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CATALYST ACTIVATORS COMPRISING 
EXPANDED ANIONS 

CROSS REFERENCE STATEMENT 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/251,664, ?led Feb. 17, 1999, Which claims 
bene?t of priority from Provisional Number 60/075,329, 
?led Feb. 20, 1998. 

BACKGROUND INFORMATION 

[0002] The present invention relates to compounds that are 
useful as catalyst components. More particularly the present 
invention relates to such compounds that are particularly 
adapted for use in the coordination polymeriZation of unsat 
urated compounds comprising an anion containing at least 
tWo LeWis basic sites Which are coordinated to LeWis acids. 
Such compounds are particularly advantageous for use in a 
polymeriZation process Wherein catalyst, catalyst activator, 
and at least one polymeriZable monomer are combined 
under polymeriZation conditions to form a polymeric prod 
uct. 

[0003] It is previously knoWn in the art to activate Ziegler 
Natta polymeriZation catalysts, particularly such catalysts 
comprising Group 3-10 metal compleXes containing delo 
caliZed J's-bonded ligand groups, by the use of Bronsted acid 
salts capable of transferring a proton to form a cationic 
derivative or other catalytically active derivative of such 
Group 3-10 metal compleX. Preferred Bronsted acid salts are 
such compounds containing a cation/anion pair that is 
capable of rendering the Group 3-10 metal compleX cata 
lytically active. Suitable activators comprise ?uorinated 
arylborate anions, such as tetrakis(penta?uorophenyl)bo 
rate. Additional suitable anions include sterically shielded 
diboron anions of the formula: 

[0004] Wherein: 

[0005] S is hydrogen, alkyl, ?uoroalkyl, aryl, or ?uoro 
aryl, ArF is ?uoroaryl, and X1 is either hydrogen or halide, 
disclosed in US. Pat. No. 5,447,895. Additional eXamples 
include carborane compounds such as are disclosed and 
claimed in US. Pat. No. 5,407,884. 

[0006] EXamples of preferred charge separated (cation/ 
anion pair) activators are ammonium, sulfonium, or phos 
phonium salts capable of transferring a hydrogen ion, dis 
closed in US. Pat. Nos. 5,198,401, 5,132,380, 5,470,927 
and 5,153,157, as Well as oXidiZing salts such as ferroce 
nium, silver or lead salts, disclosed in US. Pat. Nos. 
5,189,192 and 5,321,106 and strongly LeWis acidic salts 
such as carbonium or silylium salts, disclosed in US. Pat. 
Nos. 5,350,723 and 5,625,087. 

[0007] Further suitable activators for the above metal 
compleXes include strong LeWis acids including tris(per 
?uorophenyl)borane and tris(per?uorobiphenyl)borane. The 
former composition has been previously disclosed for the 
above stated end use in EP-A-520,732, Whereas the latter 
composition is similarly disclosed by Marks, et al., in J. Am. 
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Chem. Soc., 118, 12451-12452(1996). For the teachings 
contained therein, the foregoing patents, publications and 
equivalent United States applications are hereby incorpo 
rated by reference. 

[0008] Despite the satisfactory performance of the fore 
going catalyst activators under a variety of polymeriZation 
conditions, there is still a need for improved cocatalysts for 
use in the activation of various metal compleXes under a 
variety of reaction conditions. Accordingly, it Would be 
desirable if there Were provided compounds that could be 
employed in solution, slurry, gas phase or high pressure 
polymeriZations and under homogeneous or heterogeneous 
process conditions having improved activation properties. 

SUMMARY OF THE INVENTION 

[0009] According to the present invention there are noW 
provided compounds useful as catalyst activators corre 
sponding to the formula: 

(A*")b(Z*J *J-TCd, 
[0010] Wherein: 

[0011] A* is a cation of charge +a, 

[0012] Z* is an anion group of from 1 to 50, preferably 1 
to 30 atoms, not counting hydrogen atoms, further contain 
ing tWo or more LeWis base sites; 

[0013] 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 function 
ality, 
[0014] j is a number from 2 to 12 and 

[0015] a, b, c, and d are integers from 1 to 3, With the 
proviso that a><b is equal to c><d. 

[0016] Additionally according to the present invention 
there is provided a catalyst composition for polymeriZation 
of an ethylenically unsaturated, polymeriZable monomer 
comprising, in combination, the above described compound 
and a Group 3-10 metal complex that is capable of activation 
to form an addition polymeriZation catalyst, or the reaction 
product of such combination. 

[0017] Additionally according to the present invention 
there is provided a process for polymeriZation of one or 
more ethylenically unsaturated, polymeriZable monomers 
comprising contacting the same, optionally in the presence 
of an inert aliphatic, alicyclic or aromatic hydrocarbon, With 
the above catalyst composition. 

[0018] The foregoing compounds are uniquely adapted for 
use in activation of a variety of metal compleXes, especially 
Group 4 metal compleXes, under standard and atypical ole?n 
polymeriZation conditions. Because of this fact, the forego 
ing compounds are capable of forming highly desirable 
ole?n polymers in high ef?ciency. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] All references herein to elements belonging to a 
certain Group refer to the Periodic Table of the Elements 
published and copyrighted by CRC Press, Inc., 1995. Also 
any reference to the Group or Groups shall be to the Group 
or Groups as re?ected in this Periodic Table of the Elements 
using the IUPAC system for numbering groups. 
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[0020] The catalyst activators of the invention are further 
characterized in the following manner. A*""‘ is desirably 
chosen to provide overall neutrality to the compound and to 
not interfere With subsequent catalytic activity. Moreover, 
the cation may participate in the formation of the active 
catalyst species, desirably through a proton transfer, oxida 
tion, or ligand abstraction mechanism, or a combination 
thereof. Additionally, certain cations bene?cially improve 
the solubility of the resulting activator in particular reaction 
media under use conditions. For example, in the homopo 
lymeriZation or copolymeriZation of aliphatic ole?ns, par 
ticularly in the solution phase, an aliphatic diluent is com 
monly used. Accordingly, cationic species that are relatively 
soluble in such reaction media, or render the catalyst acti 
vator more soluble therein are highly preferred. 

[0021] Examples of suitable cations include ammonium, 
sulfonium, phosphonium, oxonium, carbonium, and sily 
lium cations, preferably those containing up to 80 atoms not 
counting hydrogen, as Well as ferrocenium, Ag", Pb+2, or 
similar oxidiZing cations. In a preferred embodiment, a, b, c 
and d are all equal to one. 

[0022] Z* can be any anionic moiety containing tWo or 
more LeWis basic sites. Preferably, the LeWis base sites are 
on different atoms of a polyatomic anionic moiety. Desir 
ably, such Lewis basic sites are relatively sterically acces 
sible to the LeWis acid, J *. Preferably the LeWis basic sites 
are on nitrogen or carbon atoms. Examples of suitable Z* 
anions include cyanide, aZide, amide and substituted amide, 
amidinide and substituted amidinide, dicyanamide, imida 
Zolide, substituted imidaZolide, imidaZolinide, substituted 
imidaZolinide, tricyanomethide, tetracycanoborate, puride, 
squarate, 1,2,3-triaZolide, substituted 1,2,3-triaZolide, 1,2,4 
triaZolide, substituted 1,2,4-triaZolide, pyrimidinide, substi 
tuted pyrimidinide, tetraimidaZoylborate and substituted tet 
raimidaZoylborate anions, Wherein each substituent, if 
present, is a halo, hydrocarbyl, halohydrocarbyl, silyl, 
(including mono-, di- and tri(hydrocarbyl)silyl), silylhydro 
carbyl, or halocarbyl group of up to 20 atoms not counting 
hydrogen, or tWo such substituents together form a saturated 
or unsaturated ring system. 

[0023] Preferred Z* groups are: imidaZolide, 2-nonade 
cylimidaZolide, 2-undecylimidaZolide, 2-tridecylimida 
Zolide, 2-pentadecylimidaZolide, 2-heptadecylimidaZolide, 
2-nonadecylimidaZolide, 4,5-di?uoroimidaZolide, 4,5 
dichloroimidaZolide, 4,5-dibromoimidaZolide, 4,5-bis(hep 
tadecyl)imidaZolide, 4,5-bis(undecyl)imidaZolide, imidaZo 
linide, 2-nonadecylimidaZolinide, 2-undecylimidaZolinide, 
2-tridecylimidaZolinide, 2-pentadecylimidaZolinide, 2-hep 
tadecylimidaZolinide, 2-nonadecylimidaZolinide, 4,5-di?u 
oroimidaZolinide, 4,5-dichloroimidaZolinide, 4,5-dibro 
moimidaZolinide, 4,5-bis(heptadecyl)imidaZolinide, 4,5 
bis(undecyl)imidaZolinide, didecylamide, piperidinide, 4,4 
dimethylimidaZol in ide, tetra-S-pyrimidinyl borate, 
pyrimidinide, 5,6-dichlorobenZimidaZolide, 4,5-dicy 
anoimidaZolide, and 5,6-dimethylbenZimidaZolide anions. 

[0024] Coordinated to the LeWis base sites of the anion are 
from 2 to 12 LeWis acids, 1*, tWo or more of Which may be 
joined together in a moiety having multiple LeWis acidic 
functionality. Preferably, from 2 to 4 J * groups having from 
3 to 100 atoms not counting hydrogen are present. 
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[0025] More speci?c examples of the foregoing LeWis 
acid compounds, 1*, correspond to the formula: 

1 (R1); M" Ar? 
(R) M* , | 

3 (R02 M" Arfz , 

(R1) M" Ar? M" Ar? 

(R2) M" Arfl 2 , or M" Arfl 3 , 

[0026] Wherein 

[0027] 
[0028] R1 and R2 independently each occurrence are 
hydride, halide, or a hydrocarbyl, halocarbyl, halohydrocar 
byl, dialkylamido, alkoxide, or aryloxide group of up to 20 
carbons, With the proviso that in not more than one occur 
rence is R1 or R2 halide, and Arfl-Arf2 in combination, 
independently each occurrence, is a divalent ?uoro-substi 
tuted aromatic group of from 6 to 20 carbons. 

M* is aluminum or boron; 

[0029] Highly preferred LeWis acids are aluminum or 
boron compounds corresponding to the formula: AIR13, or 
BR13, Wherein R1 independently each occurrence is selected 
from hydrocarbyl, halocarbyl, and halohydrocarbyl radicals, 
said R1 having up to 20 carbons. In a more highly preferred 
embodiment, R1 is a ?uorinated CL2O hydrocarbyl group, 
most preferably, a ?uorinated aryl group, especially, pen 
ta?uorophenyl. 
[0030] Preferred examples of the foregoing LeWis acid 
groups containing multiple LeWis acid sites are: 

B(CeF5)2 

(C6134) 

B(C6F5)2 , 

F c6115 F 

F 1'3 F 

F B F or 

F c6115 F 

F 

F B 

F B . 

F 3 

[0031] Suitable expanded anion compounds according to 
the present invention include the ammonium, phosphonium, 
sulfonium, oxonium, carbonium, silylium, lead (II), silver or 
ferrocenium salts of: bis(tris(penta?uorophenyl)bo 
rane)cyanide, bis(tris(penta?uorophenyl)borane)aZide, bis 
(tris(penta?uorophenyl)borane)dicyanamide, bis(tris(pen 
ta?uorophenyl)borane)imidaZolide, 
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bis(tris(penta?uorophenyl)borane)-2-undecyl-imidaZolide, 
bis(tris(penta?uorophenyl)borane)imidaZolinide, bis 
(tris(penta?uorophenyl)-borane)-2-undecylimidaZolinide, 
bis(tris(penta?uorophenyl)borane)-5,6-dimethylbenZimida 
Zolide, bis(tris(penta?uorophenyl)borane)-4,5-bis(heptade 
cyl)imidaZolide, tris(tris(penta?uorophenyl)bo 
ranetricyanomethide, 
tris(tris(penta?uorophenyl)borane)puride, tetrakis(tris(pen 
ta?uorophenyl)borane)tetraimidaZoylborate, bis(tris(pen 
ta?uorophenyl)-alumane)cyanide, bis(tris(penta?uorophe 
nyl)alumane)aZide, 
bis(tris(penta?uorophenyl)alumane)dicyanamide, bis 
(tris(penta?uorophenyl)alumane)imidaZolide, bis(tris(pen 
ta?uorophenyl)alumane)-2-undecylimidaZolide, bis 
(tris(penta?uorophenyl)alumane)imidaZolinide, 
bis(tris(penta?uorophenyl)alumane)-2-undecylimidaZolin 
ide, bis(tris(penta?uorophenyl)alumane)-5,6-dimethylbenZ 
imidaZolide, bis(tris(penta?uorophenyl)alumane)-4,5-bis(h 
eptadecyl)imidaZolide, 
tris(tris(penta?uorophenyl)alumanetricyanomethide, tris 
(tris(penta?uorophenyl)alumane)puride, tetrakis(tris(pen 
ta?uorophenyl)alumane)tetraimidaZoylborate, bis(tris(hep 
ta?uoro-2-naphthyl)borane)cyanide, bis(tris(hepta?uoro-2 
naphthyl)borane)aZide, bis(tris(hepta?uoro-2 
naphthyl)borane)dicyanamide, bis(tris(hepta?uoro-2 
naphthyl)borane)imidaZolide, bis(tris(hepta?uoro-2 
naphthyl)borane)-2-undecylimidaZolide, 
bis(tris(hepta?uoro-2-naphthyl)borane)-5,6-dimethylbenZ 
imidaZolide, bis(tris(hepta?uoro-2-naphthyl)borane)-4,5 
bis(heptadecyl)imidaZolide, tris(tris(hepta?uoro-2-naphth 
yl)boranetricyanomethide, tris(tris(hepta?uoro-2 
naphthyl)borane)puride, tetrakis(tris(hepta?uoro-2 
naphthyl)borane)tetraimidaZoylborate, bis(tris(hepta?uoro 
2-naphthyl)alumane)cyanide, bis(tris(hepta?uoro-2 
naphthyl)alumane)aZide, bis(tris(hepta?uoro-2 
naphthyl)alumane)dicyanamide, bis(tris(hepta?uoro-2 
naphthyl)alumane)imidaZolide, bis(tris(hepta?uoro-2 
naphthyl)alumane)-2-undecylimidaZolide, 
bis(tris(hepta?uoro-2-naphthyl)alumane)-5,6-dimethylben 
ZimidaZolide, bis(tris(hepta?uoro-2-naphthyl)alumane)-4,5 
bis(heptadecyl)imidaZolide, tris(trishepta?uoro-2-naphthyl) 
alumanetricyanomethide, tris(tris(hepta?uoro-2-naphthyl)a 
lumane)puride, and tetrakis(tris(hepta?uoro-2-naphthyl)alu 
mane)tetraimidaZoylborate. 
[0032] Examples of suitable expanded anion compounds 
are the foregoing ammonium salts, especially those Which 
comprise trihydrocarbyl- substituted ammonium cations, 
especially trimethylammonium-, triethylammonium-, tripro 
pylammonium-, tri(n-butyl)ammonium-, methyidi(octade 
cyl)ammonium-, methyldi(tetradecyl)ammonium-, methyl 
(tetradecyl)(octadecyl)ammonium-, N,N-dimethyla 
nilinium-, N,N-diethylanilinium-, N,N-dimethyl(2,4,6-trim 
ethylanilinium)-, and methyldicyclohexylammonium- cat 
ions or mixtures thereof. 

