CLAI MS 1. A polycyclic addition polyner having a nol ecul ar wei ght
above 10,000 (Merr]) consisting essentially of repeating units
. polynerized fromone or nore functionally substituted poly- cycl ool efin(s)
i alone or in conbination with one or nore hydro- carbyl substituted
| polycycloolef in(s), wherein said functionally substituted

pol ycycl ool efin(s) and said hydrocarbyl substituted polycyclo ' re
represented byﬁ?}é‘q"a’r‘nul ae: [err] PAtLI1

ADDITION POLYMERS OF POLYCYCLOOLEFINS
CONTAINING FUNCTIONAL SUBSTITUENTS

. 5 i 1 ft vention
The present invention generally relates to polycyclic addition polymers

derived from functionally substituted norbornene-type monomers and to methods
for preparing same. More specifically, this invention relates to functionally
substituted addition polymers prepared in the presence of a single or

10 multicomponent catalyst system containing a palladium metal ion source. The
functionally substituted or functional norbornene-type monomers of the prcseht
invention are optionally polymerized in the presence of a chain transfer agent.

Background of the Invention
15 High molecular weight polycyclic addition polymers having directly
linked polycyclic repeating units without any internal backbone unsaturation are
desirous from the standpoint of their inherent thermoxidative stability and high
glass transition temperature profiles. Poly(bicyclo[2.2.1Thept-2-ene), commonly
referred to as polynorbornene, is the simplest of these polymers. The polymer
20 has been derived from the addition polymerizaj:ion of bicyclo[2.2.1]hept-2-ene,
i.e., norbornene, in the presence of a transition metal catalyst.
European Patent Application Publication 0 445 755 A2 ('755) aims to
" provide a transition metal catalyst system capable of catalyzing the addition
polymerization of substituted and unsubstituted norbornene monomeérs as well as
25 substituted and unsubstituted polycyclic monomers higher in cyclic structure than
norbornene such as 1,4,5,8-dimethano-1,4,4a,5,8,8a-octahydronaphthalene
{commonly known as tetracyclododecene). The substituent can be a hydrocarbyl
group or a functional group containing a halogen, oxygen, or nitrogen atom.
. Disclosed oxygen and nitrogen containing groﬁps are selected from alkoxy,
30 phenoxy, alkoxycarbonyl, alkylamino, and cyano substituents. While various
functionally substituted norbornene-type monomers are set forth in the '755



wherein a greater proportion (nmol/weight% of said functionally substituted
pol ycycl ool efin(s) incorporated into said polyner is polynmerized from the
endo isomer, and wherein Rerr] to Rerr] independently represent
hydr ogen; hydrocarbyl selected fromthe group consisting of |inear and
branched (Cerr]-Cerr]) alkyl, ((err]-Cerr]) aryl; or a functional
substituent selected fromthe group - (CHerr])[err]-OH, S6VT313
-(CH err]) m O OMO¥37826 (CH{err]) [err]-C(Q OR', - (CH err])[err PR
-(CHe[rr])[err]- Q(OQOR", -(CHerr])[err]-C(OQR", -
(CHerr])[err]-O(CH err])[err]-0OH, - (CHerr])[err]OR" wherein m

I ndependently is O to 10 and R' represents |lin€ar or branched

(Jerr]-derr]) al kylsQfoshd8e 2014 that the corresponding functionalized polycyLlfcrﬂcllymets
are not exemplified anywhere in the specification. The only polymer
embodiment exemplified is polynorbomene derived from the polymerization of
norbornene in the presence of a two component catalyst system containing a

5 transition metal component and an aluminoxane component.

Previous attempts to addition polymerize functional norbornene-type
monomers via transition metal catalysis have resulted in polymers with low
molecular weights. In U.S. Patent No. 3,330,815 ('815), for example, attempts to
polymerize functional norbornene-type monomers via palladium metal catalysis

10 produce polymers with low molecular weights as evidenced in the disclosed
Examples. Molecular weights above 10,000 M, have not been prepared by the
disclosed catalyst systems of the '815 patent.

Objectives in polymer synthesis still include the polymerization of
monomers with polar functional groups. The incorporation of functional

15 substituents into hydrocarbon polymer backbones is a useful method for .
modifying the chemical and physical properties of the polymer. It is known,
however, that polymers containing functional substituents are difficult to prepare
because of the propensity of the functional group to poison the catalyst. The free
electron pairs on the functional substituent {e.g., nitrogen and oxygen atoms in

20 particular) deactivate the catalyst by complexing thh the active catalytic sites.
Consequently, catalyst activity decreases and the polymerization of monomers is
inhibited.

In addition to the inherent difficulties of polymerizing functional
'norbomcne-type monomers discussed above, the stereo configuration of the

25 substituent on the monomer plays an important role in the conversion of
monomer to polymer. Breunig and Risse have reported that the rate of
polymerization of the exo-isomer of an ester functionalized norbornene produced
substantially higher yields of polymer than the corresponding endo-isomer when
polymerized in the presence of a transition metal catalyst, Makromol. Chem. 193,

30 2915-2927 (1992). While it has been shown that transition metal catalysis of a



wherein Y is hydrogen, Cerr]lHerr], Cerr]Herr]O derr]Herr]OC(O, or
-CN, wherein z is an integer from1l to 12; Rerr] and Rerr] or Rerr] and
R4 can be taken together to represent (CJerr]-Clerr])al kylidene; R err]
and R[err] can be taken together with the ring carbon atons to which they
are attached to form an anhydride or dicarboxyi m de group; wherein at '
| east one of err]l to R err] nust be a functional substi-tueri,ttﬂ;r%.,U G4 to
Rlerr] indepe represent hydrogen, |inear and branche

(Cerr]- derr]) alkyl, hydrocarbyl substituted and unsubstituted
(derr]-Clerr])- cycloalkyl, (derr]-Cerr])aryl, ((err]-Cerr])aralkyl,
(dJerr]-derr])al kynyl, linear and branched (Cerr]-(err])al kenyl, or
vinyl; any of R err].and errl _or. rI. n err an.be taken together
Vo orma (& e v -t upionat bkl i Sfesfits fffhe iyt 53 e epdisiihet S0k
together with the tvgnédallgmofy deoiomitsllysavailabMli ch they are attached can
represent saturated and unsaturated cyclic roups, contai-ning 4 to 12

carbon atons or an aronat%wcal(?&ﬁmsrf?‘f?ggd e prepasation of functigpd n s

ar
0, 1,-2, 3, or 4. I : ' r%ac’ﬁ@ﬁ ' he repeating
units derived from l%oﬁ%or?%lﬁé?qngﬁlgﬁsﬁgﬁéséu sﬁ‘@ﬁ?@@dgeo ycyc%ﬁgi n have the
fol |l owi ng strucsur e:cyclopentadiene (CPD) or substituted CPD is reacted with a spitablg dienoghile e n

Rlerr] to Rerr] an delé]va?erdete&’j}geraturd efeé {o form %%Vfﬁhctionally substituted norbornene adduct

generally shown by the following reaction scheme:

1 g3 1
10 Tl | Akz
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15

wherein R! and R* independently represent hydrogen, hydrocarbyl and a polar
functional group, and at least one of R’ to R* is a polar functional group.
Other norbomene-type adducts can be prepared by the thermal pyrolysis
20 of dicyclopentadiene (DCPD) in the presence of a suitable dienophile. The
reaction proceeds by the initial pyrolysis of DCPD to CPD followed by the Diels-
Alder addition of CPD and the dienophile to give the adducts as shown below:

) s o
oo L o

. I ' A N B3

R2 R4 R4

30 wherein R! to R* are as defined above and n represents the number of bicyclic
repeating units. '
The foregoing Diels-Alder addition reactions are stereoselective in that
endo-isomer adducts are generally formed in major proportion. Given that



3. The polyner of claiml wherein the repeating units derived from the
functionally substituted polycycl ool efin and hydrocar byl substituted

pol ycycl ool efin have the foll owi ng structure:

[err] wherein R err] to Rlerr] are defined as above; n and m

| ndependently are 0, 1, 2, 3, or 4; and a and b represent the nunber of

random r epeat :Tgv? uni in the pol ymer backbone. 4. A poly b $96/07313
addi tion poly 0 q\’?%?fg a nol ecul ar wei ght above 10,000 (Merr consi sting

essentially of repeating units polynerized from one or nore
functionally . substituted pol ycycl ool efin(s) | one or in conbination with
one or nore hydrocar byl substituted polycycloolefin(s), wherein said.

o omaLl SASt | ARG G S e 360 B o
[err] substituted norbornene-type monomers and that functional subsntuents havea
propensity to poison the active catalytic sites, it is not sm'brising that prior
catalytic systems have not been efficient in polymerizing these monomers to high
5 conversion and molecular weights.

There is a need for transition metal catalyst systems that are able to
catalyze the addition polymerization of functional norbornene-type monomers to
high conversions and molecular weights without being mhxbxted by the
functionality and/or stereoisomerism.

10
mary of the tio _

Accordingly, it is a general object of this invention to provide functionally
substituted norbornene-type (NB-type) addition polymers having polycyclic
repeating units derived from functionally substituted norbornene-type monomers

15 (functional NB-type monomers).

It is another object of this invention to provide a functionally substituted
NB-type addition polymer with 2 molecular weight over 10,000 (M.).

It is still another object of this invention to provide a method for
enhancing the molecular weight of a functionally substituted NB-type polymer

20 formed in the presence of a single or multi-component catalyst system.
' It is a further object of this invention to provide a catalytic system that is
resistant to functional group deactivation. '

It is another specific object of this invention to polymerize the endo-
isomeric adducts of functionally substituted NB-type monomers to high

25 molecular weights and conversions.
| It is yet another object of this invention to provide functionally substituted
NB-type addition polymers having a terminal end group derived from a chain
transfer agent containing a terminal olefinic, non-styrenic, non-vinyl ether double
bond, without the chain transfer agent being introduced into the polymer chain
30 except at the end thereof, and wherein the double bond is preserved.



wherein a greater proportion (nmol/weight% of said functionally substituted
pol ycyl ool efin(s) incorporated into said polyner is polynerized fromthe
endo isoner, and wherein nis 0 or 1; mis 0 to 10, Rerr] to Rerr]

| dependent |y represent hydrogen; hydrocarbyl selected fromthe group
consisting of linear and branched (Clerr]- Cferr])alkyl;
(dJerr]-(err])-aryl;: Rerr] and R err] taken together repres -
Cerr])alkylid ?533#6 Qis a functional substituent sel ected%(l)érf%{sl
group consisting of -OH, -C(O-0OH, -CCOOR', -OR', -OCC(O R,

-C(OR', -O(CHerr])[err]-OH, -OR'", and -OC(O-R', where R'" is |linear
or branched ((err]-Cerr])alkyl, with the proviso that when mis 1 and
Qis the radical -0OC(O) - e.R i | k or aryl t he d I somer
of said radical is preseﬁ‘?’%ﬁge‘\’&%aﬁﬁa‘s8&5’6&"?‘%%%“"“1’%6&8?(wei ght)

percent) than the exphnteiFig dreadtiohthikmel foPforming @ fidctiofally subsiitaed
I ndependent|y hydrogen, |inear, and branched (Cerr]-(ferr]) alk

| ; :
E CL err % -d teL r])  al ktérﬂam,er&ﬂr;lp@inm@m oremn] m@eﬂﬁ&a@em@pm,mﬁw@ﬂgglgr e
aken.t oget her : < . s
R err] a?e t aken tog%%@émoﬁt%%ﬁgﬁﬁawgﬁgggﬂm| c%%eagaare )
ttached to forfm ptiomadly ar chieindiransferapeat (OTA) seleated fro: hatinga 12 '
2arggneato(r)ns.or 50 . 5;ar . @“ﬁ@l C gl(ic addi tion mgfgbnnqe»gméﬁf sistei n% _
essentially of repeafF’i“Hﬁ"l_° efinic r‘%@‘é m’gﬁé‘”ﬁ_ P n®t ‘@Hﬁlw 5,
substituted polycyclgylefhes( fnd configtted diefiés, andl of Ria&tione bf Siid ¥djhdenféafbor! NOre

hydr ocar byl substituted polycycl oolefin(s),
atoms having two hydrogen atoms attached thereto.

The term norbornene-type monomer or NB-type monomer as used

10 throughout the present specification is meant to include norbornene and any
higher cyclic derivative thereof so long as the monomer contains at least one
norboméne moiety. The term funétionally substituted norbornene-type monomer
or functional NB-type monomer as used throughout this specification is meant to
define NB-type monomers containing at least one functional substituent |

15 containing oxygen and/or nitrogen atoms as shown in the structural formula

below:

20 r3
n R

wherein R' to R* independently represents hydrogen, hydrocarbyl, and a
functional group containing oxygen and/or a nitrogen atoms and at least one of R!
25. to R is selected from said functional group,and nis 0, 1,2, 3, or 4. The
functional NB-type monomers of this invention will be described in further detail
. hereinbelow in the detailed description.
. The structural repeating units derived from the NB-type monomers of this
invention insert into the polymer backbone via linkages derived from the double
30 bond (i.e., 2,3-enchainment). The repeating units are joined directly to one



termnated with an olefinic noiety derived froma conpound having a

term nal ol efini c doubl e bond between adjacent carbon atons excl uding
styrenes, vinyl et hers and conjugat ed di enes, and at |east one of said
adj acent carbon atoms  having two hydrogen atons attached thereto, and
wherein the noiety derived fromsaid chain transfer agent is exclusively
located at a tepm 2@42¢nd of said pol ynmer, wherein said fungéieidenisys
substituted polycyc ool efin(s) and said hydr ocar byl substltuted

pol ycycl ool efin(s) are represented by the fornul ae:

[err] wherein R err] to R err] independengly represent hydrogen;

hydr ocar byl selected from the group consisting of |inear and branched

(Jerr]-Cerr]) al kYEnotﬁ&;[vﬁiHothf%HdeWﬁnka s btweeH elun@flath értuent
selected fromthe group -(CH err])[err]-0OH, CHerr])[err]-C

-(CH err])[err]-C(O) bmkbone is Gref of uisplueation- OR", - (CH[err])[err]- OC(O)OR’ -
CH OR CH
G e e O A A ot s bl s cnpping <
| i near or branched ( tdpedtingynite (ilel,bicclolibptaiylehé)Retglicpelddodecanylene, .
5 hexacycloheptadecanylene, etc.) derived from these functional NB-type

monomers can be represented as follows:

10 11

2 p3
15 R® R

wherein R’ to R* and n are as defined above and a represents the number of
repeating units in the polymer backbone.

This invention is directed to homopolymers and copolymers derived from
functional NB-type monomers and copolymers derived from functional NB-type

20 monomers and hydrocarbyl substituted NB-type monomers (i.e., monomers that

do not contain a functional substituent).

The polymers derived from functional NB-type monomers and functional
NB-type monomers in combination with hydrocarbyl substituted NB-type
monomers can be represented as follows:



[err] wherein Y is hydrogen CJerr]Herr], Cerr]Herr]O or
CerrJ]Herr]OC(O, or -CN, wherein z is an integer froml to 12; Rerr] and
Rlerr] or Rlerr] and R err] taken together are (Cerr]-Cerr]) alkylidene;
Rlerr] and Rl err] can be taken together with the ring carbon atons to which
they are attached to form an anhydride or dicarboxyi m de group; wherein at

| east one of R[err to Rlerr] nmust be a functional substituent

Rlerr], Rerr], wo rr] independently represent hydrogen, Pﬁ@é&%; 3
branched (C[err] Cerr]) alkyl, hydrocarbyl substituted and unsubstltuted
(derr]-Cerr]) cycloalkyl, (CJerr]-Cerr]) ar.yl, (derr]-Cerr]) aralkyl,
(C3-C20) al kynyl, linear and branched ((err]-Cerr]) al kenyl, or vinyl;
any of Rlerr] and R err] or Rerr] and Rl err] can be taken together to form
a (derr]-Cerr]) alkylidene group, Rlerr] and R[err] when t aken toget her
with the two ring carby ' 3 ;

saturated and unsaturat

6. +The polyner of cl

wherein R' to R* are as defined above, m and n independently represent 0, 1, 2, 3,
10 or 4; R® to R® independently represent hydrogen and hydrocarbyl; and a and b
independently represent the numbcr of repeating units present in the polymer.
The functional NB-type polymers generally described under formulae II
and ITI optionally can be terminated with an olefinic end group as shown in the

structures below:
15 — 4 A Y Fd \ ?
( |n | |n L |“,l
R r* R R®
R2 R® R?R3 Ré R7
20
IVa : IVb

wherein R! to R?, m, n, a, and b are as described above. As will be readily
recognized by those skilled in the art, the terminal olefinic end group (in this
embodiment derived from ethylene) set forth under formula IV can be attached to

25 repeat unit "a" if repeat unit "a" inserts at the terminal end of the growing
polymer chain.

The olefinic end group is derived from a chain transfer agent selected
from a compound having a terminal olefinic double bond between adjacent
carbon atoms, excluding styrenes, viny] ethers, and conjugated dienes, wherein at

30 least one of the adjacent carbon atoms has two hydrogen atoms attached thereto.



- 6 - wherein Rerr] to Rlerr] and n are as defined above, and R and R
I ndependently represent hydrogen, branched or unbranched (Cerr] to
Cerr]) alkyl, branched or -unbranched (C2 to C40) al kenyl, hal ogen, or the

group -CH err](CH err])[err]-OR[err] -CJerr]-Rerr]

-Si(ORerr])[err] -(CHerr])[err]-Si(ORerr])[err] [err]
CH CSi -CH CH

TR T S il C R

[err] wherein R err] is branched or unbranched. (Cferr] to (Jerr]) alKkyl,

or unbranched (Cferr]-Cerr]) alkenyl, substléuted or unsubstituted
(dJerr]-derr]) aryl wherein said substltuents If present are selected

from branched or anche al pal _~ahd
hal ogen, X is chlor Pﬁ l%§%° dh?bgﬁg]‘%we?ngé’ ﬂ%ﬁnﬂw&ﬁﬁ.a%rg% 20.
wherem R independently represents hydrogen, a hydrocarby! group, or a group as
defined hereinbelow in the detailed description. '
The functional NB-type polymers produced can be thermoformed,

5 compression molded, blow molded, press molded, cast from solution, solvent
processed, and sintered, and/or extruded, injection molded vacuum formed and
fiber formed into various shapes and forms. End-use applications include
automotive and transportation applications such as lighting, glazing, under hood
components, body panels, bumpers, dash boards, and the like; medical

10 applications such as fluid handling equipment, and the like; electrical and
electronic applications such as computer housings, insulators, and the like;
building and consu;uction applications such as glazing, coatings, and the like;
appliance panels and trim; consumer products such as housewares; microwave

. equipment; packaging; industrial parts and components; and optical components.

15 Sheets, tubes and other forms of arbitrary length and cross-section may also be
formed by extruding the polymer. Because of the controllable mol wt of the
polymer, such forms may be adapted for use as membrane means for the
separation of gas from liquid, as in pervaporation metnbranés; or, in the
separation of liquids having different molecular weights as in nanofiltration or

20 . reverse osmosis membranes. In addition the functional NB-type polymers of this
invention can be reacted with conventional compounds and polymers that contain
pendant groups that are coreactive with the functionality on the NB-type
repeating units. These fimctionalized polymers can be utilized in water swellable
é.pplications, as ionomers, adhesion applications as well as compatibilizers for

25 other polymer systems.

Detail c
The forgoing polymer systems are polymerized from reaction mixtures
comprising a functional NB-type monomer or a functional NB-type monomer and
30 a hydrocarbyl substituted NB-type monomer, a solvent, and a catalyst system



7. The polyner of claim5 wherein the repeating units derived from
functionally substituted polycycl ool efin and hydrocar byl substituted
pol ycycl ool efin have the foll owi ng structure:

[err]

wherein R err] to Rerr] and R and R' are defined as

above; n and mindependently are 0, 1, 2, 3, or 4, and a and b
represent the nunber_ of randomrepeating units in the pol %ﬂlj‘ﬁ{ ne.
8. A pol ycy?‘,‘qulf’saﬁéi tion oligoner consisting essentially o s@&@}éﬁp

| i nked repeating units fornmed fromone or nore functionally substituted
pol ycycl ool efin(s) alone or in conbination w {h one or nore hydrocar byl

substituted pol ycycl ool efin(s),
froma conpound ha

carbon atons

10

15
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termnated with an ol-efinic noiety derived

catalyst system can be a preformed single component palladium-baséd catalyst or

a multicomponent palladium-based catalyst.

Single Component Catalyst System
The single component catalyst system of this invention comprises a

_ palladium cation complex and a weakly coordinating counteranion as represented

by the following formula:

L PdX_ || cCA
a

cation complex counteranion

wherein L represents a ligand containing 1, 2, or 3 n-bonds; X represents a ligand
containing 1 o-bond and between 0 to 3 n-bonds; nis0, l,or2and misQor 1
and wherein n and m cannot both be 0 at the same time, and when m is 0, a is 2
and when m is 1, a is 1; and CA is a weakly coordinating counteranion.

The phrase "weakly coordinating counteranion” refers to an anion which
is only weakly coordinated to the cation, thereby remaining sufficiently labile to
be displaced by a neutral Lewis base. More specifically the phrase refers to an
anion which when functioning as a stabilizing anion in the catalyst system of this
invention does not transfer an anionic substituent or fragment thereof to the
éation, thereby forming a neutral product. The counteranion is non-oxidative,
non-reducing, non-nucleophilic, and relatively inert.

L is a neutral ligand that is weakly coordinated to the palladium cation
complex. In other words the ligand is relatively inert and is readily displaced
from the cation complex by the inserting monomer in the growing polymer chain.
Suitable w-bond containing ligands include (C,-C,,) monoolefinic (e.g., 2,3-
dimethyl-2-butene), dioolefinic {C,-C,,) (e.g., norbornadiene) and (C,-C,;)



excluding styrenes, vinyl ethers and conjugated dienes, and at |east one of
said adjacent carbon atons having two hydrogen atons attached thereto, and
wherein the noiety derived fromsaid chain transfer agent is exclusively

| ocated at a termnal end of said polynmer, wherein said functionally
substituted polycycloolefin(s) and said hydrocarbyl substituted

pol ycycl ool efin(s) are represented by the fornul ae:

[err] &O%’y’m R2s wherein R er rl]’cﬁntl)sgg[mes}sr

i ndependent |y represent hydrogen; hydrocarbyl selected fromthe group
consisting of linear and branched (Clerr]- C[eﬁé]) al kyl, (Cferr]-Cerr])
aryl; or a functional substituent selected fromthe group

CH OH,
(Serrlenr] O abfbichsbake Oy, iR HiEpl AR
Ea% er r} g % er r} 8& Cﬂibhﬁn,]fbmﬂﬂple@ﬂdbaadxmeg@()ﬁ) GthenozotCOIzoor an grolglauc
err])[err min nden i S 0 an
represents |inear or%@“ﬁgﬁﬁﬁﬁmﬂgﬁ?ﬁ?’]?% €. Rlerr] and Rl err] or
Rlerr] and Rlerr] taken tLQ%HB@fss@fe@te&ﬂ)ﬁr(i)]ang1 mapﬁméa%ﬁlcﬁneﬁh%na“d

Rlerr] can be taken together with the ring carb atons to ey are
attached to for#f a nedbond(nembends)de thepalladium inthe catiod somplen or (iiMagnaiety that

o2t one O Ret1 RSl o VO 0 R 50 bl

.
branched (Jerr]- C[ezranbﬁccﬁhﬂgﬂ Uﬂde@lembﬂdlhy}ht(ﬁlﬁﬁﬁm&yﬁeﬁolﬁﬁdoﬂﬁ urh By £d

err err cycl qQal kyl rr]-Clerr aryl err err] aral yl,
Eg:[[err} g:[[rer}g akaﬁﬂB“%P‘PhEa& “a‘?rgg%ﬁ‘(ﬂ]?)éﬁb‘{“ég o andgdefipedyy |

2 errsaert]) Zﬁ“ﬁfyl . ‘aﬂnﬁéﬁﬁ% G ‘%MF@P?}"*?#% T
with the two rilfig ceethyslingarand branchid mbietitts@yclmswl butyb,gentyh neegentylent
an aromati o i ng cortarhimpteed FrL B8 Rl sttt ogy "bRes "
4. embodiment (ii) generally defined above, the cation has a hydrocarbyl group
directly bound to the palladium by a single metal-carbon o-bond, and also by at
least one, but no more than three n-bonds. By hydrocarbyl is meant a group that

15 is capable of stabilizing the palladium metal cation complex by providing a
carbon-metal o-bond and one to three olefinic n-bonds that may be conjugated or
non-conjugated. Representative hydrocarbyl groups are (C;-C,,) alkenyl which
may be non-cyclic, monocyclic, or polycyclic and can be substituted with linear
and branched (C,-C,,) alkoxy, (C¢-C,5) aryloxy or halo groups (e.g., Cl and F).

20 Preferably X is a single allyl ligand, or, a canonical form thereof, which
provides a o-bond and a %-bond; or a compound providing at least one olefinic
%-bond to the metal, and a 0-bond to the metal from a distal carbon atom, spaced
apart from either olefinic carbon atom by at least two carbon-carbon.singlc bonds

. (embodiment ii).

25 It should be readily apparent to those skilled in the art that when ligand L
or X is absent (i.e., n or m is zero), the palladium cation complex will be weakly
ligated by the solvent in which the reaction was carried out. Representative
solvents include but are not limited to halogenated hydrocarbons such as carbon
tetrachloride, chloroform, dichloromethane, 1,2-dichloroethane and aromatic



9. The oligonmer of claim8 wherein the repeating units derived from
the functionally substituted polycycloolefin have the follow ng structure:
[err] R2 R wherein
Rlerr] to Rlerr] and n are as defined above, and R and R' independently
represent hydrogen, branched or unbranched (Cferr] to C[err]) alkyl,
branched or unbranched (CJerr] to (Jerr]) al kenyl, hal ogen, gh,bgﬁm%lgup

-CH err] (CH er MOYSETR$ - OR err] -CJerr]-Rerr]
-Si(ORerr])[err] -(CHerr])[err]-Si(ORerr])[err] [err]
-(CHerr])[err]-OSi(Rerr])[err] -Cl-l[lerr](CI-l[er_r])[err]-O-l

[err] -CHerr](CHerr])[err]-NCO 1 -(CH err])[err]-X

solvents such as benzene, toluene, mesitylene, chlorobenzene, and nitrobenzene,
- and the like. A more detailed discussion on appropriate solvents will follow.

Selected embodiments of the palladium cation comblexes of the single

component catalyst systems of this invention are shown below.

5 Structure V illustrates embodiment (i) wherein ligand X is a methyl group

that is bound to the palladium metal via a single metal-carbon o-bond, and ligand

L is COD that is weakly coordinated to the palladium metal via two olefinic

%-bonds.

10

Pd—CH, | CA

15 Structures VI, VII and VII illustrate various examples of embodiment (i)
wherein X is an allyl group that is bound to the palladium metal via a single
metal-carbon c-bond and at least one but no more than three n-bonds.

In Structure VI, L is not present but an aromatic group providing three
n-bonds is weakly coordinated to the palladium metal; X is an allyl group

20 providing a single metal—carbon o-bond and an olefinic n-bond to the palladmm

In Structure VII, L is COD and X is an allyl group providing a metal-
carbon o-bond and an olefinic ®-bond to the paliadium.
Structure VIII illustrates an embodiment wherein ligand X is an
uﬁsaturated hydrocarbon group that provides o-metal-carbon o-bond, a
25 - conjugated ®-bond and two additional %-bonds to the paliadium; L is absent.



[err]

wherein R err]
al kyl, or unbranched (Cerr]-Cerr])

(derr]-Cerr]) aryl

al kenyl

branched or unbranched (CJerr]-Cerr]) alkyl or

is chlorine,

fluorine,

brom ne or i odine,

and n'

I's branched or unbranched (Cferr] to (Jerr])

substituted or unsubstituted

hal oal kyl ,

wherein said substituents if present are selected from

and hal ogen, X

is 0 to 20.

10.
The ol igonmer of claim9 wherein the repeating units derived fr
functional ly su2P$?%2%&d pol ycycl ool efin and hydr ocar byl Swanéaﬂﬂ%&ﬁ%h3
pol ycycl ool efin have the follow ng structure:

[err] wherein Rlerr] to Rlerr] and Rjpand R' are defined-as above;
n and m i ndependently are _

B — -+
CA” i
CA
5
L . -
Vi
10 -~ .
/
\_/ Ppd CA”
15 /
VIII

Substituents R?, R'®, R" will be described in detail below.
Structures IX and X illustrate examples. of embodiment (iii) wherein L is
20 COD and X is a ligand that provides at least one olefinic %-bond to the palladium
metal and a o-bond to the metal from a distal carbon atom, spaced apart from
either olefinic carbon atom by at least two carbon-carbon single bonds.

25. ‘\\\ ‘(/’ )
Pd CA

30




0, 1, 2, 3, or 4; and a and b represent the nunber of random repeating
units in the polyner backbone. 11. The polyner of claim5 or 8
wherein said termnal olefinic noiety is derived froma conmpound sel ect ed
fromthe group consisting of an [err]-olefin having 2 to 30 carbon atons,

| sobutyl ene, 1, 7-octadi ene, and 1, 6-oct adi ene. 12. The pol yner of
claim 1l wherein said termnal olefinic noiety is selectedfrﬁxﬁﬂs {0Up
consi sting of NHZHRE propyl ene, 4-nethyl - 1-pentene, | -hexene,

-decene, and 1-dodecene. 13. A reaction mxture for polynerizing a

pol ycyclic addition polymer conprising one or re functionally subtituted
poly- cycl ool efin nononer(s) as defined in cldaim1l, optionally in
conbination with one or nore hydrocarbyl substituted polycyclo- olefin
nmonomner (s), wherein the majority of said functionally substituted

pol ycycl ool efin(s) in said reaction mxture is presenf in the endo

i someric formand a greater proportion (nol/weight% of the functional

repeating units incorporated|int@ppa d pol-ymer is pglynerized fromsaid
endo ksoner; an organic solvent; ®nd a single conporlent catalyst system
selected froma catal yst repfesent by the forgl a:
[err] Swherein L represe | i gand €0 ifni ng between 1, 2, or 3
[err]- \ / - '
Pd\ CA X
10 The above-described palladium cation complexes are associated with a

weakly coordinating or non-coordinating_ counteranion, CA", which is relatively
inert, a poor nucleophile and provides the cation complex with essential solubility
in the reaction solvent. The key to proper anion design requires that it be labile,
and stable and inert toward reactions with the cationic palladium complex in the

15 final catalyst species and that it renders the single component catalyst soluble in
the solvents of this invention. The anions which are stable toward reactions with
water or Bronsted acids, and which do not have acidic protons located on the
exterior of the anion (i.e., anionic complexes which do not react with strong acids
or bases) possess the stability necessary to qualify as a stable anion for the

20 catalyst system. The properties of the anion which are important for maximum
lability include overall size, and shape (i.e., large radius of curvature), and
nucleophilicity.

In general, a suitable anion may be any stable anion which allows the

éata]yst to be dissolved in a solvent of choice, and has the following attributes:

25. (1) the anion should form stable salts with the aforementioned Lewis acid,
Bronsted acids, reducible Lewis Acids, protonated Lewis bases, thallium and
silver cations; (2) the negative charge on the anion should be delocalized over the
framework of the anion or be localized within the core of the anion; (3) the anion
should be a relatively poor nucleophile; and (4) the anion should not be a

30 powerful reducing or oxidizing agent.



bonds, X represents a lingand containing 1 [err]-bond and between 0 to 3
[err]-bonds, nis 0, 1, or 2, and mis O or 1, and wherein n and m cannot
both be 0 at the same tinme, and when mis 0, ais 2, and when m is 1, a
is 1, and CA is a weakly coordinating counteranion. 14.
The reaction m xture of claim13 wherein L is selected fromthe group

consi sting of ( rl-Clerr]) nonoolefin, (CJerr]-Clerr]) llneﬁfﬁ?ﬁa
cycl odi ol efi ns,V E%J @0) aromatic corrpounds 15. e ‘rc’lmeg(l::{ i on
m xture of claim 14 wherein L is selected fromthe group consisting of

2, 3-di net hyl - 2- but ene, cycl ooct adi ene, nor bor rigdi ene, and dibenzo COD.
TH S SHEET HAS BEEN

REPLACED 16. Th ' é\éaﬂ‘
sel ected fromthe group c‘gﬁgﬁfﬁﬂﬁg&t I'n ar or r angﬁé%%% éﬂm}r] )
al kyl ; unsubsti t ut edconsidtingibfia tetraflverddexfiGa; ) or®; adrexafingxide of P, Shchrpal ycycl i c

(C[err] Clerr]) alkenyl, where said, substituents | ected fromthe
group consisting of P %%P'%%P&H&?@a“!{d& %Y&Pﬁeﬁ g{gggytoluene

(Jerr]-derr]) aryl Qusnated, ahPriZi6fdmethyl sulfonate; ah&submm én| the

of claim 13 wherein said weakly coordi nat| ng couteranion I s se ecte from
the group consi8ti ngwb‘frelBIquaPhe}l}'IM[iuﬂb?ﬁ dluoting mﬂmshyl]moxenes

et S S 2 s o

perfluorobutyrate (Csﬁlﬁso;mmmﬂﬁéﬁmiaﬂmmd) p@(ﬁfﬁﬂd{ff@
(ddgerrjHerr]O, p:.t ene-sul fonate (p err]Herr err and
t et raphenyl borates r é:glz tWW’P\’MKﬁH&éF FzC y), perc orate%ClO“ 8
[err] p-toluene-sulfonate (p-CH,C,H,SO;’) and tetraphenyl borates represented by the

10 formula:

B@%

15 wherein R’, independently represents hydrogen, fluorine and trifluoromethyl and
nis1to5.
Preferred single component catalysts of the present invention are

represented by the formula:
— -+
20
rR®
Rl < Pd CA”
XI
I 11
25. R

The catalyst comprises a %-allylpalladium complex with a weakly coordinating

counteranion. The allyl group of the cation complex is provided by a compound

containing allylic functionality which functionality is bound to the palladium by a
30 single carbon-palladium o-bond and an olefinic n-bond. Surprisingly, it has been



wherein R independently represents hydrogen, fluorine and trifl uoronethyl

and nis | to 5. 18. The reaction mxture of <claim 13
wherein said single conponent catal yst systemis selected froma catal yst
represented by the formul a: ' [err]

wherein R err], Rerr], and Rerr] are each independently hydrogen,
branched or unbranched (Clerr]-Clerr]) alkyl; (CJerr]-Cerr]) y :
(derr]-derr] VO . -cORerr]; - (CI—I[err])[err]CR[err];Fgr;)ﬂsgwsls
(err]-Cerr]) cycloaliphatic, wherein Rerr] is ((Jerr]- (err])alkyl;
and nis 1to5; any two of Rerr], Rerr], nd Rlerr] may be |inked
together to form a ((Jerr]-Cerr])carbocyClic or heterocyclic ring;

and wher ei n CA { cqor di mat i.ng. count erani on.
19, The reaction iR st daels et Sabives RrRL R PGP RIS
counterani on i s sel egtichGompieNis devoidl cfligandzdfics thail the@llyHub&ionhlity . &L, 0),
AlF[err]O[err] SCFerr],. SbF[err], ShF[err] SO err]F, ASF['e”]l}

perfl uoroacetate ( é"‘?f’@&l@t%ﬁtyﬁgrtp?wmﬁ?@ﬁ%ﬁwmd B-type

: monomers. As discussed above, it will be understood that the catalysts are

5 solvated by the reaction diluent which diluent can be considered very weak
ligands to the palladium metal in the cation complex.
Substituents R®, R, and R on the allyl group set forth above in
Structures VI, VII, and XI are each wherein R®, R", and R!! are each
independently hydrogen, branched or unbranched (C;-C;) alkyl such as methyl,
10 ethyl, n-propyl, isopropyl, and t-butyl, (C¢-C,,) aryl, such as phenyl and naphthyl,
(C,-C,,) aralkyl such as benzyl, -COOR", -(CH,),OR", Cl and (C,-C,)
cycloaliphatic, wherein R‘-“" is (C-C;) alkyl, such as methyl, ethyl, n-propyl,
isopropyl, n-butyt and i-butyl, and nis I to 5.
Optionally, any two of R®, R'®, and R" may be linked together to form a
15 cyclic- or multi-cyclic ring structure. The cyclic ring structure can be carbocyclic
or heterocyclic. Preferably any two of R?, R', and R" taken together with the
carbon atoms to which they are attached form rings of 5 to 20 atoms.
Representative heteroatoms include nitrogen, sulfur and carbonyl. Illustrative of
the cyclic groups with allylic functionality are the following structures:

20
el Wclle
’ R'l4 R14(' Ri4 NT

1
R |
RIS

25 6

ﬁ@

30



(derr]Flerr]Cqerr]), perfluorobutyrate (CFlerr]CFerr]CFerr]CJerr]),
perchlorate (G Jerr]Herr]O, p-toluene-sulfonate
(p-CHerr]Cerr]Herr]SOerr]) and tetraphenyl borates represented by the
formul a: [err] wherein R independently
represents hydrogen, fluorine and trifluoromethyl and n is 1 to 5.

20. The reaction nxture of claim13, 14, 15, 16, 17, 18, angcpd ein
sai d pol ycycl oowgﬁsﬁg%noner(s) is selected froma conpound represségrﬁte iby
t he formul ae: [err]

wherein Rerr] to Rerr] independently represqgt hydrogen; hydrocar byl
selected from

wherein R™ is hydrogen, linear or branched (C,-C;) alkyl such as methyl, ethyl,
n-propyl, isopi'opyl,'n-butyl, isobutyl, and pentyl, R' is rﬂethylcarbonyl, andR¥
is linear or branched (C,-C,,) alkyl. Counteranion CA" is defined as above.

5 Additional examples of %-allyl metal complexes 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. K&ster, P.L.I. Nagy, G.N. Schrauzer, 4dvances in
Organometallic Chemistry, Vol. 2, Academic Press Inc., New York, 1964; W.T.

10 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. _ _ '

The single component catalyst of this invention can be prepared by
combining a ligated palladium halide component with a salt that provides the

15 counteranion for the subsequently formed palladium. cation complex. The ligated
palladium halide component, counteranion providing salt, and optional x-bond
containing component, e.g., COD, are combined m a solvent capable of solvating
the formed single component catalyst. The solvent utilized is preferably the same
solvent chosen for the reaction medium. The catalyst can be preformed in solvent

20 or can be formed in situ in the reaction medium.

Suitable counteranion providing salts are any salts capable of providing
the counteranions discussed above. For example, salts of sodium, lithium,
potassium, silver, thallium, and ammonia, wherein the anion is selected from the
counteranions (CA") defined previously. Illustrative counteranion providing salts

25 include TIPF,-,; AgPF, AgSbF,, LiBF,, NH,PF,, KAsF,, AgC,F,CO,, AgBF,
AgCF,CO, , AgClO,H,0, AgAsF, AgCF,CF,CF,CO,, AgC,F;CO,, and

Ay ),



t he group. consisting of linear and branched (Cerr]-Clerr]) alkyl,
(dJerr]-Cerr]) aryl; or a functional substituent selected fromthe group
-(CHerr])[err]-OH, -(CHerr])[err]-C(O-0H, -(CHerr])[err]-C(O OR"
,-(CH err])[err]-OR", (CHerr])[err]-CC(OOR', -(CHerr])[err]-C(OR",
-(CHerr])[err]- O(CI-l[err])[err]-O—l, -(CHerr])[err]OR" wherein m

| ndependent |y 10 and R" represents |inear or branched

(derr]- qerr]w%?sf{v‘yﬁ‘or t he group: [err] PCI/US6I07313
wherein Yis (Jerr]Herr], Cerr]Herr]O or C[err] Herr]OC(O, or -CN,
wherein z is an integer froml to 12; R err] d Rerr] or Rerr] and
Rlerr] taken together are ((err]- C[err]) al Kyl idene; R and R err] can be

taken together wt h | ch he tai,hed to
form an anhydri de orﬁd%%iﬁggﬁw%pgg“ﬁr@@ﬁﬁh Wﬁ:g%&sg aR[ err]
to Rlerr] nust be anéutatPd {(EGD]zswhsplekIwﬁn’hg tHR[cefnplex vﬁilﬁdfd’dll,yltﬂlﬁaé}o and

err] inde endentl nt o en, .l.inear and_ branched
(R[C[er]r] C[ePr]) al k e%@r’gg yﬂaég&kﬁhf‘ﬁfmhﬁsh}wlﬂt%wde)

vl
(Gorr]-Gorr]) af kot fhen ititiddo r’%‘nﬁq&*ﬁ@ﬁ%ﬁ“&“ﬁﬂ%&%k&n@ﬁw
vinyl; any of R er re¢ouategaripreproyiding sblt.dier, TIPFy.n Théfeaction sequenbeis waittemnag oget her
to forma (C[err]-qoﬁa‘%:) al kyl i dene group; R err] and R err] when

/\ /\
10 Q/ \O \/

(<0
15 - //’x ‘4‘

\m'\o‘:. e

20 When partitioned, only one COD ligand remains, which is bonded by two
m-bonds to the palladium. The allyl functionality is bonded by one metal-carbon
o-bond and one %-bond to the palladium.

