; 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

coordi nation c ' ' I r te using

pal | adi um cat aﬁlﬁg/lg{’és/ﬂ?@r‘ég%bﬂgy t% %? }%y él?ﬂﬁraﬂ%ﬁgﬁén@:eéan@%é?g? 1998, 120,
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?%'%%g#§r’§68t’%§)h@ge of

coordi nati on catcatsgfitlly rfrepar¢dpolgopdic poymerafrioancyhbwlefgnemohemarsdescri bed in

he art. In | nt er.nat i onal | i ion.
the art deegu’ch astn%rbo?rtxeng and h}e‘gl%car%_eltsu%smuted 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.



WO 96/ 23010 . supra discloses that when a norbornene-type nononer is

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

Abu- Surrah and Reiger (J. Mol. Catal. A- Chem (1998), |28, 23%2e 310
reported that certain cationic palladium (I1l) conpounds active in the
homopol yneri zati on of norbornene are imactive to the honopol ynerization and
copol yneri zation of polar nononers |ike acrylates. They further reported
that addition of nethacrylate to norbornene polynerization systens using
the disclosed catalysts resulted sinply in higher nolecul ar wei ght ~and
narrower pol ydiatasé5si06y503fto Geedall and Risspisclogas polycyclikddBidtene honopol yner s
w th no evidence for | LACOR i i backbone. U. S
patent 3, 30, 66578 (Rt frbRoR BHAHRR, Bl A BRIRRE 20

acryl at es t hatdewnstrared Y cycleslefiyic i@ mesdcontdining perelanpaar esul ti ng
polymers were el astoners with very low |l evels of nqgrbornene incorporation
(i.e., up to Sumctigaplibycayld bepalymerized topelyangr CS‘PB?%‘}W@% t ar mer

di scl oses te”?r%l}éémﬁw&f hféﬁ?is'f t uted norbornenes, acrylates and al koxy

al kyl acryl at es. ese 50 yners are again el astoneric (having sub-zero
Tg's) and cont ai n v ylitrawiveanethsd 6ér the ifcorpenaiofiof polar fimctiondd. ~ wei ght
percent) . More recentl ehrens in Ge Publ i shed Patent .Application
2,358,112 di s(ﬂr%‘%dn@&pécgmgorb?mé@ﬂ/{’%?&n%aﬁ e I FOPHYMSHET bor nene. | n
U.S. Patent 5,58y @d2arbon KRiBREP (&S, aflolefld)lith d Sol&lifakéRmerd copol yners
suitable for use 1n photoresist conpositions. The disclosed copolyners are
prepared by caepolopnmer td.pgamadykud)s thhe sandomenpblymeeization aftethidenecr yl i ¢ aci d

ester in the pr.esence.of an aniqgnic catalyst system ,The substituent on the
2-posi tion of W‘ﬁbmﬁ YIBBFWZ% 'Sﬁﬁﬁgﬁé’i”f){ 8088@%‘%?&'?%‘%“68“'?%‘ nﬁ Fiveri zati on
reaction. The suBStitdn@néonidftions of nfstrdtiRing prdibiRe OVery e¥@itly gr oup whi ch

serves to activate the unsaturation on the norbornene ring to anionic
pol yreri zat i orsomerprogrsshhasdepmmade inghglaregaaficoprdmanon cat i on 04063810 to Kubo

there is disclosed terpal [ i from nor ne, malefic
anhydri de, and°BE clrlc,zgtr’r%%gpn%s%lgg% %’{%F%‘gg%’ﬁylg‘ﬁb‘ﬁ §E’§g&ﬁ‘é’?’ent Application O
794 458 ther e dafalyies@robithredial.gy. Aaas ChemeSs«slioos, 1ot 888-80%antde by free

radically polynerizing an alicyclic nmononer such as norbornene and a second
monomer such d8tematiopakPublished Applicanen YYOO6R3RENe IR thisgasge i ncor porat ed as
athirdor fo [ Lt I ] successf ul
free radi cal g‘g’wfﬁéﬁgﬁ":“'@%“g? bé%g@g}snﬁi{?ﬁﬁ@ﬂdoﬁ%@ Iﬁf’)ﬁéégé‘t}“ggr nene
nononer i s an tht anjority, daovall, afidhe haymecepeatmpmainesre inérporbie@aP002 - 4

(rmal efic anhydri de being preferre [ n el ectron acceptor. Such systens
are known to B8 £haip eads ﬁf?&%ﬁ*f‘&g’}%ﬁe%mlws?Prﬁgttqt%n to afford alternating
copol ymers as reporjnafle p¥sedfe6pol9inefibing a%ﬁrc?@[@bleﬁﬁmrz{cﬁllicp\?’?’ (suppl . 2),
83-91 (1996). In view of the linitations of fhe prior art, there is a need
f or random copobyamers thouseail wponginagipn satalygtsdoi the cepellymenizatien hts om

pol ycycl ool efi n_and acryl ate.conon IS g’ﬂt contain high |evels of

pol ycycl ool ef iVFh Wﬁg&e@angﬁ:&rﬁg@geﬁ e@fité@gﬁépﬁlﬁ%ai Pon t enper at ur es,
wi thout the negtd §6D3SNRGIpR: dI¥EREEhaAChdnBRdrBemEDTbé ioabier & t he

i nclusion of special nononers in the reaction nedium SUWN ARY OF THE
INVENTI ON Accdradymgrized, ne other mogemer ean baopresent. dfveneoreageentlyon to provi de
random copol y K b | paat- ' | @By g22€d from

pol ycycl ool ef %E%ﬁggggr%‘b{i ?‘g&ﬁﬁﬁgyﬁg&%g‘sgh@%’pg%ﬁr‘9@%”‘23 i ons have a
hi gh Tg as welkepasedithlai ginairesationif papladipay@l)icompemeidtactiee imrthé i ncor por ati on.
It is another object of the invention to provide polycyclic/acrylate

copol ymer conp¥EReRAREHFMION 9 BO DG 2 Inagtivere theanhydri de repeati ng
units. It is i ERYRRL Ldeqa catal yst system
that is capabﬁlegng(?ﬁdgg%g’lq%trgﬁitagfgfﬁaﬁ&ggﬁk/{%c{&og?g?l%ﬁmgﬁﬁﬁgg?glf ate nononers to
hi gh nol ecul aracrdaght They furtenwepostedthat bddiiien afo¢tharylatgjtect of t he

i nvention to provide copol yners with var%/inrclj %e rees o ol %/ lic and
acrylic repeat’?q{Bo’ﬁ‘ﬁf‘? pglh' PE R PEEms e 6&% CBIB}yé re%ﬁ e‘ghe i nvention
to provide po'éfﬁ%ﬁ} 1n%i§ﬁér%él€c&ﬂﬂ@éigﬁﬁrn8 n\ﬁhb{irem%%erﬁﬁr&tﬂh@”m groups.



It is a further object of the invention to provide polycyclic/acrylate
(iopol ynmers contai ni ng pendant acid |abile groups. 2 ~ DEC 2002 -5 It is

still a further object of the invention to provide polycycl iflﬁ.aﬁ%é'lzﬁl{ze
copol ymers wseful in photoresist conpositions. These and ot her 0bj eCts of

the invention are acconplished by pol yrseri zing a reaction m xture
conprising at |east one polycycl ool efin or norbornene-type nononer, at

| east one acryl ate nononer, and a solvent and a catal yst system conpri sing
a Goup VIIl transition net fill i on .gource BR*EF DFSCRI PTI ON, OF THE DRAW NGS
Figure 1 is a HUBOTREDS RRTRARRINBES IRV IdEnEoIaf apRiate MSmArONc opol yirer  of

the invention.;,H tﬂUéSlgy%xér%aa(bjoﬂé' 77 MHz ' 3G NMR spectrum of the sane
copolymer shown in Figure 1. Figure 3 is a proton-carbon correlation

2- D- NVR spect rum ( H3QCPaeht 3,586.68hte Mopo|dischorsesisopohomers bfi Fi gures | and 2.

DETAI LED DESCRI PTI ON Th | ' | f.th t o ti
conpri se repeﬂqrhﬂ“mstagd(%gﬁﬁ%ﬁ‘f%g%f?¥y§ﬁn1%ré?sd lic’)yegg‘? feﬂé??éﬁ%%?‘gﬁc'yg?/g& 1319 nn

nonomer and atThER&1AY BoRfieYd whiR clistofiWaRA Y SSwRRN®r . As used here and
t hr oughout the SES%' fication the term polycycl ool efin neans a

nor bor nene- t y peorbesneneeincorpheation (ng. it 96r nweight geseentdononer i s meant to

I ncl ude nor bornene, i eng(s nd any higher cyclic
derivatives thereofU?(;%{?Hgy’gz&’#%{og%%ﬁéﬁg_ﬁ%ﬁ?s%wg%’ﬁerf 8gst one nor bor nene
or substi t ut edsybstitaRb RS NEee! Aryl A8 Sarsiiicd ytalitye deryRitd0rTiREes and hi gher
cyclic derivatives thereof contain a pendant hydrocarbyl substituent(s) or

a functional seRwRems@Ehagad clagamana (huyingsubxgigels’ Btagrcontain verp ~t DEC 2002
-6 low levels of norbornene (i.e., up to 5.5 weight percent) .

More recently Behrens in German Published Patent 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



For brevity, these nononers are collectively referred to herein as

. norbornene-type nononers and are represented by the structural formula
below. R~ RZ R3 mR4 wherein R to R4 independently represemtspkc 2002

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%@cﬁ@&cﬁg‘g‘ VEKkMSepr esent a
saturated or %éﬂwﬁ{ogﬁe ¥ inCrél FARRaIGRINY AEM RSN o hforPalfRidi@R atoms or an
aryl group contal ning to 14 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, cyel ohexyl. .and cycl stituents epresentative aryl
groups i ncl udéyoimycgpgeﬁﬁcﬁngIafﬂgr"iigg&ﬁ%%ﬁ%%%&a, ¢ L{%ﬁt’ﬂ% Ev%[szc>$f~: DEC 2002 and
ant hracenyl .  RepygeRBlefni iNcorpsratity indhiave hseh gladsuetmsiion @imperaftired,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 @ﬁt@r esent 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 1Oa§Pd S indegenden}ly represents hydrogen, |inear and
branched (C, -™e!Sg3p "l&ﬂjlz,"p?liym? Aing a5y elnelelig and asrylate mongmery keny| |
linear and bragqfgfimifedutar weighis Mc¥Versioh.CS - C ~2) cycloal kyl, (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 HiH08 feerersef RpbvYF i dchylicrepegting ik IBEORAERGRY hal ogenat ed.
The R6 radi cal reprﬁwmeaabﬁ' 6l &f ih@lihh\leﬂtiﬁﬁ'toc(ﬁ%ﬁévﬁi@ SALEAANIc _
-C(CH3)3,-Si (CH3) 3, -CH(R~) CH3, -CH(R-~) CH3)3 or 'the followi ng cyclic
groups: H3C CHeepolymers mithegndant fynctignal groupswher ei n R represents hydrogen
or a linear or branghe - - CS) FQuUN. al kyl groups include
met hyl , ethyl, prop@lls, QP{’%FB%?}%%ﬂbéﬂve%@u{&ﬁrga&butyI , pentyl, t-pentyl
and neopent yl . pdigcyiclie/aatytutecapolyindrs teiRainingepentinglacidiabie kidugs.pr oj ecti ng
fromthe cyclic groups indicates the position where the cyclic protecting
group is bonded to the acid substituent. Exanples of R6 radicals include
1- net hyl - 1- cycl ohexyl , isobornyl, 2-nethyl-2-isobornyl,

2- met hyl - 2- adamant yl ,



r -9+2 4 DEC 2002 tetrahydrofuranyl, tetrahydropyranoyl,

3- oxocycl ohexanonyl . neval onic | actonyl, I|-ethoxyethyl, and 1-t-butoxy
éthyl. The R6 radical can also represent dicycl opropyl methyl2 & Pyrgrze02and

di et hyl cycl opr opyl net hyl (Dntp) groups which are represented by the
follow ng structures: -CH, and -C(CH3)5~ in Formula | above mis preferably
O or 1, nore preferably m2 la RR4 is 0. When mis O the preferred

nor bor nene-type nononer structure is represented below. wherein R~ to R4

are as previously defined under Formula | above, The. acrylate and

net hacryl ate conon ﬁésr%ﬁloqﬁf‘g‘F’somﬁ‘i}g’EttﬁﬁﬁwﬁPﬁo’?W@%‘Qﬁt ed by the formla

CH, =CHRBC( O lyéyagélﬁéﬁlaﬁiscdg‘él}}?ﬂéﬁ QS 18 phoRIrEYdt caRpodilons sel ected from
n (C, - Co) alkyl, |

hydr ogen, |i near branche _ , 0) , linear and branched, (CZ -
C,0) al kenyl, i nedaFhesaandbotharohiects of the igvertion 4y agdomplisised byc~2)

cycl oal kyl, (C6,- C.4) aryl . and - 4 nal kyl . res ative al kyl
groups i ncl udep%m‘efé?ég ﬂB%acf'?w)gg%%)mr%%H%ﬁ%l%qsté?e, p@?@ﬁ&oﬁéﬁ%opr opyl ,
butyl, isobut %nnoﬂﬁﬁn@i&twge miofbineR Wt Jeast oneAtMlate kRMBARRE Mhd ahexyl , heptyl,
octyl, nonyl, and decyl. Representative al kenyl groups include but are not
limted to vi r@ﬂ\cenmuf/ afatalyst spepmcomnTising aeCriupy N transiigismetak| ude et hynyl ,
1- propynyl, 2'i|8rr198\¥rrc]gl’ f 2 ~ DEC 2002 - |o

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a 500 MHz 'H-NMR spectrum of a polycyclic/acrylic
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.



