; e3e?X?&dvr 6. Tknm~u~~~~~ POLYCYCLI C COPOLYMER COWVPCOSI TI ONS BACKGROUND OF
THE I NVENTION 1. Technical Field The present invention relates to
pdl ycyclic copol ymer conpositions and nmethods for their preparpg)ipee 2002

use. More specifi sl nventi on concerns random copol yners conpri sing
2 4 DEC 2002 | ~~c¥m\ “mm\ N&mﬁl ng units polynerized from cycl ool efinic and

acryl ate nononers i kground Hi gh nol ecul ar wei ght pol yc A pLion
pol ymers havi ng di rec‘f[’?(gjgl i nked pol ycyclic repeating units \NMI /my //)M/
i nt ernal backbone unsaturation are desirous fromthe standpoint o

i nherent thernoxidative stability and high glass transition terrpe?“é‘l“hre

(Tg) profiles. Cyclo ] icvclo[2.?2.1

] hept - 2- ene) have bei@?ﬁfﬁm@g@w&@fmﬁﬁﬁ@@r| ety of

catal ytic systens. Goodall et al. (U S. Patent 5, 468,81 9) have successfully
prepared polycyclic polymers from cycl ool efinic nmononers such as norbornene
and hydrocarbyl substi tuBéd:KGMUNXh@Ft JAEE INNENKION The nol ecul ar wei ght s
and Tg's of these polyners are tailored to desired specifications by
conducting the polynerization in the presence of a Goup VIII transition
nmetal catal yst and an ol ©édhnical Efeld n transfer agent. Recent objectives in
pol ymer synthesis have focused on the pol ynerization of nononmers contai ni ng
functional groups t &NOBIESST INYSPYARTAG OPRYSITEORIMAG nol ecul ar wei ght s.

The incor porat} : I 4 A rbon pol yner
backbones is u%%ﬂgit%%lrggﬁn%gﬁpﬁdﬁg&?ﬁ%@@%@gh%ﬁa%?ﬂg%aphysi cal

properties of spepificaligthis idvéntion cdnkerndE@datOdpEhnend cdmpii¥ing03 t o Coodal |
and Ri sse discloses polycyclic. addition | yners, cont ai ni ng functional
substituents. @%wglm&ﬁagweg om w&?ﬁﬁmaﬁ%wﬂamw Pef i nic
nmononers cont ai ni ng pendant polar functionality could be polynerized to

pol ymer conpositions of high nol ecular weight and Tg. An alternative nethod
for the incorporatidn of Bpddgseunduncti onal groups into a hydrocarbon pol yner

backbone has been tg.copo rize,the hydraogar.bon noner .(e.g. an ol efin)
with a polar functi gﬁé\'%8%%0%@’{%ﬁﬁ‘?}?’cﬂﬁﬁggﬁ%ﬂpﬁ? e.rggwé’gg andom
copol yneri zat i gifeclly 1RIkBY b61Eyclictr dﬁﬁh@ﬁhitﬁ@ﬁmb@t:ﬁyﬁr&eﬁﬁl bikBol y possible

using free radical initiators under extrene conditions of tenperature~and
pressure. Ver yunsapaaiianare desiroys fgreds siaadpyiaeef theiténberenthe ar ea of

coordination c L j I r te usin
Co0r a1 on. SPUBHUTIENALAN Sha HNIERS- SRR © L5100,
888-899 and I nprefitat iGyidoldfinid mehetlerdpnth aohdrbomie 96/ 23010). In this case,

however, the resulti ng copol ymers are not true random copol yners since the
majority, if ncvglof2 2drihenad-ene) have keep agdision pglymerized viikizingiaor por at ed at
t he chai n ends Lok ,F&ﬁnc@&ﬂ, r case of
copol yneri zi ngvﬁfe&;)Pg%%% oolerih Wit aQ%& %}P?%,SJ%Q@H%%&M})%Q%

successfully prepared polycyclic polymers from cycloolefinic monomers

such as norbornene and hydrocarbyl substituted norbornene-type
monomers. The molecular weights and Tg's of these polymers are
tailored to desired specifications by conducting the polymerization in the
presence of a Group VIII transition metal catalyst and an olefinic chain
transfer agent.

Recent objectives in polymer synthesis have focused on the
polymerization of monomers containing functional groups to obtain
polymers with high Tg’s and molecular weights. The incorporation of
functional substituents into hydrocarbon polymer backbones is useful for

modifying the chemical and other physical properties of a polymer. U.S.



nmonower s the use of coordination catalysts for the copol ynerization has
never been described in the art. Indeed, International Application W

96/ 23010 . supra discloses that when a norbornene-type nononep A BEC 2002

pol ynmeri zed, no, other nononmer can be present. Even nore recently,

Abu- Surrah and Reiger (J. Mdl. Catal. A_ Chem (1998), |28, 239-243)
reported that certain cationic palladium (Il) conpounds active in the
honopol yneri zati on of norbornene are inactive to the honopol yneri zati on and
copol yneri zati on of 7R)OI ar nononers |ike acrylates. They further reported

t hat additi on Pefentdt70ac¥031taGoodel! ardt BissediseloprsipplyeyslicaddBionsy st ens usi ng

t he di scl osed _cat al I L 10N wei ght ~and
nar r ower pol y(ﬂog"'ﬁ%?%?{:@tag)n?&#ﬁ%‘g&@l EM&S%BE@SZ%%_I! %mnlgfrgggo%gne honopol yner s
wi th no evi deremohstiatad ehat 8y Rodlefinic promiriessicontdising pendaat yoter backbone. U. S.

Patent 3, S36,681 to Mrris_ discloses copolynmers of norbornenes and
acryl at es t hattungioaalitn sawld bepelymerizedde nolane spmpesiiens oftigh esul ti ng

pol ymers were S 1 M ery low | evel s of norbornene incorporation
(i.e., upto ﬁ@g@é?{ﬁ@%}ﬁg@? ). U S Patent 3,679,490 to Starner
di scl oses ter pol ynmess abémstineshethod éor the ifcorpoenes of aclay hakcgsnadnd al koxy

al kyl acryl ates. These polyners are again, el astoneric avi ng sub-zero
Tg's) and contZPYPSVBIA ﬁ)éflﬁg‘?*’éw E‘?%’F‘e‘?l@?"‘gB > Fqnetp,coé%yfngn *~ wei ght
percent) . Mnfe hE8BirbYn %B&@F?é.@ aFRNTRY) v potlatindtpin@nt Appl i cation

2,358, 112 disclosed copolyners of acrylatés with ethylidenenorbornene. In
U.S. Patent 5co8®nRaRr{®g.Kan auyatedt The randesr eopplymgrigatiosefetiydens yner s

oreparcd by copi yBI SIS SRR b i sl PR b Y1 G ac
ester in the pmaseaGRne coMditipk @ tetnpedtareladt phostilreNVelhReéiyst i tuent on the

2-position of the norbornene nononer is essential to the polynerization
reacti on. The somisgrpgrgsnhasibsen plade irethefaragrafgoemdingtion or cyano group whi ch

serves to activate th ns i 0 naorbor.nen i:ng to anionic
pol yneri zat i oﬁPP?ﬁ“félgﬁﬁ%%g%@é‘ﬁ? %@Ft}hgg ‘i’@ﬁ‘% ﬁ%gipggﬁ“é‘% 04063810 to Kubo
there is di sclcayghtd @3mokbaedtal.pRlAmE Ched. $600,M908) 120r 8852699 ard ef i C

anhydride, and acrylic nononers. |n _EuroBean Publ i shed Patent Application O
794" 458 t her e Iptgrrpastioanal Rellishetoppplicaina WO\PE/23080)s dn Hiig €3Skal s made by free

radi cal ly pol CIVTZ'% ?l?ecgg%lﬂb%rg%{%Aé&&i\%%p{%rtr&qmo%c%ﬁgw%gg@gilﬂge and a second

nononer such as ma yl I'c nononers e incorporated as
a third or fouh¢ majeritgaifinogalljif tthe acrylate yeptatimg unitsére ikeoypdrateilae successf ul

free radical polynerizati f. these mxtures is that the norbornene
mononer is an tE‘_F E’é‘%‘?&ﬂgﬂ%ﬁg}‘qﬁmy F?é‘_cg%‘ii%ﬂﬁmﬁbﬂ%ws' 2 ~ DEC 2002 -4
(mal efic anhydride p&hagaRIdtepsigbriting ahoBlc§aibbiesin dsheRHc. Such systens

are known to be facile in free radical polynerization to afford alternating
copol ymer s as mepmntrstheyse@f goerdinatiah catalystsifontbe copRéyroerizationdads (suppl . 2),
83-91 (1996). In view of the.limtatiqgns, of the Lor..art. there is a need
for random copﬂﬁv§ 8 %Sﬂszflgﬁ?%e %’gp"ﬁ?%g}“ﬁﬁ‘ﬁwﬁ[)éPM'PEed from

pol ycycl ool ef i woproe/236T(V b€ dROISBEARB WhéniedorB&ft L Y pH ridhomer Rl s of

pol ycycl ool efin incorporation and have high glass transition tenperatures,
wi t hout the neawdymerizagyae ofier ROROMSE Caichd MasanAgEwnpBererersntly, or t he

i nclusion of s [ ' i ' I OF THE
INVENTI ON Acco’?%?ﬁ%b@@@@é%%ﬂ%zﬁtgg%]'eldgltg mgfl @? wl?g\%leﬁt?x to provide
random copol yreeporaihastdriaincatioaid padiadiape@l)icompourids actied inrtee | zed from

pol ycycl ool efin and acrylic noners. These copol ynmer conpositions have a
high Tg as wel1omRPOAYRERFALORPE NOPPMSHE PG RPGIVEteBat i ng unit i ncor porati on.
It is another i : i i . i hic/ acryl ate

copol yner corrp%%‘ﬁbg%@grtl atﬁmgg ggg‘é‘%g‘ﬁ%ﬁ%‘ﬁwggﬁﬁgﬁ%@é‘gi”g repeati ng
units. It is aackylateheMhepfietter cdpotthe thanadditioroof hethgrylatede a cat al yst system
that is capabl eqng copol yner.i zi ng pol ycycl oolg.fi n gnd cryl ate .nononers to
hi gh nol ecul arPQRBPGARR pglgfaxeeaﬁwsg'?tﬁﬁ%é sing the disclosed catalysts'resulted

simply in higher molecular weight'and narrower polydispersity of the



It i$ another object of the invention to provide copolyners with varying
egrees of polycyclic and acrylic repeating unit incorporation. It is

anot her object of the invention to provide polycyclic/acryli§4 I rs

wi th pendant functional groups. It is a further object of the invention to
provi de polycyclic/acryl ate copol yners 3contai ni ng pendant acid |abile

gr oups. 2 ~ DEC 2002 -5 It is still a further object of the invention to
provi de polycyclic/acrylate copolynmers useful in photoresist conpositions.
These and ot her objects of Hhe i nvention, are accogglished by pol yneri zing a

reaction m xt UREbEBERR hamepplymers it nq,gyidenge for pemvite MCPIPOgatioRor hor nene- t ype

monomer, at | eggfmoRsHAE phaltengononer, and a solvent and a catalyst system
conprising a Cﬁoup @ﬁl trransi “E'gn nmetal ion source. BRI EF DESCRI PTI ON OF

THE DRAW NGS Fi gur eUB. iPateat 5,686.081 toMiiviz disedusts eopobfmers pbl ycyclic/acrylic
copolynmer of the inventign. Figure 2 is 125. 77 ' .3C:- NVR spect rum of
the same copol JATRYMERS AR iaﬁryﬁtgﬁfﬁ‘@ ‘f(?fenﬁf’@mfé‘z%d l?)éyg"zf?rdlflabﬁ‘-eﬁ%ﬁ bon

correl ation Z-ﬂié\imlﬁﬂﬁ&lryms(masﬁnérmnﬁQ«e@ 16RNNYBr as shown in
Figures | and 2. DETAILED DESCRI PTI ON The pol ycCyclic copolynmers of the

present i nventhashoroenepincemporation 4t-¢-nep 9.3 weigbppergamtk i zed from at | east one

pol ycycl ool ef n no t e ryl ate or methacryl ate nononer.
As used here and tR@ggﬁ%ﬁfh‘?zge?hg@%’c&%ﬁ?&fﬁ%%sﬁgw@ﬁﬁrﬁ8FycycI ool efin
neans a nor bor @dsguicd RRrTENEIES, acrylies Ay Ak ANe)] Aeyfatdsy PEheg®NONEr i s nmeant
to include norbornene, substituted norbornene(s), and any_ higher cyclic

derivatives t healesersse agninclagompac avbgspb-eeier ke niandcop@itsyerpne nor bor nene
or substitut e%&%@@{}&?&&ﬁ%‘&% é:e' '[lgqo §.‘5§§é¢ﬁt;¢%§‘ém§°r bor nenes and hi gher
S ] ant hydro

cyclic derivative ereor contai pén arbyl substituent(s) or
a functional substiMoeentecantiycBetirensin@eraan Publghed Pdtern Application
2,358,112 disclosed copolymers of acrylates with ethylidenenorbomene.

In U.S. Patent 5,585,222 to Kaimoto et al. there is disclosed
copolymers suitable for use in photoresist compositions. The disclosed
copolymers are prepared by copolymerizing a 2-substituted norbornene
with an acrylic acid ester in the presence of an anionic catalyst system.
The substituent on the 2-position of the norbornene monomer is essential
to the polymerization reaction. The substituent is selected from a chloro
or cyano group which serves to activate the unsaturation on the
norbornene ring to anionic polymerization.

In Japanese Patent Application Publication 04063810 to Kubo
there is disclosed terpolymers polymerized from norbornene, maleic
anhydride, and acrylic monomers.

In European Published Patent Application 0 794 458 there is
described energy sensitive resist materials made by free radically
polymerizing an alicyclic monomer such as norbornene and a second
monomer such as maleic anhydride. Acrylic monomers can be
incorporated as a third or fourth repeating unit in the polymer. The key to
the successful free radical polymerization of these mixtures is that the

norbomene monomer is an electron donor and the second monomer



2 ~t+DEC 2002 -6 For brevity, these nononers are collectively referred to

. herein as norbornene-type nononers and are represented by the structural
fornmula beloww R~ RZ R3 mR4 wherein R to R4 independently ygeprgsgmis a
hydr ocar byl, or functional substituent and mis an integer fromO to 5. Wen
the substituent is a hydrocarbyl group4R~ to R4 independently represent
hydr ogen, l|inear and branched (Ci - Ci o) alkyl, linear and branched, (CZ
- G o) alkenyl, linear and branched (G - C,o0) alkynyl, (CS - C-2)

cycl oal kyl, (C6 - C 2) ary|l,. and (C~.- C24) aral kyl. R, and R4 together
with the two r(m@&l%wéﬁdék’?}ﬁﬁ pfggm)&%a’l é@?r%%’cél?‘?&cﬁg‘g‘ VERMSepresent a
saturated or URSRARIEEL U fr aeal M fiTlafGn fo hiforPalfeiidepp atoms or an

aryl group contal ning carbon atons. Representative al kyl groups

i ncl ude but arcepolymers as repartaddyn@inby bt aleMiadromol: Beports,iAidesopntl , but yl,

i sobutyl, sec;{;u&s‘yb{b iér 59 butyl, pentyl, neopentyl, hexyl, heptyl, octyl,
nonyl, and decyi®-" E)gé ntative al kenyl groups include but are not limted
to vinyl, and all yllnv%pbﬁsmxahatv&xs@lfKM@Fhoxgm,up&eii@&haéiﬁfobut are not
limted to ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, and 2-butynyl.

Repr esent at i verandosh oepdtymerny coniningwepeatiagimits polynesizetlifram ed t o

cycl opentyl, cycl ohexyl. and cycl 9?8” nt.s epresentative aryl
groups i ncl udez}/o&ﬁyclipgeﬁﬁ&ng|af:ﬂ€{z§%§8rﬁér¥c;%ézr% .a, € L{%ﬁt’ﬂ% Ev%[szc>$f~: DEC 2002 and
ant hracenyl . Fiﬁmy@amleaﬁwm@rpmhwbn@awm%u gladsueitslion t8imperafidred, i M ted to
benzyl, and phenethyl. The term hydrocar ba as used throu&hout t he present
speci fi cati on Wishqusghepsed forgpesial aoRAIG @gHYAfingSybstitpenta gt the py

hal ohydr ocar by:| i a\Vi n atomon the al kyl,

al kenyl , al kynlbfl?lggg‘é?%;aelc{éiyﬁfongﬁlﬁﬁﬂg{r&fg %ﬁk@%ﬁgﬁbups is replaced with a
hal ogen atom sel ected fromchl orine, brom ne, fluorine and iodine. The
degree of hal ogenation can_range east one hydrogen at om bei ng
repl aced by a hal ogen atorﬁl{M!\gABR{eﬁE]l ﬁi‘rﬂo%YWT up) to full

hal ogenati on (perhal ogenati on) wherein all hydrogen atons on the

hydr ocar byl group have been replaced by a hal ogen atom (e.g.,
trifluoronethyl or Aertdinglyomis dgdneral Shecpofetherineahtioanb arahdedr ocar byl
groups i ncl ude r hal ogenat ed phenyl . and al kyl. groups. The ogenat ed

o RyP ot oups. \EBTN SoRPTRE SR E aEe Fapne bR AR T have 1 he
forml a CZXZZ+®1WT}ero%!eﬁn&nusac@uaa:k&ﬁmrsasn&@& coplyiePEHBoskithsZ 1S sel ected
froman integer of 1 to 10. Preferably X is fluorine. Preferred

per f | uori nat echayabdigh Tgas well ash biek lpwt pf pelyeytlisngpeatipgrumituor onet hyl |
perfluoroethyl. perfl.uoropropyl, and perfluorobutyl. In addition to the
hal ogen substi‘f‘ﬁ‘grﬂ?r?,uo?'he cycloal kyl, aryl, and aral kyl groups of the
invention can be f ugidbtierbbjetttoft e imiehtion topravide pdlyvyeReAgdlatC~ - CS5)

al kyl and haloalkyl groups, .aryl groups. and cycl oal kyl "groups. 2 ~a DEC
2002 _g_ \Wen ¢omelyprangampogitionsihat aredeyoid picmplgicaanhydiide repgating R to R4

i ndependent |y represent a radical selected from-(CH2)"C(O ORS.
-(CH2)n-C(O CRS, - (CH-)~-0ORS, -(CH2)n-OC(O RS, -(CH2)n-C(O RS.

