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Techni cal Fi wiap7BB®8 present invention is related to pol ycy®GFESM¥ers and
met hods for their use as photoresists in the manufacture of integrated
circuits. Mre 10 specifically, the invention is directed to
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2. Background
Integrated circuits (IC’s) are paramount in the manufacture of an array of
electronic devices. They are fabricated from the sequential formation of
alternating and intesconnecting bands of conductive, semiconductive and
20 nonconductive Jayers 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 increasingly deep UV light or other radiation is a fundamental and
25 important 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 in close
proximity to the photoresist film. The photoresist is irradiated through the
overlying photomask by one of several types of imaging radiation including UV
30 light, ¢’ beam electrons, x-rays, or ion beam. Upon exposure 1o radiation, the
photoresist undergoes a chemical change with concomitant changes in solubility.
After irradiation, the wafer is soaked in a solution that develops (i.e., selectively



30 light, e beam electrons, x-rays, or ion beam Upon exposure to
radi ati on, the photoresist undergoes a chem cal change with concom t ant
changes in solubility. After irradiation, the wafer is soaked in a solution
t hat devel oW©97B3188  sel ectively WO 97/ 33198 PCT/US97/04103 -

PCT/ US97/ 04103 -2- renoves either the exposed or unexposed regions) the
patterned i mages in the photosensitive polyner film Depending on the type
of polymer used, or the polarity ofthe devel opi ng solvent, either the
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speci fi catd ons phateresistanaterial givesthe patterned circuit.

In the manufacture of patterned IC devices, the processes of etching
different layers on the wafer are among the most crucial steps involved. One
method is to immerse the substrate and patterned resist in a chemical bath which
attacks the exposed substrate surfaces while leaving the resist itself intact. This

15 “wet” chemical process suffers from the difficulty of achieving well defined edges
on the etched surfaces. This is due to chemical undercutting of the resist material
and the formation of an isotropic image. In other words, conventional chemical
processes do not provide the selectivity of direction (anisotropy) considered
necessary to achieve optimum dimensional specifications consistent with current

20 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
through a chamber and ionizing the gas by applying a potential across two

25 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. Typical examples of dry etching are plasma etching, sputter

30 etching and reactive ion etching.
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One type of positive photoresist material is based upon phenol-
formaldehyde novolac polymers. A particular example is the commercially utilized
Shipley AZ1350 material which comprises an m-creso! formaldehyde novolak
polymer composition and & diazoketone (2-diazo-1-napthol-5-sulphonic acid
15 ester). When exposed to imaging radiation, the diazoketone is converted to a
carboxylic acid, which in turn converts the phenolic polymer to one that is readily
soluble in weak aquecus base developing agent.

U.S. Patent No. 4,491,628 to Ito et al. discloses positive and negative
photoresist compositions with acid generating photoinitiators and polymers with
20 acid labile pendant groups. Because each acid generated causes deprotection of
muitiple acid labile groups this approach is known as chemical amplification which
serves to increase the quantum yield of the overali photochemical process. The
disclosed polymers include vinylic polymers such as polystyrenes,
polyvinylbenzoates, and polyacrylates that are substituted with recurrent pendant
25 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 employed.
Trends in the electronics industry continually require IC’s that are faster
30 and consume less power. To meet this specification the IC must be made smaller.



Shi pl ey AZ1350 material which conprises an mcresol formal dehyde novol ak
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Patent No. 4,491,628 to Ito et al. discloses positive and negative
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h
on a compdPer chbglew 4‘6’“&899 e AQS Symposinmeries 537 nBolymers for
Microelectronics, Resists and Dielectrics, 203rd National Meeting of the

American Chemical Society, April 5-10, 1992, p.2-24; Polymers for Electronic
and Photonic Applications, Edited by C.P. Wong, Academic Press, p. 67-118).
Shorter wave length sources are typically less bright than traditional sources which

15 necessitate a chemical amplification approach using photoacids. The opacity of
these aromatic polymers to short wave length light is a drawback in that the
photoacids below the polymer surface are not uniformly exposed to the light
source and, consequently, the polymer is not developable. To overcome the
transparency deficiencies of these polymers, the aromatic content of photoresist

20 polymers must be reduced. If deep UV transparency is desired (i.e., for 248 nm
and particularly 193 nm wave length exposure), the polymer should contain a
minimum of aromatic character.

U.S. No.5,372,912 concerns a photoresist composition containing an

acrylate based copolymer, a phenolic type binder, and a photosensitive acid

25 generator. The acrylate based copolymer is polymerized from acrylic acid, alkyl
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

30 one property is usually accomplished at the expense of another. When employing



5 hi gher phot oi magi ng resolution is necessary. Hi gher resolutions are
possible with shorter wave | engths of the exposure source enployed to
irradiate the photoresist naterial. However, the prior art photoresists
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No. 5, 372, 912 concantinabstrageb atilizedinithé masmufjpnse bf I)s are fipivally ingrgasic,ahe vyl at e
based copol yner, henol i ¢ ,type bjpder, .and a photosepsitive acid 25
generator. The ac&??%f%‘ﬂﬁ?@ﬁyigbﬂbwwlb&hﬁd'%ﬁwfﬂé’ﬁ%%?wwg aci d,
al kyl acryl ate orwhelchpidyigaheRIE8EhnRED THIE RéceliRdtes e AledF61 e bRdtblesistpendant
group. Wiile this conposition is sufficiently transparent to radi ati on

at a wave @ngth materabtnbe much thigker thaa thesenderiying hetate: Qhprisei helers |imits
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acconpl i shed at tdtehedx Bdplinavsahat doveer letch rate\resist matptials/cande employed in thinner
layers over the substrate to be etched. Thinner layers of resist material allow for
higher resolution which, ultimately, allows for narrower conductive lines and
15 smaller transistors.
J.V. Crivelio et al. (Chemically Amplified Electron-Beam Photoresists,
Chem. Mater., 1996, 8, 376-381) describe a polymer blend comprising 20 weight
% of a free radically polymerized homopolymer of a norbornene monomer bearing
acid labile groups and 80 weight % of a homopolymer of 4-hydroxy-o-
20 methylstyrene containing acid labile groups for use in electron-beam photoresists.
As discussed supra, the increased absorbity (especially in high concentrations) of
aromatic groups renders these compositions opaque and unusable for short wave
length imaging radiation below 200 nm.
The disclosed compositions are suitable only for electron-beam
25 photoresists and can not be utilized for deep UV imaging (particularly not for
193 nm resists).
Crivello et al. investigated blend compositions because they observed the
oxygen plasma etch rate to be unacceptably high for free radically polymerized

homopolymers of norbornene monomers bearing acid labile groups.
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nature and substrates utilized in the nanufacture of IC s are typically
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El ectr on- Beam Phot oresi sts, Ch -381) describe a
pol ymer bl end conprising 20 Moﬁﬁg‘ﬁ’gﬂﬁéﬁr y pol yneri zed
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wave | engtlR i magphetoinitistont i on bel ow 200 nm The di scl osed conpositions are
suitable only for el %}sraﬂgﬂtpre&rgct of the invention to provide polycyclic polymers that
have recurrent pendant acid labile groups that can be cleaved to form polar
groups.
It is still another object of the invention to provide polymer compositions
15 that are transparent to short wave length imaging radiation.

It is a further object of the invention to provide polymer compositions that
are resistant to dry etching processes.

It is a still further object of the invention to provide polymer compositions
that are transparent to short wave length imaging radiation and are resistant to dry

20 etching processes.

It is yet another object of the invention to provide polycyclic monomers
that contain acid labile pendant groups that can be polymerized to form polymers
amenable to aqueous base development.

These and other objects of the invention are accomplished by polymerizing

25 a reaction mixture comprising an acid labile group functionalized polycycloolefinic
monomer, a solvent, a single or multicomponent catalyst system each containing a
Group VIII metal ion source. In the multicomponent catalyst systems of the
invention the Group VIII ion source is utilized in combination with one or both of
an organometal cocatalyst and a third component. The single and muiticomponent
30 catalyst systems can be utilized with an optional chain transfer agent (CTA)
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DETAILED DESCRIPTION
10
The present invention relates to a radiation-sensitive resist composition
comprising an acid-generating initiator and a polycyclic polymer containing
recurring acid labile pendant groups along the polymer backbone. The polymer
containing the initiator is coated as a thin film on a substrate, baked under
15 controlled conditions, exposed to radiation in a patterned configuration, and
optionally post baked under controlled conditions to further promote the
deprotection. In the portions of the film that have been exposed to radiation, the
recurrent acid labile pendant groups on the polymer backbone are cleaved to form
polar recurring groups. The exposed areas so treated are selectively removed with
20 an alkaline developer. Alternatively, the unexposed regions of the polymer remain
nonpolar and can be selectively removed by treatment with a suitable norpolar
solvent for a negative tone development. Image reversal can easily be achieved by
proper choice of developer owing to the difference in the solubility characteristics
of the exposed and unexposed portions of the polymer.
25 The polymers of the present invention comprise polycyclic repeating units,
a portion of which are substituted with acid labile groups. The instant polymers
are prepared by polymerizing the polycyclic monomers of this invention. By the
term “polycyclic” (norbomene-type or norbornene-functional) is meant that the

monomer contains at least one norbornene moiety as shown below:
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These and otWM@P7RM¥&cts of the invention are acconplished BYI/ESA7TP4ME8 i zi ng

25 a reaction mxture conprising an acid labile group functionalized
pol ycycl ool efi nic nononer, a solvent, a single or multiconponent catal yst
system each containing a Goup VIII netal ion source. In the nmulticonmponent
catal yst systens of the invention the Goup VIII ion source is utilized in
conbination with one or both of an org@8nonetal cocatalyst and a third
conponent. The single and nul ti conponent 30 catal yst systens can be

utilized with an optional chain transfer agent (CTA) WO 97/ 33198
PCT/ US97/ 04103 -7- selected froma conpound having a termi nal olefinic
doubl e bond between adj acent carbon a0\ wherein at | east one of said
adj acent carbon atons has two hydroge gns attached thereto. The CTA is
sel ected from unsaturated conpounds that~are typically cationically
non- pol ynmeri zabl e and, therefore, 5 excl ude styrenes, vinyl ethers,
and conj ugat ed di enes. The pol yners obtained are useful in photoresist
conpositions that include a radiation-sensitive acid generator. DETAILED
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functionality is introduced into the polymer chain by polymerizing a reaction

medium comprising one or more acid labile substituted §olycyclic monomers set

10 forth under Formula I below in optional combination with one or more polycyclic
monomers set forth urider Formulae I, I, IV, and V below in the presence of
the Group VIII metal catalyst system.

Monomers
15 The acid labile polycyclic monomers useful in the practice of the present

invention are selected from a monomer represented by the formula below:

20
m

R!L2 p3R?

wherein R to R* independently represent a substituent selected from the group
25 <(CH,),C(O)OR?®, -(CH,),-C(O)OR, -(CH,),-OR, -(CH,),-OC(O)R,
~(CH,),-C(O)R and -(CH,),-OC(O)OR, -(CH,),C(R),CHR)}C(O)OR**), and
-(CH,),C(R),CH(C(O)OR**), subject to the proviso that at least one of R' to R*
is selected from the acid labile group -(CH,),C(O)OR*, R represents hydrogen,
linear and branched (C, to C,,) alkyl, and m is an integer from 0 to S, and n is an

30 integer from 0 to 10, preferably n is 0. R* represents moieties (i.e., blocking or



recurring acid | abile pendant groups al ong the pol yner backbone. The

pol ymer containing the initiator is coated as a thin filmon a substrate,
baked under 15 controlled conditions, exposed to radiation in a
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Polycyclic monomers of the above formula with a substituent selected

from the group -(CH,),C(R),CHR)(C(O)OR**) or
~«(CH,),C(R),CH(C(O)OR**), can be represented as follows:

(CH,)‘7<<CO,R“ m (CH,); O,R**

In the above formulae m is preferably 0 or 1, more preferably mis 0. Whenmis 0
the preferred structures are represented below:

@é; ]

R4

15

25 wherein R to R* are previously defined.



nononers set forth under Formulae 11, II1l, 1V, and V below in the presence
of the Goup VIIl netal catalyst system Mononers 15 The acid
| abi | e pol ycyclic nononers useful in the practice of the present invention
are sel ect e®Y6M98 nonomer represented by the fornul a bel RERUSBYO{10% r |-
wherein R err] to R err] independently represent a substituent selected
fromthe group 25 -(CH err])[err]C(OOR*, -(CHerr])[err]-C(O OR,
-(CHerr])[err]-OR -(CHerr])[err]-CC(OR, -(CHerr])[err]-C(OR and
-(CHerr])[err]-OC(OOR, -(CHerr])[err]C(R[err]CH R (C(O OR**), and
-(CHerr])[err]C(R[err]CHC(O OR**)[-erar } subject to the proviso that at

| east one of Rlerr] to Rerr] is selected fromthe acid |abile group

-(CH err])[err] C(O Otshoull begppareantoshdss dkibglin thel aryvhatrang phbtbacihched (C err]

to CJerr]) alkyl, a m.i s, an, i,nt.eger frompO.to 5..and . n is an 30

integer fromo FYSa‘?Sng?rSH 'H%?"sp'fftwhppﬁbﬁﬁ'?’%'g’@ﬂts%l%i‘%ﬂ'i‘es (i.e.,

bl ocki ng or &9 reaction is not substantially inhibited by same. ,

PCT/ US97/ 04103 protecting rougs) that are cl eavabl e by photoacid
fm&@ bile

initiators sel ected Thepre id groupsjare thejo(aanip ester] grpupsrhichi sobor nyl ,
2- met hyl - 2= ada g‘%gﬂég& {re_,s"%g gpwidr aﬂﬁy .
3- oxocycl aexaﬂ%#é,o?r%lva nic %gﬁ%gé ) |E:>€/c opfgg%rre y‘#mflﬁcprr), and
di net hyl E:ycIRopr gmppsriaclbgd: ?Q_dbtg:m))s yldmﬂglz_ir?aﬁgcoups. H:ie*tg'rlrlcuyleﬂalsdént |y
represents R an S i ned ahove. pm an p groups are
respectively reﬁ?gé’gﬁfgﬂg ef'ﬁ?@“?ﬁlﬂ'ﬁfm structures: [err] 10
The monomers described under Formula I, when polymerized into the
polymer backbone, provide recurring pendant acid sensitive groups that are

10 subsequently cleaved to confer polarity or solubility to the polymer.
The optional second monomer is represented by the structure set forth
under Formuia II below:
15
11 |
P
5 8
R RE R7 R
20

wherein R® to R? independently represent a neutral substituent selected from the
group: ~(CH,),-C(O)OR"“, -(CH,),-OR", «(CH,),-OC(O)R", -(CH,),-OC(O)OR",
+{CH,),-C(O)R", -(CH,),C(R*),CHR*)(C(O)OR*), and
~(CH,),C(R*),CH(C(O)OR*), wherein p is an integer from 0 to 5 (preferably 0 or
25 1, more preferably 0) and n is an integer from 0 to 10 (preferably 0). R*®to R* can
independently represent hydrogen, linear and branched (C, to C,,) alkyl, so long as
at least one of the remaining R® to R® substituents is selected from one of the
neutral groups represented above. R independently represents hydrogen and linear
and branched (C, to C,;) alkyl, R" represents hydrogen, linear and branched (C,
30 to C,,) alkyl, monocyclic and polycyclic (C, to C,,) cycloaliphatic moieties, cyclic



Pol ycyclic nmononmers of the above formula with a substituent selected from
the group -(CHerr])[err]C(R[err]CH R (C(O OR**) or
-(CHerr])[err]C(R[err]CHHC(OOR**)[err] can be represented as follows: R
[err] 15 In tWMe%H ¥ fornulae mis preferably 0 or 1, norePEHEFEOMEPY mis
0. When mis O the preferred structures are represented bel ow. 20

[err] 25 wherein R err] to R err] are previously defined. WO

97/ 33198 PCT/ US97/ 04103 -
10 - It should be apparent to those skilled in the art that any photoacid
cleavable noiety is suitable in the pradti-ce of the invention so |ong as
the polynerization reaction is not substantially inhibited by same. The
preferred acid | aethers cyelis cangd i(l@ctesqsbrﬁwppgfw#w*sﬂc

regfans
undergo a cl eava i etied; gaﬁ@ﬁ ' g;,&m i d
| abi | e groups include”ester 5‘?3&%@"% C @@&@B%A&%ﬁﬂrhe tﬁ'ty esters
of carboxylic acithelike. Exampies oféycipalipheticpolwyiclic Tinieties inolwde, motbomyk i bed under
Formula |, when p I i pt Q. t he pol,. .ba 26 i de urring
pendant acid sensﬁ’%’g?‘g’% |g¥cl%p§xai%nr;ﬂmcyc E%gzgyueﬁ%gf g{g\?fei%l to
confer pol asity olikes ®xbaiples dficyélic ethess ifchhdetetrahydrofurangl andnettahsdeapyrngtononer
IS represented by the structure set forth ynder Forpula Il bel ow, 15
moieties. An example of a cyclic ketone 1s a 3-oxocyclohexanonyl moiety. An
example of a cyclic ester or lactone is a mevalonic lactonyl moiety.
The preferred monomers under Formula I are the (C, to C,) alkyl esters of
the carboxylic acid with the methyl and ethyl esters particularly preferred. The
10 ester functionalities impart hydrophilicity, promote good wetting of the developer
and improve film mechanical properties.
The optional third monomer component is represented by the structure
under Formula III below:

15
m

q

R R12

RIOR11
20
wherein R® to R? independently represent a carboxylic substituent selected from
the formula -(CH,),C(O)OH, wherein q is an integer from 0 to 5 (preferably O or
1, more preferably 0) and n is an integer from O to 10 (preferably 0). R® to R can
independently represent hydrogen, linear and branched (C, to C,;) alkyl, so long as
25 at least one of the remaining R® to R* substituents is selected from a carboxylic
acid group represented above.
The monomers containing carboxylic acid functionality contribute to the
hydrophilicity of the polymer consequently aiding in the developability of the
polymer in aqueous base systems at high rates.



[err] 20 wherein R err] to R err] independently represent a neutral
substituent selected fromthe group: -(CHerr])[err]-C(O OR",
-(CHerr])[err]-OR", -(CHerr])[err]-CC(OR", -(CHerr])[err]-0C(0O OR",
-(CHerr]) [ ™Q9AR®) R*, -(CH err])[err] C(R*)[err] CH(R*) ( C(r@ranyjoaend -
-(CHerr])[err]C(R*)[err]CH(C(OOR*)[err] wherein pis an integer fromO to
5 (preferably 0 or 25 1, nore preferably 0) and n is an integer fromO
to 10 (preferably 0) Rerr] to R err] can independently represent hydrogen,
| i near and branched (Clerr] to CJerr]) alkyl, so long as_at |east one of
the remaining Rlerr] to R err] substktiZents is selected fromone of the
neutral groups represented above. R independently represents hydrogen and

| i near and branched Ti eptiohal tnwnGiners whder Formpila I'Rarevepresented by the sruagen,

| i near and br anﬁ‘ped_ (ferr] 30 to CJerr]) alkyl, nonocyclic and
polycyclic (e to CJerr]) cycloaliphatic noieties, cyclic WO

97/ 33198 PCT/ US97/ 04103 -
11 - ethers, cyclic keytones, and cyclic,esters (lactones). Exanpl es of

cycl oal i phatic nonocyclic noieties i
cycl openty , cyclohexyl. and the I|i
pol ycyclic noieties include, norbor
t et rahrydrodi cycl opent adi enyl (tricy,
| i ke. Exanples of cyclic ethers inclg¥ #rr ahydr of uranyl and
tetrahrydropyranyl noieties. An exa ? premdbcyclic ketone is a

3- oxocycl ohexanonyl npiety. An exanpl & fR1Y cyclic ester or lactone is a
meval oni c | actonyl noiety. The preferred nononers under Fornmula Il are the
(err] to (Jerr]) alkyl esters of the carboxylic acid with the nethyl and

ethyl estiers paihéréi!R lOR'PinBEsthddily reph@ect finear or braiyBd (¢, 45 €L ) ARAA!an 1 €S
i npart hydrophiljcity, pronote good wetting of the devel opel’
r i8 an iriteger from 0 to 5 (preferably 0 or I, more preferably 0) . Any of R to
R'® can represent hydrogen so long as at least one of the remaining R* to R
substituents is selected from an alkyl group set defined above. Of the above alkyl
substituents, decyl is especially preferred.
15 The polymerization of alkyl substituted monomers into the polymer
backbone is a method to control the Tg of the polymer as disclosed in U.S. Patent
No. 5,468,819 to Goodall et al.
An economical route for the preparation of the functional or hydrocarbyl
substituted polycyclic monomers of the invention relies on the Diels-Alder
20 reaction in which cyclopentadiene (CPD) or substituted CPD is reacted with a
suitably substituted dienophile at elevated temperatures to form a substituted

e cycl opropyl, cyclobutyl,

npl es of cycloaliphatic

damant yl , | A Y

2. 1.0[err]] decanyl), and the 5

polycyclic adduct generally shown by the following reaction scheme:

25 + I rm KR"
a-H —of

Other polycyclic adducts can be prepared by the thermal pyrolysis of
30 dicyclopentadiene (DCPD) in the presence of a suitable dienophile. The reaction



and inprove filmmechanical properties. The optional third nonomner
conponent is represented by the structure under Fornmula |1l below 15 [err]
20 wherein R err] to Rlerr] independently represent a carboxylic
substituent SWP8YIAMW fromthe formula -(CI—I[err])[err]C(O)O—i"éW@r’@f’r‘Pq“is
an integer fromO to 5 (preferably O or 1, nore preferably 0) and n is an
integer fromO to 10 (preferably 0). Rerr] to R err] can independently

represent hydrogen, |inear and branched (Cerr] to (Jerr]) alkyl, so |long
as 25 at | east one of the remaini ng Rlerr] to R err] -substituents is
selected froma carboxylic acid group 71 resent ed above. The nononers

cont ai ni ng carboxylic acidfuntio all r ﬁ hilicity
of t he pol ymer conlfesgsd F% M‘?‘Yég’?yg'? ﬁ%@'ﬁa ymer in
aqueous base syst giRisalorlte ﬁlhnﬂﬁe‘??eno h:! W;ﬁéhﬁ%ﬁ&m”mownbelow.

PCT/ US97/ 04103 - 12 - Thg opt1 ona ngnc?rre under Fornula IV are

represented by the structure below 5 1V [err] 10 wherein R err] to
Rl err] independently represent Rl ne * or branched (CJerr] to (Rerr]) alkyl
and r is an integer rom0t05(p ferablyOor 1, era'ply 0)
Any of Rlerms] to C : R
A RIII
“ R“" nRuu

wherein R’ toR’*’’ independently represents the substituents defined under R' to
10 R in Formulae L, II, I1L, and IV above. |
For example the 2-norbomene-5-carboxylic acid (bicyclo{2.2.1]hept-5-
ene-2-carboxylylic acid) can be prepared by the Diels-Alder reaction of
cyclopentadiene with acrylic acid in accordance with the following reaction
scheme:
15

Q. -~ —
COOH OOH
20
The corresponding t-butyl ester of the carboxylic acid can be prepared by
reacting the carboxylic acid functionality with isobutylene in the presence of triflic
acid at reduced temperatures (i.e., -30 to -20°C) as shown in the reaction scheme
below:

. CF4SO3H
+ 1sobutylene S AN

OOH 30° 00C(CHy)y

25



Rlerr] can represent hydrogen so |long as at | east one of the renaining
Rlerr]] to Rerr] substituents is selected froman al kyl group set defined
above. O the above al kyl substituents, decyl is especially preferred. 15
The pol ymer W%BHW80f al kyl substituted nononmers into the RIYS®P41BUCckboNne
Is a method to control the Tg of the polynmer as disclosed in U S. Patent
No. 5,468,819 to Goodall et al. An econom cal route for the preparation of
the functional or hydrocarbyl substituted polycyclic nononmers of the
invention relies on the Diels-A der 20 reaction in which

cycl opent adi ene (CPD) or substituted-CRD.is reacted with a suitably
substituted dienophile at elevated tenperatures to forma substituted

FOl yi:y(al ihc addluct gleAnomwdmomWyoﬁtbmfhek-btgylbmﬁﬁthﬁ%b&&nﬁﬁbl emal: 25 f
err er polycyclic adducis capn.be prepared by the thermal pyrolysis o
30 di cycl o%ﬂﬁ?ﬁhféﬁgwew?ﬁ@“ﬁgﬁ%‘éﬁ%%h?ﬁ“mgﬂ%' nophi | e.
The reaction adifdafe// 33198

PCT/ US97/ 04103 - 13 - proceeds by the initial pyrolysis of DCPD to CPD
fol | owed by the Di el Angthersynthesis routeno e acidmndiesterisubstitbtes raonomers ofsheyi ve t he

dduct h HWentidn i . L1 f
?ndgge?\dgast Fyomgrggéent S t“r%se‘hé"d’ﬁgﬁ‘?‘&'é°n?°§“é‘é‘1‘§‘ﬁ‘{e°§]%wg’g°?“eﬁ%8&??‘“?‘8810
2R[err}3 in For5 rrubuhaeqb upm!liydrol)_tsi;,to;pﬂbb:?yliabmv&maﬁpz nalft b{mmymtyﬁma;melr .

- nor bonene- 5- car boxyl.j ¢ .aci .cyclo : ept -.5-. ene- 2- cay box iC
acid) can be prgﬁ‘sﬁ’%él‘%y’?ﬁg"hi(’@h%gﬂ%‘&%ﬁvéa{‘m “g?d"f,’%qgfﬁ'é%%gng with

acrylic acid i nTheonlisiester gubstitubedt iishohiets oT'the'iavenfcifdrt Ripresented by Formula

V below:

10
rl 7 rl 8
_C—0—R!?
15 "' g ¢ Y
s

wherein R", R®, and R" independently represent a linear or branched (C, to C,)

alkyl group or any R”, R, and R" can be taken together along with the oxygen
20 atoms to which they are attached to form a substituted or unsubstituted S to 10

membered cyclic or bicyclic ring containing 3 to 8 carbon atoms (excluding

substituent groups), s is an integer from 0 to 5 (preferably 0), and t is an integer

from 1 to 5 (preferably 1). Representative structures wherein s is 0, t is 1, and

RY, R, and R are taken with the oxygen atoms to which they are attached to
25 form a cyclic or bicyclic ring are set forth below:



schenme: 15 [err] 20 The corresponding t-butyl ester of the carboxylic acid
can be prepared by reacting the carboxylic acid functionality with

i sobutylene in the presence of triflic acid at reduced tenperatures (i.e.,
-30 to -20[ erwp@3ue shown in the reaction schene bel ow. + PEFUFITBI0S WO
97/ 33198 PCT/ US97/ 04103 -
14 - Another nore preferred route to the t-butyl ester of the norbornene
carboxylic acid involves the D els-Ader reaction of cycl opentadiene with
t-butyl acrylate. Another synthesis rouf®-to the acid and ester substituted
nmononers of the 5 present invention is through an ortho ester
substituted pol ycyclic nononmer wth subsgquent hydrolysis to a carboxylic
functionality or partial hydr F%Lis t ﬁ ester functionality. The
carboxylic functionality can be ified to the desired ester The ortho

ester substituted nononers of the igyention are represented by Fornmula V
below. 10 [err] 15 19
. R Va
5
17
Rr1®
Po
19
10 0 Vb
17
o Rl
15 o
(¢ ) ng' Ve

wherein R, R¥', and R" independently represent hydrogen and linear and
20 branched (C, to C,) alkyl. The ortho esters of the present invention can be
synthesized in accordance with the so-called Pinner synthesis (A. Pinner, Chem.
Ber., 16, 1643 (1883), and via the procedure set forth by S.M. McElvain and
J.T. Venerable, J. Am. Chem. Soc., 72, 1661 (1950); SM. McElvain and
C.L. Aldridge, J. Am. Chem. Soc.,75, 3987 (1953). A typical synthesis is set forth
25 in the reaction scheme below:



wherein R err], Rerr], and R err] independently represent a |linear or
branched (CJerr] to (Jerr]) alkyl group or any Rlerr], Rerr], and R err]
can be taken together along with the oxygen 20 atons to which they are
attached tow@simsppgsubstituted or unsubstituted 5 to 10 nmegdesRdesi¥s! i.c or
bicyclic ring containing 3 to 8 carbon atons (excludi ng substituent
groups), s is aninteger fromO to 5 (preferably 0), and t is an integer
froml1l to 5 (preferably 1). Representative structures wherein s is 0, t is
1, and Rlerr], Rerr], and R err] are taken with the oxygen atonms to which
they are attached to 25 forma gygdi.c or bicyclic ring are set forth
bel ow: WD 97/ 33198

PCT/ US97/ 014103 -
i ndependently repr
Clerr]) alkyl. Th

5 - Jerr] 0 15 wheyein Rerr], Rerr], and R err]

ent hydrogerj and |inear and 2@ branched (Cferr] to
5o the pfeSEit j gleption can bESn; hesi zed

in accordance wt so-cal lfed R nner kynthesis (A, _Pinner, Cheam Ber.,

16, 1643 (1883), and the groceddrevset forth by .-m'%%ﬁ# vain and J.T.

Venerable, J. Am Chem Soc., |72, 16861 (J1950); SM El vai n and CL.

Al dridge, J. Am Chem Soc.,7 3987 (1953). A typic ynthesis is set

forth 25 in the reaction schene bel ow

X

C(OCHy)4

An alternative synthesis route wherein an alkyl acrylate is treated with a
trialkyloxonium tetrafluoroborate salt followed by an alkali metal (sodium
alcoholate) to yield the trialkoxymethyl ortho ester (H. Meerwein, P. Borner,

5 O. Fuchs, H.J. Sasse, H. Schrodt, and J. Spille, Chem. Ber., 89, 2060 (1956).

As discussed above the otho ester can undergo a hydrolysis reaction in the
presence of dilute acid catalysts such as hydrobromic, hydroicdic, and acetic acid
to yield the carboxylic acid. The carboxylic acid can in turn be esterified in the
presence of an aliphatic alcohol and an acid catalyst to yield the respective ester.

10 It should be recognized that in the case of polycyclic monomers that are di- or
multi-substituted with ortho ester groups that the ortho ester moieties can be
partially hydrolyzed to yield the acid and a conventional ester on the same

monomer as illustrated below:



WO 97/ 33198

PCT/ US97/ 04103 -16- [err] An alternative synthesis route wherein an al kyl
acrylate is treated with a triakyl oxoniumtetrafl uoroborate salt followed
by an al kal i wipémhisgsodi um al cohol ate) to yield the trial kaetresphydienr t-ho
ester (H Meerwein, P. Borner, 5 0. Fuchs, H J. Sasse, H Schrodt, and
J. Spille, Chem Ber., 89, 2060 (1956). As discussed above the otho ester
can undergo a hydrolysis reaction in the presence of dilute acid catal ysts
such as hydrobrom c, hydroiodic, and acetic acid to yield.the carboxylic
acid. The carboxylic acid can in turn bgyesterified in the presence of an
aliphatic al cohol and an acid catalyst to yield the respective ester. 10
It should be recognized that in the case of polycyclic nononers that are
di- or multi-substituted with ortho ester groups that the ortho ester

noi eti es can be par |allzxgédrolyzed to yield the achd and a conventiona
ester on the sane Hzl ustrated bel ow

PCT/-US97/ 04103 - , C(OCH3) 3

[err] 5 10 Another an¥\ pore preferred route to difuncti ycyclic
nmononers is_.through théuﬁ¥3ﬁﬂBysis and parti al hydroly5|§aéxﬁﬁéﬁ

anhydri de 1§ (endo 5- nor bonene- 2, 3-di car boxyl i cganhydri de). Nadi C
anhydri de can be f Hg;é ed to the dicarboxylif aci ggpygrartially
hydrol yzed to the I d and~est er __ parisl hydmlysis
C(OCH;3), C(OYOCH;3
C(OCH;3); C(0)OCHy
10 C(OCH3); COOH

Another and more preferred route to difunctional polycyclic monomers is
through the hydrolysis and partial hydrolysis of nadic anhydride
15 (endo-5-norbornene-2,3-dicarboxylic anhydride). Nadic anhydride can be fully
hydrolyzed to the dicarboxylic acid or partially hydrolyzed to the an acid and ester
functionality or diester functionality as shown below:

' C(O)OH
: e

C(O)OH
0

/ C(O)OR!J
o —=—
co)or!?
25 > \\ (0)

nadic anhydride M C(O)oRl 7

C(0)OH



functionality or diester functionality as shown below [err] 20 25 WO
97/ 33198 PCT/ US97/ 04103
- 18 - wherein Rerr] independently represents |inear and branched (([err]
to CJerr]) avo9giasi®referably Rerr] is nmethyl, ethyl, or trdmasphmadn a
preferred synthesis the nadic anhydride starting material is the
exo-isoner. The exo-isoner is easily prepared by heating the endo-isoner at
190[err]C foll owed by recrystallization froman 5 appropri ate sol vent
(toluene). To obtain the diacid under reaction schene 1, nadic anhydride is
sinply hydrolyzed in boiling water te WBbtain alnost a quantitative yield of
the diacid product. The m xed carboxylic acid - alkyl ester functionality

shown in schem“@eﬁ@lbbmﬂyqummtﬁwm@fm FuteCoalek reflux for 3
4 h
to ours in t?gefé}ﬁ!ﬁ?ﬁ"%'m&f\ 1tg@, qrbga{yil t{}‘e il gﬁmg 'té;{ ﬁp‘ﬁé (Rlerr] OH).

Al ternatively, uct “can react| ng
t he nadic anhydnnhydnmiMmgmamnaluthahxmsbmelaﬂ‘habxqaismmse;isdp

trial kyl am ne | qwe treat me te HCl.,. The_di ester product
substituted wit L‘ ﬁwﬁd 36%%%#"5] ﬂ?fzﬁﬂ"ﬁéw‘bﬁeﬁéf‘ed from t he
di acid by geact F?ﬁoﬁrﬁ@e @smblmbﬁ 'Pobﬁthﬁhl@dx&iﬂlﬂidbﬂeﬁ&bﬁ@éﬂeﬁ@ﬂomfcate

e.g., Rerr]O[B , in nmethylene chloride at anbi ent terrperature 15

in the presencea@ Q'SQ‘B\PUFJW‘ yegd imrtioliag wrter smetipin alanstcs quaptitetivedi f f eri ng
eR[rr]e)Ir g])/egl g)sll t %; star t | ng e gtrb.lﬁzg: %ﬁ 'R&%F{éb%g%nent t@ﬁe acéﬁg gr oﬁgei 2 >
esterified as sehovndns¢hemn 3iizohainesbydentingmagic anhyvdeideundenrefin fok Ryd dxoni um
tetrafl uorobor ahSurQ %Vthg 9r£ence of the appropriate ﬂiphaﬁc alcohol (ROH). Ahernatively,
10 the same product can be prepared by first reacting the nadic anhydride starting
material with an aliphatic alcohol and trialkyl amine followed by treatment with
dilute HC1. The diester product substituted with identical alkyl (R'”) groups can
be prepared from the diacid by reacting the diacid with a trialkyloxonium
tetrafluoroborate, e.g., R7;O[BF,], in methylene chloride at ambient temperature,
15 in the presence of diisopropylethylamine. To obtain esters with differing R alkyl
groups the mixed acid - ester product obtained in scheme 3 is employed as the
starting material. In this embodiment the acid group is esterified as set forth in
reaction scheme 2. However, a trialkyloxonium tetrafluoroborate having 2
differing alkyl group than the alkyl group already present in the ester functionality
20 is employed.
1t should be noted that the foregoing monomers containing the precursor
functionalities can be converted to the desired functional groups before they are
polymerized or the monomers can be first polymerized and then the respective
polymers containing the precursor functional substituents can then be post reacted
25 to give the desired functionality.
It is contemplated within the scope of this invention that the monomers
described under Formulae I to V wherein m, p. q, r, and s is O the methylene

bridge unit can be replaced by oxygen to give 7-oxo-norbornene derivatives.



differing al kyl group than the al kyl group already present in the ester
functionality 20 I's enployed. It should be noted that the foregoing
nononers containing the precursor functionalities can be converted to the
desired functW@AHIIW oups before they are polynerized or t hBCHEHG@E0Z can
be first polynerized and then the respective polyners containing the
precursor functional substituents can then be post reacted 25 to give
the desired functionality. It is contenplated within the scope of this

i nvention that the nononers described under Fornmulae I to .V wherein m p.
q, r, and s is O the nethylene bridge urli% - can be repl aced by oxygen to

gi ve 7-0xo0-norbornene derivatives. WO 97/ 33198

PCT/ US97/ 04103 - 19 - ltds alsp contemplatedithatforapplicationstat 24% nmoppve leegthens at 248

nm ueve | ength angh 4R Rl ko' ReBoEid n TSV & o dobREURSS 1

and |V can be aromatic such as phen

Pol ymers One or npheaybf the acid Iabl | e substituted polycyclic nononers
descri bed under Formula | can be polynerized alone or in conbination with
one or nore of the polycyclic nononers described under Fornmulae 11, 111,
IV, and V. I8 is also 10 cont enpl at pglyfmeat the polycyclic nmonomers of
Fornmulae | to V can be copol ynerized with carbon nonoxide to afford
alternating copolyners of the polycyclic and carbon nonoxi de. Copol ynmers of

LoD TETe, ok 0 BTG ReR ke B NG g RS, [
her eby i ncor por at sefepformulzk canbe polymenzed alone or m combination with one or more of
the polycyclic monomers described under Formulae II, IfI, IV, and V. It is also
10 contemplated that the polycyclic monomers of Formulae I to V can be
copolymerized with carbon monoxide to afford alternating copolymers of the
polycyclic and carbon monoxide. Copolymers of norbornene having pendant
carboxyiic acid groups and carbon monoxide have been described in U.S. Patent
No. 4,960,857 the disclosure of which is hereby incorporated by reference. The
15 monomers of Formulae I to V and carbon monoxide can be copolymerized in the
presence of a palladium containing catalyst system as described in Chem. Rev.
1996, 96, 663-681. It should be readily understood by those skilled in the art that
the alternating copolymers of polycyclic/carbon monoxide can exist in either the
keto or spiroketal isomeric form. Accordingly, the present invention contemplates
20 homopolymers and copolymers containing random repeating units derived
(polymerized) from a monomer or monomers represented by Formula I,
copolymers containing random repeating units derived (polymerized) from a
monomer(s) represented by Formula 1 in optional combination with any
monomer(s) represented by Formulae I to V. In addition, the present invention
25 contemplates alternating copolymers containing repeating units derived
(polymerized) from carbon monoxide and a monomer(s) represented by Formulae
ItoV.
The polymers of the present invention are the key ingredient of the
composition. The polymer will generally comprise about 5 to 100 mole % of the
30 monomer (repeating unit) that contains the acid labile group component.



15 mononers of Formulae I to V and carbon nonoxi de can be

copol ynerized in the presence of a palladium containing catal yst system as
described in Chem Rev. 1996, 96, 663-681. It should be readily understood
by those skiWP&W3¥ the art that the alternating copol yner BCHES97/04103 -
pol ycyclic/ carbon nonoxi de can exist in either the keto or spiroketal

I soneric form Accordingly, the present invention contenplates 20

honopol ynmers and copol yners cont ai ni ng random repeating units derived

(pol yneri zed) froma nononer or nononers represented by Formula I,

copol yners cont ai ni ng random r epeat i ﬁgZQJﬁi ts derived (polynerized) froma
nmononer (s) represented by Formula | in optional conbination with any

mononer (s) repr é’sefmbluwommmmm 4b0tl Ovto 90male v of themonomer thaksent

i nvention 25 §q8| M{ﬁﬁ epeatl ng
units derived (po?yrrerl zeh%@gﬂ’éa on nono e a &#ﬁﬂ‘g%ﬁ?{
represented by I?Omlé%&eoﬂthmbhonﬁheumot}nﬂwmfthdmlﬂﬁbfm&homwermbon are

t he key i ngredient .o e corrp05| tion. ol yner ,vvi | ] neral ly conprise
about 5 to 100 r?ﬂf“@"‘I% P Polyfaer smposity °%W&?Féﬁ"(fy YRS Pelymenzed §pme ont ai ns
t he aci d | s1bi | etﬁ%ﬂﬁﬂ%@ﬁ%hﬂfoﬁh%@ﬁﬂ&??@&ﬂunmv The choice and

PCT/ US97/ 04103 - Preferably the polymer contains about 20 to 90 nole %

of the nononer thAmeusheltaperific menamersiemplesed in e pelpmenyvan be marisdler abl y t he
POLYITE! O 1ol Rl Bt g g el T 15
up of repeating cmboxﬁlcpuuﬁmombty ifi therpolymer backbdme, thetsolobility aftheoners set
o 0 Sl R db oS bE RS & U P 1
10 containing the ester functionality can be varied to enhance the mechanical
properties of the polymer and radiation sensitivity of the system. Finally, the glass
transition temperature properties of the polymer can be adjusted by incorporating
cyclic repeating units that contain long chain alkyl groups such as decyl.
There are several routes to polymerize cyclic olefin monomers such as
15 norbornene and higher cyclic (polycyclic) monomers containing the norbornene
moiety. These include: (1) ring-opening metathesis polymerization (ROMP); (2)
ROMP foliowed by hydrogenation; and (3) addition polymerization. Each of
the foregoing routes produces polymers with specific structures as shown in the

diagram 1 below:



according to the properties desired. For exanple, by varying the anmount of
carboxylic acid functionality in the pol yner backbone, the solubility of

t he pol yner to various devel opi ng solvents can be adjusted as desired.
Mononers 10 WO 97388t ai ni ng the ester functionality can be RGEYL#HO4183 -
enhance the nechani cal properties of the polyner and radiation sensitivity
of the system Finally, the glass transition tenperature properties of the
pol ymer can be adjusted by incorporating cyclic repeating units that
contain long chain al kyl groups such as decyl. There are several routes to
pol ynmeri ze cyclic olefin nononers such 3s-15 nor bor nene and hi gher
cyclic (polycyclic) nononers containing the norbornene noiety. These
include: (1) ring-opening netathesis poPjageni kation (ROW); (2) ROW

foll omed by hydrogenation; and (3) addition polynerization. Each of the
foregoi ng routes produces polyners with specific structures as shown in the
di agram 1 bel ow. =\\WO 97/ 33198

PCT/ US97/ 04103 - 2 Diagram |l 5 [err] 10 15 A ROW pol yner has a
different structurgjthan that of an addition 20 pol A ROWP

pol ymer congains a fepeat unit with one less cyclic unit id the
starting nononer. T epeat units are |inked togethegf i nsat ur at ed
backbone as shown aboy#. Because of this unsaturatio pol yrer

preferably
Homma o izt
: (5)
Hydrogeaation
10 Fy | s ﬂﬁ?

15

A ROMP polymer has a different structure than that of an addition
20 polymer. A ROMP polymer contains a repeat unit with one less cyclic unit than
did the starting monomer. The repeat units are linked together in an unsaturated
backbone as shown above. Because of this unsaturation the polymer preferably
should subsequently be hydrogenated to confer oxidative stability to the backbone.
Addition polymers on the other hand have no C=C unsaturation in the polymer
25 bacl;bone despite being formed from the same monomer.