[0033] Most preferred ammonium cation containing salts 
are those containing trihydrocarbyl-substituted ammonium 
cations containing one or tWo Clo-C4O alkyl groups, espe 
cially methylbis(octadecyl)ammonium- and methylbis(tet 
radecyl)ammonium- cations. It is further understood that the 
cation may comprise a mixture of hydrocarbyl groups of 
differing lengths. For example, the protonated ammonium 
cation derived from the commercially available long chain 
amine comprising a mixture of tWo C14, C16 or C18 alkyl 
groups and one methyl group. Such amines are available 
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from Witco Corp., under the trade name KemamineTM 
T9701, and from AkZo-Nobel under the trade name 
ArmeenTM MZHT. 

[0034] The foregoing cocatalysts (illustrated by those hav 
ing imidaZolide, substituted imidaZolide, imidaZolinide, 
substituted imidaZolinide, benZimidaZolide, or substituted 
benZimidaZolide anions) may be depicted schematically as 
folloWs: 

H 

[0036] A*+ is a monovalent cation as previously de?ned, 
and preferably is a trihydrocarbyl ammonium cation, con 
taining one or tWo C1O_4O alkyl groups, especially the meth 
ylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammo 
nium- cation, R4, independently each occurrence, is 
hydrogen or a halo, hydrocarbyl, halocarbyl, halohydrocar 
byl, silylhydrocarbyl, or silyi, (including mono-, di- and 
tri(hydrocarbyl)silyi) group of up to 30 atoms not counting 
hydrogen, preferably C1_2O alkyl, and 

[0037] J*‘ is tris(penta?uorophenyl)borane or tris(pen 
ta?uorophenyl)alumane). 
[0038] Examples of the most highly preferred catalyst 
activators herein include the forgoing trihydrocarbylammo 
nium-, especially, methylbis(tetradecyl)ammonium- or 
methylbis(octadecyl)ammonium- salts of: 

[0039] bis(tris(penta?uorophenyl)borane)imidaZolide, 
[0040] bis(tris(penta?uorophenyl)borane)-2-undecylimi 
daZolide, 
[0041] bis(tris(penta?uorophenyl)borane)-2-heptade 
cylimidaZolide, 

[0042] bis(tris(penta?uorophenyl)borane) -4,5 -bis(unde 
cyl)imidaZolide, 
[0043] bis(tris(penta?uorophenyl)borane) -4,5 -bis(hepta 
decyl)imidaZolide, 
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[0044] bis(tris(penta?uorophenyl)borane)imidaZolinide, 
[0045] bis(tris(penta?uorophenyl)borane)-2-undecylimi 
daZolinide, 

[0046] bis(tris(penta?uorophenyl)borane)-2-heptade 
cylimidaZolinide, 

[0047] bis(tris(penta?uorophenyl)borane)-4,5-bis(unde 
cyl)imidaZolinide, 
[0048] bis(tris(penta?uorophenyl)borane)-4,5-bis(hepta 
decyl)imidaZolinide, 
[0049] bis(tris(penta?uorophenyl)borane)-5,6-dimethyl 
benZimidaZolide, 

[0050] bis(tris(penta?uorophenyl)borane)-5,6-bis(unde 
cyl)benZimidaZolide, 

[0051] bis(tris(penta?uorophenyl)alumane)imidaZolide, 
[0052] bis(tris(penta?uorophenyl)alumane)-2-unde 
cylimidaZolide, 

[0053] bis(tris(penta?uorophenyl)alumane)-2-heptade 
cylimidaZolide, 

[0054] bis(tris(penta?uorophenyl)alumane)-4,5-bis(unde 
cyl)imidaZolide, 
[0055] bis(tris(penta?uorophenyl)alumane)-4,5-bis(hep 
tadecyl)imidaZolide, 
[0056] bis(tris(penta?uorophenyl)alumane)imidaZolinide, 

[0057] bis(tris(penta?uorophenyl)alumane)-2-unde 
cylimidaZolinide, 

[0058] bis(tris(penta?uorophenyl)alumane)-2-heptade 
cylimidaZolinide, 

[0059] bis(tris(penta?uorophenyl)alumane)-4,5-bis(unde 
cyl)imidaZolinide, 

[0060] bis(tris(penta?uorophenyl)alumane)-4,5-bis(hep 
tadecyl)imidaZolinide, 

[0061] bis(tris(penta?uorophenyl)alumane)-5,6-dimethyl 
benZimidaZolide, and 

[0062] bis(tris(penta?uorophenyl)alumane)-5,6-bis(unde 
cyl)benZimidaZolide. 

[0063] The compounds may be prepared by a condensa 
tion reaction between the alkali metal salt of the anion, Z*, 
and a Lewis acid, 1*, preferably under phase transfer con 
ditions, using for example a crown ether to solubiliZe the 
alkali metal salt, followed by a metathesis reaction with the 
corresponding halide salt of the cation, A*’'"‘. Certain of the 
cocatalysts are also amenable to preparation via a one step, 
single reactor process. For example, the ammonium or 
phosphonium imidiaZolide, or substituted imidiaZolide salts 
can be prepared by contacting the Lewis acid, 1*, or its 
Lewis base adduct, such as an etherate, with the neutral 
compound corresponding to the anion, Z*. Both reactants 
are desirably relatively lipophilic, such that the reaction can 
be performed in non-polar solvents. Addition of the free base 
corresponding to the cation, A* +8, results in formation of the 
charge separated species, which may be recovered from the 
reaction mixture by devolatiliZation or used without further 
puri?cation. 
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[0064] Suitable catalysts for use in combination with the 
foregoing cocatalysts include any compound or complex of 
a metal of Groups 3-10 of the Periodic Table of the Elements 
capable of being activated to polymeriZe ethylenically unsat 
urated compounds by the present activators. Examples 
include Group 10 diimine derivatives corresponding to the 
formula: 

[0065] wherein 

[0066] M* is Ni(II) or Pd(II) ; 

[0067] K is halo, hydrocarbyl, or hydrocarbyloxy; 

[0068] and the two nitrogen atoms are linked by a bridging 
system. 

[0069] Such catalysts have been previously disclosed in J. 
Am. Chem. Soc., 118, 267-268 (1996), J. Am. Chem. Soc, 
117, 6414-6415 (1995), and Organometallics, 16, 1514 
1516, (1997). 
[0070] Additional catalysts include derivatives of Group 
3, 4, or Lanthanide metals which are in the +2, +3, or +4 
formal oxidation state. Preferred compounds include metal 
complexes containing from 1 to 3 J'lZ-bOIldCd anionic or 
neutral ligand groups, which may be cyclic or non-cyclic 
delocaliZed J's-bonded anionic ligand groups. Exemplary of 
such J'lZ-bOIldCd anionic ligand groups are conjugated or 
nonconjugated, cyclic or non-cyclic dienyl groups, allyl 
groups, boratabenZene groups, phosphole, and arene groups. 
By the term “J's-bonded” is meant that the ligand group is 
bonded to the transition metal by a sharing of electrons from 
a partially delocaliZed J'lZ-bOIld. 

[0071] Each atom in the delocaliZed J's-bonded group may 
independently be substituted with a radical selected from the 
group consisting of hydrogen, halogen, hydrocarbyl, halo 
hydrocarbyl, hydrocarbyl-substituted metalloid radicals 
wherein the metalloid is selected from Group 14 of the 
Periodic Table of the Elements, and such hydrocarbyl- or 
hydrocarbyl-substituted metalloid radicals further substi 
tuted with a Group 15 or 16 hetero atom containing moiety. 
Included within the term “hydrocarbyl” are CL2O straight, 
branched and cyclic alkyl radicals, C6_2O aromatic radicals, 
C7_2O alkyl-substituted aromatic radicals, and C7_2O aryl 
substituted alkyl radicals. In addition two or more such 
radicals may together form a fused ring system, including 
partially or fully hydrogenated fused ring systems, or they 
may form a metallocycle with the metal. Suitable hydrocar 
byl-substituted organometalloid radicals include mono-, di 
and tri-substituted organometalloid radicals of Group 14 
elements wherein each of the hydrocarbyl groups contains 
from 1 to 20 carbon atoms. Examples of suitable hydrocar 
byl-substituted organometalloid radicals include trimethyl 
silyl, triethylsilyl, ethyidimethylsilyl, methyidiethylsilyl, 
triphenylgermyl, and trimethylgermyl groups. Examples of 
Group 15 or 16 hetero atom containing moieties include 
amine, phosphine, ether or thioether moieties or divalent 
derivatives thereof, eg amide, phosphide, ether or thioether 
groups bonded to the transition metal or Lanthanide metal, 
and bonded to the hydrocarbyl group or to the hydrocarbyl 
substituted metalloid containing group. 
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[0072] Examples of suitable anionic, delocaliZed 
J's-bonded groups include cyclopentadienyl, indenyl, ?uore 
nyl, tetrahydroindenyl, tetrahydro?uorenyl, octahydro?uo 
renyl, pentadienyl, cyclohexadienyl, dihydroanthracenyl, 
hexahydroanthracenyl, decahydroanthracenyl groups, phos 
phole, and boratabenZene groups, as Well as hydrocarbyl 
silyl- (including mono-, di-, or tri(hydrocarbyl)silyl) substi 
tuted derivatives thereof. Preferred anionic, delocaliZed 
J's-bonded groups are cyclopentadienyl, pentamethylcyclo 
pentadienyl, tetramethylcyclopentadienyl, tetramethyl(trim 
ethylsilyl)-cyclopentadienyl, indenyl, 2,3-dimethylindenyl, 
?uorenyl, 2-methylindenyl, 2-methyl-4-phenylindenyl, tet 
rahydro?uorenyl, octahydro?uorenyl, and tetrahydroinde 
nyl. 
[0073] The boratabenZenes are anionic ligands that are 
boron containing analogues to benZene. They are previously 
knoWn in the art having been described by G. Herberich, et 
al., in Organometallics, 14,1, 471-480 (1995). Preferred 
boratabenZenes correspond to the formula: 

[0074] Wherein R“ is selected from the group consisting of 
hydrocarbyl, silyl, N,N-dihydrocarbylamino, or germyl, said 
R“ having up to 20 non-hydrogen atoms. In complexes 
involving divalent derivatives of such delocaliZed J's-bonded 
groups one atom thereof is bonded by means of a covalent 
bond or a covalently bonded divalent group to another atom 
of the complex thereby forming a bridged system. 

[0075] Phospholes are anionic ligands that are phosphorus 
containing analogues to a cyclopentadienyl group. They are 
previously knoWn in the art having been described by WO 
98/50392, and elseWhere. Preferred phosphole ligands cor 
respond to the formula: 

C) P 

[0076] Wherein R“ is selected from the group consisting of 
hydrocarbyl, silyl, N,N-dihydrocarbylamino, or germyl, said 
R“ having up to 20 non-hydrogen atoms, and optionally one 
or more R“ groups may be bonded together forming a 
multicyclic fused ring system, or form a bridging group 
connected to the metal. In complexes involving divalent 
derivatives of such delocaliZed J's-bonded groups one atom 
thereof is bonded by means of a covalent bond or a 
covalently bonded divalent group to another atom of the 
complex thereby forming a bridged system. 

[0077] Phosphinimine/cyclopentadienyl complexes are 
disclosed in ERA-890581 and correspond to the formula 
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[0078] Wherein: 

[0079] R** is a monovalent ligand, illustrated by hydro 
gen, halogen, or hydrocarbyl, or tWo R** groups together 
form a divalent ligand, 

[0080] M** is a Group 4 metal, 

[0081] Cp is cyclopentadienyl, or similar delocaliZed 
J's-bonded group, 

[0082] L1 is a monovalent ligand group, illustrated by 
hydrogen, halogen or hydrocarbyl, and 

[0083] n is 1 or 2. 

[0084] A suitable class of catalysts are transition metal 
complexes corresponding to the formula: 

Lp1MXmX'nX"p, or a dimer thereof 

[0085] 
[0086] Lp is an anionic, delocaliZed, J'lZ-bOIldCd group that 
is bound to M, containing up to 50 non-hydrogen atoms, 
optionally tWo Lp groups may be joined together forming a 
bridged structure, and further optionally one Lp may be 
bound to X; 

[0087] M is a metal of Group 4 of the Periodic Table of the 
Elements in the +2, +3 or +4 formal oxidation state; 

Wherein: 

[0088] X is an optional, divalent substituent of up to 50 
non-hydrogen atoms that together With Lp forms a metal 
locycle With M; 

[0089] X‘ is an optional neutral ligand having up to 20 
non-hydrogen atoms; 

[0090] X“ each occurrence is a monovalent, anionic moi 
ety having up to 40 non-hydrogen atoms, optionally, tWo X“ 
groups may be covalently bound together forming a divalent 
dianionic moiety having both valences bound to M, or, 
optionally 2 X“ groups may be covalently bound together to 
form a neutral, conjugated or nonconjugated diene that is 
J's-bonded to M (Whereupon M is in the +2 oxidation state), 
or further optionally one or more X“ and one or more X‘ 
groups may be bonded together thereby forming a moiety 
that is both covalently bound to M and coordinated thereto 
by means of LeWis base functionality; 

[0091] l is 0, or 2; 

[0092] m is 0 or 1; 

[0093] n is a number from 0 to 3; 

[0094] p is an integer from 0 to 3; and 

[0095] the sum, l+m+p, is equal to the formal oxidation 
state of M, except When 2 X“ groups together form a neutral 
conjugated or non-conjugated diene that is J's-bonded to M, 
in Which case the sum l+m is equal to the formal oxidation 
state of M. 

