheniMis Hf at |east one R2

group attached to a six carbon ring is not nethyl,
preferably at |least two R2 groups are not nethyl,
preferably at three R2 groups are not nethyl,

p reefteR 4Lk yndepéndently sdRtedgfrauise @otip chresikting ofhgdrsgen,
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prgmupd\ethIMas er t he two Rl groups are linked, then
they do not form a butadi ene group when Mis Zr;
[0031] In an alternate embodiment, when M is Hf at least one R? group
attached to a six carbon ring is not methyl, preferably at least two R? groups are
not methyl, preferably at three R* groups are not methyl, preferably all four R?

groups attached to a six carbon ring are not methyl.

[0032] In another preferred embodiment, M is Hf, and both R! groups are
methyl.
[0033] In a preferred embodiment, the catalyst compounds used herein are

represented by the Formula 3:



Me is nethyl; each R8 is independently selected from
the group consisting of hydrogen, hydrocarbyl,
waumsidied ed hydrocarbyl and a functional groupCT/US2005/024708
preferably R8 is hydrogen17nethyl, ethyl or propyl,
nore preferably R8 is hydrogen or nethyl, and the RS
groups nmay be the sane or different; and WD
2006/ 010139 PCT/ US2005/ 024708 18 each R16 may be the
or fiiédferent and the R16 groups may be |inked
to forma ring, preferably each R16 is
et hyl,, ethyl, phenyl, biphenyl,

& X eferably R16 is nmethyl, ethyl,
{ o)o 4+-RN any a preferred
S e above fornulae RBis not a

3 axsubstituted phenyl group. [0035]
Ot her preferr/ed expodiment, if the two Rl groups
i nkéte
when Mis Ti. [QO36] In another preferred enbodinent,
if the tvvo1§1/w|oups are Si(Re then they do not
forma buRa ien\ngup en Mis HE [0037] In a
preferred enbodl\nent, e catal yst compounds used
herein are repriesentgd by the follow ng Fornulae: WO
2006/ 010139, PCT/\US2005/ 024708 19 Me Me Me Me OF Me Me
Me Me Me NB ---Hf,, SiM2 H SiPh2 M Mw ~M
Me Me Me Me

where:

M is a transition metal selected from group 4 of the periodic table, preferably Zr or
Hf, most preferably Hf;,

each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R' is a
hydrogen, a hydrocarbon or a halide, more preferably R! is a hydride, methyl,
ethyl, trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, or benzyl, even
more preferably R' is methyl, and the two R' groups may be the same or different,
and the two R' groups may be linked, provided that if the two R! groups are
linked, then they do not form a butadiene group when M is Zr;

Me is methyl;

each R® is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R® is
hydrogen, methyl, ethyl or propyl, more preferably R is hydrogen or methyl, and

the R® groups may be the same or different; and



M M M M O M M OF M M ~H ~ M SiM2 M H ~ M

SiPh2 Mew M M M M Me Me Me M where Me is
woreaoapio13Hf is hafnium Ph is phenyl, and Si iBCT/US2005/024708

silicon. [0038] In another 18nbodi nent, the catal ysts

conpounds of this invention are present in a formal

+4 oxidation state. In another enbodi nent, the

cat al ysts compounds of this invention are not present

i reaahR 't eimy berthesaindat differatt ahdthe RI& gronpsrengibatlinked Dether

for oxi dati ate psed her are described in
| éRgP I'FP ?ﬁngarpéef%fa@ix fﬁeg@da%ep logtly #magihyl; ety Resyl. s

P81 533y SR R IO .

SdDQ.’Mje Preds anst9Qﬁafelﬁahsn]l)odlm;ent@ﬁanﬁnﬂth@(abbveafmrmulhe R®is

il nci pl es andbﬁi cati ons of

O’%’éﬁé’b?@ STYPSRY QR E &Y G WX versity Science
Priggss] 1987 m%ﬁ&ﬁ@ﬂﬂ&ﬁne%nb[)@ig?e% if fhe 3RO RN efou s are 11 ed,
preferred enbodi nent the catal yst conpounds describ
hehen theyrdy npleforrs aduiadiensvoupavhenMis Th ot her

rizatiQn dor Ql,i Iz catal ysts.
o@?er red e%gﬂ? rRrefeorgd eﬁ@gglmengé#%?%?k (?}’1986%@’1{6‘1
artnemtﬁesal db Rotcforth ianbaitddeshe Wrdup WiadnaDis HEConmpounds
described in any of the follow ng references and

rdP@Bnces tRemasiarredprabedimen, the catabyst cqrapounds used herein are

2 A. Chem Rev. 2000,
88‘9?%% ]b?s'égggogﬁr?%"m{b m@@&l lo, L.; Fait, A

Pi ernontesi, F. Chem Rev. 2000, 100, 1253;

Bryntzinger, H H ; et.al. Angew. Chem Int. Ed. Engl.

1995, 34, 1143; Ittel, S.D.; Johnson, L.K ;

Brookhart, M Chem Rev. 2000, 100, 1169; G bson, V.C. ;

Spitznesser, S. K. Chem Rev. 2003, 103, 283.;

Skupi nska, J. Chem Rev. 1991, 91, 613; Carter, A

et. al. Chem Commun. 2002, 858; MGuinness, D.S.; et.




al. J. Am Chem Soc. 2003, 125, 5272; MCuiness, D.S.

Chem Commun. 2003, 334. Activators and Activation
wokikhoda3d or Cat al yst Conpounds [ 0040] The bri BgpUS2005/024708

net al | ocene conpounds accon#ling to this invention nay

be activated for polynerization catalysis in any

manner sufficient to allow coordination or cationic

pol ynmeri zation. This can be achieved for coordination

paiggmefMezat i on when one |igand,ganmee abstracted and

anot W ei ther allow inserti/o

un ers or will b tractabl e
for a ligand leON
of d nmononer (Il ab

dri de. The tr.iitionaf act N\vat ors of

iy
M2 erization afS aMe suit \ those

2" Me, .
coordi natio

typicah%l/WmQIude S#fgzs aci ds such as | al unoxakgpy,
compounds, andei gni zi ng, ani on predersoy~gRMpolinds

that abstradt oné so as to ionize the bridggd

nmet al | ogene \net/al in to a cationland

count er g noncoordi anting i oMe

Al kyl al unox 3 nodi fi ed al kyl al uno )

sui tabl e as\ ¢z ivators, partifgul 28FQ\f or Mehe
i nvention neta posidsMehere R1 = G therye

functional groug-
al kyl al unoxane WO

are al so suitablg.a atal yst for the inventio
conmpounds where Rl= pbydrocarbyl or substi t U¥

hydrocarbyl. In one enbodi nent, one or nore

al unoxanes are utilized as an activator in the
cat eys M%onposition of the inygnti®a. Al unbxanes,

sonet | um noxanes in tK

gene i c conpounds Qq R) - O
subun 6h s an al kyl grg

al unoxanes 8 met hyl al unoxanéx I ed

AO),, ethyl alyy
i sobut yl al umoXane. \Al kyl al unoxanes dhd nodi fi ed

al kyl al uppxal ¥M¥P2 abl e as catal ystyfacti vajshs,
particul arly he abstractable | @and\TMea al i de..
M xt ures of ' erent al unoxanes and nodifi ed

al unoxanes nm
descriptions Js®e U S. Patents 4, 665, 208,
5,041, 584, 5, 52 206, 199, 5, 204, 4
4,874,734, 4,82

5, 248, 801, 5, 23"
561 476 Al, EP O

Me Me

where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon.

[0038] In another embodiment, the catalysts compounds of this invention
are present in a formal +4 oxidation state. In another embodiment, the catalysts
compounds of this invention are not present in a formal +2 oxidation state. The
nomenclature of formal oxidation states used here are described in length in the

texts: Hegedus, L.S. Transition Metals in the Synthesis of Complex Organic



BI, EP O 516 476 A, EP 0 594 218 Al andWD®4/10180.

[0042] When the activator is an al unoxane (nodified or
waowaidiBed), sonme enbodi nents sel ect the maxPOLIGE2005/024708

amount of activator at a 5800-fold nolar excess Al/M

over the catal yst precursor (per netal catalytic

site). The mninmm activator-to-catal yst-precursor is

typically a 1:1 nolar ratio. [0043] Al unbxanes may be

posiBEaes 1a Bd) @ mivasinl Séree Plest OIPESHRElitbVEA. and Collman,
trlalkylalun1nun1co ound. N%MC)na%be produced by the

hy & 6t. gk Psingiplesapd ﬁ@phw@n& A Quarnabigpsiion \pleh Chemistry.
tﬁn%éylﬁﬁq | BPRE U7 Jsambse utyl al uminurn.  MVAO s

are gen rore sol UBte 11 a I phatic sol vents and

npea393t abl e Iﬁi aidthe preferedigaboditentetha catalysivanippiyidodescribed
nmet hods for preparing al unpxane and nodifi ed

angiFExEA% B Ui cPMPIRHEN B E AHIE 2O BTSRRI ideor

d P 4952
5 oB8T %g%tlbg %{3 tf9§§§}65%d4e{éb o@%ﬁ %’g{gﬁe iy Y 9%%59018

4 cORPOUBD areluB68n BATHInGHG0SItB tEAlySt @2Go0sds described i8@ay of
5 235 081, 5.157. 137. .5.103,031. 5,391, 793,
ligwyig igfegensbgand referéniees hereiis “731 451 ' 5 744, 656,

5 Hiétiy,ldb CheRdRerl ©600,5.085° 5342581000 RoppBA. e Ry, 2000,
Eur opean publicati ons EP-A- 0°561 476, EP-B1-0 279

5860, 1205; @scsmLzmvalﬂm IrPai A Riesn®ési, Fakdremaiev. 2000,
Dby 3% BRpualfReR S Mo R BEh, PG 1905, 40 s

PIes1eS ahl J%hh@nl)EEK aBiankha’t INM. Ch&RTRMN2 ) B0A) Jl@mgsmbson
PCT/ US2005/ 024708 22 net hyl al unoxane, A clou dy or
g&f- Cﬁp&mm&a@é%@kﬁnbé?em Ocﬂéré@? £83 poleninskag]. g Rev.

Sqb 'senafjut e z191e 9@{%@& %icéﬁfﬁﬂleéshﬁ S.: et.

cloud ot er pre rre unoxane I's

mat uf Aﬁzd ChenhSde. 20085028152 72 NMEGhiness; 8t $u| (. (,Sopﬂ:nunszom,
(comrercially avail able from Akzo Chemi cals, Inc.

udd®r the trade name Modified Met hyl al unoxane type

3A, covered under patent nunber US 5,041,584). [0044]
Al um num al kyl or organoal um num conpounds whi ch may

bdctivhidrs apd Axtivation Viitheds ﬂog ICagalystc@eorpgundsnc| ude
tri hyl al ym nu. triethylalumn
IO o) A hed bbtafiodhhe 2otitlacoaring to this invention

t ayreQetiVatad FBFpoHMeri2itort d@alldi&kB: anyQRADEr duiffiéisntwb bNbR

the scope of this invention to use an ionizing or
scoordiniagme or sationtsnolymentzatioeu T higicap be pergwed fereserdination

bR O W TR Tk b6t 6@ sacted and another will either allow

insertion of the unsaturated monomers or will be similarly abstractable for
replacement with a ligand that allows insertion of the unsaturated monomer (labile
ligands), eg. alkyl, silyl or hydride. The traditional activators of coordination
polymerization art are suitable, those typically include Lewis acids such as
alumoxane compounds, and ionizing, anion precursor compounds that abstract one
so as to ionize the bridged metallocene metal center in to a cation and provide a
counterbalancing noncoordianting ion.

[0041] Alkylalumoxanes and modified alkylalumoxane are suitable as
catalyst activators, particularly for the invention metal compounds where R'=

halide or other functional group. Alkylalumoxanes and modified alkylalumoxane



(pent af | uorophenyl ) boron, a trisperfluorophenyl boron

nmetal l oid precursor or a trisperfluoronaphtyl boron
waoredoalohaaBd precursor, pol yhal ogenat ed het er oboPEmn®s2005/024708

ani ons (WD 98/43983), borietlacid (U S. Patent No.

5,942,459) or conbination thereof. It is also within

the scope of this invention to use neutral or ionic

activators alone or in conbination with al unoxane or

noed {lkeshinblemxantyst f theialaition nid46pbuadspliase Rf =
neutral stoichionetric activators include tri-

s iydrocerhyeer sybstinted hydiogarbylpdn welﬂmhﬂshﬁwrgaq’nq QFQAd
| Nl 4.0Cs S ﬁllgé ta%%f gg:%?ﬁ mTHee ysg go@ik}ahbxlﬁ EP@E

groups are eac epen y Sel om a
alifeesnyibs., Albadxages) sometats dalieé dluahk(y}lemes artye art, are generally

T I T
o [es'BEIafu'nﬁ%(‘éhéSanl(lH@ﬁll H‘% {An D8 TVIRTDY, hdlaerba

yl's, and al kenyl conmpounds “and ‘M xt ur es
t hmtkexialpnmxaiee(MMd\@); ethylakmmplang amilpgblttwahmg)xan@ o 20

aeURE iRy Br e frE RN R s S e bl SEBRERLnc

ala¥ivat &k Sl Whendtht @b s%&cﬁareu@gn@isomalidb n Mﬁiﬁir@o{bf
a

substituted ar yl's). Mre refer the three groups

ardeff%rpmwhgnwwmﬁgldlmpél igde bmesed| For further
”%@Ec lthrs?egH’S‘ Liﬁaaft‘énélﬂgﬁf%s 4 %4605 4P5§{ & @3&'3)‘52

f |5l,lZﬂ6L]l§)9I 5(204 4[9/,|4 Yraoidas4, 9MD,918 pll;%f8$4’63b4,968 BﬁE 53a9%032]

oSS 2L B Bl kSh s 1Tia b3, SREEP g A6 auage U5 s
PGY/ H5200% 4%4&0@? 033499 Adlanki AR piRigehi ometri c

activator compounds may contain an active proton, or
sone ot her cation associated with, but not coordi nated

t 600424] only Wh@o@elaytimri@lamahlwxw (mdefiedeorainmiaalifidin

of the ionizi ound.. Such nds and

o et PRl R RE Bt ou P PRV ER: R roldtStar
ERxAes® AYAR o¥erdhe Edta Q)ré&%& nigthl Btabtio @fle)? 4Phe minimum
EP-A-0 277 003 and EP- A- 004, and U.S. Patent

N@stivatoriigFatadyst-pecumgr wcsnplcaélyc;@sl Papjar ;i@ 197,

SARFMICES, Sl A e A S S e

1994 kylaluminfim \wbmpbuwd. eMiVeA @intayf bl prgpdiced by oy Iastdeslydiy of
Lg{iﬁ%rgﬁl?fc I0048] it gelgﬁﬁ.%eﬁf ! gﬂ cl:ltn‘lélﬂanl v glrlc a{sr’}ﬁisggutyﬁluminum.

MMAQ’s are generally more soluble in aliphatic solvents and more stable during

storage. There are a variety of methods for preparing alumoxane and modified
alumoxanes, non-limiting examples of which are described in U.S. Patent No.
4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018,
4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,157,137,
5,103,031, 5,391,793, 5,391,529, 5,693,838, 5,731,253, 5,731,451, 5,744,656,
5,847,177, 5,854,166, 5,856,256 and 5,939,346 and European publications EP-A-
0561 476, EP-B1-0 279 586, EP-A-0 594-218 and EP-B1-0 586 665, and PCT
publications WO 94/10180 and WO 99/15534, all of which are herein fully

incorporated by reference. It may be preferable to use a visually clear



may be represented by the followng formula: (St+)u
(NCAv )w St+ is a cation conponent having the charge
WO 2006l0A0439 i S a non-coordi nati ng ani on havi ng tPET/TRENEE24708
v- t is an integer from1l 2 3. v is an integer froml
to 3. u and v are constrained by the rel ationship: (u)
X (t) =(v) x (w. [0049] The cation conponent, (St+)
may i nclude Bronsted acids such as protons or

P medtlylaluedx kfvAsclbeBas gelled sidhiokletcah ®eifbteted tdproduce a clear
capabl e of protonating _or abstracting a noiety, such

asolHon Ry flegralypgranecan ke decagied fings the chandyspiytigne Agpther
o ar Blial |
oSG, I AOE kb b Rl TBIAAKD bocatalyst type
s pec(cemmdrélfihOvailabla frpme Akreo Elemivhdincemtder thedrade name

activators .include a catjopn and_ an, anion co nt,

aﬁ\éﬁ%@w@& %@@W@W HOVFisH |u89ﬁrrpgt%wmg§?‘9§

(gg;ﬁ#%?] (NCAv )w wherein LB is a neutral Lew s base;
ydr o

His gen; WO 2006/ 010139 PCT/ US2005/ 024708 24
NOPd4]s a noAlowovdiatig ongrgamdaluminam segnproweds whrchenay-be

" i 555 o 80 ek e Bl GR  °TL
( ttdiethylaMinidurhWiisob@§Pkimilig, a¢hineaiiaRghifahi #1nlostytluminum

may be a Bronsted acid, (LB-Ht+), capable of donating
aapddhadikes o the transition metal catal ytic precursor

r malst] ing i " i %\n{hrn?ﬂl%' s%%@é’] TS %Ve‘ﬁﬁ&g {:qnu e!aﬂ%ﬂigiing%r
a nruns, oxoniuns, p p%onl uns, SI ysl I Uuns an
Misidici@fetiio activdtor, peefad oaionic, suvties itri (@ batyl) raedrhoni am teteakis
AT P A —
ol ! ! <
net%lﬁ{?f"%lliogﬁﬂeaﬁg}yérﬁnb%%égﬁcﬁg Fﬁ:‘ghllsgl? gvf)lgﬁ%lo genated heteroborane
N,abkogis (Wh98/43083).tericmeini @I 5-Rdtddt HonBONYKEaM) dricombination

P RGBTt S Abe i s B T RaHBS v euslanionie
f @V ai 6tk RBIS of HELOrASinSidIBk Y hlufloR@le ¢Hreddifibd SuRRkane

t etrahydrof uran and di oxane,
activators.

[0046] Examples of neutral stoichiometric activators include tri-
substituted boron, tellurium, aluminum, gallium and indium or mixtures thereof.
The three substituent groups are each independently selected from alkyls, alkenyls,
halogen, substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the
three groups are independently selected from halogen, mono or multicyclic
(including halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures
thereof, preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups
having 1 to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl
groups having 3 to 20 carbon atoms (including substituted aryls). More
preferably, the three groups are alkyls having 1 to 4 carbon groups, phenyl,
naphthyl or mixtures thereof. Even more preferably, the three groups are
halogenated, preferably fluorinated, aryl groups. Most preferably, the neutral
stoichiometric activator is trisperfluorophenyl boron or trisperfluoronaphthyl

boron.



sul foniuns fromthioethers, such as diethyl thioethers
and tetrahydrothi ophene and m xtures thereof. [0052]
wab@eantiByat i ng cation (St+) may al so be an abBCT/a810051024708
noi ety such as silver, caeboniuns, tropylium
car beni uns, ferroceniuns and m xtures, preferably
carboniuns and ferroceniuns. Mst preferably (St+) is
triphenyl carboniumor N, N-dinethylanilinium [0053]
Theo4m)i on ¢ qeﬂl@@ﬁﬁéhlérhﬁﬁ\t)acmmd)rt%ﬁ@ohmaﬁadﬂtﬁﬁ ah Betive
formula [ Tx+ wherein x iis an integer from1l to
3; pr9tonsoraﬁ¢me %ﬁ;éﬁthn wrpaated with, hut noy ceordipated tq,9r gply
f [ c
AR BN b, L ok SR ibRels RBoliRL, St
amd»n@ohﬁds' aiﬂ&behkh‘:‘aﬁ’e Idyscmbh@!ﬁrEutepeanmubﬁgz&d)nQ EP-A-0 570 982,
unbri d di aI |l am do xi_de, I oxi de
hf&éc&ﬁ%@ e Mt watrya-balb 6% i Bake B amd ep-a-
7 it eﬁ%ﬂasl %QPPNBS saﬁﬁ}» 1*5@' 9399361, 5Weedral, 5 206,197,
rocar byl radical's, said Q having ug fo 20 tarbon
at5021431 0as;, b 38&,@99 ami/SéOZ,tlﬁfaand H.S. Retentrdpelidatiam Sgrial No.

PTG nEaleR el BT Sy HEwe Bl S ofufai ov

atyefebencgor e preferably each Qis a fluorinated aryl
gro4p and nost preferably each Q.is a pentafluoryl
arl§048)r oup. Preferng petivatsrs mgludgis catipmand,an aiepcempingte and

[ n WD 2006/ 010139
o iR TRy R 2 ok ¥Rl [ 5, 447, 895, whi ch
is fully incorporated herein by reference. Another
exanpl e of 2 suitable anion is a borate with three
or(ShJ“c)uséNﬁsétl)k,,ut ed fluoroaryl ligands and one al kyne
i gand. Anot her exanple of a suitable anion is a
borate containing fluoroaryl groups with polar
suliSs a catiomtoompounént deviagitheedhargstther s, silyl  groups
and derivatives thereof.. [0054] Additional suitable
aroAad” hramohmmdimauinglmaiomrhavmgdhm}lalrgdoe suitable for
use W|th thg catalysts of the invention. See in
pdrt i integer B’Qta]eWt% US 5,278,119, W?2002102857,
W02Q004 3% &3 4vonYP 299218452, W2000037513,
W2000029454, W?2000004058, W9964476, W2003049856,
Wor0E305 ¢ 8onstragd by soxnebronshig A0 3 (O 67#D% (W).
W)2002036639, W)2002000738, %2002000666
WI98#91 081435 heysgbemeenpanent, (S may deriudssdronsied acideaich as

N T e
Reor abstﬁi&tm@ﬁmﬁ, spil9 %an akyl or aryl, from an analogous metallocene or

Group 15 containing transition metal catalyst precursor, resulting in a cationic

transition metal species.
[0050] In a preferred embodiment, the activators include a cation and an

anion component, and may be represented by the following formula:

@B-HMy, (NCAYY),,

wherein LB is a neutral Lewis base;

H is hydrogen;



and C. A Reed, "Carboranes: A New C ass of Wakly
Coordi nati ng Anions for Strong El ectrophiles,

waxeodaniis9 and Superaci ds”, Acc. Chem Res., 31PC1/BS2005/024708
-139 (1998). [0055] Illust#ative, but not limting
exanpl es of boron conpounds which may be used as an
activating cocatalyst in the preparation of the
i mproved catalysts of this invention are
tri-sybstituted anmonium salts su

tN%t H§ R ARABAPIEATIEE ARIGR BAVINS Hhef %érget‘h et hyl ammoni um
t tripropyl amoni um
%rapﬁ{%ﬁ&{%%%gttg “tri(n-butyl)anmoni um
tetu; apheeper flromat & 3, tri (t-butyl )ammni um

tet henyl bor at n|

t S SR LB aes by thare BRI SR (T ()

t et raphenyl borate, N, N-di I

t Wﬁéﬁ) AR A A %ﬁea% Bronsted acid, (LB-H'),

I t
t r | ?fh%ﬁlammm %lrljr?}ott %ﬁéﬁ%g%%gﬁ{ha@ thg%% en )% g(?gtégelﬁmng o
t laltmnmpyh amhaimaimn inctdingk amfnoeiuirsst bxwriapsahpbphooivatse,
tri(n- bu anmmonj.um

t Siylgm chfrpﬂglpgﬁﬁawt‘psabgfr%omums of methylamine, aniline,
t aﬁrﬁaﬁy‘m&%a; h)e@mﬂmu - Iﬁ&ﬁﬁé’dﬁhﬁé, RETHCAY @O BAREM hmine,

bor at €] di nmet ht,}l/ml ani lini'um

témfrtbjdam(rpvemlﬁfdlmg m}ahlémy,l methpldigphenylamine, pyridine, p-bromo

SR, P Nl SRS AL AR ARISON

t efiéthylbhd ﬁﬁie@fﬂph }Q]ﬁl’ﬁﬁ hyihg, dna daghenylphosphineydomivms fiom
WO 2006/ 010139 PCT/ US2005/ 024708

t stheaksush pe pinathyl sthsr dishvhihsh &%b@gwfv% il digraREni um
{
| SHES LS04 RN MU e R
t miigtwrdnuthgedmoni um
t et raki s(hept af | uor onapht h I)_bor at e, ) i
t 199524 c- but yheaghosingeation (yS ) may also be an abstracting moiety such

t %tﬁ\l_rm Yeﬁ’e{aﬁ%#) glﬁﬁjf | %’E’W YRR 8ifsceniums and mixtures,
t %k{fgéﬁ ?(J)%ﬂ}a% ?\{rhé@fd%ﬁ'@%ﬂﬂﬁs) BAb & peeferably (St) is triphenyl

i nium
t etrbakiue( biels} Nfdimethghapimitnyl ) bor at e, tri met hyl anmoni um
(2- perfluorob|phenyl)3(perf|uorophenylalkynyl)borate

t 0e33)y| ammtiewnionZomponent (NCA ") includes those having the formula
perfluoroblphenyl)3(perf|uorophenylalkynyl)borate

t [TBTQpYT ¥MBRA 418 dnlinteger from 1 to 3; y is an integer from 2 10 6; y - X =
perfluorob|phenyl)3(perf|uorophenylalkynyl)borate

t v Tris bu tlgmeatnsubaciadnrqr@ Group 13 or 15 of the Periodic Table of the

{J reE"rl%rlgu ! Obl@{aﬁ&h‘%ﬁé Ern;}rlf | l’hor oph 1|s ?1'1&%’)@1}/&6}18 glﬁde

bridged or unbridged dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,

substituted hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-
hydrocarbyl radicals, said Q having up to 20 carbon atoms with the proviso that in
not more than 1 occurrence is Q a halide. Preferably, each Q is a fluorinated
hydrocarbyl group having 1 to 20 carbon atoms, more preferably each Q is a
fluorinated aryl group, and most preferably each Q is a pentafluoryl aryl group.