-(CH2) ~- OC( O) ORS, alnds 4 firthy 6ifj €At ORBhe inlventéomiorprovide peathdyst kystenepr esent s an

integer fromO,ta 10 and RS independently represents hydrogen, |inear and
br anched (C, -‘h?f,‘sSﬁpagpq@ﬁ,ol’?liyﬁggpnﬁr?ﬂ}yﬁy%]ﬂe 5 ,a“?eﬁfyl {emMONgMery Keny| |

| inear and br apahagmbiRurar Geighls Allsiof CS - C ~2) cycloalkyl, (G - C
4) aryl, and (C7 = C24) aral Kyl. Representative hydrocarbyl groups set

forth under the defltms arother objeRfathe investiembeprasidelvopelynsentvithi ed above
under the definiti ogi of R.t R4I' As ,setl.forth. above under R~ to R4 the
hydr ocar byl gr ¥ip5e 8$’i°ﬁse‘&fﬁ?ﬁ¥ﬁ¥F i Rnd achy i reReAt g UL 1BEOTRRERBRY hal ogenat ed.
The R6 radi cal reprﬁwmeaabﬁ' emihemweﬁtiap@aévﬁﬁl SALEAANIc _
-C(CH3)3,-Si (CH3) 3, -CH(R~) CH3, -CH(R-~) CH3)3 or 'the followi ng cyclic
groups: H3C CHeepglymers with pendant functional groups.

It is a further object of the invention to provide

polycyclic/acrylate copolymers containing pendant acid labile groups.



RT R OOO' ' Owherein R represents hydrogen or a linear or branched
(C, - CS) alkyl group. The al kyl groups include nethyl, ethyl, propyl,
i-propyl, butyl, i-butyl, t-butyl, pentyl, t-pentyl and neopentpgc 2002 t he
above strucgtures, the single bond |line projecting fromthe cyclic groups

i ndi cates the position where the cycli-@ protecting group is bonded to the
aci d substituent. Exanples of R6 radicals include 1-nethyl-1-cyclohexyl,

i sobornyl, 2-methyl-2-isobornyl, 2-mnet hyI 2- adamant yl , r -9 2 4 DEC 2002

tetrahydrofuranyl, tetr h r.anqyl oxoc cI ohex nonyl. meval oni ¢
| actonyl, I-ethoxydtHft %ﬂ‘@?‘g b—'fﬁh"&{)e H‘cvﬁw ﬁg €radi cal can al so

represent di CV&JI&?&H&%& é‘é’dpo(}mi&ghsefﬁﬂﬂ p%fa%émlcsmbgawdoyl met hyl - (Dmep)
groups which are represénted by the followng structures: -CH, and
- C(CH3) ~ in For nul alkesebod ethey NQCCES ef éhQale?ntG)we accomplishgst by er abI ym2la

RR4 is 0. Wen mis .0 the pr arn tructure is
r epr esent ed be‘?o@w1 %%af‘ﬁ‘cﬁo 8’“&% et{n éngp?qgeﬂ%é‘gﬁ 9°r[§‘ %fsrhnder For mul a
| above. The a&rrbblr@rﬁcr&fl? péRiohamey ladleastamaRBHIRE ﬁldhbniehlaﬁdlanventl on are
represented by the for a CH, =CHRBC( O OR9, wherein R8 is hydrogen or
met hyl and RO soévemambq @aialvstmtnyloﬁoag@ﬁmgm @eaup BHbUsdighaetal C, - C, o)
al kyl, linear .and brc nched, (CZ - C,o0) alkenyl, linear and branched (CZ -
C, o) al kynyl , = C-2) cycl oal kyl, (C6 - C, 4) aryl, and (C~ - C24)
aral kyl . Representative al kyl groups include but are not limted to nethyl,
et hyl, propyl, isoprop tvl, ] tyl - but vl ert-butyl, pentyl,
neopentyl, hexyl, hepthlElbi}@ﬁC,mﬁ?’ %fﬁé&l‘ﬁm&@sent ative al kenyl
groups i ncl ude but are not linited to vi nyl, and allyl. Representative
al kynyl groups include ethynyl, 1- propynyl 2- propynyl

Figure 1 is a 500 'MHz 'H-NMR spectrum of a polycycllc/acryhc

copolymer of the invention.

Figure 2 is a 125.77 MHz *C-NMR spectrum of the same
copolymer shown in Figure 1.

Figure 3 is a proton-carbon correlation 2-D-NMR spectrum

(HSQC) of the same copolymer as shown in Figures I and 2.
DETAILED DESCRIPTION

The polycyclic copolymers of the present invention comprise
repeating units copolymerized from at least one polycycloolefin monomer
and at least one acrylate or methacrylate monomer. As used here and
throughout the specification the term polycycloolefin means a
norbornene-type monomer. The term norbornene-type monomer is meant
to include norbornene, substituted norbornene(s)., and any higher cyclic
derivatives thereof so long as the monomer contains at least one
norbornene or substituted norbornene moiety. The substituted
norbornenes and higher cyclic derivatives thereof contain a pendant
hydrocarby! substituent(s) or a functional substituent(s) containing an

oxygen atom. - -



f 2 « DEC 2002 - |0 1-butynyl, and 2-butynyl. Representative cycl oal kyl
groups include but are not limted to cycl opentyl, cyclohexyl, and

tycl ooctyl substituents. Representative aryl groups include B pEce2dt
limted to,phenyl) naphthyl and anthracenyl. Representative aral kyl groups
include but are not limted to benzyl,-@nd phenethyl. As discussed above.
t he hydrocarbyl groups include hal ogenated and per hal ogenat ed hydrocar byl
substituents. The preferred perhal ohydrocarbyl groups include

per hal ogenat ed phpgybredstyl thésethornisre coliectleyefetrcd Up Be@ireas! i near or
branched and have the fornula CZX2Z+, wherein X is a halogen and z is

sel ect ed f r omarhernene-eermeRINers andaregeprpsentad bibthy stugtural fqmrdlane Preferred
perfluorinate substltuents i ncl ude perfluorophenyl, peifluoronethyl,
perfluoroeth?? Wper f1 uoropropyl, and perfluorobutyl. In addition to the
hal ogen substltuents. t he cycloalkyl and aryl groups of the invention can
be further substituted with linear and branched (C, - CS) al kyl and

hal oal kyl groups, aryl groups and cycl oal kyl groups. In the acrylate arid
nmet hacryl ate formul ae above RO al so represents an acid |abile noiety
selected from-C(CH3)3,-Si (CH3)3, -CH(R )OCHZCH3, -CH(R )OC(CH3)~ or the

followng cyclic groups: HKSCCH3 U, , , RR RR R~ OO~0, , Owherein R
is the sane as defined above. Representative groups defined under RO
i ncl ude 1-nethyl -1-cycl ohexyl, isobornyl, ,?-nethyl-2-isobornyl,

2-met hyl - 2=adamantyl . tetrahydrao any| ,_R 2 4 DEC 2002

t et rahydr opyranoyl, 3-oxocycl ope —mreval oni c | actonyl, 1-ethoxyethyl,
and 1-t-butoxy ethyl groups. 0 represent tlhe Dcpm and Dntp groups
defined above. One or nore of N ene- type nononers descri bed under
Formula | is copolynerized with one or%‘:e of the acrylate and/or

nmet hacryl ate nononers descri bed above to yield random copol yners cont ai ni ng
repeating units of the formula: v mRa R3 Rz R~ -t CH CR8 ~-C(O ORS

[

wherein R' to R® independently represents a hydrocarbyl or functional
substituent and m is an integer from O to 5.

When the substituent is a hydrocarbyl group R' to R*
independently represent hydrogen. linear and branched (C - Cyo) alkyl,
linear and branched, (C; - Cy¢) alkenyl, linear and branched (C- - Cyy)
alkynyl, (Cs - C)3) cycloalkyl, (Cs - Cy2) aryl. and (C; - Cy4) aralkyl.

R, and R4 together with the two ring carbon atoms to which they are
attached can represent a saturated or unsaturated cyclic group containing 4
to 12 carbon atoms or an aryl group containing 6 to 14 carbon atoms.
Representative alkyl groups include but are not limited to methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl,
hexyl, heptyl, octyl, nonyl, and decyl. Representative alkenyl groups
include but are not limited to vinyl, and allyl. Representative alkynyl
groups include but are not limited to ethynyl, 1-propynyl, 2-propynyl,
1-butynyl, and 2-butynyl. Representative cycloalkyl groups include but
are not limited to cyclopentyl, cyclohexyl, and cyclooctyl substituents.

Representative aryl groups include but are not limited to phenyl, naphthyl.



whereéin R to R4, Rg and RO are as previously defined. The copol yners of
ghe i nvention contain polycyclic repeating units which are the sane or
different and acrylic repeating units which are the sane or di 2 £ @002
ot her words, the substituents on the respective polycyclic and acrylic
repeating units do not have to be the sahe. The copolyners of the invention
conprise fromabout 95 to about 5 nole percent of polycyclic repeating
units and about 5 to about 95 nole percent of acrylic repeating units.

Preferably, the copol yner ontain from@about 90 to, about 10 nol e percent

of polycyclic r@’&eﬁﬁ%ﬁeqﬁ'i {igprtegené%g&arajl_@'tftg&ouggwﬁudggpu Ieéloger_cent of

acrylic repeatipgidid BenzVPafd Phéie@iyAPTNe ek By&RpAbyINBRsedont ai n from about

80 to about 20 nol e percent of polycyclic repeati ng units and from about 20
0

to about 80 nolthrgghoutithe presemirspe¢iticationdainchngivaef halohydrecasbyol ymers of t he

e copol yhrer o SPoutiehR Byl Btocdfi?lsihea AR A onttivarddi® £ * €T e Y
range of about fdmGr Me208C, allcane], stkyn], apsiealioyledrer, ahd yraikyl ghsips ange of

about 100C to 1 SCC. In one enbodi nent of the invention, at |east one of
the pol ycyclic rgptaced wihrahalegenapaa selagied fipmehiaging trominey Elyering/ acryl i ¢

copol ymer cont a&dlisioﬂ&ee%%rdﬁ%}égg gglﬁgéx{aii}fn pﬁlar%;lx&gfr@tﬂ ea?feggd bi I'e group. By

acid labile is neant that t unction ., €s of a carboxylic
aci d) contai ns kydrogéreatomrtging replraed byga balogem. atdh €e. g aflaotannghydr oup i s

bl f bei I in the. f. i.d, duci f
Car boxy ¢ aci aHED fulldelperTicR (GRTabpersan AYiErel A HAGESR AG By pr oduct
In this vay theoiiRaRidalif iouBhate bidh epihdedty d iifodeRfInI EF, Can be

regul ated by the anount o functionality”t S con ed to free
car boxyl i ¢ aci drifhoogsethfihe pecflubrbmbihlyd. Jhopreféirsdpethaldydredrtiyht o t he

copol yner backbone t hr h qne or re of t ol ycyclic,repeating units,
one or nore of grﬁBp§W§'\%?€°$’€§)&§P?tg‘gpﬁ?ﬁyI @Jﬁkﬁﬁf‘él?éhlrbﬁgaggér}?ﬁde of both
the polycyclic @IH?I #o0pd heehll 8P BRtihRéhtidR afeTinedN6t braRAad hitPhaiRithe Struct ures

of such acid labile group containing copolyners are represented as foll ows:
X y -~CH2 CRB- ~formuly ©pORs wheraiiRK iRz R gpaasyet farthrboyernd z5(O)OR6 2 ~ DEC

2D02 -13 wherei n,Rs R4, . d . pkevi qusl v. defined. and at
| east one of RGSeé C&?‘%ﬁmﬂ@h&ﬁgge@g lamﬁa@(':iﬁée%glly Ia)ilsgi%’u e'szréé%?%%l from _
- C( CH3) 3, - SI ( CHsarBuori kit ReubsiidéaisincludeKeRiomsiiea) Berfiliofohtethydl | owi ng cyclic
groups: H3CCH3 > > > R7T RT R~ R~ OO .

perfluoroethyl, perfluoropropyl, and perfluorobutyl. In addition to the

halogen substituents, the cycloalkyl, aryl. and aralkyl groups of the

invention can be further substituted with linear and branched (C; - Cs)

alkyl and haloalkyl groups. aryl groups and cycloalkyl groups.



> > O wherein R is the same as previously defined, and x, y. and z
represent the anount in note percent of each repeating unit contained in
the copol ymer, wherein x +y is present in the amount of about2@5g® 2e920ut
S nmol e percent of the copolynmer conposition, z is present fromabout 5 to
about 9~ nole percent, x or y can be 08with the proviso that x and y can
not be O at the sane tine, when y is 0 at |east a portion of RO nust be an
acid labile group) and x +y + z = 100 nol e percent of the copolymer
conposition. Preferably, the ampunt of repeating units present in the
copol ymer backbone When tt@mqn@ﬂmgtque(%&mﬁmnenﬁl gubstibient Ryrtedp
functionality, |ssff|C|ent b t (insoluble to
Ed?PSB rxgl%éf,preﬁ:nga a%?é?a géle dS ﬂ%r‘ﬁ E)éhz @q

sol ubl e) of t H ffeots rre uedus base)

fol I owing the waga;me%@w Ltraw,powt «me Q@R f{OM), /EYRSt ect ed ester

functionality. Prefera anmount of repeating units in the copol yner

cont ai ni ng the((él‘,llz)ﬁl'QQ’;(Q)%Bq gﬁnéﬁﬁﬁl}n%gegl{ Mherean gitdependeitiyhout 50 nol e
percent, nore t and still
nore prefer abIrgﬁrgg%?n?%t%helgg%rﬁ?qgégﬁdgg ﬁ]n(ij)ﬁ?sgﬁc]loer gﬁr@s&ﬁéﬁ@d’f@e 2002 -14
Repr esent at i vdimeat 2hd trbidhed (€ ouPs) al&fi, haohrundlbran%e@@ﬁz RG4)ratkengl |

- et hyl - 1- cycl ohexyl y sobo I - net hyl - 2adamant yl ,
t et r ahydr of ur dHgR! m@&’?‘&%ﬁ@(@p‘y‘?’éﬁ%‘g‘enﬂ QHYGL@}A/%YM@I éﬁ%ﬁﬂé&oni C

| act onyl, 1-et t vl an al so
represent the %%ﬁ?a%”ﬁﬁ‘@%q %ﬁwrﬁgmé?ove Jﬁ%ﬁﬂ%?g%eﬁns I n one
enbodi ment , t hizfinativmrodRErase the smheas thme&ttdcmmﬁmzﬂ)opehydanhzédﬁiuyaoaoﬁl ngl e
conponent cat yst_sSyste ri sin B catio npl ex and
a weakly coor dfniQf 4ng°~5c%tm:%ﬂm‘f“§§§ré‘b§ ﬁ’&?fty@ﬁo%y? ﬁé‘“tpéldlegﬁ?q?g f or nul a:
Ly, MXZ, CA aygat ROBarC i cpensod Bt BperhaIoPenddl et RS heRhPepriseng | i gand
containing 1, 2, or 3 n-bonds; Mrepresents a Goup VIII ,transition net al ;

X' represent s an dcidylahile mom:asqhqﬁ@ from.- Qﬂﬁﬂs)a,rﬁj(%t)megﬁ(ﬁ YQCH:6Hponds; vy
is 0, 1, or sents a weakly coordi nati n
count er ani on; kﬁf{e{@@%&%@ fo lg@}@sceﬁf ﬁF&PEe nunber of t%/rres t he ?

counteranion is taken to bal ance the charge on the cation conplex. In the
above formula y', z', and a are preferably 1. The phrase "weakly

coordi nati ng counteranion"” refers to an ani on mhich is only weakly
coordinated to the cation, thereby re |ng sufficiently Lahile to be

di spl aced by a nedtra\ Lew s rcat |y, se refers to
an ani on whi ch—wf ncti oni g ani on i at al yst
system of this inxenti on doe n/ ani.oni ent or

fragment thereof Rfo the cation, thereby fofmng a 2 4 DEC 2002 -15
neutral product. The counterargoon is non-ogrdative, nomgreduci ng, non
nucl eophilic, and rel atively |nert L is a neutral ligand that is weakly

coordinated to the Goup VIII getal cation corrpl ex. In other words, the
l'igand is rel aty i nert read| pl aced fromthe netal cation
conpl ex by the i sert ng nonfoner |in the rovm g polynmer chain. Suitable
n- bond containin ands in (c2 - nonool efins (e.qg.,

2, 3-di net hyl - 2- butene) (&4 - C12) diol efl s (e.g., norbornadiene) and (C6
- C20) aromatic noieties. Preferably ligand L is a chelating bidentate

cycl o(C6 - G 2uhérefti R Rprebentd pydrépenrt?ladinesysr atdhad (€pec M) or di benzo
Cb. o an group. The alkyl groups 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,



aromdti c conpound such as benzene, toluene, or nesitylene. The Goup VIII
netal Mis selected fromGoup VIII netals of the Periodic Table of the

El ements. Preferably Mis selected fromnickel and palladium The nobst
preferred netal .is palladium Ligand X is selected from (i)2&aDEg 200¥ t hat
provi des a single netal -carbon a-bond (4®-n bonds) to the netal in the
cation conplex or (ii) a noiety that provides a single netal carbon a-bond
and 1 to 3 n-bonds to the netal in the cati on conpl ex Under enbodi nment (i)
the noiety is boun othe Gro VI Ie nmet al - car bon a-bond
and no n- bonds. ﬁ@g?’ Ofyraayl; 8 dd%Wd%“"éfL (H‘«?éy% ch%lé“%‘%%? nent

i nclude (C, - Clé%}or@lnyéthaﬂeﬂ{yl%dﬁedm&gdetﬁﬁom met hyl ethyl, linear and
branched noieties such as propyl, isopropyl, butyl, |sobutyl sec- butyl,
tert-butyl, pentyl, "I‘Fl@@?%&%alcgﬁ&ébmﬂ?&@ﬁt}dmy Rgﬁé/ﬂ ImBfh VD daﬁ’dacyl aryl
such as phenyl p-tolyl, or pentafl urophenyl "an 8 aral kyl such
as benzyl. Undedimetbyldyetepropylmethy)éRecn) gwumhnnbereabmsequm thati on has a
hydr ocar byl grog(g)1 di. rectlé bound to the nmetal by a single netal -carbon
a-bond, and als E) 0 STRA8Sone, but no nore than three n-bonds. By
hydrocarbyl is nmeant a group that is capable of stabilizing the Goup VIII
nmetal cation conplex by providing a carbon-netal a-bond and one to 2 4
DEC 2002 -16 three olefinic ~r- ds that may-HBe conjugated or

non-conj ugated. Representative drocarbyl gryups are (C3 - C20) al kenyl
whi ch may be non-cyclic, nonocyc o(g( pol yc H-IC and can be substituted
with |Iinear and branched (C~ - oX 3b 5) aryloxy or halo
groups (e.g., C and F). Prefer Iy X is a SI ngle allyl ligand, or, a
canoni cal form thereof, which ides a a-bond and a n-bond; or a corrpound
providing at | east one olefinic ~-bond to'the netal, and a a-bond to the
metal froma distal carbon atom spaced apart from elther ol efinic carbon
atom by at |east two daFbonulsdebeye mll&mb@rﬂbbhﬂgr(en@@dﬂfembb{ml) It should

b di | h Ki | hat wh dLi
absent (1o "y 58 Wb P € piEied et olfiedint Bhir bR, ;17 gt e

by the sol vent i pepibdenitedtteopw:€action was carried out. Representative
solvents include but are not Iimted to hal ogenated hydrocarbons such as
carbon tetrachl oride, chloroform dichl orghethane, 1,2-dichl oroethane,
di ethyl ether, THF, and aromatic sol tzs ch as benzene, t ol uene,
nmesi tyl ene, chl orobenzene, and nitr zrenB, and the | gke. A nore detailed
di scussi on of appropriate solvents <—9RBOW. Sel ect ed enbodi nents of the
Goup VIIl nmetal cation conpl exes of e\sj ngl e conponent catal yst systens
of this invention are shown bel ow. StructRfe Il illustrates enbodi ment (i)
wherein ligand X is a nethyl group that is bound to the netal via a single
met al - car bon a-band, and gand L i.s th t |s vvealgl coordi nated to the
pal | adi um et al WACER 19 F’ierﬁS(P“?Y“P}ﬁ fing “‘?Ar?éFg?? EKGP%V%eI ow M
preferably represent Sr}ﬁaal:h@ﬂb B Rettab§le®! comondnishy 0@5913%%@% M CH3 1
CA Structures 11, 1V, an l ustratfe vari ous exarrp

rcpresented by the formula CH,=CHR®C(O)OR®, wherein R® is hydrogen

or methyl and R® is selected from hydrogen, linear and branched

(Cy - Cyo) alkyl, linear and branched, (C, - C,0) alkenyl, linear and
branched (C; - Cyo) alkynyl, (Cs - Cy2) cycloalkyl, (C¢ - C)4) aryl, and

(C7 - Cyy) aralkyl. Representative alkyl groups include but are not limited
to methyl, ethyl, propyl. isopropyl, butyl, isobutyl, sec-butyl. tert-butyl,
pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, and decyl. Representative
alkenyl groups include but are not limited to vinyl, and allyl.