[0096] Preferred complexes include those containing 
either one or tWo Lp groups. The latter complexes include 
those containing a bridging group linking the tWo Lp groups. 
Preferred bridging groups are those corresponding to the 
formula (ER*2)X Wherein E is silicon, germanium, tin, or 
carbon, R* independently each occurrence is hydrogen or a 
group selected from silyl, hydrocarbyl, hydrocarbyloxy and 
combinations thereof, said R* having up to 30 carbon or 
silicon atoms, and x is 1 to 8. Preferably, R* independently 
each occurrence is methyl, ethyl, propyl, benZyl, tert-butyl, 
phenyl, methoxy, ethoxy or phenoxy. 
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[0097] Examples of the complexes containing tWo Lp 
groups are compounds corresponding to the formula: 

R3 
R3 

R3 R3 

R3 
MX' '2 or 

R3 

R3 
R3 

R3 
R3 

R3 
R3 

R3 

R3 
MX' ' 

(R * 2E)x 2 

R3 

R3 

R3 
R3 

[0098] Wherein: 

(I) 

(II) 

[0099] M is titanium, Zirconium or hafnium, preferably 
Zirconium or hafnium, in the +2 or +4 formal oxidation state; 

[0100] R3 in each occurrence independently is selected 
from the group consisting of hydrogen, hydrocarbyl, silyl, 
germyl, cyano, halo and combinations thereof, said R3 
having up to 20 non-hydrogen atoms, or adjacent R3 groups 
together form a divalent derivative (that is, a hydrocarbadiyl, 
siladiyl or germadiyl group) thereby forming a fused ring 
system, and 

[0101] X“ independently each occurrence is an anionic 
ligand group of up to 40 non-hydrogen atoms, or tWo X“ 
groups together form a divalent anionic ligand group of up 
to 40 non-hydrogen atoms or together are a conjugated diene 
having from 4 to 30 non-hydrogen atoms forming a J'lZ-COIII 
plex With M, Whereupon M is in the +2 formal oxidation 
state, and 

[0102] R*, E and x are as previously de?ned. 

[0103] The foregoing metal complexes are especially 
suited for the preparation of polymers having stereoregular 
molecular structure. In such capacity it is preferred that the 
complex possesses CS symmetry or possesses a chiral, ste 
reorigid structure. Examples of the ?rst type are compounds 
possessing different delocaliZed J's-bonded systems, such as 
one cyclopentadienyl group and one ?uorenyl group. Simi 
lar systems based on Ti(IV) or Zr(IV) Were disclosed for 
preparation of syndiotactic ole?n polymers in EWen, et al., 
J. Am. Chem. Soc. 110, 6255-6256 (1980). Examples of 
chiral structures include rac bis-indenyl complexes. Similar 
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systems based on Ti(IV) or Zr(IV) Were disclosed for 
preparation of isotactic ole?n polymers in Wild et al., J. 
Organomet. Chem, 232, 233-47, (1982). 
[0104] Exemplary bridged ligands containing tWo 
J's-bonded groups are: dimethylbis(cyclopentadienyl)silane, 
dimethylbis(tetramethylcyclopentadienyl)silane, dimethyl 
bis(2-ethylcyclopentadien-1-yl)silane, dimethylbis(2-t-bu 
tylcyclopentadien-1-yl)silane, 2,2-bis(tetramethylcyclopen 
tadienyl)propane, dimethylbis(inden-l-yl)silane, 
dimethylbis(tetrahydroinden-1-yl)silane, dimethylbis(?uo 
ren-1-yl)silane, dimethylbis(tetrahydro?uoren-1-yl)silane, 
dimethylbis(2-methyl-4-phenylinden-1-yl)-silane, dimeth 
ylbis(2-methylinden-1-yl)silane, dimethyl(cyclopentadi 
enyl)(?uoren-1-yl)silane, dimethyl(cyclopentadienyl)(oc 
tahydro?uoren-1-yl)silane, 
dimethyl(cyclopentadienyl)(tetrahydro?uoren-1-yl)silane, 
(1, 1, 2, 2-tetramethy)-1,2-bis(cyclopentadienyl)disilane, 
(1,2-bis(cyclopentadienyl)ethane, and dimethyl(cyclopenta 
dienyl)-1-(?uoren-1-yl)methane. 
[0105] Preferred X“ groups are selected from hydride, 
hydrocarbyl, silyl, germyl, halohydrocarbyl, halosilyl, silyl 
hydrocarbyl and aminohydrocarbyl groups, or tWo X“ 
groups together form a divalent derivative of a conjugated 
diene or else together they form a neutral, J'lZ-bOIldCd, con 
jugated diene. Most preferred X“ groups are C1_2O hydro 
carbyl groups. 

[0106] A further class of metal complexes utiliZed in the 
present invention corresponds to the preceding formula 
Lp1MXmX‘nX“p, or a dimer thereof, Wherein X is a divalent 
substituent of up to 50 non-hydrogen atoms that together 
With Lp forms a metallocycle With M. 

[0107] Preferred divalent X substituents include groups 
containing up to 30 non-hydrogen atoms comprising at least 
one atom that is oxygen, sulfur, boron or a member of Group 
14 of the Periodic Table of the Elements directly attached to 
the delocaliZed J's-bonded group, and a different atom, 
selected from the group consisting of nitrogen, phosphorus, 
oxygen or sulfur that is covalently bonded to M. 

[0108] A preferred class of such Group 4 metal coordina 
tion complexes used according to the present invention 
corresponds to the formula: 

R3 

R3 R3 

[0109] Wherein: 
[0110] M is titanium or Zirconium, preferably titanium in 
the +2, +3, or +4 formal oxidation state; 

[0111] R3 in each occurrence independently is selected 
from the group consisting of hydrogen, hydrocarbyl, silyl, 
germyl, cyano, halo and combinations thereof, said R3 
having up to 20 non-hydrogen atoms, or adjacent R3 groups 
together form a divalent derivative (that is, a hydrocarbadiyl, 
siladiyl or germadiyl group) thereby forming a fused ring 
system, 
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[0112] each X“ is a halo, hydrocarbyl, hydrocarbyloXy or 
silyl group, said group having up to 20 non-hydrogen atoms, 
or tWo X“ groups together form a neutral C5_3O conjugated 
diene or a divalent derivative thereof; 

[0115] Illustrative Group 4 metal complexes that may be 
employed in the practice of the present invention include: 

[0116] 
[0117] 
[0118] 
[0119] 
[0120] 
[0121] 
enyl, 
[0122] cyclopentadienyltitanium-2,4 
dimethylpentadienyl'triethylphosphine, 
[0123] cyclopentadienyltitanium-2,4 
dimethylpentadienyl'trimethylphosphine, 

[0124] 
[0125] 
[0126] 
[0127] 
[0128] 
[0129] 
[0130] 
[0131] 
[0132] 
[0133] 
[0134] pentamethylcyclopentadi 
enyltitaniumdimethylmethoXide, 

cyclopentadienyltitaniumtrimethyl, 
cyclopentadienyltitaniumtriethyl, 
cyclopentadienyltitaniumtriisopropyl, 
cyclopentadienyltitaniumtriphenyl, 
cyclopentadienyltitaniumtribenZyl, 
cyclopentadienyltitanium-2,4-dimethylpentadi 

cyclopentadienyltitaniumdimethylmethoXide, 
cyclopentadienyltitaniumdimethylchloride, 
pentamethylcyclopentadienyltitaniumtrimethyl, 
indenyltitaniumtrimethyl, 
indenyltitaniumtriethyl, 
indenyltitaniumtripropyl, 
indenyltitaniumtriphenyl, 
tetrahydroindenyltitaniumtribenZyl, 
pentamethylcyclopentadienyltitaniumtriisopropyl, 
pentamethylcyclopentadienyltitaniumtribenZyl, 

[0135] pentamethylcyclopentadi 
enyltitaniumdimethylchloride, 
[0136] bis(7c5-2,4-dimethyipentadienyl)titanium, 
[0137] biS(J'|:5-2,4 
dimethylpentadienyl)titanium'trimethylphosphine, 

[0138] bis(7c5-2,4 
dimethylpentadienyl)titanium'triethylphosphine, 
[0139] octahydro?uorenyltitaniumtrimethyl, 

[0140] 
[0141] 
[0142] (tert-butylamido)(1,1-dimethyl-2,3,4,9,10- J's-1,4, 
5 ,6,7,8 -heXahydronaphthalenyl)dimeth 
ylsilanetitaniumdimethyl, 

[0143] (tert-butylamido)(1,1,2,3-tetramethyl-2,3,4,9,10 
75-1 ,4,5 ,6,7,8-heXahydronaphthalenyl)dimeth 
ylsilanetitaniumdimethyl, 

tetrahydroindenyltitaniumtrimethyl, 
tetrahydro?uorenyltitaniumtrimethyl, 
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[0144] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilanetitanium dibenZyl, 
[0145] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilanetitanium dimethyl, 
[0146] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)-1,2-ethanediyltitanium dimethyl, 
[0147] (tert-butylamido)(tetramethyl-J'c5-indenyl)dimeth 
ylsilanetitanium dimethyl, 
[0148] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilane titanium (III) 2-(dimethylamino)ben 
Zyl; 
[0149] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilanetitanium (III) allyl, 
[0150] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilanetitanium (III) 2,4-dimethylpentadienyl, 
[0151] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilanetitanium (II) 1,4-diphenyl-1,3-butadi 
ene, 

[0152] (tert-butylamido)(tetramethyl-s'cs-cyclopentadi 
enyl)dimethylsilanetitanium (II) 1,3-pentadiene, 
[0153] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (II) 1,4-diphenyl-1,3-butadiene, 

[0154] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (II) 2,4-heXadiene, 

[0155] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (IV) 2,3-dimethyl-1,3-butadiene, 

[0156] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (IV) isoprene, 

[0157] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (IV) 1,3-butadiene, 

[0158] (tert-butylamido)(2,3-dimethylindenyl)dimethylsi 
lanetitanium (IV) 2,3-dimethyl-1,3-butadiene, 

[0159] (tert-butylamido)(2,3-dimethylindenyl)dimethylsi 
lanetitanium (IV) isoprene 

[0160] (tert-butylamido)(2,3-dimethylindenyl)dimethylsi 
lanetitanium (IV) dimethyl 

[0161] (tert-butylamido)(2,3-dimethylindenyl)dimethylsi 
lanetitanium (IV) dibenZyl 

[0162] (tert-butylamido)(2,3-dimethylindenyl)dimethyisi 
lanetitanium (IV) 1,3-butadiene, 

[0163] (tert-butylamido)(2,3-dimethylindenyl)dimethylsi 
lanetitanium (II) 1,3-pentadiene, 

[0164] (tert-butylamido)(2,3-dimethylindenyl)dimethylsi 
lanetitanium (II) 1,4-diphenyl-1,3-butadiene, 

[0165] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (II) 1,3-pentadiene, 

[0166] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (IV) dimethyl, 

[0167] (tert-butylamido)(2-methylindenyl)dimethylsilan 
etitanium (IV) dibenZyl, 

[0168] (tert-butylamido)(2-methyl-4-phenylindenyl)dim 
ethylsilanetitanium (II) 1,4-diphenyl-1,3-butadiene, 
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[0169] (tert-butylarnido)(2-rnethyl-4-phenylindenyl)dirn 
ethylsilanetitaniurn (II) 1,3-pentadiene, 
[0170] (tert-butylarnido)(2-rnethyl-4-phenylindenyl)dirn 
ethylsilanetitaniurn (II) 2,4-heXadiene, 
[0171] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadi 
enyl)dirnethyl-silanetitaniurn (IV) 1,3-butadiene, 
[0172] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadi 
enyl)dirnethylsilanetitaniurn (IV) 2,3-dirnethyl-1,3-butadi 
ene, 

[0173] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadi 
enyl)dirnethylsilanetitaniurn (IV) isoprene, 
[0174] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadi 
enyl)dirnethyl-silanetitaniurn (II) 1,4-dibenZyl-1,3-butadi 
ene, 

[0175] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadi 
enyl)dirnethylsilanetitaniurn (II) 2,4-heXadiene, 
[0176] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadi 
enyl)dirnethyl-silanetitaniurn (II) 3-rnethyl-1,3-pentadiene, 
[0177] (tert-butylarnido)(2,4-dirnethylpentadien-3 
yl)dirnethylsilanetitaniurndirnethyl, 
[0178] (tert-butylarnido)(6,6-dirnethylcyclohexadi 
enyl)dirnethylsilanetitaniurndirnethyl, 
[0179] (tert-butylarnido)(1,1-dirnethyl-2,3,4,9,10-J'c-1,4,5, 
6,7,8-heXahydronaphthalen-4-yl)dirnethylsilanetitaniurn 
dirnethyl, 

[0180] (tert-butylarnido)(1,1,2,3-tetrarnethyl-2,3,4,9,10 
J's-1,4,5,6,7,8-hexahydronaphthalen-4-yl)dirnethylsilanetita 
niurndirnethyl 
[0181] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadienyl 
rnethylphenylsilanetitaniurn (IV) dirnethyl, 
[0182] (tert-butylarnido)(tetrarnethyl-s'cs-cyclopentadienyl 
rnethylphenylsilanetitaniurn (II) 1,4-diphenyl-1,3-butadi 
ene, 

[0183] 1-(tert-butylarnido)-2-(tetrarnethyl-s'cs-cyclopenta 
dienyl)ethanediyltitaniurn (IV) dirnethyl, 
[0184] 1-(tert-butylarnido)-2-(tetrarnethyl-s'cs-cyclopenta 
dienyl)ethanediyl-titaniurn (II) 1,4-diphenyl-1,3-butadiene, 
[0185] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (IV) 2,3-dirnethyl-1,3-butadiene, 
[0186] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (IV) isoprene 
[0187] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (IV) dirnethyl 
[0188] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (IV) dibenZyl 
[0189] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (IV) 1,3-butadiene, 
[0190] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (II) 1,3-pentadiene, 
[0191] (tert-butylarnido)(3-(N-pyrrolidinyl)indenyl)dirn 
ethylsilanetitaniurn (II) 1,4-diphenyl-1,3-butadiene, and 

[0192] (tert-butylarnido)(3-N-pyridinylindenyl)dirnethyl 
silanetitaniurn (II) 2,4-heXadiene. 
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[0193] Complexes containing tWo Lp groups including 
bridged complexes suitable for use in the present invention 
include: 

[0194] 
[0195] 
[0196] 
[0197] 
[0198] 
[0199] 
[0200] 
[0201] 
[0202] bis(pentarnethylcyclopentadi 
enyl)Zirconiurndirnethyl, 

bis(cyclopentadienyl)Zirconiurndirnethyl, 
bis(cyclopentadienyl)Zirconiurn dibenZyl, 
bis(cyclopentadienyl)Zirconiurn rnethyl benZyl, 
bis(cyclopentadienyl)Zirconiurn rnethyl phenyl, 
bis(cyclopentadienyl)Zirconiurndiphenyl, 
bis(cyclopentadienyl)titaniurn-allyl, 
bis(cyclopentadienyl)ZirconiurnrnethylrnethoXide, 
bis(cyclopentadienyl)Zirconiurnrnethylchloride, 

[0203] bis(pentarnethylcyclopentadi 
enyl)titaniurndirnethyl, 
[0204] bis(indenyl)Zirconiurndirnethyl, 