1-butynyl, and 2-butynyl. Representative cycloal kyl groups include but are
not limted to cycl opentyl, cyclohexyl, and cycl ooctyl substituents.
Representative aryl groups include but are not limted to phénwhpecnzht hyl
and ant hracenyl, Representative aral kyl groups include but are not |imted
to benzyl, and phenethyl. As di scussed @bove. the hydrocarbyl groups

i ncl ude hal ogenat ed and per hal ogenat ed hydrocar byl substituents. The

pref erred perhal ohydrocar byl groups include perhal ogenated phenyl and al kyl
groups. The al kyl FeFvepity,ahése lmdotateroire kbHeahet) efetred ay Bedeliasl or mul a
CzX2Z+, wherein X is a halogen and z is selected froman integer from1l to
10. Pref er abigrbotniene-tyneononrmerpapd arerepressatdd piothr stucseral fpsmula uent s i ncl ude
per f 1 uor ophen Iw_peifluoronethyl, per fl uoroet hyl, perfluoropropyl, and
perfluorobut?%? In addition to the hal ogen substituents. the cycloal kyl and
aryl groups of the invention can be further substituted with |inear and
branched (C, - CS) al kyl and hal oal kyl groups, aryl groups and cycl oal kyl
groups. In the acrylate arid nmethacrylate fornul ae above RO al so represents
an acid labile noiety selected from-C(CH3)3,-Si (CH3)3, -CHR )OCHzZCH3,

-CH(R )OC(CH3)~ or the following cyclic groups: HBCCH3 U, , , R R~ R- O
O~0, , Owherein R is the sane as defined above. Representative groups
defined under R9 include 1-nethyl-1-cyclohexyl, isobornyl,

?-met hyl - 2-isobornyl, 2-methyl -2=adamantyl,. tetrahydrofuranyl, _ 2 4 DEC
2002 tetrahydropyranoyl, 3-oxocy hexanohyl , neval oni c | actonyl,

1- et hoxyet hyl, and 1-t-butoxy rNetpR2 RO can al so represent the Dcpm
and Dntp groups defined above. or rmre30f t he ndrbornene-type nononers
descri bed under Formula | is c 8 with one or nore of the acryl ate

and/ or net hacryl ate nononers descri bed™have to yield random copol yners
containing repeating units of the fornmula: v mRa R3 Rz R~ -t CH CR8
~-C(O ORS wherein R to R4, Rg and RO are as previously defined. The
copolynmers of the invention contain polycyclic repeating units which are

the sane or different,and,acrylic repeating units which are the sane or
different. In Whewin RofeR ndsRendanily TeprRsents adudiogerbylarfuretiopal pol yeycl i ¢

and acrylic repgatiijagd: 'ﬁ.lsisglghﬁ@éeémm;d)s be the sane. The copol yners of

the invention conprise from abouf- 95 to about 5 nole percent of polycyclic
repeating units andWibmuthe Sulistituenoista Hdrovattey] geupd®ltto & acrylic repeating

units. Preferaply, the copolyners contain fr about 90 t bout 10 nol e

percent of pol V’@?_E‘Fr} “léﬁs’éﬁéﬂb}’mﬁ?ﬁeéh %eaé%ﬁg}aweﬁécab&ﬁ ?’m)l_e per cent

of acrylic " el §d Yrched, Yef ECIP(D%fk%ﬁf\pii){ear_taﬂﬁb&ﬂﬁfédy(@r-%“90”'[ ain from
nol e f poly

about 80 to about percent o cyclic repeating uni'ts and from
about 20 to aballyngl)(Gol €12peyadeaikylofCsadsiy) arpl. ang €Git-iGrg) aralkys. The

copol Yt s o B0 Eud LSRRG Dten gkt St han about S0C
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.



2 ~r*DEC 2002 -12 exhibit a Tg in the range of about 51 C to 200C, and
§ti|| nore preferably in the range of about 100C to 1 SOC. In one

énbodi nent of the invention, at Ieast one of the polycyclic andAdEGEYIic
repeating units.in the pol ycycl ic/acrylic copolymer contains an ester
functionality bearing an acid |abile group. By acid |labile is neant that
the ester function (i.e., ester of a carboxylic acid) contains a protecting
or |eaving group. The protecting group is capable of being cl eaved in the

presence of an aC|d roduci,ng a free c an aci dol ysis or
aci d cat al yzed HHABRGEY bbﬁ‘?f%“d’&twe aﬁﬁlf)ﬁ a{%fc?‘ﬁ%q’l\@ dhilicity or
solubility of tlngic@RPbHIPI, af@PhéiRtHVE IThedeRfl h¥rob&iByld¥aided of ester

functionality that is converted to free carboxylic acid groups. The acid
| abil e group i sthplﬂgyln‘eﬂihz@&Stmtsoe@ﬁéatmpbw’f\déwel@ébadbblfﬁottaﬁb!dugh one or nore

ni 19 of -t br oughoiEene: ket ofeseftBFidhestP b Aheb DedBasR, T opent i ng

units. The repea’:tbinﬂg: ﬂhelal ftaﬂmfyuraﬁ@n?f cﬁcu@ehkﬁcarsll hﬂd)hﬂaﬂcygg s gont ai ni ng
copolynmers are represented as foll ows Qm?a?s mmRv RZ

X
R3 R4 R~ RZ R3 Tepiacyd pithadrépgenatom wect%bégm Cb@rwnebremmqaﬂumnm R6, R m

and n are as pr y f t or RO nust be

an acid labile %\réolggﬁlsee ngtdg ofﬂ&géﬁgﬁéﬁg@_@ﬁ% ?&? ~) OCHZCH3,

-O CI;I( 5~2)O\(Axh CH3) ShyalrogéreatbmlHemp neglacgd:by mhgofnmpz(sjox? I(Bg:dﬂﬂ&ommethle? Rg R~ R~ O
erein VIOUS efine and z

represent the agfﬁﬂﬁ}mé'lnﬁ’ﬁfoge%’roé 1 Blpgg‘é‘@ﬁ“ r‘&*ﬁf‘é%lmaH&yamané Sai ned in

the copol ymer, yhglaiyardeathy Yﬁeo'% pHa®8 B&in kﬂa&e‘ﬂ%yaarmwen%{orﬁ‘?&%t 95 to about

S nol e percent of thé copol'yfrer “conposition, z is present m about 5 to
about 9~ nol e peifbensmethyloor pprﬂ:mometh@l)w'fhhptelfmqurpanhakdlydmrbyl and y can

not be 0 at the sane.t must be an
Rcid labile gr O@Bypam‘%epefﬂ%iogfxﬂeiage%w@e 3o the Reldeeind)mor
conposi tion. Pfﬁf\ﬂf s udehf iR RUAVerfon RRNARES &q,ram&@axm B8RNke i N the

copol ynmer backbone contain the pendant acid |abile group

functionality, fosmsllﬁf(f:i)‘bhemhet%n ol fadelogen ay sgbfdrihtapoetandyzis( i nsol ubl e to

| ubl f th b
Fol Low g 1 he oapaptonn el B a8 Petene s BrPloPRERElt ol cster

functionality. &rﬂﬁ@ﬁﬁd&bd/suHsﬁﬁneﬂt@'@hﬂlﬁdd}ferﬂlﬁﬁ@;ﬂiehﬂgpétﬂhbﬁ)mdﬂh)ﬁhe copol yner
containing the acid | abil e groups ranges from about 10 to about 50 nole

percent, nore pPEfluprsthyl.meHinoioRapyli and perilgsobutyls Inpgdditipe et , and stil |
more preferabl y,fibom aia0itedS he cfO4tky 130y MRALaBRS FEdlps of fhe? DEC 2002 -14

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

alkyl and haloalkyl groups. aryl groups and cycloalkyl groups.



Representative acid | abile groups defined under R6 and Rg include |

-nmet hyl - 1- cycl ohexyl, isobornyl, 2-nethyl-2-isobornyl, 2-nethyl-2adamantyl,
tetrahydrofuranyl, tetrahydropyranoyl, 3-oxocyclohexanonyl, me¥alprd 2002

| actonyl, 1-ethoxyethyl, and 1-t-butoxy ethyl groups. R6 and RO can al so
represent the Dcpm and Dncp groups defBred above. Catal yst Systens In one
enbodi nent, the conononers of the invention are polynerized by a single
conponent catal yst systemconprising a Goup VIIlI netal cation conplex and
a weakly coordi nati‘g% counteranion as represented by the [follow ng formila:
Ly, M XZ, CA a catiWherthependant sioupes) i5a Bmctipnal spbstifuenbdi dodht s a | i gand
containing 1, .2, or.3 n-bonds; M. p g¢ransition netal;
X represent s A4GACHATTHY IERESIHT ha&xq%?éeﬁ%cﬁ%ﬁgﬁ(;%@%%@? fo 3 n-bonds; V'
is 0, 1, or 2_(CHhHRIROIORY, -IGHA,-ORS, LCHOAOED)RS £(CH,)}R-O¥eMRFy coordi nating
counteranion; and a is a nunber reﬁresentg n%st he nunber of times the
count er ani on i-CHAEC@IOBaI aaddEHhE(QHR g ¥hsFein Rdndependsntiyonpl ex. In the

above formula y! ' ! 5 tBRS
coordi nati ng gé%rﬁfegl}%arl'ﬁg%g@rrﬁrgr@@ gedgjﬁmaﬁ?%eﬁe&_ﬁgﬁqlé@é%ﬂty weg% “y
coor di nat ed t dirdeheamidiranohed (Ger €y alkghtinedr agd brdnched, €04 + €4)abkengl,t o be
di spl aced by a neutral Lew,s base, r ecifically, .the phrase refers to
an ani on whi CHIWdfa‘liﬁ@ng@h'gé%alg?%ﬁa 57 1?%@&&%{@# (&ﬁ 't'it']ié) &k al yst
system of this,,l N S f [Wola¥ I or
fragnent ther Zag:d QFZ Flﬁ"g Iaf:ag@?'o lr}@&{eﬁéenr&ﬁ}? h?grrdr%ngrr?g [‘gﬂﬁ}bg Sﬁq%é@u%g%gﬁ? 15
neutral produdatefinifitom of Rirarethasane as tosoidentificipatiove undorthe delfiitiog of non
nucl eophilic, and relatively inert. L._iiS gsneytral ligand that is weakly
coor di nated t _t‘ﬂé{4e‘°&.lsﬁt wlalbmﬁ ‘éﬂdcég_t i“b_g gﬁ#ﬁldé‘???rqyﬂgbqud’é%e%"r‘ﬁs, the
ligand is rel alddéeRY cd s HalcheHated afi Epéthhl¥géliafddl ARR S radidnt Rpreddiid! cation
conpl ex by the inserting nononer in the %[';))V\A n olymer chain. Suitable

