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¢ OPTI CAL 5 WAVEGUI DES; OPTI CAL WAVEGUI DES FORMED THEREFROM  AND SZBBR
MAKI NG SAME RELATED APPLI CATI ON DATA 10 This application clains priority to
previously filed U S. Provisional Application No. 60/221,420, filed on July
28, 2000, entitled "Polymeric Conpositions for Form ng Optical Wavegui des;
Optical Wavegui des Forned Therefrom and Methods for Mking Sanme", and U. S
Provi sional Application No. 60/252,251, filed on Novenber 21, 2000 entitled
“Pol ymeric Conpositions for 15 Formi ng Optical Wavegui des; Optical
Wavegui des Forned Therefrom and Methods for Mking Sane", both of which
are i ncorpQGﬁt_eéiPaﬁ& ' tt% reference in their entireties. FIELD OF THE
| NVENTI ON 20U&h @hﬂl‘ CRIMBOSIHIONS FQR FQRMING QBRIGALI y to pol yneric
copposi tions for'VAMESHIPES: ORTICALMAVERYIRES FRRMER THEREBROMg such
optical wavegui deNDIMETHQODS FORMAKINGSBAMEU! ar, the present invention
relates to polyners made fromat | east one cyclic ol efin nononmer which can
be used to formoptical wavegui des using either a clad-first or core first

t echni que. 25 BACKGROUND OF glm,mg for continuous

I ncrease in transm ssi on speed, a density in

i tDegrat ed opti CHiis apgliciionadigitiy Sivrity € prvidushRAsdhes) Frb@sidRkLl vat i ng
force behind nunerous innovations in areas of broadband 30 conmuni cati ons,

hi gh- capaciABPlicatien Mt P8R % 42@dled andulya2®2096; estitlethtPglpmesibl e
informatio ' ; t X tical, fikers e routinely used for
hi gh- speeg:lrbd(gjai‘k1 Qg%lﬁéﬁss fgé rl'-kbgl'j'gr?g ?jgﬁ'ég]d\ﬁ}é‘y 3%‘6'8@",3'. @H{Sﬁ] g&@"?%@?ﬁlgﬂﬁ@‘ﬁ f or
~conpl ex hi gthedtefising undiMetiblis Yo IAERME Bhe't, BAKIU B PhodsRdhl XppRARbn No.
~durability and high cost 1
60/252,251, filed on November 21, 2000 entitied "Polymeric Compositions for
156 - Forming Optical Waveguides; Optical Waveguides Formed Therefrom: and
Methods for Making Same", bath of which are incorporated herein by reference in

their entireties.

FIELD OF THE INVENTION

20 The invention herein déscribed relafes generally to polymeric

compaositions for forming optical waveguides and methods for forming such
optical waveguides using the same. In particular, the present invention relates to
pclymers made from at least one cyclic olefin monomer which can be used to

form optical waveguides using either a clad-first or core first technique.

25
BACKGROUND OF THE INVENTION
The demand for continuous increase in transmission speed, data capacity
and data density in integrated optical and optoelectronic circuits has been the
motivating force behind numerous innovations in areas of broadband
30 -communications, high-capacity information storage, and large screen and

portable information display. Although glass optical fibers are routinely used for
high-speed data transfer over fong distances, they are inconvenient for complex

high-density circuitry because of their high density, poor durability and ‘high cost

1




28 DEC. 2004 of fabrication for conplex photonic circuits. As suggéﬁ -
polynmeric materials hold great prom se for constructing cost ef ﬁﬁaknam4
reliable, passive and active integrated conponents capabl e of performn ng
the required functions for integrated optics. 5 SUMVARY OF THE | NVENTI ON
The present invention relates generally to polyneric conpositions for
form ng optical wavegui des and nethods for form ng such optical wavegui des
using the s rticul the present invention relates to polyners

. In r, . ) .
made 10 fr ”qaélagff%ﬁ%me%nfpt%m'gﬁtrﬁu'ﬁ%naﬁ@'ucmhpfamrr@aﬁm@teua@dnql@_ form

optical wa | LS ' d fl:rSt 0 . techni que. In
ohe. embod: SEre PR relelstlEtng o6 hechi e Mo By Aby BYS rer
conposi t i onstefyrates dohpumediie casabiie ot peEORAREIhE reQlifdPRcEoreRiresent ed by |
the follow,ng structure: 15 20 F wherein each X'" independently represents
oxygen, ni thtegeed optiesr . or a 25 nethyl ene group of the fornula -(CHz), ;-
V\,hgre n' is an integer of 1 to 5; "a" represents a single or double bond;
R™“to R independently represent a hydrogen, a hydrocarbyl, or a functional
substituent; and mis an int GUANMARIGE TREINVENTIGNE proviso that when
"a" is a double bond one of R, Rz and one of R3, R are not present. 30 2
The present invention relates generally to polymeric compositions for

forming optical waveguides and methods for forming such optical waveguides
using the same. In particular, the present invention relates to polymers made
10 from at least one cyclic olefin monomer which can be used to form optical
‘waveguides using either a clad-first or core first techlnique.
| In one embodiment, the present invention relates to polycyclic polymer
compositions formed from one or more monomers or oligomers represented by

the following structure:

15

20
‘wherein each X" independently represents oxygen, nitrogen, sulfur, or a

25 ~methylene group of the formula -(CH,),- where n’ is an integer of 1 fo 5; "a”
represents a single or double bond; R' to R* independently represent a
hydrogen, a hydrocarbyl, or a functional substituent; and m is an integer from 0 to
5, with the proviso that when “a” is a double bond one of R', R? and one of R?, R*
are not present.
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20 DEC 2004 In anot her enbodinment, R to R independently conprises a
hydrocarbyl, a hal ogenated hydrocarbyl or a perhal ogenated hyd} dc&Ffy L0
group which are selected from i) linear or branched C, -C, o al kyl groups;
ii) linear or branched C~ C,o al kenyl groups; iii) linear or branched CZ
C, o al kynyl groups; iv) CQC, Z 5 cycloal kyl groups; v) ¢4 C, 2 cycl oal kenyl
groups; vi) C C /2 aryl groups; and vii) C -C24 aral kyl groups, provided

embod; ment - one of Shotet eibdintert R IR et orsfisa Bvdrocadm.
Y e R RS it i
5 b S ko cnl soun s o .
iOn '[Si@é zf)f,roar‘r"aczg g%%@:f_b A ! 'fri]!ﬁ%"r i aRe r Qpé?vel@!mngl gr@ﬁpé:ssg);d srga?i .
or branchedmé CZg)n%ﬁ g??' g?o%ﬁ%za Iiéﬁg%!ﬁﬁ%rr ra@h%ée, r%ﬂg?'o%‘éﬂ)ed or

per hal ogenatCetapkglkylgtroups, provideddhabat lbastrarteedf R2tdROisad K bafhyPup, a
| i near or br ed CZ C o al kynyl group, a C5 C, Z cycl oal kyl group, a Cs
C 4 aryl 'grgup, 'a C6 C, 4 hal ogenated or perhal ogenated aryl group and a

C, C24 aral kyl gr ; ' - Si 3,

CotR ) Carhs So R dERl ehle oS R] Rt o oups:
/| ~~ F5~cF5sabstitugnt independertlyesaiéctet drohd L (OMY, NOH(GP,)20-SifPEC 2004 and
- )z 5 V@Hj?lﬁ IE reprg:rs"_gnts a hydrogen or a linear or b Anched (C~ -
s a|OI kyl grotiph ¢ HUsEaO- _t(ﬂ&H:_erréBdh_ ')nf@hl(QFg)z-@}Q(%O-Q()@blg)gj tion in
“accor dance WH]_ t R esgnt is om,one. ar. re mMonomers
or oligomers a§)"d(2§%:%)5§3_nﬁgir"]gél)g@{@%@_&nﬂpﬁg{nﬁﬁ)% f @'&%&(&)O@)re

crossl i nki ngCyprDOR?, -IOHE) QO ED YR qcﬂzﬂ]_@@)lﬁisi ﬁ%?‘ﬁ?%c s ment, the one

or nore cros?I I ?ki ng agents are |atent ‘cross d agents. ’'In one
T,

enbodi ment , ~ IR bad(CHonSiERs HGH)nG-SigRT;, arah-(G1,), BEOTORN auisteBheW
bel ow. ~ i ﬂ'n%eﬁeﬁﬂé]‘?tly represents an integer from 0 to 10, R® independently represents a
15 hydrogen, a linear or branched C, C,, alkyl group, a linear or branched C,C,
halogenated or perhalogenated alkyl group, a linear or branched C,-C,, alkenyi
group, a linear or branched C,-C,, alkynyl group, a C:-C,, cycloalkyl group, a
C¢-C,4 aryl group, a C,-C,, halogenated or perhalogenated aryi group and a C-
Co, aralkyl group; and R® is selected from -C(CH.),, -Si(CHy),, -CH(R")OCH,CH,,
20 -CH(R)OC(CH,), or one of the following cyclic groups:

HC CH,
0 6"
. R7 R7
0 0 0
25 ) 0O 0
. : o

or one of the following:

30



I n yet another enbodinent, the one or nore crosslinking agents gre e
represented-by one or nore of the follow ng structures: 20 and § B“L Lﬂ%@
DEC 2004 In yet another enbodi ment, the present invention relates to

pol ycyclic pol ymer conpositions formed fromone or nore nononers or

ol igoners represented by the following structure: 5 10 wherein each X'

i ndependently represents oxygen, nitrogen, sulfur, or a nethylene group of
the formula -(CHzZ)",- where n' is an integer of 1 to 5; Q 15 represents an
oxygen atom or the group N(RB:§7R8is sel ect rom hydrogen, a hal ogen, a

| i near or branched C -C o0 alky\/ and C6 C, 8 gﬁ;{; and mis an integer from
0 to 5. In yet another enbodi ngnt, a polycycliic pol ymer conposition forned

from one or nore nononers repr€dEntaddby the 0 ng structure: 20 /~ ~(R
); 25 Rl 1~2 'R2D wherein X'' jrepresents oxygen, nitrogen, sulfur, or a

met hyl ene group of the fornul (CHZ),;- where n' is an integer of 1 to 5;
R~ is deuterium "i" is an integer ranging fromO to 6, with the proviso
tHat when "i" is 0, at least one of R and RZ 30 nust be present; R and Rz

| ndependentps iRt eRpbséhtShRI6Gen Br AXAESF8F B¥nchad (C, - C.) alkyl group.
In still another embodiment, a polymer composition in accordancé with the
-present invention is formed from one or more monomers or cligomers as
described herein in combination with one or more crosslinking agents.
10 Furthermore, in still another embodiment, th.e one or more crosslinking agents
are latent crosslinking agents.
In one embodiment, the at least one crossiinking agent can be the

compound shown below:

Si

15 @/\o \o/\@ |

In yet another embodiment, the one or more crosslinking agents are

N
s

represented by one or more of the following structures:

O OO

20

25




. . _ 25 DEC Epﬂz}
28 -DEC 2004 .or a functional substituent; and R and RZ, which are optional,
:independent|ly represent a deuteriumatomor a deuteriumenriched

hydr ocar byl group containing at |east one deuteriumatom |n another

enbodi ment, a polymer conposition for use in a waveguide is 5 produced from
one or nore nononers or oligonmers described. In still another enbodi nent, a
pol ymer conposition according to the present invention further includes at

| east one crossl jnki RIS i rent he cross]inking.agent is
a | atent Crosslihﬂ%#gghgen?%m$#@n%ﬁg§§%38%%5§ﬁ?Y_wpéeéﬁﬁﬁkiﬁlﬁﬁﬁgmip t hat
i t provi despaipinemednifdsitiong dsintdPREmEHE Br Hﬁr@\ﬁoﬁdﬁ@erﬁs%ﬂlﬁ?b%r@f opti cal
wavegui des having better performance qualities such as, fof" exanple, a

di f f er ence ‘ERAFSeMHed ik the follpwtng strigidesx of the core material versus that of
the clad material of at |east about 0.00075 (i.e., at |east about 0.05%
where the clad or cladding material ha fractive index of about 1.5)
fog over a broad wavel ength range (e. abouyt 400 15 to about 1600 nm;

| ower intrinsic optical loss (lower t 1 dB/cmand in sonme cases

| ower than about 0.5 dB/cm; a hi.gh dl nsition tenperature (TQ)
(e.g., in one enbodinent at |east abou C, lin anot her enbodi nent at

| east about 250 C, and in sone cases about 280 C). Additionally,
the present invention is advantageousSi it provides core 20 and/or

cl addi ng conpositions which can have a\l ow visggsity or viscosities so as
including ink jet printers,
sgreen . printers or stencil printers./Furthernore, the discl osed

.C Pe-first method for form ng opttﬁ i s advantageous in that it
‘pernmits the formation of optical vegui w tha reduction and/ or
elimnation in the occurrence of 25 "swelTing" between | ayers (see Figures
5A and 5B for a photographic depiction of "swelling"”). Thus, the core-first
met hod permits the formation of inproved wavegui des. The foregoing and

ot her f-eat ¥erest eas X'riodepensenty seprasentsadtygent nittogedesuifirhedaand

articul arl Ot e t he ¢l aj the follow ng desc tpon and 30
!to he annexe gﬁlg}dm%eggrogjét?ﬁtﬁ%tfqr Lﬁ%'écﬂ}%ﬁt‘ﬁﬁ'?redhés Bp Ipger ‘i)flr" E%?’r@t ive
erBodi ment g atfts BRG ' ' . 88 i i-ndi i Ve,
however, of eELet'S onSe or xﬁ@f@ﬁ@ﬂ%r?fo? ﬁjeé Qmﬂ§®%§sgﬁﬁﬁﬁ‘?§ﬁ°ﬁ’ég‘gﬁ9§@r SI es of
t he i nvent ifgogey, alineamirdyancheBRTEE, DERIRERTICIC QRrfIHENORAY HORitbgét gure 1

is a step (%%rég{ndgf the steps of a clad-first wavegui de formation nethod,
Fi gures 2A 't K 'pi ct wavegui de structures forned using the clad-first

met hod of Fi gur énlyet another embodiment, a polycyclic polymer composition formed from

“one or more monomers represented by the following structure:
20

(R®);

| 25 : R0 R‘l R2 RZD

wherein X" represents oxygen, nitrogen, suifur, or a methylene group of the
formula -(CH,),- where n’ is an integer of 1 to 5; R” is deuterium, “i’ is an integer
ranging from 0 to 6, with the proviso that when “” is 0, at least one of R'° and R?°

30 must be present; R' and R* independently represent a hydrogen, a hydrocarbyl,

5



Figure 3 is a step diagramof the steps of a core-first wavegui geﬁgfgg&,tifn
10 nethod of the present invention; Figures 4A to 4D are another $ét- f2004
wavegui des formed using the corefirst nmethod of the present invention;

Fi gures 5A and 5B are photographs conparing the clad-first wavegui de
formng nethod of Figure 1 to the core-first wavegui de form ng nethod of
Figure 15 3; Figure 6 is a step diagramof the steps of a nodified

core-first waveguide formation nmeth e present invention; Figures 7A
et

an?h7{3h'2r e BR loRglSUHSHBIERS a-n@\olf;@’? TVEFLR%{M@? af%@?ﬁmﬂdfmgi??gdance
Wi : :
di agram o;ﬂ? %‘E%Q%P g%sdé ﬁlﬁﬁm %@39 faoge'ftgrﬁﬁﬁh‘gﬁﬁ{@gﬁa{"f@ﬁ%@}ﬁﬁgﬁgﬁneI P

wavegui des contaibing atdesst! drie dateriuii atbly. and Figures 9A to 9D depi ct
wavegui de structure formed using the nultilayer nethod of the present

i nvention. 25 DETANCHEEERIERIPENON PRlyTeE doRyENitiooNoAYSE itmaeddhsgNds ist he
present in&g %icg%glgrel ates to a vari et% of rIEt hods whi ch can be used to form.
optical wa (5'1'] oML Bt oL Iqnqreets| 9F qligomssfigptined: wavegui des havi ng
buried ch | s. i ' j t I 4i.ons which
can be used to 1 ar aooH g et o POl SRR D p PRI o ME be ot ed

t hat i n therésgntonvergiondtthenhchldesnat leasttge @osslinkirigoagénti tis oaed/ or range
and tinme limts may Stﬁ conbi ned. Additionall g as_used throughout the
’ g

speci f i cat ETPAHAERL INFLreslinkivgAgent ixa ffapberoesikinghagentaddi ng (or cl ad)
o . f i o
ot on i noi udes. o e iEBEnt SyBRA Aol B froxitigs HaifnEE Taes o

| é&st one rongositicydwhichl peasiit the oPhatbensy optl&ﬁﬁﬂﬁvédg\ﬁdé@ha{!ingfﬂéﬂér of
reactive nonomer and/or reactive oligoner is at |east about 30 weight

percent baPEHoFRANRE Aualibes skshyns. for examnpls, adidersoce (8n) il thedefrgctive
at T oast omeerel e drd SRERLIA R Mt i e Bliel SO B  at
| east abou0.GE07E{iY)| atleastEBoud BB, UndrBans il o@h@ithg thalihigss hhe core
%nglngffj' gtgr]eﬂ(;ggtgésilnhieg rc]>f agggt ’? ?3; foar gv%rtrgotfrlo;ld?nrr]av\glgngt]h Irgr?g;; ((j:; tholuteztsl(t) one
15 to about 1600 nm}); lower intrinsic optical loss (lower than about 1 dB/fcm and in
some cases lower than about 0.5 dB/cm); a high glass transition temperature
(Tg) (e.g., in one embodiment at least about 150 °C, in another embodiment at
“least about 250 °C, and in some cases at least about 280 °C).
Additionally, the present invention is advantageous in that it provides core
20 and/or cladding compositions which can have a low viscosity or viscosities so as
to be deliverable by any suitable technique, including ink jet printers, screen
- printers or stencil printers. Furthermore, the disclosed core-first method for
forming Optical-waveguides is advantageous in that it permits the formation of
optical waveguides with a reduction and/or elimination in the occurrence of
25 “swelling” between layers (see Figures 5A and 5B for a photographic depiction of
‘swelling”). Thus, the core-first method permits the formation of improved
waveguides.
The foregoing and other features of the invention are hereinafter fully
described and particularly pointed out in the claims, the following description and

30 the annexed drawings sétting forth in detail one or more illustrative embodiments

6




- § REC 200
15 one oligonmer and at |east one polyner, where the total anount o% L 200k

‘reactive nononer and/or reactive oligoner is at |east about 30 wei ght
percent based on the total weight of either the core or cladding
conposition. Aigomer as used throughout the specification and clains is
defined to nean a conposition containing | ess than about 1000 repeating
units of a given nononer. 20 Furthernore, the refractive indices referred
to herein wef thereasntion, sLh1ELIAR i i m Rﬁ or a
Metricon Model, 2010 ppisnycoupﬁgyﬁggﬁgggﬁgﬂﬁﬁgggﬁﬁ%%gg%gﬁ%ggwcﬁ foll ow ng
the gui del i NBr@HS AaYR iDudiightie pincikDes 42 HB5investien aldyyhe opblay@l. wavegui des
and even buried channel optical 25 wavegui des are conposed of a core |ayer
having a first index of refraction and a cl adding | ayer having a second

i ndex of refraction, whergRIEf HESCRPTRIEDF fH%ﬂ%ﬁMr“ ally

enconpassed by the cladding Tayer. rnanottier—_en “the core layer is
corfpl et el y enconpigied isya step dihgrdei bptHeasteps oF a%lad-ﬁfSPWa‘dgguﬁEq? Rfhtion

structure or tﬁr(s_e-layer optical waveguide). It is the corewhich transmts
8 20 DEC PB320F; ght and the cladding | ayer which confines light. In fhe
situation where iaCal ' is.a two |ayer structure, the core

| ayer is partiall r%ﬁ?é& yzqi\lafégg:g‘rm%g? ggﬁdﬁ_stqqqtq;péiprme #eing dsy glad-first

f or nul at i onseftiond edEigupé 1t he core and cladding (or 5 clad) layers will be
di scussed bel ow. _However, in the general sense the nethods disclosed bel ow
will work with ahigWeaitia@m depsiagram of thecitypeota sord-isywasetbiderfesthiiom
cge and cl i layers formed therefromneet the necessary

A of e GeSbhun Tl

-performance cri r Ytation in which the waveguide will be

‘utilized. Numer OHRjUMEY 28 Ub U BRY SR6IFRPSS: &FwéﬁdéﬁdMO%es;[%i[ﬁﬁh% ésnglggFlri zZes

the general 10 m ninmum performance criteria are ap
wavegui des first mgied of theopreskst insertio;de application. If should be noted

t hough, t hat theF rﬁ%egh ir&v&gti on is not limted thereto. Rather, based on
the pol ymer or po{&ff T 2AAN 98 & PBelagraphs e@inRane ther clad+first waeguide
obt ai nabl e. fofming?felie 80Fure 3% Hre €8rfirst waveguide forming method of Figure

15 3;

Figure 6 is a step diagram of the steps of a modified core-first waveguide
formation method of the present invention: '

Figures 7A and 7B are optical micrographs depicting a waveguide formed

in accordance with the methods of Figures 3 and 6, respectively;

20 : Figure 8 is a step diagram of the steps of a method for forming isolate-

buried channel waveguides by cutting multi-layer films; and

Figures 9A to 9D depict waveguide structure formed using the muttilayer
method of the present invention.

25 _ _ DETAILED DESCRIPTION OF THE INVENTION

As stated above, the present invention relates to a variety of methods

which can be used to form optical waveguides, and more specifically to form
optical waveguides having buried channels. Also, the present invention relates

to compositions which can be used to form optical waveguides.




30 TABLEI Per f or manceM ni nunConpar ati ve Performance of CriteriaRequirenenta

- Wavegui de Using the CoreConposition of Exanple CL5and theC ad@lin@ri 2604
Conposi tion of Exanpl e CO1Refractive Index atat |east about 0.00075

(whi chabout 0.03 (about 2.0% where830 nm ~n (core-corresponds to about
0.05% he clad refractive index isclad):where the clad
refractiveapproximately 1.5)index is approximately 1.5)~n Consi stent
Overabout 0 to ut C0.to,179 road Tenp. Range:Intrinsic ficalless
Chan about 1 dadeieud beineted iiin e Riiing ok oq oS, (andsand o °° ' >
nm Transm s ribaﬂ'n 0.1

Wavegui de: Eﬁ%ﬁ'ﬁtﬁgit@% Esbot |I g?@ﬁ%‘i‘r&?ﬁeﬁ%@g%g/ Ip(gadgjét t agg?ésslsls??ian about
10- S/ | ess thauighob! thecdfatification midt cidnsZthedtsimd GorPtamposiion a0 clad div
Stabilityat |east 500 hours at 125 Cat |east about 2200 hours atis 2000
hours at 12%0kiad) eompositiprare defired to rpn enaof thedetlowivg: CTg is at | east

Chan about 396 ess.t hif) abGUrPSTHER SR Bl eBR it P oD about o
| east about 10% Robusp) Dues éempbAitiBh MHIH PRARlAN ledd one2BoREReRBAd & 10 In

one enbodi nent, wavegul des can be forned via the nethods di scussed bel ow by
usi ng a vaféastyonsfoligomerewhempeutadal arsoutht of seadivedvonoitienaayl/dueastive not

limted to, .pol t , t d pol yf th I :
pol yi i les PBAET B4t EeSCat b ABighy Pofcsdd 83587 plns FopLHetBi 7 ilheh
benzocycl oyl %3?? B{ﬁiﬁlb&!ﬁg'd@ﬁﬁ&i@&ﬂ‘zocyd obutene. In another enbodi nent,

t he wavegui des o e présent invention are formed from pol yners forned
ftlbm cycl i c ol ef i n m@pnerascornpoyitibn avinei iclueiescrdilessttonet hhenoyel inadattef i n
nononers used .to formthe wavegui de pol are nor bor nen_e-tﬁpqe%g%norrer S.

ynmer
For mat i on #FaHRNG RONNER.| whesg) tiRdptal P‘H‘%@ﬁ@? tgactiye qQnyeis;as Sttt he

mat i on . . TyRpiRAg AEH
cvbodi mont SCHRG PR RRELEE8 SplTRR torrbwelor B RAEAD <o ERIpeRhe = 11 0"

pol yrer i zatdoapdsition; @nhd saturated, high glass transition tenperature
-polymers. In another enbodi ment, the polynerization of the cycl ool efins
used i n one enbodi medf) of & ¢RMpeeiionhiely isludss alleas mguvcBEMSSi dideasiar oup

e R S A S SR ENDRL, P G st
pol yner i zahhendaky aNelop ab&itive dIBMETis GhREEEaMb It BRWBIGEI pasdditibateg Al Yst

system conprising a Goup 10 netal cation conplex and a weakly coordinating
count er ani dhe tel@pweighé of elilker thermara or icladding\agmppsition ~ Qligomer@s wseth 30

hydr ocar by IEHAGoh eI gihAIon AN Sairis BrHeE A aieart 8 SRETO ect ron
donor | | gangnidinirABsE B Sodut AN RpRating ahitebesiRth SiRRBd:! gand: 2 is 0

or 1; xis lor 27 yis O, 1, 2, or 3, .and the sumof x, y, and z equal s 4;
a?d b and d ar e huriteemere dheestatiivgindivesmefdred tof hareiesetehmeaatureahusingpl e

and weakl y aCnORE)gtia ?ggré&gm%%er at 589 nm and/or a Metricon Model 2010 prism coupler at o
© 633 nm, 830 nm, and 1550 nm, following the guideline of ASTM Designation #D
542-95.
Generally, optical waveguides and even buried channel optical
25 waveguides are composed of a core layer having a first index of refraction and a
- cladding layer having a second index of refraction, wherein the core layer is at

least partially encompassed by the cladding layer. In another embodiment, the
core layer is completely encompassed by the cladding layer (i.e., a buried

channel structure or three-layer optical waveguide). 1t is the core which fransmits
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28 ‘DEC 2004 counterani on conplex (WCA), respectively, are taken to bal ance
~the electronic charge on the overall catalyst conplex. The nononer charge
can be neat or in solution, and is contacted with a prefornmed catal yst of
the foregoing fornula. Alternatively) the catalyst can be forned in situ by
adm xi ng the catalyst formng 5 conponents in the nononer charge. Catal yst
System The catal yst of the invention conprises a Goup 10 netal cation
conpl ex andijqht Waakhey cRel F D9 o&{htf ' | . sent.ed by
Formul a | begﬁoy\n 10 |_(R)r§%?%f%t(%,~ ﬁ?%@@]'ﬁqﬁﬁé@?ﬁg@%&bﬁ ents a
Group 10 t repiat wavegmitalis aRvorlapsratemtse atheaitrd Myerhy BRARAY B¥ung igand; L
represents a G oup 15 neutral electron donor ligand; L" 15 represents a
| abi | e neutl®¥r @@kt ron donor ligand; x is 1 or 2; y is 0, 1, 2, or 3,
wherein the sumf,. i.S.4: and and d_gre nunbers representing
the nunber of ti!ﬁrég ﬁ_gthceg%ﬁ%‘%e'(@rr%”@ﬁo%’br\ﬁ@ﬁ'ﬁpﬁﬁ%ﬁqr@l?féé?’ﬁa_gg‘gdﬁf er ani on
cobpl ex (Wahad) lafbél’@%ﬂlb‘é&iis’su@é@ Beddan Howlah andee geﬁe SehE@M& AR fe of

the overall catalyst conplex. 20 The weakly coordifati nd count'er ani on
conpl ex i s disclasrdbelmm wh werkowitly ang akitabie polydieratrgmlymetsdiso bal ntheonpl ex.

st R B B R 2 b
ani on_to t iricaiiafBe eAMBHMr MKlagoRRBA n WHUSHE A rdiife AL LONUERIP! e 1O

forma neutral product. The WCA anion 1s relatively it is

non- oxi dat iNWmMermis-wadkgiiite pedortnance oitelie eriet, | Table A anirni-6s IMs@saaby!
Ijhé;and is an%. h‘Y\droc r byl Iigg.@nd whi ch when renoved fromthe netal center M
i its cl osBYBHE Fengr BIPTERNIA WHIRhAre applicrle do pll yeavegyidasdrrgepediive

‘neutral el el 119 i Y/ romthe nmetal 30
center Mi ?F’{igw@ﬁ ggglges%éﬁ Pgté(llj%cﬁ% gﬁy}@ol% E‘%@?gi‘?@ﬁﬁ) tﬁggﬁ}f NESEPGEl char ge.
12 invention is not limited thereto. Rather, based on the polymer or polymers

utilized, other performance criteria are obtainable.