The monomers of this invention can be polymerized by addition
polymerization and by ring-opening metathesis polymerization (ROMP) preferably
with subsequent hydrogenation. The cyclic polymers of the present invention are
represented by the following structures:



shoul d subsequently be hydrogenated to confer oxidative stability to the
backbone. Addition polyners on the other hand have no C=C unsaturation in

t he pol yner 25 backbone despite being fornmed fromthe same nononer.
The nononerwO@?331p% s i nventi on can be pol yneri zed by addi pCDwos97/04103

pol ymeri zati on and by ring-opening netathesis polynerization (ROW)
preferably with subsequent hydrogenation. The cyclic polyners of the
present invention are represented by the foll ow ng structures: WO

97/ 33198 . PCT/ US97/ 04103 -
22 - [err] wherein R[err] to R''"' in@2pendently represents Rerr] to

Rl err] as defined in Fornulae | to V above, mis an integer fromO to 5 and
a represents the nunber of repeating 10 units in the polymer backbone.
The ROWP pol yners of the present invention are QolyneLized in the presence
of a netathesis ring-ope ‘" gLri zation cata‘aaglan an appropriate

sol vent. Met hods of pol yngs —2lLAg Via ROWP and t-- S Ul equent hydrogenatlon
of the ring-opened pol yne
15 5,053, 471 and 5, 20 8 )
I n one RO¥P enbodi nent th- 1auwyy ?cllc mononers & &‘mnvention can be

pol yneri zed in the preseh el off .nslngle conpong M UM Or osm um neta
carbene conpl ex cat al yst sqghgps t hose di scl osed ¢ 5- US9655. The
nononer to catalyst ratio enployed should range from about 100: 1 to about
20 2,000:1, with a preferred ratio of about 500: 1. The reaction can
be conducted i rwmbmkmnc&rmaﬁﬁhﬂﬁepre&uﬁm'wkﬂlﬁbmmﬁmmaeuo

di chl oronet hane,, chl orQbenzene
V above, m is an integer from 0 to 5 and a represents the number of repeating

10 units in the polymer backbone.

The ROMP polymers of the present invention are polymerized in the
presence of a metathesis ring-opening polymerization catalyst in an appropriate
solvent. Methods of polymerizing via ROMP and the subsequent hydrogenation
of the ring-opened polymers so obtained are disclosed in U.S. Patent Nos.

15 5,053,471 and 5,202,388 which are incorporated herein by reference.

In one ROMP embodiment the polycyclic monomers of the invention can
be polymerized in the presence of a single component ruthenium or osmium metal
carbene complex catalyst such as those disclosed in WO 95-US9655. The
monomer to catalyst ratio employed should range from about 100:1 to about

20 2,000:1, with a preferred ratio of about 500:1. The reaction can be conducted in
halohydrocarbon solvent such as dichloroethane, dichloromethane, chlorobenzene
and the like or in a hydrocarbon solvent such as toluene. The amount of solvent
employed in the reaction medium should be sufficient to achieve a solids content
of about 5 to about 40 weight percent, with 6 to 25 weight percent solids to

25 solvent ﬁeing preferred. The reaction can be conducted at a temperature ranging
from about 0°C to about 60°C, with about 20°C to 50°C being preferred.

A preferred metal carbene catalyst is
bis(tricyclohexylphosphine)benzylidene ruthenium. Surprisingly and
advantageously, it has been found that this catalyst can be utilized as the initial

30 ROMP reaction catalyst and as an efficient hydrogenation catalyst to afford an



and the like or in a hydrocarbon solvent such as toluene. The anount of

sol vent enployed in the reaction nedi um should be sufficient to achieve a
solids content of about 5 to about 40 wei ght percent, with 6 to 25 wei ght
percent sol i dWOS3/3798 sol vent being preferred. The reac®PCEASEHMIBe -
conducted at a tenperature ranging fromabout O[err]C to about 60[err]C
with about 20[err]C to 50[err]C being preferred. A preferred netal carbene
catal yst is bis(tricycl ohexyl phosphi ne)benzylidene ruthenium Surprisingly
and advant ageously, it has been found that this catalyst can be utilized as
the initial 30 ROWP reaction catal 2%t~ and as an efficient

hydr ogenation catal yst to afford an WO 97/ 33198

PCT/ US97/ 04103 - é&naalbrsmmddd{OMP@lwmatNdammmtyﬂmpmﬁommiMnal

Cacton. &l e SPayBLqEaBepinedhe BIAIRAME rotHon 1 AF it st B e
backbone is to mmmubydfmegﬂyﬁmwmmwsmMﬁw ressiploventiet a

t enper ature above about 100[err]C but | ower than bou 220[ err] C,
preferably betwedRachEn medipmt g fempseatire sbyeabout 300, Zmrtthaeﬁb Pl ymer's of

the present gi nve@igggsﬁ@%t@mwﬁysﬂo %O‘bf ee radi cal solution

pol yneri zation ne nown those skilled in the art. The
monomer of Formul ae | mawmwmmmmpopmmzwomammmmazed in the

B e set forth i n TRANSMerities i Bn pRlymeri b boal BB bt Bhaslby, °C 7 1S
13, 708 (1988). Ahbserskilled lnahtyart aTle ot offyrmulabBtaVicanty s of t hi s
nventi on A e DOl et it o oSS oo ke S e ankkie HIROTE
10 radical polymerization techniques are set forth in the Encyclopedia of Polymer
Science, John Wiley & Sons, 13, 708 (1988).
Alternatively, and preferably, the monomers of this invention are
polymerized in the presence of a single or multicomponent catalyst system
comprising a Group VIII metal ion source (preferably palladium or nickel).
15 Surprisingly, it has been found that the addition polymers so produced possess
excelient transparency to deep UV light (193 nm) and exhibit excellent resistance
to reactive ion etching.
The preferred polymers of this invention are polymerized from reaction
mixtures comprising at least one polycyclic monomer selected from Formula I, a
20 solvent, a catalyst system containing a Group VIII metal ion source, and an
optional chain transfer agent. The catalyst system can be a preformed single
component Group VIII metal based catalyst or a multicomponent Group VIII
metal catalyst.

25 Single Component Systems
In one embodiment, the single component catalyst system of this invention

comprises 2 Group VIII metal cation complex and a weakly coordinating

counteranion as represented by the following formula:



conmprising a Goup VIIl netal ion source (preferably palladiumor nickel).
15 Surprisingly, it has been found that the addition polyners so
produced possess excellent transparency to deep W light (193 nm and

exhi bit exc¥PPHMIIE esi st ance to reactive ion etching. ThePprabsyosmd -
polyners of this invention are polynerized fromreaction m xtures
conprising at |east one polycyclic nononer selected fromFornmula |, a 20
solvent, a catalyst systemcontaining a Goup VIII netal ion source, and an
optional chain transfer agent. The catal yst system can be a preforned

singl e conponent Group VIl netal basédl catalyst or a multiconponent G oup
VIIl netal catalyst. 25 Si ngl e Conponent Systens
I n one enbodi nent, the single conponent catal yst systemof this invention
conprises a Goup VIII netal cation conplex and a weakly coordi nating
counterani on as represented by the fol [ Ow fo | a: WO 97/ 33198

PCT/ US97/ 04103 - 24 - [err]l wherein L représents ja |igand containing 1, 2,

or 3 [err]-bonds; Mrepres ntLrﬁM(x%e | 1] CAndition netal; X represents
and t

a ligand containing 1 [err]j-bo nO0td3([err]-bonds; y is 0, 1,
or 2 and 3 is 0 or 1 and re‘}@“‘%"‘iﬂg‘ cﬁon%t @h beOgt 10 “the
sane tinme, and when y is 0, a whe "9'T'§°E,a|s 1; and CAis a
weakly coor d| nating counteranion. The phrase "weakly coordinating
e e
VI transition metal; X represents a ligand containing 1 o-bond and between 0 to
3 n-bonds; yis 0, 1, or 2 and zis O or 1 and wherein y and z cannot both be 0 at
10 thesmetime,andwhmyiso,ais2andwhenyisl,aisl;andCA‘isaWealdy
coordinating counteranion.
The phrase "weakly coordinating counteranion” refers to an anion which is
only weakly coordinated to the cation, thereby remaining sufficiently labile to be
displaced by a neutral Lewis base. More specifically the phrase refers to an anion
15 which when functioning as a stabilizing anion in the catalyst system of this
invention does not transfer an anionic substituent or fragment thereof to the
cation, thereby forming a reutral product. The counteranion is non-oxidative,
non-reducing, non-nucieophilic, and relatively inert.
L is a neutral ligand that is weakly coordinated to the Group VIII metal
20 cation compiex. In other words, the ligand is relatively inert and is readily
displaced from the metal cation complex by the inserting monomer in the growing
polymer chain. Suitable n-bond containing ligands include (C, to C,,)
monoolefinic (¢.g., 2,3-dimethyl-2-butene), dioolefinic (C, to C,,) (e.g.,
norbornadiene) and (C, to C,,) aromatic moieties. Preferably ligandL isa
25 chelating bidentate cyclo(C; to C,,) diolefin, for example cyclooctadiene {(COD)
or dibenzo COD, or an aromatic compound such as benzene, toluene, or
mesitylene.
Group VIII metal M is selected from Group VIII metals of the Periodic
Table of the Elements. Preferably M is selected from the group consisting of



di spl aced by a neutral Lewis base. Mire specifically the phrase refers to
an anion 15 whi ch when functioning as a stabilizing anion in the
catal yst systemof this invention does not transfer an anionic substituent
or fragnent tWe9%8¥3% o the cation, thereby form ng a neutraPCHUSRI3 The
count erani on i s non-oxidative, non-reducing, non-nucleophilic, and
relatively inert. L is a neutral ligand that is weakly coordinated to the
Goup VIIl nmetal 20 cation conplex. In other words, the ligand is
relatively inert and is readily displaced fromthe netal cation conplex by
the inserting monomer in the growi ng poldner chain. Suitable [err]-bond
containing ligands, jnclude (Cerr] to Clerr]) nonoolefinic (e.qg.,

2, 3- di net hyl - 2- buhigksl)palladium,| cobalt; platipum.dron; and sutheniym.) The mosy pr

nor bor nadi ene) an a%ﬁi%kei . aromatic noieties. Preferably Iigand
Lis a 25 chel'ating birdentate cyclo(Cerr] to Clerr]) diolefin, for
exanpl e cycl ooct adi eneLigadX ismelected fromo(i)C@oiety thatpravidesatsinglecustgaarbgnsuch

as benzene, toluen nesi tyl ene. aung VILI netal M.is select,ed from
o oup 1T et al < Ogiond Eng Eaerah 15 methH Hhe Getion dpfes of ) pREFEF LGS 11T
sel ected fr @ t hepvideda sifigle metal Egbodfo-bond\éht 9 €6 3 X1EbAds to the metal in the

PCT/ US97/ 04103 - 25.- nickel ngél | adi,um cobalt, platinu iron, _and

rut heni um The noS#ioBcamplexe empedipent () thezagiery i poynd 10488 GRvPVIand X i s
sel ect ed f1Om (i) ) #bikgis hala-Bir60H 6L53nend nd Sl Rl B4R i - DONC

(no [err] bonds) to the nmetal in the cation conplex or (i1) a nbiety that 5

provi des a si ngl edefined undss thivemtjodinent incinde (G to €} tkd rjoistieq seleoted fomo t he
netal in the Cat'%ﬂegﬂbfi&eapmm%ﬂaﬂﬂ&%h&'&pwﬂﬁ W&l,ebéﬁt}hs bound to

the G oup VIII
10 neopentyl, hexyl, heptyl, octyl, nonyl and decyl and (C, to C,,) aralkyl such as

benzyl. Under embodiment (ii) generally defined above, the cation has a
hydrocarbyl group directly bound to the metal by a single metal-carbon o-bond,
and also by at least one, but no more than three n-bonds. By hydrocarbyl is meant
a group that is capable of stabilizing the Group VIII metal cation complex by

15 providing a carbon-metal 0-bond and one to three olefinic %-bonds that may be
conjugated or non-conjugated. Representative hydrocarby! groups are (C, to Cy)
alkenyl which may be non-cyclic, monocyclic, or polycyclic and can be substituted
with linear and branched (C, to C,,) alkoxy, (Cq to C,,) aryloxy or halo groups
(e.g,Cland F).

20 Preferably X is a single allyl ligand, or, a canonical form thereof, which
provides a o-bond and a n-bond, or a compound providing at least one olefinic
7t-bond to the metal, and a o-bond to the metal from a distal carbon atom, spaced
apart from either olefinic carbon atom by at least two carbon-carbon single bonds
(embodiment iii).

25 It should be readily apparent to those skilled in the art that when ligand L
or X is absent (i.e., y or z is zero), the metal cation complex will be weakly ligated
by the solvent in which the reaction was carried out. Representative solvents
include but are not limited to halogenated hydrocarbons such as carbon
tetrachloride, chloroform, dichloromethane, 1 2-dichloroethane and aromatic



netal by a single netal-carbon [err]-bond and no [err]-bonds.
Representative |igands defined under this enbodinent include (Cerr] to
Cerr]) alkyl noieties selected fromnethyl, ethyl, linear and branched

noi eti es suWO¥S3psopyl, butyl, pentyl, 10 neopent yl ,p¢rspbpsrteptyl |
octyl, nonyl and decyl and (Cferr] to (Jerr]) aral kyl such as benzyl. Under
enbodi nent (ii) generally defined above, the cation has a hydrocarbyl group
directly bound to the nmetal by a single netal -carbon a-bond, and al so by at
| east one, but no nore than three [err]-bonds. By hydrocarbyl is nmeant a
group that is capable of stabilizing-td3e-Goup VIII netal cation conplex by
15 providing a carbon-netal [err]-bond and one to three olefinic
[err]-bonds t hasolvents such asthenzege, tteldene; masitylene) chiorpbesene, Badniaobenzerie] ve

hydr ocar byl grou are (Clerrl]l. to err, al kenyl whj ch e non-cyclic,
nonocyclic, or ﬁ?ﬁ&gﬁ'ig@ﬁ%‘lwﬁd%"‘?ﬂ&?‘ﬂ %*ﬁ@?@@%a br anched
(Cerr] to Clerr]) asHexes enbolimients of the Cirbiiy VT Metd) €aivn 65mpléles oftheups (e. g.,
c and F). 20 Preferably X is, a single allyl Iigand, or, a
canoni cal f or m SiRgle cempongnt; catalysh systema of this inveptjonisemshowndelow er r | - bond; or a

conpound ovi ding a ggﬁn?“@& Eﬁ.u@ﬁ. f . 0 ﬁFﬂ’gl’ and a

a- bond to%{ he net al %‘ﬁ‘qﬁg I sta t"gar Oﬁméx?éﬁ\bhgrgg@gg&a%gﬁ rom eit her

ol ef i ni ¢ car bongroup thabis baund otbe metalvic s sihgle metal-tarbonss-boyide asbligdsd Lésrbodi nent
iii). 25 Lt. shqul d be readi arent .to.those skilled in the
art that when nggn‘&aﬁ_‘so ‘l‘osf’“gﬁ"é%fﬁm‘féllp"g%"'? ¥‘°i“§’°£§ “"ﬂ‘l‘ *net al
cation conpl ex W the sinschwe bélow M pepfdrstly feprebdnes paliddian or nitkebhi ch t he reaction
was carried out. Representative solvents include but are not limted to

hal ogenat ed hydrocarbons such as carbon tetrachloride, chloroform

di chl or ongg hane, 1, 2-dichl orget hane and aromat i€ WO 97/ 33198
PCT/ US97/ 04103

M—CH; | CA

15

Structures VIII, IX, and X illustrate various examples of embodiment (ii)
20 wherein X is an allyl group that is bound to the metal (palladium is shown for
illustrative purposes only) via a single metal-carbon o-bond and at least one but no
more than three x-bonds.
In Structure VI, L is not present but an aromatic group providing three
n-bonds is weakly coordinated to the palladium metal; X is an allyl group
25 providing a single metal-carbon o-bond and an olefinic x-bond to the palladium.
In Structure IX, L is COD and X is an allyl group providing a metal-
carbon o-bond and- an olefinic n-bond to the palladium.
Structure X illustrates an embodiment wherein ligand X is an unsaturated
hydrocarbon group that provides a metal-carbon o-bond, a conjugated n-bond and
30 two additiona! n-bonds to the palladium; L is absent.



- 26 - solvents such as benzene, toluene, nesitylene, chlorobenzene, and
ni trobenzene, and the like. A nore detailed discussion on appropriate
solvents will follow Selected enbodinments ofthe Goup VIII netal cation
conpl exes of WA873N®| e conponent catal yst systens of this PEVERTOM3 are
shown bel ow. 5 Structure VII illustrates enbodinent (i) wherein
ligand X is a nmethyl group that is bound to the netal via a single
nmetal -carbon [err]-bond, and ligand L is COD that is weakly coordinated to
the palladiummetal via two olefinic [err]-bonds. In the structure below M
preferably represents palladi umor nickegy.. 10
[err] Structures VIII, IX, and X illustrate various exanpl es of enbodi nent
(i) 20 wherein X is an allyl group that is bound to the netal
(palladiumis shown for illustrative purposes only) via a single +
met al - carbon a-bofid and at | east one™put no re than three [erT]-bonds. In
Structure VIII, L{is not sent but &n aronptic grow?Oprovidingf three
[err]-bonds is wepkly coofdinated to {he pal|adium al . X is al |yl
group 25 provi di ng single metal-carbop [err]-Jgond an plefinic
[err]-bond to the f : ure IXLis and X al |yl
group providing a Qgﬁh a qﬁ J4 r] nd to
t he pal |l adium St an enpodi ereinjligand X is an
unsat urated hydro vi des met al \rar bon ond, a
conjugated [err]- dditiopal [err]}-bon o the
palladium L is a 22
PCT/ US97/ 04103 - R

vl X

Substituents R, R, RZ will be described in detail below.

Structures XI and XII illustrate examples of embodiment (iii) wherein L is

5 COD and X is a ligand that provides at least one olefinic n-bond to the Group
VIII metal and a o-bond to the metal from a distal carbon atom, spaced apart from
either olefinic carbon atom by at least two carbon-carbon single bonds.



[err] + Substituents Rerr], Rerr],
Rlerr] will be described in detail below Structures XI and XlIl illustrate
exanpl es of enbodinment (iii) wherein L is 5 COD and X is a ligand that
provi des atwWo#38319%ne ol efinic [err]-bond to the G oup VI IFCTuspmdsiend -a
[err]-bond to the netal froma distal carbon atom spaced apart from either
ol efinic carbon atom by at |east two carbon-carbon single bonds. WO

97/ 33198 . N PCT/ US97/ 04103
- 28 - [err] 5 15 The above-descri bedzéroup VI1I cation conpl exes are
associated wth a weakly coordi nati ng or non-coordi nati ng count erani on, CA,
which is relatively inert, a poor nucleophile and Q_rovi des the cation

conplex with essential soluptlity 20 i g the—jeaction solvent. The key
to proper anion design requjr that it be il el and stable and inert
toward reactions with the c oniM\G oup I tal conplex in the final
catal yst species and that i enders ppe singl pjcpnp t catal yst soluble
in the solvents of this inv i on e aRgons ch aré“stable toward
reactions with water or Bro aci ds, r“aﬁd\ hi do not have acidic
protons 25 | ocated on fheVexterior of t anfon (i.e., anionic

conpl exes which do not react with strong acids of bases) possess the
stability necessary to qualify as a s¥hbl e anion for_the catal yst system
The properties of the anionfwhich are inportant for Teaxi numlability

I ncl ude overall size, and s1ape°@4‘.e., | arge radius gf curvature), and
nucl eophilicity.

° N

M CA™

15

The above-described Group VIII cation complexes are associated with a
weakly coordinating or non-coordinating counteranion, CA", which is relatively
inert, a poor nucleophile and provides the cation complex with essential solubility

20 in the reaction solvent. The key to proper anion design requires that it be labile,
and stable and inert toward reactions with the cationic Group VIII metal complex
in the final catalyst species and that it renders the single component catalyst
soluble in the solvents of this invention. The anions which are stable toward
reactions with water or Bronsted acids, and which do not have acidic protons

25 located on the exterior of the anion (i.e., anionic complexes which do not react
with strong acids or bases) possess the stability necessary to qualify as a stable
anion for the catalyst system. The properties of the anion which are important for
maximum lability include overall size, and shape (i.e., large radius of curvature),

and nucleophilicity.



WO 97/ 33198 PCT/ US97/ 04103
- 29 - In general, a suitable anion may be any stabl e anion which all ows
the catalyst to be dissolved in a solvent of choice, and has the follow ng
attributes: W8N ani on should formstable salts with th&CTAFPUMHIM | oned
Lew s acid, Bronsted acids, reducible Lewis Acids, protonated Lewi s bases,
thalliumand silver 5 cations; (2) the negative charge on the anion
shoul d be del ocalized over the franework of the anion or be |ocalized
within the core ofthe anion; (3) the anion should be a relatively poor
nucl eophil e; and (4) the anion shoul d- 28t- be a powerful reducing or

oxi di zi ng agent. Anions that neet the foregoing criteria can be sel ected
fromthe group 10 In genanalj sitale afiommayebe @iy Istableianion ohickkallowdtheor B, a

hexaf | uori de of or,.As, perfluyuoro-acetate r Q@ onat and
but yr at es, hydra{)%%‘%gfaor% Aslg ’f‘ﬁ%ﬁﬁ’é‘rﬁ’g%‘f"f m&eﬁkﬂgﬁﬁbﬂ%bmt hyl
sul fonate; and sQpshe snidreshoiild foraitablyy/daltb @it iR afdr@neitionddIewid Wiyl ring is

substituted with_fluorine or, trifluoromethyl nojeties. Sel ected exanples of
count er ani ons i W“Bﬂ%‘;-ﬁ‘—‘ﬁ”epf’]"f’b’ el SN'?P@?‘P‘} g pysexothallium and siiver o |

15 Sbis[ er r ] aGbmY 'R theA® iﬁeeimgéaﬁé@%]u@a ﬁgﬁm%%mmerrl ),

pent af | uor opropi onate (err[Flerr] ) ), ptafl uorobutyrate

(CF[ Ierr] CF[ elr][] dirqrasviar @Pﬁ*}?‘iﬂrb“]‘ the c¢r€lo€fheranipn; (lilii[tgw}!@) ,

p-tol uene-sul fo - err tetr en orates
represented by {%éaggrgﬁu%@cgd’giﬂd&ﬁge’md]24)atggam°“3hg&gmyb”[err] wherein
R' i ndependent | ypavepibreduding dryoctidiygragefitl uori ne and trifl uoromethyl and n 25

s 1 L0 5. A prefert of,singhe coipRIE S8 LSt bOhuckdlf £69£95k]

10 consisting of a tetrafluoride of Ga, Al, or B; a hexafluoride of P, Sb, or As;
perfluoro-acetates, propionates and butyrates, hydrated perchlorate; toluene
sulfonates, and trifluoromethy! sulfonate; and substituted tetraphenyl borate
wherein the pheny! ring is substituted with fluorine or trifluoromethyl moieties.
Selected examples of counteranions include BF,", PF,, AlF,0,SCF,’, SbF;,

15 SbF,SO,F, AsFg, trifluoroacetate (CF,CO;), pentafluoropropionate
(C,F,CO,), heptafluorcbutyrate (CF,CF,CF,CO,), perchlorate (CIO, * H,0),
p-toluene-sulfonate (p-CH,C,H,SO;) and tetraphenyl borates represented by the
formula:

wherein R” independently represents hydrogen, fluorine and trifluoromethyi and n
25 isltos.

A preferred single component catalyst of the foregoing embodiment are
represented by the formula:



represented by the fornul a:
PCT/ US97/ 04103 - 30 - [err] 5 Xl
Goup VIII netal

WD 97/ 33198
10 The catal yst conprises a [err]-allyl
conplex with a weakly coordinating counteranion.

The al |l yl

group of th&Q¥3a1%8cation conplex is provided by a conmpourRERASIF/B4I ng

allylic functionality which functionality is 15
[err]-bond and an olefinic [err]-bond. The G oup VIII
and pall adiumw th pal | adi um

si ngl e carbon-net al
met al
bei ng the nost preferred netal.

Mis preferably selected from nickel
Sur pri singly,

bound to the Mby a

it has been found that these

si ngl e conmponent catal ysts wherein M 38 pall adium and the cation conplex is

devoi d of
exhi bit excellent 20
pol ycyclic nononmers such as the
I nvention. As discussed above,

sol vated by the reaction diluent
ligands to the Group VIII netal
Rlerr], and Rerr] on the allyl
VI, IX agd X1l are each indepg
(dJerr] to (Jerr]) alkyl such ag
t-butyl, (Cerr] to (Jerr]) aryl
Cerr]) aral kyl such as benzyl,

(err] to (err]) cycloaliphati

| i gands ot her than the allyl

=i |yl
t will be u
whi chpdf | u
inth [

e N

functionality (i.e.,
activity for the polynerization of functional
cont &

Llerr] = 0),

R ng nononers of this

hder st ood that the catalysts are
ent can be considered very weak
pbn conpl ex. Substituents Rerr],
brth above in 25 Structures
 ogen,_ branched or unbranched
hyl CA- propyl, isopropyl, and
henyl and naphthyl, (Cerr] to
-(CHerr])[err]ORerr], d and
Rlerr] is

10

The catalyst comprises a ®-allyl Group VIII metal complex with a weakly
coordinating counteranion. The allyl group of the metal cation complex is
provided by a compound containing aliylic functionality which functionality is

15

bound to the M by a single carbon-metal 6-bond and an olefinic n-bond. The

Group VIII metal M is preferably selected from nicke! and palladium with
palladium being the most preferred metal. Surprisingly, it has been found that
these single component catalysts wherein M is palladium and the cation complex is
devoid of ligands other than the allyl functionality (i.e., L, = 0), exhibit excellent

20

activity for the polymerization of functional polycyclic monomers such as the silyl

containing monomers of this invention. As discussed above, it will be understood

that the catalysts are solvated by the reaction diluent which diluent can be

considered very weak ligands to the Group VIII metal in the cation complex.
Substituents R*, R?, and R* on the allyl group set forth above in

Structures VIII, IX and XTI1 are each independently hydrogen, branched or

unbranched (C, to C;) alkyl such as methyl, ethyl, n-propyl, isopropyl, and

t-butyl, (Cs to C,,) aryl, such as phenyl and naphthyl, (C, to C,,) aralkyl such as
benzyl, -COOR', -(CH,),OR, Cl and (C, to C) cycloaliphatic, wherein R is
(C, to C,) alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl and i-butyl, and

30 nisltoS$.



(err] to Jerr]) alkyl, such as nethyl, ethyl, n-propyl, isopropyl,
n-butyl and i-butyl, and 30 nis 1lto 5. WO 97/ 33198

PCT/ US97/ 04103 - 31 - Optionally, any two of Rlerr], Rerr], and R err] may
be linked tosowheasg o forma cyclic- or nulti-cyclic ring BEFUSY@AE3 The
cyclic ring structure can be carbocyclic or heterocyclic. Preferably any
two of Rlerr], Rerr], and R err] taken together wth the carbon atons to
which they are attached formrings of 5 to 20 atonms. 5 Representati ve
het eroat ons include nitrogen, sulfur and carbonyl. Illustrative of the
cyclic groups with allylic functionald8y-are the follow ng structures:

[err] 25 15 20 wherein R err] is hydrogen, linear or branched C[err] to

Cerr]) alkyl such aOptientlyl syswhpf R®nRYy and R miyhehinkedtogether ko

but yl d t b
by anehed (o or L1 gy bt Sybis dag %&mf@ﬁ%&w&f@'ﬁ@bﬁﬁb&ﬁﬁév?
Adgi t2 i50nal exaEmrgfﬁte&fcyglgr Hﬁh&lyhﬁ%fmkﬂgm@ﬁk&ﬁ@ﬂm%wém&he G}[Jy
an . aw, vances. i n | nor c Che an i ochemi stry,
Vol . 4, Acadeni ccapongtomste %qiébmw“@%mwssfg 9™ E. de Boer, Y
ML . H Gegn R Mﬁxw‘ﬂﬂeﬁ‘&?&nﬁrmﬁe‘mﬁogeﬁ'%aﬁdBkrb&@hrm%%vedidVances

In Organonetal lic Chem stry, 2, Academc Press Inc., New York, 1964,

WT. Dent, R thgcmhqwnswwanyimﬁmmmhtymeMmssmm 1585; and

g23 g2
RB 223 B\ R23

15 L g @
) (I?{,\ .

20
wherein R? is hydrogen, linear or branched (C, to C) alkyl such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, and pentyl, R* is methylcarbonyl, and R* is
linear or branched (C, to C,) alkyl. Counteranion CA" is defined as above.
Additional examples of n-allyl metal complexes are found in R.G. Guy and
25 B.L. Shaw, Advances in Inorganic Chemistry and Radiochemistry, Vol. 4,
Academic Press Inc., New York, 1962; . Birmingham, E. de Boer,
M.L.H. Green, R B. King, R. Koster, P.L.I. Nagy, G.N. Schrauzer, Advances in
Organometallic Chemistry, Vol. 2, Academic Press Inc., New York, 1964;
W.T. Dent, R. Long and A.J. Wilkinson, J. Chem. Soc., (1964) 1585; and



WO 97/ 33198 PCT/ US97/ 04103
- 32 - HC Volger, Rec. Trav. Chim Pay Bas, 88 (1969) 225; which are all
hereby incorporated by reference. The single conponent catalyst of the
foregoi ng emapstvzamst can be prepared by conbining a |igat eecrsowpndd | |-
nmetal halide conponent with a salt 5 t hat provi des the counteranion
for the subsequently fornmed netal cation conplex. The ligated G oup VIII

nmet al hal i de conponent, counteranion providing salt, and optional
[err]-bond containing conponent, e.g., COD, are conbined in a solvent
capabl e of solvating the formed singl eocomponent catal yst The sol vent
utilized is preferably the sanme sol vent chosen for the reaction nedium The

catal yst can begl® Volger, RECTARCHim, Bay’Bis) §81{1969) 228 \Wwhih &8 afiRélely? Situ in

t he reaction nmedi um I'tabl e counteranion providing salts are”any salts
capabl e of provingpipgrateddyaeferenes: ani ons d| scussed above. For exarrpl e, salts

f di l'ithi Hml ¥SEI; , g@ @ V\/n th
gnl iﬁ : gmsel Iect Iegmf rom@ co n?“r'anl ns ilwledgar’ﬁ‘g | ned preV| ngi 9 ©
11 u[st rai [ Vi ggprepmdbyemétlgmngaﬂyngl Gmhpyllléﬁneta!halldacbmpm&rﬂﬂl{esah]

AgPF[ err g err er r

ﬁgg[sg{ r F][Ser 'rA\] C& p}nde%@ P‘%‘@?'}"“‘ﬂg‘gkﬁ‘@r"}"i’éﬁ’@‘ﬂﬁ" %4‘%’] ‘H“E’E’;] o
err Crhéel

(?:[err] H err] ?[err]#\lB(C[err] Flerr] )[err] and err] 20 'Fﬁegg%gdétlrf i C

catal yst: [allyPP acoqntaining nens, e n%’@lc?fybw@r'ﬁ#ﬁ@“’@tl i gat ed

Stbj oct ed to scl Baner g bhepmed sl H’%‘:k? et R, P solfphe i 17
count er ani on 25 preferablythe sani wglesmhosemfoﬁht; réactiom[mednim. | Thetdanlyst s bece of
O, The {Fact | 8refonn ﬁxns%ﬁrent or can be formed in situ in the reaction medium.
Suitable counteranion providing salts are any salts capable of providing the

counteranions discussed above. For example, salts of sodium, lithium, potassium,

silver, thallium, and ammonia, wherein the anion is selected from the

counteranions (CA") defined previously. Illustrative counteranion providing salts

15 include TIPF,, AgPF,, AgSbF,, LiBF, NHPF, KAsF,, AgC,F.CO,, AgBF,
AgCF,CO, , AgCIO H,0, AgAsF,, AgCF,CF,CF,CO,, AgC,F,CO,,

(C.H,),NB(CFy),, and

CFs
20 AR )

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

25 providing salt, i.e., TIPF, in the presence of COD. The reaction sequence is

written as follows:



witten as foll ows: WO 97/ 33198

PCT/ US97/ 04103 - 33 - Palladium (Il) Chloride 5

[err] 10 When partitioned, only one COD |ligand remains, which is bonded by
two [err]-bomts973disehe pal |l adium The allyl functionality iRCTHSAHMAODY -one

nmet al -carbon [err]-bond 15 and one [err]-bond to the palladium For
the preparation of the preferred [err]-allyl Goup VIII netal/counteranion
si ngl e conmponent catal ysts represented in Structure Xl Il above, i.e., when

Mis palladium allylpalladiumchloride is conbined with the desired
counteranion providing salt, preferablg3ssilver salts of the counteranion,
I n an appropriate 20 solvent. The chloride |igand cones off the allyl
pal | adi um conpl ex as a precipitate of silver chloride (AgCl) which can be
filtered out of the solution. The allyl palladiumcation

conpl ex/ count erani on si ngl e conponent catalyst remains in solution. The
pal l adium netal is deVO}ﬂmﬁf ﬁﬁy""} f“gands apart fromthe allylic

functionality. 25 iAnassaul]| € conponent catal yst that
is useful in the present invention is reprgsente by the fQrmul a bel ow
[err] 5

/ -
10 ra ‘\ PFe

When partitioned, only one COD ligand remains, which is bonded by two n-bonds
to the palladium. The allyl functionality is bonded by one metal-carbon o-bond
15 and one n-bond to the palladium.

For the preparation of the preferred x-allyl Group VIII metal/counteranion
single component catalysts represented in Structure XIII above, i.e., when M is
palladium, allylpalladium chloride is combined with the desired counteranion
providing salt, preferably silver salts of the counteranion, in an appropriate

20 solvent. The chloride ligand comes off the aliyl palladium complex as a precipitate
of silver chloride (AgCl) which can be filtered out of the solution. The
allylpalladium cation complex/counteranion single component catalyst remains in
solution. The palladium metal is devoid of any ligands apart from the allylic
functionality.

25 An alternative single component catalyst that is useful in the present
invention is represented by the formula below:

Pd[R%7CN ], [CA™ ],

30



WO 97/ 33198 PCT/ US97/ 04103
- 34 - wherein Rerr] independently represents |linear and branched (([err]
to CJerr]) alkyl and CA is a counterani on defined as above. Another single
conponent owoaryaes system useful in nmaking polyners utilipegussveisoss -

i nvention is represented by the fornmula: 5 E[err]Ni(Cerr]F[err])[err]
wherein nis 1 or 2 and E represents a neutral 2 electron donor I|igand.
Wen n is 1, E preferably is a [err]-arene |igand such as tol uene, benzene,
and nesitylene. 10 Wien nis 2, Eis preferably selected from

di et hyl et her, tetrahrydrofuran (THF),34and di oxane. The ratio of nonomer to
catalyst in the reaction nmedium can range from about 2000:1 to about 100: 1.

The reaction cwahereia R*Uindépendently cippssentdlirieasand bRinthed (C1todC,,)aieA algexane,
t ol uene, and tggél I ke at g tacr?er atyre range from about 0C to about :
70[err]C, pref &faliaFounierapipon defingd asahove.50C” and nore preferably 15 from

about 20C to about rsjnge formul a are
(tol uene) bi s(perfl ué%)tgéﬁenyl )OBﬁlﬁilEegf@fﬁgS!i tyi eneg hi s% pg?P uorsophenyl )

ni ckel , ( benzendized inthisirfventiondpteprepénted tiydheformula:

bi s(tetraghrydrofuran)bis(perfluorophenyl) nickel and

bi s(di oxane) bi s(perfl uorophenyl) nickel. 20

Mul ti conponent Systens The nul ti CO”IE'NIQC,F?} al yst system enbodi ment of the
present invention conprises a G oup VIIT netal ion source, in conbination
with one or both of an organonetal cocatalyst and a third conponent. The

cocet &St |, BaRAAE b hEE AR Lol S BN iy MRl WARLATL T
al kyl I'i t hi um c by prefedably i la ex-dpeme lizand such atolend, bénzens, amimeésitylpiec er abl y
S R T S TR G R e

and dioxane. The ratio of monomer to catalyst in the reaction medium can range

from about 2000:1 to about 100:1. The reaction can be run in a hydrocarbon

solvent such as cyclohexane, toluene, and the like at a temperature range from

about 0°C to about 70°C, preferably 10°C to about 50°C, and more preferably

15 from about 20°C to about 40°C. Preferred catalysts of the above formula are

(toluene)bis(perfiuorophenyl) nickel, (mesitylene)bis(perfluorophenyl) nickel,

(benzene)bis(perfluorophenyl) nickel, bis(tetrahrydrofuran)bis(perfluorophenyl)

nickel and bis(dioxane)bis(perfluorophenyl) nickel.

20 Multicomponent Systems

The multicomponent catalyst system embodiment of the present invention
comprises a Group VIII metal ion source, in combination with one or both of an
organometal cocatalyst and a third component. The cocatalyst is selected from
organoaluminum compounds, dialkylaluminum hydrides, dialkyl zinc compounds,

25 dialkyl magnesium compounds, and alkyllithium compounds.

The Group VIII metal ion source is preferably selected from a compound
containing nickel, palladium, cobalt, iron, and ruthenium with nickel and palladium
being most preferred. There are no restrictions on the Group VIII metal
compound so long as it provides a source of catalytically active Group VIII metal



bei ng nost preferred. There are no restrictions on the Goup VIII netal
conpound so long as it provides a source of catalytically active Goup VIII
nmet al WD 97/ 33198

PCT/ US97/ 04199 973398_ jons. Preferably, the Goup VII1 net ACTAERUIRY i
sol uble or can be nmade to be soluble in the reaction nedium The Goup VIII
nmet al conpound conprises ionic and/or neutral ligand(s) bound to the G oup
VIIl metal. The ionic and neutral |igands can be selected 5 froma
vari ety of nonodentate, bidentate, or nultidentate noieties and

conmbi nati ons thereof. Represent atlve of3%the ionic ligands that can be
bonded to the netal to formthe Go VI corrpound are anionic |igands

sel ected from t héonsaPrefaably; therGraup M@mmmsdeu ke @nrancbegnadeteBg i de

i ons; pseudohal i ﬁ%ctﬁ?ﬁ cyanate, 10 t hi ocyanate, hydri de;
carbam ons such g‘?%ranc% angﬁgdg“g"ranched (derr] to (err]) alkylanions,
phenyl ani ons; cycl opméthupmlmtmimmpmmd cbmpndeskﬁﬁc;ahdlgrmnphﬂ@gmd(shol ates
of [-err]-dicarbon ouynds C cet et o 4- nedi onat e)
2,2,6,6-tetranet \’ % XZﬂF‘lﬂétE °‘8 Hgﬂ%%‘fm'g@ V? t onoat es
such as 1,151,5, @oﬁrbﬁfﬂ{yldtafoﬁo&ﬁz@emhmcbmnﬁ&mae moidties hid

trifluoro-2, 4, pentanedi onate; anions of acidic oxides of carbon such as
car boxyl at es and ‘A% %&Wﬁar boxyl ates (e.g., acetates,

2- et hyl hexanoate, neo @ﬁ%&ﬁﬁ{ﬁeoﬁtﬁéthHQ&QﬁEG&@&ﬁ’he%ﬁdekt@ﬂx@n%@&ﬁnﬁf

nitrogen (e.g., nitrates, nitrites, etc.) bismuth (e.g., bisnuthate,
etc.), of alum nmhn@@uyvmaMMQOwmmcdts}nds@elemd from the(halides suchiasi cat e,

o103 0" OIS e, T AR pif g 9B 7

10 thiocyanate, hydride; carbanions such as branched and unbranched (C, to C,;)
alkylanions, phenyl anions; cyclopentadienylide anions; n-allyl groupings; enolates
of 3-diéarbonyl compounds such as acetylacetonate
(4-pentanedionate), 2,2,6,6-tetramethyl-3,5-heptanedionate, and halogenated
acetylacetonoates such as 1,1,1,5,5,5-hexafluoro-2,4-pentanedionate, 1,1,1-

15 trifluoro-2,4,pentanedionate; anions of acidic oxides of carbon such as
carboxylates and halogenated carboxylates (e.g., acetates, 2-ethylhexanoate,
neodecanoate, trifluoroacetate, etc.) and oxides of nitrogen (e.g., nitrates, nitrites,
etc.) of bismuth (e.g., bismuthate, etc.), of aluminum (e.g., aluminates, etc.), of
silicon (e.g., silicate, etc.), of phosphorous (e.g., phosphates, phosphites,

20 phosphines, etc.) of sulfur (e.g., sulfates such as triflate, p-toluene suifonate,
sulfites, etc.); ylides; amides; imides; oxides; phosphides; sulfides; (C to C,,)
aryloxides, (C, to C,) alkoxides, hydroxide, hydroxy (C, to C,,) alkyl; catechols;
oxalate; chelating alkoxides and aryloxides. Palladium compounds can also
contain complex anions such as PF, AlF;0,SCF,, SbF, and compounds

25 represented by the formulae:

AlR™y, , B(X),

wherein R” and X independently represent a halogen atom selected from CL F, I,
30 and Br, or a substituted or unsubstituted hydrocarby! group. Representative of



sulfites, etc.); ylides; am des; im des; oxides; phosphides; sulfides;
(Cerr] to (Jerr]) aryloxides, (Cferr] to (Jerr]) al koxi des, hydroxide,
hydroxy (C[err] to CJerr]) alkyl; catechols; oxal ate; chel ati ng al koxi des
and aryl oxiwe@8733mg| | adi um conpounds can al so contai n conpPeENUSATOMS such as
PF[err], AlF[err]Jerr]SCFerr], SbF[err] and conpounds 25 represent ed
by the fornulae: AI(R "')[err], B(X)[err] wherein R'' and X i ndependently
represent a hal ogen atom selected fromd, F, I, 30 and Br, or a
substituted or unsubstituted hydrocarbyl group. Representative of WO
97/ 33198 - 36 - PCT/ US97/ 04103 -
36 - hydrocarbyl are (CJerr] to (Jerr]) al kyl such as nethyl, ethyl,

AR Bt i i s A v i ﬁ,amg,wr?mamwtl,, P adecyl
odecyl, tride radec e C xade ept adeyl,, octadecyl,
nonodgcyl , el cﬁéﬂl’ %mneloéwl B’b‘&fgs%d&”? ﬂ"@ﬁgyﬁe}é‘? '} g 'pent acosy?/,
and isoneric f bhé;ﬂﬂfecyl(:ﬁiﬁeéﬂ ﬁoﬁo&bﬁ,rei&o)syl,aﬂdﬁﬁewyl GUGHSyliiﬁ:cEsyl

nonenyl

vinyl, allyl, cro but en penten hexen octeny

decenyl, undec®H 9?3/5)'1d |an fsomgue ‘he'[%fb Etgaﬂﬂ ey michdeceny! |
hexadece y ?‘%qf I n osenyl , and
| soneri chorms IYR‘R&&T gﬁeﬁ? ary Fgﬁll(,: enyl , toI yl,

xylyl, napht hyhndeaemdl db@&nykende(ce[yértetiadmnﬂ[pelqu h:kaﬂboeaylch as benzyl,

phenct v Prpa By, BASBRL oISl St s bRy BRCLY L o0 e

cycl opentyl, cﬂmfeﬁﬁee(}glto )’ﬁ’ytﬂ&elpﬁwhenﬁ,xﬁiytmﬁ Vhaphthyl) QﬁdOEBé file; ,
2- norbornenyl CFQJSP"A]WE In ad |t| eﬂg}k e aboye  de R'lmthl ons X
represents thel éﬁ sugl s benzyl, phenethyl;phenpropyl, phenbutyl, phenhexyl,
10 napthoctyl, and the like; (C; to C,) cycloalkyl such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 2-norbornyl, 2-norbornenyl, and
the like. In addition to the above definitions X represents the radical:

15
CFq CF,
The term “substituted hydrocarbyl” means the hydrocarbyl group as
20 previously defined wherein one or more hydrogen atoms have been replaced with

a halogen atom such as Cl, F, Br, and 1 (e.g., as in the perfluorophenyl radical);
hydroxyl; amino; alkyl; nitro; mercapto, and the like.

