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TITLE: BRIDGED METALLOCENES FOR OLEFIN COPOLYMERIZATION

Technical Field <

This invention relates to aryl-substituted-bridge containing organometallic catalyst

compounds suitable for olefin polymerization processes.

BACKGROUND ART

Olefin polymers comprising ethylene and at least on:gj%r' ‘more o-olefin and
optionally one or more diolefin make up a large segment of polyolefin polymers and will be
addressed as “ethylene copolymers" herein. Such polymers range from ecrystalline
polyethylene copolymers such as High Density Polyethylene with a density in excess of
0.94, to slightly crystalline polyethylene such as Linea; Low Density Polyethylene with a
density between 0.915 to 0.94, to largely amorphous elastomers with a density down to 0.85
and a relatively high molecular weight and with a2 new area of semi-crystalline "plastomers”
with a density of between 0.915 and 0.86 and a moderate molecular weight. In particular,
ethylene copolymer plastomers are now a well established class of tndustrial polymers
having a variety of uses associated with their unique properties, such as elastomeric
properties and their thermo-oxidative stability. Uses of the plastomers include general
thermoplastic olefins, films, wire and cable coatings, polymer modification, injection
molding, foams, footwear, sheeting, functionalized polymers and components in adhesive

and sealant compounds.

Commercially prepared ethylene copolymers have been traditionally been made via
Ziegler-Natta polymerization with catalyst systems largely based on vanadium or titanium.
Newer metallocene catalyst compounds have received attention due to their ease of larger
monomer incorporation and potential increases in polymerization activities. U.S. patent
5,324,800 describes metallocenes having substituted and unsubstituted cyclopentadienyl
ligands which are suitable for producing high molecular weight olefin polymers, including

linear, low density copolymers of ethylene with minor amounts of a-olefin.
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The utility of bridged metallocene-based ionic catalysts in olefin polymerization is
described in U.S. patents 5,408,017 and 5,767,208, EP 0 612 768, and EP 0 612 769. Each
addresses suitable bridged metallocene catalysts for high temperature processes for olefin
copolymerization.  Substituted single carbon, or methylene, bridging groups for
metaliocenes suitable as olefin polymerization catalysts is described in US. patents
4,892,851, 5,155,080 and 5,132,381. Isopropylidene, mono- and diaryl methylene groups

are identified as particularly suitable.

Olefin solution polymerization processes are generally conducted in aliphatic
solvents that serve both to maintain reaction medium temperature proftles and solvate the
polymer products prepared. However, aryl-group containing r%g%iIOCenes, those having
cyclopentadienyl denivatives and other fused or pendant aryl-group substituents, are at best
sparingly soluble in such solvents and typically are introduced in aryl solvents such as
toluene .. Solutton polymenzation processes in aliphatic solvents thus can be contamunated
with toluene that must be removed to maintain process efficiencies and to accommodate
health-related concems for both industrial manufacturing processes and polymer products
from them. Altematively, relatively insoluble catalysts can be introduced via shurry
methods, but such methods required specialized handling and pumping procedures that
complicate and add significant costs to industrial scale plant design and operation. Low
solubility can also become disadvantageous should the process involve low temperature
operation at some stage jéch as in typical adiabatic processes run in areas subject to low
ambients temperatures. ‘Additionally, separating or counteracting the build up in the recycle
system of special catalyst solvents may become another problem. At the same time means
of maintaining high molecular weights in olefin polymers while operating at economically
preferable high polymerization reaction temperatures and high polymer production rates is
highly desirable. It is therefore desirable to provide a metallocene catalyst which is active
for polyethlylene polymerization particularly at elevated temperatures which nevertheless

has tncreased solubility in aliphatic solvents.

BRIEF SUMMARY OF THE INVENTION
The invention thus addresses specifically substituted, bridged metallocene catalyst
complexes comprsing a solubilizing covalent bndge comprising at least one

hydrocarbylsilyl substitutent. It can be described as a Group 4 organometallic compound
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comprising two ancillary monanionic ligands, each of which independentfgf may be
substituted or unsubstituted, wherein the ligands are bonded by a covalent bridge containing
a substituted single Group 14 atom, the substitution on said Group 14 atom comprising aryl
groups at least one of which contains at least one hydrocarbylsilyl substituent group
sufficient to provide increased solubility in aliphatic solvents. Additionally, the invention
relates to solution polymerization processes for ethylene copolymers having a density of
about 0.850 to about 0.940 comprising contacting, under supercritigal or solution
polymerization conditions at reaction temperatures of 40 °C to 300 °C, ethgilene and one or
more comonomers ¢apable of insertion polymerization with a metallocene catalyst complex
denived from A) a metallocene compound having a covalent bridge connecting a
cyclopentadienyl ligand to another ancillary anionic metal ligand group, said bridge
containing a substituted single Group 14 atom, the substitution on s?u% :Group 14 comprising
aryl groups at least one of which contains at least one hydrocarbylsilyl substituent group of
the formula R?*SiR's, where each R' is independently a C;-Cop hydrocarbyl
hydrocarbylsilyl, hydrofluorocarbyl substitutent, R? is a C;-Cyo linking group between Si
and the aryl group, and n =0, 1 or 2. Where n=0, the Si atom is covalently bound directly to

an aryl group ring carbon atom.

DETAILED DESCRIPTION OF THE INVENTION

The bridged metallocene compounds of the invention are those having a single
substituted carbon or silicon atom bridging two ancillary monanionmic ligands, such as
substituted or unsubstituted cyclopentadienyl-containing (Cp) ligands and/or substituted and
unsubstituted Group 13-16 heteroatom ligands, of the metallocene metal centers. The
bridge substituents are substituted aryl groups, the substituents including at least one
solubilizing hydrocarbylsilyl substituent located on at least one of the aryl group bridge
substituents. Substituents present on the cyclopentadienyl and/or heteroatom ligands
include Cy-Cyp hydrocarbyl, hydrocarbylsily! or hydrofluorocarby! groups as replacements
for one or more of the hydrogen groups on those ligands, or those on fusec-l aromatic rings
on the cyclopentadienyl rings. Aromatic rings can be substituents on cyclopentadienyl
ligand and are inclusive of the indenyl and fluorenyl derivatives of cyclopentadienyl groups,
and their hydrogenated counterparts. Such typically may include one or more aromatic ring
substituent selected from linear, branched, cyclic, aliphatic, aromatic or combined structure
groups, including fused-ring or pendant configuratons. Examples include methyl,

isopropyl, n-propyl. n-butyl, isobutyl, tertiary butyl, neopentyl. phenyl, n-hexyl, cyclohexyl,
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benzyl, and adamantyl. For the purposes of this application the term "hde:)carbon“ or
"hydrocarby!" is meant to include those compounds or groups that have essentially
hydrocarbon characteristics but optionally contain not more than about 10 mol.% non-
carbon heteroatoms, such as boron, silicon, oxygen, nitrogen, sulfur and phosphorous.
Addiuonally, the term is meant to include hydrofluorocarbyl substitutent groups.
“Hydrocarbylsilyl" s exemplified by, but not limited to, dihydrocarbyl- and
trihydrocarbylsilyls, where the preferred hydrocarbyl groups are preferably C;-Cso
substituent hydrocarbyl, hydrocarbylsily! or hydrofluorocarbyl substitutents for the bridging
group phenyls. For heteroatom containing catalysts see WO 92/00333. Also, the use of
hetero-atom containing rings or fused rings, where a non-carbon Group 13, 14, 15 or 16
atom replaces one of the ring carbons is considered for this specification to be within the
terms “cyclopentadienyl”, "indeny!", and "fluorenyl". See, for eg;lé;;lé, the background and
teachings of WO 98/37106, having common priority with U.S. Ser. No. 08/999,214, filed
12/29/97, and WO 98/41530, having common priority with U.S. Ser. No. 09/042,3738, filed
3/13/98, both incorporated by reference for purposes of Us. patent practice.

These compounds can be generically represented as illustrated below:

where Cp is a substituted or unsubstituted cyclopentadienyl-containing ancillary ligand, L is
independently selected from Cp ligands as previously defined, or is a substituted or
unsubstituted Group 13-16 heteroatom ligand, T 1s a Group 14 element-coataining bridging
group, Ar' and Ar” are the substituted aryl groups which may be the same or different, M is
a Group 3-6 metal, and X' and X? are the same or different labile ligands capable of being
abstracted for activation and suitable for olefin insertion, or capable of alkylation so as to be
abstractable and suitable for olefin insertion. The term “ancillary ligand” is being used to
refer 10 bulky monoanioic ligands that stabilize the metal center to which bonded against
oxidative reaction (Le., debonding of the Iigand by chemical reaction) and the term "labile
ligand" refers to ligands which may be readily replaced, abstracted, or removed from the

metal center to which bonded.

For illustration purposes Arland Ar? may be independently selected from the groups

below:
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where any R' is independently any of the groups below except H and any R™ is
independently any of the groups below:

H

CH3

CH,CH3
CH2CH2CH3
CH2(CH32)2CH3
CH2(CH2)3-30CH3
CH2C(CH3)3
CH=CH>»

CH(CH3)2
CH>CH(CH3)2
CHCHCH(CH3 )2
C(CH3)2CH(CH3)2

CH(C(CH3)3)CH(CH3)2

C(CH3)3
CH2Si(CH3)3
CH;,Ph

C4H7
CsHg
CeHi1
C7H13
CgHis
CoHj7
CgHs

CH;SiRj3

CH2CH=CH2
CH2CH2CH=CH?
CH2CH2(CF2)7CF3
CF3 '
N(CH3)2

N(C2Hs5)2
OC(CH3)3;

Cp and L, independently, may be any of ligands below where R"' is as shown above.
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Xl'and X2 may independently be any of the groups listed for R" plus any of Cl, Br,
I, -NHR", -N(R"),, or -OR". X} and X2 may additionally be linked together so as to form a
bidentate ligand such as cycloaliphatic hydrocarbyl bidentate ligand or cycloalkenyl
hydrocarbyt ligand.

4

EtMePrSi H NMe
An illustrative representative is 4 1 @
. - P Me, SV Me 9%
Et
OctylMe, Si SiEt,

where Me is methyl, Et is ethyl and Octy! 1s octyl.

Specific exemplary bridged hafnium catalysts include those derived from: indenyl-
based complexes such as the isomers, or mixtures, of di{para-triethylsifyi-phenyl)
methylene bis(indenyl) hafnium dimethyl, di(para-trimethylsilyl-phenyl) methylene
bis{indeny!} hafnium dimethyl, of di{para-tsi-n-propylsilyl-phenyl) methylene bis(indenyl)
hafnium dimethyl, (para-triethylsilyl-phenyl) (para-t-butylphenyl)methylene (flucrenyl)
(indeny!) hafnium dimethyl, (para-triethylsily!-phenyl} {para-methylphenyl)methylene
(fluorenyl) (indenyl) hafnium dimethyl, di(para-triethylsilyl-phenyl) methylene (2,71
tertbutyl fluorenyl) (indenyl) hafnium dimethyl], (para—trimcthylsilyl-;,;rhenyl) (para-n-
butylphenyl) methylene (2,7-di tertbutyl fluorenyl) (indenyl) hafmum dimethyl, (para-
triethylsiiyl-phenyl) (para-n-butylphenyl) methylene bis(tewrahydroindenyl) hafnium
dibenzyi‘ and di{para-triethylsityl-phenyl) methylene bis{tetrahydroindenyl) hafnium
dimethyl.
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Similarly, exemplary zirconium compounds include di(para-ﬂiethyls:ilyl-phenyl)
methylene bis(indenyl) zirconium dimethyl, di(para-trimethylsilyl-phenyl) methylene
bis(indenyl) zirconium dimethyl, of di(para-tri-n-propylsilyl-phenyl) methylene bis(indenyl) |
zirconium  dimethyl, (para-triethylsilyl-phenyl) (para-t-butylphenyl)methylene (fluorenyl)
(indenyl) zirconium dimethyl, (para-triethylsilyl-phenyl) (para-methylphenyl)methylene
(fluorenyl) (indenyl) zirconium dimethyl, di(para-trethyisilyl-phenyl) methylene (2,7-di
tertbutyl fluorenyl) (indenyl!) zirconium dimethyl, (para—trimethylsilyl:?henyl) (para-n-
butylphenyl) methylene (2,7-di tertbutyl fluoreny!) {indenyl) zirconiurn- dimethyl, (para-
tniethylsilyl-phenyl) (para-n-butylphenyl) methylene bis(tetrahydroindenyl) zirconium
dibenzyl and di(para-triethylsilyl-phenyl) methylene bis(tetrahydroindenyl) zirconium
dimethyl. Additional preferred zirconium metallocenes useful when prepared with the
solubilizing bridging groups in accordance with this inventiéﬁre thase described in
copending U.S. application Ser. No. 09/251,819, filed February 17, 1999, and equivalent
WO 99/41294, these catalyst structures and the solution polymerization process described

with them are particularly suited for this invention, and are incorporated by reference for

purposes of U.S. patent practice.