For the preparation of the preferred 7-ally! palladium/counteranion single
cbmponent catalysts represented in structure XI above, allylpalladium chiloride is

25 .  combined with the desired counteranion providing salt, preferably silver salts of
the counteranion, in an appropriate solvent. The chloride ligand comes off the
allyl palladium complex as a precipitate of silver chloride (AgCl) which is
filtered out of the solution. The allylpaliadium cation complex/counteranion
single component catalyst remains in solution. The palladium metal is devoid of

30 any ligands apart from the allylic functionality.



taken together with the two ring carbon atons to which they are attached
can represent saturated and unsaturated cyclic groups containing 4 to 12
carbon atons or an aromatic ring containing 6 to 17 carbon atons; and n is

0, 1, 2, 3, or 4. 21. The reaction m xture of claim 20
wherein said polycl ool efin nmononer is selected fromthe group consisting of
5- hydr oxy-2- nqQrbornepne, 5-hydroxynethyl-2-norbornene, PCT/US6/07313

5- met hoxy- 2- nor‘BB?‘?@ﬁ%f 5-t- but oxycar bonyl - 2- nor bor nene,

5- met hoxy- car bonyl - 2- nor bor nene, 5-carboxy-2- norbornene,

5- car boxynet hyl - 2- nor bor nene, decanoic acid egger of 5-norbornene-

2-met hanol, octanoic acid ester of 5- norborren -2-net hanol, n-pentanoic acid

ester of 5-norbornene-2-nethanol, ﬁ bﬁ?ﬁ”&‘r@ﬁﬁgﬁﬂ ,ﬁSt er of

5-nor bor nene- 2-net hanol ; N-phenyl or and

5- hor bor nene- 2, 3-di car bomemmbﬂmﬂ%m@mﬁ&ﬁmbmimem of the present invention
5- net hyl - 2- nor bonene, 5-hexyl -2-norbornene, 5-decy]| -2-nor-bornene,
5- phenyl - 2- nor bor ne@@%ﬂ%@?ﬁﬁmém@@thﬁmﬂén@%ﬂ%r nene,

vi nyl nor bor nene, di Gy HIFH[J %Bﬂ'm fodi cycl opent adi ene,

tetracycl ododecene, rrelphy et racycl q ecene, tetracycl ododecadi ene,

di met hyl t et racysl ododecerﬁppdﬂdd;dm aemhmcsbmmeselectalfrmlapbinpem&i containing
tetracycl ododecene, acycl ododecene, .and. tginers of

cycl opent adi ene. pDaHaJ{Xm g"“#ﬁ’é”?’éﬁ gHans i fhe,palladinm coraponng a3 long gsiit1 g
further conprising q,rsﬂaésmaoﬁ@asfmmny a&ﬁbgmﬂmﬁamﬁn&%ﬂm the
represented by the fornmul a:

[err]
wherein R and R' i p@m@nmp?mde@%%@mrm@wgéhwhsrsahbhegﬂmrempnanched
(err] to Jerr]) lm. branched or unbranched (Clerr] to Cferr])
al kenyl , halogen or e group:
The palladium compound comprises ionic and/or neutral ligand(s) bound

to the palladium metal. The ionic and neutral ligands can be selected froma -
variety of monodentate, bidentate, or multidentate moieties and combinations
thereof.
Representative of the ionic ligands that can be bonded to the palladium

15 metal to form the palladium compound are anionic ligands selected from the
halides such as chloride, bromide, iodide or fluoride ions; pseudohalides such as |
cyanide, cyanate, thiocyanate, hydride; carbanions such as branched and
unbranched (C,-C,,) alkylanions, phenyl anions; cyclopentadienylide anions;
n-allyl groupings; enolates of B-dicarbonyl compounds such as acetylacetonate,

20 2,4-pentanedionate and halogenated acetylacetonoates such as 1,1,1,5,5,5-
hexafluoro-2,4-pentanedionate, 1,1,1-trifluoro-2,4,pentanedionate; anions of
acidic oxides of carbon such as carboxylates and halogenated carboxylates (e.g.,
acetates, 2-cthylhexanoate, neodecanoate, trifluoroacetate, etc.) and E)xides of
nitrogen (e.g., nitrates, nitrites, etc.) of bismuth (e.g., bismuthate, etc.), of

25. aluminum (e.g., aluminates, etc.), of silicon (e.g., silicate, etc.), of phosphorous
(e.., phosphates, phosphites, phosphines, etc.) of sulfur (e.g., sulfates such as
triflate, p-toluene sulfonate, sulfites, etc.); ylides; amides; imides; oxides;
phosphides; sulfides; (C,-C,,) aryloxides, (C,-Cy) alkoxides, hydroxide, hydroxy
(C,-Cyp) alkyl; catechols; oxalate; chelating alkoxides and aryloxides. Palladium



-CH err](CHerr])[err]-ORlerr] -QO[err]-Rerr]

-Si(ORerr])[err] -(CHerr])[err]-Si(ORerr])[err] [err]
-(CHerr])[err]-CSi(Rerr])[err] -CH err](CHerr])[err]-OH

[err] -CH err](CH err])[err]-NCO -(CHerr])[err]-X

[err] | TH S SHEET HAS BEEN wherein Rlerr]

I s branched or unbranched (Cerr] to (ferr]) alkyl, or unbranc{helgf
(C[err]-C[err])Wom?Q"?@nyl, substituted or unsubstituted (C[err]= se9rslp313

aryl wherein said substituents if present are selected from branched or
unbranched (Cferr]-Clerr]) al kyl or hal oal kyl,, and hal ogen, X is

chlorine, fluorine, bromne or iodine, and n' 19| s 0 to 20. 23. The

reaction mxture of g3l fan' i Bhthir®nihi& \Ridhs WcAAS bEY, ARBSCF, SbF,
- and compounds represented by the formulae:

AlR"y, , BX),

wherein R” and X independently represent a halogen afom selected from CL, F, I,
and Br, or a substituted or unsubstituted hydrocarbyl group. Representative of
hydrocarbyl are (C;-C,;) alkyl such as methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, _

10 hexadecyl, heptadecyl, octadecyl, nonodecyl, eicosyl, heneicosyl, docosyl,
tricosyl, tetracosyl, pentacosyl, and isomeric forms thereof; (C,-C,;) alkenyl such
as vinyl, allyl, crotyl, butenyl, pentenyl, hexenyl, octenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl pentadecenyl, hexadecenyl,
heptadecenyl, octadecenyl, nonadecenyl, pentacosenyl, and isomeric forms

15 thereof. (C¢-Cys) aryl such as phenyl, tolyl, xylyl, naphthyl, and the like;
(C-C,s) aralkyl such as benzyl, phenethyl, phenpropyl, phenbutyl, phenhexyl,
napthoctyl, and the like; (C,-Cs) cycloalkyl such as cyclopropyl, cyclobutyl,
cyciopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2-norbornyl, 2-norbonenyl, and
the like. In addition to the above definitions X represents the radical:

20

CF 3 CF3
25 :
The term substituted hydrocarbyl means the hydrocarbyl group as
previously defined wherein one or more hydrogen atoms have been replaced with
a halogen atom such as Cl, F, Br, and I (e.g., as in the perfluoropheny! radical);
hydroxyl; amino; alkyl; nitro; mercapto, and the like. '



I's a conpound selected fromthe group consisting of an [err]-olefin having
2 to 30 carbon atons, isobutylene, 1,7-octadiene, and 1, 6-oct adi ene.

24. The reaction mxture of claim23 wherein said chain transfer agent is
selected fromthe group consisiting of ethylene, propy- |ene,

4- et hyl -1 - pent ene, 1-hexene, 1l-decene, and 1-dodecene. 25. A reacti on
m xture for poI*meri zing a polycyclic addition polyner conpr IW

nore functional ituted poly- cyclool efin nonomer(s) as defl ne
claiml, optionally in conbination wi th one or nore hydrocar byl
substituted polycyclo- olef in nononer(s), wherein a greater proportion
(nol /weight%g of said functi onal |y substituted polycycloolef in(s) in said

reaction mxture is presgijidg &ggor h{aﬁl({aﬁé}ﬁ]&fh ﬂgfgﬁlﬂé,ity of .

t he functional repeating uni ts I'nc pora?de Into sal
pol ynmeri zed from samigmodnmo&mngbrgmmmnmgamﬂho@hbmumd@pynﬁmum

ti conponent catal yst s corrprl
Thi s Sheet Has BeenW%P gbé&?‘af&i“&ﬂhﬁmt al ion source in

conbi nation with one or bot h of (1) an organoal unm num conpound;
(ii) a third conponent selected fromthe group consisti ng of
Lewi s acids, stdong Bronsted acids, hal ogenated (R ) conmpounds, -
el ectron donat | ng conpounds sel ect ed from By i phatic and
cycloaliphatic diolefins, and mxtures -~ t her eof .

x+ |

A'R"Y), 1?
R18

10 wherein A represents nitrogen, arsenic, and phosphorous and the R’ radicals can
be independently selected from hydrogen, branched or unbranched (C,-C,,) alkyl,
branched or unbranched (C,-C,,) alkenyl, and (C,-C,¢) cycloalkyl, e.g., -
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like. R'® and R are
independently selected from hydrogen, branched and unbranched (C,-Cs,) alkyl,

15 branched and unbranched (C,-Cs,) alkenyl and (Cs-C,¢) cycloalkyl groups as.
defined above; and n is 1 to 5, preferably n is 1, 2, or 3, most préferably n is 1.
The R radicals preferably are attached to positions 3, 4, and 5 on the pyridine
ring. '

It should be noted that increasing the sum of the carbon atoms contained

20 in the R radicals confers better solubility of the transition metal compound in
organic media such as organic solvents and NB-functional monomer. Preferably,
the R'? radicals are selected from (C,-C,4) alkyl groups wherein the sum of carbon
atoms for all R" radicals is 15 to 72, preferably 25 to 48, more preferably 21 to
42. The R radical is preferably selected from branched and unbranched (C,-C,)

25 alkyl, more preferably (C,,~C,) alkyl. R" is preferably selected from branched
and unbranched (C,-C,;) alkyl, more preferably (C,-C,,) atkyl.

Specific examples of organoammonium cations include
tridodecylammonium, methyltricaprylammonium, tris(tridecyl)ammonium and
trioctylammonium. Specific examples of organoarsonium and

30 organophosphonium cations include tridodecylarsonium and phosphonium,



26. The reaction mxture of claim25 wherein said Lewis acids are

sel ected fromthe group consisting of BF[err]etherate, TidJ[err], SbF[err],
BCl [err], B(OCH err]CH err])[err] and trisoperfluorophenyl) boron, said
strong Bronsted acids are selected fromthe group consisting of HSbF[err],
HPF[err], CFlerr]CJerr]H FSOerr]H SbF[err],
Herr]C(SOerr]CFerr])[err], CFlerr]SOerr]H and par at ol uene ci d;
and said halodgﬂéﬁﬂp onpounds are selected fromthe group coigkégg%§3
hexachl or oacet one, hexafl uoroacetone, 3-butenoic

acid-2, 2, 3, 4, 4- pent achl orobutyl ester, hexafhﬂoroglutaric aci d,

hexaf | uor oi sopropanol, and chloranil; whereif said el ectron donating
conmpounds are sel ecte |c nd .cycl o t inC dloleflns
phosphi nes and phosﬁ'ﬁﬁ!‘y é)apgﬁﬂ-scﬁ?% e@ fﬂ&’?(‘é'lé‘? %ns(&laa The
reaction mxture of plidsphdniuh, ant Gictytaréonfur® agﬁﬁmf,wmrs

sel ected fromthe group conS|st|ng of trialkylalumnuns, .dia E?/I al um num .

hal i des, monoal kyl afaiephinglude eisesybi-€1-butylpenty| Wﬁ@n@ﬁ@%@s{é& hal i des; and
m xtuces ther eof . bl m 25 wher ei n

t he pal | adi um net al egéar?g?u)ﬁéécorrp |ses§&§9f§gfl?rggaywﬁ{ I'on” bonded to one
or nore noietiés sel ect eSiufabbmmhgmﬂuwhmhmnbebmgled)tommﬁdimmsmon

bi dentate, and nultidenta eut ral ands, and mixtyres .

t her eof . tap h@ql%ﬁg’é Err"@’b(?f"rgq“% ing gxide,; nitregen

pal | adi um net al commnammhmi isotarife dikyfiseFanatel ng of pal |l adi um
et hyl hexanoate, trans-Pd CI[err](PPh[er )[err] pal | adi um

bi s(trifl uor oacet at dkylisgthiocyanata;pyridines and pyridine,dervativesys. &cbg Z;grg;uhrohne,
pal ladium (1) 2-ethy GEXARHY Gudialit-3 32hiaS bhtabiehds DR Mebi-hikbBhlatienes

10 amines such as represented by the formulae:

NR®), , lr(R”)z , T(R”)z

o ((':llz).. (<|3Hz).
NR®), NR®

I
((Ifﬂz).

20 NR>),

wherein R? is independently hydrocarbyl or substituted hydrocarby! as
previously defined and n is 2 to 10. Ureas; nitriles such as acetonitrile,
benzonitrile and halogenated derivatives thereof; organic ethers such as dimethyl

25 ether of diethylene glycol, dioxane, tetrahydrofuran, furan diallyl ether, diethyl
ether, cyclic ethers such as diethylene glycol cyclic oligomers; organic sulfides
such as thioethers (diethyl sulfide); arsines; stibines; phosphines such as
triarylphosphines (e.g., triphenylphosphine), trialkylphosphines (e.g., trimethyl,

. triethyl, tripropyl, tripentacosyl, and halogenated derivatives thereof),

30 bis(gliphenylphosphino)ethane, bis(diphenylphosphino)propane,
bis(dimethyiphosphino)propane, bis(diphenylphosphino)butane, (S)-(-)2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl, (R)-(+)-2,2'-bis{diphenylphosphino)-



pal l adium (I'1) bromde, palladium (Ill) chloride, palladium(I1) iodide,
pal ladium (11) oxide, nonoacetonitriletris(triphenyl phosphine) palladium
(I'l) tetrafluoroborate, tetrakis(acetonitrile) palladium(I1)

tetrafl uoroborate, dichlorobis(acetonitrile) palladium((Il),

di chl orobi s(tri phenyl phosphi ne) palladium (I1), dichlorobis(benzonitrile)
pal l'adium (I'1), pal|ladium acetyl acetonate, palladi um bis(acetqplt.ri

di chl ori de, dwgaf’?"é%ﬁ um bi s(di net hyl sul f oxi de) di chl ori de. %WBSO.
The reaction m xture of claim25, 26, 27, 28, and 29 wherein said

pol ycycl ool efi n nononer(s) is selected from a?%orrpound represented by the
fornmul ae: ' wherein Rlerr] to Rerr] iffuependently represent

hydr ogen; hydrocarby el ngi stin f Line nd

bt anched (f err] - vl P2 ﬁﬁt&iﬁm{%ﬁ"w&%@v% RSty b e Plapiice
substituent select ecbﬂde@rﬂlbiaoﬂfsmmes %@éﬂmgmefomula.

-(CH err])[err]-C(O -CH [err])[err]- C(O) [err])[err]-OR[err],
-(CHerr])[err]-C(Q OR", -(CHerr])[err]-C(OQR", ' _
_-(CH[err])[err]-O(CH[err])[err],-O—I, -(CH[elig(El rr]OR’ wherein m

I ndependently is O to 10 and R' represents | %r branched
((err]-Cerr])salkyl or the group: [err]

wherein R® independently represents a hydrocarby] or substituted hydrocarbyl as

previously defined; phosphorus oxyhalides; phosphonates; phosphonites,
phosphinites, ketones; sulfoxides such as (C,-C,,) alkylsulfoxides; (C;-Cy)
arylsulfoxides, (C:,-C“)alkarylsulfoxides, and the like. It should be recognized

10 that the foregoing neutral ligands can be utilized as optional third components as
will be described hereinbelow.

Examples of palladium metal compounds suitable as the palladium ion
source include: palladium ethylhexanoate, trans-Pd Cl,(PPh;),, palladium (II)
bis(trifluoroacetate), palladium (II) bis(acetylacetonate), palladium (II) 2-

15 ethylhexanoate, Pd(acetate),(PPh;),, palladium (IT) bromide, palladxum (Il)
chloride, palladium (II) iodide, palladium (IT) oxide,
monoacetonitriyletris(triphenylphosphine) palladium (II)
tetrafluoroborate, tetrakis(acetonitrile) palladium (II) tetrafluoroborate,
dichlorobis(acetonitrile) palladium (II), dichlorobis(triphenylphosphine)

20 palladium (II), dichlorobis(benzonitrile) palladium (If), palladium
acetylacetonate, palladium bis(acetonitrile) dichloride, palladium
bis(dimethylsulfoxide) dichloride. '

' The organoaluminum component of the multicomponent catalyst system
of the present invention is represented by the formula:

25

AIRY, Q,

wherein R? independently represents branched and unbranched (C,-C,,) alkyl,

(C¢-C,y) aryl, (C;-Cyy) aralkyl, (C,-C,o) cycloalkyl; Q is a halide or pseudohalide
30 selected from chlorine, fluorine, bromine, jodine, branched and unbranched



wherein Y is CJerr]Herr], Cerr]Herr]O or (err]Herr]OC(O, or -CN,
wherein z is an integer from1l1l to 12; R err] and Rlerr] or Rerr] and
Rlerr] taken together are (Cferr]-Clerr]) alkylidene; R err] and R err] can
be taken together with the ring carbon atons to which they are attached to
form an anhydri de or dicarboxyi m de group; wherein at |east one of R err]

to Rlerr] nust _be af#nctional substituent; Rerr], Rerr], RseseRts

Rl err] indepen&%‘ﬁws epresent, hydrogen, |inear and branched
((err]-Cerr]) alkyl, hydrocarbyl substituted and unsubstituted
(derr]-Cerr]) cycloalkyl, (CJerr]-Cerr]) I, ((Jerr]-Cerr]) aralkyl,
(CJerr]-Cerr]) alkynyl, linear and branched T(err]-(err]) al kenyl, or

vinyl; any of Rlerr}-a d)) %{é?ﬁ[‘_g‘ X ’Ezt ¢ en toget her
to forma (Cferr]- Ce‘ra(?’f ﬂé&{?{’/h e ?@JGBEJ] se%rﬁ]i%ﬁ%q%f@io]ttg\?hen t aken
together with the two riRgpresentative afgaticahintinwmh cofpéundy inelude afdliaddhadinams
represent saturated apd unsaturated cycl] roups containing 4 to 12 carbon
‘atons or an aronmati & i%ﬂ@hﬁ%%@?@%&%%ﬂ%?ﬁ%{"", nis 0, 1,
2, 3, -ord4. --gbl'bm Jﬂxﬁhﬁ:ﬂ? Y o b hfs 9{_2_91391 almﬁ#‘ﬂ . gai d
pol ycycl ool efin rmnglr%e |pglse ect égil$rOMt e group conglmsuﬁing 0 - -3

g- hy;:ILoxy- g nor&gornmeﬁwltﬁuﬁS yldnmymmt '-Iiyheﬂi)lrlpmt)ﬂdz mwnm,b tri-3-

- met hoxy- 2- nor bor nen - = hut oxycar bonyl = 2- r bor nene

2 et hoy oar bonel - BefEEEIERLRSES R S issn AR A |

5- car boxymet hyl - 2- ngiebgIRR§lahedfiRnArG-Methgthedilatmitim, trioctylaluminum, tris-2-

5- nor bor nene- 2- net hanol , octanoic acjd_ester of 5-norbornene-2-nethanol,
n- pent anoi ¢ aci d espexbogyl %L\% met hanol , phenyl ci nnam nic acid

ester of 5-norbornene- 2-%% 'ugl\hagih ‘Eﬂeﬂ' [ Wsde, and

5- nor bor nene- 2, 3-di car boxylic gﬁ?‘y ri e;élsr%%mn%; or nzir%gﬁﬁhm)&hﬁhaé

5- met hyl - 2- nor Hbr nediethytaltmimin chloride xdiisogropylalémitem/¢hl @idepditsobutplalyminum

5- phenyl - 2- nor bor neng, .5- na&ﬂ{gfi. | - 2- nor bor nene, 5-ethylidene-2-norbornene,
vi nyl nor bor nene, di g@&?&‘p@ﬂ ierre, di hydrodi cycl opent adi ene, :

tetracycl ododecene, met hyjidn BBl SiRaIRIRS such @k hthytdladRdachdisige,

di met hyl tetracycl ododecene, ethyltetracycl ododecene, ethylidene

t et racycl ododecene, cbiahymipamdighorids eminumgdilpdide; prepylalyminum dichloride,

cycl opent adi ene. : ' | . , 27,
jsopropyaluifinum AXARHIE b/ ultimiHuk] dlitloite, BoPllbieminget, 2

28, 29, and 31 furt nprising a c
conpound r epr ebent edichlpride,cand the like.

Alkylaluminum sesquihalides such as methylaluminum sesquichloride,

ethylaluminum sesquichloride, propylaluminum sesquichloride,
isobutylaluminum sesquichloride, and the like.
In the practice of the present invention, the catalytic system obtained from
20 the palladium ion source is utilized with a component selected from the group of
organoaluminum compounds, third component compounds, and mixtures thereof.
Examples of such third components are Lewis acids such as the
BF;-etherate, TiCl,, SbF;, tris(perfluorophenyl)boron, BCl,, B(OCHQCH,),;
strong Brensted acids such as hexafluoroantimonic acid (HISbF,), HPF, hydrate,
25-  trifluoroacetic acid (CF,CO,H), and FSO,H-SbF;, H,C(SO,CF,), CF,SO;H, and
paratoluenesulfonic acid; halogenated compounds such as hexachloroacetone,
hexafluoroacetone, 3-butenoic acid-2,2,3,4,4-pentachlorobutylester,
hexafluoroglutaric acid, hexafluoroisopropanol, and chloranil, i.e.,



- 18 - [err] wherein R and R’
I ndependently represent hydrogen, branched or unbranched (derr] to
Cerr]) alkyl, branched or unbranched (Cerr] to (Jerr]) al kenyl, hal ogen,

or the group: -CH err](CH err])[err]-OR[err]
-CJerr]-Rerr] -Si(ORerr])[err]
CH Si
ECH%Z”H%E;H I O%‘:;HHZ;H -[Cl?l{re]rr](CH[err [err ﬁaﬁﬁ%mms
[err] _-CI—I[err](CH[err])[err]-NCO -(CHerr])[err]-
[err] 24
0
a Cl
5 Cl Cl
o

electron donors such as phosphines and phosphites and olefinic electron donors
selected from (C,-C,,) aliphatic and (C,-C,,) cycloaliphatic diolefins, such as
10 butadiene, cyclooctadiene, and norbornadiene.

Acidity of strong Brensted acids can be gauged by determining their
Hammet acidity function H,. A definition of the Hammet acidity function is
found in Advanced Inorganic Chemistry by F. A. Cotton and G. Wilkinson,
Wiley-Interscience, 1988, p. 107.

15 As set forth above the neutral ligands can be employed as optional third
components with electron donating properties.

In one embodiment the multicomponent catalyst system can be prepared
by a process which comprises mixing the catalyst components, i.e., the palladium
metal compound, the organoaluminum compound, and third component (if

20 employed), together in a hydrocarbon or halohydrocarbon solvent and then
mixing the premixed catalyst system in the reaction medium comprising at least
one functional NB-type monomer. Alternatively, (assuming the optional third
component is utilized), any two of the catalyst system components can be
;;remixed in a hydrocarbon or halohydrocarbon solvent and then introduced into

25. the reaction medium. The remaining catalyst component can Be added to the
reaction medium before or after the addition of the premixed components.

In another embodiment, the multicomponent catalyst system can be
prepared in situ by mixing together all of the catalyst components in the reaction
medium. The order of addition is not important.



wherein R err] is branched or unbranched (Cferr] to (Jerr]) alkyl, or
unbranched (Cerr]-Cerr]) alkenyl, substituted or unsubstituted
(err]-Clerr]) aryl wherein said substituents if present are selected
from branched or unbranched (Cerr]-Clerr]) alkyl or haloal kyl, and

hal ogen, X is chlorine, fluorine, bromne or iodine, and n' is 0 to 20.

33. The reaction m xture of claim 32 wherein said chain traﬂﬁ;‘ﬁ;ﬁ,@,gﬁnt
is a conpound NPEH¥E fromthe group consisting of an a-ol efin aving 2
to 30 carbon atons, isobutylene, 1,7-octadiene, and 1, 6-oct adi ene. 34.

The reaction m xture of claim 33 wherein sai % chain transfer agent is
sel ected fromthe group consisting of ethyle é propy- | ene,

4- et hyl - 1- pent ene, 1-hexe -dece . -d . 35. A
process for polynerizi n??Qﬁ%?s;“c%"?gﬁéasd@]??@ﬁmggﬁ%&%?’e@ocﬁ?}ys i‘%&e present
essentially of repehivedipniare ézrief out icarDorganic¢ solveritwhich doesalot ydverseltihtkrfire d
pol ycycl ool efin(s) as defined in claim1l alone or in conbination with one

or more hydrocar byl With Hheicatalysteysisan and is p soJvent fox the mongmer - Examples of organic
Ci i GbLo ’ ) ) . ) .
propoftion (nol/wei %Hef@esagén Wgé@ﬁ%m_&&m&sﬂ&%&&nbfhgg fdhe?%g’rrer

are polynerized fromt r,” sal (‘Y process co | Ses I'ZzI'ng

one or nore furdcti ooetireyand decane; akicyelicirytsocarbéns shelf asicyclopentanerand syclohegdnepn-
ally in combination w bR Arfodrbons meh b beisas, Morobsehd, itcbdnzene, toluene,
and Xylenes; halogenated (polar) hydrocarbons such as methylene chloride,
chloroform, carbon tetrachloride, ethyl chloride, 1,1-dichloroethane, 1,2-
dichloroethane, 1,2-dichloroethylene, 1-chloropropane, 2-chloropropane, 1-
10 chlorobutane, 2-chlorobutane, 1-chloro-2-methylpropane, and 1-chloropentane.
In the single component catalyst systems of this invention cyclohexanone, |
ethylacetate can also be employed.
The choice of reaction solvent is made on the basis of a number of factors
including the choice of catalyst and whether it is desired to run the
| 15 polymerization as a shurry or solution process. For most of the catalysts
described in this invention, the preferred solvents are chlorinated hydrocarbons
such as methylene chioride and 1,2-dichloroethane and aromatic hydrocarbons
such as chlorobenzene and nitrobenzene, with simple hydrocarbons being less
preferred due to the resulting lower cbnversion of the functional NB-type
20 monomer(s). Surprisingly the inventors have discovered that certain of the
catalyst systems, most notably the multicomponent catalysts based on palladium
metal compounds and alkylaluminum halides, specifically, monoalkylaluminum
dihalides, (e.g., ethylaluminum dichloride), also give excellent results (and high
monomer conversion) when run in simple hydrocarbons such as heptane and
25 cyclohexane.
The molar ratio of total monomer to palladium metal for the single and
multicomponent catalysts can run from 20:1 to 100,000:1, preferably 200:1 to
’ 20,000:1, and most preferably 1,000:1 to 10,000:1.



pol ycycl ool efi n nononer(s)-, wherein the majority of said func- tionally
substituted polycycloolefln(s) In said reaction mxture is present in the
endo isoneric formin the presence of a single conponent catal yst system
sel ected froma conpound represented by the fornul a:

[err] wherein L represents a ligand containing between 1, 2,-or 3 [err]-
bonds; X represents a |ligand containing 1 [err]-bond and bet

[ err]-bonds; n VO9%P7% o 2 and mis 0 or 1, and wherein n an n@ggm%t
both be 0 at the same tinme, and when mis 0, ais 2, and when mis 1, ais
1; and CAis a weakly coordinating counter- agion; in the presence of an
organi ¢ sol vent. The process of claim35 wherein the single

conponent catalyst is re ﬁ{ﬁ?{‘g al
[err] wher ei n R[g{tﬁf eflﬁg é&%errﬁsargmgg mletr%ltep? 5ent|y

hydr ogen, branched metahnioiamninadnge@ﬁmml}sss@mrm]:qwtmmo 1, peefferably lesy than q»r)
aryls (Qerr]-Clerr ]e&ua?r ai(}(y a.ndmcogﬁLf%rauylessthanorequaltozo :1.
The optional third component is employed in a molar ratio to palladium
5 metal ranging from 0.25:1 to 20:1. When acids are employed as third
components, the acid to palladium metal range is less than or equal to 4:1,
preferably less than or equal to 2:1.
The temperature at which the polymerization reactions of the present

invention are carried out typically ranges from -100°C to 120°C, preferably
10 -60°C to 90°C, and most preferably -10°C to 80°C.

The optimum temperature for the present invention is dependent on a
number of variables, primarily the choice of catalyst and the choice of reaction
diluent. Thus, for any given polymerization the optimum temperature will be
experimentally determined taking these variables into account.

15 To control the rate of the polymerization reactions carried out With the
single or multicomponent catalyst systems of this invention, a suitable monor.ner
1o catalyst molar ratio is selected, the reactor can be cooled to slow down the
reaction, and the reaction can be carried out in a high boiling solvent. By high
boiling solvent is meant that the solvent has a boiling point above the

20 polymerization temperature. If a pressure reaction vessel is employed to contain
the polymerization reaction, the fdregoing considerations do not have to be taken

into account.

Meonomers
25 . The functional NB-type monomers suitable for use in the invention are
represented by the following structural formula:



-(CHerr])[err]ORerr]; d; and (Cerr]-Cerr]) cycloaliphatic, wherein
Rlerr] is (CJerr]-Cerr]) alkyl; and nis | to 5; any two of Rlerr],
Rlerr], and Rlerr] may be linked together to forma ((Jerr]-Clerr])
carbocyclic or heterocyclic ring; and-wherein CA represents a weakly
coordi nati ng counteranion. 37. The process of claim35 or 36

wherein L is selected fromthe group consisting of ((Jerr]-C é@%ﬂﬂs
monool efin, (C¥PP§¥™R%rr]) linear and cyclodiolefins, ((er rf-

aromat i ¢ compounds. 38. The process of claim37 wherein L is selected
fromthe group consisting of 2,3-dinethy|-2-9ytene, cycl ooct adi ene,
nor borna- diene, and di benzocycl ooct adi ene. 39. The process

of claim35 or 36 wherein X is selected fromthe group consisting of
|l inear or branched ((Jerr]-Cferr]) alkyl; unsubstituted and substituted
non-cyclic, nonocyclic, and polycyclic (C[err]-C[er]) al kenyl , where said
substituents are selected fromthe graoup t ng of |i.near and branched
(derr]-Cerr]) alkoxy, (CJerr]-Ce AN zalogen. 40.
The process of claim35 or 36 where gr dinating cputeranion
gl RPerr],
Al Flerr]O[err]S8F[err], SbF[err], Sb [ SSFey N F[err], AsFlerr],
perfluoroacetate (CFlerr]CJerr]), Jumelsly: L Re
(Cerr]Flerr]Cderr]), perfluorobutyrate (CFlerr]CFlerr]CFerr]CJerr]),
perchlorate (O Jerr]Herr] 0O, p-toluene-sulfonate
(p-CH[err']C[err]H[err}lsqerr]& and tetraphenyl borates represented by the
fornul a: wherein R' to R* independently represent hydrogex; dydnocarbyl selected from

the group of linear and branched (C,-C,) alkyl, (C,-C,,) aryl, or a functional

10 substituent selected from the group -(CH,),-OH, -(CH,),-C(0)-OH,
-(CH,),,-C(O)OR", -(CH,),-OR", -(CH,),,-OC(O)R ", <(CH,),,-OC(O)OR",
(CH,),-C(O)R", -(CH,),-O~(CH,),-OH, -(CH,),OR” wherein m independently
is an integer from 0 to 10 and R" represents linear or branched (C,-C,,) alkyl or
the group:

OO OO

= =k
ol —a—a Oy

15 wherein Y is hydrogen, C.H,,.;, C.H,,.,0, C, H,,,;0C(0), or -CN, wherein z is an
integer from 1 to 12; any of R! and R? or R? and R* can be taken together to form
a (C,-C,o) alkylidene group (e.g., = CH,, =CH-CH,, etc.) R' and R* can be taken
together with the ring carbon atoms to which they are attached to form an

anhydride or dicarboxyimide group as shown in the structures below :
20



wherein R err] independently represents hydrogen, fluorine and
trifluoronethyl and nis 1 to 5. 41. The process of

cl aim40 wherein said functionally substituted polycycl ool efin(s) and said
hydr ocar byl substituted pol ycycl ool efin(s) are represented by the fornul ae:
[err] wherein Rl err] to Rlerr] independently represent hydrogen;
hydr ocar byl selected from the group consisting of |inear and
(Cerr]-derr])WaPidM26 (err]-Cerr]) aryl; or a functional SWP%‘H
selected fromthe group -(CHerr])[err]-OH, -(CHerr])[err]-C(O-0COH,
-(CHerr])[err]-(OQ ORerr], -(CHerr])[err]-o6R", -(CHerr])[err]-0(O R,
-(CH err])[err]-C(OR", :
-(CHerr])[err]-O(CHerr])[err]-CH -(CH err])[err] OR" wherein m

i ndependently is 0 to 10 a ' esents |inear r anghed

(derr]-Cerr]) alkyl

‘N_ R
n 0 n o
wherein n is as previously defined and R" is linear and branched (C,-C,o) alkyl, -

(C¢-C,,) aryl, (CC,;) arakyl representative substituents include methyl, ethyl,

n-propyl, i-propyl, n-butyl, T-butyl, pentyl, bexyl decyl, phenyl, and benzyl. At
least one of R! to R* must be a functional substituent.
10 In Formula I above, n is preferably 1 or 2 as represented by the structures

below: Z-IRZ inz
@\'—Rs m;‘ &

4
o K

- 15

wherein R! to R* are as defined above. Preferred substituents include hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, carboxy, carboxyalkyl, alkoxycarbonyl,
alkycarbonyloxy, alkoxycarbonyloxy, alkylcarbonyl, and a methylene (-CH,-) or

20 linear polymethylene (-CH,-),, moiety terminated with an alkoxycarbonyl-,
alkylcarbonyloxy-, alkoxycarbonyloxy-, alkylcarbonyl-, and hydroxyalkyloxy-
group. Representative monomers include 5-hydroxy-2-norbornene,
5-hydroxymethyl-2-norbornene, 5-methoxy-2-norbornene, SQt-butox.ycarbonyl-Z-
fxorbomene, 5-methoxy-carbonyl-2-norbornene, 5-carboxy-2-norbomene,

25 5-carboxymethyl-2-norbomene, decanoic acid of 5-norbornene-2-methanol,
octanoic acid ester of 5-norbornene-2-methanol, n-butyric acid ester of
5-norbornene-2-methanol, phenylcinnaminic acid ester of 5-norbornene-2-
methanol; N-phenylnorboredicarboximide, and 5-norbornene-2,3-dicarboxylic
anhydride. '



[err] wherein Y is hydrogen, Cerr]lHerr], (err]Herr]Q
CerrJ]Herr]OC(O, or -CN, wherein z is an integer from1l to 12; R err]
and R[err] can be taken together are (Cerr]-Cerr]) alkylidene; R err]

and R[err] can be taken together with the ring carbon atons to which they
are attached to forman anhydride or dicarboxyi m de group; wherein at |east
one of Rerr] to err] nust be a functional substituent.

42. The proc®@9%K753 ai m 41 wherein said functionally subst |¥W’3ﬁ&’
hydr ocar byl substituted pol ycycl ool efin(s) are selected fromthe group
consi sting of 5-hydroxy-2-norbornene, 5-hydroxynethyl-2-norbornene,

5- net hoxy- 2- norbornene 5-t- butoxycarbonyl 22%hor bor nene,

5- met hoxy- car bonyl - h‘g é‘pene i - nor bor nene,
5- car boxynet hyl - 2- nor r bor MBHRYdroratbyl ¥ %‘Pﬁ £ypg,mogpmers sbitable for use in the

5-nor bor nene- 2- net @mﬁmﬁm%&t&%%&a%&m&a&m& bélgkhanol ,

n- pentanoi ¢ acid es nor bor nene- 2- net hanol , phenyl.ci'nnam ni c
S

r®

R’

n R8
wherein R, RS, R, and R® independently represent hydrogen, linear and branched
(C,-Cy) alkyl, hydrocarbyl substituted and unsubstituted (Cs-C,,) cycloalkyl,

10 (Cs-Cyo) aryl, (C;-C,,) aralkyl, (C,-C,) alkynyl, linear and branched (C;-Cy)
alkenyl, (with the proviso that the alkenyl radical does not contain a terminal
double bond when a CTA is employed, that is the double bond in the radical is an
internal olefinic bond) or vinyl; any of R’ and R or R? and R? can be taken
together to form a (C;-C,,) alkylidene group, R® and R® when taken with the two

15 ring carbon atoms to which they are attached can represent saturated and

unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring

containing 6 to 17 carbon atoms; and nis 0, 1, 2, 3, or 4. By hydrocarbyl is

meant that the substituent(s) is hydrogen or is composed solely of carbon and

hydrogen atoms. These substituents are devoid of any polar functionality (e.g.,
20 oxygen and nitrogen atoms). '

Examples of hydrocarbyl substituted monomers include 2-norbornene,
5-methyl-2-norbornene, 5-hexyl-2-norbornene, 5-decyl-2-norbomene, 5-phenyl-
2-norbornene, 5-naphthyl-2-norbornene 5-ethylidene-2-norbornene, '
\}inylnorbomene, dicyclopentadiene, dihydrodicyclopentadiene,

25 tetracyclododecene, methyltetracyclododecene, tetracyclododecadiene,

. dimethyltetracyclododecene, ethyltetracyclododecene, ethylidenyl
tetracyclododecene, phenyltetracyclododecene, trimers of cyciopentadiene (e.g.,
symmetrical and asymmetrical trimers).

One or more of the monomers described under Formula I can be

30 polymerized in the presence of the catalyst systems of the present invention. In



acid ester of 5-norbornene-2-nethanol; N phenyl norbonedi carboxi m de, and
5- nor bor nene- 2, 3-di car boxyl i ¢ anhydri de; 2-norbornene, -

5- et hyl - 2- nor bor nene, 5- hexyl - 2-nor bor nene, 5-decyl - 2-nor bor nene,

5- phenyl - 2- nor bor nene, 5-napht hyl - 2- nor bor nene, 5-et hyli dene-2-norbor nene,
vi nyl nor bor nene, di cycl opent adi ene, di hydrodi cycl opent adi ene,
tetracycl ododecene, nethyltetracycl ododecene, tetracycl ododec

di met hyl t et r acy¥P86BW& ene, et hyltetracycl ododecene, ethylidene
tetracycl ododecene, phenyltetracycl ododecene, and triners of
cycl opent adi ene. 43. The process oé claim 35, 36, and 41 wherein
said process is further conducted in the pres Rce of a chain transfer agent

sel ected froma conpound re t b ,
[err] wherein R %%oﬁé@g%ﬁggﬁ¥@%%%ﬁﬁ%rg%ﬁ?lB?nabr?ched or
unbranched (Cerr] tepblysietized witikorle orlicie 61 e hpdroddibyl NBelypeimoadiés] to

Cferr]) alkenyl, halogen, or the group: .. .
-CH err] (CH err]) [ erdescritrf ander Formula Ia. Surprisingly, the cafplyst systems of the present

-Si(ORerr])[err] invention E:é%%& Bﬁfﬁfeﬁkﬁgh%%{h"eué f4d dndo isomers of [ €771
5 - functional NB-type and hydrocarbyl NB-type monomers to high conversions and
molecular weights. The incorporation of exo and endo isomer repeat units into
the polymer can range from 0 to 100 mole (weight) percent exo content to 100 to

6/07313

0 mole weight percent endo content. The present invention thus contemplates a
broad class of polymers, all composed of endo and/or exo isomer repeating units
10 derived from functional NB-type monomers alone or in combination witha
hydrocarby] substituted NB-type monomer.
The polymers of the present invention are represented by the following

formulae:
15 3\
a \ 7b _
m
i T g8
213 R RS R7
20 R” R
Ilia IIIb
wherein R! to R® are as defined above and n and m independently are 0,1,2,3, or
4; a and b represent the number of repeat units derived from the respective
25 monomers. It is to be understood that the monomers insert into the growing

polymer chain in a random fashion. The repeat units insert via 2,3-enchainment
into the polymer backbone. It should also be understood that when any of R! to
R* represents the radical -CH,-O-C(O)-R, wherein R is (C,-C,;) alkyl or aryl, this
invention only contemplates polymers containing a mole (weight) percentage of
30 endo NB-type repeat units equal to or greater than the mole (weight) percentage



-(CHerr])[err]-OCSi(Rerr])[err] -CH err](CHerr])[err]-OH

[err] -CHerr](CHerr])[err]-NCO -(CH err])[err]-X

[err] wherein R err] is branched or unbranched (Cferr] to (Jerr]) alKkyl,
or unbranched (C[err]-Cerr]) alkenyl, substituted or unsubstituted
((derr]-Clerr]) aryl wherein said substituents if present are selected

from branched or unbranched ((ferr]-Cferr]) alkyl or hal oal-ky
hal ogen, X is WQW3RE  f|uorine, bromine or iodine, and n' J‘Eﬁ{ég‘%”

44, The process of claim43 wherein said chain transfer agent Is a
conmpound selected fromthe group consisting of an [err]-olefin having 2 to
30 carbon atons, isobutylene, 1,7-octadiene, and 1 6- oct adi ene. 45,

The process of claim44 erein saiq chain tra ent |s sele ed
from the group cons&ﬁﬂ%&fwm | s Iil’b ta‘g the endg e,
1-hexene, 1-decene, c&ﬁ&:a,ﬁég&%ﬁ&emgesfro%soim ID@JOBéEI&éeﬁfNBt& dRepeatlifsei N
nis oand Rerr] is the s stituent -(CH err])[err ~C(O and. R

is linear of branchb@ed()mlerqweiﬁh&pewnt Prefesably from 50:50 to1955 erslofexe congént,
claim 46 wherein Rl ghilrl@raby sront §5:3% ¥5°60: PP Eldorexo content.

