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BRIDGED METAL COMPLEXES

This invention relates to certain bridged Group 4 transition metal complexes
possessing a unique bridging structure and to olefin polymerization catalysts obtained
from such complexes. In one form, this invention embodies Group 4 transition metal
complexes containing a unique bridged, or divalent‘ligand structure having two
anionic, delocalized r-bonded ligands attached thereto. In a second embodiment the
invention relates to Group'4 transition metal complexes containing a unique bridged
ligand containing one of the foregoing anionic, delocalized n-bonded moieties and
one anionic amido or phosphido moiety. In a third embodiment the invention relates
to Group 4 transition metal complexes containing a unique bridged ligand containing
two anionic amido and/ or phosphido groups. In all cases the unique bridge consists
of either boron or aluminum atoms which are further ligated with nitrogen containing |
groups.

in Angew. Chem. Int. Ed. Engl., 36, 21, p2338-2340 (1997) and in
Phosphorus, Sulfur. and Silicon, 124 & 125, p561-565 (1997) amido substituted
boron bridged ferrocenophanes useful for forming poly(ferrocenes) by a ring opening
polymerization were disclosed. The synthesis and characterization of Group 1 'and 2
metal and tin complexes of 1,2-bis(dimethylamino)-1,2-di-9-fluorenyldiboranes were
disclosed in Chem. Ber., 127, p1901-1908, (1994). Diboranes having structure
similar to those employed' in the foregoing study were disclosed by the same
researchers in Eur. J. Inom' . Chem., p505-509 (1'998). Ferrocenophane derivatives of
similar bisboranes for further molecular property studies were disclosed by J.
Organomet. Chem., 530 p117-120 (1997). In Organometallics, 16, p4546-4550
(1997) boron bridged ansa metallocene complexes in@lzluding dimethylsulfide and
phosphine adducts thereof of possible use in Ziegler-Natta-type olefin
polymerizations were disclosed.

in the patent litérature, bridged metal complexes for use as olefin
polymerization catalyst components, including such complexes containing one or
more boron atoms in the bridge are generically disclosed by EP-A-41 6,815 and
WO 98/39369. o

Figures 1 and 2 are the crystal structures (ORTEP) of the compounds of
Examples 2 and 5 respectively. _

The present invention relates to certain bridged Group 4 transition metal
complexes and to olefin pdlyrﬁeriiatioh catalysts obtained from such, said complexes
corresponding to the following formulas:
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Formula1 or Formula 2
wherein: "
M is titanium, zirconium, or hafnlum in the +4, +3 or +2 ox1dat|on state,
Y'and Y2 are mdependently an anionic, cychc or non- cychc n-bonded group,
5 NR',PR";NR':2orPR";
Z is boron or aluminum;

Q is a neutral, anionic or diamomc ltgand group dependtng on the oxzdatton "
state of M; '

jis 1, 2 or 3 depending on the oXidatioh state of M and the electronic nature of
10 Q; ' |

T independently each occurrence. is:

R‘

N
R'N—, R5_<g R

ht/

R is independentty each oecurrence hydrogen, a hydrocérbyllgroup,
tri(hydrocarbyl)silyl group, or a tn(hydrocarbyl)sﬂylhydrocarbyt group, said R groups
15  containing up to 20 atoms not countmg hydrogen;
R°is R' or N(R1)2, and
two R' groups together or one or more R! groups together with R® may
optionally be joined to form a ring structure. _
it is understood that the foregoing metal complexes fnay exist as dimers and
20  that one or more Lewis bases may optionally be coordinated with the complex or the
dimer thereof and that when Y" or Y2 are the neutral ligands, NR', or PR", the bond
to M is a coordinate-covalent bond rather than a covalent bond. In addition, when T
is RN and Z is boron, the bond between T and Z, particularly in the compounds of
formuia 1, may possess double bond characteristics, that is, the resulting group may
25  more accurately depicted by the formula R',N=B. |
Additionally, accordmg to the present invention there are prowded umque
ligand structures of the following formulas:
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_ Formula1A  or .Formula 2A
“wherein Z, T, R' and R® are as defined above;
Y' and Y?' are an anionic, cyclic or non-cyclic, z-bonded group, NR', or PR’;
and
R*is hydrogen or a trimethylsilyl group. Such ligand groups of Formula 1A or

2A are readily prepared by contacting sources of the anionic groups (Y*R*) and

(Y"" Ry, particulary the Grignard or alkali metal salts thereof, with the neutral
compound TZY? or (TZ),Y?,, where Y® is a leaving group, especially halide, either as
neat reagents or in an inert solvent, employing temperatures from -100 2C to 150 °C.

Additionally, according to the present invention there is provided a process for
preparing complexes of formuia 1 and formula 2 in high racemic purity in the +2
formal oxidation state by contacting ligand structures of formula 1A or 2A where R* is
trimethyisilyl, or deprotonated dianionic derivatives of ligand structures of formula 1A
or formula 2A, with a Group 4 precursor of the formula 3:

Rs_m_ RE

LB /YéM__\3 LB

Formula 3

wherein M and Y* are defined as above,

R® independently each occurrence is hydrogen, a hydrocafbyl group, a
tri(hydrocarbyl)silyl group, or a tri(hydrocarbyl)silythydrocarby! group, said R® groups
containing up to 20 atoms not counting hydrogen; and

LB is a Lewis base, especially an ether, amine, or phosphine of up to 20
carbons. _

The reaction is desirably conducted in an inen solvent, especially an aliphatic
or aromatic hydrocarbon or ether, employing temperatures from -100 2C to 150 °C.
This technique is similar to that disclosed in United States patent application 265,641,
filed March 10, 1999, differing in that different starting reagénts are employed.

Further according to the present invention there are provided catalyst

compositions suitable for the polymerization of addition polymerizable monomers

-3-
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comprising one or more metal complexes of formula 1 or 2 in combination with one or
more activating cocatalysts or activated by use of an activating technique.

Finally, according to the present invention there is also provided a
polymerization process comprising contacting one or more addition polymerizable
monomers with a catalyst compositidn comprising one or more metal complexes of
formula 1 or2in combinati_ori with one or more activéting cocatalysts or activated by
use of an activating technique.” The polymerization is preferably performed under
solution, slurry, suspension, or high pressure process conditions,'and the catalyst
composition or individual components thereof may be used in a heterogeneous state,
that is, a supported state or in a homogeneous state as dictated by process
conditions. The catalysts of the present invention can be used in combination with
one or more additional catalysts of the same or different nature either simultaneously
or sequentially in the same or in separate reactors. _

Catalyst compositions according to the present invention possess improved
catalytic efficiencies and improved thermal stability allowing for use under higher
operating temperatures compared to catalysts comprising conventional metal
complexes. ' _ _

_ All references to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 1997.
Also, any references to a Group or Groups shall be to the Groups or Groups reflected
in this Periodic Table of the Elements using the 'lUPAC system for numbering groups.
By the term “z-bonded” as used herein is meant that bonding occurs through an
interaction involving delocalized electrons. Finally, by the term, “leaving group” is
meant a ligand that is readily displaced by another ligand under ligand exchange'
conditions. o |

The present Group 4 transition metal complexes contain a unique bridging
group: (T-2) or (T-2),, which imparts improved catalytic properties when used in -
combination with one or more activating cocatalysts or activating technigues in the
presence of addition polymerizable monomers. While not desiring to be bound by
theory, it is believed that' the improvement in catalytic properties for such complexes
may be due to the electronic properties of the ZT, Y’ and Y2 moieties.

Preferred GroUp' 4 transition metal complexes of the present invention which
correspond to formula 1 or 2 are represented in formutas 4, 5,6,7,8and 9:
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Formula 4 . Formula 5 , Formula 6
R2 R lf’
N
T~ /n@\ S - z/ N\
i Z;scécﬂz o )
R? &3 l‘qa
Formula 7 . Formula 8 or Formula 8

wherein M, Z, T, Q and j are as defined above;

R?is hydrogen, or a hydrocarbyl, hélohydrocarbyi, dihydrocarbylamino-

5  hydrocarbyl, tri(nydrocarbylsilyllhydrocarbyl, Si(R%)s, N(R%)2, or OR® group of up to 20
carbon or silicon atoms, and optionally two adjacent R? groups can be joined
together, thereby forming a fused ring structure, especially an indenyl ligand or a
substituted indenyl ligand; and

R® is independently hydrogen, a hydorcarbyl group, a trihydrocarbylsilyt group

10  or a trihydrocarbylsilylhydorcarbyl group, said R® having up to 20 atoms not counting
hydrogen.

When M is in the +4 oxidation state, j = 2 and Q independently each
occurrence is halide, hydride, hydrocarbyl, silylhydrocarbyl, hydrocarbyloxide,
dihydrocarbylamide, said Q having up to 20 atoms not counting hydrogen.

15  Alternatively, two Q groubs may be joined together to form an alkanediy! group or a
conjugated C,.40 diene ligand which is coordinated to M in a metallocyclopentene
fashion,

When M is in the +3 oxidation state, | = 1 and Q is either 1) a monovalent
anionic stabilizing ligand selected from the group consisting of alkyl, cycloalkyl, aryl,

20 silyl, amido, phosphido, alkoxy, aryloxy, sulfido groups, and mixtures thereof, and
being further substituted with an amine, phosphine, ether, or thioether containing
substituent able to form a coordinate-covalent bond or chelating bond with M said
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ligand having up to 50 atoms not counting hydrogen, or2) a CMo hydrocarbyl group
comprising an ethylenic unsaturation able to form an n° bond with M.

When M is in the +2 oxidation state, j =1 and Qs a'neut_ral' conjugated diene,
optionally substituted with one or more tri(hydrocarbyl)silyl or N
tri(hydrocarbylsilyl)hydrooarbyl groups, said Q haVing up to0-40 carbon atoms and —
forming a n-complex with M. : : |

Specific examples of the above metal complexes wherein M is'in the +4-
oxidation state are shown below in formulas 4a-9a,: wherein the definitions of M, Z,

R', R?, and R?® are as defined above:

CRA . R? |
/@ i R__ R~ |
R . T o3
RIN-Z g2 MQp R /NR\
) )
ﬁ"_‘ RN—Z 7 ‘Mo, R’aN—Z\ |
R R “NR/ NR3/
Formula 4a _ Formula 5a . - Formula 6a
R,N— z/ @ BRANIN -V N- z- ; "
ne p2  MQ2 B R N—Z" N
S “‘2“'2\“*“’ L e
R —
- R g . N ~neY’
. Formula 7a ’ Formula 8a or Formula 9a

wherein Q, independently each occurrence is a halide, hydrocarbyl, hydrocarbyioxy,
or dihydrocarbylamide group of up to 10= atoms not counting hydrogen, or two Q
groups together form a Ca-zo diene Iigand coordinated to Min a metallocyclopentene
fashion. Most highly preferably Q mdependently each occurrence is chloride or.a Cy.e
hydrocarbyl group, or two Q groups together form a 2- methyl -1,3- butadlenyl or2, 3—
dimethyl-1 3-butad|eny| group.

Specmc examp|es of the above metal complexes wherein M is in the+3
oxidation state are shown below i in formulas 4b-9b wherein the definitions of M, Z,
R', R, and R® are as defined above:
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R R
/@R R? R R2 .
RL,N~Z g2 MQ /@ R2 /NR N
| R gin—Z R R',N—Z MQ
2 \ MQ \
TRe NR®/ Ny
Formula 4b Formula 5b Formuia 6b
2N Z/p\ R'N— Z/@ NFP
R,N— 1 RN—2 AN
R ﬁ Rz R zN—Z Nni‘/ | MQ
w2 R' oN -—Z\NH:./
Formula 7b ' Formula 8b or Formuia 8b

wherein Q, each occurrence Is a monovalent anionic stabilizing ligand selected from
the group consisting of alkyl, cycloalkyl, aryl, and silyl groups which are further
5 substituted with one or more amine, phosphine, or ether substituents able to form a

coordinate-covalent bond or chelating bond with M, said Q having up to 30 non-
hydrogen atoms; or Q is a Cs.1o hydrocarbyl group comprising an ethylenic
unsaturation able to form an n°® bond with M. Most highly preferred examples of such
Q ligands are 2-N,N-dimethylaminobenzyl|, allyl, and 1-methyl-allyl.

10 Specific examples of the above metal complexes wherein M is in the +2
oxidation state are shown below in formulas 4c-9c, wherein the definitions of M, Z, R,
R?, and R® are as defined above:

%r

3

R2
RIN-Z po | /@ H VAN
- ﬁ— RUN—Z
R

R%,N— MQ
NR‘*’ N\
Formula 4¢ , Formula 5c , Formula 6c
-7-
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RLN— z R! N-Z’ § L
2 2 _ NRS

2 MQ RLN—2Z" '
2
ﬁ& e " | wa
R —
: R2 . 2_N NR:/
Formula 7¢ , Formula 8c , or Formula 9¢

wherein Q, each occurrence is a neutral conjugated diene, optionally substituted with
one or more tri(hydrocarbyl)silyl groups or tﬁ(hydrocarbyl)silyihydrocarbyl groups,
said Q having up to 30 atoms not counting hydrogen and formmg a n—complex with M.
Most highly preferred Q groups are 1 4-d1phenyl-1 3-butadiene, 1,3-pentadiene, 3-
methyl-1,3-pentadiene, 2,4-hexadiene, 1-phenyl-1,3-pentadiene, 1,4-dibenzyl-1,3- '
butadiene, 1,4-ditolyl-1,3-butadiene, 1,4-bis(trimethylsilyl)-1,3-butadiene, and 1,4-
dinaphthyl-1,3-butadiene. o

Preferably in the foregoing formulas, R’ independently each occurrence is Cia
alkyl, or phenyl more preferably methyl or isopropyl, most preferably methyl, Y* and
Y2 are both inden-1-yl, 2-a|kyl 4-arylinden-1-yl, or 3-alkylinden-1-yl, or Y' is
cyclopentadieny! or alkyl-substrtuted cyclopentadlenyl and Y2 is fluorenyl; Z is boron
and Q is halide, alkyl, N,N-diatkylamido, or 1,4-diphenyl-1,3-butadiene (said alkyl or
aryl groups having up to 10-carbons). Even more preferably in formulas 4a-c and-7a-
¢, M is zirconium or hafnium and R’ is methyl or isopropyl, most preferably methyl.
During synthesis of these complexes, the use of methyl R groups glves elevated,
often quantitive, yields of the rac isomer. '

In formulas 5a-c, 6a-c, 8a-c and 9a-c, M is even more preferably titanium, Z is
boron and R' is Cy4 alkyl or phenyl, most preferably methyl or isopropyl.

Most highly preferred metal compleices are those of formulas 4a-cand 7a-c
wherein Y' and Y? are both inden-1-yl, 2-methyl-4-phenylinden-1-yl, 3-isopropylinden-
1-yl, or 3-t-butylinden-1-yi groups, especnally compositions compnsung greater than 90
percent racisomer.

Specific, but not limiting, metal complexes included with the invention
described in the foregoing formulas are: |

dimethylamidoborane-bis-n>-cyclopentadieny! zirconium dichloride;

dimethylamidoborane-bis-ns-cyclopent'adienyl zirconium dimethyl,
dimethylamidoborane-bisvns-cyclopentadienyl zirconium bis-dimethylamide;
dimethylamidoborane-bisms-cyclopentadienyl zirconium 2-methyl-1,3-

butadiene;
-8-
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dimethylamidoborane-bisms-cyclopentadienyl zirconium 2,3-dimethyl-1,3-
butadiene;

dimethylamidoborane-bisms-cyclopentadienyl zirconium 2-N,N-
dimethylaminobenzyl; |

dimethy}amidoborane-bisms-cyclopentadieny! zirconium ally};

dimethylamidoborane-bis-ns-cyclopentadienyl Zirconium n*-1 ,4-diphenyi-1,3-
butadiene; _

dimethylamidoborane-bism5—cyclopentadienyl zirconium n‘-2,4—hexadiene;

dimethylamid_oborane-biqus-cyclopentadienyl zirconium n*-1 »4-dinaphthyl-1,3-
butadiene; :

dimethylamidqborane—bis-n5-cyclopentadienyl zirconium n*-1 -phenyl-1,3-
pentadiene;

dimethylamidoborane-bis«ns-cyclopentadienyl zirconium n°-1 ,3-pentadiene;

dime_thylar_nidoborane-bis-ns-n-butylcyclopentadienyl zirconium dichloride;
dimethylamidoborane-bis«ns-n-butylcyclopentadienyl zirconium dimethyl; -
dimethylamidoborane-bis—ns-n-butylcyclopentadienyl zirconium bis-
dimethylamide;
dimethylamidoboran_e—bis«n5—n-butylcyc|opentadienyl zirconium 2-methyl-1,3-
butadiene; S - '
dimethylamidoborane-bisms-n-butylcyclopentadienyl zirconium 2,3-dimethy!-
1,3-butadiene; _ R
dimethylamidoborane—bism5—n-butylcyclopentadienyl Zirconium 2-N,N-
dimethylaminobenzy_l; _ .
dimethylamidoborane—bis—n5-n-butylcyclopentadienyl zirconium allyl;
dimethylamidoborane—bis_fq5—n-buty|cyclopentadienyl zirconium n*-1,4-
diphenyl-1 ,3-butadiéne;
dimethylamidobora_ne.-bisms-n-butylcyclopentadienyl zirconium n*-2 4-
hexadiene; | '
dimethylamidobomne-bisms-n-buwlcyclopentadienyl zirconium n*-1 4-
dinaphthyl-1,3-_butadiene;. .
dimethylamidobor_ane-bis~n5-n-butylcyclopentadienyl zirconium n*-1-phenyi-
1,3-pentadiene;
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dimethylamidoborane-bis-n"-n-butylcyclopentadienyl zirconium n®-1,3-
pentadiene;

dimethylamidoborane-bis-n"-inden-1 -yizirconium dichloride;
dimethylamidoborane-bis-n’-inden-1-yizirconium dimethyl;
dimethylamidoborane-bis-n’-inden-1-ylzirconium bis-dimethylamide;

- dimethylamidoborane-bis-n’-inden-1-ylzirconium 2-methyl-1,3-butadiene;
dimethylamidoborane-bis-n>-inden-1-ylzirconium 2,3-dimethyl-1,3-butadiene;
dlmethylamldoborane-blsm -inden-1-ylzirconium 2-N N-dlmethylamlnobenzyl
dimethylamidoborane-bis-n-inden-1-ylzirconium allyl;
dimethylamidoborane-bis-n>-inden-1-ylzirconium n°*-1 4-diphenyl-1,3-

butadiene;
dimethylamidoborane-bis-n’-inden-1-ylzirconium n*-2,4-hexadiene;
dlmethylamldoborane-blsm -inden- 1—ylznrcomum n*-1 4-d|naphthyl -1,3-
butadiene; ' ' ' '
dimethylamidoborane-bis-n-inden-1-ylzirconium n*-1 -phenyi-1 ,3-pentadiene;
dimethylamidoborane-bis-n’-inden-1 -'ylzircg’niuin n*-1,3-pentadiene;

dimethylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium dichloride;
dimethylamidoborane-bis-r|5-(2-me_thylinden-1.-yl)zirconium dimethyl;
dimethylamidoborane-bis-n°-{2-methylinden-1-yl)zirconium bis-dimethylamide;
dlmethylamldoborane-bls-n -(2-methylmden- -yl)zirconium 2-methyl-1 3- '
butadiene; - '
dlmethylamldoborane-blsm -(2-methylinden-1-yl)zirconium 2,3- dlmethyl -1 3-
butadiene; '
dimethylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium 2-N,'N-' -
dimethylaminobenzyl;
dimethylamidoborane-bis-n®-(2-methylinden-1-yl)zirconium allyl;
dimethylamidoborane-bis-n>-(2- methylmden- -yl)znrcomum n*1,4- dlphenyl~
1,3-butadiene; ' : '
dimethylamidoborane-bis-n*-(2-methylinden-1 -yl)zirconium n*-2,4-hexadiene;
dlmethylamldoborane-blsm -(2-methylinden-1 -yI)z:rcomum n*1 4—d|naphthyl-
1,3-butadiene;

-10-
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dimethylamidoborane-bis«ns-(z-methylinden-1 -yl)zircbnium n*-1-phenyl-1,3-

pentadiene;

dimethylamidoborane-bis«ns-(2-methy|inden-1 -yl)zirconium n*-1,3-pentadiene;

dimethylamidoborane—bis-ns-(z-methyl-4-pheny|inden—1 -yl)zirconium

dichloride;

dimethylamidoborane-bis-fn"’-(2-methy|-4wphenylinden-1 -yl)zirconium dimethyl;

dimethylamidoborane-bis—ns-(z-methyl-4-pheny!inden-1 -yl)zirconium bis-

dimethylamide;

dimethylamidoborane-bis«ns—(2-methy|-4-phenylinden—1 -yl)zirconium 2-methyl-

1,3-butadiene;

dimethylamidoborane-bis-n"'-(z-methyl-4-phenylinden-1 -yl)zirconium 2,3-

dimethyl-1,3-butadiene;

dimethy|amidoborane-bis-ns-(z-methyl—4-phenylinden-1 ~yl)zirconium 2-N,N-

dimethylaminobenzyl;

dimethylamidoborane-bisms-(z-methyl-4-phenylinden-1 -yl)zirconium allyl; -

dimethylamidoborane-bis-n5~(2-methyl-4-phenylinden-1 -yl)zirconium n*1,4-

diphenyl-1,3-butadiene;

dimethylamidoborane-bism‘"-(Z-methyi-4-phenylinden-1 -yl)zirconium n*24-

hexadiene;

dimethylamidoborane-bis-n5-(2—methy|-4-phenylinden—‘! -yl)zirconium n*1,4-

dinaphthyl-1,3-butadiene;

dimethylamidoborane-bis-n'"-(z-methyl-4-phenylinden-1 -yl)zirconium n*1-

phenyl-1,3-pentadiene;

dimethylamidoborane—bis—n‘"‘-(2-methy|-4'-phenylinden-1 -yl)zirconium n*-1,3-

pentadiene;

dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-
dimethylamidoborane-bis-ns-(2-ethyl-4-phenylinden-
dimethylamidoborane-bisvrﬁ(2-ethyl~4-phenylinden-
dimethylamide;
dimethylamidoborane-bis—ns-(z-ethyl-4-phenylinden-
1,3-butadiene;
dimethy!amidoborane-bis-fns-(z-ethyl-4-phenylinden—

dimethyl-1,3-butadiene;
-11-
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dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyl;
. dimethylamidoborane-bis-n"-(2-ethyl-4-phenylinden-1-yl)zirconium allyl;
dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium n*1,4-
diphenyl-1,3-butadiene; ' ' '
dimethylamidoborane-bis-n*-(2-ethyl-4-phenylinden-1-yl)zirconium n*-2,4-
hexadiene; ' _
dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-n*-(2-ethyl-4-phenylinden-1-yl)zirconium n*-1-
phenyl-1,3-pentadiene; B
dimethylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium n*-1,3-
pentadiene;

dimethylamidoborane-bis-n’-(2-isopropyl-4-phenylinden-1-yl)zirconium
dichloride; - . . . . ' ' ' _
dimethylamidoborane—bisan"‘-(z-isopropyl-4-phenylinde.n—1 -yl)zirconium
dimethyl;
: dimethylamidoborane-bis«ns-(z-isopropyl-4-pheny|inden-.1 -yl)zirconium bis-
dimethylamide; _
dimethylamidoborane-bis-n’-(2-isopropyl-4-phenylinden-1-yl)zirconium 2-
methyl-1,3-butadiene;
dimethylamidoborane-bis-n’>-(2-isopropyl-4-phenylinden-1-yl)zirconium 2,3-
dimethyl-1,3-butadiene; . _
dimethylamidoborane-bis-n5-(2-isopropyl-4-phenylinden-1 -yl)zirconium 2-N,N-
dimethylaminobenzyl;
dimethylamidoborane-bis-n"~(2-isopropyl-4-phenylinden-1-yl)zirconium allyl;
dimethylamidoborane-bis-ns-(_z-isopropyl-4-phenylinden-1 -yl)zirconium n*-1,4-
diphenyl-1 ,3-butadiene; _ - _
dimethylamidoborane-bis—n5-(2-isopropyl-4-phenylinden-1 -yl)zirconium n*-2,4-
hexadiene;
dimethylamidoborane-bis-n’-(2-isopropyl-4-phenylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-n’>-(2-isopropyl-4-phenylinden-1-yl)zirconium n*1-

phenyl-1,3-pentadiene;
. -12-
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dimethylamidobo rane_-biswn"‘-(z-isopropyl-4-phenylihden-1 -yl)zirconium n*-1,3-

pentadiene;

dimethylamidoborane-bis-n’-(2-methyi-4-naphthylinden-1-yl)zirconium

dichloride;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium

dimethyl;

dimethylamidoborane-bis-n*-(2-methyl-4-naphthylinden-1-yl)zirconium bis-

dimethylamide;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium 2-

methyl-1,3-butadiens;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium 2,3-

dimethyl-1,3-butadiene;

dimethylamidoborane-bis-n>-(2-methyl-4-naphthylinden-1-yt)zirconium 2-N,N-

dimethylaminobenzyl;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yhzirconium allyl;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1,4-

diphenyl-1,3-butadiene;

dimethylamidoborane-bis-n*-(2-methyl-4-naphthylinden-1-yl)zirconium n*-2,4-

hexadiene;

dimethylamidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1,4-

dinaphthyl-1,3-butadiene;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1-

phenyl-1,3-pentadiene;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium «*-1,3-

pentadiene;

dimethylamidoborane-bis-n"-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-

1-yl)zirconium dichloride;

dimethylamidoborane-bisms-(z-methyl-4-bis(3,5-trifluoromethyl)phe_nylinden-

1-yl)zirconium dimethyl;

dimethylar_nidobc_)rane-bisms-(2-methy|-4—bis(3,5-triﬂuoromethy|)phenyli_nden-

1-yl)zirconium bis-dimethylamide;

dimethylamidoborane-bis-n’-(2-methyl-4-bis(3,5-triflucromethyl)phenylinden-

1-yl)zirconium 2-methyl-1,3-butadiene;
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dimethylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium 2,3-dimethyl-1,3-butadiene; '
dimethylamidoborane-bis-n’-(2-methyl-4-bis(3, 5-tnﬂuoromethyl)phenylmden-
1-yl)zirconium 2-N,N-dimethylaminobenzy}; '
5 dimethylamidoborane-bis-n -(2-methyl-4-bis(3,5-trifluobmethyl)phenylinden—
1-yl)zirconium allyl; o | |
dimethylamidoborane-bis«ns-(z-me&1y|-4-bis(3,5-trifluoromethyl)phenylinden—
1-yl)zirconium n*-1,4-diphenyl-1,3-butadiene; |
dimethylamidoborane-bis-n’ (2 methyl-4-bis(3, 5-tnﬂuoromethyl)phenylmden-
10  1-yl)zirconium n*-2, 4-hexadiene; ' '
dimethylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium n°*-1,4-dinaphthyi-1,3-butadiene; '
dimethylamidoborane-bis-11"’-(2-methyl-4-bis(3,5-trifluoromethyl)phenyiin'den-
1-yl)zirconium n*-1-phenyl-1,3-pentadiene;
15 dimethylamidobo rane_-bis-fns-(z-methyl-4-bis(3,5_-trifluoromethyl)ph_enylinden-

1-yl)zirconium n*-1,3-pentadiene;

dimethylamidoborane- bIS-T] (2-ethy|-4-b|s(3 5-tnﬂuoromethyl)phenyhnden-1-
yl)zirconium dichloride;
20 dlmethylamldoborane-blsm (2-ethyl-4-bls(3 5—tnfluoromethyl)phenylmden—1 -
yhzirconium dimethyl; x
| ) dlmethylamldoborane-bls-fn ~-(2-ethyl- 4-bns(3 5-tnf|uoromethyl)phenylmden—1-
yl)zirconium bls-d:methylamlde
dimethylam|doborane-b|sm5-(2-ethyl-4wbis(3,5-triﬂuoromethyl)phenylinden—1 -
25  yhzirconium 2-methyl-1,3-butadiene; ' ' :
dimethylamidoborane—bis-ns-(2-ethyl-4-bis(3,5-triﬂuoromethyl)phenylinden-1 -
ylzirconium 2,3-dimethyl-1,3-butadiene;
dimethylamidoborane-bis-n®(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
yl)zirconium 2-N,N-dimethylaminobenzyl; | | |
30 dimethylamidoborane-bisms-(z-ethyl-4-'bi"s(3,5-trifIuoromethyl) phenylinden-1-
yl)zirconium allyl; | a
dimethylamidoborane-bis-n’-(2-ethyl-4-bis(3, 5-tnﬂuoromethyl)phenylmden-1-
yh)zirconium n*-1,4-diphenyl-1,3-butadiene;
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dimethylamidoborane-bisn-(2-ethyl-4-bis(3 5-tr|fluoromethyl)phenyllnden—‘l -
yl)zirconium n*-2,4-hexadiene;

dimethylamidoborane-bis-n -(2-ethyl-4 bis(3,5-trifluoromethyl)phenylinden-1-
yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

dimethylamidoborane-bis-n’-(2-ethyl-4-bis(3,5-trifluoromethyf)phenylinden-1-
yljzirconium n*-1-phenyl-1,3-pentadiene;

dimethylamidoborane-bis-n®-(2-ethyl-4-bis(3,5- tnfluoromethyl)phenyhnden-1 -
yhzirconium n*-1,3-pentadiene;

dimethylamidoborane-bis-n"-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium dichloride;
dimethylamidoborane-bis-n’~(2-isopropyl-4-bis(3,5-
trifluoromethy!)phenylinden-1-yl)zirconium dimethyl;
dimethylamidoborane-bis-n’>-(2-isopropyl-4-bis(3,5- -
trifluoromethyl)phenylinden-1-yi)zirconium bis-dimethylamide;
dimethylamidoborane-bis-n’-(2-isopropyl-4-bis(3,5-
triftuoromethyl)phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;
dimethylamidoborane-bis-n°~(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium 2,3-dimethy!-1,3-butadiene;
dimethylamidoborane-bis-n’-(2-isopropy!-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyl;
dimethylamidoborane-bis-n>-(2-isopropyl-4-bis(3,5-
trifluoromethylt)phenylinden-1-yl)zirconium allyt;
dimethylamidoborane-bis-n-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium *-1,4-diphenyl-1,3-butadiene;
dimethylamidoborane-bis-n’>-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yhzirconium n*-2,4-hexadiene;
dimethylamidoborane-bisn’-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-n"-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium n*-1-phenyl-1,3-pentadiene;
dimethylamidoborane-bisn*-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium n*-1,3-pentadiene;
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dimethylamidoborane-bis-n’~(3-isopropylinden-1 -yIjzi'rconiUm dichioride;
dimethylamidoborane,-bis-ns-(3-isopropylinden-1 -yl)zirconium dimethyt;
dimethylamidoborane-_bis-ns-(s-isop_ropylinde.n-1-yl)zirconium bis- -

dimethylamide; | | |
dlmethylamldoborane bis-n"-(3-isopropylinden-1-yl)zirconium 2-methyi -1,3-
butadiene;
dnmethylamidoborane—bis-ns-(aéisopropy!inden-1 -yl)zirconium 2,3-dimethyl-
1,3-butadiene; .
d'imethylamidoborane-bis-ns-(3-isopropylinden-1 -yl)zirconium 2-N,N-
dimethylaminobenzyl; L .
dimethylamidoborane-bis-n"-(3-isopropylinden-1-yl)zirconium allyl;
dimethylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium In"-1 ,4-diphenyl-
1,3-butadiene; ’ _
dimethylamidoborane bis-n° (3-|sopropy||nden- -yl)zirconium n*-2,4-
hexadiene; S
dimethylamidoborane-bis-n® (3-|sopropyhnden- -yl)zurcomum n*1,4-
dinaphthyl-1,3-butadiene; o '
dlmethylamldoborane-bls-n -(3 |sopropyhnden- -yl)zurcomum n? 1-pheny| -1,3-
pentadiene; _
dimethylamidoborane-bis-n°®-(3-isopropylinden-1-yl)zirconium n*-1,3-
pentadiene; '

dimethylamidoborane-bis-n°-(3-t-butylinden-1-yf)zirconium dichloride;

dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium dimethyl;

dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium bis-dimethylamide;

dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium 2-methyl-1,3-
butadiene;

dlmethylamldoborane-bism (3-t-butylmden 1-yl)z:rcon|um 2,3-dimethyl-1,3-
butadiene;

dnmethylamldoborane-bls-n (3-t-butyhnden- -yl)zwcomum 2-N,N-
dimethylaminobenzyl; - . .

dimethylamidoborane- blS-’q (3-t—butyhnden- -yl)zxrconlum allyl

drmethylamldoborane-blsm -(3-t-butyhnden-1-yl)z_lrcomum 11 A-diphenyl-
1,3-butadiene;
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dimethylamidoborahe-bisms-(3-t-butylinden-1 -yl)zircbnium' n*-2,4-hexadiene;
dimethylamidoborane-bis-n®~(3-t-butylinden-1-yl)zirconium n*-1,4-dinaphthy-

1,3-butadiene; _
dimethylamidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium n*-1-phenyl-1,3-

pentadiene; ' '
dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium n*-1,3-pentadiene;

ditsopropylamidoborane-bis-n’-cyciopentadienylzirconium dichloride;

diisopropylamidoborane-bis-n’-cyclopentadienylzirconium dimethyl;

diisopropylamidoborane-bis-n’-cyclopentadienylzirconium bis-dimethylamide;

diisopropylamidoborane-bis-n’-cyclopentadienyizirconium 2-methyl-1,3-
butadiene;

diisopropylamidoborane-bis-n’>-cyclopentadienyizirconium 2,3-dimethyi-1,3-
butadiene;

diisopropylamidoborane-bis-n’-cyciopentadienylzirconium 2:N,N-
dimethylaminobenzyi; '

diisopropylamidoborane-bis-n’-cyclopentadienyizirconium allyi;

diisopropylamidoborane-bis-n’-cyclopentadienylzirconium n*-1,4-diphenyl-1,3-
butadiene;

diisopropylamidoborane-bis-n’-cyclopentadienylzirconium n*2,4-hexadiens;

diisopropylamidoborane-bis-n°-cyclopentadienylzirconium n*-1,4-dinaphthyl-
1,3-butadiene; '

diisopropylamidoborane-bis-n°-cyclopentadienylzirconium n*-1-phenyl-1,3-
pentadiene;

diisopropylamidoborane-bis-n’-cyclopentadienylzirconium «°-1,3-pentadiene;

diisopropylamidoborane-bis-n®-inden-1-ylzirconium dichloride;

diisopropylamidoborane-bis-n’-inden-1-ylzirconium dimethyl;

dilsopropylamidoborane-bis-n"-inden-1-ylzirconium bis-dimethylamide;

diisopropylamidoborane-bis-n’>-inden-1-ylzirconium 2-methyl-1,3-butadiene;

dilsopropylamidoborane-bis-n’-inden-1-ylzirconium 2,3-dimethyl-1,3-
butadiene;

diisopropylamidoborane-bis-n’-inden-1-ylzirconium 2-N,N-
dimethylaminobenzyl;
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diisopropylamidoborane-bis-n’-inden-1-ylzirconium alyl; -
diisopropylamidoborane-bisms-inden-1 -ylzirconium n*-1,4-diphenyl-1,3- -
butadiene; |

diisopropylamidoborane-bis-n’-inden-1-ylzirconium n*-2,4-hexadiene;
diisopropylamidoborane-bis-n"-inden-1-ylzirconium *-1,4-dinaphthyl-1,3-
butadiene; . : -

diisopropylamidoborane-bis-n’>-inden-1-ylzirconium n*-1-phenyl-1,3-
pentadiene; . _

diisopropylamidoborane-bis-n°-inden-1-ylzirconium n*-1,3-pentadiene;

diisopropylamidoborane-bis-n"-(2-methylinden-1-yl)zirconium dichloride;
diisopropylamidoborane-bis-n"-(2-methylinden-1-yl)zirconium dimethyl;
diisopropylamidoborane-bis-n’>-(2-methylinden-1-yl)zirconium bis-
dimethylamide; '
diisopropylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium 2-methyi-1,3-
butadiene; - . ' .
diisopropylamidoborane-bis-n®-(2-methylinden-1 -yl)zirconium 2,3-dimethy}-
1,3-butadiene; _ -
diisopropylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyl; _ .
d_iisopropylamidobo_rane-bismsf(z-methylinden~1-yl)zirconium allyl; -
diisopropylamidoborane-bis-n®-(2-methylinden-1-yl)zirconium n*-1,4-diphenyl-
1,3-butadiene; - o .
diisopropylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium n*-2,4-
hexadiene; . _
diisopropylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene; . _
diisopropylamidoborane-bis-n®-(2-methylinden-1-yl)zirconium n*-1-phenyl-1,3-
pentadiene; o : _
diisopropylamidoborane-bis-n>-(2-methylinden-1-yl)zirconium n*1,3-
pentadiene; '

diisopropylamidoborane-bis-n®-(2-methyl-4-phenyiinden-1-yl)zirconium
dichloride;
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diisopropylamidoborane-bisvns-(2-methy!-4-phenylinden-1 -yl)zirconium

dimethyl;

