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POLYCYCLIC COPOLYMER COMPOSITIONS 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to polycyclic copolymer 

compositions and methods for their preparation and use. More 

specifically this invention concerns random copolymers comprising 

JO repeating units polymerizeq from cycloolefinic and acrylate monomers. 

2. Background 

High molecular weight polycyclic addition polymers having 

directly linked polycyclic repeating units without any internal backbone 

15 unsaturation are desirous from the standpoint of their inherent 

thermoxidative stability and high glass transition temperature (Tg) 

profiles. Cycloolefinic monomers such as norbomene 

(bicyclo[2.2.l]hept-2-ene) have been addition polymerized utilizing a 

variety of catalytic systems. Goodall et al. (U.S. Patent 5,468,819) have 

20 successfully prepared polycyclic polymers from cycloolefinic monomers 

such as norbomene and hydrocarbyl substituted norbomene-type 

monomers. The molecular weights and Tg's of these polymers are 

tailored to desired specifications by conducting the polymerization in the 

presence of a Group VIII transition metal catalyst and an olefinic chain 

25 transfer agent. 

Recent objectives in polymer synthesis have focused· on the 

polymerization of monomers contaiaing functional groups to obtain 

polymers with high Tg's and molecular weights. The incorporation of 

functional substituents into hydrocarbon polymer backbones is useful for 

30 modifying the chemical and other physical properties of a polymer. U.S. 
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Patent 5, 705,503 to Goodall apd Risse discloses polycyclic addition 

.. polymers contaitti~g·functional·substituents. Goodall and.Risse have 

demonstrated that.cycloolefinic monomers containing pendant polar 

functionality cQtjl.4 .be polymerized to polymer cqm~ositions of high 

5 molecular weight ~d Tg. 

An alterna#ve method for the incorporation of polar functional 

groups into a hyclrocarbon polymer backbone hrui been to copolymerize 

the hydrocarbotj monomer (e.g. an olefin) with a:polar functional 

comonomer (e.g., an acrylate). The random copolymerization of ethylene 

10 with methyl acrylate is to d~te only possible using free radical initiators 

under extreme·conditions of temperature and pressure. Very recently 

some progress has been made in the area of. coordination 

copolymerizatiQn .of ethylene and methyl acrylate using palladium 

catalysts (Brookhart et al., J. Amer. Chem. Soc., 1998, 120, 888-899 and 

15 International Published Application WO 96/23010). In this case, 

however, the resulting copolymers are· not true random copolymers since 

the majority, if not all, of the acrylate repeating units are incorporated at 

the chain ends of the highly branched polymer products. 

In the case of copolymerizing a polycycloolefin with acrylic 

20 monomers the use of coordination catalysts for the copolymerization has 

never been described in the art. Indeed, International Application 

WO 96/23010 supra discloses that when a norbomene-type monomer is 

polymerized, no. either monomer can be present. Even more recently, 

Abu-Surrah and Reiger(J. Mol. Catal. A: Chem. (1998), 128, 239-243) 

25 reported that ce~in cationic palladi'1m (II) compounds active in the .· 

homopolymerizati.on of norbomene are inactive to the 

homopolymerization and copolymerization.of polar monomers like 

acrylates. They further reporte4 that addition of methacrylate to 

norbomene polymerization systems using the disclosed catalysts resulted 

30 simply in high~r molecular we~ght and narrower polydispersity of the 

1 .• ,• 
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norbomene homopdi}rmers with no evidence for adfYlttte incorporation 

into the polymer backbone .. 

U.S. Patent 3,536,681 to Mortis discloses copolymers of 

norbomenes and acrylates that were polymerized by free radical means. 

5 The resulting polymers were elastomers with very low levels of 

norbomene incorporation (i.e., up to 5.5 weight percent). 

U.S. Patent 3,679,490 to Starmer discloses terpolymers of 

substituted norbomenes, acrylates and alkoxy alkyl acrylates. These 

polymers are again elastomeric (having sub-zero Tg's) and contain very 

10 low levels ofnorbomene (i.e., up to 5.5 weight percent). 

More recently Behrens in German Published Patent Application 

2,358,112 disclosed copolymers of acrylates with ethylidenenorbomene. 

In U.S. Patent 5,585,222 to Kaimoto et al. there is disclosed 

copolymers suitable for use in photoresist compositions. The disclosed 

15 copolymers are prepared by copolymerizing a 2-substituted norbomene 

with an acrylic acid ester in the presence of an anionic catalyst system. 

The substituent on the 2-position of the norbomene monomer is essential · 

to the polymerization reaction. The substituent is selected from a chloro 

or cyano group which serves to activate the unsaturation on the 

20 norbomene ring to anionic polymerization. 

In Japanese Patent Application Publication 04063810 to Kubo 

there is disclosed terpolymers polymerized from norbomene, maleic 

anhydride, and acrylic monomers. 

In European Published Patent Applieation 0 794 458 there is 

25 described energy sensitive resist materials made by free radically 

polymerizing an alicyclic monomer such as norbomene and a second 

monomer such as maleic anhydride. Acrylic monomers can be 

incorporated as a third or fourth repeating unit in the polymer. The key to 

the successful free radical polymerization of these mixtures is that the 

30 norbomene monomer is an electron donor and the second monomer 
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(maleic anhydric;tc:., being pr~ferred) is ah electron acceptor. Such systems 
. . . 

are known to be facile in free radical polymerizatioµ to afford alternating 
.' ·:· .. •. . :· : 

copolymers as reported by Cincu et al.t Macromol. Reports, A33 (suppl. 
. ;. . 

2), 83-91 (1996.) .. 

5 In viewof: the limitations of the prior art, there is a need for 
:·: 

random copoly~~-containing repeating units polymerized from 

polycycloolefiri ,·and acrylate comonomers that contain high levels of 
. . . . 

polycycloolefiQ. ~corporation and have high glass transition temperatures, 

without the ne~d for special monomer activating substituents or the 

.IO inclusion of speci~ mono~ers in the reaction medium. 

. SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the invention to provide 

15 random copolymer compositions having repeating units polymerized from 
. . 

polycycloolefiri ~d acrylic monomers. These copolymer compositions 

have a high Tg as· well as a high level of polycyclic repeating unit 

incorporation. · 

It is another object of the invention to provide polycyclic/acrylate 

20 copolymer compositions that are devoid of maleic anhydride repeating 

units. 

25 

It is a further object of the invention to provide a catalyst system 

that is capable of copolymerizing polycycloolefin and acrylate monomers 

to high molecular weights and conversion. · 

It is another object of the invention to provide copolymers with 

varying degrees ()fpolycyclic and acrylic repeating unit incorporation. 

It is another object of the invention to provide polycyclic/acrylic 

copolymers With pendant functional groups. 

It is a ftu1her object of the invention to provide 

30 polycyclic/acrylate copolymers containing pendant acid labile groups. 
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It is still aJurther object of the invention t6:;ptovide . . . ,._.· ..... 

polycyclic/acrylate copolymers useful in photoresist compositions. 

These and other objects of the invention are accomplished by 

polymerizing a reaction mixture comprising at least one polycycloolefm 

5 or norbomene-type monomer, at least one acrylate monomer, and a 

solvent and a catalyst system comprising a Group VIII transition metal 

ion source. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1isa500 MHz 1H-NMR spectrum of a polycyclic/acrylic 

copolymer of tP.e invention. 

Figure 2 is a 125.77 MHz 13C-NMR spectrum of the same 

copolymer shown in Figure 1. 

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

20 

(HSQC) of the same copolymer as shown in Figures 1 and 2. 

DETAILED DESCRIPTION 

The polycyclic copolymers ~f the present invention comprise 

repeating units copolymerized from at least one polycycloolefin monomer 

and at least one acrylate or methacrylate monomer. As used here and 

throughout the specification the term polycycloolefin means a 

norbomene-type monomer. The term norbomene-type monomer is meant 

25 to include norbomene, substituted norbomene(s}, and any higher cyclic · 

derivatives thereof so long as the monomer contains at least one 

norbornene or substituted norbornene moiety. The substituted 

norbornenes and higher cyclic derivatives thereof contain a pendant 

hydrocarbyl substituent(s) or a functional substituent(s) containing an 

30 oxygen atom. 
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For brevity, these monomers are collectively referred to herein as 

norbomene-type :nio~omers and are represented by the structural formula 
~ ~ :· .. ·. . . . 

below: .. ·.· 

I 

wherein R1 to R4 independently represents a hydrocarbyl or functional 
.·:'•· . 

15 substituent and m is an integer from 0 to 5. 