(] )_

n- bond cont ai rinragid labdeneieatnsdlestrd fram -C( ; pb.eCH(R YQCH:CHs,
2, 3-di net hyl - 2- - i ] . g., b di d (C6
> o) "ar ot CHIB RIEH Sy S IE BRpREL O chel ai ng bi dehtate |

cyclo(C6 - CG2) ( diolefin, for exanple, cyclooctadiene (COD) or dibenzo
COD, or an aromatic conpound such as benzene, toluene, or nesitylene. The
Goup VIII nmetal Mis selected fromGoup VIII netals of the Periodic Table
of the Elenents. Preferably Mis selecied fromunickel and pall adium The
nost preferred%s paIIa Lig X ; el ected i) a noiety
t hat provides -8 @: net al ppn a- bord n bonds) t e metal in the
cation conplex o a noi af prawu a single » ar_bon a- bond
and 1 to 3 n-bon®3 to the net Under enbodi nent (i)
the noiety is bound to the G VII1 metag7by a singl ggmetal -carbon a-bond
and no n-bonds. Representative |igands defined under this enbodi ment
include (C, - C, o) .al kyl noieties selected~fromnmethyl, ethyl, linear and
branched noi et Quch” as ? i sopr P,]butyl , Isobutyl, sec-butyl,

tert-butyl, pent neopentyl , hexyl, heptyl,}octyl, nonyl, and decyl; aryl
such as phenyl, b, or f I»ur oph X} and (C~ - Ci 5) aral kyl such
as benzyl. Under embodinent (ii) generally~defined above, the cation has a
hydr ocar byl group directly bound to the netal by a single netal-carbon

a-bond, and al GRerbin R repradiits Wytitogehir aﬂﬁneﬂﬂhﬂ)rﬁmed(@{?%)rhlbﬂnds- By
hydrocarbyl is neant a group that is capable of stabilizing the Goup VIII

netal cation c&epPeXheglkpkaroursiingude metybsthydipippy. bpiseyhbdtdne to
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,



2 4 DEC 2002 -16 three olefinic ~r-bonds that may be conjugated or

non-conj ugated. Representative hydrocarbyl groups are (C3 - C2o0) al kenyl

whi ch may be non-cyclic, nonocyclic, or polycyclic and can be substituted
with linear, and .branched (C~ - CZO al koxy, (C6 - C 5) aryl @& DEC P02 o
groups (e.g., C and F). Preferably X 4%-a single allyl ligand, or, a
canoni cal formthereof, which provides a a-bond and a n-bond; or a conpound
providing at | east one olefinic ~-bond to the nmetal, and a a bond to the

metal froma distal carbon ato aced art fromeit f|n|c car bon
atom by at | east® {a&%gr@g; TBRY- @H%’éﬁQ@ W@Hb%‘r?{i%d@?ﬁﬁ%%ﬂ ﬁ'é’ﬂ It should
be readily appaq&%yqq Eshé‘;?}?etlﬁjﬂdﬂdth-btﬂoi}r@hﬁ” t hat when Ilgand Lis
absent (i. "is“zero the netal cation conplex will be weakly |igated
by the sol vent in whiTg Hﬁhsdlﬁﬁ%slt.uaarew&eﬁaﬁéycﬂﬁr mefRPIRPAD. Md Ve
solvents include but are not limted hal ogenat ed hydr ocar bons such as
car bon t et r achl dimethylcg¢lbpropylorathy! dDmpbgrgmmnbarelrmcanmd by et hane,

di et hyl et her, g and artomatl c solvents such as benzene, tol uene,

mesi tyl ene, chl &? dﬁgﬁgéﬁgpm&ﬁd nitrobenzene, and the like. A nore detailed
di scussi on of appropriate solvents wll follow Selected enbodi nents of the

Goup VIl netal cation conplexes of the single conponent catal yst systens
of this invention are shown bel Structure illustrates enbodi nent (i)
wherein ligand X' is a nmethyl gNgup that is bylnd to the metal via a single

nmet al - carbon a-bond, and |igand [ s that gﬁéHV\fakl y coordinated to the
pal l adiumnetal via two olefiniC . 31X ucture bel ow M
preferably represents pall adi unZ&; nlckel ~0- DEC 2002 -17 M CH3 11
CA Structures 111, 1V, and V il trate vari ous exanpl es of enbodinent (ii)
wherein X is an allyl group that is bound to the netal (palladiumis shown
for illustrative purposes only) via a single netal carbon a-bond and at

| east one but no noreln ﬁannmlhﬁ/ebowmmsferabw &or Lonere@réfetablymi s not

Po the. pal | adi umnr renss & Qe A ort IR, e imecstERle s oo "o o

net al - car bon a- begerfitbddrigw:ef i ni ¢ n-bond to the palladium In Structure
IV, Lis CODand X is an allyl group providing a netal -carbon 6-bond and
an olefinic ~-bond to the palladium Strgiure V illustrates an enbodi nent

wherein ligand X is an unsaturated dr agbon group that provides a
net al - carbon a-bond, a conjugated n (
pal l adium L is absent.

two additgpnal ~c-bonds to the

R3
N

wherein R' to R? are as previously defined under Formula I above.

The acrylate and methacrylate comonomers of this invention are
represented 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,



s 2 4 DEC2002 RZo, '" " Pd,. RZz 1ll 18 CARORZ ; Pd,. R2IVCAYV
Substituents RZ, R2~, R22 are described in detail below Structures VI and

W1 illustrate exanpl es of enbodinent (iii) wherein L is B%X?d)irea
i gand that provides at |east one olefinic n-bond to the G C t al
and a a-bond to the nmetal froma distalOearbon atom spaced apart from

either olefinic carbon atomby at | east two carbon-carbon single bonds. '
CA 2 4 DEC 2002 - 19 CAVI Ov \ MVII Il CA ~~I The above descri bed

Group VITI cat iglqtyg)gpgtllg 5—%%ty6r11ryﬁ ﬁgpsrgé:e'n%h%g cycloalkyl groups include but
are not limited to cyclopentyl, cyclohexyl, and cyclooctyl substituents.
Representative aryl groups include but are not limited to phenyl. naphthyl
and anthracenyl. Representative aralkyl groups include but are not
limited to benzyl, and phenethyl. As discussed above. the hydrocarbyl
groups include halogenated and perhalogenated hydrocarbyl substituents.
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 -
R? R? 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,



|
wi tha weakly coordinating or non-coordinating counteranion, CA', which is
r‘el atively inert, a poor nucleophile and provides the cation conplex with
essential solubility in the reaction solvent. The key to propgrpgsiZn
design requjres that it be labile, stable, and inert toward reactions with
the cationic Goup VIl netal conplex -l 4+he final catal yst species, and
that it renders the single conponent catalyst soluble in the solvents of
this invention. The anions which are stable toward reactions with water or
Brensted acids, _and.whi ch do. . Qi ted on the
exterior of théagfh’?lgrr?px%nggl,‘ ’%%?%@ﬁéon%%&é%a%ﬁgﬁac{ gggot react with
strong aci ds orn.dE&8eihybemdassbithey ahglarbipsy Reeeutsrmgpresemtiad i fy as a
st abl e 2 4 DEC 2002 -20 anion for the catalyst system The properties of
the ani on whi cPPcameandBeep graups 9efinadaboNen | abi ity i ncl ude overal | si ze,
and shape (i.e., |ar ' . Lb L ehly. In
general, a suitabl ecg[%i%g%nrgéfgfée gﬁxﬁeg{)@e&aﬁ%&ﬂ%?gﬁggw gﬁv\%&t he cat al yst
t o be di ssol vedFormula Idotopymerized watlcene amoread’ thbecrytitd avd/org attri butes: (

1) the anion should formstable saljts with the afqrenentioned Lew s acid,
Bronst ed aci ds MERAFHHPISIRONOMES %ET‘{']%“,sab;?P'St‘%Wef&@“ RiCOPHNTEE ¢ hal | | um and
silver cati ons;cofdniddRpERBRIINYS of HRE f¥mAMk: t he ani on shoul d be del ocal i zed
over the framework of tﬁe anion or be localized within the core of the
anion; (3) the anion should be a relatively poor nucl eophile; and (4) the
ani on shoul d not be a powk Peduci ng or 0%z €R®aent . Ani ons t hat
neet the foregoing criteri be selected fromthe group consisting of a
tetrafluoride of Ga, A, ¢ hexaf | uori de of P,C(éz ROI As;

perfl uoro-acetates, propio and butyrates, hydrat 9 per chl or at e;

tol uene sul fonates, and trj{ onet hyl sul fonate; and substituted

t et raphenyl borate whereiR phienyl ring is substituted with fluorine or
trifluoromethyl noieties. ed exanpl es of counteranions include BFa',
PF6', A1F303SCF3', SbFb R‘Sh FgR)F' , AsFb , trifluoroacetate (CF3C02'),
pent af | uor opr opi onate (CzFsT®02Z"), heptafl uorobutyrate (CF3CFZCFzZC02'),
perchlorate (C1Ga' ~ H20), p-tol uene-sulfonate (p-CH3C6HASO3' ), carboranes
of the fornmul a GB=.:H®X i i hal ogen sel ected from
Cl, Br, 1, and ,rea{n ?%w’ggﬁdggyl?edé?)rag%ﬁgggrgglgrdeé?gﬁq'ed by the fornula: R~ ~,
B~~n4 2 4 DECTHeG®pel2iersdfetheiinveRtion compmnpdydyviclic rapeatggent s hydr ogen,

fluorine and trifluoronmethyl and n...is | to 5. A preferred sjpgle conponent
catal yst of th&mH %@%ﬁﬁ@&ioﬁg_}f{ergﬂé‘“béﬁ’f@géf—é)ﬁ‘éﬂn%ymﬁ%‘é{ﬁﬁcg la: Rio Rz
=~ MR22 VITT Chnd ba Lot difiheht. qaraa{erw&d@,u_qﬁ]sgibg?ﬁlueﬁ%QH%erlek;]gecﬁgé al conpl ex

wi th a weakly coordi nati ng counteranion. group of the netal

rati on conpl ex polycyelis/anteatrylic rapensing vniel de oat kavaite e thelsamec Thenctional ity

whi ch functionalli ' - [ r - et a- bond and
an olefinic n- %83%‘&"{%%&0& ggrb\;e@flwg?r%{bg# %Prlisa glrng?sgr a‘%ﬁﬁ‘ seozéct ed from
ni ckel and pal lpaedentdfpdiycypht repdating lndisrgd abeutiotabpited embRher@nal . As

di scussed above, it will be understqood that the catal ysts are solvated by
the reaction digfursayliqgspeatingjunitenPreferablycthe sarelymersrontainy framabopt gands t o

the Group VITI ggRhabodt Otrnaerp@;cie%ﬁ%mygffc 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



Substituent's R2, RZ'. and R on the allyl groups set forth above in
Structures I11, 1V, and VIl are each independently hydrogen, branched or
unbranched (C ~ - CS) al kyl such as nethyl, ethyl, n-propyh %%%m@é and
t-butyl, (G - Ga) aryl, such as phenyl and naphthyl, (C- - )c | ky
such as benzyl, -COOR23, -(CHZ)"OR-3, -GR-and (CS - C6) cycloaliphatic, 2
h DEC 2002 wherein R23 is linear or branched (C~- - C) alkyl, such as

nmet hyl, ethyl, n-propyl, isopropyl, n-butyl and i-butyl and is an integer

from0t06 f. ° e, ld ogether to forma
cyclic- or ?h?!?%lpﬁﬁ%ras!ﬁ%%?éﬁt% %eocgdbcﬁi %Adrélﬁlfﬁg%rtcr ucture can be

carbocyclic Or rféﬁiretslngﬁhdm eﬁdﬁhﬁouom°cewasp?(es of n-allyl metal conpl exes
are found in Rp and B% Shaw, Advances in Invrgt;ank Chem stry and
Radi ocheni stry, Vol In ane pwherdimest ¢ thednyengion, aidsestanciol thee2: J. Birmi ngham

E. de Boer, , G N
Schrauzer, Advg"-f)lgtaycﬁc a% ogrgﬁg’hc'% flgg&lﬁlitstgérg?l?%f@aﬂﬂ cadem c Press

I(ng6 ) NeW8Yor kcodpbﬂ)ﬁﬂer dNnifammﬂésterRundﬁmngh%qrhéaﬁngJan Abid lﬁbﬂggﬂ)(u g 69)Chgr2n Soc. ,
1964) 1585; and H Vol ge Rec.. Trav im, Pay Ba 1 5;
which are all R¥rél abﬂ%&lﬁ%ﬂ@&%ﬁ%ﬁ%@%@e,nateaﬁ& FREPORAICal v st

enbodi nent, L &ifA Rir Ny type |igand.
In this enbodi ércg‘{ril){ ' h§a?rc§5§§n§nﬁ aw%@&l%%l( Tﬁﬁ &?te%‘wéﬂoqﬁlﬁs The phosphi ne
| i gand can be eaparb}m:fémmg demdslpﬁleneesencemaﬁmm atid| pogivagphfree. By

Cont ai ni ng an SRRTEYS S R i iR s raheet ARG Bimdlior sui fur).

