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(57) ABSTRACT 

Methods for the addition polymerization of cycloole?ns 
using a cationic Group 10 metal complex and a Weakly 
coordinating anion of the formula: 

Wherein [(R‘)ZM(L‘)X(L“)y] is a cation complex Where M 
represents a Group 10 transition metal; R‘ represents an 
anionic hydrocarbyl containing ligand; L‘ represents a 
Group 15 neutral electron donor ligand; L“ represents a 
labile neutral electron donor ligand; X is 1 or 2; and y is 0, 
1, 2, or 3; and Z is 0 or 1, Wherein the sum of X, y, and Z is 
4; and [WCA] represents a Weakly coordinating counteran 
ion complex; and b and d are numbers representing the 
number of times the cation complex and Weakly coordinat 
ing counteranion complex are taken to balance the electronic 
charge on the overall catalyst complex. 
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Figure 1 
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Figure 2 
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Figure 3 
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CATALYST AND METHODS FOR POLYMERIZING 
CYCLOOLEFINS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to methods for the 
addition polymerization of cycloole?ns using a cationic 
Group 10 metal complex and a Weakly coordinating coun 
teranion. 

BACKGROUND OF THE INVENTION 

[0002] Polycyclic addition polymers having directly 
linked polycyclic repeating units Without any internal back 
bone unsaturation are desirous from the standpoint of their 
inherent thermal oxidative stability and high glass transition 
temperature (Tg) pro?les. Recent objectives in synthesis 
have focused on incorporating pendant functional substitu 
ents onto the polycyclic backbone, enabling this class of 
polymer to be utiliZed for a Wide variety of uses. These 
objectives have been successfully met in part because of the 
advent of late transition metal catalysts and their tolerance to 
functional groups. An increasingly important use for such 
polymers has been in the manufacture of microelectronic 
and optical devices. An important consideration in the 
manufacturing of polymers for microelectronic and optical 
applications is polymer purity. While speci?c classes of 
transition metal catalysts are tolerant to functional groups, 
there is a trade off in that monomer to catalyst ratios must be 
high in order to overcome the poisoning effects of the 
functional group on the catalyst. Consequently, many poly 
mers contain metallic residues as a result of the high catalyst 
loading in the reaction medium. Traces of transition metals 
have been shoWn to catalyZe the thermal oxidative degra 
dation of polymers. In addition, metal residues in the poly 
mer also deleteriously affect the polymer properties by 
raising the dielectric constant of the polymer and interfere 
With light transmittance through the polymer matrix. In 
order to be useful the residual metals must be removed from 
the polymer to beloW an acceptable level. 

[0003] One method of catalyZing the polymeriZation of 
cycloole?ns is through the use of cationic transition metal 
complexes. Goodall et al. (US. Pat. No. 5,569,730) describe 
a method for polymeriZing cycloole?nic monomers such as 
norbornene and hydrocarbyl substituted norbornene-type 
monomers in the presence of a chain transfer agent and a 
single or multicomponent catalyst system capable of pro 
viding a Group VIII transition metal cation source. The 
preferred single component catalyst consists of a transition 
metal cation complex containing an allyl ligand and a 
Weakly coordinating counteranion. The multicomponent 
catalyst system employs a Group VIII transition metal ion 
source, an organoaluminum compound and an optional 
component selected from LeWis acids, strong Bronsted 
acids, electron donor compounds, and halogenated organic 
compounds. The monomer to Group VIII transition metal 
molar ratios are broadly disclosed to range from 1000:1 to 
100,00011, With a preferred range of 3000:1 to 10,000:1. 

[0004] Goodall et al.(U.S. Pat. No. 5,705,503) and McIn 
tosh et al. (WO 97/20871) disclose that norbornene-type 
monomers containing functional substituents can be suc 
cessfully polymeriZed With single and multicomponent tran 
sition metal catalysts of the classes disclosed in the ’730 
patent supra. HoWever, the molar ratio of monomer to Group 
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VIII transition metal ranges from 20:1 to 100,00011. In fact 
the highest monomer to Group VIII metal ratio actually 
employed is only about 500011 Which is exempli?ed in 
Example 15 of the ’503 speci?cation. 

[0005] In addition to the Group VIII single and multicom 
ponent catalyst systems disclosed supra, Goodall et al. (WO 
97/33198) disclose a single component catalyst system 
suitable for polymeriZing functionally substituted nor 
bornene-type monomers. The single component catalyst 
comprises nickel, a tWo electron donor ligand (preferably a 
J'E-arene ligand) and a penta?uorophenyl ligand. The dis 
closed molar ratio of monomer to nickel ranges from 200011 
to 100:1. 

[0006] In vieW of the foregoing it is apparent that a 
relatively high catalyst loading (based on the Group VIII 
metal content) is necessary for the polymeriZation reaction 
to proceed ef?ciently. A higher catalyst loading in the 
monomer at the onset of the polymeriZation reaction, hoW 
ever, means that a higher residual metal content Will be 
present in the polymer product. Residual metals are difficult 
and expensive to remove. Therefore there is a need for a high 
activity transition metal catalyst system capable of polymer 
iZing substituted and unsubstituted cycloole?n monomers. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is a general object of the invention 
to provide a polymeriZable polycycloole?n composition 
comprising a high activity catalyst system. 

[0008] It is another object of the invention to provide 
polymers With loW levels of residual Group 10 metals. 

[0009] It is a further object of the invention to provide a 
process for polymeriZing polycycloole?n monomers in con 
tact With a high activity Group 10 catalyst. 

[0010] It is another object of the invention to provide a 
process for polymeriZing polycycloole?n monomers in solu 
tion in contact With a high activity Group 10 catalyst system. 

[0011] It is still another object of the invention to provide 
a process for polymeriZing polycycloole?n monomers in 
mass in contact With a high activity Group 10 catalyst 
system. 

[0012] It is another object of the invention to provide a 
high activity single or multicomponent Group 10 catalyst 
system for the polymeriZation of polycycloole?n monomers. 

[0013] It still is a further object of the invention to provide 
a tWo component catalyst Group 10 system comprising a 
procatalyst and an activator. 

[0014] These and other objects of the invention are accom 
plished by contacting a polymeriZable polycycloole?n 
monomer charge With a high activity catalyst system com 
prising a Group 10 metal cation complex and a Weakly 
coordinating counteranion complex of the formula: 

[0015] Wherein M represents a Group 10 transition metal; 
R‘ represents an anionic hydrocarbyl containing ligand; L‘ 
represents a Group 15 neutral electron donor ligand; L“ 
represents a labile neutral electron donor ligand; Z is 0 or 1; 
x is 1 or 2; y is 0, 1, 2, or 3, and the sum of x, y, and Z equals 
4; and b and d are numbers representing the number of times 
the cation complex and Weakly coordinating counteranion 
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complex (WCA), respectively, are taken to balance the 
electronic charge on the overall catalyst complex. The 
monomer charge can be neat or in solution, and is contacted 
With a preformed catalyst of the foregoing formula. Alter 
natively, the catalyst can be formed in situ by admixing the 
catalyst forming components in the monomer charge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 represents an Oakridge Thermal Ellipsoid 
Plot (ORTEP) of (allyl)palladium(tricyclohexy 
lphosphine)(tri?ate). 
[0017] FIG. 2 represents an ORTEP of (allyl)palladi 
um(tri-o-tolylphosphine)(tri?ate). 
[0018] FIG. 3 represents an ORTEP of (allyl)palladi 
um(tri-naphthylphosphine)(tri?ate) 

DETAILED DESCRIPTION OF THE 
INVENTION 

Catalyst System 

[0019] The catalyst of the invention comprises a Group 10 
metal cation complex and a Weakly coordinating counter 
anion complex represented by Formula I beloW: 

[0020] Wherein M represents a Group 10 transition metal; 
R‘ represents an anionic hydrocarbyl ligand; L‘ represents a 
Group 15 neutral electron donor ligand; L“ represents a 
labile neutral electron donor ligand; x is 1 or 2; y is 0, 1, 2, 
or 3, Wherein the sum of x, y, and Z is 4; and b and d are 
numbers representing the number of times the cation com 
plex and Weakly coordinating counteranion complex 
(WCA), respectively, are taken to balance the electronic 
charge of the overall catalyst complex. 

[0021] The Weakly coordinating counteranion complex is 
an anion Which is only Weakly coordinated to the cation 
complex. It is sufficiently labile to be displaced by a neutral 
LeWis base, solvent or monomer. More speci?cally, the 
WCA anion functions as a stabiliZing anion to the cation 
complex and does not transfer to the cation complex to form 
a neutral product. The WCA anion is relatively inert in that 
it is non-oxidative, non-reducing, and non-nucleophilic. 

[0022] An anionic hydrocarbyl ligand is any hydrocarbyl 
ligand Which When removed from the metal center M in its 
closed shell electron con?guration, has a negative charge. 

[0023] A neutral electron donor is any ligand Which When 
removed from the metal center M in its closed shell electron 
con?guration, has a neutral charge. 

[0024] A labile neutral electron donor ligand is any ligand 
Which is not as strongly bound to metal center M, is easily 
displaced therefrom, and When removed from the metal 
center in its closed shell electron con?guration has a neutral 
charge. 

[0025] In the cation complex above, M represents a Group 
10 metal selected from nickel, palladium, and platinum, With 
palladium being the most preferred metal. 

[0026] Representative anionic hydrocarbyl containing 
ligands de?ned under R‘ include hydrogen, linear and 
branched C1-C2O alkyl, CS-C1O cycloalkyl, linear and 
branched C2-C2O alkenyl, C6-C15 cycloalkenyl, allylic 
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ligands or canonical forms thereof, CG-C3O aryl, CG-C3O 
heteroatom containing aryl, and C7-C3O aralkyl, each of the 
foregoing groups can be optionally substituted With hydro 
carbyl and/or heteroatom substituents preferably selected 
from linear or branched C1-C5 alkyl, linear or branched 
C1-C5 haloalkyl, linear or branched C2-C5 alkenyl and 
haloalkenyl, halogen, sulfur, oxygen, nitrogen, phosphorus, 
and phenyl optionally substituted With linear or branched 
C1-C5 alkyl, linear or branched C1-C5 haloalkyl, and halo 
gen, R‘ also represents anionic hydrocarbyl containing 
ligands of the formula R“C(O)O, R“C(O)CHC(O)R“, 
R“C(O)S, R“C(S)O, R“C(S)S, R“O, R“2N, Wherein R“ is the 
same as R‘ de?ned immediately above. 