When tlt¢ substituent is a hydrocarbyl group R 1. to R4 

independently~resent hydrogen, linear and branched (C1 - C10) alkyl, 

linear and bran~Hed, (C2 ~ C10) alkenyl, linear and branched (C2 - C10) 

alkynyl, (Cs .: Q12) cycloalkyl, (C6 - C12) aryl, and (C1 - C24) aralkyl. 

20 R1 and Rt tog~th~r with the two ring carbon atoms to which they are 

attached can represent a saturated or unsaturated cyclic group containing 4 

to 12 carbon ato:rps or an aryl group containing~ to 14 carbon atoms. 

Representative:8llcYl groups include but are not limited to methyl, ethyl, 

propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, 

25 hexyl, heptyl, ()Ctyl, nonyl, and decyl. Representative alkenyl groups 
.· . 

include but are': not limited to vinyl, and ally I. Representative alkynyl 

groups include ~ut are not limited to ethynyl, 1-propynyl, 2-propynyl, 

1-butynyl, and 2,..butynyl. Representative cycloalkyl groups include but 

are not limited fo cyclopentyl, cyclohexyl, and cyclooctyl substituents. 

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

., 
1 · 
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and anthracenyL . Representative mlkyl groups i4~l~de but are not 

limited to benzyl, and phenethyl. The term hydrocarbyl as used 

throughout the present specification is inclusive ofhalohydrocarbyl 

substituents. By halohydrocarbyl is meant that at least one hydrogen 

5 atom on the alkyl, alkenyl, alkynyl,cycloalkyl, aryl, and aralkyl groups is 

replaced with a h~llogen atom selected from chlorine, bromine, fluorine 

and iodine. The degree of halogenation can range from at least one 

hydrogen atom being replaced by a halogen atom (e.g., a fluoromethyl 

group) to full halogenation (perhalogenation) wherein all hydrogen atoms 

10 on the hydrocarbyl group have been replaced by a.halogen atom (e.g., 

trifluoromethyl or perfiuoromethyl). The preferred perhalohydrocarbyl 

groups include perhalogenated phenyl and alkyl groups~ The halogenated 

alkyl groups useful in the invention are linear or branched and have the 

formula CzXiz+ 1 wherein X is a halogen as set forth above and z is 

15 selected from an integer of I to 10. Preferably Xis fluorine. Preferred 

perfluorinated substituents include perfluorophenyl, perfluoromethyl, 

perfluoroethyl, perfluoropropyl, and perfluorobutyl. In addition to the 

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

invention can be further substituted with linear and branched (C1 - Cs) 

20 alkyl and haloalkyl groups, aryl groups and cycloalkyl groups. 
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When the pendant group(s) is a functional substituent, R1 to R4 

independently represent a radical selected from-(CH2)nC(O)ORs, 
s - s - - -- - -s s 

-(CH2)n-C(O)OR , -(CH2)n-OR , -(CH2)n-OC(O)R , -{C::H2)8-C(O)R • 

-(CH2)8-0C(O)OR5
, and~(CH2)nC{O)OR6, wherein n independeiitlY-

5 · represents an integer from 0 to· 10 and Rs independently represents hydrogen; 

linear and branehed (C1 - C10) alkyl, linear and braiiched, (C2 - C1o)alkenyl, 

linear and branched (C2 ~ C10) alkyllyl, (Cs - C12) cycloalkyl, (C6- --C14) aryl, 
- -

and (C7 - C24) aralkyl. Representative hydrocarbyl groups set forth under the 

definition of Rs are the same a8 those identified above under the defmition of 

10 R1 to R4. As set forth abov~ under R1 to R4 the hydrocarbyl groupS-defined 

under Rs can be ~alogenated and perhalogenated. The R6 radicaI represents-­

an acid labile moiety-~elected from-C(CH3)3,-Si(CH3)3, -CH(R7)0CH2CH3, 

-CH(R7)0C(CH3)3 or the following.cyclic groups: 

15 

-0. ~· ~~c~, R' 
R' R' 

20 

l). L:J lo) 
0 

wherein R7 represents hydrogen or a linear.or branched (C1 - Cs) alkyl 

25 group. The alkyl groups include methyl, ethyl, propyl, i-propyl,- butyl, 

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

the single bond line projecting from the cyclic groups-indicates the 

position where the cyclic protecting group is bonded to the acid-- _ 

·-substituent. Examples ofR6 radicals include l-methyl-1-cyclohexyl, 

30 isobornyl, 2-methyl-2-isobomyl, 2-methyl-2-adamantyl, 

L 
I 
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wherein R 1 to R~,-R6, R9~ m and n are as previously defined, and at least 

one of R6 and/or R9 must be an acid labile group selected from 

_-C(CH3)3,-Si(CH3)3, -CH(R7)0CH2CH3, -CH(R7)0C(CH3)3 of the 

5 following cyclic groups: 

-0. 
R' ~· 

R' 10 
R7 

15. · wherein R7 is the same as previously defined, and x, y, and z represent the 

amount in mole percent of each repeating unit contained in the 

copolymer, wherein x + y is present in the amount of about 95 to about 

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

5 to about 95 inole percent, x or y can be 0 with the proviso that x and y 

20 can not be 0 at the same time, when y is 0 at least a portion ofR9 must be 

an acid labile group, and x + y + z = 100 mole perceJ;tt of the copolymer 

composition. Preferably, the amount of repeating units present in the 

copolymer backbone ·that contain the pendant acid labile group 

functionality, is sufficient to confer a solubility change (insoluble to 

25 soluble) of the copolymer in aqueous media (e.g., an aqueous base) 

following the cleavage of the acid labile group from the protected ester 

functionality. Preferably, the amount of repeating uriits in the copolymer 

containing the acid labile groups ranges from about 10 to about 50 mole 

percent, more preferably from about 15 to about 35 mole percent, and still 

30 more preferably.from about 20 to about 30 mole percent. 
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Representative acid labile groups defined under R 6 and R9 include 

l-methyl-1-cyclohexyl, isobomyl, 2-methyl-2-isobomyl, 2-methyl-2-

adamantyl, tetniliydrofunmyl, tetrahydfopyranoyl, 3-oxocyclohexanonyl, 

mevalonic lactonyl, 1-ethoxyethyl, and 1-t-butoxy ethyl groups. R6 and 

5 R9 can also represent the Dcpm and Dmcp groups defined above. 

Catalyst Systems · 

In one embodiment, the comonomers of the invention are 

l 0 polymerized by a single co~ponent catalyst syStem comprising a 

Group VIII metal catfon complex and a weakly coordinating 

counteranion ~ represented by the following formula: 

15 

20 

[ Ly.MXz' ] [CA t 
cation complex counteranion 

wherein L represents a ligand containing l, 2, or 3 7t-bonds; M represents 

a Group VIII transition metal; X' represents a ligand containing I a-bond 

and between 0 to 3 n-bonds; y' is 0, I, or 2 , preferably 1; z' is I . CA 

represents a weakly coordinating counteranion; and a is a number 

25 representing the number of times the counteranion is taken to balance the 

charge on the cation complex .. In the above formula y', z',.and a are 

preferably 1. 

The phrase "weakly coordinating counteranion" refers to an anion · 

which is only weakly coordinated to the cation, thereby remaining 

30 sufficiently labile to be displaced by a neutral Lewis base. More 

specifically, the phrase refers to an anio~ 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 

4 ' 

1 ·· 
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neutral product. The counteranion is non-oxidative, non-reducing, non­

nucleophilic, and relatively inert. 

L is a neutral ligand that is weakly coordinated to the Group VIII 

metal cation complex. In other words, the ligand is relatively inert and is 

5 readily displaced from the metal cation complex by the inserting 

monomer in the growing polymer chain. Suitable 7t-bond containing 

ligands include (C2 - C12) monoolefms (e.g., 2,3-dimethyl-2-butene), 

(C4 - C12) diolefins (e.g., norbomadiene) and (C6 - C20) aromatic 

moieties. Preferably ligand Lis a chelating bidentate cyclo(C6 - C12) 

10 diolefin, for example, cycl~octadiene (COD) or dibenzo COD, or an 

aromatic compound such _as benzene, toluene, or mesitylene. 

15 

The Group VIII metal M is selected from Group VIII metals of 

the Periodic Table of the Elements. Preferably M is selected from nickel 

and palladium. The most preferred metal is palladium. 

