3 AUG 2006 WD 03/050158 PCT/1B02/ 05795 Title: POLYMERI C COVPCSI TI ONS AND
USES THERFOR Thi s application clainms the benefit of priority under 33 AY&2486
119 of "U. S. Provisional Application Serial No. 60/340,526 filed on Decenber
12, 2001. 5 FIELD OF THE I NVENTI ON The invention herein described rel ates
general | cyclic polynmers, nethods for producing
polyners¥w%ﬁ%§ﬁ5¥hods for their use in photoresist conpo?eﬁﬁgxé&ﬂ%%d in the
manuf acture of electronic and m croel ectroni c devices. 10 BACKGROUND The
fabrication of integrated circuits (1Cs) is exenplary of the manufacture

of an array of electronic and m croel ectronic devices. They are fabricated
fromthe sequential formation of various conductive, sem conductive and
nonconductive 15 | ayers on an appropriate substrate (e.g., silicon wafer)
that are selectiVer patterned to formcircuits and interconnections to

produce speci ele Is carried
out accordi ng{. l‘cg') var F%‘?Jts'?ﬁ)‘%éuj’%rap tSeI::’fE Lfil %QH:ER#@ art.
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i mportant 20 FrSGnQ{&ﬁél%bflﬂdEﬁdn' SEf B, SSPS R O bﬁ’ DeBlmi 199308 S

phot osensi ti ve pol yner ot or esi I's applied over the vvafer surface
and dried. A photomask containing the desired patterning information is

t hen placed between the radiatj r nd the photoresist film
The photoresist is irradi ated M phot omask by one of
several types of "!TEQhMth@Qé:@In‘d&@cﬁH&ﬁ'rHQﬂeE‘Eedé}ﬁliy'@'ﬁBl c?dfcﬁ%ﬁame%? el ectron
or ion beam Upon exposure to radiation, hot'or esi'st undéergoes a

cheni cal changethodStfhr E@dm p@lmywnaﬁ@wrﬂ, nnttmeﬂmﬂﬂowhemfswr PfIlQ’ﬁDlHEiBtat i on

and/'or opti onal st ex re bake s0a sol ution that
dovel ops (1 &ompolRhs FEE BT 9 FralBilurt PSR Birend RBRER b e Aeibn e
regi ongg the patter ned | rrages in the photosensitive polyner film Depending

on the type of polynmer used, or the 30 Eolaritx of the devel opi ng sol vent,
ei ther the exposed or nonexposed ar UNP ar e

The fabrication of integrated circits (IC's) is exemplary of the manufacture

of an array of electronic and microglectronic devices. They are fabricated from the
sequential formation of various conductive, semi conductive and nonconductive

15 layers on an appropriate substrate (e.g., silicon wafer) that are selectively patterned
to form circuits and interconnections to produce specific electrical functions. The
patterning of IC's is carried out according to various lithography techniques known
in the art. Photolithography employing uitraviolet (UV) light and increasingty deep
UV light (e.g., 193 and 157 nm} or other radiation is a fundamental and important

- 20 technology utilized in the production of IC devices. A photosensitive polymer film

(photoresist) is applied over the wafer surface and dried. A photomask containing
the desired patterning information is then placed between the radiation or light
source and the photoresist film. The photoresist is irradiated through the overlying
photomask by one of several types of imaging radiation including UV light, x-rays,

25 electron or ion beam. Upon exposure to radiation, the photoresist undergoes a
chemical change with concomitant changes in solubility. After irradiation and/or
optional post exposure bake, the wafer is soaked in a solution that develops (i.e.,
selectively removes either the exposed or unexposed regions) the patterned images in
the photosensitive polymer film. Depending on the type of polymer used, or the

30 polarity of the developing solvent, either the exposed or nonexposed areas of film are

removed in the developing process to expose the underlying substrate, after which

;



removed in the devel opi ng process to expose the underlying substrate,z’glflg;%()6
which t 3 AUG 2006 WD 03/050158 PCT/ 002/ 05795 the patterned exposed ©
unwant ed substrate material is renmoved or changed by an etching process

| eaving the desired pattern in a functional |ayer of the wafer. Etching is
acconpl i SWOP39501p% asma et chi ng, sputter etching, and reactAGIABRYAS783 chi ng
(RIE). The remai ning photoresist material functions as a protective barrier
agai nst 5 the etching process. Renoval of the remaining photoresist materi-al
gives the patterned circuit. In the manufacture of patterned |IC devices,
the processes of etching different |ayers on the wafer are anong the nost
crucial steps involved. One nethod is to imerse the substrate and
patterned resist in a chem cal bath which attacks the 10 exposed substrate
surfaces while leaving the resist itself intact. This "wet" chem cal

process suf f efs mapemed grpoged 9n waptpd sebsiakinearenia) isyemovergncharged dyé8 on t he

etched  surf agafimg BRlcsd SaviiiPink Qe GA T i NHRLAUT 1430 Sfnd el 051 St

materi al and ornmatl o an |1 sotropi c I nage. her "words,
conventional Etwhingiahccpmpiisirddy plasmareathiny; sptitdeettiiagsab esictivd oy ehing r ect i on

(ani sotropy) consi dered necessary to achieve 15 optinmum di nensi onal
speei fi cat | on@-nfh%femmw PpRGsistdTRtepAl SNT A aRIBfGFtVERaFTIeE 282l pH

addi ti on,  t hegleloHiRERRE RAMMLESE RERAHR e MRS ghkennvi T onrent al

and safety ramfi Ions. Various "dry" processes have evel oped to
over cone t he patentedcirsuiof the wet chem cal process. Such dry processes

general ly invol ve passin as 20 .t hr h a chanber and . onizing the gas by
appl yi ng" a p_ot_entiﬁﬂtﬁﬁaa'g@c@wfé’lag@??cggggemieﬁ’ ﬁ%roﬁ?sé?eqffg:%ﬁlﬁ Cgﬁ €B5s. The
pl asma cont ai ﬂ?ag oh e W&¥e} &e%ﬁﬁﬁ%ﬁﬁ B0 efuefabdeplyinVdlfed. THcaRith& isits used-to. :
etch a substrafe placed in the chanber. The ionic species generated in the

pl asma are di inoenselthesubstratecsnd pademeritgsistinashemisalbathwhich attackathe with the
ourt aceoTaL e Lo AL NALELL L SATAERR e Bk L e S
et ching and r preédseafférd fromahe HiffiguityREackievag weh defimddi sdgesunote ekelediel |
defined verti gu%acgsi. d’[‘ehvi\éails Iduep {oogljelm?csal iux;]detrcm%ting of the resist material and the
formation of an isotropic image. I other words, conventional chemical processes do
not provide the selectivity of direction (anisotropy) considered necessary to achieve
15 optimum dimensional specifications consistent with current processing requirements.
In addition, the wet processes suffer because of the undesirable environmental and
safety ramifications.
Various “dry” processes have been developed to overcome the drawbacks of
the wet chemical process. Such dry processes generally involve passing a gas
20 through a chamber and ionizing the gas by applying a potential across two electrodes  *
in the presence of the gas. The plasma containing the ionic species generated by the
potential is used to etch a substrate placed in the chamber. The ionic species
generated in the plasma are directed to the exposed substrate where they interact with
the surface material forming volatile products that are removed from the surface.
25 Typical examples of dry etching are plasma etching, sputter etching and reactive ion
etching.
Reactive ion etching provides well defined vertical sidewall profiles in the
substrate as well as substrate to substrate etching uniformity. Because of these

advantages, the reactive ion etching technique has become the standard in IC

30 manufacture.
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substrate as well as substrate to substrate etching uniformty. Beca%%%éqmm
these advantages, the reactive ion etching technique has becone the
“standard in I C 30 manufacture. 2 3 AUG 2006 WD 03/ 050158 PCT/ 002/ 0-5795 Two
types of photoresists are used in the industry, negative and positive

phot or esivgo®3/ofdagat i ve resi sts, upon exposure to inmagi ng rradi/mot/e3ves

pol yneri ze, <crosslink, or change solubility characteristics such that the
exposed regions are insoluble to the devel oper. Unexposed areas renain
solubl e and are washed away. 5 Positive resists function in the opposite
way, becom ng soluble in the devel oper solution after exposure to inmaging
radi ati on. One type of positive photoresist material is based upon
phenol - f or mal dehyde novol ac polyners. A particular exanple is the
commercially utilized Shipley Az1350 material which conprises an mcresol

f or mal dehyde novol @wopyey e phdtOresistyprsistd imrthahnlustr)d inagatlsetand positive

(2-di azo- 1- napt hol poni c .acid ester V\hen osed to inmaging
radi at i on t h@ ‘?}P"ﬁ‘étﬁew@g@“’eé'e%ﬂﬁ\?@?? BPopye 85380%2&!0 MHEch in turn

converts the B%‘%‘sﬂﬁk'&dﬁ%gé%lubﬁlgﬂﬁh?a&é}%hcé §1ch ﬂﬁ,@méaggé@d%éﬁng dteWeak

aqueous base devel opi ng agent Pat ent No. 4, 28 to Ito et al.
di scl oses posiispiubledan therdeyelbpare UnSxpised m'c@srﬁ:mﬁmcﬁ@lqbdﬁsand arnsvaahadra“swl d

generati nhg ph to.initia and, pol rs wi,th ac endant groups.
ecause Sach Bbrdveferias SstioR 11 1oB Spaber eb e Pom GOl nids SNEERE | Jn1 o
groups this appu@ardficr expoi@meio afagifeiitikabn.anpl i fication which serves to :
“increase the quantumyield of the overall photochem cal process. The

~di scl osed pol ymer sohﬁﬁdm@épvﬁm‘ﬁ photqsesisy matesiabig basedsipon Ipheng)fereaidehyde
Pol yvi ny1 benzags o - A LCNARNY L E8u A0 Rl BLG AURRIN b W, ecurrent

pendant grouB d°ad] ysSi's to produ differ in

solubility th&fZIBﬂBm&ten@lr\ﬁmbﬂﬂ 86Hhprised BiEmRiredot formdidebyde doarblalc@ogemant groups
include t-butyl esters of _carboxyli¢ acids and t-butyl carbonates of

phenol s!® The EPfBRASHISIAE adinrok@orfidediazgoksnanthnl-dom Fﬂ@@&t goibes@hedeRg on t he
nature of the.dexg] BRAGing PAdiitdAihe it NG converted

to a carboxylic acid, which in tum converts the phenolic polymer to one that is
readily soluble in weak aqueous base developing agent.

U.S. Patent No. 4,491,628 to [to et al. discloses positive and negative

15 photoresist compositions with acid generating photo initiators and polymers with
acid labile pendant groups. Because each acid generated causes deprotection of
multiple acid labile groups this approach is known as chemical amplification which
serves to increase the quantum yield of the overall photochemical process. The
disclosed polymers include vinylic polymers such as polystyrenes,

20 polyvinylbenzoates, and polyacrylates that are substituted with recurrent pendant
groups that undergo acidolysis to produce products that differ in solubility than their
precursors. The preferred acid labile pendant groups include t-butyl esters of
carboxylic acids and t-butyl carbonates of phenols; The photoresist can be made
positive or negative depending on the nature of the developing solution

25 employed.

Trends in the electronics industry continually require IC's that are faster and
consume less power. To meet this specification the IC must be made smaller.
Conducting pathways (i.e., lines) must be made thinner and placed closer together.
The significant reduction in the size of the transistors and the lines produced yields a

30 concomitant increase in the efficiency of the IC, e.g., greater storage and processing
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Trends in the electronics industry continually require IC s that are f
and consune | ess power. To neet this specification the |IC nust be nﬁh@ig%hﬁ
smal l er. Conducting pathways (i.e., lines) nmust be made thinner and pl aced
cl oser together. The significant reduction in the size of the transistors
and t he IWOgB/OpN&dluced yields a 30 concomitant increase i PGIABIEHIMEI ency of
the 1C, e.g., greater storage and processing 3 3 AUG 2006 WO 03/050158
PCT/ 1 B02/ 05795 of information on a conputer chip. To achieve thinner line-
wi dt hs, higher photo imaging resolution is necessary. Hi gher resolutions
are possible wth shorter wave |engths of the exposure source enployed to

I rradi ate the photoresist material. However, the prior art photoresists
such as the phenol -formal dehyde novol ac 5 pol yners and the substituted
styrenic polyners contain aromatic _groups.that. inherently becone

i ncreasi ngl y &b9deptatioR on 3 computgkein.| taaghievsthinpggrine magths, highepphotapout 300

nm (ACS S | ' # : | Lsis and
D el cetri ob " TOAE REGIA R festiby b iedbiydr oA BB LA Fron 0BT por
5-10, 1992, pléhgyof Peleypresuee doarce Eimpbiyed t icradiatk thb pbarotesistipptetialat i ons Edi t ed
by C. 10 P. , Academic Press, .p. 67-118). Shorter e length sources
a%/e typical | mg@ cr.’@FP&H’Ea?ﬂ%%o??'gta??qz‘tﬁﬁzlﬁl?gfgﬁﬂ%@%m? %eﬁg 8%i tatg a
cheni cals anpl Eélyﬁﬁ&l’-s' 20 tRPRHARGIRA lswnmp&méﬁasﬁt%-mmic%&%swmof these

aromatic polynmers to short wave | éngth light is a drawback in that the
phot oaci ds belinharentiy beromerin¢reasinglnalsomtise ppthe waivé dengthyof lighpfatietelow t he |i ght

source and, copse nt | e_pol. r.i developgbl e, To 15 overcone the
transpar oncy AR AVGRE CACS P RAniR Sertsmar Lol RES (RlketedBals s

phot or esi st pahdy/ DReetriBd SI03RENBESHAS Rideting o fURERmeMcdn CisasI ety Apdesi red -
(i.e., for 248 nmand particularly 193 nm and/or 157 nni_ wave | ength o
exposure), thé}9ol3ep-2-24nBalvmersdar Biegtrenieand Bh ¢ Appligationss Edited c€er . |1t

s wel |, knownpt fat | | @hic, Xga‘%f | : .

phot or elsoi st rrgt %&g’n‘gggﬁq%ﬁg&é i 'cég?itlﬁz;s hg%{i |teq?1]f%lﬁser %l‘ggé{)tsﬁ'tc?@nl%?sat es

af ter exposur ériglankhnpeslitionxipoatteewhitk hesdssitatcent varital amplifibitiphappivattecul ar

wei ght materials. H gh,  dissolution rates are desired jn order tﬁtl_iggcrease
1

Hi
t he t hr oughputsiB PhRIpasidsy 1€ @BaGTH @1 these aromatizPAYMETSi'h ShahtAYOIRRER L ight
Unf ortunat el y s d dralvBackli® thak i@ WRotohals bW TR foBHh& surface are not uniformly

exposed to the light source and, consequently, the polymer is not developable. To

15 overcome the transparency deficiencies of these polymers, the aromatic content of
photoresist polymers must be reduced. If deep UV transparency is desired (i.e., for
248 nm and particularly 193 nm and/or 157 nm wave length exposure), the polymer
should contain a minimum of aromatic character.

It is well known that low molecular weight polymers are preferred as

20 photoresist matrix materials since they exhibit higher dissolution rates after exposure
and post-exposure thermal treatment than higher molecui-ar wetght materials. High
dissolution rates are desired in order to increase the throughput of wafer processing
in a manufacturing environment. Unfortunately, it is also known that low molecular
weight materials can also exhibit higher optical density than lower molecular

25 materials if the end groups of the polymers absorb at the frequency of interest. See

Barclay, et. al. Macromolecules 1998, 31, 1024 for a discussion of these issues for

poly(4-hydroxystyrene), the preferred material for 248 nm photoresists.
The molecular weight of polycyclic polymers can be reduced by
polymerizing desired polycycloolefin monomers in the presence of a single or multi-

30 component transition metal catalyst and an a-olefinic chain transfer agent as taught
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wei ght materials can al so exhibit higher optical density than | ower

nmol ecul ar 25 materials if the end groups of the polyners absorb at t RV
frequency of interest. See Barclay, et. al. Macronol ecul es 1998, 31, 1024
for a discussion of these issues for poly(4-hydroxystyrene), the preferred
mat eri al Woroz@4Bssnim phot oresi sts. The nol ecul ar wei ght of pol/BIYOEIE

pol ynmers can be reduced by polynerizing desired polycycloolefin nmononers :in
the presence of a single or nulti- 30 conponent transition netal catalyst
and an (err)-olefinic chain transfer agent as taught 4 3 AUG 2006 WO
03/050158 PCT/1B02/05795 in U.S. Patent No. 5,468,819. In addition,
a-olefinic chain transfer agents in conbination with selected transition
nmetal catalysts have found utility in controlling the nolecular wei ght of
pol ycyclic polymers polymerized fromfunctional group containing

pol ycycl ool ef iimUiS Part No. 4448,8 Batle addifien, oboldfific 4R4n dassferagents e use 5 of
such polyners in chem cal anplifjed phatoresi st conpgsitians. I s known

al |y I § nposi.tio It .
from the fore§omhigatenyithstsded Fasitiopamsiasa@lysisdyys ynd ytilityds contrrlbngy t h
these teachiggs J Do fel. 10 ' . ' hereof. As
di scussed above,Eglg‘glﬁslgl'it\&?I tti(?)cghmly?\}éér#g swﬁ%ag%t@ﬁtl %eglﬂ%é@'sr{e%nagg% e pol yner
resulting in zomtaming pgolyyelpaleBnimonomyrse .S 1Fateh &ooHfl BE,499 discisses yhe(WsP) , at
t he exposure velength, of a matrix resjn for , photoresist dictates its
usef ul ness at \Q?PHA‘ Pﬁg)?"iq"%iﬁ‘lchm\‘ﬁé %P’é‘ﬂbﬁ?‘d &ﬂtﬁfﬁq‘?ﬁﬁmpﬂ%{w%%‘eﬂs kROWR opt i cal
density at th ; ' {1 ; | Ilities :
of the resul t%ﬁ?@%gﬁﬁéé\?gﬁg&]gﬁgéﬂggg ogayr?bjér%%p %ﬁ@;éﬁ%@{dﬁ?ﬁ?ﬁ@ Qéeg | ow
optical densi tsachings chexdin alsfivicnosatgntign at@ temuinagxsd theesd] Asidisaudsed al so
decrease the exposure dose.to 15 inage e fer. Therefor .t IS very
oot rable 1 or 40, Wiseretonanieases bE PEfeet d5natienftne pONEHFE Phlime dhalds &
possi ble. U Strakspafit pd¥omed, 372, 912 concerns a phot oresi st conposition
cont ai ni ng an acréj ate based CO&S' yner, a phenolic type binder, and a
phot oselsi tive aci dhe gptifal dansity (QiRb ahthe prpasureyuavelenebpof a/mairixiresip&dty ner i zed
fromacrylic ' : I : r and avi ng
an aci d 1 abi 1 8saresa flaesihs B e Har BRACIAG W Bleln X pAy BN 4
transparent t aigl\bptiaglidahsigrat e expomvewhelaizth will liratlie resolution capabilities

of the resulting photoresist. For 193 and 157 nm resist systems, a low optical density

G 2006

is desirable not only to increase resolution but also decrease the exposure dose to
15 image the wafer. Therefore, it is very desirable for 193 nm and 157 nm resist
systems to have the lowest OD possible.

U.S. Patent No. 5,372,912 concerns a photoresist composition containing an
acrylate based copolymer, a phenolic type binder, and a photosensitive acid
generator. The acrylate based copolymer is polymerized from acrylic acid, alkyi

20 acrylate or methacrylate, and-a monomer having an acid labile pendant group. While
this composition is sufficiently transparent to UV radiation at a wave length of about
240 nm, the use of aromatic type binders limits the use of shorter wave length
radiation sources. As is common in the polymer art, the enhancement of one
property is usually accomplished at the expense of another. When employing

25 acrylate based polymers, the gain in transparency to shorter wave length UV is
achieved at the expense of sacrificing the resist's resistance to the reactive ion etch
process. |

In many instances, the improvement in transparency to short wave length
imaging radiation results in the erosion of the resist material during the subsequent

30 dry etching process. 1t follows that lower etch rate resist materials can be employed
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240 nm the use of aromatic type binders limts the use of shorter wWgye: 206
| ength radiation sources. As is common in the polyner art, the enhancenent
of one property is usually acconplished at the expense of another. Wen
enpl oying 25 acryl ate based polyners, the gain in transparency to shorter

wave | engily ddldsai8s achi eved at the expense of sacrificing HOTaBIBEI784 ' S
resistance to the reactive ion etch process. In many instances, the

i mprovenent in transparency to short wave length inaging radiation results
in the erosion of the resist material during the subsequent 30 dry etching
process. It follows that lower etch rate resist materials can be enpl oyed 5
3 AUG 2006 WD 03/050158 PCT/1B02/ 05795 in thinner |ayers over the substrate
to be etched. Thinner layers of resist material allow for higher resolution
which, ultimately, allows for narrower conductive lines and snaller

transi stors. Jn thihneElayye bl ér tied subbtraté tohisnatctael] ThiAnas ldykisart rédist aiaterial Beam

Phot oresi sts, 5 Chem, Mater., 1996, 8, 376-38 1) describe a palyner blend
conpri si ng 20 2y derhishss reselwtionwhichs yltimatelyn allows fpr pargivencondustivg Hassol yrrer of
a nor bor nene ing acid | abile groups and 80 wei ght percent a
honopol yner o%ﬂgﬂ?&rrgg@%rrgr)- met hyl styrene containing acid | abile groups
for use in el ectroh-VeGrineibet ar ©hesiicall Iified Bl tron-Bea otdrémists,ncr eased

e A VAN NFLY e i Ry e NS
radiati on bel guc200¢8 e Hafialll 36lyRARASRMIRIFG 2 RirBoRtht ABhSmeoN! Y for

el ectron- beam phot oresi sts and n not be l'1zed for deep UV I magi ng
(particul ar |y bearingfaoid 1498 groupsand 86 weight pacatt 8 homGpolymkt of £hydrbxy-o-

i nvestigated bl end conposi ti.ons, use th observed the 15 oxygen plasma
etoh rate to BETHRSEEHRIRY SR BOF SRS 45 CATTOBOrgRERRaa. | L
horopol ymers  afs giendied SBRE FNRGeRES abRMbity @speiafly ifkibh BorfteRironsydacor di ngly,

there is a need for a photoresist conposition which I's conpatible with the
gener al 10cheni ewmimatimgrdups watdérs these ¢ramposiiions ppasue debunusable §pyshemwgve o short

wave length i jRghNg bR 2ikRR bYW Sooeh " Pn #hhb&atBhbdsifiSR' 28 &lible
only for electron-beam photoresists and can not be utilized for deep UV imaging
(particularly not for 193 nm or 157 nm resists). ‘
Crivello et al. investigated blend compositions because they observed the
15 oxygen plasma étch rate to be unacceptably high for free radically polymerized
homopolymers of norbornene monomers bearing acid labile groups.
Accordingly, there is a need for a photoresist composition which is
.compatible with the general chemical amplification scheme and provides
transparency to short wave length imaging radiation while being sufficiently resistant %
20 to a reactive ion etching processing environment. Additionally, there is a need for
methods by which to make such photoresist compositions and methods by which to

control with a greater degree of certainty their molecular weights.

SUMMARY
25 Embodiments in accordance with the present invention relate to photoresist
compositions from the homo-polymerization of one monomer according to Formula
I; the co-polymerization of at least two different monomers according to Formula I;
and the co-polymerization of at least one monomer according to Formula I with at
least one monomer according to Formula II:
30



20 to a reactive ion etching processing environnment. Additionally, there. is
a need for nethods by which to nake such photoresi st conpositions artgtUG 2006
met hods by which to control with a greater degree of certainty their

nol ecul ar wei ghts. SUVMARY 25 Enbodi nents in accordance with the present

i nvent i onwoab@asmass o phot oresi st conpositions fromthe horrmpmoynErszati on
of one nononer according to Fornmula |; the co-polynerization of at |east .
two different nonomers according to Fornula 1; and the co-pol ynerization of
at | east one nononmer according to Fornmula | with at |east one nononer
according to Formula 11: 30 6 3 AUG 2006 WD 03/050158 PCT/1B02/ 05795 7z) z
zz ,4in415in8R 23RR7R RRR6 R wherein RLto W Z and mare
as defined below, In other such enbodi nents, the present invention rel ates
to a nethod for 5 reducing the optical density of a polynmer containing

ol efinic end groups via eatment with a post tict i onal i zati on reagent
(e.g., post-treatnment w \on agent, hydrogenation
agent, hydrofornyl ati on Sag Ent, the present invention
relates to a method for e 4y of any polycyclic

pol ymer contai ni ng an ol ixh may be present in a

pol ymer product via thepse | efinic end groups by a
post-functionalization '‘ageft—tmr exanpl e, amepstdati on, hydrogenation,
hydrof ornyl ati on, hydrgsi] at§ og“and/ or cycl psr ppand %bn agent. In anot her
enbodi ment, the present u@%qulon relates to aRAeRA removi ng resi dual
nonomner and/or catalyst via a suitable post treatnent agent and 15
mechani sm from one or nore polycyclic polyners.

. I'n anot her erf
] Ng jt he optica
end 10 group(s

wherein R to R®, Z and m are as defined below:
In other such embodiments, the present invention relates to a method for
5 reducing the optical density of a polymer containing olefinic end groups via
treatment with a post-functionalization feagent (e.g., post-treatment with a peracid, a
hydosilation agent, hydrogenation agent, hydroformylation agent).

In another embodiment, the present invention relates to a method for
reducing the optical density of any polycyclic polymer containing an olefinic end-

10 group(s) which may be present in a polymer product via the post-functionalization of
olefinic end groups by a post-functionalization agent, for example, an epoxidation,
hydrogenation, hydroformylation, hydrosilation and/or cyclopropanation agent.

In another embodiment, the present invention relates to a method of
removing residual monomer and/or catalyst via a suitable post treatment agent and

15 mechanism from one or more polycyclic polymers.

The present invention is advantageous in that it provides polymer
compositions which are useful in photoresist compositions in 193 nm and 157 nm
applications. Such compositions have better performance qualities than currently
available photoresist compositions. For example, a lower OD at the exposure

20 wavelength, reduced swelling in an aqueous base developer, and a Py, similar to that
of poly(para-hydroxystyrene).

Additionally, one embodiment of the present invention is advantageous in
that it provides methods for the simultaneous control of molecular weight, reduction
of optical density, and the reduction of residual monomer and catalyst metal from

25 polymer compositions.



The present invention is advantageous in that it provides polyner 3 AUG 20
conpositions which are useful in photoresist conpositions in 193 run an 1%9
nm applications. Such conpositions have better performance qualities than
currently avail abl e photoresist conpositions. For exanple, a | ower OD at

t he exposWPD3BHIFvel engt h, reduced swelling in an aqueoudCHEBEY/YEYRI oper,
and a Pka~ simlar to that of poly(para-hydroxystyrene). Additionally, one
enbodi ment of the present invention is advantageous in that it provides

met hods for the sinultaneous control of nolecular weight, reduction of
optical density, and the reduction of residual nonomer and catal yst netal
from25 pol ynmer conpositions. 7 3 AUG 2006 WD 031050158 PCT/1B02/ 05795 The
foregoi ng and other features of the invention are hereinafter fully
described and particularly pointed _out in the follow ng description and the
annexed drawi ngs J&tforpgpingRndrpthen feanires 9t theinveptioRprehereingtar flly ve

enbodi nents of L : ] k iendl . cat | e t one or
a few of the \;ig%c?@lejdshﬂhvys dluﬁﬂg( "m? %:ah tklld;ﬁgrﬁ??lug?l g gés{S%SP @é}hv%m?lﬁﬁ/ae@h{% may be
enpl oyed. DES€Rtifgd eiingforfi-n defla\dhblcEmbtegillugtrative emao@ERR of ear esent ati on of
Pal | adi um bi s(tri-i-pr | phos,phi n di (acetate); 10 Figure,2 is a.plot of
optical densi S'Veﬂm’ 59&‘%&[&‘ oF &?Hﬁo?ﬁ%%ema%&‘”o e varicus wayS in

a, a-bi s rifl ygiangt Mﬁc)iﬁle&%%h@h%r&o“nﬁ@@e‘eﬁipﬁ%ﬂ?’ et hanol produced using a
pal | adi um catal yst; Figure 3 is a plot of optical -density (OD) versus Mwv
for honopol yners of

a,a-bis(trifluoromethyl)bic;bﬁ ANTT anol made using a

ni ckel is catalyst; Figure S A e e e INGS  he ef fect of
post-treat nent W t igafet isG GRTEP rephdetttbnQdPalREHRDIARI-Aprop IBh@Bhine A 0o
density (OD) for various (err),(err)-
bi s(tritl| uor odHagER)bi cycl o[ 2. 2. 1] hept - 5- ene-2-ethanol ; Figure 5 are 1H NMR

spectraof N and E%hpeaf &% p"l‘mao_fgbéc(al &éJsit}‘RBBYFérQ}é' Niw for homopolymers of

a,o-bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol produced using a

palladium catalyst;
Figure 3 is a plot of optical density (OD) versus Mw for homopolymers of
a,a-bis(trifluoromethyl)bicyclo{2.2.11hept-5-ene-2-ethanol made using a nickel
15 catalyst;
Figure 4 is a graph which depicts the effect of post-treatment with acetic acid
and hydrogen peroxide on the optical density (OD) for various a,a-
bis(trifluoromethyl)bicycio[2.2.1]hept-5-ene-2-ethanot;
Figure 5 are 'H NMR spectra of Ni and Pd-based a,a-bis(trifluoromethyl)- )
20 bicycio[2.2.1]hept-5-ene-2-ethanol homopolymers before and afier peracetic acid
treatment; and
Figure 6 is a plot of optical density (OD) versus Mw for copolymers of o ,a-
bis(trifluoromethyl)bicyclo[2.2. 1 Jhept-5-ene-2-ethanol and t-butylester of 5-
norbornene carboxylic acid made using a palladium catalyst both before and after

25 treatment with acetic acid and hydrogen peroxide.

DETAILED DESCRIPTION

[t should be noted that in the following text and ¢laims, range and ratio limits

and/or range and time limits may be combined. Additionally, as used throughout the

30 specification the term a halogenated polycyclic compound means a polycyclic

3



20 bicycl o[ 2. 2. 1] hept - 5- ene- 2- et hanol honopol yners before and after
peracetic acid treatnent; and Figure 6 is a plot of optical densi ty3(’(g52006

ver sus | ymers of a, a- CT/IB02/05795
bis(tri m‘f")%’%ﬁ% ) bi cycl o] 2. 2. 1] hept - 5- ene- 2- et hanol andP t -HEI);ut y? ester of

5- norbornene carboxylic acid nmade using a palladium catal yst both before
and after 25 treatnent with acetic acid and hydrogen peroxide. DETAILED
DESCRI PTION ft should be noted that in the followi ng text and clai ns, range
and ratio limts and/or range and tinme limts nmay be conbi ned.

Addi tionally, as used throughout the 30 specification the terma

hal ogenat ed pol ycyclic conpound neans a pol ycyclic 8 3 AUG 2006 WD

03/ 050158 PCTLQRRE WARcEQmRatk A 131 i HaRBtRABH (@.}Eg.,'cﬂ?e’ﬁnepﬂ&rﬂaloegen at om
(e.g., chlorine, fluorine or bromne) in place of a hydrogen atom The at

| east one hal bgaringitinplageigf dhydsegenatam. The grieasbenevinlegenfatqrh may iba@sespitesent
in the polycyclic conpo Y I t,one hal ogen.atom
oOL YoVt B0 ik BT B oS b 1 PORGBRLERT:

may be present® I %A 5UbS oup t0 one or

nmore of the rijcagwnk haloper nomMUAICHe PreearipaLIbstithent oNperRiAROGLEEWhich i$ he
hal ogenat ed substituent (e.g., halohydrocarbyl, perhal othdrocarb 1) may be
one or Snore byndefty onefieneyE ofedingeimthe pplyeyaliscomperid. ) Inging apbodimeshe or

nore other f 7 ' ' ' t
i nvention rel g’? géﬁ’ géﬁarér ai : %}%P%ﬂéggsgbi}gﬁdg&%%ﬁ?ﬁ@rag& %rreg%@ﬁrg@%%;b%sﬁ%
produci ng pol yonetei -(C4Fo) pnessmorRAFngtiflostsmbihy!) igh®ips o sge asmphatieresi sts in

the manufactyre of integrated circyits. |n particular, the present
i nventi on rel Hyrehydsocas Pﬁfiﬁﬁ%edfliﬁfmlwf'om t he polymerization of at

| east one non- hal ogengteds indOhnYElates g?ﬁé‘?@i_ﬁ@ﬁ g?[yc%lié &ﬁﬁrﬁer@ﬂﬁetﬁgt?soﬁ?nat ed

pol ycyclic nononmer or mxtures there “l'east” one non- ogenat ed
pol ycydpi ¢ noprodesingpolfieiodig pakyreds, 26d methpds/for theirmsa esphotomyisis amthai N one or

R T W TN T T S
ol efinic end gingptRitionk fdihe@ Rdnothe Pblyhierigathaedecirbdtbne ROS-halob@ntedd to renove
the unsaturation. By non-hal ogenated polycyclic polyner is
polycyclic monomer or at least one halogenated polycyclic monomer or mixtures
thereof. The at least one non-halogenated polycyclic monomer or halogenated
15 polycyclic monomer may contain one or more acid labile groups aio'hg the polymer
backbone. In another embodiment, the polycyclic polymer and the halogenated
polycyclic polymer contains an olefinic end group, which end group is subsequently
post-treated to remove the unsaturation. By non-halogenated polycyclic polymer is
meant that the polymer is devoid of repeating units that contain halogen atoms. By
20 halogenated polycyclic polymer is meant that at least a portion of the repeating units
that are contained in the polymer backbone contain halogen atoms.
In yet another embodiment, the present invention relates to polymers suitable
for use in photoresist compositions formed from the polymerization of at least one
non-halogenated polycyclic monomer, at least one halogenated polycyclic monomer
25 or mixtures thereof. In either instance, one or both of these monomers may contain
one or more pendant acid labile groups.
Furthermore, the present invention relates to methods of controlling the
molecular weight, residual metal content, residual monomer content and optical
density of polycyclic polymers and polycyclic polymers suitable for use in

30 photoresist compositions.



meant that the polymer is devoid of repeating units that contain ha

atons. By 20 hal ogenated polycyclic polynmer is neant that at |east a portion
of the r nits that are contained in the polymner Dntaln
hal ogen :ﬁ@ﬁ%ﬁpﬁﬁgyet anot her enbodi ment, the present |nveE€E &Q@Véies to
polymers suitable for use in photore5|st conpositions fornmed fromthe

pol yneri zation of at |east one non-hal ogenated pol ycyclic nononmer, at |east
one hal ogenat ed pol ycyclic nonomer 25 or m xtures thereof. In either '

i nstance, one or both of these nonomers nmay contain one or nore pendant
acid labile groups. Furthernore, the present invention relates to nethods of
controlling the nolecular weight, residual netal content, residual nononer

content and opti caly | yners
Ui tabl e for use i msGonnrLpthe B8 %‘%Ynn%%%ﬁﬁ%ﬁﬁéfg@%&ﬁ%%%ﬁw%?%50158
PCT/ 1B02/ 05795n&"lambpdxhgerfem& mitydybic polgserdan b vebstitaed wttmaéndsmpcgrm;scl iC
repeating unit In one enbodi nent, the clic pol can .

substi tuted witH B4 PPLYRICrEAre PEsRRE bY A9l %%‘Pé reﬂwﬁé? gwaf»r@erﬁrogﬂaﬁed by
poI ynerizi ng thgn Eg}jycycl ic nononers of this invention. 5 By the term
“polycyclic" (norbonmene-type or norbomene-functional) is nmeant that the
nmonomner scont ai ns atByIthawrmd‘pelynynhbbfmdmmnmeme mmlbmmmcbhhcﬁnnal)‘rhe si npl est
pol ycycl i c nonone the invention is the bi i C_nopnoner

b cyel of 2. 2 T HRBRL 3! tah, Bone I Ak et B8 PP OREns STpRRan SO el ed above,
in one instpnce the present invention relates to polycyclic polyners forned
fromthe polynerization of one or nore polycyclic fluorinated nononers '

according to Formula | below. The on nore nononers according to Formul a
| can optionally (and independently ne another) contain an acid |abile
functionality (group). In is another odi ment, one or nore polycyclic .-

fluorinated nononmers according to Fornula |I bel ow are conbi ned with one or

ot Tonerer S <Ccos g iy BAKENLR gbhep d A SRS Wl g,
presence of abidyolapR. 31]h9pt-z>ené,eoxhh¢©my\leﬂ‘e&ie@m NaicaborfeneSyAd ild above, in
one instance the present invention relates to polycyclic polymers formed from the
polymerization of one or more potycyclic fluorinated monomers according to
Formula [ below. The one or more monomers according to Formula I can optionally
(and independently of one another) contain an acid labile functionality (group). In
15 another embodiment, one or more polycyclic fluorinated monomers according to
Formula I below are combined with one or more monomers according to Formula II.
In one embodiment, the polymerization reactions of the present invention are
conducted in the presence of a Group 8, 9, or 10 (New Version Notation System)
transition metal catalyst system.
20
Monomers:
The polycyclic monomers useful in the practice of the present invention are

selected from a monomer represented by the Formula I below:

10



transition nmetal catalyst system 20 Mononers: The polycyclic rmnom%rﬁ
useful in the practice of the present invention are selected froma g
represented by the Fornula | below 10 3 AUG 2006 WO 03/"0158
PCT/1B02/0.5795 z z m R4 Rl 2 3 wherein RL to R4 inde%endentl Y represent
hydr ogen W@ 938508 or branched (C, to C30) alkyl, Iinear P&AEBRY % &hed (C
to C24) hal ohydrocarbyl), linear or branched (C2 to 5 C30) olefin;

-(CH2) ~-C(O OR*, -(CH2).-C(OOR, -(CH2).-0OR, 4CH2)n-OC(O R, (CHz)n C(O)R
-(CH2)n-O(OQ OR, - (CH2) ~- (R) 2- CH(R) (C( O OR**) ,
-(CH2),-(CR2) ~-CH R (C(OOR*™*), -~CH2).-C(OR***)-(CF3)2, -(CR2"),-O0R and
-~CH2)1-C(R) 2-CH(C(O OR**) 2, where R represents hydrogen, |inear and
branched (Cl to C10) alkyl, and -(CH2)s-OH, 10 R represents hydrogen or a
hal ogen (i.e., fluorine, chlorine, bromne, and/or iodine); n is an integer
[ [ 5, s is an integer froml to 10,

and Z represents oxygen, sulfur, -(CR'2) P~ where R' is hydrogen and
pis equal tol or 2, In one enbodient of the invention, at |east one of
R to R4 is either a hal ohydrocarh and/ or a pe‘r hal ocar byI group. In one
enbodiment, nis 0. R* 15 represes 13d labile noieties (i.e., blocking or
protecting groups) that are cl eavab phot oacid initiators; and R**
represents -CH2OR, -C(O OR or C#?/ t he known acid | abile groups
can be enployed in the present i Rvegltign. RThe R* npiety can represent
tertiary (C4 to C20) al kyl and cycl'dal Kyl groups, tri(Cl to C6)alkylsilyl:
groups and oxoal kyl groups of 4 to 20 carbon atons. Exenplary tertiary 20

al kyl groups include but are not limted to tert-butyl, tert-arnyl and 1, 1
- di et hyl pr opydherein R' to R* independently represent hydrogen, linear or branched (C, to Csg)

alkyl, linear and branched (C; to Cy4) halohydrocarbyl), linear or branched (C; to
5 Csy) olefin; {CH,)—~C(OC)OR*, H(CH,),—~C(O)OR,

—(CH)~OR, «{CHz2):~OC(O)R, ~(CH:)n-C(O)R, (CH,)»,~OC(O)OR,
~(CHp)r~C(R)-CH(RYC(OYOR**), HCHz)y«(CR2)s-CH(RYC(O)OR**),
~(CHp)~C(OR***}{(CF3);, {CR'5):~O-R— and {CH2)x—C(R)z-CH(C(O)OR**),
where R represents hydrogen, lineér and branched (C; to Cy¢) alkyl, and -(CH;);-OH,;

10 R’ represents hydrogen or a halogen (i.¢., fluorine, chlorine, bromine, and/or iodine);
n is an integer from 0 to 10; m is an integer from 0 to 5; s is an integer from 1 to 10,
and Z represents oxygen, sulfur, ~NR"~, or (CR"),— where R" is hydrogen and p is
equal to I or 2, In one embodiment of the invention, at least one of R' to R* is either
a halohydrocarbyl and/or a perhalocarbyl group. In one embodiment, n is 0. R*

15 represents acid labile moieties (i.e., blocking or protecting groups) that are cleavable
by photoacid initiators; and R*** represents -CH,OR, -C(O)OR or —-C(O)R. Any of
the known acid labile groups can be employed in the present invention. The R*
moiety can represent tertiary (C, to Cag) alkyl and cycloalkyl groups, tri{C, to
Cealkylsilyl groups and oxoalkyl groups of 4 to 20 carbon atoms. Exemplary tertiary

20 alky! groups include but are not limited to tert-butyl, tert-amy! and I, 1-diethylpropyl.
Exemplary tertiary cycloalkyl groups include but are not limited to 1-
methylcyclopentyl, 1-ethyleyclopentyl, 1-butylcyclopentyl, I- ethylcyclohexyl, 1-
butylcyclohexyl, 1-ethyi-2-cyclopentenyl, 1-ethyl-2- cyclohexenyl, 2-methyl-2-
adamantyl, 2-ethyl-2-adamantyl. Exemplary trialkylsilyl groups included but are not

25 limited to trimethylsilyl, triethylsilyl and dimethyl-tert-butylsilyl. Examples of

13l



Exenpl ary tertiary cycloal kyl groups include but are not limted to L-4uye:2006
nmet hyl cycl opentyl, |-ethylcyclopentyl, |-butylcyclopentyl, | - .
et hyl cycl ohexyl, |- butylcycl ohexyl, |-ethyl-2-cyclopentenyl, I-ethyl-2-

cycl ohex I - et hyl -2- adamanty[, 2-ethyl -2-adanmantyl . -
I ar byl Pt O g y o B

trial kyl oups included but are not 25 limted to t

triethylsilyl and dinethyl-tert-butylsilyt. Exanples of 3 AUG 2006 WO
031010158 PCT/ 1 B02/ 05795 oxoal kyl groups include 3-oxocycl ohexyl,

4- et hyl - 2- oxooxan4-yl, and 5- nethyl- 2-oxooxol an-5-yl. Qher acid labile
groups include isobonyl, tetrahydrofuranyl, tetrahydropyranoyl,

3- oxocycl ohexanonyl , neval onic | actonyl, dicyclopropylnmethyl (Dcpm, and

di met hyl cycl opropyl net hyl (Dncp) groups. R** independently 5 represents R or

by’ he 1ol | o AgTEN BroubS incHRRD. B R DRl -Gy REREIA ¥ oY el SO o
t hr oughout t h@-apexdlén-6al.i Other hdie labie gronps dlode oborhyl, tetrakpdrsfukdnatl, at | east
n the hydrocarb group, e.g al kyl .. al kenyl,

one hydrogen ato I . ) al kynyl ,
cycl oal kyl artgnag]y‘grﬁayramhk?yvxqgme F‘“?’%fﬂﬁ%fﬁ?@&@da%?‘vﬂ’ %lcx%%wﬁmg&hajln
selected from L ; 1 Walel | 3 I tions t her eof
(e.g., hal oal(Eﬁn?ﬁ %‘%ﬁ'ﬁ?%ﬁ%&f@ﬁ%@é@f%%@ﬁ%@;@ﬁ%"%ﬁ"y?ha| oaryl,
and hal ofr al ky¢presefh® ortiil, ehgefmed abdwel The Oleps andDmoangraips dre tasp@ivelar bon

atonms. The term fluoro carb ans that at |east one hydrogen atom on
t he hydrocar bﬁpreg"%tﬁggyg%%@%wlggé{fucg&ef'l uorine. The degree of hal ogenati on,

can range fromat |east one hydrogen atom being replaced by a hal ogen atom
(e.qg., a nonofluoronmethyl group) 20 to full hal ogenation (perhal ogenati on)
wherein all hydrogen atons on the sxhydrocar by roup have been replaced by a
hal ogen atom (e.g., perhal ocarbyl guch as triYl uoronethyl ]
(perfluoronmethyl)). The fluorinate thdgggaLby(c@qd per fl uorocarbyl groups
contain, in one enbodiment, | to 24 carbon atons. *Fn anot her enbodi nent,

the fluorinated hydrocarbyl and pggiluorocarbyl groups contain | to 12
carbon atonms. 25 In yet another enbodi nent, fluorinated hydrocarbyl and

" perfluorocarbyl groups

10 As used here and throughout the specification, the term halohydrocarby!
means that at least one hydrogen atom on the hydrocarbyl group, e.g., alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, and aralkyl groups, is replaced with a halogen atom
selected from chlorine, bromine, iodine, fluorine and combinations thereof (e.g.,
haloalkyl,

15 haloalkeny!, haloalkynyl, halocycloalkyl, haloaryl, and haloaralkyl). The
halohydrocarbyl groups can contain 1 to 24 carbon atoms. The term
fluorohydrocarby! means that at least one hydrogen atom on the hydrocarbyl group is
replaced by fluorine. The degree of halogenation can range from at least one
hydrogen atom being replaced by a halogen atom (e.g., a monoflucromethyl group)

20 to full halogenation (perhalogenation} wherein all hydrogen atoms on the
hydrocarbyl group have been replaced by a halogen atom {e.g., perhalocarbyl such as
trifluoromethy! (perfluoromethyl)). The fluorinated hydrocarbyl and perfluorocarbyl
groups contain, in one embodiment, | to 24 carbon atoms. In another embodiment,
the fluorinated hydrocarby! and perfluorocarby! groups contain 1 to 12 carbon atoms.

25 In vet another embodiment, fluorinated hydrocarbyl and perfluorocarbyl groups
contain 6 carbon atoms and can be linear or branched, cyclic, or aromatic. The

fluorinated hydrocarbyl and perfluorocarbyl groups include but are not limited to

12



contain 6 carbon atonms and can be l|linear or branched, cyclic, or arogﬁék% p
The fluorinated hydrocarbyl and perfluorocarbyl groups include but %W
limted to 12 3 AUG 2006 WD 031050158 PCTI | B02/ 05795 fl uori nated and
perfluorinated |inear and branched Cl-C24al kyl, fluorinated and

per f | uor Wwaoa@CB8C24cycl oal kyl, fluorinated and perfl uori RETEBIO2/05795

C2- C24al kenyl, fluorinated and perfl uorinat edC3- C24cycl oal kenyl ,
fluorinated and perfluorinated C6-C24aryl, and fluorinated and
perfluorinated C7-C24 aral kyl. The fluorinated and 5 perfluorocarbyl ether
substituents are represented by the formulae -(CH2)gOR ", or - (CF2)gOR "
respectively, wherein R'' is a fluorinated hydrocarbyl or perfluorocarbyl
group as defined above, g is and integer fromO to 5. In one enbodi nent, the
per hal ohydr ocar byl groups include perhal ogenated pheryl and al kyl groups.

The hal ogenatfburiznte lanq;p@ﬂp@nmflmearu ﬁﬂdtbrli@chitfi/@n&mikjdr@uormteéand| ally or

fully hal ogenat d_an I|n r d have mul a C1LX"2, +,
wherein X' i & %Péﬁ'é’%ﬁ%ﬁﬁlﬂf o’gﬂelir%l) sgﬁ%gg‘? ?Jr(])nrale 2' He g?ﬂ‘l’ br om ne
and/ or i odi neflyogingted ancspaﬁhmrtawd ¢3n@mc9ﬂoa1nér@,g,eftuoahatédhﬁu @@ﬂudrmawae
enbodi nent, the perfl uorinated substituents include perfl uor ophenyl

perfl uor omet Hye-C2ap38¢ anddlusanaipd anduesrfiveratsg Coplyds aralfort £ iTho esineyad arlénd 15
per 1 60§ ohex e | Doai b 8o Qs B2k 0RSRnaU B e HERL Re (£, B101 BPL k1

aryl, and a e 1 nventl1on can ed vvlth
| i near and br(&:ﬁg:)t;@ﬁ"‘ r&]:e@ﬁ/ebl ijlbrem’ll&i'“m ﬁlaﬂrkrﬁtedmydtm&byhrr)ﬂerfgfmqaﬂa}and

cycl oal kyl groups. nbodl in Formula 1. In anothe}
enmbodi ment , -ga;oqgasg:]e?lp?&%yym ‘éa‘i HR'PW qf§ % t he structures are
represent ed by FOrIg‘gh@eﬁlSoc@&epte{hgg{urﬂaﬁ)hy&c%bﬁ%?olfps"‘mP{fe' Sﬂéﬂﬁiolgeﬁat% and Z

are defined as not above. 1t should bé apparent to t ITed in the
art that any nhhmjtlcaadlaﬂkybgmapsab'iﬂ'e hatmgema}ed ajkﬁlgrcblaisluseﬁlhntﬂmeinmiuhiama of the

|2ﬁh: B:’ﬁ@él g; i Q)g ﬁﬁfy ta?c?geggtecygne are ?‘Ec‘:a?%r canc teldoar}ld havgglte orl#r?tﬁfg antially

C.X"2+1 wherein X" is independently a halogen selected fluorine, chlorine, bromine
and/or iodine, and r is selected from an integer of 1 to 20.

In one embodiment, the perfluorinated subst-ituents include perfluorophenyl,
perfluoromethyl, perfluorocethyl, perfluoropropyl, perfluorobutyl, and

15 perfluorohexyl. In addition to the halogen substituents, the cycloalkyl, aryl, and

aralkyl groups of the invention can be further substituted with linear and branched
C,.C;s alky! and haloalkyl groups, aryl groups and cycloalkyl groups.

In one embodiment, m is 0 or 1 in Formula I. In another embodiment, m is 0
in Formula I. When m is 0 the structures are represented by Formula Ia

20 below:

R’ B2 R R*

wherein R, to R4 and Z are defined as noted above. It should be apparent to those
skilled in the art that any photoacid cleavable moiety is suitable in the practice of the
25 invention so long as the polymerization reaction is not substantially inhibited by

same.

13



13 3 AUG 2006 WO 031050158 PCT/ 1B02/ G6795 In one enmbodi ment, the acihdye 2006
| abi |l e groups are the organic ester groups which wundergo a cl eavage
reaction in the presence of an acid. In another enbodinment, the acid |abile
groups include ester groups and carbonate groups. In yet another enbodi nent,
the aci d WA oups are t-butyl esters of carboxylic a®@CddBIZ&EPh anot her
enbodi ment, Rl to R3 are hydrogen, Wis 4CH2),-C(OR***HCF3)2, mis O, nis
an integer fromO to 10, and Zis -CH. Wen this is the case, the '
structures of Formula | are represented belowin Fornula 1b below 9~
(CH2)-C(OR--)-(CF)2 10 n wherein R*** represents -CH2O0R, -C(OOR or -C(OR
wherein Ris defined as above. In another enbodinent, R and Ware
hydrogen, R 3 and R4 are O X'21+1 (wherein V is independently a hal ogen

sel ected fluorine, chlorine, br om ne and/or iodine and r is selected from
an integer of 1 t ol egthgdiment thegaid labyle groups are the organic estes grouphwhiahr uct ur es

of Formula | réoeﬂi@a%%gé R iR dd Prede ﬁ&é‘%’ﬂaﬂ acfd El‘? erjeﬁfoé ﬁaeht >§%e’ *1)2 20

I n one enbodlnen a non accor one 0 and Ic

i s pol yneri zedcid abilg ga)upatnaluylstststygrbmandsareﬁqzﬂtagmepk heyevapothant ai ni ng a

G oup 8, 9, or tal ion rce to yield no rrer I n anot her

enbodi nent , Gbofimap e sei (A &ﬁ?"%%w@eafew&a? grlis 2eBsnul ae 1, la, 1b
and lc gan be poI yme‘{nbgl@pe,ﬁgodlg.lgfqt 800 POhYdFBgen, RORI N, this polynerization
reaction is conducted using a cata yst 25 s?/l m containing a Goup 8, 9, or
10 transiti on—wﬁ@{m—Cl(@R**s‘i}t(ﬂfelz rass O,S'f ldlasam$e&om104t030.6a1ﬂ 2B6&€HMD 03/ 050158
,I[D ?ég?%?gggi“n‘ el (t)hIS 15 tﬂe gagg,t CStI'I.lC urcs oﬁ%rmula? arc represente'&ebe[m rf%mufacor d ng

Ib below. .

=2

o (CH,) —C(OR™")——(CF),
wherein R*** represents -CH,OR, -C(O)OR or —C(O)R wherein R is defined as
above.

In another embodiment, R! and R? are hydrogen, R* and R* are CX"ape1

15 (wherein X" is independently a halogen selected fluorine, chlorine, bromine and/or

iodine and r is selected from an integer of 1 to 20) and Z is -CH-. When this is the

case, the structures of Formula I are represented below in Formula Ic below:

ic

(C r x2r+1 )2

20 In one embodiment, a monomer according to one of Formulae I, Ia, Ib and Ic
is polymerized using a catalyst system, as explained below, containing a Group 8, 9,
or metal ion source to yield a homopolymer. In another embodiment, two or more
different monomers according to Formulae I, Ia, Ib and I¢ can be polymerized to
form a co-polymer. Again, this polymerization reaction is conducted using a catalyst

25 system containing a Group 8, 9, or 10 transition metal ion source, as is discussed

14



| b and Ic can be co-polynerized with at | east one nononmer according LQue 2006
Formula H below 47Z) ILP 11 ZZ m R5 6 7 R8 wherein R5 to R8

i ndependently represent hydrogen, linear or branched (C I to C30) alkyl,

i near or branched (C2 to C30) olefin; -(CH2L-C(O OR*, --(CH2)n-C(O OR,

- (CH2) n- COOR -(CH)n-(OR -(CH2), o)

acio) h T PR (G oo +), C(G) - ( CRo) n. O Ry ( () ORI} T00s™s

-~CR 2),-4D-R and - (CH2)n- C(R)Z CH(C(OOR**)2; where R represents hydrogen
| i near and branched (C, to Cto) alky, -(CH2),-OH R represents hydrogen or
a halogen (i.e., fluorine, chlorine, bromne, and/or iodine); nis an
integer from0O to 10; mis an integer fromO to 5, s is an integer from|l
to 10; and Z represents oxygen, 15 sulfur, -NR'-, or -(CR'2)p~ where R' is
hydrogen and p is equal to |l or 2. In one enbodinent, nis 0. R* represents
any of the kngupwagi %oltlfbl?'eh%oﬁmieﬁi hfRastend@bhoige: ac@&% -to IFRrrAGIAL DG,

enbodi nent, at |east one of RS R8 contai ns a hal ohydrocarbyl ‘or

per hal ocar byI Ilgarxdtlp casbel eﬁ-pnlefmeamﬂ\/@th itleastoneanondmaer agpdrditigrie ibrmude IT east
one of R5 to is a halogenated acid | abile group. The degree of

hal ogenati on E‘ﬂ% range 20 fromat | east one hydrogen atom being repl aced by
a hal ogen atomto full hal ogenation (perhal ogenation) wherein all hydrogen
atons on the hydrocarbyl group have been replaced by a hal ogen atom The
nononers according to any one of For#ahae 1, la, 1b, 1c and 11 can be
produced by a variety of nethods. yet hods as wel |l as catal yst systens,
for the 25 polynerization of the a ment i oned nononers are di scussed in
detail in U S. 15 3 AUG 2006 WO D3/0501%8 PCTI | B2/ 05795 Pat ent No.

wherein R® to R® independently represent hydrogen, linear or branched (C, to Csp)
alkyl, linear or branched (C; to Cm') olefin; —(CH3),—C(O)YOR*, {CH;),—~C(O)OR,
~CH)v—OR, (CH3):~OC(O)R, {CHz)n~C(O)R, «{CH:):~OC(O)OR,

10 ~CH2)r—C(RR-CH(R)C(0)OR**), ~(CHz)n~(CR2}»—CH(R)(C(O)OR**),
~CR'2)n—0-R- and «(CHy),~C(R);—CH{C(O)OR**),; where R represents hydrogen,
linear and branched (C; to Cyp) alky, -(CHz),-OH; R’ represents hydrogen or a
halogen (i.e., fluorine, chlorine, bromine, and/or iodine); n is an integer from 0 to 10;
m is an integer from 0 to 5, s is an integer from 1 to 10; and Z represents oxygen,

15 sulfur, -NR"~, or {(CR"3),— where R" is hydrogen and p is equal to 1 or 2. In one
embodiment, n is 0. R* represents any of the known acid labile moieties as defined
above. In another embodiment, at least one of R’ to R® contains a halohydrocarbyl
or perhalocarby! group as defined above. In yet another embodiment, at least one of
R’ to R® is a halogenated acid labile group. The degree of halogenation can range

20 from at least one hydrogen atom being replaced by a halogen atom to full
halogenation (perhalogenation) wherein all hydrogen atoms on the hydrocarbyl
group have been replaced by a halogen atom.

The monomers according to any one of Formuiae L, Ia, Ib, Ic and II can be
produced by a variety of methods. Such methods as well as catalyst systems for the

25 polymerization of the above mentioned monomers are discussed in detail in U.S.
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both hereby incorporated by reference in their entirety. The pol yners ,uc 2006
produced in accordance with the present invention conprise addition

pol ymeri zed pol ycyclic repeating units linked via 2,3-enchai nnent. The 5
pol ynmers conprise at |east one repeating unit selected fromthe structures
representomOfIse 2 Z Z Z i- Im4 111 R 2 3 R- FRd iFRI/BBIZIS®SR R R
10 wherein R to R8 and in are as previously defined. Catalyst Systens for
Pol yneri zation: The polyners of this invention are obtained by :
pol ymeri zati on of reaction mxtures conprising: (1) one nmonomer according
to one of Fornmulae I, la, IIb 15 and/or 1c; (2) two or nore different
nononers according to Formulae 1, la, Ilb and/or Ic; and (3) at |east one
nononer according to Fornulae 1, In, Ib and/or Ic and at |east one nononer
according to Fornmula 11. The desired reaction mxture is conbined with a

sol vent, a cafateysiNo.kx6APSc0d (LbS Hategt Noh.4hd B, thg, disslosuds of whishtaron et al
i on source, and t.i onal chaij . nt. The catal yst system can be
a 20 preforne Otgﬁ‘%ﬁﬁ%gl X6l 5?1%?1?3/ E‘Erf%%%%aﬂ %'ra%‘?ir transition netal based

catal yst or a nul Thepslp@BaProddcediin corBancerwiftOtht pAREit inveRtidEéomprisat al yst .
Si ngl e Conponent Systens: In one aspect, of the invention a single conponent
catal yst syst agditiepelymerizedpokicelicrepsating ynitt linked xie 3, frepcieinment:chhs on i s

represery ed bk g Qe 183 3R dnhiFy 3005 N R3HORPIRE, PG BO2/ 05795

E, Ni (C6F5) 2 rern n's epresents neu el ectron donor
| i gand. | n oneepresented below:

I’ 13
R FT‘ -RS . ;5
R2 Ra ' RS R7

10 wherein R to R? and m are as previously defined.

Catalyst Systems for Polymerization:
The polymers of this invention are obtained by polymerization of reaction

mixtures comprising: (1) one monomer according to one of Formulae I, Ia, Ib
15 and/or Ie; (2) two or more different monomers according to Formulae I, Ia, Ib
and/or I¢; and (3) at least one monomer according to Formulae I, Ia, Ib and/or Ie
and at least one monomer according to Formula II. The desired reaction mixture is
combined with a solvent, a catalyst system containing a Group 8, 9, or 10 transition
metal ion source, and an optional chain transfer agent. The catalyst system can be a
20 preformed single component Group 8, 9, or 10 transition metal based catalyst or a
multicomponent Group 8, 9, or 10 transition metal catalyst.
Single Component Systems:
In one aspect of the invention a single component catalyst system useful in

making polymers utilized in this invention is represented by the formuia:
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enbodi ment, when n is 1, Eis a (err)-arene ligand such as toluene, benzene,
and 5 nesitylene. In another embodi nent, when nis 2, Eis selected i 2006
di et hyl ether, tetrahydrofuran (THF), ethylacetate and di oxane. In one
enbodi ment, the single conponent catalysts utilized in the present

i nvent i onwarms/obiis et hyl acet at e) bi s(perfl uorophenyl) ni ckelpCT/IB2/05795

(tol uene) bi s(perfl uorophenyl) nickel, (nesitylene)bis(perfluorophenyl)

ni ckel, 10 (benzene)bi s(perfluorophenyl) nickel,

bi s(tetrahydrof uran) bi s(perfl uorophenyl) nickel and

bi s(di oxarl e) bi s(perfluorophenyl) nickel. In the single conponent catal yst
enbodi nent, the nolar ratio of total -nononer to catal yst (based on the
nmetal) in the reaction nmediumcan range from about 5:1 to about 100, 000: 1,
or fromabout 50:1 to about 20,000: 1, or fromabout 15 100: 1 to about

10, 000, or even from about 100: 1 to aBgN#(CgFsB00: 1. Additional Catalyst
Systens: | n another aspect, catalyst systens useful for making the polyners
are disclosed in WO 00/20472. One such catal yst system which can be
utilized to RQl'leYéIﬁrnLZ?onﬁncP@ré’pS}b!s%htsCadEBﬁﬁWléctr%de@r xpg)'aﬁ&em denvention is
represented by the 20 general fornula shown bel ow 3.(L")y]b

[ WCA] d HI  wherssibadivhengprleaens 4, Elﬁmp:n&(blgnmbsmsh a3 mtuene,tbmhzenla’,]:&)drepresents

an anionic 25 hydrocarbyl cont alJn ng |igand; L' gag res&nts a Group 15
neutral &l ect rBeflsAGr In dnpdhsnembedimegty W %%tss2§'F ¢qted Gemdisthyletheret 1 on

donor |igand; g, @d%ﬁﬂg‘}‘&THﬁ)& %ygcagte%nd%xh& 0, 1, 2, or 3, and the sum ot

X, y, and z equa are nunpers representlng t he nunber of
times the cation cdnphemhmdimmﬁatﬂe;singdnmdnmaedtmg;alysuslmmmafcbmnhnprempl ex

(WCA), respectively, are en to, bal apce the electronic 30 charge on the
overal | catal ygfenesweé&s(et ﬁé"%ﬁ)& r@‘l‘Po{PE}E“ ’iﬁ ‘neat or in 17 3 AUG

2006 VO 03/ 05ghlasets é#ﬁ%&eﬂ?ﬁ%&@i %é%len@)’ﬁﬁ(ﬂe‘éﬂ@&%lﬂ:ﬁ&ﬁ%d&kﬁ h a

pref ormed catal yst of f oregoi ng fornul a. ternatively, the catalyst
can be flerned (benzsm)blsttpyrfh@nﬁnbmd) nlhbe!das(@ﬁtrybrdro@rm)hg(pedbwpwhml)s in the

monomer  char ge, ritckel and bis(dioxane)bis(perfluoropheny!) nickel.

In the single component catalyst embodiment, the molar ratio of total
monomer to catalyst (based on the; metal} in the reaction medium can range from
about 5:1 to about 100,000:1, or from about 50:1 to about 20,000:1, or from about

15 100:1 to about 10,000, or even from about 100:1 to about 2,000:1.

Additional Catalyst Systems:

In another aspect, catalyst systems useful for making the polymers are
disclosed in WO 00/20472. One such catalyst system which can be utilized to
polymerize the polycyclic monomers of the present invention is represented by the

20 general formula shown below:
[R™),ML)(L")yls [WCAls I

wherein M represents a Group 10 transition metal; R'® represents an anionic

25 hydrocarby! containing ligand; L' represents a Group 15 neutral electron donor
ligand; L" represents a labile neutral electron donor ligand; zisQor I;xislor2; y
is 0, 1, 2, or 3, and the sum of x, y, and z equals 4; and b and d are numbers
representing the number of times the cation complex and weakly coordinating
counteranion complex (WCA), respectively, are taken to balance the electronic

30 charge on the overall catalyst complex. The monomer charge can be neat or in
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The weakly coordinating counteranion conplex is an anion which is onkyyo 5006
weakly coordinated to the cation conplex. It is sufficiently labile to be

di spl aced by a neutral Lewi s base, solvent or nonomer. Mre specifically,
the WCA anion functions as a stabilizing anion to the cation conplex and
does not wuonesgserssto the cation conplex to form a neutralPQvmde/ei?es The WCA
anion is relatively inert in that it is non-oxidative, non-reducing, and
non- nucl eophilic. 10 An anionic hydrocarbyl |igand is any hydrocarbyl |igand
whi ch when renoved fromthe nmetal center Min its closed shell electron
configuration, has a negative charge. A neutral electron donor is any

| i gand whicii when renpbved fromthe netal center Min its cl osed shel

el ectron configuration, has a neutral charge. 15 A labile neutral electron
donor ligand is any ligand which is not as strongly bound to netal center

M is easily dobBpbacad it dwateefedovith aprafomhehcatalysswéthefforegoinpéormuiat al center in

its closed shel]l|l electron confiquration. has neut.ral .charge, .In.the cation
conpl ex above, ARIMALSFRs ﬁf%‘algsﬁgﬂ&ﬁ orpieg frhﬁté’ﬂ{yi ixiag e Ca?gfsé@t"@&’gf rom

ni ckel , pal | adbipbnets iRliRd hokbRerlcharggiot her enbodi ment, M represents 20

ni ckel or palladium Representative anionic hydrocarbyl containing |igands

defined under R s Thaseakiz cpordsatingemintsranarnesnpbax iS20 agipk whichds oy o

o Tyic 11 and ekl BRRTREF HRSAEn odrmilefot Bl T 8 B SRBERRL, ot om

cont ai ni ng ar Yneud1d.eWis K336 salvehtytimonaeh Mbre dpecifiedl BYdeWICAn@nOUPS can be
optionally substituted with hydrocarbyl and/or heteroatom substituents
whi ch, in one furbens #enttabiliging anontortagication gemples and deesponiranst tathe s al kyl |

| inear or brapehe s Laeqh, Lanch z : | and
hal oal kenyl , %Eg%ho%gﬁtxgﬁlf% ?%@gﬁrﬁ?hﬁi t r%gg%'? %ggﬁgﬁg%ﬁd‘hmnw
optional | y sulisit nbrrbeidative hdm-tedneing, aod nbw-andérgdialicl- C5 al kyl, |inear or

branched Cl1-C5 hal gal kyl, and hgl ..»30 R18 al so r. t i oni
nydrocalbyl_cont ai AT gaERsagy ! Hindisan iaroeapbjiind Wachy¥ets 2006 o
%% 850%582 EICT %%dg%él?gle ﬁe‘?ﬁ@é@éﬁﬁ% b RloSed fRefl Eleblkcn cIRfigfaibi hala X S) S,

negative charge.
A neutral electron donor is'any ligand which when removed from the metal
center M in its closed shell electron configuration, has a neutral charge.

15 A labile neutral electron donor ligand is any ligand which is not as strongly
bound to metal center M, is easily displaced therefrom, and when removed from the
metal center in its closed shell electron configuration has a neutral charge.

In the cation complex above, M represents a Group 10 transition metal
selected from nickel, palladium, or platinum. In another embodiment, M represents

20 nickel or palladium. .

Representative anionic hydrocarbyl containing ligands defined under R'?
include linear and branched C,-Cy alkyl, Cs~Cyg cycloalkyl, linear and branched C,-
Cy alkenyl, C4-C)5 cycloalkenyl, allylic ligands or canonical forms thereof, Cg-Csp
aryl, Cs-C30 heteroatom containing aryl, and C;-Cj, aralkyl, each of the foregoing

25 groups can be optionally substituted with hydrocarbyl and/or heteroatom substituents
which, in one embodiment, are selected from linear or branched C,-C; alkyl, linear
or branched C,-C; haloalkyl, linear or branched C,-Cs alkenyl and haloalkenyi,
halogen, sulfur, oxygen, nitrogen, phosphorus, and phenyl optionally substituted
with linear or branched C,-Cs alkyl, linear or branched C;-C; haloalkyl, and halogen,

30 R'® also represents anionic hydrocarby! containing ligands of the formula R'°C(0)0,
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the sane as R18 defined i medi atel y above. The foregoing cycl oal kyl 2@%
cycl oal kenyl |igands can be nonocyclic or nulticyclic. The aryl Iigg SR
be a single ring (e.g., phenyl) or a fused ring 5 system (e.g., naphthyl).
In addition, any of the cycloal kyl, cycl oal kenyl and aryl groups can be
taken togedlastsoisy forma fused ring system Each of the npgaagcl/osos
multicyclic and aryl ring systens descri bed above optionally can be
nonosubstituted or nultisubstituted with a substituent independently

sel ected from hydrogen, linear and branched Cl1-C5 al kyl, |inear and
branched Cl -Cs hal oal kyl, Iinear and branched 10 Cl1-C5 al koxy, hal ogen

sel ected fromchlorine, fluorine, iodine and bromne, C5-C O cycloal kyl,

C6- C15 cycl oal kenyl, and C6-C30 aryl. As is also disclosed in WD 00/ 20472,
R18 can represent a hydrocarbyl ligand containing a term nal group that

coor di nat es t @ I0EORECPOIR®, REIGD)S, Riéctssonk Hals)ScRBOIR el WRergin®IP is
contai ni ng hydrocarbyl li (i]and_ are_represented by the fornula 15 Cd. H2dX,
wherein d' refrsdaaps Ry elingdipunedigtely abonsn at ons in the hydrocar byl

backbone and 1's anrhOkRgsl /SO S 0uAlnl SRERR IRl O

het er oat om cont ai ni ng coor-ai na oup metal center.

