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IN MOLD ADDITION POLYMERIZATION
OF NORBORNENE-TYPE MONOMERS USING
'~ GROUP 10 METAL COMPLEXES

FIELD OF THE INVENTION

The present'invention relates to nickel and palladium catalysts that
are capable of polymerizing polycyclic olefins via addition
polymerization to yield saturated, high glass transition temperature
polymers. The saturated polymers can be prepared as thermoplastic or
thermoset materials and have improved oxidative resistance, high -
temperature behavior, and better mechanical properties after aging than
cyclic polymers prepared by ring-opening metathesis polymerization.

BACKGROUND OF THE INVENTION

~ Preparation of thermoset c_:ycloolefm polymers by the ring
opening metathesis polymerization (ROMP) is a relatively recent
development in the polymer art. Reaction injection molding (RIM) of
polyolefins by the ring-opening of metathesis polymerizable polycyclic
olefinic monomers in the presence of alkylidene complexes is a
particularly important aspect of polycyclic olefin chemistry. For example,
Klosiewicz (U.S. Patent Nos. 4,400,340 and 4,520,181) discusses a
method whereby polydicyclopentadiene can be prepared by combining a
plurality of reactant monomer streams. Klosiewicz discloses the
preparation of ROMP polymers from dicyclopentadiene via a two-stream
reaction injection molding techniqix_e Wh_erein one stream, includes a
"procatalyst”, and the second stream, includes a "procatalyst activator" or
"activator". The monomer reactant streams are combined in a mix head
where the procatalyst and activator gcnerafe an active.metathesis catalyst.

The reactive catalyst/monomer mixture is immediately injected into a
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. reaction scheme below.
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mold where, within a matter of seconds, polymerization takes place
forming a solid lalrti_cle. in the shape of the mold.- Although such

metathesis catalysts are very effective in the polymerization of pdlycyclic
olefins, the'unsaunatéd nature of the starting m&n'omers isretained inthe
polymer backbone. In addition, the resultant polymer contains a repeat
unit with one less cyclic unit than did the startmg monomer as shown in

the reaction scheme below. _

__ROWP

In sharp contrast, despite bemg formed from the same monomer, an - .
'-addmon-polymenzed polycychc oleﬁn is clearly dlstmgu:shable overa

' .ROMP polymer. Because of the dlfferent (add;tmn) mechanism, the
. addmon polymer has no backbone C—C unsaturauon as shown m the |

The difference in structures of ROMP and addition polymers of
polycyclic monomers is evidenced in their propemes, eg., thermal _
properties, mechanical properties after agmg and polymer surface quallty
The addition-type polymer of polycychc olgﬂns such as norbornene has a .

‘high Tg of about 350°C. The unsaturated ROMP polymer of norbornene

exhibits a Tg of about 35°C, and exhibits poor thermal stability at high
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temperature above 200°C because of its high degree of backbone
unsaturation. - '

‘Ring-opened metathesis polymers and mp&ilymers'of
dicyclopentadiene are known to have excellent glass transition _
temperatures (Tg) and high impact resistance. Because of their high Tg
values, however, these polymers are difficult to melt process once formed.
Crosslinking in the melt also.occurs when the ring-opened polyrher or
copolymer contains a pendant five member unsaturated ring such as
results when dicyclopentadiene is used to form the pblymer or copolymer.
Crosslinked polymers are extremely difficult to melt piocess. This poses
a significant disadvantage to solution poiymeriied polymers which must

“be melt processed to provide finished articles. In contrast, for polymers
and copolymers prepared in bulk, processing, in terms of melt flow, is less
of a problem since the polymerization takes place in a mold and in the
shape desired. Melt processing for such bulk polymerized polymers and
copolymers is normaily not required. Therefore, bulk polyrriériz_ation-
provides significant advantages where high temperatufe resistance is
desired in the finished article. "

Suld, Schneider, and Myers (U.S. Patent No. 4,100,338) disclose a
method to polymerize norbornadiene to a solid polymer in the presence of
a catalytic system of nickel acetylacetonate or a nickél-phosphine
complex and an alkyl aluminum chloride. They note that if the
temperature increases too much then cooling is required to successfully
polymerize the monomer. Typically, polynorbornadiene is processed at
temperatures of less than 100°C. Generally, however, the polymérization
of the norbornadiene with an optimal amount of the catalyst system is not
characterized by a rapid exotherm. |

In similar fashion, Brownscombe and Willis (U.S. Patent No.
4,451,633) polymerized an olefinic monomer feed in the pr_esende ofa
Ziegler-Natta type coordination catalyst system .comprising a Group IV
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metal containing component and activator hydrides and halides, an

‘organometal activator selected from Groups I to IIl. This method permits
the production of polyolefinic articles that are difficult or impossible to

produce from polyolefinic powder or pellets by convention methods. The
monomer feed in U.S. Patent No. 4,451 ,633 comprises. hliphatic and

_ cycloahphatxc alpha olefins as well as other diolefins (producmg :

) 'polymenc articles containing some unsaturatxon)

Polymers having improved heat resistance can be obtained
through the use of comonomers. For example, the heat resistance of -

dicyclopentadiene can be mcreased by copolymenzmg DCPD with a

‘crosslmkmg or bulky comonomer However the 1mproved heat

resistance obtained at the cost of decreased impact resistance.

Sjardijn and Snel (U.S. Patent No. 5,093,441) employed ring-
opening metathesis polymerization on specifically bulky norbornenes
(generated' frﬁm the 1:1 Diels-Alder adducts of cyclopentadiene and

_ norbomene, norbomadlene and cyclooctadlene) to provide copolymers

showmg tailored propertles, such as increased glass transition
temperature. Likewise, Hara, Endo, and Mera (European Patent
Application No. 287762 Aﬁ) prepared highly crosslinked copolymers by
metathesis from heat treated .cyclooctadiene_and dicyclooctadiene:

Tsukamoto and Endo (Japanese Patent Application, 9-188714,
1997) polymerized ethylidene norbornene via Ziegler type polymerization
in a RIM process to yield addition polymerized solid objects. The -
disclosed catalyst comprise a Group IV metal containing procatalyst and
Group III metal containing activator.

Nagaoka et. al. (Japanese Published Apphcanon No. 8-325329,
1996) describe a process for the polymerization of a polycycloolefin
polymer via reaction injection molding (RIM) in the presence of a Group
10 transition metal compound and a coﬁ_:atalyst. A molded article
containing no unsaturated bonds is polymerized from norbornene-type
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‘monomers containing only one polymerizable norbornene functionality.

There is no disclosure or suggestion of a crosslinked polymer product or a

procatalyst species containing both a Group 15 electron donating ligand

(e.g., triphenylphosphine) and a hydrocarbyl ligand that are coordinated to

the Group 10 metal. The co-catalyst species are selected from a myriad of
compounds including organoatuminums, Lewis acids, and various borate
salts. The use of simple Group 1, Group 2 and transition metal salts are
not discussed or exemplified. Accordingly, a Group 10 metal catalytic
species that requires the presence of both a Group 15 electron donating
ligand and a hydrocarbyl ligand are not contemplated. In addition, there
is no suggestion, implication, or tcachiné of the important combination of
a Group 10 metal procatalyst contaiﬁin'g a Group 15 electron donor ligand
and a hydrocarby! ligand in combination with a weakly coordinating

" anion salt activator.

Goodall et al. (U.S. Patent Nos. 5,705,503; 5,571,881; 5,569,730;
and 5,46,819) have shown that Group 10 catalyst systems are useful in
generating thermoplastic addition polymers from a variety of norbornene
derivatives in polar and non-polar solvents. The catalyst system employs
a Group 10 metal ion source, a Lewis acid, an organoaluminum |
compound, and a weakly coordinating anion. The glass wansition
temperature of the polymers are in the range of 150°C to 350°C. In thé_
absence of a "chain transfer agents" polynbrbofnéne polymei's are |
generated whose molecular weights (Mw) are over 1,000,000. Pdlymers
formed with too low a molecular weight are of limited utility in
thermoplastic articles. Polymers with too high a molecular Weight can
only be cast from solution and in some cases are completely insoluble and
difficult to thermoform. "Melt—proceészible“ means that the polymer is
adequately flowable to be thermoformed in a température window above

its Tg, but below its decomposition temperature. There is no disclosure of

PCT/US99/29156
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a method to directly polymerize a polycyclic olefinic monomer directly
into a polymeric ai_t_icle of manufacture. . |

'_I‘henndset polymers with high impact strength and high modulus
find useful applications as engineering polymers in such articles of
manufacture as automobiles, containers, appliances, recreational
equipmént, and _pipt?e . _

Any gobd thermoset polymer should meet at least'two criteria. It
should have_deéirabie phyéica_l_ properties and it should lend itself to easy
synthesis and forming. Among the most desirable physical properties for -
many polymers is a combination of high impact strength, high -
temperature pc,rfonn_ahce, and high modulus. A standard test for impact
strength is fhe ﬁoiched Izod impact t_és_t, ASTM No. D-256. For an
unreinforced thgrinoset polymer to have good impact strength, its notched -
Izod impact should be at least 1.5 ft. 1b./in. notch. It is desirable that this
good impact strength be combined with 2 modulus of at least about
150,000 psi at ambient temperature, Among the critical factors in the
synthesis and fohning of a thermoset polymer are _the.coxidit_ions required
to make the-pol_ymer.Set up or gel. Many thermoset polymers require -
considerablé time, _e__levated temperature_and pressure, or additional steps
after the reactants are mixed before the scﬁing is complete. -

_ Not only. is _.it de_sifable that the thermoset polymér have high -
impact stréngth, but it is also desirable that it be easily synthesized and
formed. A RIM prbcess achieves this second goal by in-mold
polymerization. The process involves the mixing of two or more low
viscosity reactive streams. The combined streams are then injected into a
mold where they quicl§1y set up into a solid infusible mass. RIM is
especially suited fof molding large intricate objects rapidly and in low
cost equipment. Because the procéss requires only low pressures; the

‘molds are inexpensive and_easily changed. Furthermore, since the initial

* materials have low viscosity, massive extruders and molds are not _
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necessary andenergy requirements are minimal comp;:l%d to the injection
molding or compression molding commonly used.

. For a RIM system to be of use with a particular polymer, certain-
requirements must be met: (1) The individual streams must be stable and
must have a reasonable shelf life under ambient conditions. (2) It must be
possible to mix the streams thoroughly without their setting up in the
mixing head. (3) When injected into the mold, the materials must set up
to a solid system rapidly. (4) Any additives (i.e., fillers, stabilizers,
pigments, etc.) must be added before the material sets up. Therefore, the
additives selected must not interfere with the polymerization reaction.

. It can be seen that when devel'opihg a RIM process a tradeoff must
be made. It is desirable that the polymer set up quickly, but the
polymerization cannot be too quick. The components cannot be so
reactive that they set up in the mixing head before they can be injected
into the mold. Once in the mold, however, the polymer should set up as
quickly as possible. It is not desirable that the polymer take a long fime
or require additional steps to gel completely.

There is an interest in stabilizing Group 10 transition metal
cationic catalysts with anionic species. It would be desirable to prm"ide a
catalyst for the polymerization of norbornene, other hydrocarbon
polycyclic olefins and crosslinkable polycyclic olefins, and norbornenes
bearing functional groups. In particular, it is desirous to develop weakly
coordinating anions which are stable at a wide variety of temperatures,
resistant to impurities, not hazardous to make or use, inexpensive, and
capable of being used with a wide a variety of monomers and solvents,
including those with functional groups. One very desirable attribute is
hydrocarbon solubility for both the cation weakly coordinating anion pair
activator as well as the resultant Group 10 transition metal cationic
catalyst.

PCT/US99/29156
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There is a need for polycyclic olefinic polymers that have very

low levels of residual monomer, no solvent, higher levels of heat

resisfance, and resistance to oxidation and degradation, while maintaining

other properties, such as impact and tensile strengths at lcvels similar to

those found in the prior art. In the case of dicyclopentadiene

polymerization, if the reaction is not virtually quanﬁtaﬁ\}e, there will be

unreacted monomer in the thermoset product and the molded article will

have an undesirable odor. This odor greatly limits the applications in

.which polymenzed product can be used. L

~ Highly converted, crosslinked, and toughened polyoleﬁmc articles -

. have not been produced by carrying out the- addition;polymerization ofa

polycyclic monomer with a coordination catalyst in a mold having the

shape of the desired article.

- SUMMARY OF. INVENTION

- This invention encompasses.a method for producmg a hlgh impact
strength, high temperature resistant homopolymer or copolymer
comprising addition polymerized units of norbornene-type monomers by.
using a two or more part addition polymerization catalyst system. The
polymer is a tough, rigid material with high modulus and excellent impact
strength. The flexural modulus is in the range of about 150,000 to about
300,000 psi. and the notched Izod impact strength is at least 1.5 ft. 1b./in.
notch. " _ : .
The polymer can be synthes1zed by reacting norbomene-type
MONOMETS wx_th_ a two part addition polymerization catalyst system. The
first part of the catalyst system is comprised of an addition polymerization
procatalyst, preferably a neutral,
(r-allyD)palladium(triflate)(trialkylphosphine) derivative. The second part
of the addition polymerization catalyst system is comprised of an
activator such as lithium tetrakis(hexafluoropropoxyphenyl)aluminate
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(LiAI(OC(CF3)2Ph)s) or lithium tetrakis(pentafluorophenyl)borate. In a
preferred embodiment the two addition polymerization catalyst system
components, plus the monomer or comonomers, form the basis for at least
two separate reactant streams which are mixed in the head of a RIM
machine to form a reactive composition which is then injected into a mold .
where it will quickly setup into a tough, infusible mass. Various additives
such as fillers, stabilizers, colorants, and reinforcement materials can be
added to modify the properties of the polymer.

The .invention also provides a storage stable activator component
of a reactive formulation wherein the reactive formulation comprises at
least two components, and at least one polycyclic monomer. |

It is an object of the invention to provide a method for producing
polymeric article in the shape of a mold cavity comprising a polycyclic
repeating unit said method comprises polymerizing a polycyclic olefinic
monomer feed in the presence of a Group 10 coordination catalyst.

It is another object of this invention to provide a process for |
molding olefinic polymers by mixing two or more reactant solutions of a
polycyclic olefin and addition polymerizing them into a solid
thermoplastic or thermoset polymieric object using a nickel or palladium
procatalyst and an activator. . -

Another object of this invention is to provide a method for the
preparation of a unicomponent addition polymerization catalyst by mixing
a Group 10 metal containing procatalyst and a weakly coordinating anion
based activator. In addition, this invention will also provide a process to
obtain a molded article by employing a preformed catalyst generated from
procatalyst and activator components in a suitable medium which is
mixed as a stream with other monomer streams and then transferred into a
mold where the mixture polymerizes into a solid object.

It is another object of this invention to provide catalysts that are

more efficient in polymerizing polycyclic olefins.

PCTUS99/29156
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It is still another object of this invention to provide a catalyst for
the polymerization of polycyclic olefins capable of high monomer to
polymer conversion.

It is a further object of the invention to provide a Group 10 metal
procatalyst containing a hydrocarby] ligand and a Group 15 elecron
donor ligand. o L

~ -Itis a another object of the invention to activate a Group 10 metal

. procatalyst containing a hydrocarbyl ligand and a Group 15 electron

donor ligand - with a salt of a weakly coordinating anion. -
. Therefore, it is a further object of this invention to provide

- catalyst compositions that polymerize strained ring polycycloolefins
~ .. producing polymers with a higher level of heat resistance and resistance
 to aging than prior art polymers while maintaining their impact strength.

... - Itis still a further object of the invention to provide a reaction
mixture that contains a: Group 10 metal procatalyst in combination with a
weakly coordinating anion salt, a polycycloolefin monomer and a

multifunctional polycycloolefin monomer containing at least two -

. polymerizable norbornene moieties.

It is another object of the invention to provide a reaction mixture
that contains monomers that release exothermic energy upon
polymerization. . -

- Itis ano,thgr object of the invention to polymerize a

-polycyclpoleﬁn selected from triethoxysilyl norbornene, butylnorbornene,

norbomene, dimethanotetrahydronaphthalene (TDD), and mixtures

~ thereof in the presence of a catalyst composition comprising (a) a Group

10 transition metal compound, and (b) an activator. .
. A further object of this invention is to provide activators with

superior hydrocarbon and monomer solubility. -
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 represents an Oak Ridge Thermal Ellipsoid Plot
(ORTEP) of Li(HOCH,)4[B(02CsCls)a]-
Figure 2 represents an (ORTEP) of
[(allyl)PdP(j-Pr)s(NCCH3)]1[B(0:CsCla)].

DETAILED DESCRIPTION OF THE INVENTION
To mold plastic articles by reaction injection molding (RIM), resin

transfer molding (RTM), liquid injection molding (LIM), casting, lay up
or spray up procedures, a reactive formulation of monomers which
polymerize to substantially complete conversion to polymer is pro.vided.-
The reactive formulation of the invention contains polycycloolefin
monomers in combination with an activated addition polymerization
catalyst system which polymerizes the monomers to at least 90%
conversion. This invention provides storage stable activator components
of such reactive formulations. A polymerization system is provided
wherein a storage stable activator component is combined with a
separately stored procatalyst component. When the storage stable
components of the polymerization system are combined in monomer, a
reaction mixture is obtained. In preferred embodiments, the
polymerization system can be used as a complete feedstock for reaction
injection molding (RIM), RTM or LIM processes. The polycyclic
monomers within the storage stable components provided by this
invention are characterized by the presence of at least one norbornene
moiety.

Catalyst System
The catalyst of the invention comprisés a Group 10 metal cation
complex and a weakly coordinating counteranion complex represented by
Formula ] below: ' B

- PCT/US99/29156
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- [RM(L )WL Y5 [WCALa I -

wherein M represents a Group 10 transition metal; R represents an
anionic hydrocarbyl ligand; L represents a Group 15 neutral electron
donor ligand; L" represents a labile neutral electron donor ligand; x is 0, 1
or 2 (preferably 1 or 2); y is 0, 1, or 2; 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 counté.fanioncorxi_plex 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
E complex and does not -trans'fer_'-'to the cation compléx to form a neutral
' product. The WCA anion is rélatively inertin that it is non-oxidative,

: non-reducmg, and non-nucleophilic.”

“An anionic hydrocarbyl ligand is any hydrocarbyl ligand which

" ‘when removed from the metal center M in its closed shell electron .
g cdnﬁguration, 'has a negative charge. -

A neutral electron donor is any ligand which when removed from

the metal center M in its closed shell electron configuration, has a neutral

| charge. -

A labile neutral electron donor ligand is any ligand which is notas -
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 bemg the

most preferred metal.

PCT/US99/29156
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Representative anionic hydrocarbyl ligands defined under R
include hydrogen, linear and branched C,-Cyg alkyl, Cs-Cg cycloalkyl,
linear and branched C;-Cyg alkenyl, C¢-C;s cycloalkenyl, allylic ligands or
canonical forms thereof, C¢-Cso aryl, Cs-Cso heteroatom containing-aryl,
and C,-Cj3 aralkyl,-each of the foregoing groups can be optionally
substituted with hydrocarbyl and/or heteroatom substituents preferably
selected from linear or branched C,-C; alkyl; linear or branched C;-Cs
haloalkyl, linear or branched C,-Cs alkenyl and haloalkenyl, halogen,
sulfur, oxygen, nitrogen, phosphorus, and pheny} optionally substituted
with linear or branched C,-Cs alkyl, linear or branched C-Cs haloalkyl,
and halogen. ' ' ' '

The cycloalkyl, and cycloalkenyl ligands can be monocyclic or
multicyclic. The aryl ligands can be a single ring (e.g., phenyl) or a fused- |
ring system (e.g., naphthyl). In addition, any of the cycloalkyl,
cycloalkenyl and aryl groups can be taken together to form a fused ring
system. Each of the monocyclic, multicyclic and aryl ring systems
described above optionally can be monosubstituted or multisubstituted
with a substituent independently selected from hydrogen, linear and
branched C;-C;s alkyl, linear and branched C;-Cs haloalkyl, linear and
branched C;-C;s alkoxy, halogen selected from chlorine, fluorine, iodine.
and bromine, Cs-C)¢ cycloalkyl, C¢-Cis cycloalkenyl, and C¢-Csg 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 I1I
illustrate cationic complexes wherein R’ represents multicycloalkyl and
multicycloalkenyl ligands, respectively. In Structure III the norbornenyl
ligand is substituted with a alkenyl group. '
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WL ‘.Q}M(m (L

Structure 1 ' $tfixcture i}

(LML),

Structure [T~

wherein M, L', L', x and y are as previously defined. -
~Additional examples of cationic complexes where R' represents a
5 ring system is illustrated in Structures IV to IVc below. . -

way| | Sl mnan| |

Structure IV " StuctwreIVa  Structure IVb ' Structure IVc

wherein M, L, L, x and y are as previously defined.
“In another embodiment of the invention R represents a

10 hydrocarbyl ligand containing a terminal group that coordinates to the
Group 10 metal. The terminal coordination group containing hydrocarbyl
ligand are represented by the formula -CyH¢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 alkeny] or heteroatom containing

15 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
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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:

[«(m;\ M(Lm"} |
1/

Structure V .

wherein M, L, L", &', x and y are as j:reviously defined, and X represents a
" radical selected from the group -CHR*=CHR", -OR", -SR?, -NR"),,
| N=NR?, -PR"),, -C(O)R?, -C(R*)=NR*, -C(0)OR?, -OC(O)OR?,
-OC(O)R*, and R* represents hydrogen, halogen, linear and branched -
~ C-Cs alkyl, linear and branched C,-Cs haloalkyl, Cs-Co cycloalkyl,
" linear or branched C,-Cs alkenyl, linear or brahched C2-C;s haloalkenyl,
 substituted and unsubstituted C¢-C)g aryl, and substituted and
' unsubstituted C;-Cas aralkyl. |
The substituted terminal group containing hydrocarbyl
metallacycles can be represented by structure Va, below.-

RY

Rz M(L')x(L" v

Structure Va
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wherein M, L, L', X, x and y are as previously defined, n represents an
integer from 1 to 8 and R", R?, and R independently represent hydrogen,
linear and branched C,;-C; alkyl, linear and branched C;-Cs haloalkyl,
linear or branched C5.Cs alkenyl, linear and branched C,-Cs haloalkenyl,
substituted and unsubstituted Cg-Csp aryl, substituted anc_l unsubstituted
C7-Csy aralkyl, and halogen. Any of R', R%, and R¥ can bé taken together
along with the carbon atoms to which they are attached can form a
substituted or unsubstituted aliphatic Cs-Czp monocyclic or polycyclic
ring system, a substituted or unsubstituted C@Clq_aromatic ring system, a
substituted and unsubstituted C;o- Co fused aromatic ring system, and . -
combinations theteof. When substituted; the rings described above can .
contain monosubstitution or multisubstitution where the substituents are
independently selected from hydroger, linear and branched Cy-Cs alkyl,
linear and branched Cy-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 n is 0, X is bonded to the
carbon atom that contains the R substituent. -

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

LAL,

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

5 Vg below.
N-NR‘ %CHa’z (0-CH3CH
(L ML), é WLy, | ML), é (L,
Structure Vd Structure Ve Structure VI Structure Vg

Illustrative examples of cation complexes containing polycyclic

aliphatic ring systems are set forth under structures Vh, Vi, and Vj below:
10. '

s#(l-'lx(l-")y

ill(L‘).(L‘),

RY
L R

Structure Vh Structure Vi Structure Vj

In Structures V throixgh Vj above, n' is an integer from 0 to 5; and
X, M,L,L", "a",nX,Y, R" and R¥, are as previously defined, and
R and R® independently represent hydrogen, and linear and branched
15 C;-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.
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Examples of heteroatom containing aryl ligands under R’ are
pyridinyl and quinoliny! ligands. '

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

Structure V]

wherein R?*, R?, and RZ each mdependently represent hydrogen,
' halogen, linear and branched C;-Cs alkyl, Cs—Cm cycloalkyl linear and
" branched C,-Cs alkenyl Cs-Cso aryl C7-C3o aralkyl each optlonally
10~ substituted with'a substltuent selected from lmear and branched C)-Cs
" alkyl, hnear and branched Cl-Cs haloalkyl ha]ogen and phenyl whlch
can opnonally be substxtuted with linear and bra.nched Cl-Cs alkyl linear .
'~ and branched Ci-Cs haloalkyl and halogen Any two of R, R?", and
" R¥ canbe lmked together w:th the carbon atoms to whnch they are

15 " atiached to form a cychc or mulncychc ring, each optlona!ly subst1tuted
with linear or branched C-Cs 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,
2-chloroallyl, crotyl, 1,1-dimethyl allyl, 2-methylallyl, léﬁhenylallyl,

20 2-phenylallyl, and B-pinenyl. "

Representative cationic comiplexes containing an allylic ligand are

shown below.
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: o'l' .| w ':". I..'. L“ |
<M(,_ ML, ML
Structure Via Structure Vib

In Su'uctures VI, Via, and VIb M, L', L", x and y are as previously
defined. . .

Additional examples of allyl ligands are found in R. G. Guy and
B. L. Shaw, Advances in Inorganic Chemistry and Radiochemistry, Vol.
4, Academic Press Inc., New York, 1962 J. Birmingham, E. de Boer,
M. L. H. Green, R.B. King, R. Koster, P LL Nagy, G. N Schrauzer,
Advances in Organometallic Chemistry, Vol. 2, Academic Press Inc.,
New York, 1964; W. T. Dent, R. Long and A. J. __Wilkinson, J. Chem.
Soc., (1964) 1585; and H.C. Volger, Rec. Trav. Chim. Pay Bas, 88 (1969)
225; which are all hereby incorporated by reference.

Representatlve neutral electron donor ligands under L‘ include
amines, pyridines organophosphorus containing compounds and arsines
and stibines, of the formula:

ER™

wherein E is arsenic or antimony, and R” is independently selected from
hydrogen, linear and branched C;-Cio alkyl, Cs-Cio cycloalkyl, linear and
branched C;-Cy alkoxy, allyl, linear and branched C,-C alkenyl, C¢-Cya
aryl, C¢-Ci3 aryloxy, arylsufides (e.g., PhS), C;-C,3 aralkyl, cyclic ethers
and thioethers, tri(linear and branched C,-Cio alkyDsilyl, tri(Cs-Ca
aryl)silyl, tri(linear and branched C,-C alkoxy)silyl, triaryloxysilyl,
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tri(linear and branched C;-Cio alkyl)siloxy, and tri(Cs-Ciz aryDsiloxy,
each of the foregoing substituents can be optionally substituted with linear
or branched C;-Cs alkyl, linear or branched C;-Cs haloa!l:(yl; Cy-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, h’ept"yl,- 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 éther and cyclic thioether grdups include but are not
limited furyl and thienyl, respectwely Representatwe aryl groups include
but are not limited to phenyl, o—tolyl and naphthyl Representatwe

" aralkyl groups include but are not limited to benzyl, and phenylethy_l (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 foregoiﬁg groups-¢an be 'optionally-subsﬁtuted with
. linear or branched C;<Cs alkyl linear or branched Cl-Cs haloalkyl and

halogen. . _
Representative pyridines include lutidihe (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-t—buty1§yridi_ne.

Representative arsines include triphenylarsine, tri'e't.hylarsine, and
triethoxysilylarsine.

Representative stibines include triphenylstibine and
trithiophenylstibine. _ _ _

Suitable amine ligands can be selected from amines of the formula
N(R®)s, wherein R® independently represents hydrogen, linearand
branched C,-Cy alkyl, linear and branched Ci-Czé haloalkyl, substituted
and unsubstituted C3-Cyy cycloalkyl substituted and unsubst:tuted C(,-C.s
aryl, and substituted and unsubsntuted C7-C|g aralkyl When subsututed
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the cycloalkyl, aryl and aralkyl groups can be monosubstituted or -
multisubstituted, wherein the substituents are independently selected from-
hydrogen, linear and branched C;-Cj; alkyl, linear and branched C,-Cs
haloalkyl, linear and branched C-Cs alkoxy, Ce-C2 aryl, and halogen
selected from chlorine, bromine, and fluorine. Representative amines
include but are not limited to ethylamine, tricthylamine, -
diisopropylamine, tributylamine, N,N-dimethylaniline, N,N-dimethyl-4-¢-
butylaniline, N,N-dimethyl-4-z-octylaniline, and N,N-dimethyl-4-
hexadecylaniline. ' '

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

PRGXR s

wherein X' is oxygen, nitrogen, or silicon, R is as defined above and
each R” substituent is independent of the other, gis 0, 1,2, or 3, and h s

' 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, his2. 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:

RTP  (CHy

wherein R7 is as previously defined and h' is an integer from 4 to 11.
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Representative phosphine ligands include, but are not limited.to
trimethylphosphine, triethylphosphine, tri-n-propylphosphine,
triisopropylphosphine, tri-n-butylphosphine, tri-sec-butylphosphine, .
tri-i-butylphosphine, tri---butylphosphine, tricyclopentylphosphine,
triallylphosphine, n'ibyclohexylphosphine, triphe,ny-lphosphine, -
trinaphthylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine, .
tri-m-tolylphosphine, tribenzylphosphine,

(p—tnﬂuoromethylphenyl)phosphme, ms(mﬂuoromethyl)phosphme
tri(p-fluorophenyl)phosphine, tri(p-trifluoromethylphenyl)phosphine,
allyldiphenylphosphine, benzyldiphenylphosphine, bis(2-furyl)phosphine,
bis(4-methoxyphenyl)phenylphosphine, i)is(4-methylphenyl)phosphine, '
bis(3,5-bis(trifluoromethyl)phenyl)phosphine,
t-butylbis(trimethylsilyl)phosphine, -butyldiphenylphosphine,

- cyclohexyldiphenylphosphine, diallylphenylphosphine,

dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine,
di~-butylphosphine, dicyclohexyiphosphine, dlethylphenylphosphme,

: dl-:-butylphosphme, dimethylphenylphosphine,

dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, diphenyl(p-tolyl)phosphine, -
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine, .
(2-methoxyphenylmethylphenylphosphine, 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,
tris(3-methoxyphenyl)phosphine, tris(4-methoxyphenyDphosphine,
tris(3-methoxypropyl)phosphine, tris(2-thienyl)phosphine,
tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsilyl)phosphine,

~ isopropyldiphenylphosphine, dicyclohexylphenylphosphine,

PCT/US99/29156
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(+)-neomenthyldiphenylphosphine, tribenzylphosphine,
diphenyl(2-methoxyphenyl)phosphine,
diphenyl(pentaﬂuorophenyl)phosphine,
bis(pentafluorophenyl)phenylphosphine, and
tris(pentafluorophenyl)phosphine.

The phosphine ligands can also be selected from phosphine
compounds that are water soluble thereby imparting the resulting catalysts
with solubility in aqueous media. Selected phosphines of this type
include but are not limited to carboxylic substituted phosphines such as
4-(diphenylphosphine)benzoic acid, and 2-(diphenylphosphine)benzoic =
acid, sodium 2-(dicyclohexylphosphino)ethanesulfonate;. '
4,4‘-(phenylphosphinidene)bis(benzéne 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-functionalized 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-(dlcyclohexylphosphmo)-N N,N-
trimethylethanaminium iodide.

Examples of phosphite ligands include but are not limited to
trimethylphosphite, diethylphenylphosphite, triethylphosphite, '
tris(2,4-di-t-butylphenyl)phosphite, tri-n-propylphosphite,
triisopropylphosphite, tri-n-butylphosphite, tri-sec-butylphosphite,
triisobutylphosphite, tri-z-butylphosphite, dicyclohexylphosphite,
tricyclohexylphosphite, triphenylphosphite, tri-p-tolylphosphite,
tris(p-trifluoromethylphenyl)phosphite, benzyldxethylphosphlte and -
tribenzylphosphite.

PCT/US99/29156
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Examples of phosphinite ligands include but are not limited to
methyl diphenylphosphinite, ethyl diphenylphosphinite, isopropyl
diphenylphosphinite, and pheny! diphenylphosphinite. - o

Examples of phosphonite ligands include but are not limited to
diphenyl phenylphosphonite, dimethyl phenylphosphonite, diethyl |
methylphosphonite, diisopropyl phenylphosphomte, and diethyl
phenylphosphonite. _

Representative labile neutral electron donor ligands (L") are,
DMF, DMSO, cyclooctadiene (COD), water, chlorinated alkanes,
alcohols, ethers, ketones; nitriles, arenes, phosphine oxides, organic
carbonates and esters.

Representative chlorinated 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 RYOH, wherein R® represents linear and branched Cy-Co alkyl,
linear and branched C;-Cso haloalkyl, substituted‘and unsubstituted C-Cao
cycloalkyl, substituted and unsubstituted Cs-Chg aryl, substituted and
unsubstituted Cs-Cig aralkyl and substituted and unsubstituted
norbornenyl. When substituted, the cycloalkyl, aryl, aralkyl, and
norbornenyl groupé can be monosubstitutéd 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, Cs-Ci2 aryl, and halogen selected from chlorine,
bromine, and fluorine. Representative alcohol ligands include but are not
limited to methanol, ethanol, n-propanol, isopropanol, Butanol hexanol,

t-butanol, neopentanol, phenol, 2,6-di-i-propyiphenol, 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

PCT/US99/29156
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C1~C)o alkyl radicals, ‘linear and branched C;-Czp haloalkyl, substituted
and unsubstituted C3-Cao cycloalkyl, linear and branched C}-Cyo alkoxy
substituted and unsubstituted C¢-Cis aryl, and substituted and-
unsubstituted Cs-C )5 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,-Cs alkoxy, C¢-C 2 aryl, and halogen selected from chlorine,
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 dimethy] ether, dibﬁfy]
ether, methyl-t-butyl ether, di-i-propy] ether, diethyl ether, diocty] ether,
1,4-dimethoxyethane, THF, 1,4-dioxane and tetrahydrothiophene. -
Suitable ketone ligands are represented by ketones of the formula
RY'C(O)R'" wherein R"" independently represents hydrogen, linear and

‘branched C;-Cyo alkyl, linear and branched C;-Cao haloalkyl, substituted
~ and unsubstituted C3-Cyp cycloalkyl, substituted and unsubstituted cg-c,s '
aryl, and substituted and unsubstituted C¢-Cys 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;-Cs
haloalkyl, linear and branched C,-Cs alkoxy, C¢-C;; aryl, and halogen
setected from chlorine, bromine, and fluorine. Representative ketones
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;-Cao alkyl, linear
and branched C;-Cy haloalkyl, substituted and unsubstituted Cs-Cag
cycloalkyl, substituted and unsubstituted Cg-C;3 aryl, and substituted and
unsubstituted Cs-Cs aralkyl. 'When substituted, the cycloalkyl, Iarxl and
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.aralky] groups can be monosubstituted or multisubstituted, wherein the

substituents are independently selected from hydrogen, linear and
branched C;-Ci alky), linear and branched C;-Cs haloalkyl, linear and
branched C;-Cs alkoxy, Ce-Ci12 aryl, and halogen selected from chlorine,
bromine, and fluorine. Representative nitriles include buf are not limited
to acetonitrile, propionitrile, benzonitrile, benzyl cyanide, and
S-norbornene-2-carbonitrile. L

The arene ligands can be selected from substituted and
unsubstituted C¢-Ci arenes containing monosubstitution or
multisubstitution, wherein the substituents are independently selected
from hydrogen, linear and branched C,-C. alkyl, linear and branched
C1-Cs haloalkyl, linear and branched C,-Cs alkoxy, Cs-Ciz 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, chlorobenzene, pentafluorobenzene,

. o-dichlorobenzene, and hexafluorobenzene. -

Suitable trialkyl and triaryl phosphine oxide ligands can be

~ represented by phosphine oxides of the formula P(O)(R'*);;, wherein RY¥ *
. independently mepre,éents linear and branched C;-Cy alky), linear and

- branched C;-Cy haloalkyl, substituted and unsubstitutedC3-Czp -
- cycloalkyl, linear and branched C;-Cy alkoxy, linear and ‘branched CiCx

haloalkoxy, substituted and unsubstituted C¢-C,3 aryl; and substituted and
unsubstituted C;-Cys 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;-Cs alkoxy, Cs-C2 aryl, and halogen selected from chiorine,
bromine, and fluorine. Representative phosphine oxides include but are
not limited to triphenylphosphine oxide, tributylphosphine oxide,
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trioctylphosphine oxide, tn'butylphosphate, and
tris(2-ethylhexyl)phosphate.

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

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:

IMEHRDHEHED] T 0
[M(OR®)OR®)OR)OR™™)] Il

wherein in Formula II M' is boron or aluminum and R*, R**, R*, and
R*” independently represent fluorine, linear and branched C;-Ci alkyl,
linear and branched C;-C) alkoxy, linear and branched C;-Cs
haloalkenyl, linear and branched C;-C,, trialkylsiloxy, C;s-C3¢
triarylsiloxy, substituted and unsubstituted C4-Csp aryl, and substituted
and unsubstituted C¢-Csq 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-Cs haloalkyl, linear and branched C,-Cs
alkoxy, linear and branched C,;-Cs haloalkoxy, linear and branched C;-C;,
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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)borate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, .
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-tetrafluorophenyl)borate, _
 tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
-ethyltris(perfluorophenyl)borate, phenyltns(perﬂuorophenyl)borate ]
. tetrakis(1 2,2-tnﬂuoroethylenyl)borate,
- tetrakis(4-tri-i-propylsilyltetraflucrophenyl)borate,

tetrakis(4-dimethyl-fers-butylsilyltetrafluorophenylborate,

- (triphenylsiloxy)tris(pentafluorophenyl)borate; -

(octyloxy)tris(pentafluoropheriyl)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-(trifluoromethyl)ethyl}-5-(trifluoromethyl)phenyli]borate, |

* and tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-triflucroethoxy)-1-
~ (trifluoromethyl)ethyl]-5-(trifluoromethyl)phenyljborate.

Representative aluminate anions under Formula II include but are
not limited to tetrakis(pentafluorophenyl)aluminate,

~ - tris(nonafluorobiphenyl)fluoroaluminate,

(octyloxy)tris(pentafiuorophenyl)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;-C; alkyl, linear and
branched C,-C; haloalkyl, C>-Cyo haloalkenyl, substituted and -
unsubstituted C¢-C3o aryl, and substituted and unsubstituted C7-Cs aralkyl
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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, wherein the

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,-C;y haloalkoxy, and halogen selected from
chlorine, bromine, and fluorine, prefcraﬁly fluorine. The groups OR*®
and OR?” can be taken together to form a chelating substituent
represented by -O-R3?-O-, wherein the oxygen atoms are bonded to M’
and R*? is a divalent radical selected from substituted and unsubstituted
Cs-C3p aryl and substituted and unsubstltuted Cs- Cy¢ aralkyl. Preferably,
the oxygen atoms are bonded, ither directly or through an alkyl group, to
the aromatic ring in the ortho or meta position. When substituted the aryl
and aralkyl groups can be monosubstituted or multisubstituted, wherein
the substituents are independently selected from linear and branched
C,-Cs alkyl, linear and branched C,-Cs haloalkyl, linear and branched
C,-Cs alkoxy, linear and branched Cy-C;p haloalkoxy, and halogen
selected from chlorine, bromine, and fluorine, preferably fluorine.
Representative structures of divalent R*? radicals are illustrated below:
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wher_eiri R33'. independently represents hydrogeh. linear and branched
C-Cs alkyl. linear and branched C;-Cs haloalkyl, and halogen selected
from chlorine, bromine, and fluorine, preferably fluorine; R¥* canbea

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;-Cs alkoxy,
linear and branched C1-Co haloalkoxy, and halogen selected from

hlorme, bromm , and fluorine, preferably fluorine; and n" independently

represents an mteger fromQto 6. It should be.recognized that whenn" is -
.0 the oxygen atom in the formula -O-R¥-0- is bonded directly to-a -
~carbon atom in the aromatic ring represented by R*Z. In the above divalent

structural formulae the ‘oxygen atom(s) ;i.e,, when n" is 0, and the

. methylene or snbstltuted methylene group(s), -(CR*>)2) -, are preferably

located on the aromatw ring in the ortho or meta positions. - -

‘Representative chelating groups.of the formula - R*2.-0- include but are

-not limited to are 2,3,4,5-tetrafluorobenzenediolate (-OC¢F40-),
 234,5-tetrachlorobenzencdiolate (-OCCLO-), and

. 2,3,4,5-tetrabromobenzenediolate (-OC¢Br40-), and

bis(1,1"-bitetrafluorophenyl-2,2'-diolate).

. Representative borate and aluminate anions under Formula Il
include but are not limited to [B(O2CsFa)T, B(OC(CF)(CHa)MJ,
[B(OC(CF3)H)], [B(OC(CF:XCHy)H)T, [AOC(CF3):Ph)],
[B(OCH(CF3))]’, [AI(OC(CF3),Cetls-CHs)aT, [AOC(CF3)s)a],
[AOC(CF;)XCH3)H)4]', [AOC(CFa)H)d], [Al(OC(CF3)2CeHs-4-i-Pr)e],
[AOC(CF3),CeHy-4-t-butyl)a], [AOC(CF3),CsHy-4-SiMes)a, ],
[A{OC(CF3),CsHy-4-Si-i-Pr3)a], [Al(OC(CFj)ngHz-Z,6-(CF3_)2—4-Si-1’~
Prs)a], [AOC(CF3),CsH3-3,5-(CF3)2l], [A(OC(CF3),CeHz-2,4,6-
(CFa)s)J', and [ANOC(CF3),CsFs)]. |
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The boratobenzene anions useful as the weakly ooor'dinéting

counteranion can be represented by Formula IV below:

wherein R is selected from fluorine, fluorinated hydrocarbyl,
perfluorocarbyl, and fluorinated and perfluorinated cthers. 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 chlorine, bromine, jodine, and fluorine. The term
fluorohydrocarbyl means that at leaét one hydrogen atom on the
hydrocarby! 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 hydrocarbyl group
have 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 étoms, 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 not limited to
fluorinated and perfluorinated linear and branched C,-Cy4 alkyl, -
fluorinated and perfluorinated Cs-Cy4 cycloalkyl, fluorinated and
perfluorinated C,-Cy4 alkenyl, fluorinated and perfluorinated C3-Cpg -
cycloalkenyl, fluorinated and perfluorinated Cs-Ca4 aryl, and fluorinated
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and perfluorinated C;-C34 aralkyl. The fluorinated and perfluorocarbyl
ether substituents are represented by the formulae -(CHz)mOR®®, or
~(CF2)mOR® respectively, wherein R*'is a fluorinated or perfluorocarbyl
group as defined above, m is and integer of 0to 5. It is to be noted that
when m is 0 the oxygen atom in the ether moiety is directly bonded
attached to the bﬁron_ 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 trifluoromethyl, perfluoroethyl, perfluoropropyl,

pmﬂuormsopropyl pentafluorophenyl and bis(3,5-trifluoromethyl)phenyl.

mdependently represents hydrogen, halogen, perﬂuorocarbyl
and sxlylperﬂuorocarbyl radicals, wherein the perfluorocarbyl and

silylperfluorocarby! are as defined previously. Preferred halogen groups

are selected from chlorine, ﬂuonne, thh 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 atoi 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, S-bls(mﬂuoromethyl)phenyl] 1,2- dxhydro-4-(pentaﬂuorophenyl)—2— o
borate. - _

- The _carborane and halocarborane anions.useful as the weakly
coordinating counteranion include but are not limited to CBy;(CHa);2",
CByH)z, 1-CoHsCB Hyy', 1-PhsSiCB ) Hyy, 1-CF3CByH, |,

’ lz'BtCBuHu', 12-BrCB;H,;, 7,12-Br,CB11Hyo, IZ-CICBHH“-,

7,12-Cl,CB\1Hyo, 1-H-CB;\Fiy, 1-CH3-CByyFyy', 1-CF5-CByiFyy',
12-CBHyF, 7,12-CByH\ Fy, 7,9,12-CByuHy Fy', CBjHeBrg ',
6-CBgHsF", 6,8-CByHgF?, 6,7,8-CBoH1F3, 6,7,8,9-CBoHeF 4,
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2,6,7,8,9-CBgH;sFs, CBgHsBrs™, CB1jHeCls, CB11HeFs. CB11HeF6,
CB,;H¢ls", CBy1HeBrg, 6,7,9,10,11,12-CB+HeFs , 2,6,7,8,9,10-CBgHsFs,
1-H-CBoFy, 12-CB;;H;;(Ce¢Hs)', 1-C6Fs<CB;1HsBrg", CBy1Mey2,
CB1;1(CF3)12", Co(ByCoH 1)2", CBu(CHs)ia', CB11(CsHohz,

CB11(CsHiz)iz', Co(C2BgHi),’, Co(Br;C2BgHg), and
dodecahydro-1-carbadodecaborate.

