1 CATALYST COMPLEXES FOR POLYMERI ZATI ON AND CO POLYMERI ZATI ON OF CYCLI C
OLEFI NS The present invention relates to catal yst 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 conplexes. Polyners and copol yners 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 properties (low dielectric constant, low dielectric |oss, high
breakdown vol t age @ATAIFSTHOOMELEXESFOR BRUZABION ANDR Ry desirabl e
properties such as high CL ' i e, high gl ass
transition tenperatures,ﬁa nr ; L (e.g., to netals
and netal oxides) Thdpreseol idlintibh yeldahavitslyst complekdsana fadlitartiad ysts for the
pol ymeri zati on and co-pol ynmeri zation of cyclic olefins is disclosed in
United Stat espﬁaﬁléﬂ%a%?n%%mxewaw ofiexdicaetins. The,pgseat wyengiop alsg cat al yst
according to td)fted Blaliibd Jf%ak%ithé—éhmysp&omx@s ¥heo &imethdd oF wdinghigup 10
transition nmetal; R 1s an anionic hydrocarbyl ligand; L' is a Goup 15
neutral donor catelystizamplexes; s a | abi |l e neutral el ectron donor |igand and WCA
Is a weakly cording,i LOG; r ey : ' 1, 2 or 3
and the sum of x,§‘§}9‘§5r8%§¥%%§%§hsﬁ ﬁ%&l&leﬁinﬁeﬁlﬁ%ﬁ éesgr%%lggg Ceazzﬁreoge?%s bal ance
t he el ect r oni €e.ghaidgapecheal wiadow,tifiterandy loonbicadripdeaxe addietiht Vinvemmkpayency),
coordi nati ng counteranion. Nevertheless. . there remaj.ns a need. for new
cat al yst corrpleég?ggmﬁ Bﬁrﬁ{’lplr?ﬂemeﬁ BWIdi‘eﬁ%ffrfctfémft?f&’ I8y ‘grﬁcrtﬁngi’ﬁ’ and
co- pol ymer i zabieakdd¥n volagd shd Wve froRfure NRbSHibMI vEsicudREPdskaale | i gands may
exhibit a tendency to dissociate fromtheir transition netal centers. Such
di ssoci ati on @EPerigseHch a5 high magliveden etlehBIE)iesisanceohigh glass Emsitign| ectivity. W
have now foun | I B .ol d car bene
| i gands exhi b?%‘ﬁﬁ%?%ﬁeﬁgﬁgbﬁﬁssﬂ/ or %ﬁ?sg@%'?fg@%ﬁgﬁﬁfeﬂ%l%%% zation and
co- pol yneri zaelnbititydfebawiert i ¢ ol efins and exhibit inproved stability toward
heat, oxygen and | re. . K t .l N | there is
orovi ded a pr Ocessﬁﬁ% ?ltaéjs of cathtstORE 1R RRHerhtidnBia R5-SEHHerib oG 3k bl

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

a catalyst according to the formula:

[RMLL" ,[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 0, 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],[WCA]q4 »



preparing a polycyclic polyner conprising contacting at |east one

pol ycyclicolefin mnononer with a catal yst conplex having a forrmula (i):

[L: MRl b[WCA]d (1) 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 I| and and [ WCA] represents a weakly
coordi nating anion, with the proviso t [WCA] is not BF4 ; and b and d
are integers representing the nunber of t| nmes the cation conplex and the

weakl y coor di AL AGIORHT L ANbP Rl SAKER refesORl ARFRoLDEN gRhBoky oni C char ge

on the overall catalyst co n anot ent invention,
there is prowrctgdseatsrammi smtedufrqreNulemndﬁtmmgrqwmaBN hewrocfdicm ng a
polymeric article c S ast eact. streans to
Porm e react i et OHBD SGAEPlsHnh Py SRt i Sh@hs P e
reactive nononkdt [WORIQShdt BOY; 4nd blandl age inte@ére rap syt itteatuntber oftingsd eleds ;
wherein at | east one of the at | east twg reactant streans contains a

catal yst pr ecaibromlexarsthesrrakly cogrdinating coypigragion atg takeada palance e ¢ he at

| east two reaceﬁe%ﬁbnlcéﬁz{rg‘ead?ﬁh&%}ﬁl&%al}sh@onﬁﬁéxt of a weakly coordinating anion
[NWCA'] and a carrier;  wherein the carrier |liquid may be a solvent for the

catal yst system coﬁ@m aspectaf thepresemtinvgntion;, thexgrieprofidadaraetian t o be

pol ymeri zed; "14?%& cFlEéllné ﬁl%l?éss ?c;}q‘or?!{lréé ggol%%rrcl £ ¢ r%&ns{n%t%ﬁl'r&%&tmgpttr eans mst

conprise a poI cyc nononer yneri ze rovi so that
the catal yst pesciwoseictant itrebfiX}o foand rédn&vmbrtonmf canpositiak hyd, optismlipat i ng
anion, "CA-], are.not contained in the sane oneﬂaf t he t | east two

reactant st r edFARSTeHRg G Far e MnmeR sqmposilipn (9.a1p %‘Fre[ﬂf’ N2 npri ses a

N-het erocycl i Gpréeds MBerking@iRest ohé of thﬁfﬁitrlélﬁﬁt%)téac&hmms Bontfind 4 @ldige f or use
with the present invention include, for exanple, hydrogen, |inear and

branched C1- CRiecqrsey [L: MR endya earrer, yhgRin at |epsigng Ofd-h“dat lfﬂsweﬁé%ftae? C20

al kenyl, C6- stﬁreﬁ&i%&@dlr{‘sfiﬁé’éalt ofth bhili¢ cbdr@RRGE a%ngﬁ‘w{?!ég%dfa%%r t her eof ,
C6- C30 aryl - het er oat om contai ning ary 0 aral kyl'; each of

the foregoi nnggPrf@G}ﬂE‘; camier ipid manbe ¢ scbléenstmdmucatab/e@ymmwommeot:@rra)y| and/ or
et oaLom YRRk RBaaEhe AT AT R, AR e Rl
hal oal kenyl , Hedsotyarmeaant fteeams muygmrnprism pcrlme]npleﬁh omptroents beand phenyl
optionall'y S ubso )Ilntle%tzg wvi{httﬁ'e ;Lrovfs?c? thaCthe catﬁys? prccursor, [(E,5MRX] 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:2MRX] 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-Cyg cycloalkyl, linear and

branched C,-Cy alkenyl, Cs-C;s cycloalkenyl, allylic ligands or canonical forms

thereof, C¢-Csy9 aryl, C¢-C3o heteroatom containing aryl and C;-Csg 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 phenyl 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



al kyl, l'inear or branched Cl-C5 hal oal kyl, and hal ogen; wherein the

cycl oal kyl and cycl oal kenyl groups may be nonocyclic or nmulticyclic;
wherein the aryl groups can be a single ring (e.g., phenyl) or a fused ring
system (e.g., naphthyl); wherein the cycloal kyl, cycloal kenyl and aryl
grooups can be taken together to forma fused ring system and wherein each
of the nonocyclic, multicyclic and aryl 3ing systems may optionally be
nonosubstituted or multisubstituted with a substituent independently 3

G- s hal oal KSRy AR i i ARy A, ey pragRRiG 25T, 7"

i odi ne, brom hs&lpalkd; llrﬁhfhrﬂ)bedéﬁ?dd@ﬂ-cs aﬂlﬁax@,kﬁxlcﬁmfej ﬂlmhhe,ﬁydln@lbgmﬁﬁe ng aryl. 1In
one aspect, R _may selecte r r structures depicted in
Structures A-E Wdﬁﬁﬁﬁllkl’l Ca%w&yalf’ El &H&" Ylmetal center with a |igand
ML). Mo MML) Mdab adfebs) R%Jymetseleaeéﬁ&hm&grw@ofﬁw&tﬁﬂégaéﬁ@e&n& ructure D
Structure E Metals, M suitable for use with the present invention include,
for exanple, Skhetiies Achbound s matﬂ eartet PHYT axmetalyienter Witk {igend M(In. one

enbodi nent, the nmetal, M is selected fromN, Pd and Pt. In another

enbodi nent, the netal, Nl is selected from N and Pd. In yet another

enbodi nent, the netal, is palladium N heterocytlic carbeneul {gands, L:,
suitable for use with the present inygntion inc saturate

unsat ur at ed subst uted and unsubstituled |mdaz ine having aystructure
according to on &I) (1 t R12 [ NN t' R1L2
Rts' Rio Rt Rilg Rt E(Q 4

Structure A Structure B Structure C Structure D Structure E

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)

Ry Rip
R;; Rys
Ry ANy Ry

@,

B2 Ryg'
H R’? ’ !13/':‘13

\/ "n,



Rtt RI3 RO Rta (I1l1), and R o R11 R12 R13 ~7( /.NN NN RO Z Rta (1V)
wherein R9, R10, R10', R 11, R11', R12, R12', R13, R13' and Rl14 are each

i ndependently a hydrogen or a substituted or unsubstituted substituent
selected from Cl-C20 al kyl, C2- C2o0 al kenyl, CrC20 al kynyl, aryl, d- C20
carboxyl ate, O -C2o0 al koxy, C 2-C20 al kenyl oxy, C2-C2o0 al kynyl oxy, aryl oxy,
C2- C20 al koxycarbonyl, C 1-C20 alkylthio4 d- C2o0 al kylsulfonyl, C -C20

al kyl sul finyt, and silyl; and bridging noiety Z may be selected from Cl-C20
al kyl, aryl, d-C2ocarboxylate, O -C2o0 al koxy, C 2-C20 al kenyl oxy, C2-C20
al kynyl oxy, aryl oxy, C2-C20 al kBwycarbonfis C 1-C20 al kylthio, d- Co

al kyl sul fonyl, Cl-C20 al kyl sul fi silyl. I'n one aspect, at |east one
of the R9, R10, R10', R 11, R11', R12', R13, R13" and R14 substituent
groups is substituted with at | east one noiety selected from Cl-Cl O alkyl,
C -Cl10 al koxy, and aryl whi ch(iDWy\each be further substituted with
at |east one group sel ectedisfrom | ogenPya O -C5 al kyl, Cl1-C5 al koxy and
phenyl . In another aspect, at |east *9ne of the RO, RO ¢gf)andR 11, RL1',
R12, R12', R13, R13' and R14 substituent groups further includes at |east
one functional group. Functional groups suitable for use in these
substituent groups i nchude, for 'ﬁxarrpl § hydroxw , thiol, alcohol, sulfonic
acid, phosphine, thioetler, ketgn¥, al yde, egt&, ether, anine, inine,
amde, imde, imdo, nit [ Ysul fide, carbonate,

i socyanate, carbodiim de,/ carbpal koxy, c e, acetal, ketal, boronate,
cyano, cyanohydrin, hydyazine)\ oxine, hydrazi de, enam ne, sulfone, sulfide,
sul fenyl and halogen. N_In a her aspect, RN._R 0, R 11, R11', R12,
R12', R13 and R13' Rafe eewwrg‘ﬁlé{e/ntsl y select ed~F,pm hydrogen, nethyl,
aral’kyl and aryl and R9 and, R14 are each independently &%ect ed from
substituted or unsubstituted Ct-Co alkyl, d-Co

wherein Ry, Rjo, Ri0’, R 11, Ri1’, Ri2, R12’, Ris, Ry3’ and Ry4 are each independently a
hydrogen or a substituted or unsubstituted substituent selected from C;-Cygalkyl, C,-
Cyo alkenyl, C,-Cy alkynyl, aryl, C;- Cygcarboxylate, C;-Cyq alkoxy, C2-Cao
alkenyloxy, C,-Cy alkynyloxy, aryloxy, C;-Cyo alkoxycarbonyl, C {-Cyq alkylthio, C;-
Cyo alkylsulfonyl, C{-Cyo alkylsulfinyl, and silyl; and bridging moiety Z may be
selected from C;-Cy alkyl, aryl, C;-Cz carboxylate, C;-Cyo alkoxy, C 2-Cy
alkenyloxy, C,-Cyg alkynyloxy, aryloxy, C;-Cyp alkoxycarbonyl, C 1-Cy alkylthio, C;-
Cyp alkylsulfonyl, C;-Cypalkylsulfinyl, and silyl.

In one aspect, at least one of the Ro, Rjo, Ri0’, R 11, Ri1’, Riz, Rz’ Rys, Rys’
and R4 substituent groups is substituted with at least one moiety selected from C;-Cyq
alkyl, C;-C,¢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, R10’, R 11, Ri1’, Ri2, Ri2’, Rys,
Ry3’ 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.



cycl oal kyl, C2-Cl O al kenyl, aral kyl and aryl. In another aspect, Rio, R0,
R 11, R11', R12, R12', R13 and R13' are each hydrogen and RO and R14
substituents are each independently substituted or unsubstituted and are
sel ected from phenyl, vinyl, nethyl, isopropyl, tern-butyl, neopentyl and
benzyl. In another aspect, Ro, Ro, R11, R11', R12, R12', R13, and R13'
are each hydrogen and RO and R14 substiifuents are each independently
substituted or wunsubstituted and are sel ect ed from phenyl , vinyl, methyl,

i sopropyl, tert-b tyI, neope tyl and wherein at | east one of
the substituents Ber@spect, g‘“étﬁ’b ll"tt}ﬁﬂe lzm*{tzh 1 ANdRYE AHTER i et y

sel ected fro mn@épe%nﬂ& wwemmﬁﬁy@bg@ﬂxmemﬂhmm andnéyland RP&id RRate group.