Examples of suitable (N CA"") also include diboron compounds as disclosed in



per f 1 uor obi phenyl ) 3(perfl uorophenyl al kynyl ) bor at e,
N, N- di net hyl ani |l i ni um (2-

w@eooblouwasobi phenyl ) 3( per fl uor ophenyl al kynyl ) boPet/@$2005/024708
N, N-di ethylanilinium (2- 25
per f1 uor obi phenyl ) 3(perfl uorophenyl al kynyl )b orate,
tri met hyl amoni um tetraki s-
(2,3,4,6-tetrafl uorophenyl borate, triethylamoni um
U &% & adi SNé. 5, 474895, vﬁ%ﬁ@ﬁl%ﬁ&ﬁﬁ&ﬁ%ﬁ)he&%ﬁ aference. Another
tr|propylannonlun1tetrak|s-( 3,4,6-tetrafl uorophenyl )
b@xanp’l,e of mpisgitatie) G.I}ADI) mm’qmat@ awith three ortho-substituted uoroaryl

Cﬁ;ﬂigt Y 4 t i & gxa%ﬂf%]gf' 2 su %[)fel: afion is a borate
t %bﬁt@hllmig ﬂ@or&uﬂ' 1 Q‘oﬁﬁé ‘Wﬁfl ot Qﬂi@ﬁ‘m&én)s dueh at emirl¥s,Nthers, silyl

dinmethylanilintumtetrakis-(2,3,4,6-tetrafl uorophenyl )
bereups andyderivagives tgreahi | i ni um

f\ﬁf{ésgl:f' S- i (hzll%)’dd‘]ﬁ&ai Sh{aﬁf la!ﬁ?cfng apéWn) 08 At End B0Fbe suitable
( Zorusb-iitli met:htylyausuotf el ivpdritioh.r Ské xR @, Patéres USF | uor

R BB e, oo B TRk b B heiiopos7is,

b%@b 0?@@54‘“ Qb@dmmrwe@gmé W02003049856,

tetra pent’af  uor ophenyl) borate: and t
s L)M@fZD@lﬁSé 8% %@@6%04067 & aVO200300R740 - W0200203 6639,

oV ERBCB FERVERLMTn G B PRI, WEL681ARAY

t GWO@@@@(XOI&@SQ ﬂlb&@e’e&ﬁ@ﬁﬁi@v@ arli6le@bg S. HNStrauss, "The Search for

tr|(2 6-di meth henyl ) phosphoni um
diargek ipad Mo 8\}/@&@1% Comrdimgiing pvioas's Chaanler ofs Pt 94¢(1983)

b e
¢ S G Robby ERMERICATA MR Glass of Weakly Coordinating Anions for
t Stroal iBsdchephidds| Oridangpht Syporbadsls dcc. Chem. Res., 31,133 -139
trlgh&Snyl car beni um ( 2-
£99%)or obi phenyl ) 3( per fl uorophenyl al kynyl ) bor at e,
t b rfluon ;
s i e e e s
I\/tmay hrmsfada Rl gotivatieg cqnatat]:ysswhc brepamation of ‘du@tnmpmvod is

ar?%%i“% ﬂf}ﬁ lé‘?}’?;ilﬁér? Ig,rg ol LS (RE LMoL ARNGAY L) bor at e
t %ﬁﬁhﬂyﬁaﬂrﬁﬁéﬁﬂu&i‘ﬂ%@@h@ﬁﬂba@@r fefhyldRA5Tiin Rtr8fRnylborate,

embodi ment, activation nethods Using ionizing ionic
c dﬁpl@pmlamnmamn tetraphenyieprain, Ee-bylyDpmsrogng tn%raela@é(ﬁwéate
1 I st cation
R oy S AR Bora BB GRAE R B> O3 08
angh@'hen}daﬁﬁtrd Nwdmh}&ﬁnﬁmuﬁh téﬁ@hﬁﬁ}?lﬁoﬁ% NIl\Ifﬁuﬁéﬁ&ynaBd, ,6-
and U. S, Patent 387, 568, ich are a erein
i ﬁemew}aatlwmayte'fréﬂan@%@te F@@S@%Wl}l@ﬁm
an ani on whi ch
i &Ea't k‘fﬁgé'nqé %ﬂ'fﬁnﬁ?ﬂéﬁﬁe t %ﬂmﬁﬁ'ﬁn

oes not coo nate to said cation or which is

onétyakiwpddtaflvooaphanyijitoratet toipropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium

tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl) borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl) borate, N,N-dimethyl-(2,4 6-tr1methylan111n1um)

tetrakis(pentafluorophenyl) borate, trimethylammonium



said cation thereby remaining sufficiently labile to

be di splaced by a neutral Lewis base. "Conpatible"
wmensooasdi nat i ng ani ons are those whi ch are nBCT/US2005/024708

degraded to neutrality whem the initially fornmed

conpl ex deconposes. Non-coordinating anions useful in

accordance with this invention are those that are

conpati ble, stabilize the netal cation in the sense

0ftetli’ﬁilﬂﬁéﬁtﬂﬂldr&ﬁphﬁ@l)ﬁoﬁféafr%yléfﬁﬁ”loﬁl%hﬁ' n sufficient
labilit permt displacenerit by an ethylenically or

adehrgm( mt@ﬂluoyonaph&lad)berateewm@pmmomum ng

e catal ysts sonetines

P Se AP ona bR Aodt e BB R RR R ThS 1 ot ™
sqawa@gﬁéptaﬂw&&bhihwswatspm(parcctﬁﬁﬁ;m@hamuﬁlan enpl oy

cocat al IXst conpound activator conpounds that are

i riprakas( e;ptmw&\ph@éfb)b@ra'@w@l& dpethylgpingme at i oni ¢
S B Rt A0, B DRAGRC AR IR, | 27, D, et on
c ctaqmms(ﬂqztafﬁmormphmpl)borateg trﬁﬁepjhylamhiomm (me nyl) boron

or a n a drocarhb or hydrlde
|ip§ ‘agﬁﬁné(ﬁ u°¥ ?115}413’ Tab .tlaetﬁéél

27
g7 A b PUpTREARhEA AL LBIAS ?%%%ﬁ%‘?l%;ﬁgﬁgﬁ 0233
Grmn@uo@obmleetnal)t(p@éherqpbmduhml)bmé@ tn@e@tylbraenmemnmo(g-

d d E f
AT Bhs i el el B fnhiom o
Slsiphca§ 3@%r$uoR@hemylﬂkﬁ1y®Béra&7 81 N&hﬂl%ﬁmyﬁ&ﬂm@ﬁ@-
5 527, 929 [0060 Addi ti onal neutr Wi s-aci ds_ are

k mswpqr?blphfélyay(perélﬁarthénsé%lkﬁaf&berat% o%: Nacbgtbylaetlmﬂgn (2-

e RIS Y B L

MER 34, &tttmillyaegh&lyidrate Rolethynimatinarictrad3-@00 86010139
PCT/ 200 /%4708 28 Ac ivators, Act.i

PrEE ey THREORY. WPWW@F@P%? %ﬁéﬁeﬁrgﬂwmphenﬂ)
Chezmate, t%VbutyI%noﬁMfeMﬁé @, ?;Q@@eﬁafl@%lﬂhem Boﬁ{e ' S

a functional group |igand, such as chloride,
al dtm@yl(t-glamld@nmanmm tetrakigiie,8 J4cﬁm|tra§u@mph¢ny@dqme aN N—

i e e R ot T

f uhethylemahived @takik (Y3 A0S tetafluke p}@ﬂyl?béﬁﬁé umcaNMWﬁethyL
al kylation reactions wth %bé;],anonet al i c_conpounds

sd&ﬁ Oximathuani Hnigp)tetrakis 2 Eﬂtraﬂé@roaherwi)mae dialkyl

St AT HTRARTRY £ R VAR RNy sy RS pRchv

arekagand dpyclobsstanmesian tetralgs(phetafleaophamygl) boraad; kyd tri-
substituted phosphonium salts such as: triphenylphosphonium

tetrakis(pentafluorophenyl) borate, tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl) borate, and tri(2,6-dimethylphenyl)phosphonium
tetrakis(pentafluorophenyl) borate; non-Bronsted acids such as triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(heptafluoronaphthyl)borate, triphenylcarbenium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, trisperfluorophenyl borane,
and triperfluoronaphthyl borane.



al um num conpounds w t h anal ogous di hal i de substituted
nmet al | ocene conpounds prior to or wwth the addition
w@booaoid13at i ng noncoordi nating ani on precur SOPCT/US2005/024708

conmpounds. [0062] Wen the2gations of noncoordi nating

ani on precursors are Bronsted acids such as protons

or protonated Lew s bases (excluding water), or

reduci ble Lewi s acids such as ferroceniumor silver

c s, or S
SRS | ol TPl e e SRRl hetvatof MNP

c dirattiigihnipinanu tezktrakls(mrﬂmophﬁbaylbhoram land/or triphenytearbéndum

an atio 1S of the described activator
c gfﬁ%mﬂﬂ%fﬁglg used for activation. For

e, trig BH@éﬁlbétﬁﬁl@HP 8dtitlation RREMAs GSidg RhixHL tbndd t h
me hylal unoxane. [00 M n general the conbi ned net al

c campawiis rmh dontangcanuavmmpromnémt eaneblernddroducing angmalpgous

 RockOar el st ing o o L0hRlgt SR SR B e
a aﬁ@hte‘ﬂe@én&ﬁ@ﬂEP%Qﬂo 426 3 BBPUA- 0 3571 40P aef BraPatenelNout

150:1 to about 1:1, for boranes, borates, al umn nates,
e B3875368, Whishiaes albﬁegﬁeﬂwrgteébm eIENge.t o about 10: 1

r alk RS RIRR §
d :Tg?f&@l al u m)"‘[lr%l g %&mﬂg’ﬂ% é co n%g n e anNﬁﬁ\?\aﬁ?egrrl ar% ﬁlelon which
r &ither does potafoerdiidty to sabrbertiol .ob W]:li(ﬂ[is ahlyuﬂeakbf cbordifgediio

a preferr denbodine e of..the fjrst .
P piign fhsr e T e of dearaafz% a pgutgal fgwis
t ‘P)a?é @onﬂfaﬁﬁﬁ-“ abh-¥odrdinkfing 911131% #© thdR¥ YhidAr€ not degraded to
preferably 40:60 to 60:40. [0065] In another
e miovigality mhen thes initielly derored @9@@1 omposss.ndipngpordinating

Al t I
T S5 bR W B AN Bl AU F A SRR
2QE61EWMSheRCItidn0 G/ s@ﬁ&%f&alaﬁ&ng @9 6&110 tlturge) getetain
enbodi ment the cat al %/st conposn tions of this i nvent| on

i sufficdrnt abdlity popermyedianaemest by & pthenicpdy oraegiyinically
th8sA0% %e(ar er%ﬁﬁ@%}%l&meﬁ? ne['?fe?e %ﬁéjs/ cﬁfco%ﬂ E

nor e activators na S|te tacte
v apoetimesusd mhsommylduhdnmum cmrtmcntyb a}nmmmm ds wscehnenger.

adsor bed or absorbed in, .or on, _one or,npre supports
o003 i er s ISR Proprss s ermien acpialyst %Or'%ﬁﬂ}’%g? % he

C QRN RRb uﬁ&@ﬂﬂgﬂ' dre RLALY Rlufral LENShE0@BhYoFAE cationic

supporte terial is a porous support material, for

exaetpl ;compiled and a noncoordinating anion, or a zwitterionic complex upon
reaction with the invention compounds. For example, tris(pentafluorophenyl)
boron or aluminum act to abstract a hydrocarbyl or hydride ligand to yield an
invention cationic metal complex and stabilizing noncoordinating anion, see EP-
A-0427 697 and EP-A-0 520 732 for illustrations of analogous Group-4
metallocene compounds. Also, see the methods and compounds of EP-A-0 495
375. For formation of zwitterionic complexes using analogous Group 4
compounds, see U.S. Patents 5,624,878; 5,486,632; and 5,527,929.
[0060] Additional neutral Lewis-acids are known in the art and are suitable
for abstracting anionic ligands. See in particular the review article by E. Y.-X.

Chen and T.J. Marks, "Cocatalysts for Metal-Catalyzed Olefin Polymerization:



I norgani ¢ oxides and inorganic chlorides. O her
support materials include resinous support materials
W@ eoh/oaE3pol ystyrene, functionalized or crosslPeikes2005/024708
organi ¢ supports, such as B8l ystyrene divinyl benzene
pol yol efins or polyneric conpounds, zeolites, clays,
or any other organic or inorganic support material and
the like, or mxtures thereof. [0068] Preferred
s Uppivatorsyatetivhiidrs Prxessés) andydtmiaturexh dastytRedtionsighs'd €hem.

t hpse 3 5, 13 or 14 netal oxides. The

p e!Pgﬁ?Er}é‘éﬁ@oq clude silica, which may or nay

n dehy 1s IR . ' . .
028333y WAPFRL i RRcictl iy i@k seh de hloride, apido or
usdaxly ligandso and therfonativealrgronpeligaads ateirtoa napablezifdisoreta,

ma%?esi %Ptchl.ori dT%L}fJU. S. .Patent No. 5, 965, 477%%
mO PR BiAPTERASTLR Wi (RO IPDIA N §o RIQH PTEPIROTGNIPPYIN G, hese
PHthdtidakl dr6@ Bgarki§ @b b&SonvEASLyia kEbAYH 21K tien r@’ﬁi&;&t with

No. 6,034,187) and the like. Al so, conbinations o
t wEgraomstalitoeempands puchas fighiumer abwadnuidrydygsesnylatkyls,

¢ Rl faBkah Biahiq BT e PP A A SHLSA4 BR8P0 052
tl tgaze gfmm_wﬂ ﬁ Hript mlmhyffmgaﬁmcﬁ%ﬁg tﬁer}feﬁﬁioﬁ of Bikyl

, |1 C | I NCOr POr at €¢ 1ereln . rererence.
aaﬂ@iﬂn%@p?ﬁmﬂouﬁ‘i% @Eh élll?ﬁogoﬁlé difghde %EB&%%@P@B@C%Q

daser . ' .
B B D O o B o B P il RS
ParesntsoNoomp@idg., 510 and pol yneric beads as descri bed

[ 99/ 50 whi ch are all herein incorporated by
e, BB iohs of Reftepriii iz e S e Bronsted
Matigk kddh asRStonP6E5BIoARKY 18%is Had&y (Qﬁé]h&ing Xaf2), of BSludible
surface area in _the range of fromabout 10 to about
7beWiswzids, supls pefoprereniemion silves cationgeondlk4li omlisding tath fetal
t 4 average par.ti.cle,size in the
SRR St 5 P Yl BB B ey P sor o

peetietalhyliar tahie mBbef a9 eatRy, €Rordbinktivhs VBRI cBYd Qi Pdtor
is in the ranqe of fromabout 50 to about 500 n?2/q,

pSPBPYHIAS MAYFHISOr begwped s fetivationy &op panepls, tHs@evflioraphenyl)

a | ' . WO 2006/ 010139
p%%%%%%g?%éz%glé%@@%% a@out 10 to about 200 gm

MiR63pr ef er dibgsnerd eheseomftanesl rmetebeanfipduinds sntpipo aittivator are
material .is .in er e js.fro but 100 to about
1Buhiag i fgpaot ek 00 inbabos 1o In aepeiameh embodment the
C Glefhl aﬂﬁgéﬁﬂs%ﬂﬁ tRAdckil £tbear cdBblned fisf 8 &Tat%bcﬁ%oét 308:1 to about
about 10 gm The average pore size of the carrier o

t hd, prefesably ahoutyl§0dablahotds], for korsnessbarates, aluminates, etc. the

ratio is preferably about 1:1 to about 10:1 and for alkyl aluminum compounds

(such as diethylaluminum chloride combined with water) the ratio is preferably
about 0.5:1 to about 10:1.

[0064] In a preferred embodiment the ratio of the first catalyst to the
second or additional catalyst is 5:95 to 95:5, preferably 25:75 to 75:25, even more
preferably 40:60 to 60:40.

[0065] In another embodiment the activator used herein is not an
alumoxane. Alternately the catalyst system used herein comprises les than 0.1

weight % of an alumoxane.



the range of from 10 to 1000A, preferably 50 to about
500A, and nost preferably 75 to about 350A. Mononers

wQ 0@60])01BNn a preferred enbodi nent the transitiPOT/IE1085/024708
conpounds of this inventian are used to polynerize or
ol i gonmeri ze any unsaturated nononer or nononers.
Preferred nononmers include C2 to C oo ol efins,
preferably C2 to C60 olefins, preferably C2 to C40
ol[ebé6)s pr eflanabhyr &2bdddméRAhoteilATompositiensd this Gvehfon
Cl2 olefins. In sone enbodinents preferred nononers
| ABeludren wpaela‘rmatwdﬁe rager. oEor@g%mpl@ He 9RE OHMeFq Gatalyst

DAL o e e AN B oGRS
p Wapmmﬂlvgdtlﬁbondedﬁﬂporahmrpemieéf\mﬂfm adporbéorcdbsyrbed irf, or on,
Cl2 al &ﬁ% ol efins. Preferred olefin nonomers may be

or?é‘e8f ¢ SPPGFS 8% $AiFRe, propyl ene, butene, pentene,
WDE hepteR{upRsit ﬁﬂ?cnaﬂ@ 'ﬁﬁ@@f thd %Sﬁ\';b%tlonﬁ QA Raterials.

entene 1, 3-nethyl pentene-1
3 Igeﬁnaﬁbi tﬁesmorﬂqénmahs agrgiousupp dry maltembrfmample talc,
071 r enbodi t t ol r uce
hapaEtnit B2eEiuBmofbR ehle, ' fhef ot refude
b ﬁ‘m duspbrt RafedBls BLECAY golstyabith meliehdled 6f croSslinRed

ring containing olefins or conbinations thereof
c&ﬁ%ﬂ@l@uaw% SHE asaro)ysbr puecvipyl beapenearolynlefinses pebinferie
t p I
oy mp o, KoRREPAGs, e pichic S B6 2 sy Rt ana
ofthe klat, acmixdwes tleyedd] ot acti ¢ pol ymer when pol yneri zed
usj steres cific catal (s). [0072] Preferred
mﬁ% rs nmay '4PEeE SUpPP d%a‘f%/ﬂ Fﬂ@rg%ﬁw@%@aﬁ inFlyde those

MEROHES S3, Q0N B 8 19GmEtR] $:Qd 30 m@p?e ortsSchm@ 'sﬁlca
aromat | c- gr oup cont ai ni ng nono rs CO I se at | east

ofdhich man el way net st dﬂhﬁdrat@d,eﬁlemd ksilyzaf alomien(@V O §9ta0033),
ef. b fl
e 6 P ol Rt M Wl b iE Hohich agnesia,

RIRGAES kirboHid, edgne MY dhs@ e qly. S Pafht NBEs5,008 ymer i zabl e
doubl e bond such that after polyneri zati on, 't he

amwgpodllenite EnippeanPatpntgd-Bé .Qcﬁdrh666) ohyllasilécatss Egatites, talc,

¢ RSB0 I Tt 730 s PR AU B TBARIE pr e

s Iilmiorttmditeldalwntaly bensed) fornsxampley sitiog-ahtoylingl siUgsalumina,
gr.oups.

but n imted to Cl to Cl0 al kyl
Ad C?~ %3{% ﬁgé@ﬁ{la@uwﬁ maierlahén%g;clﬁée }h@pmous
t QeryRé Hb@mefs‘ ey B (P76 7 YRS Reflch is mcor%oraﬁed herein by

arofmat 1 c- group- cont ai ni ng nononers cont ai n

onaderence. Other support materials include nanocomposites as descrlbed in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,

which are all herein incorporated by reference.

[0069] It is preferred that the support material, most preferably an

inorganic oxide, has a surface area in the range of from about 10 to about 700

m?/g, pore volume in the range of from about 0.1 to about 4.0 cc/ g and average
particle size in the range of from about 5 to about 500 um. More preferably, the

surface area of the support material is in the range of from about 50 to about 500

m2/g, pore volume of from about 0.5 to about 3.5 cc/ g and average particle size of



aromatic structure appended to a pol ynerizable

olefinic noiety. Particularly preferred aromatic
woreove/eri39 i ncl ude styrene, al pha-net hyl st yr enePCPpasR05/024708

al kyl styrenes, vinyltolueng8, vinylnaphthal ene, allyl

benzene, and indene,, especially styrene,

par a- met hyl st yrene, 4-phenyl-1-butene and allyl

benzene. [0073] Non aromatic cyclic group containing

NoReAEbsut a0 dbci® 208 il Mokigiferablyline s@ fanerRifshetpport

contain up to 30 carbon atons. Suitable non- aromatic

cymdtemalgs mithe mge & fnom gbomtriofes sbqut dDe netdy, potmm:-lume from

st. o Ie ol efinic grqup that ei.t he
neautS Grenbd Ble e avedes parbels et Baibogt S iapont 100
YLﬁﬁ' Ghé h¥dtsdelfoe sﬁ@@f {hY Chirier Sf the! ?ﬁ\}éﬁﬁoﬂ'ﬁ%lc% 15 QadSore size in
further substituted one or nore hyd ar byl groups
s Ubhrangs obfiomridtto I1Dﬁﬁ)z{,aﬂef6mb1ﬁ0 tocrbGL05 A whd grostprsferably
Pr ferﬁeq3ﬁgg~aronatlc cyclic group containing

APt ud vi nyl cycl ohexane, vinyl cycl ohexene,

vinylnorbornene, et hyl i dene nor bor nene,

cycl opent adi ene, cycl opent ene, cycl ohexene,
cyMpnemersne V|nyladanantane and the |ike. [0074]

B, 0 EPRARRL BB Mo B USR8

C3fivenkian aregisad td Iﬁﬂysrhemmrtﬂm@amun&t my dmﬂdﬁi,ted mbRsreéor

at | east o ef téplcally i g urq%zg baonds
arBOTOBHS- | A eIy 6‘?‘5’8%?(%‘6‘ i} 219 Coo
STREBRSH-EIBIF CPto @4orb‘i’é]f‘11%tp%f8ﬁ§8ﬂgi t()'@z ofefihé r;Ip\‘éifeﬁal%iy C; to
It is further preferred that the éfin moromer s

sdl e otefids.f hmmmeaﬁln]md;mmw@rednnomﬂymhlde |11near, branched
di - vi nyl

A R e = R G Ry s Al Loy 5 sy

t hasR-defisapiefdbly 0, @cm:ﬂ) dé@meﬁﬁlh@ﬁraaﬂp@to Examagsiefins,
of preferred dienes inclu but adi ene pent adi ene,

hexaerableC: tdpe alphanielingc Prderesdeolcfifomanpmars may be one or more
d

. :ot%?aa geg{g Oprgéﬁs&gg{ﬁtt%g tgﬁégﬁl‘éﬁ?éﬂn ener Jgjﬂgﬁeaﬁbﬁéﬁ% decene,
hejotiedtae, aﬁmeﬂ@l-pﬂﬁér&dhaaxdbﬁybpenmnaldGcsaﬁtrﬁﬁﬁhyl hexene 1, and

|cos di ene, henei cosadi ene, docosadi ene,
¢thulalipensae. tetracosadlene pentacosadiene

h 6@'Flgsad' €N§ anotERINAS t?lﬂ;'epolar e u%ﬁgp%@ﬁm is a coPolgmer

nonacosadi ene, trlaconta I ene y prefer
diodons ox motedd”@aﬂolﬂarhmhtbdidls én€;3o prpéhlmlt alptia-etedins or Cs to Cyp
1, 8- non%dl en < decadi en 1,.10- %C%gbadl en? ab
1. 7PE CoBRLIRE? Sﬂ% °f1°° TRaoge 5‘?"5 fpa e{jjg polymerized by
ZQQﬁé&lé}éé’s ed?fd. &m&e&ay&&c catalysel G&Qﬁﬁﬁqﬂ a8 MGsd 1BRéin,

| ow nol ecul ar wei g but adi enes (Mwv | ess than 1000’
refers to monomers that favor the ormation of isotactic or syndiotactic polymer

when polymerized using stereospecific catalyst(s).

[0072] Preferred monomers may also include aromatic-group-containing
monomers containing up to 30 carbon atoms. Suitable aromatic-group-containing
monomers comprise at least one aromatic structure, preferably from one to three,
more preferably a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-
group-containing monomer further comprises at least one polymerizable double
bond such that after polymerization, the aromatic structure will be pendant from

the polymer backbone. The aromatic-group containing monomer may further be



g/mol). Preferred cyclic dienes include

cycl opent adi ene, vi nyl norbornene, norbornadi ene,
wetdvgloidene nor bor nene, divi nyl benzene, PCT/US2005/024708

di cycl opent adi ene or higheét ring containing diolefins

with or without substituents at various ring

positions. [0075] Non-limting exanples of preferred

pol ar unsaturated nononers wuseful in this invention

i mmbst'[tateﬂ it ore-ck ey epdrpcdbylegrbnysdhdlydiagbtenot lmited to C; to

.1yl
T T M e e e
2- @Rl nrs. nﬁreb&fea%fb%nau% g&sﬁb a&stmm&fbﬂleé cOM5iRAPRAst one

2-one, acrolein, 4- pentena undecyl eni c

aI ad@nytdestr@tme dppmﬂt@lo—amoﬁymbteqabwhleﬁmb moaﬁnyamCHalaﬂyl
ente 0|c aci | - 4-

%/1% ? érloﬁa 1§ mcgmwg 18?118 qpha—methy styreney para-
t rafledstrefies) Oy BeueRNR @m?ﬁh thaae&r Bﬂﬁt&ﬁze@l@%ﬂ in@&led.

nona-fl uoro-1 -hexene al cohol

7 especial s styrongy mua-mqthwéwﬁyxp Sphayén-tutensiand allyl benzene.
5. [ﬂ@{ﬁgrﬁgﬁe ngtﬁ& g)Fc e%%]%’ cogt %In% BonQpstsAre also useful

c El:fefmmyThéSeaﬁo@mers can contain up to 30 carbon atoms. Suitable non-
ci s- 5- nor bgr nene- endo- 2, 3-di car boxyl i ¢ aci d,
5-AEIRHY isHe gup. contgining ngpegpers preferably have at least one

Ci hg’né'iﬁrapfé@é'fﬁn@ %@9% thabi dsdé t‘g@f rﬁéﬁﬁ%ﬁt’ qh 0 BY e st eture or is part

5- norbonene 2-
5-off trehayiche ateuczuren dbe By(énc(strdctum thayalso bs furthebaubstitmted by one

gggelnic{r]g ﬁ%;mfagﬁgﬁrﬂggggﬁhé% Elllfélo? ii?nq{eg % rte £ C21 0 Xlllcyl groups.
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Chei n. Rev. 0, 479 and
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B0 G B P Tl e il b LR Feining
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units. A ner is defined as a unit of WO

Zggﬁp@gmﬁgxqﬂ@ppmggqﬁmene nonadiene, decadiene, undecadiene,

dodecadiene, tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene,
heptadecadiene, octadecadiene, nonadecadiene, icosadiene, heneicosadiene,
docosadiene, tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene,
heptacosadiene, octacosadiene, nonacosadiene, triacontadiene, particularly
preferred dienes include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-

decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-



33 an oligomer or polymer that originally corresponded
to the olefin(s) used in the oligonerization or
w@oelogoeriBzat i on reacti on. For exanple, the merPOf/US2005/024708
pol yet hyl ene woul d be ethgtene. [0077] In an
enbodi nent herein, the process described herein is
used to produce an oligoner of any of the nononers
i sted above. Preferred oligoners include oligoners
oftetﬁﬁﬁl)tcaﬁi’ertepar@ﬁw&hﬁfebﬁlﬁn wigkt perd yuitadi€ds (dwdEds than 1000
al pha- ol ef j ns eferabl ol i gomers._conpri si ng
gﬁ\wan Brefﬁmipgbfcgoéleaﬁﬁmslﬂl B PRI VIR RPEQMERS,
e S
P RSHEA R RAARE b lopiclE, iR b R IRE RS o
| iighedring cbmtalnmg dlbleﬁm withtoo wpﬂhomwubstetuemmt Veribus Bng,
n&ylglso be used al one or conbined wth ethyl ene.
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fee yireri zati on reactor. ol ymeriZation can
bepentanolm acied 6+Inp®nbmtacldntramkz,h<paghdlon¢m rcid, 2 6-heptad1en01c

poI nerizati o roce S .S S ase lurr

o i -b e iratioh @ £ PEs Enen el 1-
Slomgi ﬁo&bﬁﬁﬁe-afﬂairtf&[ﬂﬂeab'1n@Fbo@1M1eC.péﬁrbéb&b@dbﬁyﬁ@ gchorbomene 2-
reactors, can also be used. The process can be

d@@rhomble‘uaca@a cas-ewarhonraasndond3-Garrbpxyicoses §-norkarnener?,2,-
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nDun

s Lehaéarﬁndaldlmemqmﬂl Shorbbhenaammﬂb %éxdgdlh)éﬁﬁho%tﬂwlﬁc&m&he—
from the reaction vessel per unit

" JoBsthanel; aPYPoERRRS2-Olye- npmomet%ﬂte{cm@sé¥2éﬁggmoguene-z-
ﬁ&%ﬁ${|§§9q;pp{3y§|t time, and pol ymer withdrawn per

ratlos of one to other, of from
0 Iepthpyadopetydsentacyco[05.9.2711>'dd” ‘f}ox;tasnmm,cmbmzoyl-s-

nartrs. A hR s Rt SEoERd Aeltihoceiale,

t R/ Mok alel Pn- dp@xﬁq%fmle ﬁ,@-%ﬁoyty]%ﬂ@&%%aﬁkieﬁb}bﬁ-
S|ngle step or sta or 1n a sing | e reactor,

c dwkengs 2eaethyd-Jriny. %tra@ﬂa allyl ghysidyl ﬁﬂ@r, rQe’%rdthdﬁ@ﬁ{rﬂmo? or
V\nglgggr{tgrgegﬂlgge etg{eyégagl%l%%ﬁ%%ide, ethyl acrylate, methyl acrylate.

