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CATALYST AND METHODS FOR POLYMERIZING
CYCLOOLEFINS

Technical Field of the Invention

The present invention relates to methods for the addition
polymerization of cycloolefins using a cationiic Group 10 metal complex

and a weakly coordinating counteranion.

Background of the Invention

Polycyclic addition polymers having directly linked polycyclic
repeating units without any internal backbone unsaturation are desitous
from the standpoint of their inkerent thermal oxidative stability and high
glass transition temperature (Tg) profiles. Recent objectives in synthesis
have focused on incorporating pendant functional substituents 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
specific 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 effe¢ts of the functional group
on the catalyst. Consequently, many polymers 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

degradation of polymers. In addition, metal residues in the polymer alsb
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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.

One method of catalyzing the polymerization of cycloolefins is
through the use of cationic transition metal complexes. Goodall et al.
(U.S. Patent No. 5,569,730) describe a method for polymerizing
cycloolefinic monomers such as norbornene and hydrocarbyl substituted
norbornene-type monomers in the presence of a chain transfer ager_lt'and
a single or multicomponent catalyst system capable of providing 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 countermion; The
multicomponent catalyst system employs a Group VIII transition metal
ion source, an organoaluminum compound and an optional component
selected from Lewis acids, strong Brensted acids, electron donor
compounds, and halogenated organic ¢ompounds. The monomer to
Group VIII transition metal molar ratios are broadly disclosed to range
from 1000:1 to 100,000:1, with a preferred range of 3000:1 to 10,000:1.

Goodall et al.(U.S. Patent No. 5,705,503) and McIntosh e? al.
(WO 97/20871) disclose that norbornene-type monomers containing
functional substituents can be successfully polymerized with single and
multicomponent transition metal catalysts of the classes disclosed in the
“730 patent supra. However, the molar ratio of monomer to Group VIII
transition metal ranges from 20:1 to 100,000:1. In fact the highest
monomer to Group VIII metal ratio actually employed is only about
5000:1 which is exemplified in Example 15 of the ‘503 specification. |

In addition to the Group VIII single and multicomponent catalyét
systems disclosed supra, Goodall et al. (WO 97/33198) disclose a single
component catalyst system suitable for polymerizing functionally
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.7stibstituted norbornene-type monomers. The single component catalyst
‘eohiprises nickel, a two eléctron donor ligand (preferably a n-arene
ligand) and a pentafluoropheny! ligand. The disclosed molar ratio of
‘mpnormer to nickel ranges from 2000:1 to 100:1.

catalyst loading (based on the Group VIII metal content) is necessary for
- the polymerization reaction to proceed efficiently. A higher catalyst
laading in the monomer at the onset of the polymerization reaction,
however, means that a higher residual metal content will be present in
10 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 polymerizing substituted and unsubstituted

cycloolefin monomers.

15 " Summary of. the Invention
Accordingly, it is a general object of the invention to provide a
polymerizable polycycloolefin composition comprising a high activity
catalyst system.
.. Itis another object of the invention to provide polymers with low
20 levels of residual Group 10 metals.
It is a further object of the invention to provide a process for
polymerizing polycycloolefin monomers in contact with a high activity
Group 10 catalyst.
It is another object 6f the ivention to provide a process for
25 polymerizing polycycloolefin monomers in solution in contact with a
' high activity Group 10 catalyst system. -
Tt is still another object of the invention to provide 2 process for
polyinérizing polytycloolefin hiorioners in mass in contact with a high
activity Group 10 catalyst system.



WO 00/20472 ' . PCT/US99/23243

-4

It is another object of the invention to provide a high activity
single or multicomponent Group 10 catalyst system for the
polymerization of polycycloolefin monomers.

It still is a further object of the invention to provide a two

5 component catalyst Group 10 system comprising a procatalyst and an
activator.

These and other objects of the invention are accomplished by
contacting a polymerizable polycycloolefin monomer charge with a high
activity catalyst system comprising a Group 10 metal cation complex

10 and a weakly coordinating counteranion complex of the formula:

[(R:M(L)(L)yly [WCA]4

wherein M represents a Group 10 transition metal; R’ represents an
15 anionic hydrocarbyl containing ligand; L' represents a Group 15 neutral
electron donor ligand; L’ represents a labile neutral electron donor
ligand; zisOor1;xis 1 or2;yis0, 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 complex
20 (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. Alternatively, the catalyst can be formed in situ by admixing
- the catalyst forming components in the monomer charge: |

Brief Description of the Drawings
Figure 1 represents an Oakridge Thermal Ellipsoid Plot
{ORTEP) of (allyl)palladium(tricyclohexylphosphine)(triﬂate).
Figure 2 represents an ORTEP of
30 (allyl)palladium(tri-o-tolylphosphine)(triflate).
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Figure 3 represents an ORTEP of
(allyD)palladium(tri-naphthylphosphine)(triflate)

Detailed Description of the Invention
Catalyst System
The catalyst of the invention comprises a Group 10 metal cation
complex and a weakly coordinating counteranion complex represented
by Formula I below:

(R ML )WL )y}s [WCA I

wherein M represents 4 Group 10 transition metal; R represents an
anionic hydrocarby! ligand; L represents a Group 15 neutral elec&;n
donor ligand; L represents a labile neutrat electron donor ligand; x is 1
or2;yis0,1,2,or3, wherein the sum of x,y,and zis4; and b and d
are numbers representing the number of times the cation complex and
weakly coordinating counteranion complex (WCA), respectively, are
taken to balance the electronic charge of the overall catalyst complex.
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 specifically, 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. _
An anionic hydrocarby! ligand is any hydrocarbyl ligand which
when removed from the metal center M in its closed shell electron

configuration, has a negative charge.
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A neutral electron donor is any ligand which when removed from
the metal center M in its closed shell electron 'conﬁgutation, hasa
neutral charge.

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
configuration has a neutral charge.

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

Representative anionic hydrocarbyl containing ligands defined
under R include hydrogen, linear and branched C,-Cyg alkyl, Cs-C 10
cycloalkyl, linear and branched C»-Cao alkenyl, Ce-Cys cycloalkenyl,
allylic ligands or canonical forms thereof, C¢-Csq aryl, C¢-Cao
heteroatom containing aryl, and C;-Cso aralkyl, each of the foregoing
groups can be optionally substituted with hydrocarbyl and/or heteroatom
substituents preferably selected from linear or branched C,-Cs alkyl,
linear or branched C;-C; haloalkyl, linear or branched C,-C; alkenyl and
haloalkenyl, halogen, sulfur, oxygen, nitrogen, phosphorus, and phenyl
optionally substituted with linear or branched C,-Cs alkyl, linear or
branched C,-Cs haloalkyl, and halogen, R’ also represents anionic
hydrocarbyl containing ligands of the formula R”C(0)0O,
R”C(O)CHC(O)R", R"C(0)S, R"C(S)O, R"C(S)S, R"O,R":N,
wherein R” is the same as R’ defined immediately above.

The foregoing cycloalkyl, and cycloalkeny! 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
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multisubstituted with a substituent independently selected from
hydrogen, linear and branched C,-Cs alkyl, linear and branched C;-Cs
haloalkyl, linear and branched C;-Cs alkoxy, halogen selected from
chlorine, fluorine, iodine and bromine, Cs~Cyo cycloalkyl, C¢-Cis
cycloalkenyl, and C¢-Cjq 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 multicycloalky!l and multicycloalkenyl ligands,

respectively. In Structure III the norbornenyl ligand is substituted with a
alkenyl group.

N\ ~
ML), (L" = g Nt (1 o

Structure I : Structure 11

MLIALY),

Structure [T

wherein M, L, L', x and y are as previously defined.
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Additional examples of cationic complexes where R’ represents a

ring system is illustrated in Structures I'V to IVc below.

O

M(L)L",

W,

Structure IV

CH,
CI)VI(L')x(L"),

Structure IVa

_Q ]
M(LLL),

=

L _
Structure IVb

wherein M, L,L" x and y are as previously defined.

In another embodiment of the invention R represents a

-

M(L)LL)y

. Structure IVe

hydrocarbyl ligand containing a terminal group that coordinates to the

Group 10 metal, The terminal coordination group containing

hydrocarby! ligand are represented by the formula -CyHz¢X—>, wherein

d' represents the number of carbon atoms in the hydrocarbyl backbone

and is an integer from 3 to 10, and X—> represents 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 R', R?, and R*
which are defined below.

A cation complex of the terminal coordination group containing

hydrocarbyl metallacycle embodiment is represented by Structure V

shown below:
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X
A
(Ceta)  ML)LY,

Structure V

wherein M, L, L, &, x and y are as previously defined, and X represents
a radical selected from the group -CHR*=CHR?, -OR*, -SR¥, -N(R*),.

5  -N=NR*, -PR"), -C(O)RY, -CR*)=NR*, -C(O)OR*, -OC(O)OR?,
-OC(0)R*, and R* represents hydrogen, halégen, linear and branched
C)-Cs alkyl, linear and branched C;-Cs haloalkyl, Cs-C)o cycloalkyl,
linear or branched C,-Cs alkenyl, linear or branched C,-Cs haloalkenyl,
substituted and unsubstituted C¢-C,3 aryl, and substituted and

10 unsubstituted C7-Cyq aralkyl.
The substituted terminal group containing hydrocarbyl

metallacycles can be represented by structure Va, below.

- ]
RY
R M(L)(L™),
n R B
Structure Va

wherein M, L, L', X, x and y are as previously defined, n tepresents an
integer from 1 to 8 and R", R?, and R¥ independently represent
hydrogen, linear and branched C;-Cs alkyl, linear and branched Cy-Cs
haloalkyl, linear or branched C,-Cs alkenyl, linear and branched C,-C;
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haloalkenyl, substituted and unsubstituted Cg-Csg aryl, substituted and
unsubstituted C7-Cs aralkyl, and halogen. Any of R, R?, and R can
be taken together along with the carbon atoms to which they are attached
can form a substituted or unsubstituted aliphatic Cs-C, monocyclic or
polycyclic ring system, a substituted or unsubstituted C¢-Cy¢ aromatic
ring system, a substituted and unsubstituted C¢- Cyo fused aromatic ring
system, and combinations thereof. When substituted, the rings described
above can contain monosubstitution or multisubstitution wheré the
substituents are independently selected from hydrogen, linear and
branched C,-Cs alkyl, linear and branched C;-Cs haloalkyl, linear and
branched C,-Cs alkoxy, and halogen selected from chlorine, fluorine,
iodine and bromine. In Structure Va above it should be noted that-when
nis 0, X is bonded to the carbon atom that contains the R? substituent.

Representative terminal group containing hydrocarbyl
metallacycle cation complexes wherein the substituents are taken
together to represent aromatic and aliphatic ring systems are illustrated
below under Structures Vband Ve.

RY RY

(LLY), (L2LL")y

_ — Re
Structure Vb | Structure Ve
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‘Additional examples of terminal group containing hydrocarbyl
metallacycle cation complexes wherein any of R* to R¥ can be taken
together to form aromatic ring systems are set forth in Structures Vd to
Vg below.

NehiRY g, »\{u-m, (O-CH T,
@Mw» (S-/ WA, e, é %00,

Structure Vd Structere Ve Sauetore VS Structure Vg
5
Ilustrative examples of cation complexes containing polyeyclic
aliphatic ring systems are set forth under structures Vh, Vi, and Vj
below:
— —1 r~— - - ™ o —]
" X X
»
" # o
Structure Vb Strustore Vi : Strucsure Vj
10

In Structures V through Vj above, n' is an integer from 0 to 5;
and X, M,L,L","a", n,x,y, R" and R, are as previously defined, and

SUBSTITUTE SHEET (RULE 26)
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R* and R independently represent hydrogen, and linear and branched
Cy-Cyo alkyl, R* and R® together with the carbon atoms to which they
are attached can form a saturated and unsaturated cyclic group |
containing 5 to 15 carbon atoms.

Examples of heteroatom containing ary! ligands under R’ are

~ pyridinyl and quinolinyl ligands.

The allyl ligand in the cationic complex can be represented by
the following structure: '

Structure VI

wherein R?%, R?", and R? each independently represent hydrogen,
halogen, linear and branched C;-Cs alkyl, Cs-Cyo cycloalkyl, linear and
branched C,-Cs alkenyl, C¢-Csp aryl; C3-Cs aralkyl, each optionally
substituted with a substituent selected from linear and branched C,-Cs
alkyl, linear and branched C,-Cs haloalkyl, halogen, and phenyl which
can optionally be substituted with linear and branched C,-C; alkyl,
linear and branched C;-Cs haloalkyl, and halogen. Ay two of R, R2",
and R* 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 C;-C; alkyl, linear or branched C,-Cs haloalkyl,
and halogen. Examples of allylic ligands suitable in the cationic

complexes of the invention include but are not limited to allyl,
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2-chloroallyl, crotyl, 1,1-dimethyl allyl, 2-methylallyl, 1-phenylallyl,
2-phenylallyl, and B-pinenyl.

Representative cationic complexes contdiniig an allylic ligand

are shown below.
5
<M(L.)X(L..)y ( MLMLY,
Structure Via Structure VIb

In Structures VI, Vla, and VIb M, L, L", x and y are as
previously defined.
Additional examples of ally! ligands are found in R, G. Guy and
10 B. L. Shaw, Advances in Inorganic Chemistry and Radiochemistry,
Vol. 4, Academic Press Iﬁc., New York, 1962; J. Birmingham,
E. de Boer, M. L. H. Green, R.B. King, R. Késter; P.L 1. Nagy,
G.N. Schrauzer, Advances in Organometallic Chemistry, Vol. 2,
Academic Press Inc., New 'York, 1964; W. T. Dent, R. Long and
15 A. ]. Wilkinson, J. Chem. Soc., (1964) 1585; and H.C. Volger,
Rec. Trav. Chim, Pay Bas, 88 (1969) 225; which are all hereby
incorporated by reference.
Representative neutral electron donor ligands-under L' include
amines, pyridines organophosphorus containing compounds and arsines
20 and stibines, of the formula:

ER")s

wherein E is arsenic or antimony, and R” is independently selected from
25 hydrogen, linear and branched C;-Cjp alkyl, Cs-C4 cyéloalkyl, linear

PCT/US99/23243
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and branched C;-C) alkoxy, allyl, linear and branched C,-C4 alkenyl,
Ce-Cy3 aryl, Cs-Cya aryloxy, C¢-Cyz arylsufides (e.g., PhS), C3-Cis
aralkyl, cyclic ethers and thioethers, tri(linear and branched C,-C
alkyDsilyl, tri(Ce-C12 aryl)silyl, tri(linear and branched C;-Cyp
alkoxy)silyl, triaryloxysilyl, tri(linear and branched C,-C;p alkyl)siloxy,
and tri(Cs-C)2 aryl)siloxy, each of the foregoing substituents can be
optionally substituted with linear or branched C,-Cs alkyl, linear or
branched C,-C;s haloalkyl, C,-Cs 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 phenylethy! (i.e.,
-CH,CH,PH). Representative silyl groups include but are not limited to
triphenylsilyl, trimethylsilyl, and triethylsilyl. As in the general .
definition above each of the foregoing groups can be optionally
substituted with linear or branched C,-Cs alkyl, linear or branched C,.Cs
haloalkyl, and halogen.

Representative pyridiries include lutidine (including 2,3-; 2,4-;

©2,5-2,6-; 3,4-; and 3,5-substituted), picoline (including 2-,3-, or

4-substituted), 2,6-di-z-butylpyridine, and 2,4-di-z-butylpyridine.
Representative arsines include triphenylarsine, triethylarsine, and
triethoxysilylarsine.
Representative stibines include triphenylstibine and
trithiophenylstibine.

PCT/US99/23243
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Suitable amine ligands can be selected from amines of the
formula N(R®)s, wherein R¥ independently represents hydrogen, linear
and branched C;-Cyy alkyl, linear and branched C,-Cyg haloalkyl, -
substituted and unsubstituted C3-Cyg cycloalkyl, substituted and
unsubstituted Cs-Cy4 aryl, and substituted and unsubstituted C5-Cy3
aralkyl. When substituted, the cycloalkyl, aryl and aralky] groups can be
monosubstituted or multisubstituted, wherein the substituents are
independently selected from hydrogen, linear and branched C;-C;; alkyl,
linear and branched C,-Cs haloalkyl, linear and branched C,-C;s alkoxy,
Cy-Ci2 aryl, and halogen selected from chlorine, bromine, and fluorine.
Representative amines include but are not limited to ethylamine,
triethylamine, diisopropylamine, tributylamine, N,N-dimethylaniline,
N,N-dimethyl-4-+-butylaniline, N,N-dimethyl-4-t-octylaniline, and
N,N-dimethyl-4-hexadecylaniline.

The organophosphorus containing ligands include phosphines,
phosphites, phosphonites, phosphinites and phosphorus containing
compounds of the formula:

PR )X R b5

wherein X' is oxygen, nitrogen, or silicon, R7 is as defined above and
each R” substituent is independent of the other, gis 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 R” 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 R” can be taken together with the phosphorus
atom to which they are attached to represent a phosphacycle of the

formula:

PCT/US99/23243
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R™P  (CH,)y

wherein R is as previously defined and ht' is an integer from 4 to 11.

The organophosphorus compounds can also include bidentate

phosphine ligands of the formulae:

. 0 §4
rrp X I pRr, Q Q

PR7, PR,

wherein R’ is as previously defined and 1is 0, 1, 2, or 3 are also
contemplated herein.

Representative phosphine ligands include, but are not limited to
trimethylphosphine, triethylphosphine, tri-n-propylphosphine,
triisopropylphosphine, tri-»-butylphosphine, tri-sec-butylphosphine,
tri-i-butylphosphine, tri-r-butylphosphine, tricyclopentylphosphine,
triallylphosphine, tricyclohexylphosphine, triphenylphosphine,
trinaphthylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine,
tﬁ-m-tolylphosphine, tribenzylphosphine,
tri(p-trifluoromethylphenyl)phosphine, tris(trifituoromethyl)phosphine,
tri(p-fluoropheny!l)phosphine, tri(p-trifluoromethylphenyl)phosphine,
allyldiphenylphosphine, benzyldiphenylphosphine, _
bis(2-furyl)phosphiné, bis(4-methoxyphenyl)phenylphosphine,
bis(4-methylphenyl)phosphine,
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bis(3,5 -bis(u'iﬂuoromethyl)ghenyl)phosphine,
t-butylbis(t:imethylsilyl)phosphine, t-butyldiphenylphosphine,
cyclohexyldiphenylphosphine, diallylphenylphosphine,
dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine,
di-r-butylphosphine, dicyclohexylphosplﬁne, dieﬂlylphenylphoslahine,
di-i-butylphosphine, dimethylphenylphosphine,
dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
dipheny!propylphosphine, diphenyl(p-tolyl)phosphine,
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,
(2-methoxyphcnyl)methylphenylphosphine, tri-n-octylphosphine,
tris(3 ,5-bis(triﬂuoromethyl)phen}"])phosphine,
tris(3-chlorophenyl)phosphine, t'ris(4-chlorophenyl)phosphine,
tris(2,6-dimethoxyphenyl)phosphine, tris(3-fluorophenyl)phosphine,
tris(2-furyDphosphine, tn's(2-methoxyphenyl)phosphine,
tris(3-methoxyphenyl)phosphine, tris(4-methoxyphenyl)phosphine,
tris(3 -methoxypropyl)phosphine, tris(2-thienyl)phosphine,
tris(2,4,6-trimcthylphen}"l)phosphine, tris(trimethyléilyl)phosphine,
isopropyldiphenylphosphine, dicyclohexyIphenyIphosphine,
(+)—neomenthy]dipheny]phbsplﬁne, tribenzylphosphine,
diphenyl(2-methoxyphenyl)phosphine,
diphenyl(pentaﬂuorophenyl)phosphim,
bis(pentaﬂuorophenyl)phenylphosphinc, and
tris(pentaﬂuorophenyi)phosphine.

Exemplary bidentate phosphine ligands include but are not
limited to(R)-(+)-2,2"-Bis(diphenylphosphino)-1,1 "-binaphthy:

bis(dicyclohexyiphospllino)méihanéj bis‘(dic}'clohexylphbsphino)ethane;

bis(diphenylphosphino)methane: bis(diphenylphosphino)ethane.
The phosphine ligands can also be selected fiom phosphine
compounds that are water soluble thereby imparting the resulting

PCT/US99/23243
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catalysts with solubility in aqueous media. Selected phosphines of this
type include but are not limited to carbdxylic substituted phosphines
such as 4-(diphenylphosphine)benzoic acid, and |
2-(diphenylphosphine)benzoic acid, sodium
2-(dicyclohexylphosphino)ethanesulfonate,
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-(dicyclohexylphosphino)-1,1-dimethylpiperidinium iodide, quaternary
amine-functionalizéd salts of phosphines such as
2-(dicyclohexylphosphino)-N,N,N-trimethylethanaminium chloride,
2,2'<(cyclohexylphosphinidene)bis[N,N,N-trimethylethanaminium .
dichloride, 2,2'-(cyclohexylphosphinidene)bis(N,N,N-
trimethylethanaminium) diiodide, and
2-(dicyclohexylphosphino)-N,N,N-trimethylethanaminium iodide.

Examples of phosphite ligands include but are not limited to
trimethylphosphite, diethylphenylphosphite, triethylphosphite,
tris(2,4-di-#-butylphenyl)phosphite, tri-n-propylphosphite,
triisopropylphosphite, u'i-n-butylphosphite, tri-sec-butylphosphite,
triisobuty]phosphite_, tri-~-butylphosphite, dicyclohexylphosphite,
tricyclohexylphosphite, uiphenylj)hosphite, tri-p-tolylphosphite,
tris(p-triflucromethylphenyl)phosphite, benzyl'diethylphosphite, and
tribenzylphosphite. _

" Examples of phosphinite ligands include but are not limited to
methyl diphenylphosphinite, ethyl diphenylphosphinite, isopropyl
diphenylphosphinite, and phenyl diphenylphosphinite.

Examples of phosphonite ligands include but are not limited to |
diphenyl phenylphosphonite, dimethyl phenylphosphonite, diethyl
methylphosphonite, diisopropy! phenylphosphonite, and diethyl
phenylphosphonite.

PCT/US99/23243
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Representative labile neutral electron donor ligands (L") are
reaction diluent, reaction monomers, DMF, DMSO, dienes including C,
to Cyo aliphatic and Cy to Cyg cycloaliphatic dienes representative dienes
include butadiene, 1,6-hexadiene, and cyclooctadiene (COD), water,
chlorinated alkanes, alcohols, ethers, ketones, nitriles, arenes, phosphine
oxides, organic carbonates and esters.

Representative chiorinated alkanes include but are not limited to
dichloromethane, 1,2-dichloroethane, and carbon tetrachloride.

Suitable alcohol ligands can be selected from alcohols of the
formula R¥OH, wherein R represents linear and branched C,-Cyo alkyl,
linear and branched C,-Cyq haloalkyl, substituted and unsubstituted
C5-Cy cycloalkyl, substituted and unsubstituted Cs-Cys aryl, and )
substituted and unsubstituted C¢-C)g aralkyl. When substituted, tl;c
cycloalkyl, aryl and aralkyl groups can be monosubstituted or
multisubstituted, wherein the substituents are independently selected
from hydrogen, linear and branched C;-C); alkyl, linear and branched
Ci-Cs haloalkyl, linear and branched C,-Cs alkoxy, C¢~Ci aryl, and
halogen selected from chlorine, bromine, and fluorine. Representative
alcohols include but are not limited to methanol, ethanol, n-propanol,
isopropanol, butanol, hexanol, s-butanol, neopentanol, phenol,
2,6-di-i-propylphenol, 4-t-octylphenol, 5-norbornene-2-methanol, and
dodecanol.

Suitable ether ligands and thioether ligands can be selected from
ethers and thioethers of the formulae (R'"-0-R'%) and (R!”-S-R'%),
respectively, wherein R'" independently represents linear and branched
C1-Cio alky! radicals, linear and branched C;-Cyo haloalkyl, substituted
and unsubstituted C3-Czy cycloalkyl, linear and branched C;-Cyq alkoxy
substituted and unsubstituted Cg-Ci; aryl, and substituted and |
unsubstituted Cs-C)g aralkyl. When Substituted, the cycloalkyl, aryl and
aralkyl groups can be monosubstitutéd or multisnbstituted, wherein the
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substituents are independently selected from hydrogen, linear and
branched C;-C;; alkyl, linear and branched C,;-C;s haloalkyl, linear and
branched C;-Cs alkoxy, C¢-C3 aryl, and halogen selected from chloriné,
bromine, and fluorine. taken together along with the oxygen or sulfur
atom to which they are attached to form a cyclic ether or cyclic
thioether. Representative ethers include but are not limited to dimethyl
ether, dibutyl ether, methyl-t-butyl ether, di-i-propy] ether, diethyl ether,
dioctyl ether, 1.4-dimethoxyethane, THF, 1,4-dioxane and
tetrahydrothiophene.

Suitable ketone ligands are represented by ketones of the
formula R''C(O)R!" wherein R'!" independently represents hydrogen,
linear and branched C;-Cy alkyl, linear and branched C;-Cy haloai_lgy],
substituted and unsubstituted C3-C3 cycloalkyl, substituted and
unsubstituted Cs-C) g aryl, and substituted and unsubstituted Cg-C)3
aralkyl. When substituted, the cycloalkyl, aryl and aralkyl groups can be
monosubstituted or multisnbstituted, wherein the substituents are
independently selected_ﬁ'qm hydrogen, linear and branched C;-C,, alkyl,
linear and branched C,-Cs haloalkyl, linear and branched C;-C;s alkoxy,
C;-C)2 aryl, and halogen selected from chiorine, bromine, and fluorine.
Representative ket_onés include but are not limited to acetone, methyl
ethyl ketone, cyclohexanone, and benzophenone.

The nitrile ligands can be represented by the formula R'*CN,
wherein R'? represents hydrogen, linear and branched C)-Cx alkyl,
linear and branched C;-Cy¢ haloalkyl, substituted and unsubstituted
C3-Cao cycloalkyl, substituted and unsubstituted C4-Cys aryl, and
substituted and unsubstituted Cq-Cyg aralkyl. When substituted, the
cycloalkyl, aryl and aré.lk_yl groups can be monosubstituted or
multisubstituted, wherein the substituents are independently selected
from hydrogen, linear and branched C;-Ci; alkyl, linear and branched
C,-Cs haloalkyl, linear and branched C,-C;s alkoxy, C4-Ci2 aryl, and
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halogen selected from chlorine, bromine, and fluorine. Representative
nitriles include but are not limited to acetonitrile, propionitrile,
benzonitrile, benzyl cyanide, and 5-norbornene-2-carbonitrile.

The arene ligands can be selected from substituted and
unsubstituted C¢-Cj, arenes containing monosubstitution or
multisubstitution, wherein the substituents are independently selected
from hydrogen, linear and branched C,-C;; alkyl, linear and branched
C,;-Cs haloalkyl, linear and branched C;-C; alkoxy, Cs-Cy» aryl, and
halogen selected from chlorine, bromine, and fluorine. Representative
arenes include but are not limited to toluene, benzene, o-, m-, and
p-Xylenes, mesitylene, fluorobenzene, o-difluorobenzene,
p-difluorobenzene, chiorobenzene, pentafluorobenzene,
o-dichlorobenzene, and hexafluorobenzene.

Suitable trialkyl and triaryl phosphine oxide ligands can be
represented by phosphine oxides of the formula P(OY(R'*)s, wherein R™*
independently represents linear and branched C;-Cyg alky}, linear and
branched Cy-Cz¢ haloalkyl, substituted and unsubstituted C3-Cyq
cycloalkyl, linear and branched C,-Cyg alkoxy, linear and branched
C}-Cy haloalkoxy, substituted and unsubstituted C¢-C;3 aryl, and
substituted and unsubstituted C¢-C;s 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 C;-C;; alkyl, linear and branched
C,-C; haloalkyl, linear and branched C,-C;s alkoxy, Cs-C)3 aryl, and
halogen selected from chlorine, bromine, and fluorine. Representative
phosphine oxides include but are not limited to triphenylphosphine
oxide, tributylphosphine oxide, trioctylphosphine oxide,
tributylphosphate, and tris(2-ethylhexyl)phosphate.

Representative carbonates inciude but are not limited to ethylene
carbonate and propylene carbonate.

PCT/US99/23243



‘WO 00/20472 : ' . PCT/US99/23243

10

15

(%)
wh

-22-

Representative esters include but are not limited to ethyl acetate
and i-amyl acetate. '

WCA Description
The weakly coordinating counteranion complex, [WCA], of
Formula I can be selected from borates and aluminates, boratobenzene
anions, carborane and halocarborane anions.
The borate and aluminate weakly coordinating counteranions are
represented by Formulae II and III below:

MEHRIERHRD) 1
[M(OR®)(OR®)OR®YOR®)] I

wherein in Formula IT M is boron or aluminum and R*, R*| R%, and
R*” independently represent fluorine, linear and branched C;-Cyo alkyl,
linear and branched C,-C,q alkoxy, linear and branched C;-Cs
haloalkenyl, linear and branched C3-C; trialkylsiloxy, C;5-Cs6
triarylsiloxy, substituted and unsubstituted C4-Csp aryl, and substituted
and unsubstituted C4-Cso aryloxy groups wherein R** to R?” can not all
simultaneously represent alkoxy or aryloxy groups. When substituted
the aryl groups can be monosubstituted or multisubstituted, wherein the
substituents are independently selected from linear and branched C;-C;
alkyl, linear and branched C;-C;s haloalkyl, linear and branched C;-Cs
alkoxy, linear and branched C,-C; haloalkoxy, linear and branched
Ci-Ci2 trialkylsilyl, C¢-C)s triarylsilyl, and halogen selected from
chlorine, bromine, and fluorine, preferably fluorine.

Representative borate anions under Formula II include but are not
limited to tetrakis(pentaﬂuorophenyl)bofate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
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tetrakis(2-fluorophenyl)borate, tetrakis(3-fluorophenyl)borate,
tetrakis(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetraflucrophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafinorophenyl)borate,
tetrakis(4-dimethyl-ters-butylsilyltetratfluorophenyl)borate,
{triphenylsiloxy)tris(pentafluorophenyi)borate,
(octyloxy)tris(pentafluorophenyl)borate,
tetrakis{3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyllphenyl]borate,
tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl}-5-
(trifluoromethyl)phenyilborate, and tetrakis{3-[2,2,2-trifluoro-1-(2,2,2-
trifluoroethoxy)-1-~(trifluoromethyl)ethy1)-5-
(trifluoromethyDphenyl]borate.

Representative aluminate anions under Formula II include but
are not limited to tetrakis(pentafluorophenyl)aluminate,
tris(perfluorobiphenyl)fluoroaluminate,
(octyloxy)tris(pentafluorophenyl)aluminate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyltris(pentafluorophenyl)aluminate,

In Formula III M is boron or aluminum, R?, R”, R, and R*"
independently represent linear and branched C,-Cyo alky}, linear and
branched C;-C,q haloalkyl, C,-C o haloalkenyl, substituted and
unsubstituted Cg-C3p aryl, and substituted and unsubstituted C5-Cjp
aralkyl groups, subject to the proviso that at least three of R?* to R*"
must contain a halogen containing substituent. When substituted the
aryl and aralkyl groups can be monosubstituted or multisubstituted,
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wherein the substituents are independently selected from linear and
branched C;-Cs alky), linear and branched Cy-Cs haloalkyl, linear and
branched C,-Cs alkoxy, linear and branched C,-C,( haloalkoxy, and
halogen selected from chlorine, bromine, and fluorine, preferably
fluorine. The groups OR?* and OR* can be taken together to form a
chelating substituent represented by -O-R3?-0-, wherein the oxygen
atoms are bonded to M' and R* is a divalent radical selected from
substituted and unsubstituted C¢-Csp aryl and substituted and
unsubstituted Cy- C3p 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 aralky! groups can
be monosubstituted or multisubstituted, wherein the substituents are
independently selected from linear and branched C;-Cs alkyl, linear and
branched C;-C; haloalkyl, linear and branched C,-Cs alkoxy, linear and
branched C;-Cyo haloalkoxy, and halogen selected from chlorine,
bromine, and fluorine, preferably fluorine. Representative structures of
divalent R* radicals are illustrated below:

34"
R3¥ R R
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wherein R** independently represents hydrogen, linear and branched
C;-Cs alkyl, linear and branched C;-C; haloalkyl, and halogen selected
from chlorine, bromine, and fluorine, preferably fluorine; R** 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 C-Cs alkyl,
linear and branched C,-Cs haloalkyl, linear and branched C,;-C; alkoxy,
linear and branched C,-C)q haloalkoxy, and halogen selected from
chlorine, bromine, and fluorine, preferably fluorine; and n"
independently represents an integer from 0 to 6. It should be recognized
that when n" is 0 the oxygen atom in the formula -0-R*?-0- is bonded
directly to 2 carbon atom in the aromatic ring represented by R**. In the
above divalent structural formulae the oxygen atom(s) ,i.e., when .n" is0,
and the methylene or substituted methylene group(s), (CR*¥))p-, are
preferably located on the aromatic ring in the ortho or meta positions.
Representative chelating groups of the formula -0-R*2-0- include but
are not limited to are 2,3,4,5-tetrafluorobenzenediolate (-OCgF40-),
2,3,4.5-tetrachlorobenzenediolate (-OC¢CL,0-), and
2,3,4,5-tetrabromobenzenediolate (-OC¢Br40-), and
bis(1,1'-bitetrafluorophenyl-2,2'-diolate).

Representative borate ﬁnd aluminate anions under Formula III
include but are not limited to [B{OC(CF3)3)s, [B(OC(CF;5)(CHa))s],
[B(OC(CF3)H)a]', [B(OC(CF3X(CH3)H)a], [AOC(CF3)2Ph)],
[B(OCHx(CF3)2)a], [AI(OC(CF3)2CeHLsCHs)aJ, [AOC(CF3)s)a],
[ANOC(CF3)(CH3)H)a], [AIOC(CF3)H)a]', [AI(OC(CF3);CeHy-4-i-Pr)],
[A(OC(CF:)CeHi-4-t-butyl)], [ALOC(CF3},CeHind-SiMes),
[A(OC(CF3),CsHy-4-Si--Pr3)s,], [A(OC(CF3);CeH3-2,6-(CF3),-4-Si-i-
Pr3)a]’, [AI(OC(CF3),CeHs-3,5-(CF3)a)a], [AI(OC(CF3),Ceta-2,4,6-
(CE3)3)4], and [A(OC(CF3),CqFs)a] .

PCT/USY9/23243
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The boratobenzene anions useful as the weakly coordinating

counteranion can be represented by Formula IV below:

R
R3S R
| v
R35 ? 3%
R

wherein R* is selected from fluorine, fluorinated hydrocarbyl,
perfluorocarbyl, and fluorinated and perfluorinated ethers. As used here
and throughout the specification, the term halohydrocarbyl means that at
least one hydrogen atom on the hydrocarbyl radical, e.g., alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, and aralkyl groups, is replaced with a halogen
atom selected from chloriné, bromine, iodine, and fluorine (e.g.,
haloalkyl, haloalkenyl, haloalkynyl, halocycloalkyl, haloaryl, and
haloaralkyl). The term fluorohydrocarbyl means that at least one )
hydrogen atom on the hydrocafbyl radical is replaced by fluorine. The
degree of halogenation can range from at least one hydrogen atom being
replaced by a halogen atom (e.g., a monofluoromethyl group) to full
halogenation (perhalogenation) wherein all hydrogen atoms on the
hydrocarby! group héve been replaced by a halogen atom .(e.g.,
perhalocarbyl such as trifluoromethyl (perfluoromethyl)). The
fluorinated hydrocarbyl and perfluorocarbyl 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 fluorinated hydrocarbyl and perfluorocarbyl radicals
include but are nt;)t limited to.fluorinated and perfluorinated linear and
branched C;-Cys alkyl, fluorinated and perfluorinated C3-Ca cycloalkyl,
fluorinated and perfluorinated C,-Cy4 alkenyl, fluorinated and

perfluorinated C3-Cy4 cycloalkenyl, fluorinated and perfluorinated
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Cé-Ca4 aryl, and fluorinated and perfluorinated Cy-Cy4 aralkyl. The
fluorinated and perfluorocarbyl ether substituents are represented by the
formulae ~-(CH2)mOR>®, or -(CF2)mOR respectively, wherein R*® is a

fluorinated or perfluorocarbyl group as defined above, m is and integer

" of Oto 5. Itis 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.

Preferred R* radicals include those that are electron
withdrawing in nature such as, for example, fluorinated and
perfluorinated hydrocarbyl radicals selected from triflucromethyl,
perfluoroethyl, perfluoropropyl, perfluoroisopropyl, pentafluorophenyl
and bis(3,5-trifluoromethyl)phenyl.

R** independently represents hydrogen, halogen,
perfluorocarbyl, and silylperfluorocarbyl radicals, wherein the
perfluorocarbyl and silylperfluorocarbyl are as defined previously.
Preferred halogen groups are selected from chiorine, fluorine, with
fluorine being especially preferred. When R*¥ is halogen,
perfluorocarbyl, and/or silylperfluorocarbyl, the radical(s) are preferably
ortho or para (more preferably para) to the boron atom in the
boratobenzene ring.

Representative boratobenzene anions include but are not limited
to {1,4-dihydro-4-methyl-1-(pentafluorophenyl)}-2-borate,
4-(1,1~dimethyl)-1,2-dihydro-1-(pentafluorophenyl)-2-borate,
1-fluoro-1,2~-dihydro-4-(pentafluorophenyl)-2-borate, and
1-[3,5-bis(trifluoromethyl)phenyl]}-1,2-dihydro-4-(pentafluorophenyl)-2-
borate.

The carborane and halocarborane anions useful as the weakly
coordinating counteranion include but are not limited to CB)1(CHs)5,
CBnHiz, 1-GHsCBhHiy, 1-PhsSiCBy H,yy, 1-CF5CB 1 Hyy
12-BrCB)Hy', 12-BrCBy Hyy', 7,12-Br,CByHye, 12-CICByHy ',
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7,12-CL,CByHie, 1-H-CBuF 11, 1-CH3-CB|1F11', 1-CF3-CBy1Fit,
12-CB;HyyF, 7,12-CBy HiF2, 7.9,12-CBy1HyF3", CB11HeBrs,
6-CBoHSF, 6,8-CBoHgFy', 6,7,8-CBoHiF3), 6,7,8,9-CBoH¢F 4,
2,6,7,8,9-CBoH;sFs’, CBgHsBrs', CB11HsCle', CBuHeFs, CB11H¢F¢,
CB1H¢ls, CB1 1 HeBrs, 6,7,9,10,1 1,12-CBy;H¢Fs ,
2,6,7.8,9,10-CBoH;Fs", 1-H-CBgFyg', 12-CB11H; 1(CeHs),
1-C¢Fs-CB11HsBrs, CBisMeiz’, CB1i(CFa)i2’, Co(BsCoHn)z,
CB11(CHs)iz2', CB1i(CeHo)iz', CB1(CeHiahiz', Co(C2BsHin)2,
Co(BriC2BgHs), and dodecahydro-1-carbadodecaborate.

Catalyst Preparation

The catalysts of Formula I can be prepared asa preformec! single
component catalyst in solvent or can be prepared in situ by admixihg the
catalyst precursor components in the desired monomer to be
polymerized.

The single component catalyst of Formula I can be prepared by
admixing the catalyst precursors in an appropriate solvent, allowing the
reaction to proceed under appropriate température conditions, and
1solat1ng the catalyst product. In another embodiment, a Group 10 metal
procatalyst 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 Formula I above. In another

- embodiment a Groﬁp 10 metal procatalyst containing a Group 15

electron donor ligand is admixed with a salt of a weakly coordinating
anion in an appropﬁaté solvent to yield the preformed catalyst complex.
The E.atalyst 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 cycloalkane solvents such as pentane, hexane, heptane, and

—
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cyclohexane; halogenated alkane solvents such as dichloromethane,
chloroform, carbon tetrachloride, ethylchloride, 1,1-dichloroethane,
1,2-dichloroethane, 1-chloropropane, 2-chloropropane, 1-chiorobutane,
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, fluorobenzene, o-difluorobenzene,
p-difluorobenzene, pentafluorobenzene, hexafluorobenzene,
o-dichlorobenzene, chlorobenzene, toluene, o-, m-, and p-xylenes,
mesitylene, cyclohexane, THF, and dichloromethane.

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.

The reaction is carried out by dissolving the procatalystin 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. [solation of the produc}t can be accomplished
by standard procedures, such as evaporﬁting the solvent, washing the
solid with an appropriate solv-ent, and fhen recrystallizing the desired

product. The molar ratios of catalyst components employed in the
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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/WCA salt is 1:1-10:1-100, more preferably,
1:1-5:1-20, and most preferably, 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.

In one embodiment, a Group 10 metal procatalyst dimer of the
formula [R'MA']; 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 éatalyst product as showﬁ in

equation (1) below.
. [RMAT,+ L' +yL" + [WCA] salt - [RM(L)(L") ] [WCAJ,

Suitable procatalyst dimers of the formula [R'MA']; include but are not
limited to the following compositions (allyl)palladiumtriﬂuoroécetate
dimer, (allyl)palladiumchloride dimer, (crotyl)palladiumchloride dimer,
(allyl)palladiumiodide dimer, (B-pinenyl)palladiumchloride dimer,
methallylpalladium chloride dimer, 1,1-dimethylallylpalladium chloride
dimer, and (allyl)palladiumacetate dimer.

In another embodiment , a ligated Group 10 métal 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
app'rdp'riate solvent to produce the single component catalyst product as |

shown in equation (2) below.

2. [RM(L")A']+xL'+[WCA] salt — [RM(LW(L")yJo [WCA]q

PCT/US99/23243
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A representative procatalyst of the formula [RM(L")yA’] includes but is
not limited to (COD)palladium (methyl)chloride.

In a further embodiment, a Group 10 metal ligated procatalyst of
the formula [R'M(L")xA'] containing the 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.

3. [RM(L)A] +yL" + [WCA] salt = [RM(L')(L")y)s [WCAlq

Suitable procatalysts of the formula [R'M(L"),A"] include but are not
limited to the following compositions:
(allyl)palladium(tricyclohexylphosphine)chloride,
(allyl)palladium(tricyclohexylphosphine)trifiate,
(allyl)palladium(triisopropylphosphine)trifiate,
(allyl)palladium(tricyclopentylphosphine)triflate,
(ally)pailadium(tricyclohexylphosphine)trifluoroacetate,
(allyl)palladium(tri-o-tolylphosphine)chloride,
(allyDpalladium(tri-o-tolylphosphine)triflate,
(ally)palladium(tri-o-tolylphosphine)nitrate,
(allyl)palladium(tri-o-tolylphosphine)acetate,
(allyl)palladium(triisopropylphosphine)triflimide,
(allyl)palladium(tricyclohexylphosphine)triflimide,
(allyDpalladium(triphenyiphosphine)triflimide,
(allyD)palladium(trinaphthylphosphine)triflate,
(allyl)palladium(tricyclohexylphosphine) p-tolylsulfonate,
(allylDpalladium(triphenylphosphine)triflate, _
(allyl)palladium(triisopropylphosphine)triflucroacetate,
(allyl)platinum(tricyclohexylphosphine)chloride,
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(allyl)platinum(tricyclohexylphosphine)trifiate,

(1,1 -dimethylallyl)palladium(u'iisopropylphosﬁhine)triﬂuoroacetate.
(2-chloroallyl)palladium(triisopropylphosphine)trifluoroacetate,
(crotyl)palladium(triisopropylphosphine)trifiate,
(crotyl)paliadium(tricyclohexylphosphine)trifiate,
(crotyl)palladium(tricyclopentylphosphine)triflate,
(methallyl)palladium(tricyclohexylphosphine)trifiate,
(methallyl)palladium(triisopropylphosphine)triflate,
(methallyl)palladium(tricyclopentylphosphine)trifiate,
(methallyl)palladium(tricyclohexylphosphine)chloride,
(methallyl)palladium(triisopropylphosphine)chloride,
(methallyl)palladium(tricyclopentylphosphiné)chloride,
(methallyl)palladium(tricyclohexylphosphine)triflimide,
(methallyl)palladium(triisopropyiphosphine)triflimide,
(methallyl)palladium(tricyclopentylphosphine)triflimide,
(methallyl)palladium(tricyclohexylphosphine)trifluoroacetate,
(methallyl)palladium(triisopropylphosphine)trifluoroacetate,
(methallyl)palladium(tricyclopentylphosphine)trifluoroacetate,
(methallyl)palladium(tricyclohexylphosphine)acetate,
(methallyl)palladium(triisopropylphosphine)acetate,
(methallyl)palladium(tricyclopentylphosphine)acetate,
(methallylnickel(tricyclohexylphosphine)triflate,
{2-[(dimethylamino)methyl]phenyl-C,N-}-palladium(tricyclohexyl-
phosphine)chloride, |
[(dimethylamino)methyl]phenyl-C,N-}-palladium(tricyclohexyl-
phosphine)triflate,

(hydrido)palladium bis(tricyclohexylphosphine)triflate,
(hydrido)palladium bis(tricyclohexylphosphine)formate
(hydrido)palladium bis(tricyclohexylphosphine)chloride,
(hydrido)palladium bis(triisopropylphosphine)chloride,

v
S
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(hydrido)palladivm bis(tricyclohexylphosphine)nitrate,
(hydrido)palladium bis(tricyclohexylphosphine)trifiuoroacetate, and
(hydrido)palladiumbis(triisopropylphosphine)triflate.

~ Other procatalyst components suitable for use in the foregoing

5 process include (Me;NCH;CgH,)Pd(O3SCF3)P(cyclohexyl)s (i.e.,

ortho-metaltatedphenylmethlyenedimethylamino palladium
tricyclohexylphosphine), (ally)Pd(P-i-Pr3)CgFs, (allyl)Pd(PCy3)CeFs,
(CH;)Pd(PMe;),Cl, (C;Hs)Pd(PMes),Cl (Ph)Pd(PMe;):Cl,
(CH3)Pd(PMe;3);Br, (CH;)Pd(PMe,Ph):Cl, (CoH;)Pd(PMe;),Br,

10 (CoHs)Pd(PMe3):Br, (Ph)Pd(PMes),Br, (CH3)Pd(PMe;)NOs,
(CH3)PA(P(i-P1)3),0:SCCF3, (n'-benzyl)Pd(PEt; ),Cl,
(allyl)Pd(PMe;)OC(0O)CH,CH=CHj, (allyl)Pd(AsPh;)Cl, :
(ally)Pd(PPh;)C], (altyl)PA(SbPhs)Cl, (methylallyl)Pd(PPhy)CL,
(methylallyDPd(AsPh;)Cl, (methylaliyl)Pd(SbPh;)ClL,

15  (methylally)Pd(PBus)C, and (methylallyl)PA(P[(OCH;);]CH)CL

In another embodiment, the catalyst can be formed by

protonating a procatalyst of the formula:
(Cehd  MRILKLL,
20 in the presence of a Brensted 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.

HACA
{protonation)
4. (CgHy) ML), > [HHCHi~ M (L'),(L"),] [WCA]

25 In this embodiment R' is a; divalent hydrocarbyl ligand of the formula
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-(C4Ha4)- 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 C,-Cs alkyl, linear and branched C;-C;
haloalkyl, Cs-Cy9 cycloalkyl, and C¢-Cjg aryl. The cycloalkyl and aryl
moieties can optionally be substituted with a halogen substituent
selected from bromine, chlorine, fluorine, and iodine, preferably
fluorine. 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
monocyclic, 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.

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. RML)ML")AT+[WCA] salt - [RML)(L"))s [WCAl4

Suitable procatalysts of the formula [R'M(L")x(L"),A"] include but are
not limited to the following compositions:
[(ally)Pd(NCCH;3)(P-i-Pr3)][B(02-3,4,5,6-CLiCq)z],
[(allyDPd(HOCH3)(P-i-Pr3)]{B(02-3,4,5,6-CLiCe)2),
[(allyDPA(HOCH; )(P-i-Prs)][B(0r-3.4,5,6-BriCe)],
[(ally)Pd(HOCH;)(P-i-Pr3)}[B(O2CsHa)o],
[(ally)Pd(OEtz2)(P-i-Pr3)} [BPhs], [(allyDPd(OEL)(P-i-Pr3)],
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(SbFel{(ally)PA(OEL,)(P-i-Pr3)] [BF4), {(ally)Pd(OEL;)(PCys)] (BF.],
[(ally)Pd(OEL)(PPhs)] [BF ), [(altyl)Pd(OEL)(P-i-Prs)] [PFs],
{(allyDPd(OEL)(PCys)] [PFe), [(allyDP(OEL)PPhs)] [PFe),
[(allyD)PA(OEt)(P-i-Pr3)} [C1O4], [(allyPA(OEL)(PCys)] [C1O4},
[(allyDPd(OEt:)(PPhs)] [C104), [(allyD)Pd(OEt,)(P-i-Pr3)] [SbF4),
[(ally)Pd(OEt;)(PCy;)] [SbF], and [(allyl)Pd(OEt;)(PPhs)] {SbF).

In another embodiment of the invention the catalyst of Formula I
is generated by reacting a procatalyst of the formula [M(L")(L")y(A"2}
with an organometallic compound of aluminum, lithium or magnesium,
and a source of a weakly coordinating anion (WCA) or a strong Lewis
Acid. In this embodiment the anionic hydrocarby! 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.

6. [MLY@L"W(A")] + [WCA] salt or Strong Lewis Acid +
organometallic compound — [RM(L)(L"),}» [WCAJq

Examples of procatalysts suitable for use in this embodiment
include :
nickel acetylacetonate,
nickel carboxylates,
nickel (II) chloride,
nickel (II) bromide,
nickel ethylhexanoate,
nickel (II) trifluorcacetate,
nickel (II) hexafluoroacetylacetonate,
NiCL(PPh,),
NiBry(P(p-tolyl), )2,
trans-PdCl,(PPha),,
palladium (II) bis(trifluoroacetate),
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palladium (II) acetylacetonate,
(cyclooctadiene)palladium (II) dichloride,
Pd(acetate),(PPh,),

PdClx(PPh;),

PdBr,(PPh,),

PdBr2(P(p-tolyl)s)z,

PdCls(P(o-tolyl)s)z,
PdCL(P(cyclohexyl)s)s,

palladium (II) bromide,

palladium (II) chloride,

palladium (II) iodide,

palladium (II) ethylhexanoate,

dichloro bis(acetonitrile)palladium (II),
dibromo bis(benzonitrile)palladium (I1),
platinum (II) chloride, |
platinum (II) bromide, and _
platinum bis(triphenylphosphine)dichloride.

In general the Group 10 metal procatalyst is a nickel (II),
platinum (-II)'or palladium (IT) compourid containing 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 originating from the
organometallic compound. The leaving groups can be the same or
different. The Group 10 metal procatalyst may or may not be ligated.

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.

PCT/US99/23243
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7. [ML")(A%]+xL' + [WCA] salt or Strong Lewis Acid +
organometallic compound — [RME WL ")y]s [WCA)4

The strong Lewis acids suitable for use in this embodiment are

W

selected from compounds of the formula:
Mv(R'% l')3

wherein M’ represents aluminum or boron and R*" represents

10 monosubstituted and multisubstituted C¢-C3p aryl, wherein the
substituents on the aryl group are independently selected from halogen,
preferably fluorine, linear and branched C,-Cs haloalkyl, preferably
trifluoromethyl, and halogenated and perhalogenated phenyl, preferably
pentafluorophenyl. Examples of such strong Lewis acids include:

15 tris(pentafluorophenyl)boron, tris(3,5-bis(trifluoromethylphenyl)boron,
tris(2,2',2"-nonafluorobiphenyl)borane, and
tris(pentafluorophenyl)aluminum.

The organometallic compound is 2 hydrocarbyl derivative of
silicon, germanium, tin, lithium, magnesium ot aluminum, Aluminum

20 derivatives are preferred. The organoaluminum component of the

catalyst system is represented by the formula:
AR, Q..