Particularly suitable cyclopentadienyl-based complexes are the compounds, isomers,
or mixtures, of (para-trimethylsilylpheny!Xpara-n-butylphenyl)methylene (fluorenyi)
(cyclopentadienyl) hafnium dimethyl, di(para-trimethylsilylphenyl)methylene (2,7-di-
tertbutyl fluorenyl) (cyclopentadienyl) hafnium dimethyl, di{para-
triethylsilylphenyl)methylene  (2,7-di-tertbutyl-fluorenyl) (cyclopentadienyl) hafnium
dimethyl, (para-triethylsilylphenyl) (para-t-butylphenyl) methylene (2,7-d1 tertbuty]
fluorenyl) (cyclopentadienyl) hafnium dimethyl or dibenzyl, and di(para-triethylsilyl-
phenyl)methylene (2,7-dimethylfluorenyl)(cyclopentadienyl) hafnium dimethyl or dibenzyl
The zirconocene analogues are (para-trimethylsilylphenylXpara-n-butylphenyl)methylene
(flucrenyl) (cyclopentadieny!) zirconium dimethyl, di(para-trimethyisilylphenyl)methylene
(2,7-di-tertbutyl  fluorenyl)  (cyclopentadienyl)  zirconium dim-ethy!, di(para-
triethylsilylphenyl)methylene (2,7-di-tertbutyl-fluorenyl) (cyclopentadienyl) zirconium
dimethyl, (para-triethylsilylphenyl)} (para-t-butyiphenyl) methylene (2,7-di tertbutyl
fluorenyl) (cyclopentadienyl) zirconium dimethyl or dibenzyl, and di{para-triethyisilyl-
phenyl)methylene (2,7-dimethylfluorenyl)(cyclopentadienyl) zirconium dimethyl or

dibenzyl. Tt has been found that the substituted bridge-containing compounds, such as those
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asymmetnc compounds listed above, are particularly useful in accordance with the

mvention.

In particular, for the bridged metallocene compounds, increasing the degree of
substitution on an aromatic fused-ring substituted ligand Cp can be effective for increased
molecular weight, e.g., 2,7-dimethyl-fluorenyl, 2, 7-di-tert-butyl-fluorenyl and 2,7-methyl-

phenyl-fluorenyl groups are exemplary of such. Preferably substitution.on fluoreny! or

indenyl radicals (ii) in the metallocene compounds will generally comprise two or more C,
to Csq hydrocarby! or hydrocarbylsilyl replacements, or substitutions, for a ring hydrogen of

at least one 6-member fused-ring, preferably both where a fluorenyl radical.

The bridged metallocene compounds according to the inve;i_i'%ﬁ may be activated for
polymerization catalysis in any manner sufficient to allow coordination or cationic
polymerization. This can be achieved for coordination polymenzation when one ligand can
be abstracted 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), e.g., alkyl, silyl, or hydnde. 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 into a cation and provide a counter-balancing

noncoordinating anion.

Alkylalumoxanes and modified alkylalumoxanes are sujtable as catalyst activators,
particularly for the invention metal compounds comprising halide ligands. The alumoxane
component useful as catalyst activator typically is an oligomeric aluminum compound
represented by the general formula (R”-Al-O),, which 1s a cychic compound, or R7(R7-Al-
O0),AIR”;, which is 2 linear compound. In the general alumoxane_ formula R” s
independently a C, to Cyo alkyl radical, for example, methyl, ethyl, propyl, butyl or pentyl
and "n" is an integer from 1 to about 50. Most preferably, R” is methyl and “n” is at least 4.
Alumoxanes can be prepared by various procedures known in the art. For example, an
aluminum alkyl may be treated with water dissolved in an inert organic solvent, or it fnay be
contacted with a hydrated salt, such as hydrated copper sulfate suspended 1n an inert organic
solvent, 1o yield an alumoxane. Generally, however prepared, the reaction of an aluminum

alkyl with a limited amount of water yields a mixture of the [tnear and cyclic species of the
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alumoxane. Methylalumoxane and modified methylalumoxanes are preferred. “For further
descriptions see, U.S. patents No. 4,665,208, 4,952,540, 5,041,584, 5,091,352, 5,206,199,
5,204,419, 4,874,734, 4,924,018, 4,908,463, 4,968 827, 5,329,032, 5,248 801, 5,235 081,
3,157,137, 5,103,031 and EP 0 561 476 A1, EP 0 279 586 B1, EP 0 516 476 A, EP 0 594
218 Al and WO 94/10180, each being incorporated by reference for purposes of U.S. patent
practice.

=

When the activator is an alumoxane, the preferred transition metal compound to
activator molar ratio is from 1:2000 to 10:1, more preferably from about 1:500 to 10:1, even

more preferably from about 1:250 to 1:1 and most preferably from about 1:100 10 1:1.

The term "noncoordinating anion” is recognized to mean an ation which etther does
not coordinate to the metal cation or which is only weakly coordinated to it thereby
remaining sufficiently labile to be displaced by a neutral Lewis base, such as an olefinically
or acetylenically unsaturated monomer. Any complex capable of counterbalancing a
cationic charge without impeding or interfering with olefin polymerization, including both
being incapable of reacting with metallocene cations so as to render them peutral and
remaining sufficiently labile so as to be replaceable at the polymerization site by olefin
monomers, will be suitable in accordance with the invention. Typically such complexes are
based on ionic salts or neutral Lewis acids of the Group 8-14 metalloid or metal elements,

particularly boron or aluminum having substituted aryl groups that are substituted so as to

———

present steric or electronic impediments to oxidation of the complexes by reaction of the
transition metal center with the aryl groups bonded to the Group 13 atoms. Zwitterionic
complexes of Group 13 elements comprising both catonic and anionic charges where

meeting the functional requisites above are additionally suitable.

Addittonal suitable anions are known in the art and will be suitable for use with the
metallocene catalysts of the invention. See in particular, U.S. patent 5;278,119 and the
review articles by S. H. Strauss, "The Search for Larger and More Weakly Coordinating
Anions*®, Chem. Rev., 93, 927-942 (1993) and C. A. Reed, "Carboranes: A New Class of
Weakly Coordinating Amions for Strong Electrophiles, Oxidants and Superacids®”, Acc.
Chem. Res., 31 133 -139 {1998).
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Specific descriptions of ionic catalysts, those comprising a transitiofl metal cation
and a noncoordinating anton, suitable for coordination polymerization appear in the U.S.
patents 5,064,802, 5,132,380, 5,198,401, 5,278,119, 5,321,106, 5347024, 5408017,
5,599,671, and international publications WO 92/00333, WO 93/14132 and WO 97/35893.
These teach a preferred method of preparation wherein metallocenes are protonated by
noncoordinating anion precursors such that an alkyl, alkeny! or hydride group is abstracted

by protonation from a transition metal to make it both cationic and charge-balanced by the

. noncoordinating anion.

The use of ionizing ionic compounds not containing an active proton but capable of
producing both the metallocene cation and aﬁ-noncoordinatingjgnion 1s also useful. See,
EP-A-0 426 637, EP-A-0 573 403 and U.S. patent 5,387;:?5' for instructive ionic
compounds. Reactive cations of the ionizing ionic compounds, other than the Bronsted
acids, mclude ferrocenium, silver, tropylium, triphenylcarbenium and triethylsilylium, or
alkali metal or alkaline earth metal cations such as sodium, magnesium or lithium cations.
A further class of noncoordinating anion precursors suitable in accordance with this
invention are hydrated salts comprising the alkali metal or alkaline earth metal cations and a
non-coordinating anion as described above. The hydrated salts can be prepared by reaction
of the metal cation-noncoordinating anion salt with water, for example, by hydrolysis of the
commercially available or readily synthesized LiB(pfp), which yields {LiexH,0] [B(pfp)4],
where (pfp) is pentaftucrophenyl or perfluorophenyl.

Any metal or metalloid capable of forming a coordination complex which is
resistant to degradation by water (or other Bronsted or lLewis Acids) may be used or
contained in the noncoordinating anion. Suitable metals include, but are not limited to,
aluminum, gold, platinum and the like. Suitable metalloids include, but are not himited to,
boron, phosphorus, silicon and the like. The description of noncoordinating antons and
precursors thereto of the documents of the foregoing paragraphs are incorporated by

reference for purposes of U.S. patent practice.

An additional method of making the active polymerization catalysts of this invention
uses ionizing anion pre-cursors which are initially neutral Lewis acids but form a
metallocene cation and the noncoordinating anion upon ionizing reaction with the invention

compounds, for example tris(pentafluorophenyl} boron acts to abstract a hydrocarbyl,
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hydride or silyl ligand to yield a metallocene cation and stabilizing noncoordinating anion,
see EP-A-0 427 697 and EP-A-0 520 732 for illustration. See also the methods and
compounds of EP-A-0.495 375. The description of noncoordinating anions and precursorsr
thereto of these documents are similarly incorporated by reference for purposes of U.S.

patent practice.

When the X and X, Iabile ligands are not hydride, hydrocarby! og silylhydrocarbyl,
such as chloride, amido or alkoxy ligands and are not capable of‘discrete ionizing,
abstraction with the ionizing, anion pre-cursor compounds, these X ligands can be
converted via known atkylation reactions with organometailic compounds such as lithium or
aluminum hydrides or alkyls, alkylalumoxanés, Grignard reagents, etc. See EP-A-0 500
944, EP-A1-0 570 982 and EP-A1-0 612 768 for analogotiﬁurocesses describing the
reaction of alkyl aluminum compounds with dihalide substituted metaliocene compounds

prior to or with the addition of activating noncoordinating anion precursor compounds.

Preferred invention activating cocatalyst, precursor ionizing compounds compiise
Group 13 element complexes having at least two halogenated aromatic ligands such as the
halogenated tetraphenyl boron and aluminum compounds exemplified in the identified prior
art. Preferred aromatic ligands cousist of the readily available phenyl, and polycyclic
aromatic hydrocarbons and aromatic ring assemblies in which two or more rings (or fused
ring systems) are joined directly to one another or together. These ligands, which may be
the same or different, are covalently bonded directly to the metal/metalloid center. In a
preferred embodiment the aryl groups are halogenated, preferably fluorinated, tetraaryl
Group 13 element anionic complexes comprising at least one fused polycyclic aromatic
hydrocarbon or pendant aromatic ring. The halogenated ligands are also represented by
those aryl higands having flourinated alkyl groups. Indenyl, napthyl, anthracyl, heptalenyl
and bipheny! ligands are exemplary aryl ligands. See co-pending application U.S. Ser. No.
09/261,627, filed 3 March 1999, and equivalent WO 99/45042, incorpérated by reference

for the purposes of U.S. patent practice.

Particularly preferred cocatalyst complexes for solution polymerization processes
are those which are soluble in aliphatic solvents, whether by virtue of substitution on the
Group 13 element ligands or substitution on precursor cations, see for example U.S. patent

5,502,017 and WO 97/35893. When the cation portion of an ionic noncoordinating anion
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precursor is a Bronsted acid such as protons or protonated Lewis bases (excluding water), or .
a reducible Lewis acid such as ferrocenium or silver cations, or alkaline metal or alkaline
earth metal cations such as those of sodium, magnesium or lithium cations, the transition
metal to activator molar ratio may be any ratio, but preferably from about 10:1 to 1:10,
more preferably from about 5:1 to 1.5, even more preferably from about 2:1 to 1:2 and most

preferably from about 1.2:1 to 1:1.2 with the ratio of about 1:1 being the most preferred.