28 DEC 2004 A labile neutral electron donor ligand is any | igangzgﬂ.gh\ '2@?
not as strongly bound to netal center M is easily displaced th ) r{n d
when renoved fromthe netal center in its closed shell electron
configuration has a neutral charge. In the cation conplex above, M
represents a Group 10 netal selected 5 fromnickel, palladium In another
enbodi nent, Mrepresents platinum Representative anionic hydrocarbyl

contai ning |igands defined under R include hydrogen, |inear or branched

C -CzO alkyl, CS C o cycl oal kyI l'inear or br anched CZ CZO al kenyl, Cs C,5
cycl oal kenyt===ai==y==e=t= se—ferps—t-hercei= ;s=%“°“,"TC6
C30 het erodt om cont ai n| n aryl, and CTA!BEI.thraI kyI each 10 of the

f oregoi ng ¢roups. can ptionar i suWnyarocaroyl a7 of

het er oat o suBﬁ[fPffﬂéﬂ?% wh ch, i nMiRiEWEMhodi neni ComparatyePedarmanga ¢f jear

or branched C, - &stefixyl, I|i near Beawirewmetted C, - 2 Waveadidg Using theGorsr

br anched CS al kenyl and hal oal kenyl, hal ogen| Comgasitioroef/ExampieiClogen,
phosphorus) and phenyl optlionally substituted wth |ineaandthdranched I -C5

al kyl, lingar or 15 branched C,-CS hal oal kyl, ahd GlatidipgrGomRpositisn of
represents ani oni ¢ _hydrocgrbyl containing Ilganals of tﬁmrﬁpleraﬂ)a R'C(Q O

R C»CH TR as, RZN—werermR—Ts the
oo R | Berastinn Inooah d b opetabaubo N7 (nbich bebey L hoky 0 e
cycl oal ken B3P nEricosem  heorBIRABYE 19 %b%‘w@é%rru fe§ractivdndaxis | i ginds
can be a siifgfk ring (e. g ﬁp( gl Jadgefractivesed iang’owlgtw@é g.,
napht hyl ). { n addl t| on, yn I Népf@&i@ra@hfl %§) , tycloal kenyl and aryl gfoups

il ibﬁytci"‘.kﬂ nth |bRbdhe 320 B Yoo B \opt dhal 1y can be |

1

osubsti 'Hﬁ1 ti SL bstituted with a substituent independently

ecfed 2 ¥n hvdr ogen) Iinear or branched C|-CS aI kyI i near or
branched C T,.ﬁ‘,%g?b yl, d C I@ggg el pct ed
from chl orj Sss o?lf'éne ifo I%ggﬁ@éna%ﬂ ?g%ﬁ%ﬁ C5 g J '3I, (%, 5
cycloalken; nplp of _a mil |rvr 0a kyl nnipty S a

nor bor nyl | rgaiehissivn leoss liessaharpataik t ioeyeeh 0al kP ByéutmOI4dBIcis a nor bor hienyl
| i gand. Exaap\ll\@se@jldaryl Ilgand groups 30 inclufe phenyl and napht hyl . # For

pur poses of—t+Hustrat+on—S$tructture—+—betow13 28—DPEC2004—5—30—15
r' Epr esent s || Birefinperiec boibny lless thdrealziun 16%/lebs thanc { ese fiakeaplit ﬂ@?jjas&jﬂ“derl Ved
from 1, 5- cybi-Beoeit€ie. Staboeti@®es 11 and |11 | Bbugtifdt e cationic

conpl exes ywRemei(AnR  reprgsents nul ti cycl oaI kyl fand mul t| cycl oal kenyl

|'i gands, r ecli Vel Structrure 11 TIOoT menyt araTS

substituted. Hveaﬁt%"!%ny 12t {asigPo h%'(slﬁtﬁ(zé *Cyv Sﬁ'ﬁﬁ%ﬁtﬁ?%‘ &Ogth%!tst%tre N
L~) oL, ~J|¥¢ 400deutr &t 1177") r wherein M L', L112%°Gnd y are as previlusly
i ned. 2@ 1A8dFin 8hal exdnpl es of cationic comBI exes where R represefits a

ring systeig s | Rehs)" at eg Tgls B UG Hpe8 'V to ¥8 iS5t 1845 250 °C
Compatible Due to
a Minimum Glass
Transition Temp.
25 (Tg):

Low Moisture less than about 3% less than about 0.3%
Absorption:

Mechanically at least about 5% at least about 10%
Robust Due to a
30 Minimum
Elongation:
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/[ \ o/ \ [ CH (L~).(L,~)v ~1 (L').(L")v ML").(L,~)v ML )x(L~~)¢ 525355/2004
*Structure IV Structure IVa Structure Vb Structure |Vc wherein M L' X
and y are as previously defined. 14 28 DEC 2004 I n anot her enbodlnent of
the invention R represents a hydrocarbyl ligand 5 10 15 20 25 containing a
term nal group that coordinates to the Goup 10 netal. The term nal

coordi nati on group containing hydrocarbyl | i gand are represented by the

fornmul a - CdHpd. Xjg onéhsh of, car natoms in the
hydr ocar byl backbona an |s an | eg’ﬁ?d-%sr oﬁ@eﬁ%ﬂ%ﬁ{wﬁﬁaew 9%°pr esents an

al kenyl or Hiscossed betomrobyasmgrmvaﬁi&t lof pblytercpistiiRises p 10
netal center gand together w t?h 'PhlgmGr oup ;SB met aUérFC&ﬂED&%@y

|
met al | acycl @CHJ]e&L@ﬁé%PQH"BM 1, wofypondatsis) (aug»imlae deatqrata‘d mdgwﬂtmrdr ogen
h the fo
aependent My aSPEACRHONIBRESIRECH B kibhsakBt e imitnsrer fusaratodind Ry

whikch are dezb[ynﬁﬂeb?|b@Mzoéyc§t@t§ut@ﬁe%$leﬁﬁat‘éH BetBobflifbdiBheCOOr di nat i on
group contal ni ng hydrocarbyl netall acycle enbodi ne 'S represented by

Str uct ure V showh gaoibar eﬁwdmaent~the) WeVegtidss obftet preasenMnvbelici ardM L',

L", d, x revi usI defined, and X represents a radical

sel ect ed ff@gﬂéﬁ%ﬁpﬁ%y @"fgom CY‘%@P ohin B’IQA'I'OWIIO&V MV?QEHO‘ENENM

-P(R4") 2, and R4’
(R4") 2, -&BbBinent, @(é_*’éyc)lzc%n mo%@e‘r%zus%% %Qéqﬁégv%\{%g PP[HB}E" or

represents hydrogen, hal ogen, Irnear or bra
branched C, Q€K Dmn@ftype@‘ﬁeﬁbme@cl oal kyl, linear or branched Cz CS
aI1 enyl, linear or branched Cz CS hal oal kenyl, substituted and

;unsubstituted C6 C,8 aryl, and substituted and unsubstituted C~ C24
ar al kyl . Tr]eoﬁﬁgﬁbhtdﬁt ﬁ@ LA b oW ih Ps: cont ai ni ng hydrocar byl
nmet al | acycl €s can ure Va, below 15
in general, the polymerization of the cycloolefins used in one embodiment
of the present invention are, in one embodiment, conducted using a Group 10
metai complex via addition polymerization to yield saturated, high glass transition
15 temperature polymers. in another embodiment, the polymerization of the
cycloolefins used in one embodiment of the present invention are conducted
using a Group 10 metal complex and a weakly coordinating counteranion.
In yet another embodiment, the cycloolefins are polymerized by contacting
a polymerizable polycycloolefin monomer charge with a high activity catalyst
20 system comprising a Group 10 metal cation complex and a weakly coordinating

counteranion complex of the formula:

[(ROM(L)(L"),], WCA]4

25
wherein M represents a Group 10 transition metal; R’ represents an anionic
hydrocarbyl containing ligand; L' represents a Group 15 neutral electron donor
ligand; L" represents a labile neutral electron donor ligand; zis 0 or1; xis 1 or 2;
yis 0, 1, 2, or 3, and the sum of x, y, and z equals 4; and b and d are numbers
30 representing the number of times the cation complex and weakly coordinating

11



28 DEC 2004 7x(~ 5 R3. Structure Va wherein M L', L", X, X an%Rg [@f%ﬁ}m
previously defined, n represents an integer 10 from0 to 8 and F R
and R3' independently represent hydrogen, linear or branched C,-CS al kyl, -
| i near or branched C,-CS hal oal kyl, linear or branched Cz CS al kenyl,

| i near or branched C2-C5 hal oal kenyl, substituted and unsubstituted Cs C30
aryl, substituted and unsubstituted C, -C30 aral kyl, and hal ogen. Any of

i o ¢ ney PR G bR AT Ryl R B ) Bt doF effcdhec °

al i phati ¢ CRafgEONBROBVEIHCailyRANENEK] TheiREnSMEE BRArgd cH#PSs hbsE STinoT

unsubstituted Cs C o0 aromatic fing system a substituted and unsubstituted
C, o CZO f usetitienpand i< contagteslwitle a prefdmednistalasi ofitbe tforegeiiy fovinata.

substituted,, the rin described abpve gan contaip npnosubstifufiion or _
it Subst AUETIehhdie SIS SBG T DERed 1Aty DY ARG P dPEBNG f r om
hyglr ogen, | r ; kyl, linear or branched C -CS .
hal oal kyl , ICPl egsﬂgsrmbiﬁgﬁﬁﬁﬂoﬁg %ﬁéf koxy, and hal ogen sel ected from
chlorine, fluorine, iodine and broGCiateyst 8yStermct ure Va above it should be

noted that when_n is 0, X is bonded to the carbon atomthat contains the
RZ' substituent .Thegaialyshehihs Bveation gampgees g @wmPal hmelaisaiios complex

] I . ol . .
Togot hor "¢ e weBR i aRIiRY ERMATE AR cbifpiey L URBID EEAREL, | o e
bel ow undebefdw:uctures Vb and Vc. 16 28 DEC 2004 5 10 15 20 RR' n

~§ L')x(L,~)v 7x(L"'7v | ~ R6' Structure Vb Structure Vc Additional exanples
of0term nal group containing hydrocarbyl metallacycle cation conpl exes

System are set torth in GROMERETIERE ber on, MO C TS

wherein M represents a Group 10 transition metai; R' represents an anionic
hydrocarbyl ligand; L' represents a Group 15 neutral electron donor ligand; L"
15 represents a labile neuiral electron donor ligand; xis1or2;yis 0, 1, 2, or 3,
‘wherein the sum of x,y, and z is 4; and b and d are numbers representing the
number of times the cation complex and weakly coordinating counteranion
- complex (WCA), respectively, are taken fo balance the electronic charge of the
overall catalyst complex.

20 : 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 complex and does not transfer to the
cation complex to form a neufral product. The WCA anion is relatively inert in

25 that it is non-oxidative, non-reducing, and non-nucleophilic.

An anionic hydrocarbyl ligand is any hydrocarbyl ligand which when
removed from the metal center M in its closed shell electron configuration, has a
negative charge.

A neutral electron donor is any ligand which when removed from the metal

30 center M in its closed shell electron configuration, has a neutral charge. -

12




NENR<' ~~M L' )x(L~~)r Structure Vd NR<' ~~ML')x(L~~)r J~~"/ Strugtglrp{-:ive"g:
"yCHa) z I\/(LN'()X%L,(.)r Structure Vf Ha N (' (0-CH CsHs)z ~" ~(L~), (L)r

Structure Vg Illustrative exanples of cation conpl exes containing

pol ycyclic aliphatic ring systens are set forth under structures Vh, Vi,
and Vj below ..)r ")K(r,)r Structure Vh Structure Vi Structure Vj 17

28 DEC 2004 In Structures V through Vj above, n' is an integer fromO to 5

and X, M L', L" AIabllaneutral%lectmdﬁ]onI[g%rnﬁ t§%n9rll h@\hﬁ'léh (eldt 38 %wrg
g

epresents i ngl e or double bond, R5 epen ently repres
Lygrogen a GUW g@&?etéfrcﬂiﬁ%mﬂhﬁoea&ly@}smm theﬁa%omnmmhbagemmw\ﬂdrh the

e ) e s SR e Bas ) Srge.
In the cation complex above, M represents a Group 10 metal selected
5 from nickel, palladium. In another embodiment, M represents platinum.
Representative anionic hydrocarbyl containing ligands defined under R’
include hydrogen, linear or branched C,-C,, alkyl, Cs~C,, cycloalkyl, linear or
branched C,-C,, alkenyl, Co-C,; cycloalkenyi, aliylic ligands or canonical forms
thereof, C,-C;; aryl, C,-C,, heteroatom containing aryl, and C,-C,, aralkyl, each
10 of the foregoing groups can be optionally substituted with hydrocarbyt and/or
| heteroatom substituents which, in one embodiment, are selected from linear or
branched C,-C; alkyl, linear or branched C,-C; haloalkyl, linear or branched
C,-C; alkenyl and haloalkenyl, halogen, sulfur, oxygen, nitrogen, phosphorus,
and pheny| optionally substituted with linear or branched C,-C; alkyi, linear or
15 branched C,-C; haloalkyl, and halogen, R' also represents anionic hydrocarbyl
containing ligands of the formula R"C(0)0, R"OC(O)CHC(O)R", R"C(0)S,
R"C(S)0, R"C(8)S, R"0, R"N, wherein R" is the same as R' defined immediately
above.
The foregoing cycloalkyl, and cycloalkenyl ligands can be monocyclic or
20 multicyclic. The aryl ligands can be a single ring (e.g., phenyl) or a fused ring
system (e.g., naphthyl). In addition, any of the cycloalkyl, cycloalkenyl and aryl
groups can be taken together to form a fused ring system. Each of the
monocyclic, multicyclic and aryl ring systems described above optionally can be
monosubstituted or multisubstituted with a substituent independently selected
25 from hydrogen, linear or branched C,-C; alkyl, linear or branched C-C; haloalkyl,
linear or branched C,-C; alkoxy, halogen selected from chlorine, fluorine, iodine
and bromine, C,4-C,, cycloalkyl, C,-Cs cycloalkenyl, and C4C,, aryl. An example
of a multicycloalkyl moiety is a norbornyl ligand. An example of a
multicycloalkeny! moiety is a norbornenyl ligand. Examples of aryl ligand groups

30 include pheny! and naphthyl. For purposes of illustration Structure | below

13



Exanpl es- of heteroatom containing aryl |igands under R are pyriidEny¥(aggs
quinolinyl ligands. The allyl ligand in the cationic conplex can be
represented by the 10 followi ng structure: RZO, RR1 ~~ ML')x~L,~)v 15 R2z,
Stnctne VI 20 wherein RZ', RZ'', and R22' each independently represent

hydr ogen, hal ogen, |inear or branched C -CS al kyl, CS-C, cycloal kyl, linear
or branched C, -CS al kenyl, C6 C3 aryl C, -C3 aral kyl, each optionally

substitute [2 e e - CS

SUbst Ut et SHIRAS KRRl T BRI
opti onal | Y'I@c?élééét'aﬂiéﬂéd Stridlutdsneand CPI'I 1|Fi21"sﬁﬂféléﬂloﬁicé§n G '@\)Hereid Rear or
branched - C5" hal oal kyl , and hal ogen. Any two of RZ , RzZ' can
be |inked remesbehs Wmﬁhymlhalkylaanﬂamwﬁaynbaﬂ@nmhilgﬂndshEe,sp@ctjv@yi éltthed to form-
a cyclic or, nulti icrin ptionally substit edvvlthllnear or

br anched cotsturplthe Fortfend HgRadenaubwtuiad i o8 AkeAY! diRiPnal ogen.
Bgnpl es 18 28 DEC 2004r of allylic ligands suitable in the cationic
conpl exes of the invention include but are not Iimted to allyl,

2-chloroal lyl, crotyl, 1,1-dinmethyl allyl,—2-nmethylallyl, Xphenylallyl,

2- phenyl al Iyl , and |(3-pgfnenyl. Regresentative cationic conpljexes contai ni ng
an allylic ligand grelsh 5 belgw. ~ M lI~) X( v, x ~1 ML) (L,~)v
10 > Structure Vla|Sffuct M&)MAD, 15 20

/M(i—')x(l-")y
10 ~ Structure I Structure II
-
ML) L")y
15
Structure 111
wherein M, L', L*, x and y are as previously defined.
20 Additional examples of cationic complexes where R' represents a ring
system is illustrated in Structures IV to IVc below.
— q _ - _
@ -
(LAL" (L4, ML), ML), L")y
5 9 <
Structure 1V Structure [Va Structure IVDh Structure IVe

wherein M, L', L.", x and y are as previously defined.

14




In Structures VI) Vla, and Ib M L', L", x and y are as previously 8 DE{ 2004
‘defined. Additional exanples of allyl ligands are found in R G Gy and B.

L. Shaw, Advances in |Inorganic Chem stry and Radi ochem stry, Vol. 4,

Academic Press Inc., New York, 1962; J. Birm ngham E. de Boer; M L. H
Geen, RB. King, R Koster, P.L.l1. Nagy, G N Schrauzer, Advances in
Organonetal lic Chem stry, Vol. 2, Academ c Press Inc., New York, 1964; W

T N 2, Lo A o el i ©

i ncor por at edotiainied erterminal Rempahantodidirataets hal GRIBCTE RBLAIO e fehf{dS
under L' include am nes, 25 30 pyridi nes organophosphorus contai ning

conpounds afeREiRAteBaraHR centaining hydsecarhy liganthara refEeRerled hibedbmmEla s

arseni c or gnty , Ry l.s. i ndependent | el ected from hydrogen

 hear Cor begaaR . firy rebies PR R Ehhe o 6 Blomb it ke ickmen

C, 5C, 0 al kobsckireyind igmﬁm%ggrfmrﬁ@ﬂaecb,%d@m bl ﬁ%l&r@ ﬁfy" %
es (e.g ra?ﬁyl, cyc

C Z aryloxy, C6 C, z arylsufides .g., Phy), C-C$ a Ic ethers
and t hi oet hBeteroatom corgaping 2ORty that(¢dondiaatesrtolthai@rbed 10, m&t0 cahter! ) si l yl ,

i (C6 C 2 apyh)silyl. gri(li hed C -C o0 al k i Lyl
L aryl oxys 5630 Kgethiirts Bbatin b Tostabumisiadnesalacisiy oraimieiontaras G, 2

aryl) si | oxygotaming mdtiieachere g i ' Ly
SUbst Ut et A o, T Pl o iR R W R e ¢ - cs 5
hal oal kyl , lackt®nel ikdhg formallag ehovandn benhilapéndursly trbglaeed byRepiigsRidat i ve
al,kyl groups_include t agre naot. limted to nethyl, ethyl, propyl,
i 48pr opy! , ?ﬁlﬁﬁt?gﬁfomggbﬁ?yﬁ?d &Eacwbﬁhyﬁlr? defiped bﬁ?:?w, pentyl, neopentyl,

hexyl, heptyl, ogtyk I .. _Representat.ive cycl oal kyl
gr oﬁps i n(F:) I ﬁde bﬁtdég(r)g%%g?ﬂ Xt @ sd e{@n‘%g?‘g@@@w giﬁﬂp E?Ef%’ﬁ'@gyl . d d
Repr esent at hydroehtbyksnetrliepsieisnabodimetis l@lp?eéé?{te@ﬂy@tm&% V ehdRhhoxy,

et hoxy, an |s‘%propoxy. Representative cyclic ether”and cyclic thioether
groups inclREWut are not limted furyl and thienyl, respectively.

Representative aryl groups include but are not limted to phenyl) o-tolyl,
and napht hyl. Representative aral kyl groups include but are not limted to

b#hzyl , and phenylethyl (i.e., - . Repregentative silyl groups

include but are 15 "' not limted to/tripRenylsilyl, trinmethylsilyl, and

triethylsilyl. As in the general ¢éEihhisxi dHL'pliSp each of the foregoing

groups can be optionally substituied with/linear{or branched C, -CS al kyl,

| i near or branched C, -CS hal oal kyl5 a al ogen.” Representati ve pyridi nes

i nclude lutidine (including 2,3-; 2, 45uctusY 2 6. 3 4-: and

3, 5-substituted), picoline (including 2-,3-, or 4-substituted), 2,6-di-t
-wherein M, L', L", d', x and y are as previously defined, and X represents a

20 radical selected from the group —~CHR*=CHR*, -OR?, -SR* -N(R"),

-N=NR?, -P(R*),, -C(O)R¥, -C(R*)=NR*, -C(0)OR?, -OC(0O)OR?,

-OC(O)R?, and R* represents hydrogen, halogen, linear or branched C,-C, alkyl,

linear or branched C,-C; haloalkyl, C;-C,, cycloalkyl, linear or branched C,-C,

alkenyl, linear or branched C,-C; haloalkenyl, substituted and unsubstituted Ce
25 Cy5 aryl, and substituted and unsubstituted C,-C., aralkyl.

The substituted terminal group containing hydrocarbyl metallacycles can
be represented by structure Va, below.

15



.20 butyl pyridine, and 2,4-di-t butyl pyridine. Representative arg%p%$£ 2004
include triphenylarsine, triethylarsine, and triethoxysilylarsine.
Representative stibines include triphenylstibine and trithiophenylsti bine.
Sui t abl e am ne fi'gands can be selected fromam nes of the formula N(R8')3,
25 wherein RB' independently represents hydrogen, l|inear or branched C, -CzZO
al kyl, linear or branched C, - CZO hal oal kyl, substituted and unsubstituted
C3 CZo cycl oal kyl, substituted and unsubstituted C6 C,e aryl, and
substituted and unsubstitufed C -£.e aral kyl. Wiep substituted, the
cycl oal kyl, _aryl and aral kyl groups car be nonosupstituted or
mul tisubstituted, wherein the substitugnts are 30|i ndependently sel ected
from hydrogen, |inear or branched near or 20 28 DEC 2004 -
branched C, -C5 hal oal kyl, |inear S5 al koxy, C6 C,z aryl, and
hal ogen sel ected from<chlorine, bfe i ne. Representative
ag%nes 5 include but are not Iim e, triethylam ne,

di*i sopropyl am ne, tributyl anm ne, ne, N, N-di met hyl -4-t
butyl aniline, N, Ndinethyl-4t octylaniline, and _]
N, N- di met-hyl - 4- hexadecyl ani | i ne. The or ganophosphorus contai ni ng |i gands
i ncl ude phosphi nes, phosphites, phosphdnictes Vaphosphi nites and phosphorus
cont ai ni ng conpounds of the formula: 10 P~R ~)s~X' ~R ~)hls_s wherein X is
oxygen, nitrogen, or silicon, R' is as defined above and each R' 15
substi t uent, s i-ndependent : i , is 1, 2,
or 3, with e%e%?gvgég,?ﬂg%Qa%gﬁﬁﬁgEﬂgégogFWﬁggﬁeét8%fp%%ﬁ§ﬁgﬂ?ﬂﬂ§%é§, is

“ar oxygen &oamnOhoissarid RéinRZ'MWRX'indi@peﬁrldénw@q&@sahbmdrbﬂéﬁ, lheatloen g is O
and X' is oxygen, any.two or 3 of R' can be taken together with the oxygen

atons to whraichesey b alled.dinenear bearchem GGy baloalkybilisegr onb@nched L3 any

at tached t &osn SedRESR of RIS, e b nr BB R B G 8 sl e =" €

Cq-C4, aryl, substituted and unsubstituted C,-C,, aralkyl, and halogen. Any of R",

R?, and R® can be taken together along with the carbon atoms to which they are
15 attached can form a substituted or unsubstituted aliphatic C.-C,, menocyclic or
| polycyclic ring system, a substituied or unsubstituted C.-C,, aromatic ring
system, a substituted and unsubstituted C,;- C,, fused aromatic ring system, and
combinations thereof. When substituted, the rings described above can contain
monosubstitution or multisubstitution where the substituents are independently
20 selected from hydrogen, linear or branched C,-C; alkyl, linear or branched C,-C;
haloalkyl, linear or branched C,-C; alkoxy, and halogen selected from chlorine,
fluorine, iodine and bromine. In Structure Va above it should be noted that when
n is 0, X is bonded to the carbon atom that contains the R? substituent.
Representative terminal group containing hydrocarby! metallacycle cation
25 complexes wherein the substituents are taken together to represent aromatic and

aliphatic ring systems are illustrated below under Structures Vb and Ve,
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wherein R' is as previously defined and h' is an integer from4 t§ 813525700
- The or ganophosphorus conpounds can al so i ncl ude bi-dentate phosphi ne |igands
of the formulae: 30 RzP~PRz \ / \ / \ /| \ /] PRz PRz 21 28 DEC 2004
wherein R is as previously defined and i is 0, 1, 2, o~ 3 are also
contenpl ated herein. Representative phosphine |igands include, but are not
limted to trimethyl phosphine, triethyl phosphine, tri-n-propyl phosphine, 5
triisopropyl phosphine, tri-n-butyl phosphine, tri-sec-butyl phosphine,
tri-i-butyl phosphine, . W?iFﬁ ‘but yl phospRi fe, tricycl g@entyl phos
triallyl phosphine, trijcycl'ohexyl phosphijing,
t ri napht hyl phosphi ne, {tri-pg3+otyl phosphi ne, tri- 3 osphln
tri-mtolyl phosphine, itribgnzy hosphlre '
tri(p-trifluoromethyl phe philphilie, (10 tris(t
trip-fluorophenyl)phogp tri(p tr|f y
alﬁyldiphenylphosphine Zy| di phenyl phosphi nex"t uryl) ph sphlne
bi s(4 met hoxyphenyl ) phenyl phosphi ne, bifs({4- et hyl phényl ) phosphi
bi s(3,5-bis(trifluoronethyl)phenyl)phosphi ne -
butyl bi s(trinmethylsilyl)phosphine, t 1% buRyl di phienyl phosphi ne,
cycl ohexyl di phenyl phosphi ne, di al | yl phenyl phospHi ne, di benzyl phpsphi ne,
di but yl phenyl phosphi ne, di butyl phosphi nel—di -t -Rut yl phosphi ne

di cycl ohexyl phosphi ne, di | phosphi ne, di-ibuty] phosphi ne,
di et hyl phenyl phosphi ne, §E%¥#ﬁg%?yrinethylsilyg gg %l

dighenyl phosphi I he, e t ol I)phos hi ne,
; Blﬂghenyl (trimet hﬁ?%'ﬁ?lﬁ)%‘eé% n@dggﬁgﬁg} %ﬂgﬁ R/F m‘f&bﬁfj'ﬁ’@a byl metaPacycIe
di vi nyl phemﬁt@m@mlems %@Yéld'm’pm@%ﬁﬁe taken F%;ether to form

(2- met hoxyphenyl ) met hyl phenyl phosphi ne, tri-n-octy

tris(3,5-bi& “PIﬂEtSlr%ﬁﬁrﬁwa)r@ﬁ@hger‘phc&wutmes Vd to Vg below

tris(3-chl orophenyl ) phosphine, tris(4-chlorophenyl)phosphi ne,
tris(2,6-dinmet hoxyphenyl)phosphine, tris(3 25 fluorophenyl) phosphi ne,

S—
o
=
o
3
-,
~
- =
:T
(@)
(%)
©
=.
>
o

tris(2-fury[)phosphi nejp trirs(2- met hoxyphenyl) phosphine, — —
. 3 :
N=NR# .
}A LY.L —l\{y hiifCHa)z %O'CHSCEHSE
LAy M(L)(LY, ML), RYLY
Structure Vd Structure Ve Structure Vf Structure Vg

lustrative examples of cation complexes containing polycyclic aliphatic

= ring systems are set forth under structures Vh, Vi, and Vj below:
15

_ v — — e — — o —
" 7 —X
ML) (L), §amwx Mmmﬂ,
nl
R
20 Lk J = o
. . RS — _
Structure Vh Structure Vi Structure Vj
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tr!s(3-néthoxypropy|)phosphine, tris(2-thienyl)phosphine, .
tris(2,4,6-trinmethylphenyl)phosphine, tris(trimethylsilyl)phosphine,

i sopropyl di phenyl phosphi ne, di cycl ohexyl phenyl phosphi ne, 22 28 DEC 2004
+) - neonent hyl di phenyl phosphi ne, tribenzyl phosphi ne,

di phenyl (2- met hoxyphenyl ) phosphi ne, di phenyl (pent af | uor ophenyl ) phosphi ne,
CrsCpent af | uor SHRBHPtTERGLHPRGR VERBRus o J° R intRost BORHbLRiand 1 Hhkds

i ncl ude butp»ay e, ROtR 441 Red Fepé : d o :

(+)-2, 2" -Bis{dipheényl phoghﬁno %,%fquilyna%mrﬁdyla;nd 2 repres.ents a single or
bas(di cyc| aluebld ptwod,dRT aojirRf indopendmasiydepsssienh aygiagens phd tindat drane;

bi s(di phenyl phosphi ng) met hane; bi s(.di phenyl phosphi no) et hane. The phosphi ne
| i gands carylpram b b@ﬂ‘ﬁ’gd%f?’aﬁwﬁéﬁ%%mh‘é"t%%%m AtREts tervehigh dfagy

aaueous modt's 1abfBEeah Tinh sdtiRed R ARELRRUNE Bo ¥olipiinG b1 1y 1o

t o car boxylisccaigbatEtdmeed phosphi nes such as 4- (di phenyl phosphi ne) benzoi c
acid, and 2-(di phenyl phosphi ne) benzoi c acid, sodium

