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MONOCYCLOPENTADIENYL METAL 
COMPOUNDS FOR ETHYLENE-(X-OLEFIN 
COPOLYMER PRODUCTION CATALYSTS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation-in-part of US. Ser. No. 
850,751, ?led Mar. 13, 1992, now US. Pat. No. 5,264,405, 
Which is a continuation-in-part of US. Ser. No. 581,841, 
?led Sep. 19, 1990, now US. Pat. No. 5,096,867, Which is 
a continuation-in-part of US. Ser. No. 533,245 ?led Jun. 4, 
1990, now US. Pat. No. 5,055,438, Which is a continuation 
in-part of US. Ser. No. 406,945 ?led Sep. 13, 1989, noW 
abandoned. This application is also a continuation-in-part of 
US. Ser. No. 542,236 ?led Jun. 22, 1990 and is a 
continuation-in-part of 938,198 ?led Aug. 28, 1992 noW 
abandoned Which is a continuation of US. Ser. No. 133,480, 
noW abandoned, ?led Dec. 22, 1987, Which is a 
continuation-in-part of US. Ser. No. 008,800, ?led Jan. 30, 
1987, noW abandoned and a continuation-in-part of US. Ser. 
No. 875,165 ?led Apr. 28, 1992, now US. Pat. No. 5,278, 
119, Which is a continuation of US. Ser. No. 133,052, noW 
abandoned, ?led Dec. 21, 1987, Which is a continuation-in 
part of US. Ser. No. 011,471, ?led Jan. 30, 1987, noW 
abandoned. 

FIELD OF THE INVENTION 

This invention relates to certain monocyclopentadienyl 
metal compounds, to a catalyst system comprising a mono 
cyclopentadienyl metal compound and an activator, and to a 
process using such catalyst system for the production of 
polyole?ns, particularly ethylene-ot-ole?n copolymers hav 
ing a high molecular Weight and high level of ot-ole?n 
incorporation. 

This invention relates to the discovery of various catalyst 
ligand structure affects Which are re?ected in the activity of 
the catalyst system and in the physical and chemical prop 
erties possessed by a polymer produced With a monocyclo 
pentadienyl catalyst system. Accordingly, various species 
Within the general class of monocyclopentadienyl metal 
catalysts have been discovered to be vastly superior in terms 
of the ability of such species to produce ethylene-ot-ole?n 
copolymers of high molecular Weight With high levels of 
ot-ole?n comonomer incorporation and at high levels of 
catalyst productivity. 

BACKGROUND OF THE INVENTION 

As is Well knoWn, various processes and catalysts exist for 
homopolymerization or copolymerization of ole?ns. For 
many applications it is of primary importance for a poly 
ole?n to have a high Weight average molecular Weight While 
having a relatively narroW molecular Weight distribution. A 
high Weight average molecular Weight, When accompanied 
by a narroW molecular Weight distribution, provides a poly 
ole?n or an ethylene-ot-ole?n copolymer With high strength 
properties. 

Traditional Ziegler-Natta catalyst systems—a transition 
metal compound cocatalyzed by an aluminum alkyl—are 
capable of producing polyole?ns having a high molecular 
Weight but a broad molecular Weight distribution. 
More recently a catalyst system has been developed 

Wherein the transition metal compound has tWo or more 
cyclopentadienyl ring ligands—such transition metal com 
pound being referred to as a metallocene—Which catalyzes 
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2 
the production of ole?n monomers to polyole?ns. 
Accordingly, metallocene compounds of a Group IV B 
metal, particularly, titanocenes and zirconocenes, have been 
utilized as the transition metal component in such “metal 
locene” containing catalyst systems for the production of 
polyole?ns and ethylene-ot-ole?n copolymers. When such 
metallocenes are cocatalyzed With an aluminum alkyl—as is 
the case With a traditional type Ziegler Natta catalyst 
system—the catalytic activity of such metallocene catalyst 
system is generally too loW to be of any commercial interest. 

It has since become knoWn that such metallocenes may be 
cocatalyzed With an alumoxane—rather than an aluminum 
alkyl—to provide a metallocene catalyst system of high 
activity for the production of polyole?ns. 
The zirconium metallocene species, as cocatalyzed or 

activated With an alumoxane, are commonly more active 
than their hafnium or titanium analogues for the polymer 
ization of ethylene alone or together With an ot-ole?n 
comonomer. When employed in a non-supported form—i.e., 
as a homogeneous or soluble catalyst system—to obtain a 
satisfactory rate of productivity even With the most active 
zirconocene species typically requires the use of a quantity 
of alumoxane activator sufficient to provide an aluminum 
atom to transition metal atom ratio (AlzTM) of at least 
greater than 1000:1; often greater than 500011, and fre 
quently on the order of 10,000:1. Such quantities of alu 
moxane impart to a polymer produced With such catalyst 
system an undesirable content of catalyst metal residue, i.e., 
an undesirable “ash” content (the nonvolatile metal content). 
In high pressure polymerization procedures using soluble 
catalyst systems Wherein the reactor pressure exceeds about 
500 bar only the zirconocene or hafnocene species may be 
used. Titanocene species are generally unstable at such high 
pressure unless deposited upon a catalyst support. 
AWide variety of Group IV B transition metal compounds 

have been named as possible candidates for an alumoxane 
cocatalyzed catalyst system. Although bis(cyclopentadienyl) 
Group IV B transition metal compounds have been the most 
preferred and heavily investigated for use in alumoxane 
activated catalyst systems for polyole?n production, sug 
gestions have appeared that mono and tris(cyclopentadienyl) 
transition metal compounds may also be useful. See, for 
example US. Pat. Nos. 4,522,982; 4,530,914 and 4,701,431. 
Such mono(cyclopentadienyl) transition metal compounds 
as have heretofore been suggested as candidates for an 
alumoxane activated catalyst system are mono 
(cyclopentadienyl) transition metal trihalides and trialkyls. 

International Publication No. WO 87/03887 describes the 
use of a composition comprising a transition metal coordi 
nated to at least one cyclopentadienyl and at least one 
heteroatom ligand as a transition metal component for use in 
an alumoxane activated catalyst system for ot-ole?n poly 
merization. The composition is broadly de?ned as a transi 
tion metal, preferably of Group IV B of the Periodic Table, 
Which is coordinated With at least one cyclopentadienyl 
ligand and one to three heteroatom ligands, the balance of 
the transition metal coordination requirement being satis?ed 
With cyclopentadienyl or hydrocarbyl ligands. Catalyst sys 
tems described by this reference are illustrated solely With 
reference to transition metal compounds Which are 
metallocenes, i.e., bis(cyclopentadienyl) Group IV B tran 
sition metal compounds. 
At the Third Chemical Congress of North American held 

in Toronto, Canada in June 1988, John BercaW reported 
upon efforts to use a compound of a Group III B transition 
metal coordinated to a single cyclopentadienyl heteroatom 
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bridged ligand as a catalyst system for the polymerization of 
ole?ns. Although some catalytic activity Was observed under 
the conditions employed, the degree of activity and the 
properties observed in the resulting polymer product Were 
discouraging of a belief that such mono(cyclopentadienyl) 
transition metal compound could be usefully employed for 
commercial polymeriZation processes. 

Although the metallocene/alumoXane catalyst system 
constituted an improvement relative to a traditional Ziegler 
Natta catalyst system, a need eXisted for discovering catalyst 
systems that permit the production of higher molecular 
Weight polyole?ns and desirably With a narroW molecular 
Weight distribution. Further desired Was a catalyst Which, 
Within reasonable ranges of ethylene to ot-ole?n monomer 
ratios, Will catalyZe the incorporation of higher contents of 
ot-ole?n comonomers in the production of ethylene-ot 
ole?ns copolymers. 
EPO 416,815 discloses certain mono(cyclopentadienyl) 

metal compounds Which are activated With an alumoXane 
cocatalyst. US. Pat. No. 5,064,802 discloses certain mono 
(cyclopentadienyl) metal compounds Which are activated 
With a non-coordinating compatible anion of a Bronsted acid 
salt. 

SUMMARY OF THE INVENTION 

The present invention is a catalyst system including a 
mono(cyclopentadienyl) metal compound and an activator 
component. The catalyst system is highly productive for 
polymeriZing ethylene and ot-ole?ns to produce a high 
molecular Weight ethylene-ot-ole?n copolymer having a 
high content of ot-ole?n. More particularly, the present 
invention relates to certain mono(cyclopentadienyl) metal 
compounds Which include an amido moiety having an 
aliphatic or alicyclic hydrocarbyl group covalently bonded 
thereto through a primary or secondary carbon atom. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention comprises the discovery of a subgenus of 
mono(cyclopentadienyl) metal compounds Which, by reason 
of the presence therein of ligands of a particular nature, 
provide a catalyst of greatly improved performance charac 
teristics compared to knoWn members of the genus of 
mono(cyclopentadienyl) metal compounds. The mono 
(cyclopentadienyl) metal compounds of the present inven 
tion are represented by the formula: 

Formula I 

(C5H4-2R2) Q 

Wherein: M is Zr, Hf or Ti; 
(C5H4_xRx) is a cyclopentadienyl ring Which is substituted 

With from Zero to four substituent groups R, “X” is 0, 1 
2, 3, or 4 denoting the degree of substitution, and each 
substituent group g, is, independently, a radical selected 
from a group consisting of C1—C2O hydrocarbyl 
radicals, substituted C1—C2O hydrocarbyl radicals 
Wherein one or more hydrogen atoms is replaced by a 
halogen radical, an amido radical, a phosphido radical, 
and alkoXy radical or any other radical containing a 
LeWis acidic or basic functionality, C1—C2O 
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4 
hydrocarbyl-substituted metalloid radicals Wherein the 
metalloid is selected from the Group IV A of the 
Periodic Table of Elements, halogen radicals, amido 
radicals, phosphido radicals, alkoXy radicals, alkyl 
borido radicals or any other radical containing LeWis 
acidic or basic functionality; or (C5H4_xRx) is a cyclo 
pentadienyl ring in Which at least tWo adjacent 
R-groups are joined forming a C4—C2O ring to give a 
saturated or unsaturated polycyclic cyclopentadienyl 
ligand such as indenyl, tetrahydroindenyl, ?uorenyl or 
octahydro?uorenyl; 

R‘ a radical selected from C1—C2O aliphatic and alicyclic 
hydrocarbyl radicals Wherein one or more hydrogen 
atoms may be replaced by radicals selected from 
halogen, amido, phosphido, alkoXy or any other radical 
containing a Lewis acidic or basic functionality, With 
the proviso that R‘ is covalently bonded to the nitrogen 
atom through a 1° or 2° carbon atom; 

each Q is independently a halide, hydride, or substituted 
or unsubstituted C1—C2O hydrocarbyl, alkoXide, 
aryloXide, amide, phosphide or both Q together may be 
an alkylidene or a cyclometallated hydrocarbyl or any 
other divalent anionic chelating ligand, With the pro 
viso that Where any Q is a hydrocarbyl such Q is not a 
substituted or unsubstituted cyclopentadienyl radical,; 