The |igand togriltistlic. iieharglNigafdsaam bd @ simgleaingf(e.eiphenyPpdral fusiytige or
het er oat om cont ai ni ng me&tgl | acycl e, 20 Representative neutral electron
y

donor | iSgands SYFfIefe-£: napRiayd B additinsany ofythe gy Healkiy euelrnraxagrany
wherei 1 E i 5 e B S P ER em ene eaoet o =
hydrogen, | i madticyelidaridraayl cingdy<BimCd€Scrbddydbpveaptiohal! cyan beahénydsubstitutedr and
oo o0 2 B prBryiedys s s GER dpepdfy SBid FommoeRe ey .
cyclic ethersaangafidhe@€l 18 afkyl, tinkdrlah@ 8ainc R -0 RisdreA, Enealhld GrhdchkaSi | Y!,
tri(C6-Cl2 aryl)silyl, tri(linear and branched @ - 30 al koxy)silyl,
triaryl®xysi | ¢h-Cstalkogy,ihatogen sehattddr foome hkldrisg, ﬂ@p@tali‘ﬁjme) anid wampineaigdC1d9 3 AUG
2006 VIO 03/ 0504 28 1 Ce-L BULIREyE 'and Cs-Cs aryl
As is also disclosed in WO 00/20472, R'® can represent a hydrocarbyl ligand
containing a terminal group that coordinates to the éroup 10 metal. The terminal
coordination group containing hydrocarby! ligand are represented by the formula -
15 CeHo¢X, wherein d' represents the number of carbon atoms in the hydrocarbyl
backbone and is an integer from 3 to 10, and X represents an alkenyl or heteroatom
containing moiety that coordinates to the Group 10 metal center. The ligand together
with the Group 10 metal forms a metallacycle or heteroatom containing
metallacycle.
20 Representative neutral electron donor ligands under L' include amines,
pyridines organophosphorus containing compounds and arsines and stibines, of the

folrmula:
E(R*);

25 wherein E is arsenic or antimony, and R¥ s independently selected from hydrogen,
linear and branched C;-C,q alkyl, C3-C,p cycloalkyl, linear and branched C;-Cp
alkoxy, allyl, linear and branched C;-C¢ alkenyl, C¢-Cy5 aryl, C4-C 3 aryloxy, Cs-C)2
arylsufides (e.g., PhS), C5-C s aralkyl, cyclic ethers and thioethers, tri(linear and
branched C;-C o alkyl)silyl, tri(Cs-Ci2 aryl)silyl, tri(linéar and branched C,-Cyy

30 alkoxy)silyl, triaryloxysilyl, tri(linear and branched C;-C,, alkyl)siloxy, and
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tri (C6-Cl2 aryl)siloxy, each of the foregoing substituents can be opt,i hg
substituted wth linear or branched C1-C5 al kyl, |inear or branched
hanaIkyI Cl-C5 al koxy, hal ogen, and conbi nations thereof Representative
al kyl groups include but are not limted to nethyl, ethyl |, _
|sopropyl O30 # i sobutyl, sec-butyl, tert 5 butyl, rﬁ@r“mﬁééﬁﬁntw
hexyl, heptyl octyl, nonyl, decyl, and dodecyl. Representatlve cycloalkyl
groups include but are not linited to cycl opentyl and cycl ohexyl.
Represent ati ve al koxy groups include but are not limted to nethoxy,

et hoxy, and isopropoxy. Representative cyclic ether and cyclic thioether
groups include but are not limted furyl and thienyl, respectively.
Representative aryl 10 groups include but are not limted to phenyl,

o-tolyl, and nz;l(pht hyl . Representative aralkyl groups, include but are not
i ted to beftAis:CianDBiBNAER Ay the foregoing suteiipess iy eﬁgmn@bembatliw Silyl

groups i nc! udg,iifiinedy 6 Halchdd CTLELAIOlindaf bPBIBRHES T o haldaig Iyt ST 1 v, and

triethylsilyl. In" the genera efinition above eac or egoi ng
groups can be atkptcy,chab:lgbzy, agd barvbinaticed theredf. Represantapive laliahgmepls ﬁblud“é butl5

oyt di nes | RS H ERPaRHBY e EPREY 5 sgbropgt g-bun lgobuny) BeDuggtang

3, 5-substi tut %Gv)yl gﬁhﬁphbé]ﬁm(yl 'BEJ:)HCHe'iSQJl %ctﬁ non9l, décy‘-fbﬂ?:%tdoHéEﬁd) 2,6-di-t-
but yl pyri di ne, di-t-b pyr| Represent ati ve arsines include
tri phenyl ar si Rspretsemt@tvafd@aékﬁgmtmmcl@@ butaremnbbupm:d tploapbpmﬂ and

Representative t| b| incl ude hen e, and i thiop | sti bi ne.
S table. ani neoNeRv RepiREndng Aot 2 el i 88 et ) BRERRR oty S
wherein R 21 eidependenplopotye® &itétl%@@ﬁﬂerdnw& Slic hRmtHef ed C1 -C20
al kyl, linear aﬁg br anghgd %1 %25% hal oal kyl , subst ?t ut ed andg{t?ﬁgubstl tuted

C3-C20 25 cyclnsHidepnt arg getdimitedifuryl apdithinay i kespectivelve Represamativeary! and
b d
substi t@t e ag upgﬁxgtﬂﬂébp[{(a)&;%&ﬂlﬂte‘&%@ L%ythgl %ﬁgg@?{{?ﬂt ggﬂ%r@&taﬁ@e

cycl oal ara roups nosu
mul ti substl tumatkylgimpeinnluﬂhmtammtihhuedmbml ahdplepgiedert(ile, sel ected from

nydrogen, | neas AR Sached Gl I8 b delSel SRunIERS"SS LSS
sel ected fr Oﬁhrﬂhkﬂyzkm,,mmemmsnﬂ, aﬁmemymw. A8 i FRYeRSBNFhnitktR BBV OEh 20
of the foregoing groups can be optionally substituted with finear or branched C;-Cs
15 alkyl, linear or branched C,.Cs haloalkyl, and halogen.
Representative pyridines include lutidine (including 2,3-; 2,4-; 2,5-; 2,6-; 3,4-
; and 3,5-substituted), picoline (including 2-,3-, or 4-substituted), 2,6-di-¢-
butylpyridine, and 2,4-di-f-butylpyridine.
Representative arsines include triphenylarsine, triethylarsine, and
20 triethoxystlylarsine.
Representative stibines include triphenylstibine and trithiophenylstibine.
Suitable amine ligands can be selected from amines of the formula N(RZI}g,
wherein R?' independently represents hydrogen, linear and branched C,-Cyg alkyl,
linear and branched C,-C2¢ haloalkyl, substituted and unsubstituted C;-Cap
25 cycloalkyl, substituted and unsubstituted C4-C 5 aryl, and substituted and
unsubstituted C5-C,g aralkyl. When substituted, the cycloalkyl, aryl and aralkyl
groups can be monosubstituted or multisubstituted, wherein the substituents are
independently selected from hydrogen, linear and branched C,-C,; alkyl, linear and
branched C,-Cs haloalkyl, linear and branched C;-C; alkoxy, Cs-C:2 aryl, and

30 halogen selected from chlorine, bromine, and fluorine. Representative amines

20



3 AUG 2006 WO 03/050158 PCT[1B02105795 include but are not Iimted g
ethyl am ne, triethylam ne, diisopropylamne, tributylam ne,

N, N-di et hyl ani line, N, N-di methyl-4-t-butylaniline, N, N-dinmethyl-4-
t-octylaniline, and N, N-di nethyl -4-hexadecyl aniline. The organophosphorus
cont ai ni ngolesgsnes i ncl ude phosphi nes, phosphites, 5 pho®oraBil/exs9s

phosphi nites and phosphorus cont ai ni ng conpounds of the fornula:

PWg[X (R2'))h] 3-g wherein X' is oxygen, nitrogen, or silicon, R20 is as
defined above and each R20 10 substituent is independent of the other, g is
-0, 1, 2, or 3, and his 1, 2, or 3, with the proviso that when X is a
silicon atom h is 3, when X is an"oxygen atomh is 1, and when X is a
nitrogen atom h is 2. Wien g is 0 and X is oxygen, any two or 3 of R 20

can be taken together with the oxygen atons to which they are attached to
forma cycliimchade dtityare Wtdimiged te eBiylaming, Wietoflamite, dissoplopylhmiken t oget her with

bhosphacycl o BIbOHENIAFl-ALY BT R T TH G iR 6o SREbmBebfous! y
defined and hyodipla@iling, Bh8 BEN-difeRY R4 hexaldeylAfllindie or ganophosphor us conpounds
can al so i nclude” bidentate phosphine I|igdands of the fornulae: R20 p PR20 2

2 PR20 PRRO 2 2 PHe @gavophaspherus vonaipingszasds iRdTdd Beapiiasgphosplitesi n R 20 i s

as previously defined apd i.i.s O or 3 are also cqnt l.at ed herein.

Rep eserlt at | VENGRUY PRCTANiRif 2t Posfiss siitife Srdtoinet R orgrita:

trimet hyl phosphi ne, triethyl phosphine, tricycl opropyl phosphi ne, :
PR ) [X'R* Mz

AUG 2006

wherein X' is oxygen, nitrogen, or silicon, R is as defined above and each R¥

10 substituent is independent of the other, gis 0, 1,2, 0r3,and his |, 2, or 3, with the
proviso that when X' is a silicon atom, h is 3, when X' is an oxygen atom h is 1, and
when X' is a nitrogen atom, h is 2. When g is 0 and X' is oxygen, any two or 3 of R*®
can be taken together with the oxyéen atoms to which they are attached to form a
cyclic moiety. When g is 3 any two of R?® can be taken together with the

15 phosphorus atom to which they are attached to represent a phosphacycle of the

a8

R”P  (CH,)y

formula:

wherein R is as previously defined and h' is an integer from 4 to 11.
20 The organophosphorus compounds can also include bidentate phosphine

ligands of the formulae:

PR2¢ PRZ0

2]



S tricyclopentyl phosphine, tri-n-propylphosphine, tri-isopropyl phosphings e
tri-n- butyl phosphine, tri-sec-butyl phosphine, tri-i-butyl phosphi ne,
tri-t-butyl phosphine, tricyclopentyl phosphine, triallylphosphine,
tricycl ohexyl phosphi ne, tri phenyl phosphi ne, trinaphthyl phosphi ne,
tri-p-tolybphospks ne, tri-o-tolyl phosphine, tri-mtolylpraesaBizesgys

tri benzyl phosphine, tri(p-trifluoronethyl phenyi)phosphine, to
tris(trifluoromnethyl)phosphine, tri(p-fluorophenyl)phosphine, tri(p-
trifluoronethyl phenyi)phosphi ne, allyldi phenyl phosphi ne,

benzyl di phenyl phosphi ne, bi s(2-furyi)phosphi ne,

bi s(4- met hoxyphenyl ) phenyl phosphi ne, bi s(4- et hyl phenyl ) phosphi ne,

bi s(3,5-bis(trifluoronethyl)phenyl)phosphi ne,

t- butylbls(trlnethyIS|IyI)phosphlne t - but yl di phenyl phosphi ne, 15

cycl ohexyl di pheeirpRBsphs previoaklatefingt phdinigl0p hak phB ae,alsdi domerplapdios phi ne,
dlbutylphenylﬁhosphlne di but yl phosphi ne, di-t-butyl phosphi ne,

di cycl ohexyl pR&&Fhi ne, di et hyl phenyl phosphi ne, di-i-butylphosphine

di net hyl pheny| P“OSR@%@%GWFEM%LFELgé}ﬁ‘sw&iﬁe' HlehRIRR

di phenyl phosphi ne sphi ne dlphenylﬁp tolyl)phosphlne 20
di phenyl (tri rruﬁshgthgiphgslp)lqnla,cmpﬂhylphospmmhmnydloprnmmﬂlmplphe ne,

di vi nyl phenyl phosphi ne, | di phen

(2 ot hibeyphe R RBEHSPBOR e Ao SERPHB O e 1 comrprsihphlig rivr
tris(3,5-bis( b{lﬂyfdhﬁﬂﬂﬁﬁéeﬁrm’éc)ﬂhlﬁﬁﬂwsﬁ:}ﬂh@Stﬂ?-l?lbﬂ@slphosphme tri-t-butylphosphine,
tris(3-chlorophcn osphine, tris(4- chlordphenyl)phosphine,

tris(2,6-di matmképhﬁmlths}ﬁhmspnﬂﬂﬁéphqsphIBQ SYIQEIthIe&BdPhRShhmgéI ) phosphi ne,

{1 o) SRS et PG AERRC A ORRRIIE, i qgposstine

tris(3-met hOXﬁPhﬁd@Wlﬂmﬂﬁ@é}kﬂ’&nz)ﬂphcﬁsbﬁné hh?%‘ifhl@n*b@ﬁaﬂﬁﬂl;ﬂﬂn l)phosphme
tris(2,4,6-trinethyl phenyl I ne, tris(trinmethylsil phosp i ne,

i sopr opifi di phEﬁ?F‘ﬁH@@ﬁ]ﬁ’mﬁ@PﬁQﬁPS%’l R Ayerppkeny Dphnselng. é(P- 22 3 AUG 2006 WO

0510, S0, o0 ARt S5 B RSB BIEA R B pcine,

di phenyi ( pent afs{(furgipghespHineg bméﬂaineuhexyphenyl)phenylphosphme,

oI s (pent af | U0y op Y AR o h DR R i, s- B0 BNk pnoBierey | ) phosphi ne.
-butylbis(trimethylsilyl)phosphine, ¢-butyldiphenylphosphine,

15 cyclohexyldiphenylphosphine, diallylphenylphosphine, dibenzylphosphine,
dibutylphenylphosphine, dibutylphosphine, di-t-butylphosphine,
dicyclohexylphosphine, diethylphenylphosphine, di-i-butylphosphine,
dimethylphenylphosphine, dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, dipheny!(p-tolyl)phosphine,

20 diphenyi(trimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,
(2-methoxyphenyl)methylphenylphosphine, tri-n-octy!phosphine,
tris(3,5-bis(trifluoromethyl)phenyl)phosphine, tris(3-chlorophenyl)phosphine, tris(4-
chlorophenyl)phosphine, tris(2,6-dimethoxyphenyl)phosphine, tris(3-

25 fluorophenyl)phosphine, tris(2-furyl)phosphine, tris(2-methoxyphenyi)phosphine,
tris(3-methoxyphenyl)phosphine, tris(4-methoxyphenyl)phosphine,
tris(3-methoxypropy!)phosphine, tris(2-thienyl)phosphine,
tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsilyl)phosphine,
isopropyldiphenylphosphine, dicyclohexylphenylphosphine,

[
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Exenpl ary bi dent ate phosphi ne |i gands include but are not limted L QU006
(R -(+)-2,2" -Bi s(di phenyl phosphi no)-1,1"-bi napht hyl ;

bi s(di cycl ohexyl phosphi no) net hane; bis(dlcyclohexylphosphlno)ethane;

bi s(di phenyl phosphi no) et hane; bi s(di phenyl phosphi no) et hane. The phosphi ne

| i gands gpmosh9ssbe sel ected from phosphi ne conpounds t hatpcTage:z/vaber

sol ubl e thereby inparting the resulting catalysts with solubility in aqueous
10 nedi a. Sel ected phosphines of this type include but are not limted to
carboxylic substituted phosphi nes such as 4-(di phenyl phosphi ne)benzoi ¢ aci d,
and 2-(di phenyl phosphi ne) benzoi c acid, sodi um

2- (di cycl ohexyl phosphi no) et hanesul f onat e,

4, 4" - (phenyl phosphi ni dene) bi s(benzene sul fonic acid) dipotassiurn salt,
3,31, 311 phosphinidynetri s(benzene sulfonic acid) trisodiumsalt,

4- (dicycl Ohexﬂ)mm%@m)phcﬂylﬁh@phﬁé hyibgizpiphdgphieym chl or i de,
4- (di cycl ohexya’ﬁhos hino)-],1- nmet hyl pi peri di ni um i odi de, quaternary
am ne- f unct i od@hemK '@é‘i‘?’é)’ﬂb?“)ﬂ}ﬁ’bgiﬂlﬂ“ﬁeélp !,(Her&%ﬂ‘-‘ompheﬂyl)l’hosphme

2 (dlcyclohex
-(cycl oheébﬁéﬁospﬁﬂaﬁgeggr?%&sdﬁ%% trinme t?%%ﬁ%#?%ﬂ%’?%ﬁnghl oride, 20
- (cycl ohexyl phBs¢nplatydadenidne sdsphihe tlgamdeimwdelmmmlimﬁeddd;,i odi de, and
2 (dlcyclohex N, N-tri. th | et han ni um i odi de. Exanpl es of
phosphi t’e i gﬁboé%ﬁ’cﬁﬁépg y’l%ogp th"taB 5 tri et hyl phosphi t e,
?' et hyl phenyl Bﬂ&%})&l&h@x l{)l’idsﬁﬁthn{é'i}%me§(@rcyclohexylphosphmo)ethane
ris(2,4-di-t-butyl phenyl)phosphite tri-n-propyl phosphite

triisopropyl phis&iptienglphosphind¥nethingt yis{siphspyiphesphine)ethmne- but yl phosphi te,

trii,sobutyl ph hi t [ | ohexyl phosphi t

{11 Gycl ohexyl phosphid B1osphins feinds BtCaSr b Etecte C*i?'ﬁ’%ﬁ%%ﬁﬁsﬁéﬁﬁdé%
tris(p-trifl UﬁlfeQm?érf's}élulBEQHéfrleB)D \%ﬁe re36I04 Eﬂhl%&@wlﬁhﬁ%ﬂirg% aqE><
tribenzyl phosphite. 23 3 A 03/ 050158 PCT/ 1 B02/ 057 anpl es of

phosphi Wi t e | mgdiad Selented @b@pbws aﬁ thinype inchide byt are naklimijed to carboxylic
i pheny! phospUlliheed sibindl plie. @ﬂo%afﬁlgrgyogﬁﬁem%@&x& and
-(dlphenylphosphxne)benzoic ac:d sodium
-(chcyclohexylphosphmo)ethanesulfonate,
4, 4'-(phenylphosphinidene)bis(benzene sulfonic acid) dipotassium salt, 3,3",3"-

15 phosphinidynetris(benzene sulfonic acid) trisodium salt, 4-(dicyclohexylphosphino)-
1,1-dimethylpiperidinium chloride, 4-(dicyclohexylphosphino)-1,1-
dimethylpiperidinium iodide, quaternary amine-functionalized salts of phosphines
such as 2-(dicyclohexylphosphino)-N,N,N-trimethylethanaminium chloride,
2,2'-(cyclohexylphosphinidene)bis[N,N,N-trimethylethanaminium dichloride,

20 2,2'<(cyclohexylphosphinidene)bis(N,N,N-trimethylethanaminium) diiodide, and
2-(dicyclohexylphosphino)-N,N,N-trimethylethanaminium iodide.

Examples of phosphite ligands include but are not limited to
trimethylphosphite, diethylphenylphosphite, triethylphosphite,
tris(2,4-di--butylphenyl)phosphite, tri-n-propylphosphite, triisopropylphosphite, tri-

25 n-butylphosphite, tri-sec-butylphosphite, triisobutylphosphite, tri-s-butylphosphite,
dicyclohexylphosphite, tricyclohexylphosphite, triphenylphosphite,
tri-p-tolylphosphite, tris(p-trifluoromethyiphenyl)phosphite, benzyldiethylphosphite,
and tribenzylphosphite.
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Exanpl es of phosphonite ligands include but are not limted to di pheRylyg Ros
phenyl phosphonite, dinmethyl phenyl phosphonite, diethyl nethylphosphonlte

di i sopropyl phenyl phosphonite, and diethyl phenyl phosphonite. Representative
| abil e neutral electron donor ligands (L") are reaction diluent, reaction
nmonomner s, WioMB3/0s¥B0O, di enes including C4 to Cl O aliphati c BEIBEA03785 Cl O
cycl oal i phatic dienes representative di enes include butadi ene,

1, 6- hexadi ene, and 10 cycl ooctadi ene (COD), water, chlorinated al kanes,

al cohol s, ethers, ketones, nitriles, arenes, phosphine oxides, organic
carbonates and esters. Representative chlorinated al kanes include but are
not limted to dichloronethane, 1,2-dichloroethane, and carbon

tetrachl oride. Suitable al cohol |igands can be selected from al cohols of the
formula R 22 OH, 15 wherein R22 represents linear and branched Cl -C20

al kyl, linear and E:xamphedfﬂlosplﬁoite E@ndainkl;ald¢ butdse nottlinisal! tamthyhsubst i t ut ed

ubsti tu ed_ P oaBephirt R AR e SofiveN Scheufibtnl

cycl oal kyl , p}ibnﬁﬁﬁahaﬁﬁﬂ)ﬂﬁéhhlﬁﬁ@ups can be rmnosubstl tuted or
mul ti substituted, wherein the substituents are i ndependent|y sel ect ed from

hydrogen, 20 |i neaExamplesptphasphpogs ligargs inckyde but areaat limited tordiphensld O -
hal oal k | |
na oo 1 o B BRSO o0

i ncl ude but ardﬁsmép)ﬂ phényithotshotiite, laadndiethyl pﬁdﬁgtpthbsphﬂnisé opanol i sopropanol ,
but anol, hexanol, t-butano]l, neopentanol, phenol di -i - propyl phenot,

4-t-octyl phenol , SRﬁBﬁeﬁﬁ.ﬂ‘ﬂ%’ﬁéﬂbﬂeﬁﬁ‘ﬂtﬁéﬁwt“’woﬂb%@éﬁ%l) arorsactigndigen, et her

| i gands and t Qj hee t her of
tlhg fofrrul ae ?ﬁ%@?@?ﬁ}é‘g&? 5 ?%@gﬁggﬁﬁqggﬁ’g@ﬁl Qﬁaﬁﬁﬂner ehclo(la s '
i ndependent |y cyeml'mbmimﬁerhesmqneseatadvdjdlarmhmdudél buid@ne| KﬁlhegaMSandl | near and
branched C | -C20 hal. oal substjtute d unsubstituted C3-C20.

ovaronr iy | el (RS ehibrnge MRl eRal: thteeketioas aNElSst i ¢ ut ed
C6-Cl S aryl, %Meﬁgh&ﬂhﬁxwokwte%r?dmtdam%& hiddsegds C6- C18 aral kyl . VWen
substituted, the C‘ona k AUG 2006 WO 03/050158

PCT/ | B02/ 05795 and raqsqapth’g pbbpsate@ﬁkms insiusls bt aremot Barited to
mul tisubstit Utdﬁ:ﬂlorgmgﬁgne, I,&t}ﬁchloroethane, and carbon tetrachloride,

Suitable alcohol ligands can be selected from alcohols of the formula RZOH,
i5 wherein R% represents linear and branched C;-Cy alky!, linear and branched C;-Cyg
haloalkyl, substituted and unsubstituted C3-Cyq cycloalkyl, substituted and

unsubstituted Cg-C g aryl, and substituted and unsubstituted Cg-C;5 aralkyl. When
substituted, the cycloalkyl, aryl and aralkyl groups can be monosubstituted or
multisubstituted, wherein the substituents are independently selected from hydrogen,

20 linear and branched C,-C;; alkyl, linear and branched C,-C; haloalkyl, linear and
branched C,-Cs alkoxy, Cs-Ci2 aryl, and halogen selected from chlorine, bromine,
and fluorine. Representative alcohols include but are not limited to methanol,
ethanol, n-propanol, isopropanol, butanol, hexanol, +-butanol, neopentanol, phenol,
2,6-di-i-propylphenol, 4-r-octylphenal, 5-norbornene-2-methanol, and dodecanol.

25 Suitable ether ligands and thioether ligands can be selected from ethers and
thioethers of the formulae (R23-0—R23) and (RB-8-R%), respectively, wherein R%
independently represents linear and branched C,-C,¢ alkyl groups, linear and
branched C,;-Cy haloalkyl, substituted and unsubstituted C;-Cyq cycloalkyl, linear
and branched C,-Cy alkoxy substituted and unsubstituted Cs-C,g aryl, and

30 substituted and unsubstituted C¢-Cig aralkyl. When substituted, the cycloalkyl, aryl
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substituents are independently sel ected from hydrogen, |inear and br@q@ﬂgﬂm6
C-Cl2 alkyl, linear and branched Cl1-C5 hal oal kyl, |inear and brancheé

Cl-C5 al koxy, C6-C,2 aryl, and hal ogen sel ected from chlorine, bromne, and
fluorine. taken together along 5 with the oxygen or sulfur atomto which
they areVé@0HEWEM to forma cyclic ether or cyclic thi oekdfBI2/0STS
Representative ethers include but are not limted to dinethyl ether,

di butyl ether, nmethyl-t-butyl ether, di-i-propyl ether, diethyl ether,

di octyl ether, 1,4- dinmethoxyethane, THF, 1, 4-di oxane and

t et rahydr ot hi ophene. Suitabl e ketone |igands are represented by ketones of
the formula 10 R24C(O) R24 wherein e independently represents |inear and

branched Ci1-C20 al kyI Iinear and branched Cl-C20 hal oal kyl, substituted
and unsubstituted | oal stituted and unsubstltut ed C6-Cl18
aryl, and subdtd %ra%bgraw caﬁﬁgm?ﬁvﬂ@éﬂt@@ eemetgu%%qltﬁc;uw efRieies ubst i t ut ed,

the cycl oal kyly @{ug\#]s%qn pBhden] saéc@éméorﬁ@gdﬁage lﬁh&bg@g@ﬁtgeizec Ced

mul ti substitute erein the substituents ndepen
f r om hydr ogenalkyl, heear aad1btab¢l'ad£hé2i t@batkylz linkdryand btannwcla@dalkwﬁg-iﬁhd Cl-C

hal oal kyl , | b Cl- CB- 12 d_, hal
el octed 1 r orManERt PGS BHEN GO soAT B St b okt DBk
i ncl ude sbut a&ﬁh'&@oﬂg‘g@ﬂ &ﬁéﬁlﬁxpat%% WRfech tﬁ%}a@é’btt:f‘ch@d/{o ﬂéﬁﬁﬁ%?chc‘éﬂ?ér%?exanone

and benzophenone The nitrile ligands ‘can be representéd by the fornul a
R25CN, wher ei syciteShiosther spresentativd ethgesrinclidenma arcarmd hbmad@ch@methyl @der.al kyl ,

| i near and br thl .subt t ut e C3C20
cycl oal kyl , Itf?taf chﬁmitgﬁﬁgﬁh?yiht 6@1 f%q%ﬁﬁﬂ‘ ?fgéﬁh? lt"gt ed and
unsubstituteddﬁ@t etflfir, KMIF, 1Wawacan§mtmmaﬁmopmecycloal kyl, aryl and
aral kyl groups can_be monosubstituted or 25 multi substltut ed, \/\herel n the

substituents are i DeiEbledstane liganss|arciepgsemtesthynkeinnsg eh the formear and br anched
G1- 05 afkoxy, ROSTERS St KT e atPrelRea toker ad BERBEAELCBRIE 1S ana
fluorine. RepliemeatdbranchetiC 0} Bedoalkyd] subletitingti and ensubstitltied Ty €, t 0
5 or borene. 2e45alBik pittued o S G- Cugr ittt e B2/ 05795
unsubstituted C4-C)g aralkyl. When substituted, the cycloalkyl, aryl and aralkyi
groups can be monosubstituted or multisubstituted, wherein the substituents are
15 independently selected from hydrogen, linear and branched C,-C;; alkyl, linear and
branched C;-Cs haloalkyl, linear and branched C,-Cs alkoxy, C¢-C)1 aryl, and
halogen selected from chlorine, bromine, and fluorine. Representative ketones
include but are not limited to acetone, methyl ethyl ketone, cyclohexanone, and
benzophenone.
20 The nitrile ligands can be represented by the formula R®CN, wherein R*
represents hydrogen, linear and branched C,-Cy alkyl, linear and branched C;-Csg
haloalkyl, substituted and unsubstituted C3-Cyq cycloalkyl, substituted and
unsubstituted C4-Ci3 aryl, and substituted and unsubstituted C¢-C)g aralkyl. When
substituted, the cycloalkyl, aryl and aralkyl groups can be monosubstituted or
25 multisubstituted, wherein the substituents are independently selected from hydrogen,
linear and branched C;-C,; alkyl, linear and branched C,-C; halealkyl, linear and
branched C,-Cs alkoxy, Cs-C)> aryl, and halogen selected from chiorine, bromine,
and fluorine. Representative nitriles include but are not limited to acetonitrile,

propionitrile, benzonitrile, benzy! cyanide, and 5-norbornene-2-carbonitrile.



The arene |igands can be selected from substituted and unsubstituted 3%(19210%6
arenes contai ni ng nonosubstitution or nultisubstitution, wherein the
substituents are independently selected from hydrogen, |inear and branched
Cl-C12 alkyl, linear and branched C -Cs hal oal kyl, linear and branched

Cl - Cs al K&A3/0SBISE, 2 aryl, and 5 hal ogen sel ected from chIRGI/EBEZAOE96M ne,
and fluorine. Representative arenes include but are not limted to tol uene,
benzene, o-, m, and p-xylenes, nesitylene, fluorobenzene, :
o-di f | uor obenzene, p-di fl uor obenzene, chl orobenzene, pentafl uorobenzene,
o-di chl orobenzene, and hexafl uorobenzene. Suitable trialkyl and triaryl
phosphi ne oxide |igands can be represented by 10 phosphi ne oxi des of the
formula P(O (R 26 )3, wherein R 26 independently represents |inear and
branched Cl-C20 al kyl, linear and branched Cl-C20 hal oal kyl, substituted
and unsubstituted &beca@zoe bgaidsskhe sel¢dtedelzom suhstiitedraod sasubistiord)Cealkoxy,

| i near and brapnched, Cl.- C20 hal,0al kox spybst it ut ed ,and unsub' stitut ed
ot aryl e Euhing AroBl AR R e wBM Rt R e M B Rl
substituted, tikdependehOpidiacted fedd hydfgén) dinadraht ¥lanelied UNSC G AlkyhSinear and
nmonosubstituted or nultisubstituted, wherein the substituents are

i ndependent | y bsanched @dCs hadpalkx) dhirpgeand branghgd Cafd alkoanfredizardard  al kyl ,

| i near d br : Kyl i near r - | koxy,

co 2 Syl e B ol R P BRI S o e
Repr esent at i vénghideabare @ovlimiledbtd tolilehs] deliehe, 3¢, on-Naid p-kplehed mesitylene, _
tri phenyl phosphi ne oxide, |, 20 tri butc}l_l phosphi ne oxi de, trioctyl phosphi ne’
oxi de, tribut ﬂusmgwaw,-dlhmromzsgw’ ifuorpbengsns) sHerebpaR®. Representative
carbonat es i nGLidf, MtlenddiR, E-QIchidrBBénﬁﬂgﬁeﬁbﬂeQXﬂ]uﬁrl?@oeﬁ?:f:&?.”ate and propyl en

carbonate. Representative esters iInc ut are not Timted to ethyl i
acetate and i - anyl Suigdbletciatkyt and V8! Phesphineokide higdids cae b& reprasetedibpat | ng

count erani on ¢ ex, f For kH can. hes sel ected from borates and
S nafths b aRaphEE s tote St EchER Do Ein B RrROOTR eSS one. 56
3 AUG 2006 linear and branched C,-Cyp alkyl, linear and branched C,-Cy haloalkyl, substituted

and unsubstituted C3-Cyg cycloalkyl, linear and branched C,-Cyp alkoxy, linear and

branched C;-Cy haloalkoxy, substituted and unsubstituted Cs-C)3 aryl, and
substituted and unsubstituted Cs-C,5 aralkyl. When Substituted, the cycloalkyl, aryl
15 and aralkyl groups can be monosubstituted or multisubstituted, wherein the
substituents are independently selected from hydrogen, linear and branched C,-C)»
alkyl, linear and branched C;-C; haloalkyl, linear and branched C;-Cs alkoxy, C¢-C12
aryl, and halogen selected from chlorine, bromine, and fluorine. Representative
phosphine oxides include but are not limited to triphenylphosphine oxide,
20 tributylphosphine oxide, trioctylphosphine oxide, tributylphosphate, and tris(2-
ethylhexyl)phosphate.
Representative carbonates include but are not limited to ethylene carbonate
and propylene carbonate.
Representative esters include but are not limited to ethyl acetate and i-amyl

25 acetate,

WCA Description

The weakly coordinating counteranion complex, [WCAJ], of Formula ITI can
be selected from borates and aluminates, boratobenzene anions, carborane and

30 halocarborane anions.
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WO 03/ 050158 PCT/1B02/0-j;79-"'; The borate and al um nate weakly coorgi %ioﬁg
counteranions are represented by Formulae IV and V bel ow A
[M(R)(R)(R)(RO] - TV 5[M(OR")(OR")(OR1)(0OR14)] V wherein in

Formula IV M is boron or alumnumand R27' R', R2', and R' independently
representy, blygki,ae, linear and branched Cl-Cl0 al kyl, lin branched
cl -d O‘g lggﬁyqlgfi near and branched C3-C5 hal oal kenyl, | ?ﬁgg%ﬂg?f’ %ranched

C3-Cl2trial kyl siloxy, C18-C36 triarylsiloxy, substituted and unsubstituted
C6-C30 aryl, and substituted and unsubstituted C6-C30 aryl oxy groups,
wherein R27 to WO can not all sinultaneously represent al koxy or aryl oxy
groups. Wen substituted the aryl groups can be nonosubstituted or

mul ti substituted, wherein the substituents are 15 i ndependently sel ected
fromlinear and branched CI-C5 atkyl, linear and branched Cl-C5 hal oal kyl,

| i near and branche - i Y l. - XY,
| i near and br anchejh%?’9rg?efq 'Ei Iré?}g?{ﬁﬁ g@?@* ?&%g'-nd?ﬁﬁ:ﬁ%rr yl%r} I yel l{aﬁggﬂ'lt%dgl ogen
sel ect ed frombgFbonalaelV bndWibelw:and fl uorine. In another enbodi nent, the

hal ogen is fluorine. 20 Representative borate anions under Fornula IV
include but are not limted to tetrakis(pentafluorophenyl)borate,

tetraki s(3,5-bis(trifluoronehhyhphs l29? hat e,
t et raki s(2-fl uorophenyl )borr‘[@,bi te)?iraaglks @?f)?uorophenyl )borlgt e, tetrakis(4-

fl uoropleenyl )borate, tetrakis(3,5-difluorophenyl)borate, tetrakis(2,3,4,5-

tetrafl uorophenyj)borate, te r,a($'§ 6at et kaf | uor ophenyl ) bor at e, :
tetrakis(3,4,5 25 trifl uoropiMﬁ *)ﬁéﬁgﬁ)&R %&hyﬁl ris(perf I‘yuorophenyl ) bor at e,
et hyttris(perfluorophenyl)borate, phenyttris(perfluorophenyl)borate,

tetrakis(1,2,2- trifluoroethylenyl)borate,
t et raki s(4- t r iwherepr mformilayivt Mt is A6ton or ejuhemyh hidRAt B R? and R*°

I TR AV L

(octyl oygy) tri pipemuqat l'-@fara%ﬁ?,mﬂeirtﬁﬂﬂ %Fa%che%kﬁ(l%ﬁ%@d, linear and branched
C;-C,; trialkylsiloxy, Cys-Cje triarylsiloxy, substituted and unsubstituted Cg-Cyp aryl,
and substituted and unsubstituted C¢-Csg aryloxy groups, wherein R*” to R*® can not
all simultaneously represent alkoxs( or aryloxy groups. When substituted the aryl
groups can be monosubstituted or multisubstituted, wherein the substituents are

15 independently selected from linear and branched C,-Cs alkyl, linear and branched
C-Cs haloalkyl, linear and branched C,-Cs alkoxy, linear and branched C;-Cs
haloatkoxy, linear and branched C,-C; trialkylsilyl, C¢-C; triarylsilyl, and halogen
selected from chlorine, bromine, and fluorine. In another embodiment, the halogen
is fluorine.