2- (di cycl ohexy| fh@sppries of &eternstum tontainng aryl ligands under R’ are pyridinyl and

4, 4" - (phenyl] ph Sﬁrh?id ne) bi s(benzene sul fonic acid) dipotassiumsalt,
3,3,3" 15cﬁﬁ5§$ etris(benzene sulfonic acid) trisodiumsalt,

~ tris(3-nmet hoxyphenyl ) phosphi ne, tris(4-nethoxypheny|)phosphine,2 a DEC 2004

4- (di cycl ohexyl phesaR ﬂgén&,ir%trﬁs! CBRIOAY ISk Hall BETHSIESEAER by the

4- (di cycl ohexyl phosphi no) - 1, 1-di net hyl pi peri di ni um i odi de, quaternary
ahd nef unct ifollewing etrustitres  of phosphi nes such as

2- (di cycl ohexyl phosphi no)-N, N, Nt ri et hyl et hanam ni um chl ori de, 20

2,2' - (cycl ohexyl phosphi ni dene) ba N,N,N—trinethyleﬁhananiniun1dich|oride,

2, 2" - (cycl ohexyl phosphi ni dene) bag( N, N, N-t g2fet hyl etthanani ni un) dii odi de,

and 2-(di cycl ohexyl phosphi no)-N, N; N-tri met hyl et hanam ni um i odi de. Exanpl es

of phosphate |igands include but jare not {imted tg trinethyl phosphite,

di et hyl phenyl phosphite, triethyl ghosphit 25 tris(2,4-di-t

but yl phenyl ) phosphite, tri-n-progyl i ML WL ygopr opyl phosphi te,

trin-butyl phosphite, tri-sec-butyl phosphife, triisgbutyl phosphite,

tri-t-butyl phosphite, dicyclohexy|l phosphifte, tricydl ohexyl phosphite,

tri phenyl phosphite, tri-p-tolyl phosphite, p22

tris(p-trifluoronethyl phenyl)phogphate, benzyl di et Byl phosphite, and

tribenzyl phosphite. 23 . 28 DEC 2604 Exanpl es of phosphinite |igands

include but are not limted to nethyl Stripkényl phosphinite, ethyl

di phenyl phosphi nite, isopropyl diphenylphosphinite, and phenyl

di phenyl phosphi nite. Exanpl es of phosphonite |igands include but are not
limted to Bi phenyl 5 Qhenylphosphonite, di met hyl phenyl phosphonite,

~ d2et hyl -netwmrghbébﬂh(ﬁﬁ 1 and (7 saph igpepdenty vestnirtivdeogemdatiigarhy |

h | phosphoni R [ il | el d i d -
D 0 BARAl bR G EE AT Xt BEL BoeS R RGP uaRcic: HEEE v
G4 to C algphatdig ande Xdrkiyl aewpag.hé Wﬂﬁttﬁb&@ﬁ&é@?%ﬁ@ﬁt\?ﬁ%@eg' enes

-

i ncl ude but Zdr Ene? " 10. 196~ hexadiene! nJ cycl ooct adi ene
chl ori nat edrarhlfineasor bfayaheldC,-C; alkyl, linear or branched C,-C; haloalkyl, halogen,

and phenyl which can optionally be substituted with linear or branched C,-C;

25 alkyl, linear or branched C,-C, haloalkyl, and halogen. Any two of R, R*" and
R? can be linked together with the carbon atoms fo which they are attached to
form a cyclic or multicyclic ring, each optionally substituted with linear or

branched C,-C; alkyl, linear or branched C,-C; haloalkyl, and halogen. Examples
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ethers, ketones, nitrites, arenes, phosphine oxides, organic carbo a@gfgpq%ﬁﬁ
‘esters. Representative-chlorinated al kanes include but are not |im

di chl oronet hane, 1, 2-di chl oroet hane, and carbon tetrachloride. 15 Suitable

al cohol ligands can be selected fromal cohols of the fornula RO OH wherein
RO' represents linear or branched C -CZ al kyl, linear or branched C -C2
hal oal kyl, substituted and unsubstituted C3 CZ cycl oal kyl, substituted and

unsubst i t ut erkIGc aﬁ@é’bulté’dlélﬁ t ralkyl.
When substi tutgg qI?he cycl oal Iiytmﬁ éfomc'e(% %&Pg‘?"‘*ﬁ%@’ﬁﬁ&hﬁﬁb@&% 7
monosubst i tarEgtptlinitad MIM ﬁidﬁbrdaﬂybdroty%lérﬁdﬁhéthﬂ D FinkURMIRI, e

i ndependent | ted, f yd Ilnear or branched C, -C, Z al kyl ,

| i near or b‘?m@?é—? ﬁg?lllga"l”ﬂéi/) "P'”eﬂyi -near or branched C, - 5 al koxy, C6
C 2 aryl, and hakggeReh t q{&xgn omne, and fl uor| ne.
Represent ative al coholes%ltﬁglcég%@ réféngo?gmlaﬁ}"?%antagyl f9aadre shoMahol |

n- pr opanol ,bélswpr opanol , butanol, hexanol, t butanol, 25 neopent anol ,

phenol , 2, 6-di-i-propyl phenol , 4-t-octyl phenol, 5- nor bor nene-2 net hanol ,
and dodecanol. Suitable ether ligands and thioether |igands can be sel ected

fromethers and thioetfrers of theformulae fR'-OR"') and (R'-S-R "))
respectively, wherein R'. independently represent/s |inear |lor branched C, -C,

al kyl radicals, |inear @M Lt?i.ﬁl [:ed C - 3 INﬂg_ gg stituted and

unsubstituted C3 CZ cy¢ i near 24 M l. 004 of] branched C, - Czo

al koxy substituted and u 'substituted Cs C, W and subgtituted and
ubstituted Cs C 8 atal kyl. Wienl substituyted—"the cyclo | kyl, aryl and

(aral kyl groups can be nugqgupstifyuted or nultig #ﬂ e , Wherein the
'substituents are independently selected from hy ogen |near or branched

C -Cz 5 alkyl, linear or branched C -C5 hal oal kyl, linear or branched

C - C5 al koxy, CEIn(Stlzuc:ilnmls ViaWth, lemidoglerM skl et heand y(yﬁ@galméwags; ReaAbge, and
fluorine. taken tcgzﬁeth r al%ég with the oxygen or sul fur atomE{o whi ch t hey
are aftached to# eotally! ligandscaiecfound deRn & Gtmemdasent ative

et hers i nclgide dy4w y| di butyl ether,
nmet hyl -t - blﬁjg_l et he(r%@vl -1 -S"l’ 'H&r?gnl[:%gfénqgirgt%ﬁ%fﬂ@em; gdeBﬁf“yt et her,
11%- di met hdopdehda®redsmc., méwdfmkammudgﬁmi[hﬁpwqrgtaé ne Sui t abl e

ketone lig represent ed by ketones of t formula R"" C(OR'' wherein
R i ndepeﬁ@gntfﬁﬁfeé%f &5 Bn K futsigter, Pl hd¥agio G.br Sebravket, Adzmcaisky| |

'c'yrc‘ieirm oy1 O BRIl SRRt e A GHBIE eSS AT NGRS Ak B o e

15 unsubstllftanteﬁ Cong abdak.al. WVilkinddhe 0. SuBsL. 'Sdtt %96&?%@5’%%@'\1’0!%9’ | and

ar al kyl &eps can be monosubstituted or nulfisubstituted rein
subst i t uent¥$Carléay.-rfelipe itayisas, G5(1860pa25 rwhichyate aerereby imearpamatdarinched
C'I2 C z al ky, %}sréﬁ&ear or branched C,-CS hal oa(kyl, linear or branched C, -CS

%oxy, z aryl, and hal ogen selected from chlori ne, brom ne, and
{fluorine. RepreRuprasemativehees doctarbos 1%&%1@% nbfldbSfnigsacet one,
met hyl ethyl ketone, cycl ohexanone, benz

pyridines organophosphorus contalmng compounds and arsines and stibines, of
the formula:
25 . _ E(R™),

wherein E is arsenic or antimony, and R is independently selected from

hydrogen, linear or branched C,-C,, alkyl, Cs-C,p cyclbalkyi, linear or branched

C,-Cy, alkoxy, allyl, linear or branched C,-C,, alkenyl, Cs-C; aryl, Cg-C,, aryloxy,
30 - CgCyarylsufides (e.g., PhS), C,-C,, aralkyl, cyclic ethers and thioethers,
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~The nitrite ligands can be represented by the formula R z' CN, e5§| ﬂgg;
~represents hydrogen, |inear or branched C -Czo alkyl, linear o Hancis

C, -Czo hal oal kyl, substituted and unsubstituted C3 Czo cycl oal kyl,
substituted and 25 unsubstituted C6-C, e aryl, and substituted and
unsubstituted C6 C, 8 aral kyl. Wen substituted, the cycloal kyl, aryl and
aral kyl groups can be nonosubstituted or nultisubstituted, wherein the

substituents,are i ndepend |y sel ected from hydrogen,. |inear or branched
S T RGeS AR RERE T ATRDSE Wl oS fodinedy oh PeaRahetl ¢ - Cs
al koxy, C6¢C, : LAe, ' and
luor e, Ry e lROy)Sf iy RGN AFEE of REMEUTS CRalfIibRy 98 55
DEC 2004 ati{CyrC 1 raryysilogy ogaabnofithe feregbimysubistitidrits chamayoptinanyde, and
5-nor bor nene-2carbonitrile. The arene |igands can be selected from

subst i t ut e@UBBHuied Wi lineat edbrepciaed Carlerlkylc BrratiatibignehembCulst i t uti on or

o nydr ob Bl CHES ey, ilinde AL E RS o BRf P RRP R Rentarlle RV Es
hal oal kyl , grbuRainchiddb@ngb et Gnit€s t@h}@hy;,, eﬁ’@l,%rgp?‘f Wopraphd, fauggen

sel ected fromchlorine, bromne, and fluorine. Representative arenes
i ncl ude buischudylnsec-bubyl ited-budylt peniyh ecopentysiexyb heptyl, octyki npayly Hengs,

e ST Bn oo SO Bo b o s
newat U b B ROERe L Kol o, OB E H gan

R®B~ i ndepémitedtibymetoxesethbgy,| antdiaop@poly aRapedséhtafZOopdlicydthet angar or
branched C, -qzo hal Bal ke&m 15 s bBtitut ed and unsubstituted C3 Czo
cycl oal kyl SYPiGIRether groseiasiude bt aren@idinyiteq furdandihigsvhierpectvelits o

hal oal k i st - d tituted and
Lnsobst D L Represéatve AnftafoliHORtE T B (Bt fmRodid bhefli pRUBR )| ©C 4"
aral kyl gr oaphttodn Represemativessraliyl gebups indlutie ubatd hot kelitedebehsylt he

substituents are independently selected from hydrogen, |inear or 20
branched cang phenvisthyl (.ene&H-GH.i hnRaptesentativersilybanaups incluge ut gre
byganched C

- . . ] I i ne,
oo ne. ang pris i driniybe Ripiny B, SBAAREV BRVEESSH it BRSEAT re not
limted todefinitiontdveossh dfeheYoregoiny droupy lcBR Aepbbtite My istiBstituted with
trioctyl phosphi ne oxide, tributyl phosphate, and

tri s(2- et hjin@axyr branebpt &1,Cs FbyIRIpparssiranched CatCadiadoalky!i and hadoda ar e
not limted to ﬁgﬁ'rleggﬁtaﬁ\% B?fﬁ'&}}mgs ?nr&?ud)er I%%}.[Illn%nﬁnc?@cfiﬁg %_?2’4_; 2,5-; 2,6~
3,4-; and 3,5-substituted), picoline (including 2-,3-, or 4-substituted), 2 6-di-t-
20 butylpyridine, and 2,4-di-f-butylpyridine. _
Representative arsines include triphenylarsine, triethylarsine, and
triethoxysilylarsine.
Representative stibines include triphenylstibine and trithiophenylstibine.
Suitable amine ligands can be selected from amines of the formula N(R*),,
25 wherein R¥ independently represents hydrogen, linear or branched C,-C., alkyl,
linear or branched C,-C,, haloalkyl, substituted and unsubstituted C,-C,,
cycloalkyt, substituted and unsubstituted Ce-C 5 aryl, and substituted and
unsubstituted C,-C,, aralkyl. When substituted, the cycloalkyl, aryl and aralky!
~ groups can be monosubstituted or multisubstituted, wherein the substituents are

30 independently selected from hydrogen, linear or branched C,-C,, alkyl, linear or
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Representative esters include but are not linmted to ethyl acetate?@n@El 2004
‘i -anyl acetate. 26 2. WCA Description The weakly coordi nati ng counterani on
conpl ex, [WCA], of Formula | can be selected from borates and al um nat es,

bor at obenzene ani ons, carborane and hal ocar borane anions. 5 The borate and

al um nat e weakly coordi nati ng counterani ons are represented by Formul ae 11
and I'll below [M(R24~)(Rzs')(Rzs')(Rzr)!l 1 1 10

LM-(~R28~) ( bidd2hkd b i h&g 0. le Mghis,h@r on or

al um num and R2' ", s% , aﬁégq?,]ng%%ﬂ %%hiehg%p@én(gﬁg%Wﬁrdépcﬁféthar?(?uori ne,

l i near or bhalpgRedeca! forl &ylbring,ibreminarard #umined Représentativ@xyninks near

or branched. al oal kenyl , .linear or branched 15 C3 C, 2 trial kyl sil oxy,
C 8 C36 tri‘é“%@idg‘?%? f@ﬁ%‘?‘?ﬂ&? @Q‘ﬁ%‘ﬂ?ﬂ§ﬁﬁi§¥'ﬁﬂufﬂ%d3"@§p®d|9éﬁljﬁﬁ, and
substi t ut edy RN AR N h%%;ﬂ:g’n [\ gl 8}f@_le.ei 24" 1 B
can not all Insiﬂlﬁ/ul tanégi'gllt(gj re res’ﬁ% 'g’ll\{g@é{%?{gw;glﬁ X '-( ed&@%%%ﬁyﬁ{z
subst i t ut edi-betglamiline, gndinbi-dieetthg-gnensddisidiideed or nul tisubstituted,
wherein the substjtuents are independently selected fromlinear or branched
C -CS al kyl, 20 FheesgangphesahemssonaiohgHigaadskiyelide phesphioes,br anched

C, - CS al kox jHaear ache hal oal koxy, |inear.or branche
GGt AhgTRLESH fbsPHaER thasphinel i itons fSidairbna ShPPRgRds

chl orine) beothaetormautgl fl uorine. I n another enbodi ment, the hal ogen is
fluorine. Representative borate anions under Formula Il include but are not

limted 25 to tetrakis(pentafluorophenyl)borate,

tghraki s(3,5-bis(trifluoronethyl)p | g te,
(t gpr aki s(2-fl uorophenyl ) borat e, te'r‘:rg i)ﬁ géﬁhﬁorophenyl ) bor at e,

tetraki s(4-fl uorophenyl)borate, tetrakis(3,5-difluorophenyl)borate,
tetrakis(2,3,4,5-tetrafl uorophenyl)borate,

t et r aki s( 3, Whsredn Kéisreyigeor vitiogeay) dbsiliedre, R” is as defined above and each R”
tetrakis(3,

ot hyl 1 o (BRI S RERRT RSP She ey B4 O bedsanibrbHisyl hora sito7
the proviso that when X' is a silicon atom, h is 3, when X'is an oxygen atom h is
15 1, and when X' is a nifrogen atom, h is 2. 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:

20
R"P  (CH.,),
wherein R" is as previously defined and h' is an integer from 4 fo 11.
25 _ The organophosphorus compounds can also include bidentate phosphine
ligands of the o
formulae; ' O O
e 5 5
30
| PR?, PRY,
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28 DEC 2004 phenyltris(perfluorophenyl)borate, co ann
‘tetrakis(1,2,2-trifluoroethylenyl)borate, 78 DEC 3ﬂ+
tetrakis(4-tri-i-propylsilyltetrafl uorophenyl)borate,
tetrakis(4-dinmethyl-tert butylsilyltetrafl uorophenyl)borate,
(triphenylsiloxy)tris(pentafl uorophenyl)borate,
(octyloxy)tris(pentafluorophenyl)borate,

Ete H? Ikljﬁg q{'ﬂ?‘%%" mte] B?I%fﬂz}{sfyb%qftg{eg rln ||501 1, 2, or3are also contemplated
t et raki s[ 3pkfeiet hoxy-2, 2, 2-trifluoro-1
(trifluoronethyl)ethyl]-5-(trifluoromethyl)phenyl]borate, and

tetrakis[3-[2, 2,Faapresentative phosphine ligands include, but are not limited to
trifluoro-1-(2,2,2-trifluoroethoxy)-1-(trifl uororrethyl yethyl]-5
(trifluor oWﬁ%ﬂ%@ﬂh"}%dﬂ%&&fph%@h‘é@eﬁt&ﬂf@léylﬁh“@ﬁﬁhﬂﬁ,e ani ons under

Ty At iRghSideRl R grﬂhfﬁu&gbg&élﬁﬁe -sec-butylphosphine,

tris(perf| gorpbtydessdhing, UatHPhoSSHne, tricyclopentylphosphine,
(octyloxy)tri sﬂpent af'l uoropheny al um nat e

t et r aki s( 3 raibilpiaaphine; dricyaiehaxy nl;zlnpatrmhermatpélosahrde

U num B3R HygROSBARE L Aol RBh g iV RetPingy esent I 1 near or
branched Cftri-%—télglfbi}‘u'to hinBe#beRby |Ehé§;§1#lﬁg Fi(p- %ﬂdﬁff‘&rﬁ@rﬂﬂﬁ 3h d@gﬁssph:

hal oal kenyl', sub ed and unsUbstituted Co C3 ar titufed and
utsubst i tuﬁlmitrﬁluomrr@ﬂwup}\losginluep‘m(péhbrcq:d'terlyt)phd:@t‘pm@\tn@e that at | east

three of RzB~ ont ajn a en ont ai ni ng substituent. Wen o
substi t ut eéf'fﬂ‘ff\’é"oﬁ'?%jhyﬁﬁénﬂ} ORpNINgy Blbgg HV'B OBRMB8uUbsti t uted or

mul tisubsti H’gfﬁr 4.ndependent |y sel ect ed
fromlinear %lﬁ gj anc e@%&]@ %%ﬁ :m’%'f)r)hg%mﬁeatgggnched C, - G5 hal oal kyl ,

| i near or lmn@bhohﬂdw@ylﬂneaylphmyph[henbla(4-metlbylph@dnﬁ)iahﬁspﬁnehal oal koxy, and
hal ogen sel ect ed fromchlorine, bromne, and fluorine. In another

embodi nent Pig(Eed- h&Kféi@éﬁrq@ethvmmerw@phwﬁ@higeotnbgtybt&(mm%thwsmmomm;é

A R O e S G L O S
di val ent r abh@edylslspping cﬂﬁtﬁjﬂlbﬁégbhbsﬁlﬁﬂeaﬂlﬂutymﬁhlr@t ed C6 G aryl and

substituted and unsubst I tuted aral kyl. In one enbodi ment, the oxygen

atoms are Ishidatylpkosphive cnllﬁmhqwmhqsphm@gH:eathy!ahawipmsmpne,tdj it he
oo ¢ ot Sa e R AT A odale e Y 2
substit Uentcﬁp!“i’érﬂ/l;bW%éﬁ%yipropylphosphme, diphenyl(p-tolyl)phosphine,

20 diphenyl(rimethylsilyl)phosphine, diphenylvinylphosphine,
divinylphenylphosphine, ethyldiphenylphosphine,
(2-methoxyphenyl)methylphenylphosphine, tri-n-octylphosphine,
tris(3,5-bis(trifluoromethyl)phenyl)phosphine, tris(3-chlorophenyl)phosphine,
tris(4-chlorophenyi)phosphine, tris(2,6-dimethoxyphenyl)phosphine, tris(3-

25 fluorophenyl)phosphine, tris(2-furyl)phosphine, tris(2-methoxyphenyl)phosphine,
tris(3-methoxyphenyl)phosphine, tris(4-methoxyphenyl)phesphine,
tris(3-methoxypropyl)phasphine, fris(2-thienyl)phosphine,
tris(2,4,6-trimethylphenyi)phosphine, tris(trimethylsiltyl)phosphine,
isopropyldiphenylphosphine, dicyclohexylphenylphosphine,
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28 -+ 28 DEC 2004 sel ected fromlinear or branched C -C5 al kyl, IQ@@"H@%G;&
~“branched C,-C5 hal oal kyl, linear or branched C -C5 al koxy, |inear or
branched C~-C, o hal oal koxy, and hal ogen sel ected from chl ori ne, brom ne,
and fluorine. In another enbodinent, the halogen is fluorine.
Representative structures of divalent R32' radicals are 5 illustrated

bel ow. 34' R33'" R33. R34' (C~ ~/ (C(R33")2)~~~ "' 33 R34 ~ 33

R33-) 2C J#:ndéin R34 \ \ / |, -( -
S i e"“‘@‘?”&ﬁ"“’}°fﬁ(ﬁ’§e"sgﬁ?%”z§ﬁ’“°$ﬁ”ﬂ§g 15 wherei n a3,

i ndependent Fjgphe@NK%sﬁﬁhQXWmﬁphos;bImne,adlpbenydﬁmnwf&d;r@héﬁﬁn)@hbylbhmé| near

or branched % C% ﬂ Lk an al ogen selected from chl ori ne, br omi ne,

and fluoring ((‘? g B?rHB M'MF’SF’ ie: BRA g Hei‘*@ﬂﬂpiﬂﬂhﬁﬁ&fb)phmllwn be a
bstit t

dependi ng 20 on {herheay ifrhéte) ol fudti hefids BuPBBTRYL e -

i n@ependent (43) EEme@phmmpmmmn} JbBiagphthybr anched C,-C5 al kyl, linear
or branched CS .hal oal ky l'inear or branched C,-CS al koxy, linear or
»fﬁb*saﬁph

branched C, b@(QJ YE.{P'&%N eImeihanss hix(diczelobexylphoaptinaetiene; br omi ne,

and fluorin EE%% IS | and n"

i ndependent ﬁy@gp@g&gen gr?] I'n %%i%lqu@mc}%%y@hé’ h %Hg'l)ln%ul d be recogni zed
that when n" is Uhephosplyipenigahescan aﬂshﬁbé@.él@é{e%fr eb&ﬂﬁ jJectly
to a carbon atomin the arorrgtlc ring represented %%2891& I'nt 'gdove

di val ent st ha#é @ip watersalhla dhenmby dxpadingthemesylting ceta,lyshhmthrﬁo!utﬂht@ inand

L oL o 5 SR U i ST ) o
‘posi tions. é’é}bﬁﬁﬁfwﬂjﬁlﬁﬁe&@h@gﬁ@ﬁbb @909ra@tm&j.meﬁ%cfs%mé)sené&ﬁ%d

i ncl ude but ‘are not 29 28 DE 004 limted
3, 4, 5-t et r aNd Srighergtpbesphineihenzots&d0: $odium

2.3 4.5 et FANF AN DB G Gr e aricaaherale. )| and |
bi s(1, 1" - bi a,ﬂt-(ﬁféwﬁﬁbﬁwde%)&scwﬁr%ﬁb%fomc acid) dipotassium salt, 3,3' 3"

15 phosphinidynetris(benzene sulfonic acid) trisodium salt,

. ?4—(dicyclohexylphosphino)-1,%dimethylpiperidinium chloride,
4-(dicyclohexylphosphino)-1,1-dimethylpiperidinium iodide, quaternary amine-
functionalized salts of phosphines such as 2-(dicyclohexylphosphino)-N,N,N-
trimethylethanaminium chloride, _ _

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

Examples of phosphite ligands include but are not limited to
trimethylphosphite, diethylphenylphosphite, triethylphosphite,

25 ~ tris(2,4-di-t-butylphenyl)phosphite, tri-n-propylphosphite, triisopropylphosphite, tri-
n-butyiphosphite, tri-sec-butylphosphite, triisobutylphosphite, tri-t-butylphosphite,
dicyclohexylphosphite, tricyclohexylphosphite, triphenylphosphite,
tri-p-tolylphosphite, tris(p-triflucromethylphenyl)phosphite,
benzyldiethylphosphite, and tribenzylphosphite.
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Representati ve borate 'and al um nate anions under Fornula 111 i gggg b 5
are not limted to [B(OC(CF3)3)4]-, [B(OC(CF3)2(CH3))4]-, [B(C@ }Mﬁi}f‘
(B(OC(CF3) (CH3)H) 4] -, [AI(OC(CF3) zPh) 4] -, [B(OCHZ(CF3)z)a] -,

[ Al (OC( CF3) 2C6HQCH3) , |-, [AlI (O(CF3)s)a]-, [Al(OC(CF3)(CH3)H)4]-,
[ Al (OC(CF3) ZH) 4] -, [Al (OC(CF3)ZC6H4 4-i-Pr)4]-, [Al(OC(CF3)ZC6H4
4-t-butyl)4]-, [Al(OC(CF3)ZC6H4 4-Si Me3)a, |

Al (OC(CF3) ZCsl - a-4-Si-i-Pra)a.l . [ Al (O GF3)zCsHz 10 .
T 2L et ol KB il omens
Al CFB)d-“gﬁé-,lr me n&@ﬁk - i

Lor g?gﬁ)enzene ar%i@ncg&pﬁls[{leﬁléi@éﬂlwg al?fséh@% %ﬁ@ﬁg@‘%& P{Lpgrggﬁlﬁlgﬁeban be

r epr esent ecnoypitenyirdiphehylphesphinité> |V 20 wherein R3'~ is selected from
fluorine, fluorinated hydrocarbyl, perfluorocarbyl, and fluorinated and

perfluorinated detfdries aéphesrhdniiedigandstinglude huliare net lipited ta dighrow, t he

hyir ocar by P ERPLBRPRGRE it BheiBRbmogy ARVIE SR RGPhOSs) | and
aral kyl gr Qiii@@[grdpgl plegH phicnite 2and LRI p%blﬂzwn%bgﬁéﬁfb-f rom chlori ne,

brom ne, iodin 5 and fluorine (e. ? , hal oa ) al oal kenyl,
hal oal kynyl , halRepresenriptiye labilgl neatsal elestronidainoa ligénds fL") ane reastion

radical” i & FORRGeRRY PhameRe DARe U0 HehRS Hiudoagt: Bre oaihalibe 1 - om

ne. I o _
at | east org@,dhgd{cpg%rby@[dalilbﬁﬁclﬂﬂﬁrnéﬁ réﬁ@@eﬁﬁét:@e'ﬂ?’%’é&réﬁglcm&ﬁd@

a
nonof | uor onet hyT group) to f al ogenation 30 ogenat | on?e(/\,herei n
al® hydr ogdnf-dexadicor, ahe chgldooteaidnd (MDY watay ehbftinated 21EEs 28R4hbleen

repl aced by ha| ogen_at. e.g., perhalocarhyl such as trifl uoronethyl

(perfl uor or?él[?‘?f?} l‘? “?ﬁe“‘gﬂ]%érqrgﬁ?%dﬁmk‘%‘?’ﬁ 8, £Hgaplerqarbendes an

radi cal s c%rt%g_n, in one enbodinent, 1 to 24 carbon atons. | n another
e

enbodi nent, t fluorinated hydrocarbyl and perfl uorocarbyl radicals
contain 1 to 12 Reprbsentative chlorinated alkanes include but are not limited to

dichloromethane, 1,2-dichloroethane, and carbon tetrachioride.
15 ' Suitable alcohol ligands can be selected from alcohols of the formula
R¥OH, wherein R® represents linear or branched C,-C,, alkyl, linear or branched
C,-C,, haloalkyl, substituted and unsubstituted C,-C,, cycloalkyl, substituted and
-unsubstituted C4-C; aryl, and substituted and unsubstituted C,-C,; aralkyl.
When substituted, the cycloalkyl, aryl and aralkyl groups can be monosubstituted
20 or multisubstituted, wherein the substituents are independentty selected from
hydrogen, linear or branched C,-C,, alkyl, linear or branched C,-C; haloaikyl,
linear or branched GC,-C; alkoxy, C;-C,, aryl, and halogen selected from chlorine,
bromine, and fluorine. Representative alcohols include but are not limited to
methanol, ethanol, n-propanol, isopropanol, butanol, hexanol, f-butanol,
25 neopentanol, phenol, 2,6-di-i-propyiphenol, 4-f-octyiphenol, 5—norbomen-e-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™), respectively, wherein
R'" independently represents linear or branched C,-C,, alkyl radicals, linear or