5 The polymers obtained by the process of the present invention can be
produced in molecular weights above 10,000 M, Polymers in the molecular
range from 10,000 to 2,000,000, preferably from 10,000 to 1,000,000, more
preferably from 25,000 to 500,000 can be prepared.

Lower molecular weight polymers may also be formed in the range from

10 about 500 to above 10,000 by carrying out the polymerization in the presence of a
chain transfer agent. The (Chain Transfer Agent) CTA is selected from a
compound having a terminal olefinic double bond between adjacent carbon
atoms, wherein at least one of the adjacent carbon atoms has two hydrogen atoms
attached thereto. The CTA is exclusive of styrenes (non-styrenes), vinyl ethers

15 (non-vinyl ether) and conjugated dienes. By non-styrenic, non-vinyl ether is
meant that compounds having the following structures are excluded from the
chain transfer agents of this invention:’

= C(R or H), CH,=CH
20 S| ]
A OR
wherein A is an aromatic substituent and R is hydrocarbyl.
25 . The preferred CTA compounds of this invention are represented by the
following formula:
Rl
/
30 CH,=C
\
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[err]

24
el ectron donors such as phosphi nes and phosphites

and ol efinic electron donors selected from(Cerr]-Cerr])
aliphatic and (Cf[err]-Cerr]).cycloaliphatic diolefins, such as 10

but adi ene, cycl ooct adi ene, and nor bor nadi ene. L. di
strong Bronst eV 843 526can be gauged by deternmining their %%M{a

acidity function Herr]. A definition of the Hanmet acidity function is
found in Advanced | norganic Chemstry by F. A3 Cotton and G W ki nson,
Wl ey-Interscience, 1988, p. 107. 15 %\s set forth above the

neutral |igands can be enployed,as optiagnal third onents with
el ectron donating prﬂbﬁ?‘gﬁééﬁjﬂ m%@e%d@ﬂt@mmbaﬂ@gmﬁ%“?ﬁeﬂ&w
mul ti conponent catal yst, @?{,ﬁ&lﬁﬂ,ﬁﬁﬂcﬂé&o%ﬂﬂﬁkﬁéﬁ(%to@n) alkhy R hlo@GEsSthhi ch
conprises mxing the data yst” conponents, i.e., fhe palladium net al
conpound, the organogepri num conpound, and third conponent (if 20

~enpl oyed), together in a hydrocarbon or hal ohydrocarbon sol vent and then

m xi ng the prem xed catal yst systemin the reaction medi um conpri sing at
| east 5 -CH,(CH,),-OR" -CO,-R"

-Si (OR™),
-(CH, ),-Si(OR™);
-(CH,),-OSi(R");
-CH,(CH,),-OH
10 -CH,(CH,),-NCO
-(CH)X

-CH,~(CH,)-B

-(CHz)n- @ OH

o

i
15 -0-C-CX,

wherein R" is branched or unbranched (C; to C,,) alkyl, preferably methyl or
ethyl, branched or unbranched (C;-Cy;) alkenyl, substituted or unsubstituted

20 (Ce-C,s) aryl wherein said substituents if present are selected from branched or
unbranched (C,-C,,) alkyl or haloalkyl, and halogen, X is chlorine, flnorine,
bromine or iodine, and n is 0 to 20, preferably 1 to 5.

Of the above chain transfer agents the o-olefins having 2 to 10 carbon

atoms are preferred, e.g., ethylene, propylene, 4-methyl-1-pentene, 1-decene, 1,7-

25 octadiene, and 1,6-octadiene, or isobutylene.
‘ While the optimum conditions for any given result should be
experimentally determined by a skilled artisan taking into the account all of the
above factors there are a number of general guidelines which can be conveniently
utilized where appropriate. We have learned that, in general, a-olefins (e.g.,

30 ethylene, propylene, 1-decene, 4-methyl-1-pentene) are the most effective chain
transfer agents with 1,1-disubstituted olefins (e.g., isobutylene) being less
efficient. In other words; all other things being equal, the concentration of



one functional NB-type nononer. Alternatively, (assumng the optional third
conponent is utilized), any two of the catal yst system conponents can be
prem xed in a hydrocarbon or- hal ohydrocarbon sol vent and then introduced

into 25. the reaction nmedium The remai ning catal yst conponent can be
added to the reaction nedium before or after the addition of the
prem xed conponents. I n anot her enbodi nent, the

mul t i conponent WOR/3TSY&E&t syst em can be prepared in si tHchW‘ﬁg
together all of the catal yst conponents in the reaction medi um The
order of addition is not inportant. WD 96/ 37526

PCT/ US96/ 07313 33 25

Reactions utilizing the single and nul ti conponent catalysts of the present
i nvention are carri isgbwylens sequiredsp gehieve agivenanaleciiar yveight asall bemughy ely

interfere Lihe tgl%i@ ' : O it
nmononmer. Exanpl es MF%%I@WJ%os%ﬁ ent ggmcgfljiﬁg%%{@%néfh%nﬁ-%ﬂar)
hydr ocar bons such asthgsatearne efféxtive aechahegansferagents due tostheia propensity decane;

al i cyclic hydrocarbons such gs cycl opent ane and.cycl ohexane;
aromati ¢ hydr ocar boREYREF B‘&ﬁ?‘é‘ﬁ'g?ﬁewpg?@ﬁéﬂ?ene, ni tr obenzene,

tol uene, 5 and xyleReeTARah 88 emplossh inlf hnbunt RabintCRdh absut 8110 noks%
met hyl ene chl ori de, chl orof orm carbon tetrachloride, e%rf;\%l ,
chloride, 1;1-dichl & et Stmele % relative to the moles ofitptal N1ty eonomer. Preferably,

1, 2-di chl or oet hyl en I - °) '

chl or obut ane, 2-chl %&‘ﬂa}%ﬁq{@%%?@?%?geﬂﬁgﬁe@ aéﬁgfogepreferably

1- chl or opent ane. from 0.1 105.0 hwledon Asalicasspd atewe, depérdingin catedysetype aid t hi s

i nvention cycl ohexanong, .. t hy) acej ate can al so,be enpl oyed

The choi ce of react PW%%&EAF@F%@SW#% S?“Bf"hﬁc?ﬂfggﬁ%ﬂf’fgét ors
i ncluding the goi cgarfe ifi Bkctsy 8f 50°R6leWH Al onlthtal NBHRRitIoR rhdholiéP prelir) 15

polynerization as a slurry or solution process. For nost of the catalysts
described in this i mgef0 p$d moleopHigherqoneentyations af STAr(e.gc Brester than 460 mole

hydr ocar bons %) may be necessary to achieve the low molecular weight embodiments of this
invention such as in oligomer and macromonomer applications. It is important
and surprising to note that even such high concentrations the CTA's do not
15 copolymerize into the polymer backbone but rather insert as terminal end-groups
on each polymer chain. Besides chain transfer, the process of the present
invention affords a way by which a terminal a-olefinic end group can be placed at
the end of a polymer chain.
As previously discussed, polymers produced in the presence of a CTA of
20 this invention have an olefinic end group attached to a terminal end thereof as

shown in the structures below:
— £ 3\ £ J/
| ln n L lIl'l
B x4 R RS
R2 R3 R? B3 RS R7

IVa - IVb



such as nethyl ene chloride and 1, 2-di chl oroet hane and aromatic hydrocar bons
such as chl orobenzene and nitrobenzene, with sinple hydrocarbons being | ess
preferred due to the resulting | ower conversion of the functional NB-type

20 nmononer (s). Surprisingly the inventors have di scovered that certain
of the catal yst systens, nost notably the nulticonponent catal ysts
based on pal |l adi um nmet al conpounds and alkylalumnuml“naéalﬂsﬁp
specifically, nWA3PRIE™ al um num di hal i des, (e.g., ethyf Atim
dichloride), also give excellent results (and high nononer
conversion) when run in sinple hydrocarbons sg&h as heptane and 25

cycl chexane. The nolar ratio of*total nonomer to pall adi um

nmetal for the single and, mul tic ongnt, cat.al ysts.can ryn from 20: 1
to 100, 000: 1, pref er_&'gf‘ﬁ‘"zlﬁd‘.’?tﬁ’m”’mggpa%,% . ,ab%d%?“ﬁ%‘?geﬂw’
I%)CEI)'?(L)JSéG} 87%25000: 1. the olefinic end gAfdp3PdsUEAVER from an ethylene chaintransferagexété Itis

In the nul ti conponenunderstooidytbat theelefinie endsgrows willrdiffertagtording teithe sytiewfCTA
metal nolar ratio ranges fromless than or equal to 100:1, preferably |ess
t han or equa %P@W‘f?&&"ﬁﬂf erably less than or equal to

20: 1. 5 The opAiwrihatédpolgnérs 6PHE sbdve Fsrmulhe/caiy Bélps igol ar
ratio to palladium 5 metal ranging fromO0.25:1 to 20:1, en acids are
enpl oyed as third  moleculagweightssamging frqm 530 4,008,000 o1 mare, prefasably from 3980 <
| ess than or equal t : dostool Rl 2: 1.
The tenperature at m%é%@%g’%gﬁmﬁagéﬁ@r?hﬁe%cfi 8’n£s}ﬂo 6§tftﬁe préysgﬁttn

i nvention are carri e80,000tot500i008l | y ranges from-100[err]C to 120[err]C,

preferably 10 -60[err] tea%g r1.C,__and nost eferably -10[err]C to
go[err]C. ﬁl"f’e kﬁfiﬁ#"@ﬂﬁé’?‘ﬁ?‘fﬂ"&“&h“ﬁ'h’e‘%/s?éﬂ{e i nventi on
i s dependent on@  macromoRéHHES or Sligonivid BVingFrond 105U, pleferably 444120 fifictidhal
catal yst and the choice of reaction . . L. .
NB-type repeating units (e.g., funcuopal NB's alone or in combination with
hydrocarbyl substituted NB's). To make functional NB-type macromonomers the
molar amount of CTA can be calculated to tailor the length of the polymer chain.
A terminal end of the macromonomer chain will contain olefinic unsaturation
15 derived from the CTA.

In the case of olefinic terminated polymers of this invention there are no

limitations on molecular weight or the ratio of endo/exo monomer repeating unit
incorporated into the polymer chain.
In the following illustrative examples various catalysts are prepared and
20 used in the preparation of functionally substituted norbornene-type polymers.

COMPARATIVE EXAMPLES
Examples A through F were run to compare the effectiveness of
'allylpalladium chloride dimer catalysts disclosed in U.S. Patent No. 3,330,815 to
25 catalyze the polymerization of functional NB-type monomers alone or in
combination with other NB-type monomers, e.g., norbornene. The '815 catalysts -
do not contain a palladium cation complex in association with a weaky
coordinating counteranion. Moreover, the '815 catalysts contain a halide and/or
neutral monodentate or bidentate ligandé. There is no disclosure of
30 allylpalladium cation complex devoid of halide or any other ligand as set forth for



di | uent.

Thus,

for any given polynerization the optimumtenperature wl |

experinentally determ ned tal king these variables into account. 15

To control

single or
nononer

the rate of the polynerization reactions carried out with the
mul ti conponent catal yst systens of this invention, a suitable

to catalyst nolar ratio is selected, the reactor can be
cooled to sl ow down.the reaction, and the reaction can be carried
out in a high Wa9637826sol vent. By high

boi l i ng sol vent®Grds

that the solvent has a boiling point aboeve the 20 pol yneri zati on

t enper at ur e.

If a pressure reaction vessel is_enployed to contain

the polynerization reaction, the foregoing cotsi derations do not have to

t aken

Mononers 25
the invention are
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Example A

This example illustrates the homopolymerization of the octanoic acid ester

of 5-norbornene-2-methanol with allylpalladium chloride dimer in chlorobenzene
at 20°C.

A Schlenk flask was charged under nitrogen with 15 mg (41 pmol)
allylpalladium chloride dimér, 2.084 g (8.34 mmol) of the octanoic acid ester of
5-norbornene-2-methanol (exo/endo = 20/80) and 4 mi of dry chlorobenzene
(mole ratio of monomer to Pd = 101/1). The reaction mixture was stirred at 20°C
for 7 days. Then, the polymer was precipitated with a mixture of 50 ml of
methanol and 1 ml of concentrated HCL. The oily polymer was isolated by
decanting off the supernatant liquid, washed with methanol and dried under
vacuum (60°C, 0.01 torr). Yield: 146 mg (7%). M, (GPC)=2,000, M,, (GPC)
= 3,500 (calibration with polystyrene standards).

Example B

This example illustrates the homopolymerization of the octanoic acid ester
of 5-norbornene-2-methanol with allylpalladium chloride at 100°C (neat).

Under nitrogen, a Schienk flask was charged with 15 mg (41 pmol) of
allylpaliadium chloride dimer and 2.034 g (.14 mmol) of the octanoic acid ester
<'>f 5-norbornene-2-methanol (exo/endo = 20/80) (mole ratio of monomer to Pd =
99/1). The reaction mixture was stirred at 100°C for 7 days. The polymer was
isolated as described in Example A. Yield: 940 mg (47%), M, (GPC) = 3,000,
M,, (GPC) = 4,500 (calibration with polystyrene standards).

Example C



wherein Rlerr] to Rerr] independently represent hydrogen; hydrocar byl
sel ected from the group of linear and branched ((err]-Cerr])
al kyl, (ferr]-Clerr]) aryl, or a functional 10 substituent sel ected
fromthe group -(CH err])[err]-CH -(CHerr])[err]-C(O -0OH,
-(CHerr])[err]-CCOOR", -(CHerr])[err]-OR",-(CH err])[err]-OC(OR",

-(CHerr])[err]g g;{,,ga?? -(CHerr])[err]-C(OR",  pcrussenms1s
-(CHerr])[err]- err])[err]-OH -(CH err])[err] OR" wherein m

i ndependent | y is an integer fromO to 10 and R' represents |inear
or branched (Clerr]-Cerr]) alkyl or §he group: [err]

15 wherein Y is hydrogen, Cferr]Herr],ferr]Herr]O Cerr]Herr]0X0O,
or -CN, wherein z is an rmfsexammnwmhaa%&ﬂ%ww&&&&&&&nd

Rlerr] or Rlerr] and R err| can be taken toget'her to form

(Jerr]-derr]) al kyi-hatboraeng-2upthasoldneatiCritiesllylpatiginaichlorid dimer et 3 restion r |

and R err] can be taken 1 @gether with the ring carbon atons to
whi ch they are at t ackorerpref 140 anhydri de or di carboxyi ni de

group as shown in the st rmghdlyaeridaioaf 020 (2.54 mmol) of the decanoic ester of
5 5-norbornene-2-methanol (exo/endo = 20/80) and 4.6 mg (12.6 pmol) of
allylpalladium chloride dimer was carried out at 140°C for 4 days (mole ratio of -
monomer to Pd = 100/1). After cooling to 20°C, 2 ml of chiorobenzene was
added to dissolve the polymer. The resulting solution was added to 30 ml of
methanol to precipitate the polymer. The supernatant liquid was decanted off, the
10 remaining oil carefully washed with methanol and dried at 60°C and 0.01 torr. A
yield of 420 mg (60%) of ester substituted polymer was obtained with M, (GPC)
= 4,500 and M,, (GPC) = 7,000 (calibration with polystyrene standards).

Example D
15 This example illustrates the copolymerization of norbornene and the
octanoic ester of 5-norbornene-2-methanol with allylpalladium chloride dimer
(neat) at 60°C. _
Under nitrogen, a Schlenk flask was charged with 16 mg (44 pumol) of
allylpalladium chloride dimer and a mixture of 0.629 g (6.7 mmol) of norbornene
20 and 0.687 g (2.75 mmof) of the octanoic acid ester of 5-norbornene-2-methanol
(exo/endo = 20/80) (mole ratio of total monomer to Pd = 107/1, mole ratio of
norbornene to norbornene ester = 71/29). This mixture was heated to 60°C for
7 days. The gray colored viscous mixture was then added toa mixture of 50 mi
of methanol and 1 ml of concentrate HCI to precipitate the polymer. The waxy
25.  polymer was filtered, washed with methantol, and dried at 70°C and 0.01 torr.
Yield: 260 mg (20%), M, (GPC) = 3,500, M,, (GPC) = 6,000 (calibration with
polystyrene standards).
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0 0 [err] 5
wherein n is as previously defined and Rerr] is linear and branched
(derr]-Cerr]) alkyl, (derr]-Cerr]) aryl, ((err]-Cerr]) arakyl
representative_substjtuents include nethyl, ethyl, N- PcaRE96/07313

i -propyl, n- bu?&’," -zgutyl , pentyl, hexyl decyl, phenyl, and benzyl. At

| east one of Rlerr] to Rlerr] nmust be a functional substituent 10

In Fornmula | above, n is preferably 1 or 2 asy4 epresent ed by the structures
bel ow 15 [err] wherein R err] to
Rlerr] are as defined above. Preferred subﬁ&“‘*‘%rﬁs i ncl ude hydroxy,

hydr oxyal kyl , al koxy, al koxyal kyl, carboxy, catboxyal kyl, al koxycarbonyl,

al kycar bonyl oxy, al koxycZhisesyhpix Ylustrhtey the eopolymérizationcofaorbeinirene and: the

(-CHerr]-) or 20 | i near | ymet hyl ene (- CHL.err])[.ert],. moiety.ternm nated
with an al koxycar borfytanoie °St°‘p°%5'n°£'?9¥§?5‘ "B%W‘{!W&”hgl?ﬁl F@Bﬁ?ﬁ %W’ 8“

al kyl carbonyl -, and cRimisHayyeakyar beoey.- group. Representative nononers
i ncl ude 5- hydr oxy- 2-nor bor nene, 5- hydr oxynet hyl - 2- nor bor nene,

5- met hoxy- 2- nordor nene, 3 mbiture ok lcmgliéhymol) of allylpalladiumhlasidg diracr, 0.619 g

S Car boxyrot hy - 3. ndp BSTRENB Sbermere: 0081 ¥ 7 74 Rk 5F i DBl et 9fanor
- octanoi c aci d ester 5oforborfiéiielIPiBhiacol {exthinda =@0/80Nand A nil ofchivrolsknedricavasof

5-nor bor nene- 2- net hanol ,  phenyl ci nnam ni ¢ _aci gtogpit er of 5- go%for nene- 2- .
met hanol ; N- pheny| naeastadiat a0 Cafos 4 days Grole mfig oktotal mopemer i P =3104(1, Pic

of norbornene to norbornene ester = 71/29). Then, the polymer was precipitated
10 with a mixture of 50 mi of methanol and 1 ml of concentrate HC. The polymer
was filtered, washed with methanol, and dried at 60°C and 0.01 torr. Yield of the
polymer: 520 mg (40%). The polymer was dissolved in 3 ml of chlorobenzene
and 0.2 ml of methanol. Then, 50 mg of NaBH, was added, and the mixture was
stirred at 20°C for 6 hours. The black precipitate of Pd(0) was filtered off over
15 alumina, an additional 5 ml of chlorobenzene was used to extract residual
polymer from the alumina. The volume of the solution was reduced to 3 ml
under a vacuum of 0.4 torr. The polymer was precipitated with a mixture of
50 mi of methanol and 1 ml of concentrate HCl. The polymer was isolated,
washed, and dried as described above. This polymer was used for GPC analysis:
20 M, (GPC) = 2,900, M,, (GPC) = 5,700 (calibration with polystyrene standards). .

Example F
The copolymerization of a norbornene and the decanoic ester of
5-norbornene-2-methanol (neat) with allylpalladium chloride dimer at 100°C and
25 140°C was conducted as follows.
A mixture of 13 mg (36 pmol) of allylpalladium chloride dimer, 0.54 g
(5.7 mmol) of norbornene and 0.4 g (1.44 mmol) of the decanoic acid ester of
5-norbornene-2-methanol (exo/endo = 20/80) was heated to 100°C for 3 days
(mole ratio of total monomer to Pd = 100/1, mole ratio of norbornene to
30 norbornene ester = 20/80). The reaction was interrupted 5 times and the mixture
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The hydrocar byl substituted NB-type nononers suitable for use in the
present invention are represented by the structural fornula depicted bel ow

[err] wherein R err], Rerr], Rerr], .and Rerr]
i ndependently re lesent hydrogen, l|inear and branched PCT/US6/07313
(derr]- C[err]) % hydrocar byl substituted and unsubstitute

(derr]-derr]) cycIoaIkyI 10 (derr]-Cerr]) aryl, (C(err]-Cerr])
aral kyl, (Cerr]-Cerr]) aI kynyl, |inear and lgganched (derr]-derr]).
al kenyl, (with the proviso that the al kenyl radical does not contain a

t i nal d
bg:lgln Pﬁ t he radi Ca?”&ﬁgfe&%@ﬂ m%ﬁ“‘ﬁ naafs'hﬁﬁg'fl ni c %3’5"“%%& %‘Pnﬁwée
Rlerr] and Rerr] orSdﬂmkrﬂaslawds R[ated Mﬂlﬂxmelreatmmttakam the small fratthgeéfisablimed

f - d t ak| th
the o 15 1o cmReteiemk oyl Wik B the Hepuon B (R, B pobaiF asin
saturated and mu&ﬁé%&ayh@d@qowdfbrgr&y i3 t6'hdef thedof amen

atons or an aromatic ring cont ai ni ng car bon at ons; and nis
0, 1, 2, 3, or & Bysmmw;thah@tgtmmordemmmﬁdmedm:bpmsetqthent(s)

Sanoronen, o 15 CREaih Shtad] AR BB 207 e a3 9P
~oxygen and nitrogen 3yxpoEdhlorobenzene, and the resulting solution was added to 60 ml of methanol
to precipitate the gray polymer. The polymer was isolated, dried, and purified by
reduction with NaBH, as described in Example E. Yield: 564 mg (60%), M,
10 (GPC) = 2,300 and M,, (GPC) = 3,650 (calibration with polystyrene standards).
This material also contained approximately 10% of insoluble polymer.
Examples G and H demonstrate that the catalyst system disclosed by
Breunig and Risse, Makromol. Chem. 193, 2915 (1992), are not effective in
polymerizing endo-isomers of functional NB-type monomers. The Breunig/Risse
15 catalysts do not contain the allylpalladium functionality which make up the cation
complex of the single component catalyst systems present invention.

Example G
This example sets forth the homopolymerization of th.e octanoic ester of
20 5-norbornene-2-methanol with [Pd(C,H,CN),]} [BF,], in
dichloromethane/nitromethane.
Under nitrogen, a catalyst solution was prepared from 25 mg (50 pmol) of
[Pd(C,H;CN),J[BF,}; and 1 ml of dry dichloromethane. A monomer solution of
1.012 g (4.1 mmol) of the octanoic acid ester of 5-norbornene-2-methanol
25 {exo/endo = 20/80) in 4 ml of dry nitromethane was added via syringe (mole ratio
of monomer to Pd = 81/1). The reaction mixture was stirred for 5 days at 20°C.
The polymer was isolated by precipitation with 50 ml of methanol (no acid
added!). The cloudy mixture was left standing for 24 hours and the polymer
settled in form of an oil on the bottom of the flask. The supernatant was decanted
30 off, and the methanol and-the nitromethane of this clear solution was removed



Exanpl es of hydrocarbyl substituted nononers include 2-norbornene,
5- net hyl - 2- nor bor nene, 5- hexyl - 2- nor bor nene, 5-decyl -2-norbornene,

5- phenyl - 2- nor bor nene, 5-napht hyl - 2- nor bor nene

5- et hyl i dene- 2- nor bor nene, vi nyl nor bor nene, di cycl opent adi ene,
di hydr odi cycl opent adi ene, 25 tetracycl ododecene,

nmet hyl t etracycl ododecene, tetracycl ododecadi ene, S96/07313
dinethyltetrac§%?%%%ﬁ@cene, et hyl tetracycl ododecene, ethylideg§?mu

tetracycl ododecene, phenyltetracyclododecene triners of cycl opent adi ene
(e.qg., symmetrical and asymretri cal %ner One
or nore of the nononers described under Formu can be 30 pol yneri zed

[0 the presence of thG. GRS oY FERe0). ABGicRESE B mb PSR Dhich fas

PCT/ US96/ 07313 characterized as unreacted monomer with an exo/endo-ratio of 10/98&0The
addi tion one or nore of the nononers set forth under Fornmula | can be

copol yrmeri zed with d’ﬁé‘}@ﬁ O%PQ‘WPW%W%%RWI’N %SFPPGH’%W@P)S
descri bed under For b
pr esent [ nvcraﬂﬂ %ﬁg{yze %EQAJ% éyrrgrglﬁgg {S%%Lg@ﬁﬁ?ﬂ&z ls{’alg%)and

endo isoners ofs 5 andfatl&et&(}erpin(NBﬂieﬂaﬂ-mmtrhydrocar by NB-type nmononer s

to high conversions and nol ecul ar e | nc ra,t Qf exo :
and endo i somer repeat urfiteQily pelymer wasc ‘9’5%'1‘9%? ‘h

100 nol e (wei ght) pema@] ek OYRRIE ¢00 nigf(lﬂ%f’oitﬂlymer,M,.(GI‘b)@i sow,,thPC)

percent endo content. The present invention thus contenplat

broad class of pol yrme$.300 ¢alibrationyvidepplystyrepsisandandslor exo | sorrer repeating

units 10 derived from functional NB-type nononers alone or in

conmbi nation wth a hydrocar byl substituted NB-type nononer.

The pol yners ofothe present invention are Exgmpkdbted by the foll ow ng

For mil ae: This example iltustrates the homopolymerization of the octanoic ester of
5-norbornene-2-methanol with [Pd(C,H,CN),][BF,}, in
dichloromethane/nitrobenzene.

Under nitrogen, a catalyst solution was prepared from 21 mg (42 pmol) of

15 {Pd(C,H;CN),J[BF.), in 1 ml of dry dichloromethane. Via syringe, a monomer
solution of 1.01 g (4.0 mmol) of the octanoic acid ester of 5-norbornene-2-
methanol (exo/endo = 20/80) in 4 ml of dry nitrobenzene was added (mole ratio
of monomer to Pd = 95/1). The reaction mixture was stirred for 5 days at 20°C.
Then, the polymer was isolated and dried as described above. Yield: 400 mg

20 (40%), M, (GPC) = 6,800, M,, (GPC) = 8,700 (calibration with polystyrene
standards).

Again, the composition of the monomer which remained unreacted during
the polymerization was determined. 'H NMR spectroscopy was carried out on
the residue obtained after removal of methanol and nitrobenzene from the clear

25 supernatant under vacuum. The unreacted monomer was exclusively the endo-
isomer, only olefin signals at d = 5.90 and 6.12 ppm.

The NMR analysis of this and the previous examplie shows that the exo-

isomer is more reactive than the endo-isomer.



15 [err] wher ein
Rlerr] to Rlerr] are as defined above and n and mindependently are 0, 1,

2, 3, or 4; a and b represent the nunber of repeat units derived
fromthe respective 25 nmononers. It is to be understood that the
nmononers insert into the grow ng pol ynmer chain in a random fashi on.
The repeat units insert via 2, 3-enchai nnent into the %’33
backbone. 1t sh¥08P#3%P% 0 be understood that when any of Rerr] to

Rlerr] represents the radical -CHerr]-OC(O-R wherein Ris
(derr]-Cerr]) alkyl or aryl, this I pkenti on only contenpl ates

pol ynmers containing a nole (weight) percentage of 30 endo NB-type repeat
units equal to or greater than the nole (we er cent age WO
96/ 37526 . "edbipre P

PCT/ US96/ 07313 Preparation of [6-methoxynorbornene-2-yl-5-palladium(cyglooctadiene)] of
exo NB-type repeat unitsg. In this enbodi nrent of the invention the endo/exo .

content of repeat un porapRasPRatsm 50: 50 to 100: 0 endo: exo NB-type repeat
units based on nol g, § R Q&%iairﬂi {Hmmﬁ%ﬁg)gﬂﬁ@méi&mgﬁ 12%.t0 95:5
endo/ exo content, rr%st pre eragé()i/’% roml 5735 to 90: 10 %Elg?%exo
content. 5 3.7 mmol) and methanol (20 ml) was added a solution of potassium methoxide
(0.256 g, 3.65 mmol) in methanol (20 ml), the addition being made at -78°C.
After an hour at that temperature the mixture was allowed to warm to ambient

temperature and was filtered and dried to afford a light green-brown solid
(methoxynorbomenylpalladiumchloride dimer). A portion of this material '(0.5 g,

10  1.65 mmol) was placed in a stirred flask with THF (50 mi) and COD (2 ml).
Then a solution of thallium hexafluorophosphate (0.57 g, 1.65 mmol) in
tetrahydrofuran (17 ml) was added at 0°C. After warming to room temperature
the solvent was removed and then 1,2-dichloroethane (60 ml) was added to give a
yellow solution and a pale colored precipitate (thallium chloride). The solution

15 was filtered and the solvent removed under high vacuum to afford the product,
identified hereafter as catalyst D, and referred to as methoxynorbornenyl-
palladium(cyclooctadiene)] hexafluorophosphate (structure below) as a greenish
solid.

e B

20

%\ / _
: Pd PF¢
25 / \

Example 2 .
Preparation of [(n*-crotyl)(cycloocta-1,5-diene)palladium]
30 hexafluorophosphate.




5 The pol yners obtai ned by the process of the present invention
can be produced i n nol ecul ar wei ghts above 10,000 Merr]. Polyners
in the nol ecul ar range from 10, 000 to 2,000,000, preferably from

10, 000 to 1, 000,000, nore preferably from 25,000 to 500,000 can be
pr epar ed. Lower nol ecul ar wei ght polyners may al so be forned
in the range from 10 about 500 to above 10,000 by carrying

pol yrreri zat i on W36 pr esence of a chain transfer’ agenl{&}uf%e EEhai n
Transfer Agent) CTA is selected froma conpound having a term na

ol efi nic doubl e bond between adjacent carbon atons, wherein at |east
one of the adjacent carbon atons has two hydrében at ons attached

thereto. The CTA is exclusiv f rene non- styvrengs),, Vi. t hers 15
(non-vinyl ether) and co:%%uabgqogal%a ﬁé&ﬂ%“‘@@?@ﬁ'ﬁ%"ﬂ%ﬁ&%ﬁﬁ et her
is . nmeant thatsoc@my;salaamaiehlbﬂ&(ﬁgh@mywn,%emmm)%al uded

fromthe chain transter agents of this i1nvention: .

[err] wheatesi (3-24 g $25mmed)o ke resulting suspension; wasistirred atambient

hydr ocar byl . 25 f g o} | Sq.lavention
are represented by {tfigperature E&pg?g‘F‘ﬁgvﬁﬁ“r‘\%%fa%ﬁ%%%ﬁgéﬁ o bl soudeldy SRS
[err] S5WO Yddetlératyl bromide (7.6 ml, 74 mmol).

PCT/ US96/ 07313

The vessel was then purged with carbon monoxide for 30 minutes tat a
rate of 40 ml per minute). After several minutes the solution became lighter in
color with a noticeable amount of a precipitate. The mixture was then poured
into water (1 liter) affording an amber-brown colored solid. The mixture was

10 extracted with 3 aliquots of chloroform (total volume 500 ml). Removal of the
chloroform from the resulting solution afforded a yellow green solid which was
characterized by proton NMR methods as (1)*-crotyl)palladium halide dimer. The
yield was essentially quantitative. This yellow-green solid was dissolved in
tetrahydrofuran (100 ml) and 1,5-cyclooctadiene (8.7 ml) was added. Thereafter

15 thallium hexafluorophosphate (8.8 g, 25.3 mmol) was dissolved in THF and both
solutions were cooled to 0°C. The thallium hexafluorophosphate solution was
added slowly to the solution of the pailadium compound. An immediate off-
white precipitate was observed, the amount of which increased as more of the
thallium solution was added. X

20 After the addition was completed the ice-bath was removed and the
suspension was allowed to warm to ambient temperature, with stirring. The THF
was removed under vacuum and dichloromethane (100 ml) was added. The
mixture was filtered and the solution was concentrated to a volume of about
40 ml. To this solution was added diethylether (100 ml) which resulted in the

25 formation of light yellow-white crystals in high yield. The crystals are identified
hereafter as catalyst E, and referred to as [(n*-crotyl)(cycloocta-1,5-diene)-
palladium] hexafluorophosphate. The material was characterized by NMR
spectroscopic methods.



32 wherein R and R' independently represent hydrogen, branched or

unbr anched (Cerr] to Jerr]) alkyl, branched or unbranched (([err]
to CJerr]) al kenyl, halogen, or the group 5
-CH err](CH err])[err]-OR[err] -CJerr]-Rerr]
-Si(ORerr])[err] -(CHerr])[err]-Si(ORerr])[err]
CH e oS
E(Ca]r-l{]err](CI-l[erWY?f@"Pf‘( [ rr])[err] C:—IEeR[r(ra]rE]CI)—I%E;H)[err]-IQI'EGIU“‘”’G'“-’:“3

[err] (CH[err])[err] [err]

wherein R err] is branched or unbranched (dergy to C(ferr]) alkyl,
preferably nethyl or et hyl, branched or unbranched (C[err] Cerr])
al kenyl, substituted or unsubstitut ed 20 % ] Cerr]) aryl wherein
sai d substltuents i f present are sel ected from ranched or

unbranched (Jerr]-Jerr] Th@hé@ﬂm@imdmmrmorboﬁme-nahawx(e%/eﬁdodmm| ne,

fl uorine, bromne or iodine, and n is f er abl

Of the above chain tm%@%@@ﬂ@%%@}m&éﬂprﬁoﬁﬂq}ﬁb @A’ilbﬁlwlbar bon -
atons are preferred, cgmgla,algtfyllngggﬁofp%p%élgjﬁg%mt@gl 10¢ tl%"?nole)was

1-decene, 1,7- 25 ene uty ene.
Wi l e the opt| msm comeighied ixgo & sampiervialgnsidea sealediglove fboxi mtebArgon gas. Two ml

g;(pte[]iemant ally dg})g\r/g}_aﬁwg a%s]‘g#sl ed arf.i ) @ﬁﬁg@é@gﬁ e acco t all

whi ch can be conveni gidd/for 20 minutes, m&ﬁw&e%@nm&m@sm&eﬂeve
| earned that, in general,[err]-olefins (e.g

syringe filter. The solution was then added into the monomer and the resulting
mixture was stirred for 24 hours. The solution became very viscous and the

10 polymer formed was precipitated in methanol, filtered, and dried at 60°C under -

vacuum for 12 hours. The recovered polymer was_sticky. The polymer yield was
98% (1.01 g). The polymer was soluble in CHCl, and CHCl. GPC analysis
(based on polystyrene) showed that Mn = 26,870 and Mw = 58,848. Proton
NMR analysis showed a signal at 4.0 ppm corresponding to the CH,OC(O)

15 protons. Infrared analysis revealed a signal at 1740 cm™ which is assigned to the
ester carbonyl group.

Example 4
One gram (3.60 x 10" moles) of the decanoic acid ester of 5-norbornene-
20 2-methanol (exo/endo 20/80) was weighed into a Schlenk flask. ((Allyl)PdCl),
complex (0.0132 g, 3.60 x 10° mole) and AgBF, (0.020 g 10.3 x 10 mole) was
weighed into a sample vial inside a sealed glove box under Argon gas. Two ml
of anhydrous C,H,Cl was then added to the ((allyl)PdCI),/AgBF, mixture and
“stirred for 10 minutes to form a catalyst solution. AgCl was precipitated and
25 filtered off using a micropore syringe filter. The 'catalyst solution was added into
' the monomer. The reaction mixture was initially light yellow in color and
became brighter after an hour. The reaction mixture was stirred for 48 hours and
the polymer formed was precipitated in methanol and filtered and dried under
vacuum at 70°C for 12 hours. The recovered polymer was very sticky. The



30 et hyl ene, propyl ene, 1-decene, 4-nethyl-1-pentene) are the nost
effective chain transfer agents with 1, 1-di substituted ol efins
(e.g., isobutylene) being |Iess efficient. In other words, al

ot her things being equal, the concentration of WD 96/ 37526
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| sobut yl ene regglred to achi eve a given nol ecul ar weight wll 13

hi gher QRT3 et hyl ene were chosen. Styrenic ol efins,” conj ugat ed
~di enes, and vinyl ethers are not effective as chain transfer agents
due to their propensity to pol ymeri ze,sMmth the catal ysts descri bed
herein. 5 The CTA can be enployed in an anount rangi ng from about

NE- Lype monomer . pr ADRSREDpId s 897 & (4 1B) e Wighis WATIRIE e Cich ..

0.10 to 10 nole % aBRC G6MeSn/THICsAOWSA M, =23,049f rom 0.1 to 5.0 nole % As
di scussed above, depending on catal yst type and sensitivities, CTA

ef ficiencies and desired end group, the concentration of CTA 10 can be
i n exeess of 50 nole % (based on total NB- E*gﬁ#“pglal nononer present),
e.g., 60 to 80 nole % Higher concentrations o &g , greater than 100 .
mol e % Smay be nétmbmege(ﬂﬁSgc&I%xdWmleDmd Idemblaresmfght

nbodi ments of t hi
aop§ cations. 111 pbmens S metband! O il oA T i R eIRIBEIE N o
hi gh concentrations xh&ﬁmié’féatﬁ d@seﬁigha&mmas&waknmmmemaaglowamﬁidmr |

"~ backbone but rather insert as term nal end-groups on each pol yner
chai n. Besides chai rinert gass{0c} ml efrhigspbragens ves stirr intodhe monomer mixturg. tion

atfords away by whighide §8LIbABKIRE W Wl GadR ﬂn&fﬂé‘iﬂ? rpaumxagﬁ&ﬁt

the end of a polynmer ¢ previ ous | Scusse
pol ymers produqed i randlstirred fos 40 asmaés. aﬁﬁﬂynfsolﬁﬁonwaspr:pand\b)ewelghmg have an

ol efinic end group aj b AERSaN! Cunbibl13'13 g, 538 x'10% it 283 AgSbE, (30 mg, 8.7
10° mole) into a sample vial and 2.5 ml of CgH;Cl (anhydrous) was added to the
mixture. This mixture was then stirred for 20 minutes. AgCl was filtered off
from the catalyst solution using a micropore syringe filter and the supernatant

15 was added to the monomer solution and stirred for 18 hours. The reaction
solution became very viscous in 1 hour. Polymer formed was precipitated in
methanol and dried under vacuum at 70°C for 12 hours. The polymer yield was
0.844 g (84%). The polymer was soluble in CHCl,, and C;H;Cl but insoluble in
C,H,C), and CH,Cl,.

20 GPC analysis showed that a low molecular weight species of the polymer
was present so the polymer was dissolved in chloroform, precipitated in CH,Cl,,
filtered and dried under vacuum for 12 hours. The final yield was 0.41 g (41%).
Mn = 151,796, Mw = 367,507. Proton NMR analysis showed that the
norbornene ester has been incorporated into the polymer (5 = 4.0 ppm) (broad

25 wﬁesponding to CH,OC(O). Integration of the signal at 0.9 ppm (CH,) gives the

mole percentage of incorporated ester units as 18 percent.