[0027] The foregoing cycloalkyl, and cycloalkenyl ligands 
can be monocyclic or multicyclic. The aryl ligands can be a 
single ring (e.g., phenyl) or a fused ring system (e.g., 
naphthyl). In addition, any of the cycloalkyl, cycloalkenyl 
and aryl groups can be taken together to form a fused ring 
system. Each of the monocyclic, multicyclic and aryl ring 
systems described above optionally can be monosubstituted 
or multisubstituted With a substituent independently selected 
from hydrogen, linear and branched C1-C5 alkyl, linear and 
branched C1-C5 haloalkyl, linear and branched C1-C5 
alkoxy, halogen selected from chlorine, ?uorine, iodine and 
bromine, CS-C1O cycloalkyl, C6-C15 cycloalkenyl, and 
C6-C3O aryl. An example of a multicycloalkyl moiety is a 
norbornyl ligand. An example of a multicycloalkenyl moiety 
is a norbornenyl ligand. Examples of aryl ligand groups 
include phenyl and naphthyl. For purposes of illustration 
Structure I beloW represents a cationic complex Wherein R‘ 
is a cycloalkenyl ligand derived from 1,5-cyclooctadiene. 
Structures II and III illustrate cationic complexes Wherein R‘ 
represents multicycloalkyl and multicycloalkenyl ligands, 
respectively. In Structure III the norbornenyl ligand is sub 
stituted With a alkenyl group. 

Structure I 

/ 

M(L‘)X(L")y 

Structure II 

M(L‘)X(L")y 

Structure III 

M(L‘)X(L")y 

[0028] Wherein M, L‘, L“, x and y are as previously 
de?ned. 

[0029] Additional examples of cationic complexes Where 
R‘ represents a ring system is illustrated in Structures IV to 
IVc beloW. 
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CH3 @i/Wwwy 

Structure IV 

Structure IVa 

Structure IVb 

Structure IVc 

[0030] 
de?ned. 

wherein M, L‘, L“, X and y are as previously 

[0031] In another embodiment of the invention R‘ repre 
sents a hydrocarbyl ligand containing a terminal group that 
coordinates to the Group 10 metal. The terminal coordina 
tion group containing hydrocarbyl ligand are represented by 
the formula —Cd,H2d,XQ, Wherein d‘ represents the number 
of carbon atoms in the hydrocarbyl backbone and is an 
integer from 3 to 10, and XQrepresents an alkenyl or 
heteroatom containing moiety that coordinates to the Group 
10 metal center. The ligand together With the Group 10 metal 
forms a metallacycle or heteroatom containing metallacycle. 
Any of the hydrogen atoms on the hydrocarbyl backbone in 
the formulae above can be independently replaced by a 
substituent selected from R1’, R2’, and R3’ Which are de?ned 
beloW. 

[0032] A cation complex of the terminal coordination 
group containing hydrocarbyl metallacycle embodiment is 
represented by Structure V shoWn beloW: 
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V 

[0033] Wherein M, L‘, L“, d‘, X and y are as previously 
de?ned, and X represents a radical selected from the group 

—CHR4'=CHR4', —OR4', —SR4', —N(R4')2, —N=NR4', 
—P(R4')2, —C(O)R4', —C(R4')=NR4', —C(O)OR4', 
—OC(O)OR4', —OC(O)R4', and R4’ represents hydrogen, 
halogen, linear and branched C1-C5 alkyl, linear and 
branched CjL-C5 haloalkyl, CS-C1O cycloalkyl, linear or 
branched C2-C5 alkenyl, linear or branched C2-C5 haloalk 
enyl, substituted and unsubstituted C6-C18 aryl, and substi 
tuted and unsubstituted C7-C24 aralkyl. 

[0034] The substituted terminal group containing hydro 
carbyl metallacycles can be represented by structure Va, 
beloW. 

Structure Va 

[0035] Wherein M, L‘, L“, X, X and y are as previously 
de?ned, n represents an integer from 1 to 8 and R1’, R2’, and 
R3’ independently represent hydrogen, linear and branched 
C1-C5 alkyl, linear and branched CJL-C5 haloalkyl, linear or 
branched C2-C5 alkenyl, linear and branched C2-C5 haloalk 
enyl, substituted and unsubstituted CG-C3O aryl, substituted 
and unsubstituted C7-C3O aralkyl, and halogen. Any of R1’, 
R2’, and R3’ can be taken together along With the carbon 
atoms to Which they are attached can form a substituted or 

unsubstituted aliphatic CS-C2O monocyclic or polycyclic 
ring system, a substituted or unsubstituted CG-C1O aromatic 
ring system, a substituted and unsubstituted Clo-C2O fused 
aromatic ring system, and combinations thereof. When 
substituted, the rings described above can contain monosub 
stitution or multisubstitution Where the substituents are 

independently selected from hydrogen, linear and branched 
CjL-C5 alkyl, linear and branched CjL-C5 haloalkyl, linear and 
branched CJL-C5 alkoXy, and halogen selected from chlorine, 
?uorine, iodine and bromine. In Structure Va above it should 
be noted that When n is 0, X is bonded to the carbon atom 
that contains the R2’ substituent. 

[0036] Representative terminal group containing hydro 
carbyl metallacycle cation compleXes Wherein the substitu 
ents are taken together to represent aromatic and aliphatic 
ring systems are illustrated beloW under Structures Vb and 
Vc. 
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StructureVb 

R1’ 

( I. X 

Structure Vc 

[0037] Additional examples of terminal group containing 
hydrocarbyl metallacycle cation complexes Wherein any of 
R1’ to R3’ can be taken together to form aromatic ring 
systems are set forth in Structures Vd to Vg below. 

Structure Vd 

[0039] 
from 0 to 5; and X, M, L‘, L“, “a”, n, X, y, R1’ and R4’, are 
as previously de?ned, and R5’ and R6’ independently repre 
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-continued 
Structure Vg 

[0038] Illustrative examples of cation complexes contain 
ing polycyclic aliphatic ring systems are set forth under 
structures Vh, Vi, and Vj beloW: 

Structure Vh 

Structure Vj 

In Structures V through Vj above, n‘ is an integer 
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sent hydrogen, and linear and branched C1-C1O alkyl, R5’ and 
R6’ together With the carbon atoms to Which they are 
attached can form a saturated and unsaturated cyclic group 
containing 5 to 15 carbon atoms. 

[0040] Examples of heteroatom containing aryl ligands 
under R‘ are pyridinyl and quinolinyl ligands. 

[0041] The allyl ligand in the cationic complex can be 
represented by the folloWing structure: 

Structure VI 

[0042] Wherein R20’, R21’, and R22’ each independently 
represent hydrogen, halogen, linear and branched C1-C5 
alkyl, CS-C1O cycloalkyl, linear and branched C1-C5 alkenyl, 
C6-C3O aryl, C7-C3O aralkyl, each optionally substituted With 
a substituent selected from linear and branched C1-C5 alkyl, 
linear and branched CJL-C5 haloalkyl, halogen, and phenyl 
Which can optionally be substituted With linear and branched 
C1-C5 alkyl, linear and branched CJL-C5 haloalkyl, and halo 
gen. Any tWo of R20’, R21’, and R22’ can be linked together 
With the carbon atoms to Which they are attached to form a 
cyclic or multicyclic ring, each optionally substituted With 
linear or branched C1-C5 alkyl, linear or branched C1-C5 
haloalkyl, and halogen. Examples of allylic ligands suitable 
in the cationic complexes of the invention include but are not 
limited to allyl, 2-chloroallyl, crotyl, 1,1-dimethyl allyl, 
2-methylallyl, 1-phenylallyl, 2-phenylallyl, and [3-pinenyl. 

[0043] Representative cationic complexes containing an 
allylic ligand are shoWn beloW. 

Structure VIa 

<1 M(L')X(L")y , 

Structure VIb 

[0044] In Structures VI, VIa, and VIb M, L‘, L“, x and y 
are as previously de?ned. 

[0045] Additional examples of allyl ligands are found in 
R. G. Guy and B. L. ShaW,Aa'vances in Inorganic Chemistry 
and Radiochemistry, Vol. 4, Academic Press Inc., NeW York, 
1962; J. Birmingham, E. de Boer, M. L. H. Green, R. B. 
King, R. Koster, P. L. I. Nagy, G. N. SchrauZer,Aa'vances in 
Organometallic Chemistry, Vol. 2, Academic Press Inc., 
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NeW York, 1964; W. T. Dent, R. Long and A. J. Wilkinson, 
J. Chem. Soc., (1964) 1585; and H. C. Volger, Rec. Trav. 
Chim. Pay Bas, 88 (1969) 225; Which are all hereby incor 
porated by reference. 

[0046] Representative neutral electron donor ligands 
under L‘ include amines, pyridines organophosphorus con 
taining compounds and arsines and stibines, of the formula: 

[0047] Wherein E is arsenic or antimony, and R7’ is inde 
pendently selected from hydrogen, linear and branched 
C1-C1O alkyl, CS-C1O cycloalkyl, linear and branched CJL-C1O 
alkoxy, allyl, linear and branched C2-C1O alkenyl, CG-C12 
aryl, CG-C12 aryloxy, CG-C12 arylsu?des (e.g., PhS), C7-C18 
aralkyl, cyclic ethers and thioethers, tri(linear and branched 
C1-C1O alkyl)silyl, tri(C6-C12 aryl)silyl, tri(linear and 
branched CJL-C1O alkoxy)silyl, triaryloxysilyl, tri(linear and 
branched C1-C1O alkyl)siloxy, and tri(CG-C12 aryl)siloxy, 
each of the foregoing substituents can be optionally substi 
tuted With linear or branched C1-C5 alkyl, linear or branched 
C1-C5 haloalkyl, C1-C5 alkoxy, halogen, and combinations 
thereof. Representative alkyl groups include but are not 
limited to methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, 
nonyl, decyl, and dodecyl. Representative cycloalkyl groups 
include but are not limited to cyclopentyl and cyclohexyl. 
Representative alkoxy groups include but are not limited to 
methoxy, ethoxy, and isopropoxy. Representative cyclic 
ether and cyclic thioether groups include but are not limited 
furyl and thienyl, respectively. Representative aryl groups 
include but are not limited to phenyl, o-tolyl, and naphthyl. 
Representative aralkyl groups include but are not limited to 
benZyl, and phenylethyl (i.e., CHZCHZPH). Representative 
silyl groups include but are not limited to triphenylsilyl, 
trimethylsilyl, and triethylsilyl. As in the general de?nition 
above each of the foregoing groups can be optionally 
substituted With linear or branched C1-C5 alkyl, linear or 
branched CJL-C5 haloalkyl, and halogen. 

[0048] Representative pyridines include lutidine (includ 
ing 2,3-; 2,4-; 2,5-; 2,6-; 3,4-; and 3,5-substituted), picoline 
(including 2-,3-, or 4-substituted), 2,6-di-t-butylpyridine, 
and 2,4-di-t-butylpyridine. 

[0049] Representative arsines include triphenylarsine, tri 
ethylarsine, and triethoxysilylarsine. 

[0050] Representative stibines include triphenylstibine 
and trithiophenylstibine. 