30 branched C,-C,, haloalkyl, substituted and unsubstituted C,-C,, cycloaikyl, linear
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5 atons. I n yet another enbodi nent, fluorinated hydrocarbyl and AR

« perfluorocarbyl radicals contain 6 carbon atons and can be Iinear2 DEC 2004
branched, cyclic, or aromatic. The fluorinated hydrocarbyl and
perfluorocarbyl radicals include but are not limted to fluorinated and
perfluorinated |linear or branched C -C24 al kyl, fluorinated and
pertluorinated C3 C24 cycl oal kyl, fluorinated and perfl uori nat ed 10 Cz C24

al kenyl, f|gioiaRahéed cuw ny, ori nat ed
and perfl uori nated Cs szﬁgg{({/ %ﬁ%?ﬁ%ﬁﬁat edﬁgﬁt gieerkglauéryli’ ed C -C24

aral kyl . Theulfstitided ﬁad&msabdtlknmd Oy, pariioy. V‘ﬁté‘re:ﬁuminﬁbdttﬂ@rﬁy&l@ll@l
r epr esent ed f%e fornmul ae or - 6' respectlvel Y,

wher ei n RSGaryrgn afqlmﬂrﬂ‘éﬁ%ﬁg'ggz%%QWBW%W WWSH@t%Mhﬁﬂlndb@ve m

is and int ygen
atomin t hgﬁg{sﬁgfren?%?% @dle Ebghén@??és%%%@gﬁ ﬁg 9}0@%&%%3 J’rﬁ%&ﬁﬁpéﬂ gfﬂ

thé bor at obskylelirearion@rahcheahe @pmbamntnne‘a%rbrmr@@@ CF‘a‘ikBﬂF ¢hese that
are electron withdrawing in nature such as, for exanple, uor | nat ed “and

pert | uor i naR¥b 2R helepiag fé@!mhmr@cbmmeoand fiubtivertaken tqgather

ertl uoroet r f | uor ophenyl
nd bi s 3. nohe pffihs YLABh B oRE Whigh SRR RYendir Betim 8 HiiFagen.
hal ogen, pesthktior edic iyibetttd ﬁedréémaﬁdéi@ﬂh@@rn@wder Bt 8l rdn mWh@? ghn the
per fl uor ocar byl and sil )é(yterF uorocar byl are as defined previous In one

enbodi nent , 'ﬂ@@'%&ﬂ?ﬂeﬂ 36@@wfaﬂ‘@tbwt@ttsd@tfﬁerom-cmoqmyl e’élerfdlethyl eetherl n

th £ VW hal
{ Sigt I &r)r gcadragbt}}?&hﬁﬁ § Ji P qs%ngr EE' r E s C“Of‘%@e raée'ﬁeﬁﬁewsraﬂ@oghqn%ne
-enbodi ment, orth f%l@bﬁﬁéﬁ:nb%gtarﬂ@s@é P%bré&é’:;i)?gpﬁyhﬁgeﬁ%@gér gf hERERAE 1 g 11
silylperfl d%%é@)%wwhenem Ré’dlndepemdmtbr epresents bWogenOﬁnm@n’rbradew

bor at obenz % d08 resent ati ve bor at obenzene ani ons
i ncl ude but ‘a?@ aﬂl&! I,lqerﬁrtOé rgua) e Cz,:, aloalkyl, substituted and unsubstifuted

150l OB 24, AT )

di hydr o- 1- (penf af'| uor

{ pent af | uorwshesitLjeCha), aamikdndVhen substituted, the cycloalkyl, aryl and aralkyl
1-[3,5-bis(trifluor n'eth%%% phenyl ] -1, 2-di hy dro 5

4- (pent af | SBPERFHERY )"‘@9 'éﬁsé'tUt¢Hé>f6wﬂb°d4b§HBJf%th%ﬂe®tmebﬁmﬁw% ans

o’ B Gy NIy SRR Akl GBYEH qfv%%g%?&@h‘%#h“%eqbép?@g? Har o™ ¢
12- Br CB" H' hraﬁamrcsmhaoaﬂszmﬂa%@bwmm% %de}é c7 @I %ﬁ% H, o,

1-HCB"F,i, 1-CH3 CB'F,i, 10 1-CF3-CB'F,i |, CB'H'Fi |
7.9, 12- CB" Hetagen @eg@grfgom chlorine, bromine, and ﬂuonne Representatlve ketones

20 include but are not limited to acetone, methyl ethyl ketone, cyclohexancne, and

benzophenone.
The nitrile ligands can be represented by the formula R'*CN, wherein R"?

represents hydrogen, linear or branched C,-C,, alkyl, linear or branched C,-C,,
haloalkyl, substituted and unsubstituted C,-C,, cycloalkyl, substituted and

25 unsubstituted C4-C, aryl, and substituted and unsubstituted C4-C,; aralkyl.
When substituted, the cycloalkyl, aryl and aralkyl groups can be monosubstituted
or multisubstituted, wherein the substituents are independently seiected from
hydrogen, linear or branched C,-C,, alky!, linear or branched C,-C haloalkyl,
linear or branched C,-C; alkoxy, C4-C,, aryl, and halogen selected from chlorine,

30 bromine, and fluorine. Representative nitriles include but are not limited to
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6- CBOHOF-, 6, 8-CB9H8F2 , 6,7,8-CB9H~F3 , 6,7,8, 9- CBOH6F4 8. 0EC 2004
2,6,7,8, 9-CBO9HSF5 , CB9HSBr5 , CB"H6Cls , CB'H6Fs , CB"HsFs , C@ I—Qk% :,89‘*
CB"HsBrs , 6,7,9,10,11, 12-CB"H6Fs, 2,6,i, 8,9, 10- CBOHSF5, 1-H CBI9F9, ‘
12-CB"H'(CsHs). 1-CsFs CB"HsBrs. CBmke~z, CB(CFa)~z. Co(BsCzHii)z.
CBm(CHa)iz, 15 CB"(C4H9),2 , CB"(C6H, 3),2 , Co(C2B9H')Z , Co(Br3C2B9H8) 2
and dodecahydro-1 carbadodecaborate. Catal yst Preparation The catal ysts of
Forrmul a | can, be prepared, as pref ormed singl e conponent catalyst in

sol vent or aEﬁW'\th%pPé%%‘PBBﬁ‘Pnggm%Qﬁ"H{P%ﬁﬁli G¥nidee anghNQEOENRecur sor
conponent s E@Mﬁﬁéjesi red nononer to be polynerized. The single conponent
cat al yst OF orrrufé | can be prepared by adm xing the catal yst precursors

in an appropri afhesarevienigands lcanibeosdidted Gph sQPsfitatddl ARPeAsibEfited
appropriate tenperature conditions, and isolating the catal yst product. In

anot her enbeda@enescaigingng manesabsinton et mulisubiséitulion whdrain the a G oup
15. 25 el ectrpon.donor compound, and/ or | abi l ¢ neutral. el ectron donqr
coimound.  SHB-UZUSHR s RESHESATRY Slacded o By diRsh. Incar pr aaieisl GG e
sol vent tOa){dyﬁ|li@||ebhérBFﬁdﬁbﬂB@-Gahéio)é%/l,‘HﬁEBF BXbRflchkaTe fcuatisky foraul a |

above. I n another enbodinent a Cfoup met al pro-catal fétﬁ containi n§ a
G oup 15 elkadtancth halngen $dleciad fiosn abloriredbnoinbihe pasd fluonrde.a Repedantative

coordi nating anion in an appropri.at solvent to yield the preforned

‘cat al yst c&ﬁ%’!@mc@é{é b@@%ﬁ@?g@'@@d%g&%@?&%“ﬁ EpdFa@dgP-x¥gBePons are
carried outndds Y = Hpdel Hhemd | ondi tions.

Exanpl es O?‘négs’&y\%{ﬁf gmsjﬁq a Fgéfgrdlﬂtlﬁgé%at aﬁ?é?r}g?%%grggb?%hn&r eaction include

bl@ are nothlorobé¢rzbriey pentafueretshzeye| oalidtdombeokzerstsnduch as pent ane,
hexane, heptane, and cycl ohexane; hal ogenated 5 al kane sol vents such as
di chl or omeNBXARIOTGREBE®MSr m carbon tetrachl oride, ethyl chloride,

T cl or obut ane, SeRle BT ahd WY CARGnTs Bk REREE 2R pe R ER BY
1- chl or opephasghinetdi@dss stpk farmUIbP@)R ), elmer&ih R inddeiRfehfly sol vent s

such as. benzene, xylene, toluene, ne5|tzlene, chl or obenzene, and
o- di chl or oepigenets ITeaim brandes: Gok .sdkylelinearsurdhaasheatt €of,d haloakiyt

Dz ene. 1 b5 Hhissh And WRs RGNS semruisls BT ity el - Con dlkoxy,
pentaf | uor qh@ﬁ&r@ﬁghﬁéafdmgoqﬁwm,, seb&iteta@éWGHémnuTtgg 'coséggwene,

tol uene, o-, m, p- xyl enés, nesitylene, cyclohexane,
di chl or oneahdratibsiituied sndtuisivbstitaterbC aCuyy arallylg¥Vien selstitytedgtheut t he

t emper at ur SYPIRARIE AV 208 PG SBRPR 781 PoMATaSES LA BGRB8 L0 about
1201 on | SHEAERI AR RGNS o kBRI TR sk oM R RRATIfS ool the
tB@ tenper bramchad@g€ f alkyl, linear or branched C,-C; haloalkyl, linear or branched
C,-C; alkoxy, C,-C,, aryl, and halogen selected from chlorine, bromine, and
fluorine. Representative phosphine oxides inciude but are hot limited to
triphenylphosphine oxide, tributylphosphine oxide, trioctylphosphine oxide,
tributylphosphate, and tris(2-ethy1he5<yl)phosphate.
25 | _ Representative carbonates include but are not limited to ethylene
carbonate and propylene carbonate.
Representative esters include but are not limited to ethy! acetate and

i-amyl acetate.
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20 carrying out the reaction is fromabout 10C to about 40C. Pressure is
‘not critical but nmay depend on the boiling point of the solvent &nflbyEdsil4
i.e. sufficient pressure to naintain the solvent in the |liquid phase.
Reaction tines are not critical, and can range from several mnutes to 48
hours. In one enbodi nent, the reactions are carried out under inert

at nosphere such as nitrogen or argon. 25 The reaction is carried out by

di ssolving the pro-catalyst in a suitable solvent and adm xi ng the
appropriate ligand(s) and the salt WEAtDesatystiord weakl y coordi nating anion

w th the dissolw roscatalyst. -and optianall eatjng the solution until
the reaction is ﬁ@%&e&‘ C é'nﬁF'BQGPHB r%ﬁ"ﬂ@lcgm%({ 1, Shtranysta teanpe

| sol ated orbeseiserdinemh tERE i BinfHAbathaldabia Rl RARIREIE R0

catalyst in solution to the polynerization nme

can be 33 hagcmboravtdanimosonpl i shed by standard procedures, such as
ev§porati ng the sol yent, q\/ﬁ\@sqi ng the solid with an appropriate solvent, and
th&n recrystalli '%éof"ﬂ@ FHginaie waRkty. confdinaing covaterarions agat al yst

conponent s @P'ﬁgs%yﬁéh b? ﬁd}ﬁﬁ{gg@gtlg%%t[%e pref ormed singl e conponent

cat al yst of e 1nvention I's metal 5 contained in the
pro-catal yst conponent. In one enbodi nent, the nolar ratio of

pro-catal yst/ Goup 15 el ect ron donor c,or’rggngnt/V\CA salt is 1:1-10:1-100, In
anot her embodi nent, the molMiRTURFIRF)NPF0I cat al yst/ Grodp 15 el ectron donor
conponent/WCA salt is 1:1-5:1-20. In yet another enbodi ment, the nol ar

rati o of pro-cataiyst/Goup 15 el ectron donor conponent/WCA salt is

110-2:1-5. I'n 10 ermbodi neni8(ORZYITRF ORI (ORWIEr e the [pro-catal yst is
“ligated with a Goup 15 electron donor |igand and/or a labile neutral
el ectron donor ligand the nolar ratio of pro-catalyst (based on the netal

content) t .salt is 1:.1-100Q. |n another enbodin s obdis ratio s
1:1-20. | n%ﬁ%'&%%rwgﬂmi on Pﬁiag“r'i"a’t’f"ba?‘gglﬁ- :.R% naﬁﬁéqazenbodi ment ,
a Goup 10 irms b lf : 1 : .s adm xed
with a Gr'oulp 1%%%@??%&%%?2?%%3@%3% QI?EE%P{C@%S:‘:? @[ﬁﬁmér éﬁl tabl e
weakl y coorttaneitehg,dhi, afkoxy, lirean op bogurchetdeC s 6L waltalkenyhlindacer biagchiegg! e

| d i i 1) bel 1. R MA' ]2
)c(ﬁgpgn)e/m itit[ yﬁgg(g{sﬂ%gﬁt?%i\wﬁsE?%'Yﬁﬁil‘;])éerngg%fmd@l Bt ')H)U'géﬂe Oalvséimf@d |§3r[ ed:'ﬁal[ al ;st
di ft ; ' i t L. f o).} owi
cijrrerrp(r):i '? i or;{"ﬁI { gﬁ?y@:& ;b%g I a%/?ﬁ%’[%rn FP?%%‘?%&%{%%&%R’%&,J%%&' fifleldh R2F 1 ﬂ how ng

(al l'yl') pal Icadinotetl Smuttendonsty refresattydikpal dregiyioxyyroaps evelididubstituted
(allyl)pal |ﬁd| urp odi de diner, ([3- pl.nen%l ) pal | adi unchl oride di mer, 25
met hal | yI pdD¢ 28 SFPeps 680 de mpnesubsiituted orvuijsulistijuted whereimibehl or i de

di mer, and i I i . enbodi t, | i gat ed
O 10" AR BN RE hARE S RERRLLTE e, P2
G0up 15 elliestr onbrnahied©pOPHABalKYL liheakdtbrRinehkl ®IC 2alkbky #RESr ¥eakly
coordinating aniop _in an appropriate solvent to
on - branched C,-C; haloalkoxy, linear or branched C,-C,, trialkylsilyl, CeCis
triarylsilyl, and haiogen selected from chlorine, bromine, and fluorine. In another
embodiment, the halogen is fluorine.
Representative borate anions under Formula Il include but are not limited
25 o tetrakis(pentafiuorophenyl)borate,
tetrakis(3,5-bis(trifluoromethyl)phenyi)borate, tetrakis(2-fluorophenyhborate,
tetrakis(3-fluorophenyl)borate, tetrakis(4-fluorophenyhborate,
tetrakis(3,5-difluorophenyl)borate, tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5,6-tetrafluorophenyliborate, tetrakis(3,4,5-trifluorophenyl)borate,

30 methyltris(_perﬂuorophenyl_)borate, ethyltris(perfluorophenyl)borate, .
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30 produce the single conponent catalyst product as shown in equation (2)
below. 34 . 2 ~~~ C 2074 2. {RML")yA ) + xL' + [WCA] salt ~ 78 DEL 2004
[R ML )x(L")y)b [WCA] d A representative pro-catalyst of the formula
[R ML")YA' ] includes but is not Iimted to (COD)palladium
(methyl)chloride. 5 1n a further enbodinent, a Goup 10 netal |igated
pro-catalyst of the formula [R ML )"A' ] containing the Goup 15 el ecfron
donor ligand (L') is adm xed with a salt of a suitable weakly coordinating

: : : _ Cal vst
gplogzclt nag sﬁﬂg!nm:ﬁhéequa‘?ltm ?ngﬁ%ﬁ%gvgk%@’g% r@%&?ﬁ%ﬂ? f_e'ci ?V@]
salt -~ [ Ridifdkis(al-i-pydpylsiiWetbtusiaphanyibopdte; bbb cﬂ:fne@l’ﬁ Iitére- fornmul a
[R ML )xA'] include but are not limted to the fo OWIngheny ositions:

pal bumlsm@trafbmme@xl}qu‘@s privhrnsilowy lirisépentafiuorop orate,

BZ: l% ﬁﬁ) fﬁ@%’ﬁﬁﬁ%@@/ﬁgﬁﬁﬁgﬁﬁ%{r 1f|%|§?%%is[1-methoxy-2 2,2-trifluoro-1-

pal ttﬁﬂuaf&ﬁéﬂwn@{quﬁ@wpmﬁehté?ﬁé)ﬁsxsi[hfhﬁ@thoxy-z 2,2-trifluoro-1-

pal l'adi um(tri cycl ohexyl phosphi ne)trifluoroacetaté (also referred to
s Ariflybrapdeth@)ethy/)s- (tﬂiluoromethyl)phenyl]borate and tetrakis[3-[2,2,2-

21 e 2 B R Pty ety 5-

I|( ﬁhH éfh Eé’ﬁwb%ﬁé{éphl ne)mtrate

tri-o-tol osphi ne) acetate, -
| I adi uiRdpressnatiopgluplinsieghamiens untier Foreuladbinclude but are not

|l adi un(tri c cI ohexyl phosphine)triflim de,
| Ilﬁuﬁedrtettetrg rm%&mh@)yd)a ymingteie,

3: Wb DI BSRR RIS CFYBE T penefusrgphenytatuminate

al kteHidsTB 15 bip @mwr@h@m Heewhaluhtigate, afd
alladiun(tri |t310 rop E]?)‘?sphl 2e trifl horoacetate 35 28D~C
0 methyltns(pentaﬂuorophenyl alum:nate

KKK

OO YY

PO EIPPIIPOPRIDD

!

N N N N’ N N N N N N N N N N N’ N

A————— - —p—— — — —
(€ 2 H = B
H'O'D'D'OU'D'D'O'O'G'D Q

NAAA/-\AA/—\/-\/-\A/—\ jAA/—\/-\/-\
KKKk KKK

in Formula il M' is boron or aluminum, R%, R®, R¥® and R*" independently

—
[}

represent linear or branched C,-C,, alkyl, linear or branched C-C,, haloalkyl, C,-C,,
haloalkenyl, substituted and unsubstituted C,-C,, aryl, and substituted and
unsubstituted C,-C,, aralkyi groups, subject to the proviso that at least three of
R?® to R*" must contain a halogen coniaining substituent. When substituted the
aryl and aralkyl groups can be monosubstituted or multisubstituted, wherein the
20 substituents are independently selecied from Iineaf or branched C,-C; alkyl,
linear or branched C,-C; haioalkyl, linear or branched C,-C; alkoxy, linear or
branched C,-C,, haloalkoxy, and halogen selected from chlorine, bromine, and
fluorine. In another embodiment, the halogen is fluorine. The groups OR® and
OR?¥ can be taken together fo form a chelating substituent represented by
25 —O-Raz;—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. In one embodiment, the oxygen atoms are
bonded, either directly or through an alkyl group, to the aromatic ring in the ortho
or meta position. When substituted the aryl and aralkyl groups can be

30 monosubstituted or multisubstituted, wherein the substifuents are independently
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15 20 25 30 (allyl)platinun(tricycl ohexyl phosphi ne)chl ori de,
(allyl)platinum(tricycl ohexyl phosphine)triflate,

(1,1-dimethylallyl)pall adi un{triisopropyl phosphi ne)trl f1 uor oacefat d)EC 2004
(2-chloroal lyl)palladium(triisopropyl phosphine)trifl uoroacetate,
(crotyl)palladiunm(triisopropyl phosphine)trifiate,

(crotyl)pal ladiun(tricycl ohexyl phosphine)triflate,

(crotyl)pall adi un(tricycl opentyl phosphine)triflate,

(et hal |yl ) pelrrted fremdineey of bmwpegrms@@a!hgn tnmeadcatmanched C,-Cs haloalkyl

(et hal 113 B ifoeTod GeRabod Breatranerad Fateq haloalkoxy, and

(et hal | yl) palbhadi d

(ot hal 171 ) B P o e S R A P s dn ancther embodiment,

E rrEE Ea: : y: gg“@! T@ldg&mistﬂwmtell Wh Féﬁmmﬁmmﬂﬁ% Iaf didgl,ent R*? radicals are
ally ri cycl ohexyl phosphine)triflin de

(ggt hal | yl )'B tlr%&fjltﬁ%‘?‘% i sopropyl phosphine)triflimde,

(methal | yl') pal | adi un(tricycl opentyl phosphine)triflim de,

(methal l'yl')pal I 'adi un(tricycl ohexyl phosphine)trifl uoroacetree

(met hal | yl') pal | adi uri®'rLisomeopyl phosphi ne)tri f kuor oagetat e,

(et hal | yl) pal | adi unf( cI]opentyI phosphi ne) t rixku et at e,

(et hal | yl') pal | adiui)t. cphexyl phosphi ne) ace (C(R¥) ) »

(et hal | yl) pal | adi u tr|F|b§o ropyl phosphi ne) acet gt 2

(methal I'yl) pal | adi urgstri'tyclgepent yl phosphi @R €kt at e,

(et hal I yl ) ni ckel (tricycl ohexyl phosphine)triflate,

{2-[ (di met hyl am no) net hyl | phenyl - C, N-}-pal | adi un(tri cycl ohexyl phosphi ne) chl
oride, —((R® . - .
[ (di met hyl ani no) met hyl | (phe)ny Q Py - pal | adi urit't
ate, (hydrido) paII R
(hydri do) pal I adi u yexy phosphineéyF orss (
bis(tricycl ohexy‘.ls ae) chI ori de, (hydridd) pal | aRb*um
b| s(triisopropyl phosp hmeXcdmaquEde, 36 28 BEC 2004 5 10R®5 20 25
tilgdrl do) pal | adi um bi s(tricycl ohexyl phosphine)nitrate, (hydrido)palladium
is(tricycl ohexyl phosphine)trifluoroacetate, and

(hydr i do) palhadinRbi ﬁﬁbbbh&é’rﬁhﬁ%ﬁ@%&?ﬁ?ﬂg@%%pr fidrSr ARGl PE S Hidh YS!

conponents suitable for use i

( Me2NCH2 Ce Hifead @oem)ea(eyeg hhleaildy), arld ha&logen selected from chlorine, bromine,
ortho-netalla C{) hen met hl yened| met hyl am no pal | adi um

tricycl ohexd Rnothgr epbasinent, tre Bploges s fiupriye)) RA{ pay DG F5,

R R e e
(ZH3) Pd( PMVes) tieBavaiiGbiR) Relémté ol?l‘e)aaM 8n afdrh’ anIEEIﬁéé’ﬂ)érPdgrﬂ ggegﬁnts

|1yl Pd( PMe3 ) CHZCH=CH? l'yl Y Pd( AsPh3) Cl Tyl Pd
:;E ZI | zl 3 pd§ éB’ﬁH%QOC( ?”@ﬁ’éph faamhy!(i oéPi)i’lksé miear(c%fézmm(ﬂ?md y%gagd((assmﬁ) a,

(ot iyl ol éif%%"%ﬁ?%q%ﬁ&?&ﬂ&ﬂ%ﬂ%pﬁ BB Emhelomlosa@Y st can be

fornmed by [haigaraselegted Poid chitiriey Srofing Bﬁdfﬂ%ﬁH%?geﬂ'%%&b%é ent, the

MR (L~) X(L")v in the presence o_f a Bronsted acid salt of "an
equi val ent halegen Mluﬁrma),zambn indepentenity represdnys anintegeefoM@\tsa) tt t o

yégl d an acg

?1’3'- phosphine)trifl
e,
{drx+-€o) pal | adi um

ol 684l gnlzedS that when n" is 0 the oxygen atom in the formuia -O-R*-0-
is bonded directly to a carbon atom in the aromatic ring represented by R*, In
the above divalent structural formulae the oxygen atom(s), i.e., when n"is 0, and
the methylene or substituted methylene group(s), <(C(R*),),~, are, in one
embodiment, located on the aromatic ring in the ortho or meta positions.

30 Representative chelating groups of the formula -O-R*-0- include but are not
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illustrated in Eq. 4. HWCA (protonation) 4. (Cd, hi ~-M L' )X(L")v
[H--fCd, Hza~-- N1 (L7x(L,~)v] ACA] In this enbodinent R is a atemz 4
hydrocarbyl |igand of the formula -(CdH2d)- that is taken toget her Wi th Q[L '
G oup 10 netal center Mto forma netal lacycle where d' represents the
nunber of carbon atons in the divalent 37 28 DEC 2004 hydrocar byl
backbone and is an integer from3 to 10. Any of the hydrogen atons on the
di val ent hydrocar byl backbone can be replaced by linear or branched C, CS

o 1B AR o R 3 Cot £ ey, o 5 C o

aryl . nol eties can stituted with-a

hal ogen 5 setbaéhlbtweTnzéﬁé@@ﬁaQQ (-fOCngHDQ e, 33111 l’éctétrﬁﬁrorﬁbﬂérﬁzé?fédicﬂﬁé
i odi ne. I n another enbodi nent, the alogen is fluorine. In addition, any

two or t hr é€O6sBHe). andyiis@ubbitetrativoropharyr?, Ee@elaﬁ@)r vvlth t he hydrocar byl
oromati e ring. oy SrREeRALVE bRtk Bl A A R AR ?@ﬂn'&i’ur@éc .
T er T aces S el O O T BT PRI BRIy 11 gand
coor di nat ecﬂBffaC((hEa)@HaHmetﬂlé@CM?Fd)ﬁPlﬁ)ﬂot[B@CHWﬂ)Mnt a Goup 10 netal
1581 ect ol BIP kG o) TARICICF donl EAKOIEED EHatBrbn donor 11 gand:
S appropr TSR R OB e A e Bl R AR it o

h OC{CF BT Mt SIMeD),, t > més-PM, CH
CRML ) x( %gﬁb A o0 e Pt e o P T Ew?rcﬁﬁﬂ’ e

O ML ) x( 2GR St b ANEI L Gl G 3 A GG 2.4,6-

t Pr3 B(Qz 3,4,5,6-C
CCartyl) Pt Rk SRS RIS b o o) o ol
[ (al'I'yl') Pd( HOCH})H b braftibBilzeRe GhichstuSerr &2 ﬂ*@)«é&kly coordmatmg coun tera 1 op

L(allyD) Pd(can be an(pl:r)éserﬁreg)b]y[gér%?gw)bze}ow L(alTyl)Pa(oRt2) (P r3) JLEPhal,

1 5 Ra¢
[Rast X 35
| v
R35 li3 35
B . R3¢
20 wherein R* is selected from fluorine, fluorinated hydrocarbyl, perfiuorocarbyl,

and fluorinated and perfluorinated ethers. As used here and throughout the
specification, the term halohydrocarbyl means that at least one hydrogen atom
on the hydrocarbyl radical, e.g., alkyl, alkenyl, alkynyl, cycloalkyl, aryl, and aralkyl
groups, is replaced with a halogen atom selected from chlorin_e, bromine, iodine,

25 - and fluorine (e.g., haloalkyl, haloaikenyl, haloalkynyl, halocycloalkyl, haloaryi,
and haloaralky!). The term fluorohydrocarbyl means that at least one hydrogen
atom on the hydrocarbyl radical is replaced by fluorine. The degree of
halogenation can range from at least one hydrogen atom being replaced by a
halogen atom (e.g., a monofiuocromethy! group) to full halogenation

30 (perhalogenation) wherein all hydrogen atoms on the hydrocarbyi group have
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5 [(allyl)Pd(CEtz) (P-i-Pr3)], [SbFs][(allyl)Pd(CEtz)(P-i-Pr3)] [BF4Ipgs 2504
(allyl)Pd(OEtz) (PCy3)] [BF4], [(allyl)Pd(CEtz)(PPh3)] [BF4],
(allyl)Pd(OEtz) (P-i-Pr3)] [PF6], [(allyl)Pd(COEtz)(PCy3)] [PF6], _
(allyl)Pd(CEtz) (PPh3)] [PF6], 38 2 8 DEC 2004 [(allyl)Pd(CEt2)(P-i-Pr3)]
C104], [(allyl)Pd(OEt2)(PCy3)] [Cl104], [(allyl)Pd(CEt2)(PPh3)] [C104],
(allyl)Pd(CEt2) (P-i-Pr3)] [SbFs], [(allyl)Pd(CEtz)(PCy3)] [SbFs], and
(allyl)Pd(CEt2)(PPh3)] [SbFs]. In another enbodi ment of the invention the

catal yst of b&en replacéd bg ahajegen atad (Y., PRARAIDE&D Ridh a8tiflusfdmehyf he
formula [ML")x(L" %&A! ‘1)2] with an or ganorret al I'i c conpound of -al uni num -
li thi um or M&P hyhe Thestprinated ﬂdmamWaa@@ediumcargyEnm;}a]s( V\Cg\)(%r)
a strong Lew b ' i t the anionic hydrocarbyl |igan
on the gr ou%%@aﬁchg?gpé%ﬁrn@éﬁ@%%%%‘ﬂﬁ%r}bpgﬁwgl' r“%é’@iéﬂ't?r‘i %‘qcﬁ"ﬂ"ﬁﬁg the
or ganormet al fliierirtRem ByabchfbW i2pdbdriGorBEaIbYeraeiiaAd ¥Shtafit 13698 arPo Pe! oW, 6.
ML) x(L") Y(A )ZI] + [WCA] salt or Strong'Lew s Acid + organonetallic
cofpound - >2fpresv iy yet @nojhgriembvwiinent, Fuexiaatsdeisy drbcarbgt gad pé_&fﬁl’lt(as?cﬁubylam e
for use in this enbodinent include nickel acetylacetonate, nicke
car boxyl at d@HGRITRYMEIN T Carht ptpens and eap brilinesr BHIE%I,C;QG, AR ePr
et hyl hexanogofmatil, CHsd fitidninatbi Al er] ?8 icals i
hexaf | uor oacet yall acet onal'El er,n Nléég:l g?%%@ﬁg _ Rlﬁ]grr@((& pr'gbgl yq%igajliymc%:{e but
t rans- PdQ 2gmeRs)limitguitiol fantirimatad hnd F.e(fgmﬁf;%t@l;inﬁgeﬁfbea%cml ¢ adiukh! )
acetyl acet onat g, cl.ooct adi ene) pal | adi un(| | i chl ori de, ]
Pd( a%:let at e)@{%ﬁ%ﬁ}i ¥"§@eﬁﬁi@f M%)ﬁzagycloqlhyf[ﬁ@mﬂd RaEr R fuwg)ated
Pdgr 2( P( p-t@el P P I%l 2(P(cycl hexyk 3)z
quﬁ adi un( 179 Ty dkén A ﬁ‘%‘ﬁfdaﬁé?@?&?ﬁ/ rﬁ‘i%@@rt?‘g@ %ﬁaf))"ﬁai“'ﬁﬁ{‘}”r ")“?'iﬂﬁ"%‘i and
‘pal | adi un{ IigrfleckydtechGrOataayl, dndluerifatidsdrrrsMnbiinatea)®ab] aghmil 1 e 10
di br ono bisffbenzonitrile) al l adi um(11), ]
uorinated and periluorocarbyl ether substituents are represented by the
formulae -(CH,),,OR®*, or -(CF,),,OR® respectively, wherein R is a fluorinated
or perfluorocarbyt group as defined above, m is and integer of 0to 5. Itis to be
15 ‘noted that when m is 0 the oxygen atom in the ether moiety is directly bonded
attached to the boron atom in the boratobenzene ring.