Representative alkynyl groups include ethynyl. 1-propynyl, 2-propynyl,



enbodi ment (ii) wherein X is an allyl group that is bound to the netal
alladiumis shown for illustrative purposes only) via a single

;rg purp y g
tal carbon a-bond and at | east one but no nore than three n¢ S n

Structure I11,

~-bonds is weakl y coordinated to the padltadiumnetal; X is an allyl

provi ding a single netal -carbon a-bond and an oleflnlc n-bond to the

L is not present but an aromatic group provi

group

pal | adium In Structure IV, Lis CODand X is an allyl group providing a

t al b 6 d lefipic ~- | ] adi t \Y
el carbon o Ronk A SRS L BRI AohlS ARbAFRUBL R e, Y.
group that proyp ﬁ@ﬁllﬁné@t@dyc@emﬂ c@clbﬂam aaqdc‘ccyaldéa@u gﬂ)sﬂzmﬁd and two

addi tional ~c-bonds to the palladiu

i's absent. S 4 DEC 2002 RZo ,

Pd ,. RzzRe¢pr¢sentagve @]?Xl grwpszzncl rgeliwt are rmilmlvd@sa\pbersdb%mhthyént s RZ,
R2~, R22 are desc

hed Ln Il illustrate
exarrpl es of en%@ #gﬁ?en( %}é}aﬁ@%%&ﬁ%%& %CZE%?\%% %ged?cl\){gand t hat
provides at | el%ﬁtw&t%&lzﬂthﬂﬂphdﬁeth@hdAi distussedtsuve. Welhlydraziasyl and a a- bond

to the nmetal

froma distal

car bon at om byeraepy iagkde hajezenatasiand perhsingesated hydiosarpyl subsgiments.

The preferred perhalohydrocarbyl groups include perhalogenated phenyl
and alkyl groups. The alkyl groups are linear or branched and have the
formula C,X,+) wherein X is a halogen and z is selected from an integer
from 1 to 10. Preferably X is fluorine. Preferred perfluorinated
substituents include perfluorophenyl, petfluoromethyl, perfluoroethyl,
perfluoropropyl, and perfluorobutyl. In addition to the halogen
substituents. the cycloalkyl and aryl groups of the invention can be
further substituted with linear and branched (C, - Cs) alkyl and haloalkyl
groups, aryl groups and cycloalkyl groups.

In the acrylate and methacrylate formulae above R? also represents
an acid labile moiety selected from -C(CHj3)3,-Si(CHjs)s, -CH(RYOCH,CH;,
-CH(R")OC(CH3); or the following cyclic groups:

: H,C CH,
R7 £ ’ 2 -
R7 R7 7

0 0 \/Oj
O O T
wherein R’ is the same as defined above. Representative groups defined

under R’ include 1-methyl-1-cyclohexyl, isobornyl,
2-methyl-2-isobornyl, 2-methyl-2-adamantyl. tetrahydrofuranyl,

carbon atom _spaced _apart fromeither olefinic



|
2 4 DEC 2002 - 19 CAVI OV \ MVII Il CA ~~I The above described G oup
\/I Il cation conplexes are associated with a weakly coordi nating or
non-coordi nating counteranion, CA", which is relatively inerpgy gET:)%gz
nucl eophi | e, and provi des the cation conplex with essential solubility in
the reaction solvent. The key to properllani on design requires that it be
| abil e, stable, and inert toward reactions with the cationic Goup VIII
nmetal conplex in the final catalyst species, and that it renders the single

conponent catalys | ubl e iR ATESI ion. The anions
whi ch are st abltémih a}g’P&Pan%l‘cf iogﬁécjm&{e\é%@é’%%‘%alﬁ%lr?gt@gf’aci ds, and which
do not have acijcitBoxyetiydrimdllacitexy ehyltdroupsx tRY danralsfrepregeathcon ~i . e.

ani oni ¢ conpl exes which do not react with strong acids or bases) possess
the stability hepasasyhmep gevps definedabovet aple ~ 2 4 DEC 2002 -20 anion for
Lhe catalyst systemonbls g8 iihd AsroBhchitfihofoniblh BlkcbEd Limer Lant for
maxi mum lability include overall size, and'shape (1.e., large radius of
curvature), and&onualaddapbopolynéryzed withparecorahoreaf sthe hatylate and/an nmay be any

stabl e anion which allows the c talﬁ%{ to be %; solved in a solvent of

choi ce, and hadathasrylgiemenomsrateseribied dhove fo yield rapdom coBHYEREUI d f or m
stabl e sal ts Wchikalrhes RbOARIFRMN G ONRRE foufa: aci d, Bronsted acids, reducible
Lewi s Acids, protonated Lews bases, thalliumand silver cations; (2) the
negative charge on the anion should be del ocalized over the framework of
the anion or be |ocalizedtwithi the core ot Cthe—akiRi—(3) the anion
shoul d be a relatively pooc eophile; and (4) t%% ani on shoul d not be a

power ful reducing or oxi dj ent. Ani ons t hat Rbe foregoing
criteria can be selected m{ he group consisting a tetrafluoride of
Ga, A, or B; a hexafluorige P, Sb, or As; perfluoro-acetates,

propi onat es and but yr at es—~kyefetmrd perchlorate; tol uene sul fonates, and
trifluoronethyl sulfonate; ubstituted tetraphenyl borate wherein the
phenyl ring is substitut& ¥\ r'}{51{” uorine or trifluoronethyl noieties.

Sel ect ed exanpl es of counteranitons include BFa', PF6', A1F303SCF3', SbFb ,
SbF5S03F' , AsFb , trifluoroacetate (CF3C02'), pentafl uoropropionate
(CzFsC02'), he : # - ' rchlorate (ClGa" ~ H20),
p-t ol uene-sul f%%E%H?;Q%%gﬁg& ?%ﬁéﬁg e&seﬁg ‘the fornula CB~, HGX6
wherein X i s hydr ogéerheaopalyhetsoafethedeventibe dofitamnpaBicycBe repeatimand F, and

tetraphenyl borates repregsented by.ithe formula: R~~~ B~ ~n4 2 4 DEC
2002 pheny unEts whic pare ?he same oryht%erent and acry?ic repeating units whlrclzh are

the same or different. In other words, the substituents on the respective
polycyclic and acrylic repeating units do not have to be the same. The
copolymers of the invention comprise from about 95 to about 5 mole
percent of polycyclic repeating units and about 5 to about 95 mole percent
of acrylic repeating units. Preferably. the copolymers contain from about
90 to about 10 mole percent of polycyclic repeating units to about 10 to
about 90 mole percent of acrylic repeating units. More preferably, the
copolymers contain from about 80 to about 20 mole percent of polycyclic
repeating units and from about 20 to about 80 mole percent of acrylic
repeating units.

The copolymers of the invention preferably have a Tg of greater

than about 50°C. More preferably the copolymers of the invention



-21 wherei'n R' independently represents hydrogen, fluorine and
trifluoromethyl and n" is I to 5. A preferred single conponent catalyst of
the foregoing enbodi nent are represented by the forrmula: Ri m . %{222
VII1 CA The,catal yst conprises a n-allyl Goup VIII netal c Igf‘ h a
weakl y coordi nating counteranion. The -dl2l-yl group of the netal ration
conplex is provided by a conpound containing allylic functionality which
functionality is bound to the Mby a single carbon-netal a-bond and an

ol efinic n-bongd, ..Ih | | i e : ected from ni ckel
and pal | adi um R“%Jﬁ@gﬁ‘a% é?ggé(ﬁlhgwrrdog.i%o‘ra fgenradlrjscltalg rﬁérlteal . As discussed
above, it willpleerablgan shicondgd bdbouhb00catiallpets are sol vated by the
reaction diluent which diluent can be considered very weak |ligands to the
Group VIII metal inlnpee embedimeabofpthenventipa: atdessinng okthe Rz . "and R ° on
the allyl grou &. far L. AT . d VIIl are each
i ndependent |y ﬁ@&?gcégna%d%gr}gn@%\ége%e?nﬁ%Wgs}]lgﬁggp (}lg yp_h{:/X&ﬁQal kyl such as
met hyl , et hyl, capodymprydontsinparogydr, fusnibnhlitybeyting 4 &rid labllagrowpy! , such as

henyl and naphthy], (C~ - C 0), aral kyl .such as benzy|, -COOR23,

E)(CH)Z/) " OR~3, %33’&‘){4’(9! l@é’é 1s Wtéﬂpﬁaﬂs epfchen (1.e.estgr %ﬁ'f'tcaZb@Q’h\ﬁher ein RR3 is

| i near or bran T ) - propyl,
mgfcch% n§ ?ga()te;lcl'%inﬁwr lea¥ifphrasy. nﬁé"ﬁl#necﬁﬁ%&[o%pgs- propy

i sopropyl, n-but t and is an integer from Any two of
RZ, RZ~, and Reapableaf being ¢ledved in tgqurenence of Awacidproducinga free nul ti cyclic
ring structure. The cyclic ring.structure.c be, .car hocygclic, or

het erocyclic. ‘R&B?’Wll%"eﬁlé @&({ﬁ&)%é olyis o agiq W%%?%y%ﬁcﬁﬁ% Qdufte found in
R G Quy and ByhishayiheAiadhfitcity'or sBMbIAD b Ghetipslymer @Adb&adi ocheni stry,
Vol . 4, Academ c &’reéslzwlnc.%wl?orrlg, 1‘96g; J. Bipr 'neéhamgé. de Boer,

M L.H Geen, RgBlatdd bytheRmatosokesier Bunctivhaliyghat isGoNverBatodterer, Advances

in Organonet al | iﬁ Cgen‘i s&r]y‘u Vol . 2, Academ c Press Inc., New York, 1964,
WT. Dent, R PBREEHFN 8N 1 kinson, J. Chem Soc., (1964) 1585; and H.C.
Vol ger, Rec. Trav. @hRtidRadileBasup BSolR&Hed 38 theMp6linih Baddbbnder eby
incorporated by reference. In another catal yst enbodinent, L represents a
phosphi ne, phodwergheons otgnergrof de pelypxclicirgpaating units, Rhsommbredifnat y' of the

formula [ L~, ~MX Zi~ Q| ine ldi can be. a nodent at e
phosphi ne or w‘%B%H%‘ﬁ%@bﬁ]ﬁ’ﬁ@ﬁﬁggﬁiﬁ‘{}h%qfé’g@ﬂg%f@#ﬁ%&‘icenﬁgant a
weakl y chel at i agyhbesehiifeuhitsgand reguatiag Dhid Strédiuredlef duchaad 1aleer oat om
substituent, (e.g., oxygen or sulfur), capable of weakly conplexing the
group VI || et &loupFRBtaHRg ennd ynersareygatesenied apfolewsit ed by the formul a
P(R24)3 wherein R''' independently represents |linear and branched (O -
C, ~) alkyl, cycloalkyl and {C6 - C 4) aryl and substituted aryl.
Representative al kyl groups include but are not limted to nethyl, ethyl,

propyl, isoprop |, isobutyl,, sec-hutyl, tert-butyl, pentyl,
neopentyl ; hexyl %+, octyl, nony gcyl , and—dbGekyt— ORS entative
cycl oal kyl groupg de but are ng yited to cyclopentyw an

cycl ohexyl . Repres ive aryl grdops 7mgl ude but are not Im? g to
phenyl , substitutg and substituted n §| . By

substituted aryl \s—APant that the Jy—gr oups cont ain linear or branched
(C - C2)



2 4 .DEC 2002 al kyl groups as defined above under R24, and/or hal ogen
groups selected fromchlorine. bromne, iodine, and fluorine. Exanples of
"sui t abl e nmonodent at e phosphi nes include but are not |im t edo 4 ODEC 2002
triethyl phosphi.ne, triisopropyl phosphine, tricycl opentyl phosphi ne,

tricycl ohexyl phosphi ne, triphenyl phosphine, trinaphthyl phosphine, tri

p-tol yl phosphi ne, and tri-o-tolyl phosphine. The hem | abi |l e phosphi ne |Ii gand
is represented by the fornmula P(R24) zQ wherein Rz4 is the sane as defined
above and Q represents an organi c noiety containing a heteroatom selected
f rom phosphor ous, o.xgigen, ,and sul fur and conbinations thereof. Exanples of
the Q substituentergindd Ja® pRi. Ray @ angtn are as previously definednans #ileashene)

< [inear o oriscitdl dfort AR AHA0M B el 0BG, ) foch o1

- ( CHz) qP( O) ( CBHBY@H; ) SKCHYR(-BH(RBIBCR,CHHeCH(RT)OC(GH); of thk. Preferably the

hem | abi | e phozphi ne |igand weakly chelates the Goup VIII netal formng a
S or 6 menber edoHPYingtay§he BOUPSi t h t he phosphi ne phosphorus atom the
het eroatom (preferably Oor S) and the group VIII metal. Excluded fromthis

class of ligands are the strongly chelating Iigands, e.g., the diphosphines
such as di phenyl ph i noet han d di pHe@ H i ZE i fi
exanpl es of suitable hem | abi
2 4 DEC 2002 -24 \N~ ~/\ r O
L W W A A W A AN ~7 S = —. Y P PP ~) = O OCH: CH
The phosphite Iig§nds are represented by the fornula P(OR24) 3 wherein Rz4
can be the same or different an¥ is the sam®’ as definedRdbove. Exanpl es of
phosphite ligands include but are not limted to trinethyl phosphite,
triethyl phosphige, tyi-n-pnqu{@?osphit Oii sopr opyl phosphi te,
tri-n-butyl phospiyte, Yriisobutyl phoshite] tri}-t-butyl phosphite,
tricycl ohexyl phosphiteg, and t{i phgnyl phosphitg. The bipyridyl |igand can be
a ?,2'-bipyridine ™Na§ system or a fused BOPgyridyl ring system

(phenant hrene) sel ected fromthe fornul ae bel ow

wherein R’ is the same as previously defined, and x, y. and z represent the
amount in mole percent of each repeating unit contained in the
copolymer, wherein x + y is present in the amount of about 95 to about

5 mole percent of the copolymer composition, z is present from about

5 to about 95 mole percent, x or y can be 0 with the proviso that x and y
can not be 0 at the same time, when y is 0 at least a portion of R’ must be
an acid labile group, and x + y + z = 100 mole percent of the copolymer
composition. Preferably, the amount of repeating units present in the
copolymer backbone that contain the pendant acid labile group
functionality, is sufficient to confer a solubility change (insoluble to
soluble) of the copolymer in aqueous media (e.g., an aqueous base)
following the cleavage of the acid labile group from the protected ester
functionality. Preferably, the amount of repeating units in the copolymer
containing the acid labile groups ranges from about 10 to about 50 mole
percent, more preferably from about 15 to about 35 mole percent, and still

more preferably from about 20 to about 30 mole percent.



2 ~ DEC 2002 RZS RZs N N -nr a zs R wherein RZS i ndependently represents
hydr ogen, |inear and branched (C, - C 2) alkyl, linear and branched (C, -
¢ ~) al koxy, and (C6 - C-4) aryl and substituted aryl, aryl o§y4 @Eﬁ 002
substituted. aryl oxy. Representative al kyl groups include but “ar o%
limted to nethyl ethyl, propyl, isopropyl, butyl. isobutyl, sec-butyl,
tent-butyl, pentyl, neopentyl, hexyl, heptyl, octyl. nonyl, decyl, and
dodecyl. Representative al koxy groups include but are not limted to
met hoxy, ethoxy, propoxy, i SoprQpoxy, butoxyf sec- but oxy, teent - but oxy,
pent oxy, and neopentRspyéseriapyeadd {abile groups getingdoundey Ropd & digludeand
substituted derj vatives f:.l de . h 1o phenyl,
phenoxy, tolyl lafr?(i%hr%ghcty%@ﬁ,ggg’slsé\gé%“% n%;!? y(%g'eﬁg (Se}hyﬂ( é?B_é@‘S’ér! y
prof errod. MDSpretor Aty LrLarylof CrLovol anonyl PhoSphi pe.. Opt i onal

) Y, | | X I . I y
thletprefeL red gﬁ@@&nﬂ;ﬁc&%br\ﬁhﬁéﬁthﬁ agd b tauEQry ?ﬁ&rﬂge%#to%h e et ia!t
salts such as - 1901k 6asd r d Bsié GREALY SbSveM solubility
in water should the csopo y%‘??gat?%ﬁn%ﬁe ruhtg:rﬂq)gquelous mscfi a. The single
conponent catal yst of the foregoing enbodi nents can be prepared by
combining a ligated Goup VIIl netal Ga{%(é? or pseudohalide (defined
her ei nbel ow) with a counteranion Yavs g8t or a strong Lew s acid such
as tris[3.5-bis(trifluoronethyl phenyl)] boron and tris(pentaflurophenyl)
boron that provides the counteranion for the subsequently fornmed netal
cation conpl ex. The Iniogatadodingmp the ¢amonsmsrs phthediovesipoarent, the
component . o Evppg3Y {silly FRAPRACt S AT p R SRRt R OO et capal e
of solvating thgrdufVTEIn&RNEGkiOn Cmeead Lwtadly sbordiatingol vent utilized is
preferably the sanme sol vent chosen for the reaction nmedium The catal yst
can be pref or negPunigranignaseprgsented-pyiae follavang formilaiy in the reaction
medi um Sui tabl e counteranion providing salts are any salts capabl e of
provi di ng the counterani ons di scussed above. For exanple, salts of sodium
lithium potassium silver, thallium and amom a.r-whereqm the anion is
sel ected fromthe counteranions ( eL dg‘ii d pteviously.{Illustrative
counterani on providing salts incldd 21 GSQ\gP 6. 6, LiBF, ~, NH4PF6,
KAsF6, AgC2F5CQZ, AgBF4 AgCFSCII)Z_, AgCl04~HZ0, PAgAsF6, AgCE3CF2CF2002,
AgC-FsCQz, (CAH9)4NB(C6F;)4, ~' LiLB(C6F5)4., LiB(UBFS)4 erate, and
AgCB" H6X6 wherein X i s hydrogen or aC“HSPEYetieXsel ecrderpRigtn G, Br, |, and
F. CF3 NaB( \ / )a CF3 _ CF; AgB( \ / )4 The specific catalyst: _
[al |yl - Pd- COD] +wﬁ’€r_§inlLsfe?f§&ﬂ5 H@i‘éaﬁ&’c&@éiﬁi‘vx}lgg, or DRbBHAD A rdstestmishal | de

y i

conponent, i.e., bis(a Pd brom de), ch'is then subjected to scission
with a halide ab&taugpcVilhgamgemtmetal; X ecpresems afligand oomtammizg 1 erbgndovi di ng
salt, i.e., T1PF6 in the pr es%ncg: of. . The reaction sequence is witten
as foll ows: and between 0 to 3 n-bonds; y'1s 0, I, or 2, preferably 1; z' is I. CA

represents a weakly coordinating counteranion; and a is a number
representing the number of times the counteranion is taken to balance the
charge on the cation complex. In the above formula y', z', and a are
preferably 1.