[0051] Suitable amine ligands can be selected from amines 
of the formula N(R8')3, wherein R8’ independently represents 
hydrogen, linear and branched CJL-C2O alkyl, linear and 
branched C1-C2O haloalkyl, substituted and unsubstituted 
C3-C2O cycloalkyl, substituted and unsubstituted C6-C18 aryl, 
and substituted and unsubstituted C7-C18 aralkyl. When 
substituted, the cycloalkyl, aryl and aralkyl groups can be 
monosubstituted or multisubstituted, Wherein the substitu 
ents are independently selected from hydrogen, linear and 
branched CJL-C12 alkyl, linear and branched CJL-C5 haloalkyl, 
linear and branched C1-C5 alkoxy, CG-C12 aryl, and halogen 
selected from chlorine, bromine, and ?uorine. Representa 
tive amines include but are not limited to ethylamine, 
triethylamine, diisopropylamine, tributylamine, N,N-dim 
ethylaniline, N,N-dimethyl-4-t-butylaniline, N,N-dimethyl 
4-t-octylaniline, and N,N-dimethyl-4-hexadecylaniline. 
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[0052] The organophosphorus containing ligands include 
phosphines, phosphites, phosphonites, phosphinites and 
phosphorus containing compounds of the formula: 

P(R7I)g[Xv(R7I)h]3*g 
[0053] Wherein X‘ is oxygen, nitrogen, or silicon, R7’ is as 
de?ned above and each R4’ substituent is independent of the 
other, g is 0, 1, 2, or 3, and h is 1, 2, or 3, With the proviso 
that When X‘ is a silicon atom, h is 3, When X‘ is an oxygen 
atom h is 1, and When X‘ is a nitrogen atom, h is 2. When 
g is 0 and X‘ is oxygen, any tWo or 3 of R7’ can be taken 
together With the oxygen atoms to Which they are attached 
to form a cyclic moiety. When g is 3 any tWo of R7’ can be 
taken together With the phosphorus atom to Which they are 
attached to represent a phosphacycle of the formula: 

[0054] wherein R7’ is as previously de?ned and h‘ is an 
integer from 4 to 11. 

[0055] The organophosphorus compounds can also 
include bidentate phosphine ligands of the formulae: 

[0056] Wherein R7 is as previously de?ned and i is 0, 1, 2, 
or 3 are also contemplated herein. 

[0057] Representative phosphine ligands include, but are 
not limited to trimethylphosphine, triethylphosphine, tri-n 
propylphosphine, triisopropylphosphine, tri-n-butylphos 
phine, tri-sec-butylphosphine, tri-i-butylphosphine, tri-t-bu 
tylphosphine, tricyclopentylphosphine, triallylphosphine, 
tricyclohexylphosphine, triphenylphosphine, trinaphth 
ylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine, tri 
m-tolylphosphine, tribenZylphosphine, tri(p-tri?uorometh 
ylphenyl)phosphine, tris(tri?uoromethyl)phosphine, tri(p 
?uorophenyl)phosphine, tri(p 
tri?uoromethylphenyl)phosphine, allyldiphenylphosphine, 
benZyldiphenylphosphine, bis(2-furyl)phosphine, bis(4 
methoxyphenyl)phenylphosphine, bis(4-methylphe 
nyl)phosphine, bis(3,5-bis(tri?uoromethyl)phenyl)phos 
phine, t-butylbis(trimethylsilyl)phosphine, 
t-butyldiphenylphosphine, cyclohexyldiphenylphosphine, 
diallylphenylphosphine, dibenZylphosphine, dibutylphe 
nylphosphine, dibutylphosphine, di-t-butylphosphine, dicy 
clohexylphosphine, diethylphenylphosphine, di-i-bu 
tylphosphine, dimethylphenylphosphine, 
dimethyl(trimethylsilyl)phosphine, diphenylphosphine, 
diphenylpropylphosphine, diphenyl(p-tolyl)phosphine, 
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diphenyl(trimethylsilyl)phosphine, diphenylvinylphos 
phine, divinylphenylphosphine, ethyldiphenylphosphine, 
(2-methoxyphenyl)methylphenylphosphine, tri-n-oc 
tylphosphine, tris(3,5-bis(tri?uoromethyl)phenyl)phos 
phine, tris(3-chlorophenyl)phosphine, tris(4-chlorophe 
nyl)phosphine, tris(2,6-dimethoxyphenyl)phosphine, tris(3 
?uorophenyl)phosphine, tris(2-furyl)phosphine, tris(2 
methoxyphenyl)phosphine, tris(3 
methoxyphenyl)phosphine, tris(4 
methoxyphenyl)phosphine, tris(3 
methoxypropyl)phosphine, tris(2-thienyl)phosphine, tris(2, 
4,6-trimethylphenyl)phosphine, 
tris(trimethylsilyl)phosphine, isopropyldiphenylphosphine, 
dicyclohexylphenylphosphine, (+)-neomenthyldiphe 
nylphosphine, tribenZylphosphine, diphenyl(2-methoxyphe 
nyl)phosphine, diphenyl(penta?uorophenyl)phosphine, 
bis(penta?uorophenyl)phenylphosphine, and tris(penta?uo 
rophenyl)phosphine. 
[0058] Exemplary bidentate phosphine ligands include but 
are not limited to(R)-(+)-2,2‘-Bis(diphenylphosphino)-1,1‘ 
binaphthy; bis(dicyclohexylphosphino)methane; bis(dicy 
clohexylphosphino)ethane; bis(diphenylphosphi 
no)methane; bis(diphenylphosphino)ethane. 
[0059] The phosphine ligands can also be selected from 
phosphine compounds that are Water soluble thereby impart 
ing the resulting catalysts With solubility in aqueous media. 
Selected phosphines of this type include but are not limited 
to carboxylic substituted phosphines such as 4-(diphe 
nylphosphine)benZoic acid, and 2-(diphenylphosphine)ben 
Zoic acid, sodium 2-(dicyclohexylphosphino)ethane 
sulfonate, 4,4‘-(phenylphosphinidene)bis(benZene sulfonic 
acid) dipotassium salt, 3,3‘,3“-phosphinidynetris(benZene 
sulfonic acid) trisodium salt, 4-(dicyclohexylphosphino)-1, 
1-dimethylpiperidinium chloride, 4-(dicyclohexylphos 
phino)-1,1-dimethylpiperidinium iodide, quaternary amine 
functionaliZed salts of phosphines such as 
2-(dicyclohexylphosphino)-N,N,N-trimethylethanaminium 
chloride, 2,2‘-(cyclohexylphosphinidene)bis[N,N,N-trim 
ethylethanaminium dichloride, 2,2‘-(cyclohexylphosphin 
idene)bis(N,N,N-trimethylethanaminium) diiodide, and 
2-(dicyclohexylphosphino)-N,N,N-trimethylethanaminium 
iodide. 

[0060] Examples of phosphite ligands include but are not 
limited to trimethylphosphite, diethylphenylphosphite, tri 
ethylphosphite, tris(2,4-di-t-butylphenyl)phosphite, tri-n 
propylphosphite, triisopropylphosphite, tri-n-butylphos 
phite, tri-sec-butylphosphite, triisobutylphosphite, tri-t 
butylphosphite, dicyclohexylphosphite, 
tricyclohexylphosphite, triphenylphosphite, tri-p-tolylphos 
phite, tris(p-tri?uoromethylphenyl)phosphite, benZyldieth 
ylphosphite, and tribenZylphosphite. 

[0061] Examples of phosphinite ligands include but are 
not limited to methyl diphenylphosphinite, ethyl diphe 
nylphosphinite, isopropyl diphenylphosphinite, and phenyl 
diphenylphosphinite. 

[0062] Examples of phosphonite ligands include but are 
not limited to diphenyl phenylphosphonite, dimethyl phe 
nylphosphonite, diethyl methylphosphonite, diisopropyl 
phenylphosphonite, and diethyl phenylphosphonite. 

[0063] Representative labile neutral electron donor 
ligands (L“) are reaction diluent, reaction monomers, DMF, 
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DMSO, dienes including C4 to C10 aliphatic and C4 to C10 
cycloaliphatic dienes representative dienes include butadi 
ene, 1,6-hexadiene, and cyclooctadiene (COD), Water, chlo 
rinated alkanes, alcohols, ethers, ketones, nitriles, arenes, 
phosphine oxides, organic carbonates and esters. 

[0064] Representative chlorinated alkanes include but are 
not limited to dichloromethane, 1,2-dichloroethane, and 
carbon tetrachloride. 

[0065] Suitable alcohol ligands can be selected from alco 
hols of the formula RQ'OH, wherein R9’ represents linear and 
branched C1-C2O alkyl, linear and branched C1-C2O 
haloalkyl, substituted and unsubstituted C3-C2O cycloalkyl, 
substituted and unsubstituted CG-C18 aryl, and substituted 
and unsubstituted CG-C18 aralkyl. When substituted, the 
cycloalkyl, aryl and aralkyl groups can be monosubstituted 
or multisubstituted, Wherein the substituents are indepen 
dently selected from hydrogen, linear and branched CJL-C12 
alkyl, linear and branched C1-C5 haloalkyl, linear and 
branched C1-C5 alkoxy, CG-C12 aryl, and halogen selected 
from chlorine, bromine, and ?uorine. Representative alco 
hols include but are not limited to methanol, ethanol, n-pro 
panol, isopropanol, butanol, hexanol, t-butanol, neopen 
tanol, phenol, 2,6-di-i-propylphenol, 4-t-octylphenol, 
5-norbornene-2-methanol, and dodecanol. 

[0066] Suitable ether ligands and thioether ligands can be 
selected from ethers and thioethers of the formulae (R1O'— 
O—R1O') and (R1O'—S—R1O'), respectively, Wherein R10’ 
independently represents linear and branched CJLC1O alkyl 
radicals, linear and branched CJL-C2O haloalkyl, substituted 
and unsubstituted C3-C2O cycloalkyl, linear and branched 
C1-C2O alkoxy substituted and unsubstituted C6-C18 aryl, and 
substituted and unsubstituted CG-C18 aralkyl. When substi 
tuted, the cycloalkyl, aryl and aralkyl groups can be mono 
substituted or multisubstituted, Wherein the substituents are 
independently selected from hydrogen, linear and branched 
C1-C12 alkyl, linear and branched C1-C5 haloalkyl, linear 
and branched C1-C5 alkoxy, CG-C12 aryl, and halogen 
selected from chlorine, bromine, and ?uorine, taken together 
along With the oxygen or sulfur atom to Which they are 
attached to form a cyclic ether or cyclic thioether. Repre 
sentative ethers include but are not limited to dimethyl ether, 
dibutyl ether, methyl-t-butyl ether, di-i-propyl ether, diethyl 
ether, dioctyl ether, 1,4-dimethoxyethane, THF, 1,4-dioxane 
and tetrahydrothiophene. 

[0067] Suitable ketone ligands are represented by ketones 
of the formula R11'C(O)R11v Wherein R11’ independently 
represents hydrogen, linear and branched CJL-C2O alkyl, 
linear and branched C1-C2O haloalkyl, substituted and 
unsubstituted C3-C2O cycloalkyl, substituted and unsubsti 
tuted CG-C18 aryl, and substituted and unsubstituted CG-C18 
aralkyl. When substituted, the cycloalkyl, aryl and aralkyl 
groups can be monosubstituted or multisubstituted, Wherein 
the substituents are independently selected from hydrogen, 
linear and branched CJL-C12 alkyl, linear and branched CJL-C5 
haloalkyl, linear and branched C1-C5 alkoxy, C6-C12 aryl, 
and halogen selected from chlorine, bromine, and ?uorine. 
Representative ketones include but are not limited to 
acetone, methyl ethyl ketone, cyclohexanone, and ben 
Zophenone. 