-

Thus suitable active catalyst complexes for coordination and carbocationic
polymerization can be prepared by activation with the traditional metallocene activators,
typically alkylaiumoxanes and tonizing haloaryl boren or aluminum compounds known in
the art. The active catalysts thus are catalytically active components comprising complexes
derived from the invention metallocene compounds containinﬁé solubilizing bridge
binding together the ancillary ligands according to the invention, and activating cocatalyst

compounds.

The catalyst complexes of the invention are useful in polymerization of unsaturated
monomers conventionally known to be polymerizable under either coordination
polymerization conditions or cationic polymerization conditions. Such conditions are well
known and include solution polymerization, supercritical phase polymerization, slurry
polymenization, and low, medium and high pressure gas-phase polymerization. The catalyst
of the invention may be supported and as such will be particularly useful in the known
bperating modes employing fixed-bed, moving-bed, fluid-bed, or slurry processes
conducted in single, series or paralle! reactors, with the added benefit that increased
solubility will be useful in catalyst synthesis processes where the introduction of toluene is

to be reduced. or slurry pump mntroduction means to be avoided.

- When using the catalysts of the invention, the total catalyst system will generally
additionally comprise one or more organometallic compound. Such compé)unds as used in
this application and its claims 1s meant to tnclude those compounds effective for removing
polar impurities from the reaction environment and for increasing catalyst activity.
Impunties can be inadvertently introduced with any of the polymerization reaction
components, particularly with solvent, monomer and catalyst feed, and adversely affect
catalyst activity and stability. It can result in decreasing or even elimination of catalytic

activity, particularly when tonizing anion pre-cursors activate the catalyst system. The
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polar impurities, or catalyst poisons include water, oxygen, metal impurities, etc.”Preferably
steps are taken before provision of such into the reaction vesse], for example by chemical
treatment or careful separation techniques after or during the synthesis or preparation of the
various components, but some minor amounts of organometailic compound will still

normally be used in the polymertzation process itself.

Typically these compounds will be organometallic compounds such-as the Group 13
organometailic compounds of U.S. patents 5,153,157, 5,241,025 and ‘5\/0—!\-91/09882,
WO-A-94/03506, WO-A-93/14132, and that of WO 95/07941. Exemplary compounds
include triethyl aluminum, triethyl borane, triisobutyl aluminum, methylalumoxane, and
isobutyl aluminumoxane. Those compounds ﬁaving bulky or C¢-Cayq linear hydrocarbyl
substituents covalently bound to the metal or metalioid center bé%'pref erred 10 minimize
adverse interaction with the active catalyst. Examples include triethylaluminum, but more
preferably, bulky compounds such as triisobutylaluminum, trisoprenylaluminum, and long-
chain linear alkyl-substituted aluminum compounds, such as tri-n-hexylaluminum, tri-n-
octylalurhinum, or tri-n-dodecylaluminum. When alumoxane is used as activator, any
excess over the amount needed to activate the catalysts present can act as a poison
scavenger compound and additional organometalhc compounds may not be necessary.
Alumoxanes also may be used in scavenging amounts with other means of activation, e.g.,
methylalumoxane and trisobutyl-aluminoxane with boron-based activators. The amount of
such compounds to be used with catalyst compounds of the inventions is minimized durning
polymerization reactions to that amount effective to enhance activity {and with that amount
necessary for activation of the catalyst compounds if used in a dual role) since excess

amounts may act as catalyst poisons.

In preferred embodiments of the process for this invention, the catalyst system is
employed in liquid phase (solution, slurry, suspension, bulk phase or combinations thereof),
in high pressure liquid or supercritical fluid phase. Each of these p;rocesses may be
employed in singular, parallel or series reactors. The liquid processes comprise contacting
olefin monomers with the above described catalyst system in a suitable diluent or solvent
and allowing said monomers to react for a sufficient time to produce the invention
copolymers. Aliphatic solvents and mixed aliphatic solvents are industrially suitable for

solution processes, and are particularly preferred.
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The process of the invention is especially applicable to homogeneé_us solution
polymerization which 1s aiso substantially adiabatic, that is to say the heat of polymerization
is accommodated by 2 rise in temperature of the polymerization reactor contents, here
principally solvent. This adiabatic process typically has no internal cooling and suitably no
external cooling. The reactor outlet stream removes the heat of polymerization from the
reactor. The productivity of such adiabatic processes can be improved by cooling the inlet.
solvent and/or monomer stream(s) prior to introduction into the reactor to_permit a greater
polymerization exotherm. Thus the catalyst, cocatalyst and scavenger selections disclosed
m this application can be advantageously practiced in a continuous, solution process
operated at or above 140 °C, above 150 °C or above 160 °C, up to about 250 °C. Typically
this process 1s conducted in an inert hydrocérbon solvent, lipﬁr, cyclic or branched
aliphatic, or aromatic, at a pressure of from 20 to 200 bar. Thge catalysts’ ability to
provide a commercially desirable polymer at elevated temperatures contributes to a greater
exotherm, to high polymer contents in the reactor because of lower viscosity, and to reduced
energy consumption in evaporating and recycling solvent, and better monomer and
comonomer conversions. See, for example, U.S. 5767208, and co-pending U.S.
application Serial No. 09/261,637, filed 3 March 1999, and 1ts equivalent WO 99/45041, ail

of which are incorporated by reference for purposes of U.S. patent practice.

The catalyst according to the invention may be supported for use in gas phase, bulk,
slurry polymerization processes, or otherwise as needed. Numerous methods of support are
known 1n the art for copolymerization processes for olefins, any is suitable for the invention
process in its broadest scope. See, for example, alumoxane activated catalysts of U.S.
patents 5,057,475 and 5,227,440. An example of supported ionic catalysts appears in WO
94/03056. Particularly effective methods for ionic catalysts are that described in US.
patents 5427991, 5,647847 and WO 98/55518. A bulk, or slurry, process utilizing
supported, invention metallocene compounds activated with alumoxane ca-catalysts can be
utilized as described for ethylene-propylene rubber in U.S. patents 5,001,205 and 5,229,478,
these processes will additionally be suitable with the catalyst systems of this application.
Both inorganic oxide and polymeric supports may be utilized in accordance with the
knowledge in the field. See U.S. patents 5,422,325, 5427991, 5498,582, 5,466,649,
copending U S, patent applications 08/265,532 and 08/265,533, both filed 6/24/95, and
international publications WO 93/11172 and WO 94/07928. Each of the foregoing

documents 15 incorporated by reference for purposes of U.S. patent practice.
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Bulk and slurry processes are typically done by contacting the catalysts with a slurry
of liquid monomer or diluent, the catalyst system being supported. Gas phase processes
typically use a supported catalyst and are conducted tn any manner known to be suitable for
ethylene homopolymers or copolymers prepared by coordination polymerization.
Hlustrative examples may be found in U.S. patents 4,543,399, 4,588,790, 5,028,670,
3,382,638, 5,352,749, 5,436,304, 5,453,471, and 5,463,999, and WO 95/87942. Each 1s

incorporated by reference for purposes of U.S. patent practice.

Generally speaking the polymerization reaction temperature can vary from about
-50°C to about 300°C. Preferably the reaction témperature conditi’pns will be from -20°C to
250°, and most advantageously in high temperature, adiabatic s&ﬁbh processes from and
including about 120°C to including and about 230°C. The pressure can vary from about 1
mm Hg to 2500 bar, preferably from 0.1 bar to 1600 bar, most preferably from 1.0 to 500

bar.

Ethylene-a-olefin (including ethylene-cyclic olefin and ethylene-a-olefin-diolefin)
elastomers of high molecular weight and low crystallinity can be prepared” utilizing the
catalysts of the invention under traditional solution polymerization proceéses (above) or by
introducing ethylene gas into a slurry utilizing the a-olefin or cyclic olefin or mixture
thereof with other monomers, polymerizable and not, as a polymerization diluent in which
the invention catalyst is suspended. Typical ethylene pressures will be between 10 and
1000 psig (69-6895 kPa) and the polymerization diluent temperature will typically be
between -10-160 °C. The process can be carned out in a stirred tank reactor or tubular
reactor, or more than one operated in series or paraliel. 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.

Pre-polymerization of the supported catalyst of the invention may also be used for
further control of polymer particle morphology in typical slurry or gas phase reaction
processes in accordance with conventional teachings. For example such can be

accomplished by pre-polymerizing a C,-Cq alpha-olefin for a limited time, for example,
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ethylene is contacted with the supported catalyst at a temperature of -15 6 30 °C. and
ethylene pressure of up to about 250 psig (1724 kPa) for 75 min. to obtain a polymenc
coating on the support of polyethylene of 30,000-150,000 molecular weight. The pre-
polymerized catalyst is then available for use in the polymerization processes referred to
above. The use of polymeric resins as a support coating may additionally be utilized,
typically by suspending a solid support n dissolved resin of such material as polystyrene
with subsequent separation and drying. All documents are incorporated by reference for

description of metaliocene compounds, 1onic activators and useful scavenging compounds.

Other olefinically unsaturated monomers besides those specifically described above
may be polymerized using the catalysts according to the i_]_}_\jfntion by coordination.
polymerization, for example, styrene, alkyl-substituted styren;'s,utéthylidene norbomene,
vinyl norbornene, norbornadiene, dicyclopentadiene, and other olefinically-unsaturated
monomers, including other cyclic olefins, such as cyclopentene, norbornene, and altkyl-
substituted norbornenes. Additionally, aipha-olefinic macromonomers of up to 300 mer

units, or more, may also be incorporated by copolymerization.

The following examples are presented to illustrate the foregoing discussion. Ali
parts, proportions and percentages are by welght unless otherwise indicated. All examples
were carried out in dry, oxygen-free envircnments and solvents. Although the exampies
may be directed to certain embodiments of the present invention, they are not to be viewed
as limiting the invention in any specific respect. In these examples certain abbreviations are
used to facilitate the description. These include standard chemical abbreviations for the
elemeants and certain commounly accepted abbreviations, such as - Me = methyl, Et = ethyl,
t-Bu = tertiary-butyl, Oct = octyl, Cp = cyclopentadienyl, Ind = indenyl, Flu = fluorenyl,
THF (or thf) = tetrahydrofuran, Ph = phenyl, and pfp = pentafluorophenyl.

All molecular weights are weight average molecular weight unless otherwise noted.
Molecular weights (weight average molecular weight (Mw) and number average molecular
weight (Mn) were measured by Gel Permeation Chromatography, unless otherwise noted,
using a Waters 150 Gel Permeation Chromatograph equipped with a differential refractive
index (DRI) and low angle light scattering (LS) detectors and calibrated using polystyrene
standards. Samples were run in 12 4-tnchlorobenzene (135°C) using three Polymer

Laboratories PC Gel mixed B columns in series. This general technique 1s discussed mn
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"Liquid Chromatography of Polymers and Related Materials III" J. Cazes Ed., Marcel
Decker, 1981, page 207, which is incorporated by reference for purposes of U.S. patent
practice herein. No comrections for column spreading were employed, however, dawa on
generally accepted standards, e.g. National Bureau of Standards Polyethylene 1475,
demonstrated a precision with 0.2 units for Mw/Mn which was calculated from elution

times.
EXAMPLES :

Synthesis of (p-Et3Si-phenyt)2C(2,7-1BusFlu)(Cp)HfMe; (Catalyst A)

=
T

1. Synthesis of 1-Br,4-(Et3Si)benzene

To a cold (~78 °C) slurry of 1,4-dibromobenzene (235 g, 0.99 mol) and anhydrous
THF (1.5 L) was added a solution of nBuLi (1.0 mol), pentane (300 mL) and ether (100
mL). After stirring for 3 h, Et351Cl (150 g, 1.0 mol) was added. The mixture was allowed
to slowly warm to room temperature, stirred for a total of ca. 60 h. then quenched with
water (S0 mL). The organic layer was separated, washed with additional water (2 x 50 mL),

dried over MgS0y, filtered, then reduced to an orange o0il. Vacuum distillation (60 mtorr)

gave product (bp 83 °C). Yield 124 g, 46 %.