T is a covalent bridging group containing a Group IV A 
or V A element such as, but not limited to, a dialkyl, 
alkylaryl or diaryl silicon or germanium radical, alkyl 
or aryl phosphine or amine radical, or a substituted or 
unsubstituted hydrocarbyl radical such as methylene, 
ethylene and the like Which may be substituted With 
substituents selected from alkyl and aryl radicals hav 
ing from 1 to 20 carbon atoms; 

L is a neutral Lewis base such as diethylether, tetraethy 
lammonium chloride, tetrahydrofuran, dimethylaniline, 
aniline, trimethylphosphine, n-butylamine, and the 
like; and 

“W” is a number from 0 to 3. 
L can also be a second transition metal compound of the 

same type such that the tWo metal centers M and M‘ are 
bridged by Q and Q‘, Wherein M‘ has the same meaning as 
M and Q‘ has the same meaning as Q. Such dimeric 
compounds are represented by the formula: 

A preferred class of compounds of the present invention 
are represented by the formula: 

Formula III 

R1 (C5H4-2R2) Q 

M represents Ti, Hf or Zr; 
(C5H4_xNx) is as de?ned above With respect to Formula I; 
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each of R1 and R2 are independently selected from 
C1—C2O hydrocarbyl radicals; 

each Q is independently selected from halide, hydride, 
substituted or unsubstituted C1—C2O hydrocarbyl radical, 
alkoXide, amide and phosphide radicals With the proviso that 
Q is not a substituted or unsubstituted cyclopentadienyl 

radical; 
R‘ is selected from C1—C2O aliphatic and alicyclic hydro 

carbyl radicals With the proviso that R‘ is covalently 
bonded to the nitrogen atom through a 1° or 2° carbon 

atom; 
LW is as de?ned above, and 
X is an integer of from 0 to 4. 
A more preferred class of compounds of the present 

invention are those compounds represented by Formula III 
Wherein M is Ti; Wherein R, R‘, Q, and LW are as de?ned 
above; and R1 and R2 are selected from alkyl and aryl 
radicals having from 1 to 20 carbon atoms. 
A most preferred class of compounds are represented by 

the above Formula III Wherein R‘ is selected from alicyclic 
radicals particularly those having from 6 to 12 carbon atoms. 
Examples of speci?c compounds Within the classes of 
compounds de?ned by Formula III include: 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium dimethyl; 
dimethylsilyl(tetramethyleyclopentadienyl) 

(cyclobutylamido)titanium dimethyl; 
dimethylsilyl(tetramethyleyclopentadienyl) 

(cyclopentylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclononylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclodecylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cycloundecylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclododecylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) -(sec 

butylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl)-(n 

octylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl)-(n 

decylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl)-(n 

octadecylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclobutylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclopentylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium dimethyl; 
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6 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclononylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclodecylamido)titanium, dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cycloundecylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl) 

(cyclododecylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl)-(sec 

butylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl)-(n 

octylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl)-(n 

decylamido)titanium dimethyl; 
methylphenylsilyl(tetramethylcyclopentadienyl)-(n 

octadecylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclobutylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclopentylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclononylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclodecylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cycloundecylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl) 

(cyclododecylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl)-(sec 

butylamido)titanium dimethyl; 
diphenylsilyl(tetramethyleyclopentadienyl)-(n 

octylamido)titanium dimethyl; 
diphenylsilyl(tetramethyleyclopentadienyl)-(n 

decylamido)titanium dimethyl; 
diphenylsilyl(tetramethylcyclopentadienyl)-(n 

octadecylamido)titanium dimethyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclobutylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclopentylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclononylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cyclodecylamido)titanium diphenyl; 
dimethylsilyl(tetramethylcyclopentadienyl) 

(cycloundecylamido)titanium diphenyl; 
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methylphenylsilyl(tetramethylcyclopentadienyl)-(n 
octadecylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclopropylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclobutylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclopentylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cycloheXylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cycloheptylamido(Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclooctylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclononylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclodecylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cycloundecylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl) 
(cyclododecylamido)Zirconium diphenyl; 

dip henylsilyl(tetr amethylcyclopentadie nyl)-(sec 
butylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl)-(n 
octylamido)Zirconium diphenyl; 

diphenylsilyl(tetramethylcyclopentadienyl)-(n 
decylamido)Zirconium diphenyl; 

diphensylsilyl(tetramethylcyclopentadienyl)-(n 
octadecylamido)Zirconium diphenyl; 

The above speci?c examples Wherein each Q is methyl or 
each Q is phenyl is prepared from the corresponding com 
pound Wherein each Q is chloro. The dichloro (both Q are 
Cl) species of each of the above compounds are also Within 
Formula II. 

Another preferred class of compounds of the present 
invention are those compounds represented by the formula: 

Formula IV 

(C5H4-2R2) O 

M <— 

Ty\N/ \ Lw 
I Q 
R, 

Wherein R, R‘, Q, M and LW are as de?ned above; Wherein 
T is selected from radicals of the formula (CR3R4) Wherein 
R3 and R4 are independently selected from hydrogen and 
C1—C2O hydrocarbyl radicals; and Wherein y is 1 or 2. 
A more preferred class of compounds are those com 

pounds represented by the above Formula IV Wherein M is 
Ti. A most preferred class of compounds are those repre 
sented by the above Formula IV Wherein M is Ti and 
Wherein R3 and R4 are independently selected from 
hydrogen, C1—C6 alkyl radicals and C6—C12 aryl radicals. 

Examples of speci?c compounds Within the class of 
compounds de?ned by Formula IV include: 
methylene(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cyclobutylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cyclopentylamido)titanium dimethyl; 

1O 
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methylene(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cyclononylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cyclodecylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cycloundecylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl) 

(cyclododecylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl)-(sec 

butylamido)titanium dimethyl; 
methylene(tetramethylcyclopentadienyl)-(n-octylamido) 

titanium dimethyl; 
methylene(tetramethylcyclopentadienyl)-(n-decylamido) 

titanium dimethyl; 
methylene(tetramethylcyclopentadienyl)-(n 

octadecylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclobutylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclopentylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclononylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclodecylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cycloundecylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl) 

(cyclododecylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl)-(sec 

butylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl)-(n 

octylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl)-(n 

decylamido)titanium dimethyl; 
dimethylmethylene(tetramethylcyclopentadienyl)-(n 

octadecylamido)titanium dimethyl; 
diethylmethylene(tetramethylcyclopentadienyl) 

(cyclopropylamido)titanium dimethyl; 
diethylmethylene(tetramethylcyclopentadienyl) 

(cyclobutylamido)titanium dimethyl; 
diethylmethylene(tetramethylcyclopentadienyl) 

(cyclopentylamido)titanium dimethyl; 
diethylmethylene(tetramethylcyclopentadienyl) 

(cycloheXylamido)titanium dimethyl; 
diethylmethylene(tetramethylcyclopentadienyl) 

(cycloheptylamido)titanium dimethyl; 
diethylmethylene(tetramethylcyclopentadienyl) 

(cyclooctylamido)titanium dimethyl; 
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1,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cycloheptylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclooctylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclononylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclodecylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cycloundecylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclododecylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl)-(sec 
butylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl)-(n 
octylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl)-(n 
decylamido)titanium dimethyl; 

1,2-diphenylethylene(tetramethylcyclopentadienyl)-(n 
octadecylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclopropylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclobutylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclopentylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cycloheXylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cycloheptylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclooctylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclononylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclodecylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cycloundecylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl) 
(cyclododecylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl)-(sec 
butylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl)-(n 
octylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl)-(n 
decylamido)titanium dimethyl; 

2,2-diphenylethylene(tetramethylcyclopentadienyl)-(n 
octadecylamido)titanium dimethyl; 

The above named speci?c compounds wherein each Q is 
methyl are prepared from the corresponding compound 
Wherein each Q is chloro. Thus, speci?c compounds Within 
Formula IV are those Wherein each Q is chloro. Also, the 
corresponding compounds Wherein each Q is phenyl, M is 
Zirconium of hafnium in place of titanium and (CR3R4)y is 
methylphenylmethylene, tetramethylethylene or tetraethyl 
ethylene are also speci?c compounds Within the above 
Formula IV. 

Herein a 1° carbon atom is one Which is a methyl radical 
or a carbon atom Which is bonded to only one other carbon 
atom; a 2° carbon atom is one Which is bonded to only tWo 
other carbon atoms, and a 3° carbon atom is bonded to three 
other carbon atoms. Preferably the R‘ alicyclic or aliphatic 
hydrocarbyl group has three or more carbon atoms and is 
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bonded to the nitrogen atom through a 2° carbon atom; most 
preferably the hydrocarbyl group is alicyclic. 

Mono(cyclopentadienyl) metal compounds of the present 
invention have been discovered to produce a highly produc 
tive catalyst system Which produces an ethylene-ot-ole?n 
copolymer of signi?cantly greater molecular Weight and 
ot-ole?n comonomer content as compared With other species 
of mono(cyclopentadienyl) metal compounds When utiliZed 
in an otherWise identical catalyst system under identical 
polymeriZation conditions. Further, Within this subgenus of 
metal compounds it has been found that the nature and 
degree of substitution groups (R) of the cyclopentadienyl 
ring can be varied to produce a catalyst system having a 
“catalyst reactivity ratio (r1)” Which may be varied from a 
high to loW value as may be most desired to best suit the 
catalyst system to a particular type of polymeriZation pro 
cess. Particularly it has been found that as the number of 
substituents (R), Which are preferably hydrocarbyl substitu 
ents increases, the reactivity ratio (r1) decreases, the loWest 
reactivity ratios being obtained by a titanium compound 
having a tetrahydrocarbyl substituted cyclopentadienyl 
group, preferably a tetramethylcyclopentadienyl group. 
The most preferred class of cyclopentadienyl metal com 

pounds are represented by the formula: 

Formula V 

R3 

R1 1 /Q 

RV 

Wherein Q, L, R‘, R, “X” and “W” are as previously de?ned 
and R1 and R2 are each independently selected from C1 to 
C20 hydrocarbyl radicals Wherein one or more hydrogen 
atoms is replaced by a halogen atom; R1 and R2 may also be 
joined forming a C3 and C20 ring Which incorporates the 
silicon bridge. 
Among this class of compounds of Formula V, various 

substituent and ligand affects have been discovered Which 
signi?cantly affect the properties of a catalyst system. The 
nature and degree of substitutions (R) in the cyclopentadi 
enyl ring Was found to signi?cantly in?uence the catalyst 
ability to incorporate ot-ole?n comonomers When producing 
an ethylene-ot-ole?n copolymer. For the greatest amount of 
comonomer incoporation, the cyclopentadienyl ring should 
be fully substituted (X=4) With hydrocarbyl groups (R), most 
preferably methyl groups. This affect is demonstrated by a 
comparison betWeen Examples 83 to 85. Next, the nature of 
the R‘ ligand of the amido group signi?cantly in?uences the 
capability of a catalyst to incorporate ot-ole?n comonomer. 
Amido group R‘ ligands Which are aliphatic or alicyclic 
hydrocarbyl ligands bonded to the nitrogen atom through a 
1° or 2° carbon atom provide for a greater degree of ot-ole?n 
comonomer incorporation than do R‘ groups bonded through 
a 3° carbon atom or bearing aromatic carbon atoms. Further, 
Wherein the R‘ ligand is bonded to the nitrogen atom through 
a 2° carbon atom, the activity of the catalyst is greater When 
the R‘ substituent is alicyclic than When R‘ is bonded to the 
nitrogen through a 1° carbon atom of an aliphatic group of 
identical carbon number. With regard to an alicyclic hydro 
carbyl R‘ ligand it has been found that as the number of 
carbon atoms thereof increases the molecular Weight of the 
ethylene-ot-ole?n copolymer increases While the amount of 
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ot-ole?n comonomer incorporated remains about the same or 
increases. Further, as the carbon number of the alicyclic 
hydrocarbyl ligand increases the productivity of the catalyst 
system increases. This is demonstrated by Examples 71—76. 
Accordingly, the R‘ ligand most preferred is cyclododecyl 
(C12H23)~ 

The effect of the bridging group ligands R1 and R2 has 
been found to be of less signi?cance. The nature of the R1 
and R2 ligands exerts a small effect upon the activity of a 
catalyst. For greatest catalyst actvity the R1 and R2 ligands 
are preferably alkyl, most preferably methyl. The Q anionic 
ligands of the transition metal have not been observed to 
exert any particular in?uence on the catalyst or polymer 
properties, as demonstrated by comparison of Examples 71 
and 86. Accordingly, as a convenience in the production of 
the transitional metal component the Q ligands are prefer 
ably chlorine or methyl. 