Catalyst Preparation
- The catalysts of FormulaI can be prepared as a preformed single
component catalyst in solvent_or' can be prepared in situ by admixing'thé
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 temperature conditions, and
isolating the catalyst product. In another embodiment, a Group 10 metal
procatalyst is admixed with a Group 15 electron donor compound and/or a-
labile neutrat 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 Group 10 metal procatalyst containing a Group 15 electron donor ligand
is admixed with a salt of a weakly coordinating anion in an appropriate =~
solvent to yield the preformed catalyst complex.

The catalyst preparation reactions are carried out in solvents that
are inert under the reaction conditions. Examples of solvents suitable for
the catalyst preparation reaction include but are not limited to alkane and
cycloalkane solvents such as pentane, hexane, heptane; and cyclohexane;
halogenated alkane solvents such as dichloromethane, chloroform, carbon
tetrachloride, ethylchloride, 1,1-dichloroethane, 1,2-dichloroethane,
1-chloropropane, 2-chloropropane, 1-chlorobutane, 2-chlorobutane,
1-ch10ro-2—rhethylpropane, and 1-chloropentane; ethers such as THF and
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diethylether; aromatic solvents such as benzene, xylene, toluene,
mesitylene, chlorobenzene, and o-dichlorobenzene; and'hal'ocarbon :
solvents such as Freon® 112; and mixtures thereof, Prgferred solvents
include benzene, fluorobenzene, o-difluorobenzene, p-difluorobenzene,
5 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,
10 - more preferably from about 0°C to abouF 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
15  carried out under inert atmosphére such as nitrogen or argon.
The reaction is carried out by dissolving the procatalyst in a
- suitable solvent and admixing the appropriate ligand(s) and the salt of the
desired weakly coordinating anion with the dissolved ptbéatalyst, and
optionally heating the solution until the reaction is compléte. The
20 preformed single component catalyst can be isolated or can be used
directly by adding aliquots of the preformed catalyst in solution to the
polymerization medium. Isolation of the product can be accomplished by
standard procedures, such as evaporating the solvent, washing the solid
with an appropriate solvent, and then recrystallizing the desired product.
25 The molar ratios of catalyst components employed in the preparation the
preformed single component catalyst of the invention is based on the
metal contained in the procatalyst component. Ina 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 prefefably,
30 1:1-2:1-5. In embodiments of the invention where the procatalyst is
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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 catalyst product as shown in
equation (1) below. '

1. [RMA'L+xL'+yL" + [WCA] salt = [RMLNW(L")Js [WCAJy

Suitable procatalyst dimers of the formula [R'MA'} include but are not
limited to the following compositions (allyl)palladiumtrifluoroacetate
dimer, (allyl)palladiumchloride dimer, (crotyl)palladinmchloride dimer,
(allyl)palladiumiodide dimer, (B-pinenyl)palladiumchloride dimer,
methallylpalladium chloride dimer, 1,1-dimethylallylpalladium chloride
dimer, (allyl)palladiumacetate dimer, '
[CH,C(CH3)CHa(C;oH,0)Ni(O.CCF3)] (the inserted moiety CioHjpis
derived from dicyclopentadiene), [CHzC(CH3)CH2(C7H1o)N1(02CCF3)]z)]
(the inserted moiety CoH;o is derived from norbornene), '
[CH2C(CH3)CH,(C ;3H22)N1(02CCF3)]; (the inserted moiety Cj3Hs is
derived from hexylnorbornene), [CH>C(CH3)CH,(C14H,6)Ni(O,CCF3)]>
(the inserted moiety CyoH)o is derived from norbornadiene dimer,
[NBD},), [CH2C(CH3)CH»(CysH;5)Ni(O;CCF3)h(the inserted moiety
CisHis is derived from tricyclopentadiene),
[CH,C(CH3)CHz(exo-CipHa)Ni(O,CCF3)]; (the inserted moiety
exo-C,H,. is derived from exo-pentyinorbornene), and '
[CH,C(CH3)CHa(C)3H22)Ni(O,CCF3)); (the inserted mmety C,;sz is
derived from hexylnorbornene).
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In another embodiment , a ligated Group 10 metal procatalyst of
the formula [RM(L")yA'] 1:s admixed with a Group 15 electron donor
compound, (L"), and a salt of a suitable weakly coordinating anion in an
appropriate solvent to produce the single component catalyst product as

5 shown in equation (2) below.
2. [R'M(L"),A"+xL'+ [WCA] salt & [RM(L)x(L")y]s [WCAJs

A representative procatalyst of the formula [R'M(L")yA"] includes but is
10 not limited to (COD)palladium (methyl)chloride. |
In a further embodiment, a Groui) 10 metal ligated procatalyst of .
- the formula [R'M(L")A"] containiné 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 camlyst product as

15 . ShOWl’l in equatlon (3) below e p

3. [RM(t')xA-'] HIL [wcA] slt > [RMA)(y s [WCAL |

Suitable procatalysts of the formula [R' (L’)xA'] include but are not

20 lnmted to the following compositions:
(allyl)palladmm(tncyclohexylphosphme)chloride,.
(allylpalladium(tricyclohexylphosphine)trifiate,
(allyDpalladium(triisopropylphosphine)triflate, |
(allyl)palladium(tricyclopentylphosphine)triflate,

25 (allyl)palladium(tricyclohexylphosphine)trifluotoacetate,
(allyl)palladium(tri-o-tolylphosphine)chloride,
(allylypalladium(tri-o-tolylphosphine)triflate,
(allylpaliadium(tri-o-tolylphosphine)nitrate,
(ally)paliadium(tri-o-tolylphosphine)acetate,

30 (allyl)palladium(triisopropylphosphine)triflimide,
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(allylpalladium(tricyclohexylphosphine)triflimide,
(allyl)palladium(triphenylphosphine)triflimide,
(allyl)palladium(trinaphthylphosphine)triflate, .
(allyl)palladium(tricyclohexylphosphine) p-tolylsulfonate,
(allyl)palladium(triphenylphosphine)triflate,
(allyl)palladium(triisopropylphosphine)trifluoroacetate,
(allyl)platinum(tricyclohexylphosphine)chloride,
(allyDplatinum(tricyclohexylphosphine)triflate,
(1,1-dimethylallyl)palladium(triisopropylphosphine)trifluoroacetate.
(2-chloroallyl)palladium(triisopropylphosphine)trifluoroacetate,
(crotyl)pa]ladium(tﬁisopropylphosphine)tﬁﬂate,
(crotyl)palladium(tricyclohexylphoéphine)triﬂate,
(crotyl)palladinm(tricyclopentylphosphine)triflate,
(methallyl)palladium(tricyclohexylphosphine)triflate,
(methallyDpalladium(triisopropylphosphine)triflate, -
(methallyDpalladium(tricyclopentylphosphine)trifiate,
(methallyl)palladium(tricyclohexylphosphine)chloride,
(methaliyl)palladium(triisopropylphosphine)chloride,
(methallyl)palladium(tricyclopentylphosphine)chloride, -
(methallyl)palladium(tricyclohexylphosphine)triflimide,
(methallyl)palladium(triisopropylphosphine)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,
(methaﬂyl)palladium(tricyclopentylphosp}ﬁne)acetate,
(methallyl)nickel(tricyclohexylphosphine)triflate,
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{2-[(dimethylamino)methy!]phenyl-C N-}-palladxum(tncyclohexyl-
phosphine)chloride, ' o :
[(dlmethylammo)methyl]phenyl -C.N- }-palladmm(tncyclohexyl— -
phosphine)trifiate, .

5 (hydrido)palladium bis(tricyclohexylphosphine)chloride,

" (hydrido)palladium bis(triisopropylphosphine)chloride,
(hydrido)palladium bis(tricyclohexylphosphine)nitrate,
(hydrido)palladium bis(u'icyc-lohexylphosphinc)triﬂuotoacetate, -
(hydrido)palladiumbis(triisopropylphosphine)trifiate,

10 - (hydn'dO)palladiumbis(tricyclohexylphbsphine)u'iﬂate,_and- -
o (hy"drido)p'alladiu’mbis(tticyélohexylphOéphine)fonnate. v
Other procatalyst components suitable for use in the foregoing
© process include (Me;NCH;CgH4)Pd(O3SCF3)P(cyclohexyl)s (i.e.,
ortho-metallatedphenylmethlyenedimethylamino palladium
15 - - tricyclohexylphosphine), (MexNCH,C¢Hy)Pd(O3SCF3)P(-Pr)s (ie.,
© * ortho-metallatedphenylmethlyenedimethylaming palladium -
triisopropylphosphine), (allyl)PdP(i-Pr);CFs, (allyD)Pd(PCy3)CeFs,
(CH3)Pd(PMe;),Cl, (Csz)Pd(PMe'g)zCl,-(:Ph)Pd(PMe;')zCl, |
- (CH3)Pd(PMes),Br, (CH3)Pd(PMe;Ph);Cl, (C.Hs)Pd(PMe;),Br,
20 - (CHs)Pd(PMe;3),Br, (Ph)Pd(PMe;);Br, (CH3)Pd(PMe;)NO;, -
(CH)PA(P(i-Pr)s)o(03SCF), (n'-benzy)Pd(PEt;),Cl,
~ (ally)Pd(PMe;)OC(O)CH,CH=CHy,, (allyl)Pd(AsPh;)C],
(allyD)Pd(PPh;)CL, (allyl)Pd(SbPhs)Cl, (methylallyl)Pd(PPh;)Cl,
(methylallyl)Pd(AsPhs)Cl, (methylallyl)Pd(SbPh3)CL,
25 (methylallyl)Pd(PBu3)Cl, and (methylallyl)Pd(P[(OCH,);]CH)CL.

In another embodiment, the catalyst can be formed by protonatmg '

a procatalyst of the formula:

(CaHa) ML)y, -
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in the presence of a Bronsted acid based WCA salt or an equivalent
reaction utilizing a carbonium or silylium based WCA salt to yield an
active catalyst as illustrated in Eq. 4.

HWCA
(protonation)

4. CqHad) ML), ———= [H—ACota MLKL)IWCA]

In this embodiment R' is a divalent hydrocarbyl. ligand of the formula-
-(C4Hz4)- 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 hydroc#rbyl_backbon.e aﬁd 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;-Cs haloalkyl,
Cs-Cio cycloalkyl, and C¢4-C)g aryl. The cycloalkyl and aryl moieties can
optionally be substitutéd with a halogen substituent selected from '
bromine, chlorine, fluorine, and iodiné, preferably fluorine. In addition,
any two or three of the alkyl substituents taken together with the
hydrocarby] backbone carbon atoms to which they are attached can form
an aliphatic or aromatic ﬁng system. The rings can be monocyclic,
polycyclic, or fused. Protonation occurs at one of the hydrocarbyl/metal
center bond interfaces to yield a catioﬁ complex with a monovalent
hydrocarbyl ligand coordinated to the metal center M.

In another embodlment 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

‘PCT/US99/29156
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produce the single component catalyst product as shown in equation (4)
below. '

5. [RM(L")(L"),A'] + [WCA] salt = [R'M(LW(L")yls [WCA]4

Suitable procatalysts-of the formula [R'M(L W(L")yA"] include but are not
limited to the following compositions:

" [(allyDPd(NCCH3)P(i-P1)3][B(02-3,4,5,6-ClsCe)s],

[(ally)PAGHOCH3)P(i-Pr)s][B(02-3,4,5.6-CLiCeal,
KallyPA(HOCH:)(P(-Pr)s)][B(O-3,4,5.6-BruCohl,
[(allyhPA(HOCHs YP(-Pr)s)IB(O2CoHalal,
[(allyDPA(OEL)(P(-Pr)s)][BPha], [(ally)PA(OEL)PG-Pr))ISbF el
[(allyl)Pd(OEt2)(P(i-Pr)s)] [BF4], [(allyl)Pd(OE)(PCys)] [BFi],
[(allyl)PA(OEt:)(PPhs)) [BF); [allyDPA(OE)(P(-Pr);)) [PF)
[(allyl)Pd(OE)(PCy3)] [PFel, [allyDPA(OE:)(PPhs)] {PFe],

-{(aliyDPA(OBL)YP(-Pr))}ICION), [(allyhPA(OEL)(PCys)] [CIO],
[(allyPA(OEt;)(PPhy)] [CIOs], [(ally)PA(OBL)P(-Pr)s)] [SFe),

[(allyl)Pd(OE1,)(PCy3)] [SbFs], and [(allyl)Pd(OEt;)(PPhs)] [SbFs]. :
~ In the above equations and formulae, R', M, L', L, [WCA] b,d,

- x,.and y are as defined above, A’ is an anionic leaving group which is

defined below, [WCA] salt is a metal salt of the weakly coordinating
anion [WCA], and the abbreviations Me, Et, Ph, Pr, Bu, and Cy as used

_here and throughout the specification refer to méthyl, ethyl, ph'ehyl,

propyl, butyl, and cyclohexyl, respectively.

The foregoing Group 10 metal procatalysi component_s are
commercially available or can be synthesized by techniques well known
in the art. g |
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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 salt.
Leaving group A' is selected from halogen, nitrate, triflate
(trifluoromethanesulfonate), triflimide (bistrifluoromethariesulfonimide),
trifluoroacetate, tosylate, AlBry, AlFy, AICLy, AIF30;SCFs, AsCl,
SbClg, SbFg,, PFg, BF4,ClO4, HSOy, acetates, carbonates, aluminates,
and borates. o : '

In another embodiment the leaving group can be a hydrocarbyl
group or halogenated hydrocarbyl 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;-Cs alkyl, linear and branched C,-Cs
haloalkyl, Cs-Co cycloalkyl, and C¢-Cio aryl. The cycloalkyl and aryl
moieties can optionally be substituted with a halogen substituent selected
from bromine, .chlorine, fluorine, and iodine, preferably fluorine. In this

" embodiment, A' is protonated to yield the neutral moiety A'H. Methyl
and pentafluorophenyl groups are representative examples of leaving
groups under this embodiment.

Halogen leaving groups include chiorine, iodine, bromine and
fluorine. The acetates include groups of the formula R*C(0)0", and the
carbonates include groups of the formula R*0C(0)0", wherein R**
represents linear and branched C,-Cs alkyl, linear and branched C,-Cs
haloalkyl (preferably fluorine), linear or branched C,-Cs alkenyl, C¢-Cy2
aryl, optionally monosubstituted or independently multisubstituted with
linear and branched C,-Cs alkyl, linear and branched C;-Cs haloalkyl, and
halogen (preferably fluorine). h '
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The aluminate and borate leaving groups can be represented by the
formulae M'(R*), , M(GR™), , M'(-C=CPh)s , or.a moiety represented
by the following structures :
wherein G is a sulfur or oxygen atom Ph represents phenyl and substituted -

o —G_ 56—
Crot)

phenyl as defined below, and R* independently represents linear and
“branched Cy-Cjo alkyl, linear and branched C;<Cjo chloro- or bromoalkyl,
* Cs-Co tycloalkyl, substituted and unsubstituted aryl, preferably, 'phe_nyl'
and substituted phenyl, substituted and unsubstituted Cy-Cao aralkyl,
preferaﬁly;' 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, and combinations thereof.

S Représenmtivé aluminate groups include but are not limited to

" tetrapherioxyaluminiate, tetrakis(cyclohexanolato)aluminate,

" ‘tetraethoxyaluminate; tetramethoxyaluminate,

tetrakis(isopropoxy)aluminate, tetraksi(2-butanolato)aluminate, -
tetrapentyloxyaluminate, tetrakis(2-methyl-2-propanolatb)aluminate,
tetrakis(nonyloxy)aluminate, and bis(2-methoxyethanolate-0,0")bis(2-
meihoxyethanolate-O')aluminate, tetrakis(phenyl)almninate, '
tetrakis(p-tolyl)aluminate, tetrakis(m-tolyl)aluminate,
fetfakis(2;4-dime'ﬂlylphenyl)aluminate, and
tetrakis(3;5-dimethylphenylatuminate.

Representative borate groups include tetraphenylborate, -
tetrakis(4-methylphenyl)borate, tetrakis(4-chlorophenyl)borate,
tetrakis(4-bromophenyl)borate, tetrakis(2-bromo-4-chlorophenyl)borate,
butyltriphenyliborate, tetrakis(4-methoxyphenyl)borate,
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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-tolylborate,
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 arylsulfony! containing anions of the formulae (R*SO,),CH’; |
(R*'S0,)5C", and (R*?S0O,),N", wherein R* independently represents
linear and branched C;-Cy highly-fluorinated and perfluorinated alkyl,
Cs-Ci5 highly fluorinated and perfluorinated cycloalkyl, and highly
fluorinated and perfluorinated C¢-Co aryl. Optionally, the alkyl 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
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
5 or 6 atoms, 1 or 2 of which t;,an 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 perfluorinated moiety. In

'PCT/US99/29156
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addition to or in lieu of fluorine atom substitution on the ary!l ring(s), the
aryl groups can contain linear and branched C;-Cjo highly fluorinated and
perfluorinated alkyl groups, such as, for example, trifluoromethyl. 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 limited to (C2FsSO,):N,, (C4FsSO2)N’, (CF;SOz)zN' =
(CF380:)(CaFsSOz)N’, (CF3)2NCzF4SO21N', (CeFsSO2)(CF3SO)N,,

(CF 3SOz)(CHF2$02)N‘ (CstsOZ)(Cngoz)N' (C3F7SO;)2N
((CF3)2(F)CS0,)oN", (C4F3(CF3);NSO,),N> (CgF ,7802)30’, (CF380,);C,

(CF3S0;),CH, (C4FsSO2:C, (CF3S022(C4FsS02)C,

((CF3)2NC2F4302)C(502CF3)2 . (3 5-blS(CFs)CsHs)SOzN(SOzCFs) R

' '(cstsoz)C(socha)z , and the structures excmphﬁed below:

) so;-cs= sc:a2 cr-‘z : so2 cv=
N' C& . Cﬁﬁ . _CF
SO—CF . o o, ? ,
/FFF*¥? . l : /FFT<T=
” 0\ /N—c,vaso,cf(so,cr—',)z 9 /N—czF.so,N'sozca
CF;~CF, . » CF;CF,

Additional highly fluorinated and perfluorinated alkylsulfonyl and
arylsulfonyl anions suitable as leaving groups are de'scribed in Turowsky
and Seppelt, Inorganic Chemistry, 1988, 27, 2135-2137, aﬁd inU.S.
Patent Numbers 4,387,222; 4,505,997; 5,021 308' 5,072,040; 5,162,177;
and 5,273,840 the disclosures of which are hereby incorporated by

reference.
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WCA SALTS

The salt of the weakly coordinating anion employed in the process
of the present invention can be represented by the formula [C(L").}»
[WCALJy, 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 isan integer from 0 to 8,and band d
represent the number of times the cation complex and weakly -
coordinating counteranion complex (WCA), respectively, are taken to
balance the electronic charge on the overall salt complex. '

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

barium. The transition metal cation is selected from zinc, silver, and
thallium. |

The organic group cation is selected from ammonium,
phosphonium, carbonium and silylium cations, i.e., INHR*'3]", [NR*",J*,
[PHR*'3], PR 4], [R*"5CT", and {R*"3Si]", where R*" independently
represents a hydrocarbyl, silylhydrocarbyl, or perfluorocarbyl group, each
containing 1 to 24 carbon atoms, more preferably, from 1 to 12 carbons
arranged in a linear, branched, or ring structure. By perfluorocarbyl 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;-Cyy alkyl, C3-Cy cycloalkyl, linear and branched
Cz to Cy alkenyl, C3-Cy cycloalkenyl, Cg-Caq aryl, and C3-Cyq4 aralkyl,
and organometallic cations. The organic cations are selected from trityl,
trimethylsilylium, triethylsilylium, tris(trimethylsilyl)silylium,
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tribenzylsilylium, triphenylsilylium, tricyclohexylsilylium, .
dimethyloctadecylsilylium, and triphenylcarbenium (i.e., trityl). In
addition to the above cation complexes ferrocenium cations such as -
[(CsHs).Fe]” and [(Cs(CHa)),Fe]" 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-flucrophenyl)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, - - . . .
- ferrocenium tetrakis(3-fluorophényl)borate,
- ferrocenium tetrakis(pentafluorophenyl)borate,

lithium tetrakis(4-fluorophenyl)borate, .

- sodium t'étrakis(4-ﬂuoroph_enyl)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, S-dlﬂuorophenyl)borate
lithium tetrakis(pentafluorophenyl)borate, :
lithium(diethyl ether) tetrakis(pentafluorophenyl)borate, :
lithium(diethy! ether), s tetrakis(pentafiuorophenyl)borate, - -
lithium tetrakis(2,3,4,5-tetrafluorophenylborate,
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lithium tetrakis(3,4,5 6-tetrafluorophenylborate,

lithinm tetrakis(1,2,2-trifluoroethylenylborate, -

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

lithium methyitris(perfluorophenyl)borate,

lithium phenyltris(perfluorophenyl)borate,

lithium tris(isopropanol) tetrakis(pentafluorophenyl)borate, lithium
tetrakis(methanol) tetrakis(pentafluorophenyl)borate,

silver tetrakis(pentafluorophenyl)borate, _
tris(toluene)silver tetrakis(pentafluorophenyl)borate,.
tris(xylene)silver tetrakis(pentafluorophenyl)borate,

trityl tetrakis(pentafluorophenyl)borate, .

trity] tetrakis(d-triisopropylsilyltetrafluorophenyl)borate,

trity] tetrakis(4-dimethyl-rers-butylsilyltetrafluorophenylborate, -
thalhum tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, -
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate
lithium (triphenylsiloxy)tris(pentafluorophenyl)borate,

sodium (triphenylsiloxyJtris(pentaflucrophenyl)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,

thallium tetrakis(2,3,4,5-tetrafluorophenyl)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,
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trityl tetrakis(2,3,4,5-tetrafluorophenyl)borate,
trityl tetrakis(3,4,5,6-tetrafluorophenyl)borate, -

_ trityl tetrakis(1,2,2-trifluoroethylenyl)borate,

trityl tetrakis(3,4,5-trifluorophenyl)borate,
trityl methyltris(pentafluorophenyl)borate, -
trityl phenyltris(perfluorophenyl)borate,

silver tetrakis[3,5-bis(trifluvoromethyl)phenyl]borate, .
- silver(toluene) tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,

thallium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate;:

- lithium (hexyltris(pentafluorophenyl)borate;
. lithium triphenylsiloxyu'-is(pentaﬂuoropﬁenyl)bo'rate,- R
_ 'lithimn(octyloxy)ttis(pentaﬂuoropheﬁyl)bota_te,
- lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, :
. sodium tetrakis(pentafluorophenybborate, = . -~ -
. sodium(octyloxy)tris(pentaflucrophenyl)borate, - - s
-sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,, . -
- potassium tetrakis(pentafiuorophenyl)borate, - .

trityl tetrakis(pentafluorophenyl)borate; -~ », - it o |

*, potassium(octyloxy)tris(pentaflucrophenyl)borate, - -
- potassium tetrakis(3,5-bis(triflucromethyl)phenyl)borate, . -

magnesium tetrakis(pentafluorophenyl)borate,

magnesium magnesium(octyloxy)tris(pentafluorophenyl)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, - -

lithiurn tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1- - -

- (triflnoromethyl)ethyl]phenyl]borate,

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

thallium tetrakis[3,5-bis[1-methoxy-2,2.2-trifluoro-1~
(trifluoromethyl)ethyl]phenyl}borate,

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

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

silver tetrakis[3-]1-methoxy-2,2,2-trifluoro-1 -(tnﬂuoromethyl)ethyl]-s- :
(triftuoromethyl)phenyl]borate,

thallium tetrakis{3-[1-methoxy-2,2 2-tnﬂuoro—l (tnﬂuoromethyl)ethyl]-s-
(trifluoromethyDphenyl]borate, '
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)eﬂlyl]-s—(n'iﬂuoromethyl)phepyl]borate,
 silver tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-

(triﬂuoromethyl)ethyl]-S-(u'iﬂuoromethyl)phenyl]boraié;

thallium tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl}-5-(trifluoromethyl)phenyl]borate, =~
trimethylsilylium tetrakis(pentafluorophenyl)borate,
trimethylsilylium etherate tetrakis(pentafluorophenyl)borate,
triethylsilylium tetrakis(pentafluorophenyl)borate, triphenylsilylium
tetrakis(pentafluorophenyi)borate, '
tris(mesityl)silylium tetrakis(pentafluorophenyl)borate, tribenzylsilylium
tetrakis(pentafluorophenyl)borate,

trimethylsilylium methyltris(pentafiuorophenylborate,
triethylsilylium methyltris(pentafluorophenyl)borate,
triphenylsilylium methyltris(pentafluorophenyl)borate,
tribenzylsilylium methyltris (pentaflucrophenyl)borate,
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trimethylsilylium tetrakis(2,3,4.5-tetraflucrophenyl)borate; .
triethylsitylium 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-tetrafluorophenylborate,

. triphenylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
trimethylsilylium tetrakis(3,4,5-trifluorophenyl)borate, -
tribenzylsilylium tetrakis(3,4,5-trifluorophenylaluminate,
triphenylsilylium methyltris(3,4,5-trifluorophenyDaluminate,
triethylsilylium tetrakis(1,2,2-triftuoroethenyl)borate,
tricyclohexylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
dimethyloctadecylsilylium tetrakis(pentafluorophenyl)borate,
tris(trimethyl)silyl)silylivm: metl_xyltri(2;3,4,5-tetraﬂudrophényl)borate,'
2,2'-dimethyl-1,1"-binaphthylmethylsilyliom RS
tetrakis(pentafluorophenyl)borate, - ... .. .
2,2"-dimethyl-1,1'-binaphthylmethylsilylium .-
tetrakis(3,5-bis(trifluocromethyl)phenyl)borate, -
lithium tetrakis(pentafluorophenyl)aluminate, -
ﬁmﬂ&mmﬁﬂpmuﬂhmﬁmhmwbﬂmnmmq-_
trityl (perﬂuorobiphenyl)ﬂuoroaluminate, :
lithium(octyloxy)tris(pentafluorophenyl)aluminate, =
lithium tetrakis(3,5-bis(trifluoromethyl)phenyDaluminate, -
sodium tetrakis(pentafluorophenyl)aluminate,
trityl teﬂalds(pcntaﬂuofophenyl)almninate,
sodium(octyloxy)tris(pentafluorophenylaluminate,
sodium tetrakis(3',5-bi.s(triﬂuommemyl)phenyl)aluminate,
potassium tetrakis(pentafluorophenylaluminate,
trityl tetrakis(pentafluorophenyl)aluminate,
potassium (octyloxy)tris(pentafluorophenyl)aluminate, -
potassium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, -
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magnesium tetrakis(pentafluorophenyl)aluminate,
magnesium(octyloxy)tris(pentafluorophenylaluminate, -
magnesium tetrakis(3,5-bis(trifluoromethyl)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 11 include but are not limited to |
LiB(OC(CFs)3)s, LiB(OC(CF3)2(CH;))s, LIB(OC(CF3)2H)s,
LiB(OC(CF3)}(CHz)H)4, TIB(OC(CF3)s)4; TIB(OC(CF3):H)s,
TIB(OC(CF;)(CHs)H), TIB(OC(CFs)2(CH:)), (PhsCYB(OC(CEs)s)i,
(PhsC)B(OC(CF3);(CH)), (PbsC)B(OC(CFs)oH, B
(PhyC)B(OC(CF3)(CH3)H)a, AgB(OC(CF3)3)4, AgB(OC(CF3)oH)a,
AgB(OC(CF3)(CH3)H)s, LiB(02C4F4)z, TIB(O2CFa),
Ag(toluene),B(0,CeF4),, and PhsCB(0,CgF4)s, LIB(OCH(CF3)2)4.
[Li(HOCHj3)s]B(O2CsCls),, [Li(HOCH3)4]B(02C4F4)z,
[Ag(toluene)]B(02C¢CL);, LiB(O2CsCla)z, (LIA(OC(CF3)2Ph)s),
(TIAI(OC(CF5)2Ph)s), (AgAI(OC(CF;):Ph)s), (PhsCAI(OC(CFs3),Ph)s,
(LiAl(OC(CF3),CeHs-CHs)a), (ThAOC(CF5),CeHaCHs)a),
(AgANOC(CF3),CetlsCHa)a), (PhsCAOC(CF3),CeHsCHs)a),’
LIA(OC(CF3)3)a, TRAKOC(CF3)3)4, ASANOC(CF3)s)s,
PhyCAYOC(CF:)s)s, LIAKOC(CF3)(CHs)H)s, TlAl(OC(CF3)(CH3)H)4,
AgAlOC(CF;)(CHa)H)s, PhsCA(OC(CF3)(CH3)H)s, LIAI(OC(CF3),H)s,
TIAOC(CF3):H)s, AgAOC(CF3);H)s, Ph;CAI(OC(CF3)H)s, |
LiAYOC(CF3),CsHs-4-i-Pr)s, TIAI(OC(CF3),CsH~4~i-Pr)y,
AgAIOC(CF;),CgHy~4-i-P1)q, PhsCAOC(CF3),CeHa-4-i-Prs,
LiAl(OC(CF3),CsHy=4-t-butyl),, TlAl(OC(CF3)2C5H4«4-t-butyl)4
AgAKOC(CF3),CgHy-4-t-butyl)s, o
PhsCAI(OC(CF;),Celle-4-r-butyl)s, LiAI(OC(CF;),Celle-4-SiMes)s,
TIAKOC(CF3),CeHy-4-Si Me3)s, AgAI(OC(CF;),CsHy-4-Si Me3)s, -

‘PCT/US99/29156
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Ph;CAI(OC(CF3),CsHy-4-Si Mes)s, LIAI(OC(CF3)2CeHe-4-Si-i-Pr3)s,
TIAI(OC(CF3)CeHy-4-Si-i-Pra)s, AGANOC(CF:),CsHi~4-Sii-Prs)a,
PhsCAI(OC(CF3),CeHy~4-Si-i-Prs)s, LIAKOC(CF;);CeH-2,6<CF3),-4-Sivi-
Pr3)s, TIAIOC(CF3),CeHa-2,6-(CF3)y-4-Si-i-Prs)q,
AgANOC(CF;),CsHy-2,6-(CF3);-4-Si-i-Pr3)s,
PhsCAI(OC(CF;);CeHz-2,6-(CF3)3-4-Si-i-Pr3)q, LIAI(OC(CF;),CHs-3,5-
(CF3)2)a, TIANOC(CF3),CeHs3-3,5-(CF3)2)s, AANOC(CF3)2Cela-3,5-

- (CF3)2)s, Ph3CAI(OC(CF3)2CsHs-3,5-(CF3)2)4, LIAI(OC(CF3),CH2-2,4,6-

(CF3)33)s, TIAIOC(CF3),CeH2-2,4,6-(CF:)s)s, AgANOC(CF3)Cetr-2,4.6-*

-~ (CFs)s)s, PhsCAI(OC(CF3),CeH-2,4,6-(CF3)s), LIAI(OC(CF3).CeF's)e

(LiWCA-H), TIAI(OC(CF3)2C¢Fs)s, AgAi(OC(CFa)zCsF 5)s, and
PhyCAI(OC(CF3),CeFs)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

boriny! lithium, 4-(1,1-dimethyl):1,2-dihydro-1-(pentafluorophenyl)-2-

‘borinyl triphenylmethylium, 1-fluoro-1,2-dihydro-4-(pentafluorophenyl)-2-

boriny! lithium, 1-fluoro-1,2-dihydro-4-(pentafluoropheny!)-2-boriny!

- triphenylmethylium, 1-[3,5-bis(trifluoromethyl)phenyl]}-1,2-dihydro-4-

(pentafluorophenyl)-2-boriny! lithtum, and 1-[3,5-
bis(trifluoromethyl)phenyl}-1,2-dihydro-4-(pentafluorophenyl)-2-borinyl

. triphenylmethylium. -

- Examples of WCA carborane and halocarborane salts include but

 are not limited to silver dodecahydro-1-carbadodecaborate,

LiCB;(CHs)1a, Li_CBl iHrz, (MesNH)[CB11H2], (MeN)[1-C;HsCBy Hy),
(MesN)[1-PhsSiCB; Hy ], (MeaN)[1-CF3CBy1Hy], €s[12-BrCBy Hy,
Ag[12-BrCB;,Hy1J, Cs[7,12-BroCBy;Hig), Cs[12-CICB; Hy1),
CS[7,12-C]2CBI_|H_|0], Cs[1-H-CB1iFu), Cs[1-CH3-CBy Fu1], (i-Pr3)Si1-
CF;-CBysFuy), Li[12-CByyHy F), Li[7,12-CBy HyFal, Li[7,9,12-
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CB11H1:1F3}, (i-Pr3)Si[CB)1HeBrs], Cs[CB1;HgBrs), Li[6-CBsHgF), Li[6,8-
CBsH;F3], Li[6,7,8-CBgH;Fs], Li[6,7,8,9-CBgH¢F,4], Li[2,6,7.8,9-
CBgH;Fs); Li[CBsH;Brs}, Ag[CB1HsCls); TI[CB;,HeCls], Ag[CB;;HeFe),
TI{CB1HeFs], Ag[CB11Hel¢], TI[CB11Helg], Ag[CB11HeBre],
TI{CB11H¢Bre], Li[6,7,9,10,11,12-CB;,H¢Fe], Li[2,6,7,8,9,10-CBgHsFs),
Li{1-H-CBsF), TI[12-CB;Hyi(CeHs)), Ag[1-CeFs-CBy HsBre],
Li[CB1:Me,], Li[CB;1(CF3)12], Li[CB1;Hels), Li[CBoHsBrs],
Li[Co(ByCaHy))2], Li[CB11(CH3);2], Li[CB11(CsHs)1a], LI[CB11(CsHha)sz],
Na[Co(C;BgH;1)2], and Na[Co(Bf;CngHs)z]. Additional halocarborane
salts are disclosed in International Patent Publication WO 98/43 983.

Moﬁomers
The catalysts of the present invention are suitable for the
preparation of a wide range of polymers comprising cyclic repeating

“units. The polycyclic polymers are prepared by the in-mold addition

polymerization of"a polycycloolefin monomer(s) in the presence ofa
catalytic amount of a catalyst of Formula I or the procatalyst componeri’is'
described above. As stated herein the terms "polycycloolefin®,
"polycyclic”, and "norbornene-type" (NB) 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

PCT/US99/29156
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cyclic derivatives thereof so long as the monomer contains at least one
norbornene or subéfcituted norbornene moiety. The substituted
norbornenes and higher cyclic derivatives thereof contain a pendant
hydrocarby] substituent(s) or a pendant functional substituent(s)
containing an oxygen atom. The norbornene-type monomers are

represented by the structure below:.

R1

2 .
R-Vll

wherein "a" represents a single or double bond, R to R? indépendently
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 - i

present. . o
When the substituent is a hydrocarbyl group, halohydrocarbyl, or
' perhal_ocarbyl' group R' to R* independently represent hydrocarbyl,
halogenated hydrocarbyl and perhalogenated hydrocarby! groups selected
from hydrogen, linear and branched C;-C)o alkyl, linear and brancked,
C>-C)¢ alkenyl, linear and branched C>-C;¢alkynyl, C4-C)2 cycloalkyl,
C4-C12 cycloalkenyl, C¢-Ci; aryl, and Cy-Cys aralkyl, R' and R? or R® and
' R* can be taken together to 'représent a C,-Cp 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 cyclbhexenyl.
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

R3 . - —
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not limited to phenyl, naphthyl, and anthracenyl. Representative aralkyl
groups include but are not limited to-benzyl, and phenethyl.
Representative alkylidenyl groups inchide methylidenyl, and ethylideny!
groups. :
The preferred perhalohydrocarby] groups include perhalogenated
phenyl and alkyl groups. The halogenated alkyl groups useful in the
invention are linear or branched and have the formula C,X";,+; wherein
X" is a halogen as set forth above and z is selected from an integer of 1 to
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 1 C5 alkyl
and haloalkyl groups, aryl groups and cycloalkyl groups.

When the pendant group(s) is a functional substituent, R' to R*
independently represent a radical selected from -(CHz)nC(O)ORS_,
«(CH2)y-C(O)OR?, -(CHa),-OR?, -(CHy),-OC(O)R’, ~CH,),-C(O)R>
~(CHz}r-OC(O)OR’, -(CH,)aSiR’, (CH2)aSi(OR);, and-(CHz)«C(O)OR®,
and the group: |

- -CHZOCHZVQ

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,-Cyy alkenyl, linear and branched C,-C;o alkynyl,
Cs-Cy2 cycloalkyl, C4-Cy4 aryl, and C7-Coq araikyl. 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

PCT/US%9/29156
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halogenated and perhalogenated. The R® radical represents a moiety
selected from -C(CHs)a, -Si(CHs)s, -CH(R))OCH.CH;,
-CH(R)OC(CH;); or the following cyclic groups:

PPTL
IeRale

wherein R7 represents hydrogen ora lmear or branched < - Cs) alkyl
group. The alkyl groups_ mclude methyl, ethyl propyl, i-propyl, butyl,
z-butyl t-butyl pentyl t-pentyl and. neopentyl In the above structures,
the smgle bond line pmjecung from the cyclic groups mdlcates the

position where the cychc group is bonded to the acid substituent.

Examples of R6 radxcals mclude l-methyl l-cyclohexyl 1sobomyl

'2-methyl-2-1sobomyl 2-methy1-2-adamanty1 tetrahydrofuranyl

tetrahydropyranoyl 3-oxocyclohexanonyl mevalomc lactonyl
1-ethoxyethyl, and l-t-butoxy ethyl.

The R® ;ddica_i can also repi'esent dicyclopropylmethyl (Dcpm),
and dimeﬂlylcyclopropylmethyl (Dmcep) groups which are represented by
the following strdotures: _ | | |

.CH ,and . -C(CH,),

In Structure VIl above, R' and R* together with the two rmg |
carbon atoms to which they are attached can represent a substltuted or
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unsubstituted cycloaliphatic group containing 4 to 30 nng carbon atoms
or a substituted or unsubstituted aryl group containing 6 to 18 ring carbon

" atoms or combinations thereof. The cycloaliphatic group canbe

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 C;-Cs alkoxy,
halogen, or combinations thereof. R' and R* can be taken together to
form the divalent bridging group, —C(O)-'Q-(O)C-, Whiclx_ .whgn 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;-Cjo alkyl, and C4-C;5 aryl. A representative structure is shown in

below.

(o]

WQ Vila
A

(o]

wherein m is an integer from 0 to 5.

Crosslinked polymers can be prepared by copolymerizing the
norbornene-type monomer(s) set forth under Structure VII above with a
multifunctional norbornene-type crosslinking monomer(s). By
multifunctional norbornene-type crosslinking monomer is meant that the
crosslinking monomer contains at least two norbormene-type moieties
(norbornene-type double bonds), each functionality being addition
polymerizable in the presence of the catalyst system of the present
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invention. The crosslinkable monomers include fused multicyclic ring
systems and linked multicyclic ring systems. Examples of fused
crosslinkers are illustrated in structures below. For brevity,

norbornadiene is included as a fused multicyclic _crosslil_a_kér and is

5 considered to contain two polymerizable norbornene-type double bonds.

@@:m@;gﬁ

@t()]rr[}m _ mu»u-mm '

wherem Y represents a methylene (-CHz-) group and m mdependently

reprﬁsents an mteger from 0 to 5, and when m is 0 Y represents.a single
10 bond. Representatxve monomers under the forgoing formulae are set forth

below.

mm@wgbﬁ

@ @:E)) ﬂ)i)l')i

A linked multicychc crosshnker is illustrated generically in

15 Stmctm'e VIII _b_elow.
m
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wherein "a" independently represents a single or double bond, m -
independently is an integer from 0'to'S, R* is a divalent radical selected
from divalent hydrocarbyl radicals and divalent ether radicals. By
5 divalent is meant that a free valence at each terminal end of the radical is
attached to a norbornene-type moiety. Preferred divalent hydrocarbyl
radicals are alkylene radicals and divalent aromatic radicals. The alkylene
radicals are represented by the formula -(C4H24)- where d represents the
number of carbon atoms in the alkylene chain and is an integer from 1 to
10 10. The alkylene radicals are preferably selected from linear and-
branched (C;-C)¢) alkylene such as meth'ylene, ethylene, 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
15 with a linear or branched (C, to Cs) alkyl group. o
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
20 Structures VIila to VIlIe as follows.

) @ Ot ®)

Vilia VI VIIb

The amount of multiﬁmctiona_l crosslinker to be employed in the
polycycloolefin monomer_composition preferably ranges from about 0.25

25 to about 99.75 percent by weight of the total monomer composition.
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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:

whereln R'to R4 mdependently 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

. - dienophile.. The reacﬁon proceeds by the initial pyrolysis of DCPD to

~ CPD followed by the Diels-Alder addition of CPD and the dlenophlle to
- give the adducts shown below: -

Rt

' . R2
+ 1R2( = IR4 . -
m R1R2C=CRR Ny (mt;aa
n R4

wherein n represents the number of cyclic units in the monomer and R! to

R* independently represent hydfogen, hydrocarbyl, and/or a functional
group as previously defined. Norbornadiene and'h'igher Diels-Alder

_ adducts thereof sxmﬂarly canbe prepared by the thermal reacnon of CPD

and DCPD in the presence of an acetylemc reactant as shown below

'PCT/US99/29156
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@ + RIC==CR? >
A .
m' + RIC==CR? - >
n'R2

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

Norbornadiene may be employed as a crosslinker in this mventlon,
however, higher homologs are preferred. Norbornadiene can be
converted into higher homologs or Diels-Alder products using a variety of
dimerization catalysts or heating it with cyclopentadiene. In the case of
the crosslinking monomer norbornadiene dimer an alternative synthesis is
employed in which norbornadiene is coupled catalytically to yxeld a

mixture of isomers of norbornadiene dimer as shown below:

WE—T0=g

The dimerization of norbornadiene is easily achieved by numerous
catalysts to yield a mixed composition of up to six isomers, i.e., Wu et al.
U.S. Patent No. 5,545,790). The preferred isomers are the exo-trans-exo,
endo-trans-endo, and exo-trans-endo-1,4,4a,4b,5,8,8a,8b-octahydro-
1,4:5,8-dimethanobiphenylene (“norbornadiene dimer” or “{INBD],”).
The exo-trans-exo norbornadiene dimer is the most preferred crosslinker.

Heating norbornadiene dimer with dicyclopentadiene or cyclopentadiene
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can produce higher oligomers of norbornadiene dimer. Other crosslinkers

are prepared by the reaction of cyclopentadiene with olefins containing

. two or more reactive olefins, e.g., cyclooctadiene, 1,5-hexadiene,

1,7-octadiene, and tricycloheptatriene. _

- The more preferred crosslinkable monomers are those containiﬁg
two reactive norbornene type moieties (containing two polymerizable
double bonds). One preferred monomer is -
5,5°~(1,2-ethanediyl)bisbicyclo[2.2.1}hept-2-ene (NBCHZCHzNB)

* prepared by the reaction of 5-(3-butenyl)bicyclo[2.2.1]hept-2-ene and

cyclopentadiene via a Diels-Alder reaction. The higher homolog of
5-(3-butenyl)bicyclo{2.2.1]hept-2-ene is also a co-monomer of choice, '
i.e., 2-(3-butenyl)-1,2,3,4,42,5.8, .8a-octahydro-14:5.8- |
dlmethanonaphthalene ‘Similarly, 1, 4, 4a, 5, 6, 6a, 7, 10, lOa, 11, 12,

- 12a-dodecahydro-1, 4:7, 10-dimethanodibenzo[a, eJcyclooctene is-
. prepared in the Diels Alder reaction between 1,4,4a, 5, 6, 9, 10,

10a-octahydro-1, 4-methanobenzocyclooctene and cyclopentadiene. The

" higher homolog of between 1, 4, 4a, 5, 6, 9, 10, 10a-octahydro-1,

4-methanobenzocycloocténe is also a comonomer of choice, i.e., -
1,4,4a,5,5a,6,7,10,11 lla,12 l2a-dodecahydro-
1,4:5,12- dnnethanocycloocta[b]naphthalene The symmetric and
asymmetric trimers of cyclopentadiene are also useful crosslinking
reagents, i.e., 4, 4a; 4b, 5, 8, 83, 9, 9a-octahydr6—l,4:5,8-dimethano—lH-
fluorene and 3a,4, 4a, 5, 8, 8a, 9, 9a-octahydro-4,9:5,8-dimethano-1H-
benz{flindene, respectively. Another preferred monomer is obtained from
the reaction of cyclopentadiene and norbornadiene, i.e;, 1,4,4a,5,8,8a- .
hexahydro-1,4:5,8-dimethanonaphthalene. Divinylbenzene and excess
cyclopentadiene forms the symmetric crosslinker
5,5°~(1,4-phenylene)bisbicyclo[2.2.1]hept-2-ene.