2. Synthesis of 6, 6'-bis(p-Et3Si-phenyDfulvene

To a cold (—78 °C) slurry of 1-Br,4-(Et3S1)benzene (124 g, 0.46 mol) and anhydrous
THF (0.5 L) was added a solution of nBuLi (0.46 mol) and pentane (246 mL). After
stiming for 75 min, CIC(O)NMej (21 mL, 0.23 mol) was added. The mixture was slowly
warmed to room temperature overnight then cooled in an ice bath. Cyclopentadiene (46
mL, 0.55 mol) was added then the color soon turned red. After stirmng in an 1ce bath for 8
h, the mixture was warmed to room temperature overnight. The mixture was extracted with
water (4 x 100 mL) in two stages (tot. 800 mL water), dried with MgSQOj4 then reduced to an

oil. The oil was taken up in ether (200 mL), drnied with CaHjy, filtered, then reduced to a red

oil. Yield of crude product 114.8 g

3. Synthesis of (p-Et35i-phenyl)C(2,7-BuaFlu){(Cp)HICly.
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2,7-'Busfluorenyt lithium (69.5 g, 0.25 mol) was added to a cooled (30 cy_C) solution
of the crude fulvene (114.8 g, 0.25 mol) and ether (500 mL). The mixture was warmed to
room temperature overnight then reduced to an orange oil. Addition of pentane (0.5 L)
caused a slarry to form. Filtration, pentane washing (2 x 100 mL) and drying yielded (p-
Et3Si-phenyl)yC(2,7-BusFiuH)YCpLi) as a white solid (97 g, 53 Y%-assuming no ether
present). 2M Buli in pentane (64.5 mL, 0.129 mol) was added to a slurry of the monoanion
(95 g, 0.129 mol) and ether (1 L). After stirring overnight, the orange mixture was cooled
to 30 °C then treated with HfCly (414 g 1 equiv)). The mixture was warmed to room
teraperature, stured for 24 h then reduced to a solid in vacuo. The solids were extracted
with methylene chloride (500 mL total) then filtered through Celite. The filtrate was
reduced to a solid, extracted with pentane (3 ‘x 100 mL) then_ii%d, The product was
extracted from the solids with a mixture of toluene and hexane (1:1) at 60 °C then filtered

through a 0.45 pum filter. Removing the solvent gave product. Yield 70 g, 55 %.

4, * Synthesis of (p-Ef3Si-phenyl)2C(2,7-1BuzFlu}(Cp)H{Me; (Catalyst A)

A 1.4 M solution of MeL.i in ether (21.8 mL, 30.5 mmol) was added to a solution of
(p-Et3Si-phenyl ), C(2, 7-BusFluXCp)H{Cly (15.0 g, 15.2 mmol) and toluene (125 mL).
After stirning for 1 b, the mixture was filtered through a 4-8 pm frit then reduced to a solid
invacvo. The product was extracted from the solids with hexane (250 mL) then filtered
througﬁ a 0.45 pm filter. The crude product was crystallized from 2 minimum of hot

hexane. Yield 89 g, 62 %.

Synthesis of (p-Et3Si-pheny[)C(Flu)(Cp)HfMe, (Catalyst B)

5. Synthesis of 6,6-bis(p-Et3Si-phenyl)fulvene )

This fulvene was prepared similarly as described above in 1 and 2 on a smaller

scale.

6. Synthesis of (p-Et3Si-phenyl);C(Flu}(Cp)HCl>.
Fluoreny! lithium (3.90 g, 22.6 mmol) was added to a cold (-30 °C) solution of

crude 6,6"-bis(p-Et3Si-phenyl)fulvene (1035 g, 22.6 mmol) and. ether (100 mbL). After
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stirring for 2 h, the solvent was removed and the remaining solid slurried with pentane (100
mL), filtered, washed with additional pentane (2 x 100 mL) then dried invacuo to give {p-
Et3Si-phenyl); C(FIuHXCpL1). Yield 6.41 g, 45 %-assuming no ether present. 2M Buli in
pentane (5.1 mL, 1 equiv.} was added to a slurry of the monoanton (6.4 g, 10.2 mmol) and
ether (50 mL). The mixture was stirred overnight, cooled to -30 °C then treated with HfCl,
(326 g, 1 equiv.). The mixture was warmed to room temperature, stirred for 8 h, filtered
then washed with pentane (25 mL). The product was extracted from the orange solids with
methylene chloride. Removing the solvent gave (p-Et3Si-phenyl) C(Flu)(Cp)HfCl2. Yield
6.15g, 61 %.

7. Synthesis of (p-Et3Si-phenyl)ZC(Flu)(C;)')HfMe2 (Catalys@_;}éi :

A 1.4 M solution of MeL.1 in ether (1.65 mL, 2.31 mmol) »;z;: é&ded to a solution of
(p-Et3Si-phenyl);C(Flu)(Cp)HfCly (1.0 g, 1.15 mmol) and toluene (25 mL). Afier stirring
overnight, toluene was removed. The product was extracted from the solids with hexane
then filtered through a 0.45 um filter. Removing the solvent gave product. Yield 0.565 g,
59 %.

As shown above preparation of the exemplary metallocenes required initial synthesis
of 6,6-bis(p-EtsSi-phenyl)fulvene. This fulvene was prepared from the reaction of p-
(Et3Sp)phenyllithinm with CIC(O)NMe, then cyclopentadiene in an extension of a general
procedure reported by H. Kurata and coworkers ( Tetrahedron Letters, 1993, 34, 3445-
3448). Further reaction of 6,6'-bis(p-Et;Si-phenyl)fulvene with 2,7-'Busfluorenyl lithium
yielded (p-Et3Si-phenyl);C(2,7-1BuaFIuH}(CpLi). This monoanion displayed iow solubility
in pentane and was easily purified from contaminants. Subsequent treatment with Bul.i
then HfCl4 gave the dichloride (p-Et3Si-phenyl)pC(Flu)(Cp)HICl2, which was readily
methylated. This methodology can easily be extended to prepare a wide variety of silyl

substituted metallocenes.
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> HfCly
R =H, tBu R |

8. Solubility Studies

5 - To a measured amount (typically 10~* mol) of metaliocene and a stirbar in a 20 mL
scintillation vial was added dry hexane (ca. 2.65 mL) It was necessary to use a larger
amount of A (3 x 104 mol) to determine its solubility. The mixture was stirred for ca. 1h
then an aliquot removed and filtered through a 0.45 pm filter (aliquot mass 2.2-2.5 g). The
mass of the sample was recorded then the hexane removed with a slow nitrogen stream.

. Weight % solubility of the metallocene was determined as 100(mass solid remaining) /

(mass filtered aliquot). See Tables below.

Kl ii g Fpfidn)eErD
Catalyst Symbol Precatalyst Compound
A (p-Et381-Ph),C(2,7-('Bu)sFlu}{(Cp)HiMe;
B (z-Et351-Ph), C(Flu)(Cp)HfMe:
C (Comp) Ph2C(2,7('Bu),Flu)(Cp)HfMe:
D (Comp) Ph,C(Flu)(Cp)HfMe;

15



10

15

20

25

WO 00/24793 : PCTUS99/24944

2l ‘%@\;51% A SN Iy
bt o v SOLUBILITY TABLE ~~ R A
YA EYD (Gt Fio) dTEEy €

2y sean)

Initial Mixture (Calculated) > 5 -y Filtered Aliquot
D 1 [l
Precatalyst @recat [s%oiln. mass ij wt % soln. mass Erecat wt %

A 0.0905 26603 3.40% 23715 00793 33%1
A 0.2828 2.7653 10.23 % 2.521 0.2434  965%3
A 0.2844 2.8224 10.08 % 2.5557 0.2338 9.15%3 -
C (Comp) 0.0705 2.6191 2.69% 2.236 0.0476 2.1%

C (Comp) 0.1049 2.6805 3.91 % 2.383 0.0445 19%

B 0.0848 2.6483 3.20% 2.3898 00511 21%

D (Comp) 0.05%4 5.1069 1.16% 3.7209 0.0045 0.1 %2

D (Comp) 0.0612 12.1902 0.50 %" 11.5233 0.0079 <0.07%2

IControl tun using a fully dissolved catalyst A as determined by visual
observation indicated ca. 3% error between the calculated “max wt%" and the
actual measured wi% after filtering. 2An upper limit of D solubility is 0.07%
since an increase in hexane did not proportionally increase the amount of
solids remaining. 3 Average A solubility is 9.4 %,

Example 9a. Polymerization Example.

Under a nitrogen atmosphere, a 1 L autoclave was charged with hexane (460 ml.)
and trioctylaluminum (0.04 mL of a 25 wi% solution in hexane diluted with hexane (10
mL)). The autoclave was stirred at ca. 1000 rpm, heated to 113.6 £ 0.4 °C (P =472 £ 0.5
psig) then pressurized with propylene to 1033 = 0.3 psig then ethylene to 251 psig
Ethylene flow into the reactor was allowed during the copolymerization. A 3.94 x 10-3 M

of hexane soluble activator [{(3, 5-(Et3Si);-Ph);C]+ [B(C(F,)s] ~ solution in hexane (20 mL,

' 0.79 pmol) (hexane soluble activator) was pumped into the reactor. Then 2 3.97 x 103 M

(p-Et3Si-Ph);C(2,7-BusFlu)}{Cp)HfMe; solution in hexane was added at a variable rate
sufficient to maintain ethylene flow into the reactor at < I L/min and the reaction exotherm
< 0.5 °C. The mean temperature during the polymerizations was 113.7 £ 0.5 °C. Ethylene
uptake was monitored with a calibrated mass-flow transducer. The polymerization was
halted after ca. 12 g of palymer was produced. The reactor was vented and cooled. The
polymer solution was poured from the reactor wnto a large beaker. The reactor was rinsed

with additional hot hexane (ca. 500 mL). The polymer solutions were combined then
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treated with a stream of nitrogen to remove hexane; the polymer was further-dried under

vacuum at 80 °C. Polymerization data is given in table 1.

Example 9b.

The procedure of %a. was repeated.

Example 9¢.

'-'.'

The procedure of 9a. was repeated.

Example 10a.

The general procedure of 9a. was followed with an activator substitution: The

3
reactor was charged with solvent, AlOct; then a slurry of the activator compouad
PhNMeyH* B(CgFs)4~ (5 mg, 6.2 umol) in hexane (20 mL) then heated to 113.5 °C and

charged with propylene and ethylene. Then the precatalyst was added to this mixture.

Example 10b.

The procedure of 10a. was repeated using a slury of the activator compound

[PhNMeyH]Y [B(CgF5)s]~ (1.2 mg, 1.5 umol) in hexane (20 mL).

Example 11a. Comparative Example

The general procedure of 9a. was followed with ap activator substitution: A 1.5 x
10~* M B(CgFs)3 solution in hexane (25 mL, 3.78 pmol) was pumped into the reactor in
place of the R1 solution used in example 9a. Due to low activity, the polymerization was

halted after 2.92 g of polymer was prepared.

Example 11b. Comparative Example.

The procedure of Ila. was repeated. Due to low activity, the polymerization was

halted after 0.7 g of palymer was prepared.

Example 12a. Polymerization Example.

The procedure of example 9a was followed with a precatalyst substitution: A

mixture of (p-Et3Si-Ph)2C(Flu)(Cp)HfMe; (50 mg, 60.1 pmol) and hexane (2.5 g) was
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stirred for 30 min then allowed to sit for 10 min. An aliquot (150 pL) of the mixture was
removed and diluted with hexane 80 mL. This precatalyst solution was added to a reactor

as described in example 9a.

Example 12b. Polymerization Example.

The procedure of example 12a was repeated using the same precursor.

-

Example 12¢. Comparative Example.

The procedure of example 9a was followed with a precatalyst substitutton: A
mixture of catalyst D above ((Ph);C(Flu){(Cp)H{Me;) (50 mg, 82.9 ﬁmol) and hexane (2.5
g) was stirred for 30 min then aliowed to sit for 10 min. An ahquot ( 150 pL) of the mixture
was removed and diluted with hexane 80 mL. This precatalysl Solution was added to a

reactor as described in exampie 9a.

Example 12d. Comparative Example.

The procedure of example 12¢ was repeated using the same mixture.