It is recognized to one skilled in the art that the use of polar monomers in

polymerization processes require the use of Lewis-acid cocatalysts, such as alkyl
aluminum compounds, or an alternative protection method to effect
polymerization (Boffa, L.S.; Novak, B.M. Chem. Rev. 2000, 1479 and references
therein).

[0076] For purposes of this invention and the claims thereto, the term
oligomer refers to compositions having 2-75 mer units and the term polymer

refers to compositions having 76 or more mer units. A mer is defined as a unit of



34 nore). Miultiple reactors where each of the above of

reactors is of this description are also useful
weooeiomi3gd 0079] A preferred nmethod of nmaki ng pRCT/IE2005/024708

usi ng the polynerization @atalysts described herein

conprise the follow ng steps: a) feeding solvent and a

set of nononers in predeterm ned proportions to a

pol ynmeri zation reactor, b) adding a soluble
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t Tenmperatures in the range of -20C or | ower
2@tef@sor higher, and preferably, at 0 Cto 160 C.
Most preferably polynerization is conducted in a
range of 55 Cto 140 C. The residence tinme per reactor

| PolphéiitidaPrdtested 0 180 minutes and preferably at 5
t6 30 mnutes. The pol ynmer concentration in the

efl0078nt of A pustoredpobmacrizgtipmisr single sfagh steady stalge of
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conposition is controlled by adjustln t he
f@é%efhar@%sqcaaag%awaprswyﬂlé@%mu é‘fd\/@é@ﬂ i s

S %&1&?&1’1’16&&%@‘ B &R JoRRGdrRhtisRIREEALHEGs t6dMeactors, can also

eases wt enpe at'ure 1 ncr eases) nonomner
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coagul ation with a
the reaction vessel per unit time. By "substantially equal” we intend that these

amounts, polymer made per unit time, and polymer withdrawn per unit time, are in
ratios of one to other, of from 0.9:1; or 0.95:1; or 0.97:1; or 1:1. In such a reactor,
there is preferably a substantially homogeneous monomer distribution. At the

same time, the polymerization is accomplished in substantially single step or stage

or in a single reactor, as contrasted to multistage or multiple reactors (two or



nonsol vent such as isopropyl alcohol, acetone, or n-
butyl al cohol, or the polynmer WO 2006/ 010139
wEOn6BAD5/ 024708 35 can be recovered by strP@PURLN05/024708
the solvent or other nmedia3nth heat or steam One or
nore conventional additives such as anti oxi dants can
be incorporated in the polyner during the recovery
procedure. Useful antioxidants include phenyl -bet a-
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pent ane, heptane, cyc E{gnt ane, cl ohexane,

CyPOPOhEs anknowRIHYE arsy @tg@mpaﬂ om phstrhgetor is by methods well
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t rcepng cails, amaaziouc combitintisns oftigese techbifges. adihbatic@Estors
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conpounds and the activator are conbined in ratios of
minutes and preferably at 5 to 30 minutes. The polymer concentration in the

effluent of the reactors is maintained in the range of 1 to 20% by weight and more
preferably between 3 to 12 % by weight. The overall polymerization rate is set by
the catalyst and monomer feed rates. Polymer composition is controlled by
adjusting the monomer feed rate to a reactor. Polymer molecular weight is set by
choosing the reactor temperature, (MW decreases with temperature increases),
monomer concentration (MW increases with increasing monomer concentration),
and by optionally adding chain transfer agents such as hydrogen. The polymer
product can be conventionally recovered from the effluent by coagulation with a

nonsolvent such as isopropyl alcohol, acetone, or n- butyl alcohol, or the polymer



1:1 to 100:1. Wen al unoxane or al um num al kyl
activators are used, the conbined

w@e@eoatlad yst -t o-activator nolar ratio i s fronmPdT/68305/024708

to 10:1, alternatively frém 1:1000 to 10:1;
alternatively, 1:500 to 2:1; or 1:300 to 1:1. Wen

i oni zi ng WD 2006/ 010139 PCT/ US2005/ 024708 36

activators are used, the conbi ned
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[0082] In general the transition metal compound and the activator are
combined in ratios of about 1:10,000 to about 1:1, in other embodiments the
combined transition metal compounds and the activator are combined in ratios of
1:1 to 100:1. When alumoxane or aluminum alkyl activators are used, the

combined pre-catalyst-to-activator molar ratio is from 1:5000 to 10:1, alternatively
from 1:1000 to 10:1; alternatively, 1:500 to 2:1; or 1:300 to 1:1. When ionizing



docunents are incorporated by reference for

description of polynerization processes, ionic
wa@ewicwatiey s and useful scavengi ng conpounds. VETT/US2005/024708

2006/ 010139 PCT/ US2005/ 024368 37 Gas Phase

Pol yneri zati on [ 0085] The catal yst conpounds descri bed

herein may be used in gas phase polynerization

processes. Generally, in a fluidized gas bed process
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between -10 and 160 °C. The process can be carried out in a stirred tank reactor
or a tubular reactor, or more than one reactor operated in series or in parallel. See
the general disclosure of U.S. patent 5,001,205 for general process conditions. All
documents are incorporated by reference for description of polymerization

processes, ionic activators and useful scavenging compounds.



[0087] In a preferred enbodi nent, the reactor utilized
in the present invention is capable of producing nore
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particulate polymer is formed in a liquid
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P15 id RfifercRl BY AP LHB pri¥s B VAR Mait monomer. The preferred

mole percent of the main monomer, ethylene or propylene, preferably ethylene, is
from about 25 to 90 mole percent and the comonomer partial pressure is in the
range of from about 138 kPa to about 517kPa, preferébly about 517 kPa to about
2069 kPa, which are typical conditions in a gas phase polymerization process.
Also in some systems the presence of comonomer can increase productivity.
[0087] In a preferred embodiment, the reactor utilized in the present
invention is capable of producing more than 500 Ibs of polymer per hour (227
Kg/hr) to about 200,000 Ibs/hr (90,900 Kg/hr) or higher, preferably greater than
1000 Ibs/hr (455 Kg/hr), more preferably greater than 10,000 lbs/hr (4540 Kg/hr),
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shoul d be operated above t138 reaction diluent critica
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i ncl ude continuous |loop or stirred tank processes.
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resul ting hydrocarbon free powder is then conpounded

f antetrsiétently gagontineoushipemesed Gaw, the reactor where the volatile

components are separated from the polymer and recycled, optionally after a
distillation, to the reactor. The liquid diluent employed in the polymerization
medium is typically an alkane having from 3 to 7 carbon atoms, preferably a
branched alkane. The medium employed should be liquid under the conditions of
polymerization and relatively inert. When a propane medium is used the process
should be operated above the reaction diluent critical temperature and pressure.

Preferably, a hexane or an isobutane medium is employed.
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Pol ynerization 098]" The catal ysts descri bed herein
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monomer and comonomers. The resulting hydrocarbon free powder is then
compounded for use in various applications.

[0093] In another embodiment, the reactor used in the slurry process of the
invention is capable of and the process of the invention is producing greater than
2000 1bs of polymer per hour (907 Kg/hr), more preferably greater than 5000
Ibs/hr (2268 Kg/hr), and most preferably greater than 10,000 Ibs/hr (4540 Kg/hr).

In another embodiment the slurry reactor used in the process of the invention is



and catalyst materials supplied, are agitated to

reduce or avoid concentration gradients. Suitable
wWEe@eosHaes operate above the nelting point of PEEUS2005/024708

pol ynmers at high pressuredg) from1l to 3000 bar

(10-30,000 MPa), in which the nononer acts as dil uent

or in solution polynerization using a solvent. [0099]
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al so, international appl | cation WO 96/ 33227 and WO
9 Honezmeouox Soliitipp PhagePolivmerization pr ef err ed

€ rﬂ?%} ment, The® Paiyspsu(%scnbeg lhlé}elng ¢hn be used advantageously in

homogeneous and or solution processes. Generally this involves polymerization

in a continuous reactor in which the polymer formed and the starting monomer
and catalyst materials supplied, are agitated to reduce or avoid concentration
gradients. Suitable processes operate above the melting point of the polymers at
high pressures, from 1 to 3000 bar (10-30,000 MPa), in which the monomer acts
as diluent or in solution polymerization using a solvent.

[0099] | Temperature control in the reactor is obtained by balancing the heat

of polymerization and with reactor cooling by reactor jackets or cooling coils to
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p rsg 98 1@ a dampesatprernd| @bplﬁ 228y Cpdhe polymer solution is then brought to
a Lower Critical Solution Temperature (LCST) liquid-liquid phase separator

which causes the polymer solution to separate into two liquid phases--an upper
lean phase and a lower polymer-rich phase. The upper lean phase contains about
70 wt. % of the solvent and the lower polymer rich phase contains about 30 wt. %
polymer. The polymer solution then enters a low pressure separator vessel which
operates at a temperature of about 150° C and a pressure of 4-10 barg (400 to 1000
Pa) and flashes the lower polymer rich phase to remove volatiles and to increase
the polymer content to about 76 wt. %. A gear pump at the bottom of the flash

vessel drives the polymer rich solution to a List devolatilizer. An extruder is



used to produce honopol yners or copol yners. (For the

pur poses of this invention and the clains thereto a
w@oweloyitey nay conprise two, three, four or nDOPET/US2005/024708

di fferent nononer units.) RBeferred pol ynmers produced

herein include honopolynmers or copol yners of any of

t he above nononers. In a preferred enbodi nent the

pol ymer is a honmopol ynmer of any C2 to Cl12

aI qohp\ledt ketherend oPtleflastalelglatizee whetepydhe palymehmnteriol iy mer
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I'n anot er enbodi nent the polyner is a

C abwls yhregrolyoenprellsishighr lgyy ladfinal solvend wentent afdess thwin abant/0.5
ée nmononers |isted above. In another preferred
erﬁsto ment the WD 2006/ 010139 PCT/ US2005/ 024708 44
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olcembired vaing Fo q&@ﬁ Sqﬁbﬁﬁgﬁféﬂ% ISO?E&}P@B&H?&W xane, octane or the
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I ncl udi ther cyclic olefins, such
c yamtrmﬁamm,rt&ag catalybmysteme:,onmrt@wt lesgb21% ot ﬂ@dnonomer to

oD eb ety Bt i, BeRRIS AT ToRt B RSy at leagt 0%,
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99/ 0822. Additi onal léf ha olefinic
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al [ o
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[ @dfefablyldt neat 4096) prefembhei’t&east 5ietopistisad updrgihe areilsht of the
ultra-hi gh npl ecul ar, wei ght pol yet hyl enes, incl udi ng
b PP wtr%%cegamr T834Mi t h ot her~ al pha- ol efin
nononer s, al pha-ol efinic and/ or non-conj ugat ed
diolefins, for exanple, C3- C20 olefins, diolefins or
c\Rilymews| ef i ns, can be produced by addi ng et hyl ene,

RPN U RS SO aw

bajsdd toBirodudeliRifopblynRIPST RboFyesd. #6r BePuipodts dT thil @nvention
and the claims thereto a copolymer may comprise two, three, four or more
different monomer units.) Preferred polymers produced herein include
homopolymers or copolymers of any of the above monomers. In a preferred
embodiment the polymer is a homopolymer of any C; to C;, alpha-olefin.
Preferably the polymer is a homopolymer of ethylene or a homopolymer of
propylene. In another embodiment the polymer is a copolymer comprising
ethylene and one or more of any of the monomers listed above. In another
embodiment the polymer is a copolymer comprising propylene and one or more of

any of the monomers listed above. In another preferred embodiment the



i nvention catalyst that has been slurried with a

sol vent, such as hexane or toluene. Heat of
w@oedogoeriBzati on is typically renoved by cool i nBCT/Ga®05/024708

phase pol ynerization can bg4conducted, for exanple, in

a continuous fluid bed gas-phase reactor operated at

2000- 3000 kPa and 60-160 C., using hydrogen as a

reaction nodifier (100-200 PPM, C4-C8 conononer

f %Sﬁcﬂ eRBofriSeslon? or@hordilioleiimctoGdnofreeyl ptaferably (0Ab oBMmore
nmol See, U S. Pat. Nos. 4,543,399, 4,588, 790,
5%2@0@7@ole§n§+ 5, 405,922 and 5, 462,999, which are

r rate
| TRBEL 2" Lyt A SALAR Rl W BB Beside cibseRBecilly
p@lgsdﬂibéd abm@uﬁ@dbéwlﬁnmzalmngmgglyﬂs a@fgrchngl;d th:ae
an one or nore to | ar ancne or .cyclic
MBRGREPR, Torexample SiRrensy Cé%}ﬁ‘r Uﬁﬁt}fateé@tbif%}leélléo‘wtﬂ and other
I
PERPERES (Bl Il A AeRORG O Borbomadiens,

p rdmyubpdnth@am, and ethar eloﬁmlcylﬂveunsemr@c@ moenmemn mcludm Qiher

t
i i % BB RS DR RS B
3By i%@a plcBhiming folek Bofoniert EpaBldbficoofignetion 1.
[00108 t hyl ene-a-ol efin_(including ethéiene-c clic

g|p@¥yim¢r@n@onatsﬁ9,|f@h@caalpl@|lé i Ratdes. f3Ay 781 246Dt andvo
I9g/t30§9i e&?hﬁ%n%%% a%’ﬂé}n!lﬁofﬂ %B%%%@Jtnhfs%'fh & ?@O(Pﬁer units,

préepared u sts o eln entlon

Urod éforé, mddi dlscoteaincarpbratéddry q@pblyymenzatmn veldpredrashes or
|ntrod ng ethylene gas into a slurry utilizing

twenmgn%géklﬁp VMLl ic olefin or mixture thereof with

ot her nononers, polynerizable and not, as a

pol yneri zation diluent in which the invention catalyst

|ii§ﬂ§§ﬂhﬂﬂﬂg_ Typi cal ethyl ene pressures will be

biﬁ@ﬁ@? . zatl Afeanpp el lofe iidrdie Rttt AP pich Moterus

?} ed: @ch&im% B8 HBATC 88E coidlyRE s Sadhl st afiha-
StIir r

tank reac or nore than one operated
rml@erme@ormrs ppéplw -plefinic s@@/or wa-epaviegaiad dipleEing Jorr exasple, Cs-

01,20 ¢
c e b Niegd SRR cuPRREM EF303Re stiyigpp and
9@pHicEAly cmedr Mok 8 M%ﬂ%moﬁbheﬂpmaﬁmrﬁ\reesel under low
rence

DGR G (BRI <30 BEScS SO iF M BB B At Conitafhe

uggfdition EANEEGhAhas SOIPIMPES withr R AR SulPRONKERS & toluene.
Heat of polymerization is typically removed by cooling. Gas phase
polymerization can be conducted, for example, in a continuous fluid bed gas-phase
reactor operated at 2000-3000 kPa and 60-160° C., using hydrogen as a reaction
modifier (100-200 PPM), C4-Cg comonomer feedstream (0.5-1.2 mol %), and C,
feedstream (25-35 mol %). See, U.S. Pat. Nos. 4,543,399, 4,588,790, 5,028,670
and 5, 405,922 and 5,462,999, which are incorporated by reference for purposes of
U.S. patent practice.
[00107] In another preferred embodiment the polymer produced herein is a
copolymer of ethylene and one or more Cs3 to Cy linear, branched or cyclic

monomers, preferably one or more C; to Cy; linear, branched or cyclic alpha-



[00109] In another preferred enbodi nent the polymer

produced herein is a copolyner of propylene and one
wWoropIE3LC2 or C4 to C20 linear, branched or cRCl/U82005/024708

nononers, preferably one odWsnmore C2 or 4 to Cl12

linear, branched or cyclic alpha-olefins. Preferably

t he pol yner produced herein is a copol yner of

propyl ene and one or nore of ethyl ene, butene,

peitfese Prdfanbl’yehe pelpmenproduatidrssin ismawnezmed ef ethglene and

SR N AR AR oo B Y BET HGPSS B
praet el @csheeéﬂeoahnﬂam -pehRn8q YiRinR pestsed fhares, thﬁleal

copolyner of propylene and et hyl ene and optional l'y on
ﬁwﬁ@mé-C4 to C20 linear, branched or cyclic
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propyl ene- and ethyl ene- derived units. t hes

r Sirgeadymertratien ddpmtwmpegatmeezvm tmdbgﬂmqmweem 4£eamlsl 60° C

YIS o b SR Bly B5RA RS B e PR Ber

s ibsdriaB bt pdrall€@nSdel the Béead disdlosid oF RSP NY.- 5,881,205 for
et hyl ene conpositions |ower than the above limts for

t BENEYFBSPRTeONdiiner. Y561 a)see iiicraptionabAnplicatipys WO 96/33227 and

ool S ey PEAT b e SloffiRied S mBAATR feeripion of
spob'n'@nhatldlﬂmycaﬂsnsnmetaﬂac.@e tsd&iectfoan\mﬂaxbéihl sabémess and
el asti Ci ty At et hyl ene conpositions higher than the
aBPIBOYNASi ts for the copol ymer conponent, the
copolynmer is substantially anorphous. The ethyl ene
corrpositi on of a polyner is neasured as follows. A
filmis pressed at a tenperature of

pﬁﬂﬁ')%’cl)s. ot BB s e ot Sy Bel ot Horras o

t bepodang! of ptdpstene @HA ofi&bAmbR GZQQQ:&mcz?l lih&ar rlﬁ‘ﬁﬁﬁh@@ dr cyclic
and the nononer wei ght percent of ethylene can

c oBpmgiseRfcfeEdly anher mereGreorColtp Sini Fieras duanched or cychc
EEIBX& BIEnt Pré}”eralﬁg ﬂ?bgﬁrblymer produced herein is a copolymer of

propylene and one or more of ethylene, butene, pentene, hexene, heptene, octene,
nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, and 3,5,5-
trimethyl hexene 1.

[00110] In another preferred embodiment the polymer produced herein is a
copolymer of propylene and ethylene and optionally one or more Cy4 to Cy linear,
branched or cyclic monomers, preferably one or more C; or C, to Cy;, linear,

branched or cyclic alpha-olefins.



11 1.987X + 30.045 X2, wherein Xis the ratio of the
peak height at 1155 cm 1 and peak height at either

wO@ 2®eondi3dr 732 cm 1, whichever is higher. [O0RQRLSI005/024708
one enbodi nent, the polynmeréis a random propyl ene
copol ymer having a narrow conpositional distribution.
The copol yner is described as random because for a
pol ymer conpri sing propyl ene, conmononer, and
OO0}l |y Tdiagéer profered embodiaisit tlie&‘ﬁol}inwtphﬂimwd herein is a
conononer residues is conS| tent with the rando
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or less than 3Q iii) atriad tacticity as
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V‘ﬁ()@ﬁtZ] of thg oAOBAbYATBIent, $he polymer is a random propylene copolymer
having a narrow compositional distribution. The copolymer is described as
random because for a polymer comprising propylene, comonomer, and optionally
diene, the number and distribution of comonomer residues is consistent with the
random statistical polymerization of the monomers. In stereoblock structures, the
number of block monomer residues of any one kind adjacent to one another is
greater than predicted from a statistical distribution in random copolymers with a
similar composition. Historical ethylene-propylene copolymers with stereoblock
structure have a distribution of ethylene residues consistent with these blocky
structures rather than a random statistical distribution of the monomer residues in

the polymer.



soluble in two adjacent tenperature fractions of a
thermal fractionation carried out in hexane in 8 C

WO p@msenEss s, where X is 75, or 80, or 85 or 90PCDUSHB5/024708
or 97, or 99; (vi) a reacufvity ratio product rilr2 of
|l ess than 1.5, or less than 1.3, or less than 1.0, or
less than 0. 8; (vii) a nolecular weight distribution
MV Mh ranging froma lower limt of 1.5 or 1.8 to an
ugper13ji mt Iafvadusembfdirhents, Fearired oﬂﬂle%opélyiniefs)lndude some
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[®9115] An ancillary pr ocedure for the description of

the. tacti.clt
vi) a reactlv{ty ¥at10 prO(Tuct rirz of less than 1.5, or less than 1.3, or less than 1.0,

or less than 0. 8;

(vii) a molecular weight distribution Mw/Mn ranging from a lower limit of 1.5 or
1.8 to an upper limit of 40 or 20 or 10 or 5 or 3;

(viii) a molecular weight of from 15,000 - 5,000,000;

(ix) an elasticity as defined herein of less than 30 %, or less than 20 %, or less than
10 %, or less than 8 %, or less than 5 %; and or

(x) a 500 % tensile modulus of greater than 0.5 MPa, or greater than 0.8 MPa, or
greater than 1.0 MPa, or greater than 2. 0 MPa.



propyl ene units of enbodi nents of the current
invention is the use of triad tacticity. The triad
WO awbioti18y of a polyner is the relative tacti cP€USI005024708
sequence of three adjacen#8propylene units, a chain
consi sting of head to tail bonds, expressed as a
bi nary conbi nation of in and r sequences. It is
usual |y expressed for copol yners of the present
| Mefhé PoinaPetdeat Cﬁts"ca(]lnﬁifv anfdleatofiarsionf units of the
specified tacticity to all of the prop yFﬁne triads in

tri@OIéébm y mevielting pains(seqond msk); pereent coEtalantyand hgat of fusion
FAChd; mﬁoﬁﬁ YR BEeL r& Hurebﬁlfééar{ﬂ?c[aﬁns&ﬁﬂ ing

f Fom a trun1o e pr ene copo yner
t Icelonfrmhha)mS@ faoe cltacis olntannEal aghg e ms;

niEe] 2670
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units in the follow ng three pfopylene unit chains
C dimesii waduadly hedititpsinith- 209-Caatla rhtsrodd 0 °CHBInGd3 Thie3ample is kept at

o e iy kol oo B g i

PrERRY:LE REconA RN MR mhBevaRR S REordaMdAtdS uhddrake melting
tacticity determ ned as described in U. S. Pat. No.

5 c80%s areamensdredrapfl @s@rt@elstenhmeéhmhearhéﬁa@mwﬂ dredegree of
CPRRUAEERE  Beaf PRt vR BN s b AL B SRS (P ke
b)thelcaﬁvé\[\l&ﬂe@@ram) / B (Joules/ gram)] * 100, where B is the heat of fusion for
the homopolymer of the major monomer component. These values for B are to be

obtained from the Polymer Handbook, Fourth Edition, published by John Wiley
and Sons, New York 1999. A value of 189 J/g (B) is used as the heat of fusion for

polypropylene.

Triad Tacticity
[00115] An ancillary procedure for the description of the tacticity of the

propylene units of embodiments of the current invention is the use of triad
tacticity. The triad tacticity of a polymer is the relative tacticity of a sequence of
three adjacent propylene units, a chain consisting of head to tail bonds, expressed
as a binary combination of m and r sequences. It is usually expressed for
copolymers of the present invention as the ratio of the number of units of the

specified tacticity to all of the propylene triads in the copolymer.

[00116] The mm triad tacticity (mm fraction) of a propylene copolymer can
be determined from a >C NMR spectrum of the propylene copolymer and the
following formula:

PPP(mm)
PPP(mm) + PPP(mr) + PPP(rr)

mm Fraction =



greater than 75% or greater than 80% or greater than

82% or greater than 85% or greater than 90%
waawbioti18y | ndex [001181 The tacticity index, BPXPUSHES®4708

herein as "nir", is determi4med by 13C nucl ear

magneti c resonance (N MR). The tacticity index mr is

calculated as defined in H N Cheng, Mucronol ecul es,

17, 1950 (1984). The designation "m' or "r" describes

t Rehesé PPR@GHYR, PPP(ny) antl PPR(1¥)sdenbteqealk a@u@dmmdmjm ﬂi&&nethyl

groups, "nm referring to nmeso and "r" to racem
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PYYEER 1o-Al1 PR M r ratio of 2.0 an atactic naterial.

An isotactic material theoretically may have a ratio

approaching infinity, and many by-product atactic

pol ymers have suffic i sota c conten(t;Hto resul t

in ratios of greater than WO 2 /010139

PCT/ US2005/ 024708 poliymers o ITbOdI MeRt s of

our i nVERENBY ca )t-ré& @i T—FH

fromalovverllmtof4or to an upperlirn'tof80r

12. Internolecular Taeiicity MaHycul ar Structure:

Honogeneous Di stribution: [001 9] Honbgeneous

distri i's defgé gs{?@pst
I NSi gnllP?Fcant inte rml ecur1 iffer er??u( f botcn)l—n_

the conposition of the copolynmer and in t tacticity
of the polynerized propyl ene. For a copol9 r to have
a honogeneous distribution it nust neet the
requirenent of two independent tests: (i)

internol ecul ar distr@Bution of tacticity;Cdnd (ii)

i nternnol ecul ar di st ributl on of conposi t|£ whi ch are
descri ppa@bel ow. g—tesH ChI-2BH, vof tR
statistically insignificant “/in errml ec r differences
of tacticity of the polynmeri zei propyl ene and the
conmposition of the copol yner, é@pect ively.