[0205] 
[0206] bis(indenyl)Zirconiurnrnethyl(2-(dirnethylarnino) 
benZyl), 

indenyl?uorenylZirconiurndirnethyl, 

[0207] bis(indenyl)Zirconiurnrnethyltrirnethylsilyl, 
[0208] bis(tetrahydroindenyl)Zirconi 
urnrnethyltrirnethylsilyl, 

[0209] bis(pentarnethylcyclopentadi 
enyl)ZirconiurnrnethylbenZyl, 
[0210] bis(pentarnethylcyclopentadi 
enyl)ZirconiurndibenZyl, 
[0211] bis(pentarnethylcyclopentadi 
enyl)Zirconiurnrnethylrnethoxide, 
[0212] bis(pentarnethylcyclopentadi 
enyl)Zirconiurnrnethylchloride, 
[0213] bis(rnethylethylcyclopentadi 
enyl)Zirconiurndirnethyl, 

[0214] bis(butylcyclopentadienyl)ZirconiurndibenZyl, 
[0215] bis(t-butylcyclopentadienyl)Zirconiurndirnethyl, 

[0216] bis(ethyltetrarnethylcyclopen 
tadienyl)Zirconiurndirnethyl, 

[0217] bis(rnethylpropylcyclopentadi 
enyl)ZirconiurndibenZyl, 

[0218] bis(trirnethylsilylcyclopenta 
dienyl)ZirconiurndibenZyl, 

[0219] dirnethylsilyl-bis(cyclopentadienyl)Zirconiurn 
dirnethyl, 

[0220] dirnethylsilyl-bis(tetrarnethylcyclopentadi 
enyl)titaniurn (III) allyl 
[0221] dirnethylsilyl-bis(t-butylcyclopentadienyl)Zirconi 
urndichloride, 

[0222] dirnethylsilyl-bis(n-butylcyclopentadienyl)Zirconi 
urndichloride, 
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[0270] (cyclododecylamido)dimethyl(2-methyl-4-phenyl 
inden-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0271] (t-butylamido)dimethyl(2-methyl-4-phenylinden 
1-yl)silanetitanium dimethyl, 
[0272] (t-butylamido)dimethyl(2-methyl-4-phenylinden 
1-yl)silanetitanium (II) 1,3-pentadiene, 
[0273] (t-butylamido)dimethyl(2-methyl-4-phenylinden 
1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0274] (cyclohexylamido)dimethyl(2-methyl-4-phenylin 
den-1-yl)silanetitanium dimethyl, 
[0275] cyclohexylamido)dimethyl(2-methyl-4-phenylin 
den-1-yl)silanetitanium (II) 1,3-pentadiene, 
[0276] cyclohexylamido)dimethyl(2-methyl-4-phenylin 
den-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0277] (cyclododecylamido)dimethyl(2-methyl-4-phenyl 
inden-1-yl)silanetitanium dimethyl, 
[0278] (cyclododecylamido)dimethyl(2-methyl-4-phenyl 
inden-1-yl)silanetitanium (II) 1,3-pentadiene, 
[0279] (cyclododecylamido)dimethyl(2-methyl-4-phenyl 
inden-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0280] (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1 
yl)silanetitanium dimethyl, 
[0281] (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1 
yl)silanetitanium (II) 1,3-pentadiene, 
[0282] (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1 
yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0283] (cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)in 
den-1-yl)silanetitanium dimethyl, 
[0284] cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)in 
den-1-yl)silanetitanium (II) 1,3-pentadiene, 
[0285] cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)in 
den-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0286] (cyclododecylamido)dimethyl(3-(1-pyrrolidinyl) 
inden-1-yl)silanetitanium dimethyl, 
[0287] (cyclododecylamido)dimethyl(3-(1-pyrrolidinyl) 
inden-1-yl)silanetitanium (II) 1,3-pentadiene, 
[0288] (cyclododecylamido)dimethyl(3-(1-pyrrolidinyl) 
inden-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0289] (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1 
yl)silanetitanium dimethyl, 
[0290] (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1 
yl)silanetitanium (II) 1,3-pentadiene, 
[0291] (t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1 
yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0292] (cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)in 
den-1-yl)silanetitanium dimethyl, 
[0293] cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)in 
den-1-yl)silanetitanium (II) 1,3-pentadiene, 
[0294] cyclohexylamido)dimethyl(3-(1-pyrrolidinyl)in 
den-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0295] (cyclododecylamido)dimethyl(3-(1-pyrrolidinyl) 
inden-1-yl)silanetitanium dimethyl, 
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[0296] (cyclododecylamido)dimethyl(3-(1-pyrrolidinyl) 
inden-1-yl)silanetitanium (II) 1,3-pentadiene, 
[0297] (cyclododecylamido)dimethyl(3-(1-pyrrolidinyl) 
inden-1-yl)silanetitanium (II) 1,4 diphenyl-1,3-butadiene, 
[0298] 1,2-ethanebis(inden-1-yl)Zirconium dimethyl, 
[0299] 1,2-ethanebis(inden-1-y)Zirconium (II) 1,3-penta 
diene, 
[0300] 1,2-ethanebis(inden-1-yl)Zirconium (II) 1,4 diphe 
nyl-1,3-butadiene, 
[0301] 1,2-ethanebis(2-methyl-4-phenylinden-1-yl)Zirco 
nium dimethyl, 

[0302] 1,2-ethanebis(2-methyl-4-phenylinden-1-yl)Zirco 
nium (II) 1,3-pentadiene, 

[0303] 1,2-ethanebis(2-methyl-4-phenylinden-1-yl)Zirco 
nium (II) 1,4 diphenyl-1,3-butadiene, 

[0304] dimethylsilanebis(inden-1-yl)Zirconium dimethyl, 
[0305] dimethylsilanebis(inden-1-yl)Zirconium (II) 1,3 
pentadiene, 

[0306] dimethylsilanebis(inden-1-yl)Zirconium (11) 1,4 
diphenyl-1,3-butadiene, 
[0307] dimethylsilanebis(2-methyl-4-phenylinden-1 
yl)Zirconium dimethyl, 
[0308] dimethylsilanebis(2-methyl-4-phenylinden-1 
yl)Zirconium (II) 1,3-pentadiene, and 

[0309] dimethylsilanebis(2-methyl-4-phenylinden-1 
yl)Zirconium (II) 1,4 diphenyl-1,3-butadiene. 
[0310] The expanded anion cocatalysts of the invention 
may also be used in combination With an oligomeric or 
polymeric alumoxane compound, a tri(hydrocarbyl)alumi 
num compound, a di(hydrocarbyl)(hydrocarbyloxy) alumi 
num compound, a di(hydrocarbyl)(dihydrocarbyl-ami 
do)aluminum compound, a bis(dihydrocarbyl 
amido)(hydrocarbyl)aluminum compound, a 
di(hydrocarbyl)amido(disilyl)aluminum compound, a di(hy 
drocarbyl)-amido(hydrocarbyl)(silyl)aluminum compound, 
a bis(dihydrocarbylamido)(silyl)aluminum compound, or a 
mixture of the foregoing compounds, having from 1 to 20 
non-hydrogen atoms in each hydrocarbyl, hydrocarbyloxy, 
or silyl group, if desired. These aluminum compounds are 
usefully employed for their bene?cial ability to scavenge 
impurities such as oxygen, Water, and aldehydes from the 
polymeriZation mixture. 

[0311] Preferred aluminum compounds include CL2O tri 
alkyl aluminum compounds, especially those Wherein the 
alkyl groups are ethyl, propyl, isopropyl, n-butyl, isobutyl, 
pentyl, neopentyl, or isopentyl, dialkyl(aryloxy)aluminum 
compounds containing from 1-6 carbons in the alkyl group 
and from 6 to 18 carbons in the aryl group (especially 
(3,5-di(t-butyl)-4-methylphenoxy)diisobutylaluminum), 
methylalumoxane, modi?ed methylalumoxane and diisobu 
tylalumoxane. The molar ratio of metal complex to alumi 
num compound is preferably from 1:10,000 to 1000:1, more 
preferably from 1:5000 to 100:1, most preferably from 
1:100 to 100:1. 

[0312] The cocatalysts of the present invention are capable 
of activating a Wide variety of metal complexes. Moreover, 
the cocatalysts can be optimiZed in their ability to activate 
different metal complexes through combination of anions, 
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Z*, having Lewis base sites of varying base strength, and 
LeWis acids, 1*, having varying acidity. Thus, use of Weakly 
basic anions such as dicyanamide, 1,2,4-triaZolide and 4,5 
dichloroimidaZolide give expanded anion salts Which are 
less active cocatalysts, all other variables being the same, 
than moderately basic anions, such as cyanide, aZide, ben 
ZotriaZolide, benZimidaZolide and tetraimidaZoylborate, 
Which in turn give less active cocatalalysts than even more 
basic anions, such as 4,4-dimethylimidaZolinide, imida 
Zolide, 5,6-dimethylbenZimidaZolide and 2-undecylimida 
Zolide. Moreover, more acidic LeWis acids, such as tris(pen 
ta?uorophenyl)alumane or 
tris(hepta?uoronaphthyl)alumane give more active cocata 
lysts than do less acidic LeWis acid groups such as tris(pen 
ta?uorophenyl)borane or tris(hepta?uoronaphthyl)borane. 
The highest activity cocatalysts have anions containing 
highly basic LeWis base sites in combination With highly 
acidic LeWis acids. 

[0313] The equivalent ratio of catalyst/cocatalyst (calcu 
lated based on quantity of metal in the catalyst and anionic 
charges on the cocatalyst) employed preferably ranges from 
1:10 to 10:1, more preferably from 1:5 to 2:1, most prefer 
ably from 1:4 to 1:1. Mixtures of the activating cocatalysts 
of the present invention may also be employed if desired. 

[0314] Suitable addition polymeriZable monomers include 
ethylenically unsaturated monomers, acetylenic compounds, 
conjugated or non-conjugated dienes, and polyenes. Pre 
ferred monomers include ole?ns, for examples alpha-ole?ns 
having from 2 to 20,000, preferably from 2 to 20, more 
preferably from 2 to 8 carbon atoms and combinations of 
tWo or more of such alpha-ole?ns. Particularly suitable 
alpha-ole?ns include, for example, ethylene, propylene, 
1-butene, 1-pentene, 4-methylpentene-1,1-hexene, 1-hep 
tene, 1-octene, 1-nonene, 1-decene, 1-undecene, 
1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, or 
combinations thereof, as Well as long chain vinyl terminated 
oligomeric or polymeric reaction products formed during the 
polymeriZation, and C1O_3O ot-ole?ns speci?cally added to 
the reaction mixture in order to produce relatively long chain 
branches in the resulting polymers. Preferably, the alpha 
ole?ns are ethylene, propene,1-butene, 4-methyl-pentene-1, 
1-hexene,1-octene, and combinations of ethylene and/or 
propene With one or more of such other alpha-ole?ns. Other 
preferred monomers include styrene, halo- or alkyl substi 
tuted styrenes, vinylbenZocyclobutene, 1,4-hexadiene, dicy 
clopentadiene, ethylidene norbornene, and 1,7-octadiene. 
Mixtures of the above-mentioned monomers may also be 
employed. 
[0315] In general, the polymeriZation may be accom 
plished at conditions Well knoWn in the prior art for Ziegler 
Natta or Kaminsky-Sinn type polymeriZation reactions. Sus 
pension, solution, slurry, gas phase or high pressure, Whether 
employed in batch or continuous form or other process 
conditions, may be employed if desired. Examples of such 
Well knoWn polymeriZation processes are depicted in WO 
88/02009, US. Pat. Nos. 5,084,534, 5,405,922, 4,588,790, 
5,032,652, 4,543,399, 4,564,647, 4,522,987, and elseWhere. 
Preferred polymeriZation temperatures are from 0-250° C. 
Preferred polymeriZation pressures are from atmospheric to 
3000 atmospheres. 

[0316] Preferred processing conditions include solution 
polymeriZation, more preferably continuous solution poly 
meriZation processes, conducted in the presence of an ali 
phatic or alicyclic liquid diluent. By the term “continuous 
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polymerization” is meant that at least the products of the 
polymeriZation are continuously removed from the reaction 
mixture, such as for example by devolatiliZation of a portion 
of the reaction mixture. Preferably one or more reactants are 
also continuously added to the polymeriZation mixture dur 
ing the polymeriZation. Examples of suitable aliphatic or 
alicyclic liquid diluents include straight and branched-chain 
C4_12 hydrocarbons and mixtures thereof; alicyclic hydro 
carbons such as cyclohexane, cycloheptane, methylcyclo 
hexane, methylcycloheptane, and mixtures thereof; and per 
?uorinated hydrocarbons such as per?uorinated C4_1O 
alkanes, and the like. Suitable diluents also include aromatic 
hydrocarbons (particularly for use With aromatic a-ole?ns 
such as styrene or ring alkyl-substituted styrenes) including 
toluene, ethylbenZene or xylene, as Well as liquid ole?ns 
(Which may act as monomers or comonomers) including 
ethylene, propylene, butadiene, cyclopentene, 1-hexene, 
3-methyl-1-pentene, 4-methyl-1-pentene, 1,4-hexadiene, 
1-octene, 1-decene, styrene, divinylbenZene, allylbenZene, 
vinyltoluene (including all isomers alone or in admixture), 
and the like. Mixtures of the foregoing are also suitable. The 
foregoing diluents may also be advantageously employed 
during the synthesis of the metal complexes and catalyst 
activators of the present invention. 

[0317] In most polymeriZation reactions the molar ratio of 
catalyst:polymeriZable compounds employed is from 
10_12:1 to 10_1:1, more preferably from 10_12:1 to 10_5:1. 

[0318] The catalyst composition of the invention may also 
be utiliZed in combination With at least one additional 
homogeneous or heterogeneous polymeriZation catalyst in 
separate reactors connected in series or in parallel to prepare 
polymer blends having desirable properties. An example of 
such a process is disclosed in WO 94/00500, equivalent to 
US. Ser. No. 07/904,770. A more speci?c process is dis 
closed in copending application U.S. Ser. No. 08/10958, 
?led Jan. 29, 1993. The teachings of the foregoing publica 
tions and pending applications are hereby incorporated by 
reference. 

[0319] Molecular Weight control agents can be used in 
combination With the present cocatalysts. Examples of such 
molecular Weight control agents include hydrogen, trialkyl 
aluminum compounds or other knoWn chain transfer agents. 
A particular bene?t of the use of the present cocatalysts is 
the ability (depending on reaction conditions) to produce 
narroW molecular Weight distribution a-ole?n homopoly 
mers and copolymers in greatly improved catalyst ef?cien 
cies. Preferred polymers have MW/Mn of less than 2.5, more 
preferably less than 2.3. Such narroW molecular Weight 
distribution polymer products are highly desirable due to 
improved tensile strength properties. 

