-1 CATALYST COWPLEXES FOR PCLYMERI ZATI ON AND

COPCLYMERI ZATI ON OF CYCLI C OLEFI NS The present
invention relates to catal yst conpl exes that
facilitate the polynerization and co-pol ynmerization
of cyclic olefins. The present invention also relates
to a nethod of nmaking the catal yst conpl exes and to a

met hod of using the
copol y GATAIYST s

properti es (Eggg%% gg % ﬁ@ﬁbﬁﬂ@%ﬂtﬁ@rently
| ow birefring enc
excel | ght pebainvimioh rqﬂntepwrcaiabst qomplexgs daelacilifage the
con tant, . |l ow,dielectri

LS T e

d erélla{eélm £methbOPRHAKIGShS uahyasomplghesraadm 4 methpd pf esingthe
(RI E) resi st ance, high glass transition tenperatures,
Be0EnPiexs$.| or abl e adhesion.(e.g., to netals and

”Et aI Piyeiesy m@'&gpolﬁﬁéﬂs’ bf dyictiy olefficeshibit deﬂ&blmmd podperties
catal ysts for the }/lmerlzatlon and co- @8‘§¥’r{?‘/ %.nast%rﬂc)
of(e@y(wlti!eczspe‘étaéﬂimﬁl@wr ereath) lgwdirefrneeRie 2B g Jansparency),
REri6 botant, J0adi wcﬁ-mllﬂssﬂngla
az{x@{lfg{\ﬁgcgg%a?gx% R%fzsodﬁﬁégf or rru?a LR~~I\/113 xL' (&m{?

\A,fmeﬂudnwn/lvolglga a@t bwpnmsruteraamte% Andypariops oter ge
ggé{gﬂl %3 8{ a%chﬁlélp%éculvé Fﬁr@:ﬁjﬁh RIE) rés@ancgtﬁglpgli@ tRftical

‘ e neutral el ectron don
3 |(gmpei-amm§ M@hncssstadmmlahﬂl}w@@é? g eansteln ardbm "é‘?ﬁsb‘ﬂ‘d
ebélﬂﬁfzrln or 2, yis 0, 1, 2 or 3 and the sum of
RE“ § %‘%01‘4 and wherein b and d are selected to
bal anceOiiease bbeitlgsts for thhaolymerizaiongnthoq-palymerizagen of cyclic
t ak t t oLy sclose
NeoBREsie Asclesean REET AT ucn R b 3% BEHBARREEL & 2t o

COoRBAAN @ acdss@hgito thoformblaci | i tating the pol ynerization

and co-pol yneri zation of cy¢ljG Not e that
G oup 15 donor |igands ma %’ﬂelwtfelﬂdenc

di gaeeina18es { GRmpt1b@ansifisranahl; RO an axibeib hy@ncaebsé hg&gie Bisa

di ssoci ation can resuJt in catalys ctiVv

| o§§°%’f15 nefral dpnariliggnd; %lsﬁ’ale?él H&&F?loegeﬁ of %‘"}%} hg{ﬁd%}%tw CA
WeRE, RlthatioR Attt Whegyick isd oraay behé, 2 ogaamﬂsthe sum
i brt Righ activity for the%amll tlog_16 %c% charge

popgmevranzlatm Handkereid heng e s Fiedip B PRE freE

an get%tﬂ ﬁaekaﬁommgﬁq a8 AR wem%f cb&uﬁ&ﬁinémhwraﬁbﬁg en

noi sture ne aspect

the present inventi
t her e | Neyartiolessethers rpmaipea Beef dpr nem:@ﬁi)fs ﬁ:fﬁn;gexes useful Tor
POl ySG +nl \f’gwl{{&{zaﬁ&{m{d'c%tp%gm%a&@&ltdfBgcmtoldfmasnoameat
C I

pol'yCy nonomer W th a catal yst conpl
hadrogp B dononkigaads inyy e:{mblq\ﬂenqepm%ht(spglate from their transition

metal centers. Such dissociation can result in catalyst deactivation or loss of

catal st co Iexes. PoI s _and

selectivity. We have now found that catalyst complexes containing N-heterocyclic
carbene ligands exhibit high activity for the facilitation of the polymerization and co-
polymerization of cyclic olefins and exhibit improved stability toward heat, oxygen
and moisture.

In one aspect of the present invention, there is provided a process for
preparing a polycyclic polymer comprising contacting at least one polycyclicolefin
monomer with a catalyst complex having a formula (i):

[L:MR][WCAL4 ()



wherein [L: MR] is a cation conplex where R represents
a hydrocarbyl group; M represents a netal selected
fromN, Pd and Pt; L: represents an N-heterocyclic
carbene ligand and [ WCA] represents a weakly
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Metals, M suitable for use with the present invention
i nclude, for exanple, nickel (N), palladium(Pd) and
platinum (Pt). In one enbodinment, the netal, M is
selected fromN, Pd and Pt. In another enbodi nent,
the netal, M is selected fréam N and Pd. In yet

anot her enbodi nent, the netal, M is palladium
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Metals, M, suitable for use with the present invention include, for example,
nickel (Ni), palladium (Pd) and platinum (Pt). In one embodiment, the metal, M, is
selected from Ni, Pd and Pt. In another embodiment, the metal, M, is selected from
Ni and Pd. In yet another embodiment, the metal, M, is palladium.

