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NORBORNENE- TYPE MONOMERS (USI NG GROUP 10 METAL COWPLEXES Fl ELD OF THE

| NVENTI ON  The pr ' tion relates to nickel and pallalgi ﬁﬁh@ﬁal ysts
that 10 is are ca?@ﬁ@”‘“ﬁ@ﬂﬁ@m meri zing pol ycyclic ol efins I on

pol ymeri zation to ted, high glass transition tenperature

pol ynmers. The sat ur at &P yners can be prepared as thernoplastic or

t hernoset nmaterials and have i nproved oxidative resistance, high

t enper ature behavior, and better nechanical properties after aging than
cyclic polymers prepared by ring-opening netathesis polynerization.
BACKGROUND CF THE | NVENN MOEDeABDITION ROLYMERIZATIONC| ool ef i n pol yners

41 ativel y rocent dovORONRBHORNENIE TS RONEIMERR.BRGT ", Ieﬁ'ﬂ"a

mol ding (RIM of polyolefi @}@wﬁfmﬂmmmﬁsnet at hesi s "
l'e I presence o

pol yneri zabl e pol ycyclic ol efinic nonomers in the f a W’ﬂ’ﬂ”ﬂmmw

y
conpl exessis a particularly inportant aspect of polycyclic olefin "'6166"
chem stry. For exanple, Kl os'h,?ﬁ' @z E;hi]é IW Q\gs. 4,400, 340 and
4,520, 181) discusses a netho HDQ Fydity IQNent adi ene can be pr epar ed
by combining a pl ur aht bikesétt ikRRAEbARatePRTELe] 8hd pAMRIunKkAglyeMitga di scl oses
t he preparation of pol ymers from di cycl opent adi ene via a two-stream

reaction i nj ecaiecapshi¢ df pejymenning gakycyglisr definsoreaddiiemm i ncl udes a

"procatal yst", and t.he.s R j hcl | yst activator" or
"activator". Tﬂély%ﬁlﬁqn%ggéﬁ?géﬁp I%ge{ﬁ:, ggr%l%?ga%%tﬁ%ﬂp{?gﬁ%%agu% m x head where
t he procafal yspolghrraclliewatRited polghRtLcanrbeqrépayal aahalptdstic 6at al yst. The

reactive catal ystl nononmer mxture is imediately injected intoa i 2 4]

U N 20D3 -2 5 Hhsrmosehaiaterialg andihave improved ogdativedesistancepbighner i zati on t akes
| f i | J I . f . h h
56,1010, SRl TS AT BT G A o

nmet at hesi s cat a s are e ‘polyneri z on of polycyclic
ol efins, the usgdicyolimets pedpared byfrigiepenimy hetathesiv polyrtesization. et ai ned in the
pol ymer backbone. In addition, the resultant polyner contains a repeat unit
with one | ess cyclic unit than did the starting nononmer as shown in the

reaction gchene bel ow. RGRCKGROUND GRPHE BIVENIION despi te being formed
fromthe same nononer, an agdi t1 bn-polymerized polycyclic olefinis clearly

di sti ngui shabl e ovePrepafRbR of chgmmset Beloalefia polymdére bylithe Bugnt  (addi ti on)
mechani sm the additio ol yner has..no one C=C unsaturation as shown
in the reacti oﬁpw%mgﬂgqswﬁmzﬂ%ﬂg@%ﬁés ﬂfe%_tg[eg'_nr@ger}tn structures of
ROVP and addi t yeyk] heHi®l thePolydRerR®. WeelidiCinfERAB RIokihe (RMIFSNCced in their

properties, e.g., thermal properties, nmechanical properties’ after aging,
and pol ymer supélxeksfige by itheringrppennitiofimeiathesip polyulesirahle polypydliccycl i c

O 15 S SPEIIRERSAGS DR Al FOiaBRmRRS " Ul v 9,
thermal st abi | paicalaripiigportar? aspedtbfipodPfydlid olefin chemistry. For example,

Klosiewicz (U.S. Patent Nos. 4,400,340 and 4,520,181) discusses a

method whereby polydicyclopentadiene can be prepared by combining a

plurality of reactant monomer streams. Klosiewicz discloses the

25 preparation of ROMP polymers from dicyclopentadiene via a two-stream

reaction injection molding technique wherein one stream, includes a

"procatalyst", and the second stream, includes a "procatalyst activator" or

"activator”. The monomer reactant streams are combined in a mix head

where the procatalyst and activator generate an active metathesis catalyst.

30 The reactive catalyst/monomer mixture is immediately injected into a



t enper ature above 200C because of its high degree of backbone unsaturation.
Ri ng- opened netathesis polyners and copol yners of dicyclopentadi ene are
known to have excellent glass transition 5 tenperatures (Tg?4adwNﬂN§h

i mpact resistance. Because of their high Tg val ues, however, these polyners
are difficult to nelt process once forfed. Crosslinking in the nelt also
occurs when the ring-opened pol yner or copolyner contains a pendant five
menber unsaturated ring such as results when dicycl opentadiene is used to

form the pol yngbldrh&epoitbiARmatter 6f §3c068d, pollyadripnloyrakes piace extrenel y
difficult to nelt process. This poses a significant disadvantage to

sol ution pol ynformingp snbidasticle inghe shapepdt the mold| Althgughsydhd to provi de

finished artic 4 A ﬁ@g 0 pared in

bul k, processi%EﬁuF%Efg@ﬁé&giéﬁ%&%hFﬁgk%H?@§?e sedgﬁghéfggﬁgﬁﬁgince t he

pol ymeri zat i onolefili§ $hePhrd@Rrdtéd matiifelof the etartihgtiéhomeds Blreamedésthieed. Mel t

processing for such bul k polynerized polyners and copol ymers is nornmally
[ f h bul k pol i zed pol d I [ |

not requi Ped. ROI¥mEr backbonsy Ik agditiphethe seshitem Pplyser geriaips g aeRgat ant
s e : Y ! . . M shed
advant ages Wiy Wislhnt RIS HGEATASRE niFSHEPR R 01 Shed

20 net hod to ptheyestion schenteliwlovadi ene to a solid polynmer in the presence of
a catalytic system of nickel acetylacetonate or a nickel - phosphi ne conpl ex
and an al kyl al um num chl oride. They note that if the tenperature increases
too nuch then cooling is required to successfully polynerize the nonomer.
Typi cal ly, pol ynorbornadi ene is processed at 25 tenperatures of |ess than

| 00C. Generally, however, E:§1?3§ynE§6mﬁiion vi bor nadi ene with an
opti mal amount of the catal stem 15 1ot charg

exotherm In simlar fashion, Brownsconbe and WIfig (U S. Patent No.

4,451, 633) polynerized an ol efinic nononer feed i he presence of a 30
Ziegler-Natta type coordination catalyst systemconprising a Goup IV 2 4
J UN 20D3 -4 metal containing conponent and activator hydrides and

hal i des, ®@n or Yastanecaitrasic tiespit being domagddtorh thema@egugrontertan [ [ | . Thi s

nmet hod permts roduct. o f | yolef.injc.arti.cle at are difficult
or inpossible P%‘Hﬁ?’g'aﬁ 8’#?8‘{;?‘88?)&3'%’&[% g e MHSF{*%“‘%&E&? By convention
met hods. The nRIOMEpolyeRs. BecddsSof R ldefféreMQaddtiidn) rechddismotier i ses al i phatic
and cycl oaliphatic al pha olefins as well as other diolefins (producing

pol yneric arti addigor pelysienhargnoskaskbenesGtE uasatealon asgthpwaris theavi ng i npr oved
heat resistanc aﬁﬁ&ngﬁwﬁﬁﬁﬁigfd through the use of conononers. For exanpl e,
t he heat resistance o 0 dicycl opent adi ene can be increased by

copol yneri zing DCPD with a crosslinking or bul ky conononmer. However, the
i nproved heat resistance obtained at the cost ofgdecreased i npact

resistance. Sjardijn and Sns . S. Patent No. 5 1441) enpl oyed ring
openi ng net at hesi s pol yner{|za @ onaDDiani £1 cal | Ky norbornenes ~ 5
(generated fromthe 1:1 D ehks<AMler adducts of cy pent adi ene and
nor bor nene, nor bor nadi ene and cycl ooctadi ene) to i de copol yners show ng

tail ored properties, such as increased glass transition tenperature.
Li kew se, I*Hara, Endo, and Mera (European Patent

The difference in structures of ROMP and addition polymers of
polycyclic monomers is evidenced in their properties, e.g., thermal
properties, mechanical properties after aging, and polymer surface quality.
The addition-type polymer of polycyclic olefins such as norbornene has a

20 high Tg of about 350°C. The unsaturated ROMP polymer of norbornene
exhibits a Tg of about 35°C, and exhibits poor thermal stability at high



Application No. 287762 A2) prepared highly crosslinked copol yners by 20

nmet at hesis from heat treated cycl ooctadi ene and di cycl ooct adi ene. Tsukanot o
and Endo (Japanese Patent Application, 9-188714, 1997) pol yriéiJidd2003

‘et hyl i dene norbornene via Ziegler type gol ymerization in a RIM process to
yi el d addition polynerized solid objects. The disclosed catal yst conprise a
G oup IV netal containing procatalyst and 25 Goup Il netal containing
activator. Nagaoka et. al. (Japanese Published Application No. 8-325329,

1 996) descri be i@nperaafssboleR0d°badeahserafits high dugreefof doaekboteycl ool ef i n

pol ynmer via reaction injection nolding (Rl in the presence of a Goup 10
transition net ansatgapeind and a cocatal yst. A nolded article 30 containing
no unsaturated bonds,.] ' < e -52~JUN
2003 nononers cont aﬁﬂﬁ-&B@ﬁﬁ%ﬁ?@%{’@ﬁ@ﬁﬁ% ﬁéﬂﬁgﬁﬁ%ﬂene functionality.

There is no di fidyerpertadiensargdnsivhamhave exceliens glasntaditipnl ynmer product or a
procat al yst species containing.both a Goup 15 el ect rog ,dg{égt' ng |igand
(e.g., triphenytPRIIYFasHLR) igh HyRAChESsiskRee.| Beranse ofiihgir ordinated to

> the Goup 10 JAREG!howkVer, BsEBIPMmYR ard BRfibAP3E: BRLASLALE forpgaa myri ad of

conpounds i ncl udi'ng or gand ew s acl d various borate salts.
The use of si m@resstinking ifl the@neltials@ ocoutls whemthie tringroperddapolgmbt or ar e not

di scussed or exenplified. Accordjn , a Group 10 tal catalytic species
that requires fﬁgglpf%&?m@%?pﬁeiangé‘ymw&rwﬁéﬁ“&%w%H? &ing |igand and
a hydrocar byl 'rbﬁ@t@@vkﬁﬁ%id%?iop@ﬁﬂ&i@ﬁ@is%@djto fbﬂn@i%dlf/rﬁébortcﬁﬁél?nieﬁ no

suggestion, inplication, eaching of the inportant conblnation of a
G oup 10 metal Grossliaked palymesaraextrametn dfioulptoieleprocessodhisqrses | i gand and

hyd byl 1i in,copbination w.th a weakl oordi nati ng .ani on sal t
St oaror Yy et laiVanRige 1 Soulbon by se brlatet vl B8y *gasr ©
5,569, 730; and vz, 1fiélt SrbddssbBioeprovidvminished afgcRy PInlébntastator pblyswas ens are

useful in generating thernoplastic addition polyners froma variety of
nor bonene der i \Badicopelymersqueparedindullo Prossrung. dotoymp oEmeltflows ag sy st system

compound. and S aeaRT e e R REafion leR L a BRIPRRERAR, Ceratur e

of the pohymer shapeddsited. MeltangRssihg IRGGcK bulR polymerized Pelyaksride of a
"chain transfer agents", polynorbornene pglyners are generated whose
mol ecul ar wei gHROBOYYRGFS merBlly not regyiredod hesiprg ik polymseigation: h t oo | ow a

nol ecul ar wei g ; el Jolk | j i c.articles.
Pol ymers with {Hggglﬁlgsgﬂélgh%ttggﬁnggrée\%\e%ﬁ!{m%ﬁ%ﬂj&ﬁﬁﬁ%g&"ggﬁ&flgom sol ution
and in sone casiesired m thefipish¢daryiciensol ubl e and difficult to thernoform

L processable” g skl 0e RRLAT ' PnatSRL T, fhahl BYERG 1° ©°
deconposi b on tBEMEAE & PoIfmenRERRbbHaliencioSLoha Yoy in the presehcd 6N 2p03

a catalytic system of nickel acetylacetonate or a nickel-phosphine

complex and an alkyl aluminum chloride. They note that if the

temperature increases too much then cooling is required to successfully

polymerize the monomer. Typically, polynorbornadiene is processed at

25 temperatures of less than 100°C. Generally, however, the polymerization
of the norbornadiene with an optimal amount of the catalyst system is not
characterized by a rapid exotherm.
In similar fashion, Brownscombe and Willis (U.S. Patent No.
4,451,633) polymerized an olefinic monomer feed in the presence of a

30 Ziegler-Natta type coordination catalyst system comprising a Group IV



a nethod to directly polynerize a polycyclic olefinic nononer directly into
a palyneric article of manufacture. Thernoset polyners with high inpact
strength and hi gh nodul us find useful applications as engi ne2di JigN 12003y ner s
‘in such articles of 5 manufacture as aut onobiles, containers, appliances,
recreational equipnent, and pipe. Any 'g‘io'od t her noses pol ymer shoul d neet at
| east two criteria. It should have desirabl e physical properties and it
should lend itself to easy synthesis and form ng. Anong the nost desirable
physi cal propepdet soht@inifFPdtynpoakntERE Activatér HafBesaidialdes ami gh i npact
strength, high tenperature perfornmance, and hi g{h modul us. A standard test
for inpact strerggnometel adtivatepselensetl fromSronpakto e skhis methpd Rermits: 256, For an

B M T e

| zod i nmpact sh esirabl e that

this 1 s good pryaacs fréipolgiéfimiepewddriongellas b cenvendon metholls.aThd east about
150, 000 psi at anbi ent tenperatwe. Am)ngyt he critical factors in the

synt hesi s Sand monamsgpiese Ui Satepsle. H60 Lad camprisenaliphgHg ap ons required to
make the Dol YMeycSAlpniRe AohdSlefind W Wel BECHBAEbICRAL WIBHRiGLL! I €

considerable ti enperature and pressu or ~addi tional steps
20 after the realyhmnicartivles coneirdngsdme endaheatief)t i Nng i s conplete. . Not only

is it desirable tha he thernoset po]yner have high inpact strength, but
© IS al o dosi r abi GO P EITaRO S A fesHEr G B AP et A i M

Process achi eveobdl e SEEONDuABCRY I cBbePBE KERGLAGM@DS The process

invol ves the mXxin two or nmore low 25 viscosity reactive streans. The
conbi ned B r eadicyalopenthdiang ¢andretineteased by zopelynienitiog ®GHewithwi ckly set up

into a solid infusihble ss.. RIMis especially suited,for nolding | arge
intricate obj eS’EQ:‘?aI“Qﬁ‘%I{’Tt?’@WdC TOROB" ¢ 69T e ﬁﬁ‘ﬁf?vegi‘gﬁuse the process
requires only kaystiice obtiiRd at fHeQobMIfdRcRARJIIMPEREIItMReand easily changed.
Furthernore, since the initial 30 materials have | ow viscosity, nassive

extruders and nol ds Siardijmand Sne (4.S3 Pesent Mo 0R0%%443 smploysddingner gy

requirements ar 10l red. he _Lniect en ool di n [ conpression
nol di ng Comnpﬁe@gga{%e%%? Oarﬁﬁéztfg?%ﬁ?f %e‘%fgcagy %ﬂg(é’ '\Rﬁ%g%]%f)arti cul ar
pol yner, cert ai(generaed fremmhd 5:1isks-Alden®iducts of cycldfratadicdie whdual st reamns

nmust be stable and 5 nust_ have a reasopabl e shelf |ife under ambi ent
condi tions. (2)OTROrRARS: nesorpadiengAnd qyglogriadicne) topravddescaPRbiefighl y wi t hout

their setting ‘éﬂo&/ﬂlgttgi?orga iglisogPrltigg%qch £%C%&§|%%%§QOA nto the nold, the

materials nmust set Up to a system rapi ny additives (i.e.,
fillers, stabi lt¢tmperaturgilgkewiss, Het cEjdonast Meea @deabh @htene t he nateri al

IR F NG TR L TG Gl AL
a tradeof §y MiStyetathesis from heat treated cyclooctadiene and dicyclooctadiene.
. Tsukamoto and Endo (Japanese Patent Application, 9-188714,
1997) polymerized ethylidene norbornene via Ziegler type polymerization
in a RIM process to yield addition polymerized solid objects. The
disclosed catalyst comprise a Group IV metal containing procatalyst and
25 Group III metal containing activator.
Nagaoka er. al. (Japanese Published Application No. 8-325329,
1996) describe a process for the polymerization of a polycycloolefin
polymer via reaction injection molding (RIM) in the presence of a Group
10 transition metal compound and a cocatalyst. A molded article

30 containing no unsaturated bonds is polymerized from norbornene-type



be made. It is desirable that the pol yner set up quickly, but the

pol ynmeri zati on cannot be too quick. The conponents cannot be so reactive
that they set up in the m xing head before they can be injected 15 into the
nold. Once in the nold, however, the polyner should set up ae4qlliNiMd as
possible. It is not desirable that the polynmer take a long tinme or require
additional steps to gel conpletely. There is an interest in stabilizing
Goup 10 transition netal cationic catalysts with anionic species. It would
be desirabl e tQnd?fo?xi’éréjé‘orﬁalﬁﬁxg%I)adﬁésﬁol}frﬁérliabl% rpbothE el famdtiopaligf nor bor nene,
ot her hydrocarbon pol ycyclic ol éfins and crosslinkable polycyclic ol efins,
and nor bor nenehewsisinnglisclnsute arsuggegioupka cropslipked peliimar profyctios adesi rous to
devel op weakly coordi natin ariety of

t enper at ur es, rpé%“iagﬁq tSp‘?c(‘)& cﬁﬁ{? mr?% %@h%nrbort% [lﬁf}é g%ﬁ%&%naﬁ ggn&l use,

i nexpensive, arne gy risfpgiphosphine) @hd @ hydredarbyt lipaad tat erecovadingéd/ioof nmonomer s
and sol vents, includi nﬂ)nmhose W th functional groups, One very desirable
attribute s hybe Gseumbhmsel. (g Garqatalyst spesies arp selecied HamagaKIidd &oor di nat i ng

ani on pair acti S: iH!% p on netal
cationic catal y\é?1 P %mgs 123\@hhg%§gf %’B@uﬁﬁ qel‘%gv'siqé&%é %%ng\éﬁoggﬁbltaf ycyclic

ol efini c pol ynaaRs.t Tid udeaf @invsie xz;rélqw Ica*oebs aafl nraﬁﬁu&uaﬂetamwmrm no

sol vent, higher |evels of heat resistan and_resistance to oxidation and

degr adat i on, wmol‘ dispussed o5 ‘i‘fﬁeﬁlj’h&eﬁeﬁcﬁﬁrgﬂé} . p&irou | @ metpd cptalylict and tensile
strengths at esgsélés &5{3 bﬁ‘x'iesttﬂe reEéHE%%fBQM%deoﬂgtllﬁ%léE&bRHoﬁéth In the case

of dicycl opent adi ene pol ynerization, if the reaction is not virtually
quantitatilwve, tliganéamibhydt@cubylelaganédrm@nmemphmdﬁdntaﬂélltlnn,stbcreproduct and

the nol ded arti.cle will .have nunde ble or. Thi reatfly limts
Lhe appl i cat ode™P SURaRFUtH SpRfhePR, Sa PR BE ket BB s §OE Y1
converted, crossGidtpad. m&ﬁﬂp%@&!ﬂ?ﬁ%ﬂmﬂﬁﬁg’ﬂméﬁpﬁl53el€ét¥dncdcﬁ18r figar not been
pr oduced by carrylng out the addition polynerization of a polycyclic
nononer with a @rkmdmarb)ﬂ hemdamy:@mhmauanmﬂm weakinigoarfimaingpe of the
desired article It achﬂ\/é\Rg( OF I NVENTI ON Thi s invention enconpasses a

nmet hod for prooa(?&‘?rfﬁ;a R i npact strength, high tenperature resistant
hormopol ymes or COpolaaedalmapr(US Pateatibs. i5gM0530BY SB71,88H 5869 B0of

nor bor nene-type nMononer s ing.a two or nore part addition

pol yneri zati on aélétﬁa‘i%wwgf éhﬁwnﬂhét @@%dpfﬁ’éﬂYSF gvsmwa usefuhigi d nateri al
th high dul dul
the range of arineriis BfopaMc AdTRRGIpotHES Hoth o 1oty pEHBBIGAEC)Y % 1 11

i mpact strengt Fdarwaat(esl inpstar imSncht-polhbsdli/etMS riitecdatal yiso eysoerh ymptoysan be

synt hesi zed by reacti nor bor nene-t 5 mononers with a two part
addi ti on pol yme"?ﬁ' ]gﬁmﬁté'[ Q“)fgt‘rcgaf’s]gg Fidea PrEaRogiUPINUGY ¢ he cat al yst

System i s ,6onprichgshunl, &a LYY Sbr@iRhiiBisR! TRNgIREARAsASL . preferably a
neutral, (~-allyl)pall adl un t I‘I# atre) (téglaalky pho% ine) derivative. The
second part of Itenmeamtctolfdwgmyrycrearezattha)mgaoﬁlgﬂgc te SO Ingheonpri sed of
an

absence of a "chain transfer agents" polynorbornene polymers are
generated whose molecular weights (Mw) are over 1,000,000. Polymers
formed with too low a molecular weight are of limited utility in

25 thermoplastic articles. Polymers with too high a molecular weight can
only be cast from solution and in some cases are completely insoluble and
difficult to thermoform. "Melt-processable" means that the polymer is
adequately flowable to be thermoformed in a temperature window above

its Tg, but below its decomposition temperature. There is no disclosure of



30 activator such as lithiumtetraki s(hexafl uoropropoxyphenyl)al um nate

-9 2.4 J UN 2003 (Li Al (OC(CF3)ZPh)4) or lithium

t etraki s(pentafl uorophenyl)borate. In a preferred enbodi nent the two

addi tion polynerization catal yst syst em ¢ conponents, plus tf%’rrtﬂm)lma or
conononers, formthe basis for at least itwo separate reactant streans which
are mxed in the head of a RRM nmachine to forma reactive conposition which
is then injected into a nold where it will quickly setup into a tough,

i nf usi bl e mass a v@hddtsdirddly powasrise s poysydlic dlefisic nohalvet dizexly, col orants,
and reinforcenent materials can be added to nodify the properties of the
pol ymer. The i iRtedtpodymencastiple ©f masufagtues. or age stabl e activator conponent 0

of a reactive fornul—lq]tehg% gtpapmeg Vglg@hlgggﬁ%e;ghg@t%%ﬁgg%mmr| ses at

| east two conponents, east one I's an obj ect
of the inventi dindtusefoi a;vplnl:etlmsrmtchgxdeérmg ol pders imgpchartjalesdfc article in the

h f | d cl t t id nmet hod
Compri Ses bol y FEATHEe & AUPYEpIFs bRt el S BRI b0 i p the

presence of a Gpgihmheh? aﬁ@géﬁl nation catalyst. It is another object of this
invention to prow de a process for nolding olefinic pol yners b?/ m xXi ng two
or nore reactant soIAn){gnmitbémmsg(pohamrlshouldlmei at least twelatiitetianltpol yneri zi ng

theminto a sol| d t her ar .t her npset ct using a
ni ckel or pallad ?ﬂ%h%gggbréélf&?’ygfalQFFEPCB‘FFS&’F ﬁ'gi:a %&e’éf’ “3¥j ect of this
invention is tQyRhes afd forMBig Wmbey thie MeosP B&MABRIPhYSic&lfpréperiidsaaPOnent
addi tion polynerization catalyst by mxing a Goup 10 netal containing

procat al y$@ andn%ll}’vmn?rse%%)?@nbia@ﬁlwfmlbmmbﬁtﬁnaﬁt hight or. In addition,

Lhis> nvent i on wibbleofleGeRauhde o8 REASEARILC £R.AULELY fr fphilgd orticle by

enpl oying a pre gener rom proca ctivator

conponents in anﬁnlgthabﬂﬁnmwmom:npbctltest MASEI N&. mzssrﬁmmmth ot her
nmononer streans and_then transferred into a nold where the m xture

pol yneri zes i ntusreinfoseed dhergjaseipolymer;tg héYFoSQ?é‘rm’fEBfté&’F“%’P tRadchefvention to
provide catal y%&d Png?agt %ldﬁ\ﬁz%fg%a% Bi5iH. ‘Pﬁﬁﬁ't odh. AP|sYdEErirtd gt AR yeyclic

ol efins. - ] i's still anot object of this
i nventionito prgwddmpact(sa'elagtlybe cd)mbmbd]mqhai mmhrluszaﬁat(heasndbopol ycyclic

oo *7he S ESRE 5 RpnAOE hobbeh . Lot i g
a hydrocarbyl |daaRgs %def&rr@i%)b'ﬂ% ﬁaénﬁds@ﬁsa]%exdae% édneﬁmls rdguirk@ @ anot her
obj ect of the invention to activate a Goup 10 neta
to make the polymer set up or gel. Many thermoset polymers require
consid?rable time, elevated temperature and pressure, or additional steps
20 after the reactants are mixed before the setting is complete.
. Not only is it desirable that the thermoset polymer have high
impact strength, but it is also desirable that it be easily synthesized and
formed. A RIM process achieves this second goal by in-mold
polymerization. The process involves the mixing of two or more low
25 viscosity reactive streams. The combined streams are then injected into a
mold where they quickly set up into a solid infusible mass. RIM is
especially suited for molding large intricate objects rapidly and in low
cost equipment. Because the process requires only low pressures, the

molds are inexpensive and easily changed. Furthermore, since the initial

30 materials have low viscosity, massive extruders and molds are not



procatal yst containing a hydrocarbyl |igand and a G oup 15 el ectron donor
ligand with a salt of a weakl'y coordinating anion. o Therefore, it is a
further object of this invention to provide catal yst conpositions that

‘pol yneri ze strained ring pol ycycl ool ef ins producing pol yrer® 4wttt 283 hi gher
| evel of heat resistance and resistance to aging than prior art polyners
while maintaining their inpact strength. It is still a further object of
the invention to provide a reaction 15 m xture that contains a Goup 10
met al procat al ye¢essary andrinenrgy reguiremeits areveinkhyl coopactidriatheigjeanéron salt, a
pol ycycl ool efi n npnoner and g mnul y’.f unct i oglsll E(gl ycycl ool efi n nononer

cont ai ni ng at 8 ORGoBIeyHRR MALINECOBMBRY HSFL nhoi eties. It is anot her
obj ect of the i nventropg risy sl SbebMRAGh Abafcilal pBlyaer! dtlaircont a ns
nononers that rel ease exothérm c energy upon polyneriZation. It is another
obj ect of the ireguinetieots migst bemete (i YEheingidual/stteanisehust be stabletand f r om

triethoxysilyl norpornene, buty .por nene, , .nor bor,.nene,

i ot hanot bt + Al B AERnaHE b Bl Srdpra R OLoRe | (RAIUBSLO ¢ he
presence of a GRLHb¥Id nfiQ HRQEAMS thosGUBRlY Withét tifir RufdgQyinkRe transition
metal conpound, and (b) an activator. A further object of this invention is
to provide act imizingrheadi () Wheneinjestedript@rtbe mokh theanateriela smist s 8P ubi 1 ity .

-11 BRI EF DES . i 1 ra; n Cak Ri dge
Thermal El pscg’ EIH@F&%&W%WM%‘%(@%%%% B, gure 2
represents an (pigfiédt3, eod.) mubt(balddied bifb¥el thmaridiEatBny. [ PierefobeCtie) 2] .

DETAI LED DESCRI PTION OF THE | NVENTION 2 4 JUf~ 2pp3 To nold plastic
articles By reddditiyas selpcsed must nepindgrfrse withihe polyerizatiog 1€3c¥Pn | di ng (RTM) ,
liquid injection noldj i ¥ rocedures,
a reactive formnul at ilgﬁ%é%ﬁ%hr%@g%ig%ﬁoﬂﬁ ?#e%@ggs%ﬁ%gés’%fgﬁtugal ly

conpl et e converteimatdet dt aleyinabie that the polythed set tipayuiaky, thuv thef or nul ati on of the

i nvention contai ns polvcycl oolefin nmononers in conbination with an
activat ed addi PSAPFORYAR Frgt Polro ik, ylte copPOBTRSARERt Bl mer i zes ¢ he
nonomers to at fbRAVE I thdy set GPIRE 8lidifg hédH SefbraMBel édbelhR¥fedes storage
stabl e activator conponents

15 into the mold. Once in the mold, however, the polymer should set up as

quickly as possible. It is not desirable that the polymer take a long time
or require additional steps to gel completely.
There is an interest in stabilizing Group 10 transition metal
cationif: catalysts with anionic species. It would be desirable to provide a
20 catalyst for the polymerization of norbornene, other hydrocarbon
polycyclic olefins and crosslinkable polycyclic olefins, and norbornenes
bearing functional groups. In particular, it is desirous to develop weakly
coordinating anions which are stable at a wide variety of temperatures,
resistant to impurities, not hazardous to make or use, inexpensive, and
25 capable of being used with a wide a variety of monomers and solvents,
including those with functional groups. One very desirable attribute is
hydrocarbon solubility for both the cation weakly coordinating anion pair
activator as well as the resultant Group 10 transition metal cationic

catalyst.



of such reactive fornulations. A polynerization systemis provided wherein
a storage stable activator conponent is conbined with a separately stored
procat al yst conponent. Wen the storage stable conponents of the

‘pol yneri zati on system are conbined in npnoner, a 20 reacti @# JUNt200% i s
obtained. In preferred enbodi nents, the polynerization system can be used
as a conplete feedstock for reaction injection nolding (RRM, RTMor LIM
processes. The polycyclic nononmers within the storage stable conponents
provi ded by this indhetdisa needforipalyaytliardlefade pylyniees thadwenseryof at | east

one nor bornene 25 nojety. . al yst System The, catal yst .of the invention
conprises a G &M IWGlsrﬁ;tr%ﬁ‘g‘g;ﬂ%‘HmEbﬁﬂlselpeﬁhglgge%é% 9f RSy di nat i ng

count erani on ¢ I SRR iB3Ror Md i ofadatiBs | WiMle maidtdnide U t ~ 20p3
-12 (RM L~) X( L?%t?&fﬁ d§i|§tlafl eroeih Mor epr esgzg%tasl a Goeurgam tlr%nsi tion
met al ; R repr esther prapertiesanichas impact andwnsile stiengthnat; levels sigplaetrent s a G oup
15 neutral electron donor, ligand; .L~~ represents a labile neutral electron
donor i gahd:; i‘g?s@ %\}ndlmépe&gr&r%fl&ﬂ&ebrfaiggf ch_é?l?en?ql?eo, 1, or 2; and b
and d are nuNbeofyri@Pafse i he Fedchien MR QrtAfly GuiRRathveethert willbeconpl ex and
weakly coordi nati'ng counterani on conplex (WCA), respectively, are taken to

| 0 bal ance t he usreagted oranomen i the thgrmopt padickand themeldesiardedamibx. The

weakl y coordi nating counternani.on &0 ex | .anion i i.s only weakly
coor di nat ed toefiaﬁ%g%g? She 8Rﬂ?reihlﬁéqrér%a@?’?’%ﬁgh?P@pﬂlgﬁ&fselgto be

di spl aced by a wigth p@lbznﬂgﬁ%cﬁplbaﬁcﬂ,caﬁbé uédt or nononmer. Mre specifically,
the WCA anion functions as a stabilizing anion to the cation ~ 5 conpl ex

and does mdt transf dlighly qonxertass rrosslingap|angd teugherpdpolydiefinie anticlisoduct . The

WCA anion is r i i i S K A= QX i . s reduci ng,
and non- nuct coprt e befn pRRsed By Laifling buydic ARG bHFRENBniof o T

| i gand whi ch wheiyayeliomedomenwith heoomdirekion eatalyst iMaimoldthavingabed shel |

el ectron 20 configuration,. has .a negative charge. A neutral electron donor
is any ligand \/%F%n"%ﬁ{éﬁ‘é‘ﬁﬁ?f@ ®fromthe netal center Min its closed
shell el ectron configuration, has a neutral charge. A |labile neutral

el ectron donor ligand is any ligand which is not as 25 strongly bound to

metal centier M is easily di SPFUMMARVWOFRINVENTION when renoved fromthe

netal center in it l.osed shell electron gonfigurati.on has .a neutral
charge. In thle clat?oﬁ"ﬁﬁwﬁ?é‘?@%BW?SSW?HH%QJJH?UO u‘!(*;i’%ﬁ ‘g%()‘“ﬁ’é‘ftgl sel ect ed

from ni ckel, teAgthU j ' J | the 30 nost
padt eagtg uzmgg Qé&ﬂ;ln\ld?bt@id R$iflantAdnib e @r Y6pdIemes

preferred netal . 2. U N 2p03 -13 Representative anhi oni c hydrocar byl
| i gands def i necFommaisingrdditian padymerired gais of narbemenmiypp mavemess Iy, - CZO al kyl ,

CS-C, o0 cycl oal Ine r - - , - cycl oal kenyl

allylic li gandlsﬂyS (k)nrg i%oﬁ{%gﬁé%gra%ﬁ{&ﬁg? %?C%%%%E%%‘W%&C?%o het er oat om

opti onal 15 SUbor L us e With- hyar oaar byl ancl o hetoraat am SubeE tuents.

pti y substitu y substituents

preferably sel e‘é’ieé_&talf ?B%F’F‘H Oﬁﬁu%ﬁéﬁgﬁé@@&f@o‘&l 1010001tp aBat or br anched

Sl oo hat oal kY| 300 ddaat, o off i (PinieRcAleBlis Bdadiionlibomy | hal coen,
or phen

sul fur, oxygen, nitrogen, phosp us, a optionally substituted 1o
with linear or mremched C -CS alkyl, linear or branched C, -CS hal oal kyl,

and hal ogen. The cycloal kyl, and cyc| oal kenyl |igands can be nonocyclic or
mul ticyclic. The ar yJFhei P‘géﬂ’&%c@a %Elhﬁs%?cﬁ@?/ga?tf'%g"o(ré(.’r@?’,‘e'ﬁ'ﬂgnyI ) or a
fused rin@ssyst @bhdferd with@t far dddididh pslgkhbrifion amulysf sylstegn.Cyid 0al kyl, 15
cycl oal kenyl and aryl groups can be taken together to forma fused ring

system Each offitsh ibe patalyst system isepoiprisedaefcrnzadgitioni pedymasrizatioe
procatalyst, preferably a neutral,
(m-allyl)palladium(triflate)(trialkylphosphine) derivative. The second part
of the addition polymerization catalyst system is comprised of an

30 activator such as lithium tetrakis(hexafluoropropoxyphenyl)aluminate



descri bed above optionally can be nonosubstituted or multisubstituted with
a substituent independently selected from hydrogen, |inear and brancl 3ed
C -C5 al kyl, linear and branched C -CS hal oal kyl, linear and.r 20 branched
C, - C5 al koxy, hal ogen sel ected fromchlorine, fluorine, iod2hel@hd0Bronine,
CS-C, o0 cycloal kyl, C6-C, 5 cycl oal kenyl',9 and C6-C30 aryl. An exanple of a

mul ticycl oal kyl noiety is a norbornyl |ligand. An exanple of a

mul ticycl oal kenyl noiety is a norbornenyl |igand. Exanples of aryl |igand
groups i ncl UdeFBmM (CEIIPRRP&t IftHium E&akls@emw& en'yl)bék%ier ghiaon 2s
Structure | below represent’s a cationic conpl ex erein R is a

cycl oal kenyl | pgedﬂsrthdchmbozladeritrtbenwg&'dd@ymlmbymmaanecatgb’SWBﬁﬂmes Il and |11
illustrate cationic cong’lé_‘ es wherein %Plres EIP L Ifci/ ! l.0oal kyl and
mul ti cycl oal keRPPPRGRnEYSt ee@B’é?fP?r\PéWmoP €hyIge qsls Of KdH¥br bor neny!
ligand is subsiyd k@;ﬁ?ﬁté"&eta&aﬁ‘t @ek&?)ﬂhuﬂﬁﬁé‘i—hlxed ihlthe Bal ofhIRIBE ructure 1 - 14
JIML")x(L~~)r Structure 11 ML")x(L~~)r Structure |IIl wherein M L~, L~~,

x and y arfe asmsching sufinp aj@a¢tn@¢onmomtlgn whighde gn sgigsted brar moldnpl es of

t | t t ed
ool ST g MUy s B SE ST g o 1
(L") x(L") Strughdh= fliNés, stabilivkds, doiérants andt reinfdrocrmert imtéRdls gan(Be' ) r wherein

M L~ L~~, X anddiy are_as_previ ouslg defined. Structure IVc In another
embodi ment of ©efdedtayradifydhe properies 8k kapalymer. 15 hydr ocar byl i gand

containing a termn | tal. The
term nal coordinati ?rl? g‘g‘%ﬁgox&%ﬁ{’g%%?%g a%;?/o&?%e ﬁ‘bé%&v%gg%nég%&?epresent ed
by the foronl aof &tedclide-Formulation meiereinltherrequties forirtuldtion compbiees af car bon

atons in the hydrocarbyl backbo nd is a teger from3 to 10, and X->
represents an ?aﬁb?ﬁﬂcoﬁpaﬁﬁtér”&gtab% B’CWQ Crfg?‘éﬂr?/ert hat coordinates to

the Group 10 netal gERLELbiedNS {Heqmtnbﬁﬁ?ﬁﬂaefde‘éﬂrﬁah&hfbr%Mlnjgo et al
forms a netall aci; e or Jteroatom containing netallacycle. Any of the
m

hydr ogen at ons polymeis aum\c ucthe shapetsf elhold savity compring a polycyclic

repeating unit said method comprises polymerizing a polycyclic olefinic

15 mono.mér feed in the presence of a Group 10 coordination catalyst.
It is another object of this invention to provide a process for
molding olefinic polymers by mixing two or more reactant solutions of a
polycyclic olefin and addition polymerizing them into a solid
thermoplastic or thermoset polymeric object using a nickel or palladium
20 procatalyst and an activator.
. Another object of this invention is to provide a method for the
preparation of a unicomponent addition polymerization catalyst by mixing
a Group 10 metal containing procatalyst and a weakly coordinating anion
based activator. In addition, this invention will also provide a process to
25 obtain a molded article by employing a preformed catalyst generated from
procatalyst and activator components in a suitable medium which is
mixed as a stream with other monomer streams and then transferred into a
mold where the mixture polymerizes into a solid object.
It is another object of this invention to provide catalysts that are

30 more efficient in polymerizing polycyclic olefins.



t he fornul ae above can be independently replaced by a substituent selected
fromR~~, Rz~, and R3~ which are defined below. 2 4 J a N 2D03 A cation
conpl ex of the term nal coordination group containing hydrocar‘ﬁéll

et al | acycl e enbodi nent is represent ed1 y Structure V 5 sh@vh it
(CeHsQ ML), (L") St~ructJure V wheréin"My L, L~~ d, x and y are as
previously defined, and X represents a radical selected fromthe group
-CHR4A~=CHR4~, -OR4~, -SR4~, -N(R4~)2. | 0 -N=NR4~, -P(R4~)2, -C(O R41,

- C(R4~) =NR4~, - C( O GRéstill afdtiéDobfétof tHI{nWkifon, to pralida-catalgstefoent s

hydr ogen, hal ogen, |inear, and branched C~-CS al kyl, |inear and branched

C, - CS hal oal ky#he nofynagsizatigr phpalkspclic ojating capableg: nemerdoq| kenyl, |i near
or branched CZ: |, substituted and unsubstituted Cb-C ~ 8 aryl,
and substi tut eagiﬁ‘%%‘%wﬁﬁzu jstituted C--C24 aral kyl. The substituted

term nal group cont &ighfigthey dbectofhlé invehitddn tapyadidesa GasupbH) megat esent ed by
structure Va, below, R-' n R2 IXSH)X~L~~'” R3,. Struct rg\(;V a 5to 15 - 16
2 4 J U N3520p3Pigsatalishcqntaiping ahydrocgrby} ligang apd g OBBISF f8%sly defined, n
represents an h@ﬁ&%g?ncﬁ.r omlto 8 and Rt~, R2~, and R3~ independently
represent hydrogen, 11near and branched Ct-CS al kyl, |inear and branched
C~- CS hal oal kyl, | i itdaer anothtrcpet efitheZnGtiah keaopivatela Groap 18moetdlr anched

C2-C; hal oal keny 1. substi.tute nd ynsubstituted CB- ryl, substituted
and unsubstituPéﬁaeb'-SE%Q?t%{Plggl?%y%r Yiﬁs e%?.ﬁa “Bflgsﬁf-eﬁf}mrgz%, and R3~ can
be taken toget Gehoralgand withiasaltd€ a GlakBtodtdiNEingAniai ch they are attached
can forma substituted or unsubstituted aliphatic CS-C20 nonocyclic or

pol ycycli ® ring systlbpsefarestisst furthercabjent ofi ikisinvention ©dredde, o aromatic ring

Syetem and corteAFTosRBSiER aF boieRfe ke Y RBORIREC doscri bec
above can cont grstuding@olindrs Withiadiigltsr 16nel bf hed1sésidtatice @Rd Wigstanck he

substituents are independently selected from hydrogen, |inear and branched
C, -CS al kyl, | ithagipg Hhea peionat petymers while mabuaipipe thely impact #rf88Wr anched C, - CS

al koxy, and hal ogensel I ri L ol and brom ne.
In Structure Va abo&é‘gisﬁﬁéﬁg?ﬁ%%gtggéﬁé% h%tﬁénmgﬁ&ﬁd?é? ,CRQ‘i s bonded to
t he carbors at omiktuad thaderntdinsa GheupRD-msetabpiocitalystin cBmpiratentadthiave t er m nal

JUbsti Coonts. aptekbicoR e BB R b SO ORRNI 2al | phat | . i ng.
systens are il lmatinabeshap B9 4oeletn Rlohbmetéditainiig 8asdwo, - (L7) . (L") R6.
~)X(L")r Structure Vb Strucfure Vc
polymerizable norbornene moieties.
',It is another object of the invention to provide a reaction mixture
20 that contains monomers that release exothermic energy upon
polymerization.
It is another object of the invention to polymerize a
polycycloolefin selected from triethoxysilyl norbornene, butylnorbornene,
norbornene, dimethanotetrahydronaphthalene (TDD), and mixtures
25 thereof in the presence of a catalyst composition comprising (a) a Group
10 transition metal compound, and (b) an activator.
A further object of this invention is to provide activators with

superior hydrocarbon and monomer solubility.



-17 2 ~r J U N 2003 Additional exanples of term nal group containing

hydr ocarbyl 5 netal |l acycle cation conpl exes wherein any of R\~ to R3~ can
be taken together to formaromatic ring systens are set forth |p St ructures
vd to Vg bel ow. N~NR~ ~(L').(L~.)r Stryucture Vd ~R-~ ML'). (L% JENr2003 ure
Ve H- N,CHs)s ML"), (L)Y Swture Vf"Efb-CHsCsHs) ~ML).(L")y Structure
Vg Illustrative exanples of cation conpl exes containing polycyclic 10
aliphatic ring systens are set forth under structures Vh, Vi, and V] bel ow

C').(L.~)r Rs vactureBmEStmEst:mmeN&omemA/wmcﬂructures V through
Vj above, n' is an integer fromO to 5; and X %P L", "a", n, x, y, R~
and R4~, are as preFigvs! ;ﬁpammtﬁeaOa&rFed%Ihml sqiddigiendent | y repr esent

hydr ogen, and L‘bﬁféﬁ?;gﬁﬂ‘% hﬁ‘ﬁﬁ e@LD ) o al kyl, R5~ and R6~ together

with the carbo yare ttached can forma saturated and
unsaturated cyclic @igud2 eppdsantdianORTER)BF x ~). (L..)Y 'n ML").(L.,)r /v,
n Rs Rs. 15 carbon atons.

5 [(allyl)PdP(i-Pr)3(NCCH3)][B(02C¢Cla),].

DETAILED DESCRIPTION OF THE INVENTION
To mold plastic articles by reaction injection molding (RIM), resin
transfer molding (RTM), liquid injection molding (LIM), casting, lay up

10 or spray up procedures, a reactive formulation of monomers which
polymerize to substantially complete conversion to polymer is provided.
The reactive formulation of the invention contains polycycloolefin
monomers in combination with an activated addition polymerization
catalyst system which polymerizes the monomers to at least 90%

15 conversion, This invention provides storage stable activator components
of such reactive formulations. A polymerization system is provided
wherein a storage stable activator component is combined with a
separately stored procatalyst component. When the storage stable
components of the polymerization system are combined in monomer, a

20 reaction mixture is obtained. In preferred embodiments, the
polymerization system can be used as a complete feedstock for reaction
injection molding (RIM), RTM or LIM processes. The polycyclic
monomers within the storage stable components provided by this

invention are characterized by the presence of at least one norbornene

25 moiety.

Catalyst System
The catalyst of the invention comprises a Group 10 metal cation

complex and a weakly coordinating counteranion complex represented by

30 Formula I below:



-1 g- 2~ J UN 2003 Exanpl es of heteroatom containing aryl |igands under
R are pyridinyl and guinolinyl ligands. The allyl ligand in the cationic
corrpl ex can be represented by the following structure: 5 zo~ R ~~

~' ML )x(L,)r R22' Structure VI wherei ~, R2~~, and Rz2~ e24hJUN 2003

I ndependent |y represent hydrogen, hal éggﬁ | i near and branched C, -CS al kyl,
CS-C, cycloalkyl, linear and branched C-CS al kenyl, C6-C30 aryl, C--C3
aral kyl, each optionally substituted with a substituent selected from

| i near and branched C,-CS al kyl, linear and branched C, -CS hal oal kyl,

hal ogen, and phenyl which can | onal by bstituted with |inear and
branched C, -CS al kyl, |inear aﬁ@kﬁﬁaﬂhﬁdﬁ@@éﬁhm oal kyl , and hal ogen. Any
two of RZ~, R2~~, and R22 can be linked together with the carbon atonms to

which they are ~ 5 attached to forma cyclic or nulticyclic ring, each
optionall y substhetainh direprashnts aGranp 00 tronanahmdtalR @rabmlan | i near or

b hed CS hal I aII |cI|andsswtabIe
i Fla'?ﬁeecatﬁ oni @n{%g}%ygggrhy?ﬂgﬁ}? in"\?BWts?'Bﬁ”aﬁE‘l‘Rj F"ét %19 limted to
allyl, 2-chlor ‘a@héryﬁganﬁr ]9tr¥#pese1atsla Qbﬂ@hé\)ﬂal @iebt\‘&n d&romkﬁhd &lit gl

1- phenyIaIIyI 20 2-phen d (3-pinenyl. Represenfative cationic
conpl exes cont &F ﬁl(m}fqnblalllwi),d isi0garnt 248nd bandd a[femlmbers -19 ' ~,

'\S/'Elr_u)ci(l(Jlr_es) {lll ' ’WrSsenL{ ungl?rm\ellr aftl&lééjﬁl%%atg J:ot%n[% vVee{k 2003 s 1 n

e as pr e¥/| ously defi ned.
Addi ti onal exa@abﬁsna@ih %bﬁr&tbtahioﬂ%ﬁﬁ)’]‘ale&r(W(EAMﬁéspbal\Bly,@ret@d&ht@nd B. L. Shaw,

Advances in I norganic em stry and Radi ochem stry, Vol.
10 balance the electronic charge of the overall catalyst complex.

The weakly coordinating counteranion complex is an anion which
is only weakly coordinated to the cation complex. It is sufficiently labile
to be displaced by a neutral Lewis base, solvent or monomer. More
specifically, the WCA anion functions as a stabilizing anion to the cation

15 compie){ and does not transfer to the cation complex to form a neutral
product. The WCA anion is relatively inert in that it is non-oxidative,
non-reducing, and non-nucleophilic.

An anionic hydrocarbyl ligand is any hydrocarbyl ligand which
when rvemoved from the metal center M in its closed shell electron

20 configuration, has a negative charge.

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

A labile neutral electron donor ligand is any ligand which is not as

25 strongly bound to metal center M, is easily displaced therefrom, and when
removed from the metal center in its closed shell electron configuration
has a neutral charge.

In the cation complex above, M represents a Group 10 metal
selected from nickel, palladium, and platinum, with palladium being the

30 most preferred metal.



4, Academic Press Inc., New York, 1962; J. Birm ngham E. de Boer, o M L.
~H~ Green, R B. King, R Koster, P.L.1. Nagy, G N Schrauzer Advances in
Organonetal lic Chemistry, Vol. 2, Academ c Press Inc. \Qiék 1964; W
T. Dent, R Long and A J. WIKinson, Ja Chem Soc. (1964) sIéIN

Vol ger, Rec. Trav. Chim Pay Bas, 88 (1569) 225; whi ch are all hereby

i ncorporated by reference. 15 'Representative neutral electron donor
l'igands under L' include amnes, pyridines organophosphorus containing
conpounds and arsi nRepaesdnigiveiniensic hmdrocarbylrhgandﬁ@pﬁngqlmdgrél 20 wherein E is

arsenic or anti. R~~ 1S | n d fr dr ogen,

li near and brarIII%II%‘Xé I?L}'CIIﬁgecSI III"I?I]FNII%%R% ge(g’y@/c?gf I° CPI%IggI(g%d b?anched C
~ -C ~ o al koxyjnead é:ﬁd'braﬁdh@@@& c«apslkaiﬁrcgne% @Zro@ke@ylaéllsmmg,an@mc z aryl,
C6- C~2 aryloxy, arylsufides 3 C.B aral kyl, cyclic ethers 25

and thi oet hers camm(:ahfmthemqf %ree@whré/& @&- ka@teacpatqm)cgmawng aryl, (C6- C, 2

I | yl d bra K I lyl,
24 5 U N bo03 MG RSH T irekil ol o B toralf o and

trl (C6-C, ~ ar yIs)JBétItQ@éIdMlﬂﬂ@hlrwarﬂym@ncf/&rm&bﬁl@nﬁﬂbﬁithéﬂm Ser@ﬁyl be
optionally substituted with |linear or branched C -CS al | 1 near or

branched C, - C5 sslsctsdifrgm Im@”CB“&FW)@! Ch&k&’g@ﬁeafé’ﬁérf’@% Gia€s ons t her eof .
R t at thyl, ethyl,
epresent at i Veplﬁ:kI‘aYlInvl hRPe: BrBicdg ﬁfﬂsaég{ngué}ﬁhéwm&?g hhiogBR! Y1, ethy

propyl, isopro tent uty pentyl
neopentyl, hexyulfuhensyyén, nmrtgyh phnsphpk—us dmd:ylhqnyhophoaialﬂ;esx;ﬂsﬂtulf@pr esentative

cycl oal kyI gro ncl ud mted to cyc e n

cycl ohexy/!? Rep‘II’éI%bﬂ?aétof g’m& ISYJIplm?aH@Ir B%C%éheéﬁﬂg?lkﬁ mted to
met hoxy, et hoxyanda}im)geﬁopr opoxy. I 0 Representative cyclic ether and cyclic
t hi oet her groups include but are not limted furyl and thienyl,
respectively. Repr es"éhﬂtatciua&yé.rapti cycloalpenyl tighudbecabh bt neomecyadic dri nited to

phenyl , o-ton nd na&tﬁh res nt at i e ar | kyl ngl ude but
are not |initedPHcpdit %?‘ICI Sr1‘§f’1“ CRAT fngg?egcp%!éﬁﬂfdl sed
Representative ﬁxhé )stedht (wgJSnapﬁergd &n Baditiah EhnSIQ)IftIIe' d¥cloglkyt,0 15
trlphenyIS|IyI trlmeth%/IsH , and triethylsilyl. As in the general

def i ni ti orl5 aboveycloalienyFandrasylfgseunssian fe daksn pegethen ioformp fusediing subst it ut ed
th | h CS hal oal k I
W | near or RIBII) SBRC Iﬁ?h&hgﬁxo% lic I*nIJIIFc é)£.n<1I|3 rr?lnrgngre]% al oa Ky

and hal ogen. resen I Ve pyrirdines |n |nclud|ng 2, 3-

2,4-; 20 2,5-; destribedabdve opﬂftﬂhaﬂy5ar$blé)ﬁfohb$lib§lﬁit)1tedmr®milu§ubstﬁﬂu&@| udi ng 2- . 3-,
or 4- substltuted 2,6-di-t-butyl pyridine, and 2,4-di-t- butylpyrldlne
Representative ‘éIItéF‘ﬁBESIItI‘ﬁi’I‘ indepéndepthesaleciodsirore hydragerdinearafidne, and

triethoxysilyl agshdfed dee! 4R “BﬁéaIXﬁdﬁxtahIE}Ie'a@I CPEAlb’éIﬁylt ﬁﬁeI%I"Sﬁﬁ" stibine and

25 trithiophenylstibine. Suitable amne [ gands can sel ected from am nes

of the foroul a WamchedX] -Ghakeiy hitgen sedeepmifienchiprinefhesimat isdimgdr ogen,
e g o e Cir T8 Gl oukt EEE, SRR FcSTanhe™
unsubstituted Ceampl@of a multicycloalkyl moiety is a norbornyl ligand. An example

of a multicycloalkenyl moiety is a norborneny! ligand. Examples of aryl

ligand groups include phenyl and naphthyl. For purposes of illustration

25 Structure I below represents a cationic complex wherein R' is a

cycloalkenyl ligand derived from 1,5-cyclooctadiene. Structures II and III

illustrate cationic complexes wherein R' represents multicycloalkyl and

multicycloalkenyl ligands, respectively. In Structure III the norbornenyl

ligand is substituted with a alkenyl group.



30 aryl, and substituted and unsubstituted C~-C, g aral kyl. Wen

substi tuted, 2 4J UN 2003 -21 the cycloal kyl, aryl and aral kyl groups
can be nmonosubstituted or nultisubstituted wherein the substituents are

i ndependent |y sel ected from hydrogen, Linear and branched 2 4GJUN 2008y | |

|l i near and branched C, -C; hal oal kyl, Ilﬁear and branched Ci-CS alkoxy,
C6-C ~z aryl, and halogen 5 selected fromchlorine, bromne, and fluorine.
Representative am nes include but are not limted to ethylanm ne,
triethylam ne, diisopropylamne, tributylamne, N, NNdinethylaniline,

N, N-di met hyl - 4-tbutyl aniline, N, N-dinethyl-4-t-octylaniline, and

N, N- di net hyl - 4hexadecyl aniline. 1 o The organophosphorus contai ning |igands

i ncl ude phosphi nes, phosphi , phosphori tes, phosphinites and phosphorus
cont ai ni ng conpounds of thegforpil.g., [P~R- ~R~~)h~3- 15 wherein X is
oxygen, nitrogen, or silic ~1s"as Ytabove and each R ~
substituent is independent t he ot ber, g is 0 1J2, or 3, and his 1, 2,

or 3, with the proviso that wserwX! is a si$maesmatom h is 3, when X is
an oxygen atomh is 1, and when X_ is nitrggen atom his 2. Wen g 20 is

0 and X' is oxygen, any two or 3 Df an e taken together with the
oxygen atons to which they are at edMmugehadrm a cyclic noiety. Wen g is
3 any two of R ~ can be taken tog wi t h tlhe phosphorus atomto which
they are attached to represent a hacycl of the formula: R~~~ HZ)n 35
wherein R ~ is as previously defifed_and 's an integer from4 to 11. y

~ ~u~ 2003 Representative phosphine Flgan S include) but are not limted to
tri met hyl phosphine, triethyl phosphine, tri-n-propyl phosphine.
triisopropyl phogpidines, 1T hh&%&do&qﬁ@hbmy défirdedsec- but yl phosphi ne,
tri-i-butyl phosphine, tri-f-but yl phosphi ne, trlcyclopentylphosphlne
triallyl phosphine, tAddw@nacbmea(wlpmﬂqahbme compleem‘ewwpr?osqmﬁ:aqetsa

tri napht hy] phosphi n tri. , ol yl phosphi ne,

tri- n}toly%phoég '%%mn}?f%gﬁagpxﬁg ﬁ?&%?GtOEV&bQO&'

tri(p- tr|fluoronethylphenyl)phosphlne, tris(trifluoromethyl)phosphine,
trip-fluorophenyl)phosphine, tri(p-trifluoronethyl phenyl)phosphine, o
al I yl di phenyl phosphi ne, benzyl di phenyl phosphi ne, bi s(2-furyl)phosphi ne,
bi s(4- met hoxypheny|) nyl phosphi ne, bi s(4- hyl phe hosphi ne,

bis(3,5-bis(triflup t hyl )iphepyl hphosphi

t-butyl bi s(trinethylsi lmehaeho (L-';,ﬁ.- uty| diMaheny! phpspiias,

cycl ohexyl di phenyl p hi ne,| di & I'yl phenyl phi ne, |~ di ber zyl phosphi ne,
dibutylphenylphospRL di bdt yt phosphi ne, - but yl hi ne,

di cycl ohexyl phosphi-ne, di etHyl phenyl phosphit ne, di -+-Bbutyl phosphi ne,

di et hyl phenyl phosphswayre di net hybutuirt Ivet hy| siutiyd lvphos pduiuenes 1ve

di phenyl phosphi ne, di pheayl propyl phosphi ne, di phenyl (p-tolyl)phosphine, 20
diphenyl(trinetthS|IyILphos phine, di pheny IV|n¥Iphosph|ne

di vi nyl pheny!| pheBgBindd, Lekny and yrase 99 PISBiopHlY defined

(2- met hoxyphenyl ) nmet t i ne,
tris(3,5-bis(trifl uo?%alr?gpﬁ%"eﬁﬁmp %ﬁgé ﬂeﬂg‘,"{)ﬁ rpRRARPS

t ri s( 3- chlior ophigniyddapitnd dighndreontiining (ademrihalrgppiethyd c)qmnﬁmbi ethe 25

tris(2,6-dinmeth henyl sphine, tr 3-fl uorophenyl) sphi ne,
s( ! 8;(3{1% 1% et)alD h?heptexl'n?mm coolrdsu(mtnon gl#oup cPontaxr%/mg yg ocarlbyl

ligand are represented by the formula -CyH>¢X—>, wherein d' represents
the number of carbon atoms in the hydrocarbyl backbone and is an integer
from 3 to 10, and X— represents an alkenyl or heteroatom containing

15 moiety that coordinates to the Group 10 metal center. The ligand together
with the Group 10 metal forms a metallacycle or heteroatom containing

metallacycle. Any of the hydrogen atoms on the hydrocarbyl backbone in



tris(2-furyl)phosphine, tris(2-nmethoxyphenyl)phosphine,
tris(3-methoxyphenyl ) phosphine, tris(4-nmethoxyphenyl) phosphi ne,

tris(3-met hoxypropyl)phosphi ne, tris(2-thienyl)phosphine,
'tris(2,4,6-trinethylphenyl)phosphine,_H%Ls(trinethylsiIyI)pﬁdgﬁHNH@m’BO

i sopropyl di phenyl phosphi ne, di cycl ohexyl"phenyl phosphi ne, 2 4J UN 2003 -
23 (+)-neonent hyl di phenyl phosphi ne, tribenzyl phosphi ne,

di phenyl ( 2- met hoxyphenyl ) phosphi ne, di phenyl (pent af | uor ophenyl ) phosphi ne,
bi s( pent af | uor dihformiu)aetaboye gendwphdapendeatiyl replaced by a substituent
tris(pentafl uorophenyl esphi ne_3The phosphi ng |.i gands can al so be

sel ected from p?ﬁf?gﬁﬁawgo 0@1’?83 t"ry}HF}PgF(Qeaﬁ?@?d%‘& ubl e thereby inparting
the resul ting catal ygtstioM dohpiél sfthé terdhial caftdRatSh FRMp BontEAiRCt ed
phosphi nes of this type include but are not limted to carboxylic
substituted phdygdhicasyl metdilagyel@embgdiinghian yeépptsestied by SymewroVc aci d, and

2- (di pheny| phosphi n Fenzoic aci d, sodi um

2-(dicyc|o%exyﬁ Rggg%cﬁb)ethanesulfonate,

4, 4" - (phenyl phosphi ni dene) bi s(benzene sul fonic acid) dipotassiumsalt,
3,3, 3"-phosphi ni dynetri s(benzene sulfonic acid) trisodiumsalt,

4- (di cycl ohexyl phosphi no) - 1, 1- di net hyl pi peri di ni um chl ori de, 15

4- (di cycl ohexyl phosphi no) -1, 1- di pet hyl pi peci di ni um i odi de, quaternary

am ne-functionalized salts of ph es such as
2- (di cycl ohexyl phosphi no) - N, N, N- [ ciHzet lyh.etthanam ni um chl ori de,
2,2"'-(cycl ohexyl phosphi ni dene) bi N-trijmet hyl et hanam ni um di chl ori de,

2,2' - (cycl ohexyl phosphi ni dene) bi s( NeldeNA 20 tri net hyl et hanam ni um

di i odi de, and 2-(dicycl ohexyl phosphi no)-N,N, N tri met hyl et hanam ni um i odi de.
Exanpl es of phosphite ligands include but are not limted to

tri met hyl phosphvkeseindylek hi;|, gharapd yresesgsprewiously defingd, abX phpresents a
tris(2,4-di-t-butylphenyl)phosphite b N-~pHLe@P gle}¥ali] 25
triisopropyl phoréé)#ﬂts‘eegc efljf?or{ggkget%ﬂ)%aé%h‘i T%ﬁk[ r%@lggéégu’t%%§h)§sphi te,
triisobut ybphospRiNR, -P(R*), -0 PITRAMNERY, -0{G)OR QheryDIRSphi t e,
tricyclohexylphgiﬁhitg, triphenyl phosphite, tri g—tolylghosghite,
tris(p-trifluorSONR v eprsepnhydiozese halpeen. ineariapd bsameheds, and

tri benzyl phosphitt = = RaBe _of inite |ligands
i ncl ude but ar 2¢ 1n§f aﬂkﬂﬁhtn gﬁgj bﬁr'ra\e{ltc @fcaﬁgﬁg)é?%{ﬁ?é% ﬁf{hgaﬁp)gt hyl

di phenyl phosphilmeaeor branghed §3s+C dilkdnyh inpéros hiranched C,-41 dhalola ey 1.

di phenyl phosphi nite. anpl es of phgosphonite |igands include but are not
limted to di p@hﬁ‘“&ﬁ%ﬁ%ﬁ%ﬂ%ﬁi ‘?%elscﬁ%‘e? “%E)WBWQlaBﬁosphoni te, diethyl
15 unsubstituted C7-C,q4 aralkyl.
The substituted terminal group containing hydrocarbyl

meta]lacycles can be represented by structure Va, below.

Structure Va



met hyl phosphoni te, diisopropyl phenyl phosphonite, and diethyl

phenyl phosphonite. Representative |abile neutral electron donor |igands
(L") are, DMF, DWVMBSO cycl ooctadiene (COD), water, chlorinated al kanes, 1 o
al cohol's, ethers, ketones, nitrites, argnes, phosphine oxi @b . JUdr oy C
carbonates and esters. Representative chlorinated al kanes include but are
not limted to dichloronethane, 1,2-dichloroethane, and carbon

tetrachl oride. Suitable alcohol |igands can be selected from al cohols of
the t5 fornul avRerhMihdr eanR&dyraeqoasewem@)r d¢ﬁmd mraprésertashed C, - C20

al kyl, linear and b nched C, a t ed d,unsubsti tut ed
C3- >C/:20 c;/cl oal nger TR it étaBﬁﬁi E‘ uaﬁ@tfg) P?RT’P ‘H’t g?fegmip‘wu eSfﬁbst: tﬂt ed
and unsubstit utlﬁﬂax%d@rmc%e@t:@ld%hkﬂndxemtbrmwczfum hdibalest i t ut ed

nor bor nenyl . When substituted, the cycloa aral kyl', and 2o

I
nor bor nenyl  gr dinger ardmanshedr6n6s alkenyk ljb@da@gbmquﬁz@th%l% lkenyl.wher ei n t he
substituents ar ﬁbétﬂ&ggﬁgdjgﬁ]s\h&htﬁgd?-%d Aﬁ%{lﬁgﬁr‘ggﬁ. un:lu'bgtﬁﬂ{ and branched

C -Cl2 al kyl, I|near a near an branched

C -CS al koxy, @ Cyo2ralkyl| ancﬂmlo%bal ag@rbfs’&é'l R&taera R’ €t el togsthdar oni ne,  and
fluorine. Representative al coh | i gands i nclude but are not 2s limted to

net hanol , et haﬂdﬂng‘ﬁﬂle@matQ@%&%@ahgleyafﬂﬁt@ﬁbﬁ capdeEnal , t- butanol ,
|
reopent bl et Pl AR c SO SR

t hi oet her I [ garrdg systenmh e sglsstiagteédor ﬁrrsabstﬁxhtbdaCs Cadniombtloﬁh@eyssem.fa t he formul
ae (R ~- pectlvel , Whereip R ~

i ndependerWI y rse‘é?tlé‘ét@ﬂli"%d W%’?aﬁ‘tu%?ﬂ(f}‘b'(iﬁ am“ﬁ“‘& THIZSYREDBY - 25 C -C ~
o al kyl radi calc%mulﬁaﬁ%agtmr%fbmbﬁgstﬁtea ROHRA RRlikd-absibedn t Ut ed and
unsubstituted C3-C2o0 cycloal kyl', linear and branched C, - C2o0 al kox~~
substituted and:omﬁlsumqnombstadtlﬂﬁoomaltaulystlﬁutmndwlmbﬁt|st1bﬁtlerabnamaje

unsubstituted CB4 ubsti.t ut ed a aryl and
aral kyl groups 183‘?”8‘2”?9%‘?8@%’691@%&:%0%@ hﬂ?‘? @%B&af’e}ﬁ?{(g'de Gﬁféirel n the
substituents argehnsifaasteRE Y- eﬁ{aﬁﬁu% mrealnadaydmealc,lo Nigxyand branched
C -C 2 alkyl, linear.and branched - hal oal , linear and branched

C, - CS al kaky, @@dd;abganwlectadm&omhbgm Huoring; mlﬂfer'@drbcwhmer de. bromi ne, and
fluorine. take r akamto which
they are attach%éhﬁgggﬁra%ggggggwlaﬁe %9?%%(9@33 6’t hllso? egto{

Represent ative mﬁmraiommhﬂtmdmabistthﬂésrlﬂﬁtltdemm ted to di net hyI et her,

di butyl et her, net hy -t-butyl ether, di-i-propyl ether, diethyl et her,

di octyl ether, FRIBITRIEJiNE Feamanal grgup containgieduisecartng

tetrahydrothio i ket ones of
the for mila 15”“@?‘*%(@“ Ak g e S S

hydr ogen, 2Di neato represeint anovtagd ad alifiatic aink g steths arrdluswrackdtbedovehed C 1- CZO
hal oal kyl , substl tu ed and%aaﬁlgt@tl tuted C3-CZO cycl oal kyl, substituted and
unsubst it ut ed CHYEE STUCIpLes Gbstituted and unsubstituted C8-C, g

ar al kyl . When substltut ed. the cycloal kyl, aryl and aral kyl groups can be
nonosubstituted or r

(L") (L")

Structure Vb Structure V¢



20 nul tisubstituted, wherein the substituents are independently sel ected
from.hydrogen, linear and branched C-C 2 al kyl, linear and branched C--CS
hal oal kyl, |inear and branched G -CS al koxy, C6-C 2 aryl, and hal ogen

sel ected fromchlorine, bromne, and fluorine. Representative J‘QUN%
include but are not limted to acetone, nethyl ethyl ketone,

cycl ohexanone, and benzophenone. The nitrile |igands can be represented by
the formula R~2~CN, wherein R~2~ represents hydrogen, |inear and branched
C,-CzO al kyl, linear and branched C, -Czo hal oal kyl, substituted and
unsubsti tut ed CB_CZgﬂf clogl)lé%luCH supsti t ted and unsubstituted C5-C i8
aryl, and substitut Jerming &O%G@talmsgamowby When
substituted, thgetalYshOiR! 00 af al kyl groups
can be nonosubsti t ut ggeggﬂ%?ﬁshﬁegu%eﬁlégﬂymﬁgrgérlg t%‘e s%str tuents are

i ndependent | y degathardel farmmaromatic Goe systémywasetdndh br Smadverds ¥dte C 12 al kyl

| i near and bra Hg % §; -C, hal oal kyl, linear and branched C 1-C, al koxy,
C6-C 12 aryI ogen sel ected fronrchlorrne 5 brom ne, and fluorine.
Representatrve nitriles include but are not limted to acetonitrile,

propionitrile, [Penzonitrile benzyl anr dg, and

5- nor bor nene- 2- carhqmrtrrle ren Iigsnd& an b seI ged rom

substituted an . u &hLﬁUt d g) reneg cg alnl § itution or
v | . ( (L

o mul tisubstit t erer it Eﬁh y sel ect ed

from hydr ogen, I ear an ed Cl{diaat kyl , I|n : nd bra ched C1-CS

hal oal kyl, Iinear and branc ed C1- CS —al koxy, CB- 2 aryl, and | ogen

sel ected fronrchlammmew br om r&waad quormn@m@ﬁ@presengg%&M@ ar enes
include but are not limted to toluene, beénzene, o-, m, and 15 p-xyl enes,
mesi tyl ene, fluorobenzene, o-difluorobenzene, p-difluorobenzene,

chl or obenzene, pentafl uorobenzene, o-dichlorobenzene, and

can e represent o By KRRE AL ;B8 phpB s R RPEpERTS ) 3 aner i n

OXIi
R 3~ 7 20 i ndeptiphiitiring syeprsaesdes fdrtn@iler aRtulea Ve e afd 1?)9@1@“@' kyl,
| i near and branched Cl- CZO hal oal kyl, substituted and unsubstituted CS-CZO
cycloalkyf, linear and branched C 1- C20 al koxy, linear and branched C 1-CZo
hal oal koxy, substituted and unsubstituted C6-Clg aryl, and substituted and
unsubstituted C6-C, 8 aral kyl. Wen substituted, the cycloal kyl, aryl and
25 aral kyl groupsftan benonosubstt ut ed Qr nultr b it%;ed, rein the
substituents are | ndependently sellected f onrhydro | Npear and branched
C, -C 2 alkyl, i \ i and branched
C 1-C al koxy, CH§ YEHe | br om ne,
and fluorine. Rep e 30|not
limted to triphe e, 4 J UN
2003 -27 trioctyl|pks
tris(2-ethyl hexyl)p : i el ude but are not
limted to ethyl ene car bonat e and rooalene carbonpte. 5 Representative
esters include but are not limted to ethyl acetate and i-anyl acetate. WCA
Description The weakbyagomr di nating cosibueani on conmpl exg, JMeAJ, of Formul a
| can be selected from borates and al um nates, boratobenzene

In Structures V through Vj above, ' is an integer from 0 to 5; and
X,M,L,L", "a", n, x, y, R! and R*, are as previously defined, and
R* and R® independently represent hydrogen, and linear and branched
15 C-Cyo alkyl, R* and R® together with the carbon atoms to which they are
attached can form a saturated and unsaturated cyclic group containing 5 to

15 carbon atoms.



ani ons, carborane and hal ocar borane anions. The borate and al um nate weakly

coordi nati ng counteranions are represented by Fornulae Il and |1l below t
5 ~- [M~R4)(RZS )~Rzb')(Rz~" )~ 1l [M (CR29~)(CR29~)(~R33£~R3 ~ ~) 1 111
whera~in in Formula I1 M is boron or alum numand R4, RZS R, 28hd z 20
RZ' ~ i ndependently represent fluorine, 1%inear and branched C ~ -C ~ o

al kyl, l'inear and branched C, -Coo al koxy, |inear and branched C3-CS

hal oal kenyl, |inear and branched C3-Ci 2 trial kyl sil oxy, G g-C36

triarylsiloxy, substhiauipteh cfhdterousorhsbntainiredar¢bligadds andek R' aed subst i t ut ed
and unsubstitut ed C6-C30 a_ryI,ox;r, groups wherein R24 to R27 can not all 25
si nul t aneous| y Ry&idinyd and quinRliny) lﬁﬁndéryl oxy groups. \Wen substituted the

aryl groups can be i -l %itiséa.h itk t he
substituents are i n@%ﬁ%ﬁ%ﬁqge e%hggﬁfc&)g% I netgrwrgﬁase}étr&gr?gﬁged C -Cs

al kyl, l'inear dotoWwingntiueatreC, - CS hal oal kyl, Iinear and branched C, -CS

al koxy, linear and branched C, -CS hal oal koxy, |inear and branched C -C, z
-28 24 JUN2(mB trialkylsilyl, C6-C, g triarylsilyl, and hal ogen
selected fromchlorine, bromne, and fluorine, preferably fluorine.
Represent ati ve borate ani ons under bkka |1 4 nclude but are not limted
to tetraki s(pentafl uorophenyl)boratkg,
tetrakis(3,S-bis(trifluoronethyl)ph
tetraki s(2-fl uorophenyl)borate, tetf
tetraki s(4-fl uorophenyl)borate, tety
tetrakis(2,3,4,5-tetrafl uorophenyl) :R%
tetrakis(3,4,5,6-tetrafl uorophenyl)pborate, 10—
tetrakis(3,4,5-trifluorophenyl)borat e, tri s(perfl uorophenyl)borate,
ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis( 1,2,2-triflugrogthylenyl)borate,

tetraki s(4-tri-VhereBR 1 s F‘ylatl‘éRr agach dndeperdepily pepreseat hydrogen,

tetraki s(4-di =t - Ll al b e upr oph r 5
(triphenyl sil giﬂy%%ﬁné ?%éeaﬁf!gé }‘taﬁ’%%%h‘%ﬁ% %%lf & gj,% &AM el ard

(octyl oxy) tri s(iwenttetll@ieCoqikenyy,| QO atyd, Ci-Eg aklkgl, 8ach-dptishdllyret hoxy- 2, 2. 2

trifl -1-(trifl thyl)ethyl |1borate, tetrakisf3-[ 1-meth
2" 2, 2111 Puor oRESHRRSETHI N SHEHAFTS iR o5 e apt BFSRERTS - Spony1 ] bor ot e
and’ tetraki s[ 3a1kel, Ancrlahé Ha!ﬁ@l'i&rér-(:?heﬁo&’lk%lt hAlbp&, 34 Preny) wheh20

(trifluoronethyl)ethyl]-5-(trifluoromethyl)phenyl [borate’ Representative
al umi nat e ani oneanptionalBobesibatitutediwith linkar bud branehedd-C4 atkylelingap

t et raki s(pent af | uor ophe )al,um nate 200 21"
tris(nonaf | uor oﬁ%{@ﬁ&#ﬁ'&@‘r}bﬁ%%@h _ chalogen. Any two of R, R, and
(octyl oxy) tri s(R&En¢amfBeltiked fsprite} ittthé\édrBon &Bms to which they are

t et raki s(3, 5-bi Sétrl fl uor onet hyl ) phenyl ) al um nate, and

met hyl t ri sépent atfached wpiearw oyalicien mukieycliarims epgh eptionallysubsétuiedr on or

al um num R28, linkar or HRAk i et 1l and
branched C~-C, gﬁ%ﬂn@gﬁ ?rnear hg{rﬁg' ﬁgﬁ@ﬁg&%%[ érérglﬁbgﬁggl' k@jlh,alo%@ 2‘:~
hal oal kenyl , sulsd hdlogend ExachpBd3 ofiaHylixsligands ewltable i63hacationicand substi t ut ed

and unsubstituted G--C3 aral.kyl . . -
complexes ofa the lmycntlon include but are not limited to allyl,

ey ypr ophenyl ) bor at e,
¥( 3, 5-d| f | uor ophenyl ) bor at e,

2-chloroallyl, crotyl, 1,1-dimethyl allyl, 2-methylallyl, 1-phenylallyl,
20 2-phenylallyl, and B-pinenyl.
Representative cationic complexes containing an allylic ligand are

shown below.



-29 2 ~4 J U N 2003 groups, subject to the proviso that at |east three of
R2g~ to R3 ~ ~ nmust contain a hal ogen containing substituent. Wen
substituted the aryl and aral kyl groups can be nDnosubstitf qﬂgfr

-mul tisubstituted, wherein the substituents are independent 3 dMBed from
| i near and branched C -C; alkyl, linear”and branched C, -CS hal oal kyl

| i near and branched C -C, 10 15 20 al koxy, linear and branched C, - Coo

hal oal koxy, and hal ogen sel ected from chlorine, brom ne, and fluori ne,
preferably fluorine. The groups OR28 and OR29~ can be taken together to
forma chelating substituent represented by -O R32~-0O, wherein the oxygen
atons are bonded to M @and R32 is di val ent” radi cal sel &¢ted from
substituted and unsubst|ituted C6-C30 aryl and sufstituted|and unsubstituted

C-- C30 aral kyl. Preferffl M(LI)QE“O ygen at onp—arie Md@dd) | ei t her directly
or through an al kyl group, t0theYaromatic r

N the ortho or neta
position. Wen substituted the arylf and ara] ¥ gr oups cam be

nonosubstituted or multisubstituted, whereila the substituents are
i ndependent |y sel ected f iSaficturd ¥ and br anche@uGctutesSVE kyl , |inear and
branched C, -CS hal oal kyl, Iinear and branched C -CS al koxy, |inear and

branched C~-Cep hal oal koxy, and hal ogen sel ected from chlorine, brom ne,
and fluorine, preferably fluorine. Representative structures of divalent
R32 radicals are illustrated below. 34" R33 R33" R34 \ -~-C)~,. ~C- a ~
~/ ~~(;~R33")2)n~~ R33" Rte' R33" -~~R33')2C)n~, -~~R93')2C n" R-~ R33. 34
R33, \ R34 | \ \ \IdSfrudtures VIOVTu, and VI M, L, \L"R34nd R3¢t as/previousR33' R33'

R34, ~C~R93')z - 30 - ~24J Ut~ 2003 wherein R33 independently
represents hydﬂ%@éﬁﬁ‘; | i near and branched C,-CS al kyl, |inear and branched
C, - CS hal oal kyl, an f i I \B“ean and fluori ne,
preferably fluori negdggwgg%ﬂgﬁlﬁgfngﬂ%lsﬁl%stél:%g&r”]‘%dagp l%t)'g(?er% updt o four tines
about each ar oBali Shaw,ndgvdeqesninlinogganic ChemitrgiandRadiochémiser, \0ol. each ri ng

oS alky 1 ARG S e QT s 1 PRy ESRE BRE br anched
~-CS al koyy, | ivngard.ande®FOBCR G, R-KEhter, Pl palde9 X N Stfirdvaéiogen sel ect ed

fromo chlorine, bromne, and fluorine, preferably fluorine; and n"
i ndependent | y Hdpenoce it @rgaromeatadlieChaémisiny, OV alo2.6AcademighRyessdnpe recogni zed

i rectly to a NSRS Tl ke AT PUpmestil e "oz, in the

above dival ent Sstl (oY 858 5; anhdHl. @ eVoiper, Rey Jahv.alans Pay Bag 88 (WeH n" is O,
and the ~ 5 nethyl ene or subpstituted nethyl ene group(s), -(C(R33~)2)"-, are
preferably | oc&?éﬂ“ﬁb‘ﬁhwlb‘?%ﬁ@t‘iﬂﬁowﬁ&qw effEeSet ho or neta positions.
Represent gt i ve chel g SHASe - @i ude but are
not lim tg{j to are yCZK F%ﬂ%at etrz;l F‘lu%%?fgﬁ{zoémﬁée a&@gﬁé&(%ﬁggﬁ%-),
2, 3, 4, 5-t et r ac hinineshpyrrinesdirgdrmpbosph@DS ChAining amipa®Ads and arsines
2,3,4,S-tetrabrono enzen}egli gj atﬁ (-0C6Br40-), and bis(
1,1 - bi t et r af | @BF SPHBEY PI B1eJomElRy ot e) . Representative borate and al umi nate
ni ons under Formula Il include but are not limted to [ B(QZC6F4) z] -,
B(OC(CF3) 2(CH~) ) 4] -, [B(OX(CF3) 2H) 4] , [ B(OC(CF3) (CH3) H) 4]
CF3) zPh) aJ~, 25 [ B(OCHz(CF3))4ER )} Al (OC(CF3) ZC6H4- CH3) 4]

3)a] [A(O(CR3)(CAB)H) 4] , [A (O(CF3)2H) a] ,

zC6Ha-4-f-Pr)4] , [A (OC(CF3)2C6H4-4-t-butyl)4] ,
3) 206 hihefeifsiB\e 3senik or ahhoSGEETRY 3Chklépehdontty sdRcBddfrom
3) 2C6H2- 2, 6- ((CF3) z- 4- Si - i Pr 3) 4] [AI (OC(CF3) 2C6H3-3,5-(CF3) z)a] ,
3) 206 My dpoeenslinegpanddranehed Ci-Ciaplkyl [Car¢ iocy dealkyloireay and

branched C;-C alkoxy, allyl, linear and branched C,-C) alkenyl, C¢-C2

(O
(O CF
(OC( CF
(OC( CF
(O CF
qecqes

aryl, C¢-C), aryloxy, arylsufides (e.g., PhS), C5-C,3 aralkyl, cyclic ethers
25 and thioethers, tri(linear and branched C,-C, alkyl)silyl, tri(C¢-Cy2

aryl)silyl, tri(linear and branched C,-C, alkoxy)silyl, triaryloxysilyl,



- 31 - ~24J a N 2003 The boratobenzene ani ons useful as the weakly
coordi nati ng counteranion can be represented by Fornmula |V bel ow. R35,
R35 \ 35 | ~, IVR35 ~ 35 Rte' wherein R34 is selected 24odiN 208ri ne,
fluorinated hydrocarbyl, perfluorocarbyy, and fluorinated and
perfluorinated ethers. As used here and throughout the specification, the
t erm hal ohydrocar byl neans that at | east one hydrogen atom on the

hydrocar byl radical, e.g., al kyl , al kenyl, alkynﬁi, cycl oal kyl, aryl, and
aral kyl gr oupstri(lisear epd branehedi € inCr allei sty endiri ket D8P om chi or i ne,

brom ne, iodine, . and fluorine, .T er | uor I -mgg[that at
| east one hydr%dégr??gleo e&ﬁlr}ghsélbﬂgg?%% a?ﬂotgflolﬁ(ragg‘%]}ég{u%?@mr%ép 'ace y fluorine.
The degree of habragdRald, s dRyl, hmsager brafdhed iC, @dsloating, Oydt ogen at om bei ng

repl aced by a hal ogen atom (e.g., a nonofl uoronethyl group) to full
hal ogenati on ratkoxy, hglogpm|ang sambingtipnsthereaf. lRepraseplptiveo gikil PBs on t he

hydr ocar byl gr . C (& per hal ocar byl
such as t)rgifl u%'rdglr?gf%ﬁg?}a?%gl#g%?ooﬁg?%Ie?‘)ym#ﬂg@gf%wghfggwhydrocar byl and
per f | uor ocar byisobwagl, ced-butpl, edrebuatlyl, pertghmaopentyl  lexgY heptybontyht ons, nore

preferably, 1 to 12 carbopn.ato nd nost preferably 6 carb tons and 20
can be |inear B ’r%ﬁ‘i@af{wé‘&g dg%?fﬁepaqse%tpgwgﬁclqaikyﬁg}/cﬂpaH}Cﬁlﬁi{%{%@ hydr ocar byl
and perf | uoroc gyt nﬁﬁ@a@@&w%{ﬂqﬁd @g%@g@kggprésbﬂ@aﬁe@amsx | uorinated and

perfluorinated |inear and branchéd C-- , fluorinated and
per f | uori nat edgo®pCmtiudgdubateknpt limfted tr mathoryl ety pandf isoproporyt ed Cz- C24

al kenyl, fluorinated and perfl uorinated - 24 25 cycl oal.kenyl , fluori nated

and p)e/rf | Wori ngf%s@é@tt‘fféfgﬁlﬂ??tger W&fﬁ)ﬁ% eégroupQYnsllu,d%j)ugeé mot; 2 and
erfl uori nat edy; i | ether

p lifriteS2dry R dﬁgénngfs?g&iyé@n R’@r&@n%@% %%ﬂgggg RERIABY

substituents are repreésente ormul ae - ( , or -(CF2)nOR36~
respectively, hntearepot lRaed © phenyliortolihaadinephtipd, Reprsseonattvsyl group as

defi ned above, j I 0. j at 5 when m
is 0 the oxygeﬁ;%l{yg%%g’skﬁté&%t uérglterp%ﬁel f/éfléd %ﬁ%%ﬁ%%ﬁﬁ%@qé{'{y’ached to the
boron atom in tOH,CHIRH D (Repzaeftativeglyl proubeinchde Badare adt limliited torcl ude t hose
that are el ectron w thdraw ng ]i n _nature_su or exanpl e, .fluorinated

Y

. . . ) : ch as, f
and per f | Gor i nHRMEHSHYlo ErneihyIsiy ganddristhylstlxl Asdn theggenesal definitiemet hy! |
per f 1 uor oet hyl r rf&;é% : i or ophenyl and
bis(3,5-trifl ug?%%e{ahgpggﬁeny !.)m%g&{plrslgg%g%gﬁe{%ﬁggyrglé%s?g‘géecﬁ?gl{hydr ogen,
hal ogen, perf| lineaeabbarched@¢Cs ialkyl, pimedr arbranched|-Os ddloakklyls andvher ei n t he
per fl uorocar byb and silyl perfluorocarbyl are as defined previously.
Preferred hal o§8¥88-oups are selected fromchlorine, fluorine, with

fluorine bei ng espeqeptds¥ntdidvepydidinds ecbluddNBndiBS pintivaingl0gen -,
perfluorocarbyl, and/or silylperfluorocarbyl, the radicals) are preferably
ortho or Para (Zrﬁor%6pr3e4-earaﬁ1,§-spbsta9ted)omch negydnadwding 8nd+.0rt he bor at obenzene

ring. RepresentalhvfuRaj 3 QELNEG)HyAGIR Thd IF 4l Budydl@, not 11 mted to
Representative arsines include triphenylarsine, triethylarsine, and
triethoxysilylarsine.
Representative stibines include triphenylstibine and
25 trithiophenylstibine.
Suitable amine ligands can be selected from amines of the formula
N(R®);, wherein R® independently represents hydrogen, linear and
branched C,-Cyp alkyl, linear and branched C,-Cs haloalkyl, substituted
and unsubstituted C;3-Cy cycloalkyl, substituted and unsubstituted C4-C)3
30 aryl, and substituted and unsubstituted C5-Cg aralkyl. When substituted,



, 4- di hydr o- 4- net hyl - 1- (pent af | uor ophenyl )]-2-borate, 20 4-(
- di net hyl ) -1, 2-di hydro- 1- (pent af | uor opheny 1) -2-borat e,

| unro- 1, 2-di hydr o- 4- (pent af | uor ophenyl ) - 2- borat e, and 24 JUN 200
3,5-bis(trif|uoronethyl)phenyl]-1,22g[hydro-4-(pentafluoropheny?)-Zborat
The carborane and hal ocar borane ani Ons useful as the weakly 25

coordi nati ng counteranion include but are not limted to CBj, (CH3)t2
CB,~H i, 1-C2HsCBvHn , 1-Ph3SiCB,iHa , 1-CF3CB~,Hn , 12-BrCB"H ,'

12-Br CB"H-~, ', thek3ciBalkgBarttand aralioy @IaDPS e be Mongsubstitogdler~ o , 1-H CB, ~

F'', 1-CH3-CB"F"', 1-CF3- ~ F'', . 12- CBHF' ,. 12-CBi | E

7,9,12-CB'Hi , F@“}“%éﬂé%é’%%fﬁmé%%&%@e{m &%P%P%%Y,SCE,E@@@EngF@ ,

6, 7, 8, 9- CBOHbF 'dro%erg lifieat aHdtbfm%BEH?c;-@%Ha?tkﬁ; indr SndBAhied'G,-EBIHSBr s”

CBI 1H6C16, CBIIH6FE', CB11H6F6, CB | | H6I6 , CB 11 H6Br6 ,

6,7,9, 10, 11, 12hgpalkyl, He&s and Pranclied3C 0C1 alkomaIGeFSi: aryl- aaddmimegn

T oBt1( o) 12 el PRSI e B it A Rt SRS Yot b sopor)
and dodecahydr grcludedyubadqde iained & ethyl@iﬁx@d,_)ﬁdthﬁﬁxﬁﬁﬁ[ ation The cat al ysts of
Formula | can be prepared as_a Ere,f orned single.1 o_conponent catalyst in

sol vent or canditoperybamiag. rijutyiaming N Adimethydanikee, %Nanfi?%%h.\’bf‘écursor
conponents in [ I a4l yeriiaed: _&i ngl e conponent
cat al yst of Fo?’nn‘gfag‘ﬁﬁ{%gﬁ"Sr]g‘gg‘rﬂg{)%?gﬁg@ﬂgﬁm@]ﬁg@tﬁ%&g&% yst precursors
in an appropri atxadsofixsilihe. al | owi ng the reaction to proceed under
appropriate tenperature conditions, and 15 jsol ati ng?the atal yst product.

I'n anot hel® enbodi e OkgaaPPRAsPheTUSEenipinine Jigandy pelude phosping®:d with a Group
15 el ectron do 0 abid & e donor conpound,
and a salt of gﬂﬁgﬁﬁggg%rh g?‘ﬁéasf P?\dgp gﬁ?%sjnﬁid gﬁﬂg’ﬁsﬁgg‘ﬁ’g? g solvent to

yi el d the pref compoursistodikthesforroulapl ex set forth under Fornula | above. In
anot her enmbodi nent s 20 a G oup 10 nmetal procatal yst containing a Goup 15
el ectron donor ligand is adm xed with a salt of a weakly coordinating anion
in an appropriate solvent to yiel @(Rhamq{é'\th){grred cat al yst conpl ex. The
catal yst preparation reactions are carried out in solvents that are inert
under thel¥eaction conditions. Exanples of solvents suitable for 2s the
catal yst preparatl on<s ion includ t ape.not, Limted to.al kane and
cycl oal kane sol@gﬁ?%%ﬁsﬁ&ﬁ n’ﬁétﬁ?ggﬁé(,?r sﬁgcfghe, ‘ﬁ%&egﬂ%& abé’rYS 389c| ohexane;

hal ogenat ed al ka¢teRS elibstinfesit s usdepandetit 6htho bdrEigianel, X bt 8rafdar car bon
tetrachl oride, ethylchlorjde, 1,1-dichlqroethane, 1,2-dichloraqgethane,

1- chl or opr opand; 222rch MathdBe BiyHe, that wienat obhysilipen atome Rind oMifiahe, 30
1-chl oro- 2- met r?é’éxp&g%éﬂgtonﬁ"ﬂ‘#s L-50HeABE N ARifrogl ABHS h§YE N vARn BHF and

20 is 0 and X' is oxygen, any two or 3 of R” can be taken together with the

[ 1
1,1
1-f
1-
e.

oXygen atoms to which they are attached to form a cyclic moiety. When g
is 3 any two of R” can be taken together with the phosphorus atom to

which they are attached to represent a phosphacycle of the formula:

R'P  (CH,),

wherein R is as previously defined and h' is an integer from 4 to 11.



2 ~ uuN zoo -34 diethylether; aromatic solvents such as benzene, xylene,

tol uene, nesitylene, chlorobenzene, and o-dichl orobenzene; and hal ocarbon
sol vents such as Freon 112; and m xtures thereof. Preferrg%mkv@s
-include benzene, fluorobenzene) o-difl ugrobenzene, p-difl &orobenZene. 5
pent af | uor obenzene, hexafl uorobenzene, “6-di chl or obenzene, chl orobenzene,

tol uene, o-, m, and p-xylenes, nesitylene, cyclohexane, THF, and

di chl oronet hane. A suitable tenperature range for carrying out the reaction
is from about -80C RepsemativeghOsplpneligandb ingludeobut ateonat linB@d tbo about 100C.

nore preferably fr bout O0C. to aboui. 65C, and st ,preferably from about
10C to about 4(’.‘)@.““&%3@@*‘&‘% g‘eﬁ@flghqspé"inﬁéfmbﬁ'cor’ 0 nd on the boiling
point of the selxstb MR, tri-n-ButyBpHobpiihE R sB-BR§ PhBspittneTRI Nt ai n the
solvent in the Iui gﬁt}i %ﬁgﬁéa e. Réa?:t iumoi}?res aré not iﬂcﬁrhi t;i; cal, and can range

from several nitrkibstylphosgifingdrirrshutsithhospbine trioyclopentylphaspbingbl y 15 carri ed
out under jnert_. sphere such .as nitrogen or arngon.,.The reaction is
carried oui byt‘rd?qbgﬁ?(’@&ﬁﬁe’_tﬂg%‘?k&éﬁﬁhf)? i pre@d\gkfoﬁsbléle’so! vent and

admi xi ng the appibtygiosphisand{Siolyipkbsbiine 3ald-1odflphdiphiesi red weakly
coordi nating anion wth the dissolved procatal yst, and optionally heating
the sol ution untiim-talylphesphine Bibenzylppsphisee. The 20 preforned single

conponent cat al.yst i . i addi n

S Thuors. of -t naXh RS aBhal BPnGion U SGdt Hphbaonibe, 25T 00

medi um | sol at ita-fhorbpieenyl)phissphine Ati(p-eri fhsorompthiy phesy jphosghamg ar d
procedures, such as evaporating, the sqlvent, washjn HTIDZ] olid with an
appropri at® solauéﬁiﬂl?healﬁ]&h?%wer Benzyldiphenylphosphingebig PHoERB®t . 25 The

mol ar ratios ofy;gal ' i ian the
preforned si nglbéézcorrppc{)(%gg{i gatﬁgm@%@%‘%@%&@%’%@%@@%@%&gﬁbn t he met al
cont ai ned i n t fas(pSeus(triflucsometby)pimnyt)phdsphiaepr ef erred enbodi nent t he nol ar

rati o of procatal / x.ou | ect ron donar,. co nent/WCA salt is

1: 1- 10: 1- 100, r’r%”ﬁ%‘r‘@ ﬁg@,yﬁﬁﬁasp “Fi’%?‘%“ﬁﬁ“%‘ﬁ’ Y&f er ably, 30
1:1-2:1-S. In RHEBEMpRerApHo8Shih & \dedllyl R6Shide procatal yst is -2 4
J U ~!I' 2003 -3??% gat edbvx,i.l?hp_a %oup 13“@?3%%_0% donor l|igand andlor a

| abi | e neddral dibeseylpbesphinsodiburyiphenyiphesphineadibnwiphospliingr ocat al yst (based

on the netal copten alt ,1:1-100,.preferably,, 1: 120, and nore
oretorapty. 1. B ShlohRals, &t SphORhiR S By AbedypRBbiR Jot armer o
the fornul a [R'd%q\'-b]uiylblﬁospﬂiﬂi:)@ﬁ:etﬂylﬂheﬁylﬁi@pﬁin@ﬁ el ectron donor conpound,
(L"), and a salt of a suitable weakly coordinating anion in an appropriate

sol vent to prodimethyleimethylsdybphesphaadirphenyiphesphieoduct as shown in
ti 1 ~ A . 't Nt 't -~
FqRuﬁ/( :_O)nxg L, ~§ rﬁq@h%?pﬁ&%%g’e&%%gg?ﬁ%ﬁég?hoc?wn@]s 3? the formul a

[R MA' ] z i2eicl udéplmnyl(aireethysilyliphiosgldng, diphesylivolylphespiane onposi t i ons
allyl)palladiuptrifluoroacetate ~ 5 diner, (allyl)palladiunchloride diner,
Ecr o%/yl) I)opal | adi WP{%F%@"%P&J@F’, etbﬂﬁl@?’%ﬁﬁrquéﬂpﬁ% Z)gi de di ner,
((3-pinenyl )pa|(|25kﬂétllﬂl!|3§>24_h@ﬁ§1ﬂﬁelztﬁ9l!ﬁﬁ ylPRsPihé i RRbdAphbdphafl or | de di ner,
al | adi

én )
1, 1-di met hyl al 'yl adi um chl oride "di ner, (allyl)palladiunmacetate diner,
[ CH2C~CH3) CHz ( arisl3, vhis(trifnaopeshyl pheey)phesphined noi ety C oHi oi s 20 derived

o -~, i ot Ir I “néh ZHF - 9 eC,3sz)Ni-(OZCCF3)]z
Lo B TR AL AR ) e
(the insensed npise6-dimeiidd phénydphbyhing, (id3-Raysphatydphosstee,

[CHzC(CH3) CHz(Ci 4H, 6) N (OZCCF3) ].z (the inserted noiety C,oH o is derived
f r om nor bor nadi &ise-firykphosplyne, NpsiP apethpombenytinbpmhines, SH |

S)Ni (QZCCF3) ] z( g j O~ oH ~ i L om

tricycl opent adi ttéi}r%@) },ng?%gé@%&gg#%l@‘&%’&%@?ﬁ@?’h&&%@B‘?’t he inserted
nmoi ety exo- C-2Hzis(3-methokyprody hphapltine -tisQitkiendiflospians) , and

[CH C(CH3) CHz(C, 3Hzz) Nl (OzCCF3) ]z (the inserted nojety C|13Hzz is 30
derived from hetip{sbpriimsiwiphenyl)phosphyne, tns(irerneshylsdyl)phosplineer enbodi nent
a ligated oup; r Sh: ML")yA ] is adm xed
with a G 03§rp 15‘%&'8@???ﬁ‘eg%lﬁg%t"gﬁb%‘ﬁﬁ{!?ﬁé}ﬁ1%“%%&@“551t of a suitable
weakly coordinating anion in an appropriate solvent to produce the single
conponent catal yst product as shown in equation (2) below 2. [R ML")YA]
+ xL' + [WCA] salt --~ [RML")x(L")y]b [WCA]d A representative procatal yst
of the formula [R ML")YyA ] includes but is tonot Ilimted to

(COD) pal I adi um (net hyl ) chl ori de.