[0068] The nitrile ligands can be represented by the for 
mula R12'CN, Wherein R12’ represents hydrogen, linear and 
branched C1-C2O alkyl, linear and branched C1-C2O 
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haloalkyl, substituted and unsubstituted C3-C2O cycloalkyl, 
substituted and unsubstituted CG-C18 aryl, and substituted 
and unsubstituted CG-C18 aralkyl. When substituted, the 
cycloalkyl, aryl and aralkyl groups can be monosubstituted 
or multisubstituted, Wherein the substituents are indepen 
dently selected from hydrogen, linear and branched CJL-C12 
alkyl, linear and branched C1-C5 haloalkyl, linear and 
branched C1-C5 alkoxy, CG-C12 aryl, and halogen selected 
from chlorine, bromine, and ?uorine. Representative nitriles 
include but are not limited to acetonitrile, propionitrile, 
benZonitrile, benZyl cyanide, and 5-norbornene-2-carboni 
trile. 

[0069] The arene ligands can be selected from substituted 
and unsubstituted CG-C12 arenes containing monosubstitu 
tion or multisubstitution, Wherein the substituents are inde 
pendently selected from hydrogen, linear and branched 
C1-C12 alkyl, linear and branched C1-C5 haloalkyl, linear and 
branched CJL-C5 alkoxy, C6-C12 aryl, and halogen selected 
from chlorine, bromine, and ?uorine. Representative arenes 
include but are not limited to toluene, benZene, o-, m-, and 
p-xylenes, mesitylene, ?uorobenZene, o-di?uorobenZene, 
p-di?uorobenZene, chlorobenZene, penta?uorobenZene, 
o-dichlorobenZene, and hexa?uorobenZene. 

[0070] Suitable trialkyl and triaryl phosphine oxide 
ligands can be represented by phosphine oxides of the 
formula P(O)(R13')3, Wherein R13’ independently represents 
linear and branched CJL-C2O alkyl, linear and branched 
C1-C2O haloalkyl, substituted and unsubstituted C3-C2O 
cycloalkyl, linear and branched CJL-C2O alkoxy, linear and 
branched C1-C2O haloalkoxy, substituted and unsubstituted 
C6-C18 aryl, and substituted and unsubstituted CG-C18 
aralkyl. When substituted, the cycloalkyl, aryl and aralkyl 
groups can be monosubstituted or multisubstituted, Wherein 
the substituents are independently selected from hydrogen, 
linear and branched C1-C12 alkyl, linear and branched C1-C5 
haloalkyl, linear and branched CJL-C5 alkoxy, C6-C12 aryl, 
and halogen selected from chlorine, bromine, and ?uorine. 
Representative phosphine oxides include but are not limited 
to triphenylphosphine oxide, tributylphosphine oxide, trio 
ctylphosphine oxide, tributylphosphate, and tris(2-ethyl 
hexyl)phosphate. 
[0071] Representative carbonates include but are not lim 
ited to ethylene carbonate and propylene carbonate. 

[0072] Representative esters include but are not limited to 
ethyl acetate and i-amyl acetate. 

WCA Description 

[0073] The Weakly coordinating counteranion complex, 
[WCA], of Formula I can be selected from borates and 
aluminates, boratobenZene anions, carborane and halocar 
borane anions. 

[0074] The borate and aluminate Weakly coordinating 
counteranions are represented by Formulae II and III beloW: 

[M'(R24')(REXRZEXRNH’ II 

[M'(OR28')OR29')(OR3U')(OR31')]’ III 

[0075] Wherein in Formula II M‘ is boron or aluminum and 
R24’, R25’, R26’, and R27’ independently represent ?uorine, 
linear and branched C1-C1O alkyl, linear and branched 
C1-C1O alkoxy, linear and branched C3-C5 haloalkenyl, linear 
and branched C3-C12 trialkylsiloxy, C18-C36 triarylsiloxy, 
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substituted and unsubstituted CG-C3O aryl, and substituted 
and unsubstituted CG-C3O aryloXy groups Wherein R24’ to 
R27’ can not all simultaneously represent alkoXy or aryloXy 
groups. When substituted the aryl groups can be monosub 
stituted or multisubstituted, Wherein the substituents are 
independently selected from linear and branched C1-C5 
alkyl, linear and branched C1-C5 haloalkyl, linear and 
branched C1-C5 alkoXy, linear and branched C1-C5 
haloalkoXy, linear and branched C1-C12trialkylsilyl, C6-C18 
triarylsilyl, and halogen selected from chlorine, bromine, 
and ?uorine, preferably ?uorine. Representative borate 
anions under Formula II include but are not limited to 
tetrakis(penta?uorophenyl)borate, tetrakis(3,5-bis(tri?uo 
romethyl)phenyl)borate, tetrakis(2-?uorophenyl)borate, tet 
rakis(3-?uorophenyl)borate, tetrakis(4-?uorophenyl)borate, 
tetrakis(3,5-di?uorophenyl)borate, tetrakis(2,3,4,5-tet 
ra?uorophenyl)borate, tetrakis(3,4,5,6-tetra?uorophe 
nyl)borate, tetrakis(3,4,5-tri?uorophenyl)borate, methyl 
tris(per?uorophenyl)borate, 
ethyltris(per?uorophenyl)borate, phenyltris(per?uorophe 
nyl)borate, tetrakis(1,2,2-tri?uoroethylenyl)borate, tet 
rakis(4-tri-i-propylsilyltetra?uorophenyl)borate, tetrakis(4 
dimethyl-tert-butylsilyltetra?uorophenyl)borate, 
(triphenylsiloXy)tris(penta?uorophenyl)borate, (octyloXy) 
tris(penta?uorophenyl)borate, tetrakis[3,5-bis[1-methoXy-2, 
2,2-tri?uoro-1-(tri?uoromethyl)ethyl]phenyl]borate, tet 
rakis[3-[1-methoXy-2,2,2-tri?uoro-1-(tri?uoromethyl) 
ethyl]-5-(tri?uoromethyl)phenyl]borate, and tetrakis[3-[2,2, 
2-tri?uoro-1-(2,2,2-tri?uoroethoXy)-l-(tri?uoromethyl) 
ethyl]-5-(tri?uoromethyl)phenyl]borate. 
[0076] Representative aluminate anions under Formula II 
include but are not limited to tetrakis(penta?uorophenyl)a 
luminate, tris(per?uorobiphenyl)?uoroaluminate, (octy 
loXy)tris(penta?uorophenyl)aluminate, tetrakis(3,5-bis(trif 
luoromethyl)phenyl)aluminate, and 
methyltris(penta?uorophenyl)aluminate. 
[0077] In Formula III M‘ is boron or aluminum, R28’, R29’, 
R30’, and R31’ independently represent linear and branched 
C1-C1O alkyl, linear and branched CJL-C1O haloalkyl, C2-C1O 
haloalkenyl, substituted and unsubstituted CG-C3O aryl, and 
substituted and unsubstituted C7-C3O aralkyl groups, subject 
to the proviso that at least three of R28’ to R31’ must contain 
a halogen containing substituent. When substituted the aryl 
and aralkyl groups can be monosubstituted or multisubsti 
tuted, Wherein the substituents are independently selected 
from linear and branched C1-C5 alkyl, linear and branched 
C1-C5 haloalkyl, linear and branched C1-C5 alkoXy, linear 
and branched C1-C1O haloalkoXy, and halogen selected from 
chlorine, bromine, and ?uorine, preferably ?uorine. The 
groups 0R2" and ORZQ' can be taken together to form a 
chelating substituent represented by —O—R32'—O—, 
Wherein the oXygen atoms are bonded to M‘ and R32’ is a 
divalent radical selected from substituted and unsubstituted 
CG-C3O aryl and substituted and unsubstituted C7-C3O 
aralkyl. Preferably, the oXygen atoms are bonded, either 
directly or through an alkyl group, to the aromatic ring in the 
ortho or meta position. When substituted the aryl and aralkyl 
groups can be monosubstituted or multisubstituted, Wherein 
the substituents are independently selected from linear and 
branched C1-C5 alkyl, linear and branched CJL-C5 haloalkyl, 
linear and branched C1-C5 alkoXy, linear and branched 
C1-C1O haloalkoXy, and halogen selected from chlorine, 
bromine, and ?uorine, preferably ?uorine. Representative 
structures of divalent R32’ radicals are illustrated beloW: 
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[0078] Wherein R33’ independently represents hydrogen, 
linear and branched C1-C5 alkyl, linear and branched CJL-C5 
haloalkyl, and halogen selected from chlorine, bromine, and 
?uorine, preferably ?uorine; R34’ can be a monosubstituent 
or taken up to four times about each aromatic ring depending 
on the available valence on each ring carbon atom and 
independently represents hydrogen, linear and branched 
C1-C5 alkyl, linear and branched C1-C5 haloalkyl, linear and 
branched CJL-C5 alkoXy, linear and branched CJL-C1O 
haloalkoXy, and halogen selected from chlorine, bromine, 
and ?uorine, preferably ?uorine; and n“ independently rep 
resents an integer from 0 to 6. It should be recogniZed that 
When n“ is 0 the oXygen atom in the formula —O—R32'— 
O— is bonded directly to a carbon atom in the aromatic ring 
represented by R32’. In the above divalent structural formu 
lae the oxygen atom(s), i.e., When n“ is 0, and the methylene 
or substituted methylene group(s), —(C(R33')2)n,.—, are 
preferably located on the aromatic ring in the ortho or meta 
positions. Representative chelating groups of the formula 
—O—R32'—O— include but are not limited to are 2,3,45 
tetra?uorobenZenediolate (—OC6F4O—), 2,3,4,5-tetrachlo 
robenZenediolate (—OC6Cl4O—), and 2,3,4,5-tetrabro 
mobenZenediolate (—OC6Br4O—), and bis(1,1‘ 
bitetra?uorophenyl-2,2‘-diolate). 
[0079] Representative borate and aluminate anions under 
Formula III include but are not limited to [B(OC(CF3)3)4]_, 
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coordinating counteranion can be represented by Formula 
IV below: 

[0081] Wherein R34’ is selected from ?uorine, ?uorinated 
hydrocarbyl, per?uorocarbyl, and ?uorinated and per?uori 
nated ethers. As used here and throughout the speci?cation, 
the term halohydrocarbyl means that at least one hydrogen 
atom on the hydrocarbyl radical, e.g., alkyl, alkenyl, alky 
nyl, cycloalkyl, aryl, and aralkyl groups, is replaced With a 
halogen atom selected from chlorine, bromine, iodine, and 
?uorine (e.g., haloalkyl, haloalkenyl, haloalkynyl, halocy 
cloalkyl, haloaryl, and haloaralkyl). The term ?uorohydro 
carbyl means that at least one hydrogen atom on the hydro 
carbyl radical is replaced by ?uorine. The degree of 
halogenation can range from at least one hydrogen atom 
being replaced by a halogen atom (e.g., a mono?uoromethyl 
group) to full halogenation (perhalogenation) Wherein all 
hydrogen atoms on the hydrocarbyl group have been 
replaced by a halogen atom (e.g., perhalocarbyl such as 
tri?uoromethyl (per?uoromethyl)). The ?uorinated hydro 
carbyl and per?uorocarbyl radicals preferably contain 1 to 
24 carbon atoms, more preferably, 1 to 12 carbon atoms and 
most preferably 6 carbon atoms and can be linear or 
branched, cyclic, or aromatic. The ?uorinated hydrocarbyl 
and per?uorocarbyl radicals include but are not limited to 
?uorinated and per?uorinated linear and branched C1-C24 
alkyl, ?uorinated and per?uorinated C3-C24 cycloalkyl, ?u 
orinated and per?uorinated C2-C24 alkenyl, ?uorinated and 
per?uorinated C3-C24 cycloalkenyl, ?uorinated and per?u 
orinated C6-C24 aryl, and ?uorinated and per?uorinated 
C7-C24 aralkyl. The ?uorinated and per?uorocarbyl ether 
substituents are represented by the formulae 
—(CH2)mOR36', or —(CF2)mOR36' respectively, Wherein 
R36’ is a ?uorinated or per?uorocarbyl group as de?ned 
above, m is and integer of 0 to 5. It is to be noted that When 
m is 0 the oxygen atom in the ether moiety is directly bonded 
attached to the boron atom in the boratobenZene ring. 