The Group VIH metal compounds can also contain cations such as, for
example, organoammonium, organoarsonium, organophosphonium, and

25 pyridinium compounds represented by the formulae:



The term "substituted hydrocarbyl"” neans the hydrocarbyl group as 20
previ ously defined wherein one or nore hydrogen atons have been repl aced
with a hal ogen atomsuch as d, F, Br, and | (e.g., as in the
per fl uor ophewgp 978388 cal ) ; hydroxyl; amino; alkyl; nitro; mB@HFPHWARNG -t he
| i ke. The G oup VIII netal conpounds can al so contain cations such as, for
exanpl e, organoanmoni um or ganoar soni um or ganophosphoni um and 25
pyri di ni um conpounds represented by the fornul ae: WO 97/ 33198
PCT/ US97/ 04103 - 37 - 5 [err] 29 wherein A represents
ni trogen, arsenic, and phosphorous and3fhe R err] radical can be
I ndependently sel ected from hydrogen, branched or unbranched (Cerr] to
Cerr]) 10 al kyl , branched or unbranched (Clerr] to (Jerr]) al kenyl,
and (CJerr] to (Jerr]) cycloal kyl, e.g., cyclopentyl, cycloheyl,
cycl oheptyl, cyclooctyl, and the like. R err] and err] are independently
sel ected from hydrogen, branched and unbranched r] to err]) alkyl,
| i near and branched (Cerr] to (Jerr]) al keny
cycl oal kyl groups as defined above; and n is il P
radi cals preferably are
he pyridthe ring. It should be noted

or 3, nost gpreferably n.isAigztlj)S The R

attached to positions 3, 4, and*5 on t

that increasing the sumof the carbon atons corfim ned in the Rlerr]
radi cal s confers better solubility of the transttion nmetal conpound in
organi ¢ nedi a such as organic sol vents and pol ycyclic the nonomer.

Preferably, 20 yhierkih@ %ﬁﬂ#ggﬁ@&ﬂeﬁ?ﬂr&n&[ EndSRb§hbRds iddahe Rl &fidal cdh0 Clerr])

5, preferably nis 1, 2,

al kyl groups wherein the su
be independently selected from hydrogen, branched or unbranched (C, to C,)

10 alkyl, branched or unbranched (C, to C,,) alkenyl, and (C;, to C,;) cycloalkyl, e.g.,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like. R* and R* are
independently selected from hydrogen, branched and unbranched (C, to C,,) alkyl,
linear and branched (C, to C,;) alkenyl and (C, to C,,) cycloalkyl groups as
defined above; and nis 1to 5, preferably nis 1, 2, or 3, most preferably nis 1.

15 The R radicals preferably are attached to positions 3, 4, and S on the pyridine
ring.

It should be noted that increasing the sum of the carbon atoms contained in
the R* radicals confers better solubility of the transition metal compound in
organic media such as organic solvents and polycyclic the monomer. Preferably,

20 the R? radicals are selected from (C, to C,,) alky! groups wherein the sum of
carbon atoms for all R? radicals is 15 to 72, preferably 25 to 48, more preferably
21t0 42. The R? radical is preferably selected from linear and branched
(C, to C,,) alkyl, more preferably (C,, to C,,) alkyl. R¥ is preferably selected
from linear and branched (C, to C,) alkyl, more preferably (C, to C,,) alkyl.

25 Specific examples of organoammonium cations include
tridodecylammonium, methyltricaprylammonium, tris(tridecyl)ammonium and
trioctylammonium. Specific examples of organoarsonium and
organophosphonium catioﬁs include tridodecylarsonium and phosphonium,
methyltricaprylarsonium and phosphonium, tris(tridecyl)arsonium and

30 phosphonium, and trioctylarsonium and phosphonium. Specific pyridinium cations



carbon atons for all Rerr] radicals is 15 to 72, preferably 25 to 48, nore
preferably 21 to 42. The R err] radical is preferably selected fromlinear
and branched (Cerr] to CJerr]) alkyl, nore preferably (CJerr] to (Jerr])
al kyl R[ errwawi3peferably selected fromlinear and branchednisspeney t.o
Cerr]) alkyl, nore preferably (Cferr] to (Jerr]) alkyl. 25

Speci fic exanpl es of organoanmoni um cations include tridodecyl ammoni um

met hyl tri capryl ammoni um tris(tridecyl)amonium and trioctyl anmoni um

Speci fi c exanpl es of organoarsoni um and or ganophosphorium cati ons i ncl ude
tri dodecyl ar soni um and phosphoni um re3ghyl ti capryl arsoni um and phosphoni um
tris(tridecyl)arsoniumand 30 phosphoni um and trioctyl arsoni um and

phosphoni um Sp 'elchlfdb eiepql-ﬂdl-lbhtylpcmgl){nmdknum, du@s@-4-33 dpefitacosyl)pyridinium,

PCT/ US97/ 04103 - ei (1 but yl pentyl) pyridi ni um
docosyl - 4- (13- péﬁ Wg{/t"‘%ﬁf’m‘ﬁw
ei cosyl -4-(1- butyl DGSMWMmMWW&MBRWpW%MnCh can be

bonded to the pall d| u SI tion netal are the olefins: the acetylenes;
carbon nonoxi de® ethe pcetylengs; cargon monoxidey) W@UQ&’“&S ammoni a,

al kyl i socyqani de ﬁb&mk 3% idc%ﬂdé ‘“@*‘%{E‘ pyr| di nes and

pyridi ne derlvatc‘l,ves (e gm théé’ant rolin di pyridyl),

1, 4-di al kyl - 1, M&MM Eymimes mm#nvaﬁys{d%lidﬁtﬂlmn@rdm,and

am nes such as e 1 [err] 15
20 " ““Wher o AT LA aAT - Bkl Renst | it 1.3 dnzsmundionss g

hydr ocar byl as mnmesmchlayreﬂmmmbyahdfmnul&z to 10. Ureas; nitriles such as
acetonitrile, benzonitrile and

10 NR"), , NE®"), , NER",
! !
(CH,), (CH,),
I |
N(‘RJI)z NRJ!
15 ]
(CH,),
|
NR"),

20 wherein R* is independently hydrocarbyl or substituted hydrocarbyl as previously
defined and n is 2 to 10. Ureas; nitriles such as acetonitrile, benzonitrile and
halogenated derivatives thereof; organic ethers such as dimethyl ether of
diethylene glycol, dioxane, tetrahrydrofuran, furan diallyl ether, diethyl ether,
cyclic ethers such as diethylene glycol cyclic oligomers; organic sulfides such as

25 thioethers (diethyl sulfide); arsines; stibines; phosphines such as triarylphosphines
(e.g., triphenylphosphine), trialkylphosphines (e.g., trimethyl, triethyl, tripropyl,
tripentacosyl, and halogenated derivatives thereof), bis(diphenylphosphino)ethane,
bis(diphenylphosphino)propane, bis(dimethyiphosphino)propane,
bis(diphenylphosphino)butane, (S)~(-)2,2'-bis(diphenylphosphino)-1,1'-binaphthyl,

30 (R)-(+)-2,2"-bis(diphenylphosphino)-1,1'-binaphthyl, and bis(2-



hal ogenat ed derivatives thereof; organic ethers such as dinethyl ether of
di ethyl ene glycol, dioxane, tetrahrydrofuran, furan diallyl ether, diethyl
ether, cyclic ethers such as diethylene glycol cyclic ollgoners or gani c
sul fi des sucWQ25/33158 thi oethers (diethyl sulfide); arsifS@PS9E4NE; nes;
phosphi nes such as triaryl phosphines (e.g., triphenyl phosphine),
trial kyl phosphines (e.g., trinethyl, triethyl, tripropyl, tripentacosyl,
and hal ogenat ed derivatives thereof), bis(di phenyl phosphi no)ethane,

bi s(di phenyl phosphi no) propane, bi s(di met hyl phosphi no) pr opane,
bis(diphenylphosphino)butane (S) (-)23% - bi s( di phenyl phosphi no) -

1, 1' - bi napht hyl , S - bi s(di phenyl phosphi no) -

1, 1' - bi napht hyl dtmlmognlmoethy mmm phosphine oxides, phosphornis halides;

PCT/.US97/ 04103 - %quggrg%h yI ) phenyl phosphi ne; phosphi ne
oxi des, phosphorusa’ﬁ'g | &E%ZBL} es represent ed by the fornula:

P(OCRlerr])[err] 5 wherein R[err] | ndependently represents a hydrocarbyl or
substituted hydrocarbyl as previously ibl{}g: phosphor us oxyhal i des;
phosphonat es; phosphonites, phosphinit ones; sul foxides such as
(derr] toSC[err]) al kyl sul foxides; ((err] to C[err]) aryl sul f oxi des,
(C[err] to err]) alkarylsulfoxides, and the like. It should be recogni zed

that t hewifemnegﬂ iu@peﬁuﬂlyabpréggﬂsd&y&aarﬂgéom#mmdhymonmyl mnal third
comenent"as W1 s Sk B ki SRR AL L
i ncl ude: pall adi Btpmrityd, h&bﬁaosiﬂfamdésrsaasaslid o ¢ ralHy(sRth{ndt& ric) teeCh
pattadi um (1) b1 S04 bLRE 8620 ke e P L) oSt e onat ).

10 that the foregomg neutral ligands can be utilized as optional third components as
will be described hereinbelow. .

Exampiles of Group VIII transition metal compounds suitable as the Group
VI metal ion source include: palladium ethylhexanoate, frans-Pd CL,(PPh,),,
palladium (II) bis(trifluoroacetate), palladium (II) bis(acetylacetonate), palladium

15 (II) 2-ethylhexanoate, Pd(acetate),(PPh,),, palladium (II) bromide, palladium (IT)
chioride, palladium (IT) iodide, palladium (II) oxide,
monoacetonitriletris(triphenylphosphine) palladium (I) tetmﬂuoroborate,
tetrakis{acetonitrile) palladium (II) tetrafluoroborate, dichlorobis(acetonitrile)
palladium (1), dichlorobis(triphenylphosphine) palladium (II),

20 dichlorobis(benzonitrile) palladium (IT), paliadium acetylacetonate, palladium
bis(acetonitrile) dichloride, palladium bis{dimethylsulfoxide) dichloride, nickel
acetylacetonates, nickel carboxylates, nickel dimethylglyoxime, nickel
cthylhexanoate, NiClL,(PPh,),, NiCl,(PPh,CH,),, (P(cyclohexyl),)H
Ni(Ph,P(CH,)CO,), (FPhs) (CH,)Ni(Ph, PCH=C(O)Ph), bis(2,2,6,6-

25 tetramethyl-3,5-heptanedionate) nickel (IT), nickel (IT) hexafluoroacetylacetonate
tetrahrydrate, nickel (I) trifluoroacetylacetonate dihydrate, nickel (II)
acetylacetonate tetrahrydrate, nickelocene, nickel (IT) acetate, nickel bromide,
nickel chloride, dichlorohexyl nickel acetate, nickel lactate, nickel oxide, nickel
tetrafluoroborate, bis(allylnickel, bis(cyciopentadienyl)nickel, cobalt

30 neodecanoate, cobalt (I) acetate, cobalt (IT) acetylacetonate, cobalt (TIT)



15 (I'1) 2-ethyl hexanoate, Pd(acetate)[err](PPh[err])[err], palladium
(I'1) bromde, palladium (Il) chloride, palladium (11) iodide, palladium
(I'l) oxide, nmonoacetonitriletris(triphenyl phosphine) palladium(I1l)
tetrafl uor ow®ewa3498t et r aki s(acetonitrile) palladium(l1) tetTedshaaenborate,
di chl orobi s(acetonitrile) palladium((l1), dichlorobis(triphenyl phosphine)
palladium (l11), 20 di chl orobi s(benzonitrile) palladium (I1),
pal | adi um acetyl acetonate, palladi um bis(acetonitrile) dichloride,
pal | adi um bi s(di net hyl sul f oxi de) dichloride, nickel acetylacetonates,
ni ckel carboxyl ates, nickel dinmethyl gt #8xi ne, nickel ethyl hexanoate,
NiCl[err](PPhl[err])[err], NNC[err](PPh[err]CH err])[err],
E(P:Ecyci a?exyi g [Newst]}' Mﬁ?b@uﬁr(gb’gﬁ{zeﬂc,]ddgdtg)}%ﬂq@bd] bromidepPh[ err])

err err i , 6
t et r amet hyl - ‘% ‘{rgﬁ%‘h‘cg@:%‘% %@P‘P @IM &G@It%@}efx’aﬂuorobomm
hex?}‘ | uor oacet IyIxﬁtmaiapthaﬁaue,‘ﬁ:ﬁh(lil)’tmjtﬂfda,t1&)kn (llrdhnindé lifon (ln) bromide, iron (IIT)
trifluoroacety eto at.e, cke agety acetonate
tetrahrydrate, ﬂ?’E‘E’éQ-dE‘&@)“%/ﬁ"é%éﬁ"“((ﬁ ‘éé%?‘é okene. ythsa He, ni ckel
chloride, gichl thtbm.% yiptiosifile) BcRIbAYE rut Win%

obo

el de,
ni ckel tetrafluor rate, bis aI | ylI') ni ckel, bis(c cgﬁgerﬂdl enyI ) ni ckel ,
cobal t 30 memm(hemyma@m ae'eto el dichjaridg,

acet yl acet onat e,

PCT/ US97/ 04103 -mﬁ‘gm“g%ée%ﬁyﬁ%‘%%%ﬂf%?ég‘gﬁﬁd%'r"f"}‘“%‘&%"%‘% ghodum, 1 ¢

chl ori de, cobal ttris(triphenidphosphirie) tricbloeids:!l cobalt acetates, cobalt (I11)
stearate, cobalt (Il),tetrafluaroborate. ir napt henat iron (11
Stearate Cobalt (1 B S Bb o ASRLUGRRES b RBARME |, o,
(1'1') acetaOe, i rthéprebdnt invemioh ¥ rapresentedbe thefformiutzene, rut heni um 5
tris(triphenyl phosphi ne) dichloride, rutheniumtris(triphenyl phosphi ne)
hydrido chloride, rutheniumtichloride, rutheniumtetraki s(acetonitrile)

di chl ori de, AIR”L,Q,

wherein R* independently represents linear and branched (C, to C,,) alkyl,

15 (Cs to C,) aryl, (C, to C,,) aralkyl, (C, to C,y) cycloalkyl; Q is a halide or
pseudohalide selected from chlorine, fluorine, bromine, iodine, linear and branched
(C, to C,;) alkoxy, (Cq to C,,) aryloxy; and x is 0 to 2.5, preferably 0 to 2.

Representative organoaluminum compounds include triatkylaluminums
such as trimethylaluminum, triethylaluminum, tripropylaluminum,

20 triisopropylaluminum, triisobutylaluminum, tri-2-methylbutylaluminum, tri-3-
methylbutylaluminum, tri-2-methylpentylaluminum, tri-3-methylpentylaluminum,
tri-4-methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylaluminum, trioctylaluminum, tris-2-norbornylaluminum, and the like;
dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum

25 chloride, diisopropylaluminum chloride, diisobutylaluminum chloride, and the like;
monoalkylaluminum dihalides such as methylaluminum dichloride, ethylaluminum
dichloride, ethylaluminum diiodide, propylaluminum dichlonde,
isopropylaluminum dichloride, butylaluminum dichloride, isobutylaluminum
dichloride, and the like; and alkylaluminum sesquihalides such as methylaluminum



rut heni um tetraki s(di met hyl sul f oxi de) dichloride, rhodi umchloride, rhodium
tris(triphenyl phosphine) trichloride. The organoal um num conponent of the

mul ti conponent catal yst system of 10 the present invention is
represented woorAu98 ornul a: AIR[err] err] wherein R err] POUASEW4Eat | v
represents |inear and branched (C[err] to (Jerr]) alkyl, 15 (err] to

Cerr]) aryl, (Cerr] to (Jerr]) aralkyl, (CJerr] to (Jerr]) cycloal kyl; Q
is a halide or pseudohalide selected fromchlorine, fluorine, brom ne,

i odine, linear and branched (C[err] to (Jerr]) alkoxy, (Cerr] to Cerr])
aryloxy; and x is 0 to 2.5, preferably4d-to 2. Representative

or ganoal um num conpounds, i ncl ude trial Kyl al um nuns such as . .
trinethyl al uni m?q"w WW‘E‘WWMW‘&PMW seaguichioride,
triisopropyl al unjssyiigiathehindm Sbidbichiatid i W tikel | - 2- met hyl but yl al umi num

tri-3- methyl butylal’umnum tri-2-methyl pentyl al uni num
tri-3-nethyl pentyl al ukeskialkylalyminum hydride iselacted fiom dinean and branched

tri-2-nmet hyl hexyjl-al.ugi [+ 3- I | al unj nu tr.i.oct vl al um num
tris-2-norbornyl @E%EHEMWQ W@J@ﬁﬁwﬁﬁ%ﬁhﬁmﬁf {uch as
gl net hyl al laml numreﬂahed?d&ylgﬂnﬁghwyagds’ﬁdlnmlﬁ’;hﬂﬁ hfhl oride, e 1k

i i sopropyl al um num ofi.de,, diisobutylal um num chl ori de, an e like;
monoal kyl al umi num di °i@9’&’ﬂ’cﬁ“‘é@“¥é§t%§° H’Hﬁ‘rﬂ“ﬁ?’@ﬂgg ,
et hyl al um num di @keCj mmmtimlcaingmnaymui | AR ekl Preferfdd. e diklkyl

di chl ori de, isopropyl.al um num di chloride, bufylalumnumdichloridé,

i sobut yl al uni nunfegneswE compoundsere selected fram lingatiand lbranched (@ taGakdigipdi hal i des
T USD7/ 010 - appeen ik o g bt most prfemed, The el ki
propy! al udPnum sree splgctad) feom linesr and branched (C, to C,,) alkyl lithium compounds.

Butyllithium is the preferred atkyl Lithium.

In the practice of the present invention, the catalytic system obtained from
the Group VIII metal ion source is utilized with one or both of a component
selected from the group of cocatalyst compounds, and third component

15 compounds.

Examples of third components are Lewis acids such as the BF;-etherate,
TiCl,, SbF;, tris(perfluorophenyl)boron, BCl,, B(OCH,CH,),; strong Brensted
acids such as hexafluoroantimonic acid (HSbF,), HPF ¢ hydrate, trifluoroacetic acid
(CF;CO,H), and FSO,H-SbF,, H,C(SO,CF;), CF,SO,H, and paratoluenesulfonic

20 acid; halogenated compounds such as hexachloroacetone, hexafluoroacetone,
3-butenoic acid-2,2,3,4,4-pentachlorobutylester, hexafluoroglutaric acid,

hexafluoroisopropanol, and chioranil, i.e.,

0

25 a



I sobut yl al um num sesqui chl oride, and the |ike. The dial kyl al um num hydri de
Is selected fromlinear and branched (C[err] to Cerr]) dialkylalumnum
hydride, with diisobutylalum num hydride being a 5 preferred

di al kl al um wea7a34d8 i de conpound. The di al kyl zinc conpoundsTaIsSeBHi3ect-ed
fromlinear and branched (Cferr] to (Jerr]) dialkyl zinc conmpounds wth

di ethyl zinc being preferred. The dial kyl magnesi um conpounds are sel ected
fromlinear and branched (Cferr] to (Jerr]) dial kyl nmagnesiumw th di butyl

magnesi um bei ng the nost preferred. The al kyl lithiuns 10 are sel ected
fromlinear and branched (C[err] to Cl2r-r]) al kyl |ithium conmpounds.
Butyllithiumis the preferred alkyl lithium In the practice of the present

i nvention, {hledsgahyd?%ors whaemmﬁgmds;awpﬁosplm& hﬁitél%ﬁ)fqmliétrbhgommi hi on
source is utiliz ne Qr, both. o co nent .sel.e romthe group
of cocatal yst cﬁwﬁﬂg‘,@aﬁlg fi’“&’&ﬁ‘b&ﬁéﬂ?ggﬁy&‘lm*‘a&%ﬁ'ﬁ%ﬁﬂ&wﬁaml es of
third conponentiutidienelHeosetadiénd Sandholboniadiehs Bl err]-etherate, TiC[err],

SbF[err], tris(perfluprophenyl )’boron, BC [err], B(OCH err]CHerr])[err];
strong Bronsted aci d\¥dityof stangRrgnsted acids san begsuged byde theis ] ) |

o o] P e QDR 1 AR i gt 1
par at ol uenesul ffownddin Zgvanced InorgavicdChenaistrydy Fahe Gortamamd bh Killinsoh, as

nor -2, 2. 34 4 RO 8L BT Dovar i Lor ogl utaric aci

hexaf | uor oi sopr opan®s, seeforth abdve e rieutraliliginds chit$e dmpldyed as diffloRal/tBnil 98
PCT/US97/ 04103 components with electron donating properties. |

10 In one embodiment of the invention, the multicomponent catalyst system
can be prepared by a process which comprises mixing the catalyst components,
i.e., the Group VIII metal compound, the cocatalyst compound, and third
component (if employed), together in a hydrocarbon or halohydrocarbon solvent
and then mixing the premixed catalyst system in the reaction medium comprising

15 at least one silyl functional polycyclic monomer. Alternatively, (assuming the
optionai third component is utilized), any two of the catalyst system components
can be premixed in a hydrocarbon or halohydrocarbon solvent and then introduced
mto the reaction medium.” The remaining catalyst component can be added to the
reaction medium before or after the addition of the premixed components.

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

In one embodiment of the multicomponent catalyst system of the present
invention, a typical catalyst system comprises a Group VIII transition metal salt,

25 e.g., nickel ethylhexanoate, an organoaluminum compound, e.g., triethylaluminum,
and a mixture of third components, ¢.g., BF,-etherate and hexaﬂuoro.amimonic
acid (HSbF,), in a preferred molar ratio of .AVBF;etherate/Ni/acid of 10/9/1/0.5-2.
The reaction scheme is written as follows:



- 42 - electron donors such as phosphi nes and phosphites and ol efinic

el ectron donors selected from (Cerr] to (Jerr]) aliphatic and (Cerr] to
Cerr]) cycloaliphatic diolefins, such as butadi ene, cycl ooctadi ene, and
nor bor nadi enwo9ss®Bty of strong Bronsted aci ds can be gaud&d/Usy7/04103 -
determning their 5 Hamett acidity function Herr]. A definition
ofthe Hammett acidity function is found in Advanced I norganic Chem stry by
F. A Cotton and G WI kinson, WIey-Interscience, 1988, p. 107. As set
forth above the neutral |igands can be enployed as optional third
conmponents with el ectron donating propé#ties. 10 I n one

enbodi nent of the invention, the nulticonponent catal yst system can be
prepared by a prbcedisk Wﬁ%ﬂﬁ??ﬁs&ﬁﬁggweédpéﬂw alpmimBrents, i.e.,
the Goup VIIl metal conpound, the cogaggl onpound, and third conponent
(if enmployed), together in a hydrocarbon or Hhal ohydrocarbon sol vent and
then m xing the prem xed cat al yst system in the reaction nedi um conpri sing

15 at | east one Q i r atively,
(assum ng the opti onéﬁ‘k‘%ﬁﬁ@%‘%‘ﬁ% ﬁﬁ%w%@%%&ﬁ#@t he

catal yst system mwﬁmemamnsﬁmmﬁﬁnmd nickelaalt) \ech. aickehalyliexanoate,

hal ohydr ocarbon sol vent and t hen i%{roduced into the rea.ﬁ}i on nedi um The

remai ni ng cat al ySOTRUIRAYRIM compoynd, &8 tactyialyminum,and 2 third campopet het or e or
after the additip&wi@hcid, G E(P&-BE& JUREGH 8 shoth in the following sdhémanot her
enbodi ment, the nulti corrpone catal ys system can be prepared in situ by
m Xi ng toget her all of the catal yst conponents in the reaction nedium The
order of additi i 1981814 Efﬁg@@gbgﬁ t | i conponent
catal yst syst emogf ‘t% hgsentaﬁ%/ennskékﬂw q‘“?‘?@g@‘@st em
conprises 18 Goup VIII tran5| tion net ActivealatalysP5 e.g., nickel
et hyl hexanoat e, an organoal um num conpound, e.g., triethylalumnum and a
m xture of third conmponents, e.g., BF[err]-etherate and hexafl uoroanti nonic
In another embodiment of the multicomponent catalyst system of the

invention the third component is a halogenated compound selected from various
halogenated activators. A typical catalyst system comprises a Group VIII

15 transition metal salt, an organoaluminum, and a third component halogenated
compound as shown below:
3. nicke! ethylhexanoate + triethylaluminum + chloranil -
Active Catalyst
20

In still another embodiment of the multicomponent catalyst system of this
invention no cocatalyst is present. The catalyst system comprises a Group VIII
metal salt (e.g. 3-allylnickelbromide dimer and a Lewis acid (e.g.
tris(perfluorophenyl)boron as shown below:
25
4, n’-allylnickel chioride + tris(perfluorophenyl)boron ~
Active Catalyst

We have found that the choice of Group VIIl metal in the metal cation
30 complex of both the single and muiticomponent catalyst systems of this invention



acid (HSbF[err]), in a preferred nolar ratio of Al/BF[err]-etherate/ N /acid
of 10/9/110.5-2. The reaction schene is witten as foll ows: WO 97/ 33198
PCT/ US97/ 04103 - 43 - 1. nickel ethyl hexanoate + HSbF[err] +

OBF[err] -emwo33198 10 triethyl al um num - Active Catal yst ROY/USITOMNGY -
enbodi ment of the multiconponent catal yst systemof the 5 I nventi on,
the catal yst systemconprises a nickel salt, e.g., nickel ethylhexanoate,

an organoal unm num conpound, e.g., triethyl al uni num and a third conponent
Lews acid, e.g., tris(perfluorophenyl)boron as shown in the follow ng
scheme: 2. nickel et hyI hexanoat e + trd4s{ perfl uorophenyl)boron +
triethylalum num - Active Catalyst I n

anot her enbodi M@W@WWMW praperticsaf theypolymersabtaised. | nvent i on

hal ogenat cd act GAPEPE s B8faR e HAPRRILG s FoicHly hERE Zf‘&gﬂi VITRE

transition net nérbmabﬁqumm%’robmmhluﬁiremzm enchdined drdi showing sgrnedepreelvf|l ogenat ed

conmpound as sh kel ethyl hexanoate + .

triethyl al un n %WWW'&% ’X‘ YSFF"ést“i"SFh‘e?H’gleher
enmbodi merst  of t Eigon bﬁtlcﬁﬁlwcb?ﬁ&hs 6ahardﬁmawem)98esu%ea abéVeUohialN NO
cocatalyst is p The catal yst system conprises a_Goup VIII netal
salt (e.g. 3- a}"F‘Q‘ E‘PdPS B EErnsiye fet-enghained repegting ypits. These golymers

tris(perfl uor opgeeynkaitd® p@Rustopth ot 3'¥east one of the two terminal ends of
the polymer chain. In other words, a perfluorophenyl moiety can be located at
one or both terminal ends of the polymer. In either case the perfluorophenyl
10 group is covalently bonded to and pendant from a terminal polycyclic repeating
unit of the polymer backbone.

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

15 solvents are aliphatic (non-polar) hydrocarbons such as pentane, hexane, heptane,
octane and decane, alicyclic hydrocarbons such as cyclopentane and cyclohexane;
aromatic hydrocarbons such as benzene, chiorobenzene, o-dichlorobenzene,
toluene, -and xylenes;, halogenated (polar) hydrocarbons such as methylene
chioride, chloroform, carbon tetrachloride, ethyl chloride, 1,1-dichloroethane,

20 1,2-dichioroethane, 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 a slurry or solution process. For most of the catalysts described in this

25 invention, the preferred solvents are chiorinated hydrocarbons such as methylene
chioride and 1,2-dichloroethane and aromatic hydrocarbons such as chlorobenzene
and nitrobenzene, with simple hydrocarbons being less preferred due to the
resulting lower conversion of the functional NB-type monomer(s). Surprisingly
we have discovered that certain of the catalyst systems, most notably the

30 multicomponent catalysts based on Group VIII metal compounds and



25 4. [err]-allylnickel chloride + tris(perfluorophenyl)boron -
Active Catal yst W have found that the choice of Goup VIII netal in the
metal cation 30 conpl ex of both the single and multiconponent catal yst
systens of tMW@&%338nti on WO 97/ 33198 PCT/US97/04103 -
PCT/ US97/ 04103 - 44 influences the mcrostructure and physical properties
of the polyners obtained. For exanple, we have observed that palladium
catal ysts typically afford norbornene units which are exclusively 2,3
enchai ned and showi ng sone degree of tacticity. The polyners catal yzed by
the type 2 catalyst systens and the sifgl-e 5 conponent cat al yst
systens of the formula E[lerr]N (Cerr] F[err!)!er.r] descri bed above contain
what we bel i eve #lylgemisumhalidesspecifically; monp halidesn (@&, These

pol ynmers al so co RS OmﬁP gy‘g'\x the two
term nal ends of&[“%kel po y?é‘{hidg@@r n. #yg?Zer ﬁ% S, ngggﬁv?t@%?%vﬁenyl

noi ety can be | oowelizdt @iulis n@ndhighmbhomerconvesdiond nelenoin inisenplo| yner. | n

ei ther case the rfluyoro nyl 10 roup J.s, coval ently bonded to and
pendant from a t@ﬁmcﬁéﬁ"%%%%%%ﬂ& ggﬁlﬁf"fmbef t he pol yner backbone.
Reactions tilizing tTie molirghio 6Metalidbionted OGIRP VIHahad Yorithe sihglé i pr esent
I nvention are carrjed out in an organic sol vent which does not adversely

interfere with talticompansaticatalysis can min from20;1 to0}00000: 15 preferably 0ph\Oner .

Exanpl es of or gap 6005 and mostrererably 1061 %o Pd,6d0P@t 1 C (non-pol ar) hydrocarbons
such as pentane, hexane, heptane, octane and decane; alicyclic hydrocarbons

such as cycl opent ane Iatke mylticastponent catalystsymenns; thewdeatalyst motab (sgch as
benzene, chlor Obﬁmﬂﬁ; ﬁ%,%&msﬁﬁ\?maﬂﬁ) to Group VIII metal molar ratio ranges

10 from less than or equal to 100:1, preferably less than or equal to 30:1, and most
preferably less than or equal to 20:1.

The third component is employed in a molar ratio to Group VIH metal
ranging from 0.25:1 to 20:1. When acids are employed as third components, the
acid to Group VIII metal range is less than or equal to 4:1, preferably less than or

18 equal to 2:1.

The temperature at which the polymerization reactions of the present
invention are carried out typically ranges from -100°C to 120°C, preferably
-60°C to 90°C, and most preferably -10°C to 80°C.

The optimum tethperamre for the present invention is dependent on a

20 number of variables, primarily the choice of catalyst and the choice of reaction
diluent. Thus, for any given polymerization the optimum temperature will be
experimentally determined taking these variables into account.

In the course of developing these catalyst and polymer systems we have
observed that the palladium-carbon bond which links the palladium catalysts to the

25 growing polymer chain is particularly stable. This is a major benefit in
polymerizing polycyclic monomers bearing acid labile groups, esters and
carboxyiic acid functionalities since the patladium catalysts are extremely tolerant
to such functionalities. However, this stability also makes it very difficult to
remove the palladium catalyst residuc§ from the resulting polymer. During the

30 development of these new compositions, we discovered that the palladium-carbon



t ol uene, and xyl enes; hal ogenated (pol ar) hydrocarbons such as nethyl ene
chloride, chloroform carbon tetrachloride, ethyl chloride,

1, 1-di chl or oet hane, 20 1, 2-di chl or oet hane, 1, 2-di chl or oet hyl ene,

1- chl or opr wee9133198- chl or opr opane, 1-chl orobut ane, 2-chl orrahvisameiies -

1- chl or o- 2- et hyl propane, and 1-chl oropentane. The choice of reaction
solvent is nade on the basis of a nunber of factors including the choice of
catal yst and whether it is desired to run the polynerization as a slurry or
sol ution process. For nost of the catalysts described in this 25

i nvention, the preferred solvents aretéchl ori nated hydrocarbons such as

nmet hyl ene chl oride and 1, 2-di chl oroet hane and aromati c hydrocarbons such as

chl or obenzene bend oanbe conyeniently cleaiad (resilting in precipitetion dfpaliadhen metal ess
preferred due tQ. esul t] wer Lon of the functi.onal NB-type
nmonomner (s) . sﬁ’%’ﬁ?‘g?"n‘é‘i@“Mﬁé%%@@%&@%“ﬂ&“%‘&?@?ﬁ“ﬁ” e catal yst
systens, nost preferdhlyinttlepréince of a piotictsolventpochesstan aikkbhdlradistuitasegl on G oup

VI netal con&%‘gg’ an WD 97/ 33198

PCT/ US97/ 04103%*2 €acd¢-kyl al um num hal i des, specifically,

monoal kylsal um num dygeay &ﬁﬁe‘}so&ﬁf&.b th @WE&&Q o 'h?ﬁ,), and the type
2 catalysts referred to above a soygi v%%excel I eht resuﬁyg and hi gh nononer

conver si on) whpiedueed in o moleqularweighs (MC):nange: frons ahoiit h80Mteyrbentel 00A0phexane,
o001 f e, Sty tom a8 88\ PO e R 2 11
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rati o rages ratio, i.e., by changing the initiator 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 4 to 50 repeating units can

be prepared in the presence of a CTA (Chain Transfer Agent) selected from a

15 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, non-viny] ether is meant

that compounds having the following structures are excluded from the chain

20 transfer agents of this invention:
CH, = C(R or H), CH,=CH
| |
A OR
25

wherein A is an aromatic substituent and R is hydrocarbyl.
The preferred CTA compounds of this invention are represented by the
following formula:



10 fromless than or equal to 100:1, preferably I ess than or equal to
30:1, and nost preferably less than or equal to 20:1. The third conponent
is enployed in a nolar ratio to Goup VIII metal ranging fromO0.25:1 to

20: 1. \Wen awaiersarne enpl oyed as third conponents, the aci PCTASETUEB Vi |
netal range is less than or equal to 4:1, preferably |less than or 15

equal to 2:1. The tenperature at which the polynerization reactions of the
present invention are carried out typically ranges from-100[err]C to
120[err]C, preferably -60[err]C to 90[err]C, and nost preferably -10[err]C
to 80[err]C. The optinmumtenperature f The present invention is dependent
on a 20 nunber of variables, primarjly the choice of catalyst and the
choi ce of reaction diluent. Thus, for an&'given pol ymeri zati on the optinmum
tenperature will be experinentally det ef m ned taking these variables into
account. In the course of devel opi®:TRese catal yst and pol yner systens we
have observed that the palladi um carbor® bond which |inks the palladi um
catal ysts t5 the 25 growi ng pol ynerRehain is particularly stable. This
is a major benefit in polynerizing polycyclic nononmers bearing acid |abile
groups, esters and carboxylic acid functionalities since the palladi um

catal ysts are extrenely tplerant to.such functionalities. wewvern, this

stability al so Mﬂ?"#%%@ﬁ“@%ﬁﬁ%@%%%ﬁ%‘bﬁ?’ﬁmt al yst

residues fromt h@c.rtewh&ggbﬁ@dmmgﬁiﬁhmc%hﬁcmmmh hatkspég| cppgent  of
that t

t hese new conpositions, we discovere e pal | adi um car bon WO
97/33198 10 group PCT/ US97/ 04103 -

46 - bond can be convepingRbdvé chiif amfer 6h&its th kdefhihRinrg% tBi10hrboR Of
pal [ adi um net al atoms are preferred, e.g., ethylene, propylene, 4-methyl-1-pentene, 1-hexene,
1-decene, 1,7-octadiene, and 1,6-octadiene, or isobutylene.
While the optimum conditions for any given result should be

15 experimentally determined by a skilled artisan taking into the account all of the
above factors there are a number of general guidelines which can be conveniently
utilized where appropriate. We have learned that, in general, a-olefins (e.g.,
ethylene, propylene, 1-hexéné, 1-decene, 4-methyl-1-pentene) are the most
effective chain transfer agents with 1, 1-disubstituted olefins (e.g., isobutylene)

20 being less efficient. In other words, all other things being equal, the concentration
of isobutylene required to achieve a given molecular weight will be much higher
than if ethylene were chosen. Styrenic olefins, conjugated dienes, and vinyl ethers
are not effective as chain transfer agents due to their propensity to polymerize
with the catalysts described herein.

25 The CTA can be employed in an amount ranging from about 0.10 mole %
to over 50 mole % relative to the m6!3 of total NB-type monomer. Preferably,
the CTA is empiloyed in the range of 0.10 to 10 mole %, and more preferably from
0.1 10 5.0 mole %. As discussed above, depending on catalyst type and
sensitivities, CTA efficiencies and desired end group, the concentration of CTA

30 can be in excess of 50 mole % (based 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 low molecular weight embodiments of this



whi ch can be renoved by filtration or centrifugation) using carbon
nonoxi de, preferably in the presence of a protic solvent such as an
al cohol, noisture, or a carboxylic acid. 5 The pol yners obt ai ned

by the proogessies he present invention are produced in aptPusaih@s wei ght
(Merr] range from about 1,000 to about 1,000,000, preferably from about

2,000 to about 700,000, and nore preferably from about 5,000 to about

500, 000 and nost preferably from about 10,000 to about 50, 000. Mol ecul ar
wei ght can be controlled by changing the catalyst to nononer 10 ~ ratio,
i.e;, by changing the initiator to rof®mer ratio. Lower nolecul ar weight

pol ymers and ol igonmers may al so be formed in the range from about 500 to
about 500, 000 Hyvestien such as ipelizames apd maerempnaomer gpplicationp.eItds impertat of a chain

transfer agent. Q/gﬁi r..oli Jd Sj to 50
repeating uni t$7can ﬁe %ricra%’ge?“é'% el"%{ %%é%ﬁ%giétgggﬂ%%gﬁﬁe Tr ansfer
ﬁ\gegt%) tsel ect eaﬁ;céepdn?afiidbgtylene{ mnpmﬁdwngﬁeﬁ?orlxdmilmmahcl?bﬁlbmi 3 doub![ e
ond between adjacent carbon s erein as ne o e adj acen
carbon atons h F‘WB“MI’W Eﬁ’rﬁ“"ét”f‘&%ﬂ‘?é’é?%ﬁé&@l’b.é)ﬁﬁésm i s exclusive
of styrengs (nafimfey tR/FR60ess ofithe/preseht Inveatibh&@Tords 8 Wiy BiviGED a RRfingloN] ugat ed

di enes. By non-styrenic, non-vinyl ether is neant that, conpounds having the
following str u&e‘%égcmdesrev&m&eahﬁ%wdeﬁaqu chain. ¢ r ansfer agents of

hydr ocar byl - The. pr oSt Begriiedt ihindth BUThEha BT e ¥ 1 ot e
by the foll ow restémdCHA’shave molecular weights (M,) ranging from about 1,000 to about
500,000, preferably from about 2,000 to about 300,000, and most preferably from
10 about 5,000 to about 200,000.

The photoresist compositions of the presént invention comprise the
disclosed polycyclic compositions, a solvent, and an photosensitive acid generator
(photoinitiator). Optionally, a dissolution inhibitor can be added in an amount of
up to about 20 weight % of the composition. A suitable dissolution inhibitor is

15 t-butyl cholate (J.V. Crivello et al., Chemically Amplified Electron-Beam
Photoresists, Chem. Mater., 1996, 8, 376-381).

Upon exposure to radiation, the radiation sensitive acid generator

generates a strong acid. Suitable photoinitiators include triflates (e.g.,
, triphenylsulfonium triflate), pyrogatiol (e.g., trimesylate of pyrogallof), onium

20 salts such as triaryisulfonium and diaryliodium hexafluoroantimonates,
hexafluoroarsenates, triflucromethanesulfonates; esters of hydroxyimides,
o, e’-bis-sulfonyl- diazomethanes, sulfonate esters of nitro-substituted benzyl
alcohols and napthoquinone-4-diazides. Other suitable photoacid initiators are
disclosed in Reichmanis et al., Chem. Mater. 3, 395, (1991). Compositions

25 containing triasylsulfonium or diaryliodonium salts are preferred becatise of their
sensitivity to deep UV light (193 to 300 nm) and give very high resolution images.
Most preferred are the unsubstituted and symmetrically or unsymmetrically
substituted diaryliodium or triarylsulfonium salts. The photoacid ‘initiator
component comprises about 1 to 100.w/w % to polymer. The preferred

30 concentration range is 5 to 50 w/w %.
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- 47 - [err] 5 wherein Rerr] and R err] independently represent hydrogen,
branched or unbranched (Cerr] to (Jerr]) alkyl, branched or unbranched
(CJerr] to Cverarp3isal kenyl, hal ogen, or the 10 group OCTUSE MKy e -
chain transfer agents the [err]-olefins having 2 to 10 carbon atons are
preferred e.g., ethylene, propylene, 4-nethyl-1-pentene, 1-hexene,

1-decene, 1, 7-octadiene, and 1, 6-octadi ene, or isobutylene. Wile the
optimum conditions for any given resulh shoul d be 15 -experinental |y
determ ned by a skilled artisan taking |nto the account all of the above

factors there are a niently
utilized where appro%ﬁ&o%ﬁ)ﬂ@gah%%ﬁﬁggwmﬁﬂ&e er%'@?‘;f@é]}r{ﬁ ol efins
(e.g., ethylene, semiwapaneoﬂsehﬁmmhe hdimmm:ﬁﬂbﬁge}wivﬂeﬁme) are the

nost effective chaln ns S t dIS stltu ed oleflns (eg.,
i sobutyl ene) 20 FangN8 Hgéﬁ‘&sfgq'é?%q% appliFatiogy MER " { hi ngs

bei ng equal , t hesepivertihdhide poRcpflic htmiatitss gl ;{y%h'hﬁ@ﬁ:r&ﬂ-. arei eve a given
nmol ecul ar weight will be rruch higher than if ethylene were chosen. Styrenic

ol efins, cénj ugmp%%@mmdmmétwr@WMEﬁﬁéﬂm%P&%ﬁ"‘bhal n
transfer agents ﬁ&?gb@ob?@'ﬂs7?"s@$%ﬂ&%}ﬁ1 Wﬂl?atﬁ%tal ysts

descri bed herein can e enﬁPoye In an a

rangi ng from aboeferepeed OThecheention is nodlimiteB o aspesifieclass| ofsénsitizeror tphetoaaid es  of
total NB-type m@ﬁ%r Preferably, the CTA is enployed in the range of O.
10 to 10 nole % nore preferably from0.1 to 5.0 nole % As discussed

above, dependi ng on m@kqmttmmnemdramiotﬂpfbéesmrgﬁiﬁmgipcmmCl es and
desired eg groug t he .concentration of CTA 30 be in gxcess of 50
o 5o

mol e % (bdled orfopeesit iNpBs on A mbHFAE comATSiNg e fieps ofy  (2) coating a substrat

with a film comprising the positive tone resist composition of the present
inventioﬁ; (b) imagewise exposing the film to radiation; and (c) developing the
image.