20 Representative borate anions under Formula IV include but are not limited to
tetrakis{pentafluorophenyl)borate, tetrakis(3,5-bis(trifluoromethy!)phenyl)borate,
tetrakis(2-fluorophenyl)borate, tetrakis(3-flucrophenyl)borate, tetrakis(4-
fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate, tetrakis(2,3,4,5-
tetrafluorophenyl)borate, tetrakis(3,4,5,6-tetrafluorophenyl)borate, tetrakis(3,4,5-

25 trifluorophenyl)borate, methyltris(perfluorophenyi}borate,
ethyltris(perfluoropheny!)borate, phenyitris(perfluorophenyl)borate, tetrakis(1,2,2-
trifluoroethylenyl)borate, tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate,
tetrakis(4-dimethyl-terr-butylsilyltetrafluorophenylborate,
(triphenylsiloxy)tris(pentafluorophenyi)borate,

30 (octyloxy)tris(pentafluorophenyl)borate,



WO 03/ 050158 PCT/ 1 B02/ 05795 tetrakis[3,5-bis[ | -nethoxy-2,2,2-triflyqrRros
1-(trifluoronethyl)ethyll phenyl]borate, tetrakis[3-][ 1

-met hoxy-2,2,2-trifluoro- | -(trifluoronethyl)ethyl]-5- ‘
(tritluoronethyl)phenyl]borate, and tetrakis[3-[2,2,2-trifluoro-1-(2, 2, 2-
trifluorownhexyd1ss - (trifluoronmethyl)ethyl]-5-(trifl uoronetdGa/dBokvesngs | bor at e.
5 Representative alum nate ani ons under Fornmula IV include but are not
limted to tetrakis(pentafl uorophenyl)al um nate,

tris(perfluorobi phenyt)fl uoroal um nate,

(octyloxy)tris(pentafluorophenyl)al um nat e,
tetrakis(3,5-bis(trifluoronethyl)phenyl)alumnate, and

met hyl tri s(pent af | uorophenyl)al um nate. 10 In Formula V, Mis boron or
alumnum R 31, R 32, R 33, and R14 independently represent |inear and
branched C | +tfraki3[%5oisl|-methosp?, 2@21&ifhromct#(etmﬁrdmdﬂnzl}}tﬂw]bbmyk]jabgatecz Ccl o

hal oal kenyl , sub ed and 0.a and substituted and
unsubst it ut ed® E'G‘ff‘i WﬁﬁhRiﬂ' 23&&@5 or% f’rof’gg'i}ilr)@ﬂ% I5¥i so that at | east
three of R 31 (@luoBmihylip gxﬂ@sltaee an@teh«ah@[gqa CRBHRIR-NG2, 3gbsti tuent. \Wen
substi tuted, the aryl and 15 “ar al %lllb groups can be nonosubstituted or

Y

mul ti substi t utréiorogikexs)-i-(trifbiosameihyhatldi- é-(trlé}uerqmﬂﬂw@mhd‘eﬂﬁbbsa@el ected from

| d branch | hal oal kyl
i near dnd br ancheleleita by AR O RO s i et B o oy,

and hal ogen s@hfiet esitetrakistpeitbBudroghenplimiate, and fI uorine. In another
enbodi nent, the halogen is fluorine. The groups OR 3 1 and OR32 can be t aken

20 toget her t @rlsmﬁfﬂv%rf)blnbfrr@zi)ﬂﬁgrogkm@qt@,Lﬁeqﬁrlorﬁgff%geemﬂ@ewbeny@ahneame
wherein the 5 is a divalent group )
selected from sugg{‘5 ?E@@ﬂ@&rﬁg@@ﬂgﬁ%sw%lu edfl?éég- O aryl and substituted and
unsubsti t ut ednﬁﬂry@@(p&ﬁt&ﬂ\k@tbphehw)almma&rmodi rrent the oxygen atons are
bonded, either dir rt h an , 30 tha,aromatic ring in
the ortWo or neta ﬁbﬁ?fﬁ@h‘f gh’éw?g yia“dg% Hidapendsathy) |
groups can beréﬁ?él@ﬁtqhﬁﬁﬂatnﬁtb?ﬂcﬁéd aukty é@ﬂiﬂe&#ﬁrﬂ%&%@& écgﬂlotlpa‘foaﬁwp%—‘l-t uent s

are independently selected fromlinear and branched C - I'i fear and
branched Cl- CEd¥:leadkenyl, substitutedrand masubstivitiddes-Gt 204, ant lsubsyituté andar and

{1 or i ne. 1 n ARsPRLRCE K ARt EBhE R AT BhdolPh il efiBe oBR TR 1V, ™

structures 28R™ must contain a halogen contammg substituent. When substituted, the aryl and

15 aralkyl groups can be monosubstituted or multisubstituted, wherein the substituents
are independently selected from linear and branched C;-Cs alkyl, linear and branched
C,-Cs haloalkyl, linear and branched C,-C;s alkoxy, linear and branched C,-Cq
haloalkoxy, and halogen selected from chlorine, bromine, and fluorine. In another
embodiment, the halogen is fluorine. The groups OR*' and OR® can be taken

20 together to form a chelating substituent represented by -0-R**-0-, wherein the
oxygen atoms are bonded to M' and R* is a divalent group selected from substituted
and unsubstituted C¢-Cig aryl and substituted and unsubstituted C+-Cjg aralkyl. In
one embodiment, the oxygen atoms are bonded, either directly or through an alkyl
group, to the aromatic ring in the ortho or meta position. When substituted, the ary!l

25 and aralky! groups can be monosubstituted or mulitisubstituted, wherein the
substituents are independently selected from linear and branched C,-Cs alkyl, linear
and branched C,-C; haloalkyl, linear and branched C,-C; alkoxy, linear and
branched C,-C o haloalkoxy, and halogen selected from chlorine, bromine, and

fluorine. In another embodiment, the halogen is fluorine. Representative structures



3 AUG 2006 WO 0310501, 58 PCT/ 1B02/ 05795 of divalent R 35 groups are
di scl osed in WD 00/ 20472, which is hereby incorporated by r ef er ence 3 AUG 2006
Representative borate and al um nate ani ons under Formula IV include but are
not limted to [B(OC(CF3)3)41', [B(OC(CF3)2(CH3))41-, [B(OC(CF3)2H) 41-, 5

[ B( OC( CF3y6Ghfa3ondgt1- . [ Al (OC(CF3) 2Ph) 4] -, [ B(OCH2( CF3) 2) 41pGT/1B02/05795

[ Al (OC(CF3) 2C6HACH3) 41, [AI(OC(CF3)3)41', [A(OC(CF3)(CH3)H) 4j "',

[ Al (OC(CF3) 2H) 41-, [Al (OC(CF3)2C6H4-4-i-Pr)4l',

[ Al (OC(CF3)2C6I 444-t-butyl )4] -, [Al (OC(CF3)2C6H4- 4- Si Me3) 4, j -,

[ Al (OC(CF3)2C6ff4-4-Si-i-Pr3)4,1-1

[ Al (OC( CF3) 2C6H2- 2, 6- (CF3) 24-Si -i - Pr3)41-, [Al (OC(CF3) 2C6H3- 3, 5- ( CF3) 2) 41-,
10 [ Al (OC( CF3) ZCBH2- 2, 4, 6- (CF3)3)41', and [Al (OC( CF3) 2C6F5)41' . The

bor at obenzene ani ons useful as the weakly coordinating counteranion can be

represent ed byf dodlsntR’ MouperedisclBs&in WO 0820372,Rviich B BrdBy3icorford@d R
wherein p36 is selected fromfluorine, fluorinated hydrocarbyl,

per f | uor ocar bYY refegpRee. f | uori nated and perfluorinated ethers. In yet another

T e, g RErESniaEEHGRTRY b AP BARE PRI, B HifiRic Bl " ©

carbon atoms and ca I near or ran , Or aromatlc.

i mited Lo 1| jort parecand: Rer] IuarLnat &t |noat. 0. br anchod C 1+ Coa
al kyl, fiuori @P&@egﬁg@@g@ﬂu Kﬁg{%h@gﬁb@%ﬁ@%kﬁ ; fluorinated and
per T vor | nat eg Be(@d e e, [Arocieisg, patoegeiheatimpied C3- C'4

cycl oal kenyl oritnated and™p uorina ryl, and fluorinated '
and per f | uor [AEDECIGRHEIY [ A QCKGF3).CiHe44i{Pnal i [Ad(QRA(CH g Calds-#r-totybg hur by |

et her substit re v esept e.formil ag - (,CH2) ~OP, 3', or
- (CF2) nCR 38 E@&é@éh@pﬁd%ﬁ?@%ﬂ (RYGRACHICALUS 2B,
[AI(QOC(CF3);CsH2-2,6-(CF3)-4-8i-i-Pr3)q}, [AOC(CF;3)2C¢H;+3,5-(CF3)2)a]
10 [A1(OC(CF;)2C5H2-2,4,6-(CF3)3)4]—, and [AI(OC(CF3)2C5F5)4]-
The boratobenzene anions useful as the weakly coordinating counteranion

can be represented by Formuia VI below:

Vi

wherein R* is selected from fluorine, flucrinated hydrocarbyl, perfluorocarbyl, and
fluorinated and perfluorinated ethers. In yet another embodiment, fluorinated
hydrocarbyl and perfluorocarbyl groups contain 6 carbon atoms and can be linear or
branched, cyclic, or aromatic. The fluorinated hydrocarbyl and perfluorocarbyl

20 groups include but are not limited to fluorinated and perfluorinated linear and
branched C,-Cy,4 alkyl, fluorinated and perfluorinated C;3-Cy4 cycloalkyl, fluorinated
and perfluorinated C;-Cs4 alkenyl, fluorinated and perfluorinated C;-Ca4
cycloalkenyl, fluorinated and perfluorinated C¢-Cy4 ary!, and fluorinated and
perfluorinated C7-Cyq4 aralkyl. The fluorinated and perfluorocarby! ether substituents

25 are represented by the formulae *(CHZ),,,OR”, or {CF2)mOR*® respectively, wherein
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3 AUG 2006 WO 03/050158 PCT/1B02/05795 R 38 is a fluorinated or 3 AUG 2006
perfl uorocarbyl group as defined above, Inis and integer of 0 to 5. It is
to be noted that when in is 0 the oxygen atomin the ether noiety is
directly bonded attached to the boron atomin the boratobenzene ring. In one
enbodi merWw0 6R0FBSYr oups i ncl ude those that are el ectron WPCHAB®MSAY in 5
nature such as, for exanple, fluorinated and perfluorinated hydrocar byl
groups selected fromtrifluoromethyl, perfluoroethyl, perfluoropropyl,
per fl uoroi sopropyl, pentafluorophenyl and bis(3,5-trifluoronethyl)phenyl. R
37 independently represents hydrogen, hal ogen, perfluorocarbyl, and
silyl perfluorocarbyl groups, wherein the perfluorocarbyl and
silyl perfluorocarbyl are 10 as defined previously. In one enbodi nent, the
hal ogen groups.are sel ected fromchlorine, fluorine. In another enbodinent,
the hal ogen i & lsad}uonaatew\newrﬁmociasbyl I@IUBgédeﬁqséraM\{mm@amdoryltegeah‘HDor
S|Iylperfluor t he nb di nent rtho or para to
%ﬂnto e oy @&!%%leal Bthd Shyef atofry 18 Mie i moicty

t he boron ato ora enzene Ting. fit, when R37

i s hal ogen, perrédtlydfoﬁd@dmébhedaﬂd{edfor@i dryth pethe|bopitsheasday kingt he is group(s)
are para to the boron atomin thqsboratobenzene ring Representati ve
bor at obenzene ani oHsoN&REMbedEngsGR ag@“Pﬁ)*PClPﬂ%hP?ﬁfh?f@fe electron withdrawing in

T B L T e

(pent af | uor Opbﬂét;téd &&nbﬂﬂﬁﬁrﬁtmt&ﬂldperﬂuoroethyl perfluoropropyl, perﬂuormsopropyl

1[35b|s(tr|flu hyll) b?% bf(i;l{#o ydro-4 20 .

(pent af | uor opR BY&P ISty )PQHEIY hal ocar bor ane ani ons usef ul

as t he weakly coor gB c mted to CBL
| (CH3) 12-, CBI I HI g‘ﬁﬂ?é-%gdﬁ%%g%}ééﬁghw °$e‘“ hilSenpir ﬂe&g‘fﬂ%éﬁigcsl IHT-, -

12-BrCBI I HI | - silylperBu@Btdrbi|igroups, witerén B@@Iefﬂﬂloﬁbc,arbylmu&metﬂtﬂorocarbyl are

7.12-C 2CB. j H, 0% .. 1 H CBI LFI CF3- CBI | 55 12-CB,
IH I F- ‘20 7 1o egsfined prevyoysly. %“@“ﬁeé“%é'mﬁ"ﬁltﬁ? ‘%‘—%bge"c%"%s EB‘ ed feNbporgF |
6, 8- CBOHBF2- chlBrire, SmbBAETTh Anoth&r efmbRdindnBih®hdogen s Huoking, MQHSE\'S 1
CBOHSBr5', CBtIH6CI 6 , CBIIH6F6' , CBIIHEF6-. CBIIH6I6-,

CBI i H6Br 6- , 6, falogengparfluerpcabyly Mk silylper§lugrogarhyl, the@meppEH are, imone4- CBgFg- |
1281 | ( OibogimksCBigy o e L A

02', CBl
embodiment, when R*’ is halogen, perfluorocarbyl, and/or silylperfluorocarbyl, the

I5 group(s) are para to the boron atom in the boratobenzene ring.

Representative boratobenzene anions include but are not limited to
{1,4-dihydro-4-methyl-1-(pentafluorophenyl)]-2-borate, 4-(1,1-dimethyl)-1,2-
dihydro-[-(pentafluorophenyl)-2-borate, 1-fluoro-1,2-dihydro-4-
(pentafluorophenyl)-2-borate, and I-[3,5-bis(trifluoromethyl)phenyl]-1,2-dihydro-4-

20 (pentafluorophenyl)-2-borate.

The carborane and halocarborane anions useful as the weakly coordinating
counteranion include but are not limited to CB,;(CH;)i2°, CB Hy3', 1-C;HsCB, Hyy,
1-Ph;SiCB Hyy, 1-CF1CBy Hyy, 12-BrCBy Hyy, 12-BrCByHy (', 7,12-BrCBy Hio,
12-CICBH,,", 7,12-C1;CB, Hy¢, 1-H-CBF11’, 1-CH;-CByFyy, 1-CF3-CByiFy ),

25 12-CB;H\,F’, 7,12-CB H,,F>, 7,9,12-CB H,,F;’, CBH¢Brg", 6-CBsHgF", 6,8-
CBgH;F7, 6,7,8-CBgH-F5, 6,7,8,9-CBsHeFy’, 2,6,7,8,9-CBgH;F s, CBsHsBrs',
CB11HsClg, CB1HgFs, CB HeFs, CB1 Hels, CB11HgBts, 6,7,9,10,11,12-CB) HeF¢
,2,6,7,8,9,10-CBoH;Fs, 1-H-CBoFy', 12-CB1H;(CsHs), 1-CsFs-CBy(HsBrg,
CBiMeyy, CB((CF3)i2,, Co(ByCaHii), CBu(CH3)12, CB(CeHo)i2,

30



30 3 AUG 2006 WD 03/050158 PCT/1B02/05795 CB I | (C6HI 3)12-, CO(CZlB%gU 006
1)2-, Co(Br3C2B9H3) 2- and dodecahydro-1 - carbadodecaborate. Leaving o(fjf)é]
A" represents an anionic |leaving group that can be readily displaced by the
5 weakly coordinating anion that is provided by the WCA salt. The | eaving
group fovoss/esosslt with the cation on the WCA salt. LeaviP@g/mgonegrofA' i s
selected from halogen (i.e., Br, d, |, and F), nitrate, triflate '
(trifluoromethanesul fonate), triflimde (bistrifluoromethanesulfonimde),
trifluoroacetate, tosylate, A Br4-, AlF4-, Al Cl4-, Al F303SCF3-, AsCV,

SbCl 6-1 SbF6_, PF6_, BF4-,Cl04-, HS04-, carboxyl ates, acetates, 10

acetyl acetonates, carbonates, alum nates, and borates. A nore detail ed

di scussi on of |eaving groups can be found in WO 00/ 20472, which is hereby
i ncorporated by reference for its teachings regarding | eaving groups. The
cat al ysts of EBriddH;ll, ICotGBsHa )NreniBr€dBes)Aant dddecagdrsingl e conponent
catalyst in solvent or can be prepared in situ by adm xing the catal yst 15
precur sor con%l??élﬂfi%cal;?{attehe desired nononer to be pol ynerized. The catal yst
of Formula Il can be prepared by aqdrh¥%he@rb catal yst precursors in an
appropriate solvent, allowing the réaction to proceed under appropriate

t enper at ure condi t Aoapresearsdniagiohitleawing group dtastarshe readitjudispladed bartiog her

enbodi nt, a G,oup 1 tal . prpo-catal i . xe i,.th a.& oup 15

el ectron 20 dBfi yg‘iﬂ‘r%B%EH‘éaﬂf?ﬁ/@?‘%"?ﬁ%‘?é@_ﬁ?ﬂ%@é Sag‘r &Fpﬁ%'%iﬁ‘?p conpound,
and a salt of foams Weakivith HRREGHH\GH thaVEAIsaR. Leavakl SdRp AP Rictte8FHovent to -
yield the prefornmed catalyst conplex set forth under Forrmula Ill above. In

anot her enmbodhalegen (ke-Bobp Liand Rierigptepiriflate{triflypsemetbanaspifonste) rifliraids 15

el ect ron donog,. L i I ' TR y orgdi-nati ng ani on
in an appr opr{bé Iléﬂlgdc% v{:atrﬁ\%régg} @ﬁgﬁdgj’ﬁm&ﬁr%% %Fehgéy%ge\{\%giégl’fg% ’c%‘r:f‘lg"l’ex. The
cat al yst prepalRg0LSTFI, AaClsl, 8bSl;a8BF £, Hyl, B#, (0| HSOG! varbdoylitbnticerates,i nert
under the reaction conditigns. E;Janpl es of, solvents suitable for the

catal ys®  pr e¥FAIVRCEORAES SUPPRAES; HUMRRESpRRd Bordiehot |inited to al kane and

cycl oal kane sol veni $nore detailed discussion of leaving groups can be found in WO 00/20472,
which is hereby incorporated by reference for its teachings regarding leaving groups.

The catalysts of Formula 111 can be prepared as a preformed single
component catalyst in solvent or can be prepared ir situ by admixing the catalyst

15 precursor components in the desired monomer to be polymerized.

The catalyst of Formula IIX can be prepared by admixing the catalyst
precursors in an appropriate sotvent, allowing the reaction to proceed under
appropriate temperature conditions, and isolating the catalyst product. In another
embodiment, a Group 10 metal pro-catalyst is admixed with a Group 15 electron

20 donor compound and/or a labile neutral electron donor compound, and a salt of a
weakly coordinating anion in an appropriate solvent to yield the preformed catalyst
complex set forth under Formula IIT above. In another embodiment a Group 10
metal pro-catalyst containing a Group 15 electron donor ligand is admixed with a salt
of a weakly coordinating anion in an appropriate solvent to yield the preformed

25 catalyst complex.

The catalyst preparation reactions are carried out in solvents that are inert
under the reaction conditions. Exampies of solvents suitable for the catalyst
preparation reaction include but are not limited to alkane and cycloalkane solvents
such as pentane, hexane, heptane, and cyclohexane; halogenated alkane solvents

30 such as dichioromethane, chloroform, carbon tetrachloride, ethylchloride, 1,1-
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such as pentane, hexane, heptane, and cycl ohexane; hal ogenated al kang ,uc 2006
sol vents 30 such as dichl oronet hane, chloroform carbon tetrachloridé,
ethylehloride, 1, 1- 31 3 AUG 2006 WD 03/050158 PCT/ I B02/ 05795

di chl oroet hane, 1, 2-dichl oroet hane, 1-chl oropropane, 2-chl oropropane, |-

chl or obutw®3/0218H! or obut ane, 1-chl oro- 2- net hyl propane, amrPg€T/IB02/05795

1-chl oropent ane, - ethers such as THF and di ethyl ether; aromatic sol vents
such as benzene, xylene, toluene, nesitylene, chlorobenzene, and

o- di chl orobenzene; and hal ocarbon solvents 5 such as Freone 112; and

m xtures .thereof In one enbodi nent, solvents include, for exanple, benzene,
fl uor obenzene, o-difl uorobenzene, p-difluorobenzene, pentafluorobenzene,
hexaf | uor obenzene, o-di chl orobenzene, chl orobenzene, toluene, o-, m,

andp- xyl enes, nesityl ene, cycl ohexane, THF, and di chl oromet hane. A suitable
t enperat ure rainrg\éorbﬁhamaP hdrcrh@rwhartehbclnle@@top@ne, i2schloropioglreyi- -80' 10 C to

about 150 n ment ,,th erature for carrying out
the reaction i° bﬂ’f&’ ?t;ffﬁ 8“&@? ﬁ-dhé%gfm%proaanq ﬁn@ZFﬁg’ﬁ?ﬂeH@Pe’enbodl nent ,
the tenper at YfiRrd ABESs TIAF af@ffeitylehedUrorhdiR soRRAsIsOFh dshehscn@) Alge 0 C to
about 65* C. In still yet anothér enbodi ment, the tenperaturé range for

carrying out tdlencemesitygme; ehlorphaszenth anso- dighlobenzenscand hafcarbon pelyeafsir e i s
not critjcal Etﬂéh Wecﬁl\eqef an%r]m pﬁes]tﬁ?rg lIl]l &ﬁmg{ IYCHES méélﬁﬁ'% ggip! oyed,

i.e. sufficient pressure b mal n e so ase.

Reacti on ti megxange tehzene) fuudw&enzamplo-dmnofo@amné odiflaenobéddene, M nutes to 48
hours. I n one enbodi nent, the reactions are carried out under inert
at mospher e sudantatuaiphengenhexatluorgbinzenene-dichlarebegaencs chiafobenzang, teluere,

di ssol vi ng th%ggﬁng?rﬁ?ﬁ ﬂﬁléﬁéghﬁ@sl &U'%@Bh& 9"*@3"3@%&@&“%%' ng the .

appropriate i €sireé coordi nati ng anion
wi th the dissol vedAmuﬁaldatemiges&tureamged@tcaammgloyt the a¢action istfeom sigduntBOH unti |

the reaction is c £ ref or | e conponent atal st can be
a0l atoff or o SoBoRIan G Fuendte eFbaGmery e TR g 2% g
catalyst in Wﬂéﬁdti@ﬁdﬁorﬁ'ﬁﬁmﬁ@ﬁ”@fda%@&ﬂm°@qh989anbﬁﬁlré’r¥nb6mm@ﬁt fHee product
can be 25 acconplished by standard procedures, such as evaporatin the

sol vent, washitgmperatere rangeifer arnyingaont theprashen istfeons abane At C ta pbbut KEHC.
recryst aI lizi 38 %}%n&%éﬂ Jn%!)dﬂngnqytﬁ& tém-EeFfiture range for carrying out the reaction is

from about 10° C to about 40° C. Pressure is not critical but may depend on the

15 boiling point of the solvent employed, i.e. sufficient pressure to maintain the sotvent
in the liquid phase. Reaction times are not critical, and can range from several
minutes to 48 hours. In one embodiment, the reactions are carried out under inert
atmosphere such as nitrogen or argon.

The reaction is carried out by dissolving the pro-catalyst in a suitable solvent

20 and admixing the appropriate ligand(s) and the salt of the desired weakly '
coordinating anion with the dissotved pro-catalyst, and optionally heating the
solution until the reaction is complete. The preformed single component catalyst can
be isolated or can be used directly by adding aliquots of the preformed catalyst in
solution to the polymerization medium. Isolation of the product can be

25 accomplished by standard procedures, such as evaporating the solvent, washing the
solid with an appropriate solvent, and then recrystallizing the desired product. The
molar ratios of catalyst components employed in the preparation the preformed
single component catalyst of the invention is based on the meta! contained in the pro-
catalyst component. In one embodiment, the molar ratio of pro-catalyst/Group 15

30 electron donor component/WCA salt is 1:1-10:1-100, [n another embodiment, the
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nol ar ratios of catal yst conponents enployed in the preparation the 3 ALG. 2006
preformed single conponent catal yst of the invention is based on the A8
contained in the pro- catal yst conmponent. In one enbodinent, the nolar ratio
of pro-catalyst/Goup 15 30 el ectron donor conponent/WCA salt is 1. 1 - 10:
1-100, | RygnglkAss embodi nent, the 32 3 AUG 2006 WO 0310%@4aR1624h$H02105795
nolar ratio of pro-catal yst/Group 15 el ectron donor conponent/WCA salt is  1:
1-5:1-20. In yet another enbodinent, the nolar ratio of pro-catalyst/ G oup
15 el ectron donor conponent/WCA salt is 1. 1-2:1-5. In enbodinents of the
invention where the pro-catalyst is ligated with a Goup 15 el ectron donor
| igand and/or a 5 | abile neutral electron donor |igand the nolar ratio of
pro-catal yst (based on the netal content) to WCA salt is 1: 1 -100. In

anot her enbodi ment, this ratio is 1: 1-20. 1In yet another enbodi ment, this

ratio is 1: 1n$olarﬁaé?&9f&8r&5ﬁ1ﬁﬁoiom$ l§%‘le%lr¥§Hoﬂﬁ%@hﬁo@nvﬁ/@){gﬂ?&ar byl

containing ligand can 'be synthesized by reacting a pro-catalyst of the
formula [ M A )20-53i20h 1n fyet anetbﬁmnbodnoenn T@and)éaram:b yiprosatalysiGrompddr dance

th the follao rreaction sc XL L
[WCA 25 2n  Sheon (RF SoRPor B s fin 2k ok emboRntiiSlos ifs Pttt hed.
i's Exanples ofwmmhégioaéayaﬁystmiga@umdﬂmGedu;sdg dhttroa dbudiligddd and/or a
bi s(acetyl acetonate, palladium (acetate)?2, Pd(N03)2, PdCI2, PdBr2., and

Pd12. The for éfgixbkrmgutsai ﬁ@ﬁmn donep liganddhe malar bﬁ%@rpfmr%@aiwdbased on Fhmst rative
purposes onl ¥netzﬁ Q\A’ Y‘R%ngaltitj nly gaf%atm gi?cﬁh&ae b%gu?]e?ﬁ" Qﬁts Batlo q0%3472

Wi | e they have anced torm recognl zed that

an excess of r[;egatdnetrheﬁﬁnmfmm&mssatﬁﬁi@ 1bles.enpl oyed vvlthout deviating from
the spirit of invention, For , . an,_excess L",, A, or WCA salt
contai ni ng corrponeﬁ@ﬁ’oé‘é?f?nEﬁé’f @ﬁﬁqt@ygdjei"?fdtoﬁé hfzﬁ“@é"g?&l contajing ﬁ'Wér?@F on so

| ong s the PLOSARfel2aR9tesleh el SRLONTS of ] GEREE MUY PEHEBBAHTEN: 1 e

nolar ratio o oup a onor conpound/ source
of a wedkly cdxga:tﬂsmaﬁW@Aaaitmrﬂcmrgammﬁahé fajlowimgeectivd stisende: 1- 10:
1-100: 2-200. In another enbodi nment, the nolar ratio of the

[M(A%)] + xL' + 2[WCA] salt O [M(L"),] [WCA], + 2A’ salt

wherein x =1 or 2, M, and L’ are as previously defined.

15 Examples of pro-catalyst compounds include palladium (IT)
bis(acetylacetonate, palladium (acetate),, PA(NO;),, PdCl,, PdBr;, and Pdl..

The foregoing schematic equation has been presented for illustrative purposes
only, other illustrative equations can be found in W0/0020472. While they have
been written in balanced form, it should be recognized that an excess of reaction

20 components can be employed without deviating from the spirit of invention. For
example, an excess of L', L", A", or WCA salt containing components can be
employed in the process of the invention so long as the process is not deleteriously
affected.

In a one embodiment the molar ratio of the Group 10 metal/Group 15

25 electron donor compound/source of a weakly coordinating anion/organometailic
compound is 1:1-10:1-100:2-200. In another embodiment, the molar ratio of the
Group 10 metal/Group 15 electron donor compound/source of a weakly coordinating
anion/organometallic compound is 1:1-5:1-40:4-100. In yet another embodiment,
the motlar ratio of the Group 10 metal/Group 15 electron donor compound/source of

30 a weakly coordinating anion/organometallic compound is 1:1-2:2-20:5-50. [n
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G oup 10 netal/Goup 15 el ectron donor conpound/ source of a weakly 5 .uc2006
coordi nating anion/organonetallic conpound is 1: 1-5:1-40:4-100. In yet
anot her enbodi nent, the nolar ratio of the Goup 10 nmetal /G oup 15 el ectron
donor conpound/ source of 30 a weakly coordi nating ani on/organonetal lic
conpound W€ 03/03013®: 2- 20: 5-50. In 33 3 AUG 2006 WO 03/ 05®CIIBIEAIHEO2/ 05795
enbodi nents where the G oup 10 netal ion source is an adduct containing a
G oup 15 el ectron donor conpound, no additional Goup 15 el ectron donor
conpound need be enployed. In this enbodiment the nolar ratio of the G oup
10 metal / G oup 15 el ectron donor conpound/source of a weakly coordinating
ani on/ organonetallic 5 conpound is 1:0:2-20:5-50. The opti num tenperature
for the present invention is dependent on a nunber of variables, primarily
t he choice of catalyst and the choice of reaction diluent. Thus, for any

gi ven pol yner iemkpdiorentstvehergthé fanenp Khpetabionseures [slantzddust petainiagtadbrioyp

det er m ned t aki.n hese variables intgo.account. 10 In general th

ol yrer § zat | onSPRSkoT aineY ARt Ae Al PivRy e P AT cSoponeeh ¢ e
presence of amyeRipldybe® Bakiakmpbdinht thbendlHRS bfQRe Groud H0GHRSIGioUpaSr ange
fromabout 0° C to about 140" C, or from 20" C to about 130' C,  or even from
about 25' C elcuppdanor ggnpagndispureh et nweakiyeeatdineting anignéorgemmetallic i s
conducted in I l,eys0lyent at a tenperature in the range of about

70" C togabout%g%%lﬁ’ldé ?‘{6%925(??'5?5 15 anot her enbodi nent, the reaction is

conducted in any s@hé aftirsurs enviepdtur@tiothe bR8FIR irdehitieh ts depdndernt@nAchudibeabout
15" C to about 45 C In. one aspgc‘t o{, the invention reactjons utilizing the
Ol5%PT ¢

di scl osed cat &f yariablegyRaimacihy the & aialysh apd Higsheice of spastiondiue. does not
adversely int f ' : t | : : e .
nonomer . Exarrpq?lgg f%f%?%ﬁﬁ Pglyggfl\%@gh%%%m%f%&go 1?%%%?%%1%%&@ L
hydr ocar bons detetmiaed faking #hress virableadntohequane, oct ane and decane; alicyclic
hydr ocarbons such as cyc ent ane _and cycl ohexgne; aromatic h ocar bons

S aelbonzene. ol BRHRLS B MegZ AT BRL s Son isfeianany syhPleo.ybensene
and xyl enes; @blb&tsn e phesdiize GRhMY ST the Bithlyits SF the invRRGbrAdtia3ehferatultapgenat ed

(pol ar) hydrocarbons such as nethylene chloride, chloroform carbon
from about 0° C to about 140° C, or from 20° C to about 130° C, or even from about

25° C to about 125° C. In another embodiment, the reaction is conducted in any
suitable solvent at a temperature in the range of about 70° C to about 130° C. In still

15 another embodiment, the reaction is conducted in any suitable solventat a
temperature in the range of about 15° C to about 45° C.

In one aspect of the invention reactions utilizing the disclosed catalysts 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

20 {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,
methoxybenzene and xylenes; ethers such as methyl-t-butyl ether and anisole;
halogenated (polar) hydrocarbons such as methylene chloride, chioroform, carbon

25 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-chioropentane.

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

30 a slurry or solution process. One of ordinary skill in the art will readily be able to
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25 tetrachloride, ethyl chloride, 1,1-dichloroethane, 1,2-dichloroethane

1, 2-di chl oroet hyl ene, | -chl oropropane, 2-chl oropropane, | -chlorobuﬁéﬂg%”m6
2- chl or obut ane, 1-chl oro-2-net hyl propane, and I-chl oropentane. The choi ce of
reaction solvent is made on the basis of a nunmber of factors including the
choi ce ofwoakeieiss and whether it is desired to run the padommitasbson as
30 a slurry or solution process. One of ordinary skill in the art wll :
readily be able to 34 3 AUG 2006 WD 03/050158 PCT/ | B02/ 05795 det erm ne

whi ch solvent is suitable for use in polynerizing the above-nenti oned
nmonomer conbi nations given a nunber of factors which include, but are not
limted to, the exact nature of the nononers to be polynerized, the
catalyst utilized in the polynerization reaction, and the tenperature

and/ or pressure at which the 5 polynerization process is to be conduct ed.

The nol ar rat ere@hiné hith sORSRITEEuitable EOMR i8S polPmefiting thd dbab&inicnfidnadet al in
the catalysts set for the under Fornula IIl can range fromabout 2:1 to

about 100, 000mopomeggorfhirptioRHSiYEN Hnumbes of fastars whidhgoelude, buv arg pefrhimisesit 100:

1 to about 10,0 X baut Qe T anot her
enbodi nent, t Dég%oqxgét n(rgﬁt]? Eip%f %é %%@g?rgi%&%%%%&%b&écgﬁ%g gl,mlsze %}A nmet al
range sfrom abelytneRzatioh@eaation|tand tHeQemperatate dndinprabadtat Whithide about 500: 1,

or even fromabout 10; 1 to about 25Q0: 1, The polyners obtained by the
process of t hBOPmeszationiprRESsH 15 Ehbeoadiitduced in a nol ecul ar wei ght (Mh)

range from about 5, angf‘gaglgtof J:otgq{;’on%%f)6@(86%15%%%&&%%&@?9?&&? iUt

700, 000, or from about to about 1 even sti rom about
3,000 to aboutatalystdedl forvhé eder Eormnda Hheancrangdfeoraabbdutd: 1 edabloyt Hl8009:ng t he

catal yst to nmongner . ragtjo. Lower | ecul ar  wei ght. polyners and ol i goners
may al so be fB'F?F%‘HaPﬂ“ttasﬁLto @8\'\‘3&(}0{6‘&)}1’7{35 Bﬁtabg‘éfol%bl tgt?%‘t‘t 1@&9,%0@(?"59 carrying
out the pol yMebEzaLLOfD:1 b dbB6: 2,005 SRGRoMEr SnbRfnEnt! fhe W& a6 btal

Macr omononers or ol 1 goners conprising from 20 about” 4 to about 50 repeating
units cén be proapaexd Grup 8, grildynsieleange sfro@TzbouChditm abaut 4A8F:&ror Agpemt )

cclected 11 om, g, SQRRYK, BRIA"S Sk FLR Al Al APl o bond, betveen

The polymers obtained by the process of the present invention are produced
in a molecular weight (M,) range from about 500 to about 1,000,000, or from about
2,000 to about 700,000, or from about 3,000 to about 100,000, or even still from

15 about 3,000 to about 50,000,

Molecular weight can be controlled by changing the catalyst to monomer
ratio. Lower molecular weight polymers and oligomers may also be formed in the
range from about 500 to about 500,000 by carrying out the polymerization in the
presence of a chain transfer agent. Macromonomers or oligomers comprising from

20 about 4 to about 50 repeating units can be prepared in the presence of a CTA (Chain
Transfer Agent) selected from a compound having a terminal olefinic double bond
between adjacent carbon atoms, wherein at least one of the adjacent carbon atoms
has two hydrogen atoms attached thereto. The CTA is exclusive of styrenes (non-
styrenes), vinyl ethers (non-vinyl ether) and conjugated dienes. By non-styrenic,

25 non-vinyl ether is meant that compounds having the following structures are

excluded from the chain transfer agents of this invention:

" CHy=C(A)(R ot H), and
CH,=CH-OR
30
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has two hydrogen atons attached thereto. The CTA is exclusive of styren
(non- styrenes), vinyl ethers (non-vinyl ether) and conjugated di enesj.’“gém%
non-styrenic, 25 non-vinyl ether is nmeant that conpounds having the

followi ng structures are excluded fromthe chain transfer agents of this

i nventi onw@hi2ese{s8) (R or H, and CH2=CH OR 30 35 3 AUG 290%1siMas@3/ 050158
PCTI 1 BO2/ 05795 wherein A is an aromatic substituent and R is hydrocarbyl. In
one enbodi nent, the CTA conpounds of this invention are represented by the
following formula: 5 CH2=C(R 16) (R 17) wherein R 16 and R'7 above are

i ndependently represent hydrogen, branched or unbranched (C I to C40) al kyl,
branched or unbranched (C2 to C40) al kenyl, or. 1 halogen,. 10 In one
enbodi ment, the CTAs utilized in the present invention are a-olefins having
2 to 10 carbon atons (e.g., ethylene, propylene, 4-nethyl-I|-pentene, | -

hexene, 1-decefreit A’isQf afsihfitSubainttn afdt R & Bdreagdyl.or i sobutylene). Al so
useful as CTA are C3 i0O Cl2 cyclic olefins (e.g.,. cyclopentene). The CTA can
be enpl oyed in an dmenaembedimienlthe i sepaunds ofithisiprestio aw represenigdbys0 ol e

%relative to gh . otal NB-type nononer. In one enbodinent, the
CTA is enpl oyet;éﬁ %rl\lgtwﬁrgéﬁog'ﬁ%%' of 0. 10 to 10 nole % In another enbodinent,
the CTA is enployed in the range of fromO. 1 to 5.0 nrole % As discussed
above, depending on catalyst type and sgpsifivities, CTA efficiencies and
desired &nd group, the concentr at CEh=6fR QA tan be in excess of 50 nole %
(based 20 on total NB-functional nononer present), e.g., 60 to 80 nole %

H gher concentrations of CTA (e.g., greater than 100 nole %9 may be
necessary to aerein &' drdR Y abovemkeindémendently ghjresenblogiregen) sramhed bi s i nventi on

such as 1n ol | gerer, Ad, BC] AIOPRIEG AP LAl R e, SR Rengi " L anSTer
halogen,.

10 [n one embodiment, the CTAs utilized in the present invention are o-olefins
having 2 to 10 carbon atoms (e.g., ethylene, propylene, 4-methy!-1-pentene, 1-
hexene, 1-decene, 1,7-octadiene, and 1,6-octadiene, or isobutylene).

Also useful as CTA are C; to Cj2 cyclic olefins (e.g., cyclopentene).
The CTA can be employed in an amount ranging from about 0.10 mole % to

15 over 50 mole % relative to the moles of total NB-type monomer. In one
embodiment, the CTA is employed in the range of 0.10 to 10 mole %. In another
embodiment, the CTA is employed in the range of from 0.1 to 5.0 mole %. As
discussed above, depending on catalyst type and sensitivities, CTA efficiencies and
desired end group, the concentration of CTA can be in excess of 50 mole % (based

20 on total NB-functional monomer present), e.g., 60 to 80 mole %. Higher
concentrations of CTA (e.g., greater than 100 mole %) may be necessary to achieve
the Jow molecular weight embodiments of this invention such as in oligomer and
macromonomer applications. Besides chain transfer, the process of the present
invention affords a way by which a terminal x-olefinic end group can be placed at

25 the end of a polymer chain.