[0082] Preferred R34’ radicals include those that are elec 
tron WithdraWing in nature such as, for example, ?uorinated 
and per?uorinated hydrocarbyl radicals selected from trif 
luoromethyl, per?uoroethyl, per?uoropropyl, per?uoroiso 
propyl, penta?uorophenyl and bis(3,5-tri?uoromethyl)phe 
nyl. 

[0083] R35’ independently represents hydrogen, halogen, 
per?uorocarbyl, and silylper?uorocarbyl radicals, Wherein 
the per?uorocarbyl and silylper?uorocarbyl are as de?ned 
previously. Preferred halogen groups are selected from chlo 
rine, ?uorine, With ?uorine being especially preferred. When 
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R35’ is halogen, per?uorocarbyl, and/or silylper?uorocarbyl, 
the radical(s) are preferably ortho or para (more preferably 
para) to the boron atom in the boratobenZene ring. 

[0084] Representative boratobenZene anions include but 
are not limited to [1,4-dihydro-4-methyl-l-(penta?uorophe 
nyl)]-2-borate, 4-(1,1-dimethyl)-1,2-dihydro-1-(penta?uo 
rophenyl)-2-borate, 1-?uoro-1,2-dihydro-4-(penta?uo 
rophenyl)-2-borate, and 1-[3,5-bis(tri?uoromethyl)phenyl] 
1,2-dihydro-4-(penta?uorophenyl)-2-borate. 

Catalyst Preparation 

[0086] The catalysts of Formula I can be prepared as a 
preformed single component catalyst in solvent or can be 
prepared in situ by admixing the catalyst precursor compo 
nents in the desired monomer to be polymeriZed. 

[0087] The single component catalyst of Formula I can be 
prepared by admixing the catalyst precursors in an appro 
priate solvent, alloWing the reaction to proceed under appro 
priate temperature conditions, and isolating the catalyst 
product. In another embodiment, a Group 10 metal procata 
lyst is admixed With a Group 15 electron donor compound 
and/or a labile neutral electron donor compound, and a salt 
of a Weakly coordinating anion in an appropriate solvent to 
yield the preformed catalyst complex set forth under For 
mula I above. In another embodiment a Group 10 metal 
procatalyst containing a Group 15 electron donor ligand is 
admixed With a salt of a Weakly coordinating anion in an 
appropriate solvent to yield the preformed catalyst complex. 

[0088] The catalyst preparation reactions are carried out in 
solvents that are inert under the reaction conditions. 
Examples of solvents suitable for the catalyst preparation 
reaction include but are not limited to alkane and cycloal 
kane solvents such as pentane, hexane, heptane, and cyclo 
hexane; halogenated alkane solvents such as dichlo 
romethane, chloroform, carbon tetrachloride, ethylchloride, 
1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane, 
2-chloropropane, 1-chlorobutane, 2-chlorobutane, 1-chloro 
2-methylpropane, and 1-chloropentane; ethers such as THF 
and diethylether; aromatic solvents such as benZene, xylene, 
toluene, mesitylene, chlorobenZene, and o-dichlorobenZene; 
and halocarbon solvents such as Freon® 112; and mixtures 
thereof. Preferred solvents include benZene, ?uorobenZene, 
o-di?uorobenZene, p-di?uorobenZene, penta?uorobenZene, 
hexa?uorobenZene, o-dichlorobenZene, chlorobenZene, 
toluene, o-, m-, and p-xylenes, mesitylene, cyclohexane, 
THF, and dichloromethane. 
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[0089] A suitable temperature range for carrying out the 
reaction is from about —80° C. to about 150° C., preferably 
from about —30° C. to about 100° C., more preferably from 
about 0° C. to about 65° C., and most preferably from about 
10° C. to about 40° C. Pressure is not critical but may 
depend on the boiling point of the solvent employed, i.e. 
sufficient pressure to maintain the solvent in the liquid 
phase. Reaction times are not critical, and can range from 
several minutes to 48 hours. The reactions are preferably 
carried out under inert atmosphere such as nitrogen or argon. 

[0090] The reaction is carried out by dissolving the pro 
catalyst in a suitable solvent and admixing the appropriate 
ligand(s) and the salt of the desired Weakly coordinating 
anion With the dissolved procatalyst, and optionally heating 
the solution until the reaction is complete. The preformed 
single component catalyst can be isolated or can be used 
directly by adding aliquots of the preformed catalyst in 
solution to the polymeriZation medium. Isolation of the 
product can be accomplished by standard procedures, such 
as evaporating the solvent, Washing the solid With an appro 
priate solvent, and then recrystalliZing the desired product. 
The molar ratios of catalyst components employed in the 
preparation the preformed single component catalyst of the 
invention is based on the metal contained in the procatalyst 
component. In a preferred embodiment the molar ratio of 
procatalyst/Group 15 electron donor component/W CA salt 
is 1:1-10:1-100, more preferably, 1:1-5:1-20, and most pref 
erably, 1:1-2:1-5. In embodiments of the invention Where the 
procatalyst is ligated With a Group 15 electron donor ligand 
and/or a labile neutral electron donor ligand the molar ratio 
of procatalyst (based on the metal content) to WCA salt 
1:1-100, preferably, 1:1-20, and more preferably, 1:1-5. 

[0091] In one embodiment, a Group 10 metal procatalyst 
dimer of the formula [R‘MA‘]2 is admiXed With a Group 15 
electron donor compound, (L‘), and a salt of a suitable 
Weakly coordinating anion in an appropriate solvent to 
produce the single component catalyst product as shoWn in 
equation (1) beloW. 

[WCA]d 1. 

[0092] Suitable procatalyst dimers of the formula 
[R‘MA‘]2 include but are not limited to the folloWing com 
positions (allyl)palladiumtri?uoroacetate dimer, (allyl)pal 
ladiumchloride dimer, (crotyl)palladiumchloride dimer, 
(allyl)palladiumiodide dimer, ([3-pinenyl)palladiumchloride 
dimer, methallylpalladium chloride dimer, 1,1-dimethylal 
lylpalladium chloride dimer, and (allyl)palladiumacetate 
dimer. 

[0093] In another embodiment, a ligated Group 10 metal 
procatalyst of the formula [R‘M(L“)yA‘] is admiXed With a 
Group 15 electron donor compound, (L‘), and a salt of a 
suitable Weakly coordinating anion in an appropriate solvent 
to produce the single component catalyst product as shoWn 
in equation (2) beloW. 

[0094] A representative procatalyst of the formula 
[R‘M(L“)yA“] includes but is not limited to (COD)palladium 
(methyl)chloride. 
[0095] In a further embodiment, a Group 10 metal ligated 
procatalyst of the formula [R‘M(L‘)XA‘] containing the 
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Group 15 electron donor ligand (L‘) is admiXed With a salt 
of a suitable Weakly coordinating anion in an appropriate 
solvent to produce the single component catalyst product as 
shoWn in equation (3) beloW. 

[R'M(L')XA']+yL"+[WCA] 
{WCAla . 

[0096] Suitable procatalysts of the formula [R‘M(L‘)XA‘] 
include but are not limited to the folloWing compositions: 

[0097] (allyl)palladium(tricycloheXy 
lphosphine)chloride, 

[0098] (allyl)palladium(tricycloheXy 
lphosphine)tri?ate, 

[0099] (allyl)palladium(triisopropylphosphine)tri?ate, 
[0100] (allyl)palladium(tricyclopen 

tylphosphine)tri?ate, 
[0101] (allyl)palladium(tricycloheXy 

lphosphine)tri?uoroacetate, 
[0102] (allyl)palladium(tri-o-tolylphosphine)chloride, 
[0103] (allyl)palladium(tri-o-tolylphosphine)tri?ate, 
[0104] (allyl)palladium(tri-o-tolylphosphine)nitrate, 
[0105] (allyl)palladium(tri-o-tolylphosphine)acetate, 
[0106] (allyl)palladium(triisopropy 

lphosphine)tri?imide, 
[0107] (allyl)palladium(tricycloheXy 

lphosphine)tri?imide, 
[0108] (allyl)palladium(triphenylphosphine)tri?imide, 
[0109] (allyl)palladium(trinaphthylphosphine)tri?ate, 
[0110] (allyl)palladium(tricycloheXylphosphine)p 

tolylsulfonate, 

[0111] (allyl)palladium(triphenylphosphine)tri?ate, 
[0112] (allyl)palladium(triisopropy 

lphosphine)tri?uoroacetate, 
[0113] (allyl)platinum(tricycloheXy 

lphosphine)chloride, 
[0114] (allyl)platinum(tricycloheXylphosphine)tri?ate, 

[0115] (1 ,1 -dimethylallyl)p alladium(triiso 
propylphosphine)tri?uoroacetate. 