25 wherein R' independently represents hydrogen, linear and branched
C1.Cao alkyl, Cs-Cyp cycloalkyl; linear and branched Cy-Cyp alkenyl,
Cs-Cis cycloalken:}l, allylic ligands or canonical forms thereof, Cs-Cag
aryl, and C;-Cjp aralkyl,*Q is a halide or pseudohalide selected from
chlorine, fluorine, brorine, iodine, linear and unbranched Ci-Cx

30 alkoxy, Cg-Cas aryloxy; x" is 0 to 2.5, preferably 0 to 2, most preferably
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0 to 1. Trialkylaluminum compounds are most preferred. Examples of
suitable organometallic compounds include:

methyllithium, sec-butyllithium, n-butyllithium, phenyllithium,
butylethylmagnesium, di-n-butylmagnesium, butyloctylmagnesium,
trimethylaluminum, triethylaluminum, tri-n-propylaluminum,
tri-i-propylaluminum, tri-i-butylaluminum, tri-2-methylbutylaluminum,
tri-octylaluminum, diethylaluminum chioride, ethylaluminum
dichloride, di-i-butylaluminum chloride, diethylaluminum bromide,
ethylaluminum sesquichloride, diethylaluminum ethoxide,
diethylaluminum(i-butylphenoxide), and
diethylaluminum(2,4-di-terz-butylphenoxide).

Embodiments of the catalyst devoid of a hydrocarby] containing
ligand can be synthesized by reacting a procataiyst of the formula
[M(A")z] with the desired ligands and WCA salt in accordance with the
following reaction scheme:

8. [M(A")2] +xL' + 2[WCA] salt — [M(L)] [WCA], + 2A’ salt
whereinx=1o0r2, M, L’, and L” are as previously defined.

Examples of procatalyst compounds include palladium (II)
bis(acetylacetonate, palladium (acetate),, PA(INOs),, PdCl;, PdBr;, and
Pdl,.

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.

" 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 1:1-10:1-100:2-200,
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more preferably 1:1-5:1-40:4-100, and most preferably 1:1-2:2-20:5-50.
In embodiments where the Group 10 metal ion source is an adduct
containing a Group 15 electron donor compound, no additional
Group 15 electron donor compound need be employed. In this

5 embodiment the most preferred molar ratio of the Group 10
metal/Group 15 electron donor compound/source of a weakly
coordinating anion/organometallic compound is 1:0:2-20:5-50.

In all of the forgoing embodiments the catalysts of Formula I

can be prepared as a preformed single component catalyst in solvent or

10 they can be prepared i» 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

15 precursor components and then add the mixture to the monomer or
monomer solution containing the remaining catalyst precursor
component(s).

In the equations and formulae set forth above and throughout the
specification, R', M, L', L", [WCA], b, d, %, and y are as defined above

20 unless otherwise defined, A'is an anionic leaving group which is
defined below, [WCA] saltis 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 specification refer to methyl, ethyl, propyl,
butyl, cyclohexyl, and phenyl, respectively.

25 The foregoing Group 10 metal procatalyst components are
commerciaily available or can be synthesized by techniques well known
in the art. _

As discussed above catalyst complex of Formula I can be
formed in situ By combining any of the Group 10 metal procatalysts with

30 the desired catalyst system components in monomer. In cases where the
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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 Brensted aéids. The
WCA salt, strong Lewis acid or Brensted 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 difference being
that the catalysts are formed in monomer in lieh of solvent and that a

polymer product is formed.

Leaving Groups

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 salit.
Leaving group A' is selected from halogen (i.e., Br, Cl, I, and F), nitrate,
triflate (trifluoromethanesulfonate), triflimide
(bistrifluoromethanesulfonimide), trifluoroacetate, tosylate, AlBr,’,
AlFy, AlCly, AIF30;SCF5, AsClg’, SbClg', SbFs, PFs, BF4,ClO4,
HSOQy, carboxylates, acetates, acetylacetonates, carbonates, aluminates,
and borates.

In another embodiment the leaving group can be a hydrocarbyl
group or halogenated hydrocarby! group when a Brensted 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 C,-C;s alkyl, linear and branched C;-Cs
haloalkyl, Cs-C cycloalkyl, and C¢-Cyp aryl. The cycloalkyl and aryl
moieties can optionally be substituted with a halogen substituent

selected from bromine, chlorine, fluorine, and iodine, preferably

. PCT/US99/23243
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fluorine. In this embodiment, A' is protonated to yield the neutral
moiety A'H. Methyl and pentafiuorophenyl groups are representative
examples of leaving groups under this embodiment.

Halogen leaving groups include chlorine, iodine, bromine and
fluorine. The acetates include groups of the formula R**C(0)0’, and the
carbonates include groups of the formula R*®*OC(0)O", wherein R*®*
represents linear and branched C,-Cs alky!, linear and branched C;-Cs
haloalkyl (preferably fluorine), linear or branched C,-Cs alkenyl, C4-C)2
aryl, optionally monosubstituted or independently multisubstituted with
linear and branched C,-C; alkyl, linear and branched C;-Cs haloalkyl,
and halogen (preferably fluorine).

The aluminate and borate leaving groups can be represented by
the formulae M'(R*)s , M(GR®), , M{(-C=CPh), , or a moiety
represented by the following structures :

et eetay

wherein G is a sulfur or oxygen atom Ph represents phenyl and
substituted phenyl as defined below, and R*® independently represents
linear and branched C,-C;o alkyl, linear and branched C,-Cyo chloro- or
bromoalkyl, Cs-Ciq cycloalkyl, substituted and unsubstituted aryl,
preferably, phenyl and substituted phenyl, substituted and unsubstituted
C7-Cyp aralkyl, preferably, phenylalkyl and substituted phenylalkyl. By
substituted is meant that the aryl or phenyl groups can contain one or
more of linear and branched C;-Cs alkyl, linear and branched C,-Cs
haloalkyl, chlorine, and bromine substituents, a.nd combinations thereof.
Representative aluminate grqﬁps include but are not limited to

tetraphenoxyaluminate, tetrakis(cyclohexanolato)aluminate,

PCT/US99/23243
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tetraethoxyaluminate, tetramethoxyaluminate,
tetrakis(isopropoxy)aluminate, tetrakis(2-butanolato)aluminate,
tetrapentyloxyaluminate, tetrakis(2-methyl-2-propanolato)aluminate, |
tetrakis(nonyloxy)aluminate, and

bis(2-methoxyethanolate-O,0")bis(2-methoxyethanolate-O")aluminate,

tetrakis(phenyl)aluminate, tetrakis(p-tolyl)aluminate,
tetrakis(m-tolyl)aluminate, tetrakis(2,4-dimethylphenyl)aluminate, and
tetrakis(3,5-dimethylphenyl)aluminate. i
Representative borate groups include tetraphenylborate,
tetrakis(4-methylphenyl)borate, tetrakis(4-chlorophenyl)borate,
tetrakis(4-bromophenyl)borate, tetrakis(2-bromo-4-chlorophenyl)borate,
butyltriphenylborate, tetrakis(4—methoxyphenyl)borate, |
tetrakis(phenylethynyl)borate, bis(1,2-benzenediolato)borate,
triphenyl(phenylethynyl)borate, bis(tetrafluorobenzenediolate)borate,
bis(tetrachlorobenzenediolate)borate,
bis(tetrabromobenzenediolate)borate,

| bis(1,1'-biphenyl-2,2'-diolato)borate, tetrakis(thiophenolyl)borate,

bis(3,5-di-tert-butylbenzenediolate)borate,
tetrakis(2,4-dimethylphenyl)borate, tetrakis(p-tolyl)borate,
tetrakis(3,5-dimethylphenyl)borate, and tetrakis(m-tolyl)borate.

In addition to the anionic leaving groups described above, A’ can
also be selected from highly fluorinated and perfluorinated alkylsulfonyl
and arylsulfonyl containing anions of the formulae (R**S0,),CH’,
(R4°'SO7_)3C', and (R‘O'SOz)zN', wherein R* independently represents
linear and branched C;-Cj highly fluorinated and perfluorinated alkyl,
Cs-Cys highly fluorinated and perfluorinated cycloalkyl!, and highly
fluorinated and perfluorinated C¢-Cp, aryl. Optionally, the alky! and

‘ cycloalkyl groups can contain a heteroatom in the chain of cyclic

structure, respectively. Preferred heteroatoms include divalent

(non-peroxidic) oxygen (i.e., -O-), trivalent nitrogen, and hexavalent



e e

WO 00/20472 : PCT/US99/23243

W

10

[0
Wy

-43 -

sulfur. Any two of R*"' can be taken together to form a ring. When R*
is a cycloalkyl substituent, a heterocycloalkyl substituent, or is taken
with another R*® group to form a ring, the ring structures preferably
contain S or 6 atoms, 1 or 2 of which can be heteroatoms.

In the above formulae the term highly fluorinated means that at
least 50 percent of the hydrogen atoms bonded to the carbon atoms in
the alkyl, cycloalkyl, and aryl moieties are replaced by fluorine atoms.
Preferably, at least 2 out of every 3 hydrogen atoms on the alkyl,
cycloalkyl, and aryl moieties under R*” are replaced by fluorine. More
preferably, at least 3 out of every 4 hydrogen atoms are replaced by
fluorine, and most preferably all of the hydrogen atoms on the R*"
substituent are replaced by fluorine to give the perflucrinated moiety. In
addition to or in lieu of fluorinie atom substitution on the aryl ring(s), the
aryl groups can contain linear and branched C;-Cy highly fluorinated
and perfluorinated alkyl groups, such as, for example, triflucromethyl.
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.

Representative highly fluorinated and perfluorinated
alkylsulfonyl and arylsulfonyl containing anions of the foregoing
formulae include but are not limitéd to (C2F sS03)2N", (C4FSO;)N’,
(CF3SO21N’, (CF3802)(C4FeSO1)N, ((CF3);NC;F4SO,);N,
(CeFsSOa)(CF3SOa)N', (CF3S0;CHF,S02)N, (C;FsSO,)(CF3SON,,
(C3F1S022N’, ((CF3)2(F)CSO2)N', (C4Fo(CF;);NSO,),N"
(CeF178021C’, (CF380215C’, (CF380:),CH,, (CaFsS02)C,
(CF3S0(C4FsS0;)C, ((CE31:NC1FiSOp)C(SOCF3)r,
(3,5-bis(CF3)CH3)SON(SO,CF3), (CeFsSO2)C(SO2CF3)y, and the
structures exemplified below:
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/0N - so"CFz N /soz'c':z

N [T RS e N
SOfCF, so; ?, so; 2
CF;—C{, CFCF,

o /N--c,F.so,c'(so,cF,)z O\ /N—c,F.so,hiso,cF,
crcF, . CFgCF,

Additional highly fluorinated and perfluorinated alkylsulfonyl
and arylsulfonyl anions suitable as leaving groups are described in
Turowsky and Seppelt, Inorganic Chemistry, 1988, 27, 2135-2137, and
in U.S. Patent Numbers 4,387,222; 4,505,997; 5,021,308; 5,072,0_4:9;
5,162,177, and 5,273,840 the disclosures of which are hereby '.
incorporated by reference.

WCA SALTS

The salt of the weakly coordinating anion employed in the
process of the present inventio-n can be represented by the formula
[C(L")z}o [WCAJq, wherein C represents a proton (H"), an alkaline earth
metal cation, a transition metal cation or an organic group containing
cation, L" and WCA, are as defined 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 éleqtronic charge on the overall salt complex.

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.

The alkali earth metal cations include Group 2 metals selected
from beryllium, magnesium, calcium, strontium, and barium. The

preferred Group 2 metal cations are magnesium, calcium, strontium, and
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barium. The transition metal cation is selected from zinc, silver, and
thailium. _ '

The organic group cation is selected from ammonium,
phosphonium, carbonium and silylium cations, i.e., uy
INR*YT", (PHR*"3], PR*"), [R*CT', and [R*";Si]", where R*"
independently represents a hydrocarbyl, silylhydrocarbyl, or
perfluorocarbyl group, each containing 1 to 24 c_arbon atoms, more
preferably, from 1 to 12 carbons arranged in a linear, branched, or ring
structure. By perfluorocarby] is meant that all carbon bonded hydrogen
atoms are replaced by a fluorine atom. Representative hydrocarbyl
groups include but are not limited to linear and branched C,~Cyp alkyl,
C3-Cyo cycloalkyl, linear and branched C; to Cy alkenyl, C3-Cyo .
cycloalkenyl, Cq-Cay aryl, and Cy-Cy aralkyl, and organometallic
cations. The organic cations are selected from trityl, trimethylsilylium,
triethylsilylium, tris(trimethylsilyl}silylium, tribenzylsilylium,
triphenylsilylium, tricyclohexylsilylium, dimethyloctadecylsilylium, and
triphenylcarbenium (i.e., trityl). In addition to the above cation
complexes ferrocenium cations such as [(CsHs):Fe]” and
[(Cs(CHs))Fel" are also useful as the cation in the WCA salts of the
invention. )

Examples of WCA salts having a weakly coordinating anion
described under Formula II include but are not limited to
lithium tetrakis(2-fluorophenyl)borate,
sodium tetrakis(2-fluorophenyl)borate,
silver tetrakis(2-fluorophenyl)borate,
thallium tetrakis(2-fluorophenyl)borate,
lithium tetrakis(3-fluorophenyl)borate,
sodium tetrakis(3-fluorophenyl)borate,
silver tetrakis(3-fluorophenyl)borate,
thallium tetrakis(3-fluorophenyl)borate,

PCT/US99/23243
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ferrocenium tetrakis(3-fluorophenyl)borate,

ferrocenium tetrakis(pentafluorophenyl)borate,

lithium tetrakis(4-fluorophenyl)borate,

sodium tetrakis(4-fluorophenyl)borate,

silver tetrakis(4-fluorophenyl)borate,

thallium tetrakis(4-fluorophenyl)borate,

lithium tetrakis(3,5-difluorophenyl)borate,

sodium tetrakis(3,5-difluorophenyl)borate,

thallium tetrakis(3,5-difluorophenyl)borate,

trityl tetrakis(3,5-difluorophenyl)borate,
2,6-dimethylanilinium tetrakis(3,5-difluoropheny!)borate,
lithium téu'akis(pemaﬂuorophenyl)borate,
lithium(diethy! ether) tetrakis(pentafluorophenyl)borate,
lithium(diethyl ether), 5 tetrakis(pentafluorophenyl)borate,
lithium tetrakis(2,3,4,5-tetrafluorophenyli)borate,

lithium tetrakis(3,4,5,6-tetrafluorophenyl)borate,

lithium tetrakis(1,2,2-trifluoroethylenyl)borate,

lithium tetrakis(3,4,5-trifluorophenyl)borate,

lithium methyitris(perfluorophenyl)borate,

lithium phenyltris(perfluorophenyl)borate,

lithium tris(isopropanol) tctraléis(pentaﬂuorophenyl)borate, lithium
tetrakis(methanol) tetrakis(pentafluorophenyl)borate,
silver tetrakis(pentafluorophenyl)borate,
tris(toluene)silver tetrakis(pentafluorophenyl)borate,
tris(xylene)silver tetrakis(pentafluorophenyl)borate,
trity] tetrakis(pentafluorophenyl)borate,

trityl tetrakis(4-triisopropylsilyltetaﬂuorOphenyljbomte,

- trityl tetrakis(4-dimethyl-zert-butylsilyltetrafiuorophenyl)borate,

thallium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
2.6-dimethylanilinium tetrakis(pentafiuorophenyl)borate,
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N,N-dimethylanilinium teh-ak?s(pentaﬂuorophenyl)borate,

PCT/US99/23243

N,N-dimethylanilinium tetrakis{3,5-bis(triflucromethyl)phenyljborate

lithium (triphenylsiloxy)tris(pentafluorophenyl)borate,
sodium (triphenylsiloxy)tris(pentafluorophenyl)borate,
sodium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
sodium tetrakis(3,4,5,6-tetraflucrophenyl)borate,
sodium tetrakis(1,2,2-trifluoroethylenyl)borate, .
sodium tetrakis(3,4,5-trifluorophenyl)borate,

sodium methyltris(perflucrophenyl)borate,

sodium phenyltris(perfluorophenyl)borate,

thallium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
thallium tetrakis(3,4,5,6-tetrafluorophenyl)borate,
thallium tetrakis(l,2,2—triﬂuoroethylenyl)b6rate,
thallium tetrakis(3,4,5-trifluorophenyl)borate,

sodium methyltris(perfluorophenyli)borate,

thallium phenyltris(perfluorophenyl)borate,

trityl tetrakis(2,3.4,5-tetrafluorophenyl)borate,

trityl tetrakis(3,4,5,6-tetrafluorophenyl)borate,

trityl tetrakis(1.2,2-triflucroethylenyl)borate,

trityl tetrakis(3,4,5-trifluoropheny!l)borate,

trityl methyltris(pentafluorophenyl)borate,

trityl phenyltris(perfluorophenyl)borate,

silver tetrakis[3.5-bis(trifluoromethyl)phenyl}borate,
silver(toluene) tetrakis{3,5-bis(trifluoromethyl)phenyl)borate,
thallium tetrakis(3,5-bis(trifluoromethyl)phenyljborate,
lithium (hexyltris(pentaflucrophenyl}borate,

lithium triphenylsiloxytris(pentaflucrophenyl)borate,
lithtum(octyloxy)tris(pentafluorophenyl)borate,

lithium tetrakis(3,5-bis(triffuoromethyl)phenyl)borate,
sodium tetrakis(pentafluorophenyl)borate,
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trityl tetrakis(pentafiuorophenyli)borate,
sodium(octyloxy)tris(pentafluorophenyl)borate,

sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

potassium tetrakis(pentafluorophenyl)borate,

trityl tetrakis(pentafluorophenyl)borate,
potassium(octyloxy)tris(pentaflucrophenyl)borate,

potassium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

magnesium tetrakis(pentafluorophenyl)borate,

magnesium magnesium(octyloxy)tris(pentaﬂuorophényl)borate,
magnesium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

calcium tetrakis(pentafluorophenyl)borate,

calcium (octyloxy)tris(pentafluorophenyl)borate,

calcium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

lithium tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl]phenyl]borate, |

sodium tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(triflucromethyl)ethyl}phenyljborate,

silver tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl]phenyl]borate,

thallium tetrakis3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl]phenyl]borate,

lithium tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]-
5-(trifluoromethyl)phenyl]borate,

sodium tetrakis{3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]-
5-(trifluoromethyl)phenyl]borate,

silver tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(triflucromethyl)ethyl}-5-
(trifluoromethyl)phenyl]borate,

thallium tetrakis{3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]-
S5-(trifluoromethyl)phenyljborate,
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lithium tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl}-5-(trifluoromethyl)phenyl]borate,
sodium tetrakis{3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl]}-S-(trifluoromethyl)phenyljborate,
silver tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl)-5-(trifluoromethyl)phenyljborate,
thallium tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethylethyl]-5-(triflucromethyl)phenyl]borate,
trimethylsilylium tetrakis(pentafluorophenyl)borate,
trimethylsilylium etherate tetrakis{pentafluorophenyl)borate,

PCT/US99/23243

triethylsilylium tetrakis(pentafluorophenyl)borate, triphenylsilylium

tetrakis(pentafluorophenyl)borate,

tris(mesityl)silylium tetrakis(pentafluorophenyi)borate, tribenzylsilylium

tetrakis(pentafluorophenyl)borate,

trimethylsilylium methyltris(pentafluorophenyi)borate,
triethylsilylium methyltris(pentafluorophenyl)borate,
triphenylsilylium'methyltris(pentaﬂuorophenyl)borate,
tribenzylsilylium methyltris (pentafluorophenyl)borate,
trimethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triphenylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tribenzylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
trimethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triphenylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
trimethylsilylium tetrakis(3,4,5-trifluorophenyl)borate,
tribenzylsilylium tetrakis(3,4,5-trifluorophenyl)aluminate,
triphenylsilylium methyltris(3,4,5-trifluorophenyl)aluminate,
triethylsilylium tetrakis(1,2,2-trifluoroethenyl)borate,
tricyclohexylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
dimethyloctadecylsilylium tetrakis(pentafluorophenyl)borate,
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tris(trimethyl)silyl)silylium methyltri(2,3,4,5-tetrafluorophenyl)borate,
2,2'-dimethyl-1,1-binaphthylmethylsilylium
tetrakis(pentafluorophenyl)borate,
2,2'-dimethyl-1,1"-binaphthylmethylsilylium

tetraléis(3 ,3-bis(trifluoromethyl)phenyl)borate,

lithium tetrakis(pentafluorophenyl)aluminate,

trityl tetrakis(pentafluorophenyl)aluminate,

trityl (perfluorobiphenyl)fluoroaluminate,

lithium(octyloxy )tris(pentafluorophenyl)aluminate,

lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,
sodium tetrakis(pentafluorophenyl)aluminate,

trityl tetrakis(pentafluorophenyl)aluminate,
sodium(octyloxy)tris(pentafluorophenyl)aluminate,

sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,
potassium tetrakis(pentafluorophenyl)aluminate,

trityl tetrakis(pentafluorophenyl)aluminate,

potassium (octyloxy)tris(pentaflucrophenyl)aluminate,
potassium tetrakis(3,5-bis(triflucromethyl)phenyl)aluminate,
magnesium tetrakis(pentafluorophenyl)aluminate,
magnesium(octyloxy)tris(pentaflucrophenyl)aluminate,
magnesium tetrakis(3,5-bis(triffuoromethyl)phenyl)aluminate,
calcium tetrakis(pentafluorophenyl)aluminate,

calcium (octyloxy)tris(pentafluorophenyl)aluminate, and calcium
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,

Examples of WCA salts having a weakly coordinating anion
described under Formula III includé but are not limited to
LiB(OC(CF3)3)s, LIB(OC(CF3)2(CH))s, LiB(OC(CF3)2H)s,
LiB(OC(CF)(CH:)H)s, TIB(OC(CF3)s)s, TIB(OC(CFs):H)s,
TIB(OC(CF3)(CHs)H)s, TIB(OC(CF3)2(CHs))s, (PhsC)B(OC(CF:)3)s,
(Ph3C)B(OC(CF:}(CHs))s, (PhsC)B(OC(CFs)H)s,
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(Phy;C)B(OC(CF3)(CH3)H)s, AgB(OC(CF3))s, AgB(OC(CF3)2H)s,
AgB(OC(CF3)(CH3)H)s, LiB(02C¢Fs)z, TIB(O2CeF4),,
Ag(toluene),B(0;CeFq)z, and PhsCB(05CeF 4)s, LIB(OCHA(CF3))s.
[Li(HOCH;)4]B(02C4Cly)s, [Li(HOCH;)4]B(O2CF )z,
[Ag(toluene),]B(0;CeCla)s, LiB(0;CeCla)s, (LIAOC(CF3)2Ph)a),
(TIAN(OC(CF3),Ph)s), (AgAl(OC(CF3)2Ph)g), (PhsCAI(OC(CF3),Ph)s,
(LiAHOC(CF1),CetsCHs)s), (ThAKOC(CF3)2CsH4CHs)s),
(AgAKOC(CF3)CetlyCH)s), (Ph3CAI(OC(CF3),C¢H4CHs)a),
LiA{OC(CF3)3)s, ThAI(OC(CF3)3)s; AgAIOC(CF3)3)s,
Ph;CAOC(CF3)3)s, LIAI(OC(CF3XCH3)H)s, TIAI(OC(CF3)(CH3)H)s,
AgANOC(CF3)(CH3)H)s, PhyCAOC(CF3)(CH3)H)s, LIAN(OC(CF3):H)s,
TIAOC(CF3):H)s, AgAOC(CF3),H)s, PhsCAI(OC(CF3),H)s,
LiAOC(CF3);CsHy-4-i-Pr)s, TIAN(OC(CF3),CeHi-4-i-Pt)s,
AgAKOC(CF;),C¢Hy-4-i-Pr)s, PhsCAI(OC(CF3),CeHy-4-i-Pr)s,
LiAI(OC(CFa),CeHi-4-t-butyl)s, TIAOC(CF3),CeHy-4-1-butyl)a,
AgANOC(CF;);CeHs4-t-butyl)s,

Ph;CAI(OC(CF;),CeHa-4--butyl)s, LiAI(OC(CF3),CsHs-4-SiMes)s,
TIAKOC(CF3);CsHy-4-Si Mes)q, AgA{OC(CF3)2CsHy-4-Si Mes)s,
Ph;CAY(OC(CF3);CsHs-4-Si Mes)s, LIA(OC(CF;),CsHy-4-Si-i-Prs)s,
TIAOC(CF;),C¢Hy-4-Si-i-Pr3)s, AGAOC(CF;),CsHy-4-Si-i-Prs)a,
Ph;CAIOC(CF3),CeHa-4-Si-i-Prs)a,
LiAOC(CF3)%,CsHz-2,6-(CF3)a-4-Si-i-P3)s,
TIAKOC(CF;),CeHa-2,6-(CF1)a4-Sii-Prs)s,
AZAIOC(CF3)%CsHy-2,6-(CF3)o-4-Si-i-Pr3)a,
Ph3CAOC(CF3);CeHa-2,6-(CF3)2-4-Si-i-Prs)s,
LiAOC(CF3),CeHs-3,5-(CFs)z)s, TIAN(OC(CF3),CeH;-3,5-(CFs))s,
AgAl(OC(CF3),CeH;3-3,5-(CF3)o)s, Ph§CA1(0C(CF3)zC6P13-3 S~(CF3))4,
LiAl(OC(CF3),CsH2-2,4,6-(CF3)s)s, TIAI(OC(CF3);CéHz-2 4,6-(CF3)3)s,
AgAl(OC(CF3),CeH2-2,4,6-(CF3)3)4,
PhsCAI(OC(CF3),CeHa-2,4,6-(CF3)ah, LIAXOC(CF1):CeFs)s,

PCT/US99/23243
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TIAI(OC(CF3)2C6F5)s, AgAI(OC(CF3),CgFs)4, and
Ph3CAI(OC(CF3),C¢Fs)s.

Examples of boratobenzene salts include but are not limited to
[1,4-dihydro-4-methyl-1-(pentafluorophenyl)}-2-boriny! lithium,
[1,4-dihydro-4-methyl-1-(pentafluorophenyl)}-2-borinyl
triphenylmethylium, 4-(1,1-dimethyl)-1,2-dihydro-1-(pentafluorophenyl)-
2-boriny! lithium, 4-(1,1-dimethyl)-1,2-dihydro-1~(pentafluorophenyl)-2-
boriny] triphenylmethylium, 1-fluoro-1,2-dihydro-4-(pentafluorophenyt)-
2-borinyl lithium, 1-fluoro-1,2-dihydro-4-(pentafiuorophenyl)-2-borinyl
triphenylmethylium, 1-[3,5-bis(trifluoromethyl)phenyl]-1,2-dihydro-4-
(pentafluorophenyl)-2-borinyl lithium, and _
1-[3,5-bis(trifluoromethyl)phenyl}-1,2-dihydro-4-(pentafluoropheny})-2-
borinyl triphenylmethylium.

Examples of WCA carborane and halocarborane salts include
but are not limited to silver dodecahydro-1-carbadodecaborate,
LiCB11(CH3)a, LiCBy1H,2, (MesNH)[CB;H;2},
(MeqN){1-CoHsCB1iHy), (MesN)[1-PhsSiCBy Hyl,
(Me4N){1-CF3CB);Hy;], Cs[12-BrCBy Hy1), Ag[12-BrCBy;Hy 1],
Cs[7,12-Br,CB1iH)o), Cs[12-CICB1;H11], Cs[7,12-CLCB1 Hyo),
Cs[1-H-CBnF 1], Cs[1-CH;-CB1;F 1], (i-Pr3)Si[1-CF3-CBy Fyy],
Li[12-CBHyF], Li[7,12-CB HyiF2), Li[7,9,12-CBH,;F;],
(i-Pr3)Si{CB11H¢Bre], Cs[CB)1HsBre], Li[6-CBsH,F], Li[6,8-CBsHsF],
Li[6,7,8-CBoH,F3], Li[6,_7,8,9-CB9H5F4], Li[2,6,7,8,§-CB9H5F5],
Li[CBsH;Brs], Ag[CBnHGCls], TUCB11H,Cle], Ag[CB1HFd],
TI[CB1H¢F), Ag[CB, 1Helg), ’I‘I[CB1|H615] Ag[CB; |H5Bl‘6]
TI[CB1HeBrs}, Li[6,7,9,10,11 12-CBuH6Fs] Li[2,6,7,8,9 lO-CBgHst]
Li[1-H-CBoFg), Tl[lZ-CB,,Hu(CsHs)], Ag[1-C¢Fs-CB1;HsBrg],
Li{CB, ;Meiz],-Li[CB; 1(CF3)12), Li[CB, 1Hgle}, Li{CBoHsBrs],
Li{Co(ByCzHn)z2], Li[CB11(CHs)sz), Li[CB11(CsHo)12],
Li[CB11(C¢Hi3)12], Na[Co(C2BoH1,),], and Na[Co(Br;C,BsHs),].
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Additional halocarborane sal}s are disclosed in International Patent
Publication WO 98/43983.

Monomers

The catalysts of the present invention are suitable for the
preparation of a wide range of polymers comprising cyclic repeating
units, The cyclic polymers are prepared by the addition polymerization
of a polycycloolefin monomer(s) in the presence of a catalytic amount of
a catalyst of FormulaI or the procatalyst components described above.
The monomer(s) can be polymerized via solution or mass
polymerization techniques. As stated herein the terms

0”3

“polycycloolefin,” “polycyclic,” and “notbornene-type” monomer are
used interchangeably and mean that the monomer contains at least one

norbornene moiety as shown below:

&

The simplest polycyclic monomer of the invention is the bicyclic
monomer, bicyclo[2.2.1]hept-2-ene, commonly referred to as
norbornene. The term norbornene-type monomer is meant to include
norbornene, substituted norbornene(s), and any substituted and
unsubstituted higher cyclic derivatives thereof so long as the monomer
contains at least one norbornene-type or substituted norbornene-type
moiety. Preferred substituted norbornene-type monomers and higher
cyclic derivatives thereof coptain a pendant hydrocarbyl substituent(s) or
a pendant functional substituent(s) containing an oxygen atom. The
preferred norbomene-type or polycycloolefin monomers are represemed
by the structure below:

PCT/US99/23243
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R!
2
a R Vi1
R3

l'ﬂR4

wherein “a” represents a single or double bond, R' to R independently
represents a hydrocarbyl or functional substituent, m is an integer from
0 to 5, and when “a” is a double bond one of R', R? and one of R?, R* is
not present.

When the substituent is a hydrocarbyl group, halohydrocarbyl, or
perhalocarbyl group R' to R* independently represent hydrocarbyl, -
halogenated hydrocarbyl and perhalogenated hydrocarbyl groups
selected from hydrogen, linear and branched C;-C), alkyl, linear and
branched, C»-C,o alkenyl, linear and branched C,-Cq alkynyl, C4-C2
cycloalkyl, C4-Ciz cycloalkenyl, C¢-Ci2 aryl, and C7-Cyq aralkyl, R} and
R? or R’ and R* can be taken together to represent a C;-Ci alkylidenyl
group. Representative alkyl groups include but are not limited to
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, and decyl. Representative
alkenyl groups include but are not limited to vinyl, allyl, butenyl, and
cyclohexenyl. Representative alkynyl groups include but are not limited
to ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, and 2-butynyl.
Representative cycloalkyl groups include but are not limited to
cyclopentyl, cyclohexyl, and cyclooctyl substituents. Representative |
aryl groups include but are not limited to phenyl, naphthyl, and | .
anthracenyl. Representative aralkyl groups include but are not limited to
benzyl, and phenethy!. Representative alkylidenyl groups include
methylidenyl, and ethylidenyl, groups.
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The preferred perhalohydrocarbyl groups include perhalogenated
pheny! and alkyl groups. The halogenated alky! groups useful in the
invention are linear or branched and have the formula C,X"3,4 wherein
X" is a halogen as set forth above and z is selected from an integer of
1to 10. Preferably X" is fluorine. Preferred perfluorinated substituents
include perfluorophenyl, perfluoromethyl, perfluoroethyl,
perfluoropropyl, perfluorobutyl, and perfluorohexyl. In addition to the
halogen substituents, the cycloalkyl, aryl, and aralkyl groups of the
invention can be further substituted with linear and branched C,.C; alkyl
and haloalkyl groups, aryl groups and cycloalky! groups.

When the pendant group(s) is a functional substituent, R' to R*
independently represent a radical selected from ~(CH;)uC(O)NHy, .
-(CH2}aC(O)CL, «(CH2),C(O)OR’, <(CH,),-OR’, ~(CH,)s-OC(O)R?,
-(CHz)r-C(O)R* ~(CH2)-OC(O)OR’, -(CHz)iSiR?, -(CH;}Si(OR "),
-(CH2)+C(O)OR®, and the group:

-cn,ocazvo

wherein n independently represents an integer from 0 to 10 and R?
independently represents hydrogen, linear and branched C,.C; alkyl,
linear and branched, C;-C;q alkenyl, linear and branched C;-C;q alkynyl,
Cs-Ciz cycloalkyl, C¢-Cy4 aryl, and C7-Cy4 aralkyl, Representative
hydrocarbyl groups set forth under the definition of R are the same as
those identified above under the definition of R! to R*. As set forth
above under R! to R* the hydrocarbyl groups defined under R® can be
halogenated and perhalogenated. The R® radical represents an acid
labile moiety selected from -C(CHj)s, -Si(CH)s, -CH(R')OCH,CHs, -
CH(RYOC(CH;); or the following eyclic groups:
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H,C CH, '
. O g@ ,
R’ R d
Y AT

o4 )
wherein R represents hydrogen or a linear or branched (C, - Cs) alkyl
group. The alkyl groups include methyl, ethyl, propyl, i-propyl, butyl,
i-butyl, #-butyl, pentyl, t-pentyl and neopentyl. In the above structures,
the single bond line projecting from the cyclic groups indicates thé;,
position where the cyclic protecting group is bonded to the acid
substituent. Examples of R° radicals include 1-methyl-1-cyclohexyl,
isobornyl, 2-methyl-2-isobornyl, 2-methyl-2-adamantyl,
tetrahydrofuranyl, tetrahydropyranoyl, 3-oxocyclohexanonyl, mevalonic
lactonyl, 1-ethoxyethyl, and 1-t-butoxy ethyl.

The R® radical can also represent dicyclopropylmethy! (Dcpm),

and dimethylcyclopropylmethyl (Dmcp) groups which are represented
by the following structures:

-CH ,and -C(CH3),

In Structure VII above, R! and R* together with the two ring
carbon atoms to which they are attached can represent a substituted or
msubsﬁmted cycloaliphatic group containing 4 to 30 ring carbon atoms
or a substituted or unsubstituted aryl group containing 6 to 18 ring

carbon atoms or combinations thereof. The cycloaliphatic group can be
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monocyclic or polycyclic. When unsaturated the cyclic group can
contain monounsaturation or multiunsaturation, with monounsaturated
cyclic groups being preferred. When substituted, the rings contain
monosubstitution or multisubstitution wherein the substituents are
independently selected from hydrogen, linear and branched C,-Cs alkyl,
linear and branched C,-Cs haloalkyl, linear and branched Cy-Cs alkoxy,
halogen, or combinations thereof. R’ and R* can be taken together to
form the divalent bridging group, -C(0)-Q-(0)C-, which when taken
together with the two ring carbon atoms to which they are attached form
a pentacyclic ring, wherein Q represents an oxygen atom or the group
N(R®), and R® is selected from hydrogen, halogen, linear and branched
C,~Cyo alkyl, and C4-Cy3 aryl. A representative structure is shown in

below.

wherein m is an integer from 0 to 5.

Deuterium enriched norbornene-type monomers wherein at least
one of the hydrogen atoms on the norbornene-type moiety and/or one at
least one of the hydrogen atoms on a pendant hydrocarbyl substituent
described under R! to R? have been replaced by a deuterium atom are
contemplated within the scope of the present invention. Preferably at
least 40 percent of the hydrogen atoms on the norbomene-type moiety
and/or the hydrocarbyl substituent are replaced by deuterium, more
preferably, at least about 50 percent, and still more preferably at least

PCT/US99/23243
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about 60 percent. Preferred deuterated monomers are represented by the
structure below:

(RO);

D R20

R! R2

wherein RP is deuterium, “i” is an integer ranging from 0 to 6, with the
proviso that when “i” is 0, at least one of R'® and R® must be present,
R' and R? independently represent a hydrocarbyl or functional
substituent as defined above, and R'® and R?® may or may not be -
present and independently represent a deuterium atom or a deuterium
enriched hydrocarbyl group containing at least one deuterium atom.
Preferably the deuterated hydrocarbyl group is selected from linear and
branched C;-C;p alkyl wherein at least 40 percent, preferably at least
50 percent and more preferably at least 60 percent of the hydrogen
atoms on the carbon backbone are replaced by deuterium.

Crosslinked polymers can be prepared by copolymerizing the
norbornene-type monomer(s) set forth under Structure VII above with a
multifunctional norbornene-type or multifunctional polycycloolefin
crosslinking monomer(s). By multifunctional norbornene-type or
multifunctional polycycloolefin crosslinking monomer is meant that the.
crosslinking monomer contains at least two norbornene-type moieties,
each functionality being addition polymeﬁzable in the presence of the
catalyst system of the present invention. The crosslinkable monomers
include fused multicyclic ring systems and linked multicyclic ring
systems. Examples of fused crosslinkers are illustrated in Structures
VIIb to VIig below. For brevity,. norbornadiene is included as a fused
multicyclic crosslinker. ' |
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wherein m independently is an integer from 0 to 5.
A linked multicyclic crosslinker is illustrated generically in
5 Structure VIII below,

VIl
m m

wherein m independently is an integer from 0 to 5, R’ is a divalent
radical selected from divalent hydrocarby! radicals and divalent ether

10 radicals. By divalent is meant that a free valence at each terminal end of
the radical is attached to a norbornene-type moicty. Preferred divalent
hydrocarbyl radicals are alkylene radicals and divalent aromatic radicals.
The alkylene radicals are represented by the formula -(C4Hag)- where d
represents the number of carbon atoms in the alkylene chain and is an-

15 integer from 1 to 10. The alkylene radicals are preferably selected from
linear and branched (C,-Cyo) alkylene such as methylene, ethylene,
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propylene, butylene, pentylene, hexylene, heptylene, octylene, nonylene,
and decylene. When branched alkylene radicals are contemplated, it is
to be understood that a hydrogen atom in the alkylene backbone is
replaced with a linear or branched (C, to Cs) alkyl group.

The divalent aromatic radicals are selected from divalent phenyl,
and divalent naphthyl radicals. The divalent ether radicals are
represented by the group -R'%-0-R'’-, wherein R° independently is the
same as R®. Examples of specific linked multicyclic crosslinkers are
represented as in Structures VIIIa to VIIIe as follows.

00 TV 00

VliIla Vilic VIiIb

An economical route for the preparation of hydrocarbyl
substituted and functionally substituted norbornene monomers relies on
the Diels-Alder addition reaction in which CPD or substituted CPD is
reacted with a suitable dienophile at elevated temperatures to form the
substituted norbornene-type adduct generally shown by the following

reaction scheme:

R1
R2

@ + R'R2C=CR3R* s

Y

- wherein R' to R* indepéndentli' represent hydrogen, hydrocarbyl, and/or

a functional group as previously described.
* Other norbornene type-adducts can be prepared by the thermal
pyrolysis of dicyclopentadiene (DCPD) in the presence of a suitable
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dienophile. The reaction proceeds by the initial pyrolysis of DCPD to
CPD followed by the Diels-Alder addition of CPD and the dienophile to
give the adducts shown below:

m + RIRZC=CRIR! N R

wherein n represents the number of cyclic units in the monomer and R
to R* independently represent hydrogen, hydrocarbyl, and/or a
functional group as previously defined. Norbomadiene and higher
Diels-Alder adducts thereof similarly can be prepared by the thermal
reaction of CPD and DCPD in the presence of an acetylenic reactant as
shown below.

@ + RIC==CR? —~
A
0D - wo=en -
) AN
n‘R2

wherein n, R' and R? are as defined above.

Deuterium enriched norbomene-type monormers can be prepared
by heating DCPD in the presence of D,0 and a base such as NaOH to
yield deuterated CPD which in turn can be reacted with a dienophile
(Eq. 1) or a deuterated dienophile (Eq. 2) to give the respective
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deuterated norbornene containing a pendant deuterated hydrocarbyl

substituent or a pendant hydrocarby] substituent. In another

embodiment non-deuterated CPD can be reacted with a deuterium

enriched dienophile to yield norbomene containing a deuterium enriched
5 hydrocarbyl pendant group (Eq. 3).

10
15
NaOH ) O
D,0
1. m @*- RIR:C=CRIRY ————s
FaN
Ri
R2? R3
NaQOH
b,0 Ok (O
2. 2 + RYSRIC=CR2OR———=—0 ﬁ%
’ A
10 R2D
R' R?

3. @ mec-cgzogz —_—

D R20
Rt R?

. InEq. 1 and Eq. 2 above, R to R*, R'® and R®® are as previously

defined, and i' is an integer ranging from 1 to 6.
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Examples of polymerizable norbornene-type monomers include
but are not limited to norbornene (bicyclof2.2.1]hept-2-ene),
5-ethylidenenorbomene,
dicyclopentadiene,
tricyclo[5.2.1.0%%}deca- 8-ene,
S-methoxycarbonylbicyclo{2.2.1']hept-2-ene,
5-methylbicyclo[2.2. 1Thept-2-ene-5 ~carboxylic acid,
S-methylbicyclo[2 .2.1]hept-2-ene,
5-ethy1bicyclo[2.2.1]hept—2-ene,
5-ethoxycarbonylbicyclo{2 .2.1]hept-2-ene,
5-n—propoxycarbonylbicyclo[2.2.1]hept-2-enc,
5-i-propoxycarbonylbicyclo {2.2.1]hept-2-ene,
5-n-butoxycarbonylbicyclo [2.2.1]hept-2-ene,

S -(2-mcthy1propoxy)carbonylbicyclo [2.2.1]hept-2-ene,
5-(1 -methylpropoxy)carbonylbicyclo[2.2‘ 1]hept-2-ene,
5-t-butoxycarbonylbicyclo[2.2.1]hcpt-2-enc,
5-cyclohexyloxycarbonylbicycio[2 2.1Jhept-2-ene,
5-(4' -t-butylcvclohexyloxy)carbonylblcyclo[2 2. l]hept-z-ene
S-phcnoxycarbonylbxcyclo[2 2.17hept-2-ene,
-tetrahydroﬁxranyloxyca:bonylbncyc_l0[2.2. 17hept-2-ene,
5-tetrahydropyrany1oxycarbony1bicyclo[2.2.l]hept-z-ene,
bicyclo[2.2.1]hept—z-ene-s-carboxylic acid,
5-acetyioxybicyclo[2.2.l]hept-2-ene,
S-mﬁthyl-S-memoxycarbonylbicyclo[2.2. 1]hept-2-ene,
S-methyl-S-eﬂloxycarbonylbicyclo[2.2.I]hept-Z-ene,
S-methyl-5~n-propoxycarbonylbicyclo [2.2.1]hept-2-ene,
5~methyl-5-i-propoxycarbonylbicyclo[2.2.1]hept-Z-ene,
5-methyl-S-nobutoxycarbonylbicycio[2.2‘I]hept-2-ene,
5-methyl—5~(2-meﬂzylpropoxy)carbonylbicyclo[2.2.1]hept-2-ene,
3-methyl-5-(1-methylpropoxy)carbonylbicyelo [2.2.1]hept-2-ene,
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5-methyl-5-t-butoxycarbonylbicyclo[2.2.1hept-2-ene,
5-methyl-5-cyclohexyloxycarbonylbicyclo[2.2.1]hept-2-ene,
5-methyl-5-(4'-t-butylcyclohexyloxy)carbonylbicyclo[2.2.1]hept-2-ene,
5-methyl-5-phenoxycarbonylbicyclo[2.2.1]hept-2-ene,
5-methyl-5-tetrahydrofuranyloxycarbonylbicyclo[2.2.1]hept-2-ene,
5-methyl-S-ten'ahydropyranyloxycarbonylbicyclo[2.2.l]hept-Z-ene,
5-methyl-5-acetyloxybicyclo[2.2.1]hept-2-ene,
5-methyl-5-cyanobicyclo[2.2.1]hept-2-ene,
5,6-di(methoxycarbonyl)bicyclof2.2.1]hept-2-ene,
5,6-di(ethoxycarbonyl)bicyclo[2.2.1]hept-2-ene,
5,6-di(n-propoxycarbonyl)bicyclo[2.2.1]hept-2-ene,
5,6-di(i-propoxycarbonyl)bicyclo[2.2.1]hept-2-ene,
5,6-di(n-butoxycarbonyl)bicyclo[2.2.1]hept-2-ene,
5,6-di(r-butoxycarbonyl)bicyclo{2.2.1]hept-2-ene,
5,6-di(phenoxycarbonyl)bicyclo[2.2.1]hept-2-ene,
5,6-di(tetrahydrofuranyloxycarbonyl)bicyclo[2.2.1Thept-2-ene,
5.6-di(tetrahydropyranyloxycarbonyl)bicyclo[2.2.1]hept-2-ene, and
5,6-dicarboxyanhydridebicyclo[2.2.1Thept-2-ene, '
8-methoxycarbonyltetracycio[4.4.0. 1%%.11%dodec-3-ene,
8-ethoxycarbonyltetracyclo[4.4.0.12°.1%dodec-3-ene,
8-n-propoxycarbonyltetracycld[4.4.0.12’5.17'l°]dodec-3-ene,
8-i-propoxycarbonyltetra.c:yclo[4.4.0.12's 1% dodec-3-ene,
8-n-butoxycarbonyltetracyclof4.4.0. 12°.1"%dodec-3-ene,
8-(2-methylpropoxy)carbonyltetracyclo[4.4.0.1%°.1*%1dodec-3-ene,
8-(l-me‘thylpropoxy)carb’orxyltetmcyclo[4.4.().12‘s 1"%dodec-3-ene,
8-t-bu'toxycarbonyltetracyclo[4.4.0.12's .17"°]dodec-3-ene,
8-cyclohexyloxyczirbonyltetracyclo[4.4.0.12'5.17"°]dodec-3-ene,
8-(4"-t-butylcyclohexyloxy)carbonyltetracyclof4.4.0.1%°.1"%)dodec-3-
ene, :

8-phenoxycarbonyltetracyclo[4.4.0.12'5.17‘1°]dodec-3-ene,
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8~tetrahydrofuranyloxycarbopyltetracyclo[4.4. 0.1%5 1™ %3 -dodecene,
8-tetrahydropyranyloxycarbonyltetracyclof4.4.0.12%.1 "dodec-3-ene,
8-acetyloxytetracyclo{4.4.0.1% 1 7'"’]dodec-B -ene,
8-methyl-8-methoxycarbonyltetracyclo[4.4.0,125 1) %\dodec-3-ene,
8-methy1-8-ethoxycarbonylteu'acycl0[4.4.0. 135 17 %dodec-3 -ene,
8-methyl-8-n-propoxycarbonyltetracyclo[4.4.0.12% 1! *ldodec-3-ene,
8-methyl-8-i-propoxycarbonyltetracyclo [4.4.0.1%° 1% l"]dodc:c—B -ene,
8-methy1-8-n-butoxycarbony]teﬁ‘acyclo[4.4.0. 151 °]dodec-3—ene,
8—methyl-8-(2-methylpropoxy)carbonylteu‘acyclo[4,4.0.]2'5.17*’°]dod'ec-
3-ene,

8-methyl-8-(1-methylpropoxy)carbonyltetracyc] 0{4.4.0.1%° 1% g0 dec-
3-ene, : .
8-methyl-8-r-butoxycarbonyltetracyclof4.4.0,135 1 "% dodec-3-ene,
8-methyl-8-cyclohexyloxycarbony}tetracyclo[4.4.0. 12,140 dec-3-
ene,

8-methyl-8-(4'-t-

butylcyclohexyloxy)caxbonylten-acyclo[4‘4.Q. 1. 1% dodec-3-ene,
8-methyl-8-phenoxycarbonyltetracyclof4.4.0,12.1 % dodec-3-ene,
8-methyl-8-tetrahydroﬁnaﬁyloxycarbonyltetracyclo [4.4.0.1%°,1719.3.
dodecene,

8-methyl- 8-tetrahydropyranyloxycarbonyltetracyc] 0[4.4.0.1%5,1™10y.3.
dodecene,

8-methyl-8~acetyloxytetracyclo[4.4.0. 125 17 %ldodec-3 -ene,
8-mcﬂ1yl-8—cyanotetracyclo[4.4.0.l2'5.17'l°}dodec-3-ene,
8,9-di(methoxy~carbonyl)teh'acycio[4.4.0.12".17"°]dodec-3-ene,
8,9-di(ethoxycarbonyl)teu'acyclo[4.4.0.]2‘5.I"’o]dodec-B-ene,
8.9-di(r-propoxycarbonyl)tetracyclof4.4.0.12*, 17")dodec-3-ene,
8,9-di(i-propoxycarbonyljtetracyclo[4.4.0.125. ™! ®Jdodec-3-ene,
8,9-di(n-butoxycarbonyl)tetracyclo[4.4.0.125 | %) dodec-3-ene,
8,9-di(t-butoxycarbonyl)tetracyc]o[4.4.0.]2".17'l°]dodec-3-ene,
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8,9-di(cyclohexyloxycarbonyl)tetracyclo{4.4.0. 123, 17'1°]dodec-3-ene,
8,9-di(phenoxycarbonyl)tetracyclo[4.4.0.12°,1%*%dodec-3-ene,
8,9-di(tetrahydrofuranyloxycarbonyl)tetracyclo[4.4.0. 1% 1 7'“’]—3-
dodecene, _ .
8,9-di(tetrahydropyranyloxycarbonyl)tetracyclo[4.4.0.1%°.171%).3.
dodecene, 8,9-dicarboxyanhydridetetracyclo[4.4.0.1%°.1"%dodec-3-ene,
tetracyclo[4.4.0.1%°.1"1%dodec-3-ene,

tetracyclo[4.4.0.1%° .1"'%dodec-3-ene-8-carboxylic acid,
8-methyltetracyclo[4.4.0.12’5.17'1°]dodec-3-ene-8-carboxylic acid,
8-methyltetracyclo[4.4.0.1>°.1"'%dodec-3-ene,
8-ethyltetracyclo[4 4.0.1%%.1 "% dodec-3-ene,
8-fluorotetracyclo[4.4.0.1%°.1"'% dodec-3-ene,
8-fluoromethyltetracyclof4.4.0.1%° .17"°]dodec-3-ene,
8-difluoromethyltetracyclo[4.4.0.1%°.1'%|dodec-3-ene,
8-trifluoromethyltetracyclof4.4.0.1%°.1"'%dodec-3-ene,
8-pentafluoroethyltetracyclo[4.4.0.12°.1'%dodec-3-ene,

8,8-difluorotetracyclo[4.4.0.12°.17%|dodec-3-ene,

8,9-difluorotetracyclof4.4.0. 1%5.17 1%dodec-3-ene,
8,8-bis(trifluoromethyl)tetracyclo[4.4.0.12°.17'%Jdodec-3-ene,
8,9-bis(triﬂuoromethyl)tetracyclo[4.4.0.12'5 .1"1%dodec-3-ene,
8-methyl-8-trifluoromethyltetracyclo[4.4.0.1>%.1*%|dodec-3-ene,
8,8,9-trifluorotetracyclof4.4.0.1%°.1"1%dodec-3-ene,
8,8,9-tris(trifluoromethyl)tetracyclo[4.4.0.1%°.1"'%dodec-3-ene,
8.8,9,9-tetrafluorotetracyclo[4.4.0.1%°.1™'% dodec-3-ene,
8,8,9,9-te'trakis('criﬂuorome:thyl)teztracyclo[4.4.0.12‘s 1 7"°]dodec-3-ené,
8,8—diﬂuorb-9,9-bis(triﬂuoromethyl)tetracyclo[4.4.0.12’5.l7-"°]dodec-3-
ene, '
8.,9-difluoro-8,9-bis(trifluoromethyl)tetracyclo[4.4.0.12°.1"'%1dodec-3-
ene, -

8.8,9-trifluoro-9-triflucromethyltetracyclo[4.4.0.1>°.1*Jdodec-3-ene,
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8,8,9-trifluoro-9-trifluoromethoxytetracyclo4.4.0.12%,1%'%dodec-3-ene,
8,8,9-trifluoro-9-pentafluoropropoxytetracyclo[4.4.0.1%°.1!%}dodec-3-
ene,

8-fluoro-8-pentafluoroethyl-9,9-

5 bis(trifluoromethyl)tetracyclof4.4.0.1 3 171%dodec-3-ene,
8-9-difluoro-8-heptafluoroisopropyl-9-
trifluoromethyltetracyclo{4.4.0.1%°,1"%dodec-3-ene,
8-chloro-8.9,9-trifluorotetracyclo[4.4.0.1>* 1'% dodec-3-ene,
8,9-dichloro-8,9-bis(trifluoromethyl)tetracyclo{4.4.0.1%°.1%!%|dodec-3-

10 ene,

8-(2,2,2-trifluorocarboxyethyDtetracyclo[4.4.0.1%° 1% dodec-3-ene,
8-methyl-8-(2,2,2-trifluorocarboxyethyl)tetracyclof{4.4.0.1%°.1"1%dodec-
3-ene,

tricyclof4.4.0.1%°Jundeca-3-ene,

tricyclof6.2.1.0" Jundeca-9-ene,
tetracyclof4.4.0..1%%.1"1°,0"¥]dodec-3-ene,
8-metl’1yltetracyclo[4.4.0.11’5.17"°.01‘6]dodec-3-ene,
8-ethylidenetetracyclo[4.4.0.1%°.1"%Jdodec-3-ene,
8-ethylidenetetracyclo[4.4.0.1%°.1'° 0*¥]dodec-3-ene,

20 pentacyclo[6.5.1.1%%.07.0**|pentadeca-4-ene, and

pentacyclo[7.4.0.12°.1%12,04

jpentadeca-3-ene

In another embodiment of the invention the polymer can be
crosslinked during a post polymerization curing step (latent
crosslinking). In this embodiment a norborene-type monomer
containing a pendant post crosslinkable funictional group is
copolymerized into the polycyclic backbone whereupon the functional
group is subsequently crosslinked via well known techniques. By post
crosslinkable functional group is meant that the functional group is inert
to the initial polymerization reaction but is receptive to subsequent

30 chemical reactions to effect the crosslinking of adjacent polymer chains.
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Suitable post crosslinkable monomers are set forth under Structure VII
wherein at least one of R' to R* is selected from linear and branched,
C,-Cyo alkenyl, C4-Cio cycloalkenyl, (CH,),Si(OR’)3, wherein n and R
are as defined above, R and R? or R® and R* can be taken together to
5 represent a C;-Cjp alkylidenyl radical, fused cyclic groups wherein R
and R? taken together with the two ring carbon atoms to which they are
attached form an unsaturated C4 to Cg ring. Preferred post crosslinkable
alkenyl functional groups include vinyl, butenyl, and cyclohexyl.
Preferred alkylidenyl groups include methylidenyl and ethylidenyl
10 substituents. Preferred alkoxysilyl groups include trimethoxysilyl and
triethoxysilyl moieties. Preferred crosslinkers containing fused
multicyclic ring systems include dicyclopentadiene (DCPD) and - .
unsymmetrical trimer of cyclopentadiene (CPD) .
The latent crosslinkable pendant groups can be reacted via a
15 variety chemistries known to initiate the reaction of the various
functional groups. For example, the alkenyl, cycloalkenyl, and
alkylidenyl groups can be crosslinked via a free radical mechanism. The
alkoxysilyl groups can be crosslinked via a cationic reaction mechanism.
Representative monomers that contain post crosslinkable functional

20 groups are represented below.

