1 CATALYST COWPLEXES FOR POLYMERI ZATI ON AND CO POLYMERI ZATI ON OF CYCLIC
OLEFI NS The present invention relates to catalyst conplexes that facilitate
the polynerization and co-pol ynerization of cyclic olefins. The present
invention also relates to a nethod of meking the catal yst conpl exes and to
a-nmethod of using the catalyst conpl ex%ts Pol ymers and copol ynmers of cyclic
ol efins exhibit desirable optical properties (e.g., w de spectral w ndow,

i nherently | ow birefringence and deep UV transparency), excellent

el ectrical pr opertc&mﬁswcbﬁhwmscmﬁ%mEmmem &8 €6. | 0ss, high

br eakdown vol t age "and arious otner desirable
properties such as hi gh ht&i ¥ : , EEiNbce, high gl ass

transition tenpergLures, to nmetal s
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pol ymeri zati cpvlsamilzamormﬂymppiymnzamnnof cyslic bie€ins. gThefpresentiigvedtiscilosed i n
e oy RN AE) i Sy AR iy B3 Rahe Ao FERR BE G 2, 3 V"
transition medagdlyst ®mpléxean ani oni ¢ hydrocar byI ligand; L' is a Group 15

o aeakly cor dF AT wdAEar B hCY Gl B e e Segl g or 3
and the sum @fg., widd/spatiehl wirddwainB&EntWNewdiefrihgamd afld aé<p (P tregsp@endyy, bal ance

the electronic charq bet ween the cation conplex and the weakly
coor di nat i ng E6eHnkelegtTichPropertiey davediglestric copstant, lewdielestrig l?ﬁééélglf or new
cat al yst COWPIBr@&k%%wH%@MéE anlcPﬁ)w rﬁ«ﬁ&hﬂe aB?&rbﬁlﬂn%taﬁtha?Bhé’&ﬁéﬂ &&tdop and
co-pol ynmeri zation of cyclic olefins. Note G oup 15 donor |igands may
exhi bit a tenprepeetestsuclvasdighorastize fongieht(REDresivtanes, ighoglass grenstioncent ers.  Such
di ssoci ati on EABAGRN! bultleSAMNAL afIRAGh (A bAUAL alARBaridedShgCl i Vi LY. Ve
have now found that Cata yst’ conpl exes contai ni ng eterocyc car bene
| i gands exhi biolubilitghelmyiorvi ty for the facilitation of the pol y_rre_rl zation and
co- pol ymer | Zatlorbnecl%XS% ca?al)%LsEﬂc)rltﬂg glnl%egxhl Ial]idéor:rlg)orlyor}{grgzaé&na clyclzﬁcy toward
heat, oxygen and noi stur

olefins is d1sclosed in United States Patent No. 6,538,087 to Zhao et al. Zhao disclose

a catalyst according to the formula:

[RML\L",]s[WCAJ4
wherein M is a Group 10 transition metal; R’ is an anionic hydrocarbyl ligand; L' is a
Group 15 neutral donor ligand; L" is a labile neutral electron donor ligand and WCA
is a weakly cordination counteranion; wherein x is 1 or 2; y is O, 1, 2 or 3 and the sum
of x, y and z is 4 and wherein b and d are selected to balance the electronic charge
between the cation complex and the weakly coordinating counteranion.

Nevertheless, there remains a need for new catalyst complexes useful for
facilitating the polymerization and co-polymerization of cyclic olefins. Note that
Group 15 donor ligands may exhibit a tendency to dissociate from their transition
metal centers. Such dissociation can result in catalyst deactivation or loss of
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],[WCAq @



In one aspect of the present invention, there is provided a process for
preparing a polycyclic polynmer conprising contacting at |east one

pol ycyclicolefin nononmer with a catal yst conplex having a fornula (i):

[L: MRIb[WCA]d (i) 2 wherein [L:MR] is a cation conplex where R represents a
hydr ocar byl group; M represents a netal_ selected fromN, Pd and Pt; L:
represents an N-heterocyclic carbene If@and and [ WCA] represents a weakly
coordinating anion, with the proviso that [WCA] is not BFy ; and b and d

are integers {eOLAIEMRINYa I:Jh%n%b'ﬁgﬁi wikre® Ose%tged hxggkitnﬁgl g}g{géw and the

weakly coordi nating counteranion are taken ala 2ctroni ¢ charge
on t he over al fepresantd ametalselepted from| N, BchandibrL: aensesents of Nelraterpyebent i nventi on,

there is provigded feliBanh REaldAEHS 00B) dohdnR8GE35 (B wl B9 @
polyneric artic ecgnrprls ng combining a east reactant st reéans to
form a reacti thet [WWOAhiB hotRfpasd b amdd am dhtegeptremesahting the hurmalns b€ timagthe he

reacti ve nononer conpositjion to.a npl.d where polynerizatiqn r oceeds;
wherei n at | oSUPn SHEPIGE ik weakieadrdinaige Fodieranidn < ko babAtefne

catal yst pr egpétfoic dnbrgh/biihe d0etaR ca@listicBhplexyher ei n at | east one of the at

| east two reactant. streans contains the salt of a weakly coordinating anion

[ NWCA' ] and a car rin@pethergppectqfithe preseptipysnapn, theggis @ravidpdddeagtien| vent for the

catal yst syst g GONRGRRRr&REssFor FRIREE poRmet Xkl QoMpri RN AIRising & 0€

pol yneri zed; erein at Teast one of ‘the at Ieast tw reactant streams nust
conprise a polegetyeo readtarftisieamsrio fasm a igadbize mpemganspinpesitiongndoptineallyr ovi so t hat
the catal yst , . . . di nati ng
anion, "CA], Bé{fsgelﬁ?l’g@{ ecr%;lr? 5 ned W%Q?ﬂé&ggﬁgé %ngdo‘?h%r%g&g‘]tngnﬁ%ggﬁst t wo

react ant st r eprseedsinhemdireatdeast dneef thetatleyss twqreaxtant stoganis lcodbd} a caalysti ses a

N-heterocyclic carb Lgand, L. . drocar byl ups, R suitable for use
Wit the. pr esBREr kR reatripss VAR ok one B B BEEa s Buoilr ang
branched C1- Cat:asis kyitainGhe Siloofaywedakigl csyrldinatingiméon [NTWC AT ardchaties2- C20

al kenyl, C6-Cl5 c) cLoaI keﬁyl,, allylic ligands or canonical forns thereof,
06 C30 aryl , PBeredhe e BAVH may S sPRPHOr i A alsE VM OSPRGRET TR - each of
the foregoi Nghofbmets nfidire@Ptiofsmbrs Yo Bipobikisizéd; whertinMt 1dasthng bp@aaby! and/ or

het eroat om substituents selected fromlinear_ or branched Cl-C5 al kyl,
i near or br alf@stdyo rgactamt streams must comprise a polycycloolefin monomer to be
polymerized; with the proviso that the catalyst precursor, [L:MRX], and the salt of a
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:.

Hydrocarbyl groups, R, suitable for use with the present invention include, for
example, hydrogen, linear and branched C;-Cy alkyl, Cs-C)g cycloalkyl, linear and
branched C,-Cy alkenyl, C¢-C;s cycloalkenyl, allylic ligands or canonical forms
thereof, Cg-Csp aryl, Cs-Csp heteroatom containing aryl and C;-Cs aralkyl; each of the
foregoing groups can optionally be substituted with hydrocarbyl and/or heteroatom
substituents selected from linear or branched C,-Cs alkyl, linear or branched C;-Cs
haloalkyl, linear or branched C; -Cs alkenyl and haloalkenyl, halogen, sulfur, oxygen,
nitrogen, phosphorus, and pheny! optionally substituted with linear or branched C,-Cs
alkyl, linear or branched C,-Cs haloalkyl, and halogen; wherein the cycloalkyl and
cycloalkenyl groups may be monocyclic or multicyclic; wherein the aryl groups can
be a single ring (e.g., phenyl) or a fused ring system (e.g., naphthyl); wherein the
cycloalkyl, cycloalkenyl and aryl groups can be taken together to form a fused ring
system; and wherein each of the monocyclic, multicyclic and aryl ring systems may

optionally be monosubstituted or multisubstituted with a substituent independently



hal oal kyl, linear or branched C2 -C5 al kenyl and hal oal kenyl , hal ogen,

sul fur, oxygen, nitrogen, phosphorus, and phenyl optionally substituted
with linear or branched CI-C5 alkyl, linear or branched C t-C5 hal oal kyl,
and hal ogen; wherein the cycloal kyl and cycl oal kenyl groups may be
nmonocyclic or nulticyclic; wherein the aryl groups can be a single ring
(e.g., phenyl) or a fused ring systen1(é?g., napht hyl ); wherein the
cycl oal kyl, cycl oal kenyl and aryl groups can be taken together to forma

fused ring — SUSRAEANNIESRacRR bridlhdil2d OTMBE Nl Gng BHbLIGAYGI,C and ary

ring systems nmay optiona be nonosubstitute multisubstituted with a
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al koxy. chl or CHeYappikH CaCh &Qggﬁéyl%%r%ocrﬁ}?i’&%g- Cto cycloal kyl, C6-C,5

cycl oal kenyl and (n-oo8agpeetr Rlmaylbe selectedisqe die, grddprod ytrineursedepictesldnf r om t he
group of strugtures icted in tructures A-E bound tg a | center M or
a metal cent ePTHNRS ‘geqol?‘b‘aﬁﬁo MPESR! cenigh W%P?‘ﬁ(?f"lf?rew& Sﬁg"d‘glﬁ@ B Structure
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i nvention include, for exanple, nickel (N), palladium (Pd) and,platinum
(Pt). I'n one enbodinent, the netal, M is selectgd fromN, Pdwénd Pt. In

anot her enbodi nent, the nmetal, M ismesel ected frqg i and Pdg R yet
anot her enbodi ne the nefal, M ; heterocycl ijc cambene
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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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~NN /NN R ZRa4 Rl1 RI3 Rs Rla and (H) R10 R11 R12 R13 /N N~ /N N~
Ry ZRla .. (IV) wherein RO, Rio, Ro', R11, R 1', R12, R12', R13, R13
and R14 are each independently a hydrogen or a substituted or unsubstituted
substituent selected fromC, -C20 al kyl, C2- C20 al kenyl, C2-C20 al kynyl,
aryl, d- C20 carboxyl ate, C, -C20 al koxy CrcC20 al kenyl oxy, C2-C2o

al kynyl oxy, aryl oxy, C2-C20 al koxycar bonyl C 1-C20 al kylthio, C - C20

al kyl sul fonyl, C,-C20 al kylsulfinyl, and silyl; and bridging noiety Z may be
sel ected from G, - C20 al kyl, aryR,, Cl- C2oReAr boxyl ate, C -C2o al koxy, C 2-C20
al kenyl oxy, C27C20 al kynyl oxy, | oxy, /C2- C20 al koxycar bonyl, C 1-C20

al kyl thio, Cl- C20 al kyl sul fonyl, o alkylsulfinyl, and silyl. In one
aspect, at |east one of the R9, 0, R\O', R 11, R11', R12, R12', R13, R13
and R14 substituent groups is sulstitutgd with at | east one noiety sel ected
fromCl-C o alkyl, Cl1-Ci10 &tkﬁy,\q/d/ar\yl‘ﬂymi ch in turn nmay each be
further substituted with at |east owe group sel ected fr(ﬂ;} gal ogen,

Cl-C5 al kyl, d-C5 al koxy and phenyl. In another aspect f8ast one of t he
RO, Ro, RO, R1, R1, R12, R12', R13, R13 and R14 substituent groups
further includes at |east one functional group. _Functional groups suitable
for use in these substRtuent gr s i nBrade, forResxarrpI e, hydroxyl, thiol,
al cohol, sulfonic acid, Rhosphi/ne, thioewher, Wketone, aldehyde, ester,

ether, amne, imne, am i de, imdo, 0, carboxylic acid, disulfide,
carbonate, isocyanate, ar bod\i m de, carboal k§xy, carbamate, acetal, ketal,
boronate, cyano, cyano dr|n @Lram ngy OXi meNeramde enam ne,

sul fone, sulfide, %Pf/en \/ R4
. o (IV)

Q

wherein Rg, Rjo, Rio’, R 11, Ri1%, Ri2, Ry12’, Ry3, Ri3” and Ry4 are each independently a
hydrogen or a substituted or unsubstituted substituent selected from C;-Cyp alkyl, C>-
Cyoalkenyl, C,-Cy alkynyl, aryl, C;- Cyg carboxylate, C;-Cyg alkoxy, C»-Cy
alkenyloxy, C,-Cy alkynyloxy, aryloxy, C,-Cyg alkoxycarbonyl, C |-Cy alkylthio, C;-
Cyo alkylsulfonyl, C;-Cyg alkylsulfinyl, and silyl; and bridging moiety Z may be
selected from C;-Cygalkyl, aryl, C;-Cyq carboxylate, C;-Cyp alkoxy, C 2-Cxo
alkenyloxy, C,-Cy alkynyloxy, aryloxy, C,-Cyalkoxycarbonyl, C -Cyp alkylthio, C;-
Cyo alkylsulfonyl, C;-Cygalkylsulfinyl, and silyl.

In one aspect, at least one of the Ry, Rjg, R1o’, R 11, Ri1’, Ri2, Ri2’, Rys, Rys’
and R4 substituent groups is substituted with at least one moiety selected from C;-Cq
alkyl, C;-C;q alkoxy, and aryl which in turn may each be further substituted with at
least one group selected from a halogen, a C;-Cs alkyl, C;-Cs alkoxy and phenyl.

In another aspect, at least one of the Ry, Rig, Rio’, R 11, Ri1’, Rz, Ri2’, Rys,
R,3’ and R4 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, thioether, 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.



5 1In another aspect, Ro, Ro', Ri 1, Rl I', R 2, R12', R13 and R13' are
each independently sel ected from hydrogen, nethyl, aralkyl and aryl and RO
and R14 are each independently selected fromsubstituted or unsubstituted
C-Co alkyl, C-Ao cycloalkyl, C2-C o al kenyl, aralkyl and aryl. In

anot her aspect, Rio, Ro', R1l, Ri', Rl2, R12', RI3 and R13' are each
hydr ogen and R9 and R14 substituents are each independently substituted or
unsubstituted and are sel ected from phenyl, vinyl, nethyl, isopropyl,

tert-butyl, neOloeIﬂta;téthﬁraﬁbebeRZoyRm,Iml,athtRarRasmﬁndR?m:eacb R 11, R11',

B e S AL, Eaf i b L e, ™

phenyl, Vi nyl eacAidapdnderityQBeQBY from sestindidl of insubfta@iee a4 \J,, Ak, beogy! ; and
wherein at | east one of the substituents RO and R14 is substituted with at

| east one noi BYjPaligl. LetCarrlksyhpeaikybandardly| | O - c5 al koxy, phenyl and a

functional group. Iﬁ%&hé&%t LORDS lﬁtﬂ'lilf:bkﬁ RQr, R{f@hd"l&ﬂ; hyet B aspect of the
present invention include, for éxa yd oxy hi ol] thioether, ketone,

al dehyde, eshudrogeaanéRg amilrﬂmslbsliltmmaeare aanhd@depmdpmby swbartbt@&yt ic acid,

di sul fide, Ca{iﬁﬁﬁﬁuﬁed and%%cs\éggé 8“@’%‘139%1‘1}”1 rgﬁhchﬁé% eﬂ’ék’%){m y(far bamat e and

hal ogen. I n anot aspect ar e ‘eac ently  Substituted or
unsubsti t ut ednwpyxhtyldndbatwther aspect R9, Rio, Ro, R11, R11' R12, R12',
R13, R13' and R14 | i nked_t o tuted o unsubstltut ed,
saturated or unsat@raﬁ?tgﬁaﬂ?eﬁgRé tPc’tl{E*‘zz“ F Hdtpﬂéra" Be%rte 9 R10. Rio,
R11, Ri', Rﬁﬁlroé%i;%ndRBﬂ:ﬂ R1R§13>stltaé}ds R&éaohﬁﬁdebéxﬂiéﬁltﬂy fubstit@tedon substituted or
unsubstituted, s ur%% irurated ri.n cture, . wh eln the ring
structure confERunuetand e e RERY, YR r SGRAPYLRE R} and
substituted OedpBmykmHibE Edmﬁwéremaf Rhdt Bhe ofhe ﬁia@maédfmym KlisCl O N
cycl oal kyl and Cl- Clo al . I'n anot her aspect Ro, Rii, Ri",

R12, R12', R13ubstisuted withat m ong woiety; sgleetgd fromiCrGy ae\k&%s@s alkpxy phspy!

unsubst i t ut ed anFRfudétRh G Q. Wﬁ@foﬂﬁl%&ﬁi’s EdiRG1eThr W46 WithShis a6 Fiak the ring
structure contains_ substituents selected from al koxy, aryloxy and

functi onal gr BiEpeRt invension énglude faT expenplex fydroxyhithipl, thirthsst ketane, aldshydes
al dehyde,

est Edter, ether, amine, imine, amide, nitro, carboxylic acid, disulfide, carbonate,
isocyanate, carbodiimide, carboalkoxy, carbamate and halogen.

In another aspect, Ry and R4 are each independently substituted or
unsubstituted aryl.

In another aspect, Ro, Rjg, Rio’, R 11, Ri1’, Ri2, Ri2’, R13, R13” and Ry4 are
linked to form a substituted or unsubstituted, saturated or unsaturated ring structure.

In another aspect, Ro, Ryg, Rio’, R 11, Ri1’, Ri2, Ri2’, R13, R13” and R4 are
linked to form a substituted or unsubstituted, saturated or unsaturated ring structure,
wherein the ring structure contains substituents selected from hydrogen, methyl and
substituted or unsubstituted aryl, aralkyl, C,-C,o alkenyl, C;-C o cycloalkyl and C;-
Cio alkyl.