Internol ecular Distribution of Tacticity: [00120]
Preferred pol ynmer produced herein have a statistically
i 18017l f i cankhe 3Rt MMibspectuima of thef frepyemsecopblyneer i medsyred
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hy, 0 )
DRSS SR RIR, O AR TG s o
S ep araated than 90%.
Tacticity Index
[00118] The tacticity index, expressed herein as "m/t", is determined by >C

nuclear magnetic resonance (NMR). The tacticity index m/r is calculated as
defined in H.N. Cheng, Macromolecules, 17, 1950 (1984). The designation "m"
or "r" describes the stereochemistry of pairs of contiguous propylene groups, "m
referring to meso and "r" to racemic. An m/r ratio of 1.0 generally describes a
syndiotactic polymer, and an m/r ratio of 2.0 an atactic material. An isotactic
material theoretically may have a ratio approaching infinity, and many by-product

atactic polymers have sufficient isotactic content to result in ratios of greater than



simlar polynmers of different crystallinity due to

differences in isotactic propylene sequences, as
wa@b@en1diao t he article in Macronol ecul es, Vol . PEr/UpR0SE4708

(1993). [00121] In enbodi #@nts of our invention, at

| east 75% by wei ght, or at |east 80% by weight, or at

| east 85% by weight, or at |east 90% by wei ght, or at

| east 95% by wei ght, or at |east 97% by wei ght, or at

| €505 tCARYpminyts vbrghidimbnts béoulpﬁifemibh cas hawd afatigcityrindex m/r

si ngl.e tenperature fraction, or in two_adj acent
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polynmer in imredi ately precedi ng or succeedi ng

tenperature fractions. These percentages are

f rlaetmolesylaf Pacticigt ance i n hexane, beginning at 23 C

and the subsequent fractions are in approxinmately 8 C

i ncrenents above 23 C. Meeting such a fractionation
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PCT/ US2005/ 024708 5 mer has statistical
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insignificant internolecular differences of
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s peatposisionpyhioli altehksscfrrl:&dtbielms "Dliese teetspod y mensuodofihned

g%&a&ww@ r}]ta%%} t her qgc&laﬁéiié%plggelég aﬁé&?y cgjfLH:le polymerized
Stﬁslby%ﬂe%hlme édﬂﬁﬁcﬁﬂio&' dT Y cdpblysherDie§icdtily.

differences of conposition, each of these fractions
has a corrp05|t|on (wt. % ethylene content) with a

¢ MRS RE R Dk ek B ediohvly | ool hon 0o ot o

( qoepdogt e) qfrefeﬁ@d 9&1@fn%ﬁ§rd&hced)/ﬁerﬁh Ay GaleRiRhi®Mnsighificant
t he whol e %’f@;@ Meeting such a fractionation
Ree

r eq@nn@lﬁ@rl@r di Qﬁmtwgwé polymerinedspropHenahetygen different
' g&%%g ({deﬁﬂgfe\cls\#]lgltlg 5 mﬁu? ‘fé"(lie%?ﬂhéd‘ ﬁrglglgaé lﬁ%%téor%agon by

C @ontroley dlémunimn@nmlhy lren@ngle splRBEL24k]a sEeaiepsudarely edevated
copol yner h V|n9 LQE sired rag%onnes and. narrow
c&ﬁ‘ﬁBéP‘i“ff?:?n prcpss \é‘i’i’éf% fatratee hydipearban spoheas bexang or
”%ﬁlah@C?Ht%e%@ﬁt%lléatdlés&uﬁ%ﬁ AroMBiGls ardlcbRWorPised o separate
single statistical node of addition of the first an

s @@mﬂ@t nodyrosre of difkstpné aiystsllmiy dag Yo difisrenogronysasacticpropylene
| -m xed i.n nt | us.f! ow tlrre k
oS HERES & R I BPEHR MBSt ! 2oapangeg1099)
Pqbo1TAY | Zat iTARNBBNI RN B Hur ifention, at least 75% by weight, or at least
80% by weight, or at least 85% by weight, or at least 90% by weight, or at least
95% by weight, or at least 97% by weight, or at least 99% by weight of the

polymer is soluble in a single temperature fraction, or in two adjacent temperature
fractions, with the balance of the polymer in immediately preceding or succeeding
temperature fractions. These percentages are fractions, for instance in hexane,
beginning at 23° C and the subsequent fractions are in approximately 8° C

increments above 23° C. Meeting such a fractionation requirement means that a



substantially all of the polyner chains of the

copol ynmer. Mol ecul ar Wei ght and Mol ecul ar Wi ght
woe@boidsd i on [00125] My, Mh, Mz and Mw Mh ar ePCT/US2005/024708

determ ned using an instruiént containing colums

packed wi th porous beads, an elution solvent, and

detector in order to separate polyner nol ecul es of

di fferent sizes. Ml ecular weights for ethylene

prvibythaites enpsioiie isigfi@nnimesmotduly difkerpes aftadtiolty of the

chromat ography  using (1) an Alliance 2000 GPC3D

edlﬂ)ﬁ}é@é?e@/lpﬂf’yéﬁinpferentl al refractive index (DRI) and

vi scometry detectors and an 18 angle |ight scattering

detector or (2) a Polyner Labs 220 GPC 3D equi pped

vviIhta:nﬁBiepului Bistitettioy ofi@dmposiBomngl e | i ght scattering

snfifials shrereet pe RotorodireedenehtapaRy spuen o

WehRhbRchldr difidreficds df %Bﬁnﬁbﬁﬁ@ﬁ‘ Z@nen {skBSrakd o%' pidpglchbEse
Pol ymer Laboratories Gel mxed B LS colums™in

s etlidene b@t\zz@ﬁnrcbffatenmhams (m@ﬂrmieymme Trhés eompositional amatysis is
ohtai ped.,fromthe s ret tion
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corrBut ed fromt ressi on: Mntl M= NiMn
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e ndls of ENERosToh, col dfSn iR a3 ¥ E P on (e, %
avaelllﬁg& dmteat)whﬂr a diffegdnce Milesd/then 152t %/(albsoluﬂe)mr less than
Z .. Th ired M\D

o RO, el B FO Rarngl PN RES TS e i
C %ﬁﬁ&%&ﬁteﬂgof\'ﬂhé{ %'hHFeSI)ol}NE‘éiS WEHRBsu a %&ﬁﬂaﬁ@@eﬁﬁlrement

known in the art is discussed in nore detail
i rme'dn@ rthaéﬁambir@r ha} si@t@stlcaily ESIgEdicanmoteymelﬁculmtﬂl&wn@ﬁs of

P
porrsaioguiyich i MERER rariRi s Shmpydiler GBS RuS R
erﬂlizﬂm SPIEY Srolfede a EpoBmmer NYving H8Rkiredldadonthéks akll Farrow
Pat. No. 4,540,753; Verstrate et al., Macronol ecul es,

v slomppsition, i{ dwnezadof (1d a@mels dicdmedtallesereentalye isysed Which
\[Aga?léh tZ;]og \}fe af%g%lé e RRaY HBAS o PIRRHGES HEFfE Bnd @60 Pmonomer

sequences and (2) the copolymer is well-mixed in a continuous flow stirred tank
polymerizatién reactor which allows only a single polymerization environment for

substantially all of the polymer chains of the copolymer.

Molecular Weight and Molecular Weight Distribution

[00125] Mw, Mn, Mz and Mw/Mn are determined using an instrument
containing columns packed with porous beads, an elution solvent, and detector in
order to separate polymer molecules of different sizes. Molecular weights for
ethylene propylene copolymers were measured by gel permeation chromatography
using (1) an Alliance 2000 GPC3D equipped with differential refractive index
(DRI) and viscometry detectors and an 18 angle light scattering detector or (2) a
Polymer Labs 220 GPC 3D equipped with DRI, viscometry and an 3 angle light

scattering detector. Detectors were calibrated using polystyrene standards Samples



nol ecul ar weight (Mv) wthin the range having an upper

limt of 5,000,000 g¢g/nol, 1,000,000 g/nmol, or 500, 000
wa@tovelo101and a lower |imt of 10,000 g/nol, 20POD0S2005/024708

g/ nmol, or 80,000 g/nol, and2a nol ecul ar wei ght

di stribution MV Vvn (MAD), sonetines referred to as a

"pol ydi spersity index" (PDl), ranging froma | ower

limt of 1.5, 1.8, or 2.0 to an upper limt of 40, 20,

1QverSrundh 14,5tridMdrabaLALQ 33 ICPasing IFR2OOBG 19 Débordidries PC

[00128] ln_ane_enbodi nent, the polyners produced,
h&red xR &-SLolmpRe sewsSéd@melaﬂowe?E Alystyrgne sefentiogvolume

1%8taﬂ{edlfﬁ§§ the, s@arﬂ'érds Ed%he Qﬁen%)n leﬁEne d}fthg’ﬁelgﬁ'le} fesred glelds
oney VI SCOSI ty, as used ereln, can ur ed
Mﬂﬁezlptﬂym@mﬁﬁaﬂaawenghﬁl ng to ASTM D1646, unl ess

erwi se specified. Elasticit 0129 t| ity is
G80828) hea” A mjes asiie bty becombnuted Em s
df, line 19 to line 49 of US 6,525, 157. TenS| l e

cQ i
Modul us [ 00130] Tensile Mdulus is determ ned
according to ASTM D 638 at 20 inches per mnute (51

cm m n) u5| dumbbel | shapes as described at col umm
17, line NM 6, 525,157. Melt | ndex [00131]
In enbodlne I'the present invention, the polyners

pr oduced herel n have a nelt index (M) of 20 dg/mn
ory pess, 7 dg/mn or less, 5dg/mn or less, or 2
d N or |ess,—or tess tharm2 dg/ mn. The
deterninatggié?f the nmelt index of the polynmer is

according t SﬁMHRﬁZ38 (230C, 2.16kg) Procedure A
In this ver he nethod a portion of the sanple
extruded duri:tng the test was collected and wei ghed.
This is connﬁnly referred to as the nodification 1 of
the experinental procedure. The sanple analysis is
conducted at 190C with a 1 mnute preheat on the
sanple to provide a steady tenperature for the

d L\’?&q&e ﬁnlts%e i hﬁﬁg RiLun léclﬁ?egthﬁwig %rng(ﬂic &%5%19[% ":Whgr[ =0,

nser i 6™ o Priopyl ene: MBIt 1 bns

[ 00 1533} nhimbpodveadge mdleculireveighe d/iiny Wieh yire Mza theomeiglit
a-olefins of three or nore carbon atons in the
praggageolscular weighhMwreWhen gcénd ig theod-pygrage molecular weight

é\é ' Tﬁ@&ésirg@ D ft a?tldrf‘(%%' INTRAVTR ¥ R8Pt qg tﬂerlratlo of the

i'tion to t i’nsertion, suc
corresponding M values Measurement of M and MWD is well known in the art

and is discussed in more detail in, for example, Slade, P. E. Ed., Polymer
Molecular Weights Part II, Marcel Dekker, Inc., NY, (1975) 287-368; Rodriguez,
F., Principles of Polymer Systems 3rd ed., Hemisphere Pub. Corp., NY, (1989)
155- 160; U.S. Pat. No. 4,540,753; Verstrate et al., Macromolecules, vol. 21,
(1988) 3360; and references cited therein.

[00127] Preferred polymers produced herein have a weight average
molecular weight (Mw) within the range having an upper limit of 5,000,000
g/mol, 1,000,000 g/mol, or 500,000 g/mol, and a lower limit of 10,000 g/mol,
20,000 g/mol, or 80,000 g/mol, and a molecular weight distribution Mw/Mn
(MWD), sometimes referred to as a "polydispersity index" (PDI), ranging from a
lower limit of 1.5, 1.8, or 2.0 to an upper limit of 40, 20, 10, 5, or 4.5.



inversely inserted units such as a 2,1- insertion or a

1,3-insertion are fornmed in the olefin polyner
woredoeouile (see, Macronol ecul ar Chem stry Rapi dPCT/US2005/024708

Communi cation, Volume 8, Page 305 (1987), by K. Soga,

T. Shiono, S. Takemura and W WO 2006/ 010139

PCT/ US2005/ 024708 54 Kami nski). Thus, the insertion

of propylene can occur to a snmall extent by either

2,[6012831 |t Gn bAé bmbedimbnt theRiyrhére psodiienithdreinéady a Mdoaey

p r"g“gg;lg’; g/ﬁr(g;‘&t’ @e]o?ﬁséa 4{@8 ,rS’tF Ilfg?pﬂér% ?ﬁﬁaéq %ﬁgésh 9130 or less.
aI : 8@0?&?& %I %J]‘gsgd%g%m%%lggéﬁ{e e ext entﬁlg%ﬁ@ \13253(3 o

imsmn&hgmsASﬂE4ﬂﬂﬁé6nnmﬂdoﬁmnmsdﬂngﬁkﬁ t he procedure
described in US 5,504,172. In a preferred enbodi nent,
the proportion of inversely inserted propylene units
Oﬁﬂaﬂﬁ mers produced herein, based on the

-|nsert|on of a propyl ene nononer in all propylene

| r[@@rw] lons, E@tmﬁmﬂmnmwdm@rm to AS T EnT Ut astdeseribed at

% n ed on the
IL?rrf‘stgr’?llnsjl‘bg? lige gé‘%gﬁ gezsnk‘)r@ﬁoner, as neasured by
13C NVR, is greater than 0.05% or greater than 0.06%
or greater than 0.07% or greater than 0.08% or
50. 085 percent. [00133] In a preferred
g@@ﬁoﬂ: I‘eﬁﬁlé’ﬁﬂo {i'i‘ﬁﬁs & &&%%dac@c% o ASTM ?83%05{‘ 0
rs of ene an erne V|ng a heat o
f umhem pasmindet (6ﬂ rasnvhmh) ginBidufobbelh shapks Scdasoribegl at column 17,

or.i | ess than 50 Jlg, a nelt index
C?W‘F @n%géig(st%?% g§7dg/ nmn, and containi ng
stereoregul ar propylene crystallinity. Preferably the
pol ynmer is a random copol ynmer of propyl ene and at

| ddelt Indee connnoner selected fron1ethy|ene C4- C12

ag @#@Tscmﬁﬂ B8t S s ol Fen A)%be @sﬁg%{rﬁ Phguced

ethlai,eum@vetarm&@ indeR g0 SOt dpmirdrabss\Ve Hgin f 1dsH& dg/min or
pol ymer. [00134] In another preferred enbodi ment, the

pdespna? qe/mieilessher lepnithag @ gisfmine T'he defermipatinabie melt
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minute preheat on the sample to provide a steady temperature for the duration of

the experiment.

Stereo- and Regio- Errors in Insertion of Propylene: 2.1 and 1.3 Insertions

[00132] In polyolefins prepared by polymerization of a-olefins of three or
more carbon atoms in the presence of a chiral metallocene catalyst, 2,1-insertion
or 1,3-insertion takes place in addition to the usual 1,2-insertion, such that
inversely inserted units such as a 2,1- insertion or a 1,3-insertion are formed in the
olefin polymer molecule (see, Macromolecular Chemistry Rapid Communication,

Volume 8, page 305 (1987), by K. Soga, T. Shiono, S. fl“akemura and W.



[00135] Preferably the first nononmer conprises one or
nore of any C3 to C8 linear branched or cyclic al pha

wo edoefia139 i ncl udi ng propyl ene, butene, (and aPtT/US2005/024708
i soners thereof), pentene @&nd all isoners thereof),
hexene (and all isomers WO 2006/ 010139
PCT/ US2005/ 024708 55 thereof), heptene (and all
i soners thereof), and octene (and all isomers

t Renaedki). THikahe Errseﬂloﬁmf@r@jy&ne reh oehar fr opyhleadentby either
-butene, 1 - hexe 1 -octene cl ohexene,
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tr | hexene a

s hFRatorR et as R b D ady SRER. s gieger hon itpeppazreste
Prﬂ@fneo 6%l Yaskihen tigy mmaronqmﬁmrb@e@emmermrmeasﬁmaw
C,to CAO0 linear, branched or cycllc al pha- ol efins
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-
3 randond &4 $ of‘ﬁ% @n@and%tﬁ@éﬁ%aﬁ £8t df fuffion as

nmet hyl pent ene- o ent adi'ene, and cycl ohexene. In
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m%g%wlmﬁn tPréferaBlyoBe hblyafer aSLfah6f chpolsBBEofRbYyTeisand at
produced herein, there is preferably a substanti al
aBenshens WMROBISE slerded/from atlsflencaty Cipplees, avd combinations
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[00137] The catal yst conpositions of the invention can
be used as described above individually for

c iqnat i o I b ! OroRBANR
pg%fr?g? bl e%%ﬂl&mﬁ{@ ﬂcr)%iﬁg?&rkbgg{\/(\)gﬁgﬁghéf ?lﬁnif)ag yr?e?)lrzatl on rein

cabmpyists: conpounds. By

a first monomer present at from 40 to 95 mole %, preferably 50 to 90 mole
%, preferably 60 to 80 mole %, and

a comonomer present at from 5 to 40 mole %, preferably 10 to 60 mole %,
more preferably 20 to 40 mole %,and

a termonomer present at from 0 to 10 mole%, more preferably from 0.5 to
5 mole%, more preferably 1 to 3 mole %.
[00135] Preferably the first monomer comprises one or more of any C; to
Cg linear branched or cyclic alpha -olefins, including propylene, butene, (and all

isomers thereof), pentene (and all isomers thereof), hexene (and all isomers



sel ecti on of nononers, blends of coordination catal yst
conpounds, polynmer blends can be prepared under
w@oelogoeriBzat i on condi ti ons anal ogous to those PSI/N§2005/024708
i ndi vi dual catal yst conposissi ons. Pol yners havi ng
i ncreased MAD for inproved WD 2006/ 010139
PCT/ US2005/ 024708 56 processing and other traditional
benefi ts available frompolyners made with m xed
o\qi 5i¥8d QUE all ddnididitheReNRk &1k (ab DR B8Inets thérdof).
gener l'y believed that in situ blending provides a
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elastlc [00139] In all previous enbodi ments including

band ppto HO moledd of ethet phemers. pol yners, et hyl ene
copol ynmers , propyl ene pol yners, other polyners and
bl ends, the polyners described above may further

CQOMN36F€ ONndn e MEHsEreteBnNESpraperties dsoriddl toweing polyers
preferably at the lower |im¢t of 00001 wt %
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higher limt of 7 wtw%and a higher limt of 15 wt%

ba&i&tupon the total wei ght of the composition. Al of

t hese percentages are by

Blends

[00137] The catalyst compositions of the invention can be used as described
above individually for coordination polymerization or can be mixed to prepare
polymer blends with other known olefin polymerization catalyst compounds. By
selection of monomers, blends of coordination catalyst compounds, polymer
blends can be prepared under polymerization conditions analogous to those using

individual catalyst compositions. Polymers having increased MWD for improved



wei ght, based upon the wei ght of the copol yner. The
presence or absence of diene can be conventionally

waledsnoniized by i nfrared techni ques well known POT/US1005@24708

skilled in the art. Sources6of diene include diene
nononmer added to the polynerization of ethylene and
propyl ene, or use of diene in catalysts. Non WO
2006/ 010139 PCT/ US2005/ 024708 57 conj ugated di enes
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bl B0 LR B Yl T pomc b,

onheapdiyrdeﬂs descriBeé hisoveanayufngthénnoatpeide ané dismore dienes at up to 16

anh ri I nel yde an nsat.ur J.gani ound
e pgeta Bt e iBtard GhAGYinayep Bt A ke

C fl‘i'itﬁ%‘ﬁ/(b 06, PrteraBS R & F&Nradnhi¥ 6f @S vebSeHt 96, éﬂ@k@rably to 0.5 weight

carboxylic aci ds, - anhydrides, esters and their salts,

bét.lever e prsfeantdy AGA-Vik and toe highesfligribel tp lihweight %, a
higher limit of 3 wt% and a higher limit of 7 wt% and a higher limit of 15 wt%

based upon the total weight of the composition. All of these percentages are by
weight, based upon the weight of the copolymer. The presence or absence of
diene can be conventionally determined by infrared techniques well known to
those skilled in the art. Sources of diene include diene monomer added to the

polymerization of ethylene and propylene, or use of diene in catalysts. Non-



organi ¢ conpound contains an ethylenic unsaturation
conjugated with a carbonyl group (-C=0 . Exanples

WO p@boda3al ei c, fumaric, acrylic, nethacryli CPCT/US2005/024708
itaconic, crotonic, alphashethyl crotonic, and
cinnam c acids as well as their anhydrides, esters
and salt derivatives. Maleic anhydride is particularly
preferred. The wunsaturated acid or anhydride is

PE6Hh; ﬁ% abd Yiepsasehll aato-aldaviness.ate pefgitly %mghiadhaml; WO
2006/ 010139, PCT/ U82005/ 024708, 58 10 wei

phadrecarbpy diaplefinber cygloglkgrylbstified ASBER haN%ﬁgNS ggrbon
e f

o Ay RsSerafiblet 60 Syt absitiot s § AL M opond
t Ngp-oadtadiens; db)eln‘amxhiedi cloein acyelicl diedes, stoheasd -as ethfy D01, 44exadi

QSRS L AR SR e e S
MesohnterSTBE Y drofr)H){ric%ne mﬁamydromrPﬁ@r(ay ﬁﬁgle g aQEyché dfeRes,

are given. ocenes Conpl - Conp3 ‘a Activators
Alsych/g QD &, Joticiipsetadienarh, fboml@heaia@uen% daﬁ-@x‘%o octadiene and

At \é%lg(rio(ﬁ‘c%%csfva Se:l (@rfgﬁgr ed 1%?/ 1c se% an%eb\p@gz%qgg ﬁlegg's’ 81ch

Caéfﬁeu@hﬁ!roﬁdglhe Mbﬁﬁ)raﬁ&d:hi &b -ﬁ&raﬁ’jldio ndefd; didd/copeftddiene

DUt Yot &3 20 bkt 05t liens lopTkyReroepichgalfenyiasd

CoB 3 KRG S HR, ARG 38, PEARABREAR IR, 559
propenyl-2-norbornene, 5-isopropylidene-2-norbomene, 5-(4-cyclopentenyl)- 2~
norbomene, 5-cyclohexylidene-2-norbornene, and 5-vinyl-2-norbornene (VNB);
(e) cycloalkenyl-substituted alkenes, such as allyl cyclohexene, vinyl cyclooctene,
allyl cyclodecene, vinyl cyclododecene. Of the non-conjugated dienes typically
used, the preferred dienes are dicyclopentadiene, 1,4-hexadiene, 5- methylene-2-
norbomene, and 5 -ethyl idene-2-norbomene, and tetracyclo (A-11,12) 5,8
dodecene. Particularly preferred diolefins are 5-ethylidene-2- norbornene (ENB),
1,4-hexadiene, dicyclopentadiene (DCPD), and 5-vinyl-2-norbomene (VNB).

[00140] Any of the polymers or oligomers produced by this invention, may
be functionalized. Preferred functional groups include maleic acid and maleic
anhydride. By functionalized is meant that the polymer has been contacted with
an unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides
include any unsaturated organic compound containing at least one double bond
and at least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. Preferably the
organic compound contains an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Examples include maleic, fumaric, acrylic, methacrylic, itaconic,
crotonic, alpha.methyl crotonic, and cinnamic acids as well as their anhydrides,
esters and salt derivatives. Maleic anhydride is particularly preferred. The
unsaturated acid or anhydride is preferably present at about 0.1 weight % to about



wowooe/opriegpar ed i n exanples A B, and L.

ONVe2H+ F/ &NMH+ 4 3 FFFFF FA A2 FF
NVe2H+ \ / \ F4 F F F A3 [00142]

\

wei ghts (wei ght average nolsgcul ar wei ght (My) and
nunber average nolecul ar weights (M) and

pol ydi spersity indices (MvV Mh) were determ ned,
versus pol ystyrene, using high throughput gel

PeD WRadht 9%) pedte
di scl osed in US6475391. \Were indjcated, th rn;l(atk)ﬁ
@%&? del

anEaforalaly apehaat d do b Ariveight Pa hased ynpndhe we

2 LISt j : -50 to 220 C
5o tfor 1eb e b AG IR O BRE N ee Then
cooling at 10 Cmn from150 Cto -100 C and finally
agai n heating to 150 C at 10 & mn. The second heat
r €Sare reported. [00143] Ml ecul ar weights for
t{@i&gpe Pr QRY kG FORR ERSaPat e GRUIRMhR C1RESIDbAP1-

e
C e neasured by gel perneation chronmat ograiphﬁ_
ulongp3(ahyl Amtivatakyd Akrckears shovichede® (ehetepde e methyl, Phis

bty Tt 'l o it Taehpfhen s oRRIRS and
ca|chibateall,us3 Were ddaldin&d froaremetcadiglabtdteor ACRyater A2 was

Vi sconetry
é?ing detector. Sanples were

Pol ymer Labs 220 GPC 3D eggui pped with DRI,
ameeparedaicegrging to V§R209204
run in 1,2,4- trichlorobenzene (135 C) using three

Pol ymer Laboratories PC Gel m xed B LS columms in
series. [00144] Thernmal analyses of the ethyl
propy| BrE_€opol yners prepdr&d in  exanpl es re
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conduct naPyrisl i using th
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the tables herein) were neasured by Differentia
Scanning Calorinetry (DSC) WO 2006/ 010139

wEOn6BAD5/ 024708 60 using the ASTM E- 794- 95PCT/US2005/024708
procedure. Al measurenment$9were conducted during the
first heating cycle between -100 C and +150 C on a
sanpl e that had been nolded at 200C and allowed to
anneal at roomtenperature for approxinmately 7 days.
The first heating cycle was run at a tenperature ranp F
rate of 20C/ mn. The heat of fusion was neasured fro
the total area under the peak curve in the region of
roomtenperatureikto AA05C. The nelting tenperatu
r ted here- e _\peak nelti enper at ures om_
t bR el t séz)gt her wi se @’cgﬁ * For =
pol ymer s di spl ayigng wul ti - peak nel ting
characteristics, the higher nelting peak was taken as
the principah nelting point. [00145] ConposiA2 on
measurenents of the ethyl ene propyl ene copol yners
prepared in exanpl escC-J were conducted on a Perkin
El per PE 1760 FTIR_(spectyophotoneter. A thin

§ fi g cppol ynmer was pressed at a

!
wn
M il
M
!