The first step involves coating the substrate with a film comprising the

15 positive tone resist composition dissolved in a suitable solvent. Suitable substrates
are comprised of silicon, ceramics, polymer or tﬁe fike. Suitable solvents include
propylene glycol methyl ether acetate (PGMEA) cyclohexanone, butyrolactate,
ethyl lactate, and the like. The film can be coated on the substrate using art
known techniques such as spin or spray coating, or doctor blading. Preferably,

20 before the film has been exposed to radiation, the film is heated to an elevated
temperature of about 90°C to 150°C for a short period of time of about | min. In
the second step of the process, the film is imagewise exposed to radiation suitably
electron beam or electromagnetic preferably electromagnetic radiation such as
ultraviolet or x-ray, preferably ultraviolet radiation suitably at a wave length of

25 about 193 to 514 nm preferably about 193 nm to 248 nm. Suitable radiation
sources include mercury, mercury/xenon,. and xenon lamps, x-ray or e-beam. The
radiation is absorbed by the radiation-sensitive acid generator to produce free acid
in the exposed area. The free acid catalyzes the cleavage of the acid labile pendant
group of the copolymer which converts the copolymer from dissolution inhibitor

30 to dissolution enhancer thereby increasing the solubility of the exposed resist



e.g., 60 to 80 nole % Higher concentrations of CTA (e.g., greater than 100
nole %9 may be necessary to achieve the | ow nol ecul ar wei ght enbodi nents of
this WD 97/ 33198

PCT/ US97/ 042097331988 - i nvention such as in oligonmer and nBCTASONOOE! -
applications. It is inportant and surprising to note that even such high
concentrations the CTA's (with the exception of isobutylene) do not

copol ynmerize into the polynmer backbone but rather insert as term nal

end- groups on each polyner chain. Besides chain 5 transfer, the
process of the present invention affotts a way by which a terninal
[err]-olefinic end grouyp can be

pl aced at the end of a,. po  chain.
Pol ymers of th&° s ?’h%ﬁ?‘?mwmly &é E’}/’ﬁ?t@é‘éﬁce of t he
instant CTA's éﬂdbﬁ%'n@!eo\i@bﬂ@tmﬂ&ﬁﬁi t%)ssﬁﬁﬁﬁh@ 4 1,000 to
about 500, 000, preferably from about 000 to about 300, 000, and nost

pref erably froHgut@ELthe compisygatus: ¢ © L] 5i st
light of th 195 Qi@i@eweloeim taokhoooand the bigh moleoylex

conpositions o clic

Comhost t1 one, el G Re AborhBSAlioRe GRREAG bd Grl R hchiBhalfy

(phot 0i ni% i at oPjeferddiy, mﬁua&bﬁlmhasdeascdw&eﬂmrddhﬁb:biﬁdlmdambﬂnemw in an

anount of up to bot 20 vvel % of 8 f |t|on t abl

di ssol ution i nft oyt 98¢ {9 % ar a.short pﬁ“"‘fﬁl o et al,

Chem cal |y Arrphwmeqknﬁhectron Beam Phot oresi sts, Chem Mater., 1996, 8,

376-381). Upon exposure to radiation, the radiation sensitive acid
gener at or gener at es ?M%“E&Wd%ﬁPP‘BWBfﬁS‘HM’%ﬁ'WﬁP!‘W%WK‘hEI ude

triflates (e. gsumsre'smfrgy Lsﬁhﬂbié%wéﬁ%ﬁduﬁé @tilﬁ?mslﬁl@

trimesylate of pyroga ); onium 2 as tr| Psul foni um
and di ar} i odi base t rpesaldonstspehasaeteamethyl ammonium hydroxide or cholme The

composmon of the present invention provides positive images with high contrast
and straight walls. Uniquely, the dissolution property of the composition of the
present invention can be varied by simply varying the composition of the
copolymer.

15 The present invention also relates to an integrated circuit assembly such as
an integrated circuit chip, multichip module, or circuit board made by the process
of the present invention. The integrated circuit assembly comprises & circuit
formed on a substrate by the steps of: (a) coating a substrate with a film
comprising the positive tone resist composition of the present invention; (b)

20 imagewise exposing the film to radiation, (c) developing the image to expose the
substrate; and (d) forming the circuit in the developed film on the substrate by art
known techniques.

After the substrate has been exposed, circuit patterns can be formed in the
exposed areas by coating the substrate with a conductive material such as

25 conductive metals by art known techniques such as evaporation, sputtering,
plating, chemical vapor deposition, or laser induced deposition. The surface of the
film can be milled to remove any excess conductive material. Dielectric materials
may also be deposited by similar means during the process of making circuits.

Inorganic ions such as boron, phosphorous, or arsenic can be implanted in the



hexaf | uor oarsenates, trifluoromnmethanesul fonates; esters of hydroxyi m des,
[err]-bis-sul fonyl - di azonet hanes, sul fonate esters of nitro-substituted
benzyl al cohol s and napt hoqui none- 4-di azi des. O her suitable photoacid
initiators areodisaspsed in Reichmanis et al., Chem WMater.pCruSabstos 1991) .

Conmposi tions 25 containing triarylsulfoniumor diaryliodoniumsalts
are preferred because of their sensitivity to deep UV light (193 to 300 nn
and give very high resolution inages. st preferred are the unsubstituted

and symetrically or unsynmetrically Substituted diaryliodium or

triaryl sul fonium he o d initiato onent c ri ses about 1
to 100 Ww %to 5‘815%5 I @Qfﬁsg‘?‘ da“{‘i! it BRSSIArs- o s 5 to
50 W w % WO %/f&&ﬁx%cxrcmtsmweﬂ known to those skilled in the art. _ _

PCT/ US97/ 04103 - 49 -_The phot or esj st corrp05|t|ons of the present invention

optional ly contain a Sefoliewingpxamples predetpied.doseriptipns of gnethpds phot oaci d
initiator to |onggy a?&@%ﬁgh%%%mn e o] i g

Dependi ng on the | nt ende pp | ca%‘?o%h&%ll}chpse@ié t zte‘%ﬁshnlwr)l‘(?:l U(fgde;k)d(’)l ycycl i C
aromatics Such aprepgmm ﬂpeﬁtbemeotmd&rvetoexmh& thezaare geneddlly phot oaci d
|n|t|ator5|swe Pate 053;
4,371, 605; and 4' %‘5@3@“%@85‘88%’%%%%5{% m@@ance.
The invention i sillastrative parposts baly,an8 prRaiof infendédds 2 r&’tna:eﬂanmemopaﬁwot oaci d
initiator. The present invention also relates to a process for generating a

positive 10 FYFM%Pesi st i mage on a substrate conprising the steps of:
(a) coating a SUbStraA?d‘%xE&}d%hJﬂe,ﬂo?&%déé%dﬁ@&e&@ﬁﬁdi#&aﬁ%u&ﬁﬁ' st
conposi ti on of the present invention; (b) inmagew se exposing the filmto

radi ation;10and (&pmadghetomssinte 3 sybstrate. The efficacy of this transfer is determined by the
wave length of the imaging radiation, the sensitivity of the photoresist and the

ability of the photoresist to withstand the etch conditions which pattern the
substrate in the exposed regions. Photoresists are most often used in a
consumable fashion, where the photoresist is etched in the non-exposed regions

15 (for a positive tone photoresist) and the substrate is etched in the exposed regions.
Because the photoresist is organic and the substrate is typically inorganic, the
photoresist has an inherently higher etch rate in the reactive ion etch (RIE)
process, which necessitates that the photoresist needs to be thicker than the
substrate material. The lower the etch rate of the photoresist matter, the thinner

20 the photoresist layer has to be. Consequently, higher resolution can be obtained.
Therefore, the lower the RIE rate of the photoresist, the more attractive it is from
a process point of view. The etch rate is primarily determined by the polymer
backbone, as shown below for the chlorine plasma etch process which is a RIE
technique typically employed in semiconductor processing.

25 As used in the examples and throughout the specification the ratio of

monomer to catalyst is based on a2 mole to mole basis.



I mage. The first step involves coating the substrate with a filmconprising
the 15 positive tone resist conposition dissolved in a suitable
solvent. Suitable substrates are conprised of silicon, ceramcs, polyner or
the like. Weaishafibg sol vents include propyl ene glycol netragbiriesacet ate
(PGQVEA) cycl ohexanone, butyrolactate, ethyl lactate, and the like. The film
can be coated on the substrate using art known techni ques such as spin or
spray coating, or doctor blading. Preferably, 20 before the film has
been exposed to radiation, the filmis heated to an el evated tenperature of
about 90[err]C to 150C for a short $82i-od of tine of about 1 nmin. In the
second step of the process, the filmis imgew ed to radiation
suitably el ection Belmebr el ectromagnetic plormalizediRIE Rate Gim/ming i

radi ation such as l,qo%ﬁy t or x-ray, preferably ulléravi ol et radiation
suitably at a wave length of 25 about 193 to 514 nm preferably about
193 nmto 2482nm polyhsdodxystyeede sesison sour ces i ncl uded.9%r cury,

mer cury/ xenon,, and non.l a X-ray or e-beam The yradiation is absorbed
by the radi ation-sggéf“f"??@epa generator to pr oducd-¥ee add in the
exposed @rea. The {dcefatdtengbl@ériboValesbiéddc Cl eavage of the acid labile
pendant group of the copol yner which converts the copolyner from

di ssol ution inhibi W-Psg” 912)t o di ssol uti on enhancer t her eby i ncreasing

t he sol ubility of &’rﬂ WD 97/ 33198

PCT/ US97/ 0410)?‘} - SBb?m?)gprr%%%ﬂﬁtgn iy an” agueous basel.'%Surpri singly, the
exposed resi st compden etiabyPioseedingsiSPIE, sol ubl e i n aqueous base. This
solubility is surphjsd xpected in light of the conplex nature of

t he cycl oal i phati c%?é%gﬁgﬂgggst he hi gh nol ecul ar wei ght of the norbornene
nmonomer 1@ini t s Sbear homopdiynogmidenryl i ¢ acid functi onalgg3y.

Polymers 1 and 2 are primarily aromatic, whereas polymer 3 was

copolymerized with a small amount of acrylate which increased its etch rate.
Polymer 4 is completely based on acrylates to allow transparency at 193 nm

15 (aromatic rings render '!he material opaque in this region, hence there are no viable
resist candidates at 193 nm based on the traditional novolacs or
p-hydroxystyrene). The etch rate almost doubled for this polymer. Polymer S had
an etch rate even lower than the standard photoresist materials (1 & 2) in
addition to préviding transparency at 193 nm. Therefore, the backbone of

20 polymer S (an addition cyclic olefin) prepared by a nickel multicomponent
catalyst of this invention is an improvement over all previous attempts in the
literature to provide a resist which functions at' 193 nm with RIE characteristics
comparable to commercial materials exposed at longer wave lengths. In fact, the
addition cyclic olefin polymer may offer advantages in terms of etch resistance at

25 longer wave lengths as well. It is in the literature (H. Gokan, S. Esho, and
Y. Ohnishi, J. Electrochem. Soc. 130(1), 143 (1983)) that higher C/H ratios
decreases the etch rate of polymeric materials. Based on this assumption, the etch
rate of polymer 5 should be between the aromatic based systems and the acrylate
systems. It is surprising that the addition cyclic olefin exhibits etch resistance

30 superior to even the aromatic systems.



5 Preferably, after the filmhas been exposed to radiation, the film
I's again heated to an el evated tenperature of about 90[err]C to 150[err]C
for a short period of time of about 1 minute. The third step involves
devel opment wbobBsnepositive tone inage with a suitable sol PERUSIBINIBable
sol vents include aqueous base preferably an aqueous 10 base wi t hout
nmetal ions such as tetranethyl ammoni um hydroxi de or choline. The
conposition of the present invention provides positive inages with high
contrast and straight walls. Uniquely, the dissolution property of the
conposition of the present invention tdh -be varied by sinply varying the
conposition of the copolyner. 15 The present invention al so
relates to an integrated circuit assen¥mpledh as an integrated circuit
chip, multichip rmd“"ﬁsa?M?E&We@%rﬁmqun“é&ﬁe@ww&dwe pr esent
cl a o

I nvention. The integrate cuit y conprises a circuit formed on a
substrate by t hethst-bylegér of Seorkammeneegroaxylia Beid (carho-trbutoxynotbpmen@donpri si ng

t he-positive ton hst S| 1)l f : ' hon. (b) 20

| magewi se exposi gdfﬁg‘%f'?‘ﬁ‘%%’er adi ?@or?to Qﬁé%@%&ﬁé@%%@& mage to
expose t he ssubst semperatupeas(adjied Deatilysy sdlbtionprepated by iadding />-aliyipailaines il m on
the substrate by . art, kno techniques.. After the suhstrgte has been
exposed, circui tc%pfgﬂéqﬁﬂ&%%m%W°Fm&§§W sﬁY‘Eas_ by coating the
substrate with ohexeMbrsdntimEnaido0 g oG |4B]) afchidrobenzene (9 MIBE 30/finiRE 2l S DY
art known techni ques such as evaporation, sputtering, plating, chem cal

vapor deposi t i onandghen filtsang thiaegh a micrepars filterdte rempee tha presipitated sivBe fi | m can
be milled to re”&if&idgﬁm@&%ﬁ@ﬁ?{%%i’ refs'rﬁlxrsaMcﬁ%{ckﬁr%:Eﬁugé' al's

may al so be deposited by simlar peans during the process o

circuits. 10nor gamdgelisite forocdcless yéllomogel. Uhorsgkiogshesge! or exzess encilanalale be

inplanted in t hepolymer precipitated as a white powder. The polymer was washed with excess
methanol and dried. The yield of polymer was 1.5 g (75%). The presence of the
ester-bearing monomer in the polymer was verified by infra-red analysis which
showed strong bands at 1728 cm™ (C=0 stretch), 1251 cm™ (C-O-C stretch)

15 and 1369 and 1392 cm™ (characteristic of t-butyl groups) and the absence of
unconverted monomer (proton NMR). The polymer was found to have a
molecular weight (M,)) of 22,500. Thermogravimetric analysis (TGA) under
nitrogen (heating rate 10°C per minute) showed the polymer to be thermally stable

to about 210°C and then to exhibit approximately 28% weight loss by 260°C

20 (indicating clean loss of the t-butyl groups as isobutene to afford the homopolymer
of 5-norbornene-carboxylic acid) and then degradation of the polymer (90% total
weight loss) at around 400°C.

Example 2
25 To a 50 mi glass vial equipped with a Teflon® coated stir bar was added

norbornene (0.8 g, 8.6 mmol), 1,2-dichloroethane (8 ml) and the t-butylester of
5-norbomene-carboxylic acid (carbo-t-butoxynorbomene) (0.2 g, 1 mmol,
exo,endo 44/56). To this stirred solution at ambient temperature was added nicke!
ethylhexanoate (3 umol), trisperflucrophenylboron (23 pmol) and

30 triethylaluminum (27 umol). There ensued an immediate reaction with white



WO 97/ 33198
PCT/ US97/ 04103 - 51 - substrate in the process for naking p or n doped
circuit transistors. Qther neans for formng circuits are well known to

t hose skil lvegdotszigghe art. The fol |l owi ng exanpl es are det apé&fisipe@si pti ons
of nethods of preparation and use of certain conpositions of the present

I nvention. The detailed 5 preparations fall within the scope of, and
serve to exenplify, the nore generally described nethods of preparation set
forth above. The exanples are presented for illustrative purposes only, and

are not intended as a restriction on ¥he scope of the invention. As
di scussed above,, photoresistg are used to create and replicate a pattern 10

from a phot ona@RlYREr precipitating fom solptien within lege thag) 10 sa¢prds; The seaetion; was

det er mi ned by Lm,agqg Hmﬁ‘; | | bt -Hqﬁl nsitivity of
t he photoresist an tﬁ‘é’lgglg?l y %?’Q@ﬁéeﬁg%?&ems?to \9\55 S gﬁre\d the etch
condi ti onsfvx/ni c&dqhgxmmdpﬁveéhhﬁ?wa?ssbﬁnmv?hbmmm?mwmmsh&hot oresists
are nost often I n consu e fashi.on, ere t otpresi,st is
etched in the %%ﬁo@%ﬂ"f”@@?‘gﬁyﬁm m@f"ﬁ?"“ﬁ’?&%?ﬁ‘ﬁ@ {rgﬁgaﬂﬁgt or esi st)
and the @bst{jﬁpﬁm a8 DG (90%).NThein anal leﬁ_w@imtgcmwh z,aﬁhe p_hoto[]esi st
is organic and,the . .substrate is typi i norgani c. the photoresi st has an
i nherent |y hi gAgPrmiR W@QWﬂf‘ﬁéqﬂég‘&“ﬁ%g‘?ﬁ'@leN‘B‘ process, which
necessitates tP@S'diEﬂ%f’sinWbﬂgf esi st needs to be thicker than the substrate
material. The Tower the etch rate of the photoresist matter, the thinner 20
t he photoresist |ayer has to be. Consequently, higher resolution can be
obt ai ned. Therefore, the |ower the R 30f the .photoresist, the nore

attractive it is froma process point of 'view. The etch rate is primarily
determi ndd by the pbbdss0mlighsiciarequippes withoaTeflont contddatir bdvewas addedi ne pl asma

o o entyoess et bubylesftr 5f SnbrbGhahelaroo it 2R (cdros Moudigmorbommeng) " ©O"1Ct OF
(2.2 g, 11.3 mmol, exo,endo 44/56). To this stirred monomer at ambient
temperature was added 2 catalyst solution prepared by adding n’-allylpalladium
chioride dimer (29 mg, 74 pmol) in dichloroethane (6 ml) to silver

15 tetrafluoroborate (61 mg, 311 umol) in dichloroethane (6 ml) for 30 minutes and
then ﬁlte:ing through a micropore filter (to remove the precipitated silver
chloride). The reaction was allowed to run for 36 hours at which time the mixture
had gelled to form a clear yellow gel. Upon adding the gel fo excess methanol the
polymer precipitated as a white powder. The polymer was washed with excess

20 methanol and dried. The yield of polymer was 1.4 g (64%). The presence of the
ester-bearing monomer in the polymer was verified by infra-red analysis which
showed strong bands at 1728 cm™ (C=0 stretch); 1251 em™ (C-O-C stretch) and
1369 and 1392 cm™ (characteristic of t-butyl groups) and the absence of
unconverted monomer or carboxylic acid functionality (proton NMR and IR).

25 The polymer was found to have a molecular weight (M,) of 54,100.
Thermogravimetric analysis (TGA) under nitrogen (heating rate 10°C per minute)
showed the polymer to be thermally stable to about 210°C and then to exhibit
approximately 29% weight loss by 250°C (indicating clean loss of the t-butyl
groups as isobutene to afford the homopolymer of S-norbomene-carboxylic acid)

30 and then degradation of the polymer (80% total weight loss) at around 400°C.



25 As used in the exanples and throughout the specification

the ratio of nononer to catalyst is based on a nole to nole basis. WO
97/ 33198 PCT/ US97/ 04103 -
52- No. Powpisessies Nor mal i zed RpETRaY®4{Ber r] nl
mn) | Novol ac resi st 1.0 2

pol yhydr oxyst yrene resi st 0.98 3 248 nm (Deep W)
1.14 5 (acryl ate terpol ymar/glovol ac blend, U S P. 5 372,912) 4
193 nm (pol yacryl ate terpol ymer, -3 - 1.96 Allen et al., Proceedings

SPIE, 2438(1), 474 (1995)) 10 5 hogo‘pol ynor bor nene
0.83 Polymers 1 and 2 are prinarily ar STAPPE 4 whereas pol yner 3 was

copol ynerized with a To@ido s vialdquippéd/ with & Teiun® Bodted &t dacwasiaddedet Ch
rate. Polynmer 4 is conpletely based on acrylates to allow transparency at
193 nm 15 (nowlnreane €1.16 gol2.3 wmgb, 1, ﬂ@%&l@?ﬂpﬁ(sodﬂbﬁﬁé@ hbytyiester; egi on,

hence there are 'M&ercg@jo : | w@ﬁgg ds @ e
traditional novo ac'\‘s(d or p-hy r%&?@?ene%%ﬁéﬂé@é r {(gég 3rr'o?ltnwoubl ed for
this pol ymsr. Podxpmado 44/56)d Tarthie stotedrsakitiomstambicottemperatare wisaddedandar d
phot oresi st material.s (1 in additi.on to roviggl,j(n rapsparency at 193
nm Therefore, t?fg'%‘gﬂ&ﬁﬁf?eg%f'%‘eg‘yﬁ’s'”ﬂmw &ﬂ“‘é&'&ft ion cyclic
ol efin) prepar edribperfucnophéyiboron (279 pEPNN Thé reactionlwis alldbed thirgn fonventi on i s
an Inprovement Ol%ieﬁou?slbefégel rﬁ.‘é’r&‘é?or%ﬁﬁt&n gvgrelpg ; ?ntoanexcessofmethanol. The

polymer was washed with excess methanol and dried overnight in a vacuum oven

10 at 80°C. The yield of copolymer was 0.54 g (31%).

Example §
To a 50 mi glass vial equipped with a Teflon® coated stir bar was added
the r-butylester of 5-norbornene-carboxylic acid (carbo-t-butoxynorbornene)

15 (4.4 g, 22.7 mmo), exo,endo 44/56). To this stirred monomer at ambient
temperature was added a catalyst solution prepared by adding n’*-allylpalladium
chloride dimer (41.5 mg, 113 umol) in dichloroethane (7 ml) to silver
tetrafluoroborate (42 mg, 215 umol) in dichloroethane (7 ml) for 30 minutes and
then filtering through a micropore filter (to remove the precipitated silver

20 chioride). The reaction mixture was then warmed in an oil bath to 75°C. After
90 minutes it was observed that the mixture had solidified to a grey polymeric
mass. The mass was dissolved in acetone to afford a dark colored solution.
Gaseous carbon monoxide was bubbled through the solution for 30 minutes
resulting in copious amounts of a finely divided black precipitate (metallic

25 palladium and possibly other catalyst residues). The precipitate was removed via
centrifugation, and this process was repeated two more times. Finally the
resulting colorless solution was filtered through a 45 micron micredisc and the
polymer was precipitated by adding the acetone solution to an excess of hexane.
The white polymer was separated using a centrifuge and then dried overnight to

30 afford the copolymier as a white powder (2.21 g, 50%). Thermogravimetric



literature to provide a resist which functions at 193 nmwith R E
characteristics conparable to comercial materials exposed at | onger wave
lengths. In fact, the addition cyclic olefin polymer may offer advantages

in terns ofwgbfiyégesi stance at 25 Ionger wave Iength ?p,@swgm It
inthe literature (H Gokan, S. Esho, and Y. Onhnishi, ctrochem Soc.

130(1), 143 (1983)) that higher C/Hratios decreases the etch rate of
polymeric materials. Based on this assunption, the etch rate of polynmer 5
shoul d be between the aromatic based systens and the acrylate systens. It
IS surprising that, the addition cyckis olefin exhibits etch resistance 30
superior to even the aromatic systens. WO 97/ 33198

PCT/ US97/ 04103 analiBis {TGAXnpdee nitrogen (hediidg mite $0°Eger minate) stanwed plecpolyrtdn a

5 nor bonenc- oar BB ebi REaeAu 00, 66 hendo B prosmely 2% 3 ol
exo, endo 44/ 56) weight lb&mﬁ'ﬁtm’(nﬁha SlEdlos lof e iRh grEupsasnsobﬁBIh%ature was

added a catal yst_saol ution prepare adding [err aI I yI pal | adi um chl ori de
di mer (38 gy, 1 éher*msmy Wg@m&t&’ xylic a¢ifl) angd then degradation of

hexaf | uor gant i ngp ﬁn‘e? bﬁ?ﬁﬂ?\aé@h {Uas for 30
m nutes and then ?’B tering t ﬁ%%%é%ig?géﬁlter to renbve the

preci pitated smbsewedmmwaasouymobammmm@omm@emm for 36 hours
at whlchtlrreth ure 13 had gelled to forma clear yellow gel.
Upon addi ng the §) met hanol the polymer precipitated as a white
powder. The pol yrrer was washed with excess nethanol and dried. The yield of
polymer was 1.5 g (75% . The presence of the ester-bearing nononer in the
pol ymer was verified by infra-red anal mpledi ch

10 To a 50 ml glass vial equipped with 2 Teflon® coated stir bar was added
the pure exo isomer of the t-butylester of 5-norbormene-carboxylic acid
(carbo-r-butoxynorbornene) (0.6 g). To this stirred monomer.at ambient
temperature was added a catalyst solution prepared by adding n’-allyl- palladium
chioride dimer (30 mg) in dichloroethane (10 ml) to silver hexafluoroantimonate

15 (50 mg) in dichloroethane (20 ml) for 30 minutes and then filtering through a
micropore filter (to remove the precipitated silver chioride). The reaction was
allowed to run for 15 hours at which time the mixture was added to excess
methanol causing the polymer to precipitate as a white powder. The polymer was
washed with excess methanol and dried. The yield of polymer was 0.5 g (85%).

20 The polymer was found to have a molecular weight (M,) of 46,900, and a

polydispersity of 2.4.

Example 7
To a 100 ml glass vial equipped with a Teflon® coated stir bar was added
25 norbornene (4.01 g, 42.6 mmol), 1,2-dichioroethane (50 ml) and the t-butylester
of 5-norbornene-carboxylic acid (carbo-t-butoxynorbornere) (2 g, 10.3 mmol,
exo,endo mixture). To this stirred solution at ambient temperature was added a
catalyst solution prepared by reacting n’-allylpalladium chloride dimer (10 mg,
27.3 pmol) with silver hexafluoroantimonate (19.6 mg, 57 pmol) in
30 1,2-dichloroethane (3 ml) for 30 minutes and then filtering through a micropore



showed strong bands at 1728 cnferr] (C=0O stretch), 1251 cnferr] (CGOC
stretch) 15 and 1369 and 1392 cnferr] (characteristic oft-butyl
groups) and the absence of unconverted nononer (proton NVR). The pol yner
was found t owbavmesies nol ecul ar weight (Merr]) of 22,500. Teermsgroawsnetric
anal ysis (TGA) under nitrogen (heating rate 10[err]C per m nute) showed the
polymer to be thermally stable to about 210[err]C and then to exhibit
approxi mately 28% wei ght | oss by 260[err] C 20 (indicating clean | oss of
the t-butyl groups as isobutene to afford the honopol yner. of

5- nor bor nene- car boxyl i ¢ acid) and thenSdegradation of the polymer (90%
total weight |oss) at around 400[err]C. Exa le 2 25 To a 50 m
gl ass vial equi pijtss mm-o:mdgqveqd W@aﬂ%‘ﬁ&ﬁ@&“ﬁor bor nene

(0.8 g, 8.6 mml %;:ge%s

5- nor bor nene- car oxéfnlgrg&iac‘?%?% car E?Hl?mg&%loxy or nen‘é‘ﬁ 5 Bwéﬁ

exoendo 44/56). ﬁehadolmmwrﬁ‘ﬂeﬁddnfcmlya’mrm thg. ﬂ'bemeleaﬂurvmghagf added
ni ckel et hyl hexapoat e rr tri |, UOJ Q n r rr]nmol)
and 30 tri e% WE‘W‘FM@ p?%r E‘?‘féa@@wﬁ‘h@fqﬂ%@@e
reaction wsth whivitiea polydiépefisity 884.98

PCT/ US97/ 04103 - 54 - poI ynmer precipitating fromsolution within | ess than

10 seconds. The reaction was allowed to run for 60 m nutes before the
reactor contents were dissolved in cyc ﬁ? e and poured into an excess of
S

met hanol . The pol yner was washed with exce met hanol and dried overni ght
in a vacuum oven at &0 2100 m glask wial squipgedwitia Teflon® copted stirbar wasadded ¢

(200 T ! Bl (38 o0l APyl 5185 5 B

10 of S-norbormene-carboxylic acid (carbo-t-butoxynorbornene) (2 g, 10.3 mmol,
exo,endo mixture). To this stirred solution at ambient temperature was added
palladium ethythexanoate (12 pmol, tris(perfluorophenylboron (108 pmol) and
triethylaluminum (120 pmol). The reaction was allowed to run for 72 hours
before the reactor contents were poured into an excess of methanol. The polymer

15 was washed with excess methanol and dried, redissoived in chiorobenzene and
reprecipitated with an excess of methanol, filtered, and washed with methanol
before finally dryingin a vs;cuum oven overnight at 80°C. The yield of copolymer
was 1.66 g. The molecular weight of the copolymer was determined using GPC
methods and found to be 194,000 (M,) with a polydispersity of 2.3. The

20 presence of the ester-beazing monomer in the copolymer was verified by infra-red
analysis which showed bands at 1730 cm™ (C=O stretch) and 1154 cm™ (C-O-C
stretch) and the absence of unconverted monomer (proton NMR).

Example 9
25 To a 100 mi glass vial equipped with a Teflon® coated stir bar was added
1,2-dichloroethane (25 ml) and the t-butylester of 5-norbomnene-carboxylic acid
(carbo-t-butoxynorbornene) (10 g, 51.5 mmol, exo,endo mixture). To this stirred
solution at ambient temperature was added a catalyst solution prepared by
reacting n’-allytpalladium chloride dimer (82 mg, 223 pmol) with silver
30 hexafiuoroantimonate (200 mg, 581 umol) in 1,2-dichloroethane (10 mi) for



pol ydi spersity of 4.7. Exanple 3 10 To a 50 ml glass via

equi pped with a Teflon[err] coated stir bar was added the t-butyl ester of
5- nor bor nene-carboxylic acid (carbo-t-butoxynorbonene) (2.2 g, 11.3 mol,
exo, endo 4MG®Y331980 this stirred nononer at anbi ent tenpePCHERIFOMBE added a
catal yst solution prepared by adding [err]-allylpalladiumchloride diner
(29 ng, 74 [err]nol) in dichloroethane (6 m) to silver 15

tetrafl uoroborate (61 ng, 311 [err]nmol) in dichloroethane (6 m) for 30

m nutes and then filtering through a rgcropore filter (to renove the
precipitated silver chloride). The redCtion was allowed to run for 36 hours

at which tine t mxture.had gelled to forma £l e el l.ow gel.. Upon

addi ng the gel %%E%@MWWH@%W“@'&?@#%&" %F‘W‘?Hte
powder. The pol (ot forate hoadkbefdre 't Feabtof EntentiOrere pourbBinftididxc@pdf dried. The -
yi el d of polyner s, 1.4 g.(64% . The presence o? t he ester-bearing nononer
in the pol yner %ﬁggﬂrnﬁmmﬁweﬁéﬂm&ﬁ%ﬂs?@mm@%?kﬂﬁdﬂ ng bands
at 1728 cni e”]hon‘&i@nfeﬁ-&ﬁi@,@)g; 1251 cm|[err] (CGOC stretch) and 1369 and
1392 cnjerr] (characteristic of t-butyl groups) and the absence of
unconvert & nononer or carboxylic acid functionality (proton NMR and IR).

25 The polyner was found to haveEgmg@#%ul ar weight (Merr]) of 54,
100. Thernogravinetric analysis (TGA) " uUn nitrogen (heating rate 10[err]C

per mnute) showed tTwea pad mhelass vial amippbd with b Teflon®zbated stir babwasadddd[ err] C
and then to exhjpit roxi npt ely 29% wei ght, | oss by 250[err] C (indicating
cl ean | oss of tLg-dfchﬁwg%#ang -tagt+'§¥s*§%%g'@%é-"9§*°mmb?’wéc;ﬁﬂmpo| yner of
5- nor borrene- car avkplritvttckghdibordéhe) (5 5 zs.lsdmmp&o,féswmms)oﬁme&m&&e pol ymer
(80% t ot al wei ght | oss) at around 400[er rljbg:. WD 97/ 33198 .
PCT/ US97/184103 (0.82 g, 8.7 mmol) and 5-triethoxysilylnorbornene (0.47 g, 1.8 mmol). To this

stirred solution at ambient temperature was added a catalyst solution prepared by

reacting 7p*-allylpalladium chloride dimer (47.2 mg, 128 pmol) with silver

tetrafiuoroborate (138 mg, 700 ymol) in 1,2-dichioroethane (10 mi) for

30 minutes and then filtering through a micropore filter. The reaction was allowed

15 to run for 48 hours before the reactor contents were poured into an excess of
methanol. The polymer was washed with excess methano! and dried. The yield of
terpolymer was 5.3 g. The molecular weight of the copolymer was determined

using GPC methods and found to be 39,900 (M,) with a polydispersity of 3.2.

20 Example 11
To a 50 mi glass vial equipped with a Teflon® coated stir bar was added
7.25 g (37.5 mmole) of the t-butylester of norbornene, 1.9 g (12.5 mmole) of
methylester of norbornene, 50 ml of freshly distilled dichloroethane and the
solution was degassed under argon atmosphere. A 10 ml glass vial equipped with
25 a Teflon® coated stir bar was charged with 0.0365 g (0.1 mmol) of
7’ -allylpaliadium chloride dimer (to ultimately give 2 monomer to catalyst ratio of
500/1) and 2 m! of dichloroethane. Into another 10 mi glass vial was charged with
0.0344 g (0.1 mmol) of silver hexafluoroantimonate and 2 ml of dichloroethane.
The catalyst solution was prepared by mixing the allylpalladium chloride dimer

30 solution with silver hexafluoroantimonate solution inside the dry box. Immediate



- 55 - Exanple 4 To a 100 m glass vial equipped with a Teflo[err] coated
stir bar was added norbornene (1.16 g, 12.3 mol), 1, 2-dichl oroethane (50
m) and the t-butyl ester of 5-norbornene-carboxylic acid

(car bo-t - but WA nene) (0.6 g, 3.1 nmmol, 5 exo, endSCIFBYPMOITo -t hi s
stirred solution at anbient tenperature was added pal | adi um

bis(2, 2,6, 6-tetranet hyl -3, 5-pent anedi onate (31 [err]nol) and
trisperfluorophenyl boron (279 [err]nmol). The reaction was allowed to run
for 16 hours before the reactor contentg vere poured into-an excess of

met hanol . The pol yner was washed with eXcess nethanol and dried overni ght

I n a vacuum oven e r . i f 54 g (3
199. Exanple 5 T apgﬁn?ﬂ %“%@g&\fﬁg d%quﬁ%%ggkg\xe?hw%%gw%mﬁswgmogt ed
stir bar was addecleahyellowisohitiore sTheractive yellow citalys solaticrewisadyéd t© thei d
(carbo-t - but oxynor bor nene). 15. .(4.4.q, 22..7 nmol, exq, endo 44/.56). To
this stirred nmondHIEFPMEE o, FW%&E&@PQ%&F@%%%&%B@&P&F%F@M ution
prepared by addi ng nbasshal et No&%k#eéiﬂﬁ!h‘iﬁc&ﬁie‘iﬁ@ﬂ&sﬂ WhY oblsérbed biTkolidsl 3
[err]mol) in dichloroethane, %); ). to silver tetrafluoroborate (42 ng, 215
[err]mol) i%h di chedpiseipitaterinthe sojufion,she spiution wes eaoleds goncrrtrated in@er i ng
through a mcrop ' e e | iRt ﬂm&f I =

chloride). The rggtgﬁﬂ(’)hﬂ‘frérxt l}r&egdmggyt en vvg&%e&(f I'n fﬁ) ol '%2?522?303’75&”]0
After 90 mi nut es 25%. vihe polymer wasddried dn vachm af roomtempesatursahd enafyzediusing a gr ey

G0l 1 on. Gaseou CTC PR RIEHRE OB G indnise B G bt on 1or 30
m nut es resul ti ngtandards Fhewwolaalarweightobasbiervedity belMy =940 BintulkandrMe+=pi t at e
broctpi tat D vas AURGHe,; E MR ffieingdhe rmcenc bt ek it 5t o oo
two nore tines. hbibohlele iddcish@shiall bifSurft OF Bk 18551 /AN Ze® Prodds, the hLigr ed
through a 45 mcron mcrodisc and the
Example 12
To a 50 ml glass vial equipped with a Teflon® coated stir bar was added
15 2.42 g (12.5 mmole) of t-butylester of norbornene, 5.7 g (37.5 mmole) of
methylester of norbomene, 50 m! of freshly distilled dichloroethane, and the
solution was degassed under argon atmosphere. A 10 mi glass vial equipped with
a Teflon® coated stir bar was charged with 0.0365 g (0.1 mmol) of allylpaliadium
chloride dimer in a monomer to catalyst ratio of 500/1 and 2 ml of dichloroethane.
20 Into another 10 mi glass vial was charged with 0.0344 g (0.1 mmol) of silver
hexafluoro antimunate and 2 ml of dichloroethane. The catalyst solution was
prepared by mixing the allylpalladium chloride dimer solution with silver
hexafluoroantimonate solution inside the dry box. Immediate precipitation of the
silver chloride salt was observed, which was filtered, to obtain a clear yellow
25 solution. The active yellow catalyst solution was added to the monomer solution
via a syringe and the reaction mixture was allowed to stir for 20 hours at 60°C.
No appreciable increase in viscosity was observed, but solids had ppt in the
solution, the solution was cooled, concentrated in a rotovap, and precipitated into
hexane to obtain a white polymer, Yield =2.05 g, 25%. The polymer was dried

30 in vacuum at room temperature and analyzed using GPC for molecular weight.



pol ymer was precipitated by adding the acetone solution to an excess of
hexane. The white pol ynmer was separated using a centrifuge and then dried
overnight to 30 afford the copolyner as a white powder (2.21 g, 50%.
Ther nogr aviM@PF33%8 WD 97/ 33198 PCT/US97/04103 .

PCT/ US97/ 04103 - 56 - analysis (TGA) under nitrogen (heating rate 10[err]C
per m nute) showed the polynmer to be thermally stable to about 210[err]C
and then to exhibit approxinmately 28% wei ght | oss by 260[err] C (i ndicating
clean loss of the t-butyl groups as_iﬁ%ol_outene to afford .t he honmopol yner of
5-nor bor nene-carboxylic acid) and then degradation of 5 t he pol yner

(90% total wei SS)a: Al : 4 e | ecul.ar I_qht observed
to be vnh = 3, SWgﬁwﬁwg%BWn%MC&ﬁ% ,arﬁ?)ﬁ\{?' tyrene

st andar ds). Exanmpblsefied o be M, = 1440 g/mble and M), #2000 gimeley i'HINMR iidiad Wi th a
Teflon[err] coated stir bar s . added the e.exo i somer of the

t-butyl ester o%’@%&ﬁ@ﬁé@%ﬁ%ﬁ%‘ﬁ!e E‘ip%'r“("@&mef“%" r bor nene)
(0.6 g). To thigfmotdtiof iiR4-! RySslyAl pradate e ak@MPer at ure was added a

catal yst solution prepared by adding [err]-allyl- palladiumchloride diner

(30 ng) i*h dichloroethane (10 nl) to silver hexafl uoroantinonate 15 (50
nmg) in dichloroethane (20 m) for 30&{&%(9@ and then filtering through a
m cropore filter (to renove the precipi ed silver chloride). The reaction
was allowed to run Tor 2$miighss dal tuippadobitht 4 Tefloh® coatédxstiv ber wssaddedded t 0

cxsess oL 10l (43, Bl SRR Yk LR BAR o el L Po0eT Te
0.5 g (85% . 2@xo-3-methybester@if dicRrboxylic adid Gldwedby s/ @l 6f frashio algited Wei ght
(Merr]) " 40 tend Dloride and 10 mi of methanol, and the solution was degassed under
argon atmosphere. A 10 ml glass vial equipped with a Teflon® coated stir bar was
charged with 0.00588 g (0.0158 mmol) of n’-allylpatiadium chloride dimer in a
monomer to catalyst ratio of 500/1 and 2 ml of methylene chloride. Into another
10 mi glass vial was charged with 0.0108 g (0.0312 mmol) of silver
15 hexafluoroantimonate and 2 m! of methylene chloride. The catalyst solution was
prepared by mixing the n’-allyipalladium chloride dimer solution with silver
hexafluoroantimonate solution inside the dry box. Immediate precipitation of the
silver chloride salt was observed, which was filtered, to obtain a clear yellow
solution. The active yellow catalyst solution was added to the monomer solution
20 via a syringe at 50°C and the reaction mixture was allowed to stir for 16 hours at
room temperature. No appreciable increase in viscosity was observed and the
solution was filtered through a 0.5;1' filter, concentrated using a rotovap. The
thick solution was dissolved in methanol and ppt into methanol/water mixture to
obtain a white solid yield (65%). The molecular weight was observed to be Mn =
25 10,250 g/mole and Mw = 19,700 g/mole (GPC in the THF, polystyrene
standards). 'H NMR indicates the presence of both methyl and t-butyl ester of

norbornene.



pol ydi spersity of 2.4. Exanple 7 To a 100 ml glass vial equipped with a
Teflon[err] coated stir bar was added 25 nor bornene (4.01 g, 42.6
mol ), 1, 2-dichloroethane (50 m) and the t-butylester of

5- nor bor nene WRPHBM’P i ¢ aci d (car bo-t - but oxynor bor nene) (2 BETHH7841 Ky -
exo, endo m xture). To this stirred solution at anbient tenperature was
added a catal yst solution prepared by reacting [err]-allylpalladium
chloride dimer (10 ng, 27.3 [err]nol) with silver hexafl uoroantinonate
(19.6 nmg, 57 [err]nol) in 30 1,2-d%?hloroethane (3 m-) for 30 m nutes
and then filtering through a mcropore™ © WD 97/33198

PCT/ US97/ 04103 - 57 - filter. The reactk%ﬁyﬂpj allowed to run for 20 hours
before the reactor contents were poured ¢ ﬂ excess of nethanol. The

pol yner was washed wi tTo £2§ i Sladtid) efidpped Mathd Teflon® cbard yiirbatl was addedol yner
was 4.15 g. The npl ecul ar vxe({‘éht of the cogol mer _was determ ned, usjng GPC
met hods and f ound3-08 81128 mmaig) @f pwe oF bipyclof2.2. 1Thepty3-ene-gxoFRp2 o ~BEAIPAXYHiG, ~ ot

7.1.. Exanpl e 8 Toagyg &Qﬂyl@neﬂ'ﬁé(l‘%ﬂgmﬁ%gbﬁgﬂﬁm%ﬁe}&M&B&xﬁ%ﬁé&&d woat ed

stir bar was added norbornene ( 1, 2-di chl or oet hane (50

m) and the 5t - but ¥ mbefreshig distilled rasthylens chibtdernd 40 ol ob mashancd, and the

Stirred solutt on SRSHE teobuctvadetarpol Moro 6 A0 My Ball H BlyimgH bl " o

(12 [err]mol, trisTelonPlcosedsivdaywisahaged %B00ESS g (00052 mmel) of i et hyl al uni num
(120 Lerriml) . T aG e oot ALt Qo 5 ke kR B,

2 ml of methylene chloride. Into another 10 ml glass vial was charged with

10 0.0357 g (0.104 mmol) of silver hexafluoroantimonate and 2 m! of methylene
chioride. The catalyst solution was prepared by mixing the allylpalladium chloride
dimer solution with silver hexafluoroantimonate solution inside the dry box.
Immediate precipitation of the silver chloride salt was observed, which was
filtered, to obtain a clear yellow solution. The active yellow catalyst solution was

15 added to the monomer solution via a syringe at S0°C and the reaction mixture was
allowed to stir for 16 hours at room temperature. No appreciable increase in
viscosity was observed and the solution was filtered through a 0.5 filter,
concentrated using a rotovap. The resulting viscous solution was dissotved in
methanol and precipitated into methanol/water mixture to obtain a white solid

20 yield (23%). The molecular weight was observed to be Mn = 15,700 g/mole and
Mw = 32,100 g/mole (GPC in THF, polystyrene standards). '"H NMR indicates
the presence of bath methyl and t-butyl ester of norbornene. Thermogravimetric
analysis (TGA) under nitrogen (heating rate 10°C/min.) showed the polymer to be
thermally stable to about 155°C and then to exhibit approximately 20 wt. % loss

25 by 290°C (indicating clean loss of the t-butyl groups as isobutylene to afford the
homopolymer of S-norbormene-carboxylic acid) and then degradation of the
polymer at around 450°C.