In another aspect, Rg, R, Rio’, R11, Ri1’, Ri2, Ri2’, Ry3, Ry3” and Ry4 are
linked to form a substituted or unsubstituted, saturated or unsaturated ring structure,
wherein the ring structure contains substituents selected from alkoxy, aryloxy and
functional groups selected from hydroxyl, thiol, thioether, ketone, aldehyde, ester,
ether, amine, imine, amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate,
carbodiimide, carboalkoxy, carbamate and halogen.

In another aspect, Ryo, Rio’, Ri3 and Ry3’ are each independently a hydrogen,
a phenyl or together form a cycloalkyl or an aryl optionally substituted with at least



ether, amne, imne, amde, nitro, carboxylic acid, disulfide, carbonate,

i socyanate, carbodiimde, carboal koxy, carbamate and hal ogen. | n anot her
aspect, Rio, Ro, RL3 and R13' are each independently a hydrogen, a phenyl
or together forma cycloal kyl or an aryl optionally substituted with at

| east 6 one noiety selected fromd-Cogal kyl, C-C o alkoxy, aryl and a
functional group selected fromhydroxyl, thiol, thioether, ketone,

al dehyde, ester, ether, amne, imne, amde, nitro, carboxylic acid,

di sul fide, capironeiet,seiested framdticCio dkylbGdCioalkdry, aryd andyofunitiongl groer bamat e, and

hal ogen; and t I ryl
optionally su%q? ?e{hq{ ﬂmﬂé)ﬁ’l @S&HI q% Iqé%g% %h}% kesgélr etl}fr?’ywhe i uncti onal
group sel ect edmfidepmitrbyodrboxylic, actdhdmllﬁdd:, harbextakaerspcyaeatamagboduhxddbyde ester,
socyanate. - cSFBOMRH Hebene, pisaRiectin BatitRadt SRR Crioanot her
aspect, R10, akpl or b 4p@dhdlljeubstitated wlimtcn @mpmsﬁlﬂmmw& a fuihctidnapet her

forma cycl oal i f present 12' are each

hydr ogen; andgﬁépé‘% teghfion @B@syéﬁhlghlt@eftﬂéea @f%%fl%&% Pt r AMAS UbSt i t ut ed
aryl. I'n anot figie aa%ﬁ@&hmoR@a@mhM AlsalfidedaRRAMENIdcYanfe, EMbIMikAdd V) R17 Ri's
R's wherein R's, R16, and R17 are each independently hydrogen, Ci-C o

al kyl, Ci- ClGarb‘aqllféw(ycafWFe apd halogemnct i onal group sel ected from hydroxyl,

t hi oI, t hi oet her, hyde, ; am de,
nitro, carboxylic aC| g& Iaasg@cltgg )ﬁj ’%‘ér oniétgw:&go %%%teoé phéﬂgﬁ'%gdl m de,

car boal koxy, @methanﬁwmaaMOﬂQllggmp,lfpmsmdtlh&ll a&pemtRn’Rgeam R14 are

independently f or mu Rl

i ndependent | y g&rf’ dJ ‘?%ao%)‘ﬁw"d? o] r%aem cﬁ]orf‘ <leg lwﬁﬁ%rursglﬁ%{t&e‘?ggopr opyl ,

hydr oxyl and hal ogBranotharapaﬂﬂtgrandiRaemtLndﬁﬁndmdyaﬂj@naule(VhdependentIy of
formula (V), wherein Rls, R16, and Rl7 are each nethyl. In another aspect,
the bridging group, Z, may be substitutedq'™ th one or nore nvieties

sel ected from Cl-Cloal kyl, Cl1-d oal koxy gnd aryl; which in turn may each be
further substituted wth one or nore gr selected froma hal ogen, a d-C5
al kyl ,

wherein R;s5, R, and Ry7 are each independently hydrogen, C;-Cjg alkyl, Ci- Cyo
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 R4 are independently of formula (V), wherein Rs,
Ry¢, and R7 are each independently selected from hydrogen, methyl, ethyl, propyl,
isopropyl, hydroxyl and halogen.

In another aspect, Ry and R}, are independently of formula (V), wherein R;s,
R,6, and R, are each methyl.

In another aspect, the bridging group, Z, may be substituted with one or more
moieties selected from C;-Cjpalkyl, C-C,galkoxy and aryl; which in turn may each
be further substituted with one or more groups selected from a halogen, a C,;-Cs alkyl,
C,-Cs alkoxy and phenyl.



Cl-C5 al koxy and phenyl. 7 1In another aspect, the bridging group, Z, may
further include one or nore functional groups. Functional groups suitable
for use in bridging group, Z, include, for exanple, hydroxyl, thiol,

al cohol, sulfonic acid, phosphine, thioether, ketone, aldehyde, ester,
ether, amne, imne, amde, imde, imd nitro, carboxylic acid,

di sul fide, carbonate, isocyanate, carbodiim de, carboal koxy, carbamate,
acetal, ketal, boronate, cyano, cyanohydrin, hydrazine, oxine, hydrazide,

enam ne, sul fOﬂe 16 dhdthé@spects thefoéiBYihg aftklp 1B g FirtheY\@RlIdY O HdrBat i ng ani on,
[WCA], suitable for use with the present invention include SbFs , PF6 ,

B( C6F5) 4 and @eefmsl(wz‘fwtw%g@ﬁes sutable for use,in hrdging efupsB)igd¥ded from SbFs
and PF6 . In gpetdfe, &&6@ mfoh%lcbmﬂdulﬂo&c%ah%&gwer RiBeBeLREBACE3) 2) 4 In

anot her aspect, the [ is selected fromB I'n one enbodi nent, the
catal yst conpildshyde,sfter, RiGerppraing imines gaide i lahd%ﬁyldbéllt%lcwaﬁéld agidi ng t he

process depi Cgﬁﬂﬁhy chBYte, Rgc(:jy]anatg cRrbolifimilie Al ?lklbxsy Carbarhate Mgetg&, ; LM

WCA X (1) I ' gand pr ecursor cont acte a suitable
reduci ng agenbor()rEa)e t:yﬁngecryemdxb'éerila hlydrgzing} ,oxime, Wyriradideg emraiping, sulfape tsulfider eact ed

with a netal ﬂ%l X ﬁﬁl\/qx% to formthe catal yst precursor, wherein nis
1 or 2. One sfﬁ )éc?? art will recognize to select the appropriate

val ue for n. A salWedally eoosdindtiab lariomea(T 4], swinbBiforaise Withalw presend N WCA) is t hen

added to the catal I iel st conpl ex. Ligand
precursors, E‘K“““?BX @E%Sﬁﬁq Z’%{Eo#?%'é ‘Eh((teﬁé&%%égent i nvention include,
for exanple, 1,3- tlln%ﬁ@aﬁe& thé [W@tAhstsetaet@ahbmmb@@maPpgﬂ chloride, 1,3-

bi s( 2, 6-di i sopropyl phenyl) 5-di_hydr.oi m dazol ium tetrafl| uoroborate and

1, 3-bi s(2, 6- met holwﬁwéﬁmemﬂy[&’ if yelectsdfem PG @bk de.  Reduci ng
agents E, suitablg shQhethsseciittle TW S P8t frddBEOFL)PN | ncl ude, for

In one embodiment, the catalyst complexes of the present invention may be

produced using the process depicted in Equation 1.

R R
/ /
LAy — 1. 0 v+ wweas —— Li—MF
E N “WCA
X
1

That is, a ligand precursor (LAY") is contacted with a suitable reducing agent (E) to
generate a ligand, L:. The ligand, L: is then reacted with a metal complex (RMX)j, 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 #-butoxide, sodium methoxide, butyl lithium or
potassium ¢-butoxide.

Metal complexes, (RMX), suitable for use with the present invention include,
for example, allylpalladium chloride dimer, di-p-chlorobis[2-
[(dimethylamino)methyl]phenyl-C, N] dipalladium, methallylnickel chloride dimer or
Palladium(1+).



exanpl e, sodi um hydri de, sodiumt-butoxide, sodium nethoxide, butyl lithium
or potassiumt-butoxide. Metal conplexes, (RWX), suitable for use with the
present invention include, for exanple, allylpalladiumchloride dinmer,

di -is-chl orobi s[2- [(dinethylam no)nethyl]phenyl-C, N dipalladi um

met hal | yl ni ckel chloride dinmer or Palladiun(1l+). 8 Salts of weakly

coordi nati ng anions, (N WCA-), suitabl 8 for use with the present invention

i nclude, for exanple, AgSbF6, AgPF6, LiB(C6F5)4, NaB(C6H3(CF3)2)4 or

CEHSN( CH3) 2B( CoFg)t. oflﬁzﬁd%&?@ﬁzﬁﬂg aﬂ{c}zg‘% WEASE Miabld Y6 Ush QRtny  Preparing

pol ycyclic polynmers an copo e used to prep are a w de range of
pol ynmer s angresen olvgmtisnsnciws, fonagamnlmIAngFdomgﬁchbiBICbEm and mass

pol yrmeri zat i ment, the polynerization processes
of the pr esgﬁaﬁ((?%?@%% ﬁé&l‘z‘%‘@@%ﬁ@)&&? pr oduce pol ymer product having an
aver age nol ecul aTheygrogsdes of the PreséHd iventidn, fGﬂﬁtcﬁwﬁg palytwilio pbiywrelisyan80, 000 to

2, 000, 000 aIt rnative|ly 50,000 to 500, 000; ternatively 100,000 to
250, 000. ivr%&rf)@a ¢ pRd LePrrpagh2 iffedangcaf Pa!é{'ﬁmm BeprpkeRers Hidoduct s may,

for exarrpl ema?@n&iﬁﬁ@oﬁ%om&?%rﬂ% olfhReligfioh kéchnighd. @i rgap providing
materials. In another enbodi nent, ? hé pol ynmeri zation processes of the

present inventi of onqggbpdimertethe polymerization Prskssaeof the prasest inkension glaan aver age

mol ecul ar yg%td 6<8Brod&ce3>g8'8%9p%> uQngvm Lﬁ e F&Et o‘fécﬁl w§&9t c}fQO:b@O

alternative n one s ec ese | ow nol ecul ar WEI ght
pol yner pr od@OO,QOOm;tgamitmelyeﬁoaJ@plt@Z O%O%ememalveprﬁ@twﬂasimmmat erials. I n

anot her enbg zation pro es, of t i nvention
the catalys ¢ ng%bgﬁg&&%@pb @' A A" 5?@'&%?‘8% f5 nelglitr?o B ar e
contact ed aproducts mapaoedxdmplepbe thed as RNYGhided, Hieleomich wel airgdp pio@ld]:&() C

alternativel 20 to 150C. In another enbodi nent of the process of the
present inv t he nunber of m)norrer nol ecul es used relative to the

nunber of cat al yﬁ{mﬂthenanﬂoauﬁém thpatyRErafi@Pprocedlds DF MR tpres@itYnven@i0 t o
500, 000; alternatively 10,000 to 2 0 000. To nold plastic articles by

reaction i nfieyr gsedipProdues RoRimgr produes having ap ayespge molecular weight of
1,000 to 20,000; alternatively 1,500 to 10,000; alternatively 2,000 to 7,000. In one

aspect, these low molecular weight polymer products may, for example, be used as
photoresist materials.

In another embodiment, the polymerization processes of the present invention
the catalyst complex and the at least one polycycloolefin monomer are contacted at a
temperature of 0 to 200°C; alternatively 10 to 180°C; altemnatively 20 to 150°C.

In another embodiment of the process of the present invention, the number of
monomer molecules used relative to the number of catalyst atoms is 500 to 2,000,000,
alternatively 1,000 to 500,000; alternatively 10,000 to 250,000.

To mold plastic articles by reaction injection molding (RIM), resin transfer
molding (RTM) liquid injection molding (LIM), casting, lay up or spray up
procedures, a reactive formulation of monomers which polymerize to substantially
complete conversion to polymer is 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



nmolding (RRM liquid injection nolding (LIM, casting, lay up or spray up
procedures, a reactive formulation of nononers which polynerize to
substantially conplete conversion to polyner is provided. The reactive
fornmul ation of the invention contains polycycloolefin nononers in
conbination with an activated additiap polynerization catalyst system

whi ch polynerizes the nononers to at |least 90% conversion, preferably >95%
conversion. This invention provides storage stable activator conponents of
such r eact iprefefral emibodinhaiss the polyaleyin@ionzgitern vashesisedras scompletei ded wherein a
storage st gbl i vat or .conponent. i iLhed with a se ately stored
cat al yst pa'geéﬁpglgfor ?fﬁ%%‘rf&‘??&f\mgﬂmﬁrsﬂ%ﬁ@%@gg‘@MBW&GS& fhents of the

pol yrer i zatpobyeydishérdniEsowitiihe RRkagdeRtabROMPOnents preAddd Wthi¥iixetion i S
obtained. In 9 preferred enbodi nents, the pol ynerization system can be used
as a conpl éfecharastegizednths presengseh 3t &3y ofe SEROPERIGBPEhg (RIM), RTMor LI M

processes. The 1pRLEY GhdtodBSQEREiS WjdcBbMmbenSRIVAIEsiS kg conponents
provided by this 'nvention are characterized by the presence of at |east

one nor bor riegldingtR'EMY and ethesspmmegrcial putkpadyngrizationtgehmiayas phj ecti on nol di ng
(RIM, resi r e I (o] {24

bul k- pol yrretg?&zng? llqgt% ({rél}:eﬁ{)%tdég résﬁ;g I\%%ggb%]plﬁgg%ﬁa%&)g%@ tE ﬁias?ir?ts)usr%t ting resins are
known. For peocadaal by Bedleet di. sl SsPatent Nox: 6)35@i832.by Bel |l et al. in U S. Patent

No. 6,350,832. In one enbodinent, the present.jnvention provides a RIM
process that cdhpP] Y B%%i“?ﬁ%“aimr’%ﬁ‘g{‘l’f %a af’ﬁ?cegs[tgétarrs to forma

reactive nuofipEEes cOMBIRAR at ie@st twibdaciant stre i€, fo@Ph tattdlel iyonodaveyed into a
nol d where polynerizatign_ proceeds; vvhergi_n at | east one of the at | east
two react arfomPPHEAWhich it themoptonally fopygye HP%&H!"E%Y’ e P nzgi@%a carrier;

wherein at gr&asds;, MreRfat (AR ot of B aL 1cistBrd RAGAA BireancoRAMNS ac@Alysi NS the salt
of a weakly coordinating anion [N WCA] and a carrier; wherein the carrier

li qui d nay Rsecusos By-MEaE] andp carrier; diergin adeashane ofithe ahisas étie reaftagt  nononer or
m xture of s@&ﬂ%n&iﬁs%@&ltl%‘?Emg%ggﬂinm A R W] hiPSdanile Of the  at

least two reactant streans nust contain a honomer or mononers to be
pol ymer i zedvhergin thetchmieplignid mey beasolvéns ferdhedajalyst pystesugamponestior ¥RX] , and t he

salt of a HERKY oo ARk BALAMADIHE pol MheHohl andficilfi'ar RAAGAL BPfhe! N Lhe same
one of the a egsl?lg{v\o rea{'}?%n{] ostrpé) mse. an erema © ©

at least two reactant streams must contain a monomer or monomers to be

polymerized; with the proviso that the catalyst precursor, [L:MRX], and the salt of a

weakly coordinating anion, [N*WCA], are not contained in the same one of the at

least two reactant streams.

L: -—M/ N*WCA-

+ \x +
Monomets\ / Monamers
MY

Mold
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



R L: -M NWA" Mnus \ / Mnoners Mold |In one aspect, various additives
may be included in the reactive nonomer conposition to nodify the
properties of the nolded articles produced. Non- interfering additives
suitable for use with the present invention include, for exanple, solvents,
bl owi ng agents, fillers, fibers, pignengg, dyes, lubricants, antioxidants,
anti ozonants, UV absorbing agents, crosslinking agents, odor absorbing or
maski ng agent, flame retardants, light stabilizers, plasticizers, foan ng
agent s, whi skadyistenifiers UFifecadditivescoayheragded towghermers of theireacantitregmagent s,

| mpact and ol YiTRiat G JAGulib &S iknorPRgy MIrSE iR o g0l Lives may be
added to one or nore of erreact ant Streams - as fqu| S or as solutions in
t he nononer bef or &hengrms {'padycyclodlefin,he'poiytytlicT Hpolyayrhimlefimndlandycl ool efin, ",
"pol ycyclic",, "polycycligcolefin," a ‘nor bonene-type" .nononmer as used

nor et n” and 1 R ERG CRo T s Bere iR PR AR i Mean ¢ hat ¢ he
nononer cont ainfgchakigehilashd ABM RATRGHHRART BBtAhs/at 16ast ond hb®¥endihoiety Wherein W
is selected fromthe group including, but by no neans limted to, an

oxygen, a ni t¥JBYShi th a hydrogen attached thereto, a nitrogen with a
linear O to Clo alkyl grouping at Reet hereto, a nitrogen with a
branched C1 to Cl10 al kyl grouping fattached thereto, a sulfur and a

met hyl ene group of having the forpula -(CH2ZNY' - wherein n' is an integer
from1l to 5. Polycyclic nononers{suitable fo) use with the present invention
include bicyclic nononers, for exampl e, brchdclo[2.2.1]hept-2-ene al so
referred to as norbornene. The texm "WoMbofiene-type nononer" as used herein
and in the appended clains is nmean epfonpass nor bonene, substituted

nor bornene, as_well_.as any substituted and unsubstituted, higher cyclic
derivatives tWBsreiBW ispselestesieom hserqupdncluding. BekbyRodesres limied 9 #s at | east

one nor bor NnengebyPa nitRIgEA Witk a h§atBsdn diddHRM thereto, a nitrogen with a linear C; to Cyo
alkyl grouping attached thereto, a nitrogen with a branched C; to C,¢ alkyl grouping

attached thereto, a sulfur and a methylene group of having the formula -(CHz)n'-
wherein n' is an integer from 1 to 5.