capabl e of weaj SodhiS RYBuMIY of 8 i entate |igand
iS represented b?/ﬁlstc‘ﬁgﬂ}ge;%ya ﬂh R‘g W er%?n E@éopo@fﬂﬁeégﬁggﬁﬂem |y

represents |i nwgnlamddb)btmrwtmnit ()fgster funcﬂpnditkyﬂla,t isgpovertdddylfreand {C6 - Gi 4)
aryl and subst] t ar resentative al kyl groups include but are not
limted to netf‘%f oxy{ g'ES’PBEpJ i sopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, Tﬂ@@@ﬂﬂﬁbﬂe rB@ﬁié'pol)hﬁé}Béh 1mt9Q}§é/éopol}?&Y|baclé%‘33¥ I, and
dodecyl . Repr esent ative cycloa % kyl groups include but "are not |1 m ted to
cycl opentyl anthr %ﬂ@kﬂe@@WOf“R&ihe%thlic\FéP@ﬂ%ugllt&agpsonmotqﬁethbut are not

limted to phe nap dsbstltuted
napht hyl . By su %g{’? feﬁ{%%%ﬁ%ﬂﬁl dqrgﬂﬁgéﬂ ?niaﬂdrp ’ieﬁ’z Wpe 8& @8\t ai n | near
or branched (Cacryh&:rea))eanngmﬁtsDERBe&G&ann@hkfyhtr@dtﬁ}@@&fﬁa@hd@iﬁllitﬁré above under
R24, and/or hal ogen groups selected fromchlorine. brom ne, iodine, and

fluorine. Exan@losp containing aenclymers grrespeesentpthasiolpwess i ncl ude but are not
limted to triethyl phosphine, triisopropyl phosphine,

tricycl opentyl phosphine, tricycl ohexyl phosphi ne, triphenyl phosphi ne,
trinaphthyl phosphine, tri p-tolylphosphine, and tri-o-tolyl phosphine. The
hem | abi | e phosphine ligand is represented by the formula P(R24)zQ wherein
Rz4 is the sane @3 xied above and er esent s ant-GHgani-€

contai ning a het ¢ y1y sel ected f pnosphorous oxygen, |and sul fur and
conbi nations theary anpl es of tMg_Q/Sybstit uent include(Reﬁoﬁﬁe not
limted to -dibeng \ ophene) ort hoa phenyl -,

ort ho- al koxycar hd penyl -, wher ei al koxy group is linear or branched

(C - CS) al kox )m|S(O)C6H~) JUBC6H~~ - (CHz) qP( O) (C6HbB) 2,

-(CH2) gP(S) (Co 2, W i i Preferably the hem | abile

phosphi ne |igan&'yealgd:yRchel ates tRé |3||5C 2hnfc( 9@%‘1 formng a Sor 6
menbered ring together with the phosphi ne phosphorus atom the heteroatom
(preferably Oor S) and the group VIII netal. Excluded fromthis class of
ligands are the strongly chelating |igands, e.g., the diphosphines such as
di phenyl phosphi noet hane and di phenyl phosphi nopropane. Specific exanpl es of
sui tabl e hem | abil e phosphine ligands are illustrated bel ow 2 4 DEC 2002

-24\ ~~\r O _ o\ [/ ~\



/ PSSO\ ~~\ Pc~5// \PSO\N\\N/ /T \~/ [\~ S~ . . \P
PP\ \ ~/ ~ /] OCH3 C(OOCH CH The phosphite |igands are represented by
‘the fornula P(OR24)3 wherein Rz4 can be the same or differepy gpel 2002 the

sane as defi ned above. Exanples of phosphite |igands include but are not
limted to trinethyl phosphite, triethylghosphite, tri-n-propyl phosphite,
triisopropyl phosphite, tri-n-butyl phosphite, triisobutyl phoshite,
tri-t-butyl phosphite, tricycl ohexyl phosphite, and tri phenyl phosphite. The
bi pyridyl ligand can be a ?,2'-bipyridine ring system or a fused bipyridyl
ring system (phenanthrene) selected fromthe forml ae bel ow 2 ~ DEC 2002
RZS RZs N N - nrwhereis RR to/fer BRI, R’ Ragndrirsp anprevions)y defineds and af leastir ogen,

| i near and branchegd &€ I et r (C - C~)

al koxy, and (cé’“? °g~‘§)a“§’/?ffi§%n‘ﬁﬂs?§é§taf{dd@§§ ey %epe%?e@ﬁi@‘? and substit uted
aryl oxy. Repr eseqCHE),vSi(@Hky) -CH@IBCHCH Y dBHERNOG(EH)pbf tiemi ted to met hyl
ethyl, propyl, isopropyl, butyl. isobutyl, sec-butyl, tent-butyl, pentyl,
neopentyl , hexﬁbHOWéﬁﬂVPpCQEW?F. nonyl, decyl, and dodecyl. Representative
al koxy groups include but are not limted to nmethoxy, ethoxy, propoxy,

i sopropoxy, butoxy, sec-butoxy, tent-butoxy, pentoxy, and neopent oxy.

Representative aryl d aryl oxy, HE@ stbsICH Ut ed dert ves thereof
i ncl ude but are_n i Ni A pheA»\ t ol yl hyl, as well
as hal ogenated (e i ted) de I ves ther e
monodent at e phosphi, i arepr ef er redj—Tost > pre ; ~trraryl or

tricycl ohexyl phos . Optionally the pre erred phosphi ne |igands can be
substituted with sulfonate netak’ salts suchRhs -SO Na wi’ch inpart the
resulting catalysts with solubility in water should the copol ynerization be

run in aqueous di@._ The single._conponseqt ©Oat al yst of the foregoing
enbodi nents can pr gpar ed conbi ni ng ligated Goup VIII netal halide
or pseudohal ide (fefined herefinbeljow) with a gounteranion providing salt or

a strong Lewi s aci Gch as tris[3.5-bis(trofluoromet hyl phenyl)] boron and
tris(pentaflurophenyl) boron that provides the counteranion for the

subsequently fornmed netal cation conplex. The |igated G oup VIII netal
hal i de conmponegerefnl€ is A VafleAR PR iR 8dHinBE apdlx! y Und A58hRsét i  and
optional n-bond Cont ai ni ng cgrrpgnerllt ,Swe/. g.n, ’COD,X’ Lre co\r%%i ned }ﬁn a

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 -26 solvent capable of solvating the forned single conponent
catal yst. The solvent utilized is preferably the sane sol vent chosen for
t'he reaction medium The catal yst can be preformed in solven g ﬁgﬁwg
formed in situ in the reaction nedium Suitable counteranlon pr 2

salts are any salts capable of providinhgthe counterani ons di scussed above.
For exanple, salts of sodium |ithium potassium silver, thallium and
anmoni a. wherein the anion is selected fromthe counteranions (CA-) defined
previously. Illustrative counteranlon providing salts |nclgde T1PF6, AgPF6.
AgSbF6, Li BF, ~, NHAFRPIesRmaiee adi @Pﬁse@PSAsm ungerBOand R apcdddra~Hzo,

AgAsF6, AgCF3CFZCF {G6F5) 4.,

Li B(C6F5) 4 et helr mteég) ﬁg@ﬁgﬁ%ﬂ%lr@%n X |sggar§¥%3erﬁao§ a hal ogen

sel ected from GdamBntyl, |tetralljldroﬂilra€f13telﬁaﬂ(dr&p§/ra1)c@'l CFoncyGE;heAgB(nyl / )4 The
specific catalyst: [al]yl- pr.ef ormed by for ga ligated
pal | adi um hal i dée‘@@ﬁ%‘bh‘ém‘yl’ |1 eéhclxys}hgf QPS} erwléyuwﬁ{dgﬁld. s then
subjected to s I e formof a
count er ani on p?% &Q%Egg\q%%@satpéD%I'%nghlagtgkﬂg)sgrggg%%%%b%? COD. The
reacti on sequence is witten as fol | ows: -27 Palladium (I1) Chloride -Br

, , . ' PdPd\ Br' COD S ~ , Pd PF 6 \Wen
partitioned, only one COD Ii gand r%lyﬁ@‘m'%h i s bonded by two n-bonds to
the palladium The allyl functionality is bonded by one netal -carbon a-bond
and one n-bond to the palladium For the preparation of the n-allyl G oup
VI 11 metal/count erarimo‘mesmgdmmnb@mnwwabf/sh@nweprmmt ed in Structure
VIl above, i ) %I (1}??6} | adi unh g yt | adi um chl ori de is conbi ned
Wi th the. desi r iPTEBHRN A AEtE PADPFL AV WO isrBRaMB PR  ver ' sal te o

t he count er ani oq;;oubrvmrmaapdaﬁbﬁlajnq)lap&ﬂdweakweo&ahgﬁhge Ilgand comes off
the allyl palladiumconplex as a preci p| tate of silver chloride (AgCl)

whi ch can be fiqoustesanionas TQPTCEWCEW @?lQﬂPW“F&@faNhyI pal | adi um cati on

conpl ex/ count erani on si ngl e conponent catalyst remains in solution. The

pal | adium nmetal is devoid of any |igands apart fromthe allylic
functionality. Reactions utilizing the single nent talysts of the
present invention are carried out |in_ an hi c soIv i ch does not
adversely interfere with the catalys ﬁtg&i-an ils gﬂéo ent for the
nononer. Exanpl es of organic solvents are al 1 phatiic (non- gl ar)

hydr ocar bons such 2 ~ DEC 2002 Al lbyl Brom de

cation complex counteranion
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 o-bond
and between 0 to 3 n-bonds; y'is 0, 1, or 2, preferably 1; z'is 1. 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



2 ~.DEC 2002 _ 28 _ as pentane, hexane, heptane, octane and decane;
alicyclic hydrocarbons such as cycl opentane and cycl ohexane; aronatic

‘hydr ocar bons such as benzene. chl orobenzene, o-dichl orobenzgysc 22uene.
and xyl enes; hal ogenated (polar) hydrocarbons such as nethyl ene chloride,
chloroform carbon tetrachloride, ethlb-chloride, | , | -dichloroethane)

1, 2-di chl oroet hane, 1, 2-dichl oroet hyl ene, 1-chl oropropane, 2-chl oropropane,
1-chl or obut ane, 2-chl orobut ane, 1-chl oro-2net hyl propane, and

1-chl or opent a i it ; i Ldyl pe |igands
are enpl oyed ggutéi\gﬁ%ﬂ@rf’fﬁ%%@g%% W?@ghéﬂa\}&@ &&cgﬁﬁ%gg’unsoté% as the
reaction sol ventleopNite andtrelativedy meyl oyed as the reaction solvent, the

preferred ligands are sel ected fromthe phosphi nes desctibe bove. It is
possi bl e to cont roll- R&epaligepd thehts %?ﬂ\fm@%%aﬁeaé?ﬁﬁe‘fws he organic

(monomer ) and 4 %aHan PAASIER, ByotRenkSras. tAé ﬁﬁﬁm'seaamely eriPl@gehi ne |1 gand.
For exanple, the use of tricycl ohexyl phosphine causes the catalyst to

resi de pri mar ir¢adilydigpheeedrfnoonthe nyeitel catiotheomplsx bj¢haineertifigt he sodi um salt of
tris(3-sul fonat ophenyl é}ephosphi nF resFI.t sdin aI cahal st di ssol ved

essential |y i AAIQEEHES BEOYIME PLIYMSE ChYRa Spifablg nshprdeqmiaining ch as an i onic

surfactant (e L a )@ 738 R4 |5 ctant (e.g.,

et hyl eneoxi de1 gns%ﬁgghmdczzt g‘tximﬁl@r(ﬂﬁrg e%ﬁé)'zsr H'?ﬁ%ﬁ?réggﬁ%%k | gepal of the
GAF Cor por at i ¢@) - Ca) dindefansyik.gy @adrboimadeene) had (EnbGsh) axantatiche conononers of
the invention ar.e, pol rized in.t.he presence of a | 1.0 cC onent catal yst
system In thi%€ oﬁ%@b,ﬁ’e‘f%géﬁﬁlcggl?t‘?%g‘ﬁS?tﬁEocy%é{:ﬁ E:Qggl yst conponents
conprising a @deln, Yo dxafplelcyd1ofetafieeC LCOD) CRHMH2H ICTD Viridp an or ganonet al

cocatal yst and, preferably, a third conponent. The cocatal yst is selected

f r om or ganoal arimatin comoond sech adibandept dblwehewomnigsityiedes, di al kyl zi nc
conpounds) di al kyl esi co nds nd. al kvl | i tRhi,um.c ounds. 2 ~
DEC 2002 29 The OGSO | eﬁ%éﬁ%’ﬁ?“ﬂ@‘?‘sﬁﬁ%b@th‘f‘?‘%_? lected from a
conmpound cont ghdPértbdid TaI¢ of theBlemesls U PrefdiaBlyaMAE SelB&ed B5hT AigkdlONs on t he
Goup VIII netal conpound so long as it provides a source of catalytically
active Group ¥ndpalladivm. Thamostprafesed majal is pelladivpp Vi 11 metal conpound is
sol ubl e or can be t+@ - i i 1 The Group VIII
nmet al conpound conpﬁ?%gsﬁilg%l%&%n érgrd)%e%@?%tﬁ%%ggg@fg?%g@nd to the G oup
VI11 rmetal. Theetilodarisonesdond (tiorrborlds pis mead ibthesatieg t@dplekom a vari ety of
nonodent ate, bidentate, or nultidentate noieties and conbi nations thereof.
Repr esent at i vdiibs moigsy thshprovideg asinslemete! easborbe-bopda@nd 1tto3t he netal to form
the Goup VIIl conpound are .anioni.c |igands. sel ected,.from.the halides such
as chloride, BLFB‘?ﬂr%é‘?t ed‘&?tglemgl?e ‘fai"ﬂBF?‘gB{%?‘o ,debg‘@%‘éiﬁ’éf‘%)a@esuch as

cyani de, cyan Lo bmG . At ~ i ) I nds such as
acetyl acet ona’?’g&f%—lggnt aﬁggilt'ﬁggﬁlgﬂl 2, g‘?géyG??lgglregﬂn%ttgﬁ%@%x?g- Se)'tpft anedi onat e,
and hal ogenat edd aeei-ydnde e Represdneative lighndisdefined under this embodiment