In a further enbodinment, a Goup 10 netal |igated procatal yst of the
formula [R ML')xA' ] containing the Goup 15 electron donor |~gand (L') is
adm xed with a salt of a suitable weakly coordinating ani i 3003
appropriate solvent to produce the si ng%3e conponent cat al %t product as 15
shown in equation (3) below 3. [R MLI)XA] + YL~~ + [WCA] salt -~

(R I\/(L )X(L,~)y]n (WCA]a Suitab' ~e procatal ysts of the formul a

,A'] include but are not 20 Iimted to the follow ng conpositions:

| adi qﬁ-heommhﬁ&phmymmphnqeylbmzp}phd@hme

| adi | oh triflat
 aai ALt ex%{a&a&gﬁ e t1ate,

| adi la'{r}(gﬁeglm E%Mmgg triflate, 25

| adi tric cI ohex phosphi'ne)trifl uoroacet at e,

I

I

I

I

I

| | adi lhl((p¢ntaihlomphﬁhplb|d\§phlphesp¢lmeoamdje
| | adi triflat
11 adi drerrefieropiSISRRRRAE) i ¢ rate.
I
I
I
I

=

l'adi un(t riTH-ghebpHiRPgRas b ASEbaiefectedfrom phosIhl

| adi un{triiso ropylphosphlnegrlfllmde 1 ar~ 200 _
| adi mwmoue@&ﬁgam& yiaish selpbleriksrely mnaringethe resulting catalysts

| adi yp
Ll 2 d: %1% %AHﬁQgﬁy h%ﬁ&% I%#fe ;%JIACHH a@ﬁ‘)Sphmes of this type
| I adi uaglude bmcalr@imxuﬁxrﬂalasmhrbmthowb@dxtuteatphbspmiee su¢h as
triphenyl phosphine)trifl

al | adi u

209 adi AP BRbE ‘PR%%@H@) tmda Highesuisbosphine)benzoic

latin

2t nunfls o i cRe oM Rutopate

i met hyl al [44' )(phddy@ospﬂxhxﬂeneébqs(&epxdnpho&‘qﬁnc acijl) dipblasxiuraaelet ate. |0
2- chl 1yl L], t hi trifl] t at

(2 e oo 1) Pal o S S eB PRl a0 LJh et ot

(crotyl)pall adi M(E(x&)‘dl&béﬁ%d%h@éfﬂx{&'?—qSlphi'rﬁ’t‘%ﬁyll{ubéxlnﬁﬁﬁxm chloride,

(crotyl)palladium tricyc genty hosphi ne

a
a
a
a
a
a
a
a
a
a
a
a
a
a

ODDLDODDYLDLODODYLDLODOYDLDODYLDL®ODOYDLDOYY

'—‘::::::::::::::::::

oI
'O'O'D'O'O'O'D'O'O'O'D'O'O'O'D'O'O'Ov

[
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
1,

E ma: Eal : yllg pa: :%mxwdqhemy o lplhdx@mwﬁe?@w:xlﬂiutm iwdidesquaternary
nmet na a | QO | [4] at e,
(ot hal 1 Y1) pal | °}we§§%%85@¥%§fpﬁ‘§§é'%e SUSH3S £ ate,

(methal l'yl) pal |D-(Hlbly‘mdlfdxytpﬁbsﬂhﬁib})lwm-ﬁﬁmﬁﬁWWﬂ{a@ﬁmﬁﬁum chloride,

(methal I'yl)pal l adi un{trii sopropyl phosphi ne) chl ori de,
(et hal | yl) pal | 5l rﬁqmlphquwéw@mamgwu Mél)l@mhojhﬂw@amzoum

met hal | yl') pal | r de,
gmet hal | §| ggal Icg ﬂ?% r?%@k@gp Jﬁng%ﬁg{ﬁig #\Iln@d
Emet Ea: : y:z;) pa: :micxilmduhg(lethmmjxn?mﬁﬁrm?ﬂﬁﬂao@mmh_ (t?c)}tc_tﬁch}‘ekylphmhmo)-N,N,N-

met ha al | adi cl ohex osphine)trifluoroacetate,
(net hal | );I )Bal I%’dﬁ‘%{‘%?&‘ %‘UBWB})W% ospEu ne)trifluoroacetate, 25
(met hal I yl') pal | adi ungg4m@¥$b0nR8phiteRiaadinbR4E Bhtf;iré'%ﬂ?rﬁﬁ&cﬂfoe
(et hal l'yl') pal | adi un(tricycl ohexyl phosphi ne) acet at e,
(met hal 1yl ) pal mmqihc(lphosp kﬁqa:dmlyorlpmmhos;wtac@mﬂw@hosphlte

yl)

t hal | ¥ hosphi t
Egt h:| |yl )g?ckgst 5&?\‘%&&?@%&% IPnrp(l? Hy;‘? gpﬁtez J U N 2003 -38 {
(di net hyl am médpecsﬂwﬂﬂoﬁbmfey{n &Hﬂn}lpmbm@éﬂnmamt?npﬁbm«%yl phosphi ne) chl o

i met hyl ani noVH%IbﬁiMII}}}?ﬁEhﬁﬁl ITC"NUWJRMFWHG» disyelehexyinhebrbitel phosphi ne)trifl a

2-
ri
[ (
t hydri d
(ﬁydl(’l )(;o; Ipa?l) gﬁrt t r| I }gt)e;’:}é‘?hlgnﬁé Fﬁ%%ﬁ’ﬁ@l“’%f{“hydn do) pal | adi um
bi s(tricycl 0hexyisgb‘mﬁhfmlrméthylﬁ)hab&)phbtpmié} tsbaryldiettadiphoRphite, and

bi s(tricycl ohexyl phosphi ne)trifl uoroacetat e,

(hydri do) pal | ad%ﬂ’ﬁﬁ?ﬂ? hasphitspr opy | phosphine)triflate, o

(hydri do) pal | adi unbi s(tricycl ohexyl phosphine)triflate, and

(hydri do) pal | adi unbi s(tricycl ohexyl phosphi ne)formate. O her procatal yst
conmponents suitable for use in the foregoing

[
de
di



process include (MezNCH2C6H4) Pd( 03SCF3) P(cycl ohexyl )3 (i.e.,

ort ho- net al | at edphenyl net hl yenedi net hyl am no pal | adi um ~ 5

tricycl ohexyl phosphi ne), (M2NCH2C6H4) Pd( 03SCF3) P(i-Pr)3 (iz-F-JUN 2003
-ort ho- et al | at edphenyl et hl yenedi net hyl grri no pal | adi um

triisopropyl phosphine), (allyl)PdP(i-Pr)3C6F5, (allyl)Pd(PCy3)C6F5,
(CH3) Pd(PMe3) zCl, (CZHS) Pd(PMe3) zCl, (Ph)Pd(PMe3)zCl, (CH3)Pd(PM3)2Br,
(CH3) Pd( PMezZPh) 2C1, (CZHS) Pd(PMe3) ZBr, 20 (CZHS)Pd(PMe3) 2Br,

(Ph) Pd( PMe3) ZBr, ( CHEXnfph(eRMi phodpBinite GdandsHd¢IRdé bRy (x88CRE) ,

ez P ey B R RS CiBmebl) 3 ) PSPPI @

)é@phil{iﬁ?&m’ﬁfﬁh Ndirgﬁgg?%[ﬁrﬂez 25

(methylal lyl) P ﬁﬁ?}%
(met hyl al I yl') PA("PBu , and (methylal OCH2) 3] CH) A . I n anot her

enmbodi ment, the cat dxpmplasaf pbesphonitecligands picbidebat aragotliprtedtet al yst of t he
formula: ~CaH ~.~(~')r(L"fir 2.4 .J 003 ;:39,in the esence of a
Bronsted atid @A@%&YRHB%%‘Q“?SPBP“% d&#ﬁgﬁ%ﬂﬁﬂ%&t}?lﬁ?mgﬁ{tﬁ’ﬁi zing a

carboni um or si i WEH héhy¥pidkshonite a@HIdy@hyat al yst as
illustrated in &é%{hylgm%ﬁﬂ?%m (;gr?%{ygﬁat iygl?\) élh (Ed. H-M Ly'q)x(~" ~y

(H~Cd. H2a' ~" Mrhenylphasphenite. CAl In this enbodinent R is a dival ent

hydr ocar byl 1i gand (eﬁepk}%?%tfa \r/m{)ﬁe ﬁéu% glg%t}OI{%ﬁ%er&gar{dglfgﬂ Aoget her with the

G oup 10 netal cent ormo a netalTacy ere répresents the

nunber of car bddME DMSSO,cyclvecddieas COODhwdater; alilbyihatebsiklyese and i s an
integer from3 to_ 10. Any of the_h;idrogen at ons onxge di val ent hydrocar byl

backbone dan belGobplsaetherspketonesitriles, ateneh RRAPHING OXISSSATEYNC | j near and
branched C, - CS hal QaHek}hd esters.C © cycloal kyl, and C6-Coo aryl. The

cycl oal kyl and aryl noireties can ~ 5 optionally be substituted with a

hal ogen substituent Represethwmtvé cidoniimtedralkanes didlwdei bue arefdotimited to and i odi ne,

preferably fluorine. In addjftion, any two or three of the alkyl

substituents t OF0 al‘fETl’;'dfqlPl‘irﬂ%%?ﬂfd'f‘?fg%ﬁrE%wH% ffe carbon atons to

Wﬁ' ch they are atta%&b%&@fﬁéﬁ'ﬂsé&dw‘@éc&d%oxﬁ'éﬁﬁﬁélb‘éf thé1g system The

rings can be nonocyclic, (Zga%mI?O" \{éycl ic, or fused. Protonation occurs at one
an

of the hydfocarfophiiad’QH, gepresantsclinearangd branghied ICi-Geo elktyl.on conpl ex
wi th a nonoval ent hydyr.ocanbyl~ |1 d coprdi nated t.0 the .net nter M In
anot her enbodi ﬁérf’?f“ %’@rﬂﬁ?e%& "r%?Ego?lﬁ(ﬁgféﬁmg%c%ﬁdawgqsugﬁeflhé'%‘fg‘br mul a

[R ML) X(L") yAyklcaiill, aubititGie@ afd OiRbdtiuRl €1 QaryllaABstithiegand 25 (L') and a

| abil e neutral electron donor ligand (L") is adm xed with a salt of a
sui t abl e weak! yunsabstifptad Cs6gs aratkyhandsubstityipdrapg unsubstigigsdvent t o

norbox;nenyl. When substituted, the cycloalkyl, aryl, aralkyl, and

O

20 norbornenyl groups can be monosubstituted or multisubstituted, wherein
the substituents are independently selected from hydrogen, linear and
branched C,-C;; alkyl, linear and branched C,-C; haloalkyl, linear and
branched C;-Cs alkoxy, C¢-C)2 aryl, and halogen selected from chlorine,
bromine, and fluorine. Representative alcohol ligands include but are not

25 limited to methanol, ethanol, n-propanol, isopropanol, butanol, hexanol,
t-butanol, neopentanol, phenol, 2,6-di-i-propylphenol, 4-t-octylphenol,
5-norbornene-2-methanol, and dodecanol.

Suitable ether ligands and thioether ligands can be selected from
ethers and thioethers of the formulae (R'?-0-R'?) and (R'?-S-R!?),

30 respectively, wherein R'" independently represents linear and branched



U N 20D3 produce the single conponent catal yst product as shown
(4) below. 5. [RML" )x(L")YyA' ] + [WCA] salt -~
)y]b [ WCA] a Suitabl e procatal ysts of the formnul 4JUN 2003
)YA'] include but are not Ilyj:mted to the follow
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ns: [ (al I yl) Pd(NOCHS) P(i - Pr Y 3P[ B(02- 3, 4, 5, 6- C14CB) ]
(HOCH3) P(i - Pr) 3] [ B(02- 3, 4, 5, 6- C14C6) 2], ©

(HOCH3) (P(i - Pr)3)][B(02-3, 4, 5, 6- Br 4C6) 2]
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(
(
(
(

3

e © |

HOCIE3) € afkyPradaals] B(n@%ﬂkb)‘ﬂ']ched C;-Czo haloalkyl substituted

Ot 2p¢ BB RAC sigm ycloblk, [Mpdrad BEnshediey kbl

CEt %)xﬁé?ﬁhéa lmc( Bixdbstithted U@d 2 Eﬁﬁ %Ei %ﬂédﬁgiﬁ%c%’jiad?)P}:G[ PI:6] 15

OEt 2) ( PCy3 £
OEt Zlilg‘ﬂ(?{m‘)‘% G- Fl(@gﬂl} W%;@BNW‘IW &W"/‘ @‘@BH}A w1 04] .

1131 pet ot SRR gpercap B prongnpstfed Bl ibleebbigeln $806¢) 11 (e

above equati Onfsuaﬂﬂuéfrﬁi i iR peridentMeeléctdd from Hydfeen, liheafland?0 x, and y are
as defined above, A is an anionic |eaving roC whi ch is defi ned bel ow,
)EQS’%FU f

[WCA] salt is ranshed Cs£in allsyl, linearqad Rrapc halpalkylaliness apdhcaA] , and the
bb t hout th
abbreviations Mg, i Egcl- Nétaﬁ{oixyeﬁé - ﬁnﬂyl%rénﬁlb'ée%%eﬂ@ 8 f@ﬁ?ylflpﬁgéég out the

specification re
cycl ohexyl, r esmmineyawﬂu&ﬁxeﬂakcrf together algn@mhmhel@cylgemat syifuncat al yst

conponents are comercially avail abl e can be synthesi.zed by techni ques
vel | knows0 i n tat@mde pvhich theyare attached Jotoﬂ’ CE%&WWQ’CB@H X represents

an anionic |lea raﬁ:a,ﬂ; gkly

coordi nati ng a\rﬁ% ﬁa%ipel étﬂglrrscl)w (I}ie&ﬁ"b tl‘%}%h Pﬁﬁ%ﬁ% eaw%ﬁ group
forms a salt widthers inethght-banyl ethert tiei- Mﬁpyl%hdr dlﬁtmbahemglogtycbaqheﬁ i's

sel ected from hal qge ni t.rat ifla tr oro nesul f onate),
triflinide (bi Q%ﬁ?fpﬁ!}?waﬂsﬁ@éﬁ %%Hf"rﬁa&geﬁm‘{ @%1 €ate, tosylate,

Al Bra , ALFA , AlCL4yitahleR@Rshe®pands a&\sgpbesem@a &emnao&bthe fBffula BF4', O Ca

HS04 , acet ate -car l?onat es, Ium nates, and borates. o |In another

’ﬁngodi negﬂlsthe RY sm»ig gwmn@a mcsiiepqxdny@rtﬁ@mswshmr@g@ b‘rleiﬁamégegat ed i
o oaror ) O achEl e BT Thest St - L bk eIl oS, bt or

hal ogenat ed hyCHrfanfsth’sltmft@d Qi-0y, @cltﬁ!li %ubﬁhht@&hnd hsubbtRaed - oup noi ety
is preferably selected fromthe is de, linear and branched C, -CS

al kyl, |inear a#tl BRépsEEmted an@smﬁ%hszfjwtwc@ Cosraikyl. c%%whsywtedand C6- C, 0
|. Th I t bstituted th
hal ogen substi ¢ e SY10BRE, BEY bnd Bafl bR mBMRbAuREa B DO L1 O G e,

hal ogen substitu uori ne, and i odine,
pr ef er abl yof | uamuhisubstitutedi veheeeih dieti smbslimems anesnclnpendmay aeletted 9noai d the

P%? (raglan[na?tit ieyé @gﬂ%ﬁ“r{béh%l’ aP%EW%&%g(?‘oﬁ lﬁ'xg 'E‘f‘ﬂ br@ﬁ%@% Hal ogen
| eavi ng groups hd)6dikglElifdtl @hd BRNCRAW 0€; alR6BTAEC 381, and halogen

selected from chlorine, bromine. and fluorine. Representative ketones
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include but are not limited to acetone, methyl ethyl ketone,
25 cyclohexanone, and benzophenone.

The nitrile ligands can be represented by the formula R'2CN,
wherein R'? represents hydrogen, linear and branched C,-Cy alkyl, linear
and branched C,-Cy haloalkyl, substituted and unsubstituted C3-Cyy
cycloalkyl, substituted and unsubstituted C¢-C 3 aryl, and substituted and

30 unsubstituted C¢-C g aralkyl. When substituted, the cycloalkyl, aryl and



fluorine. The acetates include groups of the fornula R38~C(O O, and the
carbonates include groups of the fornmula R3g~OC(O) O, wherein R38 25
represents linear and branched C, -CS al kyl, linear and brancqu\nmqg@
hal oal kyl (preferably fluorine), i ne@g or branched G -CS al kenyl, Co-C, 2
aryl, optionally nonosubstituted or in gpendent ly multisubstituted with

|l i near and branched C,-CS al kyl, |inear and branched C, -CS hal oal kyl, and
hal ogen (preferably fluorine). -42 2 4 J U N 2003 The al um nate and

bor at e | eavi ngagiliol gsoupacaibe meposbstituted opymultisubstitnied) wherkin(tR89~) 4 |
M(GR39~)4 , M (-C=CPh)4 , or ie represented hy the . foll ow ng
structures V\helsé‘?ﬁ‘l‘“@nf ﬁl@ﬁqu@Fm rscﬁaeé%efgo’aﬁ%ﬁﬁoﬂﬁ“‘?éﬁ?re@gnts phenyl and
substituted \ Pra‘ﬁchechﬁcTz alkyl, lindar Midbranéhed G}ht@%hﬂcl?éﬂ@cl:,dlﬁdaﬂﬁiﬂ bel ow, and

R39 i ndependent|y represents [inear and branche ~-Ci o alkyl, linear
and branched CpranChedCgh)s alkoxy,dCs-Gr@md adridhialogesselected frofmochildnie, subst it ut ed

and unsubstituted aryl,, brefergbl enyl, .and substituted,phenyl,
substi tuted anfﬁ’fqm% j HHAreg: ggp‘é%ri)%’rvﬁlrﬁ% ©s ‘B@E‘P‘%‘P‘ﬁﬁr“y}"q&‘ﬁﬁ?@ al kyl and
substituted phenydeddittle, pRYpiSHMEAL, YeHi@ftrils vRBAN Cydidd, ahdie aryl or phenyl

groups can contain one or nore of linear and branched G -CS al kyl, I|inear
and branched CA-megboraereaPegtbonigiileori ne, and bromi ne substituents, and

conbi nati ons t hereof &%q%ggésagah\ﬁg Sa'e&h%?@gﬁs‘g’%@ti‘}%ﬁ(). Bcl ude but are not

limted to 15 20 tetTrhaep eno um nat'e, I exanol at o) al um nat e,
t et r aet hoxyal uningdtistitutédCy-Qeirées yantaiminpanenosabstitution or

tetraki s(i sopropoxy)alunm nate, tetraksi(2-butanglatg)al unjnate,
t et r apent Y@ oxy anyHfuPstiitiopwherkindhosybatitents ﬂ%ﬂ&?&ﬁ&%é}%f“&ﬁi nat e,

tetraki s(nonyl l c :

bi s(2- met hoxyet ang#%%g%f‘%e?%ﬁgp Ear?g?%dogly(e:t'%%{%)gf laltrtleeaf 8’ c; gﬁaﬂ%lerqat e,

t et r aki s( phenylQ,aCyimloaky, liteat ankbrafghet & yCy Akaeny, Bai@&; aryl, and
tetrakis(mtolyl)al unm nat tetrakis{2, 4-di hyl.ph | Yal um nate, and

Lot r aki o(3, 5.l IGER) PHARGRS o e, BIoas, B8 SHOHRS. JRASBAAEVE: oups | ncl ude
tetraphenyl bor gléhes ZrIdRIiR kteHof tiffle8YS RIMGRY! BROERL B4, m-, and

tetraki s(4-chl orophenyl )borate, tetrakis(4-bronophenyl )borat e,
t et r aki s( 25 br opexylengs| mesiptensy flu¢robenzene, loedifinenoberirens;| bor at e,

t et raki s(4- et hoxyphenyl ) bor at e 2 ~ J N 20p3 - 43

t et r aki s( pheny '?‘ﬁ@ﬂgﬂb}\é elnﬁ’tCZ‘?“BP?FT,I&ZPB'&#Q%?@%?%F%’o) bor at e,

t ri phenyl ( pheny-gichiorddchbsieasl harhBbdrebénzbhdior obenzenedi ol at e) bor at e,

bi s(tetrachl or obenzenedi ol at e) borate, bis(tetrabronobenzenedi ol at e) borate,

bi s( 1, 1' - bi phenyl - Sutablej tgplkybanddriatyb phasphinglexidetligandseandiey | ) bor at e,

Cetraki (2, 4. ditBro R BSHLEL Bl BHAL Rormula PR Y, whersin R

t et r aki s( 39 5- diind¢geptigrhiyngprebamtalirear anbbrandhed 0,90 patkyl Yinglaandt e. 1 n

el ect od 11 om MRS Crofow PAIAE AL SR BES PUATRA Lk Be ul Tonyl and
e (RI-803) 2 e R G N T e kit Cld b1 anched

C~- Cz hi ghly fIhabealkexyesubstithtgsiand| unsubstittetiCalke/dryl, @ad Sibstititegidng
fluorinated and perfl uoni ed cyel gal kyl.. .and, hi ghl 5.fluori,nated and
perfl uorinated 9%15&59ggsé'ﬁﬂtan%'ﬁaﬁlﬁ@¥?¢fé’?lgf‘?<)}#’g%yﬁ¥°ail§%’la(%l WI groups can
contai n aszbet ergalkogrolpd & KehAbrbs@bstiéted bEmeltisubdtinited, wiRsdgekd vel y.

Preferred heteroatons include dival ent '
substituents are independently selected from hydrogen, linear and

branched C,-C,; alkyl, linear and branched C,-C;s haloalkyl, linear and
branched C,-Cs alkoxy, C¢-C aryl, and halogen selected from chlorine,
bromine, and fluorine. Representative phosphine oxides include but are

30 not limited to triphenylphosphine oxide, tributylphosphine oxide,



(non-peroxidic) oxygen (i.e., -O), trivalent nitrogen, and hexaval ent

sul fur: Any two of R4~ can be taken together to forma ring. Wen R4o~ is r
20 a cycloal kyl substituent, a heterocycloal kyl substituent 8 |s taken

W th another R4~ group to forma ring, #e ring structures @*

contain 5 or 6 atons, 1 or 2 of which can be heteroatons. In the above
formul ae the termhighly fluorinated neans that at |east 50 percent of the
hydr ogen atons bonded to the carbon atons in the zs al kyl, cycloal kyl, and
aryl noieties arectyihospsidne byidé, Itﬂbutyllphosphaman@r eferably, at least 2 out of
every 3 hydrogen, atons on the al kyl, cycloal kyl, and aryl noieties under
R4~ are repl acddis@yetylh %X)P@OSH%F% preferably, at least 3 out of every 4
hydrogen atons are r 1 of the
hydr ogen at ons on thlgpél'«r’g%ﬂégbgﬁ%rb?ﬁttﬂﬁﬁlugér]gutgﬁ%@g%ﬁ/@? :&?J&(l)ﬁ%ne to give
the perfl uori natagbnatd @dypropyiene carbbndteU N 20p3 -44 addition to or in lieu
of quorlne atom substitution on the, aryl r oups can
contain linear and bﬁ%ﬁﬁ@@t’ﬁ?%‘ﬁr& "Pﬁlb‘ﬁ/l%}n edg“ﬁ'%fgﬁ 8&05538@8%‘? uor i nat ed

al kyl groups, syfh.-gsyl sbatateexanpl e, trifluoronmethyl. In enbodiments where
hydrogen atons remain on the al kyl, cycloal kyl, and aryl noieties, a
portion or all of the remaining hydrogen atons can be replaced wth brom ne
and/or chlorine atonms. Representaty¢a Degtipéion! uori nated and perfluorinated
al kyl sul fonyl and ar%l sul fonyl containing anions of the foregoing formnul ae
i ncl ude but are not Theriveady ceordibafmsomnzdtanion GaRpER)WENA], af CF3S0z) zN, 10

(CF3SQz) (C4F9S 3 SS 3

( cF3saz) ( BF2s ‘%’%“}a% 93@%&@’@%‘“ #‘%@"&%‘% pra %ﬁz(ﬂ CSz) zZN ~
( CaFB( CFa) ZNSOZérﬂbhs*cirE&Eiﬂ SEhAGcarbdr HRAGENs3C (CF3SQz) ZCH , ( CAF9SCz) 3C |
(CF3SQz) z( CAF9SCOz) C ( )zNCZF4SOz)C(SOZCF3 2'

(3, 5- bi s( CF3) 06H3) SCF terzoy-alumigate tysakly opprdinmmgregysteraniong aren e
structures exe SOZCF N CFz CF3S0~ | Z N~ | Xx
\SoZ C i . "%HJS%&?%%@%“I“ "—IS"Qdm% M-z ~N- CzF, SOzC( SOsCF~) 2 ~

~N- C2F, SOzNSOzCF~ CFZ CFi ~ CFz CFzZ Addl tional highly fluorinated and
perfluorinated al kyl sul fonyl and,,20,arylsulf onyl anj ons suitable as |eaving
groups ar é3described in Turou)é@ é(r&j b@ ) Inoranl c Chem stry, 1988,

27, 213S-2137, and in U S. Patent Nurrbers 4,387, 222; 4,505,997; 5,021, 308;
5, 072 040; 5,162,177; and 5,273,840 the dlsclosures of which are hereby

i ncorporated by reference. [M((Blzi)(O)R@f)tOR@()@)R“#ﬁ WIA SALTS The salt of
t he weakly coordi nating ani on enployed in the process of the present
i nvention can be represented by the formula [C(L")Z]b s [WCA]d, wherein C

represents a pr%Q&Amm%mw%b&sn%%mmg@{]ahdﬁa* 8 RE BEANST LT on

metal cation or an organic group containing ion are as
defined atove, R*| mdependentbgepreseramiudring 1Beacand Hoarcched d:]-rcepal&ylent t he

e o e AL R SPRLE 0, PRkt 2L gL count erantor
haloalkenyl, linear and branched C3-C); trialkylsiloxy, C;3-Css¢
triarylsiloxy, substituted and unsubstituted C¢-Csp aryl, and substituted
and unsubstituted C¢-C3 aryloxy groups wherein R** to R*" can not all
25 simultaneously represent alkoxy or aryloxy groups. When substituted the
aryl groups can be monosubstituted or multisubstituted, wherein the
substituents are independently selected from linear and branched C,;-Cs
alkyl, linear and branched C,-Cs haloalkyl, linear and branched C,-Cs

alkoxy, linear and branched C,-Cs haloalkoxy, linear and branched C,-C;



1 o balance the electronic charge on the overall salt conplex. The al kali
metal cations include Goup 1 netals selected fromlithium sodium

pot assi um rubidium and cesium The preferred Goup 1 net ah Cﬁtl]i (}@ are
tithium sodiumand potassium The al ﬁ?i earth netal catio é % e Goup
2 metals selected 15 fromberyllium gnesium calcium strontium and
barium The preferred G oup 2 netal cations are magnesium cal cium
strontium and barium The transition nmetal cation is selected from zinc,
silver, and t hatihlkyiilyl] Op-Cag aunylsilyds andrhatoen eeledted fremeahlarihef r om ammoni um
20 phosphonl um_ car boni um and silyliumcations, i.e. ; [ NHR4 ~' 3] +, [NR4 ~
~q] +, [PHR4 ~ mgminerengd tluorjne, pieferably flaprine. and [R4 ~' 3 Si]+, where R4 ~

i ndependent | y ﬁe&?&gﬁgﬁ% rg%%ﬁﬁ@ruhﬂér Foﬁhh%}hmfdﬂg%ﬁpﬂe noPlimited

per fl uorocar byl group, each contal ning carbon atons, nore
preferably, framdtrakcs(ﬂ@taihxohmhsn)dbhoaatged in a linear, br anched or ring

structure. By perfl.ugracarbyl is t hat all carbon bonded hydr ogen
atons are Tepl d& 15335% fa{trﬂ%‘?qrﬂ’@eé?'a "Pébb?égeent ative hydrocarbyl groups
include but ar Qet’i‘é)&is(blﬂﬂo}cﬂﬂlehﬂ)ﬂdrﬂﬁ&Etrﬁﬁ&bﬂ’fu%?&ﬁh%ﬁ‘yl%o‘r&@0 al kyl, C3-C2o
cycl oal kyl, linear and branch al kenyl , CZO cycl oal kenyl ,

CB-C24 aryl, artqtrik&s(élifhmmmekymbor@tndemlgs(ﬁénd;ﬂadJﬂOphcrxyé)bpmtf-s The organic
cations are select ri rret hyl silylium triethylsilylium
tris(trimethyl SPE éj@ ‘tj)gnt?] uerBheqylﬁJ (€ 2p03 -46 tri benzyl silylium
triphenyl silyl ltamk1§(5l495{6JtaFm&h$fo$hkmll)Héthe di et hyl oct adecyl silylium and
tri phenyl car beni um (i . I'n addition to the above cation

conpl exes 19er r dé‘éﬂilﬂﬁa%mfbmomaﬁ)@satﬁmmqf ugreRhemyObO@B) ) 2Fe] + are
al so usef ul ettﬂgtr&g;eﬁ?ﬂorbg%eﬁngﬁb% gﬁénh/ﬁng’(&a %rdp@gﬁﬂhﬂo? e, EXanpl es of

WCA salts haV| ng I‘nat 1 n I'ondescri Formula 11
i nclude but ar aeunams(ll;M-udlixdr@ethylbﬂml)hmaxet rakis(2-fl uorophenyl ) bor at e,

sodi um t etraki s(2-f1 uor.gphen 0.Silver
tetrakis(2- fludfg % Y BERRY i/SélyP?tF@PPﬁOB&WYBP?r%s(z f1 uor ophenyl ) bor at e,

lithiumtetraki e
tetrakis(3-fl uo@%%%%a%??ﬁ%g attwelt gq @J(iatraratfgl?r E&gpgoﬁtuorophenyl )borate, 15

thal | i um tiét raKmm}@nflbﬂmwmph(@nmhﬂmomeayl)ﬁoemaocenl um

tetrakis(3-fl bor f i . .
tgt ; gk: :E pent gf(?’ﬁtg'r enﬁg%@ t%ﬁ)‘foé?@%{‘{'l !ﬁ#?r{]faé(fﬁ[%té'bés([h"“ﬁﬂ&%yé%ﬂ@ﬁyI ) bor at e,
sodi um t et r aki s&muf)icum@ﬂm@mﬂlathﬂ?]aﬁﬁ]phaﬂylwdmertetraklsp _[1-methoxy-

t et raki s(4-fl uorophenyl) borat e | Tumtetraki s(4-fl uorophenyl)borate,

li t hi um t et r aki 52:3;®flgpro- Lrétrnéblhmtb\mﬁﬂwle (&idworamethyl)phenyljborate,

tetrakis(3,5-dif]

tetrakis(3,5-di ﬂd&g{r%ﬂ'?:l%z)%or aL{O?O 12(235 {r#ﬁoroethoxy) -1-

t et raki s(3p5- di (rzﬂm@dramb&iyy)bbt@qrﬁ(tﬁﬂuamﬁrediymh&Mmralw ni um
tetrakis(3,5-difluorgphenyl)borate, lithi

tetraki s(pentaf | uor OBPEHW}%’HF aluminate taﬁioﬂﬁ’(”bqeéf Aynuladhigehude but are
tetrakis(pentaf Ammwaqex%& (gén%aﬂdokéﬂﬂle%a‘i’ﬁxﬁ?ngéé' ether)2,5

t et raki s( pent af | uor ophenyl ) bor
tris(nonaﬂuoroblphenyl)ﬂuoroalummate

(octyloxy)tris(pentafluorophenyl)aluminate,
25 tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyltris(pentafluorophenyl)aluminate.

In Formula III M' is boron or aluminum, R28', R29', R3 0', and R
independently represent linear and branched C,-C alkyl, linear and
branched C,-C, haloalkyl, C,-C)¢ haloalkenyl, substituted and

30 unsubstituted Cq-Cjo aryl, and substituted and unsubstituted C4-Cj, aralkyl



30 lithiumtetrakis(2,3,4,5-tetrafluorophenyl)borate, ~2 ~J V N 20D3 -47

lithiumtetralcis(3,4,5,6-tetrafl uorophenyl)borate, |ithium
tetrakis(1,2,2-trifluoroethylenyl)borate, lithium
tetrakis(3,4,5-trifluorophenyl)borate, L)l t hi um 24 JUN 2003
met hyl tri s(perfl uorophenyl)borate, |it 2 um

phenyl tris(perfluorophenyl)borate, lithiumtris(isopropanol)

t etraki s(pent afl uorophenyl)borate, lithiumtet rakl s( rret hanol )

t et raki s( pent afgraips Ofubpayio)the priviso thatlay ast three of R? to R*" must contain
tetraki s(pent afgl uor ophenyl )borate, tris(toluene)silver

t et r aki s( pent aflhalngen RerpInINguRptEuens. M@(SR?%W@§ the ayyrand aralkyl
tetr ak! s(pent affgjlréig)@ 9%S@)ﬂo%mgﬁfb%t‘ﬁtedtdfr'rﬁlM{mubstltuted. wherein the
uor opheny

tetraki s(penta orate, trit

Eet r ati ng é ri isaqu:tut![nyd atsi: ir;dtepmdelaﬂtég sﬂc@@t@mllmbﬁranﬂéuartchécg: Qll-Ct_;h .
etrakis i me ent - hu i e rate, al l'ium

tetrakis[3 5- b| rljne @f% ﬁggc]a :Ijg grangéar Cﬁﬁ‘g #thyl ani |'i ni um

tetraki s(pentafy Q? Olﬁk%m{ﬁcp 15’19{11&{69 C D& NhdioRRbRY, |aﬁ& 'hhlogé&%lected from

tetraki s[ 3, 5-bi s(t or onet phenyl | borat'e 2
(triphenylsil oxy)dmnst(rpmmeaammmmmaepwfqmbiyﬂuenne;oﬂhmgmups OR

Lot ok o 2, 3, 4 ST SRF B ASERE16T TR0 B) b 3 jatnfsifven

tetrakis(3,4, 5,réprkﬁhfe@fﬂqu-R??héﬂ,Y\bﬂé?élhQﬁceoxy%@ﬂht@fﬂs are bonded to M'
tetrakis(1,2,2-trifluoroethyleny @[)borate sodi um
r

tetrakis(3 4, 5ap¢l Bf% 5o diyelentmyisalrsslested Seom sybstituted and unsubstituted

met hyl tri s(perf % N
phenyl tri s(per f uo%”o eny# gﬁ‘g%fmg@gkﬁm?ted Cso aralkyl. Preferably,

tetrakis(2, 3, 4,the b0igeatatonsy aﬁh&mﬂbd ithértdirectly ot tlhrdugh an alkyl group, to
tetrakls(3456tetraf|uoroF | Yborate, thalliu

tetrakis(1, 2 2-the aomatie Hag iy rerarihpins matapositm: |Wb¢ﬁ substituted the aryl
tetrakis(3,4, 5-4pi

mothyl tris(perf E gIr‘Ao%ﬂ g&%%ﬁég?g{oﬂgﬁbsﬁﬁﬁd%? 'multisubstituted, wherein
phenyl tri sf per fthusubspmemy Ia)dmdqieadently@leéted ftoniNliR€NDAnd brbBichdd i t yl

Lot 1 aki (3, 4. 5.0 Cettkds ol AR BrRpPA GEEhalpalyd fncar and branched

tetrakis(l, 2, 2-¢Lef ém&tp%@a&la@amkarkﬁécacse‘-c,&ﬁdléaxrﬁoxy, and halogen
tetrakis(3,4,5- trlfl uorophenyl )borate, trityl

met hyl tri s( pentsgleciedfropneligting breming, andlflqplrme preferably fluorine.
phenyl tris(perfd uorag rate _
t et raki s[ 3, 5- bllge(ptr? ?‘Fﬁ%‘%’%ﬁg vt ?fpﬂéﬂﬂtﬁ{)o&q‘%ﬁls @e ilgsirated, bslave
tetraki s[305-bis(trifluoronethyl)phenyl]borate, thallium
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, o lithium
(hexyl tris(pentafluorophenyl)borate, |ithium
tri phenyl sil oxytri s(ﬁgnt af | Lﬁgg.ophenyl ) bor at e,
l'ithiumoctyloxy)tri$(p uor ophenyl ) bor at e,
tetrakis(3, 5- bls(tr ., I)phenyl)borate
tetrakls(pentafluor enyl ) |?ate 15
sodi un{oct yl oxy) tri sfpenRAéf | gr ophenyl ) ber(@®),C)sodi um
tetral cis(3,5-bis(trl'fluoro thyI ) phenyl ) borat e, potassi um
s F)boratl e,

t et raki s(pentafl uor ophenyl )borate, trityl
tetraki s(pentafl uor ophe }fpr ate,
y S .4 t?@l um
u
2 gnesrumC)n- (Clr—
nt afI uor ophenyl ) borjat e, rmgne5||um

pot assi um(oct yl oxy)tris{pe
tetrakis(3,5-bis(tri
CE] H_phenyl ) bor atRé¥ cal ci um R
Wrate

tetraki s(pentafl uoro
magnesi un(oct yl oxy;

tetraki s(3, 5-bi S?tl’l
t et raki s(pent af | uor ophenyl



25 cal cium (octyl oxy)tris(pentafl uorophenyl)borate, cal cium
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, |ithium

t et raki s[ 3, 5- bi s[ 1- met hoxy-2, 2, 2-tri fl uor o- 1(tr|fluoronethyl)ethﬁll]phenyl]b
-orate, sodiumtetrakis[3,5- bIS[l met hoxy- 2,2, 2-trifl uoro 1" 24 JUN 2003
(trifluoronethyl)ethyl]phenyl]borate, 2 ~J a N20D3 - 49 silver
tetrakis[ 3, 5-bis|

1- nmet hoxy-2, 2, 2-trifl uoro- 1(trif| uor orret hyl ) et hyl ] phenyl ] borate, thallium
tetrakis[3,5-bis[1- rrethoxy ,2.2-trifluoro-1(trifluoronethyl)ethyl]phenyl]b
orate, lithiumtetraki.s

1- net hoxy- 2, 2, Nherein Rudﬂé‘?@ﬂ@%mbﬂle%ﬁwwq)ge@t Yigray ang brapghedor onet hyl ) pheny

| ] bor at e, sodi 1 d C:-C+ haloalk 1 lected
1- met hoxy- 2, 2, ! dslea?l{ UQ;%L% hSor onet acia§ gt hyfl]ha og%? |Sef ?cu%r onet hyl ) pheny
| ] borate, sil vénom chlorine, bromme and fluorine, preferably fluorine; R* can be a

tetrak 3-T1-neth 2,2, 2-trif thyl)ethyl J-5 10
(£11 11 Uor chret PSRN RFBLSF AR R (P e abpusGRt Fomatic g

LT o2, 2, SR g 1l o
tetrakis[3-]2, mcﬁpendehtlumpmestm$ hyarogen,lineanamd beariebsd/§+-Cs alkyl,

Lo et et e Sht £ HRR BB ko
(trifluoronet hy,ll,}@tahulb}m@héd Cj-U Qe h]sbl@étéaqfnonsl | ver

tetrakis[3-[2,2 2-trifluoro-1- tri Iuoroethox

-1
(trifluorbthet hyhboemnm:nme( and éuqueon@fqigh ly Hrerya; ]an%n ingdependgntly um
tetrakis[3-[2,2,.2: s

(terlr?I :ngom[et hyf + 8§?§ng{%1o|;§d%%&{§?§§%lggﬁquerI met hyl si lylium

t et raki s(pent afol the)bmtgeﬁra;dn) hmhatfa:mula HORRPHD-4§ borlded mreétl)emaet e

tetraki s(pentafl yoro enyI )borate, triethylsjlylju
tetraki s( pent aCRIPOR S5 HLANE BEIBANE TingrTFpIESAALY n%frmﬂheabovedwalent

t et raki s(penta &hﬁPEﬁ%}a{eQH& e{)ggent ?:}ng }n ;@mkﬁ}q* 50, laddl tHem

t et raki s( pent a uor op bor at

t et raki s( pent afrﬂmlbylexpﬂmrsybsthmdmm)ﬂmermbﬁg(k)s I-(DfR‘? l)tm are preferably
met hyl tri s(pent,af |l uoro borat.e,. triethyl silylium
et ol 111 o( bemS AR S AR SIS the (Rt A L PO

met hyl tris( pentl@é‘pkéé@ﬁtﬁﬁ’ﬂeéﬁéla)ulﬂg E?étﬁ&s o?ﬂlettbhﬁtﬂﬂz(ﬁll?“od inbIHEBhd L LT i S
(pent af | uor ophenyl ) bor at e, 2003 - 50 trinethylsilylium

tetrakis(2, 3, 4,19t limitedq @r@ﬂoﬁeﬁéﬁwgfbwr@heezemdnoatmogwﬂﬂ,um
tetrakis(2,3 tr [ Ny, nyl silylium
tetrakis(2, 3, 4,2? %gttr a?ﬁhﬁogr op grhé)é C’il%gr(ﬁ&a bé’ﬁzyl silylium

tetrakis(2o3, 4g}3 etSFt&friht&h@ﬁé]ﬁﬁﬂéd)él@tfeE(I@CGBrEG)-I’}mddy| silylium
tetrakis(2,3,4,5-tetrafl uorophe borate triphenylsilylium
tetrakis(2,3,4 %S(ﬂét'\?’é?qa@@?@fb’h@%1 beiddete) trinet hyl silylium

tetrakis(s, 4,5-trifl REPLEE HVJ[% {e%ﬁaxhﬁxh %%%é%%d’e!r' fhula 111

tetrakis(3,4, S—trlfl ropheny umna rip Si |
met hyl tri s( 3, 4,ibelhde butiaos mqilhem}dd)tal[B(ﬁ)ﬁaFe)] IB(CD(E(Ceﬁghwlﬂj)hyJ ium

ot ak o3 3 2 OB IR R ARV T 1
t et raki s( pgnt afA[Bth g]g(;@;g?w]) ?&f(@b@CF?{)&H@CfH;S}{?t [')Mddé(@FXi M&l lylium

methyltri (2,3, uor ophenyl
2, 2" - di met hyl - J[Al(O@(iC{Fa)ﬁGHW)dE{M@ﬁ@EoDzH)m FABOC(CF3),CsHa-4-i-Pr)d],

Lot rak Pl A R P BT, LA PE(ECebLird-SiMes) T,
Letr aki S(3. S bi AHOGCRPCAEL Bl PRRETIAUGEICR SC,tti4 BCRR4-Si

t et raki s(pent afl uor ophen lum nate, trit

tetraki s( pent afPraal.dpHOICE 2 Qatdr3ai-6CF hut E/AI(QC(CFs)zCeHz 2,4,6-

bt un( 0aby ! o ek L{‘%@ﬁ?kﬁ%@?ﬁ%& I'yal uri nate, 1 thium

tetrakis(3,5-bis(trifluoronethyl)phenyl)alum nate, sodium
t et raki s( pent af | uor ophenyl ) al um nat e,

'—71



trityl tetraki s(pentafluorophenyl)alum nate, 25

sodi um(octyl oxy)tris(pentafl uorophenyl)al um nate, sodi um
tetrakis(3,5-bis(trifluoronethyl)phenyl)alum nate, potassium

t et raki s( pent af | uor ophenyl ) al uni nate, trityl 2 4 JUN 2003

t et r aki s(pent af | uor ophenyl ) al um nat e, é tassi um
(octyloxy)tris(pentafluorophenyl)alum nate, 30 potassium
tetrakis(3,5-bis(trifluoronethyl)phenyl)al um nate, 2 4J UN 2003 -51
nmagnesi um tet raki s( ge.etbafdmb&hmfeamdn)sakefui afsatheweakly coordinating

magnesi unm(octyl oxy)trjs(pentafl uorophenyl Lf nmagnesi um
tetrakis(3, 5- mcg(u@tﬂamoamhefmﬁ)epwehw ﬁF’HW’l cal ci um

t etraki s(pent af | uorophenyl ) al um nate, cal ci um
(octyloxy)tris(pentafluorophenyl)alum nate, and cal ci um
tetrakis(3,5-bis(trifluoronethyl)phenyl)aluninate. Exanples of WCA salts
havi ng a weakly coordinating anign des ¥bed under Fornmula 111 include but
are not limted to Li B(OC(CF3)3)4, z(CH3))4, LiB(OC(CF3)2H)a, o
Li B(OC(CF3) (CH3) H) 4, T1B{ OC(CF3)s 3) 2H) T1B( OC( CF3) (CH3) H) 4,
T1B(OC(CF3) Z(CH3) ) 4, (Ph3C) B(OC(C ) B( CF3) 2(CH3)) 4,

(Ph3C) B(OC(CF3) zH) a, (Ph3C)B(0C(d | AgB( OC( CF3) s) a,

AgB( OC( CF3) ZH) a, AgB( OC( CF3) ( CH3) F4)2, T1B(QZC6F4)z, s

Ag(tol uene) 2B( OzC6F4) z, and PhBCE(‘OZCGF4)2 I B(OCHZ( CF3) 2) a.

[ Li (HOCH3) 4] B(02C6C14) 2, [Li (HOCH3) al B(OzC6Fa) z~ [ Ag(t ol uene) 2] B(02C6C14) 2,

Li B(0zC6C14) 2, (Li Al CF3) zPh TI Al CF3) ZPh) 4
(:Ag,(AI(CE(CFé)Z ; 6:19m )Ze@xf}%@r (Qms él(ug{cu(l@t %l @ﬂzas;zcem CH3) 4) ,

ToA ) SR, R HPEPESTHROM e

AgAl ( OC( CF3) 3) amdlﬂnié(l‘élhc(\ﬂb(eeﬁ&)xﬂ&axomt}ﬁltém ddaflyyHmeans that at

T1A1( OC( CF3 CF5 A e s

I§:5 A:_E ;.JICC(:E 8&3;(:'(%;21 gast ?ﬁ%&x%e&@;ﬁ(grzgﬁfl%?@ ﬁaizz( &,‘il %Fl;&e CF3) ZH) a,
|

AGAT (O CF3) Zorisy e T goalhh oy, ol b LA I3l i #halogen

Li Al ( OC( CFB) an%bmdselpctbdnﬁph) d}lorTneAb(dmoe;ﬁecjlze:@HdithmbuTm Yeam
AgAl 3) 2Ch, tbt 4. Ph3CA CF3 H44|-t|4
LT A E%(cmg z yﬁr‘?\‘féﬁly&)’“ q‘f%‘?ﬁ]'%ﬁ?{éﬂjgé%%ﬂ% &) )
AgAl (OC(CF3) Z rd’caﬁl | MRfRdais replacélby flbbrive2 GH3 deét%e of halo enat1on

Ph3CA1( OC( CF3) 2C6Ha- 4- ) Me3) 4, L1AL1(OC(CF3)2C6Ha-4-Si-i-Pr3)a
TI Al ( OC( CF3) z Cefaa-Tangs; from pit least onpydrogen atpw) begmpHigplaces) by a halggen

-?Qiff\é(c(%gﬁgq?gﬂg é ?&_@3 Iﬁrui)o ewlggél@gﬁocﬁﬁp&%a& 6-(CF3)z-4-Si-iPr3)a,

AgAl ( OC( Ch8) z Co(ferhalodgehdtiond) rhdrehi all hﬁi’ragen atoms on the hydrocarbyl group

Ph3CAL( OC( CF3~C6Hz CF3 Al CF3) 7 CBHB- 3, 5( CF3) 2) 4~
TI Al (o(C(Og(F3)z e@%“(ﬂ&%i%-‘éa f%’:"gﬂ( @, 5 Oqﬂlsf& @ﬁ')af) ()2

Ph3CAL( OC( CF3) z{gGtis; 3
TI Al ( o(qog(Fs) z)CéHz > ﬁm%h%lggf?g%’g’m% %éﬁxﬁ%yd%oﬁbr@l%é% C?:g) 3)a,

Ph3CAl ( OC( CF3) 75 fmorpcarbgl radicaly B)t:f¢rabiy/do(1®ﬁ( CR834 @8bar) atolnlsj MG¥e- H)

Eamol os o bor et e g dton s sk paR BefEran b AT g gnd )

1, 4- di hydrg- 4- ngdntel hnkm(wa:aahhwfy@nb@m&dmﬁ bTQE ifftinated hi um 1s
[ 1, 4- di hydr o-4- et hyl - 1- (pent af | uor oE)henyI )] -2-borinyl
hydrocarbyl and perfluorocarby! radicals include but are not limited to

fluorinated and perfluorinated linear and branched C;-Ca4 alkyl,
fluorinated and perfluorinated C;-Cy4 cycloalkyl, fluorinated and
perfluorinated C,-Cy4 alkenyl, fluorinated and perfluorinated C;-Cy4

25 cycloalkenyl, fluorinated and perfluorinated C¢-Ca4 aryl, and fluorinated



triphenyl methylium 4-( 1,1-dinethyl)-1,2-di hydro-1-(pentafluorophenyl )-2
borinyl lithium 4-( 1,1-dinethyl)-1,2-dihydro-1- (pentafluorophenyl) 2
borinyl triphenyl methylium 1-fluoro-1, 2-dihydro-4-(pentafl uo& ﬁhe -
‘boriny~l lithium 1-fluoro-1, 2-dihydro- 4,—(pent af | uor ophenyl

triphenyl nethylium 1-[3,5- b| s(trifluorowet hyl)phenyl]-1, 2-di hydro-4

(pent af | uor ophenyl)-2-borinyl lithium and 1-[3,5

bi s(trifluoromethyl)phenyl]-1, 2-di hydro-4-(pentafl uorophenyl)-2-bori nyl

tri phenyl net hyldndrperfinozinpied €,e0,, m&}daffbe)ﬂammmﬂaddajed&:wrmbme salts

include but 25 are not.limted to si I decahy ar badodecabor ate,
Li CBi ~(CH3) , z, ﬂeeeuqu&em(%m%ed f%mglgwﬁ@ REH

h 6
S L e P L B o

Cs[1- H CB, ~F" ] gr6h1§ asdﬁﬂi‘)edZBbWe]mlslan@nﬁé@lr bﬂ 030 SCAGis@Bbe-NPted thaf 12- CB" H, i
7,9, 12 2~3 53

Fl, Li[7, 12-CB, i Li
(} Pr '3§ S [tBHGBP’ I“ md%?% ’ﬁlgé‘é? gipm ‘E‘F’[‘%"‘Eﬁfgﬁl@‘ﬁ}y is Efrf%ly%gFéFz]

Li [ 6, 7, 8- CBOH~Fi{ac éd&%Jb&o&a@ﬁ?iﬂﬁtﬁébmawbﬁaﬁz&eﬁn@ 9CBOHSF5], Li [ CBOHSBr 5],
Ag[ CB' H6CI 6], T1[CB HBC6] Ag[ CB> >H6F6] TI ( CB, ~HB6F6] , %[ CBH6I 6] ,

TI[CB, ~H6I 6] . Ag( CB, PrefmredR™ 5adr¢a[lsoscluds e that pug efectron Withdrawings" HGF6] |,

Li[2,6,7,8,9, 10-CB9HS Tl
AL]% 1- O6F5- CBi , HOBPEI® S‘E‘1]h(aé13f° xa{ﬁ‘p "(ngé’atef%ﬁéf%“mﬁ‘%@'ﬁ%ﬁ’@f’
Li [ CBOHSBr 5], Liadichla(sBRE&H from trﬁ%rorﬁdtk;#l%rﬂhorb%b efluordprofyB ~ , (C4H9),

z], LifcB ~, (C6H, 3), z], CzZB9 and Na| Co( Br3CzB9H8)z]
Addi t i onall®hal daeaﬂwmﬁeromls mtgﬂwephﬂng msisléﬁﬁ Srtriflypromeshy inbsnylpat ent

Publ i cati on WO 98/ 43&895“%4%9?%?, Ogljggeng@ﬁﬁgg}%shﬂégern gﬁrm&%ggpoél nvent| on

are suitable for the prepar npri sing
cyclic repeati ngzd]iilylpuﬁlmroéﬂnbylpaﬂwai;goﬁhecelpﬂiewmﬂmrad&b)ﬂraﬁaar ed by the

in-nmol d addi tion neri zat,i on ol 0 oners in the
presence of a C%}&P ﬁP‘?,m rﬂreeqéefn@g é‘?lﬂé%s{yof rP% qgeBlgr Ypé
procat al yst CO”E@@@I@E@d%ﬁPEHl&%E ABGRfe, wifh hicktn @@eﬂgre%&?\% e terns

“pol ycycl ool efin", ."pol yc~ "Ror bor nene-type nononmer are

used 20 i nﬁerchpmle@wldl Whmrm?ﬂahalbg@tt petilormeadiybrandont ai ns at | east one
nor bor nene noi et.

the invention i ?Yytlﬂeéﬂlsﬂﬁr’]rg% h’ﬁdﬁ%ﬁ@fs agﬁh§§%ﬁ%&g§h%& l?‘%?) C‘lfl gng? ngge rr:m(rjl}c y
referred to as ﬁ&f&%l?%ﬁﬁ) tolthe bbRINBLAYA iR tHeHORRobenBEnSTPOMEr IS nmeant to
i ncl ude nor bor nene stituted norbornene(s), and any substituted and
unsubstitut ed hi gher Representative boratobenzene anions ‘include but are not limited to

1 ,4-di?hydro-4-methyl-1 -(pentafluorophenyl)]-2-borate,

20 4-(1,1-dimethyl)-1,2-dihydro- 1-(pentafluorophenyl)-2-borate,
1-fluoro-1,2-dihydro-4-(pentafluorophenyl)-2-borate, and
1-[3,5-bis(trifluoromethyl)phenyl]-1,2-dihydro-4-(pentafluorophenyl)-2-
borate.

The carborane and halocarborane anions useful as the weakly

25 coordinating counteranion include but are not limited to CB;(CH3)15',
CByHyp, 1-C;HsCBHyy ', 1-PhsSiCBH,y ", 1-CF3CBHyy,
12-BrCBy H;,", 12-BrCByHy;, 7,12-BroCB Hyo', 12-CICBHyy,
7,12-Cl,CBHy¢, 1-H-CB Fy1", 1-CH3-CB Fyy, 1-CF3-CBy Fyy,
12-CByH\)F, 7,12-CB Hy Fy', 7,9,12-CBH F37, CB|;HeBre',

30 6-CBoHoF", 6,8-CBoHsF', 6,7,8-CBoH,F3', 6,7,8,9-CBoHeF 4,



24 J UN20p3 - 54 cyclic derivatives thereof so | ong as the nononer
contains at | east one norbornene or substituted norbornene noiety. The
substituted norbornenes and higher cyclic derivatives ther; in a
pendant hydrocar byl substituent(s) or a _pendant functional su%sti uent (s)
cont ai ni ng an oxygen atom The norborneht-type nononers are represented by
the structure below R~ RZ VIl R3 mRa wherein "a" represents a single or
doubl e bond, R to R independently 1 o represents a hydrocarbyl or

functional subss 6t7L8391CB9H'5F53, @Bl,HtheQEnFIgCQgﬂ OB, blsB,, GBGHyEN "a" is a
doubl e bond one of , and one of IS not gr esent. V\hen t he

substituent is @BhW}soé%Bnﬂ?dBrgrﬁ)ﬂﬁgloﬂdL%(}Bnlébﬁcf,b?yﬁ 8 1G:EBsH 50 ar byl gr oup

R to R4 indepe n nat ed hydrocar byl

and per hal ogena{]glgahﬁ%’r &?g‘?@yﬁ ‘z?g'\( 5% &Béﬁiﬁﬁm%ﬁ en, |inear and

branched C, -Cl Q:mar3)121 loa,qa.;czpmgz ,liEBnC(tlegu, qo4Hg,2a,| kenyl, linear and

branched CZ-C | _O al }{l ]yl Z cycl oal C4- C-2 cycl oal kenyl, C6-Cl 2
yal

aryl, and €~- C4BafGy ,@(%ﬂ‘lm Gp(BeC 8h4&'@an be taken together to

represent a C, hC 20 Representative al kyl groups

i ncl ude but are&%%?abhxl Qﬁﬂ%@xgéﬁﬁﬂﬂe et hyl, propyl, isopropyl, butyl

i sobutyl, sec-butyl, tert-butyl, pentyl neopentyl, hexyl, heptyl, octyl,
nonyl, and decyl. Representativeéflhgn grou s include but are not limted
to vinyl, allyl, butenyl, and cy ?é%f esentative aIkynyI gr oups

i nclude but are not ﬂ@}:&tﬁ stEQf%HﬁﬂXllcagﬁeéTogﬁﬁékyl Srefgm&rdos?ﬁ/

1-butynyl, and 2-butyn epresentative cy roups I nc ude but are
not lintead to cmnpmwamwalystmysdmérenyban aptepared ooty alnbsingtthent s.

R tati | ude hut 03,.-55.ngt limted
Lo phenyl - naprefiys BifRtn ERPROIER D b SUEd MoBePOb o AR ups | nct ude

but are not [imted fRe liapk\omponsht pRERSE 6TV FornRaR | ea£tH prepared By kyl i denyl
groups include nethylidenyl, and ethylidenyl groups. The preferred

B e Mot L0
Ire UH Vﬁ'l ki IOh mb Xth éO 1ton

and have the for Ista ogen as set forth above

and z is sgl ect polatingthecatdlyst peiucofin lmmerlélnbdaimémr aroup<'0 mstaf | uori ne.
Preferred perfluorinated substituents o | ncI ude c{aerfl uor ophen

per f | uor onet hy| Progatabyistis rdwaxsd| witha Sroupol- o) nBé?Q‘PWQ@Bﬁ’V’F? and
perfluorohexyl. 'bﬂeﬂ%lr&l'e%?tr&ﬁd&ﬁb‘? B :pBQx?d] aﬁ&'Q%ﬁli?urtEeﬁdyt he cycl oal kyl,

aryl, and aral k groups e I nvention can substituted with

| i near and br ancdfmdmalgg:&uah kydn appdoprimteosoll epk tagyieldpbke preforinedr oups and
cycl oal kyl

grou hen ndant qr s) ks a functiqgnal
substi tuent, B?tﬁl ﬁéf %%Eﬁh"éﬁ’t‘?f@ mg%ﬂg&@i) 21 F‘?:Qég‘erseé’}bé’gi'%ﬂnf rom
- (CHz) ~( Q)OCRS a(}’réﬁiﬁ)@nﬂ@ Q%&alys( &H@lﬂmg%%rouﬁ @B*%)é@trgﬁﬁgdﬁ?and
- (CH2) n- C( O R5. 2
and- (CH2) " C( O m@dmn(ed w1th a salt of a weakly coordmatmg amon in an approprlate
solvent to yield the preformed catalyst complex.
The catalyst preparation reactions are carried out in solvents that
are inert under the reaction conditions. Examples of solvents suitable for
25 the catalyst preparation reaction include but are not limited to alkane and
cycloalkane solvents such as pentane, hexane, heptane, and cyclohexane;
halogenated alkane solvents such as dichloromethane, chloroform, carbon
tetrachloride, ethylchloride, 1,1-dichloroethane, 1,2-dichloroethane,
1-chloropropane, 2-chloropropane, 1-chlorobutane, 2-chlorobutane,

30 1-chloro-2-methylpropane, and 1-chloropentane; ethers such as THF and



and the group: 20 -CHZOCHz-r--p wherein n independently represents an
integer fromO to 10 and RS i ndependently represents hydrogen, |inear and
branched C -C, p alkyl, linear and branched, C2-C, o al kenyl %ﬁm@ﬂ?d
‘branched C2-Ci o al kynyl, 25 CS-C, z cyclg | kyl, C6-C~4 aryl,

aral kyl . Representative hydrocarbyl grd ‘gé set forth under the definition
of R5 are the sane as those identified above under the definition of R~ to
R4. As set forth above under R~ to R4, the hydrocarbyl groups defined under

RS can be 2 4dﬂ:myld‘thé%0ﬁ3ma56sdslaémganatae@emde,p@/ﬂmj woprnet ed. The R6
radi cal represents a noiety selected from - Si (CHB)

- CH(R~) cRJCHzRCH?C,) msﬁ(ﬂw)@@pmhswne,rmﬂwed%lprwpﬁgecﬁf@m cerrb@apseanfz ;:Hi R~
y e ® r
I i near or br ancﬁ()lg%m(ttg“ci %:%eo I ﬁg?v%r%olﬁfgﬂ“%th&%pi ﬁﬂ’?’%ﬁgéﬂﬁﬁgl ude met hyl,

ethyl, propyl, inchidef¢hzenbiflydrobenzénet yldifliorbbenyene, paliflydrobdnzaent yl  and
neopentyl In the above structures, the single bond |ine projecting from
the cycli c 5gr oupentaiinrebangene, h‘é"a@égi"tbFWanbfi'é toFRbeRZRIEi ¢ group is bonded

to the acid subg 15“@,@&5&“6 ESRITRL %s A afRP r’?%‘g sg@%};ﬁ@?clohexaﬂe‘

1- net hyl - 1- cycl ohexyl’, 1sobornyl,” 2- net

2- met hyl - 2- adarrﬂthtFyb.uddlehlommcihmfeuranyl tetrahydropyranoyl

3- oxocycl ohexanonyl on| c lacton 1- et hox ‘B t but oxy
ot The R rad cart SAbEReEpe ARt fol FETERE BN FercBRg i e oy - and

di met hyl cycl opr gpautngedo %aﬁagﬁflpcstG, é?Hﬂ&bN‘er}ﬂ Aot KO ﬁ?&d&h@@bm t he

follow ng structures: In"Structure VIl above, R and R

t oget her wigt h t htoré mfd.frhlblgfﬁﬁnslafubO?Cath 63°Qpand mokihmyfesably fibinached can
represent a substituted or Z 4 J UN 2003 -57 unsubstituted
cycl oal i phatic gb@ig 02 abavit AG°G Rrgssuee nsmgcrmabb\ﬁ mayoieperdt Ofaﬂ§ubst i tuted

or unsubstituted ar lpo%%!f'g)ecsﬁ ﬁié}ﬁﬁ]?}'c L s%l%imérﬂ%ge%éﬁrg?@m%

conbi nati ons thereo ‘oup can nDnocyc IC O

pol ycyclic. V\heﬂxdmmmrahedithq)hasecIRsactgsrommegae néo¢titival) ahd can
nonounsat uration or nul ti unsat uration, wth _nonounsaturated cyclic groups
bei ng pr ef er r ed rAnERdTPNS grysral mipwes tor48chquirs, gEhedspation are preferably

15 carried out under inert atmosphere such as nitrogen or argon.

The reaction is carried out by dissolving the procatalyst in a
suitable solvent and admixing the appropriate ligand(s) and the salt of the
desired weakly coordinating anion with the dissolved procatalyst, and
optionally heating the solution until the reaction is complete. The

20 preformed single component catalyst can be isolated or can be used
directly by adding aliquots of the preformed catalyst in solution to the
polymerization medium. Isolation of the product can be accomplished by
standard procedures, such as evaporating the solvent, washing the solid
with an appropriate solvent, and then recrystallizing the desired product.

25 The molar ratios of catalyst components employed in the preparation the
preformed single component catalyst of the invention is based on the
metal contained in the procatalyst component. In a preferred embodiment
the molar ratio of procatalyst/Group 15 electron donor component/ WCA
salt is 1:1-10:1-100, more preferably, 1:1-5:1-20, and most preferably,

30 1:1-2:1-5. In embodiments of the invention where the procatalyst is



monosubstitution or nultisubstitution wherein the substituents are

i ndependently sel ected from hydrogen, |inear and branched C, -CS al kyl,

| i near and branched C,-Cs hal oal kyl, |inear and branched C, -CS al koxy, 10
hal ogen, or conbinations thereof. R~ apd R4 can be taken to@ek Q8N 2089 f or m
the divalent bridging group, -C(O-QT(® T, which when taken together with
the two ring carbon atons to which they are attached form a pentacyclic
ring, wherein Q represents an oxygen atomor the group N(Rg), and R8 is
sel ected from fiydedgan a Grolipysslectromdaiior figahdariiaiddbilédnetralCoo al kyl, and
C6-C~g aryl. A representative structure is shown jn bel ow Oal(lla m O
wherein mis aslestranedpsor ligad the molag .ratznofcp%gtplmk@ase&wﬁ%ﬁsﬂt an be
prepared by co i I > tiyiR forth under
BT act are i - DOAATPL FiChA ) 180, ERARG 30, RRGIRE PIetEabl ol i nid ng
nmononer (s). Bylmd.tifunctional norbonene-type crosslinking nononmer is nmeant

that the crosslinkipg nononer contains gt |east t nQr bor pene-type
moi eti es 25 (nor bor HEMRE 4YRRdImERty? r?)‘l?n@s')"?ta %Feﬁat\é\ﬁﬂtéﬁfnﬁh%ﬁgfy bei ng

addi tion pol ynpg,g&pabﬂmgﬂﬁzthpgd&g&e@m% GYoup 1§ eferlrah ¥Sior Ty lsﬁnd?f t he

present 50 -58~14 3 invention. The crosslinkabl e nononers

i ncl ude fused ¢h),and gshlt of a suitpbleyweakipscoomdinatingandonmnl ani approiprigter i ng syst ens.
Exanpl es of fused crosslinkers, are illustrated in structures bel ow For
brevity, nor bo?ﬁﬁ?ﬂ%é‘?@rngc‘? pﬁ)gLeacogg)ogeqtd:g@ SHRACAPELAS SPEWR IS s i nker and

i's considered tquaGBR{Byveidwo pol ymeri zabl e norbornene-type double bonds. |
i I I ~Y-m~Y~-mwherein Y represents a nethylene (-CHZ-) group and m
i ndependeWt|ly represents an integer fromO to 5, and when mis 0, Y

represents a singleband. Represen j gleJpe =3t nger t f,or goi ng
fornul ae are s«ll:t fo;}?ﬁﬂglﬂgﬁﬁ *ylﬁ %wq/‘ﬁlsgﬁ'?ﬁ@aiu)*ﬁ“ ?Y]‘i ﬁgc Fhked
multicyclic crosslinker is illustrated generically in 15 Structure VIII

below. VIII mm 2 ~ JUN 2~3 -59 5 )
Suitable procatalyst dimers of the formula [R'MA']; include but are not

limited to the following compositions (allyl)palladiumtrifluoroacetate

15 dimer, (aillyl)palladiumchloride dimer, (crotyl)palladiumchloride dimer,
(allyl)palladiumiodide dimer, (B-pinenyl)palladiumchloride dimer,
methallylpalladium chloride dimer, 1,1-dimethylallylpaliadium chloride
dimer, (allyl)palladiumacetate dimer,
[CH,C{CH3)CH,(C1oH,0)Ni(O,CCF3)] (the inserted moiety CyoHois

20 derived from dicyclopentadiene), [CH,C(CH3)CH,(C7H,0)Ni(O,CCF3)])]
(the inserted moiety C;H;1s derived from norbornene),
[CH2C(CH3)CH2(C,3H22)Ni(O2CCF3)]; (the inserted moiety C3Ha, is
derived from hexylnorbornene), [CH,C(CH3)CH2(C)4H,6)Ni(O,CCF3)],
(the inserted moiety CioH ) is derived from norbornadiene dimer,

25 [NBDJ,), [CH,C(CH3)CHy(CsH,5)Ni(O,CCF3)]a(the inserted moiety
CisHs is derived from tricyclopentadiene),
[CH,C(CH3)CHa(ex0-Ci3Hag)Ni(0,CCF3)]; (the inserted moiety
ex0-C\,H,. is derived from exo-pentylnorbornene), and
[CH,C(CHj3)CHa(C3H22)Ni(O2CCF3)], (the inserted moiety Ci3Hp, is

30 derived from hexylnorbornene).



10 15 wherein "a" independently represents a single or double bond, m

i ndependently is an integer fromO to 5, R9 is a divalent radical selected
from di val ent hydrocarbyl radicals and divalent ether radi ?A%-UNB?UWi val ent
is meant that a free val ence at each t_grér_ri nal end of the radical Is
attached to a norbornene-type noiety. Preferred dival ent hydrocar byl

radi cal s are al kyl ene radicals and divalent aromatic radicals. The al kyl ene
radicals are represented by the fornula -(CdHzZd)- where d represents the
nunber of carbon at dmandthertdmsbodirgnte adigatediGrowntl instahpracatabygesf from 1 to

10. The al kylene radic re preferably selected fromlipear and branched
(C, -C) alkyl et fré’HEHlaigﬁY’ra-t Spfr ég"‘@feﬂ))’l"gh% TOHPoI\ F1ES oD ‘ﬁ&?m ene,

pentyl ene, hexxbﬁasun&w?,%a@%a1t%@u\hi%fe woRY LEREina@iariSie i ane.  When
branched al kyl ene"radicals are contenplated) 1t is to be understood that a

hydr ogen at om iapprohsataiskliventte poadich thessingle eappansatcarly st psoduchasar or
branched (C~ to C‘%)l.alk hﬁr YR The divalent aromatic radicals are

sel ected f¥om df¥ gh?q'% @ ﬁc} el%-and dival ent naphthyl radicals. The

di val ent ether radicals are represented by the group -R--O-R~-, wherein R~
i ndependently is the sane as R9. Exanples of specific |inked multicyclic

crosslinkers are regR&ddnded] aslin[SCA]salir2RMLNAL BINWCAlas fol | ows.
~(CHz)a~ i ~CH2-O-CHZ Villa VIllc VIIIb The anmount of multifunctional
crosslinker to be enployed in the pol ycycl ool efi n nononer conposition

preferably rangegprésemafitiOprocitaldst ofhd fbrﬁbﬁ%’l@%"ﬁﬁ\‘})ﬂzﬁﬂ& biltys Wei ght  of
the total nononer conposition. J, J UN 2pp3 -60 An econonical route

for the pi®par aot bmited tm@@@@h@ilwgﬂﬂ}n@}éﬁbwiidﬂyt ed and functionally _
substituted norbor neini tfgﬁg% [ sdl{rgél{t,easgfogat1&%%13@18%}%%%5%&|0tf| on reaction

in which CPD or subst r'ea I enophi | e at

el evat ed t enperthé formald [R'NOL A ontidifg tHelGredp N6 eleotrog déndriligenddduct
general 'y shown by the follow ng reaction scheme: + R RRC=CR3R4 R~ Rz R3 Ra
wherein RL to K&)ihebpiadith asafiolasuiahle woakly geqrdinaying segR A and/or a
functional gro . i (A" adduct s can
be prepared by%ﬁ@{{ %&%@Hﬁ 59@%%;2?%@? %dllﬂ @%ﬁ&g%ﬁ%@ %Sf?g%‘gd?%cPD) in the
presence of a shownalx equition¢pibelaw. The reaction proceeds by the initial
pyrolysis of DCPD to CPD foll owed by the Diels-Al der addition of CPD and

t he di enophile to give the adducts shown below. 20 + R~RzC=CR3R4 D R~ Rz R3

3. [RM(L')AT+yL" + [WCA] salt — [R'M(L')(L"),]s [WCAJq

Suitable procatalysts of the formula [R'M(L"), A'] include but are not

20 limited to the following compositions:
(allyhpalladium(tricyclohexylphosphine)chloride,
(allyl)palladium(tricyclohexylphosphine)triflate,
(allyl)palladium(triisopropylphosphine)triflate,
(allyl)palladium(tricyclopentylphosphine)triflate,

25 (allyl)palladium(tricyclohexylphosphine)trifluoroacetate,
(allyl)palladium(tri-o-tolylphosphine)chloride,
(allyl)palladium(tri-o-tolylphosphine)triflate,
(allyl)palladium(tri-o-tolylphosphine)nitrate,
(allyl)palladium(tri-o-tolylphosphine)acetate,

30 (allyl)palladium(triisopropylphosphine)triflimide,



n a wherein n represents the nunber of cyclic units in the nononer and R~
to R4 independently represent hydrogen, hydrocarbyl, and/or a functional
group as previously defined. Norbornadi ene and hi gher Di el ;@I(:g@ g@Sducts
thereof simlarly can be prepared by the thermal reaction DCPD
in the presence of an acetylenic reactant as shown bel ow. -61 \ / +
RCCRZ ~+ RRC=CRZ 2 4 ~U~20BR ORZ R Dn R2 wherein n, R and R2
are as defined above. 5 Norbornadi ene nay be enployed as a crosslinker in
t hi s i nventi on(alh®)pellsdiumltrigycohdxgiphbsydinexridlimidef er r ed. Nor bor nadi ene can
be converted into higher honpol ogs or, Diels-Al der products using a variety
of dinerizati orsalbyéipaﬁvgv@(tsphwgﬁh%@nm)tr@mﬁdeeyc| opent adi ene. In the case

of the crossli nki : { diper an alternative synthesis is
enpl oyed in whira%lw%or @or ngdlpgﬁ{etpﬁéﬂig%%@gaﬁ%tg’fal ytically to yield a m xture
of isoners of raiy)paliadivadecgdlokexyiphosphing) phtelytsudforat2, ~ ~ Di nenzaUon

Cat al yst The di neri zagti.on of norhornadiene is easily achieved by nunerous
15 catal ysts té%lhaﬂa‘i{“ﬁti@tie@ B IP?)H'I%’(S?’ up to six isoners, i.e., Wi et
al. US. Pat e”t(alN?)paﬁa(ﬁ&(t?i%ropi%o?ﬁlﬁﬁéfrffﬁfgrda@&gﬁf s are the

exo-trans-exo, endo-trans-en . ‘
exo- t r ans- endo{allyl)platine(Bicgc®hegiplmsphing)dhlotide,: 5, 8- di met hanobi phenyl ene

(" nor bor nadi en i - oar, 2" ). The exo-1rans-exo norbornadi ene di nmer
is the nost prZ?lg}?lﬁ{}m@%g&[ﬂéﬁ%ﬂh)’bfgpﬁgsfri'tﬁﬁe’nor bor nadi ene dinmer with

di cycl opent adi gng-dimethytdligDpaltaligisoprdpyipHosphidefifidoroacet@an produce

hi gher oligoners of norbornadi ene diner. O her crosslinkers are prepared by

the react1®n pf(2z,cpl9reﬁélé/»pa%ndéwe(tviispnrom@hpwbir@mﬂapwwat@m or nore
reactive ol efi R?@}@@@?é@@%@%&bﬁ@?&héﬁ'ém’@(ad' ene, 1, 7-octadi ene, and

tricycl ohept at crosslinkabl e mononers are those
contai ni ng two (c@adjpalladinni(ipieyclehexylphospliing)@iflags (contai ni ng two
pol ynmeri zabl e doubl e preferred moponer is

ds).. On
5,5 -(1,2-et had&%‘ﬁ?%ﬁ%ﬁ%ﬁ%l&)?&@@ylﬂw inetiawe, ( NBCHzCH2NB) pr epared by
t he reaction of(ngﬂ{aggg%{ﬂgagj,ﬁ -&H@L@Fg%%m%gﬂﬁiéene and to

cycl opent adi ene vi a s- Al der reactl gher honol og of
5- ( 3- but eny| ) bi(methatlyDpdladiyrigpisopropylphesphina)tsflate, co- mononer of choi ce,

i.e., 2-(3-butenyl,) d,.2.3,&.4a.5 8 8a-octahydro-.1,.4:5, 8

di met hanonapht ﬁ#@#&lyl)g?l%dflg?@%ycd,peat,y?pf{‘g?p I,’e)%‘,ﬂla%‘:a, 7, 10, 10a, 11, 12,
12a- dodecahydr qmlethaAlyHpallddidh(iBéyeishesty] Alnd)chfdrikiéc| ooctene is ~5 prepared
inthe Dels Alqder rgggti on b(reﬁ?meen 1%’926%4a )S 6, 9, 10, 10a-octahydro-1,

4- met hanobenz odyrethablo]paliadiun tiiseprepyiphesphinaishlotide, hi gher horol og of

betueen L 4, Syl b UGS Tadyy ! anoberzooselooctene

a, 12, 12a- dodec afyahiablyl)palladium(tricyclohexylphosphine)triflimide,
(methallyl)palladium(triisopropylphosphine)triflimide,
(methallyl)palladium(tricyclopentylphosphine)triflimide,
(methallyl)palladium(tricyclohexylphosphine)trifluoroacetate,
(methallyl)palladium(triisopropylphosphine)trifluoroacetate,

25 (methallyl)palladium(tricyclopentylphosphine)trifluoroacetate,
(methallyl)palladium(tricyclohexylphosphine)acetate,
(methallyl)palladium(triisopropylphosphine)acetate,
(methallyl)palladium(tricyclopentylphosphine)acetate,

(methallyDnickel(tricyclohexylphosphine)triflate,



20 1, 4:5, 12-di net hanocycl ooct a[ b] napht hal ene. The symetric and asymmetric
trimers of cycl opentadi ene are al so useful crosslinking reagents, i.e., 4,
4a, 4b, 5, 8, 8a, 9, 9a-octahydro-1.4:5,8-dinethano-1 Hf | uey prgynepms 3a, 4,
4a, 5, 8, 8a, 9, 9a-octahydro-4,9:5,8:shqethano-l Hoenz[f]i ndene,
respectively. Another preferred nononer i s obtained from25 the reaction of
cycl opent adi ene and norbornadi ene, i.e., 1,4,4a,5,8,8a

hexahydr o- 1, 4: 5, 8- di net hanonapht hal ene. Di vi nyl benzene and excess

cycl opent adi eng2{[@imethyaenisy)mediyljphenyl d5BIj-piliadium(tricyclohexyl-

5,5 -(1, 4- pheny| ene) bi shicycl o[ 2. 2.1 ]hept-2-ene. Exanples of preferred
pol yneri zabl e RBPPEH Ax¢ne nononers 30 include but are not limted to,
norbornene (bi E(ﬁ%&h?la%ﬁﬁo)“éﬁ-@i]‘ ﬁéxﬁy‘ﬁ@,N-}-pﬁla@iunktrléyéloﬂ@;(y‘t— - 63

5- et hyl - 2- nor bor nene, et hyl nor gor rnene, ‘propyl nor bor nene,

i sopr opyl nor bophesphijneptrifigtenor bonene, i sobutyl nor bor nene, pentyl nor bor nene,

hexyl nor bor nene, D nar bqr.nene ct vl .norpbornene.. decyl nor bor nene,
dodecylnor%ornZﬁ%ﬁﬁ@%%gaggWﬁﬁ%PH@?H%%%%pWFPﬁ@?WSQVQFIyInorbornene,
but oxynor bor nefaﬁydri%Lﬁahxdiiﬂﬁ{}h%ﬁs@&ﬁbpﬂsﬁ&}sﬁwﬁﬁ%riﬂ@f bor nene,
phenyl nor bor nen€, et hyli denenorbornene, vinylnorbornene,

exo- di cycl opent(aiirisiogpalladitdm bis(yeyiclobexylphiosphiae)niteate.acycl ododecene,

nmet hyl tetracycl pd ene.. di.yet hyl t et r acycl pdodegen
ot hy! tet racyel OnguRmpLint R e DB e R AR R Baspuee
phenyl t et r acy cl(pgteiiohpalladiginbisiiiisopedpyiphobshind)irifitegne, propenyl nor borrene,
5, 8- net hyl ene- Sa, Ba- di hydr of | uoreneh cg:l ohexenyl nor bor nene,
XY

di met hanolexahyaydsidqnladivmbis(triskels hosphigg)iflatt #9éhor bor nene,

endo, endo- a, 6- gj 3 =S ITE r.hor nadi ene, 15

5, 6- bi s(chl or ogr‘éﬂﬁ{ﬁ%‘%@%P’%E%G%yilgfﬁ‘ggé@ﬂgﬁéyma&

]5h t ris( (23t goi;y) sil ylzr%xhh_cm‘tea_aﬁllyﬁcdinpagz]mlt ?iﬂabﬂe@bn{:%ﬁélé@ﬁlﬁ}.?re@gingz & i
epta-2,5-diene, 2,3-bistr 8%&@6% $(§%§o 2. ept a- 2, 5-di ene,

5-f | uor o- 5- pentPEPeESOINERER {MegiChH: td(Pp Feelplaxy b &yel of 2. 2. 1

] kept - 220 ene, ortho-metallatedp_henylmeml¥enedimqthylmino alladium

5, 6-di fl uor o- 5- hept af | uor oi sopropyl -6-trifl uoror?et hyl ) bi cyclo[2.2.1

]5hepft f2l enés 2, ﬁr@’g‘{ﬂf}fm{:ﬂpﬁo@;b@b,E(MQJUC(bbCkIdyEg(ﬂsSCE;)!?(if]ﬂrldhdge& eBe, and
-tri uor onet | CYC wo. t-2-en ~ad-Nn t y- - Nor por nene,
S b i et o KRR e e IR 15 1010 S

] - benzeno- 1, 4- iais8 hbs Qally IFRERLPHAT PO PCE;)CoFs,
1,4,4,9-tet rahydro???zl-pnetpﬁgﬁzﬁl uj(])rene, {) e6 ré%?oﬁ&?%d&cst of CPD and

i ndgne) , ? 7, 10CHp)RAPMeny@ls 6C:HIHBMeah6t (RioPdfiMe i.e., the reaction
: ' o
P benseno. 1. 4 45 HERESRIREE ELRateMErh: Gy O BGRIERE )7, 01 bor nene.

2 ~J U N2@~3 -(64HgRd@Mes),By, GhiPd(EMey), B2 (QH5 Pd(FMegNO;,
exo, exo-5, 6-di rreg_lhil - 2NQr bor nene !
1,4, 4,5,6 9,10, EARARG-FaspRRTs). (naberayRRAGE ey cl ododecene (i . e. .

reaction produ a)@t 9reveh pd [\l
2,3,3,4,7,7- he)‘;(tg‘“@}ﬁog_ﬁg(,e%_ me(tbrzgﬁ%g%H%d@ﬂgﬁﬁ@es.@s@éact i on product of CPD
and cycl opent enelyl)Ad(RPH,)6], Gally] P.dBStsRH; ity @ieohylaltyRd@RIan@pht hal ene (i.e.,
reacti on product of n cl ohexene),
1,4,4,5,6,7,8, d?fé‘}ﬂgfygﬂ%éfg?ﬁ%@1@@@?@#@@%)9@| ooctene (i.e., reaction
product obhs CPD @nsh XK IREPSRSAE, ) .
1,2,3,3,3,4,7,7,8,8, dgjcahydr (")5?%& %H&] t%‘%’82{}&dégggtc[‘{azh]ﬁgéﬁle. The i nportance
of enpl oyi ng mul ti f umanbtherémbedibent drescatalyst canr bsHinnak by grotomesimgr s i n t he
nononmer reaction n‘i%tturefare twofold: 1 ) the nultifunctional

a

nor bor nene- t ype® RORBARSOaME RIS o of crosslinking pol ymer chains t her eby
enhanci ng the inpact resistance, solvent resistance

(CaHae)  MIL)ALY),



15 and heat distortion properties of nolded article; and 2) the

mul tj functional norbornene-type nononers release nore energy than

nonof uncti onal (containing one pol yneri zabl e norbornene noi zt%:)

nor bor nene-type nononers upon polymsri_%@t_i on thereby increa dUlNhZ!m

exot herm tenperature of the polynerization reaction. z 20 Crucial to the
success of reaction injection nolding (RIM of norbornene-type nononers is
the quantity of energy released during bul k polynerization. For exanple, in
pol ydi cycl opent adi ene reaction injection nolding systens, the rel ease of
ring strain during ring opening netathesis_polynerizati.o ROWP) of

di cycl opent adi dn&ie(nesopge ‘Pfés]ﬁ!@?rggﬁméq’??)wc\yﬁ?@b%/ﬂht%ﬁp eﬂmvg‘ﬁéh zation

exot herm of ap dl el : i ERe : he in situ
gener at ed pol y%‘é&?ﬁg{ég&lé %@g&toﬂ@g?ﬂagggﬁtwrﬁgaﬁgétl on ?%%?ﬁ%?&&e (Tg = 1500
of pol yDCPD. Tlagye ¢amlpst @ERDstrated dn RgM.t her noset nol di ng system this

pol yneri zati on exotherm and the tenperature excursion provide for excellent
mononmer to pol ymer 30 conversions. In this invention the internal
tenperature of the addition 2 4J UN 2003 -65 polynerized pol yner

formul ati on shoul d/preterably ri &,é’"’ﬁﬁmj ust above the glass transition

tenperature (Tg) o.Hdhe rd(@'&iﬂ)ed—peﬁyﬁ%r—at oHa¢hHeeM (gL' ] BVGA¢t conver si on.
It has been deternm\ned experinmentally (fundanental theoretical techniques,
i.e., nolecular nechanical calculations, solution reaction calorinetry, and
bul k processing) that the addition polynerization of norbornene
(bicyclo[2.2.1] hept-2-ene) |liberates nore energy than does the ring-opening
nmet at hesi s pol yneri zati on of norbornene, i.e., -19.6 kcal/nol (AP) versus
-14. 4 kcal / ol laRovebodimensRuis widbvalenthydmsarbyldigand ofithedfbrintler mi ned t hat

substituted norbgornenes produce slightly |ess er t ha h ar ent

nor bor nene y\herf?‘g‘ﬂ'ﬂﬁ' t%etﬂgen! tﬂg?}bffgyﬁlf ﬁ’%%f’ﬂ%g@"?f@ﬁﬂgﬁnlggm?ﬂ’g“

pol ymeri za§i on Lmefadicydle WIRES ditepresdiiethe RMmBE? off dathohieorheatthe on to

conpl etion, the polynerization enthal py per unit nmass of the nononer nust

be as hi gh as phvalenhydrosprpybbackbenseang|isan integen fiom bie tenpey efthees of
addition poly j r i r Lyal ent ROWP
pol ynorbornenrergr,{}Jdlifg%ln;B?C'!él)ég;ﬂ%;t(?ll Idg%?%§g%r?%%§ﬁ%gk$% ga@@@%pﬁﬂ:{éﬁé?

|tool yrreritzati O]Ic’l ltanah fg;dlt'brmahddia,i(z%raugsj Iyiea fh;fcat;rht Mﬁ?@*@tﬂam“kﬁlzhe i nt er nal
enperature o po r reaches to about its ass transjtion

tenperature or %&Utﬁ."%gﬁybﬁﬂépﬂﬁjﬁﬂ’é’}- ?be%éoaﬂi@ygﬁn@wémw%@awhe 20 hi gher

t he doubl g;bon i AN j é}pﬁﬁ hi gher the

pot enti al qfool y%@ggﬁ?t}%%@?#ggﬁﬁeﬁ%‘g& gt(rﬁg?lglrgglg&?{i fl{og?desi red to have
mononer s whi ch emils, thlarihgluoanéendtioding pbefembly fiioink e Ibadditiomt i 0.  For

i nstance, the carhon atomto. doyble band ratio. in norbornene is 7. In

hept yl nor bor nen®@tH8 & F%of)g)efu(_yll WF‘B’FB?é?keQ t‘?ﬁ&eré‘f'&ﬁgfyneri zing 25

nor bor nene woul g, ddScaebiR BEEI@HNE CarbORERNAR0 WHEN tHE) ark ARG ealcHh Corf _
approximately twice that of heptyl norbornene. For addition polynerization,

t he pol ymer i zat #tosliphate e asametiereing system s hbe ridghwnds mormcycliss possible to
ensure th t he | . r of ol [ ing, f,or can reach

tho i ghod? t orpvaElP r Sy B bhkon echiy & IR TR B AR HE ot hod of

the present i nvedntdrbond intérfaces & deldll @itibe cofipleR withtnmbRsvaletitt h a carbon
atomto doubl e bond rati,ogw@f about 3 to about 17, and nore preferably from
about 3.5 to aboAroerrbydigandeaordinated dathegnetalcsmietM-bon to nor borene bond

rati o are norbor nadi ot ?E&Bo@fmeﬁt gﬁ%ﬁ L@%}Pﬁgﬁgﬁé@ﬁwgtg&gpﬁtﬂgl ene (TDD)

(ratio of 6), and norbomadi ene di ner are tavo nthis

i nvention. HO}Neﬂnﬁmu}ai [R'Mt[dyltld')pe] mﬁﬁ?inghdﬁrothS@leaﬁsn Hm?mﬂig‘ahd)n )
tenperature o e final polyner is also inportant in selecting the
starting r%énorreiL)H@rﬁka{aﬂ%@@umgﬁelpﬂéowr%bgw% i aémlw\yeyepi%(& ol efi ns,

condi tions nmust oPLyitable weakly coordinating anion in an appropriate solvent to



0 selected such that the final tenperature of the polyner is high enough to
permt nobility of the nononmer within the matrix of the pol ynmer being
formed. This is typically above, but within 1 Cto 100C of qt[;% %Ii@f
‘transition tenperature of the pol yner Q@l ng nol ded. Gener al He red are
pol yneri zati on exothermtenperatures in the range from 200C to 15 300C. In
sone cases, however, coherent articles may be produced even though the

maxi mum tenperature in the nold is substantially lower than the glass
transition tenpedatathe singletdompootntetalysThroductess skaswn inciquatéerbdeycl i c

mul tifuncti ona{;ﬁgnor bor nene-type nonori ~er i s norbornadi ene which has a
carbon to pol yRePVzabl e double 20 bond ratio of 3.5, i.e., two double bonds
per 7-carbons. Miltifunctional norbornene-type nononers useful in RIMcan
be derived from norbornadi ene and its adducts. These nononers are dineric
and trimeric cbossl [RIM(bY(htjeal s, [VeO4] satrmefR W )G DduEWEAJE nor bor nadi ene,
i.e., -67 2 ~, J UN 2003 Norbornadi ene D ner exo-traps-exo (2+2 diner)
Nor bor nadiene Di mer exo-traps (4+2 diner) Norbornadi ene Tnmer Nor bor nadi ene
Di mer exo-cis Sﬂﬁ%léigf&ﬁthlygsf&?{he%hﬁﬁm‘{k?\@dﬁ)fQLﬂ?_quriﬁélﬁdleSbtﬁ%Pé el at ed
herein al so include nononers di sclosed in Layer U. S. Patent No.

4,301, 306 and limjted taxhg folfewingicompositios24, 71 7, all of which contain the

nor bor nene str n U S. Patent No.
4,426,502, di st@@é@@%ﬁ@&%ﬂﬁ@&é MOQ&E‘?’J(;}?LSS for "norbornene-type
nononer s" whi cRallﬂgpqg@m%p@mgﬂg(oggqyszd;mm§2§1d| ene, tricyclopentadi ene

symmetrical and unsymmetrical cycl opentadi ene triner tetracycl ododecene
& Orr

and ot her1ocycl Hel P HHRSANEEPODNBAP 3 ifed b Bridr dads nene-type group.

Ty opened el A OO Sy OR T Tl At TE 1o Peati |y avai labi o
T qui o1 Bagent S ar o pr ot o an AR “aumdé@m’m‘éf ot caai |yt han

ol ds, " provi dZ@?w%&odéwb?nvﬂ58&1!&@33%%5@% R i ththe use of
enper atur e vih P TR O Bl T Zation
; gg\c/te i ggghst Tgi [(mﬂyt)Pd@Hmﬂ(RﬁysildPFm Eihilsﬂwd(oﬁtzciﬂ’élm] RFeht adi regﬁdle fegelnler 3: Idy
with slight he&%l ng(t%ﬁt%)@m'gﬁ%ﬁ?ﬁ Erd&i“é{ﬁga @ﬁ%@éﬁﬁs 5 a signi fiqcant

di sadvant age i Ip(aqyl)F@(UEtﬁthﬁH‘W@ﬁ fyPPdeBORPE-Pr};)) [BbEQNt i nUOUS System

(al
f eedl i nes for nononer heat e(sj[ prevent sol | gl fication of the

di cycl opent adi éﬁﬂﬂyl)l’#%d(ﬂq?)bﬂ [Shﬁdnal@f{(%ib’l)ﬂ?é((@ﬁe)(mn&irf@bﬂlcons| derabl e
trouble and expense i ¢.r8all g@ flonsarB%ftol nglﬁé,pgbﬁg gge,s@zgﬁ?ﬂ?ot hey arrive at

their destination for use i n yneriza ver, high

purity dimycl opemidylbens defisedetonef Aunan htiokie 1mﬁgsg&aﬁ whith ibul k
pol ymeri zation processes to obtain useful products. Inpurities will often

provi de i qui ddgfiesibedprnWend it %a@ﬂ?’é@“lﬂﬁtthWFkly coordinating
anion [WCA], and the abbreviations Me, Et, Ph, Pr, Bu, and Cy as used

here and throughout the specification refer to methyl, ethyl, phenyl,

propyl, butyl, and cyclohexyl, respectively.
25 The foregoing Group 10 metal procatalyst components are
commercially available or can be synthesized by techniques well known

in the art.



al so retard pol ynerization. Adding an inert solvent or diluent wll
adversely affect the products obtained in that the unreacted conponent 15
wi |l reduce inpact properties and/or |each fromthe finishe arwczb&,
rendering it useless. Likewise, it shouhd be noted that the e PPN 29035

nor bor nene nmonomer (bicyclo[2.2.1 J]hept-2-ene) in RIMapplications is
reduced because it is also a solid at roomtenperature. In addition,
norbornene is 20 characterized by its relatively |ow boiling point and

fl ash point and these physical at tlreapingdsrewps cause problens during its RIM

processi ng. The preferred norbarneng nononer ] of endo-and

exo- st er eoi soners, é&fﬁ?‘%es[eﬂgsagW&?ﬁf%‘f‘gg§¥°g§6ﬁt§%@%&%@§ The use of two
or nore differ @pldted ByeieSwéaklydédotdinaip anibrxihags peovidudesitthe apAesses 25 the
freezing points of the nmononmer mx in contrast wth usi rCI%Ea si ngl e nmononer

conponent. |n &dgi Theleaviaggmup ferns 2 galt Wb theecatipr opdhs W Besallo) e 't o

determ ne t he preferLr NI LN required to achi eve
t he requi siltte %3?{1}%lg?cglrpolgelg?‘{I%Zé.heﬁrﬁ%?ﬁ@%&hqg@gghﬁgﬁorrer m xture i s usable
under a w der raifperahethardhlforgte)andimider{bistriffuerometBameswdfanimidej.bor nene-t ype

nmononer i s enplqyed, the nononer, can ] 4 03, - 69 di ssol ved or
swol l en in sol \}’éﬁFOTS?C%@’r?PSY Cafhl ﬁw‘gﬁeﬁi%o%#g@%é&w 6solid

nor bor nene-typ SHRG b - frr @ i A i.zed by
heating the rroensgg ’s; t661)%’??#9’%1(?{1’9111%%?’%%%6% e@%‘%&s ’pgéllﬁ@%éé’uci ng

di ssol uti on of anbdorategyr edi ents of the catal yst system 5 Norbornene
nonomnmer s Ilp:repared b;é t he. Di el s- Al der rgac.ti on are gbt?qi Hed as endo or exo
i somers i I varying oBApStbet sabrdimentdhy A8 & TRSAB G LY AT éh_ophi |l es. The
endo and exo f Q& & haldRnied Bﬁdrﬂ@d}syl@mh& #Bear3fedaiid Biséy i ncor porat ed
equally into the polyner. If, however, for a particular reason one isoner

conposition is W& is gtibzedms slractizator.elngthis emhedireent therastizator on is iquid
at roomtenperature, t t.he_ reacti n S e jisaonerjzed in the
presence of a gﬁ%ﬁp%tfa%ﬁ%&xndgocsrgy r&a?%ﬁgtagggéragﬁﬁlﬁgw& -afrlﬂ"k?lof aromatic
gr oup- cont ai ni RfoieH! MitieNeVasy Eolp BRdidty vsefeably selddiai froee f or m yi el di ng an

i somer mxture of aromatic %oug-cont ai ni ng_norbonnenes by contacting a

solid 15 atid dedadg.dineqs and qd Cotsradkyl dinsat andrbranchest 65 iGoner - ri ch
i Xt f T TOSKI R Tsuji, and Y.
Toda i n Bur . poeloRGl CeRSAERARyY bg CT a1 (Tnd AUNNY Bpa g Th) - B0C T

i ncor por at ed bymoiefies enoptioRall y\iersnbsituted withya hal@iemrsabstitednt sgledted ol ef i ns
are available in various levels_of purity,, ranging from.84%to about 99.9%
the upper puri orh Brreepiorne ARoritésand logineqpeter léﬂuaﬁve-pﬁnégm ng and
reformng, and dhKddhgEnt Ae_@tp?@cﬂﬁatéd){? YiaaRSheudhl ﬁ@&i}aﬁ'}ﬂaﬂdeﬁﬂla”d ol efins

whi ch woul d not co-pol ynerize 25 undér polynerization conditi'ons. The
nor bor nen@o t ypeandipeotafiusropbenyl geoups arstrapresentatoeienamplasrofidtavafg si mi | ar

hydr ocar bons, however. . if .present should not be of a type which could
adversely aff ec&roPWeurfdgéﬁ{)%{ﬂe‘?soq??’e‘?the nor bor nene-type nonomer enpl oyed
cont ai ns undesi r abl eHipgénRavIRL Bfoupt RRINRBIorHRNoBRe, bromine and

fluorine. The acetates include groups of the formula R*C(0)0", and the

carbonates include groups of the formula R*®*0C(0)O", wherein R*

25 represents linear and branched C,-Cs alkyl, linear and branched C,-Cs

haloalky] (preferably fluorine), linear or branched C;-Cs alkenyl, C¢-C

aryl, optionally monosubstituted or independently multisubstituted with

linear and branched C,-Cs alkyl, linear and branched C,-Cs haloalkyl, and

halogen (preferably fluorine).