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium bis-

dimethylamide;

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium 2-

methyl-1,3-butadiene;

diisopropylamidoborane—bisms-(z-methyl-4-phenyIinden-1 -yl)zirconium 2,3-

dimethyl-1,3-butadiene;

diisopropylamidoborane-bis-n5—(2-methyl-4-phénylinden-1 -yl)zirconium 2-N,N-

dimethylaminobenzyl;

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium allyl;

diisopropylamidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)zirconium n*-1,4-

diphenyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium n*-2,4-

hexadiene;

diisopropylamidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)zirconium n*-1,4-

dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium n*1-

phenyl-1,3-pentadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium n*-1,3-

pentadiene;

diisopropylamidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium

dichloride;

diisopropytamidoborane-bis-n*-(2-methyl-4-naphthylinden-1-yl)zirconium

dimethyl;

diisopropylamidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium bis-

dimethylamide;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium 2-

methyl-1,3-butadiene;

diisopropylamidoborane-bisn’-(2-methyl-4-naphthylinden-1-yl)zirconium 2,3-

dimethyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yi)zirconium 2-

N,N-dimethylaminobenzyl;

diisopropylamidoborane-bis-n’-(2-methyi-4-naphthylinden-1-yl)zirconium allyl;
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diisopropylamidoborane-bis-n®-(2-methyl-4-naphthylinden-1-yl)zirconium n*
1,4-diphenyi-1,3-butadiene; -

diisopropylamidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium n*
2,4-hexadiene; |

diisopropylamidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium n*-
1,4-dinaphthyl-1,3-butadiene; '

diisopropylamidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1-
phenyl-1,3-pentadiene;

diisopropylamidoborane-bis-n-(2-methyl-4-naphthylinden-1-yl)zirconium n*
1,3-pentadiens;

diisopropylamidoborane-bis-n’-(2-methyi-4-(3,5-dimethylphenyl)inden-1-
yl)zirconium dichloride; '
diisopropylamidoboranerisms-(2-methyl-_(3,5-dimethylphenyl)inden-1 -
yI)znrconlum dimethyl; . '
dusopropylamndoborane-bns«n -(2-methyi-4-(3, 5-d|methylphenyl)|nden~1 -
yl)z:rcomum bis-dimethylamide;
diisopropylamidoborane-bis-n’°-(2-methyl-4-(3,5-dimethylphenylinden-1-
yl)zxrconmm 2-methyl-1,3-butadiene; '
dlisopropylamldoborane-bnswn -(2-methyl-4-(3, 5-d1methylphenyl)mden-1- :
yl)zirconium 2,3-dimethyl-1,3-butadiene; ;
diisopropylamidoborane-bis-n°-(2-methyl-4-(3,5-dimethylphenyl)inden-1-
yl)zirconium 2-N,N-dimethylaminobenzyl;
dusopropylamldoborane-b:s-n -(2-methyl-4-(3,5- dlmethylphenyl)lnden-1-
yl)zirconium allyl;
dusopropylamldoborane-blsm (2-methy|-4-(3 5-dimethylphenyl)inden-1-
yhzirconium n*-1,4-diphenyl-1,3-butadiene;
dilsopropylamidoborane-bis-n"-(2-methyi-4- (3 5- dlmethylphenyl)mden-1-
yl)zirconium n*-2,4-hexadiene;
dusopropylamldoborane-bis-ns-(z-methyl-4-(3,5-dimethylphenyl)inden-1 -
yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene; -
diisopropylamidoborane-bis-n"-(2-methyl-4-(3, 5-d|methylpheny|)|nden-1-
yl)zirconium n*-1-phenyi-1 ,3-pentadiens;
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diisopropylamidoborane-bis-n’-(2-methyl-4-(3,5-diflucromethylphenyl)inden-1-
yl)zirconium dichloride;

diisopropylamidoborane-bis-n>-(2-methyl-4-(3,5-difluoromethyiphenyl)inden-1-

yl)zirconium dimethyl;

diisopropylamidoborane-bis-n’-(2-methyl-4-(3,5-difluoromethylphenyl)inden-1-
yl)zirconium bis-dimethylamide;

diisopropylamidoborane-bis-n>-(2-methyl-4-(3,5-difluoromethyiphenyl)inden-1-
yl)zirconium 2-methyl-1,3-butadiene;

diisopropylamidoborane-bis-n*-(2-methyl-4-(3,5-difluoromethylphenylinden-1-
yl)zirconium 2,3-dimethyl-1,3-butadiene;
diisopropylamidoborane-bis-n’~(2-methyl-4-(3,5-diflucromethylphenyl)inden-1-
yl)zirconium 2-N,N-dimethylaminobenzyl;

diisopropylamidoborane-bis-n"-(2-methyl-4-(3,5-difluoromethyliphenyljinden-1-

yh)zirconium allyl;

diisopropylamidoborane-bis-n>-(2-methyl-4-(3,5-diflucromethylphenyl)inden-1-

yl)zirconium n*-1,4-diphenyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-(3,5-diflucromethylphenyl)inden-1-

yl)zirconium n*-2,4-hexadiene;

dilsopropylamidoborane-bisn*-(2-methyl-4-(3,5-difluoromethylphenyhinden-1-
yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-(3,5-difluoromethylphenyl)inden-1-

yl)zirconium n*-1-phenyi-1,3-pentadiene;

diisopropylamidoborane-bis-fns-(2—methyl—4-(3,5-diﬂuoromethylphényl)inden-—
1-yl)zirconium n*-1,3-pentadiene;

diisopropylamidoborane-bis-n"-(2-ethyl-4-phenylinden-1-yl)zirconium

dichloride;

diisopropylamidoborane-bis-n>-(2-ethyl-4-phenylinden-1-yl)zirconium dimethyl;

diisopropylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium bis-

dimethylamide;
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diisopropylamidoborane-bisn’-(2-ethyl-4-phenylinden-1-yl)zirconium 2-
methyl-1,3-butadiene; | _

diisopropylamidoborane-bis-n -(2-ethy|-4-phenyl|nden- -yl)zirconium 2,3-
dimethyl-1,3-butadiene;

diisopropylamidoborane-bis-n”° (2-ethyl—4-phenyhnden- -yl)zirconium 2-N,N-
dimethylaminobenzyl;

diisopropylamidoborane-bis-n"-(2-ethyl-4-phenylinden-1-yl)zirconium allyl;

diisopropylamidobbrane-bis-n5-(2-ethyl-4-phenylinden-1 -yl)zirconium n*-1,4-
diphenyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium n*-2,4-
hexadiene;

diisopropylamidoborane-bis-n’~(2-ethyl-4-phenylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium n*1-
phenyl-1,3-pentadiene; :
- diisopropylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1 -yI)znrconlum n*1,3-
pentadiene; :

diisopropyiamidoborane-bis-n’-(2-isopropyli-4-phenylinden-1-yl)zirconium
dichloride;. :

diisopropylamidoborane-bis-n’ (2-|sopropyl—4-phenyl|nden- -yl)zn'conlum
dimethyl; . _
diisopropylamidoborane-bis-n° (2-1sopropyl-4-phenylinden- -yl)zirconium bis-
dlmethylamlde,

diisopropylamidoborane-bis-n> (2-|sopropyl-4—phenyhnden- -yl)zurcomum 2-
methyl-1,3-butadiene; _ _ _

diisopropylamidoborane-bis-ns-(z-isopropyl-4~phenylinden.-1 -yl)zirconium 2,3-
dimethyl-1,3-butadiene;

diisopropylamidoborane-bis-n5-(2_-i_sopropyl-4-phenyﬁnde_n-1 -yl)zirconium 2-
N,N-dimethylaminobenzyl; | |

diisopropylamidoborane-bis-n*-(2-isopropyl-4-phenylinden-1-yl)zirconium allyl;

diisopropylami_doborané-_bis—ns-(z-isopro_pyl-4-phenylinden-1 ~yl)_zirconium n'-
1,4-diphenyl-1,3-butadiene; |

diisopropylamidoborane-bis-n°-(2-isopropyl-4-phenylinden-1 -yl)zircdnium n*

2,4-hexadiene;
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diisopropylamidoborane-bis-ns-(2-isopropyl-4-phe'nyiiﬁden-1 -yl)zirconium n*-
1,4-dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-isopropyl-4-phenylinden-1-yl)zirconium n*-
1-phenyl-1,3-pentadiens; _

dilsopropylamidoborane-bis-n’-(2-isopropyl-4-phenylinden-1-yl)zirconium n*
1,3-pentadiene;

diisopropylamidoborane-bis-n"-(3-isopropylinden-1-yl)zirconium dichloride;

diisopropylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium dimethyl;

diisopropylamidoborane-bis-n*-(3-isopropylinden-1-yl)zirconium bis-
dimethylamide;

dilsopropylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium 2-methyl-1,3-
butadiene;

diisopropylamidoborane-bis-n>-(3-isopropylinden-1 -yl)zirconium 2,3-dimethy!-
1,3-butadiene;

diisopropylamidoborane-bis-n’-(3-isopropylinden-1 -yl)zifconium 2-N,N-
dimethylaminobenzyl;

diisopropylamidoborane-bis-n°~(3-isopropylinden-1-yl)zirconium allyl;

diisopropylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium n*1,4-
diphenyi-1,3-butadiene; '

diisopropylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium n*-2,4-
hexadiene;

diisopropylamidoborane-bis-n*-(3-isopropyiinden-1-yl)zirconium n?*-1,4-
dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n°~(3-isopropylinden-1-yhzirconium n*-1-phenyl-
1,3-pentadiene;

diisopropylamidoborane-bis-n’>~(3-isopropylinden-1-yl)zirconium n*-1,3-
pentadiens;

diisopropylamidoborane-bis-n’>~(3-t-butylinden-1-yl)zirconium dichloride;
diisopropylamidoborane-bis-n"~(3-t-butylinden-1-yf)zirconium dimethyl;
diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium bis-
dimethylamide; '
diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium 2-methyi-1,3-

butadiene;
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diisopropylamidobora_ne—bis«ns-(s-t_-butylinden# -yl)zirconium 2,3-dimethyl-1,3-
butadiene;

diisopropylamidobora_ne-bism5—(3-t-butylinden-1 -yl)zirconium 2-N,N-
dimethylaminobenzyi;

diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium ally};

diisopropylamidoborane-bis-n>-(3-t-butylinden-1-yl)zirconium n*-1,4-diphenyl-
1,3-butadiene; '

diisopropylamidoborane-bis-n’>-(3-t-butylinden-1-yl)zirconium n*-2,4-
hexadiene; - - o

diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n>(3-t-butylinden-1-yl)zirconium n*-1-phenyl-1,3-
pentadiene; _

diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium n*-1,3- -
pentadiene; :

diphenylamidoborane-bis-n"-cyclopentadienyl zirconium dichloride;
diphenylamidaborane-bis-n’-cyclopentadieny! zirconium dimethyl;
diphenylamidoborane-bis-n°-cyclopentadienyl zirconium bis-dimethylamide;
diphenylamidoborane-bis-n"-cyclopentadienyl zirconium 2-methyl-1,3-
butadiene; C
diphenylamidoborane-bis-n’>-cyclopentadienyl zirconium 2,3-dimethyl-1,3-
butadiene; ' '
diphenylamidoborane-bis-n’-cyclopentadienyl zirconium 2-N,N-
dimethylaminobenzyl; ;
diphenylamidoborane-bis-n°-cyclopentadienyl zirconium allyl;
diphenylamidoborane-bis-n’-cyclopentadienyi zirconium n*-1,4-diphenyl-1,3-
butadiene;
diphenylamidoborane-bis-n’-cyclopentadienyl zirconium n*-2,4-hexadiene;
diphenylamidoborane-bis-n’-cyclopentadienyl zirconium n*-1,4-dinaphthyl-1,3-
butadiene; ' ' '
diphenylamidoborane-bis-n’-cyclopentadienyl zirconium n*1-phenyi-1,3-
pentadiene; '
diphenylamidoborane-bis-n"-cyclopentadienyl zirconium n°-1,3-pentadiene;
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diphenylamidoborane-bis-n’-n-butyicyclopentadienyl zirconium dichloride;

diphenylamidoborane-bis-n’-n-butyicyclopentadieny! zirconium dimethyl;

diphenylamidoborane-bis-n®-n-butylcyclopentadienyl zirconium bis-
dimethylamide;

diphenylamidoborane-bis-n’-n-butylcyclopentadienyl zirconium 2-methyl-1,3-
butadiene; _ _

diphenylamidoborane-bis-n>-n-butylcyclopentadienyl zirconium 2,3-dimethyl-
1,3-butadiene;

diphenylamidoborane-bis-n>-n-butylcyclopentadienyl zirconium 2-N,N-
dimethylaminobenzyl; _

diphenylamidoborane-bis-n’-n-butylcyclopentadienyi zirconium allyt;

diphenylamidoborane-bis-n’-n-butylcyclopentadienyl zirconium n*-1,4-
diphenyl-1,3-butadiene;

diphenylamidoborane-bis-n’-n-butylcyclopentadienyl zirconium n*-2,4-
hexadiene;

diphenylamidoborane-bis-n>-n-butylcyclopentadienyl zirconium n*-1,4-

- dinaphthyl-1,3-butadiene;

diphenylamidoborane_-bisms-n-butylcyclopentadienyl zirconium n*-1-phenyl-
1,3-pentadiene; ' '

diphenylamidoborane-bis—rf—n-butylcyclopentadieny! zirconium n’>-1,3-
pentadiene;

diphenylamidoborane-bis-n’-inden-1-ylzirconium dichloride;
diphenylamidoborane-bis-n’-inden-1-ylzirconium dimethyl;
diphenylamidoborane-bis-n’-inden-1-ylzirconium bis-dimethylamide;
diphenylamidoborane-bis-n®-inden-1-ylzirconium 2-methyi-1,3-butadiene;
diphenylamidoborane-bis-n>-inden-1-yizirconium 2,3-dimethyl-1,3-butadiene;
diphenylamidoborane-bis-n*-inden-1-ylzirconium 2-N,N-dimethylaminobenzyl;
diphenylamidoborane-bis-n’>-inden-1-ylzirconium allyi;
diphenylamidoborane-bis-n’-inden-1-ylzirconium n*-1,4-diphenyl-1,3-
butadiene;

diphenylamidoborane-bis-n°-inden-1-yizirconium n*-2,4-hexadiene;
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diphenylamidoborane-bis-n’-inden-1-ylzirconium n*-1,4-dinaphthyt-1,3-
butadiene; S ' '
. diphenyIamidoborane-bis-n5~inden.-1 -yizirconium n*-1-phenyl-1,3-pentadiene;
diphenylamidoborane-bis-n’-inden-1-ylzirconium n*-1,3-pentadiene;

- diphenylamidoborane-bis-n"(2-methylinden-1-yl)zirconium dichloride;
diphenylamidoborane-bis-n"-(2-methylinden-1-yl)zirconium dimethyl;
diphenylamidoborane-bis-n®(2-méthylinden-1-yl)zirconium bis-dimethylamide;

diphenylamidoborane-bis-ns-(z-methylinden-1 -yl)zirconium 2-methyl-1,3-

butadiene; ' ' ' '
diphenylamidoborane-bis-ns-(z-methylinden-1 -yl)zirconium 2,3-dimethyl-1,3-

butadiene; ' ' - - a

diphenylamidoborane-bis-n’-(2-methylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyl; . '

diphenylamidoborane-bis-ns-(2-methylinden-1"-yl)zircon_ium allyl;

diphenylamidoborane-bis-n®-(2-methylinden-1-yl)zirconium n*-1,4-diphenyl-
1,3-butadiene; ' ' R - ' '

diphenylamidoborane-bis-n’~(2-methylinden-1-yl)zirconium n*-2,4-hexadiene;

diphenyla'midoborane-bis-ns-(2-'meth'ylinden-1 -yl)zirconium n*-1,4-dinaphthyl-
1,3-butadiene;

diphenylamidoborane-bis-n*-(2-methylinden-1 -yl)zirconium n“-1 -phenyl-1,3-

pentadiene; ' S

diphenylamidoborane-bisn-(2-methylinden-1-yl)zirconium n*1,3-pentadiene;

diphenylamidoborane-bis-ns-(2—methyl-4-phenylinden-1 '-yl)zirconiurri
dichloride; o ' '
diphenylamidoborane-bisms-(2-memyl-4-phenylinden41 -yl)zirconium dimethyl;
diphenylamidoborane-bis-ﬁs-(2-methyl'-4-phenylinden-1-yl)zirconium bis- -
dimethylamide; o | : C
diphenylamidoborane-bis-n’-(2-methyi-4-phenylinden-1-yl)zirconium 2-methyl-
1,3-butadiene; o ' : R
diphenylamidoborane—bisms-(2-methyl-4—phenylinden-1 -yl)zirconium 2,3-
dimethyl-1,3-butadiene; '
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diphenylamidoborane-bis-n’- (2-methyl-4-phenyl|nden~ -yl)zrrcomum 2-N,N-
dimethylaminobenzyl;

diphenylamidoborane-bis«qs-(z-methyl-4-phenylinden-1 -yh)zirconium allyl;

diphenylamidoborane-bism5-(2-methyl-4-phenylinden-1 -yl)zirconium n*-1,4-
diphenyi-1,3-butadiene;

diphenylamidoborane-bis-ns-(z-methyl-4-phenylinden-1 -yh)zirconium n*-2,4-
hexadiene;

diphenylamidoborane-bis-n® -(2-methy|-4-phenyhnden— -yl)zxrcomum n*1,4-
dinaphthyl-1,3-butadiene;

diphenylamidobo rane-bisvrf-(2-methyl-4-phenylinden-1 -yhzirconium n*-1-
phenyli-1,3-pentadiene;

diphenylamidoborane-bis-ns-(2-methyl-4-phenylinden-1 -yh)zirconium n*-1,3-
pentadiene;

diphenylamidoborane-bis-«ns-(z-ethyl-4-phenylinden-1 -yi)zirconium dichioride;

diphenylamidoborane-bis-n5—(2-ethyl-4-phenylinden-1 -yl)zirconium dimethyl;

diphenylamidoborane-bis~n5-(2-ethyl~4-phenylinden-1 -yh)zirconium bis-
dimethylamide;

diphenylamidoborane-bis-ns-(2-ethyl-4-phenylinden-1 -yl)zirconium 2-methyl-
1,3-butadiene; _

diphenylamidoborane-bis-ns-(2-ethyl-4-phenylinden-1-yl)zirconium 23
dimethyl-1,3-butadiene;

diphenylamidoborane-biswrf”-(2-ethyl-4-phenylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyl;

diphenylamidoborane-bis-ns-(2-ethyl-4-phenylinden-1 -yl)zirconium allyl;

diphenylamido’borane—bis-n"‘-(2-ethyl-4-phenylinden-1 -yl)zirconium n*-1,4-
diphenyl-1,3-butadiene;

diphenylamidoborane—bism5-(2-ethyl-4-phenylinden-1-yl)zirconium n*-2,4-
hexadiene;

diphenylamidoborane-bis«ns-(z-ethyl-4-phenylinden-1 -yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;

diphenylamidoborane-bis-n*-(2-ethyl-4-phenylinden-1-yl)zirconium n*1-
phenyi-1,3-pentadiene;

diphenylamidoborane-bis-n’-(2-ethyl-4-phenylinden-1-yl)zirconium n*1,3-

pentadiene;
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diphenylamidoborane-bis-n"-(2-isopropyl-4-phenylinden-1-yf)zirconium -
dichloride; : _ :

dlphenylamxdoborane bis-n -(2-|sopropyl-4-phenyhnden- -ylzirconium -
dimethyl;

diphenylamidoborane-bis-ns-(z-isopropyl-4-phe’nylinden-1-yl)zirconium bis-
dimethylamide;

d iphenylamidoborane_—bis—ns-(2-is,opropyl-4,-phenylinden-1 -yl)zirconium 2-
methyl-1,3-butadiene; | |

diphenylamidoborane-bis-n° (2-|sopropyl-4-phenylmden- -yl)zirconium 2,3-
dimethyl-1,3-butadiene;

diphenylamidoborane-bis-n"-(2-isopropyl-4-phenylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyt; ' '

diphenylamidoborane-bis-n>~(2-isopropyl-4-phenylinden-1-yl)zirconium allyl;

diphenylamidoborane-bis-n° (2-|sopropyl-4-phenylmden- -yl)zirconium n*-1,4-
dlphenyH 3-butadiene; ' '

daphenylamldoborane-bls-n (2-|sopropyl-4-phenylxnden- -yl)zirconium n*-2,4- -
hexadiene;

dophenylamldoborane-bls-n (2-4sopropyl-4-phenylmden- -yl)zu'comum n*14-
dinaphthyl-1,3-butadiene; C

dlphenylamldoborane-blsm (2-|sopropyl-4-phenyllnden 1-yl)zirconium n*-1-

phenyl-1,3-pentadiene;

dlphenylamldoborane-bis-ns-(2_-isopropyl-4-phenylinden-1 -yhzirconium n*1,3-
pentadiene; :

diphenylémidoborane-_bis-ns-(z-methyl-4-naphthylinden.-_1 -yl)zirconium
dichloride; | |

diphenylamidob_orane-bis«ns-(2-methyl-4-naphthylinden—1 -yl)zirconium
dimethyl;

dnphenylamndoborane-bus—n -(2-methyl-4-naphthylinden- 1-yl)Z|rcon|um bis-
dimethylamide;

diphenylamidoborane-bisms-(z-methyl-4~naphthy_linden-1_ -yl)zirconium 2-
methyl-1,3-butadiene; '

diphenylamidoborane-bis-n -(2-methyl-4-naphthyhnden 1-yl)zirconium 2,3-

dimethyl-1,3-butadiene;
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d:phenytamidoborane-blsm -(2-methyl-4-naphthylmden- -yl)zirconium 2-N,N-
dimethylaminobenzyl;
diphenylamidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yl)zirconium allyl;
diphenylamidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1,4-
diphenyl-1,3-butadiene;
diphenylamidoborane-bis-n>-(2-methyl-4-naphthylinden-1-yl)zirconium n*-2,4-
hexadiene;
diphenylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene;
diphenylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1-
phenyl-1,3-pentadiene;
diphenylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium n*-1,3-
pentadiene;

diphenylamidoborane-bis-n’-(2-methyi-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium dichloride;
dlphenylamldoborane-bls—n -(2-methyl-4-bis(3, 5-tnfluoromethyl)phenylmden-
1-yl)zirconium dimethyl;
dlphenylamldoborane-blsm -(2-methyl-4-bis(3, 5-tnﬂuoromethyl)phenyhnden-
1-yl)zirconium bls-dlmethylamlde,
diphenylamidoborane-bis-n>-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium 2-methyl-1,3-butadiene;
diphenylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium 2,3-dimethyi-1,3-butadiene;
diphenylamidoborane-bis-n"-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium 2-N,N-dimethylaminobenzyi;
diphenylamidoborane-bis-n>-(2-methyl-4- bis(3, 5-tnﬂuoromethyl)phenyhnden—
1-yl)zirconium allyl;
diphenylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium n*-1,4-diphenyl-1,3-butadiene;
diphenylamidoborane-bis-ns-(z-methyl-4-bis(3,5-triﬂuorqmethyl)phenylinden-
1-yl)zirconium n*-2,4-hexadiene;
diphenylamidoborane-bis-n’-(2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-
1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;
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diphenylamidoborane-bis-n’-(2-methyl-4-bis(3, 5—tr|ﬂuoromethyl)phenylmden-
1-yl)zirconium n*-1-phenyl-1 ,3-pentadiene;
diphenylamidoborane-bis-n° (2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-

1-yl)zirconium n*-1,3-pentadiene;

diphenylamidoborane-bis-n"-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
yl)zirconium dichloride;. .

diphenylamidoborane-bis-n"-(2-ethyl-4-bis(3, 5-tr|ﬂuoromethyl)phenylmden—1-
yl)zirconium dimethyl;

dnphenylam|doborane-bis-n"‘.-(2-ethyl-4-bis(3,5-triﬂuoromethyl)phenylinden-1 -
yl)zirconium bis-dimethylamide; '

diphenylamidoborane-bis-n’-(2-ethyl-4-bis(3,5-trifluoromethyl)phenylinden-1-
yl)zirconium 2-methyi-1,3-butadiene; '

diphenylamidoborane-bism5-(2-ethyl—4-bis(3,5-trifluoromethyl)phenylinden-1 -
yl)zirconium 2,3-dimethyl-1,3-butadiene;

diphenylamidoborane-bis-n>-(2-ethyl-4-bis(3, 5-tnf|uoromethyl)phenyhnden-1-
yl)zirconium 2-N,N-dimethylaminobenzyl; - s -

dlphenylamldoborane-blsm -(2- ethyl-4—b|s(3 5-tnfluoromethyl)phenylmden-1-
yb)zirconium allyl;

diphenylamidoborane-bis-n’>-(2-ethyl-4-bis(3, 5-tnfluoromethyl)pheny|mden-1- :
yhzirconium n*-1,4-diphenyl-1,3-butadiene;

diphenylamidoborane-bis-n’ (2-ethyl 4-bis(3, 5-tnfluoromethyl)phenyhnden-1 -
yl)zirconium n*-2,4-hexadiene;

diphenylamidoborane-bis-n>-(2-ethyl-4-bis(3, 5-tnﬂuoromethyl)phenylmden-1-
yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

diphenylamidoborane-bis-n°-(2-ethyl-4-bis(3,5- tnfluoromethyl)phenyllnden-1-
yhzirconium n*-1-phenyl-1,3-pentadiene;

dxphenylamndoborane—bns«n (2-ethyl-4-b|s(3 5-tnﬂuoromethyl)phenyhnden-1-
yl)zirconium n*-1,3-pentadiene;

diphenylamidoborane-bis-n’-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium dichloride;

diphenylamidoborane-bisn-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium dimethyl;
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diphenylamidoborane-bis-n’-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yi)zirconium bis-dimethylamide;
diphenylamidoborane-bis-n®-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;
diphenylamidoborane-bis-n’~(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium 2,3-dimethyl-1,3-butadiene;
diphenylamidoborane-bis-n’-(2-isopropyl-4-bis(3,5-
trifluoromethyf)phenylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyl;
diphenylamidoborane-bis-n>-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium allyl;
diphenylamidoborane-bis-n>-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium n*1,4-diphenyl-1,3-butadiens;
diphenylamidoborane-bis-n>-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium n*-2,4-hexadiene;
diphenylamidoborane-bis-n’-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium n*-1,4-dinaphthyi-1,3-butadiene;
diphenylamidoborane-bis-n5-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yi)zirconium n*-1-phenyl-1,3-pentadiene;
diphenylamidoborane-bis-n’-(2-isopropyl-4-bis(3,5-
trifluoromethyl)phenylinden-1-yl)zirconium «*-1,3-pentadiene;

diphenylamidoborane-bis-v’-(3-isopropylinden-1-yl)zirconium dichloride;
diphenylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium dimethyl;
diphenylamidoborané-bis-ns-(3-isopropy|inden-1 -yl)zirconium bis-
dimethylamide; '
diphenylamidoborane-bis-n>~(3-isopropylinden-1-yl)zirconium 2-methyl-1,3-
butadiene;
diphenylamidoborane-bis-n’>-(3-isopropylinden-1-yl)zirconium 2,3-dimethyl-
1,3-butadiene; '
diphenylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyl;
diphenylamidoborane-bis-n®-(3-isopropylinden-1-yl)zirconium allyi;
diphenylamidoborane-bis-n"-(3-isopropylinden-1-yl)zirconium n*-1,4-diphenyl-
1,3-butadiene;
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diphenylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium n*-2,4-
hexadiene; ' _
diphenylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene; _
diphenylamidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium n*-1-phenyl-1,3-
pentadiene;
diphenylamidoborane-bis-n"-(3-isopropylinden-1-yl)zirconium n*-1,3-
pentadiene;

diphenylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium dichloride;
diphenylamidoborané-bis-ns-(S-t-butylinden-1-y|)zirconium dimethyl;
diphenylamidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium bis-dimethylamide; -
diphenylamidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium 2-methyl-1,3- -
butadiene; : : : ' -
diphenylamidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium 2,3-dimethyl-1,3-
butadiene; o _ : _
diphenylamidoborane-bis-n°-(3--butylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyt; _ _
diphenylamidoborane-bis-n®-(3-t-butylinden-1-yl)zirconium allyl;
diphenylamidoborane-bis-n°®-(3-t-butylinden-1-yl)zirconium n*-1 A4-diphenyl-
1,3-butadiene; - _ .
diphenylamidoborane-bis-n®-(3-t-butylinden-1-yl)zirconium n*-2,4-hexadiene;
diphenylamidoborane-bis-n>-(3-t-butylinden-1-yl)zirconium n*-1,4-dinaphthyi-
1,3-butadiene; _ | _
diphenylamidoborane-bis-n®-(3-t-butylinden-1-yl)zirconium n*-1 -phenyl-1 3~
pentadiene; _ _ o _ . .
diphenylamidoborane-bis-n>-(3-t-butylinden-1-yl)zirconium n*-1,3-pentadiene;

bis(trimethylsilyl)arﬁidobbrane-bisms-cyctopentadiehylzirconium dichloride;

bis(trimethylsiIyl)amidol:_:orane-bis«r\s-cyclopentadienylzirc_onium dimethyl;

bis(trimethylsily)amidoborane-bis-n"-cyclopentadienylzirconium bis-
dimethylamide; ) _ o

bis(trimethylsilyl)amidoborane-bis-n"-cyclopentadienylzirconium 2-methyl-1,3-
butadiene;
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bis(trimethylsilyl)amidoborane-bism5-cyclopentadiehylzirc'onium 2,3-dimethyl-
1,3-butadiene; '

bis(trimethylsilyl)amidoborane-bis-n’-cyclopentadienyizirconium 2-N,N-
dimethylaminobenzyl;

bis(trimethylsilyl)amidoborane-bis-n"-cyclopentadienylizirconium allyl;

bis(trimethylsilyl)amidoborane-bisn’-cyclopentadienylzirconium n*-1,4-
diphenyl-1,3-butadiene,

bis(timethylsilyl)amidoborane-bis-n’-cyclopentadienyizirconium n*-2,4-
hexadiene;

bis(trimethylsilyl)amidoborane-bis-n"-cyclopentadienyizirconium n*-1,4-
dinaphthyl-1,3-butadiene;

bis(trimethylsilyl)amidobo rane-bis-ns-cyclopentadienyizircbnium n*-1-phenyl-
1,3-pentadiene;

bis(trimethylsilyl)amidoborane-bis-n>-cyclopentadienylzirconium n®1,3- -
pentadiene;

bis(trimethylsilyl)amidoborane-bis-n>-inden-1-yizirconium dichloride;

bis(trimethylsilyl)amidoborane-bis-n"-inden-1-yizirconium dimethyt;

bis(trimethyisilyl)amidoborane-bis-n"-inden-1-ylzirconium bis-dimethylamide;

bis(trimethylsilyl)amidbborane-bis—ns-inden-1-ylzirconium 2-methyl-1,3-
butadiene; '

bis(trimethylsilyl)amidoborane-bis-n°-inden-1-ylzirconium 2,3-dimethyi-1,3-
butadiene;

bis(trimethylsilyl)amidoborane-bis-n’-inden-1-ylzirconium 2-N,N-
dimethylaminobenzyl;

bis(trimethylsilyl)amidoborane-bis-n’-inden-1-ylzirconium allyl;

bis(trimethylsilyl)amidoborane-bis-n°-inden-1-ylzirconium n*-1,4-diphenyi-1,3-
butadiene;

bis(trimethylsilyl)amidoborane-bis-n°-inden-1-ylzirconium n*-2,4-hexadiene;

bis(trimethylsiIyl)amidoborane—bis-fris-inden-1 -ylzirconium n*-1,4-dinaphthy!-
1,3-butadiene; '

bis(trimethylsilyl)amidoborane-bis-n’>-inden-1-ylzirconium n*-1-phenyl-1,3-
pentadiene;

bis(trimethylsilyl)amidoborane-bis-n"-inden-1-ylzirconium n*1,3-pentadiene;
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bis(trimethylsilyl)amidoborane-bis-n’-(2-methylinden-1-yl)zirconium dichloride;

bis(trimethylsilyl)amidoborane-bis-n’-(2-methylinden-1-yl)zirconium dimethyl;

bis(trimethylsilyl)amid_oborane-bisms-(z-methylinden-1 -yl)zirconium bis-

dimethylamide;

bus(tnmethylsnyl)amldoborane-bns-n -(2-methylinden-1-yl)zirconium 2-methyl-

1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-ns—(Z-methylinden-1 -yl)zirconium 2,3-

dimethyl-1,3-butadiene;

bis(trime.thylsilyl)amidoborane-bis—qs—(z-methylinden-1 -yl)zirconium 2-N,N-

dimethylaminobenzyl;

bis(trimethylsilyl)amidoborane-bis«ns-(z-methylinden— -yl)zirconium allyl;

bls(tnmethylsulyl)am:doborane-bls-n -(2-methylinden-1-yl)zirconium n°*-1,4-

diphenyl-1,3-butadiene;

bls(tnmethyisnlyl)am_idoborane—bis-ins—(z-methylinden—1 -yl)zirconium n*-2,4-

hexadiene;

b|s(tnmethyls|Iyl)am|doborane bls-’n -(2-methylinden-1-yl)zirconium n*-1,4-

- dinaphthyi-1,3-butadiene; .

bis(trimethylsilyl)amidoborane-bis-n’-(2-methylinden-1-yl)zirconium n*-1-

phenyl-1,3-pentadiene; "

bis(trimethylsilyl)amidoborane- bis-n° (2-methyllnden- -yI)z:rconlum n*1,3- -

pentadiene; .

bis(trimethylsilytyamidobo rane-bis-n>-(2-methyl-4-phenylinden-1-yl)zirconium

dichloride;
dlmethyl

bis-diméthylamide;

bis(trimethylsilyl)amidoborane-bis«ns-(z-met_hyl-4-phenylinden-1 -yl)zirconium

bls(tnmethylsulyl)amtdoborane-bls-n -(2- methyl-4-phenyhnden- -yhzirconium

bls(tnmethy|3|Iyl)amldoborane-bls-n (2-methyl-4 phenylinden-1 -yI)zwcomum

2-methyi-1,3-butadiene;

bis(trimethylsilyl)amidobo rane-bis-n’-(2-methyl-4-phenylinden-1-yi)zirconium

2,3-d.imethyl-1 ,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-n’~(2-methyl-4-phenylinden-1-yl)zirconium