Example 6
Norbornene (0.516 g, 5.49 x 10" mole) and decanoic ester of
30 5-norbornene-2-methanol (exo/endo 20/80) (0.38 g, 1.37 x 10 mole) (80:20



shown in the structures bel ow

[err] WD 96/ 37526
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wherein Rerr] to Rlerr],n, m a, and b are descri bed above. In the
foregoing structure, the olefinic end group was derived from an
ethyl ene chain transfer agent. It is under stood that t sodfisd C
end group will WOPFRTS26 c cor di ng to the type of CTA usegﬁl‘,ﬁ thei]j
pol yneri zation medium 5 CTA term nated polymers of the above
formul ae can be prepared in nmol ecul ar 4xvei ghts ranging from500 to
2,000,000 or nore, preferably from 3, 000 to 1,000, 000, nore

preferably 20,000 to . f 0
500, 000. &W#M%@ﬁcﬁ%@%e ahide. seBldd glove tc’%"n“‘géé’ g’?& B o
to produce 10 ma.c 0.6 il o6 clil 6:obérizend waothien sddedis thgmbnemermikmre Q(AYBHICDaD! v

4 to 20 functional NB-t\épe repeating units ée.g. - functiognal NB's
al one or in conbi nat $ples @ me, 6.83 x 10qympie)and AgBF(3H M8, 170 gnele) was, pke

functional NB-type df‘&ﬁ]ﬁfo SATRHE &E\,g@gm@@ '
calculated to tail or%tg%e :enéﬁa&ggé\ﬁﬂgngglsynr}ler C aibn. fanfiyr A’term nal

end of the nacr Snonotoehe mixira and Stirredfot H) minntes fo fofns a gatsbystsohttionn Ag61 was
derived fromthe CTA

I.n e case of olefinic r m,nat.ed
pol ymers of this i nvBiEredeff framthe %yﬂﬁlt“&m“smg § IGPRTS sé’ﬁgg%{.\ﬁ?‘?bl‘b‘glé’gﬁ’zir
wei ght or the ratio gitalfsstherPwiReRided fAB&nbiksnet 8blution. i ncor por at ed
into.the polynmer chain. ' In the followng illustrative

exanpl es various cat al ystBheapaction apistpescegamer vey viscoys il mingies. Fhepistarei on
of functionally SUbSMaﬁfo@gdW&&%%WWtWﬁcﬁym&fomedmspmﬁpimd

10 in methanol. Time of reaction was 12 hours. The polymer was filtered and dried
under vacuum at 70°C for 12 hours. The yield was 9.84 g (94%). The polymer
was soluble in CHCl, and CH,Cl. Mn =40,351 and Mw = 103,447. Proton
NMR analysis (3 = 0.9 ppm) indicates that the polymer contains 18 mole percent
of incorporated norbornene ester units. '

15

Example 7
Norbornene (0.247 g, 2.63 x 10° mole) the methyl ester of norbornene
(0.103 g, 0.68 x 10" mole) (80:20 ratio) were weighed into a Schlenk flask.
Three ml of chlorobenzene was then added to the monomer mixture. In a sealed

20 glove box under inert gas, (Pd(allyl)Cl), complex (12.03 mg, 3.289 x _

10 mole) and AgSbF; (8.73 x 10 mole, 30 mg) was weighed into another
Schienk flask and 2 ml of chlorobenzene was added and stirred for 25 minutes to
form a catalyst solution. To the monomer solution was added 13 .l of distilled
water. The solution was stirred for 20 minutes under N,. AgCl precipitate was

25 then filtered off from the catalyst solution which was then added to the monomer
solution under N, and stirred for 24 hours. The resulting polymer was
precipitated in methanol, filtered, and dried under vacuum for 12 hours. The
polymer yield was 0.275 g (78.5%). The polymer was soluble in CHCI; and
C.H.Cl. Mn = 66,193 and Mw = 183,665. Proton NMR analysis revealed a



COVPARATI VE EXAMPLES Exanpl es A through F were run to
conpare the effectiveness of al l yl pal | adi um chl ori de di ner
catal ysts disclosed in U S. Patent No. 3,330,815 to 25 catal yze the
pol yneri zation of functional NB-type nononmers alone or in

conbi nation with other NB-type nononers, e.g., norbornene. The '815

catal ysts do not contain a pall adl um cati on conpl ex | on
with a weaky WO96B752600r di nati ng count erani on. Moreover, Qp@)}%&%ﬂ}j
catal ysts contain a halide and/or neut r al m)nodent ate or bidentate
| i gands. There is no disclosure of 30 al Iyl pal | adi um cati on conpl ex
devoid of halide or any other ligand as set fé th for : WO 96/ 37526
PCT/ US96/ 07313 . 5 .

the preferred singl SehBdhent PPRcaresRrading &q the SO profgos. I\;Bfegﬁaﬁ‘l"ﬂr

wei ght s abowshowed @ﬁﬂthé\@dil?m&%nﬁiﬂeﬂl 123%d1€ péitent bﬂmcbrpéi—atehest&o&dl@w ng
conparative exanpl es.

Exanmple A Thi s exarrpl e illustrates the hom)pol yneri zation of
t he octanoic acid ester of 5-norbomig Hﬁ,gsmst hanol with

al Iyl pal I adi um chl ori de dinmer in chlorobenzene at 20[err]C.
A Schl enk fl askS5was char g&n‘bmmdrer(onﬂg,aﬁm 3 0-3mdle) s thekpethyresienof 5- 10

|1yl pal | adi hl 208 8. 34 f th i id
astor ot o O o bospenerscsrai et expleata e @10ig BeF < IAT Beintibo o,
chl orobenzene morlok¥r Sati wwaghémﬁwwscmakmskmﬂam&a%o@soxm i on

m xture was stirred at 20[err]|C for 7 days. Then e pol ynmer was
precipitated with a in¢rkgas ©ngfmlmgCygllsChwas then added to the monomer mixture.

((AllyD)PACI), complex (12.03 mg, 3.289 x 10~ mole) and AgBF, (20 mg, 10.2 x
10 10 mole) was weighed into a sample vial to which was added 2 mt of C;H,Cl
J and stirred for 10 minutes. AgCl precipitate was filtered out using a micropore
syringe filter. The catalyst solution prepared above was then added to the
monomer solution. The reaction mixture was taken out of the glove box and kept
under stirring for 25 hours. The obtained polymer was precipitated in methanol,
15 filtered, and dried under vacuum at 70°C for 5 hours.
The polymer yield was 0.360 g (100%). 'I_'pe polymer was soluble in
CHC), and C,H,Cl. Mn = 10,688 and Mw = 51,116. Integration of the proton
NMR signal at & = 3.6 ppm showed that the polymer contains 8 mole percent of
incorporated norbornene ester units.
20
Example 9
Norbomene (0.2 g, 2.13 x 10 mole) and 5-norbornene-2-carboxylic acid
(endo isomer) (0.293 g, 2.13 x 10 mole) (50:50 monomer ratio) was weighed
into a Schienk flask in a glove box under inert gas. One ml of chlorobenzene was
25 added to the monomer mixture. ((Ally)PdCl), (16.2 mg, 6.64 x 10~ mole) and
AgSbF, (35 mg, 10.18 x 10~ mole) was weighed into a sample vial to which was
added 3 ml of chlorobenzene to form a catalyst solution. The catalyst solution
was stirred for 20 minutes. AgCl precipitate was filtered out of the catalyst
solution. The catalyst solution was then added to the monomer solution and



met hanol and 1 m of concentrated HC. The oily polynmer was isolated by 15
decanting off the supernatant |iquid, washed with nethanol and dried under
vacuum (60[err]C, 0.01 torr). Yield: 146 ng (7% . Merr] (GPC = 2,000,
Merr] (GPC) =3,500 (calibration with pol ystyrene standards).

Exanpl e B 20 This exanple illustrates the honopol yneri zati on of
the octanoic acid ester of 5-norbornene-2-nmet hanol w L{ -

al | yl pal | adi umV¥RPEP158e at 100[err] C (neat). U g/"%l rogen,
a Schlenk flask was charged with 15 ng (41 [err]nol) of

al Iyl pall adi um chloride dinmer and 2.034 g (8.14 mmol) of the octanoic acid

ester of 5-norbornene-2-net hanol (exo/endo = 20/80) (nole ratio of
nononer to Pd 25 Ty cli ' St rr,] C
or 7 days. The.pol yed 21 Aot A jobfhudf it Spl B3Pl ol Hiice
Yield: 940 ng (47% , ahd ériedvndEt@acauns f62QQ hours. Merr] (GPC) =4, 500
(calibration with polystyrene standards). . .

Exanpl e C WO 96/ heryisld was 0.264 g (53.8%). The polymer was soluble in THF and

PCT/ US96/ 07313 : : . : 4
This exanple illust ré%mlsub °8“rr§§ol ar'r‘é‘r?‘%{é(tnf on Ofdngaggﬁg?gsxgg?lé?lggocm

5- nor bor nene- 2- rfet hamdlich(shews that/the horhbingheearboxylic avidoidsdncatporatedibto the a
reaction tenge ature of 140[err]C The

pol yneri zation of 0.¥° .54 mvol ) of the decanoic ester of 5

5- nor bor nene- 2- net hanol (exo/endo = 20/80) and 4.6 ng (12.6 [err]nol) of
allyl pall adi um chl oride diner was carried out at 140[err]C for 4 days (nole
ratio of nmonomer to Pd = 100/1). AfsxamploMing to 20[err]C, 2 m of

chl orobenzene was Norbornene (0.531 g, 5.64 x 10" mole) and S-norbornene 2-carboxylic

10  acid (endo isomer) (1.33 x 10" mole, 0.183 g) (80:20 monomer ratio) was
weighed into a Schienk flask in a glove box. Two mi of chlorobenzene was
added to the monomer solution. ((Allyl)PdCl), (6.65 x 10 mole, 24.3 mg) and
AgSbF (55 mg, 16 x 10° mole) was weighed into another Schlenk flask to which
was then added 2 ml of chlorobenzene. The catalyst solution was stirred for

15 20 minutes and then precipitated AgCl was filtered off. Twenty-three pl of
distilled water was added into the monomer solution and stirred for 20 minutes.
The catalyst solution was then added to the monomer solution under nitrogen gas.
The solution became very viscous within 5 minutes and formed a gel. After
45 minutes reaction time methanol was added to precipitate the polymer which

20 was recovered as a white lump. The polymer was washed and dried under
vacuum at 60°C for 12 hours. The yield was 0.467 g (65%). The polymer was
insoluble in C;H,Cl, CHCI,, tetrachloroethylene and THF. An infrared signal at
1690 cm! showed that the norbornene acid was incorporated into the polymer.



nor bor nene 20 and 0.687 ¢ R=E S =L 3 ster of
5- nor bor nene- 2- et hanol :ézg 80) (hwl g fatioffof total
nononer to Pd = 107/1, nole fati g = | for borheBe E.E(L nor por nene ester
= 71/29). This nixture was h FCHor|w| & =|7 dafs. The gray
col ored viscous mixture was [T a (i xtuafe pr 50 of
met hanol and 1 nml of concentf gl gital g | ige polFmef. The waxy
25 pol ymer was filtered, ngEt ahtol , | @dEdre ¢ at [70[err] C and
0.01 torr. Yiel d: 26 ANFerT 1 (5ePC] ={ 2 5805 M §rr] (GPC) =
6,000 (calibration with styrene $tandards). WO
PCT/ US96/ 07313 _ 37
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added to dissolve the polynmer. The resulting solution was added to 30 ml of
nmet hanol to precipitate the polyner. The supernatant |iquid was decanted

off, the 10 remai ning oil carefully washed with nmethanol and dried at
60[err]C and 0.01 torr. A yield of 420 ng (60% of ester
substituted pol yner was obtained with Merr] (GPC) =4, 500 and
Merr](GPC) = 7,000 (calibration with polystyrene standards).

Exanpl e D 15 W°96’37§26Th| s exanple illustrates the copol ymeriza [BAo'e

nor bornene and the oct anoi ¢ est er&bf 5-norbornene-2-methanol with

al Iyl pal I adi um chl ori de di ner (neat) at 60[err]C.
Under nitrogen, a Schlenk flask was charged with 16 ng (44 [err]nol) of
al Iyl pal l adi um chl ori de dinmer and a mxture of 0.629 g (6.7 nmol) of

5
10
15



chl orobenzene) at 20[err]C. 5 A mxture of 16 ng (44 [err]nol)
of allylpalladiumchloride diner, 0.619 g (6.6 mml) of norbornene,
0.681 g (2.72 nmmol) of the octanoic ester of

5- nor bor nene- 2- et hanol (exo/endo = 20/80) and 4 ml of chl orobenzene was
reacted at 20[err]C for 7 days (nole ratio of total nonomer to Pd = 106/ 1,
nole ratio of norbornene to norbornene ester = 71/29) dﬁ
pol ymer was pr ®Q9§3736ed 10 with a mxture of 50 M of neth ano 1n
of concentrate HCl . The pol yner -was filtered, washed with rret hanol ,
and dried at 60[err]C and 0.01 torr. Yield of ,§jhe pol ynmer: 520 ng
(409%. The polynmer was dissolved in 3 m of cff or obenzene and 0.2
m of methanol. Then, 50 ng of NaBH4 was ded d the m xture was
stirred at 20[err]C for 6 hours. The bl aciﬂﬁ%*zﬁlt ate of Pd(0) was

filtered off over 15 Lopdlynser o NBARA! the' 0i®adill estér of 5lrRfRRRAERNE Was

used to extract residual pol ymer fromthe alum na. The vol une of
the sol ution was redoethapolo 3 ni under a vacuumof 0.4 torr. The
pol ymer -was precipitated ® suﬁﬁ%

m of concentrate HO . Tr?ég%gq gﬁpﬁénedmglaTefE)g mm&is e (r%g |ed

as described abgve. nbbcingel z.ng,andel 2-elicl'ﬁ?®thamnl(405ml;an&fhepentanmc
Merr1 (PO = 2,900 M oL L] oormche 7 mettant (1115, 25 b extishlip A0S 1Y 50
The copol yrer i Zatiogggﬁfe 1BR6PA" t@ﬁgeﬁﬂfeamaeu&cﬁyﬁeom&onpmpmdby

- 5-norbornene-2-neth neat) wt aI 1yl pall adi um chl ori de di mer o
- 100[err]C and 25  redctingeatalys wmn&dmpﬁ:@wrbmqnumnadmmchlonde d:mer) A

m xture of 13 ng (3 err f .al | ] d 549
(5.7 mol) of norborqg ﬁ@"‘%@ E‘ ¥%§Wﬁ%%€ggnﬁﬁm c"%?:l ester
of S- nqobornlezxaxcmdwédmmnﬂ oaﬁiim&aﬂd)m&@ﬁlmﬁigtheaglﬂimioﬁopore
100[err] C for 3 days (nmole ratio, of tota o Pd = 100/ 1,
mol e ratio of nor borfiltsse Thereaetion wasgllowsd fasun tléme gf{?ﬁémmcpefgeﬁ on

\IleaC?'/ Iuggg/r (r)ggtlgd S tiggs p@ﬁ%ﬁﬁl@aﬁ%ﬁ&é& of methanol. The pfn@Bhvas’washied with excess
methanol and dried. The yield of copolymer was 2.73 g. The presence of the
ester-bearing monomer in the copolymer was verified by infrared analysis which

15 showed bands at 1741 cm™* (C=0 stretch) and 1171 cm™ (C-O-C stretch) and the

absence of unconverted monomer (proton NMR).

Example 12
Copolymer of NB and the pentanoic acid ester of 5-norbornene-2-
20 methanol. _

To a 50 ml glass vial equipped with a Teﬂon° coated stir bar was added
norbornene (2.17 g, 23 mmol), 1,2-dichloroethane (40 ml) and the pentanoic acid
ester of 5-norbornene-2-methanol (1.11 g, 5.3 mmol, exo, endo 20/80). To this
stirred solution at ambient temperature was added a catalyst solution prepared by

25 reacting norbornadienepalladium dichloride (38 mg, 141 pmol) with silver
hexafluoroantimonate (96 mg, 279 umol) in 1,2-dichloroethane (3 ml) for
30 minutes and then filtering through a micropore filter. The reaction was
allowed to run for 16 hours before the reactor contents were poured into an excess
of methanol. The polymer was washed with excess methanol and dried. The

30 yield of copolymer was 2.08 g. The presence of the ester-bearing monomer in the



38 cooled to 20[err]C for 20 m nutes each tine. During these

periods, the top of the Schl enk flask was heated with a heat gun to
return the small fraction of sublinmed nor bor nene back to the bul k
of the reaction mxture. Finally, the polynerization m xture was

heated to 140[err]C for 1 day (with 4 interruptions to heat the top of the
5 Schlenk flask with a heat gun in order to return subli Pﬁﬁw
to the WOPERTELS zati on mixture). After cooling to ZO[W & dark
solid was dissolved in 3 m of chlorobenzene, and the resulting

solution was added to 60 nml of nethanol 4 to precipitate the gray
pol yner. The polynmer was isolated, dried, and %UI’I fied by reduction

wi th NaBH4 as descri be |n Exa 564 09 er.r. 0
(GPC) = 2,300 and MEPIYMER ‘érg‘f%gﬁ “ﬁ@é‘?’i WpILTP '(sg‘ﬁw%"o‘f%% ?}r’k‘h’é‘““
-standards). (cb%nmyaddaimlcﬁﬂ (COMCarereh) didheabisemdieof incbRvernl

I nsol ubl e pol yner. Exanpl es G and H denonstrate that the.
catal yst system di scmmrﬁ;mmNMR) Breunig and Ri sse, Makronol. Chem
193, 2915 (1992), are not effective in pol ynmeri zi ng endo-i soners of
functional NB-type nonomers. The Breuni g/ Ri sse 15 catal ysts do not
contain the all §l palladiumfunctionality V\EiamplmJ.Be up the cation

conpl ex of the single conponent ¢ stenB i nventio
Exampl e G @Wﬂf yoer LN I%‘agﬁ"t r %W@'F'Ezatlon of

the octanoi c ester GhetBdhol. 5- nor bor nene- 2- net hanol W|th

Pd err]H err err BF[ err err] in
Eji CENCEN orrLt Lane} SIN% Eoma]t }l’i’g\% (;Oml éllaS[SVlﬂ]equPGd“ﬂlhdeTeﬂQP?erhﬂd%&d%t

sol uti on was prepar r

[Pd(Clerr]H err]CN) [‘%F‘%ﬁ%i’?éﬂ]ﬁ@#ﬁ Q%ﬁ%ﬁ)‘tﬂ‘?‘ e (20 ml)and the pentangic acid
nmonomer sol uti QQ of ester ofs-norboﬂﬁae-g-meﬁ;ahomlgusﬁmmhemoatdwwsn) aTod tlusest er
of 5-norbonene-2- et hanol 25 (exo/ endo = 20/80) .in 4

ni t r omet hane mas__adm%“%?kﬁtﬁg@lmp’@em? was addedaca‘%‘i's‘r?ﬁlh‘ﬂﬂ’é?’efaéew =
81/1). The reacti Oncfg%aﬁh%rec Eﬁl&‘i’déd?ﬁex%%?é’? Aok Silver The

pol ymer was isol ate pitation wth 50 of rrethanol (no acid

added! ). The cl oudy Mwm%ﬂs ©g2dima]) mdﬂ-éwhhmﬂuna(icmbm pol yner
decanted 30« of 1, “DyfioieS i Ak Tthneh Afticro Y pudt P URRRARNAL, "o
solution was r QBDVGChllowed to run for 20 hours before the reactor contents were poured into an excess
of methanol. The polymer was washed with excess methanol and dried. The
yield of copolymer was 4.61 g. The molecular weight of the copolymer was
determined using GPC methods and found to be 46,250 (M,,) with a
polydispersity of 2.6. The presence of the ester-bearing monomer in the
. 20 copolymer was verified by inﬁared analysis which showed bands at 1741 cm™!
(C=0 stretch) and 1171 cm™ (C-O-C stretch) and the absence of unconverted
monomer (proton NMR).

Example 14
25 Copolymer of NB and the 5-t-butylester of norbornene carboxylic acid.

To a 100 ml glass vial equipped with a Teflon® coated stir bar was added
norbornene (4.01 g, 42.6 mmol), 1,2-dichloroethane (50 ml) and the 5-t-butylester
of norbornene carboxylic acid (2 g, 10.3 mmol, exo, endo mixture). To this
stirred solution at ambient temperature was added a catalyst solution prepared by

30 reacting allylpalladium chioride dimer (10 mg, 27.3 pmol) with silver
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under a vacuumof 0.4 torr (20[err]C). A residue of 880 ng remnai ned which
was characterized as unreacted nononer with an exo/ endo-rati o of
10/ 90. The anal ysis of the exo/endo-ratio was carried out by [err]H
NVR spectroscopy, I ntegration of the olefin signals at #@M ? 90
and 6.12 ppm (oWQ%4878mdo-i soner) 5 and at [err] = 6.07 pp %
exo-i soner). The oily polynmer was carefully washed with

met hanol and dried at 60[err]C and O. % torr. Yi eld = 100 ng (10%
of polynmer, Merr](GPC) = 2,500, Merr] (GO = 3,300 (calibration

Example 1o Staﬂe"“hds%’?ﬂ‘?‘%?%?r%?é“?ﬁ » QL HPRP AL AriehlsReBe (A8 D5 i on of

t he octanoic ester OBOmmutesandaxenqnieﬁﬁfﬂngBamﬁﬁbp&eknw tThe reaction was

[Pd(C[err]H[err]Cl\I)[err]][BF[err err
di chl or omet hane/ ni t r aliesyeddpam & OI’M urs eforethereqsﬁm@ﬂntﬁmsmmomqémtaamss

sol uti on was prepare ﬂf“!d) :_xé%

(Pd(Cerr]JHerr]CN [ gfr.&'f%%[ er rﬁf‘éﬁ\f& n‘rﬁ{ eal?agﬁ\ ororre?‘hane. Vi a
syringe, a nonorfer yield of copalimits was 415 g.. 'l]iergoléoﬁla‘aweighwftbécﬁﬁmmmoi c
acid ester of 5-norbqrnene- e 0/,80) in 4 m.
of dry nitrobenzene M%%Wﬁ%ﬂaﬂ%m(wﬁ FF%W g‘%d = 95/1).
The reaction m xture itvagtd.ffor 5 days at 20[err]C Then, the
pol ymer was isol ated anhd dr| eéd as descri bed above. Yield: 400 ng 20

(40%, Merr](GPC) = 6,800, Merr] (GPC) = 8,700 (calibration with

pol ystyrene st andar ds). ph/ﬁal the conposition of

t he nononer which renmai ned unreacted duri ng the pol ynmeri zati on was
- determ ned. [errd H NVR sp€epolyracrayf WB\aml ther§-t-batgllestert ofmorbornene carbb:k)&hcaad.l due

SUper nat ant - under  vacuum THRAOG elest Bl SRMBFICH i CAORe COFd B pat Wes -
IN somer, 0 nly 0} efi n ab@BRkse @175%, 59.8 nktRols: rlC!z &cﬂ&oaﬂaﬂe (50 ml) and the 5-t-butyledi&®
ysis of this and the previous exarrpesowst hat the exo _
of norbornene (2 g, 10.3 mmol, exo, endo mixture). To this stirred solution at
ambient tempcrature was added palladium ethylhexanoate (12 pmol),
15 tris(perfluorophenylborate) (108 umol) and triethylaluminum (120 pmol). The
| reaction was allowed to run for 72 hours before the reactor contents were poured
into an excess of methanol. The polymer was washed with excess methanol and
dried, redissolved in chlorobenzene and reprecipitated with an excess of
methanol, filtered and washed with methanol before finally drying in a vacuum
20 oven overnight at 80°C. The yield of copolymer was 1.66 g. The molecular
weight of the copolymer was determined using GPC methods and found to be
194,000 (M,,) with a polydlspersny of 2.3. The presence of the ester-bearing
monomer in the copolymer was verified by infrared analysis which showed bands
at 1730 cm- ! (C=0 stretch) and 1154 cm™ (C-O-C stretch) and the absence of

25 unconverted monomer (proton NMR).
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Exanmple 1 Preparati on of

[ 6- met hoxynor bor nene- 2-yl - 5- pal | adi un( cycl ooct adi ene) ]

hexaf | uor ophosphat e. To a flask containing

(nor bor nadi ene) pal l adiumdichloride(1.0 g. 5 3.7 mol) angﬂgi%%a@gh (20
m) was added MN@8A766on of pot assi um met hoxi de (0.256' @, 3.

mmol) in nethanol (20 m), the addition being nade at -78[err]C
After an hour at that tenperature the m xture s allowed to wvarmto

anbi ent tenperature and was filtered 2hd dried to afford a | i ght
green-brown solid (met hoxynor borrenyl pal .l gi unchl oride dinmer). A
portion of this material (0.5 g, 10 1. Gé"ﬁﬁﬂfi was placed in a stirred
flask with THF (50 M) agbpblivhier éf KB)and the phenylciftfitniceste bf'§-n6ibofend-pal | i um
hexaf | uor ophosphate (0.57 g, 1.65 mml) in tetrahydrofuran (17 m)
was added at O[ err] Guetignoky warming to room tenperature t he sol vent

v emored, and then L 2ol Al f QRN Sl Topch Ul s B g
- solution 15 9as frokbopicnd (201 g 2004 Bddol)p h2-dichirvethine (3eml)undthesacuum t o
e Ot i S S at) g ol 2,
? g%af | uor ophosphat e {5hihdiC e Riskftredohdionat &hkiSktitehperature was@lddh cataly’f |
solution prepared by reacting allyipalladium chloride dimer (36.7 mg, 100 pmol)
with silver hexafluoroantimonate (76 mg, 208 umol) in 1,2-dichloroethane (3 ml)
10 for 30 minutes and then filtering through a micropore filter. The reaction was
allowed to run for 3.5 hours before the reactor contents were poured into an
exéess of methanol. The polymer was washed with excess methanol and dried in
a vacuum oven overnight at 80°C. The yield of copolymer was 2.78 g. The -
presence of the ester-bearing monomer in the copolymer was verified by infrared
15 analysis which showed bands at 1719 cm! (C=O stretch) and 1167 cm™ (C-O-C
stretch) and the absence of unconverted monomer (proton NMR).

Example 17
Copolymer of NB and N-phenylnorbornenedicarboximide.

20 To a 50 ml glass vial equipped with a Teflon® coated stir bar was added
norbornene (1.72 g, 18.3 mmol), 1,2-dichloroethane (30 ml) and
N-phenylnorbornenedicarboximide (1.01 g, 4.2 mmol, endo isomer). To this
stirred solution at ambient temperature was added a catalyst solution prepared by
;'eacﬁng allylpalladium chloride dimer (38.5 mg, 106 pmol) with silver

25 hexafluoroantimonate (78.5 mg, 228 umol) in 1,2-dichloroethane (3 ml) for
30 minutes and then filtering through a micropore filter. The reaction was
allowed to run for 3.5 hours before the reactor contents were poured into an
excess of methanol. The polymer was washed with excess methanol and dried in
a vacuum oven overnight at 80°C. The yield of copolymer was 1.71 g. The

30 presence of the functional monomer in the copolymer was verified by mﬁ'ared



[err] Exanpl e 2
Preparation of [([err]-crotyl)(cycloocta-1,5-diene)palladium 30
hexaf | uor ophosphat e. WO 96/ 37526

PCT/ US96/ 07313 :

To a 500 m Erlenneyer flask was added sodiumchloride (2.95 g, .
50.4 mmol ), palladiumdichloride (4.44 g, 25.3 mol), nethanol and
water (2.25 g, VOP6B3F). The resulting suspension was sti rredrﬁﬁ%ﬁ@%ﬁ
tenperature for an hour affording a dark-brown solution. To this solution
was 5 added crotyl bromde (7.6 m, 74 b). The vessel
was then purged with carbon nonoxide for 30 mnutes (at a rate of

40 M per minute). : r ' Qlotild ' '

color with a noti ce%ﬁ%@tﬁé@%@ga %ﬁgéek&%g&n@%ﬁl%% ﬁée'ﬁ)l'@

pour ed . into stetoh)andlithé abisetice of iherhsierteg monomeb@kotbi NMR); ol or ed sol i d.
The m xture was 10 extracted with 3 aliquots of chloroform (total vol une
500 m). Renoval of the chloroformfromthe resulting solution
afforded a yellow green solid which was  gyamnlescfgar acteri zed by proton NWR
-met hods as ([err]-crotyl)palladium halide dxlm,}} he yi el d was
essential ly quaftitati ve.Copolymey of NBiand Nephenglobrbomenedicidrbogivhided i n

To a 50 ml glass vial equipped with a Teflon® coated stir bar was added
norbornene (2.08 g, 22.1 mmol), 1,2-dichloroethane (40 ml) and
N-phenylnorbornenedicarboximide (1.01 g, 4.2 mmol, exo isomer). To this
stirred solution at ambient temperature was added a catalyst solution prepared by

41

10 reacting allylpalladium chloride dimer (39 mg, 107 umol) with silver
hexafluoroantimonate (73 mg, 212 pmol) in 1,2-dichloroethane (3 ml) for
30 minutes and then filtering through a micropore filter. The reaction was
allowed to run for 70 hours before the reactor contents were poured into an excess
of methanol. The polymer was washed with excess methano} and driedina

15 vacuum oven overnight at 80°C. The yield of copolymer was 2.11 g. The
presence of the functional monomer in the copolymer was verified by infrared
analysis which showed bands at 1725 cm™ (C=0 stretch) and 1161 cm™ (C-O-C
stretch) and the absence of unconverted monomer (proton NMR).

20 Example 19
To a 50 ml glass vial equipped with a Teflon® coated stir bar was added
the 5-t-butylester of norbornene (2.2 g, 11.3 mmol, exo, endo mixture). To this
stirred monomer at ambient temperature was added a catalyst solution prepared
l;y reacting allylpalladium chloride dimer (27 mg, 74 umol) in 1,2-dichloroethane
25 {6 ml) with silver ten'aﬂuoroboraté (60.6 mg, 311 pmol) in 1,2-dichloroethane
(8 ml) for 5 minutes and then filtering through a micropore filter. The reaction
was allowed to run at ambient temperature for 36 hours before the reactor
contents were poured into an excess of methanol. The polymer was precipitated
and washed with excess hexane and dried overnight in a vacuum oven at 60°C.

30 The yield of polymer was 1.4 g (64%). The polymer was characterized by proton



tetrahydrofuran (100 m) and 1, 5-cycl ooctadiene (8.7 nm) was added.

Thereafter 15 thal | i um hexaf | uorophosphate (8.8 g, 25.3 mol) was

di ssolved i.n THF and both solutions were cooled to O[err]C. The

t hal | i um hexaf | uor ophosphat e sol uti on was added slowy to the
solution of the palladi um conpound. An imedi ate of f- white

preci pitate was observed, the anount of which increased as no

t hal | i um sol ut MH6FE26 added. 20 After the addition vvaﬁ’gr@éﬁ)opgsed
the ice-bath was renoved and the . suspension was allowed to warmto
anbi ent tenperature, with stirring. The THF 3 was renoved under
vacuum and di chl or onet hane (100 nml) was addec?. The m xt ure was

filtered and the so{jd 0Ny Was concentr 0) 0 . 40
M. To this solutio ?%ﬁ@?@?&@ﬂéﬁ'ﬁ@%?ﬁﬂ%mwg%ﬁ@k?ﬁ he
25 formation of teridty bityl éstigrduiptatd a efiplate absehcerofSreiched ditribitable 6o thet al s
are identified hereafter as catalyst E, and referred tq as

[([err]-crotyl) (cycfremearbexylis agid findicating no loss of jsgbutylene,dring the polymerization,
hexaf | uor ophosphat e oﬂ!\ﬁ: mh' %@@ ISk S (ﬁw 10° :
spectroscopi c net hogs. b%ﬂ%agﬁ g‘% )Qié C per minute,
PCT/ US96/ 07313 5 30°C to 800°C in nitrogen) confirmed this conclusion showing an onsétbf

Exanpl e 3 . The, de ' cid ester of. o .

5- ngIr)bor nene- 2- met h¥Fight lo FBH‘H%@% g&‘?’w"gb}'amm@l‘mﬁg‘?@a@ (thegretjcal
Schi enk flask (1. 03¢ jsoButfen 18] 23(8% WyDTRSolebuldN veishi B SleHofiopdlymer was
complex (13.15 ng, 3.60 x 10[err] nole) and AgSbF[err] &2 , 10.1 x . -
10[err] mole) was d®ermi metheds and-fapndto\be $4, 150 14980 &4.)g| ove
box under Argon gas. Two mni of chl orobenzene was then added into

the ((allyl)Pdd )[err]/AgSbF[err] m xture and stirred for 20
mnutes. Precitated AgC was filtered oWExanfple®d a m cropore

Tesuting o wt U@ SARaNeS FBLERRPARh S e dond ST 3 HHled e
very viscous and t hgek0.butyleQkddTbrbofieBE {22851 123 fimdl] éxa! &fdo niixtiR)."Pé\lis
filtered, and dried at 60[®err] C under
stirred monomer at ambient temperature was added a catalyst solution prepared
by reacting allylpalladium chioride dimer (6.75 mg, 18 pmol) in
15 1,2-dichloroethane (6 ml) with silver tetrafluoroborate (15.1 mg, 77 pmol) in
1,2-dichloroethane (8 ml) for S minutes and then filtering through a micropore
filter. The reaction was allowed to run at ambient temperature for 36 hours
before the reactor contents were poured into an excess of methanol. The polymer ~ -
was precipitated and washed with excess hexane and dried overnight in a vacuum
20 oven at 60°C. The yield of polymer was 0.5 g (23%). The polymer was
characterized by proton NMR methods. The molecular weight of the
homopolymer was determined using GPC methods and found to be 31,200 (M,,)
and 23,100 (M,), polydispersity 1.35.

25 ‘ Example 21
To a 50 ml glass vial equipped with a Teflon® coated stir bar was added
the 5-z-butylester of norbornene (1.0 g, 5.2 mmol, exo, endo mixture). To this
stirred monomer at ambient temperature was added a catalyst solution prepared
by reacting allylpalladium chloride dimer (6.75 mg, 18 umol) with silver
30 tetraftuoroborate (15.1 mg, 77 umol) in chlorobenzene (10 ml) for-5 minutes and



vacuum for 12 hours. The recovered pol yner was sticky. The polyner yield

was 98% (1.01 g). The polyner was soluble in CHCl [err] and
Cerr]JHerr]d. GPC anal ysis (based on pol ystyrene) showed that M
= 26,870 and Mv = 58, 848. Proton NMR anal ysi s showed a signal at

4.0 ppmcorresponding to the CHerr]OC(O 15 protons. Infrared anal ysis
reveal ed a signal at 1740 cnferr] which is assigned to the £r
car bonyl gr oup WO 96/37526 P&Qﬁ%i e i4
One gram (3.60 x 10[err] noles) of the decanoic acid ester of 5-norbornene-
20 2-met hanol (exo/ endo 20/ 80) was wei ghegqinto a Schlenk flask.
((Al'lyl)Pdd )[err] conplex (0.0132 g, 3.60 x 10[err] nole) and

AgBF4 (0.020 10.3 [ | i l e vial
i nsi de a seal gd gl ovtié ox%fﬁhlgrgg%%on ggfnﬁﬁm%%t%%aﬁ%‘?edgﬂaygr ous
Clerr]Herr]d was tdntbicm tahgptratare fdre6 hoads byfordi€rdalior cqntohtsBirgre potjredrinkd ar e
and stirred for 2,0 nl.ite t(hbforzfa cat.al squolu e} qr; Cl was
preci pi tated and 25 eXcespp F’@ﬂn"éﬁoo&ﬁeﬁ‘gwﬂﬂ'wm@ﬂﬁ%@“‘; SMERESEF . The -
catal yst solution %#%ﬁ_dheaevemgmmava&hﬁdveﬂwc. e yieRiPsTipo e iwak UT €

was initially light yellow in col or and . _becane brighter after an
hour. The reactfon r.Xg30e)Fhepolymerwas charasteriged bysprateg NMR '

methods.
Dactum at 70rer 1] ¢ RbmiekBin g of e AohaRlBhei deahBd E GPE bk PP |\

WD 96/ 37526 found to be 14,570 (M,,) and 11,180 (M,), polydispersity 1.30.
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polynmer yield was 0.97 g (97% . The polynmer was soluble in CHC [err] and

Clerr]Herr]d. GPC done in Cerr]gkghple@r showed Merr] = 23, 049.
10 To a 50 ml glass vial equipped with a Teflon® coated stir bar was added

the 5-t-butylester of norbornene (2.0 g, 10.3 mmol, exo, endo mlxturc) To this
stirred monomer at ambient temperature was added a catalyst éolution prepared
by reacting allylpalladium chloride dimer (9.4 mg, 25.8 pmol) with silver
hexafluoroantimonate (24.9 mg, 72 pmol) in 1,2-dichloroethane (10 ml) for '

15 5 minutes and then filtering through a micropore filter. The reaction was allowed
to run at ambient temperature for 36 hours before the reactor contents were i
poured into an excess of methanol. The polymer was precipitated and washed
with excess hexane and dried overnight in a vacuum oven at 60°C. The yield of
polymer was 1.0 g (50%). The polymer was characterized by proton NMR

20 methods. The molecular weight of the homopolymer was determined using GPC
methods and found to be 30,400 (M,,) and 20,500 (M,), polydispersity 1.40.

Example 23
To a 100 ml glass vial equipped with a Teflon® coated stir bar was added

25. the 5-r-butylester of norbornene (10.0 g, 52 mmol, exo, endo mixture) and

norbornene (2.5 g, 27 mmol). To this stirred monomer at ambient temperature

was added a catalyst solution prepared by reacting allylpalladium chloride dimer

(119 mg, 325 umol) with silver hexafluoroantimonate (311 mg, 900 umol) in

1,2-dichloroethane (50 m!) for 5 minutes and then filtering through a micropore-
30 filter. The resulting yellow solution increased in viscosity markedly within less



Example 5 5 Nor bornene (0.58 g, 6.17 x 10[err] nole) and the
decanoi ¢ ester of 5- nor bor nene- 2- net hanol (20/ 80 exo/ endo) (0.42 g,
1.51 x 10[err] nole) (80:20 nononer ratio) was weighed into a
Schl enk flask in a seal ed gl ove box under inert gas. 0.5 m of
chl orobenzene was stirred into the nononer m xture. After stirring,

18 [err]l of distilled water was added into the nononer solutig
N[ err] 10 aN¥P 86737636cd for 10 minutes. A catal yst sol ution \/fé%’%g}gl%r%d

by wei ghi ng ((allyl)yPdd )[err] conplex (12.13 ng, 3.36 X
10[err]nol e) and AgSbF[err] (30 ng, 8.7 x 10[err] nole) into a
sanple vial and 2.5 m of C[err]H[err]CI(anhy?ﬁous) was added to the

m xture. This mxture was, then stirred for .20 i nutes. A was filtered
of f fromt héhat?eftlﬁ’ln%eﬁ’“%é‘l’ mwwﬂéwg{?m E’P&iﬁq‘@g@ﬁq‘ﬁﬁ@m’f"i ftf’f er and
the supernatant 15 18hwﬁ%beﬁa%}amﬁhggmm&%mﬁémmﬁoﬁwiﬂ'eHFfaaa 18

hours. The reaction sol ution becane very viscous_ in 1 hour.
Pol ymer formed was hepslysnergrecipitated with am Blixtured The cepelymeravasyacuum

at 70ferr]C for 12 h T, | .Y A ' &+t % e The
pol ymer was sol ubl elsl%#% ?@?&%%g%e&g%#ﬁﬁérar‘fa%mmi%sol uaﬂé%ﬁ%ﬁ’ Of_
tC%e'[r] HI[ err] C: [Sarlr] pdljﬁhe@b[aﬁht 9J9]g@{)%).r'¥het1ﬁﬂymerlwas charactésided hypi-o,mim\/ﬂhowfd'

at a | ow nol ecul ar wei ght_ species of, yner was present. so
the pol ymer vas di sdusihadé The Ealeghlaruriatt o fisdoopalymer wes deiraiiner g GHC
filtered and dried R 1 ' ' Herﬁ?g 5 41 ¢
(419 . Mh zﬂih?gﬂld,s yaet M@eﬁé,@%§ﬁd0@é“@’ﬁg| VoS Ph0st Bat

t he : nor bornene ester has been incorporated into the polymer ([err]

= 4.0 ppm (broad 25 corresponding to (EM;‘Q@L%:(O) I ntegration of the
signal at 0.9 ppm (CH3) gives the no percent age of incorporated

ester units asj@8 percentoa 100 mi glass vial equipped with a Teflon® coated stir bar was added
Exanpl e 6 Nor bor nene (0.516 g, 5.49 x 10[err] rml)ﬂe’% and
decanoi ¢ ester of 3he5-+-butylesierefnathomens g0 46 mmal,&¥ocsnde mispER)pnd 0 33 g,

1.37 x 10[err] nole - | RV o )
PCT/ US96/ 07313 )mmea'g"ydmm (4\9% 96 )261'0 this stirred monomer at ambient

temperature was added a catalyst solution prepared by reacting allylpalladium .
chloride dimer (90 mg, 246 pmol) with silver hexafluoroantimonate (250 mg,
I5 728 pmol) in 1,2-dichloroethane (50 ml) for 5 minutes and then filtering through
a micropore filter. The reaction was allowed to run at ambient temperature for
18 hours before the resuiting gelled polymer solution was dissolved in THF and
the polymer precipitated with a methanol/water mixture. The copolymer was
isolated by filtration and dried overnight in a vacuum oven at 60°C. The yield of
20 polymer was 9.0 g (95%). The polymer was characterized by proton NMR
methods. The molecular weight of the homopolymer was determined using GPC
methods and found to be 18,450 (M,,).