Ligand X' is selected from (i) a moiety that provides a single 

metal-carbon a-bond (no 7t bonds) to the metal in the cation complex or 

(ii) a moiety that provides a single metal carbon a-bond and 1 to 3 

7t-bonds to.the metal in the cation complex. Under embodiment (i) the 

moiety is bound to the Group VIII metal by a single metal-carbon a-bond 

20 and no 7t-bonds. Representative ligands defined under this embodiment 

include (C1 - Cio) alkyl moieties selected from methyl, ethyl, linear and 

branched moieties such as propyl, isopropyl, butyl, isobutyl, sec-butyl, 

tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, and decyl; aryl 

such as phenyl, p-tolyl, or pentaflurophenyl and (C7 - C1s) aralkylsuch as 

25 benzyl. Under embodiment (ii) generally defined above, the cation has a 

hydrocarbyl group directly bound to the metal by a single metal-carbon 

a-bond, and also by at least one, but no more than three n-bonds. By 

hydrocarbyl is meant a group that is capable of stabilizing the Group VIII 

metal cation complex by providing a carbon-metal a-bond and one to 
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three olefinic 7t-bonds that inay be conjugated or non-conjugated. 

Representative hydrocarbyl groups are (C3 - C20) -alkenyl which may be 

non-cyclic, monocyclic, or polycyclic and can be substituted with linear 

- and branched (C1 - C2o) alkoxy, (C6 ~ C1s) aryloxy or halo groups (e.g., Cl 

5 andF). 

Preferably Xi is a single allyl ligand, or, a canonical form thereof, 

which provides-a er-bond and an-bond; or a compound providing at least 

one olefinic 7t-bond to the metal, and a er-bond to the metal from a distal 

carbon atom, spaced apart from either olefinic carbon atom by at least two 

10 carbon-carbon single bond~ (embodiment iii). 

It should be readily appairent to those skilled in the art that when 

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

weakly ligated by the solvent in which the reaction was carried out. 

Representative solvents include but are not limited to halogenated 

15 hydrocarbons such as carbon tetraehloride, chloroform, dichloromethane, 

1,2-dichloroethan~, diethyl ether, THF,-and aromatic solvents such as 

benzene, toluene, niesitylene, chlorobenzene, and nitrobenzene, and the 

like. A more detailed discussion of appropriate solvents will follow. 

Selected embodiments of the Group VIII metal cation complexes 

20 of .the single component catalyst systems of this invention are shown 

below. 

Structure II illustrates embodiment (i) wherein ligand X' is a 

methyl group that is bound to :the metal via a single metal~carbon er-bond, 

and ligand L is coo-that is weakly coordinated to the palladium metal via 

25 two olefinic n-bonds. In the structure below M preferably represents 

palladium or nickel. 

,, I 
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+ 

-CA 

II 

Structures III, IV, and V illustrate various examples of 

embodiment (ii) wherein X' is an allyl group that is bound to the metal 

(palladium is shown for illustrative purposes only) via a single metal-

s carbon a-bond ·and at least one but no more than three 7t-bonds. 

IO 

In Structure III, L is not present but an aromatic group providing 

three 7t-bonds is weakly coordinated to the palladium metal; X' is an allyl 

group providin_g a single metal-carbon a-bond and an olefinic 7t-bond to 

the palladium. 

In Structure IV, L is COD and X' is· an allyl group providing a 

metal-carbon a-bond and an olefinic 7t-bond to the palladium. 

Structure V illustrates an embodiment wherein ligand X' is an 

unsaturated hydrocarbon group that provides a metal-carbon a-bond, a 

conjugated 7t-bond and two additional 7t-bonds to the palladium; Lis 

15 absent. 
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+ 

R20 RlO 

,0 -Pd CA Pd 

R22 R22 

III IV 

+ 

-CA 

v 

Substituents R20
, R

21
, R22 are described in detail below. 

Structures·VI and VII illustrate examples of embodiment (iii) 

wherein L is COD and X is a ligand that provides at least one olefinic 

1t-bond to the Group VIII metal and a er-bond to the metal from a distal 

carbon atom, spaced apart from either olefinic carbon atom by at least two 

10 carbon-carbon single bonds. 

+ 

-CA 

I 
, . 
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+ 

CA-

VI 

+ 

OMe 

VII 

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 in the reaction solvent. The key to proper anion 

design requires that it be labile, stable, and inert toward reactions with the 

I 0 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 

Brensted acids, and which do not have acidic protons located on the 

exterior of the ·anion (i.e., anionic complexes which do not react with 

15 strong acids or bases) possess the stability necessary to qualify as a stable 
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anion for the catalyst system. The properties of the anion which are 

important for maximum lability includ~ overall size, and shape (i.e., large 

radius of curva~e ), and nuch~ophUic.ify. 

In general,: a suitable aJlion may be any stable anion which allows 

5 the catalyst to be dissolved µi ~ s.olvent of choice, and has the following 
. . 

attributes: (l)th~'anion should form s~ble salts with the aforementioned 

Lewis acid, BrsnSted acids, re4ucible Lewis Acids, protonated Lewis 

bases, thallium ~d silver cations; (4) the negative charge on the anion 
. . . ' . . 

should be delocalized over the framework of the anion or be localized 

10 within the core of the anion; (3) the anion should be a relatively poor 

nucleophile; and · ( 4) the anicm should not be a powerful reducing or 

oxidizing agent. · · 

Anions that meet tlie foregoiµg criteria can be selected :from the 
. :, : .. 

group consisting ()f a tetrafluoride of Ga, Al, or B; a hexafluoride of P, 

15 Sb, or As; perfl~oro-acetates, · propionates and butyrates, hydrated 

perchlorate; tob)ene sulfonates, and trifluoromethyl sulfonate; and 

substituted tetriJ.phenyl borate wherein the phenyl ring is substituted with 

fluorine or triflu~romethyl mo~eties. Selected eiamples of counteranions 

.include BF4-, PF6-, AlF303SCF3-, SbF6-. SbFsSO]F", AsF6-, trifluoroacetate 
·, . ·' . 

20 (CF3C021, peritafluor?propionate (C2F sC02 ), heptafluorobutyrate 

25 

(CF3CF2CF2CO;i"), pe~chlorate (Cl04" · H20), p-toluene-sulfonate 

(p~CH3C~SOfl, carboranes of the formula CB11H6X6" wherein X is 

hydrogen or a Jialogen selected :from Cl, Br, I, and F;, and tetraphenyl 

borates represe11ted by the fomiula: 
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wherein R 11 inciep~ndently repres~.Qts hydrogen, qµqtjne and 
. . ' ·. ..i.·.":· 

tritluoromethyl and n' is 1 to 5. 

· A preferred single component catalyst of the foregoing 

embodiment are represented by the formula: 

+ 
RlO 

I c M CA-

R22 

VIII 

The catalyst comprises a 7t-allyl Group VIII metal complex with a 

weakly coordinating counteranion. The allyl group of the metal cation 
I 0 complex is provided by a compound containing allylic functionality 

which functionality is bound to the M by a single carbon-metal cr-bond 

and an olefinic 7t-bond. The Group VIII metal M is preferably selected 

from nickel and palladium with palladium being the most preferred metal. 

As discussed above, it will be understood that the catalysts are solvated by 
15 the reaction diluent which diluent can be considered very weak ligands to 

the Group VIII metal in the cation complex. 

Substituents R20
, R21

, and R22 on the allyl groups set forth above in 

Structures III, IV, and VIII are each independently hydrogen, branched or 

unbranched (C1 - Cs) alkyl such as methyl, ethyl, n-propyl, isopropyl, and 

20 t-butyl, (C6 - C14) aryl, such as phenyl and naphthyl, (C7 - C10) aralkyl 

such as benzyl, -COOR23
, -(CH2)nOR23

, Cl and (Cs - C6) cycloaliphatic, 
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wherein R23 is linear or branched(C1 - Cs) alkyl, such as methyl, ethyl, 
. . . 

n-propyl, isoprop~l, n-butyl and i-butyl and is an integer from 0 to 6. 

Any two o:f R20, R21, and R22 can be linked t<>gether to form a 

cyclic- or multi~yflic ring structure. The cyclic ring structure can be 

5 carbocyclic or het~rocyclic. 

Additi~n~ 'examples of 7t-allyl metal complexes are found in 

R.G. Guy and ~.L Shaw, Advances in Inorganic Chemistry and 

Radiochemistry; Vol. 4, Academic Press Inc., New York, 1962; 

J. Birmingham,E. de Boer, M.LH. Green, RB. King, R Koster, 
. . 

10 P.L.I. Nagy, G.N. Schrauz~r, Advances in Organometallic Chemistry, 

Vol. 2, Academi~ Press Inc., New York, 1964; W.T. Dent, R. Long and 

A.J. Wilkinson, J.Chem. Soc., (1964) 1585; and H.C. Volger, Rec. Trav. 

Chim. Pay Bas, 8~ (1969) 225; which are all hereby incorporated by 

reference. 