The compounds most preferred for reasons of their high 
catalyst activity in combination With an ability to produce 
high molecular Weight ethylene-ot-ole?n copolymers of high 
comonomer content is represented by the formula 

Wherein R1 and R2 are each independently a C1 to C3 
hydrocarbyl radical, each Q is independently a halide or 
alkyl radical, R‘ is an aliphatic or an alicyclic hydrocarbyl 
radical of the formula (CnH2+b) Wherein “n” is a number 
from 3 to 20 and “b” is +1 in Which case the ligand is 
aliphatic or —1 in Which case the ligand is alicyclic. Of these 
compounds, the most preferred is that compound Wherein R1 
and R2 are methyl, each Q is methyl, n is 12, and the 
hydrocarbyl radical is alicyclic (i.e., b is —1). Most preferred 
is that compound Wherein the CnH2n—1 hydrocarbyl radical 
is a cyclododecyl group. Hereafter this compound is referred 
to for convenience as Me2Si(C5Me4) (NC12H23)TiQ2. 

All of the above-de?ned mono(cyclopentadienyl) metal 
compounds are useful, in combination With an activator or 
cocatalyst, to polymeriZe ot-ole?ns. Suitable activators 
include alumoxanes and activators comprising a cation and 
a non-coordinating compatible anion. 

The alumoxane component is an oligomeric compound 
Which may be represented by the general formula (R3— 
Al—O)m Which is a cyclic compound, or may be R4(R5— 
Al—O—)m—AlR62 Which is a linear compound. An alu 
moxane is generally a mixture of both the linear and cyclic 
compounds. In the general alumoxane formula R3, R“, R5 
and R6 are, independently a C1—5 alkyl radical, for example, 
methyl, ethyl, propyl, butyl or pentyl and “m” is an integer 
from 1 to about 50. Most preferably, R3, R4, R5 and R6 are 
each methyl and “m” is at least 4. When an alkyl aluminum 
halide is employed in the preparation of the alumoxane, one 
or more R3‘6 groups may be halide. 
As is noW Well knoWn, alumoxanes can be prepared by 

various procedures. For example, a trialkyl aluminum may 
be reacted With Water, in the form of a moist inert organic 
solvent; or the trialkyl aluminum may be contacted With a 
hydrated salt, such as hydrated copper sulfate suspended in 
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an inert organic solvent, to yield an alumoxane. Generally, 
hoWever prepared, the reaction of a trialkyl aluminum With 
a limited amount of Water yields a mixture of both linear and 
cyclic species of alumoxane. 

Suitable alumoxanes utiliZed in the catalyst systems of 
this invention are those prepared by the hydrolysis of a 
trialkylaluminum; such as trimethylaluminum, 
triethylaluminum, tripropylaluminum; triisobutylaluminum, 
dimethylaluminumchloride, diisobutylaluminumchloride, 
diethylaluminumchloride, and the like. The most preferred 
alumoxane for use is methylalumoxane (MAO). Methyla 
lumoxanes having an average degree of oligomeriZation of 
from about 4 to about 25 (“m”=4 to 25), With a range of 13 
to 25, are the most preferred. 

Activators comprising a non-coordinating compatible 
anion component are described in US. Pat. No. 5,198,401 
Which is incorporated herein by reference. Compounds 
useful as the activator compound, in the preparation of the 
catalyst comprise a cation, preferably a Bronsted acid 
capable of donating a proton, and a compatible non 
coordinating anion containing a single coordination com 
plex comprising a charge-bearing metal or metalloid core 
Which is relatively large (bulky), capable of stabiliZing the 
active catalyst species (the Group IV—B cation) Which is 
formed When the metallocene and activator compounds are 
combined, and said anion is sufficiently labile to be dis 
placed by ole?nic, diole?nic and acetylenically unsaturated 
substrates or other neutral LeWis bases such as ethers, 
nitriles and the like. It is Well knoWn that reactive cations 
other than Bronsted acids capable of donating a proton are 
also useful. Examples of such other cations include ferro 
cenium triphenylcarbonium and triethylsilylinium cations. 
Any metal or metalloid capable of forming a coordination 
complex Which is resistant to degradation by Water (or other 
Bronsted or LeWis Acids) may be used or contained in the 
anion of the second activator compound. Suitable metals 
include, but are not limited to, aluminum, gold, platinum and 
the like. Suitable metalloids include, but are not limited to, 
boron, phosphorus, silicon and the like. 
Compounds containing anions Which comprise coordina 

tion complexes containing a single metal or metalloid atom 
are, of course, Well knoWn and many, particularly com 
pounds containing a single boron atom in the anion portion, 
are available commercially. In light of this, salts containing 
anions comprising a coordination complex containing a 
single boron atom are preferred. In general, the second 
activator compounds useful in the preparation of the cata 
lysts of this invention may be represented by the folloWing 
general formula: 

Wherein: 

L‘ is a neutral LeWis base; 

H is a hydrogen atom; 
[L‘-H] is a Bronsted acid; 
M‘ is a metal or metalloid; 

Q“‘1 to Q“‘n are, independently, hydride radicals, bridged 
or unbridged dialkylamido radicals, alkoxide and ary 
loxide radicals, hydrocarbyl and substituted hydrocar 
byl radicals, halocarbyl and substituted halocarbyl 
radicals, and hydrocarbyl- and halocarbyl-substituted 
organometalloid radicals and any one, but not more 
than one, of Q1 to Q” may be a halide radical; 

m is an integer representing the formal valence charge of 
M‘; 
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n is the total number of ligands Q; and 

d is an integer representing the total charge on the anion. 
Activator compounds comprising boron Which are par 

ticularly useful in the preparation of catalysts of this inven 
tion are represented by the folloWing general formula: 

Wherein: 

L‘ is a neutral LeWis base; 

H is a hydrogen atom; 

[L‘-H]+ is a Bronsted acid; 
B is boron in a valence state of 3+; 

Ar1 and Ar2 are the same or different substituted-aromatic 
hydrocarbon radicals and may be linked to each other 
through a stable bridging group; and 

X3 and X4 are, independently, hydride radicals, halide 
radicals, With the proviso that only X3 or X4 Will be 
halide, hydrocarbyl radicals, substituted-hydrocarbyl 
radicals, halocarbyl radicals, substituted-halocarbyl 
radicals, hydrocarbyl- and halocarbyl-substituted orga 
nometalloid radicals, dialkylamido radicals, and alkoXy 
and aryloXy radicals. 

In general, Ar1 and Ar2 may, independently, be any 
aromatic or substituted-aromatic hydrocarbon radical. Suit 
able aromatic radicals include, but are not limited to, phenyl, 
naphthyl and anthracenyl radicals. Suitable substituents on 
useful substituted-aromatic hydrocarbon radicals, include, 
but are not necessarily limited to, hydrocarbyl radicals, 
organometalloid radicals, alkoXy radicals, alkylamido 
radicals, ?uoro and ?uorohydrocarbyl radicals and the like 
such as those useful as X3 or X4. The substituent may be 
ortho, meta or para, relative to the carbon atom bonded to the 
boron atom. When either or both X3 and X4 are a hydro 
carbyl radical, each may be the same or a different aromatic 
or substituted-aromatic radical as are Ar1 and Ar2, or the 
same may be a straight or branched alkyl, alkenyl or alkynyl 
radical, a cyclic hydrocarbon radical or an alkylsubstituted 
cyclic hydrocarbon radical. X3 and X4 may also, 
independently, be alkoXy or dialkylamido radicals, hydro 
carbyl radicals and organometalloid radicals and the like. As 
indicated supra, Ar1 and Ar2 may be linked to each other. 
Similarly, either or both of Ar1 and Ar2 could be linked to 
either X3 or X4. Finally, X3 and X4 may also be linked to 
each other through a suitable bridging group. 

Illustrative, but not limiting, eXamples of boron com 
pounds Which may be used as an activator component in the 
preparation of the improved catalysts of this invention are 
trialkyl-substituted ammonium salts such as triethylammo 
nium tetra(phenyl)boron, tripropylammonium tetra(phenyl) 
boron, tri(n-butyl)ammonium tetra(phenyl)boron, trimethy 
lammonium tetra(p-tolyl)boron, trimethylammonium tetra 
(o-tolyl)boron, tributylammonium tetra(penta?uorophenyl) 
boron, tripropylammonium tetra(o,p-dimethylphenyl)boron, 
tributylammonium tetra(m,m-dimethylphenyl)boron, tribu 
tylammonium tetra(p-tri?uoromethylphenyl)boron, tributy 
lammonium tetra(penta?uorophenyl)boron, tri(n-butyl) 
ammonium tetra(o-tolyl)boron and the like; N,N-dialkyl 
anilinium salts such as N,N-dimethylanilinium tetra(phenyl) 
boron, N,N-diethylanilinium tetra(phenyl)boron, N,N-2,4,6 
pentamethylanilinium tetra(phenyl)boron and the like; 
dialkyl ammonium salts such as di (isopropyl)ammonium 
tetra(penta?uorophenyl)boron, dicycloheXylammonium 
tetra(phenyl)boron, and the like; and triaryl phosphonium 
salts such as triphenylphosphonium tetra(phenyl)boron, tri 
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(methylphenyl)phosphonium tetra(phenyl)boron, tri 
(dimethylphenyl)phosphonium tetra(phenyl)boron and the 
like. 

Similar lists of suitable compounds containing other met 
als and metalloids Which are useful as activator components 

could be made, but such lists are not deemed necessary to a 
complete disclosure. In this regard, it should be noted that 
the foregoing list is not intended to be exhaustive and other 
boron compounds that Would be useful as Well as useful 
compounds containing other metals or metalloids Would be 
readily apparent, from the foregoing general equations, to 
those skilled in the art. 