Funct i onal grougs suitable for use with this aspect of the present

i nventi on i ncfasaéndepesdently splpeted fromanlosiinted qrﬁpwbstlwﬂ Sfe'pme?flkylk@rﬁne
al dehyde, esgﬁ[oam?,; kelo,, A gpmah& %%ﬁm de, nitro, carboxylic acid,

di sul fide, carbon i socyanate,” carbodiim de, carboal koxy, carbamate and
hal ogen. I n anot hdn aa@p@(ameCRRloaRd) R4, Rar’eReakh’, iRidapdheemt ¢aghsubst i t ut ed or

unsubstituted_a R9, .Ri 0 | O Rll' R12, R12',
s R e iidten bRy RIS Sy SRRERS are S ieBendBhly sipidet ol 1 1 o

saturated or uiabdtiited @d afd salgcd Friofitphesyl, vihyl, methylnRoprapyieress-buiyd, R o, R o',
R 11, R11', R12, R12', R13, R13'" and R14 are linked to forma substituted or
unsubst i t ut ed"eoPER AL LENZYL unsat ur at ed r| ng structure, wherein the ring

structure contai nSpSHOREA SN RS, RGF SCL 88, T RATR Y A OGRAR ,,MReRYdh and
substituted or unsubsti truat%% a?oyl . arg | k g B 23,9 eﬁyl Cl-Co

yI
cycl oal kyl anBydrogen@dRaandR s sybstitenss NeﬁacasMFndemsby swt@utedzpb R it, R11',
R12, R12', Rl if a; i 1yt
ﬁn Egti%ute g le@{eﬁfroH gﬂéfé)q,” g, r@%tlﬂtlélts%?}tl tteH patl

unsubst i t ut ed, saturate unsat ur V\,herg' n the ring
structure co nnmpnmyhamb sbbnzb'l;em whgeinat teed ohe ofithasubsettyentaRydnd>Ris snd

funct i onal o QAR ARAERLP sl LTRAKY 81k st Gl A ELREmodohRRg: |

al dehyde, ester,
di sul fide, camhbmﬁmenonal@mmarmhmonal@mdp@dmtabiccfez; use avithahils hqut,of cieer bamat e and

RIS I EN N SR S
substituted Wedtdt, @&herl 88¢, ifine, amide, nitro, carboxylic acid, disulfide, carbonate,
isocyanate, carbodiimide, carboalkoxy, carbamate and halogen.

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

In another aspect, Ry, Rjo, Rjo’, R 11, Rit’, Rz, Ri2’, Ry3, Ris” and Ry, are
linked to form a substituted or unsubstituted, saturated or unsaturated ring structure.

In another aspect, Rg, Rjo, Ri0’, R 11, Ri1’, Riz, Ri2’, Ri3, Ry3” and Ry4 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; alkenyl, C;-C;¢ cycloalkyl and C;-
Cip alkyl.

In another aspect, Ry, Rjo, R10’, R11, Rit’, Riz, Ri2’, Ry3, Ri3” and R4 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, Rjg, Rio’, Ri3 and Ry3’ are each independently a hydrogen,
a phenyl or together form a cycloalkyl or an aryl optionally substituted with at least



one noi ety selected from Cl-Clo al kyl, C -Clo al koxy, aryl and a functi onal
group selected from hydroxyl, thiol, thioether, ketone, al dehyde, ester,
ether, amne, imne, amde, nitro, carboxylic acid, disulfide, carbonate,
i socyanate, carbodiimde, carboal koxy, carbamate, and hal ogen; and RO and
R14 are each independently C 1-CIO alkyl or aryl optionally substituted
with C1-C5 al kyl, Cl1-C5 al koxy, aryl or @ functional group selected from
hydroxyl, thiol, thioether, ketone, al dehyde, ester, ether, amne, imne,
am de, nitro, carboxylic acid, disulfide, carbonate, isocyanate,

car bodi i m de, oncmoibtyskbledrd from&t Kanslky, Gntiokhkorgery! anda funcidnel gragpect , Rlo,
Rlo', R14 and Lal A e r r..flogether. forma
cycl oal kyl gr%%%“?e“ﬁ%"g‘r‘g@%’m’m%ﬁ% i"l(,e%glg’swdglﬁ%&Risﬁer’ egl?eé’ aénaué%?m n§7drogen;
and RO and Rldmakgnigacharbseylrciddisulfide, saberatd, isbednme, camsdigidef uted aryl. In
anot her aspect, and R14 are jndependentl f fornul 7 R15 Rls M
wher ei n R15, P&%‘,ﬁ?ﬁ’f@i’ b?méfeea’@é@ﬁ’g hde Bﬁ&é‘ﬁlﬁ?’%@&?‘&@f&%ﬁ%ﬂ&&| kyl, Cl-
Clo al koxy, aikyl or@Fyl 3pfidhaly subtidtuted WMIT, SSlaket, € aRBXY) MM 8xX¥ tunchidiap!

t hi oet her, ketone, "aldehyde, ester, ether, amne, imne, amde, nitro,
car boxyl i ¢ acBPup e¢leaked fragp hydrexl bigh thioethes deetonp caldehydeq pigs o ther gmine,

car boal koxy, ¢a d a t s are

i ndependent | y&glfrnp’?%? Erlriflgl% V§ : x&ﬁ‘g%é?r?%ﬁ?@g a&{fgﬁég%ygf?g?g&élgéﬁe

i ndependent | y cabbadkaxgccaftraoratetapd halggem, net hyl , et hyl, propyl, isopropyl,
hydroxyl and hal oggn. ln ano r ,ASpgct , an 4 are independentl|y of
fornula (V), \/\hereﬁ"nan?ﬁ%r, “pﬁigﬁﬁﬁp@éﬁm&% CE] ﬂ%?rﬁﬁn.orlp e@ﬁoqfher aspect,
the bridgi ng ggether form akPoloddeyl groap] if prebent, Ry, R’ OR@ amd R J04re eadhiDi et i es

sel ected fromCl-Clo al kyl, CI1-Cl O al koxy and aryl; which jn turn may each
be further s%%‘%rf’ﬁﬁ‘t%@%ﬁat“ﬂ Rypse S?ChﬁﬁlFﬁe%??mﬁ%bSEé‘FeQé’f E’EF“F?tBWF‘;“H | ogen, a
Cl- G5 al kyl, Cl- G abiherasp@nR,RAE RY, are iidefefidadfi9bhRmaapert . the bridging
group, Z, may further include one or nore functional groups. Functional

groups suitable for use in bridging groufg Z, include, for exanple,
hydroxyl, thiol, alcohol, sulfonic acid, |[phosphine, thioether, ketone,

wherein R;s, Ry6, and R}7 are each independently hydrogen, C;-Cjgalkyl, Cs- 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 Rys,
Rj¢, and R 7 are each independently selected from hydrogen, methyl, ethyl, propyl,
isopropyl, hydroxyl and halogen.

In another aspect, Ry and R4 are independently of formula (V), wherein R,
R, and R 7 are each methyl.

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



al dehyde, ester, ether, amne, imne, amde, imde, imdo, nitro, carboxylic
acid, disulfide, carbonate, isocyanate, carbodiimde, carboal koxy,
carbamate, acetal, ketal, boronate, cyano, cyanohydrin, hydrazine, oxineg,
hydrazi de, enam ne, sulfone, sulfide, sulfenyl and hal ogen. Wakly

coordi nating anion, [WCA], suitable for Jse with the present invention

i nclude SbF6 , PF6 , B(C6F5)4 and B(C6H3(CF3)2)4 . In one aspect, the [WCA]
is selected from SbF6 and PF6 . In another aspect, the [WCA] is sel ected
from B( C6H3( CF3) 2)f anothédt a8ReL RbriBSIRE Boup ! 2 GndyWeller ik niie loRE biSflork F OM B( C6FS) 4
. I'n one enbodi nent, the catalyst conpl exes ofy the present 1nvention may be
produced usi nipnetinmalgrownss Bungéipnal igeostps svitEble deorjvserinbridging grqupy; Zi-ingtude, | : a )= L:

-M+r N WCA- > L 1 ; t hS.. a lii . DI RE ¢ Y-) is
contacted with & sﬁ’gﬁ&gﬁlbﬁé}diaﬁépgg%%%mf %fldtl%’%gﬁgi’é%é@g%éég kff"gé;nd L. The

| i gand, L: i saltiétede,restars ether, aninb, imime trdideciatigd, awid$ R, carbokic akdy m t he
cat al yst precyrsar, erein nis 1 qr.2..0ne skilled {n the art wll

ecoun: se 1o SSBE, RS BrOprTa A paier GroRAIOR, CaPRmr, OBkt Ebl ¢ weakl y

coordi nating Bétbdte, cydNoV¥yMoHyarin, h§Arasidlel@flirhe) hidiezi @ bidnyifd, s Uuile, t 0 Yi el d
the catal yst conpl ex. Ligand precursors, (LAY), suitable for use wth the
present i nventylsayliand hygeen. f or exanpl e,

1,3-bis(2,4,6-tri W%ﬂée{% %%%A%,ggpﬂg r CATGRbRTbARE “thz?el rese

bi s(2, 6-diisoprop ol mdazoliumtetr org orate and

1, 3-bi s(2, 6- mveionypiiute\pble £, B{GsED N phd B{Gda@IH:um .chl ori de. Reduci ng
agents, E, suitable for €.\ the pr alV2 Len include, for

exanpl e, sodi um hylglroln 3S,p%§bt8¥\t\?{1&fs‘-] bsusteféﬁlggg{aﬁls%%ﬁ %ﬁ? ir?g‘i'hoxi de, butyl lithium
or potassi um t - bulnaxbtier aspéet, de [WTY] ie xelected IRMXB(CEL(ABR)E for use with the

present invention jnclude, faor | e, al]yl pal i.um chl ori de diner,
di - - chl or obi s[ 2- [{'d¥ P’r?ﬁ%ifn%??mﬁ‘bﬁ%%‘g%féﬁf 4di pal | adi um
met hal | yl ni ckel chinQik embstiimEst, BE cathlfdtlcambléRdsof the plesent invention may be

produced using the process depicted in Equation 1.

R R
e /
ay —> 1 M e wwer —» Li—f
E N _
X WCA

1)
That is, a ligand precursor (LA*Y") is contacted with a suitable reducing agent (E) to
generate a ligand, L:. The ligand, L: is then reacted with a metal complex (RMX),, to
form the catalyst precursor, wherein n is 1 or 2. One skilled in the art will recognize
to select the appropriate value for n. A salt of a suitable weakly coordinating anion
(N"WCA)) is then added to the catalyst precursor to yield the catalyst complex.

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

Reducing agents, E, suitable for use with the present invention include, for
example, sodium hydride, sodium #-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+).



Salts of weakly coordinating anions, (NWCA' ), suitable for use with the
present invention include, for exanple, AgSbF6, AgPF6, Li B(C6F5)4,

NaB( C6H3( CF3) 2) 4 or C6H5N( CH3) 2B( C6F5) 4. The processes of the present

i nvention for preparing polycyclic polynmers and copolynmers may be used to
prepare a w de range of polyners and copolyners and may include both
solution and mass pol yneri zation techngques. In one enbodi nent, the

pol ymeri zati on processes of the present invention may be used to produce
pol ymer product having an average nol ecul ar wei ght of 20,000 to 5,000, 000;
al ternatively 505080f weakly owodinging apions (NZW ool spitsble fpmse with#®, 000;
alternative - 0, a ty: hi gh nol ecul ar wei ght
pol yner prg%ﬂ%?g”%ggTH@%%ééQQ%%Pg#g£%§§%%§Qg§”kggggﬁ4des, di el ectrics and
ai rgap provNdBGH; (b ek oaCalsN(GHaEY). enbodi ment, the pol ynerization
processes of th resent ipvention. may he used to produc ol yner product
havi ng an aver aSE‘?"rRSP%e&ﬁEFa t\('ﬁ\,g{eé‘ﬂ}t ‘rgfnr}lof%melf%'“§6?]8%,ﬂc gf?lty&\gﬁﬂ”&vel y 1,500
to 10, 000; adgobynivaé mdLbe/usdd O ftepave 4 wilQGangedf pHl9meRUAE Edpolynitesand ow nol ecul ar

wei ght pol yner products may, for exanple, be used as photoresist nmaterials.

In anot her B &YEREth sphEon#Id mess Polymerzation SehuigRs: of the present invention
the catal yst conpldX .aBGdikBfR, Ak pbEAR}iZARR pﬂﬁl:s\ées\’&k%@;eh{‘in@ﬁgﬁﬁ{a are
contacted at a tenperature of 8 to 200C, "alternatively 10 to 180&;

al t er nat i vebguszd te prod&@@olymer produdidaviegrmvalieragamoddculahweighorf @900 fo t he

unber of eS8y sl fnePtiosd e 3 BB RE B S BIAMRLY™, 000 Lo

500, 000; al aksrnaivelyal0§,000t0@30,000. Bidhe @fect, Fosetifltimpleasitd weight ipblyhes by

reaction injection moldin I M, .resin transfer . noldin RTM) liquid

i nj ection nBTOHP%m(“K’IfR&?"ag‘Bg%%Fd PSYaYFEuiges: alﬁl%&V‘Cﬁﬁ‘d W&é‘&ﬁ%@ a reactive
formul ati onpfateiggnoner s whi ch pol ynerize to substantially conplete
conversion to polyner is provided. The reactive fornulation of the

i nventi on cont ai Hsangdesmkadiesnsithepalynesiration pracesessiof haPrasentinvertioln acti vat ed
addi ti on po b Zauts] t . WhI I ' . nmononers to
at | east 9%@%%\%&?@{“\& rL@gﬁéétﬁlﬁﬁ}éﬁ%i%ﬂguﬁ??Ig?lﬂ(\?fent I on

provi des st d/080¢o 20,00} altermatively 1560 ta th@dn eltermatiotly 2008 to 80Q.ilmené or nul at i ons.