Qoo oY Q7 OCO)
In the latent crosslinking embodiment of the invention the

crosslinking reaction stép can be induced by a free radical initiator.

25 Suitable initiators are those that can be activated thermally or
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photochemically. The initiator is added to the reaction medium and the
polymerization of the monomer mixture is allowed to proceed to
completion. A key consideration, however, is that the radical generating
compound employed be stable (does not decompose) at the
polymerization temperature of the monomeric reaction medium. When
utilizing thermally activated free radical generators, latent crosslinking
is induced by exposing the polymer medium to temperatures above the
decomposition temperature of the free radical generating compound. In
embodiments utilizing photoinitiated free radical generators, latent
crosslinking is induced by exposing the polymer medium to a radiation
source such as e-beam and UV radiation. Suitable free radical generator
compounds (crosslinking agents) include the organic peroxides and
aliphatic azo compounds. The aliphatic azo compounds are suitable
initiators for the thermal and photochemical activated crosslinking
embodiments of the invention, while the organic peroxides are suitable
for use in as thermally activated initiators only. The amount of
crosslinking agent employed ranges from about .005 part by weight to
about 5.0 parts by weight based on 100 parts by weight of monomer in
the reaction medium,

Suitable organic peroxide include but are not limited to
dibenzoyl peroxide, di(2,4-dichlorobenzoy!) peroxide, diacetyl peroxide,
diisobutyryl peroxide, dilauroy! peroxide, t-butylperbenzoate,
t-butylperacetate, 2,5-di(benzoylperoxy)-1,2-dimethylhexane, di-t-butyl
diperoxyazelate, t-buty! peroxy-2-ethylhexanoate, -amyl peroctoate,
2,5-di(2-ethylhexanoylperoxy)-2,5-dimethylhexane,
t-butylperoxyneodecanoate, ethyl 3,3-di(z-butylperoxy)butyrate,
2,2-di(r-butylperoxy)butane, 1,1-di(s-butylperoxy)cyclohexane,
1,1-di(r-butylperoxy)-3,3,5-trimethylcyclohexane,
2,5-di(t-butylperoxy)-2,5-dimethylhex-3-yne, di-+-butyl peroxide,
2,5-di(t-butylperoxy)-2,5-dimethylhexane, dicumy! peroxide, n-propy!
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peroxydicarboriate, i-propyl peroxydicarbonate, cyclohexyl
peroxydicarbonate, and acetyl peroxydicarbonite.

Suitable azo compounds include but are not limited to
2,2'-azobis[2,4-dimethyl]pentane,
2-(t-butylazo)-4-methoxy-2,4-dimethylpentanenitrile,
2,2"-azobis(i-butyronitrile), 2-(t-butylazo)-2,4-dimethylpentanenitrile,
2-(t-butylazo)i-butyronitrile, 2-(-butylazo)-2-methylbutanenitrile,
1,1-azobis-cyclohexanecarbonitrile,
1-(t-amylazo)cyclohexanecarbonitrile, and
.1 -(t-butylazo)cyclohexanecarbonitrile.

The decomposition temperatures of the foregoing free radical
generator compounds are well known in the art and can be selected on
the basis of the polymerization temperatures employed in initial
reaction. In other words the initiator compound must be stable at the
polymerization temperatures so it is available for the post
polymerization crosslinking reaction. As discussed above latent
crosslinking is can be effected by thermal or photochemical means.

As discussed above, monomers containing trialkoxysilyl groups
can be crosslinked by latent crosslinking in the presence of a cationic
initiator agent. A polymerization stable cationic initiator can be can be
thermally activated to induce the latent crosslinking of the silyl groups.
Suitable cationic crosslinking initiators include, for example, dibutyltin
diluarate, dimethyltin diluarate, and dioctyltin diluarate .

' The amount of multifunctional norbornene-type crosslinkable
monomers and post crosslinkable monomers that are optionally prweﬁt
in the reaction mixture can range from about 0.1 mole percent to about
50 mole percent based on the total monomer in the monomer mixture to
be reacted. Preferably, the amount of crosslinker ranges from about

1 mole percent to about 25 mole percent of the total monomer mixture

PCT/US99/23243
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and most preferably from about 1 mole percent to about 10 mole

percent.

Monomer Polymerization

The monomers of the invention are polymerized in solution or in
mass. The catalyst is added to the reaction medium containing the
desired monomer(s) as a preformed single component catalyst or the
catalyst can be formed in sif# by admixing the procatalyst component,
the Group 15 electron donor component, and the WCA salt activator
component in the reaction medium. When the procatalyst is ligated with
the Group 15 electron donor component, it is not necessary to employ
the Group 15 electron donor as 4 separate component. In one in sity
embodiment the ligated procatalyst component (e.g., containing desired
ligand group(s)) is admixed with the WCA salt activator component in
the reaction medium. In another in situ embodiment a procatalyst
component with or without ligands is admixed with a desired ligand
containing component(s) and the WCA salt activator component in the
reaction medium. The procatalyst components are generically
exemplified in the preformed catalyst preparation equations (1) to (4) set
forth above. The preferred molar ratio of procatalyst (based on the
Group 10 metal) ; Group 15 electron donor component : WCA salt is
1:1-10:1-100, more preferably, 1:1-5:1-20, and most preferably,
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 ﬁrefcrat;ly,
1:1-5. The order of addition of the various catalyst coinponEnts to the
reaction medium is not important. "

The polymers prepared by the process.of the invention are
addition polymers of polycycloolefinic repeating units linked through

PCT/US99/23243
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2,3-enchainment. The repeating units are polymerized from a
polycycloolefin monomer or combination of polycycloolefin monomers

that contain at least one norbornene-type moiety as described herein.

Solution Process

In the solution process the polymerization reaction can be carried
out by adding a solution of the preformed catalyst or individual catalyst
components to a solution of the cycloolefin monomer or mixtures of
monomers to be polymerized. The amount of monomer in solvent
preferably ranges from 10 to S0 weight percent, and more preferably
20 to 30 weight percent. After the single component catalyst or catalyst
components are added to the monomer solution, the reaction medium is
agitated (e.g., stirred) to ensure complete mixing of catalystand .
monomer components.

The polymerization reaction temperatures can range from about
0°C to about 150°C, preferably from about 10°C to about 100°C, and
more preferably from about 20°C to about 80°C.

Examples of solvents for the polymerization reaction include but
are not limited to alkane and cycloakane solvents such as pentane,
hexane, heptane, and cyclohexane; halogenated alkane solvents such as
dichloromethane, chloroform, c.arbon tetrachloride, ethylchloride,
1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane,
1-chloro-2-methylpropane, and 1-chloropentane; aromatic solvents such
as benzene, xylene, toluene, mesitylene, chlorobenzene, and |
o-dichlorobenzene, Freon® 112 halocarbon solvent, water; or mixtures
thereof. Preferred solvents include cyclohexane, toluene, mesitylene,
dichloromethane, 1,2-dichloroethane, and water.

Surprisingly, it has been found that the catalysts of the invention
are highly active in the polymerization of cycloolefins. The catalysts
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exhibit activities at monomer to procatalyst or catalyst metal molar
ratios of over 100,000:1. Preferred monomer to procatalyst or catalyst
ratios range from about 100,500:1 to about 1,000,000:1, more preferably
from about 110,000:1 to about 500,000:1 and most preferably from
about 120,000:1 to about 250,000:1 While these catalysts have been
found to be active at monomier to catalyst metal molar ratios of over
100,000:1, it is within the scope of this invention to utilize monomer to
catalyst metal molar ratios of less than 100,000:1 depending on the use
desired for the polymer.

When an aqueous polymerization medium is desired it is
preferable that the Group 15 electron donor ligand or component be
chosen from the water soluble phosphines set forth above. The -
polymerization reaction can be conducted in suspension or emulsion. In
suspension, the monomers are suspended in an aqueous medium
containing a suspension agent selected from one or more water soluble
substances such as, for example, polyvinyl alcohol, cellulose ether,
partially hydrolyzed polyvinyl acetate, or gelatin and then carrying out
the reaction in the presence of the catalyst system of the invention.

The emulsion polymerization ¢an in general be carried out by
emulsifying the monomers in water or a mixed solvent of water and a
water-miscible organic solvent (such as methanol, or ethanol),
preferably in the presence of at least one emulsifying agent and then
carrying out the emulsion polymerization in the presence of the catalyst
of the invention. Emulsifying agents include, for example, mixed acid
soaps containing fatty and rosin acids, alkyl sulfonate soaps and soaps of

oligomeric naphthalene sulfonates.

Mass Process _
In the mass polymerization process according to the invention a

two component catalyst system is preferably employed in the
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polymerization of the cycloolefinic monomer(s). The term mass
polymerization refers to a polymerization reaction which is generally _
carried out in the substantial absence of a solvent. In some cases,
however, a small proportion of solvent is present in the reaction
medium. Small amounts of solvent can be conveyed to the reaction
medium via the introduction of the catalyst system components which
are in some cases dissolved in solvent. Solvents also can be employed
in the reaction medium to reduce the viscosity of the polymer at the
termination of the polymerization reaction to facilitate the subsequent
use and processing of the polymer. The amount of solvent that can be
present in the reaction medium ranges from 0 to about 20 percent,
preferably from 0 to about 10 percent and, more preferably from 0 to
about 1 percent, based on the weight of the monomer(s) present in the
reaction mixture. Preferred solvents are those that are utilized in
dissolving the catalyst system components. Examples of solvents
include but are not limited to alkane and cycloalkane solvents such as
pentane, hexane, heptane, and cyclohexane; halogenated alkane solvents
such as dichloromethane,-chlorofonn, carbon tetrachloride,
ethylchloride, 1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane,
1-chloro-2-methylpropane, and 1-chloropentane; esters such as
ethylacetate, i-amylacetate; ethers such as THF and diethylether;
aromatic solvents such as benzene, xylene, toluene, mesitylene,
chlorobenzéne, and o-dichlbrobmzcne; and halocarbon solvents such as
Freon® 112; and mixtures thereof. Preferred solvents include benzene,
fluorobenzene, o-diﬂuorobenzene, p-difluorobenzene,
pentaﬂuorobenzene, hexafluorobenzene, o-dichlorobenzene,
chlorobenzene, toluene, o0-, m-, and p-xylenes, mesitylene, cyclohexane,
ethylacetate, THF, and glichloromethane.

PCT/US99/23243
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A ligated procatalyst containing a Group 15 electron donor
ligand is prepared in solvent and then added to the desired monomer or
mixture of monomers containing the dissolved WCA salt activator. The
reaction mixture is mixed and the reaction is permitted to proceed from
about 1 minute to about 2 hours. The reaction mixmre can be optionally
heated at a temperature ranging from about 20°C to about 200°C. The
polymerization temperature is hot specifically limited, but is usually in
the range of 20°C to 120°C, preferably 20°C to 90°C. The
polymerization reaction can be carried out under an inert atmosphere
such as nitrogen or argon. Advantageously, however, it has been found
that the catalyst system components of the invention are moisture and
oxygen insensitive, allowing for less stringent handling and processing
conditions. Following the initial polymerization reaction a polymer
cement is obtained. The cement can be applied to a desired substrate or
conveyed into a mold and post cured to complete the polymerization
reaction.

Without wishing to be bound by theory of invention it is believed
that post curing is desirable from the standpoint of monomer to polymer
conversion. In a mass process the monomer is essentially the diluent for
the catalyst system components. As monomer is converted to polymer a
plateau is reached beyond which conversion of monomer to polymer can
go no higher (vitrification). This conversion barrier results from the loss
of reactant mobility as the reaction medium becomes converted to a
polymeric matrix. Consequently, the catalyst system components and
unconverted monomer become segregated and can not react. It is well
known that diffusivity within a polymer decreases dramatically as the
polymer passes from the rubbery state to the glassy state. It is believed
that post curing at elevated temperatures increases thé mobility of the
reactants in the matrix allowing for the further conversion of monomer

to polymer.

PCT/US99/23243
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Post curing of the polymers of the present invention is
preferably conducted at elevated temperatures for a time period
sufficient to reach a desired conversion of monomer to polymer. The
post curing cycle is preferably conducted for 1 to 2 hours overa
temperature range of from about 100° C to about 300° C, preferably
from about 125° C to about 200 °C, and more preferably from about
140° C to about 180 °C. The cure cycle can be effected at a constant
temperature or the temperature can be ramped, e.g., incrementally
increasing the curing temperature from a desired minimum curing
temperature to a desired maximum curing temperature over the desired
curing cycle time range. In one embodiment (A) the temperature
ramping can be effected by following a gradual increasing slope on a
temperature vs. time plot. from the desired minimum temperature to the
desired maximum temperature in the cure cycle. In this embodiment

when the maximum temperature is reached, the temperature maximum

" can optionally be held for a desired period of time until the desired cure

state is attained. In an alternate embodiment (B) the temperature
ramping can follow a stepwise curve on a temperature vs. time plot. In
this embodiment the temperature ramping proceeds in step fashion from
the desired minimum cure temperature to the desired maximum cure
temperature in the cure cycle. In another embodiment (C) the post cure
can be effected by combining post cure embodiments (A and B)wherein
the cure cycle encompasses a combination of steps and slopes from the

desired minimum cure temperature to the desired maximum cure
temperature. In still another embodiment (D and E) the cure cycle can
follow a curve from the desired minimum cure temperature to the
desired maxin;mm cure temperature. In embodiments A, B,and C it
should be noted that the rise and run of the slope do not have to be
constant-between the minimum and maximum cure temperatures of the

cure cycle. In other words the rise and run can vary when proceeding
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from the desired minimum to desired maximum cure temperatures The

foregoing cure cycle temperature ramping curves are illustrated below.

C RN Rl 2 R A -

Time

35 Ramping of the temperature during the cure cycle is preferable because
it diminishes the potential for catalyst degradation and the boiling of
unconverted monomer.

Optionally, additives include but not limited to those selected
from of blowing agents, foaming agents, pigments, dyes, fillers such as
10 mica, germania, titania, zirconia, boron nitrides, silicon nitrides, silicon
carbides, barium titanate, lead magnesium niobate-lead titanate
(Tamtron® Y5V183U dielectric filler available from Tam Ceramics),
gold coated polymer latices, silver particles, plasticizers, lubricants,
flame retardants, tackifiers, antioxidants, fibers, antioxidants, UV
15 stabilizers, masking agents, odor absorbing agents, crosslinking agents,
tougheners and impact mddiﬁers, polymeric modifiers and viscosifiers
and mixtures thereof, can be added by mixing one or more of theni into
the monomer medium before the polymerization reaction is initiated.
The identity and relative amounts of such components are well known 1o
20 those skilled in the art and need not be discussed in detail here.
The optional additives are employed to enhance the processing,
appearance and/or the physical properties of ihe polymer. For example,
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the additives can be utilized to enhance and modify inter alia the
coefficient of thermal expansion, stiffness, impact strength, dielectric.
constant, solvent resistance, color, and odor of the polymer product.
The viscosifiers are employed to modify the viscosity and shrinkage of
the monomeric mixture before the polymerization reaction is initiated.
Suitable viscosity modifiers include elastomers and the norbornene-type
polymers of the present' invention. The viscosity modifiers can be
dissolved in the polymerizable monomers of the invention to increase
the viscosity of the monomer reaction mixture. As discussed above,
crosslinking can be effected during the initial polymerization reaction of
the monomer mixture or during a post polymerization thermal or
photochemical curing step.

When employed in the mass polymerization system of the
invention, the preferred molar ratio of monomer to proéata]yst (based on
metal content) to WCA salt activator ratios preferably ranges from about
500,000:1:1 to about 5,000:1:20 , more preferably from about
250,000:1:5 to about 20,000:1:10, and most preferably from about
200,000:1:20 to about 100,000:1:1.

The polymers produced by the foregoing processes are useful
inter alia in electronic and optical applications. In electronic
applications uses include but are not limited to dielectric films (ie.,
multichip modules and flexible circuits), chip attach adhesives, underfill
adhesives, chip encapsulants, glob tops, near hermetic board and chip
protective coatings, embedded passives, laminating adhesives, capacitor
dielectrics, high frequency insulator/connectors, high voltage insulators,
high temperature wire coatings, conductive adhesives, reworkable
adhesives, photosensitive adhesives and dielectric film, resistors,
inductors, capacitors, antennas and printed circuit board substrates. In
optical applications uses include but are not limited to optical films,

ophthalmic lenses, wave guides, optical fiber, photosensitive optical
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film, specialty lenses, windows, high refractive index film, laser optics,
color filters, optical adhesives, and optical connectors.

Due to the high activity of the Group 10 catalysts of the present
invention, the amount of Group 10 residual metal in the polymer product
(absent any purification) is preferably less than about 100 ppm, more
preferably less than about 50 ppm, even more preferably less than
10 ppm, and most preferably less than 5 ppm, wherein the residual metal
to polymer is calculated on a weight to weight basis.

The following examples are detailed descriptions of methods of
preparation and use of certain compositions of the present invention.
The detailed preparation descriptions fall within the scope of, and serve
to exemplify, the more generally described methods set forth above.

The examples are presented for illustrative purposes only, and

are not intended as a restriction on the scope of the invention.
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Example 1.

Procatalyst A. (Allyl)palladium(tricyclohexylphosphine)chloride.
To (allyl)palladium chloride dimer (1.00 g, 2.73 mmol) was added about
75 ml of toluene to give a yellow solution with a small amount of
insolubles. To this mixture was added tricyclohexylphosphine (1.55 g,
5.54 mmol) dissolved in about 20 ml of toluene. A clear yellow solution
resulted which was allowed to stir at room temperature for 2 hours. The
solvent was removed in vacuo to yield a pale yellow powder which was

dissolved in THF and stirred overnight. The THF was then removed in vacuo

_ to give an off-white powder which was washed with 50 ml of ether three

times. The resulting free-flowing, off-white powder was dried in vacuo.
Yield 1.6 g (63%). *'P NMR (CD,CL): 841.1 (s). '"HNMR (CD,CL):

8 5.40 (m, 1H), 4.49 (br t, 1H), 3.49 (d of d, 1H), 3.42 (s, 1H), 2.59 (d, 1H),
2.14 (m, 3H), 1.90 (br s, 6H), 1.80 (s, 6H), 1.72 (s, 3H), 1.47 (br s, 6H),
1.27 (s, 9H).

Example 2.
Procatalyst B. (Allyl)palladium(tricyclobhexylphosphine) triflate. A
methylene chloride solution of

(allyi)palladium(tricyclohexylphosphine)chloride (1.00 g, 2.16 mmol) was

added to a methylene chloride solution of silver triflate (0.565 g, 2.20 mmol).

The reaction mixture was shielded from room light and allowed to stir for

18 hours. The resulting shurry was filtered to yield a light yellow filtrate.
The methylene chloride was removed in vacuo to give a free-flowing white
powder. Yield 1.05 g (84%). *'P NMR (C,D,): 42.2(s). '"HNMR (C,D,):

6 5.10 (t, 1H), 4.66 (m, 1H), 3.64 (d of d, 1H), 2.62 (s, 1H), 1.95 (d, 1H), and
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| peaks from 1.9 to 1.0 due to tricyclohexylphosphine. Crystals of this

material were grown from methylene chloride/pentane solution. The results

of a x-ray crystal structure determination are presented in Figure 1.

Example 3.
(Aliyl)palladium trifluoroacetate dimer. Approximately 1.60g -

(4.34 mmol) of (allyl)paliadium chloride dimer was dissolved in methylene
chloride, This solution was added to a methylene chloride solution of silver
trifluoroacetate 2.02 g (9.14 mmol) which was cooled to -10°C. The mixture
was allowed to stir for 3 hours The resuiting cloudy solution was ﬁltered to
yxeld a bnght, yellow ﬁitrate Removal of solvent in vacuo gave a yellow
powder. '"HNMR (CD,CL,): § 5.63 (br's, 1H), 4.13 (d, 2H), 3.08 (d, 2H).

Example 4.

Procatalyst C.
(AllyDpalladium(tricyclohexylphosphine)trifiuoroacetate. (Allyl)palladium
trifluoroacetate dimer (1.00 g, 1.91 mmol) was dissolved in THF at -78°C.
To this solution was added tricyclohexylphosphine (1.12 g, 4.00 mmol) in
THF. The yellow solution became colorless. After 20 minutes the solution
was allowed to warm to room temperature and stir for 2 hours. The solvent
was removed in vacuo to give an off-white powder. Yield 0.96 g (47%). 3‘.P
NMR (CD,Cl,): §41.7 (s). 'HNMR (CD,CL,): & 5.47 (m, 1H), 4.78 (1, 1H),
3.82 (d of 4, 1H), 3.24 (s, 1H), 2.50 (d, 1H), and peaks from 1.9 to 1.0 due to
tricyclobexylphosphine.

PCT/US99/23243
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Example 5.

Pfocatalyst D. {2-[(dimethylamino)methyl]phenyl-
C,N-}palladium(tricyclohexylphosphine) chloride.
Di-p-chlorobis {2-[(dimethylamino)methyl]phenyl-C,N-} dipalladium
(1.00 g, 1.81 mmol) was dissolved in THF (60 ml). To this solution was
added tricyclohexylphosphine (1.00, 3.57 mmol) in 10 ml of THF. The
mixture was allowed to stir. overnight after which the solvents were removed
in vacuo. The resulting solid was dissolved in methylene chloride and
allowed to stir for 1 hour. The solvent was removed in vacuo. To the solid
‘was added an 80:20 mixture of pentane:ether. The solvent was deca_r_:_ted. To
this solid was added cyclohexane folloWed by filtration to yield a wﬁite solid
which was dried in vacuo. Yield 0.96 g (48%). *'P NMR (CD,CL,): & 43.4
(s). 'H NMR (CD,ClL): 3 7.22 (m, 1H), 6.98 (d, 1H), 6.90 (m, 2H), 3.93 (s,
2H), 2.58 (d, 6H), and peaks from 2.4 to 1.0 due to tricyclohexylphosphine.

Example 6.
Procatalyst E. {2-[(dimethylamino)methyl]}phenyl-
C N-}palladium(uicyclohexylpho;phine’:) triflate.
{2-{(dimethylamino)methyl]phenyl-C, N-}palladium(tricyclohexylphosphine)
chloride (0.500 g, 0.899 mmol) was dissolved in fluorobenzene. To this
solution was added silver triflate (0.231 g, 0.899 mmol) in a
fluorobenzene/ether solution. The reaction mixture turned yellow with
| precipitation of a white solid. The mixture was allowed to stir for 64 hours.
The white solid was filtered off and the solvent was removed in vacuo from

the yellow filtrate to give a white solid. *'P NMR (CD,CL,): & 42.1 (s).
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Example 7.

Procatalyst F. (Allyl)pailadium(tri-o-tolylphosphine)chloride. To
(allyl)palladium chloride dimer (1.50 g, 4.10 mmo]) solution in about 25 ml
of methylene chloride was added tri-o-tolylphosphine (2.50 g, 8.22 mmol) as
a methylene chloride solution. The solution was allowed to stir overnight.
The solvent was removed in vacuo to yield a pale yellow powder. Yield
3.50 g (88%). *P NMR (CD,ClL): §21.4(s). 'HNMR (CD,CL): §7.58
(br t, 3H), 7.40 (t, 3H), 7.24 (m, 6H), 5.60 (m, 1H), 4.57 (1, 1H), 3.55 (d of d,
1H), 3.16 (br s, 1H), 2.19 (s, 9H).

Example 8.

Procatalyst G. (AllyDpalladium(tri-o-tolylphosphine) triflate. To a
methylene chloride solution (10 ml) of (allyl)palladium chloride dimer
(1.50 g, 4.10 mmol) was added a methylene chloride solution (10 ml) of
tri-o-tolylphosphine (2.50 g, 8.22 mmol). This solution was added to a
methylene chloride solution of silver triflate (1.81 g, 8.19 mmol). A
precipitate formed immediately. The reaction mixture was shielded from
room light and allowed to stir overnight. The resulting slurry was filtered
through Celite®to yield an orange filtrate. The methylene chloride was
removed in vacuo to give a yellow powder which was washed with pentane
twice, an 80:20 mixture of pentane:ether, then dried in vacuo. Yield 4.05 ¢
(91%). *'P NMR (CD,Cl,): 21.4 (s). 'HNMR (CD,ClL,): 6 7.44 (m, 6H),
7.26 {m, 6H), 5.70 (br s, 1H), 5.10 (br s, 1H), 3.95 (brs, 1H), 3.20 (br s, 1H),
2.37 (br s, 1H), 2.19 (s, 9H). Crystals of this material were grown from
methylene chloride/pentane solution. The results of a x-ray crystal structure

determination are presented in Figure 2.

PCT/US99/23243
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Example 9.

Procatalyst H. (Allyl)palladium(tri-o-tolylphosphine) nitrate. To a
suspension of silver nitrate (0.935 g, 5.50 mmol) in methylene chloride was
added a methylene chloride solution of (allyl)palladium chloride dimer
(1.00 g, 2.73 mmol) and tri-o-tolylphosphine (1.66 g, 5.46 mmol). After
stirring the mixture overnight, the mixture was filtered to give an orange
filtrate. This solution was concentrated and layered with pentane. The
resulting white solid was isolated. *'P NMR (CD,CL): 20.3 (s). 'HNMR
(CD,CL,): 8 7.50-7.20 (m, 12H), 5.70 (m, 1H), 4.85 (t, 1H), 3.95 (d of 4, 1H),
2.60 (br s, 2H), 2.20 (s, 9H).

~ Example 10. _ :

Procatalyst 1. (Allyl)palladium(tri-o-tolylphosphine) acetate. To a
suspension of silver acetate (0.919 g, 5.50 mmol) in methylene chloride was
added a methylene chloride solution of (allyl)palladium chloride dimer
(1.00 g, 2.73 mmol) and tri-o-tolylphosphine (1.66 g, 5.46 mmol). After
stirring the mixture overnight, the mixture was filtered to give an orange
filtrate. This solution was concentrated and layered with pentane. The
resulting white solid was isolated. *'P NMR (CD,CL,): 20.8 (s). '"H NMR
(CD,CL): 8 7.50-7.20 (m, 12H), 5.60 (m, 1H), 4.67 (t, 1H), 3.80 (d of d, 1H),
2.50 (br s, 2H), 2.20 (s, 9H).

o - Example 11,
" Procatalyst J. (B-pinenyl)palladium chloride dimer. To a slurry of
palladium (1) trifluoroacetate (0.5 g, 1.5 mmol) in acetone was added
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* Bpinene (0.23 ml, 1.5 mmol). After 45 minutes, NBu,Cl (0.460 g,

1.65 mmol) in acetone was added and the reaction mixture was stirred for
10 minutes. Some black solid was filtered off and the solvent was removed
in vacuo. The solid residue was dissolved in chloroform. Addition of
pentane gave a brown oil and a yellow solution. From the yellow solution a

yellow solid was obtained by removal of solvent in vacuo. Yield 0.2 g

Example 12,

Procatalyst K. (Allyl)palladium iodide dimer. (Allyl)palladium
chloride dimer (1.0 g, 2.7 mmol) was dissolved in acetone (25 ml). To this
solution was added an aqueous solution (10 mi) of sodium iodide (2.6 g,

13.3 mmol). The solution immediately turned orange and a yellow solid
formed. The mixture was stirred for 30 minutes and solution was isolated by
decantation. The solvent wﬁs removed in vacuo to give a solid which was
extracted with chloroform. The chloroform extract was dried in vacuo to give
an orange-brown solid. Yield 0.66 g (44%). "H NMR (CDy): & 4.32 (m,
1H), 3.78 (d, 2H), 2.40 (d, 2H). A peak was observed at 548 by FD-MS with

the expected isotope pattern for two palladium and two iodine atoms.

Example 13.

Catalyst L.
(Allyl)palladium(tricyclohexylphosphine)(ether)][tetrakis(bis(3,5-
trifluoromethyl)phenyl)borate]. (Allyl)palladium(tricyclohexylphosphine)
chloride (1.00 g, 2.73 mmol) was dissolved in ether and cooled to -78°C.
Methylmagnesium bromide (720 pl of 3 m solution in ethér, 2,16 mmol) was
added drop wise. The mixtﬁte was stirred at -78°C for 1 hour after which the

PCT/US99/23243
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solvent was removed in vacuo. The solid was extracted twice with pentane
and filtered. The solution was stored at -20°C overnight. A precipitate -
formed and the flask was further cooled to -78°C. The resulting solid was

collected and dried. Yield 0.5 g (52%). NMR spectra are in agreement with

the formation of (allyl)palladium(tricyclohexylphosphine)(methyl). 3P NMR
(CD,CL): & 42.3 (s). '"HNMR (CD,Cl,): §4.99 (m, 1H), 3.45 (d, 1H), 3.31
(br t, 1H), 2.39 (d of d, 1H), 2.33 (d, 1H), 2.00 (m, 3H), 1.86 (br s, 6H), 1.78
(br s, 6H), 1.71 (s, 3H), 1.39 (br s, 6H), 1.24 (br s, 9H).

A flask was charged with
(allyl)palladium(tricyclohexylphosphine)(methyl) (0.26 g, 0.58 mmol) and
H(Et,0),[tetrakis(bis(3,5-trifluoromethyDphenyl)borate] (0.59 g, 05§ mmol).
The contents of the flask were cooled to -78°C and 15'ml of ether was added.
The mixture was warmed slightly to facilitate dissolution and then cooled to
-78°C. After stirring for 3 hours, the solvent was removed in vacuo to give a
brown-yellow solid. After washing with pentane twice and drying in vacuo a
beige crystalline solid was isolated. Yield 0.69 g (87%). *'P NMR (CD,Cl,):
543.1 (s). 'HNMR (CD,CL): 67.72 (s, 8H), 7..56 (s, 4H), 5.83 (br m, 1H),
5.15 (br s, 1H), 4.05 (br s, 1H), 3.95 (br s, 1H), 3.44 (q, 4H), 3.20 (br 5, 1H),

1.16 (t, 6H), and peaks from 2.05 to 1.1 due to tricyclohexylphosphine.

Example 14,
Procatalyst M.
{2-[1-(dimethylamino)ethyl]phenyl-C, N-}palladium(tricyclohexylphosphine)
chloride. (+)-Di-p-chlorobis{2-[1-(dimethylamino)ethyl]phenyl-C,N—}
dipalladium (0.65 g, 1.1 mmol) was dissolved in methylene chloride. To thi_s

. solution was added 10 ml of 2 methylene chloride solution of

PCT/US99/23243
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tricyclohexylphosphine (0.63 g, 2.2 mmol). After 10 hours, the solvent was

removed in vacuo. To the yellow residue was added pentane. The yellow
pentane solution was decanted from some insolubles. Then the pentane was
pumped off from the solution to give a light yellow powder. *'P NMR
(CD,CL): 841.8(s). 'HNMR (CD,CL): 8 7.22 (m, 1H), 6.93 (m, 2H), 6.86
(m, 1H), 3.65 (m, 1H), 2.55 (d, 6H), 1.75 (d, 1H), and peaks from 2.5 to 1.1
due to tricyclohexylphosphine.

Example 15,

Procatalyst N. Preparation of
bis(tricyclohexylphosphine)(hydrido)palladium(Il) chloride.

To a slurry of (1,5-cyclooctadiene)palladium(II) chloride (2.0 g) in
20 ml methanol was added 1.67g of 2 25 wt. % solution of sodium methoxide
in methanol diluted with 20 ml methanol. After 0.5 hours, (2-methoxy-3-
cyclooctenyl)palladium chloride dimer was isolated as a white powder by
filtration in air and dried under vacuum (1.67 g, 85%).

To a shury of (2-methoxy-3-cyclooctenyl)palladium chloride dimer
(500 mg) in 25 ml methanol was added tricyclohexylphosphine (1.0 g) as a
solid. The reaction was stirred until it became homogeneous, Stirring was
stopped and the solution was cooled in a -20°C freezer. The product was
isolated as a gray crystalline solid by filtration in air and dried under vacuum
(900 mg, 72%).

Example 16.
Catalyst O. Preparation of
bis(tricyclohexylphosphine)(hydrido)palladium(II} nitrate.

PCT/US99/23243
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To a slurry of tricyclohexylphosphine (4.86 g) in 75 ml ethanol was
added palladium(lI) nitrate (2.0 g) as a solid at -35°C. A yellow precipitate
formed immediately. After 1.5 hours, toluene (150 ml) was added and the
reaction warmed to -5°C. Sodium borohydride (0.33 g) was added in 25 m!
ethanol, and the reaction was allowed to warm to room temperature. After
40 hours, the reaction was filtered and the solvent removed to give a tan
solid. The product was washed with 75 ml ethyl ether and several times with
hexane. Recrystallization from toluene/hexane gave the product as tan
crystals (3.3 g, 53%).

Example 17.
Catalyst P. Synthesis of (allyl)platinum chloride tetramer.
(AllyDplatinum chloride tetramer was synthesized according to J. Lukas in
Inorganic Synthesis 1974, 15, 79.

Example 18.

Procatalyst Q. Synthesis of
(methallyDnickel(tricyclohexylphosphine)(triflate).
(Methallyl)nickelchloride dimer (2.0 g, 0.0066 mmol) was added to a flask
along with tricyclohexylphosphine (3.42 g, 0.0133 mmol). Methylene
chloride (25 ml) was added to the flask to give an orange-yellow solution.
Silver triflate (3.72 g, 0.0133 mmol) was mixed with methylene chloride
(10 ml) in an amber vial. The nickel solution was added to the silver mixture.
Immediate precipitation of silver chloride was noted. The mixture was
allowed to stir for 3 hours at room temperature. The mixture was filtered

through Celite® to give an orange-yellow filtrate. The solvent was removed
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in vacuo to give a yellow solid. Yield 5.44 g (75%). >P NMR (CDCL,): &

33.2 (s). "HNMR (CDCLy): &4.49 (s, 1H), 3.19 (s, 1H), 2.24 (s, 3H), 2.11
(s, 1H), and peaks from 2.0 to 1.1 due to tricyclohexylphosphine.

Example 19,
Procatalyst R. Synthesis of

(allyDplatinum(tricyclohexylphosphine)(chloride). (Allyl)platinum chloride
tetramer (0.20 g, 0.18 mmol) was suspended in 25 ml of methylene chloride.
Tricyclohexylphosphine (0.21 g, 0.74 mmol) was dissolved in methylene
chloride and added to the platinum solution. A yellow solution resulted with
some insolubles. The mixture was allowed to stir for 2 days. A tan solution
and solid resulted. The volatiles were pumped away to give a tan solid.
Yield 0.25 g (63%).

Example 20.
Procatalyst S. Synthesis of

(allyDplatinum(tricyclohexylphosphine)(triflate).
(Allyl)platinum(tricyclohexylphosphine)(chloride) (0.25 g, 0.45 mmol) was
dissolved in toluene and filtered to remove small amount of insolubles. The
resulting filtrate was added to a toluene sturry of silver triflate (0.11 g,

0.45 mmol). The mixture was stirred for 2 hours, then filtered to give a

yellow filtrate. The solvent was removed in vacuo to give a tan solid.

Example 21.
Procatalyst T. Synthesis of
(allyl)palladium(trinaphthylphosphine)(triflate). Trinaphthylphosphine
(1.6 g, 3.5 mmol, 90%) and (allyl)palladium chloride dimer (0.61 g,
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1.7 mmol) were added to a flask that was cooled to -10°C. To this mixture
was added methylene chioride (25 ml) drop-wise to give a light yellow
mixture. The slurry was warmed at room with stirring. The mixture turned |
orange-brown. After 6 hours, the solution was added to a suspension of silver
triflate (0.85 g, 3.3 mmol) in 25 ml of methylene chloride. A white
precipitate formed. After 16 hours the mixture was filtered. The filtrate was
pumped to dryness giving a brown solid.' Yield 2.3 g (96%). The solid was
recrystallized from methylene chloride/pentane. *'P NMR (CDCl,): 620.7
(br s). '"HNMR'(CDCL,): & 8.3—7.3 (m, 21H), 5.54 (br s, 1H), 5.18 (br t,
1H), 3.91 (m, 1H), 3.03 (br s, 1H), 2.25 (br s, 1H). Crystals of this material
were grown from methylene chloride/pentane solution, The results ;f a x-ray

crystal structure determination are presented in Figure 3.

Example 22.

" Procatalyst U. A suspension of
(allyl)palladium(trinaphthylphosphine) (triflate) (0.50 g, 0.70 mmol) in
100 m! of toluene was added to a slurry of ether-free lithium
teuékis(pentaﬂuorophenyl)borate (0.48 g, 0.70 mmol) in toluene. After
stirring the mixture for 30 minutt.es, the solution was filtered through Celite®
to give a yellow filtrate. The solution was concentrated in vacuo and layered
with pentane to give an orange oil. The solvent was decanted and the oil was
washed with pentane and then dried in vacuo and then washed twice more

with pentane and dried to give an light orange solid.
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Example 23.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithinm
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.6 mg, 0.0006 mmol). This
mixture was diluted with 38 ml of toluene. Approximately 10 pi of a toluene
solution of (allyl)palladium chloride dimer (6.23 mMol) and 10 gl of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 m! total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was poured into
acetone to precipitate the polymer which was redissolved into toluene and
reprecipitated into methanol which was filtered and dried in vacuo ovemight.
Yield 6.2 g (62%).

Example 24,

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.6 mg, 0.0006 mmol). This
mixture was diluted with 38 ml of toluene. Approximately 10 pl of a toluene
solution of (allyl)palladium chloride dimer (6.23 mMol) and 50 yl of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was poured into
acetone to precipitate the polymer which was redissolved into toluene and
reprecipitated into methanol which was filtered and dried in vacuo overnight.
Yield 6.4 g (64 %).

PCT/US99/23243
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Example 25. .

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.2 mmol) was added lithium
tetrakis(pentafluorophenyDborate » 2.5 Et,0 (0.3 mg, 0.0004 mmol). This
mixture was diluted with 38 ml of toluene. Approximately 10 pl of a toluene
solution of (allyl)palladium chloride dimer (6.23 mMol) and 10ul of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 m! total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was poured into
acetone to precipitate the polymer which was redissolved into toluene and
reprecipitated into methanol, filtered and dried in vacuo overnight. Yield
6.1 g (61%).

Example 26.
To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (0.1 mg, 0.00006 mmol). This

' mixture was diluted with 38 ml of toluene. Approximately 10 pl of a toluene

solution of (allyl)palladium chloride dimer (6.23 mMol) and 10 pl of 2
tolue;ne solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and édded to the monomer solution. The mixture was.
heated to 65°C for 4 hours. The resulting viscous mixture was pbured into
acetone to precipitate the polymer which was redissolved into toluene and
reprecipitated into methanol, filtered and dried in vacuo overnight. Yield

2.4 g (24%).



10

20

"WO 00/20472

-93.

Example 27.
(Comparative)

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrafluoroborate (0.1 mg, 0.0006 mmol). This mixture was diluted with
38 ml of toluene. Approximately 10 pl of a toluene solution of |
(allyl)palladium chloride dimer (6.23 mMol) and 10 i of a toluene solution
of tricyclohexylphosphine (12.5 mMol) was diluted to about 1 ml total with
toluene and added to the monomer solution. The mixture was heated to 65°C
for 4 hours. The solution did not become viscous and, upon addition to

acetone, no polymer was observed.

Example 28.

To a mixture of but&lnorbomenc (8.41 g, 56.1 mmot) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (1.1 mg, 0.0013 mmol). This
mixture was diluted with 32 ml of toluene. Approximately 20 pl of a toluene
solution of (allyl)palladium chloride dimer (0.623 mMol) and 20 il of a
toluene solution of triphenylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 5.2 g (52%).

PCT/US99/23243
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Example 29.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.1 mg, 0.0012 mmol). This
mixture was diluted with 32 ml of tbluene. Approximately 10 ! of a toluene
solution of (allyl)palladium chloride dimer (12.5 mMol) and 20 pl of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into methanol to precipitate the polymer which was
filtered and dried in vacuo ovemight. Yield 8.2 g (82%). E

Example 30.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,O (1.1 mg, 0.0012 mmol). This
mixture was diluted with 32 ml of toluene. Approximately 80 pl of a toluene
solution of (allyl)palladium trifluoroacetate dimer (1.6 mMol) and 20 pl of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into methanol to precipitate the polymer which was

filtered and dried in vacuo overnight. Yield 9.3 g (93%). -
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Example 31.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and

5.triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium

tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.1 mg, 0.0012 mmol). This
mixture was diluted with 32 mi of toluene. Approximately 40 pl of a toluene
solution of (allyl)palladium trifluoroacetate dimer (1.6 mMol) and 20 pl of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into methanol to precipitate the polymer which was
filtered and dried in vacuo overnight. Yield 8.3 g (83%).

Example 32.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.1 mg, 0.0012 mmol). This
mixture was diluted with 32 ml of toluene. Approximately 20 pl of a toluene
solution of (allyl)palladium trifluoroacetate dimer (1.6 mMol) and 20 pl of a
toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution, The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into methanol to precipitate the polymer which was
filtered and dried in vacuo overnight. Yield 3.9 g (39 %).

PCT/US99/23243
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Example 33.

To a mixture of butylnorbomene (8.41 g, 56.1 mmol) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,O (1.1 mg, 0.0012 mmol). This
mixture was diluted with 24 ml of toluene and 8 ml of ethanol.
Approximately 0.1 mg (0.0003 mmol) of
(allyl)palladium(tricyclohexylphosphine) chloride (Catalyst A) to about 1 ml
total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting mixture was diluted with toluene
and poured into methanol to precipitate the polymer which was filtered and

- dried in vacuo overnight. Yield 0.72 g (7.2%).

Example 34.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added Jithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.1 mg, 0.0012 mmol). This
mixture was diluted with 32 ml of toluene. Approximately 0.1 mg
(0.0003 mmol) of (ally1)palIadium(tricyclohexylphosphine) chloride (Catalyst
A) to about 1 ml total with toluene and added to the monomer solution. The
mixture was heated to 65°C for 4 hours. The resulting viscous mixture was
diluted with toluene and poured into methanol to precipitate the polymer
which was filtered and dried in vacuo ovemnight. Yield 7.8 g (78%).

_ Example 35.
_ To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-trie_thoxysilﬂnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,O (1.1 mg, 0.0012 mmol). This
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mixture was diluted with 32 ml of toluene. Approximétely 50 ul of a toluene
solution of (allyl)palladium chloride dimer (2.5 mMol) and 20 pl of a
toluene solution of tribenzylphosphine (12.5 mMol) was diluted to about 1 ml
total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into acetone to precipitate the polymer which was filtered

and dried in vacuo overnight. Yield 2.1 g (21%).

Example 36.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafiuorophenyl)borate * 2.5 Et,0 (1.1 mg, 0.0012 mmol). This
mixture was diluted with 32 ml of toluene, Approximately 50 pl of a toluene
solution of (allyl)palladium chloride dimer (2.5 mMol) and 20 il of a
toluene solution of tributylphosphine (12.5 mMol) was diluted to about 1 ml
total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulﬁng viscous mixture was diluted with
toluene and poured into acetone to precipitate the polymer which was filtered

and dried in vacuo overnight. Yield 4.1 g (41%).

Example 37,

To a mixture of butylnorbomene (8.41 g, 56:1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added sodinm
tetrakis(3,5-bis(triffuoromethyl)phenyl)borate (1.1 mg, 0.0004 mmol). This
mixture was diluted with 32 ml of tojJuene. Approximately 50 ul of a toluene

solution of (allyl)palladium chloride dimer (2.5 mMol) and 20 ul of a
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toluene solution of tricyclohexylphosphine (12.5 mMol) was diluted to about
1 ml total with toluene and added to the monomer solution. The mixture was
heated to 6'S°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into acetone to precipitate the polymer which was filtered
and dried in vacuo overnight. Yield 9.3 g (93%).

Example 38.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5.triethoxysilylnorbomene (1.59 g, 6.21 mmol) was added trityl
tetrakis(pentafluorophenyl)borate (1.1 mg, 0.0012 mmol). This mixture was
diluted with 32 ml of toluene. Approximately 50 pl of a toluene soliition of
(allyl)palladium chloride dimer (2.5 mMol) and 20 pl of a toluene solution of
tricyclohexylphosphine (12.5 mMol) was diluted to about 1 ml total with
toluene and added to the monomer solution. The mixture was heated to 65°C
for 4 hours. The resulting viscous mixture was diluted with toluene and
poured into acetone to precipitate the polymer which was filtered and dried in
vacuo overnight. Yield 1.0 g (10%). |

Example 39.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (0.6 mg, 0.0007 mmol). This
mixture was diluted with 16 ml of toluene. .Appi'oximately 20 p! of a toluene
solution of {2-[(dimethylamino)methyl]phenyl- |
C,N-}palladium(tricyclohexylphiosphine) chloride (Catalyst D, 6.52 nﬁMol)

was added to the monomer solution. The mixture was heated to 65°C for




10

20

WO 00/20472

-99.-

4 hours. The resulting viscous mixture was diluted with toluene and poured
into acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 3.8 g (76%).

Example 40.

To a mixture of butylnorbormene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentaftuorophenyl)borate « 2.5 Et,O (0.6 mg, 0.0007 mmol). This
mixture was diluted with 16 ml of toluene. Approximately 20 pl of a toluene
solution of {2-{(dimethylamino)methy!]-phenyl-
C,N-}palladium(tricyclohexylphosphine) triflate (Catalyst E, 6.52 mMol) was
added to the monomer solution. The mixture was heated to 65°C for 4 hours,
The resuiting viscous mixture was diluted with toluene and poured into
acetone to precipitate the pélymer which was filtered and dried in vacuo
overnight. Yield 5.0 g (100 %).

Example 41.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbomene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.6 mg, 0.0007 mmol). This
mixture was diluted with 16 ml of toluene. Approximately 10 pl of a toluene
solution of {allyl)palladium chloride dimer (3.26 mMol) and 10 ! of a
toluene solution of triailylphosphine (6.52 mMol) was diluted to about 3 ml
total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with

toluene and poured into methanol to precipitate the polymer which was

PCT/US99/23243
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filtered and dried in vacuo overnight. Yield 1.6 g (32 %). Mw = 2,460,000

and Mn = 1,230,000 as determined by GPC methods.

Example 42.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 E,0 (0.6 mg, 0.0007 mmol). This
mixture was diluted with 16 ml of toluene. Approximately 10 gl of a toluene
solution of (allyl)palladium chloride dimer (3.26 mMol) and 10 pl of a
toluene solution of tricyclopentylphosphine (6.52 mMol) was diluted to about
3 ml total with toluene and added to the monomer solution; The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into mqthanol to precipitate the polymer, filtered and
dried in vacuo overnight. Yield 4.8 g (96 %).

Example 43.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium

| tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (0.6 mg, 0.0007 mmol). This

mixture was diluted with 16 m! of toluene. Approximately 10 1 of a toluene
solution of (allyl)palladium chloride dimer (3.26 mMol) and 10 pl of a
toluene solution of triisopropylphosphite (6.52 mMol) was diluted to aboﬁt

3 ml total with toluene and added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting viscous mixture was diluted with
toluene and poured into methanol to precipitate the polymer which was

filtered and dried in vacuo overnight. Yield 0.2 g (4%).
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Example 44,

To a mixture of butylnorbomene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis{tris(trifluoromethy!)-ters-butoxy } aluminate (1.1 mg, 0.0011 mmol).
This mixture was diluted with 16 ml of toluene. Approximately 200 ul of a
toluene solution of (allyl)palladium(tricyclohexylphosphine) triflate
(1.08 mMol) was added to the monomer solution. The mixture was heated to
65°C for 4 hours. The resulting viscous mixture was diluted with toluene and
poured into methanol to precipitate the polymer which was filtered and dried
in vacuo overnight. Yield 5 g (100%).

Example 45,

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added tﬁe fluorinated
tetraalkoxyaluminate, LifAl{(OC(CF,),),] (1.1 mg, 0.0011 mmol). This
mixture was diluted with 16 ml of toluene. Approximately 200 pl of a
toluene solution of {2-(dimethylamino)methyl]-phenyl-
C,N-}palladium(tricyclohexylphosphine) triflate (Catalyst E, 1.08 mMol) was
added to the monomer solution. The mixture was heated to 65°C for 4 hours.
The resulting viscous mixture was diluted with toluene and poured into
methanol to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 5 g (100%).

PCT/US99/23243
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Example 46.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added the fluorinated |
tetraalkoxyal_uminate, Li[Al(OC(CF;),Ph),] (1.1 mg, 0.0011 mmol). This
mixture was diluted with 32 ml of toluene. Approximately 100 pl of a
toluene solution of {2-(dimethylamino)methyl}-phenyl-
C,N-}palladium(tricyclohexylphosphine) triflate (Catalyst E, 2.16 mMol) was
added to the monomer solution. The mixture was heated to 65°C for 4 hours.
The resulting viscous mixture was diluted with toluene and poured into
methanol to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 4.6 g (92%).

- Example 47.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added the fluorinated
carborane salt, LIiCB,,F,;H (0.4 mg, 0.001 mmol). This mixture was diluted
with 32 ml of toluene. Approximately 100 pl of a toluene solution of
{2-(dimethylamino)methyl]-phenyl-C, N-} palladium(tricyclohexylphosphine)
triflate (Catalyst E, 2.16 mMol) was added to the monomer solution. The
mixture was heated to 65°C for 4 hours. The resulting viscous mixture was
diluted with toluene and poured into methanol to precipitate the polymer
which was filtered and dried in vacuo overnight. Yield 2.7 g (54 %).