Polycyclic monomers suitable for use with the present invention include
bicyclic monomers, for example, bicyclo[2.2.1]hept-2-ene also referred to as
norbornene.

The term "norbornene-type monomer" as used herein and in the appended
claims is meant to encompass norbornene, substituted norbornene, as well as any
substituted and unsubstituted higher cyclic derivatives thereof, provided that the
subject monomer contains at least one norbornene-type moiety or substituted
norbornene-type moiety.

Norbornene-type monomers suitable for use with the present invention include
may include substituted norbornene-type monomers and higher cyclic derivatives
thereof that contain a pendant hydrocarbyl substituent or a pendant functional
substituent containing an oxygen atom.

Norbomnene-type monomers suitable for use with the present invention may
include norbornene-type or polycycloolefin monomers are represented by the

structure below:



nor bor nene-type noi ety. Norbornene-type nononers suitable for use with the

present invention include
and higher cyclic derivatives
substituent or a pendant functional
Nor bonene-type nononers suitable for use with the present

may i nclude substituted norbonene-type nononers
t hereof that contain a pendant hydrocar byl
substituent containing an oxygen atom
i nvention may

i ncl ude nor bonene-type or polycyclooleflﬁ nononers are represented by the
structure below 11 RL R2 WWa R R4 (VII) wherein each W' is
i ndependent|y defined as above; "a" is a single orqa double bond; R, RZ,

R3, and R4 each independently represent a h drogEh
functional substituent; mis an ijnteger fromO
when "a" is a double bond , 5

(ii) one of R3 and R4 is
herein and in the appen
hal ohydr ocar byl groups,
I n one enbodi mrent, RI, i
hydr ogen, |inear or brafgched
al kenyl, linear or branct

cycloalkenyl

dcar byl groups"
ydrogen, hydrocar byl
gqoups and perhalocarbyl

06-Cl12 aryl,

or R3 and R4 may coIIectlver refdresent a CIf C o\l ¢ i denyl group.

Representative al kyl groups i ncl

no ans limted to,

indepengently repr esent
jnea branched C2-Cl O
cycl oal kyl, C4-C12
one enbodlnent Rl and R2

, a hydrocarbyl or a
Yo 5, with the proviso that
of [R1l/and R2 is not present and

as used
gr oups,
gr oups.

met hyl ,

ethyl, propyl, isopropyl, butyl, isobutyl, -butyl, tert-butyl, pentyl,
neopentyl, hexyl, (yigptyl, octyl, nonyl and decyl. Representative al kenyl
groups include, but are by no neans limted to, vinyl, allyl, butenyl and

cycl ohexenyl .

Representative al kynyl
wherein each W' is independently defined as above;

" "

is a single or a double bond;
R', R% R?, and R* each independently represent a hydrogen, a hydrocarbyl or a
functional substituent; m is an integer from O to 5, with the proviso that when "a" is a
double bond, both (i) one of R and R? is not present and (ii) one of R* and R* is not
present.

The term "hydrocarbyl groups” as used herein and in the appended claims
encompasses hydrogen, hydrocarbyl groups, halohydrocarbyl groups,
perhalohydrocarbyl groups and perhalocarbyl groups. In one embodiment, R', R?, R®
and/or R*, may independently represent hydrogen, linear or branched C;-C;¢ alkyl,
linear or branched C,-Cyg alkenyl, linear or branched C,-Cjg alkynyl, C4-C;3
cycloalkyl, C4-Cj; cycloalkenyl, Cs-Ci2 aryl, and C7-Cy4 aralkyl. In one embodiment,
R'and R*or R* and R* may collectively represent a C;-Cyg alkylidenyl group.
Representative alkyl groups include, but are by no means limited to, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl,
heptyl, octyl, nonyl and decyl. Representative alkenyl groups include, but are by no
means limited to, vinyl, allyl, butenyl and cyclohexenyl. Representative alkynyl
groups, include but are by no means limited to, ethynyl, 1-propynyl, 2-propynyl, 1-
butynyl and 2-butynyl. Representative cycloalkyl groups include, but are by no
means limited to, cyclopentyl, cyclohexyl and cyclooctyl substituents. Representative
aryl groups include, but are by no means limited to, phenyl, naphthyl and anthracenyl.
Representative aralkyl groups include, but are by no means limited to, benzyl and
phenethyl. Representative alkylidenyl groups include, but are by no means limited to,
methylidenyl and ethylidenyl groups.



groups, include but are by no neans limted to, ethynyl, 1-propynyl,
2-propynyl, 1- butynyl and 2-butynyl. Representative cycloal kyl groups
i'nclude, but are by no neans limted to, cyclopentyl, cyclohexyl and

cycl ooctyl substituents. Representative aryl groups include, but are by no
means limted to, phenyl, naphthyl and fil?thracenyl. Represent ati ve aral kyl
groups include, but are by no neans linmted to, benzyl and phenethyl.
Representative al kylidenyl groups include, but are by no neans limted to,
met Ey:iﬁegyl and ahloyé éflisodith ergrtwml laal&t@drohﬁ?ﬂ@@ot@ﬁh%@ilmh | thg el

per hal ohydr ocar ps may i ncl ude perhal ogenated phenyl and al ky
groups. The h&qr%‘éﬂ?gft hepylyand glkyl graupgs dhg hal ?ﬂ?ni‘tFéallerg&%"rPts peshuldn thepart i al |y
or fully hal ogeaRio dredfaflially 6r full) BADgeRhted At b Bfbar 8IGtaAAYE ahl BayeltRd MUl @

CAW 2i +1 wherein W is |ndependently sel ected from hal ogen and hydrogen and
z is an i nt egformplp CyWi'p. FdereimWa ivinfrpendenily shileptadtfrone hadpgepand bydregpapendent | y
sel ected frorq“.p% e er

enbodi nent, eac al 8{'?&%§eﬁr¥dce{%gﬁdlennt Rl}glgée ?ﬁ% ?%%mwﬁ;?/s ngeﬁ&g{r%d fluorine.

I n one enbodi sedested fromehydeogkn, ublonnatfbldnmm:dtbmmlentkl anptheugiebadimdnk, ieactopheny| |
per f 1 uor onet hyl., rfl oet e R uoro perfluorobutyl and

perfl uorohexy?évl is ﬁlﬁepeaaen@?'%%w\(ed ffcﬁm B’(’u ?%Bgﬁégﬁ Fituents, the cycl oal kyl
aryl, and aral kyl Igoatgabafimérghe perrﬂﬁ;c&hxhted s ttubas inchide beﬂﬁotbpli&myl,

substituted with |inear. or branc | an al oal kyl graqups, aryl
groups and cyB?’ﬁ&‘?rR’?F Brifiuero r?fé??d&ﬁ%@?@gﬁiygﬁndi@é%&h%éﬁf5nctio%al
substituent, &R addifén tcR;%e RRY e%ubshﬂféﬁﬂ@etn@leﬁldauc I, Q@a@faueyl gRdpsatithsel ected
from (CH2)"-- CH(CF3) 2-- O - s|(|ve - - )"--CHCF ZCH2- - O - CH3,
--(CH2)r -CH( ggcgngmy@tmur@y be @&aw@w with fipgap pr br_an@eé;ﬁg-ﬁg alkyjqnd
(92" O) Nl 5B 351 B s RIIGEBRERS | - (C2)n - RS
--(CH2) . - - OC(O) R5, O)R5 - - ((CH2) h- - OC( Q) OR 2)"§I(R5)3

--(CH2)" Si (OR5) 3, Wher( @HQ?ﬂdﬁﬂt(BTOUBKSQ kare) aaﬁq@lctwn@@%}m@poﬁbié peRn n

i ndependent | y (?Et@ ) __glﬁp‘gpdent |y
represents ?%égﬁﬁpﬁpﬁ%gnrtag%&gﬁgﬂ%&&?%ﬁtﬁ 2I I near Or branched
Cl- C20 hal oge(@ﬂﬁd Cd‘I(CFﬁef(PrsFFIdgé}réﬂéﬂ --é(FHQJ—-CH(Cﬁ@aFOﬁﬁ(%}&fQ@Hs)@Z Cln

Sl bl SN, SR P i Bt 1 0

Repr esent at i vECHY QR aF Wﬂz).g{(lﬁ:(psR e{CHQ.r—tCE(Q)mS defCHpe-Q@eiOR j-on
(CHL)uSi(R>)3, --(CH2)uSi(OR®)3, —~(CHy)y=-0--Si(R%)3 and --(CH2),C(O)OR® wherein
n independently represents an integer from O to 10 and R’ independently represents
hydrogen, linear or branched C;-C alkyl, linear or branched C;-Cy halogenated or
perhalogenated alkyl, linear or branched C;-Cy¢ alkenyl, linear or branched C,-Co
alkynyl, Cs-Cy; cycloalkyl, C¢-Ci4 aryl, Cs-Ci4 halogenated or perhalogenated aryl,
and C;-Cy aralkyl. Representative hydrocarbyl groups set forth under the definition
of R® are the same as those identified above under the definition of R'to R*. As set
forth above under R' to R* the hydrocarbyl groups defined under R> 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",,,, 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, trifluoromethyl, trichloromethyl, --C7F;s, and --C;;F3. Examples of
perhalogenated aryl groups include, but are by no means limited to,

pentachlorophenyl and pentafluorophenyl. The R radical represents an acid labile



of R5 are the sanme as those identified above under the definition of R to
R4. As set forth above under R to R4 the hydrocarbyl groups defined under
R5 may be hal ogenat ed and perhal ogenated. For exanple, when RS is Cl-C23
hal ogenat ed or perhal ogenated al kyl, R5 may be represented by the fornula
Cw2,,1, wherein z and W are defined g above and at |east one W on the
al kyl group is a halogen. It is to be recognized that when the alkyl group
i s perhal ogenated, all W substituents are hal ogenated. Exanpl es of

per hal ogenat aabiety Isyléctgfprs-d(ﬁﬂi)udfs;(mﬂ}g, ACHRNOGH, CitanSHRHOC(@ds)s o,
trifluoronet i chl oranet h --C7F15, and --Cl1F23. Exanpl es of

perhalogenaté%ﬂgfyﬁﬁgp%@ﬁ Cﬁﬁ?%ﬁde but are by no means linted to,

pent achl or ophenyl and pent af |l uorophenyl. The R6 radical represents an acid
labile 13 noiety selected from--C(CH3) 3, --Si(CHg%B --CH(R ) QCHZCHS,

-~ CH(R7) OC(CH3) 3~ or thg < . F3E He7 R7 00 7

O O wherein RY reprege or (Cl - C5) al kyl
group. The al kyl dT h i eyhyl , gropyd , butyl,
i -butyl, t-butyl, neoprntyl Jjve structures,
t he single bond i ne [R5 e yclic group cates the

position where the cyclic protecting grqup is bonded tdq the acid
substituent. Exanples of R6 radicals inglfude 1-nethyl-Ig7cycl ohexyl,

i sobornyl, 2-methyl-2-isoborayl, 2- nethy - adamantyl , r ahydr of ur anyl ,

t et r ahydr opyr anoyl , 2 e/ [ 1- ethoxyethyl
and 1-t-butoxy ethyl. ¢ i dlcyc opr opyl net hyl
(Dcpm, and dinethylcyc opropquethyl } ,represented

Q
wherein R represents hydrogen or a linear or branched (C;-Cs) alkyl group. The

alkyl groups may include methyl, ethyl, propyl, i-propyl, butyl, i-butyl, t-butyl,
pentyl, t-pentyl and neopentyl. In the above structures, the single bond line projecting
from the cyclic groups indicates the position where the cyclic protecting group is
bonded to the acid substituent. Examples of R® radicals include 1-methyl-1-
cyclohexyl, isobornyl, 2-methyl-2-isobornyl, 2-methyl-2-adamantyl,
tetrahydrofuranyl, tetrahydropyranoyl, 3-oxocyclohexanonyl, mevalonic lactonyl, 1-
ethoxyethyl and 1-t-butoxy ethyl.

The Rradical can also represent dicyclopropylmethyl (Dcpm), and
dimethylcyclopropylmethyl (Dmcp) groups which are represented by the following
structures:



and -C(CH3)2 In the structure (VIl1) above, R and R4 together with the two
ring carbon atons to which they are attached may represent a substituted or
unsubstituted cycloaliphatic group containing 4 to 30 ring carbon atons, a
substituted or unsubstituted aryl group containing 6 to 18 ring carbon
atonms, or a conbination thereof. Theiqcycl oaliphatic group can be nonocyclic
or polycyclic. When unsaturated, the cyclic group may contain

nonounsat uration or multiunsaturation. In one enbodi nent, the unsaturated

cyclic group may nonounsat ed cyclic group. When substituted, the
rings may contai nosubsti tutN@gn or nultisubstitution, wherein the
substituents may ndependently e sel ected from hydrogen, |inear or
branched Cl -C5 al kyl, linear or Joranched Cl1-C5 hal oal kyl, linear or

branched C -C5 , Rghogena cggp?inations thereof. R and R4 nmay be
taken together to ggn1tﬁe divalg%t dging group, --C(O- -Q@-(OC-,

whi ch when taken t¢gether with the two ring carbon atons to which they are
attached forma p acyclic ring, wherein Q represents an oxygen atom or the
group N(Rs ), an may be sel ected from hydrogen, hal ogen, |inear or
branched C1- GO and C6-C18 aryl. A representative structure is

yl,
shown in bel ow,ag Structur Vi La): Yl Y MQ (VIla) wherein each
W T's' i ndependanerytar e Kot snattnet i BeMorob 5bB) iR 0" 6 £
Deut er i um tewhichhissy ano4ttactied &g réprésentisnbstieted ohmsebistituad cyedasiphade of t he
hydrogen atons on.the nqrbonene-type noi ety and/or one at | east one of the
ydr ogen. OHREOBRTNELAJIARE RYBTLUER By CULE T BT Uaed Frb M Bnder Rt o Re
have 15 heaninimy RA8¢inE ¥arBorlR6th S drlaBoribMAtiad BereoN BRI AbAPhiMd hi n t he scope
of the present Invention. In one enbodinent, at |east 40 percent of the

hydr ogen a8#A:ca8 ke meeocyrli BorbRElicy Yehepynatirateth dhesw ciq@org@abcar by |
substi t uendon@lfméiRhatfioR ¥r AgEuRL M on. oA MR RRAInIRRLieqat | east

about 50 percent of the hydrogen atons on the norbonmene-type noiety and/or
t he hydr ocrelis/groupanay be aj@proupsaguratedhéyctie groyp. Wehgn eybstifed, the rings

may contain monosubstitution or multisubstitution, wherein the substituents may
independently be selected from hydrogen, linear or branched C;-Cs alkyl, linear or
branched C;-Cs haloalkyl, linear or branched C;-Cs alkoxy, halogen and combinations
thereof. R'and R* may be taken together to form the divalent bridging group, --C(O)-
-Q--(0)C--, which when taken together with the two ring carbon atoms to which they
are attached form a pentacyclic ring, wherein Q represents an oxygen atom or the
group N®R?), and R® may be selected from hydrogen, halogen, linear or branched C;-

Cio alkyl, and C¢-C)g aryl. A representative structure is shown in below as Structure

(V1la):
0
r- -
erIII WIII O
- “m 9 (VIla)

wherein each W' is independently defined as above and m is an integer from O to S.
Deuterium enriched norbornene-type monomers wherein at least one of the
hydrogen atoms on the norbornene-type moiety and/or one at least one of the

hydrogen atoms on a pendant hydrocarbyl substituent described under R’ to R*have



In yet anot her enbodi nent, at |east about 60 percent of the hydrogen atons
on the norbonene-type noiety and/or the hydrocarbyl substituent are

repl aced by deuterium In one enbodi nent, the deuterated nononers are
represented by Structure (VIlb) below (R W RtO Rzo RL R2 (VIne) wherein
W' is defined as above, RDis deuteriums'T is an integer fromO to 6, R
and R2 independently represent a hydrocarbyl or functional substituent as
defined above and RLD and R2D may or nmay not be present and independently
represent a deerreplaned hytmdwtwrium attawere chutemplated vt thy stopeofi the preganbup
cont ai ni ng at S h mhen "i" s
0, at |east onlé O?Bﬁoﬁ%ngg Hmat?eta%% recglte}n?t}]% h&&r%%én S g'](i:h rrent t he
deut er at ed hy diopiaueny-typg monigyy amd/meheh;tdmtafbymmbttlwmarewplacbd hylddsuadmﬁﬂ o

al kyl wherein at per ¢ f en atons _on th car bon
backbone are r@ %@3&“&§8ﬂfﬁ?gﬁ HﬁmP&QHﬁ5¥ ‘3%5QB§H$W%NPmSPH§wdeuterated
hydr ocar byl grsuibridhe S@eeidi@d afd/ethd hydesarbyl substtiih &d réplaced By addtattumpher ei n
at |east 50 percent of they@%Fro en ato on t he carbon bacibone are

repl aced by dely&rangrher gmpodimadnt.ah i about the hyfogea dampsAndbe

hydr ocar byl grmm&xesﬁeeﬁ&ayl ahd/hé | hﬂﬂ&farb?f submtaa@ Hx%qe;ﬁ%ce@% déltéiim Wher ei n
at | east 60 percent of the hydrogen atons on the carbon backbone are

repl aced by dekitoge pbedimaens<th¢ flekesatempyararsare saprasenterd sptrustpre (VIIb)

copol yneri zi ng, e norbonene-type nonomer(s) set forth under Structure
(VIl) above with a nmultifunctional norbonene- type crosslinking nonomer(s).
By multifunctional norbornene-type crosslinking nononer is neant that the
crosslinki ng nononer contains at |east tm? ggrbonene- type noieties