A pol ynmeri zation m i, S rovided wherein a storage stable activator
conponent i ggpcegthg;l%%eéé$ Vx\}l.u)tl«?;':ulle gglﬁgr %ﬁ%’f‘? products may, R @;gamp‘cfe, %Q used 3§
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; alternatively 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



stored catal yst precursor conponent. \Wen the storage stable conponents of
the polynerization systemare conbined in nononer, a reaction mxture is
obtained. In 9 preferred enbodinents, the polynerizati on system can be used
as a complete feedstock for reaction injection nolding (RM, RTMor LIM
processes. The polycyclic nononmers within the storage stable conponents
provided by this invention are characterized by the presence of at |east
one norbornene noiety. In general, nmethods for reaction injection nolding

(RIM, resigefefreNSh6ddimdid, q{e%lﬁmtiﬁr&gst@rﬁ&@ﬁ bE QRS & Ethplete

bul k- pol yneri zation techniques ‘of thernoplastic or thernpsetting resins are
known. For fesdstask éorgenstien iniecienmelding BIMYKI N pr BBYIprasessgs- Then U. S. Pat ent

No. 6, 350, L LRt e | pvent \Ej RIM
process that C(‘,[ol#pr?{}gogge g}g‘g@dl ni nséora%}: %ta%%s%ﬁﬁ&géngseégilg%?b)geg’gelggrreg‘ﬁ? Ig forma
reacti ve nomocmracterizedipstht pesencehf athedssorteherborept imoiesy.| y, conveyed into a

nol d where pol ynerizatio r.oceeds; . wher ei t t _ane of the at | east
two reactant st S&gﬁ)&cr ‘dﬂ‘%]g?qggorefe?:%?gl"% 1on gﬁ’ﬂﬁéﬁﬁﬁ’[rﬁ“ﬂ/g&?“ﬁnd a carrier;
wher ein at héldik (RTBI) ahd bthér cdinmeeddtbulkApol B84 tecktliquRaBE contains the salt

of a weakly coordinating anion [N WCA] and a carrier; _wherein the carrier
li qui d nay BEmepkasic s hermgsettngaesing ae yaawis \Kor eramelets JissloSWe a  nononer or

m xture of JoneIRlySBdiLetRE iPOlsY PREMAGS 6,330 d3yherei n at | east one of the at

| east two reactant” streans nust contain a nononmer or nononers to be

pol yneri zed; wi tlhondembudonént,ahe prasent ingersinprorides pRdvipreesss that . MRX], and t he
salt of a d coordi nat i ni o " CA- ot..contained in the sane
one of t e i BR8N P14l AR sl o RfF o BORGTORRRIASS |0 Lhe ST
Mononers  Mokposition, whiches thes foptivmdllypetsiveyddiiiito v esoldradied @olynetinatiod i n t he

reactive nononer .cgln}‘%osi ion to qui lf g-ijt he properties of.the nPI ded articles
pr oduced. !\Rfﬂc-eeflsnf” Fledy 3t gast.omg of thy akleasstyo g téFeﬂ%sec"Wafrﬁ atcﬂ@ iS5t esent

i nvention ldp}edm%e [L:-MRX a8 ARh@ier; vl MISast Sle®fkHRtht RARMNVE reakiahd ers, fibers,
pi gnents, dyes, lubricants, antioxidants, ) )

" streams contains the salt of a weakly coordinating anion [N"WCA] and a carrier;

wherein the carrier liquid may be a solvent for the catalyst system component or a

monomer or mixture of monomers to be polymerized; and wherein at least one of the

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.

R
L: —-M/ N*WCA-

+ \x +
Monom ers \ / Monamers
4
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



antiozonants, UV absorbing agents, crosslinking agents, odor absorbing or
maski ng agent, flanme retardants, light stabilizers, plasticizers, foam ng
agents, whiskers for surface snoothing, tougheners, reinforcing agents,
i npact and polyneric nodifiers 10 and viscosifiers. The additives may be
added to one or nore of the reactant streans as liquids or as solutions in
t he nononer before injection into the nodd. The terns "pol ycycloolefin,",
pol ycyclic", "polycyclicolefin,”™ and "norbonene-type" nononer as used
herein and in the appended clains are interchangeabl e and nean that the
nononer cont #AnAYiseasifiesy skhe additivesmayrhssddaddp angor mare phihe srastantglrgams wher ei n W
is sel ected fars@igaihb&agrsau@ s b S oRGme btkorl Yoo i e o, €0 0. _an
oxygen, a nitrogen with a %y rogen attached H ereto, a nitrogen with a
linear & to Cl10 Tk keyins (polyepélngjefint,t, dpdlpelclitiel mlysyclicokefin/' @gén with a
branched d t, 10 al kyl, groupin t ached. t hereto, .a,sulfur and a
nmet hyl ene gr 038%8Peﬂeé6¥% ?If?g{%f 8%’?‘5‘?5“91{‘&?3%&9 a%ﬁ'&egic}?"ﬁs APs an int eger
from1l to 5. iRefciisnpehbl€antafienelif tRuhdnohletcdniinslis Rawiohéindrbeémpreaaésiady | nventi on
i nclude bicycli¢c nononers, for exanple, bicyclo[2.2.1]hept-2-ene al so
referred to 8U8shor nene. The term "nor bonene-type nononer"” as used herein
and in the appended clains is nea eRconpass norbornene, substituted
nor borrene, as well as any substitfted and\unsubstituted higher cyclic
derivatives thereof, provided thaf the subNect nononer contains at |east
one norbonene-type noiety or subgtituted bonmene-type noi ety.
Nor bonene-t ype nononers sui tabl e the present invention include
may i nclude substituted norbonmene- ers and. higher cyclic
derivatives thereof that contain @ ) hydr ocar byl substituent or a
pendant functional .substituent containing an oxygen atom Nor bonene-type

I

nononer s sui tiaren M s gelestagifrom the groyp g PutdN P speapslimitedie) ande

nor bomene- t y Agygdn, RaltgUPRPh g AARAHEE e a iRREE? Gith § dnbi¥ ¢ e, St uct ure

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 -(CH;)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 norbomene-type moiety or substituted
norbornene-type moiety.

Norbomene-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.

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

structure below:



RRR2 (naJ~7R3RAM (VII) wherein each W' is Independently defined as
above; "a" is a single or a double bond; R, R2, R3, and R4 each

i ndependently represent a hydrogen, a hydrocarbyl or a functional
substituent; inis an integer fromO to 5 wth the proviso that when "a" is
a doubl e bond, both (i) one of RL and R2 is not present and (ii) one of R3
and R4 is not present. The term "hydrocgrbyl groups” as used herein and in
t he appended cl ai ns enconpasses hydrogen, hydrocarbyl groups,

hal ohydr ocar byl groups, perhal ohydrocarbyl groups and perhal ocar byl groups.
In one enbodinent, R, R2, R3 and/or R4, may ingependently represent

hydr ogen, |inear or branched Cl - al kyl, _Jine or branched C2-Cl ()

al kenyl, linear or branched C2-Cl1p al kynyl, 4-£12 cycl oal kyl, C4-Cl2
cycl oal kenyl, C6-Cl12 aryl, ./In one . enbodinent, R and R2
or R3 and R4 may coll ecti 10 _al kRI% denyl group.
Representative al kyl gr by no means limted to, nethyl,
ethyl, propyl, isoprop gec- butyl, tert-butyl, pentyl,
neopentyl, hexyl, hept ecyl . F@@gesentative al kenyl
groups include, but are ' , allyl, butenyl and
cycl ohexenyl . Represent at cl ude but are by no neans
limted to, ethynyl, 1-propyMyl, BR-propYhyl, utynyl and 2-butynyl.
Representative cycloal kyl groups |nclude, buf are bR™o neans linmted to,
cycl opentyl, cyclohexyl and cyclobctyl subsiliwuents. Representative ary
groups include, but are by no neans limted to, phenyl, naphthyl and

ant hracenyl. ReprééBntative aral kyl groups include, but are by no neans
limted to, benzyl and phenethyl. Representative al kylidenyl groups

i ncliude, but are by no neans |limted to, nethylidenyl and ethylidenyl
groups. 12 | ryHefen @RI RErdepenidbiRtlyRfined BRABENeD CalliDy finglé BPSoubRybondC| ude

per hal ogenat ed ,phenyl angd al kyl groups. The hal ogenated al kyl groups useful
in the invent} ol & anp& eachindgpendently represent plydrogen s ydepcadil ¢tignear or

branched, and faYiendl Bbstituent; 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;-Cy alkyl,
linear or branched C,-C) alkenyl, linear or branched C,-C,g alkynyl, C4-C3
cycloalkyl, C4-C); cycloalkenyl, Co-C); aryl, and C7-Cy4 aralkyl. In one embodiment,
R'and R%or R® and R* may collectively represent a C,-C)q 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.



formula CW, ,1 wherein W is independently selected from hal ogen and
hydrogen and z is an integer of 1 to 20. In another enbodi nent, each W is
i ndependently selected from hydrogen, chlorine, fluorine and bromne. In
anot her enbodi ment, each W is independently selected from hydrogen and
fluorine. In one enbodi nent, the perfluqélnated substituents include

per fl uor ophenyl , perfluoronethyl per fl'tior oet hyl , perfl uoropropyl,

per fl uorobutyl and perfluorohexyl. In addition to the hal ogen substituents,

the cycloal kyl, arpflbne @fisbdathét kd e@ﬁaqmgaroeirbmeo @fludenvention may be
further substituted with [inear og br anched Cgphﬁi and hal oal kyl

groups, aryl W@%nﬁ?ﬁp@?ﬂlaﬁﬁwll grefsupae h%ﬁa‘%@kﬂéﬁ‘%}a’ﬁf&é\ﬂdﬁﬂ'{%) i s(are)
a functional 151151‘&‘?%&:3%1?01’ fug{?al nated al%are hﬂ&?epﬁmw %nd ARVeGREN 2

radi cal sel ecte from )2-- -
(CHR2) . - - CH( CFi®ymaula G, Wi -whereinCM3 s indepOhde @I@)fznm mlogen@nd h@rogepCH3) 3, - -

(Go)n-- RS, B Incsei eyl Ity eﬁ*‘*@?fﬁﬂh%? 5 Bty chs, -
( CH2) nSi ( R5) 3selected Gida) hydrdgelRThBrine, futiids) and-bidmige. (R&)lBthélndnbod(lﬁ'dZ)eQ@( O OR6
wherein n in pgggentl%myﬁ resents ({; integer fromO to 10 and R5

i ndependent |y eheRd CHsdem hydregenand luggingnched O - C2e al kyl, i near
or branched Cl - C2enhat ogsamhaf, e perﬂ@drh@ieegﬁﬁaﬁ]eﬂs ickik perflubrdphiendl, branched
C2-C e alkenyl, linear or branched C2-Cte alk 512 cycl oal kyl,

C6- Cl4 aryl, mﬂmqmﬁaylogféﬂmr@ﬂhsdrm@mp@wh@p@‘blombywl andpeefliorohenyls ~ ar al kyl .
Represent at | Ve JiREARP Fhioh QTS hOEIdbalkif Gly1 {8 ALY Blolp Ol meT RS are

the sane as t e under t efl niti W As set
forth above upmdsant iﬁlvelttmnMytbh@rﬁrydmgautb@mtgﬂlmgrbkemmééh@mdkkvlERB may be

hal ogenated a nhal ogen when R5 is Cl-C20 hal ogenat ed
or perhal ogeﬁ%?ﬁgfllgf%? a”@eﬁ%%gﬂé? &d by the fornula CAW 2, +1,

wherein z and W When ttlei:emmt @:mp()et)czsqa&e)azmdncatonixleas.d.ntuemeR‘\’/)leoR3 ﬂnh)eR%lI kyI

ro a hal to
er hal ogenat clddBERenyly reftthaaii Sl T (e et

per hal ogenat eCHY)KYIH(@FOLPG-- CHFJ'O’—C@HL MHQE-Q?PWFE‘)@ 03@(6)--0 10’(“@)5‘ to,
trifluoronet hé:%q)t“ chl oromat@/ : (OC7F15 and. --Cl11F23. Exa es of

per hal ogenat e Wz 5 %H%')F Qbaméﬁ%)dq(ﬁ?q d-to,
pent achl or oph @“1@ o] fl f ® 186-- cabc@gbresents an acid
| abile 13 m)lgtflgtyJ sel ecf@g%g r%%?? eglé}s) ]ae( ) S:HS? ((%Hé) Ry ) OCH2CH3,
--CH(R ) OC( CH& wSi(R’)3, --(CH2)Si(OR ), --(CHz)n-- --Sl(R )3 and --(CH,),C(O)OR

n independently represents an integer from O to 10 and R’ independently represents

wherein

hydrogen, linear or branched C;-Cy alkyl, linear or branched C;-C;¢ halogenated or
perhalogenated alkyl, linear or branched C,-Cj alkenyl, linear or branched C,-C,
alkynyl, Cs-C; cycloalkyl, Cs-Ci4 aryl, Cs-Ci4 halogenated or perhalogenated aryl,
and C7-Cy4 aralkyl. Representative hydrocarbyl groups set forth under the definition
of R® are the same as those identified above under the definition of R' to R*. As set
forth above under R' to R* the hydrocarbyl groups defined under R’ may be
halogenated and perhalogenated. For example, when Riis 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, --C7Fis, and --C;1F2;. Examples of
perhalogenated aryl groups include, but are by no means limited to,

pentachloropheny! and pentafluorophenyl. The R® radical represents an acid labile



or the following cyclic groups: R3Ci--~CH3 RT RT R OO R7 O O
wherein R represents hydrogen or a |inear or branched (Cl-C5) al kyl group.
The al kyl groups may include nethyl, ethyl, propyl, i-propyl, butyl,

i -butyl, t-butyl, pentyl, t-pentyl and neopentyl In the above structures,

t he single bond Iine projecting fron1tq§ cyclic groups indicates the
position where the cyclic protecting group is bonded to the acid
substituent. Exanples of R6 radicals include 1-nethyl-I|- cyclohexyl,

i sobor nyl,  2-mgdKkledted FOHROTKCH;R--SRIAHY); 2CAURIBTHYCH;, - CHRBOOICEDYT any! |
tetrahydropyranoyl 3- oxocycl ohexanonyl, neval onic | actonyl, 1- ethoxyethyl
and 1-t-but ox‘ifﬂ?ﬁfﬁv?wmgﬁlé"lﬁgf‘?“ﬁéh cal can also represent di cycl opr opyl met hyl
(Dcpm, and di et hyl cycl opropyl met hyl (Dncp) groups which are represented
by the following structures: 14 and -C(CH3)2 In the structure (VII) above,
R 1 and R4 together wit v i \ L& are
attached may represent M \phatic group
containing 4 to 30=ftr , @ ) tuted aryl
group containing 6 t o ¥ i ng D Or a conbi t hereof. The
cycl oal i phatic group &2 -eYor—p0OI| ycycl ie— nsat urated, the
cyclic group may cont4adi mul ti unsat

enbodi ment, the unsaturated cyclic group
group. Wen substituted, the rlngs
mul tisubstitution, wherei
from hydrogen, |inear or
hal oal kyl, |inear or branp
thereof. R and R4 nay bg

group, --0(0-

ration. I n one

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 R®radical can also represent dicyclopropylmethyl (Dcpm), and
dimethylcyclopropylmethyl (Dmcp) groups which are represented by the following

structures:



-Q-(0OC-, which when taken together with the two ring carbon atons to
which they are attached forma pentacyclic ring, wherein Q represents an
oxygen atomor the group N(Rs ), and R8 may be sel ected from hydrogen,

hal ogen, l|inear or branched Ct- G o alkyl, and C6-Cl18 aryl. A representative
structure is shown in below as Structare (Vila): OilllljuUumO (VIla) L J 4
wherein each W' is independently defined as above and mis an integer from
O to 5. Deuteriumenriched norbonene-type nononers wherein at | east one of
the hydrogen at n the nor -type noi ety and/or one at |east one of
the hydrogen ato on a pendant drocar byl substituent described under R
to R' have 15 beelf replaced by afdeuteriumatom are contenplated within the
scope of the preserft invention. |n one enbodinment, at |east 40 percent of

t he hydrogen atans the 4 No @ﬂihgpe noi ety and/ or the hydrocar byl
substituent are re ce y deut e¥Y UMY? I n anot her enbodi nent, at | east

about 50 percent off the hydrogen atons on the norbonene-type noiety and/or

t he hydrocarbyl supstituent are replaced by deuterium 1In yet another
enbodi nent, at le about 60 percent of the hydrogen atons on the

nor bonene-type and/ or the hydrocarbyl substituent are replaced by
dedterium " In one enmbodi nent, the deujerated noponers are represented by

Structure (VI 109 thesgpeyre (V1) ghgys, R jandR fogethgr it the wp g catropgiomsyner ei n W'
i s def i nediashi@P@¥Pare Bilch HBHESEIAM subbtitted oPthshBGiRHRS cyblo@pit 0 6, R and
R2 i ndependently represent a hydrocarbyl or functional Substituent as
defi ned abggep containing 4 O WringRatbomatpmsya svhsfituied obmsyhstitradtardigdoupndependent |y
Cont ar i ng 2P EHAEE o e Riib bofhel 6t ShHERIRAE mOEBEANE 20T i
0, at | easgroupeandfe nRinBcygticoRvlycytlst Whenpmesemnted, the cyctingrospioagi nent, t he
deut er at edcor}x\/acllr'; r%%r%utr)lgalmr%o%uo? rrixu?tiu%(saelu?r%ttignq II) Bx?engxixlgo ?rgént,%e unsaturated

cyclic group may be a monounsaturated cyclic group. When substituted, 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;-C;s 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 Cs-Cyg aryl. A representative structure is Shown in below as Structure

(VIIa):

o)

B —m O (VIla)
wherein each W"' is independently defined as above and m is an integer from 0 to 5.
Deuterium enriched norbornene-type monomers wherein at least one of the
hydrogen atoms on the norbornene-type moiety and/or one at least one of the

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



branched C -Cl O al kyl wherein at |east 40 percent of the hydrogen atons on
the carbon backbone are replaced by deuterium |n another enbodi nent, the
deuterated hydrocarbyl group is selected fromlinear or branched CI-C O

al kyl wherein at |least 50 percent of the hydrogen atons on the carbon
backbone are replaced by deuterium In j4et another enbodi nent, the

deut erat ed hydrocarbyl group is selected fromlinear or branched C-C O

al kyl wherein at |east 60 percent of the hydrogen atons on the carbon
backbone are begnlregantd by adeuttram stom aGr asempliteitvtoh theseepead thelpeespntepar ed by
copol yneri zi ng_t he nor bonene-.t n r(s t.forth under Structure
(VI1) above vm%}vﬁrrl]%fmrrg? PR é’fiﬁ%eﬁglat %%SII g{geﬁ%%eé') Ofﬁf)gycg?gggsarqwnn ® nonomer (s).
By rm: ti L unct hmbaineﬁ@fyb@ﬂﬁﬁ@*dnylmlﬂﬁﬂ@mbirbﬁisﬁl@tiuﬁmplabtﬁi bEdROteritat t he
crosslinki ng normer confai ns at ast_two norbornene- type ieties

(nor bonene- t y peAtH F@b%rﬁ%rg,)azt?eéaéﬁoqtéﬂeﬁcaﬁaf aﬂw BB ARS °’bn'3Fyrrer i zabl e in
the presence ghrbbR@nEgh@iniity Mdfk HONlrok4ByIRGRERRAC drdMBAELEY dehBRBium,
crosslinkabl e_nononers”incl ude fused nulticyclic ring systens and |inked

mul ticyclic M yesangtherembodimentaffleast abouf Qdpsrrentaf she hygmgnrg atgme an thear e
illustrated i . I {1 . ' 1.S:kncl uded as
a fused mul ti Agpiais e BoienFartilr ui3hate pbly oo BRRORE RBBLEIW, dehll, 100

pol yneri zabl e Imonembodinent, yipaledipraitddendmnds. ard represdnted-bnStructuye, (VllbY) MR 1 m
mMmm mher%Hn Y represents a nethylene (--CHZ--) group and m

i ndependent |y F88tesents an integer fromO to 5, and when mis 0, Y
represents a single bond. Representative nononers under the forgoing
formul ae are disclosed by, for exanple, Bel]l] et al. in U S. Patent No.
6, 350,832. 17 Sone enbodi nents gnt invention will now be
described in detail in the foll anpl es. Exanple 1

R'" R? (VIIb)

wherein W™ is defined as above, RP is deuterium, "i" is an integer from O to 6, R and
R? independently represent a hydrocarbyl or functional substituent as defined above
and R'P 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{-Cy 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;-Cio alkyl wherein at least 5O
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,-C;¢ 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



Synthesis of (1,3-bis(2,4,6-trinmethylphenvl)imdazol-2-vlidene In a dry box,
2.0 g (5.87 mol ) 1,3-bis(2,4,6-trinethyl phenyl)imdazolium chloride and 50
nL tetrahydrofuran (THF) was added to a 100 nlL Kjeldahl flask. After
allowing this mxture to stir for 15 mnutes, 0.66g (5.88 mmol) potassiumt-
but oxi de was added to the flask, immediately producing an orange col or.
After stirring an additional 20 ninuted§ the volatiles were renoved under
vacuum Ieaving an orange solid. This solid was extracted three tines with
war m hexanes nLE t.raction at % g%. The fig&rates were filtered over
Celite and th °WBS’<%‘ 8“"5‘2!‘8?18’53 &Y SYYP™ PG RESTY PR JBF une. The

flask was t hegoystinkabit hondiiessSindive: fﬁmtmuméychmngog}@&h@lahcahﬂédsxﬁimdg}cwd pl aced
in a drybox freezer at -37 C overnight. The hexanes were then decanted. To

the original Fn&SRtemss Exsrories of fead crosslinking agenticare ilhppgated ig SEUSRES heat ed t o

di ssol ve the gfifyWhbigew! ﬁdi’b&ﬁ'ﬂhé’n‘@?s lﬂélh@é«%@ alffhed muﬁy@ﬁc &BRMutePer ature
for 60 mnutes, whereupon it was placed in a freezer - C overni ght.

The crystals agsnbandtieeonsidered foeapntaimtwerpolyherizhde nqucumtr{pﬁ @fubbrbdnd} 75 g of
product. Exanple 2 Synthesis of

1, 3-bis(2,6- d||sopropylphenvl)|nldazole 2- vlldene To a 10 nL serumvial in a

added to a 100 nL
15 mnutes, 0.56g (X
|nned|ately pr oduci L * Qe
m nutes, the volatiles were reaned under vacuun1 | eavi ng an orange solid.
Thi s SO|Id was extracted three tines with warmtoluene (20 mJextraction at
60 C). The filtrates were filtered over Celite and the toluene was renoved
under vacuum The orapge solid was recrys al i zed fromhot hexanes and

af forded 1.33 g of K Exanpl e 3 Synt hesi s of

al Iyl pal I adi um chl ¢ | | phenvl )i m dazole-2- |Ii To a
50 nL serumuvial i g (2.56 mmol) allyl palladium
chloride in 10 nmL TN 2 agdded 1.00 g (2.57 nmol)

1, 3(bis(2,4,6-trinethy¥phern “Vl'i dene) dissolved in 10 nL THF
The 18

wherein Y represents a methylene (--CH2--) group and m independently represents an
integer from O to 5, and when m is 0, Y represents a single bond. Representative
monomers under the forgoing formulae are disclosed by, for example, Bell et al. in

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



resulting solution was stirred in the drybox for 15 m nutes, whereupon it
was renoved fromthe drybox and filtered through a plug of silica | oaded
into a disposable pipet. The silica plug was washed with 20 nL additi onal
THE The resulting solution was then transferred to a vacuum flask and the
THE was renoved under vacuum The resigpal solid was washed for 18 hours
with 50 nL heptane, vacuumfiltered and dried to afford 1.03 g of product
as an off-white solid. Exanple 4 Synthesis of allyl palladiumchloride

1, 3(bi s(2.6-dii so&oﬁls)?mbﬁ@ﬁ{@m}? Phthe areg¢ns inventiqn; il mew begleseribed imdetadlimm vi al i n
a dry box “ﬁsmﬁ §m§b$0 601 mmol ) 1, 3(bis(2

6, di i sopropyl p enyI e-2-ylidene dissolved in 2 nm THE To resulting
sol ution was then added 0.1 g (0.55 MExampleal | y| pal | adiumchloride in 2 nL
THE The resulting s eisio pf \ih3-bis(2.4.6edmethylphenyinvidarol - otidd®@ m nut es,
whereupon it was renmoved fromthe drybox and filtered through a plug of

silica | oaded intanadelisoRpzeRl(£s7 m:rnﬂ?)tls-m(az nseJtrhﬁahﬁbMaymﬁdaaaﬁmd with 10
mL additional THF. The resulting solution was then transferred to a vacuum

flask and t hechiondeand S mhdereabydintrean (FEE) was rdded i g HI0gmlp Koaldabl faskyr oduct as

an off-white &Réﬂaﬂowﬁ?%ﬂphﬁﬁ}eP&itﬂ'ﬁ&ﬁ'ﬁﬁﬁh@@ 06 (PEPRAIG PR ENAAET i n the
presence of all adiumchlorid

1, 3(bis(2, 6- dbqt@@?ﬁr‘dip‘\ﬁldéwéﬂwe)ﬂaﬁk damsHiately grpdugingan orangeepled. y%fterf or rratl on To
a clean, dr I Al lyl
pal | adi um CK| %lrnquggea%'i'ﬂ,rdu'(I MI%E{ l[éht%f ?‘é%g@g}gyl p eg%gﬁ\%‘d‘{méeazo?&ﬁb yI I ene andy

0.5 nlL M Cl2an GFanga selit GFhis $olidiway exttacted shreciitoes Vﬂtlﬁwargl leRai®s 2Dl ) AgSOF6 +

For about 5 WHREECoR 1o Fao e s o SRe oo SRRt Wi el Fow

in color w thcdncerftiard td1/a e, original vdhurhe 'Dliceﬂ‘dsk)bvhﬁﬂﬁn w&melaab Wigsdlveziabston To a
clean, dry 50 serum vi al, . under N2 and, eq Qed wih a Tefl on coated

stirring bar e praciaitpte Sshga'(dlda%ﬁﬁrﬁdla%)o’ar oFGI RS -3 b nRYeFiEHe B9 t ol uene

sol ution, fol h&u@a weYe théh ddeardt. URIWe orlfifal \fladit wiERIdB #8610 ML AeEer bath and
allowed to ui i brate to 50C. The resultant m xture containing catalyst
prepared in A 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-diisopropylphenyDimidazole-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 z-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



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 19 MOH). The resulting polyner was precipitated into 200 nL of
rapidly stirring acetone, which was subsequently filtered under vacuum
washed wi th excess acetone and dried ouérni ght under vacuumat 60C to yield
1.10 g of polymer product. Exanple 6 Copol yneri zation of norbornene and

met hyl acrylate in the presence of ally paI | adi um chl ori de

1, 3(bi s( 2, 6- dFes\deng HHOB Has yiryedin Hﬁﬂ@rb@xioryh i THIBHIES, Wheregpemit yas remsvadit i on To
aclean dry mol) Allyl
pal I adi um chl gl’l eé%%wba:ﬁhﬁh%&%?g?%é rop%glﬁgﬁ%?% i?nim(]ja azo JgazlgE}lﬁtdene and
0.5 nL l\/t:ClZTlTQ)mhpé@é\tgmd VEashﬂd withe20 mb gdditioeal TPIFS Tivg resylting mibf}onAg%Sb F6 + 0.5

m. MCl2. Th of th Vi [ Lped w shaki ng for
about 5 m nu ggganlsﬁ rreaéos %l a%cglg‘[ntﬂas dQJleST%W s%emo e& Qraig yacuum, tﬁ)le

m xture contai ning Cat yst was yel low in
color with a re‘sidoalsulhcamswsﬁédfohla Bo@s“ﬁﬁhﬁﬂ)hﬂll&ptaﬁe vﬁ‘mmﬁi fitezed @t i on To a
clean, dry 50 ,nL se vi,al un N2 a ed with a Teflon(r) coated
stirring bar \9@@‘36&8’?@ ‘&P{%@C‘rﬁﬁpf R % nor bonene/ t ol uene

solution, 1.03 g (12 nmol) et hyl acrg,[@;‘ﬂeand 10 m. tol uene. The vial was

placed in a wadyathefisbh afyl Gaildhia\Biflodd 1€HBIstD. QBiRoBrob PpRAGhinlidS eeaul t ant
m xture containing catalyst prepared {jjefe Was then added to the vial via

syringe. The reaction was allowed to proceed for 2 hours after which it

was term nated by The

resul ting pol yner %gﬁg%isF%P{%?légﬁdwﬁdx%ga% rap%/ 'y st rﬁ@ si’g%etone,

whi Id cg vvazI subédqwmh ply;phényﬂ)umldwlwzrdhdenedmmd inRashétFwiTohesmitingss acet oge

an ried over t u 60C. .t pr oduct .

Searpl e 7 Pol JBH st 68 41 A BTy iy Bdutsonl (e aBARC Bhror de
, 3(bis(2,6- dhe ﬁs@qﬂﬁmgagolhpimwh)ﬁrmddﬂmlcnyb%x\fbn Iﬂ)emauteﬁwlﬁaetugbxyﬁbvaiorrrat ion To

a clean, dry ?emoveg ?rom e ér?'box and ?ilterex tt)l'lrz)(ug\i\{aa plug ofescilca loadreTy mgo a glsposalzle

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 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. 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



Al'lyl palladiumchloride 1,3(bis-(2,6-diisopropylphenyl)im dazol e-2-ylidene
and 0.5 nL MeCl2. To a second 5 nL vial was added 0.61 ng (1.8 pnol) AgSbF6
+ 0.5 n. MCl2. The contents of the two vials were then conbined with
shaking for about 5 mnutes. The resultant m xture containing catal yst was
yellowin color wwith a flocculant, off white precipitate. 20 B.

Pol yneri zation To a clean, dry 50 nL sed®m vial under N2 and equi pped with a
Teflon coated stirring bar was added 17.28 g (90 nmol) of a 49 nmol %

vat or bath anifearpo Rt ik et Rpee UED o 20Ty bR, £ 20 11

cont ai ni ng caicatopstwhicheyparsebsequendly filtered tneder vardoladwished With wxcabs acetansyr i nge.