2-N,N-dimethylaminobenzyi;
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bis(trimethylsilyl)amidoborane-bis-ns-(z-methyi-4—phér"1ylinden-1 -yl)zirconium
allyl;

bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium
n*-1,4-diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-n>-(2-methyl-4-phenylinden-1-yl)zirconium
n*-2,4-hexadiene; '

bis(trimethyisilyl)amidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium
n*-1,4-dinaphthyi-1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-n"~(2-methyl-4-phenylinden-1-yl)zirconium
n*-1-phenyl-1,3-pentadiene;

bis(trimethylsilyl)amidoborane-bis-n"-(2-methyl-4-phenylinden-1-yl)zirconium
n*-1,3-pentadiene; '

bis(trimethylsilyl)amidoborane-bis-n°®-(2-methyl-4-naphthylinden-1 -yl)zirconium
dichloride; ' _
bis(trimethylsiIyl)amidoborane-bis-ns-(z-methyi-4-naphthylinden-1-yl)zircoriium '
dimethyl;
bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-naphthylinden-1 -yl)zircbnium
bis-dimethylamide; | o
bis(trimethylsilyl)amidoborane-bis-n*-(2-methyl-4-naphthylinden-1 -yl)zirconiurh
2-methyl-1,3-butadiene; . | |
bis(trimethylsilyl)amidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yl)zirconium
2,3-dimethyl-1,3-butadiene;
bis(trimethylsilyl)amidobbrane-bis~n5-(2-methyl-4-naphthylinden-1-yl)zirconium '
2-N,N-dimethylaminobenzyl;
bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium
allyl; ' ' ' '
bis(trimethylsilyl)amidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)zirconium
n*-1,4-diphenyi-1,3-butadiens;
bis(trimethylsilyl)amidoborane'-bis-ns-(z-methyl-4-haphthylinden-1 -yl)zirconium
n*2,4-hexadiene;
bis(trimethyisilyl)amidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)zirconium
n*-1,4-dinaphthyl-1,3-butadiene;
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bis(trimethylsilyl)ami_doborane-bis-n5-(2-methyI-4-naphthylinde‘n-1-yl)zirconium

n*-1-phenyl-1,3-pentadiene;

bis(trimethylsilyl}amidoborane-bis-n® (2-methyl-4-naphthylmden -1-yl)zirconium

n*-1,3-pentadiene;

bis(trimethylsilyl)amidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium

dichloride;

dimethyl;

dimethylamide;

bls(tnmethyisnlyl)amldoborane-blsm -(3-isopropylinden-1-yl)zirconium

bis(trimethyisily)amidoborane-bis-n’-(3-isopropylinden-1-yl)zirconium bis-

bls(tnmethyls|IyI)am|doborane bis-n°~(3-isopropylinden-1-yl)zirconium 2-

methyl-1,3-butadiene;

bis(trimethylsiIyl)amidpbomne-bi5m5-(3-isopmpylinden-1 -yhzirconium 2,3-.

dimethyl-1,3-butadiene;

bis(trimethylsilyl)amidob_orane—bis-ns-(s-isopropylin.den-1-yl)zirconium 2-N,N-

dimethylaminobenzyl;

bns(tnmethylsnlyl)amldoborane-bls-n -(3-isopropylinden-1-yl)zirconium allyl;
bis(trimethylsilyl)amidoborane-bis-n’~(3-isopropylinden-1-yl)zirconium n*-1,4- -

diphenyl-1,3-butadiene;

bls(tnmethylsnlyl)amldoborane-blsm (3-|sopropyhnden- -yl)zirconium n*2,4- -

hexadlene

bls(tnmethyls:lyl)amldoborane-bus—n -(3-isopropylinden-1-yl)zirconium n*1,4-

dinaphthyl-1,3-butadiene;

bls(tnmethylsﬂyl)amldoborane-bns-n -(3-isopropylinden-1 -yI)zucomum n1-

phenyl-1,3-pentadiene;

bls(tnmethyls|Iy|)am|doborane-b|s-n (3-|sopropylmden- -yl)zsrcomum n*1,3-

pentadiene; B

bis(trimethylsily_l)amido_bora_ne-_bis~n5-'(3-t-bu_tylir_1_den¢_1 -yhzirconium dichloride;
bis(trimethyisilylJamidoborane-bis-n°-(3-t-butylinden-1-yl)zirconium dimethyl;
bis(trimethylsi|y|)amidoborane-bis-nsf(s-_t-butylinden-1 -yl)zirconium bis-

dimethylamide;
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bns(tnmethylsdyl)am:doborane—bnsvn (3-t-butyllnden- -yl)zurconlum 2-methyl-

1,3-butadiene;
bis(trimethylsilyl)amidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium 2,3-
dimethyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium 2-N,N-
dimethylaminobenzyl;
bis(trimethyisilyl)amidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium aliyl;
bis(trimethylsilyl)amidoborane-bis-n*-(3-t-butylinden-1-yhzirconium n*-1,4-
diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane-bis-n’-(3-t-butylinden-1-yl)zirconium n*-2,4-
hexadiene;
bis(timethylsilyl)amidoborane-bis-n°-(3-t-butylinden-1-yl)zirconium n*-1,4-
dinaphthyl-1,3-butadiene; _
bis(trimethylsilyl)amidoborane-bis-n>-(3-t-butylinden-1-yl)zirconium n*1-
phenyi-1,3-pentadiene;
bis(trimethylsilyl)amidoborane-bis-n"-(3-t-butylinden-1-yl)zirconium n*-1,3-
pentadiene;

bis(diisopropylamido)diborane-1,2-bis-n’-(2-methyl-4-phenylinden-1-
yh)zirconium dichloride; '

bis(diisopropylamido)diborane-1,2-bis-n’-(2-methyl-4-phenylinden-1-
yhzirconium dimethyl;

bis(diisopropylamido)diborane-1 2—bns—n °-(2-methyl-4-phenylinden-1-
yl)zirconium bis-dimethylamide;

bis(diisopropylamido)diborane-1,2- -bis-n° (2-methyl-4-phenyhnden-1-
yl)zirconium 2-methyl-1,3-butadiene;

bis(dilsopropylamido)diborane-1,2-bis-n’-(2-methyl-4-phenylinden-1-
yl)zirconium 2,3-dimethyl-1,3-butadiene;

bis(diisopropylamido)diborane-1 2-bis«ns-(2-methyl-4-p_henylinden-1 -
yl)zirconium 2-N,N-dimethylaminobenzyl;

bls(dnsopropylamldo)dlborane-1 2-bis-n® (2-methyl-4-phenylmden-1-
yl)zirconium allyl;

bis(diisopropylamido)diborane-1 ,2-bis-n’-(2-methyl-4-phenylinden-1-
yl)zirconium n*-1 ,4-diphenyl-1 ,3-butadiene;
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bis(diisopropylamido)diborane-1 ,2-bis-n°-(2-methyl-4-phenylinden-1-.-
yl)zirconium n“-2,4—hexadierié;
| bis(diisopropylémido)diborane—1 2-bis-n’-(2-methyl-4-phenylinden-1- -
yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;
bis(diisopropylamido)diborane-1 2-b|s~r| (2-methy|-4-phenylmden-1-
yl)zxrcomum n*-1-phenyl-1,3-pentadiene;
bls(dusopropylamndo)diborane-1 2-bis-n’-(2- methyl-4-phenylmden -1-
yl)zirconium n*-1,3-pentadiene; -

dimethylamidoborane-bis-n®-cyclopentadienyl hafnium dichloride;
dimethylamidoborane-bis-n’-cyclopentadieny! hafnium dimethyl;
dimethylamidoborane-bis-n’>-cyclopentadienyl hafnium bis-dimethylamide;
dimethylamidoborané—bis«ns-cyclopentadienyl hafnium 2-methyi-1,3-
butadiene; ' ' '
dimethylamidoborane-bis-n’-cyclopentadienyl hafnium 2,3-dimethyl-1,3-
butadiene' : ' -
dlmethylamldoborane-bls-n -cyclopentadlenyl hafnium 2-N,N-
dimethylaminobenzyl; '
d|methylamidoborane-.bis-ns-cyclope‘ntadienyl hafnium allyl;
dimethylamidoborane-bisms-cyclopentadienyl hafnium n*-1,4-diphenyl-1,3-
butadiene; ' ' '
dimethylamidoborane-bis-n®-cyclopentadienyl hafnium n*-2,4-hexadiene; "
dimethylamidoborane-bis«ns-c'yclopentadienyl hafnium n*-1,4-dinaphthyl-1,3-
butadiene; - '
dlmethylamldoborane-bls-n -cyclopentadlenyl hafnlum n -1—phenyl -1 3- '
pentadiene;
dimethylamidoborane-bis-n°-cyclopentadienyl hafnium n°1,3-pentadiene;

dimethylamid'oborane-bisms-n-bUtylcycIopentadiényl hafnium dichloride;
dimethylamidoborane-bisms-n-butylcycloperitadie'nyl hafnium dimethyl;
dimethyIamidoborané-bis-ns-n-butylcyclopentadienyl hafnium bis-
dimethylamide; |
dimethylamidoborané-bisms-n-butylcyclopentadie‘nyl: hafnium 2-methyl-1,3-
butadiene; ' : o '
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dimethylamidoborane-bis-n"-n-butylcyclopentadienyi Héfnium 2,3-dimethyi-
1,3-butadiene; |

dimethylamidoborane-bis-n>-n-butylcyclopentadienyl hafnium 2-N,N-
dimethylaminobenzyi;

dimethylamidoboraneé-bis-n®-n-butylcyclopentadienyl hafnium allyl;

dimethylamidoborane-bis-n’-n-butylcyclopentadieny! hafnium n*-1,4-diphenyl-
1,3-butadiene;

dimethylamidoborane-bis-n’-n-butylcyclopentadieny! hafnium n*-2,4-
hexadiene;

dimethylamidoborane-bis-n’-n-butylcyclopentadienyl hafnium n*-1,4-
dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-n’-n-butylcyclopentadienyl hafnium n*-1-phenyl-1,3-
pentadiene; '

dimethylamidoborane-bis-’>-n-butylcyclopentadieny! hafnium n°-1,3-
pentadiene; '

dimethylamidoborane-bis-n*-inden-1-ylhafnium dichloride;
dimethylamidoborane-bis-n>-inden-1-ylhafnium dimethyl;
dimethylamidoborane-bis-n’-inden-1-ylhafnium bis-dimethylamide;
dimethylamidoborane-bis-n’-inden-1-ylhafnium 2-methyl-1,3-butadiene;
dimethylamidoborane-bis-n’-inden-1-ylhafnium 2,3-dimethyl-1,3-butadiene;
dimethylamidoborane-bis-n’>-inden-1-ylhafnium 2-N,N-dimethylaminobenzyl;
dimethylamidoborane-bis-n*-inden-1-ylhafnium ally;
dimethylamidoborane-bis-n*-inden-1-ythafnium *-1,4-diphenyl-1,3-butadiene;
dimethylamidoborane-bis-n*>-inden-1-ythafnium n*-2,4-hexadiene;
dimethylamidoborane-bis-n’>-inden-1-ylhafnium n*-1,4-dinaphthyl-1,3-
butadiene;
dimethylamidoborane-bis-n>-inden-1-ythafnium n-1-phenyl-1,3-pentadiene;
dimethylamidoborane-bis-n°-inden-1-ylhafnium n*-1,3-pentadiene;

dimethylamidoborane-bis-n’-(2-methylinden-1-yi)hafnium dichloride;

dimethylamidoborane-bis-n’-(2-methylinden-1-yl)hafnium dimethyl;
dimethylamidoborane-bisms-(2-methy|inden—1 -yhhafnium bis-dimethyiamide;

-30-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 00/20426 - PCT/US99/20538
dimethylamidoborane-bis-n’-(2-methylinden-1-yl)hafnium 2-methyl-1,3- -
butadiene; '
dimethylamidoborane-bis-n*~(2-methylinden-1-yl)hafnium 2,3-dimethyl-1,3-
butadiene; -
dimethylamidoborane-bisn"- (2-methyhnden-1 -yl)hafmum 2-N,N- .
dimethylaminobenzyl; '
dimethylamidoborane-bis-n"-(2-methylinden-1-yl)hafnium allyl;
dimethylamidoborane-bis-n°-(2-methylinden-1-y))hafnium n*-1,4-diphenyl-1,3-
butadiene; '
dimethylamidoborane-bis-n®-(2-methylinden-1-yl)hafnium n*-2,4-hexadiene;
dlmethylamldoborane bis-n’-(2-methylinden-1-yl)hafnium n *-1,4-dinaphthyl- -
1,3-butadiene; '
dimethylamidoborane-bis-n°~(2-methylinden-1-yl)hafnium n*-1-phenyl-1 3"
pentadiene; '
dimethylamidoborane-bis-n®-(2-methylinden-1-yhafnium n*-1,3-pentadiene;

dimethylamidoborane-bis-n"-(2-methyl-4-phenylinden-1-yl)hafnium dicﬁloride;

dimethylamidoborane-bis-ns-(-z-methyl-4-phenylinden- -yl)hafnium dimethyl;

dlmethylamldoborane-b:s-n (2-methyl-4-pheny!|nden- -yhhafnium bis-
dimethylamide; '

dlmethylamldoborane-bnsm -(2-methyl-4-phenylinden-1-yhhafnium 2-methy|-
1,3-butadiene;

dtmethylamldoborane-blsm (2 -methyl-4-phenylinden-1-yl)hafnium 2,3-
dimethyl-1,3-butadiene; . :

dlmethylamldoborane-bnsm (2-methyl-4-phenyl|nden- —yl)hafmum 2-N,N-
dimethylaminobenzyl;

dlmethylamldoborane-bls«n (2-methyl-4-phenylmden- -yhhafnium aliyl;

dimethylamidoborane-bis-n 5.(2-methyl-4-phenylinden-1-yl)hafnium n *1.4-
diphenyl-1,3-butadiene;

dimethylamidoborane-bis-n® (2-methyl-4-phenyl|nden- -yhhafnium m -2 4-
hexadiene;

d:methylamldoborane-bls-n (2-methyl-4 phenyhnden- -yl)hafnium n*-1,4-
dinaphthyl-1,3-butadiene;
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dimethylamidoborane-bis-qu-(z-methyl-4-phenylinden¥1 -yhhafnium n*1- -
phenyi-1,3-pentadiene;
dimethylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)hafnium n*-1,3-
pentadiene;

dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yi)hafnium
dichloride;
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-ylhafnium dimethyt;
dimethylamidoborane-bisn’-(2-methyl-4-naphthylinden-1-yl)hafnium bis-
dimethylamide; .
dimethylamidoborane-bis-n°-(2-methyl-4-naphthylinden-1-yl)hafnium 2-
methyl-1,3-butadiene;
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium 2,3-
dimethyi-1,3-butadiene;
dimethylamidoborane-bis-n"-(2-methyl-4-naphthylinden-1-yl)hafnium 2-N,N-
dimethylaminobenzyl; -
dimethylamidoborane-bis-n*-(2-methyl-4-naphthylinden-1-yl)hatnium ally;
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-ylhafnium n*-1,4-
diphenyl-1,3-butadiene; :
dimethylamidoborane-bis-n’>-(2-methyl-4-naphthylinden-1-yl)hafnium n®*-2,4-
hexadiene; : ' -
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium n*1,4-
dinaphthyl-1,3-butadiene;
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yhhafnium n*-1-
phenyi-1,3-pentadiene; :
dimethylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yhhafnium n*-1,3-
pentadiene;

dimethylamidoborane-bis-n>-(3-isopropylinden-1-yl)hafnium dichloride;

dimethylamidoborane-bis-n®-(3-isopropylinden-1-yl)hatnium dimethyl;

dimethylamidoborane-bis-n’-(3-isopropylinden-1-yl)hafnium bis-
dimethylamide;

dimethylamidoborane-bis-n’-(3-isopropylinden-1-yl)hafnium 2-methyl-1,3-
butadiene;
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dimethylamidoborane-bisms-(s-isopropylinde‘n-1 -yl)hafnium 2,3-dimethyl-1,3-
butadiene;

dlmethylamldoborane-blsm (3-|sopropyhnden- -yhhafnium 2-N,N-
dimethylaminobenzyl;

dimethylamidoborane-bis«ns-(3-isopropylinden—1 -yhhafnium allyl;

dimethylamidoborane-bis—ns-(S-isopropylinden-1 -ylJhafnium n*-1,4-diphenyl-
1,3-butadiene; | -

dimethylamidoborane-bis-n-(3-isopropylinden-1-yljhafnium n*2,4-hexadiene;

dlmethylamndoborane-bns-n -(3-isopropylinden-1 -yl)hafnlum n*-1,4-dinaphthyl-
1,3-butadiene;

dxmethylamndoborane-busan (3-|sopropylmden 1-yhhafnium n -1-pheny| -1,3-
pentadiene; '
dimethylamidoborane-bis-n’-(3-isopropylinden-1-yl)hatnium n*-1,3-
pentadiene; '

dimethylamidobora_ne-bis—ns-(s-t-butylinden-1 -y)hafnium dichloride;
dimethylamidoborane-bis-n’-(3-t-butylinden-1-yl)hafnium dimethyl;
dimethylamidoborane-bis«ns-(a-bbutylinden- ~yi)hafnium bis-dimethylamide;
d:methylamndoborane-bus«n (3-t-butyhnden- -yl)hafnium 2-methyi-1,3-
butadlene '

dlmethylam;doborane-bls-n (3-t-butylmden- -yl)hafmum 2 3-d|methyl-1 3-
butadiene;

dlmethylamldoborane-blsm -(3-t-butylinden-1-yl)hafnium 2-N,N-
dimethylaminobenzyi;

dlmethylam:doborane-bls-n (3—t-butylmden- -yl)hafnium allyl;

dimethylamidoborane-bis-n °-(3-t-butylinden-1-yl)hafnium n *-1,4-diphenyl-1,3-
butadiene;

dimethylamldoborane-bls«n -(3-t-butylinden-1-yi)hafnium n 4-2 4-hexadiene;

dimethylamidoborane-bis-n °-(3-t-butylinden-1-yl)hafnium n *.1,4-dinaphthyl-
1,3-butadiene;

dimethylamidoborane-bis«n"’-(3-t-butylinden-1 -yhhafnium n*-1-phenyl-1,3-
pentadiene;

dlmethylamldoborane-blsvn -(3-t-butylinden-1-yl)hafnium n 4-1,3- pentadnene
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diiscpropylamidobbraﬁe-bis-ns—cyclopentadienylhafﬁidm dichloride;
diisopropylamidoborane-bis-n’-cyclopentadienylhafnium dimethyi;
diisopropylamidoborane-bis-n’-cyclopentadienylhafnium bis-dimethylamide;
diisopropylamidoborane-bis-n’-cyclopentadienythafnium 2-methyl-1,3-

butadiene;

diisopropylamidoborane-bis-n’-cyclopentadienylhafnium 2,3-dimethyl-1,3-
butadiene;

diisopropylamidoborane-bis-n"-cyclopentadienylhafnium 2-N,N-
dimethylaminobenzyl; '

diisopropylamidoborane-bis-n>-cyclopentadienylhafnium allyl;

diisopropylamidoborane-bis-n°-cyclopentadienylhafnium n*-1,4-diphenyl-1,3-
butadiene;

diisopropylamidoborane-bis-n’-cyclopentadienylhafnium n*-2,4-hexadiene;

diisopropylamidoborane-bis-n’-cyclopentadienylhafnium n*-1,4-dinaphthy-
1,3-butadiene;

diisopropylamidoborane-bis-n’-cyclopentadienylhafnium n*-1-phenyl-1,3-
pentadiene;

diisopropylamidoborane-bis-n°-cyclopentadienylhatnium n°-1,3-pentadiene;

diisopropylamidoborane-bis-n’-inden-1-ylhafnium dichloride;
diisopropylamidoborane-bis-n’-inden-1-ylhafnium dimethyl;
diisopropylamidoborane-bis-n>-inden-1-ylhafnium bis-dimethylamide;
dilsopropylamidoborane-bis-n’-inden-1-ylhafnium 2-methyl-1,3-butadiene;
diisopropylamidoborane-bis-n’-inden-1-ylhafnium 2,3-dimethyl-1,3-butadiene;
diisopropylamidoborane-bis-n®-inden-1-ylhafnium 2-N,N-dimethylaminobenzyl;
diisopropylamidoborane-bis-n®-inden-1-ylhafnium allyl;
diisopropylamidoborane-bis-n’-inden-1-ylhafnium n*-1,4-diphenyl-1,3-
butadiene; '
dilsopropylamidoborane-bis-n’-inden-1-ylhafnium n*-2,4-hexadiene;
diisopropylamidoborane-bis-n°®-inden-1-ylhafnium n*-1,4-dinaphthyi-1,3-
butadiene; '
diisopropylamidoborane-bis-n’-inden-1-ylhafnium n*-1-phenyl-1,3-pentadiene;
diisopropylamidoborane-bis-n’-inden-1-ylhafnium w*-1,3-pentadiene;
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diisopropylamidoboranei-bis~n5-(2-methylinden-1 -yl)hatnium dichforide;

diisopropylamidoborane-bisans-(z-methylinden-1 -yhhafnium dimethyl;

diisopropylamidoborane-bis-n -(2-methylmden- -yhhafnium bis- "
dimethylamide; -

dusopropylamndoborane-bls-n (2-methyhnden 1-yhhafnium 2-methyl-1,3-
butadiene;
diisopropylamidoborane-bis-n’ (2-methylmden— -yl)hafnium 2,3-dimethyl-1,3-
butadiene; '

dusopropylamldoborane blS-‘n (2-methyhnden- -yl)hafnium 2-N,N-
dimethylaminobenzyl; ' ' -

diisopropylamidoborane-bis-n -(2-methy||nden 1-yl)hafn|um allyl;

dinsopropylam|doborane-b|s-n -(2-methylinden-1-yl)hafnium n*-1,4-diphenyl-
1,3-butadiene;

diisopropylamidoborane-bis-n"-(2-methylindéen-1-yljhafnium n*-2,4-hexadiene;

diisopropylamidoborane-bis-n’>-(2-methylinden-1 -yl)hafmum n*-1,4-dinaphthyl- -
1,3-butadiene; - ' L
dulsopropylamldoborane-bls-n (2-methyl|nden- -yhhafnium n*-1 -phenyl-1 3-
pentadiene; - _ : -
diisopropylamidoborane-bis-n -(2-methyl|nden— -yl)hafmum n*1,3-
pentadiene; ' ' - '

diisopropylamidoborane-bis«ns-(z-methyl.-4-phenylinden-1 -yhhafnium
dichloride; _ _
dnsopropylamldoborane-bism (2-methyl-4-phenyhnden 1-yl)hatnium
dimethyl; . . .
diisopropylamidoborane-bis-n* (2-methyl-4-phenyllnden-1 -yl)hafnium bis-
dimethylamide; : : _

diisopropylamidoborane-bis-n’ (2-methyl—4-phenyhnden— -yl)hafmum 2-
methyi-1 3-butad|ene

dusopropylamldoborane-bls-n (2-methyl-4-phenylmden- -yl)hafmum 2,3-
dimethyl-1,3-butadiene;

diisopropylamidobor_ane-bis-n5-(2-me,thyl-4-phenylinden-1-y_l)ha_fnium_Z-N,N-
dimethylaminobenzyl;

dusopropylamtdoborane-b:s-n (2-methyl-4—phenylmden— -yl)hafmum allyl
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diisopropylamidoborane-bis-n> (2-methyl-4-phenyhnden— -yhhafnium n*-1,4-

diphenyi-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2- methyl-4-pheny||nden- -yl)hafnium n*-2,4-

hexadiene; .

diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)hafnium n*-1,4-

dinaphthyl-1,3-butadiene;

diisopropylamidoborane-bis-n’>-(2-methyl-4-phenylinden-1-yi)hafnium n*-1-

phenyl-1,3-pentadiene;

diisopropylamidoborane-bis-n> (2-methy|-4-phenyl|nden- -yhhafnium n*-1,3-

pentadiene;

diisopropylamidoborane-bis-n’>-(2-methyl-4-naphthylinden-1-yl)hafnium

dichloride;

diisopropylamidoborane-bis-n>-(2-methyl-4-naphthylinden-1-yi)hafnium

dimethy!;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden- 1-yl)hafnium bus- :

dimethylamide;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium 2-

methyl-1,3-butadiene;

dusopropylamldoborane-blsm -(2-methyi-4-naphthylinden- 1-y|)hafn|um 2,3-

dimethyl-1,3-butadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium 2-N,N-

dimethylaminobenzyl;

diisopropylamidoborane-bis-n>-(2-methyl-4-naphthylinden-1-yl)hafnium allyl;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yl)hafnium n*-1,4-

diphenyl-1,3-butadiene;

diisopropylamidoborane-bis-n>-(2-methyl-4-naphthylinden-1-ylhafnium n*-2,4-

hexadiene;

diisopropylamidoborane-bis-n>-(2-methyl-4-naphthylinden-1-yl)hafnium n?*-1,4-

dinaphthyl-1,3-butadiene;

) diisopropylamidoborane-bis-n>-(2-methyl-4-naphthyiinden-1-yl)hafnium n*-1-

phenyl-1,3-pentadiene;

diisopropylamidoborane-bis-n’-(2-methyl-4-naphthylinden-1-yhhafnium n*1,3-

pentadiene;
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| diisopropylamidoborane-bis-n*-(3-isopropylinden-1-yl)hafnium dichloride;

diisopropylamidoborane-bis-n’>~(3-isopropylinden-1-yljhafnium dlmethyl

dusopropylamldoborane—brs-n ®.(3-isopropylinden-1-yl)hafnium bis-
dimethylamide;

dnsopropylamndoborane-bus—n -(3-isopropylinden-1-ylhafnium 2-methyt-1 3-
butadiene;

diisopropylamidoborane-bis-n’-(3-isopropylinden-1-ylhafnium 2,3-dimethyl-
1,3-butadiene; '

diisopropylamidobomne-bisms-(s-isopropylinden-1: -yl)hafriium 2-N,N-
dimethylaminobenzyl;

diisopropylamidoborane-bis-n’-(3-isopropylinden-1-y)hafnium ally};

diisopropylamidoborane-bis-n"~(3-isopropylinden-1-ylhafnium n*-1,4-
diphenyl-1,3-butadiene;

diisopropyiamidoborane-bis-n5~(3-isopropylinden-1 -yl)hafnium n*2,4-
hexadiene;

diisopropylamidoborane-bis-n’ (3-|sopropyllnden- -yl)hafnlumn -1,4-
dinaphthyi-1,3-butadiene;

diisopropylamidoborane-bis-n>-(3-isapropylinden-1-ylhafnium n*-1 -phenyl-
1,3-pentadiene;

diisopropylamidoborane-bis-n’-(3-isopropylinden-1-yljhafnium n*1,3-
pentadiene;

diisopropylamidoborane-bis-n>-(3-t-butylinden-1-ylhafnium dic_:hloride;

diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)hafnium dimethyl;

diisopropylamidobora'ne-b‘is-ns-(s-t-butylinden-i -yl)hafnium bis-
dimethylamide;

diisopropylamidoborane-bis-ns-(3~t-bUtyIindeh-1 -yhhafnium 2-methyl-1,3-
butadiene;

diisopropylamidoborane-bis-n’-(3-t-butylinden-1 -yl)hafnlum 2,3-dimethyl-1,3-
butadiene;

diisopropylamidoborane-bis-n>-(3-t-butylinden-1-yt)hafnium 2-N,N-
dimethylaminobenzyl, :

diisopropylamidoborane-bis-n°-(3-t-butylinden-1-yl)hafnium allyl;
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diisopropylamidoborane-bis-n’-(3-t-butylinden-1 -yl)héfnium n*-1,4-diphenyl-
1,3-butadiene;
diisopropylamidoboranie-bis-n’-(3-tbutylinden-1-y)hafnium n*-2,4-hexadiene;
diisopropylamidoborane-bis-n>-(3-t-butylinden-1-ylhafnium *-1,4-dinaphthyl-
1,3-butadiene;
diisopropylamidoborane-bis-n>-(3-t-butylinden-1-ylhafnium n*-1-phenyi-1,3-
pentadiene; ' '
diisopropylamidoborane-bis-n’-(3-t-butylinden-1-yl)hafnium n*-1,3-pentadiens;

bis(trimethylsilyl)amidoborane-bis-n‘"-cyclopehtadienylhafnium dichloride;

bis(trimethyisilyl)amidoborane-bis-n"-cyclopentadienylhafnium dimethy!;

bis(trimethyisilyl)amidoborane-bis-n"-cyclopentadienylhafnium bis-
dimethylamide;

bis(trimethylsilyl)amidoborane-bis-n’-cyciopentadienylhafnium 2-methyi-1,3-
butadiene;

bis(trimethylsilyl)amidoborane-bis-n"-cyclopentadienythafnium 2,3-dimethyl-
1,3-butadiene; ,

bis(trimethylsilyl)amidoborane-bis-n’-cyclopentadienylhafnium 2-N,N-
dimethylaminobenzyl; .

bis(trim_ethylsilyl)amidoborane-bis»ﬁ"’-cyclopentadienylhafnium allyt;

bis(trimethylsilyl)amidoborane-bis-n"-cyclopentadienylhafnium n*-1,4-
diphenyi-1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-n’-cyclopentadienylhafnium n*-2,4-
hexadiene;

bis(trimethylsilyl)amidoborane-bis-n’-cyclopentadienythafnium n*-1,4-
dinaphthyl-1,3-butadiene; LA

bis(trimethylsilyl)amidoborane-bis-n°-cyclopentadienylhafnium n°*-1-phenyl-
1,3-pentadiene;

bis(trimethylsilyl}amidoborane-bis-n°-cyclopentadienyihafnium =°-1,3-
pentadiene;

bis(trimethylsilyl)amidoborane-bis-n’-inden-1-ythafnium dichloride;
bis(trimethylsilyl)amidoborane-bis-n’>-inden-1-ylhafnium dimethyl;
bis(trimethylsilyl)amidoborane-bis-n"-inden-1-ylhafnium bis-dimethylamide;
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bis(trimethylsiIyl)ami_dobdrane-bism5-inde'n-1 -ylhafnium 2-methyi-1,3- -
butadiene; | ' -
bis(trimethylsiIy.l)amidoborane-bis-ns—inden-1 ylhafnium 2,3-dimethyl-1,3-
butadiene; . : o
bis(trimethylsilyl)amidoborane-bis-ns-inden-1 -ylhafnium 2-N,N-
dimethylaminobenzyl; :
bis(trimethylsilyl)amidoborane-bis-ns-inden-1 -ylthafnium allyl;
bis(trimethylsilylyamidoborane-bis-n®-inden-1-ylhafnium n*-1,4-diphenyi-1,3-
butadiene;
bis(trimethylsilyl)amidoborane-bis-n’-inden-1-ythafnium n*2,4-hexadiene;
bis(trimethylsilyl)amidoborane-bis~n5-inden-1 -ythafnium n*-1,4-dinaphthyl-1,3-
butadiene; : L S - ' .
bis(trimethylsilyl)amidoborane-bis-n"inden-1-ylhafnium n*-1-phenyl-1,3-
pentadiene; _
bis(trimethylsilyl)amidoborane-bis-n*-inden-1-ylhafnium n*-1,3-pentadiene; -

bis(trimethylsiIyl)amid_oborane-bisms-(z-methylinden-1 -yl)hafnium dichloride;

bis(trimethylsinI)amidobomne-bisms-(z-methylinden-1 -yhhafnium dimethyl;

bis(frimethylsilyl)amidoborane-bis-ns-(z-methylinden-1 -yhhafnium bis-
dimethylamide; - S : o
bis(trimethyIsiIyl)amidoboraneebis-fn5-(2-methylinden-1 -yh)hafnium 2-methyl-
1,3-butadiene; -

bis(trimethylsilyl)amjdoborane-bisms-(z-methylinden-1 -yl)hafnium 2,3-
dimethyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-«ns-(Z-methylinden-1 -yh)hafnium 2-N,N-
dimethylaminobenzyl;

bis(trimethylsilyl)amidoborane-bi_swrf‘-(2-methylinden-1 -yhhafnium allyt; -

bis(trimethyisilyl)amidoborane-bis-n"-(2-methylinden-1-yl)hafnium n*1,4-
diphenyl-1,3-butadiene; - - T : ' o

bis(trimethylsilyl)amidoborane-bis-ns-(2-methylinden-1 -yhihafnium n*-2,4-
hexadiene;

bis(trimethylsilyl)amidoborane-bisn-(2-methylinden-1-yl)hafnium n*1,4-
dinaphthyl-1,3-butadiene; ' - '
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bis(tn‘methylsilyl)amidobdrane-bisms-(2—methylindeﬁ-1 -yhhafnium n*-1-pheny!-
1,3-pentadiene;
bis(trimethylsilyl)amidoborane-bis-n’-(2-methylinden-1-yl)hafnium *-1,3-
pentadiene; -

bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)hafnium
dichloride;
bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-phenylinden-1-ylhafnium
dimethyi;
bis(trimethylsilyl)amidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)hafnium
bis-dimethylamide;
bis(trimethylsilyl)amidoborane-bis-n>-(2-methyi-4-phenylinden-1-yhhafnium 2-
methyl-1,3-butadiene; , :
bis(trimethylsilyl)amidoborane-bis-n"-(2-methyl-4-phenylinden-1-yl)hafnium
2,3-dimethyl-1,3-butadiene; :
bis(trimethylsilyI)émidoborane-bis-ns-(z-methyl-4-phenylinden~1 -yhhafnium 2-
N,N-dimethylaminobenzyl;
bis(trimethylsilyl)amidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)hafnium
aliyt; _
bis(trimethyisilyl)amidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)hafnium n*-
1,4-diphenyl-1,3-butadiene;
bis(trimethylsilyl)amidoborane-bis-n°-(2-methyl-4-phenylinden-1-yl)hafnium n*-
2,4-hexadiene; |
bis(trimethylsilyl)amidoborane-bis-n’-(2-methyl-4-phenyiinden-1-yhhafnium n*-
1,4-dinaphthyl-1,3-butadiene; |
bis(trimethylsilyl)afnidoborane-bis-ns-(z-methyl-4-phenylinden-1 -yhhafnium n*-
1-phenyi-1,3-pentadiene;
bis(trimethylsilyl)amidoborane-bis-n>-(2-methyl-4-phenylinden-1-y)hafnium n*-
1,3-pentadiene;

bis(tﬁmethylsilyl)amidoborane-bis—ns-(2-methyl-4-naphthylihden-1 -yhhafnium
dichloride; | - |

bis(trimethyisilyl)am idoborane-bis_-ns-(2-methyl-4-naphthylinden-1 -y)hafnium
dimethyl; |
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bus(tnmethylsilyl)amldoborane-bls«n (2-methyl-4-naphthylmden- -yl)hafmum
bis-dimethylamide;

bls(tnmethyls1Iyl)amldoborane-blsm <(2-methyl-4-naphthylinden-1 -yl)hafmum
2-methyi-1,3-butadiene;

bls(tnmethylsﬂyl)amidoborane-bisms-(z-memyl-4-naphthylinden-1 -y)hafnium
2,3-dimethyl-1,3-butadiene; '

bns(tnmethyISIIy!)amldoborane-bls-fn (2-methyl-4-naphthylmden 1-yl)hafmum '

- 2-N,N- dlmethylammobenzyl

bis(trimethylsilylJamidoborane-bis-n°>-(2-methyl-4-naphthylinden-1-yl)hafnium

bls(tnmethylsulyl)amndoborane-bls«n (2-methyl-4-naphthylmden— -yl)hafmum
n*-1 4-d|phenyl-1 3-butadiene;"
bls(tnmethylsnyl)amxdoborane bis-n’-(2-methyi- 4-naphthylmden- -yl)hafmum -'
n*-2,4-hexadiene; :
bns(tnmethylsvlyl)amldoborane-bns-n (2-methyl-4-naphthylmden— -yl)hafmum
n*-1,4-dinaphthyi-1,3- butadiene;
bis(trimethylsilyl)amidoborane-bis-n -(2-methyl-4-naphthyhnden- -yl)hafmum
n*1-phenyl-1,3-pentadiene;
bls(tnmethylsnlyl)amndoborane-bisms-(z-methyl-4-naphthylinden-1'-yl)hafnium
n*-1,3-pentadiene; | o N