.4 0r greater, then nounted on
t he spectrophotofrete\_ A full spectrum of the sanple
from 600 to 4000 cnf1 Was recorded and the nonomer
wei ght per ceft of et hyl ene cal cul ated fromthe
equation: Ethylene wt % = 82.585 -111.987X + 30. 045

er ei yRRnd tsi er® brdphRdRe ekarnisle AL Badndld.55
?ﬁio:llx\gnd pggllf(ép#gli_l E(tﬁygl? Sei trhgll;ép722_ or 7@52i cm 1,
whioldralze wei@ts{wrgmt av¢rageimelecHar weighh(die) xud maabaggprerage

1 | i, h t '
ERnU BT Heebin gl BBk lgy PRRES Iyt el i,
t AGusGiollysegenel s )lighftl@@h?hrﬁi‘t pelrpegradtntchrdmgtography
reactivity ratio product (rlr2) and_mr ratios.
MeeRyERmens teghpignen declosed 4 UpAS (391 MEhere fistcate, thermal

o Gruneb B CG0RR 17 eEipd TR, Mopetapa gt e
Pednyte froml.58 %o 2205C 2GBDC/bifn Ss@betnlat 228136 foel @memies then

iR 10 ooy G P S s BTR LR o o

“d01h %3/1%1&. et ARS8t RAMEs A8 depolied sanpl es were

recorded at 125C using a NWR spectroneter of 75 or
1[001431z. PoMpirenlar exightnive chatere propylene epadyioerd prapared in

gl S TRC I R T N .
OR11FncA20BOGRE3D RquippLy With ddBstialedfiotiveindex (DRI) and
viscometry detectors and an 18 angle light scattering detector calibrated using
polystyrene standards or (2) a Polymer Labs 220 GPC 3D equipped with DRI,
viscometry and an 3 angle light scattering detector. Samples were run in 1,2,4-
trichlorobenzene (135 °C) using three Polymer Laboratories PC Gel mixed B LS
columns in series.

[00144] Thermal analyses of the ethylene propylene copolymers prepared in
examples C-K were conducted on a Pyris 1 instrument using the accompanying
software available form Perkin Elmer Instruments, USA. Heat of fusion (AHgys in

the tables herein) were measured by Differential Scanning Calorimetry (DSC)



Configuration"” Academ c Press, New York 1969 and J.
Randall in "Polynmer Sequence Determ nation, Carbon-13
wOoRMoNBiIBDd", Academ c Press, New York, 1977.pdhes2005/024708

percent of nethyl ene sequemges of two in |ength,

% CH2) 2, were WD 2006/ 010139 PCT/ US2005/ 024708 61
calcul ated as follows: the integral of the nethyl
carbons between 14-18 ppm (which are equivalent in

C m@ﬁgﬂhé ASTM EL794td5eprocuduey. All nasdrpinente sverdcondacted desng

ofin ! heigicarle PedigER kLS %d'%éé”&nw%fae%q%fmé Bt ohechren
45115‘186&’5’550?5@ gﬁ&‘ﬁldv&gdecg btheaPht ﬁoaﬁl tgfﬁ%)gﬁéluug fr! Eﬁx%mmately 7

bet ween ppm tinmes 100. S a mni
c alagul 'Ehe ﬁnrst Reating hEl@WBSJI’lIn afa temmrhgar@mmpgamqféZO"C/mm The

gg{%ta,gi %‘016?” ag F%gi ?{{1? E%\Aq rglgt}:,lg :gg 3 WE%EI heng region
AT RhSeriifedo h@§@ 3.1 Ih'eltln%lte Rire8 Aéhodted NercfaliSihe

Makronmol . 'Chem 1989, 190, 193 tal yst Synt hesi s
Emnlpmglqgjmgptures from the second melt unless otherwise indicated. For

- ohs AR5 e el SR AR bR e
Q%dkﬁﬂidﬁ)asalﬁ&prﬁﬁﬁpaﬁhieﬁﬁlgtpbnﬁ 6,7, 8-
tetrah dr o- 8- pent anet hyl - benz[fl i nde

by Cmanareion maskrepign(siof the ¢thylens prﬁpqd@aﬁ Gapelymers
E?%t% SHEPBSEE AR Tendtedons BeinFlme L 6K
b epedtfophoidereydr) Zsl-thiﬂ\llcnnogémeous ﬁlmrqﬂthe dopalynier eyra patssahat a
gg?%ggbﬁug%&%bﬁf)@gé] Iy grea?er then moun‘?ed onrgle spec[}ophotometer
5 A@ £l s‘%fet:@&lﬁ%&'méfs@m%lé&én%oﬁ 10 E@M(ﬁé‘fﬁﬁ kst rf8RElfahi Ateny

l'ithi'um (6 .4 mmol) was added, nostly as a
s ahomdmer gvesght @b@el(t%‘ @tlm)ens @ahqulatﬂd ft:ffm thmsa@m Eghylge wt %

— Th I
yarTons TRRobRa IS S e P BL e st At ot 159
| Reohaldeieak hdidh a(t@ﬁhermuto)r 78R el d@itheaids hipgert €act i on
all onwed to stir for tptal of 6 days. The sal ution

wdQ0k46dn f i IHosexample lKr olfghMR gregsuements withend avithoutpreion
a‘ifee&@ﬁg wetuiahy 89&%%@ C}{ %EHQ’P%%BM @ﬁ%ﬁbﬁ @g& 'BacBUﬁl%?

t hen roduct acuo
6.(Bimd), reg{ﬁxemtpﬂ centeht, tIErlepxawaﬂylrm product (r1r2) and m/r ratlos.

rac- 8-tetr dr q- 2, amath

e Metiofs s Rl thosrelies areflogidioy Ran Gl Tiigowp e

Ma9& (8, 83,/ ek, @mﬂﬁl%hﬁ)léufbsq’9§7,pﬁ?t1@3‘79;t'.[|§ﬁ{ﬂsm, T.et. al.
Polymer, 1989, 30, 1350; US 5,504,172 and references therein.

[00147] For example K, polymer samples for >C NMR spectroscopy were

dissolved in

d; -1,1,2,2-tetrachloroethane and the samples were recorded at 125°C using a
NMR spectrometer of 75 or 100 MHz. Polymer resonance peaks are referenced to
mmmm=21.8 ppm. Calculations involved in the characterization of polymers by
NMR follow the work of F. A. Bovey in "Polymer Conformation and
Configuration" Academic Press, New York 1969 and J. Randall in "Polymer
Sequence Determination, Carbon-13 NMR Method", Academic Press, New York,
1977. The percent of methylene sequences of two in length, %(CH,),, were



benz[f]indene) (6.31 g, 11.75 mmol) and ether (325 nli)

was treated with a WD 2006/ 010139 PCT/ US2005/ 024708
wW®200s0k0189 on of 1.6 Mbutyl lithiumin hexane PAHUF2008/024708

23.52 mmol ). The color tumshed orange. After stirring

overnight, the slurry was cooled to -30 C (freezer)

then stirred rapidly while HCl4 (3.75 g, 11.7 mmol)

was added as a solid. The color turned intense

y edalcobitedrdstioiows:ithe integrad af the Iﬂa'hyl daﬂﬂ)nﬂiaxﬁweeﬁ 148 ppm

e i s S5 i BB sences

p roq%s tn 1eagm ARAAG %@ﬁ@ﬂsﬁbe{h@ iftedrdl F thml&e]sﬁquences of
reparatl on of rac-

( Sond ifY B gthehataeandtSed Dpin and {i8-ipegtad nftheyhethyl carbons between

I S i By

etrﬁ&h 188S dg@ébnttaﬁn@l 9ol e‘iﬁ@e @f two or more since methylene
rac- 28| %Ta tetr ahy% 8- Y

peaguanees i repserAhar ivecayy ﬂoymwe(ioAzegn@ente waee based gn H.
a [ red

oﬁr@?g %H?%é%o% |t| ongﬁogﬁﬁéﬁa? r’ea%’zln E(O 5 .,

1.5 mol) was added. The m xture was stirred over the

weekend then heated to reflux overnight. The m xture
waf%ﬂtflb/éh yrtbgsis Bxaoplesve3si c1(0.2 ni, 1.57 rmmol),

t ho g en
PO o B Bagret gD s S oot L botel A
r qxrep%kﬂﬁao@ﬁndﬁ;g?t,o&-ﬁubhslwﬂycbm VO, B/4230pant meﬂtﬁ}d to 5,6,7,8-

S Ly R RS PR B oy

bqnmhfdﬂnqﬂﬁﬁﬁw [001521 |
5 6,7, 8-tetrahydro-2, 5,5, 8, 8-pent anet hyl - benz[f]i ndeny

[ithium (45.1 g, 183 nmol) was added to a sol ution

Of% P@lhzg?e g%%%lg?l%g ;facle%f %ﬁﬁ,@,%SG[etr ﬁ 4-23%’” ,STgtg_hﬁ_tﬁr m(aé&?

f IRak flicdsntBJHiMYg (Che |1 thi um reagent. After stirring
for three days, the reaction was washed with water (2

X 50 mL). The ether layer was dried with MySO4,
P I 6hed1a PRGTAAIAE oF RALSHS, 6")'665‘:6&3%9@598%' Yehtdn{ eyl

product as a wnite solrad. Yrerd 99.0 hTch 0. 6
wibe[ifBndenbler ) . WO 2006/ 010139 PCT/ USZOOS/ 024708 63

[00149] 5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[ flindenyl lithium (6

g, 24.4 mmol) was added, mostly as a solid, to a cold (-30 °C) solution of
Me,SiCl, (1.57 g, 12.2 mmol) and ether (150 mL). The color turned yellow.

After stirring overnight the reaction was incomplete. THF (ca. 1 mL) was added
and the reaction allowed to stir for a total of 6 days. The solution was then filtered
through a glass frit then a 0.45 pm acrodisc. The solvent was removed by a
nitrogen purge then the product was dried in vacuo. The yield was 6.31 g.

Example 1b. Preparation of rac-Me,Si(5,6,7,8-tetrahydro-2.5.5.8,8-pentamethyl-
benz[flindenyl),HfCl,.

[00150] A solution of Me,Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
benz[flindene) (6.31 g, 11.75 mmol) and ether (325 mL) was treated with a




Exanpl e 2b. Preparation of

Ph2Si (5, 6,7, 8-tetrahydro-2,5,5, 8, 8-pentanethyl - b
weeweH1d139 ndenyl lithium 2.0 Et? [00153] A 1.BCMUIS2005/024708

solution of butyl lithiumiéd hexane (112 nmL, 179.2

nmmol) was added to a solution of

Ph2Si (5, 6, 7, 8-tetrahydro- 2,5, 5, 8, 8- pent anet hyl -

benz[f]indene)2 (59.27 g, 89.7 nmol), dissolved in

etsbRkiof &f LM Dogyl ticiom i6 hatgedl4.7 a2 SRlnmol)o Thedolor

After the reaction was stirred over night, the sol vent

wdimned erpge oA fEL NS avEBich thesunphwas eapdidiond0 Sdifeersr)
| .
{6 R S L0 o A 8 B B 1 e

y ebloe Vumabﬂme yé¢ltoen Afiedreticringicel Hd63 tlaSmxturEwaasfilteredc .
Prepar ati on
r SEVIRGYS; «z,dw with L} Renpaied extractigng with CHaClyfetgl 730 mL)
b%ﬁ%e%fhle' Mﬁevin)ra&é‘ngc%oﬁ% il Xypige with Lid. [00154]
SO utl on prepared from
Ph2Si (5, 6, 7, 8-tetrahydro-2,5, 5, 8, 8-

pentatet 1y b benl L ndeml 4 ¢ D 2, 0612 L30:0udd

t eat[Ethdshyin M, 4C(¥#. 17 g, 13.0 mmol ). After sti rri ng
for two days, the yellow slurry was filtered and t

sdP9IRd] r i nseAd3\Q|Mr$0@lﬁﬁé|0f{\@M n ethey (- 3bmlelfd n@aol) a.nd ca. 1

Yi
L By SRRy P ABANED L i
b@ﬁﬂt[afriethwbmd[ﬂﬁidéﬂﬁ)ﬁﬂfcz (0.283 55). 39\1r3nc61) Mdslmdnmenm(ﬁo crriL)
ST rgactipe s smed pvaraieh i pdEaral Bhard feagén' @ s, 1.
r %ng’ﬂ %\%% Gad&. - rﬁﬁ‘("tdr@ W4d5@red over the weekend then heated to

8- pent anet hyl -benz[f]indenyl )2H C 2 (78 wt
andﬂux @en(lglﬁ VEgmigRIrs 8/ag therritretted evithodMesSigl (0.2 mL L. 57

rac P ]Z*S%S‘EHW @ﬁtt et r(@ggdr O%Wognﬁﬁ%fgﬁﬁbeﬁr&fgy{élemmsg

. The reaction was stirred for 2 hours then
filtered (0.45 m) and treated with Me3Si C1(0.60 ni,
4.7 mmol). After stirring overnight, the gray m xture

\A%(a‘nn?qai (ﬁie&frzgt{bn]dﬁag ?H@&eﬁ 7 %JtetZalﬁ dro]—'g,S?S,Mlﬁ:ﬂtamethvl-

AfFter—stirrrng tor y T Xt ur e was

f ideh#Flaxeiehdh M8, (C@) yi eI d a cI ear yeI low filtrate.
The benzene was renpved and the solid mxed wth

toluene (20 nmL) then the m xture was dried to renove

X581l PHHAXRABR of PRXE(55RY Bdet¥RSdFd- NS SR YipbitamedR! |

arrounr_or pentane (> L) and dried I n vacuo fo give
t feengiflontiene),as a |ight yellow powder Yield 1.31 g. WO

2(%8(?{59}0139 Pg:}- k LgStZ :910% Z’ %702? 8~pentamethy1 -benz[flindenyl lithium

(45.1 g, 183 mmol) was added to a solution of Ph,Si(OSO,CF3); (44.0 g, 91.6

mmol) and ether (500 mL). A small amount of ether was used to rinse the flask

containing the lithium reagent. After stirring for three days, the reaction was
washed with water (2 x 50 mL). The ether layer was dried with MgSOQy, filtered
then the solvent was removed to give the product as a white solid. Yield 59.6 g (of

which 0.6 wt % is ether). -



Exanpl e 3. Preparation of rac-(CH2)3Si
5,6,7,8-tetrahydro-2, 5,5, 8, 8-pentanet hyl - benzLf |

wo paeoyii 32 H Me, (C3) Exanpl e 3a. Preparati on of PCT/US2005/024708
(CH2)3Si (5,6,7,8-tetrahydre32, 5, 5, 8, 8- pent anet hyl -
benzLfl i ndene)2 [ 00156]
5,6,7,8-tetrahydro-2, 5,5, 8, 8-pent anet hyl - benz[f] i ndeny
I Tithium (5 g, 20.5 nmol) was added to a sol ution of

( B2hiph 2Bl 2rdphraAfon@f PhEBi, 618k tptratiydro-215158. 8 peidmethyl-
After stirring overnight the solvent was renoved and
tM&MXﬂMWth pentane (3 x 50 nl),

fi dth I i RNl p i
VIDPEEE S o "1 B MRk VRS fihilth KRB aEU2 mE A b mmor)
( GriR)ad8ed o, soTutBmtof tPha$i(56,3;82tetrally dBe-8;5p6 8 8 arrtamethyl-
benz{f].i pden |t hjum 2Et 2Q. [ 00157 . 6 B I

| ﬁ%ﬂﬁz[dﬁcfeﬁgaﬁ%%g{gﬂ%wf Tigolged }ﬁﬁﬁsr s Thbeclor egmeed
? &ft%l g&lld%‘to red. After the reaction was stirred over night, the solvent was

SI(5,6,7,8-tetrahydro-2,5,5, 8, 8-pentanet hyl - benz
[ frbinnveieiiiza parge@b Ny, The 2enmmnipig)solids welgstunidd@ithipgntane

T initially .clear.yellow solution bec or an
21800 B sfteec i n e PR PR S TR s Y e
f igoin@leg ehepniticeidld ghBs gyel | ow solid was washed with
pentane (2 x 20 nL) then dried. Yield 4.28 g. Exanple
3c. Preparation of

e e c3 ﬂ{;}ﬁsagﬂg’&?’E&c{gfé@i%]Cg,ﬁg-éet%h?%ﬁkgig,% -ﬁ. Enﬂeth&l-

benzLT T rndenyt

nTbehy] flimtenalhIEd ]t as msdrt]mrewmlmmar ed from
3Si (5, 6, 7, 8- et 255 8

b B PARet b SRR PTePHRA B ST oo b0 58 8.

6. %Ktaﬁléﬁiyie-blé‘:%ﬂﬁfdgﬁﬁ 1A Okt, g(T@ 8, £Ph ﬁfﬁltqél}‘ﬁr%@&her (500 mL)

i ntense yel Aft'er stirring overnight, the mxture

warsasfcobled te B 0iibtheh erested mathidhe@ . W g, H 3t thaol)( Afer stirring

th t 10 . .Th | . dr.i
o ey Wt Efenbty s Bibie 38 u5 Gt ERSaatitEiines o x 30
r agE bR &Rd SyR1d’5.82 ket r ahydro- 2, 5, 5, 8,8 pentanet h
'l -benz[flindenyl)2H Me2. C3 [00159] 3 M

bené{qfé_i ndenyl ) 2Hf C12 (2.05 g, 2.03 errn(*ril ) .and tol yene

(180159L) . At &0 Misphition gf igtether (e M, Xt ognaha¥as

BP0 AR S & Bl g

m2p8,5 .8, 84peneamethylrbennd]ifhidenyR.HFCl, (78 wt %) and LiCl (22 wt%) (2.58 g
mixture, 2.01 g rac-Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
benz[f]indenyl),HfCl,, 1.91 mmol) and benzene (200 mL). The reaction was
stirred for 2 hours then filtered (0.45 pum) and treated with Me3SiCl (0.60 mL, 4.7
mmol). After stirring ovérnight, the gray mixture was treated with 1,4-dioxane
(1.7 g, 19.3 mmol). After stirring for 1 hour, the cloudy mixture was filtered (4-8
um) to yield a clear yellow filtrate. The benzene was removed and the solid mixed
with toluene (20 mL) then the mixture was dried to remove excess 1,4-dioxane.

The solid was rinsed with a small amount of pentane (5 mL) and dried in vacuo to

give the product as a light yellow powder. Yield 1.31 g.



hours, the mxture was filtered and the remaini ng
solids further washed with toluene (5 niL). The
wo Rdoboatieo was dried then washed with pentane (ROT/IE}005/024708
then dried. Yield 1.1 g. Btanple 4. Preparation of
rac-Ph 2Si (5,6,7,8-tetrahydro-5,5,8,8-tetranethyl- b
enz [f] indenyl) 2Hf | VI e7(C4) Exanple 4a. Preparation
of
5,6,7,8-tetrahydro-5, 5, 8, 8-tetranet hyl - benz[fli ndan- 2-
4 wi

one 00160 A1L3nekfl h Al C13
rac- )2 .3-pentamethyl-

stb|ﬁ£ a add|t| on funnel charged with

%&Wﬁeﬁdhl oride (370 nmL). The slurry was
cool ed to - 20 Cand stirred. The addition funnel was
t g d |nt

n@e}lz[ﬁl}{g{ege)zAl drich br and 2- |ndanone was ri nsed W|th

ether To renove brown i urities}, 2,5- dichloro,
2 [Eﬂlﬁﬁﬂmt hy |5|;ﬁe%,§ftetr416@ror4r2p g ;5 8- @emam@thyl-bm[ﬂmﬁmd diﬂsum ©

o o o el ks Shdetiio B Bbr (G S0 ATk 13 HinPage
ofetlﬁe (zoorrnL)Af ARér shibdifig ¢mmgmtha sGvéntafds @émbm aaddhd $odids
was co a sol ution 5-dichlo

2 estraqtégwﬁp IPﬁ’ét S ¥ 1gmd), @t%ﬁth% |dpe(éﬁavaaﬁﬁ {Qigiye & white
mggmflm |de (42 nL). After stirring an

a |t|on r the reaction mxture was poured onto
ice (11L) and treated with ether (500 rrL) The organic
el pd agueopls | ay rac1ted! I
V‘%ﬁ‘z[‘f‘@ﬁéﬁ@hlﬂhﬁﬁﬂ%E@d\/‘ Nad (ag) (3 x 75 i) then

water (25 niL) then dried over MgSOH4. The dried organic
sdPS7dn wad .6 M Beykhthiumirohexage (11£4 a@k 1366 moped) was added

oder SR TRy R 67 STREES g S ns S B8R P hceno.

I 506 329 29@sm ¥G sheHervil 00 9] d‘h@ﬁﬁﬁﬂ[}ecleza@ellé\h@olﬁﬁbm Bécame
i solated by filtration. The groduct a

CIARSIHIZE |Sh1éf}’nﬁ{ﬂé¥ stTing Eremigh éléﬁﬂatwemlfmerﬁd anddhg hght

oo OB ks RherE MDA (PR 0151 B} 1580 PsTER 28

PCT/ U82005/ 024708 66 Exarrpl e 4b. Preparation of

an- 2-
w th

t%ﬂﬂaﬁﬁéﬁ{v@%é&?ﬂ{nﬁeﬁﬁ)zﬁmﬁl 3

[00158] HfCls (2.17 g, 6.77 mmol) was added to a slurry prepared from
(CH,)sSi(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-benz[ f]indenyl lithium),*Et,O
(4.28 g, 6.77 mmol) and ether (100 mL). The color turned intense yellow. After
stirring overnight, the mixture was filtered and the solid washed with ether (2 x 10

mL) then pentane (3 x 10 mL). The solid was dried overnight. Yield 2.74 g.

Example 3d. Preparation of rac-(CH,)3Si(5.6.7.8-tetrahydro-2,5.5.8.8-
pentamethyl-benz[flindenyl),HfMe,.(C3)

[00159] 3 M Methylmagnesium bromide in ether (2.75 mL, 8.25 mmol) was
added to a mixture of rac-(CH;)3S1(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-




nmol ),

5,6,7,8-tetrahydro-5,5, 8, 8-tetranet hyl -benz[f]i ndan- 2-
woer@e(1039 g, 1 equiv.) and anhydrous ether tPENUS2005/024708

stirred nechani cal ly under 6fi trogen overnight. The

slurry was filtered, rinsed with cold ether then

dried. Yield 13.85 g Exanple 4c. Preparations of

5,6,7,8-tetrahydro-5,5,8,8-tetraneth |y benz[flindene

ar@nz[flindenyl),HfCl, (2.05 g, 2.03 mmol) and toluene (100 mL). After stirring

56,7,8-tetrahydro-5,5,8 8-tetr thyl - benz[ 1 i ndeny]|

| iVRImigALONG utyES Wag *@@i@zwﬂ}xﬁf@zﬁ s %&-%ﬁamgﬁdsytmd
\M e H 5 ] 1 ) 3 1

c P o] PRt QR 1 e Ao e or 4
3odrspiheinyixtuee wad fittasd Bn@ thedemeinigsodidh fimthef B@chedivyith

(1, 2-di et hoxyet hane = then 1.77.M BuLi (in
hdsBees b i BRaG e dret hed Wl Widharbnall G yiben
MgHeHr ¥iMag.iheated at  reflux for 60 mn then allowed
to cool to roomtenperature overnight. Part of the
resulting slurry (white precipitate) in burgundy

c dxampde 4 dArepdraronefsaeé-PhiSe(Sea7 8ridiraltyden-5,5.8,8-tetramethyl-

1, bendiflimtcnoREMiari€4y enmoved fromthe filtrate | eaving
t he product, 5,6,7, 8-

t e xtarihY S0 Phoparatiol of 810, AR doeNZ B gl teftal@ By 1-benz[ flindan-2-
lithrumO0.83 DVE as a white solid wth a trace of
pwasl e color, after washing repeatedly with pentane.

Yi .76 0 nder td

J808h0L. TP A B (Rl BB Rin B B0 R, BB g,
Naiﬁed(vs;c\i/’éhézé)4 ﬂ:l@?l?]d‘lﬁidal St;ljlfm’ agfd?ﬁlﬂO:l%;aﬁéﬂtioml _ drieh $hari§gd gdlsl
over en requc O a pro sol 1 d. | e ,
g.antrrireugmeinyicne hloridex/Qanl)- diei styraavas,coolas tpmafi brind
£ sifreq, TLHE bty KASH AT (h tha e v offirse of
whhe eastixi) ovithExeipion ofd-inPrmpea 40.9 gn0.803 mol) {Note: Aldrich

el Y i S0 P A B EnBe
5,&chloer8; 2,8idiRbig HRex e 5§.4%; 0.303 mol) and anhydrous methylene
tetranet hyl - benzg;] i ndan- Z2-t osyl hydrazone (12.81 g,
3xhipridadl §0 méshy A}EEI) shurry

gution was drinped Rojeyibe PelfcstirBng

then. 1.64 bo(in | § M

58 e B g 7 g B H oo
f arsoRfioniof 2{3¢ichiatd, Qyedintethylieaahe (16 g, 0TI nfolpidadntiyérous
overni ght. The m xture was treated wth water (20, nlL)

t Hasthyigagehdorjde (42 aminy Kfesr siizsing apggditional hpre the Faricn
| ay; d dhioSiek QUG ante2 QA ML AAER500 mL). Th i
P%?%%%?%?& ° 678\@8%4 teﬁen reduced t o a)'br own e
s dhyed waYsegathtad 281 the aquvioss jayedxtractad svithiathdn€2 x 200 mL). The
purified by suplimation. anpl.e. 4 p t Lon .qf
pifoups P Baoed Sl 8 253 {ENAGHERRGT ® 75 3 then
beynadf(h5 Ret9ABIPdried over MgSO,. The dried organic solution was filtered
into a 3 L flask and the solvent was slowly removed with a nitrogen blowing over
the surface of the solution. The solid that remained was washed with cold pentane
and the solids isolated by filtration. The product, a fine crystalline material, was
separated manually from a small amount of chunky oily solids that contained

product and an impurity. Yield 21 g.