Polymers of the present invention that are prepared in the presence of the
instant CTA's have molecular weights (M,) ranging from about 500 to about
500,000, or from about 2,000 to about 300,000, or even from about 5,000 to about
200,000.
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invention affords a way by which a termnal a-olefinic end group can_be
placed at 25 the end of a polymer chain. Polyners of the present ind&¥Ghe
that are prepared in the presence of the instant CTA' s have nol ecul ar

wei ghts NO rangi ng from about 500 to about 500,000, or from about 2,000 to

about 300, 000, even from about 5,000 to about 200, 000. AUG 2006 WO
03/ 050158W%(9?/0f%§/ 05795 The pol yners prepared in the pres%‘ﬁ@?sﬁ&fo‘%%ﬁe ‘_
catal ysts and/or the CTA's of the present invention contain unsaturation at
one or both of the tem nal ends of the polymer chain. The position of the
term nal unsaturation contained on the polyner chain depends on the type of
chain transfer agent enployed in the polynerization 5 reaction. Wen

enpl oyed with the transition nmetal catal ysts used to polynerize the
pol ycyclic ol efin nononers herein, the chain transfer agents append

exclusively as a rmpnpal end group, on _each lycyclic pol ghai.n. The
chain transfer age SPa@meﬁ&’e%%%‘gr\%%l?'ieieé‘“? ﬂ{)tgefy'ﬁ%@%ta@ﬁ@%%gﬁlﬁ ﬁg%pol yIer .
By terminal enge gle@npinvéntiRadhtaid idhtutdion bkedhet2botl Tule RMidl ehdBaThone of
the term nal ends of the polycyclic polyner 10 chain contains an end group

noi ety deri vedobmsnchtie Thapdsitangfdheierraigalinsauiatipy eentained emiie polyyrasr i zat i on

Lhe. prosence ohal dERutton A EH BRRat MR AR AN R IR MRl e BB ™

PNB- CTA 45 whegfiion.PNBes eppRyed WithttheraRltios Yistal cpalyyiiRkeCldPolyne@i¥ihesi Ng one
or nore repeating units selected fromFornmulae |I' and I1'set forth above, .
and CTA r epr edohtcxclicolefiamanamers sersin, Hgehein sgnidesazents eppesdesciusivelyiag abonded

to a term nal f gﬁ}mg I Ne -ol efin such
as ethylene i ég@ﬁrr%ﬁqg?&e%% EE %Ee%% In 81?? ?Qg@?ﬁéﬁg{ge@?,Ch%lﬁgﬂpéef?%gkgg dg)r oup
unsdt urati on inot tdpelypeerizentito Hrdebikboae ofthe lpolynteepBe seeniiead ead grbap Isansdant
PNB- CH2=CH2 25 In instances where a | otnger chajn a- ?I efin, e g., |-hexene
is utilized adhathe terﬁmaﬁgroup on at Jeast one of the terminal ends of the polycyclicpolymer
10 chain contains an end group moiety derived from the chain transfer agent utilized in
the polymerization reaction. Schematically, the terminally unsaturated polymers

prepared in the presence of a chain transfer agent can be represented as follows:

PNB-CTA
I5
wherein PNB represents the polycylic polymer chain comprising one or more
repeating units selected from Formulae I' and II' set forth above, and CTA represents
a chain transfer agent moiety that is covalently bonded to a terminal end of the PNB
j backbone. For example, if an a-olefin such as ethylene is employed as a chain
20 transfer agent, the terminal group unsaturation in the polymer backbone can be

represented as follows:
PNB-CH;=CH;

25 In instances where a longer chain a-olefin, e.g., 1-hexene is utilized as the chain

transfer agent the polymer backbone can be schematically represented as follows:

PNB-CHz=CH,-CH;-CH,-CH,-CH;
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transfer agent the pol ymer backbone can be schematically represent edsa}aij%
foll ows: PNB- CH2=CH2- CH2- CH2- CH2- CH3 37 3 AUG 2006 WD 03/050158
PCT/ 1 B02/ 05795 It is to be noted that for |onger chain a-olefin chain
transfer agents (C3 and above) the double bond in the chain transfer agent
can rearr &¥y03/950158not her position in the carbon chain to REVBA/OYESI ety of
unsaturated i soners. For exanple, the double bond in the schematic fornul ae
above for the appended hexenyl npoiety can rearrange 5 between carbon atons 2
and 3, carbon atons 3 and 4 and carbon atons 4 and 5, wherein carbon | is
proximal to the PNB chain and carbon 6 is distal to the PNB chain. This
termnal group unsaturation increases the optical density of the polyner,
which is deleterious to |ithographic imging. As discussed herein the

term nal 10 unsaturation contained in the appended chain transfer noiety can
be renoved vi dt ispobe nbtad diat fomddnigeathaone-olefin bimintradsferiageran (Cgmdwapsvd)y, for

exanpl e, epoxi dation, ydr.ogenati o hydr of ornyl ati on, . hydr gsil.ati on and/ or
cycl opr opanat itg%&m%[%%"ﬁéﬁfhcgcg?’"ttWE&Fre‘?gﬁ?W_ﬁP Fepeedt IPG_F%[‘ asHpnge Hlf_ps with
the post - functdampglchaiahd gRe 398N oPlinsatitated ISHRES.T Por skhAbHRS tHeAoYR¥ gbh&

pol ymers havi ng hydrogenat ed, hydrofornylated, 15 hydrosi [ated an
epoxi di zed endn grecepematitifernpdas aboue firitherappéndad hexenslpoicty Gddearsogoss t he

doubl e bond cqontained.in the termnally unsaturated end groups ich are
appendedsto o BERAOR AR FHe. FPYLORTe: 5o & A corien AbaE 2pnf ot r eat | ng
termnal  unsajféréih c&Bo N idmbyimarioQRt PNBRAaiAGAd Eirbéd @ pefsthiNo thePNBat ent No.
6,294,616 which is incorporated hereininits entirety 20 In one enbodi nent

of the inventith#in. the term nal unsaturation present at a terninal end of

h I backb . . .ed. | y .of d
e oL YT backbort R N BSRORL uhek DR AIERANR Ol ugon 0 3

catal yst can hehichhigldeleedioastol lithgraphid imadings ABdiscasst&h@einahsteymimbf ect t he
pol ymer backbone. Exanpl es of suitabl e hydrogenatiqgn catalysts are H2Ptd 4
25 (chl & opl aﬂ!‘?%?@“%?‘ﬁlfa‘mﬂlm?@ﬁ%tfﬁﬁ Qg Icpn e rnayedyiaal yst) and

[Cia{ g |1§/§{ ) ?yf'n%g%@ﬁ;&tgdﬁfa‘?i{a%ﬁxr?ﬂhe Bftloedd GRS 6Y,760 dxafpl, EfdAdkIRE S
hydrogenation, hydroformylation, hydrosilation and/or cyclopropanation. Treatment
of the terminally unsaturated end groups with the post-functionalization agents of the
invention yields polycyclic polymers having hydrogenated, hydroformylated,

15 hydrosilated and epoxidized end groups. The post-functionalization agents add
across the double bond contained in the terminally unsaturated end groups which are
appended to a terminal end of the polycylic polymer. Methods for treating terminal
unsaturation in polycycloolefins are disclosed in U.S. Patent No. 6,294,616 which is
incorporated herein in its entirety

20 In one embodiment of the invention, the terminal unsaturation present at a
terminal end of the polymer backbone can be hydrogenated in the presence of
hydrogen and a hydrogenation catalyst. Any homogeneous or heterogeneous
hydrogenation catalyst can be employed as long as it does not deleteriously affect the
polymer backbone. Examples of suitable hydrogenation catalysts are HzPtCly

25 (chloroplantinic acid) RuHCI(Ph;)a, RhCI(Ph;); (Wilkinson’s Catalyst) and [Ir(1,5-
cyclooctadiene)(P(cyclohexyl)s)(pyridine)] PF¢ (Crabtree’s Catalyst). In addition,it
is contemplated that the palladium metal containing catalysts disclosed under
Formula III herein can be employed as hydrogenation catalysts in the presence of
hydrogen. The catalyst is employed in an amount of from about 0.01 to about 2.5 %

30 w/w based on the polymer and in another aspect about 1.9% based on the polymer.
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I's contenpl ated that the palladiumnetal containing catalysts disclosed
under Fornula Il herein can be enpl oyed as hydrogenati on catal ysts J UG o
presence of hydrogen. The catalyst is enployed in an anmobunt of from about
0.01 to about 2.5 % 30 wW w based on the polynmer and in anot her aspect about
1. 9% basagq@Rrpkdigs Pol yner. 38 3 AUG 2006 WO 03/ 0550158 ReeH/ 1394503795 The
pol ymer is isolated fromthe reaction medium follow ng the polynerization
reaction and then hydrogenated in a suitable solvent (e.g., tol uene,

benzene, tetrahydrofuran, nethylene chloride) in the presence of hydrogen
and the hydrogenation catalyst. Hydrogen is enployed over the reaction
mediumat a pressure of | to 500 psi in one aspect of the invention and 50
to 90 psi in another. In one aspect of the invention, the polyner is

hydr ogenated at a tenperature of from about 22 to 1000 C and 70 to 75" Cin

anot her aspectpy, E&gmgyﬂriﬁﬂﬁ&ﬁ?rbﬁ%é RaeddrOfedi®m EROWiNE R diRhe &Egﬁ 10 to

about 72 hours | ne aspect of the invention and 10"to " about hours in
anot her aspecteattien atdithénchydorginated irhesuiebleisniyentdke e, itvlueneghehzgngup to is

hydrogenated to yield a hydrogenat ed .en roup on.one or both term nal ends
o?‘/ t%e pol yc%ﬁaﬁﬁﬁﬁg%&%y&%ﬁﬁ@fﬁ@rm ﬁﬁeﬁéffﬁfh){aﬁ%gef‘@? al unsaturation
present at a hgdre'géﬁaﬁo@mamt. HyliRogeR is/diilo AR réRtlof et #51 | ated in

the presence of hydrosilation catalyst ‘and a silane post-functionalization
agent . Anhy hopmganeolistoci00pst inrangamesuef theinvgrtiansAnd$0ito R0 paitinlagathez dn be

enpl oyed as | gng_as_.it..does t .del riqQusl ffe the ol backbone.
Exanpl es of 5811?358?% ok% rlgvselnpg?’i tg%p%qgﬁgﬁ l;%g? %%gfg%ai%a& %Perg%h%/‘gf% antinic
aci d), R-hCl ( Bheik 32 (QNORIOW@IT0%0 G5t Glity sokher Ashekt. r'The, Hydrogenation reaction is

cycl ooct adi ene) ( P( cgcl ohexyl ) 3) (pyridine)] PF6 (Crabtree's Cat ald)gst) .

Exanpl es of  §¢ndypted fyabort e iabot 72 haresin apfedfpectioh dheigeention acd &9 1@ r i al ky!
silanes (e.qg. ' ' L R- L] .

pent anet hyi di g?‘ﬁ%)&%hgﬁg ﬁl#’en%m}eg%sef{ ghé g%lﬂﬂca dglsigllsﬂ?&l%)sm@?m I%@%%e?dngg)ﬁpanount
of fromaembout ishydrokehnediooikid 2.hydfgedaredoadgeoupon édesorhothyeriinalrendnef aspect

of the invention and abOllJt 2 5 wwin another aspect. The hydrosilation
agent can be HWROSFEESRPIYAStanount of from | to 20 nolar equival ents or 2.0

to 39 % ww (basedyOfhotHiR eMBbY AR, the tEiRA u}iiRiralicn pRMURhE iefhiAd dfdfor
the polymer backbone can be hydrosilated in the pr;:sence of hydrosilation catalyst
and a silane post-functionalization agent. Any homogeneous or heterogeneous

15 hydrosilation catalyst can be employed as long as it does not deleteriously affect the
polymer backbone. Examples of suitable hydrosilation catalysts are HoPtCly
(chloroplantinic acid), RhC!(Ph;); (Wilkinson’s Catalyst) and [Ir(1,5-
cyclooctadiene)(P(cyclohexyl);)(pyridine)] PF¢ (Crabtree’s Catalyst). Examples of
silane post-functionalizaion agents include (C,-C)o) trialkyl sifanes (e.g.,

20 triethyisilane, tri(n-propyisilane) and pentamethyldisiloxane. The hydrosilation
catalyst is employed in an amount of from about 0.01 to about 2.5 % w/w based on
the polymer in one aspect of the invention and about 2 5 w/w in another aspect. The
hydrosilation agent can be employed in an amount of from | to 20 molar equivalents
or- 2.0 to 39 % w/w (based on the polymer). The polymer is isolated from the

25 reaction medium following the polymerization reaction and then hydrosilated in a
suitable solvent (e.g., toluene, benzene, tetrahydrofuran, methylene chloride) in the
presence of the hydrogenation catalyst and the silane post-functionalization agent.
The polymer is reacted at a temperature of from about 22 to 100° C in one aspect of
the invention and at about 60 to 65° C in another aspect.I The reaction times range

30 from about 10 to about 240 hours in one aspect of the invention. [n another aspect,
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25 reaction nmediumfollow ng the polynerization reaction and then 3 AUG 2006
hydrosilated in a suitable solvent (e.g., toluene, benzene,

tetrahydrofuran, nethylene chloride) in the presence of the hydrogenation
catal yst and the silane post-functionalization agent. The polymer is
reacted aW@o¥eMbsrat ure of from about 22 to 1000 C i n onePEEHBER{058YS t he

i nvention and at about 60 to 65* C in another aspect. The reaction tines
range 30 from about 10 to about 240 hours in one aspect of the invention. 1In
anot her aspect, 39 3 AUG 2006 WO 03/050158 PCT/ UB02/ 05795 reaction tines
can range from about 10 to 15 hours. The double bond in the term nal
olefinic end group is hydrosilated to yield a hydrosilated end group on one
or both termnal ends of the polycyclic polyner In another enbodi ment the
term nal unsaturation present at a termnal end o t he pol yner backbone
can be epoxi di EEadioniimessaprange frem Q?P“talod@rléépﬁrsaghﬁd?}@? boﬁdunél’!q tgrminek at i on

agent. In one ure of | aci al
acetic acid an@gﬁ@/g%n@é&%grﬂxgl}{c’gg&ﬁ ; i aqxgﬁl%g fla??do%]d%%ﬁlﬁ( 8%‘"? (froboé out 1:5
(volune % . | neaniatieeds afthepblycycie pogiien of acetic acid to hydrogen peroxide
is 1: 1. The polyner is isalated fromthei reaction nedium fol]l OWI ngft he

pol yneri zation 10 r@é&?‘h@fr? irgeng ths teratinal ynsptuationprpsent | atemring é“&
tol uene);at a t’ﬁQPB@theg ?&e‘%fan bE Qﬁﬁ‘ﬁ%h thee eﬁrQseﬁ%: WMa pen@cchQJéé' Po- 1 N

sol vent) The ra yner sol on to peraci acl n"range from
about 5:1 to aﬂunctionﬁhzaﬂ;om eganhelnampespect alitbe hwmmwhbajperﬂ:ndnstmadmatof 1: 1in

anot her aspect ,of the.inyentio The eraci d-tre ol r solution is
heated to frogjr?céﬂ&ﬁ?"%‘dt@datﬁawe‘i% Xige jna @H%ogé' @g Wgrf F@%Oﬁbiﬁu on, and
from about 80 (Helu'm% %PQHtan&Her aGpéc'B tﬁ@ﬁ%nb%fa&ﬁ@%&ﬁ to Ffﬁﬁoée?n%&d:@&b igahy be
conducted for a period from about 0.5 to 5 hours I n one aspect of the .

i nvention and "&mﬂymerhmaﬁlated fmﬂlhetracnasme@um fehewving the polyoerizationt he

term nal . ol efini 28 Y. ap _oxirane e oup on
a term nal endd 'oPﬁgd B?Oy es?‘cf' B%l ﬁ?é Yent e tg tﬂ@erfea gaec%fﬂetﬁamf‘ z% ?'h
oxirane ring cabgui®rorIong: BP@oBehet th ovehe). Miiel Fad\of B6Kineatdluesn Rfpetalioxi r ane
20 noiety. Again, it should be recognized that for I onger chained term nal

end groups ( sagideangangs feom, abayk 8l 5o a%’tcytls@@g%éﬁe‘&b org @bt dr ! erbaktr at ed
| SOMErs exi St y.qin another aspect of the invention. The peracid treated polymer solution is heated
to from about 50 to about 100° C in one aspect of the invention, and from about 80 to
15 about 90° C in another aspect. The reaction can be conducted for a period of from
about 0.5 to 5 hours in one aspect of the invention and about 1 hour in another
aspect. The double bond in the terminal olefinic end group is epoxidized to yield an
oxirane end group on a terminal end of the polycyclic polymer. It should be noted
that the oxirane ring can be ring-opened to yield hydroxy derivatives of the oxirane
20 moiety, _
Again, it should be recognized that for longer chained terminal end groups
(such as hexenyl groups as discussed above) several unsaturated isomers exist
depending on the extent of the rearrangement of the double bond. Accordingly, the
epoxidation reaction can occur across several different carbon atoms depending on

25 where the doubie bond is located,

Catalyst Preparation Examples

Catalyst A:
Palladium(l) acetate (0.20 g, 0.89 mmol) is dissolved in methylene chloride

30 (3 mL) and is cooled to ~35 °C. Tri-i-propylphosphine (0.29 g, 1.8 mmol) is
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dependi ng on the extent of the rearrangenent of the double bond.
Accordingly, the epoxidation reaction can occur across several di f f r 4 2906
carbon atons depending on 25 where the double bond is | ocated. Catalyst
Preparati on Exanples Catalyst A Palladiunm(ll) acetate (0.20 g, 0.89 mmol)
is dissolved in nethylene chloride 30 (3 nm) and is cooled to -35 'C.

Tri-i-prop isge (0.29 g, 1.8 mml) is 40 3 AUG 2006 8 .
PCT/ 1 BO2/ Ogg‘gﬁd?‘gsgl ved in cycl ohexane (7 m.) and is cool eg\ﬂt:g/%(%@gé Thi s
Solution is then slowy added to the palladium solution. The col or of the
pal | adi um sol uti on changes fromred to yell ow orange. Next, the solution is
concentrated and then placed in a freezer at_35 'C Yellow crystals
eventually formwhich can be isolated and dried 5 in vacuo. The yield is
0.35 g (72% . Data: "H NWR (C6D6): 2.08 (br septet~ 6H), 2.00 (s, W 1.32
(q, 36H) ppm and 3'P NVR (CA): 32.8 (s) ppm Analysis O C22H4804P2Pd

yields: C  48. Qicsibhy i ﬁggf‘lgﬂexa;wg 121?. h aid Rt BHIed 3) df‘.?"@r?h@@ol f?cH Q%en

48.48; H, 8.8 1. A sul cry I's subjecte to X-ray raction
anal ysi s. The r elowlyt added td ﬂnie:paﬁmﬁthmsobmanem@cdhmﬁme pnlﬁdgxmmlﬂion%aegtson

t he foregoin oe s ,abl e to deter nethtCaIaI rss .
trans-bis(tri-i fﬁwldﬁg}ropwglgah?rﬁggepgﬁ% o ricrels Sapentrited S0 Ben paced in a

Pal | adi un(11) a&eéﬁ@:&@ o20 ‘&uow&gstaﬁebém@ﬂg mhcrhr ¥e sgth@eay gherghi ne

(0.50 g, 1.8 mmol ) are added together and thén dissolved I n nethyl ene
chloride (3 15immdruo. ASheayieldssif ) gd(79¥l)| ow sol ution is yiel ded and a yel |l ow

*C overn ght.  Thor caPber HamdREsDe, L bRy s 88 PEBIERHL B e ﬁﬁ%?éna‘ana%
washed with cy *@hﬁﬁ@%&%g@%mz eg»;ip% %d;ms mndgom?me@dsd ¢s 0.5

(72% . Dat a: 00 (br s, SH)
1.8 1 20 (br s48.0BH, 8.63. @e(oglcumdvaluez:are(as folowsH) m&ﬁs &h8j81i mmmble

(C6D6) = 22.9 ( S%,rgﬁﬁfgg suBA‘Qc%cV 3 f-ra?; difreattiba At 343 §j ’Yﬂeerlealslts o(f:thls ana}y%is 8. 66.

The cal cul at ed
10 shown in thure 2. Based on the foregoing one is able to determine that Catalyst A

comprises trans-bis(tri-i-propylphosphine)palladium diacetate.
CatalvstB: ' ‘

Palladium(II) acetate (0.20 g, 0.89 mmol} and solid tricyclohexylphosphine
(0.50 g, 1.8 mmol) are added together and then dissoived in methylene chloride (3

15 mL). As a result, a yellow solution is yielded and a yellow solid starts to precipitate.
The solution is then stored in a freezer at —35 °C overnight. Thereafter, the yellow
solid is collected by filtration and washed with cycichexane (3 x 10 mL) and dried in
vacuo. The yield is 0.5 g (72%).

Data: "HNMR (CsDg): 2.20 (br d, 14H), 2.13 (s, 6H), 2.00 (br s, 8H), 1.81
20 (br 5, 26H), 1.62 (s, 8H), 1.23 (s, 10 H) ppm; and-*'P NMR: (C¢Dg): 22.9 (s) ppm.
Analysis of C4oH704P3Pd yields: C, 61.14; H, 8.66. The calculated values are as
follows: C, 61.17; H, 9.24. Based on the foregoing one is able to determine that
Catalyst B comprises trans-bis(cyclohexylphosphine)palladium diacetate.
Catalyst C:

25 Palladium(ll) acetate (1.00 g, 4.46 mmol) is dissolved in methylene chloride
and /-propyldiphenylphoesphine (2.03 g, 8.92 mmol) is dissoived in a 50:30 mixture
of methylene chloride and pentane. Both solutions are cooled to ~35°C and then the
phosphine solution is added to the palladium solution. The mixture is allowed to stir

for 3 hours at =35°C. An orange solution develops with a yellow insoluble material
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follows: C,6t.17;H 9.24. Based on the foregoing one is able to deterniff; 1006
that Catalyst B conprises trans-bis(cycl ohexyl phosphi ne)pal |l adi um

di acetate. Catalyst C. 25 Palladiun(ll) acetate (1.00 g, 4.46 mmol) is

di ssol ved in nethylene chloride and i-propyldiphenyl phosphine (2.03 g, 8.92
mmol) is dissolved in a 50:50 m xture of nethylene chloride and pentane.

Bot h sol uti omg oswsvispool ed to -35*C and then the phosphine sod¢itigaeimsadded
to the palladiumsolution. The m xture is allowed to stir for ') hours at
-')5"'C. An orange solution develops with a yellow insoluble material 41 3
AUG 2006 WD 03/050158 PCT/ 1B02/ 05795 di spersed throughout. The solvents are
decanted. The solids are washed with pentane and dried under vacuum . The
yield is 2.03 g. Data: '"H NWR (CD2C12): 7.71 (m 8H), 7.45 (m 12H), 2.75
(m 2H), 1.36 (s, 6H), 1.13 (d oft, 12H), 31P NWR (CD2ClI2): 26.9 (Ss) ppm
The anal ytical data are 5 consistent with the formation of

bi s(i - propy! di pheiydrpdabpbjmmy.pThd @ivents £ deahrie The Solid3lawswadled with
Pal | adi un(IT) acetate (0.500 g, 2.23 mmpl) is nixed with diethylether and
met hyl ene chi or i BeRtansand driedwide vacgumas e yisldtin2d3gol ution is added 1.06 g

of tricyclopentyl ph I DER n . r l.t.. t he
sol uti onylo ltour ng Ee??g[\% ﬁﬁ?’é@?@%%ﬁ@@?@bﬂ%f@gfs& ﬁgﬁg‘aﬁﬁgrl,jﬁ he
solution is filtgréd),and (dohe 19H),VENMES(CROMIEe A6Ia(sMepmmiOT hedanalyeicsl duty gkl ow
powder. The yield is 1.05 (68%. ta: "H_NWMR (tol uer_le-d8fa:d_ 1.98 (br s);
1.89 (s), 1.69 (gansigtent vxi.ﬂa%e(fﬁmé'yn@E&S(Iﬁwmmm@m%m ;n digeptage s) |

ppm  Catal vst Eg.JdBHel | adiun(11) acetate (0.500 g, 2.23 mmol) and
tribenzyl phosphi‘rTe—?i_JB. 6 g, 4.46 mmol) are mixed in about 10 nlL of

net hyl ene chl ori de unkitledinm(Hpapenre (8508 g, 223 mhthol) & minded evithsibéthylether arsd o
The mxture i's CoERER giale AR B G o' B iy aftiid Blfhi nea.
)T/ihgl : 0: vent 7iosgdﬁg%@e{qﬁg&%mm@w{ﬁmb% ol (£RE) Ak Gedult, MRSHAtiodNE 20
10 turns yellow and is stored at =35°C for 3 days. Thereafter, the solution is filtered and
~ the solvent is removed in vacuo to yield a yellow powder. The yield is 1.05 g (68%).
Data: 'H NMR (toluene-dg): 1.98 (brs), 1.89 (s), 1.69 (br s), 1.46 (br s)
ppm; and *'P NMR (toluene-dg): 23.4 (s) ppm.
Catalyst E:
15 Palladium(II) acetate (0.500 g, 2.23 mmol) and tribenzyiphosphine (1.36 g,
4.46 mmol) are mixed in about 10 mL of methylene chloride under nitrogen. Asa
result, a yellow solution is yielded which is then filtered. Next, about 20 mL of
pentane is added and the mixture is cooled to ~35°C. As a result, yellow crystals are
obtained. The solvent is decanted from the crystals which are dried in vacuo. The
20 yield is 0.70 g (38%). L
Data: 'HNMR (CDCls): 7.41 (m, 12H), 7.26 (m, 18H), 3.08 (s, 12H), 1.52
(s, 6H) ppm; and *'P NMR (CDCl;): 15.6 (s) ppm.
Catalyst F: '
Palladium(II} acetate (0.500 g, 2.23 mmol) and cyclohexyldiphenyl-
25 phosphine (1.19 g, 4.45 mmol) are each dissolved in about 3 mL of methylene
chioride. The two solutions are combined at ~30°C and subjected to vigorous
shakix;g. As a result, a bright yellow solid precipitates from solution. The solvent is

decanted and the yellow solid is washed with pentane. The yield is .70 g.
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Data: 'H NVR (CDC13): 7.41 (m 12H), 7.26 (m 18H), 3.08 (s, 12H), 1523c 706
6H) ppm and 71P NMR (CDCl 3): 15.6 (s) ppm Catalyst F: Pall adi um(ll?
acetate (0.500 g, 2.23 nmol) and cycl ohexyl di phenyl - 25 phosphine (1.19 g,
4.45 mol ) are each dissolved in about 3 nL of nmethylene chloride. The two
sol utions are conbi ned at-30C and subjected to vigorous shaking. As a
result, a bmgbsozeeid ow solid precipitates fromsolution. ThecoRigo7e s
decanted and the yellow solid is washed with pentane. The yield is 1.70 g.
42 3 ~kUG 2006 WD 031050158 PCTI MD2/ 05795 Data: 'H NNAR (CD2CI3): 7.67 (m
8H), 7.42 (in, 12H), 2.41 (t, 2H), 2.11 (d, 4H), 1.67 (d, 4H), 1.59 (d,
2H), 1.39 (s, 6H, 1.28 (m 4H), 0.94 (in, 6H) ppm and 3 'P NvVvfR (CD2Cl 3):
23.3 (s) ppm Catalvst 5 Palladium(IT) acetate (1.00 -7 4.46 nmol) is

di ssol ved in nethylene chloride and di-i-propyl phenyl phosphine (1.71 g,
8.90 mml) is dissolved in nethylerie chloride:pentane 50:50. The two

sol utions are conbi neBaamt 'HNMGRECANE 3t 767 éa, 814),17ed® (5 ALHY,i2048 (,@HyEL 1 Whd, ch

For med whi ch’ ar e 3 ar Ut HdSRath Ak Ao Skl S e, 4Ll B Guel damiam 10
The yield was 1'2@%#?56‘32?%3 (%?ﬁ) MR (CDIC13): 7.73 ) (in, 4H), 7.40 (m

6H), 2.38 (m 4H), , 1333 (s, 6H), 1. 18 Cd of d, 12H)
ppm "P NMR (CD2ChtalvstG29.5 (s) ppm Catalyst : Patladium(IT) acetate (0.50

(0,90 g, 050045 mol ) TRAIELD) et 1Y nERcs FEmPioll s el B aeh lbTa 1o
‘321S Toen, (he maanigsiaehbhagnie AN b0 ik SR apkytden 2
to -roomtenper atiiptide:pentang 5030i dihe hyo seletirrsiare earehinedoat g §%€ andottirgt Aorednge
pourer 15 di ssol GUa0oT e e AR SR JAER v BeEly. S B30 S o
solid is forned. cry&igls $@rietivlich are isolated, washed with pentane, and dried under vacuum.

10 The yield was 1.20 g (44%).

Data: 'HNMR (CD:Cly): 7.73 (m, 4H), 7.40 (m, 6H), 2.38 (m, 4H), 1.38 (d
of d, 12H), 1.33 (s, 6H), 1.18 (d of d, 12H) ppm. >'P NMR (CD,Cls): 29.5 (s) ppm.
Catalyst H:

Palladium(TT) acetate (0.50 g, 0.0022 mol) is dissolved in methylene chloride.

15 Tri-i-butylphosphine (0.90 g, 0.0045 'mol) is dissolved in hexane. Both solutions are
cooled to -35°C. Then the phosphine solution is added to the palladium solution at — -
35°C. The mixture remained at —35°C for 2 hours and then is allowed to warm to
room temperature. The solution is then filtered to give a bright orange solution. All
solvents are then removed under vacuum. The resulting orange powder is dissolved

Gy 20 in pentane then concentrated to about S mL. A yellow solid is formed. The solution
is decanted and the solid is dried under vacuum. The yield is 0.57 g (39%).

Data: '"HNMR (CD:Cl;): 2.27 (m, 6H), 2.01 (s, 6H), 1.59 (m, 12H), 1.16 (d,

36H). *'P NMR (CD:Cls): 5.6 (s) ppm.
Caalyst I

25  Palladium(II) acetate (0.50 g, 0.0022 mol) is dissolved in methylene chloride.
Di-t-butylmethoxyphosphine (0.78 g, 0.0.045 mol) is dissolved in pentane. Both
solutions are cooled to ~35°C. Then the phosphine solution is added to the
palladium solution at —35°C. The solution is stored at =35°C from which yellow
crystals form. The yield

30 0.80 g (62%).



I's decanted and the solid is dried under vacuum The yield is 0.57 g3QludQHie
Data: 1 HNWR (CD:!'Cl3): 2.27 (m 6H), 2.01 (s, 6H 1.59 (m 12H), 1. 16 (d,
36H). "P NWR (CD2C[3): 5.6 (s) ppm Catalvst 1: 25 Palladiunm(ll) acetate
(0.50 g, 0.0022 n6l) is dissolved in nmethyl ene chloride.

D -t-butyl met hoxyphosphine (0.78 0-' 0.0.045 nol) is dissolved in pentane.
Bot h sol ut iVWA$3B¥¢5&, 00l ed to -35*C. Then t he phosphi ne sol utPGHIBIS/0§Wded t o
the palladiumsolution at -35'C. The solution is stored at -35' C from which
yellow crystals form The yield 30 0.80 g (62%. 43 3 AUG 2006 WO

03/ 0501-58 PCTI MD2105795 Data: 1H NWMR (CD2C13): 3.86 (s, 6H), 1.77 (s, 6H),
137 (s, 24H).. "P NWR (CD2Cl3): 142.6 (s) ppm Catalvst J: Palladiunm(ll)
acetate (0.50 g, 0.0022 nol) is dissolved in nethylene chloride 5 (3.5 ).
Di cycl ohexyl net hoxyphosphine (1.02 g, 0.0.0446 nol) is dissolved in pentane
(10 mL). Both solutions are cooled to -35*C. Then_the phosphine s Iutlon

i s added to the pal | aBaw@m HOVMR Ed:64)- 386G, 6Fhel .€b(subHbr 37(ss34bbed' Pat - 350C

f 18 h. Th dded to th t Af t 64 h ,
vol | oot stare RtteBloger 42?’31@?@ 10 & o e at e NNROW
(CDzC13): 3.85 ( Chtalvst Al trlpl et, 2.08 (m 2H) 1 95 (m 4H) 1.84 (s
R ?éo(z?lsfm 126, ﬁi@gfuhgywcwpm B0 i et blyed & el Gag AERdS. |

di b t |

bi S(t SO S ooy PR BIGERHPE Indfho kot iR & Wi@%&*‘%ﬁ@ﬁ%@é Reyz .

(tri-iso- propyl pém&mm@lm) Bothr soihtiohi ax(e&xooﬂedlu@*ﬁ%hd&ﬁhithbqjmadaﬂxmﬁdwnon

di acetate; trans:bis(j- propyidi phenyl-phosphine)pall adi um di acet at e;
trans-bis(tri cycP@Héss{fP w@éﬁwmtﬁma&dﬁm di hecsetusion 1y siers® aknbnk fas!8 h. - E

Pd(acet at e) 2(tri ¢yl ANAKYF pentane is added to the mixture. After 64 hour, yellow crystals form.
The yield is 1.10 g (73%).
10 Data: 'H NMR (CD-Cl3): 3.85 (virtural triplet, 6H), 2.08 (m, 2H), 1.95 (m,
4H), 1.84 (s, 6H), 1.82 (m, 4H), 1.71 (s, 2H), 1.65 (m, 2H), 1.48 (m, 2H), 1.25 (m,
6H). *'P NMR (CD,Cls): 129,1 (s) ppm.

Polymerization Examples:

15 Although the discussion above centers around the following catalysts: trans-
bis(tri-i-propylphosphine)palladium diacetate (also known as Pd(acetate); (tri-iso-
propylphosphine);); trans-bis(cyclohexylphosphine)palladium diacetate; rrans-bis(i-
propyldiphenyl-phosphine)palladium diacetate; trans-bis(tricyclohexyl-
phosphine)palladium diacetate (also known as Pd(acetate);(tricyclohexyl-

20 phosphine)s); trans-bis(tribenzyiphosphine).pal'ladium diacetate; and trans-
bis(cyclohexyldiphenylphosphine)palladium diacetate, other catalysts such as (1°-
toluene)Ni(CsFs)z, as discussed above, are within the scope of the present invention.

If utilized, suitable cocatalysts for the above-mentioned palladium catalysts
are salts of weakly coordinating anions, and include, but are not limited to, lithium

25 tetrakis(pentafluoropheny!)borate-2.5 Et;O (etherate), sodium tetrakis(bis-3.5-
trifluoromethylphenyl)borate, and N, N-dimethylanilinium
tetrakis(pentafluorophenyliborate.

The polymerization examples which follow detail just a few of the
embodiments within the scope of the present invention. That is, the following

30 examples describe the polymerization of one or more monomers according to the
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20 phosphine)2); trans-bis(tribenzy[phosphine)paliadi umdi acetate; and
trans- bi s(cycl ohexyl di phenyl phosphi ne) pal | adi um di acet ate, ot her cat%ﬁ'{@iz%%
Such as (Wo &usoisel uene) Ni (C6F5) 2, as di scussed above, arepgiriBiastdre scope
of the present invention. If utilized, suitable cocatal ysts for the
above-neritioned pall adium catal ysts are salts of weakly coordinating
anions, and include, but are not limted to, lithium 25

t etraki s(pent af | uorophenyl )borate-2.5 Et20 (et herate), sodium
tetrakis(bis-3.5 trifluoronethyl phenyl)borate, and N, N-di net hyl ani |l i ni um
tetraki s(pentafl uorophenyl )borate- The pol yneri zati on exanpl es which foll ow
detail just a few of the enbodinents within the scope of the present

i nvention. Thaireseft intdneiof alilicing bae SOthexapphtaystetas sat fdreh dHoee phishsmd beat i on of
one or nore nononers according tq the 44 3 AUG 2006 Y\O 03/0-501-58

PCT/ 11102/ 0579@&;5# ghaeiie preﬁwmeaﬂ%ﬁ not Kstitsteghte therExamples setdoga beleyst ens set
forth above, nhot
restricted to taﬁﬁé?%g sle%g% ort%r?@% {eﬁé:u@é%gﬁl]‘éoftﬁé’ @Hénggﬁ% es are just
are represent anethmissiwwtmlse:l oy thelpeespod ipventiogat i on  net hods di scl osed by the
pr esent | nvention. 5 Exanple 1: Initially,

(err), a- |s(tr nmet hyl ) bi cycl o[ 2. 2. 1] hept - 5- ene- 2- et hanol (12.0 g,

43.8 mmol ) and 1- hexigagy, Q- gg(tﬁggér@nﬁtmicyclgﬁ mh@ptxseéxﬁep&rhm@ﬁz @g the

nmol es of rmononer) are wel ghe nbi'ned in a’glass vial hi S
solution is acﬂdeﬁjmml)anﬂldfexm ©2g, 18.99mmek 2@ giols peorenbbased O@B@ ngoigs of

Lrans: bl S(i T CHSLARe whdnRReR PO IEARA AT £68HALfuloh ORRRTE!

t et raki s(pent ahl eoaMIE NN IsideREalutoR af@éosmg)bf)rrm-bmtrmycteﬁexyanI sole is made.
Aone milliliter portion of this solution.s added to above- nentioned

nonomer A0 1- hexsasphinsnallpdinm digsetate E%@@Srﬁ"ﬂ?luﬁétal)@t%‘ld&)oétg N3 C for 91
hours. Thereafc@ﬁﬁth%fa%n %ﬁ%ﬁxsg Bﬂﬁ&lo@'ne%gf)gﬁgt?@.@@ cﬂﬂm l@erg%‘éfmt' on

m xture into 1 ane. prtate tere dried at
90'Cin a vacwnmotmemade.m@nennuémmportzansnfda‘s mimtiamesia@‘ed\m akdvei cal |y. The

oLyIer ! s Mol Qe ot Y ) e deL St 1oAY (TG IELNOHS, Ll T Ky 919
hours. Thereafier, the polymer is precipitated by pouring the reaction mixture into
15 hexane. The precipitated polymer is filtered and dried at 90°C in a vacuum oven.
The conversion is determined gravimetrically. The polymer’s molecular weight is
determined by GPC methods in THF using poly(styrene) as a standard. See Table 1

below for the results.

20 Examples 2 to 6:

Examples 2 to 6 are identical in nature to Example 1 except that the mole
percent of 1-hexene is varied as noted in Table 1. The results from Examples 2 to 6

are also detailed below in Table 1.

25

30
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bel ow for the
nature to Exa

Honopol yneri z

am bis(trifluoronethyl)bicycio[2.2.1]hept-5-ene-2-ethanol.

results.
npl e |

ation of

20 Exanples 2 to 6: Exarrpl es 2 to 6 are identisG
except that the nole

percent of 1-hexene is varle
noted in Table 1. The results from Exanples 2 to 6 are also detailed below
in Tabl e WOPF0503F 45 3 AUG 2006 WO 03/ 00158 PCT/ | B0O2/ 05 PEF/IBAHIF

Exanp

| e Mol .