: bis(trimethylsilyl)amidoborane—bis«l's-(3-isoprbpylinden-1"-yl)hafniuin |

| dichloride;

brs(tnmethylsnlyl)amldoborane-b's-n (3-isopropylmden 1-yl)hafn|um dimethyl;

bls(tnmethylsﬂyl)amldoborane-bls-n (3—:sopropyhnden 1-yh)hafnium bis- '
dimethylamide;

b;s(tnmethylsilyl)amidoborane-bis-ns-(3-isopropylinden-1 -yl)hafhium 2-methyl-
1,3-butadiene; | | '

bls(tnmethyIS|Iyl)amsdoborane-blsm -(3-isopropylinden-1-yl)hafnium 2 3-
dnmethyl -1,3-butadiene;

bls(tnmethyls|Iyl)am|doborane-b13vn (3-|sopropyl|nden- -yl)hafmum 2-N, N-
dimethylaminobenzyl;

bls(tnmethylsﬂyl)amldoborane-b:s-n (3-|sopropylanden- -yl)hafnium allyl
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bls(tnmethylmlyl)amldoborane-msm (3-|sopropylmden- -yjhafnium 1*1,4-
diphenyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-n°-(3-isopropylinden-1-yi)hatnium n*-2,4-
hexadiene;

bis(trimethylsilyl)amidoborane-bis-n"-(3-isopropylinden-1-yhhafnium n*-1,4-
dinaphthyl-1,3-butadiene;

bis(trimethyisilyl)amidoborane-bis-n>-(3-isopropylinden-1-yl)hafnium n*-1-
phenyl-1,3-pentadiene;

bis(trimethylsilyl)amidoborane-bis-n’-(3-isopropylinden-1-yl)hafnium n°*-1,3-
pentadiene;

bis(trimethyisilyl)amidoborane-bis-n’-(3--butylinden-1-yljhafnium dichloride;

bis(trimethyisilyl)amidoborane-bis-n"-(3-t-butylinden-1-yl)hafnium dimethyl;

bis(trimethylsilyl)amidoborane-bis-n"-(3-t-butylinden-1-yl)hafnium bis-
dimethylamide; '

bis(trimethylsilyl}amidoborane-bis-n -(3-t-butylmden- -yhhafnium 2-methyl-
1,3-butadiene;

bls(tnmethylsuyl)amldoborane-bls-n -(3-t-butylinden-1-ylhafnium 2,3-
dimethyl-1,3-butadiene;

bis(trimethylsilyl)amidoborane-bis-n>-(3-t-butylinden-1-yl)hafnium 2-N,N-
dimethylaminobenzyl;

bis(trimethylsilyl)amidoborane-bis-n’ (3-t-butyl|nden 1-yhhafnium allyl;

bls(tnmethylsnyl)amldoborane-blsm °-(3-t-butylinden-1-yl)hafnium n*-1 ,4—
diphenyl-1,3-butadiene; _

bis{trimethylsilyl)amidoborane-bis-n’-(3-t-butylinden-1-yhhafnium n*-2,4-
hexadiene;

bls(trimethylsnlyl)amldoborane-bls-n -(3-t-butylinden-1-yl)hafnium n*-1,4-
dinaphthyl-1,3-butadiene; _

bis(trimethylsilyl)amidoborane-bis-n>~(3-t-butylinden-1-yl)hafnium n*-1-phenyi-
1,3-pentadiene;

bis(trimethylsilyl)amidoborane-bis-n>~(3-t-butylinden-1-yljhafnium n*-1,3-
pentadiene;

bis(diisopropylamido)diborane-1,2-bis-n°-(2-methyl-4-phenylinden-1-

_ yl)hafnium dichloride;
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bis(diisopropylamido)diborane-1 ,2-bis-n’-(2-methyl-4-phenylinden-1--
yhhafnium dimethyl; |

bis(diisopropylamido)diborane-1 ,2-bis-n’~(2-methyl-4-phenylinden-1- -
yhhafnium bis-dimethylamidé;

bis(diisopropylamido)diborane-1 ,2-bis-n’-(2-methyl-4-phenylinden-1-
yhhafnium 2-methyl-1,3-butadiene;

bis(diisopropylamido)_diborane'-1 ,2-bis-n’-(2-methyi-4-phenylinden-1- -
yhhafnium 2,3-dimethyl-1,3-butadiene;

bis(diisopropylamido)diborane-1 ,2-bis-n5-(2-methyl—4-pheriylinden—1 -
yDhafnium 2-N,N-dimethylaminobenzyk;

bls(dusopropylamldo)diborane-1 2-bis-n® (2-methyl-4-pheny||nden-1-
yljhafnium allyl; '

bls(dnsopropylamndo)dlborane-1 2-bis-n° (2-methyl—4~phenylmden-1-
yhhafnium n*-1,4-diphenyl-1,3-butadiene;

bis(diisopropylamido)diborane-1 ,2-bis-n’-(2-methyl-4-phenylinden-1-
yhhafnium n*-2,4-hexadiene; )

bis(diisopropylamido)diborane-1 ,2-bis-n’-(2-methyl-4-phenylinden-1-
yl)hafnium n*-1,4-dinaphthyl-1,3-butadiene; ' '

bls(dnsopropylam»do)dlborane-1 2-bis-n° (2-methy|-4 phenylmden-1-
yhhafnium n*-1-phenyl-1,3-pentadiene; '

bis(diisopropylamido)diborane-1 2-bis-n® (2-methyl-4-phenylmden-1-

yl)zirconium n*-1,3-pentadiene;

(n°-tetramethylcyclopentadienyl)(tert-butylamido)diisopropylamidoborane
titanium dichloride; : | - S

) -tetramethylcyclopentadlenyl)(tert-butylamldo)dusopropylamldoborane
titanium dimethyl; '

(n -tetramethylcyclopentadlenyl)(tert-butylamsdo)du|sopropylamndoborane
titanium bls-dlmethylamlde

(n -tetramethylcyclopentadlenyl)(tert butylamldo)dusopropylamldoborane
titanium 2-methyl-1,3-butadiene; |

] -tetramethylcyclopentadlenyl)(tert-butylamido)diisopropylamidoborane
titanium 2,3-dimethyl-1,3-butadiene; '
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(n -tetramethylcyclopentadlenyl)(tert butylamndo)dusopropylamldoborane
titanium 2-N,N-dimethylaminobenzyl;
(n’-tetramethylcyclopentadienyl)(tert-butylamido)diisopropylamidoborane
titanium allyl;
(n’~tetramethylcyclopentadienyl)(tert butylamldo)dusopropylamndoborane
titanium n*-1,4-diphenyl-1,3-butadiene;
(n°>-tetramethylcyclopentadienyl)(tert-butylamido)diisopropylamidoborane
titanium n*-2,4-hexadiene;
(n°-tetramethylcyclopentadienyl){tert-butylamido)diisopropylamidoborane
titanium n*-1,4-dinaphthyl-1,3-butadiene;
(n’>-tetramethylcyclopentadienyl)(tert-butylamido)diisopropylamidoborane
titanium n*-1-phenyl-1,3-pentadiene;
(n’-tetramethyicyclopentadienyl)(tert-butylamido)diisopropylamidoborane
titanium n*-1,3-pentadiene;

(n>~tetramethylcyclopentadienyl)(cyclohexylamido)diisopropylamidoborane
titanium dichloride;

n -tetramethylcyclopentadienyi)(cyclohexylamido)diisopropylamidoborane
titanium dimethyl;

> -tetramethyicyclopentadlenyI)(cyclohexylamido)dnsopropylamldoborane
titanium bis-dimethylamide;

(n°-tetramethylcyclopentadienyl)(cyclohexylamido)diisopropylamidoborane
titanium 2-methyl-1,3-butadiene;

(n°-tetramethylicyclopentadienyl)(cyclohexylamido)diisopropylamidoborane
titanium 2,3-dimethyl-1,3-butadiene;

(n">-tetramethylcyclopentadienyl)(cyclohexylamido)diisopropylamidoborane
titanium 2-N,N-dimethylaminobenzyl; .

(ns-tetramethylcyclopentadienyl)(cyclohexylamido)diisopropylamidoborane
titanium allyl;

(ns-tetramethylcyclopentadienyl)(cyclohexylamido)diisopropylamidoborane
titanium «*-1,4-diphenyi-1,3-butadiene;

(n>-tetramethyicyclopentadienyl){cyclohexylamido)diisopropylamidoborane
titanium n*-2,4-hexadiene;
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(n® -tetramethylcyclopentadlenyl)(cyclohexylamldo)dusopropylamldoborane

titanium n*-1,4-dinaphthyl-1,3-butadiene;

(n® -tetramethylcyclopentadlenyl)(cyc!ohexylam|do)dnsopropylam|doborane

titanium n*-1-phenyl-1 ,3-pentadiene;

(° -tetramethylcyclopentadtenyl)(cyclohexylamldo)dnsopropylamtdoborane

titanium n*-1 3-pentad|ene,

(m® -tetramethylcyclopentadienyl)(tert- butylamldo) bls(dusopropylam;de)
diborane titanium dichloride;

("’ -tetramethylcyclopentadlenyl)(tert-butylamtdo) b|s(dnsopropylam|de) '

diborane titanium dimethyl;
(n’-tetramethylcyclopentadienyl)(tert-butytamido) bls(dnsopropylamlde)

~ diborane titanium bis-dimethylamide;

(n°-tetramethylcyclopentadienyl)(tert-butylamido) bis(diisopropylamide)
diborane titanium 2-methyl-1,3-butadiene;

(n°>-tetramethylcyclopentadienyl)(tert-butylamido) bis(diisopropylamide)

diborane titanium 2,3-dimethyl-1,3-butadiene;
(n°-tetramethyicyciopentadienyl)(tert-butylamido) bis(diisopropylamide)
diborane titanium 2-N,N-dimethylaminobenzyl;
(n°-tetramethylcyclopentadienyl)(tert-butylamido) bis(diisopropylamide)
diborane titanium allyl; -
(n°-tetramethyicyclopentadienyl)(tert-butylamido) bis(diisopropylamide)
diborane titanium n*-1 4-diphenyl-1 3-butadiene;

(n’-tetramethyicyclopentadienyl)(fert-butylamido) bls(dnsopropylamlde)

diborane titanium n*-2,4-hexadiene;

(n°-tetramethylcyclopentadienyl)(tert-butylamido) bls(dnsopropylamide) '

diborane titanium n*-1,4-dinaphthyl-1,3-butadiene;

(n°>-tetramethylcyclopentadienyl)(fert-butylamido) bis(diisopropylamide)

diborane titanium n*-1-phenyi-1,3-pentadiene;

(n>-tetramethylcyclopentadienyl)(tert-butylamido) bis(diisopropylamide) |

diborane titanium n*-1,3-pentadiene;

(n°-tetramethylcyclopentadienyl)(phenylamido)diisopropylamidoborane |

titanium dichloride;
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n -tetramethylcyclopentadlenyl)(phenylamldo)dnsopropylamtdoborane
titanium dimethyl; . '
{n>-tetramethyicyciopentadienyl)(phenylamido)diisopropylamidoborane
titanium bis-dimethylamide;
(n>-tetramethylcyclopentadienyl)(phenylamido)diisopropylamidoborane
titanium 2-methyi-1,3-butadiene;
(n°-tetramethylcyclopentadienyl)(phenylamido)diisopropylamidoborane
titanium 2,3-dimethyl-1,3-butadiene;
{n°>-tetramethylcyclopentadienyl)(phenyliamido)diisopropylamidoborane
titanium 2-N,N-dimethylaminobenzyi;
(m*-tetramethylcyclopentadienyl)(phenylamido)diisopropylamidoborane
titanium allyl;
(n’-tetramethylcyclopentadienyf)(phenylamido)diisopropylamidoborane
titanium n*-1,4-diphenyl-1,3-butadiene;
(n°>-tetramethylcyclopentadienyl)(phenylamido)diisopropylamidoborane
titanium n*-2 ,/A-hexadiene;
(n® -tetramethylcyclopentad|enyl)(phenylam|do)dusopropylamldoborane
titanium n*-1 4-dinaphthyl-1,3-butadiene;
(n® -tetramethylcyclopentadlenyl)(phenylamndo)dnsopropylamtdoborane
titanium n*-1-phenyl-1,3-pentadiene;
(n*-tetramethylcyclopentadienyl)(phenylamido)diisopropylamidoborane
titanium n*-1,3-pentadiene;

(n’-tetramethylcyclopentadienyl)(tert-butylamido) dimethylamidoborane
titanium dichloride;

(n*-tetramethyicyclopentadienyl)(tert-butytamido) dimethylamidoborane
titanium dimethyl;

(n°-tetramethylcyclopentadienyl)(tert-butylamido) dlmethylamtdoborane
titanium bis-dimethylamide;

n° -tetramethylcyclopentadlenyl)(ten‘ butylamido) dimethylamidoborane
titanium 2-methyl-1,3-butadiene;

(n’>-tetramethylcyclopentadienyl)(tert-butylamido) dimethylamidoborane
titanium 2,3-dimethyl-1,3-butadiene;
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(n°-tetramethylcyclopentadienyl)(tert-butylamido) dimethylamidoborane -
titanium 2-N,N-dimethylaminobenzyl; o

(n°-tetramethylcyclopentadienyl)(tert-butylamido) dimethylamidoborane
titanium allyl;. '

(n°-tetramethylcyclopentadienyl)(tert-butylamido) dimethylamidoborane
titanium n*-1,4-diphenyl-1,3-butadiene; o

Q) -tetramethylcyclopentadlenyl)(tert butylamldo) dlmethylamldoborane '
titanium n*-2,4-hexadiene; '

(n®-tetramethylcyclopentadienyl)(tert- butylamldo) dlmethylamldoborane
titanium n*-1,4-dinaphthyl-1,3-butadiene;

(n -tetramethylcyclopentadlenyl)(tert-butylamido) dimethylamidoborane
titanium n*-1-phenyi-1,3-pentadiene;

(n -tetramethylcyclopentadlenyl)(tert butylamldo) dlmethylamldoborane

tutamum n*1 3-pentadsene,

(n°~inden-1 -yl)(tert-butylamido)diiSopropylamidoborahe titanium d'ichlori'de;
(n®-inden-1-yl)(tert-butylamido)diisopropylamidoborane titanium diméthyl_;
(m®-inden-1-yl)(tert-butylamido)diisopropylamidoborane titanium bis-
dimethylamide; | ' . _
(n°-inden-1 -yl)(tert-butylamndo)dnsopropylam|doborane titanium 2-methyl-1 3-
butadiene; :
(n°-inden-1-yl)(terH butylamldo)dllsopropylamldoborane titanium 2,3-dimethyl-
1,3-butadiene; :
(n®-inden-1-yl)( tert-butylamido)diisopropylamidoborane titanium 2-N,N-
dimethylaminobenzyl; '
(n®-inden-1-yl)(tert-butylamido)diisopropylamidoborane titanium aliyl;
(n°-inden-1-yl)(tert butylamldo)dnsopropylam:doborane titanium n*1,4-
diphenyl-1,3-butadiene;
(n°-inden-1 -yl)(tert-butylamldo)dusopropylamldoborane titanium n*-2,4-
hexadiene; . ' ' C
(n’-inden-1-yl)(tert-butylamido)diisopropylamidoborane titanium n*-1,4-
dinaphthyl-1,3-butadiene; o o -
(n>-inden-1-yl)(tert-butylamido)diisopropylamidoborane titanium n*-1-phenyl-
1,3-pentadiene;
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(n’-inden-1 -yl)(tert-butylam:do)dnsopropylamldoborane tltanlum n*1,3-
pentadiene;

(n°-2,3-dimethyl-1-)(tertbutylamido)diisopropylamidoborane titanium
dichloride;

(n*-2 3-d|methy|mden 1-yl)Y(tert-butylamido)diisopropylamidoborane titanium
dimethyl;

(n°-2,3-dimethylinden-1-yl)(tert-butylamido)diisopropylamidoborane titanium
bis-dimethylamide; |

(m°-2,3-dimethylinden-1 -yl)(tert-butylamldo)dusopropylamrdoborane titanium 2-
methyl-1,3-butadiene;

(n°-2,3-dimethylinden-1-yl)(tert-butylamido)diisopropylamidoborane titanium
2,3-dimethyl-1,3-butadiene; .

(n°-2,3-dimethylinden-1 -yl)(tert—butylamxdo)dusopropylamldoborane titanium 2-
N,N-dimethylaminobenzyl;
(n5-2,3-dimethylinden-1-yl)(tert-butylamido)diisopropylamidoboran_e_titanium
allyl; s | -
(n°>-2,3-dimethylinden-1 -yl)(tert-butylamido)diisopropylamidoborane titanium
n*-1,4-diphenyl-1,3-butadiene;

(n5-2,3-dimethylinden-'1 -yl)(ten-butylamido)diisopropylamidoborane titanium
n‘-2,4-hexadiene§

(n°-2,3-dimethylinden-1-yl)(tert-butylamido)diisopropylamidoborane titanium
n*1,4-dinaphthyl-1,3-butadiene;

(n5-2,3-dimethylinden-1 -yl)(tert-butylamido)diisopropylamidoborane titanium

n*-1-phenyl-1,3-pentadiene;

(n°-2,3-dimethylinden-1 -yl)(tert-butylamldo)dnsopropylamldoborane titanium
n*-1,3-pentadiene;

(m -2-pyrrohdenylinden-1-yI)(tert-butylamido)diiso:)propylamidoborahe titanium
dichloride; '

(n5-2-pyrrolidenylinden-1 -yI)(tert-butylamidb)diisopropylamidoborane titanium
dimethyl; _

(n*-2-pyrrolidenylinden-1-yl)(tert-butylamido)diisopropylamidoborane titanium
bis-dimethylamide;
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(n°-2-pyrrolidenylinden-1-yl)(tert-butylamido)diisopropylamidoborane titanium
2-methyi-1,3-butadiene; | |
(n°-2-pyrrolidenylinden-1 -yl)(tert-butylamldo)dnsopropylamldoborane titanium
2,3-dimethyl-1,3-butadiene; - ' - '
(n°-2-pyrrolidenylinden-1 -yl)(tert-butylamldo)dnsopropylamldoborane titanium -
2-N,N-dimethylaminobenzyl; .
(n®-2-pyrrolidenylinden-1 -yl)(tert-butylamido)diisopropylamidob_orane titanium
allyl;
) ~2-pyrrolldenylmden- -yl)(tert-butylamldo)dnsopropylamldoborane titanium -
n*1,4-diphenyl-1,3-butadiene; . .
(n°>-2-pyrrolidenylinden-1 -yl)(tert—butylamldo)dusopropylamldoborane titanium
n*-2,4-hexadiene; -
(n’°-2-pyrrolidenylinden-1 -yl)(tert-butylamndo)dusopropylamldoborane titanium
n*-1 .4-dinaphthyl-1,3-butadiene; ' ' '
(n®-2-pyrrolidenylinden-1 -yl)(tert-butylam|do)dusopropylamldoborane titanium-
n1- phenyl -1 3-pentadlene .
M -2-pyrrol|denyl|nden-1 -yI)(tert butylamldo)dnsopropylamldoborane titanium
1*-1,3-pentadiene;

bis-phenylamido-bis(diisopropyhmido)diborane titanium dichloride;
bis-phenylamido-bis(diisopropylamido)diborane titanium dimethyl;
' bis-phenylamido—bis(diisopropylamido)diborane titanium bis-dimethylamide;

bis-phenylamido-bis(diisopropylamido)diborane titanium 2-methyl-1,3-
butadiene; :

bis-phenylamido-| bls(dnsopropylamldo)dlborane titanium 2,3- dlmethyH 3-
butadiene; _ :
bis-phenylamido-bis(diisopropylamido)diborane titanium 2-N, N-
dlmethylammobenzyl

bis- phenylam|do-b|s(dnsopropylamldo)dlborane tltamum allyl
bis-phenylamido-bis(diisopropylamido)diborane titanium n *-1 4-d|phenyl-1 3-
butadiene; : :
bis-phenylamido-bis(diisopropylamido)diborane titanium n‘;2,4-hexadiene;

bis-phenylamido-bié(diisopropy!amido)diborane titanium n*-1 ,A-dinaphthyl-1,3-
butadiene; )
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bis-p_henylamido-bié(diisopropylamido)diborane titanium n*-1-phenyl-1,3-
pentadiene;
bis-phenylamido-bis(diisopropylamido)diborane titanium n*-1,3-pentadiene;

bis-2,6-diisopropyiphenylamido-bis(diisopropylamido)diborane titanium
dichloride;

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium
dimethyl;

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium bis-
dimethylamide; '

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium 2-
methyl-1,3-butadiene; :

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium 2,3-
dimethyl-1,3-butadiene;

bis-2,6-diisopropyiphenylamido-bis(diisopropylamido)diborane titanium 2-N,N-
dimethylaminobenzyl;

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium allyl;

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium n*1,4- -
diphenyl-1,3-butadiene; : '

bis-2,6-diisopropylphenyiamido-bis(diisopropylamido)diborane titanium n*2,4-
hexadiene; o

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium n*-1,4-
dinaphthyl-1,3-butadiene; |

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium n*-1-
phenyi-1,3-pentadiene; '

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane titanium n*-1,3-
pentadiene;

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium dichloride;

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium dimethyt;

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium bis-
dimethylamide;

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium 2-methyl-
1,3-butadiene;
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bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium 2,3- -
dimethyl-1,3-butadiene; '

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium 2-N,N-
dimethylaminobenzyl; _

bis-3,5--dimethylbenzylamido-bis(dimethylamido)diborane titanium allyl; -

bis-3,5--dimethylbenzylamido-bis(dimethylamido)diborane titanium n*-1,4-
diphenyl-1,3-butadiene;

bis-3 5-d|methylbenzylamudo-bns(dumethylamldo)dlborane titanium n*-2,4-
hexadiene; _ :
bis-3 5—d|methylbenzylamido-bls(dnmethylamldo)dlborane titanium n*-1,4-
dinaphthyi-1,3-butadiene; ' - -

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium n 41-
phenyl-1,3-pentadiene;

bis-3,5-dimethylbenzylamido-bis(dimethylamido)diborane titanium n*1,3-
pentadiene; | ) |

bis-2,6-dimethyl'benz_y'lamido-bi's(dimethylamido)diborane titanium dichioride;

bis-2,6-dimethylbenz'ylamido-bis(dimethyiamido)'diborane titanium dimethyl;

bis-2 6-dimethylbenzylamido-bis(dimethylamido)diborane titanium bis-
dlmethylamlde ' - '

bis-2 6-d|methylbenzylam|do-b|s(d|methylam|do)d|borane titanium 2-methyl—
1 ,3-butadiene; .

bis-2 6-d|methylbenzylam|do-b:s(dnmethylamldo)d|borane titanium2,3- -
dimethyl-1,3-butadiene; ' '

bis-2,6-dimethylbenzylamido-bis(dimethylamido)diborane titanium 2-N,N-
dimethylaminobenzyi;

bis-2 6-d|methylbenzylam|do-bls(dlmethylam:do)dlborane titanium allyl; -

bis-2,6-dimethylbenzylamido-bis(dimethylamido)diborane titanium n *-1,4-
diphenyl-1,3-butadiene;

bis-2 6-d|methylbenzylamldo-bxs(dmethylamndo)duborane titanium n*-2,4-
hexadiene;

bis-2 6-d|methylbenzylam|do-bns(dlmethylamldo)dlborane titanium n*-1,4-
dinaphthyl-1,3-butadiene; ' '

bis-2,6-dimethylbenzylamido-bis(dimethylamido)diborane titanium n*1-
phenyl-1,3-pentadiene;
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bis-2,-6-dimethylbenzylamido-bis(dim‘ethylamido)dibdréne titanium n*-1,3-
pentadiene;

bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium
dichloride; . |
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium dimethyl;
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium bis-
dimethylamide;
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium 2-methyl-
1,3-butadiene; .
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium 2,3-
dimethyl-1,3-butadiene;
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium 2-N,N-
dimethylaminobenzyl; _
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium allyl;
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium n*-1,4-
diphenyl-1,3-butadiene; '
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium n*-2,4-
hexadiene;
bis-2,6-diisopropylphenylamido-bis(dimethylamido)diborane titanium n*-1,4-
dinaphthyl-1,3-butadiene; ' '
bis-2,6-diisopropylphenylamido-bis{dimethylamido)diborane titanium n*1-
phenyl-1,3-pentadiene; _
bis-2,6-diisopropyiphenylamido-bis(dimethylamido)diborane titanium «*-1,3-
pentadiene; ' :

bis-2,6-diisopropylphenylamido-bis(bis(trimethylsilyl)Jamido)diborane titanium
dichloride; '

bis-2,6-diisopropyiphenylamido-bis(bis(trimethylsilyl)amido)diborane titanium
dimethyi,

bis-2,6-diisopropyiphenylamido-bis(bis(trimethylsilyl)amido)diborane titanium
bis-dimethylamide;

bis-2,6-diisopropylphenylamido-bis{bis(trimethylsilyl)amido)diborane titanium
2-methyl-1,3-butadiene;
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bis-2,6-diisopropylphenylamido-bis(bis(trimethylsilyl)amido)diborane titanium
2,3-dimethyl-1,3-butadiene; '
bis-2 6-dusopropylphenylamldo-b|s(b|s(tnmethylsulyl)amldo)dlborane titanium
2-N,N-dimethylaminobenzyl; : .
bis-2 6-d||sopropylphenylamldo-bls(bls(tnmethyisnIyl)amldo)dlborane titanium
allyl;- S o .
bis-2 6-dnsopropylphenylamldo-bls(b:s(tnmethylsnlyl)amldo)dlborane titanium
n*-1,4-diphenyl-1,3-butadiene;
bis-2,6-diisopropylphenylamido-bis(bis(trimethylsily)amido)diborane titanium
n*-2, 4-hexadiene;
bis-2 S-dusopropylphenylamldo-b|s(b|s(tnmethy!suyl)amldo)dlborane titanium

n*-1,4-dinaphthyl-1,3-butadiene;

bis-2,6-diisopropylphenylamido-bis(bis(trimethylsilyl)amido)diborane titanium
n*-1-phenyi-1,3-pentadiene; -
bis-2,6- dllsopropylphenylamldo-bls(bls(tnmethylsulyl)amudo)dlborane titanium
n*-1,3-pentadiene;

bis—2,6—diisopropylphenylam‘ido-bis(diisdpropylamido)dibdrane zirconium
dichloride;
bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane zirconium

dimethyl;

bis-2,6-diisopropylphenylamido- bls(dnsopropylamndo)dlborane zirconium bis-
dimethylamide; :

bis-2,6-diisopropylphenylamido-bis(dilsopropylamido)diborane zirconium 2-
methyi-1,3-butadiene;

bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane zirconium 2,3-
dimethyl-1,3-butadiene;

bis-2 B-dl|sopropylphenylam|do-bls(dnsopropylamldo)dlborane zirconium 2-

N,N-dimethylaminobenzyl; : :
bis-2,6-diisopropylphenylamido- bls(dusopropylamldo)dlborane zirconium allyi;
bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane zirconium n*-

1,4-diphenyl-1,3-butadiene;
bis—2,6-diisopropyIpheny!amido-bié(diisopropylamido)diborane zirconium n*

2,4-hexadiene;
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biSe2,G-diisopropylphenylamido—bis(diisopropylamidd)‘diborane zirconium n*-
1,4-dinaphthyl-1,3-butadiene; '
bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane zirconium »*-1-
phenyl-1,3-pentadiene;
bis-2,6-diisopropylphenylamido-bis(diisopropylamido)diborane zirconium «*-
1,3-pentadiene;

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium dichloride;

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium dimethy!;

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium bis-
dimethylamide;-

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium 2-methyl-
1,3-butadiene; . _

bis-2-tert-butyiphenylamido-bis(diisopropylamido)diborane titanium 2,3-
dimethyl-1,3-butadiene; _

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium 2-N,N-
dimethylaminobenzyl; - '

bis-2-tert-butyiphenylamido-bis(diisopropylamido)diborane titanium aliy};

bis-2—tert-butylphenylamido-bis(diisopropylamido)diborane titanium n*-1,4-
diphenyi-1,3-butadiene; '

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium n*2,4-
hexadiene;

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium n®*-1,4-
dinaphthyl-1,3-butadiens;

bis-2-tert-butyiphenylamido-bis(diisopropylamido)diborane titanium n*-1-
phenyl-1,3-pentadiene; and

bis-2-tert-butylphenylamido-bis(diisopropylamido)diborane titanium n*-1,3-
pentadiene.

A further preferred class of Group 4 transition metal complexes of the present
invention are represented in previously defined formulas 4-9 wherein T is :

Ry . R .
N N "N_o
Rf*'% , RT_;C:N or R—iw
F"1/ R }:11 R )'71
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including such structures where two R' groups and R® are linked such as in
1,3,4,6,7,8, hexahydro-pyrimido[1,2-a] pyrimidinate, shown below:

.

In the foregoing species, it is believed, without wishing to be bound by such

Z

N\

belief, that the ligand group, T, is connected to Z via the heteroatoms thereof.

Speéific, but not limiting, examples of the foregoing metal complexes included
within the invention are: S _ L

N,N '-diisopropyl-phenyl-émidinate borane-bis-n’-cyclopentadienylzirconium
dichloride; .. S

N, N -diisopropyl-phenyl-amidinate borane-bis-n°-eyclopentadienylzirconium -
dimethyl; . ' S

N,N-diisopropyl-phenyl-amidinate borane-bisn’-cyclopentadienyizirconium
bis-dimethylamide; _ ' o

N, N -diisopropyl-phenyl-amidinate borane-bis-ns-cyclopentadienylzircohium 2-
methyl-1,3-butadiene; ' : o ' -

N,N’-diisopropyl-phenyl-amidinate borane-bis-ns-c':yclopentadienylzircohiur'n
2,3-dimethyl-1,3-butadiene; | o

N,N’-diisopropyl-phenyl-amidinate borane-bis-n"-cyclopentadienylzirconium 2-
N,N-dimethylaminobenzyl; '

N,N"-diisopropyl-phenyl-amidinate borane-bis-n’-cyclopentadienylzirconium
aliyl;

N, N -diisopropyl-phenyl-amidinate borane-bis-n>-cyclopentadienylzirconium
n*-1,4-diphenyl-1,3-butadiene; |

N,N"-diisopropyl-phenyl-amidinate borane-bis-n’-cyclopentadienylzirconium
n*-2,4-hexadiene; |

N,N'-diis’opropyl-phenyléamidinaté borane-bis-n°-cyclopentadienyizirconium
n*1,4-dinaphthyl-1,3-butadiene; -

N,N’-diisopropyl-phenyi-amidinate borane-bis-n’-cyclopentadienylzirconium
n*-1-phenyl-1,3-pentadiene; o |

N,N’-diisopropyl-phenyl-amidinate borahe—bisms-cyclopentadienylzirconitxm

n*-1,3-pentadiene;
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N,N’-diisopropyi-3-phenyl-1,3-diketimine borane-bis?"r:']s-'
cyclopentadienylzirconium dichloride;
N,N’-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n’-
cyclopentadienylzirconium dimethyl;
N,N’-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n’-
cyclopentadienylzirconium bis-dimethylamide;
N,N -diisopropyl-3-phenyl-1,3-diketimine borane-bis-n"-
cyclopentadienylzirconium 2-methyl-1,3-butadiene;
N,N-diisopropyl-3-phenyi-1,3-diketimine borane-bis-n’-
cyclopentadienylzirconium 2,3-dimethyl-1,3-butadiene;
N,N-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n"-
cyclopentadienylzirconium 2-N,N-dimethylaminobenzyl;
N,N"-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n"-
cyclopentadienylzirconium allyl;
N,N"-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n"-
cyclopentadienylzirconium n*-1,4-diphenyl-1,3-butadiene;
N,N"-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n°-
cyclopentadienylzirconium n*-2,4-hexadiene;
N,N-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n>-
cyclopentadienylizirconium v*-1,4-dinaphthyl-1,3-butadiene;
N,N "-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n°-
cyclopentadienyizirconium n*-1-phenyl-1,3-pentadiene;
N,N"-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n’-
cyclopentadienyizirconium n*-1,3-pentadiene;

N,N -diisopropyi-dimethyiguanidinate borane-bis-n’-
cyclopentadienylzirconium dichloride; '

N,N-diisopropy!-dimethylguanidinate borane-bis-n’-
cyclopentadienylzirconium dimethyl;

N,N-diisopropyi-dimethylguanidinate borane-bis-n’-
cyclopentadienyizirconium bis-dimethylamide;

N,N -diisopropyl-dimethylguanidinate borane-bis-n’-
cyclopentadienylzirconium 2-methyl-1,3-butadiene;
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N,N"-diisopropyl-dimethylguanidinate borane-bis-n’-
cyclopentadienyizirconium 2,3"-dimethyl-1 ,3-butadiene;

N,N"-diisopropyl-dimethylguanidinate borane-bis-n’- . -
cyclopentadienylzirconium 2-N,N-dimethylaminobenzyl;

N,N"-diisopropyl-dimethylguanidinate borane-bis-n’>- .
cyciopentadienyizirconium allyl; '

N,N diisopropyl-dimethyiguanidinate borane-bisn®-
cyclopentadienylzirconium n*-1,4-diphenyl-1,3-butadiene;

N, N -diisopropyl-dimethylguanidinate borane-bis-n"-
cyclopentadienyizirconium n*-2,4-hexadiene; '

N,N -diisopropyl-dimethylguanidinate borane-bis-n"-
cyclopentadienylzirconium n*-1,4-dinaphthyl-1,3-butadiens;

N,N"-diisopropyl-dimethylguanidinate borane-bis-n’-
cyclopéntadienylzirconium n*-1-phenyl-1,3-pentadiene;
_ N,N -dusopropyl dimethylguanidinate borane-bls-n -
cyclopentadienylzirconium n*-1,3-pentadiene;

1 ,3,4,6,7,8-hexahydro-pyrimidof1,2-a} pynmldmate borane-bls-n -inden-1-
ylzirconium dichioride; ' ' :

1,3,4,6,7,8- hexahydro- yrimido[1,2-a] pynmldlnate borane-b:s-n -inden-1-
yizirconium dimethyl; . _ : '

1,3,4,6,7,8-hexahydro-pyrimidof1,2-a] pyrimidinate borane-bis-n*-inden-1-
yizirconium bis-dimethylamide;

1,3,4,6,7,8-hexahydro-pyrimido{1,2-a] pyrimidinate borane-bis-n’-inden-1-
ylzirconium 2-methyi-1,3-butadiene;

1,3,4,6,7,8-hexahydro-pyrimido[1,2-a} pyrimidinate borane-bis-n’-inden-1-
ylzirconium 2,3-imethyl-1,3-butadiene; - i

1,3,4,6,7,8-hexahydro-pyrimidof1,2-a] pyrimidinate borane-bis-n"-inden-1-
ylzirconium 2-N,N-dimethylaminobenzyl; ' '

1,3,4,6,7,8-hexahydro-pyrimido[1,2-a] pyrimidinate borane-bls-n -inden-1-
yizirconium allyi;

1,3,4,6,7,8-hexahydro-pyrimidof1,2-a} pynmldlnate borane-bis-n*-inden-1-
ylzirconium v*-1,4-diphenyl-1,3-butadiene; -

-66-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 00/20426 e PCT/US99/20538

1 ,3,4,6,7,8-hexahydrd-pyrimido[1 ,2-a] pyrimidinate bééne—bisms-inden-1 -
ylzirconium n*-2,4-hexadiene;

1,3,4,6,7,8-hexahydro-pyrimido[1,2-a] pyrimidinate borane-bis-ns-inden-1 -
yizirconium n*-1,4-dinaphthyl-1,3-butadiene;

1,3,4,6,7,8-hexahydro-pyrimido[1,2-a] pyrimidinate borane-bis-n’*-inden-1-
ylzirconium n*-1-phenyl-1,3-pentadiene;

1,3,4,6,7,8-hexahydro-pyrimido[1,2-a] pyrimidinate borane-bis-n’-inden-1-
yizirconium n*-1,3-pentadiene; '

N, N -diisopropyl-phenyl-amidinate borane-bis-n’-(2-methylinden-1-
yhzirconium dichloride;

N,N -diisopropyl-phenyl-amidinate borane-bis-n°-(2-methylinden-1-
yl)zirconium dimethyl;

N,N’-diisopropyl-phenyl-amidinate borane-bis-n’-(2-methylinden-1-
yhzirconium bis-dimethylamide;

N,N’-diisopropyl-phenyl-amidinate borane-bis-n’-(2-methylinden-1-
yl)zirconium 2-methyl-1,3-butadiene; '

N,N -diisopropyl-phenyl-amidinate borane-bis-n’-(2-methylinden-1-
yl)zirconium 2,3-dimethyi-1,3-butadiene;

N,N’-diisopropyl-phenyl-amidinate borane-bis-n>-(2-methylinden-1-
yl)zirconium 2-N,N-dimethylaminobenzyl;

N,N"-diisopropyl-phenyl-amidinate borane-bis-n’>-(2-methylinden-1-
yl)zirconium allyl; :

N, N -diisopropyl-phenyl-amidinate borane-bis-n’-(2-methylinden-1-
yl)zirconium w°*-1,4-diphenyi-1,3-butadiene;

N, N -diisopropyl-phenyl-amidinate Eorane-bis-fns-(2-methylinden-1 -
yl)zirconium n*-2,4-hexadiene;

N,N -diisopropyl-phenyl-amidinate borane-bis-n>-(2-methylinden-1-
yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

N,N"-diisopropyl-phenyl-amidinate borane-bis-n’-(2-methylinden-1-
yhzirconium n*-1-phenyl-1,3-pentadiene; .