(nor bonene-type doubl e bonds), e ility being 16 polynerizable in
the presence of the catal yst sy en1of he present invention. The
crossl i nkabl e nononers i ncl ude icyclic ring systens and |inked

mul ticyclic ring systens. Exanpli\es of Aused crosslinking agents are
illustrated in structures bel ow evity, norbonmadiene is included as a
fused multicyclic crosslinkiﬁgo R20

R1 R2 (VIIb)

wherein W' is defined as above, RPis deuterium, "i" is an integer from O to 6, R'and
R?independently represent a hydrocarbyl or functional substituent as defined above
and R'® and R?® may or may not be present and independently represent a deuterium
atom or a deuterium enriched hydrocarbyl group containing at least one deuterium
atom; 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;-C,¢ 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;-Cq alkyl wllgrein at least 50
percent of the hydrogen atoms on the carbon backbone are replaced by deuterium. In
yet another embodiment, the deuterated hydrocarbyl group is selected from linear or
branched C;-Cjg 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 norbornene-type
monomer(s) set forth under Structure (VII) above with a multifunctional norbornene-
type crosslinking monomer(s). By multifunctional norbornene-type crosslinking

monomer is meant that the crosslinking monomer contains at least two norbornene-

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



agent and is considered to contain two pol yneri zabl e norbonene-type doubl e
bonds. I I Mn (-YYm(Y)YmmmIln mmwherein Y represents a nethyl ene
(--CH2--) group and mindependently represents an integer fromO to 5, and
when mis O, Y represents a single bond. Representative nononers under the
forgoing fornul ae are disclosed by, for pxanple, Bell et al. in U S Patent
No. 6,350,832, 17 Sone enbodi nents of the present invention will now be
described in detail in the foll ow ng Exanples. Exanple 1 Synthesis of

(1. 3- bi s(2, 4, eolymenizatthg/ingheprodensernf thexatalyst systenteai ghel presgntdnyention, Te. 0 g (5. 87

T Mo SR B RO i PRl s B o,

this mxture trmgsystcmsf dixathplesphfuseascrosslirtking a(gEnt88rerﬂlmtr)1te¢m fmstute t - but oxi de

was added to th I e..color. After

ot rring an adbit dAEpresy ApnPagete ROl i AR (R AIRUE Sotinther vacuum
| eaving an oragagens &l cofkideldii t6 coitih Gwo\pslyrarizable mefbotrieh©/pt domse Wondf) war m
hexanes (20 nl/extraction at 50 C). The filtrates were filtered over Celite
and the hexanes were concentrated to 1/3 the original volune. The flask was
then warned to di ssol we olid and pIa el |

drybox freezer at -g ‘ : ; e @ (T Gl
original flask was R : . sk was h at ed
di ssol ve the off-whjlte | at

for 60 m nutes, wher® p .
The crystals were then flltered and dried under vacuumto afford 0. 75 g of
product. Exanple 2 Synthesis of

1.:3-bi s(2, 6-diisoprropyl phenyl )i m dazol e-2-vlidene To a 10 mL serumvial in
a dry box was added 2. | . { bi s(2, 6-

di i sopropyl phenyl) i pa i ide 2 mL tetrahydrofuran (THF) was
added

wherein Y represents a methylene (--CH,--) group and m independently represents an
integer from O to 5, and when m is O, 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,



to a 100 nL Kj el dahl flask. After allowng this mxture to stir for 15

m nutes, 0.56g (4.98 mmol) potassiumt-butoxi de was added to the fl ask,

i medi ately produci ng an orange color. After stirring an additional 20

m nutes, the volatiles were renoved under vacuum | eaving an orange solid.
This solid was extracted three tinmes with7 warmtol uene (20 mlextraction at
60 C). The filtrates were filtered over Celite and the toluene was renoved
under vacuum The orange solid was recrystallized fromhot hexanes and
afforded 1.33 g of SeAermbadimgntsof thr preseninvantion el aajyibe descgped inelsta inf  al |y
pal I adi um chl qgd f@oing dé;laaglgsA 6-trinmet hvl phenyl )i m dazol e-2- ylidene To a
50 nL serumvial 1n a ox was added 0.433 g (2.56 mml ) allyl palladium
chloride in 10 nmL THE To thls sol utlorEmamltaUded 1.00 g (2.57 mml)

1, 3(bis(2,4,6-trinmeth§ 23 enyBimidazob2iviidehei n 10 ni THF.
The 18 resulting solution was stlrred in the drybox for 15 m nutes,

wher eupon it was rdmadecoxf2.0g(3.BEmaiofbhX-ba(Xl,b-tdirhehdphenhhiaiddzobump| ug of

silica | oaded into a dj sabl e hesllca u hed with 20
nL addi ti onal *&E‘%ﬁ’é&@g‘glt‘ftﬁh&d@% (11“51:6 df?lné"n f@dﬁg%“ﬁ?%ﬁﬁ% a vacuum
flask and the Mr&awa@mg@ﬂpm@durundarrfmummtei o662 (£88 aledl) potkii@mwas washed
for 18 hours with 50 hept ane, vacuumfiltered and dried to afford 1.03 g

of product as %‘PWWWW@"@ te greiftpsk. prmediatelvpregusing2a osangs colpn \Aftesa| | adi um

chloride 1, 3( bgn%?g ey athhsma@al\m&e@.x Ivmamegla«sfelr@m&edluhxerd,@aﬁmmaemgo m
serumvial in a dry box was added O. g 601 nmmol ) 1,3 s(2

6, di i sopr opy| perigigsisphidd abh solid was P’@@ﬁ@ dhireastinescrith warm hﬂ’_‘aﬂPHFzO To resulting
solution was t 1> I adi ' in 2 nmL
THF. The resulti ﬁggggfaﬁo oﬁ \/\gg f?tﬁ?trg;r’rgd% |@1&{d8vﬁ%ge>% y (@eq{%%é}{r%k g,glfees,

wher eupon it veescentrated el theamiginabvaumé okheaftagk fvia$ ther wdrmeldrto digéelee méstg of

silica | oaded d wth 10
nmL addi ti onal %pr%}&ﬁ?eé&?sﬁﬁ?%nﬁlgpl%e??fi &ngﬁéez rhagﬁ?it&rtglo‘)g?rﬁ%rez.ﬁI 0 a vacuum
fl ask and t he Heiinesasre therodecahted dir the exiginahflask wasf fddediaton?B) gl déxape.oduct as
an off-white

Iei f‘ija'sk was heated to dissolve the off-white solid and was allowed to stand at room
temperature for 60 minutes, whereupon it was placed in a freezer at ~37 °C overnight.
The crystals were then filtered and dried under vacuum to afford 0.75 g of product.

Example 2
Synthesis of 1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene

To a 10 mL serum vial in a dry box was added 2.00 g (4.70 mmol) 1,3(bis(2,6-
diisopropylphenyl)imidazolium chloride and 50 mL tetrahydrofuran (THF) was added
to a 100 mL Kjeldahl flask. After allowing this mixture to stir for 15 minutes, 0.56g
(4.98 mmol) potassium -butoxide was added to the flask, immediately producing an
orange color. After stirring an additional 20 minutes, 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-trimethylphenyl)imidazole-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



Exanpl e 5 Pol yneri zati on of norbonene nononer in the presence of allyl

pal I adi um chl oride 1.3(bis(2,6-diisonropvlphenyllimdazole-2-ylidene A
Catalyst formation To a clean, dry 5 nL serumvial in a drybox was added 4.1
ng (7.2 prnol) Allyl palladlun1chlor|de

1, 3(bi s- (2, 6-di i sopropyl phenyl )i m dazol el®-ylidene and 0.5 nL MeCl2. To a
second 5 nL vial was added 2.5 ng (7.2 pnol) AngF6 + 0.5 nL MCl2. The
contents of the wi.t h s k|n f.or about 5

mnutes. The PeuliR bRy hEed B FRPR AR T: Hitles " RBE L GRp o istor wi e
a floccul ant frond ﬁxe‘d@bbﬁarm’iﬁterqdlthmhgl aﬁngBﬁ)klymloadeahntoa dikposabelpgmn, dry 50

m. serum vi al and e wi.th a. Tef ( ated stlrrlng bar
was added 2.3 13‘ 'i‘ am% q‘ﬁég’gﬁ%lmlﬂ/q%&foﬂ f‘%ﬂrﬁ%‘ﬁé"gsg

foll oned by 1thﬁttrah§feﬂaﬂeav1?&wnymk ad@the THECO4L ri:xﬂo@edwaaarvaaaﬁrh ﬂred al | owed
to equilibrate to 50C. The resul tant m xture cont aining catal yst prepared in

A was then adeidpat wlides yaghed ford Shopss jrth SOl hertane; YasRumdidtersi paded t o
proceed for 2 da@altosaffor@ib@gombe&uhgamwmﬁmlmat ed by adding 1.0 niL

acidified MeOH (10% HCL in McOH). The resulting polynmer was precipitated
into 200 nL of rap| dIy stlrrln acetEHemPlﬂfﬂch.was subsecuently filtered
under vacuum if t ahlybpatladiv S 2 2.6 edliing yljmidageledr vacuum

at 60Cto yield 10 g of poI yrrer produhﬂ;LExanpl e 6 Copol yneri zation of
nor bor nene and rret hyl acrylate in the presence of allyl palladiumchloride
1 ,3(bis(2,6-diisoffoaidmhsmyh yviahindadrpbex ®as 4ddad 0CA#0.961 mfrmt)ria:{(blm To a
clean, dry 5 serum.vi al m)l ) Allyl
pal | adi um chl orgr?‘i“wfip%’(*ﬁf%‘)‘(“éd%“‘a". y@@fﬁ?‘y\%ﬁogﬁ Hg'ﬂ“uL dz ‘Tre?s'ﬁ \}4 i dene and
0.5 nL MeCl2.soltiomwasthematided 0il g 0ab miasl) sitid palladivm ¢hlor{dé.i2 2WIDTHFAQSbF6 +

0.5 nL MC Z._The contents of the.t i als e.then conbi ned with shakin
for about 5  riiRdTelingtpNton ey stiTrd mins duPes BOND Mivhtio Y RIr MDY atas yol | ow -

in color wth BmovddFrmithd dfyboRhid fitkrddhfugle h PiugdF Silica loaded into a disposable
pipet. The silica plug was washed with 10 mL additional THF. The resulting solution
was then transferred to a vacuum flask and the THF was removed under vacuum to
afford 0.28 g of product as an off-white solid.

Example 5§
Polymerization of norbornene monomer in the presence of allyl palladium chloride

1,3(bis(2.6-diisopropylphenyl)imidazole-2-ylidene

A. Catalyst formation
To a clean, dry 5 mL serum vial in a drybox was added 4.1 mg (7.2 pumol)

Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenyl)imidazole-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 N, and equipped with a Teflon®
coated stirring bar was added 2.3 g (12 mmol) of a 49 mol % norbornene/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. Copol ynerization To a clean, dry 50 nL serumvial under N2 and equi pped
with a Teflon coated stirring bar was added 2.3 g (12 mml) of a 49 nol %
nor bornene/tol uene solution, 1.03 g (12 mol) nethyl acrylate and 10 nL
toluene. The vial was placed in a water bath and allowed to equilibrate to
50C. The resultant m xture containing cgalyst prepared in A was then added
to the vial via syringe. The reaction was allowed to proceed for 2 hours,
after which it was termnated by adding 1.0 nL acidified MeOH (10% HCL in
MeOH), The rest@Hhdlheatsplting polymepwascprpdipititesdnto 200 mILXgFGapidly sagpingl y stirring
acetone, whic h excess
acet one and dpalce d%{{rzﬁS&E?&%(ﬁlgir'ﬁij@geﬂeﬁﬁngﬁq%&@?%gﬁgdl“c’ilw’ili?%sq axgt&*e pol ymer
product. Exanypind dﬁedzmleymgnuﬂm vaoruunifat 60fCo yiekhe10 globpc&mmpeodnf:t al | vl
pal | adium chloride 1,3(bisl2,6- dii SO%‘)_(&@VL% enyl )i m dazol e 2 yl idene A
Cat al yst formatioq TP a clean dry 5 V|1al HL a dr as added 1.0
(1 8 prTDI) A| 'v . . 10 € prese CCO
1 3(bi s- (2, 6- di i sopiaisdiumealonds : ‘ idazole-2oylidanennc12. To a
second 5 nL vial was added 0 61 (1 8 m)l) AngF6 + 0. 5 m. MeCl2. The
contents of the twd-vi apstah@F@rmggﬂnconbl ned wi th shaking for about 5
minutes. The resul tmtclerzhwsmgemrﬁwmfﬁqgaoalvomddga& YRk (PRl Ol OF Wi LR

a flocculant, off white precipitate nmerization To a clean, dry
50 nmL serum vuélﬂylmhl@érunmlm le’qb}sﬂ)édnwmqpy@hmeﬂ)nmﬁazqi@aﬂbde@tand PSng bar

was added 17 f tion and
10 nL tol uene2r§ll‘%4 Jeéo ﬁe’ﬁl‘éﬁi}iggi q@@%&%@?%@#‘% glq's%}\?\gd to

equi li brate tavelOk. Tﬂ'dn@nteetswf thanwo malstwnrememcm:ybimdn@tlcsimhhgﬁtr apowpared in A
was then added. to the Vi tV| .a syringe. Tg’? [ eact IHOI’I e l.owed to proceed
for 2 hours, afters wiieH Tt AL °P%ﬂ‘r‘f};{=’t°é‘ By & RY 3T °‘rPK‘“h%| dified MeOH
(10% HCL in I\/El@d}ulantTdTﬁwhmesprbchplrege pol yner was then precipitated into 400 nL
rapidly stirred aceﬁaone \q/as subsequently filtered under vacuum
washed with excess "acet gﬂB &’Hﬁ"(ﬂ 1984

To a clean, dry 50 mL serum vial under N; and equipped with a Teflon®

coated stirring bar was added 2.3 g (12 mmol) of a 49 mol % norbomene/toluene
solution, 1.03 g (12 mmol) methyl acrylate and 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 MeOH). The resulting polymer was precipitated into
200 mL rapidly stirring acetone, which was subsequently filtered under vacuum,
washed with excess acetone and dried overnight under vacuum at 60°C to yield 1.17 g
of polymer product.

Example 7
Polymerization of norbornene in presence of allyl palladium chloride 1.3(bis(2,6-
diisopropylphenylimidazole-2-ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 1.0 mg (1.8 umol)
Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenyl)imidazole-2-ylidene and 0.5
mL MeCl,. To a second 5 mL vial was added 0.61 mg (1.8 pmol) AgSbFs + 0.5 mL
MeCl,. Thé 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.



over ni ght under vacuumat 60C to yield 8.39 g of polynmer product. Exanple 8
Pol yneri zati on of norbornene in the presence of H20 and allyl palladi um
chloride 13 (bis(2,6-diisopropvlphenyl)im dazol e-2-ylidene A Catalyst
formation To a clean, dry 5 nL serumvial in a drybox was added 4.1 ng (7.2
prol) Allyl palladiumchloride

1, 3(bis-(2,6-diisopropyl phenyl )i m dazol e?9- ylidene and 0.5 nL MCl2. To a
second 5 nL vial was added 2.5 ng (7.2 pnol) AgSbF6 + 0.5 nL MeCl2. The
contents of the twg Vi alpyWaiSatisien conbined with shaking for about 5

m nutes. The resultant m )?’t ure containing catalyst was yellowin color with
a flocculant, off WQl@npdraéDmltmVBlurﬁgtNmﬁe&laincmwimaafeﬂcb@an dry 50

m. serum vi al r.. nd_equi 'pﬁ%§ 0 ted rrlng bar
was added 2. 30903%?&&%@%% 3S%§9ga %P "%J)gybo‘{r%(erh)él/ 8Pr menéttog) ion, 2.0
mL t ol uene andsdliutibnmhd tiembnolnet. FROvialwes tieraplackdsn pware Hath andalloated to bat h
and al | owed to I i br The resultant mxture c i n| cat al yst
prepared in A *H%H’ g)d(g ‘hhetrGS“? Q’Fe?ﬂn?‘@W?%ﬂEStpWR@FglIb‘g contents
of the vial izgedicthelidl Gobyritigé.i Bk reddiion vasslidwed tavpﬁac@ddlf@amﬂbu&paﬁéroceed for
4 hours, after which it was term nated by  addi n._acidified MeOH (10%

oL in e " W s s Do eeias > Rl A BN ol e BOMAORY ap a1

stirred acet ongye G} po%r%@ﬁﬁﬂ??e@fpidtea 1n|t6ﬁfOelﬂL‘r‘iHﬂﬁ%stYr?&i%&bnéNas hed with
excess acetone and dried " overni under vacuum at 60C to yield 10 g of

pol ymer pr oducwhich was E)bamplélygiltﬂtﬁdméfrrlvzm%Waéﬁed@ﬂﬁmxy‘#ss acetapelgbddiiad i n t he
present of all 0