Example 48.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-Iriethoxysilylnorbomene (0.420 g, 1.64 mmol) was added the brominaicd
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carborane salt, LiCB, H,Br, (0.7 mg, 0.001 mmol). This mixture was diluted
with 32 ml of toluene. Approximately 100 gL of a toluene solution of
{2-(dimethylamino)methyl]-phenyl-C, N-} palladium(tricyciohexylphosphine)
triflate (Catalyst E, 2.16 mMol) was added to the monomer solution. The

5 mixture was heated to 65°C for 4 hours, The resulting v’iécous mixture was
diluted with toluene and poured into methanol to precipitate the polymer
which was filtered and dried in vacuo overnight. Yield 1.5 g (31%). Mw =
417,000 and Mn = 212,000 as determined by GPC methods,

10 Example 49,

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and ~
S-triethoxysilyinorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenylborate « 2.5 Et,O (0.6 mg, 0.0006 mmol). This
mixture was diluted with 3'8 ml of toluene. Approximately 20 p! of a toluene
solution of (allyl)palladium chloride dimer (3.28 mMol) and 20 pl of a
toluene solution of trifurylphosphine (6.57 mMol) was diluted with toluene

L

and added to the monomer solution. The mixture was heated to 65°C for
4 hours. The resulting viscous mixture was poured into acetone to precipitate
the polymer which was redissolved into toluene and reprecipitated into

20 methanol which was filtered and dried in vacuo overnight. Yield1.9g
(37%).

Example 50.
To a mixture of butylnorbomnene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.6 mg, 0.0006 mmol). This
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mixture was diluted with 38 ml of toluene. Approximately 20 pl of a tbluene
solution of (allyl)palladium chloride dimer (3.28 mMol) and 20 pl of a
toluene solution of tri-m-methoxyphenylphosphine (6.57 mMol) was diluted
with toluene and added to the monomer solution. The mixture was heated to
65°C for 4 hours. The resulting viscous mixture was poured into acetone to
precipitate the polymer which was redissolved into toluene and reprecipitated
into methanol which was filtered and dried in vacuo overnight. Yield 0.5 g
(10%).

Example 51.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and -
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (0.6 mg, 0.0006 mmol). This

mixture was diluted with 38 ml of toluene. Approximately 20 pl of a toluene

_solution of (allyl)palladium chloride dimer (3.28 mMol) and 20 pl of a

toluene solution of tri-p-methoxyphosphine (6.57 mMol) was diluted wnh
toluene and added to the monomer solution. The mixture was heated to 65°C
for 4 hours. The resulting viscous mixture was poured into acetone to
precipitate the polymer which was redissolved into toluene and reprecipitated
into .methanol which was filtered and dried in vacuo overnight. Yield 3.6 g
(72%).

Example 52.
To aclean, dry 500 ml stéinless steel reactor was added 45.8 g
butylnorbornene (305 mmol) and 4.2 g of 5-triethoxysilylnorbornene
(16.4 mmol) diluted with toluene to a total volume of 320 ml. Thé mixtufe |
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| was heated to 65°C with agitation. To this mixture was added lithium

tetrakis(pentafluorophenyl)borate + 2.5 Et,0 (9.4 mg, 0.011 mmol) in 4 m) of
toluene. Approkimately 1.3 mg of (allyl)palladium(tri-o-tolylphosphine)
triflate (Catalyst G, 0.0022 mmol) in 3 ml of toluene was added to the
reactor. After 4 hours the reaction mixture was poured into acetone to
precipitate the polymer which was filtered and dried in vacuo ovemight.
Yield 16.2 g (33%). Mw = 165,000 and Mn = 71,000 as determined by GPC
methods.

Example 53,

To a mixture of butylnorbornene (4.58 g, 30.5 mmo}) and -
5-triethoxysilylnorbomene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentaﬂuoropheny])borate * 2.5 Et,0 (1.0 mg, 0.00011 mmol). This
mixture was diluted with 16 ml of toluene. Approximately 100 pl of a
toluene solution of trans-di-(u-acetato)-bis{o~(di-o-
tolylphosphino)benzyl]dipalladium (1.1 mMol) and 100 pl of a toluene
solution of tricyclohexylphosphine (2.1 mMol) was dituted with a small
amount of toluene and was added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting mixture was diluted with toluene
and poured into methanol to precipitate the polymer which was filtered and
dried in vacuo overnight. Yield 5 g (100%).

Exataple 54.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.00011 mmol) and

" PCT/US99/23243
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triphenylphosphine supported on 20% crosslinked polystyrene (0.71 mg,

0.8 weight percent phosphorus) This mixture was diluted with 16 ml of
toluene. Approximately 100 pl of a toluene solution of allylpalladium
chloride dimer (1.1 mMol) was added to the mixfure. The mixture was
heated to 65°C. After 4 hours the mixture was poured into an excess of

acetone to precipitate the polymer which was filtered and dried in vacuo.
Yield 0.15 g (3%).

Example 55.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and ‘
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added -
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate (1.0 mg,

0.00011 mmol). This mixture was diluted with 16 ml of toluene.
Approximately 100 pl of a toluene solution
(1.5-cyclooctadiene)(dimethyl)platinum (2.3 mMol) and 200 ul of a toluene
solution of tricyclohexylphosphine (2.1 mMoi) was diluted with a small
amount of toluene and was added to the monomer solution. The mixture was
heated to 65°C for 4 hours. The resulting mixture was diluted with toluene
and poured into methanol to precipitate the polymer which was filtered and
dried in vacuo overnight. Yield 0.11 g (2%).

| Example 56.
(Comparative)
A mixture of butylnorbornene (4.58 g, 30.5 mmol) and

5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was diluted with 16 ml of

toluene. ‘A solution of (allyl)palladium chloride dimer (0.00011 mmol) and
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tricyclohexylphosphine (0.00022 mmol) in toluene was added to the
monomer solution. No WCA salt activator was employed. The mixture was
heated to 65°C for 4 hours. The mixture was then poured into an excess of
acetone. No polymer precipitated.

Example 57,
{Comparative)

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol). This
mixture was diluted with 16 ml of toluene. A solution of (allyl)paltadium
chloride dimer (0.00011 mmol) in toluene was added to the monomer
solution. No neutral Group 15 electron donor ligand providing compound
was added. The mixture was heated to 65°C for 4 hours. The mixture was

then poured into an excess of acetone. No polymer precipitated.

, Example 58,

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol). This
mixture was diluted with 16 ml of toluene. A solution of (allyl)palladium
chloride dimer (0.00011 mmol} and tricyclohexylphosphine (0.00022 mmol)
in toluene was added to the monomer solution. The mixture was heated to
65°C for 4 hours. The resulting viscous mixture was diluted in toluene then
poured into an excess of acetone to precipitate the polymer. The polymer
was filtered and dried in vacuo. Yield 4.25 g (85%).

PCT/US99/23243
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Example 59.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol). This
mixture was diluted with 16 ml of toluene. Approximately 100 ul ofa
toluene solution of {2-[1-(dimethylamino)-ethyl]phenyl-
C,N-}palladium(tricyclohexylphosphine chloride (Catalyst M, 1.1 mMol)
was added to the monomer solution. The mixture was heated to 65°C for
4 hours. The resulting viscous mixture was diluted with toluene and poured
into acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 5.0 g (100%). '

- Example 60.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,O (1.0 mg, 0.0011 mmol) and
S-butenylnorbornene (0.060 g, 0.00033 mol) as a chain transfer agent and -
comonomer. The mixture was diluted with 32 ml of toluene. To this
solution was added 100 plofa toluene solution of
allylpalladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol). After
heating the mixture for 4 hours at 65°C, the mixture was poured into an

excess of acetone. The resulting polymer was filtered and dried in vacuo.

Yield 3.9 g (77%). Mw = 1,372,000 and Mn = 427,000 as determined by

GPC methods.
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Example 61.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and -
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol) and
5-butenylnorbornene (0.130 g, 0.0010 mol) as a chain transfer agent! and
comonomer. The mixture was diluted with 32 ml of toluene. To this solution
was added 100 gL of a toluene solution of
allylpalladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol). After
heating the mixture for 4 hours at 65°C, the mixture was poured into an
excess of acetone. The resulting polymer was filtered and dried in vacuo.
Yield 3.7 g (73%). Mw = 750,000 ahd Mn = 230,000 as determined by GPC

methods.

Example 62.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.6 mg, 0.0007 mmol) and
5-butenylnorbornene (0.30 g, 0.0017 mol) as a chain transfer agent and
comonomer. The mixture was diluted with 32 ml of toluene, To this solution
was added 100 pl of a toluene solution of
allylpalladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol). After
heating the mixture for 4 hours at 65°C, the mixture was poured into.an
excess of acetone. The resulting polymer was filtered and dried in vacuo.
Yield 3.5 g (70%). Mw = 428,000 and Mn = 121,000 as determined by GPC

methods.
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Example 63. .

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate ¢ 2.5 Et,0 (0.6 mg, 0.0007 mmol) and
5-butenylnorbornene (1.01 g, 0.0058 mol) as a chain transfer agent and
comonomer. The mixture was diluted with 32 ml of toluene. Approximately
100 pl of a toluene solution of trans-di-(u-acetato)-bis[o-(di-o-
tolylphosphino)benzyl]dipatladium (1.3 mMol) and 100 pul of a toluene
solution of tricyclohexylphosphine (2.6 mMol) was added to the monomer
solution. After Heating the mixture for 4 hours at 65°C, the mixture was
poured into an excess of acetone. The resulting polymer was ﬁlterééi and
dried in vacuo. Yield 2.5 g (51%). Mw = 180,000 and Mn = 63,000 as
determined by GPC methods.

Example 64.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentaﬂuorophenyl_)borate * 2.5 E4,0 (1.0 mg, 0.0011 rnmol).' This
mixture was diluted with 32 ml of toluene. To this mixture was added 100 pl
of a toluene solution of bis(tricyclohexyl-
phosphine)palladiumhydridochloride (Catalyst N, 1.3 mMol). The mixture

* was heated to 65°C for 4 hours after which the mixture became so viscous

that it could not be stirred. The polymer was precipitated into acetone, )

 filtered and dried in'vacuo. Yield 3.0 g (61%).-
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Example 65.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (1.0 mg, 0.0011 mmol). This
mixture was dituted with 32 ml of toluene. To this mixture was added 100 p!
of a toluene solution of bis(tricyclohexylphosphine)palladiumhydridonitrate
(Catalyst O, 1.3 mMol). The mixture was heated to 65°C for 4 hours after
which the mixmre became so viscous that it could not be stirred. The
polymer was precipitated into acetone, filtered and dried in vacuo. Yield 5 g
(100%).

Example 66.

To a mixture.of norbornene (5.0 g, 53 mmo!l was added lithium
teteakis(pentafluorophenyl)borate » 2.5 EtO (1.0 mg, 0.0011 mmol). This
mixture was diluted with 16 m! of toluene. To this mixture was added 200 pl
of a toluene solution of allylpalladium(tricyclohexylphosphine) triflate
(Catalyst B, 0.27 mMol). The mixture was allowed to stir at room
temperature for 18 hours. After precipitation, filtering and drying a yield of
0.68 g of polymer was obtained. Yield 14%.

Example 67.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol) and
S-butenylnorbornene (0.05 g, 0.00033 mol). This mixture was diluted with.

16 ml of toluene. To this mixture was added 50 L of a toluene solution of

PCT/US99/23243
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| (allyl)palladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol).

The mixture was heated to 65°C for 18 hours. The viscous solution was
diluted with toluene and then the polymer was precipitated into an excess of
acetone. After filtering and drying in vacuo overnight a conversion 0of4.75 g
of polymer was obtained. Yield 95%.— Mw =2,115,000 and Mn = 608,000 as
determined by GPC methods. |

Example 68.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol) ‘and
5-butenylnorbornene (0.15 g, 0.0010 mol). This mixture was diluted with
16 ml of toluene. To this mixture was added 50 pL of a toluene solution of
(allyl)palladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol).
The mixture was heated to 65°C for 18 hours. The viscous solution was
diluted with toluene and then the polymer was precipitated into an excess of
acetone. After filtering and dryiﬁg in vacuo overnight a conversion 0f 4.54 g
of polymer was obtained. Yield 91%. Mw = 973,000 and Mn = 146,000 as
determined by GPC methods.

Example 69.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (1.0 mg, 0.0011 mmol) and
5-butenylnorbornene (0.25 g, 0.0017 mol). This mixture was diluted with

16 ml of toluene. To this mixture was added 50 pL of a toluene solution of
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(allyl)palladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol).
The mixture was heated to 65°C for 18 hours. The viscous solution was
diluted with toluene and then the polymer was precipitated into an excess of |
acetone. After filtering and drying in vacuo overnight a conversion 0f 4.03 g
of polymer was obtained. Yield 81%. Mw = 690,000 and Mn = 120,000 as
determined by GPC methods.

Example 70.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenylborate « 2.5 Et,0 (1.0 mg, 0.0011 mmoﬁ and
5-butenylnorbomene (0.54 g, 0.0036 mol). This mixture was diluted with
16 ml of toluene, To this mixture was added 50 pl of a toluene solution of
(allyl)palladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol).
The mixture was heated to 65°C for 18 hours. The viscous solution was
diluted with toluene and then the polymer was precipitated into an excess of
acetone, After filtering and drying in vacﬁo overnight a conversion of 3.91 g
of polymer was obtained. Yield 78%. Mw = 379,000 and Mn = 120,000 as
determined by GPC methods. The polymer contained approximately 5%

5 butenylnorbornene according to 'H NMR analysis.

Example 71.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (1.0 mg, 0.0011 mmol) and
5-butenylnorbornene (1.21 g, 0.0082 mol). This mixture was diluted with
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. 16 ml of toluene. To this mixture was added 50 pl of a toluene solution of

(allyl)palladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol).

The mixture was heated to 65°C for 18 hours. The viscous solution was
diluted with toluene and then the polymer was precipitated into an excess of
acetone. After filtering and drying in vacuo overnight a conversion of 3.70 g
of polymer was obtained. Yield 74%. Mw = 202,000 and Mn = 68,000 as
determined by GPC methods. The polymer contained approximately 12%
5-butenylnorbornene according to 'H NMR analysis.

Example 72. ‘
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and -

. 5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium

tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.0 mg, 0.0011 mmol) and
5-butenylnorbornene (3.26 g, 0.022 mol). This mixture was diluted with

16 ml of toluene. To this mixture was added 50 pl of a toluene solution of
(allyl)palladium(tricyclohexylphosphine) triflate (Catalyst B, 1.3 mMol).
The mixture was heated to 65°C for 18 hours. The viscous solution was
diluted with toluene and then the polymer was precipitated into an excess of
acetone. After filtering and drying in vacuo overnight a conversion 0f2.85 g
of polymer was obtained. Yield 57%. Mw = 154,000 and Mn = 59,000 as
determined by GPC methods. The polymer contained approximately 25%

- 5-butenylnorbornene according to 'H NMR analysis.

Example 73.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
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tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (100 .l of a 0.0016 M solution

in toluene, 0.00016 mmol) and 5-butenylnorbornene (0.05 g, 0.33 mmol).
This mixture was diluted with 16 ml of toluene. To this mixture was added
50 pl of a toluene solution of (allyl)palladium(tricyclohexylphosphine)
triflate (Catalyst B, 0.65 mMol). The mixture was heated to 65°C for

18 hours. The viscous solution was diluted with toluene and then the
polymer was precipitated into an excess of acetone. After filtering and drying
in vacuo overnight a conversion of 4.28 g of polymer was obtained. Yield
86%. Mw = 1,886,000 and Mn = 328,000 as determined by GPC methods.

Example 74.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (100 pl of a 0.0016 M solution
in toluene, 0.00016 mmol) and 5-butenylnorbornene (0.15 g, 1.0 mmol).
This mixture was diluted with 16 ml of toluene. To this mixture was added
50 pl of a toluene solution of (allyl)palladium(tricyclohexylphosphine)
triflate (Catalyst B, 0.65 mMol). The mixture was heated to 65°C for
18 hours. The viscous solution was diluted with toluene and then the
polymer was precipitated into an excess of acetone. After filtering and drying
in vacuo overnight a conversion of 4.00 g of polymer was obtained. Yield
80%. Mw = 957,000 and Mn = 267,000 as determined by GPC methods.

Example 75.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium

PCT/US99/23243.
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| tetrakis(pentafluorophenyl)borate » 2.5 Et,O (100 ! of a 0.0016 M solution

in toluene, 0.00016 mmol) and 5-butenylnorbornene (0.25 g, 1.7 mmol).
This mixture was diluted with 16 ml of toluene. To this mixture was added
50 pl of a toluene solution of (allyl)palladium(tricyclohexylphosphine)
triflate (Catalyst B, 0.65 mMol). The mixture was heated to 65°C for

_ 18 hours. The viscous solution_ was diluted with toluene and then the

polymer was precipitated into an excess of acetone. After filtering and drying
in vacuo overnight a conversion of 4.32 g of polymer was obtained. Yield
86%. Mw = 460,000 and Mn = 119,000 as determined by GPC methods.

Example 76.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (100 pl of 2 0.0016 M solution
in toluene, 0.00016 mmol), and hexene-1 (0.31 g, 3.6 mmol). This mixture
was diluted with 16 ml of toluene. To this mixture was added 50 pi of a
toluene solution of (allyl)palladium(tricyclohexylphosphine) triflate
(Catalyst B, 0.65 mMol). The m?xture was heated to 65°C for 18 hours. The
viscous solution was diluted with toluene and then the polymer was
precipitated into an excess of acetone. After filtering and drying in vacuo
overnight a conversion of 3.13 g of polymer was obtained. Yield 63%.

Mw = 2,050,000 and Mn = 682,000 as determined by GPC methods.

Example 77.
To a mixture of butylnorbornene (4.58 g, 30.5 mmdl) and

5-triethoxysilylnorbornene (01420 g, 1.64 mmol) was added lithium



[3V]
w

WO 00720472 | - PCT/US99/23243

-117-

tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (100 pl of a 0.0016 M solution
in toluene, 0.00016 mmol), and hexene-1 (0.69 g, 8.2 mmol). This mixture
was diluted with 16 m! of toluene, To this mixture was added 50 pl of 2
toluene solution of (allyl)palladium(tricyclohexylphosphine) triflate

5 (Catalyst B, 0.65 mMol). The mixture was heated to 65°C for 18 hours. The
viscous solution was diluted with toluene and then the polymer was
precipitated into an excess of acetone. After filtering and drying in vacuo
overnight a conversion of 2.01 g of polymer was obtained. Yield 40%.
Mw = 1,275,000 and Mn = 548,000 as determined by GPC methods.

Example 78.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
5-triethoxysilylnorbomene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentaﬂuorophenyljborate * 2.5 Et,0 (100 pl of 2 0.0016 M solution
15 in toluene,.0.00016 mmol), and hexene-1 (1.83 g, 22.0 mmol). This mixture
was diluted with 16 ml of toluene. To this mixture was added 50 pl of a
toluene solution of (allyl)palladium(tricy.clohexyiphosphinc) triflate
(Catalyst B, 0.65 mMol). The mixture was heated to 65°C for 18 hours. The
viscous solution was diluted with toluene and then the polymer was
20 precipitated into an excess of acetone. After filtering and drying in vacuo
overnight a conversion of 1,28 g of polymer was obtained. Yield 26%.

Mw = 532,000 and Mn = 190,000 as determined by GPC methods.

Example 79.
To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and
S-triethoxysilylnorbomene (0.420 g, 1.64 mmol) was added lithium
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tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (100 pl of 2 0.0016 M solution
in toluene, 0.00016 mmol), and 5-vinylnorbornene (0.21 g, 1.7 mmol). This
mixture was diluted with 16 ml of toluene. To this mixture was added 50 pl
of a toluene solution of (allyl)palladium(tricyclohexylphosphine) triflate
(Catalyst B, 0.65 mMol). The mixture was heated to 65°C for 18 hours. The
viscous solution was diluted with toluene and then the polymer was
precipitated into an excess of acetone. After filtering and drying in vacuo

overnight a conversion of 1.28 g of polymer was obtained. Yield 14%.

Example 80.

To a mixture of butylnorbornene (4.58 g, 30.5 mmol) and ~*
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et;0 (100 pl of 2 0.0016 M solution
in toluene, 0.00016 mmol), and 5-ethylidenenorbornene (0.21 g, 1.7 mmol).
This mixture was diluted with 16 ml of toluene. To this mixture was added
50 ul of a toluene solution of (allyl)palladium(tricyclohexylphosphine)
triflate (Catalyst B, 0.65 mMol). The mixture was heated to 65°C for

" 18 hours. The viscous solution was diluted with toluene and then the

polymer was precipitated into an excess of acetone. After filtering and drying

in vacuo overnight a conversion of 1.7 g of polymer was obtained. Yield
34%.

-‘Example 81.
To a mixture of butylnorbornene (4.58 g, 30.5 mmotl) and
5-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (100 pl of a 0.0016 M solution
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| in toluene, 0.00016 mmol), and 5-ethylidenenorbornene (0.43 g, 3;6 mmol).

This mixture was diluted with 16 ml of toluene, To this mixture was added
50 pl of a toluene solution of (allyl)palladium(tricyclohexylphosphine)
triflate (Catalyst B, 0.65 mMol). The mixture was heated to 65°C for

18 hours. The viscous solution was diluted with toluene and then the
polymer was precipitated into an excess of acetone. After filtering and drying
in vacuo overnight a conversion of 1.4 g of polymer was obtained. Yield
28%.

Example 82.

To a miixture of butylnorbornene (4.58 g, 30.5 mmol) and -
S-triethoxysilylnorbornene (0.420 g, 1.64 mmol) was added lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (0.0010 g, 0.0012 mmol). This
mixture was diluted with 16 ml of toluene. To this mixture was added
(allyDplatinum chloride tetramer (Catalyst P, 100 pl of a 0.054 mMol
solution in toluene) and tricyclohexylphosphine (100 pl of 2 0.11 mMol
solution in toluene). The mixture was heated to 65°C for 64 hours. The
poured into an excess of acetone. After filtering and drying in vacuo

overnight a conversion of 0.11 g of polymer was obtained. Yield 2%.

Example 83.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted with 18 mi of toluene. A mixture of (allyl)palladium
chloride dimer (0.000062 mmo) and triphenylphosphine (0.00013 mmol) in

PCT/USY99/23243
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‘toluene and added to the monomer soluti_on. The mixture was heated t0 65°C

for 4 hours. The resulting mixture was poured into acetone to precipitate the

polymer which was filtered and dried in vacuo overnight. Yield 2.6 g (26%).

Example 84.

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,O (1.1 mg, 0.0013 mmol). This
mixture was diluted to a total volume 18 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00013 mmol) and triphenylphosphine
(0.00025 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 8.8 g (88%).

Example 85,

To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and
S-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added lithium
tetrakis(pentaﬂuorophenyl)boraté + 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 18 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00003 1 mmol) and triphenylphosphine
(0.000063 mmol) in toluene and added to the monomer solution. The
mixture was heated to 65°C for 4 hours. The resulting mixture was poured
into acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 2.3 g (23%).
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Example 86.

To a mixture of butylnorbornene (4.2 g, 28.1 mmol) and
S-triethoxysilyinorbornene (0.8 g, 3.1 mmol) was added lithium
tetrakis(pentafluorophenyl)borate + 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 100 mi with toluene. A mixture of
(allyl)palladium chloride dimer (0.000062 mmol) and triphenylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 1.2 g (24%).

Example 87.

To a mixture of bu’_tylnorbomene (4.2 g, 28.1 mmol) and
5-triethoxysilylnorbornene (0.8 g, 3.1 mmol) was added lithium
tetrakis(pentaflucrophenyf)borate « 2.5 Et,0) (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 64 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.000062 rmmo}) and triphenylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 1.3 g (26%). | |

Example 88,
To a mixture of butylnorbomene (4.2 g, 28.1 mmol) and
S-triethoxysilylnorbornene (0.8 g, 3.1 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This

mixture was diluted to a total volume 100 ml with toluene. A mixture of
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(allyl)palladium chloride dimer (0.000062 mmol) and triphenylphosphine

(0.00013 mmol) in toluene and added to the monomer solution. The mixture

~ was heated to 65°C for 4 hours. The resulting mixture was poured into

acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 3.0 g (60%).

Example 89.

To a mixture of butylnorbornene (4.2 g, 28.1 mmol) and
S-triethoxysilylnorbornene (0.8 g, 3.1 mmol) was added lithium
tetrakis(pentaflucrophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyDpalladium chioride dimer (0.000062 mmol) and triphenylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hburs. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 4.5 g (90%).

Example 90.

. To a mixture of butylnorbornene (4.2 g, 28.1 mmol) and
S-triethoxysilylnorbornene (0.8 g, 3.1 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,O (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 100 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.000062 mmol) and triphenylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 18 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 10.5 g (21%).
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Example 91.
To a mixture of butylnorbornene (4.2 g, 28.1 mmol) and

5-triethoxysilylnorbornene (0.8 g, 3.1 mmol) was added lithium

5 tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol), This
mixture was diluted to a total volume 64 ml with toluene. A mixture of
(allyDpalladium chioride dimer (0.000062 mmol) and triphenylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into

10 acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 1.25 g (25%).

Example 92,
To a mixture of butylnorbomene (4.6 g, 30.7 mmol) and
15 5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml with toluene. About 28 pl of
cyclopentene (0.32 mmol) was added. A mixture of (allyl)palladium chioride
dimer (0.000062 mmol) and triphenylphosphine (0.00013 mmol) in toluene
20 and added to the monomer solution. The mixture was heated to 65°C for
;1 hours. The resulting mixture was poured into acetone to precipitate the
polymer which was filtered and dried in vacuo overnight. Yield 1.4 g (28%).
Mw = 2,530,000 and Mn = 1,340,000 as determined by GPC methods.




| ‘WO 00720472 '  PCT/US99/23243

10

-124 -

Example 93.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml with toluene. About 144 pl of
cyclopentene (1.64 mmol) was added. A mixture of (allyl)palladium
chloride dimer (0.000062 mmol) and triphenylphosphine (0.00013 mmol) in
toluene and added to the monomer solution. The mixture was heated to 65°C
for 4 hours. The resulting mixture was poured into acetone to precipitate the
polymer which was filtered and dried in vacuo overnight. Yield 0.7 g (14%).
Mw = 1,230,000 and Mn = 582,000 as determined by GPC methods.”

_ Example 94,

_ To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml with toluene. About 305 pl of
cyclopentene (3.46 mmol) was added. A mixture of (allyl)palladium
chloride dimer (0.000062 mmol) and triphenylphosphine (0.00013 mmol) in
toluene and added to the monomer solution. The mixture was heated to 65°C
for 4 hours. The resulting mixture was poured into acetone to precipitate the
polymer which was filtered and dried in vacuo overnight. Yield 0.6 g (12%).
Mw = 802,000 and Mn = 311,000 as determined by GPC methods.
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Example 95,

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml! with toluene, A mixture of
(allybpalladium chloride dimer (0.000062 mmol) and triphenylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 100°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 4.1 g (82%).

Example 96.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5~trieﬂ10xysilylnorbomem;: (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.3 mg, 0.0003 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)patladium chloride dimer (0.00016 mmot) and tributylphosphine
{0.00032 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
ovemnight. Yield 0.9 g (18%). Mw = 1,920,000 and Mn = 845,000 as
determined by GPC methods.

Example 97.
To a mixture of butylnorbomene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene {0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
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mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00006 mmol) and tributylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture

was heated to 65°C for 4 hours. The resulting mixture was poured into

“acetone to precipitate the polymer which was filtered and dried in vacuo

overnight. Yield 1.65 g (33%).

Example 98.

~ To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbomene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (1.4 mg, 0.0016 mmol)" This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00016 mmol) and triphenylphosphine
(0.00032 mmol) in toluene.and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into -
acetone to precipitate the polymer which was filtered and dried in vacuo

overnight. Yield 3.55 g (71%).

Example 99.
To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (0.3 mg, 0.0003 mmol). This

mixture was diluted to a total volume 16 m] with toluene. A mixture of

(allyl)palladium chloride dimer (0.00016 mmol) and tri-o-tolylphosphine

(0.00032 mmol) in toluene and added to the monomer solution. The mixture

was heated to 65°C for 4 hours. The resuiting mixture was poured into
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acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 0.25 g (5%).

Example 100.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (1.4 mg, 0.0016 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)palladium chioride dimer (0.00016 mmol) and tri-o-tolylphosphine
(0.00032 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 0.75 g (15%). Mw 301,000 and Mn = 133,000 as
determined by GPC methods.

Example 101.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Iét,O (0.3 mg, 0.0003 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyDpalladium chloride dimer (0.00016 mmol) and tricyclohexylphosphine
(0.00032 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 0.3 g (6%). Mw = 1,630,000 and Mn = 816,000 as
determined by GPC methods.

]
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Example 102,

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00006 mmol) and tricyclohexylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 4.9 g (98%). '

Example 103.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.3 mg, 0.0003 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00016 mmol) and tri-i-propylphosphine
(0.00032 mmol) m toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 0.8 g (16%).. Mw = 1,770,000 and Mn = 862,000 as
determined by GPC methods..

_ Example 104,
To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium

tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
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mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyl)palladium chloride dimer (0.00006 mmol) and tri-i-propylphosphine
(0.00013 mmol) in toluene and added to the monomer solution. The mixture
was heated to 65°C for 4 hours. The resulting mixture was poured into
acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 1.7 g (34%).

Example 105.

To a mixture of butylmorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate = 2.5 Et,O (1.4 mg, 0.0016 mmolj, This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyDpalladium chloride dimer (0.00016 mmol) and tri-i-propylphosphine

(0.00032 mmol) in toluene and added to the monomer solution. The mixture

" was heated to 65°C for 4 hours. The resulting mixture was poured into

acetone to precipitate the polymer which was filtered and dried in vacuo
overnight. Yield 3.7 g (74%).

Example 106.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mamol). This
mixture was diluted 1o a total volume 16 ml with toluene. A mixture of
(B-pinenyl)palladium chloride dimer (Catalyst J, 0.00006 mmiol) and
tricyclohexylphosphine (0.00013 mmol) in toluene and added to the

monomer solution. The mixture was heated to 65°C for 4 hours. The

PCT/US99/23243



wo 00/2-047 2 | : PCT/US99/23243

10

-130-

resulting mixture was poured into acetone to precipitate the polymer which
was filtered and dried in vacuo overnight. Yield 1.65 g (35%).

Example 107.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (1.4 mg, 0.0016 mmol). This
mixture was diluted to a total volume 16 m! with toluene. A mixture of
(B-pinenyl)palladium chloride dimer (Catalyst J, 0.00016 mmol) and
tricyclohexylphosphine (0.00032 mmol) in toluene and added to th_él
monomer solution. The mixture was heated to 65°C for 4 hours. Tﬁe
resulting mixture was poured into acetone to precii)itate the polymer which

was filtered and dried in vacuo overnight. Yield 4.9 g (98%).

Example 108.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 m! with toluene. A mixture of
(allyl)palladium iodide dimer (Catalyst K, 0.00006 mmuol) aﬁd
tricyclohexylphosphine (0.00013 mmol) in toluene and added to the
monomer solution. The mixture was heated to 65°C for 4 hours. The
resulting mim was poured into acetone to precipitate the polymer which
was filtered and dried in vacuo overnight. Yield 0.25 g (5%).
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Example 109.

To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (1.4 mg, 0.0016 mmol). This
mixture was diluted to a total volume 16 ml with toluene. A mixture of
(allyDpalladium iodide dimer (Catalyst K, 0.00016 mmol) and tricyclohexyl-
phosphine (0.00032-. mmol) in toluene and added to the monomer solution.
The mixture was heated to 65°C for 4 hours. The resulting mixture was
poured into acetone to precipitate the polymer which was filtered and dried in
vacuo overnight. Yield 0.75 g (15%).

Example 110.

A mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbomene (0.4 g, 1.5 mmol), and dimethylanilinium
tetrakis(pentafluorophenylborate) (0.0013 g, 0.0016 mmol) was prepared.
This mixture was diluted to a total volume 10 ml with toluene. About
0.05 ml of 2 0.00623 M toluene solution of
(allyDpalladium(tricyclohexylphosphine)(methyl) was added, The mixture
was heated to 65°C for 4 hours. The resulting mixture was diluted with
toluene and poured into acetone to precipitate the polymer which was filtered
and dried in vacuo overnight. Yield 3.6 g (72%).

Example 111.
The experiment above was repeated using dimethylanilinium
tetrakis(bis(3,5-trifluoromethyl)phenyl)borate instead of the
tetrakis(pentafluorophenyl)borate sait. Yield 5.0 g (100%).

PCTAUS99/23243
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Example 112.
The experiment above was repeated using trityl
tetrakis(pentafluorophenyl)borate instead of dimethylanilinium
tetrakis(bis(3,5-trifluoromethyl)phenyl)borate. Yield 2.8 g (56%).

Example 113,

-A mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was prepared. This mixture was
diluted to a total volume 10 m! with toluene. About 0.10 ml of a 3.11 mMol
toluene solution of :
[(allyl)palladium(tricyclohexylphosphine)(ether)][tetrakis(bis(3,5- "~
trifluoromethyl)phenyl)borate] (Catalyst L) was added. The mixture was
heated to 65°C for 4 hours. The resulting mixture was poured into acetone to

precipitate the polymer which was filtered and dried in vacuo overnight.
Yield 1.4 g (28%).

Example 114.

A. To a mixture of butylnorbornene (4.6 g, 30.7 mmol) and
5-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was added lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.5 mg, 0.0006 mmol). This
mixture was diluted to a total volume 16 ml with toluene.
(Allyl)palladium(tricyclohexylphosphine) chloride (Catalyst A,

0.00013 mmol) was added to the monomer solution. The mixture was heated
to 65°C for 4 hours. The resultihg mixture was poured into acetone to
precipitate the polymer which was filtered and dried in vacuo overnight.
Yield 0.54 g (11%).
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B.  (Comparative) The experiment above was repeated, except no
lithium tetrakis(pentafluorophenyl)borate bis(diethyletherate) was added. No
polymer was observed upon addition of the toluene reaction mixture to

acetone.

C.  (Comparative) The first experiment was repeated, except that
(allyl)palladium chloride dimer (0.00007 mmol) was used instead of
(allyl)pallad'ium(tricyclohexylphosphinc) chloride. No polymer was observed

upon addition of the toluene reaction mixture to acetone.

Example 115,

To a 2.0 M solution of ethylnorbornene (2.0 g, 16 mmol) in toluene
was added 0.20 mi of a2 0.0016 m solution of lithium
tetrakis(pentaﬂuorophenyl)i;orate * 2.5 Et,0 in toluene followed by 0.010 m]
of a 0.0062 M solution of (allyl)palladium(tricyclohexylphosphine) triflate
(Catalyst B). The solution was heated to 75°C for 1 hour. The resulting
viscous solution was diluted with toluene and poured info an excess of

acetone to precipitate the polymer. Yield 1.5 g (74%).

Example 116.

A 1.3 M solution of norbomene (2.0 g, 21 mmol) in toluene was
prepared. In a separate vial added about 100 ul of a 0.0088 M solution of
lithium tetrakis(pentafluorophenyl)borate + 2.5 Et,0 in toluene and about
100 pl of 2 0.0018 M solution of
(methallyl)nickel(tricyclohexylphosphine)(triflate) (Catalyst Q) in toluene

were mixed. This mixture was added to the norbomene solution and heated

PCT/US99/23243
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to 65°C for 18 hours. The resulting viscous solution was diluted with

toluene and poured into an excess of methanol to precipitate the polymer.
Yield 1.8 g (92%).

Example 117.

A solution of butylnorbornene (4.6 g, 31 mmol) and the ethylester of
5-carboxylic acid of norbornene (0.27 g, 1.6 mmol) in toluene (16 ml total)
was prepared. In a separate vial added about 100 pl of a 0.0088 M solution
of lithium tetrakis(pentafluorophenyl)borate * 2.5 Et,O in toluene and about
100 pl of a 0.0022 M solution of .
(allyl)palladium(tricyclohexylphoshine)(triflate) (Catalyst B) in tolﬁéne were
mixed.  This mixture was added to the monomer solution and heated to 65°C

for 18 hours. The resulting polymer puck was stirred in methanol, filtered,
and dried. Yield 3.76 g (78%).

Example 118.

A mixture of butylnorbornene (5.0 g, 33 mmol) in 25 ml of
oxygenated, deionized water was preﬁared. In a separate vial added about
150 p.l of a 0.0088 m solution of lithium tetrakxs(pentaﬂuorophenyl)borate .
2.5 EtZO in toluene and about 125 pl of a 0.0022 M solution of
(allyl)palladium(tricyclohexylphosphine)(triflate) (Catalyst B) in toluene
were mixed. This mixture was added to the monomer mixture and heated to
65°C for 18 hours. A lumpy, solid polymer puck, indicating high conversion,

separated from the water.
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Example 119,

A mixture of butylnorbornene (4.6 g, 30.7 mmol) and
S-triethoxysilylnorbornene (0.4 g, 1.5 mmol) was prepared. This mixture was
diluted to a total volume 16 m! with toluene. Catalyst U (0.0002 g) was
dissolved in toluene and added to the monomer mixture. The solution was
heated to 65°C for 64 hours. The mixture formed a puck indicating high

conversion.

Example 120.

Butylnorbornene (4.58 g, 30.5 mmol) and 5-triethoxysilylnorbornene
(0.34 g, 1.3 mmol) were diluted with toluene to 16 ml total solutioni"[.ithium
tetrakis(pentaflucrophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol),
(allyl)palladium(triftuoroacetate) dimer (2.8 mg, 0.00014 mmol), and
triphenylamine (2.7 mg, 0.00027 mmol) were premixed in 3 ml toluene and
then added to the monomer mixture. The mixture was heated to 65°C for
64 hours. Polymer was precipitated by adding the reaction mixture to
acetone. Yield 0.68 g (14%).

Example 121.

Butylnorbomene (4.58 g, 30.5 mmol) and 5-tricthoxysilylnorbomene
(0.34 g, 1.3 mmol) were diluted with toluene to 16 ml total solution. Lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol),
(allylpaltadium(trifluoroacetate) dimer (2.8 mg, 0.00014 mmol), and
triphenylstibine (3.8 mg, 0.00027 mmol) were premixed in 3 ml toluene and
then added to the monomer mixture. The mixture was heated to 65°C for
64 hours. Polymer was precipitated by adding the reaction mixture to
acetone. Yield 0.57 g (11%).

PCT/USY9/23243
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Example 122, _

Butylnorbomene (4.58 g, 30.5 mmol) and 5-triethoxysilylnorbornene
(0.34 g, 1.3 mmol) were diluted with toluene to 16 ml total solution.
(1,5-cyclooctadiene)palladium(methyl)chloride (100 pl of 2 0.0027 M
solution in toluene, 0.00027 mmol) and tricyclohexylphosphine (100 ul of a
0.0027 M solution in toluene, 0.00027 mmol) were mixed together. This
solution was added to lithium tetrakis(pentafluorophenyl)borate « 2.5 Et,0
(1.2 mg, 0.0014 mmol). This mixture was then added to the monomers and
the mixture was heated to 65°C. Within 1-2 hours, a puck formed ir{dicaﬁng

high conversion.

Example 123.

Hexylnorbomene (5 44 g, 30.5 mmol) and S-u'iéthoxysilylnorbomene
(0.41 g, 1.6 mmol) were diluted with toluene to 16 ml total solution along
with lithium tetrakis(pentafluorophenyl)borate * 2.5 Et,O (1.4 mg,
0.0016 mmol). (AllyDpalladium(tricyclohexylphosphine)(trifiate) (50 pl of a
0.0062 M solution in toluene, 0.00032 mmol) was added. This mixture was
then added to the monomers anci the mixture was heated to 65°C. Within
3 hours, the mixture become highly viscous. After 18 hours, the polymer was
precipitated, filtered, and dried. Yield 5.54 g (95%).

_ Example 124,
- Hexylnorbomene (5.16 g, 29.0 mmol), 5-triethoxysilylnorbornene
(0.82 g, 3.2 mmol), and hexene-1 (0.26 g, 3.1 mmol) were diluted with

toluene to 19 ml total volume along with lithium
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' tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.4 mg, 0.0016 mmol). The
contents were warmed to 65°C and
(allylpalladium(tricyclohexylphosphine)(trifiate) (0.00032 mmol) was added
in toluene. After 18 hours, the viscous mixture was diluted with additional

5 toluene and added to acetone. The precipitated polymer was filtered and
dried. Yield 6.0 g (100%). Mw= 1,079,000 and Mn = 320,000 as
determined by GPC methods.

Example 125,

10 Hexylnorbomnene (5.16 g, 29.0 mmol), 5-triethoxysilylnorbomene

(0.82 g, 3.2 mmol), and hexene-1 (0.52 g, 6.2 mmol) were diluted with

toluene to 19 ml total volume along with lithium

tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (1.4 mg, 0.0016 mmol). The
contents were warmed to 65°C and '

(s (allyDpalladium(tricyclohexylphosphine)(iriflate) (0.00032 mmo!) was added
in toluene. After 18 hours, the viscous mixture was diluted with additional
toluene and added to acetone. The precipitated polymer was filtered and

- dried. Yield 6.0 g (100%). Mw = 762,000 and Mn = 166,000 as determined
by GPC methods.

Example 126. _
Hexylnorbornene (3.73 g, 21.0 mmol), 5-triethoxysilylnorbornene
(0.82 g, 3.2 mmol), cyclohexenylnorbomene (1.40 g, 8.1 mmol) and hexene-1
(0.13 g, 1.6 mmol) were diluted with toluene to 19 ml total volume along
23 with lithium tetrakis(pentafiuorophenylborate « 2.5 Et,O (1.4 mg,
0.0016 mmol). The contents were warmed to 65°C and _
(allyl)palladium(tricyclohexylphosphine)(triflate) (0.00032 mmol) was added
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in toluene. After 18 hours, the viscous mixture was diluted with addiﬁqnal
toluene and added to acetone. The precipitated polymer was filtered and
dried. Yield 0.97 g (16 %).

Example 127.

Hexylnorbornene (3.73 g, 21.0 mmol), S-triethoxysilylnorbornene
(0.82 g, 3.2 mmol), cyclohexenylnorbornene (1.40 g, 8.1' mmol) and hexene-1
(0.26 g, 3.2 mmol) were diluted with toluene to 19 ml total volume along
with lithium tetrakis(pentafluorophenyl)borate * 2.5 Et,0 (1.4 mg,
0.0016 mmol). The contents were warmed to 65°C and
(allyl)palladium(iricyclohexylphosphine)(n'i.ﬂate) (0.00032 mmol) was added
in toluene. After 18 hours, the viscous mixture was diluted with additional
toluene and added to acetone. The precipitated polymer was filtered and
dried. Yield 0.89 g (15%).- Mw = 115,000 and Mn = 50,000 as determined
by GPC methods.

Example 128.

Hexylnorbornene (3.73 g, 21.0 mmol), 5-triethoxysilylnorbomene
(0.82 g, 3.2 mmol), cyclohexenylnorbornene (1.40 g, 8.1 mmol) and hexene-1
(0.52 g, 6.4 mmol) were diluted with toluene to 19 ml total volume along
with lithium tetrakis(pentafluorophenyl)borate « 2.5 Et,O (1.4 mg,
0.0016 mmol). The contents were warmed to 65°C and
(allyl)palladium(tricyclohexylphosphine)(triflate) (0.00032 mmol) was added
in toluene. After 18 hours, the viscous mixture was diluted with additional
toluene and added to acetone. The precipitated polymer was filtered and
driéd._ Yield 0.89- g (15%). Mw = 100,000 and Mn = 40,000 as determined by
GPC methods.
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Example 129.

Hexylnorbomene (5.16 g, 29.0 mmol), 5-triethoxysilylnorbornene
(0.82 g, 3.2 mmol), and hexene-1 (0.26 g, 3.2 mmol) were diluted with
cyclohexane to 30 ml total volume along with lithium
tetrakis(pentafluorophenylborate » 2.5 Et,0 (1.4 mg, 0.0016 mmol). The
contents were warmed to 65°C and (allyl)palladium(tricyclohexylphosphine)
(trifluoroacetate) (0.00027 mrmol) was added in toluene. After 18 hours the
polymer was precipitated into acetone, filtered and dried. Yield 3.6 g (60%).

Example 130,
Butylnorbornene (1.57 g, 10.5 mmol), 5-triethoxysilyinorbornene
(0.41 g, 1.6 mmol), and digyclopem‘adienc (0.53 g, 4.0 mmol) were diluted
with toluene to 30 ml total volume along with lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (0.7 mg, 0.0008 mmol). The
contents were warmed to 65°C and (allyl)paliadiuvm(tricyclohexylphosphine)
(trifluoroacetate) (0.00016 mmol) was added in toluene. After 18 hours the

mixture had gelled indicating high conversion.

Example 131,
Butylnorbomene (5.0 g, 33 mmol) was added to a deareated water
(50 ml) solution of lithium tetrakis(pentafiuorophenyl)borate » 2.5 Et,0
(14.5 mg, 0.016 mmol). The mixture was placed into a blender under
nitrogen. The catalyst, (allyl)palladium dimer (0.61 mg, 0.0017 mmo}), and
ligand, tricyclohexylphosphine (0.93 mg, 0.0033 mmol), in 0.5 ml of toluene
was added to the blender. The mixture was stirred at high speed at room

PCT/USIS/23243
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temperature for 6 min. The polymer formed was isolated by filtration and
dried. Yield 0.9 g (18 %).

Example 132,

Butylnorbornene (10.0 g, 66.7 mmol) and 0.17 ml of a 30% aqueous
solution of sodium lauryl sulfate was added to a deareated water (100 ml)
solution of lithium tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (29 mg,
0.033 mmol). The mixture was stirred rapidly with a mechanical stirrer for
S minutes. The catalyst, (allyl)palladium dimer (1.22 mg, 0.00332 mmol),
and ligand, tricyclohexylphosphine (1.86 mg, 0.00667 mmol), in I.Q ml of
toluene was added to the mixture. The mixture was stirred at room _
temperature for about 4 hours. A large portion of polymer with large particle
size and a milky solution resulted. The large portion of polymer was
dissolved in toluene, precipitated in acetone, filtered and dried to give 6.8 g
(68 %) of polymer. The milky solution, essentially an emulsion, was added
to acetone (100 ml) to give 0.7 g (7 %) of white powder after filtering and
drying. '

Eiample 133.

Butylnorbornene (10.0 g, 66.7 mmol) and 0.17 ml of 2 30% aqueous
solution of sodium lauryl sulfate was added to a deareated water (100 ml)
solution of lithijum tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (2.9 mg,
0.0033 mmol). The mixture was stirredlrapidly with a mechanical stirrer for
I hour, The catalyst, (allyl)palladium dimer (0.12 mg, 0.00033 mmol), and
ligand, tricyclohexylphosphine (0.19 mg, 0.00067 mmol), in 0.1 ml of
toluene was added to the mixture. The mixture was stirred at room

temperature for about 4 hours. A milky solution resulted. The milky
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solution, essentially an emulsion, was added to acetone (100 ml) to give

0.25 g (2.5 %) of white powder after filtering and drying.

Example 134.

Methylacetate of S-norbornene methanol (5.0 g, 30 mmol) was added
to a deareated water (100 ml) solution of lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (13 mg, 0.015 mmol). The
mixture was stirred rapidly with a magnetic stirrer. The catalyst,
(allyDpalladium dimer (0.55 mg, 0.0015 mmol), and ligand,
tricyclohexylphosphine (0.84 mg, 0.0030 mmol), in 0.1 m} of toluene was
added to the mixture. The mixture was stirred at room temperature for about
4 hours at 65°C. A powdery polymer was subsequently precipitated. Yield
0.25 g (5%).

Example 135,

Butylnorbornene (5.0 g, 33 mriol) was added to a deareated water
(100 ml) solution of lithium tetrakis(pentafluorophenyl)borate « 2.5 Et,0
(2.9 mg, 0.0033 mmol) in the presence of 0.5 wt % sodium laury] sulfate.
The mixture was stirred rapidly with a magnetic stirrer. The catalyst,
(ailyl)palladium dimer (0.12 mg, 0.00033 mmo}), and ligand,
tricyclohexylphosphine (0.19 mg, 0.00067 mmol), in 0.1 m! of toluene was
added to the mixture. The mixture was stirred at room temperature for
4 hours. A milky solution and precipitated polymer resulted, About2.1g
(42% yield) of polymer was isolated.

PCT/US99/23243
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Example 136.
Butylnorbornene (5.0 g, 33 mmol) was added to a deareated water
(50 ml) solution of lithium tetrakis(pentafluorophenyl)borate « 2.5 Et,0
(2.9 mg, 0.0033 mmol) in the presence of 1.0 wt % sodium lauryl sulfate.
The mixture was stirred rapidly with a magnetic stirrer. The catalyst,
(allyDpalladium dimer (0.12 mg, 0.00033 mmol), and ligand,
tricyclohexylphosphine (0.19 mg, 0.00067 mmol), in 0.1 ml of toluene was

added to the mixture. The mixture was stirred at room temperature for

W

4 hours. A milky solution and precipitated polymer resulted. Aboutl g
10 (20% yield) of polymer was isolated.

Example 137.

Butylnorbornene (5.0 g, 33 mmol) was added to a deareated water
(100 ml) solution of lithium tetrakis(pentafluorophenyl)borate » 2.5 Et,0
15 (2.9 mg, 0.0033 mmol) in the presence of 0.5 wt % sodium laury! sulfate.
The mixture was stirred rapidly with a mechanical stirrer. The catalyst,
(allyl)palladium dimer (0.12 mg, 0.00033 mmol), and ligand, |
tricyclohexylphoéphine (0.19 mg, 0.00067 mmol), in 0.1 ml of toluene was
added to the mixture. The mixture was stirred at room temperature for
20 4 hours at 65°C. A milky solution and precipitated polymer resulted. About
3.3 g (66%) of polymer was isolﬁted after dissolving the polymer in toluene
and precipitating in acetone, filtering, and drying.

Example 138.
Butylnorbornene (5.0 g, 33 mmol) was added to a deareated water
(5 ml) solution of lithium tetrakis(pentafluorophenyl)borate * 2.5 Et,0
(5.4 mg, 0.0064 mmol) in the presence of 0.5 wt % sodium lauryl sulfate.
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The mixture was stirred rapidly with a magnetic stirrer. The catalyst,
(allyl)palladium dimer (0.24 mg, 0.00064 mmol), and ligand,
tricyclohexylphosphine (0.36 mg, 0.0013 mrmol), in 100 ml of toluene was
added to the mixture. The mixture was stirred at room temperature for

4 hours at 65°C. A milky solution and precipitated polymer resulted. The
particle size of the polymer in the milky solution was determined to be about
181 nm with a polydispersity of 2.6. The amount of polymer contained in
the water emulsion constituted about 0.31 g (6.2 % yield). The precipitated
polymer was dried overnight and gave 2.0 g (40 %) yield.

Example 139. ‘

{AllyDpalladium chioride dimer (0.0049 g, 0.013 mmol) and the
sodium salt tri(m-sulfonatophenyhpliosphine (0.015 g, 0.026 mmol) were
dissolved in 4 ml of deareated water. Butylnorbornene (5.0 g, 33 mmol) was
added to a deareated water (50 ml) solution of lithium
tetrakis(pentafluorophenyl)borate « 2.5 Et,0 (5.4 mg, 0.0064 mmol). The
mixture was stirred rapidly with a magnetic stirrer. About 100 p! of the
aqueous catalyst solution was added to the monomer solution afier heating
the monomer mixture to 65°C. After 1 hour, the precipitated polymer/water

mixture was poured into methanol, filtered, and dried. Yield 4.45 g (89 %).

- Example 140.

To a mixture of butylnorbornene (5.0 g, 33 mmol) and
S-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene.
Approximately 100 ul of a toluéne stock solution of
(allyl)palladium(tricyclohexylphosphine) trifluoroacetate (Catalyst C,
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30 mMol) and 100 pl of a toluene stock solution of ether-free lithium

tetrakis(pentafluorophenyl)borate (14.9 mMol) were combined together and
diluted with 2 ml of toluene, then added to the monomer mixture. The
mixture was heated to 80°C for 1 hour. A solid puck formed, indicating high

conversion.

Example 141.