In one embodiment, R* radicals include those that are electron
withdrawing in nature such as, for example, fluorinated and perfluorinated
hydrocarbyl radicals selected from trifluoromethyl, perfluoroethyl, perfluoropropyl,

20 perfiuoroisopropyl, pentafluorophenyl and bis(3,5-trifluoromethyl)phenyl.

R* independently represents hydrogen, halogen, perfluorocarbyl, and
silylperfluorocarbyl radicals, wherein the perfluorocarbyl and silylperfluorocarbyl
are as defined previously. In one embodiment, the halogen groups are selected
from chlorine, fluorine. In another embodiment, the halogen is fluorine. When

25 R*' is halogen, perfluorocarbyl, and/or silylperfluorocarbyl, the radical(s) are, in
one embodiment, ortho or para to the boron atom in the boratobenzene ring. in
another embodiment, when R* is halogen, perfluorocarbyl, and/or
silylperfluorocarbyl, the radical(s) are para to the boron atom in the

~ boratobenzene ring.
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plafinum(t1l) chloride, platinumIl) brom de, and platinum n .
bis(triphenyl phosphi ne)dichloride. In general the Goup 10 netal< g QEL_ 2004
pro-catalyst is a nickel (Il1), platinum(ll) or 15 palladiun(ll) conpound
containing two anionic |eaving groups (A), which can be readily displaced
by the weakly coordinating anion that is provided by the WCA salt or strong
Lew s acid described bel ow and can be repl aced by hydrocarbyl groups
originating fromthe organonetallic conpound. The | eaving groups can be the

same or di f f er efeprdSenteite BotdloBBhAndAmoRs ritlvdd bareXiotiteddh be 20
| i gated.- Wien the pro-catalyst of this enbodi-ment--is not ligated with a

G oup 15 el[tdtdibydroohoretbghpdpentafigarophenyig-2sborgie14-( &) 1editmednylgd@er |'i gand
be add h ' ' h ' fol | ow '
cehere. 25 SVFArICPRR O PSR-Poralea]-TLare- ot SBUAg- Lewt's Acid +
ColL] , AN o ; .
Curtabl e 1 o aRRTRBHRRD 2-botel and L SNiRe el ehlfid £ SkbATE
fanul a: 3A-@entaflRBrofieRAPA-dr4B4' ~) 3 wherein M represents al um num or

boron and R4"' represents nmonosubstituted and nultisubstituted Cs C30 aryl,
wher ei n t he subdtetcarhomngnand salpcgrbajarg pnipne wafwhassibedseakly sel ect ed

from hal og I i nent . the hal ogen,is, fluating), i r,,or
branched & E@"ﬂ%‘%ﬁ?‘g@ﬁgg B8 Inedie ntk ?’Eﬁﬂ}‘{t lippted tﬁg(f'%w@'ﬂg)rzy Chptdrz
pent af | uor ophenyl ). anpl es of such strong Lew s acids include:

tri s(pent affl, iBogidakilo), B@-OH B HiS (731 S-ObiCH { Mioh, MuldrGBRFhy 11 GhieGB. ) Bat on,

43 oent arGhr g T2 G R b dErnt 9 12-C8 g Bt

o U mam e SR e Rt 2 ST o o e A PveReHFe B T LR
or ganoal uniGHh;BomEBeHECRT OB)cHdFat B1BH,F5y SBarHls CBHEBRNt ed by the
Formila: 13 PR 12508, HoEr 2.6.7,8,9,10-CBH Fe, 1-H-CBF,, 12-CB,H,(CoHe)"
- 1-C4Fs-CByH;:Bry, CB,;Me,;, CB,(CF;),5, Co(B,C,H,,),, CB,,(CH,).s,
15 CB,(C,Hq)42, CB,,(CsH;3)42, Co(C,BgH,,),, Co(Br,C,BsH,), and dodecahydro-1-
carbadodecaborate.
Catalyst Preparation

The catalysts of Formula | can be prepared as a preformed single

component catalyst in solvent or can be prepared in situ by admixing the catalyst
20 | precursor components in the desired monomer to be polymerized.

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

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

30 solvent to yield the preformed catalyst complex.
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wherein R. independently represents hydrogen, |inear or branchedég ggp 2004
al kyl, CS C, o cycloal kyl, linear or branched CZ CZO al kenyl, C6 ,g HEe
~cycl oal kenyl, allylic 20 Iigands or canonical forms thereof, C6 CZo aryl,
and C -C30 aralkyl, Qis a halide or pseudohalide selected from chlori ne,
fluorine, bromne, iodine, linear and unbranched C, - CZO al koxy, C6 CZQ
aryloxy; x" is 0 to 2.5. In another enbodinent, x" is 0 to 2. In yet

anot her enbodi ms.gt, X' is 0 to 1. In one enbodiment, trialkylalumnum
conpounds are ustle clalyslrsepapticnreagiioas sirg samird autlin sob@ntuihabaralmert

bty et nyl roadetdh PedElor Egtibg, ERhHRS o sBebits SRR Eartis ftayst ™ 1
trimet hyl al preparationt razetiby irediyae Bwaare_trrdt1in~m%%yahﬁém:;itgg¥§}?%lrane

tri-i-propylalum nunL tri-i-butylalumnum tri-2-methy um num
tri-octyl al sYenfmsughaspenthoe rexanehhepiade, ard loytlahexams) matbgenated de,

di i - but yl ' oride i et hyl al. um num 30_brom de, et hyl al um num
s_egqui chl O%I%Qg&é{%ﬁ%ﬁ %ﬁ'g}ﬁ%amﬁbjﬁ'@éw&@ orofegmpearbpdatrachloride,
di et hyl al urdtayhiorieiat M[ﬂﬂ%@fbgﬁbneaﬂé-dighlom hane,. 1.chloropropane, 2. yst

di et hyl al um nun( 2, 4-di -t ert - but yl phenoxi de) . odi mént's o

devoi d of actigidpoerans;|1-chintakivtameg 2-clyerabutame, biechipri-berétebrépardeatid ng a
pr o- cat al ys{) ﬁf t he fornmul aslrl\{igAl %%k with the 5 desired |igands and WCA
salt in accoFORRRETURNR: BHers sWsihas i Frand diedwlebrsmsomatic Erivaniosuch s’ +

2[ WCA] salt ' FPRSY: | N X = r..2. M _and L' are
a[s pr!avi oustl)%/&((t??aﬁl]ylg %ggﬁbigo\(@]zfzﬁpﬁ%%@gp I%ﬁ)lr:hi-o &lf%'ﬁfrsﬁte’ 28 5@3‘&'8‘“‘1[3,?&28{]3-
pdDll adi un( 14nd halbtaferesolantstsoohtas, Freeh? ad uand agatiaiscthéredfd(Ngaez, Pdd z,
PdBr2, and Pd] 2. The foregoi nq schematic equations (1 to 8) have been

presented FEPPPHIMest, s@lvoRtsinelydeder exapplanbienseaadluonelendepen written in

comonent s auRloRIC, REEBARMATS, Ma i iERhen heiireStene,
i nvention. d-dichibtebphzenethioteBsszale, toluehe, o-Am-, 8hd PEQislst gﬁa%@hl%h@i ng

conponents can be enpl oyed in the process of the invention s g as the
process i s Y&tohgxpeeel Hbuang diglereomadhaney a one enbodi nent the nolar ratio

ggg? gieng ?lrjlg ;%%"rsﬁjgéélgntgﬁ@teﬁtp%%%gré or ggprﬁhgco%r{?ﬁéj i Rgurs Fror?‘lf atout. akly
- —80°C to about 150°C. In another embodiment, the temperature range for
carrying out the reaction is from about -30°C to about 100°C. In yet another
embodiment, the temperature range for carrying out the reaction is from about
0°C to about 65°C. In still yet another embodiment, the temperature range for

20 carrying out the reaction is from about 10°C to about 40°C. Pressure is not
critical but may depend on the boiling point of the solvent employed, i.e. sufficient
pressure to maintain the solvent in the liquid phase. Reaction times are not
critical, and can range from several minutes to 48 hours. In one embodiment, the
reactions are carried out under inert atmosphere such as nitrogen or argon.

25 _ The reaction is carried out by dissolving the pro-catalyst in a suitable
solvent and admixing the appropriate ligand(s) and the salt of the desired weakly
coordinating anion with the dissolved pro-catalyst, and optionaliy heating the
solution until the reaction is complete. The preformed single component catalyst

can be isolated or can be used directly by adding aliquots of the preformed

30 catalyst in solution to the polymerization medium. Isolation of the product can be
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20 compound is 1:1-10:1-100: 2-200. In another enbodinent, the nplar ratio
of the Group 10 nmetal /Group 15 el ectron donor conpound/ source off & We@ki(j
coordi nati ng ani onl organenetal Iic conpound is 1:1-5:1-40:4-100. In yet .
anot her enbodi ment, the nolar ratio of the Goup 10 netal/Goup 15 el ectron
donor conpoundl source of a weakly coordinating ani on/organonetallic
conpound is 25 1:1-2:2-20:5-50. In enbodi nents where the Goup 10 netal ion
source i s an adduct containing a Group 15 el ectron donor conpound, no

addi t i onal aGamplishedby stanaard provedaesy sush asadpbeatigitheysivent whbhing
enbodi ment the nplar ratio of the Goup 10 netal /G oup -15 el ectron donor -

conmpound/ s ¥ s@idowith aﬂe%ﬂﬂwpﬁ'ﬁ@rﬁﬂl\fﬁtti @f@f: Mm@m%mﬁﬁnﬁar@mﬁ i's
1.0:2-20:5 . S | i i

catalysts Showndiar rafdd B dleliatnMent enififved b Hepagten B poncn:
catal yst i prefoimiédsirfle tBRpoRan: ftaRseapihadnéntidn iy I%\éeégﬂ thenfetdre

precursor conponents (ligated or non-ligated Goup 10 netal conponent wth
| €avi ng gr eoupiadled in ifemfocataystacnipinerindh Snd@mismiimeat, dne stolangticed s

v i : 1 . ! oo
Theroof . 1 019-eAahAY Btk & eoRgonanner saspareaibA sk b1 "Rl T 4
precursor aASPREEMISodtEnt 1R ntsl4r kD aBall QR R Gk ro pomer

1 r
sol ution contai ning t(ﬁe r émal ni ng cat aqﬁfsf% pregursor corrponenﬁ(dsagﬁ?3 In the
equat i ons emgipboentARA seit i orit-Hi 1addv i petdaridtheughbotinidig, {he mokeirificat i on,

R, M L, *_ %\Cﬁﬁ b, d_x, and y are as defined above unless otherw se
def i ned, A°T PO-GatalySUSHPEP I18R/ecipyHensy eHneener/ W saltispkldl-5 MeA] sal t
. tal ‘ _ ; , : \ ;

oBbr evi at 1 STE R IR ISR g 2R et SHBPe A BB 4B < ne

-speci fi cat elsetronfdndrdigamt kiki/oref Ryslle neuBAY&chol Yonof igdheholarrétio
phenyl, 15 respectively. The foregoing Gou&%& net al pro-catal yst

conponent sChpe@-eafighst dhagad oning metal sopterdh A palt ietilz D bip arethar ques
wel | known _j t: .di sg d, abqve cat al yst .conpl.ex of. FormulLa | can
be for med F"hﬂ’é’?pﬁeﬁﬁr t@*a?%?swsnﬁqz%?? Wy ve r?é“’_@‘%ru%%%d‘%eﬁltﬁbﬁf figls é‘ﬂ}éts with
the desired cat gl ¥ak etRoSHHAMLOIRN S0 hFethNprRERARS] dibriFSt ORALR t he

Goup 10 netal pro catalyst already contains the désired |igand groups, the
pto- cat al yBR'MALi$ adthixed withen@rour dhelasinon ddrerwammaind, ('), tind abakkofiat i ve

ti t h t Lew i ds . B t i,ds. .Th [ t,
Strong Leap StgpBwRbky dordtethe 60810 a8 SPTORGAE PONATT f2 PER S ehe
ong U . e T iy f
pro-cata y§mgué1cémpo%ﬁ§@é@§s%rd&&&?gggﬁg\r?@l.ﬁ%apgﬁ?.m)ﬁ]émc ions for

preparing thé catalysts of Fornula I e sanme conditions
and reaction schenes as outlined for the preparation of the prefornmed

catal ysts Are t BRBEAT DRkShuRcr (ATl "o TBIM oL sk & pol yrer

pgpduct is formed. 43
“Suitable pro-catalyst dimers of the formula [R'MA'], include but are not limited to
the following compositions (allyl)palladiumtriflucroacetate dimer,
(allyhpalladiumchloride dimer, (crotyl)palladiumchioride dimer,
(allyl)palladiumiodide dimer, (B-pinenyl)palladiumchloride dimer,

25 methallylpaliadium chloride dimer, 1,1-dimethylailyipaliadium chloride dimer, and
(allyl)paliadiumacetate dimer. |

In .another embodiment, a ligated Group 10 metal pro-catalyst of the

formula [R'M(L"),A" is admixed with a Group 15 electron donor compound, (L"),
and a salt of a suitable weakly coordinating anion in an appropriate solvent to

30 © produce the single component catalyst product as shown in equation (2) below.
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28 DEC 2004 Leaving G oups A represents an anionic |eaving group\zt}ggjﬁfg&n
i i\ U4

~be readily displaced by the weakly coordinating anion that is pro

‘the WCA salt. The leaving group forns a salt with the cation on the WA

C,-C5 haloalkyl (in one'e

salt. Leaving group A" is selected fromb5 halogen (i.e., Br, C, I, and F),
nitrate, triflate (trifluoromethanesul fonate), triflimde
(bistrifluoronethanesul fonimde), trifluoroacetate, tosylate, AIBr4 , A FQ
, AIClg , AIF303SCF3 , AsCls , Shds , SbFs , PFs , BF4 ,Cl04 , HS04 ,

car boxyl at 3, acktM(ley,ATatatyt pEgsaties, [RMOYEYGsIWaAINi nates, and
borates. In another enbodi nent the | eaving group can be a hydrocarbyl group -
or 10 hal ogenated hydrocarbyl group when a Bransted acid based WCA salt is

hycr ocar byi” e AR pie Rl o A AR IS AF R feR i Righoniutsa "

| eavi ng gr dogG@Dypadium (methyholslobiadi nent, sel ected from the hydri de,
Iigear or branched C CS alkyl, linear or branched C, -CS hal oalkyl, CS C o0
cy®l oal kyl, and & tirthegembodiment ; Gyeurn P kyatabighied pro-apiabist eéthean

optionally { b U LI h .a hal ogen bstituent selected from brom ne,
chl orine, f$ﬁ8§| ﬁgmgﬁgiﬁ ﬁ&%@"ﬁﬁ? r‘iﬁ%g%c’ﬂprag(ﬁﬁ?\‘étmq Q?Wﬁl%ngdgﬁ I$ 80MXRst i ne.
| this entoith aesailoff sttt WearR! @brimalihg ki dHeafirBbriaR! iy

Met hyl and pent af | uor ophenyl grogps erlrear e%relsent at | J;rgbggn%lsgﬂsy%ﬁtﬁeavi ng
groups unddirogiHre therBinglenesmponentiaitalysiprodast amshpve rseduationd@) Gelow.i ne,

i odine, bromne and fluorine. The acetates include groups of the formula
R38' C(O O, and the carbonates include groups of the formula Re' OC(O O,

wher ein R e3: repragan A’ ;Tyg_ga,r[WCA%?E;Q;@;[@{%L&U%\I{V%%near or branched

, di ment only fluorine),
| i near or branched C,-CS alkenyl, Cs C 2 aryl, 25 optionally

TR Sl AR Pkl AL A b e G
R TN A LR = L
noi ety r epr(aHxﬂfmaliddhyn(ﬁﬂf:a/cﬁﬁleb(ylphomlﬁigéﬁmmegr es: 44 ,

15 (allyhpalladium(tricyclohexylphosphine)triflate,
(allyhpalladium(triisopropylphosphine)triflate,
(aliyl)palladium(tricyclopentylphosphine)triflate,
(aliyl)palladium(tricyclohexylphosphine)trifluoroacetate (also referred to herein as
Allyl Pd-PCy,TFA),

20 (allyhpalladium(tri-o-tolylphosphine)chloride,
(allyl)pailadium(tri-o-tolylphosphine)triflate,
(allypaltadium(tri-o-tolylphosphine)nitrate,
(allyl)palladiumfiri-o-tolylphosphine)acetate,
(al!yl)palladium(triisopropylphdsphine)triﬂimide,

25 (allypaltadium(iricyclohexylphosphine)iriflimide,

' (allyhpalladium(iriphenylphosphine)triflimide,
(allyhpaliadium(trinaphthylphosphine)trifiate,
(allylpaltadium(tricyclohexylphosphine) p-tolylsulfonate,
(ally)palladium(triphenylphosphine)triflate,

30 (allyl)palladium(triisopropylphosphine)triflucroacetate,
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28 DEC 2004 i ~ ~GI ~\-C-GI \' I I /| dMG- 5 wherein Gis a sulfur or
oxygen. at om Ph represents phenyl and substituted phenyl as defZ BeldE beRifw,
and R39' independently represents |inear or branched C -C o al kyl, |inear
or branched C, -C 0 chloro- or brompal kyl, C5 C, o cycloal kyl, substituted
and unsubstituted aryl (in one enbodi ment, phenyl and substituted 10
phenyl), substituted and unsubstituted C,-CZo aral kyl (in one enbodi nent,
phenyl al kyl and substituted phenylal kyl). By substituted is neant that the

aryl or phe(@min)@émgﬁ%%;gw@%mﬁéwgﬂgﬁ of linear or branched C, -CS

al kyl, linear” or branched C orine, and brom ne :

subst i t uent @lylpidticumtiriopt!olmeyiphespddie)triatdiepr esent at i ve al umi nate groups
i ncl ude but a{)e, noﬁp i imted to tetraphenoxyal um nate,
tetraki s( cydr GABRE Ma&%@laﬂ'ﬁ"ﬁGfl@Pm%wmﬁbmnrﬂwm,tate.

totr aki o 2. ot Lapay GpeleEhuAlibL RBIARSRITRATL Brtriate,
t ebraki s( 2-(erdtpypaloiioparigbpt HOBph@estrifla®d, r aki s(nonyl oxy) al umi nate, and
20 bi s(2- net hoxyet hanol at e- O, O') bi s( 2- net hoxyet hanol at e- O ) al um nat e,

t et r aki s( pHEMmYYRalladivmaltacydehexykphagphing)yifiate, uni nat e,

t et r aki v nat.e, |t et r.aki 4- di.et hyl phenyl ) al uni nate, and
Lot r aki o 3 GRS ARG ST BEsERBien: ot i ve borate groups | el ude
tetr apheny|(hﬁé’(ﬁélﬂﬁi)pbﬂéﬂi%hﬁ(ﬁ%c%bk&ﬂp%%hé}?ﬁﬂ%%g1rmphenyl yborat e

t et raki s(4-chl orophenyl ) borate, 25 tetrakis
t et r aki s( 2-(neshalld)paliadivotrésyprppylpabsphibeliyfiatej phenyl bor at e,

t ki s(4-net henyl te, tetraki henyl et hynyl ) bor at e,

T8\ 1 2- berlDH AP TS e BRI hymyl ) bor ate. 2
bis(tetrafl | i I b diolate)b te,
bi 5 t ot 1 abr RN PE R A M ERRERY BrombThEERIGRR, g et o @) borate
bi s(1, 1' - bi(prethaiipaliadidigirisaropyiphespliinéyoaldriiel hi ophenol yl ) bor at e,

? :ats § 2k|55?|2(t5‘eqrﬂt‘#g‘hwt yhgﬁ@ﬁﬁﬂ%bﬁ&gt@@!@gﬁ%@woﬁw yl ) bor at e

tetrakis(3, B ’ . is(mtolyl)borate. |

add ¢ 1o ¢ S Pl ARG YRR BISEMI ove” & can i so be 5
sthected fr(omathalypalibdivaiiriedmeppiptodstihéiaimied ed al kyl sul fonyl and

aryl sul fonyl containing anions of the fornul ae (.If\’" Sz)zCH , (R 'SOQz)aC,
and (R sodmathaliviwatiadinniricyclegepbyiiphasphine)tsifimident s |i near or branched

i uor i nat ed AP AR B Ot BB BB RSP a7t cor | nat 2 and

per fluori _na(h@ﬂhéﬁ;@péuadMln_(trm;j’r@ﬁﬂbhwspﬁih@tr%&bédéta?é?d cycloal kyl groups

can contain a heteroatomin the chain of cyclic
{methallyl)palladium(tricyclopentylphosphine)trifluoroacetate,

20 (methallyl)palladium(tricyclohexylphosphine)acetate,
(methallyl)palladium(triisopropylphosphine)acetate,
(methallyf)palladium(tricyclopentylphosphine)acetate,
(methallyl)nickel(tricyclohexylphosphine)triflate,
{2-{(dimethylamino)methyl]phenyl-C,N-}-palladium(tricyclohexyl-

25 phosphine)chloride,
[(dimethy!amino)methyi]phenyl-C,N—}—palladium(tricyciohexyl—phosphine)triﬂate,
(hydrido)palladium bis(tricyclohexylphosphine)trifiate,

(hydrido)palladium bis(tricyclohexylphosphine)formate
(hydrido)palladium bis(tricyclohexyiphosphine)chloride,
30 (hydrido)palladium bis(triisopropylphosphine)chioride,
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structure, respectively. In one enbodi nent, the heteroatons incl LQdﬁ DEC 2
~di val-ent (non-peroxidic) oxygen (i.e., -O), trivalent nitrogen, d-tb 004
hexaval ent sulfur. Any two of R4' can be taken together to forma ring.
Wien Rq' is a cycloal kyl substituent, a heterocycl oal kyl substituent, or is
taken with another Rg~ group to 15 forma ring, the ring structures, in one
enbodi ment, contain 5 or 6 atons, 1 or 2 of which can be heteroatons. In

the above f t erm hi gh fluorinated nmeans that at |east 50
percent of MW@&@E’@I‘F‘@%'%& yylpBosplenemitida, at ons in the al kyl,
cycl oal kyl , or| tons I n one
enbodi nment , @Rﬂ F?{%algadgftm@ ﬁf"@?ﬁ’é‘\?§9¥}ﬁ§gﬁvﬁ%ﬁéﬁww eor?nfjhe al kyl ,

cycl oal kyl , wm;d@npailammbusaﬁ.supﬁtmyiﬁmspﬂrr@,)trrmaieaced by fluorine. In

anot her errbodl ment, at |east 3 out of every 4 hydrogen atons are.repl aced
by fluorine. @he%\!ﬂ@tmﬁlyémﬂpﬁﬂmts saithbleffot hiee hrytheoipesyaing procerst he

substlt a e to e the perfluorinated noiety.
I n addl ti onH‘t%g"doe (“ﬁ??h&ﬁgﬁigﬁ)ﬁm%##?e)ﬁ; '@‘Vémﬂﬁi tution on the aryl
ring(s), thertabyhe@lIaRBHEANNRIR éh@d:hié% fmifo %I%Rﬁu hgd C C highly
fluorinated and perfluorinated alkyl groups, suc for exanpl e,

tri }‘ I u;)rk olrre’tFIWNOhENlehbamlmht(allyi\mzi(ﬁ-ﬁﬂrgmﬁglr(?ﬂa,d)]rcﬂml;]’()qgl)lﬂ Az on t hﬁ Sl kyl ,
2o can bg@qésﬁsﬁ‘@awmﬁmé@ﬂsbza%Pﬁ S SR @r&é"%&
R

Ryl sl oyl oanaaae PhROL Ca1gPaMe D, (CHPRERe Tt (PP g IS, o
nd0 limt ed(GHs)PGMSMN{CH g(m) E{& SC;(CSF3§%?3&%¥[)Pd£PEt3)ZCi

L (CF3S02) (CQF9SOZ) N+, éCFs 2NCzFash2 (CeFs $S0
( CF3S02) ( cHadghPy{EMe BEE}'F@*&S(EWd(/{«ﬂE)GCta)IWd(PPh cl,

E(CEEE%% LR e ﬁ&@@%ﬁ@%ﬁ@@wgﬁiﬁﬁm(ﬂsmm )0

(SrLATCESR s O MRS ) o

SOz CF SCz, @Fathllalﬂwl@?d(m@ﬂf)dcm)ﬁl \SQz Fz . SQz CFz \SOCFz , FQ / Fz
Oﬂg O N-CZFaSC)ZC](rl I) \3 CZtF¥SOZNSC2CF3 % > CF, -CFz 15
anotner embodiment, the catalyst can be ormed by protonating a pro-

catalyst of the formula:

a

(CaHag)  MRULLY),

20

in the presence of a Bransted acid based WCA salf or an equivalent reaction

utilizing a carbonium or silylium based WCA salt to yield an active catalyst as

Mustrated in Eq. 4.