1, 3(bis(2.6-di ?ﬁ%@#‘g%\g{jgﬁéﬁ@h*% gfeld %3 P %démerfro%'i’act'al yst formation To
a clean, dry 5 nL serum Vi aI |n a drytE)banmiQ;Sadded 4.1 rrg (7 2 pmol) Allyl
pal | adi um chl or iPdkynfer: et . atl y] palddd priddene and
0.5 nL MeCl2. To a secon i " pyyviphantd ¥l da: Yy lida e2 pm)l) AgSbF6 +
0.5 nmL MeCl2. The contents of the tvvo Vi aI s were then conbined with shaki ng
for about 5 A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 4.1 mg (7.2 pmol)
Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenyl)imidazole-2-ylidene and 0.5
mL MeCl,. To asecond S mL vial was added 2.5 mg (7.2 umol) 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 N and equipped with a Teflon®
{ coated stirring bar was added 2.30 g (12.0 mmol) of a 49 mol % norbomene/toluene
| solution, 2.0 mL toluene and 5.0 mL deionized H,O. 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.



m nutes. The resultant m xture containing catalyst was yellowin color with
a flocculant, off white precipitate. B. Polynerization To a clean, dry 50
m serumvial under N2 and equi pped with a Teflon coated stirring bar was
added 1.00 g (6.66 mml) of 5-butyl-2-norbonene and 10 nL toluene. The vial
was then placed in a water bath and allowed to equilibrate to 50C. The
resul tant m xture containing catal yst epared in A was then added to the
vial via syringe. Stirring in the vial stopped about 5 mnutes after

addi tion of the catalyst. The reacgkggppds then allowed to proceed for 3

hours, aft er - b mbridatio8Ss-b&tt 1 Babesendly tddikdah o aflyiPanaGhflichiofide MOH (10%
HCL in WeaH). The T esul3ae Rl RbiopyiBhetl ittt AVHEReT O rapidly.
stirred acetone, which S equent 111 n vacuum washed with
excess acetone and drj et%l og‘%r nigh& under vacuumat 60C to yield 0.98 g of
pol ymer product. an%?eyf &5‘% ?yrreri zation of 5-butyl-2-norbonene and

met hyl acryl at e Toatleen,freSaficenni viabinlaydrytpalwaaddded 4.0 gy (7@qumol)

1. 3(bis(2,6-4jisqpropyl phenyl)i.m dgzpl e-2-vli dene.A. taglyst f tion To a
PSRRI R AT ek R e R S el R SR A E R
pal I adi um chhioMeds. Fod(sbéchd53nevidl WwaoRaery s RN nmdl) AgSKH8-25 miLi dene and
0.5 nL MeCl2. To a second 5 nL vial was added 2.5 7.2 p.nmol) AgSbF6 +

0.5 nL M CMeClrhbhecgnients pEthgtwe walsiwese thpmsanbipgdovithehakiag fesiahedt Swi t h shaki ng
for about 5_.m.nuUtes. I t | LR; st was yell ow
In color w tr?%&ggyf oé%s-tﬁpgrﬁtn?mg#ef&%}ntmg%%ﬁ %%@ga 1%?01 la%ic%)liligrneri zation To a
cl ean, dry H0coulangeffimbite mecipitatber N2 and equi pped with a Teflon coated
stirring bar vvasBaddepoll. Oxc-}zéio 6. 66 nmol) of 5-butyl-2-norbornene, 1.03 g 22
(12.0 mmol ) met hy' acry?"élfe nd 10 nL toluene. The vial was then placed in a
water bath and @bhelvan drp5@milisefunt dhlaintder N4Gd eqiippedesith 4 Teflonti xt ur e

cont ai ni ng cat al yst. r epar N, A th ed to the vial, via syringe.
SeTrring o conE Jiine B S8 affea s %8 simal oS B aamermadd e
catal yst. TheluémRaThe 0fal WasSthad p1ayvadn b WaF BARERY allowed to equilibrate to 50°C.

The resultant mixture containing catalyst prepared in A was then 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 3 hours, 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 0.98 g of polymer product.

Example 10

Copolymerization of 5-butyl-2-norbornene and methyl acrylate in the presence of
allyl palladium chloride 1,3(bis(2.6-diisopropylphenyl)imidazole-2-ylidene

A. Catalyst formation

To aclean, dry 5 mL serum vial in a drybox was added 4.1 mg (7.2 pmol)
Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenyl)imidazole-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. Copolymerization

To a clean, dry 50 mL serum vial 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



for 3 hours, after which it was termnated by adding 1.0 nL acidified MeOH
(10% HCL in MeOH). The resulting polynmer m xture was then added to 200 nL
rapidly stirred acetone, which was subsequently filtered under vacuum
washed with excess acetone and dried overnight under vacuumat 60C to yield
0.67 g of polynmer product. Exanple 11 ol yneri zation of norbonmene with

5- hydroxyl - 2-norbonene in the presence of allyl palladiumchloride

1. 3(bis(2.6- d| i sopropyl henyl )i m dazol e-2-ylidene A Catalyst formation To a
clean, dry 5 (K |? waciykateand 1) el tolsae. abhgetial gvas thep plaged iR Waterp| | |

pal | adi um Ch'bﬁ!h'a@l@ allowdldb Squifbrite &) SWQPW@%EQBEDMMM@E&%&%E cdalysd dene and
0.5 nL McCl2. To a second 5 nlL vial was added 4.1 ng (12 pnol) AgSbF6 + 0.5
mL McCl2. TiveepersdimAtveps dfenapdeditohewial via syxings. tShérmgo@ﬂ‘l?Wm'rédtOmpftdw shaki ng for
about 5 mn {m& t ellowin
color with a%ﬁﬁgc%ﬂ e{ﬁ&%@ |tﬂ§: B érgﬁeg‘éd&"‘g‘g‘vgﬁlﬁmﬁ% ga%ﬁl on To a

cl ean, dry 5@omdhmies; afterwhidh mwabaenmlﬁatamlmy agldimg e Lacidified MQQHI()W) coat ed

156 g (10 6 Mo Aoy oTEdedierg pamme iyt yan i et 2SI Be. The vi al

was then pl adeed adatone Wﬂﬁﬁwh&ﬁ&eqﬁnﬂ?ﬁltﬁﬁdlhﬂdebf/a'thhlﬂﬂwﬁsﬁhe@@@h eid’&@s resul tant
m xture containing catalyst pre%)ared in Awas added to_the vial via

syringe. Sti AFTRRs 4nd dp °Ve\‘7?‘%ﬂt“§ SpRUmA UL 18 vipldh (02 8 ofpelymerpiafuct-on of the

catal yst. The reaction was then all 1@91 proceed for 2 hours, after which

it was term naggsh erﬁﬁminrlﬂnarbgmeﬁe wﬁl?'j réﬁsgndg% q T{‘e
Ty iclehd T €d acet one,

resul ting ol yIeh ol kNS :
whi ch was subsequéen vacuum washed excess acetone

and dried overnight ungei,Nagy 60C to vyield 1.30 g of polyner product.
23 Exanple 12 Co%ol yrrgfgtlr Zvaﬁboﬁgg nor bomene w th 5-net hanol - 2- norbonene in
t he presence of dblagleapalry ddiliserunhiigl in@dalrybox was added 6.8 mg (12 pmol)

L, 3(bi (2, 6- Al 5 QRT.ARM! ARSI L8 Ui RpYiphSI§infAazR2 ik higbR i On

mL MeCl,. To a second 5 mL vial was added 4.1 mg (12 pmol) AgSbFgs + 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. 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 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 1.30 g of polymer product.



To a clean, dry 5 nmL serumvial in a drybox was added 6.8 ng (12 pnol)

Al lyl palladiumchloride 1,3(bis-(2,6-diisopropylphenyl)im dazol e-2-ylidene
and 0.5 nL McC 2. To a second 5 nL vial was added 4.1 ng (12 pnol) AgSbF5 +
0.5 nL MeCl2. The contents of the two vials were then conbined with shaking
for about 5 mnutes. The resultant m xtasre containing catalyst was yel |l ow
in color wwth a flocculant, off white precipitate. B. Copolynerization To a
clean, dry 50 nL serumvial under N2 and equi pped with a Teflon coated
stirring bar was added 1.00 g (8.05 rExempleol2 5- net hanol - 2- nor bonene and
1.26 g (10.6 nriedpplymeripatione : : QIRENE (N WP pre 2 of
vial was then plake gorde 15360 pydphie faze ! p
resultant m xture containing catalyst prepared in A was added to the vial
via syringe. The rdact iQstalystformaton al | oned to proceed for 18 hours, after

which it was term pated by ding 1.0 n acidifie % HCL in MeOH).
The resul ting pol yﬁzﬁlacgﬁl%dﬁ'?gej“\"ﬁgmg’dﬂ@ "f‘Sfy%ﬁb&Yaﬁ{‘PdF%?&'@agﬁ"P ed acet one,
whi ch was su b@ﬂl}/ﬂﬁd’ltaﬂiﬁmfdhldriﬂé &3 (B9 es-divsaproy MbhenyBiia skold-1-hli ke agd0.8cet one
and dried overni ght under vacuum at 60C to %/i el d 0. 64 g'g of polyner product.
Exanpl e 13 mw&r&ﬂzi 28eisertmd P Horplomsiddss ¢ hmgdt hipnol &egbEee0-9 it he
presence of alNidcl, PhilelcBRtEMELERE BFd H81s were then combined with shaking for about5

1, 3(bis(2,6-di Lsoprt&ﬁg%\él phenyl )i m dazol e-2-ylidene A Catalyst formation To a
clean, dry 5 minges. jkheyesaltant mixfuigicoppfainingsatalysiouas yellew ipcolarwvigl ) Al yl

pal | adi um chl gy , I:5- (2. 6-di i sopropyl phenyl )i m dazol e-2-yl i dene and
0.5 nL I\/bClZfHo %ﬁ%&soztf:‘gﬂr% pggc#ﬁta\%:' al was added 2.8 ng (3.1 pnol) sodium

t et r aki s( pent af | uoBophe@gpolymeriaation NaB( C6F5)4) + 0.5 nL McC 2. The contents
of the two vials I hen in ' i .or .about m nutes. The
resultant m xtur e\e‘é‘S‘r%\%eélll’%yng@ggtsgﬁ%sﬁl&ggaﬁﬁggﬂ%&g@ 1?1;5 %eo °Or with a

smal | anount @bated stixing han mas added 100 Igr(8.06 nmmicd Cofd-methanol-2ortBmene and

Copol yret | 2ati f ToR o ibxodthine0s e SEloHThY Rk 10856105, 4 Shpped v e
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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 18 hours, 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 0.64 g
of polymer product.

Example 13

Copolymerization of norbornene with methyl acrylate in the presence of allyl
palladium chloride 1.3(bis(2,6-diisopropylphenyl)imidazole-2-ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 6.8 mg (12 umol)
Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenyl)imidazole-2-ylidene and 0.5
mL MeCl;. To a second 5 mL vial was added 2.8 mg (3.1 umol) sodium
tetrakis(pentafluorophenyl)borane (NaB(CgFs)4) + 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.



coated stirring bar was added 1.26 g (10.6 mml) of norbonene (79 W% in
toluene) and 1.00 g (11.61 mmol) nethyl acrylate and 10 nlL tol uene. The
vial was then placed in a water bath and allowed to equilibrate to 50C,
wher eupon, the resultant m xture containing catalyst prepared in A was
added to the vial via syringe. The reaaoyion was then allowed to proceed for
2 hours, after which it was termnated by adding 1.0 nL acidified MeOH (10%
HCL in McOH). The resulting polynmer mxture was then added to 200 niL
rapidly stirred ackt ondopelymenizetien subsequently filtered under vacuum
washed wi th exces NGry j h 60C to yield
0.99 g of pol ynerslecfgﬂhéglt gnn%féﬁxﬁlé%dg glrr%?&%gﬁ)ﬁ)%%@g nor%{)rrene wth

5- hydr oxyl - 2- mntetdcstieme blanwasmgld@r le%@guélé) GhmoB ok gorbpmkne(@P wtfodntodrene)e

1, 3(bis(2,6-di] hen [ A tal yst. formation To a
clean, dry 5 %q_dsfs)@r Vi am°l>1%§m§p ate dsYda‘ngg“%‘Fa Vl(all pﬂrlr%’l) Al lyl

pal | adi um chl praceﬂeni“a(ebbahéﬁdﬁb@edmuﬂmydt@fmeﬂm )WH&&I@&:th&rZsu‘,l/thxhtdene and
0.50 nL McCl2. To a second 5

ed 1 pi.pol) Na(C6F5)4
+ 0.50 niL m@i@urefﬂemeeﬁfeﬁkyg Péefpafeaé“ S\?H‘gﬁd& Wéﬁ"E&?ﬁtﬁ‘ﬁeé W gh :

shaking for aksacﬁon@smneﬂtaue&ed txfpﬁ)cem}namrs rﬁft&t\kﬂil@h ﬁ%& ﬁ:'nﬂln@ﬁdﬁgt al yst was
yel l ow/ brown in _color wth a small anmount of floccul ant r own

preci pitate. dl%b%%@fﬂtMWquaHQLéaMeCﬂf)y T@er‘?ﬁﬂlﬂgéf"é}bﬁ“‘?‘i al under N2
and equi pped Wififredvad Bieh aMdiko 2@6}ﬁ£?5b1&igkﬁr§édnagetgﬁé v&‘mv@aqg@&e&uegl@y g _(9.08
mol ) of 5-hydroxyl -2-norbonene and (10. nor borrene (79 Wt % in
tol uene) and fiiered undsk vasnem, Washed/Vigh exgass acqthmnmdggeéqurmg@ uné‘tre/ﬂcqyat h. After
equi libration ure containing catalyst prepared in
A was added tgtt éQ°CY‘°‘P%9§e"?§¥’1.Rfﬁ‘3;eP%' reaction was allowed to proceed
for 2 hours, after V\/mch it was termExamthbty addi ng 1.0 nL aci d|f|ed MeOH
(10% HCL i n M) g 0 I J hérgrthe pre

rapidly stirred callylpe (b : , :

washed with excess acetone and dr| ed over ni ght under vacuumat 60C to yield
1.49 g of pol yner AroduCdtalystformation

To a clean, dry 5 mL serum vial in a drybox was added 6.8 mg (12 umol)

Allyl palladium chloride 1,3(bis-(2,6-diisopropylphenyl)imidazole-2-ylidene and 0.50
mL MeCl,. To a second 5 mL vial was added 2.8 mg (3.1 umol) Na(C¢Fs)4 + 0.50
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 N; and equipped with a Teflon®
coated stirring bar was added 1.00 g (9.08 mmol) of 5-hydroxyl-2-norbomene 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. 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.



Exanpl e 15 Copol yneri zati on of norbornene with 5-nethanol - 2-norbornene in
the presence of allyl palladiumchloride

1, 3(bis(2,6-diisopropyl phenyl )i m dazol e-2-ylidene A Catalyst formation To a
clean, dry 5 nL serumvial in a drybox was added 6.8 ng (12 nol) Allyl

pal | adi um chl ori de 1, 3(bis-(2,6-diisoprapyl phenyl )i m dazol e-2-ylidene and
0.5 nL MeCl2. To a second 5 nlL vial was added 2.8 ng (3.1 Isnpl) NaB(C6F5) 4
+ 0.5 nL MO 2. The contents of the_two vi als were then conbined with

shaking for about 5 minutes. The re&¥PPRISISni xture cont ai ni ng catal yst was
ye||OVV/brOVVn | OP Y e I'l IOf "4;7_:;.5 € VWithor ;_,v [0 _‘gq" nth ".S“E‘Q".

precipitate. B. CGypohd ;u‘_--ﬂ hloride, 1.3(his2.6-diison Qropyipie ‘Au.u. G- YIIGENE| ynder N2
and equi pped with a Teflon(r) coated stirring bar was added 1.00 g (8.05
mol ) of 5- et hanoA- 2- rﬁa’tﬂmmfnun%tm 1.26 g (10.6 mmol) norbornene (79 wt %

0 Lot uene) and 10rg kgl UEnens TSl YBSb0f NENLALAGSthd (2 Al o DN

After equilibration e resul Xture conta cat al yst
prepared i n AAlgbpaiddien chloritid &3 disal2,6vdinomypylpipayl)iftidazole 2cylidene mmD.5 t hen

all owed to progeed for, 18 ho after i | t S t ) d adding 1.0
m. aci dified“ﬁf@%ﬁF‘e- 898 SELR 7 i WaS%d?@%$f%WB§m¢6%§fi%e was then
added to 200 L MaQl,di¥e &ontehts@f ttRARD VAR, wetdheh coMtsined WIBIESHARIAL ot abbitt er ed
under vacuum_washed with excess acetone and dri ed _overni ght under vacuum
at 60C to i ampinytes; ohg resp ‘%Wcﬁ%‘&%t‘:a‘%%lyé &‘ﬂb@b‘ﬁ‘dpyﬂléw%%t i on of

nor bor nene w {QRmaM %g@ﬁbfj@é‘&hﬁﬂpﬁ%ﬁﬁfw fffalROr nene in the presence of
allyl palladiumchloride 1.3 tri rrethyl phenyl)im dazole-2 iy dene

A. Catal yst formatBon @mm*wntmlury 5 nL serumvial in a drybox was added

3.4 7.0 I

1, 3(lr)r?s((2 4m§ %I’I rre%ﬁie?rgﬁéjm? az@gggrylz?%ldenqénpged wbthaTetr}gn MeCl2. To a
second 5 m vpaatemmwaQa@edTyOQB(&OMO)) Ooll& BieUBmE)-2-nerbomgne and I\/bC12 The
contents of tRaeg &V@%ﬁkn%oﬁ)xlwf‘l;o@neng \Sm't&ﬁgh Q}M‘ OSJE&E‘%&G% f% oRPWLs O

m nutes. The res ure co a| nin brown in color
W th then placed in a water bath. After equlhbratlon to 50°C the resultant m1xture

containing catalyst prepared in A was added to the vial via syringe. The reaction was
then allowed to proceed for 18 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 1.10 g of polymer product.