The reaction s allowed to proceed faop 2 h after which it was

t erm nat ed by*\{@djd’ieﬂ@v%“.“@htrﬁlld crag @ﬁ%@-‘f‘%@é‘j@ ﬁ@fp&ﬁ Ul The resul ting
pol ymer was then precipitated into 4Gkailpl¢ @pi dly stirred acetone, which
was S!Jbsequen“yCBbél%ﬁéxﬁQﬁ&M&foer?«%a‘ﬁ%dfﬁ@ﬁiﬂ%ﬁgﬁl’&t&iﬁl tRXGeRAcAFaligne and dried
overni ght under vagiisfudf chtfde  B®ib@l6HiSoptshyibhehyl RAIAPRE 2RAGKCT . Exanpl e 8
Pol ynmeri zation of norbonene rn the presence of HZZO0 and alTyTlT pall adi um
chloride 1.3(bis(g.6-¢j I enyl )i m dazol e-2-vlidene A Catalyst
formation To gi cl fa%'n, gi-ra)lt/agar@%s{%{r%&m zi Zi| in a drybox was added 4.1 né (7.2
mol ) Allyl pall adlaaeledn), doyiSdel serum vial in a drybox was added 4.1 mg (7.2 umol)

1, 3(bis-(2,6-di,isopr | phen J, M | e-2-ylidepe.an .5 L 2. To a
second 5 vl TIREEN aBEREY L g O3 SSRGSl g diep aofdS s Tre
contents of th@Mmz.vT@h&cwmgmmﬂv@@aaHeaegrn\%mzﬁrhalm@bfﬁsqro.gmut 5
m nutes. The resultant m xture containing catalyst was yellow in color with

a  floccul ant MeGhr Thapendensy dchemoatials wese Usgicombingd ¥ith for dpdah, dry 50
nL serum vi al riiegr TH redNtnEAKNRP Schithih D cAaly & Wa® Mifow inCORE R4that | rring bar
was added 2.30 g (12.0 mmol ) of a 49 nmol % hor boimene/tol uene solution, 2.0
mL t ol uene an8o®ubniypffdiitepfegipitate2O, The vial was placed in a water bath
and allowed to equpli br > The resultant m xture containing catalyst
prepared in A vvasuig’hen %ﬁ%‘%{%g&% vial via syringe, whereupon the contents
of the 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, 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-
diisopropylphenyllimidazole-2-vlidene

A. Catalyst formation

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

flocculant, off white precipitate.



vial imediately solidified. The reaction was allowed to proceed for 4
hours, after which it was termnated by adding 1.0 nL acidified McOH (10%
HCL in MeOH). The resulting polyner m xture was added to 400 niL rapidly
stirred acetone, which was subsequently filtered under vacuum washed wth
excess acetone and dried overnight under vacuumat 60C to yield 1.10 g of
pol ymer product. 21 Exanple 9 Polyneri 28tion of 5-butyl-2-norbonene in the
present of allyl palladiumchloride

1. 3(bis(2,6-diisoppopylphenyl)i,n dazol e-2-ylidene A Catalyst formation To
a clean, dry 5 nL éerur#\?’f“é‘%;'"gaﬂo'é drybox was added 4.1 ng (7.2 mol) Allyl
pal | adi um chl ori detd a ek, 8ry( 5. mb sétuinSAUP LRy N Bedydulppeil dahal RfignY | | dene and
0.5 nL McCl2. To a second 5 nL vial was added 2.5 (7.2 prol) AgSbF6 +
0.5 mL M C12 coaterestisnghapvas asded he2§ supOummply ofe#@moh%mogkomyme/édusiet h shaki ng
for about 5 1AL t-Ant,; 40 ARy t yel | ow
in color wt h@z)ilﬂﬁl‘%lf%gclgpg‘n%&%ﬁ'fﬁmj?ﬁ%%gpgiggal?g%%& blggﬁa;?/llrjré}?(?“zlég??on To a
cl ean, dry 50 eqililrate tior$@’CaThe redeltaniNRixture ceainipp eatalysttpnepareidgh Aowdsithen coat ed

stirring bar dded. 1..00 606 ). of .5-butyl - 2- nor bonene .and 10 ni
ol uene’ The I TRAE kR Suigtednt oanars PRt Rrereed REABARE Gt B 1 br at e
t3d58C. TEe rvéhsdhl | it W terfdindtad by adding 3i0nhDb gcidified MeIH (10gPHCEAn MeON)Was t hen
added to the yjal via ringe., Stirring.int ial. stq d about 5 mnutes
after additionfPGfestlffas E‘i%& : .the“'Pﬁ?f‘R“éggt“?tBﬁBM r_f‘ﬂ’fgﬁl SBBE‘g%E?“_F’o_ proceed
for 3 hours, afpicwaRissBqdehtly\Bfert Ridder @, WashettWitiekcdsstctbnedniddivibd ed MeCOH
(10% HCL in MeOH). The resulti n&ggol ymer mxture was added to 200 niL

rapi dly stirr oyeraight under vagiing af tosyield 8 ernf Ipglymier piodedd:  under vacuum

washed with excess acetone and dried Egﬂ'ﬂfght under vacuumat 60C to yield
0.98 g of pol Y 1R S of n %H}%Lﬁin]tf?e ARV 7Rl ol Qajl dium chloride .

5-butyl - 2- nor boere NG 1 Xh b ol O DL EE ey al | adi um
OpyT P T dazor e- 2= e A Catalyst

chloride 1, 3(bis(2,6-diistj TETTyT ) \ Y
L(r)nrjlrr;altl on To a cl egn, df:Xtagrst%n%gtriéjnm vial in a drybox was added 4.1 ng (7.2
To a clean, dry 5 mL serum vial in a drybox was added 4.1 mg (7.2 pmol)

Allyl paliadium chioride 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) AgSbF¢ + 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.



Al'lyl palladiumchloride 1,3(bis-(2,6-diisopropylphenyl)im dazol e-2-ylidene
and 0.5 nL McCl2. To a second 5 nL vial was added 2.5 ng (7.2 pnol) AgSbF6
+ 0.5 m. MCl2. The contents of the two vials were then conbined with
shaking for about 5 mnutes. The resultant m xture containing catal yst was
yellow in color wwth a flocculant, off white precipitate. B.

Copol yneri zation To a clean, dry 50 m2lserum vial under N2 and equi pped with
a Teflon coated stirring bar was added 1.00 g (6.66 mmol) of

5- butyl - 2- nor bonene, 1.03 g 22 (lega'ﬁE\i/FE) met hyl acrylate and 10 niL
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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 ovemnight under vacuum at
60°C to yield 0.98 g of polymer product.

Example 10

Copolymerization of 5-butyl-2-norbomene and methyl acrylate in the presence of
J ally] 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 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. 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



containing catalyst prepared in A was added to the vial via syringe.
Stirring in the vial stopped about 5 mnutes after addition of the

catal yst. The reaction 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 polyner mxture was then addgd to 200 nL rapidly stirred acetone,
whi ch was subsequently filtered under acuum washed with excess acetone
and dried overnight under vacuumat 60Cto vyield 1.30 g of polymer product.
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and dried overni ght under, vacuum at 60C to yield g f pol ynmer product.
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1, 3(bis(2,6-dil sogr o;%yl phenyl )i m dazol e- 2/ e
mL MeCl,. To a second 5'mL vial was added 4.1 mg (12 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 (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.



A Catalyst formation To a clean, dry 5 nL serumvial in a drybox was added

6.8 ng (12 pnol) Allyl palladiumchloride
1, 3(bis-(2,6-diisopropyl phenyl)im dazol e-2-ylidene and 0.5 nL McCl2. To a
second 5 nL vial was added 2.8 ng (3.1 gnol) sodium
t etraki s(pent afl uorophenyl ) borane (NaB(C6F5)4) + 0.5 nL McCl2. The contents
of the two vials were then conbined wi#h shaki ng for about 5 mnutes. The
resultant m xture containing catalyst was yellow brown in color with a
smal | amount of flocculant, |ight ti%{a Pjgcipitate. 24 B
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and equi pped wth a Teflon(r)
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
J 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 6.8 mg (12 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 2.8 mg (3.1 umol) sodium
tetrakis(pentafluorophenyl)borane (NaB(CgFs)s) + 0.5 mL MeCl,. The contents of the
two vials were then combined with shaking for about 5 minutes. The resultant
mixture containing catalyst was yellow/brown in color with a small amount of

flocculant, light brown precipitate.



coated stirring bar was added 1.00 g (9.08 mml) of 5-hydroxyl-2-norbonene
and 1.26 g (10.6 mml) norbornene (79 wt % in toluene) and 10 niL tol uene.
The vial was then placed in a 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 allowed proceed for 2 hours, after which
it was termnated by adding 1.0 nL acidified MeOH (10% HCL in MeOH). The
resulting polymer m xture was then added to 200 ni, rapidly stirred
acetone, which was,subgpgelemerivationl t ered under vacuum washed with excess
acetone and dried overni ght under vacuumat 60C to yield 1.49.g of polyner
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ation

To aclean, dry 5 mL serum vial in a drybox was added 6.8 mg (12 pumol)
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(CeFs)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 T eflon®
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. 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.



Copol yneri zation of norbornene w th 5-hexafl uoroi sopropanol - 2- nor bornene in
the presence of allyl palladiumchloride
1.3(bis(2.4,6-trinmethyl phenyl)im dazole-2- liidene A Catalyst formation To
a clean, dry 5 nL serumvial in a drybox was added 3.4 ng (7.0 nol) Allyl
pal | adi um chloride 1,3(bis-(2,4,6-trime ?ylphenyl)inidazole-2-y|idene and
0.5 nL McCl2. To a second 5 nL vial was“added 2.8 ng (3.1 ntol) NaB(C6F5)4
+ 0.5 nL MeCl2. The contents of the two vials were then conmbined with
shaking for about 5 minutes. The regylk qsnixture cont ai ni ng catal yst was
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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 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 S-hexafluoroisopropanol-2-norbomene in the
presence of allyl palladium chloride 1,3(bis(2.4,6-trimethylphenylimidazole-2-

ylidene

A. Catalyst formation

To a clean, dry 5 mL serum vial in a drybox was added 3.4 mg (7.0 umol)
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 umol) 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



B. Polynerization To a clean, dry 50 nL serumvial under N2 and equi pped
with a Teflon(r) coated stirring bar was added 1.41 g (11.8 mmol) of

nor bornene (79 wt% in toluene) and 10 nL toluene. The vial was then placed
in a water bath. After equilibration to 50C, the resultant m xture

contai ning catalyst prepared in A was adged to the vial via syringe. The
reaction was then allowed to proceed for 30 mnutes, after which it was
term nated by adding 1.0 nL acidified MeOH (10% HCL in McOH). The resulting
pol ymer mi xt urkiengsnd hon 4302 criad) S_lﬁecaﬂuorpapprdpaynob%honbenhemﬂdﬁenL whi ch was

subsequently Iter d M der .vac . washe i t,h _excess ace nd dried
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A was added to theAvi alCafplastfgrmatign The reaction was then allowed to
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200 mL rapidly stlrirsciaeg‘f:%\/rgarym\%\%ueﬁnﬁv/e{é Eg ;syigﬁwgnt |Itrlggregd under vacuum
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polymer produgh \EX2M) § secBnd 5 mL vial was added 2.8 mg (3.1 pmol) NaB(CgFs)s + 0.5

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

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

B. Polymerization

To a clean, dry 50 mL serum vial under N7 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 5-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



Copol yreri zation of norbonmene with 5-tri et hoxy5| Iyl - - 2-nor bomene and net hyl
acrylate in the presence of allyl palladiumchloride 1.3(bis(2.4.6-

trimet hvl phenvl )i m dazol e-2-ylidene A Catalyst formation To a clean, dry 5
mL serumvial in a drybox was added 3.4 ng (7.0 nol) Allyl palladium
chloride 1,3(bis-(2,4,6-trinethylphenyl éjlm dazol e-2-ylidene and 0.5 nL

McCl 2. To a second 5 nL vial was added 2.8 ng (3.1 gnol) NaB(C6F5)4 + 0.5

m. McCl2. The contents of the two vials were then conmbi ned with shaking for
about * 5 M NUp Sy, NiBEL, ! £ LBt mwa»@asge&wmggs £ Akl Wlpas), %e! | ow’ brown
in color with a small anount of floccul ant brown preci pltate B.
Copol yneri zat@émLTMeﬁlchmntemswa@tm viglsrware Wapomhd@iwmsmgéml pped with
a Teflon(r) red n or borrene
(79 % by wt i SO0 Sfibles) Theiy i RRsPCHElnit Sihe WAyl Bown Bty 350
mmol ) 5-tri ethhkysmhlyimcﬂmtatﬂdaamalgmblro%pﬂdmmateuene The vial was then

pl aced in a vvaterslijath After . uilibration to 50C, the resultant m xture
contai ning cataly prgﬁaPl@B‘e’r"Fla Mvas added to the vial via syringe. The

reaction was then g d QuRddry 30 RIIOEARS viaPindér RPaHd%equippéd ®ith Wefsh® he resul ting
pol ymer m xture was added to 200 nL rapidly stirred 28 MOH, which was

subsequent | y $9afedsimine biarcas addadl2f £ (A Sramolof rorbormensd TREC WHId dr i ed
over ni ght und Le 20
Honopol virer i Z%ﬁe}éﬁ(bg?“ing?g Ib@}ngﬂoz) 58?1?8‘8?’](’%1%%{ rgglﬁél;%gthr% aci rret hyl
ester in theTmeslevas@leofplaaed pla vwetrlbadm mftechqlmlnbrdem to 50°C, the resultant
1.3(bis(2,4,6- Tixrtlrg%tq %I PQ (a:‘lxa(zi d&eggn vAl %atré}léf trhgormat ion To
a cl ean, dry%l ST %yﬁ’g&rb a\/vé’sad ?§r’rﬁ?2m)l) Al lyl
pal | adi um chl fattiba “&s&(eblaﬂov(zéd,tépﬁ:cédfdl for2 hydrg hetenwhicthe assoltiag pelylmesiene and

ML NGCL2.  THEUAPERReno FRET gy SFEIR S Hith Vel W Raki ng or

about 5 m nubffer v&h&nrﬁﬁﬂééﬁm exTeesINIEGH GANARIdYvBElighBh ey $dcuddo yRld ow i n
col or cont ai ni ng . Vilhl te, flocculant precipitate.
g o1 poly

mer product.