15 In another catalyst embodiment, L rei)resents a phosphine, 

phosphite or bipyridyl type ligand. In this embodiment y' of the formula 

[Ly·MX'z·l [CA]a ~~I. The phosphine ligand can be amonodentate 

phosphine· or he~jlabile phosphine. By hemilabile phosphine is meant a 

weakly chelati~g ·phosphine ligand containing an.additional heteroatom 

20 substituent, ( e.~;, :oxygen -or sulfur), capable of weakly complexing the 

group VIII m~tal. .•. The monodentate ligand is represented by the formula 

P(R24)3 wherein ,~24 independently represents linear and branched 

(C1 - C12) alkyl, cycloalkyl and (C6 - C14) aryl and substituted aryl. 

Representative ~kyl groups include but are-not limited to methyl, ethyl, 

25 propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, 

hexyl, heptyl, octyl, nonyl, decyl, and dodecyl. Representative cycloalkyl 

groups include but are not limited to cyclopentyl and cyclohexyl. 

Representative aryl_groups include but.are not limited to phenyl, 

substituted phenyl, and naphthyl, and substituted naphthyl. By substituted 

30 aryl is meant that the aryl groups contain linear or branched (C1 - C12) 

I 
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alkyl groups as defined above under R24, and/or ha1C).g~n groups selected 

from chlorine, bromine, iodine, and fluorine. Examples of suitable 

monodentate phosphines include but are not limited to triethylphosphine, 

triisopropylphosphine, tricyclopentylphosphine, tricyclohexylphosphine, 

5 triphenylphosphine, trinaphthylphosphine, tri-p-tolylphosphine, and 

tri-o-tolylphosphine. The hemilabile phosphine ligand is represented by 

the formula P(R24)2Q wherein R24 is the same as defined above and Q 

represents an organic moiety containing a heteroatom, selected from 

phosphorous, oxygen, and sulfur and combinations thereof. Examples of 

l 0 the Q substituent include but are not limited to -dibenzothiophene, ortho­

alkoxyphenyl-, ortho-alkoxycarbonylp~enyl-, wherein the alkoxy group is 

linear or branched (C1 - Cs) alkoxy; -(CH2)qS(O)C
6
H

5
, -(CH2)qSC6H5

, 

-(CH2)qP(O)(C6H5)2, -(CH2)qP(S)(C6Hs)i, wherein q is 2 or 3. Preferably 

the hemilabile phosphine ligand weakly chelates the Group VIII metal 

15 forming a 5 or 6 membered ring together with the phosphine phosphorus 

atom, the heteroatom (preferably 0 or S) and the group VIII metal. 

Excluded from this class of ligands are the strongly chelating ligands, e.g., 

the diphosphines such as diphenylphosphinoethane and 

diphenylphosphinopropane. Specific examples of suitable hemilabile 

20 phosphine ligands are illustrated below: 
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OCH3 C(O)OCH2CH3 

The phosphite ligands are represented by the formula P(OR24
) 3 

wherein R24 can be the same or different and is the same as defined above. 

Examples of phosphite ligands include but are not limited to 

5 trimethylphosphite, triethylphosphite, tri-n-propylphosphite, 

triisopropylphosphite, tri-n-butylphosphite, triisobutylphoshite, 

tri-t-butylphosphite, tricyclohexylphosphite, and triphenylphosphite. 

The bipyridyl ligand can be a 2,2' -bipyridine ring system, or a 

fused bipyridyl ring system (phenanthrene) selected from the formulae 

10 below: 
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.. RlS. · R2S 

R2S R2s 

wherein R25 independently represents hydrogen, linear and branched 

(C1 - C12) alkyl, linear and branched (C1 - C12) alkoxy, and (C6 - C14) aryl 

and substituted aryl, aryloxy and substituted aryloxy. Representative 

S alkyl groups include but are not limited to methyl ethyl, propyl, isopropyl, 

butyl. isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, 

octyl, nonyl, decyl, and dodecyl. Representative alkoxy groups include 

but are not limited to methoxy, ethoxy, propoxy, isopropoxy, butoxy, 

sec-butoxy, tert-butoxy, pentoxy, and neopentoxy. Representative aryl 

10 and aryloxy groups and substituted derivatives thereof include but are not 

limited to phenyl, phenoxy, tolyl and naphthyl, as well as halogenated 

(especially fluorinated) derivatives thereof. 

The monodentate phosphine ligands are preferred, most 

preferably, triaryl or tricyclohexylphosphines. Optionally the preferred 

15 phosphine ligands can be substituted with sulfonate metal salts such as 

-S03Na which impart the resulting catalysts with solubility in water 

should the copolymerization be run in aqueous media. 

The single component catalyst of the foregoing embodiments can 

be prepared by combining a ligated.Group Vlll·metal halide or 

20 pseudohalide (defined hereinbelow) with acounteranion pl'.oviding salt or 

a strong Lewis acid such as tris[3,S-bis(trifluoromethyl phenyl)] boron 

and tris(pentaflurophenyl) boron that provides the counteranion for the 

subsequently formed metal cation complex. The ligated Group VIII metal 

halide component, the counteranion providing salt or Lewis acid, and 

25 optional 7t-bond containing component, e.g., COD, are combined in a 
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solvent capable of solvating ~e formed single component catalyst. The 

solvent utilized is preferably the same solvent chosen for the reaction 

medium. The cauilyst can be preformed in solvent or can be formed in 

situ in the reactj.qn medium. 

Suitable counteranion providing salts are any salts capable of 

providing the colJllteranions discussed above. For example, salts of 

sodium, lithium, potassium, silver, thallium, and ammonia, wherein the 

anion is selected from the counteranions (CA) defined previously. 

Illustrative counteranion providing salts include TIPF6, AgPF6~ AgSbF6, 

.10 LiBF4, NH.iPF6, K.ASF6, AgC2FsC02, AgBF4 AgCF3C02, AgCl04·H20, 

AgAsF6, AgCF3CF2CF2C02, AgC2FsC02, (C4H9)4NB(C6Fs)4, 

15 

LiB(C6Fs)4,, Lia(C6Fs)4 etherate, and AgCB11H~ whereinX is 

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

' 

The specific catalyst: [allyl-Pd-CODt PF6" is preformed by 

forming a ligated palladium halide component, i.e., bis(allyl Pd bromide), 

which is then ~ubjected to scission with a halide abstracting agent in the 

20 form of a counteranion providing salt,i.e., '.flPF6 in the presence of COD. 

The reaction sequence is written as follows: 
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Allyl Bromide 

When partitioned, only one COD ligand remains, which is bonded 

5 by two 1t-bonds to the palladium. The allyl functionality is bonded by one 

metal-carbon cr-bond and one n:-bond to the palladium. 

For the preparation of the 7t-allyl Group VIII metal/counteranion 

single component catalysts represented iri Structure VIII above, i.e., when 

Mis palladium, allylpalladium chloride is combined with the desired 

I 0 counteranion providing salt, preferably silver salts of the counteranion, in 

an appropriate solvent. The chloride ligand comes off the allyl palladium 

complex as a precipitate of silver chloride (AgCl) which can be filtered 

out of the solution. The allylpalladium cation complex/counteranion 

single component catalyst remains in solution. The palladium metal is 

15 devoid of any ligands apart from the allylic functionality. 

Reactions utilizing the single component catalysts of the present 

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

interfere with the catalyst system and is a solvent for the monomer. 

Examples of organic solvents are aliphatic (non-polar) hydrocarbons such 
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as pentane, hexane,· heptane, octane and decane; alicyclic hydrocarbons 

such as cyclopen~e arid cyclohexane; aromatic hydrocarbons such as 

benzene, chlorobe~ne, o-dichlorobenzene, toluen~, ·and xy lenes; 
'· .. ··: .· ; .' ... 

. halogenated (poJa.!:) hydrocarbons such as methylene chloride, 
'·; ;; . i 

5 chloroform, carbo~tetrachloride, ethyl chloride, 1,1--0ichloroethane, 

1,2-dichloroetharie.: 1,2-dichloroethylene, 1-chloropropane, 
... ·:·· .: ' 

2-chloropropanc_:; l;.chlorobutane, 2-chlorobutane, 1:-chloro-2-
; ~ 

methylpropane, ai:l4 1-chloropentane. When phosphines, phosphites, and 

bipyridyl type lig~ds are employed as Group VIII catalyst ligands, water 

l 0 can be used as the reaction solvent. 

When wat~ is employed as the reaction solvent, the preferred 

ligands are selectect from the phosphines described above. It is possible to 
·. . '; . . 

control the parti~io.~g of the catalyst between the organic (monomer) 

. and aqueous ph~e.~ by appropriate choice of the phosphine ligand. For 

15 example, the use ~ftricyclohexyl phosphlne causes the catalyst to reside 
:· ·.. . .· . 

primarily in the n:i~nomer phase whereas the ~e of ·the sodium salt of 
. .:.. . . .·. . . . 

tris(3-sulfonatoph~pyl) phosphine results in a catalyst dissolved 
., ·... . . 