N-heterocyclic carbene ligands, L:, suitable for use with the present invention

include saturated and unsaturated substituted and unsubstituted imidazolidine having

a structure according to one of (I)-(IV}
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X12 RI3 m ~~ 4 Rs /NN Re ~~ Rya (Iln, and
wherein Ry, Rio, Ro, Rii, R ~, Rz, Rz'> R 3,
Ris' and Rya are each independently a hydrogen or a
substituted or unsubstituted subsdtuent selected from
G Czo al kyl, CzCza al kenyl, @z-C- al kynyl, aryl, Ci-
Czo carboxylate, G -Czo al koxy, C z-Czo al kenyl oxy,
Cz-Czo al kynyl oxy, aryl oxy, -Czo al koxycazbonyl, C
~-Czo al kyl thio, O Ri€zo al kyMsul fonyl, C,-Czo

al kyl sul finyl, and si ; d bridging noiety Z may be
sel ected from G Czo al ryl, d-Czo cazboxyl at e,
CrCzo al koxy, C z-Czo | oxy, Cz-Czo al kynyl oxy,
aryl oxy, Cz-Cxo al kex¥gazbg +7\&:i-CZO al kylthio, Cr

Czo al kyl sul fonyPs” Gi - al kyl si¥finyl, and silyl. In
one aspect, at |east one®df the R9, R o, RiodlDRand
Rii', Rz, Rz, R3, Rs' and Rya subsdtuent groups

IS substituted with at | east one noiety selected from
C--C~o0 al qul , C~- C~¢:q|1koxy|a And azylpghich in turn
may each be {urther Aubstituted with/at |east one
group sel ecte a hal ogen, ~CS al kyl, d-Cs

al koxy and phé¢nyl .
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wherein Ry, Rjp, Rio’, R 11, Rit’, Riz, Ri2’, Riz, Rz’ and Rys are each independently a
hydrogen or a substituted or unsubstituted substituent selcétcd from C;-Cy alkyl, Co-
Cyp alkenyl, C>-Cypalkynyl, aryl, Ci- Cao carboxylate, C;-Czg alkoxy, C2-Cao
alkenyloxy, C2-Cap alkynyloxy, aryloxy, C2-Cao alkoxycarbonyl, C 1-Czo alkylthio, C;-
Cyp alkylsulfonyl, C)-Cypalkylsulfinyl, and silyl; and bridging moiety Z may be
selected from C,-Cagalkyl, aryl, C;-Cycarboxylate, C;-Cyp alkoxy, C2-Cao
alkenyloxy, C,-Cyp alkynyloxy, aryloxy, Cz-Czo alkoxycarbonyl, C 1-Cap alkylthio, Ci-
Ca alkylsulfonyl, C;-Cyoalkylsulfinyl, and silyl. 7

In one aspect, at least one of the Ro, Rio, R1o", R 11, Rit’, Rig, Rz, Raa, Ri3’
and R4 substituent groups is substituted with at least one moiety selected from C;-Cyo
alkyl, C;-Cyoalkoxy, and aryl which in turn may each be further substituted with at
least one group selected from a halogen, a C;-Csalkyl, C;-Cs alkoxy and phenyl.

In another aspect, at least one of the Rg, Rip, Ri0’, R 11, Rut’, Rz, Rz’ Ris,
Ris’ and Ry, substituent groups further includes at least one functional group.
Functional groups suitable for use in these substituent groups include, for example,
hydroxyl, thiol, alcohol, sulfonic acid, phosphine, thicether, ketone, aldehyde, ester,
ether, amine, imine, amide, imide, imido, nitro, carboxylic acid, disulfide, carbonate,
isocyanate, carbodiimide, carboalkoxy, carbamate, acetal, ketal, boronate, cyano,
cyanohydrin, hydrazine, oxime, hydrazide, enamine, sulfone, sulfide, sulfenyl and

halogen.
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6 one noiety selected fromG Cm al kyl, G -C-~o al koxy,
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hydrogen met hyl, ethyl, propyl i sopropyl, hydroxyl
and hal ogen. In another aspect™R9 and R 4 are
i ndependently of formula ( wher bin Ris> R-6, and
R17 are each nethyl. In an pect, the bridging
group, Z, may be substit ' sQe or nore
noi eti es sel ected fromiE -C o Yal kyl, P& -Cto al koxy and
aryl; which in turn my each [oe further substituted
with one or nore groups sel ect'ed froma 4 ogen, a
Ct-CS al kyl, C~-CS al koxy and phenyl .

wherein Rys, Ry6, and Ry7 are each indcpendcntly hydrogen, C-Cio alkyl, Ci- Cieo
alkoxy, aryl or a functional group selected from hydroxyl, thiol, thioether, ketone,
aldehyde, ester, ether, amine, imine, amide, nitro, carboxylic acid, disulfide,
carbonate, isocyanate, carbodimide, carboalkoxy, carbamate and halogen.
In another aspect, Ry and Ry4 are independently of formula (V), wherein Rys,
Rys, and R;7 are each independently selected from hydrogen, methyl, ethyl, propyl,
isopropyl, hydroxyl and halogen.
In another aspect, Rg and R4 are independently of formula (V), wherein Rs,
Rje, and R;7 are each methyl.
In another aspect, the bridging group, Z, may be substituted with one or more
moieties selected from C;-Cio alkyl, Ci-Co alkoxy and aryl; which in turn may each
be further substituted with one or more groups selected from a halogen, a C-Csalkyl,

C;-Cs alkoxy and phenyl.



In anot her aspect, the bridging group, Z, may further
i ncl ude one or nore functional groups. Functiona
groups suitable for use in bridging group, Z, include,
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That is, a ligand precursor (LA*Y") is contacted with a suitable reducing agent E)to
generate a ligand, L:. The ligand, L: is then reacted with a metal complex (RMX),, to
form the catalyst precursor, wherein n is 1 or 2. One skilled in the art will recognize
to select the appropriate value for n. A salt of a suitable weakly coordinating anion
(N*WCA) is then added to the catalyst precursor to yield the catalyst complex.

Ligand precursors, (LA*Y"), suitable for use with the present invention
include, for example, 1,3-bis(2,4,6-trimethylphenyl)imidazolium chloride, 1,3-
bis(2,6-diisopropylphenyl)-4,5-dihydroimidazolium tetrafluoroborate and 1,3-bis(2,6-
methoxyphenyl)-4,5-dimethylimidazolium chloride.

Reducing agents, E, suitable for use with the present invention include, for
example, sodium hydride, sodium z-butoxide, sodium methoxide, butyl lithium or
potassium z-butoxide.