T,:éél,_,E 1

POLYMERIZATIOI\L RESULTS 555

g-'Tr?\{)

Ex # umol Cat | pmol Act olymer | Wt% Cs My M., /M,

. amol #4105l ]| mass (R)y | (L) | (DRD

92 0.13 0.79 12.41 32 629427 | 1.85
o 011 0.79 11.79 3] 647659 | 1.7

9¢ 0.12 0.79 10.33 32 575956 | 1.9

102 0.056 6.2 11.42 32 557884 | 1.95

10b 0.054 1.5 11.28 32.5 589690 |19

11a(Comp) | 0.70 3.8 2.92 32 573913 | 1.9

11b(Comp) 0.893 38 0.7 a a a

122 0.183% 0.79 12.60 31 510697 {2.0
126 0.183° | 0.79 6.77 335 492052 |20

12¢(Comp) c 0.79 0.4 a a a

12d(Comp) c Q79 |0 a_ a a ‘1

(a) not measured (b, c) (p-Et3Si-Ph), C(Flu)(Cp)HfMe; was completely soluble;
PhyC(Fiu)(Cp)HiMe; had little solubility under these conditions (c) pmol unknown.
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The comparison presented in example 12 above illustrates that the productivity of a
polymerization 1s proportional to the concentration of the catalyst precursor compound feed
solution. Catalyst B is more soluble that cataiyst D in hexane. Thus, the mixtures of B in
hexane result in and increase in polymerization productivity, 6.8 to 12.6 g polymer, as

compared to that of catalyst D, at 0 - 0.4 g polymer.

Example 13. Ethylene/Octene Copolymerizations =z

Under a nitrogen atmosphere, a 500 mL autoclave was charged with hexane (250
mL), tritsobutylaluminum (0.2 mL of a 25.2 wt% solution in heptane diluted with toluene (5
mL)) and l-octene (18 mL, 115 mmol). The autoclave was stimred at ca. 1500 rpm, heated
to 140.1 °C (P = 75.7 psig) then pressurized with ethylene to 265.6 | psig. Ethylene flow
into the reactor was allowed during the copolymerization. A sohﬁ%bf precatalyst (40-50
umol), PANMeoHY B(CgFs)y~ (1 equiv.) and toluene (100 mL) was added to the stirred
mixture over 30 min. at a variable rate sufficient to obtain 12-15 g isolated copolymer with
an exotherm of less than 1.5 °C, typically less than 1 °C. The polymer was precipitated

with 2-propanol (1.5 L), isolated, then dried under vacuum at 80 °C. See Table below.

wrERe T

?ﬁﬁ;ib’%‘\ Precat. used Copolymer Mol% My My/Mp M,
Precatalyst  (uMol) Yield (g) o%tg% (DRI) (DRI) (LS)
A 2.1 12.18 6.4 195692 3.12 225188
A 1.5 12.79 6.1 190771 230 210680
A 22 13.82 6.4 207125 2.30 248319
A 2.4 14.98 6.1 219112 243 254290
B 5.0 12.40 7.3 150225 222 177924
B 4.4 12.98 7.6 163758 2.22 194604
D 5.8 12.49 9.5 140664 2.25 173690
D 4.2 12.25 7.5 154822 220- 189865

Molecular weights determined from GPC using a differential refractive index
(DRI) or light scattering (LS) detector.
The solubility data above exhibits significant and unexpected increase in solubility
for catalyst of the invention as compared with those of the prior art. The polymerization

data illustrates equivalent activities such that the benefits of increased solubility in aliphatic
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solvents can be achieved without sacrifice of the levels of productivity previously achieved

with the prior art catalysts.

Example 14. Continuous High Temperature Solution Process

The following polymerization reactions were performed 1n a stirred, liquid filled 2 L

" jacketed steel reactor equipped to perform continuous insertion polymerization in presence

of an inert Cg hydrocarbon (naphta) solvent at pressures up to 120 bar and-temperatures up
to 240 °C. The reactor was typically stirred at 1000 rpm during the poly;merization. The
reaction system was supplied with a thermocouple and a pressure transducer to monitor
changes in temperature and pressure continuously, and with means to supply continuously
purified ethylene, l-octene, and solvent. In this system, ethylene dissoived in the
hydrocarbon solvent, l-octene, tri-n-octyl aluminum (TOA) u:sqé% as a scavenger, and
optionally H,, are pumped separately, mixed, and fed to the reactor as a single stream,
refrigerated to below 0 °C. The transition metal component {TMC) was dissolved in a
solvent/toluene mixture (9/1 vol/vol) whereas the non-coordinating anion (NCA) activator
was dissolved in toluene/solvent mixture (1/1 vol/vol). Both components were pumped
separately, mixed at ambient temperature, and cooled to below about O °C prior to entering
the reactor. The reactor temperature was set by adjusting the temperature of an oil bath
used as a reservoir for the o1l flowing through the reactor wall jacket. Next, the polymer
molecular weight (MW) or M1 was controlled independently by adjusting the ethylene
conversion (% C,) in the reactor via the catalyst flow rate. Finally, the polymer density was

controlled by adjusting the ethylene/1-octene weight ratio in the feed. See Tables below.
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Claims: -

A Group 4 organometallic compound comprising two ancillary monanionic ligands,
each of which independently may be substituted or unsubstituted, wherein the
ligands are bonded by a covalent bridge containing a substituted single Group 14
atom, the substitution on said Group 14 atom comprising ary! groups at least one of.
which contains at least one hydrocarbylsilyl substituent group. -

The compound of claim 1 wherein said hydrocarbylsilyl substituent has the formula
R,"SiR's,, where each R' is independently a Cy-Cyy hydrocarbyl, hydrocarbylsily!,
hydrofluorocarby! substitutent, R* is a C;-C), linking group between Si and the ary}

group, andn=0or 1. o
The organometallic compound of ctaim 2 wherein each R'is a linear C;-Cg linear or

branched alkyl substituent.

The organometallic compound of claim 3 wherein said catalyst compound is a
hafnium organometallic compound and said substituted Group 14 atom is a carbon

atom:.

The organometallic compound of claim 4 wherein said compound 15 a

biscyclopentadieny! hafnium organometaliic compound having
i) at least one unsubstituted cyclopentadienyl or indenyl ligand,

1) one aromatic fused-ring substituted cyclopentadieny! ligand.
The organometallic compound of claim 4 wherein said aromatic fused-ring

substituted cyclopentadienyl ligand is a substituted or unsubstituted fluoreny! ligand.

The organometallic compound of claim 6 wherein said unsubstituted
cyclopentadienyl ligand or aromatic fused-ring substituted cyclopentadienyl ligand

is an unsubstituted cyclopentadienyl ligand.
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The organometallic compound of claim 7 wherein said hafnium compound is
selected from the group consisting of di(p-toimethylsilyl-phenyl) methylene
(cyclopentadienyl) (fluorenyl) hafnium dimethyl, di(p-trimethylsityl-phenyl)
methylene (cyclopentadienyl) (2,7-dimethyl-9-fluorenyl) hafnium dimethyl and
di(p-trimmethylsilyl-phenyl}) methylene (cyclopentadienyl) (2,7-di-tert-butyl-9-
fluorenyl) hafnium dimethyl, di(p-triethylsilyi-phenyl) methylene (cyclopentadienyl)
(fluorenyl) hafnium dimethyl, di(p-triethylsityl-pheny}) methylene
(cyclopentadieny!) (2,7-dimethyl-9-fluorenyl) hafnium dimethyl, --di(p-triethylsi]yl-
phenyl) methylene (cyclopentadienyl) (2,7-di-tert-butyl-9-fluorenyl) hafnium
dimethyl, (p-triethylsilyl-phenyl) (p-tert-butylphenyl) methylene (cyclopentadienyl)
(fluorenyl) hafnium dimethyl, (p—triethyisily]-phenyl)) (p-n-butylphenyl) methylene

(cyclopentadienyl) (2,7-dimethy!-9-fluorenyl) hafnium 'ﬁ%ethyl, {p-triethylsilyl-

——

phenyl) (p-n-butylphenyl) methylene (cyclopentadienyl) (2,7-di-tert-butyl-9-
fluorenyl) hafnium dimethyl, and (p-tniethylsilyl-phenyl) (p-n-butylphenyl)
e S A .- A RO 2 S S

methylene (cyclopentadienyi) (2,7-dimethyl-S-fluoreny!) hafnium dimethyl.
T e e

A polymerization process for ethylene copolymers having a density of about 0.850
to about 0.940 comprising contacting, under solution polymerization conditions at a
reaction temperature at or above 60 °C to 225 °C, ethylene and one or more
comonomers capable of insertion polymerization with a catalyst compound derived

from the Group 4 organometallic compound of claims 1-7.

The process of claim 9 wherein said catalyst compound is a hafnium organometallic

compound and said substituted Group 14 atom is a carbon atom.

The process of claim 9 wherein said catalyst compound is derived by reacting with

an activating cocatalyst compound.

The process of claim 11 wherein said cocatalyst compound comprises a halogenated

tetraaryl-substituted Group 13 anion.

The process of claim 12 wherein the aryl substituent comprises at least one fused

polycyclic aromatic ring.
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The process of claim 13 wherein said halogenated tetraaryl Group-13 anion Is

[tetrakis(perfluoro-naphthyl)borate].

The process of any of claims 12-14 wherein said cocatalyst compound additionally
comprises an essentially cationic complex selected from substituted or unsubstituted

anilinium, ammonium, carbenium, silyltum and metal cationic complexes.

-
-

The process of any of claims 9-15 wherein said solution polymerization conditions

are adiabatically conducted 1n a continuous polymerization process.

The process of claim 16 wherein the reaction temperature is in a range of 160 °C to

250 °C. =

The process of claim 17 wherein said homogeneous polymerization conditions are

conducted in a continuous process at a pressure of at least 500 bar.

The process of any of claims $-18 wherein said one or more comonomers capable of
insertion polymerization are selected from the group consisting one or more of Cs-

Cg a-olefins, Cs-Cys diolefins, C3-Caq cyclic olefins and diolefins, and Cq-Cog vinyl

aromatic monomers.

The process of claim 19 wherein said one or more comonomers capable of insertion
polymerization are selected from the group consisting of propylene, 1-butene, 1-

hekene, l-octene, 2-ethylidene-5-norbornene, and 2-vinyl-5-norbomene.

The process of claim 9 wherein said Group 4 organometallic compound comprises a

monocyclopentadienyl, heteroatom-containing titanium compound.
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BT, ARV FEFELBAARZERE “FRFHRET L Y
A7 BEEZA. Hlef b 1997 & 12 A 29 B wiE 8 US % %] No.
08/999214 A A FI4K LA 4 WO 98/37106 &% FH Ao F LU 55
%, VARZY 1998 F 3 A 13 HWi5d5 US £ %] No.. 09/042378 HAF
A WO 98/41530, AEBRFHELHRMG AL, XEZHF LR = F7)

HRE.
AL T vA T 8 X A
Cp 1
ArlT/ \M<X
w? N\ X2

K Cp AL BRAMRARAKA R L ANH IR, LRIkl
do B B 65 Cp Bedk, RFAZARKGHABRKGE 13~16 %R
FEAK, TAHES 4 EZAENHERD, A XA ATHRAXKEY
BRFEMAF 36 KGEE, Xfo X AMP X KB RAT AR,
CAT TSR @ FLFETHEREBAN, AEZTHEACARS TIERY
& THRBREAN. XEAGAE “ B BRALHRBEILETSY
BXEWE TERA S£5Tv&EnERALELE (FAILTR
ERAGEBE), AF THERRIRAZFAEAGLE T ETHR
I E M. BRI e BLR,
AH—F B, Ar'fAr TS FTRAA:

R\ SRS R3S, R™ R R
R" R'" R'BS
RY R R é R



Rm Rm R'as erl R'BS- R
R'3Sr R'3S%@‘ R'3Si’_§>’

R'aS1 SiR'3 R'35i R™ R R™
R3Sk SiR's RN R™
Ruv Rl"

R(“ R"! R" RI"

AP R IRFR AR S TELR, £ R Badk b
4T F & K B

H CH(CH3)2 C4H7 CH>CH=CH?

CHz CH2CH(CH3)2 CsHo CH>CH>CH=CH>
CH2CH3 CH2CH2CH(CH3)2 CeH11 CH2CH2(CF2)7CF3
CH2CH2CH3 C(CH3)2CH(CH3)?2 C7H13 CF3 '
CH2(CH2)2CH3 CH(C(CH3)3)CH(CH3)2 CgHis N(CH3)2
CH2(CHp)3-30CH3  C(CH3)3 CoHy7 N(C2H5)2
CH2C(CH3)3 CH2S(CH3)3 CeHs OC(CH3)3
CH=CH» CH,Ph CH,SiR3

Cp F= L T4 M A4 TEMEA, L+ R e EAT-F.