Example 16

Copolymerization of norbornene with 5-hexafluoroisopropanol-2-norbornene in the
presence of allyl palladium chloride 1,3(bis(2.4.6-trimethylphenyl)imidazole-2-
ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 3.4 mg (7.0 pmol)
Allyl palladium chloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.5
mL MeCl,. To a second 5 mL vial was added 2.8 mg (3.1 pmol) NaB(C¢Fs)4 + 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 N, and equipped with a Teflon®
coated stirring bar was added 1.26 g (10.6 mmol) of norbornene (79 % by wt in



a small amount of flocculant, Iight brown precipitate. B. Copol ynerization
To a clean, dry 50 nL serumvial under N2 and equi pped with a Teflon coated
stirring bar was added 1.26 g (10.6 nmol) of norbornene (79 % by w in 26
toluene) and 1.00 g (3.65 mml) 5-hexafl uoroi sopropanol - 2- nor bonene and 10
mk toluene. The vial was then placed i mpga water bath. After equilibration
to 50C, the resultant m xture containing catalyst prepared in A was added
to the vial via syringe. The reaction was then allowed to proceed for 2
hours, after Whieoh)dntil\QQ$(Béﬁmxndb & diexdfipomibdpropandl-2-nutbosenelarfdi dnlMEOH (10%
HCL in McOH) ' [ the dde 00 nL
rapidly sti rre;[fﬂﬁ%ﬁ ﬁ%ﬂpe%sd %lsneaqnevué%haﬁl V@iﬁr e%“‘ﬁa‘ it géb&ac%;huum washed
with excess l\/&!arltaanﬁlmdmednamgmtgl‘ytt puepEesd iv Acwasraddetto GQGlztlcmysyﬁhgt 1.37 g of
pol ynmer produgg. npl e 17 Pol riza f norbongne.in the sence of
al 1yl pall adi &h‘?@ﬁ?‘l_‘r’ﬂ‘ﬁéﬂ‘eﬂ ¥£‘?’2’f‘2fe%4‘?’ff?ﬁ@‘frﬁﬂf‘ﬁh% Ryt N?F&Féi'?mp@sz yl i dene
A. Catal yst f gy a@dih®ONo a%ld;ﬁ&meoﬁr(yo%mimmnmylme resmtﬁg%bymex was added
3.4 mg (7.0 pnol) Allyl palladium chl

1, 3(bis-(2, 4, ewftrlﬁervéacsmfwaﬁéwp ?PW{L@E}F‘B-SEH% MgEeHe Whish Was subsequeniiC12 To a
second 5 ni Vhﬁére@@ﬁde@d&%&nzw%h@wﬁtﬁ edceRMEOHNABAGTE Nethight Under VEGuuM: C12 The
contents of the two vials were then conbined wth shaking for about

m nutes. The PeECtayielditi3itanf@olymer afodhetg cat al yst was yel | ow brown i n col or
with a small amount of floccul ant, 'Eﬁm lpi.pwn precipitate. B.

Pol ymeri zation To B ﬁne%@ iondof or%gmglﬂe i%%e épeseh&of gglel{ fuf ﬁilog ipped Wth a

Tefl on coated stiTTrrng onene (79
w%in toluene) and 10 rldé(%%\@be?hmﬁ&u}%ﬂ\]/mg?imw%szo EHer Siaced in a water

bat h. After equil igr ati]B talt 50C, the resultant m xt ure containing catal yst
prepared in A was Added-HBYFHEIMAUI i 5 syringe. The reaction was then
allowed to proceedTé@bleanm' ﬁmmmnaﬁlhﬁha\mib@hvdaﬁ a&d%&34lrﬂg(7im|ﬂh@1§1 by addi ng

1.0 nL acidifi O % H |n MeOH) . res i n ol ture was
t hen added to Agldbpl\ﬁlﬁd‘flé‘rﬁ K‘?‘? ot gé‘é‘f‘?}ﬂgp d%glg Pylidene indB3
mL MeCl,. To a second 5 mL vial was added 2.8 mg (3.1 umol) NaB(C¢Fs)s + 0.5

mL MeCl,. The contents of the two vials were then combined with shaking for about

S minutes. The resultant mixture containing catalyst was yellow/brown in color with
a small amount of flocculant, light brown precipitate.

B. Polymerization

To a clean, dry 50 mL serum vial under N; and equipped with a Teflon®
coated stirring bar was added 1.41 g (11.8 mmol) of 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. 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 S-triethoxysilyl-2-norbornene in the presence of
allyl palladium chloride 1,3(bis(2.4.6-trimethylphenyl)imidazole-2-ylidene

A. Catalyst formation
To a clean, dry 5 mL serum vial in a drybox was added 3.4 mg (7.0 pmol)
Allyl palladium chloride 1,31,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and



subsequently filtered under vacuum washed with excess acetone and dried
overni ght under vacuumat 60C to yield 1.10 g of polyner product. Exanple
18 Copol ynerization of norbomene with 5-triethoxvl-2-norbonmene in the
presence of allyl palladiumchloride

1,3(bis(2,4,6-trimethylphenyl)imdazol e-2-vlidene A Catalyst formation To a
clean, dry 5 nL serumvial in a drybox was added 3.4 ng (7.0 pnol) Allyl

pal | adi um chl oride 1,31, 3(bis-(2,4,6-trinethyl phenyl)i m dazol e-2-ylidene and
27 0.5 nL M O52nL MeCh. %macanSntLviaawamecaﬁdmg(Z.l&mtg) IQI&S(CGW)

NaB( C6F5) 4 + 2. The con tents of t two. vials t hen conbi ned
wi t h shaki ng fogs L%&%‘E% e PmEHiLY GrWé”ﬂ@%tYFF&ﬁ*‘thtﬂia 5#’59 cat al yst
was yel | ow br @vsut5mif@t rrheNsmlfhnanﬁﬂweIcoﬁaiam@tca@fystfwaaCy@uJ)\anafowd ih@blor br own
precipitate. B. Copolynerization To a clean, dry 50 nL serumvial under N2

and equi pped N‘?‘W%‘aﬁ*é@l’b‘ﬁ"ffiﬁ%’ﬂ@ﬂt E‘E‘?ter?"r‘FngB%lPlt%s added 1.26 g (10.6 mmmol)
of norbomene (79 Y%gby Weodofy mér?)a(lj&?e) and 1.00 g (3.90 mmol)
5-triethoxysilyl-2- norbornene and 10 nL toluene The vial was then placed
in a water bath. Aioepleelqdmi%nbwgm via usmNztahéeqmﬂmanhtaTqﬂpn ure

contai ni ng cat, nge. The
reacti on was tﬁé%égrﬁ%%gadd?%@% Hwogr&sﬁ% {79\\/\%%%h E e resulting
pol ymer m xt ucpleemha\dddw@ﬂt% nimdil) ﬁFImatquwdlyy ZmrmeM}QmWholutnewas
subsequently fi

over ni ght und gaiwﬁsn*? gcreg\lll’ggyv%e BaV\@ ‘gﬁerﬁa}l{l}ﬁ{?ﬁmbg)o ;@ﬁ%*rg%ﬂ%ﬂf’;' ig

Copol yneri zat irmmum‘conarnlmgrdaalyet pitﬁalﬂecﬁnWWﬁdﬂlﬁé’d/l%ltthlaBﬂmglhbgém and met hyl
acrylate int

resen | yl pal | adi um chl or | Ls(
trimethyl phemfF‘)CF ?rba(fl?we ¥°d€?f}é)“' }Q%é&’t“éi S *‘lﬁgﬁtﬁ’t* °<19Y“tqrean dry 5
M. serum vi al miRtufe \disma@ea thae0 AUISdIS sdnmJMec'éHOwEim whs subséqbkntBafiltedsi UM
chloride 1,3(bis-(2,4,6-trinethyl phen ymdazoleZylldene and 0.5 nL
McCL2. To a sd@evidacpum, washsd with sxcesy and dgjed eveirngﬁﬂpslermaw@aw}%d + 0.5

1.90 g of polymer product.

Example 19
Copolymerization of norbornene with 5-triethoxysilyl-2-norbornene and methyl
acrylate in the presence of allyl palladium chloride 1.3(bis(2.4.6-

trimethylphenyl)imidazole-2-ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 3.4 mg (7.0 pmol)
Allyl palladium chloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.5
mL MeCl,. To a second 5 mL vial was added 2.8 mg (3.1 pmol) NaB(C¢Fs)4 + 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 N and equipped with a Teflon®
coated stirring bar was added 1.26 g (10.6 mmol) of norbornene (79 % by wt in
toluene), 1.0 g (11.6 mmol) methyl acrylate, 1.00 g (3.90 mmol) 5-triethoxysilyl-2-
norbornene 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 2 hours,

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



mL. McCl2. The contents of the two vials were then conbi ned with shaking for
about 5 mnutes. The resultant m xture containing catal yst was yel |l ow br own
in color with a small amount of flocculant, |light brown precipitate. B.
Copol yneri zation To a clean, dry 50 nL serumvial under N2 and equi pped with
a Teflon(r) coated stirring bar was add®d 1.26 g (10.6 mmol) of norbonene
(79 % by Wt in toluene), 1.0 g (11.6 mmol) nethyl acrylate 1.00 g (3.90

nmol ) 5-triet Qr bor nd .10 nl tol The vi al s then
placed in a N/f é}fﬁlﬁhwaﬁ'{% e t&ﬁqﬁ’f PP R CEn ed glerxégsﬁll@e ni xt ur e
cont ai ni ng catmi drigtl operight underi vacvim\@yieldtded oifpolyiiier ptbdﬂct.VI a syringe. The

reaction was then allowed to proceed for 2 hours, after which the resulting

pol ymer m xture B]U;stlrred §8 .McOH,  whi ch was
". c. ; VE-CIE LA ed

subsequently f#F Pl 2y

over ni ght undek ".'-“’ LY L Qg ek ! e-d- 20
Honmopol yrreri zati on of bi cycl 0(2 2 |1 h@ﬂ% ene- 2-car boxyl | C aC| d net hyl

ester in the presence of allyl palladiumchloride

1. 3(bi s(2. 4, 6-tri i hylGatadystfoumatienzol e-2- 1iy dene A. Catalyst formation To

a clean, dry 5 nL Vi Al lyl
pal | adi um c%l ori deﬂigé}?ab h@ ihg, %“t r?@e%%wﬁ%mg%gp‘% 232 ((légmgﬁl dene a%d
0.5 nL I\/EClZAllykpaaa@en@hldn&a hi(bmr(aﬂ @mmeadumdn)d)lmldagoléa'z}'lqdam a)1dAQSbF6 + 0.5

m. MCl2. The ent.s_of t re t h:-shaking for
Bbout 5 i nuibaneieTS s Sephlhl iy e aucl 8l (130oi T REGEE el Tow
col or contai nMcg:lza Theboriténts dflﬂmmlvamWaémmbmamed with skkivipfol abaee3 zati on To
a clean, dry 50 nL a_grum vi al . under N2 and .equi Fgelg) with a Tefl.on r) coat ed
stirring bar WASSSydRyraulEnt Pixfue wntanipg sty s 4 “QI“fPl?éﬁ?“‘%mé%
carboxylic acmﬂlmmﬁhaﬂepﬁq itaddd 10 nmL t ol uene. The vial was then pI aced in
a water bath. After i_ll.llﬂ ration to 50C, the resultant m xture contai ni ng
catal yst prepared Bn Qmpepolyaeerization t he vial via syringe. The reaction was

then allowed to prpggadard &y 58 mL serum vial under N, and equipped with a Teflon®
coated stirring bar was added 0.50 g (3.28 mmol) bicyclo[2.2.1]hept-5-ene-2-

carboxylic acid methyl ester 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 2
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

Copolymerization of norbornene with bicyclo[2.2.1]hept-5-ene-2-carboxylic acid
methyl ester in the presence of allyl palladium chloride 1,3(bis(2.4.6-
trimethylphenyl)imidazole-2-ylidene

A. Catalyst formation

To aclean, dry 5 mL serum vial in a drybox was added 5.9 mg (12 pmol)
Allyl palladium chloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.5
mL MeCl,. To a second 5 mL vial was added 4.1 mg (12 pumol) 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 containing a

white, flocculant precipitate.



hours, after which the resulting polynmer m xture was added to 200 nlL rapidly
stirred MOH which was subsequently filtered under vacuum washed with
excess MeOH and dried overni ght under vacuumto yield 0.1 g of polyner
product. Exanple 21 Copol yneri zation of norbornene wth

bi cvcl o(2. 2. 1| hept - 5-ene-2-carboxylic acigd nethyl ester in the presence of
allvl palladiumchloride 1.3(bis(2.4.6- trinethyl phenyl)imdazol e-2-ylidene
A. Catalyst formation To a clean, dry 5 nL serumvial in a drybox was added
5.9 ng (12 grml ) Bl | ylComlsmetizatioxhl ori de

1,3(bis-(2,4,6-tri h mdaz deCl2. To a
second 5 nL VI al ng% %JPQFZ% Sert‘Ti'%pl noell'%<l| A‘g%‘li‘é’l’i‘g&“gar?fﬂt‘lvec12 The
contents of t keat¢dwimingtias waeidded 0.050 g Gdinaet) oﬂmbﬂbomhﬁekwag% bypwt mbout 5

m nut es. Ther ulta re c ai ni at al yst vva IIo ol or
containing a gfor%ncg:é%éﬁ‘fm‘ﬁ%‘&'%‘?[?gtlihep? engs2-C B%IM niegly on To a
clean, dry 50 emr ﬁlﬁrlgl?ﬂlyﬂo&lenélmﬁrv1dl\|3'a§-ﬂ1€n Qﬁéﬁdﬁﬁﬁdlav&bﬂhaAfterf lon(r) coated
stirring bar was_added Q.950 g (5.3 mmol ) of norbonene (79 % by wt in

tol uene) and §uild r@“‘(“ltoéﬁ %IWS“BWW‘H‘BF?OQ“‘I‘}%E lyst prpRaresl i &y B&xyl i ¢ aci d

methyl  ester ,amd dtheal 185 ny%lgﬁ Tﬂbl’ea&loﬂ'wa‘é@éntahéﬁe&b%?&@edﬂar@h&ﬁ&er bat h.
After equilibration to 50 e resultant m xture containing cat al yst

prepared in A aftersvhighidle teselging pdymerahixgireawasadderdie 200 md- rapidbytstized was t hen

all owed to pr %agﬁiﬂ Wit3h a Qﬁb&reﬁuenﬂg{‘ t&k}é%}i‘ep chﬁlrﬁ &%ﬁéﬁ& QchQ'M{E?ﬁ . m xture

was added to rap il was su sequent iltered
under vacuum amdidﬂmt:bminightmdeemumhﬁ-melarlcbgioﬁmndiymnr@rqdught under vacuumto
yield 1.0 g of pol yner product. Exarrqaléﬁ?i ZP? opol yneri zati on of

I

5- but y! - 2- nor bogen vvi.t . methyl acr %t he o esence of al Lyl pal | adium
formation To a cl Pl e ey "“'-' 'v'vfs" Jd€d<5. 9 g (12
prol) Allyl paIIa ride
1,3(bis-(2,4,6-tri ge ﬁﬁﬁ'ﬁwwm’%zol e-2-ylidene and 0.50

Toaclean dry 5 mL serum vial in a drybox was added 5.9 mg (12 pmol)

Allyl palladium chloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.50
mL MeCl,. To a second 5 mL vial was added 4.1 mg (12 pmol) AgSbFg + 0.50 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 containing a
white, flocculant precipitate.