Metal complexes, (RMX), suitable for use with the present invention include,
for example, allylpalladium chloride dimer, di-y-chlorobis(2-
[(dimethylamino)methyl]phenyl-C, N] dipalladium, methallylnickel chloride dimer or
Palladium(1+).
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complete conversion to polymer is provided. The reactive formulation of the
invention contains polycycloolefin monomers in combination with an activated
addition polymerization catalyst system, which polymerizes the monomers to at least
90% conversion, preferably >95% conversion. This invention provides storage stable
activator components of such reactive formulations, A polymerization system is
provided wherein a storage stable activator component is combined with a separately
stored catalyst precursor component. When the storage stable components of the

polymerization system are combined in monomer, a reaction mixture is obtained. In
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reactant streams.MB® M 14"WCA' + x . Minants \__ Mbnaa,
as  In one aspect, various additives may be included in the reactive monomer

composition to modify the properties of the molded articles produced. Non-
interfering additives suitable for use with the present invention include, for example,
solvents, blowing agents, fillers, fibers, pigments, dyes, lubricants, antioxidants,
antiozonants, UV absorbing agents, crosslinking agents, odor absorbing or masking
agent, flame retardants, light stabilizers, plasticizers, foaming agents, whiskers for

surface smoothing, tougheners, reinforcing agents, impact and polymeric modifiers
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substituent containing an oxygen atom.
Norbornene-type monomers suitable for use with the present invention may

include norbomene-type or polycycloolefin monomers are represented by the

structure below:



1 (M1) wherein each W' is independently defined as
above; "a" is a single or a double bond; R-~, RZ, R3,
and R each i ndependently represent a hydrogen, a
hydrocarbyl or a functional substituent; mis an
integer fromO to 5 wth thelproviso that when "a" is
a double bond, both (i) one of R~ and RZ i s not

present and (||) one of RB and Ris not, present. The
term "hydrocar byl groups" as used her iln and in the
appended cl ai n8 encompasses hye ogef, hydr ocar byl

gr oups, hanhydrocarb I , |peyhal ohydr ocar byl

groups and per ﬁggodinent,
, presen

R"' R2 R3 ’ s \ v

hydrogen, i : @ o al kyl, |inear or
branched CZ-|¢o al kényl ' ranched CZ-C o

al kynyl, C4- 4 gggkenyl,
C6-C~z aryl, /- C jl . odi ment ,

R and RZ or i Wly represent a

C -d o alkYlidenyl gr
i nclude, but are by ng neans lim}fed to, t hyl ,

ethyl, propyl, isopropyl, butyls I¥obutyl, sec-butyl,
tert-butyl, pentyl neopentyl, hexyl, heptyl, octyl,
nonyl afdDdecyl . Representative al kenyl groups

i ncl ude, but aze by. no neans limted to, vinyl,

I1'yl, butenyl and cycl oh R Cab |

o P s

2 kl)l teﬁ? Kr] %hﬁRa'eaf&ﬁ Wﬁﬁﬁhenﬂ%fr@ﬁr@@ﬁﬂa/hydrdd&ﬂtwocmbﬂl ora
utyny e

presentative cycl oal kyl, ou e s
burfura;nenarbyumomemmsam inteeerdepm @ to %y@th%%r@ B Wi s 2

LaexSa B‘&ﬁ gﬁ X@ &‘iﬁta}{(ll ROt preseanind. (iFeRrE RA midRY iv eot
ude,

groups ut aze by no neans limted to,
phqnyhn naphthyl and ant hracenyl. Representative

aral kyl 755 BRI 8 2 gf%ryprttt 284 &1 RV T BAS atpeﬂﬁécﬁﬂanns

to, ben Representatlve al yIrdenyI
grQhaﬁnmﬁﬁkuﬁﬁoghMMMamaﬂbygnmﬁn@ﬂﬂgdﬁFWiU

rret h d eth b@ﬂ@g R, R, R?
sl %%P?éft“&%ﬁﬁy%%‘%%ﬁﬁ& rélﬁf)‘?“ﬁ“a ThcLude
perfalopat natﬁdd@bﬁdwﬂy sepekset mydlwam rignched Ci-Cio alkyl
halogenated gr usef | re
parl't"{eall 9‘)}”%‘!3 2F9‘° ﬁ‘gt‘g@é%?‘e ar e (HJ ﬂlégrm Qe

br anehatty, apd f@vRakasl, (Iﬁarlﬂhlﬂyh a@AW—@waﬂmér & Wewnbif)élmem

i ndépendént | sel,ecte fro nd
"R K At R oy ColreB Oy R B R o
eaCﬁeﬁMsehéuterhd%w gﬁdpmkmde, 6l £Ebetb heamlimjnd by methyl, ethyl,

chl orine, ftluorine and bro oth ,
eamobmlsmo#mtytmmyr e, e Bl ab R B,

fl upl 't){i rt#l rhoﬂ?lean@ ﬁﬁjilésenthdilﬂ: dﬂ&hf/]l groups Meclueld, but are by no
subs® t's | ncl ude perfl uor ophe

per ficunsimitsd oy viny el DRSS AT T IOpERy I BBy lkvny!
ertl r B hi- ylik 1-
< Sl it s oy, e
ar abinyﬁyl @n«bwstyoﬂ Bheresanaésewclqaﬂv BOPR ﬂﬁ%g G
bst bedds. RS ti
o B A PR ARt s
Wiearyl Boupeinclady, bgraaip( s) meang amt)ed to, phangh naphdly anthracenyl.