To a mixture of butylnorbornene (5.0 g, 33 mmol) and
5-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene.
Approximately 100 pl of a toluene stock solution of
(allyl)palladium(tricyclohexylphosphiné) trifluoroacetate (Catalyst C,

3.0 mMol) and 100 pL of a toluene/THF (98:2) stock solution of potassium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate (14.9 mMol) were combined
together and diluted with 2 ml of toluene, then added to the monomer
mixture. The mixture was heated to 80°C for 1 hour. A solid puck formed,

indicating high conversion.

. Example 142.

To a mixture of butylnorbornene (5.0 g, 33 mmol) and
5-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was.added 12 m! of toluene.
Approximately 100 pul of a toluene stock solution of
(allyl)palladium(tricyclohexylphosphine) trifluoroacetate (Catalyst C,

3.0 mMol) and 100 pl of a toluene stock solution of sodium
tetrakis[3,5-bis(1,1,1,3,3,3-hexafluoro-2-methoxy-2-propyl)phenyli]borate
trihydrate (14.9 mMol) were combined together and diluted with 2 ml of



WO 00/20472

10

15

B

- 145 -

toluene, then added to the monomer mixture. The mixture was heated to
80°C for 1 hour. A solid puck formed, indicating high conversion.

Example 143.

To a mixture of butylnorbornene (5.0 g, 33 mmol) and
5-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 m! of toluene.
Approximately 10 pl of a toluene stock solution of
(allyD)palladiumi(tricyclohexylphosphine) trifluoroacetate (Catalyst C,

3 mMol) and 10¢ ul of a toluene stock solution of sodium
tetrakis(3,5-bis(1,1,1,3,3,3-hexafluoro-2-methoxy-2-propyl)phenyl]borate
trihydrate (0.76 mMol) were combined together and diluted with 2 ml of
toluene, then added to the monomer mixture. The mixture was heated to
80°C for 18 hours. A viscous solution formed, which was diluted with
toluene and precipitated inio an excess of methanol! to isolate the polymer.
After filtration and drying in vacuo overnight a conversion of 2.32 g of
polymer was obtained. Yield 39%. Mw =2,580,000 Mn = 913,000 as
determined by GPC methods.

Example 144,

To a mixture of butylnorbornene (5.0 g, 33 rrﬁnol) and
S-triethoxysilyinorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene,
Approximately 100 pl of a toluene stock solution of
(ally})palladium(tricyclohexylphosphine) chloride (Catalyst A,

3.0 mMol) and 100 pL of a toluene stock solution of Ag{CB,,H.Br,]
(14.9 mMol) were combined together and diluted with 2 ml of toluene in the
absence of light. The solution was then filtered to remove AgCl and then

PCT/US99/23243
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added to the monomer mixture. The mixture was heated to 80°C for

18 hours. A slightly viscous solution formed, which was diluted with toluene
and preclpltated into an excess of acetone to isolate the polymer. After
filtration and drying in vacuo overnight, 0.34 g (6% yield) of polymer was
obtained. Mw = 253,000 Mn = 87,000 as determined by GPC methods.

Example 145.

To a mixture of butylnorbornene (5.00 g, 33.0 mmol) and
5-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 ml of
dichloromethane. Approximately 100 pl of a toluene stock solution of
(allyl)palladium(tricyclohexylphosphine) trifluoroacetate (Catalyst C,

3 mMol) was combined with lithium tetrakis(pentaﬂuorophenyl)boraté *25
Et,0 (0.0015 g, 0.0017 mmol) in 0.5 ml of toluene, then added to the
monomer mixture. The mixture was reacted at 25°C for 18 hours. A sohd

puck formed, indicating high conversion.

Example 146.

To a bottle containing S-tnethoxysﬂylnorbomene (947 g, 37.0 mmol)
was added 12 ml of toluene. Approximately 100 pl of a toluene stock
solution of (allyl)palladium(tricyclohexylphosphine) trifluoroacetate
(Catalyst C, 3 mMol) and 100 pl of a toluene stock solution of éther-free
lithium tetl'akis(pentaﬂuoropheﬁyl)borate (14.9 mMol) were combined |
together and diluted with 2 ml of toluene, then added to the monomer
mixture. The mixture was heated to 80°C for 2 hours. - A very viscous

solution formed, which was diluted with toluene and precipitated into an

—
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excess of methanol to isolate the polymer. After filtration and drying in

vacuo overnight, a conversion of 3.84 g was obtained. Yield 41%.
Mw = 1,540,000 Mn = 417,000 as determined by GPC meéthods.

Example 147,

To a mixture of butylnorbormene (5.00 g, 33.0 mmol) and
5-triethoxysilyinorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene,
all having been stored for weeks in the air. Approximately 100 pl of a
toluene stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (Catalyst C, 3 mMol) and 100 pl of a toluene stock solution
of lithium tetrakis(pentafluorophenyl) borate (14.9 mMol) were combined
together and diluted with 2 ml of toluene, then added to the monomer
mixture. The mixture was heated to 80°C for 18 hours. A slightly viscous
solution resulted, which was diluted with toluene and precipitated into an
excess of acetone to isolate the polymer. After filtration and drying in vacuo
overnight, a conversion of 0.35 g was obtained. Yield 6%. Mw = 772,000
Mn = 420,000 as determined by GPC,

Example 148,

To a mixture of butylnorbornene (5.00 g, 33.0 mmol) and
S-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene.
Approximately 50 pl of a toluene stock solution of (allyl)palladiumchioride
dimer (3.0 mMol) and 50 pl of a toluene stock solution of
tris(trimethylsilyl)f:hos_.phite (6.0 mMol) were combined together and diluted
with 2 ml of toluene, then added to a solution of ether-free lithium
tetrakis(pentafluorophenyl)borate (0.0010 g, 0.0014 mmof) in 1 ml of

toluene, The catalyst solution was then added to the monomer solution, and

PCT/US9%/23243
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the mixture was heated to 80°C for 18 hours. A viscous solution formed
which was diluted with toluene and precipitated into an excess of acetone to _
isolate the polymer. After filtration and drying in vacuo overnight, a
conversion of 2.35 g was obtained. Yield 39%.

_ Example 149.

To a mixture of butylnorbomene (5.00 g, 33.0 mmol) and
5-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene.
Approximately 50 pl of a toluene stock solution of (allyl)palladiumchloride
dimer (3.0 mMol) and 50 pl of a toluene stock solution of
tris(trimethylsilyl)phosphine (6.0 mMol) were combined together and diluted
with 2 ml of toluene, then added to a solution of ether-free lithjum
tetrakis(pentafluorophenyl)borate (0.0010 g, 0.0014 mmol) in 1 ml of
toluene. The catalyst solution was then added to the monomer solution, and
the mixture was heated to 80°C for 18 hours. A viscous solution formed
which was diluted with toluene and precipitated into an excess of acetone to
isolate the polymer. After filtration and drying in vacuo overnight, a

conversion of 2.60 g was obtained. Yield 44%.

Example 150.

To a mixture of butylnorbornene (5.00 g, 33 mmol) and
S-triethoxysilylnorbornene (0.95 g, 3.7 mmol) was added 12 ml of toluene.
Approximately 50 Ql of a toluene stock solution of (ally])palladiumchlori&e
dimer (3.0 mMol) and 50 pl of a toluene stock solution of
tri-o-_xenyfphosphite (6.0 mMol) were combined together and diluted with
2 ml of toluene, then added to a solution of ether-free lithium |
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tetrakis(pentafluorophenyi)borate (0.0010 g, 0.0014 mmol) in 1 ml of
toluene. The catalyst solution was then added to the monormer solution, and
the mixture was heated to 80°C for 18 hours. A slightly viscous solution
formed which was diluted with toluene and precipitated into an excess of
acetone to isolate the polymer. After filtration and drying in vacuo overnight,
a conversion of 1.86 g was obtained. Yield 31%. Mw=96,000 Mn=
31,000 as determined by GPC methods.

Example 151.

10 Butylnorbomene (5 g, 0.033 mol) and triethoxysilylnorbomene

(0.95 g, 0.0037 mol) were dissolved in toluene (2 M solution of rnbi'iomers).
(Allyl)palladium(tricyclohexylphosphine)chloride (0.00031 mmol) and
AgBF, (0.00031 mmol) were combined in toluene. The mixture was then
added to the monomers. Tﬁs mixture was heated to 80°C for 18 hours. The

15 mixture was then added to methanol. No polymer precipitated.

Example 152.
Butyinorbornene (5.0 g, 0.033 mol), triethoxysilylnorbornene (0.95 g,
0.0037 mol), and lithium tetrakis(pentéﬂuorophenyl)borate-2.5 Et,0
20 (0.0013 g, 0.0015 mmol) were dissolved in toluene (2 M solution of
monomers). (Allyl)palfadimn(u'icyclohexylphosphine)chloride
(0.00031 mmol) and AgBF, (0.00031 mmol) were combined in toluene. This
solution was added to thé monomers. This mixture was heated to 80°C for

1 hour. A puck formed indicating high conversion.
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Example 153,

Butylnorbornene (5.0 g, 0.033 mol) and lithium
tetrakis(pentafluorophenyl)borates2.5 Et,0 (0.0013 g, 0.0015 mmol) were
dissolved in toluene (2 M solution of monomers). About 100 pl of an
(allyl)palladiumchloride dimer (1.4 mmol) solution in toluene was added to a
100 pl solution of 1,3,5,7,9,11,13-heptacyclopentyl-15-[2-
(diphenylphosphino)ethyl]pentacyclo[9.5.1.13%,1%¥,1*]octasiloxane
(2.8 mmol) solution in toluene. This mixture was added to the monomer
mixture. After 5 minutes at room temperature a polymeric puck formed

indicating high conversion.

Example 154,

ButyInorbornene (5.0 g, 0.033 mol) and lithium
tetrakis(pentafluorophenyl)borates2.5 Et,0 (0.0013 g, 0.0015 mmol) were
dissolved in toluene (2 M solution of monoxilers). About 100 pul of an
(allyl)palladiumchloride dimer (1.4 mmol) solution in toluene was added to a
100 pl solution of Sb(SPh); (2.8 mmol) solution in toluene. This mixture was
added to the monomer mixture. After 64 hours at 80°C the mixture was

poured into acetone to precipitate the polymer, which was filtered and dried.
Yield 3.4 g (68%).

Example 155.
Butylnorbormene (5.0 g, 0.033 mol) and lithium
tetrakis(pentafluorophenyl)borate » 2.5 Et,0 (0.0013 g, 0.0015 mmol) were
dissolved in toluene (2 M solution of monomers). About 100 pu! of an

(allyDpalladiumchloride dimer (1.4 mmol) solution in toluene was added to a



‘WO 00/20472

10

-151-

100 pl solution of tris(2,4-di-z-butyl)phenylphosphite (2.8 mmol) solution in
toluene. This mixture was added to the monomer mixture. After 1 minute at

room temperature a polymeric puck formed indicating high conversion.

Example 156.

Butylnorbomnene (5.0 g, 0.033 mol) and lithium
tetrakis(pentafluorophenyi)borate+2.5 Et,0 (0.0013 g, 0.0015 mmol) were
dissolved in toluene (2 M solution of monomers). About 100 pl of an
(allyl)palladiumchloride dimer (1.4 mmol) solution in toluene was added to 2
100 pl solution of bis(trimethylsilyl)aminobis(trimethylsilylimino)phosphine
(2.8 mmol) solution in toluene. This mixture was added to the mondmer
mixture. After heating the mixture to 80°C for 2 hours the solution was
added to acetone to precipitate the polymer. The polymer was filtered and
dried. Yield 2.4 g (48%). '

Example 157.

A 50 weight percent solution of butylnorbornene (5.0 g, 0.033 mol)
was prepared in toluene. Lithjum tetrakis(pentafluorophenyl)borate+2.5 Et,0O
(0.0012 g, 0.0014 mmol) was combined with (allyl)palladiumchloride dimer
(100 pl of a 1.4 mmot solution in toluene) and triphenylamine (100 ul of a
2.7 mmol solution in toluene) in toluene and added to the monomer mixture,

A polymeric puck formed within 5-10 min at room temperature.

Example 158,
A 50 weight percent solution of butylnorbomene (5.0 g, 0.033 mol)
was prepared in toluene, Lithium tetrakis(pentafluorophenyl)borate«2.5 Et,O
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(0.0012 g, 0.0014 mmol) was combined with
(allyDplatinum(tricyclohexylphosphine)triflate (100 pl of a 2.8 mmol
solution in toluene) in toluene and added to the monomer mixture. The
mixture was heated to 80°C for 18 hours. The mixture was poured into
acetone to precipitate the polymer. After filtering and drying, 0. 15 gof
polymer was isolated (3 % yield).

Example 159.

To a thick-walled, septum-sealed glass vial, equipped with a magnetic
stir -bar was added 5-butylnorbornene (7.95 g, 53 mmol), toluene (19 ml),
palladium ethylhexanoate (82 yl, 0.35 umol), tricyclohexylphosphiric (28 pl,
0.35 pmol), tris(pentafluorophenyl)boron (126 pl, 6.36 umol) and
triethylaluminum (4.2 pl, 1.7 molar in cyclohexane), 7.0 umoi). (Ratio of
monomer to palladium, 150,000:1) The resulting stirred solution was placed
in a heated oil bath at 67°C for a total of 3 hours. Within less than
30 minutes the colorless, clear solution was a highly viscous mass that could
no longer be stirred. After 3 hours the colorless gel was isolated by breaking
the flask, was cut into small pieces using a blade and the material was
dissolved in boiling toluene (800 ml) over a period of several hours.
The polymer was precipitated by pouring into excess methanol (1 liter),

filtered and washed with excess methanol prior to drying to constant weight

“under vacuum at 80°C.

- The dried, white, granular polymer was found to weigh 7.76 g
(97.6 % conversion). Proton NMR revealed the polymer to be free of any

solvents or unconverted monomer.
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Example 160,

To a thick-walled, septum-sealed glass vial, equipped with a magnetic
stir bar was added 5-butylnorbornene (7.57 g, 50.4 mmol),
triethoxysilylnorbornene (0.68 g, 2.6 mmol), toluene (20 ml), palladium
ethylhexanoate (82 pl, 0.35 mol), tricyclohexylphosphine (28 pi, 0.35 mol),
tris(pentafluorophenyl)boron (126 pl, 6.36 mol) and triethylaluminum (4.2 pi
(1.7 molar in cyclohexane), 7.0 mol). (Ratio of monomers to palladium,
150,000:1). The resulting stirred solution was placed in a heated oil bath at
67°C for a total of 4 hours. Within 60 minutes the colorless, clear solution
was a highly viscous mass that could no longer be stirred. After 4 hours the
colorless gel was isolated by breaking the flask, was cut into small pieces
using a blade and the material was dissolved in hot toluene. The polymer
was precipitated by pouring into excess acetone, filtered and washed with
excess acetone prior to dry{ng to constant weight under vacuum at 80°C. The
dried, white, granular polymer was found to weigh 4.5 g (55 % conversion).
Proton NMR revealed the polymer to be a copolymer of butylnorbornene and
triethoxysilylnorbornene.

Example 161.

To a thick-walled, septum-sealed glass vial, equipped with a magnetic
stir bar was added 5-butylnorbornene (7.57 g, 50.4 mmol),
triethoxysilylnorbornene (0.68 g, 2.6 mmol), toluene (10 ml), palladium
ethylhexanoate ( 0.52 umol), tricyclohexylphosphine (0.52 umol),
tris(pentafluorophenyl)boron (4.6 umol) and triethylaluminum (5.2 pmol).
(Ratio of monomers to palladium, 100,000:1.) The resulting stirred solution
was placed in a heated oil bath at 65°C for a total of 3 hours. Within

90 minutes the colorless, clear solution was a highly viscous mass that could
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no longer be stirred. After 3 hours the colorless gel was isolated by breaking
the flask, was cut into small pieces using a blade and the material was
dissolved in hot toluene. The polymer was precipitated by pouring into
excess acetone, filtered and washed with excess acetone prior to drying to
constant weight under vacuum at 80°C. The dried, white, granular polymer

was found to weigh 5.7 g (70% conversion).

Example 162.

To a thick-walled, septum-sealed glass vial, equipped with a magnetic
stir bar was added 5-butylnorbornene (7.57 g, 50.4 mmol),
triethoxysilylnorbornene (0.68 g, 2.6 mmol), toluene (8 ml), palladiﬁrxﬂn
ethylhexanoate (2.6 pmol), tricyclohexylphosphine (2.6 umol),
tris(pentafluorophenyl)boron (23.4 pmol) and triethylaluminum (26 pmol).
(Ratio of monomers to palladium, 20,000:1.) The resulting stirred solution
was placed in a heated oil bath at 65°C. Within 30 seconds the reaction |
exothermed violently resulting in a solid mass that no longer stirred within
45 seconds indicating that very high conversion had bc_sen achieved despite

the reaction time of less than 1 minute.

Example 163.
To a thick-walled, septum-sealed glass vial, equipped with a magnetic stir bar
was added 5-butylnorbornene (7.57 g, 50.4 mmol), triethoxysilylnorbornene
(0.68' g, 2.6 mmol), toluene (6 ml), bis(triphenylphosphine)palladium
dichloride (0.9 mg, 2.6 umol) in toluene (3 ml), tris(pentafluorophenyl)boron
(0.46 ml, 23.4 pmol) and triethylaluminum (16 pl (1.7 molar in cyclohexane),
26 umol). (Ratio of monomers to palladium, 20,000:1) The resulting stirred

solution was placed in a heated oil bath at 65°C for a total of 3 hours.
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Within 60 minutes the colorless, clear solution was a highly viscous mass that
could no longer be stirred. After 3 hours the colorless gel was isolated by
breaking the flask, was cut into small pieces using a blade and the material
was dissolved in hot toluene. The polymer was precipitatéd by pouring into
excess acetone, filtered and washed with excess acetone prior to drying to
constant weight under vacuum at 80°C. The dried, white, granular polymer
was found to weigh 4.83 g (60% conversion). Proton NMR revealed the
polymer to be a copolymer of butylnorbornene and triethoxysilylnorbornene.
The molecular weight (Mw) of the resulting copolymer was found to be
845,000.

Comparative Example 164.

To a thick-walled, septurn-sealed glass vial, equipped with a magnetic
stir bar was added S-butylnorbotnene (7.57 g, 50.4 mmol),
triethoxysilylnorbornene (0.68 g, 2.6 mmol), toluene (8 m!), palladium
ethylhexanoate ( 2.6 pmol), tris(pentafluorophenyl)boron (23.4 pumol) and
triethylaluminum (26 pmol). (Ratio of monomers to palladium, 20,000:1).
The resulting stirred solution was placed in heated o1l bath at 65°C for a total
of 3 hours. The resulting polymer was precipitated by pouring into excess
acetone, filtered and washed with excess acetone prior to drying to constant
weight under vacuum at 80°C. The dried, white polymer was found to weigh
less than 0.1 g (less than 1.5 % conversion). This shows the dramatic

improvement of added phosphine ligarids on catalyst performance.

Example 165,
To athick-walled, séptum-sealed glass vial, equipped with a magnetic
stir bar was added 5-butylnorbornene (7.95 g, 53 mmol), pailadium
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ethylhexanoate (82 pl, 0.35 pmol), tricyclohexyiphosp}ﬁne (28 ul,

0.35 pumol), tris(pentafluorophenyl)boron (126 pl, 6.36 pmol) and
triethylaluminum (4.2 pl (1.7 molar in cyclohexane), 7.0 pmol). (Ratio of
monomer to palladium, 150,000:1). There was a rapid increase in viscosity.
After 10 minutes the vial was placed in a heated oil bath at 70°C for 30
minutes, then the temperature was ramped to 100°C for a further 30 minutes,
before being heated to 130°C for a final period of 60 minutes. The colorless,
transparent solid puck was allowed to cool and was then isolated by breaking
the vial. The conversion of the puck was measured using TGA methods
(DuPont analyzer heated at 10°C per minute, under nitrogen, from 30°C to
450°C and measuring the weight loss at 350°C). The convérsion was found to
be 92%.

Example 166.

A 50 weight percent solution of butylnorbornene (5.0 g, 0.033 mol)
was prepared in toluene. Lithium tetrakis(pentafluorophenyl)borate+2.5 Et,0
(0.0012 g, 0.0014 mmol) was combined with (allyl)palladiumchloride dimer
(100 pl of a 1.4 mmol solution in toluene) and 2,6-di-t-butylpyridine (100 pl
of a 2.9 mmol solution in toluene) in toluene and added to the monomer

mixture. A polymeric puck formed within 5-10 min at room temperature.

Example 167.
To a solution of LiFABA (2.0 mg) and hexyinorbornene (20 g) in
30 ml of toluene was added:
bis(tricyclohexylphosphine)(hydrido)_palladium(ll) nitrate (0.8 mg) in 0.5 ml
toluene. Ratio .of monomer:procatalyst:activator was 100,000:1:2, The
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reaction was stirred for 3.5 hours at 55°C during which time the reaction
became a rubbery solid. The solid was dissolved in toluene. The product
was precipitated in acetone and dried under vacuum to give 19.5 g, 97.5%) of
white polymer. Mn (Daltons): 698,861, Mw (Daltons): 3,482,375,
Polydispersity: 4.98.

Example 168.

To a solution of LiFABA (1.9 mg) and hexylnorbornene (18.5 g) and
triethoxysilylnorbornene (1.5 g) in 30 ml of toluene was added
bis(tricyclohexylphosphine)(hydrido)palladium(il) nitrate (0.8 mg) in 0.5 ml
toluene. Ratio of monomer:procatalyst:activator was 100,000:1:2, “The
reaction was stirred for 3.5 hours at 55°C during which time the reaction
became a gel. The gel was dissolved in toluene. The product was
precipitated in acetone and.dried under vacuum to give 12.2 g, 61% of white
polymer. Mn (Daltons)': 1,959,122, Mw (Daltons): 4,394,532, Polydispersity:
2.2. Incorporation of triethoxysilylnorbornene was demonstrated by 'H NMR
in C,D,.

Example 169.

To a sclution of LiFABA (1.2 mg) and butyinorbomene (10.0 g) in
toluene (total solution volume 60 ml) was added
(allyl)(tricyclohexylphosphine)palladium(IY) trifiate (0.15 mg) in 1.0 mi
toluene. Ratio of monomer:procatalyst:activator was 250,000:1:5. The
reaction was stirred for 4 hours at 65°C during which time the reaction
became a rubbery solid. The solid was dissolved in toluene. The product

precipitated in acetone and dried under vacuum to give 5.0 g, 50% of white
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polymer. Molecular weight of product was too high to be measured by
available GPC techniques.

Example 170.

To a solution of LiFABA (1.2 mg) and butylnorbornene (9.9 g) and
butenylmorbornene (0.10 g) in toluene (total solution volume 60 ml) was
added (ally!l)(tricyclohexylphosphine)palladium(II) triflate (0.15 mg) in
1.0 ml toluene. Ratio of monomer:procatalyst:activator was 250,000:1:5.
The reaction was stirred for 4 hours at 65°C during which time the reaction
became a rubbery solid. The solid was dissolved in toluene. The product
precipitated in acetone and dried under vacuum to give 5.8 g, 58% of ‘white
polymer. Mn (Daltons): 290,492, Mw (Daltons): 1,167,790, Polydispersity:
4.0.

Example 171.

To a solution of LiFABA (1.2 mg) and butylnorbornene (9.5 g) and
butenylnorborﬁene (0.50 g) in toluene (total solution volume 60 ml) was
added (allyl)(tricyc]ohexylphosphiné)palladium(ll) triflate .(0.15 mg) in
1.0 ml toluene. Ratio of monomér:procatalyst:activator was 250,000:1:5.
The reaction was stirred for 4 hours at 65°C. The product was precipitated in
acetone and dried under vacuum to give 1.5 g, 15% of white polymer. Mn

{Daltons): 175,150, Mw (Daltons): 419,563, Polydispersity: 2.4.

Example 172.
* To a solution of LiFABA (1.2 mg) and butylnérbomnene (9.0 g) and

butenylnorbornene (1.0 g) in toluene (total solution volume 60 ml) was added
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| (allyl)(tricyclohexylphosphine)palladium(II) triflate (0.15 mg) in 1.0 ml

toluene. Ratio of monomer:procataltyst:activator was 250,000:1:5. The
reaction was stirred for 4 hours at 65°C. The product was precipitated in
acetone and dried under vacuum to give 5.8 g, 58% of white polymer. Mn
(Daltons): 61,438, Mw (Daltons): 157,953, Polydispersity: 2.6. |

Example 173.
To a solution of LiFABA (1.2 mg) and butylnorbomene (7.5 g) and

butenylnorborene (2.5 g) in toluene (total solution volume 60 mi) was added

- (allyl)(tricyclohexylphosphine)palladinm(ll) triflate (0.15 mg) in 1.0 ml

toluene. Ratio of monomer:procatalyst:activator was 250,000:1:5. “The
reaction was stirred for 4 hours at 65°C. The product was precipitated in
acetone and dried under vacuum to give 4.1 g, 41% of white polymer. Mn
(Daltons): 22,182, Mw (Daltons): 77,524, Polydispersity: 3.5.

Example 174.

To a solution of DANFABA (0.45 mg) and hexylnorbormene (10.0 g)
in toluene (total solution volume was 33 ml) was added
(allyl)(tricyclohexylphosphine)(perfluorophenyl)palladium(Il) in 1.0 ml
toluene. The reaction was stirred for 4 hours at 60°C, the product was
precipitated in acetone and dried under vacuum to give a white polymer 1.5 g
(15%).

Example 175,
To a mixture of butylnorbornene (8.41 g, 56.1 mmol) and

5-triethoxysilylnorbornene (1.59 g, 6.21 mmol) was added sodium
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tetraphenylborate (0.4 mg, 0.0013 mmol). This ﬁxixtme was diluted with

32 ml of toluene. Approximately 50 pl of a toluene solution of
(allyl)palladium chloride dimer (2.5 M) and 20 ul of a toluene solution of
tricyclohexylphosphine (12.5 mmol) was diluted to about 1 ml total with
toluene and added to the monomer solution. The mixture was heated to 65°C

for 4 hours. The resulting mixture was poured into acetone. No polymer

precipitated.

Example 176.

A stock solution of (allyl)palladium chloride dimer (0.0062_3,JM) and
tricyélohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of butylnorbornene (4.59 g,
30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.60 mmol), silica gel (1.0 g,
calcined at 220°C for 24 hours followed by 600°C for 5 hours), and lithium
tetrakis(pentafluorophenyl)borate *2.5Et,0 (1.4 mg, 0.0016 mmol). The
contents were heated to 65°C for 45 minutes and then ramped to 150°C and
held for 15 minutes. The contents were then cooled room temperature. A

very hard polymeric puck with suspended silica particles resulted.

Example 177.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of butylnorbornene (4.59 g,
30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.60 mmol), silica gel (0.3 g,
calcined at 220°C for 24 hours followed by 600°C for 5 hours), and lithium
tetrakis(pentafluorophenyl)borate +2.5Et,0 (1.4 mg, 0.0016 mmol). The
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contents were heated to 65°C for 45 minutes and then ramped to 150°C and
held for 15 minutes. The contents were then cooled room temperature, A

very hard polymeric puck with suspended silica particles resulted.

Exaniple 178.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of butylnorbornene (4.59 g,
30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.60 mmol), and lithium
tetrakis(pentafluorophenyl)borate +2.5Et,0 (1.4 mg, 0.0016 mmol). The
contents were placed into a 150°C bath and held for 30 minutes. The
contents were then cooled room temperature. A very hard polymeric puck

resulted.

Example 179.

A stock solution of (allyDpalladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.04 ml
aliquot of this solution was added to 2 n_ﬁxture of butylnorbornene (9.18 g,
61.2 mmol), 5-triethoxysilylnorbornene (0.82 g, 3.2 mmol), silica gel (2.00 g,
calcined at 220°C for 24 hours followed by 600°C for S hours), and lithium
tetrakis(pentafluorophenyl)borate 2.5Et,0 (1.4 mg, 0.0016 mmol). The
contents were placed into a 150°C bath and held for 30 minutes. The
conterits were then cooled room temperature. A very hard polymeric puck
resutted with suspended silica particles.
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Example 180. ,

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and |
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of hexylnorbornene (5.44 g,
30.6 mmol), S-triethoxysilylnorbornene (0.41 g, 1.60 mmol), and lithium
tetrakis(pentafluorophenyl)borate <2.5Et,O (1.4 mg, 0.0016 mmol). The
mixture was allowed to stand at room temperature for 1.5 hours after which
time the solution became quite viscous. This mixture was then poured onto a
silicon wafer. The wafer was heated to about 265°C by ramping the
temperature from ambient to 170°C, then 200°C, then 225°C, then to 265°C.
The wafer was then cooled and immersed in water to facilitate rem?:;'w‘/al of the
transparent film. From thin film tensile measurements (ASTM D1708-93), a
modulus of 62,500 + 18,100 psi and elongation at break of 55 + 21%. No

detectable monomer or toluene was observed by 'H NMR measurements.

Example 181.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (7.16 g,
30.6 mmol), S-triethoxysilylnorbomene (0.41 g, 1.60 mmol), and lithium
tetrakis(pentafluorophenyl)borate «2.5Et,0 (1.4 mg, 0.0016 mmol). The
mixture was allowed to stand at room temperature for 1.5 hours after which
time the mixture became slightly viscous. This mixture was then poured onto
a silicon wafer. The wafer was then heated to about 170°C. The wafer was
then cooled énd immersed in water to facilitate removal of a transparent film.

No detectable monomer or toluene was observed by 'H NMR measurements.
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Example 182.

A stock solution of (allyDpalladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared.” An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (7.16 g,
30.6 mmol), S-triethoxysilylnorbornene (0.41 g, 1.60 mmol), and lithium
tetrakis(pentafluorophenyl)-borate +2.5Et,0 (1.4 mg, 0.0016 mmol). Some of
this mixture was then poured onto a silicon wafer. The wafer was then heated
to about 170°C and held for 15 minutes. The wafer was then cooled and
immersed in water to facilitate removal of a transparent film. From thin film
tensile measurements (ASTM D1708-93), a modulus of 11,600 + 1950 psi
and elongation at break of 185 + 11%.

The rest of the mixture prepared above was allowed to stand for
7 days at ambient temperatﬁre. The mixture became more viscous, yet
mobile. A second film was cast onto a silicon wafer and heated identically to
that above. From thin film tensile measurements (ASTM D1708-93), a
modulus of 8700 + 1040 psi and elongation at break of 158 + 24%.

Example 183.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (7.06 g,
30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.60 mmol), exo, trans,
exo-norbornadiene dimer (0,06 g, 0.33 mmol) and lithium
tetrakis(pentafluorophenyl)borate «2.5Et,0 (1.4 mg, 0.0016 mmol). After

allowing the mixture to stand for about an hour, it was poured onto a silicon
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wafer. The wafer was then heated to about 170‘;C and held for 30 minutes.
The wafer was then cooled and immersed in water to facilitate removal of a
transparent film. From thin film tensile measurements (ASTM D1708-93), a |
modulus of 7600 + 640 psi and elongation at break of 100 + 3%.

Example 184.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (7.06 g,
30.6 mmol); 5-triethoxysilylnorbornene (0.41 g, 1.60 mmol), Irgafos®168
(0.06 g, 0.33 mmol) and lithium tetrakis(pentafluorophenyl)borate -f.SEtz(')
(1.4 mg, 0.0016 mmol). After allowing the mixture to stand for about two
hours, it was poured onto a silicon wafer. The wafer was then heated to about
170°C and held for 30 minutes. The wafer was then cooled and immersed in

water to facilitate removal of a transparent film.

Example 185.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (6.80 g,
29.1 mmol), 5-triethoxysilylnorbornene (0.39 g, 1.60 mmol), exo, trans,
exo-norbornadiene dimer (0.59 g, 3.2 mmol) and lithium
tetrakis(pentafluorophenyl)borate «2.5Et,0 (1.4 mg, 0.0016 mmol). The
mixture was poured onto-a silicon wafer to form a thin film of solution. The
mixture was then heated to about 170°C and held for 30 minutes. The wafer

wés thén cooled and immersed in water to facilitate removal of the
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| transparent film. From thin film tensile measurements (ASTM D1 708-93}),a

modulus of 12400 + 2450 psi and elongation at break of 42 & 6%.

Example 186.

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and "
tricyclohexylphosphine {0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (5.73 g,
24.5 mmol), S-triethoxysilylnorbornene (0.37 g, 1.45 mmol), exo, trans,
exo-norbornadiene dimer (1.18 g, 6.41 mmol) and lithium
tetrakis(pentafluorophenyl)borate +2.5Et,0 (1.4 mg, 0.0016 mmol). The
mixture was poured onto a silicon wafer to form a thin film. The mixture was
then heated to about 170°C and held for 30 minutes, The wafer was then
cooled and immersed in water to facilitate removal of the transparent film.
From thin film tensile measurements (ASTM D1708-93), a modulus of
43700 psi and elongation at break of 11%.

Example 187,

An 0.05 ml aliquot of a stock solution of
(allyl)palladium(tricyclohexylphosphine) triflate (0.00623 M in toluene) was
added to a mixture of hexylnorbornene (5.44 g, 30.6 mmol),
S-triethoxysilylnorbomene (0.41 g, 1.60 mmol), and lithium
tetrakis(pentafluoro-phenyl)borate +2.5Et,0 (1.4 mg, 0.0016 mmol). This
mixture was then poured onto a silicon wafer to form a thin film of solution.
The mixture was then heated to about 270°C for 15 minutes. The wafer was
then cooled and immersed in water to facilitate removal of the transparent
film. From thin film tensile measurements (ASTM D1708-93), a modulus of
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62,000 = 3400 psi and elongation at break of 68 + 7%. Dynamic
thermogravimetric analysis of the film (10°C/minute, from 35 to 460°C)
showed negligible weight loss at 350°C (1.0%).

Example 188,

A stock solution of (allyl)palladium chloride dimer (0.00623 M) and
tricyclohexylphosphine (0.0125 M) in toluene was prepared. An 0.05 ml
aliquot of this solution was added to a mixture of decylnorbornene (7.16 g,
30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.60 mmol), and lithium
tetrakis(pentafluoropheny!)-borate +2.5Et,0 (1.4 mg, 0.0016 mmol) which
contained 6 weight percent barium titanate (Cabot). This mixture was then
poured onto a silicon wafer. The wafer was then heated to about 170°C and
held for 30 minutes. The wafer was then cooled and immersed in water to

facilitate removal of a film containing suspended barium titanate particles.

Example 189.
The above experiment was repeated except a 6 weight percent mixture
of lead magnesium niobate-lead titanate (TAMTRON® Y5V183U from
Tam Ceramics) was used instead of barium titanate. An opaque, beige film

resulted.

Example 190.
Dimethylanilinium tetrakis(bis(3,5-trifluoromethyl)phenyl)borate
(0.002 g, 0.0016 mmol) was added to 5.44 g (30.6 mmol). To this mixture
was added about 0.05 ml of a 0,00623 M solution of

(allyl)palladium(tricyclohexylphosphine)(methyl) in toluene. This mixture
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 was poured onto a silicon wafer and heated to 270°C for 15 minutes. A thin

film was recovered.

Example 191.

A stock solution of (allyl)palladium (tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.05 ml aliquot of
this solution was added to a mixture of decylnorbormene (7.16 g, 30.6 mmol),
5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)-borate #2.5Et,0 (1.4 mg, 0.0016 mmol) which
contained 40 weight percent of lead magnesium niobate
(TAMTRON®Y5V183U from Tam Ceramics). This mixture was thén poured
onto a silicon wafer. The mixture was then heated to about 180°C and held
for 30 minutes. A film con_taining the lead magnesium niobate was recovered

after cooling.

Example 192.
Lithium tetrakis{pentafluorophenyl)borate +2.5 Et,O (1.4 mg,
0.0016 mmol) was added to hexylnorbornene (5.44 g, 30.6 mmol). To this
mixture was added about 0.05 ml of a 0.00623 M solution of
{allyDpalladium(tricyclohexylphosphine) trifluoroacetate in toluene. This
mixture was poured onto a silicon wafer and heated to 270°C for 30 minutes.

A clear film was recovered.

Example 193,
A stock solution of (allyl)palladium (tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.1 ml aliquot of
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this solution was added to a mixture of decylnori:omene (7.16 g, 30.6 mmol),
S-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)-borate 2.5Et,0 (2.8 mg, 0.0032 mmol) which
contained 40 weight percent of barium titanate (Cabot). This mixture was
then poured onto a silicon wafer. The mixture was then heated to about
170°C and held for 30 minutes. A film containing the barium titanate was

recovered after cooling.

Example 194.

A stock solution of {2-[(dimethylamino)methyl]phenyl-
C,N-}palladium(tricyclohexyl-phosphine) triflate (0.00623 M). An 0.75 ml
aliquot of this solution was added to a mixture of hexylnorbornene (5.44 g,
30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pcntaﬂuorophenylj-borate 2.5 Et,0 (2.1 mg, 0.0025 mmol). This
mixture was then poured onto a silicon wafer. The mixture was then heated

to about 270°C. A film was recovered after cooling.

Example 195.

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.1 ml aliquot of
this solution was added to a mixture of hexylnorbomene (5.44 g, 30.6 mmol),
S-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentaﬂﬁomphen})l)-borate 2.5 EtzO (2.8 mg, 0.0032 mmol). This
mixtﬁre was then poured onto a silicon wafer. The mixture was then heated

to about.170°C and held for 30 minutes. A film was recovered after cooling.
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Example 196.

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.1 ml aliquot of
this solution was added to a mixture of hexylnorbornene (4.58 g, 25.7 mmol),
5-triethoxysilylnorbomene (1.65 g, 6.45 mmol), and lithium
tetrakis(pentafluorophenyl)borate «2.5 Et,0 (2.8 mg, 0.0032 mmol). This
mixture was then poured onto a silicon wafer. The mixture was then heated
to about 270°C and held for 15 minutes. A transparent film was recovered

after cooling,

Example 197.

A stock solution of (allyl)palladium(tricyclohexylphosphine)
triflucroacetate (0.00623 M) in toluene was prepared. An 0.1 ml aliquot of
this solution was added to a mixture of hexylnorbornene (5.44 g, 30.6 mmol),
S-triethoxysilyInorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentaflnorophenyl)borate «2.5 Et,0 (2.8 mg, 0.0032 mmol). This
mixture was then poured onto a silicon wafer. The mixture was then heated

to about 270°C and held for 15 minutes. A film was recovered after cooling.

Example 198.

Approximately 0.18 ml of a deuterated benzene solution of
(allyl)palladium(tricyclohexylphosphine)(methy!) (0.0072 M), -
N,N-dimethylanilinium tetrakis(pentaftuorophenyl)borate (0.014 ml), and
diethyl ether (0.0072 ml) was added to a mixture of hexylnorbornene
(5.44 g, 30.6 mmol) and 5-triethoxysilylnorbomene (0.41 g, 1.6 mmol), and
lithium tetrakis(pentaflucrophenyl)borate <2.5Et,0 (2.8 mg, 0.0032 mmol)

which had been sparged with air. This mixture was then poured onto a
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silicon wafer. The mixture was then heated to about 170°C and held for

30 minutes. A film was recovered after cooling.

‘ Example 199.

A stock solution of (allyl)palladium(tricyclohexylphosphine) chloride
(0.00623 M) in toluene was prepared. An 0.2 ml aliquot of this solution was
added to a mixture of hexylﬁorbomene (5.44 g, 30.6 mmol),
5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium ‘
tetrakis(pentafluorophenyl)borate «2.5 Et,0 (2.2 mg, 0.0026 mmol) which
had been sparged with air. This mixture was then poured onto a silicon
wafer. The mixture was then heated to about 170°C and held for 15 :;ninutes.
A film was recovered after cooling. Dynamic thermogravimetric analysis of
the film (10°C/minute, from 35 to 460°C) showed negligible weight loss at
350°C (2.0%).

Example 200.

A stock solution of (allyl)palladium(tricyclohexylphosphine) chloride
(0.00623 M) in toluene was prepared. An 0.1 m! aliquot of this sblution was
added to a mixture of hexylnorbornene (5.44 g, 30.6 mmol),
5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)borate «2.5 Et,0 (1.1 mg, 0.0013 mmol) which

-had been sparged with air. This was then heated to about 170°C and held for

4 hours. A hard polymer puck was recovered after cooling. .

Example 201.
A stock solution of (allyl)palladium(tricyclohexylphosphine)

trifluoroacetate (0.00623 M) in toluene was prepared. An 0.2 ml aliquot of
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this solution was added to a mixture of hexylnorbornene (5.44 g,

30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)borate +2.5 Et,0 (2.2 mg, 0.0026 mmol) which
had been sparged with air. This mixture was then poured onto a silicon
wafer. The mixture was then heated to about 170°C and held for 15 minutes.
A film was recovered after cooling which had a thickness of about 20 mils.
Dynamic thermogravimetric analysis of the film (10°C/minute, from 35 to
460°C) showed negligible weight loss at 350°C (0.9%).

Example 202,

A stock solution of
(allyDpalladium(tricyclohexylphosphine)trifiuoroacetate (0.00623 M) in
toluene was prepared. An 0.1 ml aliquot of this solution was added to a
mixture of hexyinorbornene (5.44 g, 30.6 mmol), 5-triethoxysilylnorbarnene
(0.41 g, 1.6 mmol), and lithium tetrakis(pentafluorophenyl)borate «2.5 Et,0
(1.1 mg, 0.0013 mmol) which had been sparged with air. This mixture was
heated to about 170°C and held for 4 hours. A hard polymeric puck was

recovered after cooling,

Example 203.

A stock solution of
(allyDpalladium(tricyclohexylphosphine)trifluoroacetate (0.00623 M) in
toluene was prepared. An 0.5 ml aliquot of this solution was added to a
mixture of hexylnorbomene (5.44 g, 30.6 mmol), 5-glycidylether-2-
norbomene (0.24 g, 1.6 mmol), and lithium tetrakis(pentafluorophenyl)borate
2.5 Et,0 (5.6 mg, 0.0067 mmol) which had been sparged with air. This

mixture was then poured onto a silicon wafer in air. The mixture was then
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| heated to about 170°C and held for 15 minutes. A film was recovered after

cooling.

Example 204.

A stock solution of
(allyl)palladium(tricyclohexylphosphine)trifluoroacetate (0.00623 M) in
toluene was prepared. An 0.5 ml aliquot of this solution was added to a
mixture of hexylnorbornene (4.58 g, 25.7 mmol), 5-glycidylether-2-
norbornene (0.97 g, 6.4 mmol), and lithium tetrakis(pentafluorophenyl)borate
*2.5 Et,0 (5.6 mg, 0.0067 mmol) which had been sparged with air. This
mixture was then poured onto a silicon wafer in air. The mixture was then
heated to about 170°C and held for 15 minutes. A film was recovered after

cooling.

Example 205.

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.83 ml aliquot of
this solution was added to a mixture of hexylnorbornene (10.9 g, 61.1 mmol)
and S-triethoxysilylnorbornene (0.82 g, 3.2 mmol). To a separate vial was
added lithium tetrakis(pentafluorophenyl)borate «2.5 Et,0 (9.0 mg,

0.011 mmol), hexylnorbornene (10.9 g, 61.1 mmol) and
5-triethoxysilylnorbornene (0.82 g, 3.2 mmol). Each mixture was sparged
with air. Equal volumes of solution from each vial were mixed and then
poured onto a silicon wafer in air. The mixture was then heated to about
170_°C and held for 15 minutes. A transparent film resulted. Dynamic
thermogravimetric analysis of the film (10°C/minute, from 35 to 460°C)
showed negligible weight loss at 350°C (0.9%). The vials were then stored at
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ambient temperature in air. After 3 days, more of the solution was cast in the
same manner. A transparent film resulted. Dynamic thermogravimetric.
analysis of the film (10°C/minute, from 35 to 460°C) showed negligible
weight loss at 350°C (2.0%). The vials were stored again at ambient
temperature in air. After 4 more days, more of the solution was cast in the
same manner. A transparent film resuited. Dynamic thermogravimetric
analysis of the film (10°C/minute, from 35 to 460°C) showed still negligible
weight loss at 350°C (2.7%).

Example 206.

A stock solution of (allyl)palladium(tricyclohexylphosphiney
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.0.10 ml aliquot
of this solution was added to a mixture of hexylnorbomene (10.9 g,

61.1 mmol), S-triethoxysilylnorbornene (0.82 g, 3.2 mmol), and lithium
tetrakis(pentafluorophenyl)borate «2.5 Et,0 (2.2 mg, 0.0026 mmol), which
had been saturated with disperse red number 1. This mixture was then
filtered through a 0.2 pum filter and then was poured onto a silicon wafer in
air, The mixture was then heated to about 170°C and held for 15 minutes. A
colored, transparent film resulted.

Example 207,

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.6.10 m! aliquot
of this solution was added to a mixture of hexylnorbornene (10.9 g,

61.1 mmol), 5-triethoxysilylnorbornene (0.82 g, 3.2 mmol), and lithium
tetrakis(pentafluorophenyborate «2.5 Et,0 (2.2 mg, 0.0026 mmol), which
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had been saturated with disperse orange number 1. This mixture was then

.filtered through a2 0.2 um filter and then was poured onto a silicon wafer in

air. The mixture was then heated to about 170°C and held for 15 minutes. A

colored, transparent film resulted.

Example 208.

A stock solution of (allyl)paliadium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.0.10 ml aliquot
of this solution was added to a mixture of hexylnorbornene (10.9 g,

61.1 mmol), 5-triethoxysilylnorbornene (0.82 g, 3.2 mmol), and lithi}lm
tetrakis(pentaflucrophenyl)borate +2.5 Et,0 (2.2 mg, 0.0026 mmol), which
had been saturated with disperse blue number 14. This mixture was then
filtered through a 0.2 pm filter and then was poured onto a silicon wafer in
air. The mixture was then heated to about 170°C and held for 15 minutes. A
colored, transparent film resulted.

Example 209.

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.0.10 ml aliquot
of this solution was added to a mixture of hexylnorbomene (10.9 g,

61.1 mmol), S-triethoxysilylnorbornene (0.82 g, 3.2 mmol), and lithium
tetrakis(pentafluorophenyl)borate «2.5 Et,0 (2.2 mg, 0.0026 mmol), which
had been saturated with disperse yellow number 7. This mixture was then
filtered through a 0.2 ptm filter and then was poured onto a silicon wafer in
air. The mixture was then heated to about 170°C and held for 15 minutes. A
colored, transparent film resulted.
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Example 2190.

A stock solution of (allyl)palladium(tricyclohexylphdsphine)
triflucroacetate (0.00623 M) in toluene was prepared. An 0.0.10 ml aliquot
of this solution was added to a mixture of hexylnorbornene (10.9 g,

61.1 mmol), S-triethoxysilylnorbornene (0.82 g, 3.2 mmol), and lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (2.2 mg, 0.0026 mmol), which
had been saturated with copper naphthalocyanine. This x;lixture was then
filtered through a 0.2 pm filter and then was poured onto a silicon wafer in
air. The mixture was then heated to about 170°C and held for 15 minutes. A
colored, transparent film resulted. -

Example 211, -

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.2 ml aliquot of
this solution was added to a mixture of hexylnorbomene (5.44 g, 30.6
mmol), 5-triethoxysilylnorbomene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (2.2 mg, 0.0026 mmol), and
5 weight percent Kraton® G1652. This mixture was then poured onto a
silicon wafer in air. The wafer was then heated to about 170°C and held for
15 minutes. A slightly opaque film was recovered after cooling.

Example 212,
A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.2 ml aliquot of
this solution was added to a mixture of hexylnorbornene (5.44 g, 30.6 mmol),
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| 5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium

tetrakis(pentafluorophenyl)borate *2.5 Et,O (2.2 mg, 0.0026 mmol), and

10 weight percent Kraton® G1652. This mixture was then poured onto a
silicon wafer in air. The wafer was then heated to about 170°C and held for
15 minutes. A markedly opaque film was recovered after cooling.

Example 213.

A stock solution of (allyl)palladium(tricyclohexylphosphine)
trifluoroacetate (0.00623 M) in toluene was prepared. An 0.2 ml aliquot of
this solution was added to a mixture of hexylnorbornene (5.44 g, 30 6 mmol),
S-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (2.2 mg, 0.0026 mmol), and
2 weight percent Kraton® 1101. This mixture was then poured onto a silicon
wafer in air. The film was then heated to about 170°C and held for

15 minutes. An opaque film was recovered after cooling.

Example 214,

A stock solution of (allyl)palladium(tricyclohexylphosphine)
triflucroacetate (0.00623 M) in toluene was prepared. An 0.2 m! aliquot of
this solution was added to a mixture of hexylnorbornene (5.44 g,

30.6 mmol), 5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrak'is(pehtaﬂuorophenyl)borate 2.5 E,0 (2.2 mg, 0.0026 mmol), and

2 weight percent Kraton® 1726. This mixture was then poured onto a silicon
wafer in air. The wafer was then heated to about 170°C and held for

15 minutes.” A transparent film was recovered after cooling.
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Example 215.

To a mixture of norbornene (4.84 g, 51.5 mmol) and
5-triethoxysilylnorbornene (3.30 g, 12.9 mmol) was added lithium
tetrakis(pentafluorophenyl)borate +2.5 Et,0 (2.8 mg, 0.0032'mimol). To this
mixture was added (allyl)palladium(tricyclohexylphosphine) triflate (0.10 ml
of a 0.0062 M solution in toluene). This mixture was allowed to stand at
room temperature until it became viscous. It was then poured, in air, onto a
silicon wafer. The wafer ramped up to 170°C over 20 minutes and then held
at this temperature for an additional 5 minutes. A film was recovered after

cooling the wafer.

Example 216.
In air, lithium tetrakis(pentafluorophenyl)borate 2.5 Et,0 (3.3 mg,
0.0038 mmol) was dissolved in 5.5 g of ethylnorbornene (45 mmol) and
0.61 g of S-triethoxysilylnorbornene (2.4 mmol). To this mixture was added
(allyl)palladium(tricyclohexylphosphine) trifluoroacetate (0.30 ml of a
0.0062 M solution in toluene). The mixture was cast onto a silicon wafer in

air and heated to 170°C for 20 minutes. A transparent film resulted.

Example 217,

A stock solution of
(allyl)palladium(tricyclohexylphosphirie)(trifluoroacetate) (0.00623 M) in
toluene was prepared. Lithium tetrakis(pentafluorophenyl)borate +2.5 Et,0
(5.6 mg, 0.0064 mmol) was weighed into a bottle. This bottle was opened to
the ambient air and 5-triethoxysilylnorbornene (8.26 g, 32.2 mmol) was
added to this bottle. Then, 0.52 ml of the palladium stock solution was added

to the bottle containing the lithium salt and the monomer. This solution was
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heated to 46°C with stirring while lead magnesium niobate-lead titanate
(6.56 g, TAMTRON® Y5V183U from Tam Ceramics) was added. The
mixture was heated at 70°C and stirred at 300 rpm for 7.5 minutes. Then the
contents were poured onto an oxidized silicon wafer that had been coated with
an 8000A thick aluminum metal layer. This wafer wes heated to 170°C for
15 minutes. The wafer was quenched in water. While the aluminum
delaminated from the silicon wafer the film continued to adhere to the
aluminum film indicating good adhesion of the polymer to the aluminum
metal.

The permittivity of the film averaged 5.0 over 1 MHz to 1.1 GHz
frequency range, while the loss tangent averaged 0.016 over the san.1;

frequency range.

Example 218.
A stock solution of (allyl)palladium(tricyclohexylphosphine)(triflate)

(0.00623 M) in toluene was prepared. Lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (0.0089 grams) was weighed into
a bottle. This bottle was opened to the ambient air and
5-triethoxysilylnorbornene (10.18 g, 39.7 mmol) was added to this bottle.
Then 0.15 ml of palladium stock solution was added to the bottle containing
the lithium salt and the monomer. This mixture was heated to 52°C with
stirring (100 to 500 rpm) while lead magnesium niobate;lead titanate
(24.43 g, TAMTRON® Y5V183U from Tam Ceramics) was added. After
8.5 minutes at 52°C, the solution was ramped to 70°C in 3 minutes.

After dwelling for 4.5 minutes at 70°C, the mixture was poured from
the bottle into a 3 inch diameter ring resting on top of a 4 inch oxidized

silicon wafer coated with 8000A of aluminum (aluminum had been coated by
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evaporation). The wafer was ramped from 70°C to 170°C in 4 minutes. The
mixture was heated for 15 minutes at 170°C. Then, the wafer and ring were
removed from the hotplate and quenched in water. As the film contracted, |
due to its exposure to jukewarm water, the aluminum dejaminated from the
wafer, but the aluminum remained adhered to the film. This indicates that the
adhesion of aluminum is better to the film produced than to the thin
(8000 Angstroms) layer of silicon dioxide on top of the silicon wafer,

The permittivity of the film averaged 9.8 over 1 MHz to 1.1 GHz
frequency range, while the loss tangent averaged 0.023 over the same

frequency range.