30 renoved by known neans. It is preferred to renove any inpurities that
2 4J UN2D03 may interfere with the pol ynerization reaction. Even after

t hese steps have been taken the nonomer may still contain 5052 iﬂﬁ i.ties.
‘The purity of the nononers should prefgpably be greater than bt‘B %
nore preferably greater than about 95% pure, and still nore preferably

greater than about 99% and nost preferably above about 99.5%to ensure as
conpl ete as possible nononmer to polymer conversion. Water, inadvertently
added to the fornul Zheelumivatpend horatedeavingjgrohps ¢anhegppresantesiby theyy be

detrinmental to_the stor s Idbt y,qf 11 at al yst. conponents. \Wter can
enter the form%@%ﬁégﬁh’m&lﬂ*ibybﬁﬁé@ ’ccfr@dp‘é‘ﬁ}rf%ﬁ s and in the
i nert corrpoundwgné' RUL& akyat are mainly inpact nodifiers,

pl asti ci zers, ane retardants, blow ng agents, internal nold rel ease

agents, fill er svharein 665 afsoifucorenygen Bemdtharepiesénts phengl andowbstitigdt or
activator is added to the fornmulation, the | evel of water in the m xture of

cycl ool efi n nononers inert co nding t s ingredients preferably
shoul d be | ower than R p M XNanra L8 prEfenably between 10
and 0 ppm To be assu QaM b vel lof _hatgrMig tHe gycl ool efin

h

nononers is | ess than ppm bef or he catal yst or onetal activator
is added, it can be dried via azeotropic distillation. Because water and
nost cycl ool ef i n mononers form 20 heter ogeneous azeotropes, distilling off

a snmal | porti ophedyl ab8efidivefdv,and FE! alepéridentiPROF&ERS Wnkdr ahgnOve nost of
the water contanm nati on. The azeot ro(E ., distilled off cycloolefin

nmononers pl us Wanehgd €afribakyakiness an g@éle}ic%rﬁur‘ém@hwomréwgoql k enove the
t f th 1 | af:i. to th
component - 25 S8R Sutelifn e BB R FERS BreTeraBly BREGL O '

i nvention i nvolawésulsstithedpigryd spbstitwted and wisubstinge@Qb-C5h aratiiys, to form a
reactive nonomer corTFosi tion, which is then conveyed into a nold where

pol yrer i z&% i on PreferablyeRenyiatky) and substigtied pheaplalieylt By substitptadis st r eans
contains a cat s : carrier
l'iquid. Wen tﬁ%é@%g%%’%%?@sltowg#glEFoepgSﬁ)&r?gagpgﬁﬁgﬂ;@tB{%\?dglggta ;a/st i's
formed in situ.braitthed @r40s aikyl,ilpeacandamanphed Csdls \halohlkdybrehidrmecatdal yst system

conponent or the norbornene-ty noponer to be. polynerized. At |east one of
the reactant st %%SH@%&“‘%FE?HO*&?‘H 'é%f?tﬂ?@e‘%fne nor bor nene-type nononer.

I'n one enbodi ment ofRdpRQehtaN&NAlURInRe £R8FS ABRudS bIEAThEOIMRIESINT a .
procat al yst of the previously described formula [R M."XA'] is conbined with
a react ant5 st r detrapbongxyiabimigate Hetralds(cpalohexanalatogduminateaponent . The reacti ve
conposition tha{ttrieﬁggxorlrrg]d ailts & henetﬁgnvia ed ti nto a nold where

pol yneri zati on Take ﬁ?gcé{l R EALPONE l(535,“3’preferably both, of the
reactant streanerdds(RopodpoRy)alugtifidte A8€aKINL HOtMCAE)EARRNABNONMEr . | N anot her
enbodi nent, a reactant stream contai.ning a procatalyst of the previously

descri bed for mifEAERYARYRhImIBate otfBakad-fthH-&eraparelato)aluminate,
tetrakis(nonyloxy)aluminate, and bis(2-methoxyethanolate-O,0")bis(2-

%

20 methoxyethanolate-O')aluminate, tetrakis(phenyl)aluminate,
tetrakis(p-tolyl)aluminate, tetrakis(m-tolyl)aluminate,
tetrakis(2,4-dimethylphenyl)aluminate, and
tetrakis(3,5-dimethylphenyl)aluminate.

Representative borate groups include tetraphenylborate,

25 tetrakis(4-methylphenyl)borate, tetrakis(4-chlorophenyl)borate,
tetrakis(4-bromophenyl)borate, tetrakis(2-bromo-4-chlorophenyl)borate,
butyltriphenylborate, tetrakis(4-methoxyphenyl)borate,



and/or third reactant stream the second streamconprises a Goup 15 ~ 5

el ectron donor conpound and the third stream conprises a WCA activator salt
conponent. In this enbodinent, if a two stream process is g W t he

‘G oup 15 el ectron donor conponent can bﬁ@ pl aced in the procata stream
or in the activator stream At |east one,” preferably all, of the reactant
streans conprise at |east one norbornene-type nononer. 20 The reactive
formul ation thus formed is then conveyed into a nmold where pol ymerization

takes place. | RetdkistpedyeatynyBb&raRois(ENbenAnédislaiotirate) r eam cont ai ni ng a
solution of the preforned single conponent catalyst of Formula | is

combi ned with annlmwlfehenyierﬂ@myi)b , bis(tagatiiorohenzenedidatdPIdtt nene 25 type
nononer. The r bsequently conveyed into a nold
where t he pol yﬁ’ésﬁwté&lgﬁg?'gz}é%dlgﬁtﬁﬁma 1 owed to proceed to conpletion. In

t hi s enbodi Wentbxﬁwuﬁ&bhﬁ)beﬁtzdhbmbla&)bmﬁts far the catal yst conponent
include but are not limted to_ al kane and cycl oal kane sol vents such as

pent ane, hexandis(hdpbiphenylgxi-diglatodosateietrakigieepbanglybberpieane 30 sol vents
such as di chl or tetrachl ori de, - ~2- 243U
N 2003 et hyl chlbgrl gh&r}gﬂfﬁglgﬁ%ﬁglﬁt@%pﬂg 2-di chl or oet hane,

1-chl or opr opanaeuﬁas(hheﬂanathn&mﬁyl)ﬁormhj tetrdbs(paum)baraml or obut ane,

1-chl oro-2-neth n | or ope t eth such as THF and

di et hyl et her ; g‘(’i‘ﬁ‘éﬁ(?g @me%fﬂ@ngﬁwa'ﬁs 39;31 i’i‘? 1€t ol uene,

mesi tyl ene, Ch' or 0beﬁi%ﬁ&i@ionQ@ﬁxe%?ﬂrﬁ@iewlﬂgéf%ﬁgﬁescﬁﬂéh MVQCM&Q” sol vents
such as Freon 112; and m xtures thereof referred solvents include

benzene, i uor ciissrbecselected-fetin highly Beorinstes, ang peifhioninated elhyésuifonyl

pent af | uor obenzene af | uor.obenzene d‘i hl ) chl or obenzene,

t ol uene, o-, Iaa?m "S%( } eQpan %fw fc’&’@ ﬁg éﬁgzcﬁ@ THF,

di chl or orret hane(R‘"P sccwgcd mtmé‘fsaoz)ﬁmdwherew 2 aﬁudpeffdeﬂﬁptr@predemsgener al,

met hods for practicin egoi ng enbodi nents with liquid feed streams

is known in thdingas fﬁ@é@@%& o hjedd feerinsndand gerfluorpated aliivh tr ansf er
| di RT f
Cher mopl ast ¢ o i@y SRS B pthtoRR o GEIRM A BRRP) 108 20 o

t echni que 15 he fﬂlﬁcﬁ'gﬁteﬂgmb(phijﬂﬁbhhmaﬂIGaICoETEltinIOOptn@[wﬂybtheml@@hndted via R'M
pol yneri zati on i RI M pol yner.i zati on techni que, st.ream of the G oup
10 netal pr ocat%ﬂd}’é‘ A/ SFP;S’BEE%RC‘?W‘PH eleRrftom AN the CB@“&ZF&/’??’&l zed and a
mononer stream GRREAL RE W he m xi ng head of
the 20 RI'M mach?ine %stg}%ﬂ; o‘ri‘ly f‘%ﬂefe‘é}%&?{e}e@&a@orﬁ?ﬂﬁgﬂgg%a?bﬁgd streaminto a
nol d where an alnoogeraxidicarygee G, -Oe), ynealént aitiogen,and hesavaiek di ng a nol ded

product. In this S he strea ed f.rom t.wo di vjseual

cont ai ners. Suc%‘é@ésf 8Py:5‘fy88tg%l kiffta O%ert{"erfﬁ? £°feb‘h{}6$re¥5§ \tg;\sé% on
nonormer sabut i 04§ a@umqq@hust@mwa HieBcylcals P FRAARRKE opfsdalkdmokAlge stable, 25
i.e., do not undergo gpont aneous polynerlzatlon in the absence of an
activating specineiher &nagtupup foros tips, the rld@ﬁ@qtmap@fqrably@antmml ty over
time. The poly t r QVi thls i nvention conprise at

| east two st orggé{é?{ bﬁél%}{% og%rll Sy amgse ﬁ%%l tion is essentially

nor bor nene-type nonolethe above tbmeﬁe(H&temﬂh@hlySﬂttdﬂﬁaaeﬂmhﬁkhaﬁn the 3o
ot her contains the activator. Wien these storage stable formul ations are
2 4 J U N 2003 least S0gcrsenef the hpdrosen atpmsbprdsddo thescarbneators it hsar e ei t her

a thernmoplasti CalﬁglhEf\ﬁBdggfle%%cf%%lblg(lgﬁﬁqeﬂ&eﬁIE d&hﬁhg{ om$XNOMErS

sel ected), but er no ject 1s preferre
Preferably, at least 2 out of every 3 hydrogen atoms on the alkyl,

cycloalkyl, and aryl moieties under R*” are replaced by fluorine. More
preferably, at least 3 out of every 4 hydrogen atoms are replaced by
fluorine, and most preferably all of the hydrogen atoms on the R*®

30 substituent are replaced by fluorine to give the perfluorinated moiety. In



Alternatively, after mxing the two reactant solutions the reactive s

m xture can be injected into the preheated nold in several portions as
disclosed in U S. Patent No. 4,426,S02 which is hereby i ncoggo\g}gﬁI e“l,_‘by
reference inits entirety. The inventionis not limted to @'t re&dct ant
stream process each cont ai ni ng nonomer44tt will be obvious to one skilled
inthe art that there 1 o may be situations where it is desirable to have
nmononer incorporated in just one streamor to enploy nore than two streans
where the UNIT8idifdn @ldfiflied Xfﬂ&orﬁkra??ﬂ‘ﬂbsﬁﬂﬂkﬂ'oﬂ tBardPehd SR B

reactant (s), noderators or additive(s). Mnonmer to Procatal yst Reactant
Ratio t 5 The anyl gionps cén cootin lingar pod brapched«bF@ o highbyrBnerineaed and achi eved

usi ng a procatal yst .(ba on Ni or,Pd).to nono nol a io preferably
above about 109‘?‘%‘“ aé"‘ﬁ%ﬁ%lrgrﬁ%? such, sy for ﬁa&‘ﬁ?’gﬁf]'&or%ﬁ{hyig%b: 1, and nore
preferably aboptpsfifiehts wiefd htlrBRInVANES RAMMHE b the s/, Feldalikyylangr bor nene,

the ratio of procatal yst (based on N or Pd) to nononmer 20 will preferably
be from aout agydmbiatigs.spaution o@D UE: remainingchydragen atomscands: 1 to

500, 000: 1, still mre.preferably from.100:-1 to about 25,000:1, and nost
preferably abo{ﬁpla’ocﬁe):wi tb6°’88’81ff‘wé’é,°8‘88%‘%9‘°m Salt to Procatal yst Reactant

Ratio 2s The nol di nRepresenisdiveidghlp Auptimdtédald Rrilivtinard allodsulfoaylachi eved
using a WCA salt activator to procatalyst (based on N or Pd) nolar ratio
preferably fropadgyisuliond.conaining siansHf the fasgagingfoemulae ingludedugf er abl y

about 5:1 to 1.1, . e BN\ N ~4J UN 20p3
Mononer Tenpera ul}og,ﬂ%?gé (fé)eznli:gée(?’g?gfgc,“%b%ﬂ’&?h@gg?%é%ési ng Tenper at ures
I L1 3t Fon t emygE Bt e e el o go A aur s e Can b6 5 contr ol ed b
initiati u . i

adj usting theng&%%?(%?€§ﬁﬁ-é§e%%§2ﬂﬁg?S$§N§éﬁt%ﬁgf)?)zﬁ-s_ the tenperature a%/
whi ch the FeaC(dC(FQ);Uégg%j NQQCMECF&NW?P%@S(@QF19%2)5@9@[%’9%2{3?&e wll also

. 2
I ncrease. For ever nhperature rise e reaction ra

appr oxi mat el y (CESQr)CEB(Eabu$éndiC), (CFeSQRLE KRO:XEact i on rate control | ed at

pol'ymer i zat 1 on (Ao R e b Sp R RED s BT KRG8 Ear e at i ch ¢ e
reaction jss Ca'(Cg%QO?)Q*(SO%JF;%C,raﬁﬁl%‘smfchﬁ!ei}&len@[lﬂe&Hél@w'.ii nmes will decrease.
The nononer may be at a tenperature in the range fromchilled to el evated

t enperatures when charged to the nold. In general, it is ~ 5 anticipated
that the conponents will not be heated beyond their flash
S04~ CF, S0, S0,.
/ \CF < TFz - TFz
2 CF3302
- \ .-
, so;c1/=2 . S0, | S0, CF,
?
CF,—C{, CF;~CF,
0 /N—c,F.so,é(sozca), 0\ /N-c,F.sozN'so,CF,
CF—CF, »  CFs—CF,

Additional highly fluorinated and perfluorinated alkylsulfony! and
20 arylsulfony! anions suitable as leaving groups are described in Turowsky
and Seppelt, Inorganic Chemistry, 1988, 27, 2135-2137, and in U.S.
Patent Numbers 4,387,222; 4,505,997, 5,021,308; 5,072,040, 5,162,177;
and 5,273,840 the disclosures of which are hereby incorporated by

reference.



points prior to entering the nold. Tenperatures from bel ow OC up to the
boiling point of the nononers may be enployed. Cenerally preferred are feed
tenperatures in the range from 10C to 300C, preferably fron1ip§:@§mﬁooc,
and, nost preferably from20C to | 00C. 20 Since the polynera y eaction
IS exothernlc the tenperature in the- fdrd during the course of the
polynerization is usually higher than the tenperature of the feed, unless a
chilled nold is enployed. The initial nold tenperature will generally be

wi thin the range -20C to about 300C, preferably about O0C to about 200C, and
nost preferably from 25 20C and 100C. erature distribution in the nold
is affected by such factors as nn|&V§édth characteristics of the nold

and the |ike To ottt sl erdY %IQY§§{>‘%&%3‘1§§%%@" I S D enf Ul ec ana

heat exchange 6Pﬂiélﬁrés@ﬂﬁnwdu|onhaﬂac i@r&b@nﬂéﬁ%ﬁ%&f@nﬁmqaw)gﬁ with a given
system of 30 nold, feed and catal yst J U N 2003 After the

pol yneri zat i on[W&&‘Jm‘ﬁhﬁrFlQ G shpsseitaa prgten (ﬁ)l)d@tlau%}"é@@“hﬂ}ﬁt%e subj ected to
an additional t t e of about
T00e to 3000 f Sy, ftaftslibh el Bariciordy °ﬁ%”d’?é?’°%¢§?"é§‘ao%“fia’9% 2 hours.
Such a post cuard WEA}areas defaredabben)zas &n modgerfromd) or&ped biasd di ncl udi ng

Poct ouri ng i < SRFERUPG DURD B TBRRBR AR oA FHQWPRE Sarmpi os {0 L hol 1
final stable d'cH@x‘&ﬁiaﬂH?onﬁk&Eﬁ%n chit I@x’(W@K rés?éét%@l afddMehtoand to inprove

final physical propert The 1 nve t| on R ocess prepares either a
nor bor nen® typbalaheertthbplea%mcchm'ghonﬁmn\scméksahrcompimlyrrer or a thernosetted

nor bor nene type hompol r_or, capolyner,. -\l d, an Pressures The
pressure shoul d be%ﬁ“‘gﬁé’? t?lr%?ﬁ?ﬁfﬁﬁpe Gﬁo‘fpn]emr?%llsose?%te%gk‘?ﬁl nt ai ned in
l'iquid phase oOnjthiGmS sSR! pdthsgitim, PliaRum, 208 tadhf. Thepfefrasd Giouphe nol d are
in the range fromO0O to 2,500 psi gauge, dependl ng on the nmononmer and the
tenperat ure enplmstakcativasargitiium; sadiupand gogssiemal [y in the range of about
atrospheri ¢ 10 1000 R kR SHE A kel ThOpAOGHAR PibulsidepSt Pref erably

fromO to 15 psi hj ection roca Al yst and

activator 1$onp<ffmmb&yllnm m&gaemhdcaltlhmn strorsiuat) andhbaﬂuml Thaé tine, called
the "induction tinme" before the onset of a rapid exothermfromthe

exot hermi ¢ pol PREFTShreip Dmetapeationg are m%sr&swahﬁ%lpwaﬁtrmtmnpra@éess this

i nduction tine I i t he nol d,
typically aboutb%t‘mvv{.l)11 %lﬁgﬁaggtlgh&ec era%?rlglrgggés@? ﬁgmlh?’rs%]{léréée}gionds Once the
pol yneri zati on thaliumi t i at ed, poI ymeri zation shoul d occur quite rapidly,
usually within one gl}nute and pre in 10 seconds, and is

acconpani ed by a rapilf FEEC g QSaQ%fﬁé%ﬁftﬁ‘ﬁ E‘OWPFHE‘ required to

conpl ete pol ymghogHonRi, cambﬁwmﬁly%umca&@n@xé INHRNPOQIRMGYIct i on of the
reactivity of the npnoner,. and,the catalyst e tenper ature mai nt ai ned

in the nol d. SUBHRars; [ERI“;A] c[B#pCét, ang Bﬁctslbnwhal? %elmaﬂd\?@dyl nas little

i 5 on pol ymdehssart R BRI RSS! o M G BB g s

rapidly as ROVI%ohfalirmig ato MSarb&hmﬁmspﬂﬁmfﬁatﬁj& fRAns teN2 cardopd et el y

conpatible with
arranged in a linear, branched, or ring structure. By perfluorocarbyl is

25 meant that all carbon bonded hydrogen atoms are replaced by a fluorine
atom. Representative hydrocarbyl groups include but are not limited to
linear and branched C;-Cy alkyl, C3-Cy cycloalkyl, linear and branched
C, to Cyp alkenyl, C;3-Cy cycloalkenyl, Cq-Ca4 aryl, and C4-Caq aralkyl,
and organometallic cations. The organic cations are selected from trityl,

30 trimethylsilylium, triethylsilylium, tris(trimethylsilyl)silylium,



conventional RI M equipnment. For those addition polynerization conponents
that. are known to be inhibited by oxygen it nay be necessary to store the
conponents under an inert gas but, surprisingly, it is not R&JoNc#8¥ary to
bl anket the nold with an inert gas. The_streans are conbined in the m xing
head of a RI M machi ne. Turbul ent m xi ﬁgél‘s easy to achi eve because the
process involves | ow nol ecul ar weight, rapidly diffusing conponents.
Typically the m xi ng heads have orifices about 0.032 inch in dianmeter and a
jet velocity ofriteRgylbilyieh, ftipleaelsilMite/ ritpclbldxytsilgliuhj ned the mixture is
injected into a nold, a rapid _exothernic reaction occurs as the

pol ynor bor nene digagthyipetadecy tsilylium and tﬁﬁh‘iﬂ‘)’@é’f’b"&%ﬁéﬂéﬂtﬁ)ﬂ las 1ittle as 20

to 30 seconds ghdifby id'he GB5N O n%&hﬁl@gﬁsﬂé%f‘eﬁﬁﬁ@aﬁ QGegd |n this short

time heat renoval 1s not conplete and the polyner 1s hot and flexible. The
pol ynmer can be [(GGHe)Eel™ tind [(Ci(TGHNeFe] ™ 2t dlsonesdfuhhethy catiod m thot or after
cool i ng. Afterhszge pol érn'tgr .has cooled it will becone a rigid solid. The
total cyclde ti Aeplthef e VRIS 0.5 minute. Modifying Rate of Catalyst

Gener at  on, - Cont r ol I agplcab WA o2 RAR WAy cdfidinBahyimbd 2ation Activity
e

The present invention y be practiced under a relatively wde variety of
condi tions of desribednnderermuledbiachida byl arpnetlimited tor eact ant phase, and

m xi ng. Sel ecti.gn of cqnditjons.is fynction of the reactivity of the feed
nmononer (s), thl‘aﬁw’it%%&g' °§°éﬁh8‘&¥1ﬂ<?r#§f of the catalyst, and the 30 type
of polymer desispditim tetrakig2-fdrdphéboemet rol over gel and cure tine is
particularly inportant in th;pgractl ce of reaction injection nolding and

ot her bul I pol phearitetzakisi?rfiyerapbensdiborafie control of gel and cure in this
invention is der] L rces. "Indigenous” (neaning native
A N L

or established e cornponen exdgenous" (nmeani ng external

addi tives or otigdumrterakis(3dhiokdphenydsbordte, added to the system). By far the
si npl est method @f contr ol IAng the reactivity of the catal yst systemis by

regul ating theSg 'Hi_"ef&?f@?is(& Yyorephspyabasetey s ligands attached to the
al l'yl pal I adi ”mSﬂ%r"g‘ﬂ‘di%g‘fﬂéﬁfﬁ.g@?gyﬁé he nol di ng o indigenous reactivity

control agents. For exa pal ladiumtriflate
tricycl ohexyl phicsinr nergkisi3-finatopbenyl racits nore sl ow y than the

corresponding (h-allyl)pal]adiymtriflate triisopropyl phosphine procatal yst
in the presenc e%?cepmF%A‘?&'H&%PE*{%BQ?W@r ophenyl propoxy) al um nate. The

allyl substi tuq&;&e%@kﬁgs@%@hg&gﬁeﬂy@b@&@g’roI the gel and cure t 5
times of the of the generated catal yst system By way of illustration the

crotyl palladi dithium tetrakis(4tfiuorephenipdrgtaosphi ne procatal yst reacts nore
tri 1 sopropyl photaR ERENE A oAD" SCence of 11t hi um
t et r aki s( bexaf Isilo¢grapirsdig(4iTuopsphgnyllborateat e. Li kewi se, the character of 20
t he | eaving gr?ﬁﬁlil(nﬁltgtra?cfis(}#-t}leuorporp%gx%}l?blo)r/aﬁcte, can influence the rate of the

lithium tetrakis(3,5-difluorophenyl)borate,

sodium tetrakis(3,5-difluorophenyl)borate,

thallium tetrakis(3,5-difluorophenyl)borate,

25 trityl tetrakis(3,5-difluorophenyl)borate,

2,6-dimethylanilinium tetrakis(3,5-difluorophenyl)borate,

lithium tetrakis(pentafluorophenyl)borate,

lithium(diethyl ether) tetrakis(pentafluorophenyl)borate,

lithium(diethy! ether), s tetrakis(pentafluorophenyl)borate,

30 lithium tetrakis(2,3,4,5-tetrafluorophenyl)borate,



reaction. The derivative (~-allyl)palladiumtriflate triisopropyl phosphine,
"i.e., (n-allyl)Pd(03SCF3)(P(i-Pr)3), is activated nore slowmy with lithium
t et r aki s( hexaf | uor ophenyl propoxy) al um nate than the corresynd‘ilﬂpz
‘(—allyl)palladiumtriflimde triisoprapyl phosphine procat )lfs , 2008 , 25
(n-allyl)Pd(N(Tf)2)(P(i-Pr)3). Likew se, the desired gel and cure of the
system can be achi eved by proper selection of the weakly coordinating
activator salt or mxture of activators (exogenous reactivity control).
Further, the gkthiancttakise3,¢S6-eahflwaopheayhbateteat ed by changi ng the nunber

of atons within the 2.4 J UN 20p3 . ~8  weakly coordinating anion, thus
expandi ng t he Hihrum gtrakisel . artgAuerqathyeaygbia6e di stribution. The use of
Lewi s base rat hm 2RS40kl i {s optional, i.e., external or
"exogenous” rmgtl |cg{t| on?iﬁ’essqﬂpp?%gﬁﬁ )?g;lratier gel and cure tinme control.
Sui t abl e exogelithitem nadtley lois(herfiiovoghenplbbardte, f or exanpl e, water,

t et r ahydr of THF), 2-net hyltet dr of 2-Me-THF), diethyl eth
((Core) 208, ol ehim iR e PRy MRS CL3) 3) i met hoxyet hane
(%Owwmﬂﬂﬁuﬂitﬂi(ysgﬁrg SA&IPER2 gmropﬁén?ggﬁﬁ%él piwgRhi ne (PMe3),

triethyl phosphine to (P , tributyl'phosphine

tri (ortho-tol ytemakisépetharel) Btrakis(entadyorophenybboratebut yI phosphi ne
(P-tert-Bu3), tricycl nt ylphosphi PCycl opentyl 3),

tricycl ohexyl pﬂja"seﬁﬁwgps?‘ﬁ&%ﬁ‘?’ PBF‘?Ygg’Bg%%yl phosphi ne” (P(i-Pr)3),

tri octyl phosphirfieroRfea)silVerIetrdkis(peneaillordphenyl)beeate,PPh3) |

tri(pentafl uororgsﬁtgnyl ){s)hosp?]irn_e (P(C6F5) 3) ﬁm?net hyl di phenyl phosphi ne 15

( PMePh2) , 10di metnsgxyleredsilvsnsgpkistrentafinerephgnyDbesaiget hy| phosphite (P( OVe) 3),
triethyl phosphi b r | phosphite (P(Gi-Pr)3), ethyl

di phenyl phOSth’l' ‘é‘?{&&ﬁ”}iﬁ%ﬁ%&% phosphite (P(OBu) 3),

tri Eheny: IOEOSpEtyﬁe((rﬂ?ﬁwhﬁiiﬁ?pr?m&ﬁbmbmfmmdghm&)bbm,t e (P(CEt L 2Ph|) , handh

tri benzyl phosphi ne (P(CH2Ph) 3), 2-cycl.ohexenone, a 20 tri phenyl phosphi ne
oxi de. The pr eFétb’lrtéﬂﬂgﬁﬁ'é’é’ﬁ%‘él"Fﬁtb@g’ﬁ%]dg?%?ﬁwwﬂ%enyI phosphi ne and
tri phenyl phosphyi oA e . : } noderator to procatal yst
cal cul ated on 2{ aﬁoﬁflg}gt%grssps?g ?{ssﬁ?lgﬁgﬁggn c?“r@r?\h g’%ﬁ’t&%‘?’om to 100, nore

pref erabl 15, fr diiNalipethyanidihiunotetrbkisperit@flussophenydtiorge.ef er abl y, from about

0.1 to 2.0. 25 r{her,. the. exogen control over. reactivity can be
achi eved by at E\g@fﬂ%’ﬁﬁ@}?@%&m gegglggggéla(g@tégorqrgetgyl&heg;ﬁh;qaggm e nmononer. In
this way, the ﬁﬂﬂﬁh%&%e&@ﬂloﬂ?)ﬂ%&@fub%ﬂed&k@m@?e pol yneric structure
giving the systeminportant functionality. anpl es of suitable functional
groups are et heéediumi(fripherdsiloxy )tas(pentafiuoraphenylbardoxyl i ¢ acids, and 2 4 J
U N 20D3 -79 al cehol i fi I i et hoxysi | yl nor bor nene,
nor bor nene net ﬁéﬁgﬁ@%ﬁ@g’@%ﬁﬁe&g@f@gr g?}‘ﬁ{b&%‘ér Feed Conponents 5 Vari ous
addi ti vesaccan Rediufctketralas(31405, 6aettdfiotdphemyiyhoedté,i es of pol ynor bor nene
pol ymers. The preparation of nplded articles according to the present
i nvention can I§& ’Hﬁ‘r‘re}ré‘ﬂs@@bz?r#ﬂ‘i%‘éetwlwg}?@éat%f noni nterfering additives,
such as, for exggmhEre S i ts, fillers, fibers, pignents,
dyes, |ubri can;gs, ant fr%l%k(g%% ??ﬂl?ﬁwﬂgggl%gtﬁ%g’, W 1 o absorbing agents,
crosslinki ng agediusy methyhris(pediubraphemyl)boessdi ng agent, flane retardants,
i ght stabili zeré%fl astjcizers, fgam’ ng agents, whiskers for surface
smoot hi ng, tougdh phenyUny(pepfluprpphenylbPrate,i imact and pol ymeric modifiers
and vi scosgd fi enpa)liBacard@s(@B 4 f1euafnbdpRalyYybBfdezation time the additives
nmust be i ncorporated before the

thallium tetrakis(3,4,5,6-tetrafluorophenyl)borate,

thallium tetrakis(1,2,2-trifluoroethylenyl)borate,
thallium tetrakis(3,4,5-trifluorophenyl)borate,
sodium methyltris(perfluorophenyl)borate,

30 thallium phenyltris(perfluorophenyl)borate,



15 polycyclic olefin charge sets up in the nold. These conponents are nost
conveniently added to the reaction as constituents of one or nore of the
reactant streans, as liquids or as solutions in the nononerzl,bgtmrmwm ng
injected into the nold. Fillers can alié) be charged to the nold cavity,
prior to charging the reaction streans®if the filters are such that the 20
reaction streamcan readily flow around themto fill and the remaining void
space in the nold. It is essential that the additives not affect catalytic

activity. Anti gﬁylo[g@ms@ggh,mﬂma{?ﬁé@l)’baﬁmde any anti oxi dant or
antiozonant used in the rubber or plastics industry. An "Index of 25
Commer ci al  Ant irisl; tetaskis(3 dntib-2giraflyetopheryd)boratir t h Edition" is available from

Goodyear Chem gals.... -k ) r T bber Conpany, Akron, OH 44316.
The anti oxi danﬁgylctgtrrla@gl%%%@%%@nga%suIfur, or am ne based

conpounds. Thetrylt te@xis(3 [ S trifhivrdshenplysbraiengl y, or preferably, in
conbination. The fornulation ratiqg is_nore than 0.05 part 30 preferably 0.5

to 100 pasts biitianghyltaspensafiugrophsayboargtser. The 2 ~ J U 1~ 2003 -80
ant i oxi dant nay. . i i nononmer such as

5- (3, 5-di tertﬁgg@#ﬂ%ﬁ@gé@g%ﬁﬁﬁgaﬁr bornene, which is a

nor bor nenyl| Iplhesibler émakig[xf}msgdﬂdo(oﬁmﬂly]mam}@mrﬁmkai No. 57- 8§5|22) .

o G Bk P ot B by, o1 oon ! fzers
while it is beifafiktd@lis[PS-bisfrifitoRdklcthdphenyiPordt®r M ng in the melt. Since
the method of this invention results in‘articles in final formwhich is not

mel t ed prioor t bthiwm dhexyltgs(psatafluerophenyt)betate, need not be stabilized to the
same extent cughomary in nvention pol yat-efins. 1o Conpounds sel ected for
this purpose s Bﬁﬁ“ﬂ tﬁ%lfen?'f?ﬂg’l‘ﬁ@?@e‘i}ﬁﬂ%mg? H?'if)F%rﬁ}?t extent with the

pol yneri zat i onjifa@sdol xyﬁﬁg@&hh@uoiﬁghﬁw@ may be selected fromthe

b
fol |l owi ng groug: 2,6-di-tert-butyl -4-met hyl phenol (BHT); styrenated phenol,
such as W ngst Hthiwn tetskis(deapis(trifluoramgthgl)phenyDbaratg) - 4- net hoxyphenol ;

2 hyar oxyrret hy PSR GEITGen o Radgrofidnst oy © (Coodyean);

2, 6._ di -ters- bu'sc_;diéxﬂ(db@de@l)ﬁiﬁ{pphﬁﬁmdrophen;/l)borate,

215 ot oy et g b B b

4, 4" - m-et hyl englf.sd; atch1 s = ~ m scel | aneous bi sphenol s, 20
ﬁgﬂa%ﬁrg%tﬁkﬁ(ﬁéﬁtatﬂ}&}éfﬂmﬁ@w&te

such as Cyanox 53 a Per mehax WBGO~ 2 -et hyl i denebi s(4, 6-di-tert
but yl phenol ) ; gl terskiS(petreathvrethényiytorasd,- 6- ( Lmet hyl cycl ohexyl ) phenol ) ;

4,4' -pbutylidenebis(6-tert-butyl -3net hyl phenol ); pol ybutyl ated Bi sphenol A;
4.2 Uhi 9bi 5 6 PPERTIBSE YIS EHRp R bordee, 7

4, 4" - met hyy enebbﬁészmﬁtafamtj)ymhﬂﬂ@d)rbmeﬂay%hetngl)%é,(_2 25 naphthol ) ;

nmet hyl ene bridged pol yakl yl phenol, such as Ethyl antioxidant 738;

2, 2' -t hi obi s(4magnesumaetrakig(pentafiuopenhgnyl)borate,
2,2 -isobutyli I: - di. ; .
2, 2" -net hyl eneg‘%@?%“?ré#ﬂ%“%%@%ﬂéﬁ@i@?ﬁ%ﬁ% 3r?pll?ﬂ¥9?°§?t8’dn?%‘§§f"?qon pr oduct
of p-cresol andetehkizy3;5-bp@riflactiogiethy])pheniyl)bsratdf ngstay L; 30
tetraki s(nmethyl ene-3,5-di-tert-butyl-4-hydroxyhydroci nnamat e) net hane, -81
calcium tetrakis(pentafluorophenyl)borate,
25 calcium (octyloxy)tris(pentafluorophenyl)borate,
calcium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
lithium tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl)phenyl]borate,
sodium tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-

30 (trifluoromethyl)ethyl]phenyl]borate,



2 d~J UN 20p3 i.e., Irganox 1010;
1,3,5-trinethyl-2,4,6-tris(3,5-di-tert-butyl-4hydroxybenzyl)benzene, e.g
Et hanox 330; 1,3,5-tris(3,5-di-tert-butyl-4hydroxybenzyl)is 9% QNII’ e,
i.e., Good-rite 3114, 2,5-di-tertanyl hydroqui none, tert-but?l § rozg% none,
tri s(nonyl phenyl phosphite), -49 -
bis(2,4-di-tert-butyl)pentaerythritol)di phosphite, distearyl
pentaerythritol di phosphite, phosphited phenols and bi sphenols, such as
Naugard 492, p i nedrt X ends, such as Irganox B215;
di - n- oct adecy!l ?ﬁ@%{-ﬁé&g??r}gﬁ?%é}i&i&?%&?@gﬁﬁgy% phosphonat e, such as

| rganox 1093; {uiflunmnzsteylpathydiphenyldqoBaté,3, 5-di -tert-butyl -4

O R Akt bR LR, oL oo -2 &
ert-butyl - 4- ’ ey X ,

tetrakis(2, 4- di(&mubrmtyylmley]#hhﬂy%mabphenyI yl enedi phosphoni t e,

di phenyl am ne, and 4, 4' -di ent hoxydi ghenyl am ne. Such materials are normally

enpl oyed at | evighivmdetralieldtll onabory-d229FiBaewdl -Griflupwmeshyhietyl)-frut or e
preferably 15 0.1 %¢1 ¢ aSﬁg n the polynmer. The method of this
invention is aﬁtgﬂ“lug{ﬁrﬁeathlgﬁlggy orrgtglmti on of reinforced polyners by use of
conventional fisbdiamste@akis[8LMiMEEOH G2 2PARITRGRS- 5-(irifluptonhdthylyaliylps- fi | anent ary

form e.g., short segnments of fiber glass, carbon fiber, silica, alum na,
carbon bi ack, d$trifluergraethylphegydberatenosi | i cates such as mica, talc, clays,

vermculite ang; _ral Ch HFSiial L caf @s: _astonite.
These comoundgllgﬁﬁgﬁwﬁ%gg@%ﬁ t ei’%’rg}tglltr}yr)&sf ??l g)%ﬁ*rbgfkﬂ??tﬁ))cfwys with only a
smal | sacno f i cétriftuoromethyl)pleaydbamee. It is surprising that in spite of the

hi ghl ol ar natyre of thejr surface hege fillers can b dded w t hout

apgr evi bl y af fa‘@{l\lfﬁdetﬁi‘éf[éél'&&ﬂtmrf’%’éttﬂaHOTPa‘rQPﬂP?fé‘F&F*&ﬁ@‘,Yﬁéﬂch fillers
may be surface(;r{fﬁ@;&get}qg,lt)%he%yﬂ&lng{g? coupling agent. From about 5%to 75%
by wei ght may be i ncorporated. "This and all subsequent percentages are

based on the wditifhtn tefrakis[@-[2i22triffiropotd 6.2, ZFirflumdwtithaxyirlef fill ers which

have nodified rf ace operties e particul ar advant ageous. The exact
anount of a pa?t%} W%PQ%SB?F’Ym’gf(t@u%gmﬁ@'égg?wyhgg&&ti cular situation wll
be easi |y slet ersgiabletakis@d-[2, 32 4rifluddo N-2EpBuiflddrodieRgHd -on the preferences

of the practitioner. The addition of fillers also serves to decrease the
nol d shri nkage (Bfluonemethyheibyl]-Saftei Bporamethyhphenytiboratts e at 150- 200C an

unfilled produgk,w Bk 4. QL 0. aboin 3. 5% wher eas addi ng
20-25 wt % fil %@va&k{r?‘aggc[?gaisE’%Z@gh{?i%g‘g@% to&%.) -2% and addi ng 33 wt
%filler will ferifliseometbol)ehagh-Sstiiflndragethyhphdigtiborhtdo 1 n sone enbodi ment s
of this inventio prefornmed el astoner _that is soluble in the reactant

. a T, el a
streams is addéa*r‘h’&mttﬁ‘éalﬂﬂ?g?@e%?ﬁ"t?&f'&@@tz"é%‘?@ﬁh%ybﬂder to increase the
i npact stpgngt . : i.eal properties, and to
aid the n%?dabﬁfﬁ@qr&%ﬁ@?%%?{]ggtrl?gé(}?g’favﬁp @Q@?ﬁaﬁ% an elastomer is in
its ability to thimsthylsibylium tetrakis(pemtafuoropheghdberai ssol ution time is

f d indicatjng.that t | ast Qmer | i ily dissolved in th
Pononer - The. adureREpgRum Aip Rt e ool yrer s i mpact
strength 5-10 figkgh w‘uyhmﬁnéryak@s(ﬁédtﬂmr&;ﬁﬁﬁg%&ﬂa&nﬁbh%@hiu&ﬁ nodul us. The

el astoner is di ssoﬁ’ved in either or both of the reactant "streans in an
anmount from abdatrakis(pentafeerophenyliborgist per cent, based on the wei ght of
nmononer. A.pref . J i r faor t ast.oner, 4 S. hetween 3 and
10wt o6 The o1 DeiiOARARKL Rl RER R Sorn Bl Niordle BRI Dol veyc 1 o
ol efin streans terakis@eftaflGorophériyt)ao@ee, Wi t hout 20 causing an excessive
increase in the solution viscosity. A target vjscosity range at room

t enper at ur e woulFiEnesidsity lnpmedybriz(pentativprapheay Bp@rs abl e 200-500 cps. It is

pref erabl e that,. 1,50 i pol ycyclic olefin
nononer bet Weentr%@%l@hﬁﬁ&%ﬁ%ﬁy%ﬁ?@%@&&éﬁgﬁ%k)&%@i ncl ude, for exanple,
nat ural rubber, triphéemylsitylinemethytttiy(pestpfl €orephendl)baratebut adi ene,

pol yi sobut yl ene, . et hyl ene- propyl ene copol yner, styrene-but adi ene-styrene
tribl ock r3t9bbert,an’a¥Yé%hﬁ“§ffym€ ltyig (neatadyarophenydlborats,yr ene- i sopr ene- st yr ene
tribl ock rubber, ethylene-propyl ene-diene terpolyners, ethylene-vinyl
acetate and nitrite rubbers. Preferred el astoners are pol ybut adi ene D ene
SSAC10 30 (Firestone), polybutadi ene Diene SSAMS (Firestone), Nordelo 1070



2 ~JUN 2003 _8; _ EPDM rubber (DuPont-Dow), Polysar Butyl 30l (Bayer),

pol ybut adi ene Taktene 710 (Bayer), Ethylene-Cctene Engage 8150
(DuPont - Dow) . styrene-butadi ene Kraton D 1184 (Shell), and pRléyJ8wi08y| ene
Vi stanex MWL- 140 (Exxon). Various pol ar el astomers can al so be used. The 5
amount of el astonmer used is determ ned59y its nolecular weight and is
limted by the viscosity of the resultant streans. The streans cannot be so
vi scous that adequate m xing is not possible. The Brookfield viscosity of

pol ycyclic ol etiimsthsBylngh @RRisENYYL5-RuraMebragheaphberhte35C. | ncreasing the
viscosity to between a{)out 100 cgs and about 1000 cps alters the nold |10

filling char actasthgsildsmpietrakis(2sofbiteieaflupronhansd)orgici ncrease in viscosity
reduces Ieakag%;%l{egmﬁﬂ%\wétgk%rg% alsr@hké\éfggp%m% e?f fillers by

decreasing the rates or’ThE so ough’ t he el astoner can be

di ssol ved in eitfitepeyleitdium tdhakiz(D3,4j5hetrafllueaptienydbdratedesi rabl e that it be
di ssolved in both. Wen the tw streans have sim/|ar viscosity nore 15
uni f or m mi%i ng timebyisty ey tetrkisit3 4 wrrauerophenyhbomiened el ast oners t hat

are essenti al | ¥ri"5l{}§glltsg i‘;‘g"%ﬁra‘kﬂ ,éggc_ltea.gﬁuo%ﬁg}%ﬁgﬁ%(ﬁg{gaal so be used to

i nprove inpact resi reaction 1nject
addi ti on- pol ymerimethgisilphitmm neteakés(3dSemiflusropbenyd)betatd,| pol ymer particl es can

be defined as pol ymer. 20 particles _haye a cor nd a shell having different
physi cal and /(S‘Fb%‘mlé&lﬂgﬁ?‘ b‘ﬁ-’t’i’é'smﬁwrpﬂﬁ@yggﬁ'&%?t?c core-shel | particles
It 1s nmeant thQﬁiphen?fsil%ﬁlﬁﬁtmétﬁﬁtrfs@!,@,S%ﬂh&?f)ﬁéﬂ&l)h&hﬁﬁatﬁo”5' sts of

el astormeric materia El ast oneri c core-she pol'ymer particles have found
use in stabil i iethylsihdiunmtesrakisph, 2@ driflieroetbényliboritel t her noset pol yners of

cycl ool efins, such,as_ 25. D pol y.nmers, For ex |l e, see PCT Int.

Appl ., WO 94192@9@@‘_6& Wﬁ%&sﬁﬁé&eﬁﬂ‘&r%mpyﬁ%@?ttel cles of a size not
exceedi ng 2 ~MdanethfliotRAESAs]yliln BQalis ﬁthﬂ\ﬂ)rﬂiﬂﬁﬁ?’%&ate[\ an amount of from
0.5 to 20 weight percent relative to the weight of the nononer. Elastoneric

core-shel | par tigramethyDsilyDsilylivra methylié2.3 4nygtetraflugrophgnoDberates 2 pm and 30
nore preferabl ﬁi’-ﬁiﬂ]@tﬁ f-quﬁln?]thflrlH‘{alg’ s]rl }iﬁm.l pm Exanpl es of w2 ~JUN
Or &- she p?z'ar [ ileg

2003 -84 el astoferiLc core-s suitable for use in the present
i nventionilare téteakis(panibaioeopheng@borhteci r trademark PARALO D EXL, and in

particul ar the PARALO D EXL2300/ 3300 el ast.oneric core-shell polynmer series
and/ or the PAl 2@@@%5@0@‘[‘%@&6&%% MPc core-shell 5 polyner series
and/ or the PAR, ié?}g-'\ﬂiﬁln‘?ﬁﬁd?&%fhﬂ)ﬁ?ern?r)ﬁgﬁiel pol ymer series and/or the

{ h PO

PAR. ALO D BTA el astoneric core-she yner Series. Since sensitivity to
added conpounddithimpn tewakisfptatadnoropenydalumisatst em it is desirable to

determ ne exper i i akistpeitafiucropnelySARAMART ©

20 trityl (perfluorobiphenyl)fluoroaluminate,
lithium(octyloxy)tris(pentafluorophenyl)aluminate,
lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,
sodium tetrakis(pentafluorophenyl)aluminate,
trityl tetrakis(pentafluorophenyl)aluminate,

25 sodium(octyloxy)tris(pentafluorophenyl)aluminate,
sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,
potassium tetrakis(pentafluorophenyl)aluminate,
trityl tetrakis(pentafluorophenyl)aluminate,
potassium (octyloxy)tris(pentafluorophenyl)aluminate,

30 potassium tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate,



be added may interfere with the reaction. Mnoner to Polyner Conversion It
is essential in the practice of this invention that conversion of nononer

to polymer be substantially conplete, i.e., greater than 90?} ~U§l2
preferably at |east 95% and nost pref%rably at | east 99% %I‘Jt %sult

is a coherent polyner mass which fills the nol d conpletely. The foll ow ng
exanpl es are detail ed descriptions of nethods of preparation and use of
certain conpositions of the present invention. The detail ed preparations

fall w thin thenpaemem drakafsbniaTuotopghenyyehivainalfey, the 20 nore generally
descri bed nethods of preparation set forth above. The exan;ples are

presented for inmagnesuraioriyloxmirispenaflupsopnenyipmaingenct i ntended as a
| whi ch
restriction on sﬁ@ﬁaﬁlﬁ%’%ﬂ% %18?%&??&5#%&},9%%{% LEHAP! es in whic

pol ymeri zati on I'es are W ng geheral procedures were

fol lowed. All pakigdtenakisieneflddropRedydyalunainats, a dry nitrogen or argon
at m)sphere or in vacuumin a Braun Inert Atnosphere y Box or its

equi val entS or &alcivp @shiemims@Eenalivierhengalyminpte; aditalciiies are described in
The Mani pul at i 8 aﬂs(ﬂ 'Bxsﬁﬁ?ﬁbxloln\é& Sgﬁ@@ﬂgﬂﬁma@_econd Edition, D. F. Shriver
gy and “5on

and M A. DrezdZzon, “John New Yor k, 1 986. All l'iquid
transfers were 30 pr’fezhmplm@fbwwamlhavmgasmaklygreotdmatmgrmmm i nert

at nospheri ¢ conditj ons ~ uu=l ,200 -85 rcially avail abl e or
pr epaPed pol ycﬁ@?qr@eﬁﬁﬁwﬁ’g“ﬂé&g 10elyds gml?ée Bqtgﬁi"ngﬁ Burit ; Preferably,
nononers shoul qlﬁ@@wp3f3)4eﬁlB?9CK@@2(Cﬂ?))PQlB’(WCFQZ}mpnorrer contain no

impurities that reduce cat may be achi eved by

distillati®n orle@Ws)(ﬁblslPﬁa T@Ws)s)i, TW(@G@EM‘B&TS and a 3A nol ecul ar
colum for re er, bef ore use.
It is often dgnﬂgg%(?@ gémf ﬁw@t‘@’&%@ @8%@3@’3 f‘eat ment with
silica gel to r(pmg(@@(r@pm(c}%)@(%g@g(gcqg%g}m However, the catal ysts of
this invention canB Ize less pure es of &I cyclic monomers when
he appr opr | at APBCIBECETMCTaIDeeP @O o retuPl isibyed at ¢ he
appropriate con onducted in argon or
nitrogen fl ushewgcgbﬁ}guqsﬁiér un(nbzé gnﬁB}@S s"F@E)’t tles, reaction vessels,
or other npl ds.Ag(rolgmepBaDCFHe aﬂmPhjﬁB(Oz@&thdsBmﬁz(Q@@)anl i shed by addi ng
t he catal yst pr r sqQr tor, whether in solution or
i n nononer, i&ﬁq{giﬂép&é%péh ﬁﬁ@gﬁﬂﬂgﬁ{bqé 4Pmnorrer M xi ng of the
i ngr edi ents wa bar, static,
nmechani cal , ors[lA I ng em;%tt@ %&’wzhL%(@CE@%‘)%{I(%Q(ZGCC%)?MM XPAC System 200
(TlAl(OC(CFs)zPh)4) (AgAl(OC(CFs)zPh)4), (PhsCAl(OC(CF 322Ph)a,
(LiAI(OC(CF3);CeHs-CHz)a), (ThANOC(CF3)2C6HsCHs)a),
20 (AgAl(OC(CF3),CeH4CHa)a), (PhsCAI(OC(CF3),CeHaCHs)a),
LiAI(OC(CF3)3)s, ThAI(OC(CF3)3)a, AGAN(OC(CF3)3)a,
PhzCAI(OC(CF3)3)4, LIAI(OC(CF3)(CH3)H)4, TIAI(OC(CF3)(CH3)H)4,
AgAl(OC(CF3;)(CH3)H)s, Ph3CAI(OC(CF3)(CH3)H)4, LiA(OC(CF3);H)a,
TIAN(OC(CF3);H)4, AgANOC(CF3);H)s, Ph3CAI(OC(CF3);H)4,
25 LiAl(OC(CF3),CsHy-4-i-Pr)s, TIA(OC(CF3),C¢Hs-4-i-Pr)s,
AgAl(OC(CF;3),C¢Hs-4-i-Pr)s, Ph3CAI(OC(CF3),C¢Hs-4-i-Pr)s,
LiAI(OC(CF;),CeHy-4-1-butyl)s, TIA(OC(CF3),C¢Hs-4-2-butyl)s,
AgAl(OC(CF3),C¢Ha-4-1-butyl)s,
Ph3;CAI(OC(CF;3),CsHy4-4-1-butyl)s, LIAI(OC(CF3),CsHs-4-SiMe3 )4,
30 TIAI(OC(CF3),C¢Hs-4-Si Mes)s, AgAI(OC(CF3),CeHs-4-Si Mes)s,



Pneumati c Di spenser (operating pressure 73 psi) for 1:1 m xing was enpl oyed
in the static mxing of "A" and "B" norbornene based RIM 20 fornmul ati ons
and transferring the nononer and catalyst mxture into a nol &4 TR sgpction
m xtures were mnaintained at anbi ent terrgerature or heat at constant
tenperature with heating baths or hot Sdrfaces. Gel tines (tge~) were
estimated by observing the initial viscosity change where the m xture
changed froma flowable to a nonfl owabl e mass. This was often 25 evi dent by

t he observati O'PhS@RI(OCt@Ff)‘KQHQKlS? M)t LM(O@@EB@MSLLS{ -FPRY. due to the

viscosity increase of the polynerizing nmass grrerl zation tenperature

(tg~i ) at the TgAl(Oﬁf()GFﬁ)zGl;Hs-%ﬂlm?rr)eé@Pd@C(CthC& roPphrticul ar exotherm
t t i | t
exotherm 1 o sedAIPERE et P rma T OGE ER R BT pﬁ et zation

tenperature, arpg), crlAﬂQ@C(‘@FgDMHy-Q@{mﬁws]a Krip)yJ,m~) of the ~+ J U N 20p3
-86 polynerization. The maxi num tenperatwe (tTm~) of the pol yrrerl zati on was
al so recorded. %(Q@@Fth{an%ﬁdﬁﬁx)z AedjdiPridn t he pol ynorbornene sanpl es was

obt ai ned by thﬁr@ﬂgr@,g(?pﬁ?ggﬁggﬁ zg‘é ﬁﬁ%}ﬁa}}lAﬁ &delgl on to

measuring gel an dua joner rn'the foll ow ng
exgrrpl es, a ][rei(ﬁ?ﬁ@)mr‘itlAt{DC?(BEi){CGW{laBl,ﬁe(@hﬁ)mgﬁl(OUQ@F:QQ&HIg-3\/3&I ueI is an .
i ndication o ee of crosslin n. the ower swe
VAl Uss. | ndi cat SCE Mo ADGTEE St riendinishia hlSEFSREM: §4bue s
determ ned by C(Sﬂa 4,nlq ARORREP )g:@{ mg%@psrggj D’*%@lﬁdé(cp%dﬁﬁ 4gtion vessel

and carefully ing 1t into’sna rs were renmoved, and each

pi ece was laei gH{€H3))a, RiBEAHOANEE)CeH 212, 46-60k 3):)4 iAIOO(ES )0l 94 t hen pl aced in

et tux Tor 16 HOIVCA RYAINGIRGF i Do AITORRr R el d. chin Sampl o

was renoved frqp,CAROd@FH,@pH, Pl aced in a small dish of fresh toluene. The
slices were ~ s renove patted dry, and wei ghed individually. The swell

val ues were cal cul atlb@nwéqsmébona@bmen@wlwcﬂ\&ewbm are ngignited(tod  (w2- w~) / wi

x 100% where ar | of  th ornene sanple and w2 =
t he wei ght of mué %‘%’(C@ 4 m ]I éf\% %@FVRB""'{%WQ%X@Q&@PW Si nce the swell

val ue is as indi madlhgaﬂoqf-méthﬁ dgghefuelophindbPRivakhylg i n the pol ynmer, |ow 20
val ues are pref erred . e ASTM net hod used to neasure the heat distortion

t enper at we of ttHE %l’?‘i@h%ﬁpﬂlésdlff@ﬂwgﬂ@'ééldém%@eﬂﬂﬁu?fﬁﬁb@“é’i )1 medi um

enpl oyed was Gafgiy r 96 r to pol yner
conversi on was rreaziulrngiéﬁe‘)gt4 (Eg (ﬁwlg{rhggqr%\g%hﬁg%gégtﬁggys{)@gﬂ?t he conversion
taken at 300C. Bdmmghlﬂlphdnyl?ucthyllmmtll-ﬁmnroﬂ ,5dibydro-4-(pentafluorophenyl)-2-

1 2 ethanediyl)blsb

_(1, 2- et hark l)‘%im O[]cz:q%lﬂ‘%[l]@ “3 t‘i‘%éﬁ@gﬁaf&}?éoithsnﬂ} -6P9M Kk er) 30 was
<2)bF~ ai] nﬁd N@g 083 thyﬁn&hymu@ 13 bk @fdororhetBy piendif1 2-dhRRoact ahydro 87
(pentafluorophenyl)-2-borinyl lithium, and 1-[3,5-
bis(trifluoromethyl)phenyl}-1,2-dihydro-4-(pentafluorophenyl)-2-borinyl
triphenylmethylium.
Examples of WCA carborane and halocarborane salts include but

25 are not limited to silver dodecahydro-1-carbadodecaborate,
LiCB1(CHs3)iz, LiCB11Hi2, (MesNH)[CB1 1 Hiz], (MeaN)[1-CoHsCB1Hyyl,
(MesN)[1-Ph3SiCBH 1], (MesN)[1-CF3CBHyi], Cs[12-BrCBy Hyi],
Ag[12-BrCB;H,i], Cs[7,12-Br,CByHy0), Cs[12-CICB,H,,],
Cs[7,12-C1,CByH g}, Cs[1-H-CB,Fyy], Cs[1-CH3-CB)Fy,], (i-Pr3)Si[1-

30 CF;-CB,,Fy1], Li[12-CBH,,F], Li[7,12-CB;H F,], Li[7,9,12-



1, 4: 5, 8-di met hanonapt hal ene (63:37). The m xture was chilled to precipitate
the desired product as white crystals that were isolated by filtration. The
product was obtained in 92% purity in this manner. Recrystal Iy Z q from
hexane (20 m to 40 g of product) gave the product 5 in 97. 5 p‘m E@S
Mononmer 2 (Preparation of exo-traps- ex@3Nor bor nadi ene Di mer from

nor bor nadi ene) 1o Nor bornadi ene was prepared in a manner simlar to the
process disclosed by R L. Pruett and EE A Rick ~in "digomers of

Bi cycl ohept adi @E,Hﬁ,ﬁﬁpdﬁﬁﬂéﬁéls%%hu] Csi[(sBrl &kb&dg}lmgs CBL;H?T]eLl[@ gNi ( COD) z

catal yst was enpl oyed referential di merization of norbornadiene to

exo-t r aps- exo- CByHRF4, Lif6, a;sm@am@l} b6 el ffi b dnfd.@d&8.9-nor bor nadi ene

exo 11 a5 X0 @@h@?ﬁﬁﬁﬁééé\%& Balongb Tt i s By et ona

crystallizati oriCHgHaYY, ,cp{mc}tny@g”g pwﬁggp}%ggq:r ystal lization of
the desired product i n col to uene. roduct was of greater than
98% puritys r AGHndehe], Bi[Or7dh 0. A, IIZTICH]iHéf6hL 24,188,19-@Bgit: aﬁydr 0-1,4:5,8

di et hanonapt h d with

cycl opent adi enjzL @“ﬁ%%{a}@ r\%bg(?ﬁ{ @?%ﬁﬁéwﬁ”?ﬁﬁ‘tﬁpr oduct was then
distil] ed under iR ML LICHOR Y PLIOBHAL LIEBRSKTD0. - 88_ Nonorer
4 2 4J UN 2003 Preparation nor bor nene .To net hyl acryl ate

(761 g, 8.84 niiiKs(Beledblioel, I-dCBld@HAbad bd@é@h(@;@xzhk@%ﬂﬁ:e&nm]4 nol es of
I t ad d h
Cycl opent ad enseu St NBE OSSR ARSI SRS

stirred ower ni ghlts &t disolvsed mriper@itionsl. Pafdnt Peblication W0 [98/43883.y| at e was
removed under reduced pressure before distilling the pure

exo/ endo- nor bor nene carboxylic acid nethyl ester. To a 5 L flask charged
wth 1,603g of 25wt % sodi um net hoxi ctqoﬁ?,h@@nol sol ution was added drop w se
700. 63 g of exo/ endo-norbornene carboxylic acid nmethyl ester. The reaction
m xture was then refThgxatilysts foie pmsem&mmimsaremiuwle fonitle ti me, the
reacti on vessel_ was cooled .t.o OC a gd 1.5 liters. ﬁ%d water were slowy

added. The met FAFRSFatRROLA Ve angr 8 Bﬂlymﬁéﬁf“r’ﬂ’dm“@ﬁé‘: HOEHIE vi a

distillation unfnit. @héﬁ&l@bydh@%h‘n@é?sm@ prEpareEbyOthe Zn-hiol 4GS attained. A
further SO0 ml of water were to the reaction and the reaction

refl uxed over nirghtmerization ehapolyeislenlefimonomerés)tin e nresepceef ainder reduced

pressure. The wat er
m xt ure was CO(S)c?gd’H ]'.%1&8 %ﬁﬁg%}ﬁfa |ze§q°?a¥ ﬁj%(é/rk% St%g g a%gslti on of a
col d aqueous SCdeslctribEﬂ abbv&%&ﬂﬂ@@héﬁe&tﬁdté&ﬂisf'ﬁélyeyoﬂ’@dl@hr{"mfi m, 3.71 noles,
added to 1000 g of ice). Water (500 nml) was then added to dilute the
reaction furt hePOlé'ﬁkfiCIFcerPd\fl na@emqnsﬁwe KRSy nﬁl@ﬁ@e&%@dm%ﬂjrl ng the
neutralizgfion [ e W th additional
conc. sulfuric 12%?031@%‘%?%%@ unttﬁ%}tﬁimtonﬁnére& L IQSrsld(glngu i On tested to 2
(appr oxi mat el y ®@baerhergfmdigtyl 44504 belaw: 25 this preferred pH the desired
exo-enriched reaction product was driven out of the water phase and
separated as a cloudy |ayer. The exo/ endo-norbornene carboxylic acid
product was separated fromthe water |ayeeRy extraction into diethyl ether
(3 x 250 m). The solution was dried ovne5| um sul fate and then the
ether renoved to yield 30 545.6 g of cru pf oduct. The exo-enriched
carboxylic acid was purified 2 4J UN 2003 -89 by distillation to yield
4729 of 55% exo-/45% endo- nor bornene carboxylic acid. The purified exo
enriched norbornene carboxylic acid was added to a S L flask and
neutralized with a 1@@@&;&%@3&“& hiRomkr SOHE et bl AriRebidgeilct- 2 ea.
163. 69, 4.09 noles in 147 The reaction

monomer, bicyclo[ 2 2.1]hept- 2 -ene, commonly referred to as norbornene.

The term norbornene-type monomer is meant to include norbornene,

substituted norbornene(s), and any substituted and unsubstituted higher



was kept below 10C. At room tenperatwe, a solution of iodine (435 g, 1.71
nol es), potassiumiodide (350 g), sodium bicarbonate (91.26g, 1.08 nol es),
and water ( 1 L) was added to the neutralized norbornene carbQiy pppg acid

m xture. The reaction was stirred for approximately 0O 54 hours. At this
stage the 12, KI, and NaHCO3 conposi t'réﬁ‘causes i odol actoni zation to occur
with only the endo isoner of the sodi um norbornene carboxyl ate. Thus, the
exo isonmer rermains in the water phase while the endo-i soner becones sol uble
i n ether under j i {fi [ s divided into
3% 1400 - pottTeRerg et M e B h OB omer tonl R AR &S 200

di et hyl et her . ndiberrienel bonsubstitutedi norbrgnergueaiaty. phhasebstitutehe exo-i soner was

then reacted with 100 f..sodiumthiosulfate to reduce the iodine to

i odi de. The an%%’ﬂ??‘?)‘i%ﬁi%%‘%%crI]ﬁdqeﬂv tdveéglﬁ“ %t%apﬁafr‘eatip?’galth 2 with conc.
sul furic acid ffrobarBl tbstitGerlMs) &r HperidahefanctiohaEsubsaaédt@) m xture changed
in color fromlight 20 anber to a _nurky yellow Pure exo-norbornene
carboxyl i ¢ aci GoRgigIngraPXYREn AeMed IRMORPATAMEAYPRBGBOMEIRAIA e usi ng 8 x 200
m of diethyl ether. The diethyl her phases were stirred overnight with
sodi um t hi osul feé’f%sef"gg.bégegs’?m@?{’f%gﬁgﬁés) in 200 M of water. This procedure
renoved any adventitious iodine that often appeared at this stage. The

et her phase was 25 then dried with magnesi um sul fate, and the sol vent
removed under vacuum Yield of crude exo-ngYbornene carboxylic acid was 367
g. The exo-norbornene carboxylic agly w:‘. purd fied by distillation. A5 L
flask was charged with 46 grans of ﬂ)m&‘ R h-.umwﬁum hydri de and | 500 m of
diethyl ether. A solution was the exX0-no¥farnene 30 carboxylic acid was

added slowy to the Li AlH4 keeping the reaction 2 4J UN 2003 -90
tenperature bel ow 10C during the next two 2 hours. The reaction was then

warned to raa hat d i.han n hour reacti on was
t hen cool ed tg\%%[?iﬁdaa'trﬁér Sé%%gseas&t‘slH@FXF gé.&bgéég&}%;?eéggylr{%ﬁée@g% addi ti on of
vater, whid e kegpésedtstalteydiaaitgt of functidial owbstififent, fhis ah integgtfioanowas then
stirred at room tenperature over nig%rht. The reaction m xture was then cool ed
to 0C and 120 # >cmdovhsacat s dayblehondong of R (R’ apdoneiof By, Rfiswat er was
added to the mxiure. An additional SS ml of conc. HZSGa was added to the
m xture to ensure conplete dissolution of the salts. The ether |ayer was

t hen separated and tWhbkenthe substitueat isenttydeacashy] group) hdbolydroca®F1,rdr of di et hyl

ther. Th th I fih hed, wi,t h bri | uti d dried
Tgnesi um sul { SEREIEGRILERP & to R FAEPEIGSIY FePBSREgRsAdRl 135 g of |
essential | pumglog¥endt RRIrBGRIHE A8d seﬂmsrogaméd hydA6Qrty] grduph 8kledibdsk was

charged 127 g of pure exo-5-norbornene-
from hydrogen, linear and branched C,-C, alkyl, linear and branched,

C,-C,g alkenyl, linear and branched C,-C,, alkynyl, C4-C;5 cycloalkyl,
C4-Cy; cycloalkenyl, Co-Cy aryl, and C9-Cy4 aralkyl, R! and R? or R? and
R* can be taken together to represent a C;-C)o alkylidenyl group.

20 Representative alkyl groups include but are not limited to methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl,
hexyl, heptyl, octyl, nonyl, and decyl. Representative alkeny! groups
include but are not limited to vinyl, allyl, butenyl, and cyclohexenyl.
Representative alkynyl groups include but are not limited to ethynyl,

25 1-propynyl, 2-propynyl, 1-butynyl, and 2-butynyl. Representative
cycloalkyl groups include but are not limited to cyclopentyl, cyclohexyl,

and cyclooctyl substituents. Representative aryl groups include but are



15 net hanol and pyridine (350 g) and the m xture was purged with nitrogen
for 30 mnutes. The reaction was cooled to -10C and p-tol uenesul phonyl
chloride was added slowy was a solid. The reaction tenperabyrgyyaggkept at
0C during the addition. The reaction was then stirred at roomtenperature
for approximately 60 hours. After thi s3%fnme, the reaction was 20 added to a
solution of 350 m concentrated hydrochloric acid (in 1000 g of wet ice).
The m xture was stirred for 45 mnutes until all the ice nelted. A beige
precipitate foﬁéfqﬂnlijé&rtbgﬂeﬁﬂ' &ph{hg? aﬁﬂ%f?@&eﬁy‘l' |R%§¥e§§1t£i}4/efdrélwlat' on. The
solid was dissolved in et’hyl (400 The wat er phase was
extracted wit hg@ups mmdmbubareapelumyed @tbeazyl amlplenﬁbls’l phases 25 were

and ari ed wi « nRARGREA el oda Brords PR e ARG R L RREAITRIRE, 00, hene was

isolated as a peuge precipitate. To a 2 L flask were charged lithium
brom de (209g, 2.4 noles) and 500 m_of dried acetone. After the lithium
bromi de dissol ved, Thepméeredpeshalardrosahyberopps mchde perhalogengted3 2g, 0. 8

nol es) in 500 o the reaction
vessel. The r egﬂetn?o%ndv\a/ans&l%mrlf% fh# yﬁ@écaﬁtéﬁﬁkﬁ%g%ﬁﬁgﬁﬂﬁﬁﬁé cool ed
reacti on m xt uin@etdisn 4rb dinetdd ®ehnchedsand halvel e fofmdld T, K, Afwitbeeihi | | ed wat er

and 500 m of diet hX et her. The acetone ether phase was separ ated fromthe
wat er phase and the %@swwebmwb%%ﬁv&wsmctsdﬁom weggi &k hipt et her. The
di et hyl ether I t he

exo- 5- br ononet E@ 1zl;elrfé)}r nelggfuﬁﬁgé’“ﬁﬁf@ﬁ%fﬂ efs‘?%ﬁtt)'%?ﬁg t he et her
under vacuum l'ﬂahﬂieepetﬂ@r@kmnﬂnp&rﬂybroﬁ&aﬂqﬂhmrﬂmmethyll50 3g) was isolated by

distillation at 42C/ 0.07,nm t h e-necked flask were
added CuCN (11PZHYOreprop! é'ﬂfﬁf:l_“g%?b“tﬁnﬂ‘d?%“ﬁi’o@ e)ar qdéthnalw ofuran. The
Tt ure. mButy T e aoste e By A e i ntai i ng © ho
t enper at ur e beinygntigrg@n bﬁﬁlsh@twbstttw@d witbdinsat ansl byanched €1 Ksalkylt o 15

conpl ete and a roduc s obse The reaction m xture was
warnmed to -20C a.licﬂgalgﬂng%g%qs,m %O%Pfj?‘éd's%’ L?ﬂal%% eneous The reaction

m xture was then rewesl el péiant/Goup(efistafan@ioabsuBE@iBitER iy R2- nor bor nene

(13.75 g, 0.0735 nol es) was added about Q60C. After the
exo- 5- br onomet Hifependsatly Fapresart avadical siecieddrars -(GHnGOYORAs war med to 0C

and stirred for st e ted by slowy
addi ng about S @ir'f égwld%h#gm ?r@éﬁl Q@{Q%%bmr’;@dé &@r@{zl um hydr oxi de
(concent r at ed) -@H-O60)PRY, otCGH, )R § b H,), SUORY);, Mt HNHE@IOREr e added to
the reaction mxcﬁg}ee Di et hyl ether was added to the reaction m xture and
the solution @& #d°%5 through Celite filtering aid to renove the copper
netal depgsits. The anber diethyl ether |ayer was washed with water dried
over magnesium sul fate and the ether evaporated to yield 16.0g of crude
exo- 5- pentyl - 2nor bor nene. The product was distilled at 20C at 0.15 mmHg to

yield a pure sanple of exo-5-pent y.lcfgoqu gene (65%yield). 24 ~ar~
2ppg -92 Mononer 5

wherein n independently represents an integer from 0 to 10 and R’
independently represents hydrogen, linear and branched C,-C,q alkyl,
linear and branched, C,-Cy¢ alkenyl, linear and branched C;-Cq alkynyl,

25 Cs-Ciz cycloalkyl, C6-Cy4 aryl, and C5-Cy4 aralkyl. Representative
hydrocarbyl groups set forth under the definition of R® are the same as
those identified above under the definition of R' to R*. As set forth above
under R' to R*, the hydrocarbyl groups defined under R’ can be



Preparati on of Exo-7-heptyl norbornene To a 250 m three neck flask were
added CuCN (8.96 g, 5 0.125 noles), and 75 m of dried tetrahydrofuran. The
reaction vessel was distilled to -78C in an ethanollliquid r&;r‘nmemsool i ng
m xture. Chilled n-hexylllithium (100 ml, 2.5 Min hexane at” -10C) was
added maintaining the tenperature belo¥ :=78C. This step took approximtely
1 hour to conplete and a |light tan brown product was observed. The o
reaction m xture was warnmed to -10C at which tine the reaction m xture
became honpgengaysenattiAnd Petthiogbndidds I THeER Yagichin@pres e opiordy t 0 - 78C and
exo- 5- br onmonet hyl = 2- nor bor nene 11.0 g) was added about -70C. After the
exo- S- br onomret sejdctedl fnombO(CEns -8dGH o HR)QEHLEHon was warned to 0C and
stirred for 3. -10 t.he.reaction was ~ 5 termnated by slowy
addi ng about 5%’?58%569@&9%%%’ G?WONP%FY‘”@%%%W at ed) : anmoni um hydr oxi de
(concentrated) solution. The reaction was stirred at roomtenperature for
18 hours. Diethyl ether (150 m) was added to the reaction m xture and the
solution filtered through Celite filteri ngHaH' d to_renove the copper netal

deposits. The pale yellow d hyl 20" eNher PWas was i@ ith water,
dried over magnesium sul aand t eld 12. 2g of

e ot her &vapbrated 1oy
crude exo-5-heptyl-2-norbognene. Thel product
mmHg to yield a pure sanple of exo-& heptyl -2 norbornane (70%yield). 25

Mononer 6 Preparation of 5-butoxy-2-norbornene Dicycl opentadi ene was heat ed

with butyl vinyl ether te f®umth | s- roduct of
5- but oxy- 2- nor bor nene. The] pr ¢duct {wasjthen puriifi ed by vacuum
distillation. - 983 - ~ T*U N 'Mono 7 Preparation

exo-, exo- %, 6- di met hyl nor bor nene Endo- Nadi ¢ anhydride was thermally

isonerized to generate exo5 nadic anhydride. Pure exo-nadic anhydride was
reduced using VRErIHR' FepERSEnts Jydrgesn ok alingap pybrapehed (61 - Cohalky

6- di net hanonor e i i C e : X0- 5,

6. bi 5t 05yl at odE P pyis o BB okl B BIsp, IR i or 1 de.
Reducti on of t hbuyka-butydxpmentylo-ixnstl asg hedpediybeihthe abotetruetueesyi t h Li Al H4
yi el ded the desired oduct exp-, exo-5 6-dinethyl nor.bornene. Monomer 8

Preparation of a@fb‘lg}gé@g‘}%@rﬂleﬁg’?ﬁ é?ﬁdpﬁﬁf%ﬁéméﬁ%‘_{‘f\ﬁﬁq ©anhydri de was
thermal | yyg SO”EB%iﬁ&@wh@reQBé‘ e @r&ipds bondradh eheaddity dlibs@@entur € exo- nadi ¢

anhydride was reduced using Vitridé reducing agent to yield the exo-,

exo-5, 6-di met Examplss o6 RA eadécalsrincluderhinagthydt I-opclohexpils éaobeniyl.o exo-, exo- 5,
6- bi st osyl at odiynet.hyl nor bor nene oduct, usi t ol uene sul phonyl chl ori de.
Ref | uxi ng exo- ?'%?(tgylé?'és-ogf’g‘tyg?Wg{‘%g?'ﬁgﬁ%tggF%@L%%ﬂﬁ"@ﬁytl’h i t hi um br oni de
in acetone 20 ¢rayediopdranbylt 8-oR¥EclchéRaronfl, eehOARTREBY}INOT bor nene.

Reacti on of exo-, exo-5, 6-di brononethyl norbornene with n-butyllithium and

copper cyani delgﬁt@’ﬁ’é@ﬂ’ﬁéddést?q‘@ﬁ’ #hdduct exo-, exo- 5, 6- di pent yl nor bor nene.

Procatal y 1 25 Pr et | :

(~allyl )ﬁri cycl ohgi‘%%ﬁ%@gﬂ?%‘é 159 Leprpsent dicycloprppyimetiyl (D y 16 a
stirred sol uti and dimdthyicydlpgropylmediyd (Dmsphgroepsoahichdrenepiekgntehbyor i de (189
ng) in 5 nm THE ag?HOC.vvas added a sol ution of zZn(C6F5)2(di net hoxyet hane)

(100 ng) in 5 ArePUPWIRESICHUEY | on was 30 stirred for 1 hour at room
tenperature and the sol vent renpved under 2 4J U~ 2003 -94

y Y,

-CH , and -C(CH,;),

In Structure VII above, R' and R* together with the two ring

25 carbon atoms to which they are attached can represent a substituted or



vacuum The resulting solid was extracted wwth 10 ml hexane, filtered, and
t he sol vent renoved under vacuumto give the product as a white powder (159
ng, 649 . 5 Procatatyst 2 Preparation of

(~al I'yl) (tricycl ohexyl phosphi ne)pal | adi un{11) chloride To a &#i 144003
solution of ~-allyl palladiumchlorideXier ( 1.0 g) in THF was added
tricycl ohexyl phosphine ( 1.53 g) in THF. After stirring for 0.5 hours the
sol vent was renoved under vacuumto give the product as a pale yellow

powder. Procat %Rﬁ?

(~-allyl(tri cy(q:‘llg‘liﬁexé]‘tg% sphi ﬁ%h? aﬁ)%%l n?mm)g 4ttg 3 rm§ c?rbsot? aft%nr]ﬁat e To a

slurry of silvenr amubﬂitutedesuhs‘ubsmued(asﬂ(grar@)cantmﬂ‘ h’E6\m§;8 adgleatbon

(n-allyl)(tricycl ophos ne) pal | adi_u chl ori.de (500 in THF. After

stirring over nl"éq’ff‘&’i?fg“%@%‘t’isélhe’ [ﬂ’ %@Pgﬂ’%ﬁﬂﬂg BC%E%U on stripped 20

down to give a [ he product
g [%ﬂer &gclfl adfgegt&hc W%e%ﬁm&awuttﬁb QRYBRfoupQafic¥Ratnhe P

as a white po r ocat 4 Preparation of
bi s(t ri cych ohexmbphmsghiatioh Ohaittivhedtpratiba.dvitnondurdstusdiederctie To a slurry

of (1, 5-cycl ooct adi adi.u I l.ori 2.0 in 20 mM nethanol was
added 1.67g of HOYU¥ %ﬂgg}egﬁeﬂt %’%‘PBQ aﬂ'ﬁﬁépﬁ%%ﬁ%"é i n net hanol dil uted
with 20 m net hagdsubdithesn & ulfisubstitution WiRkIRthe-sébstitadmeogatenyl ) pal | adi um
chloride dimer was isolated as a 30 white powder by filtration in air and

dri ed under Vacxgdmepdqntb'ﬁel}ctegm hydrogen, pinear-agd branghal GoCaakkylirry of

(2- met hoxy- 3- Cy& g £ ?Je _d:rqh 25 m

nmet hanol was ao1 e ﬁf@éﬁ%‘%ﬁ&w 5pl'klilcr;%sz’ip |l’rc1)l<lad € ?‘ﬂ%‘}h(eggga ‘solfd’gé

reaction was sthdlégd, mdnhbxhatxdnemmfhaﬂmg&néembe fakeérl fogafier@s stopped and
the solution was cooled in a. - ezer...The 5 product was isolated as a

gray crystallinrmagshg @PVBS“FHWTI‘Q&“& $T8HP’| “6(QI-R-ENG-vhieh Whsagakey acuum (900 ny,
729 P |y,
bi s/%t ri |r ggg? gpy‘?%ﬁ@%ﬁﬁ%ﬁyg{hﬁag&gﬁ%ﬁ r’x ﬂnlc:? thleg C%?t(t)arclhe equg a slurry of

(2- net hoxy- 3- cypdnmycmmg p:dielradempmlséms amlexygienatoni Or thegroupn 25 ni

met hanol - was adﬁagg)t I I glgéltet!) Pr yldp(?gen halogen, linear and branched
15 Ci-Cyo alkyl, and C¢-Cyg aryl. A representative structure is shown in
below.
. o)
I i‘ I 5' I Q Vla
m
. (0]

wherein m is an integer from 0 to 5.

20 Crosslinked polymers can be prepared by copolymerizing the
norbornene-type monomer(s) set forth under Structure VII above with a
multifunctional norbornene-type crosslinking monomer(s). By
multifunctional norbornene-type crosslinking monomer is meant that the
crosslinking monomer contains at least two norbornene-type moieties

25 (norbornene-type double bonds), each functionality being addition

polymerizable in the presence of the catalyst system of the present



(0.57 g). The reaction was stirred until it became honbgeneous. Stirring
was stopped and the solution was cooled in a -20C freezer overnight. A~ s
smal | amount of black solid was filtered off in air, and the soI Qmavvas
removed under vacuumto give a sticky ryﬁl | ow solid. The pr od@c’t
recrystallized from hexane and dried under vacuumto give the product as a
white solid. r 20 Procatal yst 6 Preparation of

bi s(tricycl ohexyl phosphi ne) (hydrido)palladium(1l) nitrate To a slurry of
tricycl ohexyl p peptiom eThelcrd6slipkable mbnomersdhdl adofusedmubidgelic mad | adi un( 1)
nitrate (2.0 g) as a solid at -35C A yel | ow reci pitate fornmed

i medi at el y. APYsiems angd hipkedmul E%Y‘i%@rﬁ@g(syit%s m%)‘ Qﬁé!'éﬁjt and the reaction
varmed 10 - 5C. RRGidkid) éﬂmgﬂ-ued%étﬂlc%&egﬁemslraﬂ@ﬁdugrn 25 m ethanol, and
the reaction was a to warmto roomtenperature.”’After 40 hours, the
reaction was finbtb@nmdnemnds hiahxdscbhs/eﬁlsed emitiaydli¢ crogslinkermandam sol i d. The
product was Washeddvm 2 v J .UN 0?3 -96 et glﬁlbe%seé and sever al
times with hexSARSIAGE }Oy%%ﬁlw%mweflm PIPLRAR HER SREPI§ GBI he pr oduct
as tan crystals (3.3 g, 53%. Procatalyst 7 5 Preparation of
(n-allyl)(tricycl ohexyl phosphi ne) paI | adi un(I1) trifluoronmethane sul fonate.

To a stirred solution of IIdlum Ior|d|rrer (1.0 g) in THF
was added tricycl ohexyl sph @) eff ring for 0.5
hours) silver trifluoronethaneSu onat adde s a solution in

THF. The reacti on was sti rred for 1 hour f| [ter ed an@ge sol vent renpved

to give the product as a white powder (28 g, 89%. P talyst 8
Preparation of bis(tricyclohexyl phosphi ne) (hydri do) pal Tadium(ll) ~ 5
trifluoroacetate To a sl ¥y Of £.pa Iadl 1) | UOEQ& etate(2 89 g) in
75 m ethanol at -30C wfs) hgded dqycl{ohé 86 g) as a solid.
The thick, olive green E)LI)‘ J.)inx rred Ter 2V hk n”ed to OC and 150
nb tol uene was added. Sodi um borohydr| de (0.33 g) in 25 m ethanol 20 was
added drop wi se and the reaction was stirred for 21 hours. The reaction was
filtered and t Rehefdih Wertpfestifti R athoarCHa ?gwﬁptaﬁdm itleperidemivn sol i d.
Washing with hexane and recrystallization fromtol uene/hexane gave the
product as an deRTesgmisan ipteger Fipmilie Ssand when m ig8. Y reprgsents gingde ocat al yst 9

Preparation of {B§( REbleSARIRRMARETROLAE} B AR RRhLAL 2! forh

below.

A linked multicyclic crosslinker is illustrated generically in

15 Structure VIII below.



trifluoronmethanesul fonate To a partial slurry of thallium
trifluoronethanesul fonate (38 ng) 30 in 5 mM ethyl ether was added -97 2
~r J Ut~ 20D3 bis(triisopropyl phosphine) (hydri do) pal | adi un{ k) WZ@QI de
(50 mg) in 5 mM ethyl ether. After 1 hour, the reaction was , and
t he solvent renoved to give the productidas a pale yellow solid. 5

Procat al yst 10 Preparation of

bi s(tricycl ohexyl phosphi ne) (hydrido)palladium(1l) formate To a slurry of

bi stricycl ohexyl phosphi ne pal |l adiunm{0) (200 nmg) in 10 mM ethyl ether was
added fomc acid (30.4 ng) in 1 mM nethanol. 10 The solution inmediately
becanme honogenestistein A"tiadepknbansly, replegenssd single sr deutde bambwed under vacuum
and the resultin vvhlt solid was vvashe%f th&e ane c{d gto gi ve the
product . Procatidepgpdep yl%a‘ﬁ“éeﬁﬁ‘rﬁ?‘i“&n‘o 1513 QIVHFRIgRGIGR seiecte

allyl (triisopr t

trifluoroaceti g%gﬂ rp%@é&g%mgdl n %&dlﬁlbé}gﬁmés OV\A y added a
solution of 3- rm\tdimitisanamdt&tﬁfmﬁv@BﬁcQatg)wlaﬁednmykerrdllafehc(ﬂiihoﬁlhsg) An icy
bath was used tog t he tenperature. at 20 r|n for 20 1.5
hours, a white aﬁ?é@'ﬁé‘? 2 ew CHYR BRI - dfgf fc”ﬁﬁﬂ“’ta[?g‘é were renoved
under vacuum tQacﬂbél?aﬂe*&ﬁq@é&%&i&a@aﬂ@ﬂﬂﬁien@m@h&hﬁ@bﬁmcralsf |ﬂf¥aﬂé}9&¥eat e as a
somewhat vol atile |iquid 60% . To a solution of

bi s(di benzyl i dlrmbamlemneprpwnmﬂohytﬂte Gormuda ZCqfj2q)-rwimse @oepa¢semsitheand 8 i
acetonitrile was |qu r oace 080 g). After
20 mns., the é’(‘j’ caﬁ%& %ﬂéﬁb’b i‘%’ﬂ%&é bslaé”flg?gﬁra%gmglr 8en in col or.
The sol ven§ s vvelroemrmmeuweﬂswemdw@leéeedefrdahﬁﬁkaraﬂut al I'i c-1ooking
solid. Extraction in air with 50 m 10% acetonitrile in water, filtration

and renpoval of bramhed (CitCi) Zkpiene sech asansiaylens, ethollene \nrepleneyave

(3. 1t et byl - il Bald RAL HIbhe, b IHE QR A SIS S @ Vel | ow sol i

decylene. When branched alkylene radicals are contemplated, it is to be
understood that a hydrogen atom in the alkylene backbone is replaced
15 with a' linear or branched (C; to Cs) alkyl group.
The divalent aromatic radicals are selected from divalent phenyl,
and divalent naphthyl radicals. The divalent ether radicals are represented
by the group -R'%-0-R'’-, wherein R'° independently is the same as R’

Examples of specific linked multicyclic crosslinkers are represented as in

20 Structures Vllla to Vllle as follows.
@-(Cmu@ @cr—iz-o-cm@
Villa Villc VIIIb

The amount of multifunctional crosslinker to be employed in the
polycycloolefin monomer composition preferably ranges from about 0.25

25 to about 99.75 percent by weight of the total monomer composition.



To a solution of (1,1-dinethyl n-allylpalladiun(ll) trifluoroacetate diner

(20Q ng) in THF was added 111 ng 5 triisopropyl phosphine ir}d‘TI:@H ﬁfter 0.5

hours) the solvent was renoved to give a sticky yellow soli oduct
was recrystallized fromhexane to give a yellow solid. Procatalyst 12 to
Preparation of (~-allyl)(triphenyl phosgi-ne)palladi un{!1)
trifluoronethanesul fonate To a solution of (n-allyl)palladiumchloride
dimer (0.5 g) in THF was added tri phenyl phosphine (0.717 g) in THF. After
stirring several mlngﬁcgnoﬂéavfdméf&iﬂéﬁépﬁﬁi&ma}o&%ﬁe (0.702 g) was

added as a solid. reaction was stirred for 0.5 hours, the silver
chl ori de (AgCl )subsisuted hndefundtiarfaily substitutbd nerbbinene monomensdelias oi ve t he

product as a pale | 1 sol.i.d (1.32 g, 869 Pr ocat al . 20 ~
Preparation of ! szﬂ?ﬁﬁﬁgf P&‘%’QB’E)%%W%%O@%H%‘%EP&JIngﬁﬁffﬁé 18

trifl uoronet hangsuld Witiih SuitablédieRdphile @b elebatédirepipedsturbdol fofth e chl ori de
dimer ( 1.0 g) in 25 mM nethylene chloride was sl owy added

triisopropyl phoupstitated porbemenertyperadgduetigenerally shave @h&érfﬁ’léré’ymghe resul ting
pal e yel |l ow sol uti.on s slowy 25 added to a slurry of silver

trifluoronet har{&cﬁl‘f’flé\?ﬁ e.( 1.4 g) in 25 m nethylene chloride, After
stirring for 1.5 hours, the silver chloride (AgCl) was filtered off, and

t he sol vent renoved under vacuumto give the product as a pale yellow solid
(2.4 g, 96%. 2 ~J UN 2003 -99 Procatal yst 14 PreparBtion of
(2-chloro-n allyl \i sopropyl phosphi ne) pal | adi un(11 k1 uor oacetate To
trifluoroacetic a ride B%??C%Jfgi n TOU M hexane %ﬂ;ow{ y 5 added a
sol ution of 2-chloro-2-propen-1-of ( 10.0 g) and pyriding,( 8 . 55 g) in
20 M hexane. An ice bath was used to keep-the tenperature bel ow 10C. After
stirring for 1.5 hours at roomtenperature, a white precipitate was
filtered off, apgeréiiR'39R! eiepeRfly rQFBAChYdRSIRE, MABOLADY Cardiote the
product 2-chloro-2-propenyltrifluoroacetate as a somewhat” volatile |iquid
to (5 g, 28% . fwoctipnebgroup anpisvionslydgswsdady| i di neacet one) pal | adi un(0) (2.3

9) in 25 n THF and 80l n AEEHAN fybk a8attRScaAHd prerared by hQ termal
pyrol);si's of dicyclopentadiene (DCPD) in the presence of a suitable
dienophile. The reaction proceeds by the initial pyrolysis of DCPD to
CPD followed by the Diels-Alder addition of CPD and the dienophile to

15 give the adducts shown below:
R
+ RIR2C=CR3R* - R
JAN R
n R4

wherein n represents the number of cyclic units in the monomer and R' to
20 R* independently represent hydrogen, hydrocarbyl, and/or a functional

group as previously defined. Norbornadiene and higher Diels-Alder

adducts thereof similarly can be prepared by the thermal reaction of CPD

and DCPD in the presence of an acetylenic reactant as shown below.



propenyltrifluoroacetate (0.90 g) in 5 mM THF. After 20 mns., the solution
had .changed from deep purple to dark green in color. The 15 solvents were
renmoved under vacuumto give a black, metallic-looking solid. Extraction in
air with 25 m 10% acetonitrile in water, filtration and renpéalUNi2003

sol vents under vacuum gave (2-chl oro- Z-GHr‘openyI )pal l adiumtrifl uoroacetate
diner as a yellow solid (0.50 g, 40%. To a solution of

(2-chl oro-2-propenyl)palladiumtrifluoroacetate 20 dinmer (200 ng) in 15 m
met hyl ene chl ori de was added 103 ny triisopropyl phosphine in 5 m nethyl ene
chloride. After 0.5 hours, the solvent was renoved to give a sticky yellow
solid. The product was recrystallized fromhexane to give a yellow solid.
25 Procatal yst 15 ( Me2NCH2C6H4) Pd( 03SCF3) PCy3 Ot ho- net al g1at ed

phenyl met hl yenedi et hy i nopal | adi um chl ori de di ner 5 g) was dissol ved
i n dichl oronet hane (2 ) .+ TIRICsHORIPY | phesphi-re—t0 g) was mxed with
di chl oronet hane (5 m) and added to the s&ution o e pall adi um
derivative. After stirring for '2 ~J Uf~20p3 - loo BY minutes at room
tenperature, the m xture was added to a slurry of silver triflate (0.233 g)
and stirred in the dark. The silver chloride precipitate was renoved by
filtering the solution through Celite~ filtering aid. Renoval rof the
solvent yielded a gkeen yellow oil. Addition of 5 hex Freon~ 1,1,2
to this oil yieldd ght+yeﬂ1bwcml i Moz

NCHZC6H4) PAd( 03SCF3)NP(T™r) 3). Procatal yst 16/ Preparati

(allyl)(triisopropyl phosphine)palladium (I1) o trifluoroacet™atf® To a
solution of allylpalladiunchloride dimer (0.5 g) in 20 m nethyl ene
chloride was slowy added triisopr opyl@ﬁi)hos-phi ne (0.437 g) in 5 m nmethylene
chloride. The rwbgtiim® gad B yesa assiefived 8havén was slowy added. to a slurry
of silver trifluoro e ) ol ] i de. After
stirring f(g)r 0.5 hoﬁqug%b%kaa Q‘\?\ag%%élletrﬁegrlgéﬂ%oa?}acg%éﬁ%gﬂg% ven tfr%’é‘fmved under
vacuum t o gi ve hdwever,bighet hamologp ategpryfetred\VWsaHorthdidhie eambal yst 17

Preparation of (allyl)(trjcyclopentyl phasphine)palladium (ll) 2o
trifl uoronmet han®w ?ci)’ﬁi‘é&]lé‘g%g }&“%?g}[ﬁg?ieléfma?ql&’é}?ﬂtq using FHieY Phe di mer

(0.5 9) in 20 Niimerization catalysts or heating it with cyclopentadiene. In the case of

the crosslinking monomer norbornadiene dimer an alternative synthesis is
10 employed in which norbornadiene is coupled catalytically to yield a

mixture of isomers of norbornadiene dimer as shown below:

2 @ Dimenzation Catalyst @:@

The dimerization of norbornadiene is easily achieved by numerous

R

15 catalysts to yield a mixed composition of up to six isomers, i.e., Wu et al.
U.S. Patent No. 5,545,790). The preferred isomers are the exo-trans-exo,
endo-trans-endo, and exo-trans-endo-1,4,4a,4b,5,8,8a,8b-octahydro-
1,4:5,8-dimethanobiphenylene (“norbornadiene dimer” or “[NBD1,™).
The exo-trans-exo norbornadiene dimer is the most preferred crosslinker.