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 (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.



mL. McCl2. To a second 5 nL vial was added 4.1 ng (12 p.nol) AgSbF6 + 0.50 nL
McCl 2. The contents of the two vials were then conbi ned with shaking for
about 5 mnutes. The resultant mixture containing catalyst was yellow in
color containing a white, flocculant precipitate. B. Copol ynerization To a
clean, dry 50 nL serumvial under N2 and0equi pped with a Teflon(r) coated
stirring bar was added 1.00 g (6.66 mml) of 5-butyl-2-norbonene, 1.50 g
(17.4 mol) nmethyl acrylate and 10 nL tol uene. The vial was then placed in a
wat er bath and al I ovved to ew | i brapéa%egéc whereupon t he resul tant

m xture contaln QL '. of 35 b bor AL Ly2epoiho SAd [ the

syringe. The 22 f B P1Y RE'ay PREY B es, after
which it was ﬂlﬂﬁﬂinated by addi ng 1. 0 m_ aci dlfled I\/EC]-I (10%HCL in MeOH).
The resulting polynmer mxture was added to 200 niL rapidly stirred acetone,
whi ch was subsequehtlyqﬁtallsélf@mmer vacuum washed with excess acetone
and dried overnig e pr oduct .
30 Exanple 23 COCié E\yna%%h atl o%@#@ﬁ&%gﬁyx%?n%r gggcﬁzegreng\%krﬁ’%byw

5- hydr oxyl - 2- m}latbmnmhkmdﬂlﬁftm (mﬁmsmm@ymhemyl}lmidap{aé Ratiderm api 00rmEe

1,3(bis(2,4,6 n YL i Ca rmation To
a clean, dry g#’.?@ °\‘}F§|“}ir %‘ag&%frég%‘ﬁzm(g B%@QF b?é‘)@%ﬁa Allyl

pal | adi um chl Thé dﬁtei;ts%f bie?jw() RialsOveite }lﬁﬂbéﬁﬁgtj@hﬁﬂﬁ&h@f&&h&h@lIﬂmytles gene and
0.5 nm. MeCl2, To a second 5 Vi a S a 1 no AgSbF6 + 0.5
m. MeCl2- The%ﬂﬁf%m@%furﬁw@%%} %Pé%zm’l"efﬁﬁ-(fﬁf@p '%’Ffl%hakl ng for
about 5 m nut gBduct JORW &tkd litioRicshtdintgwaalysiien filtered through a 0.2 pm
Teflono filter to afford a product yellow colored sol ution containing

catal yst. B. CopolBner iGopelysriration ci ean, dry 50 nL serumvial under N2 and
equi pped with a Tefd 951€an, &8%?)%&‘ %ﬁﬁ@id’%&@f\b @%wﬁh?Q‘eﬂoﬂm 56 mmol ) of

5- hydr oxyl - 2- nor bonene nmol nor bonene and 10 nL
t ol uene. The ¢9atad sﬁHglgtbh@MasFﬂdQ@b@SQ 8 (45156 mmol) of 5 hydroxyl-2-norbornene 1.00g

(6.66 mmol) 5-butyl-2-norbornene and 10 mL toluene. The vial was then placed in a

‘‘‘‘‘‘

water bath. After equilibration to 90°C, the product solution of A was then 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 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-norbomene with 5-hydroxyl-2-norbomene in the
presence of allyl palladium chloride 1.3(bis(2.4.6-trimethylphenyl)imidazole-2-
ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 2.9 mg (6 umol) Allyl
palladium chloride 1,3(bis-(2,4,6-trimethylphenyl)imidazole-2-ylidene and 0.5 mL
MeCl,. To asecond 5 mL vial was added 10.5 mg (12 pumol) 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.



wat er bath. After equilibration to 90'C, the product solution of A was then
added to the vial via syringe. The reaction was then allowed to proceed for
60 m nutes, after which it was termnated by adding 1.0 nL acidified MeCH
(10% HCL in MeOH). The resulting m xture was then added to 200 niL rapidly
stirred acetone, which was subsequent!lyifiltered under vacuum washed wth
excess acetone and dried overnight under vacuumat 60'C to yield
approximately 0.01 g of polynmer product. Exanple 24 Copol yneri zati on of
5-but yl -2 nor bor neBe wi€dpobymeyitatioay| - 2- nor bonene in the presence of allyl
pal | adium chlo ~ 1y i @ dene A.

Catal yst formation %(Q)plgﬁfiﬁgaoqn%géru@t‘%{hg%?u %%%ﬁ&%&gug Zrbegﬁﬁwas added 2.9
ing (6 jinol) cﬂté@dtlmqgeﬂai‘ wal added:hﬁ@gl(ftl% mmol) of 5-hydroxyl-2- norbornene 1.00 g

13(bis(24 i m dazo 2yI|den and. 0.5

sooond 5 o LGhe BREDSHBRI B 3R 50 o bR TR Ras wP b T A

t et r aki s( pent afated bith pAeEYdqhilbiatibe to 0 OFtASpbduct Bolbtidiof e Wdthenl&tile@ Nt ent s of
the two vials were then copnbi ned w ttgehshakl ng.for_ about_5 m nut es. The

resul tant  mi $eFd ViReRTRgte T oF Fotienteef PhYiBl e Bitrdiopionutaemingtes alteh | ter to

afford a prodygditiérPét th&&kawsednfeqtaaehbmam&t AldWeddo pREADNSE 60 mMihute$-
Copol yneri zation To a cl ean, “ggy serum vi al under N2 and equi pped with

a Teflon coa®Ber whighit wagtenpipat %fh‘ﬁ@dl Qmiaciified MeOHH1% BEL in

5- hydr oxy| - 2- RYIPMARE reluitlle Bolyrhér RRnERLY ther e o 20000, rfgd 10 m
tol uene. The vi élﬁﬂ r‘%u Poay r?n a vvatt er L fte?‘fﬁﬁl |br ation to
90C, the pr od@c,fttor@owhmch vAs wbsequwaky filtgepd uad@erdcuum wapledwiith exedssiacejanienge. The
contents of t r . jNutes t ddition of the
catal yst. Theqrgdeézg{lladl%’%l&“%1 %“ﬁdh”a%gﬁlg% %(;gqﬁréolérgeie]%l&fepé’}%%%ﬁdﬁﬁt es, after
which it was term nated by addi ng 1. ExampksR8li fied MeOH (10% HCL in MOH).
The resulting pol ynmer rHregamtion whcatdlise soletitahe dseidin ERainpits 26388 dl y stirred

acet one, which was subsequently filtered under vacuum washed wi th excess
acetone and dri edimaaek of Exainples d6133 A€ tutdly @ thLQCvhOprypaeddhisingdze g of pol yner
product .

Ex am%(l)lﬁ)%ir%gSProcess, namely:
- Al The following three solutions were prepared in separate S mL serum
vials in a drybox, namely:
i) 2.5 mg (5.1 pmol) Allyl palladium chloride 1,3(bis-(2,4,6-
trimethylphenyl)imidazole-2-ylidene and 1.0 mL MeCly;
ii) 18.0 mg (20.5 pmol) lithium tetrakis(pentafluorophenyl)borate
(LIFABA) + 1.0 mL MeCl,; and,
iii) 17.0 mg (20.52 mmol) dimethylanilium
tetrakis(pentafluorophenyl)borate DANFABA + 1.0 mL. MeCl,; and,
B. The contents of the three 5 mL serum vials prepared in A were
combined as described in Examples 26-33.
Example 26
Homopolymerization of norbornene with catalyst using Li-FABA as an activator
To a clean, dry 15 mL serum vial under N, and equipped with a Teflon®
coated stirring bar was added 1.26 g (10.6 mmol) norbornene (79 wt % in toluene)
and 10 mL toluene. The vial was then placed in a Variomag® reaction block. After
equilibration to 90°C, a 0.1 mL of each of solution (i) and (ii) of Example 25 (0.51
pmol and 2.0 pmol respectively) were then added to the vial via syringe. The
contents of the vial were 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



Preparation of catalyst solutions used in Exanples 26-33 In each of Exanples
25-33, the catal yst charge was prepared using the follow ng process,
nanely: A. The followi ng three solutions were prepared in separate 5 M
serum vials in a drybox, namely: i) 2.5 ng (5.1 pnol) Allyl palladium
chloride 1,3(bis-(2,4,6- trimethylphenylspi m dazol e-2-ylidene and 1.0 nL
McCl2; 1i) 18.0 ng (20.5 pnol) lithiumtetrakis(pentafl uorophenyl)borate
(LiFABA) + 1.0 nmL McCl12; and, iii) 17.0 ng (20.52 mol) dinmethylanilium
t et r aki s( pent &frinirated b @ddihg bomal: idiAedMBIH(10% @IGﬁjnM@m TBwedesuBingThe
contents of the. thr u onbi ned as
described in Ig§ rrpT elxnfg%§ﬁ'%%x£cgfoai@éﬁ;§ap sﬂlrreﬂ acezt% i 8chgfwaﬁorborrene wth
cat al yst usi nguusquiEAtBﬁﬁlaaecamndalc\tabmai G¥ashelovich ab&alacetdfemdﬂné‘d_ov&ﬁﬁgtm vi al
under N2 and e ed w a Te r coated stirring bar was added 1.26 ¢
(10. 6 ol ) nb‘g‘%égfg é \ﬁtt°%ei41&§%¥é@?ﬁ‘§?rpr%‘ﬂ’ﬂ ‘10 mL tol uene. The vial was
then placed in a Vari omag reaction blgxaiapledter equilibration to 90C, a 0.1
nL of each of s@igutdpeRmetilatidRdf Adrbodmdd u ﬁgmh@a@&st(@mébAmAa@dn 2.0 pnol
respectively) were then added to the Vjg.glatdd @ syringe. The <contents of the
vial were stirred for 20- 30 seconds after addition of solutions (i) and
(ii). The reactiong : t @after which
it was 32 term nat glgab di n%le\f&qmnﬁalgé%gﬁg d&{\%pggd 1t8(l’%l% onl n MeOH). The
resul ting polcyatedstnmyglwwav\@@ed h&h g4t hmod) g®rrene (Epwidhyn tolieneded acet one,
whi ch was su tl f|| a @d_wi.th e acet one
gﬁg g(?iﬁun. tal}ﬂe Tthg ('%pw}{lsrlgew% ?lil 2| %lil\‘\@ﬁ% ggavc%grb blﬁxl? Rfter

and dried overni er ‘vacuum-a yrer "product.
Exanpl e 27 Horgutibrati@r to28?C, Ot ok ofheach of mmmnl(us amd)(iid) of Exemplal2§ $0.5Lsi ng
DANFABA as an __activator r 0 ser.um vi.al der N2 and
equi pped with pgloigqq %@1 l respeg.lvely? wete tgeny adged trglfhe vial via syringe. uPhe

contents of the v1al 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 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 0.94 g of polymer product.

Example 28
Homopolymerization of 5-butyl-2-norbornene with a catalyst using Li-FABA 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 (6.7 mmol) 5-butyl-2-norbornene 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 (ii) of Example 25 (0.51 umol 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.



coated stirring bar was added 1.26 g (10.6 mmol) norbonene (79 wt % in
toluene) and 10 nL toluene. The vial was then placed in a Variomag(r)
reaction block. After equilibration to 90C, 0.1 nmL of each of solution (i)
and (iii) of Exanple 25 (0.51 nol and 2.0 pnol respectively) were then
added to the vial via syringe. The cont38nts 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 m utef after which it vvas term nat ed
by adding 1.0 acj dified MO 0% 1K en2 : The rﬁ 0 onrrer
M xture was t HRRopglymgrizalion gpo-put ..:'.“‘" .'; A 4%
subsequently filtered under vacuum weESHEwi t h excess acetone and dried
overni ght under vacuum at. 60C to yi el mer prodyct. Exanple
28 Honopol vier i zatT%d@rn,ﬂxmryLS%urrdr%aﬁ%@zrwqrﬂusppe%tvgbﬂteﬂ%. ng Li-FABA

as an activat@fed shifirg vat @& added Y.088 (6% J%M{ﬁi—nb&ﬂ%éné\%d%%@qu' pped

with a Teflon(r) coated stirring bar was a
5- but yl - 2- nor kdwasae Thavallwasthen @P@@rﬁeVaﬂpmgvrvar:thnd%oqkhérfteprcwdémation a

ol ution (1) Shy et o BBl ofhg BB delS @3 a2 880 Vet )

wer e t hen addechot wspekgvely)atere/then &med mgbe vidhea syomigenTlse ahtehtiof theadal were t hen

stirredfor 20- 30 qu ( The

Fenct s on s NeRCRAREAL 2P0 sr Sodb el B Gan SiiiBet D 4 ko |t was

t er m nat ed by réadtlénngas tﬂexfhllﬂtvecatbl pilodet@fbr marht(tékO&{meH@hxclhﬁt WAs@fninatddebyr esul ti ng
pol ymer m xtur dd i dl I rred acetone, which was
subsequent | y ?&4‘?%?86‘30 W&Sﬁd%%@&x@ &8 “éeglmﬁ% and dri ed
over ni ght undedixtRCiHdrtad @Q@ D, rapldl1§ s Grddl Rdtofe, WhidhGh a6 Fe6seqlefdiy fiktere3 3

Exanpl e 29 Honopol yneri zati on_of 5-butyl-2- nor bomene with a catal yst using
DANFABA as an UndE vpeping ashed with eqess,acegpg ansisiried oxerpight updsl vaghideat N2 and
equi pped V\nth6g°CT@fyllg@6§3 %ﬁﬁ&l?&lexsﬁrb(ﬁfci ng bar was added 1.00 g (6.7 mmol)
5- butyl - 2- nor bonené and 16 tol'uene. The vial was then placed in a

Var i onag react i on bl ock. After equil ilampleod
Homopolymerization of norbornene with a catalyst usin L1-FABA 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) norbormene 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 umol 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 umol

respectively) were then added to the vial via syringe. The contents of the vial were



to 90C, 0.1 nL of each of solution (i) and (iii) of Exanple 25 (0.51 pnol

and 2.0 tnol 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

m nutes, after which it was termnated 8 adding 1.0 nlL acidified MeOH (10%
HCL in MeOH). The resulting polymer m xture was added to 200 niL rapidly
stirred aceto subseqguen filtered cuu washed with
excess acer orBebie i A DBERFAET tidilen o Rl SE60- Beylen 505 g o
pol ymer pr odueis. thédnxdloRbetoddoddediivp 0F yifitdszfter ohichfit wartéraiimital by ddding cat al yst
using Li- FAB s_an tivator Tg a clean. dry 50 nL serumyvial under N2 and
equi pped Wi th (g dﬂa){p irdMeOR (10% HCLyin MeQkD). Th¢ r‘?ﬁ)ét‘é‘“%\%é‘ﬁerlmlzﬁlrﬁweslo 6 nmol )
nor borrene andaghéd ¥l20d GHLUﬁﬁ@}y stift6d acétomk, Wh W%%ﬂbd%h@&ﬁ? filtBred u}{&err' onmeg

reaction block. After equilibration to 90C, 0.0 each solution (i)
and (ii) of B@am,evazl@d(vntmstespamnean@rd@edmewuncteeweemrat/éq) @towere t hen
added to the yjgl £SYI dudpe contents of the vial were then stirred
for 20-30 sec%n 09%@6?8251?]9@%”&0]: solutions (i) and (ii). The reaction was
then allowed to proceed for 15 m nutExampli:B&r whi ch it was term nat ed by
adding 1.0 Coaopd . NE@h hBANDE2

mxture was added to 200 mtcamam}gggMNFﬁgdaagmmgg r Whi ch was subsequently

filtered under vacuum washed with excess acetone and dried overni ght under

vacuum at 60C to TwadledndrPG0 gltos‘enmobmniardempﬂﬂcemlpﬁedanim £T&lon®
Honmopol yrreri zat i

n.of orbo cat usi ng AB, an
activator Tocoétegls'é%’ﬁg Hr%ﬂsgggﬂl% 5?{5%‘?1‘*%2( A% %’(ﬁ‘d@ﬁf%’éf with a
Teflon(r) coab $d3 8% mhror)rsgnéaaﬂudf@mpa&iﬁe@i 21n&60rﬁex{e3a9d 6o mAMbluefrier Nnene and
10 nL tol uene. vial was then placed in a Variomag reaction block. After

equilibrati onviglgvadieen pipced in anY arigmag a Factim bleaky titishequilioration te PO°C) 04y Exanpl e

25 (0.051 mlmﬁ%@e&h%@sc@mﬂ (i) aR® ffﬁtfl r)ezwogl RSN 310 the vial via
syringe. The contents of the vi a wer e then stirred for 20-30 seconds

after addi ti oi§sREEtiEdy) meredhel gddyd torfhe Yipk \rla syripge Fhegonients of thayial Wer al | owed to
proceed for I1geMiHihes2080lsElondbliite? 2dditi RSt shRliTABLRE ity AfbLbon

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
erization of norbornene with bicyclo[2.2.1]1hept-5-ene-2-carboxylic acid
methyl ester with a catalyst using DANFABA as an activator

Copol

To aclean, 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 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 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



1.0 mL acidified MeOH (10% HCL in MeOH). The resulting pol ynmer m xture was
added to 200 nL rapidly stirred acetone, which was subsequently filtered
under vacuum washed with excess acetone and dried overni ght under vacuum
at 60Cto yield 0.95 g of polymer product. Exanple 32 Conopol vnerization of
nor bonene and 5- hexaf | uor oi sonroaanol - 2-35or bornene with a catal yst using
DANFABA as an activator To a clean, dry 50 nmL serumvial under N2 and
equi pped with a Teflon(r) coated stirring bar was added 1.26 g (10.6 mmol)
nor bor nene (7 glbmqu%qyrfllgegﬂdu@ﬁg)vpcuum, Ovaghe(i Vihexpsep Rgetone and dried overnight
5-hexaf | uor oi GQRF ORARA at 60°0 PRIEINS 2hbokfherbrdagéiuene. The vial was then
placed in a Variomag reaction block. After equilibration to 90C, 0.1 nL of
each of solution (i) and (iii) of Exd&xpmpled3d (0.51 pnol and 2.0 pnol
respectivel y) werAdtempted palyrherizs penevtheouglyin sitp addifidneofeatatysint s of t he
vial were then stirred for 20-30 secpmdasafter addition of solutions (i)
and (iii). The reaction was then allowed to proceed for 15 mnutes, after
which it was term Aat ed\tympsted Caglysl fddmatioaci di fied MeOH (10% HCL in MeOH).
The resulting pol yjrer, nj xtur S dded to 2 nL rapidly stirred acetone,
whi ch was subsequeﬁ?al‘9%?’?’?%&@%48@?““%5‘6‘??&9& ‘R&ss‘ﬁ%ﬁgwa‘%‘/?dexcess acet one
and dried overnight undpr vaguha3s paoICPd Bexalluclostetylabatofatdhtnd Db yiresf pr oduct .
Exanpl e 33 Copol yneri zati on of norbonmene with
bi cycl o[ 2. 2. 1| hept®©BeB&ie- 2carboxylic acid mnethyl ester with a catal yst
usi ng DANFABA as an actgiyat qr. : 3(HH-0-08i ' r N2 and
equi pped with a Tefl on((irlgl géa%%&f%ﬁ???gﬁ)gré%%kggggﬁmgﬁhaﬁﬁ% 6 mol)
of norborene (79 %wlisignend; 10 mLof tabwrap; aadd 1. 00 g (6.57 mol)
bi cycl o[ 2. 2. 1] hept-5-e 2- &y ' i . ester and 10 nL tol uene.
The vial was then pl acggl—)i néggr@%@/éo %ﬁrﬁgg‘:’:@%ﬂ“ﬁlgck. After equilibration
to 90C, 0.1 nlL of tetuaks(péntaflubrophenyDborpteand|1.Oinli 9f tofue®xanpl e 25 (0.51 pnol
and 2.0 gnol respegtive . ed to the vial via syringe. The
contents of the vigl vve#%él?%%&h%g@ﬁ%?%%q&or 20- 30 seconds after addition of
solutions (i) andT¢ aktlen, dih® mbagthinoal wader Ny end eduigped itha Tefloseed for 15
TS, ot b Clodtll Sl B adiEl 13068 B RikofSFL BEs Fiol o ThorBihleldifehe e OH (10%
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 pumol) of each of solution (i), (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.