15 was washed with excess nethanol and dried, redissolved in

chl or obenzene and reprecipitated with an excess of nethanol, filtered, and
washed with methanol before finally drying in a vacuum oven overni ght at
80[err] C. THOXAYPY of copol yner was 1.66 g. The nol ecul aPCRAISgIM4183f t-he
copol ynmer was determ ned using GPC nethods and found to be 194,000 (Merr])
with a pol ydi spersity of 2.3. The 20 presence of the ester-bearing
nononer in the copolymer was verified by infra-red anal ysis which showed
bands at 1730 cnjerr] (C=O stretch) a%g 1154 cnjerr] (CGOC stretch) and

t he absence of unconverted nononer (prféton NVR). Exanple 9 25 To
a 100 m glass vial equipped with a Tgféon%g&r] coated stir bar was added
1, 2-di chl oroet hane (25 m) and the t- P er of 5-norbornene-carboxylic

aci d (carbo-t - but oxySyathiesis 6Fticyclof 2.2, 1 heptoslefe-kaDéxo-£3-dRAMExyc 8L €) . To this:
stirred sol utio%pst anbi ent tenperature was added a catal yst solution
prepared by rea rr]-allylpalladiumchloride diner (82 ng, 223

[err]mol) with silvefrhe3Ro, exo di%ﬁ&%&g%%%@t&tﬁ&%ﬁgm 581 [err]nol)

in 1,2-dichloroethane (10 m) f
PCT/ US97/ 34103 exosgnorbormene-23rdisarbaxydic atidn The éxtodsanrey wak prepariad by themmabpor e

e T bl Pas ikl e B o201
Wi th excess netfollowed Byndcrystaltizhtion fromytolatrk severd] ainiep 8 i TEférenrs! 10.obtagh 5
Banpl e 10 To 2 100 M o o tad s i GA ARSI Bart A Tl e G032d St T
hydrolyzed in boiling water and the solution was cooled to obtain pure diacid in
10 almost quantitative yield. The diacid was converted to the diethy] ester using
triethyloxonium salts as shown below:
A 250 ml, three necked, round bottomed flask with a magnetic stirring bar
was charged with 16.0 g (0.0824 mole) of pure exo norbornene dicarboxylic acid
and 35 g (0.1846 mole) of triethyloxonium tetraflucroborate. The flask was
15 stoppered, and to this 300 ml of dichloromethane was added via a cannula under
argon atmosphere. The rubber stopper was replaced with a condenser under
argon atmosphere and the other neck was fitted with an additional funnel. To the
additional funnel was added 35 ml of ethyldiisopropyl amine and it was allowed to
drip into the reaction vessel slowly. A small exotherm was observed and the
20 solution was aliowed to reflux lightly. After the complete addition of the amine,
the solution was allowed to stand at room temperature for 15 hours. Work-up is
initiated by extracting the reaction mixture with three 50 ml portions of HCI
solution, followed by three 50 mi extractions with sodium bicarbonate and finally
washed two times with water. The organic solution was dried over magnesium
25 sulfate, treated with carbon black, filtered, concentrated on a rotary evaporator.
Purification of the residue by distillation at 110°C provides 15 g (75%) of pure
exo-diethyl ester of norbornene as a colorless, viscous, fruity smeiling liquid.
'HNMR (CDCl,): d = 1.22 3H; t, CH,), d = 1.47 (1H), d =2.15 (1H),
d = 2.58 (2H; s, CHCOO), d = 3.07 (2H; s,bridge head), d = 4.10 (2H; m, CH,),
30 d =6.19 (2H; s, C=C), FI-MS (DIP) = M" (238)



1, 2-di chl oroet hane (50 m ), the t-butylester of 5-norbornene-carboxylic
acid (carbo-t-butoxynorbornene) (5 g, 25.8 mmvol, exo, endo m xture),

nor bor nene 10 (0.82 g, 8.7 mol) and 5-triethoxysilylnorbonene (0.47 g,
1.8 Mol ). Twowmdm9&tirred sol ution at anmbi ent tenperat ur e PRAASEHMEY a-
catal yst solution prepared by reacting [err]-allylpalladiumchloride diner
(47.2 nmg, 128 [err]nol) with silver tetrafluoroborate (138 ng, 700
[err]mol) in 1,2-dichloroethane (10 mM) for 30 mnutes and then filtering
through a mcropore filter. The reaction was allowed 15 . to run for 48
hours before the reactor contents weré& *oured into an excess of nethanol.
The pol yner was washed with excess netbanol ﬂgd dried. The yield of
terpolymer was 5.3 g. The nol ecul ar wet PlsAS he copol ymer was det erm ned
usi ng GPC met hods andgynaéaid of Bicytfo[32.17Hept- sM@adﬁ-t-thsﬁraﬂw-dm&@ﬁél ty of
3.2. 20 le 11 To a 50 ml glass via
equi pped with a #idlon[err] coated stir bar mas added 7 25 g (37.5 mol e)

nor bornenc. 50 m of 17 Sk “APE feokhd i bfons AL RaBped wilF) TP P o1 s

degassed urfder angmdm‘buswsedéed Wg@mmgiowgfmmw&pphsdﬂd&tlﬁn% a

(o1 ar1 vi par + ot Rt HeRy RS, 20 . of ihifmafioloe heldlP 2o Bt |
cat al yst rati o oboliids sl 25 g0.061 siokd)ofamityinino fyiinc andiser 10

gl ass vial was charged with 0.0344 gﬁ mml) of silver
hexaf | uor oant i o Selutonaws refluxed at 7506 Ruitidly the-aohydridg was potgluble; on was

prepared by mi xi Bgk dveftnd peidd ¥ tindhd SBHE AR disdSive 478 iheXBlution haimalii On Wi t h

silver hexafl uoroanti nonate solution inside the dry box. |nmediate WO
97/ 33198 10 brown. The reaction was cooled, concentrated in a rotovap to remopgnethylens 04103 -
59 - chloride and the thick solution was added slowly into acidified water (HCI). The

solid that precipitated out was filtered, washed with water and further dissolved in
ether treated with MgSO,, followed by carbon black and the solution was filtered
over Celite. The ether was removed over a rotovap to obtain a white solid (yield
15 8.5 g 60%)).
'HNMR (CDCl,): d = 1.47 (9H; s, t-butyl), d =1.60 (1H), d =2.15
(1H), d = 2.58 (2H; m, CHCOO), d = 3.07 (2H; s,bridge head),d =6.19 (2H; s,
C=C), d = 10.31 (1H; broad, COOH).

20 Example 17
Synthesis of bicyclo[2.2.1]hept-5-ene-exo-2-t-butyl,exo-3-methyl ester of
dicarboxylic acid:
A 100 ml, three necked, round bottomed flask with a magnetic stirring bar
was charged with 9.7 g (0.0408 mole) of pure exo t-butyl half ester of norbornene
25 dicarboxylic acid and 6.05 g (0.0408 mole) of trimethyloxonium tetrafluoroborate.
The flask was stoppered, and to this 100 m! of dichioromethane was added via a
cannula under argon atmosphere. The rubber stopper was replaced with a
condenser under argon atmosphere and the other neck was fitted with an
additional funnel. :To the additional funnel was added 7.3 m! of ethyldiisopropyl

30 amine and it was allowed to drip into the reaction vessel slowly. Small exotherm



precipitation of the silver chloride salt was observed, which was filtered,
to obtain a clear yellow solution. The active yell ow catal yst sol ution was
added to the nononmer solution via a syringe and the reaction m xture was

al l owed to WOI%RINEF 20 hours at 60[err]C. No appreci abl e PHEUSH4Q3, -
viscosity was observed, but solids 5 had precipitated in the solution,
the solution was cool ed, concentrated in a rotovap, and precipitated into
hexane to obtain a white polyner. Yield = 2.3 g, 26% The polyner was dried
i n vacuum at room tenperature and analé\ézed usi ng GPC for. nol ecul ar wei ght.
GPC was obtained in THF using pol ystyrene standards. The nol ecul ar wei ght

b dto b = 1950, g/ nol c =1 3150 g/ nol e.
o TR VR ot Wk eRper R bndtne seftioR s fiperved s hBiok iy, Agir e capigee %™ ©
nor bor nene and gidationaf HiBinline HR$Okition whdidlowedts standhy fhom aRfOdKCct , the

acid. Example 12 To a 50 m gl ass vial equipped with a Teflon[err] coated
stir bar was adbblpurs w°rk"“12'.s¥2§"ﬂ%'.%‘“H&WB@%@#“‘P“WM@’%POW

nor bor nene, 5. 7&&&@3&?@%&@; ﬁﬁoﬁ?}%g@gmmﬂpqﬁ §88umo0 M of

freshly distilled dichloroethane, t > tion was degassed under argon
at nospher &. A 1bicatbongteand fipally washed twodimesiwith wateTe Theofganic soletinmiwas stir bar

was charged with.Q. . I dj rj lfrer in a
mononer T cat oPiovEL fndhetiin R reas yith bRt BHGLE Bpfthaiof ™ 1 B
anot her 10 nl gé saaryevaporators A boloripssiliguid wasobtaned whichGtattedwwerystatlizesi | ver
hexaf | uoro anti gunat.e and .0f dichl oroethane. The catal yst sol ution was
prepared by ni xwﬁﬁﬂa@gﬂﬁgé’ﬂ&mﬂ@m i‘g"ep%?‘“glﬂ“lﬂqson with silver
hexaf | uor oant i nggRérrated ikl h rbvdp 6 ioBRiin 4 \dicHeds HyBN wHicHBaosfify Pr €ci pi tation

of the silver chloride salt was observed, which was filtered, to obtain a
cl ear yellOow 25crystallizedo|Yield §:1.8. The active yel | ow catal yst sol ution was

added to the nonomner ﬂ?ﬂg' | =8 ' g t | Qo Xt ure was
allowed to stir for ‘% ou‘cgj%lf'gO[%??P&ggﬁoﬁ%g)brﬁllgg?ﬂgcrzgiags(e in
viscosity was o089y d=d S4@H; mpCHEOMdi=387 (RH; s brisige béad),idon3.6% (A1, so0l uti on
was cool ed, coneﬁgtagtépg&&g égi)ovap, and precipitated into

15 : Example 18
To a S0 m! glass vial equipped with a Teflon® coated stir bar was added
5-norbornene-carboxylic acid (2.0 g, 14.5 mmol, exo,endo mixture) and
dichloroethane (20 ml). To this stirred mixture at ambient temperature was added
a catalyst solution prepared by adding n’-allylpalladium chloride dimer (6 mg,
20 16 pmol) in dichloroethane (5 mi) to silver hexafluoroantimonate (50 mg,
146 pmol) in dichloroethane (5 ml) for 30 minutes and then filtering through a
micropore filter (to remove the precipitated silver chloride). The reaction was
allowed to run for 18 hours at which time the mixture had gelled to form a clear
yellow gel. Upon adding the gel to excess hexane the polymer precipitated as a
25 white powder. The polymer was washed with excess hexane and dried. The yield
of polymer was 1.2 g (60%). The polymer was found to have a molecular weight
{M,) of 22,000 and a polydispersity of 2.3.
Upon adding a portion of this polymer (0.5 g) to an 0.1N stirred aqueous
solution of KOH (10 ml) the polymer immediately dissolved to give a non-viscous,
30 colorless solution. This demonstrates the base developability of these materials



hexane to obtain a white polyner Yield = 2.05 g, 25% The polyner was dried
30 I n vacuum at room tenperature and anal yzed usi ng GPC for nol ecul ar
wei ght . WD 97/ 33198

PCT/ US97/ 041%9 973888 - GPC was obtai ned in THF using Pol yst FFEVE M qar ds.
The nol ecul ar wei ght was observed to be Merr] = 1440 g/nole and Merr] =
2000 g/nole. [err]H NMR indicated the presence of both nethyl and t-butyl
ester of norbornene and also a snall anmount of the t-butyl hydrolyzed
product, the acid. Exanple 13 To a 25 g .gl ass vial equipped with a
Teflon[err] coated stir bar was added 2 g (7.94 mmol e) of pure of

bi cycl o[ 2. 2. 1] ha.ﬂ{ce50WMM%Wtht%@i&bﬂﬁﬁﬁ%m&ﬁé&Ecﬂoxﬁi&ar boxylic
acid followed by 15 m of freshly distilled™10 nmet hyl ene” chl ori de

and 10 nl of netasirsbbwedany terdencydd dissalve under thespmesondiionder ar gon

at nosphere. A 10 ml glass vial equipped with a Teflon[err] coated stir bar
was charged with 0.00588 g (0.0158 mmol) of [err]-allyl palladiumchloride
dimer in a nonomer to catalyst ratio dixampé19 and 2 nl of net hyl ene

chloride. Lnto anoth 0 ni ass vial was.charged with.0.0108 g (0.0312
mmol ) of s%l ver 15 %Wﬁﬁhﬁwﬁ@ﬂﬁﬁ%é‘%ﬁ@' P8P et hyl ene
chloride. The casigp MSBﬁﬁﬁbﬁHdm&hQ&edeQy m xi ng the
[err]-allylpalladiumchloride dimer solution with silver

hexaf | uor oant i monat e 16 rectionwasfamisd ot adrly tpsneck ronpdchote® fasleci pi t ati on
of the silver Cm&gfpgaﬁuq_lﬁﬁEtiﬁ‘@,%n%ﬁ%%le?i&%nd"ﬂhfé‘ur}ﬁ? &h'ob?é&%mt 0 obtain a
I on. e active ye

clear yell ow sol [ | ow catalyst solution was added to the
mononer sol uti orchigide. The follewing sepgentisywers plassiin the)f3skin 0@ R €0.84mobi on ni xture

e, 211205 10 Sortrklh chbol Qo) PRSP b Bl

200 mL anhydrous diethyl ether. The flask was placed into the ice-water bath and
61 g (1.67 mol) dry hydrogen chloride was bubbled through the mixture with
stirring during 1.5 hours. The flask was placed overnight in a refrigerator at 0°C.
In the morning, the mixture solidified into a "cake". It was broken into pieces and

15 additional 200 mi of diethyl ether were added. The flask was kept in refrigerator
for another 10 days with occasional stirring. At the end of this period,
precipitated imidic ester hydrochloride was filtered by suction and washed 5 times
with ~300 mL diethyt ether. Ca. 20 g of unreacted NB-CN were recovered from
filtrate.

20 Yield of imidic ester hydrochloride - 76% (120 g, 0.64 mol). Structure of
the product was confirmed by 'H NMR spectroscopy.
Step 2. Synthesis of ortho ester.

In a 0.5 L flask, 56.7 g (0.30 mol) imidic ester hydrochloride, 37 ml

(0.91 mol) anhydrous methanol, and 250 m! anhydrous petroleum ether were

25 placed. The reaction mixer was kept at room temperature for 5 days with
occasional stirring. Precipitated ammonium chloride was filtered off and washed
with petroleum ether tliree times. Filtrate and washes were combined, petroleum
ether was distilied off, and product was fractionally distilled in vacuum. A fraction
with the boiling point 68-69°C/3 mm Hg was collected. Yield - 50% (30 g,



solution was filtered through a 0.5[err] filter, concentrated using a
rotovap. The thick solution was dissolved in nethanol and ppt into

met hanol /water m xture to obtain a white solid yield (659 . The nol ecul ar
wei ght wasWSb¥82¥8d to be M 25 10, 250 g/ nol e and MPCI/USY7/FO®B g/-ol e
(GPCin the THF, polystyrene standards). [err]H NVR indicates the presence
of both nethyl and t-butyl ester of norbornene. WO 97/ 33198

PCT/ US97/ 04103 - 61 - Exanple 14 To a 25 m glass vial equipped with a
Teflon[err] coated stir bar was added_3.06 g (12.8 mmol e) of pure of

bi cycl o[ 2. 2. 1] hept - 5- ene- exo, exo- 2, 3-tf Carboxylic acid diethyl ester, 2.5 g

(12.8 mmol e) of 'ﬁ?; . .m&,g&r al lo 15 m of
freshly distil Iot'el(-?%n%lxhy egjem%{?l oride %ﬁ“g'e"’i}bi‘}%”%‘ﬁ'%é?ﬁﬁér@me

sol ution was degsisetdxymetkinefottareser)osphere. A 10 ml gl ass vi al equi pped
with a Teflon[err] coated stir bar was charged with 0.0188 g (0.052 nmol)

of allylpalladiumchloride diner (to give a nononer to catalyst ratio of

500/1) and 2 m of nethylene chlorid gnother 10 mM glass vial was
charged with 10 0. 0357 82(0. 10 of silver hexafl uoroantinonate
and 2 m df net hyl ede asalution ob2. 167 610:2mmbl) SCHEC(QCH Yy (nothememecpar ed by

kTeii';lPIguE)?gaﬁ!t : #D‘ﬁ% lﬁng% u ef)g‘lr]l?é k’g?’agdiﬁoﬁ%g’t@% ﬁ%&?@%‘g?’{)‘?’gci pitation
of the silver (redctiqri preded lof mixksg Dinele of allyipallddvni chicrideldihératith mbles ot ai N a
AT R T AR R E AR AT S
m xture was al lchiofide precipidté. TRy anidant\Rtatlyst adBEIbrieGIBRSEFL O 08 mAbI of
appreci apl e i ncrease in . . :
10 p um dissolved in 2 ml dichloroethane. The stirred reaction mixture was
placed in an oil-bath at 70°C and allowed to react for 20 hours.
At the end of the reaction, 2 ml methano! was added, solvents removed on
a rotary evaporator, and polymer dried to a constant weight in vacuum.
Yield - 1.28 g (60%).
15
Example 21
To a S0 ml glass vial equipped with a Teflon® coated stir bar was added
bicyclo{2.2. 1}hept-5-ene-2-methyl acetate (18.44 g, 0.1109 mol) and t-butylester
of norbornene (21.55 g, 0.1109 mol) and 75 mi of toluene. A solution of the
20 nickel catalyst [toluene complex of bisperfluoropheny! nickel, (Tol)Ni(CF),} was
prepared in the dry box by dissolving 0.5367 g (1.109 mmol of (Tol)Ni(C/F,),]) in
15 ml of toluene. The active catalyst solution was added to the monomer solution
via a syringe at ambient temperature. The reaction was allowed to stir for 6 hours
at room temperature. The solution was (_iiluted with toluene and the polymer was
25 precipitated in excess methanol. The precipitated polymer was filtered, washed
with acetone, and dried overnight under vacuum. The isolated yield of polymer
was 24.9 g (63%). The polymer was characterized using GPC for molecular
weight. Mn = 21,000 and Mw = 52,000. The NMR analysis of the copolymer
indicated presence of 51 mole % of the t-butyl groups. IR analysis of the
30 copolymer indicated the absence of acid groups.



viscosity was observed and the solution was filtered through a 0.5[err]
filter, concentrated using a rotovap. The resulting viscous sol ution was
di ssolved in nmethanol and precipitated into nmethanol/water m xture to
obtai n a whiW@9%3¥198d 20 yield (23%. The nol ecul ar wePHYS* YO bser ved
to be vh = 15,700 g/nole and Mv 32,100 g/nole (GPC in THF, pol ystyrene
standards). [err]H NVR i ndi cates the presence of both nethyl and t-butyl
ester of norbornene. Thernogravinetric analysis (TGA) under nitrogen
(heating rate 10C/ mn.) showed the polx_ger to be thermall.y stable to about
155C and then to exhibit approximtely 20 wt. % oss 25 by 290[err]C
(indicating clean | oss of the t-butyl @{fou SafS | sobutylene to afford the
honopol ynmer of 5-norbornene-carboxylic & and then degradation of the
pol ymer at around 45Qbars0j:fl glass vid¥eqiippeBufiBa Teflon® coated stir bar was added

PCT/ US97/ 04103 - ,62 - | e 15 Synthesis . ,of bicyclq[2. 2. 1] hept-5-ene-exo,

exo- 2, 3-di car bo éelzaﬁﬁgg&rséﬂ?ﬁ‘m@ng W”%ﬁ@&e&ﬁ‘npé |88&st er of

nor bor nene was | - 5 dj ylic
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acid. The exo iso conversion o
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allowed to stir for 6 hours at room temperature. The solution was diluted with
10 toluene and the polymer was precipitated in excess methanol-. The precipitated

polymer was filtered, washed with acetone and dried overnight under vacuum.

The isolated yield of polymer was 4.16 g (52%). The polymer was characterized

using GPC for molecular weight. Ma = 22,000 and Mw = 58,000. The NMR

analysis of the copolymer indicated presence of 50 mole % of the t-butyl groups.
15 IR analysis of the copolymer indicated the absence of acid groups.

Example 23
To a 50 ml glass vial equipped with a Teflon® coated stir bar was added

bicyclo[2.2.1}hept-S-ene-2-methyl butylcarbonate (17.15 g, 0.0764 mol) and

20 t-butylester of norbornene (14.85 g, 0.0764 mol) and 72 ml of toleene. A solution
of the nicke! catalyst toluene complex of bisperfluorophenyl nickel,
(To)Ni(CF,),] was prepared in the dry box by dissolving 0.3699 g (0.7644 mmol
of (Tol)Ni(CF,),] in 15 ml of toluene. The active catalyst solution was added to
the monomer solution via a syringe at ambient temperature. The reaction was

25 allowed to stir for 6 hours at room temperature. The solution was diluted with
toluene and the polymer was precipitated in excess methanol. The precipitated
polymer was filtered, washed with acetone, and dried overnight under vacuum.
The isolated vield of polymer was 17.53 (54%). The polymer was characterized
using GPC for molecular weight. Mn = 22,000 and Mw = 58,000. The NMR



A 250 ml, three necked, round bottoned flask with a nagnetic stirring bar
was charged with 16.0 g (0.0824 nole) of pure exo norbornene dicarboxylic
acid and 35g (0.1846 nole) of triethyloxoniumtetrafluoroborate. The flask
was 15 woappusRed, and to this 300 ml of dichl oronet hareravssrmatdded- via a
cannul a under argon atnosphere. The rubber stopper was replaced with a
condenser under argon atnosphere and the other neck was fitted with an
additional funnel. To the additional funnel was added 35 m of

et hyl di | sopropyl amine and it was allgmed to drip into the reaction vessel
slowy. A small exotherm was observed 811d the 20 solution was all owed

to reflux lightly, ,Affer the coppl ete additi of the_ am pe, the solution
was al | owed to ﬂ‘%‘!ﬁﬁ"é\‘?‘f g : BWPP%“P?GE% gf‘g'v‘bFWW‘i‘Ei‘- initiated
by extracting tmemugasbm@ fdithiell teWbsRce Sk stld gedlipsi ons of HC

solution, followed Dy three 50 nl extractions wth sodi um bi carbonate and
finally washed two times with water. The organic solution was dried over
magnesi um 25 sulfate, treated w n black, filtered,
concentrated on a rotary evaporator. PuriTtication of the residue by

distillatbon at 110[Tra iOnbglassvilbequipped)with 3 Teflan® coated stinbar waedddgd ester of
(CD0 Terr]) o ui Sy opgornorieas (199218, U154 moh ooy digd maeicr s {11y o -
2.58 (2H, s, CHafdride15:10g, 07154 24d1) dhd!D0intl G clilGrobenzeré. Thik miRtufeXvhs M

CHerr]), 30 d =6.19 (2H s, CC, FI-M5 (D P) = err 238 WO
97E 331]9)8 degassedthreetlmegtoremoveanytx)'aceoxygen. erezcnon%wp}wggghppzmmg, B
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10 (0.04 mol) benzoyl peroxide free radical initiator in 10 ml of chiorobenzene was
added to the reaction mixture with a dry syringe. The reaction was left to stir for
19 hours. Afier the reaction, the polymer solution was poured directly into
hexane to precipitate the polymer. A white precipitate was obtained. The
precipitated polymer was then stripped out of any unreacted maleic anhydride that

15 may have been present. The polymer was then dried overnight in a vacuum oven
at room temperature. The weight of dry polymer obtained was 20.62 g, giving a
45.8% yield. The polymer was characterized using GPC for molecular weight.
Mn = 4,200 and Mw = 8,800. The NMR analysis of the copolymer indicated
presence of the t-butyl groups. IR analysis of the copolymer indicated the

20 presence of both t-butyl and maleic anhydride groups.

Example 25
To a 50 m} glass vial equipped with a Teflon® coated stir bar was added

bicyclo[2.2.1]hept-5-ene-2-methyl acetate (13.3 g, 0.0799 mol), t-butyl ester of
25 norbornene (15.70 g, 0.0808 mol), followed by dried maleic anhydride (15.85 g,

0.162 mol) and 90 ml of chiorobenzene. This mixture was degassed three times to

remove any trace oxygen. The reaction mixture was then heated to 80°C. A

degassed benzoyl peroxide solution consisting of 1.0438 g (0.041 mol) benzoyl

peroxide free radical initiator in 10 m! of chlorobenzene was added to the reaction
30 mixture with a dry syringe. The reaction was left to stir for 19 hours. After the



To a 50 ml single necked round bottom fl ask equi pped with a Teflon[err] 5 .
coated stir bar was added 1.5 g (9.15 mmol e) of pure exo-Nadi canhydride, 10
m of freshly distilled nethylenechloride, 20 nL of t-butanol (0.209

nol es). To tK"' X0 YEP9Bi on was added 7.5 g (0.061 noles) of difFEUHT%Pno -
pyridine and the solution was refluxed at 75[err]C for 8 hours. Initially

t he anhydri de was not sol uble, but over the period of tine the solids had

di ssol ved and the solution had turned 10 brown. The reaction was

cool ed, concentrated in a rotovap to regpve nethylene chloride and the

t hi ck solutlon was added slowy into aC|d|f|ed water (HCl). The solid that

Gt hor tr oat ed wi [TeeRps Rl R stichiba WAL P el K RpBlaRO 70

filtered over Oelpnlymzr TA@thbmpmwaeuhmecﬂ (Fheprevipitated palymeowasithen n a

e

(2H, s, bridge he waﬁh&%ﬁealﬂveﬁn Qﬁ@wuﬁmé&nﬁﬂmﬁﬂﬁﬂn , TeeOH) . 20
Exanpl e 17 Synt heS| of b| c clo[2.2 1] hept - 5- ene- exo- 2- exo- 3- et hyl
ester of di2ar boW %WWW@@%EMG“F&MWH&%WWHaSk

with a magnetic Sids Bdrﬁkﬁ?ﬁ@&n%ﬁé(i ecitiaf C re) pure
exo t-butyl half ester of nor ornengtﬁg‘gcﬁ Qg‘%h rhgl(‘)x?lfqagqg%w aﬁgw 549
(0.0408 ol e) of TheNMR agalysisof therpopelymerfindicatedipsesancs. of Heacéthtg and trbutyl
stoppered, and t S v nnul a
under argon at m%ﬁé@s né%%‘(—ﬁ% g@@%@%ﬁ%ﬁﬁ%%@%ﬁ%c%ﬁh*g‘“@oarﬁgenser
under argon at nosuleis snhpdritletgheupet her neck was fitted with an additional

funnel. To,the additional funnel was added 7.3 m of ethyldiisopropyl 30
amine and 1% was allowed to drip into the reaction vessel slowy. Snmall

exot herm Example 26
(50:50 Copolymer of t-BuNBEster/NB-COOH)
To a 50 ml glass vial equipped with a magnetic stirring bar and under a

nitrogen atmosphere was added the t-buty) ester of norbornene carboxylic acid

15 (2 g, 10 mmol) and norbornene carboxylic acid (1.38 g, 10 mmol). To this stirred
mixture was added, at ambient temperature, the initiator (t-butyl peroxide) (2.9 g)
and the resulting mixture was heated to 130°C and stirring was continued for
16 hours. The resulting polymer (soluble in both THF and toluene) was
precipitated into hexane and filtered to afford the product, which on drying

20 weighed 2.91 g (86% conversion). The resulting solid polymer exhibited an Mw
of 20,000, Mn 3,000). IR, NMR and TGA analysis of the copolymers confirmed
their composition to be random addition copolymers of the two monomers.

Example 27
25 (50:50 Copolymer of t-BuNBEster/NB-MeNBEster)
To a 50 m! glass vial equipped with a magnetic stirring bar and under a
nitrogen atmosphere was added the t-buty! ester of norbornene carboxylic acid
(2 g, 10 mmol) and the methy! ester of norbomerie carboxylic acid (1.5 g,
10 mmol). To this stirred mixture was added, at ambient temperature, the initiator
30 (t;butyl peroxide) (2.9 g) and the resulting mixture was heated to 130°C and
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- 64- was observed and the solution was observed to reflux lightly. After
the conplete addition of the amine, the solution was allowed to stand at
room t enper WOHB3%r 15 hours. Work-up is initiated by extPCXaSPmg1Bhe_
reaction mxture with three 50 ml portion of HCl solution, followed by
three 50 mM extractions with sodium5 bi carbonate and finally washed
two tinmes with water. The organic solution was dried over magnesi um
sulfate, treated with carbon bl ack, tered, concentrated on a rot ary
evaporator. A colorless liquid was o'b? i'ned whi ch started to crystalli ze.

The solid was shed w t tane nd t nt a | u

concentrated i 6’1’%\?3%‘"’?“8&@6{@3 w ?sd’l‘g% E‘ﬁf‘egﬁ%ol ing 10
tcrsl;sta:;izgd. Wr&ﬂmﬁdh@m&l&hﬁlﬂﬂ?’}ﬁe&mﬂk }o(dggt whihhgﬁ_l g 3 3 07
- Ppu y , = = m

(2H. s, bridge h‘!é'@.\&‘)eg0?2 @3%opversi Hll&[@\ﬂpfswhéplwe&m atsl‘ff“t;_c) 15
Exanpl e 18 To ) iR N{@ﬂ‘ﬁxﬂ deabged stir
bar was added %fﬁgpg?)nlgﬁg%g%r boxyl'1 ¢ aci dAw]%m%fﬁ%fo% exo, endo

m xture) Aand dlthMamwmmwmndemmofthdmmmt ambi ent
tenperature was added a catal yst sol ution prepared by addi ng

[err]-allylpalladiumchloride dinmer (6 ng, 20 16 [err]nol) in
di chl oroethane (5 m) to silver hexafEisipgepsi nonate (50 ng, 146 pnol) in

fiiter (to rendiGshGereeech t%ﬂ!%fw?&“;ip%%%”oﬁ dey. The reaction ves
allowed to run for 1% oo ghiss dﬁhxfbédﬁtﬁbﬁmﬁieﬁ& Stirfing\Bdd afi®badRela t 0 forma
clear yel|ow gel.. Upon adding the to excess hexane the pol ymer
preci pi t 3Ped a Jiitgogen atmosphere was added toluene (40 ml), t-butyl ester of norbornene
carboxylic acid (1.94 g, 10 mmol) and ethyl ester of tetracyclododecene carboxylic
acid (2.32 g, 10 mmol). To this stirred solution was added, at ambient
temperature, a solution of bis(tricyclohexylphosphine)-benzylideneruthenium
dichloride (34 mg, 0.042 mmol) in 5 ml of toluene. After 1 hour ethyl vinyl ether
15 (0.015 ml, 0.156 mmol) was added and stirred 1 hour. The polymer solution was
precipitated by addition to excess MeOH, collected by filtration and dried under
vacuum. Recovered 3.46 g (81% yield) of copolymer was recovered
(Mw 221,000, Mn 133,000).
The copolymer was redissolved in toluene and passed through a column of
20 silica ge! with a resulting noticeable color (Ru) removal. The polymer was again
precipitated in excess MeOH rendering a pure white copolymer.

Example 29
(50:50 Copolymer of t-BuNBEster/EtTDEster)

25 To a 100 ml glass vial equipped with a magnetic stirring bar and under a
nitrogen atmosphere was added toluene (80 ml), t-butyl ester of norbormene
carboxylic acid (3.9 g, 20 mmol) and ethyl ester of tetracyclododecene carboxylic
acid (4.64 g, 20 mmol). To this stirred solution was added, at ambient
temperature, a solution of bis(tricyclohexylphosphine)benzylideneruthenium



25 white powder. The pol yner was washed with excess hexane and dri ed.
The yield of poI ymer was 1.2 g (60% . The polynmer was found to have a

nmol ecul ar err]) of 22,000 and a pol ydispersity of 2.3. Upo
addi ng a porW%(?ﬂ ?)‘lf\’/Lthls pol ymer (0.5 g) to an 0. 1N stirredc 3'6‘&2

solution of KOH (10 m ) the polyner imedi ately dissolved to give a

non-vi scous, 30 colorless solution. This denonstrates the base

devel opability of these materials WO 97/ 33198

PCT/ US97/ 04103 - 65 - since none of the,honopolynmers of the t-butylester of
5- nor bor nene- carboxylic aci d showed any tendency to dissol ve under the sane

condi ti ons. y Qufepters S
a two-step synt hegﬁg&?%@amgloogs mt"?‘?e)l;;l;g n@ﬁ&ﬁfea?ﬁ%%@oﬁﬁ%?ﬁh{lo“ de. The
reacti on was car (0.030 miy0.31 mmmwisa‘dwalﬂckrrednllﬂdrrbottom f I ask equi pped with

a stirrer, an oil bub er anda b,e W|th %@rou ﬁ chI%rLde The

foll ow ng reagents we

nor bor nene car boﬂbﬂﬂéoﬁ)r&%% @ﬂemuﬁwwﬂ;p@ aamyamaﬁomnol and

200 nL anhydrous_diethyl ether. The flask was placed’into the ice-water

bath and 65 g (1wmqw¢ymwegmw@mm S @d%nieldeih t he

mxture wth sti f %?a@& rnight in a
refrigerator at B{dermlrg #p&?#érﬁwﬁhoaagﬁm ir?%?()tkmre S %uﬁéﬁl nto a
"cake". It was btempmamammmduanglmsmethodsanﬂjddtmmdtQO@ZZWCof di et hyl
ether were added. The flask was kept in refrigerator for another 10 days
with occasional stirring. At the end of this period, precipitated imdic

ester hydrochloride was filtered by su@kifpleddd Wwashed 5 tines
10 (50:50 Copolymer of 1-BuNBEster/E{TDEster)

To a 300 ml stainless steel reactor equipped with a mechanical stirrer and
containing nitrogen was added toluene (90 ml), t-butyl ester of norbornene
carboxylic acid (3.9 g, 20 mmol) and ethyl ester of tetracyclododecene carboxylic
acid (4.64 g, 20 mmol). To this stirred soiution was added, at ambient

15 temperature, a solution of bis(tﬁcydohexﬁphosﬁne)bmzyﬁdenemthenium
dichloride (68 mg, 0.083 mmol) in 5 ml of toluene. After 2 hours ethyl vinyl ether
(0.030 mi, 0.31 mmol) was added and stirred 16 hours. Hydrogen (350 psig) was
added to reactor and the temperature was maintained at 175°C for 7 hours.
Foliowing reaction the solution was passed through a silica gel column and the

20 hydrogenated copolymer was isolated. NMR methods were used to determine
that the copolymer was 95% hydrogenated (Mw 237,000, Mn 163,000).

Example 31
(50:50 Copolymer of t-BuNBEster/EtTDEster)

25 To a 300 m! stainless steel reactor equipped with a mechanical stirrer and
containing nitrogen was added toluene (90 ml), t-butyl ester of norbornene
carboxylic acid (2.9 g, 15 mmol) and ethyl ester of tetracyclododecene carboxylic
acid (3.5 g, 15 mmol). To this stirred solution was added, at ambient temperature,
a solution of bis(tricyciohexylphosphine)benzylideneruthenium dichloride (50 mg,

30 0.060 mmol) in 5 m! of toluene. After 2 hours hydrogen (800 psig) was added to



with ~300 nL diethyl ether. Ca. 20 g of unreacted NB-CN were recovered from
filtrate. 20 Yield of imdic ester hydrochloride - 76% (120 g,
0.64 nol). Structure of the product was confirmed by [err]H NWR
spectroscoMR2788WB 2. Synthesis of ortho ester. In a 0.5 RCHISAT41656.-7 ¢
(0.30 nol) imdic ester hydrochloride, 37 m (0.91 nol) anhydrous net hanol,
and 250 m anhydrous petrol eum ether were 25 pl aced. The reaction

m xer was kept at roomtenperature for 5 days with occasional stirring.
Preci pitated anmmoni um chloride was fi|tered off and washed with petrol eum
ether three tines. Filtrate and washd¢ Wwere conbi ned, petrol eum ether was

distilled off,_ and duct was fractjiongld till I n vacuum_ A fraction
with the boil Tt d?‘ﬁ? Aﬁ}fﬁéﬁﬁzg" ?  reagtion the. 5004 ( 30g
g, WD 97/ 33sbﬂ&onwas silica gel column and the hydrogenated copt

PCT/ US97/ 04103 - 66 - 15 rml . Accord| ng. t%err] NVR speyg;rum t he
product is 97+sela the copelymer was6%9) . Exanpl e 20

9 rrm)l)
C[err]H[err]C(%gﬁFgﬂﬁw ?i?&dr ornéne)trirrethyl orthoester) in 16 n

, 2-di chBor oet hane, was added a solution of the reaction product of m xing
1 nol e of allylpalladi um chloride dlﬁE“&WI!‘? 2 nmol es of silver
hexaf | uoroanti nonate in di chl oroet haH®¥®™M8¢i | tering off the resulting

silver chl ori d80i50 ©opplyinet ¢f- t.ﬁmasﬁammﬁtegat al yst added corresponded to
0. 08 mml of 10 ‘Eal | adium dj ssolved in 2 m_ dichl oroet hane. The

stirred reaction mb& @M%WWWEW%PH“@PEW[@?W@@% al | owned
to react for 2fréyeHwas added toluene (40 ml), t-butyl ester of norbornene carboxylic acid

10 (1.94 g, 10 mmol), ethyl ester of tetracyclododecene carboxylic acid (2.32 g,
10 mmol) and 1-hexene (0.050 mi, 0.4 mmol). To this stirred solution was added,
at ambient temperature, a solution of
bis(tricyclohexylphosphine)benzylideneruthenium dichloride (34 mg, 0.042 mmot)
in 5 mi of toluene. After 2 hours the polymer solution was added to an excess of
15 MeOH, collected by filtration and dried under vacuum. 3.1 g (73% yield) of
polymer was recovered (Mw 35,000, Mn 22,000).

Example 33

(50:50 Copolymer of t-BuNBEster/EtTDEster)

20 To a 100 ml glass vial equipped with a magnetic stirring bar and containing
nitrogen was added toluene (40 ml), t-butyl ester of norbornene carboxylic acid
(1.94 g, 10 mmol), ethyl ester of tetracyclododecene carboxylic acid (2.32 g,
10 mmol) and 1-hexene (0.275 ml, 2.2 mmol). To this stirred solution was added,
at ambient temperature, a solution of

25 bis(tricyclohexylphosphine)benzylideneruthenium dichloride (34 mg, 0.042 mmol)
in S ml of toluene. After 2 hours the polymer solution was added to an excess of
MeOH, collected by filtration and dried under vacuum. 3.45 g (81% yield) of
polymer was recovered (Mw 8,000, Mn 6,000)



At the end of the reaction, 2 m nethanol was added, solvents renoved on a
rotary evaporator, and polyner dried to a constant weight in vacuum Yield
- 1.28 g (60%. 15 Exanple 21 To a 50 ml glass vial equipped with a
Teflon[err] WORRBHIStir bar was added bicycl o[ 2. 2. 1] hept - SPERYSYOHRB hy -
acetate (18.44 g, 0.1109 nol) and t-butyl ester of norbornene (21.55 g,
0.1109 nol) and 75 m of toluene. A solution of the 20 ni ckel catal yst
[tol uene conpl ex of bisperfluorophenyl nickel, (Tol)N (Clerr]F[err])[err]]
was prepared in the dry box by dissolv%ng 0.5367 g (1.109. nmol

of (Tol )Ni(Cferr]F[err])[err]] in 15 m %f toluene. The active cat al yst

sol ution was added to the nononer solﬂ%%pn %*P a syringe at anbient
tenperature. The reaction was all owed %4% for 6 hours at room

tenperature. Thgs5690 Cbpslimerdt BNERSerBTDE#E) Uene and the pol ynmer was 25
precipitated in excess nethanol. The precipitated polynmer was filtered,

washed with acet one, Tokd0Qmlglass\id eavigpad wi agPEtic SHRINGTHAE aRdseantatring v | d
of pol ynmer was Emg | P‘Efﬂ&% ' il GPC for
nol ecul ar wei gh%‘%&ﬁ%ﬁg an ?ﬂﬁ“ﬁgfg O%toeFBT e ‘ﬁ/&ﬁkgﬁg?%}:gagf t he
copol yner 5 ndi c4l84gptemmabcethyi eder ofsétmcydaiodedene cartonylid aciir(@3ge. | R
anal ysi s of the 3 0umot) and PRYGN'62 "t 6 3ish, T8 b BRRASEAIn B8 e OUPS.
- 67 - Exanpl e ZPambiemt t&fipeidturg] fsutionaf equi pped with a Teflo[err] coated

stir bar was ad bi cycl Q[.2. 2. 1]1.hept-5-ene-2- net hyl. et hyl car bonat 4.03
g, ! 0. 0205 nol) 5 c;l'c%ixexﬁlghosp ;bengy'denemthemzum ichlgl:ide (54 X\g, 0.042mmol§ (

in 5 ml of toluene. After 2 hours the polymer solution was added to an excess of

10 MeOH, collected by filtration and dried under vacuum. 2.75 g (65% yield) of
polymer was recovered.
Example 35
(50:50 Copolymer of t-BuNBEster/EtTDEster)
15 To a 100 ml glass vial equipped with a magnetic stirring bar and containing

nitrogen was added toluene (80 ml), t-butyl ester of norbornene carboxylic acid
(3.9 g, 20 mmol), ethyl ester of tetracyclododecene carboxylic acid (4.64 g,
20 mmol) and 1-hexene (0.088 ml, 0.7 mmol). To this stirred solution was added,
at ambient temperature, a solution of
20 bis(tricyclohexylphosphine)benzylideneruthenium dichloride (68 mg, 0.083 mmol)
in S ml of toluene. After 2 hours ethyl vinyl ether (0.030 mi, 0.31 mmo}) was
added and stirred 2 hours.
The orange-amber polymer solution was passed through silica gel column
which removed the dark color (Ru). The solution was precipitated by addition to
25 excess MeOH, collected by filtration and dried overnight at 80°C under vacuum.
2.6 g (30% yield) of polymer was recovered (Mw 4,000, Mn 3,000).



t-butyl ester of norbornene (3.98 g, 0.0205 nol) and 50 m of toluene. A
solution 5 of the nickel catalyst [toluene conpl ex of

bi sperfl uorophenyl nickel, (Tol)Ni(Cerr]F[err])[err]] was prepared in the
dry box byWQ%88198i ng 0.0991 g (0.2049 mol of (Tol )N (C erci¥soemsipd [err]]
in 15 m of toluene. The active catal yst solution was added to the nononer
solution via a syringe at anbient tenperature. The reaction was allowed to
stir for 6 hours at roomtenperature. The solution was diluted with 10

tol uene and the pol ynmer was precipi taéﬁd i n excess met hanol. The
precipitated polyner was filtered, washéd with acetone and dried overni ght
under vacuum The isolated yield of polyner was 4.16 g (52% . The pol yner
was characterized using GPC for nol ecﬁ%%ght Merr] = 22,000 and Mv =

58, 000. The NMRsg:5@Copbismer of! OBUNBERLETDERL cat ed presence of 50 nmole %
of the t-butyl groups. Iim | R, anal I ndi cated the

fth I

absence of acid grodi9s 3%@%@28&6&%&%?@&&&?&%@%&%9@wth a
Tef | d}nﬁ%ﬁ 2- et hyl '
bﬁty?ggrelrog)]natcg %?3 ?@ g, 3p82?§§d‘%§f;?w&£d@)oi gu@{&ti?ﬂ} eér]‘%gf ggr bgr nene
(14. 85 g, 50. 07 garbenylic agidd(3.93, 20 myfo @ster ofAetsapiclod ncanécartmcy ic adid |

tal yst tol f bi [ .. . .
(Tol ) (Ol or ] i858 73 fePish 1 etne (GPEERE P imiol o thistiggd pteten v ng
0.3699 g (0. 76%smﬂw¢ﬁmwawré]alibmﬁaﬂ){ err]] in 15 m of toluene.