20 Heating norbornadiene dimer with dicyclopentadiene or cyclopentadiene



met hyl ene chloride was slowy added tricycl opentyl phosphine (0.651 g) in 5
m nethyl ene chloride. The resulting pale yellow solution was sl oWy added
to a slurry of silver trifluoronethane sulfonate (0.702 g) inRIVAR0I

nmet hyl ene chloride. After stirring for Q.5 hours, AgCl was filtered off and
t he sol vent renoved under vacuumto gi'\ﬁ,2 “the product as a pale yellow solid
(1.0 g, 68%. 2 ~ ~u~l 2~ -1 of Catalyst 18 Preparation of
[(~-allyl)Pd(P-i -Pr3)(NCCHS)] [ B(O-C6H~- 3. ~CVe3) 2] At room tenperature,

Li [ B(OZC6H2- 3, % % onﬁ%"ﬁf@ioﬂbd?ﬂacﬁerﬁdﬂxﬂ&t i Othetcrogtiakesi trile) was
reacted with (~-a | yl )Pd 038 3)(P(i-Pr)3) ( 1.0 g) in approximtely 50 ni

t ol uene. After arcpreparaéby the rh@R!IOQtQ cydapaadienieghith elpnscantaimingol uti on was

vel b sol La" c P et meld gl R HEns B2, S0ABGHNAL ) ShelbaidRRTC AT (NR
spectroscopi ¢ grabyadiend, aad :ﬁdgdwﬁ& ta@mnas i dentl fied as
[(allyl)Pd(P(i- Pr)3) CCH3)][ C% 5- Cwe3) z] . Catalyst 19 Preparation

Ef([(n-;;u4 |[ gg( %) gd(P-' -Iheanqy qqu@i@s@q;@pompr&% SEEREHBING e,

i ( HOWe

(~-al l'yl)Pd( osg%f%‘f’%%}’e “{?f%f’gﬁ%“ lyp%@ﬁc}lg‘éens @%%%@%gﬁ%“?@fv msiZable et onitril e,
After the reactdoubleltddst IOri’eQiilefeﬂ'ed mogbinet 8e yel | ow sol uti on was stri pped
G chil or oot hane-Sd e abieload ey Sreae INBRHE PN wer ¢ col 1 ect ed
I C or onet nan

and dri ed. Bas?ﬁ;i O;Sa(ﬁ:’ed)lsspﬂ\@'?eacﬂaﬂ gtgﬁ-ggten?ﬂﬁc{'élbﬁflﬂﬁe&@-%aﬁ&’em roscopi ¢

anal ysis the pro ent|
[ (~c- ahyl y®d( P(dycl@pﬁﬁ)u@nbﬂ(ﬁﬁﬁ][ﬁ@(s@d&@:b@tkjn Thesighgt koelogyfdet er mi nati on

ol coular st uct UGB IRREl B2 0t s e i aRomeg B ghoxce o5 T
Procat al yst 20 jRren teiyn)-0p 3(4:4@53Igh(5c§dﬂyggp[ gpyd-phosphi ne) pal I adi un(11)
trifl uoronmet hanesul ?(r)nate lI'o a sol'ution of crotyl pal | adi unchl oride di mer

(0.5 g) in 20 rdimgthanenaphthelese.c Bimilartye Lihstash.onby. 7adBelda, 11, 12,
triisopropyl pho&%h Qigcaghgdr 0 49’) 1o dlmetHa}igcﬁbenz\Agl g%cyclwf)gtg 3 > m nethyl ene

chloride. The ré&ulY I'ng-pa € yel'low So I Oonh ‘dded to a slurry

of silver 1srif|ptepedinthe DidsAdena¢tioNbeSReg), 4,4215,%, 91 10yet hyl ene
chloride. After_stirring for 0.5 hours, AgCl was flltered of f _and the

sol vent r enoved! QrRFzhYGER: Infirmethagpheazeqys] %F@&ﬁé’t‘d axclopepigdiengellhew 5 sol i d.
o aveL 2L A Sl L, AL oby s e o ver Sal
bistrifluor onethamﬁtanubémocydcdxetene is also a comonomer of choice, i.e.,
1,4,4a';5,5a,6,7,1 0,11,11a,12,12a-dodecahydro-
20 1,4:5,12-dimethanocycloocta[b]naphthalene. The symmetric and
asymmetric trimers of cyclopentadiene are also useful crosslinking
reagents, i.e., 4, 4a, 4b, 5, 8, 8a, 9, 9a-octahydro-1.4:5,8-dimethano-1H-
fluorene and 3a .4, 4a, 5, 8, 8a, 9, 9a-octahydro-4,9:5,8-dimethano-1H-
benz[f]indene, respectively. Another preferred monomer is obtained from
25 the reaction of cyclopentadiene and norbornadiene, i.e., 1,4,4a,5,8,8a-
hexahydro-1,4:5,8-dimethanonaphthalene. Divinylbenzene and excess
cyclopentadiene forms the symmetric crosslinker
5,5’-(1,4-phenylene)bisbicyclo[2.2.1]hept-2-ene.
Examples of preferred polymerizable norbornene-type monomers

30 include but are not limited to, norbornene (bicyclo[2.2.1]hept-2-ene),



To a solution of bistrifluoronethanesulfonimde ( 2.0 g) in 15 m of water
was added silver carbonate ( 1.18 g) as a solid. The solution was heated to
65C over 0.5 hour, filtered, and the water renoved under vac%g]J H]%m
product was dissolved in ethyl ether and filtered to renove 4J
inmpurities. Renoval of the ether under- &acuum gave the product as a white
solid, Ag[N(SQzZCF3)2]. To a stirred solution of 50 ng

n-al | yl pal | adi unthl oride dinmer in 3 mM methylene chloride was added 77 ny

tricycl ohexyl phosRi e rofbornéte, &ﬁ&l%%ﬂ%n@%r@?ylﬂ&boﬁxfeh@r stirring for 5

mn, this solution s added to a 20 slurr ng silver
bi strifl uor orretlbamep)dhdrquﬂee |bnt}{qurb0memdq}&0bh@1®mm¢r@e The reacti on was
stirred for 30 m

d | t
removed to gi vé’eflﬁ' E%ﬁ%et’ S’éyl% %’gﬁrﬁ{cgelhfhty "%Fbe%‘é%’ar ?/cstimgrftoggn ?e}gg? ation
of (n-allyl)(t rde@?ﬁﬂbﬂoﬂ’f&%ﬁﬂbd@@lﬁ&bbﬁ@hé‘ ctadecylnorbomnene,

bi strifl uoronmethanesul fonimde To a stirred solution of 50 ng

al | yl pal | afli unﬂnnmthqzefsxmlmrbomnn@ bioxpearhgImend pctalybrarbmores added 72 ny
tri phenyl phosphi net hyl i.de LLring for S mn,
thi & sol ut i on v Ry TS mPtpolfesd il Fing spierf Ceunildebnggbdrhbie

bi strif | uor onet¥iaylasthotrenit koldicydlopentatichy, epte-dicycibpentadibne;u~a 2003
chloride. The reaction was stirred for 0,5 hours, silver chloride filtered

of f, and the sdeyesrcladedessae mehyjtefiacyelodadeeses oam Stirring in hexane

foll owed by fil %@t{e 5 Procatal yst 23
Preparati on of 1@%4}?’!@F€@¥ﬁd%§%eg%gn trﬁ%sc d?éﬁ%e ef@ldl :dg“r%l

bi strifl uaoonet teaagsiddodedent, ctrheﬂ'yiteﬁras;talmdeedxestdtMemfof 250 ngy

al Iyl pal | adi unthl oride dinmer in rH nmet hyl ene chl ori de was added 326 ng
tricycl opentyl pf &&&Wﬁ@lepﬁ PIepesY 5t ene chloride. After stirring for 5

mn, this sol UtS 8/in eﬁéiSl@ga Hﬂxyéro‘ﬂ'ublfe% @fclo@%?enryrﬁxo%drﬂéfe
bi strifl uor omet hanesul f de in net hyl ene chiori de. The reaction was

stirred for O. 5dlnmtha@oh@ahmn«mhﬂm&qndeextdolep(efSe@dmﬁéthowndrbpmnSO| vent

removed to e Stirr foII filtration gave
t he \pgroduct g:a\s/ %Padl ﬁ?'bbé)g’\m‘?tgod‘:yf‘ﬂrlbo%l cjrjf'é e%f’lbln of [I(C o
gH3~) ~NHCH3) B(@E@:ﬁcﬁer@n&mﬂmaycw[z(z@Pmﬁ%i)&H% (0 50 9) in 50 M hexane

was added 1.17 rn~ of 1 Msolution of hydrochloric acid in ethyl ether. A
white 20 preci pPtagethepysitdnombarmentredi atel y. After 1 hour, the

[(Cl gHB~) ZNHCHB) o5l b6 2 eplal 3@, i 1 @it and dri ed under

vacuum
2,3-bistrifluoromethylbicyclo[2.2.1]hepta-2,5-diene,

5-fluoro-5-pentafluoroethyl-6-,6-bis(trifluoromethyl)bicyclo[2.2.1]hept-2-

20 ene,
5,6-difluoro-5-heptafluoroisopropyl-6-trifluoromethyl)bicyclo[2.2.1Jhept-
2-ene, 2,3,3,4,4,5,5,6-octafluorotricyclo[5.2.1.0]dec-8-ene, and
5-trifluoromethylbicyclo[2.2.1Thept-2-ene, 5-a-naphthyl-2-norbornene,
5,5-dimethyl-2-norbornene,

25 1,4,4a,9,9a,10-hexahydro-9,10{1°,2’]-benzeno-1,4-methanoanthracene,
indanylnorbornene (i.e., 1,4,4,9-tetrahydro-1,4-methanofluorene, the
reaction product of CPD and indene), 6,7,10,10-tetrahydro-7,10-
methanofluoranthene (i.e., the reaction product of CPD with
acenaphthalene), 1,4,4,9,9,10-hexahydro-9,10[1°,2’]-benzeno-1,4-

30 methanoanthracene, endo,endo-5,6-dimethyl-2-norbornene,



A solution of [(C, 8H3~)ZNHCH3] O (0.05 g) and Li(Et20)2 SB(C6F5)4 (0.076 g)
in 25 m cycl ohexane was refluxed for 25 2.5 hours. The sol ution was
filtered to renove LiCl and the solvent renoved to give the SH@ S a
brown col ored oil. - 104 - 2 4 J UN 2003 Activator 2 Prepr .

Li WCA- H (1§ thium tetrakis[ hexaf | uor oproffoxyphenyl)al uninate) To a slurry of
l'ithium al um num hydride (0.0777 g) in 15 mM 5 hexane was added

1,1, 1,3, 3, 3-hexafl uoro- 2- phenyl - 2-propanol (RFOH) (1.0 g) in 15 nl hexane.

After stirring 190htbbABndRR0 Ekd-5 B Aihetytough Celiteo and the
sol vent rermvedé?ltﬁg g?g’? ?Hﬁéﬂ%}o duct asna V\:?‘ll te solid (0.85 g, 85%. 1 o

Activator 3 Preapabanemsy of Li WCA-H in Butyl norbornene To a slurry of

l'ithium alum nu ydr i 0.,078 0 Inorbo en added
1,1,1, 3,3, 3- hexg]#’ptfd A éqg éﬂérﬂfrdeg%%ino‘l%eﬁ‘ QY“@?CYF{?G QFC@“C 1.€..

butyI norbornenereaﬁfotneﬂ,o&;dt bf CPD a@,uqrmg.gpélod(;d}eath@ﬁé;t ion was 15 filtered to
give a clear, sonewhat viscous solution. To a solution of 1.5 ny

(n-al | yl ) Pa( 03%83)4, B7ihepalydro-g, 7anethandy iklyindenetbe.neeactionasodusiiefl 75 ng of
t he above stock [ in. 1. t r he pol ynerization
proceeded sl ow 9§Bﬁﬁhag§‘)f’ené%? l04 gg 6y+ B8 OQ?%‘gﬁgot o’gk sol uti on was added.

The pol yneri zatinethag@iaphthakiae (xmr&éaomb%?: ocmadofr €RDhad cyclohegenept ure of 210C.
Activator 4 Preparation of LiWCA OH LiAIHA = 4:2 To a slurry of

li thi um al um nubf o7 deS, (%l%éwa@ydmnl Ampthanobenzeeyalonstansd i added _
1,1, 1,3, 3, 3- hexl%g+t%r&°g"&BngwAé‘}lggéﬁﬁ&g’?%h&@e(5 0 g). After stirring

overnlght t he soluti'on was rou lite~ filtering aid and the
sol vent raoovedl 23,33 4¢,1,88 qaczﬂﬂdniA,aanahaﬂucydopmtﬂaﬂinﬁéhe? g, 91 %. - 105

- 24 J UN 2003 Act Jéhat or tion Oif" Li éﬁg ﬁg&g—izaé~%z ~, SFABA To a
sol ution of LiFABA ( ezsnmw SmiRloYIRE Rl BHiona, Barba Rt e

crosslinking monomers in the monomer reaction mixture are twofold: 1)

the multifunctional norbornene-type monomers are capable of crosslinking

polymer chains thereby enhancing the impact resistance, solvent resistance

15 and h;zaf distortion properties of molded article; and 2) the multifunctional
norbornene-type monomers release more energy than monofunctional
(containing one polymerizable norbormene moiety) norbornene-type
monomers upon polymerization thereby increasing the exotherm
temperature of the polymerization reaction.

20 Crucial to the success of reaction injection molding (RIM) of
norbornene-type monomers is the quantity of energy released during bulk
polymerization. For example, in polydicyclopentadiene reaction injection
molding systems, the release of ring strain during ring opening metathesis
polymerization (ROMP) of dicyclopentadiene (DCPD) results in a

25 concomitant polymerization exotherm of approximately 180°C. The
internal temperature of the in situ generated polymer rises above the glass
transition temperature (Tg = 150°C) of polyDCPD. Thus, ina DCPD
based RIM thermoset molding system, this polymerization exotherm and
the temperature excursion provide for excellent monomer to polymer

30 conversions. In this invention the internal temperature of the addition



n-octylether (0.174 g). After stirring overnight, the solvent was renoved 5
to give a product as a brown colored oil. Activator 6 Preparation of
LiWCA-H RFOH: LiAIH4 = 4:1.2 Ta a slurry of Iithiun1a|uninunthgﬁhqﬁmfo.GQG
g) in 2.0 L o hexane (dried over LiA H4) was added

1,1, 1,3, 3, 3-hexafl uoro-2-phenyl -2 propakRcsl ( 14.9 g). The reaction was
stirred over the weekend, filtered, and the solvent renoved to give the
product as a white solid ( 14.0 g, 91 %9. ~ 5 Activator 7 Preparation of

Li WCA- H Rf OH: LigdlJiHferiZéd hofymk? f@mﬁimromsh@md Tp‘réf@x'aﬂmr?de%fju%ﬂﬁbdwdﬁd de (0.05 g)
in 80 m hexane vas added "1, 1, 1, 3, 3, 3- hexaf |l uor o- 2- phenyl - 2- pr opanol (0. 86

g). The reacti glasswassition teurqmraﬁwet(ﬁg)gpftthe dwmép@ldmeatma ivedld vent renoved
to give 20 thehggpoduct Va3 2 white solid (0.63 g, 71 % . Duplication the
prior reaction 3 FORVE8I°M eaction scale (i.e., lithium aluninum hydride =

2.349; 1,1,1,3,3. 3- Ihﬁa‘safeblhl@ét@nﬂndﬂ&byﬂm&tﬂlmﬁm@ineﬁtaﬂtﬁg)reuicﬁsuI ted in
I sol ati on of L|V\CA H as a white crystal]ine product. Yield 389, 92% 25

Activator 8 Pr é?fém&t“%h e@f“olqc(lﬁamf:@)a&mé{‘B{W?%FOIB“%@*‘%‘P“H her free
Li [ B( C6F5) 4] I %@ﬁmwlﬁﬁ&mﬂgﬁ}a‘(‘ﬂ m&tl&% fpmp&ange sol ution.

Af ter stlrrlng or anol ~was re der vacuumto

yield a white swrbandne(biogisR2. Ghépt-Cedns) hl}erat&lnore—e?é@ﬁ thaAccbes/tae or §9 |
Preparation of Li(HO|j-Pr)3[B(Co6Fs)a] 0Q.100g of Li(OEtz Fs 4] was
di ssolved in i %ﬁr?ﬂ?&%lm@?ﬁ‘%@ﬂ“@@@‘wfr{%‘%ﬂwes’fﬂ ’m‘%ék er stirring

for t wo hour s, (Sé‘h’zvfé‘éé 1%r4(%c§(]ﬁﬂsg%?og{% gl t\as renoved under vacuum

to yleldaV\/mt ySIS s ovvedthat all the coordinated
di ethyl etiher vmeasnegldaretinedtmesibstitutdaodathenes oduge shightlyrlessce

ggflz?;negggt fougeén%y%@ Ng{ spectr 08%08261 anal %/fglt gr t he product was
In order to hamness as much as the polymerization energy as

possible, thereby driving the reaction to completion, the polymerization
enthalpy per unit mass of the monomer must be as high as possible. Since

15 the gléss' transition temperatures of addition polymerized polynorbornenes
are much higher than equivalent ROMP polynorbornenes, it is desirable to
achieve the release all the polymerization energy in addition polymerization,
such that the internal temperature of the polymer reaches to about its glass
transiti)on temperature or beyond. In other words, it has been determined the

20 higher the double bond concentration in a unit mass of monomer the higher
the potential polymerization exotherm energy. Therefore, it is desired to
have monomers which exhibit a low carbon to norbormene double bond
ratio. For instance, the carbon atom to double bond ratio in norbornene is 7.
In heptylnorbornene the ratio is 14. Therefore, a mass of polymerizing

25 norbornene would be expected to reach an internal temperature of
approximately twice that of heptylnorbornene. For addition polymerization,
the polymerization reaction time frame should be as short as possible to
ensure that the internal temperature of the polymer being formed can reach

the highest temperature possible.



Preparation of Li(HO n-Pr)3[B(C6Fs)a] 0.100g of Li(CEtz)z.s[B(C6Fs)a] was
di ssolved in n-propanol (4 m) to give an orange solution. After stirring
for fifteen mnutes, the 15 solvent was renoved under vacuunkto lﬁg@ﬁ an
off white solid. Proton NVR anal ysis s? wed that all the coo é|‘|,1

di et hyl ether was replaced. The product’™was characterized as being

Li (HO-n-Pr)3[B(C6Fs)4]. Activator 11 20 ,, Preparation of
Li(HOt-Bu)j[B(C6Fs)a] . tert-Butanol (0.21 nml) was added to 0.50g of

Li (CEt 2) z. s[ B(CsFs) 34 tdid&iRdd/&idhd presbntiibextidAB i5 pReeribl®toenmplép Yyiel d a
clear, colorless solution. After stirring for one hour, the solvents were
removed under wEmomerstwitlya edrbornatomite douhle band ratian ofieboR tasbeyidVs 25 showed

that all th di nat ket hyl . duct

e e O RS BBl 8 R Sy 1P v
L1 OO CR) 2oty Tt B o) A e ot (0 G b 20srs)

i z i m xt ure i a
(0.143g) and Lidfrogthayobsxatydnonaphiialeng § fhD)gago @s%ﬂd\}g‘iéq ™er in about 5

O 0 L L R B PR AL (1

sol vent was renove girve a I vator (0]

Preparati on of thdtkHetKlids trahdifiirRefipéiatir¢f the find polyheralstitnperta i?0 g of
trimet hoxyboron (B(OCH3)3 was added drop wise in a dry box to a 50 m
vol ume of a 1 Rels@ngithesaing manameridaRittisexi de i n met hanol . The reaction was

stirred at room temgg?gqlﬁg%}igﬁgg?&ﬁy@@glgﬂg SRMRRE ndudes: renoved under

vacuumto 15 give the I'thi um tetranmethyl borate)
Li [ B(OWe) 4] , i selgctad sudhathattbe fingl tempdreturacfthe polyatee thiugh g tg) was

i or a6 vas. sGTRY SRR R e SRt diesbel R o IR IberaR st 11 ¢ hi um
tetramet hoxyborgiged This is typically above, but within 1°C to 100°C of the glass
transition temperature of the polymer being molded. Generally preferred
are polymerization exotherm temperatures in the range from 200°C to
15 300°C. in some cases, however, coherent articles may be produced even
though the maximum temperature in the mold is substantially lower than
the glass transition temperature of the polymer.
The smallest polycarbocyclic multifunctional norbornene-type
monomer is norbornadiene which has a carbon to polymerizable double
20 bond ratio of 3.5, i.e., two double bonds per 7-carbons.
Multifunctional norbornene-type monomers useful in RIM can be derived
from norbornadiene and its adducts. These monomers are dimeric and

trimeric crosslinking agents, and isomerized products of norbomadiene, i.e.,



20 (Li[B(Owe)4] (0.75 g) in approximately 20 ml di chl oronet hane (agai n not
all the material was soluble prior to addition). Upon m xing all the
conmponents di ssolved. After approximately 30 minutes a white ?dﬁﬁL%h ate
begins to form The solution was filter and the white soli# %0.40
g). The purple solution was stripped alfiost to dryness and a white 25
precipitate remained. This was filtered and the white solid collected (1.3
g). The solution was put in the freezer at -30C and after one hour crystals
had grown. The solution was stored overni ght and coll ected in the norning
(1.18g). Total yield =90% of Li(HOWe)4[B(0OzC6d 4)Z]. Mass spectra shoul d
that all the materjals were the sane product. 3o Thernogravinetric analysis
2~rJaPﬂ23-1o nunber of

[ [ d the structure
iivmoris

(L|[B(OVE)4] (0.61 g) weré reacted in acetonitrile (30 m) at room
tenperature. TheyorRpabRR Binttk SSOl ved conpl et elNgridmddlRRe $aharent and the 1 o
solution turned geesntasfdxer about 15 minutes, blue after about one hour.
After stirring ovefdtegimer he mixture was stripped to dryness and a bl ui sh
solid obtained. The product was characterized by proton NMR to be quite
pure Li[B(OzC6H2-3,5-Cve3) 2] and found to contain an undeterm ned anount of
sol vated acetonitrijl e. go<Activator 15 Preparation of

Li (sol vent) x[ B(02C trabronocat echol ( 1.G\Q) l'i thium

t et r amet hoxybor at g E)4] (0.6l g) were re f cetonitrile (30
m) at room 20 t éAf € The reactants disso tely in the

sol vent and the sol ut| on turned green after about 15 m nutes, blue after
about 1 hour. Af overni ght the m xture r ped to dryness
and an of f whi ter‘sc’% o ‘%Pn&red The product %E%gﬁeﬁﬁ%&’%rzed by proton
NVMR to be quite pur(GZLdlrﬁérIQVE)4[ B(QzC6Br4)z] . Altew@matimesl y, the solvent 25
coul d be solvating.acetonitrile. "2 ~r J UN 2D03 - 109 Activator 16

Other polycycloolefin monomers contemplated herein also include
monomers disclosed in Layer U.S. Patent No. 4,301,306 and Layer U.S.
5 Patent No. 4,324,717, all of which contain the norbornene structure
depicted above. -

" Minchak in U.S. Patent No. 4,426,502, discloses a bulk
polymerization process for "norbornene-type monomers" which include
norb‘omene, dicyclopentadiene, tricyclopentadiene (symmetrical and

10 unsymmetrical cyclopentadiene trimer), tetracyclododecene and other
cycloolefin monomers containing a norbornene-type group.
Dicyclopentadiene is a common cycloolefin monomer used to prepare
ring-opened metathesis polymerized polymers in that it is readily
available as a by-product in ethylene production. For such bulk

15 polymerizations, liquid reagents are preferred in that they are handled
more easily than solids, provided they are not too viscous. Problems arise

with the use of dicyclopentadiene in that it is a solid at ambient



Preparation of 4-tert-butyl-N N-dinethylanilinium

t et raki spent af | uor ophenyl -borate To a sol uti on of

4-tert-butyl-N, Ndinethylaniliniumchloride 5 (36.8 ng) in 3 m nethylene
chlori de was added Li FABA in 2 ml nethylene chloride. After <4 rHiNngi09.5
hours, LiCl was filtered off, and the"s6l'vent renpoved under vacuumto give
a white foam Recrystalli zati on fromethyl ether/hexane gave the product as
a white crystalline solid. 10 Activator 17 Preparation of Lithium

(trisperfluor ophfpethtufeoren subfaciaitty pite forsist il Bulk polyaierigmicf 17 nmg
trisperfluorophenyl boron in 3 m nethyl ene chloride was added hexyllithium
(13.3 ~1 of a ZC$IIM%Jhﬂm©‘ﬁngﬁ0Wé’%§ﬁ’ésh PUsfty dicyelopertadignerisy 1 hour, 1 ni

thyl eth d t | t
Cerved to oi veepanprisabbio 8 bR ke UilipEmaiRic b D o1 5
Pol ymeri zati on r&fde?@q}ﬂur@(wmrsﬂglﬂ%egﬁngo\tﬂxﬁEfgh@ﬂélmﬁg'i{eh@eﬁﬁmre presents

tyl

nononer : procat al yst: activator = 2,00
t et r aki s(pent afal wﬁm&dwémraa@ &n ewmg)al REOSESSES. r FarEXpmpl. i of

hexyl nor bor nengﬁmimj i’? fséecih's g&lﬁreg@or\/}@%‘% %ﬁ‘ﬁgg‘{)ﬂ’&%d"{m éfegpet yl acet onat e)

(Pd(acetyl acet ornene he suspensi on was

stirred at roomplidifiegtici ofrthe ﬂmyclaﬁexﬁadimr $n ddmtxag WV(BnCShlpfpiﬂgihE he sol ution
vi scosity increased sli ght I y Af r 54 hours  of stl rrin room
terrperature a Hﬁ?@%ﬂ‘)@ﬂ leand gxpense isgealizedyp n &thes 0% 2 4 JU

N 2~3 - E’iﬁ‘{%’nﬁ‘e aﬁgwm I i S prepared
gi vi ng a react ant ratro é? \r%gnorrer: proc%e?g %fssﬁ:fg@?s%\}gpol?@&?@dggo: 1:2.
Conponent 14A: Llprssds( Hlodverney), hmspudlt)sdioydepbdtadlmemagbemtﬂoyhmmtbmrnene 5
Conponent B: 5. | Iyl)Pd CCE3 3 was d ssol v in 9.0

met hyl nor bor nerﬂscgg‘ ‘é{% %ﬂ% Hr?éﬁ?%gwr\%%esmt%e @i ‘Hﬁf‘td& p&°dr‘|’i°§h pr essure
reactor at 55CI§{bdr1h@sﬁwm@ﬁe‘iH516v1rdé'h§§ﬂ &leyc&%n@arene m‘litﬁreslﬂt wn. a solid

obj ect was renovéd fromthe reactor. Yiel 4% t o Exanple 2. A
t wo- conponent dsopgiard pelymgrizafiost e&ddmalpmelpa@l&mtglr\dllugltaNlHeact ant ratio of

9.8
e ssol vea: el SHeVhe broaubd oBied S e BB RRARIe SREREREY 3 0 g
(all yI)PdGQZCCRamear&ema@lgs 5 s@obnurbr%aéhﬁohﬁhbmydhe@mmmene A and B

conponents were ni xed at 60 olid object was obtained. Yield by TGA =
96. 0% Exanpl e renderingttgseleshponent pol ymeri zati on system was prepar ed

2 t ant = 10, 000: 1: 2.
Component A Lt Fasa (BeE g} RN BTR P UBERE TN gk oALY =

tri et hoxysi | yl nootmmer€bieyenfl. D1 Hept-Brexns)l in ®ibbappiiogtionSisedoesdt B: 3. 3 ngy
(Bl ) P09 1S, R i e B Sl SR BB, &, and B
20 characterized by its relatively low boiling point and flash point and these
physical attributes may cause problems during its RIM processing. The
preferred norbornene monomers are mixtures of endo-and
exo-stereoisomers, since these materials are often liquids. The use of two
or more different monomers is preferred. Mixing components depresses
25 the freezing points of the monomer mix in contrast with using a single
monomer component. In addition, anyone skilled in the art would be able
to determine the preferred norbornene monomer composition required to
achieve the requisite polymer properties. In this way the monomer
mixture is usable under a wider range of handling conditions. When a

30 solid norbormene-type monomer is employed, the monomer can be



25 describe the reaction: tgei =40 s, t ioo~o0 =50 s, t Zoo~0 = 55 s, tTm-
110 s, tge~ = 85C, tTm- = 257C. A solid object was obtained. Yield by TGA
= 96. 4% 2 k' J UN 2003 Exanple 4. A two-conponent pol ymarziilésti on system
was prepared giving a reactant ratio Qf6 mononer : procat al yst: Uagst =

10, 000: 1: 2. Conponent A: NaBArr(10.0 ng) was dissolved in 0.71 g
triethoxysilyl norbornene 5 and 0.50g hexyl nor bor nene. Conponent B: 4.1 ny
(PCy3) ~Pd(H) (N03) was dissolved in 9.0 g hexyl norbornene. A and B
conmponent s wer dissolxetorsswdlsCimsnlvertor oimixed wigh parmonomerar &dsst.er s descri be
the reaction: tg~, K = mn., t iooc = 6:20 mn.., Z~=~C = 6:40 mn., tTm-,
_7:20 nin., ta%dlén@gef,ne?%@e@%&&f(sgcﬂé’%ﬁ %HB‘BTtb'c?d%@ obtained. Yieldt
0 by TGA = 96. éo g}neﬁ&@c{m} Reating Ahd MBNGREINS S ﬁﬁin¥%5ﬂtz@u Bndyst em was
prepared givin react ant ragl o of nonormer: procatal yst:acfivator =

10, 000: 1: 2. Coepdindnting issolutionfthelifgredientsrg) thamatalyisssystered in 1.0 g

hexyl nor bor nene. Co nent B: 3.2 al Lyl ).Pd(03S P was dissolved in
9.0 ¢ _hexysl norbprne@?bo,&n%ﬂ?dn%’o%%ngﬁéﬁrteg%M?egﬁﬁf%zggi%gfe%@ ARd the
fol I owi ng r eachbiheRAs 8AdS G dkodSsifdrs hevdrfiag compbiiass dePendant én s, t zoo-c =

5s, tT~,~ =15 s, trm = 216C. _A solid object was obtained. Yield by 20
TGA = 97.2% Sk Jarfipg disnoriilesofbe ardprand exgformsofhgnarbemene ¢ wo- conponent

ronomer - pr ocat AP SPARIR ol et R AR OBINIL | Caps (0.8 )

was di ssol ved howevet1fog atpartizulad xeason yhaigoher coipositiod i9favbred over

hexyl nor bor nene. Conponent B: 4.1 ng_(P_(,XS) ZPd(H) (N03) was dissolved in 9.0
g hexyl notbor néRgtherae gn aamomsrsompatioRysliguld at oPm temppratiiy theRe f ol | owi ng
reaction para i [KT-Ton M Warably == va SyiEPRR~C = 2 4]
U N 2003 - 11@%@“@%@%@ E’%ﬂ’g S, ?{%ﬁg’?ﬁipieé‘%‘%g,°?tag%~“|“a§1986c, tTme =
207C. A solid dispacacidvassodidtaaidn€lche evidedfombyf ar@hatic S®up-containiagpl e 7. 5 A

t wo- conponent pol.ynerizati.on syste s _prepared.qgiving a reactant ratio of
mononer : pr ocat AP AEY F%l_feo"ronﬁ é@%\é\gﬂﬁg’?' oZ3MY gﬁta"gxs.mﬁrFABA (9.8 ny)

was di ssol ved infixRird éf ftofnbii®ERoRpXdhlaitlinOnsBbMend B tbnthchifl 8 stigxy| nor bor nene
containing 2.0% Kratono 1726. Conponent B: 3.3 ng (allyl)Pd(03SCF3) PCy3 was

di ssol ved! n 9 agidfarpdysy withrepde-iromertiornbiain ap gx@isomerrigh orpnon®p6. A and B

conponents were. _.ql.xed C andt fold ewi,ng r ion [ ers descri be
the reaction: t%—lgluﬁfﬁea%{r%gmp@& .:é]a%gneg,’fl. ?0%@50’5?'%“%’, Wc{_a 45 s, t~i =
85C. tT", ~ = 214 EGr. PAt. 9@)pl do%in6enll 9%0819bThE BR6losure 8F Whith if féreby 95. 9% 15
Exanpl e 8. A two-conponent pol ynerization systemwas prepared giving a

reactant rati o IBFOTPRIAGHEY TefewB8-al yst: activator = 10, 000: 1: 2. Conponent A:

Li FABA (9.8 ng) was. dissolved in 0.7 g triethoxysilylnorbornene and 0.QQ g
hexyl nor bor nene contai ning 2. 0% Kratono 1101. Conponent 20 B: 3.3 ny

(al lyl)Pde¢®3SCF3) PCy3 was di ssol vé&doneméx: Purjtyhexyl nor bonrene cont ai ning 2. 0%

alon LI0T A e, SRmROLEl g Sl e SO S LI Falh e ng
O s’ o) TR A Sk WOy hisbbi i ct v

result of distillation, cracking and reforming, and further treatment for

removal of contamination and olefins which would not co-polymerize

25 under polymerization conditions.
The norbornene-type monomers used may contain a nominal
amount of similar hydrocarbons, however, if present should not be of a
type which could adversely affect the reaction. If the norbornene—type

monomer employed contains undesirable hydrocarbons, the later can be

30 removed by known means. It is preferred to remove any impurities that



25 Exanple 9. A two-conponent polynerization systemwas prepared giving a
reactant ratio of nononer:procatal yst:activator = 10,000: 1: 2. Conponent A
Li FABA (9.8 rrg) was dissolved in 0.7l g triethoxysilylnorbornene. 30
Component B: 3.3 ng (allyl)Pd(03SCF3) PC%B was dissolved in &5 N 2834 J U
N 2003 - 113 hexyl nor bor nene and 0. 907 tetracycl odocecadi ene. A and B
conponents were m xed at 60C and the foll ow ng reactl on paraneters describe
t he reaction tgei =15 s, t,oo~c = 20 s, t200~c = 33 s, = 140 s, tge, =
75C. tTma-~ %Qﬁntéi‘fe?@'mllﬂ @@b&?heﬁ@ﬁxoﬂb&iﬁnﬂﬁdlivéfﬂ ghét tﬁé/se-E@ﬁs— 89.1% s
Exanpl e 10. A t wo- conponent pol yneri zati on system was prepared giving a

r eact ant ratldlavébmtakmthpmmmSaBtCDmatltﬁonElmUO@lgs 1The Conponent A:

Component. B: | 1P P FRppiee chuee e on Bedf bl SDR°BREF

hexyl nor bor nerﬁefcﬁ: dﬁcﬁeﬁlﬁéﬁ?%&ﬂ@?%‘ﬁﬁfeemm Sifldnére pﬁe@&aap@réam fol | owi ng
reaction paraneters describe the reaction: tg~ t ~oo~c = 40 s, t

Zoo~c = 46 s, thamsbout 9¥ssandimest prefaably atoye, ab@t?ﬂé%mﬁné@lelaél obj ect was

obt ai ned Yi el t wo- conponent
pol ymeri zation &nﬁ){?tg%\)/\/agl%%rlg&q& egtgﬁ&%wé’%g’ee% ant ratio of
?I'iln&-ngr p[ ﬁcfit al ?/stwatrﬁu 1:;1ad\(kertef(nl}5acfﬁégltdﬂfe foﬁnﬂmmlmttmh e I:kineﬁ]g\d)uﬁx(&ng )

i met hyl ani | i ni unt etraki s(pentafl| uoropheny rate ng) was
di ssol ved i n 0o PEFParatien; a3y ke ﬁ?ﬂﬁ’&ﬂ@gﬂigﬁé@%sﬁﬁgﬂéﬁpf é\
(allyl) Pd(C6Fs AT A AL and B
conponent s mrégﬁ%’s}?gﬁﬁgoﬁ%%c an%gcé{g ’?c‘ﬁf‘%\fm nngrugggglagnﬂﬂg?tg?et ers descri be
the reactibon: thgeyclool2fiflhombmers dnd,in the-inert 2o18founiding ingredwatscthat 2: 35 min.
tTm-, = 3:00 mn =.214C. A solid 25 object was obtai ned.
Yi el d by TGA -”9?36‘3}(? “ERaa‘i’rBToéhfti"ZS pksf‘ﬁﬂeréomﬁéeﬁﬂr ﬁi‘é‘*”i”ﬁati on system was
prepared givi n&geﬁtsrﬁ?&ﬁmﬁola ?éléé%e(a eﬂf?ﬂﬂmanﬂrr%?éréérﬁé{ts agtfoy@t or =
10, 000: 1: 2. Corrponent 2 U N - 114 A LIWCA-H (11.3 ng) was
di ssol ved in Ceither @ew¢@t&hﬁysh¢tWMﬂmdnéﬁethe®Wpdm thg: legel 2f ny

((:glrr::)glnéﬁs g 0\:/))veS %Q%F%tg \Q}@’%%l%é)sfgc 8l°$ %(fai n%?qoo%vﬁg -‘h%‘dfé {‘3 fngﬁo%gcf" fe?g dd(E)s cribe

t he 15 ingredients preferably should be lower than approximately 50 ppm, and

more preferably between 10 and 0 ppm. To be assured that the level of
water in the cycloolefin monomers is less than 50 ppm before the
cocatalyst or halometal activator is added, it can be dried via azeotropic
distillation. Because water and most cycloolefin monomers form

20 heterogeneous azeotropes, distilling off a small portion of the partially
cycloolefin monomers will remove most of the water contamination. The
azeotrope (i.e., distilled off cycloolefin monomers plus water) can be
passed through molecular sieves to remove the water from the azeotrope

and the cycloolefin monomers returned to the component.

Polymerization Method
Broadly stated, the process of the invention involves combining a
plurality of reactant streams to form a reactive monomer composition,
which is then conveyed into a mold where polymerization is allowed to

30 proceed. Each of the reactant streams contains a catalyst system



5 reaction: tie, =26 s, t,oo~c =29 s, t2o0oc =34 s, tTma,,=55s, tg~, =
98C,. t Tm~ = 208C. A solid object was obtained. Yield by TGA = 94. 2%
Exanpl e 13. A two-conponent pol ynerization system was prepebrzf(aggi iNg a
reactant ratio of nonomer:procatal yst: (ft_i vator = 20, 000: 1:& n@hﬂent A
Li FABA (4.9 ng) was dissolved in 0.71 triethoxysilyl norbornene. Conponent
B: 1.6 ng (allyl)Pd(03SCF3) PCy3 was dissolved in 85 g hexyl norbornene and
0.90 g tetracycl odocecadi ene. A and B conponents were m xed at 60C and t he
fol | owi ng reactomponat antcd eargietkguid.i Beheh hiee readiantstresmome combined 22 s,
tloo~c = 38 s, t200c =75 s, tTm- =1 S, tgg% = 76%, tT{’ra, = 203C. A
sol i d object wih$ asHvaratalyst iyfermed iy siusalhe cagrigrdiquis ean bejasofvspt fon e

overni ght:  66%y, e §ystén c6 hdnt'Br £ RBARGIN ALY HBRRGUL BE_SYST em vias
prepared giving a reactant ratro of nonomer: procatal yst:activator =

20, 000: 1: 2. Copplynentzed\: At lekfABAe OfltHe reaptantaseahissaudt wentainmat (gagtl g

tri et hoxysilyl norbornene. Conponent B: 1.6 al |yl) Pd(03SCF3) PCy3 was
di ssol ve)(; 3 ny8.OBe Bor}l?_BWF‘ﬁ'(SYH? Wraﬁrﬂc"f ﬁngocﬁ’BF%tycﬂfﬁ%"d‘i _¥F|r§‘°8i r. Aand B
component's 25 YekfunfTkidth AmBMmAl frobAiglys b0 cLeP Colcibepar anet er s

describe the reaction: tie, " . ~00~C = oo~c = 40 s, tTm-
75 s, tg~, = 73@muladRML 20BE combinsdivdthobieactantsirsamisomipnisisg thd el d by TGA

88.2% Swell i | uene overni ght: 42% = 115 ample 15 2.~ J U N 2003
A two- corrponensy {381 %‘fﬁ%?tf’ﬁif‘?ﬁ @H%)é’%‘?teiﬂﬁé%acﬂyeeﬁ(g?%%%ﬁ&%bﬁtg’%gowggct ant ratio
of mononer : pr ogatheh ¥shiveRed intah aiold whereGoBimeratibtaReSSlate. AAt least ABA (4.9 nm)
was dissolved in 0.71 triethoxysilyl norbornene. s Conponent B: 1.6 ng

(al | yl') Pdi®3scrsgmasferaphsbethsefdhe eeactant streamg corariiserai deast #ine cont ai ni ng
2. 0% Kraton 16 C nts were "m xed at 60C and the follow ng
reacti on par arre&ébroéq%ggggﬁﬁlgﬂ?rﬁé@r eaction: tg~i =24 s, t ~oo~c =30 s, t
200~c = 36 s, tTm- 3Indflother émysdirae@Dareattdiit streemabAinidg 8 ptdcdtablsj ect was

obtai ned. Yield TGA = 95. 7% anp| e _16. A, two-conponent | ynmeri zati on
system was pr 4R THYIORHY s b IOl TRVEA Tpis combined with se_cogg
mononer : procat ghyst 'tﬂf‘cfﬂexaa:ﬁrsu%a&%?g{&ﬁég Sered ERARITA égtxnrggtr)] TABA (4.9 o)

was dissolved in 0..71 g triethoxysi rnene. ent B: 1.6 ny
(al l'yl) Pd{03SCreichoy donerscodippund ardithe thigd Sregmhennypirises hd¥GAne. A and B

conponents were mxed at 80C and,the follow ng.reaction paraneters describe
the reaction: taﬁ@ég ﬁ§°§‘,p°f‘er5‘ (5%&‘&5 c—mliqc‘ﬁ@?mt lfrfc%’gc,s‘@a‘?@r%‘ﬁesst ¥m- = 55 s,

t~ei = 100C, t Biployed2die-Group 25 eRc@bl 86ror \BHpOinR cAEEE plXea if thy TGA =
90. 8% 20 Exanple 17. A two-conponent polynerization system was prepared
gi ving a react m@caﬁadrst@tr@mnnnn%era@tmammtrms&té@MWt preferalilp alh0o: 1: 2.

P Roe o 1 o A rehat AU Bl S0 S oleThotbolfertriyps monomer 3 63 was

di ssol ved20 n 9. TFhegedwivy foridiaionthus fdrmed isBhapcanysgsd intoemeldwhied at 100C
and the follow ng reaction paraneters describe the reaction: tge, =6 s, t
200C = 16 s, t Relymenggtigntakggplace.130C tTm- = 235C. A solid object was

In an alternative embodiment, a reactant stream containing a

solution of the preformed single component catalyst of Formula I is
combined with a monomer stream comprising at least one norbornene-

25 type monomer. The reactive composition is subsequently conveyed into a
mold where the polymerization reaction is allowed to proceed to
completion. In this embodiment suitable carrier solvents for the catalyst
component include but are not limited to alkane and cycloalkane solvents
such as pentane, hexane, heptane, and cyclohexane; halogenated alkane

30 solvents such as dichloromethane, chloroform, carbon tetrachloride,



-116 - 2 ~ ,1 a r~ 200a obtained. Yield by TGA = 88. 7% Exanple 18. A

t wo-.conponent pol ynerization systemwas prepared giving a 5 reactant ratio
of nonomer: procatal yst:activator = 20,000: 1: 2. Conponent A: Li FABA (96 ng)
was dissolved in 13.97 g triethoxysil yl7?or bor nene. Conponent2 8:JUR12083 g

(al Iyl )Pd(03SCF3) PCy3 was di ssol ved in‘t86 g hexyl norbornene. A and B
conponents were m xed at 60C, stirred for 15 s and the solution poured into
a 19 x 8 cmal um num pan. A solid 10 object was obtained. Yield by TGA =
95. 0% Exanpl e eftichioridapi ¢ atigiiomsthang 1y @ichiosdetieine s-shileroprapmnar epar ed
giving a reactant ratio of npnoner: pr ocaiﬂal yst:activator = 20, 000: 1: 2.
Conponent 15 A2-ghlqrapsepane, d-chiprobyancy 2xchigroliganes 0. 71 g

triethoxysilylng ne e B . PCy3 was

di ssolved in QQSJ hg&ﬁer}i@?%‘&ﬁ@%gh’éﬁ lAc}g%rgggﬁ%ééﬁggJﬁgn%ugﬁ] &gigﬁﬁged at 28C
and t he fol | owidiethylethert; aromatizrsalvehs saclissshenzdne, xylena, edutrieon: tgei = 3: 30
mn., t ~oo~c =5;20 mnp,, tTm = 5 35, ~, = 40C, m- = 174C. A solid
obj ect 20 was GMSHY B‘H.Cﬁlﬂr@?eﬁzw’ Q‘@A"gw@%’f bwe@k%‘g%‘)%@% t wo- conmponent
pol yneri zat i on SN SAE TR MEGITR] 120 afld i ftred (HeRRE! BRdfert@f dobvedits

mononer : procat al yst: activator = 20, 000: 1: 2. Conponent 25 A: Li FABA (4.9 ny)
was di ssol ved iimchadertsengente; fluoobsnzent,\o-difinorobenzene, pclifiporebanzeBs, 1. 7 ny
(allyl)Pd(03C6Ha PCy3 was ,di ssolved in 9.5 hexyl nor bornene. A and B
conponent's wer @e%éﬂ%?nzéﬁﬁ }gﬁﬁ‘?‘{%%bef%?qeoe\idhc(s‘g‘?’gg#%eiﬁ paraneters descri be
the reaction: tcHlorobenZéndOtdfhdhe, o W,%d@-fylédeé,ﬁn@@i?lene,t cytishegare, 2: 08 mn.,

tTm- = 2:30 mn., tg~i =80C tTm ~ ~ uur~ 2003 - 117 = 207C. A solid
obj ect waid obt At dichioremethape. tigaid-rupbers sandtiaaidoansiogidants.  wo- conponent

| oot " i ' . :
polyrer2at  on =Y SRS PL RS AR ANSLERREIGARRC o
was di ssol ved iwitHliqifid deddrstresras isyidmobwl in thideet aaresctiofdnjectiwioMingl. 6 ng

(allyl)Pd(03SCF3)PCy3 was dj ssolved in 9.9 hexyl nor bor nene cont ai ni ng
4.0% Kr at onm 16B9 )’AC%H(S‘a_BSij’{)WBH’\%Q%T%?‘@ ‘%*‘?é@“g?er%tb‘ghd_ the fol | ow ng
reaction par anglofyierfiAfeh idafiniles OF (RARIRE of @brpToséfling redind 00 = 35S, 1
Zooc = 44 s, tTm-, -= 80 s, tg~ = 74C, tT,na,; = 205C sol1d object was
obt ai ned. 1%i el d by T@®A preforredpolymeningtion techniquetthmiaregopagent pol ymeri zat i on

System ves b CnaS el o cbEAchAes e S hetymericaton e (4 o
was di ssol ved igpIM glém&n'&zﬁﬂicﬁit@éhiﬁéﬁé,Hlsﬁ&{nb@fﬂh@@ou@mmm B: 1.6 ngy
(allyl) (PdO3SCF3) PEy was dissolved in 4.76 g hexyl norbornene and 4.56 ¢
phenyl nor bor nermEocatalpsi ¢omponens dmthetrsongsres trbepal ymeris8iGndredmonamdrol | owi ng
5700 i, |t zobeun gRagy the' iyl LEGHHEY gLE M et e 5,970 4
solid obj ect WaRINGBiachinejust Yioh @ ihjeciléilofthd 2orhBineExtpenph Mt@3 a2 A

t wo- conponent pol yneri zati on system was preP_ared gi Vi r‘ljg a reactant ratio of
nononer : pr ocat aVy<t 23 atmesh instaniz 2@{50%'@‘?&2.3 Iep AprdERYielding a mokdsd (2. 5 ny)
was di ssol ved i8oQucfliPthid d8L MRXUS! StVdahR", B: 1.6 ny

(al lyl)Pd(03S 3§)P&3 was is’so?(ved r%;@&%&g&%ﬁ%g&%a A and B
conponent s wer ecomiaimsits. abudeessiid pebcessing of 2wd odmbreNog(po8ents bidsdd ofi ol | owi ng
reaction paraneters descr.ibe the reaction: tgei =55 s, t ,00~¢ = 75 s, t
200~c = 90 s, tFAROMETERHENS ¢an.onlyoceurwhanthe Composgais areStrags Stiatgcbj ect was
obt ai ned. »¥i el dj Yo Hafumie?gb ¥htaneous polymerization in the absence of an

activating species, change viscosity, or deteriorate in reactivity over time.

The polymerization systems provided by this invention comprise at least
two storage stable components whose composition is essentially
norbornene-type monomer, one of which contains the procatalyst, the

30 other contains the activator. When these storage stable formulations are



5 Exanple 24. A two-conponent pol ynerization systemwas prepared giving a
reactant ratio of nononer:procatal yst:activator = 20,000: 1: 2. Conponent A
Li FABA (339 ng) was dissolved in 60 g triethoxysilylnorbornege. Conponent
B: 112 ng (al 'yl )Pd(03SCF3) PCy3 was dissolved in 718 g 1 o h&)('yl-’Hﬂr nene
and 75.1 g tetracycl odocecadi ene. A and”B conponents were nixed at 60C. A
solid object was obtained. Yield by TGA = 89.4% Exanple 25. ~ 5 A

t wo- conponent pol yneri zati on system was prepared giving a reactant ratio of
nmonomner : pr ocat abmbineddnt Riddtsystem if s, j@8€ible 1@ prefanepithemd thérmapl#stBAar (6. 5 ny)

T e e
tetracycl odoceqgRinfRiR obfectipréfer@dPOnents 2o were mxed at 60C and the

follow ng reaction parameters describe the reaction:; tgei = 15 s, t,oo~Cc =
25 s, tTm- = 60 s, tAjtemnativelg, afteT mixing @ T@p reactant sotiitioh wiereagtive obt ai ned.

Yield by TGA = 89. 4% anpl e, 26. .25 A two-cC onen l yneri zati on system
was prepared gfNE %?“r%éé’g_p%{ﬁq m?%'thF(B’regFat%W{BﬁgF%VreB%QB’gﬂoégﬁ activator =
20, 000: 1: 2. ConfpeRget inA).SLP BN 3,@165@2w%§iﬂle?&?'iﬂ drite@8y6

tri et hoxysilyl norbornene. Conponent B- 1 19 ng (allyl)Pd(03SCF3) PCy3 was

di ssolved in 7@Qfegn¢ﬂalxlytsl¢nfit§§f-nene. A and B conponents were m xed at 60C

and the 30 foll ow ng.r J.on. i Lofp: tgi = 35 s,
R R e B R T i
80C, tTm- = 21Z¢Ontairgahowbmdyj &otvilleobolbousiorund skiledincthéyrt Hadthered4. 2%

Exanpl e 27. 5 A two-conponent polynerization systemwas prepared giving a
reactant P&t o"éﬁyt??oﬁ‘iﬁ?&qn.sb‘{héﬁ?d’é‘éld9§fa.bééf’#‘?f‘éﬁ‘ﬂ?noﬁlez@}c@mﬂrﬁt?cgmJEférrponent A:

Li FABA (4.9 ny) | lwed . Fh% ' : . Conponent
B: 1.6 ng (all fl ;%d?agg%égfg{‘ &;’gﬂ\%’géﬂ%ﬁtgzsotg%@ I'n g“&%‘%@)ﬁ?w\%r ornene. A
and B conponentof stneanes) nontaid antddifiéhad raictabigs)f mbdepatos @r additité(9n par anet er s
describe the reaction: tg~i = 1:40 mn., t ioo~c = 2:15, tTm- = 2:45 min.,
tg, = 60C, tTm- = 190C. A solid object was obtained. Yield by TGA = 97. 14%

Exanpl e 28. 15 A two- COMPMGHYmaAPotataRist RBactid RMiyAs prepared giving a
reactant ratio of mononer: procatal yst:act’ivator = 20,000:1:2. Conponent A:

Li FABA (419 ng) was diesseldingdbfiaddigion polymerizablp mopseimess gaotisor nene.  Conponent

B: 1.6 al lyl > P i ed, in. 9. hexyl nqr bor nene. A
and B ng rrpénen%/as? M\%gécg&s%%gbm%ég'g@%ﬁe@s (?Iﬁgyggbdf)é? F{S@Pﬁsf ?])éga&rﬁg)n par anet ers
descri be the rgaeéfetadly abo¥e absdut1008 df aimolar bafd§encte piederablyabout Zoo~c = 1:44

mn., tTm- = 2:00 mn., tRei = 67C, tTm = 203C. A solid object was
obt ai ned. Vi el R09y!, rhmeoreprefyablahews| 58019 Fops palycygloelsfipowehes

pol yneri zati on =100 i Y Egiaﬁ} ' f

nonomner : procata fgt i3 acitqiﬁ\é%’ﬁ f(%?&zlogjgp %é{aisgba)a moﬁgéﬁﬁﬁabﬁ?‘%&g}&rm. 9 ng)
was di ssokved iwillGreferably bé Abmmbpai 100: har dbonnE0@0.060 hpaceirefBiably. 6 ng
(all'yl)Pd(03SCF3).PCy3 di ssol ved i 7 hexy| norbonepe containi ng 4. 0%
Krat on 1657 andl%:@‘/’gmgg%pgltﬁé@mr%%&i%?léﬁgm mLPP ‘ﬁ’%‘ggﬁgﬂ%ﬁts were m xed
at 50C and the and-mdstBreferably-hbbhitt 50020Q3bbeH 250G reaction paranmeters
describe the reaction: tg~ = 44 s, t ~00~c = 1:23 min., tTm = 2:30, t~~i
= 60C, tTma,, = 191C. A solid object was obtained. Yield by TGA = 89.3% s
Exanpl e 30. A two-conpone 0, rizatiqn stem . prepared giving a
reactant ratio of rmnpmer%F%cg%/lg?‘i/tf".cgt@?’i’%ﬁfm—"%?‘600: 1: 2. Conponent A:
Li FABA (429 ng) was Thémeldigtof dddRionlpolyrhériZableexordmerd iy thor nene.  Conponent

B: 1.6 ng (allyl)Pd(03SCF3)PCy3 was di ssolved in 8.5dg
achieved using a"WCA salt activator to procatalyst (based on Ni or Pd)

molar ratio preferably from about 100:1 to 0.5:1 on a molar basis, more

preferably about 5:1 to 1:1, and most preferably about 2:1 to 1:1.



1o hexyl norbornene and 1.2 g 5,5 -( 1.2-ethanediyl)bisbicyclo[2.2.1
] hept - 2ene. A and B, conponents were m xed at 60C and the follow ng reaction

paraneters describe the reaction: tg~~ =20s, t i oo~c = 40 s, t Zoo~C =
43 s, tTm- = 75 s, tg~, = 64C, tTm; =7gogc. A solid object RasJboRtagigned.
Yield by TGA = 92. 5% 15 Exanple 31. A'Two-conponent polynerization system

was prepared giving a reactant rati o of nononer: procatal yst:activator =

20, 000: 1: 2. Conponent A: LiWCA-H (5.7 ng) was dissolved in 1.0 g

hexyl nor bornene. 20 Connpgifmhert enipératiire( Mold Trhpeatbrd;3) PCy3 was di ssol ved
in 85 g hexyl norbornene and 0. 60 S,5' -(_1, 2-ethanedi yl ) bi shicyclo[2.2.1
] hept - 2ene. A and B conponéhd Other Erogessing Tempexature§ t he fol | owi ng reaction

par anmet ers descri be O =S ~Cou/F tTm- = 42
s, tg~, = 55C, tTm- @E‘f@%@f&%@&ol} Pé]yrgﬁ?zeaé‘tjc’“\?%@yé formafoiwl cg‘ﬁbéiﬁdt)y TGA = 25
93.3% Swel | i antie mRiadon veiperaghie, thélXorelgehanl cir8@medcdnvise- conponent

pol yneri zati on system was. prepared, gi vi a reactant ratio of

mononer : priocat &P§tEdlied byiadiistipg Ehem}m.lzgtc{% teomprwEnin geperl aSithea- H (5. 2
di | i . : . : | ~ - 121
Component & 1 psrituct 4ol SRR ARG our & frepecd ety

hexyl nor bor nengatendll alsd ikréasd. Fér dvery 8tCengpaianiry biss teayadtioh2atg. 1

] kept - 2ene. A and B conponents were m xed at 45C and the foll ow ng reaction
par anet er s des&¥ill gpproxmately dopblg: Goasgquentlys takeep thefsaggion e 5t Tna~ = SO
s. 5tg~, =56 vt ' ' j ¥igl d by TGA =
90. 8% Swel | i§°¥‘%?T‘%ﬁéﬁt%i}gfﬁﬁ‘aﬁnﬁg’??%&@ii@%f%*@%%?“’k‘”t“%@%&%*?nem

pol yneri zat i 0{1 aﬁ&iﬁ?am?@&ri{zampmaggy%igzétitg ;aaayrheaxsechnAf ﬂitté{npgigl;\e (4.9 my)
nononer : procat a ; i vator, = 20, ;1.2 onen - Li .9 ngy
s 551 ved. EUBIhIRCTAFIh inC3 el g1 RARBERRETR: EOOMBGHEMTE. 1 6 g

(al l'yl) Pd( 03SCRA)Revreasas di ssolved in 8.0 g hexyl norbornene and 1.2 g
5,5'-(1, 2-ethanedi yl ) bi shicycl o[ 2. 2. 1] kept-2 ene. A and B conponents were
m xed at 45C and t hdheohdnomiengaydwat a tempddatprerin it range fremcghilled tohe
reaction: tg~~ 7 1: mn,. t ~ 00y~ =,3:20 mRp. ;. t S~0.=.3:30 mn., tTm =
400, tgei 2 saLvat Fmbttyyps whehdBaregd By R Ol S5ERNEE. Vil d by ToA -
92. 4% Ex@4pl e adficipaied fhat YHR-coRiHeaaRs vilp abtyetHehia be pohdsit iaznas prepar ed
giving a reactant ratio of nononer:procatalyst:activator = 20,000: 1: 2.
Conponent A: LipoABAPTier.tg epgyingdhe mpkls diewmpgratyrenirgm hglow 0°C up to the

tri et hoxysilyl not.bor nene....Conponent B:. .1.6 allyl)Pd(03SCF3) PCy3 was

i ssol ved i n’ 6 IFE A SEBPRERT: aify bF Sfohebg eferali prefersed re

1, 2- et hanedi yl )fbiRinpyfat@bLindhd ranB€ Bon?1 BT 8R60°A pré¥eraBlyCREMANeOt s wer e

m xed at 45C and the follow ng reaction paraneters describe the reaction:
tgi = 55 s, t ,108007°G apdO0ostipreferablrfeom 20°Q® HOAC, tgei = 54C, tTm- = 192C.

. . ) : c o
A solid O% ect was Oé)l}u?el the gb]y;{ﬂeﬁlzgtiOWre;rc%n is gxzdtl?e{(r)nic, the temperature

in the mold during the course of the polymerization is usually higher than
the temperature of the feed, unless a chilled mold is employed. The initial
mold temperature will generally be within the range -20°C to about
300°C, preferably about 0°C to about 200°C, and most preferably from

25 20°C and 100°C. Temperature distribution in the mold is affected by
such factors as mold geometry, characteristics of the mold as a heat sink
or heat supplying means, reactivity of catalyst and monomer, and the like.
To some extent, the selection of suitable temperatures and heat exchange
conditions will have to be based on experience with a given system of

30 mold, feed and catalyst.



2 ~J UN 2003 - 122 Exanple 35. A two-conponent polynerization system was
prepared giving a reactant ratio of nonomer: procatal yst:activator: noderat or
= 20, 000: 1: 2: 1. Conponent A: LiFABA (4.9 ng) was dissolved in 0.71 g 5
triethoxysilyl norbornene. Conponent B:_1.6 ng (allyl)Pd(03ZFI)UNCZB3and 0.8
ng tricycl ohexyl phosphi ne were di ssol véd-in 9.5 g hexyl norbornene. A and B
conponents were m xed at 45C and the foll ow ng reaction paraneters describe
the reaction: t8~, = 1:45 mn., t gooc = 2:25, tTm = 2:45 mn., tgi = 62C,
tTm-, = 197C. A sol izghepite@Rlyricization ffatwinie domyied, theliioldedPobje@7. 7% Exanpl e
36. A two-conponent polynerization systemwas prepared giving,a reactant
rati o of nononBayPesubicettd tr annadditionabpostewe tigpiFrentalzZgepperauroiy  ~ 5

Conmponent A: Li,FABA ( i % in:0.7

triethoxysilyl hﬁr’ﬁ%&ené’é?‘%%ﬁ%g@@?‘%ig%%SSPBP‘I%‘ﬁg‘)°F3c‘1‘(IEf§‘§CF3) PCy3 and 1.6
ng tricycl Ohex}ﬁfeﬁ’é}%]ghitBQ HeBFS ShhichSpose urk re@mfncdhnhhmer bor nene. A and B
conponents were m xed at 50C and the foll ow ng reaction paraneters descri be

the reactison: polymericprq@rtisincluding glaspiensitios: towperatp a0 nmin., tgi =

64C, tTm~ = 182C. A solid object oht ained.. Yi el = 97. 4%

Exanple 37. A a%qr@%'h%g%m?"’%bﬁ@%ﬁﬁ%’ﬁ Poﬁurg%'tsékﬁ?{ﬁlglsebap{frtgggr ed giving a 25
reactant rati oeszsfenﬂimn@rmim'r;mw@mpaésmstth@pﬁﬁalatabre dimefkiéHd0sthted, toConponent A
Li FABA (4.9 ng) was dissolved in 0.71 g triethoxysilylnorbornene. Conponent

B: 1.6 ny (al | Winimigoresidpaqdoyss angte impsevs fnad physiqel progeniesy Th®r bor nene and

1.2 g 5,5 -( 1;2-¢et i i SAl : - B conponents
were m xed at 2@/@&%?5@%%&%% é@?&ﬁéﬂ%aéﬁbﬁggkyp@ﬁgﬁgm@ﬁq = 92. 7%
-123 2 ~ri0J U No@opdlymenomptopoBaner Ar ttliermosgited @ntbopmnyg tygsel zat i on syst em was
prepared givi n% a reactant ra}i o of nonomer: procatal yst: activator:activator
= 20.000: 1: 1: 1 HoBopAlyRSHENGOPRIYMEIEABA (2.4 ng) and Li WCA-H (2.9 ng) were
dissolved in 0.71 g of triethoxysilylnorbornene. Conponent B: 1.6 ng
(allyl)Pd(03SCF3) PCy3 was dissolved in 9.5 g hexyl norbornene. A and B
conponents were m xed at 45CMeld anddDayThokPressureact i on par aneters descri be
the reaction: tg~i =.1:10 mn ~ C,=.1:40 mn.. Tm=,,. 10 1: 55 mn.,
t~~, = 68C, tTm :.If_é‘gé.’esﬁmgcﬂ’?‘ﬁé BB%“‘%&&" B’BP%E?‘FFe‘B.“t’WQFda‘Sby TGA = 97. 2%
Exanpl e 3% A hydintaine® ankdqiid pRAsE o in ﬁﬁfef&iﬁcﬁlﬂxﬁ&m%@ﬁblﬁgﬁ&@ﬁﬁﬁlirﬁi ving a 15
reactant ratio of npnoner:procatal yst:activator = 20,000: 1:5. Conponent A:
Li FABA ( 12.2 itpmakdsarelinstherangg fiom 6 tor2.580 psii gangrs dgpanding-sy ther nene.

nexy! nor bor nen@ et SN bCtT et ftel 'O MUBTRSTE B eth0) | owi ng

reaction paranmgh éfevanigssfrabbet dimoesphefic to D00 psireferablyXdoriiono, 1080 t ~oo~c =
1:50 mn., tTm-, = 2:15 mét%' tlgr~i = 64C, ., Tm-, = 193C. A solid object was
obt ai ned. Yi el ®Shgnsraastoreisrably frem g o BsH. At wo- conponent pol yneri zat i on
system wag, prepared giving a 25 reactant ratio of

nononer : procat al yst: activator = 20,000: 1: 2. Conponent A: Li FABA (4.9 np)
was dissolved in 0:71 g triethoxysil ¥ilh®imer nene. Conponent B: 1.6 ny

bat ol nor bormena, A A TReRihS e ro-Ralvs yd Ao Bk eami T8 T ol | owi ng
reacti on par anehemsld]geed isla ihldaBerf tiracdalledihe"ductionltime” Béfre t , 00~C =

2:05 mn., t zooc = 2:20 mn., tTm _ 24 J UN2003 - |24
the onset of a rapid exotherm from the exothermic polymerization

25 reaction. In a commercial RIM process, this induction time should be
sufficiently long to permit filling the mold, typically about two minutes,
preferable less than thirty seconds. Once the polymerization is initiated,
polymerization should occur quite rapidly, usually within one minute and
preferable within 10 seconds, and is accompanied by a rapid rise in

30 temperature. The time required to complete polymerization, however, is a



2:22 min., tg, = d2C, tTm = 201C. A solid object was obtained. Yield by

TGA = 96. 9% Exanple 41. 5 A two-conponent polynerization system was

prepared giving a reactant ratio of nononer:procatal yst: acti v§t4 DUR 2003

20,000: 1: 2. Component A: Li FABA (4.9 was dissolved in 1.2

tri et hoxysilyl norbornene. Component B:" 2.0 ng (allyl) Pd( 03SCF3) PQ/S was

di ssolved in 10.3 g nethyl norbornene. A and B conponents were injected into

a high 10 pressure reactor at 50C and the pressure raised to 900 psi. The

foI | owi ng reactﬁuﬁmcpmfaheteactiwityaﬁahé menomer arethe¢ i:anaiysttandabec 40 s, t Zooc
42 s ,tTm~ = 1:40 mn.,  tTm- 50C I|d ect was abtai ned. Yield

by TGA = 84. 8%“5&‘9@%?@}3@“@!23‘1 O&%ﬁ%‘gﬁ WF‘H%‘ICF’BH M4Yst em was

prepared givi Ng,FoHifacd ﬁ‘x"ﬁs lftf'l’é étol &on’i@&%h%x@&ﬂéﬁbﬂéﬁs @%aavat or =
30, 000: 1: 2. Component A: Li WCA ng) was dissolved in 1

hexyl nor bor nenehouts nponadvan@ge Qfaddmgor(mlmbt)lm(oomm@mqﬁésthdt ssolved in
9.0 g 20 hexyln rbrne A and re mxed at 45C and the

fol | owi ng react} 8¥| 83?&%1‘@??@5&??@%3@%&@ ¥n: tg~i = 10 s, t ~ oo~cC
= 22 s, t Zooc = 39 FhesEI&hpone'ﬁﬁreahﬁeﬂre wrﬁ?l@telﬁ&ﬁipatlﬁlem A sol i d obj ect
was obt ai ned. Y| eld by TGA = 95.8 5 Exanpl e A two- conponent

pol ymeri zati on @;M:@tmthIMreqp@mt gfqnth@pe@ddrélampamnqn@m@ of

nonomner : procat al yst : act ivator t (5.7 ng)
was di ssol ved i pQpe tsﬁ}é‘ﬁlﬂ{ m%tﬂg)%émé%@p%%egﬂ nléb}be %e\/\géag

(all yl)F’d(OBSCF@)sRQy&mp&nsa@hﬁ@aahﬁn&tgasgm&%uiwswgmmb@mene and 0.18 g
tetracycl odocecadi ene. A and nponent ~J UN 2003 - 125 were

m xed at 490 an@%ﬁéﬂf@lhl@#h@ef%&‘éﬂl@rﬁnﬂa@&&ﬁ drhg seams A8e t he reaction:
tg~, = 9 s, 60C, tTm- =
201 C. A sol | d %ﬁﬁlseig%d I}v\}atgeolxﬁ] feao agﬁ\g % ngg “gé?‘*‘%%eh in toluene
over ni ght: 157%as§tﬂdﬁﬂedaedﬂxseﬁxdpmeessnpmhesﬂommoyamrarmiglmn syst em was
prepared giving a,jeactant ratio of r gcat act i ator =

20, 000: 1: 2. Con{?BH{%a‘f ISING; CAEROPETS; JgD YV\SQE “H?‘@EgF@é‘af’?nO’i

hexyl nor bor neneatclpo@IRRREH idherck @gmw{gg??qsaﬁg%@as%mws di ssol ved

in 8.5 g hexyl norbornene an tetracycl bdocecadi ene. A and

conponent siswer ebging eembined 8€ mixthre iﬂenjeoteldomoragnoldaa:tapufﬁmmm ers describe
t he reactlon =43 s, t~ =
50, L1 = oReetor s s b Ry rEEmEhs bR sl i s hieeabdy 5o s
Swel | in toI uenepenéa imagidle ad 96 9% 30-xe26RdLaftd theomBinedifR NS Rive

pol ymeri zation system was_prepared giving a reactant ratio of

monomer : pr ocat aP§estinigetedy i this shoptgimypheat r@nm@brﬁmﬁé@mplz@ and the WCA-H (5. 7

ng) was dissolv 0

(aI I yI)Pd(O3SCF§§H¥g}§iIS}%t gé%i 2 g%ﬁggnﬁercgﬁexy nor (?rrr]%r?g rﬁiﬂg 0.24 ¢
-(1, 2-2mt han&ﬂmydihtﬂﬁ@hﬂg’hét(draft& ddotiept Afeenthe polynnd hds costpdhient s were

mxed at 450 and Ee foll Qwi ,ng. .reaction paraneters describe the reactl on:

t~ei = Wl geome prigid d ligo b total eycle timegmpyrheaslowsss, tgi = 60C,

tTm- = 206C A 86l hhueb) ect was obtained. Yield by TGA = 95.5% vaeII in

t ol uene overni ght: 108% 2 ~J U~ 2003 - 126

Modifying Rate of Catalyst Generation, Controlling Catalyst
25 Reactivity, and Polymerization Activity
The present invention may be practiced under a relatively wide
variety of conditions of reaction time, temperature, pressure, reactant
phase, and mixing. Selection of conditions is a function of the reactivity
of the feed monomer(s), the activity and selectivity of the catalyst, and the

30 type of polymer desired.



Exanpl e 46. A two-conponent polymnerization systemwas prepared giving a
reactant ratio of npnoner:procatal yst:activator = 60, 000: 1: 2. Conponent A:
LiWCA-H (1.9 ng) was disSolved in 1.0 g hexyl norbornene. 5 %ﬂp%ne B: 0.6
ng (allyl)Pd(03SCF3) PCy3 was di ssol ved-,n 9.0 g hexyl norbor ¢ NAﬂmw
conponents were m xed at 45C and the f'(j7l oW ng reaction paraneters descrl be
the reaction: tg<< =30 s, t ~oo~c =55 s, tTm- =1:30 mn., tgi = 60C
trm- = 199C. A solid object was obtained. Yield by TGA = 95.6% io0 Exanple
47. A two-conponent qumhwdrgeldrﬂmuwmhemmﬁcmmmmminithﬂg a reactant
rati o of nonomer: procatal yst: actlvatfr = 20, 000: } n}ﬁ)qi)nent A: Li WCA-H
(2.8 ng) was mps%we&re@ﬁwf ijegtiopssuplding and otbsrbulk BolyRsnetont B: 1.6 ny

(ally}) PA(035Chs d?%égb M2 o6l Brgagpu@ £ ifl s IR Pl ResivenGoad 0. 24 g

(1, 2-etha Icyclo ept A and B conponents were
m xed at 45C ammntbheofsﬂurawi Hgdigenauts' (meqmmam;tvelos estelsltshcd)by thee reaction:
tg~1 = 14 s, tg|:60CtTm~

L9 02e. A Soi | EOBBPRE xR fmeasie el Adoi RS §5eh T, snell

t ol uene over ni gdctivdOB%e caPtRHERHA] td3he §ystef: conponent pol yneri zation system
was prepared giving a reactant ratio of nononer: Er ocat al yst:activator =

50, 000: 1: 1. ConponerBy £25 the simplegtanethed oficongpllingsheiresetinitveaf then 1.0 g

hexyl nor bor nene, onent .B: 0.6 was dissolved in

8.8 g hexyl nor 6:8“3% Sé%lsobyfﬁgléla%nr%mgfkf\é?% é‘gﬁg&%’?‘?‘%i‘ﬁ?‘&%m 0[2.2.1

] hept - 2ene. A &mclﬁdqemfmwaﬂawﬁﬁdemvxms@&elaéﬁoan@lmbmeng ol I owi ng reaction

paraneters describe the reaction: t~~i = X mn., t ~SO-c

= 2 4 JIU N Zndjgenousgeactivity gentrpl agents. ﬁﬁle*a@PléFB(ﬂnql}Yl)Paltladé‘ilm 55C, tTm-, =

187C. A solid pple 49. 5 A

t wo- conponent ggf]%g?% %ﬁh&?glenr%\ﬂ\ggéa?alféfr%?é ﬁ%\%}oﬁgyé@leact ant ratio of

mononer : procat a:loyxfesp(mding\,(atadiyl)pailidnm trrﬂate ﬁ‘ﬁsdb%bylphbsﬁhmé:pmpalabrmt A

Li WCA-H (2.8 was di sso . in 1.0 nene onent B: 1.6
(a||y|)Pd(03éé?i=BfPE€§18¢aM tﬁgﬂ@t}(ﬁw?r%weﬁ gwfeew)ﬂé -di ssol ved in

8.8 g hexy ”Orbﬂferh?lg?s@d}.ﬁt&m%‘in# Aaobe drated §'RaRAURY ka0l 2. 2. 1

] hept - 2-ene. A and onents “'were m xed at 45C and"the 'foll ow ng

reaction par anﬂtmseofdh@;ofﬁhbgemdmed efaaltysmstelmlBy:WZy oDillwstrationtthe-oo~c = 7: 30

mn., t i5000 =_8: m- _=10: 00 = 166C. A

solid object wa§°té’gP%{Hqgﬁm falg HiigRpr %S%“%g/""%‘a@wemm%o ~s

Exanpl e 50. A twmwmf&bngﬁoﬁdﬁﬁu%ﬂﬂ%llﬁ&@hﬁm% prepared gi vi ng a

reactant ratio of nononer:procatal yst:activator = 20,000:1:1. Conponent A:
Li WCA- H (2. 8 ngiisparonyirhosphieaiproeatalyst in thesrgsenee pbliffiwa. 20 Conponent B:

0. 619 ot hyl noy Ban Reerugloph SR AP pSE ARG Pl REERAERPEAENY O

f ol | owl ng 20 eacttheteapapsgrene(As) ofthe prdeatatysecandafltieren the igte ofthd5 s, t, 00~0 =
18 s, t200~Cc = m-,.= 210 ASO|Id object

was obt ai ned. \ﬁeé‘?thmbi;l:{‘fé&m‘aw (Oﬁfjlgwuﬁ‘ﬂhﬁiﬂ@ tiisopeopyIphosphine 51. A
t wo- conponent ol Yl BPLICHBCIRhEIPrAS: RERRA GibrE LG WANIRRGRAN Tati o of

mononer : procat al'y 'l vator
tetrakis(hexaﬂuorophenylpropoxy)alummate than the corresponding

(n-allyl)palladium triflimide triisopropylphosphine procatalyst, i.e.,
25 (r-ally)PA(N(TE)2)(P(i-Pr)3).
Likewise, the desired gel and cure of the system can be achieved
by proper selection of the weakly coordinating activator salt or mixture of
activators (exogenous reactivity control). Further, the gel and cure

control can be moderated by changing the number of atoms within the



2 ~J a~l 2003 -12s 20,000:1:1:0.1. Conponent A: LiWCA-H (2.8 ng) was

di ssolved in 1.0 g hexyl norbornene. Conponent B: 1.6 ny

(allyl)Pd(03SCF3) PCy3 and 0.08 mg of tricyclohexyl phosphine were dissol ved
in 9.0 g hexyl norbornene. A and B conpogents were nixed at 43¢ JuM 2pi3e 5
foll owi ng reaction parameters describe the reaction: tg~, = 16 s, t,o00~c =
25 s, t zoo~c =40 s, tg~, = 60C, tT",~ = 200C. A solid object was

obt ai ned. Yield by TGA = 95. 7% Exanpl e 52. t 0 A two-conponent

pol ynmer i zat i on veaklyemwordisatingeaniome thug iexpanding thesie¢ afithe aptonandfits
nmononer : procat al yst: activator: noderator = 20,000:1:1:0.2. Conponent A

Li WCA-H (2.8 argg AiHiOOyed in 1.0 g hexyl nor bonene. Corrponent B: 1.6 ny

(allyl)Pd(03SCF3) P%eadaéo@Lé@mrms@xfatetﬁxb@efstb&hsxmkBy@éﬁm iongrr e di ssol ved
in 9.0 g ~5 hexyl norbornene. A and B conponents were mi xed at 45C and the

fol | owi ng r eactiieqrexianahoelexogenbas tmogidicatien, resuliingon furthgegel-and4 s, t | oo~~
=24 s, t 200~C = S~ bj ect was

obt ai ned. i el &uﬁyt"?&ﬁbmr%s%ﬁ?bp%o%%raée gf?(aer,&mfrwcltugﬁp@ﬁent

pol ymeri zati on exi PEWWA@ t@&ﬁ@@f&ﬂraﬁ 6YHF§1 22me@Rétadhy dfofiraf Of
nmonomer : procatal yst: activator "= 20,0 Conponent A: Li WCA-H (3.4 ny)

was di ssol ved i(A-Me-THF)ndiggyhestherdf GabtseeO) vt heent-butyl ethe ny

(allyl)Pd(03S n ene. A and B
conponent s vverééﬁ%gcggﬁhgﬁéﬁé’yﬁﬁmh?S&é@\néHééﬁggﬁ?)og{g%é;mt ers descri be
the reaction: t(@ehOE“}Bz@CSHzOCHg)qamt}ﬁlﬁ%sphmé (Ao ctristh§phesphiden- = 50 s,
t~e~ = 70C, tTm-_= A sqlid _obje was obtained. Yield b TGA—888%

~ JUN 20030 - 1z(BEt3£>éahw@hawhm$ @%ubsﬁsah@mlyMgsa@pf Breitellidy st em was
prepared givin ). acti vat or: noder at or
= 20, 000: 1: 1: 0%%&%@%&@%@%&{%%@“@?@ ﬁgr?ﬁg/a@slpﬁlﬁ%sol ved in 5 1.0 g
hexyl nor bor nengPCgolopentgh), thbycIIo}ﬁxytghc(sphinyI(B@ylj)ﬂ&%ﬁﬂnpﬁ’mbﬁs;ﬂmmb 0.40 ng of
Conponent s ver dPH B oo (35t PSRRI Bk anet er's- desor | be
the reaction: t t m- = 52 s,

t~i = 63C, tTmfﬁ@entaf%mZ\’hCﬁylfpéﬁ gpgﬁ% ﬁém%@%b?%?ﬂgg’hmvﬂ h &p}tl)lszGA = 95. 4%

Exanpl e 535 A t(WQP@nbdmﬁhylpmvﬂﬁloﬁlz}am dMexph), énmmylpbpmimed giving a

= 00:1:1. Co i
n i wea 1 (4 dPHQV R BB RSE R AS) R RaeX P B e, “Component B:
2.3 ng (allyl) R@(@i’n%ﬁ%)dﬂ@lthfbaﬁylghcs@ﬁin\nefdeEtjﬂth tgblgdpsibsphitbor nene. A and

B conponents were ms}ecte into a ressure reactor at 45C, t he

pressure rai sedP(@Bapd tﬁB‘i'enéHfR!lO’émtef(g‘IQ sféethdphanyinhoprhoaitet er s descri be
th ti 218C. A
Soti d-obj et el COEPsEI bt RREs g RO AD. ZeiOonétahdd Fod

t wo- conponent pulpyﬂqﬂplmphma ostﬁsi é‘m: pﬁe@dmxagad)ugrate npderat@sateant rati o of

nmonomner : procat al tivator: rator 20,000:1:1:1. 25 Conponent A:
Li WCA-H (2.8 noff %ﬁ? B‘ST?'H’ i“ﬁpﬁosﬁgwﬁloﬁ@rebor nene. Conponent B: 1.6

ng (allyl)Pd(03SCF3) Px@!e?alﬂ?dthﬁ’ rdtioot rm‘i’édeﬁtb%(ﬂré&%ﬂt eheSRRGRE aer e

d| ssolved in 9.0 grhexyl notr bonene. onponents were m xed at 45C and
t he foI | owi ng rwalar bagis parmﬁmamwﬂob@oi% magaptaferablyt fjein = 15 nin.

tg-i = 30 55C. ﬁ)ou?{)tOI % Iabc\)Nq 3 OObtdaﬁgs? preferably, f?fom a%)éuw Il %o 5 Z)

25 Further, the exogenous control over reactivity can be achieved by
attaching the Lewis base species to a polymerizable monomer. In this
way, the moderator can be polymerized into the polymeric structure
giving the system important functionality. Examples of suitable

functional groups are ethers, trialkoxysilanes, esters, carboxylic acids, and



~ 4 J UN 2003 A two-conponent pol ynerization systemwas prepared giving a
reactant ratio of nononer: procatal yst: activator = 20,000: 1:1. Conponent s
A: LiWCA-H (2.8 ng) was dissolved in 1.0 g hexyl norbornene. Conponent B:
1.6 ng (allyl)Pd(03SCF3) PCy3 was di ssobé:d in 7.0 g hexyl nor @anguR ;pmd 1. 22
g net hyl nor bornene. A and B conponents$§ re mxed at 45C and the foll ow ng
reacti on paraneters describe the reaction: tg~ =40 s, t i~~e =58 s, tTm
=63 s, tgi =42C, tTm = 181 C. 1o A solid object was obtained. Yield by
TGA = 96. 6% Tﬂlcbuolpl\fgpeclﬁ&&@nﬁe@%@tr&tﬁ&ysi&lﬁdmmemmammtmq@eI yneri zation
system was prepared gl Vi ng reactant ratio of

oNoNer : procat lejano etldba&oasymfb@@emo | :1. Component A: LiWCA-H (2.8 ng)
was dissolved in 1.0 g hexyl norbornene containing 2. 0% Kraton~ 1726.
Component B: 1.6 ng (allyl)Pd(03SCF3) PCy3 was dissolved in 9.0 g

hexyl nor bor nene cont ai ni ng 2. 099tkernFeeatbCamponemtd 0. 24 g 20 5,5 - (

1, 2-ethanedi yl ) bisbicyclo[2.2.1 ]hept-2-ene. A.and B conponents were m xed
at 25C and the foll é/% %‘ BYSS & EEP%@FEF%H‘BQ&C{T%OP%B%@QCH on: t$~, =
36 s, t,~~cC ; v/ lid object

was obt ai ned. é gﬁ 8rbtl§%e'r|!&gmy%%§§g h;e %é arau%lﬁgft oiiggnaé‘l%%e}ﬁﬁ?gﬁlego 100% Tg by

DVA = 292C. 25tcEttmrm¢ssnt519vermm\mnbgnmnénut 1pahq/pmsenzanf DoN-syst em was

RSN v e e R T
hexyl nor bor nen?ille?soﬁgﬁﬁgﬂgﬁ%ts Riyed.. 1ﬁbﬁmn{saﬁth}d3ﬁ{s0m&ﬁ%4@wvas di ssol ved

in 6.5¢g 2 4] hexylnor ornene and 1. g
met hyl nor Bor neabsoriing agers,coosshnking sgents; edoriabserbing OZM?S&M agpt, f ol | owi ng

s T = odegte pRBats, B UpiARR” blaReds, Toasping 3gfee YHEE ot ai mea.
Yield by TGA =f@tsubfiee Sifjodtlting, iam@hene%ﬁ&foﬁmgweﬁtsﬁﬁnpa&m conponent

pol ymeri zati on system vvac}s/l prepared glving a react ant rat| o of
monomer : pr ocat KePErerigdnpqifiersand visgogfiers. Because ply @ﬁéﬁt‘ to A Li WCA-H (2 8

e 5 A R IBLE, SOl 151 175

hexyl nor bot nengobyemtlid aﬂeﬁg cRarfé&sdts ap mrthe inbddh Tajesh doni?;ibngnusmdmbstor bot nene
and 0.24 g 5,5 2-eth iyl)bishicyclo[2.2.1 ene.. A and B
conponent's wer &° éﬁ(ei‘éfﬁ‘ tlya %ggcg“’alhéretaﬁ%o‘? qOB%&tHﬁlt?ég‘é‘{)q%ﬁ“‘ﬁfﬁroéﬁ@t ers describe

the reactant streams, as liquids or as solutions in the monomer before being

injected into the mold. Fillers can also be charged to the mold cavity,
prior to charging the reaction streams, if the fillers are such that the

20 reaction stream can readily flow around them to fill and the remaining
void space in the mold. It is essential that the additives not affect catalytic
activity.

Antioxidants and antiozonants include any antioxidant or

antiozonant used in the rubber or plastics industry. An “Index of

25 Commercial Antioxidants and Antiozonants, Fourth Edition” is available
from Goodyear Chemicals, The Goodyear Tire and Rubber Company,
Akron, OH 44316. The antioxidants can be phenol, phosphorus, sulfur, or
amine based compounds. The antioxidants can be used singly, or
preferably, in combination. The formulation ratio is more than 0.05 part

30 preferably 0.5 to 100 parts by weight of norbornene polymer. The



reaction: tgi =31 s, t ioo~0 =41 s, tTm =63 s, tg~ = 44C tTm-, =
182C. A solid object was obtained. Yield by TGA = 96.8% Swell in toluene
overnight: 95% Tg by DMA = 277C. 20 Exanple 61. A tvvo-conponflthUN

pol yneri zati on system was prepared giving a reactant ratio of 20
nmonomner : procat al yst: acti vator = 20, 000:80:71. Conponent A: Li WCA-H (36.2 np)
was dissolved in 10 g hexyl norbot nene. Conponent B: 20.7 ny
(allyl)Pd(O3SCF3) PCy3 was dissolved in 116 g 25 hexyl norbornene and 3.1 g

5,5 - ( 1, 2- et hangekidhdtthSohCodpoBimerized with@hd mdnéiier suéh and B conponents were
m xed at 23C and the foll'owi ng reaction Eararret ers describe the reaction:

tgei = 2:00 ni rb~(3,3-di-tegicbutyl=4-Bydrogyb nerbgrngpe. whieh is2 40C, t Tm~ = 176C.

A'sol i d obj btained . Yield b = 9 bl o
overni ght " 1sasAooorsyTHNGPRpastbeSimihad (e Taiede KoRURY. Spteaspb nEn,

pol yneri zati on syst apaniefitictaBlp piedhiced viefif palyhfeactypithlly dérit@inof
nmononer : procat al yst: activator, = 20,000: 1: 1. Conponent 5 A: Li WCA-H (36.2
my) was di 5sol \iabilizersiagagnshexidatinsrdsaradatien which ayonidhecesr s Kr at on~ 1657.

Conmponent B: 2 : : i g 118 g

hexyl nor bor nencelmcgztg%lazlé%%\%’%?g&géﬁgtg g%@%g?@}rslgﬁ ?%%ﬁ%,r’g&- (

1, 2- et hanedi yl )formingdy teah@lt.2Sihcé thepnetRedofcthisAnvendoBresoltporetitles t o wer e

m xed at 25C and it he.follaow ng reaction paraneters describe the reaction:
Ll = 45 .t 1i0dual formwichfihor miied PHobid pp dpging use, Gioh At S Ty = 186C.
A sol i d object yape 8fabflzB@th thdsshée¥nt Cabtomall/ intéhvntRio ofedins~ 5 A

t wo- conponent pol yneri zation systemwas prepdred giving areactant ratio of
mononer : priocat aCempownds seledted for tii6 pOPose shbuldGonperfere to\a signifiCantH (2. 8 ng)

was dissolved in 1.0. exyl nor.bor nene.. Coy nt B.. 1.3
(al 1yl) Pd( 03SCF3¥! ﬂ‘%rt?%péﬁ?eﬂ?@éoé’l EHMn ggg%?ﬁsﬁgyﬁ?rﬁ&%nene. A and B
conponents wer esefdcteddroth theollaWihg! gt6up Q,6-8i-leAVihitdl-4-pRtHylgHenpar amet er s

describe the reaction: t n., tTm = 1:50, tge~ =

ge, =52 s, t iogoc = 1:20 mn.
45C, tTm- = 1828HTA; syrengted phenal, sugh as MingsiauS (Gpedygan2-rod = 98. 6%

Exampl e 64. 25 A, Lwp-co i i pared giving a
reactant ratio %fé’%%@ﬁe@’?%ﬁ%@gp gllr&fyg%ﬁ()gét??\'})g{agx})ﬂiﬁm%g&lg’%gc@5§ Conponent A:
Li FABA (9.18 nD) Wisgstayi G $§6bod3dar)d-Aydioxgméthy k2, 6aiyat-butyishehol: nene. Conponent

B: 4.1 ng (PCy3)zPd(H NO3 was dissalved in 9.5 g hexylnorbornene. A and B
conponents wer eiﬁidkéraf-atﬂylréeeaﬁaty phenaly ol | owi ng reaction paraneters

gestribe (he egslydtinpeiemayfe by ) U, 2009 0139 gooe -
obt ai ned. Yi el d2,ymditplenetdif(46hy]Hearpbayipbenol);
4,4'-methylenebis(2,6-di-rert-butylphenol); miscellaneous bisphenols,

20 such as Cyanox 53 and Permanax WSQO; 2,2"-ethylidenebis(4,6-di-tert-
butylphenol); 2,2'-methylenebis(4-methyl-6-(1-
methylcyclohexyl)phenol); 4,4'-butylidenebis(6-tert-butyl-3-
methylphenol); polybutylated Bisphenol A; 4,4'-thiobis(6-tert-butyl-3-
methylphenol); 4,4'-methylenebis(2,6-dimethylphenol); 1,1'-thiobis(2-

25 naphthol); methylene bridged polyaklylphenol, such as Ethyl antioxidant
738; 2,2'-thiobis(4-methyl-6-tert-butylphenol);
2,2'-isobutylidenebis(4,6-dimethylphenol);
2,2"-methylenebis(4-methyl-6-cyclohexylphenol); butylated reaction
product of p-cresol and dicyclopentadiene, such as Wingstay L;

30 tetrakis(methylene-3,5-di-tert-butyl-4-hydroxyhydrocinnamate)methane,



5 A two-conponent polynerization systemwas prepared giving a reactant
rati.o of nmonomer:procatal yst:activator = 20,000:1:1. Conponent A LiWCA-H
(4. 0 ng) was dissolved in 1.0 g but yl nor bor nene. Conponenteﬁ Mé’ﬁ

‘(al 'yl ) Pd(03SCF3) PCy3 was di ssolved in_11.0 g butyl norborn é B
conponents were m xed at 25C and the &8 ol I owi ng reaction paraneters
describe the reaction: tg~, = 1:40 mn., t iooc = 2:02 mn., t Zooc = 2:08
mn., tTm- = 2:30 mn., tg~i = 46C, tT", 212C. A solid object was

obt ai ned. Yi el d, ebYrgIﬁi‘k m1@41;3%trﬁmmmza4 6&ns(13 Sedifetrsbmtydalrponent

pol ymeri zati on system was prepared gjvin a r eact ant rat| qQ of
nononer : procat MQ&XYB@WDBQ@FHG-C& 10X: HrpHsEm: W'ertLtPW H (8.0 nm)

(211 1) Pa 03scEafEeg skt aahies @“%EWW%“? SRS or nene. A and B

conmponent s wer amylhg&iﬂo@.hncﬁﬁﬁe&nbhtylhgdmmwhé m(mglyﬂ;ﬁ&nyllpbosnhae)arret er s
descrlbe the reaction ~ej Tm- = 50

s, tgi = 55C bﬁ%“l?%@“ﬁ%@??@%ﬁ?‘é@?h%a@%H{Séqaﬁéd’e"‘?F'éfFlH“B&/ TGA =

96. 0% Exanpi e g, hyPnf B tanB BispHEIdIZ 34dHOR NaRhRG9NRS prepared
giving a reacta OS tldg\po(;‘MB nononmer : pragcat% st activator = 10, 000: 1: 1.

Conmponent A: Llnhﬁﬁphﬂe(pdicﬁolwgp)ltlmslamfdwsm aﬁlrgal@@'bldtyl norbornene

Co t B 3. Pd 03 | ved
buwﬁggp bor nené‘8 2ReF cﬁ)ilﬁgg'tdé q’é&}%’f%‘ EO Sﬁo%pg%&tell?ﬁgg onents 30
were mxed at 21%@:@ R40d31q 69&&@&%&&%{31@6 d?@érwmgxms describe the 2 4

.l ' UN 2003 - reaction: t~~i ‘= ~00~0 = s, t 200~e = 55 s,
tTm = 7018, twrwyslmylnrmpnaiemm asArg@oox aS%@pd:@@tadml 3ttdirned. Yield by

TGA = 91. 2% | toI 108%

t wo- conponent 8|‘>PHLY? %§§’s°t% a\%‘&t b?e 814 @@Q%ﬁ%&?eé tant ratio of
nmonomer : procat a‘bblﬁiutﬁﬁﬂdnybl ar-blpha@lﬂ@ﬁhdlphbspmwcmﬂmnykmmm H (6.7 ng)
was di ssol ved |n L. %ﬂéuty nor bor nene. nponent B:

(al |yl ) Pd( 03SCFB4 ydiphenylanyiae; $Whanete@alaeremﬁ%ﬁrng%w§%t and 0.24 g
5'-(1,2-et hagg{ﬂﬁbé%yoﬁfbﬁy%t8[53/<>8as£11%ﬁ%e30? %rl,ﬁ; SC%%@@&QENS wer e

m xed at 25C a OW nNg reaction para S reaction:
tg~i 5518, t Qb%iol%lias%omhupolyrﬁeto c = 1:09 mn. tTm~ = 1 20 mn.,

tg~i z 49C, tTm- = obj ect obt ai.n TGA = 92. 8%
S\g/]veil in tol uene ovgf Ffﬁogpt tej3d JeEﬂ%‘hﬁlaimé@“gﬁ ?‘W?’% 8P|8 t i

pol ymeri zati on Ry5628a ?@?mﬁfsﬁﬂﬂ.’is@%f%ﬂdeﬂﬁo&l gl infoddih
nononer : procat al yst: acti vat or 10, 000: 1: 1. Conponent 20 A L|V\CA H (6.9

nmg) was di ssol v@@hpqnetltsmgamyldhmreﬁdemymﬁmﬂommgxeshmgrmemof B: 4.0 ny
(allyl)Pd(03SCF3).P ed i,n 11. I nor bor nene. A and
B conponents vvetf%er%%%‘cfaﬁ{ @é)a\ﬁacatﬂgmf%’ ?‘Hﬁ?‘hé‘%? c% > par aneters

descri be tzbe r%lﬁﬂnidb@}hch@ssucﬁaiml& 3al6] dlays, Verimidulite anc?asﬁésté@ Bpd tTm~ = 4:15
mn., tie, 60C = 150C. ASO|Id 25 brittle object was obtalned

Yiel d by TGA = ‘9‘1‘“5’%5115%§ﬁ1ﬁuéh apwollagtomites Jhssseampopads whichiaerease syst em was
repared givin ator =
D0, b00: 1: 1 consEREfAEsE Textl hihaBlys SRRGSHRY o BBR SichAtEh Rt ™,
hexyl nor bor neneresis@nee. Jt kaszﬁ@xﬁig thathBEplteaﬁmheahlghlwgaoer%uh@ af drelr1657
Conponent B: 1.6 | | wasds dn9
he>r<r5I nor bor nené’ ‘Eggfsat?’lﬁsle#& xS é%a%afg) &9‘%8‘?@1’8‘??'8‘% e@ﬂhg the = °

- (1, 28t hanﬁagmbﬁﬁti%hlrw@@f&a@ LhbeRllers ni%e stirfadiiri &Pﬁﬁﬁ@ent S 5 were

m xed at 25C and the follow ng reaction paraneters descri be
silane coupling agent. From about 5% to 75% by weight may be

_K‘

incorporated. This and all subsequent percentages are based on the weight
of the final product. The addition of fillers which have modified surface
properties are particularly advantageous. The exact amount of a particular

30 filler to be used in a particular situation will be easily determinable and



reaction: tgi = 1:05 mn., t ~0o0~c = 2:10 mn., tTm = 2:50 mn., t~~i =

38C, tTm~ = 163C. A solid object was obtained. Yield by TGA = 97.2% Swel |l

i toluene overnight: 122% 10 Exanple 71. A two-conponent poéxr’fﬁji zation

'system was prepared giving a reactant ratio of N 2009

nononer : procat al yst: activator = 20, 000:32:2. Component A: Li FABA (4.9 ny)

was dissolved in 1.0 g hexyl norbornene. Conponent B: 1.6 ny

(aI I yl ) Pd(03SCF3) PCy3 was dissolved in 9.2 g ~ 5 hexyl norbornene and 0.24 g
-(1,2-et h%ﬁ@'eiz(éﬂdmn&hé gbé‘fér@m{eg ofthk ﬂrmm&maeme aduitiéh dSfilgers

2 (3 butenyl) 1,2,3,4,44a,5 8a- oct ahydro-1, 8di net hanonapt hal ene. A and

B conponent's wealse seiveeth decreasethamapld § lﬂl@gﬂcﬁ\ﬁhn@rqdélﬁbﬁf@ﬁaﬁml&neters

descri be the reaction = 2:05

mn., t- = 60E°5, Watjsgt%% &ﬂt“éll}ﬂl%d %%‘Bj“@gts%ﬁfﬁrﬂtagf’ﬁt OE% el d by TGA

97.7% Suel | abButt PSH R r Y @l dihG PD-25heBMofilfeX P Hecrdate tife dhviaksgnponent
poI ymeri zation system was prepared %;B\él nghla 25 reactant ratio of

nonomner : priocat 40 ySt2%ani adding -’3%(3/0 reape ShAinkpgeAoA- H (128 ng)
was di ssol Vedcﬁ§ %&//g but yl nor bor nene. Corrponent B: 73 ny
(allyl)Pd(03S ? was di ssolved in 181 g butyl norbornene. A and B

conponents were n xdf saie 2bGodinteaity ¢fahis ivenos, apreformed élastomerer al seconds,
then poured into a 8x18 cm al umi num 30 pan. A solid object was obtained.