pol ymer m xture was added to 200 nL rapidly stirred acetone, which was 35
subsequently filtered under vacuum washed with excess acetone and dried
overni ght under vacuumat 60C to yield 1.23 g of polyner product. Exanple
34 Attenpted polynerization of norbornene through in situ addition of

catal yst precursors A Attenpted Catalyst formation In a dry box, each of
the following three solutions were produced: (i) 1.8 ng (3.6 nol) Pd

hexaf | uor oacetyl acetonate and 1.0 nL of toluene; (ii) 1.4 ng (3.6 nol)

1, 3(bi s-(2-6, diisopropyl phenyl )i m dazol 8 2- ylidene and 1.0 nL of tol uene;
and, (iii) 2.8 ng (3.6 nmol) Dinmethylanilinium

tetral ds(pent af | uorophenyl )borate and 1.0 nL of toluene B. Attenpted

Pol yneri Z)\éetdlmm To a clean, dry 50 m. serum vi al under N2 and equi pped with a
Teflon(rl)‘H oated stjirring.bar ?dded 17. 28 Ps I%@gf a 48.5 mol %
nor bor ne e/to (REPRESS 19 PIFPHIHIE P ‘51?’6 igpolymer eamepr mecomaail eashf pl aced in
a_wall e byl Tl hoiikr vt £t Bbprex haiRde BhufulgL (1.8 ol ) of each of
solution (i), (ii) and (iii) of A were then added to the vial via syringe.
The reaction was then allowed to [biMBRBEWCAdr 2 hours, after which it was

t erm nat sulting
sol uti ong\gilegtlts%}{lp'fi gg‘?g?stag‘ia?@ l?‘gfegl(’ﬁ\& efick N%gécei{t ?%aégﬂﬁg{&dnerep IJ};?net ing no
pol yrer pfetKHSEIéctedSlGole Rd aidit; IL: reﬁrepemms}s héterocpcleqmrbemg ligamp) [WEAdl i

pol ymer conpri Si tin east . one , po Q|efl r-wth a
Dot a1yt POREHSE A Ao et R o 20 e Rieyisp desky W ALS R B Rpnd & g
cation c ef¥re] %%nﬁnﬁtl{e%hﬂéﬁ@ﬁtﬁn@s thy €4t 18R RbRPlex AR HHR: wdk [yeRbRESMhE afion TEL @l
sel ected from I\J , Pd and Pt; L: represents an N-heterocyclic carbene |igand;

[ WCA] are taken to balance the electronic charge on the overall catalyst complex.
2. The process of claim 1, wherein the N-heterocyclic carbene ligand has a formula selected
from
Rii Ry, R0 Fr g Rz’ Ry
R1g 1 Ry Ri3
Rl% Ry3
R Ry, Re \/ N
oy
R14 Ri3 R1o R R12 Ri3
e I1I) . . av)

wherein Rg, Rjo, Rio’, R 11, Ri1’, Ri2, Ri2°, Rz, Ri3” and R4 are each independently hydrogen or
a substituted or unsubstituted substituent selected from the group consisting of C;-Cyalkyl,
C5-Cyo alkenyl, C,-Cyp alkynyl, aryl, C;-Cy carboxylate, C;-Cyo alkoxy, C,-Cao alkenyloxy,
C,-Cy alkynyloxy, aryloxy, C,-Cyg alkoxycarbonyl, C,-Cygalkylthio, C;-Cyg alkylsulfonyl and
Ci-Cypalkylsulfinyl and silyl; and wherein Z is selected from C;-Cypalkyl, aryl, C{-Cy
carboxylate, C;-Cygalkoxy, C »-Cy alkenyloxy, C,-Cy alkynyloxy, aryloxy, C2-Cyo
alkoxycarbonyl, C;-Cy alkylthio, C;-Cyg alkylsulfonyl, C;-Cyg alkylsulfinyl, and silyl.



represents a weakly coordinating anion, with the proviso that [WCA] is not
BFa ; and b and d are integers representing the nunber of tinmes the cation
conpl ex and the weakly coordinating anion are taken to bal ance the

el ectronic charge on the overall catalyst conplex. 2. The process of claim
1, wherein the N-heterocyclic carbene Iigand has a fornula selected from
Rt Rz Rlo R11' RR12 R13 R10 11 R7 R1I3 RO )4R13 Rg NNR Ry/ N N\Z' NN Rt a
R14 (1) .. .. (Il) R11 R13 R1I0 R11 R12 RI3 /NN~ NN N Ra ~~ Ra RO ~/ Z
R14 00 (I11) (1V) wherein R9, Rlo,3Rlo', R 11, R11', R12, R12', R13,
R13' and R14 are each independently hydrogen or a substituted or
unsubstituted substituent selected fromthe group consisting of Cl-C2o

al kyl , I g2- C|21Dh>é precsk pf&ﬁnﬁ,l Cklalhdt?iﬂ)le,Rad”yI:ll,l,@f-, R20Ray’ Ry dR g ar€dadi20al koxy,
C2- C20al ke 0 0.a yl o ryl oxy, . | koxycar bonyl, Cl-C20
al kyl t hi ygr nc%e%em ﬁs«ﬂﬂ%ﬁ Eyﬂt@m Dec kyr%amqeﬂ Y and silyl: and
wher ei n alusﬁtu&alcﬁ%ﬁmsﬂimmagaaﬁ%eleede&yﬂom FHeM Y1, w@yr frthyl, Q%ﬂg%ylt@& %utyp 1-C20
al koxy, C 2-C2o0 al kenyl oxy, C2-Czoal kynyl oxy’, aryl oxy,
al koxycaneepeyty! andbeazdal kyl t hi o, Cl- Czoal kyl sul fonyl, Cl1-C20al kyl sul finyl1,
and silyl. 37 3. The process of claim2, wherein RlO, R13', R1,, R1,', R12,
R12' R13 and R13' are each hydrogen and wherein the RO and R14 substituents
are eachdij nde?ﬁbmpieaésls yf slains B Wlutrad tlerm mmxbi;tttuérﬂ:ﬂs substitatee wighl aewaadmé rom
phenyl, vin 'S tert-b neopent and benzyl. 4. The
process 81"‘%3( %‘?l‘?ﬁt"éi P/%gr‘é?ﬁ l‘tyﬁ aﬁ?" gﬂl?é‘fi %/lsgr%ltPo%? tecte t@&‘ with at
| east Onﬁfdrawlemm &ﬁdoeaaheqiett)ﬁ@mo@ﬂy@eﬁérké&her Qﬁm@anﬁhé«ame Hn@ny&bmca
functiona routp sel ected from hydroxyl, thiol, thioéther, f one,
al dehyde acidsdist idep parbenate isonranatentasbodiimilel sarbpalkexy, C@bammyanddlalcmem d,
di sul fide, car bonat e, isocyanate, carbodiim de, carboal koxy, carbamate, and
hal ogen.

S. The process of claim 2, wherein at least two of Rg, Rjo, Ri0’, Ri1, Ri1’, Ri2, Ri2’ Ry3, 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 application.

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 is a solvent for the



5. The process of claim2, wherein at least tw of R9, R10, R10', R11, R 1',
R12, R12' R 3, R13'" and R14 are linked to forma substituted or
unsubstituted, saturated or unsaturated ring structure. 6. The process of
claim1l1, wherein the average nol ecul ar wei ght of the polynmer product is
20,000 to 5,000,000. 7. Use of the polyner product of claim6 as a

wavegui de, dielectric, airgap providing material or potting conpound for
el ectronic application. 8. The process of claim1, wherein the average

mol ecul ar wei ght of the polymer product38s 1,000 to 20,000. 9. Use of the
pol ymer product of claim8, as a photoresist material. 10. A reaction

i njection nolding process for formng a polyneric article conprising

conbi ni neataystlsgsaah comporreatort ambn@herea mixtue dfaionomersaa bt ipelynrepiaedysvherein at

conposi tlon and,. transferri ngtartlhe reactive nononer cogg)?és tion to a nold

where polépthops 95t ghlepit Sue Egetant sfigape MysteOmPEsE? Pefxeyclfolgtiumaromersabe o
react ant p§iieAsER; GARUR fISviso that Rk KahlyB RREEDOTLINIRMVohd dRNAIRE BRI daRly:
wherein at”| east one of the at |east two reactant streans contains the salt
of a weegdrdingngranionatN WCAi ra npreopine imthe same qne pEthe atlgast evereaptentcarri er

is a sol for . . r.nj re
of monomiranpugahsTsinthe LA HhuS UL MR TERRE o9esBi FE B F T prdth bl
react ant aisd 4 matabcomiséx VKD, velerathp dilgyralysre@mdor tomprizes andN-héterobgrlic gadbgmer | zed;
with the prqviso that the catal ecursor,. [L: MRX], and the salt of the
weakl y Eg%ﬁ@aﬁhFWg}L%ﬁ‘F@h?oTﬂﬁm% 155 C?’?Stfmk’bnt ained in the same one of
the at |east jWipaligdiamaMorideldig@ys; and wherein the catal yst precursor

[L: MRX] is formed by reaction of a |igand precursor and a netal conplex

(RVX), wher e dinechliprghistl-HdiseathdeningnghyliphenydrC, Wl idenadladivpe| i ¢ car bene

| i gand and wher « X, (RMX) is selected fromallylpalladium
chl ori de di m@?tﬁal&nﬁggﬁ}cgfrogg?%&[a(n i met hyl am no) et hyl ] phenyl -C, N|

di pal | adi um Paiathal(Iy). ni ckel chloride diner; and, Palladiun(1l+). 11. The
process of claim 10, wherein the salt of the weakly coordi nating anion,

[ MWCA-] is selected from AgSbF6, AgPF& Li B(C6F5)4, NaB(C6H3(CF3)2)a and
CoHSN( CHB) 2B( Tl Frbdess d2claihd €0, IWHRFSS the @hlt 6f thE Medlly c¥br@Inatifg Atisn, INMRICA Pigycl i c

carbene ligand has a fornula selected from
selected from AgSbFe, AgPFs, LiB(C¢Fs)s, NaB(CsH3(CF3)2)4 and CsHsN(CHj3),B(CgFs)4.

12.  The process of claim 10, wherein the N-heterocyclic carbene ligand has a formula

selected from

R Rig' Rit' Ri2" Ryg'
11 Rz Ri Ri1 Ry 13 Ris
R; Ry3
/N N\ /N N\Z/N N\
R9 \/ R]4 R9 v \/ R14
. (I) .o .. (II)
Ri1 Ria R1o Ri1 R12 Ris
N N—_ N Ne___—N N
Rg/ \/ Ri4 Rg/ \/ Z o Ry4
o i o . av

wherein Ro, Rjg, Rio’, R11, Ri1’, Riz, Ri2’, Ri3, Ry3” and R4 are each independently hydrogen or
a substituted or unsubstituted substituent selected from the group consisting of C;-Cyalkyl,

C,-Cyalkenyl, C,-Cyoalkynyl, aryl, C;-C,o carboxylate, C1-Cy alkoxy, C,-Cyg alkenyloxy,



R, RRg RR1I0O Rt' R, RI2 Rig RI3 RIORI3 R o R3 9 N/NCR s Rs/NN~Zi N\
MRU R.. (1) (Il) R11 RI3 Ro R>R12 RI3 /NN N,,",Z~N N Ra Rya Ra
~~ Z~~R14 .. (I1l) (IV) wherein RO, RO, RIO', R,, R,', Rl2, R12', R13,
R, 3" and R14 are each independently hydrogen or a substituted or
unsubstituted substituent selected fromthe group consisting of Cl-C20

al kyl, C2-C20 al kenyl, C2-C20 al kynyl, aryl, C, -C20 carboxylate, C, -C20

al koxy, C2-C20 al kenyl oxy, 39 (C2-C20 al kynyl oxy, aryloxy, C2-C20

al koxycar bonyl, Cl-C2oal kyl t hi 0, Cl-C203%l kyl sul fonyl and

Cl- C2oal kyl sul finyl; and wherein Z is selected from Cl-C20 al kyl, aryl,

Cl- C2ocar boxyl ate, C@-C20 al koxy, C2-C20 al kenyl oxy, C2-C20 al kynyl oxy,
aryl oxy, Colnkynyldkgxarglax palyyC,o alkiox atbongl, KyJCéulky1th@s, CGAty, alkikigulsanyt amdy| |

G - C2o0al kyl sul f ilyl, .13. Th f cl 2, in Rio,
R o Ry iy AR hergin 7 i Setectel rih 5 TRV Gy cathO i 1+ he
RO and R@cza,mmyt Q?@E@all@h?loﬁ?%} C{agﬂtpﬁﬂdﬁ}nta}ﬂo@‘l@%mfMk&@c&bon)ﬂr@Ué%t' tuted

and are sel ected from F , _viny }/ i sopr opy tert-butyl,

neopent yplkaltio, Gefaplky SBWOHYH‘@I Eroobetulioylendsifili3, wherein the RO or R14
substituent is substituted with at |least one noiety selected fromC, -C5
al kyl, CI-C5 al koxy, phenyl and a functional group selected from hydroxyl,
thiol, th3oet 1ﬁhz¢ prokcfs's ofidainal 2levhedsn Res Rey', RigtRig’ Rlzahah&g andi Rye’, ar@aedctie,

nitro, aci.d i sul onate 0oC car bodi i m de,
ot bl 1 BYAroEdAng aviRrait tne Hy A Ry ist o Ha e inBREURR Sty o ¢ he
N- het er ogigibltfucd aREMNe sblb&é@ﬂoﬂ%ﬂleﬂylf AhylUmeth§ B iptapd, tdrt- Qﬁtth&odaat%l Rdo Rt

R R12- R1I3 RIOtt Rz R13 R aR13
benzyl.

14. The process of claim 13, wherein the Ry or R4 substituent is substituted with at least one
moiety selected from C;-Csalkyl, C;-Cs alkoxy, phenyl and a 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.

15.  The process of claim 1, wherein the N-heterocyclic carbene ligand has a formula selected
from
%_—é Rio’ I Rq2'
N N
(H)
Ris \/
(111) (IV)

wherein at least two of Ry, Rig, Rio’, Ri1, Ri1’, Riz, Ri2’ Rz, Rz’ and R4 are linked to form a
substituted or unsubstituted, saturated or unsaturated ring structure; and wherein Z is selected

from C;-Cyalkyl, aryl, C;-Cy carboxylate, C1-Ca alkoxy, C,-Cyo alkenyloxy, C,-Cy alkynyloxy,



RO NNR Rs/NN\Z' NN\\R14 R14 (1) (I1) R11 R13 R10 R11 R12 RI3 NN. /N N~ ,N
M Ry ~~RaRs ZRa .. (IIl) .. .. (IV) wherein at least two of RO, Rio,
Rio', Rl1, R11', R12, R12' R13, R13'" and R14 are linked to forma
substituted or unsubstituted, saturated or unsaturated ring structure; and
wherein Z is selected fromC-C20 al kyl, aryl, Cl-C2ocarboxyl at e,

Cl- C2oal koxy, C2-C20 al kenyl oxy, C2-C2o al kynyl oxy, 40 aryloxy, C2-C20

al koxycar bonyl , C1-C20al kylt hi o, Cl-C20al kyl sul fonyl, Cl1_C20al kyl sul fi nyl,
and silyl. 16. The process of claim 1040 wherein the N-heterocyclic carbene
| igand has a formula selected fromR, RI2 Ro Ro Ri' Rl11 Riz R12 R13R13
R140- R13 RRNN R14 Rs/NNZ/NNRla 9 (lI) .. (Il) R1l1 R13 Ro Rl1 R12 R13
/' N N~ /I\IaMOX&J‘CJ\EzoBLkoRSI@rmyZ(R-If;lzoalkyltHicb,)C1(¢2Wlkymﬁllﬁc5@il,rclattzohmgtstxlﬂn\ma@d R9,
Rio, RRo', R1, Rl1', R12, R12' R13, R13 and R14 are linked to forma
substltuflb’é} or unsubstltut ed, saturated or unsaturated ring structure; and
wherein Z is selected from Cl-C20al kyl, aryl, Cl-C20carboxyl at e,

Cl- C2oal koxy, C2-C2oal kenyl oxy, C2- C20al kynyl oxy, | oxy, C2-C20

al koxycat®onyThe procespof elaiky1¢, h‘fmrenoite@\,ﬁbetammllwwbgnw{ andihag2 formula

al kyl sul gélé@(éd’fro%qd silyl.
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wherein at least two of Rg, Rig, R10’, Ri1, Ri17, Rz, R12” Ry3, R13” and R4 are linked to form a
substituted or unsubstituted, saturated or unsaturated ring structure; and wherein Z is selected
from C;-Cyalkyl, aryl, C;-Cy carboxylate, C;-Cyo alkoxy, C,-Cyp alkenyloxy, C,-Cypalkynyloxy,
aryloxy, C,-Cyo alkoxycarbonyl, C;-Cy alkylthio, C;-Cy alkylsulfonyl, C;-C, alkylsulfinyl, and
silyl.