EXAMPLE 25
25 | To a 500 ml round-bottomed flask equipped with a Teflon® coated stir bar
was added the 5-t-butylester of norbornene (9.0 g, 46 mmol, exo, endo mixture),
norbornene (4.3 g, 46 mmol) and 1,2 dichloroethane (180 ml). To this stirred
solution at ambient temperature was added a catalyst solution prepared by
reacting allylpalladium chloride dimer (168 mg, 460 pmol) with silver
30 hexafluoroantimonate (316 mg, 920 pmol) in 1,2-dichloroethane (20 ml) for



44 rati o) was weighed into a Schlenk flask inside a seal ed gl ove
box under inert gas. 0.5 m of chl orobenzene was then added to the
nmononer m xture. ((Alyl)Pdd)[err] conplex (25 ngy, 6.83 x 10[err]
nol e) and AgBF[err] (35 ng, 17.9 x 10[err] nole) was wei ghed into a
sanple vial and 1.5 m of chlorobenzene (anhydrous) was added 5 to the
m xture and stirred for 10 mnutes to forma catalyst solution Was
filtered off fmooedé3vs2écat al yst sol ution using a micropore syrFﬁﬁ@ﬂ?WV?ﬁ?.
Al'l ofthe catal yst solution was then added to the nonomer sol ution.
The reaction m xture becanme very viscous in % m nutes. The m xture

was allowed to continue to react overnight a pol ymer fornmed mas

precipitated 10 n net hangl . _Ti e of react.ion hour ol yner
was filtered and dr smd&m&ﬁﬂ'é%‘ﬁ%’b‘ﬁﬁﬁf“&@%f F’?’]@ %’2 g "E The
yield was 9.84 g (%?&1 n WaS hBREMBB0°C and the readfich w4l allbed fortudfde'16%otds and

C[err]H[err]CI = 40, 351 and Mv = 103, 447. Proton . NVR anal ysi s

([err] = 0.9 ppn) |bvﬂmma:eessdﬁtmmwwu9¢mwwd@mwsce§8hmeecapangm

of incorporated norbgornene _est |t

Bxanpl e 7 PRI IR piEBig e Lo P was isted by Siition, waghed with,,
met hyl ester of nord&emaeﬁneanddnedo@&nﬂg%a@mclﬁsv&uﬁﬂ[@m]Thmkaitedﬁﬁldzo
rati o) were weighed intg a Schl enk flo m of .chl or obenzene .
was then added to tefcopdiyosiyasf.%g(5¢%). FP%fd%’éﬁF@EP"QGﬂ ““b?’é%‘léstﬁ?ﬁ@“&ﬁder

inert gas, (Pd(ally #&n?ﬁéﬁ@efglﬁ?&bf&rm%r%sm A BfPand carbon monoXifé Bis

‘nmol e) and AgSbF[err 30 ng was wei ghed into agot her
Schl enk flask and Mbwbledmmmnmlmhemlhmmmp@mm@%a

mnutes to or. cat.al yst_spl ution. .To the nQ . on was
added 13 [err]l| of %‘TSITT‘?‘%I X‘ “ﬁ%ﬁfmw?oﬁeﬁ%tﬁ for 20
m nutes under 102. AgfitioRr&ovéred adig 4'6aanuld. The édrison rhorokide Geatfeht Wisrepdated

catal yst sol ution which was then added to the nmononer sol ution
under N2 and stirr REF selution wag adsled $0.qn exggss of hexane to

time
precipitated in rretrg@ag ﬁ&? he‘gas ed BFA J tvadtted
The pol ynmer vyi b&eﬁklﬁhﬁ&g%l %‘gﬁ%% pol yrreﬁrgﬁwas sol E@F{a I n
CHCl [err] and excess:ﬂlexan}:h[ldadne]d@vendghtmmcmomwc- 183, 665. Proton
NMR anal ysis reveal ed a

15 - EXAMPLE 26
To a 500 ml round-bottomed flask equipped with a Teflon® coated stir bar

was added the 5-r-butylester of norbornene (9.0 g, 46 mmol, exo, endo mixture),
norbornene (4.3 g, 46 mmol), 2,6-di-z-butylpyridine (40.7 pL, 184 umol) and 1,2
dichloroethane (180 ml). To this stirred solution at ambient temperature was

20 added a catalyst solution prepared by reacting allylpalladium chloride dimer
(168 mg, 460 mol) with silver hexafluoroantimonate (316 mg, 920 pmol) in
1,2-dichloroethane (20 ml) for 5 minutes and then filtering through a micropore
filter. The resulting yellow solution was heated to 55°C and the reaction was
allowed to run for 20 hours before the resulting polymer solution was added to

25 excess methanol causing the polymer to precipitate. The copolymer was isolated
by filtration, washed with excess methanol and dried ovemnight at 80°C ina
vacuum oven. The isolated yield of copolymer was 7.12 g (53%). In order to
remove palladium catalyst residues from the polymer the polymer was
redissolved in THF and carbon monoxide gas was bubbled through the solution

30 for 4 hours causing the palladium metal to precipitate as a fine black powder and
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signol at [err] = 3.6 ppmcorresponding to the C(O OCH err] protons.
I ntegration showed that the polynmer contained 12 nol e percent of

I ncorporated ester units.

Exanple 8 5 Nor bor nene (0. 247 g, 2.631 x 10[err] ga)the
met hyl ester ofW@96/37526 nor bor nene- 2- car boxylic acid (exo/ e?ﬂkﬁ%
(0.10 g, 0.65 x 10[err] nole) (80:20 nononer ratio) was wei ghed

into a Schlenk flask in a seal ed gl ove box u:@er inert gas. One n
of CJerr]Herr]d was then added to the nono m xt ure.

((Allyl)yPdd )[err] and AgBF[ err]
(20 my, 10.2 x 10 W%ﬁgﬁ%ﬁiﬁﬂgg\é%ﬁé %P@“Ja‘%ea‘ﬁﬁ'h‘é“ ngim ch
was added 2 m of Cpéitifupbddnd|the polymer solutiod fétotéréd sl 4 &innil. KefiMigSTHFAIC
precipitate was filtered out using a m cropore syringe filter. The

cat al yst sol ution WWM@%‘W@F%#WP@CWmemeWP

sol utkon. The react éﬂaﬁt&?@ Q‘H&]Fg
under stirring for %&Houré {ial ned po yﬁrme{rh%prem pI &?&ﬁ&ﬁ}gm

met hanol , 15 5 fil ira wdpum osemiati80ICLNMR andRmeathads w&€ usedd to shdractérize the

The pol yner yield was, 0. 36 0 The ynmer was soluble in .
CHC [err] and C[errf‘ﬁf"é‘?lr3 %e‘q‘gr(ﬂ% 9"% ’&WB = 51,116. Integration of

t he proton NMR signal at 8 3.6 ppm showed that the polyner
contains 8 nole percent of ' |ncorporated nor bonene ester units. 20
Exanpl e 9 Nor bor nene (0.2 Examplei2¥ x 10[err] nole) and

5- b 2- b I .

Tolerr] ol ) (501 80" monbak e plass visLeshe i Tehidne Satedfifoer S fodky,

fljgsl(; ![ n ?hgl oMe bos. lL(M:aStmﬂwapy&sb1cﬁhﬂQ2m1 hdptdidnﬁ{eﬂbﬁﬁi-&ﬁiﬂzm{%l[icamd
ed to the nononer ure er X err

ﬁnl e) and ﬂ:ﬁgﬂéf fazféﬂ%ﬁﬁi’[“* Hﬁﬁeﬁ’#‘}“ e, E%‘Q

into a sanple vial y%stﬂﬁﬁ&clomethane,ﬁﬁ%oﬁﬂ%v%dﬁﬁﬂs
forma catal yst sol utlon The catal yst solution was StII’I’ for 20

“minutes. AgQ preci pimaspheresd 10mliglass viabequinped with adeflanYenated stir bar was
sol ut Fon. " The  cat al koot d.B528 B, 0895 a6 il ERAE il 4 07 200

15 monomer to catalyst ratio of 500/1 and 2 ml of methylene chioride. In another
10 ml glass vial was charged with 0.0615 g (0.179 mmol) of silver hexafluoro
antimunate and 2 mi of methylene chloride. The catalyst solution was prepared
by mixing the allylpalladium chloride dimer solution with silver hexafluoro
antimunate solution inside the dry box. Immediate precipitation of the siiver

20 chloride salt was observed, which was filtered, to obtain a clear yellow solution.
The active yellow catalyst solution was added to the monomer solution viaa
syringe at 60°C and the reaction mixture was allowéd to stir for 15 hours at room
temperature. No appreciable increase in viscosity was observed and the solution
was filtered through a 0.5 p filter, bubbled with carbon monoxide filtered through

25 a 0.55 p filter, and later concentrated using a rotovap. The thick solution was
dissolved in methanol and ppt into water to obtain a white solid in 28.7% yield
(2.98 g). The molecular weight was observed to be Mn = 4,900 g/mol and
Mw = 7,230 g/mol (GPC in THF, polystyrene standards). Both '"H NMR and IR
indicated the presence of t-butyl groups and the diethyl ester functionality in the

30 polymer. '
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stirred for 21 hours. The polynmer formed was precipitated in nmethanol,
filtered, and dried under vacuum for 12 hours. The

yield was 0.264 g (53.8% . The polynmer was sol ubl-e in THF and
insoluble in CHC [err] and CJerr]Herr]d. Infrared analysis r?li_lg!@fj,?g’

signol at 1690 wopeI7sis 5 whi ch shows that the norbornene &

acid was incorporated into the pol yner .
Exanpl e 10 Nor bor nene (0.5315%, 5.64 x 10[err] nole) and
5- nor bor nene 2-carboxylic 10 acid (endo isOner) (1.33 x 10[err] nol e,

0.183 g) (80:20 nonomer ratio) was E |% into a Schlenk flask in
a glove box. Two m of chl orobenzene was Xampit Zadded to the nonomer

sol ution. ((Allyl)PdCI)[ XvialdgRippéd With & Tefdn®&olld sfiidr and 1.23
AgSbF[err] (55 ng, 16 x é]é@nl%ﬁs Y vvasp\fl,vg ghed |ento gnot her Schl enkgflask

to which vva(sl3tlkmmoda)thfmdrbﬁmehe ovassddedﬁ&iaﬁd@molTMt al yst

solution was stirre m nut es d t '
filtered off. Twent °¥‘ﬁ?[g]e’? Fr?t'_[?qo 1eX0,8X0-2, 3 icqt W&"F%E‘Pé\'/g@%ﬁés%ﬁ%ed into
the nmonomer solgiti ousamnﬁ:bl rdf@ﬂutﬁr&&teﬁ&nmbﬁtﬁeﬁé, followed by soHaImfmemy distilled
solution was then added to the nmonomer sol uti on under nltrognod?p

The sol ution becanedmbbyomtb%@dvﬂﬁ solytion wap degagsed ypder AAfter

45 m nut es reactlon |[f§la¥ @?ﬁn Q‘@ﬂoﬂ;ﬁ: Fﬁrma}%g myrrer
whi ch 20 was recove ed a8 Ak t?urrp he pol ymer was washed and

dri ed under 0,038L1g (0. m4ﬁﬁiobmﬂmylpﬂhdmﬁcﬂllnndsdlﬂ¢renynmln¢nwaecaalyﬂ7 g
(65% . The polynmer was

t etrachl or oet hyl ene“&‘ﬁd’ffpﬂ/.l aﬂﬂbr“ﬁf%lfg’f% 5‘%‘{ r M" ]‘(gnﬂ §%!b“%ler ; ]r r]

showed that thgy nor bRARRNRItR00% 5'E(0.208GaASIPSExiver ieRifuord antidming@@kd 2 mi of

methylene chloride. The catalyst solution was j:l_'epared by mixing the
allylpalladium chloride dimer solution with silver hexafluoro antimunate solution
inside the dry box. Immediate precipitation of the silver chloride salt was
observed, which was filtered, to obtain a clear yellow solution. The active yellow

15 catalyst solution was added to the monomer solution via a syrine at 60°C and the
reaction mixture was allowed to stir for 15 hours at room temperature. No
appreciable increase in viscosity was observed and the solution was filtered
through a 0.5 p filter, and later concentrated using a rotovap. To the thick
solution was added hexane to obtain a white solid in 78.1% yield (7.85 g). The

20 molecular weight was observed to be Mn = 3,056 g/mol and Mw = 12,900 g/mol
(GPC in THF, polystyrene standards). Both 'H NMR and IR indicated the
presence of t-butyl groups, norbornene, and the diethyl ester functionality in the

polymer.

25 Example 29
To a 25 ml glass vial equipped with a Teflon® coated stir barand 1.23 g
(5.04 mmol) of pure bicyclo[2.2.1]helpt-5-ene-exo,ex0-2,3-dicarboxylic acid
diethyl ester, followed by 25 ml of freshly distilled dichloromethane, and the
solution was degassed under argon atmosphere. A 10 ml glass vial equipped with
30 a Teflon® coated stir bar was charged with 0.00615 g (0.0168 mmol) of
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Exampl e 11 Copol yner of NB and the pentanoic acid ester of
5- nor bor nene- 2- nmet hanol . To a 50 m ¢l '

equi pped with ORI’ err] coated stir bar was added 5 nmsﬁé@gn

(2.21 g, 23.5 mmol ), 1, 2-dichloroethane (40 m) and the pentanoic
ester of 5-norbornene-2-nethanol (1.11 g, 5. 359mml, exo, endo 20/80). To
this

allylpalladium chloride dimer in a monomer to catalyst ratio of 500/1 g and 2 mi
of methylene chloride. Another 10 ml glass vial was charged with 0.0115 g
(0.336 mmol) of silv.er hexafluoro antimunate and 2 ml of hethylene chloridé.
The catalyst solution was prepared by mixing the allylpalladium chloride dimer
5 solution with silver hexafluoro antimunate solution inside the dry box.

Immediate precipitation of the silver chloride salt was observed, which was
filtered, to obtain a clear yellow solution. The active yellow catalyst solution was
added to the monomer solution via a syringe at 50°C and the reaction mixture
was allowed to stir for 15 hours at room temperature. No appreciable increase in

10 viscosity was observed and the solution was filtered through a 0.5 y filter, and
later concentrated using a rotovap. The thick solution was dissolved in methanol
and precipitated into methanol/water mixture to obtain a white solid in 65% yield
(0.75 g). The molecular weight was observed to be Mn = 2,715 g/mol and Mw =
3,780 g/mol (GPC in THF, polystyrene standards).

15

Example 30
To a 50 ml glass vial equipped with a Teflon® coated stir bar was added

7.25 g (37.5 mmole) of the t-butylester of norbornene, 1.9 g (12.5 mmole) of
methylester of norbornene, 50 ml of freshly distilled dichloroethane and the

20 solution was degassed under argon atmosphere. A 10 ml glass vial equipped with
a Teflon® coated stir bar was charged with 0.0365 g (0.1 mmol) of
1-allylpalladium chloride dimer (to ultimately give a monomer to catalyst ratio
of 500/1) and 2 ml of dichloroethane. Into another 10 ml glass vial was charged
ﬁth 0.0344 g (0.1 mmol) of silver hexafluoroantimonate and 2 ml of

25 dichloroethane. The catalyst solution was prepared by mixing the allylpalladiom
chloride dimer solution with silver hexafluoroantimonate solution inside the dry
box. Immediate precipitation of the silver chloride salt was observed, which was
filtered, to obtain a clear yeliow solution. The active yellow catalyst solution was
added to the monomer solution via a syringe and the reaction mixture was

30 allowed to stir for 20 hours at 60°C. No appreciable increase in viscosity was



stirred solution at anbient tenperature was added a catal yst sol ution
prepared by reacting catal yst conponent A

(met hoxynor bor nenyl pal | adi unthl ori de di ner) (73 nmg, 138 [err]nol)
wi th silver hexafluoroantinonate (95 ng, 277 [err]nol) in 10

1, 2-dichl oroethane (3 m) for 30 mnutes and then filtering through a

m cropore filter. The reaction was allowed to run for %% g§i|[7§
before the r eaWQ@I6/3q8A6t ent s were poured into an exces¥ 2nol .

The pol yner was washed with excess met hanol and dried. The yield of
copolynmer was 2.73 g. The presence of the ester-bearing nononmer in
the copol yner was verified by infrared anal y@s whi ch 15 showed bands at

1741 cnjerr] (C=0 stretch) .and 1171 cmerr].(C O C stretch).and the
absence of unconver PRsETvea RYhEalids Badprseipitgife) in the solution, the solution was cooled,

Exanpl e 12 concen%t{%teg%F?AtX%E a:ﬂ!‘prwpi%éﬁ %ﬁ%@ﬁ% Hahile ester of

5-nor bor nene-2- 20 ass vi al
equi pped wi th a Tef poipmer. Yjeld o 2t3cg] 26%4. r'THepolymwes wasidtied in vacuum atnennibor nene

(2.17 g, 23 mml), 1, 2-dichl oroethanpe.(4 and 1 he nt i C id ..
ester of 5- norborneﬁwwy@@%apgf%”ﬁﬂfﬁ“fmgﬁﬁ,te wag pbigined ip,
this stsl I I eGHFUsingipBystifend Blah@inds. THERRkLIF ReigRSwadbsdvel odeal Y St

sol ution prepared by 25 reacti ng norbornadi enepal | adi um di chl oride (38

ng, 141 [err]nol) . wMaiT 1950 gmole and M, = 315Q gfmele r FENMR indigated thspresgncenfo
1) in 1,2-di 0. 0
1 tering o hrough aot SioREA RR iyl el of ibomene and olsifs i Bt BEM1 |

run for 16 hours behydrelybdieproduet; theracidont ents were poured into an excess

of methanol. The pol yner was washed with excess nethanol and dried. The 30
yield of copolyner was 2.08 g. The presence of the ester-bearing nononmer in

t he : O 96/ 37526 Example 31
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To a 50 ml glass vial equipped with 2 teflon coated stir bar was added

2.42 g (12.5 mmole) of t-butylester of norbornene, 5.7 g (37.5 mmole) of
methylester of norbornene, 50 ml of freshly distilled dichloroethane, and the
solution was degassed under argon atmosphere. A 10 ml glass vial equipped with

15 a teflon coated stir bar was charged with 0.0365 g (0.1 mmol) of allylpalladium
chloride dimer in a monomer to catalyst ratio of 500/1 and 2 ml] of
dichloroethane. Into another 10 ml glass vial was charged with 0.0344 g
(0.1 mmol) of silver hexafluoro antimunate and 2 ml of dichloroethane. The
catalyst solution was prepared by mixing the allylpalladivm chloride dimer

20 solution with silver hexafluoroantimonate solution inside the dry box.
Immediate precipitation of the silver chloride salt was observed, which was
filtered, to obtain a clear yellow solution. The active yellow catalyst solution was
added to the monomer solution via a syringe and the reaction mixture was
allowed to stir for 20 hours at 60°C. No appreciable increase in viscosity was

25 observed, but solids had ppt in the solution, the solution was cooled, concentrated
in a rotovap, and precipitated into hexane to obtain a white polymer. Yield =
2.05 g, 25%). The polymer was dried in vacuum at room temperature and
analyzed using GPC for molecular weight. GPC was obtained in THF using
Polystyrene standards. The molecular weight was observed to be M, =

30 1440 g/mole and M,, = 2000 g/mole. 'H NMR indicated the presence of both



copolynmer was verified by infrared analysis which showed bands at 1741

cnjerr] (C=0O stretch) and 1171 cnferr] (G OC stretch) and the
absence of unconverted ~ nononer (proton NVR). 5

Exanpl e 13 Copol yner of NB and the pentanoic acid ester of
5- nor bonmene- 2- met hanol . To a 100 m gl ass vi al

equi pped with a Teflon[err] coated stir bar was added 0

(4.15 g, 44 rth??‘BI’??J- di chl oroet hane (50 m) and the pent ano%’g&%‘g’
ester of 5-norbonene-2-nethanol (1g, 4.8 mml, exo, endo 20/80). To this
stirred solution at anbient tenperature was added a catal yst sol ution

prepared by reacting allylpalladium ch®lori de di mer (9 ng, 25
[err]mol) with silver hexafluioroantim)n te (18 ng, 52 [err]lnol) in

1, 2- di chi or oet hane (@sthyl gnd tghutyl ester of npsbarpens and also,asmalkameynt o the trutyh ough

a mcropore filter. pRglyz6fpbiie H@scid allowed to run for 20 hours
before the reactor conténts were poured into an excess . of net hanol .
The pol yner was washed with excess nethanol and dried. The yi el d of
copolynmer was 4.61 g. The nol ecul ar wei ghtg.of h%copolymar was :

det erm ned using GPC net hods and found to €X%0 (Merr]) with a

pol ydi.spersity f 2.6. Tirgabeadehesvial eduiifed Sitha- TeAan® dodtedREPHER was Bdddae 20
copolymer was verified by infrared analysis which showed bands at 1741

crierr] ( =0 &1 amole)nef pureof Rigyclal2 (1 thepl-Fene-gxor-2tibutybd t he
absence of unconver AR Elk@! cen o
Exanpl e 14 35 ' tegéj-}m%g%ﬁer of0 xﬂ%%ﬁ]‘ﬁ@l e b- tl-sbnl}lt ?/ﬁﬁeeg?lgrdl%lfued

nor bonene car boxyl i eethyilehe chloride and 10 mi of méfhanal, atdthersolgticrswas/deghssedjundep e d
with a Teflon[err] coated stir bar, s ,adde . . N orgyen 4. 01 g,
108 oy, 15 i o AR steeRheee. g0 e Yl wuinped wishojeBGhY Foated st bar O
nor bomene car baxyl i Gvad ehedgddavith 0.06588 2020158 %A0l) 6N QullFipsllati@n chibfidé Binter

stirred solution at _anbient tenperature was a a catal yst solution

prepared by 30 r &b mopemer tp gatalystiratin fA0OH aggieZg@ of methyleneghiegide. Jint
[err]mol) with silVghamer 10 ml glass vial was charged with 0.0108 g (0.0312 mmol) of silver
hexafluoroantimonate and 2 m! of methylene chloride. The catalyst solution was
prepared by mixing the n3-allylpalladium chloride dimer solution with silver
15 hexafluoroantimonate solution inside the dry box. Immediate precipitation of the
silver chloride salt was observed, which was filtered, to obtain a clear yellow
solution. The active yellow catalyst solution was added to the monomer solution
via a syringe at 50°C and the reaction mixture was allowed to stir for 16 hours at
room temperature. No appreciable increase in viscosity was observed and the
20 solution was filtered through a 0.5 filter, concentrated using a rotovap. The
thick solution was dissolved in methanol and ppt into methanol/water mixture to
obtain a white solid yield (65%). The molecular weight was observed to be
Mn = 10,250 g/mole and Mw = 19,700 g/mole (GPC in the THF, polystyrene
s:(andards). "H NMR indicates the presence of both methyl and t-butyl ester of

25- norbornene.
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hexaf | uoroanti nonate (19.6 ng, 57 [err]nol) in 1,2-dichloroethane (3 m)
for 30 mnutes and then filtering through a mcropore filter. The
reacti on was allowed to run for 20 hours before the reactor
contents were poured into an excess of nethanol. The %ﬁm
washed with ex¥9868B2hanol and dried. The 5 yi el d of copol'yner was
4.15 g. The nol ecul ar wei ght of the copol yner was det erm ned usi ng
GPC nmet hods and found to be 618,000 (Merr]) \g’hth a pol ydi spersity
of 7.1. ' Exanpl e 15 10

Copol ynmer of NB and the 5-t-butyl ester of ﬁorbo*:e ne carboxylic acid.

To a 100 m glass vial equipped with a Tef 55?8 :}? coated stir bar was

added nor bor nene T&aiﬁml]?lasigfiﬂ efilipped with £ Tefon® coutadbstin dacwiscdded )
and the 5-t-butylester nor bor nene ([é#gu 10.3 mmol, exo, endo

m xture). To this sti-%sc(la&mmﬁ%oamofbicyclo hept-5-cRaprOXOsE was added
| | adi thyl h 2, ' , | bor at
P o) oY ek ol kel 355 (116l drk A BY D07 21 )

was allowed to IS]chn fnm"rb&acl:ﬂwfurl]lsw&hllﬁ)olinﬂ bﬁﬁ'éshbmisﬂ(]jle(tﬂﬁthgh thé& chieride zﬁﬁuIOatlﬂ g
into an excess of nethanol. T polyner was wasne W t excess net n an
dried, redissolved o b 58 %ﬁ@ﬁa%%%seﬁp@ﬂw%wms ?%Aé@@?of

methanol . filtered afgssWis Bgelod'vid/ BPTERRMC cole] fir Sar vl Thdrkedith 0918812 .

vacuum 20 oven overnight "at” 80[err]C. The yield of copolynmer was
The nol ecul ar (0.043imyhol) of aliyipalladiwst Me\merdao giverh mogiomet togatalyst

2.3 The presence of Pier SRV sl fipmechled o o oty YE i B Vb,
verified by infipar edchafRld ¥iths0.0357 gh(0siod\umtlol) DT ciiver hexafluoroitindondte abd R ailrdf
(G0 sLreteh) and L1t Lo Or Sl SRS I AERES B 2
allylpalladium chioride dimer solution with silver hexafluoroantimonate solution
inside the dry box. Immediate precipitation of the silver chloride salt was
observed, which was filtered, to obtain a clear yellow solution. The active yellow
15 catalyst solution was added to the monomer solution via a syringe at 50°C and the
reaction mixture was allowed to stir for 16 hours at room temperature.’ No
appreciable increase in viscosity was observed and the solution was filtered
through a 0.5p filter, concentrated using a rotovap. The resulting viscous
solution was dissolved in methanol and precipitated into methanol/water mixture
20 to obtain a white solid yield (23%). The molecular weight was observed to be
Mn = 15,700 g/mole and Mw = 32,100 g/mole (GPC in THF, polystyrene
standards). 'H NMR indicates the presence of both methyl and t-butyl ester of
norbomene. Thermogravimetric analysis (TGA) under nitrogen (h.eating rate
10°C/min.) showed the polymer to be thermally stable to about 155°C and then
25 to exhibit 'approximately 20 wt. % loss by 290°C (indicating clean loss of the
t-butyl groups as isobutylene to afford the homopolymer of 5-norbornene-
carboxylic acid) and then degradation of the polymer at around 450°C.
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Exanpl e 16 ' Copol ynmer of NB and t he phenyl ci nnam cester of
5- nor bor nene- 2- et hanol . To a 50 ml gl ass vi al

equi pped with a Teflon[err] coated s{THISSHEERHAS 5 nor bor nene
(2.11 g, 22.4 mol), 1,2-dichloroethhne (HEPFALERD '
phenyl ci nnamat W&A6@7526f 5. norbornenejmﬂ- - 2 g, 4 S {Us%&mg?lsendo

m xture). To this stirred solution at anbient tenperature was added a

cat al yst sol ution prepared by reacti ng al Iyl pal | adi um chl ori de
dimer (36.7 ng, 100 [err]nol) wth si \3/ hexaf | uoroanti nonate (76
ng, 208 [err]nol) r\g#é_’ hl oroet hane (3 m) 10 -for 30 m nutes and
then filtering throu roporefilter. The reaction was al I owed

to run for 3.5 hours before the reactor contents were poured into an
excess of nethanol. The pol ynmer was washed with excess net hanol and dried

in a vacuum oven lover i Rtycystic abiiion polymer javigg & melesplag wpight shove was

2.78 The h L.y mer
was Vgl’l fied by inf rar ed aﬁm&%ﬁﬁw an sfbtgnéd %@%ﬁfér r]

(C=O stretch) apd 1 J:ﬁ&’re(ﬁiiioﬂbﬂdlly(sﬁbsfﬁhﬁed polycyclooldﬁn@) albge arrin comnbinatbmewitk o

unconverted nononer r ot

Exanpl e 17 (grenore NF%yﬂréqbsgpnq@%clooleﬁn(s), wherein said functionally

N- phenyl nor bor nenedi g8&hawk Pl%clo%ﬂaﬁn(s) and sa1d Hirétarbyl %sﬁh&&%ol&b?élo&ﬂﬁh@pw
with a Teflon[err] coated stit "bar was ad nor bor nene (1

18.3 mml), 1, 2-di cmwmx@@fomyﬂmd

N- phenyl nor bor nenedi carboxi mde (1.01 g, 4.2 mmvol, endo isonmer). To this
stirred solution at anbient tenperature was added a catal yst sol ution
prepared by 10 reacting allyl paglladi um chlori de di mer g38.5 ng, 106 :
[err]mol) with silver 25 heﬁg udr o tlnDnate J8[32. T/ 228 [err]nol) in
1, 2-di chl oroethane (3 m) iR®ering through
a mcropore filter. The r§ ﬁpr 3.5 hours
before the reactor content™s\A into an pxcess of net hano
The pol yner was washed with exte gidhanol and dried”ifin RS a vacuum
oven overnight at 80[err]C The yleld of copolymer was 1.71 g. The

15 wherein R! to R* independently represent hydrogen; hydrocarbyl selected from
the group of consisting of linear and branched (C,-C,,) alkyl, (Cs-C,;)aryl; or a
functional substituent selected from the group -(CH,),-OH, -(CH,),,-C(O)-OH,
~(CH,)»-C(O)OR" , (CH,),-OR", -(CH,),-OC(O)OR", -(CH,)-C(O)R",
-(CH,),,-0-(CH,),-OH, -(CH,),,OR" wherein m independently is 0 to 10 and R"

20 represents linear or branched (C,-C,,) alkyl or the group:

This Sheet Has Been Reﬂlaced

(T
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30 presence of the functtonal nononer 1 n the copolynmer was verified by

nf rar ed VO 96/ 37528, 1 Bmlil;imd
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anal ysi s whi ch showed bandH“lem&ml Hrr] (C=0O stretch) and 1172 cnjerr]
(GoC stretch) an of unconverted nononer (proton
NWVR) .

es 18
Copol ymer of NB“éﬂa"N-s%enyl nor bor nenedliTHiG Sﬂﬁ_ﬂ’rﬁﬁ ) P‘i?rmsm?[gnés 50

m glass vial equipped with a Teflon[¢rr] RERLAEEBtir bhr was added
nor bornene (2.08 g, 22.1 mol ), 1, 2-di oe ne (40 m) and

N- phenyl nor bonenedi car boxi mde (1.01 g, 4.2 mmol, exo isoner). To this
stirred solution at anbient tenperature was added a catal yst sol ution

prepared by 10 reacti al Iyl pal | adi um chl ori de dimer (39ng, 10
[err]mol) with silver_@_&pﬁm .@ pnate (73 Mgy 21L& 1) in
1, 2-di chl or oet hane (3 ni r XAy nut’es a hen filteri hr ough

a mcropore filter. The reaction was al lowed_to r'un?or 70 hours
before the reactor cont@v\e _e___gourntg an + t hanol .
The pol yner was washed exces AN\hanol "and dr in'a 15 cuu
oven overnight at 80C. The yield of copolynmer was 2.11 g. The

presence of the function nononer i nAe copol yne s verifieg=Ry
infrared anal yﬁ@i—eh =3, ,u-<@ Y at e X ch) -
and 1161 cnferr] (G OC stret ch—4nd the ab ce of unc érted

nmononer (proton NWVR). 20 Exanpl e
19 To a gl ass vi qui pped with a Te [err] coated
stir bar was added cCEOMNH: &, of 1 —>Yy, 11.3

mol , exo, endo m xture).” 1o this

wherein Y is hydrogen, C.H,,.,, C,H,,,,0, C, H,,,;0C(0), or -CN, wherein z is an
integer from 1 to 12; R'and R? can be taken together are (C,-Cy) alkylidine; R’
and R* can be taken together with the ring carbon atoms to which they are
attached to form an anhydride or dicarboxyimide group; wherein at least one of

5 R!to R* must be a functional substituent.

2. The polymer of claim 1 wherein the repeating units derived from
the functionally substituted polycycloolefin have the following structure:

10

R4
15 R? RS

wherein R!to R* and n are as defined above.

* [+ L M S *



stirred nononer at anbient tenperature was added a catal yst solution

pr epar ed by react.i |yl pal L adi um chl oride diner (27 ng, 74
[err]mol) in 1,2-dichl o?h's etﬁas hRep m) with silver tetrafl uoroborate
(60.6 ng, 311 [err]nol) i i I] et hane (8 M) for 5 mnutes
and then filtering throu fildler, The reaction was

al lowed to run at. anbient tenperature for SHEERD re thep&fipsdsyass
contents were WOA#EH26 nt o an excess ¢f netﬁ@p]_(A(I(’:m% | ymer e
precipitated and washed with dj driied overnight in a
vacuum oven at 60[err]C. 30 The yield of pgkyner was 1.4 g (64% . The
pol ymer was characterized by proton 96/ 37526

PCT/ US96/ 07313

: . . . .53
NVR and infra-red methods: Thgh?P?@B’ﬁ&?ﬁ%ﬂ%hﬂ%ﬁnﬁemu%&qeﬂ?ﬁdﬂ%mt 0
the |, tertiar ymbindioffy SbsiufidboRitscldolefimidtiydroerbgubstithtedt r et ches

attributable to the free carboxylic acid (indicating no | oss of

i sobutyl ene during tpelygyeloplefin haveithefollowing.structutgsr k up or dryi ng steps).
Thermogravinetric analysis (TGA, 10[err]C per mnute, 5 30[err]Cto
800[err]Cin nitroge [ rned j fsi-op—showrg—ah—onset of

wei ght | oss at gbout 230[ efr fpht | oss of 29%
(theoretical for isobR The nol ecul ar wei ght

of the honopol yner was nmet hods and found to be
54,150 (Merr]) and 14,900
" Exanpl e 20 '

d wth a Teflon[err].

coated stir bar was added \q’l‘s‘S-t-but otg'norbornene (2.2 g,
11.3 nmol, exo, endo m xtu 4 Tq ¢t % - R tijre® nonomer at anbi ent
tenperture was added a catal y®2 &} ution prepar ®® R? by reacting
al I yl pal | adi umighl oride diner (6.75 ng, 18 [err]nol) in 15 '
1, 2-dichloroethane (6 m) with silver tetrafluorgborate (15 1 r’rg 37
[err]nol) in wherein R! to R? are defined as above; n and m" independently are U,'1, 2, 3, or 4;
and a and b represent the number of random repeating units in the polymer
backbone.
15 4. A polycyclic addition polymer having a molecular weight above

about 10,000 (M,) consisting essentially of repeating units formed from one or
more functionally substituted polycycloolefin(s) alone or in combination with one
or more hydrocarbyl substituted polycycloolefin(s), wherein said functionally
_ substituted polycycloolefin(s) and said hydrocarbyl substituted polycycloolefin(s)
20 are represented by the formulae:

al xS
R? RS
RS R’
25 - n (CH2 } r-n—Q - n Rs

wherein n is 0 or 1; m is 0 to 10 R! to R® independently represent hydrogen;
hydrocarbyl selected from the group of consisting of linear and branched

T



1 ,2-dichloroethane (8 mM) for 5 mnutes and then filtering through a
mcro Or €  This Sheet Hids Bes@IRep la'dae reaction was allowed to run at anbi ent

terrperature f before the reactor contents were poured
into an exces The po _ was precipitated and washed
w th excess hexane an ried overn| GHIS SMERT 20 oven at 60[err]C

The yield of polymer was 0.5 g (230. T S | zed
by proton NMWR MS&H@R@" The ol ecul lﬂfﬁ‘f_’ the | hon%%ﬁéﬁims
determ ned usi ng GPC net hods and found to be 31,200 (Merr]) and
23,100 (Merr]), polydispersity 1.35. 25

Exanpl e 21 To a 50 m gl ass vi a?G equi pped with a Teflon[err]

coated stir bar was t i epe, (1.0 g,
5.2 mml, exo, endo &k%?a“‘yl (ICGQF?PE:YISR anﬂ%%@ﬁ{g%&ﬂ@ﬁ%ﬁ%ﬁ(& 8 (I entg
t Flrrper alt :JI’ S' was ﬁld d egillqhdqieﬁdn,d?% 1s;ldun¢uonallssu}mmm}e)cted froxﬁl thblgrdup&g%mﬂﬁg of
a al I adi um chl ori de, dj ner . : rrlmol) with silver

t_et?/a!‘O | uor obor at e (15.811"2:@&)‘29171’ ‘[Q(pg?ggl»‘) 'h"gﬁ((bpgbeﬁm (‘Qd% 08; 5
m nutes and -OR®) A3 8RGH-R", where R" is linear or branched (C:-Cyo) alkyl, with the

PCT/ US96/ 07313
then filtering througovdsorthatmden neisflidntl€} is thehradical 2QC(Q)FR (wberaRlipalkyl dro r un

at anbi ent teag}ifrature f or %? OUL.S before the reactor contents
were poured into an “ﬂé?‘h Pr greater proportion

precipitated and was/Rdnsle (Weight )thanthee:hﬁ%&ﬁ@oﬁ%ﬂﬂ:ﬂhﬂﬁﬁ?mﬂh&ht ina
vacuum oven at 60[err]C The y| el d of pol yner was &réh The

pol ymer was char act eripdependstt nﬂmmlﬂmshedmecm)aﬂcyl (

wei ght of the honopol e %

found to be 14, 570 (VeF rE"W acng‘ &@%8& !r%!’l,g)tgc%ib? @e%gm" ’
R’ and R® are taken together w1th the ring carbon atoms to which they are
attached to form a saturated or unsaturated cyclic group of 4 to 12 carbon atoms.

5. A polycyclic addition polymer consisting essentially of repeating

units formed from one or more functionally substituted polycycloolefin(s) alone

15 or in combination with one or more hydrocarbyl substituted polycycloolefin(s), |
terminated with an olefinic moiety derived from a compound having a terminal
olefinic double bond between adjacent carbon atoms excluding styrenes, vinyl
ethers and conjugated dienes, and at least one of said adjacent carbon atoms
having two hydrogen atoms attached thereto, and wherein the moiety derived

20 from said chain transfer agent is exclusively located at a terminal end of said
polymer, wherein said functionally substituted polycycloolefin(s) and said
hydrocarbyl substituted polycycloolefin(s) are represented by the formulae:

Rr! RS
25 VA 6
R3 R’

Tn R4 n Rs

A O8NV



Exanpl e 22 10 To a 50 nl glass vial equpped with a Teflon[err]
coated stir mrShMHas&!idﬁtb laced the 5-t-butyl ester of norbornene (2.0 g,

10. 3 mml, ex ~To this stirred nononer at anbi ent
terrperature Iyst SOl r epar ed by reacting .
al lyl pal I adi u edlrrer (9.4 pIHISZSHEEY with silver

! A , .
hexaf | uor oant i nonat e 24.9 ng, 72 [gerr] ' , Ijchl or oet )
for 15 5 miWO963720d then filtertmy “En"lh ED i crjopor e flpg’g&sgéﬁém
reacti on was al |l oned to run at anbient tenpe€fature for 36 hours
before the reactor contents were poure6q I nto an excess of nethanol .

The polyner was precipitated and washed W th excess hexane and

dried overnight in a ac.u n at i el.d . of
was 1.0 g (50% . The ’\é 8‘5{6‘3 ‘B@’ frofgsky Lsslected o, o s

The nol ecul ar wei ghtthe mﬁ@g Bi'ﬁicﬁé uﬁcnchBQ) l;ora
nmet hods and found to be 30, 400 (I\/[err]) and 20, 500 err I-PO yd| Spersity
1. 40. functional substituent selected from the group 2@ 2)m.c(o).()H

To a 100 m gl ass vi o[t a Le ir

added 25 the 5-t-b Ltlf‘(E’SS f? 'S%Qf}ar‘%ig %'@b@a& gg%b Cé@iﬁ ’endo

m xture) and § -(GH O-(CHY,-OH, (OH,) OR wilidrdin mlindépendently is 0 &0 G @iaRrer
at anbient tenperature 2 was g(dd %%3%}lcyu;St sol ut |noz prepared by
reacting allyl pallaoﬁem?ﬁmwbm“ﬁb?d( 10 k&f 9%?3? 325 [err]rml) Wi th

silver hexafluoroantinonate (311 ng, 900 [err]rml) in

, 2-di chl oroet hane (50 ma3=for 5 m nute nd then erlng throu 2
m cropore 30 filt H:l:tﬂ SW-V=V-¥"Ya @ v
viscosity markedly with o 9‘6/ 37 !