1.1,1,5.5.5-hexafl uoro- 2, 4- pent anedi onatg, I i

.1, 1-tri f | uor doclude CaniCamedkyd maeties spleeiad from methyl.etlgl; lirear aad car bon such
as carboxyl at S ) y

2- et hyl hexanogj?e ﬂgdeo keégigﬁglg‘%hg# p?ﬁy?ﬁ%@a?g’e?&a é?sog?‘?.ﬁ)%ghgﬁzixi des of

ni trogen (e. g.tert-butyl,gicaty], neopertylebexyétheplyl.afctyldj sonyl,lanf degyl; arfgl snut hat e,
etc.), of alumnum(e.q,, m nates, etc.), siJ.icon .g,, Silicate,
etc.), of pho§Ha?)?i)é}¥'“?leP‘g}&&&{r?ﬁtggrﬂ)‘ﬁé‘f@gt}cn%ﬁ%‘g{ﬁ’t'eé'ﬁ) ﬁﬁB@Eﬂ?ﬁh& etc.) of
sul fur (e.qg., a reks f ul fites)
etc.): yli des;&S*n%"dté’i’?e‘?%ﬁ‘g%‘?‘?‘e%‘é?‘%%f?%é‘%ﬁ‘g°§ﬂ? aBeve; tie{<afea Ras 2y | a)
aryl oxi des, ( Gydrocai®) gmiukdiiectiysbound do theimiesal byyalsingle m&al-carlan) al kyl ;

catechol s; oxal ate; chel aii ng, al koxi.des and aryl oxi des. Pall adi um conpounds
can al so cont & -RO¥bART é&%OEKiagWéS‘&as’rP“égO I‘f‘?—m%,tahaﬁf Fegnds) thF' 6 and
conmpounds repr : -4%@%% 6) q,
B(R26) - g mheréﬁﬁﬁggggf% é%gﬁg ﬁ%@gﬁ?g%giggﬁﬁgsgﬁﬁg geﬁ(§?8ﬁ$gg?ected from
a, F. 1, and retal ecatioa csmplekiby prexddiag acashohahethlisddntyuad onarobyl group.
Represent ati ve hydrocarbyl groups are’-selected fromlinear or branched (C,
- &) alkyl such as nmethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, pentyl, neopentyl, hexyl, heptyl, octyl) nonyl, decyh undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,

oct adecyl, nonodecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl,
pentacosyl, and isonmeric forns thereof; (CZ - C25) al kenyl such as vinyl,
allyl, crotyl, butenyl, pentenyl, hexenyl, octenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl pentadecenyi, hexadecenyl,
hept adecenyl, octadecenyl, nonadecenyl, pentacosenyl, and isoneric forns
thereof; (C6 - C25) aryl such as phenyl, tolyl, xylyl, and naphthyl; (C~ -
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DEC 2002 sul 1 355 %@ng:ufgﬁo% t°q‘8§1‘l‘ult£lt:§‘#?§ﬁ?hﬁ fie et (‘8%5%’1

aryl sul f oxi degarbéfatom,spagedadpasriydns Hitﬁeﬁ))oldfﬁﬁd caﬁ:bﬁh htom Hy dtdeast twos houl d be

recogni zed that the foregoing neutr i gands can be utilized as optional
third corrponeﬁ%rémét@amopls“lfée S@S‘Er FB %Filﬁ’é%ilﬁ)ibel ow. Exanples of Goup VIII

transition metal ceRAURISe RYAHPRN IS to those skilled in the art that when

ligand L is absent (i.e., y' is zero), the metal cation complex will be

weakly ligated by the solvent in which the reaction was carried out.
Representative solvents include but are not limited to halogenated
hydrocarbons such as carbon tetrachloride, chloroform, dichloromethane,
1,2-dichloroethane, diethyl ether, THF, and aromatic solvents such as
benzene, toluene, mesitylene, chlorobenzene, and nitrobenzene, and the
like. A more detailed discussion of appropriate solvents will follow.

Selected embodiments of the Group VIII metal cation complexes
of the single component catalyst systems of this invention are shown
below.

Structure II illustrates embodiment (i) wherein ligand X' is a
methyl group that is bound to the metal via a single metal-carbon 6-bond,
and ligand L is COD that is weakly coordinated to the palladium metal via
two olefinic m-bonds. In the structure below M preferably represents

palladium or nickel.



the Goup VIIl netal ion source include: palladium ethyl hexanoate, traps-Pd
Cl2(PPh3)z, palladium (l11) bis(trifluoroacetate), palladium(Il)

bi s(acetyl acetonate), palladium (1) 2-ethyl hexanoate, Pd(a®e pEg) dPPh3) 2,
pal l adium (J1) brom de, palladium (Il) chloride, palladium(I1) iodide,

pal I adium (I11) oxide, nonoacetonitrilel?7is(triphenyl phosphine) palladi um
(I'l) tetrafluoroborate, tetrakis(acetonitrile) palladium(Il)

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

di chl orobi s(tri phenyl phosphi ne) palladium (I11), dichlorobis(benzonitrile)
pal l adium (11), palladium acetyl acetonate, palladiumbis(acetonitrile)

di chl ori de, palladi um bi s(di net hyl sal f oxi de) di chl ornde, ni ckel
acetyl acet onates, nickel carboxyl ates el di net hyl gl yoxi nme, ni ckel

et hyl hexanoate, bis(2,2,6,6-tetrangt 3, 5- hept anedijonat e) nickel (I11),

ni ckel (11) hexafl uoroacetyl acet onat etrahrydrate) {nickel (I11)
trifluoroacetyl acetonate di hydrate ckel M+) GHgt yl a€Aonat e
tetrahrydrate) nickel ocene, nickel|( acetate, nichel brom de, nickel

chl oride, dichl orohexyl nickel acefat i ckel lactatle, nickel oxide,

ni ckel tetrafluoroborate. The orgapoal' um conponent of the

mul ti conponent catal yst system of {he preésent inventijon is represented by
the formula: AIR3' " ' wherein R3z independently represents |inear and
branched (C, - Czo) alkyl, (06 - Ca) aryl II(C~ - C20) aralkyl, (C3 - Coo)
cycloalkyl; Q is a halide or pseudohalide selected fromchlorine,
fluorine, brom ne, iodine, ~iinear_and 2 ~ DEC 2002 - 33 branched (C- -
C20) al koxy, (C6 - Stragturgs JiL.JW, and Yopllpstrate variqus examplesofot er ably 0 to 2.
Representati ve BENgl : i A jnuns such as
e et iyl al um g e RTINS HRE MR shohlt ot e il

triisopropyl al {pailadiom it shoverofontifstdativg parppses only2 viaet sipgdldoietdl-al um num
tri-3-nethylbutylaluminym  tri-2~methyl penty]al um nu

tri-3-methyl pe‘i‘i’FS’HYh‘F{Eﬁ’PE&P@ aleast &nﬁéwry{gﬂ faeﬁ?ttb%tﬂmﬁﬂﬁ@ﬂd& ,
tri-2-methyl hexyl al &bl 3 &ﬁﬁ% | r4-Q6H%.al um num and
tris-2-norbornyl al u}nt{%um gitngl ﬁ?ﬁ g@?ﬁ‘l%%um gﬁﬂaﬂgﬁ%ﬁfgﬁpﬁ& hyl al um num
chl ori de, di etthydeat-bornds is weakllylcoordikeatedioitsopaladinaineal; X3 ahalbii de, and

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

net hyl al um nung/@Re Rrovidias a sglgmglairadrhomochandiand prielefiaiciybendii®i num

di i odi de, prop Lalﬁginun1dichloride, i sopropyl al um num di chl ori de,

but yl al um num FERT ST e, and i sobutyl al um num di chl ori de; and

al kyl al um nurn sesqli Swhdraile VsLahCaD amt XYik ah dyIpdoasievidingd or i de)

et hyl al um num sesqui chl ori de, propyl al um num sesqui chl ori de, and
i sobut yl al uni nustakearban cFrbend ard amrpletinic - Randdp thei RelladiMypdr i de i s sel ect ed

fromlinear and bra (COnme ' - 10 hde,. with

di i sobut yl al uni num ﬁﬁﬁ?‘?ﬁe@%“e‘.‘“n‘g“g%%?@é@ﬁéﬁ‘ ﬁﬁ%f”wééﬁ% ﬁ*u“r% hydri de
conpound. The gisatusated BiydocaBHP gtoug3ha peoviddseahasl-dareon 4-bbsd@ra and branched
(C, - Co) dialkyl zinc conmpounds with diethyl zinc being preferred. The

di al kyl magnestammgaserhoiband and evesaddisanatinfbonds toitheepatladiuh; By isnched (C, -
C,0) dialkyl nqggesiun1mﬁth di butyl magnesi um being the nost preferred. The
al kyl 1ithiums®%&f8 selected fromliinear and branched (C, - C o) alkyl
l'ithiumconpounds. Butyllithiumis the preferred alkyl lithium In the
practice of the present invention, the nulticonmponent catalytic system
obtained fromthe-Graup VIIl nmetal ion source is utilized 2 ~o- DEC 2002
-34 with one or both of a conponent selected fromthe group of cocatal yst
conpounds, and third conponent conpounds. Exanples of third conponents are
strong Lewi s acids such as the BF3~etherate, Tid 4, SbFs, and
tris(perfluorophenyl)boron. As set forth above the neutral |igands can be
enpl oyed as optional third conponents with el ectron donating properties. In
one enbodi nent of the invention, the nulticonponent catalyst system can be
prepared by a process which conprises mxing the catal yst conponents, i.e.,
the Goup VIIl netal conpound or ion source, the cocatal yst conpound, and
third conponent (if enployed), together in a hydrocarbon or hal ohydrocarbon
sol vent ~and then m xing the prem xed catal yst systemin the reaction nedi um
conprising the nmononer. Alternatively, (assuming the optional third
conponent is utilized), any two of the catal yst system conponents can be
prem xed in a hydrocarbon or hal ohydrocarbon sol vent and then introduced
into the reaction nedium The remaining catal yst conponent can be added to
the reaction nmedium before or after the addition of the prem xed
conmponents. I n anot her enbodi nent, the nulticonponent catal yst system can
be prepared in situ by m xing together all of the catal yst conponents in

. o T T




i nvention, the catalyst systen1conp}ises a nickel salt, e.g., nickel

et hyl hexanoat e,

an or ganoal um num conpound,

e.g., triethylalum num and a

third conmponent Lewis acid, e.g., tris(perfluorophenyl)borop apeghowp in

the follow ng schenme: nickel

et hyl hexanoate + tris(perfluorophenyl)boron +

triethylalum num~ Active Catalyst -284 DEC 2002 -35 Reactions utilizing
the single and nmul ti conponent catal ysts of the present invention are
carried out in an organic solvent which does not adversely interfere with
the catal yst systemand is a solvent for the nononer. Exanples of organic
solvents are aliphatic (non-polar) hydrocarbons such as pentane, hexane,
hept ane, octane and decane; alicyclic hydrocarbons such as cycl opentane and
cycl ohexane; aromatic hydrocarbons such as benzene, chl orobenzene,

o-di chl orobenzene, toluene, and xyl enes; hal ogenated (pol ar) hydrocarbons
such as nethyl ene chloride, chloroform carbon tetrachloride, ethyl
chloride, 1,1-dichloroethane, 1,2-dighloroethane, 1,2-dich|oroethyL@ne,
1-chl oroprop , 2-chl or opropane, -1 chl or ohutane, 2-chl or obut ane,—