Yiel d by TGA = thet 158glublg iythe ppgstant strepms lea@ﬁ@ow&m&%@eﬂ“%ﬁéﬁ HDT = 80C.
le of th f
ocamPl 01 ey B a5 plASe i ply R, PSE AR BPEHR, 1 Lon for 20

t wo- conponent pﬂéo}lmbalzpiblimnessmd e)midv&& moldpksiligyd Agiimipogast fac&axcmant rati o of
nmonomner : procat al yst activator = 00_?,: 1: 1, OB,rrp ent A Li V\CA H (134 ny)
was di ssol ved i% fbnsgmbﬂﬁiﬁwﬁsmawéﬁ@ OO AiRSAAIN Fe Monqmer. A sh
(aI | yl') Pd( 03 SCr; REH3ioWRin s %&ff&r‘(&ﬂmﬂ&aﬁﬁé&ﬁt l!ﬂh'%békt'&ﬁfep%rcﬂﬁ@%aﬁﬁd 5.7 9

-(1, 2- et hanedi yl ) bi shi c o[2.2 hept -2 ene. B conponents were
m xed at 25C, tdissotwedan t}mrmoma;t 'ﬂhcaddxtlon oﬁavéasibmsxemnd@ea&ehbm pour ed

into a 8x18 cm al um nu | ned. by TG =
o1, 09 Swell 1 PAUTHAHERY e neo:| Gb Wienl Su bl caite whgidelsy {he
product was pl aaedulid) Phe'alssioitiqy AiksalveRGHer dr ottt 6f thekeatfinbours. Resi dual
nononer by TGA = 4.1 % HDT = 204C. A sanple of the product was placed in a

vacuum oven at ShGewms@n an apeyntiftom gound e sbourd § ivpight prasautnbaselPnTGA = 2. 0%
Swell in tol UeN{e w]eg%?x]( of H@Iomexz e@’efe%gd%ﬁl@ﬁ rgtuz rangé f‘o%ecag%?&ggpt

pol ynmeri zati on syst givin reactant rati

monomer : pr ocat a;lsy;sttweaﬁBlmdtIOrwt%Zcrh%mstbmbr c&bgdinoiiedAn elthah@d- H (2. 8 ng)
was di ssolved in | norbornene 25 cont ai ni.n 0% Krat on 1726.
Conponent B: 1. W‘%ﬁ??‘ﬁlﬂo Plﬂf(@g 55958518 thgrs 1@»@!@?%& ‘Y‘H‘OQ 2 9

hexylnorb nen
B e L

137 range at room temperature would about 100-1000 cps and more preferable

200-500 cps. It is preferable that the elastomer be miscible with the
polycyclic olefin monomer between 10°C and 100°C. Suitable elastomers
include, for example, natural rubber, butyl rubber, polyisoprene,

25 polybutadiene, polyisobutylene, ethylene-propylene copolymer,
styrene-butadiene-styrene triblock rubber, random styrene-butadiene
rubber, styrene-isoprene-styrene triblock rubber,
ethylene-propylene-diene terpolymers, ethylene-vinyl acetate and nitrile
rubbers. Preferred elastomers are polybutadiene Diene S5AC10

30 (Firestone), polybutadiene Diene SSAMS (Firestone), Nordel® 1070



were m xed at 25C. A solid object was obtained. Yield by TGA = 97. 1%
Exanple 75. Z 4 J UN 2003 5 A two-conponent polynerization system was
prepared giving a reactant ratio of nonomer:procatal yst:activator =
*10, 000: 1: 1. Conponent A: Li WCA-H (6.7 gg was di ssol ved in 240U 2003
but yl nor bor nene. Conponent B: 3. 8 mg (&Plyl)Pd(03SCF3) PCy3 was dissolved in
8.0 g butyl norbornene and 1.43 ¢

- (1, 2- et hanedi yl') bi shi cycl o[ 2. 2. 1] hept-2 10 ene. A and B conponents
Were m xed at %@@M@@buehg)mnk@mgpélymtswﬂ 302(BagRk s pslydeadichbe the
reaction: tgi =23 s, t looc = 33's =55 s, tie, =43C, tT",~ =
179C. A solid ab}ct@nc 7%&63aym)amwne*€?0ém Ii;ggaMSQ(MPQ%-DQW§ Exanpl e 76. A

t wo- corrponent R .z r tant ratio of
nmonomner : procat 5\Oy‘;§/1 aé?cﬁ%/dé:ﬁgr ?&ﬁﬁigl@éggﬁilﬂ g‘@@géﬁy IE}% @f{% H (5.7 ng)
was di ssol ved ivIML-D4(D(Bxesn). Ndrioas polaeelastomarsivan glsé b8 Usdd. Theno 1726.

Conmponent B: 3.2 ng 20 (aIIyI)Pd(O3SCF3)P 3 was di ssol ved |n 9.2 ¢
hexyl nor bot nen@moyRt afi sh# %@nq%%mdaﬁe@ﬁmeﬁ%etsmewzwgg ht agd 1y

L 2- et hanedi y| yoliplt ftfb Olsdosty br HSEbaBRPARad Ak BaROERAREDE sy ver e i xed

at 25C and the ng reac ion paraneters describe the reaction: t-~i
37 s, t | ook =visoss that aﬁeqmt;mimﬁg ismat ppssnblm~The Bro@@ﬁaidmsco%y ofh~~ = 40C

tTm- = 208C. A solid ob s obt = 97, 4‘V Exanpl e 77.

A tvvo-corrponentPOB’ V?'IH?E‘PJF %418 e‘é‘S‘FE'@é ‘\X/gsang 1@;98? SIgA ?f‘gjeaé‘@ot feact ant

rati o of nono t t 2 kJUN
! m‘i{:_sc%&)C b?W%B aﬂgi&t' 08¢ Eand P 966 Io% 61ltg et‘ﬂ‘%]%

2003 - 138 A |sso ved I n nor bor nene.
Conponent 1B: 2 fﬂhmgc}(mdtqtls)xERMiOBfaCdEﬁ)hﬂmtmms dAa sidrease ir vnsddht@ g

et hyl nor bor nene. apd B c nent -' ed at 2 the foll ow ng
reaction par ané?%‘*cgs G’—é‘&&elfﬁggﬁw @é\gﬁ f)éﬁg?eusei’?g.‘}ﬁ’ﬁﬁ , 5t ~o00~Cc =

1116 mn., U ZQRereasing dfe s@hlrhgorafel‘_r@f'the 3131139 HltRoughlthe élastox%@Qantb-Emi’“ = 233C.
A solid, Obj ect contaf ning | es was obtained.” Yield by TGA = 88. 3%

Exanpl e 78. A tdmbr@drmnm Op@bybmhpﬁmelsmamg/su%dnsuddem;}éaeed giving a

reactant ratio cat st:activator. = 5.000:1:1. Conponent A:

Li WCA-H (13. 4 50&% W BlD W e ° Hrgm y? SigE VSR ¥fponent B: 7.6

rrg (aI | yl )Pd(oaﬁ%ahlﬁm&g\w%ﬁinaaol ved in 8.8 g butyl norbornene and 0.24 g
- (1, 2- et hanedi yl ) bi shi cyc] of 2. 2. 1] hergt 2 15 ene. A and B conponents

were m xed at 25C ands ¥halteraatveviraiormed elastomersdhaiase essentidlycr i be t he
reaction: tg~, 0C, tTm- =
217C. A sol i d oBS%Q?léx‘/\%{sheé éﬁ?‘hea&ﬁvsmf‘égg%ew“ﬁﬁﬁ@?}‘g’%‘mf éExarrpI e 79. A

t wo- conponent pehytma dfaéaoﬂﬂnw&tﬁmm\aﬂed)raé@mb&@o@lmﬁrhgd fiolbeArhant ratio of

nonomer : procat al yst: activator = 20, 000: . onent
P mgnomers Core shell polymer pamcles can benEeﬁneH as polymer

20 particles have a core and a shell having different physical and /or
chemical properties. With elastomeric core-shell particles it is meant that
at least the core of the particles consists of elastomeric material.
Elastomeric core-shell polymer particles have found use in stabilizing the
impact properties of molded thermoset polymers of cycloolefins, such as

25 ROMP DCPD polymers. For example, see PCT Int. Appl., WO 9419385
Al 940901. Elastomeric core-shell particles of a size not exceeding
2 pm are dispersed in the starting monomers in an amount of from 0.5 to
20 weight percent relative to the weight of the monomer. Elastomeric
core-shell particle having a size in the range of from 0.01 to 2 pm and

30 more preferably in the range of from 0.1 to 1 um. Examples of



: LIiWCA-H (4.5 ng) was dissolved in 1.0 g ethyl norbornene. Conponent B:
.6,mg (allyl)Pd(03SCF3) PCy3 was dissolved in 10.0 g 25 ethyl norbornene. A
nd B conponents were mi-xed at 25C and the pol ynerization vi ??(le ﬁﬁ d with
crinp-cap. A solid object wth al nost_ ,no bubbl es was obt aitrled! d by
TGA = 89.5% Tg by DVMA = 266C. - 139 8¥Exanple 80. -2 4 J U N 20p3 A
t wo- conponent pol yneri zati on systemwas prepared giving a reactant ratio of
nmononer : procat al yst: activator = 20,000: 1: 1. Conponent A: LiWCA-H (4.5 ng)
was di ssol ved idlastorfert ®@réyhaNigiabivlesasnitable fé0use o thiatprédentdnGention

(all'yl') Pd(03SCF3) PCy3 was di ssolved in 10.0 g ethyl norbornene. A and B
conponent s vver@Wﬂ]oé‘ttnéﬂmiqfi‘t@dartbF'éé'%?‘Earké)a{%f@?OﬁP EX{candii t he pressure
rai sed to 100 ke i et i el d oM NGA 2. 6% 10
Exanple 81. A B’ws‘ﬁ‘fcé@’rg@énféﬁ g‘gf@n‘%’r&@a@?ﬁ@%ﬁﬁﬁgrﬁ‘é}} rleyé“%i ving a
reactant rati o sefiegmmddorehe PARAAIGIDYEX] 2600/3600ce astormddicCdbe-ghell. Conponent A:

Li WCA-H (134 ng) was dissolved in 10 { or bor nene. onent B: 77 ny
(al | yl ) Pd( D3SCryuesrserasanyddag 5@&4%@7@%5 “tgmﬁiﬁﬁﬂrﬁ‘é*% rnene and 21 g
tetracycl odode i 6y Al lgmg r l . , and poured
into a 8x18 cm-a Iﬁngﬁﬁ%épan. r%és;g |er0 je%?ﬁv\egassmo taicr%lﬁéed%é& eld by TGA =
89.0% HDT = 7(@lymersenpd.e of the product was postcured in a vacuum oven at
200C/ 0.1 tort for 72 .hours.. . Residual ,nononer. b .7 5.0% HDT = 20 196C.
Exanpl € 82, A t - o GBUMEEASEY rdced Sprony A emEeBi AR gi ving a
reactant rati o @ktefl RGEBEsiTAbRAS Hetedtitine 3%pdritadrRally wHAh&E QG okipbundponent 25
A. Li WCA-H (134 'ng) was dissolved in 10 g butylnorbornene. Conponent B: 77
my (allyl)®d(o pPmp3 injadergivauthe seactian 80 g but yl norbornene and 10.5 g
tetracycl ododecadi ene. A and B conponents were m xed at 25C, and poured

into a 8x18 cm al umi num pan. A solid object was obtained. Yield by TG =
91.9% HDT = 99C. 2 ~4 J MdnéReBte PdKther Conversion

It is essential in the practice of this invention that conversion of

A
2
a
‘a

monomer to polymer be substantially complete, i.e., greater than 90%,
15 prefeéab'ly at least 95%, and most preferably at least 99%, and the result is
a coherent polymer mass which fills the mold completely.

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

20 more generally described methods of preparation set forth above. The
examples are presented for illustrative purposes only, and are not intended
as a restriction on the scope of the invention.

In the examples in which polymerization studies are set forth, the
following general procedures were followed. All procedures were

25 performed in a dry nitrogen or argon atmosphere or in vacuum in a Braun
Inert Atmosphere Dry Box or its equivalent or using Schlenk techniques.
Schlenk techniques are described in The Manipulation of Air-Sensitive
Compounds, Second Edition, D. F. Shriver and M. A. Drezdzon,

John Wiley and Sons, Inc., New York, 1986. All liquid transfers were

30 preformed by cannula or syringe to maintain inert atmospheric conditions.



A sanpl e of the product was postcwed in a vacuum oven at 200C/ 0.1 torr for
72 hburs. Residual npnomer by TGA = 3.9% HDT = 204C. 5 Exanple 83. A

t wo- conponent pol ymerizati on system was prepared giving a reg\ciZ nMatio of
mononer : procatal yst:activator = 10,000,4: 1. Conponent A LiZ-as) ?‘( 8 ny)
was dissolved in 0.85 g triethoxysilylfiorbornene. Conponent B: 5.2 ngy
(PCy3) ZPd(H) (QZCCF3) was dissolved in 9.5 g to butyl norbornene. A and B
conponents were m xed at 45C and the foll owi ng reaction paraneters describe
the reaction: t~~, Eofinficiallyavailable@oprepared:p@Pycychic monorRersused= 4: 31 nin.

tTm- = 4:42 mn., ei .= 68C,  tT = 220C. A sqlid, object was obtained.
Yield by TGA :r}%‘.l‘i}g/ﬁ of §‘£W'eﬁ§f?ﬁbly’twm&?é‘?ﬂbepé) 1¥8%02ati on system
was prepared ik 8¢ ABhorhér doftadf ndRARIRIes B0 fdfudd vadly@ct | vat or =

| 0, 000: 1: 1. Ooﬂrrl\éoggrﬁ%l}k? Li FA;I'B?A (5.08 y 1)1 was diegsol ved in 0?’85 g
triethoxysilyl agivityr ldiemarCberpchievet bp:digiliation o BB RRHE-NICRGIF3) was

di ssolved in 9,5 20 tyl.nqr.bornene. A and B conponent re mxed at 60C
and the fdll oﬁhﬁa@bﬁﬁﬁs&ﬁdﬁéﬂa%@&&?%"AE*BP??HCF‘H& % 5?:53(?"8 . tgei = 1:13
mn., t , 00~CoxygendddWaler, rekpetfO&ly eford (sél Ris oﬁéﬂﬂésiréblét@rfﬂfn-, tg~, =
85C, tTmaX = 232C. A solid object was obtained. Yield by TGA = 93.3% 25
Exanpl e 85. A thectartingoiatastal ptreatment with sitice gelite nepeie mpeRYFTed gi vi ng a
reactant ratio of Pr VA ' = .000Q:- 1: 1. Conponent A:
Lrveact (6.7 mafeoiBnaRRlep) AGRRNR, ARh s iAo T ent B: 3. 1
mg (al lyl) Pd( 0p&ighizyié lesp piud grades of peigtyotid monothePs when the 4pproprifdezoo3 - 141
but yl nor bornene. A and B conponents were m xed at 25C. A solid object was

obt ai ned. 10vi el Brasptaiysls andggtivasgrs pregmplaygshat the appropsiat,FRNGHRIFAtON.

ol ymeri zation syst ﬁ’:‘@én . | Mg ' f
Iror[)n)c/)m::rlz ;Z)r ol:at al zst ?gl t vazta%(?rgi&é%gC%E)d&b{%géeafé%ﬁg%?{g;notg%ﬁhhﬁ}e%&%% (11.6 no)
was di ssol ved iubeS, s8hung viald, gtakobatded, ydantorbesssesner oGenpoidsntinB: 5. 2 ng

PCy3) 2Pd 02CCF di l.Lved in 9.5 q. | b A d B
((:o%/po)nent gl_l)w(er E°TfT )eﬂ‘véaﬂ%lﬁlg%fzgﬂé“est‘ﬁ‘l’erQPB‘Fqna%sﬁgé g’ég‘g{‘?gﬁ’g%g‘r%&ﬁbt 2? s descri be

the reaction: ?Bethrsﬁr 6§£&atag’yst'9 Or fictivaRft, Whether4R S61Gtion 8PinSmodohier, = 1: 05
mn., tg~i = 87C, tTm- = 235C. "A solid object was obtained. Yield by TGA =
94. 6% Exinpl e t@the corresponding component in monomer. Mixing of the ingredients
was accomplished with a vortex, magnetic stir bar, static, mechanical, or
impingement mixing. In certain examples, MIXPAC System 200
Pneumatic Dispenser (operating pressure 73 psi) for 1:1 mixing was
employed in the static mixing of "A" and "B" norbomnene based RIM
20 formulations and transferring the monomer and catalyst mixture into a
mold. The reaction mixtures were maintained at ambient temperature or
heat at constant temperature with heating baths or hot surfaces. Gel times
(tze1) were estimated by observing the initial viscosity change where the
mixture changed from a flowable to a nonflowable mass. This was often
25 evident by the observation that the magnetic stir bar stopped stirring due
to the viscosity increase of the polymerizing mass. The polymerization
temperature (tge; ) at the gel point was also recorded. The time to
particular exotherm temperatures, i.e., tjgoec Or t200°c, Were recorded when
the polymerization exotherm raised the temperature of the polymerizing

30 mass to that temperature, and to the maximum temperature (tymax) of the



15 A two-conponent polynerization systemwas prepared giving a reactant
rati 6 of nononer:procatal yst:activator = 20,000:1:1. Conponent A: LiV\CA H
(3.3 ng) was dissolved in 1.0 g butyl norbornene. Conponent B:. 1.5
(all'yl)Pd(03SCF3) P(i-pr)3 was dissol VE%GI n 9.0 g butyl nor bo? haHM 2m3and B
conponents were nixed at 25C and the 20 fol |l owi ng reacti on paranmeters
descri be the reaction: tge, =15 s, t ,00~c = 17 s, t Zoa~c =20 s, tTm =
40 s, tgi = 45C, tTm- = 214C. A solid Obj ect was obtained. Yield by TGA =
97. 9% Exarrpl e pdfmétization. thmanmmtexrgmmtmr(tmah of)nhepyb'nemzam pr epar ed
gi ving a reactant ratlo 8 orrer rocataly( - ac tor = 10, 000: 1: 1.
Conponent A LiWASAlSq reeprdedry n:;)h qvisl 1p the Bﬁ?ﬂ'??%?%ornene
Conmponent B: 3. s (ﬁg}% oth 8.8 ¢
but yl nor bor nenesg“é]ﬁ% 6@5{"553)“?% acyc d%)dé%lgtg%%g%‘g§sgréﬁ?h%m?oﬁponents 30
were m xed at 25C aridatiﬁmmmhmmm@ggebmﬂiwm@aeamﬂmsndudemcm the -~2 4
JUN2003-12 r.ect' n:, tg-i = 23 s, tTm-
=35 s, tg:~ Ai &‘?rﬁlﬁo’”‘?ﬁ% B!%&%ﬂ%’ﬁﬁl&e{%ﬁ? ‘@E"éﬁ‘ﬁ%sd“a%el d by TGA

= 96. 9% Exa”m'ﬁ'xe%%ella/aﬁletlg"ﬁﬁﬁ%ﬂﬂﬁﬂfﬁﬁQEg lof ZR54IRMRinpR KM Was pr epar ed
giving a reactant ratio of nonomer:procatalyst:activator 40, 000: 1:

Component A: Lipatymés, {.a., Ipoweg ;wwégaluesggdﬂcate@ higher degrge bﬁ@fwﬂh@kwér ne ne

but y1 nor bor nendt hedel VoA A s B ke e RS i renc S 1o
were m xed at Z&Cﬁo&iﬁﬂeﬁi&ﬁoﬁQbésewn'dg:afeﬁﬂ@tmmrhgmlitﬁﬁﬁﬁﬂnér plegsribe the
reaction: t~ei =21 s, t i ooo =34 s, t zooc =44 s, tTm-, = 60 s, tsei =

40C, tTm-1& 20T WerSIrPROowRs, eedemasplqs:smsmheﬁht@m NePresGA = 93. 9%

Feactant rati o DS ARAEResRty Eh bRk Bl olARERY AR GOHCT 9 110,
Li WCA-H (6.7 rrgjftmeneifossmdh@dmldfpﬂal}@adg) hedtyd rooreflax fi@nid. houestponent B: 3.8

ng (PCy3)zPd(H) 03SCF3 was di oI ved .i.n but yl norbornene, A and B
conponent s wer €° Pﬁ@?lﬁg‘ )eﬁ“% fieﬁg“%f}mFoqang\ﬁ?‘H@eﬁ*@éE?‘F‘BYF M ret er s

describe the r Qﬁgh'aﬁpancfﬂ%ed'm%sgﬁll@léﬂ offltesh Rﬂuen'e Ihd4lifsRwere t 200~ = 1:17

mn., tTm- = 1:30 mn., tgei = 22C. A solid object was

obt ai ned. 1¥i el ctetnpvid;mme@M%d Emhgl mdﬁfiduaﬂs Ahe wweld yalpenwene

pol ymeri zati on red r ant ra

nononer : procat a‘?ay:é‘ﬁaﬁ%\nacﬁl%ﬁ’ﬁ&gﬁ \%\g .‘ 6@2‘%’@“@?{?' S)VY_i"F{,&)Q&”(Z 9 ng)
was di ssol ved iwhdte 87 =Othk ihighNOER dﬂﬂh ?&UrB&ﬂ@ne SO BRI, Bihel . 5 N
(all yl)Pd(03SCF3) P(i-pr)3 was dissolve 9.5 but yl norbornene A and B
conponents wer ewﬁghte‘@fpth*t scﬂmtaswllpmeolymzrborr@nuampleoé@ce tmellf ol | owi ng

reaction par ama\t'aj SIS%%SJI{IQIOR J}e@%gé‘gr%érf;’f‘croés%%@é "%H’%O&r&rger’ ] eIC?O\(I:Va; >4

m n. tTm-, = 5:

obt ai ned. 2vi el dvdbu.)bs'ﬁ&‘e‘\pfef&ﬁd8% s Exanple 92. A two-conponent
pol ynmeri zati on system wa epared gjving a reactant ratio of
mononer : procat al yst: Eﬁﬁéngmeth@@s (9: measurethe e SHLorHon | | FABA (2.9 ny)

was di ssol ved i I GXPAR 5 ny
(allyl) Pd(OSSCFt%ﬂ%et%?grg of th@fs)&gfﬁséif)a e%ol?lr%%gmgq%‘ttso but yﬁﬁ%‘?‘ﬁo?%ene A and

B conponents memedlm@dplayedlﬁﬁs ﬁnnbralk‘féecftnt lsldmpmgxlrSEaﬁ-tSI()on par aneters
descri be the reactlogh Fge = t % gooc .= 52 s Z@g 56 s s, tTm =
1:02 mn., tg-~, nemer °zPé’ DYeTSign 865 $bt ai ned. Vi el d by

TGA = 93. 82% 15therAdgth Finfegic ﬁaﬂ%&ﬁﬁﬁ@é&ﬂ%rs%'dﬁ@“t%@m@n system was
prepared giving a reactant rati'o of nononer:procatal yst:activator =

20, 000: 1: 1. Conponent

Monomer 1
Purification of 5,5°-(1,2-ethanediy!)bisbicyclo[2.2.1}hept-2-ene.
5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-ene (a crosslinker)
30 was obtained as a mixture with 2-(3-butenyl)-1,2,3,4,4a,5,8,8a-octahydro-



A LiWCA-H (3.4 ng) was dissolved in 1.0 g butyl norbornene containing 5.0%
Krat on~ 1726. Conponent B: 1.6 ng 20 (allyl)Pd(03SCF3)P(i-pr)3 was

di ssolved in 9.5 g butyl norbornene containing 5.0%Kratong 1726. A and B
components were m xed at 25C and the f%gl owi ng reaction paRandd®3descri be
the reaction: t~ei = 17 s, t iooc = 23%, t20o0oc = 35 s, tTm =60 s, t~el =
40C, tTm- = 203C. A solid object was obtained. Yield by TGA = 97.0% 25
Exanpl e 94. A two-conponent polymnerization system was prepared giving a
reactant rati o 1gf:5 pRiiReBandHaptaleak Y63:3 AC Thé atiefurewadeldNed b 1. Conponent Al
Li WCA-H (33.5 ng) was dissolved in 50 g butyl norbornene, 30 Conponent B:
15.3 mg (al |yl prsimasche degirednrydnohas whitserybtalsdhat espisglatedby, jaN 2003 -

| 44 butyl norb . : I 4nd M XPAC m xi ng
gun and shot tg{l{g%gmﬁl ﬁf@gﬁéﬁgwgﬁ%l}rg?}rﬁ’g}lgﬁiﬂﬁﬁrsogenergur ged Tefl ono
cup. A solid olReesistalitzation fremigekane/(20 mil o0 S prodifet)Pdve Shefpradget e 95. A

t wo- conponent pol ynerization systemwas prepared giving a reactant ratio of
monomer : procat Y40 eR¥Yat or = 20, 000: 1: 1. Component A: Li WCA-H (50. 3 ng)
was di ssolved in 75 g butyl norbornene. Component B: 22.9 ngy

(all'yl') Pd(03SCF3) P(i -pr)3 was dissolved in 75 g butyl norbornene. A and B
conponents were | oaded into a M XPAMenomer®2 gun and shot through a 5-18
static mxer into a pitrogen purged Teflan cup..A salid_.object was

obtai ned. Yield by f&gpar ‘??885"%(3%?’@'88r.b°5pa§‘e,&e Fﬁgﬂ%nent

pol yneri zati on ywsdrR4BiMRY Prepared giving a reactant ratio of

mononer : procat al yst: activator = 20,000:1:1. Conponent A: LiWCA-H (33.5 np)
was di ssoll&ed in 50 Nprbomgdiene wes prepared éthe miannergimilave kheproerss 1726 and 3.5

g tetracycl ododgcadi ; anen a b33 | 1 vl )Pd(03SCF3) P(i-pr)3 was
di ssolved in 5 lsé:?bfgggﬁtRyﬁggBﬁ raﬁ'é éAC (%kalin%r%l %@.eéb}gfir atono 1726 and 3.5 g
t et racycl odode®idyoteptadienat (BSBNW@@ZM;,_.%&SHMQQ%@EI@ a M XPAC m xi ng

gun and shot thrpugh a 5-18 static mixer into a nitrogen purged Tefl onm
cup. A solid oByiéePDineatapstavasemploged i the\prafepntialgimgnzation afxanpl e 97. A

t wo- conponent {:zafl k am) repared giving a reactant ratio of
nonomner : pr ocat gﬁ%@é%%@vgg%g?%:Ia%%%ggfi’?l. Conmponent A: Li WCA-H (33.5 np)
was di ssolived idodedah§d@dimétiinvbighenylene(ndehbosnadienerdimer)5 Themiikat ono 1726 and
1.4 g tetracycl odpdecadi.e

product was dlsgﬁéd to high purity and the exo-trans-exo isomer was
separated from the other isomers by fractional crystallization. The purest
product was obtained by recrystallization of the desired product in cold

tolueng. The final product was of greater than 98% purity.

20
Monomer 3
Preparation of 1,2,3,4,4,5,8,8-octahydro-1,4:5,8-
dimethanonapthalene (DMN or TDD)
Norbornadiene was reacted with cyclopentadiene at 220°C at a
25 molar ratio of 1:2. The product was then distilled under vacuum to a

purity of greater than 98% TDD.



2 4 JUN 20D3 -145 Conponent B: 13.3 ng (allyl)Pd(03SCF3) P(i-pr)3 was
di ssolved in 51.5 g butyl norbornene containing 5.0%Kraton~ 1726 and 1.4 ¢
tetracycl ododecadi ene. A and B conponents were | oaded into a %ﬁg@&[ﬁem ng
gun and shot through a 5-18 static m'xgr into a nitrogen " 52 flon
cup. A solid object was obtained. Yiel 8by TGA = 94.4% Exanple 98. A
t wo- conponent pol yneri zati on systemwas prepared giving a 10 reactant ratio
of nonomer: procatal yst:activator = 20,000:1 :1. Conponent A LiWA-CH3 (3.4
) was dissolved in 1.0 g butyl nor hpssan@-4 Conponent B: 1.5 ny
(all'yl')Pd(03SCF3) P(i -pr)3 was dissolved in 9.0 g butyl norbornene. A and B
conponents were mi xd®deprrat@BOalixb-7pentybiorbarneng r eact i on paraneters descri be
the reaction: tge~ = 45 s,

= 15 t ~ 00z¢, = 22. s, t.z7200C, =24 S, .+t Tm-
Lg~, = 40C, tTm = JoaRethi aogyipy (Zg]_ s’c%_sr’mws&ogﬂw%arl%cﬁwas %%/de;}:_GA_ = 96.5%
Exanple 99. A t3ags GRRBSNYNE 4RAIKEBS dyeRipAadieNs t SIBwWRIditihapar ed giving a 2o
reactant ratio of nononer: procatal yst:activator = 20,000:1:1. Conponent A

Li WCA-H (38. 5 mglessary tolensud thatithe exatbemnib magtiorowaomaintaingbatdihemt B: 15. 3
ng (allyl)Pd(03SCF3).P(i-pr)3 was dissolved in.50 but yl nor hornene. A and B
conponents wer °‘f"6‘adﬁ_& rF%ttzﬁmémM%ﬂés MIG eﬁﬁa‘tégfpoghtgpﬂq#ﬁrﬁgh_ a 10-24
static mxer Intf &C%Héﬁﬂ'&cgﬁtgﬁﬂs feindVed AHBerTRd ke brdfire béfoso! | d Obj ect
was obtained. Yield by TGA = 97. 3% Exanple 100. A two-conponent

pol yneri zat i on distdlingtheperexxeiedethoghorneng carb®@ylicardd prethyl astero Tof
nononer : procat al yst; actj vator. = 00054: Qnent .. 2 = suta 2003 - 146
A LiWCA H (4857 ﬁﬁﬁ%@”&?@?&’i‘&@z‘?ﬁ?%‘”‘éﬁ B‘%@‘Bﬁ%ﬁﬁ%ﬂ% shaBdh ai ning . 0%
| Cratono 1026 aihtibnwag atigéd @roy alisToleE g b£A/endo pditeidneB. 22. 2 ny
(allyl)Pd(03SCF3) P(i-pr)3 was dissolved in 7~ but yl nor bgr nene cont ai ni ng

5. 0% Krat ono 172FPoxplc acid methylegter. s Fiecreactiondnixiire was thengefluisd @nponent s

were | oaded i ntgo 1 Xi ; t.hr - tic mxer
into a nit rogenébpgrfyeﬁjﬁgéguéhgg}h%&gg@gﬁg? o%s%lllg@fg?:@eé\gos obt ai ned.
Yield by TGA = £7.14%itets 6f dokiiwhlee weftlsloviytadBed: OTHeOTEhandlala¢MBen zat i on
system was prepared giving a reactant ratio of

mononer : pr ocat aitRRed Avay feame thereaatiog vip distillation pptihatetal AeactipmCA- H (2. 8 np)
was diss ollyed | fo1dmd of2 RE%Y WAOLPRENE NS further 500 ml of water were added to
the reaction and the reaction refluxed overnight. The remaining methanol
was then removed under reduced pressure. The sodium salt of the
norbornene carboxylic acid and water mixture was cooled to -10°C and
neutralized by the drop wise addition of a cold aqueous solution of
20 concentrated sulfuric acid (206 ml, 3.71 moles, added to 1000 g of ice).
Water (500 ml) was then added to dilute the reaction further and remove
additional heat generated during the neutralization step. Neutralization of
the reaction mixture with additional conc. sulfuric acid continued until the
pH of the solution tested to 2 (approximately 30 m! of 18M H,S0y). At
25 this preferred pH the desired exo-enriched reaction product was driven
out of the water phase and separated as a cloudy layer. The
exo/endo-norbornene carboxylic acid product was separated from the
water layer by extraction into diethyl ether (3 x 250 ml). The solution
was dried over magnesium sulfate and then the ether removed to yield

30 545.6 g of crude product. The exo-enriched carboxylic acid was purified



Component B: 1.3 ng (allyl)Pd(03SCF3)P(i-pr)3 was dissolved in 9.0 g t5
hexyl'nor bornene. A and B conponents were mixed at 25C and the fol |l owi ng

rreaction paraneters describe the reaction: t~i =40 s, t igo~c = 60 s, tTm-
= 1:20, tg~i =40C tTm = 181 C. A soh'?c_i obj ect was obt ai ¢t JUN; 2903 by TGA
= 98.4% 20 Exanple 102. A two-conpone pol ymeri zati on system was prepared

giving a reactant ratio of nononer:procatalyst:activator = 10, 000: 1: 1.
Conmponent A: Li WCA-H (98 ng) was dissolved in 75 g butyl norbornene

cont ai ni ng 3. 0%y BiseNidaboATEle 472 ¢ of §i3% exd-/45% éddo8norborpad y1 ) Pd( 03SCF3) P( i
25 pr)3 was dissolved in 75 g butyl norbornene containing 3.0% D ene 55 AC
10. A and B coRp8mericacifer e | oaded into a M XPAC mi xi ng gun and shot

through a 5- | 8 stai] ' i | dggd d at 75C. A
Sol 1 obj ect was obt ot RATIEP HELE RrbErBRpRSREBUSURAIRY S T

Exanpl e 1@8. Atd 26 Lcfiask ane neutpabizgdravith2at0%0 aquepst salutiomsofsodipar ed gi ving a
reactant ratio,of non r:pr ta t:acti or = 0Qp:1: 1. Conponent A:
Li WCA-H (@. 6900 éroﬁgﬁ?gﬁﬁollgggg’i 413%_{)8%5 ‘%g‘@?l ot ﬁé&h‘eﬂg? rgC¥ponent B:
0.313 g (allyl d~ p ' 44 l,nor bor nene. A
and B corrponen%{)‘?&i\(/f/g}?t (?gr:n(’%g(g% %t'&%%gﬂg%mﬂ%%ﬁﬂ%\régglsd&?g%?Or(g%é]rr@)g? a mcro-R M
Bac;]_iGr&e mg)g goe/ad.l;ﬁoi;s), Sc%lhsé&xmm%/@m@}; so?ihmihézﬂbci\namrﬁ%c%g, tri a![ s. Yield

y = . 3% . 6% 0 0 a : WO0- conponen
ol yrer i zat | on | SFaRaDERd BFentLves FORD e BSialized PSrPGRDr
nmononer : procat %M@&yl%id/ﬁﬁﬂﬁre.: T &R oA whs stiPePRP8 rofi&nd&élg@t 20) 2, SFABA
(3.4 ng) was dissolved in 1.0 &but | nor bonene. ~5 nponent B: 1.5 ny

(al | yl') Pd{003SCP4hpyis- gt tigs wage thedsdily aed NaHGOn cgmpesitipmenuses nene. A and B

conponents were mxed.at. 25C and the foll ow,ng reacti.on paraneters describe
Che react on. - foRaEiniBlioh vodg yionhOibe BHATSoREPE! hRORRREE! 27 S Cosc |

= 55C, tTm- = ZAdiHornefe sbofylale] dhusiBE et isembedmaifs¢h thebyatdiGhhase 96. 5% 20
Exanpl e 105. while the endo-isomer becomes soluble in ether under the basic
conditions employed. The reaction was divided into 3 x 1400 ml portions
15 and eéch- portion was extracted with 5 x 200 ml diethyl ether. The iodine
containing aqueous phase of the exo-isomer was then reacted with 100 g
of sodium thiosulfate to reduce the iodine to iodide. The aqueous solution
was chilled and acidified to pH 2 with conc. sulfuric acid (55.6 ml of
18 M, 2.05 moles). The reaction mixture changed in color from light
20 amber to a murky yellow. Pure exo-norbornene carboxylic acid was then
extracted from the aqueous mixture using 8 x 200 ml of diethyl ether.
The diethyl ether phases were stirred overnight with sodium thiosulfate
(62.05 g, 0.25 moles) in 200 ml of water. This procedure removed any
adventitious iodine that often appeared at this stage. The ether phase was
25 then dried with magnesium sulfate, and the solvent removed under
vacuum. Yield of crude exo-norbornene carboxylic acid was 367 g. The
exo-norbornene carboxylic acid was purified by distillation.
A 5 L flask was charged with 46 grams of lithium aluminum
hydride and 1500 ml of diethyl ether. A solution was the exo-norbornene

30 carboxylic acid was added slowly to the LiAlH4 keeping the reaction



A two- conponent polynerization systemwas prepared giving a reactant ratio
of nbnormer: procatal yst:activator = 20,000: 1: 1. Conponent A: LiWCA-H (3.4

) was dissolved in 1.0 g butyl norbornene. 25 Conponent B: é?nm
(allyl)Pd(03SCF3) P(o-tolyl)3 was dissolyed in 9.0 g butyl nor 2003 and

B conponents were m xed at 25C and the??ol | owi ng reaction paraneters
descri be the reaction: t~~, = 2:4S mn., t ~oo~c = 4:03 mn., tTm = 5:00
mn., tgei = 37C, tTm = 167C. A solid object was obtained. Yield by TGA =

82.8% 30 2 4 e&étNe%QH%v10°t4&mg@&ﬁéer& 88 hofirst VIO GOAEROR WAk

pol ymeri zati on system was prepared giving a reactant ratio of
nmonomer : pr ocat deyistarmed toabor temp2n@e @nd then réfhuxed fien howrs. L TMCA- H (3. 4 np)

\(NZISI S: )s;gl( \C/)ggcll'ggf%?‘gy ﬁ&‘g%‘l}?‘gg‘g\gg& g@&h@s%‘ﬁ’(—)@ﬁ@g SeBSrB‘i?tg'ﬁﬁ? Rgﬁﬁor nene. A and
B component s Wey &, JigiFA Gty yBE kbdding Bk LOHBRuE RN PP QRTRT e S

descri be the reaction: t zoo~c =60 s, tTm =
1: 30 m n.,s5 t g~reactiddWas themstiFeRAT0omAemperathirobyeetiphtwatheabacaioned. Yi el d by
TGA = 91.1 % Exanple 107. A two-conponent pol ymerization system was
prepared gi vi nguisiurewas har cealed v GC ardniafant of coneentipipd sulfens sad or =

20, 000: 1: 1. Cor nt A, LI WCALH (3. was, . dj s50l I g
but yl nor bor neng'P?T‘E“GSWS%@Wa .edztpﬁ?@%%“éﬁel y 4@?8?%@%3#‘2%%&%5 di ssol ved
in 9.0 g butyl M350QMasaddedAo BitmBknere ip ensifd conpléte dissalatombf h8C and t he

foll owi ng reaction paranmeters describe the reaction: tg~~ =40 s, t ~ 00~C
= 55 s, tTm- =salts3glhgiether lqygr.wa&ﬂxgg@gpqrqtﬁﬁ?a&d %96@.‘“%@6%‘63% ect was

obtai ned. ovi el ¢ty T80 mi %f’dfé(@rl g@e PP Rer iR Rrs &eﬁe\mewme?mh

pol ymeri zati on system was prep giving'a reactant ratio o
monomer : pr ocat dkips solation art dnied-oveOmagesiun sul@oerpovepotatian off k(AACA- H (3. 4 ng)

di | ved i .0 b I b . 25 Co t. B: 1.
(L1 mot hy! PPyt 135 € 4 e aly pire ek aatpriammene

but yl nor bor nenguetiardnd B conponents were m xed at 25C and the foll ow ng
reaction paraneters describe the reaction: tg~i = 1:08 mn., t i ooc = 1:14
mn., t, 000c = 1:ldnteiaR liter ftask-was chapgediti2id g, oft pjire exo-5morborneng-N 2003 - 149

55C, tTm~ = 211 A, solid. ebj s.ghtained. Yield by TGA = 97. 0%
Banpl o b0, -5 il B EidN b e e REFHBRE otb st e W EPed giving o
reactant rati o fgf 30RMUG! THeQeAtioh Wwak ca6led YAL10PC and f-1denekuibhofamponent  A:
Li WCA-H (33.5 ggimwas di ssolved in 51 but yl nor bor nene containing 2.5%

Nor del ~ 1070. isla evas aBdedlsm‘&lynvgaS(aasq?iﬁl ibg fRBOFBNREratpre)aswas di ssol ved
in 51 g butyl ngrbornene cont.ai ni 2.-5% Nor.del m 1070,. A.and B conponents
were | oaded int ptaat‘{\alll QIQREH%E% #&H&?n &ﬁde%cﬂ_f?f‘“faﬁglﬁﬂﬁﬁnﬁd ?Qr-c’?ﬂq static m xer
into a Tefl ono teMpPeratir$fr afproRin®tély \$0Shotl! 4 M ehis ¥hR! GheB¥acliGhwas95. 9%
Exanpl e 110. ~ 5 A two-conponent pol ynerization s?/stem was prepared giving

a react an2o r at iagded torsebitian: qf 390 amlpopesntratedihydrashlozic 20id0@010001g ofConponent

0 oLV 1 (33 ) VRSB 50 RS EISRE regpd  TL10 2 >
di ssol ved in 51A eipypydcipitateofonfé®during this time and was collected by
filtration. The solid was dissolved in diethyl ether (400 ml). The water
phase was extracted with 2 x 100 ml of diethyl ether. All ether phases
25 were combined and washed with 500 ml of a saturated sodium carbonate
solution and dried with magnesium sulfate. The exo-5-tosylatomethyl-2-
norbornene was isolated as a beige precipitate.
To a 2 L flask were charged lithium bromide (209g, 2.4 moles)
and 500 ml of dried acetone. After the lithium bromide dissolved, the

30 exo-5-tosylatomethyl-2-norbornene (223.2g, 0.8 moles) in 500 ml of



20 containing 2.5% Vi stanexo MWL-140. A and B conponents were | oaded into a
M XPAC mi xi ng gun and shot through a 8-24 static nmixer into a Teflono cup.
A solid object was obtained. Yield by TGA = 95.8% Exanple 111. 25 A

t wo- conponent pol yneri zati on system wag, prepar ed giving a r2aciihi20Bati o of
nmononer : procat al yst: activator = 20, 000: im1. Conmponent A: LiWCA-H (3.4 ng)
was dissolved in 1.0 g butyl norbornene. Conponent B: 1.5 ny
(allyl)Pd(03SCF3) PCy3 was di ssolved in 8.8 g butyl norbornene and 0.21 g
tetracycl ododeggdbmwas Aldadieb Be eeurrion eexsel. Fheweactioniwes theatrefd@dand t he
following reaction paraneters describe the, ~'~~ 2~ - 150 reaction: tg<<
= 12 s, t |oocatts @vemlgmoa&xefoel&dgeacfélwmu@y@ thengddedtysc. t Tm- = 202C

f\v\zolzlo(rjrpgﬁjeﬁtm Hgﬁsﬁfgﬁt’) g‘hﬂg%}@ gmba&% Gﬁ?@%i‘ﬁ %felﬂ'&fgﬁga r%%gt aﬁt Ar ati o of

nononer : procat akatste @ﬁéﬂpmammeg&,a&a@r&n the mefgmaemﬁnd%e waWEA H (3.4 ng)

was dissolved in 1.0 g but yl nor bor nene. ent B:

(al | yl ) Pd(503SCPB3secyashegwi |3§gm%hdlie%me®e@ Bﬁt%thﬂr%‘eﬁrﬁ%wg%nd 0.53 g
tetracycl ododeq@agldgggw“% eﬁg&%@%ﬁ%&"@{o @m 12‘4_,50 and the

foll ow ng reaction parane escribe the react!on: gy =11 s, t ,00C =

18 s, t Zooc =ndfbosnent 1537 g) 4blated HyBemovihgEhe d:tf[munderQ%mxmAPsmd id obj ect
was obtai ned. Vi el TGA =_90. 8% e, 113, 15 t \Wo-CcQ onent
pol yneri zati on e§9§%— héﬁl' M%ﬂﬂ@*}fﬁg@@ Pasiselaid bP’ Sistillagen a
nmononer : procat abysy @k = 20,000: 1:1. Conponent A: LiWCA-H (3.4 ny)
was di ssol ved ?’2 (?0 lgl\ljl'?%ﬂonorbornene Conmponent B: 1.5 ng
(al l'yl') Pd{@3SCF3) P%mﬁlﬂﬁeﬂ-muedﬂa&\oexg abldgdyCuON Ibr.pgne and 1.05 g
tetracycl ododecadi ene. A an nts 20, wer elbm xed at 250 and the

i

fol | owi ng reacﬂ%%&?@nﬁ‘fde?%mtlj@ ‘3’?‘? “Wé“?fé%t freaconvesspl 5t ooc = 18
s, tTm = 45 s ° btalned Yield
by TGA = 86. 8%W %Stﬂﬂéd%)gf éé{g‘s,&_lu %r‘r‘ﬁgﬁ@%%[g%% rllxﬁ%?lgn syst em was
prepared givi ng3myl|hﬁaume(m®0 mitd. HMoin hnxann)&vasradd&dahah;mtmgldta vat or =

20, 000: 1: 2. Conponent A Li -H (6.8 was di ssol ve

but yI nor bor nengg wm@ﬂg»w%? 5*%“(’&?9%@%@@#35% ?“’E)F9 3 vvas

di ssolved.in 9. xed at 25C
and the- 15" syl £GhRN0E BRoautt BRERCARAT P REEHPRER P] T
reaction: tg~i wasSBv@&met té6 BV°C and 1kt &actton&mxﬁxrebé&nﬁhdrﬂ’d@eneous25 s, t~~, =
45C, tTm-, = 213C. A solid object was obtained. Yield by TGA = 9?2.4% 5
Exanpl e 115. Al‘hwemmmewmmmw-zmlk@m 998 ard thas prepared giving a

reactant ratio of noner cat Gt 00: 1; Conmponent A:
PO (678 usor SRRAEa S8R Ronthe ASH1R D oR7a5 afclesoves adest mont e 1. &
mg (all yl)Pd(0%56&6%6@3A\f@§t}ﬁle§§15Lmﬂaohﬁﬂ%1& KhrBsinénd additinlage nene and 0. 21
g tetracycl ododecadi ene. A and B conponents were nixed at 25C and the

fol | owi ng2¢ eactmm’mpama;rvmrmeé t@l@YC andhssirtedefor éédmursnAtt-QOﬁC th® s, t ~oo~c =
13 s, t zooc = x = ggbs, t~l-~i = 45tI’C, % £ lt210C A sol i d object
was obt ai ned. \fF%“It'de""yas inatgd by slowly adding ahqut § ) of R} FBMOBITL nent

pol yneri zati on éﬂ&immaﬁtaﬁmﬁmﬁmgaml& (&&fé@ﬁ@d@éd)rsamu@nofA

nononer : procat al yst: activator = ggonent A LIWCA-H (3.4 nmg)

was di ssol ved iteial obabpubliOQ mhdHHELAGHOH @@rﬁmﬁd to tBe reéacHompixture.

(1, 1-di net hyl al 3.was 20 di.ssal v butylnorbornene
and 0.21 g tet rlg %ng’gﬁog%?fﬁ\@ th'&rg?..c 1051%166{5 ?&cﬁ@tgs%pgn t§§8 at 25C and
the followsng r mhw ﬁl@érﬁiﬁ%‘i&fo’ireﬁﬁ%EHeQ‘%pbé‘rQnétﬂQEbbﬁfﬁ mﬂ~ = 56 s,
t100C = 59 s, t 200C = 1:03 mn., tTm = tg~~ = 40C, tTm- =

214C. A solid oagpbartdlq&bsd etlter dyenwas Washed w.u;h W@m d:n@Box@%naEneﬂmhe 117. A

t wo- corrponent po ti st em.,was. LVILN a reactant ratio of
nononer : pr ocat al %{’éitztﬁ?/ﬁt?‘ﬁe ﬁp%p%deyi@i%@%ﬁgsﬁm 9%\5 SCH3 (3.4 ny)
was di ssol ved iforhoefe. b%ﬁ@ér@@ﬁé?%a@%{bﬁue@%t 3PPR 08B I Hg’Lto'Syl@Ej a

(1, 1-di met hyl al I yl) Pd(Qz
pure sample of exo- 5 pentyl 2-norbornene (65% yield).



- 152 2 4 J UN 2~3 dissolved in 8.8 g butyl norbornene and 0.21 g
tetracycl ododecadi ene. A and B conponents were m xed at 25C and the

foll ow ng reaction par anet ers describe the reaction: tg-, 31 s, t ,~~

37 s, t z~oc = 41 s) tTm- = 60 s, tg~, 40C, tTm- = 207C. 2A4&tUN 2009 bj ect
was obt ai ned. 5 Yield by TGA = 93 4% I?)@arrpl e 118. A two-conponent

pol yneri zati on system was prepared giving a reactant ratio of

nmononer : procat al yst: activator = 20,000: 1: 1. Conponent 1o A LiWCA-H (3.4

ng) was dissolved in 1.0 g butyl norbornene. Conponent B: 1.6 ny

(2-chloroal l yl' ) Pd(02CCF3) P(i-pr)3 was di ssol ved in 9.0 g butyl norbornene. A
and B conponents were mixed at 25C Mepamer ¥ ol | owi ng reacti on paraneters

descrlbethereactl 27 s, t zoo~c =29 s, tTm-, =

50 s, tg~i = 45C, %a&gﬁ’i‘d’é %k, §A‘Ff"d"%§b° ]meect was obt ai ned. i eI d by TGA
= 94.8% Exarfpl e 1190 #2350\ tReaRIR Mlaskvkiaided GuCNN8PS), em was prepar ed

gl ving a react ant rati o of nononer: procat al yst:activataor = 20, 000: 1: 1.

Conponent 20 AQ-135neles), angy7 v ofidriedsetalyidsefyrann The repcHor Yesseh bor nene

containing 2.59 _w p%;é di ene.
Conmponent B: 1 Q{dﬁ%ﬁ{lﬁ){ﬂ déé‘gﬁ%lk%?@h\%& gﬁ'\ee f'lan 50 g

but yl nor bor neneClined ahekylDitRud’61 80 &il 308 M iMdxaddlk - 1@ @ReasBiddedrponent s wer e
| oaded into a M XPAC m xi ng gun and shot through a 25 8-24 static m xer

into a Teflon aupntamlsgthedempqr@me badew o4l riléhis staf tolol apyroXigrately94. 4%

Exanpl e 120. A two-co ent at| on tem epared giving a 30
reactant ratio Iopo ‘Hﬁ?lg%@&e é% %‘P’?%& %ﬁ‘@%gé ?6 Conponent 2
~ " ul ~ 2008 - 153, /ol Waé%nﬂ&j)to"i@?@htsﬁl%l’{ﬁﬁxe'tﬁh Rcibriifaigor bor nene
containing 2.5% Nordel ~ 1070 and 1.3 g tetracycl ododecadi ene. Conmponent B:
15 mg (al | yl ) Peb@BERGNBEenepuy. 3T msaailoasmbcmdvuamﬂﬁﬁ rereboled tondBHOr nene

contai ning 2.5% Nordel m|070. A a onents were | oaded into a 5
M XPAC mi xi ng i exatd- @ﬁmonteﬁhngwrhoraerm 14 {0:)i weasiadded ahoyt 7 05C Tef | on cup. A

solid object MR{:&%@EQ& -brox'nglk'ngtgxgy2 FG5omnels atdfior i Rh&ioh

t wo- conponent polynerization S m was prepared giving a 1 reactant ratio

of nonomer: proaﬂirﬁ'leyisbﬂachnd/ﬁiﬁd for 38Giolis] . A1CA0TO BN teadtion WMWCA- CH3 (0. 119)
was dissolved in 9.0 of hexyl norbornene and heated to 50C. Conponent B:

30 ny [ (al'fyl) Aeranaerdysiovwis gdding sbeu Somi @f %1 em@mplai@ﬂé@r nene at
anblent, L STVe! S RN A OB TUGRAE D
solid object wawaodtireedrat eoonYiempdrdyre TGA 8=h<9.8‘s 4%6&9&%6(1.’592111) was

added to the reaction mixture and the solution filtered through Celite®

ﬁlterixi?g aid to remove the copper metal deposits. The pale yellow diethyl

20 ether layer was washed with water, dried over magnesium sulfate, and the

ether‘evaporated to yield 12.2g of crude exo-5-heptyl-2-norbornene. The

product was distilled at 45°C at 0.15 mm Hg to yield a pure sample of

exo-5-heptyl-2-norbornene (70% yield). |

25 Monomer 6
Preparation of 5-butoxy-2-norbornene
Dicyclopentadiene was heated with butyl vinyl ether to form the
Diels-Alder product of 5-butoxy-2-norbornene. The product was then

purified by vacuum distillation.



A two-conponent pol ynerization systemwas prepared giving a 20 reactant

rati o of nononer:procatal yst:activator = 1000:1:1. Conponent A: Li WCA- CH3
(0.055 g) was dissolved in 9.0 g of hexyl norbornene and heated to 50C.
Conponent B: 15 ng [(al | yl)Pd(OZCCF3)]Z was dissolved in 126G dUN 2003

hexyl nor bonrene at anbi ent tenperatur e " R-and B conponents were m xed and
heated to ?0C. The reaction polynerized 25 within 30 seconds, turned dark
at 180C, and tTm- = 215C. A solid object was obtained. Yield by TGA = 98.1
% Exanple 123. A two-conponent pol ynerization systemwas prepared giving a
30 reactant ratio of nononer:procatal yst:activator = 1000: 1: 1. Conponent

2 ~ ,TUN 2003 - 154 A LiWA-H (Mossnep7was dissolved in 9.0 g of

hexyl nor bor nene at ient tenperature. onent B: 15 ny

[ (al |yl )Pd(OZCCF3) ] %@atéq%?‘(ﬁ)r’%odg;é'aqT.egg'gP%Q%?'}?or bor nene at anbi ent
tenperature. A and B:gRURAdIEBhlSydYaE SvalthepslaBy homelFddoblgen@ble@iosol uti on was
observed. The 5 reaction gelled within 15 seconds and pol ynerjzed wthin 30

seconds an#l t Trmadic hgdrideAPyrsi 4xd-najceanhydride was rgdveed usivigditridsy TGA =

>99. 5% Exanple 124. At - &Y nent o | dzation s%em S prepared
giving a react dRtUPE ?%e"@f" %ggﬁ%?‘.op’r &g’;ﬁi?ﬁ @&ea‘ﬁe?‘?%‘i‘?% e vo: 1: 1.
Conponent A LiMéibrikl Wib ddabertd t9Rgo-Jexs ) 6:8iktdsplatodinéhpihoibdigengor bor nene

and 1.0 g of tetracycl ododecadi ene at ambi ent tenperature. Conponent B: 15
ng [ (al | yl) Pd( Grodr pping elyensi syinhionplghloride. Bedpctien of A 8¥drnene at ambi ent

tenperature. A a C r ] . L ahts i | ow sol ution
was observed. ﬁg%’gggﬁﬁgaqgﬁﬁ@%ﬁ%ﬁ%%}gﬁgg‘é@lﬁfg%’ iegcﬂag tlﬂ)eo?eyér;rgbi zed within
3 m nutes jand tgroduct ex80Exo-A 6edimiéthyiorismnerol i d obj ect was obtained. Yield
by TGA = 93.8% Exanple 125. 20 A two-conponent polynerization system was
prepared giving a reactant rati o of nononer:procatal yst:activator =

1000: 1: 1. Conponent A: Li WCA-H (0. O9gogem¥@g dissolved in 9.0 g of

hexyl nor barnene and 0.5 g of norbornadi ene di mer at anbi ent tenperature.
Conponent B: 15 ng [PmpargtiyiPof Qoceks)s, & dipestythosbohened in 1.0 g

hexyl nor bornene at 2 ient fepperatuye. and B conpponents were m xed
and heated to SSC. .A]_S:‘E)‘qugﬁ&'c@X%&cwsﬁﬁqwﬁﬁ/&o%ﬁ@eﬁ@e*ﬁeﬂ%acti on
gelled wi thin n i el i : ®Tm~ = 210C.
A dark velTow sr o g o e P SRRl Ay ot LB VA ™™ 165 - 2
.4 J U N 2003 Bredngihg agé@ to pietdwbe exorporveftt-giniepimmonarbbimene. sTlsisem was
prepared giving a reactant ratjo of non r.procatal yst:activator =

1000: 1: 1. ConpoMalstia Wag SqnFRiSH ‘Pé’f‘Paﬁf%’?ﬁ'ﬁfﬁ?ﬁ%&?ﬁﬁ%@‘%iﬂ%@%e (Li FABA)
(0.049 g) was spitiétiBhg tbluBndsulptdnyltBiorideORBATRNE exd-Ne Li FABA di d not

di ssol ve. Conponent B: I5 ng [(allyl)Pd(OZCCF3)]2 was dissolved in 1.0 g
hexyl nor bor nenee¥-5.arfis@aylatodimprshynerbernepe with |thiveriyomidetis aggipre ni xed and
heat ed at .§Q0C. i [ r ot ion gelled

i mredi at e|2§ Wi tﬁblﬁ;ﬁgg&ﬁéﬁ?r%&rﬁ%&g;ﬁ'?%h&ﬁ%%n%@g‘?ﬁb%éx e%g' rr{%alaeglﬂlégﬁ%)é’ recor ded
at 205C. secondex@fcb-gidrotitmethghortiotivne with-butytigthmatarddlospper 210C. A shi ny,
solid object was obtained. Yield by TGA = 91. 2% Exanple 127. ~ 5 A

t wo- conponent peYaRASYislded hs dsyigadampdics em-éﬁar%érdgqem%r@m@&et ant ratio of
nononer : procat al yst: activator = 5000: 1: 1. Conponent A: Lithium

tetraki s(pent afl uorophenyl )borate (0.010 g) was dissolved in 9.0 g of

hexyl nor bornene at anbi ent tenper at Precatalyspbnent B: 15 ng

[ (allyl) sz(SOZCCFS)] ZP%gra%%Islso?I ved in 1.0 g hexyl norbornene at anbi ent

(m-allyl)(tricyclohexylphosphine)(perfluorophenyl)paliadium(II)

To a stirred solution of (allyl)(tricyclophosphine)palladium(II)
chloride (189 mg) in 5 ml THF at 0°C was added a solution of
Zn(CgFs)2(dimethoxyethane) (100 mg) in 5 ml THF. The reaction was

30 stirred for 1 hour at room temperature and the solvent removed under



20 tenperature. A and B conponents were m xed and slowy heated. The
reaction gelled when the polynerizing mass reached to 65C. A white

preci pitate was observed in the reaction. The reaction pol y?ni}l@p W:)t hin 3
mnutes and tTm- = | 85C. A solid object, was obtained. Yield by GZ\ =
92.3% 25 Exanple 128. A tmo-corrponent'%‘o] ynmeri zation system was prepared
giving a reactant ratio of nononer:procatal yst:activator = 1,000: 1: 1.
Conmponent A: Lithiumtetrakis(pentafluorophenyl)borate (0.048 g) was
stirred in 30 SaRu@mofTheealtingrsotid wasextaatedwih ¢d nilhebdhe, filtdred,Li FABA di d
not - 156 2 4 J UN 2003 conpletely dissolve, Conponent B: 20 ng

[(al lyl)PdCl ]z adsheselyentaemeved updgr YieRymio g6 thepredusi@s RAYEd to 60C.
Simlarly, all ) ]2 did not dissolve conpletely, but a yellow
col ored sol uti oéléwv\%eyodt’ékhée)ﬁ?'A and B conponents were m xed and the
reaction gelled in 5 45 seconds. The reaction turned black at approximtely
150C and reached a maxi mum pol yneri i,ati o;] eéot herm tenperature of 150C. A
solid objeét was obtained. Yield by'Tes8taly#{e 6 o5 Exanple 129. 10 A

t wo- t | ' js LW t ant ti f
monorer . pr ocat bl yet - Beprearbe E4 TR hEREI AR 0 056 o)

was stirred in &iérige of hexyl norbornene. Conponent B: 10 ng [(allyl)PdC ]2
was stirred in 1.0 g hexyl norbornene and heated to 50C. All of .the

[(allyl)PdCl]Z did nbe aghigedpelutionehii-aiiyd palladivmighioride dimer @19 ) ipel | ow

col ored sol uti ' o) . el : room
tenperature w ?ﬂHﬁag%gg%ﬁﬁ%lgﬁ%@?@ﬁ?p@@@fﬁhﬁﬂn@ﬁ.eA%éﬁgﬂ@] added 25 ng
of tri cycliohexyfoplodsidursithe (sbR¢nt) wasrdmbeed atler Viviufendgiiveothe iproddi at el y
turned bright orange-yellow, bhegan to heat-and gelled at 20 seconds. The
pol yneri zed mas? &P3Hf ¥GHRY ROWEeThaxi num pol yneri zati on exot her m t enper at ur e
of 225C. In the presence of PCy3, there was no darkening of the polyner as
the tenperature rose to its polynerization exotherm A solid polyner obj
ect was obtained. Yield by TGA = 95Pgoédtalgst Ixanpl e 130. A two- conponent

pol ymeri zati on system was .prepar i,ving a reactant ratio

nmononer : procat al yst.: EWK?EBBPP&‘%%%?W%CX ﬁﬂ%ﬂ%&@l’a&?&t‘ -H (0.056 Q)
wer e di ssoll5ve((j:C'EJ@ol 181f8nRE hexyl nor bornene. Conponent B: 15 ng of

[ (allyl)Pd(02 3)]2 and 25 ng of 30 tricycl ohexyl phosphine (PCy3) were

m xed in 1.0 g hexyl Romsbumneofsilyenp-tolgen¢sulfapatd (300 tg) i BHAF waswhite slurry
formed. A and Eﬁ%%gponents were m xed at roomtenperature and a yel |l ow
color formed i lately. The foll ow ng reaction paraneters describe the

pol ynerization: H‘iﬁ-gﬂy]itﬁcyilop?ﬂ%;h‘iﬁ@%‘allagiuéﬁglglctlﬂghﬁe S‘B@%éc?%‘ THE, ution

polymerized within tWwo mnutes. A'har ow col ored polyneric object
was obt ai ned. YiAdiedstiying GRemnigd®, the féactiorawpd £1ter8d andithe wolutionrpinipped

pol ymeri zat i on stem was pr.epared .qgi.ving a.reactant rati o of

monomer - prifcat agRP GEE gattife e vy yag wars ARE IR AV Mo 1 (0. 056
g) and 25 ng of pidducyloReXypibsphi ne (PCy3) were dissolved in 9.0 g of
hexyl nor bor nene. Conponent B: 15 ng of [(allyl)Pd(02CCF3)]2 was stirred in

1.0 g hexyl norbornene. A and B conponents were m xed at roomtenperature
and a flocculent yellow materi al forlrl‘%gatjawg?gi ately. The reaction did not
pol ymeri ze for the

Preparation of bis(tricyclohexylphosphine)(hydrido)palladium(II)

25 chloride
To a slurry of (1,5-cyclooctadiene)palladium(II) chloride (2.0 g)
in 20 m] methanol was added 1.67g of a 25 wt. % solution of sodium
methoxide in methanol diluted with 20 ml methanol. After 0.5 hours,
(2-methoxy-3-cyclooctenyl)palladium chloride dimer was isolated as a

30 white powder by filtration in air and dried under vacuum (1.67 g, 85%).



15 first two mnutes after mxing. The follow ng reaction paraneter
describes the polynerization: tTm = 180C. The reaction solution slowy
polyneri zed within two m'nutes. A solid polynmer object was. o*)t ined. Yield
by TGA = 97.1 % 20 Exanple 132. A two-conponent pol yneri z&4d stﬂga em was
prepared giving a reactant ratio of nofdrrer : procatal yst: activator = 1, 000: |
:1. Conponent A LiWCA-H (0.056 g) and [(allyl)Pd(QzCCF3)]2 (15 ng) were

m xed 3.0 g of hexyl norbornene. This suspension was stirred at room 25

t enperature. Conpongita sﬂimr?éf @Bn&ihdx"y@%ﬁ'ldﬁé%ﬁ)@émﬂﬁm tiofi®Cy3) were

di ssolved in 7.0 g of hexyl norbornene. and B.co%onents were m xed at
room t enper at udimer{80h o) 23 ml eBthanthwasnadded irigyplohexdphaspkingat or sl urry

slowy dissolv react ed. t he S The .n i ol ution

ol yrmer i zed t o CHOWARR el oW e et Bhgdupek s RS T L 5. 4
% 2 ~ U 2Q@Gfing wadstoppedriint thelsdRutioh wasQo6RAROATI°Cifder eI Theat i on system
was prepared giving a reactant rati o of nononer:procatal yst:activator =

1,000: 1: 1.5 mmmtwaﬁolamm-mx@stn@pemww Kwtiorih ginagl 0 g of

hexyl nor bor nene,.. onent B: 26 cAal l'yl)Pd(QZCCF3) PCy3 was slurried in
1.0 g hexyl norgB‘F%Oé‘ﬂn&”ﬂcm(gé%c‘Bg’%ozr@nts were nixed and the pol ymerization
was conpleted within 30 seconds. tTm = 200C. A hard orange col ored puck

was obtained. Yield by TGA = 98.5% Exanple 134. A two-conponent
pol ymeri zati on system was prepared BrogptalyshSreactant rati o of

nmononer : procat al yst : I Olr EedaQ00° 1° X Wﬂg‘ﬂ (28 ng) was
dissolved in 8.5 ¢g (g? %ag%&%ndgr 18(],%1}1]1(3(2630%@%&9 gggﬂg&%@f?\aélkglor agi ene di nmer.
Conponent 1B: 7 chipridéal | yl ) Pd(02CCF3)]2 was slurried in 1.0 g

met hyl nor bor nene. A_and B cotm;onents wer e ‘m xed, the sol ﬁti on turned

yel low, and gel | ed viAhHHTY QL deupsipaxy-SrreclpRatsrybprbadivr fhiokige her m r eached
2o o 155" a0k AR RknARS WA bR Hisolid hBipnlih = 92 3% 20
A onent poly e

Exanpl e 135. t wo- co nerization sys S ‘prepared giving a
react ant rati o (057 gpndhereaptiacwhsstired:undt it\batame hordodifi€ouk. Btin@gponent A:

Li WCA-H (0.59g) was dissolyed jn 95 of hexyl ornene and 5.9 25 of
nor bor nadi ene d’\’%éﬁqppg?r‘b‘{)ﬁ@ﬁ?l“&‘mO‘fagéoﬂe%(rh%/ﬂ&% EFEENEY Ras di ssol ved

in 5 g hexyl norhoNentunfofRdcBdHRINRATRII HEhifaiflat8 thedloliACwad he fol | owi ng
reaction parameters describe the reaction: tg~ =15s, tTm = 251 C. An

odor | ess sol i d robpeest undss vatuum toegiive astisky ybljowealid: Dlie progu@vas 2 ~, (! U N

2003 - 159 Exanple 136, A two- t pol t t d
i ving areact AP RAIPE! GO RBROR A B APy CEukn L saeaps Hoaish 1. 5. o ¢

Conponent A LiAGKitdtdiid8 ng) was dissolved in 9 g of hexyl norbornene. s
Conponent B: 3 ng [(allyl)Pd(02CCF3)]2 was dissolved in 5 g

hexyl nor bornene. A and B conponents were m xed at anbient tenperature to
yield a tLansparent, odor | ess puck.Ppgcg{aq @6 TGA = 93. 6% Exanple 137. A

t wo- conponent pol yneri zati on system was p¥epar ed giving a reactant ratio of
nononer : procat al yst : Rreparuddroof bis@riO@lohkxflphsphiei@ntrids)paliddGindH)( 56 ng) was
dissolved in 8.5 g of hexyl norbornene and 0.5 g of norbornadi ene diner.
Conmponent B: 10YH#C[ (al |yl ) PdCI ]2 was

To a slurry of tricyclohexylphosphine (4.86 g) in 75 ml ethanol
was added palladium(II) nitrate (2.0 g) as a solid at -35°C. A yellow
25 precipitate formed immediately. After 1.5 hours, toluene (150 ml) was
added and the reaction warmed to -5°C. Sodium borohydride (0.33 g)
was added in 25 ml ethanol, and the reaction was allowed to warm to
room temperature. After 40 hours, the reaction was filtered and the

solvent removed to give a tan solid. The product was washed with 75 ml



t 5slurried in 1.0 g nethylnorbornene. A and B conponents were m xed, the
solution turned yellow. The polynerization yielded a hard yell ow col ored
puck. Yield by TGA = 93. 0% Exanple 138. 20 A two-conponent fle‘ylms%ﬂgati on
system was prepared giving a reactant ratio of
nononer : procat al yst: activator = 20, 000:”2.710. Conponent A
Li[A (OC(CF3)ZH) 4] (20 ng) was dissolved in 9.0 g of hexyl norbornene and
heated to 60C. Conponent B: 1.5 ng (allyl)Pd(O=CCF3) PCy3 was di ssolved in
1.0 g hexyl nor hayy1@fRr ahd éeral dmeéwaththeRarkORBERSBNIZatiY ol Xxed and t he
foll owi ng reacti on paranmeters describe the reaction_ t~ei =9 s, t 110C =
13 s, t 201 C =tohpnefhexampgave thg pepdugt-as tancrgstds (3.318-53%260C. A sol i d obj ect
was obtained. Yield by TGA = 96. 6% 2 ~ ~U~ 2003 - 160 Exanple 139. A
t wo- conponent pol yneri zati on system was prepared giving a reactant ratio of
monomner : procat al yst:activator = 20, PAftatalyst 7Conponent A: Li WCA-CH3 (12.0
ng) was dissolved in 9.0 g of hexyl norbornene and 5 heated to 50C
Conponent 8: 1.5 ng Rrapargiigrref| (-attiirmeglohoadphasphiselpalipdiymilly g
hexyl nor bor nene_.at _anbi.ent t rature. A and B conponents were m xed and
tgfihord s

the followng r ghet}bagfé % describe the reaction: tg~, =34's, t
105C = 46 s, t 201 Creea émed souiion of (AQfyBpalloBlunrckidfide difier (FOZPAC. A sol i d
obj ect was obtained. Yield by TGA = 10 . 6% Exanple 140. A two-conponent

pol yrreri zat i on BijE meamadded pickgiahexyinhosphirge @ - S3exidn AHF. rAft¢rstioing

nmononer : procat : ' L. g ~ o kI WCA-H (12.0
ng) was di ssol \alljgé6,}5nh%gx?§0g@egfmﬁ%cégpg@)g%%spﬁ%%ag@ Qgggﬁggi %dgleﬁgs 0C. Conponent
B: 1.5 nyi6al | ydolRibn@a QEH3) Pie/RBastivon whsstired 66t 1 lout, fteged@idthaor bor nene at
anbi ent tenperature. A and B conmponents were m xed and the follow ng
reaction par aneiokyent gaaQved pe givedhe pradegt na white powden(28 g.89%)01 ¢ = 88 s, t
200C = 145 s, tTm = 180 s, 20 tgi = 68C, tTm- = 211 C. A solid object was
obtained. Yield by TGA = 9S.1 % Exanple 141. A two-conponent

pol ynmeri zati on system was prepared Brocangyst &5 reactant rati o of

nmononer : procat al yst: activator_.= 20, 000 1: A ent. A LiWCA-H (12.0 ny)
was di ssol ved in 90lgl fg%“r‘“wé&&Pﬁéf‘ﬁ%‘ﬁﬂ‘éﬁ%@@ﬁ%@é@ﬂ@@%@éﬂ& onent B:
1.5 nmg (alikyl ) ReifféfdataieCy3 was dissolved in 1.0 g hexyl norbornene at
anbi ent tenperature. A and B conponents were m xed and the foll ow ng

reaction paraneters Hegshinyeofpalladium(Idkicifluoreacetae (289@)sn76nll O 1 C = 88 s,

t 200C = 145 s, T = S, 2.4 J N 03,516 g~i = 68C, tTm = 211

C. A solid obj sshangiat @g)tggi‘%éafide\di‘é%d X’-r‘é%@h@‘&é-é%g)éiéﬁﬁﬁg 142. 5 A

t wo- conponent i i r Wl ant ratio of
onent PR 6L R ok Sl g i

nmononer : procat al yst; activator = mponeént -H (56 ng) was
di ssol ved i n 8. B5Qgméfolinae wasadbat. iiadéum bdrobydride @f33 g) in 25 ml ethanol

exo-traps-exo-norbo i ene. di ner, and heated .to,50C. .Co ent B: 15 ny
(~t-allyl )2§d(OZMJI%@\%?R/\H?C&PHE%r\%‘a‘c’f‘r’("af_.sﬂnﬁd ?‘H%&?}‘f%gﬂﬁor nene at 40C.
A and B conponeghstiotewss filtered arithe shiveits ahdvd undén@Ruithitg Bive@r ange and
gelled within 1 S seconds. The nmaxi mum pol yneri zati on was reasured at 245C.

A solid orange- Yromnagligu dkashing with héxane andrieetystalizati@nfren06. 8% 15 Exanpl e
43. A two-conpgnen I (L zati st e S, prepaf.ed giwvi a reactant'
ratio of rmnorre{f%?lbepg@gg%ﬁé e tﬁrg(i"fcigs a @f%Fefﬁ£§&%WéA%&’ Li WCA- H
(28 nmg) was dissghyed in 8.5 g of hexyl norbornene and 0.5 g of
exo-traps-ﬁxo- nor bor nadi ene di mer and heated to 55C
Procatalyst 9
Preparation of bis(triisopropylphosphine)(hydrido)palladium(II)
trifluoromethanesulfonate
To a partial slurry of thallium trifluoromethanesulfonate (38 mg)

30 in 5 ml ethyl ether was added



20 Conponent B: 7.5 ng (~-allyl)Pd(QzCCF3) PCy3 was dissolved in 1.0 g

hexyl nor bornene at 40C. A and B conponents were mixed at 45C and the
reaction m xture i mediately turned orange, gelled within 15 seconds and
reached a maxi mnum tenperature of 241 C.__An odorl ess yell ow Me2803
obtained. Yield by TGA = 95. 7% 25 Exar%l'e 144. A two-conponent

pol yneri zati on systemwas prepared giving a reactant ratio of

nmononer : procat al yst: activator = 10,000:1 :2. Conponent A LiWCA-H (11.5 ng)
was di ssol ved ibiy(BiiddpeopyipHasphith giH8paRadium@Iehibride S@ 23 in 5 #f2
Component B: 3 % (nPaIP?q)%%O?%S)GP&S Was(21 i ssol vcl;@gl imr?sl.o g

hexyl nor bor nengthyhetagr "Ei\‘{@rolrmethﬁﬁeamﬁléwﬁﬁ fibieredytand Ay whvent enper at ure and
the reaction m.xture i fately tur | | ow. ;gel l ed within 30 seconds
and reached a MERPY &°%§$B ot‘}?"ét agfarb%gelye@f)hvﬁ hg' odorl ess yel | ow puck was
obtained. Yield by TGA = 97.0% Exanple 145. A two-conponent pol ynerization
system was prepared giving a reactant ratio of

nononer : procat al yst : activator = 20FPsoeatalyst 10conponent 1o A1 Li WCA-H (5.5
ng) was di ssol ved iq,rg

exo-traps- exo- nor bor naP |aetg)§oofcfi @g@%gj’hﬁ’g{a‘P@%BP@Qg%’%’.’E’Sgpr?g‘%%ié‘m(néz 7.5 ng

(n-allyl) Pd(02@6im#eCy3 was di ssolved in 1.0 g hexyl norbornene. A and B
conmponents were m X at. anbi_ent .and .t he reaction_ nj.xt r ned

i mredi ately yel | ow, §ct iy gf %3%"% B%lpé?ﬁﬂﬁme?augéﬁr_ﬁ@%%b@%?wm
Lemperature of 2106 ofiy1 HRE aS addeRlib Al RUF0AR PR PN fikharbiel d By TGA =

93. 2% Exanple 146. A t'wo-conponent polynerization system was prepared
gi ving a 20 reddeanlutioniimmediataiy hevapre: pnwganeniuy s Aftec howrt, the = 20, 000: 1: 2.

Co t A Li -H (5.6 di | ved.in 8.0 f h I b d
100G of 1,2, 3, HANsaYe B ARge Ao A6 Bed PN FORA Ene.  Component
B: 1.5 ng (n-a@gghéf@(@%ﬁ)agg}ﬂ%ew%ﬁggﬁcﬂrgmt_i n 1.0 g hexyl nor bor nene at

anbi ent tenperature. A and B conmponents were 25 m xed at anbient and the
reaction mxture turned i mediately yellow, gelled within 30 seconds and

reached a maxi mum tenperature of 2 riess yell ow puck was
obtained. Yield by TGA = 88.3% éﬁg%'g{r}ﬁp%o - 163 Exanple 147. A

t wo- conponent pol ynmeregabticnofSyIst-dimeag-pr epared giving a reactant ratio of
nmononer : procat al yst:activator = 20,000: 1: 2. Conponent A: Li WCA-H (5.6 np)
was di ssol ved iaMlyltriseprepylpkosphinelpeadivmdl) wilapiepeniatat B: 1.5 ny

Componant < wer o m xesd SitBRatacanaad (obed ifrdtf b haRe Wl iy~ =" B
i medi atel y yelddded a gelutionl of8-inftliy] 2000/l 63 720 g) drRigsiiithed 3MHBYigyum

tenperature of 24| C. An odorl ess orange puck was obt ai ned. Yield by TGA =
95. 4% Exanpl e Amire bath was wssAso keapthe mpesatyre 4t PO, sABerestirtipg fosr epar ed

gi ving a rgacta i Ter. t. i = 15, 000: 1: 1.
Component 2 - Li C&)RB%I%BA)‘(VBEC %@&\;\Wg@ Vgﬂ{sggge}'%deé/ ’iaﬁlaﬁ%%g‘seggs ﬁ%@%yl nor bor nene
and t 5 6 g of removed apder @acunotogivatdipesducdi ner. Conponent B: 24 ny
(~-allyl)Pd(Qz 3),P was dissolved in 6 g hexyl norbgrnene, A and B
conmponents wer %&E’?ﬁ%mﬁ%‘i‘wr%ﬁﬁa@ﬁé aSRREVAYY Oﬁqt&? Uﬂ‘é‘gt({fw fed

imedi ately yel @ gelled within 30 seconds and reached a maxi num

tenmperature of 248C. An odorl ess yell ow puck was obtained. Yield by 20 TGA
= 96. 2% Exanpl e 149To Aseolmtion ofipis(iérenzylidipsasetong)paltadiey@) €13 \gasn pr epar ed

gi ving a react i f noner.: pr ocat st:activator = 20, 000: 1: 2.
Conponent 225 Aﬁﬂ@"&@ﬁ%ﬂ gf??j}@%?ﬂa‘{_‘?éd in 8.5 g of hexyl norbornene
and 0.5 g of exxlxﬁe&}gnsr-m@nm{ﬂ%fdae&h@ne.sdIggEAﬁepmfﬁm?ﬁhe Slutter?d MU
(~-allyl)Pd(QZCCF3) PCy3 was dissolved in 1.0 g nethyl norbornene. A and B
conponent s wer ehad changesk fromaleen purplertatdarkegreerein| cotbrwilhhisolvalts seconds,  and
the polymerizat}.on LE3508Ya8lh B §V0 2 bldeR RS Hb8kiRE solid. Extraction

in air with 50 m] 10% acetonitrile in water, filtration and removal of



30 242C. - 164 Exanple 150. 2 4 J Ut~ 2~3 A two-conponent

pol ymeri zation system was prepared giving a reactant ratio of

mononer : procat al yst: activator = 20,000: 1: 2. Conponent 5 A Liyﬁﬁﬂﬁmﬁgl.S
ng) was dissolved in 7 g of hexyl norbornene and 2 g of

exo- t r ans- exo- nor bor nadi ene di mer. Conmf#8nent B: 3 ny
(~-allyl)Pd(QzCCF3) PCy3 was dissolved in 1.0 g nethyl norbornene. A and B
conponents were m xed at 28C. The followi ng reaction paraneters descri be

‘the reaction: Eﬁ%én@%%r%e@gf?f‘g(ﬂs&“&h ﬁs"%ﬂ‘ﬁ?ﬁg‘ﬂmm s, tTm = 95 s,

tg~i = 38C, tTm d obj ect . Yield by TGA = 89. 0%
Exanpl e 151. Auifivoremencndinier pod yeltow galid 048y 42%M was prepared giving a i
5 reactant ratio of _nonomer: procatal yst: actjvator = , 000: 1: 1. Conponent
A Li WCA-H (11. S ngjlowesolutiogos (i impthyl d"élliyll%@ﬁ";?‘l ornene. Conponent B:

3 nmg (~allyl) ﬁ%%%@gwéwﬂgﬁ?gﬁlq}eqaé Mdkdq1 t hyl nor bornene. A and

B conponents were n xe OW ng reacti paraneters descri be
the reactison: tdisoprop@Afh@phineli®THF. AR 040hqurs. thzodenrwabrepovedm-, = 85 s,
tg, = 50C, tTm- = 247C.. A solid_ object was obtained, Yield by TGA = 96. 4%
Exanpl e 152. Atq %9ééﬁﬁ‘9?%lo“b§ﬂl‘9n§%£éqq%hw§%r§?@ﬁﬁauﬁgdg‘P@b‘&%‘éﬂé giving a 25
reactant ratio,0f: Rrgcatal yst:activator = 10,000: 1: 1. Conponent A:
Li WCA-H (11.5 ﬁg{;‘y@!&gfegﬁ‘gsﬁ‘@ed in 9 g of hexyl norbornene. Conponent B: 3
ng (~-allyl)Pd(QZCCF3) PCy3 was dissolved in 1.0 g met hyl norbornene. A and B
conponents were m xed at 29C. The E.ol |§V‘I ntg1 reacti on paraneters describe
the reaction: tgei = 28 s, t,oo~c Troeadalystd® "N o 3 77165 40 s, t zoo-c =
45 s, tTmy = 85 s, Shardli i ; j {(g§t was obt ai ned.
Yield bym‘IDGA = 96. 43%%%‘#%%?%%%@%%“%%&%? 8%@5‘%2%drlll?d%§il(§?reri zation system
was prepared gituflmgomethanesuifonateat i o of nonomer: procat al yst: activator =

10, 000: 1: 1. Conpone A Li -H (11. s .di ssol n of

hexy! nor bor nene. Co%(ﬁl%’mm\é% n yﬂjﬁg%\éﬁaf’gﬁ%ﬁgﬁkﬁgﬁg‘%ﬁggdi ssolved in
1.0 g hexyl nor ; ; ) at: The 0
following r eac%%ag‘?r%@g?@?gﬁgg@g? ?(EZP% @éﬂﬁg—gé[ui\ gﬁ%n?ﬁl}égzev%ls, t 118C =
28 s, t 214C = ndhugs, silVér, triflmortineshanegfonate $0.002 gwasadte8@s aAobadl i d obj ect

was obtained. Yield by TGA = 4% aml e .154.. 15 t wQ: conponent

ol yor | 204 1 on L SPAPRAES STRRLRE YA mAnCsi BL e g VARGT) W61

nonomer : procat gijpdd G¥E land Meddolvent BentiRd 1o dive HRIMOMEA s ApaleiydlibwH (5.5 nD)
was di ssolved in 7 8 of hexyl norbornene and 2 g of norbonene. Conponent B:
1.5 mg (n-allylsphd(D3ZTeRH’Py3 was dissolved in 1.0 g hexyl norbornene. A

and B conponents were mxed at 20 29C. The followi ng reaction paraneters

describe the reaction: t~~i = 40 s, t ioo~c = 80 s, t20~~c = 83 s, tTm-, =
165 s, t~~i = 41 C .tTm- = 260C. APRotatdlysbjct was obtained. Yield by TGA
= 92.4%

20 - Preparation of (n-allyl(triisopropylphosphine)palladium(II)

trifluoromethanesulfonate
To a solution of (n-allyl)palladium chloride dimer (1.0 g) in 25 m]
methylene chloride was slowly added triisopropylphosphine (0.876 g) in
- 5 ml methylene chloride. The resulting pale yellow solution was slowly
25 added to a slurry of silver trifluoromethanesulfonate (1.4 g) in 25 ml
methylene chloride. After stirring for 1.5 hours, the silver chloride
(AgCl) was filtered off, and the solvent removed under vacuum to give

the product as a pale yellow solid (2.4 g, 96%).



Exanpl e 155. 25 A two-conponent pol ynerization systemwas prepared giving a
reactant ratio of nononer: procatal yst:activator = S0, 000: 1: 2. Corrponent A
Li WCA-H (6.8 ng) was dissolved in 23 g of hexyl norbornene an g

nor bornene. Conponent B: 1.8 nmg (n-al | yh) Pd(02CCF3) PCy3 was cﬁéB 12083d in
1.0 g hexyl norbornene. A and B conponents were m xed at 24 .1 UIlJ 2fl o3
- 166 58C. The follow ng reaction paraneters describe the reaction: tR-~ _
25 s, t io3~c =45 s, t 204~c =60 s, tTm = 118 s, tgi = 70C, tTm-, = 241
C. A solid object was obtained. YiBrecataly®®G4 = 80.8% s Exanple 156. A

t wo- conponent pol yrrerl zatjon istem was prepared giving a reactant ratio of
mononer : procat al yst PARARpef (2:=cBIOTQBD: 1: 2. Conponent A Li WCA-H (6. 8 )

B 1e g (naPhyERpBre iR PRRR IR d gl P fene: Componen!

hexyl nor bor nene. A arodrlﬂuomawmanhjsdﬁder(@ Mg} & 1@ mbbeXand s flomlyw ng

reacti on paranet SCri e reactio o~C .= 25 s,
t2~zc = 36 s, a’S yiion Ofi%l}qom'gﬁ@pe‘?'rllrﬁl (EO é?b@dzwr%ﬁ‘? @ WRect was
obt ai ned. Yi el Gn BY ml Fxme8 KBk bathwd R8P 0%kebP the tdmb¥¥ansoBEIORENt

pol ymeri zati on system was prepared giving a reactant ratio of

monomer : pr ocat di0§St Adiet stirsihg forsl .2 Bo@S @t foomh teMperature,ra witite prievipnatel (13. 6 ny)

was di ssolved in g of__he yIno bor nene and of neth | nor bor nene.

Conponent. B 1By qlh 350 1A LT SMYFd S R euB o BReitt 10 g

et hyl nor bor nengq g@ﬂloe.gypga?n;lauma@et& 188 s FhesBEvoRR llgehd OW ng
t'he“reaction:

reacti on paraneters descri ts~, = , tioo~c
tZ, o~c = 22 s, (0, 23%» 175 s tge~ = 71 C, tTm = 2690 A solid object was

obtained. Yield by =91 e 158. A

pol yneri zation syst ﬁmu aplégh cﬁj %?CFtQH%)P%EFﬂ\ﬁoLFQ@W gigs]

nmononer : procat f’ﬂsyxﬁtTHFtah&GtrﬁlracctoﬂﬁnQQOasJadaed @HM@N A LiWCA-H (13.6 ng)
was di ssolved in 26 hexyl nor bor nene and v24]] U N2~3 - 167 3 g

of exo-trans- emomgeﬂh@repme (0-9e) m(i)‘ﬁb@ﬁgntAfo 2§ ngngthe

(n-allyl) Pd(&(%ﬁ@g?s C%ﬁﬁﬁgﬁﬁﬁ% %Ugg’arﬁ FE%BW&&BF bﬂ{enene A and B

conponent s wer Ct I On paraneters descri be

t he reagtets icl:s)n tsptvents v&ég% Semdivedltmger xbzac\lﬂms'.o giveagﬁadk mg@.ﬂchLologm%S WGA 85 s,
tge~ tT" 25 Asolido was opt ai ne Yie T =
90. 8% Exanpl e S0H9. EXITRGONdR ABOHENSS tammpt?awlsr\n water iltrahan ?}Fdepar ed

giving 2 react BbnelldrBoRbn SRR R SR ARHOASL b AERUA00: 1: 2

Conmponent A: L was di ss norbornene and
5 g of nethyl nanlﬁluumaeetaté:dnpmmratyeﬂowzkoﬁd@SQ gc4@h).yl ) Pd( 02CCF3) PCy3 was

di ssolved in 1.0 g net hyl norbo nent 5, were m xed at 60C.
The Tol Lowi ng T eact | Eha YEORE St EPera SEneBY AP ELERIBFace e = 14 o, 1
i 00 ~Cc 3920 Sdinder (2009ng) it 138nl&neth§_l|§he Ehl&ﬂ@e was ddliell 183 ARC, t Tm~ = Z88C. A
solid object was obtaine Yi el Y 6. 0%

triisopropylphosphine in 5 m methylene chlorlde After 0.5 hours, the

solvent was removed to give a sticky yellow solid. The product was

recrystallized from hexane to give a yellow solid.

25 Procatalyst 15
(Me;NCH,C¢H4)Pd(O3SCF3)PCy;
Ortho-metallated phenylmethlyenedimethylaminopalladium
chloride dimer (0.25 g) was dissolved in dichloromethane (25 ml).
Triisopropylphosphine (0.145 g) was mixed with dichloromethane (5 ml)

30 and added to the solution of the palladium derivative. After stirring for



Exanpl e 160. 20 A two-conponent polynerization systemwas prepared giving a
reactant ratio of nononer:procatal yst:activator = 25,000:1: 2. Conponent A:
Li WCA-H (32 ng) was dissolved in 117 g of butyl norbornene. - NHeR B: 17
ng (~-allyl)Pd(QzZCCF3) PCy3 was di ssol vgﬁqi_n 3 g net hyl nor bornene. and B
conponents were mnixed at 60C. The 25 f ow ng reaction paraneters describe
the reaction: tg~, =15 s, t ~oo~c =22 s, t 2io~c =27 s, tTm = 105 s,

tgi = 73C, tTm- = 288C. A solid object was obtained. Yi el d by TGA = 88. 4%
~~JUN 20D330xﬂﬁatesﬁkmmmmpsmtur@,the\mmmaseaddabmlmmzét| on system

28, 000: 8- 2. coudnnamOc perend wusdn ek araduRegetodde 150G of
but yl nor borrene ?mel%ayremov%wy tHlRARg MeQoNRoR Mirbash eanretiiering Component

B: 17 ng (n-al I'yl )Pd(02CCEF3) PCy3" was dissolved in 3" g butyl norbornene A
and B corrponentasd wRergoval médlea:blvemlemh‘éagcﬂehdﬁlw ofle Aslditton qfar anet er s

1975, tgel - FoE °$n%¥9¢°§oé€299\§2%ﬂ1a*ei%deaclf%i“ SIS o o by ~o
TGA = 89.4% Exgrgl e nent poI ymeri zati on system was
prepared giving a ?e‘ac‘?ﬁdéﬂr jr)mnorrer procatal yst:activator =

25,000: 1: 1. Conponent ~ 5 A L|V\CA H (6.7 ng) was dissolved in 29 g of
hexyl nor bor nene. Conponent B: 3.6 ng (~-allyl)Pd(02CCF3) PCy3 was di ssol ved
in 1 g hexyl norbornene. A and B cofprocasalyst Were ni xed at 70C. The fol |l owi ng

ro0boc o 10 st - Trepeion ot Ay AERSeRphctatisSpafiadin i G720 b act e
obt ai ned. (i el driflMorb@éetate 90. 4% Exanple 163. A two-conponent pol ymerization

system was prepar ed ﬂbw ng a reactant ratio of
nononer : procat al yst : Bt pelttien ofallyipablgdiumchlorids dizasrdfd 225n 20 mlj WweA-H (3.5

ng) was di ssoly

(~al | yl) Pd( ozé&%%&/ggh'\%%gé ?ﬁiééﬂ}’e’%ﬁ.@% “%‘ﬂéﬁﬁ‘?"%@?‘%@ (ﬁ‘é%ég’gﬂ and B
C(r)]rrponents vvereSmilmedn)aéneﬁihmndihﬂ“hé@éshhiﬂgﬁgld)&ﬂowi@mnpawmlmlg descri be
the reaction: N 2p03_- 169 41 s, t 205C =
56 s, tTm = 9@%93‘1?@&?1““3’?@@3? egvhﬂnoro%@@ (Oﬁoé(ﬂ)ll’éilé)ﬁ]l(?&thm obt ai ned.
Yield by TEA = Gt A3 Whmelibfo. Shoths! #‘%C@%Pﬁﬂ@ﬂ%ﬁo?f%w{ﬁé' zation system
was prepared giving a reactant ratio of nomer : procat al yst: activator =
25, 000: 1: 1. Congedveshtemovet undA-viac\fi8n 5 giy} thweodiict soé pald yelhow olid.g of

hexyl norbornene and 1.5 g of exo-trans-exo-norbornadi ene di ner. Conponent
B: 3.4 ng (n-allyl)Pd(02CCF3) PCy3 was dissolved in 1 g hexyl norbornene. A
and B conponents were m xed at BOCp.mgtaieqltlmwi ng reaction paraneters
descri be the reactipon: t~~i =6 t 104C = 10 s, t 205C =20 s, tTmg,;

80 s, tgei = 86C, tTﬁﬁep&raQ@DQf (aln\ylémlmlmp@/d:nhoamn@mléadm(II)n eld by TGA =
92.5% -~ goExa”tT?{fﬁx Pt?x?eth tsmgaquonent pol ymeri zati on system was prepar ed
gi ving a reactan I'0 O ‘nonorer: procatal yst:activator = 25, 000:
Conponent * To a solution of allylpalladiumchloride dimer (0.5 g) in 20 ml

methylene chloride was slowly added tricyclopentylphosphine (0.651 g)
in 5 ml methylene chloride. The resulting pale yellow solution was
slowly added to a slurry of silver trifluoromethane sulfonate (0.702 g) in

25 15 ml methylene chloride. After stirring for 0.5 hours, AgCl was filtered
off and the solvent removed under vacuum to give the product as a pale
yellow solid (1.0 g, 68%).



A: LiWCA-H (27 ng) was dissolved in 117 g of hexyl norbornene. The

acti vator/ nononer solution was degassed under vacuumprior to m xing 20
with the procatal yst. Corponent B: 15 ng (n-all yI)Pd(OZCCFﬁ?IzQJ@N

di ssolved in 3 g hexyl norbornene. A ang,,B conponents were xed at” o0C. The
foll owi ng reaction paraneters describe the reaction: tg~i = 25 s, t gooc =
40 s, t203c =50 s, tTm =75 s, t~e~ = 74C, tTm = 241 C. A solid puck
with no voids was obtained. 25 Exanple 166. A two-conponent polynerization
system was prepared giving a react a@atalgstil8 of

monomner : procat al yst:activator, = 25,000:1:1. Conponent A Li WCA-H (27 ng)
was di ssol ved i n 11Prepagtionek(FrallyohdiBrid rﬁﬂﬁcgﬁﬂ[ﬁogcéfl&}
exo-trans-exo-a&iebgzlnadi ene diner. The activator/ nononer - 170 - 2 ~ . 1UN
2003 sol ution Sdfegassed under vacuumprior to mixing with the

procat al yst. Conponentrodh térhperauten LEB(Q1QP{3(FCBS ) PQ).8 gnemtainiagol ved in 3
g hexyl norbornene. A and B conponents were m X cf at 70C, ‘If'h,e fol l ow ng
reaction par amedengtigusaceropariie) avasgeactsdgrith Qfgalfy WAOSCh)PH) 5 16 s, t
204C = 24 s, t T: . 7l & T = : ld uck with no
voi ds was obt ai gg&?“éi%rrr%f@ta%gg.sgﬂ?%qﬁgb%ﬁgﬁeﬁzé&&@n@?isgg#on syst em was
prepared gi vi ngvémighddiearilowablutionfwasstripped tadofessalThe praiati was or =

25, 000: 1: 1. Conponent A. Li WCA-H (27 ng). was_dissolved in_9g of

exo- pent y| nor bayeskadewityd@ mi hexangiand thaoyrdiewy soligcatiected. \Based @Bassed under

vacuum prior t L X1 | Y, :B;

(n-allyl) Pd(ozgfﬂgg‘}(’é’&g}im\?/ah%’ éﬁ%@@?@%ﬁ"?"ﬁ %Ea“‘g%ﬁggﬁ%‘gf‘ﬁg}%"é?%@e. A 15 and
B conponent s wevas idantifidd as [(60y3)Pd[RE-Frph(INGH)] [ BEQ«IHa3, p&Mask].er s descri be
the reaction: t~ei = 180 s, t i60~0 = 480"s, tTm _ 720 s, t~e~ = 86C, tTm-
= 234C. A solid puck with no voids was obtained. Yield by TGA = 89.4% 20
Exanpl e 168. A two-conponent pol yneigatalystory system was prepared giving a
reactant ratio of nononer:procatal yst:activator = 25,000: 1: 1. Conponent A:
Li WCA-H (2.4 ng) waPrepasatisindd](it1all9hPAP-IRrNECHNIBEREClaphponent B: 1.3

Component & werc. m it raviaEpertes TG OMHPuGE oh (bR BNUBRI o descr i o

t he reaction: [ = } & . % : .30 s, tgQ,
7ac, (10T paBReqhiln b IO SN EAD SO I B 20 ) T
97. 0% -171 -ac&oditrilet fAfidr theFrekotmnyhaé stht&d overnight the yplbeve sdlupiad yer i zat i on
system was prepared.giving a reactant ratio of . .
. onorer : procat aYa)?ssfr.“g’E%iitQ/g‘f grange spfutipsy. .efro‘&?ﬁﬁaﬁé‘ﬁjt‘ssﬂl.veﬂi‘%A-H (2.4 nm)
was di ssol ved ippinBeAididhanthidiahe hiE A e oGO R erRiald thRt ffimed
(Me~NCHz C6H4) Pd( 03SCF3) PCy3 was dissolved in 1 g hexyl norbonene. A and B
conponent s wer evere xeltectd @ddrizdd Bakasd argmrotonpphaspidrusnand fluedng/ el | ow. The

2155 s, 2 700 VR SRR RpdlFSS birgrodotfyad Renbliliad Ty " "265C A S0l
puck wi th no vqyfgfyssb _p}gg(qxj@‘@qg)]%gl%rcg%éj'%ig%@&_gga Exanple 170. A

t wo- conponent pol yneri zati oii” syst em red ving a reactant ratio of
nmonomner : pr ocat aleyesmiretivh eanfimmed tRSsO@Puré a5. Conponent ~ 5 A

1 ethoxysi | y1 A AbRARC bR MBS 4Ty tue soihofmatrestersst) poy3 vas

di ssolved in 1 tHisQﬁié}SJsﬂi%rdéch'ft%rlﬁ-Fi@r@g.d B conponents were m xed at 60C and
the reaction nmedium t'urned yell ow,” and pol ynerized within 60 seconds,

wherein tEha,, = 220C. A 20 clear solid puck with no voi ds was obt ai ned.
Yield by TGA = 95. 0%

Procatalyst 20

Preparation of (crotyl)(triisopropylphosphine)palladium(II)
trifluoromethanesulfonate

To a solution of crotylpalladiumchloride dimer (0.5 g) in 20 ml

30 methylene chloride was slowly added triisopropylphosphine (0.407 g) in



Exanple 171. A two-conponent pol ynerization systemwas prepared giving a
reactant ratio of nononer:procatal yst:activator = 25,6000: 1: 2. Conponent 25

A Li (OEtZ)Z. s[B(C6Fs)a] (10 ng) was dissolved in 8 g of he%{ n@rb rnene
and 1 g of butoxynorbornene. Conponent h&a 1.2 mg (~c-allyl) d §C%Q£PQ/3

was di ssolved in 1 g hexyl norbornene.” nd B conponents were m xed at 50C

and the reaction nediumturned yell ow. 2 ~ J UNZ2003 - 172 tg~ = 230
s, t,0,~~ =430 s, tTm =660 s, tg~, = 70C, tTm = 175C. A clear solid
puck with no vaifsmetgleabtiiofrigel. THe ekualtihy pdiSfeowSoldfish wexslopte 172. s A

t wo- conponent pol yneri zation system was prepared giving a reactant ratio of

monomer : pr ocat afgest toaclyrpaeiyilver pilugrgnethane salfprathhe5228) il dk 2) 2

s[B(C6Fs)a] (4 S .16l sg0l v, b0 e L r ene and 8 g
of hexyl nor bor nenl;gﬁlge}fl cnt%%r?l%htA%; Skggpgr%r?ﬁ%a % %??Eﬁ%gé%ggf%ng was

di ssol ved in 1 tie svdvent remidved mader. vadmando give drqyooduct as apale yailoled at 55C. The
fol |l ow ng reactilog paraneters describe the reaction: tg~i =180 s, t,o00~~ =
270 s, t zbs~cSMB45 s tTm- = 375 s, t~i = 82C, tTm- = 261 C. A solid puck
with no voids was obtained. Yield by TGA = 94.7% 1 s Exanple 173. A

t wo- conponent pol yneri zati on system was prepared giving a reactant ratio of
monomer : procat al yst: acti vat or = 35Pyoeatalyst 21Conponent A:

Li (CEt 2) Z. s[ B( C6Fs) 32. was.di ssolved in 6 of.