X'Fo X 3 A 4T R a6, M ECL, Br. I. -NH



RY L NGR ) S0R T AT — A sk, X e X TR —de
TR~ A B EAR, e KRR A SR Rk R B e me k.
— AR AR 8

H \Me
21 io O

| EtMePrSi

m

e, Si
Et
OctylMe, S SiEt,
EF Me AFRE, Bt AT, Octyl AFHk.

By S EAFH S EREAOIERETEAR T HANERSY,
W TRGFHERESS: — (- CATASERIEFE —(F
)P EES, —(H-=Z2FAFEREAF ) EPE - (FEL) FiRe,
Z(H-ZEREFREREAFE) VA (HFRA) —FEEL, (H-=Z2i
FREARE H-RTAFDEFRGR (FHO 7L, (-
ZOAFTERARL) (-FTAER BTG R) GR) ZPEe,
(-2 LATERERFR)EPTRQT-ZRTEHR) (FR)=F
Ra, (-2 WA PREEEL) - ETEAER) BPRQ 7-2RT
AHE)GFR) WAL, -2 AFaRtXR) GH-E2THAER)
PR (WAFHFR) ZFES, o (F-ZCAFERAFEI) EFE
vy A ) Y k4.

EA, LGB EH O (F-Z A FTREAXR) TR
Z(HR) PR, (2P RATRERAER)EPRA - (FH) 7
Ae, G- rm A THERAXR) B PR = (FR) D FRE, (5-
ZCOHATHRAFNE H-RTAFLEFTEABGL) (FR)_FA
e, (-2 CATEREXR) GI-FAXR BPE (BHE) (Fh) =
FIR4, —O2CEYERAFDEPRQ T-=RTASGL) (F
A)—wRhG, (A-ZFEAPERAXNKR) (- THAER) 2FE

&



2, 7-ZBRTAHL) (BR) ZFESE, (H-Z R FRRAER) (-
ETARR)EFA - (wEAHE) FRAE, P (=278 RE
FREPPRA(WEHFL) ZFRE. SEBALAYSEERELDE—
RENEHEAGLCHABRESEMNET 1999 52 A 17 B ey
Rl &% 6 US Wik 2 5] No. 09/251819 5 F# WO 99/41294 ¥, &
CAI—RAFHBRENERFERRESFTEHAMNERTARY, XL
HEER T ERE LI ASE.

HAERAGATRR B EGRSD A TEALSY. FHEXZ
S (- FEFEEEAXRL) GH-ETEAXR) PR (HR) GrX
SHR) VRS, (- EPATRAREEAER) BFRAQ T-ZRTE
HE)GRRZHR) = FES, Z(H-ZLATEREXL) 2THE
2, T-—BTEHE) GFRIFR) — 7S, (F-=Z2REFaREX
AR TAER)TTFTEQ 7-=—8TEDRE) GRAHEA) —FE
RoFRB, oo (H-ZCEATEREARLDEFROQ,T-ZRTES
K) GRASHAE) T AR ST RS, RBGERPE A (- FRAY
AREFER) GH-ETEAEREPTEHGR) GRASHL) —FE4E,
(-2 APRREEAER) EWR Q-2 TEHE) GRAZHI)
Wk (- AFTERAFRK)EFRQOT-ZRTHEY
E)GRRHA)—PAEL, (o vaERA Rl G-RTEX
F)EFRQT-ZRTEHGE) FRRZHR) —FRARFRE, =
(-2 FRREXREFAQT-=8THEHRA) GRAZHIL)
SPARFRE. ROEA, ARRGHFEFSGLESY, bR
oy ARk 2 AR A4, AFRER TALKA P,

#ad, S THEGRSEAESY, A AMLRAK LGRS
Cp LB ARBENITESTEHH, ZEAH T2, 7T-FRY
Ao, -2 RBRTASES 2,T-FE-FADE. i, RE2EL
L deyp A RGAER G LHBRRAFSEFTELHAIAREAN C-
Co B A FBEATRERE, EMNMFES -6 TWAALARTRHAA
EAFRS RS, SApREehE —dRA.
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TOAEAT BRI BN T B A6 7 X kAL e HE %
2B ENTAARASER., B —ARATERIER, BF—A4AX
FRARBAZEGEAN, XA TA-ARAELZBELLZRMGT
WRHE, TLAERARES, LEITROBEEATAFAR AR LAY
AN(RBLEAAR), Hort, FTREREAXEAY. RAEASHEKEA
BAELNAZTIRERY, AR ENOER D HRE 8R4,
ABETFIGREFiksd, TEFERLSGBER—AZTF, &
BHAEARLELEBTCETAAMET, A RBEFHFERELAET.

Wk B A e R 4 Ak AR AL R EA N, H AR
FALDAL RALH BN EELSY, HHk, EAERLHEL
FesE Ay @A R -AL-0). £+ FRELESY, LARKL
&8, AF R (R -A1-0).AIR”,, RAXMAEY. ARAKEX P,
R kM k& Co~Colt R, o FH. X, &HEA TEIRE 17
A 1-50 BER, RARERTAFTE, “n”E2Vh 4. THEHITELHR
BN AT EHEBER. A, THRAEALSHEEREAMN
AR FHRLE, AW RABEEFEEERNEMN PHXEE,
Je R A FRBAMER, AFHFEEAK. BF, LiteTHE, RAR
LEMEAKGRERHEFGEEABREEARGESY. 2R
EAK kg TEESER. Y NARR USP 4665208,
4952540, 5041584, 5091352, 5206199, 5204419, 4874734, 4924018,
4908463, 4968827, 5329032, 5248801, 5235081, 5157137, 5103031,
VI % EP 561476A1, EP 279586B1, EP 516476A, EP 594218A1 #= WO
94/10180, X ZAWELHEN EHRE LI ALE.

LELF A AR, RALBEEENGHEFLMNOERIA
1: 2000 £ 10: 1, FHEL 10 500 £ 10: 1, #H—F FHEL 11 250
Z 11, w10 100 £ 1: 1.

K SREGAB T AB/IAE L ELEMAE TR, HHNR
EEGRtef g, ISR T RE DR HERR
A e B R B ABER., BT ARERS TS RARE R



GREREAGRAY, OEFRREFRAERETAEAE TN T
HHRFABORATUARBERSCCEIRH R I AT R G EE
Y, HERATALY. 28H, ILBELWEATE 8~ 14 kN ELE
REBAE, HIAAMIXBAETEXTURBHMNER, LTHREE
ABRA A, IEFAFBRARBILIRELET O EE&EHE 13 %
BIHFANGE LB RS A TR & -FRF. hIH35)
EEHEXARLEETILNETENGFS LRSI RELGFE 13
HEAUE G AERASY.

AEEEHMETERARANMnH, FTERTAXNARELE
HEAL . 4% 7] T A USP 5278119%08 H. Strauss #5523 L& A
(R KPR BERAMSE THHE ", Chem. Rev., 93, 927-942(1993),
VA& C. A. Reed, “EAMI:—ELFHAHRATEREEL XN, AALH MR
BRI B BCAL A % T, Acc. Chem. Res., 31, 133-139(1998).

ERTRARGGAASBELSEME THERAAS THALE
F- 440 7) 69 B4k 48 32 - T USP 5064802, 5132380, 5198401, 5278119,
5321106, 5347024, 5408017, 5599671 v E Fi & 3 WO 92/00333, WO
93/14132 #= WO 97/35893 . XX #kH G THE G H L5k, R T
XEBHFRAGE ST HAL T, FEAIFTFL, KA &F
RHAMHIEELS THIIGE R, AEIRLERIMET, X
Ak B AL B 8 T b AT . |

BRAAREFERTFETUEARKSERE FHRERERE THS
FiE T REE TS, 2R EP-A-426637. EP-A-573403 #= US
5387568 5 & Tib-3 4. FAPMGEBEGETHE THEHH
B RAEEMEFOIE_S4MET. £, EHETF. =X AgmETFH
ZLAFHRBEAMET, RFHRLEXBRLILERMET, Wi, £
Eraa-t. A—EERTAZYGERLEAE THARZSE o LATE
R EEIBRIEEME FhERAARE TFHORAN. K4 ETHA
)% 18 5 f—3F Budx 1 %%’rﬂz %ﬁciﬁﬁsﬂ% Bl iR THERE S
Sy LiB(pfp) . 89 K, # 4 [LiexH.0]L B(pfp).l, H P (pfp)
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HERFEARARAR, -

AT THBREF (R ECH BB E BRI D HB) B i
U ERAECERTERROALERENE T T, EEGNLE
AHEBEAM T, & 4F. EENELEOELRBRTH. i
G, FPREEFPHAERERE T AR TIKRGIBESG R, KERE
ENEE RS RS RIE P

LEeHMEALPOTHRGBUANG T EERARLEATHE SN
B, PESREVAOLEBRENERAXLSEME FfiliRE T
WRTARBTAE A= (REFXLM AERARRE—I2L,
B RFTARERAERE, AERAXLSEME FARTEREN ST,
LY AN EP-A-427697 #v EP-A-520732. i+ 4 0, EP-A-495375
7 skfetadn. EMW, RELHFALERSETE FRALNAY
PLO AR £ B ) SRR LI F A R,

Y Xid L F BT RARZENY. BEARTARAZR, W&k
1. &M (amido) RIRAKEAR, ARG SE TN S F A d
HAT BB E TR, XEX RATEI M oA AR, BA
WeENe W EI BN EANDRAREY. BLABER. R KA
Fit T4, A0 EP-A-500944, EP-A-570982 #» EP-A-612768 ¥ &
EA9 5k, CAAE T ENERIE BT BT A% 6 32 4,
REBILGHE QU BRRYZLELEHEER.

A RAL 6 E B AR, Bk S T sh, AFF 13 %
AFEEREW(ZEREPENEVBANR T AR, XA AR
KA QR X EMPmied) . ke S Amb b E L85
FEOERFTHEBERIFHRBEGEAR, EFBHAR S AR (BHEAZ)
IR R AR, XAETHAXAFAYREAES LA/ E4EF
SRR, AR ERTET, FAIIKY, AEEARGW
FHRFI3HEATRE TwAMH, XbfmAshAAE Yy —AHESRF
BRI, QREAELTYRELE AR A F Atk &
AR BIR BB AR R A F Ak e 4T AL 1999



4343 8Pk RAFHEUS Pk %5 No. 09/261627 VLA % Fl #
WO 99/45042, X EHE LB LR ERFEMIALE,

A AESA TERESFT RO BEANESHZAXETE TR
HAEFTY, FERLLR 3 AAETRALBREZLETEAEE T LR
&, Plde KA USP 5502017 #= WO 97/35893. L & T H ML &F
WA E THRSASEMNEEBE R TRRE THAE S Ha (R
), XA TERMABEHH B KERXEME T, ABELEIHZLE
EBRME T, $R4EMBTH, XELELSEAMNGERILTAR
AATA, {2445 100 1 £ 1: 10, #4355 1 £1: 5, #—F
ALY 151 2, RAERS1L.2: 1E1: 1.2, BERIAY 1:
1 2 s Ak ey,

BBl fe kMg T REABHELHETREANBES D THELA
AEBA B FARLEEFLMNERERN S, AR I ARARER
Fo TR FEAMIXEAESY. dish, FHEBEANISFEREAL
W 4 B B A B RAL R AL A e AL E R S, b T A
A BAZPHASF R RAEE T - RABEHRERIGRLEEL
o,

AZPHBARN B L ERATREF O LEARMARALHARME TR
SEMTTREAN R ERGES, RELFRNM oWt OIEER
BA. BUERMES, AREELSIUBRMK. TRERARES. KXW
WA TR G, SHWBNEATApuRARTA. BIHAE.
FACE R AR EAREFTX, BEFEAE—. $ERIIIFBERLEH
7, AW ER, HaWEBEREATYEIIAZTHMREL
R RFRFZEININT AHBELNER T EHP.