[0116] (2-chloroallyl)palladium(triiso 
propylphosphine)tri?uoroacetate, 

[0117] (crotyl)palladium(triisopropylphosphine)tri?ate, 
[0118] (crotyl)palladium(tricycloheXy 

lphosphine)tri?ate, 
[0119] (crotyl)palladium(tricyclopen 

tylphosphine)tri?ate, 
[0120] (methallyl)palladium(tricyclo 

heXylphosphine)tri?ate, 
[0121] (methallyl)palladium(triisopro 

pylphosphine)tri?ate, 
[0122] (methallyl)palladium(tricyclo 

pentylphosphine)tri?ate, 
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[0123] (methallyl)palladium(tricyclo 
heXylphosphine)chloride, 

[0124] (methallyl)palladium(triisopro 
pylphosphine)chloride, 

[0125] (methallyl)palladium(tricyclo 
pentylphosphine)chloride, 

[0126] (methallyl)palladium(tricyclo 
heXylphosphine)tri?imide, 

[0127] (methallyl)palladium(triisopro 
pylphosphine)tri?imide, 

[0128] (methallyl)palladium(tricyclo 
pentylphosphine)tri?imide, 

[0129] (methallyl)palladium(tricyclo 
heXylphosphine)tri?uoroacetate, 

[0130] (methallyl)palladium(triisopro 
pylphosphine)tri?uoroacetate, 

[0131] (methallyl)palladium(tricyclo 
pentylphosphine)tri?uoroacetate, 

[0132] (methallyl)palladium(tricycloheXylphosphine) 
acetate, 

[0133] (methallyl)palladium(triisopro 
pylphosphine)acetate, 

[0134] (methallyl)palladium(tricyclo 
pentylphosphine)acetate, 

[0135] (methallyl)nickel(tricycloheXy 
lphosphine)tri?ate, 

[0136] {2-[(dimethylamino)methyl]phenyl-C,N-}-pal 
ladium(tricycloheXylphosphine)chloride, 

[0137] [(dimethylamino)methyl]phenyl-C,N-}-palladi 
um(tricycloheXylphosphine)tri?ate, 

[0138] (hydrido)palladium bis(tricycloheXylphosphin 
e)tri?ate, 

[0139] (hydrido)palladium bis(tricycloheXylphosphine 
)formate 

[0140] (hydrido)palladium 
ne)chloride, 

[0141] (hydrido)palladium 
ne)chloride, 

[0142] (hydrido)palladium 
phine)nitrate, 

[0143] (hydrido)palladium bis(tricycloheXylphosphin 
e)tri?uoroacetate, and 

[0144] (hydrido)palladiumbis(triisopro 
pylphosphine)tri?ate. 

bis(tricycloheXylphosphi 

bis(triisopropylphosphi 

bis(tricycloheXylphos 

[0145] Other procatalyst components suitable for use in 
the foregoing process include 
(Me2NCH2C6H4)Pd(O3SCF3)P(cycloheXyl)3 (i.e., ortho 
metallatedphenylmethlyenedimethylamino palladium tricy 
cloheXylphosphine), (allyl)Pd(P-i-Pr3)C6F5, 
(allyl)Pd(PCy3)C6F5, (CH3)Pd(PMe3)2Cl, 
(C2H5)Pd(PMe3)2Cl (Ph)Pd(PMe3)2Cl, (CH3)Pd(PMe3)2Br, 
(CH3)Pd(PMe2Ph)2Cl, (C2H5)Pd(PMe3)2Br, 
(C2H5)Pd(PMe3)2Br, (Ph)Pd(PMe3)2Br, 
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(CH3)Pd(PMe3)NO3, 
11 1-benZyl)Pd(PEt3)2Cl, 
(allyl)Pd(PMe3)OC(O)CH2CH=CH2, (allyl)Pd(AsPh3)Cl, 
(allyl)Pd(PPh3)Cl, (allyl)Pd(SbPh3)Cl, 
(methylallyl)Pd(PPh3)Cl, (methylallyl)Pd(AsPh3)Cl, 
(methylallyl)Pd(SbPh3)Cl, (methylallyl)Pd(PBu3)Cl, and 
(methylallyl)Pd(P[(OCH2)3]CH)Cl. 
[0146] In another embodiment, the catalyst can be formed 
by protonating a procatalyst of the formula: 

[0147] in the presence of a Bronsted acid based WCA salt 
or an equivalent reaction utilizing a carbonium or silylium 
based WCA salt to yield an active catalyst as illustrated in 
Eq. 4. 

ligand of the formula —(CdH2d)— that is taken together 
With the Group 10 metal center M to form a metallacycle 
Where d‘ represents the number of carbon atoms in the 
divalent hydrocarbyl backbone and is an integer from 3 to 
10. Any of the hydrogen atoms on the divalent hydrocarbyl 
backbone can be replaced by linear and branched C1-C5 
alkyl, linear and branched C1-C5 haloalkyl, CS-C1O 
cycloalkyl, and CG-C1O aryl. The cycloalkyl and aryl moi 
eties can optionally be substituted With a halogen substituent 
selected from bromine, chlorine, ?uorine, and iodine, pref 
erably ?uorine. In addition, any tWo or three of the alkyl 
substituents taken together With the hydrocarbyl backbone 
carbon atoms to Which they are attached can form an 
aliphatic or aromatic ring system. The rings can be mono 
cyclic, polycyclic, or fused. Protonation occurs at one of the 
hydrocarbyl/metal center bond interfaces to yield a cation 
complex With a monovalent hydrocarbyl ligand coordinated 
to the metal center M. 

[0149] In another embodiment a Group 10 metal ligated 
procatalyst of the formula [R‘M(L‘)X(L“)yA‘] containing a 
Group 15 electron donor ligand (L‘) and a labile neutral 
electron donor ligand (L“) is admiXed With a salt of a 
suitable Weakly coordinating anion in an appropriate solvent 
to produce the single component catalyst product as shoWn 
in equation (5) beloW. 

5. 

[0150] Suitable procatalysts of the formula 
[R‘M(L‘)X(L“)yA‘] include but are not limited to the folloW 
ing compositions: 
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[0152] In another embodiment of the invention the catalyst 
of Formula I is generated by reacting a procatalyst of the 
formula [M(L‘)X(L“)y(A‘)2] With an organometallic com 
pound of aluminum, lithium or magnesium, and a source of 
a Weakly coordinating anion (WCA) or a strong LeWis Acid. 
In this embodiment the anionic hydrocarbyl ligand (R‘) on 
the group 10 metal center (M) is supplied via reaction With 
the organometallic compound to yield the active catalyst as 
shoWn beloW. 

[M(L')X(L") (A')2]+[WCA] salt or Strong LeWis Acid+ 
organometallic compound—>[R'M(L')x(L")y]b[WCA]d 6. 

[0153] Examples of procatalysts suitable for use in this 
embodiment include: 

[0154] nickel acetylacetonate, 

[0155] nickel carboxylates, 

[0156] nickel (II) chloride, 

[0157] nickel (II) bromide, 
[0158] nickel ethylhexanoate, 

[0159] nickel (II) tri?uoroacetate, 
[0160] nickel (II) hexa?uoroacetylacetonate, 

[0161] NiCl2(PPh3)2, 
[0162] NiBr2(P(p-tolyl)3)2, 

[0163] trans-PdCl2(PPh3)2, 
[0164] palladium (II) bis(tri?uoroacetate), 
[0165] palladium (II) acetylacetonate, 

[0166] (cyclooctadiene)palladium (II) dichloride, 

[0167] Pd(acetate)2(PPh3)2, 
[0168] PdCl2(PPh3)2 
[0169] PdBr2(PPh3)2 
[0170] PdBr2(P(p-tolyl)3)2, 

[0171] 
[0172] 
[0173] 
[0174] 
[0175] 
[0176] 
[0177] 

PdCl2(P(o-tolyl)3)2, 
PdCl2(P(cyclohexyl)3)2, 
palladium (II) bromide, 
palladium (II) chloride, 

palladium (II) iodide, 
palladium (II) ethylhexanoate, 
dichloro bis(acetonitrile)palladium (II), 

12 
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[0178] dibromo bis(benZonitrile)palladium (II), 

[0179] platinum (II) chloride, 
[0180] platinum (II) bromide, and 

[0181] platinum bis(triphenylphosphine)dichloride. 

[0182] In general the Group 10 metal procatalyst is a 
nickel (II), platinum (II) or palladium (II) compound con 
taining tWo anionic leaving groups (A‘), Which can be 
readily displaced by the Weakly coordinating anion that is 
provided by the WCA salt or strong Lewis acid described 
beloW and can be replaced by hydrocarbyl groups originat 
ing from the organometallic compound. The leaving groups 
can be the same or different. The Group 10 metal procatalyst 
may or may not be ligated. 

[0183] When the procatalyst of this embodiment is not 
ligated With a Group 15 electron donor component (L‘), the 
Group 15 electron donor ligand can be added to the reaction 
medium as shoWn in the folloWing reaction scheme. 

[M(L")y(A')2]+xL'+[WCA] salt or Strong LeWis Acid+ 
organometallic compound—>[R'M(L')x(L")y]b[WCA]d 7. 

[0184] The strong LeWis acids suitable for use in this 
embodiment are selected from compounds of the formula: 

M'(R41')3 
[0185] Wherein M‘ represents aluminum or boron and R41’ 
represents monosubstituted and multisubstituted CG-C3O 
aryl, Wherein the substituents on the aryl group are inde 
pendently selected from halogen, preferably ?uorine, linear 
and branched C1-C5 haloalkyl, preferably tri?uoromethyl, 
and halogenated and perhalogenated phenyl, preferably pen 
ta?uorophenyl. Examples of such strong LeWis acids 
include: tris(penta?uorophenyl)boron, tris(3,5-bis(tri?uo 
romethyl)phenyl)boron, tris(2,2‘,2“-nona?uorobiphenyl)bo 
rane, and tris(penta?uorophenyl)aluminum. 

[0186] The organometallic compound is a hydrocarbyl 
derivative of silicon, germanium, tin, lithium, magnesium or 
aluminum. Aluminum derivatives are preferred. The orga 
noaluminum component of the catalyst system is repre 
sented by the formula: 

[0187] Wherein R‘ independently represents hydrogen, lin 
ear and branched C1-C2O alkyl, CS-C1O cycloalkyl, linear and 
branched C2-C2O alkenyl, C6-C15 cycloalkenyl, allylic 
ligands or canonical forms thereof, C6-C2O aryl, and C7-C3O 
aralkyl,*Q is a halide or pseudohalide selected from chlo 
rine, ?uorine, bromine, iodine, linear and unbranched C1-C2O 
alkoxy, CG-C24 aryloxy; x“ is 0 to 2.5, preferably 0 to 2, most 
preferably 0 to 1. Trialkylaluminum compounds are most 
preferred. Examples of suitable organometallic compounds 
include: methyllithium, sec-butyllithium, n-butyllithium, 
phenyllithium, butylethylmagnesium, di-n-butylmagne 
sium, butyloctylmagnesium, trimethylaluminum, triethyla 
luminum, tri-n-propylaluminum, tri-i-propylaluminum, tri 
i-butylaluminum, tri-2-methylbutylaluminum, tri 
octylaluminum, diethylaluminum chloride, ethylaluminum 
dichloride, di-i-butylaluminum chloride, diethylaluminum 
bromide, ethylaluminum sesquichloride, diethylaluminum 
ethoxide, diethylaluminum(i-butylphenoxide), and diethyla 
luminum(2,4-di-tert-butylphenoxide). 
[0188] Embodiments of the catalyst devoid of a hydrocar 
byl containing ligand can be synthesiZed by reacting a 
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procatalyst of the formula [M(A‘)2] With the desired ligands 
and WCA salt in accordance With the following reaction 
scheme: 

[M(A‘)2]+xL‘+2[WCA] salt—>[M(L‘)X][WCA]2+2A‘ 
salt 8. 