· essentially in thc{a4ueous phase. Optionally, a s~actant such as an ionic 

surfactant (e.g., sodium lauryl sulfate) or a neutral surfactant (e.g., 

20 ethyleneoxide based surfactants marketed under the trademark Igepal® of 

· the GAF Corporation) can be employed. 

In another: embodiment the comoilomers of ·the invention.are 

polymerized in 'the presence of a multicomponent catalyst system. In this 

embodiment, the ·~talyst is formed from catalyst components comprising 

25 a Group VIII m~tal ion source in combination with an organometal 

cocatalyst and, ·p-~ferably, a third component The cocatalyst is selected 

from organoalwninum ·compounds, dialkylaluminum hydrides~ ·dialkyl 
' . . 

zinc compounds; dialkyl magnesium compounds, and alkyllithium 

compounds. 
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The Group·:\TJII m~ ion source is preferl~Jy selected from a 

compound containing nickel or palladium. There are no restrictions on 

the Group VIII metal compound so long as it provides a source of 

catalytically active Group VIII metal ions. Preferably, the Group VIII 

5 metal compound is soluble or can be made to be soluble in the reaction 

medium. 

The Group VIII metal compound comprises ionic and/or neutral 

ligand(s) bound to the Group VIII metal. The ionic and neutral ligands 

can be selected from a variety of monodentate, bidentate, or multidentate 

l 0 moieties and combinations thereof. 

Representative of the i~nic ligands that can be bonded to the metal 

to form the Group VIII compound are anionic ligands selected from the 

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

such as cyanide, cyanate, thiocyanate, enolates of f3-dicarbonyl 

15 compounds such as acetylacetonate (4-pentanedionate), 

2,2,6,6-tetramethyl-3,5-heptanedionate, and halogenated 

acetylacetonoates such as 1,1, 1,5,5,5-hexafluoro-2,4-pentanedionate, 

1, 1, 1-trifluoro-2,4,pentanedionate; anions of acidic oxides of carbon such 

as carboxylates and halogenated carboxylates (e.g., acetates, 

20 2-ethylhexanoate, neodecanoate, tritluoroacetate, 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, phosphines, etc.) of sulfur 

(e.g., sulfates such as tritlate, p-toluene sulfonate, sulfites, etc.); ylides; 

25 amides; imides; oxides; phosphides; sulfides; (C6 - C24) aryloxides, 

30 

(C1 - C20) alkoxides, hydroxide, hydroxy (C1 - C20) alkyl; catechols; 

oxalate; chelating alkoxides and aryloxides. Palladium compounds can 

also contain complex anions such as pp· 6, AIF 303SCF3, SbP-6 and 

compounds represented by the formulae: 
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5 wherein R26 independently represents a halogen atom selected from Cl, F, 

I, and Br, or a substituted or unsubstituted hydrocarbyl group. 

Representative hydrocarbyl groups are selected from linear or branched 

(C1 - C25) alkyl such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 

sec-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl,.decyl, undecyl, 

IO dodecyl, tride~yl, tetradecyJ, pentadecyl, hexadecyl, heptadecyl, 

octadecyl, nonod~cyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, 

pentacosyl, an~ isomeric forms ~ereof; (C2 - C25) alkenyl such as vinyl, 

allyl, crotyl, butenyl, pentenyl~ hexenyl, octenyl, nonenyl, decenyl, 

itndecenyl, dodeeenyl, tridecenyl, tetradecenyl pentadecenyl, 

. 15 hexadecenyl, hepta.decenyl, octadecenyl, nonadecenyl, pentacosenyl, and 

isomeric forms thereof; (C6 - Cis) aryl such as phenyl, tolyl, xylyl, and 

naphthyl; (C1 - G'2s) aralkyl such as benzyl, phenethyl, phenpropyl, 

phenbutyl, phen}iexyl, and napthoctyl; (C3 - Cs) cycloalkyl such as 

cyclopropyl, cycJpbutyl, cyclopentyl, cyclohexyl~ cycloheptyl, cyclooctyl, 
. . . 

20 2-norbomyl, 2.,;n9rbomenyl, and the like. In addition to the above 

25 

definitions R26 r¢presents the radical: 

The terin ''substituted hydrocarbyl" means the hydrocarbyl group 

as previously detined wherein one or more hydJ:ogen atoms have been 
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replaced with a.J:ulibgen ato~ such as Cl, F, Br, art~J'(e.g., 

perfluorophenyl); hydroxyl; amino; alkyl; nitro; and mercapto. 

Representatives of the neutral ligands which can be bonded to the 

Group VIII transition metal are the olefins; the acetylenes; carbon 

5 monoxide; nitric oxide, nitrogen compounds such as ammonia, 

alkylisocyanide, alkylisocyanate, alkylisothiocyanate; pyridines and 

pyridine derivatives (e.g., 1,10-phenanthroline, 2,2'-dipyridyl), 

JO 

15 

20 

l ,4-dialkyl-1,3-cliazabutadienes, l ,4-diaryl-1,3-diazabutadienes and 

amines such as represented by the formulae: 

N(R31) 
. 2 ' 

wherein R31 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 

25 diallyl ether, diethyl ether, cyclic ethers such as cliethylene glycol cyclic 

oligomers; organic sulfides such as thioethers {diethyl sulfide); arsines; 

stibines; monodentatate and hemilabile phosphines such as described 

above; phosphine oxides, phosphorus halides; and phosphites of the 

formula P(OR24
)3, wherein R24 is the same as defined above; phosphorus 

30 oxyhalides; phosphonates; phosphonites, phosphinites, ketones; 
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sulfoxides such as (C1 - C20) alkylsW,fqxides; (C6 -·C20) arylsulfoxides, 

(C7 - C40) alkarylsulfoxides, and the.like. It should be recognized that the 

foregoing neutral ligands can be utilized as optiQn~ third components as 

will be described hereinbelow~ · 

5 · Exampl¢.&:ofGroup VIIl tran~ition metal compounds suitable as 

the Group VIII fu~tal ion source include: palladiiim ethylhexanoate, 
~ . . . . 

trans-Pd Ch(PPh3)2, palladium (Il)bis(trifluoroacetate), palladium (II) 

bis( acetylacetoliate ), palladium (II) 2-ethylhexanoate, Pd(acetate )2(PPh3h, 
palladium (II) \>ramide, palladium (II) chloride, palladium (II) iodide, 

1 O palladium (II) o~de, mono~cetonitriletris{triphenylphosphine) palladium 
. . . 

(II) tetrafluoro~ol'ate, tetrakis(acetonitrile) palladium (II) 

tetrafluoroborate; dichlorobis( acetonitrile) palladium (II), 
. . 

dichlorobis(triphenylphosphine) palladium (II), dichlorobis(benzonitrile) 
: ·,·· ·. 

palladium (II}, pa,Jladium acetylacetonate, palladium bis(acetonitrile) 

15 dichloride, pall~dium ·bis( dimetliylsulfo:idde). dichloride, nickel 

acetylacetonates, nickel carboxylates, nickel dimethylglyoxime, nickel 
' . . . . 

ethylhexanoate, ·bis(2,2,6,6-tetramethyl-3 ,5-heptanedionate) nickel (II), 

nickel (II) hexafluoroacetylacetonate ietrahrydrate, nickel (II) 
.· ·, "f ·. 

trifluoroacetyla,~etonate dihydrate, nickel (II) acetylacetonate 

20 tetrahrydrate, ni,ckelocene, nickel (II) acetate, nickel bromide, nickel 

chloride, dichlqrohexyl nickel acetate, nickel lactate, nickel oxide, nickel 

tetrafluoroborafe. 

25 

•:: 

The orgarioalumirium component of the multicomponent catalyst 

system ofthe·present invention is represented by the formula: 

AIR32 3-x"Q' x" 

wherein R32 independently represents linear and branched (C1 - C20) alkyl, 

(C6 - C24) aryl, (C1 - C2o) aralkyl, (CJ - C10) cycloalkyl; Q' is a halide or 

30 pseudohalide selected from chlorine, fluorine, bromine, iodine, linear and 
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.:·· .. ;'f, _;:;·::·(.~.1. 

branched (C1 - C2o)alk0xy, (C6 - C24) aryloxy; an~t*':'', is 0 to 2.5, 

preferably 0 to 2. 