Example 19
Copolymerization of norbormene 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 umol)
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(CsFs)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



B. Honopol ynerization To a clean, dry 50 nL serum vi al under N2 and equi pped
with a Teflon(r) coated stirring bar was added 0.50 g (3.28 mmol)

bi cycl o[ 2. 2. 1] hept - 5- ene-2- carboxylic acid nethyl ester and 10 nlL tol uene.
The vial was then placed in a water bath. After equilibration to 50C the
resultant m xture containing catal yst p2&pared in A was added to the vial
via syringe. The reaction mas then allowed to proceed for 2 hours, after

whi ch t he resultlng poly m xture was added to 200 rapirdly stirred
McOH, whi ch vi¥4e0 Eluweweﬁubwwﬂt/&héwduﬁ%wa%ewaﬁ ee\agqhéacw Okkcess MeOH
and dri ed OV%aldabao%ﬂs:ig{tui{@ewwﬁhmoﬁieﬁi ﬁsep gﬁe@%dﬁeﬁr product. Exanple
21 Copol yneri zati on of norbonene wth bi cvc hept - 5- ene- 2- car boxyl i c
acid nethyl ester in the presence oEXaiilPlyBO paI I adl um chl ori de
1. 3( bi s( 2. 4, 6-Homopelnteyization barbo i mati on To
a clean, dry %Sh : yalla ) Qidazobd-2- Al |yl
pal | adi um chl ori de 1, 3(b|s (2 4, 6 trlrm_mgl phenyl)lmdazole 2 yI|dene and
0.5 nL McCl2. To a second 5 nL vial was added 4.1 ng (12 .tnol) AgSbF6 +
0.5 nL MeCl2, Tha. conUaM,gm,fmiahentV\o vial's were then conbined with shaki ng

for about 5 m nut The resultant m xture containing catal yst was yell ow
in color containi aaf:eaamryémlf fegHR Hiahifa dsybexias added. 5992@‘8(3 pmol)

Copol ymeri zat Ayl p I@adﬁm@&ﬁ@fme 1 s 284, eimﬁ@ﬂhglgheﬂy@imlu%% 2J§|ﬁd§i@%@ggi pped with
a Teflon coat ed stl rring bar was nor bor nene (79

% by wt in t®LMKd) Foaseoonds ml vinl wasaﬁ«m&lmg(lg pmol) Ang%=6+05mL
bi cycl o] 2. 2. t t ol uene.
The vial was ﬂ[dE ir% Tﬁace%n%r??g{eag{)(}giralsba'??i{.hg%%ﬁe@{édewﬁﬁh%%’r g?&&%?? 50C, the
resul tant m xminutes. cﬁhﬁtrasuhamtgmxateadopatniqg@mysed/as yellAwmasoloachﬂmhmg)at he vi al
via syringe. TFI?C ﬁecacc%rlon wa then allowed to proceed for 2 hours, after
whi ch the restlt% & B exture was added to 200 nL rapidly stlrred
MeOH, which was stmseqmﬂiolpylyﬁiekhﬂii(ﬁd under vacuum washed with excess McOH

ggd dried overni ghlto aucqga%,rdr\){gg rrsleg'u?n Ilellm?ler]Nzoan equlp eJ \mrl?aTgflio duct. Exanple

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 chioride 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 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 pmol) AgSbFs + 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.



Copol yneri zati on of 5-butyl-2-norbornene with nmethyl acrylate in the
presence of allyl palladiumchloride

1.3(bis(2.4.6-trimethvl phenyl )i m dazol e-2-ylidene A Catalyst formation To a
clean, dry 5 nL serumvial in a drybox was added 5.9 ng (12 nol) Allyl

pal | adi um chl oride 1, 3(bis-(2,4,6-trinmetgyl phenyl )i m dazol e-2-ylidene and
0.50 nL MeCl2. To a second 5 nL vial was added 4.1 ng (12 pnol) AgSbF6 +
0.50 nL McCl2. The contents of the two vials were then conbined with

shaki ng for about B. niCopolymeriEation esul t ant m xture contai ni ng catal yst was

yell ow i n col or coptainin ite. flocculant, precipitate. -Be
Copol yneri zati on ‘?’go gdanégﬁl?sod?\,@sq%mrﬂall g‘éreﬂﬁ?\%da%u{m Fv“ﬁlﬁ%gﬂ?]‘ equi pped with
a Tefl on coateedsstitring bagwhedddeds. 950l S thmdl) of ngrbomend (7919 byowt in

5- but yl - 2- nor bor nene,, 1. 50 17. 4 thyl acrylate and 1 t ol uene.

The vial was (RO gi<_ﬁ%é 1)9‘?”%%%‘lg}%at'éﬂ’%iﬁ%‘b?’@’?‘éaﬂgI“}e_g’ryEtL e to 90C,

wher eupon, t hgswrendhd ailftoRibnd UhE via® Waddhth MdcedGah daksbatk! AR €d in A was

added to the vial via syri nag. The reaction was then allowed to proceed for
g¢

60 ninutes, afqulibrefinndpSPC, figsesubsniimptsdonginig¢rialystpreparad in Acvasi f i ed MeOH
10% HCL | . : ' i L
( I MGl 1o (B Sial %ag{,@r{%@.grf?@}e&gﬁﬁ Wik g{ep %ﬁ?\i@ﬁg isgog%hnfgpz &)

rapidly stirred acetone, was subseque er vacuum
washed with exftgsshicctht esdtiagpbl yinérenixmveewasi aghidd tar26@ mbhapidlystiaed 60C to yi el d

0.99 g of po r oduct .. 30 | e 23 Copol ynerizati on of

S but 1 - 2 nor DL seosrguap B G e GERn LS R SEPBIG0H. o a1y
pal I adi um chl afid dtedbvedizhsindedvauin to1ela i l0phefpolynier grodatte- 2- | i dene A
Catalyst formation To a clean, dry 5 nL serumvial In a drybox was added 2.9

mg (6 pmol) Allyl _palladiumchl ori d&*emplegss_ (o, _
6- di i sopr opy| ptéeaRolymerzation of &-butyl,?-nebomengwitlhmsthy) acrylaieinthe presegegelcong 5 nf -
vial was added 2.allvhpalladiupghioride 43¢his(1.46-tgmethylphenvhlimidazole-2-yhideat s of the

two vials were then conbi nd vvi.shaki ng for about 5 mnutes. The
resul tant nmixture Has tCatalystformatéan t hrough a 0.2 mTeflon filter to afford

a product yellow g0} of.g0 48PS Wi |QAnCANGAL BiyBox %3 Ad¥E5.9 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) AgSbF¢ + 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.



B. Copol ynerization To a clean, dry 50 nL serumvial under N2 and equi pped
with a Teflon(r) coated stirring bar was added 0.50 g (4.56 mmol) of

5- hydr oxyl - 2-norbornene 1.00 g (6.66 nmol) 5-butyl-2-norbornene and 10 niL
toluene. The vial was then placed in a water bath. After equilibration to
90C, the product solution of A was then38dded to the vial via syringe. The
reaction was then allowed to proceed for 60 mnutes, after which it was
term nated by adding 1.0 nL acidifieg I\/ECE[%(310% HCL in MeOH). The resulting
m xture was the olded to 200 nb ra [ 2P ARERP cetone whi ch was
subsequent | y fi FEBYEREZIHER Obasdy SIHEREY, ' ""'=*~.‘: dried
over ni ght  unBEEMGES R R ABYR gride LaGhis(2.4.6-trimethylghenvhimidazoles - pol yner
product . Exar’rﬂl—d@l‘PM Copol yneri zation of 5- butyI 2- norborrene vvlth

5- hydr oxyl - 2-norbornene in the presence of allyl palladiumchloride

1. 3(bis(2, 4, 6-triret hylGaadystifgimativnzol e- 2- |idene A Catalyst formation To a

clean, dry 5 m. s u a |yl

pal | adi um chl or i dgf 1, é([;ibnf y(SQ'ng %E%B’?%eﬁ%y %{j‘%gﬁ%mm daggl%elg%y))‘b‘l@gne and
8_ 5 mr_] | |\/b_C|12pall'Edlum dhkmdg(ﬂ ,3isH2, 6;d|abopmllﬂﬂd}dﬁgﬂcﬁztﬂe-aglhﬁél\lr% qgﬂ’OIS)mL

s v o, 2304 A AR R A B T e 2y o
about 5 m nut €8s cohteits/of BidltivaRials weratuéﬁeomaed\hmmsﬁakin esr@loltFAieRs.a 0.2 m
Tefl on(r) fllter to afford a product tan col ored_sol ytion caontaining

catal yst. The regylignt myiridrg was tihefhﬁhfdedathtquehﬁ 0. 204y T sfépnn@@rsmﬁm 3] under N2
and equi pped Wohﬁbt?elwéo@&ed‘sollﬁﬂﬁtc%ﬁkaﬁidgrcraia t.bar was added 0.50 g (4.56
mmol ) of 5-hydroxyl -2-norbonmene 1. 6 mol ) 5-butyl -2-norbonene and
10 nL toluene. TheBwvi aIanab'memntl?n aced in a vvat er bath. After
equilibration to t he vi al
via syringe. The (?gcn %lﬁ é 3 gé\ﬂugﬁta\!}l\yrl%ps Irr Wgéaﬁﬁgﬁgﬂgl@ nutes after

a_ddl tion of t brmtadatlaingsbm wa'shxddcda&&m g()hS&\mmol)hé!S-laﬂto&yMncbrbomermcle(mg for 60
i i vy ORI RErTRE P o B e Trhott B S Bte e
rapi dly st i rr e'dter 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-norbornene with 5-hydroxyl-2-norbornene in the
resence of allyl palladium chloride 1,3(bis(2.4.6-trimethylphenylimidazole-2-

ylidene

A. Catalyst formation

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

colored solution containing catalyst.



acetone, which was subsequently filtered under vacuum washed with excess
acetone and dried overnight under vacuumat 60'Cto yield 1.32 g of pol yner
product. Exanples 25 Preparation of catalyst solutions used in ExanRl es
26-33 I n each of Exanples 25-33, the catal yst charge was prepared using the
foll ow ng process, nanely: A Ile followsing three solutions were prepared in
separate 5 niL serum vials in a drybox, nanely: i) 2.5 ing (5.1 pnol) Allyl
pal | adi um chl oride 1, 3(bis-(2,4,6- trinethylphenyl)imdazol e-2-ylidene and
1.0 nL MeC12; ii) B8. 0 Gopglymepizatighhp| ) |ithium

tetrakis(pentaf | uorppheny hlyBenat Srrh biabARM N} ard %u{?pe&@ﬁlgweﬁ&@ i) 17.0
mg (20.52 mmol ) dinethylaniliurn tetraki s(pentafl uorophenyl)borate DANFABA
+ 1.0 nL MeCleoatedrstirring barmmes added @5 8 (456 mmel) tof b dpd®xnit2-sebemens la0sg pr epar ed

in A were copbj rj in 26- 33, | e .
HonoRol virer i Z%%ﬁ%gﬁ%#@ﬁ@%%ﬁ)&%ﬁn t ﬁn%ég({@*‘@?engs ﬁﬁ% V@@g‘ﬁi{‘ élgcegrlln 4cti vat or
To a cl ean, dwytedbathrl Af@reytilibiatidn 16r998C, thZpradidt exdutionpE A was theradded toons

coated stirri bar. was added 1.26 1Q..6 nmo) or bonene, (79 % in

t ol uene) andg’%d‘ai{‘atslﬁrl"@én ne qaptents Oglté%%} W%%ﬂ"%‘}fjgﬁrégo? ‘3‘“&7‘5? Fl%grfae reaction
bl ock. After a®fitndfeHethiaBit. tThe Whchon Rahdn dllowel teRGEAForwo!ibhies) (i) and
(i1) of Exanple 25 (0.51 jinol and 2. Odfm)l respectively) were then added

to the vial vpiergpighigwas tegpinateddy adding 1 mb peidified Mafd €1082 HEEdy f or  20- 30
seconds after \adeht TR0t | fuke wan l4kd o 268601’ ' s then
allowed to proceea Fgrre%tlﬂdﬁdég?ﬁgftevémﬁﬁncﬁ %ttomag%%&ﬁftayrsﬁn&ﬁg?ed by
addi ng 1.0 nl acetangi whichwds@bbededtly HBtered nndde @rdunmT ivashed svithtexeegs aqetsing ner

m xture was the ded to 200 L rapidby. St.i L acet one igh was
subsequent 1y a8 SRt Bl B i QB " 0 e
overni ght under vacuum at 60C to yi Ekainple®25 g pol ymer product. Exanple 27
Honopol vieri zati on of PegpankiceofcatabysngplmiohfiuedimEyaiplessil@3 DANFABA as an

In each of Examples 25-33, the catalyst charge was prepared using the
following process, namely:
Al The following three solutions were prepared in separate 5 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,
i) 17.0 mg (20.52 mmol) dimethylanilium
7 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
umol 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



activator To a clean, dry 50 nmL serumvial under N2 and equi pped wth a
Teflon(r) coated stirring bar was added 1.26 g (10.6 nmol) norbornene (79 wt
%in toluene) and 10 nL toluene. The vial was then placed in a Varionag
reaction bl ock. After equilibration to 90C, 0.1 nL of each of solution (i)
and (iii) of Exanmple 25 (0.51 gnol and_2.0 linol respectively) were then
added to the vial via syringe. The cont°’ nts of the vial were then stirred
for 20-30 seconds after addition of solutions (i) and (iii). The reaction
was then all opggh %g.%d] Tgse | rm nat ed
by adding 1.0 ntngg(ligj fle 6ﬂLa}ﬁbfg§)d |$110%%%L.lmeghr)egﬁ¥%§ﬁ8wpol ymer

m xture was tpRymerdeisgre gasxhn ﬁﬁ*ﬂeMaé’D@ImL rgpidlyrstittedagstoppovhiohwan was
subsequently dried
overniight  undGaf AeAE ATy, WRSIIE ekl FRERRE nRFEICAREAMN B LT
28 Honoool yrremridzatacmnnm‘6(B€lwy1yIHOZ}5rgcpohmmmmdmtth a catal yst using Li-FABA
as an activator To a clean, dry 50 _nL serumvial under N2 and equi pped
with a Teflon(r), coa ed stl rr| Eﬁ%\'gplﬁ&ed
5- but y! - 2- nor boH2RERYHRcnZton of NOFIOMCRS USIRZKIth catalyshusiiig KA, n a
Variomag(r) reaction block. After equ#ﬁl”é#‘—’étlon to 90C 0.1 nL of each of
solution (i) and (ii) of Exanple 25 (0.51 gnmol and 2.0 pnol respectively)
were then added tola®hdeap diy SOiml seppm Migbundeh: andipgeipped with ¢ Reflaal  were then
Stirred for 2030 gfihdowaldials AL Ho®maghtbkaREnd b 3%lnlblutne) The
reaction was t owed to roce m nutes, after it

t erm nat ed byamidld)lmlgtolulen@ 'ﬁhe‘adlwhstheaqblm a(m%ﬂdﬁrqamdmel)c ATtee resul ting

pol ymer m xture. . ad : 0 rapi dl ti.rr. cet i ch was
subsequent | y ?qulll\f/%?t?&%%g@gr 6'?\'7§‘C%L?%H‘ ?ﬁ%gﬁ‘yﬂiﬂq (gﬁé’gg g%ﬁow\gland dried
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anmpl e l.lgov rization of o ré() nor honene a catal yst using
56°