PCT/ US96/ 07313

]'Ehan a mnute but theyto rI‘Léj_Lq,re
or
_Q_N:N——Q—Y, —@—cmo—@—y.
—Q—C(O)NH—@—Y; —CH=CH—©-—Y

wherein Y is hydrogen C,H,,,;, C,H,,,,0, or C, H,,,,0C(0), or -CN, wherein z is
an integer from 1 to 12; R'and R? or R* and R* taken together are (C,-C,)
alkylidene; R' and R* can be taken together with the ring carbon atoms to which
10 they are attached to form an anhydride or dicarboxyimide group; wherein at least
one of R! to R* must be a functional substituent; R®, R, R’, and R® independently
represent hydrogen, linear and branched (C,-C;,) alkyl, hydrocarbyl substituted
and unsubstituted (C,-C,,) cycloalkyl, (Ce-C,o) aryl, '
.(C,-'-C,s) aratkyl, (C;-C,o) alkynyl, linear and branched (C;-C,,) alkenyl, or vinyl;
15 any of R® and R® or R” and R® can be taken together to form a (C,-C,,) alkylidene
group; R® and R® when taken together with the two ring carbon atoms to which .
they are attached can represent saturated and unsaturated cyclic groups containing
4 to 12 carbon atoms or an aromatic ring containing 6 to 17 carbon atoms; and n
is0,1,2,3,0r4.

20
-
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18 hours before the resulting gelled polynmer solution was dissolved in THF
and the polyner precipitated with a nmethanol /water H;X§idét®ias Beeg Replaced
copol yner was isolated by filtration and dried overni

vacuum oven at 60[err]C. The yield of pol ymer was 9.9 4mﬂﬂiﬂ‘|ﬂ‘ml [“‘
pol ymer was characterized by proton NVRTHIS SHEET | : The

wei ght of the honopol yner was determ ngd usigig rretmgﬁ
ﬂ' Jpersity 97%95113

found to be 45WR8637§6err]) and 12, 060-tM-e
Exanpl e 24 10 To a 100 m glass vial equippedwith a Teflon[err]

coated stir bar was added the 5-t-butykgster of norbornene (5.0 g,
26 mmol, exo, endo m xture) and nmet hyl Tetracycl ododecene (4.5 g, 26

mmol ). To this stirred nononer i . . . . . a
catal yst sol ution prepar eg&by r@%@ﬁwgﬁlwgaw%edbwéhﬁﬁmwgﬁe
dimer (90 ng, 246 [ erthé flctiondlly Bulsstihita poeyelddlefi Rive thefollewing c@ddtwey, 15
728 [err]mol) in 1,2-dichloroethane (50 m) for 5 mnutes and then

filtering through a mcropore filter. The reaction was allowed to
run at anbient tenperature for 18 hours before the resulting gelled
pol ymer sol ution was dissolved in THF and the polRher precipitated
with a nethanol /®ater m xture. The copol r was-CH—C isolated by
filtration and dried overnight in a vacu at 60[é?ﬁk@. The yield of .
20 polymer was 9.0 g (95% . The pol ymer/ was\ characterized by proton NWVR
met hods. The nol ecul ar wei ght of the hono r was determ ned usi ng GPC
nmet hods and found to be 18,450 (Merr]). .

EXAMPLE 25 25 To a 500 m roung- kQtt d flask equi pped with a
Teflon[err] coated stir bar was ttem 5-t-butyl ester of
norbornene (9.0 g, 46 nmml, exo, endo mgXyre), R4 nor bornene (4.3 d,
46 mmol) and 1, 20di chl oroethane (180 mM). & grhis stirred sol uti on

at anbient tenperature was added a catal yst sol ution prepared by
reacting allylpalladiumchloride dinmer (168 ng, 460 [err]nol) with silver

30 hexaf | uor oant i nRRtiA R LR dd.n £6 8s definéd 46dve, and Rlandt RN mbdpendailyrane (20
m) for represent hydrogen, branched or unbranched (C, to C,;) alkyl, branched or '
unbranched (C, to C,;) alkenyl, halogen, or the group
15 '
-CH,(CH,),-OR" -CO,-R"

-Si (OR"),
«CH, ),~Si(OR™), c%*c“z’""B{

~CH,),~OSi(R™);
20 -CH,(CH,),-OH OH
2(CH,) -CH), @
-CH,(CH,),-NCO
-(CH)X
. . 0
25 I
-0-C-CX,
wherein R” is branched or unbranched (C, to C,,) alkyl, or unbranched (C,-Cy)
30 alkenyl, substituted or unsubstituted (C,-C,;) aryl wherein said substituents if

present are selected from branched or unbranched (C;-C,,) alkyl or haloalkyl, and
halogen, X is chlorine, fluorine, bromine or iodine, and n' is 0 to 29.

* c L M S *
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5 mnutes and then filtering through a mcropore filter. “ml :
yel | ow solution was heated t Oferr]C and the react

to run for 16 hours before they r sol utlon was added

to excess hexane causing the I tate. r
was isol ated bWVa16(¥528: i on, washed exane a-r?g%g};slg&e}gsyjm
overnight at 80[err]C in a vacuum oven. The isolate€ ield f
copolynmer was 6.97 g (52% . In order to renove ggal | adi um cat al yst resi dues
fromthe polynmer the polynmer was redissolved in"THF and car bon m)noxi de gas

was bubbl ed t hrough the so} uti Oﬂ][ ﬁ’gﬂrﬁ{e&ggﬁ 5)%&%&% cen 5 ﬁg‘iﬁ)‘ét ate

as a fine black powder I'ng suspenS|

and the polynmer 10 the Ginctiomallyrselsstivutedadlyeytioglefin aﬁ:tlliydr@arb‘y'tmxbaﬁﬁﬁdn
nonoxi de treatnent was repea a,second tine and the final THF

d
sol uti on was added tméwekg&héwth%ffﬂﬁmgd‘mm‘ precipitate the white
copol ymer which was separated by filtration, washed with p €Xcess
hexane and dried overnight i oven at 80[er ] C. 15~
EXAVPLE 26 5 §§1k"e i pped with a
Teflon[err] coated stir bar 2-t - but yl est @R" of
nor bornene (9.0 g, 46 mmol, exo nor bornene (4.3 g,
46 mmol ), 2,6-di-t- butylpyr|r| grr]nol) and 1,2
dlchloroethane (180 m). To ; I ent tenperature
was 20 added a catal yst sqil]i 0 ! acLBng al |l yl pal | adi um
chl ori de di ner (168 ny, ﬁgﬂ : 1é exaf | uor oanti nonate
(316 ng, 920 [err]nol) in , 2-di chl oroethahe (20 m) for 5 mnutes
and then filterilig t hrough a n1cropore filter. Thé resulting yeIIow

For 20 hour s befor e 1 WaSPBIL bR GAERI AR ek AQSPRAH e upnd o Frdepadenyare "

excess nethanol causi@q, s oP9! M anld® repreSenk tHeHumber!dTRardoRtE 2 dgﬁﬁ?smthe
and dried

| sol at ed by fi T{ration, washed with excess methanol

overni ght at 80[err] cpqumﬁbackhone vacuum oven. The isolated yield of
copolymer was 7.12 g (53% . In order to renmove pal |l adi um cat al yst
residues fromthe pol yner the polyner was redi ssol ved in THF and

car bon nonoxi de 1§as was bL!be e dA poiyoelibadditiorsaligomenconsisting estentiallly 6fh4d it 50
causing the pall adl U, e Sepesing i thined fom She br oft functioaally Substtbred "
polycycloolefin(s) alone or in combination with one or more hydrocarbyl
substituted polycycloolefin(s), terminated with an olefinic moiety derived from a
compound having a terminal olefinic double bond between adjacent carbon atoms
20 excluding styrenes, vinyl ethers and conjugated dienes, and at least one of said
adjacent carbon atoms having two hydrogen atoms attached thereto, and wherein
the moiety derived from said chain transfer agent is exclusively located ata
terminal end of said polymer, wherein said functionally substituted ~
' polycycloolefin(s) and said hydrocarbyl substituted polycycloolefin(s) are
25 represented by the formulae:

Rl RS
VAR g
r3 r7
30 — \pd » ‘RS

| ) O



WD 96/ 37526 ‘
PCT/ US96/ 07313 This Shy
was allowed to stand overnight at roomtenperature, the resulrlilm

Eas Been Replaced
suspensi on was centrifuged and the polymer sol ution

LI,

a cannula. Resulting THF so‘-u-t-l-en—uas_a.d.d.e_rms & d to an excess of hexane

to precipitate the white copol yner EB¥HAD BREN [separate

filtration, wadR¥IPI%h excess hexahe an®REPLAGED.overrfight 5 q’cq?hr?,gm\:/’gcuum
oven at 80[err]C. NWR and | R net hodS  Were used—to—ehdracteri ze the

material as being the desired copol yner. 0

Exanpl e 27 To a 25 m gl ass vi a? equi pped with a Teflon[err]

coated stir bar was a 9] . u '

] hel pt - 5- ene- exoexo- qu%(;%l %‘a%%%&‘g C am’é‘%pmalyaégééf Wg#@&%@g&%
(11.7 mmol) of t-but vhegroap ofdonsisting@f tinexe and biahehed (C QP Pdlkyl] (C4-C;,) aryl; orfa
freshly distilled dicloroethane, and th sg)l{{gt I on de&&sz&éﬂu&d& argon
at mospher e. Ah10 md ghmetio gﬂls!i\’s"&‘fmsﬁb@ﬂaéﬁ’ %ngl’c (b!)snlr ’ c&e' ( ?;'lﬂH’_bgr
was char ge _C%ﬁﬁzvg_ " _ Y enl ori ae
dinmer in a 15 rronmljr?’)’fo cat aI’yé‘fq‘lzg"atJlﬁo’ g¥ %‘DO/ {@gn%’g@ﬂﬁof@n%t’hyl ene

chloride. In and her {(CHy)y-O-(CHY) AOHH(EHS,ORE! (GHE)C(O)RS, wherkindn 0615 g
0.179 mmol) of silver, hexafl uporo «antinupnate gnd t hyl,ene

((:hl ori de. T%e cat al yé’?de%‘?‘ﬁ? it méoﬁ?de%ammqyﬂmm °@§7"¥’?ﬁ%@'ﬁ‘ﬂ@‘ymﬁ

al l'yl pal I 'adi um chl or iaﬂ&R%f‘R’a:ﬁfR“Méﬁ'iog&Keba?!(C}@Eo)Elﬁjﬂ_iﬁehé;q{‘@nd R* can be

antinunate solution inside the dry box. | mediate ﬁircgm pitation of the
silver 20  chl ori ddaksaltegethes with sharingsarbpp ptomsip whichithey e pttached 4o fame a

2dded Lo t he monomer Kl anydrigd SRSy inidE ol ki Kigge? il 0RO b s
reaction mixturgowas belafonetidnalGubdtituent B, RESRY) end B intependently represent hydrogen,
Sol et on < i Heftand bl msally s fydipafon! bsgtied st psahetnes
Goncentrared using a oo SAIARyCa) mILICRC,) RERYL (€S- YallydfH btk Gid
: branched FC;-C;O) alkenyl, or vinyl; any of R’ and R® or R” and R® can be taken
together to form a (C,-C,,) alkylidene group; R® and R® when taken together with
15 the two ring carbon atoms to which they are attached can represent saturated and

" unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring
containing 6 to 17 carbon atoms; andnis 0, 1, 2, 3, or 4.

9. The oligomer of claim 8 wherein the repeating units derived from
20 the functionally substituted polycycloolefin have the following structure:

R
CH—C
\ R“

25

RrR? R

U O R



di ssolved in nethanol and ppt into water to obtain a white s [Iﬂ ﬁas%B laced
yield (2.98 g). The nol ecul ar wei ght was observed t

g/ mol and Mr= 7,230 g/nol (GPC in THF, polystyrene stF%I< |
[err]H NWMR and IR i ndi cat ed tft Jmé,. esefee—ef—tabut yl

diethyl ester functionality in the 3¢ THIS SHERFHAS BEEN V\D 96/ 37526

PCT/ US96/ 07313 " REPLACED ﬁmsssmsls
Exanpl e 28 WO 96/37526 To a 25 m glass vral e_qui bed With a

Teflon[err] coated stir bar and 1.23 g (13.1 mmol ) of norbornene,

was added 6.2 (26.10 mmol ) of pure
bi cycl o[ 2. 2. 1] hept - 5- ene exo, exo- 2, 3- dlcarboxy? c acid dlethyl ester, 2.61

0 Sty 3ot o) ek S BRERSORR, SR NS ksl

under . argon at nosphefgpredint hydrogen,Harithedidrambrantiad (ot QpatkylyibrdhcBed or
Teflon[err] coated stir bar was charaa(ed W th 0.0381 g (0.104 nmol)

of allyl pal | adi um chiusbraaehedi(Geto G alkenyinhalegen; of tha.gropp st rati o of
500/ 1-and 2 m of nethylene chloride. Another 10 ml glass vial was 10
charged with 0.0715 g (0.208 mmol ) of silver hexafluoro antinmunate and 2 m

of met hyl £ne chl or i-CH,(CH)-QRT al yst sol ut r-ﬁﬁz-Ré{s prepared by m Xxing
t he al Iyl pal | adi um gh@{, de dinmer solution with silver hexafluoro
anti nunate sol ution de the dry box. Immediate preC| pTTat i on of

. the silver chloride salt ,)~Si(OR"9Pserved, whi eﬂ m - to obtain
' S

a clear yellow sol ution. %¢&tive yell ow 15
added to the nonomer sol ut-(Qer).vQ&(& iyrl ne at 60[err] C and the
reacti on m xture was aIIovyé @ g for 15 hours at roomt erature. No
appreci abl e increase in viscd 3‘ was observed anqcﬂé)e@ﬁ on was
filtered 10t hrough aCPLE&HEFNCOfilter, and lat centrated using a
rotovap. To the thick ution was added hexane to obtain a white

solid in 78.1%yiel d (7.85(%5&)«%1

0

i
15 -0-C-CX,

wherein R" is branched or unbranched (C, to C,,) alkyl, or unbranched (C;-Cyp)
alkenyl, substituted or unsubstituted (C4-C,,) aryl wherein said substituents if

20 present are selected from branched or unbranched (C,-C,,) alkyl or haloalkyl, and
halogen, X is chlorine, fluorine, bromine or jodine, and n’ is 0 to 20.

10.  The oligomer of claim 9 wherein the repeating units derived from
the functionally substituted polycycloolefin and hydrocarbyl substituted
25 polycycloolefin have the following structure: '

Rl
¢ 3 3 CFC/
’ \ }a \ b \Ru
30
ot
RET g R g8
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| R O A VA



20 nol ecul ar wei ght was observed to be Mh = 3,056 g/nmol and Mv = 12, 900

g/ ol GDCi*htsfShé&'EasBB lgedene standards) Both [err]H NMR and IR

i ndi cated the m“m t butyl groups, norbornene, and the

di et hyl ester functi T : 5

Exanpl e r"S SHE L%%q‘?ﬁ%‘ped with a Tefl on[ err]
coat ed st|r bar_and 1. 23 g pur e PCTIUS9

bi cycl o[ 2. 2. 1] tﬂpm ne- exo, exo- 2 3 d| carboxylic acid dire hy

ester, followed by 25 m of freshly distilled dichloronethane, and the

sol uti on was degassed under argon atnosphere. A,10 nl glass vial equipped
with 30 a Teflon[err] coated stir bar was charged with 0.00615 g (0.0168
nmol ) of WO /R28 R ' " are de . ..

PCT/ US96/ 07313 Efeth Raxth and R" are defined as above; n and m mdeggndentlyare
al | yl pal | adi um chl ori @gl, @i 3geor 4; anda and basprescnbthe atmberf random cepehtingiits igthand

2 m of nethyl ene c I de. Another 10 ml gl ass wvial was charged
with 0.0115 g Pelm%”g{‘ﬂﬂ') of silver hexafluoro antinunate and 2 m
of met hyl ene chl ori de. The catal yst solution was prepared by m xing
the allyl palladiumchloride dimer 5 solution with silver hexafluoro

anti munat e sol utiSon insi delk.he Theypolymer of claim 5 or § wherdinzseid teyminal plefinicinoietyf
the silver chloride sgl serve
obtain a clear yello ‘%fw%fgﬁ g dll\é\}iee(éy‘ei%%wmsg’fog}’ g.{stA.%gt,fl a-oP

added to the nononer ﬁsﬂmgzmwdaﬂ)oﬁaﬁamstimhnﬂbnéwﬂamahﬁnﬁmddlb%dﬁmw on

‘m xture was allowed to stir for 15 hours at roomtenperature. No
appreci abl e increase in 10 viscosity was observed and the sol ution was
filtered through a 0.5 [erjq gf 11 wi ér@ih%&d?&ﬂﬁﬁf‘&l& ‘E%dit.sdr a
rotovap. The thick sol utlon vva edcllalrxln rretﬁ ﬁ%‘ i

precipitated intl® net kﬂemédlﬁmdmgnwtmnsstim Oﬁbﬂlxlene,@mmlenawﬂm- -perd&i
yield 1-hexene, 1-decene, and 1-dodecene.

13. A reaction mixture for forming a polycyclic addition polymer
comprising one or more functionally substituted polycycloolefin monomer(s),
15 optionaily in combination with one or more hydrocarbyl substituted _
polycycloolefin monomer(s), a solvent, and a single component catalyst system
selected from a catalyst represented by the formula:

[L.PdX,] [ CAlL

20
wherein L represents a ligand containing between 1, 2, or 3 ®-bonds; X represents
a ligand containing 1 o-bond and between 0 to 3 n-bonds; nis 0, 1, or 2 and m is
' 0 or 1, and wherein n and m cannot both be 0 at the same time, and \.;vhen mis 0,
a is 2, and when mis 1, a is 1; and CA is a weakly coordinating counteranion.
25

14.  Thereaction mixture of claim 13 wherein L is selected from the
group consisting of (C,-C,,) monoolefin, (C,-C,,) linear and cyclodno]eﬁns
(C4-C,) aromatic compounds.

* [+ L M S *



(0.75 g). The nol ecul ar wei ght was observed tob_eNh: 2,715 g/ nol and Mwv =

3,780 g/mol (GPC in THF, polystyrendhs Smdasas Re laced
Exanpl e 30 To.a 50 m UI pped with a
Teflon[err] coated stir bar was added g (37.5 mol e) of the

- t-butylester of norbornene, 1.9 g ( met hyl ester of

- norbornene, 50 _m of freshly distil I and the
sol uti on was ddYREHMSunder ar gon at nﬂ'ﬂ%% Hﬁsl gl ass wlgthmesqw Bed
with a Teflon[err] coated stfir baREREAGEDhar geqi with 0.0365 g (0.1
mol ) of [err]-allylpalladiumchlioride,giner (to ultimately give a
nononer to catalyst ratio of 500/1) and” 2 m of dichloroethane.

Into another 10 m ¢l ass g?&\;ﬁgg! ngﬁi& 1)
of silver hexafl uor oant| at e an g'fc}mm i&‘%ﬂ?gr ogl?%}dne. em‘ID
catal yst sol uti on wagraipasietingof 28-dinkethyl-2duehe, yrlabitadientinorbornadiene, and
chloride diner solutign w si |l ver hexafl uoroanti nonate solution inside

the dry box. precipitation of the silver chloride salt
was observed, which was filtered, to obtain a clear yellow
solution. The active yellow catal yst sol ution was added to the
monomer sol utiondvia a sydiénge Thadeaction mixture ofxlaim 33 whereinadGis3élected fabrh thee d

5/\90 gté} ;71‘5(2323 20 hours at 60! er Elcofhjggar%?'@re&' gtabl_cm su%sﬁbsmue%cogl ty was

PCT/ US96/ 07313 subsututed non-cyclic, monocyclic, and polycychc (C5-C,,) alkenyl Ghere said
‘observed, but solids had precipitated in the solution, the solution was

cool ed, conc@nbmwmsdemm&emcmnsu lineay andybranched ane t o
obtain a white Yo The pol ymer was dried
I n vacuum at room (C,-E,‘g,l)%ﬁ‘é%% at U ,gmar}] rq’f“yé%d usi ng GPC for nol ecul ar
wei ght GPC was qbtained in THF usi ng pol ystyrene standards. The
nol ecul ar wei ght was obser r.r 950 and Merr]
= 3150 g/mole. [err]H NVRY nd| tv:-:[g’f’ %‘gﬂ“%)]f:;w fisretn séhd “ﬁy
coordinating couteranion is selected from the group consisting of BF,, PF,,
; AlF;0,SCF;’, SbF, SbFSO,F, AsF, perfluoroacetate (CF,CO;’),
perfluoropropionate (C,F;CO,’), perfluorobutyrate (CF,CF,CF,COy;), perchlorate
15 (C10, - H,0), p-toluene-sulfonate (p-CH,C,H,SO;’) and tetraphenylborates

represented by the formula:
B ‘@/
4 -

wherein R’ independently represents hydrogen, fluorine and trifluoromethyl and n
islto5.

20

18. A reaction mixture for forming a polycyclic addition polymer
25 comprising one or more functionally substituted polycycloolefin monomer(s),
, optionaily in combination with one or more hydrocarbyl substituted
- polycycloolefin monomer(s), a solvent, and a single component catalyst system
selected from a catalyst represented by the formula: '

* c L L] S *



both nethyl and t- butyI ester of norbornene and also a small anmpbunt of the

t-butyl hychhﬁls e the aci d. 10
Exanpl e 31 gI ass vial equipped with a teflon
coated stir bar was mol e) of t-butylester of

nor bornene, 5.7 ¢ ( rrrml e) of I SHEETMSGE jof norbornene, 50 m
of freshly distilled di chl or oet hane|_and REP ACE ol uti onl,%?ﬂ??gﬁsed
under argon at W¥ERE. A 10 nl gl ass Vi th 15 ateflon
coated stir bar was charged with 0.0365 g (0.1 mol ) of allyl palladium
chloride dinmer in a nmononmer to catalyst ratio-gf 500/1 and 2 m of

di chl oroethane. Into another 10 ml glass vial was charged with 0.0344 ¢
(0.1 nmmol) of silver hexafluoro antinunate and 2 ml of dichl oroethane. The
catal yst solution was prepared by m xi ng- t he akltyl pal | adi um chl ori de di ner

20 solution with silver hexafl uoroan{i nomte| sol ution inside the dry

box. | medi ate precipitation of Jthe|siljer chlori-de salt was

observed, which was filtered, t¢ obfain a clear yellow solution.
R Pd| afded to the nonomer

The active yellow catal yst solution was

solution via a syringe and the reaction|m xyurel was allowed to stir .
for 20 hours at %0[err]C. No appreciabl ¢ i ngiealse in viscosity was 25
observed, but solids had ppt in the sol @ion, tlhe solution was cool ed,
concentrat ed in a rotovap, and precipitated into hexane to obt ain a
white polymer. Yieldyferein R, R“’ an"eseeaaffﬁmepamnnphymenmaredeﬂ in
vacuum at room tenperature and | yzed usi ng G°C for | ecul ar

wei ght. GPC was obt aiunbrandhed {G#CJ) glkyl (Cs'cu) aryl; (561'991‘}‘?%'@ gqgﬁggrds. The

22000 g/ mol e ot 1] AR Crapdferbd cjglodipitic, wep? (CRCO A "1
96/ 37526 10 is 1 to 5; any two of R%, R, and R" may be linked together to form a (C;-C,)
PCT/ US96/ 07313 carbocyclic or heterocyclic ring; and wherein CA represents a weald? 1

coordinating counteranion.

19.  The reaction mixture of claim 18 wherein the weakly coordinating
15 counteranion is selected from the group consisting of BF ", PFy, AlF;0,SCF;,
SbF,, SbFsSO,F", AsFs, perfluoroacetate (CF;CO,), perfluoropropionate
(C;FsCO,), perfluorobutyrate (CF;CF,CF,COy), perchlorate (C10,” - H;0),
p-toluene-sulfonate (p-CH,CH,SO;) and tetraphenylborates represented by the

formula:
20 -
KA
4
wherein R’ independently represents hydrogen, fluorine and trifluoromethyl and n
‘islto5.
25

20.  The reaction mixture of claim 13, 14, 15, 16, 17, 18, and 19
wherein said polycycloolefin monomer(s) is selected from a compound

represented by the formulae:

R



methyl and t-butyl ester of norbornene and also a small anpung of, the o

t-butyl hydr ol yzed product, the acid. eplaced
Exanple 32 5 To a 25 m glass vial equipped w :“IM Il“"l"lrll }]
coated stir bar was added - 2 (pubdOd—rrt-ey—ef-mure

bi cycl o[ 2. 2. 1] hept - 5- ene- exo, - 2- t - but | THIS SHEET Hggﬂffﬂ- met hyl ester of

di carboxylic acid followed by 15nm ofjfrestREPLACERi | | ed ne
chloride and 1WR9%8752fet hanol, and t hé—sotottomWwas degassed JH@W&I%

. argon atnosphere. A 10 ml glass vial equipped with a Teflon[err] coated
stir bar 10 was charged with 0.00588 g (0.0158 nmol) of
[err]-allylpalladiumchloride diner I n mononer to catalyst ratio
of 500/1 and 2 m of nethylene chloride. Into anot her 10 m gl ass
vial was charged with 0.0108 g (0.031g1nmol) of silver S
hexaf L uor oanti nonate and 2 nl_ of—re g{re{ne chl ori de. e—¢at al yst sol ution
N R=al | yl pa Moy i

was prepared by m Rréle di mer
solution with silver 15 2 oarﬁjm)nate s ¢ the dry

box. Ftrmmedi ate precipitati OR A . Silve g salt was
observed, which was filtered, to-oblaig# a clear yell ow s R8 Solution.
The active yell osv catal yst solution was added to the nononer sol ution

via a syringe at 50C and_the reaction_ m xture s,allo to stir for, 16
hours at r 00 W’F@F&)@?E&%‘?’EW%}SW@%@P% &‘g@"ﬁ"‘w]\%‘%@sﬁ@}/ was
observed and the 20 éﬂg,\k}y ' : ' R brladd] - efc lo Niakh S
concentrated using aﬂFeo 0 a%#&‘%ﬁéméf'ﬂnsﬁatﬁﬂi ck lgg%\%galﬁmg’s(%i%gﬁ’ggai n
met hanol and ppt i nt dunctiohal sobstitventselected fiomethe group -(CH,),-OH; {CH,)g-CG(0)-O%,

L5 (0 T S AR Ky
standards) . [eridH NVRH,\IOCEES,-OHE-(CHOSORS wheieiratiidepidatly Bdo 10 i B+

ester of 25 nor bor nene.
PCT/ US96/ 07313 WO 96/répreésents linear or branched (C,-Cyy) alkyl or the group:

~ =L . < Oa=
g Sy e W g W
e Y SR o S ) W
R Sy -

wherein Y is C,H,,.;, C,H,,.,0, or C, H,,,,0C(0), or -CN, wherein z is an integer
from 1 to 12; R'and R? or R® and R* taken together are (C,-C,o) alkylidene; R
" and R* can be taken together with the ring carbon atoms to which they are

15 attached to form an anhydride or dicarboxyimide group; wherein at least one of
R'to R* must be a functional substituent; R%, RS, R7, and R® independently
represent hydrogen, linear and branched (C,-C,) alkyl, hydrocarby! substituted
and unsubstituted (C5-C,,) cycloalkyl, (Cs-Cy) aryl, (C-C,s) aratkyl, (C5-Cy)
alkynyl, linear and branched (C;-C,,) alkenyl, or vinyl; any of R® and R® or R?

20 and R? can be taken together to form a (C,-C,) alkylidene group; R® and R_‘ when

A




62 Exanpl e 33 To
a 25 m gl ass Vl'ﬂ{lsgﬂalﬂﬂmnﬂépﬂabeda Teflon[err] coated stir bar was added

3.06 g (12.8 mol |cyclo[2 2. 1] hept - 5- ene- exo, exo- 2, 3-
di carboxylic acid H (12 8 mmle) of t-butylester of 5
nor bornene, follo fre< HH-MS(SHEETIHA&BEW hyl ene chl oride and

10m of rret hanol and the sql uti oRERXCE@egasspd under F%g 13

at nosphere. A e A4S gl ass vi a—equrpped—wrtir—= Tef | on[ e coa
stir bar was charged with 0.0188 g . (0.052 nmmol ) of allylpalladi um

chloride diner (to give a nononer to catal yst ratio of 500/1) and 2
m of nethyl ene chl oride Into another 10 m glass vial was 10 char ged

Wi 00357 0 (0. 104 U hduchfr bich Rl ik Chobh AR bBHEH rep B afaloa

met hyl ene chl oride. The c al yst sol utlo was prep
al | yl pal | adi um chl or |rcln'e&¢nmmratuimdmnsamteﬂ cyclic\gmsupheomimmg#mmz carborwatoms

sol ution |nS|de t he box. . di reci pitagion qQf the silver
chloride salt was Wgﬁﬁ% mﬁ"&\g‘gc‘ﬂ[’) ’Eﬁ““‘i%‘s&at 1o2:3, 8T &1 ear
yel |l ow sol ution. The active yell ow 15 catal yst solution was added to the

nmononer solution via a syringe at 50[err]C and the reaction m xture
was allowed to stir for 16 hou2k at'l'hea‘memrlmufpblm%wheremsmd

bl dth | ut
appr el abl 1 1T <22 e Sl RSB K o En S By
The resul ting vi scousworbornene, S-liydioxiethyl@aofbofiene, Saflethdky hdibodkned 84-

preci pitated i nto nethanol /wat xture 20 to obtain a white solid

yield (23%. The nol SUEr¥sarbanylirporhormens, Sapsthoxyrcarhoayl-2-norborneng, S-carbgxy-go
g/ mol e and Mv= 32, 10Qofbofithe stéattioxirethyiE2-noBbehe/ BEARoic acid eﬁter o?ts%%frﬂ%

[err]H NMR indicates the presence of both nmethyl "and t-butyl ester o
nor bor nene. Thekhogr Zunethanol, octanei¢ geid esterpEAynorhmingne2-methapoh nifeamnoiageidat e

10[err]C mn.) showe st%.hf}‘ s ftﬁgih!e rrall st.abl e .t qt}%JL_Jt 55[err]C

and then 25 to ex% Sgllg‘lpr oXI1 rrte%t e '?{‘b’é'é““ﬁ 55@?’ bl Ln

(indicating cl ean | oﬁanﬂﬁanohei-phenylnorbotneﬂhhx)bbxlgﬁwﬁ'id ﬁ-ﬁorb&ﬁbw-xbﬁi&r lic

af ford t he honopol y or bor nen carboxylic _acid) and then

degradation of the p8M a?“ﬂt?’m S‘%‘F@flﬂ"@r omene, 5-hexyl-2-norbomene,
5-decyl-2-norbornene, 5-phenyl-2-norbornene, 5-naphthyl-2-norbornene,

15 5-ethylidene-2-norbornene, vinylnorbornene, dicyélopentadiene,
dihydrodicyclopemad_iene, tetracyclododecene, methyltetracyclododecene,
tetracyclododecadiene, dimethyltetracyclododecene, ethyltetracyclododecene,
ethylidene tetracyclododecene, phenyltetracyclododecene, and trimers of

cyclopentadiene.
20
22, The reaction mixture of claim 13 and 18 further comprising a
chain transfer agent selected from a compound represented by the formula:
/R'
25 CH2
\Rn
wherein R' and R" independently represent hydrogen, branched or unbranched
(C, to C,) alkyl, branched or unbranched (C, to C,,) alkenyl, halogen, or the

30 group:
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63 1.
wei ght above 10, 000
pol ynmeri zed from one
al one or in conbinat
pol ycycl ool ef in(s),

pol ycycl ool efin a
represent ed byvé é":ﬂ
wherein a greater proportion (nol

A polycyclic addition polyner haV|n Iecular
(Merr]) consisting essdﬁﬁl *fing units

or nore functionally subs cycl ool efin(s)
ion with one or nore hydr i tuted

wher ei n sai
nd sai d hydr qcEHiB
ol ae:

ctionally subst [ tut ed

)SHEET g"EEE-eff pol ycycl o (g?[?sgg,@,hnare
ﬁEPJHACgp the gaid functional I y

substituted polycyloolefin (s) i ncorporat ed Jﬁ'l 0 said polyner is

pol yneri zed fromthe

10

15

20

25

30

endo i soner, and

-CH,(CH,),-OR" -CO;R"

-Si (OR™), . '
'(CHz )nc'Si(ORm )3 ‘CHZ'(CHz)nPB{
~(CH,),~OSi(R™),

OH
-CH,(CH,),-OH (CHy, @
-CH,(CH,)-NCO

<(CHp-X

0
I

-0-C-CX;
wherein R” is branched or unbranched (C, to C,,) alkyl, or unbranched (C,-Co)
alkenyl, substituted or unsubstituted (C¢-C, ;) aryl wherein said substituents if
present are selected from branched or unbranched (C,-C,,) alkyl or haloalkyl, and
halogen, X is chlorine, fluorine, bromine or iodine, and n' is 0 to 20.

23.  The reaction mixture of claim 22 wherein said chain transfer agent
is a compound selected from the group consisting of an a-olefin having 2 to 30
carbon atoms, isobutylene, 1,7-octadiene, and 1,6-octadiene.

24.  The polymer of claim 23 wherein said terminal olefinic moiety is
selected from the group consisting of ethylene, propylene, 4-methyl-1-pentene,

_1-hexene, 1-decene, and 1-dodecéne.

25. A reaction mixture for forming a polycyclic addition polymer
comprising one or moré functionally substituted polycycloolefin monomer(s),
optionally in combination with one or more hydrocarbyl substituted
polycycloolefin monomer(s), a solvent, and a multicomponent catalyst system
comprising:

(8  apalladium metal ion source in combination with one or both of;

e

) ) R



wherein R err] to R err}- —Hﬁrdepﬁrda‘rﬁ-y—ﬁepresent hydr ogen; hydrocar byl

selected fromthe group conS|st| n I near and branched (([err]-
Cerr])alkyl; (derr]- c‘1dunct|onal substituent sel ected
from the group - (CH[er - OH,
-(CHerr])[err]- C(O)OR[er 135 |
-(CHerr])[err]- CR[err] (CH[err])[eLl- E@err] ( CH 3?-0
(CHerr])[err] -YOH, err])-OR[err] wherein mlndepend"ntly 'S 0
and R[err] represents linear or branched (err]-Cerr])alkyl or the
group : 64 [err]

wherein Y is hydrogen, C[err]H[err] C H[err]780 Cerr]Herr]OC(O, or
-CN, wherein z is an inte froml t nd Rlerr] or Rerr] and
Rlerr] can be taken toget 3819@5?‘?2'%‘{2‘"?@’&??‘}‘" err])al kylidene; Rl err]
and Rierr] can be taken tqgpt h%mobmpbmmmam&@mem&ommﬁiomwhey
are attached to form an anhydrl de or di carboxyi m de grou wherel n

acids, strong Bransted acids, halogenated compounds electron donating

compounds selected from aliphatic and cycloaliphatic diolefins, and mixtures

5 thereof.

26.  The reaction mixture of claim 25 wherein said Lewis acids are
selected from the group consisting of BF;-etherate, TiCl,, SbFs, BCl,,
B(OCH,CHj;); and tris(perfluorophenyl) boron, said strong Brensted acids are

10 selected from the group consisting of HSbF,, HPF,, CF,CO,H, FSO,;H-SbF;,, -
H,C(SO,CF,),, CF,S0,H and paratoluenesulfonic acid; and said halogenated
compouhds are selected from the group consisting of hexachloroacetone,
hexafluoroacetone, 3-butenoic acid-2,2,3,4,4-pentachlorobutyl ester,
hexafluoroglutaric acid, hexafluoroisopropanol, and chioranil; wherein said

15 electron donating compounds are selected from aliphatic and cycloaliphatic
diolefins, phosphines and phosphites, and mixtures thereof.

27.  The reaction mixture of claim 25 wherein the organoaluminum
compound is selected from the group consisting of trialkylaluminums, |
20  dialkylaluminum halides, monoalkylaluminum dihalides, and alkylaluminum
sesquihalides; and mixtures thereof.

28.  The reaction mixture of claim 25 wherein the palladium metal
' compound comprises a palladium metal ion bonded to one or more moieties
25 selected from the group consisting of monodentate, bidentate, and muitidentate
ionic or neutral ligands, and mixtures thereof.

29.  The reaction mixture of claim 28 wherein the palladium metal
compound is selected from the group consisting of palladium ethylhexanoate,
30 trans-Pd Cl,(PPh;),, palladium (II) bis(trifluoroacetate), palladium-(II)

A



at | east one of R er
o Rl err] independeps

C[err])al kyl , hydroc

cycl oal kyl , (C[err]

(derr]- C[err])al kyn

~ vinyl; any of er
" to forma (qeﬁqg‘é’@ﬂ])al kyl i dene groUp, —R5amit—Rrer~~ when "t aken

r] to R[err] nmust be a functional substituent; Rlerr]

ed and unsubstituted (derr]-derr])-

¢eidr ogen, |inear and branched ((err]
i err .
y r an br anjcH¥ Q rHAS BEEN 4] ) al kenyl , or
and Rlerr] or Rlerlr] anBEPLAGED) can]|be tq}&%s%her_-

- together with the two ring carbon atons to which they are attached can

| represent saturated
atons or an aronatic

2, 3, or 4.

derived fromthe fun

foll ow ng structure:

wherein Rerr] to R

65 3. The p

and unsaturated cyclic gr s containing 4 to 12 carbon
ring containing 6 to 17 cdrbon atoms; and-n is 0, 1,

Bt e O A eaf T A PRASSERBRRTO 1 1S

palladium (II) bromide, palladmm (1) chloride, palladium (II) iodide, phi&ididm
err] and n are as_defined above,

&) owide; aronemm@mwlmesnh@ﬁéaﬂaﬁgw)t s derived

from* the functionallynasiibbiate fehdicR@batsnitrile) Bhifildivin A et lioRbRtaR)

substi t ut ed
5

10

15

20

dichlorobis(acetonitrile) palladium (II), dichlorobis(triphenylphosphine)
paliadium (II), dichlorobis(benzonitrile) palladium (II), palladium
acetylacetonate, palladium bis(acetonitrile) dichloride, and palladium
bis(dimethylsulfoxide) dichloride.

30.. The reaction mixture of claim 25, 26, 27, 28, and 29 wherein said
polycycloolefin monomer(s) is selected from a compound represented by the

formulae:
gl RS
R? RS
R3 R’
—a R4 n RS

wherein R! to R* independently represent hydrogen; hydrocarbyl selected from
the group of consisting of linear and branched (C,-C,,) alkyl, (Cs-C,,) aryl; ora
functional substituent selected from the group -(CH,),,-OH, -(CH,),,-C(0)-OH,
-(CH,),.-C(O)OR", -(CH,)-OR", {CH,),,-OC(O)OR", -(CH,),,-C(O)R",
-(CH,),,-0-(CH,),-OH, -(CH,),,OR" wherein m independently is 0 to 10 and R"

represents linear or branched (C,-C,,) alkyl or the group:

-

TN



pol ycycl ool efin have the foll owi ng structure:

[err] wherein R err] to Rerr] are defined as above; n aTInkSheetHasBeen

i ndependently are 0, 1, 2, 3, or 4, and a and b represent the

random repeating units in the polynmer - backbone. 4. A poI y

addi ti on polyner having a nol ecul ar weig THi

consisting essentially of repeating unit § ’om lp soRor31 50" €
functionally <SUBEAT# ed pol ycycl ool efli conbi natron W th
one or nore hydrocar byl substituted polycycloole , wherein

said functionally substituted polycycloolefln g) and sai d hydrocar byl
substituted pol ycycl oolefin(s) are represented Dy the fornul ae:
[err] wherein a greater proportion (nol/weight% of the said

functionally .substituteg polycyloole (s) InCo oorated |nto S |d
pol ymer is polynerized f |n
O0to 10, Rerr] and R[ |ndepende represe\ ydrogen hy arbyl

sel ected fromthe group con5|st| ng of Ilnear and branched ( err -C[err])
alkyl; (Cerr]-derr]) -4 ggerr $[err +he re§ent
(Cerr]-Cerr])al kyli deng an—le > ’

R

wherein Y is CH,..,, C,H,,.,1O, or C, H,,.;0C(0), or -CN, wherein z is an integer
from 1 to 12; R'and R? or R? and R? taken together are (C,-C,,) alkylidene; R!
and R* can be taken together with the ring carbon atoms to which they are
attached to form an anhydride or dicarboxyimide group; wherein at least one of
5 R!to R* must be a functional substituent; R’ RS, R7, and R® independently
represent hydrogen, linear and branched (C,-C,,) alkyl, hydrocarbyl] substituted
and unsubstituted (Cs-C,,) cycloalkyl, (C¢-C,o) aryl,
(C+-C,s) aralkyl, (C5-Cy) alkynyl, linear and branched (C;-C,;) alkenyl, or vinyl;
any of R® and R® or R” and R® can be taken together to form a (C,-C,,) alkylidene
10 group; R and R® when taken together with the two ring carbon atoms to which
they are attached can represent saturated and uhsamrated cyclic groups containing
4 to 12 carbon atoms or an aromatic ring containing 6 to 17 carbon atoms; and n
'i50,1,2,3,0r4.