Representative organoaluminum compounds include 

trialkylaluminums such as trimethylaluminum, triethylaluminum, 

5 tripropylaluminum, triisopropylaluminum, triisobutylaluminum, 

tri-2-methylbutylaluminum, tri-3-methylbutylaluminum, 

tri-2 .. methylpentylaluminum, tri-3-methylpentylaluminum, 

tri-4-methylpentylaluminum, tri-2-methylhexylaluminum, 

tri-3-methylhexylaluminum, trioctylaluminum, and 

PCT/US99/13903 

10 tris-2-norbomylaluminum; ,dial~ylaluminum halides such as 

dimethylaluminum chloride, diethylaluminum chloride, 

diisopropylaluminum chloride, and diisobutylaluminum chloride; 

monoalkylaluminum dihalides such as methylaluminum dichloride, 
. ' 

ethylaluminum dichloride, ethylaluminum diiodide, propylaluminum 

15 dichloride, isopropylaluminum dichloride, butylaluminum dichloride, and 

isobutylaluminum dichloride; and alkylaluminum sesquihalides such as 

methylaluminum sesquichloride, ethylaluminum sesquichloride, 

propylaluminum sesquichloride, and isobutylaluminum sesquichloride. 

The dialkylaluminum hydride is selected from linear and branched 

20 (C1 - C10) dialkylaluminum hydride, with diisobutylaluminum hydride 

being a preferred dialkylaluminum hydride compound. 

The dialkyl zinc compounds are selected from linear and branched 

(C1 - CIO) dialkyl zinc compounds with diethyl zinc being preferred. The 

dialkyl magnesium compounds are selected from linear and branched 

25 (Ct - C10) dialkyl magnesium with dibutyl magnesium being the most 

preferred. The alkyl lithiums are selected from linear and branched 

(C1 - C1o) alkyl lithium compounds. Butyllithium is the preferred alkyl 

lithium. 

In the practice of the present invention, the multicomponent 

30 catalytic system obtained from the Group VIII metal ion source is utilized 
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with one or both Qf a com:po~ent selected from the group of cocatalyst 

compounds, ~d ~ird component compounds. 

ExampJes (>f third components are strong Lewis acids such as the 
:· .. ' ' 

BF3·etherate, TiC14, SbFs, and tris(perfluorophenrl)boron. 

5 ·As set forth above the neutral ligands can be employed as optional 

third componel1t$.with electron donating properti~s. 

In one ~nibodiment of the invention, the hiulticomponent catalyst 
. . ' . 

. . 

system can be prepared by a process which comprises mixing the catalyst 
. . . . . . 

components, i.e.,.'the Group VIII metal compound or ion source, the 

10 cocatalyst comptjµnd, and ~rd component (if employed), together in a 

hydrocarbon or li~ohydrocarbon solvent and then miXing the premixed 
:.;··· . · .. 

catalyst systeni iµ·the reaction· medium comprising ihe monomer. 
~ . ' . 

Alternatively, (~suming the optional third component is utilized), any 

two of the cataly~ system· components can be premixed in a hydrocarbon 

15 or halohydroc~bon solvent andthen introduced into the reaction medium . 
... . > .. = • 

. The remaining catalyst component can .be added to the reaction medium 

before or after the addition of the premixed components. 

In anothel" embodiment, the multicomponent catalyst system can 

be prepared in sif-µ by·mixing together all of the catalyst components in 

20 the reaction medium. The order of addition is not important. 
. . 

In one embodiment of the multicomponent Ca.talyst system of the 
·.·.. : ; 

invention, the catalyst system comprises a niclcei salt, e.g., nickel 

ethylhexanoate, ~'1 organoaluminum compound, e.g., triethylaluminum, 

and a third coi:nponent Lewis acid, e.g., tris(perfluorophenyl)boron as 

25 shown in the !oppwing scheme: 

nickel ethyl}iexanoate + tris(perfluorophenyl)boron + triethylaluminum -

Active Catalyst 

.. , 
I 
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Reactions .utilizing the single and D1ulticorll~~nent catalysts of the 

present invention are carried out in an organic solv:ent which does not 

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

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

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

alicyclic hydrocarbons such as cyclopentane and cyclohexane; aromatic 

hydrocarbons such as benzene, chlorobenzene, o-dichlorobenzene, 

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

chloride, chloroform, carbon tetrachloride, ethyl chloride, 

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

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

1-chloro-2-m~ylpropane, and 1-chloropentane. 

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

single and multicomponent catalysts of the invention range from 20: 1 to 

15 100,000:1, preferably 50:1to20,000:1, and most preferably 100:1 to 

10,000:1. 

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

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

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

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

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

metal ranging from 0.25:1to20:1. 

The temperature at which the polymerization reactions of the 

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

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

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

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

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

catalysts described in this invention, the preferred solvents are chlorinated 

30 hydrocarbons such as methylene chloride and 1,2-dichloroethane and 
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aromatic hydr9¢a.rbons such as benzene, toluene, !=hlorobenzene, and 

nitrobenzene, ~$ siinple hydrocarboris being less preferred due to the 

resulting lower 'cpnversion of the functional norbomene-type 
;: 

monomer{s). · · · 

5 The polyqters of the invention are produced· in a molecular weight 

(Mn) range frorii~bout 1,000 to about 1,000,000~ preferably from about 

2,000 to about;soo,ooo, more preferably from abo~t 5,ooo to about 
··. ' .. 

100,000. 
. . . 

The poJyiners of the present invention are useful in electronic, 

l 0 optical and hi~ temperatur~ thermoplastic (e.g.; pipe, fiber) applications. 

15 

For electronic ·(e'.:g. photoresist) applications the•molecular weight 

preferably ranges. from about 5,000 to 20,000 (l\.fu); · For high temperature 

thermopla8tk~pplications the molecular weight preferably ranges from 

about 40,000 to l 00,000 (Mn). 

In one etjibodiment of the invention the .polycyclic/acrylic 
,. 

polymers are u~e:ful as components in resist materials utilized in the 

manufacture of'µttegrated circuits. The pattennrig ofIC's is carried out 

according to varipus lithography techniques knov\ln·in the art. 

Photolithogra},by employing ultraviolet (UV) light·1md increasingly deep 

20 UV light or othet radiation is a fundamental and important technology 

utilized in the'pr6duction ofIC devices. A photosensitive polymer film 

(photoresist) is applied over a substrate surface (e.g., wafer) and dried. A 

photoinask containing the desired patterning· information is then placed in 

close proximity to the photoresist film. The photoresist is irradiated 

25 through the overlying photomask by one of Several types of imaging 

radiation incllJ.ding UV light, electron beams, x,;;rays, or ion beams. Upon 

expos\lre to radiation, the photoresist undergoes a chemical change with 

attendant cha'Qges in solubility. ·After irradiation, the substrate is soaked 

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

30 unexposed regions) the patterned images in the photosensitive polymer 

I . 
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film. Dependin~ ~ti.the type of photoresist used) $\We polarity of the 

developing solvent, either the exposed or nonexpose_d areas of film are 

removed in the developing process to expose the underlying substrate, 

after which the patterned exposed or unwanted substrate material is 

5 removed or changed by an etching process leaving the desired pattern in a 

functional layer of the wafer. The remaining photoresist material 

functions as a protective barrier against the etching process. Removal of 

the remaining photoresist material gives the patterned circuit. Etching is 

accomplished by plasma etching, sputter etching, and reactive ion etching 

10 (RIE). 

The polycyclic/acrylic copolymers of the invention that contain 

acid labile groups pendant from the backbone can be used in radiation 

sensitive photoresist compositions. The photoresist compositions of the 

present invention comprise the disclosed polycyclic/acrylic copolymer 

15 compositions, a solvent, and an photosensitive acid generator 

(photoinitiator). Preferably, a dissolu~on inhibitor can be added in an 

amount of up to about 20 weight percent of the composition. A suitable 

dissolution inhibitor is t-butyl cholate (J.V. Crivello et al., Chemically 

Amplified Electron-Beam Photoresists, Chem. Mater., 1996, 8, 376-381). 

20 Upon exposure to radiation, the radiation sensitive acid genera~or 

generates a strong acid. Suitable pbotoacid generators include triflates 

(e.g., trip.h,enylsulfonium triflate), pyrogallol (e.g., trimesylate of 

pyrogallol); onium salts such as triarylsulfonium and diaryliodium 

hexafluoroantimonates, hexafluoroarsenates, trifluoromethanesulfonates; 

25 esters ofhydroxyimides, «;a -bis~sulfonyl-diazomethanes, sulfonate 

esters of nitre-substituted benzyl alcohols and napthoquinone-4-diazides. 