The active catal yst solution was added to the nononer solution via a
syringe at amlwmwmwwe)mwmmwmsmwe (68 mgg0.pdzmmolo st r

for 6 hours at i Qiof fIRkAE.2ARES holdEhyd E;_},agggfwﬂgmg@g réickdt ah@! Uene and
I

the polyner was precipitated in excess rret preci pitated polyner
was filtéPed, wempesature maintaived 88135°Cift 28hbwrd. over ni ght under vacuum The

ot ated i o1 of Dokt el iy A RE RS BT 2
filtration and dried overmght at 80°C under vacuum. Approximately 5 g (59%
yield) of polymer was recovered (Mw 30,000, Mn 20,000). NMR methods were
used to determine that the copolymer was greater than 99% hydrogenated.

15

Example 37

(65:35 Copolymer of t-BuNBEster/EtTDEster)
To a 250 ml round bottomed flask equipped with 8 magnetic stirring bar
and containing nitrogen was added toluene (160 ml), t-butyl ester of norbornene

20 carboxylic acid (10.1 g, 52 mmol), ethyl ester of tetracyclododecene carboxylic
acid (6.5 g, 28 mmol) and 1-hexene (0.176 mi, 1.4 mmol). To this stirred solution
was added, at ambient temperature, a solution of
bis(tricyclohexylphosphine)benzylideneruthenium dichloride (131 mg,

0.160 mmol) in 5 ml of toluene. Afier 16 hours ethyl vinyl ether (0.060 mi,

25 0.62 mmol) was added and stirred 1.5 hours. The polymer solution was passed
through silica gel column to remove Ru. The solution was added to an excess of
methanol, collected by filtration and dried under vacuum. 9.69 g (58% yield) of
polymer was recovered (Mw 42,000, Mn 31,000). DSC methods were used to
measure the glass transition temperature (110°C).

30



WO 97/ 33198 PCT/ US97/ 04103
- 68 - analysis of the copol yner indicated presence of 54 nole % of the
t-butyl groups. IR analysis of the copol yner indicated the absence of aC|d
gr oups. ExanSY 9119 To a 50 m glass vial equi 7403, -
Teflon[err] coated stir bar was added t-butyl ester of norbornene (29.92 g,
0.154 nol), followed by dried nal eic anhydride (15.10 g, 0.154 nol) and 90
m of chl orobenzene. This m xture was degassed three tines to renove any
trace oxygen. The reaction mxture was 44en heated to 80[err]C. A degassed
benzoyl peroxide solution consisting of "0.9948 g 10 (0.04 nol) benzoyl
peroxide free radical initiator in 10 rg af 44 orobenzene was added to the
reaction mxture with a dry syringe. The ré%ctlon was |eft to stir for 19
hours. After the reacis®i0 mhglagsvia) containing nitrogen was dispavedescl giof thet | y i nt o

hexane to precipitate ol preci pit ate was .obt.ai ned. The
preci pi tated pol M W@?ﬁl“bw&@ frrg%\ i e“égﬁl%'é"m%

anhydr i ﬁte t hat 1300nﬂstaﬁﬂbﬁsh&l€eabﬁﬁ?225@%ﬁ?m VJ@;&%M&{}W ; dlrl ed
overnig ip a vacuu n om t epper at ur e e wei of dr ol ymer
obt ai ned was 20. gﬂ“ﬁm’&yg? ?t"éf‘ chyvas WPMﬁeW‘QME‘FeH zed
using GPC for nol geet ghd presst ﬂiedmm?m?%drﬁm Nemperdnipdihd paSurtferednal ysi s

of the copol ymer indicated presence o butyl “groups. IR anl ysi s of
t he copol yner i ndnainteiped fon@.5hgs. mem@@sm%wlmammmedmdtml eic

anhydri de groups. i?mmlgﬁ' %
Teflon[err] coated stir apgafawgpag%ﬁ%d%kcyc q?&‘gha%gene rret hyl
acetate (13.3 g, moethanob M)mhodsuhqwmbtxsulmfgcaﬁolymertorbelgtaatmm%S 70 g,

0. 0808 rml?J foll,Q dﬁ%}/ dried mal eic anhydride (15.85 g, 0.162 nol) and 90
m of chlo 8benz "m xture was degassed three tines to

Example 39
(50:50 Copolymer of t-BuNBEster/EtTDEster,)
To a 100 ml glass vial.equipped with a magnetic stirring bar and containing
15 nitrogen was added toluene (80 ml), t-butyl ester of norbornene carboxylic acid
(3.9 g, 20 mmol), ethy! ester of tetracyclododecene carboxylic acid (4648,
20 mmol) and 1-hexene (0.088 ml, 0.7 mmol). To this stirred solution was added,
at ambient temperature, a solution of
bis(tricyclohexylphosphine)benzylideneruthenium dichloride (68 mg, 0.084 mmol)
20 in 5 ml of toluene. After 2 hours ethyl viny! ether (30 ul) was added to the
reaction to short stop further reactions and the mixture was stirred for 1.5 hours.
The polymer solution was passed through a silica gel column to remove Ru
residues and the polymer was then recovered as a clean white solid by
precipitating into methanol. The polymer was found to have an Mw of 46,600
25 (Mn 33,700) and was fully characterized by IR, NMR and TGA methods.

Example 40
To a stainless steel autoclave with an internal volume of 300 ml was added
ethyl 2-methyl-4-pentenoate (99 g, 0.7 mole) and freshly cracked cyclopentadiene
30 (46.4 g, 0.7 mole). The stirred mixture was heated to 200°C and left overnight.



renove any trace oxygen. The reaction m xture was then heated to 80[err]C.
A degassed benzoyl peroxide solution consisting of 1.0438 g (0.041 nol)
benzoyl peroxide free radical initiator in 10 m of chlorobenzene was added
to the read¥oin3es m xture with a dry syringe. The rpeousgdasas |eft
to stir for 19 hours. After the WD 97/ 33198 _

PCT/ US97/ 04103 -69- reaction, the polynmer solution was poured directly into
hexane to precipitate the polynmer. Awhite precipitate was obtai ned. The
preci pitated polynmer was then stripped odut of any unreacted nmaleic

anhydri de that ave The pol yne en dri ed overnight
I n a vacuum ngﬁéﬂg?ﬁp ?'5?7?)‘&’%’8‘?@‘ @ dovavxt?g’ﬁ?’ e dry pol yner

obt ai ned was Zmnwmghz@lmmeae@m cug@; I“;wpﬁnﬁwsb characterized
using GPC for nol ecu) ar wei ght and 6600. The NMVR anal ysi s

of the copol ynﬁ?""‘Pﬂtﬂ‘%‘Hm M&WP“PH@“&E@F%&"%@I?G&%992§F’E)ups | R

anal ysi s of thggc nd mal ei c
anhydri de groug m%g Exanpl e 26 %%.y?()ce@po ymr‘ﬁﬁ‘?@ﬁ%ﬁﬁ Es N%—COC]—l) To-
a50 mM @ ass tq%ﬂ3%d¢ﬁ'ppetﬁamo¢s)-a'ﬁbejmd&tbtyidﬂi0fhi8hgu'ﬁapfmdwmder a
nitrogen at rms%g‘rl{ :y&m)added the t-butyl ester of norbornene carboxylic
acid 15 (279, 6 | ) and nor bornene carboxylic acid (1.38 g, 10

mol ). To this stirred m xture was added, at anbient tenperature, the
initiator (t-butyl peroxide) (2.9 g)_and he resulting m xture was heated
to 130[err]C and stirring was conti ndS8mPAl16 hours. The resul ti ng pol ynmer

(sol ubl e in bot4n:60opvhtne: of Y HUNBERS (NB-CH,CH(CH,)C(0)OC,H,))

10 To a 100 m! glass vial equipped with a magnetic stirring bar and under a
nitrogen atmosphere was added toluene (50 ml), t-butyl ester of norbomene
carboxylic acid (2.7 g, 14 mmol) and the ester from Example 40
(NB-CH,CH(CH,)C(0)OC,H,) (4.4 g, 21 mmol). To this stirred solution was
added, at ambient temperature, a solution of (toluene)Ni(CF,), in toluene (1 ml)

15 and the resulting solution was heated to 50°C and stirring was continued for
3 hours. The polymer was precipitated into methanol and filtered. The resulting
solid was then redissolved in THF, filtered and precipitated again with methano}
and filtered. The resulting white solid polymer was dried and found to weigh
2.66 g (Mw 70,000, Mn 39,800), the supernatant was evaporated to dryness to

20 afford a further crop of white polymer which on drying weighed 1.52 g
(Mw 60,650, Mn 31,000). The total yield of copolymer represented 59%
conversion of the monomers. IR, NMR and TGA analysis of the copolymers
confirmed their composition to be random addition copolymers of the two
monomers.

25

Enﬁple 42
(40:60 Copolymer of t-BuNBEster (NB-CH,CH(CH,)C(O)OC,H;)
To a 250 ml glass vial equipped with a magnetic stirring bar and under a
nitrogen atmosphere was added dichloroethane (200 mi), t-butyl ester of
30 norbornene carboxylic acid (7.76 g, 40 mmol) and the ester from Example 40



precipitated into hexane and filtered to afford the product, which on
drying 20 wei ghed 2.91 g (86% conversion). The resulting solid polyner
exhi bited an Mv of 20,000, WMh 3,000). IR, NVR and TGA anal ysis of the

copol yners cwab?syesl t heir conposition to be random additi 86TE8E#PAer s of
the two nononers. Exanple 27 25 (50: 50 Copol ynmer of

t - BUNBEst er/ NB- MeNBEster) To a 50 ml glass vial equipped with a magnetic
stirring bar and under a nitrogen atnosphere was added the t-butyl ester of
nor bor nene carboxylic acid (2 g, 10 ) and the nethyl ester of

nor bor nene carboxylic acid (1.5 g, 10 To this stirred m xture was

added, at anbie t oxide) (2.9
g) and the resul WQA@G&E lgé%'%%)e?p]zéé{ﬁmﬂdy{?@ﬂéw 33198
PCT/ US97/ 04103 288 mg, etzsmdm Tethis@eiftéd oliRidn Was added W ambientThe resul ting
pol ymer (soluble tol uene precipitated, |nto rrethan @ﬁ& filtered to
afford the proddE‘PP’"Wﬂec Pﬁ}?g:"%iﬁ‘g‘ﬁﬂ'@f ?33‘3 UPsi on). The
resul ting soli demhw&he?md?ﬂg,o@ rﬁﬂoletﬁEdv%?h&QﬂmrMﬁuﬁoWQ uivient VR and

TGA anal ysis of the copol yners confiried their corrp05|t|on to be

random add$ti on WM%WWMQMMQ removg e diverghloside 50 Copol yner
of t-BuNBEster/ !%ga I}g i ° ghetic
stirring bar ang’rru e{r .l)hf &Q&migr o“gié‘?]'%?‘m?ghg?g&\%ggg%%‘te% ?'(’) uene (40
mt)h I t- b;,lt yl fes{feil@ioumr'ﬂmdmotynmmmmwdstmtatwd}gjcﬂbﬁﬂmg;oﬁk? (4pol I))an_clll_
ethyl ester of tetra ecene ca aci gD 0
this stirred sol®f® F‘Hﬁﬁ%ﬁggjgﬂﬁ% &?FD% lum rest %fter%dthro
0.45 filter, reduced in volume and precipitated with excess methanol to afford
10 7.9 g of the copolymer (39% conversion), Mw 11,600, Mn 7,000. The copolymer

was fully characterized using IR, NMR and TGA methods.

Example 43

Copolymerization of CO and norbornene-5-t-butylester

15 A deoxygenated methanol solution of bipyridine (0.025 g, 0.16 mmol) was
added to palladium (II) acetate (0.012 g, 0.053 mmool) dissolved in deoxygenated
methanol. To this solution was added p-toluenesulfonic acid (0.045 g,
0.27 mmol) dissolved in deoxygenated methanol. The resulting brown solution
was added to a methanol (deoxygenated) solution of benzoguinone (1.72 g,

20 1.59 mmol). This was added to a stainless steel reactor preheated to 50°C. To
this reactor was added norbornene-5-t-butylester (5.14 g, 0.027 mol) in 100 ml of
MeOH (deoxygenated with argon). The reactor was pressurized with carbon
monoxide to 600 psig and warmed to 65°C. After 4.5 hours, the carbon
monoxide was vented and the reactor was allowed to cool. The pink solution

25 from the reactor was filtered to remove palladium residues and allowed to
evaporate. The resulting mixture was dissolved in a minimum of THF and poured
slowly into a 25:75 mixture of water:methanol to precipitate the polymer. This
procedure was repeated twice. The resulting white polymer was filtered and
dried at room temperature under vacuum. Yield =2.9 g,

30



tenperature, a solution of bis(tricyclohexyl phosphine)-benzylidenerutheni um
dichloride (34 ng, 0.042 mmol) in 5 mM of toluene. After 1 hour ethyl vinyl
et her 15 (0.015 m, 0.156 Mol ) was added and stirred 1 hour. The

pol ymer soM@9¥7@a198as precipitated by addition to excess NEdwsswodibected by
filtration and dried under vacuum Recovered 3.46 g (81%yield) of

copol yner was recovered (Mwv 221, 000, M1 133,000). The copol ynmer was

redi ssol ved in toluene and passed through a colum of 20 silica gel
with a resulting noticeable color (Ru) renoval. The pol yner was again
precipitated in excess MeOH renderin 8 pure white copol ynmer. Exanple 29
(50:50 Copol yner of t-BuNBEster/EtT stn&r;;‘éﬁ To a 100 m gl ass
vial equipped with a nagnetic stirri d under a nitrogen atnosphere

was added tol uene (A QesiybensietbaHiet THSmBard (ST RS My droxy| | ¢ aci d (3.9
(0]

g, 20 mmol ) and ethyl esfer tetracycl ododecene carboxylic acid (4.64 g,

20 mmol ). To t henzoasinane (438, QAQ mmol\ciipysidise €0.0062 g A90hmmoBndr at ure, a
22 s D105 F AU IRRRL RO OG0 40, e °
After 2 Isours 800wl stainlessisteel regotor(warfiedto80°CO T3 thevemitr wisaddedded and stirred
obiain a ol car OBPGFHESCOUYRYE (514 rh02LapNa b il IO deroveutid by
addi tion of exgfidiied). The reddiitbas prishupicddWittDyarbon hérdkide fo 600psily dn@d under
vacuum 6.54 g (77% vyield) of copolynmer was recovered (Mv 244, 000, M
182, 000). The M t9 £37(s | Aftes 12.5 hours, the reactor was heated to 90°C for 1.5 hours.
Then the carbon monoxide was vented and the reactor was allowed to cool. The
10 purple solution from the reactor was filtered to remove palladium residues and
aliowed to evaporate. The resulting mixture was dissoived in a minimum of THF
and poured slowly into a 25:75 mixture of water:methanol to precipitate the
polymer. This procedure was repeated twice. The resulting white polymer was
filtered and dried at rcom temperature under vacuum. Yield=29g
15
Examples 44 to SO
Optical Density Measurements For Cyclic Olefin Based Homo and Copolymers at
193 nm
Optical density is a critical characteristic of an effective photoresist
20 because it determines the uniformity of the energy throughout the film thickness.
A typical, lithographically useful, polymer backbone has an optical density of less
than 0.2 absorbance units/micron prior to the addition of photoacid generators.
(T. Neenan, E. Chandross, J. Kometani and O. Nalamasu,
“Styrylmethylsulfonamides: Versatile Base-Solubilizing Components of
25 Photoresist Resins” pg. 199 in Microelectronics Technology, Polymers for
Advanced Imaging and Packaging, ACS Symposium Series 614, Eds:
E. Reichmanis, C. Ober, S. MacDonald, T. Iwayanagai and T. Nishikubo, April,
1995). Polyhydroxystyrene, the primary component of typical 248 nm DUV
photoresists, has an optical density of 2.8 absorbance units/micron at 193 nm and

30 hence is unusable as a resist backbone at this wave length.



tenperature was neasured usi ng DSC net hods and determ ned to be 220[err] C
Exanpl e 30 10 (50: 50 Copol yner of t-BuNBEster/EtTDEster) To a 300 ni
stainless steel reactor equipped with a nmechanical stirrer and contai ning
ni trogen wasWaIBMMBol uene (90 m ), t-butyl ester of nor boREEAETEMBoXY] i C
acid (3.9 g, 20 nmmol) and ethyl ester of tetracycl ododecene carboxylic acid
(4.64 g, 20 mol). To this stirred solution was added, at anbient 15
tenperature, a solution of bis(tricyclohexyl phosphi ne)benzyli denerut heni um
dichloride (68 ng, 0.083 nmml) in 5 mM af toluene. After 2 hours ethyl

vinyl ether (0.030 m, 0.31 mmol) was added and stirred 16 hours. Hydrogen

(350 psig) was agdded todreactor and the tenperature was maintai ned at
175[err]C for 7 ﬁgﬁ!’sg?g%ﬁpgﬁ%g'%eacti on the solution was passed through a
sili-ca gel col um andSdniptes¥ various pblyfen s Taitiein thofo exaniplesi(0a6at ed. NMWVR
met hods were useglggo eter m')ne t hat, t.he copgl Hrr%': ;%m%%h dr ogr?‘gat ed (Mwv
237,000, Mh 163, 9h8of polymes é"%”l“"t‘%‘%i"é’e“ﬁs‘ﬁ’bﬁ’é in donl of ghiggofermo t TDEst er )
25 TOsglutiond of the Hoigines Webe rRhRoed ByPitsett bl FHAS theidd dadt ot

mechani cal stirrer and containing nitrogen"was added toluene (90 m),

t-butyl estSer of cipwvusiforme guarzslides, Fhe flmsege gllowed tp dryovernighty Thed et hy!

ester of tetracy[:elﬁlg,gﬁg;l r iﬁ ?!ﬁi-eg 'ﬁillﬂl‘ H'DIBJ p IS
stirred sol ution was Wﬁ%%m‘%n enp‘g%%t ure, dééisol ut@%@%?’w

bi s(tri cycl ohexyfophi0 sphitesaindermmitrogte pergat heni um di chl ori de (50 ng, 30

0. 060 ) in5m t ol t 2 d 80 [ dded
to %9)7/ I32198 .OIBVspec%‘aO er(‘)?the'%flmse\fvere t?u%r us%ggﬁggg-élme&,agnw) vas adde
PCT/ US97/ 04103 - 9 TV/VIS/IR spectrophotometer, at a scan speed of 120 nm/minute. The

10 spectrum range was set at 300 nm to 180 nm. By measuring the absorbance of the
films at 193 nm and normalizing them to the thickness of the films, the optica!
density of the films at 193 nm were measured. The results are set forth in the
Table below:



reactor and tenperature maintained at 175C for 7 hours. Foll ow ng reaction
the solution was passed through silica gel columm and the hydrogenat ed
coplynmer was isolated. NVMR nethods were used to determ ne that the

copol ymer WEQY¥B88nydr ogenat ed (Mv 278, 000, M 172, 000). BCEuSATIO¥03 32_
(50: 50 Copolymer of t-BuNBEster/EtTDEster) To a 100 ml gl ass vial equipped
with a magnetic stirring bar and coﬁgklning nitrogen was added tol uene (40
m), t-butyl ester of norbornene carboxylic acid 10 (1.94 g, 10 nmol),
et hyl ester of tetracycl ododecene carboxylic acid (2.32 g, 10 mmol) and

1- hexene (0.050 m, 0.4 mml). To this stirred solution was added, at

anbi ent tenperature, a solution of

bi s(tricycl oh&yljphosphi ne) benzyl i dener ut heni um di chl oride (34 ng, 0.042
mmol) in5 ni"fgtoluene. After 2 hours the polynmer solution was added to

an excess MeOH, collected by filtration and dried under vacuum
3.1 g (73% %W & d@ of polyner was recovered (Mwv 35,000, Wn 22,000). Exanple
33 (50:50 p r t - BugBESt er Ad—t TDEsger ) §0 g e~ To a 100 m

gl ass vial &q ed th a @gneti @stirrighg b@ and gont ggni ng ni trogen
was added t®él (4® ), ©butyl @®ster & noebornene® cardoxylic acid

n
(1.94 g, 10 mmol ), ethyl ester of tetracycl ododecene carboxylic acid (2.32
g, 10 mol) a -hexene (0.275 m, 2.2 nmol). To this stirred solution was
added, at anbi tenperature, a solution of 25
bi s(tricycl ghgkygiphoSphi ne) Benzyl i @ner ut @ni ug di chl Bri dd}(34 ng, 0.042
mol) in 5 & ofEtol @ene. ARer 2 urs t® potyner s@ uti®n was added to
an excess of MeQH, collected by filtration and dried under vacuum 3.45
g(81% vyi el d) cg ol ymer was recovered (Mv 8,000, M 6,000)
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WD 97/ 33198 PCT/ US97/ 04103
- 73 - Exanple 34 (50:50 Cbpolyner of t-BuNBEster/Et TDEster) To a 100 ni

gl ass vial equipped with a nagnetic stirring bar and containing nitrogen
was added toWOSHa31P80nm ), t-butyl ester of norbornene car hBEFUSEAB] 5
(1.94 g, 10 mmol), ethyl ester of tetracycl ododecene carboxylic acid (2.32
g, 10 mmol) and 1-hexene (0.62 m, 5.0 mpl). To this stirred solution was
added, at ambient tenperature, a solution of
bis(tricyclohexylphosphine)benzylidequp[heniun1dich|oride (34 nmg, 0.042
mmol) in 5 mM of toluene. After 2 hourS the polyner solution was added to

an excess of 10 col l.e filtratio dried under vacuum
2.75 g (65% yi e|wyﬁﬂwtm@' B BRpes ‘“‘MP@%‘? (50: 50 Copol ymer of
t - BUNBEst er / Et TDEst erl))ei;giymersobtamedmﬁ@a&v&@ﬁmﬁesg}e?dizsujvedlm 88(1 with a
magnetic stirrin ar and cont ai ni n trogen was added. tolu

t-butyl ester ofS%F?G ?M‘g at 1S wivghe ‘5‘4@? ester
of tetracyclodo%amﬁesﬁmww%raﬁhwéaﬁﬂe&ts%1m&,)%megm:?ﬁ gene (0.088

m, 0.7 mol). To this stirred solution was added, at anbien enper at ur e,

a sol utionSof 20 "The iseltionis swees filteesd thaokiglsy .2 el dfion filter d Arresist ddyemi um
Uiyl et hor (0. oo ke ook sciioh o soff ool WA o Scafbsifither T, 1Y
or ange- anber pol FHMIDS)yrimedisticovasfep dHeadated filnurgis trked nsswl‘ordohmum
The films were then exposed through a quartz mask to UV radiation from a Karl
Suss MJB3 UV 250 instrument between the wave lengths of 230 to 250 nm. The
10 exposed films were heated to 125°C to 150°C for 1 minute. The exposed and
heated films were then developed in aqueous base to provide high resolution
positive tone images without loss of film thickness in the unexposed regions.
The systems can be easily made negative working by development in a
nonpolar solvent. These materials can be sensitized to the longer wave lengths
15 (365 nm) by adding a small amount of sensitizers such as pyrene, perylene, or
thioxanthones or to shorter wave lengths (193 nm), as these materials have been
observed (as shown above) to have very low optical density at 193 nm.

Example 51

20 The copolymer of bicyclo[2.2.1]hept-5-ene-2-methyl acetate/t-butylester
of norbornene (the polymer of Example 21) number average molecular weight
21,000) was dissolved in propylene glycol monomethyl ether acetate (PGMEA) at
10 w/v % of solids. Triphenylsulfonium hexafluoroarsenate was added at a
loading of 10 w/w % to the polymer. The resist film was filtered througha 0.2 u

25 Teflon® filter and the filtered solution was spin coated from the solution onto 2
hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by
2000 rpm for 25 seconds. This resulted in a 0.7 p thick layer. The film was baked
at 95°C for 1 min over a hot plate and then exposed through a quartz mask to UV
radiation (240 nm) at a dose of 50 mJ/cm®. After post-baking at 125°C for



whi ch renoved the dark color (Ru). The solution was precipitated by

addition to 25 excess MeCOH, collected by filtration and dried
overni ght at 80C under vacuum 2.6 g (30%yield) of polyner was recovered
(Mv 4, 000, Wh933060) . WD 97/ 33198 PCT/US97/04103 -

PCT/ US97/ 04103 - 74 - Exanple 36 (50:50 Copol yner of

t- BuNBEst er/ Et TDEster,) To a 300 ml stainless steel reactor equipped with a
mechani cal stirrer and containing nitrogen was added tol uene (80 m),
t-butyl ester of norbornene 5 carboxylic acid (3.9, 20 mvl ), ethyl
ester of tetracycl ododecene carboxyti® -acid (4.64 g, 20 nml) and 1-hexene

(0.088 m, 0.7, mmol),., To thi,s stirred solution, added, at, anbi ent
tenperature, al 39 M'?PP“BP%E?WVEMHWM%H@W'M%Hut heni um
dichloride (6 us®aider 0 Rkdndsn 5 M of toluene. After 2 hours hydrogen
(750 psig) was added to reactor and 10 tenperature maintai ned at
175[err] C for 20 hours. The solution was precipitated by addition to excess
met hanol , collected by filtration ang_dri eg overni ght at 80[err] C under
vacuum Approximtely 5 g (59% vyi el dg‘ﬂﬂ’lﬁ Fyrrer was recovered (Mwv 30, 000,
M 20, 008). NVR netThedopoipmer of Siveicld[2. 2080hept-5iene-2ihethyl abetate/obatiyiester  Was

greater than 99% hydro ated. 1 anpl 7 (65: 35 Copol yner , of
t - BUNBEst er / Et Q@E%E?TQ %Se 83?36_ %B%ﬂgﬁ ﬁbé?‘?‘éﬁé&“ﬁ%&e%‘iﬁl“ﬁfggﬂ with a
magnetic stirr2ngohwas dissbived i propyiai ghich! MaRMeNYPetRé d8&ate (PGRIERA) 0 60 M ),
t-butyl ester of norbornene . ~ T
10 w/v % of solids. Diary! iodonium hexafluoroantimonate (Sartomer 1012) was
added at a loading of 10 w/w % to the poiymer. The resist film was filtered
10 through a 0.2 p Teflon® filter and the filtered solution was spin coated from the
solution onto a hexamethyldisilazane primed silicon wafer at 500 rpm for
30 seconds followed by 2000 rpm for 25 seconds. This resulted in a 0.7 p thick
layer. The film was baked at 95°C for 1 min over a hot plate and then exposed
through a quartz mask to UV radiation (240 nm) at a dose of 50 mJ/cm®. After
18 post-baking at 125°C for 1 minute, high resolution positive images were obtained
by development in aqueous base for 60 seconds.

Example 53
Copolymer of bicyclo[2.2.1]hept-5-ene-2-methy! acetate/t-butylester of

20 norbornene (the polymer of Example 21) (number average molecular weight

21,000) was dissolved in propyiene glycol monomethyl ether acetate (PGMEA) at

10 wiv % of solids. Diaryl iodonium hexafluoroantimonate (Sartomer 1012) was

added at a loading of 10 w/w % to the polymer. The resist film was filtered

through 2 0.2 p Teflon® filter and the filtered solution was spin coated from the
25 solution onto a hexamethyldisilazane primed silicon wafer at 500 rpm for

30 seconds followed by 2000 rpm for 25 seconds. This resulted in a 0.7 u thick

layer. The film was baked at 95°C for 1 min over a hot plate and then exposed

through a quartz mask to UV radiation (240 nm) at a dose of 100 mJ/em®. After

post-baking at 125°C for 1 minute, high resolution positive images were obtained
30 by development in agueous base for 60 seconds.



20 carboxylic acid (10.1 g, 52 mml), ethyl ester of

tetracycl ododecene carboxylic acid (6.5 g, 28 mmol) and 1-hexene (0.176 m,
1.4 mmol). To this stirred solution was added, at anbient tenperature, a
sol ution of vwosysxnescycl ohexyl phosphi ne) benzyl i dener ut heni urctssvoarodde -( 131
ng, 0.160 mmol) in 5 m of toluene. After 16 hours ethyl vinyl ether (0.060
m, 25 0.62 mmol ) was added and stirred 1.5 hours. The pol yner

sol ution was passed through silica gel colum to renove Ru. The solution
was added to an excess of nethanol, collected by filtration and dried under
vacuum 9.69 g (58%yield) of polyner 8%as recovered (Mv 42,000, M 31, 000).
DSC net hods were used to neasure the glass transition tenperature
(110[err]C). 30 WD 97/ 33198 xample 54

PCT/ US97/ 04103 - 75 @Fﬁ{;p ; Qs é’@{f,t_q, lePbf10 Ni trogen
was di ssolved 5.0 g Cc?ip e %@1@%@3@%’%&?*’%@ a?én HFQ((}*B%ll nﬁ] The
sol ution was t rnonsireane e polymeSefExainplei2d) ayerags mplecudaraveighp . 25 g of 5
wt % pal | adi um ] f (ﬁ[m was added
to reactor. Theﬁrl:beogtgénf &\%é’g‘%{’ %Jeﬁrqrﬁ#eléeg °?io$%éiéeli'?fiq%r§% pﬁiessu%%ted with
800 psi g Bydr ogenw/vté opsolids. UTsphenyisulfoniamheaflubroarsemte waiaddel star 9. 5 hrs.
The resulting pol yner_.sol ution was,  centrifuged. and the col.or] ess sol ution
was separ at ed éﬁﬁﬁ‘!&ﬁf lé(ﬂ”?’n%rmw&i’“}ﬂ"%i t’ﬁ’&ggglq’ ag ’é%%‘%‘?‘fﬁé'dﬂéﬂ@l“. NVR
met hods showed fd@n® fiftdtlahd 1 fifered soiBén Wik spi OB 8 the \@utidh ¥adQ
hydr ogenat ed. Exanpl e 39

hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by

2000 rpm for 25 seconds. This resulted in a 0.7 p thick layer. The film was baked

10 at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to

UV radiation (240 nm) at a dose of 10 mJ/cm®. After post-baking at 125°C for

1 minute, high resolution positive images were obtained by development in

aqueous base for 60 seconds.

15 Example §§5
Copolymer of bicyclo[2.2.1]hept-5-ene-2-methyl acetate/t-butylester of

norbornene (the polymer of Example 21) (number average molecular weight
21,000) was dissolved in propylene glycol monomethyl ether acetate (PGMEA) at
10 wiv % of solids. Triphenylsulfonium hexafluoroarsenate was added at a

20 loading of 10 w/w % to the polymer. The resist film was filtered througha 0.2 p
Teflon® filter and the filtered sofution was spin coated from the solution onto a
hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by
2000 rpm for 25 seconds. This resulted ina 0.7 p thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to

25 UV radiation (240 nm) at a dose of 30 mJ/cm®. After post-baking at 125°C for

| 1 minute, high resolution positive images were obtained by development in

aqueous base for 60 seconds.



(50: 50 Copol ynmer of t-BuNBEster/EtTDEster,) To a 100 m gl ass vial equipped
with a magnetic stirring bar and containing 15 nitrogen was added
toluene (80 m), t-butyl ester of norbornene carboxylic acid (3.9 g, 20
mol ), et hyWO8%3398 of tetracycl ododecene carboxylic acid eeT®497941020 -0l )
and 1-hexene (0.088 ml, 0.7 mml). To this stirred solution was added, at
anbi ent tenperature, a solution of

bi s(tricycl ohexyl phosphi ne) benzyl i denerut heni um di chl ori de (68 ny, 0.084
mol ) 20 in 5 mM of toluene. 2 hours ethyl vinyl ether (30
[err]) was added to the reaction to ort stop further reactions and the
m xture was stirred for 1.5 hours. E} B@I#"]rer sol ution was passed through
a silica gel colum to renove Ru re d the pol yner was then

recovered as a cl eghe ¢bpolynes Sfﬂeﬁﬁhgdﬂytm:gﬁdeﬂgfﬁd%&n%waﬂﬁhmme

pol yrer was found o have an Mn of 600 (M 33,700) and was fully
char act er i zed freg radical pplymerization(the Exagpindad (nmberaverage ai nl ess st eel
aut ocl ave vw'thnmuwwgﬂ@do wﬁs&iveaﬂp B8 ishoRieRi eth

2- met hyl - 4- pent enoat e O(ﬁ ) | nol e) %rghl 'y crac cycl opent adi ene
30 3 46. 4ag§tatemﬁmhé)ltlsmé!%tofsoldsl Tiisrylsulfoniveshenafiuemhntimo®@O[ er r ] C and

:D‘é‘;_; P B'Af%ggsmoyg\eu?.ﬁg geﬂga}a polption i propuisme athonatel.wap 4dded # 31padings | enpved.

The resul ti ng of 8 % esthe poljmen I Tieresisd Glm was filtered through a 0.2 i Teflon®
Gistillation & EY M#@@BQ%% iRt o kR AR 7[ o1 1] C at 0. 02
mm Hg. The mwgm@ama N silon Fafer B SURAPMIBBO REdHds FilloW@Y By & purity
of 98.4. 5 to 99.3% (ditferent fractions). The isolated yield of high
purity B oduct200@Epm for 25 seconds. This resulted ina 0.6 p thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of 30 mJ/cm®. After post-baking at 125°C for
1 minute, high resolution positive images were obtained by development in
aqueous base for 60 seconds.
15
Example §7
The copolymer of maleic anhydride/t-butylester of norbornene obtained via
free radical polymerization (the polymer of Example 24) (number average
molecular weight 4,000) was dissolved in propylene glycol monomethyl ether
20 acetate (PGMEA) at 15 w/v % of solids. Triarylsulfonium hexafluoroantimonate
(Sartomer CD 1010, 50% solution in propylene carbonate) was added at a loading
of 5 w/w % to the polymer. The resist film was filtered through 2 0.2 1 Teflon®
filter and the filtered solution was spin coated from the solution onto a
hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by
25 2000 rpm for 25 seconds. This resulted in a 0.6 u thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of 30 mJ/cm®. After post-baking at 95°C for
1 minute, high resolution positive images were obtained by development in
aqueous base for 60 seconds.
30



around 33g. Exanple 41 (40:60 Copol yner of t-BuNBEster

(NB-CH err]CH(CH err])C(OOerr]Herr])) 10 To a 100 mM gl ass
vial equipped with a nagnetic stirring bar and under a nitrogen atnosphere
was added t oMPME380 i), t-butyl ester of norbornene car bHUSTUUPRy (2. 7
g, 14 mmol) and the ester from Exanple 40

(NB-CH err]CH(CH err])C(OOCerr]Herr]) (4.4 g, 21 nmol). To this stirred
sol uti on was added, at anbient tenperature, a solution of

(toluene)Ni (CJerr]F[err])[err] in tot®ne (1 m) 15 and the resulting
solution was heated to 50[err]C and stirring was continued for 3 hours. The
pol ymer was precipitated into nethanoExsmpleS8l tered. The resulting solid

was then redissolvednin T filtered.and., preci pj i k £1.h net hanol
bt terod e oDt epRlymeh ot dai6E R Bl Rl 4 Bl SR bl T 0

wei gh 2. 66 Micetdte/OBifiylesdt of dofB0fkene dbtsinedlvicfseahdict ertzatigroftid ed to
iryiess 10 %o ew%&%gm&w%%‘%@ew °%%%&8%$w%%2 B, YN
wei ghed 1.52 , h . . r
rep?esentejd 58%1@8%%@&%0!%0:\5%& . e (FGMEAFa30WA %ofioldsysi s of the

copol yners confir their conposition to be random addition copol yners of

the two m)norrerPFNWEMMT%WW@WWNMMBEQWS of
(NB- CHLer 1] CH O @ bg el bkt e Rl dim"RasBieredl lfbudhl 22  Pellbn=e L PPed
r“and unde sp

with a magnetic stirring ra nitrogen at efe was added
di chl or oet hane {iker@andthe filtered solytionawasspinebatédfrom the solutiomomorae car boxyl i ¢

acid (7.76 g, 4%}1&%&%&“&&:&%&%&0& water 5%66%':!? foérlgo seconds followed by

10 2000 rpm for 25 seconds. This resulted in a 0.5 p thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of S0 mJ/cm®. After post-baking at 125°C for
1 minute, high resolution positive images were obtained by development in
aqueous base for 60 seconds.

15

Example 59
The copolymer of bicyclo[2.2.1}hept-5-ene-2-methy! ethylcarbonate/t-

butylester of norbornene (the polymer of Example 22) (number average molecular
weight 22,000) was dissolved in propylene glycol monomethy) lether acetate

20 (PGMEA) at 15 w/v % of solids. Triarylsulfonium hexaflucroantimonate
(Sartomer CD 1010, 50% solution in propylene carbonate) was added at a loading
of 5 w/w % to the polymer. The resist film was filtered through a 0.2 u Tefion®
filter and the filtered solution was spin coated from the solution onto a
hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by

25 2000 rpm for 25 seconds. This resulted ina 1.1 y thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of 30 mJ/cm®. After post-baking at 95°C for
1 minute, high resolution positive images were obtained by development in
agqueous basé for 60 seconds.

30



WO 97/ 33198 PCT/ US97/ 04103
- 77 - (NB-CH err]CH CHerr])COOC]err]Herr]) (12.5 g, 60 mml) and
2,6-di-t-butylpyridine (28.8 ng, 0.26 mmol). To this stirred solution was
added, at aWi%2P31% enperature, a solution of the catal yst pceast#isrg from
m xi ng allyl palladiumchloride dinmer (0.183 g, 0.5 mml) with silver
hexaf | uor oanti nonate (equivalent 5 anount) in dichloroethane (3 m)
and filtering to renove the silver chloride precipitate. The resulting
solution was heated to 50[err]C and_sgtsi_rri ng was continued for 16 hours.
The pol yner solution was treated with carbon nonoxide (4 psi pressure) for
48 hours to precipitate the pall adi uﬂéﬁ 'e%es, filtered through a
0.45[err] filter, reduced in volunme an gieci pitated with excess nethanol

to afford 10 7Tl cgpalimercoftbingclbf2ra:1 Jhépl 3rene uethyl iethylcarbbiitelil, 600, Mh
Excanpi e 43 CopYRERS Boraifens Cheoliiier 5 RO S (Broch avoage akculss, |
fdded 16 pal | e ory) S ShioRsd B propyte affolhnimSii dher deckte T ) 14
deoxygenat ed nm& at /v fth of solids, t Trinbenyisylfoniure bicyafleasbantimogate f oni ¢ aci d
(2,925,501 03008 95, hud WIS B e S
benzoqui none (af 57@/w% t2Ghe polymet. The resist fim Wsifitered thrauphaxh 2 p Tafled®ai nl ess
mor bor none- 6 t LISk 18 Eclhn o spiy Bokeg from T soBoRprigs oo
(deoxygenat ed hexhdnethyldisitirane himed cificérowafeed SO Ams for B0 setonds fBligasdyyn nonoxi de
e L A R S o Mo B "
evaporate,  Themr souie il er £hdt BURY b Miin Appep i SSasfudp, O0)
pour ed UV radiation (240 nm) at a dose of 15 mJ/cm®, After post-baking at 95°C for
1 nminute, high resolution positive images were obtained by development in
aqueous base for 60 seconds.
15
Example 61
The copolymer of bicyclof2.2. 1]Jhept-5-ene-2-methyl butylcarbonate/t-
butylester of norbornene (the polymer of Example 23) (number average molecular
weight 22,000) was dissolved in propylene glycol monomethyl ether acetate
20 (PGMEA) at 15 w/v % of solids. Triarylsulfonium hexafluoroantimonate
(Sartomer CD 1010, 50% solution in propylene carbonate) was added at a
loading of S w/w % to the polymer. The resist film was filtered through a 0.2
Teflon® filter and the filtered solution was spin coated from the solution onto a
hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by
25 2000 rpm for 25 seconds. This resulted in a 1.0 y thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of 30 mJ/cm?. After post-baking at 125°C for
0.5 minute, high resolution positive images were obtained by development in
aqueous base for 60 seconds.
30



slowy into a 25:75 m xture of water:nmethanol to precipitate the pol yner.

This procedure was repeated twice. The resulting whi
and dried at roomtenperature under vacuum Yield =
97/ 33198 WO 97/33198

78 - Exanple 43A A deoxygenated, dried THF/ net hanol

te pol yner vvas filtered

2.9 g. 30
PUT’US?Q’W@MO?) -

(35 mM/15 m) solution

of benzoqui none (0.43 g, 0.40 mml), bipyridine (0.0062 g, 0.0040 mmol),

and Pd(MeCN)[err](p-toluensul fonate)[err] (0.0070 g,

0.0013 mmol ) was added

to adry 5 500 m stainless steelgyeactor warmed to 50[err]C. To the

reactor was added norbornene-5-t-butylester (5.14 g,

0.027 nol) in 100 m

of THF (deoxygenated and dried). The r 62Vas pressurized with carbon
nonoxi de to 600 psig and warmed to 65[err After 12.5 hours, the reactor

was heated to 90[ er r Tt éapolymesofhieycio[2.3:A Bopt hrenec2mistinl butyleatbarateltas vent ed
and the reactor omthe
reactor was fil tgﬁeﬂ éﬂ%@%"g‘gﬂ’%‘ | um%’%‘ﬁggp%@h a?%d{"@ga{é{\;aporat e.

The resul ting mweight 22,000) vihs disaiiveddn propylens glycol momsmetliy ethercacpsater ed sl ow y
into a 25:75 ITiXéI‘ f wat roﬁthanol to precipitate the polz/ Thi s
procedure das ré'é M‘f\w? Yo-ph golidg.< friarylsylf qm\’i“’c ofeREHMQRAL filtered and

dried at room tqgwﬁ@iﬁldiﬁdﬁﬁﬁyﬁ&wﬁmlpéb %I A Base

Optical Density Measurenents For clic

}Jwas]a'ﬁdgd(ﬂrmbﬁﬁn 4 to 30

Hono and Copolyners at

193 nm of 5 w/w % to the polymer. The resist film was filtered through a 0.2 p Teflon®
filter and the filtered solution was spin coated from the solution onto a
hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by

10 2000 rpm for 25 seconds. This resulted in a 1.0 i thick layer. The film was baked
at 95°C for 1 mirute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of 30 mJ/cm®. After post-baking at 150°C for
0.5 minute, high resolution positive images were obtained by development in

agueous base for 60 seconds.
15
Example 63

A 35/65 mole % hydrogenated copolymer of ethylester of
tetracyclodecene/t-butylester of norbornene (the polymer of Example 37) (number
average molecular weight 23,000) obtained via ring opening metathesis

20 polymerization was dissolved in propylene glycol monomethy! ether acetate
(PGMEA) at 15 w/v % of solids. Triarylsulfonium hexafluoroantimonate
(Sartomer CD 1010, 50% solution in propylene carbonate) was added at a loading
of 5 w/w % to the polymer. The resist film was filtered through a 0.2 p Teflon®
filter and the filtered solution was spin coated from the solution onto a

25

30

hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by
2000 rpm for 25 seconds. This resulted in a 1.1 p thick layer. The film was baked
at 95°C for 1 minute over a hot plate and then exposed through a quartz mask to
UV radiation (240 nm) at a dose of 30 mJ/cm®. After post-baking at 125°C for
1.0 minute, high resolution positive images were obtained by development in

aqueous base for 30 seconds.