15 31.  The reaction mixture of claim 30 wherein said polycycloolefin
monomer is selected from the group consisting of S-hydroxy-2-norbornene,
5-hydroxymethyl-2-norbornene, 5-methoxy-2-norbornene, 5-t-butoxycarbonyl-2-
norbornene, 5-methoxy-carbonyl-2-norbornene, 5-carboxy-2-norbornene,

S-carboxymethyl-2-norbornene, decanoic acid ester of S-norbornene-2-methanol,

* c L M S *



functional substi t uent sel ected from t he group consi sting

of -OH -C(O-0H - Qhislshetmds Been r], -OC(OORerr]

66 -C(ORerr], -0 (CH _OR[err], and -OC (O ORerr],
where Rferr] is | i near nmua‘mm‘!
provi so that when mis

Cerr]-Cerr]) alkyl; with the

e r:ass."{EEé = -R (where R is alkyl
or aryl), the .somer of said radi qal-—+ HAS BEEN- [ ffor 1Ry
proportion (i n%?‘;éi-’?&ei ght) percent) tlhan tREPIAQBED i sofrer of sai 713
radical; HRerr] to Rerr] are independently  nyuroges~d |inear and

branched (Cferr]-Clerr]) alkyl; (C[err]-C[err]é al kenyl ; any of R err]
and Rlerr] or Rerr] and R err] are taken tog !her to forma

(derr]-derr])  al kyhingRneiady bt ;—gﬁ%ﬁﬁ{e%e-%@%&gﬁﬂ ﬁ?é%/mé.‘%&d é‘s[ krg, hed to

together with the ring carbon "a
forme« a saturated oF-nerheratne-2rethanylcphenylinnaminief acil dseer b2 5-nofboieneRONS.

5. A pol ycyclic addition.po r consj, sting .essepfially of repeatin
units formed from Qne’nf)tf‘mﬁg!]@p*‘%www&g@ *’[ﬁ‘%‘@fﬁ?%?‘@ﬁdgwkqm %)
alone’ or in conbi nadphpdtidel RthoPbtnddie, SRicthyly Soorihy,'s-t ﬁi-hbéﬁgﬁgxrl%m .

pol ycycl ool efin(s), termnated with an olefinic noiety derive
conmpound havi ng & t erirfieesl-2-nozbomiensiSephsoyid-norborneheh-naphthyldepaxbamenec ar bon

atonms excluding styren Vi nyl et her nd, conj ugat ed dj enes, and at
| east one of said adfﬂ;lgtﬁeﬂfa%%gﬁ%boﬁfgﬁt&"ﬁﬁmrﬂﬂkt @H“ﬁ%?%@ﬁﬂe’at ons
Z;gﬁfhfg Ea;]gl'rﬁts?{/e?; I.ocate fat a te%’tek;eﬁtladnd of eéai d tS@e:) ;lﬁer mzra?gisaer
said functionally SUWQM%M&WQWWM%“W@MJ
substituted pol ycycl ' ' .
Sups! Uty fedradfcfodofitefs R ety iifodb e tnd Srimers of

10 cyclopentadiene.

32.  The reaction mixture of clajm 25, 26, 27, 28, 29, and 31 further
comprising a chain transfer agent selected from a compound represented by the
formula:

15
/R
CH2 =C
\R"

20 wherein R' and R" independently represent hydrogen, branched or unbranched
(C, to C,o) alkyl, branched or unbranched (C, to C,;) alkenyl, halogen, or the

group:

* c L M - *



wherein Rlerr] to Rerr] |ndep_endently represent hydrogen; hydrocar byl
sel ected fromszhm B]:El‘pRe Iamd5|st| ng of linear and branched (Cerr]-Cerr])

al kyl , (C[err or a functional substituent selected fromthe
group -(CH[er CH[err])[ 1oCO-OH
E$%err%g%er ] CH[ I ] CI%SOSRHEEETAHAS BEEN [err]

err err err err err err
(CH[err])[err]wwéféﬁ%rr])[er r]-oH, -\mlc.?',;“c*r}CP' vvhere|ci;('q)"l§§s‘';m313

i ndependently is O to 10 and R' represents |linear or branched

(derr]-Cerr]) alkyl or the group:
67 [err] wherein Y is hydrogen Cerr]Herr],

Cerr]Herr]Q or C[err]H[ *%ﬁﬁé_@amor -CN, whelrgyiR#z is an integer froml
to 12; Rerr] and Rerr] nd Rlerr] taken together are

(C[err] Cerr]) al kyIideneSI(GR@),r] and R[err] can be taken to r wth
the ring carbon atons to which theé re attached to form.an ride or
di car boxyi m de group; wher (Eh )Ri(Q il n"
~(CHp),-O5i(R"™);
- OH
5 CH,(CH,),~-OH (CH,) @
-CH,(CH,),-NCO
-(CHp,X
O
10 i
-0-C-CX,

wherein R” is branched or unbranched (C, to C,q) alkyl, or unbranched (C;-Cao)

15 alkenyl, substituted or unsubstituted (C,4-C,,) aryl wherein said substituents if
present are selected from branched or unbranched (C,-C,,) alkyl or haloalkyl, and
halogen, X is chiorine, fluorine, bromine or iodine, and n' is 0 to 20.

33.  The reaction mixture of claim 32 wherein said chain
20 transfer agent is a compound selected from the group consisting of an &-olefin
having 2 to 30 carbon atoms, isobutylene, 1,7-octadiene, and 1,6-octadiene.

34,  The polymer of claim 33 wherein said terminal olefinic moiety is
selected from the group consisting of ethyiene, propylene, 4-methyl-1-pentene,
25 1-hexene, 1-decene, and 1-dodecene.

35. A process for polymerizing a polycyclic addition polymer
consisting essentially of repeating units formed from one or more functionally
substituted polycycloolefin(s) alone or in combination with one or more

30 hydrocarbyl substituted polyc&clooleﬁn(s) in the presence of a single component
catalyst system selected from a cqmpomxd represented by the formula:

R

O A



one of R err] to Rerr] nust be a functional substituent; R[err , err]

Rlerr], and R err] independently represent hydrogen, I|near and THs iilasiBeen Rep
(err]-Cerr]) alkyl, hydrocarbyl substituted and unsubstituted
(err]-Cerr]) cycloalkyl, (Cerr]-Cferr]) aryI (dJerr]- C[err]
(derr]-Cerr]) alkynyl, Ilnear and bfmgcg].fﬂ §BEN err]) al kenyl, or

vi nyl; any of eré and Rl err] or err] Eﬁ an be t ﬁ“’?ﬂi’wer
to forma (Cer B 1) alkyliden Rlerr]

. together with the two ring carbon atons to which they are attached can

. represent saturated and unsaturated cyclic grogfs containing 4 to 12 carbon
- atons or an aromatic ring containing 6 to 17 catbon atons; and n is
0,1,2,3,or 4. 6. The poly f ol ai wherein the repeating
units derived from the functionally suﬁi?gg&iﬁﬁt&ycl ool efin have the
foll ow ng structure: _—

[err] . 68 wherein R err]
to Rlerr] and n are aghef¢ih Lirestesent\adigand corftiiniag) Betivéer 15 pedcicbonds; X represents

represent hydrogen, branched or, unbranche d er o.(err]) . .al kyl, )
branched or  unbr ancfdigapdoontgningd)o-he Ib&“ﬁgfélfbiu tl?l"s’l gafteg&mdms

-CH CH

-Si E(Ca]r?{]egr]gfre;]r?[e”dorq’qw%ferrﬂd[ err -0 %Fe”?me,andwhenmlso
[err] - ( CH en isP) ¢mkwhenGBiig Rlads llja)r{ddlAisawcakly coordinating counteranion.
-Cl-l[e_rr](Cl-l[err])[err]-O-l [err]

36.  The process of claim 35 wherein the single component catalyst is
represented by the formula: '
10

wherein R®, R', and R" are each independently hydrogen, branched or
unbranched (C,-Cs) alkyl; (Cs-C.,) aryl; (Cr- Cy,) aralkyl; -COOR™;
-(CH,),OR"; Cl; and (C,-C,) cycloaliphatic, wherein R" is (C,-C;) alkyl; and n
is 1 to 5; any two of R%, R'°, and R" may be linked together to form a (C5-Cy)

20 carbocyclic or heterocyclic ring; and wherein CA represents a weakly
coordinating counteranion.

37.  The process of claim 35 or 36 wherein L is seiected from the
group consisting of (C,-C,,) monoolefin, (C,-C,,) linear and cyclodiolefins,
25 (C¢-Cyp) aromatic compounds.

38.  The process of claim 37 wherein L is selected from the group
consisting of 2,3-dimethyl-2-butene, cyclooctadiene, norbornadiene, and dibenzo
" COoD.

30 I
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—

-CH err](CH err])[err]-NCO ) '-(CHL rr er({]-x [err]
wherein Rerr] is branched or unfhs e1) alkyl, or
unbranched (C[err]-Clerr]) al keny] ‘ - orll% SHEBT HASUBERN
(CJerr]-Cerr]) aryl wherein said f  preREMACEDE sel pcted

from branched or unbranched (Cferr]-Cerr]) al kyl orfratoatkyt+—eand
. halogen, X is chlorine, fluorine, bromne or iodine, and n' i 96313

7. The pol yrWP96#7528 3 m 5 wherein the repeating units deri \S;lé(gm?rom 3 he
functionally substituted polycycl ool efin and hydrocar byl substituted
pol ycycl ool efin have the foll ow ng structure:

[err] wherein Rerr] to Rerr] and R and R' are-defined as

above; n and mindependenkdy laim %]%r : fecitl

represent the nunber of r %én'do%’i?e ot ??\{:} unl%‘{ssog?g t Lebm R e ol the
group consisting of linear or branched (C,-C,,) alkyl; unsubstituted and
substituted non-cyclic, monocyclic, and polycyclic (C5-Cy) alkenyl, where said
substituents are selected from the group consisting of linear and branched

5 (C,-C,0) alkoxy, (C4-C,s) aryloxy, or halogen.

40.  The process of claim 35 or 36 wherein said weakly coordinating
couteranion is selected from the group consisting of BF;, PF¢, AlF,0,SCF;,
SbF,, SbFsSO,F, AsF,, perfluoroacetate (CF,CO;), perfluoropropionate
10 (C,FsCOy), perfluorobutyrate (CF,CF,CF,COy"), perchlorate (C1O, * H,0),
p-toluene-sulfonate (p-CH;C¢H,SO;’) and tetraphenylboratgs represented by the

formula:

. o

wherein R' independently represents hydrogen, fluorine and trifluoromethyl and m

is1to5.

20 41.  The process of claim 40 wherein said functionally substituted
polycyclooleﬁn(s) and said hydrocarbyl substituted polycycloolefin(s) are
represented by the formulae:

1 RS
- R ]
25 . R? I RS
rR3 R’
—a R4 "o RS

A A



pol ymer backbone.

69 8. O YOG i6s raeifidplagd Ol i gorer cBﬂ-Si.&‘iEEmQMSSBEE]F jal Iy of
4 to 50 | i nked repeatl from one (jr mor REPLATED on y
substituted pol ycycl ool Il H!w Hmmr i n conbi NarToMTwHtA—ere-of Nore

hydr ocar byl substitute [ n(s) termnated with an olefinic
noi ety derived froma conpound having a termnal olefinic dg& @99{1
bet ween adj aceWP%@78B6n atons  excluding styrenes, vinyl ethers an

conj ugat ed di enes, and at |east one of said adj acent carbon atonms havi ng
two hydrogen atons attached thereto, and Wnergén the noiety derived from
said chain transfer agent is exclusively |ocafed at a termnal end of

R

the formul ae: e group of consisting of linear and branched (C, -Cm) alkyl -C,z) arylE)@:r 41
wherein R err] to R[ err] 1ndependently represent h dr oge ocar
sel ected from the grfongsionalsybstinentsglested fromethe growp - f&hﬂﬁﬂd- ﬂ@)ﬁlﬂrr] )

o AR oo o, o 1

Eg] e”] g ] e”]s g(( 3-@‘1 Ot -OH] f{CH],}..gR(" whefﬁ[ndnddpﬁd%ﬁﬂ:} isQGo@@R"
err err err err err

-(CHerr])[err] OR", ‘YR"E}‘]“&&FF }’WP@(@)‘ M |ndependently is O

to 10 and R' represents linear or branched (Cferr]-Cerr]) alkyl; Rerr]

and Rlerr] or Rlerr] and R err] taken together are (C[err]-C[err])
al kyli dene; R err] and R[err] can be taken together with the ring car bon

atons to which they are ached to fg a maleic ydrldeo
di car boxyi mi de group; BN ~( Ne—d e
functional substi tuent err] R err R err] err] -ndep ent I y

" represent hydrogen,
. —-@-—cEc—Q—-Y’_ —@—n—n—@-—
—{: :>—— N=N——< >—v, ——<: :}—cm)o——< >—-y,

wherein Y is hydrogen, C,H,,.;, C.;H,.10, C, H;,,;0C(0O), or -CN, wherein z is an
integer from 1 to 12; R'and R? can be taken together are (C,-C,,) alkylidine; R!

10 and R* can be taken together with the ring carbon atoms to which they are
attached to form an anhydride or dicarboxyimide group; wherein at least one of
R'to R* must be a functional substituent.

42,  Theprocess of claim 41 wherein said functionally substituted and
15 hydrocarbyl substituted polycycloolefin(s) are selected from the group consisting
s of 5-hydroxy-2-norbornene, 5-hydroxymethyl-2-norbornene, 5-methoxy-2-
norbomene, 5-t-butoxycarbonyl-2-norbornene, 5-methoxy-carbonyl-2-
norbornene, 5-carboxy-2-norbornene, 5-carboxymethyl-2-norbornene, decanoic
acid ester of 5-norbornene-2-methanol, octanoic acid ester of 5-norbornene-2-
20 methanol, n-pentanoic acid ester of 5-norbornene-2-methanol, phenylcinnaminic

* 4 L M S *



| i near and branched (Cerr]-Cerr]) alkyl,—hydrocarbyl—substituted and
unsubstituted (Cerr]-Cerr]) cycloal kyl, (C[err]-%err]} aryl,

(Cerr]-derr]) aralkyl, (Cerr]-Cerr]) aﬂi‘ t Ha ‘Eﬁd br anched
R Im ']l or Rerr] and
er yl i dene group;

$p
((err]-Cerr]) alkenyl, or vinyl; any of Hﬁm

Rlerr] can be taken together to forma ((

Rlerr] and R err] when taken together with the two ring carbon W
whi ch they are WO%EH8 can represent saturated and unsatur at eﬁ%

groups containing 4 to 12 carbon atons or an ‘aromatic ring containing 6 to
17 carbon atons; and nis 0, 1, 2, 3, or 4.
70 9. The ol i gonmer of claim8 Wner%q n the repeating units

derived from the fyngtl Ongld NorBiiRsle 3 HoR N SARARRbdicaliKEntal o

fol | owi ng structure: [err]

wherein R to R4 and $inbdindie-2RHichbexieenRydrided2-Korbafirndy 5-heHARRAGCHBonLE,
represent hydrogen, branched or unbranched ((err] to CLerr]) al kyl ,

branched or  unbr anc Helexyl}-serbpmene, Stdeeyli2-norboroeng| 3-phemybéaarbomene.ne gr oup
5-nabhthyl-2-norbomene, 5-ethylidene-2-norbornene, vinylnorbornene,

5 dicyclopentadiene, dihydrodicyclopentadiene, tetracyclododecene,
methyltetracyclododecene, tetracyclododecadiene, dimethyltetracyclododecene,
ethyltetracyclododecene, ethylidene tetracyclododecene,
phenyltetracyclododecene, and trimers of cyclopentadiene.

10 43.  The process of claim 35, 36, and 41 wherein said process is further

conducted in the presence of a chain transfer agent selected from a compound
represented by the formula:
%
15 CH,=C_
\R"

wherein R' and R" independently represent hydrogen, branched or unbranched
(C, to C,,) alkyl, branched or unbranched (C, to C,,) alkenyl, halogen, or the
20 group:

THIS SHEET HAS Been ]
EE
L REPLACED
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-CH err](CHerr])[err]-ORlerr] err] R[err]
-Si(CR[err])[err] (CH[err])[ﬁrrSL‘ ' err] [err]
-(CHerr])[err]- OSl(R[err])[err] r])[err] H

-CH err](CH err])[err]- UIll -(CHerr])[err]-X
[err] wherein R[err] I's branched (C[err] to Jerr])
al kyl, or unbranched err err al kcenyl, substituted og

unsﬁbstltut ed W%W?‘('g[[err%)qaryl]\)/\herel n szud substlttuents | sg;ﬁmseé}ént

are selected from branched or unbranched (C[err] Clerr]) alkyl or

hal oal kyl , and halogen, X is chlorine, fluorgmne, bromne or iodine, and n'
iIs 0to 20. 10. The ol igomer of claim9 wherein the repeating
units derived from the functionally substituted pol ycycl ool efin and

hydr ocar byl substituted pol ycycl ool efin have the foll ow ng structure:

-0 G X3~~~ CL-CH,(CH,),~-OR" -CO-R”

-Si (OR™), '
-(CH, ),~Si(OR™), -cnz-(cuz)n.e'{
5 -(CH,),-OSi(R™);

-CH,(CH,)-OH i) OH
-CH,(CH,),-NCO . n@

-(CH,)~X

10 0

|
-0-C-CX,

wherein R” is branched or unbranched (C, to C,o) alkyl, or unbranched (C;-Cy)
15 alkenyl, substituted or unsubstituted (C4-Cs) aryl wherein said substituents if

present are selected from branched or unbranched (C,-Cyo) alkyl or haloalkyl, and
halogen, X is chlorine, fluorine, bromine or iodine, and n' is 0 to 20.

44,  The process of claim 43 wherein said chain transfer agent is a
20 compound selected from the group consisting of an a-olefin having 2 to 30
carbon atoms, isobutylene, 1,7-octadiene, and 1,6-octadiene.

45.  The process of claim 44 wherein said terminal olefinic mojety is
selected from the group consisting of ethylene, propylene, 4-methyl-1-pentene,
25 1-hexene, 1-decene, and 1-dodecene.
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71 [err]
wherein Rlerr] to Rlerr] and R and R' are defined as above;, n and nr'."’I
i ndependently are 0, 1, 2, 3, or 4; and a and b represent the nurber’ ofs *
random repeating units in the polyner backbone. e . The "pol yner of
claim5 or 8 wherein said termnal olefinic noiety is qk y froma

| p‘*

conmpound sel ect ed frfmgggﬁfggﬁyp fRgi sting of an [err hay, 2 tO
30 carbon at ons, ISObT R EJ"tadlene and 1, 6-oc tE&ég@
[

The pol yner of claim d terminal olefinic nplety S selected
fromthe group consis propylene 4- et hyl - 1- pent ene,

- hexene, 1-decene, and 1- dodecene reaction mxture for

pol ymeri zing a polycyclic addition polyner conprirsing of one or nore
functionally substituted polycycl cool efin nononer(s) as defined in claim1,
optionally in conbination with one or nore hydrocarbyl substituted

pol ycycl ool efin nononer (s), wherei h jord ty of sald functionally
substituted pol ycycl ool efin (s) inQ§;1§'&§£€€%on '

endo isoneric formand a greater proportlon (nol /
repeatrng

1. A polycyclic'éddition polymer having a molecular weight
above 10,000 (M,) cdnsisting' essentially of repeating units
polymerized from one or more functionally substituted poély-
cycloolefin(s) alone or in combination with one or more hydro-
carbyl-substituted.polycycloqlefin(s), wherein said functionally
substituted polycycloolefin(s) and said hydrocarbyl substituted
polycycloolefin(s) are represented by the formulae: -

RS
R RS

fo

R R’
HT];‘ - ] RB
wherein 'a greater proportion (mol/weight%) of said functionally
substituted.polycycloolefin(s) incorporated into said polymer is
polymerized from the endo _isbmef, and wherein 'R* to R!
independently represent hydrogen; hydrocarbyl selected from the
group consisting of linear and branched (C,-Cp) alkyl, (C4-Cy,)
aryl; or a functional substituent selected from the group -
(CH,) .-OH, - (CH,),-C(0)-OH, -(CH,),-C(O)OR", -(CH,),-OR", - (CH,),-
OC(O)OR", = (CH,),-C(O)R", - (CH,),-O- (CH,),-OH, - (CH,).OR" wherein

m independently is 0 to 10 and R" represents linear or branched

AR
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Uunits incorporated in said polymer is pol' ynmeri zed from sai d endo isoner s.afn

" .organi ¢ sol v&hs Shegtitis B ced conponent cat al yst—system sél ected froma .°
-catal yst repr formula: = 2 = <~ | #HIS SHEET HAS. T .
.72 wherein L r ﬂﬁ gand contai ning bet peen Iy PEAggg B§EP' re]-’ . °

bonds, X represents a lingand containing 1 a-bol o3

[err]-bonds, nis O, 1, or 2, and mis O or 1, and wherein n and m cannot

both be 0 at/T=9m®% sane tine, apo dpen mis O \S 2, and when 1, ais

1, and )l:;nom' @q -crm',nt \ CH—CH—= Y,

reaction mNur® of claimi13 Weerkin L' is s&ledfed fromathe ar

consisting of (CJerr]-Cerr]) nonoolefin, (Clerr]-Cerr | i near and

cycl odi ol ef if (derr]-der aronati ¢ cofpouRds. + 3\ The

reactioncﬁmr‘k@rﬂﬁ’L i S s Nomthe Y,

consi sting .\ 2/ 3- di nmet hyl - ene, cycl ooctael ene, norbor , and

di benzo COD. - 16. The reaction m xture of claim13 wherein X is
group congt=shi ng of I|ine: branched ri-clerr])
aa._a_d,? @ A0 non—e@,——«o@ Y,

pol ycycl.ic r]-Clerr]) a |, where sa substi t uent e selected

fromthe group consisting of linear and branched (([err]-Cerr]) alkoxy,
(err]-Cerr]) aryloxy, or hal ogen.- 17. The reaction m xture

of claim 13 ein said we
' : C(O)NH: y 6 ——CH==CH Y

wherein Y is hydrogén, C,Hm.l,- C,H,,.,0, CH,.,,0C(0), or -CN, wherein
z is an integer from 1 to 12; R! and R? or R® and R* can be taken
t.ogether'_to represent (C,-C,,)alkylidene; R' and R* can be taken
together with the ring carbon atoms to which they are ‘attached .
to form an anhydride or dicarboxyimide group; wherein at least

. one of R' to R' must be a funct_iorial substituent; R® to R®

independently represent hydrogen, linear and branched (C,-
C,o) alkyl, hy:drocarbyl substituted and unsulSStit:uted (Cg-Cy3) -
cycloalkyl, (Cg-C,o)aryl, (C.,—Cls)aré.lkyl, (C3-C2°)a1kynyl, linear
and ‘branched (C,-Cyo) alkenyl, or vinyl; any of R® and R® or R’ and
R® can be taken together to form a (C,-Cy) alkylidene group; R® and
' R® when taken together with the two ring carbon atoms to which
they are attached can represent saturated and unsaturated cyclic
groups containing 4 to 12 carbon atoms or an aromatic ring

containing 6 to 17 carbon atoms; and n is 0, '1, 2, 3, or 4.

2. The polymer of claim 1 wherein the fepeating units derived from

the functionally substituted polycycloolefin have the following structure:

R b, L, R

A

wherein R'to R and n are as defined above.
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coord| nating couteranion is selected fromthe group consisting of BF[err]

PF[err], AlIF[err]O[err]SCFerr], SbE err, SbF[err]SCIerr]F'[erf] s
AsF[err] per fl uoroacet at e (CF[err] CCIerr]) - perfluoropropi onate . .. »°
(CF[err] CQerr]) perfl uorobutyrate (CF[err]CF[err] CF[err] Cd-err]), U
perchl orate d erf g t g iy
(p-CH err] C[er ] H[errlie e:{x%r@%fcla?xg lﬁggﬁ-gglhtgﬁlflélﬁgﬁ ‘(jalgt ?eébfgggm ed by the-
formul a: the functionally substituted polycycloolefin and hydrocarbyl substitated] wherein R
i ndependent |y represents hydrogen, fluorine and trifl uoronethy—and—rf—is—+
to 5. polycycloolefin have the following structure: . 73 18. T ea tion
m xture of claim 13 wherein said single conponent cat al yst sys s aSBee“Re
selected froma cat ) "" l”,’ '
[err] ' wherein R er¥]/ Rirfy, and err rke each |ndepe
hydr ogen, branched or unbr derr]- al kyl; (Cferr]-Cerr])
aryl; (derr]-Clerr]) ard —-CDOR[ err]; ert])[err]CR[err] d; and
(err]-Cerr]) cycloal.i[')h i c, vv?erein F[ rr S (C[err]
. . n
' THIS
Rt R¢ RS R® %%iﬂ HAS BEEN

R* R’ . R¢ R’

wherein R to R® are defined as above; n and m’ independently are 0, 1, 2, 3, or 4;
and a and b represent the number of random repeating units in the polymer

| backbone.

4. A polycyclic addition 'polymer having a molecular W'eight
above 10,000 (M) consisting essentially of repeating units
polymerized from- one or wmore functionally substit.uted '
polycycloolefin(s) alone or in combination with one or more
hydrocarbyl_ substituted polycycloolefin(.é), wherein = said.
- functionally substituted polycycloolefin(s) and said_hy.drocarbYl
substituted polycycloolefin(s) are represented by the formuiae’:

R _ RS

‘wherein a greater proportion (mol/weight%) of said functionally
substituted polycyloolefin(s) incorporated into said polymer is
polymerized from the endo isomer, and wherein n is 0 or 1; m is
0 to 10, R! to R® idependently represent' hydrogen; hydfocarbyl
selected from the group cbnsisting of linear and branched (C,-
Czo)alkyl'; (Cg-C,,) ~aryl; RY and R? taken together represent (C,-
C,p)alkylidene; and Q is a functional substituent selected from
the group consisting of -OH, -C(0) -OH, —C(O)OR'"I_, -OR", ~OC(O)OR",

wevorostest MR AR AR




Clerr]) alkyl; and nis 1 to 5, any two of Rlerr], err] and R[err] may,
- be linked together to forma ((err]- C[err])carbocyclrchlrsS kplaged - »
ri-ng; and wherein CA represents a weakly coor di nat.i ng co mn '
PFerr

19. The reaction rmixture of claim18 wherein the vveakl
counteranion is selected fromthe group consisti ng of BF[ err

AlF[err]O[err SCF[erqu ? err| SbF err]Sqerr]F, AsF[err]

perfl uor o5d¥&'e (& EH4 @I{Nérr]' peﬁﬂiﬂuopqﬁr(@[br Biat where R" is linear
(Cerr] Fber Hx@ﬁcﬁfe"d )(,clperof) |10y ab Uarad Qr(eClal%ﬁ;ﬂsG:[&rard Gl O &r
per chl or (Elll%_{err(%H%g % Og;]%ol uene- sul'f onat

(p- CH[er (Ji[ser = f@??ﬁ%h@n}?b@ﬂ-&ﬁ’ésOFeﬁrré@ént édrependee

- formul a: isomer of sa?cl:'l radical is pr;celse[rfﬂ rin haV@EéatérR'prbﬁdQlﬂﬁaﬁemﬂrN
repr esen rine.apd_trifluoronet

S A B s 4 Vit s

sai d pol Ryt dinstependennky (hy)dbiagersl éa.rnearf andh branohedn(C-ep)eadiriyad by

ngr{mmébafczo)aikenyl, any of R® and R® or R’ and R® are taken toget_he7r4
to form a (C,-C,,)alkylidene group; R® and R® are taken together

with the ring carbon atoms to which they are attached to form a
saturated or unsaturated cyclic group of 4 to 12 carbon atoms.

| 5. A polycyclic addition polymer consisting éssentially of repeating
‘units formed from one or more functionally substituted polycycloolefin(s) alone
or in combination with one or more hydrocarbyl substituted polycycloolefin(s),

terminated with an olefinic moiety derived from a compound having a terminal

olefinic double bond between adj'aéent carbon atoms excluding styrenes, vinyl

ethers and conjugated dienes, and at least one of said adjacent carbon atoms ' REPLACED

| THIS SHEET HAS BEEN

having two hydrogen atoms attached thereto, and wherein the moiety derived
from said chain transfer agent is exclusivefy located at a terminal end of said
polymer, wherein said functionally substituted polycycloolefin(s) and said

hydrocarby! substituted polycyclooleﬁn(s) are represented by the formulae:

R! RS

L R? . L RS
W S

an

wherein R! to R* independently represent hydrogen; hydrocarbyl selected from
the group consisting of 'line.ar and branched (C,-Cy) alkyi, (Cs-C,y) aryl; or a
functional substituent selected from the gfoup -(CH,),-OH, -(CHz)m-C(O)-OH, |
-(CH,),.-C(O)OR" , -(CHZ),,,-OR", -(CHz)meC(O)OR", -(CHy),-C(O)R", _
-(CHp)n-0-(CH,),-OH, «(CH,),OR" wherein m independently is 0 td 10 and R" .

represents linear or branched (C,-C,,) alkyl or the group:

UL
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wher ei n R[err] gﬁgeems]geenﬁﬁ dently represent hydrogen; hydrocar byl

sel ected fromt ing of linear and branched {(err]- C[err])
alkyl, (Cerr]- Bl\l‘ﬂ‘m a funct ~oBalk substituent: sel ected from tf~h;e
Cgroup - (CH[err]) err])[err] C(O-0H, ; e
(CH[err])[err -C(O)CR (CHerr])[err]-OR', (CH[err])[err -OC(O)CR

r]) err] CH[err]) O—| err])[err]CR

0 ,and € Ybranched -
(C[err]-C[er al kyl or th gr oup: [err] — wherern Yis
C[err]H[err err]H[err F\or (err] Hyer OC(O) or erein z is an
- i nteger AZ=®R @ dYR[ e Mﬂi.v-f\‘taken t oget her
are (C[err] rr]) al kyl Ngefe; Rlerr] ar R[err] can ve’t aken toget her

wth the ring carbon atons to which they are attached to form an anhydride

or dicarbo de g[_ﬂJ . yhierei n_at | eagdt” qne of R[e o Rlerr] nust be a
functiona ent’, , Rperr], 6771 CO¥hg T{ndependent |y
represent hydrogen, |inear and branched TU err] C[err al kyl , hydrocar byl

substituted and unsubstituted (Cerr]-Cerr]) cycloal kyl, (Cerr]-Cerr]) :
aryl Cl er Sl er C er err 3 |, I _
(G- czé) aI‘ JE‘]r";vfny.i‘iy bt R[‘L‘r‘% 5 R'[e{ ]F]'Sa‘ilﬁﬁirmsasm
can be taken together to forma (C[err] C[err]) al'kyl i dene {gr oupRERLAQ

and Rl err] when

wherein Y is hydrogen C;H,,.,, C,H,..,0, or C, H,,.,0C(0), or -CN, wherem Zis
an integer from 1 to 12; R'and R?or R and R* taken together are (C,-C,o)

)

alkylidene; R' and R* can be taken together with the ring carbon atoms to which
they are attached to form an anhydride or dicarboxyimide group; wherein at least
one of R' to R* must be.a ﬁxnctienal subs'ti'tuer_lt; R’, RS, R’, and R® independently
répresent hydrogen, linear and branched (C,-Cy) alkyl, hydrocarbyl substituted
and unsubstituted (Cs-C,,) cycloalkyl, (Ce-Cao) aryl, '

(C,-C,4) aralkyl, (C,-C,,) alkynyl, linear and branched (C;-C,,) alkenyl, or vinyl;
any of RS and R® o;' R and R® can be taken together 'ro form a (C,-C,,) alkylidene
group; R® and R® when taken together with lthe two ring carbon atoms to which
they are attached can répresent saturated and unsaturated cyclic groups containing
4 to 12 carbon atoms or an aromatic rihg containing 6 to 17 carbon atoms; and n

is0, 1,2, 3,or4.

6. The polymer of claim $ wherein the repeating units derived from

the functionally substituted polycycloolefin have the following structure:

o
Chee

SNR

A



75 taken together with the two ring carbon atons to which they are R
attached can represent saturated and unsaturated cyclic groups containj ng'4
to 12 carbon atons or an aromatic ring._cgnhtaining 6 to 17- car bon- at ons; and
nis 0, 1, 2, 3, or 4. - 21. The reaction mxture of claim

20 wherein said pol ycl ool efin nmononer is selected fromthe group consi Stl ng
of 5- hydwhergirPR' todk tandrmeare as gefiyatt aboyesand\R'-apd Rorindensadently _

5 e Eﬁigy;peeﬁ%&&%r”?sﬂe%nmw&%%na%@ro S b PR or

5-carbo 51};%! a4cDey 62f ARDS OhCthaksest er of 5- nor borene-
2- nmet ha : octeas fc ac?d ester of  b- nor%or ene- 2- net hanol , thpsesa&eaHékIBéenRei

acid ester of 5- norbornene 2- met hanol , phenyl cinnam nic acid e
S5-norbornene- 2-nethangl: N-phenyl nor b&rn dj car boxi m de, and

5- nor bor nene- LHA&ERAr >'<"yl i ¢ anhydrid 0, “nor bor nene,
5- net hyl - 2- no_r%g ,p 5- hexyl - 2- nor bor nene, 5-decyl -
5- phenyl - 2- nor'bornend, 5-napht hyl - 2- nor bonene, 5-et
vi nyl nor bor neqeH,di.SY@RPENt adi ene, di 1 EH Oy Bsentddi ene,
tetracyclododecene nethyltetracyclododecene t et r acjrePegdodecadi ene,

di et hyl t et rad@'lzm,d@&(&é' et hyl tetracycl ododecene, ethylidene

tetracycl odode h yItetracycIododecene and i mers of

cycl opent adi erfgﬁREH’ SPI The re u?{e of claim 13 and 18
further corrprréH?r;(@I_?) cRegn transfer agent 2s'r‘:\l ed froma conpound
‘represented by t Srmula -

[err] wWEeH),ARXR and R' independently represent hydrogen, branched or
unbr anched : : -

Ror bor nene,
dene- 2- nor bor nene,

O

|
-0-C-CX,

wherein R" is branched or unbranched (C, to C,,) alkyl, or unbranched (C;-Cq,)
alkenyl, substituted or unsubstituted (C,-C,s) aryl wherein said supstituents if
present are selected from branched or unbranched (C,-C,,) alkyl or haloalkyl, and

halogen, X is chlorine, fluorine, bromine or iodine, and n" is 0 to 20.

7. The polymer of claim 5 wherem the repeating units derived from

the functionally substttuted polycyclooleﬁn and hydrocarby! substituted

polycyclooieﬁn have the following structure:

/ N A CH-—C/
\ ]ﬂ A\ jb R“
| n m
R R¢ RS R}

R R? - R R?

~wherein R' to R®and R' and R" are defined as above; n and m’ independently are

0, 1,2, 3, or 4; and a and b represent the number of random repeating units in the

polymer backbone. - : S

N O A



(Clerr] to (Jerr]) alkyl, branched or unbranched (C[err] tﬂ:gheeth]agBeenRel

al kenyl, hal ogen, or the group:

-CH[err]( CHerr])[err]-ORlerr] - ZCI][err] ‘Rerr] IIIII |II||| llrll ||
-Sl(OQ[err])[err] -(CHerr])[err]-Si (OR[err])[
-(CHerr])[err]-OSi(Rerr])[err] -CI-l[err](Cl—l[err])[err]

' [err] CH[ CH.e
[err] vvh@r ei n%ﬁ%&ﬁélcgd%%%m?ﬁfgamﬂ ciﬂ?gﬁlgﬁgﬁs@éwg? ]r‘%t[)fs C[ err] )
al kyl 0{&\&9&% 8 Ain{tSfsthieli-fhdr bhé br mkdRM¥ionaIybbhititedd or unsubstit uted
- (derr]-(err]) aryl wherein said substituents i present are sel ected _

f rom br apslpextiaslefm(sy dnnhemn(mmqmﬁ[wh pile ofl tapte hydrocarbwll kyl , and

hal ogen, d d o
D 0o T S, e RS, S 0 Ik A0 sl 1020

© COmPO 6L Sl BRACONTHURIGRSS e 2h APuctnrlbirud 10 2 Lo 0
excluding styrenes, vinyl ‘ethers and conjugated dienes, and at least one of said
adjacent carbon atoms having two hydrogen atoms aftached thereto, and wherein
the moiety derived from said chain transfer agent is exclusively located at a
terminal end of said polymer, wherein said functionally substituted o
polycycloolefin(s).and said hydrocarbyl substituted polycycloolefin(s) are

represented by the formulae:

R! _ ' : RS
Z— R? ) L RS

—R R’
a R¢ C . n Qe

wherein R! to R* independently represent hydrogen; hydrocarbyl selected from
the group - consigting of linear and branched (C,-Cy) alkyl, (C¢-C,,) aryl; ora
functional substituent selected from the group ~(CH,),,-OH, -(CH,),,-C(0)-OH,
(CH,),-C(O)OR" , -(CH,),-OR", -(CH}),-OC(O)OR", CH,),-C(O)R",

© {(CH,),-O-(CH,),-OH, -(CH,),OR", ~(CH,),-OC(0)-R”, wherein m
independently is 0 to 10 and R" represents linear or branched (C,-C,,) alkyl; R!
and R? or R® and R* taken together are (C,-C,o) alkylidene; R' and R can be
taken together with the ring carbon atomé to which they é.re attached to form a
'mal_eié anhydride or dicarboxyimide gfoup; wherein at least one of R io R* must
be a functional substituent; R?, R®, R7, énd R® independently repreSeflt hydrogen,

- linear and branched '(Cl-Czo) alkyl, hydrocarbyl substituted and unsubstituted
(C5-Cy) cycloalkyl, (Ce-Cuo) aryl, (C,-Cys) aralkyl, (C;-Cao) alkynyl, linear and
branched (C,-C,) alkenyl, or vinyl; any of R® and R® or R” and R® can be taken |
together to form a (C,-C,,) alkylidene group; R® and R® when taken together with |

' the two ring carbon atoms to which they are attached can represent saturated and

unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring

containing 6 to 17 carbon atoms; andn is 0, 1, 2 3

rd. | '
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24. The reaction mixture of claim23 wherein said chain transfer agent is
sel ected fromthe group consisting of ethylene, propylene; ThlSSheetHaSBeenReﬂlaced

4-met hyl -1 - pentene, 1- hexene, 1-decerme,3 and 1-dodecene: .

reaction mxture for polymerizing a polycyclic addi tﬂm mmm*m
conprising of one or nore functionally substituted polycycl

nononer (s) as defined in claim 1, optionally in conbination with one or
nor e hydrocar byl substltut ed 1¥1(§¥ éoo] efin nmononer, %eﬁ erein a

gr eat er pr opot-tiont ils‘mrg)rfﬁ% Wherpi the, FRPERURNE RIS ASAYEL oM e

pol ycycl fi n the endo

i soner i ng%fu cgoégl%yhéed%ﬁ%ﬁ%% qorﬁ? fo![o%gin]fﬂ lﬁ%ﬁffﬁg?“’ﬂ?g:%g%ﬁ?g units '
incorporated in said polynmer is polynerized froms¥id endo isoner, an
organi c solvent; and a nulti- cqQmponent  Cealygt” system conpri sing:

77 a palladiumnetal ion source imfconbiAgation \M\Q}%.,one or both of

(i) an organoal um num conpound; .(i1) a thitrd conponent sel ected
fromthe group consisting of Lewis acids, strong Bronsted
aci ds, hal ogenat ed o s, el ectron donating conpounds
selected from al i phg and cycl oal i phatic diolefins, and
m xtures ' t her eof .

_ : - oATe ] dtted from the group consi'sting of
BF[err]etherate, TiC[err], SbF[mrr Férr] B(OCH err]CH err])[err] and
tris(perfluorophenyl) boron sai d smong Bronsted acids are selected from
the group consisting of HSbF[err] HPF[err], CrF[err]CJerr]H,

FSQerr] UI}I%EJIJI %Ec[ 85 bdd n are as defined above, and R' and R" 1ndependently
| represent hydrogen, branched or unbranched (C, to C,,) alkyl, branched or

unbranched (C, to C,) alkenyl, halogen, or the group
-CH,(CH,),-OR" ' _ fCOZ-Rf"
-Sl (OR”I)3 o .
-(CH, )n--S_i(OR’”): | _ -CHZ-(CHZ)H.-B{
-(CH,),~OSi(R"); : B : _ '

-CH,(CH,),-OH OH
’ . - CH 1
-CH,(CH,),-NCO ( 2"‘@

-(CHy)a-X

e}
I
-0-C-CX,4

wherein R™ is branched or unbranched (C, to C,q) alkyl, or unbranched (C5-Cy) |
alkenyl, substituted or unsubstituted (C¢-C,5) aryl wherein said substituents if
* present are'selecged from branched.or unbranched (C,-C,,) alkyl or haloalkyl, and

halogeh, X is chlorine, fluorine, bromine or ibdine,. and n' is 0 to 20.