/‘\ H-WCA
{(protonation)

4 (Cabag)  MELILLY, > [HHCyHag)— M (L)(L"),] [WCA]

in this embodiment R' is a divalent hydrocarbyl ligand of the formula
25 ~(C¢Hyy)- that is taken together with the Group 10 metal center M to form a

metallacycle where d' represents the number of carbon atoms in the divalent

37



Addi tional highly fluorinated and perfluorinated al kyl sul fonyl and

aryl sul'fonyl anions suitable as |eaving groups are described i n?TuriEus K04
and Seppelt, Inorganic Chem stry, 1988, 27, 2135-2137, and in U S. Patent
Nunbers 4, 387, 222; 4,505,997; 5,021,308; 5,072,040; 5,162,177; and
5,273,840 the 20 disclosures of which are hereby incorporated by reference.
WCA SALTS The salt of the weakly coordinating anion enployed in the process
of the present invention can be represented by the fornula [C(L")z] b[ WCA] d,
wher ei n C rgpresaebylbarkboneand(islan integenfrisat 3e 10arAnty ofthelhydeddgermatoins
transition ne al,@gtion 25 or an organi c group containing cation; L"and -

VCA, are a®ndbeidivlenbydrocarhyd baskhianectrsy be replaeed by gneaner branshed C-

count or ani i AR Ea M BRed B AR CragBieakiband e g™ ' "
el ect roni ¢ TragyasoAkyltdir] ayehrRidticsaddn Etoplafy beklbstifltePR@n2PR4I0dBA al kal i

metal cations include Goup 1 netals selected fromlithium sodi um

po? assi um Substigientselgsteccsambromine, aidoringd duicrinetand legding. olnaniothet al

ti [t hi i d t i Th | kal i th | ti
o o LA BESLAHA0E RSB, A S IR LR
strontium gypdiiRRhidBkehtogBMe? WIAChER o {B=@KBore BBHFIN Qt%fﬂs%s are

magnesi um calcium strontiunm) and barifum The transition netal cation is
sel ect ed f ez they, ams dil@shedacah fanad 4n aliphaficeorargemaitic ripgoystent ithe Hrgys

oot SRS PASKELSI DS O LA SRS
R4'" | t: | nmtiS | ) |,
ST RIS o S PSSR g o g

enbodi ment ,ménomldnitlydtdcadybligesid csordingest! fothe héetagaentepinched, or ring
structure. By perfluorocarbyl is neant that all_ carbon bonded hydrogen
atons are repl adB@Wnel embedimant & GraupREp mataklioated Brawgatebishpbiie groups 15

vl oal kyl o @aIR M B fA iRl 2 Slol TRRIEoRAEE Bol oty AT oo
CZ, aryl, assiicCredial aéatdry HonaniyaMidaandsadmiked withtd o416 of A ReitabIBaReSkly
cations are selected fromtrityl, trinmethylsilylium triethylsilylium

t 1% s(t ri metgoprdinaiing enioypl inwan appriopaateysalvent|io pieducs ecssinglei dopnpangnt

tricycl ohexylsilyli di net hyl.oct adec Ll ylium and 20 triphenyl carbeni um
(i.e., tri t%@yﬂlmoég}dﬁ T gﬁm{vé " ﬁguﬁﬁ%{@gﬁ?‘%n conpl exes ferroceni um
cations such as [(CSHS)ZFe]* and [ (CS(CH3)) ZFe] * are al so useful as the
cation in the WCA salts of the invention. Exanples of WCA salts having a

weakl y coordi natlRid(LAn(LERAd esBWCHE dalt mte [R'FEE L") 1) IWCAY] ude but are not

limted to

20 Suitable pro-catalysts of the formula [R'M(L"),(L"),A'] include but are not limited to
the following compositions: 7
[(aliy)Pd(NCCH)(P-i-Pr)I[B(0,-3,4,5,6-Cl,C,)Jl, [{allyhPd(HOCH;)(P-i-Pr3)]{B(O,-
3,4,5,6-CL.Cy),), [(ally)Pd(HOCH,)(P-i-Pr,)][B(0,-3,4,5,6-Br,C;).l1,

_ [(@lly)PA(HOCH)(P-i-Pr3)][B(O,CH,),l, [(ally)Pd(OEL,)(P-i-Pr][BPh,],

25 [(@lly)Pd(OEL)(P-i-Prs)], [SbF]i(allyPd(OEL,)(P-i-Pr;)] [BF ],
[(allyhPd(OEL,)(PCy,)] [BF,], [(allyhPd(OEL)(PPh,)] [BF,], [(ally)Pd(OEL)}P-i-Prs)]

| [PF¢l, [(ally)Pd(OEL)(PCy,)] [PF, [(allyhPd(OELYPPh,)] [PF.l,
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25 lithiumtetraki s(2-fl uorophenyl)borate, sodium 7 8 DEC 2004
‘tetraki s(2-fluorophenyl)borate, silver tetrakis(2-fluorophenyl)borate;

thal l'ium tetraki s(2-fl uorophenyl)borate, |ithium

tetraki s(3-fl uorophenyl)borate, 30 sodiumtetrakis(3-fluorophenyl)borate,
48 28 DEC 2004 silver tetrakis(3-fluorophenyl)borate, thallium

tetraki s(3-fluorophenyl)borate, ferrooeniumtetrakis(3-fluorophenyl)borate,
ferroceniumtetraki s(pent af |l uorophenyl )borate, 5 lithium

t _e__lt r aki f( t4-[(aiUBPgﬁGEmydB—bErﬂt[{S,Eogohiahlyhﬂdé@t F%B:@Pﬂﬂ}]f[Cl@ﬂ,ophenyl ) borat e,
silver tetr - 0 ‘thal llum -

t et ral(;i s( 4@%‘@%8@%(%ﬁ3@&51 {(ﬁa‘]’ﬁ%ﬁﬁ@gﬁ?@;’f@(ﬂﬁ,[@bﬁﬂf | uor ophenyl ) bor at e,
s . ! ) :

Cotraki o( 3 BN ERIOERIR L BBROP AN JBMIE RORe)BPhsiTbF.)

tetraki s(3, 5-di flnunvotidresybpbionaiter ths fvehiidt thd @dthlystbFormula | is
-t e%raki s(3,5-dif] uorophenyl)borate, |ithium _
t ePraki s( pHRNE RS BpIRAING Foprareatalyst of the ferviula Evikly). (L&), 049 with an

Ki ithiuptdiethyl ether)z
ot aki o( pepanptiSIAROEMPbHRN B b3l VB fin B ey elith) mda sormeenga
i t hi um t etweddilg C8oRlidating aﬁibﬁf(mpmwbﬂ%éﬁsteﬁmhi 4Rt embodiment the

tetrakis(3, 4,5, 6-tetraf]| uorophenyl )borat e, ium
t et r aki s( 1,3nignig mﬂrwbﬂtfwnédﬁﬁ)mbmtwpum itOhnetel center (M) is supplied via

tmﬁt L? |k![ fl( g (rég‘?ﬁlffr[ﬂgﬁthgﬁé%ﬁ%%%@{ca%qﬁqé%t ichJyriT¢1aId the active catalyst as shown

phenyl tri s(qgsw] uor ophenyl )borate, lithiumtris(isopropanol)
‘t et raki s(pent af | uor ophenyl )borate, 25 lithiumtetrakis(nethanol)
tetraki s(pent afl uorophenyl ) borate, silver

tetrakis( peé?t af '[HR['?XFZD‘?RXJ)Q] tlofv%?-\] salt or Strong Lewis Acid + organometallic
compound =* [R'M(L),{L"),}, [WCA],

15 _ Examples of pro-catalysts suitable for use in this embodiment include :
nickel acetylacetonate,
nickel carboxylates,
nickel(l) chloride,
nickel(ll) bromide,

20 nicke! ethylhexanoate,
nickel(ll) trifluoroacetate,
nickel(ll) hexaflucroacetylacetonate,
NICL(PPh,),,
NiBr,(P(p-tolyl).).,,

25 frans-PdCIl{PPh,),,
palladium(ll} bis(trifluoroacetate),
palfadium(ll} acetylacetonate,
(cyclooctadiene)palladium(il) dichloride,
Pd(acetate),(PPh,),,

30 PdCL(PPh;),
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tris(toluene)silver tetrakis(pentafluorophenyl)borate, tris(xyl enez) gi hyprza%
tetraki s(pentafl uorophenyl)borate, trityl vl
tetraki s(pentafl uorophenyl)borate, 30 trityl ‘
tetrakis(4-triisopropylsilyltetrafluorophenyl)bor ate 49 28 DEC 2004
trityl tetrakis(4-dinethyl-tert-butylsilyltetrafluorophenyl)borate,
thalliumtetrakis[3,5-bis(trifluoronethyl)phenyl]borate,

2, 6-di methyl aniliniumtetraki s(pentafl uorophenyl ) borat e,

N, N- di et hpﬂgm([bpné)gm tetraki s(pent afl uorophenyl )borate, 5

N, N-di met hyl ani' | i nium tetraki s[3; 5-bis(trifluoromethyl)phenyl] bor at e
lithium (tPophéi{a-tilyihyy) tri s(pent af | uor ophenyl ) borate, sodi um
(triphenyl ent af | uor ophenyl ) borate, sodi um

t et r aki s(2'§§bgz>(<% Ot{éwﬁé?

% uor ophenyl ) borat e, sodi um
tetrakis(3p rophenyl ) borate, 10 sodi um
tetrakis(1, éog(ﬁg&ﬁﬁjorklzgﬁyl enyl ) borate, sodium
t & r aki s( 3pdijdetitimi(i) inmrmabenyl )borate, sodium
met hyl tris(perfluorophenyl)borate, sodium
phenyl tri s%'éfr‘c*'q"@&‘ﬂ)ofﬂﬂ Yborate, thallium

tetraki S(Zpina:h @m{( H uor ophenyl )borate, 15 thallium

tetrakis(3} uorophenyl )borate, thallium
tetrakis(1 Qliaﬁn‘uﬁnﬁwﬂﬁ)l @{gymamb | Yborate, thallium
tetrakls(3 -trifluorophenyl)borate, sodium

met hyl tri sdq@blmolh@(apﬁtﬂm;tnbebml m(H),

10 dibromo bis(benzonitrile)palladiumd(ll),

platinum(ll) chloride,
platinum(il) bromide, and
platinum bis(triphenylphosphine)dichloride. ‘
In general the Group 10 metal pro-catalyst is a nickei(ll), platinum(ll) or
15 patladium(il) compound containing two anionic leaving groups (A"}, which can be
‘readily displaced by the weakly coordinating anion that is provided by the WCA
salt or strong Lewis acid described below and can be replaced by hydrocarbyl
groups originating from the organometallic compound. The leaving groups can
be the same or different. The Group 10 metal pro-catalyst may or may not be
20 iigated.r '
When the pro-catalyst of this embodiment is not ligated with a Group 15
electron donor component (L"), the Group 15 electron donor ligand can be added

to the reaction medium as shown in the following reaction scheme.

25 7. [M(L"),(A"),] + xL' + [WCA] salt or Strong Lewis Acid +
organometallic compound =» [R'M(L"),{(L"),], WCA],

The strong Lewis acids suitable for use in this embodiment are selected
from compounds of the formula:
30
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thal | i um phenyltris(perfluorophenyl)borate, 20 trityl
“tetrakis(2,3,4,5-tetrafl uorophenyl)borate, trityl 28 DEC 2004
tetrakis(3,4,5,6-tetrafl uorophenyl)borate, trityl
tetrakis(1,2,2-trifluoroethylenyl)borate, trityl
tetrakis(3,4,5-trifluorophenyl)borate, trityl

met hyl tri s(pent afl uor ophenyl )borate, 25 trityl

phenyl tri s(perfl uorophem-!| borate, silver

tetrakis[3,5-bis(trifluororr, ethyl)pdeyRprrate si |l ver (tol uene)
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, thallium
tetrakis[3,5-bis(trifluoronmethyl)phenyl]borate, Iithium

-(hexyl tri s(/pesren! MipssR tﬁgﬁﬁlﬁ QILlPrﬁf ?Brdri L @&epr%erﬁﬁgu%hlbsﬁtuted

triphenyl siloxytris(pen uor op orate,

| i t hi um( oc tayidomyijtisubstijoded QEJngathelﬁmb)rbmeaétﬂ)stltudrm githe aryl group are
-te%rakls(3 rifluor n&thyl%ahenyl)borate sodi um

t ePraki s( péﬂ‘i’%‘?%éﬁrﬁﬂm%‘?@ﬁ? &PHt Balogen (i one embodiment, the halogen is

t et raki

Sodi af oct sy rep B EIAREAEHCohrIbBlsyLin ong sapbggiment, trifluoromethyi

tetrakis(3 aﬁwcblnslogenéﬂeucﬂnmpérhwo)g@hamd pmmm orROEMBSH BN,

t et raki s(pent af | uor ophen borate, trityl
tetraki s( poRHA qﬁpggﬁ@y{gjl yanakes of such strong Lewis acids :nclude

ot raki o( 3 Ce B aRTRLBIGH TR an PR oG Bt Bron trisc2, 2.2

tedr aki s( perinafilib SRR NbbP 2 bRd tﬂﬁ@%ﬁ fgj&%pheny Haluminum.

“magnesi un{ oct yl oxy) tri s(pentafl uoro ghesi um

t et raki s( 3, 5- bi s{he Olfgam@n‘(ﬁ‘taflmgzbmloengills) bd‘ryalt@carbwlcterwmive of silicon,
tetraki s(pent af | uoro& 3@3/ borate, .15 cal cium )
(oct yl oxy) SRR JEHiEh SIRANES ST 08 alurmingmypin one embodiment, aluminum

tetrakis(3, il t
X g X ; gk: :E 3 O%Tlgfig\%g ?rfaét ﬁfgg(zgag 'ﬁg%zar??ﬁ?%llhmﬁuril d%mﬂvéﬁé”t '‘Wthe catalyst system

(trifluor om@t&yﬁ?emﬂwll}yptherfprmthiar ate, sodium
tﬁrakis[3,5-bis[l-nethoxy-2,2,2-trifluoro 120

(trifluoronethyl)ethyl] phenyl ] borate, silver

tetrakis[3,5-bis(1- rrethoxy , 2- trlth_-grle(trlfluororrethyl)ethyl]phenyl]b
orate, thallium 3

tetrakis[ 3, 5-bis[1l-nethoxy-2,2,2-trifluoro-1(trifluoronethyl)ethyl]phenyl]b
orate, 25 i

thiu
tetraki s[ 3¥fer n*]ﬁdiagle@e@d%’ftyrrﬁptwb& hydrogen| insas s tngnohedh) G5(kyli | uor o
met hyl) pheryldboaRidaikyl, linear or branched C,-C,, alkenyl, C-C,; cycloalkenyl, allylic

20 - ligands or canonical forms thereof, C,-C,, aryl, and C,-C,, aralky!, Q is a halide or
pseudohalide selected from chiorine, fluorine, bromine, iodine, linear and
unbranched C,-C,, alkoxy, C4-C,, aryloxy; x" is 0 to 2.5. In another embodiment,
x"is 0to 2. In yet another embodiment, x"is 0 to 1. In one embodiment,
trialkylaluminum compounds are used. Examples of suitable organorﬁetallic

25 compounds include: methyllithium, sec-butylfithium, n-butyllithium, phenyllithium,
butylethylmagnesium, di-n-butylmagnesium, butyloctylmagnesium,
trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-i-propylaluminum,
tri-~butylaluminum, tri-2-methylbutylaluminum, tri-octylaluminum, diethylaiuminum
chioride, ethylaluminum dichloride, di--butylaluminum chioride, diethylaluminum

30 bromide, ethylaluminum sesquichloride, diethylaluminum ethoxide,
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sodi um ' 2 -
tetrakisj3-j1-nmethoxy-2, 2, 2- trifIuoro-l-(trifluororrethyl)ethyl]-Ea(tDﬁ(»{‘liﬂ%’?ro
met hyl ) phenyl ] bor at e, si l-ver '
tetrakis[3-[1-methoxy-2,2,2-trifluoro-1- (trlfluoronethyl)ethyl] 530
(trifluoronet hyl)phenyl]borate 51 28 DEC 2004 thallium
tetrakis[3-[1-nethoxy-2,2,2-trifluoro-1-(trifluoronethyl)ethyl]-5(trifluoro
met hyl ) phenyl ] borate, |ithium

tetrakis| 3d[é’th9[aﬁjmmuhh(ubuty+pheﬁﬁxﬂel and f | uor oet hoxy)-1-(trifl uoronet hyI )et

hyl ] 5- (trlfluororrethylé enly%borate 5 sodium
tetraki s| 3digthylajurpimuim(gat-gl-ferichutylphenpiidedior oet hoxy) - 1- (tri 1 uor onet hyI )et

hyl] 5-(trifl :

ottak s[5 [ 2, 2. 3npppery 87 the BaER deTbid B bysioggsy cortpiniae B93He ny 1 ) et
hyl ]-5(tri fda%@@ﬁthéét@h@?yrbb&ﬁfgn\é %m-fcbfdhlrStWthe formula [M(A’),] with the
tetrakis(3-[2,2,2-trifluoro-1- trlfluoroetho%) 1- trl?luoromethyl)et

hy$] 10 5-( iirﬁﬂlhaﬁﬂdétalﬂﬁl\f)\/@ﬁe‘mﬂ mm@anqerwﬁl%th@f Dwmg igaction scheme:
t etraki s(pentaf | uorophenyl )borate, trinmethylsilyliumetherate
tetraki s(pent af | uor ophenyl )borat e, triethylsil yI um

tetraki s(pgntafl |4 ny,J (Y W W %2;,1?5@
t et raki s( pent af I[mﬁ‘ggheﬁyl ) bor at §EZHL% tr %m tyl7silyl |a!t
t et r aki s( pent af lwiszrephery! pb2r Mt end i’ ramaas:pkemd)lyslly defined.

tetraki s(pentafl uorophenyl)borate, trimethylsilylium’
nmet hyl tri s(pent af |l uorophenyl )borate, triethylsilylium

hyltri s(pent
r vl 11 o( pent ariatiPRRE B0 bl SomfdiS Moo baldtemh s
(pent af | UOW&%@WIQ@@M‘L@, palladimﬁf(ab@ualte,og IRAINO,),, PdCl?_, PdBr,, and Pdl,.
tetrakis(2,3,4,5-tetrafl uoroB enyl )borate, triethylsilylium
A

tetrakis(2, 3,4, sthetarageingss p)eﬂ@aaeas (‘t’FQ%H@Mﬂ%@@WPfQﬁﬂ"’@d for

ot o2 ol b BCMZOARTIRIG BRI SRR T PR .
tetraki s(2,shahidbé Qéé@gfgr’nﬂéﬂ i aRYEBes Bf feadtiohoRidriEnty it Be employed

tetrakis(2,3,4,5-tetratluorophenyl)borate, trimethylsilylium
t &% r aki s( 3 wtlﬁ:utrderviaimgdmmmw )spuﬂt af @venhd:rbeﬁ.@yesampla, amexcess of L', ", A,

a3 i b EOREPIS KPP A% ot SIS b e
: relt (r:f/”é: %éx@%ﬁ({ﬂ %%J 'rg?{g(e)ﬁ mﬂ(og@%g %t '?ﬂﬁ????ﬁ%%gﬁg%gﬁ) bor at e,
di net hyl oct adecylhsa bgé |embctchneakhh§(rpelaraaﬂtmoﬂbl|er@mup)Hbmﬂtal/Group 15
electron donor compound/source of a weakly coordinating anion/organometallic
20 -compound is 1:1-10:1-100:2-200. In another embodiment, the molar ratio of the
Group 10 metal/Group 15 electron donor compound/source of a weakly
coordinating anion/organometallic compound is 1:1-5:1-40:4-100. In yet another
embodiment, the molar ratio of the Group 10 metal/Group 15 eleciron donor
compound/source of a weakly coordinating anion/organometallic compound is
25 1:1-2:2-20:5-50. In embodiments where the Group 10 metal ion source is an
adduct containing a Group 15 electron donor compound, no additional Group 15
electron donor compound need be employed. In this embodiment the molar ratio
of the Group 10 metal/Group 15 electron donor compound/source of a weakly

coordinating anion/organometallic compound is 1:0:2-20:5-50.
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tris(trimethyl)silyl)silyliumnmethyltri(2,3,4,5-tetrafl uorophenyl )j)%rﬂg?, 9604
2 2,2'-dinethyl 1,1'-binapht hyl net hyl silylium -

t etraki s(pent af |l uorophehyl )borate, 5

2,2' -dinmethyl-1,1"-bi napht hyl net hyl sil ylium
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, lithium

t et raki s(pent af i uorophenyl )alum nate, trityl

t et raki s(pentafl uorophenyl )al um nate, tri tgl

(per f I uor obi phenk 3lk Piige Fatapngambodinents the catalysts of Formula | can be

lithi t LS ' | h | )al um nat i thi
T PRI B A LR s con
-tetraki s( peephlatb/noghesy blislig iR recufddriomponents (ligated or non-ligated

t etraki s(pent af | uor ophenyl ) al un nat e, _
sodi un( oct yP®Up 10 mgtpeenraponentoptteieavingl grouipé) digahd coaparsni(s), and

tegrakis(3,5-bi s(trifluoronethyl)phenyl)al un nate, potassium
i e{sr aki s( pe‘ﬁ’t‘% Fé‘dﬁ%ﬁ@ﬁ&ﬂ”}ﬁ’r%ﬁ&! §3/qr)p$} l;,’lﬁ.he desired monomer, monomer
t et raki s( pafhahlcdObrehahidhe E{ee‘r'&}:ﬂﬁfig’ als%ﬁ%%s%?dlé“ﬁﬂ admix two or even three of the

(octyloxy)tris(pentafluorophenyl)alumn potassi um

t et r aki s( 3,d®atalys{ preictit=oo comgdnehjphad HormhddriiainidurdOothe REShARRT or
t etraki s(pent afl uorophenyl ) al um nat e,

trratgneii u ?(3 dEPgm@%r,fgf tigp ﬁéﬁa&fﬂr\gdheﬁﬁ@:&zinil)@p@hamshpeeécumfgmmnﬁent(s).
etrakl s , o- DI . , 1L u
t et raki s( pent af F'ﬁcff‘%& g%@ﬁgﬁ%ﬂ%@@@g%%ﬂ&@é&% anca%hrougrﬂout the

(Bt yl oxy) tspies(fieativnf Ryed,aphenINCAIUB] @t &indaNarelss 8dfirfdd'Sbove unless
“tetrakis(3,5-bis(trifluoronmethyl)phenyl)alunmnate. Exanples of WCA salts
havi ng a weiRepwvise defineditA'rig agranienigdeaving gooupmaeich fodetned below, fi810Ale but

B o oF o) FB A st Bl gy, cosiatss A T E T el s Grs) (o) 1 4.
TI B( OC( CF3)abbeetZhlidns M%h&@g B % gs)a%h%,%% (3 B a4
( Ph30) B( O( CFs)ﬂzc%é,Q ( Ph3C) B( 3)(CH3)'H) 4, 53 28 DEC 2004 )

AgB( OC( CF3)PEs! cefeCtamethv, ety BEOTHCA)YICHR) bhaxyl Lark{ CREBHA) 2,
T §( QZC6F4) %%&tg& uene) zB( OZC6F4) z, and Ph3CB(OzC6F4) z, Li B(OCHz(CF3) z) a,
[ L' ( HOCH3) J%%? ‘a)z, |Li(HOCH3)a]B(QzCsFa)z, [A9(toluene)z]B(zCsd a)z~

I(_lAS,(A P(Z%C%i IZI Pgl‘;lh;%ﬁdr%iﬁ\'g_@réﬁba)@ metal 'p%-(:gﬁﬁygf %))ﬁ‘Pd&'l%‘}ltS are commercially
able or can be synthesized by techniques well known in the art.
As discussed above catalyst complex of Formula | can be formed in situ

by combining any of the Group 10 metal pro-catalysts with the desired catalyst

20 - - system components in monomer. In cases where the Group 10 metal pro-
catalyst already contains the desired ligand groups, the pro-catalyst is mixed in
monomer along with the WCA salt or the alternative activators such as strong
Lewis acids or Brensted acids. The WCA salt, strong Lewis acid or Brgnsted
acid serves as the an activator for the pro-catalyst in the presence of monomer.

25 The in situ reactions for preparing the catalysts of Formula | generally follow the
same conditions and reaction schemes as outlined for the preparation of the
preformed single component catalysts, the principal difference being that the
catalysts are formed in monomer in lieu of solvent and that a polymer product is
formed.
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5(P

3CAl (OC(CFB)zPh)4 (Li Al (OC( CFs) zCBHACH3) 4) (ThAI(OC(CFSé'z:% §H3 4)
“(AgAl (OC( CF3) zC8HACH3) 4) , (Ph3CAl (OC( CF3) zC8HACH3) 4), LI Al (O )f:ﬂ) 20004
ThAI (OC( CF3) a)a. A9AI ( OC( CF3)3) 4, Ph3CAl (OC(CF3)3)a,. Li Al (OC( CF3) (CH3) H) 4,
TI Al (OC( CF3) (CH3) H) 4, AgAl (OC( CF3) (CH3) H) 4, Ph3CAl ( OC( CF3) ( CH3) H) 4,

Li Al (OC(CF3)zH) 4, TI Al (OC(CF3)zH) 4, AgAl (OC(CF3)zH)4, Ph3CAl (OC( CF3) zH) 4,

10 Li Al (OC(CF3)zCsH4-4-i-Pr)4, TI Al (OC(CF3)zC6H4-4-i-Pr) 4,

AgAl (OC( CF3) zC6H4- 4-i - Pr) 4, Ph3CAl (OC( CF3) zCsH4- 4-i - Pr) 4,

Li Al (OC(CF3)zC6H, -4-t butyl)4, TI Al araGpss 4-t butyl)4,

AgAI (OC( CF3) zCBH4- 4-f butyl )4, Ph3CAI'(OC( CF3) zC6H4- 4-t butyl)4, -

Li Al (OC(CF3) z caﬂdraplssm’@)am amioniq I@amg:gr@up that4asi baveesydily displaced by the

AgAl CF 3)4, Ph3 F

PO (O AR FadiRingling, iios 1hetas blowiqasp e WAl Jihe Ieayigy group

AgAl CF X

LT A § 800(( CF%'?% Eu%ag@'} %‘F‘%&m %ng @ [% ;%‘@F%\%M@gﬁg@é%‘j from

% hsé C,(AI CI(:30>)C(Z hald®gjen (.8, 33@9%9?11(1014}( g]ﬁﬁld, gﬂfgti Ztrﬁlugﬁ?%haﬁe&lfonﬂéﬁ)tﬁhmlde
V4 | -1 r |

ol ) z)(lezﬁﬂuﬂrqfth@’(f@ﬂ?ﬁﬂh‘gm@'@e)sir(fm%eéaie Lo e A B AICL,,

3. 5- ( CF3) 3 O6H2

> . o ora B O A e IO R KPP FFe: BER Gl 4 PO (AP r e oo

2,4, 6- (CF3)a%)aeate§’f‘€c@iflé%ﬁE€ésZ6§r%r%téls Glurindted, indlb it CF3)ZCGFS)4

TI Al (OC( CF3) ZCBF5) a, AgGAI ( CF3) zC6Fs)a, and Ph3CAl (OC( CF3) zC6F5) a~

Exanpl

es of bord® @B@Hzeéreén iment the leawingugrodp eandie # ihydresarpy groula or
|
|

o BIdksTag Pl B B ERarIaeted s6p e crhanl epe: um:

di me{shb)aclivatod! Ity gHi® ehdRRivhahi M@réﬁﬁbéﬂﬁ‘ |p}ot%h9f§é i’Pﬁé' hydrb a8l or
di met hyl ) -1, 2-di hydr o- 1( pent af | uor ophenyl) bori ny

henyl né’talggemd hydtogarmd foraidg raymmmad('rpwﬁyaﬂhmleaphwwwnuety isyl
ium 1-fluoro di hydro-4

i nyl trIl%ﬁgﬁﬁ%@(ﬁmq%rﬁeleded(f%?’lrllh'?ef I!1y(?r¥doep !lnc—ralgr c)Jr gra%ghed%? (E)E 9k2004
3,5-b h t af h | )-2-bori
1 L) e umineat HBIRERERG | CORRIEal b G Y Seand]. R Go-CipagReRy! ) - 2-bort 0
dtthydr o- 4- (Qyelvialidvi andmﬁeng:le}re@cbnrupm;ahaﬂyb@lsabstituwdhyithlani'nalEgmrpl es of WCA
car bor ane ang Ealo ar bo | ts . include b t are not,5 limted to silver

dodecahydr S4Pstenhaelge m@t omingsgphiarng, EOf"EﬁP@*CI-IOQ'HEU\/ﬁBNW[CB H, 2],

e LRt YRS B8, s A Bl

Cs[ 7, 12- Cl 684 thé peutr@binbidiy OFF, MdthyiGaldipsataficdophehyl gmBDQ)aEe[ 1- CF3
CB'F11], Li[12-CB'H F], Li[7, 12- CBHFz] Li[7,9, 12- CB"H'F3
(i - Pr3) Si [ CRPIEsBREtiveERpamles Bf laving gELORIRYET thfiﬁpﬁ)c@r@sg Fz]

3 Cndicn o) adtaipbeh fealh §iodhs REiabe shlorRe” ohnte droRinE 2Rk Auorige. 1

A9[ CB~~ Hslle addthieR inkltildelgrod9s GBEHESBﬁﬁha ﬁ“ﬁg@ @'6%rn@] the carbonates
Lt[6,7,9,10, 11, 12- CB" H6F6] , Li|2, 6 (1< H CBOF9]

TI[12-CB" Hnglade greyps omPlfoanuler@%OG@Os]wheLre[rUB“N@;wsefﬂsH@Bar(@FB) z],

L7 [ G (o Byeshed Fria Tkl %%@g@@g nahs;%ﬁgﬁm%?@%em@tsm) 2.