N,N"-diisopropyl-phenyl-amidinate boréne-bisms-(z-methylinden-1 -
yl)zirconium n*-1,3-pentadiene; |
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N,N’-bis-2,6-diisopropylphenyl-phenyl-amidinate borane-bis-n*-(2-methyi-4-
phenylinden-1-yl)zirconium dlchlonde '

N,N-bis-2,6-diisopropylphenyl-phenyl-amidinate borane-bis-n> (2-methyl-4-
phenylinden-1-yl)zirconium dimethyl;

N,N"-bis-2,6- dusopropylphenyl-phenyl—am|dmate borane-bns«n °-(2-methyl-4-
phenylinden-1-yl)zirconium bis-dimethylamide;

N,N’-bis-2 6-d|lsopropylphenyl-phenyl-am|d|nate borane-bus-n -(2-methyl-4-
phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;

N,N"-bis-2,6-diisopropylphenyl-phenyl-amidinate borane-bis-n’~(2-methyl-4-
phenylmden 1-yl)zirconium 2 +3-dimethyl-1,3-butadiene; _

N,N"-bis-2 6-d||sopropylphenyl-phenyl-amldmate borane-bls-n (2-methyl-4-
phenylinden-1 -yl)zwcomum 2-N,N-dimethylaminobenzyl;

N,N"-bis-2,6-diisopropylphenyl-phenyi-amidinate borane_bns-n -(2-methyl-4-
phenylinden- 1-yl)z1rcomum allyl;, .

N,N"-bis-2,6- dusopropylphenyl-phenyl -amidinate borane-bnsvn (2-methyl-4-
phenylinden-1-yl)zirconium " *-1,4- daphenyl-1 3-butadiene; '

N,N’-bis-2,6- dnsopropylphenyl phenyl-amidinate borane-bis-n —(2-methyl-4-_
phenylmden 1-yhzirconium n *.2,4-hexadiene;

N,N"-bis-2,6-diisopropylphenyl-phenyl-amidinate borane-bls-n (2-methyl-4--
phenylmden- -yhzirconium n*-1 4-d|naphthyl -1,3-butadiene;

N,N’-bis-2,6-diisopropylphenyi-phenyl-amidinate borane—bls-n (2-methyl-4—
phenylinden-1-ylzirconium n*-1-phenyi-1,3-pentadiene;

N,N’-bis-2,6-diisopropylphenyl-phenyl-amidinate borane-bis-n> (2-methyl-4-
phenylinden-1-yl)zirconium n*-1,3-pentadiene;

N,N"-bis-2,6- dusopropylphenyl—s-methyl-1 3-diketimine borane-bls-n -(2-
methyl-4-phenylinden-1-yl)zirconium dichloride;

N,N"-bis-2 6-d|lsopropylphenyl-s-methyl -1 3-d|ket|m|ne borane-bls«n (2- -
methyl-4-phenylinden-1-yl)zirconium dimethyl; _

N,N"-bis-2,6-diisopropylphenyl-3-methyl-1,3-diketimine borane-bis-n°-(2- '
methyl-4-phenylinden-1-yl)zirconium bis-dimethylamide;

N,N"-bis-2,6-diisopropylphenyl-3-methyl-1,3-diketimine borane-bis-n’>-(2-_
methyl-4-phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;
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N,N’-bis-2 6-dnsopropylphenyl-s-methyl-1 3- dlketlmme borane-blsm °-(2-
methyl-4-phenylinden-1-yl)zirconium 2,3-dimethyl-1,3-butadiene;
N,N “-bis-2,6-diisopropylphenyl-3-methyl-1,3-diketimine borane-bis-n’-(2-
methyl-4-phenylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyl;
N,N"-bis-2,6-diisopropyiphenyl-3-methyl-1,3-diketimine borane-bis-n’-(2-
methyl-4-phenylinden-1-yl)zirconium allyl;
N,N"-bis-2,6-diisopropyiphenyi-3-methyl-1, 3-dlket|m|ne borane-bls-n °-(2-
methyl-4-phenylinden-1-yl)zirconium n*-1,4-diphenyl-1,3-butadiene;
N,N'-bis-2,G-diiéopropylphenyl-s-methyl~1 ,3-diketimine borane-bis-n>-(2-
methyl-4-phenylinden-1-yl)zirconium n*-2,4-hexadiene;
N,N“-bis-2,6-diisopropylphenyl-3-methyl-1,3-diketimine borane-bis-n>-(2-
methyl-4-phenylinden-1-yl)zirconium n*-1,4-dinaphthyi-1,3-butadiene;
N,N"-bis-2,6-diisopropylphenyl-3-methyl-1,3-diketimine borane-bis-n° -(2-
methyl-4-phenylinden-1-yl)zirconium n*-1-phenyl-1,3-pentadiene;
N,N’-bis-2,6-diisopropylphenyi-3-methyl-1,3-diketimine borane-bis-n’-(2-
methyl-4-phenylinden-1-yl)zirconium n*-1,3-pentadiene;

bis(N,N -d|lsopropyl-phenyl-amldmate)duborane-1 ,2-bis-n —(2-methyl-4-
phenylinden-1-yl)zirconium dichloride;

bis(N,N -diisopropyl-phenyl-amidinate)diborane-1,2-bis-n’-(2-methy!-4-
phenylinden-1-yl)zirconium dimethyl; |

bis(N,N-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n° (2-methyl-4- :
phenylinden-1 -yl)ztrconlum bis-dimethylamide;

bis(N,N -dusopropyl-phenyl—amldunate)dnborane-1_,2-bis-r|5-(2-methyl-4-
phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;

bis(N,N -diisopropyl-phenyi-amidinate)diborane-1,2-bis-n"-(2-methyl-4-
phenylinden-1-yl)zirconium 2,3-dimethyi-1,3-butadiene;

bis(N,N"-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n’>-(2-methyl-4-
phenylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyl;

bis(N,N-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n’-(2-methyl-4-
phenylinden-1-yl)zirconium allyl;

bis{N, N -diisopropyl-phenyl-amidinate)diborane-1,2-bis-n’ (2-methyl-4-
phenylinden-1-yl)zirconium n*-1,4-diphenyl-1,3-butadiene;
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bis(N,N"-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n -(2-methy|-4-
phenylinden-1-yl)zirconium 11 *-2,4-hexadiene; '

bis(N,N-diisopropyl-phenyl-amidinate)diborane-1,2-bis-n’-(2-methyl-4-
phenylinden-1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

bis(N,N"-diisopropyl-phenyl-amidinate)diborane-1 ,2:bis-n’-(2-methyl-4-
phenylinden-1-yl)zirconium n‘-1-phenyl 1,3-pentadiene; '

bis(N,N -dnsopropyl-phenyl-amldmate)dlborane-1 2-b|s~n (2-methyl-4-
phenylinden- 1-yl)znrcon|um n*-1 3-pentad|ene,

bis(N,N -diisopropy!-3-phenyl-1,3- diketlmlne)dlborane-1 2-bis-n° (2-methyl-4- '

phenylinden-1-yl)zirconium dichloride;

bis(N,N -diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2-bis-n> (2~methyl-4- -

phenylinden-1-yl)zirconium dimethyl; -

bis(N, N -diisopropyl-3-pheny!-1 3-d|ket|m|ne)d|borane-1 2-bis-n’ (2-methyl-4- -

phenylinden-1-yl)zirconium bls-dlmethylamlde

bis(N,N -diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2- -bis-n® (2-methyl-4- :

phenylinden-1-yl)zirconium 2-methyl-1,3-butadiene;

bis(N,N -diisopropyl-3-phenyl-1,3-diketimine)diborane-1 ,2-bis-n’-(2-methyl-4-

phenylinden-1-yl)zirconium 2,3-dimethyl-1,3-butadiene;

bis(N,N -diisopropy!- 3 -phenyl-1,3-diketimine)diborane-1 ,2-bis-n° (2-methy|-4-

phenylinden-1-yl)zirconium 2 N,N-dimethylaminobenzyl;

bis(N,N -diisopropyl-3-phenyl-1 3-d|ket|m|ne)d|borane-1 2-bis-n’>~(2-methyi-4-

phenylinden-1-yl)zirconium allyi;

bis(N,N -dusopropyl-s-phenyl -1,3- dlketlmme)dlborane-1 2-bis-n’>-(2-methyl-4-
phenylinden-1-yl)zirconium n *-1,4-diphenyl-1,3-butadiene;

bis(N,N "-diisopropyl-3-phenyl-1,3-diketimine)diborane-1 ,2-bisn°-(2-methyl-4-
phenylinden-1-yl)zirconium n*-2, 4ﬂhexadiehe'

bis(N, N -diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2- bIS-’n -(2-methyl-4-
phenylinden-1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;

bis(N,N -diisopropyl-3-pheny!-1,3-diketimine)diborane-1,2- b|s~r| -(2-methyl-4-
phenylinden-1-yl)zirconium n*-1-phenyl-1,3-pentadiene;

bis(N,N -diisopropyl-3-phenyl-1,3-diketimine)diborane-1,2-bis-n -(2-methyl—4-
phenylinden-1-yl)zirconium n*1 S-pentadlene
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N,N"-diisopropyl-phenyl-amidinate borane- -bis-n® (2-methy|-4-naphthyl|nden-1-
yl)zirconium dichloride;
N,N’-diisopropyl-phenyl-amidinate borane-bssm -(2-methyl-4- naphthylinden-
1-yl)zirconium dimethyl;
N, N -diisopropy}-phenyl-amidinate borane-bis-n’-(2-methyl-4- naphthylinden-
1-yl)zirconium bis-dimethylamide;
N,N-diisopropyl-phenyl-amidinate borane-bis-n®-(2-methyl-4- naphthylinden-
1-yl)zirconium 2-methyl-1,3-butadiene;
N,N’-diisopropyl-phenyl-amidinate borane-bis-n’-(2-methyl-4- naphthylinden-
1-yl)zirconium 2,3-dimethyl-1,3-butadiene; . |
N,N -diisopropyl-phenyl-amidinate borane-bis-n"-(2-methyl-4- naphthylinden-
1-yl)zirconium 2-N,N-dimethylaminobenzyl;
N,N’-diisopropyl-phenyl-amidinate borane-bis-ﬁs-(z-methyl-4- naphthylinden-
1-yl)zirconium allyl;'
N, N -diisopropyi-phenyl-amidinate borane-bis-n’-(2-methyl-4- naphthylinden-
1-yl)zirconium n*-1,4-diphenyi-1,3-butadiene;
. N,N’-diisopropyl-phenyl-amidinate borane-bvs-n -(2-methyl-4- naphthyhnden-
1-y)zirconium n*-2,4-hexadiene; _
_ N,N’-diisopropyl-phenyl-amidinate borane-bis-n’ (2-methyl-4- naphthylinden-
1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;
N,N"-diisopropyl-phenyl-amidinate borane-bis-n*-(2-methyl-4- naphthylinden-
1-yl)zirconium n*-1-phenyl-1,3-pentadiene; '
N,N"-diisopropyl-phenyl-amidinate borane-bis-n’-(2-methyl-4- naphthylihden-
1-yl)zirconium n*-1,3-pentadiene;

N,N"-diisopropy!-3-phenyi-1 ,3-diketimine borane-bis-n’-(2-methyl-4-
naphthylinden-1-yl)zirconium dichioride;

N,N'-diisopropyl-S-phéhyH ,3-diketimine borane-bis-n’>-(2-methyl-4-
naphthylinden-1-yl)zirconium dimethyl;

N,N"-diisopropy!-3-phenyl-1,3-diketimine borane-bis-n’-(2-methyl-4-
naphthylinden-1-yl)zirconium bis-dimethylamide;

N,N ’-diisopropyl—3—phényl-_1 ,3-diketimine borane-bis-n"-(2-methyl-4-
naphthylinden-1-yl)zirconium 2-méthyl-1 ,3-butadiene;
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N,N’-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n’>-(2-méthyl-4-

naphthylinden-1-yl)zirconium 2,3—dimethyl-1 ,3-butadiene;

N,N’-diisopropyl-.S-.phenyl-t ,3-diketimine borane-bis-n’-(2-methyl-4- -

naphthylinden-1-yl)zirconium 2-N,N-dimethylaminobenzyl;

N,N -diisopropyl-3-phenyl-1,3-diketimine borane-blsm (2-methyl-4— '

naphthylinden-1-yl)zirconium allyl;
N,N’-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n’-(2- methyl-4-
naphthylinden-1-yl)zirconium n*-1,4-diphenyl-1,3-butadiene;
N,N"-diisopropyl-3-phenyl-1,3-diketimine borane-bls«n (2-methyl-4-
naphthylinden-1-yl)zirconium n*-2,4-hexadiene; '
N,N"-diisopropyl-3-phenyi-1,3-diketimine borane-bis-n’-(2-methyl-4-
naphthylinden-1-yl)zirconium n*-1,4-dinaphthyl-1,3-butadiene;
N,N’-diisopropyl-3-phenyi-1 ,3-diketimine borane-bis-n’-(2-methyl-4-
naphthylinden-1-yl)zirconium n*-1-phenyi-1,3-pentadiene;
N,N"-diisopropyl-3-phenyl-1,3-diketimine borane-bis-n® (2 methy!-4-
naphthylinden-1-yl)zirconium n*-1,3-pentadiene;

bis-2,6- dnsopropylphenylamldo bis(N,N -dnsopropyl-phenyl—
amidinate)diborane titanium dichloride;
bis-2,6-diisopropylphenylamido-bis(N,N"-diisopropyl-phenyl-
amidinate)diborane titanium dimethyl; :
bis—2,6-diisopropylphenylamido-bis(N,N’-diisopropyl-phenyl-
amidinate)diborane titanium bis-dimethylamide;
bfs-2,6-diisopropylphenylamido-bis(N,N'-diisopropyl-phenyl-
amidinate)diborane titanium 2-methyl-1,3-butadiene;
bis-2,6-diisopropylphenylamido-bis(N,N -diisopropyl-phenyl-
amidinate)diborane titanium 2,3-dim'ethyl-1 ,3-butadiene; |
bis-2,6-diisopropylphenylamido-bis(N,N "-diisopropyl-phenyl-
amidinate)diborane titanium 2-N,N-dimethylaminobenzyl; | |
bis-2,6-diisopropylphenylamido-bis(N,N “-diisopropyl-phenyl-
amidinate)diborane titanium ally; | |
bis—2,6-diisopropylphenylamido-bis(N;N;-diisopropyl;phényl-
amidinate)diborane titanium n*-1,4-diphenyl-1,3-butadiene; |
bis-2,6-diisopropylphenylamido-bis(N,N'-diisopiopyl—phenyl—
amidinate)diborane titanium n*-2,4-hexadiene;
-72-
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bis-2 6-d|lsopropylphenylamldo-bis(N N -dnsopropyl-phenyl-
amidinate)diborane titanium «*-1,4-dinaphthyl-1,3-butadiene;
bis-2,6-diisopropylphenylamido-bis(N,N -diisopropyl-phenyl-
amidinate)diborane titanium n*-1-phenyl-1,3-pentadiene;
bis-2,6-diisopropylphenylamido-bis(N,N-diisopropyl-phenyl-
amidinate)diborane titanium «*-1,3-pentadiene;

bis-2,6-diisopropylphenylamido-bis(N,N -diisopropyl-3-phenyl-1,3-
diketimine)diborane titanium dichloride;
bis-2,6-diisopropylphenylamido-bis(N,N -diisopropyi-3-phenyi-1,3-
diketimine)diborane titanium dimethyl;
bis-2,6-diisopropylphenylamido-bis(N, N -diisopropyl-3-phenyl-1,3-
dnketlmme)dlborane titaniun bls-dlmethylamlde
bis-2,6- dusopropylphenylamtdo-bls(N N’-diisopropyi-3-phenyi- 1 3~
diketimine)diborane titanium 2-methyl-1,3-butadiene;
bis-2,6-diisopropylphenylamido-bis(N, N -diisopropyi-3-phenyl-1,3-
diketimine)diborane titanium 2,3-dimethyl-1,3-butadiene;
bis-2,6-diisopropylphenylamido-bis(N,N "-diisopropyl-3-phenyl-1,3-
diketimine)diborane titanium 2-N,N-dimethylaminobenzyt;
bis-2,6-diisopropyiphenylamido-bis(N,N -diisopropyi-3-phenyl-1,3-
diketimine)diborane titanium allyl;
bis-2,6-diisopropylphenylamido-bis(N,N’-diisopropyi-3-phenyl-1,3-
diketimine)diborane titanium n*-1,4-diphenyl-1,3-butadiene;
bis-2,6-diisopropyiphenylamido-bis(N,N"-diisopropyl-3-pheny!-1,3-
diketimine)diborane titanium n*-2,4-hexadiene;

bis-2,6-diisopropyiphenylamido-bis(N,N -diisopropyi-3-phenyl-1,3- |

diketimine)diborane titanium n*-1,4-dinaphthyl-1,3-butadiene;
bis—2,6~diisopropylphénylamido—bis(N,N “-diisopropyi-3-phenyl-1,3-
diketimine)diborane titanium n*-1-phenyl-1,3-pentadiene; and
bis-2,8-diisopropylphenylamido-bis(N,N -diisopropyl-3-phenyl-1,3-
diketimine)diborane titanium n*-1,3-pentadiene.

PCT/US99/20538

The skilled artisan will recognize that additional members of the foregoing list,

such as those wherein boron is replaced by aluminum are also included within the

invention. Moreover, it should also be recognized that the terms v’ or n* may not

accurately reflect the actual electronic distribution of the molecule under use
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conditions, and that molecules including lesser numbers of contributing atoms to the

electronic delocation are intended to be included within such descriptions as well.

The most highly preferred metal complexes are dimethytamidoborane-bis(n°-

cyclopentadienyl)zirconium dichloride. dimethylamidoboranebis(ns-inden-1 -

yl)zirconium dichioride, dimethylamidoborane-bis(n5-2-methyl-4'-phenylinden-1- '

yl)zirconium dichloride, dimethylamidoborane-bis(115-2-e_thyl-4-phenylinden'-1-

yl)zirconium dichloride, dimethylamidoborane-bis(115-2-isopropyl-4-phenyiinden-1-

yl)zirconium dichloride, dimeth'ylamidoborane-bis(ns-z-méthyl-4?bis(3,5-

trifluoromethyl)phenylinden-1-yl)zirconium dichloride, dimethylamidoborane-bis(n’®-3-

t-butylinden-1-yl)zirconium dichloride,

diisopropylamidoborane-bis(n -cyclopentadlenyl)zxrcon|um dlchlonde,
dusopropylamldoboranebls(n -inden-1 -yl)zirconlum dichloride,

diisopropylamidoborane-bis(n -2-methyt-4—pheny||nden- -yl)znrconidm dichloride,

diisopropylamidoborane-bis(ns-z-ethylé4-phenyli_nden-1 -yl)zirconium dichloride,

diisopropylamidoborane-bi_s(ﬂ5-2-isoprqpyl-_4-phenylihden-1--_y_l)zirconium dichloride, -

diisopropylamidoborahe-biS(n5-2-methyl-4-bis(3 5-trifluoromethyl)phenylinden-1-

yl)zirconium dichloride, dusopropylamldoborane-bls(n -3-t-butyllnden- -yl)zirconium

dichloride, .

diphenylamidoborane-bis(n -cyclopentadlenyl)zwcomum dichloride,

diphenylamidoboranebis(n-inden-1-yl)zirconium dichloride, diphenylamidoborane- - -

bis(n°-2-methyl-4-phenylinden-1-yl)zirconium dichloride, diphenylamidoborane-bis(n*-

2-ethyl-4-phenylinden-1-yl)zirconium dichloride, diphenylamidoborane-bis('q"’-z- '

isopropyl-4-phenylinden-1'-yi)zircon_iu,m dichloride, diphenylamidoborane-bis(n®-2-

methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium dichioride,
diphenylamidoborane-bis(n*-3-t-butylinden-1-yl)zirconium dichloride,

dimethylamidoborane-bis(n’-cyclopentadienyl)zirconium 1,4-diphenyl-1,3-

butadiene, dlmethylamldoboranebls(n -inden-1-yl)zirconium 1,4-diphenyl-1,3-

butadiene, d:methylamldoborane-bus(n -2-methyl-4-phenylmden- -yl)zirconium 1 A-
diphenyl-1,3-butadiene, dimethylamidoborane-bis(n 5.2-gthyl-4-phenylinden-1-
yl)zirconium 1,4-diphenyl-1,3-butadiene, dimethylamidoborane-bis(ns-z-isopropyl-4- '
phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-butadiene, dimethylamidoborane-bis(n°-
2—methyl-4-bis(3,5-triﬂuoromethyl)phehylinden-1 -yl)zirconium 1,4-diphenyl-1,3-
butadiene, dimethylamidoborane-bis(n5-3-t-butylinden-1 -yl)zirconium 1,4-diphenyl-

1,3-butadiene,
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diisopropylamidoborane-bis(ns-cyclopentadienyl)ziréériiijm 1,4-diphenyt-1,3-
butadiene, diisopropylamidoboranebis(n’*-inden-1-yl)zirconium 1 ,4~diphenyl-1,3-
butadiene, diisopropylamidoborane-bis(n’-2-methyl-4-phenylinden-1-yl)zirconium 1,4-
diphenyl-1,3-butadiene, diisopropylamidoborane-bis(n®-2-ethyl-4-phenylinden-1-
yl)zirconium 1,4-diphenyi-1,3-butadiene, diisopropylamidoborane—bis('qs-z-isopropyl-
4-phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-butadiene, diisopropylamidoborane-
bis(n’-2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-
butadiene, diisopropylamidoborane-bis(né-s-t-butylinden-1 -yl)zirconium 1,4-diphenyi-
1,3-butadiene,

diphenylamidoborane-bis(n’-cyclopentadienyl)zirconium 1,4-diphenyi-1,3-
butadiene, diphenylamidoboranebis(n®-inden-1-yl)zirconium 1,4-diphenyi-1,3-
butadiene, diphenylamidoborane-bis(n>-2-methyl-4-phenylinden-1-yl)zirconium 1,4-
diphenyl-1,3-butadiene, diphenylamidoborane-bis(n®-2-ethyl-4-phenylinden-1-
yl)zirconium 1,4-diphenyl-1,3-butadiene, diphenylamidoborané-bis(n5~2—isopropyl-4-
phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-butadiene, diphenylamidoborane-bis(n"-
2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium 1 ,4-diphenyl-1 3=
butadiene, and diphenylamidoborane-bis(n°-3-t-butylinden-1-yl)zirconium 1,4- -
diphenyl-1,3-butadiene. .

In general the complexes of the current invention can be prepared by first
converting the ligands represented in formulas faand2atoa dianionic salt (where R*
is H) via reaction with a metal amide such as sodium bis(trimethyisilyl)amide or |
lithium bis(trimethylsilyl)amide. The dianionic ligand derivative is then reacted with a'
metal complex precursor such as MY%, MY?;, or MY?; (and the corresponding Lewis
base adducts), where Y* is defined as above. Altematively, reactions employing the
neutral ligand, where R* is hydrogen, in combination With the metal precursors
M(NR®,)4 or MR®, can be employed. (Preparation of the ligands of formula 2a where
Y and YZ are each an NR' group can be readily accomplished by contacting a
diboron tetrahydrocarbyloxide corhpoUnd of the formula ((R70)2B)., where R’ is C1-
10 hydrocarbyl, or two R’ groups together are Ca.z dihydrocarbyl, especially
bis(catecholato)dibofoh with an alkali metal C,.4 dihydrocarbylamide, especially
lithium dimethylamide.) All of the 'foregoing reactions are conducted in an inert
solvent such as a hydrocarbon solvent or an etheral solvent in the temperature range
of -1002C t0 150C. |

An éspecially useful metal complex precursor reagent corresponds to the
formula 3: '
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' F°"m"'a 3, wherein M is zirconium, R" and LB are as previously
defined and Y* each occurrence is chioride. Employment of this precursor in the
reaction with ligands of this invention renders the resulting metal complex in high
racemic purity, which is especially useful in the stereospecific polymerization of a-
olefins. N ' _

Alternatively, where R* in structures of formula 1a and 2a is a trimethylsilyl
group the ligand can be reacted directly with any of the. above metal complex
precursors of formula 3, employing similar reaction conditions.

The recovery of the desired Group 4 transition metal complex is accomplished
by separation of the product from any alkali metal or alkalrne earth metal salts and '
devolatilization of the reaction medium. Extraction into a secondary solvent may be
employed if desired. Altematrvely, if the desrred product is an insoluble precipitate,
filtration or other separatron techmques may be employed Fmal purification, if |
required, may be acoompllshed by recrystallrzatlon from an mert solvent employlng
low temperatures if needed. _

The complexes are rendered catalytrcally active by combination wrth acrtvatrng
c':ocatalysts or use of actrvatrng techniques that are previously known in the art for use
with Group 4 metal olefin polymerization complexes. Suitable actlvatrng cocatalysts
for use herein’ include polymenc or oligomeric alumoxanes, especrally
methylalumoxane triisobutyl aluminum modified methylalumoxane or
|sobutylalumoxane neutral Lewis acids, such as C1.30 hydrocarbyl substrtuted

Group 13 compounds especially tn(hydrocarbyl)alummum- or tn(hydrocarbyl)boron
compounds and halogenated (mcludlng pemalogenated) derivatives thereof, having
from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl group, more
especially perfluorinated tri(aryl)boron compounds, and most _especrally
tris(pentafluoro-phenyl)borane; nonpolymeric, compatible noncoordinating, ion
forming compounds (rncludrng the use of such compounds under oxidizing |
conditions), especrally the use of ammonium-, phosphonrum— oxonium-, carbonium-,
silylium- or sulfonium- salts of compatlble noncoordmatlng anions, orferrocemum
salts of compatible, noncoordrnatlng anions; bulk electrolysrs (explained in more
detail hereinafter); and combinations of the foregoing activating cocatalysts and
techniques. The foregoing activating cocatalysts and activating techniques have
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been previously taught with réspect to different metal compié&és in the following
references: EP-A-277,003, US-A-5,153,157, US-A-5,064,802, US-A-5,321,1086, US-
A-5,721,185, US-A-5,350,723, US-A-5,425,872, US-A-5,625,087, US-A-5,883,204,
US-A-5,919,983, US-A-5,783,512, WO 99/15534, and USSN 09/251,664, filed
February 17, 1999.

Combinations of neutral Lewis acids, especially the combination of a
trialkylaluminum compound having from 1 to 4 carbons in each alkyl group and a
halogenated tri(hydrocarbyl)boron compound having from 1 to 20 carbons in each
hydrocarbyl group, especially tris(pentafluorophenyl)borane, further combinations of
such neutral Lewis acid mbxures with a polymeric or oligomeric alumoxane, and
combinations of a single neutral Lewis acid, especially tris(pentafluorophenyl)borane
with a polymeric or oligomeric alumoxane are especially desirable activating
cocatalysts. Preferred molar ratios of Group 4 metal complex:tris(pentafluoro-
phenylborane:alumoxane are from 1:1:1 to 1:10:30, more preferably from 1:1:1.5 to
1:5:10.

Suitable ion forming compounds useful as cocatalysts in one embodiment of
the present invention comprise a cation which is a Bronsted acid capable of donating
a proton, and a compatible, noncoordinating anion, A". As used herein, the term
“noncoordinating” means .an anion or substance which either does not coordinate to
the Group 4 metal containing precursor complex and the catalytic derivative derived
therefrom, or which is only weakly coordinated to such complexes thereby remaining
sufficiently labile to be displaced by a neutral Lewis base. A noncoordinating anion
specifically refers to an anion which when functioning as a charge balancing anion in
a cationic metal complex does hot transfer an anionic substituent or fragment thereof
to said cation thereby forming neutral complexes. “Compatible anions” are anions
which are not degraded to neutrality when the initially formed complex decomposes
and are noninterfering with desired subsequent polymerization or other uses of the
complex.

Preferred anions are those containing a single coordination complex
comprising a charge-bearing metal or metalloid core which anion is capable of
balancing the charge of the active catalyst species (the metal cation) which may be
formed when the two components are combined. Also, said anion should be
sufficiently labile to be displaced by olefinic, diolefinic and acetylenically unsaturated
compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals
include, but are not limited to, aluminum, gold and platinum. Suitable metalloids

include, but are not limited to, boron, phosphorus, and silicon. Compounds
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containing anions which comprise coordination complexes containing a single metal
or metalloid atom are, of course, well known and many, particularly such compounds -
containing a single boron atom in the anion portion, are available commercially.
Preferably such cocatalysts may be represented by the following general
formula:
(L*-H)a* (A)*
wherein: '
L* is a neutral Lewis base;
(L*-H)*+ is a conjugate Bronsted acid of L*;
A% is a noncoordinating, compatible anion havmg a charge of d-,and
d is an integer from 1 to 3. L
More preferably A‘* corresponds to the formula: [M'Q4J;
wherein: ' ' '
M is boron or aluminum in the +3 formal oxidation state; and
Q independently each occurrence is selected from hydride, dialkylamido,
halide, hydrocarbyl, hydrocarbyloxide, halo-substituted hydrocarbyl, halo-substituted
hydrocarbyloxy, and halo- substituted silylhydrocarbyl radicals (including '
perhalogenated hydrocarbyl- perhalogenated hydrocarbyloxy- and pethalogenated
silylhydrocarbyl radicals), said Q having up to 20 carbons with the proviso that innot
more than one occurrence is Q halide. Examples of suitable hydrocarbyloxlde Q-
groups are disclosed in U. S. Patent 5,296,433. '
In a more preferred embodlment, d is one, that is, the counter ion has a single -
negative charge and is A". Activating cocatalysts comprising boron which are

. particularly useful in the preparation of catalysts of this invention may be represented

by the following general formula:’
(L*-H)'(BQ4);

wherein: : '

L* is as previously defined;

B is boron in a formal oxidation state of 3; and

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorohydrocarbyl-, fluorohydrocarbyloxy-

hydroxyfluorohydrocarbyl-' dihydrocarbylaluminumoxyfluorohydrocarbyl-, or

fluorinated silylhydrocarbyl- group of up to 20 nonhydrogen atoms, with the proviso |
that in not more than one occasion is Q hydrocarbyl ' '
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Preferred Lewis base salts are ammonium salts, more p'referably
trialkylammonium salts containing one or more C42.4¢ alkyl groups. Most preferably,

Q is each occurrence a fluorinated aryl group, especially, a pentafluorophenyl group.
lustrative, but not limiting, examples of boron compounds which may be used

as an activating cocatalyst in the preparation of the improved catalysts of this

invention are '

tri-substituted ammonium salts such as:

trimethylammonium tetrakis(pentafiuorophenyl) borate,

triethylammonium tetrakis(pentafluorophenyl) borate,

tripropylammonium tetrakis(pentafluorophenyl) borate,

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

tri(sec-butyllammonium tetrakis(pentafluorophenyl) borate,

N, N-dimethylanilinium tetrakis(pentafiuorophenyl) borate,

N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,

N,N-dimethylanilinium benzyitris(pentafluorophenyl) borate,

N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafiuorophenyl)

borate,

N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, G-fetrafluorophenyl) borate,

N,N-dimethylanilinium pentafiuorophenoxytris(pentafluorophenyl) borate,

N,N-diethylanilinium tetrakis(pentafiuorophenyl) borate,

N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(pentafluorophenyi) borate,

dimethyltetradecylammonium tetrakis(pentafluorophenyl) borate,

dimethylhexadecylammonium tetrakis(pentafiuorophenyl) borate,

dimethyloctadecylammonium tetrakis(pentafiuorophenyl) borate,

methylditetradecylammonium tetrakis(pentafluorophenyl) borate,

methylditetradecylammonium (hydroxyphenyl)tris(pentafiuorophenyt) borate,

methyiditetradecylammonium (diethylaluminoxyphenyl)tris(pentafluorophenyl) borate,

methyldihexadecylammonium tetrakis(pentafluorophenyl) borate,

methyldihexadecylammonium (hydroxyphenyl)tris(pentafluorophenyl) borate,

methyldihexadecylammonium (diethylaluminoxyphenyl)tris(pentafluorophenyl) borate,

methyldioctadecylammonium tetrakis(pentafluorophenyl) borate,

methyldioctadecylammonium (hydroxyphenyl)tris(pentafiuorophenyi) borate,

methyldioctadecylammonium (diethylaluminoxyphenyijtris(pentafiuorophenyi) borate,

mixtures of the foregoing,

dialkyl ammonium salts such as:
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di-(i-propyl)ammonium tetrakis(pentafiuorophenyl) borate, -
methyloctadecylammonium tetrakis(pentafluorophenyl) borate, -
methyloctadodecylammonium tetrakis(pentaﬂuorophenyl).borate, and -
dioctadecylammonium tetrakis(pentafluorophenyl) borate;
tri-substituted phosphonium salts such as:
triphenylphosphonium tetrakis(pentafluorophenyl) borate,
methyldioctadecylphosphonium tetrakis(pentafiuorophenyl) borate, and
tri(2,6-dimethylphenyl)phosphbnium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium saits _éuch as:
diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentaﬂuorophenf/l) borate, and
di(octadecyl)oxonium tetrakis(pentafluorophenyl) borate;
di-substituted sulfonium salts such as:
di{o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
methylcotadecylsulfonium tétrakis(pentaﬂuorophenyl) borate.

Preferred (L*-H)* cations are methyldioctadecylammonium and
dimethyloctadecylammonium.

Another suitable ion fbr_ming, activating cocatalyst comprises a saltofa - -
cationic oxidizing agent and a noncoordinating, compatible anion represented by the
formula: - : o ,
(OX)a(ANe.

- wherein:

Ox®" is a cationic oxidizing agent having a charge of e+;

e is an integer from 1 to 3; and

A* and d are as previously defined. R

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-
substituted ferrocenium, Ag™ or Pb*2. Preferred embodiments of A* are those anions
previously defined with respect to the Bronsted acid containing activating cocatalysts,
especially tetrakis(pentafluorophenyl)borate. _ .

Another suitable ion forming, activating cocatalyst comprises a compound
which is a salt of a carbenium ion and a noncoordinating, compatible anion -
represented by the formula:

| © A
wherein:

©" is a Cy.20 carbenium ion; and
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A’ is as previously deﬂned A preferred carbemum |on is the trityl cation, that
is triphenylmethylium.

A further suitable ion forming, activating cocatalyst bomprises a compound
which is a salt of a silylium ion and a noncoordinating, compatible anion represented
by the formula: '

RaSi{X")g"A”
wherein:

R is Cs.10 hydrocarbyl, and X', q and A" are as previously defined.

Preferred silylium salt activating cocatalysts are trimethylsilylium
tetrakispentafluorophenyliborate, triethylsilylium tetrakispentafluorophenylborate and
ether substituted adducts thereof. Silylium' salts have been previously generically
disclosed in J. Chem Soc. Chem. Comm., 1993, 383-384, as well as Lamber, J. B.,
et al., Organometallics, 1994, 13, 2430-2443. The use of the above silylium salts as
activating cocatalysts for addition polymerization catalysts is disclosed in US serial
number 304,314, filed September 12, 1994, published in equivalent form as
WO96/08519 on March 21, 1996.

Certain complexes of alcohols, mercaptans, silanols, and oximes with -
tris(pentafluorophenyl)borane are also effective catalyst activators and may be used
according to the present invention. Such cocatalysts are disclosed in USP 5,296,433.

Another class of suitable catalyst activators are expanded anionic compounds
corresponding to the formula: (A“'ai)tf(Z‘J’j‘)"”| d’

wherein: '

A' is a cation of charge +a’,

Z' is an anion group of from 1 to 50, preferably 1 to 30 atoms, not countmg
hydrogen atoms, further containing two or more Lewis base sites;

J' independently each occurrence is a Lewis acid coordinated to at least one
Lewis base site of Z', and optionally two or more such J' groups may be joined
together in a moiety having multiple Lewis acidic functionality,

j' iIs a number from 2 to 12 and |

a’, b", ¢', and d' are integers from 1 to 3, with the proviso that a' x b* is equal
toc'xd'. |

The foregoing cocatalysts (illustrated by those having imidazolide, substituted
imidazolide, imidazolinide, substituted imidazolinide, benzimidazolide, or substituted
benzimidazolide anions) may be depicted schematically as follows:
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wherein: _ o

A't is a monovalent cation as previously defined, and preferably is a
trihydrocarbyl ammonium cation, containing one or two Cioto alky! groups, especially
the methylbis(tetradecyl)ammonium- or méthylbis(octade‘cyl)amm‘oniu‘m- cation,

R®, independently each occurrence; is hydrogen or a halo, hydrocarbyt, -
halocarbyl, halohydrocarbyl, silylhydracarbyl, or silyl, (including mono-, di- and
tri(hydrocarbyi)silyl) group of up to 30 atoms not counting hydrogen, preferably Ci..o
alkyl, and : S x : o
J' is tris(pentafluorophenyl)borane or tris(pentafluorophenyl)aluminane.