Optical density is a critical characteristic of an effective photoresist 20
because it determnes the uniformty of the energy throughout the film

t hi ckness. Atypical, lithographically useful, polyner backbone has an
optical derwowy3nds | ess than 0.2 absorbance units/ m cron pcTABITRLIBhe -
addi ti on of photoacid generators. (T. Neenan, E. Chandross, J. Konetani and
0. Nal amasu, "Styryl net hyl sul f onam des: Versati | e Base- Sol ubili zi ng
Conmponents of 25 Phot oresi st Resins" pg. 199 in Mcroel ectronics
Technol ogy, Polyners for Advanced |gging and Packagi ng, ACS Synposium
Series 614, Eds: E. Reichmanis, C. Qoer, S. MacDonald, T. Iwayanagai and T.
Ni shi kubo, April, 1995). Pol yhydroxyﬁwﬁgm the primary conponent of

typi cal 248 nm DUV phot oresi sts, has an optical density of 2.8 absorbance
units/micron at 193 55 meled6 nonhydrogenates dopolymersafisthylester of resi st backbone

at this wave I!gl_qg%

PCT/ US97/ 0410 Q""“ﬁr‘%&?’ﬁng é gorf)omgle](ti{e ﬁmgg?rf}‘:) xgxsnp!)efw?/((i“ ous pol yners

set forth in tdveraﬁom!;w!agwag!ﬂﬂpb%)dbtﬂﬁﬂviaamg]opeﬂﬁﬂmgam;)ol yner) were

wei ghed gut and dlssolvedl chl or.of rm Tes UIOSOf t he
8 er o RoTEEApAs dhsclyed in Reppyipe e '

poI ynmer s*wer e cl ean

uni form quartz(PS’MﬂRﬁai lf@v%&fﬁh&ﬁ%aﬂi&%ﬁnh&aﬂﬁ&oﬂiﬁﬁfoﬂh@ht The
resulting circular filns on the quartz “slides were further dried at

70[err] C i n ar(SasemeriP 1919, Wﬁmbgommwmm@mmwed atpjoading:t r o of
tngCI Ir Lﬁoﬁ%ﬁ%@a?ggx@%eﬁé &%‘Héb%nﬁm nu%"%’fhe 1%%1“50 spectrum
range was set filter 8@ithn fiitered soddhonrwas Bpin coated from thetshiutiodemelsance of t he
10 hexamethyldisilazane primed silicon wafer at 500 rpm for 30 seconds followed by

2000 rpm for 25 seconds. This resulted in a 1.25 p thick layer. The film was

baked at 95°C for 1 minute over a hot plate and then exposed through a quartz

mask to UV radiation (240 nm) at a dose of 50 mJ/cm?. After post-baking at

150°C for 30 seconds, high resolution positive images were obtained by

15 development in agueous base for 60 seconds.



films at 193 nm and normali zi r?dEPtlﬁqe(F#?oS}%%EéT% hi cksn%ss af
optical density of the fi ll I Dabcribfidn npugsar.e..meaagrded. . Jh

forth in the Table bel ow | prcyn@y/ 333884 B2 to paged 0.
PCT/ US97/ 041908 9780298 [ err | ﬂl‘\Qv i : Pl

3 d.o to paged ... .
PCT/ US97/ 04103 - 81 - Pre gt%?tb!st‘?&t(g?:%%B%ﬁ.%'ﬂ&é@.ﬂ:...ﬁ
al

Devel opnment: The pol yners ned in_the above exanplds

the filnms, the
e results are set

PCT/USS7/04103 -
posure and

were dissolved in

propyl ene gl ycol nonomet hyl ether acetate (PGVEA) at 15 ngmgmmm‘mn

whi ch was added the oniumsalt set forth in the exanples
to the polyner. 5 The sol ut®ons were filtered

t hfough a @ 2s =

[err] Teflon[err] filter. Aresist |layer was formed from each solution by

spin coating it EbAMMhexanet hyl di si | azane (HVDS) prine

d silicon wafer.

The coated filmwas pake 8, : &mﬁh" holoiRid ihitifer Wer € then
exposed through a qugrtz%qggqg&?%ﬁﬁe%&%tio %ﬁ?a{) Kar [I S’usrs_’ MIB3 WV 250
i nstrunent bet weptionalidissolution inhibitarhandaf polya@r comprisingnpalycyplic repeating untts x nosed

heated 111 - werdopraRSTodbluiiol St pahih ol Bbie pll

positive tsone i mages without |oss of filmthickness int

a

The exposed and
i de high resol ution
he unexposed

regi ons. The syst emsz‘can ﬁ%aﬁ%ﬁ&%ﬁ‘?‘% . n?%{%grle%ﬁesai\goprorl npist‘)%lygnevel‘oprrent I n

from one or more acid labile group substituted polycyclic monomer(s) in optional

combination with a monomer selected from the group consisting of a neutral

group substituted polycyciic monomer, a carboxylic acid group substituted
10 polycyclic monomer, an alkyl substituted polycyclic monomer, and mixtures
thereof wherein said acid labile group monomer is represented by the structure:

15 m

2 L3R?

wherein R' to R* independently represent a substituent selected from the group
20 consisting of hydrogen, linear and branched (C, to C,,) alkyl, and the group

-(CH,),-C(0)OR’, (CH,),~-C(O)OR, (CH,),-OR, ~(CH,),-OC(O)R,

~(CH,),-OC(O)OR, or -(CH,),-C(O)R, ~(CH,), C[R), CHR)C(O)OR™), and

-(CH,), C(R), CH(C(O)OR™),, subject to the proviso that at least one of R' to R*

is selected from the acid labile group -(CH,),-C(O)OR’, R represents hydrogen or
25 linear and branched (C, to C,,) alkyl, m is an integer from 0 to § and nis an

integer from O to 10, and R’ represents a moiety that is cleavable by a photoacid

initiator selected from the group consisting of -C(CHj,),, -Si(CH,),, isobornyl,
2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl,
mevalonic lactonyl; dicyclopropylmethyl, and dimethylpropylmethyl, R™

heet Has Been Replaced

T



nonpol ar sol vent. These materials can be sensitized to the | onger wave

| engt hs 15 (365 nm by adding a small anpbunt of sensitizers such as
pyrene, perylene, or thioxanthones or to shorter wave |lengths (193 nm, as
t hese mat erWRI%3AWA%e been observed (as shown above) to hawenuseyodsmw -

optical density at 193 nm Exanple 51 20 The copol'ynmer of————
bi cycl o] 2. 2. 1] hept - 5-ene-2-net hyl acetate/t-butyl ester of t

pol ymer of Exanple 21) nunber average nol ecul ar wei ght ZJ’mpmmgQ!lw,\’ml
di ssol ved in propyl ene glycol nononethyl ether acetate (PGQVEA) at + /0

of solids. Triphenyl sulfoni um hexaf F X varsenate was added at a | oadi ng of

10 ww %to the polyner. The resist, filmwas filtered through a 0.2 [err]
25 Tef | onjd gatly represgnts Rand Ry whegginusridsnentraligsoupsibstitedy coated from

the sol ution o%goﬁg@?ﬁ{)gggn%llbgi@ > primed silicon wafer at 500 rpm
for 30 seconds followe y 00 rpmtfor 25 seconds. This resulted in a 0.7
p thick layer. The fil mwas baked at 95[err]C for 1 mn over a hot plate
and then exposed through a quartz nmaskys&e, UV radi ation (240 nm at a dose
of 50 m/cn{err]. After post-baking m err]C for WO 97/ 33198

PCT/ US97504103 - 82 - 1 minute, high esef4t i on positive inmges were
obt ai ned by devel opnent in aqueous ba ¢ 60 seconds. Exanple 52 5

The copol yner of bicycl o[ 2.2.1] hept - e n-@mst hyl acetate/t-butyl ester of

mber average nol ecul ar wei ght

KPdal, TRAonet hyl et her acetate (PGVEA)
at 10 wv %of solids. D aryl iodoniu exaf | uoroanti nonate (Sartoner 1012)

Was wherein R® to R® independently represent a neutral substituent selected from the
10 group -(CH,),-C(O)OR”, {CH,),-OR", -(CH,),-OC(O)R", -(CH,),-OC(O)OR",
~«(CH,),-C(O)R", (CH,), C(R), CH(R)YC(O)OR"), and
~(CH,), C(R), CH(C(O)OR ), wherein R represents hydrogen or linear and
branched (C, to C,,) alkyl, R” represents hydrogen or linear and branched
(C, to C,) alkyl, monocyclic and polycyclic (C, to C,5)cycloaliphatic moieties,
15 cyclic esters, cyclic ketones, and cyclic ethers subject to the proviso that when R”

is hydrogen at least one of the remaining R® to R® groups contains a substituent
where R” is (C, to C,,) alky}, p is an integer from 0 10 5, and n is an integer from
0 to 10; wherein said carboxylic group containing monomer is represented by the
structure:

20

q
£ R12
25 RIOR11

wherein R’ to R” independently represent hydrogen, linear and branched
(C, to C,;) alkyl, and a carboxylic substituent represented by the formula



added at a loading of 10 ww %to the polynmer. The resist filmwas filtered
10 through a 0.2 [err] Teflon[err] filter and the filtered sol ution was
spin coated fromthe solution onto a hexanethyl di silazane prinmed silicon
waf er at 500 Wprﬁ’%ﬁﬂ 30 seconds followed by 2000 rpm for 25P§§6!§917@5103Thi-s
resulted in a 0.7 [err] thick layer. The filmwas baked--at--95[err].C for

mn over a hot pI ate and then exposed through a quartz mask to UV radi atl on
(240 nn) at a dose of 50 ml/cnferr]. After 15 post - gmg l'&mﬂ m)mu]
for 1 mnute, high resolution positive_nmages were obtai t
i n aqueous base for 60 seconds. Exanpl l5‘3 Copol yrer of

bi cycl o[ 2. 2. 1] he % acet - but e .

nor bor nene (the mﬁgﬁ&g oY %9@?& «i‘ f’%ﬁ”ﬁ"‘cmi ght
21,000) was di ssqubatitgent, ﬁﬁﬁﬁngwﬁiorﬁb)th'anﬂwwﬁﬁhﬁgérﬁrh@fo HEgadt e (PGVEA)
at 10 wv %of solids. D| aryl iodoni um hexafl uoroanti nonate (Sartoner 1012)

was added at a |Whereingaidalkylgubstinitod menames isyepreseated by e sHuatuEet fi | m was
filtered through a 0.2 [err] Teflon[err] filter and the filtered solution
was spin coated fromthe 25 solution onto a hexanet hyl di sil azane
primed silPcon wafer at 500 rpm for H H econds foll owed by 2000 rpmfor 25

seconds. This resulted in a 0.7 [er ick layer. The filmwas baked at
95[err]C for 1 min over a hot plate hen exposed through a quartz mask
to UV radiation (240 nm at a dose ml/cnferr]. After post-baking at
125[err]C for 1 mnute, high resol posi tive i mages were obtained 30

by devel opnent i n aqueous base for : rorl1gls. WO 97/ 33198
PCT/ US97/ 04103 - 83 - Exanple 54 R R14R15R
10
wherein R" to R independently represent hydrogen or linear or branched
(C, to C,,) alkyl, with the proviso that at least one of R¥ to R™is (C, to C,)
alkyl, and r is an integer from O to S,
15 3. The composition of claim 2 wherein said monomers are
polymerized by ring-opening polymerization to obtain a ring-opened polymer.
4, The composition of claim 3 wherein said ring-opened polymer is
hydrogenated.
20
5. The composition of claim 2 wherein said monomers are
polymerized by free radical polymerization.
6. The composition of claim 2 wherein said monomers are .
25 polymerized in the presence of a catalyst selected from the group consisting of a

single component or multicomponent catalyst system each comprising a Group
VIII metal ion source wherein said single component catalyst is represented by the
formuiae:



Copol ynmer of bicycl o[ 2. 2. 1] hept - 5-ene-2-net hyl acetate/t-butyl ester of
nor bor nene (the pol yner of Examlmmlﬂ/m m aver age nol ecul ar wei ght

21, 000) was dissolved in propy HI thyl ether acetate (PGVEA)
at 5 10VQPY338880f sol i ds. Tri phenyl sul Sonkum hexaf | uor per/ESIIB4103 Was
added at a loading of 10 ww %to the polymer. The resist filmwas filtered
through a 0.2 [err] Teflon filter and the filtered solution was spin coated
fromthe solution onto a hexamet hyl di silazane primed silicon wafer at 500
rpmfor 30 seconds followed by 2000 rpm for 25 seconds. This resulted in a
0.7 [err] thick layer. The filmwas b&&é&d 10 at 95[err]Cfor 1 mnute
over a hot plate and then exposed thrﬁ#‘ﬁz quartz mask to UV radiation
(240 nm at a dose of 10 ml/cnferr] ¢ pbst baking at 125[err]C for 1
m nute, high resolution positive i WMI@AEbt ai ned by devel opnent in
aqueous base for 60 seconds. 15 Exanpl e
55 Copol yner of bicycl o[ 2. 2. 1] hept PORHENL [€X)ay| acetate/t-butyl ester of
nor bornene (the polyner of Exanple 21) (nunber average nol ecul ar wei ght

21, 000) was dissolved in propylene glycol nononethyl ether acetate (PGVEA)
at 10 w v5 % of mkqudmmﬂhnmmgulﬁmemmammﬁbsdmagwndeed at a

20 | oadi n Ovv/W% 0 the pol The. resist filmwas filtered
t hrough a 0.2 Pl" M%th%t"ég Rbands hg]ﬁeﬂﬂﬁg"%pl n
coat ed fromtthBﬂliuﬁbaﬂcmﬁotepreE@W %-aza%n@wwlwsdnlmsgn waf er
at 500 rpmfor 30 secon s f ol | owed 2000 rp 25 seconds. This

resulted in a @& S Okl jog ész‘FWé“fle‘PﬁMe‘%&Mz&%mmmbﬁoit‘h? nute

over a hot pl at t
radi ati on (240 sﬁlﬁ)@me Jﬁ@@v&fﬁéﬁé&?ﬁgéﬂ‘ aﬁyﬁ{ier r?qa{%?ega%?s |yng at

125[ err] ¥ f or Tepresentsdineanandbranched (G, ito B pabicyl;tand EAIi 1sragwtmm sslecteidned by
devel opment i n QEIGR IR 28fsidiR of BFS B2V Air, 0,SCF,, SHF,, SbF,SOF, AsF,,
perfluoroacetate (CF,CO,), perfluoroprapionate (C,F,CO;), perfluorobutyrate
(CF,CF,CF,COy,), perchlorate (C10, - H,0), p-toluene-sulfonate
(p-CH,CH,SO;’) and tetraphenylborates represented by the formula:
15

20 wherein R” independently represents hydrogen, fluorine and trifluoromethyl and n
is 1 to S; and wherein said multicomponent catalyst comprises:
(a8) aGroup VIH metal ion source in combination with one or both of;
(b)  anorganometal cocatalyst compound,;
(c)  athird component selected from the group consisting of Lewis
25 acids, strong Bronsted acids, halogenated compounds, electron donating
compounds selected from aliphatic and cycloaliphatic diolefins, and mixtures
thereof.

7. The composition of claim 6 wherein said Lewis acids are selected
30 from the group consisting of BF;-etherate, TiCl,, SbF;, BCl,, B(OCH,CH,), and



WO 97/ 33198 PCT/ US97/ 04103
- 84 Exanple 56 The copol yner of nal ei canhydri de/t-butyl ester of norbornene
obtained via free radical polynerization (the polyner of Exanple 24)

(nunber aver &Y22#B1Wcul ar wei ght 4, 000) was di ssol ved i n prBgER/AR784183 ycol

nononet hyl ether 5 acetate (PGVEA) at 15 w v % of "solids:

Tri arysul fosni um hexaf |l uoroanti nonate (Sartoner CD 10

propyl ene carbonate) was added at a |loading of 5 ww %F" nmm&} rrhe
resist filmwas filtered through a 0. err] Teflon[err I er an

filtered solution was spln coat ed fromg%he solution onto a

h thyl di si | f t 5 d
ol Toned by 10 RPERErPhamD botonoid otk Rinsa pbs ik tted BoRTBE0 ¢ [ oy (]
thick layer. Thegrbig éammmmm*é[mgcbg/fmo,ﬂ SBF DHLG(SOVEF,),2 hot plate

and t hen exposed through uartz nmask o radi ation (24 nn) at a dose

of 30 mi/cnferr]C 35\93% M%MQQ@ spig halpgenated cempatng ﬁ"FesoI ution

positive inmages uRkRd 'Eﬁé&

seconds. Exanple 57 The co yner'gﬁy%*ral elc an ri deé*iﬂ utyrtfogt er of

nor bor neneSobt a|%baemmadﬁ-ééﬁrﬁﬁpmhmbpMMGahMuqemammr of Exanpl e
24) (nunber aver solyv I n | ene

gl ycol nononet hy’%g&}“ﬁp‘l &}&%OL%Q%MOYM g dﬁﬁ% ﬁ%fﬁp%*ﬁffﬁ ds.

Tri ayl sul f oni um dre seléctadfronnaliphativ et @ydidaliphatiodiol<fihs, }:ﬁd@lnné’ﬁﬁﬁi%ﬁbdphﬂ@ﬂ in
propyl ene car bonate Was addgd at a Ioadi ng of 5 wWw %to the pol ymer. The
resist filmwas 3¢ ugh a 0.2 [err] Teflon[err] filter and the
filtered solution vvas Spl n coated fromthe solution onto a

hexanet hyl di si | azane primed silicon wafer at 500 rpmfor 30 seconds

followed B89 25 %900 r osigign o elaipf whereip the,qsgagpmetal Gompaued i [ err ]
thick layer. Thesefebleromthego8f consisting organcaluminum compounds, dialkyl zinc

compounds, dialkyl magnesium, alkyllithium compounds, and mixtures thereof.

9. The composition of claim 6 wherein E is selected from the group
15 consisting of toluene, benzene, mesitylene, THF, and dioxane.

10.  The composition of claim 9 wherein the catalyst is selected from
the group consisting of (toluene)bis(perfluorophenyl) nickel,
(benzene)bis(perfluorophenyl) nickel, (mesitylene)bis(perfluorphenyl) nicke!

20 bis(tetrahrydrofuran)bis(perfluorophenyl) nickel, and
bis(dioxane)bis(perfluorophenyl) nickel.

11.  The composition of claim 1 wherein said polymer comprises
repeating units selected from the structure:
25

30 2 R4
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at 95[err]Cfor 1 mnute over a hot plate and then exposed through a quartz
mask to UV radiation (240 nn) at a dose of 30 mli/cnferr]. After post-baking
at 95[err]C for 1 mnute, high resolution positive inmages were obtai ned by
devel opment WAHMBOUs base for 60 seconds. 30 WO 97/ 33pOBUS97/04103 -

PCT/ US97/ 04103 - 85 - Exanple 58 The terpolyner of maleic

anhydri de/ bi cycl o[ 2. 2. 1] hept - 5- ene- 2-net hyl acetate/t-bu
nor borrene obtained via free radical polynerization (the @nﬁmuﬂ lm#rm,
25) (nunber average nol ecul ar wei ght 3000) was di ssol ve

propyl ene glycol nonomethyl ether acefit-e (PGlVEA) at 10 wv % of sol | ds

(I;):carlgl W} \(/)Vdoo/n![ gn‘}l exaklll §)‘hé‘pan gef@é‘egé Sarto %!gﬂéé)pﬂéms !gdded at aaol (2)ad| ng
[err] Teflon[er(g&mgﬁdgt&rh e&mhﬁgme@(&#&@mﬂm%ﬂ% ?6 ted fromthe -

sol ution ontoahexarrethld|5|lazane rined silicon wafer O rpmfor 30

seconds f ol | owefiCHy.-COYOR’, (CHPE CLQ)OR, o(CHRY,- Ménwm’)!‘,resul ted in a 0.5
[err] thick | ay T t_)é@ﬂ over a hot
pl ate and then gégi({)#?'g‘m gbﬁgsé&{)b@)&g@gmﬁ}“?mo nm at a
dose of 56 mj/ G@H{){Qﬁﬂl)ﬁﬂm(omf),,lmhjmgome ptdVidoathatjaClebsr ond o RAtERA, hi gh
resol uti on posi, wer. bt ai ne opnent in eous base for
60 seconds. p Eﬁ‘i di@g &8&: &S\f&{ ?(represents hygrogen or
bi cycl of 2. 2. 1] hﬁﬁaraidefm&drw, th..,)émayll M3 PHamege lom 0to S and nis an

integer from O to 10, and R” represents a moiety that is cleavable by a photoacid

initiator selected from the group consisting of -C(CH,),, -Si(CH,),, isobornyl,

10 2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl,
mevalonic lactony}, dicyclopropylmethyl, and dimethylpropyimethyi, R*
independently represents Rand R’

12.  The composition of claim 11 wherein said polymer further

is comprises at least one repeating unit selected from the group represented as
follows:
20
. P, q r
8 R R12 K3 R16
6 RIORIl RI4R15
25 wherein R® to R* independently represent a neutral substituent selected from the

group -(CH,),-C(O)OR", (CH,),-OR", -(CH,),-OC(O)R", -(CH,),-OC(O)OR",
-(CH,),-C(O)R", -(CH,), C(R), CHR)C(O)OR"), and
«(CH,), C(R), CH(C(Q)OR"),, wherein R represents hydrogen or linear and
branched (C, to Cy,) alkyl, R” represents hydrogen or linear and branched

30 (C, to C,,) alkyl, monocyclic and polycyclic (C, to C,;) cycloaliphatic moieties,



butyl ester of norbornene (the polyner of Exanple.22) (nunber average
nol ecul ar wei ght 22, 000) was di ssolved in pro(pﬁil ene gl ycol nononet hyl ether

acetate 20 (PGVEA) at 15 w'v ]ﬁnﬂlﬁmm m Lyl sul foni um

hexaf | uor oant M@H@8W8 ( Sart omrer CD i n profpraRgrodes - -
carbonate) was added at a | oading of*5 W W %to t he polyner. The resist
filmwas filtered through a 0.2 p Teflon[err] filter and the filtered
solution was spin coated fromthe solution onto a hexanet hyl di sil azane

prinmed silicon wafer at 500 rpm for 309 econds foll owed by- 25 2000 rpm
for 25 seconds. This resulted in a 1.1 [S’e'rr] thick layer. The film was

Quar tz sk Lo U PABREpRt SBes e et sl b Bisp e Pl Bl 210" ©
post - baki ng at 9&[1Qdfoh€ixit%sthn%ﬂﬂn&@emd@ﬁ@kﬁ%&vlmp@aomﬁﬁsimbmtumges wer e
obt ai ned by devel oprrent | n agueous base forﬁgo secands. 30 WD, 97/ 33198

PCT/ US97/ 04103 - “aere R dg ({yp mbse‘k!#h%m@aﬁeseef pm Qto 5, and n is an integer from
bi cycl of 2. 2. 1] heafmﬁow%ii"mﬁaém ihee g%ﬁ,tlmembﬁa&&a of

nor bornene (the pol yner of Exanp

mr aver e nol ecul ar wei ght
22,000) wad di ssfﬁx\ﬂe&lm)nlkpkmpeﬂbmgw uhefor@é@t ate 5
(PGNEA) at 15 wy, @ﬂl{ 1?& r nate
(Sartomer CD 1016&/%%9 t|on |n propysagk‘%ﬁcq’?ﬁnl‘r’J onate %g&% at a
| oadi ng of 5 w/\Amﬂismueﬁtm:spnirymﬁoﬁlﬁeosesﬂsmanhtegeﬂ'mziolmH)mddRHrtmugh a
0.2 p Teflon[err dthef |.tered olutlon S, S C ed.fromthe
sol ution onto a #ei’?;f*?ﬂ rF?Q'anmﬁF?ﬂ’e@’e%”h g%épe&g‘ﬁ)”g’@'g}v}"ﬂ‘m for 30
seconds foll ovvedﬂmpmvxsothatatleast one of R 1o R¥is (C, to C,,) alky}, and r is an integer

10 from O to 5.

13.  The composition of claim 9 wherein said monomers are
polymerized in the presence of a catalyst selected from the group consisting of
(toluene)bis(perfluorophenyl) nickel, (mesitylene)bis(perfluorophenyl) nickel,

15 (benzene)bis(perfluorophenyl) nickel, bis(tetrahydrofirran)bis(perfluorophenyl)
nickel, and bis(dioxane)bis(perfluoropheny!) nickel.

14.  The composition of claim 1 wherein said polymer comprises
repeating units selected from the structure:
20

m
25 R! g2 g3 R
wherein R' to R* independently represent a substituent selected from the group
consisting of hydrogen, linear and branched (C, to C,,) alkyl, and the group
~(CH,),-C(O)OR’, ~(CH,),-C(O)OR, -(CH,),-OR, -(CH,),-OC(O)R,
30 -(CH,),-OC(O)OR, -(CH,),-C(O)R, ~(CH,), C(R), CH(R}C(O)OR ™), and



10 2000 rpm for 25 seconds. This resulted in a 1.1 [err] thick |ayer.
The filmwas baked at 95[err]C f a hot plate and then
exposed through a quartz nask toﬂwmﬂmrﬂmuﬂrﬁgﬂo nm at a dose of 15
mi/ cnferr]. WO8¥B1IBWost - baking at I5[ErrtCHor® 1*mi nute, hi BOT/USIIONS | On
positive i mages were obtained by devel opnent in aqueous base for 60
seconds. 15 Exanple 61 The copol yner of bicycl o[ 2. 2. 1] hept - 5- ene- 2- net hyl

butyl carbonate/t- butyl ester of norbor@gene (the pol yner of Exanple 23)
(nunber average nol ecul ar wei ght 22,008)" was di ssol ved i n propyl ene glycol

Triaryl St t oni AERRGETHEMOR e %‘E%a%ﬁ Q"y/ Fblewm 53008 Btk on i

propyl ene carqum@msﬂmmem\g VYeffesentsiHy@roped orTer . The
resist filmwas flltered t hr ou err] Teflon[err fi ter and the

filtered sol utimsanmed ?BP’PF"C% 6ol alkyh M psandntegar fiom Qtor nisan
hexanet hyl dlSl'@&g&wowmmk% td mikey Q%Qgsmm?ﬁ fdagiads

foll oned by 25 2000 rpmfor 25 seconds. I's result naloO/err]
thi ck | ay®r. Trnitistor salacted fromkthe gerupoBisting ofl -GHOH;),o-Si(CEL ), dsdbotnyh| at e and

monforr] . At & ns8 2 aSiinht sPRb Bromtc b oerm st Soso oS o it on
posi tijve |3 gagesnwaromcdhiwyne&yﬂypﬁmmbmﬁnﬁﬂtmmahﬁﬂupﬁmahmné for 60
seconds.

PCT/ US97/ 04103 12 °8?“ °mgk‘§ﬁfﬁﬁfé“%‘§mdk

10 15.  The composition of claim 14 wherein said polymer further
comprises at least one repeating unit selected from the group represented as
follows:

15

p »
RS ps R7R® Rw Rn * gia gis®
20 wherein R® to R® independently represent a neutral substituent selected from the

group -(CH,),-C(O)OR", -(CH,),-OR", -(CH,),-OC(O)R", -(CH,),-OC(O)OR",
~(CH,),-C(O)R", -(CH,), C(R), CHR)(C(O)OR"), and
-(CH,), C(R), CH(C(O)OR"),, wherein R represents hydrogen or linear and
branched (C, to C,,) alkyl, R" represents hydrogen or linear and branched

25 (C, 1o C,,) alkyl, monocyclic and polycyclic (C, to Cy)cycloaliphatic moieties,
cyclic esters, cyclic ketones, and cyclic ethers subject to the proviso that whenR”
is hydrogen at least one of the remaining R® to R* groups contains a substituent
where R” is (C, to C,o) alkyl, p is an integer from 0 to 5, and n is an integer from
0 to 10; R’ to R" independently represent hydrogeﬁ. linear and branched

30 (C, to C,,) alkyl, and a carboxylic substituent represented by the formula



The copol yner of bicycl o[ 2. 2. 1] hept - 5- ene- Z-n:eihyJ but yl carbonate/t-

butyl ester of norbornene (the p e 23) (nunber average

nol ecul ar wei ght 22, 000) was di gj@ i"r nﬁ"lene gl ycol nononet hyl et her
acetate 5 WQSPGMEA) at 15 wvs+% i aryl sul f oniRaWUS97/04103 -
hexaf | uor oanti nonate (Sartonmer CD 1010 50% sor ution in propyl ene
carbonate) was added at a loading of 5 ww %to the polyner. The resist
filmwas filtered through a 0.2 [err] Teflon[err] filter and the filtered
solution was spin coated fromthe solution onto a hexamnet hyl di sil azane

prined silicon wafer at 500 rpm for 36 %7econds foll onwed by 10 2000 rpm
for 25 seconds. This. resulted in a 1.0 [err] thick L yelg The fi ] mwas

baked at Qia[err]d%ciom}ﬁlﬂ'@%@PWﬁﬁﬁa‘M@e&ﬁ o nisatoxict hr ough a
quartz mask to Uy, errh?th %%ﬂ%%ﬁﬁ%ﬁﬁﬁh%@%@%%@dkﬁtber

post - baki ng at 150 m nut e resol-ution positive inages

wer e obt ai ned by en@pqﬂmﬁrmmmmmhwmbmhsb@mjﬁm)ﬂ@lﬂxﬂrml e 63

et racycl odecenchts APy ek RSBk BF Berin s (ol Cod el mdsis mimgr, o)

(nunber aves age ol sar wei ght 23, 000) obtained via ring opening
mat at hesi s 20 pol yneri zati on was di ssolved in propyl ene gl ycol
nononet hyl ether acetate (PGVEA) at 15 w v % of solids. Triarylsul fonium

hexaf | uor oant | monat & {&ar t ERionipbliddhlhclsh 16 20111, 98 of 15 AhEKIsaE
carbonate) was added at a | oading of ww %'t polymer. The resi st

filmwas fil tereaolmewgnmmq@wptmesﬂmpetﬂ]!mﬁwmweqdmmﬂ tered
solution was spin coated fromthe solution onto a 25

hexanet hyl di si | azane prinmed silicon wafer at 500 rpmfor 30 seconds

fol | owed bi0 2000 rpm 15r ZBhesompnsition dficiaim 11 avheteiresdidi polyanet cdmprises | t hi ck

| ayer. The film ake errlC for 1 mnute over a hot plate and

t hen exposed thrgﬁéﬁg‘g“&ﬂ%ﬁ"f&ﬁ&?ﬂ"}' STRAYE i at i on (240 nm at a dose of 30
mi/cnferr]. After post-baking at 125[err]C for

15
m
1 ) 4
R R2 R3 k
20 wherein R' to R* independently represent a substituent selected from the group

consisting of hydrogen, linear and branched (C, to C,,) alkyl, and the group
~(CH,),-C(O)OR’, -(CH,),-C(O)OR, -(CH,),-OR, (CH,),-OC(O)R,
~(CH,),-OC(O)OR, or (CH,),-C(O)R, -(CH,), C[R), CHR)XC(O)OR™), and
-(CH,), C(R), CH(C(O)OR™),, subject to the proviso that at least one of R' to R*
25 is selected from the acid labile group -(CH,),-C(O)OR”", R represents hydrogen or
linear and branched (C, to C,,) alkyl, m is an integer from 0 to 5 and n is an
integer from O to 10, and R’ represents a moiety that is cleavable by a photoacid
initiator selected from the group consisting of -C(CH,),, -Si(CH,),, isobornyl,
2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl,



1.0 mnute, high resolution positive imges were obtained by devel opnent in

30 aqueous base for 30 7/ 33198

PCT/ US97/ 04103 - 88 - Exanplc]mgm\aﬁ'g“!ﬂ" ‘e % nonhydr ogenat ed copol yner
of et hyl est 8¥08¥334%8t r acycl o e/'t-but'yd est er of norbor neper/gsdrpsgps!l yoer
of Exanple 39) (nunber average nol ecul ar wei ght 34, 000) obtained via ring
opening netathesis 5 pol yneri zati on was di ssolved in propyl ene gl ycol
nononet hyl ether acetate (PGVEA) at 15 w v % of solids. Triarylsulfonium
hexaf | uor oanti nonate (Sartonmer CD 1010, 50% sol ution in propyl ene
carbonate) was added at a |loading of- ggw w %to the polyner. The resi st
filmwas filtered through a 0.2 [err] Teflon[err] filter and the filtered
sol ution was s mpiesalosielaetdnl; dicyddpeopsiihethyl, aid diniethylbrdgyimethyl, R™

hexanet hyl di si Iggzan imed silic 3{.\Naf er at 500 rpmfor 30 seconds
fol | owed by 204%°P (Fepyasents - This resulted in a 1.25 p thick |ayer.
The filmwas baked at 95C for 1 m nute over a hot plate and then exposed
through a quartz magsk to WV radiation (240 nm at a dose of 50 ml/cnferr].
After post-baki ng a#8.150Tkscompositien ofixlaim 33 mdereintsaigtpolymsn fustheron posi ti ve

TR0 T cLAFRREE R en e BRICEER R PR fadaRed @7 © seconds:

follows:
10 '
12
R? RS R7 RS R? R0 RuR Rt RI4 RIS Rle

wherein R® to R® independently represent a neutral substituent selected from the
group -(CH,),-C(O)OR"“, -(CH,),-OR ", -(CH,),-OC(O)R", -(CH,),-OC(O)OR",
15 -(CH,).-C(O)R", «(CH,), CR), CH(R}(C(O)OR"), and
-(CH,), C(R), CH(C(O)OR"),, wherein R represents hydrogen or linear and
branched (C, to C,,) alkyl, R” represents hydrogen or linear and branched
(C, to C,,) alkyl, monocyclic and polycyclic (C, to C,j)cycloaliphatic moieties,
cyclic esters, cyclic ketones, and cyclic ethers subject to the proviso that when R”
20 is hydrogen at least one of the remaining R® to R* groups contains a substituent
where R” is (C, to C,) alkyl, p is an integer from O to 5, and n is an integer from
0 to 10; R’ to R* independently represent hydrogen, linear and branched
(C,t0 C,,) alkyi, and a carboxylic substituent represented by the formula
-(CH,),C(O)OH, with the proviso that at least one of R to R" is a carboxylic
25 substituent, q is an integer from 0 to 5, and n is an integer from 0 to 10; and R¥ to
R independently represent hydrogen or linear or branched (C, to C,,) alkyl, with
the proviso that at least one of R* to R* is (C, to C,,) alkyl, and r is an integer
fromOto S.



1 A phot oresi st conmposition conprising a photoacid initiator, an
optional dissolution inhibitor, and a polyner 5 conprising polycyclic
repeating units excluding repeatl ng-units polynerised fromnmaleim degs)
wherein at | ®@97%1%orti on of said i ng uni PSTUBHOM -
pendant acid | abile groups. 10 2. {"lmmm“mm tion of claim1l
wherein said polyner is polynerised rom one *r $nore acid | abile group
substituted polycyclic nononer(s) in optional conbination with a nononer
selected froma neutral group substituted polycyclic nonorner, a carboxylic

acid group substi tut ed 15 polycyclic noner, an al Kyl substituted
pol ycycl i ¢ nononer, m xt ures thereof V\/nerel n said acid | abl I e#roup

mononer is represent éa by%@@ﬁ’ﬂﬁ‘!ﬁ?‘éﬂm2(§ﬂmﬂt2§“ ] to

Rl err] independ u,g{g taerg@lest €d from hydr ogen, linear
and branched (C[Qgﬂreﬁn%o C[grri) ,?dub heragroup
[e OR,
a r]

-(CHerr])[err]-C(O OR*, CHerr])[err]-C(O OR rrj-
-(CHerr])[err]- Wﬁﬂ[err] OC( O TR Y[err]-C(OR,
- 30 (CH[err])[err C(R) ey (R (C(O OR**),

-(CHerr])$err]C(R[err 1 )OR**) [err], subj ectthe provi so that at
| east one of R err] to xerryjis selected fromt tmm Lablle group
-(CHerr])[err]-C(O OR* esent hydrogen or
(Clerr] to Qerr]) alkyl, mlsctﬂz)cr(péégr fromo0 to 5 affeflCER int eger

fromO to 35 10, and R* represent a noiety that is cleavable by a

8

|—|\_/|—|

R represents hydrogen or linear and branched (C, to C,,) alkyl, m and m’

10 idependently represent an integer from O to S and n is an integer from O to 10, R’
represents a moiety that is cleavable by a photoacid initiator selected from the
group consisting of -C(CH,),, -Si(CH,),, isobornyl, 2-methyl-2-adamantyl,
tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl, mevalonic lactonyl,
dicyclopropyimethyl, and dimethylpropylmethyl.

15
20.  The composition of claim 19 whereinmis O, m'is 1, and nis 0.
21.  The composition of calim 20 wherein said polymer composition
comprises repeating units represented as follows:
20
C(O)OC(CH,),
25 C(O)OCH,CH,
22.  The polymer of claim 17, 18, 19, 20, or 21 wherein the
unsaturation in the backbone of said polymer is hydrogenated in excess of
90 percent.
30

his Sheet Has Been Replaced
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photoacid initiator selected from-C(CHerr])[err], -Si(CHerr])[err],
| sobornyl, 2-nethyl-2-adamantyl, tetrahydrofuranyl, - a -

t et rahydropyranyl, 3-oxocycl ohexanyl, meval onic | actonyl,

di cycl opr opyWo7&3498 or di net hyl propyl net hyl, R<* WO 97/r&T4587/04103 -
PCT/ US97/ 04103 - 90- independently represents R and R err]; wherein said
neutral group substituted nononer is represented by th rr
wherein Rerr] to Rlerr] independently represent a neuﬂlmnyﬂﬂ)um “i"r‘m
selected fromthe 10 group -(CHerr])[err]-

-(CHerr])[err]-OR", -(CHerr])[err]--D(OR", (CH[err])[err] OoC( O ORr",
-(CHerr])[err]-(QR" -(CHerr])[err] C(R)[err] CHR(C(OOR"), and
-(CHerr])[er r] C( R Z3er r [Theplph®) afietajm Mmmmlnmmthsmkbomydr ogen

or linear and br he err represents hydrogen or
li near and bran‘l‘aﬁg’ (’&P\%ﬂsﬁ‘y%gﬁﬂ"@%‘] ?’“’Q’l?gbé(xmgcycl i c and pol ycyclic
(Cerr] to (Jerr])cycloali phatlc noi eti es, cyclic esters, cyclic

ket ones, and cyclic et he ect . to the prov so t hat, when err] S
hydrogen at |east orfé of Wé‘ﬁ‘a‘?fﬁ} ‘*W@W?"@‘r‘%%kmt ains a

substi t uegt whegfailf 1y§,ef(§[=%ﬁﬁd|9@o@§mgyﬂwwdp Is an integer fromO to

5, and n is an integer fromO to 10; wherein said carboxylic group
cont ai ni ng nononer is represented by the

25. The composition of claim 1, 2, 3, 4, 5, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or 21 wherein said polymer contains 5 to 100 mole % of repeating

units containing said acid labile groups.
10
26.  The composition of claim 25 wherein said polymer contains 20 to
90 mole % of repeating units containing said acid labile groups.

27.  The composition of claim 26 wherein said polymer contains 30 to
15 70 mole % of repeating units containing said acid labile groups.

28.  The composition of claim 24 wherein said polymer contains S to
100 mole % of repeating units containing said acid labile groups.

20 29. A polymer composition including polymer chains comprising
adjacent polycyclic monomeric units that are linked together in 2,7- repeating unit
enchainment, at least some of said polycyclic units having pendant tertiary
butylesters of carboxylic acid.

25 30.  The polymer composition of claim 29 comprising repeating units of
tert-butylester of 5-norbornene carboxylic acid.

31.  The polymer composition of claim 29 comprising repeating units of
the tert-butylester-of 5-norbornene carboxylic acid and the linear (C, to C,) alkyl

30 ester of 5-norbornene carboxylic acid.
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structure: 20 25 [err] wherein Rlerr]
to Rlerr] independently represent hydrogen, |inear and branched (Cerr] to

Cerr]) alkyl, and a carboxylic substituent represented by the formula
WD 97/ 33198 WO097/33198 PCT/US97/04103 -

PCT/US97/ 04103 - 91 - -(CHerr])[err]C(OOH wth the meLLso_Lha,t_ aL_Least
one of Rlerr] to Rlerr] is a carboxylic substituent, IS an |nteﬂer from

to 5 and nis an integer fromO to 10; and wherein sa\ﬂi‘ﬂlﬂ"'ﬂ{ﬂ ml wliad
nononer i s represented by the structure: 5 r [err] |0
Rlerr] independently represent hydrogedObr |inear or branched (C[err

Cerr]) alkyl, with the proviso that at | east one of err R[err] |s
(Clerr] to Jerr]) al 33l , emelymet@msrnmeymnsmsoMm 3.
The conposition pgr?ggdn? qum)norrers are polyrrerl zed by
ring-opening pol yreri atlon to a|n a ring-opened polyner. 4. The
conposition of claim3 wherein sal d ring-opened polynmer is hydrogenated. 20
5. The conposition of claim2 whereis sai ¢Znononers are pol ynerized by
free radical polynerization.
5
m
Rl p2 p3 R¢
10 wherein R' to R* independently represent a substituent selected from the group

consisting of hydrogen, linear and branched (C, to C,,) alkyl, and the group
<(CH,),-C(O)OR", -(CH,),-C(O)OR, -(CH,),-OR, -(CH,),-OC(O)R,
~(CH,),-OC(O)OR, H(CH,),-C(O)R, -(CH,), C(R), CHR)C(O)OR"), and
-(CH,), C(R), CH(C(O)OR™),, subject to the proviso that at least one of R' to R*

15 is selected from the acid labile group ~(CH,),-C(O)OR’, R represents hydrogen or
linear and branched (C, to C,,) alkyl, m is an integer from 0 to 5 and n is an
integer from O to 10, and R’ represents a moiety that is cleavable by a photoacid
initiator selected from the group consisting of ~C(CH,),, -Si(CH,),, isobornyl,
2-methyl-2-adamantyl, tetrahydrofurany), tetrahydropyranyl, 3-oxocyclohexanyl,

20 mevalonic lactonyl, dicyclopropyimethyl, and dimethylpropylmethyl, R*
independently represents R and R".

33.  The composition of claim 31 wherein said polymer further
comprises at least one repeating unit selected from the group represented as
25 follows

-0 -

6 R7R® RI0 Rl RM R:s
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6. The conposition of claim2 wherein said nononers are 25

pol ynerized in the presence of ~a-catalyst. selected fromthe group

consi sting of a single conponent nultlco nent catal yst system each
conpri sing av@OyaI9e/l | 1 net al io ﬁ lﬂ” sald Si ngerSesiRansnt -
catalyst is represented by the f /33198

PCT/ US97/ 04103 - 92 - [err] 5 mhereln i f the formul ae above, E
represents a neutral 2 electron donor ligand, nis 1 or 2; L represents a
| i gand containing between 1, 2, or 3 [err]-bonds; Mrepresents pall adi um or
ni ckel; X represents a |ligand contai-nigpg-1 [err]-bond and between 0 to 3
[err]-bonds; y is 0, 1, or 2 and z is 0 or 1, and wherein y and z cannot
both be 0 at the same tinme, and when z is 0, ais 2, and when z is 1, ais
1; Rlerr] independently 10 represents linear and branched (Clerr] to-
Cerr])alkyl; and CAis a counteranion selected fromthe group consisting

of BF[err]; PF|@hdrdin RASRERA ﬁ% Ehemﬁbﬁbgnﬁlm sehtididm el e 1 F,

AsF[err], perfl uor oacet ate ( err err]), perfluoropropionate

(Clerr] F[ er r ] Cagresp {FHIrE{O)ORT, olEH )rOR & -(@ED.&@GG(DR{&(E&QEDE(@]&KI err]),

?Sr g{ﬁﬁ?f&éﬂﬁ?@? bf@&jégpfﬂf)oéﬁgp@ﬂmiﬁog&gig represented by the

formul a: 15 [ er«{CHQCR), CHEOIOR),, Hherehﬂemphﬁ&ni hydrégen oE Eseat éndny dr ogen,

fluorine and tr,fl n and _wherein said

mul ti conponent ‘Eﬁ‘t“ﬁ?‘i&m%gywb?@g% '?‘é"ﬁe“ W%B’W”ﬂm 4n source in

conbi nati on wi t{c, &ne,Pitk) Ohbndeflic @fd polyc¥Ric(CY &\ JFydloaliphad Mbi¥dds, Conpound;
cyclic esters, cyclic ketones, and cyclic ethers subject to the proviso that when R”

10 is hydrogen at least one of the remaining R® to R* groups contains a substituent
where R" is (C, to C,,) alkyl, p is an integer from O to S, and n is an integer from
0o 10; R’ to R independently represent hydrogen, linear and branched
(C, to C,p) alkyl, and a carboxylic substituent represented by the formula
-(CH,),C(O)OH, with the proviso that at least one of R® to R" is a carboxylic

15 substituent, q is an integer from 0 to 5, and n is an integer from O to 10; and R to
R’ independently represent hydrogen or linear or branched (C, to C,,) alkyl, with
the proviso that at least one of R* to R'*is (C, to C,,) alkyl, and r is an integer
from0to §.