1- chl or o- 2- ngt hyl propane, and 1-chl propentgne. The nolar ratio of |total
nononer to Gioup VI R¥gtal for the|singleland nulti d&fponent catdlysts of
the invention range fnrom 20:1 to 10D, 000: 1,{ preferablly 5Q 000: 1,
and nost preflerably I n tfhe rul ti gonmpon yst

0:1 to 10, 000} 1.

systens) the|cocat al um nqum zi ng,- magnesi u d
lithium to . (D rgnges fA/oml %ggg to
100: 1, preferabl'y\ ess 30:{1, an I t han
or equal to i s ernpl oyed RNp. a nol ag ) to Group
VITT metal r \ :1. Thg tenperat\yre at he

pol yneri zat i ns of the present inJention arg carr typically

2120 C, pref
-10C to 80C. e choice of reacti
nunber of factors inc* di ng the choice of catalyst a
desired to run the pot'ymerization as a slurry or sol

rably -60C to 90G,,and nost prjeferably
sol ventt—4s nmade on the basi s—of a

whet her it is

on process. For nost

of the catal ysts described in this invention,

the preferred solvents are

chl ori nat ed hydrocarbons suc
and

preferred due to the resulti
nor bor nene-type nononer(s).
nol ecul ar wei ght (M) range
from about 2,000 to about 50
about 100, 000. The pol yners
el ectronic, optical and high
applications. For electronic
wei ght preferably ranges fro
tenperature thernoplastic ap
ranges from about 40,000 to

i nvention the polycyclic/acrylic polyners are useful
resist materials utilized in the manuf ature of

patterni ng of
t echni ques known in the art.

s met hyl ene chl acidé and 1, 2-di chl or oet hane
as benzene, toluene,

| e hydrlocar bons being | ess
convexsi on df the functional
ilnventi on are produced in a
to gbout 1,000,000, preferably

rablly from about 5,000 to
tiion arg useful in
t her nopllast iCGA(e. g., pipe, fiber)

o) t)| gpplications the nol ecul ar
about 5, 000 to/2Q,300 (M). For high

| ications the cul ar wei ght preferably

, 000 (Mn). In onelenbodi nent of the

as conponents in
integrated circuits.

The

IC s is carried out according to various |ithography

Phot ol i t hogr aphy enpl oying ultraviolet (UV)

li ght and i ncreasi rigibgrisiese REVR, @4t are desztibed im degiipbdlow. i s a fundanment al

and inportant technology utilized.in the

roduction of |IC devices. A

. p ,
phot osensi tive pol yBKcHres W aphBH dlustrate examples g pnbadisiest (i) subst r at e

surface (e.g.,,palgn) is%gﬁ&e Z(qsﬁglgglgboﬁlg{ﬁ'ﬁbld%)ﬁtlgdspbﬂ ofe

patterning information 1S

%idesired
0

0S€ proximty % he phot or esi st

film The photb&sd ®ithé Group i aleflatdy 6 WA tde AvRall fYorAG difigk omask by one

of several types of

i magi ng radi ation including W

X-rays, or i orfafhearmsompesedapstdianeeither pledinie g

l'i ght,
n o

el ectron beans,
tlease®¥ast under goes

a chem cal chapge w : changes in solubility. After irradiation,
the substrate |s%§§%i%ﬁﬁéﬁﬁgg§%Fu

renoves either the exposed or

t he photosensitive pol yner

tion that develops (i.e., selectively
unexposed regions) the patterned inages in



2 4 DEC 2~2 37_ film Depending on the type of photoresist used, or the
polarity of the devel oping solvent, either the exposed or nonexposed areas
of filmare renoved in the devel opi ng process to expose the gﬁgerl hﬁ?
substrate, after, which the patterned exposed or unwanted sub HEE erial
is renoved or changed by an etching prigcess | eaving the desired pattern in
a functional |ayer of the wafer. The remaini ng photoresist materi al
functions as a protective barrier against the etching process. Renoval of

t he remai ni ng photoresist material gives the patterned circuit. Etching is
acconpl i shed by plasma etching, sputter etching, and reactive ion etching
(RIE). The polycyclic/acrylic copolyners of the invention that contain acid
| abi | e groups pendant fromthe backbone can be used in radiation sensitive
phot or esi st conpositions. The_phot oresi st conpositioﬁ% of the present

i nvention conprise the disclgse ol ycyclic/a | i c|copol ynmer conpositions,

a solvent, and an phot osensi {i i d genggakb photoinitiator).
itor W€ added) | njan@gount of up to

Preferably, a dissolution inhi

about 20 wei ght percent of t conposj tion. A sujtable dissolution
inhibitor is t-butyl chol ate]|(|X V. ivel et , |Chem cally Anplified

El ect r on- Beam Phot or esi st s, Mater., 19 , $76-381 ). Upon exposure
to radi ation, the radiation nsitive acid generat generates a strong
acid. Suitable photoacid generators ingfjude triflates (e.g.,
triphenylsulfoniumtriflate), pyrogallol (e.g., trimesylate of pyrogallol);
oniumsalts such as triarylsul foniumand diaryliodium +

hexaf | uor oant i nonat es, hexafftuor oarsenates, trifl uorenet hanesul f onates;
esters of hydroxyim des, a,a -bi®Msul fonyl -di azonet harles, sulfonate esters
of nitro-substituted benzyl |al cohol s and hapt hoqui nong- 4-di azi des. O her

sui tabl e photoacid generatorns are/di scl osed in ichmgnis et al., Chem
Mater. 3, 395, ( 1991 ). Conposi s._cont ai ni i_arlyl sul f oni um or
di aryliodoniumsalts are preferred b q&/?ﬁéir

nsitivity to deep W
'oné*ﬁages. 2 ~ DEC
hst i ted‘angfs trically or
unsymetrically substitutedjdiaryl™eum or tri foniumsalts. The
photoacid initiator conponent conprises about 1t wW w percent to
pol ymer. The preferred conc ration rgfgge is 5 to 56-w w percent. The
phot oresi st conpositions of the present I nvention optionally contain a
sensitizer capable of sensitizing the photoacid initiator to | onger wave
| engths ranging frommd 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 wellknown and is
described in U S. Patent s.,4,§§g,0§$' 4,371, 605; and 4, 491, 628 which are
all incorporated h&f@iaﬁoﬁz&sé‘iﬂéﬁd up VH{&sation eomplekes aregsiociatadi ted to a
specific classyiif, 5A3) bhdrdinaflhie B0 nkilid dthRraniGhC R WRRES T Of
generating a positive tone resist Image on a substrate conprises the steps
of : (a) coat i ngredatbrelysinemmtacpoor nhcleorthilk and prgvidesitingcdtion qoagilés ve t one resi st
conposi tion of the present ..nvention:.b) |nmagew se exposing the filmto
radi ati on; and‘”‘(lbﬁssg"&\?ii;cgbl?‘hﬁ' in e ieﬁﬁlf@.S°lf‘ﬁagﬁ¥?eslfeyst9a5°w3lm°9es coati ng
the substrate dekigh réquire$ thatRBR 1dbileaté)nd SfedrbtowRfd MABofsONRIPHet | ON
di ssoived in a suitable solvent preferably, at about S to 40 weightlvol une
per cent of soldatienic fiseup YHEmetad sompleg in themaledtaityst/ spetiesmnddhat ént . Sui t abl e
Substrates are_c rised,of silicon, .ceram,Cs ol yme r..the Like.
Sui t abl e sol verﬁ?‘ger WS FW&L}" °8P1?8§}F%ﬁ8fa&5§%°§‘{‘g‘m ﬂ\%“é’ﬁﬁ{?r&é@ét ate (PQVEA),
cycl ohexanone, int#ih OTRE hifibes whichle staté Rvwaird adadtidmyewith kdter bhe fil m can be
coated on the substrate using art known techni ques such as spin or spray
coating, or do%llﬂmle‘bﬁcaéﬁ,ﬁ@dwg}@fd@r@bh?‘{e Fsidioprwtensdogatedromthe been exposed to

diati , th i ! t : ..about 90C t
150C Tor a snapterisbel S BT, PR ARG LRI Bt nE"Ci oo or e

process, the fsuoryasids oRigRed) pessesyrhs edbilioy nevdisaty Prqualify abh taleect ron beam
or electromagnetic preferably el ectromagnetic radiation such as ultraviol et
or 2 4 DEC 2002 -39 x-ray, preferably ultraviolet radiation suitably at a
wave | ength of about 193 to 514 nm preferably about 193 nmto 248 tun.

Sui tabl e radi ati on sources include mercury, mercury/xenon, and xenon | anps,
argon fluoride and krypton fluoride |asers, 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 catal yzes the cleavage of the acid

| abi | e pendant group of the copol ynmer which converts the copolynmer from

di ssolution inhibitor to dissolution enhancer thereby increasing the

I T L L Y M Y 1 o, o " o o o o o .
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preparation and use of certain conpositions of the present invention. The
detailed preparations fall wthin the scope of, and serve to exenplify, the
hore general ly descri bed nethods of preparation set forth a OVB Tﬂﬁ%
exanpl es ar.e presented for illustrative purposes only, and v Frgt t ended
as a restriction on the scope of the inygntion. Catalyst Conponent A =
(C6H5) 2 P(CHzCH2S(0) C6H5) Pd C12 Catal yst B = n3-crotyl nickel

(cycl ooct adi ene) hexafl uorophosphat e Catal yst Conponent C =
(allyl)Pd(tricycl ohexyl phosphi ne) chl oride Catal yst Conponent D = bi pyri dyf
pal | adi um di chreipnder the zatalysteysiemno Tha propeeiepoé the anjor whighede wal | ed,

septum seal ed V] I; j i ¢, stif bar was
added nor bor ne %@8 c(rg:]rg 9"@’%%&“%&‘3 ﬁ;w "%iq‘gcﬂel 6(%:’ %)% %@9{] %p %1(5'6"6113{?‘3
met hyl acryl at e rddfus3§¥ dirvatdi@), antdiuk)eopHilieiteaf t er was added catal yst A (13.4

ng, 26 ~nol) dissolved in dichl|qroethane (bé m ), trispentafl uorophenyl boron
(234 p.nol) and tri &8 Bgheapluaswitahle anior may be any stakls anion whichallewexane), 260

prol ). The resyl.ti i i : i .0j | bath at
BOC for ot of aftespiifyR bt BRsciodin SRIVET oPLRGES shiPhs ERESMARL | % 0, 8 oy
pouri ng the reantibues:nlythe miomslooudd foemsstabié Sedzobith the @forthentioned er ed, and
washed wi th excess nethanol pri.qr t ryl ng.to constant i ght under vacuum
at 80C. The drf-ey!s %‘As[@'?nﬁf"gﬁ?} %trrccg‘{‘il‘%ﬁ%FWWeéc@%lPﬁﬁoﬂﬁe‘xx\iF\jﬁ 0.5 g. Proton
VR 1 eveal ed { BaeROhYINGn &t ifief ERARIST (Hithe RAIHGE kit ot ARV t €d MOnONTE .

The proton NMR al so 1 ndicate produ e a random copol yner of the
two nononers ( houldbe detonalized owenthe fRatewmirke ofstiearign eccle/loatlézed Exanpl e 2 To

thick-wall ed, . d 100 | i al i pped, with ti
SUiT bar e alHBHT e G e i o13) s om0y i kRSl g (3°m ) and
net hyl acryl at epfcdesihife! and @4y hmioh-shgﬁl@rn%?ﬁiﬁ%o?@%l%&t%né: alyst B (9.5

mg, 26 ~,nol) dissolved in dichloroethane . The resulting stirred
sol ution was pbuidizing agentheated oil bath at 50C for a total of 18 hours.