The phrase "weakly coordinating counteranion" refers to an anion
which is only weakly coordinated to the cation, thereby remaining
sufficiently labile to be displaced by a neutral Lewis base. More
specifically, the phrase refers to an anion which when functioning as a
stabilizing anion in the catalyst system of this invention does not transfer

an anionic substituent or fragment thereof to the cation, thereby forming a



-27 JPalladium (I11) Chloride -Br , , . " Pd Pd\ Br' COD _ _ +: ~lrFs w _
., "~ , Pd PF 6 Wien partitioned, only one COD |ligand remains, which is
‘bonded by two n-bonds to the palladium The allyl functionakippt i2e2bonded
by one netal -carbon a-bond and one n-bond to the palladium For the
preparation of the n-allyl Goup VIII-l¥etal/counteranion single conponent
catal ysts represented in Structure VIII above, i.e., when Mis palladi um

al lyl pall adium chloride is conbined with the desired counteranion providing
salt, preferahl i ter and i opriate

sol vent. The (?lﬁ?{%?iﬂéeé C}'Zg*\%&ggkéid?@ %%Eeﬁgt y?’r&boad ﬁggﬁﬂgﬁ%m ex as a
preci pi t at e ofhuslebptdlic,ahl e¢latieety #gffl ) which can be filtered out of the
solution. The allyl pall adi cati.on. conpl ex/ count erani o si e conponent
catal yst remains iﬂ*fé&l‘lﬁt‘?gmga’ﬁié%glwgﬁyﬁﬂ Qﬁegit%_‘ o h any |igands
apart from t h??aéllcxhb&cé ek mh&#\yordaqaenﬁmswélhiweay Mid@isingle
conponent catalysts of the present inventioh are carried out in an organic
sol vent whi ch rekdidy displaced fronstak yneital catidrecamplex by theinsating yst system and i s
a solvent for the nononer. Exanp|es of .or anic1 sogi\)(ms are aliphatic

(non- pol ar) hyRATGEET Hbike sEQNARe Polymseenaino Sulkphle - QMamIng . pEC 2002
28 _ as pent an ent a ne 1.2k | i c hydrocarbons
such as cycl og‘gﬁ?&;ﬁgé‘gﬁ?ﬂ(é&yﬁ v eggélbgé;fmaggg'%ﬁt“f%glmﬁxgc'é%%ﬁ@’such as
benzene. chl onGbhefzLdmlefmsde.ghhorboledreank and (Caebn) amnthticy| enes;

Car bon et r aciiiriGe PRIFRDD LG 1138 chpauny bty Ehate) o
1, 2- di chl or oetghAén, fds ckafiple) cPEIBEHAMERNEC O (i dPbedRb TV Cor 2t~ Chl OF opr opane,

1-chl orobut ane, 2-chl orobut ane, 1-chloro-2nethyl propane, and
1- chl or opent anematfterompiovsd hkaheas beptene,ghlvens, oramesitplepg.r i dyl type |i gands

are enployed as & AN t al N d er be used as the
reaction sol vent. W@@‘\M é’?ﬂi‘%e‘%‘ﬁ%|‘%Vg%?9§ﬁ?‘ﬁgéfP88§ﬁﬂ&?‘§§| ent, the
preferred |i gandBerisdec Satl€6f ekt Elembnts hrafbrabRINIS Sele@ses froRfsiciadpove. 1t is
possible to control the partitioning of the catal yst between the organic

(mononer) and 2a¢ pakdadiuph Ibe sastprafesied atdtiepelipdive. of t he phosphine |i gand.
For exanple, the u il |- ahj : he catalyst to
reside primarily i ﬁﬁgﬁig *m%éngé{ngégagﬁé}s{él)\%hhgélggjstﬂmgg@gss%%lgghee sodi um salt of
tris(3-sul f onahegibeanydn) c-pbond (ol mborde ol the mieta] én thigtcatiys todples of ved
essentially in the aqueous phase. Optional I%/, a surfactant such as an ionic
surfactant (e.() 2 moigly thet peovides a singleanetp! earben adondanddue Bact ant (e. g.

et hyl eneoxi de based syrfactants marketed, under, the tr.ademark 1 gepal of the
tGrA]\F Cor po; at | 6%?0'@%0 8 fl?:gyguc.a;f]ﬁC%Bieﬁeﬁ"gﬁ?ﬁ‘ﬂpﬂ‘éfle_“m&&m[\one;sl oft

e invention at r o) : )| nt catalys
system In thi@lgtr‘{ﬁgh?ﬂn@r}w tﬁ_}ed?lg'atgl yé@ﬁ?}gﬁgggﬁgﬂeﬁoﬁbg a §§t conmponent s
conprising a @houp nvbdrdsMRieplessntive digands defined ahderahis @mbotiinfenén or ganonet al
cocatal yst and, preferably, a third corrpgnent. The cocatalyst is selected
from or ganoal dR§!HdANCo orfp oAtk meietiasisslegted from metydiathidslinegr andcyl  zi nc

compounds) i ahe TR YEHLRTRMTSoprabY, Bl Hobhi) 4Bd sgighounds. 2 -

tert-butyl, pentyl, neopentyl, hexyl, heptyl. octyl, nonyl, and decyl; aryl
such as phenyl, p-tolyl, or pentafluropheny! and (C; - C;s) aralkyl such as
benzyl. Under embodiment (ii) generally defined above, the cation has a
hydrocarbyl group directly bound to the metal by a single metal-carbon
o-bond. and also by at least one, but no more than three n-bonds. By
hydrocarbyl is meant a group that is capable of stabilizing the Group VIII

metal cation complex by providing a carbon-metal g-bond and one to



-29 The G oup VIIl netal ion source is preferably selected froma conpound
contai ning nickel or palladium There are no restrictions on the Group VI
metal compound so long as it provides a source of catalytic n e
Goup VIII netal ions. Preferably, the Goup VIII netal conpou E oI ubl e
or can be made to be soluble in the re@ction medium The Group VIII netal
conpound conprises ionic and/or neutral |igand(s) bound to the Goup VIII
netal. The ionic and neutral |igands can be selected froma variety of
nonodent ate, bidentate, or multi dent ate.noiefies and, conhi nati ons thereof.

Repr esent at i V@Qﬁdﬁﬁ@cﬂbhi”&dsltf‘@‘a‘ﬂ% ¢ ¢pQju YHPPRBEEE: t he netal to form

the Goup VI a&a@s hal i des such
as chloride, r%‘c%g%{ dg%&gﬂgﬁ;é:r&lg“ e |or%(3J %Eée‘ﬁ'g(\)‘;lk: :Igés such as
cyani de, cyanaéecydliv ﬁmﬂaasadlre oemjye}tchsamdca:ﬁbdsmmumdyhﬂcbmounds such as

acetyl acetonate, (4-pe ne 2 etra h hept anedi onat e,
and hal ogenat%‘lﬁ%@?‘}ﬂdéz‘et'ﬁi qt%’z éé‘h §)aryoxyor'h% é/roups(eg d
1.1,1,5.5.5- hwﬂ uor o- 2, 4- pent anedi onate, |

,1,1-trifluoro-2,4, pent anedi onat e; anions of acidic oxides of carbon such

as carboxyl at es an®@rdfetablyeKais adingle altyl yigand or( ecaponicakcfetratiesgof.
i £ ogen (6. gRhidNRTPYES 8 Crberd anda m-api %?Bf%%%%pémfarowx%”adt Ikt hat e
etc.) . of al UghIWERGR: floond(ARE BB andd 6:bbnd 8 iRl b0 S o1 L1 C2L e,

etc.), of phoSphorous osphlnes etc.) of

sul fur (e.g., cabbh atons, spacdd aparttfrinf bisliee ,olqcfrrii@d:arbmeatsui Byomadae: twaul f it es)
etc.); yli des am des; 1mdes; oxides; phosphides; sulfides; (Cb - CzZ4)
aryl oxi des, ( earbon-carhpnngls bends, (elﬁgeﬁlwm’él hydroxy (C, - C20) alkyl;

catechol s; oxal at ey, ium corrpounds
can al so contain cI ﬁ{ag&da%én{}g%@ys &ggo %Ege ﬁ&%%&@%@&ﬁ%@%@ﬂ 6 and
conpounds rephga&hl,esja&synt(he fybtsrmtoa,ahe mefal 4ati@ECORAIOR wilBBe Al (R26) q
B(R26) - q wherei en,atom sel ected from

i nde re ents a halo
ad, F I, andWBigkRﬁtga?%SWE ‘i]h %‘PEP’@GCE‘?‘GQBE‘arbyI gr oup.

Representativge ﬁﬁé@érﬁﬁﬁvé’wlvéﬁﬂﬁ@ﬁxd%ﬁt a?ehspitﬁﬁect t&tqlt)gegeea or branched (C,
- &) alkyl such as nethyl, ethyl, prog)'wld I Sopr opy utyl, isobutyl,
4

sec-butyl, pehygrocanhenpauchyds catt@xly«ttraCh thmofm dwbltwmethmh undecyl

dod I, trid trad t.ad |
ogt:ggcyl i ﬁ;yd@eb{?orﬁ%%géteth)ﬁg |ahd t%ag le\/tep as?ctletracosyl

pent acosyl , aBelnieﬁememeﬁef@éﬁﬁ/lédaem@t)bedeZe ‘an@%ﬁ}o&hf&t@)’dnd&ﬂ@h as vinyl,
al lyl, crotyl butenyl pent enyl, hexenyl, octen nonenyl, decenyl,

undecenyl , dodikeeAymore detailedeisaussiowel approprigte spéﬁmacretlé@i w. hexadecenyl

h d I | f
et adeceny) 0oL ST on AORRRSED e CRARI PRGN Lyidyiaga € forT™

C25) aral kyl sfahe etstgtwmydqneptmmydny,tstem:hemmnyénnonhmkmtml phenhexyl :
and napt hoctyl; (C3 - C8) cycloal kyl such as cycl opropyl, cycl obut yl ,
cycl opentyl, @9]@I“bhexyl cycl oheptyl, cyclooctyl. 2-norbornyl,

2- nor bor nenyl , and #&h t fi.nitions R26

represents the radl%g‘\%tdrélk—ﬁ"&égat t%ded?r?neﬁtgdb\gtl t@lﬁ?égnﬁgdirsgcar byl " neans
the hydr ocar bytetlgylqpumehapisehouad s¢ thedwdtalndsla singleanetabesbar obong, hydr ogen
at ons have been ~ sauol ax " salrurqgdsoqd_ satruqgcTdsocTd satt;uoqdsoqd

aapt | sg~t xo sapdHgand Fds COR that isoueakhpcooedipated do thy-paliadiup mejal au, ~n
(r,z~0)d ~l ng q sapi xo
aut qdsot ~d aﬁgo 6%§|b}§g%pﬂ§>gqt oﬁ"é’bs?é‘{}fﬁpé}e?#éﬁg?ﬁ@g%g{sau pu>;
a~~El uapouotuPaaamqmt&mcmutszE (apyl ns | ~Cd~arp) szau~aorq~ s~ i Tans
saprSIns at u~~zo - . Szanp~ ~rlo arla~a loa~1$ aual ~Cgaacp s~ gans szau-a

m a~Ca ~zau~a | ~t ~~atp zau~a | ~Cl I ~i p u~2zn3 "uezn~ozp~C.t~zl a~ " auExorp
“loa~Cl ~ aual ~Cgl atp ~0 zau~a | ~CU~auztp s~ gqans szau~a atuE~zo " .~oazaqg-~
sanr| ~nt zap pal ~ua$o~u p~ all zl ruozuaq "ahz~i uol aa~ s~ Mans sahzyu ".s~atn
A o~ Z sr a purr paui 3ap ~C snomazd st: |~Cqzi:oozp~tq pa~n~t~sqns zo

| ~Cg~aozp~Cq ~C | uapuadaput si i ~ utazaunn Z( rcHI~l (zH) r~~~

(r~~) 1~ (zH) (=H) " (r~=) I~ z(t~=) I~ " (r~H)rl




a~l nuuo3 ai TI ~q pal uasazda.r sE tTans sautui e pu>; sauarp~~ng~zeip-"

| -1~ rutp-y | "sauarpEl ngezi,rp-- I-hXl~lp-b> | ~(I~CpizrCdrp-,Z Z
“autlonllu~uaud-0 I' | "' ~"a) sanrmuap autpl z~Cd pug saut p@zCHEc 2002

" . a~uue~aoy~ost | ~Cxl ~ "al ~uE~Caost | ~Cxi >; "~ aptu~~Caost|r~xl ~ " Etuoutus>,
s>? cl ans spunoduzoa ua~ozhu " aptxo ortatu " .apTxououz uogzea aaual ~C-aaE
au~ " .suyajo ate az>;, |~~auz uot~tsuEZl I1l11n dnozrJ aip of papuog aq ueO
gact ~nn spue~t| |EZ~nau aql ,~0 sant~~~uasazda~ ~ol duazauz ptzu :oz~tu

;1 ~Cxl~ " .outtzre "1 ~Cxozp~gq (lrCuat~do.ton~zad "Wa) | pug vg 3 I~ sir
tans uzo~E ua~ol ~q E ulrnn pao>ldaz - | aooa ~3a ~r+4z 2 4 DEC 2002

sul foxi des such as (C ~ - C20) al kytsul foxides; (C6 Coo) aryl sul f oxi des,
(C~ - 4o0) al karyl sul foxides) and the & It should be recogni zed that

t he foregoing neutral |igands can I zed as optijonal third conponents
as W ll be described hereinbel ow. pl es of Goup YIII transition neta
conmpounds suitable as the Group VI|If netal M €ddgce i €¢Aude: pal | adi um
et hyl hexanoate, traps-Pd Cl12(PPh3)g,~palladium (I1) bis(trifluoroacetate),
pal I adium (I11) bis(acetyl acetonate), dium (I11) 2-ethyl hexanoat e,
Pd(acet ate) 2(PPh3) 2, palladium (11 e, palladiym (I11) chloride,

pal  adium (11) iodide, palladium([l) ,
nonoacetonitriletris(triphenyl phosphine) palladium (l1) tetrafl uoroborate,
tetrakis(acetonitrile) palladium(l1) tetradfl uoroborate,

di chl orobi s(acetonitrile) palladium((l1), dichlorobis(triphenyl phosphine)
pal l adium (11), dichlorobis(benzonitrile) palladiun1(|é£, pal I adi um
acetyl acet onate, paPWaerigsllhi 1Y apd Volpstrate kariops examplese  pal | adi um

bi s(di nmet hyl su i h GhlQEL g€ i i cke

car boxyl at es, érﬂf’ kg éﬂ%?}tl @2?&5%‘? %?l%ﬂgﬁ?g%ﬁ{%{sﬁ@ g@%‘%i’%"é{l

bi s(2, 2, 6, 6- t efpaBaditumyik silyvan foepif wstratlvoparpedes onlylk eia a(sidgle metaikel (11)

hexaf | uor oacet yl acetgnate tetrahrydrate) nickel (11

trifluoroacet yfaah ‘61%99@ aﬂﬁs H%?%Pé? {’Wi Pre(‘F‘F)‘h%Eé%’l;’ﬁngéet onat e ,
tetrahrydrate) nick g?ﬁﬂﬁf i L .de, nickel
chl ori de, dichlorohgiy n|c&glEg@%?&%%%mﬂﬁgbgFﬁ?ggnggkIﬁ?@gg% oxi de,

ni ckel tetraf | thegeabbordss wehlely epgalivesdd toithepaladivpometat; 30fis ahallyl

mul ti conponent catal yst system of the present invention is represented by
the fornul a: ARmBP providing asinglemetal-parbpe Acdkand|apd prplefinisit-Bond 9ear and
branched (C, thZQQNﬁIkyI, (C6 - Ca) aryl, (C - C20) aralkyl, (C3 - Coo)
cycloal kyl; Q F& 4% de or pseudohal i de sel ected from chl ori ne,

fluorine, bromne, [WSirt@uretVi héaCODMshd X%san BT g28Pprovidihg Hr anched (C~ -

C20) al koxy, (C6 - CzZ4) aryloxy; and x" is O to 2.5, preferably 0 to 2.
metal-carbon o-bond and an olefinic m-bond to the palladium.

Structure V illustrates an embodiment wherein ligand X' is an
unsaturated hydrocarbon group that provides a metal-carbon 6-bond, a
conjugated nt-bond and two additional n-bonds to the palladium; L is

absent.