~ Examples of preferred polymerizable norbornene-type monomers

include but are not limited to, norbornene (bicyclo[2.2.1]hept-2-ene),
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5-methyl-2-norbornene, ethyinorbornene, propylnorbornene,
isopropylnorbornene, butylnorbornene, isobutylnorbornene,
pentylnorbornene, hexylnorbornene, heptylnorbornene, octylnorbornene,
decylnorbornene, dodecylnorbornene, octadecylnorbornene,
trimethoxysilylnorbornene, butoxynorbornene, p-tolylnorbornene,
methylidene norbornene, phenylnorbornene, ethylidenenorbornene,
vinylnorbornene, exo-dicyclopentadiene, endo-dicyclopentadiene,
tetracyclododecene, methyltetracyclododecene,
dimethyltetracyclododecene, ethyltetracyclododecene, ethylidenyl
tetracyclododecene, phenyltetracyclodecene; tetramers of
cyclopentadiene, propenylnorbornene, '
5,S-methy-lene-Sa,8a-dihydroﬂuoreﬁe, cyclohexenylnorbornene,
dimethanohexahydronaphthalene, endo,exo-5,6-dimethoxynorbornene,
endo,endo-5,6-dimethoxynorbornene, 2,3-dimethoxynorbornadiene,
5,6-bis(chloromethyl)bicyclo[2.2. 1 Jhept-2-ene, | -
5-tris(ethoxy)silylnorbornene,
2-dimethylsilylbicyclo[2.2.1]hepta-2,5-diene,
2,3-bistrifluoromethylbicyclof2.2.1]hepta-2,5-diene,
5-fluoro-S-pentafluoroethyl-6-,6-bis(trifluoromethyl)bicyclof[2.2.1Jhept-2-
ene, S - '
5,6-difluoro-5-heptafiuoroisopropyl-6-triflucromethyl)bicyclo{2.2.1]hept-
2-ene, 2,3,3,4,4,5,5,6-octafluorotricyclof5.2.1.0)dec-8-ene, and
5-triflaoromethylbicyclo[2.2.1Jhept-2-ene, 5-a-naphthyl-2-norbornene,
5,5-dimethy)-2-norbornene,
1,4,42,9,9a,10-hexahydro-9,10[1°,2°]-benzeno-1,4-methanoanthracene,
indanylnorbornene (i.e., 1,4,4,9-tetrahydro-1,4-methanofluorene; the
reaction product of CPD and indene), 6,7,10,10-tetrahydro-7,10-
methanofluoranthene (i.e., the reaction product. of CPD with
aceﬁaphthalene), 1,4,4,9,9,10-hexahydro-9,10[1’,2’}-benzeno-1,4-- -

methanoanthracene, endo,endo-5,6-dimethyl-2-norbornene, -
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endo,exo-5,6-dimethyl-2-norbornene, ‘€X0,ex0-5,6-dimethyl-2-
norbornene, - . : S .
1,4,4,5,6,9,10,13,14,14-decahydro-1 ,4-methanobenzocyclododecene (i.e.,
reaction product of CPD and 1,5,9-cyclododecatriene), -
2,3,3,4,7,7-hexahydro-4,7-methano- 1 H-indene (i.e., reaction product of
CPD and cyclopentene), 1,4,4,5,6,7,8,8-octahydro-1,4-
methanonaphthalene (i.e., reaction product of CPD and cyclohexene),
1,4,4,5.6,7,8,9,10,10-decahydro-1,4-methanobenzocyclooctene (i.e.,
reaction product of CPD and cyclooctene), and . '
1,2,3 ,3,3,4,7,7,8,8,_deca.hydro~4,7-methanocyclop¢nt[a]ind¢ne.

The importance of employing multifunctional norbormene-type '
crosslinking monomers in the monomer reaction mixture are twofold: 1)
the multifunctional norbormnene-type monomers are capable of crosslinking
polymer chains.thereby enhancing the impact resistance; solvent resistance -
and heat distortion j:ropert’i'es of molded article; and 2) the multifunctional
norbornene-type monomers release more energy than monofunctional
(containing one polymierizable norbornene moiety) norbornene-type -
monomers upon polymerization thereby increasing the exotherm
temperature of the polymerization reaction.

.Crucial to the success of reaction injection molding (RIM) of
norbornene-type monomers is the quantity of energy released during bulk
polymerization. For example, in polydicyclopentadiene reaction injection
molding systems, the release of ring strain during ring opening metathesis
polymerization (ROMP) of dicyclopentadiene (DCPD) fe'sults ina
concomitant polymerization exotherm of approximately 180°C. The
internal temperature of the in situ generated polymer rises above the glass
transition temperature (Tg = 150°C) of polyDCPD. Thus, in a DCPD
based RIM thermoset molding systém, this polymerization exotherm and
the temperature excursion provide for excellent monomer to polymier

conversions. In this invention the internal temperature of the addition

PCT/US99/29156
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polymerized polymer formulation should preferably rise to just above the
glass transition temperature (Tg) of the desired polymer to achieve the
highest conversion. '

It has been determined experimentally (fundamental theoretical
techniques, i.e., molecular mechanical calculations, solution reaction
calorimetry, and bulk processing) that the addition polymerization of
norbomene (bicyclo[2.2.1]hept-2-ene) liberates more energy than does the
ring-opening metathesis polymerization of norbornene, i.e., -19.6 kcal/mol
(AP) versus ~14.4 kcal/mol (ROMP)). In addition, it was
measured/determined that substituted norbornenes produce slightly less
energy than the parent norbomene when polymenzed

In order to harness as much as the polymerization energy as
possible, thereby driving the reaction to completion, the polymerization -
enthalpy per unit mass of the monomer must be as high as possible. Since -
the glass transition temperatures of addition polymerized polynorbormenes
are much higher than equivalent ROMP polynorbornenes, it is desirable to -
achieve the release all the polymerization energy in addition polymerization,

- such that the internal temperature of the polymer reaches to about its glass
transition temperature or beyond. In other words, it has been determined the
higher the double bond concentration in a unit mass of monomer the higher
the potential polymerization exotherm energy. Therefore, it is desired to
have monomers which exhibit a low carbon to norbormene double bond
ratio. For instance, the carbon atom to double bond ratio in norbomene is 7.
In heptylnorbornene the ratio is 14. Therefore, a mass of polymerizing
norbornene would be expected to reach an internal temperature of
approximately twice that of heptylnorbomene. For addition polymerization,
the polymerization reaction time frame should be as short as possible to
ensure that the internal temperature of the polymer being formed can reach
the highest temperature possible.



- WO 00/34344 PCT/US99/29156

10

15

20

-66 -

In the method of the present invention it is preferable to employ
monomers with a carbon atom to double bond ration of abdut 3 to about 17,
and more preferably from about 3.5 to about 9. Mopomers possessing a low
carbon to norbornene bond ratio are norbornadiene (ratio of 3.5),
dimethanohexahydronaphthalene (TDD) (ratio of 6), and norbornadiene
dimer (ratio of 7) are favored in this invention.- However, it should be noted

~ that the glass transition temperature of the final poiymer is also important in
selecting the starting monomer identities. -

In the polymerization of polycyclic olefins, conditions must be
selected such that the final temperature of the polymer is high enough to
permit mobility of the monomer within the matrix of the pblymer being
formed. This is typically above, buf-wi_thin 1°C to 100°C of the glass
transition temperature of the polymer being molded. Generally preferred
are polymerization exotherm temperatures in the range from 200°C to
300°C. In some cases, however, coherent articles may be produced even
tho_ligh- the maximum temperature in-the mold is substantially lower than
the glass transition temperature of the polymer. - E

‘The smallest polycarbocyclic multifunctional norbornene-type
monomer is norbornadiene which has a carbon to polymerizable double
bond ratio of 3.5, i.e., two double bonds per 7-carbons.

Multifunctional norbornene-type monomers useful in RIM can be derived
from norbomadiene and its adducts. These monomers are dimeric and
trimeric crosslinking agents, and isomerized products of norbormadiene, i.e.,
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Norbornadiene Dimer ' B Norbornadiene Trimer
exo-trans-exo : : '
{2+2 dimer)
Norbornadiene Dimer Norbormadiene Dimer
exo-trans- - : : exo-cis
(4+2 dimer) _ o (4+2 dimer)

Other polycycloolefin monomers cdntemplated herein also i.nclude.
monomers disclosed in Layer U.S. Patent No. 4,301 ,306 and Layer Us.
Patent No. 4,324,717, all of which contain the norbomene structure
depicted above. o | o |

Minchak in U.S. Patent No. 4,426,502, discloses a bulk

polymerization process for "norbornene-type monomers" which include.

-norbornene, dicyclopentadiene, _tficyclop;ntadiene (symmetrical'and |

unsymmetrical cyclopentadiene trimer), tetracyclododecene and other
cycloolefin monomers ébntaining a norbornene-type group. R
Dicyclopentadiene is a common cybloolefin monomer used to prepare
ring-opened metathesis polymerized polymers in that it is readily
available as a by-product in ethylene production. For such butk
polymerizations, liquid reagents are preferred in that they are handled
more easily than solids, provided they are not too viscous. Problems arise

with the use of dicyclopentadiene in that it is a solid at ambient
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temperature when sufficiently pure for use in bulk polymerization
reactions. The melting point for high purity dicyclopentadiene is
generally above about 31°C to 32°C. Although dicyclopentadiene can be
rendered liquid with slight heating, this high melting temperature presents

a significant 'disadvantage.in commercial processes. For example, in a

- continuous system, feedlines for monomer must be heated to prevent

solidification of the dicyclopentadiene. In addition, when shipping the

monomer, considerable trouble and expense is realized in melting the

'monomers when they arrive at their destination for use in polymerization’
‘processes. However, high purity dicyclopentadiene has been found to be

.necessary for bulk polymerization processes to obtain useful products.

Impurities will often provide liquid dicyclopentadiene mixtures but will
also retard polymerization.  Adding an inert solvent or diluent will '

. .. adversely affect the products obtained in that the unreacted componeni

will reduce impact properties and/or leach from the finished article,

- - rendering it useless.

leevwse, it should be noted that the utllxty of norbornene

- .monomer (bicyclo[2.2.1]hept-2-ene) in RIM applications is reduced

because it is also.a solid at room temperature. In addition, norbornene is

characterized by its relatively Jow boiling point and flash point and these
physical attributes may cause problems during its RIM processmg The
preferred norbornene monomers are mixtures of endo-and
exo-stereoisomers, _smce these matenals-ar_e often liquids. Ihe use of two
or more different monomers is preferred. Mixing components depresses
the freezing points of the monomer mix in contrast with using asingle
monomer component. In addition, anyone skiiled in the art would be able
to determine the preferred norbornene monomer coniposition required to
achieve the requlsne polymer propertles In thls way the monomer
mixture is usable under a wider range of handlmg conditions. When a

solid norbomene—type monomer is employed the monomer can be

PCT/US99/29156
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dissolved or swollen in solvent or co-mixed with other monomers. ‘Also,
a solid norbornene-type monomer(s) can be efficiently addition
polymerized by heating the monomex(s) to its melting point, or beyond,
and inducing dissolution of the ingredients of the catalyst system.

Norbornene monomers prepared by the Diels-Alder reaction are
obtained as endo or exo isomers in varying compositions dependant on
the starting dienophiles. The endo and exo forms of the norbornene

" monomers are essentially incorporated equally into the polymer. If,

however, for a particular reason one isomer composition is favored over
another, e.g., monomer composition is liquid at room temperature, then
the reaction monomers may be isomerized in the presence of a suitable
Lewis acid or solid acid. The endo-form of aromatic group-containing
norbornenes can be converted to their exo-form yielding an isomer '
mixture of aromatic group-containing norbornenes by contacting a solid
acid catalyst with endo-isomers to obtain an exo-isomer-rich monomer
mixture, see for example, T. Sagane, T. Toshihiro, Y. Tsuji, and Y. Toda
in Eur. Pat. Appl 499226 Al 920819. The disclosure of which is hereby

incorporated by reference.

_ Monomer Purity -

Commercial cyclic olefins are available in various levels of purity,
ranging from 84% to about 99.9%, the upper purity ranges being the
result of distillation, cracking and reforming, and further treatment for
removal of contamination and olefins which would not co-polymerize
under polymerization conditions.

The norbornene-type monomers used may contain a nominal
amount of similar hydrocarbons, however, if present should not be of a
type which could adversely affect the reaction. If the norbornene-type
monomer employed contains undesirable hydrocarbons, the later can be

removed by known means. It is preferred to remove any impurities that
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may interfere with the polymerization reaction. Even after these steps "~ -
have been taken the monomer may still contain some impurities. The
purity of the monomers should preferably be greater'thaﬁ about 90%, more
preferably greater than about 95% pure, and still more preferably greater
than about 99%, and most preferably above about 99.5% to ensure as
complete as possible monomer to polymer conversion. -+ - -

‘Water, inadvertently added to the formulation components during
their preparation, may.be detrimental to the storage stability of the
catalyst components. ‘Water can enter the formulation as an impurity in
the cycloolefin monoemers and in the inert compounding ingredients that
are mainly impact modifiers, plasticizers, flame retardants, blowing
agents, internal mold release_agents.,-ﬁllers and reinforcements. Before
either the procatalyst or activator is added to the formiulation, the level of

. water in the mixture of cycloolefin monomers and inert compounding
. ingredients preferably should be lower than approximately 50 ppm, and
more préferably.between- 10 and O ppm. To be assured that the level of
water in the cycloolefin monomiers is less than 50 ppm béfore the
cocatalyst or halometal activator is added, it can be dried via azeotropic
. distillati_on.:. Because water and most cycloolefin monomers form
heterogéneous azeotfopes, distilling off a. small portion of the partially
. cycloolefin monomers will remove most of the water contamination. The
azeotrope (i.e., distilled off cycloolefin monomers plu‘s' water) can be
passed throﬁgh_ molecular sieves to remove the water from the azeotrope

and the cycloolefin monomers returned to the component. -

- -Polymerization Method _
~ Broadly stated, the process of the invention involves combining a
plurality of reactant streams to form a reactive monomer composition,
which is then conveyed into a mold where polymerization is allowed to
proceed. Each of the reactant streams contains a catalyst system
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component and a carrier liquid. When the reactant streams are combined
the active catalyst is formed in situ. The carrier liquid can be a solvent for
the catalyst system component or the norbornene-type monomer to be
polymerized. At least one of the reactant streams must contain at least
one norbomene-type monomer. In one embodiment of the invention a
reactant stream comprising a procatalyst of the previously described
formula [R'ML',A'] is combined with a reactant stream comprising the
WCA activator salt component. The reactive composition that is formed
is then conveyed into a mold where polymerization takes place. At least
one, preferably both, of the reactant streams comprise at least one
norbornene-type monomer. ' '

In another embodiment, a reactant stream containing a procaialy’st "
of the previously described formula [R'MA'] is combined with second
and/or third reactant stream, the second stream comprises a Group 15
electron donor compound and the third stream comprises a WCA |
activator salt component. In this embodiment, if a two stream process is
employed, the Group 15 electron donor component can be placed in the
procatalyst stream or in the activator stream. At least one, preferably all,
of the reactant streams comprise at least one norbornene-type monomer.
The reactive formulation thus formed is then conveyed into a mold where
polymerization takes place. ' '

In an alternative embodiment, a reactant stream containing a |
solution of the preformed single component catalyst of Formula I is
combined with a monomer stream comprising at least one norbornene-
type monomer. The reactive composition is subsequently conveyed into a
mold where the polymerization reaction is allowed to proceed to
completion. In this embodiment suitable carrier solvents for the catalyst
component include but are not limited to alkane and cycloalkane solvents
such as pentane, hexane, heptane, and cyclohexane; halogenated alkane
solvents such as dichloromethane, chloroform, carbon tetrachloride,
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ethylchloride, 1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane, -
l-chloro-.z-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,
pentaﬂuo_r_nbenzene, hexafluorobenzene, o-dichlorobenzene,
chlorobenzene, toluene, o-, m-, and p-xylenes, mesitylene, cyclohexane, -
THF, dichloromethane, liquid rubbers, and liquid antioxidants.

. In general, methods for practiciné the foregoing embodiments
with liquid feed streams is known in the art as reaction injection molding

~ (RIM), resin transfer molding (RTM) and other commercial bulk-
- polymerization techniques of thermoplastic or thermosetting resins.

In a preferred polymenzatlon techmque the foregomg

polymenzatlon methods can be practlced V1a RIM polymenzatlon In the =

'RIM polymerization technique, a stream of the Group 10 metal -

procatalyst component in the monomer to be polymerized and a monomer
stream conta:mng the actwator are combined in the mlxmg head of the
RIM machine just prior to injection of the combmed stream into a mold
where an almost instantaneous polymenzatmn occurs yleldmg a molded
product In this case, the two stteams are fed from two mdxvndual

contamers Successful processing of two or more components based on

" monomer solutions can only occur when the components are storage stable,

ie., do not undergo spontaneous polymerization in the absence of an
activating 'specie_e, change viscosity, or deteriorate in reactivity over time.
The polymerization systems provided by this invention comprise at least
two storage stable components whose: composition is essentially
norbornene-type monomer, one of which contains the procatalyst, the

other contains the activator. When these storage stable formulations are
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combined in RIM system it is possible to prepare either a thermoplastic or
thermoset object (based.on the initial monomers selected), but a thermoset
polymeric object is preferred. '

Alternatively, after mixing the two reactant solutions the reactive
mixture can be injected into the preheated mold in several portions as
disclosed in U.S. Patent No. 4,426,502 which is hereby incorporated by
reference in its entirety. ' S

The invention is not limited to a two reactant stream process each
containing monomer. It will be obvious to one skilled in the art that there
may be situations where it is desirable to have monomer incorporated in just
one stream or to employ more than two streams where the third (or pluralitj'
of streams) contain an additional reactant(s), moderators or additive(s).

- : Monomer to Procatalyst Reactant Ratio
The molding of addition polymerizable monomers can be

achieved using a procatalyst (based on Ni or Pd) to monomer molar ratio

preferably above about.100:1 on a molar basis, more preferably about -

200:1, and more preferably about 500:1. For a polycycloolefin, suchas
butylnorbornene, the ratio of procatalyst (based on Ni or Pd) to monomer
will preferably be from about 100:1 to about 1,000,000:1, more preferably
100:1 to 500,000:1, still more preferably from 100:1 to about 25,000:1,
and most preferably about 500:1 to about 25,000:1.

WCA Salt to Procatalyst Reactant Ratio-

The molding of addition polymerizable monomers can be
achieved using a WCA salt activator to procatalyst (based on Ni or Pd)
molar ratio preferably from about-100:1 to 0.5:1 on a molar basis, more
preferably about 5:1 to 1:1, and most preferably about 2:1 to 1:1.

' PCT/US99/29156
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Meonomer Temperature, Mold Temperature, - -
and Other Processing Temperatures

The rate of addition polymerization catalyst formation will depend
on the initiation temperature, therefore gel and cure times can be
controlled by adjusting the polymerization temperature. In general, as the
temperature at which the reaction is carried out is increased the reaction
rate will also increase. For every 8°C temperature rise the reaction rate
will approximately double. Consequently, to keep the reaction rate
controlled at higher reaction temperatures a less active formulation of the
addition polymerization catalyst system r-'nay be used. ‘As the temperature

at which the reaction is carried out is increased, the igel and cure times

‘'will decrease.

The monomer may be at a temperature in the range from chilled to
elevated temperatures when charged to the mold. In general, it is
anticipated that the components will not be heated beyord their flash
points prior to entering the mold. ‘Temperatures from bélow 0°C up to the
boiling point of the mionomers may be employed. Generally preferred are
feed temperatures in the range from 10°C to 300°C, preferably from 10°C
to 200°C, and, most preferably from 20°C to 100°C. - S

Since the polymerization reaction is exothermic, the temperature
in the mold during the course of the polym'érization is usually higher than
the temperature of the feed, unless a chilled mold is employed. The initial
mold temperature will generally be within the range -20°C to about
300°C, preferably about 0°C to about 200°C, and most preferably from
20°C and 100°C. Temperature distribution in the mold is affected by
such factors as mdld. geomeUy, characieristics of the .m.toljd asa heaf sink
or heat supplying means, -reacti\)ity of catalyst and mbnoihér, and the like.
To some extent, the selection of suitable temperaturés and heat exchan.ge'
conditions will have to be based on experience with a gi\'ren system of

mold, feed and catalyst. -

PCT/US99/29156
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After the polymerization reaction is complete, the molded object
may. be subjected to an-additional post cure treatment at a temperature in
the range of about 100°C to 300°C for about 15 minutes to 24 hours,
preferable 1 to 2 hours. Such a post cure treatment can enhance
polymeric properties including glass tranisition temperature and heat
distortion temperature. In addition, postcuring is desirable but not
essential, to bring the samples to their final stable dimensional states, to
minimize residual odors, and to improve final physical properties. The
invention RIM process prepares either a norbornene typé thermoplastic
homopolymer or copolymer or a thertnos:etie'd norbornene type |

homopolymer or copolymer.

Mold and Day Tank Pressures
The pressure should be such that the monomer in the mold is
maintained in liquid phase or in supercritical phase. ‘Suitable pressuresin
the mold are in the range from 0 to 2,500 psi gauge, depending on the -
monomer and the temperature employed. The mold prcssﬁre is genefally |
in the range of about atmospheric to 1000 psi, preferably from 0 to 100
psi, and most preferably from 0-to 15 psi. -

Fill Time

After injection of the procatalyst and activator components into
the mold, there is an interval of time, called the "induction time" before
the onset of a rapid exotherm from the exothermic polymerization
reaction. In a commercial RIM process, this induction time should be
sufficiently long to permit filling the mold, typically about two minutes,
preferable less than thirty seconds. Once the polymerization'is initiated,
polymerization should occur quite rapidly, usually within one minute and
preferable within 10 seconds, and is accompanied by a rapid rise in
temperature. The time required to complete polymerization, however, is a

PCT/US99/29156
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function of the reactivity of the monomer and the catalyst, and the
temperature maintained in the mold. Substantially complete reaction may :

be obtained in as little at 1 second or over a period as long as several

- hours. One advantage of addition polymerization thermoset recipes is that

they do not gel up as rapidly as ROMP formulations. - ,

These component streams are completely compatible with
conventional RIM equipment. - For those addition polymerization
compbnénts that are known to be inhibited by oxygen it may be necessary
to store the components under an inert gas but, -sﬁrprisihgly; itisnmot -

~necessary to blanket the mold with an inert gas. The streams are
. .combined in the mixing head of a RIM machine. Turbulent mixing is

easy to achieve because the process involves low molecular weight,

- rapidly diffusing components. Typically the mixing heads have orifices
. about 0.032 inch in diameter and a jet velocity of about 400 ft/sec. After
. being oombined_ the mixture _is injected into a mold, a rapid exothermic '

reaction occurs as the polynorbornene polymer sets up. The mold can be

- opened in as little as 20 to-30.seconds after the combined streams have

- been injected. In this short time heat removal is not complete and the -

polymer is hot and ﬂexible. The polymer can be removed from the mold
immediately while hot or after cooling. After the polymer has cooled it
will become a rigid solid. The total cycle time may be as low as

0.5 minute.

Modifying ﬁte of Cﬁta_lyst Generation, Controlling Catalyst
. Reactivity, and Polymerization Activity
The present invention may be practiced under a relatively wide
variety of @ndiﬁom of reaction time, temperature, pressure, reactant -

phase, and mixing. Selection of conditions is a function of the reactivity -

of the feed monomer(s), the activity and selectivity of the catalyst, and the

type of polymer desired.
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Control over gel and cure time is particularly important in the
practice of reaction injection molding and other bulk polymerization
processes. The control of gel and cure in this invention is derived froma
number of sources. "Indigenous” (meaning native or established by the
components) or "exogenous” (meaning external additives or other
reactives that can be added to the system).

By far the simplest method of 'con'trolling. the reactivity of the
catalyst system is by regulating the character of the phosphorus ligands |
attached to the allylpalladium derivatives are key to the molding '
indigenous reactivity control agents. For example, (r-allyl)palladium
triflate tricyclohexylphosphine procatalyst reacts more slowly than the
corresponding (z-allyl)palladium triflate triisopropylphosphine procatalyst o
in the presence of lithium tetrakis(hexafluorophenylpropoxy)aluminate. |
The allyl substituents may also be changed to control the gel and cure
times of the of the generated catalyst system. By way of illustration the
crotyl palladium triflate triisopropylphosphine procatalyst reacts more
slowly than the corresponding (x-allyl)palladium triflate

triisopropylphosphine procatalyst in the presence of lithium

tetrakis(hexafluorophenylpropoxy)aluminate. Likewise, the character of
the leaving group (A') of the procatalyst can influence the rate of the -
reaction. The derivative (n-allyl)palladium triflate tx'iisopropylphosphine,
i.e., (n-allyDPd(O3SCF3)(P(i-Pr);3), is activated more slowly with lithium
tetrakisthexafluorophenylpropoxy)aluminate than the corresponding
(n-allyl)palladium triflimide triisopropylphosphine procatalyst, i.e.,
(=-ally)Pd(N(T£)2)(P(i-Pr)3).

Likewise, the desired gel and cure of the system can be achieved

by proper selection of the weakly coordinating activator salt or mixture of

activators (exogenous reactivity control). Further, the gel and cure

control can be moderated by changing the number of atoms within the

PCT/US99/29156
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weakly coordinating anion, thus expanding the size of the anion and its
charge distribution. _ |

The use of Lewis base rate moderators in this system is optional,
i.e., external or "exogenous" modification, resulting in further gel and
cure time control. Suitable exogenous rate moderators inclﬁde,- for
example, water, tetrahydrofuran (THF), 2-methyltetrahydrofuran
(2-Me-THF), diethyl ether ((C2Hs)0), methyl-tert-buty] ether
(CH30C(CH3)s), dimethoxyethane (CH;OCH2CH20CH§), diglyme -
(CH3;0CH,0CH;OCHj), trimethylphosphine (PMe;), triethylphosphine
(PEt3), tributylphosphine (PBus), tri(ortho-tolyl)phosphine: (P-o-tolyls),
tri-tert-butylphosphine (P-tert-Bus), tricyclopentylphosphine '
(PCyclopentyls), tricyclohexylphosphine (PCys), triisopropylphosphine
(P(i-Pr)3), trioctylphosphine P{octyl)s, triphenylphosphine (PPh;), -
tri(pentafluorophenyl)phosphine (P(CsFs)s), methyldiphenylphosphine
(PMePhy,), dimethylphenylphosphine (PMe;Ph), trimethylphosphite
(P(OMe)s), triethylphosphite (P(OE)3), triisopropylphosphite - -

-(P(O-i-Pr)3), ethyl diphenylphosphinite (P(OEt)Ph,); tributylphosphite -

(P(OBu)s), triphenylphosphite (P(OPh);, diethylphenylphosphonite
(P(OEt);Ph), and tribenzylphosphine (P(CH,Ph)s), -2-'¢yclohexenohe, and
triphenylphosphine oxide. The preferred exogenous rate moderators are
triphenylphosphine and triphenylphosphine oxide. .

Prefera‘bly, the ratio of moderatof to procatalyst calculated on a
molar basis is ranges from about 0.001 to 100, more preferably, from
about 0.01 to about 10, and most preferably, from about 0.1 t0 2.0,

Further; the exogenous control over reactivity can be achieved by
attaching the Lewis base species to a polymerizable monomer. In this -
way, the moderator #an be polymerized into the polymeric structure
giving the system important functionality. Examples of suitable
functional groﬁps are ethers, trialkoxysilanes, esters, carboxylic acids, and

PCT/US99/29156
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alcohols. Specific examples are triethoxysilylnorbornene, norbornene

methanol, and butoxynorbornene.

Other Feed Components

Various additives can be included to modify the properties of
polynorbornene polymers. The preparation of molded articles according
to the present invention can be carried out in the presence of non-
interfering additives, such as, for example, solvents, blowing agents,
fillers, fibers, pigments, dyes, lubricants, antioxidants, antiozonants, UV
absorbing agents, crosslinking agents, odor absorbing or masking agent,
flame retardants, light stabilizers, p'lasticizers, foaming agents, whiskers
for surface smoothing, tougheners, réinforcing agents, impact and
polymeric modifiers and viscosifiers. Because of the rapid
polymerization time the additives must be incorporated before the
‘polycyclic olefin charge sets up in the mold. These components are most
conveniently added to the reaction as constituents of one or more of the '
reactant streams, as liquids or as solutions in the monomer before being
injected into the mold. Fillers can also be charged to the mold cavity, B
prior to charging the reaction streams, if the fillers are such that the
reaction stream can readily flow around them to fill and the remaining
void space in the mold. It is essential that the additives not affect catalytic
activity. '

Antioxidants and antiozonants include any antioxidant or.
antiozonant used in the rubber or plastics industry. An “Index of
Commercial Antioxidants and Antiozonants, Fourth Edition” is available
from Goodyear Chemicals, The Goodyear Tire and Rubber Company,
Akron, OH 44316. The antioxidants can be phenol, phosphorus, sulfur, or
amine based compounds. The antioxidants can be used singly, or
preferably, in combination. The formulation ratio is more than 0.05 part

preferably 0.5 to 100 parts by weight of norbornene polymer. The_
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antioxidant may be copolymerized with the monomer such as
5-(3,5-di-tert-butyl-4-hydroxybenzyl-2-norbornene, which is a
norbornenylphenol based compound (See Japanese Kokai No. 57-83522).
Conventionally produced olefin polymers typically contain

stabilizers against oxidative degradation which would occur in.
unstabilized polymer while it is being melted, as in an extruder, for .
forming in the melt. Since the method of this invention results in articles
in final form which is not melted prior to or during use, such article need
not be stablhzed to the same extent customary in convention polyolefins.
Compounds selected for this purpose should not interfere to a significant
. extent with the polymerization reaction. Suitable stabilizers may be '
selected from the following group: 2,6-di-fers-butyl-4-methylphenol
(BHT); styrenated phenol, such as Wingstay S (Goodyear); 2- and
3-tert-butyl-4-methoxypheno}; alkylated hindered phenols, such as -
- Wingstay C (Goodyear); 4-hydroxymethyl-2,6-di-fert-butylphenol;.

-2 6-d1-tert-butyl-4-sec-butylphenol _
2 2’-methylenebls(4-methyl-6-tert-butylphenol), .
2,2'-methylenebis(4-ethyl-6-tert-butylphenol); .
4,4'-_methyl_eﬁebig__(Z,6-dj-tént¢butylphenol); miscellaneous bisphenols,
such as Cyanox 53 ahd Permanax WSO; 2,2"-ethylidenebis(4,6-di-ter!-
butylphenol); 2,2"-methylenebis(4-methyl-6-(1-
methylcyclohexyl)phenol); 4,4™-butylidenebis(6-fert-butyl-3- -
methylphenol); polybutylated Bisphenol A; 4 4'-th10bls(6-tert-butyl-3-
methylphenol); 4,4'-methylenebis(2,6-dimethylphenol); 1,1'-thiobis(2- -
naphthol); metl_lylene bridged polyaklylphenol, such as Ethyl antioxidant
738; 2,2"-thiobis(4-methyl-6-tert-butylphenol);
2,2-isobutylidenebis(4,6-dimethylphenol);
2,2'-methyienebis(4-methyl-6—cyc]ohexylphenol); butylated reaction
product of p_-crésol and dipyclopentadiene,_ such as Wingstay L;
tetrakis(méthylgne-S,5-di-tert-butyl_-4-hydroxyhydrocinnamate)meghane,
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i.e., Irganox 1010; 1,3,5-trimethyl-2,4,6-tris(3,5-di-terr-butyl-4-
hydroxybenzyl)benzene, e.g., Ethanox 330; 1,3,5-tris(3,5-di-tert-butyl-4- -
hydroxybenzyl)isocyanurate, i.e., Good-rite 3114, 2,5-di-tert-
amylhydroquinone, ter¢-butylhydroquinone, tris(nonylphenylphosphite),
bis(2,4-di-ter-butyl)pentaerythritol)diphosphite, disteary] pentaerythritol
diphosphite, phosphited phenols and bisphenols, such as Naugard 492,
phosphite/phenolic antioxidant blends, such as Irganox B215;
di-n-octadecyl(3,5-di-fert-butyl-4-hydroxybenzyl)phosphonate, such as
Irganox 1093; 1,6-hexamethylene bis(3-(3,5-di-terz-butyl-4-
hydroxyphenylpropionate), such as Irganox 259, and octadecyl-3,5-di-
tert-butyl-4-hydroxyhydrocinnamate, ie., Irganox 1076, tetrakis(2,d-di-
tert-butylphenyl)4,4'-biphenylylenediphosphonite, diphenylamine, and
4,4'-diemthoxydiphenylamine. Such materials are normally employed at
levels of about 0.05% to 5% based on the polymer, but more preferably

~ 0.1% to 1% based on the polymer.

The method of this invention is also suitable for prodtiction of

reinfotced polymers by use of conventional fillers or reinforcing

components in particular or filamentary form, e.g., short segments of
fiber glass, carbon fiber, silica, alumina, carbon black, silicates,
aluminosilicates such as mica, talc, clays, vermiculite and asbestos, and
calcium silicates, such as wollastonite. These compounds which increase
the polymer’s flexural modulus with only a small sacrifice in impact |
resistance. It is surprising that in spite of the highly polar nature of their
surfaces these fillers can be added without appreciably affecting the
polymerization rate. Preferably, such fillers may be surface treated with a
silane coupling agent. From about 5% to 75% by weight may be
incorporated. This and all subsequent percentages are based on the weight
of the final product. The addition of fillers which have modified surface
properties are particularly advantageous. The exact amount of a particular
filler to be used in a particular situation will be easily detemﬁnable_and'
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will depend on the preferences of the practitioner. The gdditibn of fillers
also serves to decrease the mold shrinkage of the product.'Aﬁer'a'short
post cure at 150-200°C an unfilled product will shrink from about 3.0 to

~ about 3.5% whereas adding 20-25 wt % filler will decrease the shrinkage

to 1.5-2% and adding 33 wt % filler will further decrease shrinkage to
about 1%. . h
In some embodiments of this invention, a preformed elastomer
that is soluble in the reactant streams is added to the metathesis catalyst
system in order to increase the impact strength of the polymer or other -

- mechanical properties, and to aid the moldability. An in'moﬁ'ant factor in

selecting an élastomer is in its ability to dissolve:in the monomer. A short

dissolution time is preferred indicating that the elastomer is quite easily

dissolved in the monomer. The addition of an elastomer can increase the

_ polymefs impact strength 5-10 fold with only-a slight decrease in flexural
. modulus. : The elastomer is dissolved in either or both of the reactant

streams in an amount from about 1 to-about 15 weight percent, ‘based on

" the weight of monomer. A preferred concentration range for the elastomer

is between 3 and.10 wt %.. The elastomer can be dissolved in either or’
both of the polycyclic olefin streams in the 5-10 wt % range without
causing an excessive increase in the solution viscosity. A target viscosity .
range at l;oofn temperature would about 100-1000 cps and more preferable
200-500 éps. It is preferable that the elastomer be miscible with the
polycyclic olefin monomer between 10°C and 100°C. Suitable elastomers
include, for example, natural rubber, butyl rubber, polyisoprene,
polybutadiene, polyisobutylene, ethylene-propylene copolymer, |
styrene-butadiene-styrene triblock rubber, random styrene-butadiene
rubber, styrene-isoprene-styrene triblock rubber, B
ethylene-propylene-diene terpolymers, ethylene-vinyl acetate and nitrile
rubbers. Preferred elastomers are polybutadiene Diene 55AC10

F iresmnej, polybutadiene Diene SSAMS (Firestone), Nordel® 1070
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EPDM rubber (DuPont-Dow), Polysar Butyl 301 (Bayer), polybutadiene
Taktene 710 (Bayer), Ethylene-Octene Engage 8150 (DuPont-Dow),
styrene-butadiene Kraton D1184 (Shell), and polyisobutylene Vistanex
MML-140 (Exxon). Various polar elastomers can also be used. The
amount of elastomer used is determined by its molecular weight and is

limited by the viscosity of the resultant streams. The streams cannot be so

viscous that adequate mixing is not possible. The Brookfield viscosity of
polycyclic olefins are between about 5 and 10 cps at 35°C. Increasing the:
viscosity to between about 100 cps and about: 1000 cps alters the mold
filling characteristics of the combined streams. An increase in viscosity
reduces leakage from the mold and simpiiﬁes the use of fillers by '
decreasing the settling rates of the sélids. Although the elastomer can be
dissolved in either one or both of the streams it is desirable that it be
dissolved in both. When the two streams have similar viscosity more
uniform mixing is obtained. . ' '

As an alternative, preformed elastomers that are essentially

- insoluble in the reactant streams can also be used to improve impact

resistance of reaction injection molded, addition-polymerized norbornene
monomers. Core shell polymer parficles can be defined as polymer
particles have a core and a shell having different physical and /or
chemical properties. With elastomeric core-shell particles it is meant that
at least the core of the particles consists of elastomeric material.
Elastomeric core-shell polymer particles have found use in stabilizing the
impact properties of molded thermoset polymers of cycloolefins, such as
ROMP DCPD polymers. For example, see PCT Int. Appl., WO 9419385
Al 940901. Elastomeric core-shell particles of a size not exceeding

2 pm are dispersed in the starting monomers in an amount of from 0.5 to
20 weight percent relative to the weight of the monomer. Elastomeric
core-shell particle having a size in the range of from 0.01 to 2 pm and
more preferably in the range of from 0.1 to 1 uym: Examplesof =~
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elastomeric core-shell particles suitable for use in the present invention
are those marketed under their trademark PARALOID EXL, and in
particular the PARALOID EXI.2300/3300 elastomeric core-shell polymer
series and/or the PARALOID EXL2600/3600 elastomeric core-shell
polymer series and/or the PARALOID KM elastomeric core-shell
polymer series and/or the PARALOID BTA elastomeric.core-shell
polymer series. .- , _ ' :

Since sensitivity to added compounds may be different for each -
system, it is desirable tb.de_termine experimentally whether a compound to
be added may interfere with the reaction. - "

Monomer to Polymer Conversion -
It is essential in the practice of this invention that conversion of
monomer to polymer be substantially complete, i.e., greater than 90%,

. preferably at least 95%, and most preferably at least 99%, and the result is
- a coherent polymer mass. which: fills the:mold completely. -

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

examples are presented for illustrative purposes only, and are not intended

. as arestriction on the scope of the invention.

~ In the examples in which polymerization studies are set forth, the
following general procedures were followed. All procedures were
performed in a dry nitrogen or argon atmosphere or in vacuum in a Biaun '
Inert Atmosphere Dry Box or its equivalent or using Schlenk techniques.
Schlenk techniques are described in The Manipulation of Air-Sensitive
Compounds, Second Edition, D. F. Shriver and M. A, Drezdzon,
John Wiley and Sons, Inc., New York, 1986. All liquid transfers were
preformed by cannula or syringe to maintain inert atmospheric. conditions.
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Commercially available or prepared polycyclic monomers used
should be of high purity. Preferably, monomers should be purified so
that the polycyclic monomer contain no impurities that reduce catalyst
activity. This may be achieved by distillation or by passing the monomers -
through a BTS and a 3A molecular column for removal of residual
oxygen and water, respectively, before use. It is often desirable to purify
the starting material by treatment with silica gel to remove monomer '
oxidation products.- However, the catalysts of this invention can
polymerize less pure grades of polycyclic monomers when the appropriate
procatalysts and activators are employed at the appropriate concentration.

Polymerizations were conducted in argon or nitrogen flushed test
tubes, serum vials, glass bottles, reaétion vessels, or other molds. In
general, the polymerizations were accomplished by adding the catalyst

precursor ("procatalyst") or activator, whether in solution or in monomer,

to the corresponding component in monomer. Mixing of the ingredients
was accomplished with a vortex, magnetic stir bar, static, mechanical, or
impingement mixing. In certain examples, MIXPAC System 200
Pneumatic Dispenser (operating pressure 73 psi) for 1:1 mixing was
employed in the static mixing of "A" and "B" norbornene based RIM
formulations and transferring the monomer and catalyst mixture into a
mold. The reaction mixtures were maintained at ambient temperature or
heat at constant temperature with heating baths or hot surfaces. Gel times
(tzer) were estimated by observing the initial viscosity change where the
mixture changed from a flowable to a nonflowable mass. This was often
evident by the observation that the magnetic stir bar stopped stirring due
to the viscosity increase of the polymerizing mass. The polymerization
temperature (g ) at the gel point was also recorded. The time to
particular exotherm temperatures, i.e., tjggec O t 200°c, Were recorded when
the polymerization exotherm raised the temperature of the polymérizing

mass to that temperature, and to the maximum temperature (trmax) of the
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polymerization. The ina)dmum temperature (trmax) of t_he_-polymerization :
was also recorded. The residual monomer level in the polynorbornene
samples was obtained by thermogravimetric analysis (TGA) at300°C. - -
In addition to measuring gel and cure times and residual monomer
level in the following examples, 2 measurement of swell__ value was made.
The swell value is an indication of the degree of Crosslinking in the
polymer, i.e., lower swell values indicate a higher degree _of crosslinking.
The swell value was determined by removing a sample of polymer from
its polymerization vessel and carefully cutting it irito smaller pieces.
Burrs were fem0ved, and each piece was weighed:to the nearest
milligram. The samples were then place'd in a volume of ‘toluene (50 ml .
of toluene for each gram of polyﬁierj,,heated to reflux for 16 hours
(overnight) and cooled. After this time, each sample was removed from
the flask and placed ifr a small dish of fresh toluene. * The slices were -
removed, patted dry, and weighed individually. ‘The swell values were
calculated using the following formula: swell (%) = (wa=w1)/wi x 100%,

* where w; = the initial weight of the polynorbornene sample and w; = the |
weight of the solvent-swollen polynorbornene sample. ‘Since the swell -
value is an indication of the degree of crosslinking in the polymer, low
values are preferred. : - S '

The ASTM method used to measure the heat distortion
temperature of the polymer samples is ASTM D648-95. The immersion
medium employed was General Electric silicon oil SF96-50.

The monomer to polymer conversion was measured by

thermogravimetric analysis and the conversion taken at 300°C. -

Monomer 1
Purification of 5,5’-(1,2-ethanediyl)bisbicyclof2.2.1]hept-2-ene.
5.57-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-ene (a crosslinker)
was obtained as a mixture with 2-(3-butenyl)-1,2,3,4,4a,5,8,8a-octahydro-



10

15

20

WO 00734344 | | PCT/US99/29156

-87-

1,4:5,8-dimethanonapthalene (63:37). The mixture was chilled to
precipitate the desired product as white crystals that were isolated by
filtration. The product was obtained in 92% purity in this manner. -
Recrystallization from hexane (20 ml to 40 g of product) gave the product

-in 97.5% purity.

Monomer 2
~ (Preparation of exo-trans-exo-Norbomadiene Dimer from
norbornadiene)

Norbornadiene was prepared in a manner similar to the process
disclosed by R. L. Pruett and E. A. Rick in “Oligomers of '
Bicycloheptadiene” (USPN 3,440,294), . In refluxing toluene, a -
Ni(COD), catalyst was employed in the preferential dimerization of
norbornadiene to exo-trans-exo-1,4:5,8- '
dodecahydrodimethanobiphenylene (norbornadiene dimer). The mixed
product was distilled to high purity and the exo-trans-exo isomer was
separated from the other isomers by fractional crystallization. The purest
product was obtained by recrystallization of the desired product in cold
toluene. The final product was of greater than 98% purity.

.Monomer 3
Preparation of 1,2,3,4,4,5,8,8-octahydro-1,4:5,8-
dimethanonapthalene (DMN or TDD)
Norbornadiene was reacted with cyclopentadiene at 220°C at a
molar ratio of 1:2. The product was then distilled under vacuum to a
purity of greater than 98% TDD.
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. Monomer 4
Preparauon of Exo-7-pentylnorbornene |
To methyl acrylate (761 g, 8.84 moles) cooled to -10°C was added
drop wise 557 g, 8.4 moles of cyclopentadiene. Slow addition was
necessary to-ensure that the exothermic reaction was rﬁaintained at 0°C or
lower. The reaction mixture was stirred overnight at room temperature.
The excess methyl .acrylate was removed under reduced pressure before
. distilling the pure exo/endo-norbornene carboxylic acid methyl ester. To
a5 L flask charged with 1,603g of 25wt% sodium methoxide methanol
solution was added drop wise 700.63 g of exo/endo-norbornene -
carboxylic acid methyl ester. The reaction mixture was then refluxed at .
90°C for 48 hours. “After this time;, the reaction'vessel was cooled to 0°C
and 1.5 liters of cold water were slowly added: The methanol was then
-stripped away from the reaction via distillation until a total reaction
volume of 2 liters was attained. A further 500 ml of water were added to
the reaction and. the reaction refluxed overnight. The rémaining methanol
- was then removed under reduced pressure. The sodium salt of the
norbonenie carboxylic acid and water mixture was cooled to -10°C and
neutralized by the drop wise addition of a cold aqueous solution of
concentrated sulfuric acid (206 ml, 3.71 moles, added to 1000 g of ice).
Water (500-ml) was then added to dilute the reaction further and remove
additional heat generated during the neutralization step. Neutralization of
' the reaction mixture with additional cone. sulfuric acid continued until the
pH of the solution tested to 2 (approximately 30 ml of 18M H,S04). At
this preferred pH the desired exo-enriched reaction produbi was driven
out of the water phase and separated as a cloudy layer. The |
exo/endo-norbornene carboxylic acid product was separated from the
water layer by extraction into diethyl ether (3 x 250 ml). The solution
was dried over magnesium sulfate and then the ether removed to yield

545.6 g of crude product. The exo-enriched carboxylic acid was purified
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by distillation to yield 472g of 55% ex0-/45% endo-norbornene
carboxylic acid.