It is important to continued polymeriZation operations that 
either the metal cation initially formed from the metallocene, 
or a decomposition product thereof, be a relatively stable 
catalyst. It is also important that the anion of the activator 
compound be chemically stable and bulky. Further, When the 
cation of the activator component is a Bronsted acid, it is 
important that the acidity of the activator compound be 
sufficient, relative to the metallocene, to facilitate the needed 
proton transfer. Conversely, the basicity of the metal com 
pleX must also be sufficient to facilitate the needed proton 
transfer. In general, metallocenes in Which the Q ligands can 
be hydrolyZed by aqueous solutions can be considered 
suitable metallocenes for forming the catalysts described 
herein, because Water (our reference Bronsted acid) is a 
Weaker acid than the ammonium ions used as cation in our 

preferred ion-exchange reagents. This concept alloWs one of 
ordinary skill in the art to choose useful metallocene com 
ponents because stability to Water is a basic chemical 
property easily determined experimentally or by using the 
chemical literature. 

In vieW of the above, When utiliZing an activator com 
prising a non-coordinating compatible anion, the metal 
component should be one Wherein each Q is selected from 
the group consisting of hydride and substituted and unsub 
stituted hydrocarbyl radicals. Preferred Q ligands are 
hydride, C1—C12 alkyl and C6—C12 aryl radicals. Most pre 
ferred are those Q ligands selected from methyl and phenyl 
radicals, particularly methyl radicals. The preferred metal 
components species for use With an activator comprising a 
non-coordinating compatible anion are those set forth above 
Wherein each Q is methyl or phenyl. 

The chemical reactions Which occur upon combination of 
a monocyclopentadienyl metal compound With a non 

coordinating compatible anion activator compound may be 
represented by reference to the general formulae set forth 
herein as folloWs: 
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B‘ represents a compatible ion corresponding to the gen 
eral formulae set forth above. When the mono 
(cyclopentadienyl) metal compound and the non 
coordinating compatible anion activator components used to 
prepare the improved catalysts of the present invention are 
combined in a suitable solvent or diluent, all or a part of the 
cation of the activator (the acidic proton) combines With one 
of the substituents on the metallocene compound. In the case 
Where the metallocene component has a formula corre 
sponding to that of the general formula above, a neutral 
compound is liberated, Which neutral compound either 
remains in solution or is liberated as a gas. In this regard, it 
should be noted that if either Q in the metallocene compo 
nent is a hydride, hydrogen gas may be liberated. Similarly, 
if either Q is a methyl radical, methane may be liberated as 
a gas. In the cases Where the ?rst component has a formula 
corresponding to those of general formulae of the reaction 
sequence shoWn directly above, [one of the substituents on 
the] where 2Q is an alkylidine 0r cyclometallated 
hydrocarbyl, the substituent is protonated but no substituent 
is liberated. In general, the rate of formation of the products 
in the foregoing reaction equations Will vary depending 
upon the choice of the solvent, the acidity of the [L‘-H]+ 
selected, the particular L‘, the anion, the temperature at 
Which the reaction is completed and the particular cyclo 
pentadienyl derivative of the metal selected. 
As indicated, the improved catalyst compositions of the 

present invention Will, preferably, be prepared in a suitable 
solvent or diluent. Suitable solvents or diluents include any 
of the solvents knoWn in the prior art to be useful as solvents 
in the polymeriZation of ole?ns, diole?ns and acetylenically 
unsaturated monomers. Suitable solvents, then, include, but 
are not necessarily limited to, straight and branched-chain 
hydrocarbons such as isobutane, butane, pentane, hexane, 
heptane, octane and the like; cyclic and alicyclic hydrocar 
bons such as cyclohexane, cycloheptane, 
methylcyclohexane, methylcycloheptane and the like and 
aromatic and alkyl-substituted aromatic compounds such as 
benZene, toluene, xylene and the like. Suitable solvents also 
include liquid ole?ns Which may act as monomers or 
comonomers including ethylene, propylene, butadiene, 
cyclopentene, 1-hexane, 3-methyl-l-pentene, 4-methyl-1 
pentene, 1,4-hexadiene, 1-octene, 1-decene and the like. 
Suitable solvents further include basic solvents Which are 
not generally useful as polymeriZation solvents When con 
ventional Ziegler-Natta type polymeriZation catalysts are 
used such as chlorobenZene. 

Catalysts of this invention Which are highly productive 
may be prepared at ratios of mono(cyclopentadienyl) metal 
compound to non-coordinating compatible anion activator 
of 10:1 to about 1:1, preferably about 3:1 to 1:1. 
With respect to the combination of a mono 

(cyclopentadienyl) metal compound and non-coordinating 
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compatible anion activator compound to form a catalyst of 
this invention, it should be noted that the tWo compounds 
combined for preparation of the active catalyst must be 
selected so as to avoid transfer of a fragment of the activator 
compound anion, particularly an aryl group, to the mono 
(cyclopentadienyl) metal cation, thereby forming a catalyti 
cally inactive species. When anions consisting of hydrocar 
byl anions are used, there are several means of preventing 
anion degradation and formation of inactive species. One 
method is to carry out the protonolysis process in the 
presence of small LeWis bases such as tetrahydrofuran. 
Discrete complexes can be isolated from these reactions, but 
the LeWis base is insufficiently labile to be displaced readily 
by ole?n monomers, resulting in, at best, catalysts of very 
loW activity. Another method of avoiding deleterious anion 
degradation is by steric hindrance. Anions of the second 
component Which contain aryl groups can be made more 
resistant to degradation by introducing substituents in the 
ortho positions of the phenyl rings. While active metallocene 
polymeriZation catalysts can be generated by this method, 
the complex reaction chemistry often prevents characteriZa 
tion of the catalytically active species. Steric hindrance can 
also result from substitutions on the cyclopentadienyl rings 
of the mono(cyclopentadienyl) metal compound component. 
Hence, Wherein the mono(cyclopentadienyl) metal com 
pound used is a [peralkyl-substituted mono 
(cyclopentadienyl)] Group IVB metal compound, the high 
degree of substitution on the cyclopentadienyl ring creates 
suf?cient bulkiness that the LeWis base generated by the 
protonolysis reaction not only cannot coordinate to the metal 
but also polyarylborate anions Without substituents on the 
aryl rings do not transfer aryl fragments to generate cata 
lytically inactive species. 

Another means of rendering the anion of the activator 
compound more resistant to degradation is afforded by 
?uoride substitution, especially per?uoro substitution, in the 
anion thereof. One class of suitable non-coordinating anions 
can be represented by the formula [B(C6F5)3Q‘"]_ Where Q‘" 
is a monoanionic non-bridging radical as described above. 
The preferred anion of the activator compound of this 
invention, tetra(penta?uorophenyl)boron, hereafter referred 
to for convenience by the notation [B(C6F5)4]_, or 
[B(pfp)4]_, is virtually impervious to degradation and can be 
used With a much Wider range of mono(cyclopentadienyl) 
metal cations, including those Without substitution on the 
cyclopentadienyl rings, than anions comprising hydrocarbyl 
radicals. The tetra(penta?uoro)boron anion is illustrated 
beloW: 

Since this anion has little or no ability to coordinate to the 
mono(cyclopentadienyl) metal cation and is not degraded by 
the mono(cyclopentadienyl) metal cation, structures of the 
ion-pair catalysts using the [B(pfp)4]_ anion depend on 
steric hindrance of substituents on the cyclopentadienyl 
rings of mono(cyclopentadienyl) metal compound. [the]T he 
nature of the cation of the activator component, the LeWis 
base liberated from the protonolysis reaction, and the ratio 
at Which the mono(cyclopentadienyl) metal and activator 
component are combined. Thus, preferred catalyst systems 
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having a non-coordinating compatible ion activator are those 
compounds of the above Formulas I—IV, and, speci?cally, 
those species set forth above, in combination With 
[B(pfp)4]_. If LeWis bases other than that liberated from the 
proton transfer process are present, they may complex to the 
metal to form modi?ed catalysts of this invention. 
Catalyst Systems 

The catalyst systems employed in the method of the 
invention comprise a complex formed upon admixture of the 
metal component With an activator component. The catalyst 
system may be prepared by addition of the requisite metal 
component and either one or more alumoxane components 
or one or more non-coordinating anion components, or a 
combination of both, to an inert solvent in Which ole?n 
polymeriZation can be carried out by a solution, slurry or 
bulk phase polymeriZation procedure. 

The catalyst system may be conveniently prepared by 
placing the selected metal component and the selected 
activator component, in any order of addition, in an alkane 
or aromatic hydrocarbon solvent—preferably one Which is 
also suitable for service as a polymeriZation diluent. Where 
the hydrocarbon solvent utiliZed is also suitable for use as a 
polymeriZation diluent, the catalyst system may be prepared 
in situ in the polymeriZation reactor. Alternatively, the 
catalyst system may be separately prepared, in concentrated 
form, and added to the polymeriZation diluent in a reactor. 
Or, if desired, the components of the catalyst system may be 
prepared as separate solutions and added to the polymeriZa 
tion diluent in a reactor, in appropriate ratios, as is suitable 
for a continuous liquid phase polymeriZation reaction pro 
cedure. Alkane and aromatic hydrocarbons suitable as sol 
vents for formation of the catalyst system and also as a 
polymeriZation diluent are exempli?ed by, but are not nec 
essarily limited to, straight and branched chain hydrocar 
bons such as isobutane, butane, pentane, hexane, heptane, 
octane and the like, cyclic and alicyclic hydrocarbons such 
as cyclohexane, cycloheptane, methylcyclohexane, methyl 
cycloheptane and the like, and aromatic and alkyl 
substituted aromatic compounds such as benZene, toluene, 
xylene and the like. Suitable solvents also include liquid 
ole?ns Which may act as monomers or comonomers includ 

ing ethylene, propylene, 1-butene, 1-hexene and the like. 
In accordance With this invention, When the activator is 

alumoxane, optimum results are generally obtained Wherein 
the Group IV B metal compound is present in the polymer 
iZation diluent in a concentration of from about 0.0001 to 
about 1.0 millimoles/liter of diluent and the alumoxane 
component is present in an amount to provide a molar 
aluminum to transition metal ratio of from about 1:1 to about 
20,000:1. Where the activator is one comprising a non 
coordinating compatible anion and a cation, such activator is 
present in an amount suf?cient to provide a molar ratio of 
metal component of from 10:1 to about 1:1. Suf?cient 
solvent should be employed so as to provide adequate heat 
transfer aWay from the catalyst components during reaction 
and to permit good mixing. 