4al kyl groups

bstit t
fgpi{@é@lﬁjﬂ%&g\r? %@%b@éll%cé‘t%dﬁ?r om’( ffnltd to, benzyl and
%}g:r%)h@i @prébﬂtﬁtﬁ’)emkyhdﬁyﬂl droups mclude but are by no means limited to,
CE3) 7-- O -
--<mﬁ5¢@ue@w¢wmeﬂ% oqans (G- -
C(CFs) z--OH> -- (CHZ) nG(O) NHz, - - (CHz) n¢(O) ~-" 1,
-<(~"HZ)NC(OORS > -(CH2)n--ORS , --(~-'Hz)n

-OC(O RS, --(CHz)n--C(O RS> -(CHz) n--OC(O) CRS,
-(CHz)nsl (RS)9, --(CHz)nSi (ORS)g, --(CHz)n -O-Si (RS)s
and --(CHz)nC(O) OR6 wherein n independently
represents an |nteger fronrO to 10 and RS

e o T



13 noiety selected from--C(CH3)3, --Si (CH3y~,

--CH(R~) OCHZCH3, --CH(R-)OC(CH3)3 or the follow ng
cyclic groups: H3Cr--~,,CHg O O wherein R~ represents
hydrogen or a linear or branched (C--Cs) al kyl group.
The al kyl groups may includéZnethyl, ethyl, propyl,

i -propyl, butyl, i-butyl, t-butyl, pentyl t - pentyl

and neqpent gle .
bond i 8“?3%/"6'?0(518?‘?"%3& ?e?lb%q%\y eC%%ng}@ﬁ)ar'%l gsa":lc%dl cat es

t hgeriRsHehdt@NphehiAraad tikel gongs] Et‘h@hajdimnteah gikglr gmqps mseful in the
bonded, to the acid suBst it uegt g Sb%rfxch QhE\%'tﬁe
i niayventien areparially of fullx hejperpgted andayp ﬁ%f orbr

2- i I, R, 8 Q\hﬁfaﬂ W' s 1ﬂEép@ﬁdenﬁy ﬁﬂwﬁﬂ’ﬁ‘qﬂ} halogen and hydrogen
tetrahydrofuran tetrah%@hopyrano

3- oWy e BirEReafdrig RO- Feapg daeet%rmh W1 dt indsyBianyly
angelelzteh fRﬁH ﬁ Ia‘llomg rfﬁxoﬁ@e ilﬂqir&ﬂine CE andthePembodiment, each

r epr esent d|c prop 'met hyl (Dcpm), and
di ﬁ@'tlhmﬂwodl@pdv o) 9y hyqrogassnd eeriss whi ch aze
repres ejnt ed er%l‘.?otfn?ﬁneftﬁ% F&%&%atﬂ tsﬁlﬁéﬁﬁféﬁt@ $ncludd f)erflu tfnyl

and - C( ucture (VIl) above, R~ and

t Ogﬁﬂh@bmwhvlhpérﬂeorbmylrw@umwm ratfhipgobutyb anghpeslucroheyyl
L ou
B 0r B e SRR B M ety s o o

r i p@semarnbamoahmc fartet kmmtumtl emlthdmeam; bagclied (1 €d aélqryyand
ontaining 6 to' /18 r| I[S)Eon atons, or a

coﬁ%f’ﬂ%‘f iBEAYPE-REH St5Hps al”rﬁlecy&&%l atic group can be

MONOCY Ciyihen B plabC3t6dp(9) is(MBpnfunaianLubstirgknt, AR T RE ag R

group nay . contain npn at i ~

o PR TERIF 67 2 TPoled dE e (DT CHC e Qe Siedy

%@(‘:}H -gfmt t?,)tgceda--@?ﬁaongnp JURSHEH-CHEF; )3y OH-HOOBF@HP(CH; )3, --
en substitute er

o A= PO, o{ NGBS (ORI B PARR’ -

SuBSHrL.L SR, @@gsné ngent), yc@:aRé elept BIOC(OIOR’, -

h drogen ‘i neaz or

anched G -
o @Hﬁe&améa,egrhamft Pkt SR MM TR wherein
there d
ep t@%@g%@% A GRLR RoW® 10108 REAGepelidenif deprtsents

er to formthe dival ent br|Qﬁ g
gr fhuqhogem 1Dge@y o@m(cmyd:crszmlmﬂmm@ﬁ braaghed Grfgehalegenated or
W g th%ﬂg n% lézp 4n A8 5. Ctmoalmw Rndd? 8Ybrafchd C,-Cio
at 8 orm en acyc ic ring, whéerein Q represents
an aﬂwyﬂeﬁs-étz&mlodk)tll‘@s Cgraoi mmalpgenam oRgerhaggegaied aryl,

S el eﬁ &£ %rﬁﬂ%nﬁggg&g uvpﬁ}bc?&?\%yl Ggsasétn @g%l P\F;gé? Qﬁé?felfinmon

st lof BE are ehel sams hothose iderttified abays usder @t@td@ﬁemoq of Retp R®. As set
forth above under R' to R* the hydrocarbyl groups defined under R’ may be
halogenated and perhalogenated. For example, when R®is C;-Cy halogenated or
perhalogenated alkyl, R’ may be represented by the formula C;W"2,.1, wherein z and
W" are defined as above and at least one W" on the alkyl group is a halogen. Itis to
be recognized that when the alkyl group is perhalogenated, all W" substituents are
halogenated. Examples of perhalogenated alkyl groups include, but are by no means
limited to, triflucromethyl, trichloromethyl, --C7Fis, and --Cy1Fy. Examples of
perhalogenated aryl groups include, but are by no means limited to,
pentachlorophenyl and pentafluorophenyl. The R®radical represents an acid labile