Example 219.
A stock solution of

(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (0.0249 M) in
methylene chloride was prepared. Lithium tetrakis(pentafluoro- ,
phenyl)borate +2.5 Et,0 (0.011 grams) was weiéhed into a bottle. This bottle
was opened to the ambient air and 5-triethoxysilylnorbornene (8.24 g,

32.2 mmol) was added to the bottle. Approximately 0.26 ml of the catalyst
stock solution was added to the above mixture. The mixture was allowed to
stir at 90°C for about 1 minute, then lead magnesium niobate-lead titanate
(32.96 g, TAMTRON® Y5V183U from Tam Ceramics) was added. The
mixture was allowed to stir for an additional 10 minutes at 90°C. The
mixture was then poured onto polyimide film and heated to 90°C for

15 minutes and then heated to 180°C for 30 minutes. A composite film -

resulted.
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The permittivity of the film averaged 15.8 over 1 MHz to 1.1 GHz
frequency range, while the loss tangent averaged 0.016 over the same

frequency range.

) Example 220.
A stock solution of

(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (0.0249 M) in
methylene chloride was prepared. Lithium tetrakis(pentafluoro-
phenyl)borate «2.5 Et,0 (0.0'1 1 g) was weighed into a bottle. This bottle was
opened to the ambient air and S-triethoxysilylnorbornene (8.24 g, 32.2 mmol)
was added to the bottle. Approximately 0.26 ml of the catalyst stock solution
was added to the above mixture. The mixture was allowed to stir at 90°C for
about 1 minute, then lead magnesium niobate-lead titanate (24.72 g,
TAMTRON® Y5V183U from Tam Ceramics) was added. The mixture was
allowed to stir for an additional 10 minutes at 90°C. The mixture was then
poured onto polyimide film and heated to 90°C for 15 minutes and then
heated to 180°C for 30 minutes. A composite film resulted.

The permittivity of the film averaged 10.8 over 1 MHz to 1.1 GHz
frequency range, while the loss tangent averaged 0.014 over the same

frequency range.

- Example 221.
Hexylﬁorbomene (10.88 g, 61.1 mmol), S-Uiéthoxysilylnorbomene -
(0.82 g, 3.2 mmol), and lithium tetrakis(pentafluorophenyl)borate 2.5 Et,0
(0011 g, 0.013 mmol) were combined in air. Approximately 0.51 ml ofa
0.0125 M stock solution of |

(allyl)palladium(tricyclohexylphosphine)(trifiuoroacetate) (0.0064 mmol) in
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toluene was added to the monomer mixture. Next, 35.1 g of lead magnesium
niobate-lead titanate (24.72 g, TAMTRON® Y5V183U from Tam Ceramics)
was added with vigorous stirring, The mixture was heated to.90°C for about
10 minutes. Afier pouring the resulting mixture onto a silicon wafer, the
mixture was heated to 90°C for 15 minutes and then to 180°C for 30 minutes.
A composite film resulted.

The permittivity of the film averaged 6.8 over ! MHz to 1.1 GHz
frequency range, while the loss tangent averaged 0.002 over the same

frequency range.

Example 222.

Lead magnesium niobate-lead titanate (24.72 g,
TAMTRON® Y5V183U from Tam Ceramics) was crushed in a Siebtechnik
reciprocating grinder for 1 minute. Then a solution of
S-triethoxysilylnorbornene (8.24 g, 32.2 mol), lithium
tetrakis(pentafluorophenyl)borate 2.5 Et,0 (0.011 grams, ¢.013 mmol), and
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (0.0064 mmol)
was added to the lead magnesium niobate-lead titanate. The mixture was
milled for an additional 3 minutes. The resulting smooth paste was spread
onto a glass plate with a doctor blade with a setting of 20 mils. The plate was
placed under vacuum and heated to 250°C over 75 minutes and held at held
for 1 hour. Then the plate was cooled under vacuum overnight to give thin
composite film was a smooth surface. Examination of cross-sectioned film

revealed homogeneous dispersion of the composite.
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‘ Example 223, '
Hexylnorbornene (5.44 g, 31.0 mmol), S-triethoxynorbornene (0.41 g,

1.6 mol), and lithium tetrakis(pentafluorophenyl)borate 2.5Et,0 (2.8 mg,
0.0032 mmol) were mixed together in air. To this mixture was added
(allyI)palladium(u'icyclohéxylphosphine)(triﬂuoroacetate) (0.00064 mmol) as
a stock solution (0.0249 ml) in methylene chloride. The resulting mixture
was heated to 70°C for about 10 minutes until significant thickening of the
solution was observed. The mixture was then poured onto 2 glass plate and
drawn with a doctor blade. The plate was placed in an oven and slowly
ramped to 140°C and held there for 1 hour. After cooling, the thin film was
removed from the glass plate with the aid of cool water. A transparent film
measuring about 7 mils thick was recovered. The thickness of the film can be

adjusted by changing the doctor blade setting.

Example 224.

Hexylnorborene (5.44 g, 30.6 mmol), 5-triethoxysilylnorbornene
(0.41 g, 1.6 mmol), and divinyl-ténninated polydimethylsiloxane (0.31 g,
Gelest DMS-VOS), and lithium tetrakis(pentafluorophenyl)borate +2.5Et,0
(2.8 mg, 0.0032 mmol) were combined in air. Approximately 0.10 ml ofa
0.0062 M toluene solution of |
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (0.00062 mmol).
The mixture was then poured onto a silicon wafer and hea-zted to 90°C for
15 minutes and then heated to 170°C for 15 minutes. A transparent film was

recovered.
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Example 225.

The experiment was carried out as in the above example, except that
different polydimethylsiloxanes were used,

a. Divinyl-terminated polydimethylsiloxane (0.31 g, Gelest
DMS-V22, Mn = 9400) was used. A very opaque, almost white film was
recovered.,

b. Divinyl-terminated polydimethylsiloxane (0.31 g, Gelest
DMS-V00, Mn = 186) was used. A transparent film was recovered.

c. Dimethyl-terminated polydimethylsiloxane (0.31 g, Gelest
DMS-T0S5, Mn = 770) was used. A transparent film was recovered.

d. Divinyl-terminated polydimethyldiphenylsiloxane (0:31 g,
Gelest PDV-1625, Mn = 9500) was used. An opaque film was recovered.

e. Divinyl-terminated
polydimethylmonomethylmonovinylsiloxane (0.31 g, Gelest VMM-010) was

used. An opaque film was recovered.

Example 226.

a Hexylnorbomene (5.44 g, 30.6 mmol),
S-triethoxysilylnorbormene (0.41 g, 1.6 fnmol), and divinyl-terminated
polydimethylsiloxane (0.31 g, Gelest DMS-V22, Mn = 9400), and lithium
tetrakis(pentafluorophenyl)borate <2.5Et,0 (2.8 mg, 0.0032 mmol) were
combined in air. Approximately 0.10 m! of a 0.0062 M methylene chioride
solution of allyl)palladium(tricyclohexylphosphine)(trifluoroacetate)
(0.00062 mmol). The mixture was heated to 80°C for about 10 minutes until
it became somewhat viscous. The mixture was then poured onto a glass plate

and spread with a doctor blade set a 14 mils. The plate was heated to 90°C
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under vacuum and held for 30 minutes. Then the plate was heated to 170°C
and held for 15 minutes. An opaque film was recovered.

b. Hexylnorbornene (5.44 g, 30.6 mmol),
5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and divinyl-terminated
polydimethylsiloxane (0.31 g, Gelest DMS-V00, Mn = 186), and lithium
tetrakis(pentafluorophenyl)borate «2.5Et,0 (2.8 mg, 0.0032 mmol) were
combined in air. Approximately 0.10 ml of a 0.0062 M methylene chloride
solution of (allyl)palladium(tricyclohexylphosphine)(trifluoroacetate)
(0.00062 mmol). The mixture was heated to 80°C for about 10 minutes and
it became somewhat viscous. The mixture was then poured onto a glass plate
aﬁd spread with a doctor blade set at 14 mils. The plate was heated to 90°C
under vacuum and held for 30 minutes. Then the plate was heated to 170°C

and held for 15 minutes. A transparent film was recovered.

. Example 227.

Hexylnorbornene (5.44 g, 30.6 mmol), 5-triethoxysilylnorbornene
(0.41 g, 1.6 mmol), tetracyclododecadiene (0.27 g), Irganox® 1076 (0.03 g),
divinyl-terminated polydimethylsiloxane (0.32 g, Gelest DMS-V05,
Mn'= 770), and lithium tetrakis(pentaﬂuorophenyl)borate *2.5Et,0 (5.6 mg,
0.0064 mmol) were combined in air. The mixture was briefly sonicated to
aid in dissolution of the antioxidant. Approximately 0.054 ml of a 0.025 M
methylene chloride solution of
(allyl)palladium(tricyqlohexylphosphine)(triﬂuoroacetate) (0.0014 mmol).
The mixture was heated to 80°C for about 5 minutes and it became somewhat
viscous. The mixture was then poured onto a glass plate and spread with a

doctor blade set at 16 mils. The plate was heated to 75°C under vacuum and
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. held for 20 minutes. Then the plate was heated to 150°C and held for

10 minutes. A transparent film was recovered,

Example 228,
Hexynorbornene (5.44 g, 30.6 mmol), 5-triethoxysilyinorbornene
(0.41 g, 1.6 mmol), and sodium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate (2.9 mg, 0.0032 mmol) were
combined in air. Approximately 0.10 ml of 2 0.0062 M toluene solution of
(allyDpalladium(tricyclohexylphosphine)(trifluoroacetate) (0.00062 mmol).
The mixture was then poured onto a silicon wafer and heated to 90°C for

15 minutes and then heated to 170°C for 15 minutes. A transparent film was

recovered.

_ Example 229.

A. Hexylnorbomene (5.44 g, 30.6 mmol),
5-triethoxysilylnorbornene (0.41 g, 1.6 mmol), and lithium
tetrakis(pentafluorophenyl)borate «2.5Et,0 (1.5 mg, 0.0016 mmol). and
0.10 ml of 2 0.0031 M stock solution of
(allyl)palladium(tricyclohexylphosphine)(triflate) in toluene (0.00031 mmol)
were combined in air in a Class 1000 clean room. The mixture was then
filtered through a 0.2 p Teflon® frit with the aid of a syringe into a clean test
tube. The test tube was then heated to 90°C held for 30 minutes and then
ramped up to 170°C and held for 1 hour. The test tube was cooled and the
ends of the polymeric cylinder were cut off and polished with #4000

sandpaper to give a completely transparent cylinder of 5 cm length.
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B. The above experiment was repeated, except that the following
amounts of cocatalyst and catalyst were used: lithium
tetrakis(pentafluorophenyl)borate +2.5Et,0 (0.9 mg, 0.0011 mmol), and
0.07 ml of a 0.0031 M stock solution of
(allyl)palladium(tricyclohexylphosphine)(triflate) in toluene (0.00022 mmol).
The test tube was cooled and the ends of the polymeric cylinder were cut off
and polished with #4000 sandpaper to give a completely transparent cylinder
of 5 cm length.

Example 230. ,
Butylnorbornene (5.90 g, 39 mmol) and trieﬂloxysilylnorborﬁé;ne
(053 g,2.1 mmol) were combined with lithium
tetrakis(pentafluorophenyl)borate +2.5Et,0 (0.9 mg, 0.0011 mmol) in a vial.
(Allyl)palladium(triisopropylphosphine)(triflate) (0.00021 mmol) in 67 pl of
toluene was added to the vial. The vial was heated to 270°C for 15 minutes
to yield a hard plug of polymer.

Example 231.

Hexylnorbornene (5.44 g) and triethoxysilylnorbornene (0.41 g) were
combined with lithium tetrakis(pentafluorophenyl)borate *2.5E,0 (0.9 mg,
0.0011 mmol) in a vial in air. To this mixture was added
(allyl)palladium(tricyclohexylphosphine)(triflate) (0.00022 mmol) from a
0.0031 M solution in toluene. The vial was heated to 90°C for 30 minutes
and then to 230°C for 30 min. A clear polymer rod resulted.
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Example 232.

Hexylnorbornene (5.44 g) and triethoxysilylnorbornene (0.41 g) were
combined with lithium tetrakis(pentafluorophenyl)borate +2.5Et,O (0.7 mg,
0.0008 mmol) in a vial in air. To this mixture was added
(allyDpalladium(tricyclohexylphosphine)(triflate) (0.00016 mmol) from a
0.0031 M solution in toluene. The vial was heated to 90°C for 30 minutes
and then to 230°C for 30 min. A clear polymer rod resulted.

Example 233,

Hexylnorbornene (5.44 g) and triethoxysilylnorbornene (0.41 g) were
combined with lithium tetrakis(pentafluorophenyl)borate <2.5Et,0 (0.6 mg,
0.0006 mmol) in a vial in air. To this mixture was added
(allyDpalladium(tricyclohexylphosphine)(trifiate) (0.00013 mmol) from a
0.0031 M solution in toluene. The vial was heated to 90°C for 30 minutes
and then to 230°C for 30 min. A clear polymer rod resuited.

Example 234.

Hexylnorbornene (4.3 g, 24 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and ethylester of 5-norbornene carboxylic acid (1.07 g,
6.4 mmol) were combined with lithium tetrakis(pentafluorophenyl)borate
*2.5Et,0 (1.1 mg, 0.013 mmol) in a vial. To this mixture was added
(allyDpalladivm(trinaphthylphosphine)(triflate) (0.0064 mmol) from a
0.013 M solution in toluene. The mixture was then poured onto a silicon
wafer, heated to 90°C for 15 rnim_ltes and then to 180°C for 30 minutes. A
film resulted that showed only 2.7 percent weight loss at 350°C by TGA
(10°/min).
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Example 235.

Triethoxysilylnorbomene (8.24 g, 32 mmol) and lithium _
tetrakis(pentafluorophenyl)borate *2.5Et,0 (11 mg, 0.013 mmol) were mixed
in a vial. To this mixture was added
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (0.0064 mmol)
from a 0.013 M solution in toluene. The mixture was then poured onto a
polyimide film, heated to 90°C for 15 minutes and then to 180°C for
30 minutes. A film resulted that showed only 7.2 percent weight loss at
350°C by TGA (10%min).

Example 236.

Hexylnorbornene (5.16 g, 29 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and benzylether of S-norbornene methanol (0.34 g, 1.6 mmol)
were combined with lithium tetrakis(pentafluorophenyl)borate *2.5Et,0
(14 mg, 0.016 mmol) were mixed together. The catalyst,
(allyl)palladium(tricyclohexylphosphine)trifluoroacetate (0.00032 mmol,
0.13 ml of a 0.025 M solution in methylene chloride), was added to the
mixture. The mixture was poured onto a silicon wafer and heated to 90°C for

15 minutes and then to 170°C for 15 minutes. A transparent film resulted.

Example 237.
Hexylnorbornene (5.16 g, 29 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and phenylnorbomene (0.27 g, 1.6 mmol) were combined with
lithium tetrakis(pentafluorophenyl)borate «2.5Et,0 (14 mg, 0.016 mmol).
The catalyst, (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.00032 mmol, 0.13 ml of a 0.025 M solution in methylene chloride), was

added to the mixture. The mixture was poured onto a silicon wafer and
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heated to 90°C for 15 minutes and then to 170°C for 15 minutes. A film

resulted.

Example 238.

Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorbormene (0.41 g,
1.6 mmol), and Trilene® CP30 (Uniroyal Chemical Co.) (0.31 g) were
combined with lithium tetrakis(pentafluorophenyl)borate «2.5Et,0 (2.8 mg,
0.00032 mmol) were mixed together. The catalyst,
(allyDpalladium(tricyclohexylphosphine)triftuoroacetate (0.00064 mmol,
26 pl of 2 0.025 M solution in methylene chloride), was added to the mixture.
The mixture was poured onto a silicon wafer and heated to 90°C for -
15 minutes and then to 170°C for 15 minutes. An opaque film resulted.

Example 239,

Hexyinorbornene (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and Trilene® CP40 (Uniroyal Chemical Co.) (0.31 g) were
combined with lithium tetrakis(pentafluorophenyl)borate «2.5Et,0 (2.8 mg,
0.00032 mmol). The catalyst,
(allyl)patladium(tricyclohexylphosphine)trifluoroacetate (0.00064 mmol,
26 ul of a 0.025 M solution in methylene chioride), was added to the mixture.
The mixture was poured onto a silicon wafer and heated to 90°C for

15 minutes and then to 170°C for 15 minutes. An opaque film resulted.

Example 240,
Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorbomene (0.41 g,
1.6 mmol), and Trilene® CP50 (Uniroyal Chemical Co.) (0.31 g) were '

PCTNUS99/23243



10

15

WO 00/20472 ' ' PCT/US99/23243

-190 -

combined with lithium tetrakis(pentafluorophenyl)borate «2.5Et,0 (2.8 mg,

0.00032 mmol) were mixed together. The catalyst,
(allyl)palladium(tricyclohexylphosphine)trifluoroacetate (0.00064 mmol,

26 pl of 2 0.025 M solution in methylene chloride), was added to the mixture.
The mixture was poured onto a silicon wafer and heated to 90°C for

15 minutes and then to 170°C for 15 minutes. An opaque film resulted.

Example 241,

Hexylnorbor‘nené (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and Vistanex® LM-H-LC (Exxon) (0.12 g) were combined with
lithium tetrakis(pentafluorophenyl)borate «2.5Et,0 (2.8 mg, 0.00032 f;lmol)
were mixed together. The catalyst,
(allyl)palladium(tricyclohexylphosphine)trifluoroacetate (0.00064 mmol,
50 pl of a 0.013 M solution in methylene chloride), was added to the mixture.
The mixture was poured onto a silicon wafer and heated to 90°C for
15 minutes and then to 170°C for 15 minutes. A clear film resulted.

Exampie 242.

Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and Vistanex® LM-MH (Exxon) (0.12 g) were combined with
lithium tetrakis(pentafluorophenyl)borate «2.5Et,0 (2.8 mg, 0.00032 mmol).
The catalyst, (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.00064 mmol, 50 pl of a 0.013 M solution in m;:thylene chloride), was
added to the mixture. The mixture was poured onto a silicon wafer and
heated to 90°C for 15 minutes and then to 170°C for 15 minutes. A clear film
resulted. - - |
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Example 243,

Hexylnorbomene (5.44 8, 31 mmol), triethoxysilylnorbdrnene (0.41 g,
1.6 mmol), and Vistanex® MML-100 (Exxon) (0.12 g) were combined with
lithium tetrakis(pentafluorophenyl)borate *2.5Et,0 (2.8 mg, 0.00032 mmol)
were mixed together. The catalyst,
(allyl)palIadium(tricyclohexylphosphine)triﬂuoroacetate (0.000064 mmol,
50 ul of 2 0.013 M solution in methylene chloride), was added to the mixture,
The mixture was poured onto a silicon wafer and heated to 90°C for
15 minutes and then to 170°C for 15 minutes. A hazy film resulted.

Example 244, _

Hexylnorbomene (5,44 g, 31 mmol), triethoxysilylnorbomnene (0.41 g,
1.6 mmol), and Vistanex® MML-140 (Exxon) (0.12 g) were cbmbined with
lithium tetrakis(pentaﬂuorophenyl)borate *2.5Et,0 (2.8 mg, 0.00032 mmol).
The catalyst, (aIlyI)paIladium(u'icyclohexylphosphine)triﬂuoroacetate
(0.00064 mmol, 50 plof a 0.013 M solution in methylene chloride), was
added to the mixture. The mixture was poured onto a silicon wafer and
heated to 90°C for 15 minutes and then to 170°C for 15 minutes, A hazy film
resulted.

Example 245.
Hexylnorbomene (5.4 g, 31 mmol), triethoxysilylnorbomene (041 g,
1.6 mmol), tetracyclododecadiené (0.27 g, 1.7 mmol) and
Vistanex® LM-H-LC (Exxon) (0.12-g) were combined with lithium
tetrakis(pentafluorophenyl)borate *2.5Et,0 (5.6 mg, 0.00064 mmol) were
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mixed together. The catalyst,

(allyl)palladium(tricyclohexylphosphine)trifluoroacetate (0.00013 mmol,
0.10 ml of a 0.013 M solution in methylene chloride), was added to the
mixture. The mixture was allowed to thicken in viscosity by standing at _
room temperature for about 30 minutes in air. The mixture was then poured
onto a glass plate and pulled into a film using a doctor blade. The plate was
placed into an oven at 65°C for 30 minutes and then into an oven heated to
120°C for 30 minutes under a slight vacuum. A clear film resulted. Using
ASTM D1938-94, the film demonstrated an average tear force 0f29.4 g at
0.18 mm thickness.
Example 246.

Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), tetracyclododecadiene (0.27 g, 1.7 mmol) and Vistanex® LM-MH
(Exxon) (0.12 g) were combined with lithium
tetrakis(pentafluorophenyl)borate +2.5Et,0 (5.6 mg, 0.00064 mmol). The
catalyst, (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.00013 mmol, 0.10 ml of a 0.013 M solution in methylene chloride), was
added to the mixture. The mixture was allowed to thicken in viscosity by
standing at room temperature for about 30 minutes in air. The mixture was
then poured onto a glass plate and pulled into a film using a doctor blade.
The plate was placed into an oven at 65°C for 30 minutes and then into an
oven heated to 120°C for 30 minutes under a slight vacuum. A clear film
resulted. Using:ASTM D1938-94, the film demonstrated an average tear h
force of 21.6 g at 0.16 mm thickness. '
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Example 247.

Hexylnorbormnene (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), tetracyclododecadiene (0.27 g, 1.7 mmol) and
Vistanex® LM-H-LC (Exxon) (0.24 g) were combined with lithium
tetrakis(pentafluorophenyl)borate «2.5E1,0 (5.6 mg, 0.00064 mmot) were
mixed together. The catalyst,
(al iy!)palladium(tricyclohexylphosphine)triﬂudroacetate (0.00013 mmol,
0.10 ml of 2 0.013 M solution in methylene chloride), was added to the
mixture. The mixture was poured onto a silicon wafer and heated to 80°C for
15 minutes and then heated to 170°C for 15 minutes. A clear film re_sulted.

Example 248.
Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorbomene (0.41 g,

1.6 mmot), tetracyclododecadiene (0.27 g, 1.7 mmol) and Vistanex® LM-MH
(Exxon) (0.24 g) were combined with lithium
tetrakis(pentafluorophenyl)borate «2.5Et,0 (5.6 mg, 0.00064 mmol). The
catalyst, (allyl)paliadium(tricyclohexylphosphine)trifluoroacetate
(0.00013 mmol, 0.10 ml of 2 0.013 M solution in methylene chloride), was
added to the mixture. The mixture was poured onto a silicon wafer and
heated to 80°C for 15 minutes and then heated to 170°C for 15 minutes. A

clear film resulted.

Example 249,
Hexylnorbomene (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and Vistanex® LM-MH (Exxon) (0.12 g) were combined with
lithium tetrakis(pentafluorophenyl)borate #2.5Et,0 (5.6 mg, 0.00064 mmol)
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were mixed together. The catalyst,

(allyl)palladium(tricyclohexylphosphine)triflucroacetate (0.00013 mmol,
100 pl of a 0.013 M solution in methylene chloride), was added to the
mixture. The mixture was allowed to stand at room temperature until the
viscosity increased. Then the mixture was poured onto a glass plate and
pulled into a film using a doctor blade. The film was heated to 70°C for
30 minutes and then to 120°C for 30 minutes under a slight vacuum. The
resulting film was transparent. Using ASTM D1938-94, the film
demonstrated an average tear force of 31.9 g at 0.15 mm thickness.

Example 250.

Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorbornene (0.41 g,
1.6 mmol), and Vistanex® LM-H-LC (Exxon) (0.12 g) were combined with
lithium tetrakis(pentafluorophenyl)borate *2.5Et,0 (5.6 mg, 0.00064 mmol).
The catalyst, (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.00013 mmol, 100 ul of a 0.013 M solution in methylene chloride), was
added to the mixture. The mixture was allowed to stand at room temperature
until the viscosity increased. Then the mixture was poured onto a glass plate
and pulled into a film using a doctor blade. The film was heated to 70°C for
30 minutes and then to 120°C for 30 minutes under a slight vacoum. The
resulting film was transparent. Using ASTM D1938-94, the film
demonstrated an average tear force of 20.5 g at 0.11 mm thickness. The film
exhibited 1.6% weight loss at 325°C. |
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Example 251.

Hexylnorbornene (5.44 g, 31 mmol), triethoxysilylnorborene (0.41 g,
1.6 mmol), and Vistanex® LM-MS-LC (Exxon) (0.12 g) were combined with
lithium tetrakis(pentafluorophenyl)borate +2.5Et,0 (5.6 mg, 0.00064 mmol).
The catalyst, (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.00013 mmol, 100 pl of a 0.013 M solution in methylene chloride), was
added to the mixture. The mixture was allowed to stand at room temperature
until the viscosity increased. Then the mixture was poured onto a glass plate
and pulled into a film using a doctor blade. The film was heated to 70°C for
30 minutes and then to 120°C for 30 minutes under a slight vacuum. The
resulting film was transparent. Using ASTM D1938-94, the film

demonstrated an average tear force of 39.9 g at 0.15 mm thickness.

Example 252,

Hexylnorbornene (5.44 g, 29 mmol) and 5-norborene methanol
(0.20 g, 1.6 mmo?) were combined with lithjum
tetrakis(pentafluorophenyl)bordte +2.5Et,0 (5.6 mg, 0.00064 mmol). The
catalyst, (allyl)palladium(tricyciohexylphosphine)trifluoroacetate
(0.00013 mmol, 100 pl of a 0.013 M solution in methylene chloride), was
added to the mixture. The mixture was poured onto a silicon wafer in the air
and heated to 90°C for 30 minutes then to 170°C for 15 minutes. A clear film
resulted.

Example 253,
Hexylnorbornene, triethoxysilylnorborniene, benzylether of

5-norbornene methanol, and tetracyclododecene in an 85:5:5:5 molar ratio,
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. respectively, were mixed together along with lithium

tetrakis(pentafluorophenyl)borate *2.5Et,0. Ferrocene was added to this _
mixture until a saturation solution was obtained. To this mixture was added
the catalyst, allyl)palladium(tricyclohexylphosphine)trifluoroacetate. The
final monomers to catalyst to cocatalyst molar ratio was 25,000:1:2,
respectively. The mixture was poured onto a silicon wafer and polymerized

to give an orange-colored disk.

Example 254.

Component A was prepared by combining hexylnorbornene
(28.1 mmol), triethoxysilylnorbornene (3.3 mmol), norbornadiene dir:;ler
(1.6 mmol), and (allyl)palladium(tricyclohexylphosphine)(trifluoroacetate)
(1.3 x 10° ml). Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate2.5 Et,0 (3.0 mg, 3.4 x 10° ml) in
triethoxysilylnorbomene (3.3 mmol) followed by addition of
hexylnorbornene (28.1 mmol), norbornadiene dimer (1.6 mmol). 6 ml of
component A and 6 ml of component B were separately drawn into individual
glass syringes, and combined after filtration through a 0.2 micron filter disk.
The combined mixture was cast onto 7”x 9” area of glass. The mixture was
heated at 65°C for 30 minutes, and cured at 180°C for 1 hour leaving an

optically transparent, odorless thin film.

Example 255.
Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbornene (4.6 mmol), tetracyclododecene
(2.3 mmol), 0.09 g Irganox° 1076, and
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (1.9 x 10° ml). A
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3 wt % blend was prepared by dissolving 0.26 g of 2 90:10

hexylnorbornene:triethoxysilylnorbormene copolymer (Mw = 360,000) into
component A. Componenti B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate*2.5 Et,0 (4.7 mg, 5.4 x 10* ml) in
triethoxysilylnorbornene (4.6 mmol) followed by addition of
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 3 wt % blend was prepared by dissolving 0.26 g of a 90:10
hexylnorbaornene:triethoxysilylnorbornene copolymer (Mw = 360,000) into
component B, 6 ml of viscous component A and 6 m! of viscous component
B were separately drawn into individual glass syringes, and combined. The
combined solution was cast onto 7’x 9" area of glass. The mixture was
heated at 65°C for 30 minutes, and cured at 180°C for 1 hour leaving an
optically transparent, odorless thin film having dimple-like regions of phase
separation. The film exhibited 3.5% weight loss at 325°C.

Example 256.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbornene (4.6 mmol), tetracyclododecene
(2.3 mmol), 0.09 g Irganox® 1076, and
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (1.9 x 10° mol). A
5 wt % blend was prepared by dissolving 0.43 g of 2 90:10
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 360,000) into
component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate*2.5 Et,0 (4.7 mg, 5.4 x 10* ml) in
triethoxysilylnorbornene (4.6 mmol) followed by addition of '
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 5 wt % blend was prepared by dissolving 0.43 g of a 90:10
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hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 360,000) into
component B. 6 ml of viscous component A and 6 ml of viscous component
B were separately drawn into individual glass syringes, and combined. The
combined solution was cast onto 7°x 9” area of glass. The mixture was
heated at 65°C for 30 minutes, and cured at 180°C for 1 hour leaving an
optically transparent, odorless thin film having dimple-like regions of phase
separation. The film exhibited 5.6% weight loss at 325°C.

Example 257.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbornene (4.6 mmol), tetracyclododecéi;e
(2.3 mmol), 0.09 g Irganox® 1076, and
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate)(1.9 x 10%ml). A
7 wt % blend was prepared by dissolving 0.60 g of 2 90:10 '
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 360,000) into .
component A. éomponent B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borates2.5 Et,0 (4.7 mg, 5.4 x 10° ml) in
triethoxysilylnorbornene (4.6 ml) followed by addition of hexylnorbornene
(39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g Irganox® 1076. A
7 wt % blend was prepared by dissolving 0.60 g of 2 90:10
hexylnorbomene:triethoxysilyhlorbdmene copolymer (Mw = 360,000) into
component B. 6 ml of viscous component A and 6 ml of viscous component
B were separately drawn into individual glass syringes, and combined. The
combined solution was cast onto 7°x 9™ area of glass. The mixture was
heated at 65°C for 30 mimutes, and cured at 180°C for 1 hour leaving an
optically transparent, odorless thin film having dimple-liké regions of phase

separation.

PCT/US99/23243



10

[
(%Y

WO 0020472 ' PCT/US99/23243

-199 -

Example 258.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilyinorbornene (4.6 mmol), tetracyclododecene
(2.3 mmol), 0.09 g Irganox® 1076, and
(ally)palladium(tricyclohexylphosphine)(trifluoroacetate)(1.9 x 10° ml). A
10 wt % blend was prepared by dissolving 0.85 g of a 90:10
hexylnorbomene:triethoxysilylnorbornene copolymer (Mw = 270,000) into
component A, Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borates2.5 Et,0 (4.7 mg, 5.4 x 10 ml) in
triethoxysilylnorborene (4.6 mmol) followed by addition of -
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 10 wt % blend was prepared by dissolving 0.85 g of a
90:10 hexylnorbornene:triethoxysilylnorbomene copolymer (Mw = 270,000)
into component B. 6 ml of viscous component A and 6 ml of viscous
component B were separately drawn into individual glass syringes, and
combined, The combined solution was cast onto 77x 9” area of glass. The
mixture was heated at 65°C for 30 mingtes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film having dimple-like regions
of phase separation. The film exhibited 3.5% weight loss at 325°C.

Example 259.
Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbormene (4.6 mmol), tetracyclododecene
(2.3 mmotl), 0.09 g Irganox® 1076, and o |
(allyl)palladium(tricyclobexylphosphine)(trifluoroacetate)(1.9 x 10° ml). A
6 wt % blend was prepared by dissolving 0.50 g of a 90:10



10

.15

WO 00/20472

-200 -

hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 270,000) into
component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borates2.5 Et,0 (4.7 mg, 5.4 x 10° ml) in
triethoxysilylnorbornene (4.6 mmol) followed by addition of
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 6 wt % blend was prepared by dissolving 0.50 g of 2 90:10
hexylnorbornene:triethoxysilylnorbomene copolymer (Mw = 270,000) into
component B. 6 ml of viscous component A and 6 ml of viscous component
B were separately drawn into individual glass syringes, and combined. The
combined solution was cast onto 7°x 9” area of glass. The mixture was
heated at 65°C for 30 minutes, and cured at 180°C for 1 hour leaving an
optically transparent, odorless thin film having dimple-like regions of phase
separation. The film.exhibited 2.7% weight loss at 325°C.

. Example 260.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbornene (4.6 mmol), tetracyclododecene
(2.3 mmol), 0.09 g Irganox® 1076, and
(allyl)palladium(n'icyclohexylphésp}ﬁne)(triﬂuoroacetate) (1.9x10°ml). A
3 wt % blend was prepared by dissolving 0.26 g of 2 90:10
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 270,000) into
component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate-2.5 Et,0 (4.7 mg, 5.4 x 10¢ ml) in
triethoxysilylnorbornene (4.6 mmol) followed by addition of
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 3 wt % blend was prepared by dissolving 0.26 g of a

- 90:10 hexylnorbomene:triethoxysilylnorbornene copolymer (Mw = 270,000)
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into component B. 6 ml of viscous component A and 6 ml of viscous
component B were separately drawn into individual glass syringes, and
combined. The combined solution was cast onto 7”x 9" area of glass. The
mixture was heated at 65°C for 30 minutes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film having dimple-like regions
of phase separaﬁon. The film exhibited 2.5% weight loss at 325°C.

Example 261.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbornene (4.6 mmol), tetracyclododecene
(2.3 mmaol), 0.09 g Irganox® 1076, and -
(allylypalladium(tricyclohexylphosphine)(trifluoroacetate) (1.9 x 10° ml). A
12 wt % blend was prepared by dissolving 1.18 g of a 90:10
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 208,000) into
component A, Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate=2.5 Et,0 (4.7 mg, 5.4 x 10° ml) in
triethoxysilylnorbamene (4.6 mmol) followed by addition of
hexylnorbomene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 12 wt % blend was prepared by dissolving 1.18 g of a
90:10 hexylnorborene:triethoxysilylnorbornene copolymer (Mw = 208,000)
into component B. 6 ml of viscous component A and 6 ml of viscous
component B were separately drawn into individual glass syringes, and
combined. The combined solution was cast onto 7”x 9” area of glass. The
mixture was heated at 65°C for 30 minutes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film having ditmple-like regions
of phase separation. The film exhibited 3.0% weight loss at 325°C.
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Example 262.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), tricthoxysilylnorbomene (4.6 mmol), tetracyclododecene
(2.3 mmol), 0.09 g Irganox® 1076, and
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (1.9 x 10°ml). A
8 wt % blend was prepared by dissolving 0.75 g of a 90:10
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 208,000) into
component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate2.5 Et,0 (4.7 mg, 5.4 x 10° ml) in
triethoxysilylnorbornene (4.6 mmol) followed by addition of "
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and (;.09 g
Irganox® 1076. An 8 wt % blend was prepared by dissolving 0.75 g of a
90:10 hexylnorborene:triethoxysilylnorbornene copolymer (Mw = 208,000)
into component B. 6 ml of viscous component A and 6 ml of viscous
component B were separately drawn into individual glass syringes, and
combined. The combined solution was cast onto 7°x 9 area of glass. The
mi#ture was heated at 65°C for 30 minutes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film having dimple-like regions
of phase separation. The film exhibited 3.7% weight loss at 325°C.

. Example 263.
Component A was prepared by combining hexylnorbornene

(39.3 mmol), triethoxysilylnorbornene (4.6 mmot), tetracyclododecene

(2.3 mmol), 0.09 g Irganox® 1076, and
(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (1.9 x 10 ml). A
4 wt % blend was prepared by dissolving 0.36 g of 2 90:10

hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 208,000) into
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component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate*2.5 Et,0 (4.7 mg, 5.4 x 10° ml) in
triethoxysilyinorbomene (4.6 mmol) followed by addition of
hexylnorbornene (39.3 mmol), tetracyclododecene (2.3 mmol), and 0.09 g
Irganox® 1076. A 4 wt % blend was prepared by dissolving 0.36 g of a
90:10 hexylnorbornene:triethoxysilylnorbomene copolymer (Mw = 208,000)
into component B. 6 ml of viscous component A and 6 ml of viscous
component B were separately drawn into individuat glass syringes, and
combined. The combined solution was cast onto 7”’x 9" area of glass. The
mixture was heated at 65°C for 30 minutes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film having dimple-lillée regions
of phase separation. The film exhibited 3.7% weight loss at 325°C.

Example 264.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbomez;e (4.4 mmol), 0.09 g Irganox® 1076,
and (allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (1.9 x 10 m).
A 6 wt % blend was prepared by dissolving 0.75 g of a 90:10
hexylnorbornene:triethoxysilyinorbornene copolymer (Mw = 270,000) into
component A. Component B was prepared by dissolving lithiumn
tetrakis(pentafluorophenyl)borate2.5 Et,0 (4.7 mg, 5.4 x 104 ml) in
triethoxysilylnorbomene (4.4 mmol) followed by addition of
hexylnorbomene (39.3 mmol), and 0.09 g Irganox® 1076. A 6 wt % biend
was prepared by dissolving 0.75 g of 2 90:10
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 270,000) into
component B. 6 ml of viscous component A and 6 ml of viscous

component B were separately drawn into individual glass syringes, and
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combined. The combined solution was cast onto 7°x 9” area of glass. The
mixture was heated at 65°C for 30 minutes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film having dimple-like regions
of phase separation. The film exhibited 1.7% weight loss at 325°C.

Example 265.

Component A was prepared by combining hexylnorbornene
(39.3 mmol), triethoxysilylnorbornene (2.0 mmol), 0.08 g Irganox® 1076,
and (allyl)palladium(tricyclohexylphosphine)(triflate) (3.3 x 10°ml). A6wt
% blend was prepared by dissolving 0.75 g of 2 95:5 .
butylnorbomnene:triethoxysilylnorbornene copolymer (Mw = 205,006) into
component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate=2.5 Et,0 (4.6 mg, 5.3 x 10 ml) in
triethoxysilylnorbornene (2.0 mmol) followed by addition of
hexylnorbornene (39.3 mmol), and 0.08 g Irganox® 1076. A 6 wt % blend
was prepared by dissolving 0.75 g of a 95:5
butylnorbornene:triethoxysilylnorbornene copolymer (Mw = 205,000) into
component B. 6 ml of viscous component A and 6 ml of viscous
component B were separately drawn into individual glass syringes, and
combined. The combined solution was cast onto 7”°x 9" area of glass. The
mixture was heated at 65°C for 30 minutes, and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film. No regions of phase

separation were observed.

Example 266.
Component A was prepared by combining hexylnorbornene
(28 mmol), triethoxysilylnorbornene (1.5 mmol), and
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(allyl)palladium(tricyclohexylphosphine)(trifluoroacetate) (1.7 x 10° mI). A
6 wt % blend was prepared by dissolving 0.33 g of a 80:20
hexylnorbornene:triethoxysilylnorbornene copolymer (Mw = 170,000) into
component A. Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borate2.5 E,0 (3.0 mg, 3.4 x 10¥ ml) in
triethoxysilylnorbotnene (1.5 mmol) followed by addition of
hexylnorbomnene (28 mmol). A 6 wt % blend was prepared by dissolving
0.33 g of a 80:20 hexynorbornene:triethoxysilylnorbomene copolymer
(Mw = 170,000) into component B. 6 ml of viscous component A and 6 mi
of viscous component B were separately drawn into individual glass syringes,
and combined. The combined solution was cast onto a 7"x 9” area, J'I‘he
mixture was heated at 65°C for 30 minutes and cured at 180°C for 1 hour
leaving an optically transparent, odorless thin film. No regions of phase

separation were observed.

Example 267.
Component A was prepared by combining hexylnorbornene

(34 mmol), 5-triethoxysilylnorbormene (3.7 mmol), and
(allyDplatinum(tricyclohexylphosphine) triflate (4.5 x 10 ml). Component
B was prepared by dissolving lithium tetrakis(pentafluorophenyl)borates2.5
Et,0 (6.0 mg, 6.9 x 10® ml) in 5-triethoxysilylnorbornene (3.7 mmol)
followed by addition of ﬁexylnorbomene (34 mmol). Components A and B
were combined via syringe, heated while under nitrogen at 80°C for 8 hours

until a solid slightly opaque puck was obtained.
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Example 268. ‘
Component A was prepared by combining hexylnorbornene
(34 mmol) and (methallyl) nickel (tricyclohexylphosphine) triflate (5.5 x
10°* ml) Component B was prepared by dissolving lithium
tetrakis(pentafluorophenyl)borates2.5 Et,0 (60.0 mg, 6.9 x 10”° ml) in 150 pl
dichloromethane followed by addition of hexylnorbornene (34 mmoi)..
Components A and B were combined via syringe and while under nitrogen at

80°C for 8 hours until a solid, light orange puck was obtained.

Example 269. »
Component A was prepared by combining hexylnorbornene |
(34 mmol) and (allyl)platinum (tricyclohexylphosphine) triflate (3.8 x
10° ml). Component B was prepared by dissolving lithium
tetrakis(pentaﬂuorophenyl)borate-Z.5 Et,0 (60.0 mg, 6.9 x 10% ml) in 150 pul
dichloromethane followed by addition of hexylnorbornene (34 mmbl).
Components A and B were combined via syringe, heated while under

nitrogen at 80°C for 8 hours until a solid slightly opaque puck was obtained.

Example 270.
Perfluorohexylnorbornene monomer (3 g, 7.3 mmol) was combined
with lithium tetrakis(pentafluorophenyl)borates2.5Et,0 (3.0 mg,
0.0034 mmol). The mixture was sonicated in ordér to dissolve the solid in
the mondme_r. The catalyst, - _
(allyl)palladium(tricylcohexylphosphine)trifluoroacetate (0.03 m! of é |
0.0128 M solution in methylene chloride) was added to the mixture. Tﬁe

mixture was then poured onto a mold placed on a hot plate maintained at
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65°C. The solution was heated at 65 "C for 15 minutes, then at 90°C for
15 minutes, then at 130 °C for 15 minutes, and finally at 180 °C for
30 minutes. A clear, transparent film was obtained, which was insoluble in

organic solvents and perfluorinated solvents.

Example 271.

Hexylnorbomnene (1g, 5.6 mmol) and 5-(perfluorobutyl) norbomene
(1.17g, 3.7 mmol) were combined with lithium |
tetrakis(pentafluorophenyl)borate.2.5Et,0 (1.6 mg, 0.0018 mmol). To this
mixture, the catalyst (allyl)paliadium(tricylcohexylphosphine)trifiuoroacetate
(0.03 ml of 2 0.0128 M solution in methylene chloride) was added. The
mixture was allowed to increase in viscosity and then poured onto a glass
plate and spread out using a doctor-blade. The glass plate was placed in an
oven at 65°C for 30 minutes and then under vacuum at 100°C for 60 minutes.

An optically clear film was obtained.

Example 272.

Synthesis of deuterated cyclopentadiene.

Method 1: This method is a modification of a procedure described in
the literature : Renaud, R. N., Stephens, J.C J. Label. Compounds 1967,

3 (suppl. No. 1), 416-419.

A high pressure autoclave equipped with an agitator, was charged
with freshly cracked cyclopentadiene (46.8 g, 0.71 mol). This was quickly
foliowed by a solution of sodium carbonate (25g, 0.24 mol) in deuterium
oxide (100 g). The temperature is increased to 160 ‘C and maintained at that

temperature for 40 hours. After the reactor had cooled to room temperature,
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the resulting emulsion was removed from the reactor and allowed to separate.

The organic layer was then separated from the aqueous layer. Itis cracked to

obtain the deuterated cyclopentadiene.

Method 2: This method is modification of the procedure described in
the literature : Lambert, J.B., Finzel, R. B. J. Am. Chem. Soc. 1983, 105,
1954-1958.

To a mixture of freshly cracked cyclopentadiene (50 g) and dimethyl
sulfoxide (40 ml), maintained at 0°C, was added a NaOD/D,0 mixture. The
NaOD/D,0 mixture was obtained by adding sodiam metal (10 g) to.'_,..
deuterium oxide (60 ml) while maintaining the temperature below 10°C. The
mixture was allowed to stir vigorously for 1 hour. The top layer, which
contained the cyclopentadiene was then separated and stirred with a fresh
mixture of NaOD/D,0. This process was repeated a total of 4 times. The
final product (35 ml) was then distilled.

Example 273.

Deuterocyclopentadiene (10 g, 0.14 mol) was combined with 1H, 1H,
2H-perfluoro-1-octene (50 g, 0.15 mol). The mixture was allowed to stir at
0°C for 2 hours and was heated to reflux for 2 hours. After the solution had
cooled down, the product was obtained by vacuum distillation. Obtained
pure product, 1,2,3,4,7,7-hexadeutero-5-(perfluorobutyl) norbornene (30 g,
52 % yield).
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Example 274,

Hexylnorbornene (2 g, 11.2 mmol) and 1,2,3,4,7,7-hexadeutero-5-
(perfluorobutyl)norbornene (3.6 g, 11.2 mmol) were combined with lithium
tetrakis(pentafluorophenyl)borate.2.5Et,0 (3.9 g, 0.0044 mmol). To this
mixture, the catalyst (allyl)palladium(tricylcohexylphosphine)trifluoroacetate
(0.07 ml of 2 0.0128 M solution in methylene chloride) was added. The
solution was allowed to increase in viscosity and then poured onto a glass
plate and spread out using a doctor-blade. The glass plate was placed in an
oven at 65 “C for 30 minutes and under vacuum at 100°C for 60 minutes. An

optically clear film was obtained.

Example 275.

Hexylnorbornene (6 g, 34 mmol), triethoxysilylnorbornene (0.66 g,
2.6 mmol), tetracylcododecane (2.05 g, 12.8 mmol) and
tetracyclodoc}ecadiene (0.41 g, 2.6 mmol) were combined with lithium
tetrakis(pentafluorophenyl)borate.2.5Et,O (3.0 mg, 0.0034 mmol). To this
mixture, the catalyst (allyl)palladium(tricylcohexylphosphine)trifluoroacetate
(0.05 ml of a 0.0128 M solution in methylene chloride) was added. The
mixture was filtered through a 0.2 micron PTFE syringe filter into a test tube.
This was then placed in an oil bath maintained at 90°C for 60 minutes. The
temperature was then increased to 200°C and the mixture was maintained at
this temperature for 90 minutes. An optically clear rod of the polymer was
obtained by carefully breaking the test tube.
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Example 276.

. Hexylnorbornene (6 g, 34 mmol), triethoxysilylnorbomene (0.62 g,
2.4 mmol) and tetracylcododecane (1.9 g, 11.8 mmol) were combined with
lithium tetrakis(pentafluorophenyl)borate.2.5Et,0 (3.0 mg, 0.0034 mmol).
To this mixture, the catalyst
(allyl)palladium(tricylcohexylphosphine)trifluoroacetate (0.05 ml of a
0.0128 M solution in methylene chloride) was added. The mixture was
filtered through a 0.2 micron PTFE syringe filter into a test tube. This was
then placed in an oil bath maintained at 90°C for 60 minutes. The
temperature was then increased to 200°C and the mixture was maintained at
this temperature for 90 minutes. A clear rod of the polymer was él;tained by
carefully breaking the test tube.

| Hexylnorbomene (5 g, 28.1 mmol), triethoxysilylnorbornene (0.39 g,

1.5 mmol) and benzylether of S-norbornene methanol (0.35 g, 1.6 mmol)
were combined with lithium tetrakis(pentafluorophenyl)borate.2.5Et,0
(2.3 mg, 0.0026 mmol). To this mixture, the catalyst
(atlyl)palladium(tricylcohexylphosphine)trifluoroacetate (0.05 ml of a
0.0128 M solution in methylene chloride) was added. The solution was
filtered through a 0.2 micron PTFE syringe filter into a test tube. This was
then placed in an oil bath maintained at 90°C for 60 minutes. The
temperature was then increased to 200°C and the solution was maintained at
this temperature for 90 minutes. An optically clear rod of the polymer was
obtained by carefully breaking the test tube.
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Example 277.

Hexylnorbornene (6 g, 33.7 mmol), triethoxysilylnorbomene (1.1 g,
4.3 mmol), benzylether of 5-norbornene methanol (0.45 g, 2.1 mmol) and
tetracyclodecadiene (0.33 g, 2.1 mmol) were combined with lithium
tetrakis(pentafluorophenyl)borate.2.5Et,0 (1.8 mg, 0.0021 mmol). To this
mixture, the catalyst (allyl)palladium(tricylcohexylphosphine)trifluoroacetate
(0.07 ml of a 0.0128 M solution in methylene chloride) was added. The
mixture was filtered through a 0.2 micron PTFE syringe filter into a test tube.
This was then placed in an oil bath maintained at 90'C for 60 minutes. The
temperature was then increased to 180°C and the mixture was maintained at
this temperature for 120 minutes. An optically clear rod of the polyier was
obtained by carefully breaking the test tube.

2-methyl propyinorbornene (7.0 g, 46 mmol),
triethoxysilylnorborene (1.33 g, 5.2 mmol) and Irganox® 1076 (0.8 g, 1 wt
%) (Ciba Geigy) were combined with lithium
tetrakis(pentafiuorophenyl)borate.2.SEt,O (5.6 mg, 0.0063 mmol). To this
mixture, the catalyst (allyl)palladium(tricylcohexylphosphine)trifluoroacetate
(0.1 ml of 2 0.0128 M solution in methylene chloride) was added. This
mixture was filtered through a 0.2 micron PTFE filter and poured onto a mold
on a glass plate and placed in an oven maintained at 65°C for 30 minutes.
The glass plate was then heated at 180°C for 60 minutes. Obtained an
optically clear film.

Example 278.
Hexylnorbornene (4.7 g, 26 mmol), 2-methyl propylnorbornene
(4.0 g, 26 mmol), triethoxysilylnorbornene (1.50 g, 6.0 mmol) and
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Irganox® 1076 (1.2 g, 1 wt %) (Ciba-Geigy) were combined with lithium
tetrakis(pentafluorophenyl)borate.2.5Et,0 (6.3 mg, 0.0072 mmol). To this |
mixture, the catalyst (allyl)palladium(tricylcohexylphosphine)trifluoroacetate
(0.11 ml of a 0.0128 M solution in methylene chloride) was added. This
mixture was filtered through a 0.2 micron PTFE filter and poured onto a mold
on a glass plate and placed in an oven maintained at 65°C for 30 minutes.

The glass plate was then heated at 180 "C for 60 minutes. An optically clear
film was obtained.

Example 279.

Hexylnorbornene (12.0 g, 67.4 mmol), ticﬂmxysilylnorboniéne
(2.05 g, 8.0 mmol), norbornadiene dimer (0.74 g, 4.0 mmol) were combined
with lithium tetrakis(pentafluorophenyl)borate.2.5Et,0 (5.5 mg,
0.0063 mmol). To this mixture was added an antioxidant, Irganox® 1076
(0.15 g) (Ciba Geigy). The catalyst,
(allyl)palladium(iﬁcylcohexylphosphine)tﬁﬂuoroacetate (0.25mlof a
0.0128 M solution in methylene chloride) was added to the mixture. The
mixture was then poured onto a mold on a glass plate and heated in an oven
at 65°C for 30 minutes. It was then heated at 180°C for 60 minutes. The film
obtained was optically clear.

Example 280.

Component A was prepared by combining hexylnorbornene

(28.1 mmol) triethoxysilylnorbomnene (3.3 mmol), and

(allyDpalladium(tricyclohexylphosphine)(trifluoroacetate) (2.5 x 10-6 ml).

Component B was prepared by dissolving lithium
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tetrakis(pentafluorophenyl)borate-2.5 Et,0 (5 x 10-6 ml) in
triethoxysilylnorbornene (3.3 mmol) followed by addition of

PCT/US99/23243

hexylnorbomene (28.1 mmol). 6 ml of component A and 6 ml of component

B were separately drawn into individual glass syringes, and combined after

filtration through a 0.2 pm filter disk. The combined solution was cast onto

7"x 9" area of glass. The cast solution was heated at 65°C for 30 minutes in

an air recirculating oven. This film was then cut into 12 pieces and then

cured at the following temperatures (160, 170 and 180°C) in an air

recirculating oven and removed at 15 minute intervals to form optically

transparent thin films, These films were then analyzed using

thermogravimetric analysis (nitrogen purge, analysis heating rate is
10°C/minute). See table below.