The catalyst system ingredients—that is, the Group IV B 
metal component, the activator, and polymeriZation 
diluent—can be added to the reaction vessel rapidly or 
sloWly. The temperature maintained during the contact of the 
catalyst components can vary Widely, such as, for example, 
from —100° to 300° C. Greater or lesser temperatures can 
also be employed. Preferably, during formation of the cata 
lyst system, the reaction is maintained Within a temperature 
of from about 25° to 100° C., most preferably about 25°. 
Polymerization process 
A typical polymeriZation process of the invention com 

prises the steps of contacting ethylene and a C3—C2O ot-ole?n 
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alone, or With other unsaturated monomers including 
C3—C2O ot-ole?ns, C4—C2O diole?ns, and/or acetylenically 
unsaturated monomers With a catalyst comprising, in a 
suitable polymeriZation diluent, a mono(cyclopentadienyl) 
metal compound, as described above, and an activator. For 
example, a catalyst comprising a mono(cyclopentadienyl) 
metal compound as described above and either 1) a non 
coordinating compatible anion activator or 2) an alumoxane 
activator. The alumoxane activator is utiliZed in an amount 
to provide a molar aluminum to titanium metal ratio of from 
about 1:1 to about 20,000:1 or more. The non-coordinating 
compatible anion activator is utiliZed in an amount to 
provide a molar ratio of monocyclopentadienyl metal com 
pound to non-coordinating anion of 10:1 to about 1:1. The 
above reaction is conducted by reacting such monomers in 
the presence of such catalyst system at a temperature of from 
about —100° C. to about 300° C. for a time of from about 1 
second to about 10 hours to produce a copolymer having a 
Weight average molecular Weight of from about 1,000 or less 
to about 5,000,000 or more and a molecular Weight distri 
bution of from about 1.5 to about 15.0. 

In a preferred embodiment of the process of this invention 
the catalyst system is utiliZed in the liquid phase (slurry, 
solution, suspension or bulk phase or combination thereof), 
high pressure ?uid phase or gas phase polymeriZation of an 
ole?n monomer. When utiliZed in a gas phase, slurry phase 
or suspension phase polymeriZation, the catalyst systems 
Will preferably be supported catalyst systems. See, for 
example, US. Pat. No. 5,057,475 Which is incorporated 
herein by reference. Such catalyst systems can also include 
other Well knoWn additives such as, for example, scaven 
gers. See, for example, US. Pat. No. 5,153,157 Which is 
incorporated herein by reference. These processes may be 
employed singularly or in series. The liquid phase process 
comprises the steps of contacting an ethylene and an 
ot-ole?n monomer With the catalyst system in a suitable 
polymeriZation diluent and reacting the monomers in the 
presence of the catalyst system for a time and at a tempera 
ture suf?cient to produce an ethylene-ot-ole?n copolymer of 
high molecular Weight. 
The monomers for such process comprise ethylene in 

combination With an ot-ole?n having 3 to 20 carbon atoms, 
preferably 3 to 10 carbon atoms, most preferably 3 to 8 
carbon atoms, for the production of an ethylene-ot-ole?n 
copolymer. It should be appreciated that the advantages as 
observed in an ethylene-ot-ole?n copolymer produced With 
a catalyst system of this invention Would also be expected to 
be obtained in a copolymer of different ot-ole?ns Wherein 
ethylene is not used as a monomer as vieWed in comparison 
to a copolymer of the same or different ot-ole?ns produced 
under similar polymeriZation conditions With a catalyst 
system Which does not use a monocyclopentadienyl Group 
IV B metal compound as de?ned herein. Accordingly, 
although this invention is described With reference to an 
ethylene-ot-ole?n copolymer and the advantages of the 
de?ned catalyst system for the production thereof, this 
invention is not to be understood to be limited to the 
production of an ethylene-ot-ole?n copolymer, but instead 
the catalyst system hereof is to be understood to be advan 
tageous in the same respects to the production of a copoly 
mer composed of tWo or more C3 or higher ot-ole?n mono 
mers. Copolymers of higher ot-ole?n such as propylene, 
butene, styrene or higher ot-ole?ns and diole?ns can also be 
prepared. Conditions most preferred for the homo- or copo 
lymeriZation of ethylene are those Wherein ethylene is 
submitted to the reaction Zone at pressures of from about 
0.019 psia to about 50,000 psia and the reaction temperature 
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is maintained at from about —100° to about 300° C. Where 
the activator is an alumoXane, the aluminum to titanium 
metal molar ratio is preferably from about 1:1 to 20,000 to 
1. A more preferable range Would be 1:1 to 200011. The 
reaction time is preferably from about 10 seconds to about 
1 hour. 
The ot-ole?n to ethylene molar ratio often bears impor 

tantly upon the production capacity of a reactor of any 
design—i.e., Whether for solution or gas phase production, 
etc.—for production of an ethylene based copolymer 
(i.e.—a copolymer the molar ratio of Which is 50% or 
greater ethylene). The more ethylene input to a reactor in a 
given unit of time, the greater Will be the amount of ethylene 
based copolymer product obtained in that same unit of time. 
Yet, polymers are designed for a variety of end services and 
this design constraint dictates the molar percentage of incor 
porated ot-ole?n Which must be obtained in the targeted 
copolymer product. The “catalyst reactive ratio (r1)” of a 
catalyst system de?nes the property of the system of assimi 
lating an ethylene monomer into a polymer molecule chain 
in preference to a particular ot-ole?n comonomer. The larger 
the r1 number, the greater the preference of the catalyst 
system for incorporating an ethylene monomer rather than a 
ot-ole?n monomer. Thus, to achieve a targeted ot-ole?n 
monomer incorporation (Ca) in the product polymer, the 
higher the r1 value of a catalyst system, the larger must be 
the COL/C2 molar ratio of monomers used in the reactor, and 
as the COL/C2 ratio increases the loWer is the production 
capacity of the reactor. 

To achieve a desired level of ot-ole?n monomer incorpo 
ration in a copolymer product, as can be seen, it is often 
desired to have a catalyst system Which can achieve a loW 
molar ratio of COL/C2, i.e., a catalyst system With a loW r1 is 
desired. For eXample, With reference to 1-butene, the cata 
lyst systems of this invention Wherein the titanium metal 
compound has a tetramethyl substitute cyclopentadienyl 
ligand generally exhibit an r1 value of 6 or less, and typically 
of 5 or less. Thus, With catalyst systems of this invention an 
ot-ole?n incorporation of greater than 20 Wt. % can be 
achieved at a COL/C2 ratio of 2.0 or less, and typically of 
about 1.6. 

In addition to the bene?ts of increased reactor productiv 
ity Which, for a copolymer of a targeted ot-ole?n incorpo 
ration level, Which a catalyst system of loWer r1 values 
alloWs, other signi?cant additional bene?ts ensue from a loW 
r1 value. Recovery of unreacted monomer, particularly 
ot-ole?n monomer for later reuse adds signi?cantly to pro 
duction cost. By use of the catalyst systems identi?ed by this 
invention, the cost of unreacted ot-ole?n monomer recovery 
may be reduced signi?cantly since a smaller quantity of 
ot-ole?n monomer can be used to achieve the same target 
level of ot-ole?n incorporation. 

Further, since it is the ratio of COL/C2 in the medium 
Wherein polymeriZation occurs Which is critical (i.e., liquid 
phase, gas phase, or super critical ?uid phase, etc.) the loW 
r1 values for the catalyst systems of this invention permit the 
catalyst systems to be used in a Wider variety of polymer 
iZation procedures than Was heretofore believed to be prac 
tically possible. Particularly Within this range of possibilities 
is that of the gas phase polymeriZation of an ethylene 
ot-ole?n copolymer of a greater than heretofore believed 
possible level of ot-ole?n incorporation. 

Without limiting in any Way the scope of the invention, 
one means for carrying out the process of the present 
invention for production of a copolymer is as folloWs: in a 
stirred-tank reactor liquid ot-ole?n monomer is introduced, 
such as 1-butene. The catalyst system is introduced via 
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noZZles in either the vapor or liquid phase. Feed ethylene gas 
is introduced either into the vapor phase of the reactor, or 
sparged into the liquid phase as is Well knoWn in the art. The 
reactor contains a liquid phase composed substantially of 
liquid ot-ole?n comonomer, together With dissolved ethylene 
gas, and a vapor phase containing vapors of all monomers. 
The reactor temperature and pressure may be controlled via 
re?uX of vaporiZing ot-ole?n monomer (autorefrigeration), 
as Well as by cooling coils, jackets, etc. The polymeriZation 
rate is controlled by the concentration of catalyst. The 
ethylene content of the polymer product is determined by the 
ratio of ethylene to ot-ole?n comonomer in the reactor, 
Which is controlled by manipulating the relative feed rates of 
these components to the reactor. 
As before noted, a catalyst system Wherein the Group IV 

B transition metal component is titanium has the ability to 
incorporate high contents of ot-ole?n comonomers. 
Accordingly, the selection of the titanium metal component 
to have the cyclopentadienyl group to be tetramethyl sub 
stituted and to have an amido group bridged through its 
nitrogen atom to the cyclopentadienyl ring Wherein the 
nitrogen of the amido group is bonded through a 1° or 2° 
carbon atom to an aliphatic or alicyclic hydrocarbyl group, 
most preferably an alicyclic hydrocarbyl group is another 
parameter Which may be utiliZed as a control over the 
ot-ole?n content of the ethylene-ot-ole?n copolymer Within 
a reasonable ratio of ethylene to ot-ole?n comonomer. For 
reasons already explained, in the production of an ethylene 
ot-ole?n copolymer a molar ratio of [ethylene to] ot-ole?n to 
ethylene of 2.0 or less is preferred, and a ratio of 1.6 or less 
is more preferred. 

EXAMPLES 

In the eXamples Which illustrate the practice of the 
invention the analytical techniques described beloW Were 
employed for the analysis of the resulting polyole?n prod 
ucts. Molecular Weight determinations for polyole?n prod 
ucts Were made by Gel Permeation Chromatography (GPC) 
according to the folloWing technique. Molecular Weights 
and molecular Weight distributions Were measured using a 
Waters 150 gel permeation chromatograph equipped With a 
differential refractive indeX (DRI) detector and a ChromatiX 
KMX-6 on-line light scattering photometer. The system Was 
used at 135° C. With 1,2,4-trichlorobenZene as the mobile 
phase. ShodeX (ShoWa Denko America, Inc.) polystyrene 
gel columns 802, 803 and 805 Were used. This technique is 
discussed in “Liquid Chromatography of Polymers and 
Related Materials III”, J. CaZes editor, Marcel Dekker, 1981, 
p. 207, Which is incorporated herein by reference. No 
corrections for column spreading Were employed; hoWever, 
data on generally accepted standards, e.g. National Bureau 
of Standards Polyethylene 1484 and anionically produced 
hydrogenated polyisoprenes (an alternating ethylene 
propylene copolymer) demonstrated that such corrections on 
MW/Mn (=MWD) Were less than 0.05 units. MW/Mn Was 
calculated from elution times. The numerical analyses Were 
performed using the commercially available Beckman/CIS 
customiZed LALLS softWare in conjunction With the stan 
dard Gel Permeation package, run on a HP 1000 computer. 

The folloWing eXamples are intended to illustrate speci?c 
embodiments of the invention and are not intended to limit 
the scope of the invention. 