O (VIla) wherein each W' is independently defined as
above and mis an integer fromO to 5. Deuterium

enri ched norbonene-type nonomers wherein at | east one

of the hydrogen atons on the gorbonene-type noiety

and/ or one at | east one of tﬁg hydrogen atons on a
pendant hydrocarbyl substituent described under Rt to
R%B@%eleléd BeRN.- @(@%ﬁcﬁﬁ(@%)@ -RURBOCHICEL Q[EH(RQ)OC(CHQ;
contenP ated within the scope of the present

i n¥dhe iofpwingsydliregredmsodi ment, at | east 40 percent of

t he hydrogen atons on the norbonene-type noi ety

and/ or the hydrocarbyl substituent are replaced by
deuterium | p al her enbodisres ‘

per cent of tf

NDi ety erfachheg qrocaro
by deuteriu et anoth
about 60 pepe®rt—oT the e

nor bonene- tYpe noi ety and/ or

defi ned as abg
fromO to 6,
hydr ocar byl
and R1D and
I ndependent |
deuterio

In one enbodi , the deuterated hydrocarbyl goup is
ar or branched C-C o al kyl wherein
at | east 4(] percent} of the hydrogen atonms on the
cazbon backpone azp replaced by deuterium ht another
enbodi nent, terated hydrocarbyl group is

sel ected fro *hear or branched Ct-Cto al kyl wherein
at | east 50 percent of the hydrogen atons on the

c awhoreiniR] céphhesams hydrogenpr adiechr bybmadmé (Ci@ha) alkyl grpug. The
an er enbodi |s
Se@f({ltgga.lp]s oz urrr?udte metth ? gl'(érlrll, %FHI e’g p{gﬁg'gﬁagrsrg %X*yl Q%H I

i near
at pdnedsttpefify] mel mwepdntydf Irt the albw l’swg:&mresatlmmglﬁbdnﬂdme prOJcct:mg
carbon, backbone aze re ace
el SRR AP B on et Pt proite B ol &
?Obcbﬂﬂdﬁﬁﬁhé m@subeﬁmaﬁesm)pls@df H‘Seflrd&alsuﬁcdﬁde ISinethgl- 1 e

Vi | ve Wt nctiona nenet ype
cr %lqhieﬂa’l isepo E&n@% '13%3}"“3(}! Wﬂwgé 8‘?{5?"“'1
NOfcR AR ufal A Cte A ARdply kb OB3- 0 XRNEIOREX ahdhy TRl oAb dctdnki 1-
crosslinki ng nononer contains at | east two

noﬂB@ﬁ@ﬂ%ﬂ_ ?ﬁﬁ@ﬁYQQQ {(nor bonene-type doubl e bonds),
each f UYRQAREA Edh 28 BtesehPdicyclopropylmethyl (Depm), and

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



pol ynmeri zable in the presence of the catal yst system
of the present invention. The crosslinkable nononers
i nclude fused nmulticyclic ring systens and |i nked

mul ticyclic ring systens. Exanples of fused
crosslinking agents are ¥ lustrated in structures

bel ow. For brevity, norbornadiene is included as a

- fused nulticyclic craosslinking agent and is
cons d to cont wo pol yreri zabl e nor bonene-type
doubl onds. whereiWY represents a net hyl ene

(-CHz-}) group and mji ndependently represents an
integet fromO to 5, fand when mis 0, Y represents a
Si n.g.l.ecpgnd.anaepr-eseﬁ(ﬁﬂa)g nononer s under the
forgoi g formul ae are discl osed by, for exanple, Bell

et al.{in US. Patent No. 6,350,832. 17 Sone
enbodifgnts of the present invention will now be
descrfbed in detail in the follow ng Exanples.
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Exanpl e 3 Synthesis of allyl palladiumchloride 1
3(bis(2 4 6-trinethvlnhenvl)imdazole-2liy dene To a
50 nL semmvial in a dry box was added 0.433 g (2.56
nmol ) al |yl palladlun1chlor|de in 10 tnL THF. To this
sol ution was added 1.00 g (2. 157 nmol )
1,3(bis(2,4,6-trimethyl phenyl)im dazol e-2-ylidene)
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added 0.1 g (0.55 mmol) aIIy) pal I adi um chl oride in 2
mL THF. The resulting=s8 s stirred in the
drybox for 10 m nute pon it was renoved from
the drybox and filtefed thro gh a plug of silica
- _ . The silica plug was
washed with 10 nlL addhti THF. The resulting
solution was then t | 4n¢ a vacuum fl ask and
the THE was renoyw® unoerdkﬁc dmto afford 0.28 g of
product as an off-mhiﬁ% S d. Exanple 5 Pol vi¥dIb)zadon
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and R'P and R? may or may not be present and independently represent a deuterinm

atom or a deuterium enriched hydrocarbyl group containing at least one deuterium
atom; with the proviso that when "i" is 0, at least one of R'® and R?® must be present.
In one embodiment, the deuterated hydrocarbyl group is selected from linear or
branched C;-Cjp alkyl wherein at least 40 percent of the hydrogen atoms on the
carbon backbone are replaced by deuterium. In another embodiment, the deuterated
hydrocarbyl group is selected from linear or branched C;-Cyg alkyl wtprein at least 50
percent of the hydrogen atoms on the carbon backbone are replaced by deunterium. In
yet another embodiment, the deuterated hydrocarbyl group is selected from linear or
branched C;-Cjp alkyl wherein at least 60 percent of the hydrogen atoms on the
carbon backbone are replaced by deuterium.

Crosslinked polymers can be prepared by copolymerizing the norbomene-type
monomer(s) set forth under Structure (VII) above with a multifunctional norbornene-
type crosslinking monomer(s). By multifunctional norbornene-type crosslinking
monomer is meant that the crosslinking monomer contains at least two norbornene-

type moieties (norbornene-type double bonds), each functionality being



A. Catalyst formation To a clean, dry 5 nL senun via
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two vials were thg N ned with shaking for about 5
m nutes. The resyf+s= RXt ure containing catal yst was
yell ow in col or fl occul ant, off white

precipitate.

-

<m mn m

wherein Y represents a methylene (—CH,--) group and m independently represents an
integer from O to 5, and when m is 0, Y represents a single bond. Representative
monomers under the forgoing formulae are disclosed by, for example, Bell et al. in

U.S. Patent No. 6,350,832,




B. Copol ynerization To a clean, dry 50 nL serumvia
under NZ and equi pped with a Teflon coated stirring
bar was added 2.3 g (12 nmol) of a 49 mol %
nor bor nene/ t ol uene solution, .1.03 g (12 mmol) et hyl
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orange color After stirring an additional 20 mmutes the volatiles were removed

under vacuum, leaving an orange solid. This solid was extracted three times with
warm toluene (20 ml/extraction at 60 °C). The filtrates were filtered over Celite and
the toluene was removed under vacuum. The orange solid was recrystallized from hot
hexanes and afforded 1.33 g of white needle-like crystals.