G, idﬂa

%

of Conversion MV M MV M 1-hexene Percentage 1 20 84 39,562 8,590 4.61 2
30 85 23,929 5,929 4.04 3 40 86 16,251 4,607 3.53 4 50 83 11,651 3,837
3.04 5 55 s0 9,429 3,451 2.73 6 60 70 8,549 3,771 2.27 In view of the

results obtai

ned from Exanpl es |

to 6,

. these exanpl es denonstrate

nol ecul ar wei ght decreases as the concentration of |
5 honopol yners of a,a-bis(trifluoro metl}

) hept - 5- ene- 2
a,a-bis(trifl
mol ), t-buty
| - hexene (O.
are 10 wei ghe
of ani sol e.

trans-bis(tri
Catal yst B) a
etherate (0.2

10

15

rcycl of 2.

t hat the

-hexene i ncreases for

2. |

aL 1
B T e e T e T X
esixamplef b- NMol.BooineneCoeedsionylli ¢ ®w d (2. 3BIng, 12.Mwiaml | and
4 g, 10 rrm)lI e)%e0r1em)| epper cent based on{t he nol es of nonojrer)
and conb cl”nagla%val To this|solutionfis added] 18 nL
ﬂ\lext ,1stoc solggt rons of ¢4. 003T 039862 8,590 4.61
yvcl ohexyl bhosphine)! pall adi um! di acet atle (_Q 040])i mmol|
d 0.217 g it BPum tbtrak&SS (wnﬁhﬁ%oropﬁ&ﬁ?l ) bor et - P .5
&e'h_'lza_ﬁ_ﬁ#_ of gslll sotre ?.6 fSI 4,607 353
4 50 83 11,651 3,837 3.04
5 55 80 9,429 3,451 2.73 .
6 60 70 8,549 3,771 2.27

In view of the results obtained from Examples 1 to 6, these examples demonstrate

that the molecular weight decreases as the concentration of 1-hexene increases for

homopolymers of o,a-bis(trifluoromethyl)bicyclo[2.2.1}hept-5-ene-2-ethanol.

Example 7:

Initially, a,a-bis(trifluoromethylbicycio[2.2.1]hept-5-ene-2-ethanol (7.68 g,

28.0 mmol), t-butylester of 5-norbornene carboxylic acid (2.33 g, 12.0 mmol) and 1-

hexene (0.84 g, 10 mmol, 20 mole percent based on the moles of monomer) are

weighed and combined in a glass vial. To this solution is added 18 mL of anisole.

Next, stock solutions of 0.0031 g of trans-bis{tricyclohexylphosphine) palladium

diacetate (0.040 mmol, Catalyst B) and 0.17 g lithium tetrakis

(pentafluorophenyl)borate - 2.5 etherate (0.20 mmol) each in 5 mL of anisole are

prepared. A one milliliter aliquot of each solution is added to the above monomer/1-

hexene solution. This mixture is heated at 95°C for 23 hours. Thereafter, the

polymer is precipitated by pouring the reaction mixture into hexane. Then, the

precipitated polymer is filtered and dried at 70°C in a vacuum oven. The conversion

is determined gravimetrically. The polymer’s molecular weight is determined by

GPC methods in THF using poly(styrene) as a standard. See Table 2 below for the

resuits.
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prepared. A one milliliter aliquot of each solution is added to the %ggy 2006
nmononer/ 1 15 hexene solution. This mxture is heated at 95(err)C for

hours. Thereafter the polyner is precipitated by pouring ctj.on

m xt ure iﬁ#ﬂﬁﬁﬁgéﬁe. Then, the precipitated polyner is fif&@P@ﬁ%aﬁﬁ dried
at 70'Cin a vacuumoven. The conversion is determned gravinetrically. The
pol ynmer's nol ecul ar weight is determ ned by GPC nethods in THF using ,
pol y(styrene) as a standard. See Table 2 below for the 20 results. 46 3 AUG
2006 WD 0310501-58 PCT/1B02/ 05795 Exanples 8 to 10: Exanples 8 to 10 are
identical in nature to Exanple 7 except that the nole percent of | -hexene
Is varied as noted in Table 2. The results fromExanples 8 to 10 are also
detail ed bel owj .5 TABLE2 Copol yneri zation of

cLa- bi s(triflvé)laﬂ]]_ AL i cycl o[ 2. 2. 11 hept - 5- ene- 2- et hanol and t -

butyl ester of 5-northxampiiRa t6a0 bmdgtrticaldan ndiufetoiBtampleil excemhataigmpleExanpl e
Mol e% of |- Conversion MN Nh ngrh q§ﬁe3§ gercentage 20 61 37,200 13, 200
2.81 8 30 60 PEEceBbef Ithexpopisyared gonois 10debs 5 0de raplisomExamples® tp Ifoo |1 n
vi ew of the r%ﬁ?ﬁ&ﬁd&ﬁiiﬂé i fm&xamples 7 to 10, these exanples
denonstrate that the nolecul ar weight decreases as the concentration of |
-hexene 510 increases for copol yners of
cL,a-bis(trifluoromethyl)bicyclo[2.2.1_] -5-ene-2- ethanol and

t-butyl ester of 5-norbonene carboxylicT :Zyam 21 e 11: Initially,

0~a DI S(Lrl | I IR AR P%l-BhscerifradybAIEY) Bicys12.2 11Hebed che- 1%na ) 00
nmol ) and cyc §B§nf'2%e ?‘8‘“8%6& gﬁﬂﬁ?§ m mg)?,'c (5 %rgllg‘ %erceen%étgglgoe non [ he
butylester of 5-norbornene carboxylic acid (acid labile comonomer)
Example | Mole%ofi- | Conversion Mw Mn Mw/Mn
hexene Percentage

7 20 61 37,200 13,200 2.81

8 30 60 28,600 11,700 2.44

9 40 60 18,900 8,500 2.21

10 50 59 14,400 7,000 2.06

In view of the results obtained from Examples 7 to 10, these examples
demonstrate that the molecular weight decreases as the concentration of 1-hexene
10 increases for copotymers of a,a-bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-
ethanol and t-butylester of 5-norbornene carboxylic acid.
Example |1:
Initially, o,a-bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol (1.37 g,
5.00 mmol) and cyclopentene (0.036 g, 0.53 mmol, 10 mole percent based on the
15 moles of monomer) are weighed and combined in a glass vial. This solution is then
diluted with sufficient anisole to make the monomer concentration equalto2 M. A
100 umL aliquot of a 0.002 M stock solution of palladium bis(tricyc‘lopentyl-
phosphine) di(acetate) (Catalyst B) in anisole and a 100 uL of a 0.01 M stock
solution of N,N-dimethylanilinium tetrakis(pentafiuorophenyl)borate in anisole are
20 added to the above monomer solution. Next, this mixture is heated at 125°C for 18
hours. Thereafter, the polymer is precipitated by pouring the reaction mixture into
pentane. The precipitated polymer is then filtered and dried in a vacuum oven. The
conversion is determined gravimetrically. The polymer’s molecular weight is
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15 nol es of nonomer) are weighed and conbined in a glass vial. This solgtife
Is then diluted with sufficient anisole to nake the nononmer concentration
equal to 2 M A 100 pnL aliquot of a 0.002 M stock solution of palladium

bi s(tri cyWM@pEHPIA8- phosphi ne) di (acetate) (Catalyst B) inP&IBO/E8hd a 100
~tf, of a 0.01 Mstock solution of N, N-dinethylanilinium

t et raki s(pent af | uorophenyl )borate in anisole are 20 added to the above
nonomer solution. Next, this mxture is heated at 1250C for 18 hours.
Thereafter, the polyner is precipitated by pouring the reaction mxture into
pentane. The precipitated polyner is then filtered and dried in a vacuum
oven. The conversion is determ ned gravinetrically. The polyner's nol ecul ar
wei ght is 47 3 AUG 2006 0310501 PCTI 1 BN2/ 05795 det erm ned by GPC

met hods in THRIKETTHBEGRY Q%Ié)t’%ﬁx@ﬁ’é)‘“ igpé‘sg’gé’ﬁg’i%’.e“% apigyrards Seﬁé%@\ﬁ/% or the
results. Exanpifswisr Roesdig. Exanples are identical in nature to Exanple | |
except that the nole percent 5 of cyclopentene is varied as noted in Table
3. The resul t sEx |I8s 12 and 13 are also detailed below in Table 3.
TABLE3 Pol yneri zation qf aa:bis(trifl uoropethyl) :

bi cycl of 2. 2. | | bept - BXaRpiesAre| a%%? n 'ﬁﬁﬁ?g’?%%f: 1 espePethat e SURPRENN MV Vh
cycl opensene Porcebbainelid vifkdil bR Table 30T r&ls kamAhDIZ0210R 16 770
2.97 13 40 47 12,100 5,560 10 In view of the results obtained from Exanpl es
11 to 13, thesweealanpladed balewhsaleBe t hat the nol ecul ar wei ght decreases as
t he concentration of cyclopentene increases for honopol yners; of .
a,a-bis(trifluoronethyl) bicyclo[2.2. |]hept-5-ene-2-ethanol. ExanRl e 14:
15 Initially, a,a-bis(trifluoronmethyl)WABLEQ 2.2. |]hept-5-ene-2-ethanol

(1009, Polymerization of a,a-bis(triflnoromethyl) bicyclo{2.2.1]hept-5-ene-2-ethanol w.-}
Example . Mol. % of Conversion Mw Mn Mw/Mn
cyclopentene Percentage
11 10 66 44,500 9,900 4.49
12 20 65 20,100 6,770 2.97
13 40 47 1:.;,100 5,560 2.14
10 In view of the results obtained from Examples 11 to 13, these examples

demonstrate that the molecular weight decreases as the concentration of
cyclopentene increases for homopolymers of ¢, a-bis(trifluoromethyl)
bicyclof2.2.1]hept-5-ene-2-ethanol.
Example 14: fod
15 Initially, a,a-bis(trifluoromethyl)bicyclo{2.2. 1]hept-5-ene-2-ethanol (100 g,
365 mmol) and 1-hexene (37.5 g, 450 mmol, 55 mole percent based on the moles of
monomer) are weighed and combined in a glass vial. Next, 0.0057 g of palladium
bis(tricyclohexylphosphine) di(acetate) (0.0073 mmol, Catalyst B) and 0.029 g N,N-
dimethylanilinium tetrakis(pentafluorophenyi)borate (0.037 mmol) were added to the
20 above solution. This mixture is difuted with sufficient anisole to yielda2.5 M
solution of monomer and then heated at 120°C for 64 hours. Thereafter, the polymer
is precipitated by pouring the reaction mixture into hexane. The precipitated
polymer is filtered and dried at 70°C in a vacuum oven. Next, the polymer is re-

dissolved in 250 mL of methylene chloride. This solution is added to heptane to
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365 mml ) and 1-hexene (37.5 g, 450 nmmol, 55 nole percent based on theg nBI es
of nononer) are wei ghed and conbined in a glass vial. Next, 0.0057 g"b'fj 2006
pal | adi u i cycl ohexyl phosphi ne) di (acetate) (0.007 Luﬁ;% al yst B)
and O. 02?%9ﬁ§ﬂ1£édl met hyl ani | i ni um t etraki s(pentafl uor Oph?l)’ly 0(%'froaté (0.037
mmol ) were added to the 20 above solution. This mxture is diluted with
sufficient anisole to yield a 2.5 M solution of nononer and then heated at
120' C for 64 hours. Thereafter, the polyner is precipitated by pouring the
reaction m xture into hexane. The precipitated polymer is filtered and
dried at 70'C in a vacuum oven. Next, the polyner is re- dissolved in 250 nL
of nmethylene chloride. This solution is added to heptane to 48 3 AUG 2006
WD 03/ 0- 501 i S,REH:ABAR/ R Ahecisit gtssna heflﬁ?écwmrdr;ezih?aw&l%{ém aolid is

filtered and dried in a vacuum oven a polymer is then
re- di ssol ved 751’C15Kherﬂ0]ymfr l%@fﬁ%dﬁ@t!&dﬂmm MGDHcand he@ehanns°C Tdn S

solution is t ent i fllteredthr cron

i oron 0. 22 1 Bough TR isttensRaferripl EHEK BBy Sterpm,d riisRfhets”

i sprecipitat eﬂlo'f’oxb)ﬂ mﬂkﬂﬂ bid 0.nenipoh iRfY. MifeHafel, tel foyrietfif pret@ithtewat er to
yield a 75:25 mxture of water and methanol. The i sol atedgll eld is 60 g

(60% . The pobyadsingstories palymen/Me (i swhitionsuffciest watvetd vigldaP %mmm@ afn THF
Using_ POl Y(S NEEIS) Alndobt FRLHiaMLT i) 200 Mincodidles HBfcull N

(CDC13/ DMSO- d r'um of nces vveen about
5.3 and 4.9 p@%ﬁﬂlﬁbt&ﬁnﬁﬂédwt}h&hﬁﬁbd}d it THROuSHEb 1y @tiRene) Ii’hﬁstbﬂd&ﬁcl mol ecul ar
wei ght portion of this polyne fractionated ?"é preparatlve SEC (si ze
excl usi on chrMNﬁTé&ﬁﬁ%M "LPéﬁﬁgT*FHﬁ{MIﬁgD@ﬁp G spectmnoldhel gel , cuard
(5 g, 50 x 4. ObSuft nal yzed
by MALDI - TOF XP Mﬁég%gﬁ{ﬂ ag%r gg%?p on(ytp ?”m"‘ﬁﬁ{‘%’ @Rﬂtoléﬁa lérfjlnatss
spectraoet ry, endrgrtagss. Refl ex 111 instrunent, ref | ectron and |inear node,

positive ion speg | nt erpret a.t on of Dl - TOF results are
Ponsi st ent vi t -t nEe pispd plgHecySgh ﬁ"% Stpﬂlyﬁée;mcv@ﬁae%msups. In view

T S0 i e okt on g T i -
and a Plgel, Guard (5y, 50 x 4.6 mm) + Mixed-E (31.1, 300 x 4.6 mm column set) and
is analyzed by MALDI-TOF MS (matnx assisted laser desorption time-of-flight

15 mass spectrometry, Bruker Reflex III instrument, reflectron and linear mode, positive
ion spectra). Interpretation of MALDI-TOF MS results are consistent with the
formation of a polymer with hexenyl end groups. |

In view of the above results, Example 14 demonstrates that the
homopolymers of «,a-bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol made

20 with palladium catalysts in the presence of l-hexene as a chain transfer agent have
appended to one end of the polymer chain a hexenyl end group. |
Example 15:

Initially, a,o-bis(trifluoromethybbicyclo[2.2. 1]hept-5-ene-2-ethanol (25 g, 91
mmol) and cyclopentene (2.7 g, 39 mmol, 30 mole percent based on the moles of

25 monomer) are weighed and combined in a glass vial. This solution is diluted with
sufficient anisole to yield a monomer concentration equai to 1.5 M. A 500 pL
aliquot of a stock anisole solution of Catalyst C (0.005 g in 2 mL of anisole) and
0.0073 g of N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate {0.0091 mmol)
in anisole are added to the aﬁove monomer solution. This mixture is then heated at

30 80°C for 18 hours. Thereafter, the polymer is precipitated by pouring the reaction
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20 with palladiumcatalysts in the presence of 1-hexene as a chain tralsffhe
agent have appended to one end of the polynmer chain a hexenyl end group.
Exanple 15: Initially, aa-bis(trifluoronethyl)bicyclo [2.2. 1]hept-5-ene-2

- et hanol < mol ) and cycl opentene (2.7 g, 39 mol =8yer cent
based on hé”%%?%% of 25 nononer) are wei ghed and conbinedPFﬁR% g°2§§ vi al .
This solution is diluted wwth sufficient anisole to yield a nononer
concentration equal to 1.5 M A 500 ~11, aliquot of a stock anisole
solution of Catalyst C (0.005 g in 2 nmL of anisole) and 0.007" ) g of

N, N-di met hyl ani | i ni um t et raki s(pent af |l uorophenyl)borate (0.0091 nmol) in
ani sol e are added to the above nononer solution. This mxture is then heated
at 80" C for 18 hours. Thereafter, the polyner is precipitated by pouring

t he reaction i ) ' xane.
The precipita#@éagﬁ%ﬁaéggﬁg ?ﬁ%%%f?ﬁ?é?éﬁﬁgﬁgggﬁﬁgg&?%“ghégggE%%Qgegﬁf The
yield is 14. 1 oyef.5The yietdie | $312/56%0).s Theopadymerds mizicylat weightistietermimed bpy GPC

net hods in THE in ol rene a standar d: = ,000: M, =_8, 900.
The 1H NNM spé?t’iftrs ﬂ}?ﬁt“%ﬁ/ég’%%%s’%f’%"ﬁg%ﬁﬁﬂjﬁéﬁS@Q%’Bi!\/&wﬁjlgrog?ngPe"é?yﬁg ce at 5
about 5.7 ppmTg@REISHRpetiti (DOME0BS BF g8 Yo YNl eGhiBHPS broad rékb@acBht t he above

results, Exanple 15 denonstrates that carryi'ng out a polynerization
reacti ors of a,abewi%] ppinfchusistentetithydyrlopeyenydprd gotphept - 5- ene- 2- et hanol in

t he presence of cycl opentene viel ds . adonmopol.yner that contains a

cycl opent ene end gﬁ%ﬁg";“’ ﬁfggﬁlﬁ%ﬁlrgu%:ﬁ?‘wpgﬁglC{T‘:&onﬁmg‘?setg‘gﬁﬁagngé’&6r i s

equi pped W t h sa|yrRanRetibrreadtion d?‘@[a—@iﬁ(ﬂ‘iﬂiﬁmorﬁatﬁgﬁﬁa%&@{&ZTHhéﬂ%S-én%@Ct or Is
added a, a-bi s(trifluoronethyl)bicyclo[2.2.1] hept-5- ene-2-ethanol (5.00 g,
18. 2 mmol ) f ol lethasell inyhespreseanes enryclopPrienceyields y hemapelymen thpt optaing2 mi of -
solution. The | ' rged with nitrogen for 20 to 30 min. To this 15
solution is a&%@éb‘%’{t%%rﬁnﬁ&% Catalyst B (0.72 nL of a 0,0005 Msolution in
ani sol ejo fol | @xashpleyl6t. 8 gnol of N, N-di net hyl ani |l i ni um tetraki s(pentafl uoro-

henyl Yborate in abaout. | nL of anisole. Then, .the reactor .is heated at 60'C
gnd yh) tfni%ally, a pressure reactor is equipped w1t51 a magneﬁc stEr bar and (?

e-
oxygenated. To the reactor is added a,a-bis(trifluoromethyl)bicyclo[2.2.1]hept-5-
ene-2-ethanol (5.00 g, 18.2 mmol) followed by sufficient anisole to yield a total of
12 mL of solution. The solution is sparged with nitrogen for 20 to 30 min. To this

15 solution is added 0.36 umol of Catalyst B (0.72 mL of a 0.0005 M solution in
anisole) followed by 1.8 pmol of N,N-dimethylanilinium tetrakis(pentafluoro-
phenyl)borate in about 1 mL of anisole. Then, the reactor is heated at 60°C and
pressurized with ethylene to 5 psig and then vented. This is repeated several times
(e.g., between 3 and 7 times). Finally, the reaction mixture is left under 5 psig

20 ethylene overnight (at least 12 hours) with stirring. Thereafter, the reaction mixture !
is poured into pentane. Thé precipitated polymer is filtered and dried in a vacuum
oven. The yield is 0.7 g. The filtrate is allowed to evaporate over several days in a
vacuum oven to give 2.0 g of polymer. Total conversion is 54%.

The polymer’s molecular weight is determined by GPC methods in THF
25 using poly(styrene) as a standard. The pentane insoluble fraction exhibits a Mw =
| 6,300 and Mn = 4,300. The pentane soluble fraction exhibits a Mw = 2,160 and
Mn=1,760. Both fractions exhibit resonances in the olefinic region of their '"H NMR
spectra consistent with a vinyl end group attached to the polymer chain:
A5.86(brs, 1 H),5.00 (brs, 2 H). The MALDI-TOF MS (matrix assisted laser

30 desorption time-of-flight mass spectrometry, Bruker Reflex III instrument, reflectron
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pressurized with ethylene to 5 psig and then vented. This is repeated
several tinmes (e.g., between 3 and 7 tinmes). Finally, the reaction m AL G 6
is left under 5 psig 20 ethylene overnight (at |least 12 hours) with
stirring. Thereafter, the reaction mxture 1is poured into pentane. The
precipit avedspehssrer is filtered and dried in a vacuum overgisbhesysel d is
0.7 g. The filtrate is allowed to evaporate over several days in a vacuum
oven to give 2.0 g of polyner. Total conversion is 54% The polyner's

nol ecul ar weight is determ ned by GPC nethods in THF 25 using poly(styrene)
as a standard. The pentane insoluble fraction exhibits a Mv 6,300 and Mh =
4,300. The pentane soluble fraction exhibits a Mv = 2,160 and M=1, 760.
Both fractions exhibit resonances in the olefinic region of their 'H NWR
spectra consistent with a vinyl end group attached to the polymer chain: .A
5.86 (br s, | akdlinebr A6de REgadive ZonHpectid) @f Mot BractidiFardEorsistdnt witharsi st ed | aser
30 desorption tinme-of-flight mass spectronetry, Bruker Reflex [1]

i nstrunent, rBrepesge plovinylgernenatedpolymer. WO 031050158 PCT[ | B0O2/ 05795 and

| i near node, negatj i r f i i t with the
presence of vinyl - ﬁe&ﬁﬁ?é%ﬁ%ﬁ#&%&%ﬁﬁ@? f(laévﬁ%%&r&ﬁgtegg%&g@gﬁ#%eg Exanpl e
16 denonstr at pslyibridation feduidn ¢fth, @ bispeiklyomimetaljbiyclofB2 1 jhept-8dene-2-
(Xa-bis(trifl uorone%%y%%bi cyclo[2.2. 1] hept-5-ene-2 5 et hanol under ethyl ene
pressur & yi el ebangl PRdsr gy Isa PressuRR Y igKls alevrepiespiag eigha homgpolymer that is

vinyl -term na el es 17a to 17e: Approximately 10 9 of :
(err), a-bi s(tﬁrlﬁgﬁ tﬁgl)rl(@%g%'hyl )bicyclo[2.2. I]hept-5-ene-2- ethanol is weighed
and pl aced i nEgamapled ¥aso V7l equi pped with a stir bar. The 10 appropriate

t of 6-1 ol Ni (C6F3) 2 i, ixed with.th in 40
T ol a 75025 m xi APROGRH HERE? eery R st e R Hhe oot he
mol e ratio  OfniRNANReHed ahd gt;aeéq &?&@élﬁ%viﬁl%u%@@@w%a@‘iﬁﬂm ghe 17a. to 17e.

The pol ynerization ot each nple 1s"run at room tenperature
(appr oxionat el gppRdpriat)anfount dffnProaluene)NikGsFahlismined pvitidbe eltbvemeaneiner irs4® hen 15

precipitated Lotq E0aerd b bRlerte Aot dee TS RLEIPr % Al Ratl 5o0! ved
of monomer to nickel catalyst for each of Examples 17a to 17e.
The polymerization of each.éxample is run at room temperature
(appréximately 25 °C) for 16 hours. The polymer produced thereby is then
15 precipitated into heptane, filtered and dried. The polymer is then dissolved in 100 g
_of MeOH and shaken with 25 g of Amberiite IRC-718 ion-exchange resin beads for

5-hours. Each sample is then individually filtered and the filtrate shaken with 25 g of

fresh Amberlite IRC-718 ion-exchange resin beads. Then, each sample is filtered

and the filtrate is added dropwise to water. The precipitated polymer from each
20 example is filtered and dried at 45 °C. See Table 4 below for details and results of

Examples | 7ato 17e.
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of MeOH and shaken with 25 g of Amberlite | RC 718 ion-exchange re5|n3Q%@g§06
for 5 hours. Each sanple is then individually filtered and the filtrate
shaken with 25 g of fresh Anberlite I RC-718 ion-exchange resin beads. Then,
each sample is filtered and the filtrate is added dropwi se to water. The
precipitated po r fromeach 20 exanple is filtered and t. 45 *C.
See Table§ﬂ)%@18&Ffor details and results of Exanples I7a9€3%%9§'m 3 AUG
2006 WD 03/050158 PCT/ 1B02/ 0" S795 TABLE 4 Pol ynmeni zati on of '
aa-bis(trifluoronethyl) bicyclo[2.2.1jhept-5-ene-2-ethanol Exanple Mononer
to Conversion MW MVMnh MM Mh Catal yst Percentage Mole Ratio | 7a 5:1 56 23, 900
6,820 3.51 I17b 6.7:1 64 27,900 11,200 2.49 17c 10:1 70 28,100 13,000 2.16
17d 30:1 63 39,800 20,900 1.90 |7e 40:1 72 45,300 25,200 1.80 5 In view of
the results obtained fromExanples 17a to | 7e, these exanples denonstrate
that the ratio of nmononer to nickel catalyst controls the-nol ecular weight
of c~a-bis(trifluoronethyl)bicyclo[?2.2.1]hept-5-ene-2-ethanol honopol yners
made using (116_tol uene) Ni (C6F5) 2. Opt maggnsi V Determ nation of Various
Pol yners: 10 The optical density (OD) of the polyners according to the
present invention are determ ned by the follomnng nethod A 15 melght
percent sol ut irergi=te=desrred—pptyrer—rs—forne F=EY=E

met hyl et her aet a fugramsthyDeicyelo)
waf er and spuf] agxahip rprrMBﬁxrmelEJ $eCovBdion 2000 m‘pmﬁ I &h Seq. NMReMaliers
are then bakeq for 60 sec at élo 1C. 15 The{optical jpbsorbange is neagured,
at 193 nmusifjg a Cary 400 UY- P/F’gem’%f)e" ter. The thickndss of
the filns arejthen measyr gmldrdtiog|a TENCOR ter after the filjns are
scored. Opti c@%%&h&fi moi.s_fhen : -
17a 5:1 56 23,900 6,820 3.51
17b 6.7:1 64 27,900 11,200 | 2.49
17c 10:1 70 28,100 13,000 2.16
17d 30:1 63 39,800 20,900 1.90
17e 40:1 72 ‘ 453300 25,200 1.80
5 In view of the results obtained from Examples 17a to 17e, these examples

demonstrate that the ratio of monomer to nickel catalyst controls the-molecular
weight of o,a-bis(trifluoromethyl)bicyclo[2.2.1}hept-3-ene-2-ethanol homopolymers
made using (n°~totuene)Ni(CsFs)a.

Optical Density Determination of Various Polymers:

10 - The optical density (OD) of the polymers according to the present invention *
are determined by the following method. A 15 weight percent solution of the desired
polymer is formed using propylene glycol methylether acetate (PGMEA). The
solution is dispensed onto a 1 inch quartz wafer and spun at 500 rpm for 15 sec and
2000 rpm for 60 sec. The wafers are then baked for 60 sec at 110 °C.

15 The optical absorbance is measured at 193 nm using a Cary 400 Scan UV-Vis
spectrophotometer. The thickness of the films are then measured using a TENCOR
Profilometer after the films are scored. Optical density of the film is then calculated
by dividing the absorbance by the thickness (in microns).

The optical density for many different polymers containing a,a-
20 bis(trifluoromethyl}bicyclo{2.2.1]hept-5-ene-2-ethanol is determined as a function of

molecular weight (Mw). Figure 3 shows a plot of optical density (OD)
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by dividing the absorbance by the thickness (in mcrons). The optical
density for many different polyners containing a,a 20 3 AUG 2006
bi s(trifluoromethyl)bicyclo[2.2. Ilhept-5-ene-2-ethanol is deternm ned as a
function of nolecular weight (Mvy). Figure 3 shows a plot of optical density
(OD) 52 3 AUG 2006 WO 03/050158 PCT/ 1 B02/ 05795 (absorbance/ m cron) versus
the Mv of WRIRBIM ¥ ners made with pal | adium bis(tricycl opHRSSHH0REF7IS

di (acetate) and NN-di net hyl anifinium tetrakis(pentafluorophenyl)borate.
Figure 4 shows a plot of optical density (OD) (absorbance/ m cron) versus
the Mv of honopol yners made with (T,6_ 5 toluene)N (C6FS)2 as a function of
Mv. In both cases the optical density increases as the Mwv decreases.

Exanmol e 18 (I ncludes Post-Treatnent): Initially,
aa-bis(trifluoronethyl)bicyclo[2.2. | jhept-5-ene-2 -ethanol (160 g, 584
mmol ) and 1-hexene (49.1 g, 585 mmvl, 50 nol e percent based on the noles of
10 nonomer) al@saibregsdaicean varaRdne My phhamepokgaery made withipalladiumo | owed by

the addition i i I | phosphi ne)

di (acet at e) (%556‘9539%?%1*‘?*3&2?%‘%@@‘?‘%?Waﬁé"*@?@ﬁ%ﬂﬁi% met hyl ani | i ni um

t et r aki s( pent adttaktia(pentafinemphenpbbatie. Figu@SBshiows la)plot Dhiotical dénsite (OB) di | ut ed
with sufficient anisole to yield 2.5 Msolution of r. Then, this
mxture i s heARMSPrbaRceBistoR) YEFusshe %YJP horpap %W&%W{r{}‘)?%émpol yner is
preci pi tated YOS | 9N i ; : iRitated
pol ymer {as fi qug%gn lg(?lsg’%lral? aegllﬁlgﬁ&i?S' C i')r?hy)@ladgugé&?nh% e%.gpdl\?gi'yﬁtc ﬁg%p?gl yner .
is re-di ssol vélee Mw d20f2ases. of t ol uene. This solution is added to hexane to

precipitate the o]ly .. The solid is filtered and dried in a vacuum oven at
75'C.  The po&}Mﬁgﬁ?&m Gl ¢ _ d in 200 nL of nethanol and heated at
600C for 12 20 hOUﬁﬁtial@b&a%ﬂ(ﬁiﬂu@&rﬁéhyﬂwm{z. .'1&%;:{-5-%&2%%5(@'69@, 5

mcron, | mcron, .45 mcron,- 0.22 m<cron, and 0. 1 mcron filterS and then

t he pol ymer i §8pmaulpinddriegenaid8. vga58p mmdlj $& molgdercamtcbagded @the madesvefc uum
oo 1, 0 P e RS kFhty POER R s TR 3, vl
standard: Mv add@8es6100.0082 gofbillalim bidigicydiéhd¥MBhosphine) di(acetate) (0.012
mmol, Catalyst B) and 0.047 g N,N-dimethylanilinium tetrakis(pentafluoro-
phenylyborate (0.058 mmol). This mixture is diluted with sufficient anisole to yield
a 2.5 M solution of monomer. Then, this mixture is heated at 123°C for 66 hours.
15 Thereafter, the polymer is precipitated by pouring the reaction mixture into hexane.
The precipitated polymer is filtered and dried at 75°C in a vacuum oven. Next, the
polymer is re-dissolved in 200 mL of toluene. This solution is added to hexane to
precipitate the polymer. The solid is filtered and dried in a vacuum oven at 75°C.
The polymer is again re-dissolved in 200 mL of methanol and heated at 60°C for 12
20 hours. The solution is sequentially filtered through 5 micron, | micron, .45 micron,
0.22 micron, and 0.1 micron fiiters and then the polymer is precipitated into water,
filtered, and dried in a vacuum oven at 100°C. The isolated yield is 106 g (66%).
The polymer’s molecular weight is determined by GPC methods in THF using
poly(styrene) as a standard: Mw = 28,300; Mn = 11,300. The 'H NMR
25 (CDCI13/DMS0-dg) spectrum of the polymer exhibits resonances between about 5.3
and 4.9 ppm consistent with olefinic end groups.
Thereafter, a portion of the above polymer is reacted with acetic acid and
hydrogen peroxide to form epoxide and ring-opened epoxide end groups.
Specifically, approximately 94 g of the above polymer is dissolved in 310 g of

30 toluene. To this solution about 250 mL of glacial acetic acid and 125 mL of 15%
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25 (CDC13/ DMBO-d6) spectrum of the polymer exhibits resonances betwegqn aPajk
5.3 and 4.9 ppmconsistent with olefinic end groups. Thereafter, a portion
of the above polynmer is reacted with acetic acid and hydrogen peroxi de to
form epoxi de and ring-opened epoxide end groups. Specifically,
approximately 94 g of the above polyner is dissolved in 3 10 of 30

t ol uene. THOORPH!IZDH| uti on about 250 nL of glacial acetic adCdBAHISTIS ni of
15% 53 3 AUG 2006 WO 031050158 PCT/ 002/ 05795 hydrogen peroxide i s added.
This m xture is heated at 90'C for 1.5 hours. Then the mxture is allowed
to cool to roomtenperature. The top, organic phase is separated fromthe
aqueous phase and washed with deionized water to renove any residual acid.
5 Then the polynmer is precipitated fromthe organic |ayer using heptane. The
precipitated polymer is filtered and dried at 65*C under vacuum 75.7 g of
polymer is isolated. The 'H NNRé_ 13/ DMSO- d6) spectrum.of the poly
exhibits no rbydspgsicresoxide isaddeda fhinmixtuze ishgated of Pfenhs heweniheg ‘thﬁ the

absence of ole I r r f this
ol yrer 1 {1 adiiiiedt el O 88 1o T LOERRPE SRR ot oMb iR T o
(matrix assist &dmlthsequeomhqﬂmqoﬁndovashedmmﬂelﬁmgéﬁwm remecd argredidyal  Br uker

Reflex Il instrunment, reflectron and |inear node, positive ion spectra).
Interpretationa‘é‘#- these results are consistent 15 with the formation of a

pot yer i th an ehokhleRINRKER blechiith A HRRe Bkch MuiBRhGhe pESIROASR!  and

polymers with an en grou roma ring- rea n of

epoxi de end grmppmrhdhpdgmtrsfmercd ahddﬁerfaﬂéﬁ@umdanahcuacet?ﬂkgaf pairakr
functionality nor conponent. The same fractions are anal yzed by
negative ion M&Lﬁla‘e 'OF MB. The spectra obtained fromthis experinment are

also in good agr cenpy L PAMA IIDEHDNASORIGECRm biRe BHOKIcHL ARG Ny end -

groups on the polyner chains. In view of the above, anpl e 18 denonstrates
that the honoprssgnapeesdietvesh sbautiss) andrichernngdnsistept with i absence of olefinic
[] hept - 51-0ene- 2@%533?%' made using a pall adi um

The lower molecular weight portion of this polymer is fractionated by
preparative SEC and is analyzed by MALDI-TOF MS (matrix assisted laser
desorption time-of-flight mass spectrometry, Bruker Reflex III instrument, reflectron
and linear mode, positive ion spectra). Interpretation of these results are consistent

15 with the formation of a polymer with an epoxidized hexenyl end groups as the major
component and polymers with an end group derived from a ring-opening reaction of
the epoxide end group With acetic acid to form a vicinal acetate alcohol functionality
as a minor component. The same fractions are analyzed by negative ion MALDI-
TOF MS. The spectra obtained from this experiment are also in good agreement

20 with the presence of the epoxidized hexenyl end groups on the polymer chains.

In view of the above, Example 18 demonstrates that the homopolymer of
bis(trifluoromethyl)bicyclo{2.2.1]hept-5-ene-2-ethanol made using a palladium
catalyst and 1-hexene as a chain transfer agent contains hexenyl end groups that can
be reacted with acetic acid and hydrogen peroxide to form epoxide and ring-opened

25 epoxide end groups.

Example 19 (Post Treatment of Polvmer of Example 15):

Approximately 0.6 g of vinyl-terminated homopolymer of «,a-bis(trifluoro-
methyi)bicyclo{2.2.1]hept-5-ene-2-ethanol is dissolved in 1.8 g of toluene. To this
solution is added | mL of glacial acetic acid and 1 mL of 15% hydrogen peroxide.

30 This mixture is heated at 80°C for 1 hour. The aqueous and organic layers are
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catal yst and |-hexene as a chain transfer agent contains hexenyl end groug@
that can be reacted with acetic acid and hydrogen peroxide to forme’p‘ﬂ%? 6
and ring-opened 25 epoxide end groups. Exant)le 19 (Post Treatnent of

Pol vimer of Exanple 15): Approximately 0.6 g of vinyl-term nated honopol yner
of a, (x- bWEX¥G5f1580r o- net hyl ) bi cycl o(2.2. | ]hept-5-ene- 2PCHIBRASTISI s
dissolved in 1.8 a of toluene. To this solution is added I nL of glacial .
acetic acid and I m, of 15% hydrogen peroxide. 'o This mixture is heated
at 80" C for I hour. The aqueous and organic |layers are 54 3 AUG 2006 WO
03/ 050158. PCT/ | B02/0579'5 permtted to separate and then the aqueous | ayer
I's renoved. The organic layer is washed three times with 2 nL of de-ionized
wat er. After each wash, the aqueous |ayer is renoved. The resulting the
organi c phase is then poured into heptane (about 20 nL) and the resulting
pol ynmer is filpewiged trpdparate end than theagueanniapee is ramowsl. T helsgainleRerinal ysi s of

t he pol yner shg ' 4 he | nt.ensi of .the vinyl. resonangces are

substantial ly Wa\é\%’ ctg%. t'%%wﬂ}ﬁmﬁ?gﬁe'%'z(eﬁé”g% ‘i \‘??eﬁelr % s%aésg’ttﬁ%fq%ﬁouf he
polymer is cogqet Btrembvedi Hmei@nmagitlwhr?inié Plase 0kenlpAREd ind Miptarleqatbunat ed
honopol ynmer of ~a,a-bis(trifluoranethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol.
In view of th@Cade\aad theqasulting mbyngsiinlittered anddrded inrragcudmevesaittSteeaddment of

10 a vinyl-term . . . .