ﬁme {min)

Temperature (C) Hloss @250 |%loss @300 |%loss @320
A ~ 180 16 1.67 2.36 2.78
B 180 30 0.84 1.66 2.1
C 180 45 0.68 1.35 1.79
D 180 60 0.65 1,35 1.79
E 170 15 1.71 2.45 2.93
F 170 30 0.86 1,65 2,09
G 170 45 0.27 1.23 1.63
H 170 80 0.47 1.23 1,68
{ 160 15 1.83 2,79 3.19
J 160 30 0.61 1.70 2,04
K 160 45 0.37 1.37 1786
L 160 80 0.34 1.18 1.61
Example 281.

Hexylnorbornene (5g, 28.1 mmol), triethoxysilyl norbornene (0.39 g,
1.5 mmol) and benzylether of 5-norbomene methanol (0.35 g, 1.6 mmol)

were combined with lithium tetrakis(pentafluorophenyl)borate«2.5Et,0
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(2.3 mg, 0.0026 mmol). To this mixture, the catalyst

(allyl)palladium(tricyclohexylphosphine)trifiucroacetate (0.05 ml of a
0.0128 M solution in methylene chloride) was added. The mixture was
filtered -through a 0.2 micron PTFE syringe filter into a test tube. This was
then placed in an oil bath maintained at 90°C for 60 minutes. The
temperature was then increased to 200°C and the mixture was maintained at
this temperature for 90 minutes. An optically clear rod of the polymer was
obtained by carefully breaking the test tube.

Example 282.

Hexylnorbornene (6 g, 33.7 mmol), triethoxysilyl norbomerié (11g,
4.3 mmol), benzylether of S-norbornene methanol (0.45 g, 2.1 mmol) and
tetracyclodecadiene (0.33 g, 2.1 mmol) were combined with lithium
tetrakis(pentafluorophenyl)borate-2.5Et,0 (1.8 mg, 0.0021 mmol). To this
mixture, the catalyst (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.07 ml of a 0.0128 M solution in methylene chloride) was added. The
mixture was filtered through a 0.2 micron PTFE syringe filter into a test tube.
This was then placed in an oil baﬁ maintained at 90°C for 60 minutes. The

temperature was then increased to 180°C and the mixture was maintained at

‘this temperature for 120 minutes. An optically clear rod of the polymer was

obtained by carefully breaking the test tube.

~ Example 283.
Hexylnorbornene (5 g, 28.1 mmol.) and triethoxysilylnorbornene
(0.38 g, 1.5 mmol.) were combined with lithium '

tetrakis(pentafluorophenyl)borate-2.5Et,0 (1.2 mg, 0.001 mmol). To this
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mixture, the catalyst (allyl)palladium(tricyclohexylphosphine)trifluoroacetate
(0.05 ml of a 0.0128 M solution in thethylene chloride) was added. The
mixture was filtered through a 0.2 micron PTFE syringe filter into a test tube.
This was then placed in an oil bath maintained at 90°C for 60 minutes. The
temperature was then increased to 200°C and the mixture was maintained at
this temperature for 90 minutes. An optically clear rod of the polymer was
obtained by carefully breaking the test tube.

Example 284.

Hexyinorbornene (5 g, 28.1 mmol.), triethoxysilylnorbornene (0.85 g,
3.3 mmol.) and tetracyclododecadiene (0.26 g, 1.64 mmol.) were combined
with lithium tetrakis(pentafluorophenyl)borate-2.5Et,0 (1.4 mg,
0.001 mmol). To this mixture, the catalyst
(allyDpalladium(tricyclohexyiphosphine)trifiaoroacetate (0.05 ml of a
0.0128 M solution in methylene chloride) was added. The mixture was
filtered through a 0.2 micron PTFE syringe filter into a test tube. This was
then placed in an oil bath maintained at 90°C for 60 minutes. The
temperature was then increased to 200'C and the mixture was maintained at
this temperature for 90 minutes. An optically clear rod of the polymer was
obtained by carefully breaking the test tube.

Example 285.
Palladium(1) trifluoroacetate (0.50 g, 1.5 mmol), allyltributyltin
(0.50 g, 1.5 mmot), and tricyclohexyiphosphine (0.42 g, 1.5 mmol) were
mixed in toluene under nitrogen. After about an 1-1/2 hours, some black

precipitate formed. The mixture was filtered though Celite®, The resulting
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orange solution was stored in the freezer overnight. The next day, the
solution was refiltered through Celite®. The solvent was removed in vacuo _
from the filtrate. The resulting solid was washed with pentane. A colorless
solid was obtained. Yield 0.39 g. P NMR (CD,CL,): 541.6 (s)and
unidentified peak at 24.2 (s, approx. 20% of the total). 'H NMR (CD,CL,): |

5 5.47 (m, 1H), 4.79 (1, 1H), 3.83 (d of 4, 1H), 3.25 (s, 1H), 2.51 (d, 1H), and
peaks from 1.9 to 1.0 due to tricyclohexylphosphine.

Example 286.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyDborate » 2.5 Et,0 (1.2 mg, 0.0014 mmol), This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL.
of a 5.5 mMol solution of palladium(II) acetate (0.28 pumol) and
tricyclohexylphosphine (0.28 pumol) in fluorobenzene. The mixture was
heated to 80°C for 10 minutes. An immobile polymer puck resulted,

suggesting high conversion.

Example 287.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate * 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL
of a 5.5 mMol solution of palladium(II) trifluoroacetate (0.28 pmol) and
tricyclohexylphosphine (0.28 u.mol)'.in fluorobenzene. The mixture was
heated to 80°C for 10 minutes, An immobile polymer puck resulted,

suggesting high conversion.

PCT/US99/23243
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Example 288.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenylborate 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 m! with toluene, To this mixture was added 50 pL
of a 5.5 mMol solution of palladium(ll) acetylacetonate (0.28 pmol) and
tricyclohexylphosphine (0.28 umol) in fluorobenzene. The mixture was
heated to 80°C for 10 minutes. An immobile polymer puck resulted,

suggesting high conversion.

Example 289.

To amixture of butylnorbomene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate » 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL
of a 5.5 mMol solution of ];alladium(O) bis(tricyclohexylphosphine)

(0.28 pmol) in toluene, The mixture was heated to 80°C overnight. An

immobile polymer puck resulted, suggesting high conversion.

Example 290.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL
of a 5.5 mMol solution of bis(tricyclohexylphosphine)palladium dichloride
(0.28 umol) in methylene chloride. The mixture was heated to 65°C for

18 hours. An immobile polymer puck resulted, suggesting high conversion.
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Example 291. _

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate » 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL
of a 5.5 mMol solution of bis(triethylphosphine)palladium dichloride (0.28
pmol) in methylene chloride. The mixture was heated to 65°C for 18 hours.

An immobile polymer puck resulted, suggesting high conversion.

Example 292,
To a mixture of butylnorbomene (5.0 g, 33 mmol) was added lithium

tetrakis(penta-fluorophenylborate * 2.5 EtO (1.2 mg, 0.0014 mmolj. This

mixture was diluted to 16 ml with toluene. To this mixture was added 50 pLL
of a 5.5 mMol solution of bis(triphenylphosphine)palladium dichloride

(0.28 pmol) in methylene chloride. The mixture was heated to 65°C for

18 hours. An immobile polymer puck resulted, suggesting high conversion.

Example 293.

To a mixture of butylhorbomene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 uL
of a 5.5 mMol solution of bis(tri-o-tolylphosphine)palladium dichloride
(0.28 pmol) in methylene chloride. The mixture was heated to 65°C for

18 hours. An immobile polymer puck resulted, suggesting high conversion.
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Example 294.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate ¢ 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL
of a 5.5 mMol solution of bis(tributylphosphine)nickel dibromide
(0.28 pumol) in methylene chloride. The mixture was heated to 65°C for
18 hours. An immobile polymer puck resulted, suggesting high conversion.

_Example 295.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-flucrophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with toluene. To this mixture was added 50 pL
of a 5.5 mMol solution of bis(triphenyliphosphine)nickel dibromide
(0.28 pmol) in methylene chioride. The mixture wa$ heated to 65°C for
18 hours. A viscous solution resulted. The solution was diluted with toluene
and poured into an excess of acetone to precipitate the polymer. The polymer
was filtered, and dried under vacuum at 65°C. Yield 4 g (80%).

Example 296.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 mL with toluene. To this mixture was added 50 uL
of a 5.5 mMol solution of nickel bis(cyclooctadiene) (0.28 umol) in
methylene chloride and 2-(diphenylphosphino)benzoic acid (0.28 umol). The

mixture was heated to 65°C for 18 hours. The solution was diluted with
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toluene and poured into an excess of acetone to precipitate the polymer. The

polymer was filtered, and dried under vacuum at 65°C. Yield 1 g (20%).

Example 297.

Palladium(I) acetate (0.0056 g) and tricyclohexylphosphine
(0.0088 g) were dissolved in hexylnorbornene (50 g, 0.28 mol) and
triethoxysilylnorbornene (8.0 g, 0.031 mol). Lithium
tetrakis(pentafluorophenyl)borate » 2.5Et,0 (0.065 g) was dissolved in
hexylnorbornene (50 g, 0.28 mol) and triethoxysilylnorbomene (8.0 g,
0.031 mol). Equal volumes of each solution were mixed together. The
solution was allowed to thicken and was then poured onto a glass pi;te. The
plate was placed into an oven at 65°C for 10 min, then heated to 160°C for
one hour. A transparent film resulted. The film exhibited 2.1% weight loss
at 320°C by TGA (10°C/miﬁ). The film exhibited a glass transition
temperature of 278°C as determined by the tan § peak in its DMA trace.

Example 298.

Palladium(II) acetate (0.0056 g) was dissolved in hexylnorbornene
(50 g, 0.28 mol) and triethoxysilylnorbornene (8.0 g, 0.031 mol). Lithium
tetrakis(pentafluorophenyl)borate « 2.5Et,0 (0.065 g) and
tricyclohexylphosphine (0.0088 g) were dissolved in hexylnorbornene (50 g,
0.28 mol) and triethoxysilylnorbornene (8.0 g, 0.031 mol). Equal volumes of
each solution were mixed together. The solution was allowed to thicken and
was then poured onto é'glass plate. The plate was placed into an oven at

65°C for 10 min, then heated to 160°C for one hour. A transparent film

resulted. The film ekhibited 3.3% wéight loss at 320°C by TGA (10°C/min).
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The film exhibited a glass transition temperature of 274°C as determined by
the tan 3 peak in its DMA trace.

Example 299.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyTborate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with cyclohexane. To this mixture was added
50 uL of a 2.8 mMol solution of (allyl)palladiumtrifluoroacetate dimer
(0.14 pmol) and tetraphenylbiphosphine (0.28 pmol) in methylene chloride.
The mixture was heated to 65°C for 18 hours. An immobile polymer puck
resulted, suggesting high conversion. '

Example 300.

To a mixture of bﬁtylnorbomene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate » 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with cyclohexane. To this mixture was added
50 pL of a 2.8 mMol solution of (allyl)palladiumtriflucroacetate dimer
(0.14 pmol) and 1,2-bis(diphenylphosphino)propane (0.28 pmol) in
methylene chloride. The mixture was heated to 65°C for 18 hours. The
solution was poured into an excess of acetone. No significant amounts of

polymer were obtained.

Example 301.
To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenylborate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This

mixture was diluted to 16 ml with cyclohexane. To this mixture was added

PCT/US99/23243
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50 pL of a 2.8 mMol solution of (allyl)palladiumtrifluoroacetate dimer
(0.14 umol) and 1,2-bis(diphenylphosphino)propane (0.28 umol) in
methylene chloride. The mixture was heated to 65°C for 18 hours. Addition

of the mixture to an excess of acetone gave no polymer.

Example 302.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate » 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with cyclohexane. To this mixture was added
50 pL of a 2.8 mMol solution of (allyl)palladiumtrifluoroacetate dimer
(0.14 pmol) and (R)-(+)-2,2’-bis(diphenylphosphino)-1,1’-binaphliy1 (0.28
pmol) in methylene chloride. The mixture was heated to 65°C for 18 hours.
An immobile polymer puck resulted, suggesting high conversion.

Example 303.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with cyclohexane. To this mixture was added
50 puL of a 2.8 mMol solution of (allyDpalladiumtrifluoroacetate dimer
(0.14 umol) and 1,2-bis(dicyclohexylphosphino)ethane (0.28 umol) in
methylene chloride. The mixture was heated to 65°C for 18 hours. A viscous
solution resulted. The solution was diluted with toluene and poured into an
excess of acetone to precipitate the polymer. The polymer was filtered, and
dried under vacuum at 65°C. Yield 4 g (80%).
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Example 304.

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate « 2.5 Et,O (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with cyclohexane. To this mixture was added
50 uL of a 2.8 mMol solution of (allyl)pailadiumtrifluoroacetate dimer
(0.14 pmol) and 1,2-bis(diphenylphosphino)methane (0.28 umol) in
methylene chloride. The mixture was heated to 65°C for 18 hours. A viscous
solution resulted. The solution was diluted with toluene and poured into an
excess of acetone to precipitate the polymer. The polymer was filtered, and
dried under vacuum at 65°C. Yield 1.6 g (32%).

Example 305,

To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tctralds(pcnta-ﬂuorophenyi)borate * 2.5 Et,0 (1.2 mg, 0.0014 mmol). This
mixture was diluted to 16 ml with cyclohexane. To this mixture was added
50 uL of a 2.8 mMol solution of (allyl)palladiumtrifluoroacetate dimer
(0.14 pmotl) and 1,2-bis(dicyclohexylphosphino)methane (0.28 umol) in
methylene chloride. The mixture was heated to 65°C for 18 hours. A viscous
solution resulted. The solution was diluted with toluene and poured into an

excess of acetone to precipitate the polymer. The polymer was filtered, and
dried under vacuum at 65°C. Yield 2.9 g (58%).

Example 306.
To a mixture of butylnorbornene (5.0 g, 33 mmol) was added lithium
tetrakis(penta-fluorophenyl)borate « 2.5 Et,0 (1.2 mg, 0.0014 mmél)‘ This

mixture was diluted to 16 ml with cyclohexane. To this mixture was added
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50 p.L of a 2.8 mMol solution of (allyl)palladiurﬁriﬂuoroacetate dimer

(0.14 pmol) and 1,2-bis(diphenylphosphino)ethane (0.28 pmol) in methylene
chloride. The mixture was heated to 65°C for 18 hours. The solution was
diluted with toluene and poured into an excess of acetone to precipitate the
polymer. The polymer was filtered, and dried under vacuum at 65°C. Yield
2.9 g (58%).

Example 307.

In a glove box, under an inert atmosphere (nitrogen),
[(1,5-cyclooctadiene)Pd(Me)(CD)] (3.02 x 10”7 mol) was placed into 2 25 ml
round bottom flask and dissolved in ca. 5 ml CH,Cl,. To this was added
1 equivalent of PPh,. Then, 1 equivalent of sociium
[tetrakis(bis(3,5-trifluoromethyl)phenyl)borate] was added to the solution.
Norbornene (0.106 mol) was added, and the mixture was gently swirled. The
flask was placed onto a stir plate. Polymerization was complete (the mixture
solidified) within 2 minutes. Polymer product was obtained by diluting in
methanol, then decanting off liquid and drying under reduced pressure at
room temperature. Approximately 100% yield was obtained (1.05 x 10°
turnovers/hr). Molecular weight was not determined due to the insolubility

of the product.

Example 308.

In a glove box, under an inert atmosphere (nitrogen),
[(1,5-cyclooctadiene)Pd(Me)(CD] (1.13 x 107 mol) was placed into a 25 ml
round bottom flask and dissolved in ca. 5 mL CH,Cl,. To this was added
1 equivalent of PPh,. Thén, 1 equivalént of sodium
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| [tetrakis(bis(3,5-triffuoromethyl)phenyl)borate] was added to the solution.
Dicyclopentadiene (0.106 mol) was added, and the mixture was gently
swirled. The flask was placed onto a stir plate. Polymerization was
complete (the mixture solidified) within 5§ minutes. Polymer product was

5 obtained by diluting in methanol, then decanting off liquid and drying under

reduced pressure at rtoom temperature. Approximately 100% yield was
obtained. Molecular weight was not determined due to the insolubility of the
product.
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WHAT IS CLAIMED IS:

1. Aprocess for preparing a polymer containing polycyclic
repeating units comprising contacting at least one polycyclioolefin
5 monomer with a high activity Group 10 transition metal catalyst complex
of the formula:

[(R)M(L)(L)Js [WCAJ

10 to obtain a polymer product that contains 100 ppm or less of residual
Group 10 transition metal prior to purification, wherein [(R')ZM(L'),‘(L'),]
is a cation complex where M represents a Group 10 transition me_t§l; R'
represents an anionic hydrocarbyl containing ligand; L represents :a Group
15 neutral electron donor ligand; L" represents a labile neutral electron

15 donor ligand; xis 1 or2; and y is 0, 1, 2, or 3; and z is 0 or 1, wherein the
sum of , y, and z is 4; [WCA] represents a weakly coordinating
counteranion complex; and b and d are numbers representing the number
of times the cation complex and weakly coordinating counteranion
complex are taken to balance the electronic charge on the overall catalyst

20 complex.

2. The process of claim 1 wherein said polycycloolefin is

selected from a monomer(s) of the formula:

Rt
R2
R3

25

* c L M s *
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wherein “a” represents a single or double bond, m is an integer from 0 to
5, and when “a” is a double bond one of R', R? and one of R®, R* is not
present; R' to R* independently represent hydrogen, substituted and
unsubstituted linear and branched C;-C g alkyl, linear and branched
C1.C1 haloalkyl, substituted and unsubstituted linear and branched Cy-Cyq
alkenyl, linear and branched Cy-Co haloalkeny, substituted and
unsubstituted linear and branched C,-Cyq alkynyl, substituted and
unsubstituted Cs-Cy; cycloalkyl, substituted and unsubstituted Cs-C;5
halocycloatkyl, substituted and unsubstituted C4-C1; cycloatkenyl,
substituted and unsubstituted C4-C)2 halocycloalkenyl, substituted and
unsubstituted C¢-Cy; aryl, substituted and unsubstituted C¢-C,3 haloaryl
and substituted and unsubstituted C;-Cys aralkyl, R! and R? or R’ and R
can be taken together to represent a C;-C,y alkylidenyl group,
~(CH3)aC(O)NH3, ~(CH,),C(0)CY, ~(CH2),C(O)OR?, -(CH,)n-OR’,
-(CH;),,-OC(O)RS , -(CH2)a-C(O)R* -(CH):-OC(O)OR?, ~(CH,),SiR>,
~(CH2)aSi(OR?)3, «(CH2),C(O)OR?, and the group:

—CHZOCszo

wherein n ifidependently represents an integer from 0 to 10 and R®
independently represents hydrogen, linear and branched C,.Cyq alkyl,
linear and branched, C,-C)o alkenyl, linear and branched C,-C;q alkynyl,
Cs-C2 cycloalkyl, Cs-Cys atyl, and Cy-Cay aralkyl; R® represents a radical

AR R AR
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selected from -C(CHs)s, -Si(CH3z)3, -CH®ROCH,CH;,
-CH(R"OC(CHa)s, dicyclopropylmethyl, dimethylcyclopropylmethyl, or
the following cyclic groups:

©. O
@) U T]

wherein R’ represents hydrogen or a linear or branched (C,-Cs) alkyl
group; R' and R* together with the two ring carbon atoms to which they
are attached can fepresent a substituted or unsubstituted cycloaliphatic
group containing 4 to 30 i'ing carbon atoms, a substituted or unsubstituted
aryl group containing 6 to 18 ring carbon atoms and combinations thereof; |
R' and R* can be taken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon
atoms to which they are attached form a pentacyclic ring, wherein Q
represents an oxygen atom or the group N(R®), wherein R® is selected
from hydrogen, halogen, linear and branched C;-C; alkyl, and Cs-C3
aryl.

3. The process of claim 1 wherein said Group 10 transition
metal M is selected from palladium, platinum and nickel, and said

Group 15 neutral electron donor ligand L' is selected from amines,

~ pyridines, arsines, stibines and organophosphorus containing compounds.’

4. The process of claim 3 wherein said organophosphorus

containing ligand is selected from a compound of the formula:
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PR)e X R )

wherein X' is oxygen, sulfur, nitrogen, or silicon; gis 0, 1,2, 0r 3; his 1,
5 2, or 3, with the proviso that when X' is a silicon atom, h is 3, when X' is

an oxygen or sulfur atom h is 1, and when X' is a nitrogen atom, his 2; R”
is independently selected from hydrogen, linear and branched C,-C;,
alkyl, Cs-Cyg cycloalkyl, linear and branched C,-C;q alkoxy, allyl, linear
and branched C,-C,, alkenyl, C¢-C;3 aryl, Cy-C,; aryloxy, Cs-Cia

10 arylsulfides, C;-Cs aralkyl, cyclic ethers and thioethers, tri(linear and
branched Cy-Cy altkyl)silyl, tri(C¢-Ci aryl)silyl, tri(linear and branched
Ci-Cio alkoxy)silyl, triaryloxysilyl, tri(linear and branched Ci-Cig
alkyl)siloxy, and tri(C¢-C,; aryl)siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,-C;

15 alkyl, linear or branched C;-Cs haloalkyl, C,-Cs alkoxy, halogen, and
combinations thereof; when g is 0 and X' is oxygen, any two or 3 of R”
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 R” can be taken together
with the phosphorus atom to which they are attached to represent a

20 phosphacycle of the formula:

)

R7P  (CH,)

\_/

wherein R is as previously defined and b’ is an integer from 4 to 11.

25 5. Theprocess of claim 3 wherein said organophosphorus

containing ligand is a bidentate phosphine selected from the formulae:

T
—————
T ——
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PR, PR,

wherein R’ is as defined and i s 0, 1, 2, or 3.

6. The process of claim 4 wherein gis 3 and R” is
independently selected from the group consisting of hydrogen, liﬁgar and
branched C,-Cj alkyl, Cs-Cyq cycloalkyl, linear and branched C;-Co
alkoxy, allyl, linear and brahched C2-Cyo alkenyl, C4-C; aryl, and C4-C)2

10 aryloxy.

7. The process of claim I wherein the weakly coordinating
counteranion complex is selected from the group consisting of borates,
aluminates, boratobenzene anions, carborane anions, and halocarborane

15 anions.

8. The process of claim 7 wherein the weakly coordinating

anion is a borate or aluminate of the formula:

20 . ME)R®)RR™)]

wheérein in F 6nhiﬂa M' is boron or aluminum and R**, R, R%®, and R*”
iridependently"re’preseﬁt fluorine, linear and branched C,-Cyo alkyl, linear
and branched C,-C;g alkoxy, linear and branched C;-Cs haloalkenyl,

. 25 linear and branched C3-C,, trialkylsiloxy, Cis-Css triarylsiloxy,

T
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substituted and unsubstituted Cg-Caq aryl, and substituted and
unsubstituted Cg-C3 aryloxy groups wherein R* to R¥ can not

simultaneously represent alkoxy or aryloxy groups.

9.  The process of claim 8 wherein said substituted aryl and
aryloxy groups are be monosubstituted or multisubstituted and said
substituents are independently selected from linear and branched C,-Cs
alkyl, linear and branched Cy-Cs haloalkyl, linear and branched C;-Cs
alkoxy, linear and branched C;-Cs haloalkoxy, linear and branched C;-Cj3
trialkylsilyl, C4-Cy3 triarylsilyl, and halogen selected from chlorine,

bromine, and fluorine.

10.  The process of claim 8 wherein said borate is selec:ied from
the group consisting of tetrakis(pentafluorophenyl)borate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tetrakis(2-fluorophenyl)borate, tetrakis(3-fluorophenyl)borate,
tetrakis(4-fluorophenyl)borate, tétrakis(3,5 -difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate; methyltris(perfluorophenyl)borate,
ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis(1,2,2-triflnoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate, tetrakis(4-dimethyl-ter:-
butylsilyltetraflucrophenyl)borate,
(triphenylsiloxy)tris(pentaflucrophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,
tetrakis[3,5-bis[1 -meﬁloxyo2,2,2-triﬂuorc_>-l -
(trifluoromethyl)ethyl]phenyljborate, tetr'akis[3-[1-methoxy-2,2,2‘
trifluoro-1-(trifluoromethyl)ethyl]-5-(trifluoromethyl)phenyl]borate, and

\

Ay g
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tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl]}-5-(trifluoromethyl)phenylJborate.

11.  The process of claim 8 wherein said aluminate is selected
from the group consisting of tetrakis(pentafluorophenyl)aluminate,
tris(perfluorobiphenyl)fluoroaluminate,

-(octyloxy)tris(pentafluorophenyl)aluminate,

tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyltris(pentafluorophenyl)aluminate.

12.  The process of claim 7 wherein the weakly coordinating

anion is a borate or aluminate of the formula:
IM'(OR**)(OR*)(OR3*)(OR*"]

M’ is boron or aluminum, R*®, R¥, R*, and R*" independently represent
linear and branched C;-Cj alkyl, linear and branched C,-C;, haloalkyl,
C;-Cyp haloalkenyl, substituted and unsubstituted C¢-Cjg aryl, and
substituted and unsubstituted C7-Cap aralkyl groups, subject to the proviso
that at least three of R?* to R*" must contain a halogen containing
substituent; OR” and OR? can be taken together to form a chelating
substituent represented by -O-R*2-O-, wherein the oxygen atoms are
bonded to M' and R¥ is a divalent radical selected from substituted and
unsubstituted Cq-Csp aryl and substituted and unsubstituted C,- C3o
aralkyl.

13..  The process of claim 12 wherein said substituted aryl and
aralkyl groups are monosubstituted or multisubstituted, and said
substituents are indepe_ndently selected from linear and branched C;-Cs

alkyl, linear and branched C;-Cs haloalkyl, linear and branched C,-Cs

(LT
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alkoxy, linear and branched C;-Cyy haloalkoxy, and halogen selected from

chlorine, bromine, and fluorine, preferably fluorine.

14.  The process of claim 12 wherein said borate is selected
from the group consisting of [B(OC(CF3)3)4], [BOC(CF3)(CH3))],
[B(OC(CF3):H)d], [B(OC(CF3)(CH;)H)4], and [B(OCHz(CFs):)a] "

15.  The process of claim 12 wherein said aluminate is selected
from the group consisting of , [AI(OC(CF3),Ph)s],
[A(OC(CF3CetsCHs)a]', [ANOCT(CF3)3)4], [A(OC(CF3)(CH3)H)],
[AKOC(CF3):H)d], [AOC(CF3)2Cotls-4-i-Pr)s], [AOC(CF3),CeHa4-t-
butyl)s]', [AI(OC(CF3).CeHa4-SiMes)s,], [AOC(CF3)2CeHa-4-Si-i-Prs)a, ],
[AI(OC(CF3),CeH3-2,6+(CF3);4-Si-i-Pr3)a], {AI(OC(CF3)1C6H3-3,5;
(CF3)o)a], [AI(OC(CF3),,CeH-2,4,6-(CF3)3)a], and [AOC(CF3)2CeFs)a]

16. A process for preparing a polymer containing polycyclic
repeating units comprising contacting at least one polycycloolefin
monomer with a high activity Group 10 transition metal catalyst complex
of the formula:

[R)ML L Yl [WCALq

to obtain a polymer product that contains 100 ppm or less of residual
Group 10 transition metal prior to purification, wherein [(R),M(L)«(L"),]
is a cation complex where M represents a Group 10 transition metal; R’
represents a ligand selected from the group consisting of R"C(0)O,
R"C(O)CHC(O)R",R"C(0)S, R"C(S)O, R"O, R":N, and R",P, wherein
R" represents hydrogen, linear and branched Cy-Cyq alkyl, Cs-Cio
cycloalkyl, linear and branched C,-Cyo alkenyl, Cs-C)s cycloalkenyl,

allylic ligands or canonical forms thereof, C¢-Cso aryl, C¢-Csg heteroatom

—_—
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containing aryl, and C;-Cjy aralkyl, wherein each of the foregoing radicals
are optionally substituted with a substituent selected from the group
consisting of linear or branched C;-C;s alkyl, linear or branched Cl-Cs.
haloalkyl, linear or branched C,-Cs alkenyl C;-Cshaloalkenyl, halogen,
5 sulﬁxf, oxygen, nitrogen, phosphorus, and phenyl, wherein said phenyl

group is optionally substituted with linear or branched C,-Cs alkyl, linear
or branched C,-C;s haloalkyl, and halogen; L represents a Group 15
neutral electron donor ligand; L represents a labile neutral electron donor
ligand; xis 1 or2;and y is 0, 1, 2, or 3; and z is 0 or 1, wherein the sum

10 of X, y, and z is 4; [WCA] represents a weakly coordinating counteranion
complex; and b and d are numbers representing the numbser of times the
cation complex and weakly coordinating counteranion complex are taken

to balance the electronic charge on the overall catalyst complex.

15 17.  The process of claim 16 wherein said polycycloolefin is

selected from a monomer(s) of the formula:

R
Rz -
R3

wherein “a” represents a single or double bond, m is an integer from 0 to

20 5, and when “a” is a double bond one of R!, R? and one of R?, R?is not
present; R! to R* independently represent hydrogen, substituted and
unsubstituted linear and branched C,-C 10 atkyl, linear and branched
C)-Cy haloalkyl, substituted and unsubstituted linear and branched C-Cio
élkenyl, linear and branched C,-C;o haloalkenyl, substituted and

25 unsubstituted linear and branched C2-Cp alkynyl, substituted and
unsubstituted C4-Ci3 cycloalkyl, substituted and unsubstituted C4-C)2

* [ L M S *
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halocycloalkyl, substitated and unsubstituted C4-Ciz cycloalkenyl,
substituted and unsubstituted C4-C 12 halocycloalkenyl, substituted and
unsubstituted C4-C» aryl, substituted and unsubstituted C¢-C); haloaryl
and substituted and unsubstituted C7-Cyq aralkyl, R! and R? or R? and R?

5 can be taken together to represent a C;-C; alkylideny! group,
~(CH,),C(OINH,, (CH),C(0)CL~(CH;).C(OYOR®, (CH,),-OR’,
(CH)»-OC(OIR?, ~(CHy)a-C{O)R® ~(CH,)-OC(O)OR?, -(CHy)SiR’,
-(CH2),Si(OR%)3, (CH,),C(O)OR?, and the group:

-CHIOCHZT/O

10
wherein n independently represents an integer from 0 to 10 and R®
independently represents hydrogen, linear and branched C,.Cy alkyl,
linear and branched, C,-Cyp alkenyl, linear and branched C;-Cy; alkynyl,
Cs-Cyz cycloalkyl, Cs-C 1.4 aryl, and C-Ca4 aralkyl; R® represents a radical

15 selected from -C(CHj)s, -Si(CHs)s, -CH(R")OCH.CHs,
-CH(R")OC(CHs)s, dicyclopropylmethyl, dimethylcyclopropylmethyl, or
the following cyclic groups:

o
S

(O EIRG

20 wherein R’ represents hydrogén or a linear or bra._nched (C)-Cs) alkyl

group; R' and R* together with the two ring carbon atoms to which they
are attached can represent a substituted or unsubstituted cycloaliphatic

ORI
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group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted
aryl group containing 6 to 18 ring carbon atoms and combinations thereof;
R' and R* can be taken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon
5 atoms to which they are attached form a pentacyclic ring, wherein Q
represents an oxygen atom or the group NQR®), wherein R® is selected
from hydrogen, halogen, linear and branched C;-Cq alkyl, and C¢-C5
aryl. '

10 18.  The process of claim 16 wherein said Group 10 transition
metal M is selected from palladium, platinum and nickel, and said Group
15 neutral electron donor ligand L is selected from amines, pyridines,

arsines, stibines and organophosphorus containing ligands.

15 19.  The process of claim 18 wherein said organophosphorus

containing ligand is selected from a compound of the formula:

PR [X'(R nlse

20 wherein X' is oxygen, sulfur, nitrogen, or silicon; gis 0, 1,2, 0r3; his 1,
2, or 3, with the proviso that when X' is a silicon atom, h is 3, when X' is
an oxygen or sulfur atom h is 1, and when X' is a nitrogen atom, h is 2; R”
is independently selected from hydrogen, linear and branched C;-Cyo
alkyl, Cs-Cyo cycloalkyl, linear and branched C;-Cig alkoxy, allyl, linear
and branched C2-Cyo alkenyl, C¢-C13 aryl, C¢-C;3 aryloxy, Cs-Cj2
arylsulfides, C;-Cy3 aralkyl, cyclic ethers and thioethers, tri(linear and
branched C,-C,p alkyl)silyl, tri(C¢-C;; aryD)silyl, tri(linear and branched
Cy-Cio alkoxy)silyl, triaryloxysilyl, tri(linear and branched C,-Cjp
alkyDsiloxy, and tri(C-C3 aryl)siloxy, wherein each of the foregoing
30 substituents can be optionally substituted with linear or branched C;-C;

[ 28]
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alkyl, linear or branched Cy-Cs haloalkyl, C-Cs alkoxy, halogen, and
combinations thereof; when g is 0 and X' is oxygen, any two or 3 of R”
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 R” can be taken together

5 with the phosphorus atom to which they are attached to represent a
phosphacycle of the formula:

RTP  (CH,),

wherein R” is as previously defined and k' is an integer from 4 to 11.

10
20.  The process of claim 18 wherein said organophosphorus
containing ligand is a bidentate phosphine selected from the formulae:
e )
PRTZ PRTZ
15 whereinR” isas defined and i is 0, 1,2, or 3.

21.  The process of claim 19 wherein gis3 and R” is
independently selected from the group consisting of hydrogen, linear and
branched C,-Cyy alkyl, Cs-Cyp cycloalkyl, linear and branched C;-C,¢

20 alkoxy, allyl, linear and branched C,-C)¢ alkenyl, C4-Ci3 aryl, and Cs-C),
aryloxy. |

(O
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22.  The process of claim 16 wherein the weakly coordinating
counteranion complex is selected from the group consisting of borates,
aluminates, boratobenzene anions, carborane anions, and halocarborane

anions.

23.  The process of claim 22 wherein the weakly coordinating

anion is a borate or aluminate of the formula:
MER*ERIRR]

wherein in Formula M’ is boron or aluminum and R“', st', R26', and R*"
independently represent fluorine, linear a.nd branched C,-Cyp alkyl, linear
and branched C,;-C; alkoxy, linear and branched C3-C; haloalkenfl,
linear and branched C3-C;; trialkylsiloxy, Cis-Cse triarylsiloxy,
substituted and unsubstituted Cs-Csp aryl, and substituted and
unsubstituted Cg-C3g aryloxy groups wherein R?* to R*” can not
simultaneously represent alkoxy or aryloxy groups.

24.  The process of claim 23 wherein said substituted aryl and
aryloxy groups are be monosubstituted or multisubstituted and said
substituents are independently selected from linear and branched C-C;
alkyl, linear and branched C,-Cs haloalkyl, linear and branched C,-Cs
alkoxy, linear and branched C!-Cs haloalkoxy, linear and branched C;-C,,
trialkylsilyl, Cs-C,3 triarylsilyl, and halogen selected from chlorine,
bromine, and fluorine.

25.  The process of claim 23 wherein said borate is selected
from the group consisting of tetrakis(pentaﬂuorophenyl)borate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, '
tetrakis(2-fluorophenyl)borate, tetrakis(3-fluorophenyl)borate,

* [ L M S *
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tetrakis(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetraflnoropheny!borate,
tetrakis(3,4,5-trifluoropbenyl)borate, methyltris(perfluorophenyl)borate,
ethyltris(perflucrophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate, tetrakis(4-dimethyl-ters-
butylsilyltetrafluorophenyl)borate,
(triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,
tetrakis(3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl]phenyl{]borate, tetrakis[3-[1-methoxy-2,2,2-
triﬂuoro-1-(uiﬂuoromethyl)ethy1]-5-(triﬂuoromethyl)phenyl}bon:ite, and
tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(triﬂuoromethyi)ethyl]—s-(triﬂuoromethyl)phenyl]borate.

26.  The process of claim 23 wherein said aluminate is selected
from the group consisting of tetrakis(pentafluorophenyl)aluminate,
tris(perfluorobiphenyl)fluoroaluminate,
(octyloxy)tris(pentafluorophenyl)aluminate,
tetrakis(3,5-bis(trifluoromethyl)phenylaluminate, and
memyltris(pentaﬂuorophenyl)é.lmninate.

27.  The process of claim 22 wherein the weakly coordinating

anion is a borate or aluminate of the formula:
[M'(OR™YOR™YOR™YOR*"))

M is boron or aluminum, R*¥, R”, R*’, and R*" independently represent
linear and branched C;-C;q alkyl, linear and branched C,-C;, haloalkyl,

A
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C:.Cyo haloalkenyl, substituted and unsubstituted C4-Csp aryl, and

substituted and unsubstituted C7-C3o aralky! groups, subject to the proviso

that at least three of R* to R*" must contain a halogen containing
substituent; OR?* and OR? can be taken together to form a chelating
substituent represented by -O-R*?-O-, wherein the oXygen atoms are
bonded to M’ and R*” is a divalent radical selected from substituted and
unsubstituted C¢-Cjp aryl and substituted and unsubstituted C;- Csg
aralkyl.

28.  The process of claim 27 wherein said substituted aryl and
aralkyl groups are monosubstituted or multisubstituted, and said
substituents are independently selected from linear and bmnched_f;l-cs
alkyl, linear and branched C,-Cs haloalkyl, linear and branched C;-Cs
alkoxy, linear and branched C;-C)¢ haloalkoxy, and halogen selected from
chlorine, bromine, and fluorine, preferably fluorine.

29.  The process of claim 27 wherein said borate is selected
from the group consisting of [B(OC(CF3)3)a], [B(OC(CF3)}(CHs))al,

[B(OC(CF3),H)sJ, [B(OC(CF3)(CH3)H)4T', and [B(OCHz(CFs))a].

30.  The process of claim 27 wherein said aluminate is selected

~ from the group consisting of , [AI(OC(CF;),Ph)s],

[AI{OC(CF;3),CsHsCHa)al, [AI(OC(CF2)s)a], [AOC(CF3)(CHs)H)a]',
[A(OC(CF3):H)I', [Al(OC(CF3);CsHa-4-i-Pr)a], [AI(OC(CF3),CeHy-4-1-
butyl)s], [AKOC(CFx),CsHa-4-SiMes)s,T, [AOC(CF:);CeHy4-Si-i-Pr)a T,
[AI(OC(CF3),CsHz-2,6-(CF3)-4-8i-i-Prs)a]’, [AI(OC(CF3);,CeH3-3,5-
(CF3)2]’, [A(OC(CF3),CsHz-2,4,6-(CFa)3)a]’, and [AI(OC(CF3);CsFs)a] .

31. . A process for preparing a polymer containing polycyclic

repeating units comprising contacting a polycycloolefin monomer with a

e
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palladium metal complex of the formula [RPd(L),A"], a WCA salt
containing a Group 1 metal cation and a weakly coordinating
counteranion, and an optional phosphine to obtain a polycyclic polymer
product that contains 100 ppm or less of residual palladium metal prior to
purification, wherein y is 1 or 2, R represents linear and branched C;-Cpo
alkyl and Cs-égo haloaryl; L represents acetonitrile and a diene; and A’ is
a halogen group; wherein said WCA is a selected from a borate.

32.  The process of claim 1 wherein said polycycloolefin is

selected from a monomer(s) of the formula:

R1
R?2
R3
m R4

a

wherein “a” represents a single or double bond, m is an integer from 0 to
5, and when “a” is 2 double bond one of R', R? and one of R, R* is not
present; R! to R* independently represent hydrogen, substituted and
unsubstituted linear and branched Cy-Cyq alkyl, linear and branched
C,-Cyo haloalkyl, substituted and unsubstituted linear and branched C;-C)¢
alkenyl, linear and branched C,-Cyg haloalkenyl, substituted and
unsubstituted linear and branched C,-Cg alkynyl, substituted and
unsubstituted C4-Cia cycloalkyl, substituted and unsubstituted C4-Cy2
halocycloalkyl, substituted and unsubstituted C4-C,; cycloalkenyl,
substituted and unsubstituted C4-Ciz halocycloalkenyl, substituted and
unsubstituted C4-Cy2 aryl, substituted and unsubstituted C¢-C2 haloaryl
and substituted and unsubstituted Cr-Ca aralkyl, R! and R? or R® and R*
can be taken together fo represent a C;-Cyq alkylidenyl group,
«(CH3)nC(O)NH,, (CH3),C(0)C, {CH2),C(O)OR’, (CH,),-OR’,

————
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-(CH2}-OC(O)R?, «(CH2)n-C(O)R* «(CH2),-OC(O)OR?, -(CH,)nSiR’,
-(CH,)aSi(OR%), -(CH2):C(O)OR®, and the group:

-CHZOCszo

5 wherein n independently represents an integer from 0 to 10 and R®
independently represents hydrogen, linear and branched C,.C,y alkyl,
linear and branched, C,-C)o alkenyl, linear and branched C,-C;, alkynyl,
Cs-C12 cycloalkyl, C¢-C)4 aryl, and C;-Cyq aralkyl; R® represents a radical
selected from -C(CHs)s, -Si(CH3)3, -CH(R')OCH,CHs,

10 -CH(R"YOC(CHj)s, dicyclopropylmethyl, dimethylcyclopropylmethyl, or
the following cyclic groups:

0.0 L
el e

wherein R represents hydrogen or a linear or branched (Ci-Cs) alkyl

15 group; R! and R* togéther with the two ring carbon atoms to which they

 are attached can represent a substituted or unsubstituted cycloaliphatic

group containing 4 to 30 ring"carbon atoms, a substituted or unsubstituted
aryl group containing 6 to 18 ring carbon atoms and combinations thereof:
R' and R“_ can be taken together to form the divalent bridging group,

20  -C(O)-Q-(0)C-, which when taken together with the two ring carbon
atoms to which they are attached form a pentacyclic ring, wherein Q |

represents ar oxygen atom or the group NR®), wherein R® is selected
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from hydrogen, halogen, linear and branched C,-Cyo ilkyl, and C4-Cy3
aryl.

33.  The process of claim 31 wherein the palladivm metal
complex is selected from the group consisting of
1(1,5-cyclooctadiene)Pd(CH;)(C)] and [(C4Fs5)Pd(CH;CN),(Br)].

34,  The process of claim 33 wherein said optional phosphine is
P(CsH;s);, and the WCA salt is the sodium salt of
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate.

35.  Aprocess for preparing a polymer containing polycyclic
repeating units comprising contacting at least one polycyclooleﬁn.
monomer with a high activity Group 10 transition metal catalyst complex
of the formula:

[R)ML WL )y Js (WCAJ4

1o obtain a polymer product that contains 100 ppm or less of residual
Group 10 wransition metal prior to purification, wherein [(R),M(L)«(L"),]
is a cation complex where M represents a Group 10 transition metal; x is
lor2;andyis0,1,2,or3;and zis 0 or 1, wherein the sum of X, y, and z
is 4; [WCA] represents a weakly coordinating counteranion complex; and
b and d are numbers representing the number of times the cation complex
and weakly coordinating counteranion complex are taken to balance the .
electronic charge on the overall cata_lys't.complcx; R' represents an anionic
hydrocarbyl cont'aix'xing ligand selected from the group consisting of
hydrogen, substittited and unsubstituted Cs-Cio cycloalkﬂ, substituted and
unsubstituted linear and branched C,-Cao alkenyl, substituted and
unsubstituted C¢-Cjs cyclodlkeny, substituted and unsubstituted allylic
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ligands or canonical forms thereof, C¢-Csg aryl, C4-Csp heteroatom
containing aryl, and C7-Csp aralkyl, wherein said substituted hydrocarbyl
containing ligands are monosubstituted or muitisubstituted with Jinear or
branched C1-C;s alkyl, linear or branched C;-Cs haloalkyl, linear or

5 branched C»-Cs alkenyl and haloalkenyl, halogen, sulfur, oxygen,
nitrogen, phosphorus, and phenyl optionally monosubstituted or
multisubstituted with linear or branched C,-C;s alkyl, linear and branched
C,-C; haloalkyl, and halogen; L represents a Group 15 neutral electron
donor ligand; and L represents a labile neutral electron donor ligand.

10
36.  The process of claim 35 wherein said polycycloolefin is
selected from 2 monomer(s) of the formula:
R?
R2
a
R3
M Ny
wherein “a” represents a single or double bond, m is an integer from 0 to
15 5, and when “a” is a double bond one of R', R? and one of R?, R* is not

present; R' to R* independently represent hydrogen, substituted and
unsubstituted linear and branched C,;-C,y alkyl, linear and branched
C,-C)o haloalkyl, substituted and unsubstituted linear and branched C,-C,y
alkenyl, linear and branched C,-Cyo haloalkenyl, substituted and

20 unsubstitu_téd linear and branched C3-Cio alkynyl, substituted and
urisubstituted CsCi2 cycloalkyl, substituted and unsubstituted C4-Ci2
halocycloalkyi, substituted and unsubstituted C4-Ciacycloalkenyl,
substituted and unsubstituted Cs-C 2 haloéyclbélkenyl, substituted and
unsubstituted C6-C|§ aryl, substituted and unsubstituted C¢-C)2 héloaryl

25 and substituted and unsubstituted C-Ca4 aralkyl, R' and R? or R® and R*

A
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can be taken together to represent a C;-Cyp alkylideny! group,
-(CH3),C(O)NH;, -(CH,),C(0)C], {CH2),C(O)OR’, -(CH,),-OR?,
«(CH2):-OC(O)R?, -(CH2)a-C(O)R® -(CH3)y-OC(O)OR?, ~(CH),SiR’,
«(CH2),Si(OR%);, -(CHR):C(O)ORS, and the group:

-Cl-IzOCH,.vo

wherein n independenﬂy represents an integer from 0 to 10 and R’
independently represents hydrogen, linear and branched C;.Cy; alkyl,
linear and branched, C>-Cyo alkenyl, linear and branched C;-Cyp alkynyl,
Cs-Cy; cycloaikyl, C4-C4 aryl, and Co-Cy4 aralkyl; R® represents a-radical
selected from ~C(CH3)s, -Si(CHs)s, -CHR)OCH,CHs,
-CH(R7)OC(CHs), ‘dicyclopropylmethyl, dimethylcyclopropylmethyl, or
the following cyclic groups:

HC CH,
©. 6.8 _0
R? R? R?
N O
wherein R’ represents hydrogen or a linear or branched (C;-Cs) alkyl

group; R! and R? together with the two ring carbon atoms to which they
are attached can represent a substituted or unsubstituted cycloaliphatic

group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted

aryl group containing 6 to 18 ring carbon atoms and combinations thereof;
R'andR* can be taken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon

AR

PCT/USY9/23243



WO 00720472 : ' . PCT/US99/23243

10

15

-246 -

atoms to which they are attached form a pentacyclic ring, wherein Q
represents an oxygen atom or the group NR®), wherein R® is selected
from hydrogen, halogen, linear and branched C;-Cy aikyl, and Cg-Ci3g
aryl.

37.  The process of claim 35 wherein said Group 10 transition
metal M is selected from palladium, platinum and nickel, and said Group
15 neutral electron donor ligand L is selected from amines, pyridines,

arsines, stibines and organophosphorus containing compounds.

38.  The process of claim 37 wherein said organophosphorus

containing ligand is selected from a compound of the formula: .
PR R bz

wherein X' is oxygen, sulfur, nitrogen, or silicon; gis 0, 1,2, or3; his 1,
2, or 3, with the proviso that when X' is a silicon atom, h is 3, when X' is
an oxygen or sulfur atom h is 1, and when X' is a nitrogen atom, h is 2; R”
is independently selected from hydrogen, linear and branched C,-C;o
alkyl, Cs-Cjo cycloalkyl, linear and branched C;-C,¢ alkoxy, allyl, linear
and branched C,-Cy alkenyl, C¢-Cy2 aryl, C-Cy, aryloxy, Ce-Ciz
arylsulfides, C;-C,s aralkyl, cyclic ethers and thioethers, tri(linear and
branched C;-C,g alkyl)silyl, tri(Cs-C)2 aryl)silyl, tri(linear and branched
Ci-Cio alkoxy)silyl, triaryloxysilyl, tri(linear and branched C;-C;¢
alkyl)siloxy, and tri(Cs-C2 aryl)siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,-C;s
alkyl, linear or branched C,-Cs haloalkyl, C,-Cs alkoxy, halogen, and
combinations thereof; when g is 0 and X' is oxygen, any two or 3 of R”
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 R” can be taken together

* c L M S *
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with the phosphorus atom to which they are attached to represent a
phosphacycle of the formula:

RTP  (CH,),

wherein R” is as previously defined and h' is an integer from 4 to 11.

w

39.  The process of claim 37 wherein said organophosphorus

containing ligand is a bidentate phosphine selected from the formulae:

ey 7 §4
RQP’@PRTZ Q O

PR7, PR7,
10 wherein R” is as defined and iis 0, 1, 2, or 3.

40.  The process of claim 38 wherein g is 3 and R is
independently selected from the group consisting of hydrogen, linear and
branched C-Cyq alkyl, Cs-Cig cycloalkyl, linear and branched C;-Cyy

15 alkoxy, allyl, linear and branched C,-Cg alkenyl, C4-C; aryl, and C¢-Ci2
aryloxy.

41, . The process of claim 35 wherein the weakly coordinating
counteranion complex is selected from the group consisting of borates,
20 aluminates, boratobenzene anions, carborane anions, and halocarborane

antons.

A
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42.  The process of claim 41 wherein the weakly coordinating

anion is a borate or aluminate of the formula:
IMER*)YR¥®)RF)RY)]

wherein in Formula M’ is boron or aluminum and R*, R, R%, and R?”
independently represent fluorine, linear and branched C;-Cyq alkyl, linear
and branched C;-Cyo alkoxy, linear and branched C;-Cs haloalkenyl,
linear and branched C;-C3 trialkylsiloxy, C13-Cs¢ triarylsiloxy,
substituted and unsubstituted C¢-C3p aryl, and substituted and
unsubstituted Cg-Cg aryloxy groups wherein R?* to R¥” can not

simultaneously represent alkoxy or aryloxy groups.

43.  The process of claim 42 wherein said substituted aryl and
aryloxy groups are be monosubstituted or multisubstituted and said
substituents are independently selected from linear and branched C,-C;s
alkyl, linear and branched C;-Cs haloalkyl, linear and branched C;-Cs
alkoxy, linear and branched C;-Cs haloalkoxy, linear and branched C -Ci2
trialkylsilyl, C¢-C3s triéuylsilyl, and halogen selected from chlorine,
bromine, and fluorine. '

44.  The process of claim 42 wherein said borate is selected
from the group consisting of tetrakis(pentafluorophenyl)borate,
tetrakis(3 ,5-bis(triﬂuorom_ethyl)phenyl)borate,
ten'akis(Z-ﬂuoropheny])bor_ate, tetrakis(3-fluorophenyl)borate,
tetrakis(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
ethyltris(perfluorophenyl)borate, phenylﬁis(perﬂuomphenyl)bomte,

O O
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tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate, tetrakis(4-dimethyl-ters-
butylsilyltetrafluorophenyl)borate,
(triphenylsiloxy)tris(pentaftuorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,
tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyljphenyl]borate, tetrakis[3-[1-methoxy-2,2,2-
trifluoro-1-(trifluoromethyl)ethyl)-5-(triftuoromethyl)phenylJborate, and
tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl]-5-(triflnoromethyl)phenyljborate.

45.  The process of claim 42 wherein said aluminate is selected
from the group consisting of tetrakis(pentafluorophenyl)aluminate,
tris(perfluorobiphenyl)fluoroaluminate,
(octyloxy)tris(pentaflucrophenyl)aluminate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyitris(pentafluorophenyl)aluminate.

46.  The process of claim 41 wherein the weakly coordinating

anion is a borate or aluminate of the formula:
[M'(OR?*)(ORP)OR™)YOR™)]

M is boron or aluminum, R%, R¥, R*, and R*" independently represent
linear and branched C;-C;p alkyl, linear and branched C;-Co haloalkyl,
C2-Cjo haloalkenyl, substituted and unsubstituted Cy4-Csg atyl, and
substituted and unsubstituted C4-Cs, aralkyl groups, subject to the proviso
that at least three of R** to R*" must contain a halogen containing
substituent; OR* and OR? can be taken together to form a chelating

substituent represented by -0-R*2.Q-, wherein the oxygen atoms are

A
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bonded to M’ and R*? is a divalent radical selected from substituted and
unsubstituted Cs-Cjp aryl and substituted and unsubstituted C4- C3p
aralkyl. '

h

47.  The process of claim 46 wherein said substituted aryl and
aralkyl groups are monosubstituted or multisubstituted, and said
substituents are independently selected from linear and branched C,-Cs
alkyl, linear and branched C;-C;s haloalkyl, linear and branched C,-Cs
alkoxy, linear and branched C,-C;o haloalkoxy, and halogen selected from

10 chlorine, bromine, and fluorine, preferably fluorine.