Examples of these catalyst activators include the trihydrocarbylammonium-,
especially, methylbis(tetradecylyammonium- or methylbis(octadecyl)ammonium- salts
Of: . . . S i
bis(tris(pentafluorophenyl)borane)imidazolide,
bis(tris(pentafiuorophenyl)borane)-2-undecylimidazofide, -
bis(tris(pentafiuorophenyl)borane)-2-heptadecylimidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentaﬂuorophenyl)_bqrané)_imida_zo_linide,
bis(tris(pent_aﬂuorophenyl)bc_okane)-2-hndecylimidazolinidé,
bis(tris(péhtaﬂudrophenyl)boran'e)-'2-heptadepylimidazol_ini.de,
bis(tn’s(pentafluorophenyl)boran_e)-4_,5_-bis(undecyl_)imida_zolinide,
bis(tris(pentaﬂuorophenyl)borane)-4,5-bis(heptadecyl)imidazolini_de,
bis(tris(pentafiuorophenyl)borane)-5,6-dimethylbenzimidazolide,
bis(tris(pentaﬂuorophenyl)bprane)-5_,6-bié(undecyl)benzimidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentaflu_orophenyl)al_umane)-2-u,ndecyl_imidaioli_de,_
bis(tris(ﬁentaﬂuorophehyl)alumane)—2-heptadecylimidazofid_e, _
bis(tris(pentaflucrophenyl)alumane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolide,
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bis(tris(pentafluorophenyl)alumane)imidazolinide, .
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis{heptadecyl)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-5,6-dimethylbenzimidazolide, and
bis(tris(pentafluorophenyl)alumane)-5,6-bis(undecyl)benzimidazolide.

The technique of bulk electrolysis involves the electrochemical oxidation of the
metal complex under electrolysis conditions in the presence of a supporting
electrolyte comprising a noncoordinating, inert anion. In the technique, solvents,
supporting electrolytes and electrolytic poténtials for the electrolysis are used such
that electrolysis byproducts that would render the metal complex catalytically inactive
are not substantially formed during the reaction. More particularly, suitable solvents
are materials that are: liquids under the conditions of the electrolysis (generally
temperatures from 0 to 100°C), capable of dissolving the supporting electrolyte, and
inert. “Inert solvents” are those that are not reduced or oxidized under the reaction
conditions employed for the electrolysis. It is generally possible in view of the desired
electrolysis reaction to choose a solvent and a supporting electrolyte that are
unaffected by the electrical potential used for the desired electrolysis. Preferred
solvents include difluorobenzene (all isomers), dimethoxyethane (DME), and mixtures
thereof. _

The electrolysis may be conducted in a standard electrolytic cell containing an
anode and cathode (also referred to as the working electrode and counter electrode
respectively). Suitable materials of construction for the cell are glass, plastic, ceramic
and glass coated metal. The electrodes are prepared from inert conductive materials,
by which are meant conductive materials that are unaffected by the reaction mixture
or reaction conditions. Platinum or palladium are preferred inert conductive materials.
Nomally an ion permeable membrane such as a fine glass frit separates the cell into
separate compartments, the working electrode compartment and counter electrode
compartment. The working electrode is immersed in a reaction medium comprising
the metal complex to be activated, solvent, supporting electrolyte, and any other -
materials desired for moderating the electrolysis or stabilizing the resulting complex.
The counter electrode is immersed in a mixture of the solvent and supporting
electrolyte. The desired voltage may be determined by theoretical calculations or
experimentally by sweeping the cell using a reference electrode such as a silver

electrode immersed in the cell electrolyte. The background cell current, the current
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draw in the absence of the desired electrolysis, is also determined. The electrolysis
is completed when the current drops from the desired level to the background level.
In this manner, complete conversxon of the initial metal complex can be easily
detected. C '

Suitable supporting electrolytes are salts comprisinga cation and a
compatible, noncoordinating anion, A-. Preferred supportlng electrolytes are salts
corresponding to the formula G*A’; wherein: ' - '

G* is a cation which is nonreactive towards the starting and resulting complex, -
and | ' '

A’ is as previously defined. _ :

Examples of cations; G*, include tetrahydrocarby! substituted ammonium or
phosphonium cations having up to 40 nonhydrogen atoms. Preferred cations are the
tetra(n-butylammonium)- and tetraethylammonium- cations. '

During activation of the complexes of the present invention by bulk electrolysis -
the cation of the- supporting electrolyte passes to the counter electrode and A-
migrates to the working electrode to become the anion of the resulting oxidized
product. Either the solvent or the cation of the supporting electrolyte is reducéd at the"
counter electrode in equal molar quantity with the amount of oxidized metal complex
formed at the working electrode. Preferred supporting electrolytes are
tetrahydrocarbylammonium salts of tetrakis(perfluoroaryl) borates having from 1 to 10 -
carbons in each hydrocarbyl or perfluoroaryl group, especially tetra(n- '
butylammonium)tetrakis(pentafluorophenyl) borate. ' .

A further recently discovered electrochemical techinique for generation of
activating cocatalysts is the electrolysis of a disilane compound in the presence of a
source of a noncoordinating compatible anion. This technique is more fully disclosed
and claimed in the previouély mentioned United States Patent application serial '
number 304,314, published in eqauivaient form as WO96/08519.

The foregoing electrochemical activating technique and activating cocatalysts
may also be used in combination. An especially preferred combination is a mixture of
a tri(hydrocarbyl)aluminum or tri(hydrocarbyl)borane compound having from1to4
carbons in each hydrocarbyl group with an oligomeric or polymeric alumoxane
compound. - :

The molar ratio of catalyst/cocatalyst employed preferably ranges from
1:10,000 to 100:1, more preferably from 1:5000 to 10:1, most preferably from 1:1000
to 1:1. Alumoxane, when used by itself as an activating cocatalyst, is employed in

large quantity, generally at least 100 times the quantity of metal complex on a molar
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basis. Tris(pentaﬂuorophenyl)borane, where used as an a&iﬁating cocatalyst is
employed in a molar ratio to the metal complex of form 0.5:1 to 10:1, more preferably
from 1:1 to 6:1 most preferably from 1:1 to 5:1. The remaining activating cocatalysts
are generally employed in approximately equimolar quantity with the metal complex.

The catalysts, whether or not supported in any of the foregoing methods, may
be used to polymerize ethylenically and/or acetylenically unsaturated monomers
having from 2 to 100,000 carbon atoms either alone or in combination. Preferred
monomers include the Co.oq a-olefins especially ethylene, propylene, isobutylene, 1-

butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, 1-
decene, long chain macromolecular a-olefins, and mixtures thereof. Other preferred
monomers include styrene, C4_4 alkyl substituted styrene, tetrafluoroethylene,

vinylbenzocyclobutane, ethylidenenorbomene, 1,4-hexadiene, 1,7-octadiéne,
vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with
ethylene. Long chain macromolecular a-olefins are vinyl terminated polymeric
remnants formed in situ during continuous solution polymerization reactions. Under
suitable processing conditions such long chain macromolecutar units are readily _
polymerized into the polymer product along with ethylene and other short chain olefin
monomers to give small quantities of long chain branching in the resuiting polymer.

Preferred monomers include a combination of ethylene and one or more
comonomers selected from rhonovinyl aromatic monomers, 4-vinylcyclohexene,
vinylcyclohexane, norbornadiene, ethylidene-norbomene, C3.1¢ aliphatic a-olefins
(especially propylene, isobutylene, 1-butene, 1-hexene, 3-methyl-1-pentene, 4-
methyl-1-pentene, and 1-octene), and C4.4¢ dienes. Most preferred monomers are
mixtures of ethylene and styrene; mixtures of ethylene, propylene and styrene;
mixtures of ethylene, styrene and a nonconjugated diene, especially
ethylidenenorbomene or 1,4-hexadiene, and mixtures of ethylene, propylene and a
nonconjugated diene, especially ethylidenenorbornene or 1,4-hexadiene.

In general, the polymerization may be accomplished at conditions well known
in the prior art for Ziegller-Natta pr Kaminsky-Sinn type polymerization reactions, that
is, temperatures fromb-250°c, preferably 30 to 200°C and pressures from
atmospheric to 10,000 atmospheres. Suspension, solution, slurry, gas phase, solid
state powder polymerization or other process condition may be employed if desired.
A support, especially 'Silica, alumina, or a polymer (especially
poly(tetrafluoroethylene) or.a polyolefir_l) may be employed, and desirably is employed
when the catalysts are used in a gas phase polyfnerization process. The support is
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preferably employed in an amount to provide a weight ratio of catalyst (based on
metal):support from 1:100, 000 to 1: :10, more preferably from 1:50,000 to 1:20, and
most preferably from 1:10, 000 to 1:30.

In most polymerization reactions the molar ratio of catalyst:polymerizable
compounds employed Is from 10741 to 10™:1, more preferably from 10°%1 to 10%:1.

Suitable solvents use for solution polymerization are inert liquids. Examples’
include straight and branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtures thereof; cyclic and alicyclic
hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycloheptane, and mixtures thereof; perfluorinated hydrocarbons such as
perfluorinated C4-1 o alkanes, and alkyl-sut:stituted aromatic compounds such as

benzene, toluene, xylene, and ethylbenzene. Suitable solvents also include llquid
olefins which may act as monomers OF COmonomers,

The catalysts may be utilized in combination with at least one additional
homogeneous or heterogeneous polymerization catalyst in the same reactor or in
separate reactors connected in series or in parallel to prepare polymer blends having
desirable properties. An example of such a process s disclosed in WO 94/00500,
equivalent to U. S. Serial Numb_er 07/904,770, as well as U. S. Serial Number
08/10958, filed January 29, 1993. :

Utilizing the present catalysts, o-olefin homopolymers and copolymers having
densities from 0. 85 g/cm3 to 0 96 g/em®, and melt flow rates from 0.001 to 1000.0
dg/mm are readily attained i in a highly efficient process. '

The catalysts of the present mventron are partlcularly advantageous for the
production of ethylene homopolymers and ethylene/a-olefm copolymers having high
levels of long chain branchlng The use of the catalysts of the present invention in
continuous polymenzat:on processes, especlally contmuous solution polymenzatron
processes, allows for elevated reactor temperatures which favor the formation of vinyl
terminated polymer chains that may be incorporated into a growing polymer thereby
giving a long chain branch The use of the present catalyst compositions
advantageously allows for the economical production of ethylene/a—olefm c0polymers
having processabllrty similar to hlgh pressu re, free radrcal produced low density
polyethylene o _ .

The present catalyst compositions may be advantageously emp_loyed to
prepare olefin polymers having improved processing prope'rti_es by polymerizing.
ethylene alone or ethylene/a-oleﬁn mixtures with low levels of a “H” branch inducing
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diene, such as norbomadiérie, 1,7-octadiene, or 1,9-decad5;ﬁé. -The unique
combination of elevated reactor temperatures, high molecular weight (or low melt
indices) at high reactor temperatures and high comonomer reactivity advantageously
allows for the economical production of polymers having excellent physical properties
and processability. Preferably such polymers comprise ethylene, a C3.9q a-olefin

and a “H"-branching comonomer. Preferably, such polymers are produced in a
solution process, most preferably a continuous solution process.

The catalyst composition may be prepared as a homogeneous catalyst by
addition of the requisite components to a solvent or diluent in which polymerization
will be conducted. The catalyst composition may also be prepared and employed as
a heterogeneous catalyst by adsorbing, depositing or chemically attaching the
requisite components on an inert inorganic or organic particulated solid. Examples of
such solids include, silica, silica gel, alumina, clays, expahded clays (aerogeis),
aluminosilicates, triatkylaluminum compounds, and organic or inorganic polymeric
materials, especially polyolefins. In an preferred embodiment, a heterogeneous
catalyst is prepared by reacting an inorganic compound, preferably a tri(C1.¢ alkyl
aluminum compound, with an activa{ing cocatalyst, especially an ammonium salt of a
hydroxyaryl(trispentafluoro-phenyl)borate, such as an ammonium salt of (4-hydroxy-
3,5-ditertiarybutylphenyltris-(pentafluorophenyl)borate or (4-hydroxyphenyi)-
tris(pentafiuorophenyi)borate. This activating cocatalyst is deposited onto the support
by coprecipitating, imbibing, spraying, or simitar technique, and thereafter removing |
any solvent or diluent. The metal complex is added to the support, also by adsorbing,
depositing or chemically attaching the same to the support, either subsequently,
simultaneously or prior to addition of the activating cocatalyst. ‘

When prepared in heterogeneous or supported form, the catalyst composition
is employed in a slurry or gas phase polymerization. As a practical limitation, sturry
polymerization takes place in liquid diluents in which the polymer product is
substantially insoluble. Preferably, the diluent for slurry polymerization is one or more
hydrocarbons with less than 5 carbon atoms. If desired, saturated hydrocarbons
such as ethane, propane or butane may be used in whole or part as the diluent.
Likewise the. a-olefin monomer or a mixture of different a-olefin monomers may be
used in whole or part as the diluent. Most preferably at least a major part of the
diluent comprises the a-olefin monomer or monomers to be polymerized.

At all times, the individual ingredients as well as the recovered catalyst
components must be protected from oxygen and moisture. Therefore, the catalyst
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components and catalysts must be prepared and recovered in an oxygen and - -
moisture free atmosphere. Preferably, therefore, the reactions are performed in the
presence of an dry, inert gas such as, for example, nitrogen.

- The polymerization'may be carried out as a batchwise or a continuous
polymerization process A-'.continuous- process is preferred, in which event catalyst,
ethylene, comonomer, and optionally solvent are continuously supplied to the
reaction zone and polymer product continuously removed therefrom.

Without limiting in any way the scope of the invention, one means for canying
out such a polymerization process is as follows: In a stirred-tank reactor, the
monomers to be polymerized are introduced continuously together with solvent and
an optional chain transfer agent. The reactor contains a liquid phase composed -
substantially of monomeré together with any solvent or additional diluent and
dissolved polymer. If desired, a small amount of a “H’-branch inducing diene such as"
norbornadiene, 1,7-octadiene or 1,9-decadiene may also be added. Catalyst and
cocatalyst are contihuously introduced in the reactor liqUid phase. The reactor -

" temperature and pressure may be controlled by adjusting the solvent/monomer ratio,

the catalyst addltlon rate, as well as by cooling or heating coils, jackets or both. The
polymenzatno_n rate is controlled by the rate of catalyst addition. The ethylene content
of the polymer product is determined by the ratio of ethylene to comonomer in the
reactor, which is controlled by manipulating the respective feed rates of these
components to the reactor.- The polymer product.moleéular weight is controlled,
optionally, by cont'ro_lling other pblymerization variables such as the temperature, -
monomer concentration, or by the previously mention chain transfer agent, such as a
stream of hydrogen introduced to the reactor, as is well known in the art. The reactor
effluent is contacted with a catalyst kill agent such as water. The polymer solution is
optionally heated, and the polymer product is recovered by flashing off gaseous
monomers as well as residual solvent or diluent at reduced pressure, and, if
necessary, conducting further devolatilization in equipment such as a devolatilizing
extruder. In a continuous process the mean residence time of the catalyst and
polymer in the reactor generally is from about 5 minutes to 8 hours, and preferably
from 10 minutes to 6 hours. By using a catalyst that incorporates large amounts of
hindered monoviny! monomer, hindered monovinyl homopolymer formed from
residual quantities of the monomer are substantially reduced

Ethylene homopolymers and ethylene/a-olefin copolymers are pamcularly
suited for preparation according to the invention. Generally such polymers have

densities from 0.88 to 0.96 g/ml. Typically the molar ratio of a-olefin comonomer to
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ethylene used in the polymerization may be varied in order to adjust the density of the
resulting polymer. When producing materials with a densiiy range of from 0.91 to
0.93 the comonomer to monomer ratio is less than 0.2, preferably less than 0.05,
even more preferably less than 0.02, and may even be less than 0.01. In the above
polymerization process hydrogen has been found to effectively control the molecular
weight of the resulting polymer. Typically, the molar ratio of hydrogen to monomer is
less than about 0.5, preferably less than 0.2, more preferably less than 0.05, even
more preferably less than 0.02 and may even be less than 0.01.
EXAMPLES

The skilled artisan will appreciate that the invention disclosed herein may be
practiced in the absence of any componeni which has not been specifically disclosed.
The following examples are provided as further illustration of the invention and are
not to be construed as limiting. Unless statéd to the contrary all parts and
percentages are expressed on a weight basis. The term “ovemight’, if used, refers to -
a time of approximateiy 16-18 hours, the term “room temperature”, refers to a
temperature of about 20-25 °C, and the term “mixed alkanes” refers to a commercially .
obtained mixture of Cs.s aliphatic hydrocarbons available under the trade designation
Isopar E®, from Exxon Chemicals inc.

'H (300 MHz) and **C NMR (75 MHz) spectra were recorded on a Varian XL-
300 spectrometer. 'H and **C NMR spectra are referenced to the residual solvent
peaks and are reported in ppm relative to tetramethyisilane. All Jvalues are given in
Hz. Tetrahydrofuran (THF), diethylether, toluene,'and hexane were used following
passage through double éolumns charged with activated alumina and a purifying
catalyst (Q-5° available from Englehardt Chemicals inc.) The compounds BC'a-SMez,
BBrs-SMe;, B(NMe)s, n-BuLi were all used as purchased from Aldrich. The
compound TiCls(THF); was prepared as described in the literature. All syntheses
were performed under dry nitrogen or argon atmospheres using a combination of
giove box and high vacuum techniques. | |

Example 1 Dichloro-[1 ,2-B_is(2,6-diisopropyl_anilide)-1 ,2-bis(dimethylamido)diborane]
titanium |

-89-
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1A) Preparatlon of Chlorobls(dlmethylamldo)borane (modrflcatlon of Chavant P.Y.;
Vaultier, M. J. Organomet Chem. 1993, 455, 37-46) o

BCls-SMe: (62.000 g, 345.78 mmol) and B(NMe)s (98 921 g, 691.56 mmole)
were stirred together at room temperature ovemight under a nltrogen bubbler The
mixture was then heated to reflux for one hour to dnve off any resrdual SMe..
Allowing the pale yellow liquid to stlr to room temperature resulted in the lsolatlon of
the desired product cleanly (44 979 g, 99.9 percent yleld) B

"TH NMR (CeDe): 62.49 (s, 12 H). °C NMR (CeDe): & 30.86.
1B) Preparation of Tetrakis(dimethylamido)diborane (modmcatron of Noth H;
Meister, W. Z. Naturforsch., Teil B 1962, 17,714)

Chlorobls(dlmethylamldo)borane (30 000 g, 223. 19 mmol) was reﬂuxed in

- hexane (200 ml) as Na/K alloy [Na (1.539 g, 66 96 mmol)/8 726 g K (8 726 g,223.19

mmol)] was added dropwrse to the sotutlon  After the first several drops the reaction
initiated as evrdenced by a sudden increase in the reflux. The heat was then tumed
off and the alloy added slowly so as to maintain a reflux. After the addition was _
complete, the react:on mrxture was heated to reflux for an addmonal hour and then
stirred at room temperature for three hours. The mixture was then filtered through a
pad of diatomaceous earth and the volatiles removed reeulting in the isolation ofa
yellow liquid. Fractional vacuum distillation resulted in the isolation of the desired
compound as a paie yellow liquid (7.756 g, 35.1 percent yield).

'H NMR (CeDs): 52.74 (s, 24 H). *C NMR (CsDe): & 41.34.
1C) Preparation of Bis(dimethylamido)diborondichloride (modification of Noth, H;
Meister, W. Z. Naturforsch., Teil B1962, 17,714)

Tetrakis(dimethylamido)diborane (7.76 g, 39.29 mmol) was stirred in
diethylether (100 ml) at -78 °C as HCI (157 mmol, 157 mi of 1.0 M solution in
diethylether) was added dropwise. This mixture was then allowed to stir for six hours
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at room temperature. After the reaction period the volatiles were removed and the
residue extracted and filtered using hexane. Removal of the hexane resulted in the
isolation of a yellow oil. Fractional vacuum distillation resulted in the isolation of the
desired compound as a pale yellow liquid (4.72 g, 66.7 percent yield).
'H NMR (CeDs): 8 2.40 (s, 6 H), 2.50 (s, 6 H). °C NMR (CsDs): 5 37.62,
41.78.
1D) Preparation of 2,6-Diisopropylaniline, lithium salt
_ n-BulLi (66.4 mmol, 35.3 ml of 1.60 M solution in hexane) was added dropwise
to a solution of 2,6-diisopropylaniline (10.0 g, 56.4 mmol) in hexane (100 ml). This
mixture was allowed to stir for 3 hours during which time a white precipitate formed.
After the reaction period the mixture was filtered and the white salt washed with
hexane and dried under vacuum and used without further purification or analysis
(9.99 g, 96.7 percent). .
1E) Preparation of 1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane
Bis(dimethylamido)diborondichloride' (2.35 g, 13.0 mmol) in diethylether (10
mi) was added dropwise to a solution of 2,6-diisopropyianifine, lithium salt (4.77 g,
26.0 mmol) in diethylether (50 ml) at 0°C. This mixture was then allowed to stir
overnight at room temperature. After the reaction period the volatiles were removed
and the residue extracted and filtered using hexane. Removal of the hexane resulted
in the isolation of a the desired product as a white solid (5.32 g, 88.9 percent yield).
'H NMR (CsDs, RT): 5 0.9-1.4 (brm, 24 H), 2.3 (s, 6 H), 2.8 (s, 6 H), 3.7 (s, 2 - -
H), 7.0 (br s, 6 H).
1F) Preparation of 1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane,
dilithium salt
1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane (1.82 g, 3.95
mmol) was stirred in hexane (75 ml) as n-BulLi (7.91 mmol, 4.94 mi of 1.60 M solution
in hexane) was added dropwise. This mixture was then allowed to stir overnight.
After the reaction period the mixture was filtered and the sait washed well with
hexane and dried under vacuum resulting in the isolation of the desired product as a
white powder (1.69 g, 90.4 percent yield).
1G) Preparation of Dichloro-[1,2-Bis(2,6-diisopropylanilide)-1,2-
bis(dimethylamido)diboraneltitanium
1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane, dilithium salit
(0.60 g, 1.27 mmol) in THF (20 mi) was added dropwise to a slurry of TiCla(THF)s
(0.47 g, 1.27 mmol) in THF (50 ml) at 0°C. This mixture was then allowed to stir at

room temperature for 45 minutes. PbCl, (0.177 g, 0.640 mmol) was then added as a
-91-
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solid and the mixture allowed to stir for an additional 30 minutes. After the reaction
period the volatiles were removed and the residue extracted and filtered ixs‘ir‘i'g' '
hexane. Concentration of t_h_é hexane and cooling to -10 °C overnight resulted in the
formation of orange X-ray quality crystals (0.156 g, 21.3 percent yield). '

'H NMR (CeDe): 5 1.23 (d, 3Juw= 6.6 Hz, 6 H), 1.45 (d, *Jun= 6.6 Hz, 6 H), 2.17
(s, 6 H), 2.76 (s, 6 H), 3.53 (septet, *Jin=6.6 Hz, 4 H), 7.11 (s, 6 H) '

Example 2 Dichioro [1,2-Bis(2,6-diisopropylanilide}-1,2-bis{dimethylamido)diborane)
titanium (altemnated preparation) '

'2A) Preparation of Chiorobis(dimethylamido)borane. -

BCl3-SMe. (62.000 g, 345.78 mmol) and B(NMe.)s (98.921 g, 691.56 mmol)
were stirred together at room temperature overnight under a nitrogen bubbler. The

. mixture was then heated to refiux for one hour to drive off any residual SMe,.

Allowing the pale yellow liquid to stir to room temperature resulted in the isolation of

the desired product (139.436 g, 93.3 percent yield). ' o

*H NMR (CeDe): 6 2.49 (s, 12 H). *C NMR (CeDe): 5 39.86.

2B) Preparation of Tetrakis(dimethylamido)diborane via CIB(NMe)..
Chlorobis(dimethylamido)borane (30.000 g, 223.19 mmol) was. refluxed in

hexane (200 ml) as Na/K alloy [Na (1.539 g , 66.96 mmol)/8.726 g K (8.726 g, 223.19

mmol)] was added dropwise to the solution. ‘After the first several drops the reaction
initiated as evidenced by a sudden increase in the reflux. The heat was then tumed

- off and the alloy added slowly so as to maintain a reflux. After the addition was

complete, the reaction mixture was heated to reflux for an additional hour and then
stirred at room temperature for three hours. The mixture was then filtered through a
diatomaceous earth pad and the volatile components were removed resulting in the
isolation of a yellow liquid. Fractional vacuum distillation resulted in the isolation of
the desired compound as a pale yellow liquid (7.756 g, 35.1 percent yield).
H NMR (CeDe): 5.2.73 (s, 24 H). °C NMR (CsDe): 5 41.37.
2C) Preparation of Tetrakis(dimethylamido)diborane via Bis(catecholato)diboron.
Lithium dimethylamide (10.70 g, 210.0 mmol) was added slowly as a solid to a
solution of bis(catecholato)diboron (10.00 g, 42.00 mmol) in diéthylether (200 ml) at -
20°C. This mixture was then allowed to stir for an additional 40 hours at room
temperature. After the reaction period the ether was removed under vacuum and the
residue extracted and filtered using hexane. Removal of the hexane resulted in the
isolation of a yellow oil. Fractional vacuum distillation resuited in the isolation of the -

desired compound as a pale yellow liquid (5.493 g, 66.0 percent yield).
-92-
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2D) Preparation of Bis(dimethylamido)diborondichioride.

Tetrakis(dimethylamido)diborane (7.756 g, 39.19 mmof) was stirred in
diethylether (100 mi) at -78°C. as HCI (156.75 mmol, 156.75 mi of 1.0 M solution in
diethylether) was added dropwise. This mixture was then allowed to stir for six hours
at room temperature. After the reaction period the volatile components were
removed and the residue extracted and filtered using hexane. Removal of the
hexane resulted in the isolation of a yellow oil. Fractional vacuum distillation resulted
in the isolation of the desired compound as a pale yellow liquid (4.722 g, 66.7 percent
yield). _
'H NMR (CsDs): & 2.40 (s, 6 H), 2.50 (s, 6 H). "°C NMR (CsDs): 5 37.62, 41.78.
2E) Preparation of 2,6-Dilsopropylaniline, lithium salt.

n-Bulli (56.40 mmol, 35.25 mi of 1.6 M solution in hexane) was added
dropwise to a solution of 2,6-diisopropylaniline (10.00 g, 56.40 mmol) in hexane (100
mi). This mixture was allowed to stir for 3 hours during which time a white precipitate
formed. After the reaction period the mixture was filtered and the white salt washed
with hexane and driéd under vacuum and used without further purification or analysis
(9.988 g, 96.7 percent yield). '
2F) Preparation of 1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane.

Bis(dimethylamido)diborondichloride (2.350 g, 13.00 mmol) in diethylether (10
ml) was added dropwise to asolution of 2,6-diisopropylaniline, lithium salt (4.765 g,
26.01 mmol) in diethylether (50 ml) at 0°C. This mixture was then allowed to stir
overnight at room temperature. After the reaction period the volatiles were removed
and the residue was extracted and filtered using hexane. Removal of the hexane
resutted in the isolation of a the desired product as a white solid (5.322 g, 88.9
percent yield). _
'H NMR (toluene-ds): 5 0.9-1.4 (br m, 24 H), 2.3 (s, 6 H), 2.8 (s, 6 H), 3.7 (s, 2 H), 7.0
(brs, 6 H). *C NMR (toluene-ds): 6 22.51, 24.03 (br), 28.17, 36.82, 42.67, 123.19,
124.78, 140.71, 145.02 (br). MS(EI): m/z 460.4025 (M-H)*, calcd. (M-H)* 460.4026.
2G) Preparation of 1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane,
dilithium salt.

1,2-Bis(2,6-diisopropylanilide)-1,2-bis(dimethylamido)diborane (1.820 g, 3.950
mmol) was stirred in hexane (75 ml) as n-BuLi (7.91 mmol, 4.94 ml of 1.6 M solution
in hexane) was added dropwise. This mixture was then allowed to stir ovemight.
After the reaction period the mixture was filtered and the salt washed well with
hexane and dried under vacuum resulting in the isolation of the desired product as a

white powder (1.6878 g, 90.4 percent yield).
-93-
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'H NMR (THF-ds): & 1.04 (d, *u= 6.9 Hz, 6 H), 1.18 (d, = 6.9 Hz, 6 H), 2.45 (s,
12 H), 3.66 (septet, *vin= 6.9 Hz, 4 H), 6 29 (t, *hu= 7.5 Hz, 2 H), 6.73 (d, *hw= 7 5
Hz, 4 H). ®C NMR (THF-da) 8 24 88, 25.34, 28.00, 40 91, 114.40, 121.95, 137 21
158.76.
2H) Preparation of Dichloro-[4 ,2¥Bis(2,6-diisbp'ropylanilide)¥1 2-
bis(dimethylamido)diborane]titanium. '
1,2-Bis(2,6-dilsopropylanilide)-1,2-bis(dimethylamido)diborane, dilithium salt
(0.600 g, 1.27 mmol) in THF (20 ml) was added dropwise to a slurry of TiCla(TI-IIF);{. |
(0.471 g, 1.27 mmol) in THF (50 ml) at 0°C. This mixture was then allowed to stir at
room temperature for 45 minutes. PbClz (0.177 g, 0.640 mm'ol) was then added as a
solid and the mixture allowed to stir for an additional 30 minutes. After the reaction
period the volatile compdnénts were removed and the residue was extracted and
filtered using hexane. Concentration of the hexane fractions and cooling to -10°C
ovemight resulted in the formation of orange X-ray quality crystals (0156 g, 21.3
percent yield). The ORTEP crystal structure (not necessanly to scale) based on X-
ray analysis is found in Figure 1. '
"H NMR (toluene-da): 8 1.23 (d; *u= 6.6 Hz, 6 H), 1.45 (d, *Jis= 6.6 Hz, 6 H), 217
(s, 6 H),2.76 (s, 6 H), 3.53 (septet, *hu= 6.6 Hz, 4 H), 7.11 (s, 6 H). ®*CNMR
(toluene-dg): 5 24.94, 24.67, 29.48, 39.33, 42.93, 124.08 (br), 17.23, 150.64. MS(EI):
m/z 578.2789 (M)*, caled. (M)* 578.2781. Anal. Calcd. For CausBzNleCla C, 58 07
H, 801 N, 9.67. Found: C, 828 H, 820 N, 942

Example 3 Dlmethyl i 2-B|s(2 6-dnsopropylamllde) -1,2- bls(dlmethylamldo)dlborane]
titanium

Dichioro-[1,2-Bis(2,6-diisopropylanilide)-1 ,2-bis(dimethylamido)diborane]
titanium (Example 2) (0.272 g, 0.470 mmol) was stirred in diethylether (40 ml) as.
MeMgBr (0.940 mmol, 0.313 mi of 3.0 M solution in diethylether) was added
dropwis'e. This mixture was allowed to stir for one hour. After the reaction period the
volatiles were removed and the residue extracted and filtered using hexane. R
Removal of the hexane resulted in the isolation of the desired product asadark
yellow oil (0.209 g, 82.5 percent yield).
H NMR (CsDe):  1.05 (s, 6 H), 1.21 (d, *ui = 6.9 Hz, 16 H), 1.32 (d, % = 6.3 Hz,
16 H), 2.19 (s, 6 H), 2.69 (s, 6 H), 3.58 (br, 2 H), 7.0-7.2 (m, 6 H). "°C NMR (CeDs): 8
24.06, 24.83, 29.31, 39.58, 42.93, 57.38, 123.97, 125.18, 139.5 (br), 149.45.
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Example 4 Dibenzyi [1 2-B|s(2 6-diisopropylanilide)-1 2-b1s(d1methylamido)d|borane]
zirconium

Zirconium tetrachloride (0.100 g, 0.440 mmol) and zirconium tetrabenzyl
(0.192 g, 0.440 mmol) were stirred together in diethylether (30 mi) for 1 hour. 1,2-
Bis(2,6-dlisopropylanilide)-1,2-bis(dimethylamido)diborane, dilithium salit (Example
2G) (0.400 g, 0.842 mmol) in diethylether (30 mi) was then added dropwise and the
mixture allowed to stir for 3 hours. After the reaction period the volatiles were
removed under vacuum and the residue extracted and filtered using hexane. The
filtrate was then concentrated and cooled to —10°C ovemight during which time a
white powder precipitated. The mixture was again filtered and the volatile
components removed resulting in the isolation of the desired product as a yellow oil
(0.123 g, 19.8 percent yield). :
'H NMR (toluene-da): & 1.14 (d, *Jun= 6.6 Hz, 6 H), 1.22 (br, 6 H), 1.70 (d, *Jn= 9.0
Hz, 2 H), 1.83 (d, *Jw= 9.6 Hz, 2 H), 2.10 (s, 6 H) 2.71 (s, 6 H), 3:0-3.2 (br, 2 H), 3.3-
3.5 {br, 2 H), 6.59 (d, *dhm= 7.2 Hz, 4 H), 6.77 (t, *Jupu= 7.2 Hz, 2 H), 6.9-7.1 (m, 10 H). -
'3C NMR (toluene-ds):-5 23.96 (br), 24.22 (br), 24.36 (br), 25.23 (br), 29.47, 39.72,
43.05, 62.23, 122.70, 123.73 (br), 124.08 (br), 124.33, 127.23, 130.82, 139.26 (br)
140.18 (br), 144.90, 144,92, 149.03.

E)_campie 5 rac-diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-yl)zirconium -
n*-1,4-diphenyl-1,3-butadiene '

' &

_ oo &

(lPl’)zN-B; A

5A) Preparation of Diisopropylaminoboron dichloride.

To a methylene chloride solution of trichloroborane (1 0 M, 100 ml, 0.10 mole)
was added dropwise at -78°C diisopropylamine (13.108 mi, 0.100 mole) over a 30
minute period. The solution was aliowed to stif for 1 hour, during which a white
precipitate formed. The mixture was allowed to warm to room temperature, and
solvent was removed under reduced pressure. The residue was dissolved in 100 ml
of dry toluene, tnethylamnne (13.94 mi, 0.10 mole) was added and the solution was
stirred overnight at room temperature. The mixture was filtered, the residue was

-05.
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washed with 20 mi of toluene. Solvent was removed under reduced pressure from
the combined filtrates, and the resulting oil was purified by vacuum distillation (25-28
°C, 13 Pa, 0.1mm) to give 9.2g (51 percent) of product as a colortess liquid.-

'H NMR (CoDe): 6 0.95 (d, 12 H), 3.63 (broad muttiplet, 2 H). -
5B) Preparation of N,N-diisopropylamino bis(2-methyl-4-phenylindenyl) borane

To 25 ml THF solution of N,N-diisopropylamincboron dichloride (0.858 g, 4.72
mmole) at room temperature was added drop wise lithium (2-methyl-4-
phenyl)indenide (2.00 g, 9.44 mmole in 20 ml THF).. The mixture was stirred for 24
hours. Solvent was removed under reduced pressure. The residue was extracted
with toluene (2x50 mi), fiitered through a mgdium frit, and solvent was removed under
reduced pressure to give a light yellow solid (2.4q; 97 percent). -
5C) Preparation of raodiisobropylaminoborane-bis—ns- (2-methyl-4-phenyl
indenyl)zirconium n*-1,4-diphenyl-1,3-butadiene |

N,N-diisopropylamino bis(2-methyl-4-phenylindenyl} borane (1.20 g, 2.3 o
mmole) was dissolved in 40 ml of toluene, 2.1 equivalents of potassium '
bis(trimethylsilyl) amide (0.964 g, 4.8 mmole ) was added and the resulting mixture
was stirred at room temperature for 24 hours. Volatile components were removed -
under reduced pressure, and the resulting orange solid washed with 10 ml of hexane,
filtered and pumped dry. The dipotassium salt residue (1.3 g, 95 percent, 2.18
mmole) was redissoived in 25 mi of toluene. (1,4-diphenyl-1,3-butadiene)-
bis(triethylphosphine)zirconium dichloride (1.318 g, 2.18 mmole) was added and the
solution stirred for 12 h at room temperature. The product mixture was filtered"
through diatomaceous earth filter aid and the solvent of the filtrate was removed
under reduced pressure. Further purification was carried out by recrystallization from
hexane to yield 0.85 g (48 percent) of the desired product as a dark red solid. The
ORTEP crystal structure (not necessariiy to scale) based on X-ray analysis is found in
Figure 2. o |
'H NMR (C4De): 5 7.6(d, 2H); 7.42-7.00, (m, 18 H); 6.9 (d, 2H); 6.82 (d, 4H);
5.57 (s, 2H); 4.03, m, 2H); 3.45-3.57 (dd,'2H)'; 1.8(s,6H); 1.28-1.33 (m, 12H).