[0189] Wherein x=1 or 2, M, L‘, and L“ are as previously 
de?ned. 

[0190] Examples of procatalyst compounds include palla 
dium (II) bis(acetylacetonate, palladium (acetate)2, 
Pd(NO3)2, PdCl2, PdBr2, and PdI2. 
[0191] The foregoing schematic equations (1 to 8) have 
been presented for illustrative purposes only. While they 
have been Written in balanced form, it should be recognized 
that an excess of reaction components can be employed 
Without deviating from the spirit of invention. For example, 
an excess of L‘, L“, A‘, or WCA salt containing components 
can be employed in the process of the invention so long as 
the process is not deleteriously affected. 

[0192] In a preferred embodiment the molar ratio of the 
Group 10 metal/Group 15 electron donor compound/source 
of a Weakly coordinating anion/organometallic compound is 
111-1011-10012-200, more preferably 1:1-511-40z4-100, and 
most preferably 1:1-2z2-20z5-50. In embodiments Where the 
Group 10 metal ion source is an adduct containing a Group 
15 electron donor compound, no additional Group 15 elec 
tron donor compound need be employed. In this embodi 
ment the most preferred molar ratio of the Group 10 metal/ 
Group 15 electron donor compound/source of a Weakly 
coordinating anion/organometallic compound is 1:02-20:5 
50. 

[0193] In all of the forgoing embodiments the catalysts of 
Formula I can be prepared as a preformed single component 
catalyst in solvent or they can be prepared in situ by 
admixing the precursor components (ligated or non-ligated 
Group 10 metal component With leaving group(s), ligand 
component(s), and WCA source or strong LeWis acid 
source) in the desired monomer, monomer mixtures, or 
solutions thereof. It is also possible to admix tWo or even 
three of the catalyst precursor components and then add the 
mixture to the monomer or monomer solution containing the 
remaining catalyst precursor component(s). 

[0194] In the equations and formulae set forth above and 
throughout the speci?cation, R‘, M, L‘, L“, [WCA], b, d, X, 
and y are as de?ned above unless otherWise de?ned, A‘ is an 
anionic leaving group Which is de?ned beloW, [WCA] salt is 
a metal salt of the Weakly coordinating anion [WCA], and 
the abbreviations Me, Et, Pr, Bu, Cy, and Ph, as used here 
and throughout the speci?cation refer to methyl, ethyl, 
propyl, butyl, cyclohexyl, and phenyl, respectively. 

[0195] The foregoing Group 10 metal procatalyst compo 
nents are commercially available or can be synthesiZed by 
techniques Well knoWn in the art. 

[0196] As discussed above catalyst complex of Formula I 
can be formed in situ by combining any of the Group 10 
metal procatalysts With the desired catalyst system compo 
nents in monomer. In cases Where the Group 10 metal 
procatalyst already contains the desired ligand groups, the 
procatalyst is mixed in monomer along With the WCA salt 
or the alternative activators such as strong LeWis acids or 
Bronsted acids. The WCA salt, strong LeWis acid or Bron 
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sted acid serves as the an activator for the procatalyst in the 
presence of monomer. The in situ reactions for preparing the 
catalysts of Formula I generally folloW the same conditions 
and reaction schemes as outlined for the preparation of the 
preformed single component catalysts, the principal differ 
ence being that the catalysts are formed in monomer in lieu 
of solvent and that a polymer product is formed. 

Leaving Groups 

[0197] A‘ represents an anionic leaving group that can be 
readily displaced by the Weakly coordinating anion that is 
provided by the WCA salt. The leaving group forms a salt 
With the cation on the WCA salt. Leaving group A‘ is 

selected from halogen (i.e., Br, Cl, I, and F), nitrate, tri?ate 
(tri?uoromethanesulfonate), tri?imide (bistri?uoromethane 
sulfonimide), tri?uoroacetate, tosylate, AlBr4_, AlF4_, 
AlCl4_, AlF3O3SCF3_, AsCl6_, SbCl6_, SbF6_, PF6_, BF4_, 
C104“, H504“, carboxylates, acetates, acetylacetonates, car 
bonates, aluminates, and borates. 

[0198] In another embodiment the leaving group can be a 
hydrocarbyl group or halogenated hydrocarbyl group When 
a Bronsted acid based WCA salt is utiliZed as the activator. 
In this embodiment the activator protonates the hydrocarbyl 
or halogenated hydrocarbyl forming a neutral moiety. The 
leaving group moiety is preferably selected from the 
hydride, linear and branched C1-C5 alkyl, linear and 
branched CJL-C5 haloalkyl, C5-C1O cycloalkyl, and C6-C1O 
aryl. The cycloalkyl and aryl moieties can optionally be 
substituted With a halogen substituent selected from bro 
mine, chlorine, ?uorine, and iodine, preferably ?uorine. In 
this embodiment, A‘ is protonated to yield the neutral moiety 
A‘H. Methyl and penta?uorophenyl groups are representa 
tive examples of leaving groups under this embodiment. 

[0199] Halogen leaving groups include chlorine, iodine, 
bromine and ?uorine. The acetates include groups of the 
formula R38'C(O)O_, and the carbonates include groups of 
the formula R38'OC(O)O_, Wherein R38’ represents linear 
and branched C1-C5 alkyl, linear and branched CJL-C5 
haloalkyl (preferably ?uorine), linear or branched C1-C5 
alkenyl, CG-C12 aryl, optionally monosubstituted or inde 
pendently multisubstituted With linear and branched C1-C5 
alkyl, linear and branched C1-C5 haloalkyl, and halogen 
(preferably ?uorine). 

[0200] The aluminate and borate leaving groups can be 
represented by the formulae M‘(R39')4_, M‘(GR39')4_, M‘(— 
CECPh)4_, or a moiety represented by the folloWing struc 
tures: 
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-continued 

[0201] wherein G is a sulfur or oxygen atom Ph represents 
phenyl and substituted phenyl as de?ned below, and R39’ 
independently represents linear and branched CJL-C1O alkyl, 
linear and branched C1-C1O chloro- or bromoalkyl, CS-C1O 
cycloalkyl, substituted and unsubstituted aryl, preferably, 
phenyl and substituted phenyl, substituted and unsubstituted 
C7-C2O aralkyl, preferably, phenylalkyl and substituted phe 
nylalkyl. By substituted is meant that the aryl or phenyl 
groups can contain one or more of linear and branched 

C1-C5 alkyl, linear and branched CJL-C5 haloalkyl, chlorine, 
and bromine substituents, and combinations thereof. 

[0202] Representative aluminate groups include but are 
not limited to tetraphenoxyaluminate, tetrakis(cyclohexano 
lato)aluminate, tetraethoxyaluminate, tetramethoxyalumi 
nate, tetrakis(isopropoxy)aluminate, tetrakis(2-butanola 
to)aluminate, tetrapentyloxyaluminate, tetrakis(2-methyl-2 
propanolato)aluminate, tetrakis(nonyloxy)aluminate, and 
bis(2-methoxyethanolate-0,0‘)bis(2-methoxyethanolate 
O‘)aluminate, tetrakis(phenyl)aluminate, tetrakis(p-tolyl)a 
luminate, tetrakis(m-tolyl)aluminate, tetrakis(2,4-dimeth 
ylphenyl)aluminate, and tetrakis(3 , 
5-dimethylphenyl)aluminate. 

[0203] Representative borate groups include tetraphe 
nylborate, tetrakis(4-methylphenyl)borate, tetrakis(4-chlo 
rophenyl)borate, tetrakis(4-bromophenyl)borate, tetrakis(2 
bromo-4-chlorophenyl)borate, butyltriphenylborate, 
tetrakis(4-methoxyphenyl)borate, tetrakis(phenylethy 
nyl)borate, bis(1,2-benZenediolato)borate, triphenyl(phenyl 
ethynyl)borate, bis(tetra?uorobenZenediolate)borate, 
bis(tetrachlorobenZenediolate)borate, bis(tetrabromoben 
Zenediolate)borate, bis(1, 1 ‘-biphenyl-2,2‘-diolato)borate, 
tetrakis(thiophenolyl)borate, bis(3,5-di-tert-butylbenZene 
diolate)borate, tetrakis(2,4-dimethylphenyl)borate, tetrak 
is(p-tolyl)borate, tetrakis(3,5-dimethylphenyl)borate, and 
tetrakis(m-tolyl)borate. 

[0204] In addition to the anionic leaving groups described 
above, A‘ can also be selected from highly ?uorinated and 
per?uorinated alkylsulfonyl and arylsulfonyl containing 
anions of the formulae (R4O'SO2)2CH_, (R4O'SO2)3C_, and 
(R4O'SO2)2N_, wherein R40 ' independently represents linear 
and branched CJL-C2O highly ?uorinated and per?uorinated 
alkyl, CS-C15 highly ?uorinated and per?uorinated 
cycloalkyl, and highly ?uorinated and per?uorinated C6-C22 
aryl. Optionally, the alkyl and cycloalkyl groups can contain 
a heteroatom in the chain of cyclic structure, respectively. 
Preferred heteroatoms include divalent (non-peroxidic) oxy 
gen (i.e., —O—), trivalent nitrogen, and hexavalent sulfur. 
Any tWo of R40’ can be taken together to form a ring. When 
R40’ is a cycloalkyl substituent, a heterocycloalkyl substitu 
ent, or is taken With another R40’ group to form a ring, the 
ring structures preferably contain 5 or 6 atoms, 1 or 2 of 
Which can be heteroatoms. 

[0205] In the above formulae the term highly ?uorinated 
means that at least 50 percent of the hydrogen atoms bonded 
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to the carbon atoms in the alkyl, cycloalkyl, and aryl 
moieties are replaced by ?uorine atoms. Preferably, at least 
2 out of every 3 hydrogen atoms on the alkyl, cycloalkyl, 
and aryl moieties under R40’ are replaced by ?uorine. More 
preferably, at least 3 out of every 4 hydrogen atoms are 
replaced by ?uorine, and most preferably all of the hydrogen 
atoms on the R40’ substituent are replaced by ?uorine to give 
the per?uorinated moiety. In addition to or in lieu of ?uorine 
atom substitution on the aryl ring(s), the aryl groups can 
contain linear and branched CJL-C1O highly ?uorinated and 
per?uorinated alkyl groups, such as, for example, tri?uo 
romethyl. In embodiments Where hydrogen atoms remain on 
the alkyl, cycloalkyl, and aryl moieties, a portion or all of the 
remaining hydrogen atoms can be replaced With bromine 
and/or chlorine atoms. 

[0206] Representative highly ?uorinated and per?uori 
nated alkylsulfonyl and arylsulfonyl containing anions of the 
foregoing formulae include but are not limited to 

[0207] Additional highly ?uorinated and per?uorinated 
alkylsulfonyl and arylsulfonyl anions suitable as leaving 
groups are described in TuroWsky and Seppelt, Inorganic 
Chemistry, 1988, 27, 2135-2137, and in Us. Pat. Nos. 
4,387,222; 4,505,997; 5,021,308; 5,072,040; 5,162,177; and 
5,273,840 the disclosures of Which are hereby incorporated 
by reference. 