Fr1 ethoxys: 1yl nor bodnmeaignept; B S Rp S BormfiC ibver sthfhent & 20 15
1 (~-al lyl) PARSSERBHRAE A9BGHER I SBnbibhhey phitigtirinpor nene. A and B
conponents were m xed at 60C solid clear sl aB with no voids was

obt ai ned. 10/ el didssifliggometiage-5okforfimadepl e 174. 2s A two- conponent

pol yneri zati on syst was. prepar.ed.gi ving a reactant ti.0

nononer : procat al yst ?lg’]c? f@‘é‘?%g@%f‘g@@?‘fﬁé‘ﬁeﬁ‘ﬁﬂ%gﬁﬁ Eizg) tn 95 ml

Na[ B( C6H3- 3, 5- (dffwatervids added'8ilveyasrbenate Ol Meg) ds/a sblid. The solution was
triethoxysilylnorbornene and 8 g of hexyl norbornene. Conponent B: 1.1 ny

(~-al | yl) Pd( 02 berey roy ¥ Crareer @i Shairyfdliereds and thehwatr ngmomed nedes. 30 A and B
conponents were m xed.at roomtenperature an he tion 2 ~, J UN
2005 - 173 "t uriEHS el bRy e 1h B e It semPu ched
naxi mum i p% er nadolill GRP&itaisU IRenfvaldtibe ethes@ldeflvitutin ghive thesrod@itds was
obtained. Yield by TGA = 92.9% 5 Exanple 175.
a white solid, Ag[N(SO,CF;),].
To a stirred solution of 50 mg n-allylpalladiumchloride dimer in
3 ml methylene chloride was added 77 mg tricyclohexylphosphine in 2 ml
methylene chloride. After stirring for 5 min, this solution was added to a
20 slurry of 106 mg silver bistrifluoromethanesulfimide in 3 ml methylene

chloride. The reaction was stirred for 30 minutes, silver chloride filtered

off, and the solvent removed to give the product as a tan solid.

Procatalyst 22
25 Preparation of (n-allyl)(triphenylphosphine)palladium(Il)
bistrifluoromethanesulfonimide
To a stirred solution of 50 mg allylpalladiumchloride dimer in
3 ml methylene chloride was added 72 mg triphenylphosphine in 2 ml
methylene chloride. After stirring for 5 min, this solution was added to a

30 slurry of 106 mg silver bistrifluoromethanesulfimide in 3 ml methylene



A two- conponent polynerization systemwas prepared giving a reactant ratio
of nonomner: procatal yst:activator = 25,000:1:2. Conponent A: Li WCA-H (9 ny)
was di ssolved in 19 g of rubberized hexyl norbornene (1 wt i P‘EM
Component B: 2.4 ngt o (n-allyl)Pd(02 3) PCy3 was dlssolvé 32

rubberi zed hexyl norbornene. A and B conponents were m xed at 100C. The
follow ng reaction paraneters describe the reaction: t~~~ =5s, t 2~~c =
10 s, tTm- = 375 s, tg~i = 110C, tTm~ = 251C. During the course of the
reaction the sehidhONTRéRAGRSh WaY HiirelIfoN0.s heas, siivki chlofide Alteedudy of f 15
white. A solid puck was obtained. Yield by TGA = 91, 8% "exanple 176. A

t wo- conponent pﬁl, mbzdwemnemygqcbﬁmmamlbp\am RUgFipg InheXantt ant rati o of
nononer : procat t t 20 A: LiWCA-H (9 ny)
was di ssol ved ??11 efl%%'ofmr?é VS@%B’I%QP%I@% rgﬁé(ﬁg&gc{r:d 19 g of rubberized
hexyl nor bornene (1 w. %EPDI\/) Component B: 2.5 ng (~-allyl)Pd(OzCCF3) PCy3
was dissolved in 0.3 g triethoxysil Inorbor ene. A and B conponents were

m xed at 53C. The fol | owing reacti BROSMPEMHAer s describe the reaction: tgei

=285 s, t 103C 25 tgei = 75C,
tT",~ = 216C. A soli a‘gbpuc‘l?’n °tf§’?gﬁﬁ&?"é&%p@mﬁ"%@“‘ﬂ%ﬁﬁﬁdgﬁn 0% - 174
Exanpl e 177. 2 uiktedflidrbm2@anesAlfbinidé®nponent pol yneri zati on system was
prepared giving a reactant ratio of _pononer; progcat ?r}@}ySt activator =

25,000: 1: 2. Conponer astirredsofution of 2P Bmeatlyipajlagiomghipride dimgrda ol ved in 1.0

of 5trietho rbor nene 1
o EPON | ComsanLmJRRE B BARE WAL Hadd 6 e Db R orved i n 1.0
]9 Itlrl et hoxysi | %ﬁmbmbﬁmytmeehloﬁdanétft& mmi?ﬁMdtmiWESMMﬁl%cge¢ ;I’h_eQO~

ol | owi ng reaction par . e [ eac = S i c =
165 s 1 2--c 1036l ofbspmesilys ’§mqf“§m?mei @E&‘lh{fﬁ‘iﬁmgj mh = 243C. A solid
puck was obt ai Rgdhyidhédtloride. TR reaction Wés stirr@dRIr®. slidhrs, /élmfmmm@onent

pol yneri zati on system was prepared giving a reactant ratio of
mononer : pr ocat dlltestd oft tand sheosolvenp fendp@d 10 give @bnpwmeidt Stifing: in

Ph3C] [ Al 4
'E ri et ]hE)xyglOI%I %“B‘E’f ﬁ%}”é(l%&%ﬁg%‘of}fgaﬂee&\?lrp%%ﬁ'ﬁ{ﬁsr?e%h@t %ﬁwgsoslgl ution was
heated t0,60C to dissolve the activator. Conponent B: 2.4 ny

(~-allyl)Pd(02CCF3) PCy3 was dissolved in 1.0 g hexyl norbornene. A and B
conponents were mixed at 60C. A sol iAFtHatr has obt ai ned. 20 Exanple 179. A

t wo- conponent poly ﬁ?@ giving a reactant ratio of
nononer : procat al ys'?q{a{kgﬁaﬁqq.'gorfskéﬁn@\l@ﬁ%. ﬁ%‘bnent A LiWCA-H (9 ng) was
di ssol ved in |19.0 g Tf a slanylofi0C RBENANEHZE. S0ogtiaiS0innideRandt wadadded est one 1107

270" 5" hexl yI mor obf ROACA | M asiieh ELBAGIRTE 4668 b Solethesnd WEM od i a 100C

bat h. A sahi d BedipitRs waDtSHRAdmmEiRkdy DR AECPRGuIEeO% 2 4 J U N 20D - 175
Exanpl e 180 A 't wo- conponent pol ymer| zatl on system was prepared giving a

reactant ratio [6€ishienoWE€HpI@ owsasofated by filtetioniin zir 284 @Gl under Conponent A
Li WCA-H (9 ng) was dissolved in 0.7g of triethoxysilylnorbornene 5 and 19 ¢
of rubberized hve%‘(‘wrﬂt)rbornene (1 wt. %EPDM. Conponent B: 2.5 ny

(n-al l'yl') Pd( OZCCF3) PR¥8Iuvias oﬂl[&%QH%%NHCUI-IQCB((DOS ) #dhoxysi | yl nor bornene. A
and B conponents were m xed a foll owi ng reacti on paraneters

descri be the rca€ER@lsB{EsEs) :60 Q@@ ggm 365 q}bg@lohexane was refluxed for
25 2.5 hours. The solution was filtered to remove LiCl and the solvent

removed to give the product as a brown colored oil.



=230 s, t 203C =345 s, tT",~ =465 s, t~i = 108C, tT",~ = 253C. Alo
solid puck was obtained. Yield by TGA = 93. 9% Exanple 181. A two-conponent
pol ymeri zati on system was prepared giving a reactant ratio of

mononer : procat al yst: activator = 25, ooo-qt 2. Conponent ~5 A: RildI 120132. 4
ng) was dissolved in 0.7g of triet hox‘yg Yl nor bornene and 19 g of

rubberi zed hexyl norbornene ( 1 w. EPDM. Conponent B: 1.7 ng
(~-allyl)Pd(OzCCF3)P(i-Pr)3 was dissolved in 1 g hexyl norbonene. A and B
conponents were m xed at 53C. The f @lctipwdon@ reacti on paraneters descri be
the reaction: t~~i = 20 8 and_tTm~ = 255C. A solid puck was obtained. Yield
by TGA = 96. 7% Exampiparatiop of hi Whar-Eodigdw@nt pol ymeri zati on system was

prepared givin j . procat al yst: activator =

20, 000: 1: 1. Co t%ﬁ}%&é@&k@@%&&%y@i8rrgH§fa§Aezs dissolved in 9 g of

et hyl nor bor nene. Comacishmty & lithidin alnd{inura hy§ideROOTIBEFB) A(mi Pr) 3 was

di ssolved in 3 g ethyl nqrbornene he actiyatorl nonomer solution was
degassed under h?’é%\ﬁlﬁﬁsﬁﬂfiﬁﬁrl’tlds%ﬁ Q;Eﬁéafi‘n‘oc"?f T “ﬁr%EEﬁ’Péﬁ‘%MR.éﬁ) and B
conponent s wer i T 3 i i descri be

t he reaction: %l'@ %j%g}]%hl §%§§\el B‘%’%gtlujtnggoogngégqg‘% @ut%%@ﬁﬁﬁ%% s, t 2o0a-~c
= 415 s, tTm-; throd@bCslite® grd thre sbivefd, retribred to giveSiBe pfodniot asch whidk was

obt ai ned. Exanpl e %Ogg 58(%9/ t wo- conponent pol ymerizati on system was prepared
gi ving a react &fkd 1% & ononer : procat al yst: activator = 20, 000: 1: 1.
Component A: LiWCA-H (3.4 ng) was dissolved in 1.0 g butyl norbornene.
Conmponent B: 1.5 ng (allyl)Pd(03SCF3)P(i-pr)3 was dissolved in 8.5 g

but yl nor bt nene and 0. 31 g nor bor nadicsivator® and B conponents were m xed at
25C. A solid object S _Qqbt aj igldaby: TGA = 94.1 % Swell in toluene
overnight: 158% EXx ﬁ%?aégﬁzﬂfn@%%’%:‘gé‘h%ﬁé‘m%%?’%en zation system was
prepared giving a 159 £d6iraef litduintalehinteibygide p0.0T8EpinyIHig act i vator =

20, 000: 1: 1. Conponent A: Li WCA-H (13. 4 n%) was dissolved in 1.0 g

but y| nor bor nen®utXinerpemens was added 1pky1.8 &b 3-hexaPuered-pheny b2 prppangl a5

di ssolved in 9. B t xed at 25C
and the ol | ow g HELLY plEbMNEGAE. hAR o RRIER, Beleltale 2, 00
mn., 20 15~ oditered #:gvera ciear, sorhevoad viscouskolioni n., tTm~ = S : 00 min.,
tgei =3 8C, tTm-, = 210C. A solid object was obtained. .Yield by TGA =
96. 7% Exanpl e 185. 10 % spdvtisefone me GollyDEA Q3CEakP 4fsbénPRe&s pr epar ed

giving a 25 re | X ) Lvator = 20, 000: 1: 2.
Component A | L1 AGASrphAEhEwt odRATSThe BF AE G ENA R 1.0

tri et hoxysil yl rityinsmbemene. ChgppoigmeriBitioh. ploceedddasidwiy) R 40d6edna) P(i - pr) 3 was
di ssolved in 9.5 ut.yl nor bornene. A conponents were mxed at 45C
and the foll ow%ﬁgﬁl‘gatgﬁeéwcgé?gﬂﬁ?&a a@%gcﬁ}hsggﬁﬁgrgg%%g%ﬁq tgei = 20 s, t
1 00~C = 30 177%mredratdly ¥nd TealAlBa Rprratlre 40QT®CS 24 S, tTm- = 30 s, tsi =
71 C, tTm- = 222C. A solid object was obtained. Yield by TGA = 94. 4%

Exanpl e 186. 5 A two-conponent pol ynerization systemwas prepared giving a
reactant ratio of nonomer:procatal yst:activator = 20,000: 1: 2. Conponent A:
Li FABA (5.8 ng) was partially dissol ater . 71 g triethoxysilyl norbornene.

Conponent B: 1.4 ny mgbarwiam( BIWCA-CE)L ROPFDiAIMAS 49 ssol ved in 9.5 ¢

butyl norbornene. A and B conponents were to opened to the air, stirred for
5 mn., mxed at 25CTaadumyefflghjvowalyginum hydride (0.367 g) in 100 ml

25 hexane was added 1,1,1,3,3,3-hexafluoro-2-(p-tolyl)-isopropanol (5.0 g).
After stirring overnight, the solution was filtered through Celite® filtering
aid and the solvent removed to give the product as a white solid (4.7 g,
91%).



is reaction paraneters describe the reaction: tg~~ = 3:00, t ioo~c = 3:36
mn., tT",~ =4:00 mn., te, = 40C, tTm- = 197C. A solid object was
obtained. Yield by TGA = 95.9% Exanple 187. A two-conmponent gil\){rﬁerhﬁgati on
system was prepared giving a reactant i i o of UN 2
monomer : procat al yst: activator = 20,000.1:1. Conponent A: Li WCA-H (3.4 ng)
was partially dissolved in 1.0 g butyl norbornene. Conponent B: 1.4 ng
(allyl)Pd(02CCF3) P(i-pr)3 was dissolved in 9.0 g 20 butyl norbornene. A and
B conponents were m xed at 45C and tAwéivatariSowi ng reacti on paraneters

descri be the reactiqQn: t-~-~, 0~ t 200~c = 22 s, tTm
40 s, t~~i 58C, t ﬁq‘pa:anz)g?é L‘ﬁ@'&‘é’éﬂg)é?@éf% obt ai ned. Yield by TGA
92.3% 25 Exanpl e 18§, 4%51 ¥R STOLTFNERA 0. @%Yﬁetdrﬁpéthmﬂ%ywaeaums pr epar ed
giving a reactant ratio nmononer : procat al yst: activator = 20, 000: 1:
Conponent A: Lan\iMylbth(zB(MIM) Viefter diizinglovenhigh, the eolgertbmaylrm@\tﬁdr nene.
Conmponent B: 1. rI% %}/ )dﬁ 03SCFz P |-1pr)3 was dissolved in 8.9 g 30
but yI nor bot nenéoﬁh APrRFHG aR BPHTPENEA ene. A and B conponents - |~s 5
2 ~aa ~ 2003 were m xed at 25C and the follow ng reaction paraneters
descri be the reaction: tg~, =12 s, t ,00~c = 16 s, t200~c = 20 s, tTm-, =
45 s. tge, = 40C, tT~, ~ = 213C. A sdatiyalisifct was obtained. Yield by TGA =
96. 4% Exarrple 189. 3 byl ) Pd(02CCF3) P(i -pr)3
were conbined in 1 r#rwrf%éhdﬂlo(etﬁ]éﬁg )'H?{c}gHéLﬁl?i\ls |§4rie% for several mnutes.

This was added to 10Id)aguhybfllhmuhmlmQMn(hﬁBm‘e@ﬁ%g)mcﬁ oL
nmononer : procat al yst: activataor = at _25C and the fol | ow ng
reaction pér amgieEane @E§@PYQ§&16H@)%@M%1 1t1v3 3,3-hexaftyore-gd-phepyl-2-g0~c = 1: 10

mn., t 200~C & t 209C. A
solid obj ect wa"s‘]’%%’t%l{III ﬁ%}}?f‘:blg’n%%q‘éd&% he e e%f’d @Egged 15 Li FABA
(5.8 ng) and 1.zhdne {cﬂtrdnyterﬂd(eﬂ)Z@gﬁa)lﬁé(propuc}tasMefsohd)(lmaﬂg,l n 0.25 nm

nmet hyl ene chl orSLlo/e)Dand stirred for several mnutes. This solution was added
to 10.0 g butyl ornene (reactant rati o of nononer: procatal yst:activator
= 20,000: 1:2) at 45C and the follow ng reaction paraneters describe the
reaction: tge, =5-s, t ,o00~c =7 s, t 200~c =209 s, tTm =25 s, tg~, =
60C, tTm-1% 222C. A solid object wasAdbtademed. Yield by TGA = 92. 6%

Exanpl e 191. A two- onent zlgy te s prepared giving a 25

reactant ratio of C%%Pu%%fpgt\gmh t}ﬁ;h‘ﬁ 4rT]ZSHOOO 1: 1. Conponent A

Li WCA-H (3.4 np) Waswlasmty\&dlthmnilalanmbﬂhydmr(b@rsrgqn;eso #Meedient B: 1.8
ng (allyl)Pd(03SCF3 é ycl osent 3 was dissolved in 9.0 g butyl norbornene.

A and B conponeWessadged &, 1ph, %8 3-hexallgarozhphenyb2 fpsepasal Wefor@adthicon par aneters
d b h 179 29
o0 = 30 o ekl lias e Svintigh, SugBRC Sndine sOivinelofediiibe 70 20>

obt ai ned. zh’l el dthbyprodiaét as O6higdsolid(ar6p|ge 71%2.. Duplication the prior reaction

on a larger reaction scale (i.e., lithium aluminum hydride = 2.34 g;

1,1,1,3,3.3-hexafluoro-2-phenyl-2-propanol = 40g) resulted in isolation of
LiWCA-H as a white crystalline product. Yield = 38g, 92%.

25 Activator 8
Preparation of Li(HOCHj3), s[B(C¢Fs)4]
0.11g of ether free Li[B(C¢Fs)4] was dissolved in methanol (4 ml)
to give an orange solution. After stirring for two hours, the methanol was
removed under vacuum to yield a white solid Li(HOCHj3), s[B(C¢F5)4].
30



5 A two-conponent polynerization systemwas prepared giving a reactant

rati o of nmononer: procatal yst:activator = 20,000: 1: 2. Conponent A: Li FABA
(5.8 ng) was dissolved in 0.71 g triethoxysilylnorbornene. Cogponent B: 1.8
ng (allyl)Pd(03SCF3) P(cycl opentyl)3 issolved in 9.0 g buggl WOl BBnene.
A and B conponents were m xed at 25C aht the foll owing reaction paraneters
describe the reaction: tg~i =29 s, t ~o00o~c =36 s, t Zoo~0 =38 s, tTm =
60 s, t~~, = 65C tTm = 226C. A solid object was obtained. Yield by TGA =
94. 2% Exanple 193. 15 A two-conpondrtivak@neri zati on system was prepared

giving a reactant ratio of Q "Rro yst: procatal yst:activator =

20, 000: 0.5: 0. 5: 1. Cgmﬂggi‘(ﬁé&rhf@@hﬂ ) was dissolved in 1.0 g

butyl nor bornene. Co : W SR Rebnapb) 3 and 0.8 ng
(allyl)Pd(03SCF3) P( pn(gpgg?\/\%%ﬂé);%@?gg%ﬁl ralxl gg% g 203%&&}? nor bor nene. A and
B conponent s W mintoxgiek @t ordnge sahdionh e fieplstiningrfor twedtcuro thepar anet er s
describe the reaction: t~ei = 2d3 S, t ~00~0 = é\‘}g %6 t ﬁﬁow =34 s, tTm-
50 s, tgei’ = 4%ePrappRQ) wasygevedindst YaPuyR) Qotelfa Vs salitietlO 9N el d by TGA
94.9% 25 Examp{MR184lysit shoWeCRMPANGE codralnatRIdidBY1l €dikr 48 répckas prepar ed
giving a reactant ratio of nononer:procatal yst:activator =_20,000: 1: 1.
Conponent A: LiBagal on T@Adandghtemal reférenes measutementsoisipgtiuetphyBor nene.

Conmponent B: 1.8 al |l vl)Pd(03SCR3).P( ¢ opent.yl di ssolved 30 in

8 5 g butyl nor BRSNS, oyl ‘Be B{?Pg%{y%%ﬁeﬁw&ﬁé?’ﬁ%@@ﬁ 24 J UN 2003
- 180 conponeprs[BYEXEs) xed at 25C and the follow ng reaction paraneters
describe the reaction: tg~, =15 s, t look =19 s, t Zooc =21 s, tTm-, =
40 s. tg~l0=52C, tTm = 221 C. A solid object was obtained. Yield by TG =
95.7% 5 Exanple 195. A tmo-corrponeﬂgﬁmbyﬁr@ri zation system was prepared
giving a reactant ratio of nonomer:procatalyst:activator = 20, 000: 1: 1.
Conponent A: Li WCA- Bré¢parationm)f @dOch-Be)gIB(E¢Fs)sd 1. 0 g but yl nor bor nene.
Conponent B: 1.8 mg (allyl)Pd(Q03SCE3)P(cycl opentyl )3 was dissolved in 8.0 g
but yl nor bor nene and Ollwgé’fblt}?é 9)21%@6‘14'%?@5 dﬁsaﬁa‘l@’&ﬁw&ﬂénts were i xed
at 25C and 't he (f gll} Vi00ad Gahkd QR HRREiASDE HRbe hlltndseget ion: toel =
23 s, t 1 oo~c = s, t Zooc =29 s, tTm.~ = 40 s, t = 58C, tTm =
223C. A st i d cbivest wasarsmobedimded vacriual © yngld AGaff= white s6lid. 4Btotdaxanpl e 196. A
t wo- conponent | yneri zation S was pre d,gjving a reactant ratio of
nononer : pr ocat o ({2 ?8?3&“%%, §° %i’?al?%ﬁe'}ﬁtgg'e‘ﬁt‘er SAEPIAGSRCA- H (1. 3
ng) was di ssol vag F;)iré‘dul;t Wag chufhcrdriven RO bEAR € i(HORPRNEBICB:),L- 7 Ny
(all'yl)Pd(03SCF3) P(cycl opentyl )3 was dissolved in 9.0 g butyl norbornene. A
and B conponents were m xed at 25C and the followi ng reaction paraneters
describe the reaction: tg~i = 37 S’A&\“W?FSI: 49 s, t 200~c =54 s, tTm =
1:10 mn., tgei = 44C, tTm- = 210C 1d 25 object was obtained. Yield
by TGA = 90. 8% Exaripbpardtivh of ALI(HO-cBORBERF;)Hol yneri zati on system was

prepared giving a reactant ratio of nononer:procajfal yst:activator =
100,000:1:1. 2 ~; ’ﬂﬂﬁﬁm%&@ m‘i’msades%ﬁéﬁs OttA: Li WCA-H (5.0 ng) was

di ssolved in 74; erp. ﬁﬂm@ W :

(allyl) Pd(O:BSCF?} ?#12%1%136\/32@%%?@%,8 ve Ql:ﬂﬁfl?%naé-@éﬁ% iﬁi})ntgrytl)%crirallene. A and B
conponent s wer elearxedoriess sgl@iem dA fidrestifridgd fonionghowatheisolvepavanet er s descri be
the reaction: tg-, 5 18 s, t,00~G,= 359 S, ..t200~C = S, LTm~ = 1:00

M tor o sacempyender st QY0 A s el RESHIME ABYSY o1 o by ToA -
86. 2% Exanpl e kB8wed\tHatl @R goeREbtePGLITEEMENAdYReS YehQIRd Wahe PT €par ed
giving at o reactant ratio of nononer:procatal yst:activator =100, 000: 1: 2.

Conponent A: LipFpadt w@s vharggtenized ad La@HDv-d)i[B(QsFo)uh

tri et hoxysilyl norbornene. Conponent B: 2.3 ng (allyl)Pd(03SCF3)P(ipr)3 was
di ssolved in 74 g butyl norbornene. A and B conponents were m xed at 45C and
the follow ng reaction paraneters describe the 15 reaction: tg, = 27 s,
t,oo~c =52 s, t200~0 =60 s, tTm = 1:10 mn., tge, _ 55C tTm = 216C. A
solid object was obtained. Yield by TGA = 89. 3%



Exanpl e 199. 20 A two-conponent polynerization systemwas prepared giving a
reactant ratio of nononer:procatal yst:activator = 20,000:1:1. Conponent A
Li WCA-H (3.2 ng) was dissolved in 1.0 g tetracycl ododecadi en§.4 ment B:
1.4 mg (allyl)Pd(03SCF3) (P-i-Pr)3 was ﬂq solved in 9.0 g

tetracycl ododecadi ene. A and B conponent’s were m xed at 25C and the 25
follow ng reaction paraneters describe the reaction: tg~, = 18 s, t,o00~Cc =
27 s, tTm- =50 s, t~~, = 40C tTm = 163C. A solid object was obtained.
Yield by TGA = 89. 7% 2 4 J UN 208%atodAB2 Exanple 200. A two conponent
pol ymeri zati on system was prepared giving a reactant ratio of

nononer : procat al yst Panaraignef Ml’@é;‘gmﬂﬁq{\cmonent A Li WCA-H (3.4 m)

was di ssol ved i B~k t vl n 1A stock 5 solution of Conponent B:
15.3 ng (n-all y‘[)ciga@ﬁg)ég@gt]@?wﬁ%@w&ﬂs di ssolved in 90.0 g

but yl nor bor nene. Conpmienic of LHEOCICRA¢His)sh((0143 gy aibbipOCEnF;)Bl)ak 25C and
the foll ow ng reaction raneters describe th act | on: ~ =14 s, t,o00~cC
= 17 s, tZooc g_’;96%),Wﬁrgg’rssor—‘{s%mg?tgqu‘@ia'meS%)‘@?O{ﬁ’ﬁ?‘_’ i?glﬁégr A solid object
was obtained. gl Y s %&%teﬁg&aﬁ&@mé sSRkR WRTeRbvéPmPONENt B was
stored at roomtenperature in a dry box in the dark for four nonths. A two
conponent pol yveciaatgivna whee sotidvas prepared giving a reactant ratio of
nononer : procat al yst: activator = 20,000: 1: 1. Conponent A: LiWCA-H (3.4 ng)

was dissolved in 1.0 g butyl norbornene. 15 Conponent B: 9.0 g "aged" stock
solution. A and B were m xed at 25CAaticatohé3f ol | owi ng reaction paraneters
describe the reactiqp: tg-i = t., 0Q5C S, t200~c = 33 s, tTm = 45
s, Tgti ='%ocC, tTrrrch—repﬁ%@.n oﬁ[éﬁf@M@ﬁ?g@Z%g%bt ained. Yield by TGA =

96. 9% 20 Exanpl e 2Qdtrofmit¥Rp&aRing 3Nt SOhY{ERIIx$BéloR TBRYSHYIWARS Pprepar ed
giving a reactant ratio of nonomer:procatal yst:activator = 20,000: 1: 1.
Conponent A: Liaddsd dropavige ingp) drydpox i 8 88 mia@lumee af 01 Y sphutiansr bor nene.
Conponent B: 1.6 VA 4 P = [ lved in 25 9.0 ¢
but yl nor bor neneh.§hl aﬁg{h%kég)#pﬁg’(ﬁteﬁ?gm%?eh%er&rﬁt 1§é§~%)glts M\@warﬁ%ﬁt he foll ow ng
reaction par aneémpéraes fori2ddhotiieint eiecdol vent tHeg @¢émevedinder vacuate = 90 s,
t200~c = 94 s, tTmy = 110 s, Tie, .= 38C, tTm = 210C. A sol.id object was
obt ai ned. 1%i el @R thedasizedgprodugs lithiym tgtramethylporaigsLiBi@Me)dhinnml e 202. A two
conponent poly i i@ stem was prepared giving a reactant ratio of
nmonomner : pr ocat aﬁ%@gctﬁ\?@or = 20,000: 1: 1. Conponent A: LiWCA-H (3.4 ny)
was di ssol ved i n 1. (l'grabhibydcaechd(286g) was dissolved/slurried in

approximately 20 ml dichloromethane (not all the material was soluble).

This material was added to a solution of lithium tetramethoxyborate
20 (Li[B(bMe)4] (0.75 g) in approximately 20 ml dichloromethane (again
not all the material was soluble prior to addition). Upon mixing all the
components dissolved. After approximately 30 minutes a white precipitate
begins to form. The solution was filtered and the white solid dried
(0.40 g). The purple solution was stripped almost to dryness and a white
25 precipitate remained. This was filtered and the white solid collected
(1.3 g). The solution was put in the freezer at -30°C and after one hour
crystals had grown. The solution was stored overnight and collected in
the morning (1.18g). Total yield =90% of Li(HOMe);[B(02C¢Cls)2].
Mass spectra should that all the materials were the same product.

30 Thermogravimetric analysis (TGA) was employed to determine the



5 Conponent B: 1.6 ng (~-allyl)Pd{03SCF3) (P(i-Pr)3) and 0.01 g Di sperse
Blue 14 were dissolved in 9.0 g butyl norbornene. A and B conponents were
m xed at 25C and the follow ng reaction paraneters describe dedﬂﬁ’?ﬁﬁai on:
tg~i = 14 s, tooc = 19 s, t200c = 21 s, tTm =45 s, T~~, = 243C, tTm =
212C. A solid object was obtained. Yi 'e‘% by TGA = 94. 6% Exanple 203. A two
conponent pol ynerization systemwas prepared giving a reactant ratio of
nmononer : procat al yst: activator = 20,000: 1: 1. Conponent A: LiWCA-H (3.4 ng)
was di ssol ved hiimberbfindthidng] Aldrales @ane a sihpleC0rppaasimitiatich 6 My
(~-allyl)Pd(03SCF3) (P(i-Pr)3) and 0.01 g Disperse Red 1 were dissolved in
9.0 g but yl nor benfiraed thoastayetirpas bHEMNMe)s B (el ikl ddieapologitarand t he

foll ow ng reacty I i ction: tgi =11 s, t~ ooc =
14 s, t2ooc = &fr@éﬁé@aotf?ﬂngﬁéfx%boﬁ?&{#@?df;ﬂﬁg@@‘it Tm~ = 211 C. A solid object
was obtained. Yield by TGA = 95.6% 20 Exanple 204. A two conponent

pol yneri zati on systemwas prepared giyving a reactant ratio of

mononer : priocat al yst: activator = 20, gfavator 14 Conmponent A: LiWCA-H (3.4 ng)

0
was di ssolved in 1. | aoy: ) Eﬁ- fRppnent B: 1.6 ngy
(~-allyl)Pd(03SCF3) ﬁ%a%{r"}‘éj)?o%ﬁ%)(aéegﬁb% - n@?}t))or nene were dissolved in
9. 0 g but yl nor bor nedé-diAearsiiticatechod (ibd grandelithium tetrdmathoRPldratad t he

foll owi ng react;j s, describe the reactipn: t~ei = 11 s, tiooc =

19 5"t 2g0c o LABOHGTT Sy Feacked h agebtBly (Binasgoot . ' 45 T
= 214C. A sol i ¢erppirtafe. VB refitaitd @idsolvdddoshpitel] @ithe JfveBlandakanpl e 205. 5 A
two conponent polymerization systemwas preparéd giving a reactant ratio of

nmononer : ptlcat aplition twrned green afierabow0@: minutesjup aftesrabout oneipmn- H (3. 4 np)
was di ssol ved i1, butyl.narbor nene. onent .B: 1.6 .

(n-al |yl ) Pd( o3§@5§f€$%¥-°gff¥§§q‘qéﬁed'“8‘$b‘§ W&%&PP"&@%e“’HPS%&PQEE’“PH‘ 9.0 g

but yl nor bonene solfd abdinBd.C TH® pivdlnétSwassharaé@rié kedptor2 M RRbet digtef Ol | owi ng
reacti on paraneters describe the reaction: tg~, = 13 s, tioo~c = 17 s,

t 200~c = 19 s, pire Ii{BOKkHs-3.57gMes): hand found tocontain grundgtesplined obj ect was
obt ai ned. Yi el Qn%frgfoéofva?e@-éce%%itﬁf@”pl e 206. ~ 5 A two conponent

pol ynmeri zati on system was prepared giving a reactant ratio of

nononer : ptocat al yst: activator = 20, 000: 1: 1. Conponent A:

Li [ B(C6F5) 3(hexyl)] (2.0 ng) was disgsQlved in 1.0 g butyl norbornene.
Conponent B: 1.6 mg (al |yl ) Pd(03SCFAFIYHPY ) 3) was dissolved in 9.0 g
butyl norbornene. A gqghatfdBTONRMVIventgIBRON ), pt 25C and the 20 fol | ow ng
reaction paraneters describe the reaction: tgei" = 19 s, t, oo~c = 24 s,
tTm- = 60 s, Tge~ = Tem@bromiacatechol {V.0@) and hithiun testnethoxyheratebt ai ned. Yiel d

by TGA = 83.6% 5 At t i zat t
of epared gi vi ngLIBTORSA (04} af PsresEiet R ep R oA YR b vt of =
20, 000: 1: 3o Conmap&aiurd) Thd MbAants di3sclvéDdonifiste N if IR 363¢knt Bnd the 0

but yl nor bor nene. Conponent B: 1.6 ng (n-allyléﬁg[ N( SOZCF3%12] (P(i-Pr)3) was
di ssol ved in 9.solugiop fumed gresn pierraboutnl Saminugse blup efiemabouib heurni xed at 25C

and 30 the fol | o L ] r I ion: tgei = 45
o Coone o2 A SRy R ARRLE e gl 16 iR AR 0N 05 T
46C, tTm = 212f-whitssblidlolthined.t Theaprodinit avasetlaradesibell typrofeh NMP6. 6%

Exanpl e 208. 5 A two, co nen ol ynerj zation systemwas prepared giving a
reactant ratio ®9PcABiS Fgﬁ&%é%{gé‘l[g@faéﬁm-awr’@"?@}’0‘@9.5‘1]:"?J.lt Conponent A:

Li WCA-H (3: 4 1:5:%; isnad. 0 g butyl norbornene. Conponent B: 1.6
ny (~-a||3?)pgﬁﬁ?@§§ﬁggﬁ§fké?ﬁ?39¥%) was dissolved in 9.0 g

but yl nor bornene. A and B conponents were m xed at 45C and the foll ow ng
reaction paraneters describe the reaction: tge~ = 10 s, t~ oo~c = 14 s,
t200~c = 25 s, tTm =45 s, Tgi = 64C, tT,"~ = 218C. A solid object was
obtained. Yield by TGA = 93. 0% Exanple 209. i s A two conponent

pol ymeri zati on system was prepared giving a reactant ratio of

nmononer : procat al yst: activator = 20,000: 1: 1. Conponent A

Li [ B(C6F5) 3(hexyl)] (2.0 nmg) was dissolved in 1.0 g butyl norbornene.
Conmponent B: 1.6 ng (n-allyl)Pd[ N(S02CF3) 2] (P(i-Pr)3) was dissolved in 9.0
g butyl norbornene. A and B conponents were m xed at 25C and 20 the
follow ng reaction paraneters describe the reaction: t~ei =21 s, t, oo~C =
28 s, t200c =35 s, tTma,; = 60 s, T~ei = 55C, tsm~ = 190C. A solid object
was obtained. Yield by TGA = 88.4% Exanple 210. 25 A two conponent

pol ymeri zati on system was prepared giving a reactant ratio of

nononer : procat al yst: activator = 20,000:1 :1. Conponent A

4-tent-butyl -N, N-di net hyl ani | i ni um t et raki spent af | uor ophenyl borate (2.9 ny)
was slurried in 9.0 g butyl norbonene. Conponent B: 1.6 ng
(allyl)Pd(C6F5) PCy3 was dissolved in 1.0 g butyl norbornene. A and B



-1 9g6- 24~ are 2or>3 conponents were m xed at 45C and the foIIovvi ng

reacti on paraneters describe the reaction: tR~, = 4:30 mn, t,o00~C 5: 30
mn, tZOO-c = 5:42, tTm~, = 5:55, Tg~, = 58C, tTm = 21 | @@ﬂ énﬂa obj ect
was obtained. Yield by TGA = 92.0% s Exarrple 211. Atwo co#p h’ t

pol ymeri zati on system was prepared glVlQ?g‘ a reactant ratio of

nmononer : procat al yst: activator = 20,000: 1:1 . Conponent A: LiWCA-H (3.4 np)
was dissolved in 1.0 g butyl norbornene. 1o Conmponent B: 2.4 ng

(al l'yl') Pd[ N( SGZCF3) 2] PPh3 was sl urriggvatéyr 5 0 g butyl norbornene. A and B
conponents were m xed at 25C and the foll ow ng reaction par aneters descrl be
the reaction: tg~, Prepagsioniofi 4-tert-byleN:N-dimghylanihpium 3 : 00, T~~, = 41 C

tTm-; = 191 C t@(%%k’lg’gﬁ@ Arﬁﬁhengfgorg{%t ai ned. Yield by TGA = 95. 8% ~5

Exanpl e 212. A yferi zati on system was prepared giving a

reactant ratio of mmutwnqﬁm-aéryaﬁtyRNINJdahahylanﬂﬁlmGhlamde Conponent A:
Li WCA-H (3.4 ma was dissolved in but yl nor bornene. 20 Conponent B:
yl

1.6 my (n-al | y(3e8 e sckeylmethyleng q,lor o aed LHARA R 2 mi30 vvereddl ﬁsol ved
9.0 b | t
in 9 butyl nor lﬂq%ﬂééf%ﬁ%;% fe. :ﬂgee %txﬁﬁ%@?ﬁ&i@ I‘ﬁ%@ %a?hﬁ?x%d%tff %iocch@n €

foll owi ng reactio SCT e feaction t,oo~c =

17 s, t200~C =sdNem reinbied enddb vacuulkpto,give #l@hite fom: Reci’ﬂ:ﬁﬁhza‘hoaol i d obj ect
was obtained. Yield by TGA = 2s 97. 0% nponent

pol ymer i zat i on oy etBMl sther/Mexancgavg te W%taswéw&ms@% g
nmononer : procat al yst: activator = 20, 000: 1: . Conponent 2 ~ JUN 2003 -
187 A LIiWCA-H (3.4 ng) was dissolved in 1.0 g butyl norbornene. Conponent
B: 2.2 nglqn-allyl) Pd[ N( SQZCF3) ZIP( 4ytivatpediyl ) 3 was dissolved in 9.0 g

but yl nor bor nene. nt s at,, 25 nd.the 5 fol |l ow ng
reaction paraneter s%ﬁ@?ﬁt @Dﬂ@‘wﬁ q‘momp nyl)(%%xyg)% AMYo~c = 20 s,
t200c = 24 S, 1T Tb0asredkofinion ofd%md FHperHudibBlenyfocio sth o ect v
obt ai ned. Yield by TGA = . 6% Exanple i I'e of pol ybutyl

nor bor nene was niRithylemd dﬂmdﬁswaﬁgadaied hixbﬁllthlmln 61f3 butqﬂ b Ddsoletien and

D DO e g e RS Ahot, iRyl s Shadd Wit @ M cro- R
15 for several minutes, and the solvent removed to give the product as a

colorless oil.

Comparative Example 1
* Polymerization of hexylnorbornene

20 A reactant ratio of monomer:procatalyst:activator = 2,000:1:1.
Trityl tetrakis(pentafluorophenyl)borate (36 mg) was stirred in 9 g of
hexylnorbornene. To this suspension was added
palladiumbis(acetylacetonate) (Pd(acetylacetonate);) (9 mg) in 1 g of
hexylnorbornene. The suspension was stirred at room temperature for

25 3 hours during which time the solution viscosity increased slightly. After
54 hours of stirring at room temperature a hard yellow puck was obtained.
Yield by TGA = 98.0%.



20,000:1:1 (BuNB: (n-allyl)Pd(03SCF3) (P(i-Pr)3):Li WA-H) was enployed. This
pl ague was painted with a U S. Paint consisting of 15 F-1152 Priner, F-2010
Bl ack Base Coat, F-3053 Clear Coat. The paints were m xed @sj Qgye 1 paint
to G3010 catal yst ratio. They were reduced 25% by vol une using TO

reducer. A 10-15 minute flash time was!¥ed between coats to renmove
solvents. After the clear coat, a 25 mnute flash tine was used before
curing. The 20 cure time used was 30 mnutes at 180F. This sanple was
tested using the ASTM cross hatch t gghmpRdl.it passed. Exanple 215. Atile
of pol ybutyl norbornene was RI M nolded using a 1:1 blend 25 of

but yl nor bor nene and Abtwoy¢arepdnentRalemernization By téve Wab prepaced 28¥ingaUni ver sity of

M ta Mcro-Rl i-ne. , Jatio of Q09: A:
(BUNGS (neal | y1 B eDLORR Y PR fick AFhARNyARn: S 10880008 Cotogrent ) e v
pai nted with aAlISWEALH9.4emivwdsidigolved i L0 pAndhylaeiborten2010 Bl ack Base

Coat, F-3053 Clear Coat. The paints were Z d~ J UIlV 2003 -188 m xed
using a 4:51 paiCGempeaentdy1d0ang @llyhPd(QeCCE)PEiys yagdissolyedincb225% by vol une

usi ng TO03 red - i i 4 veen coats to
renove sol vent g&%#?épa%ﬁéécgggghﬁ%%{'ﬁgm%% 1\ﬁﬁet%teeld?ﬁtgsaﬁlﬁ%ﬁl{veme was used
before 5 curi ngresdilre readice at 5IAE airiattle pressud®raided wd 860 péi. LIt 10 hiie. di f f erence
between this exanple and Exanple 224 s that a pol ypropyl ene priner was
used before the selidobiset Wasrempyed &M@fﬁﬁ%én&%b}r&ﬁ%ﬁﬁﬁd&’/@d was used "as
is," i.e., no catalyst was added and the paint was not diluted prior to
application. The priner used 1o is U S. Paint product V-3008 This sanple
was testeth using the ~ASTM cross haExanipds2. and it passed. Example 216. ~ 5

A two conponent pol ynerization system.was prepared giving .a reactant ratio
of nonomer: procat al fSYW%EQWB%’FBPgéY’?GP%@PEY%E.mW BAVINg@WCA- H (3. 4

di | J : . ; (1.4
1), S22 el AR O ol )

di ssol ved in 9.0 GLiFARAKNh8 mg)vasalissolved indd 1R cisthosyslhyinorpemenari xed at 30C

and the foll ow react.d o ar t rLhe the.reacti.on:. tgei = 25 s,
t 0o = 30 o CBES “‘:é'sg"dg’,“gta(gﬁy,liﬁdzog@égi)b Pr{;‘e‘i"aszd‘?ﬁ?%{edt“f%fé £9516c A
sol i d obj ect waex@hbédofiRtle. Xi B Bdmpdatnts wide flked%d 6B3@MAIR1id17. A two

conponent pol ynerization system was prepared giving a
object was obtained. Yield by TGA = 96.0%.

Example 3.
A two-component polymerization system was prepared giving a
20 reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilyinorbornene
and 0.50g hexylnorbornene. Component B: 3.3 mg
(allyl)Pd(O3SCF3)PCy; was dissolved in 9.0 g hexylnorbornene. A and B
components were mixed at 55°C and the following reaction parameters
25 describe the reaction: tg =40, tgo°c = 50 s, t200c = 55°S, trmax =
110 s, tgey = 85°C, trmax = 257°C. A solid object was obtained. Yield by
TGA = 96.4%.



reactant ratio of nononer:procatal yst:activator = 20,000: 1: 1. Conponent A:
Li WCA-H (3.4 ng) was dissolved in 1.0 g butyl norbornene. Conponent B: 0.7
g (all'yl)Pd(03SCF3) (P(i-Pr)3) and 0.8 ng 30 (crotyI)Pd(OSS(a:B)r‘g]@'(kngir)B)
was dissolved in 9.0 g butyl norbornene. A ~2 4 J U N 2003

conponents were mxed at 30C and the f‘dl 6w ng reaction paraneters describe
t he reaction: t~~| 58 s, t,~oc = | :05 mn, t200~c = 1:08 mn, tTm =
1:30 min, T~~i 460 tTm- = 216C . A solid obj ect was obtained. Yield by
TGA = 94.8% 5 Exarrpl e 218. A two copp@fipRY. pol yneri zation system was
prepared giving a reactant ratio of nononer:procatal yst:activator =

20, 000: 1: 1. cOrrponenAtwo compopery polymerizgionEySter] Wagprepared givinge g

bty 10501 1o SR ol oy i PP By 9 a0 1.1
and B conponent &; Wl@%g)w@&sm@bdthﬁOVDgltxﬁmhmgrsﬂﬁasxtbbmnaar amet er s
describe the reaction: tg~i = 19 mn, tiogc = t200~c = 1:29

mn, tTm & 1: 584K gh@qylnerbg@enet Thpmponens B: 4. IN“&Q) pMB)&M(gQ@‘IQS)S was

obt ai ned. Yield 9 pol yneri zati on

system was pr epgrge%llg?\\'ﬁanlglba& %e@gﬁpbﬁe%l Aaﬁﬂﬁ%n&%mﬁ!@%}e

nonomer : procat ajnysdd: a&SS?G/aﬂicDiherf@l(liﬁx‘llﬂg@éacﬂoﬁﬁaraﬁc@ﬁﬁe&cdbdlh& Conponent A:

Li WCA-H (3.4 ng) was dissolved in 1. g but yl nor bor nene. Conponent B: 1.5
ng (al | yl) Pd( 038arn; P(guprﬁzr)mahd»ooo—cfg hiPH®-ams:Adimigoltied=in 9.0 g

butyI nor bor nene, A _and ent s ueg i 30C | owi ng
reaction par ame?gpémﬂe%‘rl ngﬁﬁé"“‘i‘ ea’z\éﬁ § m?gg JectWasy Oabt?m%Jo]e\éle—d 17 s,
t200~c = 20 s, HINGA=48.18,. 25 Tgi = 45C, tTm~ = 215C . A solid object was

obtained. Yield by TGA = 94. 1% Exarrpl e 220. A two conponent polynerization
system was prepared giving a 30 reactant ratio of

nonomner : procat al yst: acti vat or: nodera or _l 2 4J UN 2003 - 190

20, 000: 1: 1: 0. 5. Conponent A: Li WCA- r1§j) was dissolved in 1.0 g

but'yl nor bor nene. Commnéonﬁ)onén@mér@dahﬁh%W%@%ﬁﬁﬁ'ﬁlh@h and 0.45 nyg
PPh3 was di ssolved in 9,0 g butylnorbornene. B conponents were m xed

at 30C and the fe@maawaﬁg of g@@@;ﬂéﬁp@&ﬂ&hﬁft@ﬁ%ﬂ@fﬁé@@ﬁpﬂét@@mp@r&@h on: tgei

= 40 s, t,Qo~cC weAal SO in L = 49C, tTm- =
210C . A soI ido ject %%Eﬁt;t alg%ggsa$fél g&@ ‘IQéAﬂ&yg;gP%&T ngarrpl e 221. A
two conponent pGQowpenemd:i HA nsyGllehPd@EBSOFOPEyewagdissabeedan9ehgt ant rati o of
nononer : procat akyst activator: erator =

exylnorbornene. A ‘and B components were mixed at 60°C and the

following reaction parameters describe the reaction: tge; =2 s, t 3000¢ =

5'S, tay = 15 5, trma = 216°C. A solid object was obtained. Yield by

20 TGA =97.2%. Swell in toluene overnight: 133%.

Example 6.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
25 A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene
and 0.50 g hexylnorbornene. Component B: 4.1 mg (PCy;);Pd(H)(NO»)
was dissolved in 9.0 g hexylnorbornene. A and B components were
mixed at 58°C and the following reaction parameters describe the

reaction: tge = 120, tygoec =



20,000: 1:1: 0.1. Conponent A LiWCA-H (3.4 ng) was dissolved in 1.0 g

but yl nor bor nene. Conponent B: 1.5 ny (allyl)Pd(03SCF3) (P(i Pr)3) and 0.09
g PPh30 was dissolved in 9.0 g butyl norbornene. A and ~ 5 E’zgo\m}{)ﬁ@gts
were m xed at 30C and the follow ng reﬁéi on paraneters descTibe

reaction: ts~i =21 s, tioo~c = 25 s, ~ oc =28 s, tTm =40 s, T~~, =
50C, tTm~ = 214C. A solid object was obtained. Yield by TGA = 9~. 2% 20
Exanpl e 222. A two conponent pol ynerization systemwas prepared giving a
reactant rati o ok N3p%606a% & pedts, BGt+ 864Ky 20720rA soldd, 000: 1: 1: 0. 5.
Conponent A: LII\?&UE{&%?P%?&%S Délgi@ssgﬁved in Tf‘%dg but yl nor bor nene.
Conponent B: 1.dbjentywasbbtpine®d Ydd$BFIGLE96286Pr ) 3) and 0. 45 ng PPh30 was

di ssolved in 9.0 g butyl norbornene. A and B conponents were ni xed at 30C
and the follow ng reaction paraneters describe the reaction: tgei = 50 s,
t,oo0~c = 1:02 mn, tZOO~c = 1:05, t TERampld730 m n, Tgei = 55C, tTm~ = 214C.
A solid object was obtained. Yield by ‘I% =95.9% 30 -191- 2 4 ~U ~ 2003
Exanpl e 228. A two cdtyersemponesit pakymerizatiansysigat wan peRAred BV gi vi ng a

t ant ti ; I 18GEI _ . = 00: 1:1
007 Component AT RO RO ANt AR IPAR£23 Cmpoled
but yl nor bor neneA: CHFRBAGRIS By) waddisdived inyd.) Pg trislisslysilfIRéibofiehd) and 0. 65

ng PPh30 was dissolved in 9.0 g butyl nor borr‘l)ene. A and B conponents were
m xed at 30C ar@ndth0 g Bexyduarhorneraedntaning 2 Qadraton® 424 rCeBPeNsat 1 eact i on:

tg~i= 61 secon(ilﬁ_,58%T8g@npﬁgégq%5p@§a,f%ggéglvg%yn%_?Econds, t Tm- = 100

seconds, Tg~~ = obj ect "was obtai ned. Yield by
TGA = 95. 480 Exmexylmerititdenclooftaiingd} DYcKB(GFFEN8E] A &hdBs@mpomenss stirred in

BuNB overnight. A solution of (allyl)Pd(P(i-Pr)3)(03SCE3) (0.0015g in Sg of
BUNB) was ~ 5 aWgédnixghat ghCcane dhe é@)w&g TeACtipRRaFammEtors ﬁ&icgi‘eéhfd exot her ned
to yield a soli .ect. [ l e 22 t W onen Negd4ogat i ON system
was prepared gil\(}?ﬁgina {26 Jrzie(gg’ﬁé%t rg? f,ét‘zqgfc nofél)gqn]é'}“ p?gggdf%l ygs%o:Egcti vator =

20,000: 1: 1. ConpgRen11AC. A édtid-dbjdt Wk Bbalied) ¥leld 69 TOLE®5.920) (2.8 ng) was
di ssolved in 5 g butyl norbornene. Conponent B: 1.5 ngy

(~-allyl)Pd(03SCF3).(P(i-Pr)3) was dissolved in 5 g butyl norbornene. A and B
conponents_were mxed at 25C and the.fol |l pw ng reacti on paraneters describe
the reactidn: tg~, _ 25 130 s, t,ooflé“—-mg%g's, tTm- = 175 s, Tg~~ = 43C,
tTm- = 206C. A sol i daahioaimpaasntPolyahérbAtion’byletn Wis prepared @hvidg 46 Exanpl e

226. A two conponent polynperization systemwas prepared giving an 30
appr oxi mat e r eatSegiant AHP phmgpomerprReatalysiactyalpy S d 0909l atepmponend 4 3 U N

20 3% 20, AT PRSI 09 L RISl
(~-al |l yl) Pd( 03s&ie).6PgiheRylnGbommae domainingei0%Kratop®dud .| Gomponemene. A and B
component s er e e AN BISCE ey s tisoRe S5 0 "
hexylnorbornene containing 2.0% Kraton® 1101. A and B components
were mixed at 60°C and the following reaction parameters describe the
reaction: tge = 20 s, t1o0ec = 24 5. tagoec =26 8, trmax = 60 s, tget = 85°C,
trmax = 211°C. A solid object was obtained. Yield by TGA = 95.8%.
25
Example 9.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
30 Component B: 3.3 mg (allyl)Pd(O38CF3)PCy; was dissolved in 8.5 g



5 paraneters describe the reaction: tg~, =23 s, Tg~, = 47C, tTm-, = 213C
A solid object was obtained. Yield by TGA = 94. 4% Exanple 227. A two
conponent pol yneri zati on systemwas prepared giving an 10 a&oxW
reactant ratio of nononer:procatalyst:activator = 20,000: 1: 2 nt A
Li (HO-i - Pr)3[ B(C6Fs) 4] (Activator 10)-(86 ngy) was dissolved in 5 g

but yl nor bor nene. Conponent B: 1.5 ng (n allyl)Pd(03SCF3) (P(i-Pr)3) was

di ssolved in 5 g butyl norbornene. A and B conponents were m xed at 27C and
the follow ng r}ﬁgﬂhbfuan%eaﬂaeo@p% t’e‘tr&&@%ﬁ@éécb@ieﬁé]%%.E@Btdoﬂ{ﬁonérﬁs' = 24 s,
t~oo~c =34 s, tTm =74 s, Tg~i = 49C, tTm- = 212C. A solid object was
obt ai ned. Yi el dvdry miAl at 6BAC 484 tHefalipiving28&:tion parameongesord thpol yneri zati on
system was prepared giving a 20 reactant ratio of o

mononer : pr ocat dF§ioNacied Takdow t e 2000 tageect = 388n ARt test= 75°C. trman

_ o . ara- _ L
5 5 but yl nor borTEKEC ORISR pbEEles BB RGO B o T Pr)3) “vas

di ssolved §n 5 g butyl norbornene. A and B conponents were nm xed at 30C and
the follow ng reaction 25 paraneters describe the reaction: t~,~ = 67 s,
t,oo~c = 81 s, tZOO-c = 90 s, tTm- Examplell.tgei = 51 Cc tTm- = 207C. A
solid object was obtginec I = 9 04 s p03 - 193
Exanpl e 229. A two c%kn\gg%gﬁbﬁ%ﬁ(?yﬁ%p}za tlwélng’gt%rsntael?ﬁ i} aqif)dr]%lg}a eazd giving a
reactant rati o rehctamnraiesf mosshidraryctal pstfattratar= 20,800: 0:20 Condponéistnponent  A:
Li (Ot 2) 2, 5[ B( C6F m of a 0.0S M THF sol ut] s added 5 to the

5)al..(0.067 ) n
B Conponent . Coﬁp&%*?g\é.mlms)‘ﬁﬁs%‘Fﬁ-%‘{qdyl“)(ba’(SM‘)‘/E‘ﬁﬁP" PISHE g s
di ssolvedjn 1 or p%gp% : ixed at 28C and
the foll ovlval) ng %%P%%kgérlyn@?ggﬁlﬁégmg)t e re?ﬁs?g\ggqrﬁ%’gg: 72 s, tZioc
= 90 s, tTm- = I¥xymorbaynere. 4840d B TomponéhiP@ere Anized atdb036jaad thenas obt ai ned.
Yield by TGA = 95.4% 10 Exanple 23Q. A two conponent pol ynerization system
was prepared gifoHAYing reactionparamelers gessribaiigRestiopr deatad st 10meti vat or =
20,000:1:1. Co nt ALl [OC(C CbHs 0. QO issolved in 1.5
m of 2 wt 15 Dmgﬁgzoﬁ’gﬁl\g%t[ﬁ"w %g%’gtﬁ‘*hEngesa}sjoﬁﬁf“i—oz:ﬁag's\oggfé@ao eC)th he B
Conponent . ConpaaesttaiBed. 1Y RldBy 622+ bgloy4d( 03SCF3) (P(i -Pr)3) was dissol ved
in 9 gof 2w % Diene SSAMS solution. A and B conponents were m xed at 27C
and the fdfl owi ng reaction paraneters describe the reaction: tie, _ 30 s,
t~3~ac = 60 s, t,8~~c =75 s, tT,"~&® lepg 1. Tgei = 32C, tTm- = 192C. A 20
solid object was obtai ned. Exanple Ef A gvvo conponent pol yneri zation
system was prepared 4itworgniponappolymerizaton sacnantas pepared giving a
mononer : procat al %%t activator = 20,000:1:1.. 25 _Cg\r@g_n_ent A
Li (HO n- Pr) z, [ BERSRBYTAN0 PNDPRYMmEraRrpaialyst:act vaiayy SRS Lo SSPpRREnt n 5 i of

but yl nor bor nene -5ﬁm gg;gﬂ .
(~-allyl)Pd( OSSéFW?A(‘I@?{igg} g)NLav}/g‘se& i ssol \(}@g@tﬁah #@%PEOSE%W)#?F%% nene. A
and B conm@onent s(Skmeg) miag dissaved iO0.dhg tribthokyily marbogmenea Eongponpatr anet er s

describe the r eﬁ?%‘."})xrrlng (glgﬁ)Pd?C&%)QCmt\»’/as%cl)sgglved in 9.5 g hexylnorbornene.

A and B components were mixed at 60°C and the following reaction

parameters describe the reaction: ty) = 2:00 min., t 1p0oc = 2:30 min.,
t 200 = 2:35 min., ttma, = 3:00 min., teer = 75°C, trmax = 214°C. A solid
25 object was obtained. Yield by TGA = 95.6%.

Example 12.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component



24J UNZ20p3 - 194 =53 s, tTm- =75 s, Tg, = 42.4C, tTm-; _ >201 C. A
solid object was obtained. Yield by TGA = 94.5% Exanple 232. 5 A two
conponent pol ynerization system was prepared giving an approxi nate reactant
rati o of nonomer: procatal yst:activator = 20,000:1 :1. Conpo X

Li (HO t - Bu) 3[ B(C6F5) 4] (Acti vator 12)'%%9 ng) was stirred in 5 m of

but yl nor bornene for 30 m nutes and was added to the B Conponent. Conponent
B: 1.5 ng (n-allyl)Pd(03SCF3) (P(i-Pr)3) was 1o dissolved in 5 m of

but yl nor borrene. o AL et ABHGOIB fs disbReliin@®f71ag 27C and the fol | owi ng
reaction paraneters describe the reaction: tgei = 63 =75 s, tTm-

ei s, t9p~c
= 100 s, Tgi = tdedpxysilylnorborage. Camponens Bsb?-g@ng Myl)BMChSﬁgﬂchs Exanpl e

233. A two conponept poal I zat | tem r i,ying a reactant
rati o of nnnorrev?[a.'qug%‘;(?gvteg?{@é : lbetx?'@%szoﬁe:n%ﬁs‘wf&%ﬁg%glﬁ%%#gnt A

Li ( OC( CF3) ZC6Hyhixkd 686 Ol thefoldineiOled@ibn pardmdttrs dksdpibt yhenor bor nene and
was added to the B Conponent. Conponent B: 20 1.5

ngy
(n-al | yl) P8( 033SK3paP(tket PrIB), t s =d39%s dlowed 34rs, Irdb= §3 of tedo it Y8°R0r bor nene

and 0.66 g of tricycl ntadi.ene, A and B ¢ 0 t T L xed at 27C and
the fol | owi ng rtmﬁ@ﬁp(ﬁaﬁawb‘?@&;cum@ tﬁée‘fgleﬁ]&%?ﬂﬁsi‘%: 30 s, tt2~~c
=40 s, tT,r,~ =75 s, Tgei = 46C, tTm = 208C. A solid object was

obt ai ned. 25 Exanple 234. A two conponent pol ynerization system was
prepared giving a reactant rati o of Exemphel3.procat al yst: activator =

20, 000: 1: 1. Conponent A: Li CE3) 2C6Hs)a] (3.5 was,dissolved in 1 nm
of 30 butyl norbornerfét‘gﬂﬁow&g%ﬁﬁg Wegz?w%gwg%&ﬁwm%%%?ent B 2~
J U N 2003, - 1%act£m5aﬁ@oifmoﬁédaéﬂgar5’&w ativdtoid 2000031 2WTonthoned! ved in
9.05 g of butylnorbornene and 1.33 g of tri CKC| opent adi ene. 'A and B

conmponent s wer AmLiBABAL (4 9maghwas dipsolved| indf hg triethaxysidylnpbomene.er s descri be

08 S0 ON. Gameandhtne B BTG e B 5 20 O -

conmponent pol y rigixly bk boderfe)aht @0V BRrRE R0 adient NA sddBesthgotentsat i 0 of
nmononer : procat al yst: activator = 20,000: 1: 1. Conponent 1o A

Li [ OC( CF3) 2C6HsWere miged aingf)° Craad thit fotlomingorention paranaters deseribo theor nene and
was added to the B. Conponent. Conpapent B:_ 1.5 nmg _ o

(~-al I yl) Pd( 033€R3)9%p( gﬁ‘P’r%ﬁ’ t\R%i’%”% s P°\°Fe’dj7F § e 7 10565¢ tews it Y8 For bor nene
and 1.99 g of tgi cycimapentadifiiectwadobBine@ UG8y THEERgHoxed at 27C and
the followi ng reaction paraneters describe the ~ s"reaction: tg, = 25 s,
t98~c = 30 s, tPweltintoh@ng overfight:=66%0. s, Tg, = 42C, tT",~ = 202C. A solid
obj ect was obtai ned. Exanple 236. (~-allyl)Pd(03SCF3)(P(i-Pr)3) (0.32 g)
was reacted with

; Example 14,

20 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 g (allyl)Pd(O3SCF3)PCy; was dissolved in 8.5 g
hexylnorbornene and 1.0 g norbornadiene dimer. A and B components

25 were mixed at 60°C and the following reaction parameters describe the
reaction: tgey =13, tigooc =24 s, t2g0°c = 40 S, trmax = 75 5, tge = 73°C,
trmax = 203°C. A solid object was obtained. Yield by TGA = 88.2%.

Swell in toluene overnight: 42%.



20 Li[B(OzC6H2- 3, 5-Cwe3) Z] (Activator 15) in dichloronethane for 16 hours.
The reaction was filtered and stripped to dryness yielding a yellow solid
characterized as [(n-allyl)Pd(P(i-Pr)3)(solvent)] [B(OzCGHz CIVES Z]
(solvent = acetonitrile, nethanol, or dichloronethane). For

pol yneri zati on experinent the reacti onlp? oduct was assumed to be 25
[(n-allyl)Pd(P(i-Pr)3)(B(QZC6H2-3,5-CWve3)2) and a nolar reactant ratio of
10, 000: 1 was enpl oyed (BuNB: Pd). Thus,

(~-allyl)Pd(P(iPr)3)(B(0zZC6H2- 3, 5- cggg.},;]em 004 g) was dissolved in

butyl norbornene (9 g) and heated slowmy to 100C. There was no apparent
reaction, i.e., no tmuwkﬁnmpgnm polumeymtmm syptemovasprepaser BiNEEes

pol ymeri zati on ex er.m Q u ti on of
Li [ OC( CF3) 206H" fﬁﬁ?""?éa‘? %T°‘&9mercﬂ’ ‘%95‘9%‘&% el "?%S?Aresul ted in
an i medi ate pqwlrﬁ%’ABAt(u@rmgymshﬁgsaﬂ\tebam 0. Hag trixth 395G Indsbemenel obj ect was

d. Yield TGA = 86. | 237. . )
B e SR i 975

L [ B(0200H2- 3, Qe LASLNRAL 49 i 37 OTORRIBRGRgSAyc16 hours. The

reaction was f tr|p ryness yie ng a oyellowsolld

characterized agerkniixéd htyd0r8anBthe BLipRirgrredtian PajaniderdésitiBS te- CVe3) 2] . A
nol ar reactant ratio of 10,000:1 was enpl oyed (BuNB: Pd). Thus,

[ (~-al |'yl') Pd( P(tead®op3) fearest Hem blop (CE0R CObR =B 65, GMe3) 20 5.(t@1 6RI°G) was

eaction. i . i -ckom Ryt APL B OHERr el bp oA ST ancous

pol ymeri zgpi on exot her m Subsequent addition of Li[OC(CF3)2C6Hs)a]l (3.5 ny)
di ssolved in butylnorbornene ( 1 g) resulted in no apparent reaction. The
m x~re was then heated to 100C at wlixampbol®t the nixture gel | ed and,

subsequently, the mgttwg,cggip%éggedg)éenz&\wrsglg eﬁ{n%r i éf%tgéf lrlg %er m t hat

reached 203C. A soli recov 3.3%

Exanpl e 238. (Teaéthmlrhtwéﬂxam&x(ﬁbmﬂyét&buwo&291D0ms2 r@ﬁﬂ]ﬁcﬁx@m\/\ﬂ th
Li [ B(02C6H2- 3, 5- Cve3 (Activator, 15) in dichloromethane for 25 16 hours.
The reaction wed: ik Bﬁe@ Sme) wey disiedved: i Q7 | g ddeshexysilplnagpomepel | ow sol i d

characteri, ed aéoké&e%rbg”%’g,{%%qgﬁfd%ggﬁé%?@% %s]d&s?v%%b'@f’ Cve3d)2]. A

BuNB: Pd rm ar' rcact ant

[ (n-al | 'yl') Pd( P(hex¥noshdrigien 240 and B(cBﬁ@Bﬁﬁith&eﬁnmat) 80°C(£2dqRd g) was
di ssolved in 20 m toluene containing butyl norbornene (9 g). The reaction
- 197 2 4 J U foliopimg sepstionrparaipesens dascaibe the sacionaf er= 1%s,hawcs t he mi xture

was poured into,dsqpronadol and_nge (POl Y'Rfoetes, LU I, A solid

object was obtained. Yield by TGA = 90.8%.

20

Example 17.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.

25 Component B: 1.6 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 9.5 g
hexylnorbornene. A and B components were mixed at 100°C and the

following reaction parameters describe the reaction: tgy =6's,1200°C =

16's, trmax = 45 s, tgel = 130°C, trmax = 235°C. A solid object was



Exanple 239. 5 (~-allyl)Pd(03SCF3) (P(i-Pr)3) (0.32 g) was reacted with

Li [ B(QzZzC6C 4)2] in dichloronethane for 16 hours. The reaction was filtered
and stripped to dryness yielding a yellow solid characterized as
[(~-allyl)Pd(P(i-Pr}3)(NCCH3)][B(0OzC6C14)2] (solvent = acet @ tJUN 2009

met hanol , or dichl oronet hane). For t hel Tymerization experinment the 1o
reacti on product was assuned to be [(n-allyl)Pd(P(i

Pr)3) (NCCH3)] (B(QzZC6H2- 3, S-Cve3) 2) and a BuNB: Pd nol ar reactant ratio of
10, 000: 1 was ergpt#yed vikldbyatGxl= 881¢93(1 - Pr) 3) (NCCH3) | ( B(02C6Hz- 3, 5- Cve3) 2)
(0.005 g) was dissolved in butylnorbornene (9 g) and 20 m toluene and the
m xture 15 heated at 50C for 16 hours. After this tinme the reaction nmedium
was of higher viscosity than at theEP&g’gﬂnisng of the experinment. The
reaction m xture was poured into acetone to precipitate the polynmer. The
pol ynmer was redi ssola edo-compehdnepelymetizdionl sy stamdvasapemeedgivimgad in 1: 3

m xture of acetone/i soprofpanol to give 2.04 of (ﬁo(lﬁyggt%l nor bor nene (Mwv =
20 490, 0005 Nh Teactasy rajtpoo! rpRpmeniprocatalystactivaios it G0 2. Component

(el | v1) PoCPOL- BB ANEHE) LEBURESIOGT ) 71,07 § HOROY foflichiaved i n 99 of
but yl nor bor nene. ere was parent reaction dat room 25 tenperature, so the
reaction m xt urGompmesat Bi3y.7meg(aly)Pd(QySOFe)PiCyamab dissdlO&! mt186g ch time the

m xture started to gel and polynerized resulting in a polynerization
exot herm of gr 3’§i‘yltnﬁ R CAaRi "WQP%PCBE)?I‘WFEI“.‘&‘F‘i@@n‘ET é{;ﬁ Mhen

~-al lyl)Pd(P(4 W , ?ggﬁﬁ) .gyed under
i[leenti CZJ )cogdi(ltsi-ggénr)gq%]’é reac #%LE@@?%??%SSSC 1%%&%?2 241.
[ (~t-allyh)Pd( RtjecPmwas pbikHeti3 )Yi¢lBOATHCEDHS5A%( 0. 005g) was 2 4 J U ~! 2DD3
di ssol ved in 9g of butyl norbornene such that a nolar BuNB: Pd reactant ratio
of 10, 000:1 was enployed. There was initially no apparent reaction. 5 A
solution of Li[Al (OC(CF3)2C6Hs) a] (i-xﬁmrﬁk)lé.n butyl norbornene ( 1 g) was
t hen added to the palladi um procatal yst nononmer sol ution. A spontaneously

pol yneri zati on exot h&itwpisegwanem golymerization Systermwaspropargdrgivingal i nto a hard
puck. Yield by TGA = 97 4% 1o Exanpl 42. A ty panesnt

ol yrer | sat i onTorl e Beadar st o A ta rst 20 PO 2t g mponent

nmonomer : pnecat ahy $iF ABAI (M3 af) whs &6sodd: ih: (171 LoigbassilylAorboinéaé- H

(Li[A (OC(CF3)zC6Fs)a)) (3.4 ng). was. dissolved in 1.0 g butyl norbornene.
Component  B: 1. €omgoRent Bt 16 med e BaeQ S G Gxsyvgs dissolied 1095 &

i mat el 9 ' o bl
mxed in 6.0 o iR Sl RamReha WhERERE AR ot 2ac

and the fol | ow followaaCieh@ibnRRlan@Ems descids eid Bectione f,§aC3:BORiing ~0ooec = 23 s,
~00~C =28 s, t~m =40 s, t.~.m = 211 C._A solid object was obtained.

Thi s obj ect f o™ & Mmir.dpped 5% taa~ #AtertTat A74%o A solid object
20 was obtained. Yield by TGA = 98.1%.

Example 20.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
25 A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.7 mg (allyl)Pd(0;C¢H4CH;)PCy; was dissolved in 9.5 g
hexylnorbornene. A and B components were mixed at 60°C and the
following reaction parameters describe the reaction: tg = 1:30 min.,

t100cc = 1:45 min., t 20p°c = 2:08 min., tymax = 2:30 min., tgel = 80°C, tTmax



Exanpl e 243. A two conponent polynerization systemwas pr epar ed giving a
reactant ratio of nononer:procatal yst:activator of 20,000:1:1. Conponent A
Li WCA-H (Li [ Al (OC(CF3) ZC6Fs) a] ) (3 4 nmg) was 25 dissol ved | I%

but yl nor bor nene. Conponent B: 1.5 ng (=-allyl)Pd(03SCF3) (P(i M%d 1.00
g (approximately 50 volunme % 3M K-1 Stbithliite Brand G ass Bubbl es were
m xed 9. 0g butyl norbornene. A and B conponents were m xed at 25C and the
foll owi ng reaction paraneters describe the reaction: tyoooc = 25 s, tl.

- 199 2 4 J UJdYpeEs A3RIR, ob}&ewas—oﬂtéﬁiedammby TGA=%83%. A solid Obl ect

was obtai ned. This object fldated when dropped into a water bath. '"ITD
9844a pa 2 4 J U N 20D3 - 200 V\HAT IS CLAIMED I'S: 1. A nethod for
producing a crosslinked polymeric | cl Fggonpri sing polynmerizing a

pol ycycl ool efin nononer conpositi on Atact with an addition

pol ymeri zation cat alg/sfo-t&mporEat Hol?ﬁ%hfhilohl%?st&h% pépatdiepitingiacl €, wherein
sai d catal yst conprises a cation conplex containing a Goup 10 transition

metal and :Weak|rwcwormnoﬁmwmma@bwpa@watoaﬁc20«ﬂ@r k?2nCempangmdnoner

pol yrrer i zabl o Hor brA PO 3 ER HERA EbishRR Al bertefe
pol ycycl ool ef i mdmemchmtxag mlwg)Pd(OJS@%}PGy\é\&ra@ﬁisyﬂiBéd e @
nor bornene-type noieties. 2. A nethod of maki ngl éf % ric artl cle by the

in-nol d additi dwquapshmema?mewmﬁ‘* 8vodonaiand 168 PRIEDSoNposi tion 1
S _conpri si ng: \gére gﬁﬂ[’d g %g%%g@h]ﬁérﬁhb‘g%g Ieach‘c‘s‘f’i‘ﬁ cu:rb &é‘s@ﬁ‘ﬁgh% forma

reaction m xtur east sai ¥ edns conprises a G oup 10
transitiofy et abadiioRC alAEYRY s, t RRE =T3%, D ef44%atTg o FE8ES, aéat =gYrEaNs
conprises an activator “salt conprising cation and a weakly coordinating
ani on, wher ei n Znp=985%C.c Atsotid objecswhwakitaided. r Yield b TGAcE 4 8Unsi sting of a
Goup 1 elenent cation, a Goup 2 netal cation, and a transition netal
cation selected fromthe group consisting of zinc, silver, and thallium
and at |east one of said streams copixampiérEe.2 pol ycycl ool efin nmononer
cont ai ni ng one pol yneri zabl e norbornene-type noiety; and 25 (b) injecting
sai d reaction m xt urétwmomomaomatm systemi was prepared giying a f or ni ng a

polymeric article. in the eof th of claim2
thetern sdfd pdrsalritermaRntmbeiuiRabnele 2Ep0Fhe Gultpohed

mul tifunctional ApeipABal @9 rﬁF) Was dissolv¥dlin ®7¥g &idthdMysdiWI8orbornkhe met hod of
claim1l or 3 wherein said polycycl ool efin nononer corr&(gm tion conprises
9

fromO0.25 to 99C%P‘PR§F‘EB%Itﬁma(ﬁlﬂﬂli(fﬂgrﬁﬁﬂsﬂ"r%B yrsidjssobved n 4708 ¢ nononer. 5
5. The nethod q;exﬂnghmrﬂen% 34"%% ﬁllerﬁyﬁl%i‘lg)rﬁgﬁl t 'AI éHbCé c8rlﬁ9lments

were mixed at 60°C and the following reaction parameters describe the

20 reaction: tg = 1:20 min.,, tppec = 3:00 min., t 3p0ec = 3:30 min., trmax =
4:00, tgey = 74°C, tyma, = 211°C. A solid object was obtained. Yield by
TGA = 92.5%.
Example 23.
25 A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiFABA (2.5 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 9.5 g

hexylnorbornene. A and B components were mixed at 60°C and the



pol ycycl ool efin has a carbon to double bond ratio of fromabout 3.0 to
about 17. i o 6. The nethod of claim2 wherein said Goup 1 elenent in said
cation is selected fromthe group consisting of proton, |it i,.u N  um
and potassium 7. The nethod of claim2 wherein said G oup metal 1n said
i s cation is selected fromthe group'ébihsi sting of magnesium cal cium
strontium and barium 8. The nethod of claim1l wherein said catalyst is
sel ected froma conmpound of the forrmula: 20 LR M-L~) x~L~~~Y] b YWCA] a

wherein M rep_r%Wiﬁgﬁea@ﬁ%’garﬁﬂléé}@&ék%@ﬂﬂe?&Eﬁbri: R £8BeHeAtS an anionic

hydr ocar byl |igand; represents a G oup 15 neutral electron 2 s donor
ligand; L" repridsethsc @ Mabir.g nELls, 8l 278%,npp, d6091C.I Agalidl; x is 1 or 2;
y is 0, 1, or 2; WCA represents a weakly coordinating counterani on conpl ex;
and b and d ar @birghpas ebtaisgd e ¥iald PRI GAE A3 er of tines the cation conpl ex
and weakly coordinating counter anion conplex are taken to bal ance the

el ectronic charge of the overall catalyst conplex. 30 2 ~4J UN 2~9 -
202 9. Thg nethod of claim 2 wher eExample245 oup 10 transition netal

procatal yst is selected froma con&ound tof the formula: [R M'XA'] 5
wher ei n M r epr esent &* BYEFBTRORGE! POYACTEREN SRIFR WaSRreRatest @¥M&3 an ani oni ¢

hydrocarbyl | ggndant katio SIRhERHMr récatdl PitBcthatd LI (,6d0: B e Clohipdngianor | i gand,
A is an anionic leaving group; X is 1 or 2. 10 10. The method of claim?2

wherein at | eash: biFABA (339 nig) was dissalvest incélg trisshoxysignerbarmsop | S el ectron

donor ligand c ound and i d ition. metal . talyst is

sel ected from %Wﬂﬁ% b@a?ﬁégﬁygﬁ’%&ég’é“%%‘ﬁ“rai%g\xﬁ‘i}“ﬁ@c@ represents a
G oup 10 4§ anS'Hck?lﬁ’aofBbh%néaRi75.6@1@&@%&:&)@0@&&'&&&.!)&ahd%tﬂﬁpdn'entfsepresentS a
Goup 15 neutral electron donor |1gand; A-is an ionic |eaving group. 20
11. The net hod wére mixgdateg0°0, AosolidPbjgsees pbthined ¥idldby dIA =

89.4%.

Example 25.
15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 15,000:1:2. Component
A: LIFABA (6.5 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 2.2 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 8.5 g

hexylnorbornene and 0.90 g tetracyclodocecadiene. A and B components
20 were mixed at 60°C and the following reaction parameters describe the
reaction: tgel = 158, tipoec = 25 S, ttmax = 60 s, tge) = 75°C, trmax = 197°C.

A solid object was obtained. Yield by TGA = 89.4%.

Example 26.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (361 mg) was dissolved in 52.6 g triethoxysilylnorbornene.
Component B: 119 mg (allyl)Pd(O3;SCF3)PCy; was dissolved in 702 g
hexylnorbornene. A and B components were mixed at 60°C and the

30 following reaction parameters describe the reaction: tgey =35 s, tyo0ec =



fromthe group consisting of nickel, palladium and platinum 12. The

nmet hod of claim8 or 9 wherein R is selected fromthe group consisting of
hydr ogen; |inear and branched C,-Coo alkyl; linear and z s branched CzZ-Czo
al kenyl ; allylic ligands and canonical forns thereof; substi Quf JUNa208
unsubstituted Cs-C, o0 cycl oal kyl ; substildfited and unsubstltut ed C6-C, 5

cycl oal kenyl ; substituted and unsubstl tuted C -C30 aral kyl; substituted and
unsubstituted, C6-C30 aryl; C6 C30 heteroat om cont ai ni ng aryI wherein said
heteroatomis s F he= ngi St nge fAsgﬂlpaq;becpxygen

ni trogen, phosp ?ofﬁgoggv\hge?ﬂ%"ﬁ hgogqu Va7 ﬁm 002?} -@203 substl tuents in
sai d substitut ewasmiﬂamed sticbb;sEGéc?@dlZ% omthe group consisting of linear

or branched C, -Cs alkyl, linear or branched C, -CS hal oal kyl, |inear or
branched C, -CS al kenyl, hal oal kenyl, hal ogen, and phenyl optionally
substituted with linear or branchedgxanfple 87.ky! . linear or branched C -CS

hal oal kyh and hal ogen; and a hydrocarbyl” containing |igand selected from
the fornmul ae: - Cd~HzA.twp- coﬁmohbm prlyniergauercsysts wad mepargégd';mga)get her with

the G oup 10 netal form a.netal ac etero n|n

met al | acycl e, wWRaraH L oﬁlgﬁ?(gggrﬂr caéﬁyiﬁ {é] o ?‘%ﬁ@a? %ﬂ glat X- ~
represents an aAka?ABw(me:hgmaé@mdmatmmvngmimh@tymylhaxtbomedl nates to
the Group 10 netal center he nmet hod of claim 12 vvherel n said

allylic |igand cgmperpﬂné&edt@mgdyllxlh‘@(%%)%%m digwplved in 9.51 7 wherein

oo, BRI A RIPR I bah B GER Y A8 c0er, ! et
al kenyl, Gg-C, fjllwingfectfon fadarAdteds'dédorib A retionh et f &F BGOItIA, r adi cal s

opti onal |y substituted with a substituent selected from Tineaf and branched
C, -CS al kyl, |ivear=an, bimarrcRda nnZInn,QS AADUS Ikt = 1801 gasolidinbjegtheny|  whi ch

can opti onal |y be s bst it and branched C, -CS al kyl, |inear
and branched C, ¥ 3’1“8%“ ggﬁ‘?gbwf’h 923??‘ 2 s any two of R~~, R~ ~, and
Rz' -~ can be Ilnked together with the carbon atons to which they are
attached to forma cyclic or nmulticyclic ring, each ~ ~J UN 200D -204
optionally substituted with |inear dixamplpdBed C -C~ al kyl, |inear or

branched Gs- Cs hal oalyl E%/JOL o?ré}ﬁn@ﬁtl er1 on rﬁ%mpﬁgg%fea%k‘?%% or 10

wherein sald group s ron I'ga 'S se the group
consi sting of ardacwat rapiy of honemer: p:rosatal@snacawtbr 126,000d : 1 r Qamnp@izas phor us
cont ai ni ng conpqu od of ¢laim 14 wherei n sai d

15, Th t
or ganophosphor ué" ﬂd?'é@rﬂ%%m%@‘%gﬁ gb“:FRJV‘Fds ‘%§I7é($ttBth?’FX§HV%{1°mnd of the
formul a: P(R ~) eampBnent 5731, §relqmll?l{ﬁd(?;sCE)?éng@ﬁdn?ﬁJwéafm gy jrogen, or

silicon; gis 0, 1, 2, or rovi so that when X
is a silicon at bmylﬂmrbemene whand B cm@oﬁsntamemayl'gcd at)50°ﬂjdufd1he atomh is 1,
and when X is? itrogen.atom his R )
20 ollowing feaction parameters descrlbe the reaction: tg = 1:05 min,,
t100°c = 1:33 min., t y00°c = 1:44 min., tymax = 2:00 min., tge = 67°C, trmax

=203°C. A solid object was obtained. Yield by TGA = 96.3%.

Example 29.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (4.9 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3;SCF;)PCy; was dissolved in 8.7 g
hexylnorbornene containing 4.0% Kraton® 1657 and 0.9 g

30 tetracyclodocadiene. A and B components were mixed at 50°C and the



i s independently selected from hydrogen, |inear and branched C -C o al kyl,
CS-C, o0 cycl oal kyl, linear and branched C,-C, o0 al koxy, allyl, linear and
branched Cz-C, o al kenyl, C6-C,, aryl, C6 C,, aryloxy, C6 C, z aryI sul fi des,
C,-C 8 aralkyl, cyclic ethers and thioethers, tri(linear and 240Uk @M hed
C -Co alkyl)silyl, tri(C6-C,, aryl )si'llﬁp,‘ tri(linear and branched C -C, 0
al koxy)silyl, triaryloxysilyl, tri(linear and branched C, -C, o al kyl)sil oxy,
and tri(C6 C,~ aryl)siloxy, wherein each of the foregoing substituents can
be optionally plafhnd c €343 Kyl =! i near or
branched C, - Cs %Mrfg'l;&&qmﬁ{ ééé}?g%/,ﬁbﬁg{eggggﬁﬁ i 2s con%é nations

t her eof ; when g1:23 niinatg. ¢ 2:88, tg,x)ﬂ;ﬁmc By =t 13 °0r ABsodnﬂ oRjeccams be t aken
together with the oxygen atons to which they are attached to forma cyclic
noi ety; when g 9jaige nyleﬂdf\BYEQAR’:”éa/h be taken together with the
phosphorus atomto which they are attached to represent a phosphacycl e of
the formul a: 2 ~J aN?2003 -205 R~~ HZ)r, wherein R~ is as previously
defined and h' is an integer from 4 Exaniple 30.6. The net hod of claim15

wherein g is 3 and R~ is mdeg_gnd ntl% selected fromth %ro consi sting
of hydrogen, |inear 2fHOHPHRORTH PelymeErgatipn systemeyagprepargd g é’?ﬁ<£l | i near

and branched C, fegﬁtﬁnﬁhff&wmo%d)é’ﬂ pro!:zitﬂ?é’tVact':}{?%ﬁolnE 2966 ¢ 2%&}1;5tm%tkeny|
C6-C,, aryl, and C6 C , 10 aryl oxy. "The met hod of ¢iai m15 wherein said
or ganophosphor ud: doFIABlAerﬂgmg) ‘gamdisrmvgﬂ mgbgnmhmfséﬂnwomeom the group

consi sting of tginethylgh n [j- r opyl phosphi ne,
1 s trii sgpropy{:B’i’?Bg‘b tﬁé?%t i*ﬁb’%‘f‘gf?ﬁgmﬁ% B}SFM Ac“&h?ﬁl B%nghl er])e
tri-i-but yipphospdiylorbdrhénelanduty/g sm-ipmdmeanea@l)sﬁsﬂc?asmylmeptszlhl ne,
triallyl phosphine, tricycl ohexyl phosphine, -triphen hosphi ne,
tri napht hyl phos?im reand %ucogtppmm wn@srpmedaet 6Q°£iand olojlopingstsasting,
tri-mtolyl phos

ﬁﬁnﬂﬁeﬁ‘n‘% el} Bgeﬁﬁ tgt"rl é?tsrtll?of%oflgﬁ’ett2?9ﬁ76%5’sphl ne,

tri(p-trifluoro
trip-fluorophenyl ph ne, orOr phi ne,

al I yl di phenyl phtésphl (zgg enz6‘fg iTE'e ?)dhg(s)p;ﬁl ng%%g?%x%{ray aphosphl ne,
bi s(4- et hoxyphé’mm)apﬂ‘é}n/#md@@hl ne, b| s(4- et hyl phenyl ) phosphi ne,

bi s(3,5-bis(trifluoronethyl)phenyl)phosphine, 2 s

t - but yl bi slét rimet hyl silyl)phosphine, t-butyl di phenyl phosphi ne,

cycl ohexyl di phenyl phosphi ne, diall ylmgghpsphi ne, di benzyl phosphi ne,
di but yl phenyl phosphi ne, di butyl phosphi ne, 2 4J a N 200 - 206

di -t - but yl phosphi ne, Adweyesmpoeasst potiongriviation sysitems s prepangt gindsphi ne,

di -i - butyl ph hi h hi
ai et byl {t i ot T & 91 AR o B L 1B 3P 900:1:2. Component
di phenyl propyl phOSInW(DzQTHCB V)h@)waéﬂtsis@lwd )i h@sPhéxythorbornene.
di phenyl (trineth I silyl )lihOSphl ne, ‘S enyl vi nyl phosphi ne,
?IZVI n%/lhphe%‘?KI ph B’rﬁ’Pﬁ@t t r@ma.@ivé)%ﬁ( t IR Gixs was dissolved in 8.5 g
met hox en
r15(3 5 b o(t PSP R M BT B TR 21 bharBabKLRIASEL L Phepr-

tris(3-chlor opheml/).[ahmsmmmneﬁtﬁ M&feﬂrmﬁh:ﬂ(lt osAEmd the FlRwihg eeaction
tris(2,6-dimethoxyphenyl)phosphine, tris(3-fluorophenyl)phos hlne

tris(2-furyl) phBaamiekss diseribg the seackency preniyib sphospti 2AS, (T =
tris(3-nmethoxyphen sphl o t hoxyp hi _
tris(3-net hoxyppgdp% %Qlf“fg §7¢ %‘ss%gdgﬁﬁ %ﬁ%ﬁ%ﬁﬁ%&m JP&A
tris(2,4,6stri Mg, pgway{n)tgngﬁpbvém hi:r g4t ri met hyl si |l yl') phosphi ne, 15
|sopropyld|phenylphosph|ne dlcyclohexylphenylphosphlne

(+) - neonent hyl di phenyl phosphi ne, tribenzyl phosphi ne,

di phenyl ( 2- met hoxyphenyl ) phosphi ne, n@imohe@%l}( pent af | uor ophenyl ) phosphi ne,
bi s( pent af | uor ophenyl ) phenyl phosphi R

tris(pentafl uor opheny jhesiipinest polPmerl o By HaH vitls pgépayda\é}v,\f{ggr ein said

| abil e neutral electron donor ligand is selected fromthe group consisting
of DVF, DMVBO, reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component

30 A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene.




cycl ooct adi ene, water, chlorinated al kanes, al cohols, ethers, ketones, 2 5
nitrites, arenes, phosphine oxides, organic carbonates and esters. 19. The
method of claim9 or 10 wherein said anionic | eavi ng group 23 S8l ogged from
t he group consisting of hal ogen, mtratﬁ:ﬂ triflate, triflim
trifluoroacetate, tosylate, A Br4', AIF4" "~ A1Cl4', A1F303SCF3', 3 o Asdb ,
Sbd b, SbFb , PF6 , BF; ,Cl04 , HS04 , carboxyl at es, acet at es, 24J UN
2003 - 207 acetyl acetonates, carbonates, alum nates, borates, hydrocar byl

and hal ogenat ed CayponesEle I(Qlo;)tlm(o;mm@wm dldsomam 80g branched

C -CS al kyl, linear and branc - hal oal k C.o cilwoal kyl, Cs-C, 0
cycl ohal oal kyl , h@@dnprbowm andaha géai fﬁle'l ethanss )blem&]PB

cycl ohal oal kyl and bstituted

with a hal ogen §P%u‘g %%ﬁﬁ?ﬁﬁgéﬁé?ﬁ wﬁé{‘&gnd i odi ne.

20. The met hod %xaﬁle@érgmé’scnee nﬁrreée%onhetgcﬁhmwt RePEQRaL @fl,,xasw 1o
sel ected from a conpound of group consisting of

bi s(triisopropyitahasSPRC. e Hﬁ@ﬂ?@o)\mllﬂahjwh\vmmmcﬁa Yield by TGA =
bis(triisopropyl p rido)palladipgymnnitrate,

bi s(triisopr opy|9§%o/§pﬁwﬁi§rm Fal’)‘%‘ﬁ‘rﬁh’F‘a bd"m triflate,

(allyl)pall adi unm(triisopropyl phosphine) chloride, 1 s

(methal | yl)pal | adi um(trii sopropyl phosphi ne) chl ori de,
(crotyl)palladiun(triisopropyl phosphExapleid3ori de,

| Iyl )palladiun(trii trifly tate
L i herhyt e |y (& P-SoBpaRRT BB e PP sed PR Frird B dcet at e
(2-chl oroald yl ) padckaa katis(dfmdrdaiREpRICaARE ﬁaéwaf& =tzo' dootaz ogegipehént 20

(allyl)pal ladiun(tri.i ropyl phosphi ne) trifla
(crotyl)pal | adi l:ﬁT(L?FiABJg gpm)p’rpésipwpmsl indi43 &tr@thoxysﬂylnorbomene

D o) o OB AEN PRI EpL L] et n 0
(met hal 1yl ) pal | aﬂxym(ntbbmeaapnd)pylgww’s(ﬂ;a-eex)médiylﬁ&sbmdm[z2 19hept-2-

bi s(tricycl ohexyl phosphi ne) (hydrido) pal | adi um chl or
bi s(tricycl ohexfpﬁhésaé‘ﬁ %Tmﬂisd’c'ﬁfﬁﬁ}‘ﬁeé’cﬂtﬂél Girpd gleefollowmg reaction

bi s(tricyclohex | al uorg t

bi sEt ri cg;c:l%hex dQ&%})EX’% ’;"g’m ’édl k“ér ‘e R B
(all'yl')palladi urmsraﬂgb%mxwmgms 00! 8)= sshtOf & mﬁc A solid object

(et hal I'yl') pal I adi un(tricycl ohexyl phosphl ne ) orid ~~ ~ U N 2003 -

208 (al lyl) pal Ivaasiabtained. cYielddnyekGAghBe . ne) tr| fl uoroacet at e,
(allyl')palladiun(tricycl ohexyl phosphine) triflate,

(et hal 'yl') pal I adi um(tricycl ohexyl phosphine) triflate,
(crotyl)palladiun(tricycl ohexyl phospgxampld 34.f | at e,

(et hal | yl )gal l'adi un(tricycl ohexyl phosphine) triflimde,

(al | yl) pal B&di un(tri o &WeiRemRpeRand BRIl Meayatinn sysipmswas Rippared giving a
(allyl)palladiu il

(al Iyl )pal | adi u%ﬁt‘jﬁ”@@ %@?A%??&m nes)tl“ﬁﬂli‘f)alr"?rd #5,000:1:2. Component
(et hal | yl) pal | aAli ILIRABA(@@I mg;)emg/dlsﬂobeerlhmr{b’}l gtriablnoﬂex,lylnonbomene.

|1yl | | adi t I t flat
Cerotyl | pal adi depeiept BoFBms FORBBHICRSEF P Piaf tissotved in 8.5 g
t hal | yl | I h )
(a1 1) pal | o urry ORI sl 130 5 B \PE2 BRI, DBLbE fol2.2. 1 Jhept-2
(methal 1yl ppal | asieury and By:omppmmtwwclhmmpbd asdSCCiant ithe fdHowingreaction

(allyl)palladium(triisoprop phosphl ne) C6F5 )
(al 1yl ) pal | adi urRAMeLrs|dssriby thisasiinng ele@sT5S S-dmec = 2:00 min., trmay =

The bt hod of ol -ar i e 554 80 R PABREe PRI iy ot Yt g *

anion is sel ect esly TGars 9he%gr oup con5|st|ng of borates, alunlnates

bor at obenzene ani ons, carborane ani ons, and halocarborane ani ons. 22. The
process of claim 21 wherein the weakly coordinating z s anion is a borate
or alum nate of the fornula: [ M(Rza~)(Rzs')(Rze')(Rz'~)] wherein M is
boron or alum num and Rz~, Rzs~, R26', and Rz' 3 o independently represent
fluorine, linear and branched C -C o0 al kyl, |inear



~ ~J UN 2003 -209 and branched C,-C o al koxy, linear and branched C3-CS

hal oal kenyl, linear and branched C3-C, 2 trial kyl siloxy, C, g-C36

triaryl siloxy, substituted and unsubstituted C6-C30 aryl, arfks‘ﬂﬂlsz@éut ed

and unsubstituted C6-C30 aryl oxy groups, wherein R-4~ to RZ'&"ca

si mul t aneously represent s al koxy or <i it aneously represent aryl oxy, and
wherein said aryl and aryl oxy groups when substituted are nonosubstituted

or nmultisubstituted and said substituents are i ndependently selected from
| inear and branched C, -C, alkyl, |imampmedsbranched C, -CS hal oal kyl,

| i near and branched C, -CS al koxy, linear and branched C, -Cs  hal oal koxy,

li near and branched 4 twogompopentpolimRerizatipn systegswes PepaEdgiMing 3 y| | and

hal ogen sel ecte | op i ] . . ' =33. ey.process of

cl ai m 22 wher ei ﬁeaé{gﬁtcr?aggro gbgng@eggéﬁg%@gg'a?gg%g{'ﬁgaégr?@ﬂp%gbor?:s&ps"f'i@hg of

t et raki s( pent af Compondie my | DiIPABA ¢4.9 kifg) was dissolved in 0.71 g
tetrakis(3,5-bis(trifluqgronethyl)phenyl)bgrate,

t et r aki s( 25f | uotrsFrilylperbamene.  Gempgnest B: 1114 medahd RAORGERRCYs
tetrakis(4-fluo i =) P enyl ) bor at e,

totr aki o(2, 3, 4. B OR HEGEBhGIBLAAN er Asdiel 003

tetrakis(3, 4,5, hexybiiorbdinens. o asd Bl cobpoatrtts wareomixed at 45°C and the
tetrakis(3,4,5-trifluorophenyl)borate, npet Pyl tris(perfl ugrophenyl ) bor at e,

et hyl tri s per f | f3lozfingFaprYorpasaraetersifiescribe the reaekiqn: ybse GphaAMRhor at e,
tetrakis(1,2,2-trifLl t hyl | horat g,z90 = ° : :
tetrakis(4-tri- h%?ol%%%ﬁ tg’?‘%szﬁl ijé‘f"ophgn?ﬂ tjr'%r altgg,c' A solid object

t et r aki s( 4rodi metay bbtagiet- Midly bg i TGA =67 ®h6] uor ophenyl ) borate, 2 s
(triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,

tetraki s[ 3, 5bi s[ 1- net hoxy-2, 2, 2-tri fltﬁﬁﬁﬁl’ejﬁ(t rifluoronethyl)ethyl]phenyl]b
orate, tetrakis[3-] ’

1- met hoxy- 2, 2, 2- tr i f |Anweedmpdnent polyrmerizitioy Isystérh wak phdparadfdiviag anet hyl ) pheny

| ]borate, and tetrakis[3-[2,2, 2-trifluoro-1-(2,2, 2 4 N,20D3 -210
tTi fluor oet hoxyJeatant ﬁklp|q%&rwwmtefmTc.t@gtor-mo%erator_- 20/000:122%: o
(trifluoropet hylCoalimynd AOLHARA 24,9 nd)evddd&8R2d Gh 007188 M 22 wherein said
alum nate Is selected 5 fromthe &roup consi sting of

t et r aki s( pent af tigshepisdnippibement ngomponent B: 1.6 mg (allyl)Pd(O3SCF3)PCy;

tri s(nonafl uorobi ph )£l uoroal,.um nat e . .