After 18 hours the . egcipitated b ur i t reaction m xture
into excess net hano%%ﬁ%\%%%ﬁ oér%’(ﬂr,’ gﬁﬁ“%lv‘ézghotéedsegﬁ%feﬁﬂg% s et hanol

prior to dryi ngrdup consistigés wedtedTiuoridd of Gd &L WA Bah h8RfBuoridé of P, DEC 2002 -41
The dried, white, granul ar polynmer was, found to wei gh 0.39&;. Prot on NVMR
reveal ed the péPyorets:isribiore-agetatss, pippiosyes anst butyatesfosiated t ed nonomer. The
proton NMR al sq.J.pdi.cat C | ymer of the two
nmononers (65 %fﬂgﬂ%ﬁtﬁ%eggr&y?%%g#’@%ﬁggrﬁégﬂggﬁ'ﬁg%ﬁaaml e 3 To a
thi ck-wal | ed, sehstitured eabkphbn$Obotatggivhasinth@phergliting peshibsvitutedavittagnet i ¢ stir

bar was added nor hor nen,% gS. 0 g,. 53,1 mol), tol uene(ﬁ(ilo m) and

net hyl acryl at ellpornngonritlu G?“SCtﬁWD‘F’?let'%éeé“éﬁ‘bﬁxames gewntgnNg st C (25
ng, 53 pnol) p | f 1 ANk JlieeH, N | - it Lt hi

t et r aki s{ pent f F’%ﬁ%ﬁ%’?‘yﬁ%éf\ gﬁme{‘tsﬁ:epﬁ éts Ep(’(’}gﬁ? rr%(()ﬁ:SgA Q@pl:,(’\rl\’rdtorﬁ@'.‘dr%cg{aﬁ:sul ting
stirred sol uti 6BFe3; ppaualiuompmwpienated€.biFOHahéptafludsoifutfate a total of 17

hours. After | e, pol yner precipitated b ouring the reaction
mxture into eﬁ%@@?é@hblpef%ﬂﬁv@%f i F’Fés)’é’dt,os%ﬁﬁ's A with excess

met hanol pri or (J-eHICYHISD$ 0 c&BBRna0bf R Bithuld T HAC Wie} PC. The dried,
white, granular polymer was found to weigh 1.16 g. Br ot on reveal ed the
pol yner to be hydregen ommbalopényseieatedfrom{doBrdr arelF, mpd eeteapherfiie pr ot on NMVR
al so indicated tg producgqto B‘[eaga raln‘dom copol yner of the two nononers.
The nol ecul ar \Rg‘i treyrlg%einci tWe OI5’8‘I’§‘styrene st andards) was neasured using

GPC net hods and found to be: Mw 57,000, M 30,000 and pol ydi spersity 1.9,
(87 nol e norbornene, 13 nole % nethylacrylate). Exanple 4

B (R
4



To a-thick-walled, septumsealed 100 ml glass vial, equipped wth a
magnetic stir bar was added norbornene (2.5 g, 26.5 mmol ), dichl oroethane
(3~ mM) and nethylacrylate (2.38 m, 26.5 muol). Thereafter 2vppERdeipg
catalyst B .(19 ng, 53 ~nol) dissolved in dichloroethane (3 m), prem xed
(for 3 mnutes at anmbient tenperature).2;2 ~. DEC 2002 - 42 wth
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 polyner was,precipitated by pourin reactjion mxture into
excess net hanoIWhGEﬁB’@Rmﬁn eP‘?quE‘tlléEFpr‘éﬁ'g‘ y\/& gﬁ“ R]“PH“%%SS met hanol pri or
to drying to c vacuum at 80C. The dried, white,

gr anul ar poIynggﬁkﬂgk?ﬂﬁﬂgntgqagﬁg 0.35 g. Proton NMR reveal ed the pol yner
to be free of any soﬂpmﬁd:rsecbmnglncmnpmmdata}gmmfenhe faregoidVR spectra shown in
Figures 1, ?, Wg g al so |nd|cate q§t th product is a random copol ynmer
of the two nonSMEPLIMeE AfReRTasEnfE h’f/? (:ff’Eﬂ1 1 S nole % norbornene). A
second confirmation for the formation of a randon1copo|yner is the Field
desorption ionization-mss spectrum (not shown) of the copolyner. The
pyrolysis that occurred during the analysis yiel ded mass peaks
corresponding to oligoners containi hyl acryl at e and nor bonene
repeating units. Exanple 5 To a hick- | ed, septumsealed 100 m gl ass
vial, equipped with a magnetic sfir bar was [added norbornene {2.5 g, 26.5
mol ), deionized water (20 m), ich $ad bgen purged with nitrogen for 15
1 ). 'Thereafter was added a
(for, 30 m nutes, under nitrogen
e difter (9.7 ng, 53 ~nol),

dei oni zed water (3 m), tris(3-sfulfon
ng, 53 prol and [ithiumtetrakis(pentalluorqgphenyl)boron etherate (46 ng,

53 ~nmol). The resulting suspensifon maslstlrred and placed in a heated oi
bath at 50C for a total of 18 hours. ARfer 18 hours the resulting aqueous
pol ymer slurry was poured into excess nethanol (~00 m), filtered, and
washed with excess nethanol prior to WiMing to constant wei ght under vacuum
at 80C. 2 4 DEC 2002 - 43 The dried, granular polynmer was found to wei gh
3.7 g. Proton NVR reveal ed the polyner to be free of any solvents or

unconverted nmononer._The proton NVR al so .indic t duct to be a
r andom copol yner of Theesat HBWBHESSM(B]EY %Pép%ﬁ ﬂégr?ﬁg’@ eXMithg)| e
met hyl acryl at e}, aﬁﬁﬂéﬂ%ﬁnﬁﬁ ccﬂmw?élﬁﬁnav@lllé A} 5?@@%‘1‘% {a‘ifg atigh® M gl ass

vial, equipped wt magnetic stir but ornene (3.97 g,
26.5 nmol ), tolcumlp&x(lzbranlgiechmda cehpoundcoplaiting ngflféa’urldupnﬂﬁyS mol ) .

Th ft d 3 I d

i th (cyol oot AAMEhBYHPRAGY SraHe iy I OVIES A et Ferbol wga{%m%h ol owed

by lithiumtetrakigCRgH;R I%lh remp@;;mﬂr)bg it :f@xsrg}etﬁ % g n toluene (3
S p

m ). The resulting stirre utlon aced ina bat h at 50C

for a total of fiddn hmkeBandﬁﬁdlladluaﬂwhbpaBaduhﬁ bamgyhemmmefbﬂatmmal.at ed by
pouring the reaction m xture jinto exqeﬁis t hanol (300 m), filtered and
washed with exéess@s?%ﬁwesp‘ﬂ“’él bg gn ?P%th@bthééﬁé}(ya‘ﬁ@f 'l der vacuum

at _80C. The driygadee,uf J&’iiueﬁh‘i%&@ A 1B AHBE ¢ dérg&gé}% unc nver 6 g. Proton

NVR reveal ed the polyner to ree of any s vent ed nononer.
The proton NVRthd §oouprﬂdllbateml mheqanmdwnpltn be a random copol yner of the

Lwo monomers (93 ol Pt RO ROMER ] wToN) lEl M RRRALELE) - 2

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,



-44 Exanple 7 To a thick-walled, septumsealed 100 m glass vial, equipped
wth a magnetic stir bar was added the tert-butylester of norbornene (5.1 S
g, 26.5 mol}, toluene (25 M), 2,6-di-tert-butylpyridine (50 2% peto200?

p, ol ) (added to prevent cleavage of the ester group, and subsequent

| i beration of isobutylene) and nethylarylate (2.38 m, 26.5 mol).
Thereafter was added tricycl ohexyl phosphine ( 14.6 ng, 53 p.nol) prem xed
wi th (cycl ooct adi ene) pal | adi um{(met hyl )chloride in toluene (3 nl) foll owed

Rl i TRt 480 o7 1o
. The r o0il bath a
S0C for a totglpghyl iSpRH! -bubtditaal ilbufl B {sSnlifediFrof®to\S Preci pi tated

by pouring the reaction m xt2§rel| nto excess met hanol (200 m'}, filtered
,and washed with exsmsovoefRAMR]', andiRST carbadlinkiedgogether omfarana  wei ght  under

vacuum at 80C. The dried | yrer s fqund to weigh 0.5 g.,Proton NWR
reveal ed the FSFRHET r’?'ﬁ“ﬁ‘fﬁf%&@ Sg?mgﬁﬁngl&cwélfﬁg“%gr‘{?HHSH%éP?ed nononer. The
proton NVR al sgrboB@ticPéafddrbeché.oduct to be a random copol yner of the two

mononers (86 nole % nmethyl acryl ate, 14 nole %tert- bti;yl ester of
nor bor nene) . ExanplAdditigual axamplekofmilly dnetaleomphaxseateddund ni gl ass vi al ,

2675 ol ) FEGoL YR e Bk SHar, AR PP api] B 98 i 26. 5 mol)
Ther eaf t er waoa@emisihCvel. ahR¥aderhOBRE RR., Nedv $okD 1968 ~, ol ) preni xed
with (allyl)palladiunchlforide dimer in toluene (3 m) followed by |ithium

t et r aki s( pent df Buminghpina iy [dy BoeoM.LIb Grgen. 38B~Kuig) Ri Koset,uene (3 m ). The

resulting stir, ol utign s pl d in.a-heated ail .bath at 50C for a

total of 18 hé;ufgﬁ%%tgﬁl S%ﬁ%?’?ﬁ%%& Qfﬂﬁﬁ"o(ﬂ’é’gﬁbcrgg‘f'ﬁ’i“{’&t ed by pouring

the reaction njgofl2rRcddeinfc B%ELInS., NRWaiR] 19630% 1 Dend R L6ALEnd 2 4 DEC

2002 -45 and washed with excess nethanol prior to dr&ng}ﬁto const ant wei ght
fs

under vacuum &tJ-¥dkimspe Jathera. $re-y(h244) WagS:read FHCt Yo coTmvg. Proton NMVR
reveal ed the pqlympr, b%s?%(?}d)’@}é 295 @Yy §1‘3'a‘f1%§‘§ogq}écd#-19&9@ﬁq{f ed mononer. The
t'he a rando

proton NMVR al so I ndicat€ roduct to be copol ynmer of the two

nmononers (63 nefeen¥enet hyl acryl ate, 37 nole % ethyl ester of norbornene).

Exanple 9 To a thi cIk-vvaI | ed, sep%ng)m,seal d 100 m g) ass.vial, equipped with
r

a magnetic stir barMABSthsuertalyH sMbvgdiment. & represerys a prosphingp| ) . dei oni zed
t 25 m), e : 1 i fr ] d
v (25, 11) ol oo RS UIEH Wl hASORED (1 2 7,

nmet hyl net hacr add | argely
honogeneous sdLuMXp] Wk 1Y, Fhephogpliholigs@ canbataeseonodentate nitrogen in an

| trasoni cator) allylpalladiymchlorid inmer. (9.7 , 53 ~nol), deionized
nat e oS BrpentfabiTE pRpine o B B ReCemsaine 31 mepdet 1 . b
~mol and | i t hivweakfyedHetdting (pREsPhafel 1tpand @&hﬁﬂtﬂg}ﬁ%ﬁﬂﬁioﬁéﬁm@pfn@& p.mol). The

resul ting suspension was stirred and placed’in a heated oil bath at 50C for
a total of 18 sHbsiituentfetgeroxygemeuifunieepals of wealdy squplaxingtbeymer sl urry

R e

nmet hanol pri or drying to cons The dri ed,

granul ar pol yrRR*yawhéeink? iniepeidghtBrepregentPliatandbRncBy®al ed the pol yner
to be free of any solvents or _unconverted nonomer. The proton NWVR al so

i ndi cated t he (B¢ o@wﬁta“f)&t%éloalkﬁ’hﬁdﬂﬁécébdlwdéﬁbsﬁiﬁéed gvl.mononers (71 nol e
% nor bor nene, J?e%régg &ti@&lﬂ%]ﬁﬁﬁ%@ﬁﬂ}{ﬁ@lﬁ}are not%iln%te%gn?e%g)ﬁ, %ﬁ?hExa”pl e 10 To

a thick-wall ed, "septum sea ass vial, equipp a magnetic
stir bar was guloed, isopropyiebtyl, Zobutyl, s&Bbiiy eet-putyl ipefdyh meepdmayle (35 m ) and

met hyl acryl at . 38 , 26.5 I Thereafter was added cat al yst
coyrpgnentyD (S’e%izjl; ﬁ?ﬁ%ﬁﬁqyﬁ nﬁpg;g‘f‘zyla&“gﬁocg‘i%hl%?%%ﬂ‘éﬁée @Clﬁ‘lﬂﬁly
trispentafl uor rm%ﬂaeé B8t &2t md)mem?ﬁétn:tﬂtshgtk g g4m (0. 16 m (1.7