Other suitable photoacid generators are disclosed in Reichmanis et al., 

Chem. Mater. 3, 395, (1991). Compositions containing triarylsulfonium 

or diaryliodonium salts are preferred because of their sensitivity to deep 

30 UV light (193 to 300 nm) and they give very high resolution images. 
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Most preferred are, the unsubstituted and symm~cally or 

unsymmetrically substituted diaryliodiutn or trlai-ylsulfonium salts. The 

photoacid initiat<?t component comprises about 1 to 100 w/w percent to 

polymer. The p~ferred concentration range is 5·to 50 w/w percent. 

The ph<:>toresist compositions of the present invention optionally 

contain a sensitizer capable of sensitizing the photoacid initiator to longer 

wave lengths ranging from mid UV to visible light. Depending on the 

intended applieation, such sensitizers include polycyclic aromatics such as 

pyrene and perylene. · The sensitization of photoacid initiators is well-

10 known and is described in U.S. Patent Nos. 4,250,053; 4,371,605~ and 

4,491,628 which are all incorporated herein by reference. The invention 

is not limited t~ a specific class of sensitizer or photoacid initiator. 

The process for generating a positive tone resist image on a 

·.substrate comprises the steps of: (a) coating a substrate with a film 

15 comprising the· positive toile resist composition :Of. the present invention; 

b) imagewise exposing the film to i'adiatiOn; and:(c) developing the 

image. 

The first step involves coating the substrate with a film comprising 

the resist polymer composition dissolved in a suitable solvent preferably, 

20 at about 5 to 40 weight/volume percent of solids, ·more preferably I 0 to 

30 weight/volume percent. Suitable substrates are comprised of silicon, 

ceramics, polymer or the like. Suitable solvents include propylene glycol 

methyl ether acetate (PGMEA), cyclohexanone, butyrolactate, ethyl 

lactate, and the like. The film can be' coated qn the substrate using art 

25 known techniques such as spin or spray coating, or doctor blading. 

30 

Preferably, before the film has been exposed to radiation, the film is 

heated to an elevated temperature of about 90°C to l 50°C for a short 

period of time of about 1 min. In the second step of the process, the film 

is imageWise exposed to radiation suitably electron beam or 

electromagnetic preferably electromagnetic radiation such as ultraviolet or 
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x-ray, preferably llitraviolet radiatio~ suitably at ~:·W~\re length of about 

193 to 514 nm preferably about 193 nm to 248 nm .. Suitable radiation 

sources include mercury, mercury/xenon, and xenon lamps, argon fluoride 

and krypton fluoride lasers, x-ray ore-beam. The radiation is absorbed by 

5 the radiation-sensitive acid generator to produce free acid in the exposed 

area. The free acid catalyzes the cleavage of the acid labile pendant 

group of the copolymer which converts the copolymer from dissolution 

inhibitor to dissolution enhancer thereby increasing the solubility of the 

exposed resist composition in an aqueous base. Preferably, after the film 

l 0 has been exposed to radiation, the film is again heated ~o an elevated 

teinperature of about 90° C to 150° C for a short period of time of about 

1 minute. 

The third step involves development of the positive tone image 

with a suitable solvent. Suitable solvents include aqueous base preferably · 

15 an aqueous base without metal ions such as tetramethyl ammonium. 

hydroxide or chorine. The composition of the present invention provides 

positive images with high contrast and straight walls. Uniquely, the 

dissolution property of the composition of the present invention can be 

varied by simply varying the composition of the copolymer. 

20. The following examples are detailed descriptions of methods of 

preparation and use of certain compositions of the present invention. The 

detailed preparations fall within the scope of, and serve to exemplify, the 

more generally described methods of preparation.set forth above. The 

examples are presented for illustrative purposes only, and are not intended 

25 as a restriction on the scope of the invention. 

Catalyst Component A= (C6lis)2 P(CH2CH2S(O)C6Hs)Pd Ch 

Catalyst B = n3 -crotyl nickel ( cyclooctadiene) hexafluorophosphate 

Catalyst Component C = (allyl)Pd(tricyclohexylphosphine) chloride 

30 Catalyst Component D = bipyridyl palladium dichloride 
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~xa.,plel 

To a ~ck~walled, sepllJm .. s.e;iJ.ed 100 ml glass vial, equipped with 
.·.. ··, . •' 

5 a magnetic stkb~ was added n()rbornc:ne (2.5 g,26.5 mmol), . 

dichloroethane' ds ml) and 1netbyla{;rylate (2.3~ ml, 26.5 mmol). 

ThereSfter was ~ded catalyst A (13.4 ~g, 26 µmol) dissolved in 
.· 

dichloroethane·(~:ml), trispentafiuorophenylboron (234 µmol) and 
: . .. , .. . .. 

triethylaluminuni(0.16 ml (1.71nolar in cyclohe~e), 260 µmol). The 

1 O resulting stirre-~ :~~lution ~ placed in a heated oil ;bath at 50°C for a total 

of 48 hours. After 48 hours the.polymer wa8 precipitated by pouring the 
' 

reaction mixtID,:e i,nto· excess methanol (300 ml), filtered, and washed with 
. : ,. 

excess methallql prior to drying to constant weigbtunder vacuum at 80°C. 

The ~ed, white, granular pQlyiner was found to weigh 0.5 g. 

15 Proton NMR ~ey~aied the polymer to be free of any solvents.or 

20 

.·: ~ .. -~ . . . 

unconverted morit>mer. The proton NMR also indicated the product to be 
~· . . 

a random cop0I}'~er of the two" monomers (77 mole% norbomene, 

23 mole % m~thylacrylate )·. 
; '.·;:: 

Example2 

· · To a tbi~~:-walled, septum-sealed 100 ml glass vial, equipped with 

a magnetic stit h!U" was added norbomene (2.5 g, 26.5 mmol}, 

dichloroethan~ p5 ml) and methylacrylate (2.38 ml, 26.5 mmol). 

Thereafter was.added catalyst B (9.5 mg, 26 µmol)dissolved in 

25 dichloroethane O ml). The resulting stirred solution was placed in a 

heated oil bat}l at S0°C for a total of 18 hours. After 18 hours the polymer 

was precipitate~ by pouring the reaction mixture ~nto excess methanol 

(300 ml), filtere4, and washed with excess methmiol prior to drying to 

constant weight under vacuum at 80°C. 

1 · 
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The driedfwhite, granular polymer was f~iJ to weigh 0.3 g. 

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

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

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

5 35 mole % norbomene). 

Example3 

To a thick-walled, septum-sealed 50 ml glass vial, equipped with a 

magnetic stir bar was added norbomene (5.0 g, 53.1 mmol), toluene 

10 (10 ml) and methylacrylate (2.38 ml, 26.5 mmol). Thereafter was added 

caUllyst C (25 mg, 53 µmol) premixed for 1 minute in toluene (2 ml) with 

lithium te~aki~(penttluorphenyl)boron etherate (46 mg, 53 µmol). The 

resulting stirred solution was placed in a heated oil bath at S0°C for a total 

. of 17 hours. After 17 hours the polymer was precipitated by pouring the 

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

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

The dried, white, granular polymer was found to weigh 1.16 g. 

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

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

20 a random copolymer of the two monomers. The molecular weight 

(relative to polystyrene standards) was measured using GPC methods and 

found to be: Mw 57,000, Mn 30,000 and polydispersity 1.9, (87 mole % 

norbomene, 13 mole% methylacrylate). 

25 Example4 

To a thick-walled, septum-sealed 100 ml glass vial, equipped with 

a magnetic stir bar was added norbomene (2.5 g, 2~.5 mmol), . 

dichloroethane (35 ml) and methylacrylate (2.38 ml, 26.5 mmol). 

Thereafter was added catalyst B (19 mg, 53 µmol) dis~olved in 

30 dichloroethane (3 ml), premixed (for 3 minutes at ambient temperature) 
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with tricyclohexylphosphine (14.~ :111~, 53 µmol) .. The reslilting stirred 

solution was pli¢ed in a heat~d oil bath at S0°C for a total of 18 ho'ill'S. 

After· 1 s ho~s ili,e polymer \\'asprCci~itated by :poUrlng the reaction 
. . . . . . . : .. ~- : . 

inixtUre into bx~ess methan<>1 · (300 ml), filtered ;and washed with excess 

methanol pri~; i~ drying to constant ~eight und~:.vacuum at 80°C. 
:' .. ·· . : 

The dried, white, grilllular polymer was found to weigh 0.35 g. 
·;· .:.·· . '· . : .. . 

Proton NMRrevealed the polymer to be free of any solvents or 

unconverted ~~namer. TheNMR spectra sho'Wnin Figures 1, 2, and 

3 also indicates fuat the produCt is a random co~olYmer of the tWo 

10 monomers cs'~ Illole % methylacrylate, 15 ·mole% norbomene). 