DANFABA a5 antomRE o Biegval e o e deiongt Salffier (2 and
equi pped Wi t hari @B MR reéa&ttin&hs Stieh fallowadh t Prock@sfoR tslRthudes MbteBwhiRh Tt wazo! )
5- butyl - 2- nor bonene and 10 nL
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-norbomene 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) S-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 pmol and 2.0
pmol respectively) were then added to the vial via syringe. The contents of the vial
were then stirred for 20-30 seconds after addition 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.



toluene. The vial was then placed in a Variomag reaction bl ock. After
equilibration to 90C, 0.1 nL of each of solution (i) and (iii) of Exanple
25 (0.51 prmol and 2.0 pnol 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). TA2 reaction was then allowed to
proceed for 15 mnutes, after which it was termnated by adding 1.0 nL
acidified MeOH (10%)HCL in MeOH). The rﬁé ting polymer mxture was added

to 200 nl rapidly stitred acetg ER Ly Ei kLt under
vacuum mshga—#%%%gg%ﬁ% it PR AE wRae R E#lm at - 60C

to yield 0.93 g of polyner product. I%?f“al’.. e 30 Hom)pol vmerl zatl on of

nor bornene wth g@:ﬁ&gny% é?ﬂl&r}g Li - ‘I;#AB@ al%q_%fréi actlvatglg) F%QP g clean, dry 50
mL serumvial un Al PHEY Vidt YIHCE cgHippPgd Witha nStII‘I‘I ng bar
was added 1. ¢fed sfitg BarWR! aliduor. RPg geemnenc& By BndrdrhieRand I0RL Vi al was
then placed in a Variromag reaction bl ock ter equilibration to 90C, 0.01
m. of each ofolusa¢-iifheoral (Way then glaged ip adfarismagrpteectios b(o@koeiteqmmihbmgno 20 pnol
el ver o THARERREDPRRREAGIE bl S eRaREAGE s TG SEAETI 2 O e
and (ii). Themolaespectoelyjasre thénerdded tookuedaltvin gyrioge ekhefcontedtSoftharvdabs, af t er

which it was term nated. b ding, 1.0 .aci.dified 10% HCL in MeCH).
The resul ti ngerﬁéli‘es?r?ﬂ’?e‘ﬂ{oﬁg%?gs‘?ﬁﬁgds agﬁﬁaéjgtt‘(ol} ogﬁfﬁu‘}ﬁ?s F&%ﬁll‘i) %?rred acet one,
whi ch was suRaainers thenhilbwarts grdésesa%r wﬁﬁﬂtem aftépwhicH 1t\MaTs RerRitaRIHyacet one

and dried overni ght under_ vacuum at ield 0.90 of pol ynmer product.

Exanpl e 31 Qméracidifisd e Qi (0% HGM%P@ )t ﬁhereé‘éflag palymefsi ng DANFABA as
an lact i vat or mixkere a6 h&Rf to QUOMnépapm} &ﬁfeﬁ%é&b:ﬁ:‘ wHi%H'%Jas Nﬁ)sé’qﬁ Blleped with a
Teflon(r) coated stirring bar was ‘added 1. nor bonene and 10
mL t ol uene. trmﬂ@r vagugn, mectw@ne)@m@eﬁonwnd dvaci pm@tm@@mvamantock Af ter
equilibratio Q % faeh of solution (i) and (iii) of Exanple
25 (0.051 p 2 g%% (rjjrfoq CQ pegtlvel y) were then added to the vial via
syringe. The contents of the Vi aI wEmem31¢30t hen Stl rred for 20- 30 seconds
after additi ot atizagio of B : ARy hegor al | owed to
proceed for 15 m nut es, after which it was terni nat ed by addl ng
To a clean, dry 50 mL serum vial under N, and equipped with a Teflon®

coated stirring bar was added 1.26 g (10.6 mmol) norbornene and 10 mL toluene. The
vial was then placed in a Variomag® reaction block. After equilibration to 90°C, 0.01
mL of each of solution (i) and (ii) of Example 25 (0.051 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



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 ynerization of
nor bor nene and 5-hexaf| uoroi sopropanol -2 norbonmene with a catal yst using
DANFABA as an activator To a clean, dry 50 nmL serumvial under N2 and

O D W e o koSl LTt 29050 R S © D)

nor bomrene (7
5- hexaf | uor oi GRKRARABNE B PRAPITR 1S miriitbs 1 tefvhich iR ermikteed Bgiaﬂhin s then

placed in a Variomag reaction block. After equilibration to 90C, 0.1 nL of

each of sol utl-@mL@Eciified MOH (N0 %HCE)imMsOb)2 8 he psujtingpalymepfaixprowap |
tivel : [JF-YPORYA i t f th
respective y)ad\ﬁﬁft%_ﬁ)ag% @%ﬁ@%g{rg%ﬁéa&m&"ﬂhch‘é\?% sade '(Hf?'??' ﬁﬁ@:%g%i?& ents of the

vial were then stirr seconds ter a on of solutions (i)
and (iii). Thacywaotasked withascesh stk [andvdued avermight emdtr vamumSt 60°Quoes, after
which it was terpipat ed by addin 1.0 nL acidified MeOH (10% HCL in MeOH).
The resultin 1%% 3?9 rO?R?l%%Aﬁrr%rm\ﬁ/\%:g added to 200 nL rapidly stirred acetone,

whi ch was subsequently filtered undeExamglée82m washed with excess acetone
and dried oveOsmghélymerdation eftiottivnihe BRIS-hexafluoreisprdpahdl-Ynbibofiehe/ Wi product .

Exanpl e 33 Copol ymeri zat i 0g cathlyBQisRTROSFABA Rs an activator _
bi cycl of 2. 2. 1| hept - 5- ene- 2- carboxyl I ¢ aci nmethyl ester with a catal yst
usi ng DANFABA as aR ,aGdah Vidt} 96 mioseﬁln?{'iﬁﬁﬁxdemé’ax@lqﬁibp&lgﬁigm Yéh®under N2 and

equi pped with a Tef.l.on(r) coated stirring bar was added 1.00 g (10.6 nmol)
of nor bonmene qEABd stirbipg bar wag added| 1.26rg(10 §remal) ogrbernem. (B9 witrffpin)toluene),
bicyclo[2.2.1 - <= ' id t ol uene.
The vial was %ﬁg?ﬁg@@@ Sftﬁggﬁ'%géﬁ%l@%%ﬁ e%%c{}?%lﬂé%laggﬁé ﬁﬁ?&? {llgl}é(e)l;:]hg}_ |'i bration
to 90C, 0.1 ntialofasdmolplaoéd mal Varioong? repctinmblqoki Aftenéquilitaativingo 9%5C, .0. 51 nol

and 2.0l nmol re ctivel y). were n ded vial wia syringe. The
contents of trﬁé%\gfaé:h Og%o?'{%lo\f,\‘ﬁ% ﬁ“és{hl%rﬁ’f}%a?’glf tzgéé'sgmgg@%ﬁés&gﬁﬁer addi tion of
sol utions (i )respacive(yl) iwiee. thehwtidede@ahe vial wasyrinpe MMl dofiterd of the piabeed for 15
m nutes, after whjch.it s termnated by adding.1.0 nL .acidified MOH (10%
HCL in MeCH) .$%%I@E£%|ZP¥§§@CCOB§% e ridiion areaunps aaae it ettt ap dl v
stirred acet opg, théhilleWedBSproceed for 15 minutes, after which it was terminated by adding

1.0 mL acidified MeOH (10% HCL in MeOH). The resulting polymer mixture was

added to 200 mL rapidly stirred acetone, which was subsequently filtered under

vacuum, washed with excess acetone and dried overnight under vacuum at 60°C to
yield 1.15 g of polymer product.

Example 33

Copolymerization of norbornene with bicyclo[2.2.]11hept-5-ene-2-carboxylic acid
: methyl ester with a catalyst using DANFABA as an activator

To a clean, dry 50 mL serum vial under N and equipped with a Teflon®
coated stirring bar was added 1.00 g (10.6 mmol) of norbornene (79 % by wt in
toluene) and 1.00 g (6.57 mmol) bicyclo[2.2.1]hept-5-ene-2-carboxylic acid methyl
ester and 10 mL toluene. The vial was then placed in a Variomag® reaction block.
After equilibration to 90°C, 0.1 mL of each of solution (i) and (iii) of Example 25
(0.51 pmol and 2.0 pmol respectively) were then added to the vial via syringe. The
contents of the vial were then stirred for 20-30 seconds after addition of solutions (i)
and (iii). The reaction was then allowed to proceed for 15 minutes, after which it was
terminated by adding 1.0 mL acidified MeOH (10% HCL in MeOH). The resulting

polymer mixture was added to 200 mL rapidly stirred acetone, which was



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 norbonene through in situ addition of

catal yst precursors A Attenpted Catalyst formation In a dry box, each of
the follow ng three solutions were prodd¢ed: (i) 1.8 ng (3.6 grml) Pd

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

1, 3(bis-(2-6,diiso en i m dazol e of .t ol uene;
an d( (ii I() o §l Ib t{) EXtB%BP?Xeﬁ)vwﬂyrﬂaﬂﬁeﬁi whtpémess acetone and1 dried ovemIgh
tetrakis(pentafdkm@mil@trw’@hﬂﬁaﬂ& Brcbf pomet piudiol uene  B. Attenpt ed

Pol yneri zation To a clean, dry 50 m._serumvial under N2 and equi pped with a

Teflon(r) coated stlrrlng bar vvas a@ﬂ%‘ﬂl’ﬁ* 28 g (90 mml ) of a 48 5 mol %
nor borrene/ t ol uenéttempted polymerization of narbarpang dugueiren ginyadditioneaf catalyst pl aced in a
water bath and allowed to eqwllbratlﬁ_ﬁﬂ&ﬁoc 0.5 nm (1.8 nol) of each of
solution (i), (ii) and (iii) of A were then added to the vial via syringe.
The reaction was then AItleuMCatab'sbbemdtitimr 2 hours, after which it was
term nated by addi M % H . The resulting
sol ution was preci plgtdgfbod( T ° %5 lFr‘r)I?vmgatgéalé}gtsl I}Sgr_eée rocchclacte e, yielding no
pol ymer product. 36 Wiat |ssaigB(qudndl)SPdHexamd@dme@m&tBMeﬂ’fdelp(amimg a

pol ycyclic polyner conprising contacting at | east one polycycloolefin
nmononmer with a cat%‘l?‘?t conpl ex having the fornmula: [L: MR b[WA]d wherein
[L: MR] is a cation conpghex weses3R ;[rﬁ‘cﬂ)" P§®f&t(§ @dlﬁwﬂbpﬁ@myﬂ)mga&m,z M
represents a netal selected from N L: represents an
N-heterocycl i ¢ caridere 4 ek of \luspe; raéil)r esent s a weakly coordinating
anion, with the provis ha H&Q@ b and d are integers
representing the nunbe(r?iné)f %Srres kﬂlﬁ%latglf%eﬁgéag)nrrlgﬁgg and the weakly

coor di nati ng ani orfetsakis(peatafinorophenyl)borate and 1.0 mL of toluene

B. Attempted Polymerization

To a clean, dry 50 mL serum vial under N; and equipped with a Teflon®
coated stirring bar was added 17.28 g (90 mmol) of a 48.5 mol % norbornene/toluene
solution and 10 mL toluene. The vial was then placed in a water bath and allowed to
equilibrate to S0°C. 0.5 mL (1.8 pmol) 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.



b

bal ance the el ectronic charge on the overall catalyst conplex. 2. The
process of claim1, wherein the N-heterocyclic carbene has a fornula
selected froml) Rl11 Rai Ro RR3 NN Ry ~~Rw(1ll) Ra R,'" Rl2' Rd
R14RI] Ri\]/~z~ .Rn R(INN\/NZ/N{/NRla Rai R 3 (lIll) KRS/ NNRa R o Al
R12 H H Rye NNWZ~-N~~ N\Ri a wherein RO, RO, RO, Ru, Ru', R12, R12', R13,
R13' and Rl4are each independently hydBégen or a substituted or
unsubstituted substituent selected fromthe group consisting of Cl-C2oal kyl,
C2- Coal kenyl, C2-C2oal kynyl, aryl, Cl-C20carboxyl ate, Cl-C2oal koxy,

C2- C2oalWenislctauyed i€2- - C2o  al kynyl oxy, aryloxy, C2- C20al koxycar bonyl ,
CI-C20aIkyIt |_sul f onyl 0] alk Jsu finyl; and mhereln
Zis Selecte§4§9§%%%§§%§hﬁéﬁwoycyqx P% sm§CI“a ?5? ha%ﬁpc20 al koxy,
C2- C20 @bkewykmﬁmefmnﬁﬂwnmhkamyhmnmpkﬂhyMmeeﬂfmuEQ al koxycar bonyl , Cil-C2o

al kylthio, C-C20 al kyl sul fonyl E%gAﬁlkyl sulfinyl, and silyl. 37 3.
The process of claim 2, wherein Eﬂ Iy R11, R11', R12, R12' R13 and R13

are each hydiaegein [LaviR] Meamnmom&x%emr%mwmu@m Sro@y; ¥ fpfelents a
|ndependently substltuéﬁd fé& nsubstltuteg and are selected from phenyl,

vinyl, mstaydlectsddinm Up pRtesents mbperrepyclis Abaedizgnd; [WCATrepresenit esss
of cl ai MvwdakYREdinkireRioROw K thehfo v I:Wu%gts ot BEHDSHI d dh QhrNinteBerat | ast

one noiety selected from Cl-C5 al kyl, koxy, phenyl and a functiona
group sdésRsesetipgtiegpmbRyRfrtimagithe qaﬁprmomrtlm @éﬁh@eveakwép@rﬁ@au%g amaietaketper |

ether, aR.R&thd dfBnic %mrgéaon Ak by Qall &@zfl%@)ééﬂlﬁl&. aci d,

2. The process of claim 1, wherein the N-heterocyclic carbene has a formula selected from
T
Ry Rz @
RIO R|3
N_ _N
R9/ \"/ \RH
a
RID Ry R)z' Ry I)
Ryo Ry Ri Ry3
N_ _N N_ _N