&bl SCr 11 R ARy ORE BONELsHws et e imensty of the Vimy FSORBREES 15 ng

pal | adi um bi sgistanciyity reptieed Phae A LD BORMS (@egativé idh Hpedirafifl the potyhemisum
t et raki s(pentaf | yor oph rtL | ) borate with ethylene as a chain transfer agent
With a  m xtuFeRsenour Brazon ofig CRYHAigErR Y ipydiesmiRpied hasrppesymes of he

gmf g;)n gg gmélga@ﬁyaor&ﬁah%mﬁ?&[ﬁé.1']@;59.9%.@%%%&&%' €20 (Post’ Treat ment
(err), a- bi s(trifl ubr vawtofiyie)aboeyrebwl{s2Eganifli ¢ tlerSomatrate? thet hastateatnmawropol ymer
(made i n accordance w.th the r@cess di scussed above in any one of Exanples
| to 6) %ont aPrih 'tTnﬁnab"ﬁ’rhoﬁ?%P M$f 850l ved in 309 g of tol uene. To this

a,o-bis(trifluoromethyl)bicyclof2.2.1]hept-5-ene-2-ethanol made using palladium

bis(tricyclophosphine) di(acetate) and N,N-dimethylanilinium

tetrakis(pentafluorophenyl)borate with ethylene as a chain transfer agent with a

mixture of acetic acid and hydrogen peroxide results in the formation of an epoxy-
15 terminated homopolymer.

Example 20 {Post Treatment Example):

93 g of a,a-bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol
homopolymer (made in accordance with the process discussed above in any one of
Examples 1 to 6) containing 1.4 ppm Pd is dissolved in 309 g of toluene. To this

20 solution is added 250 mL of glacial acetic acid and 125 mL of 15% hydrogen
peroxide. This mixture is then heated at 90°C for an hour. The mixture is then
permitted to cool to room temperature. The top, organic phase is separated from the
aqueous phase and washed with deionized water to remove any residual acid. Then
the polymer is precipitated from the organic layer using heptane. Thereafter, the

25 precipitated polymer is filtered and dried at 65°C under vacuum. 75.7 g of polymer
is isolated. The level of Pd in the treated polymer is determined to be less than 0.20
ppm which is the detection limit of analytical method used. The palladium level is
detected using inductively coupled plasma-optical emission spectroscopy after the
polymer samples are digested in a closed vessel microwave system with reverse aqua

30 regia.
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20 solution is added 250 nL of glacial acetic acid and 125 nL of 15%, ,uc 2006
hydr ogen peroxide. This m xture is then heated at 90' C for an hour. %ﬁe
mxture is then pernitted to cool to roomtenperature. The top, organic
phase is gap@abRd fromthe aqueous phase and washed mﬁt ?F S wat er
to renove any re5|dual acid. Then the polymer is precipitate ron1the
organi c | ayer using heptane. Thereafter, the 25 precipitated polyner is
filtered and dried at 65' C under vacuum 75.7 g of polynmer is isolated. The
level of I'd in the treated polynmer is determned to be |less than 0.20 ppm
which is the detection limt of analytical method used. The palladium |l evel
Is detected using inductively coupled plasma-optical em ssion spectroscopy
after the polynmer sanples are digested in a closed vessel mcrowave system

with reverse aqua F’?gurég%h@wscggtl%tﬁ%ﬁgpgser ﬂpfyng)o yﬁ_’e{gg) /IBOZ/ 05795

Figure 5 shows the 't a series o

bis(trifluor orms(hmmmm@thyfﬁnéycm[z.]l h]}mpt-ﬁ-eme-eﬂraﬂdvlhbmdnhv& bezh t:l&aneé vhehen
treated with acetic¢, acjd and hgdr@gen per oxi de accor di ng tﬁg t he above
procedur e havecgic aihddhudrogen perexide Accorsiing, iorthe pROVE RERCEAS ARV yners that

have not been ﬁuﬁm&i;g%&& Cﬁ)gHﬁ %e%h&@%&m%@ﬁgﬁa%%at% %ee deedng! |y,

Figure 5 shows that uhexpectedly even wth ow nol e uI ar wei ght
yield a §ow opsucfcaposﬂ-emaﬂmeylt piotess. BdditignablysFiguterSeshibwd thanumxpestedipeeenni t h t he

process of Exanpl e 20. st trea mant ordan w th th rocess of
Exanpl e 20 or P?’PVén%f fip a B‘ﬁélfmetcr” W'@@ VPt dﬁnsb%labﬁ@?éa sition
made i n accor daaes ihddrdahes W;Lpth@rpgﬁ;@ﬂtoflmm{;klzgn al so reduces the residual
amount of catal yst (including netal resent in the pol yner product.

Exanpl e 21 ( Sat ur atPogitregtmemidn @Ceﬁpﬂwlﬁghﬂymg@@fﬁwmnbi 20mpthentherat el y 3 g

f bi f h I
e sy, o FELEHEOTE bR AR BB TR, R e Gre R SRR T e o

agent i s di ss@kasest 1h1?bnlﬁi'ﬁﬂ Bikb esdices herchideal aln gt ofichalysr GRding Hiktal)
(tricycl ohexyl phosphi ne) (1, 5-cycl ooct adi ene) (pyridine)iridiunm(l) hexafl uoro-
phosphat e and PHRsRtdn mgﬂ"’%‘Fb hydrogen. After 5 days, 0.0084 g of

addi ti onal Example 21 {Saturation of End Group Using Hydrogenation):
Approximately 3 g of a a,a:bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-

ethanol homopolymer made using a Pd catalyst in the presence of 1-hexene as a

15 chain transfer agent is dissolved in methylene chloride along with 0.0097 g of
(tricyclohexylphosphine)(1,5-cyclooctadiene)(pyridine)iridium(I) hexafluoro-
phosphate and placed under 90 psig hydrogen. After S days, 0.0084 g of additional
iridium complex is added and the reaction mixture is placed under 90 psig hydrogen
for one more day. Then 0.0078 g of additional iridium complex is added and the

20 mixture is stirred under 90 psig hydrogen for S more days. The reaction solvent is
removed on a rotoevaporator. The remaining solid is dissolved in methanol and then
precipitated into water. The polymer is collected by filtration and dried in a vacuum
oven overnight. The yield is 2.2 g. The polymer’s molecular weight is determined
by GPC methods in THF using poly(styrene) as a standard: Mw = 10,800; Mn =

25 4,740. Analysis of the "H NMR spectrum of the polymer before and after
hydrogenation shows that the ofefinic end groups are 75% hydrogenated after being
treated in accordance with the above method. The optical density of the polymer at
193 nm after treatment in accordance with this example is determined to be 0.23
absorbance units/micron. This represents more than a 33% decrease in optical

30 density compared to an unhydrogenated polymer of the same molecular weight (the
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iridiumconplex is added and the reaction m xture is placed under 90 32@({9 006
hydrogen for one nore day. Then 0.0078 g of additional iridium conpl 3
added and the 20 m xture is stirred under 90 psig hydrogen for 5 nore days.
The reaction solvent is renpoved on a rotoevaporator. The remaining solid is
di ssol vedwiooamsetsdnol and then precipitated into water. TRET/RIZINES |S
collected by filtration and dried in a vacuum oven overnight. The yield is
2.2 g. The polyner's nolecular weight is determined by GPC nethods in THF
usi ng poly(styrene) as a standard: Mw = 10,800; M 25 4,740. Analysis of the
1H NMR spectrum of the polyner before and after hydrogenati on shows that
the olefinic end groups are 75% hydrogenated after being treated in
accordance with the above nethod. The optical density of the polyner at 193
nm after treatnment in accordance with this exanple is determned to be 0.23
absor bance unidpsitatidensity.of e unhydiogerstat ol ymere f theasame haadstlatemigmsasi n

optical 30 densj Sy conpared to an unhydrogenated pol yner of the sane

nol ecul ar wei 3]141 (the 56 3 AUG 2006 WO 03/050158 PCTIrBO2/ 0579 -N opti cal

density of the unhygnegriatfehRAokyeehadlydidiendRiRiaRbREM AN PRIt Was
0,31). Exanple 21 denonstrates that hg.d(rqgenatl on of an olefinic end group
1s(tr1

appended to a appensiedto/aeemerfolymer of a,a- uoromethyl)bicyclo[2.2.1]hept-5-ene-2-

(err),a-bis(trifluoromethyl)bicycl Ql.2.2. 1] hept -.5-ene-2- 5.et hanagl nade using

Lopa cat 8l yst ind TRAEaE A Gy R b AR o TR e Bl

resulted in aa?@it)té@[te&\intdbcﬂ{rh%ﬁh 8 Povict abtiche A&isicy a0193188. nm  Exanpl e 22: . A
0

honmopol yr ner c~a-bis(trifluoronethyl)bicyclo[2.2. |I]hept-5-ene-2- ethanol
made usi ng palBxanipled?i s(tricycl ophosphi ne) di (acetate), Catalyst B, and 10

N, N~di net hyl'ani i niu raki s(eneng.af .y . t£ - amady_hONOpOl yer
matde'g in accor danceAwﬁ%rﬁWrr%ﬁ)ggﬁ 61?{# lg'?c{arg'gg@? Mﬂi")szp‘glg@s%}]\i}gpd% e 13 and
Drl\]/BO d6. The ethdndiVihdensdigrpaitadias tigeiycephoaphiae)Rii(dkenteh Whtdiidz B| red r unent .
The sanme proces

((err)6fol ueﬁ‘é}s‘ﬁ\éiﬁ@%&%ﬁnﬁ%];%{akgéi%ﬁﬁﬁ%l?%ﬁb#‘éléfg(%i&q 2OROPRRAEE wi t h
Eﬁgg?' 25 51t7§ g.ﬁagngglngco_lilgﬁggé A ExBmPRP % 6 abd\R) KididVRe8 REEDTH| anki BNISB- T T OM
ds. The '"H NMR spectrum was recorded on a Bruker 500 MHz instrument.
The same process is repeated for a polymer-rnade using (n°-toluene)Ni(CeFs),
(e.g., 2 homopolymer made in accordance with Examples 17a to 17¢).
15 Figure 6 depicts the 'H NMR spectral region from about 4.5 to 7.0 ppm. The
large, broad resonance above 6 ppm is assigned to the hydroxylic proton of the —
CH,C(CF;),0H pendant group on
a,o-bis(trifluoromethyl)bicycio[2.2.11hept-5-ene-2-ethanol. The smaller broad
resonances between about 4.6 and 6 ppm are assigned to olefinic end groups of the
20 polymer. Note that after peracetic acid treatment, these olefinic end group
resonances are substantiaily reduced in both polymers made using a palladium and
nickel catalyst. This is consistent with transformation of such end groups into
saturated epoxides or vicinal acetate alcohol end groups.
Thus, Example 22 demonstrates that the post-treatment of a polycyclic
25 polymer made using both a palladium catalyst or a nickel catalyst results in a
substantial reduction in the presence of olefinic end groups on the polymer.
Exampie 23:
Initially, a,a-bis(trifluoromethyl)bicyclo[2.2. 1 Thept-S-ene-2-ethanol (26.9 g,
98.2 mmaol), a t-butylester of S-norbornene carboxylic acid (8.16 g, 42.1 mmol) and

30 I-hexene (21.9 g, 261 mmol, 65 mole percent based on the moles of monomer), and
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| arge, broad resonance above 6 pprn is assigned to the hydroxylic protgh Qs
the - CH2C(CF3) 20H pendant group on
(err),a-bis(trifluoronmethyl)bicyclo[?2.2.1] hept-5-ene-2-ethanol. The snaller
broad resonances between about 4.6 and 6 ppmare assigned to olefinic end
groups of MAhBU588 50| yrer. Note that after peracetic aci d RGEHRIFNS these
ol efinic end group resonances are substantially reduced in both polyners
made using a palladiumand nickel catalyst. This is consistent with
transformati on of such end groups into saturated epoxides or vicinal
acetate al cohol end groups, Thus, Exanple 22 denonstrates that the
post-treatnent of a polycyclic 25 polynmer nmade using both a pall adi um
catal yst or a nickel catalyst results in a substantial reduction in the

D orect o1t Ui B pPus hRBesheny Hordtn s S0 cHicae  bL 4,44P ) %y, 08, 2
mol), at- buwélgﬁédearnd%m%m@@'imgﬁsgewaafﬂn@wiuh& A bBird & tgougi#u&tdnm') and

30 1- hexene % nol e percent based on the nol es of
monomner ), and 7eAL. Dy ARG B omsaﬂlmkjsoﬁltlmfﬂaﬁ)m’ 9aisladiutrhi um

t etraki t af.l : t 140 I

wel ghed and caTEF RLBOPFIPBRaNED B e O D3Rl AERu e R 4 75 brought up
to 70 nk by tdwsomgltﬂeh%p@#edam 38/ am;ua{ £6 1159 kM GNis Afd 10 HedabdvOf

pal I adi um bis(tricycl ohexyl phosphi ne) (acetate mol , Cat al yst B)

in4nm of 5 anemeé apg 1thaxenemissg. cthis mugur& lmea%lemdﬁt%?%fnrﬁﬁuf@uml ution

is added to t mer d S xtur is then
heat ed at 95* ?'%’2‘ eorﬁ?cglon ]r'eelgftgg? arldhcg]ufeéi%iﬁ?% Fﬁ tUre ishgool ed and
di luted W th ZQiytheraf thepreeip@rated be ponﬂﬁi@/tﬁ?featt%rixhﬁdﬁ,lrélirﬁ6h§ptirﬁt(3(100@! pouri ng
the reaction mxture into heptane (- . The preci pltated g)ol ymer is’
filtered and dPLdeheﬂﬁ%C'lé'@FﬁﬁMf@ﬁ{ 1§/ﬁ’é¢"ﬁ%a"!ld3dr@dg The gopwraign Yigldg €3 -6tghe

pol yrer 65 d| Yed in 140 nL of toluene and 5 nL of THF. To thls sol ution
IS addeél n1_ of acetic acid, 25 nL of hydrogen peroxide (30%in water),
and 25 nL of dei onihkad thwapcéymerThdlsmlxetduneMOmLsaﬁtquemb:IndrS iLhdTHFatTabout

this solution is added 50 mL of acetic acid, 25 mL of hydrogen peroxide (30% in
water), and 25 mL of deionized water. The mixturé is stirred for 1 hour at about
85°C. The mixture is cooled and the organic layer is separated and washed four
15 times with deionized water. The polymer is precipitated into heptane.
The polymer’s molecular weight is determined by GPC methods in THF
using poly(styrene) as a standard: Mw = 9,750, Mn = 5,150, Mw/Mn = 1.89. 3¢
NMR analysis in DMSO-dg shows that the copolymer consists of 60% a,a-
bis(trifluoromethyl)bicyclof2.2.1]hept-3-ene-2-ethanol and 40% t-butylester of 5-
20 norbornene carboxylic acid. There is no evidence of deprotection of the acid labile
monomer. |
Thus, the process of Example 23 demonstrates that the methods of
polymerization in accordance with the present invention and the post-polymerization
peracetic acid treatment do not result in a substantial deprotection of the acid labile
25 pendant group.
Example 24:
Initially, o,a-bis(trifluoromethyl)bicyclo{2.2.1]hept-5-ene-2-ethanol (121.2 g,
0.442 mol), t-butylester of S-norbornene carboxylic acid (28.6 g, 0.147 mol) and |-
hexene (29.7 g, 0.354 mol, 38 mol percent on monomer), and lithium

30 tetrakis(pentafluorophenyl)borate » 2.5 etherate (12 mL of a 0.05 M solution in
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85'C. The mxture is cooled and the organic Iayer is separated and “@imﬂﬁmm
four 15 tines with deionized water. The polyner is precipitated into
heptane. The pol yner's nol ecul ar wei ght is deternlned by GPC net hods in THF
usi ng poly(styrene) as a standard: Mw = 9, 750, Mh 5,150, MW WMh = 1.89. "C
NVR anal yWPH3IOFIBRB0O- d6 shows that the copol ymer con5|stslﬁﬂwﬁ@@@é@E

bi s(trifluoronethyl)bicyclo[?2.2.1] hept-5-ene-2-ethanot and 40%t - butyl ester
of 5 20 norbornene carboxylic acid. There is no evidence of deprotection of
the acid labile nononer. Thus, the process of Exanple 23 denonstrates that
the nethods of polynerization in accordance with the present invention and
t he post-pol ynerization peracetic acid treatnent do not result in a
substanti al deprotection of the acid labile 25 pendant group. Exanple 24:
Initially, cxa- bls(trlfluoronethyl)blcyclon 2. 1] hept - 5- ene- 2-et hanol (121.2
g, 0.442 noi )anlswlﬁmj?@ﬂﬁéaq piregyeighid ond sombined g Blassyialc Nexh anisole (89Q;, 0. 147

nol ) and | , | and
i t%n um 30 tePﬂé %@ﬁ ‘&?”&8%@@@‘}3 b“!\o['w}l@dm}I E‘Q@r%ﬁ) ﬁ'jﬂ?%@r{) of a 0.05
M solution i ndt(ﬁc&ta%e)ébﬁtn&@@ﬁ mm@f@:&/amswwaomﬁwmaa&b& CatdBst Bisadd®) t0o0. 0006

nol ) are weighed and cqonbined.in a %S vial. Next, anisole (3 )90 nl) is
added to the tEJERGHIGH MHXWFe, s w%qeusd mhﬁaéquqtt%' "Ever #hbous-- aetiane)

di (acet af e) - sgli A0 ofchéh i Bln BoueLAIFuI S UL ATl VIO Bl ks grat al vt B)

i s adde reaction m xtu m xture 1s eate at 95 'C for
20 hours. Thehelaatet iThw pTecipitatelis thendileod|aed deindlutdee vapour &d 5PCopRkiegdeldnt 0 a:
four-fold volu S of heptane. The precipitate is then filtered and
dried under véﬁcmg& 5 'C. The yield is 72.3 g (48%. - ---

---------- "the polrydpsly, 1'n§r ik e dsoned moieom Mafdarad: fpat soleraitghﬁo C

over]nl ght. Next, the solution is cooled and then sequentially passed
through a 0. 4Nex1t, ﬁerﬁoaltlonzszoom agd thentsequentidly passaddhoongh & Dtdér theTrd®. 3301 yner

I's pr eC&UD itatg d E%n ‘Bcl' micfon f’il?er.w%he polym@r is precipitated by addition to water. The
polymer is filtered and dried under vacuum at 60 °C overnight.
Approximately 20 g of the polymer is dissolved in toluene {140 g). To this
solution is added glacial acetic acid (50 g) and hydr;)gen peroxide (25 g, 30 weight
percent) diluted in water (25 g). The two phase mixture is stirred and heated at 85
15 °C for one hour. The mixture is cooled and the organic layer is separated and
washed three times with water. The organic layer ts poured dropwise into heptane to
precipitate the polymer. The polymer is filtered and dried under vacuum.
The polymer’s molecular weight is determined by GPC methods in THF
using poly(styrene) as a standard: Mw = 30,200, Mn = 15,100, Mw/Mn = 2.00. Be
20 NMR analysis in DMSO-dg shows that the copolymer consisted of 62% o,a-
bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol and 38% t-butylester of 5-
norbornene carboxylic acid. There is no evidence of deprotection of the acid labile
monomer.
Prior to peracetic acid treatment, it is determined that the polymer contains
25 161 ppm patladium and the optical density at 193 nm is 0.27 absorption
units/micron. After peracetic acid treatment, the polymer contains 27 ppm palladium
and the optical density at 193 nm is 0.12 absorption units/micron. The level of
palladium in the polymer is determined using the method discussed above in

Example 20.
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polymer is filtered and dried under vacuumat 60 ' C overnight. Approximat &y
20 g of the polyner is dissol ved in toluene (140 g). To this solutlon 'S
added gl acial acetic acid (50 g) and hydrogen peroxide (25 g, 30 melght

percent) %%&ti‘g‘gﬁénf water (25 g). The two phase mixture is ﬁ’ﬁﬂrﬁ’
or

heat ed at one hour. The m xture is cool ed and e orgam c | ayer
Is separated and washed three times with water. The organic |ayer is poured
dropwi se into heptane to precipitate the polyner. The polyner is filtered
and dried under vacuum The polyner's nolecular weight is determ ned by GPC
met hods in THF using poly(styrene) as a standard:

Mn=30, 200, Mh=I 5,1 00, MW Mh=2. 00. "C 20 NWR analysis in DMSO d6 shows t hat
the copol yner consisted of 62%a, a

o L1111 o et i ol e S AT B SP A 5

of 5- norbornene carBoxyli

the acid | abi | gis(tfidaomethybitilo][2 Q. INREpaS &k -cidnd! ArdaebutiBdter Jft5- 1 S
determ ned that the polynmer contains 25 161 ppm pal |l adium and the opti cal

density at 193nqihemenecapxylisanihtapproximately 7Ri30 maniar cempsopitiperaseetivelyci d
treat ment, thelo%tatﬂ?{)?tgcgﬂie?{htﬂ??c%ssB%%a‘a%c&l@&w’qelgquaﬁga ﬁrﬁa‘rhﬂ ”S' ty at

193 nmis O bsor m cron rumin

pol ymer s det the watakyst sgmiemg)ftﬂeq:rmhhademibﬁant‘sﬂ;eqboaiqmmm:ﬂzan&(pm)d:wczo 59 3
AUG 2006 WO 031 50158 PCT/ MD2/ 05795 Fi gure 6 cong#&rrs ﬁhat t he pera etlc
aci d treat ment2%f readpen resentinyentign dp np UbstaRtiAly ey t)%ﬁaretpetF

| hept - 5- ene- 2- = ylic aC|d
(approxi matel y ?%B%%PH%%%%Eﬁﬁmggé%%%F\%W%fﬁﬁé&gﬁt he opti cal
density acr ossacaomdasdvitiothe prebent ivenigdit. Examgte 24 alddshommthal peracetls acie

catal yst system of the present inyenti and e post rrerl tion '
peracetic acﬁ&eagrpfe'ﬁt“?‘%ﬁ? '@Pw?frrss'glﬁ’g Q%IQ%%@WSEOE{&&E&R grﬂ"? ally
result ijp deprpimgile ot of any acid labile pendant group whi ch may be
present in a polyner made in accordance with the present invention. Exanple

24 al so shows that Ipsialy.eng b!S@@ﬂuorom@aDhiﬁmb[ﬁe?sUh@@-ﬁ-wer?owéanqléb3 flgal
pal I adi um and $pWel Rk $ily1dRPSH §-¥oBbmitnScdbdRylic acid (9.7 g, 50 mmol, 20 mol

percent on monomer) are weighed.and combined in a glass vial. To this solution is
added 96 mL of toluene. A solution of 0.97 g of (n-toluene)Ni(CsFs), in 8.73 g of

15 toluene is added to the above mixture. This mixture is then stirred at room
temperature for 4 hours. The residual monomer present in the untreated polymer
produced by the above reaction is determined by gas chromatography and the nickel
level is determined by inductively coupled plasma-optical emission spectroscopy
(ICP-OES).

20 A portion of the polymer solution (10 g) is then treated with 15 g of IRC-718
ion exchange resin by stirring the solution for 24 hours. The solution s filtered and
the filtrate treated with 5 g Amberlyst 15 ion exchange resin by stirring the solution
18 hours. The ion exchange resin is removed by filtration. Then the polymer is
precipitated by pouring the reaction mixture into heptane. The precipitated polymer

25 is filtered and dried at 65 °C in a vacuum oven overnight. The optical density of the
ion exchanged and precipitated polymer is determined as follows. A 20 weight
percent solution of the polymer in propylene glycol methylether acetate (PGMEA) is
dispensed onto a | inch quartz wafer through a 0.2 micron Teflon syringe filter and
spun at 500 rpm for 10 sec and 2000 rpm for 60 sec. The wafers are then baked for

30 60 sec at 130 °C.
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10 Exanple 25: Initially, a,a-bis(trifluoromethyf)bicyclof?2.2.

|| hept-5-ene-2-etfianol (13.6 g, 50 mmol) and t-butylester of 5- nor baHEREM6
carboxylic acid (9.7 g, 50 nmmol, 20 nol percent on nononer) are wei ghed. and
conbined in a glass vial. To this solution is added 96 nL of toluene. A

sol uti on wb 0B/0aisg of (Tl 6_toluene)Ni (C6Fs)2 in 8.73 g ofPCHIBOL/OFM¥EBNE S
added to the above m xture. This mxture is then stirred at roomtenperature
for 4 hours. The residual nononer present in the untreated pol yner produced
by the above reaction is determ ned by gas chronmatography and the nickel

| evel is determ ned by inductively coupled plasma-optical em ssion
spectroscopy (ICP-CES). 20 A portion of the polynmer solution (10 g) is then
treated with 15 g of IRC-718 ion exchange resin by stiffing the solution
for 24 hours. The solution is filtered and the filtrate treated with 5 g
Anber | yst 15 ion efh&aaptipal abseaiband:ryissteiaxurédﬂg 9B amswsing 4 Gary 408 ShauU¥-Vihe i on

exchange resin is renoved rati hen t he recipitated
by pouring t h&Ps*EARRAYRERR: x t e ﬁ@ﬁf&ﬂ%ﬂeﬂ?@s‘&%ﬁ I?ﬁ?;?‘g lymer 25 is

filtered and @rimsnabr &R e ﬂlﬂls%ré’ﬁ%kﬁdmml{%ﬁte&‘i'@ér&hgIaFthe-ﬁTﬂ iofehcal density
of the ion exchanged and precipitated poly is determned as follows. A

20 wei ght perdeslated by dividing tie abbabarsk pynthe thnkmsaﬁryllnen@ng)l ycol net hyl et her
acetate (PGQVEA) is..,.dis

m cron Teflon syri EB%reﬁD(ﬁQiegﬁ%a e%é’ﬁgﬁléégsc‘ﬁﬁg%?%%lﬂ %ggoxé’ﬂﬁt 8’0%5 rpm

for 60 sec. TBef ﬁ{eﬁscﬂﬁﬁb E%!?oﬂﬂiﬁ&fﬂxrﬁs)g ofgac@pac%@@a@& add2Pg 30 3 AUG
2006 WD 0310501- PCT/ | B0O2 579-5 The optical absorbance |s nmeasur ed at

193 nm usi ng hydl:age}n P@D@Clgt@ﬁawd\?h@emsHédﬁtmwmgtsd?mteéﬂt SorifefarBihokress of the

filnms are rrea EPQHQ f f e fil re._scored.
The opti cal n5| &%1% T s tgr{ cal cpelr‘nét ed eucb °‘g8f"ﬁ EIS
absor bance by séﬁaﬁtécl'ﬂrtﬂk umuéaua piiagz! mm@extxﬁct’lanqarbaﬁhreqé rdphﬂedlﬂith eatged
polymer is treated as fall Ta approxi mately nmer. sol uti on,

appr oxi Wat el yghasiafacgtic @‘F‘ﬁ’rﬁsaﬂ deipmzsdovater anddad Q@“@h)(ﬁg"fgi?%at B ofe dfeh per oxi de
are added theggi0andlikswith Wattr o tetndve 3hF fbsbialWid. THeEsidual BidhSmer in the

peracetic acid treated polymer is measured by GC. The polymer is precipitated by
pouring the reaction mixture into methanol. Therea-fter, the precipitated polymer is
filtered and dried at 70 °C in a vacuum oven. The optical density of the peracetic
15 acid-treated and precipitated polymer is measured as described above. The residual
nickel in the peracetic acid-treated and precipitated polymer is measured via [CP-
QES. See Table 5 below for the results.
As can be seen from Table 5, the data shows that preacetic acid treated
polymer contains a significantly lower concentration of residual monomer, a lower
20 concentration of residual nickel, and exhibits a lower optical density at 193 nm.
Additionally, the data shows that the treatment with perabetic acid does not
deprotect the acid labile group. The composition of both the ion exchange resin-
treated and the peracetic acid-treated polymers are essentiaily identical as determined
by "C NMR. The ion exchange resin-treated polymer contains 43 mole percent a,a-
25 bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol and 57 mole percent t-
butylester of 5-norbornene carboxylic acid. The peracetic acid-treated polymer
contains 45 mole percent o,a-bis(trifluoromethyl}-bicyclo[2.2.1]hept-5-ene-2-ethanol

and 55 mole percent t-butylester of 5-norbornene carboxylic acid.
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Then the mxture is allowed to cool to roomtenperature. The top, Or%afﬁ(?zoos
phase is separated fromthe agqueous phase. This extraction procedure is
repeated with 25 g 10 glacial acetic acid, 25 g deionized water and 12.5 g
tetrahydrgju n 60 'C for | hour, and then with water G Ny

resi dual 8‘%%"ﬁé resi dual nonomer in the peracetic aci é@@i% pol yner
is measured by GC. The polyner is precipitated by pouring the reaction
m xture into nethanol. Thereafter, the precipitated polyner is filtered and
dried at 70 'C in a vacuum oven. The optical density of the peracetic 15
acid-treated and precipitated polyner is neasured as described above. The
residual nickel in the peracetic acid-treated and precipitated polyner is
nmeasured via | CP- CES. See Table 5 below for the results. As can be seen
from Table 5, the data shows that preacetic acid treated polyner contains a
significantly | ower concentration of residual nononer, a |lower 20
concentration of residual nickel, apgpexbits a lower optical density at
193 nm Additionally, the data shows fhat the treatnent wt
does not epTotiwett tHe Rehidial ab) | eregialp. [ TH¥tigbnpsiM¥on| ofMivot

exchange riesin- treatgd gpgd.dhe peraggli c acmjm ed polyners
essentialljy identical |[as determphed by 13 C N he i on exchang

resin-trealt ed pol yner |d8rf st hehids rﬁﬁ?f“é’“ﬁerce"r‘lﬂ%é‘;“a 25
bi s(triflupromethyi) bijcyuimefsid. | kélipblyher ein@bZmiaddyanol and
t- butyl esger of 5-noribornene cafbo SJEJ)C aci d. The jperacet
pol ymer ciontains 45 nole percent a oL bisl(trifluoriopethvi
] hept - 5- enje- 2Uetrdamiol | andi435 nol e pdtent| t - but yl est er- of
car boxylic id—61-3 ANJG-2006—N L
Treat nent [RelSP §8@F 8Resi dual™ Opt i [al Mh [Co iti| Whoner!/RAEKel Piéngitty
on (Wt % aadBreﬂpuatez(ppm on a at{ 193 nin (13c pol yimer bas|s) solid polj
(abs/ ni cr oM s VRE A RE diboFat et A 5 0380 - -
Treated
Peracetic Acid - less than 1 0.192 30,000 18,900 45:55

Treated and

Precipitated

In view of the above data, this example demonstrates that peracetic acid
5 treatment results in substantial reduction in optical density, residual metals and
residual monomer.
Example 26:
Initially, o,a-bis(trifluoromethyl)bicyclo{2.2.1]hept-5-ene-2-ethanol (1.37 g,
5.0 nimol) and 0.04 g of cyclopentene (0.56 mol) are weighed and combined in a
10 glass vial along with enough anisole to make a 1.5 M solution of monomer. In a
separate vial are combined 100 uL of an anisole solution (4 mL) cdhtaining 0.0022 ¢
of allylpalladium(trinaphthylphosphine) triflate and 100 gL of an anisole solution (4
mL) containing 0.0174 g of lithium tetrakis(pentafluorophenyl)borate 2.5 etherate.
This mixture is added to the monomer solution and heated at 80°C for 18 hours. The
15 solution is poured into heptane to precipitate the polymer which is then filtered and
dried under vacuum at 70°C. The yield is 0.67 g (49% conversion). The polymer’s
molecular weight is determined by GPC methods in THF using poly(styrene) as a
standard: Mw = 90,600, Mn = 38,000, Mw/Mn = 2.38.
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| on Exchange --- 38 0.227 29,700 17,900 43:57 and Precipitated Perag‘e‘tUiGc200
Acid less than 0.01 - --- ---- - --- Treated Peracetic Acid ---- |es§"than 61
0. 192 30,000 18,900 45:55 Treated and Precipitated In view of the above

dat a, th{,@ @@gggse denonstrates that peracetic acid 5 tregiypbosasults in
substantial reduction in optical density, residual nmetals and residual

nmononmer. Exanple 26: Initially,

aa-bis(trifluoronethyl)bicyclo[2.2.1] hept-5-ene-2-ethanol (1.37 g, 5.0
mol ) and 0.04 g of cyclopentene (0.56 nol) are weighed and conbined in a 10
gl ass vial along with enough anisole to make a 1.5 M solution of nononer. In
a separate vial are conbined 100 (err)L of an anisole solution (4 nl)
containing 0.0022 g of allylpalladiun(trinaphthyl phosphine) triflate and

100 PL of an ani sotgiss.;ggrﬁf,lia%;&ﬁ hdiko o‘lé%@r raig 0.0174 a. of lithium
tetraki s(pentafl uorophenyl ) borate - ZD etherate. This mxture is added to

t he mononer sbis{itifleeromathyhbisydd{2:2. 118eptes-ema-2-ehaholuwith a Tareowt Bolydispeisep. i s
poured into hggt aaegkp precipitate the polymer which is then filtered and
dri ed under v > 70(err)C. The yield is 0.67 g (491/0 conversion). The

pol yner's nol ecul mitidRi Q,Btbig'(&ifﬁ@hﬁﬁmﬂﬁ%ﬁm[@Qgﬁa;tdsoaﬁd-&hml 1.83igng
poly(styrene) as a standard: Mv = 90,600, Mnh = 38,000, MV Mh = 2.38. 62 3
AUG 2006 WO D8munol) asd0pEr afERtopanrnes2.Tine) acargighedyind cambiash ondglisy mer  of

a,a bis(trifl l.cycl : hents 5- ener 2- et hanol w th arro
pol y d: 2}(:)er !si t\;’iglr ﬁ@%béﬁ’%%%kﬁtém%eSHS wr SRRk FritabRler. Yo sepﬁ-ape w .
aa- bi s(trifl ueikignrs prepartd COE LD bParankidlepdutfore(2emE) eddtamal 00013 gf, 5 5.0

mol ) and 0. 15 ofﬂ;alcl opentene (2.1 nol) are weighed and conbined in a
gl ass vi‘dl"’aq:@hg's‘vﬁ Hifbile BE ghanisaiesaleiongRdnl) containng 810089 59T dF . Nnononer .

In separate dimethylanilinium tetrakis(pentafluorophenyl)borate. These mixtures are added to

10 the monomer solution and heated at 80 °C for 18 hours. The resulting solution is
poured into 300 mL of heptane to precipitate the polymer which is then filtered and
dried under vacuum at 70°C. The yield is 0.60 g (44%).

The polymer’s molecular weight is determined by GPC methods in THF
using poly(styrene) as a standard: Mw = 108,000 Mn = 45,800 Mw/Mn = 2.35.

15 This example shows that the homopolymerization of a,a-
bis(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol using Catalyst E yields a
polymer with menomodal polydispersity.

Example 28:
Initially, o,a-bis(trifluoromethyl)bicyclo{2.2.1]hept-5-ene-2-ethanol (1.37 g,

20 5.0 mmol) and 0.15 g of cyclopentene (2.1 mol) are weighed and combined along
with enough anisole to make a 1.5 M solution of monomer. In separate vials are
prepared 100 pL of an anisole solution (2 mL) containing 0.0015 g of Catalyst F and
100 L of an anisole solution (2 mL) containing 0.0080 g of N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate. These mixtures are added to the monomer

25 solution and heated at 80 °C for 18 hours. The resulting solution is poured into 300
mL of heptane to precipitate the polymer which is then fiitered and dried under
vacuum at 70 °C. The yield is .01 g (74%).