20 34.  The polymer composition of claim 33 comprising repeating units
having the following structures:

25
m P
(CH,),C(O)OR" R®

wherein m and p independently represent O or 1, R” represents a moiety that is
30 cleavable by a photoacid initiator selected from the group consisting of -C(CH,),,
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(c) a third conponent selected fromthe group consisting of Lewis 25

aci ds, strong Bronsted acids, hal ogenated conpounds, el ectron donating
conpounds sel ected from aliphatic and cycl oaliphatic diolefins, and

m xt ur es t herwof97/33198 The conposition of claim6 wherein SEXWSYOMIE aci ds
are selected 30 fromthe group consisting of BF[err] —etherate,

Tid[err], SbF[err], BCG[err], B(OCH err]CH[err], and -
tris(perfluorophenyl) boron, said strong Bronsted acids ar e“iﬁ%’ﬂ“ ﬁmm,
t he group consi sting of HSbF[err] HPF[err], CFlerr]CJerr] B i
SbF[err], Herr]C(SOerr] CF[err])[erL]1,03CF[err] SJerr]H and

par at ol uenesul foni ¢ acid; and sai d hal ogenat ed conpounds are selected from

the'dS group cons-iSi(C'I—lg)g,lnﬁﬁboiggxaawqaﬂﬁwftehﬂwﬁdmmﬂaaﬂhmgpw&ﬁ;utenoi C
aci d-2, 2, 3, 4, 4- pent achl or obut est exaf | uoro aci

hext f | uor oi sopr oy ¥RY" g"’éﬁ’fﬂf')’ Wﬁ'ﬂ? m"ﬂﬂeﬁ“@f @’%PYZ@P on donati ng
conpounds are Sedxﬁ&hﬂgr gmﬁtmwgﬁﬁwcﬁmg)@kol efins, 10

phosphi nes and phosphi t es, m xt ures thereof. The conmposi tion

of claim6 or 7 ¥FE)e0R(@) WQ@@R WM@@Y@&*@& Rf om
or ganoal num | m 15
al Eyl | tﬁ%mucocr;g%%sq@d g@%&%@@ﬁeregw'gg%‘&q’@ h*he corrpols:Jt I on of

any one of cl ai nolyytlic (8, toHEyp)ayclotaliphatsmbalaties, dydlic@stetspdyalicketordes,randne,
mesityl ene, THF, cygﬁce% oxane.

35.  The polymer of claim 34comprising repeating units having the
10 following structures:

EC(O)OC(CH,), fks

wherein R® represents the group -(CH,),-C(O)OR”, -(CH,),-OC(O)R”,
~(CH,),-OC(O)OR", nis 0 to 5, and R" represents hydrogen linear (C, to C,,)
alkyl.

15

20
36.  The polymer of claim 35 wherein R* is C(O)OR” wherein R” is
selected from the group consisting of methyl, ethyl, propyl, butyl and pentyl.

37.  The polymer of claim 29, 30, 31, 32, 34, 35, or 37 wherein said
25 polymer has a pendant perfluorophenyl group at ieast one terminal end thereof.

38. A polymer produced by polymerizing 2 monomer composition
comprising a polycyclic monomer and a solvent in the presence of a single
component catalyst having the formula:

30
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20 10. The conposition of claim9 wherein the catalyst is
(tol uene) bi s(perfl uorophenyl)nickel, (benzene)bis(perfluorophenyl)nickel,
(mesi tyl ene) bwgﬁ rfl uorphenyl )nickel 25 bis
(tetrahrydrofura %?ﬂgg(perfl uor ophenyl ) ni ckel , or P
The conposition 8#0%| ai m

bi s(di oxane) bi s(perfl uorophenyl)nickel. 11.
1 wherein said polynmer conprises repeating units selected fromthe——-—_______

A A

PCT/ US97/ 04103 - 94- wherein R err] to Rerr] independently
substituent selected fromthe group congd sting of hydrogen,

branched (CJerr] to (Jerr]) alkyl, and the group

-(CHerr])[err]-C(OOCRerr], -(CHerrlE/N OOR -(CHerr])[err]-0OR
-(CHerr])[err]-CC(OR, -(CHerr])[err]-CC(OOR, -(CHerr])[err]-C(OR,
(CHerr])[err]C(R,CHR (C(OOR, and 5 -(CHerr])[err] CR[err]

CH(C( O OR**) [ er ryh jisscteutral 2 électionh QY] ggml t. Least gne of Rerr] to
Rlerr] is sel eca,gggécﬁiggapt he acid | abﬂbgégl oup d?’df—ik 8??’]‘}'?8&@@@@) OR[err],
R represents hydrdgen OF PPffdS WMQM(r@ﬁhgihetfaloGﬁ@fblﬁ%mgl kyl, mis
an integerSfrom0O to 5 and nis an integer fromO to 10, and err]
represents a noiety that is cleavable by a photoacid initiator selected
fromthe group consisting of -C(CH -@ err], -Si(CHerr])[err],
I sobornyl, 10 2- met hyl - 2- adamany+=7't et r ahydr of ur anyl ,
t et r ahydr opyr anyl, 3-oxocycl ohexanyl pJ—m€vil oni ¢ | act onyl
di cycl opropyl net hyl , and di net hyl pr <%~ hyl, R err] independently
represents R and R err]. NV im™

3R

10

wherem R'toR* independently represent a substituent selected from the group
consisting of hydrogen, linear and branched (C, to C,) alkyl, and the group
~(CH,),-C(O)OR", -(CH,),-C(O)OR, ~(CH,),-OR, <(CH,),-OC(O)R,

I5 ~(CH,),-OC(O)OR, or -(CH,),-C(O)R, ~(CH,), CR), CH(R)(C(O)OR"™), and
.—(CH,), C(R), CH(C(O)OR™),, subject to the proviso that at least one of R® to R¢
1:« selected from the acid labile group -(CH,),-C(O)OR", R represents hydrogen or
.lmear and branched (C, to C,;) alkyl, m is an integer from 0 to 5 and n is an
fnteger from 0 to 10, and R’ Tepresents a moicty that is cleavable by a photoacid

20 initiator selected from the group consisting of -C(CH,),, -Si(CH,),, isobornyl,
2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl,
mevalonic lactonyl, dicyclopropyimethyi, and dimethylpropylmethyl, R*

independently represents R and R*.
25 i '
39.  The polymer of claim 38 wherein said monomer coposition further
comprises a polycyclic monomer
of the formula:
30 P
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12. The conposition of claim 1l wherein said polynmer further 15
conprises at | east one repeating unit selected fromthe group represented
as follows: 20 [err] ;25
wherei n R er rvoa3®pRrr] i ndependently represent a neutral SEHFSIHMERL
selected fromthe group -(CHerr])[err]-C(OOR', -(CHerr])[err]-ORerr],
-(CHerr])[err]-CC(OR", -(CHerr])[err]-0(0 OR", (CH[errT)TWETrT S OR—
-(CHerr])[err] C(R[err] CHR)(COOR), and - (CH[err])[
CHC(OOR")[err], wherein R represents hydrogen or |inear !HM;Q&!!" !!II
(derr] to (Jerr]) alkyl, R' represent®Shydrogen or |inear an

(dJerr] to err]) alkyl, nmonocyclic and polycyclic (Jerr] to (Jerr])

cycl oal i phatic noieties, - 95 - cyclic esters, cyclic ketones, and
cycli-c ethers subject to the proviso that when R' is hydrogen at | east one
of the remaining Rlerr] to R err] groups contains a substituent where R' is
(Clerr] to C errihereih RYto RYindepesientlyviepresent & heutfalsubQitdent selsdted fiom 28 | Nt eger

br anched 5 epaERAGTRIOR ) NEHERA e BOBRD S SEiBomtne

represented by therhot Cﬁ'JLG(K)l IGO0 fhdt Ne proviso that at |east

one of Rlerr] to err car box ?IC substltuent gis an integer tomO

to 5 and nis Dk CHW&Q)QRT)@WWPW‘}W&RRPEHWanddependentIy
represent hydro kyl, with the
provi so that at %acgédzod % f°)m%ﬁg§%&ﬁg%0%l&gﬁ%@err]) al kyl ,
and r is an int e@gto CQ) alkyl, ménooydzﬁ)aﬂdjpdiycydlﬁ(gtomcmmhcm:ei claim9
wherein said m)no rs are 0 i zed in the presence of a cat
sel ected from t h@ gi‘éf’?eﬁ'g‘"g Ghﬁ@ Wﬁté‘( r‘@’él’l‘gﬁ%i) ni ckel ,
(nesi tyl ene) bi s(xsmmrwmwéaftm felifdining R® to R® groups comamsasnbstnuent

where R” is (C, to C,,) alkyl, p is an integer from O to 5, and n is an integer from

0 to 10.

40.  The polymer of claim 39 wherein said monomer composition
15 comprises monomers of the formulae:

iC(O)OC(Cﬂﬂs

R®
20
wherein R® represents the group -(CH,),-C(O)OR", -(CH,),-OC(O)R”",
-(CH,),-OC(O)OR", nis 0 to 5, and R represents hydrogen linear (C, to C,,)
alkyl.
25
41.  The polymer of claim 38, 39, or 40 comprising 2, 7- linked
polycyclic repeating units.
42.  The polymer of claim 1, 2, 3R, 39, 40, or 41 wherein said polymer
30 has a pendant perfluorophenyl group at least one terminal end thereof.
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15 (benzene) bi s(perfl uorophenyl) nickels

bi s(tetrahydrofuran)bi s(perfl uorophe i.ckel and
bi s(di oxane) bi s( perfl uorophenyl) ni Cgﬁmll:ﬂ‘iﬁuu HLE mposition of claim1l
wher ei n sai dwoolpsees conpri ses repeat NG ed fr eomuse7/efiszuct-ur e:
20 25 [errﬁ wherein Rerr] to Rerr]

i ndependently represent a substituent selected fromthe group consisting of
hydrogen, linear and branched (C[err] to CJerr]) alkyl, and the group

-(CHerr])[err]-C(OORerr]. .-(CH[errlpﬁ[-err]-C(O)O?, -(CHerr])[err]-0OR
-(CHerr])[err]-CC(O R 30 -(CHerr])[err]-OC(OOR = |
ég%igg])[errl-qq@- -(amlwwm[m&%mmw@e@mgw VO
-(CHerr])[err] W%T%%“ﬁ?“&ﬁt%“ﬁﬁf&??ﬁ%ﬁ@@éﬁ%gﬁgﬂﬁﬁe% ovi so that

at |east one of tétherer] to Rerr] is selected fromthe acid |abile group
(CHerr])[err]-C(OOR[err], Rrepresents hydrogen or |inear and branched
(Jerr] to Cerr]) alkyl, mis an integer fromO to 5 and n is an integer

fromO to 80, and R e4r] Thepolanetiof claini38 whereih Rd 2 e lighmER indaid dasalyst
photoacid 5 i nitiator select e,ql fromthe gro opsi sting of

- O(CH er r]) [ er r compagitionip selqcted feqm the grougcapsisli ,omtm- mantyl
t et r ahydr of uramakethy\ﬁé_ahrydopyranyl , 3-oxocycl ohexanyl, neval onic

| act onyl , dicycl opropyl nethyl, and di net hyl propyl methyl, R err]
i ndependently represents R and R err] 10 15. The conposition

of claim 14 wherein id %[I . i ..one _repeating
unit selected fromt ag gr g‘ﬁ%xr epr e%aéﬁr{{bg%’mgs! ﬁ’qd"sﬁxg%&%tloé&@ﬁﬁna%, anl
10 optional dissolution inhibitor, and a polymer including polymer chains comprising
adjacent polycyclic monomeric units that are linked together in 2,7- repeating unit
enchainment, at least some of said polycyclic units having pendant tertiary

butylesters of carboxylic acid or a copolymer thereof.

15 46.  The photoresist composition of claim 45 wherein said polymer
comprises repeating units of the tert-butylester of 5-norbornene carboxylic acid
and the linear (C, to C;) alkyl ester of 5-norbomnene carboxylic acid.
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[err] 2P REP%@?MENT HERTS t oS errf] i ndependent|y represent a neutral
subst i t hdDesetiptimepaged m.thepagedup. {(CH err])[err]-C(O OR', £gni 185~ +
- (CH[ er {1 BGlaini(s) OR'paged Etorpdepd ¥ || OC(O R', - (CH err])[err] -0 O OR',

- (CH[ er { | 8 [RrawjngQ)Q paped - L Golguged )Terlr ] (R [err] CH(R) (C(O OR')pRand
- (CH er t [ AWstdhctC( R) 1.=Gb( mi)[err] wherein R represents\‘i‘rﬁldrogen

or linegar and branche (C[err o Clarr]) aI kyl, R' represents hydrogen or
| i near &n rr] tlo CleLrgg _al kyl, monocyclic and

pol ycyc dphatic noieties, cyclic esters, cyclic

 Teast one of °t ke relEhl ¥ d?%#ﬂ% S0 R N s Ty o0

substituent where R' is (C[err] to CJerr]) alkyl, pis an integer fromO to

5 and n is an ingeger from %ﬂ&oms@i:eaahp&@;ﬁ&a rdox&mem; @Nph¥toacia
represent hydrogenp, . |jnear and branch

30 % ;{P err]) al g%l“
and a carboxylic 3Bt Uent®t SRES e&lﬁﬁ"f‘ﬁﬁl Brh’b‘? itompnagd) g3pggymer
PCT/ US97/ 04103 - @fmprigidd aralydyelilcCiepenitingt inite @raliding repeatihgast

one of Rerr] to &féé]péﬁ,f-ﬁefﬂe@@go&ncmiﬂh%i&lﬂ%’h whései deNhedet hrom 0
to 5 and n is an integer ) d Rerr] R err] independently

represent hydr ogeRCEFLPR R 8aid MEH&&WC&P?MW CP&‘?‘] contadp PRPEAREhe
proviso that at |eesd Dateild difaipsl. to Rlerr] is (CJerr] to (Jerr]) alkyl,
and r is an integer 5 fromO to 5. 16. The conposition of claiml,
2, 11, 12, 14 or 15 wherein said polynmer has a pendant per fl uor ophenyl
group at at |Hhst2ene terniThe compospsienfofoclaim 1 wherein saigphpolymer

conposi tion of cl agr@alwﬁem Ficth RRley BRI m68E8PAEBE® SLAWIRA grdgpuNi t S

selected fromt hes&bé@féu%

xloe‘:lrr clic monomer(s) in optional combination
with a monomer selected from a neutral group substituted
polycyclic monomer, a carboxylic acid group substituted

15 polycyclic monomer, an alkyl substituted polycyclic
monomer, or mixtures thereof wherein said acid labile group

monomer is represented by the structure:

20

2 L3R

25
wherein R! to R independently represent a substituent
selected from hydrogen, linear and branched (C; to Cip)
alkyl, or the group -(CH;),~-C(O)OR*, - (CH,).-C(C)OR, - (CHz)p-
OR, -(CH;),,-OC_(O)R, = {(CH;)n-OC(O)OR, or -{(CHy),-C(O)R, -

30 (CH,) ,C(R)2CH(R) (C(O)OR**), or —(CH;),C(R)CH(C(O)OR**),,
subject to the proviso that at least one of R! to R® is
selected from the acid labile group - {(CH:),~-C(O)OR*, R
represent hydrogen or linear and branched (C; to Cio) alkyl,
m is an integer from 0 to 5 and n is an integer from 0 to

35 10, and R* represent a moiety that is cleavable by a
photoacid initiator selected from ~-C(CHi)i;, -Si(CH;3),,

isobornyl, 2-methyl-2-adamantyl, tetrahydrofuranyl,
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20 wherein R err] to Rlerr] independently represent a substituent

sel ected fromthe group consisting of hydrogen, |linear. and branched ((err]
to Clerr]) alkyl, and the group -(CH err])[err]-CCOOR[err],
-(CHerr])[err]-C(OOR, -(CHerr])[err]-OR -(CHerr])[err]-OC(OR,
-(CHerr])[err]-OC(OOR, or -(CHerr])[err]-C(OR, -(CHerr])[err]
C(R[err] CHR(C(OOR"), and -(CHerr])CR[err] CHCOOR')[err], subject
to the proviso that at |east one of Rerr] to RPerr] 25 is selected
fromthe acid labile group -(CH err])[err]-C(OOR[err], Rrepresents
hydrogen or |inear a%ﬁWerb—WO%eléiéxﬁﬂJ meéWdlordk lakegayl,

from0t05andn|s an | er fr [ S a
noiety that is cl eavaﬁ?’écg z%p lnfe%@é’l d Fﬁla gé: e?%lmcfeﬁ'ryom e group

consi sting of C(CH[err])[err] - Si (CH[err])[err] i sobonyl ,

2-met hyl - 2- adamantyl, tet rahydr ofuranyl, tet rahydr opyranyl ,

3- oxocycl ohexanyl , WO 97/ 33198

PCT/ US97/ 04103 - 98 - neval oni-c | actonyl, dicyclopropyl nethyl, and

di met hyl propyl net hyl, R' independently represents R and R err]. 18. The
conposition of claim17 wherein said polyner further 5 conprises at

| east one repeating unit selected fromthe group represented as follows:
[err] wherein Rlerr] to R err] independently represent a neutral
substituent selected fromthe group -(CH err])[err]-C(O OR",
-(CHerr])[err]-OR", (CH[err])[err] OC(OR', -(CHerr])[err]-OCC(OOCR', 15

-(CHerr])[err]-(OQR", -(CHerr])[err] R[err]CHR (X(OOR"), and
-(CHerr])[err] C(R)[e.rr] CHC(OOR")[err], wherein R represents hydrogen
or linear and branched (C[err] to CJerr]) alkyl, R' represents hydrogen or
| i near and branched (Cerr] to (Jerr]) al kyl, nonocyclic and polycyclic
(Cerr] to-(Jerr])cycloaliphatic noieties
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cyclic esters, cyclic ketones, and cyclic ethers subject to the proviso

t hat when R' 20 I s hydrogen at | east one of the remaining R err] to
Rl er¥] groups contains a substituent where R' is ((err] to (Jerr])
alkyl, pis an integer fromO to 5 and nis an integer fromO to 10;
Rlerr] to Rlerr] independently represent hydrogen, |inear and branched
(Cerr] to (Jerr]) alkyl, and a carboxylic ggbstituent represented by the
formula -(CHerr])[err](OOH wth the proviso that at |east one of Rl err]

to err a cat L] | fue 0 a2
5, E[nd n] [ !ssan |% ggﬁé %Elgéﬁoghe@u%% C%[J % qunggg ?P e en
represent hydr ogéﬂleFtP‘ﬁnéé?moﬁh?)rm&%@@ﬁi}lgt ef JigkFy,) Hs‘i’lf'lqyl CF:H%H: t he

proviso that at kFgagk sums,O0k, K $6,cF,jH ArEoOlR isnd @[a&ra&]omen@exf&ﬂlal kyl,
and r is an integert, .fro

oo s aher o o UBha L2 rifa hntoasnabos SORBOUAOE §PE TELET S LIBM SHoby

t he fol |l owi ng5st garoupr eensbstimg |ofl heacipioarvaresohgdr bepent broxaarsongnd

branched (Cerr] 3L9u€L§5£&)a@i&-yi,,z g aumi-li;entta@ﬁmsedsaa Y égpgesent an
integer fromoO 1 nis, an inte fromO,to 1 R* represents a

moi ety that is c?‘@ﬁ?gﬁ?‘é"ﬁﬁl‘é"w It | |%P8F°§§?€€‘P%%P‘P]r'orﬁ’idne gr oup
consi sting of -CeBHpeanil} ewhéreirSif:Gld erlelcktenr ipnatbbgrcyhpounds are
2-met hyl - 2- adanaeaxgcta&tf@aa(d&ﬁ n@:{w Jﬁaet:?é&xqi@?x ﬂé(lcholeflns,

3- oxocycl ohexanyl nmeval oni ¢ | act™o )41 I cycC pro
phosphines and phosphites, and m1x ures thereof.

8. The composition of claim 6 oxr 7 wherein the

organomental compound is selected from organcaluminum

compounds, dialkyl zinc compounds, dialkyl magnesium,
15 alkyllithium compounds, or mixtures thereof.

9. The composition of any one of claims 6 to 8
wherein E is selected from toluene, benzene, mesitylene,
THF, or dioxane.

20
10. The composition of claim 9 wherein the catalyst
is (toluene)bis(perfluorophenyl)nickel,
(benzene)bis (perfluorophenyl)nickel,
(mesitylene)bis (perfluorphenyl)nickel

25 Dbis(tetrahrydrofuran)bis(perfluorophenyl)nickel, or
bise (dioxane)bis (perfluorophenyl)nickel.

11. The composition of claim 1 wherein said polymer
comprises repeating units selected from the structure:
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20 and di nrehyl propl net hyl . 20. The conposition of claim19 wherein m

is 0, mMis 1andnis 0. 25 21. Thie conposition of claim20 wherein
sai d.pol yner conposition conprises repeating units represented as foll ows:
30 [err] C(O OCH2CH3 35 22. The conposition of claim17, 18, 19, 20 or
21 wherein the unsaturation in the backbone of said polyner is - 99a -
hydr ogenated i n excess of 90 percent. - 100 - 23. The conposition
of claim 22 wherein the unsaturation in the9baekbone of said polyner is
hydrogenated in excess of 95 percent. 5 24. The conposition of claim

23 wherein the uggat urati ofhd NeduppL32GlER0BE lasai fls PAheFEIn ithecsatatially
100 percent hydroginated

er comprises repeating units represented by the

following structures:

m m
CH,),C(O)OR® (CH,),C(O)OR

10

R represents hydrogen or linear and branched (C; to Cig)

alkyl, m and m’ independently represent an integer from 0
15 to 5 and n is an integer from 0 tc 10, R* represents a

moiety that is cleavable by a photoacid initiator selected

from the group consisting of -C(CHi)i;, -Si(CH,);, isobornyl,

2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl,

3-oxocyclohexanyl, mevalonic lactonyl, dicyclopropylmethyl,
20 and dimehylproplmethyl.

20. The composition of claim 19 wherein m is 0, m’ is

1 and n is O.

25 21, The composition of claim 20 wherein said polymer
composition comprises repeating units represented as
follows:

30

C(0)YOC(CH;),
C(O)OCH,CH;
35

22, The composition of c¢laim 17, 18, 19, 20 or 21

wherein the unsaturation in the backbone of said polymer is

e e

) O A
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25. The conposition of claim1, 2, 3, 4, 5 11, 12, 10 13, 14, 15,
16, 17, 18, 19, 20, or 21 wherein said polynmer contains 5 to 100 nol e % of

repeating units containing said acid |abile groups. 26. The
conposition of claim25 wherein said polyner 15 contains 20 to 90 nole %
of repeating units containing said acid |abile groups. 27. The
conposi tion of claim26 wherein said polyner contains 30 to 70 nol e % of
repeating units containing said 20 acid | abileggroups. 28. The
conposition of claim24 wherein said polynmer contains 5 to 100 nol e % of
epeal i ng units contalladnathd 87! dddl | G Yteatl 20 A pol ymer
conposi tion including polfymer chains conprising~adjacent polycyclic

nononeric units that are linked together in 2, 7- repeating unit
enchai nnment, at |east sonme of said polycyclic units having pendant tertiary

30 butylesters of carboxylic acid. 30. The pol yner conposition of
claim?29 conprising repeating units of tert-butylester of 5-norbornene
carboxylic acid. 35 31. The pol yner conposition of claim 29

conprising repeating units of the tert-butylester of 5-norbornene

———
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- 100a - carboxylic acid and the linear (CJerr] to (Jerr]) alkyl ester of

5- norbornene carboxylic acid. -101- 32. A pol ynmer conposition

conpri sing polymer chains having repeating units represented as follows: 5
m[err] 10 wherein R err] to Rlerr] independently represent a
substi-tuent selected fromthe group consisting of hydrogen, |inear and

branched (CJerr] to (Jerr]) alkyl, and the group
-(CHerr])[err]-C(OORerr], -(CHerr])[err]X@@OOR, -(CHerr])[err]-0OR,
-(CHerr])[err]-C(OR, -(CHerr])[err]-C(QOR, -(CHerr])[err]-C(OR
-(CHerr])[err] CA).[err] OrbR) ¢aitbd£iion |9f cdadn @CHwherelhettig C(R)[err]
CH O R err])[ enfheae Q%k?%h E?héﬂg 9%&1{&%97 télﬁtsaaitd p23she@ngsof Rlerr] to

Rlerr] 15 is selecte romthe aci

- (CH err]) [ err] - ClhufergeRategr dserraenyiedth Rﬂrqel%ar and branched
(err] to (Jerr]) alkyl, mis an integer fromO to 5 and n is an integer
fromO to 10, and represenis a nhoi ei%/ that cI e ab . }_/nauyi)hot oaci d
initiator seleCte romthe%roﬁp%%% T ngo Sre

-Si (CH err]) [ err] unsagaation 2nnthaybackbokarmf yia,ldt mlxhydr bsuespenhtially

tetrahydropyranyl ,10% pe2e¥nko ?agaygnaggd meval oni c | actonyl,
di cycl opropyl met hyl , and di net hyl propyl methyl, Rlerr] i ndependent |y
represents R and R[err] . 33. The conposition of claim 31 wherein said

pol ynmer further c@Brises aTheecestpositimpaerf iclgimil, 2¢l 2cted $rom .t e,

group reDreseabedléﬁ 14, 15, 16, 17, 18, 19, 20, or 21 wherein said polymer
contains 5 to 100 mole % of repeating units containing said
acid labile groups.

26. The composition of claim 25 wherein said polymer
15 contains 20 to 90 mole % of repeating units containing said
acid labile groups. '

27. The composition of claim 26 wherein gaid polymer
contains 30 to 70 mole % of repeating units containing said

20 acid labile groups.

28. The composition of claim 24 wherein said polymer
containg 5 to 100 mole % of repeating units containing said
acid labile groups.
25
29. A polymer composition including polymer chains
comprising adjacent polycyclic monomeric units that are
linked together in 2, 7- repeating unit enchaimment, at
least some of said polycyclic units having pendant tertiary
30 butylesters of carboxylic acid.

30. The polymer composition of claim 29 comprising
repeating units of tett—butylester of S5-norbornene
carboxylic acid.

35
31. The polymer composition of claim 29 comprising
repeating units of the tert-butylester of S-norbornene

R
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25 '

follows [err] 30 - 102 - wherein Rerr] to Rerr] independently
represent a neutral substituent selected fromthe group
-(CHerr])[err]-(QOR", -(CHerr])[err]-OR", -(CHerr])[err]-O(OQR",

-(CHerr])[err]-OC(OOR", 5 -(CHerr])[err]-C(OR'",
-(CHerr])[err] (R [err] CH(R) (C(OQ OR[err]), (CHerr])[err] CR[err]
CHC(OORerr])[err], wherein R represents hydrogen or |inear and branched

(err] to derr]) |l ~sR' _represent drogen or |inear _and branched
(Clerr] to C[err])ca?lbky ,lﬁoﬁ‘géycf’?‘g %‘?\%Ih%ﬁ dGictecker ALivd epEpr] Pf 5-
cycl oal i phati ¢ noP@xbeFneppcrarbexybic acidl i ¢ ketones, and cyclic ethers
subject to the proviso that when R' 10 i s hydrogen at | east one of the
remaining Rlerr] to R err] groups contains a substituent where R' is
(derr] to (Jerr]) alkyl, pis an integer fromO to 5 and n is an integer
fromO to 10; Rerr] to R err] independently represent hydrogen, |inear and
branched (C[err] to (Jerr]) alkyl, and a carboxylic substituent represented
by the formula -(CH err])[err]C(OOH, wth the proviso that at |east one of
Rlerr] to Rlerr] is a carboxylic 15 substituent, g is an integer from
Oto5 and nis an integer fromO to 10; and R err] to Rerr]

i ndependently represent hydrogen or linear or branched (Cferr] to Cerr])
al kyl, with the proviso that at |east one of Rerr] to Rerr] is ((err] to

Cerr]) alkyl, and r is an integer fromO to 5. 20 34. The
pol ymer conposition of claim 33 conprising repeating units having the
followi ng structures: 25 [err] p

OO TR, v s e reptacment sieet
* c L M S *
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wherein mand p independently represent 0 or 1, Rerr] represents a noiety
that is 30 cl eavabl e by a photoacid initiator selected fromthe group
consi.sting of -C(CH3)3, -103- -Si (CH3)3, isobornyl,

2- met hyl - 2- adamantyl , tetrahydrofuranyl, tetrahydropyranyl,

3- oxocycl ohexanyl, neval onic | actonyl, dicyclopropylnethyl and

di met hyl propyl nethyl, and Rlerr] represents the gro ________________

-(CHerr])[err]-C(OOR", -(CH err])[err]-OC(OR", r]-oc(oO OR',
where n independently is 0to 5 R 5 repr esent %@ M’”ﬂ’” ear
and branched (Cerr] to Cferr]) alkyl, nonocyclic ands rr] to
Cferr]) cyclo- aliphatic noieties, cyclic esters, cyclic ketones and

cyclic ethers. 35. The pol ynmer of clailfl 34conprising repeating units
havi ng the 10 followi ng structures: 15 :

[err] wherein Rlerr] 3&predepolymeteomposition corapising nolynesr chainy lmving' |

-(CH err])[err] ) r]-OC(OOR', nis 0to 5 and R'
represents hydroéﬁf“ﬁ%‘éﬁ}”ﬂf{fw*#?d e§rr]) al kyI 20 36. The pol yner
of claim35 wherein Rerr] is CCOOR" wherein R' is selected fromthe group
consi sting of nethyl, ethyl, propyl, but pentyl . 37. The pol yner of
claim?29, 30, 31, 32, 34, 35 or 37 wherej id 25 pol ynmer has a
pendant pergluorophenyl group at least o m nal end thereof 38. A
pol ymer produced by polynerizing a nononfE posi tion conprising a

pol ycyclic nononer and a solvent in the R ce of a single conponent

catal yst having the fornul a:

| and

10 wherein R! to R* independently represent a' substituent selected from the group
consisting of hydrogen, linear and branched (C, to C,,) alkyl, and the group
-(CH,),-C(O)OR’, -(CH,),-C(O)OR, «(CH,),-OR, -(CH,),-OC(O)R,
-(CH,),-OC(O)OR, -(CH,),-C(O)R, -(CH,), C(R), CH(R)(C(O)OR™), and
-(CH,), C(R), CH(C(O)OR""),, subject to the proviso that at least one of R'to R*

15 is selected from the acid labile group -(CH,),-C(O)OR’, R represents hydrogen or
Iinea;r and branched (C, to C,,) alkyl, m s an integer from O to 5 and nis an
integer from O to 10, and R’ represents a moiety that is cleavable by a photoacid
initiator selected from the group consisting of -C(CH,),, -Si(CH,),, isobornyl,
2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl,

20 mevalonic lactonyl, dicyclopropylmethyl, and dimethylpropylmethyl, R™

- independently represents R and R".

33.  The composition of claim 31 wherein said polymer further
comprises at least one repeating unit selected from the group represented as

25 follows

1 Ip 1 lq | Iy

30 9 i2. 16
RS pe p7R® R RI0 Rl R RE R4 R!SR
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30 -104- E[err] N (Cerr]F[err])[err] wherein Eis a neutral 2 electron
donor ligand and n is | or 2, and wherein said polycyclic nononer is

sel ected froma nonomer having the following formula: 5 10 wherein R err]
to R err] independently represent a substituent selected fromthe group
consi sting of hydrogen, |inear and branch@[(qerr] to C(ferr]) alkyl, and
the group -(CHerr])[err]-CCOORerr], err])[err]-C(O OR,
-(CHerr])[err] -OR -(CHerr])[err]-CC(OR, 15

-(CHerr])[err]-OC(OOR, or -(CHerr])[err]-C(OR, -(CH err])[err]
CR[err] CHR(X(OORerr]), and -(CHerr])[err] CR)[err] .

CH((O ORlerr])[err subJcht to the rowso that at |east one of Rerr] to

Rlerr] is Sﬁ| Sct ed Whegsin R Ihdﬁ‘QFPF’!ﬂGPq yeregresens a newteyl substifueat selected Gparthe R
o i eger from o Pt GIIRO(GIR IAIENOR L AL OCIOR A L0 pOR”. <
relpregtsggt fsrgrin?lhgt y(OHth((BRCJ-QGHngGK)?QHm)Qﬁmm)maO . Initi a'; Frerr]
|S§obor nyl, 2-methyT ngg&gggmhgm Mﬁfﬁ*ﬁ%“ lh!g@r,o éﬁé%?’

d| met hyl propyl et h& %ogrlr ; ngﬁdalegg%}%entl ﬁﬁir e%sentdst & an Sx‘R[&Qec; re] -
]

39.  The pol yner )ik nmemﬂm ag@@lym to Eapoxdlealiphaticanaietiss,
conpris es a pol yCyE)Lc'hS edtE O&%ﬁc tor&e@ eanfd Eﬂél e?heri su'bjel:t t%othe proviso that when R”

10 is hydrogen at least one of the remaining R5 to R*® groups contains a substituent
where R” is (C, to C,,) alkyl, p is an integer from O to 5, and n is an integer from
0 to 10; R’ to R" independently represent hydrogen, linear and branched
(C, to Cyp) alkyl, and a carboxylic substituent represented by the formula
-(CH,),C(O)OH, with the proviso that at least one of R? to R" is a carboxylic

15 substituent, q is an integer from O to 5, and n is an integer from 0 to 10; and R® to
R'¢ independently represent hydrogen or linear or branched (C, to C,,) alkyl, with
the proviso that at least one of R to R¥ is (C, to C,,) alkyl, and r is an integer
fromOto 5.

20 : 34.  The polymer composition of claim 33 comprising repeating units

having the following structures:

25
m p
(CH,),C(O)OR" R®

wherein m and p independently represent 0 or 1, R represents a moiety that is

30 cleavable by a photoacid initiator selected from the group consisting of -C(CH,),,

L W SR N oo
|||||||l |||||| ||||| ||||| || i his T the replacemert sheet
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- 105 - wherein Rlerr] to Rerr] independently represent a neutral
substituent selected fromthe group -(CHerr])[err]-C(O OR"
-(CH.err])[err]-OR[err], -(CHerr])[err]-OC(OR",
-(CHerr])[err]-O(Q OR[err], 5 -(CHerr])[err]-C(QR",
-(CHerr])[err] C(R[err] CHR(KOOR), @pd -(CHerr])[err] CR)[err]
CHIC(OOR")[err], wherein R represents hyd‘r ogen or |inear and branched
err] to err ' r [ ' ed
(Gorr] 1o Gerr]) S0 ool £RERE ERORI N Ay U RIRRES),
Cf err])cycl oal i phat3-oxeayclehexanyl, mywdldnic Retosylsdicklopropyii@hywd, and cyclic
ethers subject to t&?\ rovis tgat whgn R' 10 i s hydrogen at | east one
of the remaining R F?‘YILPBOHQF'%?‘ il a5 &y FepressAts Ahe groyp 1iC@BAR "where R s
err] to err |, hor afri L ) : -4 i Nt eger
from 0 to 10 40 Gap OO AT CRTOIOR St SindepelBehul] f QoS it o0
conposi tion 15 repigsaats hydrogen 0o linsas and branched (€rtalCy9:alkyb mdnogyrlivandt ei n R

ts th - - CL. ' .-({CH - OR',
G er]) Ler 1 oo peetd & o Cuf sl ighhie ot i, ot Bk b
(Cferr] to Cferr]) oytheydthergS 41. The pol yner of claim 38, 39, or 40
conprising 2, 7- linked polycyclic repeating units. 42. The pol yner of

claim1, 2, 38, 39, 40, or 41 wherein said polyner 30 has a pendant
perfluorophenyl group atss easl‘he?a@@rx}e?ﬁmlgm 34%991;}&&]:% FeBLating units having the
10 following structures:

{C(O)OC(CHs)s is

wherein R® represents the group -(CH,),-C(O)OR", -(CH,),-OC(O)R ",
-(CH,),-OC(O)OR", nis O to S, and R” represents hydrogen linear (C, to C,;)
alkyl.

15

20
36.  The polymer of claim 35 wherein R* is C(O)OR"” wherein R” is
selected from the group consisting of methyl, ethyl, propyl, butyl and pentyl.

37. The polymer of claim 29, 30, 31, 32, 34, 35, or 37 wherein said

25 polymer has a pendant perfluorophenyl group at least one terminal end thereof.

38. A polymer produced by polymerizing a monomer composition
comprising a polycyclic monomer and a solvent in the presence of a single
component catalyst having the formula:

30

IR e o s sos
* . [ L # s *
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- 106 - 43. The pol yner of claim38 wherein nis 1 and ligand E in
sai d catal yst conposition is selected fromthe group consisting of benzene,

nesi t-yl ene, and toluene. 5 44, The pol yner ‘of claim38 wherein nis
2 and ligand E in said catal yst conposit-i ¥ s sel ected fromthe group
consi sting of THF, dioxane, and diethlether. 45. A phot or esi st

conposition conprising a photoacid 10 i niEjNit@Fs)an optional dissolution

i nhibitor, and a pol ymer including polynmer chains conprising adjacent

pol ycycl'ic nononeric units that are linked together in 2, 7- repeating unit
enchai nnent, at | exfhbrerB® Oheutral Telb@tdaCdonbt Kgatdahdn RNVb ) aREWieren e L1 aAry
butyl esters of carboxylic acid or a 15 copol ynmer thereof. 46. The
phot or esi st conpos PelyeNelie moapmenis seleciedfrem s moriomep bavjng:the fellowingfosmula:
repeating unigs of the tert-- butyl ester of 5-norbornene carboxylic acid and
the linear 20 (Cl to C5) al kyl ester of 5-norbornene carboxylic acid. 47.
The conposition of claiml1l to 28, 45, a wherei n said photoacid
initiator is selected fromtriflates, Alol, oniumsalts, esters of 25
hydr oxyi m des, [err], [err]-bis-sulfonyl>etadonet hanes, sul fonate esters of
nitro-substituted benzyl al cohols, and @aptpqui none-4-di azi des. 48.

10

wherein R to R* independently represent a substituent selected from the group
consisting of hydrogen, linear and branched (C, to C,,) alkyl, and the group
~(CH,),-C(O)OR’, -(CH,),-C(O)OR, -(CH,),-OR, -(CH,),-OC(O)R,

15 -(CH,),-OC(O)OR, or -(CH,),-C(O)R, -(CH,), C(R), CHR)(C(O)OR"™), and
-(CH,), C(R), CH(C(O)OR™),, subject to the proviso that at least one of R' to R*
is selected from the acid labile group -(CH,),-C(O)OR’, R represents hydrogen or
linear and branched (C, to C,;) alkyl, m is an integer from O to 5 and n is an
integer from O to 10, and R’ represents a moiety that is cleavable by a photoacid

20 initiator selected from the group consisting of -C(CH,),, -Si(CH,),, isobornyl,
2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl, 3-oxocyclohexanyl,
mevalonic lactonyl, dicyclopropylmethyl, and dimethylpropyimethyl, R™

independently represents R and R”.

25 39.  The polymer of claim 38 wherein said monomer coposition further
comprises a polycyclic monomer

of the formula:

30

8
R6 R7R

This is the replacement sheet

* [ L ] 5 *

PR

Date: 3 3 DED ¥



30 is triphenylsulfoniumtriflate and said pyrogallol is trinmesylate of
pyrogal | ol . 49. The conposition of claim47 wherein said oniumsalts
include triaryl sul fonium and di aryliodi um@@b. hexafl uoroanti nonat es,

hexaf | uor oarsenates and trifl uoronet hane-sul f onat es. - 107 - 50.

The conposition of claim47 wherein said dissolution inhibitor is t-butyl
chol ate. 51. The conposition of claiml1, 2, 5, 11, 12, 14, 15, 5 25,
26, 27, and 28 wherein said polymer further conprises a repeating uni t

polvrer 5o {1 om B RSB Apcltb pPAIN el SO MR B

with reference to ploepa(Cd)pE(GIORS, o(CHy)GR T, EI{Q,-OC(O)E(',p(ﬂHZr);p@C(KDmC ed

W rofer endet o RELAEAORaTSHy. CORERERELOBRLY, daa "ot et n desertbed
-(CH,), CR), CH(C(O)OR"),, wherein R represents hydrogen or linear and
branched (C, to C,) alkyl, R" represents hydrogen or linear and branched
(C, to C,,) alkyl, monocyclic and polycyclic (C, to C,,)cycloaliphatic moieties,
cyclic esters, cyclic ketones, and cyclic ethers subject to the proviso that when R”

10 is hydr.ogeh.at least one of the remaining RS to R® groups contains a substituent

where R" is (C, to C,,) alkyl, p is an integer from O to 5, and n is an integer from
-0to 10.

40.  The polymer of claim 39 wherein said monomer composition

15 comprises monomers of the formulae:

C(O)OC(CHy); s
20

wherein R* represents the group -(CH,),-C(O)OR“, -(CH,),-OC(O)R”,
-(CH,),-OC(O)OR"“, nis 0 to 5, and R" represents hydrogen linear (C, to C,,)

alkyl.
25
41.  The polymer of claim 38, 39, or 40 comprising 2, 7- linked
polycyclic repeating units.
42. The polymer of claim 1, 2, 38, 39, 40, or 41 wherein said polymer
30 has a pendant perfluorophenyl group at least one terminal end thereof.

RO R O This s fre replecomern s1ec
* < L M S * :
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- 106 -

43. The polymer of claim 38 wherein n is 1 and ligand
E in said catalyst composition is selected from the group

consisting of benzene, mesitylene, and toluene.

44. The polymer of claim 38 wherein n is 2 and ligand
E in said catalyst composition is selected from the group
consisting of THF, dioxane, and diethlether.

45. A photoresist composition comprising a photoacid
initiator, an optional dissolution inhibitor, and a polymer
including polymer chains comprising adjacent polycyclic
monomeric units that are linked together in 2, 7- repeating
unit enchainment, at least some of said polycyclic units
having pendant tertiary butvlesters of carboxylic acid or a
copolymer thereof.

46. The photoresgist composition of claim 45 wherein
said polymer comprises repeating units of the tert-
butylester of 5-norbornene carboxylic acid and the linear
(C. to Cs) alkyl ester of 5-norbornene carboxylic acid.

47. The composition of claim 1 to 28, 45, and 46
wherein said photoacid initiator is selected from
triflates, pyrogallol, onium salts, esters of
hydroxyimides, o, o’-bis-sulfonyl-diazomethanes, sulfonate
esters of nitro-substituted benzyl alcchols, and
napthoguinone-4-diazides.

48. The composition of claim 47 wherein said triflate
is triphenylsulfonium triflate and said pyrogallol is
trimesylate of pyrogallol.

49. The composition of claim 47 wherein said onium
salts include triarylsulfonium and diaryliodium
hexafluorcantimonates, hexafluorocarsenates and
trifluoromethane-sulfonates.

Thiz i the ranlacahent sheet
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50. The composition of claim 47 wherein said

dissolution inhibitor is t-butyl cholate.

51. The composition of ¢laim 1, 2, 5, 11, 12, 14, 15,
25, 26, 27, and 28 wherein said polvmer further comprises a
repeating unit polymerised from carbon monoxide, maleic
anhydride and mixtures thereof.

52. A photoresist composition substantially as herein
described with reference to the accompanying examples.

53. A polymer produced by polymerising a monomer

composition substantially as herein described with
reference to the accompanying examples.

ey
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