All procedures Were performed under an inert atmosphere 
of helium or nitrogen. Solvent choices are often optional, for 
eXample, in most cases either pentane or 30—60 petroleum 
ether can be interchanged. The lithiated amides Were pre 
pared from the corresponding amines and either n-BuLi or 
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MeLi. Published methods for preparing LiHCSMe4 include 
C. M. Fendrick et a. Organometallics, 3, 819 (1984) and F. 
H. Kohler and K. H. Doll, Z. Naturforich, 376, 144 (1982). 
Other lithiated substituted cyclopentadienyl compounds are 
typically prepared from the corresponding cyclopentadienyl 
ligand and n-BuLi or MeLi, or by reaction of MeLi With the 
proper fulvene. TiCl4, ZrCl4 and HfCl4 Were purchased from 
either Aldrich Chemical Company or Cerac. TiCl4 Was 
typically used in its etherate form. The etherate, 
TiCl4.2Et2O, can be prepared by gingerly adding TiCl4 to 
diethylether. Amines, silanes, substituted and unsubstituted 
cyclopentadienyl compounds or precursors, and lithium 
reagents Were purchased from Aldrich Chemical Company 
or Petrarch Systems. Methylalumoxane Was supplied by 
either Sherring or Ethyl Corp. 

Further, since the full disclosure of Us. Application Ser. 
No. 581,841 has been incorporated herein, the Examples 
hereof are identi?ed by designations Which are consistent 
With the Example designations of the incorporated applica 
tion. Examples of the incorporated application relating to the 
Zr or Hf metal classes of a mono(cyclopentadienyl) transi 
tion metal catalyst system are not here repeated (Which are 
Examples A to L) for sake of brevity. Accordingly, not 
verbatim repeated herein (but incorporated) are Examples A 
to L, and certain other double letter designated Examples of 
the incorporated patent. Set forth verbatim herein as repeats 
of Examples of the incorporated application are Examples 
AT, FT, IT, JT 40—47, 53—56, 58, 67 and 70. 

EXAMPLE AT 

Compound AT: 
Part 1. MePhSiCl2 (14.9 g, 0.078 mol) Was diluted With 

250 ml of thf. Me4HC5Li (10.0 g, 0.078 mol) Was sloWly 
added as a solid. The reaction solution Was alloWed to stir 
overnight. The solvent Was removed via a vacuum to a cold 
trap held at —196° C. Petroleum ether Was added to precipi 
tate the LiCl. The mixture Was ?ltered through Celite and the 
pentane Was removed from the ?ltrate. MePhSi(Me4C5H)Cl 
(20.8 g, 0.075 mol) Was isolated as a yelloW viscous liquid. 

Part 2. LiHN-t-Bu (4.28 g, 0.054 mol) Was dissolved in 
~100 ml of thf. MePhSi(C5Me4H)Cl (15.0 g, 0.054 mol) Was 
added dropWise. The yelloW solution Was alloWed to stir 
overnight. The solvent Was removed in vacuo. Petroleum 
ether Was added to precipitate the LiCl. The mixture Was 
?ltered through Celite, and the ?ltrate Was evaporated. 
MePhSi(C5Me4H)(NH-t-Bu) (16.6 g, 0.053 mol) (Was 
recovered as an extremely viscous liquid. 

Part 3. MePhSi)(C5Me4H) (NH-t-Bu) (17.2 g, 0.055 mol) 
Was diluted With ~20 ml of ether. n-BuLi (60 ml in hexane, 
0.096 mol, 1.6 M) Was sloWly added and the reaction 
mixture Was alloWed to stir for ~3 hours. The solvent Was 
removed in vacuo to yield 15.5 g (0.48 mol) of a pale tan 
solid formulated as Li2[MePhSi(C5Me4) (N-t-Bu)]. 

Part 4. Li2[MePhSi(C5Me4)(N-t-Bu)] (8.75 g, 0.027 mol) 
Was suspended in ~125 ml of cold ether (—30° C.). 
TiCl4.2Et2O (9.1 g, 0.027 mol) Was sloWly added. The 
reaction Was alloWed to stir for several hours prior to 
removing the ether via vacuum. A mixture of toluene and 
dichloromethane Was then added to solubiliZe the product. 
The mixture Was ?ltered through Celite to remove the LiCl. 
The solvent Was largely removed via vacuum and petroleum 
ether Was added. The mixture Was cooled to maximiZe 
product precipitation. The crude product Was ?ltered off and 
redissolved in toluene. The toluene insolubles Were ?ltered 
off. The toluene Was then reduced in volume and petroleum 
ether Was added. The mixture Was cooled to maximiZe 

precipitation prior to ?ltering off 3.34 g (7.76 mmol) of the 
yelloW solid MePhSi(C5Me4)(N-t-Bu)TiCl2. 
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EXAMPLE FT 

Compound FT: 
Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 

Example BT for the preparation of compound BT, Part 1. 
Part 2. (C5Me4H)SiMe2Cl (5.19 g, 0.029 mol) Was sloWly 

added to a solution of LiHNCGH11 (2.52 g, 0.024 mol) in 
~125 ml of thf. The solution Was alloWed to stir for several 
hours. The thf Was removed via vacuum and petroleum ether 
Was added to precipitate the LiCl Which Was ?ltered off. The 
solvent Was removed from the ?ltrate via vacuum yielding 

6.3 g (0.023 mol) of the yelloW liquid, Me2Si(C5Me4H) 
(HNC6H11)' 

Part 3. Me2Si(C5Me4H) (HNCGHU) (6.3 g, 0.023 tool) 
Was diluted With —100 ml of ether. MeLi (33 ml, 1.4 M in 
ether, 0.046 mol) Was sloWly added and the mixture Was 
alloWed to stir for 0.5 hours prior to ?ltering off the White 
solid. The solid Was Washed With ether and vacuum dried. 

Li[Me2Si(C5Me4)(NC6H11)] Was isolated in a 5.4 g (0.019 
mol) yield. 

Part 4. Li2[Me2Si(C5Me4)(NC6H11)] (2.57 g, 8.90 mmol) 
Was suspended in ~50 ml of cold ether. TiCl4.2Et2O (3.0 g, 
8.9 mmol) Was sloWly added and the mixture Was alloWed 
to stir overnight. The solvent Was removed via vacuum and 
a mixture of toluene and dichloromethane Was added. The 
mixture Was ?ltered through Celite to remove the LiCl 
byproduct. The solvent Was removed from the ?ltrate and a 
small portion of toluene Was added folloWed by petroleum 
ether. The mixture Was chilled in order to maximiZe pre 
cipitation. AbroWn solid Was ?ltered off Which Was initially 
dissolved in hot toluene, ?ltered through Celite, and reduced 
in volume. Petroleum ether Was then added. After 
refrigeration, an olive green solid Was ?ltered off. This solid 
Was recrystallized tWice from dichloromethane and petro 
leum ether to give a ?nal yield of 0.94 g (2.4 mmol) of the 
pale olive green solid, [Me2Si(C5Me4) (NC6H11)TiCl.] 
Me2Si(C5Me4) (NC6H11)TiCl2. 

EXAMPLE IT 
Compound IT: 

Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 
Example BT for the preparation of Compound BT, part 1. 

Part 2. (C5Me4H)SiMe2Cl (10.0 g, 0.047 mol) Was sloWly 
added to a suspension of LiHN-t-Bu (3.68 g, 0.047 mol, 
~100 ml thf). The mixture Was stirred overnight. The thf Was 
then removed via a vacuum to a cold trap held at —196° C. 
Petroleum ether Was added to precipitate out the LiCl. The 
mixture Was ?ltered through Celite. The solvent Was 

removed from the ?ltrate. Me2Si(C5Me4H)(NH-t-Bu) 
(11.14 g, 0.044 mol) Was isolated as a pale yelloW liquid. 

Part 3. Me2Si(C5Me4H)(NH-t-Bu) (11.14 g, 0.044 mol) 
Was diluted With ~100 ml of ether. MeLi (1.4 M, 64 ml, 
0.090 mol) Was sloWly added. The mixture Was alloWed to 
stir for 1/2 hour after the ?nal addition of MeLi. The ether Was 
reduced in volume prior to ?ltering off the product. The 
product, [Me2Si(C5Me4)(N-t-Bu)]Li2, Was Washed With sev 
eral small portions of ether, then vacuum dried. 

Part 4. [Me2Si(C5Me4)(N-t-Bu)Li2 (6.6 g, 0.025 mol) Was 
suspended in cold ether. TiCl4.2Et2O (8.4 g, 0.025 mol) Was 
sloWly added and the resulting mixture Was alloWed to stir 
overnight. The ether Was removed via a vacuum to a cold 
trap held at —196° C. Methylene chloride Was added to 
precipitate out the LiCl. The mixture Was ?ltered through 
Celite. The solvent Was signi?cantly reduced in volume and 
petroleum ether Was added to precipitate out the product. 
This mixture Was refrigerated prior to ?ltration in order to 
maximiZe precipitation. Me2Si(C5Me4)(N-t-Bu)TiCl2 Was 
isolated (2.1 g, 5.7 mmol). 
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EXAMPLE JT 
Compound JT: 

Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 
Example BT for the preparation of Compound Bt, Part 1. 

Part 2. (C5Me4H)SiMe2Cl (8.0 g, 0.037 mol) Was slowly 
added to a suspension of LiHNC12H23 (C12H23= 
cyclododecyl, 7.0 g, 0.037 mol, ~80 ml thf). The mixture 
Was stirred overnight. The thf Was then removed via a 
vacuum to a cold trap held at —196° C. Petroleum ether and 
toluene Was added to precipitate out the LiCl. The mixture 
Was ?ltered through Celite. The solvent Was removed from 

the ?ltrate. Me2Si(C5Me4H)(NHC2H23) (11.8 g, 0.033 mol) 
Was isolated as a pale yelloW liquid. 

Part 3. Me2Si(C5Me4H)(NHC12H23) (11.9 g, 0.033 mol) 
Was diluted With ~150 ml of ether. MeLi (1.4 M, 47 ml, 
0,066 mol) Was sloWly added. The mixture Was alloWed to 
stir for 2 hours after the ?nal addition of MeLi. The ether 
Was reduced in volume prior to ?ltering off the product. The 
product, [Me2Si(C5Me4)(NC12H23)]Li2, Was Washed With 
several small portions of ether, then vacuum dried to yield 
11.1 g (0,030 mol) of product. 

Part 4. [Me2Si(C5Me4) (NC12H23)]Li2 (3.0 g, 0.008 mol) 
Was suspended in cold ether. TiCl4.2Et2O (2.7 g, 0.008 mol) 
Was sloWly added and the resulting mixture Was alloWed to 
stir overnight. The ether Was removed via a vacuum to a cold 
trap held at —196° C. Methylene chloride Was added to 
precipitate out the LiCl. The mixture Was ?ltered through 
Celite. The solvent Was signi?cantly reduced in volume and 
petroleum ether Was added to precipitate out the product. 
This mixture Was refrigerated prior to ?ltration in order to 
maximiZe precipitation. The solid collected Was recrystal 
liZed from methylene chloride and Me2Si(C5Me4) 
(NC12H23)TiCl2 Was isolated (1.0 g, 2.1 mmol). 

EXAMPLE KT 
Compound KT: 

Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 
Example A for the preparation of compound A, Part 1. 