[0320] The catalyst composition of the present invention 
can also be employed to advantage in the gas phase poly 
meriZation and copolymeriZation of ole?ns. Gas phase pro 
cesses for the polymeriZation of ole?ns, especially the 
homopolymeriZation and copolymeriZation of ethylene and 
propylene, and the copolymeriZation of ethylene With higher 
alpha ole?ns such as, for example, 1-butene, 1-hexene, 
4-methyl-1-pentene are Well knoWn in the art. Such pro 
cesses are used commercially on a large scale for the 
manufacture of high density polyethylene (HDPE), medium 
density polyethylene (MDPE), linear loW density polyeth 
ylene (LLDPE) and polypropylene. 
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[0321] The gas phase process employed can be, for 
example, of the type Which employs a mechanically stirred 
bed or a gas ?uidized bed as the polymerization reaction 
zone. Preferred is the process Wherein the polymerization 
reaction is carried out in a vertical cylindrical polymeriza 
tion reactor containing a ?uidized bed of polymer particles 
supported above a perforated plate, the ?uidisation grid, by 
a ?oW of ?uidisation gas. 

[0322] The gas employed to ?uidize the bed comprises the 
monomer or monomers to be polymerized, and also serves 

as a heat exchange medium to remove the heat of reaction 
from the bed. The hot gases emerge from the top of the 
reactor, normally via a tranquilization zone, also knoWn as 
a velocity reduction zone, having a Wider diameter than the 
?uidized bed and Wherein ?ne particles entrained in the gas 
stream have an opportunity to gravitate back into the bed. It 
can also be advantageous to use a cyclone to remove 

ultra-?ne particles from the hot gas stream. The gas is then 
normally recycled to the bed by means of a bloWer or 
compressor and one or more heat exchangers to strip the gas 
of the heat of polymerization. 

[0323] A preferred method of cooling of the bed, in 
addition to the cooling provided by the cooled recycle gas, 
is to feed a volatile liquid to the bed to provide an evapo 
rative cooling effect. The volatile liquid employed in this 
case can be, for example, a volatile inert liquid, for example, 
a saturated hydrocarbon having about 3 to about 8, prefer 
ably 4 to 6, carbon atoms. In the case that the monomer or 
comonomer itself is a volatile liquid, or can be condensed to 

provide such a liquid this can be suitably be fed to the bed 
to provide an evaporative cooling effect. Examples of ole?n 
monomers Which can be employed in this manner are ole?ns 
containing from about 3 to about eight, preferably from 3 to 
six carbon atoms. The volatile liquid evaporates in the hot 
?uidized bed to form gas Which mixes With the ?uidizing 
gas. If the volatile liquid is a monomer or comonomer, it Will 
undergo some polymerization in the bed. The evaporated 
liquid then emerges from the reactor as part of the hot 
recycle gas, and enters the compression/heat exchange part 
of the recycle loop. The recycle gas is cooled in the heat 
exchanger and, if the temperature to Which the gas is cooled 
is beloW the deW point, liquid Will precipitate from the gas. 
This liquid is desirably recycled continuously to the ?uid 
ized bed. It is possible to recycle the precipitated liquid to 
the bed as liquid droplets carried in the recycle gas stream, 
as described, for example, in EP-A-89691, US. Pat. No. 
4,543,399, WO 94/25495 and US. Pat. No. 5,352,749, 
Which are hereby incorporated by reference. A particularly 
preferred method of recycling the liquid to the bed is to 
separate the liquid from the recycle gas stream and to 
reinject this liquid directly into the bed, preferably using a 
method Which generates ?ne droplets of the liquid Within the 
bed. This type of process is described in WO 94/28032, the 
teachings of Which are also hereby incorporated by refer 
ence. 

[0324] The polymerization reaction occurring in the gas 
?uidized bed is catalyzed by the continuous or semi-con 
tinuous addition of catalyst. Such catalyst can be supported 
on an inorganic or organic support material if desired. The 
catalyst can also be subjected to a prepolymerization step, 
for example, by polymerizing a small quantity of ole?n 
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monomer in a liquid inert diluent, to provide a catalyst 
composite comprising catalyst particles embedded in ole?n 
polymer particles. 

[0325] The polymer is produced directly in the ?uidized 
bed by catalyzed (co)polymerization of the monomer(s) on 
the ?uidized particles of catalyst, supported catalyst or 
prepolymer Within the bed. Start-up of the polymerization 
reaction is achieved using a bed of preformed polymer 
particles, Which, preferably, is similar to the target polyole 
?n, and conditioning the bed by drying With inert gas or 
nitrogen prior to introducing the catalyst, the monomer(s) 
and any other gases Which it is desired to have in the recycle 
gas stream, such as a diluent gas, hydrogen chain transfer 
agent, or an inert condensable gas When operating in gas 
phase condensing mode. The produced polymer is dis 
charged continuously or discontinuously from the ?uidized 
bed as desired, optionally exposed to a catalyst kill and 
optionally pelletized. 

EXAMPLES 

[0326] It is understood that the present invention is oper 
able in the absence of any component Which has not been 
speci?cally disclosed. The folloWing examples are provided 
in order to further illustrate the invention and are not to be 
construed as limiting. Unless stated to the contrary, all parts 
and percentages are expressed on a Weight basis. The term 
“overnight”, if used, refers to a time of approximately 16-18 
hours, “room temperature”, if used, refers to a temperature 
of about 20-25° C., and “mixed alkanes” refers to a mixture 
of mostly C6_12 alkanes available commercially under the 
trademark Isopar ETM from Exxon Chemicals Inc. 

[0327] All manipulation of air sensitive materials Was 
performed in an argon ?lled, vacuum atmospheres, glove 
box or on a high vacuum line using standard Shlenk tech 
niques. Toluene Was puri?ed by passage through columns 
packed With activated alumina (Kaiser A-2) and supported 
copper (Engelhard, Cu-0224 S). Hexanes Were puri?ed by 
distillation from sodium benzophenone ketyl. Tris(pen 
ta?uorophenyl)borane (TPB) Was purchased from Boulder 
Scienti?c. Potassium benzyl Was prepared from Schlosser’s 
base generated in toluene. n-Butylferrocene Was purchased 
from Alfa and used Without further puri?cation. Imidazole, 
dichloromethane (anhydrous, sure-seal), 18-croWn-6, chlo 
rotriphenylmethane, iodine and salts not mentioned above 
Were purchased from Aldrich and used as received. Potas 
sium azide Was purchased from Atomergic Chemetals Corp., 
and used as received. Dioctadecylmethylamine Was pur 
chased from Akzo-Nobel (Armeen M2HT), and used as 
received. 

Example 1 

[0328] Potassium bis(tris(penta?uorophenyl)borane)azide 
(K((C6F5)3B)2N3) 
[0329] Potassium azide (238.0 mg, 2.930 mmol), TPB 
(3000.0 mg, 5.859 mmol), 18-croWn-6 (7.7 mg, 0.029 
mmol) and toluene (21 mL) Were placed in a 50 mL ?ask and 
heated to re?ux under argon. After 16 hours the mixture Was 
cooled, a ?ne colorless solid alloWed to settle and the 
supernatant decanted. The solid Was Washed With three 7 mL 
portions of toluene and dried in vacuo. Yield, 3075 mg, 
94.97 percent. 
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[0330] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane) aZide 18H37)2CH3NH] 
[((C6F5)3B)2N3]) 
[0331] Potassium bis(tris(penta?uorophenyl)borane)aZide 
(1500.0 mg, 1.3573 mmol) and dioctadecylmethylammo 
nium chloride (777.0 mg, 1.3573 mmol) Were placed in a 50 
mL ?ask. The solids Were cooled to —78° C. and taken up in 
20 mL of dichloromethane, added via syringe under argon 
counter-?oW. As the stirred mixture Warmed, the original 
solids dissolved and a ?ne precipitate of a colorless solid 
formed. The solid Was removed by ?ltration and Washed 
With tWo 5 mL portions of dichloromethane. The ?ltrate 
stripped under high vacuum, giving a colorless oil. Yield, 
1646 mg, 75.33 percent. 

Example 2 

[0332] Sodium bis(tris(penta?uorophenyl)bo 
rane)dicyanamide (K((C6F5)3B)2NCNCN) 
[0333] Sodium dicyanamide (173.9 mg, 1.953 mmol), 
TPB (2000.0 mg, 3.9063 mmol), 18-croWn-6 (5.2 mg, 
0.0020 mmol) and toluene (21 mL) Were placed in a 50 mL 
?ask and heated to re?ux under argon. After 4 hours the 
mixture Was cooled, a colorless liquid alloWed to settle and 
the upper layer discarded. The dense, mobile liquid Was 
Washed With three 7 mL portions of toluene and dried in 
vacuo to a colorless glassy solid. Yield, 1658.9 mg, 76.32 
percent. 

[0334] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane) dicyanamide 18H37)2CH3NH] 
[((C6F5)3B)2NCNCN]) 
[0335] Sodium bis(tris(penta?uorophenyl)bo 
rane)dicyanamide (1000.0 mg, 0.8985 mmol) and dioctade 
cylmethylammonium chloride (514.4 mg, 0.8985 mmol) 
Were placed in a 50 mL ?ask. The solids Were taken up in 
20 mL of dichloromethane, added via syringe under argon 
counter-?oW. As the mixture stirred, the original solids 
dissolved and a ?ne precipitate of a colorless solid formed. 
The solid Was removed by ?ltration and Washed With tWo 5 
mL portions of dichloromethane. The ?ltrate Was stripped 
under high vacuum, giving a pale beige, viscous, oil. Yield, 
747.5 mg, 51.13 percent. 

Example 3 

[0336] Potassium imidaZolide (KC3H3N2) 

[0337] ImidaZole (261.4 mg, 3.840 mmol), potassium ben 
Zyl (500.0 mg, 3.839 mmol) and toluene (14 mL) Were 
combined in a 25 mL ?ask and heated to re?ux under argon. 
The red-orange potassium benZyl color faded as the mixture 
reached re?ux, leaving a slurry of colorless solid. After 4 
hours the mixture Was cooled, the solid isolated by ?ltration 
and dried in vacuo, giving 383.8 mg of White poWder, 94.16 
percent yield. 
[0338] Potassium bis(tris(penta?uorophenyl)bora 
ne)imidaZolide (K((C6F5)3B)2C3H3N2) 
[0339] Potassium imidaZolide (311.1 mg, 2.930 mmol), 
TPB (3000.0 mg, 5.8594 mmol), 18-croWn-6 (7.7 mg, 
0.0029 mmol) and toluene (21 mL) Were placed in a 50 mL 
?ask and heated to re?ux under argon. After 16 hours the 
mixture Was cooled, a colorless solid alloWed to settle and 
the upper layer discarded. The solid Was Washed With three 
14 mL portions of toluene and dried in vacuo to a bone-White 
solid. Yield, 3402 mg, 102.7 percent. 
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[0340] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane)imidaZolide ([(C18H37)2CH3NH] 
[((C6F5)3B)2C3H3N2]) 
[0341] Potassium bis(tris(penta?uorophenyl)bora 
ne)imidaZolide (1000.0 mg, 0.8181 mmol) and dioctadecyl 
methylammonium chloride (468.3 mg, 0.8180 mmol) Were 
placed in a 50 mL ?ask on a ?ip-frit. The solids Were taken 
up in 20 mL of dichloromethane, added via syringe under 
argon counter-?oW. As the mixture stirred, the original solids 
dissolved and a ?ne precipitate of a colorless solid formed. 
The solid Was removed by ?ltration and Washed With tWo 10 
mL portions of dichloromethane. The ?ltrate Was stripped 
under high vacuum, giving a pale yelloW, viscous, oil. Yield, 
1259.1 mg, 94.52 percent. 

[0342] 2) ImidaZole (0.1330 g, 1.954 mmol), tris(pen 
ta?uorophenyl)borane (2.0000 g, 3.9063 mmol) and diocta 
decylmethylamine (1.0469 g, 1.9531 mmol) Were placed in 
a 50 mL ?ask, taken up in 21 mL of toluene and re?uxed 
under argon for 16 hours. The volatiles Were then stripped 
under vacuum, giving 2.8591 g of viscous, tan oil, 89.91 
percent yield. 

Example 4 

[0343] Sodium tetrakis(tris(penta?uorophe 
nyl)borane)tetraimidaZoylborate 
(Na((C6F5)3BC3H3N2)4B)) 
[0344] Sodium tetraimidaZoylborate (295.0 mg, 0.9766 
mmol), TPB (2000.0 mg, 3.9063 mmol), 18-croWn-6 (2.6 
mg, 0.010 mmol) and toluene (21 mL) Were placed in a 50 
mL ?ask and heated to re?ux under argon. After 16 hours the 
mixture Was cooled, a beige oil alloWed to settle and the 
upper layer discarded. The oil Was Washed With one 14 mL 
portion of toluene and dried in vacuo to an off White solid. 
Yield, 2236.7 mg, 97.46, percent. 

[0345] Dioctadecylmethylammonium tetrakis(tris(pen 
ta?uorophenyl)borane)-tetraimidaZoylborate 
([(C18H37)2CH3NH][((C6F5)3BC3H3N2)4B)]) 
[0346] Sodium tetrakis(trispenta?uorophe 
nyl)tetraimidaZoylborate (1500.0 mg, 0.6383 mmol) and 
dioctadecylmethylammonium chloride (365.4 mg, 0.6383 
mmol) Were placed in a 50 mL ?ask on a ?ip-frit. The solids 
Were taken up in 20 mL of dichloromethane, added via 
syringe under argon counter-?oW. As the mixture stirred, the 
original solids dissolved and a ?ne precipitate of a colorless 
solid formed. The solid Was removed by ?ltration and 
Washed With tWo 10 mL portions of dichloromethane. The 
?ltrate Was stripped under high vacuum, giving a beige 
glass. Yield, 1685.0 mg, 92.17 percent. 

Example 5 

[0347] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane)benZotriaZolide ([(C18H37)2CH3NH] 
[((C6F5)3B)2C3H3N2]) 
[0348] BenZotriaZole (0.2327 g, 1.953 mmol), tris(pen 
ta?uorophenyl)borane (2.0000 g, 3.9063 mmol) and diocta 
decylmethylamine (1.0469 g, 1.9531 mmol) Were placed in 
a 50 mL ?ask, taken up in 21 mL of toluene and re?uxed 
under argon for 4 hours. The volatiles Were then stripped 
under vacuum, giving 2.3 g of very sticky beige glass (70 
percent). 
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Example 6 

[0349] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane) -5 ,6-dimethylbenZimidaZolide 
([(cl8H37)2CH3NH][((C6F5)3B)2C9H9N2]) 
[0350] 5,6-dimethylbenZimidaZole (0.2855 g, 1.953 
mmol), tris(penta?uorophenyl)borane (2.0000 g, 3.9063 
mmol) and dioctadecylmethylamine (1.0469 g, 1.9531 
mmol) Were placed in a 50 mL ?ask, taken up in 21 mL of 
toluene and re?uxed under argon for 16 hours. The volatiles 
Were then stripped under vacuum. Yield, 3.060 g, 91.84 
percent. 