Example 6 Preparation of diisopropylainidoboranebis-(cydopentadienyl)zir_cohium :
dichloride '
6A) Diisopropylamidoboron dichloride

To a solution of BCl; (17 g, 145 mmol) in CH.Cl, (25 ml) at -78 °C was slowly
added diisopropylamine (18.49 ml, 132 mmol). A white precipitate formed during

addition. The mixture was warmed to room temperature to give a colorless solution.
-06-
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Solvent was removed undéf'high vacuum at room tempemtﬁg; the residue was then
dissofved in benzene (45 mi). Triethylamine (18.8 mi, 134.6 mmol) was added to the
solution at room temperature, the mixture was then stirred overnight at room
temperature, then filtered to give a red solution. Vacuum distillation (27-28 °C, 4 Pa)
gave the product (15 g, 57 percent) as a colorless liquid:

'H NMR (500 MHz, CDCls) d 1.26 (d, 12H, J = 5.8 Hz), 3.95 (br, 2H, NCH)
*C NMR (100 MHz, CDCls) d 22.1, 49.2 (br). "'B NMR (115 MHz, CDC13) 29.4. MS
(El,, m/e (intensity)): 181 (M+, 5), 166 (43), 124 (61), 43 (1 00)

6B) Diisopropylamidobis(cyclopentadienyl) borane

To a solution of the above product (6.39 g, 2.1 mmol) in THF (5 ml) at -78 °C
was added dropwise a solution of lithium cyclopentadienide (0.31 g, 2.1 mmol) in THF
(10 mi) at-78 °C. The mixture was slowly warmed to room temperature and stirred
ovemight at room temperature to give a red solution. After solvent removal, the
residue was extracted with pentane (3x), filtered, pentane was then removed to give
the product (0.55 g, 100 percent) as an yellow syrup.

3B NMR (115 MHz, C6D,) d 39.8 (major), 30.4 (minor). MS (El, m/e
(intensity)): 241 (M+, 47), 226 (40), 176 (16), 93 (100) -

GC-MS was also recorded on the reaction mixture shortly after mixing the two
reagents at -78 °C, from which only cyclopentadienyldiisopropyiboron chloride was
detected: MS (El, m/e (intensity)): 211 (M+, 24), 196 (100), 154 (22).
6C) Dilithium diisopropylamidoboryldicyclopentadienide

To a solution of the above product (0.61 g, 2.53 mmol) in THF (7 ml) at -78 °C
was added lithium diisopropylamide (5.57 mmol, prepared in situ from
diisopropylamine (0.780 ml, 5.57 mmol) and BuLi (2.50 M, 2.23 mi, 5.57 mmol). The
mixture was warmed to room temperature and stirred for 2 hr. Solvent was then
removed, residue was washed with pentane to give the product (0.58 g, 91 percent)
as a white solid: ' :

'H NMR (360 MHz, THF-ds) d 1.24 (d, 12H, J = 6.8 Hz, NCHCH3), 4.54 (m,
2H, NCH), 5.74 (t, 4H, J= 2.4 Hz), 5.83 (t, 4H, J=2.4 H2)

*C NMR (100 MHz, THF-ds) d 23.9 (NCHCHs3), 25.9 (NCHCH3), 49.3 (NCH),
104.4, 111.9 ' -

B NMR (115 MHz, THF-ds) d 44.6

6D) Diisopropylamidoboranebis(cyclopentadienyl)zirconium dichloride

-97-
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To a solution of diisopropylamidobis{cyclopentadienyl)borane (0.71 g, 2.95
mmol) in Et,O (15 ml) at -78 ° C was added lithium diisopropylamide (6.93 mmol).
The mixture was stirred for 2 hr at room temperature to give a slightly turbid solution.
The solution was then-added to a suspension of ZrCl, (0.69 g, 2.95 mmol) in Et,O (15
mi) at -78 °C. The resulting mixture was stirred ovemight at room temperature to givé
an yellowish suspension. Solvent was partially removed and-the residue
concentrated and cooled to -7'8 ° C to give the product (0.50 g, 38 percent) as
colorless crystals.

'H NMR (400 MHz, CDCls) d 1.32 (d, 12H, J = 7.0 Hz), 2.92 (m, 2H), 5.65 (t,
4H, J = 2.4 Hz), 6.80 {t, 4H, J = 2.4 Hz). *C NMR (100 MHz, CDCl;) d 24.6, 49.6,
111.4, 125.7. B NMR (115 MHz, CDCl,) 5 37.6. HRMS (E)), calculated for - -
C1sH22BNC12Zr: 399.0269, found: 399.0272.

Example 7 Preparation of meso-diisopropylamidoboranebis(inden-1-yl)zirconium
dichloride _ N : :
7A) Diisopropylamidobis(inden-1-yl)borane -

“To a solution of diisopropylamidoboron dichloride (Example 3, step A)) (1.1 0
g, 6.0 mmol) in THF (10 ml) at -78 ° C was added dropwise a solution of lithium -
indenide {1.50 g, 12.3 mmoi).in THF (40 ml) at -78 ° C. The mixture was slowly
warmed to room temperature and stirred ovemight at room temperature to give a red
solution. After solvent removal, the residue was extracted with CH2Cl. (3x), filtered
and the solvent removed to give the desired product (2.12.g, 100 percent) as a white
solid: : ; e
"B NMR (115 MHz; CsD,) d 41.4. MS (El, m/e (intensity)): 341 (M+, 8), 226
(100). HRMS (E)), calculated for CasHzsBN CaeHasBN: 341.2315, found: 341.2310
7B) Meso-Diisopropylamidoboranebis(inden-1-yl)zirconium dichloride

- To a suspension of the above product (0.39 g, 1.41 mmol) in EtzO (10 mi) at
-78 °C was added lithium diisopropylamide (in situ prepared from iPr2NH (2.62 mmol)
and Buli (2.50 M, 2.62. mmol).  The mixture was stirred over night at room
temperature to give an orange suspension. Solvent was removed and the residue
extracted with toluene, and filtered. Toluene was then removed to give an orange
solid composed of a mixture of the two sterecisomers (rac / meso, about 6:4).
Repeated recrystallization (3x) from toluene at -78 °C gave the pure meso isomer
(0.08g, 14 percent) as an orange solid. M.p. =250 -254 °C (dec.).

'HNMR (500 MHz, CDCls) 1.54(d, 6H, J=6.6 Hz), 1.57 (d, 6H, J = 6.8 Hz),"
4.27 (m, 2H, NCH), 5.91 (d, 2H, J3.0 Hz), 6.9 (m, 4H), 7.17 (t, 2H, J=7.6 Hz), 7.31
98- .
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(dd, 2H, J=8.3, 3.6 Hz), 7.53 (d, 2H, J= 8.6 Hz). °C NMR (75 MHz, CDCl) d 24.7,
25.0 (NCHCH), 49.7, 100.2 (BC), 115.7, 117.2, 125.2, 125.3, 125.6, 125.9, 126.5,
131.4. "B NMR (115 MHz, CDCls) 8 39.5. HRMS (EI), calculated for CosHaeBNCoZr:
499.0582, found, 499.0606. MS (El, m/e (intensity)): 501 (M+, 20), 458 (7), 341 (18),
226 (93), 143 (80), 115 (99)

Example 8 Preparation of rac-diisopropylamidoboranebis(inden-1-yl)zirconium
bis(dimethylamide)

To a mixture of diisopropylamidobis(inden-1-yl)borane (Example 4, step A))
(1.01 g, 2.96 mmol) and Zr(NMez), (0.79 9, 0.96 mmol) was added toluene (15 mi).
The resulting solution was heated to 65 °C and stirred for 2 hr to give a bright red
solution. The product consisted of two isomers with a ratio of 6.7:1. The solution was
filtered, concentrated, and cooled to -78 °C to give the pure rac isomer (0.50 g, 33
percent) as red crystals. The structure was confirmed by X-ray diffraction analysis on
single crystals grown from toluene / hexane at -20 °C. M.p. =220 °C (dec.).

'H NMR (500 MHz, CsD¢) d 1.20 (d, 6H, J=6.8 Hz), 1.27 (d, 6H, J= 6.6 Hz),
2.61 (s, 12H), 3.86 (in, 2H), 6.04 (d, 2H, J=2.9 Hz), 6.74 (m, 4H), 7.00 (t, 2H, J=7.6
Hz), 7.3 7 (dd, 2H, J =8.5, 0.9 Hz), 7.52 (d, 2H, J = 8.5 Hz). C NMR (90 MHz,
CeDe) 5 24.6, 24.9, 47.9 (NCH.), 49.6, 105.6, 112.4, 123.1, 123.2, 124.0, 124.2,
126.3, 129.1. "B NMR (115 MHz, CsD¢) d 40.8. HRMS (El), calculated for
C2sH3sBNaZr: 517.2206, found, 517.2217. MS (El, m/e (intensity)): 517 (M+, 20), 471
(45), 429 (100), 330 (24), 226 (70) '

Example 9 Rac-Diisopropylamidoboranebis(inden-1-yl)zirconium dichloride

To a solution of rac-diisopropylamidoboranebis(inden-1-yl)zirconium
bis(dimethylamide) (0.50 g, 0.96 mmol) in toluene (35 mi) at room temperature was
added trimethyhisilyl chloride (2.0 ml, 15:76 mmol). The solution was stirred for 8 h at
room temperature to give an orange suspension. Solvent was removed, residue was
washed with pentane (2x) to give the desired product (0.40 g, 83 percent) as an
orange powder. Single crystals suitable for X-ray structural analysis were grown from
mixed solvents of CH.Cl; and hexane at 20 °C. M.p. =242 °C (dec.).

'H NMR (500 MHz, CDCls) d 1.50 (d, 6H, J = 6.8 Hz), 1.55 (d, 6H, J=6.6 Hz),
4.24 (heptet, 2H, J=7.7 Hz), 5.79 (d, 2H, J = 3.0 Hz), 6.80 (dd, 2H, J= 3.2, 0.7 Hz),
7.07 (t, 2H, J=7.6 Hz), 7.28 (dd, 2H, J =7.0, 0.7 Hz), 7.3 8 (t, 2H, J = 8.0 Hz), 7.58
9d, 2H, J=8.8 Hz). ®C NMR (75 MHz, CDCls) d 24.7, 25.0, 49.6, 98.4 (BC), 113.1,

114.1, 122.0, 123.0, 125.8, 126.4, 127.2, 131.9. "'B NMR (115 MHz, CDCl5) d 39.2.
-99-
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HRMS (EI), calculated for CasH26BNCl.Zr: 499.0582, found, 499.0606. MS (El, m/e
(intensity)): 501 (M+, 20), 458 (7), 341 (18), 226 (93), 143 (80), 115 (99). Anal.

Calculated for CasH2sBNClZr: C, 57. 48; H, 5.19; N, 2.79. Found: C, 57.46; H, 5.32;
N, 2.68.

Example 10 Preparation of rac-(diisopropylamidoborane)bis(tetrahydroinden-1-
yl)zirconium dichloride _ : '

A solution of dt|sopropylamldoboranebls(mden- -yl)zirconium dichloride
(Example 6) (0.16 g, 0.32 mmol} in CH2Cl2 (7 ml) was added to an autoclave reactor
containing PtO; (0.0105 g). The mixture was flushed four times with Hz (200 psi, 1.4
MPa), then charged with H; (1500 psi, 10.4'MPa) and stirred for 15 h at room
temperature to give a greenish suspension. CH;Cl; (25 ml) was added the mixture
which was then filtered. Solvent was removed under reduced pressure and the -
residue was washed with pentane (2x) to give diisopropylamidoboranebis(tetrahydro-
inden-1-yl)zirconium dichioride (0.15 g, 92 percent) as a slightly greenish solid.

‘_H NMR (400 MHz, CsDs) d 1.06 (d, 12H, J = 6.6 Hz), 1.33 (m, 2H), 1.47 (m,
2H), 1.92 (m, 4H), 2.05 (t, 1H, J = 4.8 Hz), 2.09 (d, 1H, J=5.0 Hz), 2.34 (m, 2H), 2.53
(t, 1H, J=5.3 Hz), 2.56 (t, 1H, J=5.0 Hz), 3.20 (m, 2H), 3.60 (hept, 2H, J= 6.6 Hz),
5.01 (d, 2H, J=2.9 Hz), 6.53 (d, 2H, J=2.6 Hz). 13C NMR (100 MHz, CsDe) d 23.0,
23.6, 24.4, 24.7, 24.8, 27.0, 49.6, 109.7, 121.6, 124.2, 136.1. "'B NMR (115 MHz,
CeDe) d 39.2 ppm. HRMS (El) Calculated for Co4Has''BNCI2Zr 507.1208, found * -
507.1198 -

Example 11 Preparation of rao-N,N_-diisopropylamidoborane-bis-ns- (2-methyi-4-
naphthyl indenyl) zirconium n‘-1 4-dipheny}-1,3-butadiene. o

ﬁom N
(iPr)oN— Zr:."

11A) Preparation of potass_ium_(2-methyl-_4-naphthyl) indenide
2-Methyl-4-naphthylindene (1.00 g, 3.27 mmole) was dissolved in 20 mi of
toluene, potassium bis(trimethylsilyl)amide (1.05 equivalent, 3.43 mmole, 0.684 g) -
was added and the reaction mixture was stirred at room temperature for 24 hours,
during which a yellow solid precipitated. Hexane was added (20 mi) and the mixture -
-100- -
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was stirred for 2 h. The solid product was isolated by vacuum filtration through a
medium porosity frit. The solid was pumped dry giving 1.10 g, 98 percent of the
desired product. S ' '
11B) Preparation of N,N-diisopropylamino bis(2-methyi-4-naphthylindenyl) borane

To a solution of N,N-diisopropylaminoboron dichloride (0.309 g, 1.70 mmole)
in 25 ml of THF at room temperature was siowly added dropwise a 10 mi THF
solution of potassium (2-methyl-4-naphthyl) indenide (1.00 g, 3.40 mmole). The
mixture was stirred for 24 hours at room temperature, solvent was removed, and the
residue was extracted with toluene (2x25 ml). The combined extracts were filtered
through a medium frit, and solvent was removed under reduced pressure fo give a
light yellow solid (1.0 g, 95 percent).
11C) Preparation of rac-N,N-diisopropylaminoborane-bis-n"- (2-methyl-4-naphthyl
indenyl) zirconium n*-1,4-diphenyl-1,3-butadiene.

N,N-diisopropylamino bis(2-methyl-4-naphthylindenyl) borane (0.860 g, 1.38
mmole) was dissolved in 20 ml of toluene, 2.05 equivalents of potassium
bis(trimethyisilyl)amide (0.566 g, 2.84 mmole) was added and the reaction mixture
was stirred at room temperature for 24 hours. Volatile components were rémOVed '
under reduced pressure, and the residue was redissoived in 25 ml of toluene.I While
stirring at room temperature, {1,4-diphenyl-1,3-butadiene)bis(triethylphosphine)-
zircanium dichloride (0.835 g, 1.38 mmol) was added and the solution was stirred for
12 h at room temperature. The product mixture was filtered through diatomaceous
earth filter aid and the solvent of the filtrate was removed under reduced pressure.
Further purification was carried out by recrystallization from hexane to yield 0.27 g
(21 percent) of the desired product as a dark red solid.

'H NMR (CsDe):  7.75-7.00, (mm, 30 H); 4.82 (s, 2H); 3.85-3.95(m, 2H); 3.62-
3.70 (dd, 2H); 1.82-1.9 (dd, 2H) 1.6 (s, 6H); 1.10-1.33 (m, 12H).

Example 12 rac-1,2-bis(dimethylamidodiborane)bis(2-methyl-4-phenylinden-1-
yl)zirconium n*-1,4-diphenyl-1,3-butadiene

@) o
Me:N \

.....

-101-
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12A) Preparation of 1,2- Bls(2-methy|-4~phenylmden 1-yl)-1,2-bis(dimethylamido)-
diborane

Bis(dimethylamido)diborondichloride (0.500 g, 2.77 mmol) in diethylether (10 -
ml) was added dropwise to a solution of 2-methyl-4-phenylindene, lithium satt (1.407
g, 11.07 mmol) in diethylether (50 mi) at 0 °C. This mixture was stirred ovemnight at
room temperature and the volatiles were removed. The residue was extracted using
CH:Cl,. Filtration and removal of the CH.Cl. resulted in the isolation of a the desired
product as a pale yellow solid (0.902 g, 62.6 percent yiéld) '
12B) Preparation of 1,2-Bis(dimethylamido)-1 2-b|s(2-methyl-4~
phenylindene)diborane, dipotassium salt.

1,2-Bis(dimethylamido)-1,2-bis(2- methyl-4~phenyl1ndene)dlborane (0.791 g,
1.52 mmol) and KN(TMS). (0.607 g, 3.04 mmol) were stirred together in toluene (50:
ml) overnight. The reaction mixture was then refluxed for one hour, cooled to room-
temperature, and dried under vacuum. The residue was then slurried in hexane and
filtered and the gold microcrystalline solid dried under vacuum (0.881 g, 97.1 percent
yield). :
12B) Preparatlon of rac-{1 2-B|s(d|methylam|do) -1 2-bts(2-methyl-4-
phenyhndene)dxborane]zurcomum(trans trans-1,4-diphenyl-1,3-butadiene)

1,2-Bis{dimethylamido)-1,2-bis(2-methyl-4-phenylindene)-diborane,
dipotassiium salt (0.808 g, 1.35 mmol) was added slowly as a solid to a solution of
(1,4-diphenylbutadiene)ZrCl.(PEts), (0.819 g, 1.35 mmol) in toluene (75 ml). This
mixture was allowed to stir ovemight. After the reaction period the mixture was
fitered and the volatiles removed resulting in the isolation of a deep red residue. The
residue was then siurried in cold hexane, filtered, and dried under vacuum resulting in
the isolation of the desired product as a dark red microcrystaliine solid (0.501 g, 45.3
percent y:eld)

'H NMR (C¢De): 5 1.1-1.2 (m, 2 H), 202(s 6H) 2.66 (s, 6 H), 2.90 (s, 6 H),
3.3-3.4 (m, 2 H), 5.28 (s, 2 H), 6.82 (d, *Jin= 6.6 Hz, 2 H), 6.9-7.3 (m, 14 H), 7.53 (d,
SJun= 8.4 Hz, 2 H). 3C NMR (CeDs): & 15.10, 42.17, 44.36, 86.78, 93.34, 106.54,
119.17, 123.12, 123.39, 123.71, 124.26, 127.88, 128.51, 128.90, 129.34, 135.76,
140.85, 145.80.

Example 13 rao—diisopropylamidoborane-bis«js-(2-methyl-4-phenylinden-1 -yhhafnium
n*-1,4-diphenyl-1,3-butadiene

=102-
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Ph
(-,
N )
(iPr)2N-B LTS
5

Hafnium tetrachloride (0.375 g, 1.17 mmol) was slurried into 40 ml of toluene.
To this slurry were added triethylphosphine (0.346 mi, 2.34 mmol, via syringe), Li
powder (Aldrich, low sodium, 0.081 g, 11.7 mmol), and 1,4-diphenyl-1,3-butadiene
(0.242 g, 1.17 mmol). The reaction mixture was stirred ovemight at room
temperature then filtered using a medium porosity frit and diatomaceous earth pad to
remove the unreacted Li metal. To the filtrate was added dipotassium
diisopropylamidobis(1-(2-methyi-4-phenylindenide))borane, Kx[ProNB(2-Me-4-Ph-
indenide),], (0.700 g, 1.17 mmol) using 10 ml of toluene to aid in the transfer. The
reaction mixture was stirred for 1 hour at room temperature. The toluene was
removed under reduced pressure and the reaction product was extracted with hexane
(twice) and filtered (medium porosity frit with diatomaceous earth pad). Additional
product was obtained by extracting the salt byproduct using toluene and refiltering
using a medium porosity frit and diatomaceous earth pad.

'H NMR spectroscopic analysis indicated that the desired rac-'Pr.NB(2-Me-4-
Ph-inden-1-yl).Hf(1,4-diphenyl-1,3-butadiene) isomer was largely insoluble in hexane
and that the undesired meso-isomer could be separated by repeated extraction with
hexane. Final isolation and purification of rac-'Pr.NB(2-Me-4-Ph-inden-1-yl),Hf(1,4-
diphenyl-1,3-butadiene) was accomplished by soxhiet extraction using hexane. After
the hexane extract becomes colorless the thimble was removed and dried, yielding
0.042 g of pure rac-'Pr.NB(2-Me-4-Ph-inden-1-yl),Hf(1,4-diphenyl-1,3-butadiene) as
determined by 'H and **C NMR spectroscopic analysis.

"H NMR (C4De): 6 7.6(d, 2H); 7.42-7.00, (m, 18 H); 6.9 (d, 2H); 6.82 (d, 4H);
5.57 (s, 2H); 4.03, m, 2H); 3.45-3.57 (dd, 2H); 1.8(s,6H); 1.28-1.33 (m, 12H).

Example 14 rac-diisopropylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-
yi)zirconium n*-1,4-diphenyl-1,3-butadiene

-103-
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In a glove box, diisopropylamidobis(2-methyl-4-phenylinden-1 -yl)borane
(0.125g, 0.240 rhmole) was:dissolved in 20 mi of dry THF, and 2 equivalents of
potassium bis(trimethylsilyl)éfnide (0.500 molar solution, 0.9_60 ml, 0.480 mmole) was
added dropwise over 10 minute period at room temperature, after which the solution
was stirred for 4 hours. Volatile cOmponents_ were removed under reduced pressure
and the remaining solids were redissolved in 25 ml of toluene. While stirring at room -
temperature; (1,4-diphenyi-1 ,S-butadiene)bis(triethylphdsphine)zirconium dichloride
(0.145 g, 0.240 mmole) was added and the resulting solution was stirred for 4 hours.
The product was recovered by fiitering the mixture through diatomaceous earthand
removing the solvent of the: filtrate under reduced pressure. Further purification was
carried out by recrystalhzatlon from hexane to yield the product as a dark red solid.

Example 15 Preparatton of rac.\-{’PerC(N’Pr)g}borane-bns-r:l5 (2-methyl—4— :
phenylmdenyl) zirconium %1 4-d|phenyl -1,3-butadiene.

(|Pr)N
(|Pr)2NC\ '
(iPAN

15A) Preparatlon of ’PrgNC(N’Pr)z}boron dlchlonde

Dusopmpylcarbodumlde (1.178 g, 9.33 mmole) was dnssolved in 20 mlof
toluene, cooled to 0 °C, and sohd lithium dusopropylamude (1.00 g, 9.33 mmole) was
added slowly to the solution over a 5 minute period. The s_olutlon was was allowed to
warm to room temperature while stirring for 3 hours. This solution was subsequently
added dropwise over a 30 rhinute period to a 1 molar heptane solution (0 2C) of boron
trichloride (2.33 ml, 9.33 mmole) and allowed to wamm to room temperature ovemight.
The solution was filtered, and solvents were removed under reduced pressure to yield
2.3 g (97 percent) of light yellow oil.

104-°
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"H NMR (CoDs): 53.6:3.4 (m, 2H); 3.4-3.25 (septet, 2H); 1.43 (d, 12H); 0.8 (d,
12 H).
15B) Preparation of bis{2-methyl-4-phenylindenyl) {’PrgNC(N’Pr)a}borane_

'Pr,NC(N'Pr)z}boron dichloride (0.30g, 0.97 mmole) was dissolved in 30 ml of
THF, and potassium (2-methyl-4-phenyl)indenide (0.476g, 1.95 mmole) was added.
The mixture was stirred for 24 hours at room temperature, followed by heating at
reflux for 4 hours. The product mixture was allowed to cool to room temperature, and
solvent was removed under reduced pressure. The residue was extracted with
toluene (2x50 mi), filtered through a medium frit, and solvent was removed in vacuo
to give a light yéllow solid (0.533 ¢, 85 pérc;ent).
15C) Preparation of rac-{'Pr.NC{N'Pr)s}borane -bis-0°- (2-methyl-4-naphthyl indenyl)
zirconium 0*-1,4-diphenyl-1,3-butadiene. |

Bis(2-methyl-4-phenylindenyl) {Pr.NC(NPr),}borane (0.533 g, 0.82 mmole)
was dissolved in 20 ml of toluene, 2.00 equivalents of potassium
bis(trimethylsilyl)amide (0.0.328 g, 1.65 mmole) was added and the reaction mixture
was stirred at room temperature for 24 hours. Volatile componehts were removed
under reduced pressure, and the residue was washed with 2x25 mL of hexane.
Volatile components were removed under reduced pressure to yield 0.382 g (64
percent) of the orange solid dipotassium salt. A portion of this solid (0.100 g, 0.14
mmole) was dissolved in 15 mL of toluene. While stirring at room temperature, (1,4-
diphenyl-1,3-butadiene)bis(triethylphosphine)zirconium dichloride (0.084 g, 0.14
mmole) was added and the solution was stirred for 12 h at room temperature. The
product mixture was filtered through diatomaceous earth filter aid and the solvent of
the filtrate was removed under reduced pressure to give 0.115 g (88 percent) of crude
product which existed as a rac/meso mixture. Further purification was carried out by
recrystallization from hexanes to yield 0.015g (12percent) of rac-product as a dark
red solid.

'H NMR (CeDe): 8 7.6-6.7, (mm, 26 H); 5.55 (s, 2H); 4.05-3.90(m, 2H); 3.5 (dd,
2H); 2.7-2.4 (m, 2H); 1.78 (s, 6H); 1.55 (dd, 2H); 1.25 (m, 12 H); 0.95 (m, 12H).

Example 16 rac-dimethylamidoborane-bis-n’-(2-methyl-4-phenylinden-1-y})zirconium
n*-1,4-diphenyl-1,3-butadiene

- -105-
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16A) Preparatlon of D|methylamrdodrbromoborane

B(NMez)s was added to BBrs dropwise. The reactlon was |mmed|ate and
exothermic. This mixture was afowed to stir for 2 hours at whlch time NMR analysis
showed the reactron to be essentrally quantrtatlve and complete (22.510g, 99 9
percent yleld)
H NMR (C¢De): 6 2.31 (6 H). *C NMR (cst) 5 41.45.
16B) Preparatron of Dlmethylamrdo-bls(2-methyl 4-phenylindinyl)borane.

A solution of drmethyamldodrbromoborane (0.511 g, 2.38 mmol) in toluene (10
ml) was cooled to 0°C and diethylether (2 equivelents) added ‘This mixture was then
added dropw:se toa solutron of 2-methyl-4-phenylrndene lithium salt (1.011g,4.76
mmol) in THF (50 ml) at 0°C This mrxture was then allowed to stir for overmght at.
room temperature. After the reaction penod the volatlle components were removed
and the residue extracted and frltered using hexane. Removal of the hexane resulted
in the isolation of a yellow oil (1.103 g, 99.9 percent yleld) _ '
16C) Preparation of Drmethylamrdo-bls(2-methyl-4-phenyllndenyl)borane, -
dipotassium salt. |

Dlmethylamldo-bls(z methyl-4-phenylmdenyl)borane (1 010g, 2 17 mmol) and
KN(TMS). (0.866 g, 4 34 mmol) were stirred together in toluene (50 ml) overnight.
The reaction mixture was then re_ﬂuxed for one hour, cooled to room temperature,
and dried under Vacuum The residue was then slurried in hexane and filtered and
the orange mlcrocrystatllne solid dned under vacuum (1.246 g, >100 percent yield
due to residual solvent still present as observed by NMR) _
16D) Preparation of rac-[Dimethylamido-bis(2-methyi-4-phenylindene)borane]-
zirconium (trans, trans-1 4-d|phenyl-1 ,3-butadiene).

Dlmethylamldo-bls(z methyl- 4-pheny-lrndenyl)borane, drpotassnum salt (1 246
g, 2.30 mmol) was added slowly as a solid to a solution of (1,4- '
diphenylbutadiene)ZrClx(PEts). (1.391, 2.30 mmoi) in toluene (75 ml) and allowed to
stir ovemight. After the reaction period the mixture was filtered and the volatiles
removed resulting in the isolation of a dark residue. This residue was slurried in
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hexane and filtered. Red ci'y§tals grew over a“!2-hour peﬁod%’fi’;ﬁme-from the sitting
hexane filtrate (0.222 g). The solid on the frit was washed through the frit using
toluene and a second crop of crystals was grown from this mixture by allowing the
solution to slowly concentrate over a period of one week by slow evaporation of the
toluene (0.100 g). Combining the crystals obtained resulted in the isolation of a total
of 0.322 g (18.4 percent yield) of highly pure product.

'H NMR (CsDs): 5 1.71 (s, 3 H), 1.7-1.8 (m, 2 H), 2.89 (s, 3 H), 3.4-3.5 (m, 2 H), 5.52
(s, 2 H), 6.76 (d, *Jun= 7.2 Hz, 4 H), 6.8-7.4 (m, 12 H), 7.43 (d, /= 8.4 Hz, 2 H).
3C NMR (CeDe): 5 15.95, 39.52, 85.43, 90.93, 104.13, 117.32, 12.49, 121.65, 122.3
(br), 123.32, 124.19, 124.32, 127.81, 127.83, 128.68, 128.74, 128.81, 136.06,
140.55, 143.86. MS(E!l): m/z759.2635 (M-H)*, calcd. (M-H)* 759.2610.

Example 17 bis(trimethyisilyl)amido(n-fluoren-9-yl)(n- cyclopentadlenyl)borane-
zirconium dichloride. _
17A) Preparation of bistrimethylsilylamido(9-fluorenyl)boron chloride

n-Butyllithium (2.5 M hexane, 4.20 mi, 10.50 mmol) was added to a solution of
fluorene (1.66 g, 10.00 mmol) in THF (15 ml) at -78 °C. The resulting mixture was
slowly warmed up and stirred at room temperature for 5 h to give a red solution. The
solution was cooled to -78 °C and added dropwise to a solution of
bis(trimethylsilyl)amidoboron dichloride (TMS).NBCl, (2.42 g, 10.00 mmol) in THF (25
ml) at -78 °C to give a light yellow solution. The solution was stirred ovemight at
room temperature. Volatile components were removed, and the residue was
extracted with pentane and filtered. The pentane was removed to give the desired
product (3.70 g, 100 percent yield) as a white solid.

'H NMR (400 MHz, CDCL): § 0.45 (s, 18H), 4.41 (s, 1H), 7.34 (dt, 2H, J = 7.4,
1.1 Hz),7.42 (t, 2H, 4 =7.3 Hz), 7.49 (d, 2H, J = 7.6 Hz), 7.87 (d, 2H, J = 7.4 Hz).
*C NMR (100 MHz, CDCls) 5 4.6, 121.0, 125.4, 127.2, 127.3, 143.0, 145.9. "'B NMR
(115.5 MHz, CDCl,,) 5 46.6.
17B) Preparation of bls(tnmethyISIlyl)amldo(9-ﬂuorenyl)(cyclopentadienyl)borane

A solution of CpNa/THF (0.24 g, 2.40 mmol) in THF (15 ml) at -78 °C was
added dropwise to a solution of bistrimethylisilyamido(9-fluorenyl)boron chioride (0.89
g, 2.40 mmol) THF (15 ml) at -78 °C. The resulting yeilow solution was slowly
warmed to room temperature with stirring and stirred over night. Volatile components
were removed under reduced pressure, and the residue was extracted with pentane
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‘and filtered. The pentane solution was concentrated and cooled to -78 °C to give the

desired product (0.57 g, 59 percent) as a white solid. : :

'H NMR (400MHz, Cst) §0.20(s,18H),1.71 (t, 2H, J =14 Hz) 433 (s, 1
H), 5.93 (m, 1 H), 6.13 (m, 1:H), 6.69 (dd, 1:H, J = 14, 1.5 Hz), 7.09-(dt, 2H, J = 7.2,
1.5 Hz), 7. 19 (dt, 2 H, J = 7.4, 1.7 Hz), 7.46 (dd, 2H, J = 7.4, 1.1 Hz), 7.70 (dd, 2H, J
=7.6, 0.8 Hz). "°C NMR (100 MHz, CsDs,) 5 5.1, 43.4,120.6, 125.8, 126.7, 127.2,
132.2, 139.5, 142.9, 143.1, 147.4. "'B NMR (115.5 MHz, Cst) 3 51.6. HRMS (EI)
calculated for C2sH20BNS:, (M-CHa) 386.1932; found, 386.1945.
17C)) bls(trimethylsnlyl)am;doborane(n cyclopentad|enyl)(n-fluoren-9-yl)zxrcon|um
dichloride

A solution of lithium q_ii_'sopropylamide (prepared in situ from iPrNH (0.54 mi,
3.84 mmol) and Buli (2.5 th_éxane, 1.61 mil, 4.03 rhmol)) in THF (10 mi) was added
to a solution of bis(trimethylsilyl)amido(g?fl'uorenyl)(cyclopentadienyl)borane (0.77q,

- 1.92 mmol) in THF (10 ml) at-78 °C. The resulting mixture was slowly warmed to

room temperature and stirred ovemight to give a dark red solution. Volatile
components were removed to give an orange solid which was then dissolved in
toluene (15 ml). The toluene solution was added to a suspension of ZrCl, (0.40 g, 1.9
mmol) in toluene (8 ml) at -78 °C. The mixture was warmed to room temperature and
stirred overnight to give a dark red suspension. Volatile components were removed -
under reduced pressure, and the residue was extracted with toluene and then filtered. -
The volatile components were removed under reduced pressure, and the residue was

-washed with pentane (3x) to give the product as red solid. -

mp =252 - 254 (dec.). 'H NMR (400 MHz, CDCls): 6 0.26 (s; 9H), 0.50 (s, 9H) 5.44
(t, 2H, J = 2.4 Hz); 6.45 (t, 2H, J =2.4 Hz), 7.19(d, 2H, J = 8.4 Hz), 7.31 (, 2H,J =
7.5 Hz), 7.62 {t, 2H, J = 7.8 Hz), 8.12 (d, 2H, J = 8.4 Hz). "®C NMR (75 MHz, CDCla)
54.8,5.9,105.3, 121.4,122.9, 124.4, 125.4, 125.7, 129.1, 143,0. "BNMR (115.5
MHz, CDCls) & 48.2. HRMS (El) calculated for Cz4HaoBNS|ZCI2Zr 559.0434; found,
550.0443. -

Example 18 dnsopropylam:doborane(n-cyclopentadtenyl)(n-fluoren-9-yl)zarcomum
dichloride. o - ' '
18A) Preparation of Diisopropylamido(9-fluorenyl)boron chiloride -

The reaction conditions of Example 17A) were substantially repeated
excepting that diisopropylamidodichloroboron was used in place of
bis(trimethylsilyl)amido-dichloroboron. At the end of the reaction, solvent was
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removed, residue was extfééied with CH.Cl, ;nd filtered. \%i?iﬁle components were
removed to give the product (0.91 g, 98 percent) as a yellowish solid.

'H NMR (400 MHz, CDCl,): § 1.36 (br, 6H), 1.79 (br, 6H), 4.41 (br, 1H), 7.35
(t, 2H,4=7.7 Hz), 7.42 (t, 2H, J = 7.5 Hz), 7.50 (br, d, 2H, J = 4.7 Hz), 7.88 (d, 2H, J
=7.3 Hz). **C NMR (100 MHz, CDCls) & 24.5 (br), 43.2 (br), 48.5 (br), 120.2, 124.4,
126.4, 126.9, 141.1 (br), 146.9. "'B NMR (115.5 MHz, CDC1,) § 37.2. HRMS (El)
Calculated for C1sH23BNCI, 311.1612; found, 311.1613.
18B) Diisopropylamido(cyclopentadienyl)(9-fluorenyl)borane

The reaction conditions of Example 17 B were su_bstahtially repeated
excepting that diisopropylamido(9-fluorenyl)boron was used in place of
bis(trimethylsilyl)amido(9-fluorenyl)boron chloride. Reaction of CpNa/THF (0.96 g,
9.60 mmol) and diisopropylamido(9-fluorenyl)boron chloride (2.98 g, 10.00 mmol)
gave a reaction mixture which was extracted with hexane and flittered. Volatiles were'
removed to give the product (2.11 g, 62 percent) as a yellow solid.