Part 2. (C5Me4H)SiMe2Cl (6.0 g, 0.0279 mol) Was diluted 
in 200 ml of thf. LiHNClzH25 (C12H25=n-dodecyl, 5.33 g, 
0.0279 ml) Was sloWly added and the mixture Was alloWed 
to stir for 3 hours. The thf Was removed in vacuo and 200 ml 
ether Was added. 

To this solution, MeLi (1.4 M, 34 ml, 0.0476 mol) Was 
sloWly added. Upon completion of the reaction, a small 
amount of TiCl4.2Et2O Was added to scavenge the excess 
MeLi. The solution Was then cooled to —30° C. and an 

additional 7.75 g (0.030 mol) of TiCl4.2Et2O Was added. The 
mixture Was alloWed to stir overnight. The solvent Was 
removed and pentane Was added. The resulting mixture Was 
?ltered through Celite to remove the LiCl. The ?ltrate Was 
reduced in volume and chilled to induce crystalliZation of 
the product. Filtration yielded 4.2 g (0.0087 mol) MeZSi 
(C5Me4) (NC12H25)TiC12~ 

EXAMPLE LT 
Compound LT: 

Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 
Example A for the preparation of compound A, Part 1. 

Part 2. (C5Me4H)SiMe2Cl (12.0 g, 0.056 mol) Was diluted 
With 300 ml of thf. LiHNC8H15(C8H15=cyclooctyl, [742 g,] 
7.42 g, 0.056 mol) Was sloWly added and the mixture Was 
alloWed to stir overnight. The reaction product, MeZSi 
(C5Me4H)(HNC8H15) Was not isolated. The thf Was 
removed and 300 ml of diethyl ether Was added. MeLi (1.12 
M, 1.5 ml, 0.118 mol) Was sloWly added to form the 
dilithiated salt, Li2[Me2Si(C5Me4)(NC8H15)]. This mixture 
Was cooled to —30° C., and TiCl4.2Et2O (19.14 g, 0.057 mol) 
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Was sloWly added. The resulting mixture Was alloWed to stir 
overnight. The ether Was removed in vacuo, and pentane Was 
added to solubiliZe the product. The mixture Was ?ltered 
through Celite to remove the LiCl. The ?ltrate Was reduced 
in volume and chilled to —40° C. to induce crystalliZation of 
the product. Filtration yielded 7.9 g (0.019 mol) of MeZSi 
(C5Me4)(NC8H15)TiCl2. 

EXAMPLE MT 
Compound MT: 

Part 1. (C5Me4H)SiMe2Cl (6.0 g, 0.028 mol) Was diluted 
With 150 ml of thf. LiHNC8H17 (C8H17=n-octyl, 3.7 g, 0.030 
mol) Was sloWly added. The mixture Was alloWed to stir 
overnight. The reaction product, Me2Si(C5Me4H) 
(HNC8H17) Was not isolated prior to adding MeLi (2.1 M, 35 
ml, 0.074 mol) to give Li2[Me2Si(C5Me4(NC8H17)]. The 
solvent Was removed via vacuum and replaced With diethyl 
ether, then cooled to —30° C. TiCl4.2Et2O (8.46 g, 0.025 
mol) Was sloWly added and the mixture Was alloWed to stir 
overnight. The solvent Was removed in vacuo and methylene 
chloride Was used to solubiliZe the product. The solvent 
mixture Was ?ltered through Celite to remove the LiCl. The 
?ltrate Was evaporated doWn to dryness and pentane Was 
added. The pentane soluble fraction Was cooled to —40° C. 
to induce crystalliZation of the product. After ?ltration, 
Me2Si(C5Me4)(NC8H17)TiCl2 Was isolated (1.8 g, 0.0042 
mol). 

EXAMPLE NT 
Compound NT: 

Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 
Example A for the preparation of compound A, Part 1. 

Part 2. (C5Me4H)SiMe2Cl (6.0 g, 0.028 mol) Was diluted 
in 150 ml of thf. LiHNC6H13 (C6H13=n-hexyl, 2.99 g, 0.028 
mol) Was sloWly added. The mixture Was alloWed to stir 
overnight. The thf Was removed via vacuum and replaced 
With diethyl ether. The reaction product Me2Si(C5Me4H) 
(HNC6H13)W21S not isolated prior to adding MeLi (1.4 M, 45 
ml, 0.063 mol) to give Li2 [Me2Si(C5Me4)(NC6H13)]. The 
resulting mixture Was then cooled to —30° C. TiCl4.2Et2O 
(8.6 g, 0.025 mol) Was sloWly added and the mixture Was 
alloWed to stir overnight. The solvent Was removed in vacuo 
and pentane Was used to solubiliZe the product. The solvent 
mixture Was ?ltered through Celite to remove the LiCl. The 
?ltrate Was reduced in volume and cooled to —40° C. to 
induce crystalliZation of the product. While crystalline mate 
rial appeared in the ?ask at —40° C., upon slight Warming, 
it dissolved back into solution and therefore could not be 
isolated by ?ltration. Me2Si(C5Me4)NC6H13)TiCl2 Was iso 
lated in an oil form by removing the solvent from the above 
solution. (4.0 g, 0.010 mol). 

EXAMPLE OT 
Compound OT: 

Part 1. MePhSi(C5Me4H) Cl Was prepared as described in 
Example AT for the preparation of compound AT, Part 1. 

Part 2. MePhSi(C5Me4H)Cl (6.0 g, 0.022 mol) Was 
diluted With ether. LiHN-s-Bu (1.7 g, 0.022 mol) Was sloWly 
added and the mixture Was alloWed to stir overnight. The 
solvent Was removed and a mixture of toluene and petro 
leum ether Was added. This mixture Was ?ltered through 
Celite to remove the LiCl. The solvent Was removed via 
vacuum leaving behind the viscous liquid, MePhSi 
(C5Me4H)(HN-s-Bu). To this liquid Which Was diluted With 
ether, 28 ml (0.039 ml 1.4 M in ether) MeLi Was sloWly 
added. After stirring overnight, a small portion of 
TiCl4.2Et2O (total of 5.86 g, 0.017 mol) Was sloWly added 
and the mixture Was alloWed to stir overnight. The solvent 
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Was removed via vacuum, dichloromethane Was added and 
the mixture Was ?ltered through Celite. The ?ltrate Was 
evaporated doWn producing a broWn solid. Petroleum ether 
Was added and the mixture Was ?ltered. The broWn solid 
remaining on the ?lter stick Was discarded and the ?ltrate 
Was reduced in volume and refrigerated to maximiZe pre 
cipitation. After ?ltration and Washing With cold aliquots of 
petroleum ether, a dark mustard yelloW solid Was isolated 
and identi?ed as MePhSi(C5Me4)(N-s-Bu)TiCl2 (2.1 g, 4.9 
mmol). 

EXAMPLE PT 
Compound PT: 

Part 1. MePhSi(C5Me4H)Cl Was prepared as described in 
Example AT for the preparation of compound AT, Part 1. 

Part 2. MephSi(C5Me4H)Cl (6.0 g, 0.022 mol) Was 
diluted With ether. LiHN-n-Bu (1.7 g, 0.022 mol) Was sloWly 
added and the mixture Was alloWed to stir overnight. The 
solvent Was removed via vacuum and a mixture of toluene 
and petroleum ether Was added. This Was ?ltered through 
Celite to remove the LiCl. The solvent Was removed from 
the ?ltrate leaving behind a viscous yelloW liquid Which Was 
diluted With ether. To this, 28 ml of MeLi (1.4 M in ether, 
0.038 mol) Was added and the mixture Was alloWed to stir 
overnight. A small portion of TiCl4.2Et2O (total of 5.7 g, 
0.017 mol) Was sloWly added. In spite of the sloW addition, 
the highly exothermic reaction bumped, thus some product 
loss occurred at this point in the reaction. The remaining 
mixture Was stirred overnight. The solvent Was then 
removed via vacuum. Dichloromethane Was added and the 
mixture Was ?ltered through Celite to remove the LiCl. The 
solvent Was removed and petroleum ether Was added. The 
mixture Was refrigerated to maximiZe precipitation. Filtra 
tion produced a yelloW-broWn solid Which Was recrystal 
liZed from petroleum ether. The ?nal ?ltration produced 2.0 
g (4.6 mmol) of MePhSi(Me4C5)(N-n-Bu)TiCl2. 

EXAMPLE QT 
Compound QT: 

Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 
Example A for the preparation of compound A, Part 1. 

Part 2. (C5Me4H)SiMe2Cl (9.0 g, 0.042 mol) Was diluted 
in ether. LiHN-s-Bu (3.31 g, 0.042 mol) Was sloWly added 
and the mixture Was alloWed to stir overnight. The solvent 
Was removed via vacuum and petroleum ether Was added. 
This mixture Was ?ltered through Celite to remove the LiCl. 
The solvent Was removed from the ?ltrate leaving behind the 
pale yelloW liquid, Me2Si(C5Me4H) (HN-s-Bu) (10.0 g, 
0.040 mol. 

Part 3. Me2Si(C5Me4H) (HN-s-Bu) (10.0 g, 0.040 mol) 
Was diluted With ether. MeLi (58 ml, 1.4 M in ether, 0.081 
mol) Was added and the mixture Was alloWed to stir over 
night. The solvent Was reduced in volume and the White 
solid Was ?ltered off and Washed With small portions of 
ether. Li2[Me2Si(C5Me4)(N-s-Bu)] (10.1 g, 0.038 mol) Was 
isolated after vacuum drying. 

Part 4. Li2[Me2Si(C5Me4)(N-s-Bu)] (7.0 g, 0.027 mol) 
Was suspended in cold ether. TiCl4.2Et2O (8.98 g, 0.027 
mol) Was sloWly added and the mixture Was alloWed to stir 
overnight. The solvent Was removed via vacuum and dichlo 
romethane Was added. The mixture Was ?ltered through 
Celite to remove the LiCl. The ?ltrate Was reduced in 
volume and petroleum ether Was added. This mixture Was 
refrigerated to maximiZe precipitation prior to ?ltering off 
the olive green solid. The solid Was recrystallized from 
dichloromethane and petroleum ether yielding 2.4 g (6.5 
mol) of the yelloW solid, Me2Si(C5Me4)(N-s-Bu)TiCl2. 
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EXAMPLE RT 

Compound RT: 
Part 1. (C5Me4H)SiMe2Cl Was prepared as described in 

Example A for the preparation of compound A, Part 1. 
Part 2. (C5Me4H)SiMe2Cl (8.0 g, 0.037 mol) Was diluted 

in ether. LiHN-s-Bu (2.95 g, 0.037 mol) Was sloWly added 
and the mixture Was alloWed to stir overnight. The solvent 
Was removed via vacuum and petroleum ether Was added. 
This mixture Was ?ltered through Celite to remove the LiCl. 
The solvent Was removed from the ?ltrate leaving behind the 
yelloW liquid, Me2Si(C5Me4H)(HN-n-Bu) (8.6 g, 0.034 
mol). 

Part 3. Me2Si(C5Me4H)(HN-n-Bu) (8.6 g, 0.034 mol) Was 
diluted With ether. MeLi (50 ml, 1.4 M in ether, 0.070 mol) 
Was sloWly added and the mixture Was alloWed to stir for 
tWo hours. The solvent Was removed leaving behind 10.2 g 
(0.035 mol) of the yelloW solid, Li2[Me2Si(C5Me4) (N-n 
Bu)].1/3Et2O. 