(octyl oxy) 11 5 ARRTETPEbiSRERDBRBfing yige dissolved in 9.5 &

tetraki s(3, 5- bi gekyihbibeaicad®h it BGMYOn:Ats WErd Afifed 2B80°C and the _

met hyl tri s(pentafluorophenyl)alumnate. to 25. The process of claim 21
wher ei n t he wealfdNowingrericHor pargmaierodeserbethp agagtien:oftgeiat 3i0maine of t he

formula: [M ( 8~) (R (AR A{OR ~~)J is haan or .al ym num R~B~,
R29, R3-, géndO;'%mo‘icﬁ'%agﬁ&eﬂht‘ﬂy%@m’et%rﬁ&ﬁs F%&f" ‘aﬁ@ br dnigtidpecic o kyl .
l'inear and branGhR®btaindd. Vieldd®! K¥A.= §7:4%. hal oal kenyl, substituted and
unsubstituted Cb C- aryl, and substituted and unsubstituted C, -C3 aral kyl
groups, subject to the proviso 20 that at |east three of R~-B~ to R'~ nust
contain a hal ogen contai ni ng substi tg;%'plquz& and ORZ9~ can be taken
together to forma chelating substituent represented by -O-R3'~-O, wherein
the oxygen atons are Aoweedmpondit palfthefization systemdwasarepiired gigingal sel ect ed
fromsubstituted and unsubstituted C6-C3 aryl and substituted and

unsubst i t uB®d Creactant stk edymonomes:prpratalystaciivatpr a1 30,000 b2 a COMPPRERr oups when
substituted are jx t] I LS i ' stituents
are i ndependent I@pgﬁ@éégbﬁ@%v%dﬁ%glr%gnﬁ rla%%egrg)xgmyé@&‘ggﬂ]%ﬁ? l i near and
branched C, - CS edmpdreyt B: 1.6 meptallghPd(0;80FHECy CwaHissdlkeadint 8.9 gnear and

branched C, -CS hal oal koxy, |inear branche -C oz trialkylsilyl,
r]1exylno§ao)1(‘1>l/ene alnd ?% g ?,gg-(l,E-e&aneéjxylc):blsﬁcygclo[ab.l]hgpt§2l- y
ene. A and B components were mixed at 45°C. A solid object was
30 obtained. Yield by TGA = 92.7%.



2 ~4.J UN 2003 - 211 ©C6-C,8 triarylsilyl, and hal ogen sel ected from
chlorine, bromne, and fluorine. 26. The process of claim25 wherein said
borate is selected fromthe group consisting of [B(QOzC6F4) zh

[ B(OO(CF, ) z(COHB)) 4], [B(OO(CF3)zH)4]" . [ B(OO( CF3) (CHB) H) 4] 2,4 dHY 2008

[ B(OCHz( CF3))a] ~~ 27 The process of cr%? 125 wherein said alumnate is
ected fromthe group consisting of , [A (OC(CF3)zPh)4]",
(OC(CF3)zC6H4-4 1 o CH3)4] , [AI(OC(CF,),)4] , [AI(OC(CF3)(CH, )H 4] ,
(O(CF3)zH), ] , [AI(OC(CF3)206Ha ' Pr)4] :
(OC(CF3) zC6H4- 4-t -butyl)a] , AliE ng6H44 S Me3),,] ,

( OC( CF3) , C6H4- 4- Sl - 1- Pr 3) 4] xample 38

EOC(

0 o) 2 Cate. 5. oA b baidndth pbryeritlon system was propared givinga 1. ¢

Al (OC( CF3) z Cohgjetint ratiBof fibwtonperpressal yst:actiatonaztivaor ©20. ﬂ)OO \Wek.ei n said

Ret 1 ki o( pont alCUBPUIRENS bR G BELETOAH (2.8%he) wert ditsolVed
t et r aki s( pent afj 100710 ?G%R"Bg&g{hﬁ”b rhEﬁE' %@%E‘% elhas)

tetraki s(pent af uoro eny Ithi et her) 5
tetraki s(pent af(lallph)Bql:(&SSZFa)Bﬁyawm dlssai‘mdum9t5rg hegxyimqmbmrpaml.ﬁ and B
t et raki s(pent af | uor ophe bor J t r.aki s( et hanol

t et r aki s( pent af SURRGEHE % 45 ; Jstkl‘ owIng reaction parameters

Lt raKt sl pent Al o aRE RACHBR! % = 110 e 4221 AR 11 =
t et raki s( pent af I uor opheny e, trit

tetraki s(pentafi: BQhﬁﬁngY* PR, 3 = wmlmt)]i‘ld/bb]lttlwmobmned Yield

tetraki s(pent afI uor ophenéez borate, lithium

t et raki s(3, 5- bi®y 8é2%nmet hyl ) phenyl ) borate, 30 sodium

tetraki s(3, 5-bi s(trl fl uor onet hyl ) phenyl ) bor at e, 2 4J UN 2003 - 212

N, N-di met hyl ani I i ni um tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
silver tetrakis[3,5-bis(trifluoronmeBxwmpldadfyl]borate, tris(toluene)silver
tetrakis[3,5-bis(trifluoromethyl )pry n ]z}a orate, thallium
tetrakis[3,5-bis(trifHOrOmRROAFAS @Pfgjli 1op Sstem Wagprepst giving a

Li B( OC( (CF

Al (GI(QSI%%) 3%e)§%t)ﬂr41ft ﬂaﬁ?‘bf %&E@ﬁﬁ@tﬁlyst"dc&ﬁtm @g,)@lZ)%G %H 'A(%ilﬁﬁl onreglt4

Li Al (OC(CF3), CoA3 IBFAB@dda)zzr)lg) whs dxss(odae(dcm() 708 metﬁqwsﬁylpmmpa and

Li Al CF3) zC6 2 I

vvlher(eicf( sai ézpoﬁﬁ@ﬁ’%&ef\gﬁ ﬁﬁﬁéﬁ&@a‘ﬁ%@% @?’g\g{% %ﬁﬁot'zj%?géh g%n%no or

sel ected from ah&@'m%&’ﬂeﬁg A'&ﬁdh@oﬂ]ﬂoﬁemt?%e@n%&%?h?c #hd the€pr esents a
single or double bond; mis an integer fromO to 1 s 5; when "a" is a

doubl e bond onefadfowing reRstiemphrametersidesaiberhe feactiam: nsneséﬁt)mland R to R4
|ndependently represen dr ogen, bstitute d unsyhst.i tut | i near and
branched G°-C, o' ¥Ryl E(P Fﬁ’ea?“‘%ndz E#JHW&h'éﬂl 6846@6'“‘1’1511?2{2 ngsti t ut ed
and unsubsti t ut gﬁﬁeéﬂ\p@badbta’:}ﬂéh by az= 65 @oal kenyl |, i near and branched
Cz-C, 0 hal oal kenyl, substituted and 20 unsubstituted |inear and branched
Cz-C, 0o al kynyl, substituted and unsubstituted C4- C, 2 cycloal kyl,
substituted and unsubstituted C4-C, hal cl oal kyl, substitut ed and
unsubstituted C4-C, z cycl oal kenyl s%’bé??l??]med and unsubstituted C4-C, z
hal ocycl oal kenyl , substw&carﬂ?br@mobdlmeﬁm&mhuyadn%sgr?ar@l Vingaubsti t ut ed

and unsubsti t ut ed C6-C, z oar 2 5 and substitute unsubstltut ed
C, - Cz4 ara¥kyl , rwctaahdtmf@romswamcmlyst acgivato) =30M)080lp3 Compongiin be t aken

L [ P MW e e
{ CHz)"- G(O) RS, Cﬂﬁfﬂdﬁknt-m BRG] lyhP LS CE;)RCy; wattizpelGed R 8,

CHz O OR6, ,and the gro
g )" 49 hexy norbom%ne la')l.nd 0.6 g methylnorbornene. A and B components were

sel
[ Al
[ Al
[ Al
[ Al
[ Al
[ Al
[

mixed at 45°C and the following reaction parameters describe the

30 reaction: tgey = 1:30 min., t jo00c = 2:05 min., t200ec = 2:20 min., trmax =



-CHZOCHz~O to wherein n independently represents an integer fromoO to 10
and RS i ndependently represents hydrogen, |inear and branched C,

al kyl, linear and branched, Cz-C, o al kenyl, linear and brani%‘ﬁlﬁlm
al kynyl, GCs-C,z cycloal kyl, C6-C' aryl, gnd C -Cz4 aral kyl sents a
radi cal selected from -C(CH3) 3, -Sl( CH(R ) OCHzCH3, -CH(R ) OC(CH3) 3,
di cycl opropyl net hyl , di net hyl cycl opropyl nmethyl, or the follow ng cyclic
groups: HzCCH . . R R ' p~O. 0 15 20 wherein R represents hydrogen
or a linear or PRamGASE( €62tk *201W.oApdliRobjeadvdsbbtaget Heeldwi t h t he
two ring carbon atons to which they are attached can represent a
substituted or bndGdsti%pHed cycl oal i phatic group containing 4 to 30 ring
carbon atons, a substituted or unsubstituted aryl group containing 6 to 18
ring carbon atons and conbi nations thereof; R and R4 can be taken together
to formthe dival ent bridging group, Exaﬁ(;ﬂ}ﬂ}(O)C- \/\hi ch when taken

t oget her vmththetvvorlng car bon ~2. ~.J N 2003 - 3 atons to which
they are aftached fofri"e- ﬁ?@mogem%n?rmaaonmms PIePRSH 8YARE ] an oxygen

atom or the gro ct%!ﬁtg%)l%o PEl'nQr J§l&§@&ﬁgﬁt8p—Pb@%h@r@&ﬁ neh@l ogen,

| i near and branc he process of claim
29 wherei n sai dApdliyABA (ﬂoﬁPm‘gl) wat dxsscﬂmd)iri i %rgtnnhbxw;dslnarbmﬂlmf uncti onal

pol ycycl ool ef i n_nononer .se nul ae;, ~ ~~mtY~-mmm
mm m and ni xt u%?"f’ﬂ‘éﬂigfis &B?fﬁ‘g@%gﬁ Qgéyﬁ %’asad’fsoéﬁd ’)1 ]gq’g]%p and m

i ndependent |y 1 gRESSRIbSmaRE. | AafdBrcoldpefitils tv@re'injeéﬁﬁ 1%%’111@ is 0, Y
represents a singlée bond. 31. The process of claim1l 8, 9, or 10

wher ei n saiod 15p®88wemamooat 6°Cramdghd pressues ratsed o 9@@Bs1aThaftﬂlomnger at or
selected fromthe oup consi r%tﬁf water, tetr ,{{bydr of urg}
2- met hyl t et r ahy 536 ?ﬂ' mﬂfeést‘ﬁ??“ Feaction: hijo0e S0 Sy aogre =tser |

di met hoxyet hane,,_di glyy, rd met o] S
tributyl phosphi hg"“t r ﬁ%ﬁe %rL tlir'B"f‘yl—Q)gBﬁ(?)sp | Hg%"{"’?’{""%%ﬁ&f ?I}%o@phl ne,
tricycl opentyl pAi@¥prig8de®%.t ri cycl ohexyl phosphi ne, triisopropyl phosphi ne,
trioctyl phosphi ne, triphenyl phosphine, tri(pentafluorophenyl)phosphi ne,
nmet hyl di phenyl phosphi ne, di net hyl phenyl phosphi ne, trinmethyl phosphite, 2 ~
,' ' UN 2003 - 215 triethylphosphi teExg,ﬁ?'eaqpropyl phosphite, ethyl
di phenyl phosphinite, tributyl phosphite, triphenyl phosphite,
di et hyl phenyl phosphowi tw-cempbrient xdymotizstios syxtere wag-pespetedigixiegene,
triphenyl phosphIre%%tan%(}a%%’of%{]o%omer:procatalyst:activator = 30,000:1:2. Component

A: LiWCA-H (3.8 mg) was dissolved in 1.0 g hexylnorbornene.

Component B: 1.1 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 9.0 g

20 hexylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tgey = 105, t100°c =
22 s, t200°c = 39 S, trmax = 555, tger = 65°C, ttma = 202°C. A solid object

was obtained. Yield by TGA = 95.8%.

25 Example 43.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g

30 hexylnorbornene and 0.18 g tetracyclodocecadiene. A and B components



m xtures thereof. 5 32. A reactant formul ation conprising a polycycloolefin
nononmer and a Group 10 transition netal procatalyst wherein said

pol ycycl ool efin nononer conprises a multifunctional pol ycyoi lem‘
containing at |east two polynerizable, bornene-type noiet] es 3. The
reactant comnposition of claim32 whereifi said procatalyst is sel ect ed from
a conpound of the fornmula: [R M.'xA'] 15 wherein Mrepresents a G oup 10
transition nmetal; R represents an anionic hydrocarbyl |igand; L'
represents a Guappmitedwdtt@andthedbiloving oerstion pgramdtersidescrsbethe ani oni ¢

| eaving group; x is 1 or 2. 20 34. The reactant conpositio g(IF cl aim 33
wherein Mis sa&passped ter G %ah90°gr‘0‘l?p§ tune FS0isnlgmaf™ ]l ikl =%B {adi um and

pl ati num 35. he Lg by i re is selected
fromthe gr oup g? %2‘ ‘B‘cfﬁ P%@F% %%q?e{l%éeaaﬂlgi@brgﬁchgg g s C -Cz0

al kyl; linear Mllbihcwlﬁ&&do&%méﬁta kenyl; allylic ligands and canoni cal
forms thereof; substituted and unsubstituted CS-C, o0 cycl oal kyl; substituted

and unsubstituted C6-C, s cycl aal kenyl ; substi tuted and unsubstituted C, - C30
aral kyl ; substituted and unsubstltu Qgrn o aryl; C6-C3~ heteroatom
contai ning aryl; wherein said heteroa R1 'S sel ected 3 o fromthe group

consi sting of sul f ura 1WA aRPondht polgaRTizatidRGTRBMIWES, prepatedgiding aN 200ci - 216
wherein the substituents in said substituted radicals are selected fromthe

group consi sti ﬁga%gntpqtmrm@}owmq@éys@act@@to&ﬁ@ﬂ 000:1:4e &ompengit anched

C -Cs hal oal kyl s ‘P@r I kenyl , hal ogen,
and phenyl opti ona’ Sll.-llcb)(;tl tg?&’gse %egﬁr?glagg%* Ir‘%%gﬁﬁh C -GCs al kyl,

| i near or lbr ancﬂmdpcmenCB hélnog(allyl)Pd@ER8CRgPCyewas dinsbleedindtogar byl
containing |igan eIectedf?rlcamthefor Hzd. X-~ i

each of said Ii 5?’1 THOTRRUE B \ﬁ“t%te’frﬁcé'cgé8ﬁ°§a‘i‘6nﬁle%§f’dPo‘forwpé’nﬁ%tf’aI I acycl e
or het er oat om Goat #figi N 45PE3hl WBlIBwingheREioR pianishRs BEERbE uRN | nt eger

from3 to 10, and X-~ represents an al kenyl heteroatom cont ai ni ng noi ety
t hat coor di nat asadtiont hte,.@bsl,pme#rm altz(@emms trmaS= 48 s, flhe= 6626t ant

conposition of claim 35 wherein said allylic Ilwgdand S re;ll)'resent ed by the
fornul a: Rza Rrmax=2867C. wrolidiohjet was ohgined. ¥ield by 7GAF K- 9" dependent | y

repr esent 1?ydr°§,€é]1 m}}glu%ggQVengﬂﬁarlO@%q branched C -C3 al kyl, Cs-C,
cycl oal kyl'; linear an

Example 45.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
20 A: LiWCA-H (5.7 mg) was dissolved in 1.0 g hexylnorbornene.

Component B: 1.6 mg (allyl)Pd(O3SCF;)PCy; was dissolved in 8.8 g

hexylnorbornene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclo[2.2.1}hept-2-

ene. A and B components were mixed at 45°C and the following reaction

parameters describe the reaction: tee =75, t j00c = 125, t200ec = 18 s,
25 tTmax = 43 S, tge) = 60°C, trmax = 206°C. A solid object was obtained.

Yield by TGA = 95.5%. Swell in toluene overnight: 108%.



2 0 branched C -Cs al kenyl, Cb-C3 aryl, and C -C3 aral kyl, each of the
foregoing radicals optionally substituted with a substituent selected from

| i near and branched C,-CS al kyl, linear and branched C, -Cs Hhakad/N2003

hal ogen, and phenyl which can optional ljysbe substituted with |inear and
branched C, -CS al kyl, linear and branched C, -CS hal oal kyl, and hal ogen; 2 s
any two of RZ~, RZ'~, and R~z~ can be linked together with the carbon atons

to which they are attached to forma cyclic or multicyclic ring, each 2 4
.1 U N 2D03 -217 optionally substit ixampl¢ 4G |inear or branched C -CS

al kyl, linear or brapched C -CS hal oal kyl n 0 o react ant
conposition of clai rfgg‘goiﬁﬂgﬂpgfl??@giygle tbdp? s?st%@r\g%se;g'g&gﬁcﬁélghn ligand is
sel ected from tfag.taitQato 60MEhShérBoitalpdtiabiatorpy 60,0002, Gungponerst, sti bi nes
and or ganophosphorus contai ni ng conpounds, 38. The reactant comnposition of

: mp :
cl ai m 37 whereify MW@%@%@B%%%&SE@V%H& L0 BieyYINPPOMENEs sel ected from a
conpound of the loeé PR - ] I8 in9.0icS OXygen,
sul fur, ni%roge%(}mg?rtegllig::lcog?lt;nggﬁ;rysl;l%‘:(oggl:f?ﬁ%fs‘%S%Ffs%l,‘ 1572, or 3, with
t he proviso thaliexyligtbofheries Aasd Bicompoadntnwere mikedat 4§1€mnA'thé s an oxygen or
sul fur atomh is 1, and when X' is a nitrogen atom his 2; R is
i ndependent | y sfollowingreastiom ayamesers describp dherreagti@nbrtean CHAS, €100:C=0 al kyl |

CS-C, o cycloal kyl, .I'inegr, and branched C -C, kgxy,..akl | i near and
branched Cz-C, oﬂa?’ﬁ@rwri'@e‘?&"z‘sehr‘ 3)416 e(féﬂ"é:,— 21%3%1 &%}/’?‘degle\é ik I

aryl sul fides, GCopthined.arigld®y TGRECYS 6%t hers and thioethers, tri(linear and
branched C,-C, o0 alkyl)silyl, tri(C6-C,z aryl)silyl, tri(linear and branched

C -C o alkéexy)silyl, triaryloxysilyl, tri(linear and branched C -C o

al kyl)siloxy, and tn(C6-C, 2 aryl)si lﬂ{(a\{q V\/Q:;r ein each of the foregoing
substituents can be optionally substitu Pé& with linear or branched C -CS 2

s al kyl, linear or bpanohethponesipohaherirakion sysfem wWas plefsapedl giving #gen, and
conbi nati ons thereof; when g is 0 and X is oxygen, any two or 3 of R can
be taken toget hERCHILIALS REMOROBEHPIREFAYStastiy#ph 20.080: 15 Comporgted to form
a cyclic noietyy. RT ‘ ~ Ak Ehede0get her with the
phosphorus at omAt' \g?th'g# %29@%@E§%€§gﬁ§§%gﬁ%?@ent ar{e?,o phosphacycl e
of the foruul a: Compodeni BJ1M ®@Qalyl PUBO;SCF;)PCy; was dissolved in 8.8 g

hexylnorbornene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-

ene. A and B components were mixed at 45°C and the following reaction

parameters describe the reaction: tge = 14 s, t100°,c = 21 5, t200°c = 35 5,

trmax = 50 8, tge) = 60°C, trmax = 202°C. A solid object was obtained.

20 Yield by TGA = 95.8%. Swell in toluene overnight: 108%.

Example 48.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:1. Component
25 A: LiWCA-H (1.6 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 0.6 mg (ally)Pd(O;SCF3)PCy; was dissolved in 8.8 g
hexylnorbornene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
ene. A and B components were mixed at 45°C and the following reaction

parameters describe the reaction: tge) =48 s, t 190°c = 1:55 min., t y50oc =



R~~~ HZ)n wherein R~ is as previously defined and h' is an integer from4
to 11. 39. The reactant conposition of claim38 wherein gis 3 and R-~ is
i ndependently sel ected fromthe group consisting of hydrogen?2} Jb¥aland
branched C -C o0 alkyl, CS-C, o cycloal kybhy-linear and branched C -C o

al koxy, allyl, linear and branched C--C o0 al kenyl, C6-C,z aryl, and C6-C, 2
aryloxy. to 40. The reactant conposition of claim 37 wherein said

or ganophosphorus containing_ligand is a_phosphing sel ected f.romthe group
consi sting of t2:l3stinyhphssplp rﬂ@p-,tmi%éﬁ.‘p ,pSms-‘pr%g%z}e- ‘grSPl-“ﬂQ‘BFﬁpw phosphi ne,
triisopropyl phosphi,ne. tri:n: | pb ine, i s tri-sec-butyl phosphine,
tri-i-butyl phosﬁﬁﬁ ?ngnh?#‘i ?{e?%ﬁf?/‘pbogogg%%ie, tricycl opentyl phosphi ne,
triallyl phosphine, tricyclohexyl phosphine, triphenyl phosphi ne,

tri napht hyl phosphi ne, tri p-tolyl phgsphine, tri-o-tolyl phosphine,
tri-mtolyl phosphi ne, tribenzyl phosf¥ample 49.

tri(p-trifluoronethy r i . o I ?u phesphine, 2 o
trip-fluor 3pheny| )phéggﬁ%%’ngpgﬁ%gi%ﬁggféﬁgﬁgﬁﬁggﬁ éh,o'g?)hi ne,

al | yl di phenyl pheaghntretio bEmoybrdepprocathlystasphitoremodsrsto2=20:000)lphds phi ne,

b BhE A NSRSt BA0 R hoseiine

t-butyl bis(tri ' Db eRt BL 1.6 wigydalli sohgpehi &gl 2 5
cycl ohexyl di phgﬁé}{%‘t]ozgéprﬁé%eg, di aldla?/‘i phenylgp%ogw%, dfl)begjzyl phosphi ne,

di but yl phenyl pho$phg trizyclohegtiphashluinp wias dissalved intd. g hgrydserhpmene

O o AL S PRI EE2 e e o ~21°
di met hyl (tri net @Mﬁﬁ&de}ﬂs)\z@?é’ﬁﬁk@d‘;ﬁ’%d@ RAE e FONGRIRR iré&Rtion parameters
di phenyl pr opyl phosphi ne, di phenyl (p-tol yl)phosphine,

di phenyl (tri net descabé thie rgdetiophitie = 2000imenytlxtary 7 30 msiphit pec =5

di vi nyl phenyl phgsphi ne, ethyl di phenyl phgsphi ne, o . X

(2- met hoxyphenyf‘)%ﬁé’ﬁlﬁyltﬁyheﬁfﬁ: B &, Lol timaxGc 1 6A°Gh s plidRbiect
tris(3,5-bis(tr] t L hi-n = 1070

tris(3-chlor ophgﬁép%ﬁgg'pm{é%?p?yé( ?—aﬁ/ﬁ)’olrrbg%gr%ﬂ«) p Ogsghi ne,
tris(2,6-dismet hoxyphenyl ) phosphine, tris(3-fluorophenyl)phosphine, 1 o
tris(2-furyl)phosphine, tris(2-nmethaoxyphenyl)phosphine,

tri s(3- net hoxyphenyl ) phosphi ne, tri K¥ample8xyphenyl ) phosphi ne,

tris(3-nmethoxypropyl sphl j =10 I .
tri SE 2,4,6-t r%/ﬁet % %ﬂgﬁﬁﬂ gg%ﬁdrll@ﬁg’#rapgl?Wﬁkﬁpﬁépgpﬁép)%ﬁgéBhl ne,
i sopr opyl di phenydaptansratib b€ motibmyr prokatalykideanytoph @800011el. Cdmponent
+) - neonent hyl di phe i ne, tribenzyl.phaosphi ne,
éli )phenyl (2- et h&%%@%éﬁgbﬁjiw,&%ﬂdﬁ%dﬁﬂ?)péﬂ‘%’%(ﬁ}%'e;?faﬁﬁenw ) phosphi ne,
bi s( pent afjguor oplgmpshef B Nyk B@@ﬂ?gg@(ﬂ;_@@gﬁPCy; was dissolved in 8.0

tris(pentafl uorophényl)phosphine. e feactant conposi %i on of claim
33 wherei n sai dhexthadrbomensg and 0.61 ganathyinetbomend.i fand B eonyminentsed from t he
group consi sting of DVE, cl.goct.adi ene, water, chlotinated al kanes,
al cohol's, et her &ERXSHAL |§ Er: ﬂqc%gga%ﬂl%éesa?“m%’ﬁ?@és %ﬁ?rwsq,ﬁeor gani c
carbonates and ZaeifSt @ S= 14%; t Jhe="T85NgH.f 24 /1. m 33?\thrl e ggogai d ani onic
| eaving group is selected fromthe group consisting o h& ogen, nitrate,
triflate, trifl timede2t09C | Aicolidhalgecttvers obtnddataeldAlyEFGA = 6%, , T,A1CL4"
AlF303SCF3', 30 AiCI b, .Shdb, SbFb , PF6 , BF;, ,Cl04 , HS04 ,

car boxyl at®s, ab¥ 85 245°Co20 2 4 J U N 20D3 acetyl acet onat es, carbonat es,
al um nat es, borates, hydrocarbyl and hal ogenated hydrocarbyl selected from
hydri de, |inear and branched C -C;, alkyl, linear and branched C, -C5

hal oal kyl, CS-C, o cycl oal kyl, CS-C, cEgymfipletsal oal kyl, C6-C, 0 aryl, and

C6- C, 0 hal oaryl, wherein said cycl ohal oal kyl and hal oaryl groups are
nonosubstituted or mdt PYOSEAIBRONEDt RRIYMFHZALAN |Sutery avas prengpeds@iVidgtied fr om
brom ne, chlori ri Lodi A3 ! ant conposition of

cl ai m 33 wher ei E&SCB%%%%O(??%?%@a é:pgc%?ﬁﬁgt%cgivgtc?g]é;dgfag% a conpound of group
consi sting of bis(triisopropyl phosphine)(hydrido)palladiumchloride,

bi s(triisopropyl phosphi ne) (hydrido)pal | adium nitrate,

bi s(triisopropyl phosphi ne) (hydrido)palladiumtriflate,
(allyl)palladium(triisopropyl phosphi ne) chloride,

(rmethal I yl')pal | adi un(triisopropyl phosphi ne) chl ori de,
(crotyl)palladiun(triisopropyl phosphi ne) chloride,

(allyl)pall adi um(triisopropyl phosphine) trifluoroacetate, (

1, 1-dimethyl-n-allyl (triisopropyl phosphine)palladiumtrifl uoroacetate,
(2-chloroallyl)palladiun(triisopropyl phosphine) trifluoroacetate, 2 0
(allyl')pal l adiun(triisopropyl phosphine) triflate,

o,



2 s his(tricycl ohexyl phosphi ne) (hydri do) pal | adi um chl ori de,

bi s(tricycl ohexyl phosphi ne) (hydri do) pal |l adium nitrate,

bi s(tricycl ohexyl phosphi ne) (hydri do) pal I adi um trifl uoroacetagejun 2003

bi s(tricycl ohexyl phosphi ne) (hydri do) pal | adi um f or nat e,

(al l'yl)pal | adi un{tricycl ohexyl phosphi nd#8chl oride, 3 0

(met hal | yl') pal I adi un{tricycl ohexyl phosphi ne )chl ori de, 2 4J UN 20p3 -
221 (allyl)palladiun(tricycl ohexyl phosphine) trifluoroacetate,

(al l'yl') pal | adi wp(¢go.cye! 10*@@%%&&@51&&1@%#1{ (le.sam?) was dissolved in

(et hal | yl') pal | adi un{tricycl ohexyl phosphi ne% triflate

(crotyl) pal | adi Ubrgthexyipetbomengl Shmppremi®) &6 rre (all)PAO;SCF3)PCy;

t hal [ yl ) pal | adi i eycl A tofd £l L
O o) e A b B A RO e bt o
(all'yl)pall adi myrm%aﬁewmsemﬁa@émstwe:%lmimdﬂa,45°c and the

(allyl)pall'adiun(tricycl opentyl phosphine)chlori de,
(et hal | yl } pal | fatibwingtneactipn|paprametsrs desssibh thegpactionortid &, 16 s. diooec =

allyl)palladiumtricycl gpentyl hi ne Ll at .
Ecr o%/yl) I)opal | adi ﬂ&t‘?@%fc‘ﬂgﬁéﬂﬁg?%ﬁﬁ@g‘mﬁ ﬁ) Ob%¢'i fY Sﬁﬁ@,"bjea was
(met hal | yl') pal '@ﬂﬁiﬂ@&.”{.e‘fd’@? LykpBpsphine) triflate,

(al lyl)pal l adiun{tricyclopentyl phosphine) triflimde,
(et hal | yl')pal | adi un{tricycl opentyl phosphine)triflimde, ~5

(allyl)palladiunm(triisopropyl phosphinhe C@g
(allyl)pall adi um(tricycl ohexyl phosplﬁ]‘ﬂ@ % and
[ (al l'yl) pabl adi un( HORHRb(dofipoReR pRRhd s oy3Rh] W flepared ghiifig £14C6) , | . 44.

A reactant conposition conprising a polycycloolefin 20 nononmer wherein said
pol ycycl ool ef i nreagaairaiio ebmpnomerspracadly stiactivaien: madaratody cycl ool ef i n

containing at | 4. 0 ' & - e - Ry and an
activator salt %@5§%U®oir)n§¥‘§w[‘%??‘%%@%Q%Bmgrdﬁ%‘%@ rquresents a
proton, an al kal.Opchexginblborienal Coaiponent By 1.6ams(allyDPd(BEEK,)PA, on or an
organic group containing cation, L" is a labile neutral electron donor

| i gand, and V\CAa‘?dso-&6Wgaﬂflt?cmlﬁfﬁ’a?iprl?g‘ec‘ﬁﬂﬁEEF%{M‘FQ)W,9-9gi s an integer from
01018 24 0 anbo b ERRERET oI AUIRLn O el 3 i Bs-Fuirthi on compl ex and

weakl y coordi na count er ani on conp! 222
respectively, afftloba@rattorpranesrstdescrieqRd feaftich: Cha-9®4 91 fohe= over al |
salt conplex. 45. The conposition of claim44 wherein said Goup 1 5

el ement cation B4sdebect €0isftgom G1E, ynamp2W8as itssalidgbidct wapr ot on, |ithi um
sodi um and pot assi u i R del ,opetal cation is selected fromthe
group consi sti n8§t8’fneg']e¥§/‘ﬁ?lgﬁg(‘?‘¥rﬁ(ﬁr?e um cal cium strontium and barium
said transition netal cation is selected fromthe group consisting of zinc,
silver, and thallium and said organic group cation is selected 1 o from
ammoni um hosphoni um car boni um andExAmpleiSdm cati ons. 46. The reactant

conpound of the. 1 or ) e SrrpR i imEERL S R R AR & pencient

represents a hyeaomat fayb of fidnymey proearalyeidctivator @0f000Ar Dc@bipbndgit oup, each
containing 1 to 2 2 The reactant conposition of claim

4 . bon atons. 20 47, )
45 wherein sai dAs VAT EAmE s lissaived nad 8 bERVIRCBOBBRG of t he
formul a: ~Rn C~Component B: 1.9 mg (allyl)Pd(O3SCF;)PCy; was dissolved in 9.0 g

25 hexylnorbornene. A and B components were mixed at 45°C and the

following reaction parameters describe the reaction: tge =24 s, t 100°c =
32 s, t200°c = 37 S, ttmax = 50 'S, tger = 70°C, ttmax = 218°C. A solid object
was obtained. Yield by TGA = 88.8%.



3 2 s wherein R ~ independently represents a hydrocarbyl, silylhydrocarbyl,
or perfluorocarbyl group, each containing 1 to 24 carbon atons. 48. The
reactant conposition of claim44 wherein said weakly coordl JQ?;H Uﬁl
counteranion is selected fromthe gr ogg §0n5| sting of 6 2003 -
223 Dborates, alum nates, boratobenzene®ani ons, carborane ani ons, and

hal ocar bor ane ani ons. 49. The reactant conposition of claim48 V\/nerei n the
weakly coordinating anion is a borate or alum nate of the fornul a:

[ M-(RZ4~) (Rzs' ) (Rie") (R~' ~) ~ wher ei ExamplesS4doron or al um num and RZ4~, R25,
R26, and R~' independently represent fluorine, |inear and .branched C -C o

al kyl, linear and br%ﬁ\‘fﬁ@ﬁmeon@t BolYmerzation system, was nienared @i ing a3 cs

hal oal kenyl , [i ]ﬂ&ﬁgﬁg V= C, g- C36

triaryl sil oxy, lJsau t| tute an r?sucbsgilfsttiggﬁ &%otdeg&grryl , and substituted
and unsubst i t ut20§0006}.CBE. aﬁimhpnqenngd.pWCAﬂh@eS mgR¥as-dislRd 1 can not

nd whor oi B ski B B MEOTEF o OPYPRIRE: WM RR T Qe e

nmonosubsti t ut ed,mgro wﬁ,glﬁwloqlg;gq@,@ ngayeele §9doiddtinem g are independently
selected fromlinear and branche | i near and branched C, -CS

hal oal kyl, 1i nelmxymocbdmchb?emd@cmpamqm‘yerelmm@chat 4éﬁ@ apd teched C, - CS

hal oal koxy, lingar and branched 2o Gz trialkylsilyl, C6-C B
triarylsilyl, aﬁﬂowa}goramogm%ﬂs5?%%%%1@?4 asebm%?es C4a | uor i ne.

50. The reacta 0S| i{m 49, deper ei sel ect ed
fromthe groupn%:oér:ig%f 4 éj%%t ] §°{ peng}t&gffﬂﬁro pheny {)orat et
tetrakis(3p5- blwéédsbtilhemrwmi byﬂ‘h’j{mepym/aorat e,

tetraki s(2-fl uorophenyl)borate, tetrakis(3:fluorophenyl)borate,

tetraki s(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl) §qngide 55,

tetrakis(3,4,5,6-tetrafl uorophenyl)borate, 3 o

tetrakis(3,4,5-trifl Adwoﬂoewh?rij@pbﬁmrizmmwswm wipprepared gopreny| ) bor at e,

2 ~J UN 2003 -2 eth ris(perfluoro bo
phenyl tris(per {8 ﬁ?z)t?% ﬁ'é?\:Qf ’)n%élﬁfrepmf IV§ E{atgr— 26b60:1:1. Component
1,2, 2-trifilsuor ogt MyweTWIR @00 Rig§was dxssolved m 1. 0 hexylnorbornene.

tetrakls(4tr|-|-propyIS| |tetrafl uoro orat e,
t et r aki s(4- di ne€pmpponent B: tﬁﬁl mgdall)leRCKOn& nph@r@xsspb@dam ¢].0g

ooty oxy) i o( WEAGPPAREMSE A W BRBRRPany blTniested ino pigh pressure

1- met on%/?)z[ 2. ?teatiol anarseelrh@tpusfsﬁmmm%f%b)p@itmlth@fwlawlﬂgafbﬁaﬁ&
tetrakis
1- met hoxy- 2, 2, 2paraingiegfodescribethe reaction: o ted-h 711 P&t tegd-g =381 itfratBdiet hyl ) pheny

It ]r |b1(‘)lr 32?0 ng; Tf“rﬂi‘a{(?"sq[bﬁr ﬁ?‘giéqqgéﬂlt i”@?ﬁbﬁa]neg( %ﬂ‘%@ %&mtﬁ?ﬁ ”f’phenyl ] bor at e.

51. The reactant conposition of claim49 wherein said alumnate is sel ected
fromthe group consisting of 15 tetrakis(pentafl uorophenyl)al um nate,

tri s(nonaf | uor obi phenyl)fl uoroal umi riExample 56.

(octyl oxy)tris(pentaf,l uor ).al um na

tetrakis(3, 5-bis(tri fqltu@r "r‘% B RN 42 L{Pﬁﬁxsﬁeé?évasgﬁaaredgwmga

net hyl tri s(pent adaktadf @ED @R Hohamdithroadtalysz4ttivaor:MoGetaR el 2000 PMI0SI ti on of
claim48 vvherel n the vveaklg coordinating anion is a borate or alum nate of

the for rrul?é MCOmRRBEN! M?(*d#(l)g(lmwas)qlss,gb’eﬂ/l injld oron or al uni num

RzB~, R~-9~ y (Rt ranched C -C
al kyl, i near an I?%E?: 80’9%?&@8&%% %allkbiﬁg?@n%d (R%Ei :ia? : %r?yaP' substi tuted
and unsubsti t ut @ i offioyciohexyapitbsphins Wetadiswbaddn Orisgibsti tuted C, - C,

aral kyl groups, subject to the proviso that at |least three of RZB~to R'~

nust contai n a RexYBerhorent af\ @nd & compoppnts wergymixed apid S¥dand the

following reaction parameters describe the reaction: tgey = 15 min,, tgy =

30 55°C. A soft gel was obtained.



substituent; OR-g~ and OR -9~ can be taken together to forma chel ating
substituent represented by -O-R z~-O, wherein the oxygen atons are bonded
to M and R3'-~ is a divalent radical selected from substi t&t eguma
unsubstituted C6-C30 aryl and substitut %_and unsubsti tut ed é

aral kyl, 5 wherein said aryl and aral k>)l groups when substituted are
nonosubstituted or multisubstituted and said substituents are i ndependently
selected fromlinear and branched C -CS al kyl, |inear and branched C, -Cs
hal oal kyl , linear and branched C, -CS al koxy, |inear and branched C -C5

hal oal koxy, |inear and branched C, %xé triglkylsilyl, to C6-C, 8
triarylsilyl, and hal ogen sel ected RGP & i ne, brom ne, and fl uorine.

53. Th t ant it i - ' i ' | ect ed
Prom the oroup consi aaegofibofiiy RoRnBraaidh S waducoltd givind & 251 cCt ©
[ B( OC( CF3) , H) 4] reacthil(6X5 GERpAGHE pripddtalystantivite(-CCSH0EF, 1) \tmponbrt The

t ant it i |aj m 52 i id al uninate | lected f
Sy b ARG e 78
S y
[ Al (OC( CF3) zcsﬁ’?f?-ggm -ﬁ%&fﬁ@%&%ﬂ%&g%l PR oe
Al CF3) z C5Hexy rgirtrBane, dnd, 1. 72 metbyGrRabotasies icompanenys
%Alggcq(wsgécem-z,e.- SJF% “4-Si-i.Pr3)4l-, [A @5)206%3-3,5(@3)2)4~ ~
[ Al (OC( CF3) zOeI—PNg‘fJﬂQ‘g- e&%?%ng]miﬁiﬂa’}?ée&e %&“@%“éﬂﬁ&%ﬂ‘ €S 55 The

t ant ition of clahm44 wheg el i iveb Lt g | ect ed
from the oroun. teab@dh: Py oL B0 Bt & s 163 0 ) S B el Sl Shor ot e
sodi um t etwaki sApelitl abjecowapdteaiyed. biekd by TGA + D66 T byeDMA =et her )

t etraki s(pentaf] uor ophenyl ) bor at e, 2 ~J'UN 20l~ - 226 [|ithiunm(diethyl
ether)2.5 tet r ak#& Cpent af | uor ophenyl )borate, lithiumtris(isopropanol)
t et raki s(pent af | uorophenyl )borate, |ithiumtetrakis(nmethanol)

t et raki s(pent af |l uorophenyl ) borate, silver
tetraki s(pent af |l uorophenyl ) borate, tExantflelS8ene)silver s

tetraki s(pentafl uorophenyl)borate, trityl. .
tetraki s(pentaf | uor og‘ﬁé‘f??‘f‘%“lﬂﬂ“ﬁ?té{OlWW%Pﬂ%fwnéWPF PiePefsd giving a
tetraki s(pant af fdiehanRRIBE )rﬁasal&@prﬁutal btst®ivator = 20,000:1:1. Component

tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, sodium
t et raki s( 3, 5- bi 4¢ tLiWCAdL Ghéntg) wWapdissglveddn 410eg haxyodiameeriey | ani | i ni um

tetrakis[ 3, 5-bi s(tr.iflupronet bor at.e, .t
siel \r/gr!t:'E r aki sl[ g@’hf%ﬁé%ﬁ&ﬁ@%ﬁ?ﬁ;ﬁ g’hg'?tf%(}rg%, tris(toluene)silver
tetrakis[ 3, 5-bi ﬁl@l}?ﬁ*@b@@@ﬁ’dﬁ(b&a@hﬁw%@m% 8 hekylabrbbHithe

tetrakis[3,5-bis(trifluoronethyl)pheny|]borate, LiB(O C6Fq),,
Li B( OC( CH3) ( CF3?Ql)télplﬂgizd@%>(b@e®F§)lgmm 21 &1 (OC( CF3) ZC6HACHR) 4,

i A1 (OOl G oottt S STHE b e BT PR Ay Bty T 25
Li Al (OC( CF3) zCohkiemixet at T5RE ariabié filloviRgrreasiidn piarbbieisesatibedBe 43, 44, 48,
or 55 wherein said polycycloolefin conprises a nononer selected froma 2 o

conpound of therdaghonil &g R36 R wnteeT 82 B, Uik =r68% ke eNB B Ga tsiag187%F. doubl e
bond; mis an integer . fromoO to 5; "aiS | e,bond one of R, R -
and one IofS R ,I %480?@ °r?b°t°9§'a§°?)‘?’3§%n??e%;%%gﬁl ?3%5%?%‘8{%%8}{8@%{‘@ repr esent

hydr ogen, subst oVethRtt:a00%) DMAEedPcnear and branched C -C, o0 al kyl,
| i near and branched C -C, o ~r J a N 2!'>09 -227 hal oal kyl, substituted
and unsubs?jituted |inear and branched C -C o al kenyl, linear and branched

Cz-C, o hal oal kenyl, substituted and nsub@g tuted |inear and branched
Cz-C, 0 al kynyl, substituted and unsub$tT® Qi C4-C, z cycl oal kyl ,
substituted and unsubsivd-edisbrient felyrherl2iah ¥¢4t8a Wak pre %S%i{/ihgtaed and
unsubstituted C4-C, z cycl oal kenyl,” substituted and unsubstituted C4-C, z
hal ocycl oal keny eactanbeatiotof meahomett progetalyst:aativaeod =26,00021 : hr Gompendnst i t ut ed

and unsubsti tuted ' Z oaryl ad substi.tuted and, unsubstituted C, - Cz4
aral kyl, R and ﬁgygﬁﬂgﬁh “ﬂ)x‘éae??cﬁgﬁffglé&%'qj%gayﬁ’é?’b?we‘?eépresent acC-Co
al kyli denyso gr 0@mp&x@d@:~@0ﬂ@$ﬂlyl)?ﬂ@§8ﬁ Chvas dis§diwediald3 PRS-

-(CHz) ~-ORS~ - (CHz)". (O Rs, -(CHz)"-(OR5, -(CHz)"-OC(O) ORs,
-(CHz)"SIRs, -(CHz)"SI (ORs)3, -(CHz)nC(O OR6, and the group: -CHZOCH2-r--0O
1 s wherein n independently represents an integer from0O to 10 and RS

i ndependently represents hydrogen, linear and branched C, -C o al kyl,



| i near and branched, Cz-C, o al kenyl, linear and branched Cz-C o al kynyl,
CS-C,z cycloal kyl, C6-C' aryl, and C,-Cz4 aral kyl; R6 represents a radi cal
selected from-C(CH3)3, -Si(CH, )3, -CH(R )OCHZCH3, -CI—I(R’)OC(\#-@UI&ZD&O

di cycl opropyl net hyl, di net hyl cycl opr 0|Q3ﬁl3|ingt hyl) or the foll oW ng cyclic

gr oups: 24J UN2D09  ~2g HICCH3 ' R~-, R R~ O~ Op io wherein R
represents hydrogen or a linear or branched (C -C5) al kyl group; R- and R4
together with the two ring carbon atons to which they are attached can
represent a sublsixyinotisonere anddubhg methylmubampeneo A aphBtdompgnenipwersnt ai ni ng 4
to 30 ring carbon ato a bstituted or unsubstituted aryl group
containing 6 tompgdat Egdccéﬂdz'gﬁ%%ﬂ%gé‘??ﬂ“%’b?ﬁif“ﬁ%‘ﬂsdf?écri%’?é{%of; R and R can
be taken togeth fprm di val e i dgi ng up ~ -Q(O C, which
when taken toge%écetg&\ivi gﬂ t ge]g’tt i ﬁ'gkggébg ®at gjrgngs’qf‘o vﬁﬁzicg}?)"t"“ﬁey are
attached form ajgeat acyslld 6bjédt ks oblagiea] Wiélhfbgmem%mgwgen at om or
the group N(R8), wherein R8 is selected from hydrogen, hal ogen, |inear and
branched Cs5-C, oDMA 24580d C6 C,g aryl. 57. The reactant conposition of
claim55 wherein said multifunctional polycycl ool efin nononer includes a
nmononer selected i s froma conpound of the formula: mm (Y m~)m-~Yymmm
m ~k JUNZ2003 - 229 and m xt urpanple66of, wherein Y represents a
(-CH, -) group and mindependently represents an integer fromO to 5, and
when mis 0, Y repreddmoscompoinanfi polynerizatien sgtenTwes pepated giviB®aposi ti on of

claimor 56 wherein i | tifuncti . fo f 1N IS present
in a range fron{e%%%tsr?ggggg’?éo?}gf'ém%{ g@ﬁ%ﬁ@@%a@%@ﬁ}}é&c? oo? (g%l;“n nonomner
conposi tiop. 59A: THWCAH (B8 mg) wvaedissdived i91.0q] kdxiylnddboraéhe 43, 44, 48, 55
or 10 56 wherein said conpositign further conprises a rate noderator

sel ected from t pentgpng Cedsnion ng26¢ Gamranent B k.&medr of ur an,
2-met hyl t et h i t - t her,
i ot hoxy et hanaCISDEERSCE P el ikEbived T W b e libobinte °F o

tributyl phosphi séntaihing(00%MCratoa®)1726 bed POR Benethylhotbefienbuad 0 Q4gsphi ne, 15
tricyclopentyl phaosphine, tri cg_cl ,oheXélfhosphi ne, triisopropyl phosphine,
trioctyl phosphi e, <-ticthasadiybhisiskslaR. 2.1 Iheptyiprear A 38¢ BABIPNSMRos phi ne,

met hyl di phgnyl p i8], g | ay Li et byl phite,
triethyl phlgsphi tu? #@?é&%?ﬁ%%gg‘%ﬁ%@? p%?%ﬁ"é?‘%ﬁ‘é Ayt p ‘6"%§ﬁiéni te,
tributyl phosphi teactiéd:i Bjaeasl BhagRh:4e s, WL EM8 sphgny Uptmspheailgzec.and 2 o
tri benzyl phosphi ne, 2-cycl ohexenone, triphenyl phosphi ne oxi de, and m xtures

thereof. 60. A dajolidebigsbyrs pbiainednyigld bnd G cSafden8wel in tpduemer nul a: 25
L") Z[ WCA] wh in. Ciselithi sqdi L" i | cohol d [
C(L")Z[ | erel‘gﬁgt??ﬁi;h%ﬁ’ﬁﬂ%%ng is an alcohol and z is an

i nt eger bet ween 2% is a weakly coordinating 3 o
count er ani on.

20 Example 61.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (36.2 mg) was dissolved in 10 g hexylnorbornene.
Component B: 20.7 mg (allyl)Pd(O;SCF;)PCy; was dissolved in 116 g

25 hexylnorbornene and 3.1 g 5,5°-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
ene. A and B components were mixed at 23°C and the following reaction
parameters describe the reaction: tge = 2:00 min., typoec = 3:15, trmax =
4:30, tger = 40°C, trmax = 176°C. A solid object was obtained. Yield by
TGA = 97.2%. Swell in toluene overnight: 133%.



2 4J UN 2009 - 230 61. The salt composition of claim60 wherein said

al cohol is represented by the fornula R9' OH) wherein R' represents |inear
and branched C,-Coo alkyl, linear and branched C, -Coo hal oal ¥%!JUN 2003
substituted and unsubstituted C3-C~ cyqézgl kyl, substituted and
unsubstituted C6-C,a aryl) substituted d unsubstituted C6-C, g aral kyl,
and substituted and unsubstituted norbornenyl wherein said substituents in
said substituted groups are independently selected fromlinear and branched
C -C z alkyl, linear and branched C,-Cs hal oal kyl, |inear and branched

C -C, alkoxy) o C6-C,~ aryl) and hal ogen selected fromchlorine, brom ne,
and fluorine. 62. The salt conposi t EXAMPe 84-ai m 61 wherein said al cohol is
sel ected from net han R svst i anol, and

5- nor bor nene- 2- net haﬁ(%W?%FE@gg%m?Egms% t cosr%ﬂgg‘ﬁplé gln io¥ L%ngl%%o wherein
sai d weakly coomeaitairatimofroomireereprocatalyst:astivatart=e20,00 il b&lomponent al uni nat e.

64. Th |t 1 f .clajm®63 wh inth kKly 2 di nati
ani on 1 5. aSbor dhe P GA-HAA BELTe: A iR 1 & BapTRISSmAR <) Ryby( o ) J
wherein M is b&fn@d?niﬁézﬁi%'mr&klﬂ@’W.R@Bmpoﬁiﬁﬁha 2686Gng and R'" 2 s

i ndependently represent fluorine, linear and branched C -C o alkyl, linear
and branched C,@QGyOP&0s8&Y;)PCynwas disgsadvesrinrddfegderylngdomeneal kenyl , |inear

and branched C -C ~ tri Si | C B~ triarylsiloxy, substituted and
unsubst i tuted C%O"E%Wnﬁpa%%ﬂﬂngéﬁ%ﬂc&gé and unsubstituted C6-C3a aryl oxy
groups, wherei n5,5¢(1',2-%thaﬁ’ediyi?l§i§\ﬂcy‘&é[2&.I]Hé}it@ﬂﬁﬁuﬂ ¥nd BRoMSPOAEnts30 al koxy or

si mul taneously represent aryloxy, and wherein said aryl and 24J UN
2pp~ - 2310 ar ywereymigedapd> *hand the felloming reactiondarameieradssaribathed or

mul tisubstituted and said bstitue are i nde dently s ted from
linear and br anCASHPIE, e = g%ﬁl“’,‘”ﬁ pfégr‘mﬁ'nHmeaﬁmBHnﬁSgCEghﬁf’oal kyl ,
| i near and branghed ' s ack | ,qohal oal koxy)
| i near and branféﬁ’é‘d @%g é@%ht r g?éliwgla‘;tﬁﬁl@g(gﬁ%@g??ﬁ%ﬁsﬁ/?yl , and

hal ogen selected fromchlorine, bromne, and fluorine. 65. The salt
conposition of claim64 wherein sai borqtg is selected fromthe group
consi sting of tetrakis(pentafl uoropﬁ"‘eﬁﬂﬁﬁ Pat e,

tetrakis(3;s5-bi s(tri hlietmonytgonanerizaion §istsm was prepared giving a

tetraki s(2-fluorophenyl)borate, tetraki s(B-ﬁ uor oghgngl )bgr atge,

t et r aki s( 4- f | uorcaptantmatio bbmenemer: procatklysy gtisatai £ 20,6093 He riyompeneat e,

E :: ;:t: ZE g 2 g ::@W@“%ggg{ﬁ%%&g{ﬂg{:@ :in 1.0 hexylnorbornene.
tetrakis(3, 4, 5- Cohpbhétt e g @uygpaogs@mvd(ilp&hSr(da@isfsbuea apheryl ) bor at e,

ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis( 1,2, 2bhexyldarbernens. yland Bl copmonents were mixed at 25°C and the
tetrakis(4-tri-i.-propyisilyltetraflu enyl )borate, _ _

ot r aki o( A% refIPRERL IR B Rera BRR e oAeaRihy by d 00

(triphenyl sil oxy=2nimnDentaE litser ophenydo,RQL AL €82°C. A solid object was
(octyloxy)tris(pentafluorophenyl”) borate,

t et raki s[ 3, 5- bi optainedt Yodgbg THAR=t38.6%uoro- 1(trifl uoronethyl)ethyl]phenyl]b
orate, tetrakis[3-[ 1-nethoxy-2,2,2-trifluoro-21-(trifluoronethyl)ethyl]-5
25 (trifluoromethyl)phenyl]borate) and tetrakis[3-[2,2,2-tri
fluoro-1-(2,2,2-trifluoroethoxy)- 1(tE§5,},H|@r6q.rret hyl )ethyl ]-5-(trifl uoranethy
| ) phenyl ] borate. 66. The salt conposition of claim64 wherein said

al umi nate 35 30 sel edtb-¢amponehepadymwenzation sysem ns pfepared giving aU N 2003

reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component

A: LiFABA (9.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 4.1 mg (PCy;),Pd(H)NO; was dissolved in9.5 g
hexylnorbornene. A and B components were mixed at 45°C and the

30 following reaction parameters describe the reaction: tg = 5:00 min., t



- 232 tetraki s(pentafluorophenyl)al um nate,

tri s(nonafl uor obi phenyl ) fl uoroal um nat e,

(octyl oxy)tris(pentafluorophenyl)al um nat e, 244
tetrakis(3,S-bis(trifluoronethyl)phenyl)alumnate, and 5 UN 2003

met hyl tri s(pent af |l uorophenyl ) al um nat €. 387. The salt conposition of claim
63 wherein the weakly coordinating anion is a borate or alumnate of the
forrrul a: io[M(ORe~)(OR-"~)(OR-")(OR"")] M is boron or alumnum R g,
Rte, R ~) and = nde gt ERI esepec! ar r C o

al kyl, |inear Sﬁ)d brgﬁgﬁﬁ 6 jgxg{nhafcga%% C)ﬂTfo éggﬂ%a?'osgpsgg&cp
substituted andwamebxbmbdthﬁ&bdibﬁ(m 98/096., and t5 substituted and
unsubstituted C-C~ aral kyl groups, subject to the proviso that at | east
three of R~g' to R'' nust contain a hal ogen contai ning substituent; OR-B~
and ORZ9~ can be taken together to fEXample®5el ating substituent represented
by -OR3~~-0O, wherein the axygen atons are bonded to M and R'~ is a

di val ent radical sel Adweccomponest podymeripatian systen? wes prepangd giving ed C6- C30

aryl and substituted a nsubst it ut erein al d aryl
A aralkyl - ar ofeafiAR0 oh BERPPE bR SRS oot ulr- PSRBIRS st it it e
and sai d substi AUCWCAITR (4. @ﬂ@)@ﬂﬂ@iﬁsbwe@%Q@@&ti]l&)@fﬂoﬂdﬂx@ar and branched
C -CS al kyl, linear and_branched C al oal kyl, |.inear and branched C, -Cs

al koxy, |inear &QMPOREHBirkhaEw @llyf@%d(ﬁ)aﬁ‘éaﬂ%xwaa dissodyeddnd rgnched C, - C, |
trialkylsilyl | | hl

br oni ne. andt 11 S8 fofdrher 4 8id B cprBBHeEnREREFLERCRAIAL TN O 0%
borate i s @0 sefsiiing feadtior }bwalﬁétetsmeﬁmltﬁé teacrion: {BeQ4min.A ° 2 ~4 ]
U N 2p03 - 233 [B(@SCF~h(~~ ) ~).~ ~~( OC( CF, )|il-3a) ~ -0 CF3) (CH3) H) e) ~~
and ( B( OCH~( CF3)opc]* 2:03 githosart2: Q&)mpbstlrmor? mm,atgem-éﬁ Hete™n sai d

PA (o0 G, cors 2305 1“"*@&@»&%%%“'?@; fdst{'f@t?%%a AT AL
[ Al (OO( CF~) ~H) aJ , (Al (OC( CF; } ~C6H4- 4-i - Pr)41~, (Al (OC(CF

), C6H, - 4tbuty|) sL(OC(CF3)206H4- +-SI Mg, )~~1 ~

(~(OC(CF,)i Ce~-" |-SI-I ) ~T~ apple S66H - 2, 6- (CF, ) ~-4-Si-i-Pry), ]
[A

[~

1)
o) By 1 1'8"‘%@%ﬂéﬁw&%%ﬁéiﬁ%%f§r%a%&(g§ﬁ?%c% ed from thg

arqun consi st ngeaafant tahblolﬂmdnbhﬁf prepabpaaeivitor = 10,000:1:1. Component
t et raki s( pent afI uor ophen &borat e, and lithiumtet r aki s( et hanol )
teual ci s(pent af A Gﬁ (8.8 sagiveas dissolved in 14 g butyinerkarmensdi t i on pol yner

pol ymeri zed fro r | .gf cont ai ni ng
one pol yneri zabllﬁe%rﬁmgﬂrr%n%@t ;é)teg“ﬁt? @rs (’jyp@yﬁuwﬁgh¥g&1ng‘lfaf)glngldg
pol ycycl ool ef i n batyhicabsrnege. 24 ahé Bsdomipohems weremixzdlat 25o4dakene- t ype 20

noi eties. 72. The crosslinked addition pol%mar of claim71 wherein said
nmononer m %& ur e fellping seastion parametess @%C@@ 5 repstien:ogdaef = 40 sl ided Tnct i onal

ol ycycl ool efin 73. _T, rosg LbRAked a o] I r.of claim
?1 \{hgrel n multi gghczf’q(bné‘l;% t(ﬂ“?cyﬁf%quef R ‘T?’lé %ta? d&'l &fgg'd{é%e homer
sel ected from a vegwpaind. ofieldy TOARG£0%,

>

Example 67.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 3.8 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components

30 were mixed at 25°C and the following reaction parameters describe the
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\m\[r-RO--1I( ~r1/ I | /~~1 vy yi wherein "a" independently represents a
single or double bond, mindependently is an integer from0O to 5 R is a

di val ent radi cageacgﬁ%‘gch?Q ‘{jnﬁm"?"lfwgemm ng@[px‘l 17@1§i|tgcpl=ssoa@d di val ent

et her radicals unctional pol'ycycl ool efTh nonomer of claim
74 wherein sai ctT,n,yémQ&E.bwsotid«bbyeatwasolﬁmheuht‘éd]db)o’ﬁﬁa 912%o al kyl ene

radi cal s and di vaI ent orratic I‘é 2 ~J UN 2003 - 235 76. The

mul ti funct i onal S¥dl 9‘69@\9%?@‘?‘8 W§ r of claim 74 wherein said dival ent
ether radical is selected froma radical of the formula -R -OR -, wherein
R represents a hydrocarbyl radical. 77. The nultifunctional

pol ycycl oobefin nononmer of claim 76Ewlam1ﬂ¢6\8 R~ i ndependent ly is selected
fromthe group consi t|n of C, ene di val ent aromati c radical s,

and combinations th éﬂf’ mRPJEeMQIYR?C on éys;&n%\w%mﬁng\e EXPERy. A AN A

AF' -AF.AS. A L ﬁhcﬁ(nt%ﬁﬂ)%ot%mﬁ%r@é&tﬁ?&t)ﬁcﬂht&- 19, 000‘\1 l Component
AR LAY A LA A(.

L. A A& . Aas. AL. A: ﬂ'mWCoe\ Hx5.7 mg) was disgolyerl imho g/bwlnorbmmne A3.AAA.AA

AR ALY Ay AL é‘ompone t é{ 3. Sb‘mg (alﬁrlﬁ’d(a étl%)fo‘{wélﬁYssbﬁgd u’xA‘S %’g“?’ - A
10 butylnorbornene and 0.24 g 5,5 -(l,2-et}1aned1yl)blsb1cyclo[2.2.1]hept-2-
ene. A and B components were mixed af 25°C and the following reaction
parameters describe the reaction: tge = 55 s, t100°c = 1:05 min., tapeec =
1:09 min., tmax = 1:20 min,, tyg =49°C, trmax = 208°C. A solid object
was obtained. Yield by TGA = 92.8%. Swell in toluene overnight:
15 91%.

Example 69.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
20 A: LiWCA-H (6.9 mg) was dissolved in 1.0 g cyclohexenylnorbornene.

Component B: 4.0 mg (allyl)Pd(O3SCF3;)PCy; was dissolvedin 11.0 g

cyclohexenylnorbornene. A and B components were mixed at 45°C and

the following reaction parameters describe the reaction: tye = 1:55 min.,

t1000c = 2:55 min., tymax = 4:15 min., tge; = 60°C, trmax = 150°C. A solid,
25 brittle object was obtained. Yield by TGA = 91.5%.

Example 70.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component

30 A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbomene
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10 Example 71.
A two-component polymerization‘ system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LIFABA (4.9 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 9.2 g

15 hexylnorbornene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclo[2.2.1]hept-2-
ene and 0.18 g 2-(3-butenyl)-1,2,3,4,4a,5,8,8a-octahydro-1,4:5,8-
dimethanonapthalene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tge| = 1:15 min.,
t100°c = 1:55 min.,, trmex = 2:05 min., tgey = 60°C, trmax = 200°C. A solid

20 object was obtained. Yield by TGA = 97.7%. Swell in toluene overnight:
123%. .

Example 72.
A two-component polymerization system was prepared giving a
25 reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (128 mg) was dissolved in 10 g butylnorbornene.
Component B: 73 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 181 g
butylnorbornene. A and B components were mixed at 25°C, the reaction
was stirred for several seconds, then poured into a 8x18 cm aluminum

30 pan. A solid object was obtained. Yield by TGA = 94.5%. Tg by DMA
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Example 78.
10 A two-component polymerizatior} system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 5,000:1:1. Component
A: LiWCA-H (13.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 7.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
butylnorbornene and 0.24 g 5,5’-(1,2-ethanediyl)bisbicyclo[2.2.1]}hept-2-
15 ene. A and B components were mixed at 25°C and the following reaction
parameters describe the reaction: tge =33 s, t1g0oc = 34 S, trmax = 36 s,
tget = 60°C, trmax = 217°C. A solid object was obtained. Yield by TGA =
97.0%.

20 Example 79.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component

A: LiWCA-H (4.5 mg) was dissolved in 1.0 g ethylnorbornene.

Component B: 2.6 mg (allyl)Pd(O;SCF3)PCy; was dissolved in 10.0 g
25 ethylnorbornene. A and B components were mixed at 25°C and the

polymerization vial sealed with a crimp-cap. A solid object with almost

no bubbles was obtained. Yield by TGA = 89.5%. Tg by DMA = 266°C.
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A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (4.5 mg) was dissolved in 1.0 g ethylnorbornene.
5 Component B: 2.6 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 10.0 g
ethylnorbornene. A and B components were injected into a pressure
reactor at 25°C and the pressure raised to 100 psi. A solid object was

obtained. Yield by TGA = 92.6%.

10 Example 81.
A two-component polymerizatiofi system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (134 mg) was dissolved in 10 g butylnorbornene.
Component B: 77 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 170 g
15 butyinorbornene and 21 g tetracyclododecadiene. A and B components
were mixed at 25°C, and poured into a 8x18 cm aluminum pan. A solid
object was obtained. Yield by TGA = 89.0%. HDT = 70°C.
A sample of the product was postcured in a vacuum oven at
200°C/0.1 torr for 72 hours. Residual monomer by TGA = 5.0%. HDT =
20 196°C.

Example 82.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
25 A: LiWCA-H (134 mg) was dissolved in 10 g butylnorbornene.
Component B: 77 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 180 g
butylnorbornene and 10.5 g tetracyclododecadiene. A and B components
were mixed at 25°C, and poured into a 8x18 cm aluminum pan. A solid

object was obtained. Yield by TGA =91.9%. HDT = 99°C.
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5 Example 83.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiFABA (5.8 mg) was dissolved in 0.85 g triethoxysilylnorbornene.
Component B: 5.2 mg (PCy;),Pd(H)(O,CCF3) was dissolved in 9.5 g
10 butyinorbornene. A and B components were mixed at 45°C and the

following reaction parameters describe tfxe reaction: tge = 4:00 min.,

t 100°c = 4:27 min,, t 200ec = 4:31 min., tyma = 4:42 min., tge) = 68°C, trma

=220°C. A solid object was obtained. Yield by TGA = 96.8%.

15 Example 84.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiFABA (5.8 mg) was dissolved in 0.85 g triethoxysilylnorbornene.
Component B: 5.2 mg (PCy;),Pd(H)(O,CCF;) was dissolved in 9.5 g

20 butylnorbornene. A and B components were mixed at 60°C and the
following reaction parameters describe the reaction: tge = 1:13 min.,,
t1oo°c = 1:23 min., t200°c = 1:27 min., trma = 1:48 min., tger = 85°C, trmax

=232°C. A solid object was obtained. Yield by TGA = 93.3%.

25 Example 85.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 3.1 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 9.0 g
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5 A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component
A: LiFABA (11.6 mg) was dissolved in 0.85 g triethoxysilylnorbornene.
Component B: 5.2 mg (PCy;)2Pd(H)(O2CCF3) was dissolved in 9.5 g
butylnorbornene. A and B components were mixed at 63°C and the

10 following reaction parameters describe the reaction: tg =48 s, t900c =
54 s, t2000c = 59 s, tymax = 1:05 min., tee = 87°C, trmax = 235°C. A solid
object was obtained. Yield by TGA = 94.6%.

Example 87.

15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.3 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3;SCF;)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the

20 following reaction parameters describe the reaction: ty =15 s, tigoec =
17 s, ta00°c = 20 s, trmax = 40 s, tger =45°C. ttmax = 214°C. A solid object
was obtained. Yield by TGA = 97.9%.

Example 88.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 3.1 mg (allyl)Pd(O3;SCF3)P(i-pr); was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components

30 were mixed at 25°C and the following reaction parameters describe the
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5 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 40,000:1:1. Component
A: LiWCA-H (1.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 0.8 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components
10 were mixed at 25°C and the following reaction parameters describe the
reaction: tge =215, t)goc =345, tzoooc.= 44 s, tTma, = 60 5, tge = 40°C,

trmax = 205°C. A solid object was obtained. Yield by TGA = 93.9%.

Example 90.

15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 3.8 mg (PCy;),Pd(H)O3SCF; was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 45°C and the

20 following reaction parameters describe the reaction: tg = 1:05 min.,
t1oe°c = 1:14 min., t 2000c = 1:17 min., tymax = 1:30 min., tgey = 70°C, trmax

=222°C. A solid object was obtained. Yield by TGA = 93.5%.

Example 91.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiIFABA (2.9 mg) was dissolved in 0.85 g triethoxysilylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3;SCF3)P(i-pr); was dissolved in 9.5 g

butylnorbornene. A and B components were mixed at 25°C and the
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Component B: 1.5 mg (allyl)Pd(O;SCF3)P(i-pr); was dissolved in 9.5 g

10 butylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe tﬁe reaction: tge =41 s, ty00°c =
52 s, t2000c =56 55, trmax = 1:02 min., tgey = 68°C, ttmax = 220°C. A solid
object was obtained. Yield by TGA = 93.8%.

15 Example 93.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene
containing 5.0% Kraton® 1726. Component B: 1.6 mg
20 (allyD)Pd(O3;SCF3)P(i-pr); was dissolved in 9.5 g butylnorbornene
containing 5.0% Kraton® 1726. A and B components were mixed at 25°C
and the following reaction parameters describe the reaction: tg =17s,
t1o0cc =23 5, tagoec = 35S, trmax = 60 5, tgey = 40°C, trmax = 203°C. A
solid object was obtained. Yield by TGA = 97.0%.
25
Example 94.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 50 g butylnorbornene.
30 Component B: 15.3 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 50 g
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Teflon® cup. A solid object was obtained. Yield by TGA = 96.3%.

5 Example 95.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (50.3 mg) was dissolved in 75 g butylnorbornene.
Component B: 22.9 mg (allyl)Pd(O3;SCF3)P(i-pr); was dissolved in 75 g
10 butylnorbormene. A and B components were loaded into a MIXPAC
mixing gun and shot through a 5-18 static mixer into 2 nitrogen purged

Teflon® cup. A solid object was obtained. Yield by TGA = 97.5%.

Example 96.

15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 50 g butylnorbornene
containing 5.0% Kraton® 1726 and 3.5 g tetracyclododecadiene.
Component B: 13.3 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 50 g

20 butylnorbormene containing 5.0% Kraton® 1726 and 3.5 g
tetracyclododecadiene. A and B components were loaded into a
MIXPAC mixing gun and shot through a 5-18 static mixer into a nitrogen

purged Teflon® cup. A solid object was obtained. Yield by TGA =
92.0%.

Example 97.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 51.5 g butylnorbornene
30 containing 5.0% Kraton® 1726 and 1.4 g tetracyclododecadiene.
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Example 98.
A two-component polymerization system was prepared giving a
10 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-CH; (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tg =155, typ0ec =
15 22 5, t 200°c =24 S, tmax = 45 8, tger = 40°C, trmax = 214°C. A solid object
was obtained. Yield by TGA = 96.5%.

Example 99.
A two-component polymerization system was prepared giving a

20 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component

A: LiWCA-H (33.5 mg) was dissolved in 50 g butylnorbornene.

Component B: 15.3 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 50 g

butylnorbornene. A and B components were loaded into a MIXPAC

mixing gun and shot through a 10-24 static mixer into a nitrogen purged
25 plaque mold at 85°C. A solid object was obtained. Yield by TGA =

97.3%.

Example 100.
A two-component polymerization system was prepared giving a

30 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
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Component B: 22.2 mg (ally)Pd(O3SCF3)P(i-pr); was dissolved in 75 g

butylnorbornene containing 5.0% Kraton® 1726 and 1.5 g

5 tetracyclododecadiene. A and B components were loaded into a
MIXPAC mixing gun and shot through a 5-18 static mixer into a nitrogen
purged plaque mold at 85°C. A solid object was obtained. Yield by TGA

=95.4%.

10 Example 101.
A two-component polymerizatior'l' system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (2.8 mg) was dissolved in 1.0 g hexylnorbornene.
Component B: 1.3 mg (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 9.0 g

15 hexylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tgey =40 s, t 1g0ec =
60 s, ttmax = 1:20, tgey = 40°C, ttmax = 181°C. A solid object was
obtained. Yield by TGA = 98.4%.

20 Example 102,
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (98 mg) was dissolved in 75 g butylnorbornene containing
3.0% Diene 55 AC10®. Component B: 44.8 mg (allyl)Pd(O;SCF;)P(i-
25 pr); was dissolved in 75 g butylnorbornene containing 3.0% Diene 55
AC109. A and B components were loaded into a MIXPAC mixing gun
and shot through a 5-18 static mixer into a nitrogen purged plaque mold at

75°C. A solid object was obtained. Yield by TGA = 96.6%.
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A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (0.690 g) was dissolved in 610 g hexylnorbornene.

5 Component B: 0.313 g (allyl)Pd(O3SCF3)P(i-pr); was dissolved in 610 g
hexylnorbornene. A and B components were mixed at 35°C as high
pressure streams in a micro-RIM machine mix head. Four solid objects
was obtained from four trials. Yield by TGA = 98.3%, 97.6%, 97.6%,
97.8%.

10
Example i04.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li(Oct;0)2sFABA (3.4 mg) was dissolved in 1.0 g butylnorbomene.
15 Component B: 1.5 mg (allyl)Pd(O;SCF3)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tge =17 s, t 1o0c =
18 s, t200°c = 21 S, trmax = 35 5, tgel = 55°C, tymax = 213°C. A solid object
was obtained. Yield by TGA = 96.5%.

Example 105.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

25 Component B: 2.0 mg (allyl)Pd(O3SCF3)P(o-tolyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tg =2:45 min.,
t100°c = 4:03 min., trmax = 5:00 min., tgey = 37°C, trmax = 167°C. A solid
object was obtained. Yield by TGA = 82.8%.

30
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A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

5 Component B: 2.4 mg (allyl)Pd(O3;SCF;)P(naphthyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tge =35 s, t00°c =
50 s, t200°c = 60 S, trmax = 1:30 min., tgey = 45°C, trmax = 209°C. A solid
object was obtained. Yield by TGA =91.1%.

10 '

Example 107.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

15 Component B: 2.4 mg (allyl)Pd(O3SCF;)PPh; was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tgy =40's, tjooec =

55 s, tymax = 1:30 min., tgey = 40°C, ttmax = 196°C. A solid object was
obtained. Yield by TGA = 95.3%.

Example 108.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
25 Component B: 1.5 mg (1,1-dimethylallyl)Pd(O,CCF3)P(i-pr); was
dissolved in 9.0 g butylnorbornene. A and B components were mixed at

25°C and the following reaction parameters describe the reaction: tge =

1:08 min., t jgocc = 1:14 min., tipoec = 1:16 min., trmax = 1:25 min,, tge =
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Example 109.
5 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 51 g butylnorbornene
containing 2.5% Nordel® 1070. Component B: 15.3 mg
(allyl)Pd(O3SCF3)P(i-pr)s was dissolved in 51 g butylnorbornene
10 containing 2.5% Nordel® 1070. A and B components were loaded into a
MIXPAC mixing gun and shot through a‘.8-24 static mixer into a Teflon®
cup. A solid object was obtained. Yield by TGA = 95.9%.

Example 110.

15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (33.5 mg) was dissolved in 51 g butylnorbornene
containing 2.5% Vistanex® MML-140. Component B: 15.3 mg
(allyl)Pd(O3SCF3)P(i-pr); was dissolved in 51 g butyinorbornene

20 containing 2.5% Vistanex® MML-140. A and B components were loaded
into a MIXPAC mixing gun and shot through a 8-24 static mixer into a
Teflon® cup. A solid object was obtained. Yield by TGA = 95.8%.

Example 111.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g
butylnorbornene and 0.21 g tetracyclododecadiene. A and B components

30 were mixed at 25°C and the following reaction parameters describe the
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trmax = 202°C. A solid object was obtained. Yield by TGA = 94.5%.

Example 112,
5 A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.5 g
butylnorbornene and 0.53 g tetracyclododecadiene. A and B components

10 were mixed at 25°C and the following reaction parameters describe the
reaction: tge =118, tjooec = 188, t200°c - 26 s, trmax =40 5, tgey =45°C,

ttmax = 205°C. A solid object was obtained. Yield by TGA = 90.8%.

Example 113,
15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(03SCF;)PCy; was dissolved in 8.0 g
butylnorbornene and 1.05 g tetracyclododecadiene. A and B components
20 were mixed at 25°C and the following reaction parameters describe the
reaction: tye = 105, tigpec = 18'S, tmax =45 s, tgey = 40°C, tymax = 200°C.

A solid object was obtained. Yield by TGA = 86.8%.

Example 114.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3;SCF;)P(i-pr); was dissolved in 9.0 g

butylnorbornene. A and B components were mixed at 25°C and the
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5 Example 115.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF3)PCy; was dissolved in 8.8 g

10 butylnorbornene and 0.21 g tetracyclodoglecadiene. A and B components
were mixed at 25°C and the following reélction parameters describe the
reaction: tge =9 s, tiggec = 13 8, t200°c = 17 S, trmax = 30 s, tgey =45°C,

trmax = 210°C. A solid object was obtained. Yield by TGA = 93.5%.

15 Example 116.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (1,1-dimethylally)Pd(O,CCF;)PCy; was
20 dissolved in 8.8 g butylnorbornene and 0.21 g tetracyclododecadiene. A
and B components were mixed at 25°C and the following reaction
parameters describe the reaction: tg = 56 s, t100°C = 59 5, 1 200°C =
1:03 min., trmax = 1:15 min,, tgey = 40°C, tymax = 214°C. A solid object
was obtained. Yield by TGA = 96.6%.
25
Example 117.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-CHj; (3.4 mg) was dissolved in 1.0 g butylnorbornene.
30 Component B: 1.5 mg (1,1-dimethylallyl)Pd(O,CCF;)PCy; was
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Example 118.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
10 A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (2-chloroallyl)Pa(02CCF3)P(i-pr)3 was dissolved
in 9.0 g butylnorbornene. A and B components were mixed at 25°C and
the following reaction parameters describe the reaction: tge =21 s, tyg0°c
=27 s, t2000c =29 S, tTmas = 50 5, tgel = 45°C, tymax = 210°C. A solid
15 object was obtained. Yield by TGA = 94.8%.

Example 119.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
20 A: LiWCA-H (34 mg) was dissolved in 50 g butylnorbornene containing

2.5% Vistanex® MML-140 and 1.3 g tetracyclododecadiene. Component

B: 15 mg (allyl)Pd(O3;SCF3)P(i-pr); was dissolved in 50 g

butylnorbomene containing 2.5% Vistanex® MML-140. A and B

components were loaded into a MIXPAC mixing gun and shot through a
25 8-24 static mixer into a Teflon® cup. A solid object was obtained. Yield

by TGA = 94.4%.

Example 120.
A two-component polymerization system was prepared giving a

30 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
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Example 121.
A two-component polymerization system was prepared giving a
10 reactant ratio of monomer:procatalyst:activator = 500:1:1. Component A:
LiWCA-CHj; (0.11g) was dissolved in 9.0 g of hexylnorbornene and
heated to 50°C. Component B: 30 mg [(ally]})Pd(O,CCF3)]), was
dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B
components were mixed and the reaction polymerized within 30 seconds.

15 turned dark at 160°C, and tymax = 225°C. A solid object was obtained.
Yield by TGA = 98.4%

Example 122.
A two-component polymerization system was prepared giving a

20 reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component

A: LiWCA-CHj3 (0.055 g) was dissolved in 9.0 g of hexylnorbornene and

heated to 50°C. Component B: 15 mg [(ally])Pd(O,CCF3)]; was

dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B

components were mixed and heated to 70°C. The reaction polymerized
25 within 30 seconds, turned dark at 180°C, and tyma = 215°C. A solid

object was obtained. Yield by TGA = 98.1%.

Example 123.
A two-component polymerization system was prepared giving a

30 reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component
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5 reaction gelled within 15 seconds and polymerized within 30 seconds and

trmax = 205°C. A solid object was obtained. Yield by TGA =>99.5%.

Example 124,
A two-component polymerization system was prepared giving a
10 reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component
A: LiWCA-H (0.055 g) was dissolved in"8.0 g of hexylnorbornene and
1.0 g of tetracyclododecadiene at ambient temperature. Component B:
15 mg [(allyl)Pd(O,CCF3)]; was dissolved in 1.0 g hexylnorbornene at
ambient temperature. A and B components were mixed and a bright
15 yellow solution was observed. The reaction gelled within 45 seconds and
polymerized within 3 minutes and tymax = 190°C. A dark yellow, solid

object was obtained. Yield by TGA = 93.8%.

Example 125,

20 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1000:1:1. Component
A: LiWCA-H (0.055 g) was dissolved in 9.0 g of hexylnorbornene and
0.5 g of norbornadiene dimer at ambient temperature. Component B:
15 mg [(allyl)Pd(O,CCF3)]; was dissolved in 1.0 g hexylnorbornene at

25 ambient temperature. A and B components were mixed and heated to
55°C. A bright yellow solution was observed. The reaction gelled within
15 seconds and polymerized within 2 minutes and tymax = 210°C. A dark

yellow, solid object was obtained. Yield by TGA = 94.5%.
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Component B: 15 mg [(allyl)Pd(O,CCF3;)], was dissolved in 1.0 g

hexylnorbornene at ambient temperature. A and B components were

mixed and heated at 60°C. A bright yellow solution was observed. The

reaction gelled immediately with the maximum reaction temperature

10 reached was recorded at 205°C. seconds and polymerized within
2 minutes and ttma = 210°C. A shiny, sdlid object was obtained. Yield

by TGA = 91.2%.

Example 127.
15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 5000:1:1. Component
A: Lithium tetrakis(pentafluorophenyl)borate (0.010 g) was dissolved in
9.0 g of hexylnorbornene at ambient temperature. Component B: 15 mg
[(allyl)Pd(O,CCF3)], was dissolved in 1.0 g hexylnorbornene at ambient
20 temperature. A and B components were mixed and slowly heated. The
reaction gelled when the polymerizing mass reached to 65°C. A white
precipitate was observed in the reaction. The reaction polymerized within
3 minutes and ttmax = 185°C. A solid object was obtained. Yield by TGA
= 92.3%.
25
Example 128.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: Lithium tetrakis(pentafluorophenyl)borate (0.048 g) was stirred in
30 9.0 g of hexylnorbornene and heated to 60°C. The LiFABA did not
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[(ally])PdCl], did not dissolve completely, but a yellow colored solution

was obtained. A and B components were mixed and the reaction gelled in

5 45 seconds. The reaction turned black at approximately 150°C and
reached a maximum polymerization exotherm temperature of 150°C. A

solid object was obtained. Yield by TGA = 89.6 %.

Example 129.

10 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator =1,000:1:1. Component
A: LiWCA-H (0.056 g) was stirred in 9.0 g of hexylnorbornene.
Component B: 10 mg [(ally])PdCl], was stirred in 1.0 g hexylnorbornene
and heated to 50°C. All of the [(allyl)PdCl}, did not dissolve completely.

15 but a partially yellow colored solution was obtained. A and B
components were mixed at room temperature with no apparent reaction.
To this mixture was then added 25 mg of tricyclohexylphosphine (PCy3)
and heated. The reaction immediately turned bright orange-yellow, began
to heat and gelled at 20 seconds. The polymerized mass achieved a

20 maximum polymerization exotherm temperature of 225°C. In the
presence of PCy;, there was no darkening of the polymer as the

temperature rose to its polymerization exotherm. A solid polymer object
was obtained. Yield by TGA =95.0 %.

25 Example 130.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: LiWCA-H (0.056 g) were dissolved in 9.0 g of hexylnorbornene.
Component B: 15 mg of [(allyl)Pd(O,CCF3)]; and 25 mg of
30 tricyclohexylphosphine (PCy;) were mixed in 1.0 g hexylnorbornene and
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225°C. The reaction solution polymerized within two minutes. A hard

5 yellow colored polymeric object was obtained. Yield by TGA = 98.5 %.

Example 131.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
10 A: LiWCA-H (0.056 g) and 25 mg of tricyclohexylphosphine (PCy;) were
dissolved in 9.0 g of hexylnorbomnene. éomponent B: 15 mg of
[(ally)Pd(O,CCF3)); was stirred in 1.0 g hexylnorbornene. A and B
components were mixed at room temperature and a flocculent yellow
material formed immediately. The reaction did not polymerize for the
15 first two minutes after mixing. The following reaction parameter
describes the polymerization: trmax = 180°C. The reaction solution
slowly polymerized within two minutes. A solid polymer object was
obtained. Yield by TGA =97.1 %.

20 Example 132.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: LiWCA-H (0.056 g) and [(ally)Pd(O,CCF;)}, (15 mg) were mixed
3.0 g of hexylnorbornene. This suspension was stirred at room

25 temperature. Component B: 25 mg of tricyclohexylphosphine (PCy,)
were dissolved in 7.0 g of hexylnorbornene. A and B components were
mixed at room temperature and heated to 65°C. The procatalyst and
activator slurry slowly dissolved/reacted as the mass was heated. The
reaction solution polymerized to a hard yellow puck and tyya = 205°C.

30 Yield by TGA = 96.4 %.
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polymerization was completed within 30 seconds. trmex =200°C. A hard

orange colored puck was obtained. Yield by TGA = 98.5%.

Example l.'34.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 2,000:1:1. Component
A: LiWCA-H (28 mg) was dissolved in 8.5 g of hexylnorbornene and

15 0.5 g of norbornadiene dimer. Component B: 7 mg
[(allyD)Pd(O,CCF3)); was slurried in 1.0 g methylnorbornene. A and B
components were mixed, the solution turned yellow, and gelled within
20 seconds. The polymerization exotherm reached 200°C. A hard
yellow colored puck was obtained. Yield by TGA = 92.3%.

20

Example 135,
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: LiWCA-H (0.59g) was dissolved in 95 g of hexylnorbornene and 5 g

25 of norbornadiene dimer. Component B: 0.16 g [(allyl)Pd(O,CCF3)],
was dissolved in 5 g hexylnorbomene. A and B components were mixed
at 40°C. The following reaction parameters describe the reaction: tge =
15 s, ttmax = 251°C. An odorless solid object was obtained. Yield by
TGA = 95.4%.

30
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reactant ratio of monomer:procatalyst:activator = 2,000:1:5. Component

A: LiWCA-H (28 mg) was dissolved in 9 g of hexylnorbomene.

5 Component B: 3 mg [(allyl)Pd(O;CCF3)]; was dissolved in 5 g
hexylnorbornene. A and B components were mixed at ambient
temperature to yield a transparent, odorless puck. Yield by TGA =

93.6%.

10 Example 137.
A two-component polymerizatioﬁ system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 2,000:1:1. Component
A: LiWCA-H (56 mg) was dissolved in 8.5 g of hexylnorbornene and
0.5 g of norbornadiene dimer. Component B: 10 mg [(allyl)PdCl}, was
15 slurried in 1.0 g methyinorbornene. A and B components were mixed, the
solution turned yellow. The polymerization yielded a hard yellow colored
puck. Yield by TGA = 93.0%.

Example 138.

20 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:10.
Component A: Li[Al(OC(CF3);H)4] (20 mg) was dissolved in 9.0 g of
hexylnorbornene and heated to 60°C. Component B: 1.5 mg
(allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g hexylnorbornene at 40°C.

25 A and B components were mixed and the following reaction parameters
describe the reaction: tgey =95,t110°C=135,t1201°C=17 s, tyma =
75 s, tga = 69°C, tymax = 260°C. A solid object was obtained. Yield by
TGA = 96.6%.
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A: LiWCA-CHjs (12.0 mg) was dissolved in 9.0 g of hexylnorbornene and

5 heated to 50°C. Component B: 1.5 mg (allyl)Pd(O,CCF3)PCy; was

dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B

components were mixed and the following reaction parameters describe

the reaction: tge =34s5,t1105°C =465,1201°C =705, tymax = 105 8, tge

= 67°C, ttmax = 223°C. A solid object was obtained. Yield by TGA =

10 96.6%.

Example 140.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
15 A: LiWCA-H (12.0 mg) was dissolved in 9.0 g of hexylnorbornene and

heated to 50°C. Component B: 1.5 mg (allyl)Pd(O,CCF3)PCy3 was

dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B

components were mixed and the following reaction parameters describe

the reaction: tg =70s,t101°C =88 s, t 200°C = 145 s, t1ma = 180 s,
20 tget = 68°C, trmax =211°C. A solid object was obtained. Yield by TGA =

95.1%.

Example 141.
A two-component polymerization system was prepared giving a
25 reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (12.0 mg) was dissolved in 9.0 g of hexylnorbornene and
heated to 50°C. Component B: 1.5 mg (ally)Pd(O,CCF;)PCy; was
dissolved in 1.0 g hexylnorbornene at ambient temperature. A and B
components were mixed and the following reaction parameters describe

30 the reaction: tg =705s,t101°C =88 s,1200°C = 145 s, tymax = 180 s,
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toel = 68°C, ttmax =211°C. A solid object was obtained. Yield by TGA =

95.1%.

Example 142.

5 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 1,000:1:1. Component
A: LiWCA-H (56 mg) was dissolved in 8.5 g of hexylnorbomene and
0.5 g of exo-trans-exo-norbornadiene dimer and heated to 50°C.
Component B: 15 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g

10 hexylnorbornene at 40°C. A and B components were mixed and the

reaction turned bright orange and gelled 'within 15 seconds. The
maximum polymerization was measured at 245°C. A solid orange-yellow

puck was obtained. Yield by TGA = 96.8%.

15 Example 143.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 2,000:1:1. Component
A: LiWCA-H (28 mg) was dissolved in 8.5 g of hexylnorbornene and
0.5 g of exo-trans-exo-norbornadiene dimer and heated to 55°C.

20 Component B: 7.5 mg (n-ally)Pd(O,CCF;)PCy; was dissolved in 1.0 g
hexylnorbornene at 40°C. A and B components were mixed at 45°C and
the reaction mixture immediately turned orange, gelled within 15 seconds
and reached a maximum temperature of 241°C. An odorless yellow puck
was obtained. Yield by TGA = 95.7%.

25

Example 144,

A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 10,000:1:2. Component

A: LiWCA-H (11.5 mg) was dissolved in 9.0 g of hexylnorbornene.
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Component B: 3 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g

hexylnorbornene. A and B components were mixed at ambient

temperature and the reaction mixture immediately turned yellow, gelled

within 30 seconds and reached a maximum temperature of 251°C. An

5 odorless yellow puck was obtained. Yield by TGA = 97.0%.

Example 14S.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
10 A: LiWCA-H (5.5 mg) was dissolved in7.5g of hexylnorbornene and
0.5 g of exo-trans-exo-norbornadiene dirﬁer and heated to 55°C.
Component B: 7.5 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g
hexylnorbornene. A and B components were mixed at ambient and the
reaction mixture turned immediately yellow, gelled at 35 seconds and
15 reached a maximum temperature of 210°C. An odorless yellow puck was

obtained. Yield by TGA = 93.2%.

Example 146.
A two-component polymerization system was prepared giving a
20 reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (5.6 mg) was dissolved in 8.0 g of hexylnorbornene and
1.0 g of 1,2,3,4,4a,5,8,8a-octahydro-1.4:5,8-dimethanonapthalene.
Component B: 1.5 mg (n-allyl)Pd(O,CCF;)PCy; was dissolved in 1.0 g
hexylnorbornene at ambient temperature. A and B components were
25 mixed at ambient and the reaction mixture turned immediately yellow,
gelled within 30 seconds and reached a maximum temperature of 225°C.

An odorless yellow puck was obtained. Yield by TGA = 88.3%.
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A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (5.6 mg) was dissolved in 9.0 g of hexylnorbornene.
Component B: 1.5 mg (n-allyl)Pd(O,CCF;)PCy; was dissolvedin 1.0 g
hexylnorbornene. A and B components were mixed at ambient and the
reaction mixture turned immediately yellow, gelled within 20 seconds and
reached a maximum temperature of 241°C. An odorless orange puck was
obtained. Yield by TGA = 95.4%.

Example i'48.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 15,000:1:1. Component
A: LiWCA-CHj; (45 mg) was dissolved in 115 g of hexylnorbornene and
6 g of exo-trans-exo-norbornadiene dimer. Component B: 24 mg
(m-allyl)Pd(O,CCF;)PCy3 was dissolved in 6 g hexylnorbornene. A and
B components were mixed at ambient and the reaction mixture turned
immediately yellow, gelled within 30 seconds and reached a maximum
temperature of 248°C. An odorless yellow puck was obtained. Yield by
TGA = 96.2%.

Example 149.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiWCA-H (11 mg) was dissolved in 8.5 g of hexylnorbornene and
0.5 g of exo-trans-exo-norbornadiene dimer. Component B: 3.2 mg
(n-allyl)Pd(O,CCF;)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at room temperature, gelled within

50 seconds, and the polymerization reached an internal temperature of
242°C.
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reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
5 A: LiWCA-H (11.5 mg) was dissolved in 7 g of hexylnorbornene and

2 g of exo-trans-exo-norbornadiene dimer. Component B: 3 mg
(w-allyl)Pd(O,CCF;)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 28°C. The following reaction
parameters describe the reaction: tge = 125,1104°C = 30, togiec =

10 42 s, trmax = 95 s, tger = 38°C, tymax = 22(_)°C. A solid object was obtained.
Yield by TGA = 89.0%. |

Example 151.
A two-component polymerization system was prepared giving a
15 reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (11.5 mg) was dissolved in 9 g of hexylnorbornene.
Component B: 3 mg (n-allyl)Pd(O,CCF;)PCy; was dissolved in 1.0 g
methylnorbornene. A and B components were mixed at 29°C. The
following reaction parameters describe the reaction: tyet =28 s, t jo0oc =
20 40 s, t20°c = 45 S, tTmar = 85 5, tger = 50°C, trmax = 247°C. A solid object
was obtained. Yield by TGA = 96.4%.

Example 152,
A two-component polymerization system was prepared giving a
25 reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (11.5 mg) was dissolved in 9 g of hexylnorbornene.
Component B: 3 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g
methylnorbornene. A and B components were mixed at 29°C. The

following reaction parameters describe the reaction: tgey =28 s, t jo00c =
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reactant ratio of monomer:procatalyst:activator = 10,000:1:1. Component
A: LiWCA-H (11.5 mg) was dissolved in 7 g of hexylnorbornene.
Component B: 3 mg (n-allyl)Pd(O,CCF;)PCy; was dissolvedin 1.0 g
hexylnorbornene. A and B components were mixed at 31°C. The

10 following reaction parameters describe thp reaction: tg = 185,1118°C
= 285,1214°C =31 s, trmax = 75 S, tget = 50°C, tymax = 268°C. A solid
object was obtained. Yield by TGA = 96.4%.

Example 154,

15 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (5.5 mg) was dissolved in 7 g of hexylnorbornene and 2 g
of norbornene. Component B: 1.5 mg (n-allyl)Pd(0,CCF3)PCy; was
dissolved in 1.0 g hexylnorbornene. A and B components were mixed at

20 29°C. The following reaction parameters describe the reaction: ty =
40 s, t1go.c = 80, tagrec = 83 s, trman = 165 5, tgey = 41°C, trmax = 260°C.
A solid object was obtained. Yield by TGA = 92.4%.

Example 155.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 23 g of hexylnorbornene and
6 g of norbornene. Component B: 1.8 mg (r-allyl)Pd(O,CCF;)PCy; was

dissolved in 1.0 g hexylnorbornene. A and B components were mixed at
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A solid object was obtained. Yield by TGA = 80.8%.

5 Example 156.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:2. Component
A: LiWCA-H (6.8 mg) was dissolved in 24 g of hexylnorbornene and
5 g of norbornene. Component B: 1.8 mg (r-allyl)Pd(O,CCF;)PCy; was

10 dissolved in 1.0 g hexylnorbornene. A and B components were mixed at

65°C. The following reaction parametefs describe the reaction: tg =
125, tipoec = 25 s, ta1zec = 36 S, tmax = 87 8, tge) = 72°C, tymax = 270°C.
A solid object was obtained. Yield by TGA = 80.8%.

15 Example 157.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (13.6 mg) was dissolved in 24 g of hexylnorbornene and
5 g of methylnorbornene. Component B: 1.8 mg
20 (n-allyl)Pd(O,CCF;)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 60°C. The following reaction
parameters describe the reaction: tge) =125, tjgpec = 20 s, t210°c =22 s,
trmax = 175 5, tget = 71°C, trmax = 269°C. A solid object was obtained.
Yield by TGA = 91.7%.
25
Example 158.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component

A: LiWCA-H (13.6 mg) was dissolved in 26 g of hexylnorbornene and
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(m-=ally)Pd(0,CCF;)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 60°C. The following reaction
parameters describe the reaction: tge =105, t1goec = 17 5, tapeec = 26 s,

5 tTmax = 85 S, tget = 66°C, trmax = 250°C. A solid object was obtained.

Yield by TGA = 90.8%.

Example 159.
A two-component polymerization system was prepared giving a

10 reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (8.0 mg) was dissolved iﬁ 24 g of hexylnorbornene and
5 g of methylnorbormene. Component B: 4.5 mg
(n-allyl)Pd(O,CCF3)PCy; was dissolved in 1.0 g methylnorbornene. A
and B components were mixed at 60°C. The following reaction

15 parameters describe the reaction: tg = 14 s, tjgjec = 20's, t 199°c =28 s,
trmax = 120's, tge) = 76°C, trmax = 288°C. A solid object was obtained.
Yield by TGA = 86.0%.

Example 160.

20 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (32 mg) was dissolved in 117 g of butylnorbornene.
Component B: 17 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 3 g
methylnorbomene. A and B components were mixed at 60°C. The

25 following reaction parameters describe the reaction: tge; =15 s, tjo0ec =
22 s, t210°c =27 S, trmax = 105 '8, tger = 73°C, tymax = 288°C. A solid
object was obtained. Yield by TGA = 88.4%.
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A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (32 mg) was dissolved in 117 g of butylnorbornene and
12 g of exo-trans-exo-norbornadiene dimer. Component B: 17 mg
(m-allyl)Pd(O,CCF3)PCy; was dissolved in 3 g butylnorbornene. A and B
components were mixed at 60°C. The following reaction parameters
describe the reaction: tye = 10's,1106°C = 185, t200°C =23 s, tymax =
127 s, tgr = 70°C, trmax = 278°C. A solid object was obtained. Yield by
TGA = 89.4%.