The polymer’s molecular weight is determined by GPC methods in THF
using poly(styrene) as a standard: Mw = 53,400 Mn = 20,300 Mw/Mn = 2.63.



vials are prepared 100 (err)L of an anisole solution (2 niL) containing 0. 00
17 g of Catalyst E and 100 gL of an anisoie solution (2 nL) contai ni hjUG 2006
0.0080 g of N, N- dinethylaniliniumtetrakis(pentafluorophenyl)borate. These
m xtures are added to 10 the nononer solution and heated at 80 'C for 18
hours. ThEOWB&¥Png solution is poured into 300 nL of heptANEOFB793
precipitate the polynmer which is then filtered and dried under vacuum at
70'C. The yield is 0.60 g (44% . The polyner's nol ecul ar weight is '
determ ned by GPC methods in TH. F using poly(styrene) as a standard: Mw =
108, 000 Mh = 45,800 MW Mh = 2.35. 15 This exanple shows that the
honmopol yneri zation of a,a

bi s(trifluoromethyl)bicyclo[2.2.1] hept-5-ene-2-ethanol using Catal yst E

ields a olymer with nodal polvydi spersity.. .Exanple 28: .Initially,

)alt, a-bis(tr !Of I ﬁor onﬁ %eﬁe%in[gﬁ/E&%P’?gﬁ%]‘ﬁgﬁ?@fﬁ%‘éﬁ'deé'ttrr’ﬁﬁr%'l’m't thez7 g, )2/0 5.0
nmol ) and 0. BSlysiefibation@fOREbE RBR dfZhclatBRE InciotherLit Gblegvay thvegiddlyfted al ong
wi th enough anisole to make a 1.5 M solution of nonomer. 1n separate vials

are prepar edcargentatioss, vt lenermslieg swlasivebrhigh degrye efomelsrvipngeighno15 g of
Catal yst F angl t]o(i’o gL of an anisole solution (2 nL) containing 0.0080 g of
NN- di et hyl ant?1"um  tetraki s(pent af | uor ophenyl ) borate. These m xtures are

added t@ the nononHdiZionsldl, dié enherdutiadptidaiibsS®ande dt 057 A8 AAQUDS nmlbe
resulting solution is poured into '300 nL of heptane to precipitate the

pol ynmer whi chthedlupriased polyeyclig pahyineas made inrigeordancgctitinibatprepentinyenting, yiel d

is 1.0 1 g (74%9.. r. 1S I i L r.m C )
met hods in Tl-éégeu%o;[ gerggkfié §F ?ﬁé)%gggﬁs:fogp%n%ghg?oﬁﬁiﬁiwSl}g-gn%1520, 300
MvV Mh = 2- 63. nmG@deBUAUGh2E@hy pOcdis/ BHNEnoBwihinZlBG2 /bourdto3nk Bngeisdey! , the
catal yst systens_ of the present .invention permt the EDl yneri zation of one
or more of t hBugsiad WBH@%?@ belieyed|te pe sl sytpddar such dehogeaphy Prrgesses ons,

while pgrm tt&%ﬁo%éﬁhﬂ@d‘b@gh’al%gﬁbﬂﬁar ee of nolecular weight control. 5
er

Additionally, due to t uced optical absorbance at 157 nm and 193 nm by
Example 29: :

The vinyl terminated homopolymer of oo~

bis(trifluoromethyl)bicyclo[2.2. 1Thept-5-ene-2-ethanol (1.50 g, 0.49 mmol),
[(tricyclohexylphosphine)(1,5-cyclooctadiene)(pyridine)lridium]PFg (21 mg, 0.026

15 mmol), and toluene (35 ml) are combined in a Buchi pressure reactor and stirred
until dissolved. The reactor is sealed, charged witin H, gas (85 psi) and heated to 65
°C for 15 h. The reactor contents are then filtered though Whattman 42 filter paper
and the solvent is evaporated under reduced pressure. The resulting yellow material
is dissolved in acetone (25 ml) along with H.O; (ca. 0.25 ml, 30 % w/w). The

20 solution is heated to 56 °C for 30 min and filtered to remove solids. Smopex® 1102
ﬁbroﬁs ion exchange medium (Johnson Matthey) (10 mg) is added and the solution
is stirred for 30 min. After filtering through a 0.20 um PTFE filter disk (Osmonics),
the acetone is evaporated under reduced pressure to afford a colorless white solid.
The material is dissolved in toluene (30 ml), washed with H,O (3 x 20 mi), and

25 precipitated by dropwise addition to heptane (150 ml). The product is isolated by
filtration and dried in vacuo (70 °C, 12 h) to afford a white amorphous solid (1.1 g,
73 %). |

30
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the fluorinated polycyclic polynmers nmade in accordance with the present
i nvention, these polyners offer ideal conpositions for use as photor"'e"‘é‘{%:f“é’6

ina 193 [ oY nm deep WV |ithography process. Wile LsRigag to be
bound to a yog’g’ﬁibgheor y, fluorinated polyners are beli eveggi”g&%@'?ggeal |y

suited for such lithography processes 10 due to the reduced opti cal
absorbance. Exanple 29: The vinyl term nated honopol yner of a, a-

bi s(trifluoromethyl)bicyclo[2.2.1]hept-5-ene-2-eth,ftiol (1.50 g, 0.49

mol ), [(tricycl ohexyl phosphine) (1, 5-cycl ooctadi ene) (pyridine)[ridium PF6
(21 nmg, 0.026 15 mmol ), and toluene (3 )5 m) are conbined in a Buchi
pressure reactor and stirred wuntil dissolved. The reactor is sealed,
charged with '%a%?eif(ﬁ‘r’ psi) and heated to 65 *C for 15 h. The reactor
contents are the ITtered though Whattman 42 filter paper and the sol vent
i s evapor at ed underTheethyt etmpredhomepolyier ofsul ting yel l ow material is

di ssol ved in acetone (25, along with H202 (ca. Q.25 m, 30 %ww. The 20
solution is heated %®Pi %"fﬁﬁ‘{gr?'BFtﬂ38b'ﬁi’%o[aﬁci?lf“iﬂg"tséqné'g‘?tbaﬂoéﬁ’oﬁlés 6P ds.
Snmopex(D 110 ' ham X ' J ng) is
added and theargrcl}m{)‘?tg&nm (lb'glsn?lf ?pw@gﬁ&ﬂﬁbgﬁiﬁgg’ (#V?ﬁ g’rﬂ?&rpgg]ﬂtgr ough a
0.20 tLrf PTFHoluend @6 nd) sk cOmbmpdiics )00 mt teeurncep viak Tie: wdrldpesatddeandinder
reduced pressure to afford a cqlorless white soli The material is

lid,
di ssol ved in thspigdHeoY @fw?,h-M@H@Hl%hiwkﬁzkytieeli%ﬁls%edﬂhyqugaﬁ&-22’5um
oi tat ed . g . ‘
ool ated by T QR dRR BSHb Bnb e MERIANE ofobBRudt el REWBIHASlyel © 1 o
anmor phous sol i The(beige pgoduct/is Wssol8&d Bidceord (302010 Bion¥\@itBH Tk Fd:H 8.2BGN, BBO2/ 05795

Exanpl e 30 The vinyl terminated h | v o ,
a, abl S(Lri 11 uckoih e SFRanyE aoaied faaepiC for dfaim. &fafiipringthensh, 0. 49

Lol utne {35 m ¥ Paie B8 et pdpdf B by S Sonio ) O dofon D) L TG
and mg) is added and the solution is stirred for 30 min. The mixture is filtered through a
0.20 um PTFE filter disk (Osmonics) and the acetone is evaporated under reduced
pressure to afford a colorless white solid. The resulting material is dissolved in
toluene (30 ml), washed with HZO.(B x 20 ml), and precipitated by dropwise addition
15 to heptane (150 ml). The product is isolated by filtration and dried in vacuo (70 °C,

12 h) to afford a2 white amorphous solid ( 1.3 g, 87 % ).

Example 31:
The 80: 20 vinyl terminatedcopolymer of o, -

20 bis(trifluoromethy!{)bicyclo{2.2.1Jhept-5-ene-2-ethanol and t-butylester of 5-
norbornene carboxylic acid (1.5 g, 0.19 mmol), [(tricyclohexylphosphine)(1,5-
cyclooctadiene)(pyridine)iridium]PFs (31 mg, 0.039 mmol), and toluene (35 ml) are
combined in a Buchi pressure reactor and stirred until dissolved. The reactor is
sealed, charged with H; gas (85 psi) and heated to 65 °C for 15 h. The solvent is

25 evaporated under reduced pressure and the resulting yellow material was dissolved in
acetone (25 ml) along with H,Os (ca. 0.25 ml, 30 % w/w). After heating to 56 °C
for 30 min, the solution is filtered though Whattman 42 filter paper to remove solids.
Smopex® 110 ( Johnson Matthey) (10 mg) was added and the solution is stirred for
30 min. The mixture was filtered through a 0.20 um PTFE filter disk (Osmonics)

30 and the solvent is evaporated under reduced pressure to afford a colorless white
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heated to 65 'C for 10 h. The reddi sh black solution is filtered thrau %Jhci'om;
0.20 Pin PTFE filter disk (Gsnonics) and the solvent is evaporated ‘un
reduced pressure. The beige product is dissolved in acetone (30 m) al ong
with H202W@#3/001885 m, 30 % ww and the solution is heaP€d/IBgR/&GI*C f or
30 mn. After filtering though 10 Whattman 42 filter paper to renove

sol i ds, Snopexe 110 ( Johnson Matthey) (10 ngy) is added and the solution is
stirred for 30 min. The mxture is filtered through a 0.20 4m PTFE filter
di sk (Osnonics) and the acetone is evaporated under reduced pressure to
afford a colorless white solid. The resulting material is dissolved in
toluene (30 m), washed with H20 (3 x 20 ml), and precipitated by dropw se
addition is to heptane 8150 in]). The product is isolated by filtration and
dried in vacuosoli#QThegesultimeg Wldtlar@mdwcﬁmtwnmﬂeﬁﬁmﬂ p’mh@i with HiO(3£28 g, 87

% Exanple 3 1: The 80; .2 term c

bi s(t m)f | uor on‘ﬁ h%d)pﬁ?%?}%lted[ l?y%mpwsfﬁg% 1o%t03%8|:aé”§ 5!9%’81 Tﬁ"na“’g”%& yl ester of
5- norbornene E@]ﬁt@@% Wlﬁatﬁﬁ'aﬂd@ﬁe@nrﬁvac@am °Q19b h) to afford a white amorphous

[ (tricycl ohexyl phosp ?@2 5- cycl ooct adi ene)(pyrl dine)iridiumPF6 (31 ny,

0.039 mol ), astid{®Ple %35 M) are conbined in a Buchi pressure reactor
and sti rged until dissolved. The reactor is sealed, charged wwth H2 gas (85
psi) and heatef_;l 3)6§%*C for 15 h. The solvent is 25 evaporated under
reduced pressu NG The resul ti ng yellow material was dissolved in acetone

(25 M) along with %@22@0@ 1{};,3513@1;1@0}&9);,9{@,\/@5@&- After heating to 56 *C
for 30 mn, the solution is filtered though Whattman 42 filter paper to

remove solids. blS(SrﬂJMn%thﬁill@CI(C1@[6%@6?]"%"@126%130(01éﬂ%')llty\la%eraﬂéed and the
solution is sti rE(?r rIeOcrarbo§ h‘g%adﬁfrjggh@ H{@ﬁp@l f&f"% h&ngﬁgh a 0.20 pm

PTFE filter di'Sk moni ¢S vapor at’'é reduced"

pressureot o afHPtdl,#H;0!(A0mg D093 hdol)Gind 3ol4¢xs (20 0A) ard\oMBINOS hlDRI0 m)
PCTI | B0O2/ 05795 solid. The resulting solid is redissolved in toluene (30 m),
washed with HBrynscap vial. Trhle)Vlaia?n#a??ﬂeﬂﬂdrkﬂt% o H\C e dP Je yallow pantiarg

1EBUane (190 ks FRSCRE pk 81 SRl b i, aghay 11 vacuo

evaporated under reduced pressure. The resulting beige product is dissolved in
acetone (30 ml) along with H,0; {(ca. 0.25 ml, 30 % w/w) and the solution is heated

15 to 56 °C for 30 min. After filtering though Whattman 42 filter paper to remove
solids, Smopex® 110 ( Johnson Matthey) (10 mg) is added and the solution was
stirred for 30 min. The mixture is filtered through a 0.20 um PTFE filter disk
(Osmonics) and the acetone is removed under reduced pressure to afford a colorless
white solid. The resulting material is dissolved in toluene (30 ml), washed with H,0

20 (3 x 20 ml), and precipitated by dropwise addition to heptane {150 ml). The product
is isolated by filtration and dried in vacuo (70 °C, 12 h) to afford a white amorphous
solid (1.32 g, 88 %).

TABLE 6
25

Example | Modification Conversion | Mw before Mw after OD before 0D after
Percentage® | treatment® treatment” treatment” | treatment®

29 hydrogenation >97 3076 4006 0.45 0.07

30 hydrosilation 67 3076 3778 0.45 0.22

31 hydrogenation >97 7655 7742 0.35 0.11

32 hydrosilation 63 7655 8047 0.35 0.27
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5 Exanple 32: The 80: 20 vinyl term nated copol yner of a, a- G.2006
bi s(trifluoronethyl)bicyclof?2.2.1] hept-5-ene-2-ethanol and t-butyl esCAVGF

5- nor bongp&skasRexylic acid (1.4 g, 0. 18 mml), Et3Si H (Q-prkeBlos7d: 73
nmol ), 16%92Pt016-6H20 ( 10 ng, 0.024 mol ), and toluene (35 m) are

conbined in a 100 M serumcap vial. The vial is sealed, and heated to 65
*C for 10 h. The yellow solution is reddish-black. After filtering though
VWhattman 42 filter paper, the solvent is evaporated under reduced pressure.
The resulting beige product is dissolved in acetone (30 m) along with H202
(ca. 0.25 mM, 30 %ww and the solution is heated 15 to 56 T for 30 mn.
After filtering though Whattman 42 filter paper to renove solids, Snopexa
110 (Johnson Matthey) (10 ng) is added and the solution was stirred for 30
mn. The mxture is filtered through a 0.20 ~Lm PTFE filter disk (GOsnonics)
and t he acet ondhe sonverbensd’a e ottaedbdingageasion of thepokintesr H NMEospsetres s
white solid. Thel.5esulgpmydefomt and afier psstdicsaany echvenionaindeeygese’0 M ), washed

Wi th H20 20 ( Zolsubptivhbf trn@spuacbpatihd golyRyr Wimip BEhadickdni @ihd 0 hept ane
(150 mM)s The Rdeduste. IS isolated by filtration and dried in vacuo (70 'C,

12 h) to aff orggebrtvfei HIPHWRRUBRINAYyYISPE 1. 32 g, 88 TABLE6 Exanple
Modi fi cation VLR el QL SeMy %Btn% &‘g@ﬁ{}gﬁ&mic )_af ter Percentage

treatmenb treatnene treatmentc treatnent rogenati'on >97 3076 4006
0.45 0.07 30 hydrosilation 67 3076 3778 0.45 0.22 31 hydrogenation >97
7655 7742 0.3S 0.11 32 hydrosilation 63 7655 8047 0.35 0 66 3 AUG 2006 WO

03/ 05015& PCTII1 %P#'Ogég‘?t The conversions (% were obtained by integration

of the ynme ectra (A 4.5 - 6.0 ppm) before and after
post-treat ment convgy&hbs sesndirdne fhiedEx@niples abaythatpraentdfivdnkion iwiss ur ati on at

the pol yner term nus, by hydrogen or the . .
concerned with methods by which to post treat the reaction mixtures generated by
the polymerization reactions disclosed herein. Such post-treatment offers numerous
advantages such as a reduction in the optical density of the polymer product; a

15 reduction in the amount of residual metal and/or catalyst present in the polymer
product; and such treatment does not generally de-protect any acid labile pendant
group which may optionally be present in the polymer product.

For example, the molecular weight of a homo- or co-polymer produced in
accordance with the present invention can be further controlled by the use of a linear.

20 or branched C; to Cy olefin compound (e.g., 1-hexene). The use of such compounds
to control the molecular weight of the polymers produced in accordance with the
present invention is also advantageous in that above-mentioned olefin compounds
reduce the amount of acid labile groups, if present, clipped from the monomer during
polymerization.

25 As discussed above, the present invention also provides methods by which to
reduce the optical density of an olefinic-end group containing fluorinated polymer
made in accordance with the present invention. For example, post polymerization
reactions which can be used to reduce the optical density of such fluorinated
polymers made in accordance with the present invention include, but aré not limited

30 to, epoxidation, hydrogenation, hydroformylation, hydrosilation, cyclopropanation

(both to form hydrocarbon cyclopropanyl and fluorinated cyclopropany! groups).
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5 hydrosilane. b Ml ecul ar weights were obtained by GPC. ' Optical de sA|Ut 2006
(OD) neasured at 193 nm (Absorbance/mcron). 10 Post Treatnent: As ¢an Dbeé
seen fromthe Exanples above, the present invention is also concerned with
met hods bYWOW/®MIBo post treat the reaction mixtures gener BEEEBEOSTIhe

pol yneri zation reactions disclosed herein. Such post-treatnent offers

numer ous advantages such as a reduction in the optical density of the

pol ymer product; a 15 reduction in the anount of residual netal and/or

catal yst present in the polynmer product; and such treatnent does not
generally de-protect any acid | abile pendant group which nmay optionally be
present in the polyner product. For exanple, the nol ecul ar wei ght of a hono-
or co-pol yner produged in accordance with, the gr esent. .invention can be

further controlled ROSANgT SeMPPSILony pradyced ingscordange AtHbg PreseRtdnyepyoR)| of i n
conpound (e.g. (ﬁ’ tsﬁbggﬁé%ﬁﬁ%)peraﬂ'bepdéﬁetre‘afm@n't‘ k. %ﬂﬂ?péréhrﬁﬂmﬁ E?E?Ea?c

nol ecul ar wei g the pol ymers produced 1 accordance Wt pr esent
invention is atdd) ewaaiizageedustipm int dretor srivow ef: riéhthe opech! dersity of e potymends

reduce the anmount of acid |abil.e ups, if sent,, clipped fromthe
mononer dur i ng'™ B %?ﬁ%ﬁli’g'ﬁtr? Lo'?gftﬁgg@%‘&ﬁ’ggg “5689@?%”%6’?[3‘?@ té)i nvention
al so proyi des RRNAGT réd¥duahéaedlydt@nd,ieshesent, cbautdpdi mal(3PRARVANOFREsidal

ol efinic-end group containing fluorinated polyner nmade in accordance wth
the present i nmemmesipresusnabéy byrppraxidagien angentiaation)z duipsisinglve hethetaedd RSt ch can

b d d i i f O | I de i
SRR MU VENG SRR e T
epoxi dat i on, hmélpel?ﬁi&abidkbonehydrof ornyl ation, hydrosilation,

cycl opropanati on both to form hydrocarbon cycl opropanyl and fluori nated
cycl opropanyl groups). 67 3 AUG 2006 WD 031050158 PCT/1B02/ 05795 The

pol ymer lgorrposMoilngﬁu SaHCeGnérh: @ccordance with the present invention if
subjected to a—pwm‘gy‘p'gm - tnent (e-g., persulfonic, perchromc, a’

peracetic acid, etAsjotedatioveghapreseit otveativn alsoqremiss motecelaoweightgortrob
optical densi tgf tgi pc?lyn%glls%gc?tfuced in accordance with the present invention via the use of a

CTA (e.g., I-hexene or cyclopentene).

15 Removal of Metal and Monomer:

As is discussed above, the present invention via post-treatment with peracid
permits the removal of residual metal as well as residual monomer.
Alternative Post-Treatments Aimed at Reducing
the Optica)] Density of Polvcyclic Polvmers:

20 As is noted above, the present invention is not limited to only peracid

treatment as a post polymerization treatment to lower the optical density of the

polymer. Other post polymerization treatments that should be considered are any

chemical reaction that transforms the olefinic end group into a less absorbing species

at both 157 and 193 nm. Those reactions include, but are not limited to epoxidation,
25 hydrogenation, hydroformylation, hydrosilation, cyclopropanation (both to form

hydrocarbon cyclopropany! and fluorinated cyclopropanyl groups).

Fluorinated acid labile monomers:

The use of acid labile monomers that are fluorinated may lower the optical

30 density of the polymer products of the present invention even further.
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(| n one case by the reduction of the anmount of ol efinic end groups, if
present); (2) 5 renoval of residual catalyst and, if present, cocat alPyAyG 2006
and (3) g,gkmqg residual nononmer (presumably by epoxi datd 8065
extracti on?Ia urprisingly, the peracid post treatment ofthe poﬁyrrer does
not cleave the acid |abile groups that are pendant from the polyner
backbone. io Ml ecul ar Wi aht Control: As noted above, the present inventi.on
al so permts nol ecul ar weight control of the polyners produced in
accordance with the present invention via the use of a CTA (e.g., |-hexene
or cyclopentene). 15 Renoval of Metal and Mononmer: As is discussed above,
the present invention via post-treatnment with peracid permts the renoval
of residual netal %tNﬁs|f0r6\ﬁ111&ﬁ'ﬁl%epﬂdﬁﬁlresi@B@ﬂﬁ‘émtloﬂsm@%{ hoeBrdRnsd with @Rt ment s
Aimed at Reducinz the Optical nsity of Polvcvclic Polynmers: 20 As is
noted above, tprRsersriveaaHon pravvehkkng¥Yniis thedrt (sean. geU St é’a@m &%éﬂé@ﬂ&ﬁ’ apd eat ment

as a post pol t nsi.ty of.the
polymer. O heg%gélt% §r\’J(g'l? hnaéér iﬁ%é {%m{pr&ga t rffnr% 11 gagg%lr% Edél‘é ed are
any chemi cal nisﬁaﬁtsboﬂsm@pdlyméﬁmmes’m cbﬁh@oﬁh@fsl 1ﬁI]|@ho€ng‘{bh9I.0Up into a |less

absorbing species at both 157 and 193 nm Those reactions include, but are
not |imYed to epoxidation, 25 hydrogenation, hydrofornylation,

hydrosi | ati on, CyC'g@gﬁ@fﬂ@idv@ﬁ&u%%faeérpsho% Ty YL BERLAR T ¥glgpr opanyl and

fluorinated cycl opr gr oups | 'uor 1 nat acl norrers The use
of acid | abi | eemainprafsreedtehdiodanent bf erobodiaees inBybliowethat &mivapdntcal 30
density of the pol yner |nvent|on even fur%her 68 3

ducts of th
AG 2006 WO GUFgEeneHad prog Cb%sgwlq@gwx@?wﬁwgs Folfedn the a7t yRpngho iariasi st

conposi tions i known
‘n the art (s?;@ﬁnd%ﬁﬁ?%‘ﬁﬁﬁé hfichibiind e SR UAVAE B B e

her eby itncor poegarce tbglvarwﬁlsfmnensmﬁrfomﬂi by tihlesbbwrsdﬂsmbedgmwhmg met hods of
using polymer (P rr]r?to%r:r?tg Ia%stem%(ﬁgg%se!n%!cs? ngbosn%clmts e 5 e t\égms (including a

reference to a “means”) used to describe such integers are intended to correspond,

unless otherwise indicated, to any integer which performs the specified function of

the described integer (i.e., that is fiunctionally équi\;alent), even though not

ts structurally equivalent to the disclosed structure which performs the function in the

herein illustrated exemplary embodiment or embodiments of the invention. In

addition, while a particular feature of the invention may have been described above

with respect to only one of several illustrated embodiments, such feature may be

combined with one or more other features of the other embodiments, as may be

20 desired and advantageous for any given or particular application.
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5 Al though the invention has been shown and described wth respect to a
certain preferred enbodi ment or enbodinents, it is obvious that equi vatehEws
al terations and nodifications will occur to others skilled in the art upon
the reading and understanding of this specification and the annexed

drawi ngs. ¢mapakticular 10 regard to the various functions performed by the
above described integers (conponents, assenblies, devices, conpositions,
etc.), the terns (including a reference to a "neans") used to describe such
integers are intended to correspond, unless otherw se indicated, to any

i nt whj ch per f .the.specified functi f..the deseribed inte
(i e, that is REDDGHE FIGEEREPVEIEE ARS S ORESPTERTR oIS TeRSEHEE B | y

equi v, ittt i : i i - t.he
o o et 2 k8 o FU SRR { beldifCachilublle BRIGORES doffod i Whiclahtlink e | |
addi td kalohyaliddagbyd sphstithent| aherbapdtleast ode teheinhharelnifisaid priymbasetdieem

descri bed above wth respect to gnl y ong é)‘f iEeveral illust raéegq
enbodiprEiftized ead ROy A hydEOgeRpted $1d EiD: meydrRFatedend FPUNSF a hytiesrmydaiedir es

of thm%ﬁggg enbodi ments, as may be 20 desired and advant ageous for any

gi ven or® patrticular application. 69 3 AUG 2006 CLA34S: 1. A polycyclic
addi tion pol ynmer containing conprising polycyclic repeating units wherein a
portion of which contains a pendant acid |abile group and a portion of which
contains & hal Sheoelymeriey clasmb seompyising repgasingiunita seleesed fromnaetasmirasl end

of said_pol yner .contain xi di.zed end group, a hydrogenated end group,
a hyg;h&%lc %,% dreafe&ﬁte@gyéﬁﬁg Wg!‘amrryl ated end group. 2. The pol yner of
claiml conprising repeating units selected fromone or nore of the
repeating units represented by the fornula: z z 117,91, M4 ~z M8 R R R5

R

.23 - FRRRR
1
R R2 RSR RSRG RTRS

wherein R, to R4 independently represent hydrogen, linear or branched (C, to Csp) alkyl, linear
and branched (C to Ca4) halohydrocarbyl, linear or branched (C; to Cy) olefin;
~(CHz2)y~C{OYOR*, —(CH2)r-C(O)OR,~(CH2)a—OR, ~(CH2)r—OC(O)R, {CHp)u-C(OR,

(_ ~(CH3),—~0C(0O)OR,~(CH2)p—C(R);~CH(R)(C(O}OR**), -(CH)n~{CR2):~CHRYC(O)OR **),

' (CH3);~C(OR***){CF3),, (CR'),~O-R and ~(CH3),~C(R)~CH(C(O)OR **),; where R

represents hydrogen, linear and branched (C, to Cyp) alkyl, and (CH,),-OH; R' represents
hydrogen or a halogen; R* representé an acid labile moiety; R** independently represents R or
R*; R*** represents hydrogen, ~CH,OR, -C(O)OR or -C(O)R; n is an integer from O to 10; m is
an integer from 0 to 5, s is an integer from | to 10; and Z represents oxygen, sulfur, -NR"- or
—(CR")p— where R" is hydroge}n and p is equal to 1 or 2; and wherein R®to R® independently
represent hydrogen, linear or branched (C to Cyg) alkyl, linear or branched (C; to Cp) olefin;
~(CH2),~C(O)YOR*, ~(CH,),—C(O)YOR,~(CH,);~OR, —«(CH,);~OC{O)R, ~(CH:)n-C(O)R,

70



wherein R, to R4 independently represent hydrogen, |inear or br anche%é&,‘zéog

C30) alkyl, linear and branched (Cl to C24) hal chydrocarbyl, linear ©

branched (C2 to C3(j) olefin; -(CH2)If-C(O OR*,

-(CH2) ,c-C(OOR, -(CH)r~-0OR, -(CH2)a-0C(O R, 4CH2),-C(OR,

-(CH2) 117- OC(Q OR, - (CH2), - (P, ) 2- CH(R) (C( Q) OR* ™) ,

-(CH2)n-(CR2) ,c-CH(R (C(O OR**), ~(Cff2)r-C(OR***HCF3)2, -<CR 2).-0OR and

-(CH2),-C(RrZHC(O OR**)2; where R represents hydrogen, |inear and

branc _ L. r AIRIR O a
WQH%LOWO%@ (@Hgx Cg?@d?mﬂﬂao)oﬁ?f %%EBF%@R%SCHW(; repr eg’ent s R

‘hal ogen; represents an a abi1e noi et I ndependen

of R<(CRY~O-Rpampse(ti:)HURpe€H(CIQOHRR),- C(O OR or -C(OR n is an integer
fromO to 10; mis an integer fromO to 5 s is an integer firoml to 10-,

and Z represents oxygen, sulfur, -NR'-, or -(CR'2)p- where R' is hydrogen

and is equal t = \ghg]q ' | ndependent | represent
hydrggen, fglj'near?%%p &gﬁééggg?% to&%@ﬁéﬁ%ﬁ??%ear lOor bran%:/hed FCZ to C30)
actlin;, -(CH)rr-C(OOR*;! -(CH2)Nn-C(OOR -(CH2)n-OR, -(CH2),-OC(O R,
-(CH2)n-C(O R, 70 3 AUG 2005 o i

4CH?) |, - OC( &-OR, - T pylyeecoRyirine wyqreinopidiriohydrocarbyl group is represented by the
-(CH2), - - CH R-* % - 12) .- R and . . .

Gy PR e e - pandspendint SRt oriae, slosate brvping apd

met hyligii@e. arld As aRhSteR&! of Tt 20f Cl ai m 3 wherein said hal ohydrocarbyl group

is represented by the™ formula CX 2t +1wherein V is independently seleted
ftomfluorine, chlorine, bromne and iodine, and r is an integer of | to

20. S. The poly of, cl ai m-4,whergin. the ohydrpocar byl. .containing. .
repeat i ng uhi " Ehe GuibfRr aF Fi b HORBHB b BBYCCGH DR FoBARIAG BPIRA Gt is

(COH2) - OB ok b ol 18R d'by he@Brmhtieger from 0 to 10 and R* is as
previously defined. 6. The polynér of claim3 wherein at |east one of Rl to
R~ is selected fromthe group represented by the fornmula -(CH2), ~-C(O OR*.
7. The polyner of claim®6 erein at least one of R toeis a

hal ohydr ocar byl group repred by the formula CrX'2,4, wherein X" is

i ndependent|y selected fro ri ne, chlori ne, brom ne and iodine, and r
is an integer of | to 20. 71 (CH,) —C({OR™) (CF,),

wherein n is an integer from O to 10 and R*** is as previously defined,

6. The polymer of claim 3 wherein at least one of R' to R® is selected from the group
represented by the formula —(CH;),~C(O)OR*.

7. The polymer of claim 6 wherein at least one of R' to R* is a halohydrocarbyl

group represented by the formula C,X"341 wherein X" is independently selected from fluotine,

chlorine, broruine and-iodine, and r is an integer of | to 20.
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3 AUG 2006 The polynmer of claim6 wherein the hydrocarbyl containingapgzooe
repeatirig unit is derived -fromthe nononer
a,cx-bis(trifluorornethyl)bicycle[2.2. | ]hel p-5-ene-2-ethanol, 9. A nethod
for reducing the optical density, residual netal content and residual
nmononmer content of a polycyclic addition polyner containing conprising
repeating units wherein a portion of which contains a pendant acid | abile

group and a_portion of whi contains a  hal ohydrocarbyl substituent, said
pol ymer conPai ni g REYRE I"%‘Fb@ﬁ"%@%ﬁ?r@&%@ﬁ OHEAHEI PSR ULihg

ti L d . _ . " - ‘i oAt N
el ot BTt HoiBnstk RSN UhoD, RRFR: < Wic ARG 3" on Agen
hydr of ormul ati on. agent. 10. The nethod according to clairn.9 wherein said

peracid is a mxture of glacial acetic acid and hydrogen peroxide. | 1.. A
net hod of & ai mAynviterdfon reductngnibe loptical dapsitys essidual) metehenriteny and residuat e
conprising sai olyner. and. a .sol vent with puacid at .elevated tepperature
f or a“t?é‘PgWH C?J'%e&i g‘d?ﬂ‘:gﬁcéﬂﬁﬁ% Pifiopeiyng a?rﬁﬂ%%i‘%?e&?%wge‘fmggr oups;
and DlyARgE Bhiih SPbHiERAKISA B Rh VAR 12110 Bc8 'aﬂgag}ﬂ%tqfv%al doigaiget hod
of claiml erein sald peracidis al | mxture o acial acetic acid
and hydialbedroperbyk salestinisait, skidepatpmeocomiinmigakrnihallgrodpetrgiatur svingd saidl xdetig]

further cornpises a fjpbrous jnn exchange resin. W.The nmethod of claim9
wher eiCﬁm@amagﬁ%q%rsaksﬁn%m OpR MBaAtrRE On Mithe RAsH-Bictiapplizalion Ageah selestedor e

v 4. REIRR A Ao R RGN RO Blchoind Cho R mulkton S8 7 opr oot~

hydrogen, linear or branched (Cl to CM alkyl, linear and branched (G to
((:24) hal ohydrocar byl , linear or branche d (C2 to Cl O, olefin; )
710, Thé method according to ¢claim 9 wherein said peracid is a mixture of glacial

acetic acid and hydrogen peroxide.

i1. A method of claim 9 wherein said method comprises:
a) reacting a mixture comprising said polymer and a solvent with peracid at elevated
temperature for a period of time sufficient to epoxidize said unsaturated end groups; and

b) separating said epoxidized polymer from said solvent.

12.  The method of claim || wherein said peracid is a 1:] mixXture of glacial acetic

acid and hydrogen peroxide.

C - 13, The method of claim \! wherein said mixture further compises a fibrous ion

exchange resin.

{4  The method of claim 9 wherein said polymer comprises repeating units selected

from one or more of the repeating units represented by the formulae:
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- (CHz) g--C( O OR*, -(CH2)A-C(0)OR, - (CH2) a-OR, -(CH2), (-0C(0)R - (CH2)n-' QO)R
-(CH2) 6: OC(O OR, - (CH2) n-(R) 2-Ai (R (C(O OR**), 3 AUG 2006
-(CH2) n- (CR2) , - CH(R) (C(0) OR**)* - (CH7. )w G(OR***) - (CF3)2, -(CR 2).-G R and

-(CH2)6-C(R) 2-CH(C(O OR**) 2; where R represents hydrogen, |inear and
branched (d to GO alkyl, and -(CH2),-OH, R represents hydrogen or a

hal ogen; R* represents an acid labile noiety; R** independently represents R
or R*; R*** represents hydrogen, -CH20R, -C(OOR or -C(OR n is an integer
fromO to 10; mis an ixteger fromO to 5, s iSga—ateger froml to 10;
and Z represents oxygc nur, -NR'-, or - (CR ere R' is hydrogen
and p is equal to | or ¥ d wherein R5 to Ra ingepen@éntly represent
hydrogen, |inear or brlangeRed (I to CA al kyl, |imeg
Aefin; (CH2),-C(0)O0R+H
-(CH2)n-C(0) R, -~CH2).KOS TR ‘
-(CI—|2),-(CR2)n-CH(R)()'r; -(CR 2),-OR and
-(CH2),-C(R)2-CH(C(0) )Z; ) sl i near and
brariched (C to CIO alR¥ RTR repTesents hydro& ér al ogm R* represents
acid labile noiedes; R** independently represents Ror R*; nis an integer
fromO to 10; Tnis an integer fromO to 5; and Z represents oxygen,

sul fur, -NR'-, or -~CR'2)p- where R' is hydrogen and p is equal to |l or 2;
wWth t i r B log an ¢ kHel ket y,
R O R et e g G RS

cl ai m a5 whechsdn(Catto Cegdwelaydrasaitiyl, lingaRs tirgnabed €61 odCh) olefinhe gr oup

. f l.a = e CLO , . 2 4 h t hod
9T el SRR AR e -0e 0, il
_ ' W | 3 .
Fbor R R O R TR R PR s
The nmet{H,)efCORS*N—~(CF ;s he(GR'D.+OreR had olGHY) ARy CH{CD ORI Hg wspeRt i ng
it deri f . d by t f la; (CH2 OR***) -
(C Fa) Semaieris Waroes: e ABQGEncR sl o Lo POk AR CHhsORG Rorapitsgtt y
dof i ! o I U
0 oty TE SRR ol LIS B 5868 SABR AL R
ct, d- bR RFiF kepeymeatseiyldydddn] c¢CELOR2-Q(O)DOR] relq(O)R: riearRineddenfrom 0 &410; m is

an integer from 0 to 5, s is an integer from 1 to 10; and Z represents oxygen, sulfur, -NR"-, or ~

(CR";),— where R" is hydrogen and p is equal to 1 or 2; and wherein R’ to R® independently
represent hydrogen, linear or branched (C, to Csp) alkyl, linear or branched (C; to Cyp) olefin; —
(CH)—C(O)OR*, —(CH2),—C(0O)OR,~(CH2),—OR, ((CH;);~OC(O)R, <(CH3)n-C(O)R,
~CH2)n~OC(O)OR, ~(CHy)—~C(R);~CH(R)(C(O)OR**), -(CHy)a~(CR)\—CH(R)(C(O)OR*#),
( —{CR';)a~0-R and —(CH;)»—C(R):~CH(C(O)YOR**),; where R represents hydrogen, linear and
branched (C) to Cio} alkyl; R’ represents hydrogen or a halogen; R* represents acid labile
moieties; R** independently represents R or R*; n is an integer from 0 to 10; m is an integer
from 0 to 5; and Z represents oxygen, sulfur, ~NR"—, or {(CR";),— where R" is hydrogen and p is

equal to 1 or 2; with the proviso that one of R' to R® must represent an acid labile moiety.

IS, The method of claim & wherein Z is methylene.

“ L

16. The method of claim !5 wherein at least one of R' to R is selected from the group
represented by the formula —=(CH;)~C{Q)OR*,
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17. The method of claim.l& wherein atleast one of R' to R* is a halohydrocarby! group
represented by the formula CX"3; wherein X" is independently seleted from fluorine, chlorine,

bromine and iodine, and ris an integer of 1 to 20,

i%. The method of claim \7 wherein the halohydrocarbyl containing repeating unit is

derived from a monomer represented by the formula:

=

(CH,) — C{OR™")

(CF4),

wherein n is an integer from 0 to 10 and R*** {s as previously defined.

9. The method of claim 18 wherein the hydrocarbyl containing repeating unit is

derived from the monomer ot,a"-bis(triﬂuoromethyl)bicy'clc[z.z.1]he1p—5-enc-2-cﬂ1ancl.