10. The oligomer of claim 9 wherein the repeating units derived from

the functionally substituted p_olycyclooleﬁn and hydrocarbyl substituted
S

I

polycycioolefin have the following structure: '
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'- Herr] & SO err] CELerrHfer+t, CF err] SJ err]H and parat ol uenesul fonic aer.d

- and sai d hal ogenated co ounds are selected fromthe group consr st4 ng of.

=nexachloroamﬁmom8% roacetone - but enoi c . e
acid-2,2,3, butyI ester, hexafluoroglutarrc acrd e
hexafluoroi chloranil; wherein said electron donating

conpounds are sel ect ed fromaliphatic: and cycl oal i phatic dj,ol efins,

phosphi nes and phosphites, and m xtures thereof. The

reacti on m xture thmorﬁ/orrpound S

sel ected fromthe group £onskstfng of "t al Kyl aPunmi nunms~dkwal kyl al uni num
hal i des, nonoal kyl al um n hal i des, a yl al um num sesqui hal i des; and
m xt ures thereof. : : The fea N mixture of claim25 wherein
the pall adium netal co und conpri ses pal badi um netal ion bonded to one
or nore noieties sel - t he grewg=cghsiBti ng of nonodentate,

bi dentate, and rmnul ti de e {Menj,c orzéged.ra | gands, and m xtures thereof.
29. The reacticon mi X ur y Gf a| m j nk?he-pal | adi um netal conpound

h 1
is selected fromthe gro consi sting of paIRI adi um et hyl hexanoate, trans-Pd

Cferr](PPhlerr])[err], paIIadrum(II) brs(trrfluoroacetate) pal | adi um

(1)
bi s( acet whessh Rhad ®* anpR' katiRl me(deﬁpedz a%%‘?%h% 28d eaﬂ@iependenﬂy are

Chil or | 1aD. b g i 354 b ippelBensyB piiibtn e i iRauRE AR (1)

- nonoacet on]re,t ri Ir?g%lggq%gt ri phenyl phosphr ne) pal ladium (I11) t ﬂ_ﬂgl tmkSiBEEN

t et r aki sP8 &% €) palladium (ll) tetrafluoroborate, EPLACED

di chl orobi s(acetonitrile) palladium (| I )., di chI or obi s(t ri phenyl-phosphtrre)
pal | adium (11), dichl orobi s(benzonr trjl s dr umaﬁ Le)ﬁ (ﬁal le I um
acetyl acet onatld, palheqpsilymennisiaiger orf ¥ F‘le% [RA SEHMHEOBA | adi um

bi s(di ”Et 3/ lrfv%hf ér'ndae on?;';o%rﬁld%le&gd from the group conSIStxng of an a_-oleﬁ_n

having 2 to 30 carbon atoms, isobutylene, 1,7-octadiene, and 1,6-octadiene.

12. ‘The polymer of claim 11 wherein said terminal oleﬁnic moiety is
selected from the.group consisting of ethylene, propylene, 4-methyl-1-pentene,

1-hexene, 1-decene, and 1-dodecene.

13.. A reaction mixture for polymerizing a polycyclic addition
po.lymer comprising one or more functionally subtituted poly-
cycloolefin monomer(s) as defined in claim 1, optionally in
combination with one or more hydrocarbyl substituted polycyclo-
olefin wonomer(s), wherein the majority of said functionally
substituted polycycioolefin(s) in said reaction mixture is
present in the endo isomeric form and a greater proportion
(mol/weight%) of the functional repeating units incorporated into
said polymer is polymerized from said endo iéomer; an organic
.solvent and a SJ.ngle component catalyst system selected from a

L Pd Xn.l [CA]. .
A
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30. The reaction mxture of cI aim 25, 26, 27, 28, and 29 wherein said--.
pol ycycl ool efi nThsﬁtmelrl ected froma conpound represented:by.the
f or nul ae: [err}0 - wherein Rlerr] to R[e’rr],
i ndependent |y rep n; hydrocarbyl selected fromthe group
consi sting of |inear and branched (C[err] Cerr]) alkyl, (CJerr]- C[err])
aryl; or a functional substituent sel ected fromthe group

- (CH er r Fy{e&erin G, TEDFREERL S er Aligehe) cOrtaining between 1,

3 T~

CH CH e
{afu ettt L
-(CH err FP[ ér MTER er"’el ® Qi Adeptndemny msi<) &t ©rlQ,antdRVheeRiBSANLESY

linear om baaneitethot® @' b- Getnd) y t
_[er ] HL Sgﬁ'lg élrgé at}?dg/;fpéi‘pm 17?90 V\ﬁ@}gla YaP%l
Gerr] HYPPR & e Hlerr PO, 16 éﬁerPPﬁ[ efR] 3P 02 oreakly wheordinatisgan
I nt eger ¢oumteramibity. Rlerr] and Rlerr] or Rerr] and R err] taken together
are (Cerr]-Cerr]) alkylidene; Rerr] and R err] can be taken together -
with the ring carbon atons to which they are attached to form an anhydride
or di carboxyi mtde gmwactmhemnﬂeafclhmﬂ wheRiPf, lﬂérécftld?? ”] must be
functional substituent; rjF\&‘[err Rlerr], Rerr], R err ndependent |y
r epr esengronpérogeting of (Gad o lemandniefing ﬁ@dC(zﬂmcm']andikzgclodliblddsyl hydr ocar byl
substitu{c’edca?d unsubstltutgzd (err]-Cerr]) cycloal kyl, (C[err]-C[err])
6™ ~20. .

ar y| , aromatic compoun

Q

15. The reaction mixture of claim '14 wherein L is selected from the

group consisting of 2,3-dimethyl-2-butene, cycldoctadiene, norbornadiene, and

dibenzo COD. ..
THIS SHEET HAS BEEN
REPLACED

16.  The reactxon mixture of claim, 13 wherein X is selected from the
group consisting of linear or branched (C,-C,) alkyl; unsubstituted and
substituted non—cychc monocychc and polycyclic (C,-C,,) alken;/l where said
substituents are selected from the group consisting of linear and branched

(C,-C,p) alkoxy, (CG-C, s) aryloxy, or halogen.

17. The reaction mixture of claim 13 wherein said weakly
.'coordi'nating couteranion is selegted from the gro.up5 consisting of BF,, PFy,
AIF;0,SCFy, SbF, SbFsSO;F, AsF, perfluoroacetate (CF,CO;),
perfluoropropionate (C,F SCOIZ‘), perﬂuorobutyfate (CF,CF,CF,C0;), perchlorate'
(ClO; * H;0), p-toluene-sulfonate (p-CH,C,H,SO,") and tétraph.enylborates

represented by the formula: .

wherein R’ independently represents hydrogen, fluorine and triﬂuoromethyi and n

* < L ] S *

islto5S.
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(Clerr]-derr]) aralkyl, (derr]-Cerr]) alkynyl, linear and branched ....
(Clerr]-Cerr]) alkenyl, or vinyl; any of ‘Rl err] andriy SheéHaBeelREMakdd angd”
Rlerr] can be taken together to forma ((Jerri-Cerr]) oup;.
Rlerr] and Rlerr] when taken together-w}Hh the two ri:l uﬂ 3 to?®
whi ch they are attached can represent saturated and u ic

groups .containing 4 to 12 carbon atons or an aromati.c ring containing 6 to
17 carbar8 at onise arshdticon O,mi s 3l 4Ff claim 13_3therél'jj|§ rseaaicéi%rlﬁl?l ure
g

of clai i i al cloolefin ponoper is selected fromt roup
consi st irgr?g‘g)%%wgﬁ y r%%i -it?nséyrs?'c%"'héﬁe?e ?ﬁ§ﬁaog;%t%)ﬂa-t?W&tbSPﬁ’éﬁé,ented

5- met hoXop: Zhor bormeha; 5-t - but oxycar bonyl - 2- nor bor nene,

5- met hoxy- car bonyl - 2- nor bor nene, 5-car boxy- 2- nor bor nene,

5- car boxynet hyl - 2- nor bor nene, —decanoi_c+aci d ester of

5- nor bornene- 2-net hanol , oct apoi ci B ester of 5-norbornene-2-nethanol,

n- pent anoi ¢ acid ester of 5-nprbofneng-2-methanol, phenylcinnam nic acid
ester of 5-norborene-2- netha ; phenyl nor bor nedi car boxi m de, and

5- nor bor nene- 2, 3-di car boxylic dgd pe; ¢42- nor bo —_

5- met hyl - 2- nor bor nene, 5- hexy]| - 2- olﬁdbor n(ene, 5-de¢ Big,\%‘é%}&é\gn%eﬁg
5- phenyl - 2- nor bonmene, 5-naphthyl - 2-noy bor nene, 54ethyld —Z=RewBOr nene,
vi nyl nor bor nene, di cycl opent adi en&!! dj hydr odi cycl opent adi ene, -

t et racycl ododecene, nethyltetkacycl ododecene, tetracycl ododecadi ene,

di et hyl t et ra_cyclgodogecerje et hyl tetracycl ododecene, ethylidene

t et r acy (WhstkRiE? dhe, Rp?‘_rer‘i‘ﬂ‘i &'t aspcrosbdandmpendsatiyl hydrogien, branched
cycl operdratdn@r@nched (C,-Cc3%&1kyllNQcreac) Lep1m xb U pm 2 3. 27,
28, 29, and 31 furt er( éorrsgré siyr(ljg 3 ?:ﬁ%l‘snht?{r}énsi%r tﬁ‘b’?}ﬁ%’ﬁﬁ@qg g)go%?o’m a
conpoun l})p%%eﬁt lbyaflﬂ- Cs" 5) Cycloallphatlc, wherein R 1ls (Cl—-
REPLACEMENALGHEET and n is 1 to 5; any two of R®, RY, and R maySBe

.formJI a4 inked together to form a (Cs-Cp)carbocyclic or heterocyclic

ring; and wherein CA vrepresents a weakly coordinating
counteranion. - ' '

19.  The reaction mixture of claim 18 wherein the weakly coordinating
counteranion is se{ected from the group consisting of BF,, PFy, AlF;0,SCF;,
SbFﬁf; SbF;SO,F", AsF,, perfluoroacetate (CF,CO;), perfluoropropionate
(C,F;COy"), perfluorobutyrate (CF,CF,CF,CO,), perchlofate (C10, - H,0),
p-toluene-sulfonate (p-CH;C,H,SO;) and .tétraphenylborates represented by the

fn

wherein R' independently represents hydrogen, fluorine and triﬂuorcémethyl and n

formula:

isltos.

20.  The reaction mixture of claim 13, 14, 15, 16, 17, 18, and 19
wherein said polycycloolefin monomer(s) is selected from a compound

'represented by the formulae:

* c L M S *
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[érr]‘"—“-—_-whe#ei_n_& and R' independently represent hydrogen, brénch&d.

or unbr nched (C[err] to (Jerr]) alkyl,. branched or unbranched (C2 to -
C40) aIT ace®l the - group 15, - . : P
-CH[err] I-OQ[err] -derr]-Rerr] - o SR
-Si (R (CH[err])[err] Sl(CR[err])[err] [err]
(CH[err])[err] err])[err] CHerr](CHerr]){err]-OH

lerr] : -CH[err](CH[errB)[err] [err])[err]-X

[err] wherein R 2 ranched or ) j}_{_(_ err] to (Jerr])

al kyl , -or unbranched (] e*Fr]) al ke - ed or unsubstituted
(Cerr]-Cerr]) aryl ) : ﬁnt are selected from

I gb substit
branched or unbranched é f—aJC[ err]) alky r ha kyl , -and hal ogen, - X
is chlorine, fluorine, brom ®meR46r iodine, and n' is to .
33. The reaction mixture of claim32 wherein said chain tTHi%\SHEET HASBEENS
a conpound sel ected fromthe group consisting of an [err]{ol ef iREMACEDg 2
to 30 carbon atomns, isobutylene, 1,7-octadiene, and 1,6-oCtadifene:

wherein R! to R* independently represent hydrogen; hydrocarbyl selected from

the group . consisting of linear and branched (C,-C,,) alkyl, (C¢-C,,) aryl; ora
‘functional substituent selected from the group -(CH,),-OH, -(CH,),-C(0O)-OH,
.-(CHz)m-C(O)OR" , <(CHp).-OR", -(CHZ),,,-OC(O)OR", -(CHp),.-C(O)R",
-(CHZ)-,,‘-O—(CHZ),,,-_.OH, --(CHZ),,,OR“ wherein m independently is 0 to 10 and R"

represents linear or branched (C,-C,0) alkyl or the group:

wherein Y is C;Hp,.), C;Hy,. O, or C, .HZZHOC(O), or -CN, wherein z is an integer
from 1 to 12; R' and R? or R? and R* taken together are (C,-C,q) alky}lidehe; R!
and R* can be taken together with the ring carbon atoms to which they are
attached to form an anhydride or dicarboxyiinide group; wherein at least one of
R'to R* must be a ﬁ.mctionél substituent; R’; RS, R7, and R?® independently
represent hydrogen, linear and branched (C,-C,) alkyl, hydrocarbyl substituted

~ and unsubstituted (C;-C,;) cycloalkyl, (C4-C) aryl, (C1-C,s) aralkyl, (C;-Cy)
alkynyl, linear and branched (C3-Cy0) élke_nyl, or vinyl; any of R® and R® or R”
and R?® can be taken together to form a (C,-C,,) alkylidene group; R® and R® when

AR
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34. The reaction m xture of claim33 wherein said chain transfer -ageng,

i s sel ected fremsubensmRmRBRAG Sting of ethyl ene, propyl ene, Dol .
1- decene, 1a8nd- 1- dodecene. Doem

4- et hyl -1 - pent S -
81 35. A procegﬂﬁ!H zing a polycyclic addition polyner '
consi sting esse eating units of one or nore func- tionally

substituted Pol ycycl coolefin(s) as defined in claim 1 alone or in

conbi nat i i HERGS rh%@déaﬂfcﬁir i clL ool efin(s),
wherein aq%egéég?tﬂgﬁ%%h i on no /vvegl%ﬂﬁ? }gwgﬁhttﬁgﬁﬁgg‘%ﬁgga repeating
uni.ts in seprdsenpesatyratsd andeinsatyatel dyzHd gfoupscoiteingiylé to sDeambon s@ird pr ocess
conpri ses polynerizing one or nore_functionally substituted _
pol ycycl o8F 8R AP sayainigg 6 gl atpontemsisnd & is O Lud:th obfle  or nore
hydr ocar byl substituted pol ycycl ool efin nononer(s), wherein the majority
of said functionally substituted polycycloolefin (s) in said reaction :
m xture i s preaent i21.theTheRd&ionghiktire of ERIMANORWHdMeinRadsence of a single -
conponent catalyst system sel ected froma conpound represented by the
fornul a: polycloolefin monomer is selectpd fiom the gy esinsisting of rSekydroxy-2- | i gand

containin et ween 2. or.3.lLerr]- bonds: represents a_l.igand
cont a: n': n§°‘%°f’é“rnﬁ 2 %xgﬂ@qmﬂ}yé-%éﬁoraeqeoggheﬁ%gg}oﬂhorpgnle@ S'tllg or 2 and m
is 0 or lpyRk céﬁlﬂ&gﬁ{-A%ln&baﬂﬁnél‘ﬂ%@ﬂﬁgyki@i%ngﬁz-ﬂof’nﬁgrﬂéci% SREfpokyFe; and when

mis O, ais 2, an en.m_ is , "1, a is a weakly -
coor di nat hoxpornene, S-carboxymethyl-2-norbornene, decanoic acid ester of S-norbornene-

2-methanol, octanoic acid ester of S-norbomene-z-methanol, n-pentanoic acid
ester of Srnofbomene‘z-memanql, phenylcinnaminic acid ester of S-norbornene-
2-methanol; N-phenylnorbomedicarboximide, and 5-norbomene-2,3-dicarbbxylic
anhydride; 2'-'lnorbomene, 5-ﬁ1ethyl-2;norbofn¢ne, 5-hexyl-2-norbornene,
Sédecyl-zenorbomene, 5-phenyl-2-norbornene, 5-naph_thyl—2-norbomene,
5-ethylidene-2-norbornene, vinylnorbornene, dicyclopentadiene,
dihydrodicyclopentadiene, tetracyclododécene, methyltetracyclododecene,
tetracyclododecadiene, dimethyltetraéyélododecene, ethylteuacyclododecene,

ethylidene tetracyclododecene, phenyltetracyclododecene, and trimers of

~ cyclopentadiene. - | | THIS SHEET HAS BEEN
B REPLACED

22.  The reaction mixture of claim 13 and 18 further comprising a

chain transfer agent selected from a compound represented by the formula: -

| - /R'
CH,=C __
&

wherein R’ and R" independently represent hydrogen, branched or unbranched

(C, to C,,) alkyl, branched or unbranched (C, to C,,) alkenyl, halogen, or the
~ group: ' '

* [ L n - *
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counteranion; in the presence of an organic sol vent. - 36. The --»

process of Clgjohabuumedk 1atdﬂe singl e conponent catal yst is represent ed “by
--l4err] - " wherein Rerr],

the fornula: :

R[err], and R[}"lmw“m ndependently hydr ogen, branched or unbr anched
(derr]-derr] rr]-Clerr]) aryl; (Clerr]-Clerr]) aralkyl;
-COOR[ err]; 82
(CH[err])[err]CR[err] CI; and(C[err]-C[e'rr]) cycl oal i phatic, wherein
Rerr] is (C[err-g?Hi(éH{)J PR kyl ; and n. -O&-R“to 5; any two of Rlerr],
Rlerr], and R[eré lgﬁ be linked together to forma ((err]-Cerr])

car bocyclic or L& i;cl Ic ring; and wherein CA repre a weakly
coordi nating cou gﬁg@ R 37CH <€l 6f claim35 or 36
wherein L is selecte om ?’he group cons Psti -Cerr])
nonool ef i n, (C[e(cﬂiz)q(}si(ﬂ"))Jl I near and cycl odi ol efi ns, err]-Cerr])
aromati c conpounds. 38. The process of Ial m 37 wherein L is

sel ect ed from t KeHg(@Ha-Ofbnsi st i ng of 2,21 ’ n@f - but ene,
cycl ooct adi ene, eﬁr&ﬂ_&gaﬁd@e and di benzo

-(CHp)-X
v THIS SHEET HAS BEEN
occx, o REPLACED

wherein R” is branched or unbranched (C, to.'C,o) alkyl, or unbranched (C;-C.,o)
alkenyl, substituted or unsubstituted (C4-C, 5). aryl wherein said substituents if
presgnt are selected from branched or unbranched (C,-C,) alky! or haloalkyl, and

halogen, X is chlorine, fluorine, bromine or iodine, and n' is 0 to 20.

23. The reaction mixture of claim 22 wherein said cha}in transfer agent
is a compound selected from the group consisting of an a-olefin having 2 to 30

carbon atoms, isobutylene, 1,7-octadiene, and 1,6-octadiene.

24. The reaction mixture of claim 23 wherein said chain transfer
agent is selected from the group consisiting of ethylene, propy-
'lene', 4-methyl-l-pentene, l-hexene, 1l-decene, and 1l-dodecene.

25. A reaction mixture for polymerizing a polycyclic addition
'polymer comprising one or more functionally substituted poly-
cycloolefin monomer(s) as defined in .claim" 1, optionally in
combination with one or more hydrocarbyl substituted polycyclo-
+ olefin monomer (s}, wherein a greater proportion (mol/weight%) of
said functionally substituted polycycloolefin(s) in said reaction
mixture is present in the endo isomeric form and the majority of
the functional repeating units incorporated into said polymer is
polymerized from said endo isomer; an organic solvent; and a mul-

ticomponent catalyst system comprising: [

L
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cycl ooct adi ene. 39. The process of clai m r 36 V\,herel n X.is

selected fromthe group consisting of |inear or branc ),
al kyl; unsubstituted and substituted non-cyclic, m)nocy cyclic
(Clerr]-Qerr]) alkenyl, where said suBstiTuents are s e

group consi sting of Iinear and branched ((err]- C[err]) al koxy,
(derr]-geallpdiny oeralonidmbogere in combinaé@on wit® Phecesspetncha m

35 or 36 wher ) I di couteranion is selected fromthe
group consi st Sn O?r@ﬁ’% lﬁ’&?lnu'?aé (?l] O[err] SCF[err], SbF[ferr],

SbF[ err] Sq err(]lF) As ek rq | compéhemnt oaebeated( CEper rt]@@rcm}p consisting
per fl uor opr opi onat ¢ F r

(CF[err]CF[err] CF[erf( chlg%r[a%ldpﬁ: %JI?%. e ég err Ferr halogenated
p-t ol uene-sul f onat &S %rr]ﬁ%ﬁ’]‘% HPNSOLBYr FPumedndst rsaﬁ)]kﬁﬂ"m@ofaoms
represented by theafldigRdtac and c é\t@éﬂﬁhﬂzlbna%%@%@ Y 4Pl e Pes
hydr ogen, fl uori pe nd t(rfcfl uororret hyl and n is

83 41. - ess of cl aim40 wherei n sal d functionally
substituted pol ycycl ooI efin(s) and said hydrocarbyl substituted

pol ycycl ool efin(s) are represented by the fornmul ae:
26.  The reaction mixture of claim 25 wherein said Lewis acids are

selected from the group consisting of BF;-etherate, TiCl,, SbF;, BCl,,
B(OCH,CHj;); and tris(perfluorophenyl) boron, said strong Brensted acids are
selected from the group consisting of HSbF,, HPF,, CF;CO,H, FSO,H-SbF;,,

- H,C(SO,CF;),, CF;SO;H and paratoluenesulfonic acid; and said halogenated

compounds are selected from the group consisting of hexachloroacetone,

THIS SHEET HAS BEEN.

hexafluoroacetone, 3-butenoic acid-2,2,3,4,4-pentachlorobutyl ester, REPLACED
hexafluoroglutaric acid, hexaﬂuoroisopfopanb_l, and chloranil; wherein said . |
electron donating compounds are selected from aliphatic and cycloaliphatic

diolefins, phosphines and phosphites, and mixtures thereof.

' 27. .The reaction mixture of claim 25 wherein the organoaluminum
~ compound is selected from the group consisting of trialkylaluminums,
dialkylaluminum halides, monoalkylaluminum dihalides, and alkylaluminum

sesquihalides; and mixtures thereof.

28.  The reaction mixture of claim 25 wherein the pall-adiﬁm metal
compound comprises a palladium metal ion bonded to one or more moieties
selected from the group consisting of monodentate, bidentate, and multidentate

ionic or neutral ligands, and mixtures th_ere_of.

29. The reaction mixture of claim 28 wherein the palladium metal
compound is selected from the group consisting of palladium éthylhexanoate,

trans-Pd Cl,(PPhy),, palladium (II) bis(trifluoroacetate), palladium (II)

[
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['err] wherein R err] to R err] independently represent hydrogen;. ._,.
‘hydrocar byl selected from the group consi'sting of |inear. and branched ,*
(derr]-Cerr]) alkyl, ((err]-derr]) Ayl or a functional substituent
sel'ected fromthe group -(CHerr])[err]-OH, -(CHerr])[err]-C{O-0H " * -
-(CH err] )tiﬂaée}tyﬁéabmé), ,paHzﬁthe(H Piettieyihdxanibiite, Pc((é&dkﬁé)deP[l-@yz,r] -OC(O OR',

(O%[err])[err,u&o [err ﬁ&err 1O (CH err {Derr -

- (CH[ er r] )gadlediugr(Il emide; pﬁ«\ladwmﬁ ellatide, piaBa@ dodide, miladiugpr esent s
_ l[gpf? ror (lff)%r)]c eegno(n%gelg&ﬁw%% @%}1 %yé:égﬂﬁxme) p%ll%lg%p(ﬂ)

d err] H eretsiiedroboagy] fdt &Efohifhlréb bhmﬁ@h (UPtetrafilbrobbgii€i N z is an

integer froml to 12; Rerr] and R&err can be taken to ether are

(err]- C[cbchlpx)obeﬂ(kqntcvrdafﬂ@ paiipdiny Bn@icmpmhaq(truﬂlnnjdpho together-with— .

the rin ‘a h the form an anh dri de or

di car bogylﬂﬁila& émﬁl%%é%?@e%m%ﬁ ({}S{[f@ﬁ Aium, R err Th i

functi Onalacé&ﬁ%re’cétnﬁfenballadmm bis(acetonitrile) dichloride; and palladium l , Wll, "’
bis(dimethylsulfoxide) dichloride.

30.  Thereaction mixtu_ré of cIairﬁ 25, 26, 27, 28, and 29 wherein said

polycycloolefin monomer(s) is selected from a compound represented by the

formulae:
Ri_ RS
/o - /e | -
T_ R® | T—R’ THIS SHEET HAS BEEN
- REPLACED

a R¢ ﬂRl

- wherein R' to R? independently represenf hydrogen; hydrocarb};‘l selected from
the group  consisting of linear and branched (C,-C,,) alkyl, (C¢-C,,) aryl; or é
functional substituent selec;ted from the group -(CH,),,-OH, -(CH,),-C(0)-OH,
-(CH,)»-C(O)OR", -(CH,),,-OR", -(CH,),,-OC(O)OR", -(CH,),,-C(O)R",
-(CHy)n-O-(CH,),-OH, (CHZ),,,OR" wherein m independently is 0 to 10 and R"

represents linear or branched (C,-C,) alkyl or the group:

C(O)NH

999
@
9
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84 42 cl ai m 41 wherein :
‘substituted ghls Igaﬂmﬁﬁcgjbst I tuted poI ycycl WllsfSHEEﬂ')HRS QEsnI ected.’

" fromthe grou 5- hydr oxy- 2- nor bor REPLAGED .
- 5-hydroxynet h 5- met hoxy= 27 rmor borﬁc..c, N
5-t - but oxycar bonyl - 2- nor bor nene, 5-mnethoxy-carbonyl -2- norbornene,

5- car boxy- 2vhepeihof rse(a,éimﬁagﬁgzb,@mrreg Hy),,{m(m)rdnome,vhaﬂanmgmuaegdﬂ ester of
5-'nor bonene- 2- net hanol octangj c acid ester of 5-norbornene-2- met hanol ,

n- pent anoi dramil do d2t RrangkRor s ang Ricakertogetheraie (Ci-Gn alkylifensa®i ni c.  aci d

o oo AR SR g e DD B bRy e ont

S- et hyl - 2xfacHedrtd €6en aPafifpdyide ér Bﬁﬁﬂbeﬁ%ﬁﬁde 9cwher%nmrléaaﬂ&5he@f
5- phenyl - 2- nor bor nene, 5-napht hyl - 2- nor bor nene, " 5- et hyl i dene- 2- nor bor nene,

vi nyl nor lbodrmgmB‘ miisthes ﬁtp@noe@lusubﬁxlmm,WdR&cR m&bmdt:mndem |
o et iyl t oFFEIESFO BUERL e AR HASDT (e oL B Ry TPeHEe.
tetracycl ogﬂg%mnnﬂ@c@l@ ?tgﬁuﬂé,pq?%gcégs y 1. and trimers of

cycl opent adi ene claim 35, 36, and 41 wherein

sai d proce$6,-Cx) b.taikyla(demhlkym Imea:tzhzd bramdedc;@;-@;o) alkehyi, or vinghysf er agent
sel ected froma ¢ gund_tepresented by the formula

[err] aﬂh@f& ﬁﬁB ﬂ‘dRnﬁ?@ﬁ&mtpﬁethﬁfﬁp&@hﬁ@y@n@@’é‘ﬂ!hd%nched or
unbranchedﬁgo eﬂ’%n{lﬁ‘Qh‘éﬁgalrléetheé%i&%ﬁﬁmﬂgwgnﬁé c%%%lﬁﬂ?g&l%ﬁ”] to

Cerr]) al ogen,
they are attached can represent saturated and unsaturated cyclic groups containing

4 to 12 carbon atoms or an aromatic ring containing 6 to 17 carbon atoms; and n .

1s0,1, 2, 3, or4.

31.  The reaction mixture of claim 30 wherein said polyéyclooleﬁh
monomer is selected from ;the group conéisting‘ of S-hydtoky-Z-norbomene
- 5- hydroxymethyl-Z-norbomene 5-methoxy-2-norbornene, 5-t-butoxycarbonyl-2-
: norbomene S-methoxy-carbonyl 2-norbomene, 5-carboxy-2-norbornene,
5-carboxymethyl-2-norbomnene, decano;c acid ester of S-norborngne-z-methanbl,
octanoic acid ester of S-norbomene-z-methapol, n-pentanoié acid ester of
5-norbornené-'2-methanol, phenylcinnaminic acid ester of 5-norbornene-2-
methanol; N-phenylnorbornedicarboximide, and 5-norbomene-2,3-dicérboxylic
anhydride; 2-norbornene, 5'-meﬂ1yl-2-norbomene_, 5-'hexyl-2-norborx_1ene,
5-decyl-2-norbornene, S-phenYI#Z-norbomerie, 5-naphthyl-2-norbornene,
5-ethylidene-2-norbornene, vinylnorbornene, dicyclopent_é.diene,
.dihydrodicyélopentadiene, tetracyclbdodece’ne, methylteu'acyclo’dodecene,
tetracyclododecadiene, dimethyltetracyclododecene, ethyltetracyclododecene,
ethylidene tetracyclododecene, phenylten'acyciododecene, and trimers of

cyclopentadiene.

"32.  The reaction mixture of claim 25, 26, 27, 28, 29, and 31 further |

comprising a chain transfer agent selected from a compound represented by the
I —

ot
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wherein R” is branched or unbra.nched (C, to C,o) a.lkyl or unbranched (C3-C9°)

alkenyl substltuted or unsubstituted (C,-C,;) aryl wherein said substituents if

present are selected from branched or unbranched (C,-Cro) alkyl or haloalkyl, and

halogen, X is chlorine, fluorine, bromine or iodine, and n' is 0 to 20.

33.

- The reaction mixture of claim 32 wherein said chain

transfer agent is a compound selected from the group consisting of an a-olefin

having 2 to 30 carbon atoms, isobutylene, 1,7-octadiene, and 1,6-octadiene.

34.

lene,

The reaction mixture of claim 33 wherein said chain transfer
agent is selected from the group consisting of ethylehe, propy-

4-methyl-1-pentene,

1-hexene,

SHEET

l-decene, and l-dodecene.
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45. The proc;ss'c_)f_mc_l aim44 wherein said chain transfer.agent.is se|.ested
fromthe group atieShestHas mﬂm‘mﬂ_‘gne, propyl ene, . 4-net hyl : 1- pentene, -~

1-hexene, 1-decen ener _ ? . . The polyriei of . claimi1. s
wherein n is 0 an e subs
0

and Rlerr] is linear ranched (Cerr]-Clerr]) alkyl  47. The pol yner
of claim46 wherein R err] is tert-butoxycarbonyl. WO 96/ 37526
PCT/ US96B873138 process for polymerizing a polycyclic additio86 polymer
acid est | 501 e RYNens-A-1et ' % bgenedi.c L3 ind
5-nor borgéﬁggf, C]»' g{_car boxy aﬁclr{gn%%%%\t - .gl\ri g?%\eﬁg, Sﬂ.b %%b%fg %nca
5- met hy| t2oRadByr faketituted polyexgloolebinédshers Biiasd - tnnedbdmndne,

5- phenyl 3 2oA@r 88" fRNEombinat ion dw{ER BAY lor PP MR RBarbyl substituted
5-et hyl i depe- 2- nor hor nene, vi nyl nor bornene, 5 di cycl opent adi ene,

di hydr odPRY¥FEFERPEGTERd S) b e IR O BERREST Proportion (mol/weights)
met hyl t ed £ aglys | fugnsietetel dHejdaacive) osddec it €a8d polymer are polymerized
di et hyl 1Eet.raélﬁc’:’r odgdeceneé , et hyl t et racycl ododecene,. et %I i dene.
t et r acycFhaBaERENgRdo 18omer, said prqce I%’d‘?ﬁ)‘éfﬁ?ep SH43iS o oF

cycl openradeenmctidfally substi4fited fbkypyotesiedfinmaiomas(s B oparidmdl

ohat n ¢ raEsf R hogablint o 16k one o0 RRE ydbolafePl 3EREEEda,
f or mul a:polycycloolefin monomer (s), wherein the majority of said func-
tionally substituted polycycloolefin(s) in said reaction mixture
is present in the endo isomeric form in the presence of a single
component catalyst system selected from a compouhd represented

by the formula:

[L,Pd X,] [ CAlL THIS SHEET HAS BEEN
S - REPLACED

wherein L represenﬁs a ligand containing between 1, 2, or 3 -
bonds; X represents a ligand containing 1 o-bond and.between 0
to 3 w-bonds; n is 0, 1, or 2 and m is 0 or 1, and wherein n and
m cannot both be 0 at the same time, and when m is 0, a is 2, and
when m is 1, a is 1l; and CA is a weakly coordinating counter-
anion; in the presence of an organic solvent. ' '

36. . The procesé of claim 35 wherein the single component catalyst is

represented by the formula:

Y

R%Pd .CAf : .
_ | - ' :

Rl
L .

wherein R®, R', and R are each independently hydrogen, branched or
unbranched (C,-C;) alkyl; (C4-C,,) aryl; (C,- C,q) aralkyl; -COOR';

-

LR

* AMENDED SHEET

m@m-(&mwnmquqmwnL_



15 ' [err] - wherein R_and R .. .
i ndependentiy reﬂ)‘h:eSl&&H—IahB ed Dranched or -un '@S‘"—%%ET HAS BEEN err] *to
r

Gerr]) alkyl, jmu nched (derr] £6 al .ogen,
or the 20 ﬂm ”'l 96/ 37528 -

PCT/ US96/ 07313 87
-'CI—|[err](CH[err])Lerr] err] CCIerr]-R[err]

-Si (R gr FIGHH:OR>; Cl; and (C5-Cy) Cycloahlgfsﬁﬁhewhf}r?i[ndi‘l’ Is (8, Cyaticyl] griden 1 ]

[ g—l{ ]er r] (&8 ﬁ]gr{yetyvhu_f‘[& {{]") :lmdrls may b(eFﬂ ogeth kq rm a (Cs-Cyp)

- CH[ err]( Qﬁfb%ﬂl)c[cﬁ'rlfe}ermlc ring; and wherein CA rn{p%ﬁ{s ]»)/éa% )(/me?<e| ﬁOR[ err] is

branched om;dniutmg@bantex(aﬁioarr] to C[err]) aI kyl, or unbranched
(derr]-derr])

377 The process of claim 35 or 36 wherein L is selected from the
group consisting of (C,-C,,) monoolefin, (C,-C,,) linear and cyclodiolefins,

(C4-C5) aromatic compounds.

-

38. The process of claim 37 wherein L is selected from the group:
consisting of 2,3-dimethyl-2-butene, cyclooctadiene, norborna-

diene,  and dibenzocyclooctadiene.

| 39.  The process of claim 35 or 36 wherein X is selected from the
group consisting of linear or branched (C,-C,o) alkyl; unsubstituted and
substituted non-cychc monocychc, and polycychc (C5-C,o) alkenyl, where said
substituents are selected from the group consisting of linear and branched

(C,-Cm) alkoxy, zCG-C,,) aryloxy, or halogen.

40. The process of claim 35 or 36 Qherein said weakly coordinating
couteramon is selected from the group con51st1ng of BF,, PF,, AlF,0,SCF;,
SbFs s SbF5803F AsFyg, perﬂuoroacetate (CF,;COy), perfluoropropionate
(C,FCOy), perfluorobutyrate (CF,CF,CF,COy,), perchlorate (C10, - H,0),
p-toluene-sulfonate (p-CH,C¢H,SO;" ) and tetraphenylborates represented by the

-

wherein R' independently represents hydrogen, fluorine and trifluoromethy! and n

formula:

is 1 to 5.
__———————_——//.

] O R
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15  al kenyl;—-substituted or unsubstitu'ted (Clerr]-Cerr]) aryl wherein,,
sai d substltuents i f esent are-selected from branched or: ’

unbr anched (C[E}I“ he or halg Ikyl TﬂdeSHEET AS BE@ﬂl ogen X i;’s
chlorine, fluori | odi ne, and n' D
44, The proce wherein said chi s a 20

conpound sel ected fromthe group.consisting of an [err]-olefin having 2 to

30 t t ad
35 The procdde of T Brostss 31 eith 3 uncteid PRIy bbb 00 BV B0S
sel ect ed ?bg@yélbalﬁn fan@ @@y tdearbyl sestibteSoly SYcRBILRATS) are

4- met hyl - 1- pent ene, 1- hexene, 1-decene, and 1- dodecene
represented by the formulae: :
o R! _ R¢
- - Z— Rz . R‘
RS | R
o R¢ o R¢

wherein R! to R* independently represent hydrogen; hydrocarby_l selected from
the group  consisting of linear and branched (C;-C,,) alk}_'l, (Cs-C,y) aryl; ora
functional sﬁbstjtuent selected from.the group -(CH,),-OH, -(CH,),.-C(0)-OH,
-(CH,),.-C(O)OR" , -(CH,),-OR", -(CH,),-OC(O)OR", -(CH,),,,-C(O)R",

~ +(CH,),-0-(CH,),-OH, -(CHZ),,,OR" wherein m independently is 0 to 10 and R" | )
represents linear or branched (C,-C,o) alkyl er the group:

¢ fP
é;

—@—C(O)NH

wherein Y is hydrogen, C,;H,,.,, C,H,,.,0, C, H,,.,0€(0), or -CN, wherein z is an
integer from 1 to 12; R'and R? can be taken together are (C,-C;) alkylidene; Rl
and R* can be taken together with the ring carbon atoms to which they are °

. attached to form an anhydride or dicarboxyimide group; wherem at least one of

R'to R* must be a functional substituent.

* c L L] S *
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42.  The process of claim 41 wherein said functionally substituted and

| hydrocarbyl substituted polybyclooleﬁn(s) are selected from the group consisting

of 5-hydroxy-2-norbomene, 5-hydroxymethyl-2-norbornene, 5-methoxy-2-
nlorbomene, 5-t-butoxycarbonyl-2-norbornene, 5-methoxy-carbonyl-2- .
norbornene, 5-carboxy-2-norbornene, 5-carboxymethyl-2-norbornene, decanoic
acid ester of 5-norbomene-2-methanoi, octanoic acid ester of S-norbornene-2-
methanol, n-pentanoic acid ester of 5¥norquene-2-methanol, phenylcinnaminic
acid ester of 5-norbornene-2-methanol; N-phenylnorbomedicarboximide, and
5-norbornene-2,3-dicarboxylic anhydride; 2?_r'10rbornene, 5-methyl-2-norbornene,
5-hexyl-2-norbornene, 5-decyl-2-norbornene, 5-phenyl-2-norbornene,
5-naphthyl-2-norbornene, 5-ethylidene-2-norbomene, vinylnorbornene,
dicyclopentadiene, dihydrodicyclopentadiene, tetracyclododecene,
methyltétracyclododecene, ten'acyclodc;decadiene, dimethyltetracyclododecene,

_ ethyltetraéitclododecene, ethylidene tetracyclododecene,

phenyltetracyclododecene, and trimers of cyclopentadiene.
43. 'I:he process of claim 35, 36, and 41 wherein said process is further
conducted in the presence of a chain transfer agent selected from a compound

represented by the formula:

/R
\Ru

wherein R' and R" mdependently represent hydrogen, branched or unbranched

(C, to C,,) alkyl, branched or unbranched (C-, to C.w) alkenyl, halogen or the
group:

R R 000 W
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)

i
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wherein R" is branched or unbranched (C, to Cyo) alkyl, or unbranched (C5-Cso)
alkenyl, substituted or unsubstituted (C4-C,5) aryl wherein said substituents if

present are selectéd from branched or unbranched (C,-C,) alky! or haloalkyl, and

halogen, X is chlorine, fluorine, bromine or iodine, and n' is 0 to 20.

44, The process of c1a1m 43 wherein said chain transfer agent is a

compound selected from the group con51stmg of an ¢-olefin having 2 to 30

carbon atoms, isobutylene, 1,7-octad1ene, and 1,6-octadiene.

45. The process of claim 44 wherein said chain transfer ‘agent

is selected from the group consisting of ethylene, propylene, 4-

methyl-1l-pentene,

1l-hexene,

1.~decéne, and l-dodecene.

46. The polymer of claim 1 wherein n is o and R* is the sub-

stituent - (CH,),
alkyl;

-C(0)OR™,

and.R" is linear of branched (C;-C,)

47. The polymer of claim 46 wherein R* is tert-butoxycarbonyl.

* c L M S *
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