()

Ry Rj3
N, N
~
R~ N\ Ry
Ryo Ry Ry Ry ™
N. N N, N.
7N NN\ \Ru

wherein Ry, R, Rio', Ry, Rit', Rig, Ry2', Rys, Ry’ and Ry4 are each independently hydrogen
or a substituted or unsubstituted substituent selected from the group consisting of C;—Cpyalkyl, C;—
Cyoalkenyl, C,—Cyalkynyl, aryl, C,—Cyo carboxylate, C,~Cyoalkoxy, C,—Cjalkenyloxy, C,—Cayg
alkynyloxy, aryloxy, C,—C,o alkoxycarbonyl, Ci—Cjy alkylthio, C;—Cxy alkylsulfonyl and C—Cy
alkylsulfinyl; and wherein Z is selected from C,—Cy alkyl, aryl, C,—Cj, carboxylate, C,—Cy alkoxy,
C,—Cyp alkenyloxy, C,—Cyo alkynyloxy, aryloxy, C,—C,; alkoxycarbonyl, C1—Cg alkylthio, Ci—Cy
alkylsulfonyl, C,~Cy alkyl sulfinyl, and silyl.



di sul fide, carbonate, isocyanate, carbodiimde, carboal koxy, carbamate, and
hal ogen. 5. A reaction injection nolding process for formng a polyneric
article conprising conbining at |least two reactant streanms to forma

reacti ve nonomer conposition and transferring the reactive nononer
conposition to a nold where pol ynerization proceeds; wherein at |east one of
the at least two reactant streans cont3dins a catal yst precursor [L: MRX] and
a carrier; wherein at |least one of the at |east two reactant streans
contains the salt of a weakly coordinating anion "CA-] and a carrier;

wher ei n % he dae piogess oEclainsdIwherein R orRib'hid,Fat'ak iR 12’ Resand R € ereractelntdragen a

TonONer 86 b fih R, B KTRIBIRA LA B8, RALIELE S dRRLEL MRl EAk one o

the at l'east two reac ans rl ycyc nononer

t 0 be poblgered frae@heny, tvinyt, meetipl,asopsapyl, keattbutiaeopdnall wsd bepizgdcur sor, [ L: MRX],
and the salt of the weakly coordinating anion, [N WCA ], are not contained
in the sane one of the at | east two reactant streans; and wherein the

cat al ylst4. pr elcme p?rces& S 3,ivﬂ1ei;16(ﬂf 1{113119 @’a’RM fubatiidnOR sObstitutdd witnsl 1QEEMmYr sor and
a netal co X ere the and precyrsor conprises an

N- het er d’&‘i}g&?‘ge %%Ql%@%ﬁb artd albﬁ@ﬁ@h@wga fH‘I"’“@WH’ET%’)? selegipd frem sel ect ed
f rom al |thH]i@y§§'l| ﬁwl,uﬂib&mrolﬁét&ﬁ, £lidMBtis, ester, ether, amine, imine, amide, nitro, carboxylic acid,

di - - chl or obi s[ 2- [ (di et hyl am no) net hyl [ phenyl -C, N| di pal | adi um

net hal | yissifideetarbonpteripasuangtenearbodiimide, wighalkaky; wprpamate, a9d halegen; nj ect i on

nmol di ng process of claim5, wherein the sail of the weakly coordinating
anion, [N+WCA-] is selected from AgSbF6, AgPF6, Li B(C6F5) 4,

NaB( C6H3Y CF3)/2ieActipn dnjectiepBINdIMI)rRESORF §yming a pplymerin pristei comprisihgianpiningcess

o Lo gl O RN AT A b Bl
. R i R %dnomier ®dmpRsjtiomko\d ippld wWhisi® polyNretikRion prelcyeds; 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 catalyst system component or a monomer or mixture
of monomers to be polymerized; wherein at least one of the at least two reactant streams must
comprise a polycycloolefin monomer to be polymerized; with the proviso that the catalyst precursor,
[L:MRX], and the salt of the weakly coordinating anion, [N*WCA™], are not contained in the same
one of the at least two reactant streams; and wherein the catalyst precursor [L:MRX] is formed by
reaction of a ligand precursor and a metal complex (RMX), where the ligand precursor comprises an
N-heterocyclic carbene ligand and where the metal complex (RMX) is selected from
allylpalladium chloride dimer;
di-p-chlorobis[2-[(dimethylamino)methyl]phenyl-C, N] dipalladium;
methallylnickel chloride dimer; and,

Palladium(1+).

6. The injection molding process of claim 5, wherein the sail of the weakly coordinating anion,
[N+WCA-] is selected from AgSbFs, AgPF¢, LiB(CeFs)s, NaB(CsH3(CF3),)4 and
CeHsN(CH;3),B(C¢Fs)a.

7. The injection molding process of claim 5, wherein the N-heterocyclic carbene ligand has a

formula selected from



R'" RI3 41 NN~ R14 (I1V) RO R Rl2 R3 2z 1-11 N~ R14 wherein RO, RO RO,
R I, F,,'", Rl2, RIZ , Rl13, R13 and Rl4 are each independent hydrogen or a
substituted or unsubstituted substituent selected fromthe group consisting
of Cl-CzZQal kyl, C2-C20 al kenyl, C2-C20 al kynyl, aryl, Cl-C20 carboxyl at e,
Cl1- 20 al koxy, C2-C20 al kenyl oxy, C2-C20 al kynyl oxy, aryl oxy, C2-C20

al koxycar bonyl, Cl-C2oal kylthio, C -C20al kyl sul fonyl and Cl -C20

al kyl sul finyl; and wherein Z is sel ected ¥rom Cl - C2oal kyl, aryl, Cl-C20
carboxyl ate, Cl--C20 al koxy, C2-C20 al kenyl oxy, C2-C20 al kynyl oxy, aryl oxy,
C2- C20 al koxycarbonyl, C -C20 al kylthio, C-20 alkylsulfonyl,

Cl - czaal kyl sul finyl, and silyfX S™The process of claim7, wherein RO

RO, R I, R I', R2, RIZ'mﬁfS%%md RI3' are each hydrogen and wherein the
R9 and R14 substltuents are eaqv/%ndependently substituted or unsubstituted
and are selected fron1phenyf V|nyT, met hyl , |sopropyl tert-butyl,

neopentyl and benzyl. 9. The pxpegss ofngh@|n18 mherepn the RO or RI4
substituent is substituted wky u| east noi ety selected fromC -C5

al kyl, Cl-C5 al koxy, phenyl an functi | group selected from hydroxyl,
thiol, thioether, ketone, aldghy N est et her, am ne, imne, am de,

nitro, carboxylic acid, disdl fide > gé/ﬁbﬁétév i socyanate, carbodiim de,

car boal koxy, carbamate, and hgloggn 10. The process &b claimb5, wherein the
nunber of monomer nol ecul es used félative to the nunmber of catalyst atons
is 500 to 2,000,000. 39 11. The \process of claim5, wherein the nunber of
mononer ol ecul es used reIathbvyb\ﬁhe nunmber of catalyst atonms is 1,000 to
500, 000. 12. The process of clarn15 wherein the nunbg% of nmonomer nol ecul es
used relative to the nunber ®f catal yst atons is 10 0 to 250,000. 13. The
process of claim1, wherein th unber §#=ggnoner nol ecul es used relative to
the nunber of catal yst atonle 00 tox2 0, 000. 14. The process of claim
1, wherein the nunber of moreMeY ndhecul 2¢ used relative to the nunber of
catal yst atons is 1,000 to 500,000. 15. The process of claim1l1, wherein the
nunber of nonomner nDIecuIes used relative to the nunber of catal yst atons
i's 10, 000 towd&@inGB0OR o, Ryio, Ry, R,i', Riz, Ri2', Rys, Rys' and Ry are each independent hydrogen or a

substituted or unsubstituted substituent selected from the group consisting of C,—Cygalkyl, C;—Cy
alkenyl, C,—Cyo alkynyl, aryl, C,~Cy carboxylate, C;—Cyo alkoxy, C>—Cyo alkenyloxy, C;—Cso
alkynyloxy, aryloxy, C,—Cyg alkoxycarbonyl, C—Cyoalkylthio, C,—Cyq alkylsulfonyl and C,—Cyp
alkylsulfinyl; and wherein Z is selected from C,—Cjealkyl, aryl, C,—C,q carboxylate, C;—C,o alkoxy,
C,—Cyalkenyloxy, C,—C,o alkynyloxy, aryloxy, C,—C,g alkoxycarbonyl, C,—Cyg alkylthio, C,—Cyq
alkylsulfonyl, C,—Cygalkylsulfinyl, and silyl.

8. The process of claim 7, wherein Ryo, Rio’, Ri1, Riy', Ri2, Ri2' Rjzand Ry3' are each hydrogen
and wherein the Rg and R4 substituents are each independently substituted or unsubstituted and are

selected from phenyl, vinyl, methyl, isopropyl, tert-butyl, neopentyl and benzyl.

9. The process of claim 8, wherein the Rg or Ry, substituent is substituted with at least one
moiety selected from C,—Cs alkyl, 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.

10. The process of claim 5, wherein the number of monomer molecules used relative to the

number of catalyst atoms is 500 to 2,000,000.



16. The process of claim1, wherein the N-heterocyclic carbene |ligand has a
formula selected froml) R Rai RRORU N Rye N Ra. | Q) Ro0o R Rii
Ri Ro.Ai RIRR3 Ry' N11Z ~I/NzZ/ Nom NCR, RUPu ~ _NNRg ~~ Aga 1V)
RROR1 RH, R4 N\/)// --(\/NZ/ NL1"I NR14 wherein at |east tw of R9,
R10, Rio, Rl11l, R11', R12, R12' R)3, R13" and R14 are linked to forma
substituted or unsubstituted, saturate%? or unsaturated ring structure; and

wherei ni¢ i STl'ﬁe%r&fégsqg SATLL wﬂ‘e}elﬁ:g&"’}{ E%Lm of%o\‘ll)merq;xolgaﬁ)es%@ém%ﬁ{/@tro%e Cl - C20
al koxy, C2-CZO al kenyl oxy | oxy, aryloxy, C2-C2

al koxy ceHmRShof catatyst @S HlllﬁﬂpttMQQ 000} - C20 al kyl sul fonyl, Ci- C20

al kyl sul finyl, and silyl. 40 17. The process of claimb5, wherein the

N- het erocyclic carbene ligand has a fornula selected fromR | /Rz (n Rp
/ \ R1312. N-Th¢ prycefiod cRiirp SRvhergin theRugbémef maRoiner méte¢uldrus¢dirglative to the

number of catalyst atoms is 10,000 to 250,000,

13. The process of claim 1, wherein the number of monomer molecules used relative to the

number of catalyst atoms is 500 to 2,000,060.

14. The process of claim 1, wherein the number of monomer molecules used relative to the

number of catalyst atoms is 1,000 to 500,000.

15. The process of claim 1, wherein the number of monomer molecules used relative to the

number of catalyst atoms is 10,000 to 250,000.

16. The process of claim 1, wherein the N-heterocyclic carbene ligand has a formula selected
from ®
N_ _N
Ra/ \__/ \RM
o
Rlo Ry R)y' Ry’

Ry Ry Ry3

uy

Rg/\/\/\/\RM
>__<
\/

Ry~ Mg

Ryo Ry Rz Ry ™
5NN N
wherein at least two of Rg, Ri0, Rio’, Ri1, Rit’, Ria, Ri2' Rys, Ry3’ and R4 are linked to form a
substituted or unsubstituted, saturated or unsaturated ring structure; and wherein Z is selected from
C1—Cyoalkyl, aryl, C;—Cy carboxylate, C;—~Cyp alkoxy, C,—Cyo alkenyloxy, C,—Cyo alkynyloxy,
aryloxy, C,—~Cy alkoxycarbonyl, C1—Cyp alkylthio, C;—Cyo alkylsulfonyl, C1—Cyo alkylsulfinyl, and
silyl.



a9l NIj\/Ny ~N M Rs RI1 Rig~ {" Ry NN Rya Ro Rii RI13 Rn (1V)

Rr' NNZ wherein at least two of RO, Ro, Ro, RL1 Rl1', R2, R2 R3
R13'" and Rio are linked to forma substituted or unsubstituted, saturated
or unsaturated ring structure; and wherein Z is selected from Cl-C20 al kyl,
aryl, Cl-C20 carboxyl ate, C2-C20 al koxge C2- C20 al kenyl oxy, C2-C2o0

al kynyl oxy, aryloxy, C2-C20 al koxycarbonyl, d-C20 alkylthio, Cl-C20

al kyl sul fonyl, C-C20 al kylsulfinyl, and silyl.

17. The process of claim 5, wherein the N-heterocyclic carbene ligand has a formula selected
from
Ry Ri2 @
RIO ; § R|3
N_ N
~
AN
RIO' Rll, R]z' R” (H)
RIO‘ ‘ Ry Ru R”
N N N. N.
7~
R3 \/ \Z/ A \Ru
Ry Ri3 @
N_ _N
NS w,,
Rio R R Rz m
N_ _N N_ _N
Rg/ \/ \Z/ \/ \RM

wherein at least two of Ry, Rjg, Ri¢’, Ri1, Ri1'; Ri2, Ri2' Rys, Ry3’ and R4 are linked to form a
substituted or unsubstituted, saturated or unsaturated ring structure; and wherein Z is selected from
Ci—Cyalkyl, aryl, C—Cyq carboxylate, C,—Cy alkoxy, C;—Cyg alkenyloxy, Co—Cyo alkynyloxy,
aryloxy, C;—Cy alkoxycarbonyl, C;—Cx alkylthio, C{~Cyq alkylsulfonyl, C1—Cy alkylsulfinyl, and
silyl.