[00165] A stirred slurry of |
5,6,7,8-tetrahydro-5,5, 8, 8-tetranet hyl - benz[f]indenyl

wo 2aokiowms®. 83 DVE (1.76 g, 5.73 mmol) and et hePCT/E82008)24708
was treated with Ph2Si (CS@@CF3)2 (1.39 g, 1/2 equiv.)
and ether (60 mL). After stirrung for 2 hours, the
m xture was washed with 2 MNaCl (3 x 10 nL), dried
over MgSO4 then reduced to a solid. Yield 1.76 g.
Exaamipte 4%.. PréyasgamadfiSof) 7 8ftetrahydro-5.5.8.8-tetramethyl-benz[ flindan-2-
rac- Ph2Si (5, 6, 7, 8-tetrahydro-5,5, 8, 8-tetranet hyl - benz
f resylNeiEasPne HF C12 [ 00166]

6, 7, a < 7 - IATEW

I Tl i R R R O
t rrambl;)ds,ﬁm&tenaﬁydrmssi;ms teﬁramcﬂhydebwjz trlﬁdam—z-nne (19.668 1

an red Addi t. al .77 M BuLi .
(eSS fiithet s gl gt ifroghy gvermigt.
M PeWhrpRas filt&ed, qﬁls@a Wi‘thjeoﬂi éﬂléveﬁe%lﬁﬂe!dS Yeldiz, 855 8
nmol ) then filtered to renove the Lid. The ether  was
renmoved in vacuo and the glassy solid dissolved in

t( 8&)%5{%)33 ﬁ‘g %.};%dd&rc %%ng gf g % %@te@ah&cﬂ& %ﬁ 8,%|—t8|t'ir£ﬁ{etﬁ&l—benz[%lindene

dliTU 1 O UcITe Ul

t lmﬂSCE,V,GdetraldedNRS asm@madleﬂmadmrﬁﬁﬂemmmumn@saDME

clear set for the rac-netall ocene. Filtered, renoved

t ol uene and unsuccessfully attenpted crystallization

fr her. A RaMBy&dyat USRS RNES
(UGS 4 TTREChR e R HISSQRR M IRES SA0E

nﬁemahylkbenbﬁhnmz-([@slhyﬂl)azoﬁa (18 86 exgl 32 sl oT) ehhydrous 1,2-

- dimppodiqeing GonRty (P Hidyar G0 s g M) Bl f B n
bq{é%hﬁé)l (3eIBny bl e Gl ORARE Arik Rt o

nmmol ) was ded to a
s dp m{ fm 68fmin then allowed to cool to room temperature overmght Part of the

Ph2Si [ 8- 1 tet
RS R Difiprebl e B it BBl R i asam
(SBe M)dlmEh@xyanmel r@iﬂoV\aISfrom‘tthdf fidtcOég¥ing tatprédiey 5,6,7,8-
heated to_ 75 C for 2 h then cooled to roomterrperature

m@%ﬁ@%iéﬁs@tqﬁ@n@w@mm@w@é lithggme 8% DIME a6 a by selid
Magial Shbdk &33“%6 c6lop %ﬂmgglmi;gl%b%te | %Wlﬁl é@?’gﬂ%eml@ b6 g

the m xt s tréated w t xan
8 [0a163jo! ) . Bfetremanider of thgsdlotiondwiss quenbleednwixli water W28 mL)

55 AT 5 T B e e

UFM%;@OP&BE aRicadtd 4 blobvarseHd.( ?1&@'135 5 NThid ﬁ)dﬁ@cr\il%rfﬁrtﬁ\ﬁs
renmoved to yield rac-Ph2Si( etrahydro-5, 5, 8,

purified by sublimation at 75 °C usmg a Vacuum pump. Yield4.1g of 5 6 7 8—
tetrahydro-5,5,8,8-tetramethyl-benz[ flindene as a white solid.

Example 4d. Preparation of 5,6,7,8-tetrahydro-5.5.8.8-tetramethyl-benz[f]indene.
[00164] A 1 L flask was charged with of 5,6,7,8-tetrahydro-5,5,8,8-
tetramethyl-benz[ flindan-2-tosylhydrazone (12.81 g, 31.2 mmol), anhydrous 1,2-
dimethoxyethane (500 mL) then 1.64 M Buli (in hexane) (38 mL, 2 equiv.). The
color turned dark. The mixture was heated at reflux for 75 min then allowed to

cool to room temperature overnight. The mixture was treated with water (20 mL)

then washed with 4 M NaCl (3 x 100 mL). The organic layer was then dried over



tetramet hyl - benz[f]indenyl)2H Me2 as a gl assy solid.
Yield 0.27 g. Exanple 5. Preparation of rac-Ph2Si (5
W® 2006811184 r ahydr o- 2, 5, 5, 8, 8- pent anet hyl - PCT/US2005/024708
benz[f]indenyl)zZrCl2. (C5) 6KMAQ' Si | i ca Catal yst Exanpl e
5a. Preparation of
rac- Ph2Si (5, 6, 7, 8-tetrahydro- 2,5, 5, 8, 8- pent anet hyl -
benz[f]i ndenyl)2ZrCl2. CS [00168] To a slurry of cold
( -MESG, thBh 23t &d 1, abr8whablidhyibld7 23 5, $hiS pBoduct was further
pent anet hyl - benz[f]indenyl lithium2 (2 g, 3 mmol) and
etPhafied bpentimatitds added” zrC14 (0.7 g, 3 mmol). The
m xture became honobgeneous then a precipitate was
observed. After stirring overnight, the solvent was
r divadit 4 Erdphmtion of BheSi(SundRadralivtito-p6 8t Stetratmethyl 20

m;). !he rac i soner renmained with the salts on the -
f 2 20.88 g (ca. 71 wt % netal | ocene). A sanple
offodfys m xtAl 5&&&1&@& V% 7 Seﬁé&ﬁl?y%&@é 5vs ngetﬁH?e@M_ to

obtaln metal | ocene free of salts. anpl é
Pﬂ)@pz[ﬂmdeuml lghium<0.83 DME (1.76 g, 5.73 mmol) and ether (50 mL) was

ot st PRy Os DR R D% S s it Prd RSN DR LA Rer

[ QEAEHY foh 2Hionts) fe fxtide wik Yoabke with £ Off 002 (3 288 nilY), dried
16.2 mmol) and toluene (10 nl) was added to a m xture

fovrshlklgﬁ@z@}e@ge@w?dso mlrdah% 126 g, 5 8, 8-
pent anet hyl - benz[ f]i ndenyl )22rCl12_(15.7 ng, 0.0191
mol ) and toluene (5 nL). The green sol ution was
adtiechpleod S Prepemtion 0Ohacelth, STHS. LR atmahydro 15e¥i8 Betctramétirelr
stlrr fo mn the mxture was filtered. The

St was dried in vacuo overnight. WO

2 0139
12 s . 7

Pa, Qﬂérmmal) |ao¢h sthEeOGlD‘mIl) Worleyresticd aeith bs M\Buki @ohetuoek@.2

LRSS RgbeRh. RS B 60 035
CfiﬁLQﬁ@Iz Mﬁﬁdl) @as dddet)l Texamgneewd trefte®vithl1 QWBMEBNLI (5.8

1 mol ), hexane (see Table 1 for_ anmount), a 200M

t Gﬁheﬁq% mgenl) the diligredp WVéWhBP@Fér)h& efhgr Wapfemqyegn vacuo

e PR R Miblal FRNERE GlaslD ompg spyer of
S qlifefl] @89S, 207 @b Htand Aolherd (209102 THRIchloragnedietad "HANMR

the autoclave. Propyl ene was allowed tgo flow.into the

a@h@‘é’ﬁfhblt%d mﬁpnwgep@_}dﬁmlp@rzsgt fop the raq:ame%“gf;q;@atﬁlwgd
g’gglﬁg{?@d@@%ngxn@&%&e%ﬁ§ el B s@ARTntkbhee the

Removed ether then washed with pentanes (5 x 10 mL) to remove impurities.

Then took up material in benzene (25 mL), filtered and dried in-vacuo. Yield 554

mg.

Example 4g. Preparation of rac-Ph,Si(5.6,7.8-tetrahydro-5,5,8,8-tetramethyl-
benz[flindenyl),HfMe, (C4)

[00167] A 3.0 M solution of MeMgBr in ether (1.15 mL, 3.45 mmol) was
added to a solution of rac-Ph,Si(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-
benz[f]indenyl),HfCl, (0.5 g, 0.568 mmol) and toluene (50 mL). The reaction was

stirred overnight then heated to 75 °C for 2 h then cooled to room temperature



reactors were then vented and cool ed. Pol yner was

i sol ated after the solvent was renoved in-vacuo.
w@elogoeriBzat i on data are reported in Tabl es 1-BCT/US2005/024708

Exanpl es B1-B67. Batch Prop§l ene Pol yneri zati ons

[001711 Pol ymerizations were perfornmed in glass-Iined

22.5 nlL reactor equipped with a nmechanical stirrer,

an external heater for tenperature control, septum

i fHepttrearsd wislgMessietl (G3PRILY 266 nninbl) oAfier stietify dvensghta e
propylene in an inert . atnosphere _of a n;‘%rogen gl gve
baaex way Geatedwithd 4-dipxans .P( J&é%l@al) fqrystigring g\f

x%?é ?’ﬁt Peldrtﬁgr h\é"s%ﬁ‘dsr\’vér% %@fﬂecﬁkltﬁ RA8ne (2 x 50 mL).
t enper ure for er l'y

anot ive hours. It was final
p f[thg solventtvaspempyédeamd thasssalue Skepsipgn péigxerend filtered (0.45

o6y 10 pobigreVRSTrE el 1 B EE RN B & EARD b

r pmﬁ%ﬁﬂﬂ%ﬁ@?ﬁ*&gﬁ% S YBPhar 4 caen

|n 0.1 mL of toluene, were injected at process

t%ﬁﬂ%&ﬁvwz‘ren (CS) Nﬁsoxgnﬁa@a@ﬂyw t h 5 ol % 0<ygen in

Argon.” The teactor was then cooled, vented and the
pol ymer recovered by vacuum centri fugation of the

' %ﬁc@t gi an %&’M §t6l P81 3Bh 88155 8P L Geth -

plb@ﬂzmﬁnﬁnt/lmzztr@g (cepctors for the gl ven reaction
@rg)er ature are reported in WO 2006/ 010139

168005/ Tpardwry v@@&ﬁﬁf@%l’@%@ TN IV RN

[ SR B A L TR A O, S Bt MBI s added

c <ZmC14r(0mg 3fomadl). $he imixtark beeale homppgarcoaathen a preegutaty was

i SR
r %‘éﬁﬁ whf el?tgt'lé @2&DONMEN Phe fabiddnidd tERAREBHRE 1R faRE 6 the

pe agltator at about 550 rpm Reactor
f eﬁat:l sY1e(dn@>ﬂ&gé¢a ét fwtI%e nestaliocens) Arremptaiofahis shinture (0.5 g) was

cOHErE T R DAY bt e PG, T oy e ©

indicated in Tabl es 7-14. These feeds were
refri gerated prltor to |ntroduct| ont |nt02th§53 reactor tthol

S Qe irrilen q M@S ed%ﬁtsﬂh‘)éSt and act [ vat or
: he reactor at flow
r 40@1H9] A mixture of 30 wt% MAO in toluene (983 mg, 16.2 mmol) and

toluene (10 mL) was added to a mixture of rac-Ph,Si(5,6,7,8-tetrahydro-2,5,5,8,8-
pentamethyl-benz[f]indenyl),ZrCl, (15.7 mg, 0.0191 mmol) and toluene (5 mL).
The green solution was added to silica (1.01 g). The color turned red. After
stirring for 15 min the mixture was filtered. The supported catalyst was dried in

vacuo overnight.



indicated in Tables 7a-14a. The pol ynerization was

rapid and representative sanples were collected after
wd200emidence tines at steady state. Pol yner sap@i/@52005/024708

were dried and their mass @8ed to calcul ate the

pol yneri zation rates, which are reported with other

pol ynmer characterization data in Tables 7b-14b.

Exanpl es Cl1-C9. Copol ynerization using C/A [00174]

Tipelyandridativh Balmpleon was prepared fromd (0.105 g,

1.41 x 10-4 nol), Al (0.115 g, 1.43 x 10-4 nol) and

anhydrous, deox genated toluene (900 .mL). The TNOA
mples jeng beich Pxopylene Palymerizations

t D). |
IS e AT
ambeﬁ Giatdriid valuine dsfaﬁmﬁmei mL).r Ehoalteclaves weabtlesgedawith a
and 7b. Exanpl es Dl- iool yneri zation usi g C2/ A1

[donMsl}emm@sqlmw gfs‘tdQCét (&1 B> haenql), gwane {seer kaplech for

o 122%& %@ﬂk@i s S&&S&?&}@Eﬁh@@&e@ﬁ ﬁ@ﬁ@@é@ﬁsmmlﬁi fimon
t e an%gf’g% 3%1 ﬁﬁﬁéheqlz #1‘%%&1}%&5?1%9 dﬂgdggdggﬁhe t%ble% Thena

hepo ane solﬁﬁ&n af Gutdigst an e L., ORX pinel) mzsbdded to cnlo:rmijtctdlams
and results are, respectively, reported in Tahl es 8a

ameomienewas2oses inlay irethe pedayes durogpolymersalion es

E /

o AR S A W BT o e
1Qea'étor§fﬂi|e}e théd védledind @oled: Pokmiddwas Imilétediﬂ%r the solvent was
anhydr ous, deoxgcgenat ed tol uene (900 = nL The TNOA

s GemeYeshinviaeL® . HopmeRzatios gpigirorepeited in Tables 1-3.

tri-(n-octyl)alumnum (TNOA) in hydrocarbon (3.155 g
hept ane, 527.2 g hexane)). Polynerization conditions
aBtametas|B1sB67.BatcleRiopylche/Pdlymetiegons ed i n Tabl es 9a

FOMTH The PohmairZaionsovare POORR ip eliseaeh £1-SRlcieactor
g%g&ﬁgﬁ% Pwith: aQn%?:geréal STRb, ’é'xgte (1 anQerQ’or t@ﬁ%eﬁme eortRi1)

ydrous eoxygenat uene
TNpumahlet mutwe@a]sateﬂ sidy wf n%og@i wthyrlaneoﬁnd propylene in an inert
tri-(n-octyl)alum num ocab (3.1 o
hégn%w@ereﬁ? et s P 16 FSHeisr v g dubgaiseq s Pl s C

5 @ﬁy @gﬂn%p ggrgé&_%ggl%w yazt nscﬁﬂ %ﬁﬁe@atm% f&aaio%r lr%

ol ymeri zation using C
[ GOras it Whefiwdlygiuystd veith propylenagas ab 6@ psige dﬂeﬁ(almm@vinger 2
( ?m?ozl %f %i—n—dc?ylalur%nﬁu?n) and propylene were added at room temperature.
The reactor was heated to process temperature while stirring at 800 rpm. The
activator and catalyst, 20 umol of each in 0.1 mL of toluene, were injected at
process conditions. The reaction was run to a predetermined time period (43
seconds unless otherwise noted) at the end of which it was quenched with 5 mol%
Oxygen in Argon. The reactor was then cooled, vented and the polymer recovered
by vacuum centrifugation of the reaction mixture. Polymerization data are

reported in Tables 4-6.

[00172] The amounts of hexane and propylene in the reactors for the given

reaction temperature are reported in Table 4.



mol), A3 (0.04 g, 3.5 x10-5 nol) and anhydrous,
deoxygenat ed toluene (900 nmL.). The TNOA sol uti on was
wW@208810189 % sol uti on of tri-(n-octyl)alum num ¢a™NORI005/024708
hydr ocarbon (3. 155 g heptarne, 527.2 g hexane)).
Pol ynmeri zation conditions and results are,
respectively, reported in Tables 1la and 11 b.
Exanpl es H1- H8. Copol ynerization using C2/ A3 [00179]
The catal yst solution was prepared fromC2 (0.062 g,
7. 2 x10 5 nDI) and

SQj 51 n%@mg 198 vvt % soI ut| on of '
tri-(n-octyl)al um num (TNOA) in hydrocarbon (3.155 g
héAiddk, 52 Pobmperizetiamseygre cEimiuy:twnh 2880 mil. coidibbiofesd
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P i zation conditions and results are,
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catal yst sol ution was pare
1gamlysmﬂ)apt1mtot(1ﬁ tﬁ)lﬁ&legwas]feﬂ 2epatdlels imolthe @actor at flow rates

PR GHR e T A 1 BRpuSw B Eishras g kkipereghiative
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conditions and results are, respectively, reported in Tables 7a and 7b.

Examples D1-D3. Copolymerization using C2/A1

[00175] The catalyst solution was prepared from C2 (0.122 g, 1.41 x 10
mol), Al (0.115 g, 1.43 x 10™ mol) and anhydrous, deoxygenated toluene (900
mL). The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum
(TNOA) in hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization

conditions and results are, respectively, reported in Tables 8a and 8b.
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The TNOA solution was 0.198 wt % solution of tri-(n-octyl)aluminum (TNOA) in

hydrocarbon (3.155 g heptane, 527.2 g hexane)). Polymerization conditions and

results are, respectively, reported in Tables 12a and 12b.

Examples I1-12. Copolymerizations using C4/A1l
[00180] The catalyst solution was prepared from C4 (0.0574 g, 7.60 x 10°
mol), Al (0.06 g, 7.49 x107° mol) and anhydrous, deoxygenated toluene (900 mL).

The aluminum alkyl solution was prepared from AlOct; (1.0515 g) and anhydrous,
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Examples K1-K11. Continuous Ethylene Propvlene Copolymerizations using
C2/A1

[00184] Polymerizations were conducted in a 27 L continuous feed strirred

tank polymerization reactor agitated with a twin three bladed pitched propeller
type agitator at 700 rpm. The reactor pressure was maintained at 1600 psig so that
all regions in the polymerization zone were liquid full and had the same
composition during the entire course of the polymerization. Hexane, ethylene,

propylene, 0.3 wt% tri-(n-octyl)aluminum (TNOA) in hexane were continuously
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Pelyipped withiaanecbaiiaal stirrer, an external heater for temperature control,

septum inlet and regulated supply of nitrogen, hydrogen/nitrogen gas mixture
(20/80), and propylene in an inert atmosphere of nitrogen glove box. The reactor
was dried then charged with a hydrogen nitrogen gas mixture (20 Hy: 80 N;) then
propylene, 0.1 M AlOct; and hexane. The reactor was heated to 70 °C then a
gradient of 0.69 wt% slurries of catalyst supported on silica/MAO in toluene were
injected into the reactor. The feed conditions for these experiments are reported in
Table 16a. The polymerizations were halted after 30 min. then quenched with 5
mol% oxygen in argon. The reactor was then cooled, vented and the polymer
recovered by vacuum centrifugation of the reaction mixture. The polymer was
characterized by GPC (vs polystyrene standards). Polymerization data are
reported in Table 16b.
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dumbbell geometry were removed from this pad and evaluated on an Instron tester

to produce the data shown in Table 17. Young's Modulus, Ultimate elongation
and Ultimate tensile were determined according to ASTM D638 and modulus
data at 50%, 100%, 200% and 500% was recorded for the test done according to
ASTM D638.

Composition Distribution Determination of EP Copolymers Prepared in

Continuous Solution Copolymerizations.

[00187] Composition distribution of the polymers as described above was
measured as described below. About 30 g of the second polymer component was
cut into small cubes about 1/8" on the side. This is introduced into a thick walled
glass bottle closed with screw cap along with 50 mg of Irganox1076, an
antioxidant commercially available from Ciba - Geigy Corporation. Then, 425
mL of hexane (a principal mixture of normal and ISO isomers) is added to the
contents of the bottle and the sealed bottle is maintained at about 23 °C for 24 h.
At the end of this period, the solution is decanted and the residue is treated with
additional hexane for an additional 24 h. At the end of this period, the two-
hexane solutions are combined and evaporated to yield a residue of the polymer
soluble at 23 °C. To the residue is added sufficient hexane to bring the volume to
425 mL and the bottle is maintained at about 31 °C for 24 h in a covered
circulating water bath. The soluble polymer is decanted and the additional amount

of hexane is added for another 24 hours at about 31 °C prior to decanting. In this
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Table 1. Example A. Monomer %eed &ondlt:llonsﬁ

T (°C) 40 75
Hexane (mlL) 2.127 11.997
Toluene (mL) 0.2 0.2
Propylene Pressure (psig) 37 85
Catalyst (micromoles) 0.02 0.02
Al(Oct); (micromoles) 1 1

*Total amounts of reagents in autoclave at initiation of polymerization.

Table 2. Examples A1-A66. Semibatch Propylene Polymerization Data

Example|Metallocene/| Mw Mw/Mn | Temp Yield Polymer Tm
Activator (°C)

A-1 Comp2/Al 1360181 1.69 40 0.0182
A-2 Comp2/Al 1232499 1.66 40 0.0165
A-3 Comp2/Al 1137802 1.66 40 0.0211
A-4 Comp2/Al | 935247 1.77 40 0.0738
A-5 Comp2/Al | 689884 1.79 40 0.0988
A-6 Comp2/A1 1255412 1.52 40 0.0315
A-7 Comp2/A1 [1314435| 1.65 40 0.0415 164.09, 154.34
A-8 Comp2/A1 [1262111] 1.75 40 0.0526
A-9 Comp2/A1 {1033984| 1.72 40 0.0528
A-10  [Comp2/Al1 {1011980§ 1.74 40 0.0281
A-11 Comp2/Al 11083342 1.76 40 0.0617
A-12  [Comp2/Al | 999616 1.69 40 0.0309
A-13 Comp2/A1l (1073986 1.71 40 0.0411
A-14  |Comp2/Al |[1185897] 1.73 40 0.0264
A-15 Comp2/A1 ]1188284] 1.67 40 0.0315
A-16  [Comp2/Al |1100556| 1.74 40 0.0271
A-17 Comp2/Al | 218840 1.62 75 0.0356
A-18 Comp2/Al | 187897 1.71 75 0.0796
A-19  |Comp2/Al | 175380 1.64 75 0.0837
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A-35  |Compl/Al | 411251 1.72 40 0.1051

A-36  |Compl/Al [ 565723 | 1.65 40 0.0773

A-37 |Compl/A1 | 582961 | 1.66 40 0.0837

A-38  [Compl/Al1 | 543852 | 1.70 40 0.0829

A-39  [Compl/Al | 131368 | 1.61 75 0.0868

A-40  |Compl/Al | 147248 | 1.70 75 0.0988

A-41  |Compl/Al | 113230 | 1.56 75 0.1143

A-42 |Compl/Al | 106186 | 1.54 75 0.1549 126.97
A-43  |Compl/Al | 107889 | 1.57 75 0.1657

A-44  |Cl/Al 967297 | 1.68 40 0.2163

A-45 |Cl/Al 985383 | 1.66 40 0.2007

A-46  |C1/Al 902080 | 1.74 40 0.2664

A-47  [C1/Al 751598 | 1.82 40 0.218

A-48  [C1/Al 851656 | 1.93 40 0.256

A-49 [C1/A1 902545 | 1.97 40 0.2567

A-50  [C1/A1 1047008 | 1.66 40 0.2063 136.6
A-51  [C1/Al 1204014| 1.62 40 0.1705

A-52  [Cl/A1l 986381 | 1.70 40 0.2442
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A-59  [C1/A1 1310244 1.79 40 0.1809

A-60 [C1/A1 1273133| 1.68 40 0.1796

A-61 |Cl/Al 269748 | 1.85 75 0.1824

A-62 |C1/Al 257174 | 1.88 75 0.2253

A-63 |C1/A1 250578 | 1.86 75 0.2084

A-64  |C1/Al 223473 | 1.98 75 0.2442

A-65 |C1/Al 291737 | 1.70 75 0.1807 132.39
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Table 4. Example B. Monomer Feed Conditions for Batch Propylene

Polymerizations

Reaction Hexane (mL) Propylene (mL)

Temperature

40 °C 3.965 0.628

70 °C 3.805 0.704

100 °C 3.690 0.795

Table 5. Examples B1-B87. Batch Propylene Polymerization Data

Example [Metallocene/ Temp (°C)| Yield (g) Mw  |Mw/Mn| Tm | Hf

Activator (g/mol) O | (/)

B-1 Compl/Al 40 0.0151 648330 1.5

B-2 Compl/A1l 40 0.0168 682091 1.4

B-3 Compl/Al 40 0.0171 647855 1.5

B-4 Compl/Al 40 0.0155 682145 1.5

B-5 Comp2/A1l 40 0.0142 1237555 1.5

B-6 C2/A1 40 0.0128 | 2132896 1.3

B-7 C2/A1 40 0.0135 | 2166262 1.3

B-8 C2/A1 40 0.0101 | 2032035 1.3

B-9 C2/A1 40 0.0126 | 2549407 1.3

B-10 Cl/A1 40 0.0126 | 2105520 1.4

B-11 Compl/Al 70 0.0215 214255 1.4

B-12 Compl/Al 70 0.0337 201936 1.5

B-13 Compl/Al 70 0.0216 | 215022 1.4

B-14 Compl/Al 70 0.031 204352 1.5

B-15 Compl/Al 70 0.0257 | 223219 14

B-16 Compl/Al 70 0.0246 | 214879 1.4

B-17 Compl/Al 70 0.0339 195381 1.4

B-18 Compl/Al 70 0.0374 190041 14 | 135 | 76

B-19 Compl/Al 70 0.0394 | 217926 1.4

B-20 Compl/A1l 70 0.0339 222444 1.4

B-21 Compl/Al 70 0.034 205137 1.4
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B-53 Compl/Al 100 0.0451 | 46804 1.4
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B-66  |C1/Al 100 0.0344 | 183654 | 14 | 128 70
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60277 4 C2/ A3 70 968102 62218 3 Conp

| /Al 70 208641
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refr Lall oS 57!(‘)” Ilb \A 1863924}\ \.A 86.27,7) A\ Zl\) A2
[C27A3 70 968102 62218 3
Comp1/Al 70 208641 10025 14
Comp2/Al 70 263464 11438 4
Cl/Al 100 182391 13735 3
C2/A1 100 175857 22211 3
Compl/Al 100 48463 2165 8
Comp2/Al 100 57024 3656 4

Table 7A. Examples C1-C9. Feed Conditions for Copolymerizations Using C1/A1

Ex. C1 C2 C3 C4 Cs C6 C7 C8 | C9
Hexane (mL/min) 90 90 90 90 90 90 90 90 | 90
Ethylene (g/min) 0.895 | 1.12 | 1.12 1 0.783 | 094 |1.436| 1.35 |1.25]| 1.5
Propylene (g/min) 13.52 | 13.52 | 13.52 | 9.47 | 9.47 |13.52| 13.52 |13.52]|16.23
Temp (°C) 90 90 90 90 120 90 90 90 | 90
Cat. (mL/min) 075 | 075 | 075 | 075 | 0.75 | 0.6 | 0.45 |0.35]|0.35
TNOA (mL/min) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15
Table 7b. Examples C1-C9. Polymerization Results for Copolymerizations Using

C1/A1

Ex. Cl C2 C3 C4 C5 C6 C7 C8 C9
Polym. Rate (g/h) | 453.6 | 507.9 | 418.4 | 346.2 | 383.7 | 478.4 | 449.3 | 469.0 | 562.4
C2 content (wt %) | 10.21 | 12.45 | 13.09 | 11.64 | 11.6 | 16.56 | 15.71 | 14.88 | 14.31
Conc.” (wt %) 12.49 | 1238 | 11.67 | 842 | 1099 | 11.93 | 11.84 | 11.43 | 13.62
Mn (g/mol) 36556 | 34935 | 56225 | 46493 | 15398 | 47647 | 43892 | 42204 | 40660
Mw (g/mol) 72674 | 56755 | 88920 | 70119 | 31654 | 85523 | 76746 | 75516 | 72532
dHf (J/g) 26.8 | 253 | 23.6 | 31.5 7.7 6.3 133 | 19.8 | 18.2
Tm (°C) 43 43 43 43 45 48 47 45 44
Polymer concentration in solvent. “Heat of fusion.