Addi t i onal f loter - t
Publ i cati onl‘ﬁi\s/‘\b:QR /%%ggggom@ﬁoﬁéherﬁy I ncor pgr%{ gaagéé"&gf ergﬁ

25 - optionally monosubstifuted or independently mUItISUbS'EI'[LIted with linear or

fa?

4- di
, 4-di
1, 1-
1, 1-
p
hi

I—‘CT_""-b-b

-(
- (
i
it
N
- [

branched C,-C; alky!, linear or branched C,-C; haloalkyl, and halogen (in one
embadiment, fluorine).
The aluminate and borate leaving groups can be represented by the
formulae M'(R*), , M(GR*), , M'(-C=CPh), , or a moiety represented by the
30 following structures:
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Mononmers 20 The catal ysts of the present invention are suitable f B gpg 2604
preparation of a wi de range of polyners conprising cyclic repeating Uni'ts.
The cyclic polyners are prepared by the addition polynmerization of a

pol ycycl ool efin nononers) in the presence of a catalytic anount of a
catalyst of Forrmula | or the pro-catal yst conponents described above. The
nononmers) can be polynerized via solution or 25 nass pol yneri zation

techni ques. As stated herein the ternms "polycycloolefin,” "polycyclic," and
“nor bornene-type" nononmer are used interchangeably and nean that the

nononer contains g Ieast ‘one nor pegnene rml ety as shown beI ow. 55 28 DEC

2004 X'' 5 where @ e@r esent : ggen _or a C, to
C,o alkyl linear o yoe bei ng ¢ ur rret hyl ene
group of the forndl g @42% S he si npl est
pol ycyclic nononerof the inventi i olcycllc nDnone

biQ%clo[z.z.l]hept-z-ene, comonly referred to as norbornene The term 10
orbornene-type nononer is neant to include norbornene, substituted

or vat | ves TEoney 0K sPHUE QIR A0 PR HERRe A Shen! Aefnbifuten

nor bor nene- pb@l&ylca”s cnfireti belbwdand RIS intRpentiknty F@?Jrééé(nts 'hHeQPSr GrERgALgent
the substit e&g QR%EW nene-type nononers and higher cyclic derivatives
|

]therteof clon A &AL of Branghierd Car Gy chinipson lnr;mema(l@l Or-Ca, Wﬂtl Cth
unctiona an ox n a n one embodi men e
nor bor nene- t@%%‘%{?ﬂeé}fag/éé% ?@%p rﬂ‘; Pg'“? rBé@W&P%‘iﬂt{sﬁBﬂed
sthuct ure bphenyl), 2abBRute Bﬁdwenesﬁtueafdﬂ é arafkyl Qﬂ%@%"é%%? ‘A fined as

‘above, "a" represents a Si ngl e or 25 doubl e*®ond; ependent | y
repr esent aPhsRiialkEranchyubsitutesnhasy sl t By nabstitulestii et than the A or

of Ro. Ra oo rcing B ¥OGRin 8on o lise of Riveat o reRohediCorralgn. Wrasuisr R
to R4 can bBraauch@di QHV(UJ I@&I@éﬂl’)ﬁl 1ch95r1n%e'éthélb %ﬁ{e%sm’tgerﬁ% Oétgdntégré ﬁf’ﬂ%nt

per hal ocarb group (e.g., a 30 trifluornet group
R to R in dently represent 56
15 Representative aluminate groups include but are not limited to

tetraphenoxyaluminate, tetrakis(cyclohexanolato)aluminate,
tetraethoxyaluminate, tetramethoxyaluminate, tetrakis(isopropoxy)aluminate,
tetrakis(2-butanolato)aluminate, tetrapentyloxyaluminate, tetrakis(2-methyl-2-
propanclato)aluminate, tetrakis(nonyloxy)aluminate, and

20 bis(l2-methoxyethanolate—0,0’)bis(2-methoxyethanoiate-O’)aluminate,
tetrakis(phenyl)aluminate, tetrakis(p-tolyl)aluminate, tetrakis(m-tolyl)aluminate,
tetrakis(2,4-dimethylphenyl)aluminate, and tetrakis(3,5-dimethylphenylaluminate.

Representative borate groups include tetraphenylborate,
tetrakis(4-methyiphenyl)borate, tetrakis(4-chlorophenyl)borate,

25 ~ tetrakis(4-bromophenyl)borate, tetrakis(2-bromo-4-chlorophenyl)borate,
butyltriphenylborate, tetrakis(4-methoxyphenylborate,
tetrakis(phenylethynyl)borate, bis(1 ,2-benzenediolato)borate,
triphenyl{phenylethynyi)borate, bis(tetrafluorobenzenediolate)borate,

bis(tetrachlorobenzenediolate)borate, bis(tetrabromobenzenediolate)borate,
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28 DEC 2004 hydrocarbyl, hal ogenated hydrocarbyl and perhalogeg?%e%Mn ’
hydr ocar byl groups sel ected from hydrogen, |inear or branched C -C Sba?WV|,
| i near or branched, CZ C,o al kenyl, linear or branched CZ Coo al kynyl; C4
C Z cycloalkyl, C4 C Z cycloal kenyl, C C-2 aryl, and C--C24 aral kyl, R
and Rz or R3 and R can be taken together to 5 represent a C -C, 0

al kyl i denyl group. Representative al kyl groups include but are not Iimted
to methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,

tert-butyl paenty: I i2(thi RN
ot gt oppeen it COBM RO DR SRR,

but enyl , armitgbehzdrediolgte)bBaie cetakial2 Laimbihyiptergiborde] fetlauid¢p-but are
not limted to ethynyl, 1-propynyl, 2 10 praopynyl, 1-butynyl, and
2- but ynyl . tﬂéBP@@éﬁﬁ&tfﬁ!ﬁ@(@M@%th@w@asgafeneme@raiﬁiﬁ(nakéyi}hﬁrata- mted to

I |, : i tat I
O BT I oc SR PR, AR g GHRBLIdalEfb By aBBRE AT Bl
Repr esent atgelentad Hbley hightpfipsrinaned aed ﬁ@ﬁuoﬁtfr@_té@hlk&zls@lfbﬁﬁ aril AgifonyRNd
phenet hyl . Reg; esentative al kylidenyl 4gr oups include nethylidenyl, and

et hyl i denylconiginingsaniass phthenierantasd 2:CHz (BEIS) &ty and BISD.)MN oups
i ncl ud | ted phenyl. and al kyl . T | d al kyl
r oups user e e HRDERREEH EPeysts (et dirancliod Crdo B ed and ar e
linear or hiipRRaERS afdBeiRIRINERR éI‘RKIr,'E' &, Righty ﬂud}‘i&f‘dtgdi %n&}'{aﬁérﬁuorinate

I ndependently a hal ogen as set forth above or "a hydrogen and z is selected
from an i ntaygmalkyl, aind bighly. fluarirated boad perfvodinatad C.-€achnX" Qudiodally, the

B0 Erot ners I B0 e eI RE R Cad SPalya Relspatpre I ercha hphrYgn or o
fluorine. | EaL . | - -
PRy i A e A e A S

per f | uor obuyhgh-peaoidiee oidrgen Gexyd-), fivaledthitrogent and hexéradlogiesulfur. Any
substituents, the cycloalkyl, aryl, and aralkyl gr ow;_ of the 25 invention
can be fur ttWeroffibsanthe takeg; tpgeiherdaforara ghandiBen B™ s sylprliethd

helool ] ler 1 he iR AR KELRBL Y EARSN MR P OB
r48li cal selfaah edirid, ARk (fBlgBtrUcteige Gnddrd émbodiRrd; corteinds or 6Htens) 2 ¢p-CHZ
OCH3, -(CH2)~ CH(CF3)Z O C(O-0C(CH3)3, 30 -(CH2)~ C(CF3)2 H,
- (CHz) " O O)FMehich CapbPITRIGI@toMs( CHz) ~C( Q) ORS, - (CHZ),; ORS, 57 28 DEC
2004 5 10.15 In the above formulae the term highly fluorinated means that at least 50
percent of the hydrogen atoms bonded to the carbon atoms in the alkyl,
cycloalkyl, and aryl moieties are replaced by fluorine atoms. In one embodiment,
20 at least 2 out of every 3 hydrogen atoms on the alkyl, cycloalkyl, and aryl
| moieties under R are replaced by fluorine. In another embodiment, at least 3
out of every 4 hydrogen atoms are replaced by fluorine. In yet another
embodiment, all of the hydrogen atoms on the R*® substituent are replaced by
fluorine to give the perfluorinated moiety. In addition io or in fieu of fluorine atom
25 substitution on the aryl ring(s), the aryl groups can contain linear or branched C,-
C,, highly fluorinated and perfiuorinated alkyl groups, such as, for example,
trifluoromethyl. In embodiments where hydrogen atoms remain on the alkyl,
cycloalkyl, and aryl moieties, a portion or all of the remaining hydrogen atoms

can be replaced with bromine and/or chlorine atoms.
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20 25 30 (CHz),; OC(OR5, -(CHz),; C(OR5, -(CHz)~ OC(O) CRS,
-(Cl-12)"Si (R5)s, -(CHz)"Si(ORS)s, -(CHz)~ O Si(RS)3, and - (CHz) ~&®IE 2004
wherein n i ndependently represents an integer fromO to 10 and RS

i ndependently represents hydrogen, linear or branched C -Czo al kyl, |inear
or branched C, -Czo hal ogenated or perhal ogenated al kyl; |inear or branched
CZ C, o alkenyl, linear or branched C2 C o al kynyl, CS C, z cycl oal kyl, Cs

C 4 aryl, Cs C 4_hal ogen t%g?,or perhalé)agenat ed aryl, and C, Cz4 aral kyl.
Representative h@ﬁ?ﬁs%“ jveghighly Jlueenatedrand perdoerinaiedddtyisuliongharaf R5 are

O R MR e B Dl .
el ogenat et e{O SO, S, P S0, HETcRSs7 G Syl ogenat

or perhal ogenat ed al kyl ,
wherein z 6«1@Fﬁ'z'N@ﬁ@%)ime&ﬁss@WEas%N]&CFLS@g‘(CHﬁ@S@Dmn the al kyl

Sham e B SO Pn BAa B6 oth  BR EREB 5
hal ogenat edC,Exsm) €3, @F Be nat q&@ﬂgb?dﬁ%ﬁh 51&[1;:9@(%&3% (%‘%WEL%%%@C; not

limted to, trifluoromethyl, trich’ordfet hpl es

of per hal odéRBNCHTHOICEIPLCFHL! (G;Sebistﬁ:ﬁa)aglea)SOIZNl($0%¢les(}L Lo,
a

pent achl or ?; tafl uorophenyl. The R6 radic represents an acid
| abile m)i-g *g?ryéd’é@?gﬁ’gﬁ}@’m aaﬁgéﬁé*}féchﬁawrélsﬁedmlwy OCHZCH3,

-CH(R )OC(CH3)3 or the following cyclic groups: . ri,c cr3, RR R~ R~ R-0
wherein R represents h)égr_glgen or a linear or branched (C, - CS) alkyl

~gf#Bup. The al kyl groups/ThdFude nethylS%ethyl ; pr&Pyts, 1-propyl, butyl,
“i-butyl, t-butyl, pent¥, t/CbzentgFISS@ﬁ ndopent yIN | n|fhe above structures,
the single bond |ine prapecting from tee“Byclic geepis indicates the
position where the cyclic protecting group is bonded to the acid
substituent. Exanples okrRG:,radicals includg, lenmethyl-1-cyclohexyl, 58 28
DEC 2004 .i sobornyl, 2-gethy\-2-isobor nyl , Z7- fethyl - 2- adamant yl |
tetrahydrofuranyl, tetnahydr opgrant§PLra- Sxocy ol ofrd@dEIF: neval oni ¢

| act onyl, 1-ethoxyethyl fFatfd 1-t but oxy ethy$F~CFhe R6 radi cal can al so
rg@réesent di cycl opropyl nethyl (Dcpm, and 5 di net hyl cycl opropyl nmet hy(

( p) groups which are represented by the follow ng structures: and
“C(C), 10| n Adisioninaghl lioahaea anff petlido bk UbyiSlito fdhd he two ring

carbon atons to which they are attached ‘can represent’ a substituted or
unsubst i t utBEsEleMd @nignasiitabisag teavinggrotips rra gledctivedh Turogskpahan at ons

bsti bst i d I i ni 6 18 ri b
atoms or - corieh MadBoReehemisrin 18t a2t Brtale ApPdny. SaRaiset Noseys: | o
onounea U s et SUBast. 3 081,508, 5355?#,'29,095%6@ et a%ﬂ%,?‘(%gzl%lg%t ur at ed

monounsat ur afion or nultiunsaturation. ohe’ enbodi’'ment’,

c¥lic grodlisdlesiesonadicaare beretly dyarporagzdbp refdhemcesubst i t ut ed, the 20
~rings contain nonosubstitution or myltisubstitution wherein the
“.Substituents are independently sel eWEA M%ydrogen, | i near or branched

C -CS alkyl, linegr & - I i r_qr branched.C, -C5
al koxy, hal ogen, .orSégf)o f‘?,%?“{%ﬁﬁ‘}?@g%@go%@ne@ﬂg@%ﬁm ﬂl,? RIORERS Pgﬁﬁ her
to form t heresemlimmention cyi bg rmlﬂumted@(y@\e@nfrﬁ?)IQ-Z[C(wyj]b‘{WOM]g'%vﬁérbﬁﬂC
together with the two rlng( carbon atons to which 25 they are attached form
a pent acyclPRIESERLS, 2 RRePei H panalkadivemasthametal pgtinnaa tansition mestgt catipr( R8) |
apel Re is I Y, an, i r_or _branched C C a al kyl,
2 Co- G 6 e oroanic BBt 2PbRRF U WA alf s HeBEERboten s 3 P
2004 integer from 0O to 8, and b and d represent the number of times the cation

complex and weakly coordinating counteranion complex (WCA), respectively, are

taken to balance the electronic charge on the overall salt complex.
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Vila 5 wherein each X'"' is independently defined as above and mis an
integer from0 to 5. Deuterium enriched norbornene-type nonomerg tubdrieidilat
| east one of the hydrogen atons on the norbornene-type noiety and/or one at °
| east one-of the 10 hydrogen atonms on a pendant hydrocarbyl substituent
described under R to R4 have been replaced by a deuterium atom are
contenplated within the scope of the present invention. In one enbodi nent,
at | east 40 percent of the hydrogen atons on the norbornene-type .noiety

and/ or the hydr qpardlivhli febsitdatibReinchice GRRIRESHetals SHEERH IfrEM lilHMRNOt her
enbodi ment, at |east about 50 percent of the hydrogen atons 15 on the

nor bor nene segive, msitassivem dulidium endyessiwar By lonewsbodionent, the &Sroepl hced by
at .| east about 60 percent of the

deuterium | et,. anot her .enbodi rent,

hydr ogen apﬁ?@yﬁ'W@rﬁﬁﬁmH%éﬂg'%E@d RofasSMMnd/ or the hydrocar byl :
substituent are i : ﬁ@&ﬂﬁﬁé\ terated
nononers are regthgg%%lg%a@§ nﬁéf%ﬂpﬁ%ﬁlﬂd%gﬁgﬁ' %e@%@ .D 25 wherein
X8 is def begdlias, magnesiul,icaldaul strontiom," ad bariam. iintopgasmbadigieng, fieom 0

to 6, with the proviso that when "i" is 0, at |east one of R and RZ nust
be present GrRup Zngetet Galigep ariBiRgNgsiuEp caddum, stragiiyscandbprivn. f UMt i onal

substi tuen qef ] , . RZ . not be present and
i ndependenirﬁga;“ggrde@%gtcgg&gg %&gr ifrl??#gkngmsfl)@fag@%ﬁa\em%‘m enri ched

hydrocar byl gr oOmecsrgbficirodp datibe &séelettedttom ammdnidht; pHARphasne | um
atom In one enbodi nent, the deuterated hydrocar byl rougdl S selected from

linear or BREMUHen and giyfum egtionghies.e[NHRE I'e DR'40, [PER&At [PR* lhe hydr ogen
t hewcanb k 20l aced bv.deut erium | h

tfoai mont 1< e ool dRoeS0- RyRrE R RIRRERgR ey BNEF M e s or

branched Csﬂ%ggl?ﬁggﬂnyé,%%lﬁbﬁcﬁﬁbgh gﬁp 2R chLAEIRiNG 1 121 BXShoPOsan, Os.

on the carbon epl ace y deuterium In yet another
enbodi ment (oniharddoercembedintgrdy oerar bid 12 cathwrisg asrahged @t aflinear, Iirapahed,r

branched C _-C o al kyl rein at |east 60 percent of the hydr n atons on
Che- car bon O ABRIHETFe BepphdipopliinmeAG Al sahemRendet i@t an be
prepared b hZl : rth under
Structure éf‘frﬁggé%%bﬁ@gqu?ﬁeﬁ%ﬁgg@%&%ﬁ%ﬂ‘{en -%agbyﬁﬁégpgnki ng
mthoner ( s) indByderblit afeunctt linsifesd torletao on bremdhepeC sCosalkylin€i-ay, oprloatkyl, i s
meant that the crosslinki ngermnorrer contains at |east two norbornene-type

moi eti es (HBPROPHRABCOPHL dB b 8K§BME Sp;C o sYRIOAIKTEV] Srzla BYYILRIAECas
Dt on. SRl orBARRREAagbhS, T dRhi AR 85 bR EPF b

i nvention. e nonomners 1 Ircyclric

systenms angimithyagiiyhium tristeyisity it it phet®Isiysinnhes trifenzyrigign ossl i nki ng
agents are illustrated in structures bel ow. For brevit Y nor bor nadi ene is
i ncl uded a#riphanysirlivim, ticyglohesylsidivg, idimpthylegiadecvsiylivg, apdsi dered to
Cf)(f't ain tWri;ﬂ%ﬁﬁ)?@érbé%‘me(i%‘?ft%?ﬁ)f‘%ﬂ%{&dYt%% %Ot'f!lgla%ol?/%nc%%ibnzc%mplexes
' ferrocenium cations such as [(CsHs).Fel" and [(C4(CH,)),Fe]" are also useful as
the cation in the WCA salts of the invention.
Examples of WCA salts having a weakly coordinating anion described
under Formula il include but are not limited to
25 lithium tetrakis(2-fluorophenyl)borate,

sodium tetrakis(2-fluorophenyl)borate,

silver tetrakis(2-fluorophenylborate,

thallium tetrakis(2-fluorophenyl)borate,

lithium tetrakis(3-fluorophenyl)borate,

30 sodium tetrakis(3-flucrophenyliborate,

48




~1 1 1 ~m=~,rn--cv ~(Y Y)m 25 wherein Y represents a nethylene (-CHz )
group and m i ndependently represents an integer fromO to 5, an SrEnC mils
0, Y represents a single bond. Representative nononmers under the forgoing

formul ae are set forth below 30 61 28 DEC 2004 1 1 I 11 251 -1 111
| Alinked multicyclic crosslinking agent is illustrated generically in
Structure VIII 10 15 20 below. R vmwherein "a" independently represents a

singl e or dqubl e bond i ndependently is an integer fromO to 5, RO is a
di val ent r a'%i#‘f’@é(fel“éagﬂ’%étf@@“m[ﬁﬁmbQ@t@nt hydrocarbyl radicals, divalent

et her radi : gk e | adicals, and n is equal to O or 1. By
di val ent igtﬂ%@gﬂ?%th%gﬁgﬁpb%@%&%‘&@te&t each term nal end of the radical
is attachecfemcanmmtwamn@fmm:ﬁ@mgbaratén one enbodi ment, the dival ent

hydrocarbyl radicals are al kyl ene radicals and dival ent aromatic radicals.

The al kyl eféresanizm etrakis(pespinbisevpbanpibdrbte, f or mul a - (CdH2d) - where d
represents t ,of. carbon 0 In the al kyl ene chain and is an
i nt eger fr3W§n{]%rfPf%_ls(%lgom Ny Orgg%i cals 25 are, in one enbodi nent,
sel ect ed f rsumilrhnensakise MBEABA fiforafs 0) al kylene such as methyl ene,

et hyl ene, propylene, butylene, pentylene, hexylene, heptylene, octylene,
nonyl ene, aildettetnakisté-fluviuahenybbotas, al kyl ene radi cals are contenpl at ed,

repl aced wittgn EheREhgmieRab g o C9) al Kyl oroup. 30 62

lithium tetrakis(3,5-difluorophenyl)borate,

;' _1_0 sodium tefrakis(3,5-difluorophenylborate,

S thallium tetrakis(3,5-difluorophenyl)borate,
trityl tetrakis(3,5-difluorophenylborate,
2,6-dimethylanilinium tetrakis(3,5-diflucrophenyfhorate,
lithium tetrakis(pentafluorophenybborate,

15 lithium(diethyl ether) tetrakis(pentafluorophenyl)borate,
lithtum(diethyl ether), ; tetrakis(pentafluorophenyl)borate (also referred to herein
as LiIFABA),
lithium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
lithium tetrakis(3,4,5,6-tetrafluorophenyl)borate,

20 lithium tetrakis(1,2,2-trifluoroethylenyl)borate,
lithium tetrakis(3,4,5-trifluorophenyl)borate,
lithium methyitris(perflucrophenyl)borate,
lithium phenyltris(perfluorophenylborate,
lithium tris(isopropanol) tetrakis(pentafluorophenyl)borate,

25 lithium tetrakis(methanol) tetrakis(pentaflucrophenyhborate,
silver tetrakis(pentafluorophenylborate,
tris(toluene)silver tetrakis(pentafiuorophenyl)borate,
tris(xylene)silver tetrakis(pentafluorophenyl)borate,
trityl tetrakis(pentafluorophenyl)borate,

30 trityt tetrakis(4-triisopropylsilyitetraﬂuorophenyl)borate,
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28 DEC 2004 5 90 15 20 The divalent aromatic radicals are sel eét gd,i{:ognp
di val ent phenyl, and dival ent naphthyl radicals. The dival ent et efth 2004
radicals are represented by the group -R-OR -, wherein R independently
is the sane as R9. Exanples of specific linked nmulticyclic crosslinking
agents are represented as in Structures VIlla to VIllc as follows.
~(CHz)a~ ~ ~ | ~-CHZ OCHz | ~~///Il f~/1/~1 MIlla Villc VIlIb In one
enbodi ment, the crosslinking agent is selected fromthose shown bel ow

B L T
where n i s thalliem4etrakisf3-:Bbis(uc@rom&@hhpherdflb6aate,

2,6-dimethylanilinium tetrakis(pentafluorophenyl)borate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl)bhorate,

5 N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyliborate
lithium (triphenylsiloxy)tris(pentafluorophenyl)borate,
sodium (triphenylsiloxy)tris(pentafluorophenyi)borate,
sodium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
sodium tetrakis(3,4,5,6-tetrafluorophenyl)borate,

10 sodium tetrakis(1,2,2-trifluoroethylenyl)borate,
sodium tetrakis(3,4,5-trifluorophenyl)borate,
sodium methyltris(perfluorophenyl)borate,
sodium phenyliris(perfluorophenyl)borate,
thallium tetrakis(2,3,4,5-tetrafluorophenyl)borate,

15 thallium tetrakis(3,4,5,6-tetrafluorophenyl)borate,
thallium tetrakis(1,2,2-trifluoroethylenyhborate,
thallium tetrakis(3,4,5-trifluorophenyl)borate,
sodium methyitris(perfluorophenyl)borate,
thallium phenyliris(perflucrophenyl)borate,

20 trityl tetrakis(2,3,4,5-tetrafluorophenyl}borate,
trityl tetrakis(3,4,5,6-tetrafluorophenyl)borate,
trityl tetrakis(1,2,2-trifluoroethylenyl)borate,
trity! tetrakis(3,4,5-triffluorophenyl)borate,
trityl methyltris(pentafluorophenyl)borate,

25 trityl phenyltris(perfluorophenvNborate,
silver tetrakis{3,5-bis(trifluoromethyl)phenyllborate,
silver(toluene) tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
thallium tetrakis[3,5-bis(frifluoromethyl)phenyllborate,
lithium (hexyltris(pentafluorophenyl)borate,

30 lithium triphenylsiloxytris(pentafluorophenyl)borate,
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28 DEC 2004 ~~~Si ~~~ 10 15 i w and 20 _O Sone other types of .
“norbornene-based crosslinking agents include, but are 25 not |i mz ngflb, 2004

t hose represented in fornul ae' a-m bel ow. 64
or'aryl a. Il )yl OOM Mb OOnNnOOc. ~O00d. ~0o ~ ~o0~0 ~O

al kyl

~

10

15

20

25

30

.0~

H~OMOH-~OCO-I1I~///1 ~1~11/11 i. 9. h.

lithium(octyloxy)iris(pentafluorophenyborate,
lithium tetrakis(3,5-bis(trifluoromethylyphenyljborate,

- sodium tetrakis(pentafluorophenyhborate,

trityl tetrakis(pentafluorophenyf)borate,

- sodium(octyloxyiris(pentafluorophenyhborate,

sodium tetrakis(3,5-bis(trifluoromethylphenyhborate,

potassium tetrakis(peniafluorophenyl)borate,

trityl tetrakis(pentafluorophenylborate,
potassium(octyloxy)iris(pentafiuorophenyhborate,

potassium tetrakis(3,5-bis(irifluoromethyl)phenyl)borate,
magnesium tetrakis(pentafluorophenyl)borate,

magnesium magnesium(octyloxy)iris(pentaflucrophenyl)borate,
magnesium fetrakis(3,5-bis(frifluoromethyl)phenyl)borate,

calcium tetrakis(pentaflucrophenyi)borate,

calcium (octyloxy)tris(pentafluorophenyl)borate,

calcium tetrakis(3,5-bis(trifluoromethylyphenyl)borate,

lithium tetrakis[3,5-bis[1-methoxy-2,2, 2-trifluoro-1-
(trifluoromethyl)ethyllphenyliborate,

sodium tetrakis[3,5-bis[1-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyilphenyllborate,

silver tetrakis[3,5-bis[1-methoxy-2,2, 2-trifluoro-1-
(triftuoromethyl}ethyllphenyl]borate,

thallium tetrakis[3,5-bis[1-methoxy-2,2,2-triflucro-1-
(trifluoromethyl)ethyllphenyl]borate,

lithium tetrakis[3-[1-methoxy-2,2,2-trifluoro-1 ~(trifluoromethyl)ethyi]-5-
(trifluoromethyl)phenyljborate,

sodium tetrakis{3-{ 1-methoxy-2,2,2-trifluoro-1 ~(trifluoromethyl)ethyl]-5-
(trifluoromethyl)phenyliborate,

silver tetrakis[3-[1-methoxy-2,2 2—tnﬂuoro 1- (tr;fluoromethyl)ethyl] 5-
(tnfluoromethy!)phenyl]borate
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20 25 ~o~e. f. O~R SR-~Si O-mR R, R'= alkyl or aryl O ~O2gnmEknopgs
anot her enbodi nent, fluorine-containing norbornene-based cross linkers are
used. For exanple) in one enbodi mrent one or nore of the follow ng

fl uori nated norbornene crosslinking agents can be utilized. 65 28 DEC
2004 5 10 F - Crosslinking Agent | and F - Crosslinking Agent |1

Nor bor nadi ene may be enpl oyed as a crosslinking agent in this invention. In
15 20 25 30 anot her enbodi nent, hi gher honol ogs are utilized. Norbornadi ene
can be convkealtie tetrakisfB-fherethoos? @ga-trifluobd-dHérfRldtemefinddtivgs5-usi ng a

vari ety of djmerizatiqn catalysts or -heating it - with cycl opentadiene. In-

t he cage oﬂgmHQ"EP%&@ﬁPHﬁPWBKﬁﬁ mer nor bornadi ene dimer an alternative

Yo e IBEPERAREE T2 2 R Neomt e b ESUPh S Al ©
5-(triflucromethyl)phenyllborate,
5 sodium tetrakis[3-[2,2,2-trifluoro-1-(2,2, 2-trifluoroethoxy)-1-(trifluoromethyl)ethyll-

5-(trifluoromethyl)phenyl]borate,
silver fetrakis{3-{2,2,2-trifluoro-1-(2,2,2-trifluoroethoxy)-1-(trifluoromethyi)ethyl]-5-
{trifluoromethyl)phenyliborate,
thallium tetrakis[3-[2,2,2-trifluoro-1 4(2,2,2-trif|uoroethoxy)—1 ~(trifluoromethyl)ethyl]-

10 5-(trifluoromethyl)phenyllborate,
trimethyisilylium tetrakis(pentafiuorophenyl)borate,
trimethylsilylium etherate tetrakis(pentafluorophenyl)borate,
triethylsilylium tetrakis(pentafluorophenyl)borate,
triphenyisilylium tetrakis(pentafluorophenyl)borate,

15 tris(mesityl)silylium tetrakis(pentafluorophenyl)borate,
tribenzylsilylium tetrakis(pentafluorophenyl)borate,
trimethylsilylium methyltris(pentafluorophenyl}borate,
triethylsilylium methyitris(pentafluorophenyl)borate,
triphenylsilylium methyltris(pentafiuorophenyl)borate,

20 tribenzylsilylium methyltris (pentafluorophenyl)borate,
trimethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triphenylsilylium tetrakis(2,3,4,5-tefrafluorophenyl)borate,
tribenzylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,

25 trimethylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate,
triphenylsilylium tetrakis(2,3,4,5-tetrafluorophenyl)borate, '
trimethylsilylium tetrakis(3,4,5-trifluorophenyl)borate,
trivenzylsilylium tetrakis(3,4,5-trifluorophenylyaluminate,
triphenylsilylium methyltris(3,4,5-trifluorophenylaluminate,

30 triethylsilylium tetrakis(1,2,2-trifluoroethenyl)borate,
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D merizalion Catalyst - The dinerization of norbornadiene is easily

~achi eved by nunerous catalysts to yield a m xed conposition of p§t{of§i X4
isoners, i.e., Wi et al. US. Patent No. 5,545,790). In one enbodinent, the
i soners are the exo-traps-exo, endo-traps-endo, and

exotraps-endo-1, 4, 4a, 4b, 5, 8, 8a, 8b- oct ahydro- 1, 4: 5, 8- di net hanobi phenyl ene

(" norbornadi ene dine" or "[NBD]z"). In another enbodi nent, the
exo-traps-exo n@hborn%ajene dimer is utilized as a crosslinking agent.