Example 3

Synthesis of allyl palladium chloride 1,3(bis(2.4.6-trimethylphenyllimidazole-2-
ylidene

To a 50 mL serum vial in a dry box was added 0.433 g (2.56 mmol) allyl
palladium chloride in 10 mL THF. To this solution was added 1.00 g (2.57 mmol)
1,3(bis(2,4,6-trimethylphenyl)imidazole-2-ylidene) dissolved in 10 mL. THF. The



Pol ymeri zation of norbornene in the presence of HZO

and allvl oalladiumchloride 1 3(bis(2

6- di i sonroovl nhenyl )i m dazol e-2-vlidene A Catal yst

formation To a clean, dry 5 Zh serumvial in a drybox
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Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenylimidazole-2-ylidene and 0.5
mL MeCl,. To a second 5 mL vial was added 2.5 mg (7.2 pmol) AgSbFg + 0.5 mL
MeCl;. The contents of the two vials were then combined with shaking for about 5
minutes. The resultant mixture containing catalyst was yellow in color with a
flocculant, off white precipitate.

B. Polymerization

To a clean, dry 50 mL serum vial under N3 and equipped with a Teflon®
coated stirring bar was added 2.3 g (12 mmol)} of a 49 mol % norbormene/toluene
solution, followed by 10 mL toluene. The vial was placed in a water bath and allowed
to equilibrate to 50°C. The resultant mixture containing catalyst prepared in A was
then added to the vial via syringe. The reaction was allowed to proceed for 2 hours,
after which it was terminated by adding 1.0 mL acidified MeOH (10% HCL in



B. Polynerization To a clean, dry 50 nL semmvia

under NZ and equi pped with a Teflon(r) coated
stirring baz was added 1.00 g (6.66 nmol) of
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pol yPatyméizatibicdf.norbornene in presence of allyl palladium chlonde 1,3(bis(2.6-
diisopropylphenyl Jimidazole-2-ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 1.0 mg (1.8 pmol)
Allyl palladium chloride 1,3 (bis-(2,6-diisopropylphenyl)imidazole-2-ylidene and 0.5
L MeCl,. To a second 5 mL vial was added 0.61 mg (1.8 pmol) AgSbFs + 0.5 mL
MeCl,. The contents of the two vials were then combined with shaking for about 3

minutes. The resultant mixture containing catalyst was yellow in color with a

flocculant, off white precipitate.
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B. Polymerization
To a clean, dry 50 mL serum vial under Né and equipped with a Teflon®
coated stirring bar was added 2.30 g (12.0 mmol) of a 49 mol % norbornene/toluene
solution, 2.0 mL toluene and 5.0 mL deionized HO. The vial was placed in a water
bath and allowed to equilibrate to 50°C. The resultant mixture containing catalyst
prepared in A was then added to the vial via syringe, whereupon the contents of the
vial immediately solidified. The reaction was allowed to proceed for 4 hours, after
which it was terminated by adding 1.0 mL acidified MeOH (10% HCL in MeOH).
The resulting polymer mixture was added to 400 mL rapidly stirred acetone, which
was subsequently filtered under vacuum, washed with excess acetone and dried

overnight under vacuum at 60°C to yield 1.10 g of polymer product.
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B. Copolymerization

To a clean, dry 50 mL serum via} under N and equipped with a Teflon®

coated stirring bar was added 1.00 g (6.66 mmol) of 5-butyl-2-norbornene, 1.03 g
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B. Copolymerization

To a clean, dry 50 mL serum vial under N; and equipped with a Teflon®
coated stirring bar was added 1.00 g (9.08 mmol) of 5-hydroxyl-2-norbornene and
1.26 g (10.6 mmol) norbornene (79 wt% in toluene) and 10 mL toluene. The vial was
then placed in a water bath. After equilibration to 50°C, the resultant mixture
containing catalyst prepared in A was added to the vial via syringe. Stirring in the
vial stopped about 5 minutes after addition of the catalyst. The reaction was then
allowed to proceed for 2 hours, after which it was terminatcd by adding 1.0 mL
acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was then
added to 200 mL rapidly stirred acetone, which was subsequently filtered under
vacuum, washed with excess acetone and dried overnight under vacuum at 60°C to

yield 1.30 g of polymer product.
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A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 6.8 mg (12 pmol)
Allyl palladium chloride 1,3(bis-(2.6—diisopropylphenyl)imidazole-z-ylidéne and 0.5
mL MeCl,. To a second 5 mL vial was added 2.8 mg (3.1 pmol) sedium
tetrakis(pentafluorophenyl)borane (NaB(CsFs)s) + 0.5 mL MeCl;. The contents of the
two vials were then combined with shaking for about 5 minutes. The resultant

mixture containing catalyst was yellow/brown in color with a small amount of

flocculant, light brown precipitate.
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andontaining catalyst prepared in A was added to the vial via syringe. The reaction was
allowed to proceed for 2 hours, after which it was terminated by adding 1.0 mL
acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was then
added to 200 mL rapidly stirred acetone, which was subsequently filtered under

vacuum, washed with excess acetone and dried overnight under vacuum at 60°C to

yield 1.49 g of polymer product.
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mL MeCl;. To a second 5 mL vial was added 2.8 mg (3.1 umol) NaB(CsFs)s + 0.5
mL MeCl,. The contents of the two vials were then combined with shaking for about
5 minutes. The resultant mixture containing catalyst was yellow/brown in color with

a small amount of flocculant, light brown precipitate.