Represent ati ve organoal um num conpounds i nclude trial kyl al um nuns such as
trimethylalumnum triethylalumnum tripropylal um num
triisopropylalumnum triisobutylalumnum tri-2-methylbutyla) gyro e
tri-3-nethy] butylalum num tri-2~nmethyl pentyl al um num

tri-3-nmethyl pentylal um num tri-4-nmethgl-pentyl al um num

tri-2-nmethyl hexylalum num tri-3-nethyl hexylalum num trioctylalumnum and
tris-2-norbornyl al um num dial kyl al um num hal i des such as di et hyl al um num
chloride, diethylalurriinumchloride, diisopropylalumnumchloride, and

di i sobutyl al um num chl ori de; nonoal kyl al um num di hal i des such as

nmet hyl al um num di chl ori de, ethyl al um num di chl oride, ethylal um num

di i odi de, propylal um num di chloride, isopropylal um num dichl ori de,

but yl al um num di chl ori de, and isobutyl al um num di chl ori de; and

al kyl al um nurn sesqui hal i des such as net hyl al um num sesqui chl ori de)

et hyl al um num sesqui chl ori de, propyl gl um num sesqui chl ori de, and +

i sobut yl al umum sesqui chl ori de. di al kylal um num hydri de is sel ected
fromlinear and branched (C, - C o)| dial kyl{al um num hydri de, with

di i sobutyl al Pde being a preferrgd dial kyl &2mi num hydri|de
conpound. The di al kyl |zi nc conpounds are sqglected fr i branched
(C, - CGo) di iAc conmpounds t h di etlhyl zinc i m rrgd. The

di al kyl magn cted frijomline (C -
C,0) dialkyl esilumqpbei r ﬁg. The
al kyl lithiu and bran %;

he preflerred akkyl lithij t he
he nul tli conpone stem
on sourlce is utillized DEC 2002
-34 with onelor both g, a conponent| sel ectgd from thg,,group of cogatalyst
conpounds, and-third conponent co unds. Bxanples of third conpenents are
strong Lewi s acids su as the BF3~etherate, Tid 4, s, and
tris(perfluorophenyl)boron. As set forth above the n ral |igands can be
enpl oyed as optional third conponents with el ectron donating properties. In
one enbodi ment of the inventian, the nulticonpanent catal yst system can be
prepared by a process which ¢onprises m xing the |catal yst conponents, i.e.,
the Goup VIII netal conpoun i cocat al yst conpound, and
third conponent (if enployed), i "\@ hydrjocar bon or hal ohydr ocar bon
sol vent~and then m xing the prem xgd cataly sygtemin the reaction nedi um
conprising the nmononer. Altennative i the optional third
conponent is utilized), any two of th st gystem conponents can be
prem xed in a hydrocarbon or |hg|,0ohydr6car bon vent and then introduced
into the reaction nedium Th i conf@Aent can be added to
t he reaction nmedi um before o aft t he addif) of the prem xed
conponents. | n another enbodijnent, the nult)fo gnent catal yst system can
be prepared in situ by mxing together all hg cat al yst conponents in
the reaction nmedium The ord of addition is net! inportant. In one
enbodi ment of the multiconponent catal yst systemof the invention, the
catal yst system conprises a nickel salty e.g., nickel ethylhexanoate, an
or ganoal um num conpound, e.g., triethylalum num and a third conponent
Lewis acid, e.g., tris(perfluorophenyl)boron as shown in the foll ow ng
scheme: nickel et hydubenmsmaR®’, R*t, RP54rpdedcribed ideediybalowr on +
triethylalum num~ Active Catal yst. 2 4 DEC 2002 -35 Reactions utilizing
the single and nul tstwﬁ‘ﬁ%‘éh@ndcéyzﬂl%l’@? expmples op pbadimany (idht i on are
carried out i OF i whi <N interfere with
kPR 19 oD 34 y&?\rz} éx}gfgﬁcﬂg?ﬁﬁ%lde&& 184l 85%5%*

the catal yst systémand is a So e nononer . es of organic
solvents are al-bgibioithe Gisup VI fietal Mydd 6HNE 8 the Tkl faSmPedi§tane, hexane,
hept ane, octane and decane; alicyclic hydrocarbons such as cycl opentane and
cycl ohexane; eﬁﬂthmtﬁ"(@nh%¢mé¥9§n sithen olediniseqarhonatom hysit dershtvene,

o- di chl or oben ) ue xyl enes; hal ogenated (pol.ar) hydrocarbons
such as nethyﬁ%ﬁ%hé%ﬁ%¥1%§¥e§ Sfofornl carbon tetrachl oride, ethyl
chloride, 1,1-dichloroethane, 1,2-dichloroethane, 1,2-dichloroethylene,
1-chl or opr opane, 2-chl oropropane, 1-chlorobutane, 2-chlorobutane,

1- chl or o- 2- et hyl propane, and 1-chl or opent ane.

l'ithium conp
practice of
obtained fro

the-Gaup VIII netal




The molar ratio of total mononmer to Goup VIII netal for the single and

mul ti conponent catal ysts of the invention range from20:1 to 100, 000: 1,
preferably 50:1 to 20,000:1, and nost preferably 100:1 to 10,000Q: 1. t he
mul ti conponent catal yst systens) the cocatal yst netal (e.g., %a cnanf
zinc, magnesium and lithiunm) to GoupgoM Il nmetal nolar ratio ranges from

| ess than or equal to 100:1, preferably less than or equal to 30:1, and
nost preferably less than or equal to 20:1. The third conponent is enpl oyed
inanolar ratio to Goup VIII nmetal ranging fromO0.25:1 to 20:1. The
tenperature at which the polynerization reactions of the present invention
are carried out typically ranges from-100 Cto 120 C, preferably -60Cto
90C, and nost preferably -10C to 80C. The choice of reaction solvent is
made on the basis of a number_of factors including t fe choice of cat al yst
and whether it is desired to ru he pol yneri ionjas a slurry or solution
process. For nost of the cat descrlggg/T i nvention, the
preferred solvents are chlori tez\\yﬂ bons aq;gethylene chl ori de
and 1, 2-di chl or oet hane and 4 DEC -36 ar i ¢ hydrocarbons such as

benzene, toluene, chlorobenz a nltrabeaée i th sinple hydrocarbons
being |l ess preferred due to t/h esulting lo onyersi on of the
functi onal norbornene-type oner(s). The polynerslof the invention are

produced in a nol ecul ar weight (M) range from about 1,000 to about

1, 000, 000, preferably from about 2,000 to about 500,000, nore preferably
fromabout 5,000 to about 100,000. The polyners of the-bresent i nvention
are useful in electronic, opttical and high tenperaturgq thernoplastic (e.qg.,
pi pe, fiber) appllcatlons or édMetronic (e.g. photorfesist) applications

t he nol ecul ar wei ght preferably nanges from about 5,000 to 20,000 (MW). For

hi gh tenperature thernopl astjic app\i cati ons theol ecyl ar wei ght preferably
(00

ranges from about 40,000 to (100, ). In lbodi ment of the
invention the polycyclic/achyli yIe r gs nponents in
he—e ufact@aé atngcircuits. The

resist materials utilized i r
patterning of 1C s is carriegd out axgﬁ;dvng ijoug |ithography

t echni ques known in the art. Photo ography em ng ultraviolet (W)

i ght and increasingly deep|{UV Iight or other radMatidn is a fundanental
and inportant technol ogy utitized in tRgyproduction of |C devices. A

phot osensiti ve pol yner filnl(photoresist} is applied over a substrate
surface (e.g., wafer) and dried. A photonmask containing the desired
patterning information is then placed in close proximty to the photoresist
film The photoresist is irradiated through the overlying photomask by one
of several types of imaging radiation including U/ light, electron beans,

X-rays, or ion bea Upon, exposur e t adi.ation, the photoresj st undergoes
a chenical change ﬁhteﬁ‘ baye daserabad ‘I‘?Hﬂ&é H%S‘P‘GB‘F?‘?%%’C aggocited; r r adi at i on,
the substrate ; b&tdfhat HHd?chJoI&ﬁh &% ctively
removes either ?hiqgéggééﬁ o? 9é}exposed re%| ug&ﬁ&ﬁb%?%%fne %|nages in

t he phot osensiis relaivelyl inertra poo? ndcl&iphil2 afd gﬂ)mddsnhmatiaapxemblas)g on the type
of photoresist used, o ity of t el opi ng sol vent, either the
exposed or nondihErsenia Lf‘ﬁg%‘hg'fm?b W%%{Pé’SPVﬁBb% yttﬂg’rﬂ%"\fém?ﬂi ng process
to expose the dés@srréqﬁheguﬁum&wle,,st@a‘lé %dmrp@“xarwrda%é&rwﬁsﬂﬂﬁxposed or
unwant ed substrate naterial is renoved or changed by an etching process

| eaving the destierig Greun ¥Hhmietp! gompley in thadlinal a@zeltvstcﬁpecma apdftlat it The

remai ni ng photor t erial v arrier against

t he etching prrsl& eésst% ﬁé\%ecgppgp%{ étta!yégg)hﬂ?ﬁﬁbng’ﬁ tsogtl?ﬁrat erial gives
the patterned igidrtidh! Th&hibh@hich aﬁcﬁmidw&h@ﬁhabﬂo@'@ﬁmaﬁr%hl ng, sputter
etching, and reactive ion etching (RIE). The pol ycyclic/acrylic copolyners
of the invent iBrnstedacidsaadwhichdodor hayel asidie prosensdeentechen theom t he backbone
can be used | oddflh Bt iTAGNGIcL B RBHHMAR S GABRN I ER Wi, The

phot or esi st conposi {1 ons esent "I nvention conprise ghe di scl osed
pol ycycl i c/ acrgtlong acidpor tmes) pommhe btabifisy nécessai'y/tbrquahﬁ)”'lds &RaplBot osensitive
acid generator (photoinitiator). Preferably, a dissolution inhibitor can be
added in an anount of up to about 20 wei ght percent of the conposition. A
suitabl e dissolution inhibitor is t-butyl cholate (J.V. Crivello et al.,
Chem cally Anplified El ectron-Beam Photoresists, Chem Mater., 1996, 8,
376-381 ). Upon exposure to radiation, the radiation sensitive acid
generator generates a strong acid. Suitable photoacid generators include
triflates (e.qg., triphenylsulfoniumtriflate), pyrogallol (e.g.,
trimesylate of pyrogallol); oniumsalts such as triaryl sul fonium and
dlaryl|od|un1hexafluoroant|nDnates hexafluoroarsenates

o T T Y T . Y [T D L Y




2 ~ DEC 2~2 -38 Most preferred are the unsubstituted and symmetrically or
unsymmetrically substituted diaryliodiumor triarylsulfoniumsalts. The
photoacid initiator conponent conprises about 1 to 100 w w ge,‘rsbggtzﬁﬁ

pol ymer. The preferred concentration range is 5 to 50 ww pér . e

phot oresi st conpositions of the presentsdnvention optionally contain a
sensitizer capable of sensitizing the photoacid initiator to | onger wave

| engths ranging frommd UV to visible |ight. Depending on the intended
application, such sensitizers include polycyclic aromatics such as pyrene
and peryl ene. Imendenthecatalist syster. Jhe propertigs ohithe anier which agel | known and is
described in U, t 4, 25 4 5, 49 28 which are
all incorporatle p%lga?lé?ér} ’B%Q?“e e]rai)ﬂgg%%% q\%g/aél’ns??%%m?g}%ﬁgt 1"?'111%{6 ‘ed to a
speci fic cl assrafiusseiirvdtare), 2ad norbpkitictly.i nitiator. The process for
generating a positive tone resist inmage on a substrate conprises the steps
of: (a) coating a sdbgencitlea gpitableanipn may deany siaply anien Whishallgws t one resi st

conposition of j t.oN; i i i he filmto
radi ati on; andtlfelé%% 133%532(?(%9%8&? E&ehf%%oégé_nt%zﬁgﬂﬁ% éﬁd g?*’g‘g‘g :fél,go(ﬁ l\Qgs coating

t he substrate waittibutas:f {1l) thecanim sleoubd) fdrimestabds salts wadH sheaforemeitohed i on

di ssoived in a_sui t%g*i sol vcgnt. g)reéer,zibty, .at .about S to_ 40, wei ghtl vol une
percent of sol LAY aRfBrEpedacids.yedysible SU‘%?lgﬁtPFQFSM} Lewiscent. Suitabl e

substrates are b1%; j C ] . t Li ke.
Sui t abl e sol vegfég%%l?ﬁgleggr%!gﬂ g’ﬁg’né’l ;F/chgfli@ ﬁ%aﬂgf)k%dt %?ﬁghgea?%ne (PGVEA) ,

cycl ohexanone, stmulg bedelotalized oxehthe fraawvarle pf dimdartitieot beklecali@ed fil m can be
coated on the substrate us| art k t echni s such, spin or spray
coating, or dolf'gt? %&8%‘@6 H%r*’é’i‘%a@ﬁmé al?é?"oﬁ?‘é’atéﬁg %liefw%é@oaéen exposed to
radi ation, thephdjbspHiR; ARA(SANE anRR sRbEMALES & BoREM AlEERIR oabout 90C to
150C for a short period of time of about 1 mn. In the second step of the
process, the fpxididing agaigewi se exposed to radiation suitably el ectron beam
or electromagnetic preferahl lLectromagnet.i ¢ radi ation such as ultraviol et
or 2 4 DEC 2002 - %ﬁéﬁ‘ﬁ%f“ﬁ?é CeIF°a’1 °§x‘%ﬂ‘?%%ﬁ SeleBfRAIOBME i t abl y at a

wave | ength of gauponkiSing 6f aldrafiiopidebeGabAl, oa B9 Wtheddfionide b P248 tun.
Sui tabl e radi atjon sources include mercury, nercury/xenon, and xenon | anps,

argon fluori deSBref As\PstBipre-ageiateacprppiopstes and hutyraiss, hydsatedn The radi ati on
i s absorbed by it .00 i f 1 ) pryoduce free acid
in the exposedp %’Jraglg?ﬁg‘h@%eggéagm 4 a@@?gg&fﬁglgpg{é@aggeﬁgf the acid

| abi | e pendant supstupediettaplienyd potaynwhersini théplenyV eing $6 substitaedabisirer from

di ssol ution i ntﬂi bi.tor tg dissolution enhancer thereby increasing the
solubility of fHerB&pbEidluorastay! meieHes|Yelested sramplespl sovricrsaioas
Preferably, af{giudeSrf PR Aap.(R&eF.€XRPS di gt i id mis again
heated to an el evate 4t’errl:gaéralt%u(?}e of’gg%d?%%%lf’&%og@?%gﬁgﬁg ort period
of tine of abo(EFiCsypewaflddreptopiomdtesiCal:GOwW0 hemtaflwtevtmitorarent of t he

positive tone | ith a suitable vent . Suitable sol vents include
agueous base pﬁgﬁgﬁgﬁkygghxéﬁ ‘U@wﬂgg 4ﬁF@de¥w ﬁﬁu& € such as
tetramsthyl amEiunAytyOxbaBoRinet It BmIRTHHPES Wik &fis L he pr esent

i nvention provides positive inmages wth high contrast and straight walls.
Uni quel y, the Hydrogemor ahalpgerpsalegpedfromid, Bordpasi K,iaod tafaphéreyl pr esent

i nvention can he varied b i mpl y. varying the conposition of the copol yner.
The foll ow ng B%& | TERICX a%%fgpﬁgﬂnﬂgscriptions of nethods of preparation
and use of certain conpositions of the present invention. The detail ed
preparations fall within the scope of, and serve to exenplify, the nore
general ly descri bed nethods of pr tign set forth above. The exanpl es
are presented for illustrative pB S omly, and are not intended as a
restriction on the scope of the iiégégr;n. Cat al yst Conponent A = (C6H5) 2
P(CHzCH2S( 0) C6H5) Pd Cl12 Catal yst B = n§-croty| ni ckel (cycl ooct adi ene)
hexaf | uor ophosphat e Cat al yst Conponent C =
(allyl)Pd(tricycl ohexyl phosphi ne) chloride Catal yst Conponent D = bipyri dyf
pal I adi um di chl ori de -




2 ~ DEC 2002 -40 Exanple 1 To a thick-walled, septumsealed 100 m gl ass
vial, equipped with a magnetic stir bar was added norbornene (2.5 g, 26.i
fimol ), dichl oroethane (35 m) and nethylacrylate (2.38 m, 25 DEORI0) -
Thereafter was added catalyst A (13.4 ng, 26 ~nol) dissolved in

di chl oroethane (2 m), trispentafl uoroppenyl boron (234 p.nol) and
triethylalumnum (0.16 m ( 1.7 nolar in cycl ohexane), 260 pnol). The
resulting stirred solution was placed in a heated oil bath at 50C for a

total of 48 hours. After 48 hours the preci pitated by pouring
the reaction mMeERR 0 “5%‘3&'@5%‘:5’ FF@fq‘iﬁ’ﬁéw rogen. “Prm??'}dt ered, and washed

W th excess ne h@vﬁy} F g to constant weight under vacuum at
80C. The dri edE tbrengma@anu al(r;l% yrrer was found to weigh 0.5 g. Proton
NMR reveal ed the polA peferral dmglércmpmienan;yralsrsdofethb§oregoinrg1converted MoONOer .
The proton NWR als . i ndicated the 8 §§ t to be a random copol yner of the
two nonomers ( YROABIRESARFERESAUALLY D IRENMWAY, net hy! acryl ate). Exanple 2 To
a thick-walled, septumsealed 100 mM glass vial, equipped with a magnetic
stir bar was added nor bonrene (2.5 g, 26.5 mmol), dichloroethane (35 m) and
met hyl acrylate (2.38 m, 26.5 nmol). Thereafter was added catalyst B (9.5
my, 26 ~, nol) dissolved in dichlforoethane (] 1+ m). The resulting stirred
solution was placed in a heated |oi|l bathyat {50C for a total of 18 hours.
After 18 hours the polyner was pfecipi fat ed |by pouring the reaction m xture
into excess nethanol (300 m), fliltered, and washed w th excess net hanol
prior to drying to constant weight un vacuum at 80C. 2 ~r DEC 2002 -41
The dried, white, granular pol yn'q?. f Qund C‘éf' gh 0.3 g. Proton NWMR
reveal ed the polymer to be free any s vents unconverted nononer. The
proton NMR al so indicated the prjoduct \ko be |a random copol ynmer of the two
nmononers (65 nole % net hyi acryl ate, 35jnol e |% norbornene). Exanple 3 To a

t hi ck-wal | ed, septum seal ed SO gl ass vial|, equipped with a magnetic stir
bar was added norbornene (5.0 g,| 53.1 R#bl),| toluene (10 m) and
met hyl acrylate (2.38 m, 26.5 ). Therearter was added catal yst C (25

ng, 53 pnol) prem xed for 1 mnute inViHl uene (2 mM) with lithium
t et raki s{pentfl uorphenyl)boron etherate (46 ng, 53 p,nol). The resulting
stirred solution was pI aced in a heated oil bath at 50C for a total of 17

hours. After | 7 ho %Brrer was lFl)re igigﬁ ed y ouring the reaction
m xture into excess tc? @Seﬁta)“ -alfyl|Grapp Y1II With & excess

met hanol prior 1 C The dri ed,
white, granul ar‘)&e%]éﬁlér?g?&\ﬂggj oun to mr%wggﬁ%’ OYgﬁ%{ﬁgjha? Q]r eveal ed t he

pol ymer to be tomplaxfis arovidal byeatenpoundroptaueng elwlmfmmmnaht‘y"he prot on NMR
al so indicated th odu to be ol of t nNoONONeEr s.
The ol ecul ar WA “ﬁ‘%‘i‘%’t‘ﬂ/seb‘tudgb%%% é’rf‘g“gg%/% B‘§§a? Waeasured usi ng
GPC et hods andyf Ghfklfe Rboni*1RZ A, VI 3G PR AulBY) dficlger Tty 1.9,