Example 7 

[0351] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane)benZimidaZolide ([(C18H37)2CH3NH] 
[((C6F5)3B)2C7H5N2]) 
[0352] BenZimidaZole (0.2307 g, 1.953 mmol), tris(pen 
ta?uorophenyl)borane (2.0000 g, 3.9063 mmol) and diocta 
decylmethylamine (1.0469 g, 1.9531 mmol) Were placed in 
a 50 mL ?ask, taken up in 21 mL of toluene and re?uxed 
under argon for 3.5 hours. The volatiles Were then stripped 
under vacuum. Yield, 2.993 g, 91.33 percent. 

Example 8 

[0353] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane)-4,5-dichloroimidaZolide 
([(cl8H37)2CH3NH][((C6F5)3B)2C7H5N2]) 
[0354] 4,5-dichloroimidaZole (0.2675 g, 1.953 mmol), 
tris(penta?uorophenyl)borane (2.0000 g, 3.9063 mmol) and 
dioctadecylmethylamine (1.0469 g, 1.9531 mmol) Were 
placed in a 50 mL ?ask, taken up in 21 mL of toluene and 
re?uxed under argon for hours. The volatiles Were then 
stripped under vacuum. Yield, 2.937 g, 88.62 percent. 

Example 9 

[0355] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane)-4,5-diphenylimidaZolide 
([(cl8H37)2CH3NH][((C6F5)3B)2C7H5N2]) 
[0356] 4,5-diphenylimidaZole (0.4302 g, 1.953 mmol), 
tris(penta?uorophenyl)borane (2.0000 g, 3.9063 mmol) and 
dioctadecylmethylamine (1.0469 g, 1.9531 mmol) Were 
placed in a 50 mL ?ask, taken up in 21 mL of toluene and 
re?uxed under argon for 15 hours. The volatiles Were then 
stripped under vacuum. Yield, 3.217 g, 92.52 percent. 

Example 10 

[0357] Dioctadecylmethylammonium bis(tris(penta?uo 
rophenyl)borane)-1,2,4-triaZolide ([(C18H37)2CH3NH] 
[((C6F5)3B)2C7H5N2]) 
[0358] 1,2,4-triaZole (0.1 349 g, 1.953 mmol), tris(pen 
ta?uorophenyl)borane (2.0000 g, 3.9063 mmol) and diocta 
decylmethylamine (1.0469 g, 1.9531 mmol) Were placed in 
a 50 mL ?ask, taken up in 21 mL of toluene and re?uxed 
under argon for 5 hours. The volatiles Were then stripped 
under vacuum. Yield, 2.702 g, 84.92 percent. 

Example 11 

[0359] Potassium bis(tris(penta?uorophenyl)bo 
rane)cyanide (K((C6F5)3B)2CN) 
[0360] Potassium cyanide (65.1 mg, 1.000 mmol), TPB 
(1024 mg, 2.000 mmol), 18-croWn-6 (2.6mg, 0.010 mmol) 
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and toluene (20 mL) Were placed in a 50 mL ?ask, stirred 
and heated to re?ux under argon. After 24 hours the mixture 
Was cooled, a ?ne colorless solid alloWed to settle and the 
supernatant decanted. The solid Was Washed With tWo 3.5 
mL portions of toluene and dried in vacuo. Yield, 854.9 mg, 
78.5 percent. 

[0361] Triphenylcarbenium bis(tris(penta?uorophe 
nyl)borane)cyanide ([Ph3C][((C6F5)3B)2CN]) 
[0362] Potassium bis(tris(penta?uorophenyl)bo 
rane)cyanide (827.5 mg, 0.7598 mmol) and chlorotriphenyl 
methane (211.8 mg, 0.7597 mmol) Were placed in a 50 mL 
?ask. The stirred solids Were taken up in 10 mL of dichlo 
romethane, added via syringe under argon counter-?oW. An 
immediate reaction gave a deep yelloW solution and a 
colorless solid. The solid Was removed by ?ltration and 
Washed (four times 4 mL) until all color Was gone. The 
?ltrate Was reduced under vacuum to 4 mL, cooled to —78° 
C. and diluted With 10 mL of hexanes. The resulting sus 
pension of broWn oil Was alloWed to Warm and stir. The oil 
solidi?ed and then digested to a canary-yelloW solid after 
stirring for 30 minutes. The yelloW solid Was isolated by 
?ltration and dried under high vacuum. Yield, 935.3 mg, 
95.20 percent. 

Example 12 

[0363] Potassium bis(tris(penta?uorophenyl)bo 
rane)cyanide-13C (K((C6F5)3B)213CN) 
[0364] Potassium cyanide-13C (193.7 mg, 2.930 mmol), 
TPB (3000.0 mg, 5.859 mmol), 18-croWn-6 (7.7 mg, 0.029 
mmol) and toluene (25 mL) Were placed in a 50 mL ?ask, 
stirred and heated to re?ux under argon. After 24 hours the 
mixture Was cooled, a ?ne colorless solid alloWed to settle 
and the supernatant decanted. The solid Was Washed With 
three 14 mL portions of toluene and dried in vacuo. Yield, 
3020 mg, 94.7 percent. 

[0365] Dioctadecylmethylammonium bis(tris(pentaftluo 
rophenyl)borane)cyanide-13C ([(C18H37)2CH3NH] 
[((C6F5)3B)213CN]) 
[0366] Potassium bis(tris(penta?uorophenyl)bo 
rane)cyanide-13C (1500.0 mg, 1.3760 mmol) and dioctade 
cylmethylammonium chloride (787.7 mg, 1.3760 mmol) 
Were placed in a 50 mL ?ask. The solids Were cooled to —78° 
C. and taken up in 20 mL of dichloromethane, added via 
syringe under argon counter-?oW. As the stirred mixture 
Warmed, the original solids dissolved and a ?ne precipitate 
of a colorless solid formed. The solid Was removed by 
?ltration and Washed With 10 mL of dichloromethane. The 
?ltrate stripped under high vacuum, giving an almost col 
orless, extremely viscous, oil. Yield, 1646 mg, 75.33 per 
cent. 

Example 13 

[0368] n-Butylferrocene (5.0 g, 21 mmol), iodine (8.1 g, 
32 mmol) and 50 mL of absolute ethanol Were placed in a 
?ask. The mixture Was stirred and heated to 45° C. With a 
Warm Water bath and kept Warm for one hour. The resulting 
dark crystalline solid Was isolated by ?ltration, Washed With 
four 25 mL portions of ethanol and air dried. Yield, 1 2.2 g, 
93 percent. 

triiodide 
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[0370] Potassium bis(tris(penta?uorophenyl)bo 
rane)cyanide-13C (875.1 mg, 0.8028 mmol) and n-butylfer 
rocenium triiodide (500.0 mg, 0.8028 mmol) Were placed in 
a 50 mL ?ask. The stirred solids Were taken up in 20 mL of 
dichloromethane, added via syringe under argon counter 
?oW. The mixture Was stirred for an additional 15 minutes 
and then ?ltered to remove a colorless solid, Which Was 
Washed With tWo 5 mL portions of solvent. The clear 
yelloW-violet ?ltrate Was reduced to 5 mL in vacuo, cooled 
to —78° C. and the resulting blue crystals isolated by 
?ltration and dried in vacuo. Yield, 690.7 mg, 66.5 percent 

Example 14 

[0371] Dioctadecylmethylammonium 1,3-bis(tris(pen 
ta?uorophenyl)borane)-4,4-dimethylimidaZolinide 
([(cl8H37)2CH3NH][((C6F5)3B)2C5H9N2]) 
[0372] 4,4-dimethylimidaZoline (0.192 g, 1.95 mmol) Was 
added dropWise to a mixture of tris(penta?uorophenyl)bo 
rane (2.00 g, 3.91 mmol), dioctadecylmethylamine (1.05 g, 
1.95 mmol) and 21 mL of toluene in a 50 mL ?ask, stirred 
and re?uxed under argon for 5 hours. The volatiles Were then 
stripped under vacuum, giving 2.54 g of sticky yelloW glass. 
Yield Was 78.3 percent. 

Example 15 

[0373] Dioctadecylmethylammonium 
ta?uorophenyl)alumane)imidaZolide 
[((C6F5)3A1)2C3H3N2]) 
[0374] ImidaZole (0.064 g, 0.947 mmol), tris(penta?uo 
rophenyl)alumane (1.000 g, 1.89 mmol) and dioctadecylm 
ethylamine (0.507 g, 0.947 mmol) Were placed in a 50 mL 
?ask, taken up in 21 mL of toluene and re?uxed under argon 
for 5 hours. The volatiles Were then stripped under vacuum, 
giving 1.46 g of viscous beige oil (92.6 percent yield). 

Example 16 

[0375] Dioctadecylmethylammonium 1,3-bis(tris(pen 
ta?uorophenyl)alumane)-2-undecylimidaZolide 
([(cl8H37)2CH3NH][((C6F5)3A1)2C3H3N2]) 
[0376] UndecylmidaZole (0.267 g, 1.20 mmol), tris(pen 
ta?uorophenyl)alumane (1.27 g, 2.40 mmol) and dioctade 
cylmethylamine (0.64 g, 1.20 mmol) Were placed in a 50 mL 
?ask, taken up in 10 mL of Isopar-E and re?uxed under 
argon for 4.5 hours. The volatiles Were then stripped under 
vacuum, giving 2.18 g of viscous beige oil (100 percent 
yield). 
[0377] Metal Complex Preparations 

[0378] In the folloWing polymeriZations certain of the 
metal complexes used Were prepared in the folloWing man 
ner. 

[0379] Anhydrous C6D6 and CH2Cl2 Were purchased from 
Aldrich and used as received. NMR spectra Were recorded 
on a Varian XL-300 instrument (1H, 300 MHZ; 13C{1H}, 75 
MHZ). MeLi, bis(dichloromethylsilyl)ethane, triethylamine 
and tert-butylamine Were purchased from Aldrich and used 
as received. Bis(dichloromethylsilyl)hexane (United Chemi 
cal Technologies), n-butyllithium (ACROS) and 2-methyl 
4-phenylindene (Boulder Scienti?c) Were used as received. 
1-N-pyrrolidineindene Was prepared via the route of Noland, 
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et al., JOC, 1981, 46, (1940) It’s lithium salt, (1-(1-pyrro 
lidinyl)-1H-indenyl)lithium, Was prepared by reaction With 
butyllithium in hexanes and recovered by ?ltration. 1H and 
13C{1H} NMR spectra are reported relative to tetramethyl 
silane and are referenced to the residual solvent peak. 

[0380] Preparation 1 

[0381] (u-((1, 1‘-(1 ,6-hexanediyl)bis(N-(1 ,1 -dimethyl 
ethyl)- 1-methyl-1 -((1 ,2,3,3a, 7a-J'c)-3-(1 -pyrrolidinyl)-1H 
inden- 1-yl)silanaminato —KN)(4-))))tetrachlorodititanium 

Si - 

(CH ) ( T1Cl2 

2 3 \N/ 

[0382] 1 ,1 ‘-(1,6-hexanediyl)bis(1-chloro-N-(1, 1-dimeth 
ylethyl)- 1 -methyl)-silanamine 

[0383] To a —10° C. solution of 1,6-bis(chloromethylsi 
lyl)hexane (25.00 g, 80.1 mmol) and triethylamine (24.6 
mL, 0.176 mole) in 250 mL of dichloromethane Was added 
dropWise over 1 hour a solution of tert-butylamine (16.8 mL, 
0.160 mole) in 100 mL of dichloromethane. The suspension 
Was alloWed to Warm to room temperature. After stirring 
overnight, most to the volatiles Were removed in vacuo. The 
product Was extracted into 175 mL of hexanes, ?ltered and 
the hexanes removed in vacuo to leave 29.5 g (96 percent 
yield) of 1,1‘—(1,6-hexanediyl)bis(1-chloro-N-(1,1-dimeth 
ylethyl)-1-methyl)silanamine as a pale-pink viscous liquid. 

[0384] 1H NMR (c6136); 1.35 (m, 4H), 1.24 (m, 4H), 1.13 
(s, 18H), 1.03 (brs, 2H), 0.75 (m, 4H), 0.33 (s, 6H). 13c1111} 
(c6136); 50.35, 33.42, 32.95, 23.74, 20.34, 3.12. 

[0385] B) 1 ,1 ‘—(1 ,6-hexanedivl)bis(N-(1 ,1 -dimethylethyl) 
1 -methyl- 1-(3 -(1-pyrrolidinyl)- 1H-inden-1 -yl)-silanamine 

[0386] To a —30° C. solution of 1,6-bis(N-(tert-butyl)-1 
chloro-1-methylsilanamine)hexane (1.50 g, 3.89 mmol) in 
20 mL of THF Was added a precooled (—30° C.) solution of 
(1-(1-10 pyrrolidinyl)-1H-indenyl)lithium (1.49 g, 7.78 
mmol) in 10 mL of THF. The reaction Was alloWed to Warm 
to room temperature as it gradually darkened and changed to 
a deep-red/purple solution With slight green ?ourescence. 
After 16 hours, the volatiles Were removed in vacuo and 50 
mL of hexanes added. The suspension Was ?ltered and 
hexanes removed from the ?ltrate in vacuo to leave 2.5 g (92 
percent yield) of 1,1 ‘-(1,6-hexanediyl)bis(N-(1,1-dimethyl 
ethyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)-silan 
amine as a red/purple oil. 

[0387] 1H NMR (c6136); 7.71 (m, 4 H), 7.27 (m, 4H), 
547/543 (2 s, 2H, isomers), 3.51 (s, 2 H), 3.29 (br s, 8 H), 
1.64 (sh m, 8 H), 1.30 (m, 8 H), 1.11 (set of several sharp 
peaks, 18 H), 0.616 (br s, 2H), 0.50 (s, 4H), 020/004 (2 
singlets, 6H, isomers). 13C{1H} (C6D6): 149.21,146.99, 
141.66, 124.85,124.63,123.95, 123.82,120.95,105.11, 
50.86, 49.54, 43.20 (m), 34.05, 25.42, 24.51, 17.25/16.19 
(isomers), —0.71/—1.88 (isomers). 