Example 162.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (6.7 mg) was dissolved in 29 g of hexylnorbornene.
Component B: 3.6 mg (n-allyl)Pd(O,CCF;)PCy; was dissolved in 1 g
hexylnorbornene. A and B components were mixed at 70°C. The
following reaction parameters describe the reaction: tg =105, tgpec =
128, tageec = 17 'S, tymax = 100 8, tgey = 82°C, trmax = 272°C. A solid
object was obtained. Yield by TGA = 90.4%.

Example 163.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 50,000:1:1. Component
A: LiWCA-H (3.5 mg) was dissolved in 29 g of hexylnorbornene.
Component B: 1.8 mg (n-allyl)Pd(O,CCF3)PCyy was dissolved in 1 g
hexylnorbornene. A and B components were mixed at 60°C. The

following reaction parameters describe the reaction: tge; =30 s, t jopoc =

Vv
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Example 164.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (3.5 mg) was dissolved in 27.5 g of hexylnorbornene and
1.5 g of exo-trans-exo-norbornadiene dimer. Component B: 3.4 mg
(r-allyl)Pd(O,CCF3)PCy; was dissolved in 1 g hexylnorbornene. A and
B components were mixed at 80°C. The following reaction parameters
describe the reaction: tge =65,1 104°Cn = 105s,1205°C=20s, tymax =
80 s, tgel = 86°C, trmax = 250°C. A solid object was obtained. Yield by
TGA = 92.5%.

Example 165.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (27 mg) was dissolved in 117 g of hexylnorbornene. The
activator/monomer solution was degassed under vacuum prior to mixing
with the procatalyst. Component B: 15 mg (n-allyl)Pd(O,CCF;)PCy;
was dissolved in 3 g hexylnorbornene. A and B components were mixed
at 60°C. The following reaction parameters describe the reaction: tg =
25 s, t1o0ec = 40 s, tao3ec = 50 s, tmax = 75 5, tger = 74°C, tymax = 241°C.

A solid puck with no voids was obtained.

Example 166.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (27 mg) was dissolved in 111 g of hexylnorbornene and

1.5 g of exo-trans-exo-norbornadiene dimer. The activator/monomer
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puck with no voids was obtained.

Example 167.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (27 mg) was dissolved in 9g of exo-pentylnorbornene.
The activator/monomer solution was degassed under vacuum prior to
mixing with the procatalyst. Component B: 1.3 mg
(m-ally])Pd(O,CCF3)PCy; was dissolved in 1 g exo-pentylnorbornene. A
and B components were mixed at 60°C. The following reaction
parameters describe the reaction: tge| = 180 s, t jg0:.c = 480 s, tTmax =
720 s, tge) = 86°C, trmax = 234°C. A solid puck with no voids was
obtained. Yield by TGA = 89.4%.

Example 168.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:1. Component
A: LiWCA-H (2.4 mg) was dissolved in 9g of hexylnorbornene.
Component B: 1.3 mg (n-allyl)Pd(O3;SCF;)PCy; was dissolved in 1 g
hexylnorbornene. A and B components were mixed at 60°C. The
following reaction parameters describe the reaction: tg) =75, t 140°C =
10s,t208°C = 135, trmax = 60 s, tgey = 74°C, ttmax = 260°C. A solid
puck with no voids was obtained. Yield by TGA = 97.0%.
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in 1 g hexylnorbornene. A and B components were mixed at 60°C and

the reaction medium turned yellow. The following reaction parameters
describe the reaction: tge) =135 s, tigoec = 185 s, taoeec = 193 8, trman =
240 s, tger = 71°C, tymax = 262°C. A solid puck with no voids was

10 obtained. Yield by TGA = 94.4%.

Example 170.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:5. Component
15 A: Li(OEt)2 s[B(CeFs)4] (10 mg) was dissolved in 0.7 g of
triethoxysilylnorbornene. Component B: 1.2 mg
(m-allyl)Pd(O,CCF3)PCy; was dissolved in 1 g hexylnorbornene. A and
B components were mixed at 60°C and the reaction medium turned
yellow, and polymerized within 60 seconds, wherein ttmax = 220°C. A

20 clear solid puck with no voids was obtained. Yield by TGA = 95.0%.

Example 171.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
25 A: Li(OEt)25[B(C¢Fs)s] (10 mg) was dissolved in 8 g of
hexylnorbornene and 1 g of butoxynorbommene. Component B: 1.2 mg
(n-allyl)Pd(O3;SCF;)PCy; was dissolved in 1 g hexylnorbornene. A and B

components were mixed at 50°C and the reaction medium turned yellow.
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triethoxysilylnorbornene and 8 g of hexylnorbornene. Component B:
1.3 mg (n-allyl)Pd(O3SCF3)PCy; was dissolved in 1 g hexylnorbornene.
10 A and B components were mixed at 55°C. The following reaction
parameters describe the reaction: tg = 180 s, tjgpec = 270 s, t208°c =
345 s, trmax = 375 s, tger = 82°C, tymax = 261°C. A solid puck with no

voids was obtained. Yield by TGA = 94.7%.

15 Example 173.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 35,000:1:2. Component
A: Li(OEty),5[B(CeFs)s] (32 mg) was dissolved in 6 g of
triethoxysilylnorbornene and 111 g of hexylnorbornene. Component B:
20 15 mg (n-allyl)Pd(O;SCF3)PCy; was dissolved in 3 g hexylnorbornene.
A and B components were mixed at 60°C. A solid clear slab with no
voids was obtained. Yield by TGA = 96.5%.

Example 174.
25 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: Na[B(C¢H;3-3,5-(CF3),)4] (4 mg) was dissolved in 1 g of
triethoxysilylnorbornene and 8 g of hexylnorbornene. Component B:
1.1 mg (r-ally)Pd(O,CCF3)PCy4 was dissolved in 1 g hexylnorbornene.

30 A and B components were mixed at room temperature and the solution
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5 Example 175,
A two-component polymerization system was prepared giving a

reactant ratio of monomer:prdcatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (9 mg) was dissolved in 19 g of rubberized
hexylnorbornene (1 wt. % EPDM). Component B: 2.4 mg

10 (n-allyl)Pd(O,CCF3)PCy; was dissolved. in 1 g rubberized
hexylnorbornene. A and B components \;vere mixed at 100°C. The
following reaction parameters describe the reaction: tgey = 5 s, tageec =
10 s, tmax =375 s, tge; = 110°C, trmax = 251°C. During the course of the
reaction the solution changed color from clear yellow to a cloudy off

15 white. A solid puck was obtained. Yield by TGA = 91.8%.

."Example 176.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
20 A: LiWCA-H (9 mg) was dissolved in 0.7g of triethoxysilylnorbornene

and 19 g of rubberized hexylnorbornene (1 wt. % EPDM). Component B:

2.5 mg (n-allyl)Pd(O,CCF3)PCy; was dissolved in 0.3 g

triethoxysilylnorbornene. A and B components were mixed at 53°C. The

following reaction parameters describe the reaction: ty =285 s,t103°C
25 = 390s,t203°C = 465 s, trmax = 525 s, tget = 75°C, trmax = 216°C. A

solid puck was obtained. Yield by TGA = 90.0%.
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A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: Li(OEt;),5[B(C¢Fs)s] (9 mg) was dissolved in 1.0 g of

5 triethoxysilylnorbornene and 18 g of rubberized hexylnorbornene (1 wt.
% EPDM). Component B: 2.4 mg (n-allyl)Pd(O.CCF;)PCy; was
dissolved in 1.0 g triethoxysilylnorbornene. A and B components were
mixed at 60°C. The following reaction parameters describe the reaction:
teel =135 s, tygoec = 165 s, taogec = 190's, trmax = 305 s, tgey = 94°C, tyma

10 = 243°C. A solid puck was obtained. Yield by TGA = 94.7%.

Example 178.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
15 A: [PhiCJ{AI(OC(CF3)2C¢Hs)s] (7 mg) was stirred in 1 g of
triethoxysilylnorbornene and 8 g of hexylnorbornene. This solution was
heated to 60°C to dissolve the activator. Component B: 2.4 mg
(n-ally})Pd(O,CCF;3)PCy; was dissolved in 1.0 g hexylnorbornene. A and
B components were mixed at 60°C. A solid puck was obtained.
20
Example 179.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (9 mg) was dissolved in 19.0 g of hexylnorbornene
25 containing 2 wt. % Firestone 1107 polybutadiene. Component B:
2.5 mg (n-allyl)Pd(O,CCF;)PCy; was dissolved in 1.0 g
hexlylnorbornene. A and B components were mixed and heated in a

100°C bath. A solid puck was obtained. Yield by TGA = 92.9%.
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reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (9 mg) was dissolved in 0.7g of triethoxysilylnorbornene
and 19 g of rubberized hexylnorbornene (1 wt. % EPDM). Component B:
2.5 mg (n-allyl)Pd(0O,CCF3)PCy; was dissolved in 0.3 g
triethoxysilylnorbornene. A and B components were mixed at 70°C. The
following reaction parameters describe the reaction: tg =230, 108°C
= 230s,t203°C = 345 s, trmax = 465 s, tger = 108°C, trmax =253°C. A
solid puck was obtained. Yield by TGA = 93.9%.

Example 181.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 25,000:1:2. Component
A: LiWCA-H (2.4 mg) was dissolved in 0.7g of
triethoxysilylnorbornene and 19 g of rubberized hexylnorbornene (1 wt.
% EPDM). Component B: 1.7 mg (n-allyl)Pd(O,CCF3)P(i-Pr); was
dissolved in | g hexylnorbornene. A and B components were mixed at
53°C. The following reaction parameters describe the reaction: tge =

8 and t1max = 255°C. A solid puck was obtained. Yield by TGA = 96.7%.

Example 182.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (4 mg) was dissolved in 9 g of ethylnorbornene.
Component B: 1.9 mg (n-allyl)Pd(O;SCF;)P(i-Pr); was dissolved in 3 g
ethylnorbornene. The activator/monomer solution was degassed under
vacuum prior to mixing with the procatalyst. A and B components were

mixed at 23°C. The following reaction parameters describe the reaction:
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Example 183.
5 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF;)P(i-pr); was dissolved in 8.5 g
butylnorbornene and 0.31 g norbornadiene. A and B components were
10 mixed at 25°C. A solid object was obtained. Yield by TGA = 94.1%.

Swell in toluene overnight: 158%.

Example 184.
A two-component polymerization system was prepared giving a

15 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.4 mg (allyl)Pd(O,CCF3)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tg = 4:00 min.,

20 t 100°c = 4:37 min., t 300c = 4:40 min., trmax = 5:00 min., tge; = 38°C, trmay

=210°C. A solid object was obtained. Yield by TGA = 96.7%.

Example 185.
A two-component polymerization system was prepared giving a
25 reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (5.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.4 mg (allyl)Pd(O,CCF;)P(i-pr); was dissolved in 9.5 g
butylnorbornene. A and B components were mixed at 45°C and the

following reaction parameters describe the reaction: tge =20, t jg0oc =
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Example 186.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (5.8 mg) was partially dissolved in 0.71 g
triethoxysilylnorbornene. Component B: 1.4 mg (allyl)Pd(P(i-Pr);)P(i-
pr); was dissolved in 9.5 g butylnorbornene. A and B components were
opened to the air, stirred for 5 min., mixed at 25°C and the following
reaction parameters describe the reactioﬁf tger = 3:00, t 100°c = 3:36 min,,
tTmax = 4:00 min., tgey =40°C, trmax = 197°C. A solid object was obtained.
Yield by TGA = 95.9%.

Example 187.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was partially dissolved in 1.0 g butylnorbornene.
Component B: 1.4 mg (allyl)Pd(O,CCF3)P(i-pr); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 45°C and the
following reaction parameters describe the reaction: tge =175, t190oc =
21 s, t200°c = 22 S, trmax = 40 5, tge; = 58°C, trmax = 222°C. A solid object
was obtained. Yield by TGA = 92.3%.

Example 188.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:prbcatalyst:activator =20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.5 mg (allyl)Pd(O3SCF;)P(i-pr); was dissolved in 8.9 ¢

butylnorbornene and 0.10 g dicyclopentadiene. A and B components
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5 Example 189.
LiWCA-H (3.4 mg) and 1.4 mg (allyl)Pd(O,CCF3)P(i-pr); were
combined in 1 ml methylene chloride and stirred for several minutes.
This was added to 10.0 g butylnorbornene (reactant ratio of
monomer:procatalyst:activator = 20,000:1:1) at 25°C and the following
10 reaction parameters describe the reaction: tye = 1:00 min., t)ooc =
1:10 min., tag0ecc = 1:12 min., tymax = 1:30 min.,, tgq = 40°C, trman = 209°C.
A solid object was obtained. Yield by TGA = 96.3%.

Example 190.
15 LiFABA (5.8 mg) and 1.4 mg (allyl)Pd(O,CCF;)P(i-pr); were
combined in 0.25 ml methylene chloride and stirred for several minutes.
This solution was added to 10.0 g butylnorbornene (reactant ratio of
monomer:procatalyst:activator = 20,000:1:2) at 45°C and the following
reaction parameters describe the reaction: tge =55, tigoec = 7 8, t2000c =
20 9's, tTmax = 25 5, tger = 60°C, ttmax = 222°C. A solid object was obtained.
Yield by TGA = 92.6%.

Example 191.
A two-component polymerization system was prepared giving a
25 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.8 mg (allyl)Pd(O;SCF3)P(cyclopentyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the

following reaction parameters describe the reaction: tgey =23 s, tygoec =
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Example 192.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:2. Component
A: LiFABA (5.8 mg) was dissolved in 0.71 g triethoxysilylnorbornene.
Component B: 1.8 mg (allyl)Pd(O3;SCF;)P(cyclopentyl); was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tge =29 s, tygoec =
36's, t200c = 38 S, trmax = 60 S, taet = 65°C, trmax = 226°C. A solid object
was obtained. Yield by TGA = 94.2%.

Example 193.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:procatalyst:activator =
20,000:0.5:0.5:1. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B: 0.7 mg (allyl)Pd(O,CCF3)P(i-pr)3
and 0.8 mg (allyl)Pd(O3SCF;)P(i-pr); were dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tge; =23 s, t jgpoc =
30 s, taooec = 34 s, trmax = 50 'S, tgey =43°C, ttmax = 207°C. A solid object
was obtained. Yield by TGA = 94.9%.

Example 194.

A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.8 mg (allyl)Pd(O3;SCF3)P(cyclopentyl); was dissolved
in 8.5 g butylnorbornene and 0.5 g butenylnorbornene. A and B
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Example 195.
A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

10 Component B: 1.8 mg (allyl)Pd(O3SCF3)P(cyclopentyl)s was dissolved
in 8.0 g butylnorbornene and 1.0 g buten}"lnorbomene. A and B
components were mixed at 25°C and the following reaction parameters
describe the reaction: tge =23 s, tigoecc = 26 s, t200°c =29 S, trmax =40,
tger = 58°C, trmax = 223°C. A solid object was obtained. Yield by TGA =

15 96.4%.

Example 196.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 50,000:1:1. Component
20 A: LiWCA-H (1.3 mg) was dissolved in 1.0 g butylnorbornene.

Component B: 0.7 mg (allyl)Pd(O3SCF3)P(cyciopentyl); was dissolved

in 9.0 g butylnorbornene. A and B components were mixed at 25°C and

the following reaction parameters describe the reaction: tg =37s, t j00eC

=49 s, t200°c = 54 S, tTmax = 1:10 min., tgey = 44°C, trmax = 210°C. A solid
25 object was obtained. Yield by TGA = 94.8%.

Example 197.
A two-component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 100,000:1:1.
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215°C. A solid object was obtained. Yield by TGA = 86.2%

Example 198.
A two-component polymerization system was prepared giving a
10 reactant ratio of monomer:procatalyst:activator = 100,000:1:2.
Component A: LiFABA (8.7 mg) was dissolved inl0g
triethoxysilylnorbornene. Component B: 2.3 mg (allyl)Pd(O3;SCF3)P(i-
pr); was dissolved in 74 g butylnorbornene. A and B components were

mixed at 45°C and the following reaction parameters describe the

15 reaction: tgey =27, tigoec = 52 s, ta0o°c = 60 S, trmax = 1:10 min,, tge =
55°C, trmax = 216°C. A solid object was obtained. Yield by TGA =
89.3%

Example 199.

20 A two-component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.2 mg) was dissolved in 1.0 g tetracyclododecadiene.
Component B: 1.4 mg (allyl)Pd(O3SCF3)(P-i-Pr); was dissolved in 9.0 g
tetracyclododecadiene. A and B components were mixed at 25°C and the

25 following reaction parameters describe the reaction: tg) = 18 s, t 190c =
27 s, ttmax = 505, tger = 40°C, tymax = 163°C. A solid object was obtained.
Yield by TGA = 89.7%.
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A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene. A stock
solution of Component B: 15.3 mg (n-allyl)Pd(O3SCF;)(P(i-Pr);) was
dissolved in 90.0 g butylnorbornene. Component A was mixed with 9.0 g
Component B at 25°C and the following reaction parameters describe the
reaction: tge= 14 s, tjgoec = 17 s, taogec = 22 s, trmax =45 s, Tgel = 50°C,
trmax = 214°C. A solid object was obtained. Yield by TGA = 97.8%.

The stock solution of Component B was stored at room
temperature in a dry box in the dark for four months.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 9.0 g “aged” stock solution. A and B were mixed at 25°C
and the following reaction parameters describe the reaction: tgey=22 s,
tiooec = 30 'S, taooec = 33 S, trmax =45 S, Tget = 40°C, trmax = 213°C. A solid
object was obtained. Yield by TGA = 96.9%.

Example 201.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (crotyl)Pd(O3;SCF;)(P(i-Pr)s;) was dissolved in
9.0 g butylnorbornene. A and B components were mixed at 25°C and the
following reaction parameters describe the reaction: tge= 80 s, tygooc =
90 s, t200°c = 94 S, trmax = 110's, Tget = 38°C, trmax = 210°C. A solid object
was obtained. Yield by TGA = 97.7%.

100 100
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A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

5 Component B: 1.6 mg (n-allyl)Pd(O;SCF3)(P(i-Pr);) and 0.01 g Disperse
Blue 14 were dissolved in 9.0 g butylnorbornene. A and B components
were mixed at 25°C and the following reaction parameters describe the
reaction: tge1= 14 s, tjpoec = 19's, tagoec = 21 s, tymax =435 s, Ty = 43°C,
trmax = 212°C. A solid object was obtained. Yield by TGA = 94.6%.

10 ,

Example 2’03.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

15 Component B: 1.6 mg (n-allyl)Pd(O3;SCF;)(P(i-Pr);) and 0.01 g Disperse
Red 1 were dissolved in 9.0 g butylnorbornene. A and B components
were mixed at 25°C and the following reaction parameters describe the
reaction: tge= 115, tj00°c = 145, tagoec = 17 s, trmax = 30 s, Tget = 45°C,

trmax = 211°C. A solid object was obtained. Yield by TGA = 95.6%.
20

Example 204.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
25 Component B: 1.6 mg (n-allyl)Pd(O;SCF;)(P(i-Pr);) and 0.1 g
BHT-norbornene were dissolved in 9.0 g butylnorbornene. A and B
components were mixed at 25°C and the following reaction parameters

describe the reaction: tye1= 11 s, tjgoec = 14 5, t200°c = 17 S, trmax = 30 s,
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Example 205.
5 A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-ally)Pd(O3SCF;)(P(i-Pr);) and 0.05 g BHT
were dissolved in 9.0 g butylnorbornene. A and B components were

10 mixed at 25°C and the following reaction parameters describe the
reaction: tge;= 13 s. tigoec = 17 s, ta00°c - 19 s, trmax =45 s, Tges = 46°C.

ttmax = 215°C. A solid object was obtained. Yield by TGA = 96.1%.

Example 206.
15 A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[B(C¢Fs)s(hexyl)] (2.0 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (allyl)Pd(O3SCF;)(P(i-Pr);) was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the
20 following reaction parameters describe the reaction: tge;= 19 s, tjppec =

24 s, ttmax = 60 s, Tger = 45°C. trmax = 170°C. A solid object was obtained.
Yield by TGA = 83.6%.

Example 207.
25 A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-allyl)Pd[N(SO,CF3),] (P(i-Pr)3) was dissolved
in 9.0 g butylnorbornene. A and B components were mixed at 25°C and

30 the following reaction parameters describe the reaction: tge =45 s, tigp°c
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Example 208.
5 A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-allyl)Pd[N(SO,CF;3);}(P(i-Pr);) was dissolved
in 9.0 g butylnorbornene. A and B components were mixed at 45°C and

10 the following reaction parameters describe the reaction: tge1= 10's, tyooec
=14 s, ta00°c = 25 S, trmax =45 5, Tge) = 6;1°C, ttmax = 218°C. A solid
object was obtained. Yield by TGA = 93.0%.

Example 209.

15 A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[B(C¢Fs)s(hexyl)] (2.0 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.6 mg (n-allyl)Pd[N(SO,CF3),](P(i-Pr);) was dissolved
in 9.0 g butylnorbornene. A and B components were mixed at 25°C and

20 the following reaction parameters describe the reaction: tge;= 21 s, tjgpec
=28 s, ta00°c = 35 'S, ttmax = 60 s, Tget = 55°C, tymax = 190°C. A solid
object was obtained. Yield by TGA = 88.4%.

Example 210.
25 A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: 4-tert-butyl-N,N-dimethylanilinium tetrakispentafluorophenylborate
(2.9 mg) was slurried in 9.0 g butylnorbornene. Component B: 1.6 mg

(allyl)Pd(C¢Fs)PCy; was dissolved in 1.0 g butylnorbornene. A and B
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components were mixed at 45°C and the following reaction parameters
describe the reaction: tge; = 4:30 min, tjp0ec = 5:30 min, taoeec = 5:42, tTmar
= 5:55, Tge1 = 58°C, t1max = 211°C. A solid object was obtained. Yield by
TGA =92.0%.

5
Example 211.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

10 Component B: 2.4 mg (allyl)Pd[N(802CF3)2]PPh3 was slurried in 9.0 g
butylnorbornene. A and B components wére mixed at 25°C and the
following reaction parameters describe the reaction: tge;= 1:25 min, t)09ec
=2:00, tymax = 3:00, Tgey = 41°C, t1max = 191°C. A solid object was
obtained. Yield by TGA = 95.8%.

15

Example 212.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

20 Component B: 1.6 mg (n-allyl)Pd(O3SCF;)(P(i-Pr);) and 0.05 g
Ethanox® 330 were dissolved in 9.0 g butylnorbornene. A and B
components were mixed at 25°C and the following reaction parameters
describe the reaction: tge;= 14 s, tjooec = 17 S, taooec = 19 s, trmax = 35 s,
Tge1 = 43°C, ttmax = 215°C. A solid object was obtained. Yield by TGA =

25 97.0%.

Example 213.
A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component



10 10 10 410% ()- 310% ()- YLL00& ()- /10% ()- )10% ()- !D'A<YNC 1
10! 11 10% ()-y! " 109w ()- ! | 10%m& () -y @O% () - L0Y& ()-1#- 10%& ()-D'P""$
$$9&[ OYNC 1 10! - 109%& () -, , 10%& ()-!1 10%& ()- !1 109%& ()- ]‘OJ/%(%

@O%& ()-% &J&K&L&l\/&S&C&O&b@ 1 10' 1109 ()-#10% () - 10%&' 107

109 ()- 1MLO%' ()-08& ' B(((}[9b@1 10!8F10%F& ()-! 310%&: () L10%&: () -
109% ()-!° 10%q& ()-! 109MChCE' () - ((?***K+V, zX9b@1 10Y 1

10%& ()-1Y-10%1 & ()-., 10% ()-1 F10%& ()-! F10%& ()-1F10% ! & ()-V,,,.,.,-%b
C1l10 10% ()x: LivRO&-1§)3 40 vas-dissdR¥& i0)i-0 g Butyinorbornene.

Component B: 2.2 mg
(r-allyl)PA[N(SO,CF3),]P(cyclopentyl); was dissolved in 9.0 g
butylnorbornene. A and B components were mixed at 25°C and the

5 following reaction parameters describe the reaction: tge= 15 s. tigoec =
20 s, taopoc = 24 S, trmax = 60 8, Teel = 40°C, trmax = 217°C. A solid object
was obtained. Yield by TGA = 96.6%.

Example 214.

10 A tile of polybutyl norbornene was RIM molded using a 1:1 blend
of butylnorbornene and butylnorbornene through the mix head of a
University of Minnesota Micro-RIM machine. A reactant ratio of
20,000:1:1 (BuNB:(n-allyl)Pd(O3SCF3)(P(i-Pr);):LiWCA-H ) was
employed. This plaque was painted with a U.S. Paint consisting of

15 F-1152 Primer, F-2010 Black Base Coat, F-3053 Clear Coat. The paints
were mixed using a 4:1 paint to G3010 catalyst ratio. They were reduced
25% by volume using T003 reducer.

A 10-15 minute flash time was used between coats to remove solvents.
After the clear coat, a 25 minute flash time was used before curing. The
20 cure time used was 30 minutes at 180°F. This sample was tested using the

ASTM cross hatch test and it passed.

Example 215.
A tile of polybutyl norbornene was RIM molded using a 1:1 blend
25 of butylnorbornene and butylnorbornene through the mix head of a
University of Minnesota Micro-RIM machine. A reactant ratio of
20,000:1:1 (BuNB:(n-allyl)Pd(O3SCF;3)(P(i-Pr);):LiWCA-H ) was
employed. This plaque was painted with a U.S. Paint consisting of F-1152
Primer, F-2010 Black Base Coat, F-3053 Clear Coat. The paints were
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5 curing. The cure time used was 30 minutes at 180°F.
The difference between this example and Example 224 is that a
polypropylene primer was used before the 1152 primer. The
polypropylene primer employed was used “as is,” i.e., no catalyst was
added and the paint was not diluted prior to application. The primer used
10 is U.S. Paint product V-3008
This sample was tested using the 'ASTM cross hatch test and it

passed.

Example 216.

15 A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 1.1 mg (allyl)Pd(O;SCF;)(P(i-Pr);) and 0.4 mg
(crotyl)Pd(O;SCF3)(P(i-Pr)3) was dissolved in 9.0 g butylnorbornene. A

20 and B components were mixed at 30°C and the following reaction
parameters describe the reaction: tge1=25 s, tigeec = 30 s, tagoec = 33 s,
ttmax = 40 s, Tgel = 50°C, tymax = 216°C . A solid object was obtained.
Yield by TGA = 94.8%.

25 Example 217.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.
Component B: 0.7 mg (ally)Pd(O3;SCF;)(P(i-Pr);) and 0.8 mg
30 (crotyl)Pd(O;3SCF3)(P(i-Pr)3) was dissolved in 9.0 g butylnorbornene. A
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and B components were mixed at 30°C and the following reaction
parameters describe the reaction: tg= 58 s, tigec = 1:05 min, tageec =
1:08 min, trmax = 1:30 min, Tye = 46°C, trmax = 216°C . A solid object was
obtained. Yield by TGA = 94.8%.

Example 218.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: LiWCA-H (3.4 mg) was dissolved in 1.0 g butylnorbornene.

10 Component B: 0.4 mg (allyl)Pd(O;SCF;)(P(i-Pr);) and 1.1 mg
(crotyl)Pd(O3;SCF;3)(P(i-Pr)3) was dissolved in 9.0 g butylnorbornene. A
and B components were mixed at 30°C and the following reaction
parameters describe the reaction: tge;= 1:19 min, tjgpec = 1:27 min, tagpec
= 1:29 min, tymax = 1:50 min, Tgy = 49°C, trmax = 216°C . A solid object

15 was obtained. Yield by TGA = 94.4%.

Example 219.
A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =
20 20,000:1:1:0.1. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B 1.5 mg (allyl)Pd(O;SCF3)(P(i-
Pr)3) and 0.09 mg PPh; was dissolved in 9.0 g butylnorbornene. A and B
components were mixed at 30°C and the following reaction parameters
describe the reaction: tge1= 13 s, tygoec = 17's, taopec = 20 S, trmax =40 s,
25 Tge1 = 45°C, trmex = 215°C . A solid object was obtained. Yield by TGA =
94.1%.

Example 220.
A two component polymerization system was prepared giving a

30 reactant ratio of monomer:procatalyst:activator:moderator =
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Pr);) and 0.45 mg PPh; was dissolved in 9.0 g butylnorbornene. A and B

components were mixed at 30°C and the following reaction parameters

5 describe the reaction: tge; =40 s, tigoec = 55 s, taooec = 60 S, trman =
1:15 min, Tge = 49°C, trmex = 210°C . A solid object was obtained. Yield

by TGA = 95.8%.

Example 221.

10 A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:acfivator:moderator =
20,000:1:1:0.1. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B: 1.5 mg (allyl)Pd(O;SCF;)(P(i-
Pr);) and 0.09 mg PPh3O was dissolved in 9.0 g butylnorbornene. A and

15 B components were mixed at 30°C and the following reaction parameters
describe the reaction: tge;= 21 s, tjopec = 25 s, tagoec = 28 S, trmax = 40 s,
Tget = 50°C, trmax = 214°C. A solid object was obtained. Yield by TGA =
95.2%.

20 Example 222.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =
20,000:1:1:0.5. Component A: LiWCA-H (3.4 mg) was dissolved in
1.0 g butylnorbornene. Component B: 1.5 mg (allyl)Pd(O;SCF3)(P(i-

25 Pr);) and 0.45 mg PPh;0 was dissolved in 9.0 g butylnorbornene. A and
B components were mixed at 30°C and the following reaction parameters
describe the reaction: tge= 50 s, tigoec = 1:02 min, taopec = 1:05, trmax =
1:30 min, Tget = 55°C, ttmax = 214°C. A solid object was obtained. Yield

by TGA = 95.9%.
30
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Example 223.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator:moderator =
20,000:1:1:0.7. Component A: LiWCA-H (3.4 mg) was dissolved in

5 1.0 g butylnorbornene. Component B: 1.5 mg (ally)Pd(O3SCF3)(P(i-
Pr);) and 0.65 mg PPh;0 was dissolved in 9.0 g butylnorbornene. A and
B components were mixed at 30°C and the following reaction parameters
describe the reaction: tge1= 61 seconds, tig0ec = 74 seconds, taooec =
78 seconds, ttmax = 100 seconds, Tget = 50°C, trmax = 211°C. A solid
10 object was obtained. Yield by TGA = 95.4%.

Example 224.
Li(HOCHj3), s[B(C¢F5)4] (0.0052g) was stirred in BuNB overnight.
A solution of (allyl)Pd(P(i-Pr);)(O3SCF3) (0.0015g in 5g of BUNB) was
15 added. The reaction gelled in under 2 minutes and exothermed to yield a

solid object.

Example 225.
A two component polymerization system was prepared giving a
20 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li(HO-i-Pr);[B(CeFs)4] (Activator 10) (2.8 mg) was dissolved in5 g
butylnorbornene. Component B: 1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr)3)
was dissolved in 5 g butylnorbornene. A and B components were mixed at
25°C and the following reaction parameters describe the reaction: tg=
25 130 s, typoec = 160 s, tymax = 175 s, Tges = 43°C, t1max = 206°C. A solid
object was obtained. Yield by TGA = 95.1%.

Example 226.
A two component polymerization system was prepared giving an

30 approximate reactant ratio of monomer:procatalyst:activator =
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(n-allyl)Pd(O3SCF3)(P(i-Pr)3) was dissolved in 5 g butylnorbornene. A
and B components were mixed at 28°C and the following reaction
5 parameters describe the reaction: tge;=23 s, Ty = 47°C, tyma, = 213°C.

A solid object was obtained. Yield by TGA = 94.4%.

Example 227.
A two component polymerization system was prepared giving an
10 approximate reactant ratio of monomer:procatalyst:activator = 20,000:1:2.
Component A: Li(HO-i-Pr)s[B(CFs)s] (Activator 10) (5.6 mg) was
dissolved in 5 g butylnorbornene. Component B: 1.5 mg (n-
allyD)Pd(O;SCF3)(P(i-Pr);) was dissolved in 5 g butylnorbornene. A and B
components were mixed at 27°C and the following reaction parameters
15 describe the reaction: tge)= 24 s, tjo0ec = 34 S, trmax = 74 5, Tge) = 49°C,

trmax = 212°C. A solid object was obtained. Yield by TGA = 94.4%.

Example 228.
A two component polymerization system was prepared giving a
20 reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3),C¢Hs)4)/Li[OC(CF3);H)4] (Activator 13) (2.9 mg) was
dissolved in 5 g butylnorbornene. Component B: 1.5 mg
(r-allyl)Pd(O3SCF;3)(P(i-Pr);) was dissolved in 5 g butylnorbornene. A
and B components were mixed at 30°C and the following reaction
25 parameters describe the reaction: tge; =67 s, tjooec = 81 s, ta00°c =90 s,
trmax = 100 8, Tget = 51°C, ttmax = 207°C. A solid object was obtained.
Yield by TGA = 93.1%.
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A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li(OEt)2.5[B(CgFs)4] (0.067 ml of a 0.05 M THF solution was added

5 to the B Component. Component B: 1.5 mg (n-allyl)Pd(O3;SCF3)(P(i-
Pr)3) was dissolved in 10 g butylnorbornene. A and B components were
mixed at 28°C and the following reaction parameters describe the
reaction: tye=72 s, ty10°c = 90 S, trmax = 95 s, Tget = 48°C, trmax = 212°C.
A solid object was obtained. Yield by TGA = 95.4%.
10 '
Example 2.30.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3),CgHs)4] (0.0034g) was dissolved in 1.5 ml of 2 wt %

15 Diene 55AMS butylnorbornene solution was added to the B Component.
Component B: 1.5 mg (n-allyl)Pd(O;SCF;)(P(i-Pr);) was dissolved in 9 g
of 2 wt % Diene 55AMS solution. A and B components were mixed at
27°C and the following reaction parameters describe the reaction: tye =
30s, tiz1ec = 60 s, tigroc = 75 S, trmax = 90 8, Tget = 32°C, trmax = 192°C. A

20 solid object was obtained.

Example 231.
A two component polymerization system was prepared giving an
approximate reactant ratio of monomer:procatalyst:activator = 20,000:1:1.
25 Component A: Li(HO-n-Pr),s[B(C¢Fs)s] (Activator) 11) (2.9mg) was
dissolved in 5 ml of butylnorbornene was added to the B-Component.
Component B: 1.5 mg (n-allyl)Pd(O;SCF3)(P(i-Pr);) was dissolved in
5 ml of butylnorbornene. A and B components were mixed at 27°C and

the following reaction parameters describe the reaction: ty=30s, tigoec
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obtained. Yield by TGA = 94.5%.

Example 232.

5 A two component polymerization system was prepared giving an
approximate reactant ratio of monomer:procatalyst:activator = 20,000:1:1.
Component A: Li(HO-t-Bu);[B(CesFs)4] (Activator 12) (2.9 mg) was
stirred in 5 ml of butylnorbornene for 30 minutes and was added to the B
Component. Component B: 1.5 mg (n-allyl)Pd(OsSCF3)(P(i-Pr)3) was

10 dissolved in 5 ml of butylnorbornene. A and B components were mixed
at 27°C and the following reaction param'eters describe the reaction: tg
=63 s, togoc = 75 S, trmax = 100 s, Tgey = 45°C, tyma = 205°C. A solid

object was obtained.

15 Example 233.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3);C¢Hs)4] (3.5 mg) was dissolved in 1 m] of
butylnorbornene and was added to the B Component. Component B:

20 1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr);) was dissolved in 9.55 g of
butylnorbornene and 0.66 g of tricyclopentadiene. A and B components
were mixed at 27°C and the following reaction parameters describe the
reaction: tge;=30s, ti210c =40 S, trmax = 75 s, Tget = 46°C, trmax = 208°C.
A solid object was obtained.

25

Example 234,

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
A: Li[OC(CF3)2,C¢Hs)s] (3.5 mg) was dissolved in 1 ml of

30 butylnorbornene and was added to the B Component. Component B:
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1.5 mg (n-ally])Pd(O;SCF;3)(P(i-Pr)3) was dissolved in 9.05 g of
butylnorbornene and 1.33 g of tricyclopentadiene. A and B components
were mixed at 27°C and the following reaction parameters describe the
reaction: tge;=25 s, tysec = 35S, tigzec = 45 S, trmax = 80 5, Tgel = 42°C.,

5 trmax = 203°C. A solid object was obtained.

Example 235,
A two component polymerization system was prepared giving a

reactant ratio of monomer:procatalyst:activator = 20,000:1:1. Component
10 A: Li[OC(CF3)2CeHs)4] (3.5 mg) was dissolved in 1 ml of

butylnorbornene and was added to the B .Component. Component B:

1.5 mg (n-ally)Pd(O3SCF;3)(P(i-Pr);) was dissolved in 8.54 g of

butylnorbornene and 1.99 g of tricyclopentadiene: A and B components

were mixed at 27°C and the following reaction parameters describe the
15 reaction: tge; = 25 s. togec = 30 S, tigeec = 40 s, tymax = 60 s, Tge = 42°C,

trmax = 202°C. A solid object was obtained.

Example 236.
(m-allyl)Pd(O3SCF3)(P(i-Pr);) (0.32 g) was reacted with

20 Li[B(0,CsH,-3,5-CMes),] (Activator 15) in dichloromethane for
16 hours. The reaction was filtered and stripped to dryness yielding a
yellow solid characterized as [(n-allyl)Pd(P(i-Pr)3)(solvent)][B(O,C¢H,-
3,5-CMe;);] (solvent = acetonitrile, methanol, or dichloromethane). For
the polymerization experiment the reaction product was assumed to be

25 [(m-allyl)Pd(P(i-Pr);)(B(0Q,C¢H1-3,5-CMe3),) and a molar reactant ratio of
10,000:1 was employed (BuNB:Pd). Thus, (n-allyl)Pd(P(i-
Pr)3)(B(0,CsH,-3,5-CMe3),) (0.004 g) was dissolved in butylnorbornene
(9 g) and heated slowly to 100°C. There was no apparent reaction, i.e., no

thickening of the solution nor a spontaneous polymerization exotherm.
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Subsequent addition of LifOC(CF3),CsHs)s} (3.5 mg) dissolved in
butylnorbornene (1g) resulted in an immediate polymerization exotherm
that reached 205°C. A solid object was recovered. Yield by TGA =

86.3%.

Example 237.
(rc-allyl)Pd(O3SCF3)(P(i-Pr);3) (0.32 g) was reacted with
Li[B(02C¢H2-3,5-CMe;3),] (Activator 15) in dichloromethane for
16 hours. The reaction was filtered and stripped to dryness yielding a
10 yellow solid characterized as [(n-allyl)Pgl(P(i-Pr)g)(methanol)][B(02C(,H2-
3,5-CMes),). A molar reactant ratio of 16,000:1 was employed
(BuNB:Pd). Thus, [(n-allyl)Pd(P(i-Pr);)(methanol)}(B(0,C¢H,-3,5-
CMes),) (0.004 g) was dissolved in butylnorbornene (9 g) and heated to
45°C. There was no apparent reaction, i.e., no thickening of the solution
15 nor a spontaneous polymerization exotherm. Subsequent addition of
LiJOC(CF3),C¢Hs)4]) (3.5 mg) dissolved in butylnorbornene (1g) resulted
in no apparent reaction. The mixfure was then heated to- 100°C at which
point the mixture gelled and, subsequently, the mixture provided its own
polymerization exotherm that reached 203°C. A solid object was

20 recovered. Yield by TGA = 93.3%.

Example 238.
(m-allyl)Pd(O3SCF3)(P(i-Pr)3) (0.32 g) was reacted with
Li[B(0,C¢H;-3,5-CMe3),] (Activator 15) in dichloromethane for
25 16 hours. The reaction was filtered and stripped to dryness yielding a
yellow solid characterized as [(n-allyl)Pd(P(i-Pr);)(methanol)][B(0,C¢H,-
3,5-CMe;)2]. A BuNB:Pd molar‘reactant ratio of 10,000:1 was employed.
[(n-allyl)Pd(P(i-Pr)3;)(methanol)}(B(0,CeH;-3,5-CMe;),) (0.004 g) was

dissolved in 20 ml toluene containing butylnorbornene (9 g). The reaction
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mixture was heated to 50°C. After 16 hours the mixture was poured into

isopropanol and no polymer was formed.

Example 239.

5 (r-allyl)Pd(O3SCF3)(P(i-Pr)3) (0.32 g) was reacted with
Li[B(0,C¢Cls),] in dichloromethane for 16 hours. The reaction was
filtered and stripped to dryness yielding a yellow solid characterized as
[(r-ally)Pd(P(i-Pr)3)(INCCH3)][B(02CsCls)2] (solvent = acetonitrile,
methanol, or dichloromethane). For the polymerization experiment the

10 reaction product was assumed to be [(n-allyl)Pd(P(i-
Pr);)INCCH3)}(B(02C¢H,-3,5-CMes),) a;ld a BuNB:Pd molar reactant
ratio of 10,000:1 was employed.
[(m-ally)Pd(P(i-Pr);)(INCCH3)]}(B(O,CsH,-3,5-CMe3);) (0.005 g) was
dissolved in butylnorbornene (9 g) and 20 ml toluene and the mixture

15 heated at 50°C for 16 hours. After this time the reaction medium was of
higher viscosity than at the beginning of the experiment. The reaction
mixture was poured into acetone to precipitate the polymer. The polymer
was redissolved in toluene (150 ml) and reprecipitated in 1:3 mixture of

acetone/isopropanol to give 2.04 g of polybutylnorbornene (Mw =
20 490,000, Mn = 292,000, and PDI = 1.68).

Example 240.
[(z-ally])Pd(P(i-Pr)3)(INCCH3)])[B(0,C4Cls)7] (0.005g) was
dissolved in 9¢g of butylnorbornene. There was apparent reaction at room
25 temperature, so the reaction mixture was slowly heated to approximately
100°C at which time the mixture started to gel and polymerized resulting
in a polymerization exotherm of great than 180°C and a hard polymer. In
contrast, when [(n-allyl)Pd(P(i-Pr); ) INCCH3)}(B(0O2C¢H3-3,5-CMe3),)

was employed under identical conditions no reaction occurred.
30



10 10 10'1/210%& ()-3.10%& ()-!YY10%&' ()-sYYL0%& ()-s! YY10%& ()-shx>LdEM?1
10 1010%&' ()- @O%& ()- ,109%&' ()- ,10%& ()-z10%&R' ()-,#-109%& ()-LZapa}[9M’1
10! 3&$10%&' ()- '3 109& ()-FFmMLO%&' () - ,
y109%&' ()-!3110%c& ()-M 3l 109& () - Ma3| <11 10Y7s109%& ()-!Y24 JUN 2003
210%&' () - GF1109%&' ()-F/ 109%&' ()-!! 3&$100/ - 13&$510%& ()- bmV | 10% & () -
104 & ()- 10% & ()-10% & ()- 10% & () - #- 10%{&' ()- 10 104p:zaBnV | 10%
310% & ()-! 109 ()- &910% & ()- 10% & ()- 10% & ()-F10% & ()- zCdEmN |
109 *10% & ()-3 (910% & () 3&10%{ 8E;(§mp|ef241
10% & ()-310% & () - @00/ 3
[(n-allyl)Pd(P(i- Pr)3)(NCCH3)][B(02C6C14)2] (0.005g) was
dissolved in 9g of butylnorbornene such that a molar BuNB:Pd reactant
ratio of 10,000:1 was employed. There was initially no apparent reaction.
5 A solution of LiAl(OC(CF3)2C¢Hs)s] (3.5 mg) in butylnorbornene (1 g)
was then added to the palladium procatalyst monomer solution. A
spontaneously polymerization exotherm began and the reaction mass

polymerized into a hard puck. Yield by TGA = 97.4%.

10 Example 242.
A two component polymerization..system was prepared giving a
reactant ratio of monomer:procatalyst:activator of 20.000:1:1. Component
A: LiWCA-H (Li[AI(OC(CF3)2CeFs)4]) (3.4 mg) was dissolved in 1.0 g
butylnorbornene. Component B: 1.5 mg (n-allyl)Pd(O3SCF3)(P(i-Pr)3)

15 and 0.1 g (approximately 15 volume %) 3M K-1 Scotchlite Brand Glass
Bubbles were mixed in 9.0 g butylnorbornene. The A and B components
were mixed at 23°C and the following reaction parameters describe the
reaction: ti00c = 23s, tooec = 28 s, ta = 40s, Lrmax = 211°C. A solid
object was obtained. This object floated when dropped into a water bath.

20

Example 243.

A two component polymerization system was prepared giving a
reactant ratio of monomer:procatalyst:activator of 20,000:1:1.
Component A: LIWCA-H (Li[AI(OC(CF;);C¢Fs)4]) (3.4 mg) was

25 dissolved in 1.0 g butylnorbornene. Component B: 1.5 mg
(n-allyl)Pd(O3SCF3)(P(i-Pr)3) and 1.00 g (approximately 50 volume %)
3M K-1 Scotchlite Brand Glass Bubbles were mixed 9.0g

butylnorbornene. A and B components were mixed at 25°C and the

following reaction parameters describe the reaction: t, .. =25s,t, =
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object floated when dropped into a water bath.
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WHAT IS CLAIMED IS:
1. A method for producing a crosslinked polymeric article

comprising polymerizing a polycycloolefin monomer composition in
5 contact with an addition polymerization catalyst in a mold having the
shape of the article, wherein said catalyst comprises a cation complex
containing a Group 10 transition metal and weakly coordinating anion
complex, and wherein said monomer composition comprises a
polycycloolefin monomer containing one polymerizable norbornene-type
10 moiety and a multifunctional polycycloo_leﬁn monomer containing at least

two polymerizable norbornene-type moieties.

2. A method of making a polymeric article by the in-mold

addition polymerization of a polycycloolefin monomer composition
15 comprising:

(a) combining a plurality of reactant streams to form a reaction
mixture, at least one of said streams comprises a Group 10 transition
metal procatalyst, and another of said reactant streams comprises an
activator salt comprising cation and a weakly coordinating anion, wherein

20 said cation is selected from the group consisting of a Group 1 element
cation, a Group 2 metal cation, and a transition metal cation selected from
the group consisting of zinc, silver, and thallium, and at least one of said
streams containing a polycycloolefin monomer containing one
polymerizable norbornene-type moiety; and

25 (b) injecting said reaction mixture into a mold where
polymerization occurs, forming a polymeric article in the shape of the

mold.

3. The method of claim 2 wherein said polycycloolefin

30 monomer composition includes a multifunctional polycycloolefin.
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multifunctional polycycloolefinic monomer.

5. The method of claim 1 or 3 wherein said multifunctional
polycycloolefin has a carbon to double bond ratio of from about 3.0 to
about 17.

10 6. The method of claim 2 wherein said Group 1 element in
said cation is selected from the group coﬂsisting of proton, lithium,

sodium, and potassium,

7. The method of claim 2 wherein said Group 2 metal in said
15 cation is selected from the group consisting of magnesium, calcium,

strontium, and barium.

8. The method of claim 1 wherein said catalyst is selected

from a compound of the formula:

20
[RM(L)(L"),], [WCA],
wherein M represents a Group 10 transition metal; R' represents an
anionic hydrocarbyl ligand; L' represents a Group 15 neutral electron
25 donor ligand; L" represents a labile neutral electron donor ligand; x is 1 or

2;y1s0, 1, or 2; WCA represents a weakly coordinating counteranion
complex; and b and d are numbers representing the number of times the
cation complex and weakly coordinating counter anion complex are taken

to balance the electronic charge of the overall catalyst complex.

30
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metal procatalyst is selected from a compound of the formula:
[RML',A"

wherein M represents a Group 10 transition metal; R' represents an
anionic hydrocarbyl ligand; L' represents a Group 15 neutral electron

donor ligand; A' is an anionic leaving group; x is 1 or 2.

10 10. The method of claim 2 wherein at least one of said reactant
streams contains a Group 15 electron donor ligand compound and said

Group 10 transition metal procatalyst is selected from a compound of the

formula:
[RMA',
15
wherein M represents a Group 10 transition metal; R' represents an allylic
ligand; L' represents a Group 15 neutral electron donor ligand; A' is an

ionic leaving group.

20 11. The method of claim 8, 9, or 10 wherein M is selected

from the group consisting of nickel, palladium, and platinum.

12.  The method of claim 8 or 9 wherein R' is selected from the
group consisting of hydrogen; linear and branched C,-C,, alkyl; linear and
25 branched C,-C,, alkenyl; allylic ligands and canonical forms thereof;
substituted and unsubstituted C,-C,, cycloalkyl; substituted and
unsubstituted C,-C,; cycloalkenyl; substituted and unsubstituted C,-C,,
aralkyl; substituted and unsubstituted, C,-C,, aryl; C,-C,, heteroatom
containing aryl; wherein said heteroatom is selected from the group

30 consisting of sulfur, oxygen, nitrogen, phosphorus, wherein the
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ligand selected from the formulae:
'Cd'sz", -Cd'HZd'X_)

10 each of said ligands together with the Group 10 metal form a metallacycle
or heteroatom containing metallacycle, wherein d' represents an integer
from 3 to 10, and X— represents an alkeny] or heteroatom containing

moiety that coordinates to the Group 10 metal center.

15 13.  The method of claim 12 wherein said allylic ligand is

represented by the formula:

R22

wherein R, R*'", and R* each independently represent hydrogen,
halogen, linear and branched C,-C; alkyl, C;-C,y cycloalkyl, linear and

20 branched C,-C; alkenyl, C,-C,, aryl, and C,-C,, aralkyl, each of the
foregoing radicals optionally substituted with a substituent selected from
linear and branched C,-C; alkyl, linear and branched C,-C; haloalkyl,
halogen, and phenyl which can optionally be substituted with linear and
branched C,-C; alkyl, linear and branched C,-C, haloalkyl, and halogen;

25 any two of R*, R?", and R¥ can be linked together with the carbon atoms

to which they are attached to form a cyclic or multicyclic ring, each
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14.  The method of claim 8, 9, or 10 wherein said group
5 15 electron donor ligand is selected from the group consisting of amines,

pyridines, arsines, stibines and organophosphorus containing compounds.

15.  The method of claim 14 wherein said organophosphorus

containing ligand is selected from a compound of the formula:

10
P (R-")g[X'(RT)h]&g
wherein X' is oxygen, sulfur, nitrogen, or silicon; gis 0, 1,2,0r3; his 1,
2, or 3, with the proviso that when X' is a silicon atom, h is 3, when X' is
15 an oxygen or sulfur atom h is 1, and when X' is a nitrogen atom, his 2; R”

is independently selected from hydrogen, linear and branched C,-C,,
alkyl, C,-C,, cycloalkyl, linear and branched C,-C,, alkoxy, allyl, linear
and branched C,-C,, alkenyl, C,-C,, aryl, C(-C,, aryloxy, C.-C,,
arylsulfides, C,-C,; aralkyl, cyclic ethers and thioethers, tri(linear and
20 branched C,-C,, alkyl)silyl, tri(C,-C,, aryl)silyl, tri(linear and branched
C,-C,, alkoxy)silyl, triaryloxysilyl, tri(linear and branched C,-C,,
alkyl)siloxy, and tri(C,-C,, aryl)siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,-C;
alkyl, linear or branched C,-C; haloalkyl, C,-C, alkoxy, halogen, and
25 combinations thereof; when g is 0 and X' is oxygen, any two or 3 of R”
can be taken together with the oxygen atoms to which they are attached to
form a cyclic moiety; when g is 3 any two of R” can be taken together
with the phosphorus atom to which they are attached to represent a

phosphacycle of the formula:
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wherein R is as previously defined and h' is an integer from 4 to 11.

16.  The method of claim 15 wherein g is 3 and R is
independently selected from the group consisting of hydrogen, linear and
branched C,-C,, alkyl, C,-C,, cycloalkyl, linear and branched C,-C,,
alkoxy, allyl, linear and branched C,-C,, alkenyl, C(-C,, aryl, and C,-C,,
aryloxy.

17.  The method of claim 15 wherein said organophosphorus
containing ligand is a phosphine selected from the group consisting of
trimethylphosphine, triethylphosphine, tri-n-propylphosphine,
triisopropylphosphine, tri-n-butylphosphine, tri-sec-butylphosphine,
tri-i-butylphosphine, tri-r-butylphosphine, tricyclopentylphosphine,
triallylphosphine, tricyclohexylphosphine, triphenylphosphine,
trinaphthylphosphine, tri-p-tolylphosphine, tri-o-tolylphosphine,
tri-m-tolylphosphine, tribenzylphosphine,
tri(p-trifluoromethylphenyl)phosphine, tris(trifluoromethyl)phosphine,
tri(p-fluorophenyl)phosphine, tri(p-trifluoromethylphenyl)phosphine,
allyldiphenylphosphine, benzyldiphenylphosphine, bis(2-furyl)phosphine,
bis(4-methoxyphenyl)phenylphosphine, bis(4-methylphenyl)phosphine,
bis(3,5-bis(trifluoromethyl)phenyl)phosphine,
t-butylbis(trimethylsilyl)phosphine, t-butyldiphenylphosphine,
cyclohexyldiphenylphosphine, diallylphenylphosphine,
dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine,
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tris(3-chlorophenyl)phosphine, tris(4-chlorophenyl)phosphine,

10 tris(2,6-dimethoxyphenyl)phosphine, tris(3-fluorophenyl)phosphine,
tris(2-furyl)phosphine, tris(2-methoxyph;nyl)phosphine,
tris(3-methoxyphenyl)phosphine, tris(4-methoxyphenyl)phosphine,
tris(3-methoxypropyl)phosphine, tris(2-thienyl)phosphine,
tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsilyl)phosphine,

15 isopropyldiphenylphosphine, dicyclohexylphenylphosphine,
(+)-neomenthyldiphenylphosphine, tribenzylphosphine,
diphenyl(2-methoxyphenyl)phosphine,
diphenyl(pentafluorophenyl)phosphine,
bis(pentafluorophenyl)phenylphosphine, and

20 tris(pentafluorophenyl)phosphine.

18. The method of claim 8 wherein said labile neutral electron
donor ligand is selected from the group consisting of DMF, DMSO,
cyclooctadiene, water, chlorinated alkanes, alcohols, ethers, ketones,

25 nitriles, arenes, phosphine oxides, organic carbonates and esters.

19.  The method of claim 9 or 10 wherein said anionic leaving
group is selected from the group consisting of halogen, nitrate, triflate,
triflimide trifluoroacetate, tosylate, AlBr,", AlF,, AICl,, AIF,0,SCF;,

30 AsClg, SbCl,, SbF, PF¢, BF,,CIO,, HSO,, carboxylates, acetates,
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cyclohaloalkyl, C,-C,, aryl. and C,-C,, haloaryl, wherein said
5 cyclohaloalkyl and haloaryl groups are monosubstituted or
multisubstituted with a halogen group selected from bromine, chlorine,

fluorine, and iodine.

20.  The method of claim 2, 9, or 19 wherein said procatalyst is

10 selected from a compound of group consisting of
bis(triisopropylphosphine)(hydrido)palla.dium chloride,
bis(triisopropylphosphine)(hydrido)palladium nitrate,
bis(triisopropylphosphine)(hydrido)palladium triflate,
(allyl)palladium(triisopropylphosphine) chloride,

15 (methallyl)palladium(triisopropylphosphine) chloride,
(crotyl)palladium(triisopropylphosphine) chloride,
(allyl)palladium(triisopropylphosphine) trifluoroacetate,
(1,1-dimethyl-n-allyl(triisopropylphosphine)palladium trifluoroacetate,
(2-chloroallyl)palladium(triisopropylphosphine) trifluoroacetate,

20 (allyl)palladium(triisopropylphosphine) triflate,
(crotyl)palladium(triisopropylphosphine) triflate,
(methallyl)palladium(triisopropyiphosphine) triflate,
(allyl)palladium(triisopropylphosphine) triflimide,
(methallyl)palladium(triisopropylphosphine) triflimide,

25 bis(tricyclohexylphosphine)(hydrido)palladium chloride,
bis(tricyclohexylphosphine)(hydrido)palladium nitrate,
bis(tricyclohexylphosphine)(hydrido)palladium trifluoroacetate,
bis(tricyclohexylphosphine)(hydrido)palladium formate,
(allyl)palladium(tricyclohexylphosphine) chloride,

30 (methallyl)palladium(tricyclohexylphosphine )chloride,
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(crotyl)palladium(tricyclohexylphosphine) triflate,

wm

(methallyl)palladium(tricyclohexylphosphine) triflimide,
(allyl)palladium(tricyclohexylphosphine) p-tolylsulfonate,
(allyl)palladium(tricyclohexylphosphine) triflimide.
(allyl)palladium(tricyclopentylphosphine)chloride,
(methallyl)palladium(tricyclopentylphosphine) chloride,
10 (allyl)palladium(tricyclopentylphosphine) triflate,
(crotyl)palladium(tricyclopentylphosphir.ie) triflate,
(methallyl)palladium(tricyclopentylphosphine) triflate,
(allyl)palladium(tricyclopentylphosphine) triflimide,
(methallyl)palladium(tricyclopentylphosphine)triflimide,
15 (allyl)palladium(triisopropylphosphine)C,F,
(allyl)palladium(tricyclohexylphosphine)CF;, and
[(allyl)palladium(HOCH;)(triisopropylphosphine)][B(0O,-3,4.5,6-C1,Cy),]-

21.  The method of claim 3, 8, 9, or 10 wherein said weakly
20 coordinating anion is selected from the group consisting of borates,
aluminates, boratobenzene anions, carborane anions, and halocarborane

anions.

22.  The process of claim 21 wherein the weakly coordinating

25 anion is a borate or aluminate of the formula:
[M'R*)R*)R*)R™)]

wherein M' is boron or aluminum and R*, R¥, R%* and R*”

30 independently represent fluorine, linear and branched C,-C,, alkyl, linear
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aryloxy groups, wherein R?** to R” can not simultaneously represent

5 alkoxy or simultaneously represent aryloxy, and wherein said aryl and

aryloxy groups when substituted are monosubstituted or multisubstituted

and said substituents are independently selected from linear and branched

C,-C; alkyl, linear and branched C,-C; haloalkyl, linear and branched

C,-C; alkoxy, linear and branched C,-C, haloalkoxy, linear and branched

10 C,-C,, trialkylsilyl, C,-C,, triarylsilyl, and halogen selected from chlorine,

bromine, and fluorine.

23.  The process of claim 22 wherein said borate is selected
from the group consisting of tetrakis(pentafluorophenyl)borate,

15 tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tetrakis(2-fluorophenyl)borate, tetrakis(3-fluorophenyl)borate,
tetrakis(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyl)borate,

20 tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
ethyltris(perfluorophenyl)borate, phenyitris(perfluorophenyl)borate,
tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate,
tetrakis(4-dimethyl-tert-butylsilyltetrafluorophenyl)borate,

25 (triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate, tetrakis[3,5-
bis[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyljphenyl]borate,
tetrakis[3-[1-methoxy-2,2.2-trifluoro-1-(trifluoromethyl)ethyl]-5-
(trifluoromethyl)phenyl]borate, and tetrakis[3-[2,2,2-trifluoro-1-(2,2,2-
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24,  The process of claim 22 wherein said aluminate is selected
5 from the group consisting of tetrakis(pentafluorophenyl)aluminate.
tris(nonafluorobiphenyl)fluoroaluminate,
(octyloxy)tris(pentafluorophenyl)aluminate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and
methyltris(pentafluorophenyl)aluminate.
10
25.  The process of claim 21 v;herein the weakly coordinating

anion is a borate or aluminate of the formula:

[M'(OR*)(OR¥)(OR*)(OR™"))

15
M ' is boron or aluminum, R%*, R, R*, and R*" independently represent
linear and branched C,-C,, alkyl, linear and branched C,-C,, haloalkyl,
C,-C,, haloalkenyl, substituted and unsubstituted C,-C,, aryl, and
substituted and unsubstituted C,-C,, aralkyl groups, subject to the proviso

20 that at least three of R to R*" must contain a halogen containing
substituent; OR* and OR? can be taken together to form a chelating
substituent represented by -O-R*-O-, wherein the oxygen atoms are
bonded to M' and R* is a divalent radical selected from substituted and
unsubstituted C,-C,, aryl and substituted and unsubstituted C,- C,, aralkyl,

25 wherein said aryl and aralkyl groups when substituted are
monosubstituted or multisubstituted and said substituents are
independently selected from linear and branched C,-C; alkyl, linear and
branched C,-C, haloalkyl, linear and branched C,-C, alkoxy, linear and
branched C,-C; haloalkoxy, linear and branched C,-C,, trialkylsilyl,
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26.  The process of claim 25 wherein said borate is selected

from the group consisting of [B(O,C.F,),]", [B(OC(CF,),(CH,)).],
[B(OC(CF,),H),T, [B(OC(CF;}(CH;)H),]', and [B(OCH,(CF})).]"-

27 The process of claim 25 wherein said aluminate is selected
from the group consisting of , [AI(OC(CF,),Ph),]’, [AI(OC(CF,),CH,-4-
CHy)J', [ANOC(CEy)y)]', [AOC(CE,)(CHy)H),T, [AOC(CF,)H).J,

[AOC(CF,),C;H,-4-i-Pr),], [AI(OC(CF,),CiH,-4-r-butyl),T,

[Al(OC(CF3)2C6H4‘4'SiMe3)4,]-, [AI(OC(CF3)2C6H4-4-Si-i-PI‘3)4]',

[AIOC(CF,;),CH,-2,6-(CF;),-4-8i-i-Pr,) ],

[Al(OC(CF;),C¢H;-3,5+(CFy),)]', [ANOC(CF,),CeH,-2,4,6-(CF),)4] ', and

[AI(OC(CF3),CéF )]

28. The process of claim 2, 9, or 10 wherein said activator salt

is selected from the group consisting of

lithium tetrakis(pentafluorophenyl)borate,

sodium tetrakis(pentafluorophenyl)borate,

lithium(diethy! ether) tetrakis(pentafluorophenyl)borate,
lithium(diethyl ether), ; tetrakis(pentafluorophenyl)borate,

lithium tris(isopropanol) tetrakis(pentafluorophenyl)borate,

lithium tetrakis(methanol) tetrakis(pentafluorophenyl)borate,

silver tetrakis(pentafluorophenyl)borate,
tris(toluene)silver tetrakis(pentafluorophenyl)borate,

trityl tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
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silver tetrakis[3,5-bis(trifluoromethyl)phenyliborate,
tris(toluene)silver tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
thallium tetrakis[3,5-bis(trifluoromethyl)phenyl}borate, LiB(O.C.F,)..

5 LiB(OC(CH,)XCF,),),, LiAl(OC(CF,),Ph),, LiA(OC(CF,),CH,CH,),,
LiAl(OC(CH,)(CF,),),, LIA(OC(CF,),),, LIAI(OC(CF,),C(H,-4-i-Pr),,
LiAl(OC(CF,),C¢H;-3,5-(CF,),),, LIAI(OC(CF;),C(H,-2,4,6-(CF3),),, and
LiA(OC(CF,),C(F,),.

10 29. The process of claim 1, 2, 3, 8, 9, or 10 wherein said
polycycloolefin monomer composition includes a monomer selected from

a compound of the formula:

R1
R2
R3
R4

m

wherein "a" represents a single or double bond; m is an integer from 0 to

15 5; when "a" is a double bond one of R', R? and one of R*, R* is not
present; and R' to R* independently represent hydrogen, substituted and
unsubstituted linear and branched C,-C,, alkyl, linear and branched C,-C,,,
haloalkyl, substituted and unsubstituted linear and branched C,-C,,
alkenyl, linear and branched C,-C,, haloalkenyl, substituted and

20 unsubstituted linear and branched C,-C,, alkynyl, substituted and
unsubstituted C,-C,, cycloalkyl, substituted and unsubstituted C,-C,,
halocycloalkyl, substituted and unsubstituted C,-C,, cycloalkenyl,
substituted and unsubstituted C,-C,, halocycloalkenyl, substituted and
unsubstituted C,-C,, aryl, substituted and unsubstituted C,-C,, haloaryl

25 and substituted and unsubstituted C,-C,, aralkyl, R' and R? or R? and R*
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10! can be taken together to represent a C,-C,, alkylideny! group,

-(CH,),C(O)NH,, -(CH,),C(0)Cl, -(CH,),C(O)OR’, -(CH,),-OR’,
-(CH,),-OC(O)R’, -(CH,),-C(O)R’, -(CH,),-OC(O)OR’, -(CH,),SiR’,
-(CH,),Si(OR?),, -(CH,),C(O)OR®, and the group:

-CHZOCHZVO

wherein n independently represents an integer from 0 to 10 and R’
independently represents hydrogen, linear and branched C, C,, alkyl,
linear and branched, C,-C,, alkenyl, linear and branched C,-C,, alkynyl,

10 C,-C,, cycloalkyl, C4-C,, aryl, and C,-C,, aralkyl; R® represents a radical
selected from -C(CH,),, -Si(CHj;),, -CH(R"YOCH,CH,, -CH(R")YOC(CH,),,
dicyclopropylmethyl, dimethylcyclopropylmethyl, or the following cyclic
groups:

L oL
O O

15
wherein R represents hydrogen or a linear or branched (C,-C;) alkyl
group; R' and R’ together with the two ring carbon atoms to which they
are attached can represent a substituted or unsubstituted cycloaliphatic
group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted
20 aryl group containing 6 to 18 ring carbon atoms and combinations thereof;

R' and R* can be taken together to form the divalent bridging group,
-C(0)-Q-~(0)C-, which when taken together with the two ring carbon
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from hydrogen, halogen, linear and branched C,-C,; alkyl, and C-C,; aryl.
5 30.  The process of claim 29 wherein said polycycloolefin

composition includes a multifunctional polycycloolefin monomer selected

from the formulae:

QO 00 U= QU

Mn
{ ﬂm [ ]m E jm m [ ] m
10 and mixtures thereof, wherein Y represents a (-CH,-) group and m

independently represents an integer from 0 to 5, and whenmis 0, Y

represents a single bond.

31.  The process of claim 1, 2, 3, 8, 9, or 10 wherein said

15 reaction mixture further comprises a rate moderator selected from the
group consisting of water, tetrahydrofuran, 2-methyltetrahydrofuran,
diethyl ether, methyl-ters-butyl ether, dimethoxyethane, diglyme,
trimethylphosphine, triethylphosphine, tributylphosphine, tri(ortho-
tolyl)phosphine, tri-fert-butylphosphine, tricyclopentylphosphine,

20 tricyclohexylphosphine, triisopropylphosphine, trioctylphosphine,
triphenylphosphine, tri(pentafluorophenyl)phosphine,
methyldiphenylphosphine, dimethylphenylphosphine, trimethylphosphite,
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ly triethylphosphite, triisopropylphosphite, ethyl diphenylphosphinite,

tributylphosphite, triphenylphosphite, diethylphenylphosphonite, and
tribenzylphosphine, 2-cyclohexenone, triphenylphosphine oxide, and

mixtures thereof.

32. A reactant formulation comprising a polycycloolefin
monomer and a Group 10 transition metal procatalyst wherein said
polycycloolefin monomer comprises a multifunctional polycycloolefin
containing at least two polymerizable norbornene-type moieties.

10
33.  The reactant composition ‘c')f claim 32 wherein said

procatalyst is selected from a compound of the formula:
[R'ML', A1

wherein M represents a Group 10 transition metal; R' represents an
anionic hydrocarby! ligand; L' represents a Group 15 neutral electron

donor ligand; A' is an anionic leaving group; x is 1 or 2.

20 34.  The reactant composition of claim 33 wherein M is

selected from the group consisting of nickel, palladium, and platinum.

35.  The reactant composition of claim 33 wherein R' is
selected from the group consisting of hydrogen; linear and branched
25 C,-Cy, alkyl; linear and branched C,-C,, alkenyl; allylic ligands and
canonical forms thereof; substituted and unsubstituted C,-C,, cycloalkyl;
substituted and unsubstituted C,-C,, cycloalkenyl; substituted and
unsubstituted C,-C,, aralkyl; substituted and unsubstituted, C,-C,, aryl;
C¢-C,, heteroatom containing aryl; wherein said heteroatom is selected

30 from the group consisting of sulfur, oxygen, nitrogen, phosphorus,
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and pheny! optionally substituted with linear or branched C,-C; alkyl,
5 linear or branched C,-C, haloalkyl, and halogen; and a hydrocarbyl

containing ligand selected from the formulae:
-CqHag-, -CoHyeX—

10 each of said ligands together with the Group 10 metal form a metallacycle
or heteroatom containing metallacycle, wherein d' represents an integer
from 3 to 10, and X— represents an alkenyl or heteroatom containing

moiety that coordinates to the Group 10 metal center.

15 36.  The reactant composition of claim 35 wherein said allylic

ligand is represented by the formula:

R20

R22

wherein R?, R?", and R* each independently represent hydrogen,
halogen, linear and branched C,-C; alkyl, C,-C,, cycloalkyl, linear and

20 branched C,-C, alkenyl, C,-C,, aryl, and C,-C,, aralkyl, each of the
foregoing radicals optionally substituted with a substituent selected from
linear and branched C,-C; alkyl, linear and branched C,-Cs haloalkyl,
halogen, and phenyl which can optionally be substituted with linear and
branched C,-C; alkyl, linear and branched C,-C, haloalkyl, and halogen;

25 any two of R?, R?, and R¥ can be linked together with the carbon atoms

to which they are attached to form a cyclic or multicyclic ring, each
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37.  The reactant composition of claim 33 wherein said group
5 15 electron donor ligand is selected from the group consisting of amines,

pyridines, arsines, stibines and organophosphorus containing compounds.

38.  The reactant composition of claim 37 wherein said
organophosphorus containing ligand is selected from a compound of the

10 formula:

P(RT); [X' (R7)h] 3-g

wherein X' is oxygen, sulfur, nitrogen, or silicon; gis0,1,2,0r3; his 1,

15 2, or 3, with the proviso that .when X' is a silicon atom, h is 3, when X' is
an oxygen or sulfur atom h is 1, and when X' is a nitrogen atom, h is 2; R”
is independently selected from hydrogen, linear and branched C,-C,,
alkyl, C,-C,, cycloalkyl, linear and branched C,-C,, alkoxy, allyl. linear
and branched C,-C,, alkenyl, C¢-C,, aryl, C,-C,, aryloxy, C-C,,

20 arylsulfides, C,-C,; aralkyl, cyclic ethers and thioethers, tri(linear and
branched C,-C,, alkyl)silyl, tri(C,-C,, aryl)silyl, tri(linear and branched
C,-C,, alkoxy)silyl, triaryloxysilyl, tri(linear and branched C,-C,,
alkyl)siloxy, and tri(C,-C,, aryl)siloxy, wherein each of the foregoing
substituents can be optionally substituted with linear or branched C,-C;

25 alkyl, linear or branched C,-C; haloalkyl, C,-C, alkoxy, halogen, and
combinations thereof; when g is 0 and X' is oxygen, any two or 3 of R”
can be taken together with the oxygen atoms to which they are attached to
form a cyclic moiety; when g is 3 any two of R” can be taken together
with the phosphorus atom to which they are attached to represent a

30 phosphacycle of the formula:
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wherein R is as previously defined and h' is an integer from 4 to 11.

39. The reactant composition of claim 38 wherein g is 3 and

w

R’ is independently selected from the group consisting of hydrogen, linear
and branched C,-C,, alkyl, C,-C,, cycloalkyl, linear and branched C,-C,,
alkoxy, allyl, linear and branched C,-C,, alkenyl, C¢-C,, aryl, and C¢-C,,
aryloxy.

10

40.  The reactant composition of claim 37 wherein said
organophosphorus containing ligand is a phosphine selected from the
group consisting of trimethylphosphine. triethylphosphine,
tri-n-propylphosphine, triisopropylphosphine, tri-n-butylphosphine,

15 tri-sec-butylphosphine, tri-i-butylphosphine, tri-z-butylphosphine,
tricyclopentylphosphine, triallylphosphine, tricyclohexylphosphine,
triphenylphosphine, trinaphthylphosphine, tri-p-tolylphosphine,
tri-o-tolylphosphine, tri-m-tolylphosphine, tribenzylphosphine,
tri(p-trifluoromethyiphenyl)phosphine, tris(trifluoromethyl)phosphine,

20 tri(p-fluorophenyl)phosphine, tri(p-trifluoromethyliphenyl)phosphine,
allyldiphenylphosphine, benzyldiphenylphosphine, bis(2-furyl)phosphine,
bis(4-methoxyphenyl)phenylphosphine, bis(4-methylphenyl)phosphine,
bis(3,5-bis(trifluoromethyl)phenyl)phosphine,
t-butylbis(trimethylsilyl)phosphine, +-butyldiphenyiphosphine,

25 cyclohexyldiphenylphosphine, diallylphenylphosphine,
dibenzylphosphine, dibutylphenylphosphine, dibutylphosphine,
di-z-butylphosphine, dicyclohexylphosphine, diethylphenylphosphine,
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dimethyl(trimethylsilyl)phosphine, diphenylphosphine,
diphenylpropylphosphine, diphenyl(p-tolyl)phosphine,
diphenyl(trimethylsilyl)phosphine, diphenylvinylphosphine,

5 divinylphenylphosphine, ethyldiphenylphosphine,
(2-methoxyphenyl)methylphenylphosphine, tri-n-octylphosphine,
tris(3,5-bis(trifluoromethyl)phenyl)phosphine,
tris(3-chlorophenyl)phosphine, tris(4-chlorophenyl)phosphine,
tris(2,6-dimethoxyphenyl)phosphine, tris(3-fluorophenyl)phosphine,

10 tris(2-furyl)phosphine, tris(2-methoxypheny!)phosphine,
tris(3-methoxyphenyl)phosphine, tris(4-x;1ethoxyphenyl)phosphine,
tris(3-methoxypropyl)phosphine, tris(2-thienyl)phosphine,
tris(2,4,6-trimethylphenyl)phosphine, tris(trimethylsilyl)phosphine,
isopropyldiphenylphosphine, dicyclohexylphenyiphosphine,

15 (+)-neomenthyldiphenyiphosphine, tribenzylphosphine,
diphenyl(2-methoxyphenyl)phosphine,
diphenyl(pentafluorophenyl)phosphine,
bis(pentafluoropheny!)phenylphosphine, and
tris(pentafluorophenyl)phosphine.

20
41. The reactant composition of claim 33 wherein said labile
neutral electron donor ligand is selected from the group consisting of
DMF, DMSO, cyclooctadiene, water, chlorinated alkanes, alcohols,
ethers, ketones, nitriles, arenes, phosphine oxides, organic carbonates and
25 esters.

42,  The method of claim 33 wherein said anionic leaving
group is selected from the group consisting of halogen, nitrate, triflate,
triflimide trifluoroacetate, tosylate, AlBr,, AlF,, AICl,, AIF,0,SCF;,

30 AsCl,, SbCl, SbF,, PF., BF,,ClO,, HSO,, carboxylates, acetates,
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alkyl, linear and branched C,-C; haloalkyl, C,-C,, cycloalkyl, C;-C,,
cyclohaloalkyl, C,~C,, aryl, and C,-C,, haloaryl. wherein said
cyclohaloalkyl and haloaryl groups are monosubstituted or
multisubstituted with a halogen group selected from bromine, chlorine.

fluorine, and iodine.

43.  The reactant composition of claim 33 wherein said
procatalyst is selected from a compound of group consisting of
bis(triisopropylphosphine)(hydrido)palla.c'iium chloride,
bis(triisopropylphosphine)(hydrido)palladium nitrate,
bis(triisopropylphosphine)(hydrido)palladium triflate,
(allyl)palladium(triisopropylphosphine) chloride,
(methallyl)palladium(triisopropylphosphine) chloride,
(crotyl)palladium(triisopropylphosphine) chloride,
(allyl)palladium(triisopropylphosphine) trifluoroacetate,
(1,1-dimethyl-n-allyl(triisopropylphosphine)palladium trifluoroacetate,
(2-chloroallyl)palladium(triisopropylphosphine) trifluoroacetate,
(allyl)palladium(triisopropylphosphine) triflate,
(crotyl)palladium(triisopropylphosphine) triflate,
(methallyl)palladium(triisopropylphosphine) triflate,
(allyl)palladium(triisopropylphosphine) triflimide,
(methallyl)palladium(triisopropylphosphine) triflimide,
bis(tricyclohexylphosphine)(hydrido)palladium chloride,
bis(tricyclohexylphosphine)(hydrido)palladium nitrate,
bis(tricyclohexylphosphine)(hydrido)palladium trifluoroacetate,
bis(tricyclohexylphosphine)(hydrido)palladium formate,
(allyl)palladium(tricyclohexylphosphine) chloride,
(methallyl)palladium(tricyclohexylphosphine )chloride,

10%& () -3

10-t A<YNC8 1! & 10%<<& ()-!!W 109%& ()-!

$10%& ()-3
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halogenated hydrocarbyl selected from hydride, linear and branched C,-C;
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(allyl)palladium(tricyclohexylphosphine) trifluoroacetate,
(allyl)palladium(tricyclohexylphosphine) triflate,
(methally!)palladium(tricyclohexylphosphine) triflate,
(crotyl)palladium(tricyclohexylphosphine) triflate,

5 (methallyl)palladium(tricyclohexylphosphine) triflimide,
(allyl)palladium(tricyclohexylphosphine) p-tolylsulfonate,
(allyl)palladium(tricyclohexyiphosphine) triflimide,
(allyl)palladium(tricyclopentylphosphine)chloride,
(methallyl)palladium(tricyclopentylphosphine) chloride,

10 (allyl)palladium(tricyclopentylphosphine) triflate,
(crotyl)palladium(tricyclopcntylphosphiﬁe) triflate,
(methallyl)palladium(tricyclopentylphosphine) triflate,
(allyl)palladium(tricyclopentylphosphine) triflimide,
(methallyl)palladium(tricyclopentylphosphine)triflimide,

15 (allyl)palladium(triisopropylphosphine)CF,
(allyl)palladium(tricyclohexylphosphine)CF,, and
[(allyD)palladium(HOCH, )(triisopropylphosphine)][B(0,-3 .4.5,6-Cl1,Cy),].

44. A reactant composition comprising a polycycloolefin
20 monomer wherein said polycycloolefin monomer comprises a
muitifunctional polycycloolefin containing at least two polymerizable

norbornene-type moieties and an activator salt of the formula:

[C(L"),], [WCA],
25
wherein C represents a proton, an alkaline earth metal cation, a transition
metal cation or an organic group containing cation, L" is a labile neutral
electron donor ligand, and WCA is a weakly coordinating counteranion,
z is an integer from 0 to 8, and b and d represent the number of times the

30 cation complex and weakly coordinating counteranion complex,
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45.  The composition of claim 44 wherein said Group 1
5 element cation is selected from the group consisting of a proton, lithium,

sodium, and potassium; said Group II metal cation is selected from the

group consisting of beryllium, magnesium, calcium, strontium, and

barium; said transition metal cation is selected from the group consisting

of zinc, silver, and thallium; and said organic group cation is selected

10 from ammonium, phosphonium, carbonium and silylium cations.

46.  The reactant composition of claim 45 wherein said

ammonium cation is selected from a compound of the formulae:

15 [NHR",J", [NR*J"

wherein R*" independently represents a hydrocarbyl, silylhydrocarbyl, or

perfluorocarbyl group, each containing 1 to 24 carbon atoms.

20 47.  The reactant composition of claim 45 wherein said

carbonium cation is selected from a compound of the formula:
[R*,CT

25 wherein R*" independently represents a hydrocarbyl, silylhydrocarbyl, or

perfluorocarbyl group, each containing 1 to 24 carbon atoms.

48.  The reactant composition of claim 44 wherein said weakly

coordinating counteranion is selected from the group consisting of
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49.  The reactant composition of claim 48 wherein the weakly

5 coordinating anion is a borate or aluminate of the formula:
[MR*)R*)R*)R™)]

wherein M' is boron or aluminum and R*, R¥, R* and R?

10 independently represent fluorine, linear and branched C,-C,, alkyl, linear
and branched C,-C,, alkoxy, linear and branched C,-C, haloalkenyl, linear
and branched C,-C,, trialkylsiloxy, C,.-C;, triarylsiloxy, substituted and
unsubstituted C,-C,, aryl, and substituted and unsubstituted C,-C,,
aryloxy groups, wherein R?* to R¥’ can not simultaneously represent

15 alkoxy or simultaneously represent aryloxy, and wherein said aryl and
aryloxy groups when substituted are monosubstituted or multisubstituted
and said substituents are independently selected from linear and branched
C,-C, alkyl, linear and branched C,-C, haloalkyl, linear and branched
C,-C; alkoxy, linear and branched C,-C, haloalkoxy, linear and branched

20 C,-C,, trialkylsilyl, C,-C,, triarylsilyl, and halogen selected from chlorine,

bromine, and fluorine.

50.  The reactant composition of claim 49 wherein said borate
is selected from the group consisting of tetrakis(pentafluorophenyl)borate,
25 tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tetrakis(2-fluorophenyl)borate, tetrakis(3-fluorophenyl)borate,
tetrakis(4-fluorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyl)borate,
30 tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
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L10% () - Flo(y&téu)aki’é(4119%5&')4)2&1§1ﬁfltetraﬂuorophenyl)borate,
tetrakis(4-dimethyl-rers-butylsilyltetrafluorophenyl)borate,

5 (triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate, tetrakis[3,5-bis[1-methoxy-2.2.2-
trifluoro-1-(trifluoromethyl)ethyl)phenyl]borate,
tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl}-5-
(trifluoromethyl)phenyl]borate, and tetrakis[3-[2,2,2-trifluoro-1-(2.2,2-

10 trifluoroethoxy)- 1-(trifluoromethyl)ethyl]-5-
(trifluoromethyl)phenyljborate. '

51.  The reactant composition of claim 49 wherein said
aluminate is selected from the group consisting of
15 tetrakis(pentafluorophenyl)aluminate,
tris(nonafluorobiphenyl)fluoroaluminate,
(octyloxy)tris(pentafluorophenyl)aluminate,
tetrakis(3,5-bis(trifluoromethyl)phenyl)aluminate, and

methyltris(pentafluorophenyl)aluminate.

20
52.  The reactant composition of claim 48 wherein the weakly
coordinating anion is a borate or aluminate of the formula:
[M'(OR™)(OR™)(OR*)(OR*")]
25

M ' is boron or aluminum, R*¥, R?”, R*, and R*" independently represent
linear and branched C,-C,, alkyl, linear and branched C,-C,, haloalkyl,
C,-C,, haloalkenyl, substituted and unsubstituted C,-C,, aryl, and
substituted and unsubstituted C,-C,, aralkyl groups, subject to the proviso

30 that at least three of R* to R*" must contain a halogen containing
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substituent; OR? and OR® can be taken together to form a chelating
substituent represented by -O-R*?-O-, wherein the oxygen atoms are
bonded to M' and R¥ is a divalent radical selected from substituted and
unsubstituted C¢-C,, aryl and substituted and unsubstituted C,- C,, aralkyl.
5 wherein said aryl and aralkyl groups when substituted are
monosubstituted or multisubstituted and said substituents are
independently selected from linear and branched C,-C; alkyl, linear and
branched C,-C; haloalkyl, linear and branched C,-C, alkoxy, linear and
branched C,-C; haloalkoxy, linear and branched C,-C,, trialkylsilyl,

10 C-C,; triarylsilyl, and halogen selected from chlorine, bromine, and
fluorine. '
53.  The reactant composition of claim 52 wherein said borate

is selected from the group consisting of [B(O,C,F,),],
15 [B(OC(CF;),(CHy)),J, [B(OC(CF3),H),J, [B(OC(CF;)(CH;)H),], and
[B(OCHy(CFy)),].

54 The reactant composition of claim 52 wherein said
aluminate is selected from the group consisting of , [AI(OC(CF,),Ph),],
20 [AI(OC(CF,),C;H,-4-CH,),]’, [AI(OC(CF;),).], [A(OC(CF,)(CH;)H),T,
[AIOC(CF,),H),], [Al(OC(CF,),CH,-4-i-Pr),], [A(OC(CF,),C;H,-4-1-
butyl),]’, [AI(OC(CF,),CH,-4-SiMe,),.T, [A(OC(CF,),CH,-4-Si-i-Pr,),],
[AI(OC(CF,),C(H,-2,6~(CF;),-4-Si-i-Pr;),],, [A{OC(CF,),C(H;-3,5-
(CF3)y)d], [AOC(CF,;),C¢H,-2,4,6-(CF,)y),], and [AOC(CF;),C(Fs),].
25
55.  The reactant composition of claim 44 wherein said
activator salt is selected from the group consisting of lithium
tetrakis(pentafluorophenyl)borate,
sodium tetrakis(pentafluorophenyl)borate,
30 lithium(diethyl ether) tetrakis(pentafluorophenyl)borate,
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lithium tris(isopropanol) tetrakis(pentafluorophenyl)borate,
lithium tetrakis(methanol) tetrakis(pentafluorophenyl)borate, silver
tetrakis(pentafluorophenyl)borate, tris(toluene)silver
5 tetrakis(pentafluorophenyl)borate, trity! tetrakis(pentafluorophenyl)borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
sodium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyljborate,

10 silver tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
tris(toluene)silver tetrakis[3,5-bis(uiﬂuofbmethyl)phenyl]borate,
thallium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, LiB(O,C,F,),,
LiB(OC(CH,)(CF,),),, LIAI(OC(CF,),Ph),, LiAl(OC(CF,),C,H,CH,),,
LiAl(OC(CH,)(CF,),),, LIAI(OC(CF,),),, LiAl(OC(CF,),CH,~4-i-Pr),,

15 LiAl(OC(CF,),C¢H,-3,5-(CF,),),, LiIAI(OC(CF,),CH,-2,4,6-(CF,),),, and
LiAI(OC(CF,),CFy),.

56. The reactant composition claim 32, 33, 43, 44, 48, or 55

wherein said polycycloolefin comprises a monomer selected from a

20 compound of the formula:
R1
R2
a
R3
M \ng
wherein "a" represents a single or double bond; m is an integer from 0 to

5; when “a" is a double bond one of R', R? and one of R®, R* is not
25 present; and R' to R* independently represent hydrogen, substituted and

unsubstituted linear and branched C,-C,, alkyl, linear and branched C,-C,,



10%& ()- (SLO%& ()-& 10%¢& ()-{222222Z0o\\bC 1010% ()-F
S: 109 ()-8210% ()-" 10% ()- 10b 10b 10b7410%¢& ()- \]a]]]]’\a’>bC

10! " 109& () - |

S109& ()-!!F10%& ()-""TA""0_v_aBbC 10!

109& ()-F3 109 ()-Y 109%& ()-I

0%& (
CU100& ()- C*10%& ()- ! "100& ()-v_ 2‘17‘1 ‘@ 10! SE10% & ()-
710% () -1 YA10%& ()-! & YA10%& ()- Tove ()-""'Fa anadE] @ 10
10% & ()-10% & ()-3 : 10% & ()- 10%& ()- S 10%{& ()-
10% & () - a) bob| hilbAlk§Bsub@itutét Al unkGBekitited fmear and branched C,-C,,

10

15

20

alkenyl, linear and branched C,-C,, haloalkenyl, substituted and
unsubstituted linear and branched C,-C,, alkynyl, substituted and
unsubstituted C,-C,, cycloalkyl, substituted and unsubstituted C,-C,,
halocycloalkyl, substituted and unsubstituted C,-C,, cycloalkenyl,
substituted and unsubstituted C,-C,, halocycloalkenyl, substituted and
unsubstituted C,-C,, aryl, substituted and unsubstituted C,-C,, haloaryl
and substituted and unsubstituted C,-C,, aralky], R' and R? or R* and R*
can be taken together to represent a C,-C,, alkylidenyl group,
-(CH,),C(O)NH,, -(CH,),C(0)Cl, -(CH,),C(O)OR?, -(CH,),-OR’,
-(CH,),.OC(O)R?, -(CH,),-C(O)R?, -(CH;)n-OC(O)ORs, -(CH,),SiR?,
-(CH,),Si(OR?%),, ~(CH,),C(O)OR’, and the group:

-CHZOCszo

wherein n independently represents an integer from 0 to 10 and R’
independently represents hydrogen, linear and branched C,-C,, alkyl,
linear and branched, C,-C,, alkenyl, linear and branched C,-C,, alkynyl,
C,-C,, cycloalkyl, C(-C,, aryl, and C,-C,, aralkyl; R°® represents a radical
selected from -C(CH,),, -Si(CH,),, ~CH(RYOCH,CH,, -CH(R"YOC(CH,),,
dicyclopropyimethyl, dimethylcyclopropylmethyl, or the following cyclic

groups:

3 N 2008
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10 10 10
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wherein R’ represents hydrogen or a linear or branched (C,-C;) alkyl

group; R' and R* together with the two ring carbon atoms to which they
are attached can represent a substituted or unsubstituted cycloaliphatic
5 group containing 4 to 30 ring carbon atoms, a substituted or unsubstituted

aryl group containing 6 to 18 ring carbon atoms and combinations thereof;
R' and R’ can be taken together to form the divalent bridging group,
-C(0)-Q-(0)C-, which when taken together with the two ring carbon
atoms to which they are attached form a pentacyclic ring, wherein Q

10 represents an oxygen atom or the group N(R®), wherein R® is selected

from hydrogen, halogen, linear and branched C,-C,, alkyl, and C,-C; aryl.

57.  The reactant composition of claim 55 wherein said
multifunctional polycycloolefin monomer includes a monomer selected

15 from a compound of the formula:

O Q0 O O

MmN
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5 58.  The reactant composition of claim or 56 wherein said

multifunctional polycycloolefin monomer is present in a range from 0.25

t0 99.75 mole % of the total polycycloolefin monomer composition.

59. The reactant composition of claim 32, 33, 43, 44, 48, 55 or

10 56 wherein said composition further comprises a rate moderator selected
from the group consisting of water, tetraﬂydrofuran,
2-methyltetrahydrofuran, diethyl ether, methyl-ters-butyl ether,
dimethoxyethane, diglyme, trimethylphosphine, triethylphosphine,
tributylphosphine, tri(ortho-tolyl)phosphine, tri-tert-butylphosphine,

15 tricyclopentylphosphine, tricyclohexylphosphine, triisopropylphosphine,
trioctylphosphine, triphenylphosphine, tri(pentafluorophenyl)phosphine,
methyldiphenylphosphine, dimethylphenylphosphine, trimethylphosphite,
triethylphosphite, triisopropylphosphite, ethyl diphenylphosphinite,
tributylphosphite, triphenylphosphite, diethylphenylphosphonite, and

20 tribenzylphosphine, 2-cyclohexenone. triphenylphosphine oxide, and

mixtures thereof.

60. A salt composition comprising a compound of the
formula:

25
C(L")[WCA]

wherein C is lithium or sodium, L” is an alcohol and z is an integer
between 2 and 8 inclusive, and WCA is a weakly coordinating

30 counteranion.
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' 10%& () - Q hUa?MP1fhq unsubstituted C,-C,, cycloalkyl, substituted and unsubstituted C-C,

aryl, substituted and unsubstituted C,-C,; aralkyl, and substituted and
unsubstituted norbornenyl wherein said substituents in said substituted
groups are independently selected from linear and branched C,-C,, alkyl.
linear and branched C,-C, haloalkyl, linear and branched C,-C, alkoxy,

10 C,-C,, aryl, and halogen selected from chlorine, bromine, and fluorine.

62.  The salt composition of claim 61 wherein said alcohol is
selected from methanol, ethanol, n-propanol, isopropanol, #-butanol, and
5-norbornene-2-methanol.

15
63.  The salt composition of claim 60 wherein said weakly

coordinating counteranion is selected from borate or aluminate.

64.  The salt composition of claim 63 wherein the weakly

20 coordinating anion is a borate or aluminate of the formula:
[M(R YR YR®YR™)]

wherein M' is boron or aluminum and R, R*, R¥, and R

25 independently represent fluorine, linear and branched C,-C,, alkyl, linear
and branched C,-C,, alkoxy, linear and branched C;-C, haloalkenyl, linear
and branched C,-C,, trialkylsiloxy, C,4-Cs, triarylsiloxy, substituted and
unsubstituted C,-C,, aryl, and substituted and unsubstituted C,-C,,
aryloxy groups, wherein R? to R?" can not simultaneously represent

30 alkoxy or simultaneously represent aryloxy, and wherein said aryl and
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C,-C, alkyl, linear and branched C,-C; haloalky}, linear and branched

C,-C, alkoxy, linear and branched C,-C; haloalkoxy, linear and branched

om linear and

5 C,-C,, trialkylsilyl, C¢-C,, triarylsilyl, and halogen selected from chlorine,
bromine, and fluorine.

65.  The salt composition of claim 64 wherein said borate is
selected from the group consisting of tetrakis(pentafluorophenyl)borate,

10 tetrakis(3 ,5-bis(triﬂuoromethyl)phenyl)bprate,
tetrakis(2-fluorophenyl)borate, tetrakis(3 ;ﬂuorophenyl)borate,
tetrakis(4-fluorophenyl)borate, temkis(B,S-diﬂuorophenyl)boratc,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyl)borate,

15 tetrakis(3,4,5-trifluorophenyl)borate, methyltris(perfluorophenyl)borate,
ethyltris(perfluorophenyl)borate, phenyltris(perfluorophenyl)borate,
tetrakis(1,2,2-trifluoroethylenyl)borate,
tetrakis(4-tri-i-propylsilyltetrafluorophenyl)borate,
tetrakis(4-dimethyl-ters-butylsilyltetrafluorophenyl)borate,

20 (triphenylsiloxy)tris(pentafluorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,
tetrakis[3,5-bis[l-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyllphenyllborate,
tetrakis[3-[1-methoxy-2,2,2-trifluoro-1-(trifluoromethyl)ethyl}-5-

25 (trifluvoromethy!)phenyi]borate, and
tetrakis{3-{2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-
(trifluoromethyl)ethyl]-5-(trifluoromethyl)phenyl]borate.

66.  The salt composition of claim 64 wherein said aluminate is

30 selected from the group consisting of
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M is boron or aluminum, R*, R¥, R*, and R* independently represent
linear and branched C,-C,, alkyl, linear and branched C,-C,, haloalkyl,
C,-C, baloalkenyl, substituted and unsubstituted C,-C,, aryl, and

15 substituted and unsubstituted C,-C,, aralkyl groups, subject to the proviso
that at least three of R** to R must contain a halogen containing
substituent; OR? and OR* can be taken together to form a chelating
substituent represented by -O-R**-O-, wherein the oxygen atoms are
bonded to M' and R is a divalent radical selected from substituted and

20 unsubstituted C,-C,, aryl and substituted and unsubstituted C,- C,, aralkyl,
wherein said aryl and aralkyl groups when substituted are
monosubstituted or multisubstituted and said substituents are
independently selected from linear and branched C,-C, alkyl, linear and
branched C,-C; haloalkyl, linear and branched C,-C, alkoxy, linear and

25 branched C,-C, haloalkoxy, linear and branched C,-C,, trialkylsilyl,
C¢-C,, triarylsilyl, and halogen selected from chlorine, bromine, and

fluorine.

68.  The salt composition of claim 67 Wwherein said borate is
30 selected from the group consisting of [B(O,C.F.).T,
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monomer mixture comprising a polycycloolefin containing one

polymerizable norbomene-type moiety and a multifunctional
polycycloolefin containing at least two polymerizable norbomene-type

20 moieties.

72.  The crosslinked addition polymer of claim 71 wherein said
monomer mixture comprises from 0.25 to 99.75 mole % of a
multifunctional polycycloolefin monomer.
25
73.  The crosslinked addition polymer of claim 71 wherein
multifunctional polycycloolefin monomer includes a monomer selected

from a compound of the formula:
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and mixtures thereof, wherein Y represents a (-CH,-) group and m
independently represents an integer from 0 to 5, and whenmis 0, Y
5 represents a single bond.

74.  The multifunctional polycycloolefin monomer set forth in
claims 71 wherein said monomer is selected from a

composition of the formula:

10
R
wherein “a" independently represents a single or double bond, m
independently is an integer from 0 to 5, R’ is a divalent radical selected
from divalent hydrocarbyl radicals and divalent ether radicals.
15

75.  The multifunctional polycycloolefin monomer of claim 74
wherein said hydrocarbyl radical is selected from C, — C,, alkylene

radicals and divalent aromatic radicals.
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76.  The multifunctional polycycloolefin monomer of claim 74
wherein said divalent ether radical is selected from a radical of the

formula -R"-0-R"-, wherein R" represents a hydrocarbyl radical.

77.  The multifunctional polycycloolefin monomer of claim 76
wherein R independently is selected from the group consisting of C,-C,,

alkylene, divalent aromatic radicals, and combinations thereof.