L AKL RGBT, EAEANKZAFTEHSH T X
EHRHAMNEENLEGS. AVHERLIBMNER PG ELEH O
TR R R T AR LB RSN B R e,
BANFTBEASREHAS, HFAAERN. BhPpELADHRE, &5
ZEWININLR, RFESMEALFNERB TR FA XA, BT

1



BA S 3 2T 0 AL S, Al % B T8 & T3 4k 5401 40 3
BERE., BEREJFARECNFHOEKR £ £ELAF. il
ﬁ%ﬂkiﬁ%¢zﬁ%ﬁﬁﬁ Blde r B2 B R RE B2 B R
FadfEd, S FLEIBCHLERR, RAFABAS T LS
FHREFEA LTINS Y.

C R, XL EBHRAENEELS Y, #de USP 5153157,
5241025 #= WO -A-91/09882. WO —A-94/03506. WO -A-93/14132 #a
WO 95/07941 T RT3t 2|85 % 13 kAL B9, LEpleiE=4%
B, ZLABMR. ZFTES, PABEEFFTAEEE. A
HERBENLCEIALE T O LB EXRC~ Co BB EARALY
AL LY, AEFEEEAMNGRMNBEE R ML, L4
DOk, MEERRBRRGLAY, I F TS, ZFX-8
Ai, PREKZERIARRAGEBLEY, = Edilis. ZE3isg
KREZE+T A, SEABARENEANY, EMEIERELE
MM RN E, HTHEASDFSINCEE, FEREEMAN
SR BAEY. BERELTULLECHENLF X—RULERS
B, #lde P RAERRP = TAEERE L THGELN—RER.
X KA HHEAFNLEG—REBOLEI DG ELERAR B4
PRRIMMUETRZEHGAA T (EUAREAEART, L2 LRE

BAENELHNCEY), BALETGTRELANSDG/EM.

EAX Y7 R £ £ P, M CER. BE. ZiFk.
ARAMELLES)., GERARME R AEARG T XS AEATKE,
”%ﬁ%%éﬁAﬁTmfﬁﬂ\%ﬁi$ﬁiE%? AR Ty k6
EhE—EANHFFEMNREMN TS BELES EXELIKEBE A,
T ERARRERAGE, AHNFALAOEEY. FTEkE
KB, BRAZB MRS AEEMNLZ L LiE T4, I B Fr R sk 4.

AKREZFHNERTERALEL RS H S B MERES, ik
AWECHHLTBARESGEEEAZS (LT LRERN) GREF
. A M, X Fb s HGEE A N3 A4, dn BLIE b ALK R SRR 4.



REEHUHAREEETHATEAR., TASAIANALEBZH
BN BRI/ RERY A, AAFERGESAK, AR FEAHE
kg F R, HAFHNE, THLATTARH FOHEMLN. BIEAH
Fe kA A E G ERERAE, BUESESSTRE T 140C, T 150
CHEGTF 160C, £54 250C. =M, %5 E T4 20~ 200 €85 &
AT, EEE. FERR AR TAEEBRER P47, XEEL
MERGBETAFALNERSDINEIFTROZEREGHEE. &
THERREGVAERBEEVTHLSES. ERXEBERN T A H Y
RERAK. AAERP AR LRI EIF, Hld=f R US 5767208 F=
1999 % 3 A 3 B ¥k ey X A4F 6§ US P35 % 7] No. 09/261637, &K
£ R W0 99/45041, XERFER LA THRKE XL 4HI A L%,

BERBALZVOBEANTEGE, AR TARHE. AMeRAEEELE
¥, REBREEHRL. A0 FTELAHREROHABRIA PN, £
RSB EA, E-fAEERTALB S &, #He KRR USP 5057475
Fo 5227440 NI 694 B LA EAF . TR B THRAH 65— A L4
AT WO 94/03056. 33T & -FAEAR, HR ARG T EHAFTT USP
5427991, 5647847 #= WO 98/55518. T #:H USP 5001205 #= 5229478
Paf T LARBRAATE, £AAKSREE, XEFEFHERATE
RS AR FEALE A RGN A BALA Y, Xk
BEATAYHAGEMANE LR, BBAGCERGERF R, BITEAL
MBS ETERESHRAK. Hlde AN USP 5422325, 5427991,
5498582, 5466649, ¥4 1995 5 6 F 24 H 936 £ B £ F &) US 4
¥ 3% % ] 08/265532 # 08/265533, vAK EERW 3 WO 93/11172 #= WO
94/07928. F# &I HMHHEER FH ETRIIAMH AL,

S, AR REELIAIEEANEREAELRIBEERNGE
ARk kAT, A PBANKEZ GRS, AMAEEDNETE AR
WAL T, T N E A TR REREASNE R EHRE
Koy k47, B 5000 M 548 T & USP 4543399, 4588790, 5028670.
5382638, 5352749, 5436304, 5453471 #= 5463999, ¥L & W0 95/07942
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PRE . KL AXBIREER SR ERIAENRE,

BE, RERNGBRETUAAEA-50~300C KA. Kk 58
JEAHEH-20~250C, FHAEHBEREEE T, BHE LG LY 120~
230C, €L# 120CH 230C. A TR InnHg ~ 2500 EZ ] & 4b,
3% 0. 1~ 1600 &, L& 1.0~500 6.

TR AKXLAGELNEBTNERRESE (L) 24T, &
FRBAFLHEARIARET, ERAo-BREAKXKKERERELEEET
REXARXRTRAGELRGRESY, AL LAVEANEFTEINE
GHEN, AHEELTEREFLESENOLH -0 -BBR(ALIETH-K
KB Tth— a W B-— ) k. 28, LHEHN 10~
1000 5 /-F % ¥+ (69 ~ 6895kPa), B AHBEMNBAEH-10~160C. &
CTEERHERAAEITRAEETHAT, AFZFEARRBEE UL EHERX
B, T ENREESFTHL4, AR USP 5001205 9T A Z.
FIANIA LKA A RE Tk, & FTERMNAE MG FH A E R

HEBEFHET, BYRARARIAMRALEEZY, ETRAERL
ﬁ%ﬁ%%%%%%%A,uﬁ FEHREGHETOHTLE, Hld
FLC-Cou-HEAES—BEARSHRALRE—F, il s
ﬁﬁi‘r&»ﬂmé& 15-30CTHE 76 24, LHEHNESAHY 250 B/
J- 7 e -F (1724kPa) , vA I 4k LF 5 4-F % 2% 30000 - 150000 65 & 7,
WA MEE., RAEWELHABANTAT ERSR S 5. kiR
TUERARSHMMENBARLE, BRI BT RAEARFEAE
R R X LERE T, BES BT, JIAFALHKAES T
REBAESY . BTELANERGERI ML LL,

A L BARR R 2 R CHE R AR T A AL e 4R
AT EAARSRFERES, Pl RERKRGELE, £
LRMEAR S, UHAEARE. BkA ZH. —BRA_SHREE
M T hofe LK, QELTCHREER, Ll NH. Bl HFR
RSB R . dbsh, BTURTERAMLASAEE 300 A&



% & mer ¥ AT a— R K EAR, -

ik TR EHEAAG T HP LR E. BdEH B, A
. el FE IR T, AN KA ETRAAGR
Bhm i Py, REERFATRIRALVGELRTHETE, 2K
Br M EERA RS KRR AL, AR, A
FUEEEUHLEE, ILRoERANAFA LTS EAE LAY
5, #ld: Me= P, Bt= %, t-Bu=8TH, Oct=F3%, Cp=3%*
KM, Ind- HI, Flu- %, THF(X thf) = w&=kwh, Ph= X
#, pfp= L& HFKE.

B Fm, HANSTEHAENSTE. WRKEECE
FERESTE(EHS T2 M) FEFS T2 M), RIEH M,
1% F B A % 0 dr A48 30 (DRI) Fe o A BB (LS) AR B 4 Waters 150
RESEEEN, FRAREXLHFHFEDLATRE. ARG =4
Polymer Laboratories PCGel B4 B A, w1, 2,4 = H ¥ (135
C) P, X—BARBERMNTT REWfaiHHeadn e s
TII1”J. Cazes Ed., Marcel Decker, 1981, % 207 R, X ¥4xiE £
B4R SR LTINS LE, EAEANEY KGR IE; {22 2058
F B 0944, 440 National Bureau of Standards Polyethylene
1475 % 3 9 K B & T 6000 R 3H 00 Mw/Mn, #Ed 0.2 A%

5 45 -
(-Et,Si-# 1K) .C(2, 7-=&T &% &) GRARH L) HfMe, (81057 A)
g B %,
1. 1-32, 4- ( Et:Si) E 84 &

it (-78C) 1, 4~ =38 3 (235g, 0.99mol) F» LK THF (1. 5L) &
R T BT IEAE (1. Omol) ¢ KL (300mL) Fo Zu 8% (100mL) #9753 .
A 3G, WA Et,SiCl1(150g, 1.0mol). ¥ RA&HEF K Z
o, LiHEHY 60, RERAKGWML) FX. > HEANE, A
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I K (2 ><50mL)“J9E‘P?~ RABRE TR, 38, KEHRHE (reduce)
AREHRY., AT AT (60 TL)ABHEH WL 83C). &%
124g, 46%.
2. B 6,6 - (- Et.Si-kK)EH

) &8 (78 C)1-3£,4-( Et.Si) ¥ (124g, 0.46mol) #= &£ %
THF (0. 5L) # & F A A £ T 34 (0. 46mol) # X5 (246mL) #9315 3% .
PH 75 47 5F, A CIC(0)NMe, (21mL, 0.23mol). #HRS-HE 2,
ik E 2R R, RBAKSFEY., AR KR (46uL, 0.55mol),
B, R i E R A, RGP S IHE, HRAYMEAE TR
. AEFHF P (&3 800mL K) AA (4 x100uL) EFEGRAY, HABLE
HAT T, RERENBRY. £ 6 (200nL) TR H RS, A S
ST, E, RAEREAZEHKD. BRS5WF$H 114. 8.
3. (A-Et,Si-%#),c2, 7-=®TEHL) GrAHEL)HFCL, 82X

EA8 (-30C)HMEH (114. 8g, 0.25mol) = 2. & (500mL) &4 % &
PN 2, T- =R T 3% 42 (69. 5g, 0.25mol). HRASWmHk EE:8
R, REREARECHEIY. WMAXE(0.5L), HAYXE. T35,
OBG A (2 <100l SR T B, A EH G E B KRR (F-EtSi- %
#).C(2, 7-=#& T A FluH) (CpLi) (97g, 53%, B LA LEBAL).
% B BT (95g, 0.129m0l) # ZBE(IL) 89 8@ T A oM T R4z ey
K E(64. 5mL, 0.129mo0l) K&k, #WHT R E, KEBEHRLS Py E
-30C, SAEMHICL(41.4g, 1 )X H. HFRE DI F ¥,
FH 2400, ABAETTREAEK. AR PR (F3 500mL) Eik
B, ARERAEEETE, BERIEHBHA, %&wammu
FRAETHE. 60CT, MY XA Tk (1:1) 4349 Mizx Bl 4k F i
5, RE20.45pm B9t B Bl ik, A BEMEARH W, FF T0g,
55% .
4. (M-E4,Si-33K),C2, T-=® T A %) GRX =4 HEMe, (4L
7 A) 654 A%,

@ (A EtSi- F R)LCQ -8R TEH ALY KB
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F)HFC1,(15. Og, 15. 2mmol) #= ¥ 3K (125mL) #54& + m A 1.4M MelLi
&) LR % (21. 8ul, 30.5mmol). W 1M E, Z24~-8um B
AT EEFRADHATERE, REA LT TREAE K, A T (250nL)
M BT FRTH, REZ0.45un 6§ EBLE. AYFAMGT
WAL Ep TSN, £ ¥ 8.9, 62%.