HRMS (El), Calculated for C»4H2sBN, 341.2315, found, 341.2329.
18C) Preparation of diisopropylamidoborane(n- cyclopentadnenyl)(n-ﬂuoren-g-
yl)zirconium dichloride. . '

The reaction conditions of Example 17C) were substantially repeated -
excepting that diisopropylamido(9-fluorenyliboron (1,39 g, 4.08 mmol) was used in
place of bis(trimethylsilyi)amido(9-ﬂuorenyl)boron. The crude reaction mixture from
this reaction was extracted with toluene and filtered. The solution was concentrated,
pentane was added and cooled to -78 °C to give the product (0 75 g, 36 percent
yield) as a red solid. - :

mp = 280 - 282 °C. 'H NMR (500 MHz. CsDs): 81.01 (d, 6H, J = 6.6 Hz), 1.22
(d, 6H,J = 6.9 Hz), 3.67 (pent, IH, J = 6.6 Hz), 3.80 (pent, 1H, J = 6.6 Hz), 5.30 (t, 2H,
J=24Hz),6.38 {t, 2H, J =2.4 Hz), 7.05 (d, 2H, J = 8.1 Hz), 7.12 (t, 2H, J = 7.5 Hz),
7.46 (. 2H, J = 7.5 Hz), 7.92 (d, 2H, J = 8.5 Hz). "*C NNIR (90 MHz, CDC13) § 24.2,
25.4,49.1,49.8, 106.9, 122.2, 123.2, 125.4, 125.8, 129.0, 147.9, 157. 1. "B NMR
(115.5 MHz, C6Ds6) 5 39.4. EA, calculated for C24HzaBNZrC|2 C,57.25,H,5.57, N,
2.78. Found: C, 55.44; H, 5.30; N, 2.62.

Example 19 bis(trimethyisilyllamidoborane bis(n-inden-1-yl)zirconium
bis(dimethylamide)
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Bis(trimethylsilyl)amidoboronbis(inden-1-yi) was prepared by reacting lithium
indenide (0.50 g, 4.10 mmd_l)"-;and bis(trimethylsilyl)amidoboron dichloride, (0.48 g,
2.00 mmol) in THF to give tﬁe__ product (0.75 g, 94 percent) as a yellowish solid.

'H NMR (400 MHz, CgDs, major isomer): 5 0.32 (s, 18H), 3.64 (s, 2H), 6.08
(dd, 2H, J=5.5, 1.8.Hz), 6.48:(dd, 2H, J =5.2 Hz), 6.82 (d., 2H, J = 7.3 Hz), 0.93 (dt,
2H, J=7.1, 1.2 Hz), 7.20 (m, 4H). "'B NMR (115.5 MHz, CsDe) 8 56.8. HRMS (E!) .
calculated for C,4H32BNSi,, ;:401 .2166; found, 401.2182. EA, Calculated for
C24Hu2BNSI;, C, 71.82; H, 7.98; N, 3.49. Found: C, 70.06; H, 8.06; N, 3.36.

The bis(trimethylsily_l)amidoboron.bi_s(inden-1 -yl (0.27 g, 0.67 mmol) and
Zr(NMe)s (0.18 g, 0.67 mmol) were then combined in toluene (10 ml) 2 hours at 65°C
to.give a red solution. Volatile comp_onents..were removed under reduced pressure to
afford the product as a red foam. . _ : :

'H NMR (400 MHz, CsDe): 5.0.26 (s. 18H), 2.53 (s, 12H), 5.95 (d, 2H, J =2.9
Hz), 6.64 (d, 2H, J = 2.9 Hz), 6.68 (t, 2H, J = 7.5 Hz), 6.95 (t, 2H, J = 7.6 Hz), 7.30 (d,
2H, J = 8.5 Hz), 7.45 (d, 2H, J = 8.8 Hz). *C NMR (100 MHz, CeD¢) & 5.6, 47.9,
105.1, 111.5, 122.2,122.9, 124.2, 126.4, 128.5. "'B NMR (115.5 MHz, CsDs) & 50.3.
HRMS (El) calculated for C2sH42BN3Si.Zr, 577.2057; found, 577.2061. '

Example 20 Bis(trimethyl)silylamidobis(n-inden-1-yl)boranezirconium dichloride:

" Bis(trimethylsilyl)amidoboron bis(inden-1-yl) (0.45 g, 1.12 mriol) and
Zr(NMey)4 (0.30 g, 1.12 mmol) were combined in THF to give an intermediate which
was not further purified. Volatile components were removed under reduced pressure
and replaced with CH.Cl, (10 ml). The mixture was stirred with trimethylsilane
chioride (1.42 mi, 11.20 mmol) ovemight at room temperature. Volatile components
were again removed under reduced pressure and the residue was extracted with
CH.Cl, and filtered. The solution was concentrated, layered with pentane, and cooled
to -78 °C to give the desired product (0.54 g, 86 percent) as an orange solid.

'H NMR (500 MHz, CsDq¢): & 0.20 (s, 18H), 5.54 (d, 2H, J = 3.3 Hz), 6.68 (dd,
2H,J=2.1,0.9 Hz), 6.85 (t; 2H, J=7.0 Hz), 7.04 (dd, 2H, J=8.1, 1.1 Hz), 7.17 (m,
2H, overlapped with solvent residue peak), 7.33 (d, 2H, J = 8.4 Hz). '*C NMR (100
MHz, CeDs) & 5.3, 112.8, 113.0, 123.6, 126.5, 127.1, 127.8, 132.1. "B NMR (115.5
MHz, CsDs) 5 48.5. HRMS (EI) calculated for C2¢H30BNSi.ClZr, 559.0434; found,
559.0432.
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Example 21 Preparation of raadiisopropylamidoborane—b|s=D5'7 (2-isopropyl-4-phenyl
indenyl)zirconium 0°-1,4-diphenyl-1,3-butadiene

EX
g

21A) 2-lsopropyl-4-phenyl indene
Sodium hydride (2.1 g, 60 percent dispersion in oil) was placed in 500 mi

flask under nitrogen atmosphere. Hexane (about 20 mf) was added to remove the oil,
the mixture was stirred briefly. After stirting stopped the NaH was allowed to settle
and the the liquids were removed by Syringe. This procedure was repeated once
more, then THF (200 ml) was added to the NaH and the suspension was cooled with
an ice bath. Diethyl isopropylmalonate (10.10 g, 50.00 mmol) in THF (100ml) was
added via an addition funnel over 30 min. After addition of the malonate was
complete, the solution was stirred for an additional 40 min. A THF solution (30 ml) of
2-phenyibenzyl bromide (12.5 g, 50.5 mmol) was added via addition funnel and the
mixture was stirred ovemnight. The next moming 100 mi of 1N ammonium chloride
was added. The solution was diluted with ether (200 mi) and the organic layer was
washed with brine, dried over Na,SO4, and stripped of solvent under reduced
pressure. The orange red oil was used without further purification.

~ The crude alkylation product was dissolved in ethanol (300 ml) and water (75
ml). Potassium hydroxide (20 g) was added and the mixture was refluxed overmight.
After cooling, ethanol was stripped under reduced pressure. Hexane was added and
stirred for 1 hour to dissolve any undesired organic materials. The hexane was
decanted and water was added (about 150 mi). The solution was made acidic (to pH
1) by adding concentrated HCI. The desired carboxylic product was extracted with
ether, dried over Na2804, and stripped under reduced pressure. NMR spectra of the
crude product (10.74 g, 80 percent) indicated that ester hydrolysis and
decarboxylation were complete. The crude product, which solidified to a tan solid,
was used without further purification. _

Thiony! chloride (50 ml) was added to the carboxylic acid and the mixture was

stirred overnight at room temperature to dissolve the acid. The excess thionyl
chloride was removed under reduced pressure and the remaining acid chloride was
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dissoived in methylene 'chtoride (75 ml). This solution was added dropwise via an
addition funnel to a suspensron of aluminum chloride (5.70 g, 42.5 mmol) in -
methylene chioride (25 ml) and cooled with an ice bath. The reaction was allowed to -
warm slowly to room temperature and stirred overnight. The solution was poured
onto ice (about 100 ml) and _stirred vigorously for 1 hour. The organic layer was
separated, the aqueous layer was washed once with ether and the combined organic
layers were washed with brine, dried over NazS_04, and stripped under reduced
pressure. The crude 2-isopropyl-4-phenylindanone (10.0 g) as an orange-brown oil
was used without further purification. :

2- Isopropyl-4-pheny[rndanone (12.1 g, 48 mmol) was. strrred ina mrxture of
THF and methanol (100 mi; 2/1) while sodrum borohydrlde (1.5 9, 40 mmol) was
added in small portrons over 30 min. After stiring ovemight, ice (about 50 ml) was . -
added and the mixture was strrred for 0.5 h. The THF and MeOH were removed
under reduced pressure. Ether (about 250 ml) was added, the pH was adjustedto -
pH 1 by the addition of aqueous HCl and the ether layer was separated. The ether. -
was washed with saturated sodium bicarbonate solution, then brine, dried over
Na.SOs, and evaporated under reduced pressure. The mixture of alcohol isomers =
(11.0 ¢, 43.5 mmol, 90 percent) was obtained as a waxy tan solid. It was used
without purification. | : _

The crude mix of isomeric alcohols was dlssolved in toluene {150 ml) to which
p-toluene sulfonic acid (0.5 g) was added. The solution was refluxed in a flask -
equipped with a Dean-Stark trap for 1.5 h then cooled. Solid sodium brca_rbonate was. .
added and the mixture Was_'stored overnight in a reirigerator. The next morning water
(100 ml) was added and the'orga'nic layer was seperated dried over Na,SO4, and
stripped under reduced pressure The product 2-|sopropyl-4-pheny|mdene (104 g)
was obtained as a brown oil. Analysrs by GC indicated a purity of >96 area percent.
This material was stored cold under an inert atmosphere until ready for further
conversion. :
'H-NMR (CDCla): UDD1 18 (d, 6H), 274 (sept 1H), 3 39 (s 2H), 6.53 (s _
1H), 7.09-7.55 (m, 8H).
21B) Lithium 2- |sopropyl-4-phenyl|ndenide

- To a toluene solution (25 ml) of 2-rsopropyl-4-phenylmdene (3 34 g, 14.25 :
mmol), in a glovebox filled with argon, was added n-butyl lithium (5.500 ml, 13.75
mmol). The mixture was strrred at room temperature ovemrght The toluene was
removed under reduced pressure Hexane (20 mi) was added and removed under

reduced pressure then added again (50 ml). The mixture was stirred for 1 h then
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filtered, washed with about 1 mi hexane and the filtrate dri€dl Under vacuum. The
lithium indenide product (3.09 g) was obtained as an orange-brown powder. This
material was stored in the glovebox until needed.

TH-NMR (de-THF): 0001.27 (d, 6H), 3.02 (sept, 1H), 5.84 (s, 1H), 6.06 (s,
1H), 6.42-6.51 (m, 2H), 7.15 (t, 1H), 7.18 (d, 1H), 7.26 (t, 2H), 7.82 (d, 2H). *C-NMR
(de-THF): ppm 147.00, 141.54, 130.59, 130.40, 129.20, 128.16, 126.70, 125.02,
118.68, 113.92, 113.40, 91.01, 89.77, 30.62, 25.78.
21C) N,N-diisopropylamido bis(2-isopropyl-4-phenylindenyl) borane

To 25 ml toluene solution of N,N-diisopropylamidoboron dichloride (0.501g,
2.75 mmole) at room temperature was added drop wise potassium (2-isopropyl-4-
phenyl)indenide (1.50 g, 5.51 mmole in 20 mi toluene). The mixture was heated to
reflux and stirred for 6 hours. The solution was cooled to room temperature, filtered
through a medium frit, and solvent was removed under reduced pressure to give a
light yellow solid (1.57g, 99 percent). This material was further purified by column
chromatography (silica gel /hexane) to yield 0.6g (38 percent) of a light yeliow solid
(96 percent pure by GC).
21D) rao-diisopropylamidoborane-bis—Ds-(2-isopropy|-4-phenyl indenyl)zirconium 0% -
1,4-diphenyl-1,3-butadiene

In a glove box, N,N-diisopropylamino bis(2-isopropyl-4-phenylindenyl) borane -
(0.380g, 0.660 mmole) was dissolved in 20 ml of toluene, 2.1 equivalents of
potassium bis(trimethyisilyl) amide (0.276, 1.38 mmole ) was added and the resulting -
mixture was stirred at room temperature for 24 hours. Removed volatiles under
reduced pressure and washed. The resulting orange solid was combined with 10 ml
of hexane, filtered and pumped dry. The dipotassium salt residue (0.415 g, 97
percent, 0.635 mmole) was redissolved in 20 ml of toluene, and (1,4-diphenyi-1,3-
butadiene)bis(triethylphosphine)zirconium dichloride (0.384g, 0.635 mmole) was
added. The solution was stirred for 2 h at room temperature, followed by heating at
80 2C for 6 hours. The product mixture was cooled to room temperature, filtered
through diatomaceous earth and the solvent of the filtrate was removed under
reduced pressure. Further purification was carried out by recrystallization from
hexane to yield 0.21g (36 percent) of product as a dark red solid.

*H NMR (CeDe): & 7.62(d, 2H); 7.42-6.7, (mm, 24 H); 5.79 (s, 2H); 4.5, sept,
2H), 3.45-3.57 (dd, 2H); 2.8-2.9 (sept, 2H)1.65-1.72 (dd, 2H); 1.35(d,12H); 1.2-1.3
{m, 12H).
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Example 22 Supported rac-dnsopropylamrdoborane-brsm (2-methyl-4-phenylmden--
1-yl)zirconium n*-1 Mrphenyl—‘l 3-butadiene : ' o

In a glass flask, 0.922.ml of a toluene solution of methyldi{octyl)ammonium
hydroxyphe'nyltris(pentaﬂUdrophenyl)borate (amounting to 0.070 mmoles based on
boron) and 0.110 mi of a 1, 9 M toluene solution of tnethyl aluminum (0.058 mmoles)
were added along with 0. 290 mi additional toluene. ‘The mixture was stirred for 5
minutes on a mechanical shaker. About one half (0.550 mt) of the resulting solution
was added to a flask contai'nir_\g 0.500 g of thoroughly dried silica (Grace-Davison 948
silica, heated 250C, 4 h). The mixture was shaken by hand to break-up clumps and
then mechanically agitated for-an additional 10 minutes. Next 8 mi of mixed hexanes
was added to form a slurry, which was mechanically stirred for an additional 15
minutes. To this mixture, 35 mi of a 0.005 M toluene solution of rac-
diisopropylamidoborane-bis-n’>-(2-methyi-4-phenylinden-1 -yl)iirconium n*1,4-
diphenyl-1,3-butadiene (Example 14) was added. The mixture was agitated 2 h on
the mechanical shaker, filtered on a glass frit, washed (3x) with 10 mi mixed hexanes
and dried under reduced pressure. ' .

The resulting blue colored dried, supported catalyst was analyzed by neutron '
activation for zirconium content and found to contain 31.8 umole zwconrum/g
formulated supported catalyst.

Solutron Polyethylene Polymenzatro

Mixed hexanes and 1-octene were purified by spargrng with purified nrtrogen
followed by passage through columns containing alumina (A-2 available from
LaRoche Inc.) and Q5 reactant (available from Englehard chemlcals inc.) at 50 psig
using a purified nitrogen pad All transfers of solvents and solutions described below
were accomplished using a gaseous pad of dry, purified nitrogen or argon. Gaseous
feeds to the reactor were punfled by passage through columns of A-204 alumina
(available from LaRoche Inc } and Q5 reactant. The aluminas were prevrousty
activated by treatment at 375°C with nitrogen and Q5 reactant was activated by
treatment at 200°C with 5 percent hydrogen in nitrogen. '

Batch reactor polymerizations were ‘conducted in a two liter Parr reactor
equipped with an electrical heating jacket, internal serpentine coil for coolrng, and a
bottom drain valve. Pressu_res temperatures and block valves were computer |
monitored and controlled.. Mixed alkanes soivent (about 740 g) and 1-octene (118 g)
were measured in a solvent shot tank fitted with a differential pressure transducer or

weigh cell. These liquids were then added to the reactor from the solvent shot tank.
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The contents of the reactor Were stirred at 1200 rpm. Hydrogén was added by

differential expansion (A 25 psi, 170 kPa) from a 75 mi shot tank initially at 300 psig
(2.1 Mpa). The contents of the reactor was then heated to the desired run
temperature under 500 psig (3.4 Mpa) of ethylene pressure. The catalyst
composition (as a 0.0050 M solution in toluene) and cocatalyst were combined in the
desired ratio in the glove box and transferred from the glove box to the catalyst shot
tank through 1/16 in (0.16 cm) tubing using toluene to aid in the transfer. The catalyst
tank was then pressurized to 700 psig (4.8 Mpa) using nitrogen. After the contents of
the reactor had stabilized at the desired run temperature of 140°C, the catalyst was
injected into the reactor via a dip tube. The temperature was maintained by allowing
cold ethylene glycol to pass through the intemal cooling coils. The reaction was
allowed to proceed for 15 minutes with ethylene provided on demand. Additional
injections of catalyst composition prepared and injected in the same manner were
employed where indicated. The contents of the reactor were then expelled into a 4
liter nitrogen purged vessel and quenched with isopropy! alcohol. Approximately 10 -
ml of a toluene solution containing approximately 67 mg of a hindered phenol
antioxidant (Irganox™ 1010 from Ciba Geigy Corporation) and 133 mgofa -
phosphorus stabilizer (Irgafos™ 168 from Ciba Geigy Corporation) were added.
Volatile materials were removed from the polymers in a vacuum oven that gradually
heated the polymer to 140°C overnight and cooled to at least 50°C prior to removal
from the oven. After completion of the polymerizaiton, the reactor was washed with
1200 ml of mixed hexanes solvent at 150°C before reuse. Results are contained in
Table 1. S

Table 1

Catalyst/ T

cocatalyst (2C) Yield Density* MMI*™
Run Catalyst cocatalyst (umoles) (9) o/ml . dg/min.)
1 Ex.2 MATB' - 5/5 140 315 0.892 436
2 “ “ “ o “ 267 0.901 186
3 - MABU? “ 183 0.891 199
4 “ TPB® o 53 0.892 500+
5 “ TPA* 5/20 " 102 0.896 500+
68 Ex.3 MATB' 5/5 * 474 0.902 33
7 “ “ “ “ 6.3 0.908 500+
8 “ MABU? “ 0.3 - -
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9 “ TPB® % 45 ¢ - -
10 - TPA* 520 *7 . 07 - =
11 Ex.17 _ MAO® _ 1/1000  “ . 1421 . - 2.8
12 “« “ 075/750 “ 1334 - 1.9
13 Ex.18 * 14000 ' - 1308 090 18
14 . % . * . 0550 “ 1206 @ * 1.1
15 Ex.20  * “ “ 1649 4 .

* density is determined by displacement technique using methylethylketone

** micromelt index technique, calibrated Using standards of known melt index.

' methyldi(octadecyl)ammonium tetrakis(pentafluorophenyl)borate (this ammonium

cation is - ' ' .

derived from a mixture of amines available commercially as methyibistatlowamine).

2 methylbis(octadecyl)ammonium ' '

bis(tris(pentaﬂuorophenyl)aluminane)undecylimidazolide '
(prepared according to USSN 09/251,664, filed Feb. 17, 1999)

3 tris(pentaﬂuorophenyl)b'oran_e,' (CeFs)sB '

4. tris(pentaﬂuordphenyl)aluminane, (CsFs)sAl -

methylalumoxane availabile from Albemarle Corp. -

| Solution Polypropviene Polymerization

The above reaction conditions were substantially repeated excepting about
625 g of mixed alkanes solvent and either 150 g of propylene (P) for homopolymer -
formation, or a mixture of 150 g propylene and 7 g ethylene (E) for copolymer
formation were used. Hydrogen was added as a molecular weight control agént by
differential pressure expansion from a 75 mi addition tank at about 17-25 psi (120-
170 kPa). The reactor was heated to the polymerization temperature and the desired
metal complex along with a cocatalyst, as dilute solutions in toluene, were mixed at
an appropriate molar ratio, transferred to a catalyst addition tank, and injected into the
reactor (three injections of 1 pmole, 3 pmole and 5 umole based on zirconium over
about 30 minutes forrun 16, two injections of 5 pmole based on zirconium over about
20 minutes for run-17, and a single addition for all other runs. Results are contained
in Table 2. |
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Table 2
Catalyst/
. cocatalyst mono T Time Yield Tm Mw
Run Catalyst cocatalyst (umoles) mer (°C) (min) (@) (°C) x10”

16 Ex. 1 MAO" 9/9000 P 70 51 92 1556 -

17 Ex 1 = 10/10,000 E/P * 58 103 1459 -
18 Ex.5 MDAP? 1/1.25 P “ 7 435 1558 -
19 Ex.5 MABU® 0.25/0.25 “ “ “ 298 1557 357
20 Ex. 13 “ « e “ 30 335 157.3 330
21 Ex.5 = ¢ 0.5/0.5 “ 8 5 422 1522 195
22 Ex.13 “« . 075075 ¢ @ * “ 43 1539 183
23 Ex.5 u 0.5/0.5 “ 100 * 124 1514 136
24 Ex. 13 “ 0.75/0.75 “ “ 162 150.3 117
25 Ex.5 “ 1.5/1.5 “ 115 12 198 146.7 75
26 Ex. 13 “ 1.751.75  * “ 10 194 1474 69
27 Ex.5 “ 2.5/25 “ 180 11 127 1432 48
28 Ex.13 “ 375375  “ “ 17 164 1420 15
29 Ex.17 MAO 6/6000 “ 70 118.9 117 114
30 Ex. 18 “ oo “ “ 1079 112 111
31 Ex.20 “ “ “ “ 126.6 108 -

32 Ex.16 MABU 0.75/0.75 “ 90 15 964 1527 -
' methylalumoxane available from Albermarle Comp.
2, methyldi(octadecyl)ammoniumtris(pentafiuorophenyl)(p-(diethylaluminoxyphenyl)
borate
(formed by reaction of triethylaluminum and methyldi(octadecyi)Jammonium
tris(pentafluorophenyl)(hydroxyphenyl) borate)
% methylbis(octadecyl)ammonium

bis(tris(pentaflu__orophenyl)aluminane)undecylimidazolide

Sturry Polymerization
The previous reaction conditions were substantially repeated excepting a

supported catalyst was employed, the temperature was between 20°C and 60 2C, and
no solvent was used. All feeds were passed through columns of alumina and a
decontaminant (Q-5% catalyst available from Englehardt Chemicals Inc.) prior to
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introduction into the reactor. Catalyst and cocatalysts were handled in a glovebox
containing an atmosphere of argon or nitrogen. A stirred 2.0 liter reactor was
charged with about 500 g of propylene. Hydrogen was added by differential pressure
expansion from a 75 ml addition tank at 40 psi (280 kPa). The reactor was adjusted
to the initial polymerization temperature (25 °C) and a slunry of the supported catalyst
composition (40 pg; 1.27 pmole Zr) in mixed hexanes was injected into the reactor.
The temperature was maintained at 25 2C for 20 minutes then increased to 60 °C
over 6.5 minutes (2.8 minutes for run 33) and maintained at 60 2C for a total run time
of 40 minutes. _ _

Upon completion, the reactor contents were removed and about 10 miof a.
toluene solution'containing approximately 67 mg of a hindered phenol antioxidant
(Irganox™ 1010 from Ciba Geigy Corporation) and 133 mg of a phosphorus stabilizer
(Irgafos™ 168 from Ciba Geigy Corporation) were added. The polymer was
recovered by drying in a vacuum oven set at 140 °C for about 20 hours. Results are
contained in Table 3.

. _ Table 3 _
Run Catalyst  Zr(umole) VYieldlgd . Tm  Mw Mw/Mn
(mg) #c) x10*
32 Ex.22@0) 127 615 150 283 3.0
33 Ex.22(32) = 1.02 C 474 - - -
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CLAIMS _
1. A Group 4 transition metal complex corresponding to the following
formulas:
/ \
\y{ ;\y{
Formulat or Formula 2
5 wherein:

M is titanium, zirconium, or hafnium in the +4, +3, or +2 oxidation state;

Y* and Y2 are independently an anionic, cyclic or non-cyclic, z-bonded group,
NR', PR"; NR*; or PR';;

Z is boron or aluminum;

10 Q is a neutral, anionic or dianionic ligand group depending on the oxidation
state of M; .

jis 1, 2 or 3 depending on the oxidation state of M and the electronic nature of

Q; '
T independently each occurrence is:

1
RN~ , Rsﬂ i or R <
15 R/ ki R

R' is independently each occurrence hydrogen, a hydrocarbyl group, a
tri(hydrocarbyl)silyl group, or a tri(hydrocarbyl)silylhydrocarbyl group, said R’ groups
containing up to 20 atoms not counting hydrogen;

R®is R! or N(R"),; and |

20 two R’ groups together or one or more R! groups together with R"_’ may
optionally be joined to form a ring structure.

2. Ametal complex"according to claim 1 correspond to formula 1 are
represented in formulas 4, 5, 6,7, 8 and 9:
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R2 R2 3 R
Formula 4 Formula 5 , Formula 6
RR R? R R? Ff

7=z n;(;i A 2 ; N

| R Mg | " ovg MGy

T—Zﬁ,# —z_ / —/

R 2 | -
_ R | R® | | Ra
Formula 7 Formula 8 or Fomiula 9

wherein M, Z, T, R', Q and ] are as defined in claim 1;

&

PCT/US99/20538

'\'
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R? is hydrogen, ora hydrocarbyl halohydrocarbyl dnhydrocarbylamlno-
5  hydrocarbyl, tri(hydrocarbyisilyl)hydrocarbyl, Si(R%s, N(R®)., or OR® group of up to 20
carbon or silicon atoms, and optionally two adjacent R® groups can be joined '
together, thereby forming a fused ring structure, especially an iﬁdenyl ligandora

substituted indenyl ligand; and

R®is independently hydrogen, a hydorcarbyl group. a trihydrocarbylsilyl group
10  or a trihydrocarbylsilylhydorcarbyl group, said R® having up to 20 atoms not counting

hydrogen.

3. A metal complex accordmg to c|a|m 2 wherein M is in the +4 oxndatnon
state, j =2and Q mdependently each occurrence is hahde, hydride, hydrocarbyl
silylhydrocarbyl, hydrocarbyloxide, or dihydrocarbylamide, said Q having up to 20 _

' 15  atoms not counting hydrogen, or two Q groups together form ah alkanediyl group or a
conjugated Ca.4 diene ligand that together with M form a mefallocyciopentehe. |

4. A metal complex according to claim 2 wherein M is in the +3 oxidation
state, j= 1 and Q is either 1) a monovalent anionic stabilizing ligand Select_ed from -

the group consisting of alkyl, cycloalkyl, aryl, silyl, amido, 'ph'osphido, alkoScy, aryloxy,
20 sulfido groups, and mixtures thereof, said Q being further substituted with an amine,

phosphine, ether, or thioether containing substituent able to form a coordinate-

covalent bond or chelating bond with M said ligand having up to 50 atoms not
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counting hydrogen; or 2) a Ca.1o hydrocarbyl group comprising an ethylenic
unsaturatlon able to form an n*-bond with M.

5. = A metal complex according to claim 2 wherein M is in the +2 oxidation
state, j = 1 and Q is a neutral conjugated diene, optionally substituted with one or

5  more tri(hydrocarbyl)silyl or tri(hydrocarbylsily)hydrocarbyl groups, said Q having up

to 40 carbon atoms and forming a w-complex with M.

6. A metal complex according to claim 3 corresponding to Formula 4a,
5a, 6a, 7a, 8Ba, or 9a, wherein the definitions of M, Z, R*, R?, and R® are as defined in

claim 3:
R% R2 .
@“2 R__ R
R NR®
RIN—Z g2 M2 R? / \
R? R',N—Z MQo RI,N—Z MQa
R2 NN g
10 Formulad4a - , Formuia 5a Formula 6a

2N Z ; ; R12N‘ Z ; E NR3

R N—Z"
e ﬁﬁr e e
R 2 RN—Z s/

R
Formula 7a , Formula 8a ,or Formula 9a

and Q, independently each occurrence is a halide, hydrocarbyl, hydrocarbyloxy, or
dihydrocarbylamide group of up to 10 atoms not counting hydrogen, or two Q groups
together form a C..20 diene ligand that together with M forms a metallocyclopentene.

15 7. A metal complex according to claim 4 corresponding to Formula 4b,
5b, 6b, 7b, 8b, or 9b, wherein the definitions of M, Z, R', R?, and R? are as defined in
claim 4:

R2 R2 .
/@\ R2 R2 R2
R NR’
RN-Z g2 MQ R? / N\
RR pin—Z R RN~Z MQ
RLN N MQ \
R2 NRY/ N4
Formula 4b , Formula 5b , Formula 6b
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I N— z@ R N—Z’ >§ |
2 2 ,NRa

MQ R N—Z
- ﬁ' et W TN
| ZN—Z\NR:’/

Formula . I , " Formula 8b | :,_ of " Formula %

and Q, each occurrence is a monovalent amomc stabnltzmg ligand selected from the -
group oonsnstlng of alkyl, cycjoalkyl, aryl, and silyl groups, said group being further
substituted with one or more amine, phosphine, or ether substituents able to form a

5 coordinate-covalent bond or chelating bond with M, and said Q having up to 30 non-
hydrbgen atoms; orQis a 05.10 hydrocarbyl group oorribrising an ethylenic
unsaturation able to form an ﬁa bond with M.

8.  Ametal complex according to claim 5 corresponding to Formula 4c,

5¢, 6¢, 7¢, 8¢, or 9¢, wherein the definitions of M, Z, R', R?, and R® are as defined in

10 claim5:

R% R? . : ' This Sheet Has Been Replaced
e w eI
RIN-Z g2 MO /gﬂ# | NR\- |
R pn—Z B Yo RN-Z MO .- :
A2 WY " |
Formula 4c . Formula 5¢ . Formula 6c

e B -z%?
- RN NR®

R'N—2" |
ﬁnz R12N—Z~NH9/ | :\MQ
. [, RN Y

R

Formula 7¢ Formula 8¢ or Formula 9c¢
] T

2N
R'N—

and Q, each occurrence is a neutral conjugated diene, optionally substituted with one
or more tri(hydrocarbyl)silyl groups or tn(hydrocarbyl)s:lylhydrocatbyl groups, said Q

15  having up to 30 atoms not counting hydrogen and formmg a u-complex wuth M.
9. A metal compl_ex_ according to 1 wherein M is zirconium or hafnium.

10. A metal complex according to claim 9 wherein Z is boron.
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11.. A metal complex according to claim 1 which i§:.:.gi_lmethylamidoborane-
bis(ns-cyclopentadienyl)zirc_:of\i_um dichloride, dimethylamiddﬁdfénebis(ns-inden-1 -
yl)zirconium dichloride, dimethylamidoborane-bis(n5-2-methyl-4-phenylinden-1-
yi)zirconium dichloride, dimethylamidoborane-bis(n’-2-ethyl-4-phenyfinden-1-
yl)zirconium dichloride, dimethylamidoborane-bis(n’>-2-isopropyl-4-phenylinden-1-
yl)zirconium dichloride, dimethylamidoborane-bis(n®-2-methyl-4-bis(3,5-
triftuoromethyl)phenylinden-1-yl)zirconium dichloride, dimethylamidoborane-bis(n’-3-
t-butylinden-1-yl)zirconium dichloride,

diisopropylamidoborane-bis(n’-cyclopentadienyl)zirconium dichloride,
diisopropylamidoboranebis(n’-inden-1-yl)zirconium dichloride,
diisopropylamidoborane-bis(n’-2-methyl-4-phenylinden-1-yl)zirconium dichloride,’
diisopropylamidoborane-bis(n°-2-ethyl-4-phenylinden-1-yl)zirconium dichloride,
diisopropylamidoborane-bis(n’-2-isopropyl-4-phenylinden-1-yl)zirconium dichloride,

. diisopropylamidoborane-bis(n®-2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-

yhzirconium dichloride, diisopropylamidoborane-bis(n°-3-t-butylinden-1-yl)zirconium
dichloride,

diphenylamidoborane-bis(ns-cyclopentadienyl)zirconium dichloride,
diphenylamidoboranebis(ns-indeh-1 -ylzirconium dichloride, diphenylamidoborane-
bis(n>-2-methyl-4-phenylinden-1-yl)zirconium dichloride, diphenyiamidoborane-bis(n>-
2-ethyl-4-phenylinden-1-yl)zirconium dichloride, diphenylamid‘oborane-bis(ns-2-
isopropyl-4-phenylinden-1-yl)zirconium dichloride, diphenylamidoborane-bis(n’®-2-
methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium dichloride,
diphenylamidoborane-bis(ns-s-_t-butylinden-1 -yl)zirconium dichioride,

dimethytamidoborane-bis(n’-cyclopentadienyl)zirconium 1,4-diphenyi-1,3-
butadiene, dimethylamidoboranebis(n’>-inden-1-yl)zirconium 1,4-diphenyi-1,3-
butadiene, dimethylamidoborane-bis(n’-2-methyl-4-phenylinden-1-yl)zirconium 1,4-
diphenyl-1,3-butadiene, dimethylamidoborane-bis(n’-2-ethyl-4-phenylinden-1-
yl)zirconium 1,4-diphenyl-1,3-butadiene, dimethylamidoborane-bis(n®-2-isopropyl-4-
phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-butadiene, dimethylamidoborane-bis(n-
2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-
butadiene, dimethylamidoborane-bis(n®-3-t-butylinden-1-y})zirconium 1,4-diphenyl-
1,3-butadiene,

diisopropylamidoborane-bis(n’-cyclopentadienyl)zirconium 1,4-diphenyl-1,3-
butat_liene, diisopropylamidoboranebis(n’-inden-1-yl)zirconium 1,4-diphenyl-1,3-
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butadiene, diisopropylamidoborane-bis(n®-2-methyl-4-phenylinden-1-yl)zirconium 1,4~
diphenyl-1,3-butadiene, diisopropylamidoborane-bis(n’-2-ethyl-4-phenylinden-1-
yh)zirconium 1,4-diphenyl-1,3-butadiene, diisopropylamidoborane-bis(+°-2-isopropyi-
4-phenylinden-1-yl)zirconium 1,4-diphenyi-1,3-butadiene, diisopropylamidoborane-
bis(n5-2-methyl-4-bis(3,5'-trif_luoromethyl)phenylinden-1 -yl)zirconium 1,4-diphenyi-1,3-
butadiene, diisopropylamidob_orane-bis(w"—3-t-butylinden-1-yl)zirconium 1,4-diphenyl-
1,3-butadiene, -

diphenylamidoborane-bis(n> -cyclopentadienyl)z:rconium 1 4-d|phenyl-1 3-
butadiene, diphenylamidoboranebis(n’>-inden-1-yl)zirconium 1,4-diphenyt-1,3- -
butadiene, diphenylamidoborane-bis(n5-2-methyl-4-phenylinden—1--yl)zircbnium- 1,4- -
diphenyl-1,3-butadiene, diphenylamidoborane-bis(n®-2-ethyl-4-phenylinden-1-
yl)zirconium 1',4-diphenyl-1 ,3-butadiene, diphenylamidoborane-bis(n’°-2-isopropyl-4-
phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-butadiene, diphenylamidoborane-bis(n°®-
2-methyl-4-bis(3,5-trifluoromethyl)phenylinden-1-yl)zirconium 1,4-diphenyl-1,3-
butadiene, or diphenylamidbbbrane_-bis(n‘"—a-t-butylinden-1 -yl)zirconium 1,4-diphenyl-
1,3-butadiene. ' _

12. © Anolefin polymerization process comprising contacting one or more
olefin monomers under polymerization conditions with a catalyst composition
comprising a metal complé:k .according to any one. of claims 1-11.

13.  The process of claim 12 wherem the catalyst composition additionally

comprises an activatlng cocatalyst.
14.  The process of claim 12 conducted under solution, siurry or hlgh

pressure polymerization condmons
15. The process_ of claim 13 con_ductéd under slurry polymerization |

conditions, wherein the catalyst additionally comprises an inert, particulated support.

A
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