US 2001/0027161 A1 

[0388] C) 1,1‘-(1.6-heXanediyl)bis(N-(1,1-dimethylethyl) 
1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)_2, (deloc-1, 
2,3,3a,7a:1‘, 2‘,3‘, 3‘a,7‘a)-silanamine, dilithium, dilithium 
salt 

[0389] To a solution of 1,6-bis((N-(tert-butyl)-1-methyl 
1-(3-(1-pyrrolidinyl)—1H-inden-1-yl)silanamine))heXane 
(2.45 g, 3.6 mmole) in 50 mL of toluene Was added over 15 
minutes a solution of n-butyl lithium in heXanes (1.60 M, 
9.42 mL, 15.0 mmol). Over the period of addition, the 
original red solution turns orange folloWed by formation of 
a yelloW precipitate. After stirring for 14 hours, the yelloW 
precipitate Was collected by ?ltration and Washed tWice With 
10 mL of toluene and then tWice With 10 mL of heXanes. The 
dark yelloW solid Was dried in vacuo for 8 hours to leave 2.6 
g (quantitive yield) of the desired product. 

[0390] D) (u-((1 ,1 ‘—(1 . 6-heXanediyl)bis(N-(1, 1-dimethyl 
ethyl)- 1 -methyl-1 -((1,2,3,3a, 7a-J'c)-3-(1 -pyrrolidinyl)-1H 
inden- 1-yl)silanaminato —KN)(4-))))tetrachlorodititanium 

[0391] To a precooled (—30° C.) suspension of 
TiCl3(THF)3 (1.42 g, 3.82 mmol) in 30 mL of THF Was 
added a precooled (—30° C.) 30 mL THF solution of 1,6 
bis((N-(tert-butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-in 
den-1-yl)silanamine))heXane, tetralithium salt (1.35 g, 1.91 
mmol). Immediately the color changed to very dark blue/ 
green. After stirring at room temperature for 45 minutes, 
PbCl2 (0.8 g, 2.879 mmol) Was added. The color gradually 
changed to dark blue/purple as lead balls formed. After 1 
hour, the volatiles Were removed in vacuo and the product 
extracted into 25 mL of toluene, ?ltered and the volatiles 
removed in vacuo. The dark blue/purple residue Was dried in 
vacuo for 4 hours and then triturated in heXanes (30 mL). 
The heXanes Were removed in vacuo and 30 mL of heXanes 
Was added folloWed by trituration again. The resulting 
purple/black suspension Was ?ltered, the solid Washed With 
heXanes and dried in vacuo overnight to leave 1.42 g (83 
percent yield) of the desired product as a purple/black solid. 

[0392] 1H NMR (c6136); 7.62 (br s, 4H), 7.08 (br s, 4H), 
5.67 (m, 2H), 3.58 (br s, 4H), 3.22 (br s, 4H), 1.49 (br s, 36 
H), 1.8-0.50 (m, 23 H). 13c{1H}~ (c6136); 149.7 (m), 136.5, 
135.5, 129.04, 128.9, 127.2, 126.4, 125.3, 106.77/106.29 
(isomers), 92.3, 60.9, 50.6, 25.7, 24.3/24.0 (isomers), 19.7, 
18.19, 14.34, 1.87/-0.54 (isomers). 

[0393] Preparation 2 

[0394] (,u-((1 ,1 ‘—(1 ,6-heXanediyl)bis(N-(1 ,1 -dimethyl 
ethyl)- 1 -methyl-1 -((1,2,3,3a, 7a-J'c)-3-(1 -pyrrolidinyl)-1H 
inden- 1-yl)silanaminato —KN)(4-))))tetramethyidititanium 
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[0395] To a suspension of (u-((1,1‘-(1,6-heXanediyl)bis(N 
(1,1-dimethylethyl)-1-methyl-1-((1,2,3,3a,7a-J'c)-3-(1-pyr 
rolidinyl)-1H-inden-1-yl)silanaminato-KN)(4-))))tetrachlo 
rodititanium (0.189 g, 0.21 mmol) in 10 mL of diethyl ether 
Was added a solution of MeLi (1.4 M/EtZO, 0.59 mL, 0.82 
mmol). Instantly the solution turned dark red. After stirring 
at room temperature for 1 hour, the volatiles Were removed 
in vacuo and the product eXtracted into 20 mL of heXanes. 
The suspension Was ?ltered and the broWn ?lter cake 
Washed until no appreciable red color appeared in the 
Washing. The volatiles Were removed from the red ?ltrate 
and the residue dried in vacuo for 1 hour. The residue Was 
eXtracted into heXanes (15 mL) and ?ltered to remove trace 
amounts of ?ne particulates. The heXanes Were removed 
from the ?ltrate in vacuo and the resulting red ‘?aky’ solid 
dried in vacuo overnight to leave 0.130 g (75 percent yield) 
of red solid. 

[0396] 1H NMR (c6136); 7.73 (m, 2H), 7.50 (m, 2H), 7.04 
(m, 2H), 6.89 (m, 2H), 5.42 (m, 2H), 3.43 (m, 4H), 3.25 (m, 
4H), 1.53 (sh m, 36 H), 1.8-0.50 (m, 20 H), 0.09 (br s, 6H). 
13C{1H} (c6136); 144.16 (m), 133.99, 133.31, 125.60, 
125.13, 124.73, 123.90, 104.642, 104.02, 83.90, 57.78, 
54.34, 54.13, 50.63, 48.86, 34.91, 33.99, 33.86, 26.05, 
24.73, 24.38, 20.84, 19.20, 2.86, 0.39. 

[0397] Preparation 3 

[0398] (,u-((1, 1‘-(1 ,2-ethanediyl)bis(N-(11 -dimethyl 
ethyl)- 1-methyl-1 -((1 ,2,3,3a, 7a-J'c)-3-(1 -pyrrolidinyl)-1H 
inden- 1-yl)silanaminato —KN) (4-))))tetrachlorodititanium 

go 
(CH2) 

[0399] A) 1 ,1 ‘—(1 ,2-ethanedivl)bis(1 -chloro-N-(1 ,1 -dim 
ethylethyl)- 1-methyl)silanamine 
[0400] To a —10° C. solution of and 1,6-bis(dichlorometh 
ylsilyl)ethane (5.00 g, 19.5 mmol) and triethylamine (6.0 
mL, 43 mmol) in 50 mL of CHZCl2 Was added dropWise over 
1 hour a solution of tert-butylamine (4.1 mL, 39.0 mmol) in 
20 mL of CH2Cl2. The obtained White suspension Was 
alloWed to Warm to room temperature. After stirring for 16 
hours, most of the solvent Was removed in vacuo and 75 mL 
of heXanes added. The resulting suspension Was ?ltered and 
the volatiles removed from the ?ltrate in vacuo to leave 
1,6-bis(N-(tert-butyl)-1-chloro-1-methylsilanamine)ethane 
(5.7 g, 97 percent yield) as a pale pink oily solid. 

[0401] 1H NMR (CGDG): 1.12 (s, 18H), 1.03 (br s, 2H), 
0.91 (m, 4H), 0.33/0.32. (tWo s, 6H, isomers). 13C{1H} 
(CGDG): 50.36, 33.32, 32.95, 12.65/12. (tWo peaks/isomers), 
2.39/2.13 (tWo peaks/isomers). 
[0402] B) 1,1‘-(1,2-ethanediyl)bis(N-(1,1-dimethylethyl) 
1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)-silanamine 
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[0403] To a —30° C. solution of (1-(1-pyrrolidinyl)-1H 
indenyl)lithium (1.705 g, 8.92 mmol) in 10 mL of THF Was 
added a —30° C. solution of 1,6-bis(N-(tert-butyl)-1-chloro 
1-methylsilanamine)ethane (1.47 g, 4.46 mmol) in 5 mL of 
THF. The reaction Was allowed to Warm to room tempera 
ture as it gradually darkened and changed to a deep-red/ 
purple solution With slight green ?uorescence. After 16 hrs 
at room temperature, the volatiles Were removed in vacuo 
and then 50 mL of hexanes Was added. The suspension Was 
?ltered and the hexanes removed from the ?ltrate in vacuo 
to leave 1 ,6-bis((N-(tert-butyl)-1-methyl-1-(3-(1-pyrrolidi 
nyl)-1H-inden-1-yl)silanamine)ethane (2.7 g, 97 percent 
yield) as a red/purple oil. 

[0404] 1H NMR (c6136); 7.75-7.55 (m, 4H), 7.40-7.15 (m, 
4H), 5.42 (m, 2H), 3.505 (m, 2H), 3.29 (br s, 8 H), 1.65 (br 
s, 8 H), 1.09 (set of several sharp peaks, 18 H), 0.88 (m, 2H), 
0.54 (m, 4H), 0.45-0.00 (m, 6H). 13c{1H}~ (c6136); 149.07, 
147.03, 141.59, 124.58, 124.39, 123.98, 123.78, 120.92, 
105.22, 50.86, 49.49, 42.80 (m), 34.13, 25.43, 11.080 (m), 
0.0-(—3.0) 
[0405] C) 1 1‘-(1,2-ethanediyl)bis(N-(1,1-dimethylethyl) 
1-methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)_2, (deloc-1, 
2,3,3a,7a:1‘, 2‘, 3‘, 3‘a,7‘a)-silanamine, dilithium, dilithium 
salt 

[0406] To a stirred solution of 1,6-bis((N-(tert-butyl)-1 
methyl-1-(3-(1-pyrrolidinyl)-1H-inden-1-yl)silanamine)) 
ethane (2.7 g, 4.31 mmol) in 50 mL of toluene Was added 
n-BuLi (11.3 ml, 1.6 M, 18.1 mmol) over ?fteen minutes. 
The original red solution sloWly turned to a orange-yelloW 
suspension over one hour. After 16 hours, the yelloW/orange 
suspension Was ?ltered and Washed With toluene until the 
Washings became colorless (4><5 mL Washes). The sample 
Was then Washed 3 times With 20 mL of hexanes and dried 
in vacuo for 5 hours to leave 2.60 g (93 percent yield) of 
1,6-bis((N-(tert-butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H 
inden-1-yl)silanamine))ethane, tetralithium salt as a ?ne 
yelloW poWder. 
[0407] D) (,u-((1, 1‘-(1 ,2-ethanediyl)bis(N-(1, 1 -dimeth 
ylthyl)-1 -methyl- 1 -((1 ,2,3,3a, 761-313) -3 -(1 -pyrrolidinyl)- 1H 
inden- 1-yl)silanaminato -KN)(4-))))tetrachlorodititanium 
[0408] To a precooled (—30° C.) suspension of 
TiCl3(THF)3 (1.27 g, 3.44 mmol) in 20 mL of THF Was 
added a precooled (—30° C.) 20 mL THF solution of 1,6 
bis((N-(tert-butyl)-1-methyl-1-(3-(1-pyrrolidinyl)-1H-in 
den-1-yl)silanamine))ethane, tetralithium salt (1.12 g, 1.72 
mmol). Immediately the color changed to very dark blue/ 
green. After stirring at room temperature for 1 hour, PbCl2 
(0.67 g, 2.4 mmol)Was added. The color gradually changed 
to dark blue/purple as lead particles formed. After 1 hour, the 
volatiles Were removed in vacuo and the residue dried in 
vacuo for 1 hour. The product Was extracted into 60 mL of 
toluene, ?ltered and the volatiles removed in vacuo. After 
drying the dark residue in vacuo for an hour, hexanes (20 
mL) Was added and the dark solid triturated. The volatiles 
Were removed in vacuo, 20 mL of hexanes Were added and 
the solid triturated again. The resulting purple/black suspen 
sion Was ?ltered and the solid Washed tWice With 3 mL of 
hexanes and dried in vacuo overnight to leave 1.35 g (91 
percent yield) of the desired product as a dark purple solid. 

[0409] 1H NMR (c6136); 7.80-7.55 (m, 4H), 7.30-6.70 (m, 
4H), 5.75 (m, 2H), 3.75-3.00 (m, 4H), 1.45 (br s, 36 H), 
1.90-0.50 (m, 15 H). 13c{1H}~ (c6136); 149.9 (m), 136.4, 
135.5, 129.5, 129.3,129.1, 127.4, 126.6,126.4,126.1, 106.1 
(m), 92.4, 61.1, 50.7, 33.3, 25.9, 15-9 (m), 0.92/0.81/-1.19 
(isomers). 
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[0410] Preparation 4 
[0411] (,u-((1, 1‘-(1 ,2-ethanediyl)bis(N-(1, 1-dimethyl 
ethyl)- 1-methyl-1 -((1 ,2,3,3a,7a-J'c)-3-(1 -pyrrolidinyl)-1H 
inden- 1-yl)silanaminato -KN)(4-))) )tetramethyldititanium 
[0412] To a suspension of (,u-((1,1‘-(1,2-ethanediyl)bis(N 
(1,1-dimethylethyl)-1-methyl-1-((1,2,3,3a,7a-J'c)-3-(1-pyr 
rolidinyl)-1H-inden-1-yl)silanaminato-KN)(4-))))tetrachlo 
rodititanium (0.430 g, 0.50 mmol) in 25 mL of diethyl ether 
Was added a solution of MeLi (1.4 M/EtZO, 1.43 mL, 2.00 
mmol). Instantly the solution turned dark red. After stirring 
at room temperature for 1 hour, the volatiles Were removed 
in vacuo and the sample dried in vacuo for 1 hour. The 
product Was extracted into 50 mL of hexanes, the suspension 
?ltered and the broWn ?lter cake Washed until no appre 
ciable red color appeared in the Washing. The volatiles Were 
removed from the red ?ltrate and the residue dried in vacuo 
for 2 hours. The residue Was extracted again into hexanes 
(15 mL) and ?ltered to remove trace amounts of an insoluble 
broWn residue. The hexanes Were removed from the ?ltrate 
in vacuo and the resulting red solid dried in vacuo overnight 
to leave 0.280 g (67 percent yield) of red solid. 

[0413] 1H NMR (c6136); 7.85-7.45 (m, 4H), 7.10-6.65 (m, 
4H), 5.56 (m, 2H), 3.46 (br s, 4H), 3.28 (br m, 4H), 1.55 (sh 
m, 36 H), 1.8-0.50 (m, 12 H), 0.09 (m, 6H). 13c{1H}~ 
(c6136); 144.2 (m), 134.1, 133.8, 126.0-124.0 (m), 104.6 
(m), 83.85 (m), 57.89 (m), 54.5 (m), 50.52 (m), 51.0-49.0 
(m), 34.99, 26.09, 15.0100 (m), 2.0 (m), -0.40 (m). 
[0414] Preparation 5 
[0415] bis(1,1‘-(J'c4-1,3-butadiene-1,4-diyl)bis(ben 
Zene))(2-(1,6-hexanediylbis((methyl-silylidyne)bis((1,2,3, 
3a,7a4c)-2-methyl-4-phenyl-1H-inden-1-ylidene))))diZirco 
mum 

[0416] A) Lithium 2-methyl-4-phenylindenide. 
[0417] To a solution of 2-methyl-4-phenylindene (10.03 g, 
49.3 mmol) in 200 mL of hexanes Was added dropWise over 
10 minutes 32 mL of 1.6M n-BuLi. The resulting yelloW 
suspension Was stirred for 17 hours. The suspension Was 
?ltered and the solid Washed tWice With 5 mL of hexane. The 
light yelloW solid Was dried in vacuo for 2 hours to leave 
9.21 g (89 percent yield) of lithium 2-methyl-4-phenylin 
denide. A second crop (0.61 g) Was obtained by concentrat 
ing the ?ltrate to about 80 mL and ?ltering after 4 hours at 
room temperature. Overall yield Was 9.82 g, 95 percent. 