(87 nol e norbornene | e A)rret hy ate

t hi ck-wal | ed, < umkeleaidqshllhemnmtt;IpaBailmnzbbmgeﬁumpawlefbmdtmtattagnetl c
stir bar was added norbornene (2.5 , dichloroethane (3~ m)

and met hyl acr ylAs @squssegiahove, 128”%"?11%?}1‘3‘5‘0%@%@?@@# yHa greatodeedcat al yst B
(19,70, 53 7okl Aol M i Splgg o B e L
the Group VIII metal in the cation complex.
Substituents R*, R*'. and R* on the allyl groups set forth above in
Structures II1, IV. and VIII are each independently hydrogen, branched or
unbranched (C, - Cs) alkyl such as methyl, ethyl, n-propyl. isopropy!, and
t-butyl, (Cy - Cy4) aryl. such as phenyl and naphthyl, (C; - C;¢) aralkyl

such as benzyl, -COOR?, -(CH,);OR*, Cl and (C; - Cs) cycloaliphatic,



wi th.tricycl ohexyl phosphine (14.6 ng. 53 p,nol). The resulting stin:ed
solution was placed in a heated oil bath at 50C for a total of 18 hours.
After 18 hours the polynmer was precipitated by pouring the redriipet a0Xkture
into excess nethanol (300 m), filtered ,and washed with excess net hanol
prior to drying to constant weight undgr- vacuum at 80C. The dried, white,
granul ar pol ynmer was found to weigh 0.35 g. Proton NMR reveal ed the pol yner
to be free of any solvents or unconverted nononmer. The NWVR spectra shown in

Figures 1, ?, and .3 agksa.indicate t the oduct is.,a, random copol yner
of “the two moridiferia 5 HRREoTR Ay e oP 2U1 SSetEas RS bieBBlbor nene) A
second confir et Ql,ﬁs%bréﬁﬁntlﬂftﬂ%tﬂibu@ﬁaﬁdfs%qﬁ’tg%&%hbﬁsr&' s the Field

desorption ioni zaPl on-mass$ spectrum (,got shown) t he copol yner. The
pyrol ysis that occukmetvaofiRTHgRY handRiAtansbeslinkied|tozetheras forpeaks
corresponding tq.oli or’[ers].co.nt a't nitnr% aglth geth Iaﬁ_{#l at e and norbonene
repeating uni t%&¢ “E)?ég?)‘fﬂqﬁ: 15508 SEHFER: walf C¥HIC SRTMHAWEE SR8 100 M gl ass
vial, equi ppedamobicig: sra@Resdyelistir bar was added norbornene {2.5 g, 26.5
mrol ), deionized water (20 m'), which had been purged with nitrogen for 15
m nut es and net hyl ssdditionab examles ofi 1-alhd nfetaheomplexeT hwerfoufid br was added a

| ar gel y honog ous sol,ufi A by m xin for, 30 m nutes, under nitrogen
inan ult rasoﬁ#@a&b’?’)angiﬁ"yfﬂﬁl“l’ Q?V‘ffﬁf%ﬁqlfg?'%@g’co@f@f’s’()é.a’?‘} my, 53 ~nol),

dei oni zed wat gizdfodhBinsiryt VbE G3ASatchRORioPRNNwPRERoosE sodi um sal t” (30. 1
ng, 53 pnol and |ithi um t et r aki s&)}ent af | uor ophenyl ) boron etherate (46 ng,

53 ~mol ). The Jr Benlinghegn,$udp Bost, dh LvidGreen. R.BdKingdRpKased in a heated oi |
bath at 50C f otal. of 18 haur After .18 hours,.t resul ting aqueous
pol ynmer sl urrylv\gs&?ﬁ?'urcb@‘ §<ghr%uzgg<éfzfggnc%%g%no(tg@z{mrﬁ%mlﬁﬁh ered, and
washed with excgss ARIdBRNOPresy bl Ne® Yorki 14t . TOD&AR! LYK &l under vacuum
at 80C. 2 4 DEC 2002 - 43 The dried, granul ar p I%/mer was found to wei gh

3.7 g. Proton ANVRVilkinsan.ddChera. $rs1-(h04) d 881 and €. ‘?{p ganyResollvavnt s or
unconvert ed ”Qﬂx‘?m??a)( Eﬂ? ﬁ%r(%@ﬂ 25‘5&&%@%&&%&%@?& GraflgQsiuct to be a

random copol ymer o e two nononer nol e % nor bonene, “46 nol e
met hyl acryl at epferdacenple 6 To a thick-wall ed, septumsealed 100 ml gl ass
vial, equipped with a netic stir bar s added butyl norbornene (3.97 g,

26.5 mol ), t ol ueneP@SthA] satalysy embefineak Lyreptegentoa phosphineps 5 ol ) .
Thereafter wa ﬂﬂfr‘fé I [; , prem xed
with (cycl OOC?DggI eneﬁg@ﬁ@?ﬁﬁ?ﬁﬁ?ﬂ@f?@E}%??’éé&,mgn?%|°l§§§gf§5§*€‘ﬁ) fol | owed
by lithiumtetlLaMX{pEDARfAd Lr Bhopliosphihg hgandreag 36 amyondddntatenl ) in tol uene (3
m). Th | ting.sti d, sql ution. I i ! d oil bath at 50C
for a total o HBLPLICTIPar PsPRiSGr By Pah GBIl MFPIGE ‘HMEET tat ed by
pouring the reaagkiy¢heldtigphSsphitiedi e esiailRiANANiHoAAhedrbatohi | t er ed and
washed with excess nmethanol prior to drying to constant wei ght under vacuum

at 80C. The drshbditueiii tees-- oy aenoraulfpn] sepehle phwetldy samplexing tha 1.6 g. Proton

NVR reveal ed L DOYY ekt §yRe dbaS AL 1M S ALYERNS, 81 ponver t ed monorer

The proton N so i ndicated e produ 2E/mer of the

two nonomers (FR*piherdroRY yhdepedieneneprebéntsBhear dndbtdieherr yl ate). 2 ~
DEC 2002 -44 Exa%ﬁ)é{k To a thick-wall septum seal ed 100 m gl ass vial,

ed, ]
equi pped with & ¥, ayelopliyhand s - Sdoaay!tand sebstitutediayilest er  of

nor bor nene (5. ; ; : B’eelﬂﬁ . - Chi -1t but yl pyri di ne
(50 ng, 265 p,%@%sgr(’tgﬁgeegk%lﬁ%%\}éﬂp C eggeglg%mééltefiﬁg%es elrgté&%up, and
subis)equeﬂt i ]Emomtlj isupmgéli, bmbhﬁspbm:yb);eahldyﬁaetrhﬁﬁtgnlp%ht&t,exeéﬁerﬁﬂ, m, 26|. ;3

mol ). Thereafter S ed tricyc ex osphi ne 14.6 ng, 53 p.no

prem xed with *Fé%nﬂemﬁézaﬁy Raryafecy iaﬂﬁiréﬁ’fgqcﬁblli%fﬁéma&ée Fyclodkylene (3 ni)
foll onwed by Iighi i I ng, 53 Isnol) in
toluene (3 m )érm'lﬁﬁgh %lggilglt&lﬁ%p@? F@Eég%g%éﬁ%g%‘l a\)/\lggwgpgéc)%g in a heated oil
bat h at 50C f dRepeesentasive aryl groBphimalude bfarenotl lifBitdtbuerphehyle pol yner was

ipitated b [ t ' ] e int t h | (200 m },
Fi T ered . and YBSHUBRRER R SREEL R P SHIIeGmeDBal s B ant

wei ght under vaauyMeaht @@he aryl groups contain linear or branched (C - Cy5)



The dried polymer was found to weigh 0.5 g. Proton NWVR reveal ed the pol yner
to be free of any solvents or unconverted nononer. The proton NWVR al so
indicated the product to be a random copol yner of the two nngg 6 &@6 nol e
% et hyl acr.yl ate, 14 nole %tert-butyl ester of norbornene). g@é @ To a
thi ck-wal | ed, septumsealed 100 m glags8-vial, equipped with a nagnetic
stir bar was added et hyl ester of norbornene (4.4 g, 26.5 mol ), toluene (25
m), and nethylacrylate (2.38 m, 26.5 mmol). Thereafter was added

tricycl ohexyl phgsphi ne (14. 53 ~ ) ..breni ed w th

(al I'yl)pal | adi alh PPy as é‘ifﬁlﬁggf’%"e “&F?r?h %@’%ﬂa 9B5P BERMRS SBASSt hi um
tetraki s( pent afouf SISRAE BYdniiBeiBMinE, %dfmlonﬁ@ Exdthples of dudabrne (3 m). The
resulting stirred solution was placed in a heated oil bath at 50C for a

total of 18 homanodgdtaterphpsmires incdudethut pisinptrimitgd so piednilphasphimd. by pouri ng

th t 1 th 2 4 DEC
2002 <45 and wiSoR PhoRREcT IR oshREE. BV edptt oS HiBist ant el gh
under vacuum afm;ﬁ{éﬁylpmq)h@ifel fthapthylpRosphas, fridpielyiphoyigd) ald4 9. Proton NWR

reveal ed the polynmer to be free of any solvents or unconverted nononer. The
proton NMR al sé&iforiglyéphasphingeThe bemibablle phowhipedigand in repissentadby of t he two

63 t 3 b .
Beanpie 9 To a i IR FY bR’ L B ime hSdctiiefzbave Bl 4L 00T D00 Wi th
a magnetic sti Iferiﬁedenwaﬁl aagahérimpiztbameedning a(lﬁteBoayomeéld'ntd@ﬁd)m dei oni zed

water (25 m), h had been d wi,th pjtrogen fo 5 m nutes and
met hyl net hacryPH? %()&0%50@%6!2@113,8%35@“ cqmuateRsdhe é egof argely

i tr asont cat or {HEQ RSBy el Ehfike bOmiiEl - BiflefFontBlgle. Biho 0952, (1. 50

Mob and 111 “ﬁ"f ﬁ'???ﬁ'f <pR0L ot | uror BoeVI SR an (36, e 53 p. o). The

resul t: ngf susp HE‘F(% b\’/’\%{‘fﬁé‘f&p @ 8 %P&?gé #@%ﬁme@&is%qs !toh at I 50C for
18

wes pour ed i nt %@?@é@@?ﬂ %‘ﬂ%?%%%f(?f‘#h’?“ﬁ TGS BRIt h excoss

met hanol prior t}lie%e‘ilﬁn h@stpg wﬁ‘ﬁxlgt‘,ﬁelb{@gﬁ‘{ %@Nga“‘éml% @GPC. The dried,

granul ar pol yrer vvas Pr ot on revea ed the pol yner
to be free of émymsg)h\ﬁmttésnﬁnbucxtnmg/mgtﬁadr with threephosptiiee phodphordsVR al so

i ndi cated the produgct.to be a rand 0 of t norrers 71 nol e
% nor bor nene, gy%ﬁ%hﬁwvm@fﬁn@gf?@?g? X"rﬁeéeﬁ’ﬁgﬁit)ﬁﬁ 446 Exarrpl(e 10 To
a thick-wall edEx@ﬁx@wWomlseﬂiasagﬁngﬂndgh@&ﬁe Ml‘&ﬂgly SrtiRahanti{ k.2 magnetic

stir bar was added norbonene (2.5 di chl 6r oet hane’ (35 m) and
met hyl acryl at e tifexdigBosphineg guch aﬁﬂmh)tnylmmr)bmbctbanwm added cat al yst

{71 Spant af | uor STEASPETRIop BB A5eT ik baEplts SRR it 16 m (1.7

nmolar in cycl otpﬂa;@m@)e,hg’ﬁﬁ@s #8Wlystrattelogsul ti ng stl rred solution was placed
in a heated oil bath at 50C for a total of 48 hours. After 48 hours the

pol ymer was precipitated by pouring the reaction mxture into excess

met hanol (300 m ), filtered, and washed with excess nmethanol prior to
drying to constant wei ght under vacuum at 80C. The dried, white, granular
pol ymer was found to weigh 0.2 g. Proton NVR reveal ed the pol yner to be
free of any solvents or unconverted nononer. The proton NMR al so indicated
the product to be a random copol ynmer of the two nononers (71 nole %

nor bornene, 29 nole % net hyl acryl ate).



2 4 DEC 2002 -47 What is clainmed is: 1. A copol yner conposition conprising
polycyclic and acrylic repeating units of the fornul ae:
+("CH2-~R8'~' C(OORS mMR1L R2 R3 R4 wherein RL to R mdepe%ntl @gpresent
a radical selected froma group consisting of -(CHZ)~ C( %' ) ~- ORS,
-(CHY)ri OC (O R, -(CHZ) ~, -C(O.RS- (CHz) ~-CC (O CRS arid -(CHz) nC
(O OR6, wherein mrepresents an int ‘6ér fromO to 5, n independently
represents an integer fromO to 10; R5 independently represents hydrogen,
| i near or branched (Cl-C o) alkyl, linear or branched, (Cz-C o) al kenyl,
| i near or branched (CZ G o) aIkynyI (CS-C12) cycloalkyl (C6-Aqg) aryl,

g ed AEH

(C~ C2g) aral reof represents an
e
'Cld a X | i near
d, CI o) A | i near

acid labile

selected fro 0
and branched (Cl1-\C o) al kyl , dar and brank
and branched ( € o) al kynyl PCS Cl12) cyc &I kyI ) aryl, (C--C29)
aral kyl ; and h%genat ed subgtituents ther 2 ~ 2002 - 48 2. The
copol yner conpo bLgn of clanm 1 wheréin a %I on of s kd_pol ycyclic
repeating units ane representedshy the forrru wherein RISt R3 and n are
as defined an |Ie noi et ed fromthe group
- C(CH3) 3, (CH3) or the follow ng
cyclic gr oups , R~ : erein R nepresents
hydrogen or a |inear or branc a CS) al kyI

OCH“ C(O)OCH .CH,

The phosphite ligands are represented by the formula P(OR?**),
wherein R? can be the same or different and is the same as defined above.
Examples of phosphite ligands include but are not limited to
trimethylphosphite, triethylphosphite, tri-n-propylphosphite,
triisopropylphosphite, tri-n-butylphosphite, triisobutylphoshite,
tri-t-butylphosphite, tricyclohexylphosphite. and triphenylphosphite.

The bipyridyl ligand can be a 2.2’-bipyridine ring system, or a
fused bipyridyl ring system (phenanthrene) selected from the formulae

below:



3. The copol yner conposition of claim1 wherein a portion of said acrylate
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C(OORS wherein R8 is as defined, R9 is an aC|d | abil e

moi ety selected. fromthe group -C (CH3) 3, -Si (CHB) 3, - RDECARMYZ CHB,
-CH (R7 ) OC (CH3 ) 3 or the follow ng2syclic groups R~ R‘ R~ OR-0

wherein R7 represents hydrogen or a |inear or
conposition conprising a polycycl ool efi n nononer,
catal yst conprising a Gﬁﬁﬁp Vi
ani on conpl ex of the for

containing 1, 2, or 3 n-
X represents a ligand
-50 is O,
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counteranion

conposition of claim4 wherein said polycycl oo e| n and acry

represents a Group
1 a-bond and bet

~and a i presenting tHhe num

are selected froma nonomer of the formulae: &4 - | Rs R23

wherein R* independently represents hydrogen, linear and branched

(C) - Cy2) alkyl, linear and branched (C; - C,>) alkoxy, and (C - C)4) aryl
and substituted aryl, aryloxy and substituted aryloxy. Representative
alkyl groups include but are not limited to methyl ethyl, propyl, isopropyl,
butyl. isobutyl, sec-butyl, tert-butyl, pentyl. neopentyl, hexyl, heptyl,
octyl. nonyl, decyl, and dodecyl. Representative alkoxy groups include
but are not limited to methoxy, ethoxy, propoxy, isopropoxy, butoxy,
sec-butoxy, tert-butoxy, pentoxy, and neopentoxy. Representative aryl
and aryloxy groups and substituted derivatives thereof include but are not
limited to phenyl, phenoxy, tolyl and naphthyl, as well as halogenated
(especially fluorinated) derivatives thereof.

The monodentate phosphine ligands are preferred, most
preferably, triaryl or tricyclohexylphosphines. Optionally the preferred
phosphine ligands can be substituted with sulfonate metal salts such as
-SO3Na which impart the resulting catalysts with solubility in water
should the copolymerization be run in aqueous media.