48.  The process of claim 46 wherein said borate is selected
from the group consisting of [B(OC(CF3)s)a]', [B(OC(CF3)2(CH;))],
[B(OC(CF3):H)a], [B(OC(CF3)(CH3)H)4]', and [B(OCHz(CF3),)a]”-

49,  The process of claim 46 wherein said aluminate is selected
from the group consisting of , [AI(OC(CF3),Ph)], -
[AOC(CF3)2CetaCHs)s]', [AI(OC(CF:))a], [AI(OC(CF3)(CHs)H)a],
[AI(OC(CF3)2H)a], [AOC(CF3)2CeHs-4-i-Pr)a]’, [Al(OC(CF3),CsHs-4-1-

20 butyl)i], [Al(OC(CF3);CsHs-4-SiMes)s,]’, [AI(OC(CF3),CeHy-4-Si-i-Pr3)s,],
[Al(OC(CF;)zCst-Z,6-(CF3)2-4-Si-z‘-Pr3)4]', [AI(OC(CF;),C¢H;-3,5-
(CF3)x2)a], [A(OC(CF3),CeH2-2,4,6-(CF3)3)a], and [A(OC(CF3);CyFs)a] .

50.  The process of claim 36 wherein said polycycloolefin

25 monomer is selected from the group consisting of butyl norbornene,
triethoxysilyl norbornene, and mixtures thereof.
51.  The process of claim 35 wherein said hydrocarbyl
containing ligand is allylic and said cation complex is represented by the
30  formula:

e

L

L
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wherein R*", R?", and R” each independently represent hydrogen,

5 halogen, linear and branched C;-C;s alkyl, Cs-Cq cycloalkyl, linear and
branched C;-C;s alkenyl, C¢-Cs aryl, and C;-Cyp aralkyl, each of the
foregoing radicals optionally substituted with a substituent selected from
linear and branched C;-Cs alkyl, linear and branched C;-Cs haloalkyl,
halogen, and phen);l which can optionally be substituted with linear and

10 branched C,-Cs alkyl, linear and branched C,;-Cs haloalkyl, and halogen;
any two of R2”, R?"', and R 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 C;-C; alkyl, linear or
branched C;-Cs haloalkyl, and halogen; M, L', L", x and y are as defined

15 previously.

52.  The process of claim 51 wherein L’ is an
organophosphorus containing ligand is selected from a compound of the
formula: '

20

PR )X R Wl

wherein X' is oxygen, sulfur, pitrogen, or silicon; gis 0, 1,2, 0r3; his 1,

2, or 3, with the proviso that when X' is a silicon atom, h is 3, when X' is

e

LR VN
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an oxygen or sulfur atom h is 1, and when X' is a nitrogen atom, his 2; R”
is independently selected from hydrogen, linear and branched Ci-Cio
alkyl, Cs-Cyo cycloalkyl, linear and branched C;-Cjo alkoxy, allyl, linear
and branched C5-Cy¢ alkenyl, Cs-Ci2 aryl, C¢-Cyz aryloxy, Cs-C2
5 arylsulfides, C4-C;s aralkyl, cyclic ethers and thioethers, tri(linear and

branched C,-C,9 alkyl)silyl, tri(Cs-C)2 aryDsilyl, tri(linear and branched
C;-C o alkoxy)silyl, triaryloxysilyl, tri(linear and branched C,-Cy
alkyl)siloxy, and tri(Cs-Ci2 aryl)siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,~Cs

10 alkyl, linear or branched C,-Cs haloalkyl, C,-Cs alkoxy, halogen, and
combinations thereof; when g is 0 and X' is oxygen, any two or 3 of R”
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 R” can be taken together
with the phosphorus atom to which they are attached to represent a

15 phosphacycle of the formula:

R"'UHZ),,.
wherein R” is as previously defined and h' is an integer from 4 to 11.

20 - 53.  The process of claim 52 wherein said organophosphorus
containing ligand is a phosphine selected from the group consisting of
trimethylphosphine, triéthylphosphine, tri-n-propylphosphine,
triisopropylphosphine, tri-n-butylphosphine, tri-sec-butylphosphine,
tri-i-butylphosphine, tri-t-butylphosphine, tricyclopentylphosphine,

25  triallylphosphine, tricyclohexylphosphine, triphenylphosphine,
trinaphthylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine,
tri—m-tolylphosphine, tribenzylphosphine,

AR
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tri(p-triflucromethylphenyl)phosphine, tris(trifluoromethyl)phosphine,
tri(p-fluorophenyl)phosphine, tri(p-triflucromethylphenyl)phosphine,
allyldiphenylphosphine, benzyldiphenylphosphine, bis(2-furyl)phosphine,
bis(4-methoxyphenyl)phenylphosphine, bis(4-methylpheny!)phosphine,

5 bis(3,5-bis(trifluoromethyl)phenyl)phosphine,
t-butylbis(trimethylsilyl)phosphine, -butyldiphenylphosphine,
cyclohexyldiphenylphosphine, diailylphenylphosphine,
dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine,
di--butylphosphine, dicyclohexylphosphine, diethylphenylphosphine,

10 di-i-butylphosphine, dimethylphenylphosphine,
dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, diphenyl(p-tolyl)phosphine,
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,

15 (2-methoxyphenyl)methylphenylphosphine, tri-n-octylphosphine,
tris(3,5-bis(trifluoromethyl)phenyl)phosphine,
tris(3-chlorophenyl)phosphine, tris(4-chiorophenyl)phosphine,
tris(2,6-dimethoxyphenylphosphine, tris(3-flucrophenyl)phosphine,
tris(2-furyl)phosphine, tris(2-methoxyphenyl)phosphine,

20 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,
{(+)-neomenthyldiphenylphiosphine, tribenzylphosphine,

25 diphenyl(2-methoxyphenyl)phosphine,
diphenyl(pentafluorophenyl)phosphine,
bis(pentafluorophenyl)phenylphosphine, and
tris(pentafluorophenyl)phosphine.

LT
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54. A process for preparing a polymer containing polycyclic
repeating units in the substantial absence of solvent comprising contacting
at least one polycycloolefin monomer with a Group 10 transition metal
containing procatalyst complex of the formula [RM(L")(A")], 2 weakly
coordinating anion salt containing a cation complex and a weakly
coordinating anion complex of the formula [CEL™)z]o» [WCA]g, and an
optional labile neutral electron donor compound, wherein M represents a
Group 10 transition metal selected from the group consisting of nickel,
platinum, and palladium; R' is an anionic hydrocarbyl containing ligand;
L’ represents a Group 15 neutral electron donor ligand; A' represents an
anionic leaving group that can be displaced by said weakly coordinating
anion complex; L" represents a labile neutral electron donor ligand
compound; C represents a cation selected from the group consisting of a
proton, a Group 1 metal cation, a Group 2 metal cation, and an organic
group containing cation; WCA represents a weakly coordinating anion
complex; x is 1 or 2; 2" is an integer from 0 to 8; and b" and d" represent
the number of times the cation and anion complex of said weakly

coordinating anion salt are taken to balance the charge on said salt.

55.  Aprocess for preparing a polymer containing polycyclic
repeating units in the substantial absence of solvent comprising contacting
at least one polycycloolefin monomer with a Group 10 transition metal
containing procatalyst complex of the formula [M(A"),], a Group 15
neutral electron donor compound, and a weakly coordinating anion salt
containing a cation complex and a weakly coordinating anion comp'le){ of
the formula [C(L"),"Jo- [WCA]qs, wherein M represents a Group 10

transition metal selected from the group consisting of nickel, platinum,

and palladium; A' represents an anionic leaving group that can be
displaced by said weakly coordinating anion complex; C represents a

cation selected from the group consisting of a proton, a Group 1 metal
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cation, a Group 2 metal cation, and an organic group containing cation;
WCA represents 2 weakly coordinating anion complex; z" is an integer
from 0 to 8; and b" and d" represent the number of times the cation and
anion complex of said weakly coordinating anion salt are taken to balance

the charge on said salt.

56.  The process of claim 54 wherein L' is selected from the
group consisting of amines, pyridines, arsines, stibines and

organophosphorus containing compounds.

57.  The process of claim 55 wherein said Group 15 neutral
electron donor compound is selected from the group consisting of amines,

pyridines, arsines, stibines and organophosphorus containing compounds,

58.  The process of claim 56 or 57 wherein said
organophosphorus containing ligand is selected from a compound of the

formula:

PR™)[X'R ks

wherein X' is oxygen, sulfur, nitrogen, or silicon; gis 0,1,2,0r3; his 1,
2, or 3, with the proviso that when X' is a silicon atom, h is 3, when X' is
an oxygen or sulfur atom h is 1, and when X' is 2 nitrogen atom, his 2; R”
is independently selected from hydrogen, linear and branched C;-C,
alkyl, Cs-Cip cycloalkyl, linear and branched C;-Cio alkoxy, allyl, linear
and branched C,-Cp alkenyl, C¢-C5 aryl, C¢-Cy; aryloxy, C¢-Cr2
arylsulfides, C,-C)s aralkyl, cyclic ethers and thioethers, tri(linear and
branched C,-Cq alkyl)silyl, tri(Cs-Cy; aryl)silyl, tri(linear and branched
C1-Cyp alkoxy)silyl, triaryloxysilyl, tri(linear and branched C;-Cio
alkyl)siloxy, and tri(Cs-C,3 aryl)siloxy, wherein each of the foregoing
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substituents can be optibnally substituted with linear or branched Ci-Cs

alky), linear or branched C;-Cs haloalkyl, C;-Cs alkoxy, halogen, and

combinations thereof: when g is 0 and X' is oxygen, any two or 3 of R”

can be taken together with the oxygen atoms to which they are attached to |
5 form a cyclic moiety; when g is 3 any two of R” can be taken together

with the phosphorus atom to which they are attached to represent a

phosphacycle of the formula:
R7'UCH2)h.
10 wherein R” is as previously defined and h' is an integer from 4 to 11.

59.  The process of claim 56 or 57 wherein said

organophosphoms containing ligand is a bidentate phosphine selected
from the formulae:

15
| DR
RTZP/(/\)i\ PR7, Q Q
PR7, PR7,
wherein R” is as previously deﬁned-an;i iis0, l,.2,_ or 3.
_ 60. The i)rocess of _claim. 58 wherein said organophosphorus
20 containing ligand is.a phdsphine- selected from the group consisting of

trimethylphosphine, triethylphosphine, tri-n-propylphosphine,

* c L M R *
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triisopropylphosphine, tri-n-butylphosphine, tri-sec-butylphosphine,
tri-i-butylphosphine, tri-z-butylphosphine, tricyclopentylphosphine,
triallylphosphine, tricyclohexylphosphine, triphenylphosphine,
trinaphthylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine,

5 tri-m-tolylphosphine, tribenzylphosphine,
tri(p-triflucrometirylphenyl)phosphine, tris(trifluoromethyl)phosphine,
tri(p-fluorophenyl)phosphine, tri(p-trifluoromethylphenyl)phosphine,
allyldiphenylphosphine, benzyldiphenylphosphine, bis(2-furyl)phosphine,
bis(4-methoxyphenyl)phenylphosphine, bis(4-methylphenyl)phosphine,

10 bis(3,5-bis(trifluoromethyl)phenyl)phosphine,
t-butylbis(trimethylsilyl)phosphine, -butyldiphenylphosphine,
cyclohexyldiphenyiphosphine, diallylphenylphosphine, _
dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine, .-
di--butylphosphine, dicyclohexylphosphine, diethylphenylphosphine,

15 di-i-butylphosphine, dimethylphenylphosphine,
dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, diphenyl(p-tolyl)phosphine,
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,

20 2 -methoxyphenyl)m‘ethylphenylphosphine, tri-n-octylphosphine,
tris(3,5-bis(trifluoromethyl)phenyl)phosphine,
tris(3-chlorophenyl)phosphine, tris(4-chlorophenyl)phosphine,
tris(2,6~-dimethoxyphenyl)phosphine, tris(3-fluorophenyl)phosphine,
tris(2-furyl)phosphine, tris(2-methoxyphenyl)phosphine,

25 tris(3-methoxyphenyl)phosphine, tris(4-methoxyphenyl)phosphine,
tris(3-methoxypropy!)phosphine, tris(2-thienyl)phosphine, .
tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsilyl)phosphine,
isopropyldiphenylphosphine, dicyciohexylphenylphosphine,
(+)-neomenthyldiphenylphosphine, tribenzylphosphine,

30 diphenyl(2-methoxyphenyl)phosphine,

A
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diphenyl(pentafluorophenyl)phosphine,
bis(pentafluorophenyl)phenylphosphine, and
tris(pentafluorophenyl)phosphine.

'61. The process of claim 54 or 55 wherein said anionic leaving
group is selected from the group consisting of halogen, nitrate, triflate,
triflimide trifluoroacetate, tosylate, AlBry", AlF,", AICL,", AlF;03SCF5,
AsClg, SbClg, SbFg, PFs, BF4,ClO4, HSOy, carboxylates, acetates,
acetylacetonates, carbonates, aluminates, borates, hydrocarbyl and
halogenated hydrocarbyl selected from hydride, linear and branched C,.Cs
alkyl, linear and branched C;-Cs haloalkyl, Cs-C)o cycloalkyl, Cs-Cyo
cyclohaloalkyl, Cs-Cyg aryl, and C¢-Cig haloaryl, wherein said |
cyclohaloalkyl and haloaryl groups are monosubstituted or
multisubstituted with a halogen group selected from bromine, chlorine,

fluorine, and iodine.

62.  The process of claim 54 or 55 wherein said weakly

coordinating anion salt is a salt of a borate or aluminate of the formula:
[Clr MR )RR IR

wherein C represents a cation selected from the group consisting of a
proton, a Group 1 metal cation, a Group 2 metal cation, and an organic
group containing cation; b" and d" represent the number of times the
cation and anion complex of said weakly coordinating anion salt are taken
1o balance the charge on said salt; M’ is boron or aluminum and R?*, R25',
R, and R*" independently represent fluorine, linear and branched C;-Cjq.
alkyl, linear and branched C;-C,p alkoxy, linear and branched C;-Cs
haloalkenyl, linear and branched C;-C,; trialkylsiloxy, C;5-Cs¢
triarylsiloxy, substituted and unsubstituted C¢-Cj aryl, and substituted

A
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and unsubstituted C¢-Cso aryloxy groups wherein R** to R?” can not

simultaneouslj' represent alkoxy or aryloxy groups.

63.  The process of claim 62 wherein said substituted aryl and
aryloxy groups are be monosubstituted or multisubstituted and said
substituents are independently selected from linear and branched C,-Cs
alkyl, linear and branched C;-Cs haloalky], linear and branched C;-C;
alkoxy, linear and branched C,-C;s haloalkoxy, linear and branched C;-Cy,
trialkylsilyl, Cs-C;s triarylsilyl, and halogen selected from chlorine,

bromine, and fluorine.

64. The process of claim 62 wherein said weakly coordinating
anion salt is selected from the group consisting of lithium
tetrakis(2-fluorophenyl)borate, sodium tetrakis(2-fluorophenyl)borate,
silver tetrakis(Z-ﬂuorophenyl)borate,
thallium tetrakis(2-fluorophenyl)borate,
lithium tetrakis(3-fluorophenyl)borate,
sodium tetrakis(3-fluorophenyl)borate,
silver tetrakis(3-fluorophenyl)borate,
thallium tetrakis(3-fluorophenyl)borate,
ferrocenium tetrakis(3-fluorophenyl)borate,
ferrocenium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(4-fluorophenyl)borate,
sodium tetrakis(4-fluorophenyl)borate,
silver tetrakis(4-fluorophenyl)borate,
thallium tetrakis(4-fluerophenyl)borate,
lithium tetrakis(3,5-diflucrophenyl)boraté,
sodium tetrakis(3,5-difluorophenyl)borate,
thallium tetrakis(3,5-difluorophenyl)borate,
trityl tetrakis(3,5-difluorophenyl)borate,

N
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2,6-dimethylanilinium tetrakis(3,5-difluorophenyl)borate,
lithium tetralds(pentaﬂuorophyl)borate,

lithium(diethyl ether) tetrakis(pentafluorophenyl)borate,
lithium(diethyl ether), 5 tetrakis(pentafluorophenyl)borate,
lithium tetrakis(2,3,4,5-tetrafluorophenyl)borate,

lithium tetrakis(3,4,5,6-tetrafluorophenyl)borate,

lithium tetrakis(1,2,2-triflucroethylenyl)borate,

lithium tetrakis(3,4,5-trifluorophenyl)borate,

lithium methyltris(perfluorophenyl)borate,

lithium phenyltris(perflucrophenyl)borate,

lithium tris(isopropanol) tetrakis(pentaﬂuorbphenyl)borate, lithinm
tetrakis(methanol) tetrakis(pentafluorophenyl)borate,

silver tetrakis(pentafluorophenyl)borate,

tris(toluene)silver tetrakis(pentafluorophenyl)borate,
tris(xylene)silver tetrakis(pentafluorophenyl)borate,

trityl tetrakis(pentafiuorophenyl)borate,

trityl tetrakis(4-triisopropylsilyltetrafiuorophenyl)borate,

trityl tetrakis(4-dimethyl-ferz-butylsilyltetrafluorophenyl)borate,
thallium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
2,6-dimethylanilinium tetrakis(pentafiuorophenyl)borate,
N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis[3,5-bis(triflucromethyl)phenyl]borate
lithium (triphenylsiloxy)tris(pentafluorophenyl)borate,

sodium (triphenylsiloxy)tris(pentafluorophenyl)borate,

sodium tetrakis(2,3,4,5-tetrafluorophenyl)borate,

sodium tetrakis(3,4,5,6-tetrafluorophenyl)borate,

sodium tetrakis(1,2,2-trifluoroethylenyl)borate,

sodium tetrakis(3,4,5-trifluorophenyl)borate,

sodium methyltris(perfluorophenyl)borate,

sodium phenyltris(perfluorophenyl)borate,
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thallium tetrakis(2,3 ,4,5-tetr?ﬂuoropheny])borate,
thallium tetrakis(3,4,5,6-tetrafluorophenylborate,
thallium tetrakis(1,2,2-trifluoroethylenyl)borate,
thallium tetrakis(3,4,5-trifluorophenyl)borate,

sodium methyltris(perfluorophenyl)borate,

thallium phenyltris(perfluorophenyl)borate,

trityl tetrakis(2,3,4,5-tetrafluorophenyl)borate,

trityl tetrakis(3,4,5,6-tetraflucrophenyl)borate,

trity! tetrakis(1,2,2-trifluoroethylenyl)borate,

trityl tetrakis(3,4,5-triflucrophenyf)borate,

trityl methyltris(pentafluorophenyl)borate,

trityl phenyltris(perfluorophenyl)borate,

silver tetrakis{3,5-bis(trifluoromethyl)phenyljborate,
silver(toluene) tetrakis{3,5-bis(trifluoromethyl)phenyljborate,
thallium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
lithium (hexyltris(pentafluorophenyl)borate,

lithium triphenylsiloxytﬁs(pentaﬂuorophenyl)borate,
lithium(octyloxy)tris(pentafluorophenyt)borate,

lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
sodium tetrakis(pentafluorophenyl)borate,

trityl tetrakis(pentafluorophenyi)borate,
sodium(octyloxy)tris(pentafluorophenyl)borate,

sodium tetrakis(3,5-bis(triffuoromethyl)phenyl)borate,
potassium tetrakis(pemtafluorophenyli)borate,

trityl tetrakis(pentafluorophenyl)borate,
potassium(octyloxy)tris(pentafluorophenyl)borate,
potassium tetrakis(3,5-bis(trifluoromethyl)phenylborate,
magnesium tetrakis(pentafluorophenyl)borate,

magnesium (octyloxy)tris(pentafluorophenyl)borate, magnesium

tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

MR R A
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calcium tetrakis(pentafluorophenyl)borate,
calcium (octyloxy)tris(pentaﬂuorophenyl)borﬁte,
calcium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
lithium tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
5 (trifluoromethyl)ethyl]phenyl]borate,
sodium tetrakis[3,5-bis[1-methoxy-2,2 2-trifluoro-1-
(trifluoromethyl)ethyl]phenyl]borate,
silver tetrakisf3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl]phenyl]borate,
10 thallium tetrakis(3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl}jphenyl]borate,
lithium tetrakis[3-[1 -methoxy-2,2,2-u'iﬂuoro-1-(triﬂuoromethyl)éthyl]-s-
(trifluoromethyl)phenyljborate,
sodium tetrakis{3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl}-5-
15 (trifluoromethyl)phenyl]borate,
silver tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]-5-
(trifluoromethyl)phenyljborate, _
thallium tetrakis[3-[1-methoxy-2,2 2-trifluoro-1-(trifluoromethyl)ethyl}-5-
(trifluoromethyl)phenyl]borate, '
20 lithium tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl]-5-(trifluoromethyl)phenyljborate,
sodium tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl]-5-(trifluoromethyl)phenyl}borate,
silver tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
25 ' (trifluoromethyl)ethyl]-5-(trifluoromethyl)phenyljborate,
thallium tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-triflucroethoxy)-1-
(trifluoromethyl)ethyl}-5-(trifluoromethyl)phenyljborate,
trimethylsilylium tetrakis(pentafluorophenyl)borate,
trimethylsilylium etherate tetrakis(pentafluorophenyl)borate, |

L,
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&
triethylsilylium tetrakis(pentafiuorophenyl)borate, triphenylsilylium
tetrakis(pentafiuorophenyl)borate,
tris(mesityl)silylium tetrakis(pentafluorophenyl)borate, tribenzylsilylium
tetrakis(pentafluorophenyl)borate, '
trimethylsilylium methyltris(pentafiuorophenyl)borate,
triethylsilylium methyliris(pentaftuorophenyl)borate,
triphenylsilylium methyltris(pentafluorophenyl)borate,
tribenzylsilylium methyltris (pentafluorophenyl)borate,

* trimethylsilylium tetrakis(2,3,4,5-tetrafluorophenylborate,

triethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triphenylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tribenzylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
trimethylsilylium tetrakis(2,3,4,5-tetraffuorophenyl)borate,
triphenylsilylium tetrakis(2,3 ,4,5-tetraﬂuo_rophenyl)borate,
trimethylsilylium tetrakis(3,4,5-trifluorophenyl)borate, tribenzylsilylium
tetrakis(3,4,5 -triﬂuorophenyl)alumi_nate,

triphenylsilylium methyitris(3,4,5-triflucrophenyl)aluminate,
triethylsilylium tetrakis(1,2,2-trifluoroethenyl)borate,
tricyclohexylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
dimethyloctadecylsilylium tetrakis(pentafluotophenyl)borate,
tris(trimethy)silyl)silylium methyltri(2,3,4,5-tetrafluorophenylborate,
2,2'-dimethyl-1,1'-binaphthylmethylsilylium
tetrakis(pentafiuorophenyli)borate,
2,2'-dimethyl-1,1'"-binaphthylmethylsilylium
tetrakis(3,5-bis(trifluoromethy[)phenyt)borate,

lithium tetrakis(pentafluorophenyl)aluminate,

trityl tetrakis(pentafluorophenyl)aluminate,

trity] (perfluorobiphenyl)flucroaluminate,
lithium(octyloxy)tris(pentafluorophenyl)aluminate,

lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,

N
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sodium tetrakis(pentafluorophenyl)aluminate,
trityl feu'akis(pentaﬂuorophenyl)almninate,
sodium(octyloxy)tris(pentafluorophenyl)aluminate,
sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,
potassium tetrakis(pentafluorophenyl)aluminate,
trityl tetrakis(pentafluorophenyl)aluminate,
potassium (octyloxy)tris(pentafluorophenyl)aluminate,
potassium tetrakis(3,5-bis(triftuoromethyl)phenylaluminate,
magnesium tetrakis(pentafluorophenyl)aluminate,
magnesium(octyloxy)tris(pentafluorophenyl)aluminate,
magnesium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,
calcium tetrakis(pentafluorophenyl)aluminate,
calcium (octyloxy)tris(pentafluorophenyl)aluminate, and calcium
tetrakis(3,5-bis(triflucromethyl)phenyl)aluminate.

65.  The process of claim 54 or 55 wherein said weakly

coordinating anion salt is a salt of a borate or-aluminate of the formula:
[Cle- IM(OR*)(OR™)OR™YOR™ Y]

wherein C represents a cation selected from the group consisting of a
proton, a Group 1 metal cation, a Group 2 metal cation, and an organic
group containing cation; b" and d" repiesent the number of times the |
cation and anion complex of said weakly coordinating anion salt are taken
to balance the charge on said salt; M' is boron or aluminum, R%® R¥ RY,
and R3" independently represent linear and branched C;-C, alkyl, linear and
branched C,-C haloalkyl, C,-C)o haloalkenyl, substituted and
unsubstituted Cs-Cgo' aryl, and substituted and unsubstituted C;-Cjq aralkyl
groups, subject to the proviso that at least three of R% to R*" must contain

a halogen containing substituent; OR?* and OR? can be taken together to
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form a chelating substituent represented by -O-R*.-O-, wherein the
oxygen atoms are bonded to M’ and R*? is a divalent radical selected from
substituted and unsubstituted C¢-Csp aryl and substituted and
unsubstituted Cy- Cs aralkyl.

66.  The process of claim 65 wherein said substituted aryl and
aralkyl groups are monosubstituted or multisubstituted, and said
substituents dre independently selected from linear and branched C;-Cs
alkyl, linear and branched C;-Cs haloalkyl, linear and branched C;-C;
alkoxy, linear and branched C,-Cig haloalkoxy, and halogen selected from
chlorine, bromine, and fluorine, preferably fluorine.

.67.  The process of claim 65 wherein said weakly coordinating
anion salt is selected from the group consisting of LiB(OC(CF3)3)s,
LiB(OC(CF3)(CHj)), LiIB(OC(CF3);H)s, LIBOC(CF:)(CHa)H)s,
TIB(OC(CF3)3)4, TIB(OC(CF3)2H)s, TIB(OC(CF3)(CHa)H)s,
TIB(OC(CF3)(CHs))s. (PhsC)B(OC(CFs)s)s, (PhsCIB(OC(CF3)2(CH))s,
(PhsC)B(OC(CF3)2H)s, (PhaC)B(OC(CF3)(CH;)H)s, AgB(OC(CF3)s)a,
AgB(OC(CF:);H)s, AgB(OC(CF3)(CH3)H)s, LiB(O2CeFa)z, TIB(O2CeF4)a,
Ag(toluene),B(02C6F4)2, and PhsCB(O2C¢F4)2, LIB(OCH,(CF3)2)4.
[Li(HOCH3)4]B(02C¢Cls), [Li(HOCH;3)4]B(O2CeF4)s,
[Ag(toluene),]B(02CCla)s, LIB(02CsCla)s, (LIA(OC(CF3),Ph)s),
(T_lAl(OC(CF;)zPhy), (AgAI(OC(CF;):Ph)s), (PhsCAOC(CF;);Ph)s,
(LiAI(OC(CF;):CeHyCHs)s), (TRAI(OC(CF3),CeHiCH;)s),
(AgAI(OC(CF3),CetLaCH;)a), (PhsCAI(OC(CF;).CsHyCHa)s),
LIAI(OC(CF3)3)a, ThAK(OC(CF3)3)s, AgAI(OC(CF3)3)4,
PhsCAI(OC(CFs)s)s, LIAHOC(CF3)}(CH3)H)s, TIAOC(CF3)(CHz3)H)s,
AgAI(OC(CF;)(CHs)H),; PhisCAI(OC(CF3)CHy)H)s, LIAOC(CF3);H)s,
TIAI(OC(CF3);H)s, AGAOC(CF3)2H)s, PhsCAI(OC(CF3):H)s,
LiAl(OC(CF3);CeH4-i-Pr)s, TIAOC(CF;);CeHly-4-i-Pr)s,

AOR R A
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AgAl(OC(CF3),CeHy-4-i-Pr)s, Ph3CAOC(CF3),CeHs~4-i-P1)a4,
LiAl(OC(CF3),CgHy-4-1-butyl)s, TIA(OC(CF;);CeHy-4-t-butyl)s,
AgAI(OC(CF3)2CeHs-d-+-butyl)s,

PthAl(OC(CFs)zCsl-hA»t-bmyl)“ LiAl(OC(CF;),Cgts-4-SiMes)s,
TIAI(OC(CF3),CsHs-4-Si Me3)s, AgAIOC(CF3),CsHs-4-Si Me;3)s,
Ph;CAI(OC(CF;)CeHs~4-Si Mesls, LIA(OC(CF3),CeH-4-Si-i-Pr3)s,
TIANOC(CF3),CeHy-4-Si-i-Pr3)s, AGAI(OC(CF1),CeHs-4-Si-i-Pr3)s,
PhaCAI(OC(CFs);CeHy-4-Si-i-Prs)e, LIAOC(CF2);CeHy-2,6-(CFa)y-4-Si-i-
Pr3)s, TIAI(OC(CF3);CeHy-2,6-(CF3)2-4-Si-i-Pr3)s,
AgAI(OC(CF3);Cells-2,6-(CF3)y-4-Sivi-Prs)s,
Ph;CAI(OC(CF3),CsHx-2,6-(CF3)2-4-Si-i-Pr3)4, .
LiAl(OC(CF3),CgH3-3,5-(CF3)2)4, TIAI(OC(CF3),CgH3-3,5-(CF3)a)a,
AgAN(OC(CF3),CeHs-3,5-(CF3)s), PhsCAI(OC(CF:),Cels=3,5-(CFa)o)a,
LiAl(OC(CF3)CgHz-2,4,6-(CF3)3)s, TIAI(OC(CF3),CsH2-2,4,6-(CFa)s)a,
AgAI(OC(CF3),C¢H2-2,4,6-(CF3)3)s, PhsCAI(OC(CF3)2CeHa-2,4,6-(CF3)3)a,
LiAl(OC(CF3)CéFs)s, TIA(OC(CF;3),C¢Fs)s, AgAI(OC(CF3),CF'5)s, and
PhisCAI(OC(CF3),CgFs)s. .

68.  The process of claim 54 or 55 wherein said polycycloolefin

is selected from a monomer(s) of the formula:

wherein “a” represents a single or double bond, m is an integer from 0 to

5, and when “a” is a double bond one of R', R? and one of R3, R*is not
present; R! to R* independently represent hydrogen, substituted and
unsubstituted linear and branched C,;-C;q alkyl, linear and branched

* c L M S *
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C;-Co haloalkyl, substituted and unsubstituted linear and branched C;-Cq
alkenyl, linear and branched C;-Cy¢ haloatkenyl, substituted and
unsubstituted linear and branched C;-C; alkynyl, substituted and
unsubstituted C4-C) cycloalkyl, substituted and unsubstituted C4-Ci;

5 halocycloalkyl, substituted and unsubstituted C4-C;; cycloalkenyl,
substituted and unsubstituted C4-Ci3 halocycloalkenyl, substituted and
unsubstituted Cs-Cya aryl, substituted and unsubstituted C¢-C) haloaryl
and substituted and unsubstituted C-Cyq aralkyl, R! and R? or R® and R*
can be taken together to represent a C;-Cy alkylidenyl group,

10 «(CH3)nC(O)NH,, (CH,),C(0)CL, «(CHa)C(O)OR?, (CH,)a-OR?,
~(CH)w-OC(O)R’, -(CHy)-C(O)R™ -(CHy),-OC(0)OR’, -(CH;),,Sst
~(CH3),Si(OR%)3, -(CH2).C(O)OR®, and the group:

-CH,OCH,VO

wherein n independently represents an integer from 0 to 10 and R®
15 independently represents hydrogen, linear and branched C,.C,¢ alkyl,
linear and branched, C,-Cjy alkenyl, linear and branched C;-C; alkynyl,
Cs-Ci2 cycloaikyl, Cs-Cy4 aryl, and Cs-Cyy aralkyl; R® represents a radical
selected from -C(CHa)s, -Si(CHa)s, -CH(R)OCH,CH;,
-CH(R")OC(CHs)s, dicyclopropylmethyl, dimethylcyclopropylmethyl, or
20 the following cyclic groups:

CIRAERS

ARG g
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wherein R’ rcpresenis hydrogen or a linear or branched (C;-C;) alkyl .
group; R' and R* together with the two ring carbon atoms to which they
are attached can represent a substituted or unsubstituted cycloaliphatic
5 group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted

aryl group containing 6 to 18 ring carbon atoms and combinations thereof:
R' and R* can be taken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon
afoms to which they are attached form a pentacyclic ring, wherein Q

10 represents an oxXygen atom or the group N(R®), wherein R? is selected
from hydrogen, halogen, linear and branched C;-C,g alkyl, and C¢-C;3
aryl. e

69.  The process of claim 68 further comprising at least one

15 multifunctional polycycloolefinic crosslinking monomer.

70.  The process of claim 69 wherein said multifunctional
polycycloolefinic crosslinking monomer contains at least two

polymerizable norbornene-type double bonds in its structure.
20

L
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71.  The process of claim 70 wherein said crosslinking

monomer is selected from the group consisting of the formulae:

and mixtures thereof, wherein m independently is an integer from O to 5
5 and R’ is a divalent radical selected from alkylene, aromatic, and ether

radicals,

72.  The process of claim 1, 35, 54, or 55 wherein said
polycycloolefin monomer is a deuterated norbomene-type monomer.

10
73.  The prbcess of claim 72 wherein said deuterated
norbornene-type monomer is represented by the formula:
(RO);
RiD R20
R? R2 .
_— -

| I!l!llchll{Iﬂ[ﬂ Wi
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wherein RP is deuterium, “i” is an integer ranging from 0 to 6,R' and R?
independently represent a hydrocarby! radical, and R'® and R*® may or
may not be present and independently represent a deuterium atom or a

5 deuterium enriched hydrocarbyl group containing at least one deuterium
atom, with the proviso that when “i” is 0, at least one of R'® and R® must

be present.

74.  The process of claim 73 wherein R! and R? independently
10 represent linear and branched C;-Cyg alkyl, linear and branched C,-Cjo
alkenyl, and C¢-Cy2 aryl.

75.  The process of claim 73 wherein said deuterated
hydrocarbyl group is selected from linear and branched C;-C, alkyl, and
15 at least 40 percent of the hydrogen atoms on said hydrocarbyl groups are
replaced by deuterium.

76.  The process of claim 70 or 74 wherein said polymer is post

cured an elevated temperature for a time period of at least 1 hour.

77. A process for preparing a polymer containing polycyclic
repeating units comprising contacting at least one polycycloolefin
monomer in the substantial absence of solvent with a Group 10 transition
metal containing procatalyst complex of the formula:

25

RM(LR(AY]

a weakly coordinating anion salt containing a cation complex and a
weakly coordinating anion complex of the formula [C(L")Jp» [WCAl4-,

30 . and an optional labile neutral electron donor compound, wherein M

* [ L M S *
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represents a Group 10 transition metal selected from the group consisting
of nickel, platinum, and palladium; R’ represents hydrogen or an allylic
ligand; L' represents a Group 15 neutral electron donor ligan&; A
represents an anionic leaving group that can be displaced by said weakly
5 coordinating anion complex; L" represents a labile neutral electron donor
ligand compound; C represents a cation selected from the group
consisting of a proton, a Group 1 metal cation, a Group 2 metal cation,
and an organic group containing cation; WCA represents a weakly
coordinating anion complex; X is 1 or 2; z" is an integer from 0 to 8; and
10 b" and d" represent the number of times the cation and anion complex of

said weakly coordinating anion salt are taken to balance the charge on
said salt.

78.  The process of claim 77 wherein said allylic ligand is
15 represented by the formula:

wherein tho", R*", and RZ each independently represent hydrogen,

halogen, linear and branched C,-Cs alkyl, Cs-Cio cycloalkyl, linear and
20 branched C,-Cs alkenyl, Cs-Cio aryl, Cy-Cyp aralkyl, each optionally
substituted with a Substituent selected from linear and branched C;-Cs
alkyl, linear and branched C,-Cs haloalkyl, halogen, and phenyl which
can optionally bé substituted with linear and branched C,-Cs alkyl, linear
and branched C;-Cs haloalkyl, and halogen. Any two of R?%, R?", and
R can be linked together with the carbon atoms to which they are

(1]
wh

R



WO 00120472 PCT/US99/23243°

10

15

20

25

30

-272 -

attached to form a cyclic or multicyclic ring, each optionally substituted
with linear or branched C;-Cs alkyl, linear or branched C,-Cs haloalkyl,
and halogen.

79.  The process of claim 77 or 78 wherein L' is selected from
the group consisting of amines, pyridines, arsines, stibines and
organophosphorus containing compounds.

80.  The process of claim 79 wherein said organophosphorus

containing ligand is selected from a compound of the formula:
PR )X R s

wherein X is oxygen, sulfur, nitrogen, or silicon; gis 0, 1,2, 0or3;his 1,
2, or 3, with the proviso that when X' is a silicon atom, his 3, when X' is
an oxygen or sulfur atom h is 1, and when X is a nitrogen atom, his 2; R
is independently selected from hydrogen, linear and branched Ci-Cio
alkyl, Cs-Cyp cycloalkyl, linear and branched C;-C,, alkoxy, allyl, linear
and branched C,-C alkenyl, Cs-C2 aryl, Cs-Cy3 aryloxy, C4-Cia
arylsulfides, C7-C;s aralkyl, cyclic ethers and thioethers, tri(linear and
branched C;-Cy alkyl)silyl, tri(C¢-Cy2 aryl)silyl, tri(linear and branched
C1-Cio alkoxy)silyl, triaryloxysilyl, tri(linear and branched C;-Cy
alkyl)siloxy, and tri(Cs-C,;; aryl)siloxy, wherein each of the foregoing
substituents-can be optionally substituted with linear or branched C,-Cs
alkyl, linear or branched C,-C; haloalkyl, C,-Cs alkoxy, halogen, and
combinations théreof; when g is 0 and X' is oxygen, any two or 3 of R”
can be taken together with the oxygen atoms to which they are attached to
form a cyclic moiéty; when g iS 3 any two of R” can be taken together
with the phosphorus atom to which they are attached to represent a
phosphacycle of the formula: '

W
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wherein R7 is as previously defined and ' is an integer from 4 to 11.

5 81.  The process of claim 80 wherein said organophosphorus

containing ligand is a bidentate phosphine selected from the formulae:

PR”, PR7,

wherein R is as previously defined and i is 0, 1, 2, or 3.

10

82.  The process of claim 81 wherein gis 3 and R is

independently selected from the group consisting of hydrogen, linear and
branched C;-Cyg alkyl, Cs-C1o cycloatkyl, linear and branched C;-Cyo
alkoxy, allyl, linear and branched C,-C,( alkenyl, substituted and

15 unsubstituted Cy¢-Cy zryl, and substituted and unsubstituted C4-Cy;
aryloxy. |

83.  The progcess of claim 82 wherein said wherein said aryl and
aryloxy groups are monosubstituted or multisubstituted and said
20 substituents are selected from the group consisting of linear and branched

C\-Cyo alkyl. halogen, aryl, and combinations thereof

AR
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84.  The process of claim 83 wherein R” is selected from the
group consisting of cyclohexyl, isopropyl, pheny!, naphthyl, o-tolyl, and

combinations thereof,

85.  The process of claim 77 or 78 wherein A' is selected from
the group consisting of halogen, nitrate, triflate, triflimide,
trifluoroacetate, and tosylate.

86.  The process of claim 77 or 78 wherein said weakly

coordinating anion salt is a salt of a borate or aluminate of the formula:

" [Cle MER*)RPYR*HRT))er

wherein C represents a cation selected from the group consisting of a
proton,-a Group 1 metal cation, a Group 2 metal cation, and an organic
group containing cation; b" and d" represent the number of times the
cation and anion complex of said weakly coordinating anion salt are taken
to balance the charge on said salt; M’ is boron or aluminum and R¥, st',
R, and R?*” independently represent fluorine, linear and branched C;-Cyo
alkyl, linear and branched C,-C,¢ alkoxy, linear and branched C;-Cs
haloalkenyl, linear and branched C;3-C;; trialkylsiloxy, Ci5-C3s
triarylsiloxy, substituted and unsubstituted Cs-C3y aryl, and substituted
and unsubstituted C4-Cso aryloxy groups wherein R** to R*” can not
simultaneously represent alkoxy or aryloxy groups.

87.  The process of claim 86 wherein said substituted aryl and
aryloxy groups are be monosubstituted or multisubstituted and said
substituents are independently selected from linear and branched C;-Cs
alkyl, linear and branched C,-Cs haloalkyl, linear and branched C,-Cs
alkoxy, linear and branched C;-Cs haloalkoxy, linear and branched C-Ci,

* C L M s *
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trialkylsilyl, C¢-Cig triarylsilyl, and halogen selected from chlorine,

bromine, and fluorine.

88.  The process of claim 77 or 78 wherein said weakly

5 coordinating anion salt is a salt of a borate or aluminate of the formula:
[Cly IM(ORZZYORZYOR™)(OR* ]

wherein C represents a cation selected from the group consisting of a

10 proton, a Group 1 metal cation, a Group 2 metal cation, and an organic
group containing cation; b" and d" represent the number of times the
cation and anion complex of said weakly coordinating anion salt are taken
to balance the charge on said salt; M" is boron or aluminum, R%*, R, R,
and R*" independently represent linear and branched C,-Cyo alky), linear and

15 branched C)-Cyp haloalkyl, C3-Cio haloalkenyl, substituted and
unsubstituted C¢-Csp aryl, and substituted and unsubstituted C;-C;q aralkyl
groups, subject to the proviso that at least three of R¥* to R* must contain
a halogen containing substituent; OR?* and OR?” can be taken together to
form a chelating substituent represented by -O-R**-0-, wherein the

20 oxygen atoms are bonded to M' and R*? is a divalent radical selected from
substituted and unsubstituted Cg-C3q aryl and substituted and
unsubstituted Cq- Cyg aralkyl.

89.  The process of claim 88 wherein said substituted aryl and

25 aralkyl groups-are monosubstituted or multisubstituted, and said
substituents are independently selected from linear and branched C,-Cs
alky), linear and branched C,-Cs haloalkyl, linear and branched C;-C;
alkoxy, linear and branched C;-Ci haloalkoxy, and halogen selected from
chlorine, bromine, and fluorine, preferably fluorine.

30 '
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90. . The process of claim 77 or 78 wherein said polycycloolefin
is selected from a monomer(s) of the formula:

R1
R2
R3

&

5 wherein “a” represents a single or double bond, m is an integer from 0 to
5, and when “a” is a double bond one of R’, R? and one of R3, R*isnot
present; R to R* independently represent hydrogen, substituted and
unsubstituted linear and branched C;-C)q alkyl, linear and branch;d
C1-Cip haloalkyl, substituted and unsubstituted linear and branched C,-C;

10 alkenyl, linear and branched C,-C,, haloalkenyl, substituted and
unsubstituted linear and branched C;-C;q alkynyl, substituted and
unsubstituted C4-Cy3 cycloalkyl, substituted and unsubstituted C4-C ;>
‘halocycloalkyl, substituted and unsubstituted C4-Cy5 cycloalkenyl,
substituted and unsubstituted C4-C) halocycloalkenyl, substituted and

15 unsubstituted C¢-C; aryl, substituted and unsubstituted C4-C;; haloaryl -
and substituted and unsubstituted C7-Cy4 aralkyl, R’ and R? or R® and R*
can be taken together to represent a C,-C)q alkylidenyl group,
~(CH2)iC(O)NH, ~(CH;)-C(O)CL, ~(CH2):C(O)OR’, (CHz)a-OR’,
-(CH2)s-OC(O)R’, -(CH;)a-C(O)R* (CH),-OC(O)OR?, -(CH,),SiR’,

20 <(CH)uSi(OR%)s, (CHa)aC(O)ORS, and the group:

wherein n independently represents an integer from 0 to 10 and R®

independently represents hydrogen, linear and branched C;.Cq alkyl,

M
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linear and branched, C,-Co alkenyl, linear and branched C;-Cyg alkynyl,

Cs-Cyz cycloalkyl, Ce-Ciq aryl, and Cy-Cas aralkyl; RS represéiits a radical

selected from -C(CHs)s, -Si(CHs)s, -CHR")OCH;CH;,

-CH(R)OC(CHs)s, dicyclopropylmethyl, dimethylcyclopropylmethyl, or
5 the following eyclic groups:

AN A i
3 T
. )
wherein R’ represents hydrogen or a linear or branched (C;-Cs) alkyl
group; R! and R* togethier with the two ring carbon atoms to which they
10 are attached can represent a substituted or unsubstituted cycloaliphatic
group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted
aryl group containing 6 to 18 ring carbon atoms and combinations thereof;
R' and R* can be taken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon
15 atoms to which they are attached form a pentacyclic ring, wherein Q
represents an oXygen atom or the group N(R?), wherein R® is s;"élected
from hydrogen, halogen, linear and branched C,;-Cq alkyl, azici_: Ce-Cis
aryl.

20 91.  The process of claim 90 further comprising at least one

multifunctional polycycloolefinic crosslinking monomer.

AL
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92.  The process of claim 91 wherein said multifunctional
polycycloolefinic crosslinking monomer contains at least two

polymerizable norbornene-type double bonds in its structure.

5 93.  The process of claim 92 wherein said crosslinking

monomer is selected from the group consisting of the formulae:

Q 0@ OO a0

Qo

and mixtures thereof, wherein m independently is an integer from O to 5

and R’ is a divalent radical selected from alkylene, aromatic, and ether
10 radicals.

94. - The process of claim 83 wherein said polymer is post

cured at elevated temperature for at least one hour.

15 95.  The process of claim 78 wherein said procatalyst is
selected from the group consisting of

e ——
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(altyDpalladium(iricyclohexylphosphine)triflate,
(allyl)palladinm(tricyclohexylphosphine)trifinoroacetate,
(allyDpaltadium(tri-o-tolylphosphine)trifiate,
(allyl)palladium(tri-o-tolylphosphine)triflucroacetate,
(allyl)palladium(trinaphthylphosphine)triflate, and
(allyl)palladium(trinaphthylphosphine)triflucroacetate.

96.  The process of claim 95 wherein said WCA salt is selected
from the group consisting of lithium tetrakis(perfluorophenyl)borate and
sodium tetrakis(3,5-bis(triftuoromethyl)phenyl)borate.

97.  The process of claim 96 wherein said WCA salt is (lithium
2.5 Et,0) tetrakis(perfluorophenyl)borate.

98. A composition of matter comprising a compound selected
from the group consisting of
(allyl)palladium(tricyclohexylphosphine)trifiate,
(allyl)palladium(tricyclohexylphosphine)trifluoroacetate,
(allyl)palladium(tri-o-tolylphosphine)triflate,
(allyDpalladium(tri-o-tolylphosphine)trifluoroacetate,
(allyl)palladium(trinaphthylphosphine)triflate, and
(allyl)palladium(trinaphthylphosphine)trifluoroacetate.

99.  The composition of matter of claim 98 further comprising
a compound selected from the group consisting of lithium
tetrakis(perfluorophenyl)borate, sodium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and (lithium 2.5 Et;O)
tetrakis(perfluorophenyl)borate.

—

O



WO 00/20472 ' PCT/US99/23243

-280-

100. A polymer composition comprising polycyclic repeating
units wherein at least a portion of said repeating units are represented by
the formula:

m

1 CH,0CH,—0
A% RV

wherein m represents an integer from 0 to 5; R' to R® represents
hydrogen, substituted and unsubstituted linear and branched C;-C;, alkyl,
linear and branched C,;.C;q haloalkyl, substituted and unsubstituted linear
and branched C,;-Cy alkenyl, linear and branched C,-C,¢ haloalkenyl,

10 substituted and unsubstituted linear and branched C,-C,p alkynyl,
substituted and unsubstituted C4-Cy2 cycloalkyl, substituted and
unsubstituted C4-Cz halocycloalkyl, substituted and unsubstituted C4-C)2
cycloalkenyl, substituted and unsubstituted Cs-C,> halocycloalkenyl,
substituted and unsubstituted Cq-Cy; aryl, substituted and unsubstituted

15 Cs-Ci2 haloary! and substituted and unsubstituted C5-Ca4 aralkyl, R! and
R? can be taken together to represent a C;-Cyg alkylidenyl group,
-(CH2)«C(O)NH;, -(CH;)/C(0)C}, ~(CH2)C(O)OR’, (CH2)n-C(O)OR’,
{(CH2)s-OR?, ~(CHz),-OC(OJR’, -(CH2)s-C(OJR’, -(CH)SIR’,
«(CH2)sSi(OR%)3, -(CH2)C(O)ORS, and the group:

20

-CH20CH2V0

L
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wherein n independently represents an integer from 0 to 10 and R®
independently represents hydrogen, linear and branched C,.Cyp alkyl,
linear and branched, C,-Cyy alkenyl, linear and branched C,-Cyy alkynyl,
Cs-Cy; cycloalkyl, Cg-Ci4 aryl, and C7-Chs aralkyl; RS represents a radical

5  selected from -C(CHz)s, -Si(CHs)s, -CH(R)OCH,CHs,
-CH(R")OC(CHs);, dicyclopropylmethyl, dimethylcyclopropylmethyl, or
the following cyclic groups:

HC CH,
© 6% 0
R R? 7,
¢) ~ :0: \EO]
U ! ’ (o)
10 wherein R’ represents hydrogen or a linear or branched (C;-Cs) alkyl

group.

101.  The polymer composition of claim 100 wherein said
polymer further comprises at least one repeating unit represented by the
15 formula:

Rz R3

B
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R' to R* independently represent hydrogen, substituted and unsubstituted
linear and branched C;-Cyg alkyl, linear and branched C,.C ¢ haloalkyl,
substituted and unsubstituted linear and branched C,-C;p alkenyl, linear _
and branched C,-Cj¢ haloalkenyl, substituted and unsubstituted linear and
5 - branched C,-Cy¢ alkynyl, substituted and unsubstituted C4-Cy5 cycloalkyl,

substituted and unsubstituted C;-C;2 halocycloalkyl, substituted and
unsubstituted C4-Cy, cycloalkenyl, substituted and unsubstituted C4-Cy;
halocycloalkenyl, substituted and unsubstituted C4-C;; aryl, substituted
and unsubstituted C4-C), haloaryl and substituted and unsubstituted

10 C7.Cy4 aralkyl, R' and R? or R? and R* can be taken together to represent a
C,-C,g alkylidenyl group, -(CH;),.C(O)NH;, -(CH2)2C(0O)Cl,
~(CH2)2C(O)OR?, (CH,)s-C(O)OR?, -(CH2),-OR’, -(CHy),-OC(O)R?,
~(CH)a-OC(O)YOR’, (CH2)uSiR’, «(CH;),Si(OR®)3, -(CH2),C(O)ORS, and
the group:

15

-CHZOCHZVO

wherein n independently represents an integer from 0 to 10 and R®
independently represents hydrogen, linear and branched C,.Cyy alkyl,
linear and branched, C,-Cy alkenyl, linear and branched C,-Cio alkynyl,

20 C5-C.§ cycloalkyl, C¢-Cy4 aryl, and C;-Cyq aralkyl; R® represents a radical
selected from -C(CHs)s, -Si(CH3)3, -CH(RYOCH,CHs,
-CH(RYOC(CHa)s, dicyclopropyimethyl, dimethylcyclopropylmethyl, or
the following cyclic groups: |

R?

ORI S

0 6 E
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wherein R represents hydrogen or a linear or branched (C;-Cs) alkyl
group; R' and R* together with the two ring carbon atoms to which they
are attached can represent a substituted or unsubstituted cycloaliphatic
5 group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted

aryl group containing 6 to 18 ring carbon atoms and combinations thereof;
R' and R* can be taken together to form the divalent bridging group,
-C(0)-Q-(O)C-, which when taken together with the two ring carbon
atoms to which they are attached form a pentacyclic ring, wherein Q

10 represents an oxygen atom or the group N(Ra), wherein R? is selected
from hydrogen, halogen, linear and branched C;-C;o alkyl, and C¢-Ci3
aryl,

I e
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