. Thé purified exo enriched norbornene carboxylic acid was added
to a 5 L flask and neutralized with a 10% aqueous solution of sodium
hydroxide (1.2 eq., 163.6g, 4.09 moles in 1472 g of H>0). The reaction
was kept below 10°C. At room temperature, a solution of iodine (435g,
1.71 moles), potassium iodide (350 g), sodium bicarbonate (91.26g,

1.08 moles), and water (1 L) was added to the neutralized norbornene:
carboxylic acid mixture. The reaction was stirred for approximately

54 hours. At this stage the I, KI, and NaHCO3; composition causes
iodolactonization to occur with only the endo isomer of the sodium -
norbornene carboxylate. Thus, the exo isomer remains in the water phase
while the endo-isomer becomes soluble in ether under the basic

conditions employed. The reaction was divided into 3 x 1400 ml portions
and each portion was extracted with 5 x 200 ml diethy] ether. The iodine -
containing aqueous phase of the exo-isomer was then reacted with 100 g

of sodium thiosulfate to reduce the iodine to iodide. The aqueous solution

was chilled and acidified to pH 2 with conc. sulfuric acid (55.6 mi of
18 M, 2.05 moles). The reaction mixture changed in color from light
amber td a murky yellow. Pure exo-norbomene carboxylic acid was then
extn-acted from the aqueous mixture using 8 x 200 ml of diethyl ether.
The diethyl ether phases were stirred overnight with sodium thiosulfate
(62.05 g, 0.25 moles) in 200 ml of water. This procedure removed any
adventitious iodine that often appeared at this stage. The ether phase was
then dried with magnesium sﬁlfa_te, and the solvent removed under
vacuum. | Yield of crude exo-norbornene carboxylic acid was 367 g. The
exo-notbornene carboxylic acid was purified by distillation.

A 5L flask was charged with 46 grams of lithium aluminum
hydride and 1500 ml of diethyl ether. A solution was the exo-norbornene
carboxylic acid was added slowly to the LiAlH, keeping the reaction

PCT/US99/29156
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temperature below 10°C during the next two 2 hours. The reaction was |
then warmed to room temperature and then refluxed for 2 hours. The
reaction was then cooled to 0°C and the excess LiAlH, destroyed by the
slow addition of water, while keeping the temperature below 10°C. The
5 -reaction was then stirred at room 'temperature overnight.” The reaction
‘mixture was then cooled to 0°C and 120 ml of concentrated sulfuric acid
 in 1 liter of water was added to the mixture. An'additionial 55 ml of conc.
'H,SO04 was added to the mixture to ensure complete dissolution of the
salts. The ether layer was then separated and the water layer extracted
10 - with3 x 150 ml of diethyl ether. The ether layers were then washed with
brine solution and dried over magnesium sulfate. Evaporation of the
diethyl ether ylelded 135 gof essentlaliy pure exo-S-norbomene—2-
methanol. o ' '
“ Into a 2 liter flask was charged 127 g of ‘pure exb-SanrbOmene-Z-
15~ methanol and pyridine'(350 g)-and the mixtire was purged with nitrogen
 for 30 minutes. The reaction was cooled to -10°C and p-toluenesulphonyl

chioride was added slowly was a solid. The reactlon temperature was

kept at 0°C during’ the addition. The reactlon was then stm-ed at room
temperature for approxxmately 60 hours After this time, the reaction was
2 added to 2 solutwn of 350 ml concentrated hydrochlonc acid (in 1000 g of
* wetice). The mixture was stirred for 45 ‘minutes until all t_he ice melted.
A beige precipitate formed duriné this time and was collected by
‘ ﬁltratlon “The solid was dissolved in diethyl ether (400 ml) ‘The water
phase was extracted with 2 x 100 ml of dlethyl ether. All ether phases
25 were combined and washed with 500 ml of a saturated sodium carbonate
solution and dried with magnesium sulfate. The cxo-S-tosylatomethyl—Z-
norbornene was isolated as a beige precipitate. _
Toa2L flask w‘ere charged lithium bromide (209g, 2.4 moles)
and 500 ml of dried acetone. After the lithium brb'mide dissolved; the
30 exo-5-tosylatomethyl-2-norbornene (223.2g, 0.8 moles) in 500 ml of
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acetone was added to the reaction vessel. The reaction was then refluxed
at 65°C overnight. The cooled reaction mixture was then added to a
mixture of 400 ml of distilled water and 500 ml of diethyl ether. The
acetone ether phase was separated from the water phase and the water
phase washed with 3 x 100 ml diethyl ether. The diethyl ether solution
was dried with magnesium sulfate and the exo-5-bromomethyl-2-
norbormene (153.7 g) isolated by removing the ether under vacuum. Pure
exo-5-bromomethyl-2-norbornene (150.3g) was isolated by distillation at
42°C/0.07 mm Hg).

To a 250 ml three-necked flask were added CuCN (11.2 g,
0.125 moles), and 75 ml of dried tetrahydrofuran. The reaction vessel
was distilled to -78°C in a toluene/liquid nitrogen cooling mixture. n-
Butyllithium (100 mtl, 2.5 M in hexane) was added maintaining the -
temperature below -78°C. This step took approximately 3.5 hours to
complete and a tan brown product was observed. The reaction mixture
was warmed to -20°C and the reaction mixture became homogeneous.
The reaction mixture was then re-cooled to -78°C and the
exo-5-bromomethyl-2-norbornene (13.75 g, 0.0735 moles) was added
about -60°C. After the exo-5-bromomethyl-2-norbornene addition the
reaction was warmed to 0°C and stirred for 3.5 hours. At -10°C, the

~ reaction was terminated by slowly adding about 5 ml of 9:1 ammonium

chloride (saturated):ammonium hydroxide (concentrated) solution. A
total of about 100 m! NH,CVNH,OH were added to the reaction mixture.
Diethyl ether was added to the reaction mixture and the solution filtered
through Celite® filtering aid to remove the copper metal deposits. The
amber diethyl ether layer was washed with water dried over magnesium
sulfate and the ether evaporated to yield 16.0g of crude exo-5-pentyl-2-
norbornene. The product was distilled at 20°C at 0.15 mm Hg to yield a
pure sample of exo-5-pentyl-2-norbornene (65% yield). |

PCT/US99/29156
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_ _ . Monomer§
Preparation of Exo-7-heptyinorbornene
To a 250 ml three neck flask were added CuCN (8.96 g,

0.125 moles), and 75.ml of dried tetrahydrofuran. The reaction vessel

was distilled to -78°C in an'ethanol/liquid nitrogen cooling mixture.
Chilled n-hexylllithium (100 ml, 2.5 M in hexane at -10°C) was added
maintaining the temperature below -78°C. This step took approximately
1 hour to complete and a light tan brown product was observed. The

reaction mixture was warmed to -10°C at which time the reaction mixture

became homogeneous. The reaction mixture was thcn' re-cooled to -78°C

 and exo-S-bromomethyl—Z-norbomene (11.0 g) was added about -70°C.

. After the cxo-S-bromomethyl-Z-norbomene addition the reaction was

warmed to 0°C and stirred for 3.5 hours. At -10°C, the reaction was

 terminated by slowly adding about 5'ml of 9:1 ammionium chloride
'(saturated) ammomum hydroxlde (concentrated) solution. The reaction
was stirred at room temperature for 18 hours. Dxethyl ether (150 ml) was

added to the reaction mixture and the solutlon filtered through Celite®

filtering aid to remove the copper meétal depos1ts. The pale yellow diethyl
ether layer was washed with water, dried over magnesium sulfate, and the
efher evaporated to yield 12.2g-of crud'e.exo-5-heptyl-2fnorbomene. The

product was distilled at 45°C at 0.15 mm Hg to yield a pure sample of

exo-5-heptyl-2-norbornene (70% yield).

Monomer 6
Preparation of 5-butoxy-2-norbornene
Dicyclopentadiene was heated with butyl vinyl ether to form the
Diels-Alder product of 5-butoxy-2-norbornene. The product was then
purified by vacuum dlstlllanon '

PCT/US99/29156
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Monomer 7
Preparation exo-,exo-5,6-dimethylnorbornene
Endo-Nadic anhydride was thermally isomerized to generate exo-
5 nadic anhydride. Pure exo-nadic anhydride was reduced using Vitride®

reducing agent to yield the exo-, exo0-5, 6-dimethanonorbornene. This
material was converted to exo-, ex0-5, 6-bistosylatodimethylnorbornene
product using toluene sulphonylchloride. ‘Reduction of the exo-,
exo-5,6-bistosylatodimethylnorbornene with LiAIH, yielded the desired

10 product exo-, exo-5,6-dimethylnorbornene.

Moﬂomer 8
Preparation of exo-, exo-5,6-dipentylnorbornene
Endo-Nadic anhydride was thermally isomerized to generate exo-
i5  nadic anhydride. Pure exo-nadic anhydride was reduced using Vitride®
reducing agent to yield the exo-, exo-5, 6-dimethanonorbornene. This
material was converted to exo-, ex0-5, 6-bistosylatodimethylﬁorbomene
product using toluene sulphonylchloride. Refluxing exo-,
exo-5 ,6-Bistosyiatodimeﬂlylnorbomene with lithium bromide in acetone
20 .converted it to exo-,exo-5,6-dibromomethylnorbornene. Reaction of exo-,
exo-5, 6-dibromomethylnorbornene with n-butyllithium and copper
cyanide yielded the desired product exo-,exo-5,6-dipentylnorbornene.

Procatalyst 1
25 Preparation of .
(n-allyl)(tricyclohexylphosphine)(perfluorophenyl)palladium(II)
To a stirred solution of (allyl}(tricyclophosphine)palladium(II)
chioride (189 mg) in 5 ml THF at 0°C was added a solution of |
Zn(C4Fs)2(dimethoxyethane) (100 mg) in 5 m! THF. The reaction was

30 stirred for 1 hour at room temperature and the solvent removed under
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vacuum. The resulting solid was extracted with 10 ml hexane, filtered,
and the solvent removed under vacuum to give the product as a white
powder (159 mg, 64%).

_ , Procatalyst 2 .
Preparation of (m-allyl)(tricyclohexylphosphine)palladium(II) -
chioride y e |
To a stirred solution of x-ally! palladium chloride dimer (1.0 g)in
THF was added tricyclohexylphosphine (1:53.g) in THF. After stirring
for 0;5 hours the solvent was removed ur_nder' vacuum to give the product

as a pale yellow powder.

_ Procatalyst3 =
Preparation of ;(n-allyl(tricy.éloh'exylphosphiné)pﬁl_ladiuin(ll)

- p-tolylsulfonate

*To a slurry of silver p-toluenesulfonate (300 mg) in THF was
added * - e

(r-allyl)(tricyclophosphine)palladium(lI) chloride (500 mg) in THF.
After stirring overnight, the reaction was filtered and the solution stripped -
down to give a white foam which was washed with hexane to give the

product as a white powder.

. Procatalyst 4

Preparation of bis(tricyclohexylphosphine)(hydrido)palladium(II)
chloride |

To a slurry of (1,5-cyclooctadiene)palladium(II) chloride (2.0 g)
in 20 ml methanol was added 1.67g of a 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 asa
white powder by filtration in air and dried under vacuum (1.67 g, 85%).

PCT/US99/29156
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To a shurry of (2-methoxy-3-cyclooctenyl)palladium chloride
dimer (500 mg) in 25 ml méthanol 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%).

Procatalyst5 -
Preparation of bis(triisopropylphosphine)(hydrido)palladium(II)

chloride _ o : o
To a slurry of (2-methoxy-3-cyciooctenyl)palladium chloride
dimer (0.5 g) in 25 ml methanol was added triisopropylphosphine
(0.57 g). The reaction was stirred unti] it became homogeneous. Stirring
was stopped and the solution was cooled in a -20°C freezer overnight. A
small amount of black solid was filtered off in air, and the solvent was
removed under vacuum to give a sticky yellow solid. -‘The product was
recrystallized from hexane and dried under vacuum to give the product as
a white solid.

Procatalyst 6

Preparation of bis(tricyclohexylphosphine)(hydrido)palladium(II)
nitrate - '
To a slurry of tricyclohexylphosphine (4.86 g) in 75 ml ethanol
was added palladium(II) 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 ml 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

PCT/US99/29156
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" ethyl ether and several times with hexane. Recrystallization from
toluene/hexane gave the product as tan crystals (3.3 g, 53%).

Procatalyst 7 _

" Preparation of .(1:'-allyl)(tricyclohexylphosphine)palladium‘(ll)

trifluoromethane sulfonate.
Toa stirred solution of (z-allyl)palladium chloride dimer (1.0 g) in

THF was added tricyclohexylphosphine (1.53 g) in THF. After stirring
for 0.5 hdurs, silver trifluoromethanesulfonate (1.4 g) was added as a
solution in THF. The reaction was sti'rre.d for 1 hour, filtered and the
solvent removed to give the product as a white powder (2.8 g, 89%).

_ - Procatalyst8.
Preparation of bls(trlcvclohexylphosphme)(hydndo)palladlum(II)
- trifluoroacetate - Vo S

. To a slurry of palladium(Il) trifluoroacetate (2.89 g) in 75 ml
ethanol at -30°C was added tricyclohexylphosphine (4.86 g) as a solid.
The thick, olive green slurry was stirred for 2 hours, warmed to 0°C and
150 ml toluene was added.. Sodium borohydride (0.33 g) in 25 m] ethanol
was added drop wise and the reaction was stirred for 21 hours. The

-reaction was filtered and the solvents removed under vacuum to give a
brown solid. Washing with hexane and recrystallization from
toluene/hexane gave the product as an off-white crystalline solid (1 25g,
18%).

Procatalyst 9
Preparatlon of b1s(tmsopropylphosphme)(hydndo)palladmm(ll)
tnﬂuoromethanesulfonate
To a partial slurry of thallium trifluoromethanesulfonate (38 mg)
in 5 ml ethyl ether was added
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bis(triisopropylphosphine)(hydrido)palladium(II) chiloride (50 mg) in 5 m}
ethyl ether. After 1 hour, the reaction was filtered, and the solvent

removed to give the product as a pale yellow solid.

- Procatalyst 10
Preparation of bis(tricyclohexylphosphine)(hydrido)palladium(1I)
formate -
To a slurry of bistricyclohexylphosphine palladium(0) (200 mg)
in 10 ml ethyl ether was added fomic acid (30.4 mg) in 1 ml methanol. .
The solution immediately became homogeneous. - Afier 1 hour, the
solvents were removed under vacuum and the resulting white solid was |

washed with hexane and dried to give the product.

_ .. Procatalyst 11

_ Preparation of (1,1-dimethyl-n-
allyl(triisopropylphosphine)palladium(ll) trifluoroacetate

To trifluoroacetic anhydride (100 g) in 200 ml hexane was slowly
added a solution of 3-methyl-2-buten-1-ol (37.2 g) and pyridine (37.67 g).
An ice bath was used to keep the temperature at 20°C. After stirring for
1.5 hours, a white precipitate was filtered off, and the solvents were
removed under vacuum to give the product
3-methy1-2-butenyltriﬂuoroacetéte as a somewhat volatile liquid (47 g,
60%). | o
Toa soluﬁon of bis(dibenzylidineacetone)palladium(0) (2.3 g) in
30 ml THF and 8 mi acetonitrile was added .
3-methyl-2-butenyltrifluoroacetate (0.80 g). After 20 mins., the solution
had changed from deep purple to dark green in color. The solvents were
removed under vacuum to give a black, metallic-looking solid. : Extraction
in air with 50 ml 10% acetonitrile in water, filtration and removal of
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solvents under vacuum gave (1,1-dimethyl-n-allylpalladium(II)
trifluoroacetate dimer as a yellow solid (0.48 g, 42%).

To a solution of (1,1-dimethyl =-allylpalladium(II)
trifluoroacetate dimer (200 mg) in THF was added 111 mg
triisopropylphosphine in THF. ‘After 0.5 hours, the solvent was removed
to give a sticky yellow solid. The product was recrystallized from hexane

to give a- yellow solid.
Procatalyst 12
Preparation of (1t-allyl)(h’nphenylphospme)palladmm(ll)
trifluoromethanesulfonate

To a solution of (z-allyl)palladium chloride dimer (0.5 g) in THF
was added triphenylphosphine (0.717 g) in THF. After stirring several
minutes, silver trifluofomethanesulfonate (0.702 g) was added as a solid.
The reaction was stirred for 0.5 hours, the silVer'Ei:ldride (Ag'Cl)-;:vas
filtered off, and the solvent removed to glve the product asa pale yellow
solid (1.32 g, 6%) ' '

Procatalyst 13
Preparatlon of (n-allyl(mlsopropylphosplune)palladmm(II)
trifluoromethanesulfonate '

" To a solution of (n-allylpalladium chloride dimer (1.0 g) in 25 ml
methylene chloride was slowly added triisopropylphosphine (0.876 g) in
5 ml methylene chloride. The resulting pale yellow solution was slowly
added to a slurry of silver trifluoromethanesulfonate (1.4 g) in 25 ml
methylene chloride. After stirring for 1.5 hours, the silver chloride
(AgCl) was filtered off, and the solvent removed under vacuum to give
the product as a pale yellow solid (2.4 g, 96%).
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‘Procatalyst 14

Preparation of (2-chloro-n-
allyl(triisopropylphosphine)palladium(]l) trifluoroacetate

To trifluoroacetic anhydride (22.7 g) in 100 ml hexanelwas slowly
added a solution of 2-chloro-2-propen-1-ol (10.0 g) and pyridine (8.55 g)
in 20 ml hexane. An ice bath was used to keep the temperature below
10°C. After stirring for 1.5 hours at room temperature, 2 white precipitate
was filtered off, and the solvents were removed under vacuum to give the
product 2-chloro-2-propenyltrifluoroacetate as a somewhat volatile liquid
(5 g,23%). . ' '

To a solution of bis(dibenzylidineacetone)palladium(0) (2.3 g) in
25 ml THF and 8 ml acetonitrile was added 2-chloro-2-
propenyltrifluoroacetate (0.90 g) in 5 ml THF. After 20 mins., the
solution had changed from deep purple to dark green in color. The
solvents were removed under vacuum to give a black, metallic-looking
solid. Extraction in air with 25 ml 10% acetonitrile in water, filtration and
removal of solvents under vacuum gave (2-chloro-2-propenyl)palladium
trifluoroacetate dimer as a yellow solid (0.50 g, 40%).

To a solution of (2-chloro-2-propenyl)palladium trifluoroacetate
dimer (200 mg) in 15 ml methylene chloride was added 103 mg -
triisopropylphosphine in 5 ml methylene chloride. After 0.5 hours, the
solvent was removed to give a siicky yellow solid. The product was

recrystallized from hexane to give a yellow solid. -

: - Procatalyst 15
(Me2NCH,CgH,)Pd(O3SCF3)PCy;3
Ortho-metallated phenylmethlyenedimethylaminopalladium
chloride dimer (0.25 g) was dissolved in dichloromethane (25 ml).

. Triisopropylphosphine (0.145 g) was mixed with dichloromethane (5 ml)

and added to the solution of the palladium derivative. After stirring for

- PCT/US99/29156
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30 minutes at room temperature, the mixture was added to a slurry c;f
silver triflate (0.233 g) and stirred in the dark. The silver chloride
precipitate was removed by filtering the solution through Celite® filtering
aid. Removal of the solvent yielded a green yellow oil.  Addition of
hexanes and Freon® 1,1,2 to this oil yielded a light yellow solid ((Me,

NCH,C,H,)Pd(O,SCF,)P(-Pr),).

Procatalyst 16

Preparation of (allyl)(triisopropylphosphine)palladium (II) -
trifluoroacetate

To a solution of allylpa]ladiumchloﬁde dimer (0.5 g) in 20 ml
methylene chloride was slowly added triisopropylphosphine (0.437 g) in
5 ml methylene chloride. The resulting pale yellow solition was slowly
added to a slurry of silver trifluoroacetate (0.604'g) in 15 ml methylene
chloride. ‘After stirring for 0.5 hours, AgCl was filtered off and the - -

solvent removed undeér vacuuni to give the product as a pale yellow solid.

- Procatalyst 17

Preparation of (allyl)(tncyclopentylphosphmc)palladlum an
trifluoromethane sulfonate”

To a solution of- al]ylpal]adiuméhloﬂde dimer (0.5 g) in20 ml'
methylene chloride was slowly added tricyclopentylphosphine (0.651 g)
in 5 ml methylene chloride. The resulting pale yellow solution was
slowly added to a slurry of silver trifluoromethane sulfonate (0.702 g) in
15 mi methylene chloride. After stirring for 0.5 hours, AgCl was filtered .
off and the solvent removed under vacuum to give the product as a pale
yellow solid (1.0 g, 68%). ' '
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_ . Catalyst 18
Preparation of _[(n-al‘lyl)Pd(P-i-Pr3)(NCCH3)][B(02C6H2-3.5- '

At room temperature, Li[B(0,C¢H,-3,5-CMe3)2] (1.0 g, containing
adventitious acetonitrile) was reacted with (n-allyl)Pd(O;SCF3)(P(i-Pr)3)
(1.0 g) in approximately 50 ml toluene. After the reaction had stirred
overnight the yellow solution was stripped to dryness. The product was
washed with 20 ml hexane and the yellow solid collected. Based on
proton, phosphorus, and fluorine NMR . spectroscopic analysis the product
was identified as [(allyl)Pd(P(i-Pr)s;)(N CFH;)][B(02C6H2-3,5-CMe3)2].

_ Caﬁlyst 19
‘Preparation of [(n-allyl)Pd(P-i-Prs)(NCCH;3)][B(O2CsCls):]
At room temperature, Li(HOMe)4[B(O2C¢Cly)2]. (0.58 g) was

" reacted with (r-ally)Pd(OsSCF3)(P(i-Pr)3) (1.0 g) in approximately 20'mll '

. acetonitrile. After the reaction had stirred overnight the 'yellow solution

was stripped to an orange solution. The product was redissolved in
minimum dichloromethane and chilled to-32°C. The crystals that formed
were collected and dried. Based on proton, phosphorus, and fluorine
NMR spectroscopic analysis the product was identified as
[(=-ally)Pd(P(i-Pr)s)(INCCH;)][B(0;CsCli);]. A single X-ray
determination confirmed the structure as
[(w-allyl)Pd(P(i-Pr);)(NCCH3)][B(02CsCls)2]. The molecular structure of
this catalyst is depicted in Figure 2.

Procatalyst 20
Preparation of (crotyl)(triisopropylphosphine)palladium(II)
trifiuoromethanesulfonate , '
To a solution of crotylpalladiumchlotide dimer (0.5 g) in 20 ml
methylene chloride was slowly added triisopropylphosphine (0.407 g) in

 PCT/US99/29156
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5 ml methylene chloride. The resulting pale yellow solution was slowly
added to a slurry of silver trifluoromethane sulfonate (0.652 g) in 15 ml
methylene ehloride. After stirring for 0.5 hours, AgCl was filtered off and
the solvent removed under vacuum to give the product as a pale yellow

solid.

Procatalyst 21
Preparatlon of b1s tnﬂuoromethanesulfomnude silver salt and
Preparation of (n-allyl)(tricyclohexylphosphine) palladium (II)

- bistrifluoromethane-sulfonimide -

-To a solution of blstnﬂuoromethanesulfonumde (20 g) inl15ml
of water was added silver carbonate (1.18 g) as a solid. The solution was
heated to 65°C over 0.5 hour, filtered, and the water removed under
vacuum. The product was dissolved in ethyl ether and filtered to remm)e
solid irnpurities Removal of the ether under vacuum gave the product as
a white sohd, Ag[N(802CF3)2] _ o S _

To a stirred solution of 50 mg n-allylpalladlumchlonde dimerin = .
3 ml methylene chloride was added 77 mg tncyclohexylphosphme in2ml -
methylene chlonde After stirring for 5 min, this solution was added to a
shurry of 106 mg silver bistrifluoromethanesulfimide in 3 ml methylene
chloride. The reaction was stirred for 30 m_mute_s, silver chloride filtered

off; and the solvent removed to give the product as a tan solid.

Procatalyst 22
Preparation of (n-allyl)(tnphenylphosphme)palladlum(ll)

- bistrifluoromethanesulfonimide

To a stirred solution of 50 mg allylpalladiumchloride dimer in
3ml methylene chloride was added 72 mg -ttiphenylphesphine in 2 ml
methylene chloride. After stirring for 5 min, this solution was added to a
slurry of 106 mg S_i_lver bist:iﬂuoromethé.nesulﬁmide in 3 ml methylene

PCT/US99/29156
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chloride. The reaction was stirred for 0.5 hours, silver chioride filtered
off, and the solvent removed to give a yellow foam. Stirring in hexane

followed by filtration gave the product as a yellow solid.

Procatalyst 23

Preparation of (n-allyl)(tricyclopentylphosphine)palladium
bistrifluoromethanesulfonimide '

To a stirred solution of 250 mg allylpalladiumchloride dimer in
3 ml methylene chloride was added 326 mg tricyclopentylphosphine in
2 ml methylene chloride. After stirring for 5 min, this solution was added
to a slurry of 557 mg silver bistrifluoromethanesulfimide in3 ml =
methylene chloride. The reaction was stirred for 0.5 hours, silver chloride
filtered off; and the solvent removed to give a brown oil. Stirring in |
hexane followed by filtration gave the product as a light brown solid.

Activator 1

Preparation of [(CigH37),NHCH;]B(CeFs)s

To a sturry of (C13H37),NCHj (0.50 g) in 50 ml hexane was added
1.17 mlof a 1 M solution of hydrochloric acid in ethyl ether. A white
precipitate was formed immediately. After 1 hour, the '
[(C1sH37)NHCH;]CI was isolated by filtration in air and dried under
vacuum. ’

A solution of [(C;3Hs7),NHCH;]CI (0.05 g) and
Li(Et;0)2 sB(CgFs)4 (0.076 g) in 25 ml cyclohexane was refluxed for
2.5 hours. The solution was filtered to remove LiCl and the solvent

removed to give the product as a brown colored oil. -
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Activator 2

Preparanon of LiWCA-H (lithium
tetrakls[hexaﬂuoropropoxyphenyl]alu;nmate) _ _

To a slurry of lithium aluminum hydside (0.0777 g) in 15 ml
hexane was added 1,1,.1,3,3 ,3-hexaﬂuoro-2-phenyl-2-propanol (RfOH)
(1.0 g) in 15 ml hexane. After stirring overnight, the solution was filtered
through Celite® and the solvent removed to give the product as a white
solid (0.85 g, 85%).

Activator 3

Preparation of LiWCA-H in Butylnorbomene

To ashurry of lithium alummum hydride (0.078 g) in 10 g
bmylnorbomene was added 1,1,1,3,3,3-hexafluoro-2-phenyl-2-propanol
(1.0 g) in 10 g butylnorbornene. . After stirring overnight, the reaction was
filtered to give a clear, somewhat viscous solutlon

To a solution of 1.5 mg (n-allyl)Pd(OgSCFg)(P-l-Pr)3 in%0¢g
butylnorbornene was added 75 mg of the above stock solutionin 1.0 g
butylnorbornene. The polymerization proceeded slowly. An additional
0.25 ml of the stock solution was added. The polymerization gelled
immediately and reached a temperature of 210°C.

- Activator4
Preparation of LiWCA-CH; R'OH:LiAIH,=4:2
To a shurry of lithium aluminum hydride (0.367 g) in 100 ml
hexane was added 1,1,1,3,3 ,3-hexafluoro-2-(p-tolyl)-isopropanol (5.0 g).
After stirring overnight, the solution was filtered through Celite® filtering
aid and the solvent removed to give the product as a white solid (4.7 g,
91%).

‘PCT/US99/29156
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Activator §
Preparation of Li[(CH3(CH:)7);0L.sFABA
To a solution of LIFABA (0.25 g) in 10 mi ethyl ether was added
n-octylether (0.174 g). After stirring overnight, the solvent was removed

to give a product as a brown colored oil.

. .Activator 6

Preparation of LiWCA-H R'OH:LiAIH, = 4:1.2

To a shurry of lithium aluminum hydride (0.696 g) in 2.0 L
hexane (dried over LiAIH,) was added'1,1,1,3,3,3-hexafluoro-2-phenyl-2-
propanol (14.9 g). The reaction was stirred over the weekend, filtered, -
and the solvent removed to give the product as a white solid (14.0 g,
91%). '

Activator 7

Preparation of LiWCA-H RIOH:LiAIH, = 4:1.5

To a slurry of lithium aluminum hydride (0.05 g) in 80 ml hexane
was added 1,1,1,3,3,3-hexafluoro-2-phenyl-2-propanol (0.86 g). The
reaction was stirred overnight, filtered, and the solvent removed to give
the product as a white solid (0.63 g, 71%). Duplication the prior reaction -
on a larger reaction scale (i.e., lithium aluminum hydride = 2.34 g;
1,1,1,3,3,3-hexafluoro-2-phenyl-2-propanol = 40g) resulted in isolation of -
LiWCA-H as a white crystalline product. Yield = 38g, 92%.

Activator 8
Preparation of Li(HOCH;); s[B(C¢Fs)]
0.11g of ether free Li[B(C¢Fs)4] was dissolved in methanol (4 ml)
to give an orange solution. After stirring for two hours, the methanol was
removed under vacuum to yield a white solid Li(HOCHj3); s[B(CeFs)4]-
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Activator 9

Preparation of Li(HO-i-Pr);[B(CeFs)4}

10.100g of Li(OEty), 5{B(C¢Fs)4] was dissolved in isopropanol
(5 ml) to give an orange solution. After stirring for two hours, the
isopropanol was removed under vacuum to yield a white sblid. Proton.
NMR analysis showed that all the coordinated diethyl ether was replaced.
Based on TGA and internal reference measurements using proton NMR
spectroscopic analysis the product was determined to be Li(HO-i-
Pr)s[B(CeFs)a].

: _ Activator 10
Preparatlon of Lx(HO-n-Pr)g[B(C5F5)4]
0.100g of Li(OEt,)2 s[B(CsFs)s] was dissolved in n-propanol
(4 ml) to give an orange solution. After stirring for fifteen minutes, the
solvent was removed under vacuum to yield an off- white solid. Proton
NMR analysis showed that all tﬁe coordinated diefhyl ether was replaced.

. The product was characterized as being Li(HO—anr)g[B(CsF 5)4)-

c , Actwator ll
Preparatlon of Ln(HO-t-Bu)g[B(C5F5)4]

. tert-Butanol (0.21 ml) was added to 0.50g-of :
Li(OEtz)z-s[B(CsF 5)s] dissolved in-dichloromethane (10 ml) to yield a
clear, colotless solution. After stirring for one hour, the solvents were
removed under vacuum to yield a white solid. Proton NMR analysis -
showed that all the coordinated diethyl ether had been removed. The
product was characterized as Li(HO-z-Bu);[B(C¢Fs)4].

"PCT/US99/29156
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_ Activator 12
Preparation of Mixed Aluminate Activator
Li[OC(CF3)2CeHs)/Li[OC(CF3):H)4)-
A mixture of Li[OC(CF3);C¢Hs)4] (0.143g) and LifOC(CF3);H)4]
(0.100g) were dissolved together in about 5 ml of Freon 112. After
stirring for two hours at room temperature the solvent was removed in

vacuo to give a white solid.

Activator 13
Preparation of [Li(HOMe)4}[B(0:CeCla):]
At room temperature, 5.20 g of trimethoxyboron (B(OCH3); was |
added drop wise in a dry box to a 50 ml volume of a'1 M solution of

 lithium methoxide in methanol. The reaction was stirred at room

temperature for 24 hours and the solvent then removed under vacuumto -
give the desired product lithium tetramethylborate, Li[B(OMe)4], in
quantitative yield. . .

Tetrachlorocatechol (2.95 g) was dissolved/slurried in
approximately 20 ml dichloromethane (not all the material was soluble).
This material was added to a solution of lithium tetramethoxyborate
(Li[B(OMe)q4] (0.75 g) in approximately 20 ml dichloromethane (again

-not all the material was soluble prior to addition). Upon mixing all the

components dissolved. After approximately 30 minutes a white precipitate -
begins to form.- The solution was filtered and the white solid dried

(0.40 g). The purple solution was stripped almost to dryness and a white
precipitate remained. This was filtered and the white solid collected

(1.3 g). The solution was put in the freezer at -30°C and after one hour
crystals had grown. The solution was stored overnight and collected in

the morning (1.18g). Total yield =90% of Li(HOMe);[B(0.CsCls),).

Mass spectra should that all the materials were the same product.
Thermogravimetric analysis (TGA) was employed to determine the_
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number of methanol molecules and a single X-ray determination
confirmed the structure as Li(HOMe)4[B(0,CsClL)2]. The molecular
structure of this activator is depicted in Figure 1. '

Activator 14
Preparation of Li[B(O;CéH-3,5-CMes)]
3,5-di-tert-butylcatechol (2.0 g) and lithium tetramethoxyborate
(Li[B(OMe)4] (0.61 g) were reacted in acetonitrile (30 ml) at room

- temperature. The reactants dissolved completely in the solvent and the

solution turned green after about 15 minutes, blue after.about one hour.
After stirring overnight the mixture was étripped to dryness and a bluish
solid obtained. The product was characterized by proton NMR to be quite
pure Li[B(0,C¢H>-3,5-CMes),] and found to contain an undetermined

.. amount of solvated acetonitrile.

. Activator 15
- Preparation of - Li(solvent);[B(O2CeBr4)2]
Tetrabromocatechol (1.0 g) and lithium tetramethoxyborate

- (Li[B(OMe),] (0.61 g) were reacted in acetonitrile (30 ml) at room

temperature.. The reactants dissolved completely in the solvent and the
solution turned green after about 15 minutes, blue after about 1 hour.

- After stirring overnight the mixture was stripped to dryness and an

off-white solid obtained. The product was characterized by proton NMR
to be quite pure Li(HOMe)4[B(O,C¢Br4),]). Alternatively, the solvent
could be solvating acetonitrile.-

PCT/US99/29156



15

20

25

WO.00/34344

- 109 -

Activator 16 :
. Preparation of 4-tert-butyl-N;N-dimethylanilinium
tetrakispentafluorophenyl-borate
To a solution of 4-ferr-butyl-N,N-dimethylanilinium chloride
(36.8 mg) in 3 ml methylene chloride was added LiFABA in 2 ml
methylene chloride. After stirring 0.5 hours, LiCl was filtered off, and the

solvent removed under vacuum to give a white foam. Recrystallization

from ethyl ether/hexane gave the product as a white crystalline solid.

Activator 17

Preparation of Lithium (trisperﬂilorophenyl)(hexyl)b‘orate ‘

To a stirred solution of 17 ﬁg trisperfluorophenylboron in 3 mi
methylene chloride was added hexyllithium (13.3 pl of 2 2.5 M solution
in hexane). After stirring for 1 hour, 1 mi ethy] ether was added, stirred
for several minutes, and the solvent removed to give the product as a

colorless oil.

Comparative Example 1
Polymerization of hexylnorbormene -

, A reactant ratio of monomer:procatalyst:activator = 2,000:1:1.
Trityl tetrakis(pentafluorophenyl)borate (36 mg) was stirfed in 9 g of
hexylnorbornene. To this suspension was added
palladiumbis(acetylacetonate) (Pd(acetylacetonate)z) (9 mg) in 1 g of
hexylnorbornene. The suspension was stirred at room temperature for -
3 hours during which time the solution viscosity increased slightly. After
54 hours of stirring at room temperature a hard yellow puck was obtained.
Yield by TGA = 98.0%.

‘PCT/US99/29156
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Example 1.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiWCA-H (9.4 mg) was dissolved in 1.0 g methylnorbornene.
Component B: 5.0 mg (allyl)Pd(O,CCF;)PCy; was dissolved in 9.0 g
methyinorbornene. A and B components were injected into a high-
pressure reactor at 55°C and the pressure raised to 900 psi. After 10 min.
a solid object was removed from the reactor. Yield by TGA = 83.4%.

Example 2.
A two-component polymerization system was pr'e'pﬁed giving a '
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component

- A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.

Component B: 3.0 mg (allyl)Pd(O,CCF3)PCys; was dissolved in 9.5 g~
hexylnorbornene. A and B components were mixed at 60°C. A solid
object was obtained. Yield by TGA = 96.0%.

 Example3.. -
A two-component pdiymerizatioﬁ system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Comp‘onént

- A: LiFABA (9.8 mg) was dissolved .in 0.71 g triethoXysilylnorbornene

and 0.50g hexylnorbornene. Component B: 33 mg -
(allyl)Pd(O3SCF3)PCy; was dissolved in 9.0 g hexylnorbornene. A and B
components were mixed at 55°C and the following reaction parameters
describe the reaction: tg =40's, tigpec =508, t200c=55 S, trmax =
110 s, tgey = 85°C, tymex = 257°C. A solid object was obtained. Yield by
TGA = 96.4%.



10

15

20

25

WO 00/34344

-111 -

Example 4.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: NaBAr¢(10.0 mg) was dissolved in 0.71 g triethoxysilylnorbornene
and 0.50g hexylnorbornene. Component B: 4.1 mg (PCy3)2Pd(H)O\I03)
was dissolved in 9.0 g hexylnorbornene. A and B components were
mixed at 55°C and the following reaction parameters describe the
reaction: tgy =6 min., topoc = 6:20 min., t200°c = 6:40 min., t'T_..',ax'=
7:20 min., tger = 85°C, trmex = 235°C. A solid object was obtained. Yield
by TGA = 96.1%. ' | |

Example 5,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiWCA-H (11.2 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 3.2 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 9.0 g
hexylnorbornene. ‘A and B components were mixed at 60°C and the
following reaction parameters describe the reaction: tg =2 s, tagoc =
58, trmac =155, trms =216°C. A solid object was obtained. Yield by
TGA = 97.2%. Swell in toluene ovémight: 133%.

Example 6.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene
and 0.50 g hexylnorbornene. Component B: 4.1 mg (PCy3),Pd(H)(NOs)
was dissolved in 9.0 g hexylnorbornene. A and B components were
mixed at 58°C and the following reaction parameters describe thé

reaction: tga =120s,t)000c =

PCT/US99/29156
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128 s, top0°c = 130 s, trmax = 180 S, tge1 = 86°C, trmax = 207°C. A solid
object was obtained. Yield by TGA = 96.1%.

_ Example 7.

_. ‘A two-component polymerization system was prepared giving a
reacfaht rano of monomer:procatalyst:activator = 10,000:1:2. Corriponent
A: LiFABA (9.8 mg) was dissolved in 0.71.g triethoxysilylnorbornene
and 0.50 g hexylnorbomene containing 2.0% Kraton® 1726. Component
B: 3.3 mg (al]yl)Pd(O;SCF;)PCy; was dissolvedin 9.0 g
hexylnorbomene contammg 2.0% Kraton® 1726. Aand B components
were mixed at 60°C and the followmg react:on parameters describe the
reaction: teer =10, t1opoc =15 s,tzooec— 19 s, trmax =45 s, tge = 85°C,

trmax = 211°C. A solid obj_ec’_t was obtained. Yield by TGA = 95.9%.

"' Exaniple 8.
A two-component polymenzatlon system was prepared giving a
reactant ra’uo of monomer procatalyst.actlvator = 10 ,000:1:2. Component

A LlFABA (9 8 mg) was dlssolved m 0.71 g tnethoxysﬂylnorbomene
o and 0. 50 [ hexylnorbornene contammg 2 0% Kraton® 1101. Component

B: 3.3mg (allyl)Pd(O;SCF;)PCy3 was dissolved in 9 Og
hexylnorbornene containing 2.0% Kraton® 1101. A and B components

* were mixed at 60°C and the following reaction parameters describe the

_ reactlon tgg] = 20 s, t 100°C = =24 S, tzoooc 26s, tTmax = 60 S, tge| =85 C

tTmax = 21 1°C. A solid object was obtamed Yleld by TGA = 95.8%.

Example 9.
A two-component polymenzatlon system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component

A: L1FABA (9 8 mg) was dissolved in0.71 g triethoxysilylnorbornene.

Component B: 3.3 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 85 g

PCT/US99/29156
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hexylnorbornene and 0.90 g tetracyclodocecadiene. A and B components -

were mixed at 60°C and the following reaction parameters describe the
reaction: g =158, t1900c =205, toopec =335, = 140 s, tyq = 75°C, trmax
=210°C. A solid object was obtained. Yield by TGA = 89.1%.

Example 10.

A two-cdmponent polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in0.71 g triethoxysilylnorbornene.
Component B: 1.7 mg (ally])Pd(O;SCF3)PCys was dissolved in9.5g
hexylnorbornene. A and B components were mixed at 60°C and the |
following reaction parameters describe the reaction: tgt =30, tjorc=
405, ta00c =46'S, trmax =75 S, tger = 85°C, trmax = 213°C. A solid object
was obtained. Yield by TGA = 95.0%. '

Example 11.

A two-component polymerization systein was prepared giving a
reactant ratio of monomer:procatalyst:activator = 5,000:1:1. Component
A: DANFABA (N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate
) (9.0 mg) was dissolved in 0.71 g triethoxysilylnorbornene. Cot:ipbnent
B: 6.7 mg (allyl)Pd(CeFs)PCy; was dissolved in 9.5 g héxylxiorbomene. |
A and B components were mixed at 60°C and the following reaction :
parameters describe the reaction: tg = 2:00 min., t opec = 2:30 min.,
2o = 2:35 M., trmes = 3:00 min., tyy = 75°C, trm = 214°C. A solid
object was obtained. Yield by TGA = 95.6%.

Example 12.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
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A: LiWCA-H (11.3 mg) was dissolved in0.71 g
triethoxysilylnorbornene. Component B: 3.2 mg (allyl)Pd(O;SCFg)PCyg
was diésolved in_9._5_ g hexylnorbornene. A and B components were
mixed at 60°C and the following reaction parameters describe the
reaction: tgy =265,1 mooé =295, tarec =34, tyme= 53 8, tzg =98°C,
trmax = 208°C. A solid object was obtained. Yield by TGA = 94.2%.

Example 13.

A two-component polymerization system was prepared giving a
reactant ratio of monoinexipmgatalyst:acgivator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(03SCF3)PCys was dissolved in 8.5 g
hexylnorbornene and.0.90 g tetracyclodocecadiene. Aand B components
were mixed at 60°C and the following reaction parameters describe the

-reaction: tgy =22 s, tig0°c = 38 s, taogrc = 75 5, trmm = 105 s, tgg = 76°C,

trmax = 203°C. A solid object was obtained. Yield by TGA = 88.2%.

Swell in toluene overnight: 66%.

. Example 14,

A two-compbnent polymerization system was prepared giving a
reactant rétio of m’onoxher:procat_al_yst:_activator =20,000:1:2. Component -
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 g (allyl)Pd(0;SCF;)PCys was dissolved in 8.5 g
hexylnorbornene and 1.0 g norbornadiene dimer. A and B components
were mixed at 60°C and the following reaction parameters describe the
reaction: 1z =13 s, t1opec =24 s, t2gpoc = 40 S, trmax =75 8, 1y = 73°C,
trmax = 203°C. A solid object was obtained. Yield by TGA = 88.2%.

Swell in toluene overnight: 42%.



. WO 00/34344

10

15

20

25

-115-

Example 15,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Componeht B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 9.7 g
hexylnorbornene containing 2.0% Kraton® 1657. A and B components
were mixed at 60°C and the following reaction parameters describe the
reaction: ty =24 s, tyoooc = 30 s, tanoec =36 S, tymax = 70 s, tgg = 80°C,
trmax = 212°C. A solid object was obtained. Yield by TGA = 95.7%.