Table 8A. Examples D1-D3. Feed Conditions for Copolymerizations Using C2/A1




olym Rate (g/h) 453.6 507.9 418.4 346.2 383.7 478.4
449.3 469.0 562.4 C2 content (wt % 10.21 12.45 13.09
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12.49 12.38 11.67 8.42 10.%9 11.93 11.84 11.43 13.62
(g/ nol) 36556 34935 56225 46493 15398 47647 43892
42204 40660 MW ( nol) 72674 56755 88920 70119 31654
85523 76746 75516 72532 dH (J/g) 26.8 25.3 23.6 31.5
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Table 9A. Examples E1-E8. Feed Conditions for Copolymerizations Using C2/A1

Ex. El E2 E3 E4 E5 E6 E7 E8
Hexane (mL/min) 90 90 90 90 90 90 90 90
Ethylene (g/min) 144 | 1.35 | 1.25 | 1.52 1.44 1.35 1.25 1.35
Propylene (g/min) | 13.53 | 13.53 | 13.53 | 16.23 | 13.53 | 13.53 | 13.53 | 16.23
Temp (°C) 90 90 90 90 70 70 70 70
Cat. (mL/min) 1.2 0.9 0.7 0.7 1.2 0.9 0.7 0.7
TNOA (mL/min) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Table 9b. Examples E1-E8. Polymerization Results for Copolymerizations Using
C2/A1

Ex. El E2 | E3 | B4 | E5 E6 E7 ES

Polym. Rate (/h) | 453.9 | 422.6 | 325.5 |341.82| 389.4 | 323.9 | 2543 | 355.07
C2 content (wt %) | 16.11 | 16.02 | 16,57 | 19.72 | 17.11 | 17.65 | 17.73 | 15.15
Conc.” (wt %) 1123 | 11.79 | 9.83 | 8.86 | 10.93 | 9.09 | 7.14 | 9.96
Mn (g/mol) 55595 | 60736 | 64667 | 66848 | 100133 | 79530 | 84668 | 89135
Mw (g/mol) 108773 |112539|117315|117138[ 209073 | 146609 | 154093 | 160616
dHE (I/g) 7.6 82 | 76 | 1.0 | 42 | 13 | 098 | 115
Tm (°C) 46 47 | 47 | 48 | 47 47 49 45

*Polymer concentration in solvent. ®Heat of fusion.

Table 10A. Examples F1-F4. Feed Conditions for Copolymerizations Using
C1/A3

Ex. F1 F2 F3 F4
Hexane (mL/min) 90 90 90 90




Ethylene (g/min) 1.44 1.35 1.25 1.52 1.44 1.35 1.25
1.35 Propylene ( min) 13.53 13.53 13.53 16.23 13.53

wa 30068139 53 16.23 Tenp (C) 90 90 90 90 70 70P@DUI05/024708
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Table 11A. Examples G1-G3. Feed Conditions for Copolymerizations Using
Cl/A3

Ex. Gl G2 G3
Hexane (mL/min) 90 90 90
Ethylene (g/min) 1.52 1.45 1.35
Propylene (g/min) 16.23 16.23 16.23
Temp (°C) 90 90 90
Cat. (mL/min) 1.2 0.9 0.7
TNOA (mIL/min) 1.5 1.5 1.5
Table 11b. Examples G1-G3. Polymerization Results for Copolymerizations
Using C1/A3

Ex. Gl G2 G3
Polym. Rate (g/h) 333.58 218.94 167.72
C2 content (wt %) 18.59 20.82 20.76
Conc.” (wt %) 10.07 7.21 5.53
Mn (g/mol) 64877 67506 70690
Mw (g/mol) 139060 147172 | 153268
dHf’ (J/g) 3.6 1 1.9
Tm (°C) 47 47 47

*Polymer concentration in solvent. "Heat of fusion.

Table 12A. Examples H1-H8. Feed Conditions for Copolymerizations Using
C2/A3

Ex. H1 H2 H3 H4 H5 H6 H7 HS
Hexane (mL/min) 90 90 90 90 90 90 90 90
Ethylene (g/min) | 1.436 | 1.35 1.25 1.6 1436 | 1.35 1.25 1.35




Conc.a (w

% 14.13 12.70 10.81 14.37 NMh (g/nol)

49984 53889 55427 55951 Mw (g/nol) 91650 97287 100107
waeesowi3dH (J/) 10 12.5 11.4 8.6 Tm (C) 48 4FCHESH0D5/024708

aPol yner concentration in $2lvent.

Heat of fusion.
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(m/mn) 90 90 90 Ethylene (g/mn) 1.52 1.45 1.35
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*Polymer concentration in solvent. "Heat of fusion.

Table 13a: Feed Conditions for Copolymerization Using C4/A1.

Ex. 11 12 13
Hexane (mL/min) 90 90 90
Ethylene (g/min) 1.44 1.43 1.44
Propylene (g/min) 14.38 14.8238 16.88
Temp (°C) 70 70 90
Cat. (mL/min) 1.94 2.0 1.75
TNOA (mL/min) 1.5 1.5 1.5
Table 13b. Examples I1-I3. Polymerization Results for Copolymerizations Using
C4/A1
Ex. 11 12 I3
Polym. Rate (g/h) 588 458 319
C2 content (wt %) 19.2 19.5 21.6
Conc.* (wt %) 14.2 11.38 8.23
Mn (g/mol) low low low
Mw (g/mol) low low low
dHf" (1/g) 1 1 na
Tm (°C) 48 48 na

*Polymer concentration in solvent. "Heat of fusion.

Table 14a: Examples J1-J4.

Ex. J1 J2 I3 J4
Hexane (mL/min) 90 90 90 90
Ethylene (g/min) 1.077 | 1.35 1.35 1.35
Propylene (g/min) 13.53 | 15.01 | 14.58 16.23
Temp (°C) 70 70 70 70

: Feed Conditions for Copolymerization Using C3/A1.
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Table 15a. Examples K1-K11. Feed Conditions for Continuous Ethylene
Propylene Copolymerizations Employing C2/A1

Example| Polym. C2 rate C3 rate C6 rate cat/act Scav/Cat
Temp (°C)| (Kg/h) (Kg/h) (Kg/h) | (mol/mol) | (mol/mol)
K1 142.0 10.50 5.94 74.42 1.0 11.3
K2 141.4 10.50 6.88 74.42 1.0 17.7
K3 141.6 10.00 11.76 76.35 1.0 18.5
K4 66.0 2.10 24.98 90.10 1.0 16.1
K5 66.0 1.89 26.63 90.24 1.0 19.0
K6 66.0 1.58 27.82 90.36 1.0 19.0
K7 67.0 1.99 18.84 89.67 1.0 22.4
K8 67.0 2.76 27.90 90.04 1.0 38.5
K9 66.0 2.88 27.84 89.96 1.0 36.9
K10 70.0 2.06 24.20 90.03 1.0 26.3
K11 70.0 2.75 18.90 89.93 1.0 28.2

Table 15b. Examples K1-K11. Polymerization Results for Continuous Ethylene
Propylene Copolymerizations Employing C2/A1

Ex. | Poly Cat wt% |[mm]* | mir? |Inversions [r1r2*| Mw® | Mn® |[Mw°/Mn°
Rate | Efficiency | C2° (EPPE) [per 1000C*? (g/mol) | (g/mol)
(Xg/h) |(g Pol/g cat)
K1 10.1 106359 75.8 4.3 0.45 [ 123876 | 46343 2.67
K2 10.3 128142 73.9 3.8 0.49 [ 115976 | 39420 2.94
K3 11.7 151910 61.3 5.1 0.54 | 76895 | 28620 2.69
K4 9.6 199518 12.7 89.3 3.5 0.78 | 187044 | 79186 2.36
K5 10.0 176887 10.8 89.3 4.2 0.79 1192584 | 98610 1.95
K6 10.2 181331 8.0 90.4 3.6 0.89 [207560| 82134 2.53
K7 9.6 151008 13.5 91.2 3.8 0.79 |1 155025| 76753 2.02
K8 10.5 283609 13.8 91.4 3.9 0.69 | 180593 | 89364 2.02
K9 10.2 263865 14.3 88.4 4.1 0.74 2115641105927 2.00




dH (J/g) 1 1 na Tm(C 48 48 na apol yner

concentration in solvent.
wEz@aplEss J1- J4. :
Ex. Jl

Usi ng

C3/ Al .

Heat of fusion.
Feed Conditions for Copol ynePCwas1005024708
J2 J3 84 Hexane (nL/mn) 90 90 90

90 Ethylene (g/mn) 1.077 1.35 1.35

Tabl e 14a:

1.35 Propylene (

mn 13.53 15.01 14.58 16.23 Tenmp (C) 70 70 70 70 WO

2006/ 010139 PCT/ US2005/ 02470 83 Cat, (m/mn) 2.0
K105 10.6 p. 196208I0A {(hR/ hi 90215 1.9 1.%51. 5 0rah| &91a6] 82310 [ 2.05
KEP(deleS J189548 Polig.reri zdti pn Resul t33for[0.71 [150801] 77043 | 1.96
RPNt dk WH&%@M}«MS *‘Detlaﬂmﬁﬁdqlﬁng% light ym
B@éx‘g’xg(ﬁé& or3Hst: ed 1r1$]a9d1ﬂ%%nﬁ91%§£}§tlv@‘@ﬁde@de toQ?’
22. 7 1 99 Cone 98 10.54 n
(g/rml)lowlowlowlow w(g/rml)lowlowlowlow dH
Taﬁsiai@r% ed Em.cp ta I %Urh%rtg mpﬁ@%eﬁ’gfﬁn% T
Eraganip| | ddeirliogens [Condition| GIDet | BipyiesF | CAFEALp Catalyst
Et hyl éne Propy| ene Co| ofp§i#r i zd@ilons | Efildyi ng(aky A1 Slury
Exanplle Polym (2 rate|C3 rate C6 rate cat/acl (mL)
LiScav/ Cat Tenp [ C) A(Kg[ h¥54(K h) @yg/ h) (6dl / npl .04 0.03
rXnmol/rol) CK | 42B0 10.%@.5. 94 28 42| 1. 0.711. 3 0K3 0.04
1341.4110. 38 6.88 7 42| 1.QA7|7 49 141. 970. 00obk. /16 0.05
A6 35 1.0 d$. 5 | KApp6. U 2450 2495 90/ 10GL 0 160h4 0.06
L5 C5 E 54.7 4.3 0.7 0.04 0.07
L6 C5 F 54.7 4.3 0.7 0.04 0.08
L7 C5 G 54.7 4.3 0.7 0.04 0.09
L8 C5 H 54.7 4.3 0.7 0.04 0.1
L9 Comp3 A 54.7 4.3 0.7 0.04 0.03
L10 Comp3 B 54.7 4.3 0.7 0.04 0.04
L11 Comp3 C 54.7 4.3 0.7 0.04 0.05
L12 Comp3 D 54.7 4.3 0.7 0.04 0.06
L13 Comp3 E 54.7 4.3 0.7 0.04 0.07
L14 Comp3 F 54.7 4.3 0.7 0.04 0.08
L15 Comp3 G 54.7 4.3 0.7 0.04 0.09
L16 Comp3 H 54.7 4.3 0.7 0.04 0.1
Table 16b. Supported Propylene Polymerization Data
Example | Metallocene |Condition| Yield (g)| Mw Mn Mw/Mn
(g/mol) | (g/mol)
L1 C5 A 0.018 512844 246721 2.08
L2 C5 B 0.0224 | 578900 312660 1.85
L3 C5 C 0.0354 | 534760 296029 1.81
L4 C5 D 0.0419 | 560049 313920 1.78
L5 C5 E 0.0205 | 934851 446849 2.09
L6 C5 F 0.0321 | 662337 374585 1.77
L7 C5 G 0.0325 | 626450 356518 1.76
L8 C5 H 0.0445 | 568224 319236 1.78
L9 Comp3 A 0.0391 | 473241 206032 2.30
L10 Comp3 B 0.0673 | 220344 115631 1.91
L11 Comp3 C 0.0954 | 183047 102653 1.78
L12 Comp3 D 0.174 209586 113992 1.84
113 Comp3 E 0.2088 | 266103 138948 1.92
L14 Comp3 F 0.224 230346 129264 1.78
L15 Comp3 G 0.2338 | 228364 125242 1.82
L16 Comp3 H 0.2519 | 294877 167917 1.76




K5 66.0 1.89 26.63 90.24 1.0 19.0 K6 66.0 1.58 27.82
90.36 1.0 19.0 K7 67.0 1.99 18.84 89.67 1.0 22.4 K8

W®2000/02013% 27.90 90.04 1.0 38.5 K9 66.0 2.88 PC1/882005/024708
89.96 1.0 36.9 K10 70.0 2.856 24.20 90.03 1.0 26.3

KI'I

70.0 2.75 18.90 89.93 1.0 28.2 Table 15b.

Exanples Kl -K1 1. Polynerization Results for

Cont i nuous Et hyl ene

Enpl oyi ng C2/ A1 x.

Propyl ene Copol yreri zati ons

rlr2a Mv vnhc Mv / Mh  Rate Effi ci ency C2a
Tabl@bb Stresy YirainBehpgrwnH)ER kepHymers

EPPE)

Poly Cat ww% [mja mira |nversions
per

Prepargl 18 qmlmu% 1

Solu)BREepiBmerizatieong. 45 123876 46343 2. 67 10.3 128142
Sarfde 9 B Yug#d 190976/ 30020 2. 980%3 11500%4 51 UBtnSe | Vltimate
5.1 0} SBI¥RSIMEBHRO| MobSlus 4 Mbdahikd W aduli? |eTongatich| Stemsile
Exaqnﬁéi 187944 (9185 2. B6 p 10. 0pdi’6887 pkp. 8] 8998 4]2 psi
c1y- v F 827598504 - ,$90$7“ (4691@1 31019.04 9%1‘396 B 1774.11
C2n 5o FIUB4ASIZ24RT 04" D279 277 1" o 64g.28 o045 2. T 1322.57
C3;’,' so h6(383474043015 |1 361427 2}6§,§Q 549395 Slﬁv}éjr “1681.33
C60 74 DAPARAAL10E2587 o dd24P Do 0126455 | 976.99 | 481.15
C7 PCT/ USH056/2824 79862 gl 220.820 625119%120331@89 @733 5 620.7
C80. 79 14B156658234032. DR7926 9. B UBDH2406R 1| P623163 | 0793166
D215080[133616413 |139%641 ' Dessiver2ai hed92.Lom G18.08 N\G24.29 | 1408.99
D3NMEeasul 3B, Bes.89 i mod.1usi ngign? i|gl3s4.9¢at tRRIITy | 2108.61
E1 JeTECT 9634 R S5y 0F0 USkRA @ 47 ierensnab [ &jszanti[ver73.ag
E3L:t‘ff4‘4i§§6“.‘2,ﬂ\12\9.5§,”ﬂ 4469 | FEgE 1 COMqRE pTs cz‘&'f93bL 408.98
E4 Do L1708 P2 b & f“‘L‘:"Z xampie Ml a 8te TS 5117
F2 (psi g) 394026 ALY R I A4 1142830 *218’8?41 4 88271
G10. 04 0A9RR821| 93.45 99.28 1 96.52° | 99.17 | 1013.42 1 167.55
C3 32559.32| 66.24 68.97 61.72 43.57 83.21 69.51
H2 4239324 126.03 | 13723 | 141.59 | 185.86 | 903.63 | 413.28

Table 18. Composition Distribution Determination of EP Copolymers Prepared in

Continuous Solution Copolymerizations.

Sample | Fraction soluble | Fraction soluble | Fraction soluble | Fraction soluble | Fraction soluble
at 23 °C at 31 °C at 40 °C at 48 °C at 56 °C

Ex. Wi%|C2 wi%| Wit%|C2 wt%| Wit%|C2 wt%| Wit%|C2 wt%| Wi%|C2 wi%

C1 18.5 10 824 105

C2 99.3 12.6

C3 99.8 13.7

Cé 102.3 16.3

Cc7 101 16

C8 7.2 147, 93.6] 86.9

D2 102  12.6

D3 101.6; 13.1

El 101.4 16

E3 101.3 16.6

E4 100.1 19.6

F2 64.1 16.1] 37.1 16.2

Gl 100.1 18.2

C3 100.4] 203

H2 100.3 16.5




L2 C5 B54.7 4.3 0.7 0.04 004 3 C CH54.7 4.3 0.7

0.04 0.05 C5 D54.7 4.3 0.7 0.04 0.06 L5 C EbH54.7
wa2®6010439. 04 0.07 L6 C5 F 54.7 4.3 0.7 0.04 PCD8S2007/024708

C5 G54.7 4.3 0.7 0.04 0.0%6 L8 C5 H54.7 4.3 0.7 0.04

0.1 L9 Conmp3 A 54.7 4.3 0.7 0.04 0.03 10 Conmp3 B 54.7

4.3 0.7 0.04 0.04 1,11 Conmp3 C54.7 4.3 0.7 0.04 0.05

L12 Coin 3 D54.7 4.3 0.7 0.04 0.06 L13 Conmp3 E 54.7

4.[80188T 0. 04AID dOchimdnitsidesorited Herdid aré idcadpdlatéd ByQéfefn08

L15 Conp3 G 54.7 4.3 0.7 0.04 0,09 |16 Conp3 H 54.7

4 Igreyn, mejuding gny priqup decuments apdiidesting Dopesdifican s 1s apparent

oL SRS P o g L e g e

5 kT 8detin@4Bion hafe B&n ill@stedBind. d3221be8,A80100s BLAHRAtIdnBHN be

L3 C5 C_0.0354 534760 296029 1.81 C5 D0.0419 .. .
566%9”1@3%?3?} OIEég"(ﬁ’HEt %1.]‘302%%6 ‘53&2%811’6‘21‘2%’8 cordyasly, it
LGs for ifiteBd @PiRdt 166 ARtic BoRmitdd therebly/ & G 0. 0325

626450 356518 1.76 L8 C5 H 0.0445 568224 319236 1.78

L9 Conp3 A 0.0391 473241 206032 2.30 L10 Conp3 B
0.0673 220344 115631 1.91 L11 Conp3 C 0. 0954 183047
102653 1.78 L12 Conp3 D 0.174 209586 113992 1.84 L13
Conp3 E 0. 2088 266103 138948 1.92 L14 Conp3 F 0.224
230346 129264 1.78



L15 Conp3 G 0.2338 228364 125242 1.82 L16 Conp3 H
0. 2519 294877 167917 1.76 WD 2006/ 010139
wWEADbABAGDS5/ 024708 85 Table 17. Stress Strai NnPCT/US2005/024708
Behavi our of EP Copol ynmers 8repared i n Conti nuous
Sol ution Co polynerizations. Sanple Youngs 50% 100%
200% 500% U timate U ti mate Modul us Modul us Mdul us
Modul us Modul us el ongation tensile Exanple psi psi
PULABMSPSI % psi  Cl 335596.2 785.06 690.67 .669. 82
1010.04 913.96 1774.11 C2 93104. 45 447.94 479.27
479. 11 646.25 945.4 1322.57 C3 60267.47 430.12 461.72
468.5 7 , 483. 11 153.87 172.29
1?4. 37 ég%ﬁgqfﬁg@é%grggﬁg%d%he% 406. 24 192. 62 220. 82
251.81 336.84 976.35 620.7 C8 44453. 35 242.35 279. 26
311.28 406.8 962.46 793.66 2 33615.43 325.41 364.29
392 &R44.29 1408.99 3 J626. 48 355.89 392.11
ER?KL ,01 742,17 2108. 61 7684.18 127.91 138.82
143.39\18g. 36 953.31 373.38 ¥ 41496.2 129.53 141. 22
145 93 Q8. 98 A 71708. 91 49.52 49.13

TONR45. 19 274.34 420. 31
4 82 71 |&f 49528 24 93. 43\09. 283&. 52 99. 17
: 6

tE{429167 55 ) . 1.72 43.57
31 26.0%/137.23 141.59 185. 86
903 63 . 3 yeSition Distribution

Determ Cl§§on of EP Copo ymer s\Prepared in Conti nuous
Sol yneri zatifns. |93 i on sol uble

| on sdﬁj | e Fractyon sol ug?g’e('—ﬁ S)gn sol ubl e
Fractlon soluble at 23 C at 31 Cat 40 C at 48 C at

56 C Ex. W% C2 wt % W % C2 \M%W(%ZQ w % W% C2 wt %
W % C2 \Nt%ﬁﬂ/l&»S K82.14 10.5 d 3 12.6 C3 99.8

13.7 11
(CR")2de
F28
7{2
2
R’ R12\’R
(R®)
R15\ 14
R* | (R™)
F22

where

M is a transition metal selected from group 4 of the periodic table;

each R! is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and functional group, and any two R! groups



C6 102.3 16.3 C7 101 16 C8 7.2 14.7 93.6 86.9 D2 102

12.6 D3 101.6 13.1 El 101.4 16 E3 101.3 16.6 E4
wao@s1@%e 6 F2 64.1 16.1 37.1 16.2 Gl 100.1 1BCRUER05/024708

100.4 20.3 H2 100.3 16.5 W® 2006/ 010139

PCT/ US2005/ 024708 86 [001881 All docunents descri bed

herein are incorporated by reference herein,

i ncluding any priority docunents and/or testing

priogelilitksd, povidsd tppHitentwo Rt grouphare flinkedy dhangheyedendt! form

description and,the specific enbodi nents, while fornms
ofastmae(ﬁ?r}?\/%ﬂ‘m Whelhg/{/]@%géen illustrated and descri bed,
vV ahtPR3 isTRdeh 8y RBR cte@ BroRBthe ggéi\l% hEBMY odRRAIL LRSI,

fromthe spirit and scope of t nventi on. _ ]
AdEemdi gty penityl, hexy1 anst the isometiettioneh pravided thatevhandt? dnd R

R RS DONSR, ECTLASSO0RL 0500 01
RArdaz tHefgrotp &dnsistify dDethyl, Hidgylabityl, BertyR h6xyR3And the isomers
thereof;
R? is carbon or silicon;
R* is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group;
ais 0,1, or2;
R’ is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, R* and
R’ may be bound together to form a ring, and R and R® may be bound together to
form aring;
bis 0,1, or2;
R® is carbon or silicon; and R* and R® may be bound together to form a ring;
each R is hydrogen;
each R is independently selected from the group consisting of hydrogen, methyl,
ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof:
each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R’ groups
may be linked together to form a ring, R’ and R® may be linked together to form a
ring, R” and R'® may be linked together to form aring, R’ and R!' may be linked
together to form a ring;
cis 0,1 or 2;
R'% is -M*(R"),- where M? is B, AL, N, P, Si or Ge, h is an integer from 1 to 2,
such that the valence of M is filled, and R'® is hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, and two R'® groups may be linked together to
form a ring;
dis 0, 1, or 2;
each R'! is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R!! groups



RR()2c¢c 10 1~-M(R)d RRL/ 11 (C(R)2e RS

R 71 12-RR RR"~\ (R13 )f R15 RR~\(R14) 9 R2
wob@em101B4 i s a transition netal sel ected from BEDUR2045/024708

of the periodic table; eacl89Rl is independently

sel ected fromthe group consisting of hydrogen,

hydr ocar byl , substituted hydrocarbyl and functional

group, and any two Rl groups WO 2006/010139

PEid 52100 GabTis to BBmnaningd) &' anmkRtinaypbolnidddogdiadr to form a

the two Rl grgoups are |inked, then they do not form a

butgdRe oﬂﬁy%éhﬁ'iﬁﬂoget;?ﬁmé%%aﬁ?&ys i ndependent | y

seg%cq gd.fg.om the group consisting of methyl, ethyl,

propyl’, ’%ut’yl, pentyl, hexyl and the isomers thereof,

prvahvrelthe stmadf oplieandR3isdn2loRE; and or R12 and R15 form

aé{qzcar on ri ﬂ?cp then each R2 is independently

et @YY e group consisting of ethyl, propyl,

bui!y ks hyesHe! hycﬂ@éé%gl,adﬂgsﬂt{ﬂt%d h$@aBAByl drhatR@onaFBolyS and
carpon “or, si licon; R4 is hydrogen, hydrogar byl,,
s (B2 and B ‘arariyelbotibgathasto form ats, RAR LansLib'® may teound
0, 1.0r 2: R5.j rogen, hydrocarbyl, substituted
h)}%%}&eé;%iqm?‘fn{%g’f%wne%tg lgﬁw group, R4 and

fis 0, 1, or 2;

R™is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, and

R'* and R' may be bound together to form a ring, when fis 0;

gis 0,1, or 2; and

R" is carbon or silicon.

2. The composition of claim 1 wherein R? is carbon, and or R® is carbon, and

or R' is carbon, and or R is carbon.

3. The composition of any of the preceding claims wherein R* is CH,.

4. The composition of any of the preceding claims wherein R is CH..

5. The composition of any of the preceding claims wherein R"? is CHy,

6. The composition of any of the preceding claims wherein R'* is CH,.

7. The composition of claim 1 wherein the composition is represented by the

formula:



R5 may be bound together to forma ring, and R5 and R3
may be bound together to formaring; bis 0, 1, or
WQ 2000010139 car bon or silicon; and R4 and R6 nmayP@EURmOFCR4708
together to forma ring; &ach R7 is hydrogen; each R8
I's independently selected fromthe group consisting of
hydr ogen, nethyl, ethyl, propyl, butyl, pentyl, hexyl
and the isonmers thereof; each R9 is independently
selgcted_zwnnthe group cznsisting of hydrogen
hyfd substitut edRhydrocarbyl and a functiona
gr oupy A may be |inked together to
form-e ) 8 y be linked together to form
' 'gbed together to forma
together to forma

Al , h ™™g an integer from1 to 2, such
t [ Hd\ed, and R16 i s hydrogen,
hDgrocar ' C%bgéggarbyl or a functiona
group, and two RE6 groups \n@b be |inked together to
forma ring; digPp, 1, or AR e3jgh RL1 is independently
selected R OﬁT?vé\qﬁmup cqﬁsisting of hydrogen,
hydrocar byl , substi'tut ed dgay byl and a functiona
group, and two 2006/ 010139

y be linked together to forma
ri ng. Rlllqﬁd R8 \may AHe |inked together to forma

ring. R11 andNR16\a8y be |inked together to forma
ring; eis 0, 1 « Where the sumof ¢, d, and e is
1, 2 or 3; [ Fﬁbn; R13 i s hydrogen,
hydr ocar byl , yl or a functiona
group, and : Dgether to form
a ring, and?' ‘ ‘ I:‘;together to form
aring, when g is O; or\2; R14 is hydrogen,
hydr ocar byl , substituted hydrocarbyl or a functiona
group, and

where:

M, R!, R? R’,R: R’ R!® R! ¢, d, and e are as defined in claim 1.

8. The composition of any of the preceding claims wherein M is hafnium or
zirconium.
9. The composition of any of the preceding claims wherein M is hafnium.

10.  The composition of any of the preceding claims wherein R! is hydride, a

hydrocarbyl, or a halide.