B. Copolymerization
To a clean, dry 50 mL serum vial under Nz and equipped with a Teflon®
coated stirring bar was added 1.26 g (10.6 mmol) of norbomene (79 % by wtin
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. Polymerization

To a clean, dry 50 mL serum vial under Nz and equipped with a Teflon®
coated stirring bar was added 1.41 g (11.8 mmol) of norbormene (79 wt% in toluene)
and 10 mL toluene. The vial was then placed in a water bath. After equilibration to
50°C, the resultant mixture containing catalyst prepared in A was added to the vial via
syringe. The reaction was then allowed to proceed for 30 minutes, after which it was
terminated by adding 1.0 mL acidified MeOH (10% HCL in MeOH). The resulting
polymer mixture was then added to 200 mL rapidly stirred acetone, which was
subsequently filtered under vacuum, washed with excess acetone and dried overnight
under vacuum at 60°C to yield 1.10 g of polymer product.

Example 18
Copolymerization of norbornene with 3-triethoxysilyl-2-norborpene in the presence of

allyl palladium chloride 1,3(bis(2.4,6-trimethylphenyl Yimidazole-2-ylidene

A, Catalyst formation
To a clean, dry 5 mL serum vial in a drybox was added 3.4 mg (7.0 pmol)
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norbornene and 10 mL toluene. The vial was then placed in a water bath. After
equilibration to S0°C, the resultant mixture containing catalyst prepared in A was
added to the vial via syringe. The reaction was then allowed to proceed for 2 hours,

after which the resulting polymer mixture was added to 200 mL rapidly stirred




30 Exanpl e 23 Copol yneri zati on of S-butyl-2-norbonene
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Catal yst formation To a cleafi; dry 5 nL serumvial in
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4. @atroxyliedcidneth@rested amh 1daulo kaduc@e. The v1a1 was then placed in a water
bath. After equilibration to 50°C, the resultant mixture containing catalyst prepared in

A was added to the vial via syringe. The reaction was then allowed to proéeed for2
hours, after which the resulting polymer mixture was added to 200 mL rapidly stirred
MeOH, which was subsequently filtered under vacuum, washed with excess MeOH
and dried overnight under vacuum to yield 0.1 g of polymer product.

Example 21
Copolmenzauon of norbornene with bicyclo[2.2.11hept-5-ene-2-carboxylic acid

methyl ester in the presence of allyl palladium chloride 1.3(bis(2.4.6-
trimethylphenylDimidazole-2-vlidene

A.  Catalyst formation _

To a clean, dry 5 mL serum vial in a drybox was added 5.9 mg (12 umol)
Allyl palladium chloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.5
mL MeCly. To a second 5 mL vial was added 4.1 mg (12 pmol) AgSbFs + 0.5 mL
MeCly. The contents of the two vials were then combined with shaking for about 5

minutes. The resultant mixture containing catalyst was yellow in color containing a

white, flocculant precipitate.
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in 1»%(515.3"1%&0:1:93&8% the two vials were then combined with shaking for about 5
minutes. The resultant mixture containing catalyst was yellow in color containing a
white, flocculant precipitate.
B. Copolymerization
To a clean, dry 50 mL serum vial under Nz and equipped with a Teflon®
coated stirring bar was added 1.00 g (6.66 mmol) of 5-butyl-2-norbornene, 1.50 g
(17.4 mmol) methyl acrylate and 10 mL toluene. The vial was then placed in a water
bath and allowed to equilibrate to 90°C, whereupon, the resultant mixture containing
catalyst prepared in A was added to the vial via syringe. The reaction was then
allowed to proceed for 60 minutes, after which it was terminated by adding 1.0 mL
acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was added to
200 mL rapidly stirred acetone, which was subsequently filtered under vacuum,

washed with excess acetone and dried overnight under vacuum at 60°C to yield 0.99 g

of polymer product.
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serum vi al equi pped wth a Tef
the vial via synngc The reaction was then allowed to proceed for 60 minutes, after
which it was terminated by adding 1.0 mL acidified MeOH (10% HCL in MeOH).

The resulting mixture was then added to 200 mL rapidly stirred acetone, which was

subsequently filtered under vacuum, washed with excess acetone and dried overnight
under vacuum at 60°C to yield approximately 0.01 g of polymer product.

Example 24

Copolymerization of 5-butyl-2-norbornene with 5-hydroxyl-2-norbornene in the
presence of ally! palladium chloride 1.3(bis(2.4.6-trimethylphenyllimidazole-2-

ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 2.9 mg (6 pmol) Allyl
palladium chiloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.5 mL
MeCl,. To a second 5 mL vial was added 10.5 mg (12 pmol) dimethylanilinium
tetrakis(pentafluorophenyl)borate (DANFABA) + 0.5 ml. MeCl,. The contents of the
two vials were then combined with shaking for about 5 minutes. The resultant
mixture was then filtered through a 0.2 um Teflon® filter to afford a product tan

colored solution containing catalyst.




coated stirring baz was added 1.26 g (10.6 mol)

nor bonmene (79 wt % in toluene) and 10 nL tol uene. The
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to 90°C, 0.1 mL of each of solution (i) and (ii) of Example 25 (0.51 pmol and 2.0
umol respectively) were then added to the vial via syringe. The contents of the vial
were then stirred for 20-30 seconds after addition solutions (i) and (ii). The reaction
was then allowed to proceed for 15 minutes, after which it was terminated by adding
1.0 mL acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was
added to 200 mL rapidly stirred acetone, which was subsequently filtered under

vacuum, washed with excess acetone and dried overnight under vacuum at 60°C to

yield 0.91 g of polymer product.