(24-Et:Si-3 ) .C(Flu) (Cp) HfMe, ( 484 B) #&A
5.6,6 —= (- Bt.Si—-% L) FHGER

B AAR G B 1 Ao 2 TR ROUEH &L —F 5.
6. (&-Et,Si—3%4#).C(Flu) (Cp)HFCI, #5461,

AW (30C)M 6,6 = (-Bt.Si- X &) § % (10. 35g,
22. 6mmol) #= LB (100mL) %9 3%& F Im A % 34 (3. 90g, 22. 6mmol).
BAE 2 DB EEN, I A KS (100mL) #5400 B AR AL, K,
RS RAE (2 x100ml) 6%, REEETT T8, A3 (- Etgsl—
£ %),C(FLuH) (CpLi). =% 6.41g, 45%, BELLBELE,. AZ %
M % F (6.4g, 10.2mmol) F» Z & (50mL) &9 F & F A 2M T 4R X,
fﬁ*(s Inl, 1 % &) %E&. BHIREHH £-30C, L5 A HICL, (3. 268,

TR, FRASHmEFZER, EHE8 I, SE, RAEAAK
(25mL)75t#%., AETRMEEBA T RREY. ki, £33 (¢
-Et,Si-%3),C(Flu) (Cp)HfCl,. #¥ 6.15g, 61%.

7. (3F-Et,Si-#74&).C (Flu) (Cp)HfMe, (4E4L ] B) & &%,

@ (3 ~Et.Si- % 35 ),C(Flu) (Cp)HEC1, (1. Og, 1. 15mmol) #= ¥ %
(25nL) 695 F P A 1. 4M Meli ¢ 8L & (1.65nL, 2. 31lmmol). I
FARERIFR ATRMABERTER 4, KB 0.46um 3
Bk, BREEMNER W, FF0.565g, 59%.

4o LT, BlIERGRAEEGHEEEALERE, 6 - (3 Et,Si-
) . W H. Kurata B R 41 # (Tetrahedron Letters, 1993, 34,
3445-3448) TR 58 — M A X F A — T, M- EtSi) x4 L
CIC(O)NMe,, R ERE AR XA F, #H&X—FH. 6,6 - = (3 Et,Si-
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EEVEHL o, T-—RTAHRES —F A A, B3 (F-EtSi-%
R),Cc@, 7-—& T KA Flul) (CpLi). EE W & TR T I iEMBERIK,
FEEHTRFTEG IR MERTRALRERH HECL, &5, 3
ZfAbd (RF-E1Si-2E ) C(Flu) (Cp)HECL, #% R4t B T ¥4k,
THE DA~ ATy, AHE S TRRARRGNEE.

EtSi
Br_/"\_Br Br_/T\_SiEs \ /
- . r _Si . .
\ 7 1. Buli \ 7 1. Buli _
2 BtSiC 2.0.5 CIC(O)NMe >
3. CpH \ 7
EH

L Ebs‘{)\w SiEg oo O
R R ‘ Buli MeLi A
; - et —
e =a™ Sy las

8. % B AR

A 20ml & WHRFR P AR F 6 (AW 10mol) Xe b —H
B, GATRATRAOTR (M 2.650L). SEHAERKEG AG x
10'mol), UM A RHAEMFE. FEBePEHS 14, RERE—F
Wik AE, 72 0.45um X ERIE(FHEAF ¥ 2.2~2.5g). LXK
FTHSMEE, REAZBARALARELTI. ¥ 100 (HA&HBRERA
F)/(HENFHRFRE)AEREENET D ERE. FLT R,

WALH 5 FEH e
A (p-E3Si-Ph)C(2, 7-(Bu); Flu)(Cp)HiMe,
B (0-Et3Si-Ph), C(Fiu)(Cp)HMe,
C (Comp)

PhoC(2,7(1Bu),Flu)(Cp)H{Me,
D (Comp) PhyC(Fiu)(Cp)HfMe,



R
ReRSW (FEL) S ENFH R
LA FEAN BERAE KA wth% EREF  HELRH wt %

A 0. 0905 2.6603 3.40% 2.3715 0.0793 3.3%"*
A 0. 2828 2..7653 10.23% 2.521 0.2434 9.65%*
A 0. 2844 2.8224 10. 08 % 2. 5057 0. 2338 9.15%°
C (Comp) 0.0705 2.6191 2.69% 2.236 0.0476 2.1%
C(Comp) 0.1049 2. 6805 3.91% 2. 383 0. 0445 1.9%
B 0. 0848 2. 6483 3.20% 2.3898 0.0511 2.1%

D (Comp) 0. 0594 5.1069 1.16% 3.7209 0. 00645 0.1%°
D (Comp) 0.0612 12.1902 0.50% 11.5233 0.0079 <0.07%*
' AR ARRERZ LA EBOEAR AT REAYE, X825,
SEELEITEN “BRwtd o LR wthZ WA K4 3% 65 £ 7).
P TFACR PO AR RS HIE mELEARGE, Bt D &L
REfJEHN 0.07%.
PARITHERIEA 9.4%.
F 74 Qa B A g

ERATF, & 1L §EE P A S (460nl) o = F 3 42 (0. 04nl
25wt % 8 TLHE H, A TK (10nL) #H#) . HEE ALK 1000rpn F#
F, Ik E 113.6+0.4°C (P=47.2+0.5 B/ FF¥kT), RERAAE M
JEZE 103.3+0. 3 B/ FH ¥k, BALHWEZE 251 B/FF %1, &
A ELABTHEIEYAMABRRLEEY. QRAEEFTHEA 3.94 x
10™°M Tkt =T i #F-65 FAH [ (3, 5~ ( Et;S1).Ph),) C] [B(CFs) ] 65 Tkt
7% (20mL, 0.79nmol) (THRTHEFELN). KREUTEHERERA
3.97 x10°M(#F -Ft.Si- £ R).CER,T- =R T A HAL)(HF A
FOHfMe, 9 TIRE R, HFRAFFILHEHALDLT 1L/ 504 0&E
Do NE L E, FHBREEGKBZDT 0.5C., BAIRFHTFHEE
# 113.740.5C, ABE IR T ATHEERELMNLENEAS. L4
154 12 FAHEHLEES, HERRBEH LI, BEBLWERBIR



FEBANRGBEFRT. AHRSTAHRTI(Y 500ol) FHRALE. BAH
Eodhimwk, RERARAALABEUR LR, A2 80CTH—F T8
BEod. BHORELEL

L H#H 9b
F 8 9a #9342,

A4 Qe
F 5 9a a9,

E 34 10a

FrEANETESR REBFHF9ati—£IR: GAFEEPTIA
AL ZFRE, RERAELTNAES PhNMeH B(CF.) ., (5ng, 6.2
pmol) £ T (20nl) F8IRE, REMEE 113.5C, FmAFmEFR
LHyr., REWIZRESY PN THELR.

T4 10b
: ﬁ] z’g’f‘b ?l('l {‘b{?\% [PhNMezHT [B (Cst) 4]_(1. ng, 1. 5 H lﬂOl) /é:— E_.)ff'b
(20mL) T ek, €H 10a iz,

FH 11a *} B 4
FrAEAMNETER, AR LT oat—K3E: ARBEEFEA

1.5 x107'M B(CiFs)s 69 5% (26nL, 3. 78 pmol), KB 4] 9a

TALA G RL ik, W TEMAL, EHF 2920 BAOME, BOEL.

Lt 11b 2t kb 45
TR 1latyidf, BFERK, AHF0. T BA%E, BH4ELE

FAA 12a £ & gk 4



¥R M AT R, KB FI AT KAEH da 6532 3 ((F-E.Si-
# H).C(Flu) (Cp) HfMe, (50mg, 60.1 pmol) #= &kt (2. 5g) &5 B
30 24, REREBE 1054, B ERAY G —F0EHE (150
nL), 3+ 80mL TltAE. Jv L3P 9a IR FZ MEAN AR A
HEREY.

S H#45 12b g e ]
AR AES LS 120 69342,

L] 12¢ %5 Ho 4]

¥R AT S, RGBT EES 9a e5idaE: HF LRMBERL
# D((Ph).C(Flu) (Cp)HfMe,) (50mg, 82.9 nmol) Fe T.1% (2. 5g) B384
B 30 04, REFEHE 10 54 RERS S —FHEH (150
ul), )8 80nl CREAHEHE. wLiab] 9a ArEFiz MEANE R A
HEHLETF.

=54 12d S kb 45
RANRE 69 RAM & 0 34 12¢ 63342,

A 1BSBR

Lx # pumol AEALH | umol F4H | BAHAE | Wt%G, M, M./M.
(IR) (LS) (DRI)

9z 0.13 0.79 12. 41 32 629427 1. 85
_9b 0. 11 0.79 11. 79 31 647659 1.7
9c | 012 0.79 10. 33 32 575956 1.9

- [0a 0. 056 6.2 11.42 32 557884 1.95
10b 0. 094 1.5 11. 28 32.5 589690 1.9

I'la (Comp) 0. 70 3.8 2.92 32 573913 1.9

] [b{(Comp) 0. 893 3.8 0.7 a a a
19a | 0. 183" 0. 79 12. 60 31 510697 2.0

12b 0.183" 0.79 6. 77 33.5 492952 2.0

[2¢ (Comp) c 0.79 0.4 a a a

(2d {Comp) | ¢ 0.79 0 a - a ! a




(a) )WL b, ¢) (3F-Et:Si-3(3).C(Flu) (Cp)HiMe, Z T4+
e AR ELZHT (Ph).C(Flu) (Cp)HfMe, U-FEEB M (c) unol

* o

E# S 12 ARG L B, BA S L AR AL
W AR R R E V. AT K AN B RERAN D SERE
FR, B, BEAHNDHHEH 0~0.4g BA4Btak, H4LH B AT
PR TRESTERE, 4 6.8~ 12. 6g.

SHE 13 LH/FHREXRES

HAAAT, @ 500ol 9 HEEF AT (250nl) . =57 T R4
(0. 2mL 25. 2wt% &y EILE R, M F X (5ul) H &) &= 1-F % (18nL,
1156mmol) . & AEFEA Y 1500rpn FHH, Mk F 140. 1T (P=75.7 B/
FFET), RERCHREZE 265.641 B/ F5 %+, BB
PRFLHM R AREEY. ETEGRET, £330 5HAGHE
H &G AW g A TREALH PhNMeH' B(CF.) %3 (40 ~ 50 pmol) (1
HF)AFEA00nL), BHAEARBHRR 12~ 15g 0 HHGEEY,
BAAH DT 1.5C, AN TI1C. M 2-FE (L 5L) T L BLY,
5E, BREAALZSOCTTFH. LTA.

TR AL F | HRBEAH | ARWFE | Mol % FH M. M./M, T
{ pmol) (gl __{ (DRI) | (DRI) (LS)
A 2.1 12.18 6.4 195692 | 3.12 | 225188 i
A L. 5 12.79 6.1 190771 | 2.30 | 210680 I
A 2.2 13.82 6.4 207125 L 2,30 | 248319
A 2.4 14. 98 6.1 219112 | 2.43 | 254290
[} 5.0 12. 40 7.3 150225J 2.22 177924
8 | 4.4 12. 98 T 7.6 163758 ' 2.22 194£()L|
i 5.8 12. 49 G.h 140664 | 2.25 | 173690
L D 4.2 12.25 r 7.5 154822 | 2.20 189865 l

A Z IR (DRD) & A3 (LS) #3 2d 6rc # 7 4 F &,
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ERAEARGEAFA, KAUBEELAG LEERERERF
R R AR TRAGERERS. REBEAVTERGEN, 7
TOERBEAARRBUAHFTERBOFRT, RBERAEN &
R FR T R AR A 4

L4 14 HEHRERE

TREREGR B AL ILFHRMESG 2L EEREA N EFHT, A
M Cs X (naphta) BRI A LT, EAHGHE 120 €, ZEFiE 240C Tt
THGEFARS., BAH, ARSI PL 1000rpn HELFEE. A
BRARARGEREAEERE, RLABEMEHGELEL, 5
BRAZEMANEGLE., 1-FHFREMNGEE. Ak E )y, ERE
RIEF T LH, 1-F%. REFBRMNG = EF1L8E (TOA) A BAFk
H, T o F&RZE, BE, FAE—BHAEA(ALEEZOCAT) mAFLE
B, dEAEMAS (M) EBTHEN/FERSY (9/1 v/V¥, @
FEALR & T (NCA) FRAEMTFER/ERRESGH /T v/v)F. &
HESLEHAREEZHNHSHNEE, EERTRAS, F4HEKT
2 0C., AR ATHBENBERIRLEGRE, BBAKARRE
ERBRAEGMAMERE. BTABIWRALANAEABAYLEHE LRSS
Ef A E (%C,), BIBEHESHLSTF M) XML %5, @it
WP CH/1I-FHOEFETSRERHRCUYEE. LTEA.
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