15 

A sectiri4. confirmation for the formation ~fa random copolymer is 

the Field desofi>~on ionim.tion~mass spectnlm (no~ sho\vn) of the 

copolymer. Tn~ pyrolysi~ that ocC.µrred during.tl:ie analysis yielded mass 

peaks cori'espOllding to oiigomers containing bt>th methylacrylate and 

norbomene repC,ating units. 

Examples 

To a thick-Walled~ septwn-sealed 100 ml glass vial, equipped with 

a· magnetic stir:par was added norbornene (2~5 g~ 26.S rtunol), deionized 

20 water (20 ml), which had been purged with nitrogen for 15 minutes and 

methylacrylate (2.38 ml, 26.S mmol). Thereafter was added a largely 

homogeneo~· solution made by mixing (for 30' minutes, under nitrogen in 

an ultrasonicate>r) allylpalladium chloride dimer (9~_7 mg, 53 µmol), 

deionized wat~r (3 ml), tris(3-sulfonatophenyl)phpsphine sodium salt 

25 (30.1 mg, 53 ~ol and litl,iitim.tetrakis(pentaflµorophenyl)boron etherate 

(46 mg, 53 µmol). The resulting suspension was stirred and placed in a 

heated oil bath at S0°C for a totBI ·of 18 hours. After 18 hours the 

resulting aqueous polymer slurr}' w~ poured into excess methanol 

(500 ml), filtert:d, and washed wlth excess methanol prior to drying to 

30 constant weighi under vacuum at 80°C. 
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The dritit~iranular polymer was found td~glgh 3.7 g. Proton 
,, 

NMR revealed the polymer to be free of any solve~ts or unconverted 

monomer.. The proton NMR also indicated the product to be a random 

copolymer of the two monomers (54 mole % norbomene, 46 mole % 

5 methylacrylate). 

Example6 

To a thick-walled, septum-sealed 100 ml glass vial, equipped with 

a magnetic stir bar was added butylnorbomene (3.97 g, 26.5 mmol), 

l 0 toluene (25 ml) and methylacrylate (2.38 ml, 26.5 mmol). Thereafter 

was added tricyclohexylphosphine (14.6 mg, 53 µmol) premixed with 

( cyclooctadien~ )palladium(methyl)chloride in toluene (3 ml) followed by 

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

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

15 50°C for a total of24 hours. After 24 hours the polymer was precipitated 

by pouring the reaction mixture into excess methanol (300 ml), filtered 

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

vacuum at 80°C. 

The dried, white, granular polymer was found to weigh 1.6 g. 

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

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

a rando~ copolymer of the two monomers (93 mole % butylnorbomene, 

17 mole % methylacrylate ). 
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Example7 

To a thic~~walled, septum-sealed I 00 ml.gla8s vial, equipped with 

a magnetic stir:b~ was added the tert-butylester of- norbomene (5.15 g, 

26.5 mmol}, t6iu~ne (25 ml), 2,6-di-tert-butylpyridjne (50 mg, 265 µmol) 
. ' 

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

of isobutylene) m.d methylacry•ate (2.38 ml, 26.~ mmol). Thereafter was . 

added tricyclohe~lphosphine (14.6 mg, 53 µmol) premixed with 
·. ; 

(cyclooctadierie)}'.>alladium(methyl)chloride in tol1:1ene (3 ml) followed by 
.; .. ~ 

lithium tetrakiscPentaflurorophenyl)boron (36 mg, 53 µmol) in toluene 
. ' . . 

l O (3 ml). The res~lting stirred solution was placed in a heated oil bath at 

50°C for a total ~:)f 18 hours. After 18 hours the polymer was precipitated 

15 

20 

·. . 

by pouring the ~action mixture into excess me~ol (200 ml), filtered 

,and· washed Wi~ excess methanol prior to drying fo constant weight 

under vacuum af 80°C. 

· The drled. polymer was fo\Jnd to weigh 05 g. Proton NMR 

revealed the polymer to be free of any solvents or unconverted monomer. 

The proton N~ also indicated the produet to he a random copolymer of 

the two monom~rs (86 mole % methylacrylate, 14 mole % tert-butylester 

of norbomerie ); ·,' 

Example8 

To a thick~walled, septum-sealed 100 ml glass vial, equipped with 

a magnetic stir bar was added ethylester of norbomene (4.4 g, 

26.5 mmol), toluene (25 ml), and methylacrylate (2.38 ml, 26.5 mmol). 

25 Thereafter was added tricyclohexylphosphine (14.6 mg, 53 µmol) 

premixed with (allyl)palladiumchloride dimer in toluene (3 ml) followed 

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

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

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

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

" I ' 
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and washed witli ~:kcess methanol prior to drying ltf~onstant weight under 

vacuum at 80°C. 

The dried polymer was found to weigh 0.4 g. Proton NMR 

revealed the polymer to be free of any solvents or unconverted monomer. 

5 The proton NMR also indicated the product to be a random copolymer of 

the two monomers (63 mole% methylacrylate, 37 mole% ethylester of 

norbornene ). 

10 

Example9 

To a thick-walled, s~ptum-sealed 100 ml glass vial, equipped with 

a magnetic stir bar was added norbornene (2.5 g, 26.5 mmol), deionized 

water (25 ml), which had been purged with nitrogen for 15 minutes and 

methylmethacrylate (2.65 g, 26.5 mmol). Thereafter was added a largely 

homogeneous solution made by mixing (for 30 minutes, under nitrogen in 

15 an ultrasonicator) allylpalladium chloride dimer (9.7 mg, 53 µmol), 

deionized water (3 ml), tris(3-sulfonatophenyl)phosphine sodium salt 

(30. l mg, 53 µmol and lithium tetrakis(pentaflW'Orophenyl)boron (36 mg, 

53 µmol). The resulting suspension was stirred and placed in a heated oil 

bath at 50°C for a total of 18 hours. After 18 hours the resulting aqueous 

20 polymer slurry was poured into excess methanol (500 ml), filtered, and 

washed with excess methanol prior to drying to constant weight under 

vacuum at 80°C.. . 

The dried, granular polymer was found to weigh 3.9 g. Proton 

NMR revealed the polymer to be free of ahy solvents or unconverted 

25 monomer. The proton NMR also indicated the product to be a random 

copolymer of the two monomers (71 mole % norbornene, 29 mole % 

methylmethacrylate ). 
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ExalnplelO 

To a thick-walled, septum-sealed l 00 ml glass vial, equipped with 

a magnetic stir bar was added norbomene (2.5 g, 26.5 mmol), 

dichforoethane (35 ml) and methylacrylate (2.38 ~' 26.5 Inrtiol). 

5 Thereafter was added catalyst component D (9 mg, '26 µmol) dissolved in 

dichloroethaile (2 ml), trispentatluorophenylboron (234 µmol) and 

triethylaluminum (0.16 ml (1.7 molar in cyclohexane), 260 µmol). The 

resulting stirred solution was placed in a heated oil bath at 50°C for a total 

of 48 hours. · After 48 hours the polymer was precipitated by pouring the 

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

excess methanol prior to drying to constanfweiglit under vacuum at 80°C. 
' . .: . 

The dried, white, granular polymer was fol.ind to .weigh 0.2 g. 

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

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

15 a random copolymer of the two monomers (71 mole% norbomene, 

29 mole % methylacrylate ); 
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What is claimed J.s:' · 
I 1111111111111 11111 1111111 1111 

* C L M S * 

1. A copolymer composition comprising repeating units of 

the formula: 

s 

-(-CH2 -CRB-t-

1 
C(O)OR9 

10 

15 wherein R1 to R4 independently represent a radical selected from 

·-(CH2)nC(O)OR5
, -(CH2)n-C(O)OR5

, -(CH2)n-OR5
, -(CII2)0-0C(C>)R5

, 

-(CH2)0-C(O)R5
• -(CH2)0-0C(O)OR5

, and-(CH2)0 C(O)OR6
, wherein m 

represents an integer from 0 to 5, n independently represents an integer 

from 0 to 10; R5 independently represents hydrogen, linear and branched 

20 (C1 - C10) alkyl, linear and branched, (C2 - C10) alkenyl, linear and 

branched (C2 - C10) alkynyl, (Cs - C12) cycloalkyl, (C6 - C14) aryl, 

(C7 - C24) aralkyl, and halogenated substituents thereof; R6 represents an 

acid labile moiety; R8 is hydrogen or methyl; and R9 independently is 

selected from hydrogen, an acid labile group, linear and branched 

25 (C1 - C10) alkyl, linear and branched, (C2 - C10) alkenyl, linear and 

branched (C2 - C10) alkynyl, (Cs - C12) cycloalkyl, (C6 - C14) aryl, 

(C7 - C24) aralkyl; and halogenated substituents thereof. 