Example 16.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved m 95g
hexylnorbornene. A and B components were mixed at 80°C and the
following reaction parameters describe the reaction: tg =15 é, tiec ="
155, ta000c = 26 8, trmax = 55 5, tger = 100°C, tmax = 224°C. A 'solid
object was obtained. Yield by TGA =90.8%. '

Example 17.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1 2, Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorboi‘hene.
Component B: 1.6 mg (allyl)Pd(0sSCF5)PCys was dissolved in 9.5g
hexylnorbornene. A and B components were mixed at 100°C and the
following reaction parameters describe the reaction: tge{ =6 S, t1200°C = _

165, trmex =45 5, tgey = 130°C, tmax = 235°C. A so0lid object was
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obtained. Yield by TGA = 88.7%.

~Example 18.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (96 mg) was dissolved in 13.97 g triethoxysilylnorbornene.
Component B; 31.7 mg (allyl)Pd(0sSCF3)PCys was dissolved in 186 g
hexylnorbornene. A and B components were mixed at 60°C, stirred for -
15 s and the solution poured into a 19 x 8 cm aluminum pan. A solid
object was obtained. Yield by TGA = 95'.0%.

.. Example 19.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 2(__),00_0_;1_:2. Component
A: LiFABA (4.9 mg) was dissolved: in 0.71. g triethoxysilylnorbornene.
Component B: 1.6 mg (ally)Pd(035CF;3)PCy; was.dissolvedin 9.5 g

- hexylnorbornene. A and B cofnponents were mixed at 28°C and the
following reaction parameters describe the reaction: tg =3:30 min.,
t100°c = 5:20 min., trmax = 5:35, tgy = 40°C, trmex = 174°C. A solid object -
was obtained. Yield by TGA = 98.1%.

_ _ _Example 20. _

A two-compoi;ent bolymerizati_on system was prepared giving a
reactant ratio of monomer:proc_:ataiyst:_activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.7 mg (allyl)Pd(03C¢H4CH;)PCy; was dissolved in 9.5 g
hexylnorbornene. A and B components were mixed at 60°C and the
following reaction parameters describe the reaction: tge = 1:30 min.,

t 1o0c = 1:45 min., t 200°¢ = 2:08 min., trae = 2:30 mift., tger = 80°C, trmse
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=207°C. A solid object was obtained. Yield by TGA = 95.1%.

Example 21.

A two-component polymerization system was prepared giving a
reactant ratio of monomet:procatalyst:activétor =20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbomene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolvedin9.9 g -
hexylnorbornene containing 4.0% Kraton® 1657. A and B components
were mixed at 60°C and the following reaction parameters describe the
reaction: tgy =26, tigerc = 35 5, taooec = 44 S, trmax = 80 5, tga = 74°C,

trmax = 205°C. A solid object was obtained. Yield by TGA = 94.8%.

‘Example 22,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene. |
Component B: 1.6 mg (allyl)(PdO;SCF;)PCy; was dissolved in.4'.76 g
hexylnorbornene and 4.56 g phenylnorbornene. A and B components
were mixed at 60°C and the following reaction parameters describe the
reaction: tge = 1:20 min., t jopc = 3:00 min., t200c = 3:30 min., trmex =
4:00, ty = 74°C, trmax = 211°C. A solid object was obtained. Yield by
TGA =92.5%. '

Example 23,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. 'Complo_nent
A: LiFABA (2.5 mg) was dissolved in 0.71 g 'trietlmxysilylnorbomeﬁe.
Component B: 1.6 mg (allyl)Pd(03SCF3)PCy; was dissolved in .9.5 g

hexylnorbornene. A and B components were mixed at 60°C and the
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following reaction parameters describe the reaction: tgy =355's, tjgpec =
75 8, t200°c = 90 S, trmax = 110 s, tges = 78°C, trmax =209°C. "A solid
object was obtained. Yield by TGA = 94.9%.

_ Example 24.
A two-component polymerization system was prepared giving a

. reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (339 mg) was dissolved- in 60 g triethoxysilylnorbornene.
Component B: 112 mg (allyl)Pd(O3;SCF3)PCy; was dissolved in 718 g
hexylnorbornene and 75.1 g ten'acyclodgcecadiene. Aand B components
were mixed at 60°C. A solid object was obtained. Yieldby TGA=

. 89.4%.

) . ... - Example 25,

A two-corhponent_ polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 15,000:1:2.  Component
A: LiFABA (6.5 mg) was dissolved, in 0.71 g triethoxysilylnorbornene.
Component B: 2.2 mg (ally))Pd(0;SCF3)PCy; was dissolved in 8.5 g
hgxylnorbpingx;e_- énd_ 0.90 g tetracyclodocecadiene. A and_B:components
were mixed at 60°C and the following reaction parameters describe the
reaction: tge - 155, tiooec = 25 'S, trmax = 60 s, tgej = 75°C, tymax = 197°C.
A solid object was obtained. Yield by TGA = 89.4%.

Example 26.

A two-component polymerization system was prepared giving a-
reactant ratio of monomei:procatalyst;activator =20,000:1:2. Component
A: LiFABA (361 mg) was dissolved in 52.6 g triethoxysilylnorbornene.
Componen_t B: 119 mg (allyD)Pd(O3SCF3)PCys was dissolved in 702 g
hexylnorbornene. A and B components wér_e mixed at 60°C and the

following reaction parameters describe the reaction: tp = 35 s, t ogec =
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50 S, tzoo"c = 57 S, t']'max = 80 S, tggl = 80°C, t’]'max = 217°C. A SO]id Object
was obtained. Yield by TGA = 94.2%.

Example 27.

A twd-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(03SCF3)PCys was dissolved in 9.5 g
hexylnorbornene. A and B components were mixed at 40°C and the
following reaction parameters describe tl}e reaction: ty; = 1:40 min.,

t100°c = 2:15, tymax = 2:45.min., tge = 60°C, trmax = 190°C. A solid object

* was obtained. Yield by TGA = 97.14%.

Example 28.

A two-component polymerization system was prepared giving 2
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(OsSCF3)PCy; was dissolved in 9.5 g
hexylnorbornene. A and B components were mixed at 50°C and the
following reaction parameters describe the reaction: tga = 1:05 min.,
troe = 1:33 min, tpc = 1:44 min., trmex = 2:00 mif, tgg = 67°C, trmay
=203°C. A solid object was obtained. Yield by TGA = 96.3%.

Example 29,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.7 g
hexylnorbornene containing 4.0% Kraton® 1657 and 0.9 g
tetracyclodocadiene. A and B components were mixed at 50°C and the

' PCT/US99/29156
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following reaction parameters describe the reaction: tget = 44 s, t1000c =
1:23 min., tTmax = 2:30, tze1 = 60°C, tyinax = 191°C. A solid object was-
obtained. Yield by TGA = 89.3%.

5 : -~ Example 30.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LIFABA (4.9-1}_1g) was dissolved. in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(OsSCF3)PCy; was dissolved in 8.5 g
10 hexylnorbornene and 1.2 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2--
ene. A and B components were mixed at 60°C and the following reaction

parameters describe the reaction: tze) =20 s, tigec= 40 S, ta00°c =43 s,

trax =75 S, tgt = 64°C, trmax =209°C. A solid object was obtained.
- Yield by TGA 92 5% ' '
P o
Example 31.
© .~ A'two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Coinpon’ent
. . A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene.

20 Component B: 1.6 mg (ally)Pd(O;SCF3)PCy; was dissolved in 8.5 g
hexylnorbornene and 0.60 g 5,5°-(1,2-ethanediyDbisbicyciof2.2.1]hept-2-
ene. ‘A and B components were mixed at 45°C and the following reaction -
parameters describe the reaction: tgy =155, t100c =23 S, trmax =42 5,
tger =55°C, trmax = 197°C. A solid object was obtdined. Yield by TGA =

25 93.3%. Swell in toluene overnight: 71%. '

.. Example 32,
A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
30 A: LiWGA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene. -
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Component B: 1.6 mg (allyl)Pd(03SCF3)PCys; was dissolved in 8.0 g
hexylnorbornene and 1.2 g 5,5°~(1 ,2-ethanediyl)bisbicyclo[2.2.1]hept-2—
ene. A and B components were mixed at 45°C and the following reaction
parameters describe the reaction: tg =14 s, tio0c =22 8, tymax = 50 s,
tge = 56°C, trmex = 197°C. A solid object was obtained. Yield by TGA =
90.8%. Swell in toluene overnight: 83%.

- Example 33.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. 'Comporigntr-
A: LiFABA (4.9 mg) was dissolved in 1.43 g triethoxysilylnorbornene.
Component B: 1.6 mg (ally)Pd(O3SCF;)PCy; was dissolved in 8.0 g
hexylnorbornene and 1.2 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
enc. A and B components were mixed at 45°C and the folloWing reaction
parameters describe the reaction: tget = 1:45 min., t 100:c = 3:20 min., '
tyzsec = 3:30 min., tymax = 4:00, tger = 55°C, trmax = 180°C. A solid object
was obtained. Yield by TGA = 92.4%. S

Example 34.

A two-component polymerization system was prepared givihg a
reactant ratio of monomer:procgtalyst:activator =20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in85 g
hexymorbornene and 1.2 g 5,5°-(1 ,2-ethanediyl)bisbicyclo [2.2.1]hept-2-
ene. A and B components were mixed at 45°C and the following reaction
parameters describe the reaction: tzy = 55 s, t j0p:c = 2:00 min., e =
2:20 min., tg = 54°C, tymex = 192°C. A solid object was obtained. . Yield
by TGA = 92.6%. o
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Example 35.

A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator:moderator = 20,000:1:2:1.
Component A: LiFABA (4.9 mg) was dissolved in0.71g..-
triethoxysilylnorbornene. Component B: 1.6 mg (allyl)Pd(Q;SCF3)PCy;

and 0.8 mg tricyclohexylphosphine were dissolved in 9.5 g

. hexylnorbornene. A and B components were mixed at 45°C and the

following reaction parameters describe the reaction: t;e =1:45 min.,
t100°c = 2:25, t-r,,..x =2:45 min., tgy = 62°C, trmex = 197°C. A solid object
was obtamed Yield by TGA =97.7%.

: . Example 36.

A two-oomponent polymerization system was prepared giving a
reactant ratio of’ monomer: :procatalyst:activator:moderator = 20,000:1:2:2.
Component A: LxFABA . 9 mg). was dissolved in 0.71 g
tnetlmxys:lylnorbomene Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy3

~and 1.6 mg tnoyclohexylpho_sph_me ‘were dissolvedin9.5 g -

~ hexylnorbornene. A and B components were mixed at 50°C and the

following reaction parameters describe the reaction: -tz = 5:00 min.,
t1o0°c = 6:20, tymax = 7:00 min., tze = 64°C, trmax =182°C. A solid object

‘was obtained. Yield by TGA = 97.4%.

Example 37.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
Al LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3;SCF3)PCy; was d_iss_olved:in 85¢g
hexylnorbomnene and 1.2 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1 Jhept-2-
ene. A and B components were mixed at 45°C. A solid object was
obtained. Yield by TGA = 92.7%. -
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Example 38.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:activator = 20,000:1:1:1.
Component A: LiFABA (2.4 mg) and LiWCA-H (2.9 mg) were dissolved
in 0.71 g of triethoxysilylnorbornene. Component B: 1.6 mg '
(allyl)Pd(O;SCF3)PCys was dissolved in 9.5 g hexylnorborene. A andB
components were mixed at 45°C and the following reaction parameters
describe the reaction: tg = 1:10 min., t j00,c = 1:40 min., trpax =
1:55 min., tger = 68°C, trmax = 198°C. A solid object was obtained. Yield
by TGA = 97.2%. |

Example 39.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:5. Component

A: LIFABA (12.2 mg) was dissolved in 0.71 g triethoxysilylnorbornene.

Component B: 1.6 mg (allyl)Pd(O3SCF;)PCy; was dissolvedin 9.5 g
hexylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tgy = 1:20 min.,

t 1o0ec = 1:50 min., tyme = 2:15 min., tgey = 64°C, Tmax = 193°C. A solid
object was obtained. Yield by TGA = 96.8%.

Example 40.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF;)PCy; was dissolved in 8.5 'g'
hexylnorbornene and 0.6 g methylnorbomene. A and B components were
mixed at 45°C and the following reaction parameters describe the

reaction: gy = 1:30 min., t 1p0ec = 2:05 min., t ap0ec = 2:20 min., tyne =
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2:22 min,, tgy = 62°C, tymax =201°C. A solid object was obtained. Yield
by TGA = 96.9%.

Example 41.

- A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 1.27 g triethoxysilylnorbormene.
Component B: 2.0 mg (ally])Pd(O3SCF3)PCy; was dissolved in 103 g
methyinorbornene. A and B components were injected into a high
pressure reactor at 50°C and the pressure raised to 900 psi. The following
reaction parameters describe the reag:tion; tioc =405, taoc=42s. '
ATmax = 1:40 min.; trme =250°C. A solid object was obtained. Yield by
TGA = 84.8%.

’ . Example 42.. : .

-A two-component polymerization ,s_ystem_ was prepared giving a
reactant ratio of monomer:procatalyst:activator = 30,000:1:2. Component-
A: LiWCA-H (3.8 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.1 mg (allyD)Pd(O3SCF3)PCy; was dissolved in 9.0 g
hexylnorbornene. A and B components were mixed at 455C and the
following reaction parameters describe the reaction: tge .= 10, t190ec =
225, ta00c = 39's, trmax = 555, taes = 65°C, trmae = 202°C. A solid object
was obtained. Yield by TGA = 95.8%.

. Example 43.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
hexylnorbornene and 0.18 g tetracyclodocecadiene. A and B components

PCT/US99/29156
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were mixed at 45°C and the following reaction parameters describe the
reaction: "ty = 9s,tioeec = 15 s, tagoic = 36_5, trmex = 50 s, tga = 60°C,
trmax = 201°C. A solid object was obtained. Yield by TGA = 93.8%.

Swell in toluene overnight: 157%.

- Example 44,

A two-component polymerization system was prepared giving a’ |
reactant ratio of monomer:procatalyst:activator = 20,000:1:2." Component
A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene. -
Component B: 1.6 mg (allyl)Pd(O;SCFg).PCyg was dissolvedin 8.5 g
hexylnorbornene and 0.44 g tetracyclodocecadiene. A and B components-
were mixed at 45°C and the following reaction parameters describe the
reaction: tgy =75, tiooec =12 s, tageec = 18 S, trmax =43 5, tget = 60°C,
trmax = 206°C. A solid object was obtained. Yield by TGA = 91.9%.

Swell in toluene overnight: 106%.

Example 45.

A two-component polymerization system was prcpared giving a
reactant ratio of monomer:procatalyst:activator =20,000:1:2. Cofnponent |
A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
hexylnorbornene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclof2.2.1]hept-2-
ene. A and B components were mixed at 45°C and the following reaction
parameters describe the reaction: tgy =7, tgec = 12 5, tog0ec = 18 s,
trimax =43 5, tger = 60°C, trmax = 206°C. A solid object was obtained.

Yield by TGA = 95.5%. Swell in toluene overnight: 108%.
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o Example 46. _

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 60,000:1:2. Component
A: LiWCA-H (1.9 mg) was dissolved in 1.0 g hgxylnor_bomene._
Component B: 0.6 mg (allyl)Pd(OsSCF3)PCy; wéé dissolved in 9.0 g
hexylnorbornene. A and B components were mixed at 45°C and the

_following reaction parameters describe the reaction: tg =30's, t y9gec =

55 s, trmex = 1:30 min., tga = 60°C, trmax = 199°C. A solid object was -
obtained. Yield by TGA = 95.6%.

_ Example 47, _ o
A two-component polymeriz._atipn system was prepared givinga -
reactant ratio of monomer:procatalyst:activator = 20,000:1 :1. Component
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene. _
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCys was dissolved in 8.8 g

- hexylnorbornene and 024g5 ,5’-_-(l,_2-ethaned_iy1)bisbicyclo[2.2.l]hept-2-

ene. A and B components were :r_nix_ed at 45°C and the following reaction
parameters describe the reaction: tg =145, t 90 = 21 S, ta00c=35s,
timax = 50 s, tgey = 60°C, trmax = 202°C. A solid object was obtained. -
Yield by TGA = 95.8%. Swell in toluene overnight: 108%.

Example 48.

A two-component polymerization system was prepared giving a
reactant raﬁo-of monomer:procatalyst:activator = 50,000:1:1. Component
A: LiWCA-H (1 6 mg) was dissolved in1.0g hexylnorb_orngne.
Component B: 0.6 mg (allyl)Pd(OsSCF;)PCy; was dissolved in 8.8 g
hexylnorbomene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclo [2.2.1]hept-2-
enc. A and B components were mixed at 45°C and the following reaction
parameters describe the reaction: ty =48 s, t1pp°c = 1:55 min., t ;50c =
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2:13 min., trmax = 2:45 min., i = 55°C, trmax = 187°C. A solid object
was obtained. Yield by TGA = 93.8%.

Example 49.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator = 20,000:1:1:1.
Component A: LiWCA-H (2.8 mg) was dissolved in1.0g
hexylnorbornene. Component B: 1.6 mg (allyl)Pd(OsSCF3)PCy; and |
0.8 mg tricyclohexylphosphine was dissolved in 8.8 g hexylnorbornene
and 0.24 g 5,5 ’-(1,2—ethanediyl)bisbicyclo[2-.2.1]hept—2-ene. Aand B
components were mixed at 45°C and the following reaction parameters -
describe the reaction: tge =2:00 min., t jopec = 7:30 min., ¢ 1500c =
8:30 min., trmex =10:00 min., tgey = 55°C, trmax = 166°C. A solid object
was obtained. Yield by TGA = 96.5%. Tgby DMA =307°C.

Example 50. - .

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.6 mg (ally)Pd(O3SCF3)PCy; was dissolved in 8.0 g
hexylnorbornene and 0.61 g methylnorbornene. A and B components
were mixed at 45°C and the following reaction parameters describe the
reaction: tge =155, tiopc = 18S, taooec =25 8, trmax = 35 5, tga = 68°C,
ttmax = 210°C. A solid object was obtained.. Yield by TGA = 97.0%. T,
by DMA =245°C. -

. Example 51.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator:moderator =
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20,000:1:1:0.1. Component A: LiWCA-H (2.8 mg) was dissolved in
1.0 g hexylnorbornene. Component B: 1.6 mg (allyl)Pd(0;SCF3)PCy;
and 0.08 mg of tricyclohexylphosphine were dissolved m 9.0¢g
hexylnorbornene. A and B components were mixed at 45."C and the
following reaction parameters describe the reaction: tger = 165, tiopec =
25s,tagec=40's; tgel = 60°C, tymax =200°C. A sohd object was
obtained. Yield by TGA 05. 7% '

Example 52.

A two-component polymenzatlon system was prepared ngmg a
reactant ratio of monomer:procatalyst: activator:moderator =
20,000:1:1:0.2. Component A: LiWCA-H 2.8 mg) was dissolved in
1.0 g hexylnorbomene. Component B: 1.6 mg (allyl)Pd(O3SCF3)PCys
and 0.16 mg of tricyclohexylphosphine were dissolved in 9.0-g
hexylnorbornene. A and B components were mixed at 45 °C and the
following reaction parameters describe the reaction: tg = 14 s, to0c =
24 5, tagoec =40 8, tyy = 60°C, trma = 200°C. A 'solid ob_]ect was
obtained. : Yield by TGA=954%. = = '

. . .Example 53.

A two-componéent polymerization system was prepared giving a
reactant ratio of monohxer:prdcatélyst:activator =20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g hexyinorbornene.
Component B: 1.9 mg (ally)Pd(OsSCF3)PCys was disso_hfed in%0g
hexylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tge =24 s, t jopec =
32 s, tapoec =37 S, trmax = 50 s, tgq = 70°C, tymax = 218°C. A solid object
was obtained. Yield by TGA = 88.8%. '
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Example 54.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =
20,000:1:1:0.5. Component A: LIWCA-H (2.8 mg) was dissolved in
1.0 g hexylnorbornene. Component B:-.1.6 mg (allyl)Pd(O;SCF3)PCy;
and 0.40 mg of tricyclohexylphosphine were dissolvedin9.0g
hexylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: teq =20, t j00:c =
335, taopc =44 S, trmax = 52 8, te = 63°C, tymex = 202°C. A solid object
was obtained. Yield by TGA =95.4%. -

Example 55.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (4.0 mg) was dissolved: in 1.0 g hexylnorbornene.
Componeni B: 2.3 mg (ally)Pd(O;SCF;)PCy; was dissolvedin 11.0g
hexylnorbornene. A and B components were injected into a high pressure

reactor at 45°C, the pressure raised to 900 psi and the following reaction

parameters describe the reaction: tjopec = 13 s, t200:c = 18 s, tymax =35,

trmax = 218°C. A solid object was obtained. Yield by TGA = 89.0%. '

Example 56.

A two-component polymerization systém was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =20,000:1:1:1.
Component A: LiWCA-H (2.8 mg) was dissolved in1.0 g
hexylnorbornene. Component B: 1.6 mg (allyl)Pd(03;SCF;)PCy; and
0.8 mg of tricyclohexylphosphine were dissolved in 9.0 g
hexylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: 'tz =15 min., to =
55°C. A soft gel was obtained. .~ - -
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- Example §7.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene. -
Component B: 1.6 mg (allyl)Pd(O3;SCF3)PCy; was dissolved in 7.0 g
hexylnorbornene and 1.22 g methylnorbornene. A and B components

were mixed at 45°C and the following reaction parameters describe the

" reaction: tget =40s,t 100°C =58 s, tymax =63 s, tg¢|"3=42°C, tTrﬁax =181°C.
- A solid object was obtained. Yield by TQA = 06.6%. Tg by DMA =

248°C. - .

) o .. Example 58.

A two-component folymerization-sy’stem was prepared giving a
reactant ratio of monomer:procatalyst:activator = -20,000: 1:1. Component
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene
containing 2.0% Kraton® 1726, Component B: 1.6 mg
(allyl)Pd(O.;.ﬂSCF;)PCy; was d__issol_ved in 9.0 g hexylnorbornene
containing 2.0% Kraton® 1726 and 0.24 g . - '

© 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1Thept-2-ene. A and B components

were mixed at ;25,‘;C_ and the following reaction parameters describe the
reaction: tgy.=368,t100c= 52 S, trmax = 60 s, tza = 37°C, trmax = 157°C.
A solid object was obtained. Yield by TGA =97.8%. Swell in toluene
overnight: 100%. Tg by DMA =292°C. '

_ . Example 59.

A two-component polymerizat—idn system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.0 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.7 mg (allyl)Pd(O3SCF;)PCy; was dissolved in 6.5 g
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hexylnorbornene and 1.9 g methylnorbornene. A and B components were
mixed at 25°C and the following reaction parameters describe the
reaction: tg,i =555, t1opec = 1:16 min., trmex = 63 8, tg =42°C, trmax =
181°C. A solid object was obtained. Yield by TGA = 96.6%. Tg by
DMA =245°C. | | | |

Example 60.

A two-component polymerization system was prepaiéd giving a
reactant ratio of monomer:procatal}ist:activafor =20,000:1:1. Compbnent
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene
containing 2.0% Kraton® 1726. Component B: 1.6 mg
(allyl)Pd(O3SCF;3)PCy; was dissolved in 7.0 g hexylnorbornene
containing 2.0% Kraton® 1726 and 1.22 g methylnorbomene and 0.24 g
5,5°<(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-ene. A and B components
were mixed at 25°C and the following reaction parameters describe the

reaction: tgey =315, 11005 = 41 5, trimx = 63 8, tge1 = 44°C; trmax = 182°C.

A solid object was obtained. Yield by TGA = 96.8%. Swell in toluene

overnight: 95%. Tg by DMA =277°C.

Example 61.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component |
A: LiWCA-H (36.2 mg) was dissolved in 10 g hexylnorbornene.
Component B: 20.7 mg (allyl)Pd(03SCF3)PCys was dissolved in 116 g
hexylnorbomene and 3.1 g 5,5’-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
ene. A and B components were mixed at 23°C and the following reaction
parameters describe the reaction: tgze = 2:00 min., t ygoec = 3:15, t}m,x =
4:30, t,y =40°C, trme = 176°C. A solid object was obtained. Yield by
TGA =97.2%. Swell in toluene overnight: 133%. ~
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Example 62.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (36.2 mg) was dissolved in 10 g hexylnorbornene
containing 2.0% Kraton® 1657. Component B: 20.7 mg
(allyl)Pd(O3SCF3)PCy; was dissolved in 118 g hexylnorbomene
conta:mng 2.0% Kraton® 1657 and3.1g -
5,5°-(1 2-ethaned1yl)b1sblcyclo[2 2. l]hept-2-ene A and B components '
were mixed at 25°C and the followmg reacuon parameters describe the

reaction: ‘tg =45 s, t 100ec = 1:25 min., tTm,; =2:10 mm toel = 39° C,

trmax = 186°C. A sohd object was obtained. Yield by TGA =97.4%.

Example 63.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (2.8 mg) was dissolved inl0g hexylnorbomene '
Component B: '1.3 mg (allyl)Pd(0:SCF3)P(i-pr); was dissolved in 9.0 g
hexylnorbornen¢. A and B components were mixed at 25°C and the
following reactioﬂ paranieters describé the feaction; g =525, tygoec =
1:20 min., tymex = 1:50, tge, =45°C, trmax = 182°C A sohd ob_yect was
obtained. Yield by TGA 98.6%. L

Example 64.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component '-
A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 4.1 mg (PCy;),Pd(H)NO; was dissolved in 9.5 g '
hexylnorbornene; A alid B coinponents were mixed at 45°C and the

following reaction parameters describe the reaction: tgy = 5:00 min., t
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100°C = 6:10, trmax = 6:30 min., teer = 62°C, tmax = 192°C. A solid object
was obtained. Yield by TGA = 98.0%.

Example 65.

A two-component polymerization system was prepared giving a
reactant ratio of monemer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (4.0 mg) was dissolved in 1.0 g butylnorbornene. '
Component B: 2.3 mg (allyl)Pd(0:SCF;)PCy; was dissolved in 11.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tg=1:40min,t
1o0°c = 2:02 min., t20p°c = 2:08 min., tymax = 2:30 min., tge = 46°C, tymax =
212°C. A solid object was obtained. - Yield by TGA = 94.2%.

_ Example 66.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (8.0 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 4.6 mg (allyl)Pd(0;SCF3)PCy; was dissolved in 11.0 g
butylnorbornene. A and B components were mixed at 25°C and the |
following reaction parameters describe the reaction: tgy =40 s, t100°C =
45 3, tan0ec =47 S, Urmax = 505, tger = 55°C, tymax = 208°C. A solid object
was obtained. Yield by TGA = 96.0%. -

Example 67.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 3.8 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components |

were mixed at 25°C and the following reaction parameters describe the

"PCT/NiS99/29156
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reaction: tg =425, t100oc =49 8, t200c = 55 8, trmax = 70 8, £z = 50°C,
trmex = 212°C. A solid object was obtained. Yield by TGA =91.2%.

Swell in toluene overnight: 108%.

Example 68.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:actiVator =10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene. '
Component B: 3.8 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
butylnorbornene and 0.24 g 5,5’-(1 ,2-ethmediyl)bisbicyclo[2.2.1]hept-2-
ene. A and B components were mixed at 25°C and the following reactioﬁ
parameters describe the reaction: * tge = 55 s, t jo0ec = 1:05 min., topec =
1:09 min., type = 1:20 min., tzer = 49°C, trmex = 208°C. - A solid object

“was-obtained. Yield by TGA = 92.8%: Swell in toluene overnight:
91%. . _ _ .

- Example69.

A two-component polymerization system was prepared giving a
‘reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.9 mg) was dissolved in 1.0 g cyclohexenylnorbornene.
Component B: 4.0 mg (ally)Pd(O3SCF3)PCy; was dissolved in 11.0 g
cyclohexenylnorbomene. A and B components were mixed at 45°C and
the following reaction parameters describe the reaction: tg = 1:55 min.,
t100°c = 2:55 min., tymex = 4:15 min., tgg =60°C, tymax = 150°C. A solid,
brittle object was obtained. Yield by TGA =91.5%. '

. Example 70.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA;H (2.8 mg) was dissolved in 1.0 g hexylnorbornene -
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containing 4.0% Kraton® 1657. Component B: 1.6 mg
(allyl)Pd(O3SCF3)PCy; was dissolved in 9.2 g hexylnorbornene
containing 4.0% Kraton® 1657 and 0.24 g '
5,5"-(1,2-ethanediyl)bisbicyclof2.2.1]hept-2-ene. A and B components
were mixed at 25°C and the following reaction parameters describe the
reaction: tga = 1:05 min., tj90.c =2:10 min., timex = 2:50 min., tgg =
38°C, trmax = 163°C. A solid object was obtained. Yield by TGA =
97.2%. Swell in toluene overnight: 122%. '

Example 71. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 1.0 g hexylnorbornene. '
Component B: 1.6 mg (allyl)Pd(0sSCF;)PCy; was dissolved in 9.2 g
hexylnorbornene and 0.24 g 5,5'-(1,2-cthanediyl)bisbicyclof2.2.1}hept-2-
ene and 0.18 g 2-(3-butenyl)-1,2,3,4,4a,5,8,8a-octahydro-1,4:5,8- '
dimethanonapthalene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tge; = 1:15 min.,
tjo0rc = 1:55 min., tymex = 2:05 min., tey = 60°C, trmax = 200°C. A solid
object was obtained. Yield by TGA =97.7%. Swell in toluene overnight:
123%.

Example 72,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (128 mg) was dissolved in 10 g butylnorbornene.
Component B: 73 mg (allyl)Pd(O3;SCF;)PCy; was dissolved in 181 g
butylnorbornene. A and B components were mixed at 25°C, the reaction
was stirred for several seconds, then poured into a 8x18 cm aluminum
pan. A solid object was obtained. Yield by TGA = 94.5%. Tg by'DMA
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=304°C. HDT = 80°C. A sample of the product was placed in 2 vacuum
oven at 200°C/0.1 torr for 20 hours. Residual monomer by TGA =3.1%.
HDT =210°C.

Example 73.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (134 mg) was dissolved in 10 g butylnorbornene. '
Component B: 77 mg (allyl)Pd(O3SCF)PCy; was dissolved in 185 g
butylnorbornene and 5.7 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2- _
ene. A and B components were mixed at 25°C, the reaction was stirred
for several seconds; then poured into a 8x18 cm aluminum pan. A solid-
object was obtained.. Yield by TGA =91.9%. Swell in toluene overnight:

'82%. HDT=66°C. - -

A sample of the product was placed in a vacuum oven at
200°C/0.1 torr for 20 hours. Residual monomer by TGA =4. 1%. HDT =
204°C. A sample of the product was placed in a vacuum oven at
200°C/0.1 torr for 96 hours. Residual monomer by TGA = 2.0%. Swell
in toluene: 106%. HDT = 207°C. '

Example 74.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene
containing 4.0% Kraton® 1726. Component B: 1.6'mg
(allyD)Pd(O3SCF3)PCy; was dissolvedin9.2 g hexylnorbomene
containing 4.0% Kraton® 1726 and 0.24 g
5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-ene. A and B components

PCT/US99/29156
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were mixed at 25°C. A solid object was obtained. Yield by TGA =
97.1%. ' o

~ Example 75.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component

~A: LIWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.

Component B: 3.8 mg (allyl)Pd(O3SCF;)PCy; was disselved in 8.0 g
butylnorbornene and 1.43 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
ene. Aand B components were mixed at 25°C and the following reaction
parameters describe the reaction: tg = .23 S, t100°c=33 s, tymax = 55 5,
tee =43°C, tmmax = 179°C. A solid object was obtained. Yield by TGA =
90.2%. o | |

Example 76.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene
containing 4.0% Kraton® 1726. Component B: 3.2 mg
(allyl)Pd(O3SCF;3)PCy; was dissolved in 9.2 g hexylnorbornene
containing 4.0% Kraton® 1726 and 0.24 g
5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-ene. A and B components
were mixed at 25°C and the following reaction parameters describe the
reaction: tge =37s, t100°c = 52 S, t200°c = 1:02 min., tymex = 1:40 min.,
tge =40°C, trmax = 208°C. A solid object was obtained. Yield by TGA =
97.4%. SR o |

Example 77.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component

‘PCT/US99/29156
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A: LiWCA-H (4.5 mg) was dissolved in 1.0 g ethylnorbornene.
Component B: 2.8 mg (ally])Pd(OsSCF3)PCy; was dissolved in 10.0 g
ethylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tg = 1:07 min.,

t100°c = 1:16 mm, t200ec = 1:20 min., tymax = 1:30 min., tgel = 50°C, t1max

-=233°C." A solid, object.containing bubbles was obtained.. Yield by
TGA=883%, - .- o

} - - Example 78. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 5,000:1:1. Componenf
A: LIWCA-H (13.4 mg) was dissolved in 1.0 g butyinorbornene.
Component B: 7.6 mg (ally)Pd(O3SCF3)PCy; was dissoived in88¢g
butylnorbornene and 0.24 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
ene. A and B components ‘were mixed at 25°C and the following reaction
parameters déscribe the reaction: 'ty =33's, tigeec = 34 S, trmm = 36 5,

tzes = 60°C, tymex = 217°C. A solid object was obtained Yield by TGA =

97.0%.

"Example 79.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (4.5 mg) was dissolved in 1.0 g ethylnorbomene.
Component B: 2.6 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 10.0 g
ethylnorbornene. A and B components were mixed at 25°C and the
polymerization vial sealed with a crimp-cap. A solid object with almost
no bubbles was obtained. Yield by TGA = 89.5%. Tg by DMA =266°C.
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-Example 80. -

. A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (4.5 mg) was dissolved in 1.0 g ethylnorbornene.
Component B: 2.6 mg (allyl)Pd(O:SCF3)PCy; was dissolved in 10.0 g
ethylnorbornene. A and B components were injected into a pressure
reactor at 25°C and the pressure raised to 100 psi. A solid object was
obtained. Yield by TGA = 92.6%.

. Example 81.

A two-component polymerizatim'x system was prepared giving a '
reactant ratio of monomer:procatalyét:activator =10,000:1:1. Component .
A: LiWCA-H (134 ﬁng) was dissolved in 10 g butylnorbornene. -
Component B: 77 mg (allyl)Pd(O3SCF;)PCy; was dissolved in. 170 g
butylnorbornene and 21 g tetracyclododecadiene. A and B components
were mixed at 25°C, and poured into a 8x18 cm aluminum pan. .A solid
object was obtained. Yield by TGA = 89.0%. HDT = 70°C.

A sample of the product was postcured in a vacuum oven at
200°C/0.1 torr for 72 hours. Residual monomer by TGA = 5.0%. HDT =
196°C.

, Example 82.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (134 mg) was dissolved in 10 g butylnorbornene.
Component B: 77 mg (allyl)Pd(OsSCF3)PCy; was dissolved in 180 g -
butylnorbornene and 10.5 g tetracyclododecadiene. A and B components
were mixed at 25°C, and poured into a 8x18 cm aluminum pan. A solid

object was obtained. Yield by TGA =91.9%. HDT = 99°C.
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A sample of the product was postcured in a vacuum oven at
200°C/0.1 torr for 72 hours. Residual monomer by TGA =3.9%. HDT =
204°C.. ' ' o

5 : ~.~ Example 83. - _
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component

- A: LiFABA (5.8 mg) was dissolved in 0.85 g uiethoxysilylnorbomén'e.
Component B: 5.2 mg (PCy3),Pd(H)(O-CCFj3) was dissolved in 9.5 g

10 butylnorbornene. A and B components were mixed at 45°C and the

following reaction parameters describe the reaction: 1yt =4:00 min.,
tiopec = 4:27 min., tapoec = 4:31 Min., trmex = 4:42 min., tger = 68°C, trumex

- =220°C. A solid object was obtained. Yield by TGA = 96.8%.

15 . oo ExampleSdi

A two-comporient polymerization systemn was prepared givinga
reactant ratio of monomer:procatalyst:activator =: 1.0‘,000:1 :L. -.Corn"poneht
A: LiFABA (5.8 mg):was dissolved in 0.85 g triethoxysilylnorbornene.
Component B: 5.2 mg (PCy3),Pd(HYO,CCF3) was dissolvedin 9.5 g’

20 butylnorbornene. A and B components were mixed at 60°C and the
following reaction parameters describe the reaction: tg = 1:13 min.,
t100,c = 1:23 min,, t y00°c = 1:27 min., 17y = 1:48 min., tge = 85°C, trma
=232°C. A solid object was obtained. Yield by TGA = 93 3%.

25 . .+ . ‘Example85.
A two-component polymerization system was prepared giving a
reactant ratio of mondmer:procatalyst:ac':t'ivator1= 10,000:1:1. Component |
A: LiWCA-H (6.7 mg) was dissolved -in 1.0 g butylnorbomene.
Component B: 3.1 mg (allyl)Pd(OsSCF;)P(i-pr); was dissolved in 9.0 g
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butylnorbornene. A and B components were mixed at 25°C. A-solid
object was obtained. Yield by TGA = 98.3%.

Example 86.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component

~ A: LiFABA (11.6 mg) was dissolved in 0.85 g triethoxysilylnorbornene.

Component B: 5.2 mg (PCy;),Pd(H)(O,CCF;) was dissolved in9.5 g
butylnorbomene. A and B components were mixed at 63°C and the
following reaction parameters describe tpe reaction: tgy =48s,t0poc=
545, ta00c = 595, trma = 1:05 minL., tgy = 87°C, trmmc= 235°C. A solid
object was obtained. Yield by TGA = 94.6%.

Example 87.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator =20,000:1:1." Component
A: LiWCA-H (3.3 mg) was dissolved in 1.0 g butylnorbomene.
Component B: 1.5 mg (allyl)Pd(O3SCF;)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tyq = 15s, tigpec = )
17 s, t200:c = 20 S, trmax = 40 5, tger = 45°C, trmax = 214°C. A solid object
was obtained. Yield by TGA =97.9%. .- '

Example 88.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 3.1 mg (allyl)Pd(O3;SCF3)P(i-pr); was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components

were mixed at 25°C and the following reaction parameters describe the
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reaction: T =13 5, tiooec = 18 5, t200°c = 23 S, tymax = 35 5, g1 =40°C,

trmax = 205°C. A solid object was obtained. Yield by TGA = 96.9%.

Example 89.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 40,000:1 :1. Component’
A: LIWCA-H (1.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 0.8 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components
were mixed at 25°C and the following reaction parameters describe the -
reaction: - tger =21 s, tygoec =34 s, t200°c = 44 S, trmax =60 8, toe =40°C,
trmax = 205°C. A solid object was obtained. Yield by TGA = 93.9%.

Example 90.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. ‘Component
_A: LiWCA-H (6.7 mg) was dissolved. in 1.0.g butylnorbomene.
. Component B: 3.8 mg (PCy3),Pd(H)O3SCF; was dissolved in 9.0 g
butylnorbornene. - A and B components were ‘mixed at 45°C and the'
- following reaction parameters describe the reaction: tg = 1:05 min.,
tiooec = 1:14 min., t 3500 = 1:17 min., trma = 1:30 min., tggy = 70°C, trmax
= 222°C. A solid object was obtained. Yield by TGA = 93.5%.

Example 91.

A fWo-componmt-polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiFABA (2.9 mg) was dissolved in 0.85 g triethoxysilylno‘rbomcne.
Component B: 1.5 mg (allyl)Pd(O3;SCF3)P(i-pr); was dissolved in 9.5 g

butylnorbornene. A and B components were mixed at 25°C and the |
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following reaction parameters describe the reaction: tg = 3:20 min.,
t 100°c = 5:10 min., tyax = 5:45 min.,, to = 37°C, trmax = 190°C. A solid
object was obtained. Yield by TGA = 96.8%.

Eximple 92.

. A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiFABA (2.9 mg) was dissolved in 0.85 g triethoxysilylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 9.5 g
butylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tge) =41 s, tiggec =
525, taopec = 56 S S, trmax = 1:02 min., tgy = 68°C; timax = 220°C. A solid
object was obtained. Yield by TGA = 93.8%.

Example 93.

A tw'o-componenf polymerization system was prepared giviné a
reactant ratio of monomer:prot:ﬁtalyst:activator =20,000:1:1. Component
A: LIWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene
containing 5.0% Kraton® 1726. Component B: 1.6 mg
(allyl)Pd(O3SCF;)P(i-pr)s was dissolved in 95 g butylnorbornene
containing 5.0% Kraton® 1726. A and B components were mixed at 25°C
and the following reaction p’arérneters describe the reaction: tgd' =17s,
tiooec =23 s, t200°c = 35 5, trmax = 60 s, tger = 40°C, trmex = 203°C. A
solid object was obtained. Yield by TGA = 97.0%.

Example 94,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Compbnent
A: LiWCA-H (33.5 mg) was dissolved in 50 g butylnorbornene. |
Component B: 15.3 mg (allyl)Pd(O3SCF3)P(i-pr)s was dissolved in'50 g

PCT/US99/29156
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butylnorbornene. A and B components were loaded into a MIXPAC
mixing gun and shot through a 10-24 static mixer into a nitrogen purged -
Teflon® cup. A solid object was obtained. Yield by TGA = 96.3%.

Example 95.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. ‘Component
A: LiWCA-H (50.3 mg) was dissolved in 75 g butylnorbornene..
Component B: 22.9 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 75 g
butylnorbornene.. A and B components were loaded into a MIXPAC
mixing gun and shot through a 5-18 static mixer into a nitrogen purged |
Teflon® oup. A solid object was obfained. Yield by TGA = 97.5%.

. . Example 96.. . .

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst: actlvator 20, 000:1:1. Component
A: LiWCA-H (33, 5 ‘mg) was dissolved in 50 g butylnorbornene
containing 5.0% Kraton® 1726 and 3.5 g tetracyclododecadiene.
Component B: 13.3 mg (ally})Pd(O;SCF3)P(i-pr); was dissolvedin 50 g
butylnorbornene containing 5.0% Kraton® 1726 and 3.5 g
tetracyclododecadiene. A and B components were loaded into a
MIXPAC mixing gun and shot through a 5-18 static mixer into a mtrogen :
purged Teflon® cup. A solid object was obtained. Yield by TGA =
92.0%. |

Example 97.
A two-component polymenzatxon system was prepared giving a
reactant ratio of monomer: procatalyst activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dlssolved in 51.5 g butylnorbornene .
containing 5.0% Kfa_.tonﬁ’ 1726 and .1._.:4 g tetracyclododéoadiene.

PCT/US99/29156
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Component B: 13.3 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in

51.5 g butylnorbornene containing 5.0% Kraton® 1726 and 1.4 g
tetracyclododecadiene. A and B'components were loaded intoa
MIXPAC mixing gun and shot through a 5-18 static mixer into a nitr‘ogen
purged Teflon® cup. A solid object was obtained. Yield by TGA =
94.4%. ' '

Example 98.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-CHj; (3.4 mg) was dlssolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd((_)sSCF;)P(l—pr)g was dissolved in 9.0 g
butylnorbomene.. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tg =15 s, tigoc =
228, t 2000c =24 S, tTmax = 45 8, tgg =40°C, trmax =214°C. A solid ob]ect
was obtained. Yield by TGA = 96.5%. o

Example 99,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 50 g butylnorbornene.
Component B: 15.3 mg (allyl)Pd(O;SCFg)P(i-pr)g was dissolvedin 50 g
butylnorbornene. A and B components were loaded into a MIXPAC
mixing gun and shot through a 10-24 static mixer into a nitrogen purged
plaque mold at 85°C. A solid object was obtained. Yield by TGA =
97.3%.

Example 100.
A two-c__:ompdnent polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
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A: LiWCA-H (48.8 mg) was dissolved in 75 g butylndrb_omene
containing 5.0% Kraton® 1726 and 1.5 g tetracyclododecadiene:
Component B: 22.2 mg (allyl)Pd(O3SCFs3)P(i-pr); was dissolved in 75 g -
butylnorbornene containing 5.0% Kraton® 1726 and 1.5 g .
tetracyclododecadiene. ‘A and B components were loaded intoa
MIXPAC mixing gun and shot through a 5-18 static mixer into a nitrogen
purged plaque mold at 85°C. A solid object was obtained. - Yield by TGA
=95.4%. o

_ Example 101. -

A two-component. polymerizaﬁor; system was prepared giving a |
reactant ratio of monomer:procatalyst-activator = 20,000:1:1. Component
A: LiWCA-H (2.8 mg) was dissolved in1.0 g hexylnorbbrnene.
Component B: 1.3 mg (allyl)Pd(O3SCF;)P(i-pr); was dissolved in 9.0 g
hexylnorbornene. A and B components were mixed at 25°C and the -
following reaction parameters describe the reaction:: tg'= 40's, t 100°c =
60 s, tymax = 1:20, tge =40°C, trmax = 181°C. A solid object was
obtained. Yield by TGA=984%. - -

_ Example 102.