The single component catalyst of the foregoing embodiments can
be prepared by combining a ligated Group VIII metal halide or
pseudohalide (defined hereinbelow) with a counteranion providing salt or
a strong Lewis acid such as tris[3.5-bis(trifluoromethyl phenyl)] boron
and tris(pentaflurophenyl) boron that provides the counteranion for the
subsequently formed metal cation complex. The ligated Group VIII metal
halide component, the counteranion providing salt or Lewis acid, and

optional n-bond containing component, e.g., COD, are combined in a

branched (G CS) al kyl.
a acryl ate nononer,
net al cation and a weakly coordi nating

MX~~~CA)a wherein L represents a |ligand
: transition netal;
¢ Wto 3 3n-bonds; y'
represents a/wea N nat i ng

4. A
and a

5. The

at e nononers



C(opR 0 RR2 R3R~ wherein RL to R9 independently represent a radical
selected from-(CHZ) nC (O ORS, -(CHZ) ~-C (O ORS, -(CHZ) ri ORS, -(CHy
n-OC (0) RS, -(CH2) ri -C(O RS, -(CHz ~-OC (O ORS, and gmzmﬁ(@
OR6, wherein mrepresents an integer fromO to 5, n indepena

represents ‘an integer fromO0 to 10; R34§.ndependently represents hydrogen,
| i near and branched (Cl-C o) al kyl, linear and branched, (CZ-d o) al kenyl,
| i near and branched (CZ Ci o) al kynyl, (CS-dz) cycl oal kyI (C6-C14) aryl,
(C~-Cz4) araln’g%/ and g@nat ed s bstltuents t her eof resents an

acid | abile neflxen}: Caﬁ&b H‘?‘H&e‘f‘?e ormed sigle C%I&O”ﬁ@‘?%éﬁef{g ntly is

sel ect ed fronk&v&mmaed?s r@f?:'raﬂal{?rté'§a§1er§91v%hﬁ/chokémﬁhe3:‘éﬁ’ct%anched (Cl-d o)
al kyl, l'inear and branche (Cz 0) nyl, linear and branched (Cz d o)

al kynyl, (CS me@urmyih@aata}ysr, ca@a@&m@medmsol‘(e@t-om)beafpahmn and
hal ogenat ed substltthuent§ t her eof ~ ~~ DEC 20D2 - 51 6. The conposition
of claimb5 wh¥PEInhE Z5asigR MFY YR | e moiety in said pol ycycl ool efin and said

acryl ate mononers isgiiak @6teranicPprolidingrsaltP areGn@sdltsScapable @EH3) 3, -CH (R)
OCH2CH3, -CH (R) OC (CH3) 3 or the following cyclic groups: I-~ ~ CH3l R~

R~ R~ OR- O Drcwtdangihc craunrewne@%mglsmdcnb@g@nF@rexamnlmédts dr branched

Cl-C5) al kyl T Siti k n.said Goup VIIl netal
|(s sel )ect edyfr" q‘r‘\"rﬁl Eﬁ’é gﬁ)&ﬁ%m’g’dﬂ ﬂktﬁldsﬂ]s l%%n oh“irf’ﬂ gPoup
consi sting of afi6x i{Feddctedfionl @ik bﬂuntéx@ﬂroﬂ; e()Adldeﬁ@éd previotfly C20) aromati c;

phosphi ne; phOSphI te; and bipyridyl glands X _1s selected fromthe group
consi sting of Il (@gra@q)golﬁqtq@mongn?mhyg sa bse‘ﬁFIé*FiFJ tispNeRbs. AgSbEe,C15) aral kyl ;

d substitut | kenyl . 8.
The conposi 11 i HEEFR AR NEEFICER AL AQT100. L BTOG! 08 al Keny!
substituted wilghsFi, DWFMCFEGDQMaF@OQZG)H@LMFD)GC%" C15) aryloxy,

hal o, and conbl natl ons there
LiB(C¢Fs)a., LIB(C5F5)4 etherate and AgCB, IH(,X(, wherein X is

hydrogen or a halogen selected from Cl, Br, I, and F.

CF,

CF,
NaB((_ )k ABE )

CF,

The specific catalyst: [allyl-Pd-COD]" PF is preformed by
forming a ligated pailadium halide component, i.e., bis(allyl Pd bromide),
which is then subjected to scission with a halide abstracting agent in the
form of a counteranion providing salt, i.e., TIPF¢ in the presence of COD.

The reaction sequence is written as follows:
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Palladivm (II) Chloride
Allyl Bromide

Pd Pd
o r
CcoD

-

r//

_ — o+ _~"TIPFé6

When partitioned, only one COD ligand remains, which is bonded
by two m-bonds to the palladium. The allyl functionality is bonded by one

metal-carbon o-bond and one n-bond to the palladium.

For the preparation of the n-allyl Group VIII metal/counteranion
single component catalysts represented in Structure VIII above. i.e., when
M is palladium, allylpalladium chloride is combined with the desired
counteranion providing salt, preferably silver salts of the counteranion, in
an appropriate solvent. The chloride ligand comes off the allyl palladium
complex as a precipitate of silver chloride (AgCl) which can be filtered
out of the solution. The allylpalladium cation complex/counteranion
single component catalyst remains in solution. The palladium metal is
devoid of any ligands apart from the allylic functionality.

Reactions utilizing the single component catalysts of the present
invention are carried out in an organic solvent which does not adversely
interfere with the catalyst system and is a solvent for the monomer.

Examples of organic solvents are aliphatic (non-polar) hydrocarbons such
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as pentane, hexane, heptane, octane and decane; alicyclic hydrocarbons
such as cyclopentane and cyclohexane; aromatic hydrocarbons such as
benzene. chlorobenzene, o-dichlorobenzene, toluene. and xylenes;
halogenated (polar) hydrocarbons such as methylene chloride,
chloroform, carbon tetrachloride, ethyl chloride, 1.1-dichloroethane,
1,2-dichloroethane, 1,2-dichloroethylene. 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane, 1-chloro-2-
methylpropane, and 1-chloropentane. When phosphines, phosphites, and
bipyridy! type ligands are employed as Group VIII catalyst ligands, water
can be used as the reaction solvent.

When water is employed as the reaction solvent, the preferred
ligands are selected from the phosphines described above. It is possible to
control the partitioning of the catalyst between the organic (monomer)
and aqueous phases by approprate choice of the phosphine ligand. For
example, the use of tricyclohexy! phosphine causes the catalyst to reside
primarily in the monomer phase whereas the use of the sodium salt of
tris(3-sulfonatophenyl) phosphine results in a catalyst dissolved
essentially in the aqueous phase. Optionally, a surfactant such as an ionic
surfactant (e.g., sodium lauryl sulfate) or a neutral surfactant (e.g.,
ethyleneoxide based surfactants marketed under the trademark Igepal® of
the GAF Corporation) can be employed.

In another embodiment the comonomers of the invention are
polymerized in the presence of a muiticomponent catalyst system. In this
embodiment, the catalyst is formed from catalyst components comprising
a Group VIII metal ion source in combination with an organometal
cocatalyst and, preferably, a third component. The cocatalyst is selected
from organoaluminum compounds, dialkylaluminum hydrides, dialkyl
zinc compounds, dialkyl magnesium compounds. and alkyllithium

compounds.
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oxalate; chelating alkoxides and aryloxides. Palladium compounds can

also contain complex anions such as PFs. AIF30;SCF’3, SbF ¢ and

compounds represented by the formulae:
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naphthyl; (Cs - Cys) aralkyl such as benzyl, phenethyl, phenpropyl,

phenbutyl, phenhexyl, and napthoctyl; (C; - Cg) cycloalkyl such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl.
2-norbornyl, 2-norbornenyl, and the like. In addition to the above

definitions R?® represents the radical:

CF, CF,

The term "substituted hydrocarbyl” means the hydrocarby! group

as previously defined wherein one or more hydrogen atoms have been
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perfluorophenyl); hydroxyl; amino; alkyl; nitro: and mercapto.
Representatives of the neutral ligands which can be bonded to the
Group VIII transition metal are the olefins; the acetylenes; carbon
monoxide; nitric oxide, nitrogen compounds such as ammonia,
alkylisocyanide, alkylisocyanate, alkylisothiocyanate; pyridines and
pyridine derivatives (e.g., 1.10-phenanthroline, 2,2'-dipyridyl),
1,4-dialkyl-1,3-diazabutadienes, 1.4-diaryl-1,3-diazabutadienes and

amines such as represented by the formulae:

NR™; ,  NRM), , NRY)
| |

(CH3)a (CHy),
| |
NER), NRY!
|
(CHy),
|
NR*),

wherein R?! is independently hydrocarbyl or substituted hydrocarbyl as
previously defined and n is 2 to 10. Ureas; nitriles such as acetonitrile,
benzonitrile and halogenated derivatives thereof; organic ethers such as
dimethyl ether of diethylene giycol, dioxane, tetrahrydrofuran, furan
diallyl ether, diethyl ether, cyclic ethers such as diethylene glycol cyclic
oligomers; organic sulfides such as thioethers (diethyl sulfide); arsines;
stibines; monodentatate and hemilabile phosphines such as described
above; phosphine oxides, phosphorus halides; and phosphites of the
formula P(OR?*);, wherein R? is the same as defined above; phosphorus

oxyhalides; phosphonates; phosphonites, phosphinites, ketones;.
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sulfoxides such as (C; - Cy) alkylsulfoxides; (C¢ - Ca9) arylsulfoxides.
(C- - Cyo) alkarylsulfoxides, and the like. It should be recognized that the
foregoing neutral ligands can be utilized as optional third components as
will be described hereinbelow.

Examples of Group VIII transition metal compounds suitable as
the Group VIII metal ion source include: palladium ethylhexanoate,
trans-Pd Cl(PPhj),, palladium (II) bis(trifluoroacetate), palladium (II)
bis(acetylacetonate), palladium (II) 2-ethylhexanoate, Pd(acetate),(PPh;),,
palladium (II) bromide, palladium (II) chloride, palladium (II) iodide,
palladium (II) oxide, monoacetonitriletris(triphenylphosphine) palladium
(1) tetrafluoroborate, tetrakis(acetonitrile) palladium (I1I)
tetrafluoroborate, dichlorobis(acetonitrile) palladium (II),
dichlorobis(triphenylphosphine) palladium (II), dichlorobis(benzonitrile)
palladium (II), palladium acetylacetonate, palladium bis(acetonitrile)
dichloride, palladium bis(dimethylsulfoxide) dichloride, nickel
acetylacetonates, nickel carboxylates, nickel dimethylglyoxime, nickel
ethylhexanoate, bis(2,2,6,6-tetramethyl-3,5-heptanedionate) nickel (II),
nickel (II) hexafluoroacetylacetonate tetrahrydrate, nickel (II)
trifluoroacetylacetonate dihydrate, nickel (II) acetylacetonate
tetrahrydrate, nickelocene, nickel (II) acetate, nickel bromide, nickel
chloride, dichlorohexyl nickel acetate, nickel lactate, nickel oxide, nickel
tetrafluoroborate.

The organoaluminum component of the multicomponent catalyst

system of the present invention is represented by the formula:
2
AlR;-Z&-x"Q'x"

wherein R* independently represents linear and branched (C; - Cs0) alkyl,
(Cg - Ca4) aryl, (C7 - Cyp) aralkyl, (Cs - Cyp) cycloalkyl; Q' is a halide or

pseudohalide selected from chlorine, fluorine, bromine, iodine, linear and
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branched (C; - Cyo) alkoxy, (Cs - C24) aryloxy; and x" is 0 to 2.5,
preferably 0 to 2.

Representative organoaluminum compounds include
trialkylaluminums such as trimethylaluminum, triethylaluminum,
tripropylaluminum, triisopropyialuminum, triisobutylaluminum,
tri-2-methylbutylaluminum, tri-3-methylbutylaluminum,
tri-2-methylpentylaluminum, tri-3-methylpentylaluminum,
tri-4-methylpentylaluminum, tri-2-methylhexylaluminum,
tri-3-methylhexylaluminum, trioctylaluminum, and
tris-2-norbornylaluminum,; dialkylaluminum halides such as
dimethylaluminum chloride, diethylaluminum chloride,
diisopropylaluminum chloride, and diisobutylaluminum chloride;
monoalkylaluminum dihalides such as methylaluminum dichloride,
ethylaluminum dichloride, ethylaluminum diiodide, propylaluminum
dichloride, isopropylaluminum dichloride, butylaluminum dichloride, and
isobutylaluminum dichloride: and alkylaluminum sesquihalides such as
methylaluminum sesquichloride, ethylaluminum sesquichloride,
propylaluminum sesquichloride, and isobutylaluminum sesquichloride.

The dialkylaluminum hydride is selected from linear and branched
(C, - Cy) dialkylaluminum hydride, with diisobutylaluminum hydride
being a preferred dialkylaluminum hydride compound.

The dialkyl zinc compounds are selected from linear and branched
(Cy - C)p) dialkyl zinc compounds with diethyl zinc being preferred. The
dialkyl magnesium compounds are selected from linear and branched
(Ci - Cyp) dialkyl magnesium with dibutyl magnesium being the most
preferred. The alkyl lithiums are selected from linear and branched
(Cy - Cyo) alkyl lithium compounds. Butyllithium is the preferred alkyl
lithium.

In the practice of the present invention, the multicomponent

catalytic system obtained from thé-Group VIII metal ion source is utilized



10! Y -1098383& ()- @LO% ()- Ys@ 109%& ()-fs10% ()-s10%& ()-sF

S109& () - 222344444z0dY: |, MLO%& ()-" 10 10 10-109%& ()- ! (10%=& ()-!0
1109558 ()- !IP -10%& ()- 444=5|555dEdY: !, | t10%& ()-3 10% § DECI 2062
109& ()-1 :109%&.()- @ , 109 ()-,10% ()-5666Y6 6c6a@Y: !

9! 71092 & ()-3)! 9! Z109& ()-3 109& ()- Y188& ()-:1 109& ()-|

109& () - c6666<77NSdEAY: ! *1098& ()-,  *109& ()-,Y (109 ()- 9' 109%& () -
109& () - Fz109%& () - N89999999=bCl y 10% U& ()-10% U& () - @, 10%

with one or both of a component selected from the group of cocatalyst
compounds, and third component compounds.

Examples of third components are strong Lewis acids such as the
BF;-etherate, TiCly, SbFs, and tris(perfluorophenyl)boron.

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

In one embodiment of the invention, the multicomponent catalyst
system can be prepared by a process which comprises mixing the catalyst
components, i.e., the Group VIII metal compound or ion source, the
cocatalyst compound, and third component (if employed), together in a
hydrocarbon or halohydrocarbon solvent and then mixing the premixed
catalyst system in the reaction medium comprising the monomer.
Alternatively, (assuming the optional third component is utilized), any
two of the catalyst system components can be premixed in a hydrocarbon
or halohydrocarbon solvent and then introduced into the reaction medium.
The remaining catalyst component can be added to the reaction medium
before or after the addition of the premixed components.

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

In one embodiment of the multicomponent catalyst system of the
invention, the catalyst system comprises a nickel salt, e.g., nickel
ethylhexanoate, an organoaluminum compound, e.g., triethylaluminum,
and a third component Lewis acid, e.g., tris(perfluorophenyl)boron as

shown in the following scheme:

nickel ethylhexanoate + tris(perfluorophenyl)boron + triethylaluminum -

Active Catalyst
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Reactions utilizing the single and multicomponent catalysts of the

present invention are carried out in an organic solvent which does not

adversely interfere with the catalyst system and is a solvent for the

monomer. Examples of organic solvents are aliphatic (non-polar)

hydrocarbons such as pentane, hexane, heptane, octane and decane;

alicyclic hydrocarbons such as cyclopentane and cyclohexane; aromatic

hydrocarbons such as benzene, chlorobenzene, o-dichlorobenzene,

toluene, and xylenes; halogenated (polar) hydrocarbons such as methylene

chloride, chloroform, carbon tetrachloride, ethyl chloride,

1,1-dichloroethane, 1,2-dichloroethane, 1,2-dichloroethylene,

1-chloropropane, 2-chloropropane, 1-chlorobutane, 2-chlorobutane,

1-chloro-2-methylpropane, and 1-chloropentane.

The molar ratio of total monomer to Group VIII metal for the

single and multicomponent catalysts of the invention range from 20:1 to
100,000:1, preferably 50:1 to 20,000:1, and most preferably 100:1 to

10,000:1.

In the multicomponent catalyst systems, the cocatalyst metal (e.g.,

aluminum, zinc, magnesium, and lithium) to Group VIII metal molar

ratio ranges from less than or equal to 100:1, preferably less than or equal

to 30:1, and most preferably less than or equal to 20:1.

The third component is employed in a molar ratio to Group VIII

metal ranging from 0.25:1 to 20:1.

The temperature at which the polymerization reactions of the

present invention are carried out typically ranges from -100°C to 120°C,

preferably -60°C to 90°C, and most preferably -10°C to 80°C.

The choice of reaction solvent is made on the basis of a number

of factors including the choice of catalyst and whether it is desired to run

the polymerization as a slurry or solution process. For most of the

catalysts described in this invention, the preferred solvents are chlorinated

hydrocarbons such as methylene chioride and 1,2-dichloroethane and

10% U
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aromatic hydrocarbons such as benzene, toluene, chlorobenzene. and
nitrobenzene, with simple hydrocarbons being less preferred due to the
resulting lower conversion of the functional norbornene-type
monomer(s).
The polymers of the invention are produced in a molecular weight
(Mn) range from about 1,000 to about 1,000,000, preferably from about
2,000 to about 500,000, more preferably from about 5,000 to about
100,000.
The polymers of the present invention are useful in electronic,
optical and high temperature thermoplastic (e.g., pipe, fiber) applications.
For electronic (e.g. photoresist) applications the molecular weight
preferably ranges from about 5,000 to 20,000 (Mn). For high temperature
thermoplastic applications the molecular weight preferably ranges from
about 40,000 to 100,000 (Mn).
In one embodiment of the invention the polycyclic/acrylic
polymers are useful as components in resist materials utilized in the
manufacture of integrated circuits. The patterning of IC’s is carried out
according to various lithography techniques known in the art.
Photolithography employing ultraviolet (UV) light and increasingly deep
UV light or other radiation is a fundamental and important technology
utilized in the production of IC devices. A photosensitive polymer film
(photoresist) is applied over a substrate surface (e.g., wafer) and dried. A
photomask containing the desired patterning information is then placed in
close proximity to the photoresist film. The photoresist is irradiated
through the overlying photomask by one of several types of imaging
radiation including UV light, electron beams, x-rays, or ion beams. Upon
exposure to radiation, the photoresist undergoes a chemical change with
attendant changes in solubility. After irradiation, the substrate is soaked

in a solution that develops (i.e., selectively removes either the exposed or

unexposed regions) the patterned images in the photosensitive polymer
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developing solvent, either the exposed or nonexposed areas of film are
removed in the developing process to expose the underlying substrate,
after which the patterned exposed or unwanted substrate material is
removed or changed by an etching process leaving the desired pattern in a
functional layer of the wafer. The remaining photoresist material
functions as a protective barrier against the etching process. Removal of
the remaining photoresist material gives the patterned circuit. Etching is
accomplished by plasma etching, sputter etching, and reactive ion etching
(RIE).

The polycyclic/acrylic copolymers of the invention that contain
acid labile groups pendant from the backbone can be used in radiation
sensitive photoresist compositions. The photoresist compositions of the
present invention comprise the disclosed polycyclic/acrylic copolymer
compositions, a solvent, and an photosensitive acid generator
(photoinitiator). Preferably, a dissolution inhibitor can be added in an
amount of up to about 20 weight percent of the composition. A suitable
dissolution inhibitor is t-butyl cholate (J.V. Crivello et al., Chemically
Amplified Electron-Beam Photoresists, Chem. Mater., 1996, 8, 376-381).

Upon exposure to radiation, the radiation sensitive acid generator
generates a strong acid. Suitable photoacid generators include triflates
(e.g., triphenylsulfonium triflate), pyrogallol (e.g., trimesylate of
pyrogaliol); onium salts such as triarylsulfonium and diaryliodium
hexafluoroantimonates, hexafluoroarsenates, trifluoromethanesulfonates;
esters of hydroxyimides, «,o -bis-sulfonyl-diazomethanes, sulfonate
esters of nitro-substituted benzy! alcohols and napthoquinone-4-diazides.
Other suitable photoacid generators are disclosed in Reichmanis et al.,
Chem. Mater. 3, 395, (1991). Compositions containing triarylsulfonium
or diaryliodonium salts are preferred because of their sensitivity to deep

UV light (193 to 300 nm) and they give very high resolution images.
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unsymmetrically substituted diaryliodium or triarylsulfonium salts. The
photoacid initiator component comprises about 1 to 100 w/w percent to
polymer. The preferred concentration range is 5 to 50 w/w percent.