Part 4. Li2[Me2Si(C5Me4)(N-n-Bu)].%Et2O (6.0 g, 0.021 
mol) Was suspended in cold ether. TiCl4.2Et2O (7.04 g, 
0.0212 mol) Was sloWly added and the mixture Was alloWed 
to stir overnight. The solvent Was removed and dichlo 
romethane Was added. The mixture Was ?ltered through 
Celite to remove the LiCl. The ?ltrate Was reduced in 
volume and petroleum ether Was added. This mixture Was 
refrigerated to maximiZe precipitation prior to ?ltering off a 
mixture of dark poWder and yelloW crystals. The material 
Was redissolved in a mixture of dichloromethane and tolu 
ene. A small portion of petroleum ether Was added and the 
broWn precipitate Was ?ltered off and discarded. The ?ltrate 
Was reduced in volume, additional petroleum ether Was 
added and the mixture Was placed back in the refrigerator. 
Later, 3.64 g of the maiZe yelloW solid, Me2Si(C5Me4)(N 
n-Bu)TiCl2 Was ?ltered off. 

EXAMPLE ST 
Compound ST: 

Part 1. MeZSiCl2 (210 ml, 1.25 mol) Was diluted With a 
mixture of ether and thf. LiMeC5H4 (25 g, 0.29 mol) Was 
sloWly added, and the resulting mixture Was alloWed to stir 
for a feW hours, after Which time the solvent Was removed 
in vacuo. Pentane Was added to precipitate the LiCl, and the 
mixture Was ?ltered through Celite. The pentane Was 
removed from the ?ltrate leaving behind a pale yelloW 
liquid, Me2Si(MeC5H4)Cl. 

Part 2. Me2Si(MeC5H4H)Cl (10.0 g, 0.058 mol) Was 
diluted With a mixture of ether and thf. To this, LiHNClzH23 
(11.0 g, 0.058 mol) Was sloWly added. The mixture Was 
alloWed to stir overnight. The solvent Was removed via 
vacuum and toluene and pentane Were added to precipitate 
the LiCl. The solvent Was removed from the ?ltrate leaving 
behind a pale yelloW liquid, Me2Si(MeC5H4)(HNC12H23) 
(18.4 g, 0.058 mol). 

Part 3. Me2Si(MeC5H4)(HNC12H23) (18.4 g, 0.058 mol) 
Was diluted in ether. MeLi (1.4 M in ether, 82 ml, 0.115 mol) 
Was sloWly added. The reaction Was alloWed to stir for 
several hours before reducing the mixture in volume and 
then ?ltering off the White solid, Li2 [Me2Si(MeC5H3) 
(NC12H23)] (14.3 g, 0.043 mol). 

Part 4. Li2[Me2Si(MeC5H3)(NC12H23)](7.7 g, 0.023 mol) 
Was suspended in cold ether. TiCl4.2Et2O (7.8 g, 0.023 mol) 
Was sloWly added and the mixture Was alloWed to stir 
overnight. The solvent Was removed via vacuum. Dichlo 
romethane Was added and the mixture Was ?ltered through 
Celite. The dichloromethane Was reduced in volume and 
petroleum ether Was added to maximiZe precipitation. This 
mixture Was then refrigerated for a short period of time prior 
to ?ltering off a yelloW/green solid identi?ed as MeZSi 
(MeC5H3)(NC12H23)TiCl2 (5.87 g, 0.013 mol). 
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EXAMPLE TT 
Compound TT: 

Part 1. MeZSiCl2 (7.5 ml, 0.062 mol) Was diluted With ~30 
ml of thf. At-BuH4C5Li solution (7.29 g, 0,057 mol -100 ml 
of thf) Was slowly added, and the resulting mixture Was 
allowed to stir overnight. The thf Was removed in vacuo. 
Pentane Was added to precipitate the LiCl, and the mixture 
Was ?ltered through Celite. The pentane Was removed from 
the ?ltrate leaving behind a pale yelloW liquid, Me2Si(t 
BuC5H4)Cl (10.4 g, 0.048 mol). 

Part 2. Me2Si(t-BuC5H4)Cl (8.0 g, 0.037 mol) Was diluted 
With thf. To this, LiHNClzH23 (7.0 g, 0.037 mol) Was sloWly 
added. The mixture Was alloWed to stir overnight. The 
solvent Was removed via vacuum and toluene Was added to 
precipitate the LiCl. The toluene Was removed from the 
?ltrate leaving behind a pale yelloW liquid, Me2Si(t 
BuC5H4)(HNC12H23) (12.7 g, 0.035 mol). 

Part 3. Me2Si(t-BuC5H4)(HNC12H23) (12.7 g, 0.035 mol) 
Was diluted With ether. To this, MeLi (1.4 M in ether, 50 ml, 
0.070 mol) Was sloWly added. This Was alloWed to stir for 
tWo hours prior to removing the solvent via vacuum. The 
product, Li2[Me2Si(t-BuC5H3)(NC12H23)] (11.1 g, 0.030 
mol) Was isolated. 

Part 4. Li2[Me2Si(t-BuC5H3)(NC12H23)] (10.9 g, 0.029 
mol) Was suspended in cold ether. TiCl4.2Et2O (9.9 g, 0.029 
mol) Was sloWly added and the mixture Was alloWed to stir 
overnight. The solvent Was removed via vacuum. Dichlo 
romethane Was added and the mixture Was ?ltered through 
Celite. The solvent Was removed and pentane Was added. 
The product is completely soluble in pentane. This solution 
Was passed through a column containing a top layer of silica 
and a bottom layer of Celite. The ?ltrate Was then evaporated 
doWn to an olive green colored solid identi?ed as Me2Si(t 
BuC5H3)(NC12H23)TiCl2 (5.27 g, 0.011 mol). 

EXAMPLE UT 
Compound UT 
Me2Si(C5Me4)(NC12H23)TiMe2 Was prepared by adding 

a stoichiometric amount of MeLi (1.4 M in ether) to MeZSi 
(C5Me4)(NC12H23)TiCl2 (Compound JT from Example JT) 
suspended in ether. The White solid recrystalliZed from 
toluene and petroleum ether Was isolated in a 57% yield. 

EXAMPLE 40 
PolymeriZation—Compound AT 

The polymeriZation run Was performed in a 1-liter auto 
clave reactor equipped With a paddle stirrer, an external 
Water jacket for temperature control, a regulated supply of 
dry nitrogen, ethylene, propylene, 1-butene and hexane, and 
a septum inlet for introduction of other solvent or 
comonomers, transition metal compound and alumoxane 
solutions. The reactor Was dried and degassed thoroughly 
prior to use. A typical run consisted of injecting 400 ml of 
toluene, 5 ml of 1.0 M MAO, 0.206 mg compound AT (0.2 
ml of a 10.3 mg in 10 ml of toluene solution) into the reactor. 
The reactor Was then heated to 80° C. and the ethylene (60 
psi) Was introduced into the system. The polymeriZation 
reaction Was limited to 30 minutes. The reaction Was ceased 
by rapidly cooling and venting system. The solvent Was 
evaporated off of the polymer by a stream of nitrogen. 
Polyethylene Was recovered (11.8 g, MW=279,700, MWD= 
2.676). 

EXAMPLE 41 
PolymeriZation—Compound AT 

Using the same reactor design and general procedure as 
described in Example 40, 400 ml of toluene, 5.0 ml of 1.0 
M MAO, and 0.2 ml of a preactivated compound AT solution 
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38 
(10.3 mg of compound AT dissolved in 9.5 ml of toluene and 
0.5 ml of 1.0M MAO) Were added to the reactor. The reactor 
Was heated to 80° C., the ethylene Was introduced (60 psi), 
and the reaction Was alloWed to run for 30 minutes, folloWed 
by rapidly cooling and venting the system. After evaporation 
of the solvent, 14.5 g of polyethylene Was recovered (MW= 
406,100, MWD=2,486). 

EXAMPLE 42 
PolymeriZation—Compound AT 

Using the same reactor design and general procedure 
described in Example 40, 300 ml of toluene, 100 ml of 
1-hexene, 7.0 ml of 1.0 M MAO, and 1.03 mg of compound 
AT (1.0 ml of 10.3 mg in 10 ml of toluene solution) Were 
added to the reactor. The reactor Was heated at 80° C., the 
ethylene Were introduced (65 psi), and the reaction Was 
alloWed to run for 10 minutes, folloWed by rapidly cooling 
and venting the system. After evaporation of the toluene, 
48.6 g of an ethylene-1-hexene copolymer Was recovered 
(MW=98,500, MWD=1.745, 117 SCB/1000 C by 13C 
NMR). 

EXAMPLE 43 
PolymeriZation—Compound AT 

Using the same reactor design and general procedure 
described in Example 40, 375 ml of toluene, 25 ml of 
1-hexene, 7.0 ml of 1.0 M MAO, and 1.03 mg of compound 
AT (1.0 ml of a 10.3 mg in 10 ml of toluene solution) Were 
added to the reactor. The reactor Was heated at 80° C., the 
ethylene Was introduced (65 psi), and the reaction Was 
alloWed to run for 10 minutes, folloWed by rapidly cooling 
and venting the system. After evaporation of the toluene, 
29.2 g of an ethylene-1-hexene copolymer Was recovered 
(MW=129,800, MWD=2.557, 53.0 SCB/1000 C by 13C 
NMR). 

EXAMPLE 44 
PolymeriZation—Compound AT 

Using the same reactor design and general procedure 
described in Example 40, 375 ml of toluene, 25 ml of 
1-hexene, 7.0 ml of 1.0 M MAO, and 1.03 mg of compound 
AT (1.0 ml of 10.3 mg in 10 ml of toluene solution) Were 
added to the reactor. The reactor Was heated at 50° C., the 
ethylene Was introduced (65 psi), and the reaction Was 
alloWed to run for 10 minutes, folloWed by rapidly cooling 
and venting the system. After evaporation of the toluene, 
15.0 g of an ethylene-1-hexene copolymer Was recovered 
(MW=310,000, MWD=2.579, 47.2 SCB/1000 C by 13C 
NMR). 

EXAMPLE 45 
PolymeriZation—Compound AT 

Using the same reactor design and general procedure 
described in Example 40, 300 ml of toluene, 100 ml of 
propylene, 7.0 ml of 1.0 M MAO, and 2.06 mg of compound 
AT (2.0 ml of a 10.3 mg in 10 ml of toluene solution) Were 
added to the reactor. The reactor Was heated at 80° C., the 
ethylene Was introduced (65 psi), and the reaction Was 
alloWed to run for 10 minutes, folloWed by rapidly cooling 
and venting the system. After evaporation of the toluene, 
46.0 g of an ethylene-propylene copolymer Was recovered 
(MW=110,200, MWD=5.489, 20 Wt% ethylene by IR). 

EXAMPLE 46 
PolymeriZation—Compound AT 

Using the same reactor design and general procedure 
described in Example 40, 300 ml of toluene, 100 ml of 
1-butene, 7.0 ml of 1.0 M MAO, and 1.03 mg of compound 








