A two-component polymerization system was prepared giving a
reactant ratio of mo.nomer:_procafalyst:activator =10,000:1:1. Component
A: LiWCA-H (98 mg) was dissolved in75 g butylnbrboniene containing
3.0% Diene 55 AC10®. Component B: 44.8 mg (allyl)Pd(O3SCF3)P(i-
pr); was dissolved in 75 g butylnorbornene containing 3.0% Diene 55
AC10®. A and B components were loaded into a MIXPAC mixing gun
and shot through a 5-18 static mixer into a nitrogen purged plague mold at
75°C. A solid object was obtained. Yield by TGA = 96.6%.
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Example 103.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (0.690 g) was dissolved "in 610 g hexylnorbornene.
Component B: 0.313 g (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 610 g
hexylnorbornene. A and B components were mixed at 35°C as high
pressure streams in a micro-RIM machine mix head. Four solid objects
was obtained from four trials. Yield by TGA = 98.3%, 97.6%, 97.6%,
97.8%.

Example ilM.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li(Oct;0),sFABA (3.4 mg) was dissolved in 1.0 g butylndrbbmehe.

‘Component B: 1.5 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 9.0'g

butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tze =17 s, t100c =
18 s, tz00c = 21 S, trmax = 35 8, tger = 55°C, trmax = 213°C. A solid object
was obtained. Yield by TGA = 96.5%.

Example 108.

A two-component polyfnerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene. '
Component B: 2.0 mg (ally)Pd(O3SCF3)P(o-tolyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters desctibe the reaction: tge = 2:45 min.,

t 100°c = 4:03 min., trmax = 5:00 min., tgey = 37°C, tymex = 167°C. A solid
object was obtained. Yield by TGA = 82.8%.
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Example 106.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 2.4 mg (allyl)Pd(O;SCF3)P(naphthyl)3 was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
followingﬂ reaction parameters describe the reaction: tga =355, t100c =

© 50 s, taggec = 60'S, trmax = 1:30 min., tge =45°C, trm=209°C. A solid

object was obtained. Yield by TGA =91.1%.

. _ - Example 107.
- Atwo-component polymerization system was prepared giving a

_reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component

A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 2.4 mg (allyl)Pd(O3SCF3)PPh; was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following'reacﬁon parameters describe the reaction: tget =40 s, t1g00c =
55 s, trinax = 1:30 min,, tgg =40°C, tyma = 196°C. A solid object was
obtained. Yield by TGA = 95.3%. ' '

- Example 108. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20‘,000: 1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnor_bornene.
Component B: 1.5 mg (1,1-dimethylallyl)Pd(O,CCF;3)P(i-pr); was
dissolved in 9.0 g butylnorbornene. A and B components were mixed at
25°C and the following reaction parameters describe the reaction: tget =

1:08 min., t jogec = 1:14 min., tygpec = 1:16 min., tym = 1:25 min., tgy =

PCT/US99/29156
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55°C, tymax = 211°C. A solid object was obtained. Yield by TGA ="
97.0%. |

Example 109. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 51 g butylnorbornene
containing 2.5% Nordel® 1070. Component B: 15.3 mg
(allyl)Pd(OsSCF;3)P(i-pr); was dissolved in 51 g butylnorbornene
containing 2.5% Nordel® 1070. A and B components were loaded into a
MIXPAC mixing gun and shot through a 8-24 static mixer into a Teflon®
cup. A solid object was obtained. Yield by TGA = 95.9%.

Example 110.

A two-component _polymerizr_itiox_i__system was prepared. giving a
reactant i'atio of monomer:procataiyst:acﬁvator =20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 51 g butylnorbornene .
containing 2.5% Vistanex® MML-140. Component B: 15.3 mg
(allyl)Pd(O3SCF;)P(i-pr); was dissolved in 51 g butylnorbornene
containing 2.5% Vistanex® MML-140. A and B components were loaded
into a MIXPAC mixing gun and shot through a 8-24 static mixer into a
Teflon® cup. A solid object was obtained. Yield by TGA =95.8%.

_ Example 111.

A two-comporient polymerizéﬁon system was prepared giving a
reactant ratio of monomer: procatalyst activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyDPd(O3;SCF3)PCy; was dissolved in 8.8 g -
butylnofbomene and 0.21 g tetracyclododecadiene. A and B components-

were mixed at 25°C and the following reaction parameters describe the

- PCTUS99/29156
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reaction: tg =128, tygoec =18's, t200oc =24 S, trmax = 35 §; gt = 45°C,
trmax = 202°C. A solid object was obtained. Yield by TGA = 94.5%.

Example 112.
5 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator =20,000:1:1. Component -
| A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(0;SCF3)PCy; was dissolved in 8.5 g
butylnorbornene and 0.53 g tetracyclododecadiene. : A and B components

10 were mixed at 25°C and the following re_action'parameteIS describe the
reaction: tge = 118,ty00oc= 185, t a0 = 26 , b =405, tg =45°C,
trmax = 205°C. A solid object was obtained. Yield by TGA = 90.8%.

" Example'113. -

5 A twmcomponént ipolyx’xiler’'i'zati'on éySféin was prepared giving a
‘reactant ratio of monomier: procatalyst activator = 20,000:1:1. Component o
A: LiWCA-H (3.4 mg) was dissolved in1.0 g butylnorbomene
Component B: 1.5 mg (allyl)Pd(03SCF3)PC)’3 was dissolved in 8.0 g
butylnorbornene and 1.05 g'tetracyclododecadiene. A and B components

20 were mixed at 25°C and the follo'w’ing’ reaction parameters describe the
reaction: tgy =10, t100c = 18'S, trmax = 45 5, tgel =40°C, tT.;,,,‘ = 200°C.
A solid object was obtained. Yield by TGA =86.8%. = o

‘Example114.
| 25 A two-component polymerization system was prepared giving a
' reactant ratio of monomer:procatalyst:activator = 20, 000 1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 1.0 g butylnorbomene
Component B: 1.5 mg (allyl)Pd(O;SCF 3)P(1-pr)3 was dissolved i in 9. 0 g

butylnorbomene AandB components were mixed at 25°C and the
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following reaction parameters describe the reaction: toey =85, t0p°c =

. 10's, tageec = 13 S, trmax = 25 S, tget = 45°C, trmax = 213°C. A solid object

was obtained. Yield by TGA = 97.4%.

Example 115.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved -in 1.0 g butylnorbomene. -
Component B: 1.5 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components
were mixed at 25°C and the following reaction parameters describe the
reaction: ty =9, tioeec =13 s, t200°c =17 S, tymax = 30's, tgey =45°C,
ttmax = 210°C. A solid object was obtained. Yield by TGA = 93.5%.

Example 116.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (1,1-dimethylallyl)Pd(0,CCF3)PCy; was
dissolved in 8.8 g butylnorbornene and 0.21 g tetracyclododecadiene. A
and B components were mixed at 25°C and the following reaction '
parameters describe the reaction: tg = 565,t100°C =595,1200°C=
1:03 min., trmax = 1:15 min., tge = 40°C, tyma = 214°C. A solid object
was obtained. Yield by TGA = 96.6%.

Example 117.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-CHj (3.4 mg) was dissolved in1.0 g bilfylnorbomene. '
Component B: 1.5 mg (1,1-dimethylallyl)Pd(0,CCF3)PCy; was =
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dissolved in 8.8 g butylnorbornene and 0.21 g tetracyclododecadiene. A
and B components were mixed at 25°C and the following reaction
parameters describe the reaction: ty =31 s, t90°c =37 s, t 200°c =41 s,
trmax = 60 S, tget = 40°C, tymex = 207°C. A solid object was obtained.

5 Yield by TGA = 93.4%.

Example 118.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
10 A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene. _
Componénj B: 1.6 mg (2-chloroallyl)Pd(02CCF3)P(i-pr)3 was dissolved
in 9.0 g butylnorbornene.- A and B components were mixed at 25°C and
the following reaction paranieters describe the reaction: - tgy =21 s, tygpec
=27 s, t200°c = 29 S, trmax =50 S, tsc] 45°C t-rm,x =210°C. A solid
15 obJect was obtamed Yleld by TGA = 94. 8% '

o Exal_'np'le 119.
~ A two-component polymerization systém was prepared giving a
- reactant ratio of monomer:procatalyst:activator = 20,000:1:1. ' Component
20 A: LiWCA-H (34 mg) was dissolved in 50 g butylnorbornene containing
2.5% Vistanex® MML-140 and 1.3 g tetracyclododecadiene. Component
B: 15 mg (ally})Pd(O;SCF3)P(i-pr); was dissolved in S0 g -
butylnorbornene containing 2.5% Vistanex® MML-140. A and B
components were loaded into a MIXPAC mixing-gun and shot through a
25 8-24 static mixer into a Teflon® cup. A solid object was obtained. Yield
by TGA = 94.4%. '

Example 120.
A two-component polymerization system was prepared giving a -
30 reactant ratio of mpnomer.procatalys_t.actlvator =20,000:1:1. Component
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A: LiWCA-H (34 mg) was dissolved: in 50 g butylnorbornene containing
2.5% Nordel® 1070 and 1.3 g tetracyclododecadiene. Component B:

15 mg (ally)Pd(O3SCF;)P(i-pr); was dissolved in 50 g butylnorbornene
containing 2.5% Nordel® 1070.. A and B components were loaded into a
MIXPAC mixing gun and shot through a 8-24 static mixer into a Teflon®
cup. A solid object was obtained. Yield by TGA = 93.1%.

Example 121. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 500:1:1. Component A:
LiWCA-CH; (0.11g) was dissolved i in 9.0 g of hexylnorbornene and
heated to 50°C. Component B: 30 mg [(ally])Pd(O.CCF3)}; was
dissolved in 1.0 g hexylnorbornene at ambient temperature. Aand B
components were mixed and the reaction polymerized within 30 seconds,
turned dark at 160°C, and trmax = 225°C. A solid object was obtained.
Yield by TGA = 98.4% '

Example 122,

. A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component
A: LiWCA-CHj; (0.055 g) was dissolved in 9.0 g of hexylnorbornene and
heated to 50°C. Component B: 15 mg [(allyl)Pd(O2CCFs)]; was
dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B
components were mixed and heated to 70°C. The reaction polymenzed
within 30 seconds, turned dark at 180°C, and tynma = 215°C. A solid
object was obtained. Yield by TGA = 98.1%.

Example 123,
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 1000:1:1. Compenent
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A: LiWCA-H (0.055 g) was dissolved in 9.0 g of hexylnorbornene at
ambient temperature. Component B: 15 mg [(allyl)Pd(O2CCF3)]> was
dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B
components were mixed and a bright yellow solution was observed. The
reaction gelled within 15 seconds and polymerized within 30 seconds and
trmex = 205°C. A solid object was obtained. Yield by TGA =>99.5%.

Example 124.

A two-component polymerization system was prepared giving a

. reactant ratio of monomer:procatalyst:activator =1000:1:1. Component

A: LiWCA-H (0.055 g) was dis,solv_edin 8.0 g of hexylnorbornene and

1.0 g of tetracyclododecadiene at ambient temperature. Component B:

15 mg [(allyDPd(O,CCF3)); was dissolved in 1.0 g hexylnorbomene at
ambient te_mﬁerature. A and B components were mixed and a bright
yellow solution was observed. The reaction gelled within 45 seconds and
polymerized within 3 minutes and tims = 190°C. ‘A dark yellow, solid -
object was obtaiﬂed. Yield by TGA = 93.8%.

o .. Example 125..

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component
A: LiWCA-H (0.055 g) was dissolved in 9.0 g of hexylnorbornene and
0.5gof nofbomadiéne dimer at ambient temperature. Component B:

15 mg [(allyDPd(0O,CCF3)]; was dissolved in 1.0 g hexylnorborene at - -
ambient temperature. A and B components were mixed and heated to
55°C. A bright yellow solution was obsérve_d. The reaction gelled within
15 seconds and polymerized within 2 minutes and tyne =210°C. A dark
yellow, solid object was obtained. Yield by TGA = 94.5%.
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- Example 126.

A two-component polymerization system was prepdred giving a
reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component
A: Lithium tetrakis(pentafluorophenyl)borate (LiFABA) (0.049 g) was
stirred in 9.0 g of hexylnorbornene. The LiFABA did not dissolve.

‘Component B: 15 mg [(ally)Pd(O.CCF3)]; was dissolvedin 1.0 g

hexylnorbornene at ambient temperature. A and B components were
mixed and heated at 60°C. A bright yelléw solution was observed. The
reaction gelled immediately with the maximum reaction temperature
reached was recorded at 205°C. seconds and polymerized within _
2 minutes and tyye = 210°C. A shiny, S(:Jlid object was obtained. Yield
by TGA = 91.2%. S

Example 127.

A two-component polymerization system was prepared giving a |
reactant ratio of monomer:procatalyst:activator = 5000:1:1. Component
A: Lithium tetrakis(pentafluorophenyl)borate (0.010 g) was dissolvedin
9.0 g of hexylnorbornene at ambient temperature. Component B: 15 mg
[(ally)Pd(O,CCFs)]> was dissolved in 1.0 g hexylnorbornene at ambient
temperature. A and B components were mixed and slowly heated. The
reaction gelled when the polymerizing mass reached to 65°C. A white
precipitate was observed in the reaction. The reaction polymerized within -
3 minutes and trme = 185°C. A solid object was obtained. Yield by TGA
=92.3%.

Example 128.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: Lithium tetrakis(pentafluorophenyl)borate (0.048 g) was stirred in
9.0 g of hexylnorbornene and heated to 60°C. The LiFABA did not
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completely dissolve. Component B: 20 mg [(allyl)PdCl]; was stirred in
1.0 g hexylnorbornene and heated to 60°C. Similarly, all the
[(allyDPACl]; did not dissolve completely, but a yellow colored solution
was obtained. A and B components were mixed and the reaction gelled in
45 seconds. The reaction turned black at approximately 150°C and
reached a maximum polymerization exotherm temperature of 150°C. A
solid object was obtained. Yield by TGA =89.6%. -

Example 129.

-+ A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator = 1,000:1:1, Component
A: LiWCA-H (0.056 g) was stirred in 9.0 g of hexylnorbornene.
Component B: 10 mg [(allyl)PdCl], was stirred in 1.0 g hexylnorbornene
and heated to 50°C. All of the [(allyl)PdCI], did not dissolve completely,
but a partially yellow colored solution was obtained. A and B

components were mixed:at room temperature with no apparent reaction.

. To this mixture was then added 25 mg of tricyclohexylphosphine (PCys)-

and heated. The reaction immediately turned bright orange-yellow, began
to heat.and gelled at 20 seconds. The polymerized mass achieved a
maximum polymerization exotherm temperature of 225°C. In the
presence of PCyjs, there was no darkening of the polymer as the
temperature rose to its polymerization exotherm. - A solid polymer object -
was obtained. Yield by TGA = 95.0 %.

Example 130.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: LiWCA-H (0.056 g) were dissolved in 9.0 g of hexylnorbornene.
Component B: 15 mg of [(ally)Pd(O,CCF3)}; and 25 mg of
tricyclohexylphosphine (PCys) were mixed in 1.0 g hexylnorbornene and
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a white slurry formed. A and B components were mixed at room
temperature and a yellow color formed immediately. The following
reaction parameters describe the polymerization: tg =95, and tymex =
225°C. The reaction solution polymerized within two minutes. A hard
yellow colored polymeric object was obtained. Yield by TGA = 98.5 %.

Example 131. -
A two-component polymerizatioﬁ system was prepared giving a
reactant ratio of monomer:procatatyst:activator = 1,000:1:1. Component

" A: LiWCA-H (0.056 g) and 25 mg of tricyclohexylphosphine (PCy3) were

dissolved in 9.0 g of hexylnorbornene. Component B: 15 mg of
[(allyDPd(O2CCF3)}> was stirred in .l .0 g hexylnorbornene. AandB -
components were mixed at room temperature and a flocculent yellow
material formed immediately. The reaction did not polymerize for the
first two mimutes after mixing. The following reaction parameter
describes the polymerization: tymax = 180°C. The reaction solution
slowly polymerized within two minutes. A solid polymer object was
obtained. Yield by TGA = 97.1 %.

Example 132.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:pmcétz_alyst:activator =1,000:1:1. Component
A: LiWCA-H (0.056 g) and [(allyl)Pd(O,CCF5)]; (15 mg) were mixed
3.0 g of hexylnorbornene. This suspension was stirred at room
temperature. Component B: 25 mg of tricyclohexylphosphine (PCy3)
were dissolved in 7.0 g of hexylnorbornene. A and B components were
mixed at room temperature and he_afed to 65°C. The procatalyst and
activator slurry slowly dissolved/reacted as the mass was heated. The
reaction solution polymerized to a hard yellow puck and trmax = 205°C.
Yield by TGA = 96.4 %. |
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.. Example 133. -

A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: LiWCA-H (56 mg) was dissolved in 9.0 g of hexylnorbornene.
Component B: 26 mg (allyl)Pd(O,CCF;3)PCy; was slurried in 1.0 g
hexylnorbornene. A and B components were mixed and the
polymerization was completed within 30 seconds. tymax =200°C. A bard
orange colored puck was obtained. Yield by TGA =98.5%. -

- Exa'mple.i34..
-~ A two-component polymerization system was prepared giving a

-reactant ratio. of monomer:procatalyst:activator = 2,000:1:1. Component
- A: LiWCA-H (28 mg) was dissolved in 8.5 g of hexylnorbornene and

0.5 g of norbornadiene dimer. ComponentB: 7mg. - = . -
[(ally)Pd(O,CCF3)), was slurried in 1.0 g methylnorbornene. A and B
components were mixed, the solution turned yellow, and gelled within
20 seconds. The polylmerizationiexothenn reached 200°C. A hard
yellow colored puck was obtained. Yield by TGA = 92.3%. -

Example 135.
. A two-component polymérization system was prepared giving a

- reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component

A: LiWCA-H (0.59g) was dissolved in 95 g of hexylnorborhene andS5g
of norbornadiene dimer. . Component B: 0.16 g [(ally)Pd(O.CCF3)],
was dissolved in 5 g hexylnorbornene. A and B components were mixed
at 40°C. The following reaction parameters describe the reaction: tg =
15 s, ttmax = 251°C. An odorless solid object was obtained. Yield'by
TGA = 95.4%. |
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Example 136. - _

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 2,000:1:5. -Component
A: LiWCA_-H (28 ing) was dissolved in 9 g of hexylnorbornene.
Component B: 3 mg [(ally)Pd(OCCF3)); was dissolvedin5 g -
hexylnorbornene. A and B components were mixed at ambient
temperature to yield a transparent, odorless puck. Yield by TGA =
93.6%.

Example 137.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyét:activator =2,000:1:1. Component
A: LiWCA-H (56 mg) was dissolved in 8.5 g of hexylnorbornene and
05g of ho_rbomadien_e dimer. Component B: 10 mg {(ally)PdCl]; was -
slurriedin 1.0 g ﬁxethylnorbomene._ AandB cbmpone_nts were mixed, the
solution turned yellow. The polymerization yielded a hard yellow colored
puck. Yield by TGA = 93.0%. |

Example 138,

A tWo-component polymerization system was prepared giving a
reactant ratio of monomer;procatalyst:activator = 20,000: 1:10.
Component A: Li[AI(OC(CF3);H)4] (20 mg) was dissolved in 9.0 g of
hexylnorbornene and heated to 60°C. Component B: 1.5 mg
(allyl)Pd(O2CCF;)PCy; was dissolved in _170 g hexylnorbornene at 40°C.
A and B components were mixed and the following reaction parameters -
describe the reaction: tg =95,t110°C=135,1201°C=17s, tmax =
75 8, tga = 69°C, trmax = 260°C. A solid object was obtained. Yield by
TGA=96.6%. - |
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Example 139.
A two-componerit polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-CHj (12.0 mg) was dissolved in 9.0 g of hexylnorbornene and

' heated to 50°C. Component B: 1.5 mg (allyl)Pd(0;CCF3)PCy; was

dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B

- components were mixed and the following reaction parameters describe

the reaction: tgq =345,t105°C =465,1201°C =705, ttmax = 105 s, e
= 67°C, ttmax = 223°C.- A solid object was obtained. Yield by TGA =
96.6%.

_ * Example 140.
A two-component po'lymeriution system was pre'paréd giviﬂg a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (12.0 mg) was dissolved in 9.0 g of hexylnorbornene and

heated to 50°C. Component B: 1.5 mg (allyl)Pd(0;CCF3)PCys was
~ dissolved in'1.0 g hexylnorbornene at ambient temperature. A and B

components were mixed and the following reaction parameters describe
the reaction:. tge) =70 's,t 101°C = 88 s, 1 200°C = 145'5, tymax = 180 s,
te = 68°C, trms =211°C. A solid object was obtained. Yield by TGA =
95.1%. |

Example 141. N

A two-compoheht polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1 2. Cbnﬁponent
A: LiWCA-H (12.0 mg) was dissolved in 9.0 g of hexylnorbornene and
heated to 50°C. Component B: 1.5 mg (allyl)Pd(0,CCF3)PCys was
dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B
components were mixed and the following reaction parameters describe
the reaction: ty =70s,t101°C =88s,t200°C=145s, tymax = 1805,
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tea = 68°C, trmax = 211°C. A solid object was obtained. Yield by TGA =
95.1%. ' ' : a

Example 142,
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component

~A: LiWCA-H (56 mg) was dissolved in 8.5 g of hexylnorbormene and

0.5 g of exo-trans-exo-norbornadiene dimer and heated to 50°C.
Component B: 15 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g
hexylnorbornene at 40°C. A and B components were mixed and the
reaction turned bright orange and gelled within 15 seconds. The
maximum polymerization was measured at 245°C. A solid orange-yellow
puck was obtained. Yield by TGA = 96.8%.

Example 143.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 2,000:1:1. Component
A: LiWCA-H (28 mg) was dissolved in 8.5 g of hexylnorbornene and
0.5 g of exo-trans-exo-norbornadiene dimer and heated to 55°C.
Component B: 7.5 mg (n-allyl)Pd(O2CCF3)PCy; was dissolved in 1.0 g
hexylnorbomene at 40°C. A and B components were mixed at 45°C aﬁd |
the reaction mixture immediately turned orange, gelled within 15 secohds
and reached a maximum temperaturé of 241°C. An odorless yellow puck
was obtained. Yield by TGA = 95.7%.

Example 144,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiWCA-H (11.5 mg) was dissolved in 9.0 g of hexylnorborene.

-~
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Component B: 3 mg (z-ally])Pd(0,CCF3)PCy; was dissolvedin 1.0 g
hexylnorbornene. A and B components were mixed at ambient '
temperature and the reaction mixture immediately tumed yellow, gelled
within 30 seconds and reached a maximum temperature of 251°C. An
odorless yellow puck was obtained. Yield by TGA =97.0%. -

: Example 145.

- A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component -
A: LiWCA-H (5.5 mg) was dissolved -ip,7.5 g of hexylnorbornene and
0.5 g of exo-trans-exo-norbornadiene dimer and heated to 55°C. |
Component B:. 7.5 mg (n-allyl)Pd(OCCF3)PCys was-dissolved in 1.0 g
hexylnorbornene. A and B components were mixed at ambient and the
reaction mixture turned immediately yellow, gelled at 35 seconds and

reached a maximum temperature of 210°C. An odorless yellow puck was

- obtained. Yield by TGA =93.2%. -

. i Example 146.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (5.6 mg) was dissolved in 8.0 g of hexylnorbornene and -
1.0g of 1,2,3,‘4,4a,5,8,8a-6ctahydro-l,4:5,8-dimethanonapthalene.
Component B: 1.5 mg (n-ally)Pd(O,CCF;)PCy; was dissolved in 1.0 g
hexylﬁbrborhéne at ambient temperature. A and B components were
mixed at ambient and the reaction mixture turned immediately yeliow,
gelled within 30 seconds and reached a maximum temperature of 225°C.
An odorless yellow puck was obtained. Yield by TGA = 88.3%.
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Example 147.

A ﬁwo-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (5.6 mg) was dissolved in 9.0 g of hexylnorbornene.
Component B: 1.5 mg (n-allyl)Pd(OZCCF3)P.Cy3 was dissolved in 1.0 g
hexylnorbornene. A and B components were mixed at ambient and the
reaction mixture turned immediately yellow, gelled within 20 seconds and
reached a maximum temperature of 241°C. An odorless orange puck was
obtained. Yield by TGA =95.4%. .

Example i48.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 15,000:1:1. Component -
A: LiWCA-CH,(45 ing) was dissolved in 115 g of hexylnorbornene and
6 g of exo-trans-exo-norbomadiene dimer. . Component B: 24 mg
(n-ailyl)Pd(02CCF3)PCy3 was dissolved in 6 g hexylnorbornene. A and
B components were mixed at ambient and the reaction mixture turned
immediately yellow, gelled within 30.seconds and reached a maximum .
temperature of 248°C. An odorless yellow puck was obtained. - Yield by
TGA = 96.2%.

Example 149.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (11 mg) was dissolved in 8.5 g of hexylnorbornene and
0.5gof exo-irans_-gxo—norbo_madiene dimer. Component B: 3.2 mg
(n-allyl)Pd(O,CCF3)PCys was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at room temperature, gelled within
50 seconds, and the polymerization reached an internal temperature of
242°C. .
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_ Example 150.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1 2. Component
A: LiWCA-H (11.5 mg) was dissolved in 7 g of hexylnorbornene and
2 g of exo-trans-exo-norbornadiene dimer. Component B: 3mg
(n-allyl)Pd(O.CCF;)PCy; was dissolved in 1.0 g-methylnorbornene. A
and B components were mixed at 28°C. The following reaction
parameters describe the reaction: ty =125,t104°C = 305, tagec = -
428, timax =99 s, tgel = 38°C, t-rm,x = 220°C A solid object was obtamed
Yield by TGA = 89.0%. '

Example 151.

A two-component polymenzatlon system was prepared glvmg a
reactant ratio of monomer procatalyst activator = 10 000:1:1. Component
A: L1WCA-H (11 S mg) was dissolved in 9 gof hexylnorbornene
Component B: 3 mg (n-ally)Pd(O,CCF3)PCy; was dissolved in 1.0 g
methylnorbornene. A and B components were mixed at 29°C. The
following reaction parameters describe the reaction: tgc;: =285, t100°c =
40'S, ta0c =45, trmee = 85 5, tasy = 50°C, trmex = 247°C. A solid object
was obtained. Yield by TGA = 96.4%.

Example 152.

A two-component polymerization system was prepared glvmg a
reactant ratio of monomer: procatalyst activator = 10 000:1:1. Component
A: LiWCA-H (11.5 mg) was dissolved in 9 g of hexylnorbor_nene.
Component B: 3 mg (n-allyl)Pd(O,CCF;)PCy; was dissolvedin 1.0 g
methylnorbornene. A and B components were mixed at 29°C. The |

following reaction parameters describe the reaction: tget =285, t100°c =

PCT/US99/29156
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40's, 1200c = 455, trmax = 85 S, tget = 50°C; trmex = 247°C. A solid object
was obtained. Yield by TGA = 96.4%.

Example 153.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component.
A: LiWCA-H (11.5 mg) was dissolved in 7 g of hexylnorbornene.
Component B: 3 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g
hexylnorbornene. - A and B components were mixed at 31°C. The
following reaction parameters describe the reaction: tz = 185,1118°C |
= 285,1214°C =31 5, trmax = 75°S, tger = 50°C, trma = 268°C. A solid
object was obtained. Yield by TGA = 96.4%.

Example 154.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (5.5 mg) was dissolved in 7 g of hexylnorbornene and2 g’

- of norbornene. Component B: 1.5 mg (n-allyl)Pd(0,CCF3)PCy; was

dissolved in 1.0 g hexylnorbornene. A and B components were mixed at -
29°C. The following reaction parameters describe the reaction: tg =
40s, tiooc = 80's, Lgrec = 83 S, timax = 165 5, tger = 41°C, trmax = 260°C.
A solid object was obtained. Yield by TGA = 92.4%.

Example 155.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 23 g of hexylnorbornene and
6 g of norbornene. Component B: 1.8 mg (n-allyl)Pd(0,CCF3)PCys was

dissolved in 1.0 g hexylnorbornene. A and B 'components were mixed at
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58°C. The following reaction parameters describe the reaction: teg =
25s,t1030c= 458, t204c = 60 S, trmax = 118 §, tga1 = 7Q°C, trmax = 241°C.
A solid object was obtained. Yield by TGA = 80.8%.

_ _ Example 156.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 24 g of hexylnorbornene and
5 g of norbornene. Component B: 1.8 mg (r-allyl)Pd(0,CCF;)PCy; was
dissolved in 1.0 g hexylnorbornene. A and B components were mixed at
65°C. The following rea_ctioh parameters describe the _reaction} tg =

12 s, t1ppoc = 25 S, thizec=36s, ttmax = 87 s, teel =.72°C, tima.= 270°C.

-A solid object was obtained. Yield by TGA = 80.8%.

Example 157.

A two-component polymerization system was prepared givinga -

reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component

A: LiWCA-H (13.6 mg) was dissolved in 24 g of hexylnorbornene and
Sgof methylnorbOme_ne. ComponentB: 1.8mg. .
(w-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 60°C. The following reaction
parameters describe the reaction: tyey = 12 s, tiggec = 20 s, t100c =225,
timax = 175 5, tgg = 71°C, trmex = 269°C. A solid object was obtained.
Yield by TGA = 91.7%.

. Example 158.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (13.6 mg) was dissolved in 26 g of hexylnorbornene and

PCT/US99/29156
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3gof exo—trans-;s;mrbomadiene_ dimer. Compoﬂé;ii B 1.8 mg
(n—aliyl)Pd(02CCF3)PCy3.was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 60°C. The following reaction
parameters describe the reaction: tg =108, tioec= 178, t200c =26 s,
trmex = 85 S, tga = 66°C, tymix = 250°C. A solid object was obtained.
Yield by TGA = 90.8%. '

Example 159.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Compotiem-
A: LiWCA-H (8.0 mg) was dissolved in 24 g of hexylnorbornene and
5 g of methyinorbornene. Component B: 4.5 mg
(n-allyl)Pd(O2CCF3)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 60°C. The following reaction
parameters describe the reaction: tgs =14 s, tigrec = 20's,t 100.c =28 5,
tTmex = 120 5, 1gy = 76°C, tymax = 288°C. A solid object was obtained.
Yield by TGA = 86.0%. ' .

Example 160.

A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator = 25,000:1:2, Component
A: LiWCA-H (32 mg) was dissolved in 117 g of butylnorbornene.
Component B: 17 mg (n-allyl)Pd(O,CCF3)PCy; was dissolvedin 3 g
methylnorbornene. A and B components were mixed at 60°C. The
following reaction parameters describe the reaction: tgq =15 s, tippc =
22 5, t210c = 27 5, trmax = 105 5, tga = 73°C, tymax = 288°C. A solid
object was obtained. Yield by TGA = 88.4%. '

- PCT/US99/29156
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[Example 161. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (32 mg) was dissolved in 117 g of butylnorbornene and

5 12 g of exo-frans-exo-norbornadiene dimer. Component B: 17 mg
(n-allyl)Pd(O,CCF;3)PCy; was dissolved in 3-g butylnorbornene. A and B
components were mixed at 60°C. The following reaction parameters
describe the reaction: tyq =105,t106°C= 18s5,t200°C =23 5, ttax =
127 5, g1 =70°C, timex = 278°C. A solid object was obtained. Yield by
10 TGA = 89.4%.

Example 162.
A twio-component polymerization system was prepared giving a
reactant :rati(‘)"of nibﬁomcr:prodatalyst:'aétivdtor =25,000:1:1.- Component
s A: LiWCA-H (6.7 mg) was dissolved in29 g of hexylnorbornene.
" Component B: - 3:6'mg (s-allyl)Pd(O,CCF3)PCy; was dissolved in 1 g

hexylnorbornene. A and B ‘components were mixed at 70°C.  The

foilowing reaction péarainete’r’s describe the redction: tea =10, ti00°c =
125, tagc =178, trmac= 100's, tye = 82°C, trma = 272°C. A solid
20 object was obtained. Yield by TGA = 90.4%.

Example 163.
A mb-cdmpbnent polymetization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:1. Component
25 A: LiWCA-H (3.5 mg) was dissolved in 29 g of hexylnorbornene.
Component B: 1.8 mg (n-allyl)Pd(0,CCF3)PCys was dissolved in 1 g
hexylnorbornene. A and B components were mixed at 60°C. The

following reaction parameters describe the reaction: tgy =30, tp:c =
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41's, taesec = 56 S, trmax = 90'S, teeg = 79°C, trmex = 260°C. A solid object:
was obtained. Yield by TGA = 93.5%. - '

_ Example 164.

~ A two-component polymerization system was prepared givinga -
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component:
A: LiWCA-H (3.5 mg) was dissolved in 27.5 g of hexylnorbornene and
1.5 g of exo-trans-exo-norbornadiene dimer. Component B: 3.4 mg
(n-ally)Pd(O,CCF3)PCy; was dissolvedin 1 g hexylnorbornene. A and
B components were mixed at 80°C. Thg: following reaction parameters
describe the reaction: tg =65,1104°C= 105,1205°C =205, tymex =
80 s, tge = 86°C, trmax = 250°C. A solid object was obtained. Yield by
TGA = 92.5%. | |

.- Example 165.

A two-component polymerization system was prepared giving a :
reactant ratio of.monomer:procatélyst:activator. = 25,000:1:1. Component
A: LiWCA-H (27 mg) was dissolved in 117 g of hexylnorbornene. The -
activator/monomer solution was degassed under vacuum prior to mixing
with the procatalyst. Component B: 15 mg (n-allyl)Pd(O,CCF3)PCy;
was dissolved in 3 g hexylnorbornene. A and B components were mixed
at 60°C. The following reaction parameters describe the reaction: ty =
255, tigorc = 40's, tagzoc = 50'S, trmax = 75 S, tge = 74°C, tymax = 241°C.

A solid puck with no voids was obtained. - '

Example 166.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (27 mg) was dissolved in 111 g of hexylnorbomene and
1.5 g of exo-trans-exo-norbornadiene dimer. The activator/monomer
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solution was degassed under vacuum prior to mixing with the procatalyst.
Component B: 15 mg (n-allyl)Pd(O.CCF3)PCy; was dissolved in 3 g
hexylnorbornene. A and B components were mixed at 70°C. The
following reaction parameters describe the reaction: g =9 5,1 106°C =
16 5,1 204°C =24, trax = 140 s, tyy = 78°C, trma = 267°C. A solid

puck with no voids was obtairied. -

- Example 167. © -

' A two-component polymerization systera was prepared giving a

* reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component

A: LiWCA-H (27 mg) was dissolved -in 9g of exo-pentylnorbornene.
The activator/monomer solution was degassed under vacuum prior to
mixing with the procatalyst. Component B: 1.3 mg
(n-allyl)Pd(O,CCF;3)PCy; was dissolved in 1 g exo-pentylnorbornene. A

‘and B components were mixed at 60°C. . The following reaction
- parameters describe the reaction: ‘tyi'=180s; t j65c = 480 s, trmm =
© 720's, ty = 86°C, trma=234°C. A solid puck with no voids was
~ obtained. Yield by TGA = 89.4%. “ - o |

: "Example 168. -

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (2.4 mg) was dissolved in 9g of hexylnorborene.
Component B: 1.3 mg (n-allyl)Pd(O3;SCF;)PCy; was dissolved in 1 g
hexylnorbornene. A and B components were mixed at 60°C. The
following reaction parameters describe the reaction: tget =75,1140°C =
10's,1208°C = 13 s, tymex = 605, tgey = 74°C, trme = 260°C. A solid
puck with no voids was obtained. Yield by TGA = 97.0%.
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Example 169.

A two-component polymerization system was prepared giving a
reactant ratio of monomer;procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (2.4 mg) was dissolved in 9g of hexylnorbornene. _
Component B: 1.3 mg (Me;NCH,CsHy)Pd(O3SCF)PCy; was dissolved
inlg hexylhorbomené. A and B components were mixed at 60°C and
the reaction medium turned yellow. The following reaction parameters
describe the reaction: tg =135 S, tiooc = 185 s, taggee = 193 8, tymax =
240 s, tge = 71°C, t7max = 262°C. A solid puck with no voids was
obtained. Yield by TGA = 94.4%.

_ Example 170.

A two~coxhponent polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:5. Component
A: Li(OEt;); s[B(CFs)s] (10 mg) was dissolved in 0.7 g of
methoxysxlylnorbomene Component B: 1.2 mg
(u-allyl)Pd(OICCFg)PCyg was dissolvedin1 g hexylnorbomene ‘Aand -
B components were mixed at 60°C and the reaction medium turned -
yellow, and polymerized within 60 seconds, wherein - ttmax = 220°C. A
clear solid puck with no voids was obtained. Yield by TGA = 95.0%.

_ Eiam_ple 171.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: Li(OEt;); 5{B(CeFs)a) (10 mg) was. dissolved .in 8 g of
hexylnorbomene and 1 g of butoxynorbornene. Component B: 1.2 mg
(n-allyD)Pd(OsSCF3)PCy; was dissolved in 1 g hexylnorbornene. A and B

components were mixed at 50°C and the reaction medium turned yellow.

"PCT/US99/29156
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tea =230's, tigrec = 430'S, trmee = 660 5, tger = 70°C, trmex = 175°C. A
clear solid puck with no voids was obtained. Yield by'TGA_= 93.49%.

Example 172.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: Li(OEty); s[B(C¢Fs)s} (4 mg) was dissolved in 1 g of '
triethoxysilylnorbornene and 8 g of hexylnorbornene. Component B:

1.3 mg (n-allyl)Pd(OsSCF;3)PCy; was dissolvedin 1 g hexy_lndr_bornene.

" A and B components were mixed at 55°C. The following reaction

parameters describe the reaction: tg = 180's, tigpec = 270 S, t20gec =

3455, e =375 5, t = 82°C, trmax =261°C. A solid puck with no

voids was obtained: Yield by TGA = 94.7%. -~ -

- Example 173. -

" - A.two-component polymeri_zatibn system was prepared giving a

. reactant-ratio'ofmon'omer:procatalyst:activator=35,000:1:2. Component

A: Li(OEty)z5[B(C¢Fs)] (32 mg) was dissolved in 6 g of
triethoxysilylnorbornene and 111 g of hexylnorbomehe. Component B:
15 mg (w-allyl)Pd(O;SCF3)PCy; was dissolved in 3 g h‘exylnorbomene. '
A and B components were mixed at 60°C. A solid clear slab with no
voids was obtained. Yield by TGA = 96.5%.

Example 174.

A two-component polymerization system was preparéd giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: Na[B(C¢Hj3-3,5-(CF3)2)4} (4 mg) was dissolved in 1 g of
triethoxysilylnorbornene and 8 g of hexylnorbornene. Component B:

1.1 mg (n-ally)Pd(O,CCF3)PCy; was dissolved in 1 g hexylnorbornene.

A and B components were mixed at room temperature and the solution

PCT/US99/29156
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turned yellow immediately. The polymerizing mass reached a maximum
internal temperature of 244°C. A solid puck with no voids was obtained.
Yield by TGA = 92.9%. '

Example 175.
A two-component polymerization system was prepared giving a
_ reactant ratio of monomer:précatalyst:activator = 25,000:1:2. Component

A: LiWCA-H (9 mg) was dissolved in 19 g of rubberized
hexylnorbornene (1 wt. % EPDM). Component B: 2.4 mg-
(n-allyl)Pd(O,CCF3)PCys was dissolved.in 1 g rubberized
hexylnorbornene. A and B components were mixed at 100°C. The
following reaction parameters describe the reaction: g =5 s, t206°c =
10 s, tymax = 375 8, tge = 110°C, tymex = 251°C. During the course of the
reaction the solution changed color from clear yellow to a cloudy off
white. A solid puck was obtained. Yield by TGA = 91.8%.

: 3Exam’ple 176.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (9 mg) was dissolved in 0.7g of triethoxysilylnorbornene
and 19 g of rubberized hexylnorbornene (1 wt. % EPDM). Component B:
2.5 mg (n-allyl)Pd(0,CCF3)PCy; was dissolved in 0.3 g
triethoxysilylnorbornene. A and B components were mixed at 53°C. The
following reaction parameters describe the reaction: tg =285 s, t 103°C
= 3905,1203°C = 465 s, trmax = 525 S; tger = 75°C, tmax = 216°C A
solid puck was obtained. Yield by TGA = 90.0%.
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Example 177.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,00031_.:2. Component
A: Li(OEt), s[B(C¢Fs)s] (9 mg) was dissolved in 1.0 g of
triethoxysilylnorbornene and 18 g of rubberized'hexylnorbomene (1 wt.
% EPDM). Component B: 2.4 mg (n-allyl)Pd(O,CCF3)PCy; was
dissolved in 1.0 g triethoxysilylnorbornene. A and B components were
mixed at 60°C. The following reaction parameters describe the reaction:
tee = 1355, tiooec = 165 s, t2opc = 190 s, trmax = 305 s, tge = 94°C, trmax

=243°C. A solid puck was obtained. Yield by TGA = 94.7%.

Example 178. .
~ A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component

~ A: [PhsCJ[A(OC(CF3),CeHs)s] (7 mg) was stirred in 1g of -

triethoxysilylnorbornene and 8 g of hexylnorbornene. This solution was
heated to 60°C to dissolve the activator. Component B: 2.4 mg
(n-allyl)Pd(0,CCF3)PCy; was dissolved in 1.0 g hexylnorbornene. A and

B components were mixedat 60°C. A solid puck was obtained.

Example 179. -

A two-component polymerization system was prepared givinga
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (9 mg) was dissolved in 19.0 g of hexylnorbomene
containing 2 wt. % Firestone 1107 polybutadiene. Component B:

2.5 mg (n-ally)Pd(O,CCF3)PCy; was dissolvedin 1.0 g
hexlylnorbornene. A and B components were mixed and heated in a
100°C bath. A solid puck was obtained. Yield by TGA = 92.9%.
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Example 180.

A tWo-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (9 mg) was dissolved in 0.7g of triethoxysilylnorbornene
and 19 g of rubberized hexylnorbornene (1 wt. % EPDM). Component B:
2.5 mg (n-allyl)Pd(0O,CCF3)PCy; was dissolvedin0.3 g -
triethoxysilylnorbornene. A and B components were mixed at 70°C. The
following reaction parameters describe the reaction: tzq =230's,t 108°C
= 230 5,1 203°C = 345 s, tymax =465 5, tges = 108°C, tymax = 253°C. A
solid puck was obtained. Yield by TGA =93.9%.

Example 181.

A two-component polymerization system was prepared giving a
reactant.ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (2.4 mg) was dissolved in 0.7g of '
trieﬂxoxysiiylnorbomene and 19 g of rubberized hexylnorbornene (1 wt.
% EPDM). Component B:. 1.7 mg (r-allyl)Pd(O,CCF;3)P(i-Pr); was
dissolved in 1 g hexylnorbornene. A and B components were mixed at
53°C. The following reaction parameters describe the reaction: tg =

8 and trma = 255°C. A solid puck was obtained. Yield by TGA = 96.7%.

Ex-ample 182,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LIWCA-H (4 mg) was dissolved in 9 g of ethylnorbornene.:
Component B: 1.9 mg (n-aliyl)Pd(O3SCF3)P(i-Pr); was dissolvedin3 g
ethylnorbornene. The activator/monomer solution was degassed under
vacuum prior to mixing with the procatalyst. A and B-components were

mixed at 23°C. The following reaction parameters describe the reaction:
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tgea = 390 s, tigeee = 407 s, tapaec =415 s, trmex = 425 S, tgel = 51°C, trmax
=213°C. A solid puck was obtained. '

Example 183. _ _
5 A two-component polymerization system as prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF;)P(i-pr); was dissolved in 8.5 g
butylnorbornene and 0.31 g norbornadiene. A and B components were
10 mixed at 25°C. A solid object was obtained. Yield by TGA = 94.1%.

Swell in toluene overnight: 158%.

Example184. : -
A two-component polymerization system was prepared giving a
15 reactant ratio of monomer:procatalyst:activator = 20;000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

- Component B: 1.4 mg (allyl)Pd(O,CCF3)P(i-pr); was dissolved in 9.0 g
butylnorbornene. ' A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: gy = 4:00'min.,

20 tiorc=4:37 min, tagerc = 4:40 min., trme = 5:00 min., tge) =38°C, trme:
=210°C. A solid object was obtained. Yield by TGA = 96.7%.

Example 185.
A two-component polymerization system was prepared giving a
25 reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (5.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.4 mg (allyl)Pd(O.CCF3)P(i-pr); was dissolved in9.5 g
butylnorbornene. A and B components were mixed at 45°C and the

following reaction parameters describe the reaction: tze =20 s, tyopc =
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23 8, taoec = 24 S, timax = 30 5, tgey = 71°C, tymex = 222°C. A solid object
was obtained. Yield by TGA = 94.4%.