WCA Salts 

[0208] The salt of the Weakly coordinating anion 
employed in the process of the present invention can be 
represented by the formula [C(L“)Z]b[WCA]d, Wherein C 
represents a proton (H+), an alkaline earth metal cation, a 
transition metal cation or an organic group containing cat 
ion, L“ and WCA, are as de?ned above, Z is an integer from 
0 to 8, and b“ and d“ represent the number of times the cation 
complex and Weakly coordinating counteranion complex 
(WCA), respectively, are taken to balance the electronic 
charge on the overall salt complex. 
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[0209] The alkali metal cations include Group 1 metals 
selected from lithium, sodium, potassium, rubidium, and 
cesium. The preferred Group 1 metal cations are lithium, 
sodium and potassium. 

[0210] The alkali earth metal cations include Group 2 
metals selected from beryllium, magnesium, calcium, stron 
tium, and barium. The preferred Group 2 metal cations are 
magnesium, calcium, strontium, and barium. The transition 
metal cation is selected from Zinc, silver, and thallium. 

[0211] The organic group cation is selected from ammo 
nium, phosphonium, carbonium and silylium cations, i.e., 
[NHR41'3]+,[NR41'41+, [PHR41'3], [P1142], [R41‘3C1t and 
[R41'3Si]+, Where R41’ independently represents a hydrocar 
byl, silylhydrocarbyl, or per?uorocarbyl group, each con 
taining 1 to 24 carbon atoms, more preferably, from 1 to 12 
carbons arranged in a linear, branched, or ring structure. By 
per?uorocarbyl is meant that all carbon bonded hydrogen 
atoms are replaced by a ?uorine atom. Representative hydro 
carbyl groups include but are not limited to linear and 
branched C1-C2O alkyl, C3-C2O cycloalkyl, linear and 
branched C2 to C20 alkenyl, C3-C2O cycloalkenyl, CG-C24 
aryl, and C7-C24 aralkyl, and organometallic cations. The 
organic cations are selected from trityl, trimethylsilylium, 
triethylsilylium, tris(trimethylsilyl)silylium, tribenZylsily 
lium, triphenylsilylium, tricycloheXylsilylium, dimethyloc 
tadecylsilylium, and triphenylcarbenium (i.e., trityl). In 
addition to the above cation complexes ferrocenium cations 
such as [(C5H5)2Fe]+ and [(C5(CH3))2Fe]+ are also useful as 
the cation in the WCA salts of the invention. 

[0212] Examples of WCA salts having a Weakly coordi 
nating anion described under Formula II include but are not 
limited to lithium tetrakis(2-?uorophenyl)borate, sodium 
tetrakis(2-?uorophenyl)borate, silver tetrakis(2-?uorophe 
nyl)borate, thallium tetrakis(2-?uorophenyl)borate, lithium 
tetrakis(3-?uorophenyl)borate, sodium tetrakis(3-?uorophe 
nyl)borate, silver tetrakis(3-?uorophenyl)borate, thallium 
tetrakis(3-?uorophenyl)borate, ferrocenium tetrakis(3-?uo 
rophenyl)borate, ferrocenium tetrakis(penta?uorophe 
nyl)borate, lithium tetrakis(4-?uorophenyl)borate, sodium 
tetrakis(4-?uorophenyl)borate, silver tetrakis(4-?uorophe 
nyl)borate, thallium tetrakis(4-?uorophenyl)borate, lithium 
tetrakis(3,5-di?uorophenyl)borate, sodium tetrakis(3,5-dif 
luorophenyl)borate, thallium tetrakis(3,5-di?uorophe 
nyl)borate, trityl tetrakis(3,5-di?uorophenyl)borate, 2,6 
dimethylanilinium tetrakis(3,5-di?uorophenyl)borate, 
lithium tetrakis(penta?uorophenyl)borate, lithium(diethyl 
ether) tetrakis(penta?uorophenyl)borate, lithium(diethyl 
ether)2_5 tetrakis(penta?uorophenyl)borate, lithium tetrakis(2, 
3,4,5-tetra?uorophenyl)borate, lithium tetrakis(3,4,5,6-tet 
ra?uorophenyl)borate, lithium tetrakis(1,2,2-tri?uoroethyl 
enyl)borate, lithium tetrakis(3,4,5-tri?uorophenyl)borate, 
lithium methyltris(per?uorophenyl)borate, lithium phenyl 
tris(per?uorophenyl)borate, lithium tris(isopropanol) tetrak 
is(penta?uorophenyl)borate, lithium tetrakis(methanol) tet 
rakis(penta?uorophenyl)borate, silver 
tetrakis(penta?uorophenyl)borate, tris(toluene)silver tetrak 
is(penta?uorophenyl)borate, tris(Xylene)silver tetrakis(pen 
ta?uorophenyl)borate, trityl tetrakis(penta?uorophenyl)bo 
rate, trityl tetrakis(4 
triisopropylsilyltetra?uorophenyl)borate, trityl tetrakis(4 
dimethyl-tert-butylsilyltetra?uorophenyl)borate, thallium 
tetrakis[3,5-bis(tri?uoromethyl)phenyl]borate, 2,6-dimethy 
lanilinium tetrakis(penta?uorophenyl)borate, N,N-dimethy 
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lanilinium tetrakis(penta?uorophenyl)borate, N,N-dimethy 
lanilinium tetrakis[3,5 -bis(tri?uoromethyl)phenyl]borate 
lithium (triphenylsiloXy)tris(penta?uorophenyl)borate, 
sodium (triphenylsiloXy)tris(penta?uorophenyl)borate, 
sodium tetrakis(2,3,4,5-tetra?uorophenyl)borate, sodium 
tetrakis(3,4,5,6-tetra?uorophenyl)borate, sodium tetrakis(1, 
2,2-tri?uoroethylenyl)borate, sodium tetrakis(3,4,5-tri?uo 
rophenyl)borate, sodium methyltris(per?uorophenyl)borate, 
sodium phenyltris(per?uorophenyl)borate, thallium tet 
rakis(2,3,4,5-tetra?uorophenyl)borate, thallium tetrakis(3,4, 
5,6-tetra?uorophenyl)borate, thallium tetrakis(1,2,2-tri?uo 
roethylenyl)borate, thallium tetrakis(3,4,5 
tri?uorophenyl)borate, sodium 
methyltris(per?uorophenyl)borate, thallium phenyltris(per 
?uorophenyl)borate, trityl tetrakis(2,3,4,5-tetra?uorophe 
nyl)borate, trityl tetrakis(3,4,5,6-tetra?uorophenyl)borate, 
trityl tetrakis(1,2,2-tri?uoroethylenyl)borate, trityl tet 
rakis(3,4,5-tri?uorophenyl)borate, trityl methyltris(pen 
ta?uorophenyl)borate, trityl phenyltris(per?uorophenyl)bo 
rate, silver tetrakis[3,5-bis(tri?uoromethyl)phenyl]borate, 
silver(toluene) tetrakis[3,5-bis(tri?uoromethyl)phenyl]bo 
rate, thallium tetrakis[3,5-bis(tri?uoromethyl)phenyl]bo 
rate, lithium (heXyltris(penta?uorophenyl)borate, lithium 
triphenylsiloXytris(penta?uorophenyl)borate, lithium(octy 
loXy)tris(penta?uorophenyl)borate, lithium tetrakis(3,5-bis 
(tri?uoromethyl)phenyl)borate, sodium tetrakis(penta?uo 
rophenyl)borate, trityl tetrakis(penta?uorophenyl)borate, 
sodium(octyloXy)tris(penta?uorophenyl)borate, sodium tet 
rakis(3,5-bis(tri?uoromethyl)phenyl)borate, potassium tet 
rakis(penta?uorophenyl)borate, trityl tetrakis(penta?uo 
rophenyl)borate, 
potassium(octyloXy)tris(penta?uorophenyl)borate, potas 
sium tetrakis(3,5-bis(tri?uoromethyl)phenyl)borate, magne 
sium tetrakis(penta?uorophenyl)borate, magnesium magne 
sium(octyloXy)tris(penta?uorophenyl)borate, magnesium 
tetrakis(3,5-bis(tri?uoromethyl)phenyl)borate, calcium tet 
rakis(penta?uorophenyl)borate, calcium (octyloXy)tris(pen 
ta?uorophenyl)borate, calcium tetrakis(3,5-bis(tri?uorom 
ethyl)phenyl)borate, lithium tetrakis[3,5-bis[1-methoXy-2,2, 
2-tri?uoro-1-(tri?uoromethyl)ethyl]phenyl]borate, sodium 
tetrakis[3,5-bis[1-methoXy-2,2,2-tri?uoro-l-(tri?uorometh 
yl)ethyl]phenyl]borate, silver tetrakis[3,5-bis[1-methoXy-2, 
2,2-tri?uoro-1-(tri?uoromethyl)ethyl]phenyl]borate, thal 
lium tetrakis [3,5-bis[1-methoXy-2,2,2-tri?uoro-1 
(tri?uoromethyl)ethyl]phenyl]borate, lithium tetrakis[3-[1 
methoXy-2,2,2-tri?uoro-1-(tri?uoromethyl)ethyl]-5 
(tri?uoromethyl)phenyl]borate, sodium tetrakis[3-[1 
methoXy-2,2,2-tri?uoro-1-(tri?uoromethyl)ethyl]-5 
(tri?uoromethyl)phenyl]borate, silver tetrakis[3-[1 
methoXy-2,2,2-tri?uoro-1-(tri?uoromethyl)ethyl]-5 
(tri?uoromethyl)phenyl]borate, thallium tetrakis[3-[1 
methoXy-2,2,2-tri?uoro-1-(tri?uoromethyl)ethyl]-5 
(tri?uoromethyl)phenyl]borate, lithium tetrakis[3-[2,2,2 
tri?uoro-l-(2,2,2-tri?uoroethoXy)-1 
(tri?uoromethyl)ethyl]-5-(tri?uoromethyl)phenyl]borate, 
sodium tetrakis[3-[2,2,2-tri?uoro-1-(2,2,2-tri?uoroethoXy) 
1-(tri?uoromethyl)ethyl]-5-(tri?uoromethyl)phenyl]borate, 
silver tetrakis[3-[2,2,2-tri?uoro-1-(2,2,2-tri?uoroethoXy)-1 
(tri?uoromethyl)ethyl]-5-(tri?uoromethyl)phenyl]borate, 
thallium tetrakis[3-[2,2,2-tri?uoro-1-(2,2,2-tri?uoroet 
hoXy)-1-(tri?uoromethyl)ethyl]-5-(tri?uoromethyl)phenyl] 
borate, trimethylsilylium tetrakis(penta?uorophenyl)borate, 
trimethylsilylium etherate tetrakis(penta?uorophenyl)bo 
rate, triethylsilylium tetrakis(penta?uorophenyl)borate, 






























































































