11.  The composition of any of the preceding claims wherein R! is selected
from the group consisting of methyl, ethyl, trimethylsilylmethyl, trimethylsilyl,
phenyl, naphthyl, allyl, and benzyl.



R14 and R12 maybe bound together to forma ring, when
f is 0, gis 0, 1, or 2; and R15 is carbon or silicon.
WQ2006l0e0180nposition of claiml wherein R3 is cBebhUR2005/024708
and or R6 is carbon, and oM Rl12 is carbon, and or R15
I's carbon. 3. The conposition of any of the preceding
clains wherein R4 is CH2. 4. The conposition of any
of the preceding clains wherein R5 is CH2. 5. The
conposition of any of the preceding clains wherein R13
is CH2, 6. The conpositjion of any of the pregedin
cl3i ms Thespmpasitamos anyeithe precefing damsadieryB R é?méﬁléﬂam
1 ' he conposition is represented by the
fgﬁﬁ€P§?&%&52006/010139 PCT/ US2005/ 024708 90 R2 R2
R7T R R R (C(R9)2)c RI( Ri,,M 11/ )d R
(C(R11)2)e R8 DR2 R R2 . ere: M R ,.RZ R7
Rd3: Rg?ThRfempm?n of w%mrs%e@m@@rr&éﬁeﬁ@a R s medvhor
1.48y The conposition of any of the preceding clains
wherein Mis hafniumor zirconium 9. The conposition
of any of the preceding clains wherein Mis hafnium

il oi rREomgoTyar el o M G bl RS e fltrogen.

methyl, ethyl or propyl.

15.  The composition of any of the preceding claims wherein R’ is hydrogen,

methyl, ethyl, propyl or phenyl.

16.  The composition of any of the preceding claims wherein R is SiMe,,

Si(CHy) 3, SiPhy, Si(biphenyl);, Si(biphenyl),, Si(o-tolyl),.

17.  The composition of any of the preceding claims wherein R is hydrogen,

methyl, ethyl, propyl or phenyl.

18.  The composition of any of the preceding claims wherein the sum of ¢, d,

and eis 1 or 2.

19.  The composition of any of the preceding claims where the sum of ¢, d, and

eis 1.

20.  The composition of claim 19 wherein:

M is hafnium, R' is selected from the group consisting of methyl, ethyl,
trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, and benzyl, R%is
methyl, ethyl or propyl, R® is hydrogen, methyl, ethyl or propyl, R’ is hydrogen,
methyl, ethyl, propyl or phenyl, R is SiMe,, Si(CH,) 3, SiPhy, Si(biphenyl);,
Si(biphenyl),, Si(o-tolyl),; and R'! is hydrogen, methyl, ethyl, propyl or phenyl.



11. The conposition of any of the preceding clains
wherein RL is selected fromthe group consisting of
woreaoaploi3et hyl , trimethyl silyl methyl, trimethyP&T/U§1005/024708
phenyl, naphthyl, allyl, arfd benzyl. WD 2006/ 010139
PCT/ US2005/ 024708 91 12. The conposition of any of
the preceding clains wherein R2 is nethyl, ethyl or
propyl. 13. The conposition of any of the preceding
clAi. ms THeadogiposfidnios clafh hywhesdin thet doykpositidn isTR@resented by the
conposition of any of the preceding clains wherein R8
i SORPHRogen, nethyl, ethyl or propyl. 15. The
co ositim)g of any of the preceding clainms wherein R9
i sivi@dr ggen, nethyl, ethyl, propyl or phenyl. 16. The
N i any of the preceding clains wherein R10

CHY -2 ~Si Ph2, Si (bi phenyl)1,
@ @ R27. The conposition of
741 |R0

ai s wherein R1' is hydrogen,
propyt~or phenyl. 18. The conposition
of any &f the preckdiny clains wherein the sum of c,
d,Meand giés 1 or/2. 19\ The conposition of any of the
precedi ng cl ai ns/where tRe sumof ¢, d, and e is 1.
20. The conposipsi on of C|8i(R1f92 wherein: Mis hafnium
Rl is selR&Tﬁ Nﬁﬂ he group consisting of nethyl,
ethyl, trimethylsiliylnethyl, trimethylsilyl, phenyl,
napht hyl, allyl,\ and benzyl, R2 is nethyl, ethyl or
propyl, R8 is hydroggn, nmethyl, ethyl or propyl, RO is
hydr ogen, RHRe ¢t hyl, propyl or phenyl, R10 is

Si Me2, Si(CH2 S\Ph2, Si (bi phenyl)1,

Si ( bi phenyl) 2, |)2; and R11 is hydrogen,

met hyl, ethyl, henylMeWD 2006/ 010139

wherei n the conposi
formula: Me Me

Me

where:

M, R!, R®, and R'® are as defined in claim 1, and Me is methyl.

22. The composition of claim 21 wherein M is hafnium, Rlisa hydride,
methyl, ethyl, trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, or
benzyl, R® is hydrogen, methyl, ethyl or propyl; and R'¢ is methyl, ethyl, phenyl,

biphenyl, o-tolyl, or an arene.

23.  The composition of any of the preceding claims wherein R® is not a phenyl

group.

24.  The composition of claim 1 wherein the composition is represented by the

one of the following formulae:



RS PU F( Me Me RL~M Sl (R16) 2

where: M R1, RS,
wWar@eN13s net hyl .

trimethylsilylnmethyl,
napht hyl, allyl, or

et hyl or propyl;
bi phenyl, o-tolyl,

R8 i s hydrogen,

~RLR8 M M M M

and R16 are as defined in claim1,

22. The conposition of cl ai PCR1S2005/024708
wherein Mis hafnium Rl i3a hydride,
trimethylsilyl,
benzyl ,
and R16 is nethyl,

or an arene.

nmet hyl ,
phenyl ,

et hyl ,

nmet hyl ,
et hyl , phenyl,
23. The conposition of

any of the precedlng clainms wherein R8 is not 'a
I

phide

egroup 24. The conposi e onMgf claim1l wherein
represented b

t he

f ol 2006/ 010 024708
93 O M Mer
Si Ph2< Me w~Me F M Me Me
Hf SiMe; SiPhy
Me™\ e Me e
Me Me
Me Me
Me Me
Me Me
Me Me
Me_ Me Me. Me
M¢e Me Me Me
Hf SiMeg Sith
Me™™ | >ye Me/Hf\Me
Me Me
Me Me
Me Me
Me Me

where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon.

25.  The composition of any of the above claims further comprising an

activator.
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SiMe2 M Hf ~Me SiPh2 w Me M M M M M Me Me
wob@em1d¥so i s met hyl, Hf is hafnium Ph is phenp¢T/uswds/024708

Si is silicon. 25. The conpdsition of any of the above

clainms further conprising an activator. WO

2006/ 010139 PCT/ US2005/ 024708 94 26. The conposition

of claim25 wherein the activator is a Lewis acid that

| 0B ZeTht bempsdidaess dEhabs eheeR thebhalvacsié £ LewhitaRidthat

cation and provides a counterbal anci ng )

naerizss it bridsed gnatellpcensmetnheentes e ¢ cptiom arst Proyides 25

wherei n the IV |.S:represented by the follown
fSPWfE?r .ala](’%ng'éﬁC() %ﬁﬁa’c&n%l@!& is a catign conponent )
Eavi ng the charge t+ NCAv- is a non-coordinating anion
aving the charge v- t.is an integer from1l to 3; i.S
ad’i nt d§&compesitian phclaim 25 whereip ¢ activgiags %fiPFF‘éantS‘};gY the
r%l?&\#iﬁg%lhﬁ:l (u) x (t) =(v) x (w); where St+) is a
Bronsted acids or a reducible Lewi s acids capabl e of
protonating or abstracting a noiety. 28. A process to
ol i goneri zg_unsatur at ed nononers conprising conbining
meBIdeNCAChwvat or and the conposition of claim1l to
24. 29. A process to polynerize olefins conprising
con_pi_ ni ng ol efins, activator

StT is a cation component having the charge t+

NCAV' is a non-coordinating anion having the charge v-
tis an integer from 1 to 3;

v is an integer from 1 to 3;
u and v are constrained by the relationship: (u) x (t) = (v) x (W); where Sthyisa
Bronsted acids or a reducible Lewis acids capable of protonating or abstracting a

moiety.

28. A process to oligomerize unsaturated monomers comprising combining

monomer, activator and the composition of claim 1 to 24.

29. A process to polymerize olefins comprising combining olefins, activator

and the composition of claim 1 to 24.
30.  The process of claim 28 or 29 wherein the monomer comprises ethylene.
31.  The process of claim 28 or 29 wherein the monomer comprises propylene.

32. The process of claim 25, 26, 27, 28, 29 or 30 wherein the activator is
selected from the group consisting of trimethylammonium tetraphenylborate,
triethylammonium tetraphenylborate, tripropylammonium tetraphenylborate, tri(n-
butyl)ammonium tetraphenylborate, tri(t-butyl)ammonium tetraphenylborate, N,N-
dimethylanilinium tetraphenylborate, N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate, trimethylammonium



and the conposition of claiml1 to 24. 30. The process

of claim28 or 29 wherein the nononer conprises
wethgloena? 31. The process of claim28 or 29 MIEUS1005/024708

t he nononer conprises propySene. 32. The process of

claim 25, 26, 27, 28, 29 or 30 wherein the activator

is selected fromthe group consisting of

trimet hyl ammoni um t et raphenyl borate, triethyl amoni um

t abm@at(pmémmmﬂﬁnylwdrae,omih@:mmw
tetraphenyl borate, tri(n- butyl)ammni um

t é@tr%%%{eﬂmfb@r%nl@nyl%bqr%tﬁ»tﬂmw}aarwmum
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t etbiraiqnd(pemdtfhmqﬂrenyl)borate trl(sec-butyl)ammonlum
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Pg&ﬂ@%ﬁ&rﬂ% n l?’éorate NN—dlethylamhmum

tetrakis(pentafl uoro orate, triethylanmoni um

t é@trdm(pmt@iuompm lbagbn@th)Jﬁﬂhla@féyl €24, ity thatandiniwm

t r |tf if%ﬁéfgef;]t af &gp}f}&gora I‘)m&{l fafimonium
¢ Qétﬁzﬂdﬂ(ﬁémﬁmo@jﬂapmggmw Irieetiy@dremonium

tri(sec- bu@d anmoni um tetr aki s(pent af | uor ophenyl)
bdptaalds(hept wwhwammtentnmpy ammonium

T\Iq%\%%:fgé?{%?%g{r?ﬁdaﬁ ?nﬂgt et f ?g@ﬁ%“é‘?‘i uor ophenyl )

b aetmk?(hé;l‘lsafﬁlonﬁaphﬂhyx)ﬁoréteﬁn*t(secrlmtyi)dmnomumlh u Irr)
+ deai ot Bott B SRy upefigatiipl ny1 ammoni um
t QbtrAkd ﬁé SRioRda Rﬂh?ﬁ@&ﬁfehWNﬂRﬁ!thﬁnhﬁlﬁhpf opyl anmoni um

tetrakl s(he tafl uor onapht hy[ ) bor at e,
t rtﬁt(aiﬂﬂﬁhnwil @mngphtmﬁ)borate tnmethylammomum (2-

E re’}e% %ﬂf@wﬁgmsnﬁg% tﬁﬂ(}n%f%%ora% triethylammonium (2-

t Qrfeffmﬁr&ﬁﬁlﬁﬁ&%(oeiﬂﬁﬁfb@ﬁﬁwwkﬁr@%aia% tripropylammonium (2-
N, N- di et hyl ani

t wrm&waf@@&wbmwkw&bma@ tri(n-butyl)ammonium (2-

N,
+ R EloF AR b BophenylaliomyDborate, i(sec-butyammontum (2-
t( ayerfpmclﬁmpﬂmgk)j(pdsrﬂnytopﬁérp&lkynyd))bomma MNainklythyla)lﬁmm €2-
rie

ST BETBRRD T o wBhe AR N o wigpilipkm -

thy eﬁl&?&ﬂlgﬁﬁ‘izm(HéPﬂ(lgfophenylalkynyl)borate trimeth lammomum tetrakis-
perfl uoro en (perfluorophenyl al kynyl) bor at e,

t r(B,@r‘fl,Q}tﬁh;aﬂ)l yl]:mrz(tg triethylammonium tetrakls (2 3,4,6-

or o%f;@lﬁf%%ﬁ% er f T 01% '}%@rﬁhé( Yf ﬁ/ 4)6b te{raﬁudrophenyl)
KI Q;EI\)Edéfg Qnig?ﬁlﬁiglmﬁﬁgﬁﬁﬂéfrﬂdﬁ{b )pAstrallikotoyhpRay Bérete,
p éiampt%%wﬂmplj@pb@mw difetetranarppRanyh bogate N,N-
dll\}hgﬂhﬁaﬂﬁllnﬁﬂﬁ il rPZ,3,24',6-tetraﬂuorophe:nyl) borate, N,N-
diethylanilinium tetrakis-(2,3,4,6-tetrafluoro-phenyl) borate, N,N-dimethyl-(2,4,6-

trimethylanilinium)tetrakis-(2,3,4,6-tetrafluorophenyl) borate, di-(i-

propyl)ammonium tetrakis(pentafluorophenyl) borate, and
dicyclohexylammonium tetrakis(pentafluorophenyl) borate, triphenylphosphonium
tetrakis(pentafluorophenyl) borate, tri(o-tolyl)phosphonium



per f 1 uor obi phenyl ) 3(perfl uorophenyl al kynyl ) bor at e,
tri met hyl amoni um tetraki s-

W@ 2008/040189 t et r af | uor ophenyl bor at e, tri et hyl anmPei/uf2005/024708
tetrakis-(2,3,4,6- tetrafl wrophenyl) borate,
tripropyl anmmoni um tetrakis-(2, 3,4, 6-tetrafl uorophenyl)
borate, tri(n-butyl)amoni um
tetrakis-(2,3,4,6-tetrafl uoro-phenyl) borate,
diteRidiihdrartietophbafTyBetaténd tri(2,6-dimethylphenyl)phosphonium
tetrakis-(2,3, ,6-tetraf|uproéhen ) ggraﬁQP Mﬂw
diteteakingpentafivioranhanylbborate; Giphonvcabaiymt r af | uor ophenyl )

b N ; AL S _
¢ P oM B bt Bsarbeniim o, oy e
N tddr ki SR PRyl ok chaghtfiyl)borate, triphenylcarbenium (2-

trinethylaniliniumtetrakis-(2,3,4,6-tetrafl uorophenyl
) psﬂ}wéeiplaﬁnyl(h(perg)pgr@yhyrgf y;l}gprate, trgspertﬁlorop enﬁ bord)llle,

t ' q nyl) borate, and
d%ggﬁiggﬁg@%}ﬁ?hﬁgt ?/a%d s(pent af | uor ophenyl )

borate, triphenyl phosphoni um

AL ERPAE B, B iiogherinth activatr i
PGIiebiod 82 £34FAB coféistit sk Ns fipesiiaddingioapheny! )
borate, and tri (2, 6-dinethyl phenyl)phosphoni um

t detraklid(s¢rfaerophdnybberstecang| tiphmyloagbentun phenyl car beni um

:g%&k%@%ﬁgg}@%@g{)gﬁ&gnyI ) borate, triphenyl carbenium

ept ronapht hyl ) bor at e,
tri phenyl carbeni um (2

er f 1 uor obi phenyl ), 3( per f.l uor ophenyl al kynyl ) por at e
Ito s per?hedﬁg‘i?éh%ﬁfg}?n(r&;p afel’; %gn%xé1 %rr ﬁb@%?%@éﬁ%?ﬁﬁﬁtol’iyl
g%‘i)g#ﬁseéﬁral Exprocess of claim?25, 26, 27, 28, 29 or

ereln the activator is selected fromthe group
consi sting of N, N-di nethylanilinium

t et raki.g(perfluo henyl ) borate and triphe ar beni um
t ekt ki ETERt S SRReR B SR sfiacr 1 RAEEoE R
claim 25, 26, 27, 28, 29 or 30 wherein the activator
conpri ses an al unoxane. 35. The process of claim 34

W6 ei ilhernzocess pRamyof claima2fia B Whetghoschietor is?6N-The
prpcess, of.. any. of [ erein activator is
N R IABL R e R BonSphch el

tetraki s(perfl uorophenyl)borate. 37. The process of

any of clains 29 to 35 wherein the catal yst conpound. .
i 53y7 . onelhgrpragsseofypmy of cla\{mnqls 29 to 3§ wﬁere% e %atalyst compound is

r %%é?é?%%ﬁé gggﬁcgpg%ﬁ@%dég?x&fﬁy&o%,§;s?3,§paﬁ%eeﬁ§p hy! -

Pglggﬂigﬁ%ieﬁﬁl)ﬁim%; ret-PdSy@r667, 8181 hydros2, pS 8 Spentapkthyl-

RS M i 5 sty b5 5 ey
benz[flindenyl),;HfMe,, rac-Ph,Si(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-
benz[f]indenyl),HfMe;, and rac-Ph,Si(5,6,7,8-tetrahydro-2,5,5 ,8,8-pentamethyl-
benz[flindenyl),ZrCl,, where Me is methyl and Ph is phenyl.

38.  The process of claim 36 or 37 wherein the monomers comprise ethylene

and one or more of octene, hexene or butene.



benz[ f Ji ndenyl ) 2Hf Me2,
rac- Ph2Si (5, 6, 7, 8-tetrahydro-5,5, 8, 8-tetranet hyl -
whewsjoiadsndenyl ) 2H Me2, and PCT/US2005/024708
rac- Ph2Si (5, 6, 7, 8-t et rahydr%- 2, 5, 5, 8, 8- pent anet hyl -
benz[ f Ji ndenyl ) 2Zr C12, where Me is nethyl and Ph is
phenyl . 38. The process of claim36 or 37 wherein the
nmononers conprise ethylene and one or nore of octene,
hgxeneThs plouéss of claiND38 00 87 hetdDthe @Yo RODS R ISE Gthyl g
39., The process of claim36 or 37 wherein the nononers
cHMPBYCRR hyl ene  and propyl ene. 40. The process of
claim?29 to 39 wherein the nononers conprise one or
nore dienes. 41. The process of claim29 to 40 wherein
t 4@ polherprocesatoif olaim @9de B9 whicesin BemEnomess ¢RI one or
sol uti.on phase. 42. The process of claim?29 to 41
WHEFe#fi"®She process is a continuous sol ution
pol yneri zation process. 43. The process of claim?29 to
40 wherein the pol ynerization neacti?n I's ..conducted

i ALt he The nracgssyi glsam 2840 49 pehepsig thepolpmerizptipniosgiiqn,is, 3
wher ei . nert.zation reaction is conduct ed
aﬁ@%@%&gégﬁp§8§%ggﬁpé%btion t enperature between about
50 Cto about 220 C. 45. The process of claim44
wherein the pol {ansferred to

yner prodyct i s .t .a .
s8€ond THE BT URTAR 2040 Al Sriselt EATossat Fgonyfugus golution
t? eﬁ%ﬁ;&l glaaeen about 50 C to 220 C. 46. The
process o [aim 29 to 40 wherein the polynerization

reaction is conducted in the gas phase. 47. The

Srérlgc es&hg%{)ogzg%sto ifcga(i:I aifgﬁ éﬁ%/ﬁe?eaé &e%glﬁﬁe gfn‘f kdictidieis

yne erre o second reactor.

48ondtRdRh BEadsTPfhaaay of clainms 29 to 47 wherein
hydr ocarbon solvent is present in the process. WO

200_6/ 010139 PC_T/ US2005/ 024708 98 49. The_ process of
? lrélglm m 48 \gpoec%&' JF 5 T8GR PR 1R ot RREridafios BRESEH

conducted adiabatically at a reaction temperature between about 50° C to about

220° C.

45.  The process of claim 44 wherein the polymer product is transferred to a

second reactor which is operated adiabatically at a temperature between about 50°

Cto 220°C.

46.  The process of claim 29 to 40 wherein the polymerization reaction is

conducted in the gas phase.

47.  The process of any of claims 29 to 43 or 46 wherein the polymer product is

transferred to a second reactor.

48.  The process of any of claims 29 to 47 wherein hydrocarbon solvent is

present in the process.



t he group consisting of hexane, heptane, toluene and
m xtures thereof. 50. The process of any of clains 29

w0 200401189 t her conpri sing a scavenger sel ect eRCT/D8I005/024708
the group consisting of tri%ethylal um num
triethylalumnum triisobutylal um num
tri-n-hexylalum num and tri-n-octylalumnum 51. The
process of claimb50 where the process occurs at a
t 497per Thaprecas of flainp48 186RIn B2 hydieearhpn selyentds selegiedfrom
clainms 29 t.0.50 erein the tal yst, .the Lvator or
e o SoutipiRE ol K epie, st gyt ifes et
wherei n the support conprises talc, inorganic oxides,
zeolites, clays, or inorganic chlorides. 54. The
p§@c esThaprocésaioframpofihaimei2q to U8 faxthss 6PMPEYRP AiSSBENGET

resi nous s ort a functi i r |

st o oe afhslEPL AR A PR i,
Mirdobie/dhefRel, i aShexYhtupinese sl ©fn-ob@laubuwher ei n

the support conprises a Goup 2, 3,'4, 5, 13 or 14
nmet al oxi des. 56. The process of claim52 wherein the

SUPPOT {a G . L O .

P ey BiSRks 28 5iath sbhord HERELSLs ks a BretB e of foto

chs0°q 52 wherein the support conprises magnesi a,

titania, zirconia, nmagnesium chloride,

nontnorillonite, phyllosilicate, or m xture thereof.

5%2. A BRL ¥IBREssRIFRRY 6 aits J0N8 SBNAREES 1R catilyst.Ghe BEtRiates or

29 to 57. WD 2006/010139 PCT/ US2005/ 024708 99 where
Mboth age supaodéd.i on nmet al sel ected fromgroup 4 of the
periodic table; each R is independently selected from

the group consisting of hydrogen, hydrocarbyl,

syhst i trye prbcbysdTenian 52| wisneln thewipbe abmprises alc dAndrganiy

two R1 may be linked, provided that if the two Rl

gPBidps Zaglies, iclale ®r MassHI¢ SIOTRS- not form a  but adi ene

group when Mis Zr; each R2 is independently sel ected

fromthe group consisting of methyl, ethyl, propyl,

bstyl , Theptackss dfelapn rwhdréie thesmppord cotprigasfa, regnoisi sipport

t hat when. and R6 nd or R12 and R15. forma 5

& SHORiGA of FEFF BERORBTICSUPIRIE PEA ABNEIS c SR B il or 2

f up consisting of ethyl, propyl, butyl,
%ﬁ{@]@%‘ﬁﬁ&(@

pen exyl and the isoners

55.  The process of claim 52 wherein the support comprises a Group 2, 3, 4, 5,

13 or 14 metal oxides.

56.  The process of claim 52 wherein the support comprises silica, fumed silica,

alumina, silica-alumina or mixtures thereof.

57.  The process of claim 52 wherein the support comprises magnesia, titania,

zirconia, magnesium chloride, montmorillonite, phyllosilicate, or mixture thereof.

58. A polymer produced by the process of any of claims 29 to 57.



thereof; R3 is carbon or silicon; R4 is hydrogen,
hydr ocar byl , substituted hydrocarbyl or a functional
w@e@dap1o13a is 0, 1, or 2; R5 is hydrogen, hydrPCHUB3005/024708

substituted hydrocarbyl or % functional group, R4 and

R5 may be bound together to forma ring, and R5 and R3
may be bound together to formaring; bis 0, 1, or

2; R6 is carbon or silicon; and R4 and R6 nay be bound
twgather to forma ring; each R7 is hydrogen; each R8

ik Bgensbaamial sicueh bom by of B FepRlie SRR, Tt ' okl
a&\%htﬁ‘ €s in%eﬁ@lﬁéntm%[e%%fd fr@R ek gup @oﬂsﬁdﬁg BRERRO&A,

ected fromthe group consisting of hydrogen,

hiyiiromaryhysubstiuted hydrocetiylandrioeciionyl grawri aad fuyve Bhalay be

Pl BTige s bR Bt o Tirkeed 68, L00R) B b,

abuthdiBgh grdp #men MG Zvaybe | i nked toget her to forma
rin R9™ and Rllrr;gbellnked together tqQ forma

r ¢aeh:Rds indepentensly selectergrom thevgroym GYIStiRg & @emlaueél%
6
R T T
harglt GG b%di R %ﬁoglatgl 5 esrioach ritgy dtencmfleE isandepefndentlyiseleatied
t t t
?%Sﬁﬁpthe OB OV B FOD PEeh YT 000, Ao g sghegs

anfl or 2; each RI 1 is independently sel ected
fromthe group consisting of hydrogen, hydrocarbyl,
sBbitdathenent shigdnocar byl and a functional group, and

R iR s R B ¥ 5 808 gty

1a@rx§i1Rgl62rray be |i nked together to formaring;, e is

2, where the sum of c and e is. 1, 2 or _3;
RB& ig @dmegdpydmcagqyﬂﬂ subiituted hydrocarbyl or a functional group, R 'and

R may be bound together to form a ring, and R’ and R® may be bound together to
form a ring;

bis0,1,0r2;

RS is carbon or silicon; and R* and R® may be bound together to form a ring;

each R is hydrogen;

each R® is independently selected from the group consisting of hydrogen, methyl,
ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof;

each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R’ groups
may be linked together to form a ring, R’ and R® may be linked together to form a
ring, R® and R!® may be linked together to form a ring, R’ and R!! may be linked
together to form a ring;

cis 0,1 or2;

RYis -Mz(Rlﬁ)h— where M? is B, AL, N, P, Si or Ge, h is an integer from 1 to 2,
such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, and two R'® groups may be linked together to

form a ring;



R13 i s hydrogen, hydrocarbyl, substituted hydrocar byl
or a functional group, and R13 and R14 nay be bound
woeogeiEBIto forma ring, and R13 and R15 may bPeT/bS208024708

together to formaring, wieh g is 0; f is 0, 1, or 2;
R14 i s hydrogen, hydrocarbyl, substituted hydrocar byl

or a functional group, and R14 and R12 naybe bound
together to formaring, when f is 0; gis 0, 1, or 2;
anpisB1lD, drp;carbon or silicon. This invention further
relates to a process to polynerize unsaturated

nerdier & indensgdenily sslssted fromnhsareunsapsisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R!! groups

may be linked together to form a ring. R'! and R®may be linked together to form a
ring. R and R'® may be linked together to form a ring;

eis 0,1, or2;
where the sum of ¢, d, andeis 1, 2 or 3;

R is carbon or silicon;
R® is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, and
R" and R may be bound together to form a ring, and R"? and R'® may be bound
together to form a ring, when g s 0;

fis 0,1, or 2;
R is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, and
R and R' may be bound together to form a ring, when f'is 0;

gis 0, 1, or 2; and
R is carbon or silicon. ,

This invention further relates to a process to polymerize unsaturated

monomers using the above compositions.