Example 186.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (5.8 mg) was partially dissolved in 0.71 g
triethoxysilylhorbomeng. Compdnent-— B: 1.4 mg (allyDPd(P(i-Pr)s)P(i-
pr); was dissolved in 9.5 g butylnorbornene. A and B components were
opened to the aif, stirred for 5 min., mixed at 25°C and the following -
reaction parameters describe the_ reactio_r;: taet = 3:00, t 100°c = 3:36 min.,.
ttmex = 4:00 min,, tzy = 40°C, trmax = 197°C. A solid object was obtained.
Yield by TGA = 95.9%.

_ Example 187,
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component "

A LiWCA-H (3.4 mg) was partially dissolved in 1.0 g butylnorbornene.

Component B: 1.4 mg (allyl)Pd(0,CCF3)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters déscribe ihe reaction: tgy =17s, tyggec =
21 s, ta00°c =22 s, trmax =40 s, t;el = 58°C, trmex = 222°C. A solid object
was obtained. Yield by ']_'GA = 92..3%.

_ Example 188.

A two_-componént polymerization system was prepared giving a
reactant ratio of monomeriprécatalyst: activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene. -
Component B: 1.5 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 8.9 g
butylnorbornene and 0.10 g dicyclopenta.diene.. A and B components
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were mixed at 25°C and the following reaction parameters describe the
reaction: tget = 128, ti00ec= 16 s, taopec =20 s, fT.ﬁgx = _4'5 .S-, 'tg=| = 40°C, -
trmax = 213°C. A solid object was obtained. Yield by TGA = 96.4%.

Example 189,

LiWCA-H (3 4mg) and 1.4 mg (allyl)Pd(OzCCFg)P(1-pr)3 were
combined in 1 ml methylene chloride and stirred for several mmutes '
This was added to 10.0 g butylnorbornene (reactant ratio of
monomer: procatalyst activator = 20, 000:1: 1) at 25°C and the followmg
reaction parameters describe the reactlon tgel = 1:00 mm tiooec =
1:10 min:, taoec = 1:12 min., tymex = 1:30 min., teg —40 C, t-;m = 209°C.
A sohd object was obtamed Y1e1d by TGA = 96.3%.

- Example 190,

' LiFABA (5.8 mg) and 1.4 ing (allyl)Pd(O,CCF;)P(i-pr); were
combined in 0.25 ml methylene chloride and stirred for several minutes.
This solution was added to 10.0 g butylnorbornene (reactant ratio of
monomér:procatalyst:activator = 20,000:1:2) at 45 °C and the fdllowing

reaction’ parameters descnbe the reactlon tgel =5 s, t mo=c =7 s, tzwc =

9s, trmax = 25 5, tge = 60°C, t-| e =222°C. A solid ob_)ect was obtained.

Yield by TGA 92.6%.

~ Example 191.

A two-component polymerization system was prepared giving a
reactant ratio of monomer;procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.8 mg (ally)Pd(0;SCF3)P(cyclopentyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the

following reaction parameters describe the reaction: tgg =23 s, t1gpec =

PCT/US99/29156
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29s, t200°¢ = 305, trmex = 505, tesr =49°C, trmax =217°C. A solid object
was obtained. Yield by TGA = 96.3%. =

Example 192.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (5.8 mg) was dissolved in 0.7} g triethoxysilylnorbornene.
Component B: 1.8 mg (allyl)Pd(O3SCF3)P(cyclopentyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe tl.xc'feaction: tzer =29 s, tiooc %
36 s, ta00°c = 38 S, trax = 60'S, tgar = 65°C, trmax = 226°C. A solid object
was obtained. Yield by TGA = 94.2%.

'Example 193. -
A two-component polymerization system was prepared giving a

" reactant ratio of monomer:procatalyst:procatalyst:activator =

20,000:0.5:0.5:1. Component A: -LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B: 0.7 mg (allyl)Pd(O2CCF3)P(i-pr)s
and 0.8 mg (allyl)Pd(O3;SCF;3)P(i-pr); were dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tge =23 s, t1op°c =
30's, tageec = 34 S, trmax = 50 5, tger = 43°C, trmax = 207°C. A solid object
was obtained. Yield by TGA =94.9%.

Example 194,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.8 mg (allyl)Pd(O3SCF3)P(cyclopentyl); was dissolved
in 8.5 g butylnorbornene and 0.5 g butenylnorbornene. A and B
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components were mixed at 25°C and the following reaction parameters
describe the reaction: tg =15, tygec =19 s; tageec = 21 s, tymax =40 s,
teer = 52°C, trmax =221°C. A solid object was obtained. Yield by TGA =
95.7%. | o

Example 195.

- A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.8 mg (ally)Pd(OsSCF3)P(cyclopentyl); was dissolved _
in 8.0 g butylnorbornene and 1.0 g butenylnorbornene. A and B
components were mixed at 25°C and the following reaction parameters.
describe the reaction: tge =235, t1o0:c =26 S, taopec =29 S, trma =40's,
toe = 58°C, trmex = 223°C. " A solid object was obtained. Yield by TGA =

' 96.4%.

| Example 196.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:1. Component
A: LiWCA-H (1.3 mg) was dissolved in 1.0 g butylnorbornene. -
Component B: 0.7 mg (allyl)Pd(O3SCF;)P(cyclopentyl); was dissolved
in%0g bufylnorbomene. A and B components were mixed at 25°C and
the following reaction parameters describe the reaction: tger:= 375, t 100e¢
=495, taoeec =54 'S, trmax = 1:10 min., tgy =44°C, trmax = 210°C. A solid
object was obtained. Yield by TGA =94.8%.

_ "~ Example 197.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 100,000:1:1.
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Component A: LiWCA-H (5.0 mg) was dissolved in74 g
butylnorbornene. Component B: 2.3 mg (allyl)Pd(O3SCF53)P(i-pr); was
dissolved in 9.0 g butylnorbornene. ‘A and B components were mixed at
40°C and the following reaction parameters describe the reaction: gy =
18, t100°c = 355, tgnc = 47 S, trme = 1:00 min., tgg = 58°C, trmae =
215°C. A solid object was obtained. Yield by TGA = 86.2%

Example 198. -

A two-component polymerization system was prepared 'giving a
reactant ratio of monomer:procatalyst:ac_tiirator =100,000:1:2. |
Component A: LiFABA (8.7 mg) was dissolved in 1.0 g
triethoxysilylnorbornene. Component B: 2.3 mg (allyl)Pd(O3;SCF3)P(i-
pr); was dissolved in 74 g butylnorbornene. A and B components were
mixed at 45°C and the following reaction parameters describe the
reaction: tge =275, tiopec = 525, taogec = 60 S, trme = 1:10 min., tpy =
55°C, trmax = 216°C. A solid object was obtained. Yield by TGA =
89.3% - ' ' o

Example 199,

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.2 mg) was dissolved. in 1.0 g tetracyclododecadiene.
Component B: 1.4 mg (allyl)Pd(O3;SCF3)(P-i-Pr); was dissolved in 9.0 g
tetracyclododecadiene. A and B components were mixed at 25°C and the
following reaction parameters deécribe the reaction; tel =18 s, t 100°C =
27 s, trmm = 50 s, tey = 40°C, trmax =163°C. A solid object was obtained.
Yield by TGA = 89.7%.
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Example 200.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator =20,000:1:1. Component -
A: LiW__CA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene. A stock
solution of Component B: 15.3 mg (n-allyl)Pd(O3SCF;)(P(i-Pr);) was
dissolved in 90.0 g butylnorbornene. Component A was mixed with 9.0 g
Component B at 25°C and the following reaction parameters describe the
reaction: tge= 14 s, tygeec = 17 5, taooec =22 5, t1mex =45 s, Teq = 50°C,
tﬁm =214°C. A solid object was obtained. Yield by TGA = 97.8%.

The stock solution of Component B was stored at room
temperature in a dry box in the dark for four months.

- A two component polymerization system was prepared giving a
~ reactant ratio of monomef:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 9.0 g “aged” stock solution. A and B were mixed at 25°C
and the following reaction parameters describe the reaction: 'tz =22's,
tiogec = 30's, taggec = 33 5, trmax =45 8, Tge) = 40°C; trmax = 213°C. A solid
' object was obtained. Yield by TGA = 96.9%. ' '

-Example 201.

_ A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Componeﬁt B: 1.6 mg (crotyl)Pd(O;SCF3)(P(i-Pr);) was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tae1 = 80 s, tyooec =
90 s, taoeec = 94 s, trmax = 110 'S, Tget = 38°C, trmax = 210°C. A solid object-
was obtained. Yield by TGA = 97.7%.
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Example 202.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-ally)Pd(O3SCF;)(P(i-Pr);) and 0.01 g Disperse
Blue 14 were dissolved in 9.0 g butylnorbornene. A and B components
were mixed at 25°C and the following reaction parameters describe the
reaction: tga= 14 s, tioeec = 19 8, taopec =21 8, trmax =45 s, Tge = 43°C,
tTmax = 212°C. A solid object was obtained. Yield by TGA = 94.6%.

-Example 203.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-allyl)Pd(O3;SCF3)(P(i-Pr);) and 0.01 g Dispérse
Red 1 were dissolved in 9.0 g butylnorbornene. A and B cbmponents
were mixed at 25°C and the following reaction parameters describe the
reaction: te=11s, tiggc = 14 5, tzoooc = 17 5, trmax = 30 s, T = 45°C,

trmex = 211°C. A solid object was obtained. Yield by TGA = 95.6%.

_ . Example 204.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (r-allyl)Pd(O;SCF3)(P(i-Pr)s) and 0.1 g
BHT-norbornene were dissolved in 9.0 g butylnorbornene. A and B
components were mixed at 25°C and the following reaction parameters

describe the reaction: tze1= 11 s, tjppec = 14 s, thgeec = 17 5, tymax = 30's,
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Tger = 45°C, t1max = 214°C. Asolid object was obtained. Yield by TGA =
96.8%. ' 3

Example 205.

. Atwo compbnent polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-allyl)Pd(OsSCFs)(P(-Pr)3) and 0.05 g BHT
were dissolved in 9.0 g butylnorbomene. A and B components were
mixed at 25°C and the following reaction parameters describe the
reaction: tge= 13 s, tigeec = 17 s, tageec = 19 S, trmax =45 s, T = 46°C,

.. ttmax =215°C. A solid object was obtained. Yield by TGA = 96.1%.

.. Example 206.
- A two component polymerization system was prepared giving a

reactant ratio of -nﬁonbme_r:pr_ocatalyst:acﬁvator =20,000:1:1. Component
- A: LifB(CeFsk(hexyl)] (2.0 mg) was dissolved in 1.0 g butylnorbornene.

C_ompo_h_ent- B: 1.6 mg,(_allyl)Pd(O3SCF3)(P(_-i-_-Pr)3) was dissolved in 9.0 g

butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: teet=19's, tigooc =

24 s, tymax = 60 s, Ty = 45°C, trmax = 170°C. A solid object was obtained.

Yield by TGA = 83.6%. ' '

Example 207,

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene. -
Componenf B: 1.6 mg (n-ally)PA[N(SO,CF3),] (P(i-Pr)3) was dissolved -
in%.0g butyinorbomene. Aand B components were mixed at 25°C and

the foliowing reaction parameters describe the reaction: tz =45 s; tiooec
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=58 s, tao0°c = 66 S, trmax = 90 8, Tpei = 46°C, trmax = 212°C. A solid
object was obtained. Yield by TGA = 96.6%.

Example 208.

A two component polymerization' system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
~A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

Component B: 1.6 mg (n-allyl)Pd[N(SO,CF3),](P(i-Pr);) was dissolved
in 9.0 g butylnorbornene. A and B componeits were mixed at 45°C and
the following reaction parameters describe the reaction: tga= 10's, tiopc
=145, topc =25 8, timax =45 5, el = 64°C, trmm = 218°C. Asolid
object was obtained. Yield by TGA = 93.0%. |

Example 209.

A two component polymerization system was prepared giving a "
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[B(C¢Fs)3(hexyl)] (2.0 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-ally)Pd[N(SO;CF3),J(P(:-Pr);) was dissolved i
in 9.0 g butylnorbornene. A and B components were mixed at 25°C and
the following reaction parameters describe the reaction: tea=21 S, tlooob
=28's, taggec = 35 S, trmax = 60 5, Tge) = 55°C, trmax = 190°C. A solid
object was obtained. Yield by TGA = 88.4%.

Example 210.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: 4-tert-butyl-N,N-dimethylanilin'ilim tetrakispentafluorophenylborate
(2.9 mg) was slurried in 9.0 g butylnorbornene. Component B: 1.6 mg
(ally))Pd(C¢Fs)PCy; was dissolved in 1.0 g butylnorbornene. A and B
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components were mixed at 45°C and the following reaction parameters
describe the reaction; o= 4:30 min, tigoec = 5:30 min, tasc = 5142, trmx
= 5:55, Tge = 58°C, tymax =211°C. A solid object was obtained. Yield by
TGA = 92.0%.

_ ‘Example 211. _

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCAfH (3.4 mg) was dissolved in 1.0 g butylnorbornene..

. Component B: 2.4 mg (ally)PA[N(SO;CFs),JPPh; was slurried in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
fo_llowixig reaction parameters describe the reaction: tge;= 1:25 min, tyoeec
= 2:00, trmax = 3:00, Tgey = 41°C, trmax = 191°C. A solid object was
obtained. Yield by TGA = 95.8%. -

S . .- Example212.

A two component polymerization system was prepared givinga -~ -
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A LiWCAfH (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Componént B: 1.6 mg (n-a_lljd)Pd(Q;SCFg)(P_(i-Pr)g). and 0.05¢g
Ethanox® 330 were dissolved in 9.0 g butylnorbornene. A and B
components weré mixed at 25°C and the following reaction parameters
describe the reaction: tg= 14 s, tioooc = 17 8, taogec = 19 5, trmax =35 s,
Tget = 43°C, trmax = 215°C. A solid object was obtained. Yield by TGA =
97.0%.

_ - Example 213.
A two component polymerization system was prep_ared giving a-
reactant ratio of mon_dm_er_:procatalyst:activator =20,000:1:1. Component
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A: LIWCA-H (3.4 mg) was dissolved. in 1.0 g butylnorbornene.
Component B: 2.2 mg

(m-allyl)Pd[N(SO,CF;),JP(cyclopentyl); was dissolvedin 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the |
following reaction parameters describe the reaction: tge= 15 s, tigeec =
20 s, tapoec = 24 S, trmax = 60's, Tger=40°C, trmax = 217°C. A solid object
was obtained. Yield by TGA = 96.6%. | '

- Example 214. _

A tile of polybutyl norbornene was RIM molded using a 1:1 blend
of butylnorbornene and butylnorbornene through the mix head of a
University of Minnesota Micro-RIM machine. A reactant ratio of
20,000:1:1 (BuNB:(n-allyl)Pd(O3; SCF3)(P(i-Pr)3):LiWwCA-H ) was
employed. This plague was painted with a U.S. Paint consisting of
F-1152 Primer, F-2010 Black Base Coat, F-3053 Clear Coat. The paints
were mixed using a 4:1 paint to G3010 catalyst ratio. They were reduced
25% by volume using T003 reducer. | ' i
A 10-15 minute flash time was used between coats to remove solvents.
After the clear coat, a 25 minute flash time was used before curing. The
cure time used was 30 minutes at 180°F. This sample was tested usiﬁg the
ASTM cross hatch test and it passed. |

Example 215.
A tile of polybutyl norbornene was RIM molded using a 1:1 blend
of butylnorbornene and butylnorbomene through the mix head of a
University of Minnesota Micro-RIM machine. A reactant ratio of
20,000:1:1 (BuNB:(ﬂ-allyl)Pd(OgSCF:)(P(i-Pr);):LiWCA—H ) was
employed. This plaque was painted with a U.S. Paixit cpnsisﬁng of F-1152
Primer, F-2010 Black Base Coat, F-3053 Clear Coat. The paints were

"PCT/US99/29156
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mixed using a 4:1 paint to G3010 catalyst ratio. They were reduced 25%-
by volume using T003 reducer.

A 10-15 minute flash time was used between coats to remove '

. solvents. After the clear coat, a 25 minute flash time was used before

curing. The cure time used was 30 minutes at 180°F.
The difference between this example and Example 224 is thata
polypropylene primer was used before the 1152 primer. The

. polypropylene primer employed was used “as is,” i.e., no catalyst was -

added and the paint was not diluted prior to application. The primer used
is U.S. Paint product V-3008- _

This sample was tested using the .ASTM cross hatch test and it '
passed. '

- L Example216., .

A two component polymenzatlon system was prepared givinga -
reactant ratio of monomer: procatalyst activator = 20, 000 1:1. Component
A: LiIWCA-H(34 mg) was dissolved in 1.0 g butylnorbomene
Component B: 1.1mg (allyl)Pd(O;SCF 3)(P(1-Pr)3) and 0.4 mg
(crotyl)Pd(O;SCF 3)(P(1-Pr)3) was dlssolved in 9 0Og butylnorbornene. A
and B components were mixed at 30°C and the followmg reaction
parameters describe the reaction:. tge; =25 s, tiooec = 30 S, taoeec =33 s,
trmax = 40 5, Tga = 50°C, trex = 216°C . A solid object was obtained.
Yield by TGA =94.8%.

_ Example 217 _

A two component polymenzatlon system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was diésolireﬂ inl0g butylnorboi'nene
Component B: 07 mg (allyl)Pd(O;SCF;)(P(z-Pr)g) and 0. 8 mg
(crotyl)Pd(03SCF3)(P(1-Pr)3) was dissolved in 9.0 g butylnorbornene. A

PCTIUS99/29156
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and B components were mixed at 30°C and the following reaction

parameters describe the reaction: - tger= 58 8, tiooec = 1:05 min, taogec =

1:08 min, trmac = 1:30 min, Teer = 46°C; trmax = 216°C . A solid object was
obtained. Yield by TGA = 94.8%. o |

o Example 218.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component:
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 0.4 mg (allyl)Pd(O3;SCF;)(P(i-Pr);) and 1.1 mg -
(croty)Pd(O3SCF;)(P(i-Pr);) was di_ssoh;ed in 9.0 g butylnorbornene. A

and B components were mixed at 30°C and the following reaction

- parameters describe the reaction: tge= 1:19 min, tigo-c = 1:27 min, tzoo=¢

= 1:29 min, tymax = 1:50 min, Tge = 49°C, trmax = 216°C . A solid object

- was obtained. Yield by TGA = 94.4%.

Example 219.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =
20,000:1:1:0.1. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B: 1.5 mg (allyl)Pd(0:SCF;)(P(i-
Pr)s) and 0.09 mg PPh; was dissolved in 9.0 g butylnorbornene. A and B
components were mixed at 30°C and the following reéaction parameters
describe the reaction: tg=13s, tiopec = 17 s, taogec = 20 s, trmax =40 s,
Tyt = 45°C, time = 215°C . A solid object was obtained. Yield by TGA =
94.1%. R |

'Example 220.
A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator:moderator =

PCT/US99/29156
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20,000:1:1:0.5. Component A: LiWCA-H (3.4 mg) was dissolved in

1.0 g butylnorbornene. Component B: 1.5 mg (allyl)Pd(O3SCF3)(P(i-
Pr)s) And 0.45 mg PPh; was di_ssolved in 9.0 g butylnorbornene. A and B
components were mixed at 30°C and the following reaction parameters
describe the reaction: tge;=40 s, tigeec = 55 s, ta00°c = 60 8, tymax =

1:15 min, Tge1 = 49°C, trmex = 210°C A solid ob_]ect was obtained. Yield
by TGA = 95.8%.

_ . Example 221.

A two component polymenzatlon system was prepared gwmg a
reactant ratio of monomer:procatalyst: acnvator moderator =
20,000:1:1:0.1. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B: 1.5 mg (allyDPd(OsSCF3)(P(i-
Pr);j and 0. 09 mg PPh;0 was dissolved in 9.0 g butylnorbomene ‘Aand
B components were mlxed at 30°C and the following reaction parameters

describe the rcactlon Agel = 21 S, tioeec =25 s, taooc =28 s, rmax = 40 s,

- Tger.= 50°C, trmax = 214°C. A solid object was obtained. Yield by TGA =

95.2%.

o . h Example 222

A two component polymerization system was prepared giving a-
reactant ratio of monomer: procatalyst activator:moderator =
20 000. 1:1 .0.5. Component A: LiWCA-H (3.4 mg) was dissolved in.
10g butylnorbomene. Component B: 1.5 mg (ally)Pd(O3;SCF3)(P(i-
Pr)s) and 0.45 mg PPh;O was dissolved in 9.0 g butylnorbornene. A and
B components were miJced at 30°C and fhe following reaction parameters
describe the reaction: ty= 50 s, tigoec = 1:02 rnin, taooec = 1:05, tymex =
1:30 min, Ty = 55°C, tymax = 214°C. A solid object was obtained. Yield
by TGA = 95.9%. |
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Example 223.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =
20,000:1:1:0.7. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0g butylnorb_omene. Component B: 1.5 mg (allyl)Pd(O3SCF3)(P(i-
Pr);) and 0.65 mg PPh;O was dissolved in 9.0 g butylnorbomene. A and
B components were mixed at 30°C and the following reaction parameters
describe the reaction: tz= 61 seconds, tigeec = 74 seconds, tagoec =
78 seconds, trmax = 100 seconds, Tge) = 50°C, tymax =211°C. A solid
object was obtained. Yield by TGA = 95.4%.

. Example 224.
Li(HOCHj;), s[B(CeF 5)a] (0.0052g) was stirred in BuNB overnight.
A solution of (allyl)Pd(P(i-Pr);)(03SCF;) (0.0015g in 5g of BuNB) was
added. The reaction gelled in under 2 minutes and exothermed to yield a

solid object.

Ex;l_mplc 225,

A two component polymerization system was prepared givinga .
reactanf ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li(HQ-i-Pr); [B(CéFs)a] (Activator 10) (2.8 mg) was dissolved in5 g
butylﬁorbomene. Componenf B: 1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr)s)
was dissolved in 5 g butylnorbornene. A and B components Were mixed at
25°C and the following reaction parameters describe the reaction: tgy= -
130 s, tigoec =160 s, trmax = 175 5, Tger = 43°C, trmax = 206°C. A solid
object was obtained. Yield by TGA = 95.1%.

Example 226.
A two component polymerization system was prepared giving an

approximate reactant ratio of monomer:procatalyst:activator =
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20,000:1:1.5. Component A: Li(HO-i-Pr);[B(C¢F5)4] (Activator 10)
(4.2 mg) was dissolved in 5 g butylnorbornene. Component B: 1.5 mg
(w-allyl)Pd(O3SCF3)(P(i-Pr)s) was dissolved in 5 g butylnorbornene. A -
and B components were mixed at 28°C and the following reaction
parameters describe the reaction: tea =23 5, Tgey = 47°C; trmex = 213°C.
A solid object was obtained. Yield by TGA = 94.4%. "

Example 227,

A two component polymerization system was prepared giving an
approximate réactant ratio of monomer:procatalyst:activator = 20,000:1:2.
Component A: Li(HO-i-Pr)3{B(C¢Fs)a] (Activator 10) (5.6 mg) was
dissolved in 5 g butylnorbornene.- Component B: 1 ..5 mg (n-
ally)Pd(O;SCF;)(P(i-Pr)s) was dissolved in 5 g butylnorbornene. A and B

' components wete mixed at 27°C and the following reaction parameters

describe the reaction: tee=24's, tigpoc =34 5, tmax = 74 8, Tga = 49°C,
trmax = 212°C. A solid object was obtained. Yield by TGA = 94.4%.

Examiple 228.

A two component polymerization system ‘was prepared giving a
reactant ratio of monomer: -procatalyst:activator = 20,000: l 1. Component
A: Li[OC(CF3);:C¢Hs)s)/Li[OC(CF:):H)a] (Acnvator 13) (2 9 mg) was
dissolved in 5 g butylnorbornene. Component B: 1.5 mg -
(m-allyl)Pd(O3SCF3)(P(i-Pr)3) was dissolved in 5 g butylnorboinene. A
and B components were mixed at 30°C and the follbwiﬁg reaction
parameters describe the reaction: tge= 67 s, tiogec =81 8, taogec=90's,
trmax = 100 8, Tgey = 5 1°C, tymax = 207°C. A SOlld object was obtamed
Yield by TGA = 93.1%.

PCT/US99/29156
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“Example 229.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component:
A: Li(OEt)2 5[B(CsFs)4] (0.067 ml of a 0.05S M THF solution was added
to the B-Component. Component B: 1.5 ing (m-allyl)Pd(O3SCF3)(P(i-
Pr);) was dissolved in 10 g butylnorbomene. A and B components were:
mixed at 28°C and the following reaction parameters describe the:
reaction: tgy=72s, ta1o:c = 90'S, trmax = 95 S, Tge1 = 48°C, trmex = 212°C.
A solid object was obtained. Yield by TGA = 95.4%.

Example 230.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3);C¢Hs)s] (0.0034g) was dissolved in 1.5 ml of 2 wt %
Diene 55AMS butylnorbornene solution was added to the B Component.
Component B: 1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr);) was dissolved in 9 g
of 2 wt % Diene 55AMS solution. A and B components were mixed at
27°C and the following reaction parameters describe the reaction: tgel =
30's, tisioc = 60 s, tigzec =75'S, tTmax = 90'S, Tger'= 32°C, trmax = 192°C. A

solid object was obtained.

'~ Example 231.

A two component polymerization system was prepared giving an
approximate reactant ratio of monomer:procatalyst:activator = 20,000:1:1.
Component A: Li(HO-n-Pr),s[B(CsFs)4] (Activator) 11) (2.9mg) was
dissolved in 5 ml of butylnorbornene was added to the B-Component.
Component B: 1.5 mg (n-allyl)Pd(OsSCF3)(P(i-Pr)s) was dissolved in
5 ml of butylnorbornene. A and B components were mixed at 27°C and

the following reaction parameters describe the reaction: tet=30's, tineec
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=53 s, ttmax = 73 8, Tge1 = 42.4°C,; t1max = >201°C. A solid object was
obtained. Yield by TGA = 94.5%.

Example 232,

A two component polymerization system was preﬁated giving an
approximate reactant ratio of monomer:procatalyst:activator = 20,000:1:1.
Component A: Li(HO-t-Bu);[B(CgFs)4] (Activator 12) (2.9 mg) was
stirred in 5 ml of butylnorbornene for 30 minutes and was added to the B
Component. Component B: 1.5 mg (n-allyl)Pd(03SCF3)(P(i-Pr)3) was
dissolved in 5 ml of butylnorbornene. A.and B components were mixed_
at 27°C and the following reaction parameters describe the reaction: tyq
=63 8, topc =75 S, tmax = 100 s, Tgey = 45°C, trmmax = 205°C. A solid
objectwasobtained.. S '

o . Example 233.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3);CeHs)a] (3.5 mg) was dissolved in 1 ml of
butylnorbornene and was added to the B Component. Component B:

1.5 mg (n-allyl)Pd(OsSCF;3)(P(i-Pr);) was dissolved in 9.55 g of

* butylnorbornene and 0.66 g of _u'icyclopentadiene. A and B components

were mixed at 27°C and the following reaction parameters describe the
reaction: tg=30s, tjwc =40 s, tymax = 75 8, Tgey = 46°C, trmax = 208°C.
A solid object was obtained.

Example 234, .

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3),C¢Hs)s) (3.5 mg) was dissolved in 1 ml of
butylnorbornene and was added to the B Component. Component B:

PCT/US99/29156
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1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr)s) was dissolved in 9.05 g of
butylnorbornene and 1.33 g of tricyclopentadiene. A and B components
were mixed at 27°C and the following reaction péraxﬁeters d'escribe the
reaction: tge =25 s, tyssc = 35 5, tigaec = 45 5, trmax = 80 5, T = 42°C,
trmax = 203°C. A solid object was obtained. |

Example 235.

A two component polymerization system was prepared giving a
reactant ratio of monbmer:prdcatalyst:acﬁvator =20,000:1:1. Component
A: Li[OC(CFs),CeHs)] (3.5 mg) was dissolved in 1 ml of -
butyinorbornene and was added to the B Component. Component B:

1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr)s) was dissolved in 8.54 g of
butylnorbornene and 1.99 g of tricyclopentadiene. A and B components
were mixed at 27°C and the following reaction parameters describe the
reaction: tge =25 s, togec = 30 s, tigeec =40 S, trmax = 60 s, Tga = 42°C,

trmax = 202°C. A solid object was obtained.

" Example 236. "

(-allyl)Pd(O3SCF3)(P(i-Pr)s) (0.32 g) was reacted with
Li[B(02CgH3-3,5-CMe;).] (Activator 15) in dichloiomethané for
16 hours. The reaction was filtered and stripped to dryness yielding a
yellow solid characterized as [(n-éllyl)Pd(P(i—Pr);)(solvent)] [B(O2C¢H2-
3,5-CMe3);} (sblvent = 'aceto'nitrile,' methanol, or dichloromethane). For
the polymerization experiment the reaction product waé assumed 1o be
[(r-allyD)PA(P(-Pr)s)(B(0,CeH1-3,5-CMes)2) and a molar reactant ratio of
10,000:1 was employed (BuNB:Pd). Thus, (n-allyl)Pd(P(:-
Pr)3)(B(02CeH;-3,5-CMes)z) (0;004 g) was dissoived-in butylnorbornene
(9 g)and heated slowly to 100°C. There Was no apparent r_t_*,_action, ie., no

thickening of the solution nor a spontanéous polymérizaﬁon exotherm.
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Subsequent addition of LifOC(CF3),CeHs)s] (3.5 mg) dissolved in
butylnorbornene (1g) resulted in an immediate polymerization exotherm
that reached 205°C. A solid object was recovered. Yield by TGA =
86.3%.

: .Exanhple 237.

(n-allyDPd(O3SCF3)(P(i-Pr)s) (0.32 g) was reacted with
Li[B(0;C¢Hy-3,5-CMes);] (Activator 15) in dichloromethane for
16 hours. The reaction wés filtered and.stripped to dfyn_ess yielding a
yellov&, solid chara_cteriz_ed as .[(n-allyl)Pc_l(P(i—Pr);_;)(methanol)][B(()zCst- _
3,5-CMes);]. A molar reactant ratio of 10,000:1 was employed
(BuNB:Pd). Thus, [_(n-allyl)Pd(P(i-Pr)g)(methanol)](B(OzCGHz-B,5-
CMe;),) (0.004 g) was dissolved in butylnorbornene (9 g) and heated to
45°C. There was ﬁo apparent reaction, i.e., no thickening of the solution
nor a spontaneous pb_lymeﬂzation exotherm. Subsequent addition of
Li[OC(CF3)2C5H5)4] (3.5 mg) dissolved in butylnorbornene (1g) resulted
in no apparent reaction. The mixture was then heatéd to 100°C at which
point the mixture gelled and, subsequently, the mixture provided its own
polymerization exotherm that reacﬂed_ 203°C. A solid object was
recovered. Yield by TGA = 93.3%. |

.F..xamp.le 238. _

(n-ally)Pd(O3SCF3)(P(i-Pr)s) (0.32 g) was reacted with
Li[B(0,CsH-3,5-CMe;),] (Activator 15) in dichloromethane for
16 hours. The reaction was filtered anﬂ stripped to dryness yielding a
yellow solid characterized as [(n_-al|yl)Pd(P(i-Pr);)(meth§nol)] [B(OzCst—
3,5-CMe;3)). A BuNB:Pd molar reactant raﬁo of 10,000:1 was employed..
[(n—allyl)Pd(P(i-Pr);)(methanol)](B(0206H2-3 ,5-CMC3)2) (0.004 g) was
dissolved in 20 ml toluene containing butylnorbornene (9 g). The reaction
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mixture was heated to 50°C. After 16 hours the mixture was poured into

isopropanol and no polymer was formed.

Example 239.

(n-allyl)Pd(O;SCF3)(P(i-Pr)3) (0.32 g) was reacted with -
Li[B(02C¢Cly)2] in dichloromethane for 16 hours. The reaction was
filtered and stripped to dryness yielding a yellow solid characterized as
[(r-allyl)PA(P(i-Pr)s)(NCCH3)][B(02C6Cls),] (solvent = acetonitrile;,
methanol, or dichloromethane). For the polymerization experiment the
reaction product was assumed to be [(x-allyl)Pd(P(i- _
Pr);)YINCCH;3)I(B(02C6H;-3,5-CMe3),) and a BuNB:Pd molar reactant
ratio of 10,000:1 was employed. N
[(n-allyl)Pd(P(i-Pr)3XNCCH3)](B(OzCsH‘z-S,S-CMe;;)z) (0.005g) was |
dissolved in butylnorborene (9 g) and 20 ml toluene and the mixture ll
heated at 50°C for 16 hours. After this time the reaction medium was of
higher viscosity than at the beginning of the experiment. The reaction
mixture was poured into acetone to precipitate the polymer. The polymer
was redissolved in toluene (150 ml) and reprecipitated in 1:3 mixture of
acetone/isopropanol to give 2.04 g of polybutylnorbomene Mw =
490,000, Mn = 292,000, and PDI = 1.68).

Enmple 240.
[(m-allyDPA(P(i-Pr)s)NCCH3))[B(O2C6Cla)z] (0.005g) was
dissolved in 9g of butylnorbornene. There was apparent reaction at room
temperature, so the reaction mixture was slowly heated to approximately
100°C at which time the mixture started to gel and polymerized resulting
in a polymerization exotherm of great than 180°C and a hard polymer. In

contrast, when [(z-allyl)Pd(P(i-Pr);)(INCCH3)}(B(02CsH2-3,5-CMes);)

was employed under identical conditions no reaction occurred,

PCT/US99/29156
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_ Example 241.
[(m-ally)Pd(P(i-Pr)s)INCCH;)}[B(02C¢CL),] (0.005g) was
dissolved in 9¢g of butylnorbornene such that a molar BuNB:Pd reactant
ratio of 10,000:1 was employed. There was initially no épparent reaction.
5 A solution of Li[AI(OC(CF3)2CsHs)4] (3.5 mg) in butylnorbornene (1 g

' was then added to the palladium procatalyst monomer solution. A |
spontaneously polymerization exotherm began and the reaction mass
polymerized into a hard puck. Yield by TGA =97.4%. -

10 | . Example 242,
A two component polymeriz_atiox; systermn was prepared giving a
reactant ratio of monomer:procatalyst:activator of 20,000:1:1. Component
A: LIWCA-H (Li[A(OC(CF;);,CeFs)]) (3.4 mg) was dissolved in 1.0 g
butylnorbormene. Component B; 1.5 mg (n-allyDPd(O3SCF3)(P(-Pr)3)

15 . -and 0.1 g (approximately.15 volume %) 3M K- Scotchlite Brand Glass
" . Bubbles were mixed in 9.0 g butylnorbornene. The A and B components
- - were mixed at 23°C and the following reaction parameters describe the
reaction: tiope = 23 Sty = 28's, LS = 40 s, t'Tm . =21 .l °C. A solid
" object was obtained. This object floated when droppedinto a water bath.
20 o |
Example 243.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator of 20,000:1:1.
Component A: LIWCA-H (LifAI(OC(CF3),CéFs)i]) (3.4 mg) was

25 -dissolved -in 1.0 g butylnorbornene. Component B: 1.5 mg
(n-allyl)Pd(O3SCF3)(P(i-Pr)3) and 1.00 g (approximately 50 volume %)

3MK-1 Scotchlite Brand Glass Bubbles were mixed 9.0g.
' ' butylnorbornene. A and B components were mixed at 25°C and the

following reaction parameters describe the reaction: topre =25 St =
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30, T,, =45°C, and t;, = 185°C. A solid object was obtained. This
object floated when dropped into a water bath.
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WHAT IS CLAIMED IS:

1. A method for producing a crosslinked polymeric article
comprising polymerizing a polycycloolefin monomer composition in
contact with an addition polymeﬁzation catalyst in a mold having the
shape of the article, wherein said catalyst comprises a cation complex
containing a Group 10 transition metal and weakly coordinating anion
complex, and wherein said monomer composition comprises a
polycyclooleﬁri monomer containing one polymerizable norbornene-type
moiety and a mqiﬁﬁmctiqna_l poly.cycloo_leﬁn monomer containing at least

two poly;néri__zable norbornene-type moieties.

2. A method of makmg a polymenc article by the in-mold

addmon polymenzatmn ofa polycyclooleﬁn monomer composition

compnsmg

(a) combmmg a plurahty of reactant streams to form a reaction
mixture, at least one of sald streams comprises a Group 10 transition
metal procatalyst, and another of said reactant streams comprises an
activator salt comprising catlon and a weakly coordmatmg anion, wherein
said cation is selected fmm the group cons1stmg of a Group 1 element
cation, a Group 2 metal catlon_. and a transition metal cation selected from
the group consisting of zinc, sil-\re:l', and thallium, and at least one of said
streams containing a polycycloolefin monomer containing one
p'olymerizable' norbornene-type nioiety; and _

(b)  injecting said reaction mixture into a mold where
polymerization occurs, forming a polymeric article in the shape of the
mold.

3. The method of claim 2 wherein said polycycloolefin

monomer composition includes a multifunctional polycycloolefin.

A
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4, “The method of claim 1 or 3 wherein said polycycloolefin
monomer composition comprises from 0.25 to 99.75 mole % of a

multifunctional polycycloolefinic monomer.

5. Themethod of claim 1 or 3 wherein said multifunctional
polycycloolefin has a carbon to double bond ratio of from about 3.0 to
about 17. ' '

6. The method of claim 2 wherein said Group 1 element in
said cation is selected from the group consisting of proton, lithiumi,

sodium, and potassium.

7. The method of claim 2 wherein said Group 2 metal in said
cation is selected from the group consisting of magnesium, calcium,

strontium, and barium.

8. The method of claim 1 wherein said catalyst is selected

from a compound of the formula:

[RM(L)(L"),}, [WCA],

wherein M represents a Group 10 transition metal; R’ represents an
anionic hydrocarbyl ligand; L' represents a Group 15 neutral électron '
donor ligand; L" represents a labile neutral electron donor ligand; X is 1 or
2;yis 0, 1, or 2; WCA represents a weakly coordinating counteranion
complex; and b and d are numnbers representing the number of times the
cation complex and weakly coordinating counter anion complex are taken

to balance the electronic charge of the overall catalyst complex.

I

iy



10

15

20

25

30

WO 00/34344 ' PCT/US99729156

-202 -

9. The method of claim 2 wherein said Group 10 transition
metal procatalyst is selected from a compound of the formula:

[RML A

wherein M represents a Group 10 transition metal; R' represents an
anionic hydrocarbyl ligand; L' represents a Group 15 neutral electron

donor ligand; A' is an anionic leaving group; x is 1 or 2.

_ 10. . The method of claim 2 wherem at least one of said reactant
streams contains a Group 15 electron donor ligand compound and said
. Group 10 trans_mon metal procatalyst is selected from a compound of the.
formula: D
[RMAL

~ wherein M represents a Group 10 transmon metal R‘ represents an allyhc
ligand; L' represents a Group 15 neutral electron donor llgand A'isan

_ionic 1ea\(1ng group. ..

11. .. The method of claim 8, 9, or 10 wherein M is selected
from the group consisting of nickel, palladium, and platinum.

12.  The method of claim 8 or 9 wherein R' is selected from the
group cons1st1ng of hydrogen; linear and branched C,-C,, alkyl; linear and
~ branched C,-C,, alkenyl; allylic ligands and canonical forms thereof;
substituted and unsubstituted C,-C, cycloalkyl; substituted and
unsubstituted C¢-C, cycloalkenyl; substituted and unsubstituted C,-Cs,
aralkyl; substituted and unsubstituted, Cy-Cy aryl; C¢-Cy, heteroatom
containing .aryl;_whe'r_ei_n said heteroatom is selected from the group

consisting of suifur, oxygen, nitrogen, phosphoi'us, wherein the -

* [+ L ] - *



© WO 00/34344 L S PCT/US99/29156

10

15

20

25

-203 -

substituents in said substituted radicals are selected from the group
consisting of linear or branched C,-C, élkyl, linear or branched C,-C,
haloalkyl, linear or branched C,-C; alkenyl, haloalkenyl, halogen, and
pheny! optionally substituted with linear or branched C,-C; alkyl, linear or
branched C,-C, haloalkyl, and halogen; and a hydrocarbyl containing
ligand selected from the formulae: ' '

“CyHgm, ~Copy X

each of said ligands together with the Group 10 metal form a metallacycle
or heteroatom containing metallacycle, wherein d' represents an integer
from 3 to 10, and X— represents an alkenyl or heteroatom containing

moiety that coordinates to the Group. 10 metal center.

 13.  The method of claim 12 wherein said allylic ligandis -
represented by the formula: : y ,

R22

wherein R¥, R*, and R¥ cach independently represent hydrogen,
halogen, linear and branched C,-C; alkyl, Cs-C,, cycloalkyl, linear and
branched C,-C; alkenyl, C¢-C;, aryl, and C,-C,, aralkyl, each of the
foregoing radicals optionally substituted with a substituent selected from
linear and branched C,-C; alkyl, linear and branched C,-C, haloalkyl,
halogen, and phenyl which can dptionally be substituted with linear and
branched C,-C; alkyl, linear and branched C,-C; haloalkyl, and halogen;
any two of R, R?", and RZ can be linked together with the carbon atoms

to which they are attached to form a cyclic or multicyclic ring, each

N

(AR U AT
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optionally substituted with linear or branched C,-C, alkyl linear or
branched C,-C; haloalkyl, and halogen.

14.  The method of claim 8, 9, or 10 wherein said group
15 electron donor ligand is selected from the group consisting of amines,

pyridines, arsines, stibines and organophosphorus containing compounds.

15.  The method of claim 14 wherein said organophosphorus
containing ligand is selected from a compound of the formula:

P(R"),[X (R,

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 independehtly selected from hydrogen, linear and branched C,-C,,
alkyl, C,-C,, cycloalkyl, linear and branched C,-C,, alkoxy, allyl, linear
and branched C,-C,, alkenyl, C,-C,, aryl, C¢-C,, aryloxy, C,-C,,
arylsulfides, C,-C,; aralkyl, cyclic ethers and thioethers, tri(linear and
branched C,-C,, alkyDsilyl, tri(C4-C,, aryl)silyl, tri(linear and branched
C,-C,, alkoxy)silyl, triaryloxysilyl, tri(linear and branched C,-C,,
alkylsiloxy, and tri(C,-C,, ar);l)'siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,-C;
alkyl, linear or branched C,-C, haloalkyl, C,-C; 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
phosphacycle of the formula:

PCT/US99/29156
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RTUHZ)h" |
wherein R is as previously defined and h' is an integer from 4 to 11.

16.  The method of claim 15 whereingis3 andR"is -
independently selected from the group consisting of hydrogen, linear and
branched C,-C,, alkyl, C,-C,, cycloalkyl, linear and branched C,-C,,
alkoxy, allyl, linear and branched C,-C,, alkenyl, C,-C,, aryl, and C-C,,
aryloxy. '

'17.  The method of claim 15 wherein said organophosphorus. .

' containihg ligand is a phosphine selected from the group consisting of

trimethylphosphine, triethylphosphine, tri-n-propylphosphine,
triisopropylphosphine, tﬁ-n-butylphosphin_e, ﬁi-se_c-butylphosbhine,
tri-i-butylphosphine, tri-#-butylphosphine, tricyclopentylphosphine,
triallylphosphine, tricyclohexylphosphine, triphenylphosphine,
trinaphthylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine,
tri-m-tolylphosphine, tribenzylphosphine,
tri(p-triﬂuoro_thethylphenyl)phosphi_ne, 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,
bis(3,5-bis(trifluoromethyl)phenyl)phosphine,
t-butylbis(u'ir_nethylsilyl)ph_osp_hin:, t-butyldiphenylphosphine,
cyclohexyldiphenylphosphine, diallylphenylphosphine,
dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine, )

| AT
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di--butylphosphine, dicyclohexylphosphine, diethylphenylphosphine,

di-i-butylphosphine, dimethylphenylphosphine,
dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, diphenyl(p-tolyl)phosphine,
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,
(2-methoxyphenyl)methylphenylphosphine, 'tri-n-octy'l'phosphine,

~ tris(3,5-bis(trifluoromethyDphenyl)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,

- tris(3-methoxyphenyl)phosphine, tris(4-methdxyphény1)phos§hine,

tris(3-methoxypropyl)phosphine, tris(2-thienyl)phosphine,

tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsityl)phosphine, -

. isopropyldiphenylphosphine, dicyclohexylphenylphosphine,
- (+)-neomenthyldiphenylphosphine, tribenzylphosphine,
- diphenyl(2-methoxyphenyl)phosphine,

diphenyl(pentafluorophenyl)phosphine,
bis(pentafluorophenyl)phenylphosphine, and
tris(pentafluorophenyl)phosphine. |

18. The met_hod of ciaim 8 wherein said labile neutral electron

donor ligand is selected from the group consisting of DMF, DMSO,
cyclooctadiene, water, chlorinated alkanes, alcohols, ethérs, ketones,
nitriles, arenes, phosphine oxides, organic carbonates and esters.