1
nol ar in cycl ohexXxane), 260 pnol). The res rred-sol ution was pl aced
in a heated oiRepbesehtative & Cgfoops mclude Aut avé ndlithined ©.phéhyler 48 hours the

pol ymer was pregcipitated hy pour] th eaction m x e into excess
met hanol (300 *ﬁﬁtﬁutﬁg!ﬁ’ﬁ?yzcﬁ“%éﬁaf‘ﬁgls H@%QW‘@%’@B&Y%%%‘%P%W or to
drying to consfant nf¥ahOht HOSST oNABHEETAL 1i8E4r or branched (C, - Cj2)




The dried, white, granular polyner was found to weigh 0.2 g. Proton NWMR
reveal ed the polyner to be free of any solvents or unconverted nononer. The
proton NMVR al so indicated the product to be a random copol yr’rE ﬂéﬁ)@
nmononers (71 nol.e % norbornene, 29 nole % nethyl acryl ate). f 2002
-47 What is clainmed is: 1. A copol yner28enposition corrpri sing polycyclic
and acrylicrepeating units of the fornulae: -("CH2- ~COORS MRl R2
R3 R4 wherein RL to i ndependently represent a radi caI selected froma

Yo T (&b i Gl aingplt el TElat) et o5 g winor ei n m

represents an iRhLLRbriAd. BRrRink dodine,ant TOHGAIERhles SPSERBRL S an i nt eger
fromO to 10; R5 independently represents hydrogen, |inear or branched

(Cl-G o) al kyl mdnodeatateqhosphines irsihde (bay areins} limited by tricthylphosphise. br anched

Cz- G | k 2 |,k | kyl d
hal ogenat ed SubLEPHIRHPESPREF dp T sRemapi Bl irl oo Rhofftbe o o y: ' e
i's hydrogen or ur@fehyiphoqjm@umasmaﬁipﬁ@swrw irBp 36y phb&shidd, @R a gr oup

consi sting of hydro an acid ile ou | i near and branched (Cl-C o)
al kyl, |inear #ir@-fipkasehine.( e lgrejjabyp pb?sngmelhgﬁeéts rgpgseiehbhed (Cz- d o)

al kynyl (C5-C and

hal ogenat ed su%@ﬁ" giﬁﬁghﬁq %chfﬂzglitﬂﬁ)é%n%é%c&ef%aébwg copol yrer
conposi ti on of regresemslanvddgansd mo&t;pmntaimingaﬂw&adadorppéejmwzﬂ fromr epeating units
are represented by the formla: \Ml ein re as deflned and
R6 is an acid pa%‘mherqwsq ‘@'tyﬁe'bépéé‘t‘ af‘ijﬁﬂ‘inp’d’é“%‘? EJ"COE(I%F@ ges ofsj ( cHg) 3,
;_Ckl ((:E) OCRJ:'ZCR:E%Q s%tﬁ%nl %d@%&re RoPlimitbEto - QB RVIRRBpRYUS, bfindr oups:  a,

alkoxyphenyl-. ortho-alkoxycarbonylphenyl-, wherein the alkoxy group is
linear or branched (C, - C;s) alkoxy; -(CHz)qS(O)C6H5, -(CHz)qSC6H5,
(CHz)qP(O)(CH,),, -(CH,)¢P(S)(CeHs),, wherein q is 2 or 3. Preferably
the hemilabile phosphine ligand weakly chelates the Group VIII metal
forming a 5 or 6 membered ring together with the phosphine phosphorus
atom. the heteroatom (preferably O or S) and the group VIII metal.
Excluded from this class of ligands are the strongly chelating ligands, e.g.,
the diphosphines such as diphenylphosphinoethane and
diphenylphosphinopropane. Specific examples of suitable hemilabile

phosphine ligands are illustrated below:



wherein R represents hydrogen or a linear or branched (C CS) al kyl. 3.
The copol ynmer conposition of claim1l wherein a portion of said acryl ate
repeating units are represented by the formul a: 2 4 DECn,Zng't ;2@2
"f'Cg2" i Rs"j ., C(OORS wherein R8 is as defined, RO is a ile
noi ety sel ected fromthe group -C ( ) 3, -Si (C}B) 3, -CH (R ) OCHzZCH3,
-CH(R7 ) OC (CH3 ) 3 or the followAg cyclic groups R~ R R- OR- 0
wherein R7 represents hydrogen or a linear or branched (C CS) alkyl. 4. A
conposi tion conprising a polycyclool efin mononmer, a acrylate nonomer, and a
catal yst conpr|5|ng a Goup VIII netal cation and a weakly coordlnatlng

ani on conpl ex /£ nwLr res-- s a ligand
cont ai ni ng 1,
X represents i

ion netal ;
3n- bonds; y'

2 4 DEC 2002 50 ig 0, 1, 2;\ A represent weakly co r| nati ng
count er ani on; Pa is a nunber R epresenting-Phe nunber Ptimes said
count er ani on |s taken to bal dnce the charg on said Catlﬁl conpl ex. 5. The
conposition of 4 wher enn sai d pol ycyc Ipl efi n"and &gy yI at e nononers

@ QQ QQ

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:



CH -+ 1 Rs c(opR 0O RR2 RBR~ wherein R1 to R9 independently represent a

radi cal selected from-(CHZ) nC (O ORS, -(CHZ) ~-C (O ORS, -(CHZ) ri ORS,
~(CHz) n-OC (0) RS, -(CH2) ri -C(O RS, -(CHz) ~-CC (O ORg, and -USCHZ) "C
(O OR6, wherein mrepresents an integer from0 to 5, n i nd€fePEEnINNG
represents an integer fromO to 10; R4 ndependently represents hydrogen,

| i near and branched (Cl-C o) al kyl, linear and branched, (CZ-d o) al kenyl,

| i near and branched (C2-C o) al kynyl, (CS-d z) cycloal kyl, (C6-Cl4) aryl,
(C~-Cz4) aralkyl, and h Qgenat gisubstituents thereof; R6 represents an
acid labile noiety: R8 i'S hydrogén or nethyl; and RO independently is

sel ected from hydrogen, jan acid{l abile noiety, |ineag—and branched (Cl-d o)

al kyl, l'inear and bran o) al kenyl, |inea branched (Cz d o)
al kynyl, (CS d 2) cycl (C6-|IC14) aryl, ( : ; and
hal ogenat ed substitue ~ ~~ DEC 26pD2 - . The conposition

of claim5 wherein saidNicid |aNile noiety in s3ND

acryl ate nonomers is selected fromthe group -£(CH3)3, -Si (CM3)3, -CH (R)
OCH2CH3, -CH (R) OC (CH3) 3 or the followingR&clic groups: K ~ CH3l R~
R~ R~ OR- OO0 wherein R represents hydrogen or a linear or branched

Cl- G5 | kyl. 7. Thes jti f claims$S i id. G VI t al
s sel ected f 1 SRk IR PAEE By roSeh dEE A AT group
consi sting of (€Z &GizakyDneat 8id BrandfeB(€l 2L, 5 alo®Y | dhd (CG0 |aromati c;

phosphi ne; phosphite; and bipyridyl ligands; X is _selected fromthe group
consi sting of @isubstoytedaryl) aryloxy ang pubshaitadarylony oBlepregentatie~ C15) aral kyl :

d substitut d ituted |i d i¢ (C3-CZ0. al |. 8.
The composi t1 ofikOrereinGa R LA nocyRSRG & bl Sl iRy BOPaES D) a Kenyl
substituted w byl is@Bﬁt&l,@éBﬂblh?'ﬁthgﬁizn &%t%%%%ﬁnkﬂ%ﬂexﬂ,%p@lﬁ) aryl oxy,

or .

hal o, and conbi nations there :
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
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solvent capable of solvating the formed single component catalyst. The
solvent utilized is preferably the same solvent chosen for the reaction
medium. The catalyst can be preformed in solvent or can be formed in
situ in the reaction medium.

Suitable counteranion providing salts are any salts capable of
providing the counteranions discussed above. For example, salts of
sodium, lithium, potassium, silver, thallium, and ammonia. wherein the
anion is selected from the counteranions (CA) defined previously.
Illustrative counteranion providing salts include TIPF¢, AgPF¢. AgSbFs,
LiBF 4, NH4PF¢, KAsFs, AgCoFsCO,, AgBF4 AgCF3CO, , AgClO4-H,0,
AgAsFs, AgCF3CF,CF,CO3, AgCaFsCO3, (CsHg)aNB(CeFs)s,
LiB(C¢Fs)s., LiB(CgFs)4 etherate, and AgCB, H¢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
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CcoD

-
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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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halides such as chloride, bromide, iodide or fluoride ions; pseudohalides

such as cyanide, cyanate, thiocyanate, enolates of B-dicarbonyl
compounds such as acetylacetonate (4-pentanedionate),
2,2,6,6-tetramethyl-3,5-heptanedionate, and halogenated
acetylacetonoates such as 1.1,1,5.5.5-hexafluoro-2,4-pentanedionate,
1,1,1-trifluoro-2,4,pentanedionate; anions of acidic oxides of carbon such
as carboxylates and halogenated carboxylates (e.g.. acetates,
2-ethylhexanoate, neodecanoate, trifluoroacetate, etc.) and oxides of
nitrogen (e.g., nitrates, nitrites, etc.) of bismuth (e.g., bismuthate, etc.), of
aluminum (e.g., aluminates, etc.), of silicon (e.g.. silicate, etc.), of
phosphorous (¢.g., phosphates, phosphites, phosphines, etc.) of sulfur
(e.g., sulfates such as triflate, p-toluene sulfonate. sulfites, etc.); ylides;
amides; imides; oxides; phosphides: sulfides; (Cq - C,4) aryloxides,

(Cy - Cyo) alkoxides, hydroxide, hydroxy (C, - Cy) alkyl; catechols;
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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wherein R?¢ independently represents a halogen atom selected from CI. F.
I, and Br, or a substituted or unsubstituted hydrocarbyl group.
Representative hydrocarby! groups are selected from linear or branched
(Cy - Cas) alkyl such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, pentyl. neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
octadecyl, nonodecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl,
pentacosyl, and isomeric forms thereof; (C, - Css) alkenyl such as vinyl,
allyl, crotyl, butenyl, pentenyl, hexenyl, octenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl pentadecenyl,
hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, pentacosenyl, and
isomeric forms thereof; (Ce - Cz5) aryl such as phenyl, tolyl, xylyl. and
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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replaced with a halogen atom such as Cl, F, Br.and I (e.g.,
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
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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
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mtrobenzene, w1th 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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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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x-ray, preferably ultraviolet radiation suitably at a wave length of about
193 to 514 nm preferably about 193 nm to 248 nm. Suitable radiation
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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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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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

IIO\<

H’({S)?g‘@? (18 mg Sk pDg The sesuilting siedoog & () - 10

10"5% u( 10N wa(s ]ac%g in a heated oil bath at 50°C for a total of 18 hours.
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The dried, granular polymer was found to weigh 3.7 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 (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).



10zJ<=>dE:/ 10z 10z7:10%& ()-L610%& ()-210%& ()-,)
10%2& ()-nms' 910%& ()- 10%& ()->?LQ | uS4/ 1010%& ()-!'F 310%g& ()-!F
'310%g9& () -310%9& ()-10%& ()-#9-10%& ()- 10z % stuvuV7 2 4 DEC 2002
10,10% u& () -"9:10% u& ()- 10gg 10gg 10gg!S)
10%99& () - @310%& ()-10%g& ()-34r}[<uyf_ 10$10% u& ()-! 10% & ()-
10% u& ()-! 10% u-u& ()-° 10% u& ()-!10% u-u& ()-1234BI uVv7
10MLO%O' () - s@OY& () - S#910%0&' () -3 10-u-u 10-u-u
10-u-u!l110% u-u& ()-/310% u& ()-$}<uvr
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
hydrogen, linear or branched (C;—C;q) alkyl, linear or
branched, (C;—Cip) alkenyl, linear or branched (C,—Cjio)
alkynyl, (Cs—C;;) cycloalkyl, (Cg=—Ci4) aryl, (Cr—Cy)
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;q) alkynyl, (Cs;—C,;) cycloalkyl,
(Ce—Cy4) aryl, (Cy—C,y) aralkyl; and halogenated substitu-

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

RrR?

e v
0

O

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:
[L,MX, 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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5. The composition of claim 4 wherein said polycycloole-
fin and acrylate monomers are selected from a monomer of

the formulae:

CHy==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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wherein R’ represents hydrogen or a linear or branched

(cl—CS) 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

{C1—Cio) alkyl, p-tolyl, pentafluorophenyl, (C;—Cis)

of

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—Cy0) alkoxy, (Cg—Cis) aryloxy, halo, and combinations
thereof.