The photoresist compositions of the present invention optionally
contain a sensitizer capable of sensitizing the photoacid initiator to longer
wave lengths ranging from mid UV to visible light. Depending on the
intended application, such sensitizers include polycyclic aromatics such as
pyrene and perylene. The sensitization of photoacid initiators is well-
known and is described in U.S. Patent Nos. 4,250,053; 4,371,605; and
4,491,628 which are all incorporated herein by reference. The invention
is not limited to a specific class of sensitizer or photoacid initiator.

The process for generating a positive tone resist image on a
substrate comprises the steps of: (a) coating a substrate with a film
comprising the positive tone resist composition of the present invention;
b) imagewise exposing the film to radiation; and (c) developing the
image.

The first step involves coating the substrate with a film comprising
the resist polymer composition dissolved in a suitable solvent preferably,
at about 5 to 40 weight/volume percent of solids, more preferably 10 to
30 weight/volume percent. Suitable substrates are comprised of silicon,
ceramics, polymer or the like. Suitable solvents include propylene glycol
methyl ether acetate (PGMEA), cyclohexanone, butyrolactate, ethyl
lactate, and the like. The film can be coated on the substrate using art
known techniques such as spin or spray coating, or doctor blading.
Preferably, before the film has been exposed to radiation, the film is
heated to an elevated temperature of about 90°C to 150°C for a short
period of time of about I min. In the second step of the process, the film
is imagewise exposed to radiation suitably electron beam or

electromagnetic preferably electromagnetic radiation such as ultraviolet or
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sources include mercury, mercury/xenon and xenon lamps, argon fluoride

and krypton fluoride lasers, x-ray or e-beam. The radiation is absorbed by
the radiation-sensitive acid generator to produce free acid in the exposed
area. The free acid catalyzes the cleavage of the acid labile pendant
group of the copolymer which converts the copolymer from dissolution
inhibitor to dissolution enhancer thereby increasing the solubility of the
exposed resist composition in an aqueous base. Preferably, after the film
has been exposed to radiation, the film is again heated to an elevated
temperature of about 90° C to 150° C for a short period of time of about
1 minute.

The third step involves development of the positive tone image
with a suitable solvent. Suitable solvents include aqueous base preferably
an aqueous base without metal ions such as tetramethyl ammonium
hydroxide or chorine. The composition of the present invention provides
positive images with high contrast and straight walls. Uniquely, the
dissolution property of the composition of the present invention can be
varied by simply varying the composition of the copolymer.

The following examples are detailed descriptions of methods of
preparation and use of certain compositions of the present invention. The
detailed preparations fall within the scope of, and serve to exemplify, the
more generally described methods of preparation set forth above. The
examples are presented for illustrative purposes only, and are not intended

as a restriction on the scope of the invention.

Catalyst Component A = (C¢Hs); P(CH,CH,S(0)Cg¢Hs)Pd Cl,
Catalyst B = yy’-crotyl nickel (cyclooctadiene) hexafluorophosphate
Catalyst Component C = (allyl)Pd(tricyclohexylphosphine) chloride
Catalyst Component D = bipyridyl paltadium dichloride -
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Example 1

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added norbomene (2.5 g, 26.5 mmol),
dichloroethane (35 ml) and methylacrylate (2.38 ml, 26.5 mmol).
Thereafter was added catalyst A (13.4 mg, 26 pmol) dissoived in
dichloroethane (2 ml), trispentafluorophenylboron (234 umol) and
triethylaluminum (0.16 ml (1.7 molar in cyclohexane), 260 umol). The
resulting stirred solution was placed in a heated oil bath at 50°C for a total
of 48 hours. After 48 hours the polymef was precipitated by pouring the
reaction mixture into excess methanol (300 ml), filtered, and washed with
excess methanol prior to drying to constant weight under vacuum at 80°C.

The dried, white, granular polymer was found to weigh 0.5 g.
Proton NMR revealed the polymer to be free of any solvents or
unconverted monomer. The proton NMR also indicated the product to be
a random copolymer of the two monomers (77 mole % norbornene,

23 mole % methylacrylate).

Example 2

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added norbornene (2.5 g, 26.5 mmol),
dichloroethane (35 ml) and methylacrylate (2.38 ml, 26.5 mmol).
Thereafter was added catalyst B (9.5 mg. 26 umol) dissolved in
dichloroethane (1 ml). The resulting stirred solution was placed in a
heated oil bath at 50°C for a total of 18 hours. After 18 hours the polymer
was precipitated by pouring the reaction mixture into excess methanol
(300 ml), filtered, and washed with excess methanol prior to drying to

constant weight under vacuum at 80°C.
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The dried, white, granular polymer was found to weigh 0.3 g.

Proton NMR revealed the polymer to be free of any solvents or

unconverted monomer. The proton NMR also indicated the product to be

a random copolymer of the two monomers (65 mole % methylacrylate.

35 mole % norbornene).

Example 3

To a thick-walled, septum-sealed 50 ml glass vial, equipped with a
magnetic stir bar was added norbornene (5.0 g, 53.1 mmol), toluene
(10 ml) and methylacrylate (2.38 ml, 26.5 mmol). Thereafter was added
catalyst C (25 mg, 53 pmol) premixed for 1 minute in toluene (2 ml) with
lithium tetrakis(pentfluorphenyl)boron etherate (46 mg, 53 pmol). The
resulting stirred solution was placed in a heated oil bath at 50°C for a total
of 17 hours. Afier 17 hours the polymer was precipitated by pouring the
reaction mixture into excess methanol (300 ml), filtered, and washed with
excess methanol prior to drying to constant weight under vacuum at 80°C.

The dried. white, granular polymer was found to weigh 1.16 g.
Proton NMR revealed the polymer to be free of any solvents or
unconverted monomer. The proton NMR also indicated the product to be
a random copolymer of the two monomers. The molecular weight
(relative to polystyrene standards) was measured using GPC methods and
found to be: Mw 57,000, Mn 30,000 and polydispersity 1.9, (87 mole %

norbornene, 13 mole % methylacrylate).

Example 4
To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added norbornene (2.5 g. 26.5 mmol),
dichloroethane (35 ml) and methylacrylate (2.38 ml, 26.5 mmol).
Thereafter was added catalyst B (19 mg, 53 pmol) dissolved in

dichloroethane (3 ml), premixed _('for 3 minutes at ambient temperature)
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with tricyclohexylphosphine (14.6 mg. 53 pmol). The resulting stirred

solution was placed in a heated oil bath at 50°C for a total of 18 hours.

After 18 hours the polymer was precipitated by pouring the reaction

mixture into excess methanol (300 ml), filtered ,and washed with excess

methanol prior to drying to constant weight under vacuum at 80°C.

The dried, white, granular polymer was found to weigh 0.35 g.

Proton NMR revealed the polymer to be free of any solvents or

unconverted monomer. The NMR spectra shown in Figures 1, 2, and

3 also indicates that the product is a random copolymer of the two

monomers (85 mole % methylacrylate, 15 mole % norbornene).

A second confirmation for the formation of a random copolymer is

the Field desorption ionization-mass spectrum (not shown) of the

copolymer. The pyrolysis that occurred during the analysis yielded mass

peaks corresponding to oligomers containing both methylacrylate and

norbornene repeating units.

Example 5§

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added norbornene (2.5 g, 26.5 mmol), deionized
water (20 ml), which had been purged with nitrogen for 15 minutes and
methylacrylate (2.38 ml, 26.5 mmol). Thereafter was added a largely
homogeneous solution made by mixing (for 30 minutes, under nitrogen in
an ultrasonicator) allylpalladium chloride dimer (9.7 mg, 53 pmol),
deionized water (3 ml), tris(3-sulfonatophenyl)phosphine sodium salit
(30.1 mg, 53 pmol and lithium tetrakis(pentafluorophenyli)boron etherate
(46 mg, 53 pmol). The resuiting suspension was stirred and placed in a
heated oil bath at 50°C for a total of 18 hours. Afier 18 hours the
resulting aqueous polymer slurry was poured into excess methanol
(500 ml), filtered, and washed with excess methanol prior to drymg to

constant weight under vacuum at 80°C
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e NMR revealed the polymer to be free of any solvents or unconverted
monomer. The proton NMR also indicated the product to be a random
copolymer of the two monomers (54 mole % norbornene, 46 mole %

methylacrylate).

Example 6

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added butylnorbornene (3.97 g, 26.5 mmol),
toluene (25 ml) and methylacrylate (2.38 ml, 26.5 mmol). Thereafter
was added tricyclohexylphosphine (14.6 mg, 53 pmol) premixed with
(cyclooctadiene)palladium(methyl)chloride in toluene (3 ml) followed by
lithium tetrakis(pentaflurorophenyl)boron (36 mg, 53 pmol) in toluene
(3 ml). The resulting stirred solution was placed in a heated oil bath at
50°C for a total of 24 hours. After 24 hours the polymer was precipitated
by pouring the reaction mixture into excess methanol (300 ml), filtered
and washed with excess methanol prior to drying to constant weight under
vacuum at 80°C.

The dried, white, granular polymer was found to weigh 1.6 g.
Proton NMR revealed the polymer to be free of any solvents or
unconverted monomer. The proton NMR also indicated the product to be
a random copolymer of the two monomers (93 mole % butylnorbornene,

17 mole % methylacrylate).
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Example 7
To a thick-walled, septum-sealed 100 ml glass vial. equipped with

a magnetic stir bar was added the tert-butylester of norbornene (5.15 g,

26.5 mmol), toluene (25 ml), 2,6-di-tert-butylpyridine (50 mg, 265 umol)

(added to prevent cleavage of the ester group, and subsequent liberation

of isobutylene) and methylacrylate (2.38 ml, 26.5 mmol). Thereafter was

added tricyclohexylphosphine (14.6 mg, 53 pmol) premixed with

(cyclooctadiene)palladium(methyl)chloride in toluene (3 ml) followed by

lithium tetrakis(pentaflurorophenyl)boron (36 mg, 53 pmol) in toluene

(3 ml). The resulting stirred solution was placed in a heated oil bath at

50°C for a total of 18 hours. After 18 hours the polymer was precipitated

by pouring the reaction mixture into excess methanol (200 ml), filtered

,and washed with excess methanol prior to drying to constant weight

under vacuum at 80°C.

The dried polymer was found to weigh 0.5 g. Proton NMR
revealed the polymer to be free of any solvents or unconverted monomer.
The proton NMR also indicated the product to be a random copolymer of

the two monomers (86 mole % methylacrylate, 14 mole % tert-butylester

of norbornene).

Example 8

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added ethylester of norbormene (4.4 g,
26.5 mmol), toluene (25 ml), and methylacrylate (2.38 ml, 26.5 mmol).
Thereafter was added tricyclohexylphosphine (14.6 mg, 53 pmol)
premixed with (allyl)palladiumchloride dimer in toluene (3 ml) followed
by lithium tetrakis(pentaflurorophenyl)boron (36 mg, 53 pmol) in toluene
(3 ml). The resulting stirred solution was placed in a heated oil bath at
50°C for a total of 18 hours. Aftcr‘l 8 hours the polymer was precipitated

by pouring the reaction mixture into excess methanol (200 ml), filtered,
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and washed with excess methanol prior to drying to constant weight under
vacuum at 80°C.

The dried polymer was found to weigh 0.4 g. Proton NMR
revealed the polymer to be free of any solvents or unconverted monomer.
The proton NMR also indicated the product to be a random copolymer of
the two monomers (63 mole % methylacrylate, 37 mole % ethylester of

norbornene).

Example 9

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added norbornene (2.5 g, 26.5 mmol), deionized
water (25 ml), which had been purged with nitrogen for 15 minutes and
methylmethacrylate (2.65 g, 26.5 mmol). Thereafter was added a largely
homogeneous solution made by mixing (for 30 minutes, under nitrogen in
an ultrasonicator) allylpalladium chloride dimer (9.7 mg, 53 pmol),
deionized water (3 ml), tris(3-sulfonatopheny!)phosphine sodium salt
(30.1 mg, 53 pmol and lithium tetrakis(pentaflurorophenyl)boron (36 mg,
53 pmol). The resulting suspension was stirred and placed in a heated oil
bath at 50°C for a total of 18 hours. Afier 18 hours the resulting aqueous
polymer slurry was poured into excess methanol (500 ml), filtered, and
washed with excess methanol prior to drying to constant weight under
vacuum at 80°C.

The dried, granular polymer was found to weigh 3.9 g. Proton
NMR revealed the polymer to be free of any solvents or unconverted
monomer. The proton NMR also indicated the product to be a random
copolymer of the two monomers (71 mole % norbornene, 29 mole %

methylmethacrylate).
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Example 10

To a thick-walled, septum-sealed 100 ml glass vial, equipped with
a magnetic stir bar was added norbornene (2.5 g, 26.5 mmol),
dichloroethane (35 ml) and methylacrylate (2.38 ml, 26.5 mmol).
Thereafter was added catalyst component D (9 mg, 26 umol) dissolved in
dichloroethane (2 ml), trispentafluorophenylboron (234 umol) and
triethylaluminum (0.16 ml (1.7 molar in cyclohexane), 260 umol). The
resulting stirred solution was placed in a heated oil bath at 50°C for a total
of 48 hours. After 48 hours the polymer was precipitated by pouring the
reaction mixture into excess methanol (300 ml), filtered, and washed with
excess methanol prior to drying to constant weight under vacuum at 80°C.

The dried, white, granular polymer was found to weigh 0.2 g.
Proton NMR revealed the polymer to be free of any solvents or
unconverted monomer. The proton NMR also indicated the product to be
a random copolymer of the two monomers (71 mole % norbomnene,

29 mole % methylacrylate).
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What is claimed is:
1. A copolymer composition comprising polycyclic and

acrylic repeating units of the formulae:

—tCH;— Rs')—
C(O)OR®

Rl R?. R3 R‘

wherein R' to R! independently represent a radical selected
from a group consisting of —(CH;),—C(0)OR®, —(CH;),—OR®, —(CHp),—
OC(0)R®, —(CHz)a, —C(O)R®-(CH;),—~OC(O)OR®, and —(CH),C(0)ORS,
wherein m represents an integer from 0 to 5, n independently
represents an integer from 0 to 10; R® independently represents
linear or branched (C;—C;q) alkyl, linear or

(C.—Ci0) alkenyl, linear or branched (C,—Cio)
(C—Cy4)

hydrogen,
branched,
alkynyl, (Cs—C;;) cycloalkyl, (Ce=Ci4) aryl,
aralkyl, and halogenated substituents thereof; R® represents

an acid labile moiety; R® is hydrogen or methyl; or R®°

independently is selected from a group consisting of

hydrogen, an acid labile group, linear and branched

(C1—Cj0) alkyl, linear and branched, (C,~Cyy) alkenyl,

linear and branched (C,—C;y) alkynyl,
{C—Cy) aralkyl; and halogenated substitu-

(Cs—C;,) cycloalkyl,

(Ce—Cy4) aryl,

ents thereof.
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2. The copolymer composition of claim 1 wherein a

portion of said polycyclic repeating units are represented by

the formula:

Rl (CH),(O)OR®
R* R}

wherein R! to R’ and n are as defined and R® is an acid labile
moiety selected from the group —C(CH;);, —Si(CHj)3,

—CH(R") OCH,CH3y, —CH(R’)OC(CH3)3; or the following

cyclic groups:

O 6w

poe

0

wherein R’ represents hydrogen or a linear or branched

(C1—Cs) alkyl .

3. The copolymer composition of claim 1 wherein a

portion of said acrylate repeating units are represented by

the formula:
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——{CH,~CR83~—
C(O)OR?

wherein R® is as defined, R® is an acid labile moiety selected

from the group —C(CHs)s;, —Si(CHs);, —CH(R")
OCH,CH3;, —CH(R’)OC(CH3); or the following cyclic groups:

© 6

S

O

l‘l

)

wherein R’ represents hydrogen or a linear or branched

(C;—Cs) alkyl.

4. A composition comprising a polycycloolefin monomer,
a acrylate monomer, and a catalyst comprising a Group VIII

metal cation and a weakly coordinating anion complex of

the formula:

[LyMX, JCA],

wherein L represents a ligand containing 1, 2, or 3 n-bonds;

M represents a Group VIII transition metal; X' represents a

ligand containing 1 a-bond and between 0 to 3 3n-bonds; y’
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is 0, 1, or 2; CA represents a weakly coordinating counter-
anion; and a is a number representing the number of times

said counteranion is taken to balance the charge on said

cation complex.

5. The composition of claim 4 wherein said polycycloole-

fin and acrylate monomers are selected from a monomer of

the formulae:

CHp==CR"

C(O)OR®

Rigz R’

wherein R; to R; independently represent a radical selected
from —(CH,),C(O)OR®, —(CH,),~C(0O)OR’, —(CH,),—OR®, —(CH;),-OC(O)R®,
—(CHz) ——C(O)R®, —(CH;),—OC(0)OR®, and —(CH;).C(0O)OR®, wherein m
represents an integer from 0 to 5, n independently represents
an integer from 0 to 10; R® independently represents
hydrogen, linear and branched (C;—Cy) alkyl, linear and
branched, (C,—Cio)} alkenyl, linear and branched (C,—Cig)
alkynyl, (Cs—Cy;) cycloalkyl, (Ce¢Cis) aryl, (Cs—Czy)
aralkyl, and halogenated substituents thereof; R® represents
an acid labile moiety; R® is hydrogen or methyl; and R’
independently is selected from hydrogen, an acid labile
moiety, linear and branched (C,—Ci;) alkyl, linear and
branched, (C,—Cj;o) alkenyl, linear and branched (C,—Cyy)
alkynyl, (Cs—Ci;) cycloalkyl, (CeCiy) aryl, (C;—Cyy)

aralkyl; and halogenated substituents thereof.
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6. The composition of claim 5 wherein said acid labile
moiety in said polycycloolefin and said acrylate monomers
is selected from the group —C(CH;3)j3, —Si(CH3),;, —CH
(R") OCH,CH;, —CH(R’)OC(CH;3)s or the following cyclic

groups:

wherein R’ represents hydrogen or a linear or branched
(C1—C5) alkyl .

7. The composition of claim S wherein said Group VIII
metal is selected from nickel or palladium; L is selected
from the group consisting of (C,—C;;) monoolefin, (Cs4—C;3)
diolefin, (C¢Cypo) aromatic; phosphine; phosphite; and
bipyridyl ligands; X’ is selected from the group consisting of
{C1—Cio) alkyl, p-tolyl, pentafluorophenyl, (C;—Cis)
aralkyl; and substituted and unsubstituted linear and cyclic
(C3—Cy0) alkenyl.

8. The composition of claim 7 wherein X’ is linear and
cyclic (C3—Cy) alkenyl substituted with linear and branched

(C1—Cy) alkoxy, (Ce¢—Cis) aryloxy, halo, and combinations
thereof.
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