19.  The method of claim 9 or 10 wherein said anionic leaving

group is selected from the group consisting of halogen, nitrate, triflate,
triflimide trifluoroacetate; tosylate, AlBr,, AlF,, AICl,, AIF,0,SCF;’,

AsClg, SbCl,, SbF, PF,, BF,,CIO,, HSO,’, carboxylates, acetates,

[

I
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acetylacetonates, carbonates, aluminates, borates; hydrocarby! and

halogenated hydrocarbyl selected from hydride, linear and branched C,-C;

alkyl, linear and branched C,-C; haloalkyl, C,-C,, cycloalkyl, Cs-Cyo
cyclohaloalkyl, C,-C,, aryl, and: C;-C,, haloaryl, wherein said
cyclohaloalkyl and haloaryl groups are monosubstituted or

“multisubstituted with a halogen group selected from bromine, chlorine,

fluorine, and iodine.

20.  The method of claim 2, 9, or 19 wherein said procatalyst is
selected from a compound of group consisting of ' .
bis(triisopropylphosphine)(hydrido)palladium chloride,
bis(triisopropylphosphine)(hydrido)palladium nitrate,
bis(triisopropylphosphine)(hydrido)palladium triflate,
(allyl)palladium(triisopropylphosphine) chloride,
(methallyl)palladium(triisopropylphosphine) chloride,
(crotyl)palladium(triisopropylphosphine) chloride, |
(allyl)palladium(triisopropylphosphine) trifluoroacetate,
(1,1-dimethyl-n-allyl(triisopropylphosphine)palladium trifluoroacetate,
(2-chloroallyl)palladium(triisopropylphosphine) trifluoroacetate,
(allyl)palladium(triisopropylphosphine) triflate, o
(crotyl)palladium(triisopropylphosphine) triflate,
(methallyl)palladium(tﬁisoproi)ylphqsphine) triflate,
(allyl)palladium(triisopropyiphosphine) triflimide,
(methallyl)palladium(triisopropylphosphine) triflimide,
bis(tricyclohexylphosphine)(hydrido)palladium chioride,
bis(tricyclohexylphosphine)(hydrido)palladium nitrate,
bis(tricyclohexylphosphine)(hydrido)palladium trifluoroacetate,
bis(tricyclohexylphosphine)(hydrido)palladium formate,
(allyl)palladium(tricyclohexylphosphine) chioride,
(methallyl)palladium(tricyclohexylphosphine )chloride;,

PCT/US99/29156

* [+ L L] S *



10

15

20

25

30

WO 00/34344 PCT/US99/29156

-208 -

(allyl)palladium(tricyclohexylphosphine) trifluoroacetate, -
(allyl)palladium(triéyclohexylphoSphine) triflate, -
(methallyl)palladium(tricyclohexylphosphine) triflate,
(crotyDpalladium(tricyclohexylphosphine) triflate,

- (methallyl)palladium(iricyclohexylphosphine) triflimide,

(allyl)palladium(tricyclohexylphosphine) p-tolylsulfonate,

_ (allyl)pailadium(tricyclohexylphosphine) triflimide,

(allyl)palladium(tricyclopentylphosphine)chloride,
(methallyl)palladium(tricyclopentylphosphine) chioride,
(allyDpalladium(tricyclopentylphosphine) triflate, - .
(crotyl)palladium(tricyclopentylphosphir.xe) triflate, -
(methallyhpalladium(tricyclopentylphosphine) triflate,
(allyDpalladium(tricyclopentylphosphine) triflimide, -
(methallyl)palladium(tricyclopentylphosphine)triflimide,
(allyl)palladium(triisopropylphosphine)C,F,,- -~ = .
(allylpalladium(tricyclohexylphosphine)C,F,, and
[(allyDpalladium(HOCH;)(triisopropylphosphine)][B(0,-3,4,5,6-CL,C,),].

21. The methéd of claim 3, 8,9, or 10 wherein said weakly
coordinating anion is selected from the group consisting of borates,
aluminates, boratobenzene aniqns, carborane anions, and halocarborane

anions.

22.  The process of claim 21 wherein the weakly coordinating

anion is a borate or aluminate of .the formula: .
M'R*R¥R*)R™)

wherein M' is boron or aluminum and R*, R*, R, and R

independently represent fluorine, linear and branched C,-C,, alkyl, linear

[
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and branched C,-C,, alkoxy, linear and branched C;-C; haloalkenyl, linear
and branched C,-C,, trialkylsiloxy, C,s~C;; triarylsiloxy, substituted and-
unsubstituted C,-C,, aryl, and substituted and unsubstituted C,-C,,
aryloxy groups, wherein R* to R*" can not simultaneously represent
.alkoxy or simultaneously represent aryloxy, and wherein said aryl and-
aryloxy groups when substituted are monosubstituted or multisubstituted
and said substituents are independently selected from linear and branched
C,-C; alkyl, linear and branched C,~C; haloalkyl, linear and branched -
C,-C, alkoxy, linear and branched C,-C; haloalkoxy, linear and branched
C,-C,, trialkylsilyl, C-C,, triarylsilyl, aqd halogen selected from chlorine,

bromine, and fluorine.

23.  The process of claim 22 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—ﬂuo_1'0pheny1)bbrate,

- tetrakis(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tctraﬂuorophenyl)borate,.
tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
ethyltris(perfluorophenyl)borate, _phenyltris(perﬂuorophenyl)boraie,
tetrakis(l,2,2-triﬂuoroethylen§l)borate,
tetrakis(4-tri-i-propylsilyltetraflucrophenyl)borate,
tetrakis(4-dimethyl-rers-butylsilyltetrafluorophenyl)borate,
(triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate, tetrakis[3,5-
bis[l-_methoxy-2,2,2-triﬂuoro~l-(triﬂuoromethyl)ethyl]phenyl]borate,
tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl]-5-
(trifluoromethyl)phenyl]borate, and tetrakis{3-[2,2,2-trifluoro-1-(2,2,2-

-_—
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trifluoroethoxy)-1-(trifluoromethyl)ethyl}-5-
(trifluoromethyl)phenyljborate. .

24.  The process of claim 22 wherein said aluminate is selected
from the group consisting of tetrakis(pentafluorophenyl)aluminate,
tris(nonafluorobiphenyl)fluoroaluminate, '
(octyloxy)tris(pentaflucrophenyl)aluminate,
tetrakis(3, 5-b1s(mﬂuoromethyl)phenyl)alunnnate and
methylms(pentaﬂuorophenyl)alummate '

25.  The process of claim 21 wherein the weakly coordinating -

anion is a borate or aluminate of the formula:

. [Ml(ORZS')(ORB‘)(ORSO')(ORSl')] :

"M is boron or alummum R”' R”, R¥, and R” independently represent

linear and branched C,-C,o alkyl lmear and branched C,-C,, haloalkyl,
C,-Clo haloalkenyl substltuted and unsubstltuted C-C; aryl, and
‘substituted and unsubstxtuted C,-C,., a.ralkyl groups, ‘subject to the proviso _
that at least three of R” to R* must contain a halogen containing

| substltuent; OR” and OR” can be taken together to form a chelating

substituent represénte_d by -O-R*?-0-, wherein the oxygen atoms are

‘bonded to M’ and R* is a divalent radical selected from substituted and
‘unsubstituted C;-Cm aryl and substituted and unsubstituted C,- C,, aralkyl,

wherein said aryl and aralkyl groups when substituted are
monosubstituted or inultisubstitutéd and said substituents are
independently selected from linear and branched C,-C; alkyl, linear and
branched C,-C; haloalkyl, linear and branched C,-C; alkoxy, linear and
branched C,-C; haloalkoxy, linear and branched C,-C,, trialkylsilyl,

% e L M.s ow t
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C¢-C,, triarylsilyl, and halogen selected from chlorine, bromine, and |

fluorine.,

26. = The process of claim 25 wherein said borate is selected
from the group consisting of [B(O,C.F,).], [BOC(CF)(CH))],
[B(OC(CF;),H),J, [B(OC(CF;X(CH;)H),J, and [B(OCH,(CF;)),]

27 The process of claim 25 wherein said aluminate is selected:
from the group consisting of , [AI(OC(CF;),Ph),I, [AI(OC(CF,),C,H,-4-
CH,)J', [AOC(CFy))}, [AOC(CF:XCH)H),J, [AOC(CF,)H)T,
[ANOC(CF,),CH,-4-i-Pr),], [ANOC(CF,),CH;-4-t-butyl), ],
[AOC(CF;),CH -4-SiMe;),,], [A(OC(CF,),CH,~4-Si-i-Pr,),],
[A(OC(CF,),CeH,-2,6-(CF;),-4-Si~-Pry), ],
[A(OC(CF,),CeH5-3,5(CF3)a), [AKOC(CF;),CiH,-2,4,6-(CF),) ], and
[AOCCE)CF)T.

28.  The process of claim 2, 9, or 10 wherein said activator salt '
is selected from the group consisting of
lithium tetrakis(pentafluorophenyl)borate, |
sodium tetrakis‘(pentaﬂuorbphenyl)borate;
lithjum(diethyl ether) teu'akis(pentaﬂuoroph_enYI)borate,
lithium(diethyl ether), , tetrakis(péntaﬂubrophenyl)borate,
lithium tris(isopropanol) tetrakis(pentafluorophenylborate,
lithium tetrakis(methanol) tetrakis(pentafluorophenyl)borate,
silver tetrakis(pentaﬂuorophbnyl)boraté, o |
tris(toluene)silver tetrakis(pentafluorophenyl)borate,
trityl tetrakis(pentaﬂuorophenyl)boi‘ate, |
N,N-dimethylanilinium tetrakis(péﬁtﬁﬂﬁorophenyl)borate,
lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

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

-
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N,N-dimethylanilinium tetrakis[3,5-bis _(triﬂuoromethyl)phenyl]borate,-
silver tetrakis[3 ,5-bis(uiﬂuoromethyl)phenyl]bo_rate,

tris(toluene)silver tetrakis[3,5-bis(trifluoromethyl)phenyljborate,
thalliurr_; tetrakis[3,5-bis(trifluoromethyl)phenylJborate, LiB(0.CF,),,
LiB(OC(CH,)(CF;),),, LiAIOC(CF,),Ph),, LiAl(OC(CF:),CH,CH,),,
LiAl(OC(CH,)(CF;),),, LIAOC(CF;)s)ss LIAIOC(CF3),CiH -4-i-P1),,

- LIAI(OC(CF),C¢Hy-3,5-(CF3),),, LIAI(OC(CF,),C;H,-2,4,6~(CF}),),, and

LiAIOC(CF;),C/F).

29. _ _The process of claim 1, 2, 3, 8, 9, or 10 wherein said

- polycycloolefin monomer composition includes a monomer selected from

a compound of the formula:

. wherein ?'af' ;épreseptg a s_ipéle or _doﬁi;le bon_d;' m _i_s an integer from 0 to-
- 5; when "a" is a double Bqnd one of R', R? and one of R’, Rismnot .
_present; and R' to R independently represent hydrb_gen,_ substituted and
: uhsubstituted linear aﬁd.llarahched C,-Cyo alk_yl, linear and branched C,-C,,

haloalkyl, substituted and unsubstituted linear and branched C,-C,,
alkenyl, linear and br_anél?ed Cz-Cio haloalkenyl, substituted and

~ unsubstituted linear and _branched' C,-C,.; _alkynyl, substituted and
unsubstituted C,-C,, cycloalkyl, substituted and unsubstituted C,-C;,

halocycloalkyl, substituted and unsubstituted C,-C;, cycloalkenyl,
substituted and unsubstituted C,-C,, halocycloalkenyl, substituted and
unsubstituted C,-C,, aryl, substituted and urisubétitﬁted Cs-C,, haloaryl
and substituted and mlsubstituted Q-Cu aralkyl, R' and R? or R* and R*

* € L M-S *x
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can be taken together to represent a C,-C,, alkylidenyl group,
-(CH,),C(O)NH,, ~(CH,),C(0)Cl, -(CH,),C(O)OR’, (CH,),-OR’,
~(CH,),-OC(O)R?, -(CH,),-C(O)R’, -(CH,),-OC(O)OR’, ~(CH,),SiR%,
-(CH,),Si(OR?),, -(CH,),C(O)OR?®, and the group:

- -CHZOCHZY-/O

wherein n independently represents an integer from 0 to 10 and R®
independently represénts hydrogen, linear and branched C, C,, alkyl,
linear and branched, C,-C,, alkenyl, linear and branched C,-C,, alkynyl,
C,-C,, cycloalkyl, C,-C,, aryl, and C,-C,, aralkyl; R® represents a radical
selected from -C(CH,),, -Si(CH,),, -CH(R"YOCH,CH;,, -CHR")OC(CH,),,
dicyclopropylmethyl, dimethylcyclopropylmethyl, or the following cyclic -
groups: -

0. 6 =

A
OO

wherein R represents 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
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 iaken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon

L
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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 C,-C, aryl.
5 30. = The process of claim 29 wherein said polycycloolefin

composition includes a multifunctional polycycloolefin monomer selected
from the formulae:

_ m» a

10 and mixtures thereof, wheréin Y ref)resehts a (-CH,-) group and m

independently represents an’ mteger from 0 to 5, and when m is 0, Y
represents a single bond. - : N

31.  The process of claim 1, 2, 3, 8, 9, or 10 wherein said

15  reaction mixture further comprises a rate moderator selected from the
group consisting of water, tetrahydrofuran, 2-meﬂ1ylteté.hydroﬁuaﬁ,
diethy] ether, methyl-tert-butyl ether; dimethoxyethane, diglyme,
trimethylphosphine, triethylphosphine, tributylphosphine, tri(ortho-
tolyl)phosphine, tri-fert-butylphosphine, tricyclopéntylphosphine,

20 tncyclohexylphosphme triisopropylphosphine, tnoctylphosplune,
triphenylphosphine, tri(pentafluorophenyl)phosphine,
methyldiphenylphosphine, dimethylphenylphosphine, trimethylphiosphite,
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triethylphosphite, triisopropylphosphite, ethyl diphenylphosphinite,
tributylphosphite, triphenylphosphite, diethylphenylphosphonite, and
tribenzylphosphine, 2-cyclohexenone, triphenylphosphine oxide, and
mixtures thereof. |

32. A reactant formulation comprising a polycycloolefin
monomer and a Group 10 transition metal procatalyst wherein said
polycycloolefin monomer comprises a multifunctional polycycloolefin

containing at least two polymerizable norbornene-type moieties.

33.  The reactant composition of claim 32 wherein said

procatalyst is selected from a compound of the formula:
[RML\AT

wherein M represents a Group 10 transition mietal; R’ represents an
anionic hydrocarbyl ligand; L' represents a Group 15 neutral electron

donor ligand; A' is an anionic leaving group; xis 1 or2.

34.  The reactant composition of claim 33 wherein M is
selected from the group consisting of nickel, palladium, and platinum.

35.  The reactant composition of claim 33 wherein R' is
selected from the group consisting of hydrogen; linear and branched
C,-C, alkyl; linear and branched C,-C,, alkenyl; allylic ligands and
canonical forms thereof; substituted and unsubstituted CS-IClo cycloalkyl;
substituted and unsubstituted C¢-C,; cycloalkenyl; substituted and
unsubstituted C,-C,, aralkyl; substituted and unsubstituted, C,-C,, aryl;
C¢-C;, heteroatom containing aryl; wherein 'sa.ic} heteroatom is selected

from the group consisting of sulfur, oxygen, nitrogen, phosphorus,

LT
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wherein the substituents in said substituted radicals are selected from the
group consisting of linear or branched C,-C; alkyl, linéér;or branched
C,-C; haloalkyl, linear or branched C,-C; alkenyl, haloalkenyl, halogen,
and phenyl optionally substituted with linear or branched C,-C; alkyl,
linear or branched C,-C; haloalkyl, and halogen; and a hydrocarbyl
containing ligand selected from the formulae:

“CyHaqm; ~CiHpeX—> .

each of said ligands together with the Group 10 metal form a metallacycle

or heteroatom containing metallacycle, wherein d' represents an integer

- from 3 to 10, and X-»> represents an alkenyl or heteroatom containing -

moiety that coordinates to the Group 10 metal center.

.. 36.  The reactant composition of claim 35 wherein said allylic
ligand is represented by the formula:

‘wherein R, R?', and R* each independently represent hydrogen,
~halogen, linear and branched C,-C; alkyl, C;-C,, cycloalkyl, linear and

branched C,-C, alkenyl, C,-Cy, aryl, and C,-C,, aralkyl, each of the
foregoing__radica_ls optionally substituted with a substituent selected from
linear and branched C,-C; alkyl, linear and branched C,-C; haloalkyl,
halogen, and phenyl which can optionally be substituted with linear and
branched C,-C; alkyl, linear and branched C,-C; haloalkyl, and halogen;
any two of R*®, R, and R* can be linked together with the carbon atoms
to which they are attached to form a cyclic or multicyclic ring, each

_PCT/US99/29156
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optionally substituted with linear or branched C,-C, alkyl, linear or
branched C,;-C; haloalkyl, and halogen.

37.  The reactant composition of claim: 33 wherein said group
15 electron donor ligand is selected from the group consisting of amines,

pyridinés, arsines, stibines and orgénophosphoms containing compounds.

38.  The reactant composition of claim 37 wherein said
organophosphorus containing ligand is selected from a compound of the

formula: -

PR XR L,

wherein X' is oxygen, sulfur, nitrogen, or silicon; gis 0, 1,2,0r 3; 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, his 2; R”
is independently selected from hydrogen, linear and branched C,-C,

alkyl, C,~C,, cycloalkyl, linear and branched C,-C,, alkoxy, allyl; linear
and branched C,-C,, alkenyl, C,-C,, aryl, C,-C,, aryloxy, C¢-C,,
arylsulfides, C,-C,, aralkyl, cyclic ethers and thioethers, tri(linear and
branched C,-C,, alkyl)silyl, tri(C,-C,, aryDsilyl, tri(linear and branched
C-Cp alkoxy)silyl,'triaryloxysiiyl, tri(linear and branched C,-C,,
alkyl)siloxy, and tri(C,-C,, aryl)siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,-C;
alkyl, linear or branched C,-C; haloalkyl, C,-C; 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 éttached 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 representa
phosphacycle of the formula: ' ' )
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P (CHoy

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

39.  The reactant composition of claim 38 wherein g is 3 and

R” is independently selected from the group consisting of hydrogen, linear

- and branched C,-C,, alkyl, C,-C,, cycloalkyl, linear and branched C,-C,, -

alkoxy, allyl, linear and branched Cz-C,., alkenyl, C-C,; aryl, and C4-C;,

3 aryloxy

-40. . - The reactant composition of claim 37 wherein said
organophosphorus gontaihing ligand is a phosphine selected from the
group consisting of trimethylphosphine, triethylphosphine, _
tri-n-propylphosphine, triisopropylphosphine, tri-n-butylphosphine, -
ni-sec-butylphoéphiqe,_tr_i-i—butylphosphine, tri-~-butylphosphine,
tricyclopehtylphosj)hine,' 'triallylphosphine, tricyclohexylphosphine,
triphenylphosphine, trinaphthylphosphine, tri-p-tolylphosphine,
tri-o-tolylphosphine, tri-m-tolylphosphine, tribenzylphosphine,
tri(p1triﬂﬁoromethylph_enyl)phosphix_l_e, tris(trifluoromethyl)phosphine,
ui(p-ﬂuorophenyl)phosphine, tri(p-trifluoromethylphenyl)phosphine,
allyldiphenylphosphine, bcnzyldiphenylphosphine, bis(2-furﬁ)phosphine,
bis(4-methoxyphenyl)phenylphosphine, bis(4-methylphenyl)phosphine,
bis(3, 5-b1s(tnﬂuoromethyl)phenyl)phosphme
t-butylbls(mmethy]sﬂyl)phosphme, t-butyldlphenylphosphme,
cyclohexyldlphenylphosphme,.dlall_ylphenylphosphm;,
dibenzylphosphine, 'dibuty}phenylphosphine, dibutylphosphine,
di-t-butylphosphine, dicyclohexylphosphine, diethylphenylphosphine,

PCT/US99/29156
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di-i-butylphosphine, dimethylphenylphosphine,
dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, diphenyl(p-tolyphosphine,
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,-
(2-met_hoxyphcnyl)meﬂlylphenylphosphige, tri-néoctylphosphine,
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,
u-is(3-methoxyphenyl)phosphine-, tris(4-r.nethoxyphenyl)phosphine, .
tris(3-methoxypropyl)phosphine, tris(2-thienyl)phosphine,
tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsilyl)phosphine,
isopropyldiphenylphosphine, dicyclohexylphenylphosphine,
(+)-neomenthyldiphenylphosphine, tribenzylphosphine, -
diphenyl(2-methoxyphenyl)phosphine,
diphenyl(pentafluorophenyl)phosphine,
bis(pentafluorophenyl)phenylphosphine, and- -
tris(pentafluorophenyl)phosphine.

4].  The reactant composition of claim 33 wherein said labile
neutral electron donor ligand is selected from the group consisting of
DMF, DMSO, cyclooctadiene, water, chlorinated alkanes, alcohols,

ethers, ketones, nitriles, arenes, phosphine oxides, organic carbonates and

esters.

42.  The method of claim 33 wherein said anionic leaving
group is selected from the group consisting of halogen, nitrate, triflate,
triflimide trifluoroacetate, tosylate, AlBr,, AIF,;, AlCl,, AIF,0,SCF;,
AsCl;, SbCl,, SbF,, PF,, BF, ,Cl0,, HSO,, carboxylates, acetates,

| O O
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acetylacetonates, carbonates; aluminates, borates, hydrocarbyl and -
halogenated hydrocarby! selected from hydride, linear and branched C,-C,
alkyl, linear and branched C,-C, haloalkyl, C;-C,, cycloalkyl, C,~C,, -
! cyclohaloalkyl, C.-C,, aryl, and C(-C,, haloaryl, wherein said -
| 5 cyclohaloalkyl and haloary! groups are monosubstituted or - -
multisubstituted with a halogen group selected from bromine, chlorine,
fluorine, and iodine. ' ' ' ' '

43.. The reactant composition of claim 33 wherein said

10 procatalyst is selected from.a compound of group cohs’_isting of
bis(triisopropylphosphine)(hydrido)paliadium chloride, -
bis(triisopropylphosphine)(hydrido)palladium nitrate, -
bis(triisopropylphosphine)(hydrido)palladium triflate,
(allyDpalladium(triisopropylphosphine) chloride, -

15 (methallyl)palladium(triisopropylphosphine) chloride, -
(crotyl)palladium(triisopropylphosphine) chloride, -
(allyl)palladium(uiisOp'ropylphosphine) trifluoroacetate, -
(1,1-dimethyl-z-allyl(triisopropylphosphine)palladium trifluoroacetate,
(2-chioroallyl)palladium(triisopropylphosphine) triﬂuoroaceté,te,

20 (allyl)palladium(triisopropylphosphine) triflate,

~ (crotyl)palladium(triisopropylphosphine) triflate,
(methallyl)palladium(triisopro;;ylphosphine) triflate,
(allyl)palladium(triisopropylphosphine) triflimide, -
(methallyl)palladium(triisopropylphosphine) triflimide,

25 bis(tricyclohexylphosphine)(hydrido)palladium chloride,
bis(tricyclohexylphosphine)(hydrido)palladium nitrate,
bis(tricyclohexylphosphine)(hydrido)palladium triflucroacetate,
bis(tricyclohexylphosphine)(hydrido)palladium formate, -
(allyDpalladium(tricyclohexylphosphine) chloride,

30 (methallyl)paliadium(tricyclohexylphosphine )chloride,

_—
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-(allyl)palladium(tricyclohexylphosphine) trifluoroacetate,

(allyl)palladium(tricyclohexylphosphine) triflate,
(methallyl)palladium(tricyclohexylphosphine) triflate,
(crotyl)palladium(tricyclohexylphosphine) triflate,’
(methallyl)palladium(tricyclohexylphosphine) triflimide,
(allyl)palladium(tricyclohexylphosphine) p-tolylsulfonate,
(allyl)palladium(tricyclohexylphosphine) triflimide, -
(allyl)palladium(tricyclopentylphosphine)chloride,

' (methallyl)palladium(tricyclopentylphosphine) chloride,

(allyl)palladium(tricyclopentylphosphine) triflate,
(crotyDpalladium(tricyclopentylphosphine) triflate,
(methallyl)palladium(tricyclopentylphosphine) triflate,
(allyl)palladium(tricyclopentylphosphine) triflimide,
(methallyl)palladium(tricyclopentylphosphine)triflimide,
(allyl)palladium(triisopropylphosphine)C,F,
(ally)palladium(tricyclohexylphosphine)C.F;, and
[(allyl)palladium(HOCH,)(triisopropylphosphine)][B(0,-3,4,5,6-C1,Cy),).

44. A reactant composition comprising a polycycloolefin
monomer wherein said polycycloolefin monomer comprises a '
multifunctional polycycloolefin containing at least two polymerizable

norbornene-type moieties and an activator salt of the formula:
[CL").], [WCA],

wherein C represents a proton, an alkaline earth metal cation, a transition
metal cation or an organic group containing cation, L" is a labile neutral
electron donor ligand, and WCA isa weakly coordinating counteranion,
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, .

I
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respectively, are taken to balance the electronic charge on the overall salt -

complex.

45.  The composition of claim 44 wherein said Group 1
element cation is selected from the group consisting of a proton, lithium,
sodium, and potassium; said Group Ii metal cation is selected from the
group consisting of beryllium, r;__xagpesipm, calcium, strontium, and
barium; said transition metal cation is selected from the group consisting -
of zinc, silver, and Mlium; and said organic group cation is selected -

from ammonium, phosphonium, ca_rb_bnium and silylium cations.

46.  The reactant composition of claim 45 wherein said

ammonium cation is selected from a compound of the formulae:

- [NHR‘?;]“; [NR‘-'}-]‘-‘ IR

- wherein R* independently represents a hydrocarbyl silylhydrocarbyl, or

perﬂuorocarbyl group, edch containing 1 to 24 carbon atoms.

47. . The reactant cbmposition of claim 45 wherein said

carbonium cation is selected from'a compound of the formula:
R¥,CT

wherein R*" independently represents a hydrocarbyl, silylhydrocarbyl, or
perfluorocarbyl group, each containing 1 to 24 carbon atoms.

48..  The reactant composition of claim 44 wherein said weakly

coordinating counteranion is selected from the group consisting of

PCT/US99/29156
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borates, aluminates, boratobenzene anions, carborane anions. and

halocarborane anions.

49.  The reactant composition of claim 48 wherein the weakly

coordinating anion is a borate or aluminate of the formula:

MER*YR*)R*)RT)]

wherein M' is boron or aluminum and R*, R*, R*, and R¥"
independently represent fluorine, linear and branched C,-C,, alkyl, linear -
and branched C,-C,, alkoxy, linear and branched C,-C, haloalkeny!, linear
and branched C,-C,, trialkylsiloxy, C,4-Cy triarylsiloxy, substituted and
unsubstituted Cq-Cs, aryl, and substituted and unsubstituted C,-C,,
aryloxy groups, wherein R* to R¥ can not simultaneously represent
alkoxy or simultaneously represent aryloxy, and wherein said aryl and-
aryloxy groups when substituted are monosubstituted or multisubstituted
and said substituents are independently selected from linear and branched -
C,-C; alkyl, linear and branched C,-C; haloalkyl, linear and branched
C,-C, alkoxy, linear and branched C,-C; haloalkoxy, linear and branched
C,-C,, trialkylsilyl, C,-C,, triarylsilyl, and halogen selected from chlorine,

bromine, and fluorine.

50.  The reactant composition of claim 49 wherein said borate
is selected from the group consisting of tetrakis(pentafluoropheny!)borate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
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-tetrafluorophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate, methyltns(perﬂuorophenyl)horate

| ) N
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ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis(1,2 ,2-triﬂuor6eﬂ1ylenyl_)bo:ate,
tetrakis(4-tri-i-pmpylsilylteﬂaﬂu@;mphenyl)borate,
tetrakis(4-dimethyl-fers-butylsilyltetrafluorophenyl)borate,
'(triphenylsiloxy)his(pentaﬂuorophen}?l)bofat_c,
(octyloxy)tris(pentafluorophenyl)borate, tetrakis{3,5-bis[1-methoxy-2,2,2-
trifluoro-1-(trifluoromethyl)ethylphenyljborate, .

' tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethy1]-5-

(trifluoromethyl)phenyl]borate. and tetrakis[3-[2,2,2-trifluoro-1~(2,2,2-
trifluoroethoxy)-1-(triflucromethyl)ethyl]-5-

© (trifluoromethyl)phenyl]borate. .

51.  Thereactant composition of claim 49-wherein said

aluminate is selected from the group consisting of -

' tetrakis(pentaﬂuoerhepyl)aluminate;_-
-~ tris(nonafluorobiphenyl)finoroaluminate,
* (octyloxy)ris(pentafluorophenyl)aluminate, -

tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyltris(pentafluorophenyl)aluminate.

52.  The reactant composition of claim 48 wherein the weakly

* coordinating anion is a borate or aluminate of the formula:

~ [M'(OR™)(OR”)OR*)(OR™)]

M is boron or aluminum, R”, R”, R¥’, and R*" independently represent
linear and branched C,~C,, alkyl, linear and branched C,-C,, haloalkyl,-
C,-Cy, haloalkenyl, substituted and unsubstituted C,-C,, aryl, and
substituted and unsubstituted C,-C,, aralkyl groups, subject to the proviso
that at least three of R* to R®" must contain a halogen containing .
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substituent; OR’I’;': and OR* can be taken together to -foﬁn 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,-C,, aryl and substituted and unsubstituted C,- C, aralkyl,
wherein said aryl and aralkyl groups when substituted are
monosubstituted or multisubstituted and said substituents are
independently selected from linear and branched C,-C; alkyl, linear and-
branched C,-C; haloalkyl, linear and branched C,-C; alkoxy, linear and'
branched C,-C; haloalkoxy, linear and branched C,-C,, trialkylsilyl,
C¢-C,; triarylsilyl, and halogen selected from chiorine, bromine, and

fluorine.

53. - The reactant composition of claim 52 wherein said borate
is selected from the group consisting of [B(O,C¢F,).]’,
[B(OC(CF;),(CH,))], [B(OC(CF;)ZH);]‘, [B(OC(CF;)(CH;)H),J', and
[B(OCH,(CF;))J. ' '

54  The reactant composition of claim 52 wherein said -
aluminate is selected from the group consisting of , [AI{OC(CF,),Ph),]", a
[ANOC(CF;),CH ~-4-CHa), ', [AIOC(CF,),)], [AI(OC(CF,)(CH;)H), T,
[AIOC(CF;),H),], [ANOC(CF3),CsH-4-i-Pr),], [AOC(CF,),CH,4-1-
butyl),], [AOC(CF,),CH,-4-SiMe,), T, [AIOC(CF:),CHA4-Si--Pry)],
[AOC(CF;),CH,-2,6-(CF,),-4-Si-i-Pr,),T, [A(OC(CF;),C.H,-3,5-
(CF)T [ANOC(CF,),CeH,-2,4,6-(CF )T and [AOC(CF,),CFs),]-

55.  The reactant composition of claim 44 wherein said
activator salt is selected from the group consisting of lithium'
tetrakis(pentafluorophenyl)borate,
sodium .tet_rakis(pentaﬂuorophényl)borate,
lithium(diethyl ether) tetrakis(péntaﬂuorophenyl)borate,

* 4 L M S *
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lithium(diethy! ether), , tetrakis(pentafluorophenyl)borate,.

lithium tris(isopropanol) tetrakiS(pentaﬂuorbphenyl)bdrate,

lithium tetrakis(methanol) tetrakis(pentafluorophenyl)borate, silver
tetrakis(pentafluorophenyl)borate, tris(toluene)silver |
tetrakis(pentaﬂuorophényl)boratp, trityl tetrakis(pentafluorophenyl)borate,

"N,N-dimethylanilinium _tetrakis(penfaﬂuorophenyl)bo_rate,

lithium tetrakis(3,5-bis(triflucromethyl)phenyl)borate,

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

N,N-dimethjlaniliniuni_ tetrakis[3,5-bis(trifluoromethyl)phenyl]Jborate,
silver tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, :
tris(toluene)silver tetrakis[3 ,5-bis(trifluoromethyl)pbenyl]borate,

- thallium tetrakis{3,5-bis(trifluoromethyl)phenyljborate, LiB(O,CF,),,

LiB(OC(CH,)(CF;),),, LIAOC(CF;),Ph),, LIA(OC(CF;),CeH,CH,),,

- LiAI(OC(CH,)(CF;),),, LIANOC(CF;);),, LiAKOC(CF,),CH,-4-i-Pr),,

LiAl(OC(CF;),CeH;-3,5-(CF3)y)s, LIAOC(CF;),CeH,-2,4,6-(CF),),, and

'LiANOC(CF,),CsFy)..

56. The reactant composition claim 32, 33, 43, 44, 48, or 55
wherein said polycycloolefin comprises a monomer selected from a

compound of the formula:

R
. Rz |
R3
m R4

wherein "a" represents a single or double bond; m is an integer from 0 to
5; when "a" is a double bond one of R', R? and one of R?, R* is not |
present; and Ri to R* independently represent hydrogen, substituted a;ld '
unsubstituted linear and branched C,-C,, alkyl, linear and branched C,-C,,

PCT/US99/29156
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haloalkyl, subsﬁtﬂtéd and unsubstituted linear and branched C,-C,,
alkenyl, linear and branched C,-C,, haloalkenyl, substituted and
unsubstituted linear and branched C,-C,, alkynyl, substituted and
unsubstituted C.—Cu: cycloalkyl, substituted and unsubstituted C,-C,,
halocycloalkyl, substituted and unsubstituted C,-C,, cycloalkenyl,
substituted and unsubstituted C,-C,, halocycloalkenyl, substituted and
unsubstituted C,-C,, aryl, substituted and unsubstituted C,-C,, haloaryl:
and substituted and unsubstituted C,-C,, aralkyl, R' and R* or R’ and R*
can be takén fogethe_r to represent a C,-C,, alkylidenyl group,
-(CH,),C(O)NH,, -(CH,),C(0)Cl, -(CH,),C(Q)OR’, -(CH,),-OR’,
-(CH,), OC(O)R’, -(CH,),-C(O)R’, -(CH;),,-OC(O)OR’, -(CH,),SiR?,
-(CH,),Si(OR%),, -(CH,),C(O)OR", and the group:

-CHZOCHZVO

‘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,, alkenyl, linear and branched C,-C,, alkynyl,

Cs-C,, cycloalkyl, Cs-C,, aryl, and C,-C;, aralkyl; R® represents a radical
selected from -C(CH,),, -Si(CH5,),, -CH(R)OCH,CH,, -CH(R")OC(CH,),,
dicyclopropylmethyl, dimethylcyclopropylmethyl, or the following cyclic

groups:

AR T
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\Q\Q\E]

wherein R represents 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 unisubstituted 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

‘atoms to which they are attached form a pentacyclic ring, wherein Q

Tepresents an oxygen atom or the group N(R®), wherein R® is selected
from hydrogen, halogen, linéar and branched C,-C,, alkyl, and C,-C,; aryl.

'57." The reactant composition of claim 55 wherein said

multifunctional polycycloolefin monomer includes a moriomer selected

from a compound of the formula:

@@IB@T&;@@VW

M Vn

Q=) O D)
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and mixtures thei'ebf, wherein Y represents a (-CH,-) group and m
independently represents an integer from 0 to 5, and whenm is 0, Y
represents a single bond. ' ' -

58. - The reactant composition of claim or 56 wherein said
multifunctional polycycloolefin: monomer is present in a range from 0.25

t0 99.75 mole % of the total polycyélooléﬁn monomer composition.

59.  The reactant composition of claim 32, 33, 43, 44, 48, 55 or
56 wherein said composition further comprises a rate moderator selected
from the group consisting of water, teu'al‘lydroﬁnan, -
2-methyltetrahydrofuran, diethyl ether, methyl-fer-butyl ether,
dimethoxyethane, diglyme, trimethylphosphine; triethylphosphine,
tributylphosphine, tri(ortho-tolyl)phosphine, ni—tert-butylphosphiné,
tricyclopentylphosphine, tricyclohexylphosphine, triisopropylphosphine,
trioctylphosphine, triphenylphosphine, tri(pentafluorophenyl)phosphine,
methyldiphenylphosphine, dimethylphenylphosphine, trimethylphosphite,
triethylphosphite, triisopmpylphosphite, ethyl diphenylphosphinite,
tributylphosphite, triphenylphosphite, diethylphenylphosphonite, and
tribenzylphosphine, 2-cyclohexenone, triphenylphosphine oxide, and
mixtures thereof.

60. A salt composition comprising a compound of the
formula: '

C(L™),[WCA]
wherein C is lithium or sodium, L is an alcohol and z is an integer

between 2 and 8 inclusive, and WCA is a weakly coordinating

counteranion. - - : ' -

A
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61. _ The salt composition of claim 58 wherein said alcohol is -
represented by the formula R*OH, wherein R” represents linear and
branched C,-Cy, alkyl, linear and branched C,-Cy haloalkyl, substituted
and unsubstituted C,-C cycloalkyl, substituted and unsubstituted C¢-C,
aryl, substituted and unsubstituted Ce-C, aralkyl, and substituted and

~ unsubstituted norbomenyl wherein said substituents in said substituted
groups are independently selected from linear and branched C,-C,, alkyl,
linear and branched C,-C, haloalky, linear and branched C,-C; alkoxy,

C4-C,, aryl, and halogen selected from chlorine, bromine, and fluorine.

62.  The sa]:t.t:omposition of claim 59 wherein said alcohol is
selected from methanol, ethanol, n-propariol, isopropanol, f-butanol, and

: 5-norbornene-2-methanol. .. -

15

20

25

30

63.  The salt composition of claim 58 wherein said weakly

coordinating counteranion is selected from borate or aluminate.

64.. . The salt composition of claim 61 wherein the weakly -

. coordinating anion is a borate or aluminate of the-formula:
MR )RZ)R®)R™)]

wherein M' is boron or aluminum and R*, R¥, R%; and R
independently represent fluorine, linear and branched C,-C,, alkyl, linear
and branched C,-C,, alkoxy, linear and branched C,-C; haloalkenyl, lincar
and branched C,-C,, trialkylsiloxy, C,s-Css triarylsiloxy, substituted and
unsubstituted C,-C,, aryl, and substituted and unsubstituted C-C;,
aryloxy groups, wherein R* to R*” can not simultaneously represent

alkoxy or simultaneously represent aryloxy, and wherein said aryl.and

* c L L} S * ’
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aryloxy groups when substituted are monosubstituted or multisubstituted
and said substituents are independently selected from linear and branched
C,-C; alkyl, linear and branched C,-C; haloalkyl, linear and branched:
C,-C; alkoxy, linear and branched C,-C, haloalkoxy, linear and branched
C,-C,, trialkylsilyl, C,-C,, triarylsilyl, and hélogen selected from chlorine,

bromine, and fluorine.

65.  The salt composition of claim 62 wherein said borate is
selected from the group consisting of tetrakis(pentafluorophenyl)borate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tetrakis(2-fluorophenyl)borate, tetra]_(is(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, phenyltns(perﬂuorophenyl)borate,
tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate,
tetrakis(4-dimethyl-rers-butylsilyltetrafluorophenyl)borate,
(triphenylsiloxy )tris(pentafluorophenyl)borate, -
(octyloxy)tris(pentafluorophenyl)borate,

tetrakis[3,5-bis[1 -methoxy-2,2,2;triﬂuoro-l-
(trifluoromethyl)ethyl]phenyl]borate,
tetrakis[3-[1-methoxy-2,2,2-trifluoro-1 -(mﬂuoromethyl)ethyl] 5-
(trifluoromethyl)phenyl]borate, and
tetrakis(3-[2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl}-5-(trifluoromethyl)phenyl]borate.

66..  The salt composition of claim 62 wherein said aluminate is
selected from the group consisting of S

-

R LA
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tetrakis(pentafluorophenyl)aluminate, -
tris(nonaﬂuorobipheny1)ﬂuoroa1u‘minate;.
(octylbxy)u'is(pentaﬂuorophenyl)alum_inate, .
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyltris(pentafluorophenyl)aluminate. - -

67.  The salt composition of claim 61 wherein the weakly

coordinating anion is a borate or aluminate of -the formula:

[M'(OR*)(OR” )(QR3°)(0R")]-

M is boron or_aluxhinu_m_, R®, R¥, R¥, and R independently represent
linear and branched C,-C,, alkyl, linear and branched C;-C,, haloalkyl,
C,-C, haloalkenyl, substituted and unsubstituted C¢-C,, aryl, and
substituted and unsubstinitéd C,Qé,o-arélkyl groups; subject to the pro\}i'so
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 rcpresénted’ by -O-R*-0-, wherein the oxygen atoms are
bonded to M' and R¥ is a divalent radical selected from substituted and
unsubstituted C¢-C,, aryl and substituted and unsubstituted C,- C,, aralkyl,
wherein said aryl and aralkyl groups when substituted are '
monosubstituted or multisubstituted and said substituents are
independently selected from linear and branched C,-C; alkyl, linear and
branched C,-C; haloalkyl, iinear and branched C,-C; alkoxy, linear and

_branched C,-C; haloalkoxy, linear and branched C,-C, trialkylsilyl,

C¢-C,, triarylsilyl, and halogen selected from chlorine, bromine, and

fluorine.

68.  The salt composition of claim 65 wherein said borate is
selected from the gr_oﬁp consisting of [B(O,CF..T, - .

-
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[B(OC(CF3)2<CE;)54]‘ ,[B(OC(CF;),H),J, [B(OC(CF,)(CH,)H),J, and
{B(OCH,(CF,))J.

69  The salt composition of claim 65 wherein said aluminate is
selected from the group consisting of , [A{OC(CF,),Ph),],, -
[AOC(CF3),CH,-4-CH,),J, [AIOC(CF,),),), [A(OC(CF;)(CH,)H), T,
[AI(OC(CF;),H),J', [ANOC(CF;),C¢H-4-i-Pr),J, [AWOC(CF,),CH,-4-+-
butyl),J, [Al(OC(CF;)ZCGH,-4-_SiMe,),,,]‘, [AKOC(CF;),CH,4-Si-i-Pr,),],
[AI(OC(CF.),C,H,-2,6-(CF,),-4-Si-i-Pr).J, [AKOC(CF:),C;H;-3,5-

(CF2)], [AOC(CF),CeH;-2,4,6~(CF3)s)], and [AOC(CF3),CeF )l

70. = The salt composition of claim 58 selected from the group
consisting of lithium tris(isopropanol) tetrakis(pentafluorophenyl)borate,
and lithium tetrakis(methanol) tetrakis(pentafluorophenyl)borate.

71. A crosslinked additioni polymer polymerized froma
monomer mixture comprising a polycycloolefin containing one
polymerizable norbornene-type moiety and a multifunctional
polycycloolefin containing at least two polymerizable norboméne—iype

moieties.

72.  The crosslinked addition polymer of claim 69 wherein said
monomer mixture comprises from 0.25 to 99.75 mole % of a

multifunctional polycycloolefin monomer.

73.  The crosslinked addition polymer of claim 69 wherein
multifunctional polycycloolefin monomer includes a monomer selected
from a compound of the formula: |

B
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QiQE())

end mixtures thereof, wherein Y represehts a (-CH,-) group and m

mdependently Tepresents an mteger from Oto 5,and whenmis 0, Y
represents a smgle bond.

74. | The mult:functlonal polycyclooleﬁn monomer set forth in
clanns 29, 55, and 69 wherem said monomer is selected from a

compoemon of_ the formula_.

wherein "a" independently represents a single or double bond, m |
independently is an integer from 0 to 5, R® is a divalent radical selected
from divalent hydrocarbyl radicals and divalent ether radicals.

75.  The multifunctional polycycloolefin monomer of claim 72
wherein said hydrocarbyl radical is selected from C, - C,; alkylene =~
radicals and divalent aromatic radicals.

*  C L n S. %



WO 00/34344 | PCT/USI9/29156
-235-
76. Thé h{ﬁlﬁﬂmctional polycyélooleﬁn monomer of claim 72

wherein said divalent ether radical is selected from a radical of the

formula -R'°-0-R'"’-, wherein R represents a hydrocarbyl radical.

77. - The multifunctional polycycloolefin monomer of claim 74
wherein R" independently is selected from the group consisting of C,-C,,
alkylene, divalent aromatic radicals, and combinations thereof. |

R

| O ] -