To a clean, dry 50 nL serumvial under NZ and equi pped
wth a Teflon coated stirring baz was added 1.00 ¢
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To a clean, dry 50 mL serum vial under N and equipped with a Teflon®
coated stirring bar was added 1.26 g (10.6 mmol) norbornene and 10 mL toluene. The

vial was then placed in a Variomag® reaction block. After equilibration to 90°C, 0.01
mL of each of solution (i) and (ii) of Example 25 (0.051 pmol and 0.20 pmol
respectively) were then added to the vial via syringe. The contents of the vial were
then stirred for 20-30 seconds after addition of solutions (i) and (ii). The reaction was
then allowed to proceed for 15 minutes, after which it was terminated by adding 1.0
mL acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was
added to 200 mL rapidly stirred acetone, which was subsequently filtered under
vacuum, washed with excess acetone and dried overnight under vacuum at 60°C to
yield 0.90 g of polymer product.
Example 31
Homopolymerization of norbornene with a catalyst using DANFABA as an activator
To a clean, dry 50 mL serum vial under N and equipped with a Teflon®

coated stirring bar was added 1.26 g (10.6 mmol) norbornene and 10 mL toluene. The

vial was then placed in a Variomag® reaction block. After equilibration to 90°C, 0.01
mL of each of solution (i) and (iii) of Example 25 (0.051 pmol and 0.20 pmol
respectively) were then added to the vial via syringe. The contents of the vial were
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respectively) were then added to the vial via syringe. The contents of the vial were
then stirred for 20-30 seconds after addition of solutions (i) and (iii). The reaction
was then allowed to proceed for 15 minutes, after which it was terminated by adding
1.0 mL acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was
added to 200 mL rapidly stirred acetone, which was subsequently filtered under
vacuum, washed with excess acetone and dried overnight under vacuum at 60°C to
yield 1.15 g of polymer product.

Example 33
Copolymerization of norbornene with bicyclo[2.2.1 lhept-5-ene-2-carboxylic acid

methyl ester with a catalyst using DANFABA as an activator

To a clean, dry 50 mL serum vial under N; and equipped with a Teflon®
coated stirring bar was added 1.00 g (10.6 mmol) of norbornene (79 % by wt in
toluene) and 1.00 g (6.57 mmol) bicyclo[2.2.1]hept-5-ene-2-carboxylic acid methyl
ester and 10 mL toluene. The vial was then placed in a Variomag® reaction block.
After equilibration to 90°C, 0.1 mL of each of solution (i) and (iii} of Example 23
(0.51 pmol and 2.0 pmol respectively) were then added to the vial via syringe. The
contents of the vial were then stirred for 20-30 seconds after addition of solutions (i)
and (iii). The reaction was then allowed to proceed for 15 minutes, after which it was
terminated by adding 1.0 mL acidified MeOH (10% HCL in MeOH). The resulting
polymer mixture was added to 200 mL rapidly stirred acetone, which was
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B. Attempted Polymerization
To a clean, dry 50 mL serum vial under N and equipped with a Teflon®
coated stirring bar was added 17.28 g (90 mmol) of a 48.5 mol % norbornene/tcluene
solution and 10 mL toluene. The vial was then placed in a water bath and allowed to
equilibrate to 50°C. 0.5 mL (1.8 pmol) of each of solution (1), (ii) and (iii) of A were
then added to the vial via syringe. The reaction was then allowed to proceed for 2
hours, after which it was terminated by adding 3.0 mL acidified MeOH (10% HCL in
MeOH). The resulting solution was precipitated into 400 mL rapidly stirred acetone,

yielding no polymer product.
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wherein R, Rio, Rio’, R 11, R11’, Riz. Ri2’, Rys, Ryy’ and R4 are each independently
hydrogen or a substituted or unsubstituted substituent selected from the group
consisting of C;-Cao alkyl, C2-Cpoalkenyl, C,-Cy alkynyl, aryl, C,-Cocarboxylate,
Ci- Cap alkoxy, Ca-Cao alkenyloxy, C 2-Cao alkynyloxy, aryloxy, Cz-Czo
alkoxycarbonyl, C;-Cypalkylthio, Ci- Czo alkylsulfonyl and C;-Czo alkylsulfinyl.

3. The process of claim 2, wherein Rjg, Rio’, R11, Ri1’, Ri2, Ri2” Ryz and
Ry’ are each hydrogen and wherein the Rg and R4 substituents are each independently
substituted or unsubstituted and are selected from phenyl, vinyl, methyl, isopropyl,
tert-butyl, neopentyl and benzyl.

4, The process of claim 3, wherein the Rg or Ry4 substituent is substituted
with at least one moiety selected from C;-Cs alkyl, C;-Cs alkoxy, phenyl and a
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functional group selected from hydroxyl, thiol, thioether, ketone, aldehyde, ester,
ether, amine, imine, amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate,
carbodiimide, carboalkoxy, carbamate, and halogen.

5. The process of claim 2, wherein at least two of Ry, Rio, R, R, Rut's
Riz, Ri2’ Ry, Ry’ and Ry, are linked to form a substituted or unsubstituted, saturated

or unsaturated ring structure.

6. The process of claim 1, wherein the average molecular weight of the
polymer product is 20,000 to 5,000,000.

7. Use of the polymer product of claim 6 as a waveguide, dielectric,
airgap providing material or potting compound for electronic applications.

8. The process of claim 1, wherein the average molecular weight of the
polymer product is 1,000 to 20,000.

9. Use of the polymer product of claim 8, as a photoresist material.

10. A reaction injection molding process for forming a polymeric article
comprising combining at least two reactant streams to form a reactive monomer
composition and transferring the reactive monomer composition to a mold where
polymerization proceeds; wherein at least one of the at least two reactant streams
contains a catalyst precursor [L:MRX] and a carrier; wherein at least one of the at
least two reactant streams contains the salt of a weakly coordinating anion [N"WCA’]
and a carrier; wherein the carrier liquid may be a solvent for the catalyst system
component or a monomer or mixture of monomers to be polymerized; wherein at least
one of the at least two reactant streams must comprise a polycycloolefin monomer to
be polymerized; with the proviso that the catalyst precursor, [L:MRX], and the salt of
the weakly coordinating anion, [N*WCA], are not contained in the same one of the at
least two reactant streams; and wherein the catalyst precursor [L:MRX] comprises a

N-heterocyclic carbene ligand, L:.