[0418] B) 1,6-hexanediylbis(methylbis(2-methyl-4-phe 
nyl-1H-inden-1-yl)-silane 
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[0419] A solution of 1,6-bis(dichloromethylsilyl)hexane 
(1.78 g, 5.69 mmol) in 20 mL of toluene Was added dropWise 
over 30 minutes to a solution of lithium 2-methyl-4-phenyl 
indenide (5.00 g, 23.9 mmol) in 60 mL of THF. The cloudy 
orange solution Was left to stir at room temperature for 20 
hours and then quenched by sloW addition of Water (80 mL). 
Most of the THF Was removed by rotary evaporation and the 
product extracted into diethyl ether (120 mL). The organic/ 
aqueous layers Were separated and the aqueous layer Washed 
tWice With 50 mL of diethyl ether. The organic extracts Were 
combined, dried over MgSO4, ?ltered and most of the 
volatiles removed in vacuo. The reaction residue Was dis 
solved in enough toluene to make about 25 mL of a viscous 
solution. The reaction mixture Was subsequently chromato 
graphed on silica (35 cm><5 cm column) initially eluting With 
hexanes folloWed by 4:1 hexanes:CH2Cl2 to remove excess 
2-methyl-4-phenylindene (Rf=0.62 (silica, 2:1 hexanes 
:dichloromethane). Further elution With 4: 1 hexanes:CH2Cl2 
gave one fraction of the desired product 1,6-bis[methylsilyl 
bis(2-methyl-4-phenyl-indenyl)hexane (Rf=0.38 silica, 2:1 
hexanes:dichloromethane) Which Was isolated by removal of 
volatiles in vacuo to leave 1.53 g (27%) of pale yelloW solid. 
Further elution With 3:1 hexanes:CH2Cl2 led to isolation of 
a second fraction Which has a much broader elution band 
Width (RfE0.35-0.10). Removal of volatiles in vacuo from 
the sample gave 1.89 g (34 percent) of pale yelloW solid. 
Overall yield Was 3.42 g ( 61 percent). 

[0420] 1H NMR (coon); 7.70-6.9 (m, 32H), 6.74 (m, 
4H), 4.0-3.5 (m, 4H), 2.4-1.9 (m, 12H), 1.6-0.4 (m, 12H), 
0.45-(-0.2) (m, 6H). 13c{1H}~ (coon); 158.2, 150.9, 
148.2(m), 145.9, 143.1 (m), 141.6 (m), 140.55, 137.6, 
134.31, 130-120 (several multiplets.), 77.1 (m), 48.9, 47.3 
(m), 33.5, 24.1, 18.1 (m), 15.1 (m), 13.2 (m), 12.4 (m), -5.4 
(H1) 
[0421] B) 1,6-hexanediylbis(methylbis(2-methyl-4-phe 
nyl-1H-inden-1-yl)-silane, ion(4-), tetralithium 
[0422] To a 20 mL toluene solution of 1,6-bis[methylsilyl 
bis(2-methyl-4-phenyl-indenyl)hexane (1.01 g, 1.04 mmol) 
Was added n-butyl lithium over 10 minutes (2.7 mL, 1.6 M 
in hexanes, 4.29 mmol). After 20-30 minutes, a yelloW 
precipitate began to form. After stirring for 18 hours at room 
temperature, the yelloW-orange suspension Was ?ltered and 
Washed tWice With 6 mL of toluene then tWice With 5 mL of 
hexane. The sample Was dried in vacuo for 5 hours until the 
Weight of sample stabiliZed to leave 0.91 g (89 percent yield) 
of tetralithium 1,6-bis[methylsilyl-bis(2-methyl-4-phenyl 
indenylide)hexane as a yelloW poWder. 

[0423] C) bis( 1,1‘-(-1,3-butadiene-1,4-diyl)bis(ben 
Zene))(K-(1,6-hexanediylbis((methyl-silylidyne)bis((1,2,3, 
3a,761-11)-2-methyl-4-phenyl-1H-inden-1-ylidene))))diZirco 
nium 

[0424] To a —30° C. suspension of tetralithium 1,6-bis 
[methylsilyl-bis(2-methyl-4-phenyl-indenylide)hexane 
(0.300 mg, 0.30 mmol) in 5 mL of toluene Was added a —30° 
C. solution of bis(triethylphosphine)(1,4-diphenylbutadi 
ene) Zirconium dichloride (0.432 g, 0.60 mmol) in 10 mL of 
toluene. The reaction Was alloWed to sloWly Warm to room 
temperature as the dark purple/black solution turned red. 
After stirring overnight, the solution Was ?ltered and the 
volatiles removed in vacuo. The reaction residue Was dis 
solved in 40 mL of toluene and added dropWise to 60 mL of 
hexanes. An additional 50 mL of 3:2 hexanes:toluene sol 
vent mixture Was added and the resulting orange/broWn 
precipitate ?ltered and Washed extensively With hexanes 
(3><30 mL). The volatiles Were removed from the dark red 
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?ltrate and the oily red solid triturated With 10 mL of 
hexanes and the volatiles removed in vacuo. The trituration 
Was repeated once more With 10 mL of hexanes and the 
obtained solid Was ?ltered and Washed With 5 mL of 
hexanes. The deep red solid Was dried in vacuo overnight to 
leave 0.306 g (65 percent) of the desired product. 

[0425] 1H NMR (CDC13): 8.0-7.6 (m, 4H), 7.6-6.6 (m, 
52H), 5.6 (br s, 4H), 3.4 (m, 4H), 10 21-05 (m, 30H). 
13c{1H}~ (c6136); 158.2, 150.9, 148.2 (m), 145.9, 143.1 (m), 
141.6 (m), 140.55, 137.6, 134.31, 130-120 (several multip 
161s), 77.1 (m), 48.9, 47.3 (m), 33.5, 24.1, 18.1 (m), 15.1 
(m), 13.2 (m), 12.4 (m), —5.4 

[0426] PolymeriZations 
[0427] A) Ethylene/1-octene CopolymeriZation 
[0428] PolymeriZations are conducted in a tWo-liter Parr 
reactor that is charged With about 740 ml of mixed alkanes 
solvent and approximately 118 g of 1-octene. Hydrogen, 
(6170 kPa) is added by differential pressure expansion from 
a 75 mL addition tank. The reactor is charged With ethylene 
(3.4 MPa) heated to 140 ° C. and alloWed to stabiliZe. 
Catalyst and cocatalyst, as solutions in toluene, are premixed 
in the drybox to give a 1:1 equivalent ratio of catalyst and 
cocatalyst and charged to the polymeriZation reactor through 
a stainless steel transfer line using nitrogen and about 1 0 ml 
of a toluene “chaser”. The polymeriZation conditions are 
maintained for 15 minutes With ethylene on demand. Heat is 
continuously removed from the reaction through an internal 
cooling coil. The resulting solution is removed from the 
reactor, quenched With isopropyl alcohol, and stabiliZed by 
addition of a hindered phenol antioxidant (IrganoxTM 1010 
from Ciba Geigy Corporation). The solvent is removed in a 
vacuum oven set at 140° C. by heating the polymer solution 
for about 16 hours. Results are shoWn in Table 1. 

TABLE 1 

Run Catalyst Cocatalyst E?iciency (g polymer/[12g Ti) 

1 TcM1 EX. 3 4.4 
2 1. 1. 45 

3 TCD2 " 1.0 

4 cHEx3 " 0.1 

5 sicHEx4 " 0.1 

6 TCD2 Ex. 11 0.3 
7 " Ex. 12 0.9 

8 Ex. 1 0.8 
9 Ex. 4 0.1 

10 Ex. 5 0.4 
11 Ex. 6 2.5 
12 Ex. 7 0.1 
13 Ex. 9 0.2 
14 Ex. 14 0 6 
15 Ex. 15 1 8 
16 Ex. 16 6 3 

1(t-butylamido)dimethyl(tetrarnethylcyclopentadienyl)silanetitanium (IV) 
dimethyl 
2(t-butylamido)dimethyl(tetrarnethylcyclopentadienyl)silanetitanium (II) 
1,3-pentadiene 
3[(t-butylamido)dimethyl(4,4-dimethyl-n5-cyclohexadien-1-yl)silane]tita 
nium (IV) dimethyl prepared according to U.S. Pat. 5,541,349 
4[(t-butylamido)dimethyl(4,4-dimethyl-n5-(4-silacyclohexadien-1-yl)silan 
etitanium (IV) dimethyl prepared analogously to Example 4 of U.S. Pat. 
5,541,349 using 5,5-dimethyl-5-sila-1,3-cyclohexanediene 

[0429] The foregoing reaction conditions Were substan 
tially repeated for comparative purposes using reactor set 
points of 140° C., and 118 g 1-octene comonomer, run times 
of 15 minutes and 0.4 pmoles each of catalyst ((t-butylami 
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do)dimethyl(tetramethyl-cyclopentadienyl)titanium (II) 1,3 
pentadiene) and cocatalyst. The resulting ethylene/1- Were 
analyzed for density and melt index. Results are contained 
in Table 2. 

TABLE 2 

Exo 
therm Yield E?iciency Density 

Run Coatalyst (0 C.) (g) (g polymer/[12g Ti) (g/ml) MI2 

17 Example 16 8.0 176 9.2 0.897 4.5 
18 " 2.8 156 8.1 0.900 2.8 

19 " 7.7 168 8.8 0.899 3.2 

20 " 9.9 175 9.2 0.899 4.1 

21* MATB1 0.7 79 4.1 0.903 1.4 

*Comparative, not an example of the invention 
1methylbis(octadecyl)ammonium tetrakis(pentafluorophenyl)borate 
2Melt index measured by micro melt technique 

[0430] B) Ethylene/Styrene CopolymeriZation 

[0431] Ethylene/styrene copolymeriZations Were per 
formed in a tWo-liter Parr reactor that Was charged With 
about 357 g of mixed alkanes solvent and approximately 455 
g of styrene. Hydrogen, (6350 kPa) Was added by differential 
pressure expansion from a 75 mL addition tank. The reactor 
Was charged With ethylene (1.4 MPa) heated to 90°0 C. and 
alloWed to stabiliZe. The desired amount of transition metal 
component (1 pmole) and cocatalyst as solutions in toluene, 
Were premixed in the drybox to give a 1:1 equivalent ratio 
of catalyst and cocatalyst and charged to the polymerization 
reactor through a stainless steel transfer line using nitrogen 
and about 10 ml of a toluene “chaser”. The polymeriZation 
conditions Were maintained for 15 minutes With ethylene on 
demand. Heat Was continuously removed from the reaction 
through an internal cooling coil. The resulting solution Was 
removed from the reactor, quenched With isopropyl alcohol, 
and stabiliZed by addition of a hindered phenol antioxidant 
(IrganoxTM 1010 from Ciba Geigy Corporation). The solvent 
Was removed in a vacuum oven set at 140° C. by heating the 
polymer solution for about 16 hours. Results are contained 
in table 3 

TABLE 3 

Run Catalyst Cocatalyst Efficiency (g polymer/[12g Ti or Zr) 

22 TMCl EX. 3 1.7 
23 TPI2 " 1.7 

24 [PH3 " 0.2 

25 IPE“ " 0.1 

26 E125 " 2.8 

27 BHZ6 " 1.3 

1(t—butylamido)dimethyl(tetramethylcyclopentadienyl)silanetitanium (II) 
1,3-pentadiene 
2(t—butylamido)dimethyl(3— (1 —pyrrolidnyl)inden— 1—yl)silanetitanium dim 
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[0432] C) Propylene Polymerization 
[0433] Propylene polymeriZations Were performed in a 
tWo-liter, jacketed, Autoclave Engineer’s Zipper-ClaveTM 
that Was charged With 625 g mixed alkanes solvent and 150 
g propylene. Hydrogen, (6350 kPa) Was added in runs 24, 25 
and the control by differential pressure expansion from a 75 
mL addition tank. The reactor Was heated to the reaction 
temperature and alloWed to stabiliZe. Ethylenebis(2-methyl 
4-phenylinden-1-yl)Zirconium (II) 1,4-diphenyl-1,3-butadi 
ene (about 1 pmole) and cocatalyst, as solutions in toluene, 
Were premixed in the drybox to give a 1:1 equivalent ratio 
of catalyst and cocatalyst and charged to the polymeriZation 
reactor through a stainless steel transfer line using nitrogen 
and a toluene “chaser”. The polymeriZation conditions Were 
maintained for 1 hour or less (depending on the rate of 
propylene uptake). Heat Was continuously removed from the 
reaction through a cooling coil in the jacket. The resulting 
solution Was removed from the reactor, quenched With 
isopropyl alcohol, and stabiliZed by addition of a hindered 
phenol antioxidant (IrganoxTM 1010 from Ciba Geigy Cor 
poration). The solvent Was removed in a vacuum oven set at 
140° C. by heating the polymer solution for about 16 hours. 
Results are shoWn in Table 4. 

TABLE 4 

E?iciency 
Run Cocatalyst T (O C.) time (min) (g polymer/[12g Zr) Mn2 

28 Ex. 3 70 3.6 1.19 — 

29 Ex. 15 70 3.4 1.15 — 

30 Ex. 16 100 7.6 0.5 79,000 
31* TPB1 70 20 0.05 — 

*Comparative, not an example of the invention 
1Tris(pentafluorophenyl)borane 
2polymer number average molecular Weight 

What is claimed is: 
1. A compound useful as a catalyst activator correspond 

ing to the formula: 

A* is a cation of charge +a, selected from the group 
consisting of ammonium sulfonium, phosphonium, 
oxonium, carbonium, silylium, ferrocenium, Ag", and 
Pb+2 cations, 

Z* is an anion group of from 1 to 50 atoms, not counting 
hydrogen atoms, further containing tWo or more LeWis 
base sites; 

J * independently each occurrence is a LeWis acid com 
pound having from 3 to 100 atoms not counting hydro 
gen 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 is a number from 2 to 12 and 

a, b, c, and d are integers from 1 to 3, With the proviso that 
a><b is equal to c><d. 

2. A compound according to claim 1 Wherein Z* is 
selected from the group consisting of cyanide, aZide, amide 
and substituted amide, amidinide and substituted amidinide, 
dicyanamide, imidaZolide, substituted imidaZolide, imida 