Heat i ng nor BISYRRAPREIIumR fetiakis(2 §i4 §detatunraphemd)boratey c| opent adi ene can
d hi i BLS1.a5 . = 2004 bor nadi ene di . Oh
Cr ossl 1 nii el bGRRREIIHII oiraig Rt ah SR RO Ry o1 opent adi ene. w th
olefins contra(iritrieghylyslyheiyiRnemia i, 48 RiidiforSpnyhPERIE S badhilify.
d I n one '‘enbodi ht,

1, 5- hexadi ene, 1, 7-octadi ene, and'tricycloheptatriene.
the crossl i hdaBirephdndmethyisilviumtietakistpentafhionophenyl)boratact i ve nor bor nene

type noietigs: i pning. t I i.zabl e doubl e bonds). In another
en%odi nent ,f’?héﬁ?n%thM’rq 'ggla\é?‘gs)ﬁwé{,i[g’isélyﬁﬁﬂedi yl ) bi sbi cycl o[ 2. 2. 1] hept - 2ene
( NBCHZCHZNR:trakisp® basis adifi 1S ictiftip

5- (3-but enyl ) bi cgil o[ 2&2. 1] hept - Z%Jrr\%ﬂgﬁédor%/e(il opentadi ene via a D el s-Al der
reaction. THBIUmM gﬂﬁ@klﬂpmiaﬂgon'fpf&nmalbuﬁmm!_ )bicyclo[2.2.1] hept-2-ene is
al so a co-np i

f jce, i.e., 10
2- (3- but enW‘B’-?%?%}‘%gﬂéﬂgﬁl&,e@@lﬁ%{g’aépmﬁo-'1, 4: 5, 8- di met hanonapht hal ene.

Simlarly, i erﬁ{ﬁimg- 0,..10a, 11, 12, 12a-dodecahydro-1, 4:7,
10 di net hanogi enzol a, lpg wgﬁ%ﬂéu&ﬁ@ages prepared in the Diels Alder

rédfcti on bdithiemfoctyloky)tritdperfiafirogherifaludfasect ahydr o- 1,
4= met hanobeln,_%ocycl oogéene and cycl opent adi ene. The hi gher honvol og of

bet ween 1, WugetrakisE,5-his(Hiuorometyhpbendimianioats,

I i B L ST e
1, 4: 5, 12- ditritgt fetrakisfdresfiiorbpangpiliitee. The symmetric and asymmetric

trimers of cyclopentadi ene are also useful crosslinking reagents, i.e., 4,
4a, 4b, 5, diyocylogrispestafiueepheryBlBnidatest hano- 1 H-f1 uorene and 3a, 4,

4 5, 8, - A QGL.: ro-4,9:.5 8-dinet hano-1 H benz[ fJi ndene,

r ggpe_cti ve%3’?’“1%}‘1t&y%k?%%%ﬁ{g@f@%%tﬁ@fﬂhewﬁéﬁmr i s obtained fromthe
reaction ofpotasion estrad(pastafslopRERPaRdheRe, i.e.,

1, 4, 4a, 5, 8, 8a- hexahydr o-1, 4: 5, 8-di met’hanonapht hal ene. Di vi nyl benzene and

excess cycltdytigiradsdmentafionephenyl)alymingte,i c crossl i nki ng agent

5,5'-(1, 4- i shi | o 2.1 ]hept-2-ene. .25 An econom cal route
for the pr %g%tﬁﬁg%i%ﬁvﬁ%&# OF%QH%‘VB%'HW@"‘&M functional Iy substituted
nor bor nene pERARIRH &tfeﬂdig(Qﬁ‘,-iﬂ@(tﬁﬂﬁ%rd%&hﬁ%{fﬂggﬁ%I%ﬁ.@.\ag%,on reaction in which

CPD or substituted CPD is reacted wt enophil e at el evated
t 8fper at ur ésagnesiupn istratds(pantsfiidraplsshyljalubtnatene- t ype adduct general |y shown
by the follow ng. re '

ction, scheng. 67
magn um(aocEyloxy)tnsJ;])entaﬂuorophenyl)aluminate,
magnesium tetr_akis(?:,5-bis(triﬂuoromethy!)phenyl)aluminate,

calcium tetrakis(pentafluorophenyl)aluminate,

\ ;

calcium (octyloxy)tris(pentafluorophenyl)aluminate, and
25 calcium tetrakis(3,5-bis(triflucromethyl)phenylaluminate.
Examples of WCA salts having a weakly coordinating anion described under
Formula lHl include but are not limited to LIB(OC(CF,)3),, LIB(OC(CF,),(CH,)),,
LiIB(OC(CF;),H),, LIB(OC(CF,)(CHa)H),, TIB(OC(CF,))., TIB(OC(CF,),H),,
TIB(OC(CF;)(CH,)H),, TIB(OC(CF,),(CH,)), (PhsC)B(OG(CF,),).,
30 (PhyC)B(OC(CF,),(CH,)),, (Ph,CYB(OC(CF,),H),, (Ph;CYB(OC(CF,)(CH)H),,
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28 DEC 2004 5 10 R\ ~ + R-RzC=CR3R4 3 Ra wherein R to R4 ind pgnﬁ@gt# L
repr esent -hydrogen, hydrocarbyl, and/or a functional group as 3 Vi %
descri bed. O her norbornene type adducts can be prepared by the thernal
pyrol ysis of dicycl opentadiene (DCPD) in the presence of a suitable

di enophil e. The reaction proceeds by the initial pyrolysis of DCPD to CPD
foll owed by the Diels-Al der addition of CPD and the dienophile to give the
adducts shown below ~ ~ ~R~\ + RRRZC=CR3R4 - ~\~~R2 Rs n Ra 15 wherein n

repr esent s AgBIOO{EBEY,), OA @E(OF HHM AQB(OCHBFMNHL. BBOR o R |
mdependentl represent hyd ro% yd) rocar byl , /[or a functronal group as”
21

pr evi ous| y T#Q-fel.). Mg(lobiane).Bia rﬁ%BhaQB(ngsW)ﬂb'B(@@tb‘h(ﬁF&)zt)her eof

or esence. of MHOREE! m&dﬂ%é@?ﬁ?&%@%ﬁ&i%o?%%ﬁ@zﬁ JocRe s 1
~ 2% (452
::Ief | ri&;dRabO\l/Be(d %Cw%qﬁ%cg%%éfpg)é‘atq%m enrsglg méy (ﬁgﬁ ltg%%(é:ﬁézlﬁ/)?earsmnoner s

cah be prefhgAIBYCHia)iRi). BAROCKCENL i, EsRNE ¢ TRA(OZO ML, BHs)), such as

(Ea 1) or BoARGREED @%E@E&Wh&&l@aﬁ@ g0 B Rk

deut er at ed r C r byl
substit uentwl' %‘r mdghtgakgg&gdg%)‘g? st @93??9’5%%&%6%@?@%@2& ?/rent
non- deut eraweocmgmpﬂmAgm(@d(@mmmldﬁupmmmm o) enophi e to
yield norbornene containing a deuteriumenriched h)ﬁdrocarb pendant gr oup

(Eq. 3). ' LAQREETHH), Rl OC(GF .M RIAUGHE @F e H) s PHCAPUCE )Rz R3 NaOH
(R (D7 RGP, 2-2P HRIGEL CoH 4 B AR OBCF.),C M, 4P,
Ph,CAI(OC(CF,),CgH,-4-i-Pr),, LIAOC(CF,),CsH -4-+-butyl),, TIAKOC(CF,),CsH,-4-t
butyl),, AAOC(CF,),C;H-4-t-butyl),, Ph,CA(OC(CF,),CH,4-t-butyl),,
LIAI(OC(CF,;),CgH,-4-SiMe,),;, TIA(OC(CF,),C:H,4-Si Me;),, AGAOC(CF,),C.H,4-
Si Me;),, Ph,;CAOC(CF,),CsH,-4-Si Me;),, LIAIlOC(CF;),CH,-4-Si-i-Pr,),,

15 TIAOC(CF.),CH,-4-SiH-Pry),, AJAKOC(CF,),C H -4-Si-i-Pry),,
Ph,CAI(OC(CF),CH,-4-Si--Pr,),, LIAHOC(CF,),CoH,-2 8-(CFy),4-SiPry),,
TIA{OC(CF,),CH,-2,6-(CF;),~4-5i-i-Pr;),, AGA(OC(CF3),CcH,-2,6-(CF;),-4-Si-i-Pr;),,
Ph,CAI{OC(CF,),CeH,-2,6-(CF,;),-4-Si-i-Prs),,, LIAHOC(CF;),CH4-3,5(CF.),).,
TIA{OC(CF,),CsH,-3,5-(CF,),),, AGAOC(CF,),C:H,-3,5(CF,),),,

20 Ph,CAI(OC(CF,;),CeH;-3,5-(CF,),),, LIAKOC(CF,),C;H,-2,4,6-(CF.),),,
TIAI(OC(CF,),C;H,-2,4,6-(CF;),),, AJAHOC(CF,),C:H,-2,4,6-(CF.,),),,
Ph,CAI{OC(CF,),CsH.-2 4,6-(CF.)3),, LIAIOC(CF;),CsF5)s, TIAHOC(CF,),CFs),,
AgAKOC(CF,),C4Fs),, and Ph,CAI(OC(CF,),C;Fs)..

Examples of boratobenzene salts include but are not limited to [1,4-dihydro-4-

25 methyl-1-(pentafluorophenyhi-2-borinyl lithium, [1,4-dihydro-4-methyl-1-

- (pentafluorophenyl)]-2-borinyl triphenylmethylium, 4-(1,1-dimethyh)-1,2-dihydro-1-
{(pentafluorophenyl)-2-borinyl lithium, 4-(1,1-dimethyl)-1,2-dihydro-1-
(pentaflucrophenyl)-2-boriny! friphenyimethylium, 1-fluoro-1,2-dihydro-4-
(pentafluorophenyt)-2-borinyl lithium, 1-fluoro-1,2-dihydro-4-(pentafluorophenyl)-2-
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3. ~/ + RRR-C=CRSRz 20 Rw Rzo R~ Rz In Eq. 1 and Eq. 2 above, Lo Gé?
~and RZ are as previously defined, and i' is an integer ranging f é%wg“tg .
25 Exanpl es of pol ynmerizabl e norbornene-type nononers include but are not
limted to norbornene (bicyclo[2.2.1] hept-2-ene), 5-ethylidenenorbornene,
di cycl opent adi ene, tricyclo[5.2.1.02" 6] deca-8-ene, 30

5- met hoxycar bonyl bi cycl o[ 2. 2. 1] hept - 2-ene, 69 28 DEC 2004

5- et hyl bi choLZ.Z.l]he t-2-ene-5-carboxylic acid, 5-nethylbicyclo[2.2.1

] hept - 2- engaorﬁw riRhenyimethyipm, 213 5thisiflupramethylpheny!]-1,2-dihydro-4-

2 o b omou/ PEESRORERERUF 2 fiohal iRl 258 3 bistifuoromethyphenyll-1,2-
.5-i - pr opoxHigydieay. p@n@éf@bfl%ﬁeﬁxfﬂ-ﬁ}ﬂ@ﬁiﬁ%ﬁgﬁ%ﬁﬂmﬂhyﬁum.

5- n- but oxycar bonyl bi cycl of 2. 2. ept - 2-
5- ( 2- met hyl prop pies oh WVBAcsarbaaPe 2ntl Hdlemtrb@areealts include but are not

‘buboxycar b RR I S et - carBadodecabbrats, LiCE,(CH, LCB, Hy
Doty ovc oh TR SRR (B P B

5- phenoxy cdMeqN){IHGDH, 4.2, S 2 BB ;35 F @[ 12-BrCB, H, ], Cs[7,12-Br,CB,,H
5-tetrahydrof5’1 n ‘gox ar bonyl bi ¢ cIo[JZ.Z.l hept - 2-ene, 15 - wol
5-tetrahyd yﬁm ukgjagﬂé'ﬂér‘%lb‘ééef’b{,ﬁﬂh K&01F, 3 €#ld-CH,-CB,,F,.], (-
bi cycl o 2 BrkeRir ZoAne- P1995 0800 £ 357 d2.co, , F., L7.9,12-CB, H,Fil

5- acet yl oxyb?c

54@et hyl - 5{het,}8i Chicy, ; elchham - i N
5- et hyl - 5:(et ﬁggc%?gﬁel}/bi '5: (:1?4(1) 2@2 E T hép -’Zliaeﬁe;eB%BFﬂ’ Li6.7.8-CBH, )

5- met hyl - 5B SPdxGdRFohi2. 67 /TR bisBsl 1Nl BrE AGICB,, H,Cl,

5 ot E§i 5 B R AR oy K Ph P, AR L G, o Agics, B
-5 i ' ; - '

S T e e ey 4 o one
met hy| - 5-H1BeBxKedC by Adi leGd: 12, BB h bHEB2NMend, LICB, ,(CF,),,],

5
5
5
b _ . N
STt HEES I APESRR IR dpbl a5, 5
5- met hgl - SHHet r §§§'§‘r%¥lhﬁgm(§§?ﬁ£%6§'§ma @ycq 53%8%12]] 88%“9 Bglene, 30

5- met hyl - 5hedncagdinrane paitsaang! disgjesedin nytehiatipnsidtRedt. Fbiesior2y\en 68/43083,

which is hereby incorporated by reference.

Monomers
20 The catalysts of the present invention are suitable for the preparation of a
wide range of polymers comprising cyclic repeating units. The cyclic polymers are
prepared by the addition polymerization of a polycycloolefin monomer(s) in the
presence of a catalytic amount of a catalyst of Formula i or the pro-catalyst
components described above. The monomer(s) can be polymerized via-solution or
25 mass polymerization techniques. As stated herein the terms “polycycloolefin,”
“polycyclic,” and “norbarmene-type” monomer are used interchangeably and mean

that the monomer contains at least one norbornene moiety as shown below:
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8 DEC 2004 5-nmet hyl - 5-acetyl oxybi cycl o[ 2. 2. 1] hept - 2- ene,

hyl - 5-'cyanobi cycl o[ 2. 2. 1] kept - 2- ene, 28 DEC 2004
i (met hoxycar bonyl ) bi-cycl o(2. 2. 1] hept - 2- ene,

i (et hoxycarbonyl)bicycto[2.2.1 ]hept-2-ene,

i (n-propoxycarbonyl ) bicyclo[2.2.1 ]hept-2-ene,

i (i-propoxycarbonyl)bicyclo[2.2.1 ]hept-2-ene,

i (n-butoxycarbonyl)bicyclo[2.2.1 ]hept-2-ene, 5,6-di(t
ycar bonyl ) bi cycl o[ 2. 2. 1] hept - 2- ene)
i
i

uto
(phenoxycar bonyl ) bi cycl o[ 2. 2. I/ Fhept - 2-ene, 10
(tetrahydrof uranyl oxycar bonyl) bigyelo[ 2. 2. 1] kept - 2- ene,

i (tetrahydropyranyl oxycar bony '230_0[2 2. 1] hept - 2-ene, and

i car boxyanhydri debi cycl o[ 2. 2. 1\hept - Z- ene,
hoxycar bonyl t etracycl o[ 4. 4. 0. 12*~5; '~']dodec-3-ene,

oxycar bonyl tetracycl o[ 4. 4.0. 12~5.1' ~' ] dodec- 3-ene, 15

I OPOX YR MMYrep AiseARYYOEH, rﬂtr@géﬂvﬁh hydrdg@ﬂdﬁfa@ ﬁﬁ@,o alky! finear or

- pr opox carbonyltet clo[4.4.0.1Z 5.1"" '] dodec- 3-

8- n- but oXy éﬁlwﬁgilhemg b@y{\;acumrem Geufr er ametmd@a@gmpaféhe formula CH,), -

8- (2- met h | o[ 4.4.0.12'5.1' ' ' ] dodec- 3-
8- 21 ﬁt &P@\%%ﬁii%ﬁr Qﬁ Pﬁﬁ §§§§| 8%4 4.0.1Z'5. 1" ']Logegcs- eﬁge 20 8-t
but oxycar bony! t qtheagvsledt foifeylid AioPomnet of Mﬁ@éﬁticﬁ’gg the blcy%llcemo%ngﬁr, y

8- cycl ohexyl oxycar bonyl tetracycl o[ 4.4.0. 12~
buf yI cycf ohisyglofk @ )ient@rsne, eomamy oifdrred & aQﬂﬁrbbmér]edo'ﬂm:teanene

1 ot any APBRTTIH- DS R BEG ¢ Sisant o sfuteiubasBs subsiiediodecene, 25
8-t et r ahy d,amHrAGYL QX HRa ﬁg%g%t@ﬁfeﬂcﬁrﬁ dﬁ}{ds gtfa’é%déhléhér yclidadRGaigesne.

8- acet yl oxytetracycl o[ 4.

8- met hy| - 8iiwerebiety lnagtas iyt tedroawy donlainstaledstzrz orboindndagpdoene,
- 8- net hyl - 8- ethoxycarbonyltetracyclo[ 4.0.1 z~5.1'~' Ldodec 3-ene,
8- net hyl - 85H ﬂﬂ%@%ﬁ?rﬂﬁﬁ%ﬂ@tma@%l'G[Qf'eﬁmqu@e@ti e sybgiileleds- ene, 30

PEC 2004 s PIRITPREYERITONCR BONGNS! dcfc Sordfaved trep SR Ra A {RG0elE e
8taet hyI 8h§/ardmatHWbﬂb31mfﬂ(B¢af @p@nﬂéﬁtfuﬁ@tmlapélﬂosﬁt&ni(s) containing an

Z'5.1","]dodec- 3- ene,
oxygen atom. . In one embodiment, the norbornene-type or polycycloolefin

3 ¢

t
-d
-d
-d
-d
-d
X
- di
-di
-d
-d
t
th
-p

CDCDCT)CD""CDCD

5 —d o

" monomers are represented by the structure below:

20 . ' R* i

wherein each X" is independently defined as above, "a" represents a single or
25 double bond, R’ to R* independently represent a hydrogen, hydrocarbyl or functional
' substituent, m is an integer from 0 to 5, and when “a” is a doubie bond one of &', R?
and one of R®, R* are not present.
When the substituent is a hydrocarby! group, R' to R* can be a
halohydrocarbyl, or perhalohydrocarbyl group, or even a perhalocarbyi group (e.g., a
30 WmmmmmmJMMWWMMmWmemmemmwn
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8-nethylf8-(1-nethylpropoxy)carbonyltetracycl0[4.4.0.12 5.1 %%@ﬂg%%érene
., 8-nmethyl-8-t butoxycarbonyltetracyclo[4.4.0.1 Z,5.1", ]dodeg- -
8-nethy|-8-cyc|ohexy|oXycarbonyItetracycI0[4.4.0.12,5.1 '] dodec- 3- ene,
8-nmet hyl -8-(4' -t
butyIcyclohexyloxy)carbonyltetracycl0[4.4.0.12,5.1','o]dodec-3-ene,

8- net hyl - 8 phenoxycarbonyltetracycl0[4 4.0.1 Z,5.1',"']dodec- 3-ene,

31 geah?ll h&%(r?g:héy[}?l orgae% ecf( I){yda rga%gﬁlgn%tge?ﬁglgégrga%ed hydnl:rcarbyl groups
Sty 08 3%g|t§gfgggﬁferﬁWgeg&h,ome%?ro%%chs& GRS Ry fHited of branched, C,-C
8- net hyl - 8- alkehyl| er b kg (él > , .
8- net hy anglt teniere..ecycﬁﬂf(}gI 4[ k'yﬁyl %&%}Iﬁ%%“%” cycloalkenyl, CG
8, 9- di ( rret h 7)@etardlsxlcRopnd JRZ@r R a0 B* candusdinkes tagether fo
8, % di (etho et 4.4,.0.12, 5. ec-3-e
8, g-dl En prg%ngycar %“)4@?’% %"B‘fﬂt lﬁe@‘efe@aqualﬁﬁ]ggmmgmgﬁ@ut arp
8, 9- di (i - pr apoliyitRY 10 1
8 9-di (n it boﬁﬂ?ﬂh?t? E@ygﬁgﬁw'&e SPYI3 Byl %Obﬁ'%pggg%é@]eﬁ%ﬁbg% di (t
g g ogy((:ar bf)ﬁ?'ﬂtyl; é@ﬁla@ltlt b?W'#hEthZOﬁylllhc[)l’zw (mdbdﬁc?yg el?epre]sejntgtwe alkenyl

, i (cyc 0 racycl o odec- 3- ene,
8, 9- di (p%eng{%@fé’é @@%@é’%&@@ﬁ&?ﬁw@yww Huienyi, ]&ﬂléd-‘é'éb@eml 20
8, 9-

,9-di (tetr ecene,
8, 9-di g tetr gﬁgfﬁsgfgﬁ{gﬁé'kgﬁyc ar wgib{”g%@ég'}'@{' ’tédgo é‘yg'y!}? pr%’p@yg%gecene,
8, 18di car boxpepypr 1-detyayt, myf@-b([lt?nﬁ Rebrebentative cydlodRg-gto6pEinclude but are
~tetracycl o[ 4. odec ene,

tetracycl of Qfo"j‘”@fegzm@yﬁbpeﬂ‘i{g6‘&‘30@9764‘\@1“9 W&W@@WWHQS’EI&@WS Representative

o et iyl 1 ot ey ot B ey i e hot b RERGESL aBraTL AR ErkRERY L o 4. 0.1
1" doﬁepFeSeemve Brflkyd grcﬂtp%tm@lgd@ bof #rehdPlirhitdd B Benzy] P FcRete
Iuororre;@tgl tetracyclo[4.4.0.1z'5.1','] dodeo- 3- ene,

fluoro H&ﬂseaﬁaﬁl&%lmﬂ@yhg@up@ ingsiude m]%ﬂtyhtéeﬂyB«’md@thm@enylzgrolnﬁél 2004

fl th Ht d
t a;‘?Lg?ge ; |VI: cfi‘[er %ﬁégé} g e‘ﬁl ih% p%ﬁ'fxléhyg %c w?gga@g iRclude perhalogenated
i 1 uor hatyt and alkgl gkoﬂipé’ Tﬁeﬁai’ofenh@ﬁdﬁlgn 3ratips. useful in the invention are

|f|uorotetracyclo[4 4.0 ec- 3-ene,

f
d

(i

n

di

d

bi s(t r i Patidlorduily igleeenatey end ase unearpzfeermhed] aitrﬁm,vémerfermula

bi

th

9-

5.
i

pe
8-
9-

, 8-

, r9re s( t %rg I %*;Fﬂ&ﬁé%% nﬁepze?g% %hgloéeﬁ Z"ggs(legforgl]d de@@r@_e}gqeq!éogen and
8, t r | T | pgr Rie AfyRI él{ thtehe? ot 318 28, 1A dRIRET SmBBBiment, each X" is

20 independently selected from hydrogen, chiorine, fluorine and/or bromine. in yet

Z,
8-
8-
8
8-
8,
8,
8
8
8
8,

another embodiment, each X" is independently either a hydrogen or a fluorine.
In one embodiment, the perfluorinated substituents include perfiuorophenyl,
perfiuoromethyl, perfluoroethyl, perfluoropropyl, perfluorobutyl, and perfluorohexyl.
in addition to the halogen substituents, the cycloalkyl, aryl, and aralkyl groups of the
25 invention can be further substituted with linear or branched C,-C; alkyl and Haloalkyl
- groups, aryl groups and cycloalky! groups:
When the pendant group(s) is a functional substituent, R to R* independently
represent a radical selected from (CH,),-CH(CF,),-O-Si(Me);,
4 ~(CH,);-CH(CF;),-O-CH,-O-CHj, ~(CH,),-CH(CF,),-0-C(0)-0-C(CH,),,
30 ~(CH,),-C(CF4),-OH, (CH,),C(O)NH,, (CH,),C(0)Cl, ~(CH,),C(O)OR®, (CH,),-ORS, -
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8,8,9-tris(trifluoromethyl)tetracyclo[4.4.0. 12 5.1'" "] dodec- 3- ene,
8,8,9,9-tetrafl uorotetracycl o(4.4.0.1z~5.1' ~' ]dodec 3-ene, 28 Df_t. 2004
8,8,9,9-tetrakis(trifluoronmethyl)tetracyclo[4.4.0.1Z 5.1 ]dodec 3- ene,
8,8-difluoro-9,9-bis(trifluoronmethyl)tetracyc(o[4.4.0.1Z 5. '] dodec- 3- ene
é 9-difluoro-8,9-bis(trifluoronethyl)tetracyclo[4.4.0.1Z' 5. 1 '] dodec- 3- ene
, 8,8,9-trifluoro-9-trifluoronethyltetracyclo[4.4.0.1Z2' 5.1 ]dodec 3-ene,
15 (CH,)-OC(O)R?, (CH,),-C(O)R®, -(CH,),-OC(O)OR®, (CHz)nS’(RS)sa -(CHz SI(OR5)3,
8,8,9-trifl uoro-9-tr|5fl uor onet hoxyt et racycl o[ 4. 4. ec- 3-'ene,
8, 8, 9-t ri f HETA-O-FdM)afNd ol SH QRéw@ceyumpdener@enﬂy Bepreser]t@eaec 3- ene,
§~I3| l{OL gﬁg@é@% ug)rt eltohélnd 135 lndgbgﬂéér{tﬂzlrg&[aggﬁttsW‘X/d? tgeetnr acrlo? ?’anched

8- 9 di f1 uorcp & afpt, aﬁémmrém}{m €9 ﬁmédédé%éaﬁéé}hhb?bhﬁl@u%l@ﬁ Findaorl
z5.1'']d odec- fene 8- chl or0899tr|fluorotetracyclo

z~5. 1~ ]dmmf@d@;ecmmenyl linear or branched C,-C,, alkynyl, C;- C12 cycloalkyl, Cs-C,,
8,9-dichloro-8,9-bis(trifl uprone tetracycl o dodec ene,
8-(2,2,2- tﬁWi‘ﬁ@PGé’?& Cﬁw%bﬁ@)@p@ﬁee[a&vua@& @Qse ar v}dBGEtesgn@%e

8- net hyI

oL V1 ity G SEPERAGER R B BT sl s ose

tricycl o[ 6.idertified aﬂ)umlen@erﬁhe glefinifidn of R'to R*. As set forth above under R' to R*
tetracyclo%4 4.0..17' 0' ~] dodec- 3- ene,
8-methylte 'P%BWP@%r@ymfeumdsf ned under Ryjcgpdiechalogenated and perhalogenated.

o'yl i conet SXPREE PR RS 1 Gy Cin Raboan Gl BEiEAGRTate0 alky, R®can be

pent acycl Oh'gpl‘éséntéétby(iﬁeforﬁﬂﬂa BLXEN!, FFRSEN 2-HiEX" é?r@deﬁned as above, and at
pent acycl 05 4.0.1z5.19~' z.00 ] pent adeca- 3-ene, 73 DEC 2004

5- (n- hexyl Yeasit epe X5 [om. the gilyhgmupzngs;tebe a halogen (e.g., Br, Ci, or F) ltis to be

Phept - 5. onsbatdnAed BYCuRER uk Akl EoRTiadtned Ok Sbsferpsape n as
di phenyl mpjagentRRal EOEAGNSs a?ééméﬂgeﬁatbaww Pﬁm%éwb@é Rt aROhNRiiegabl e

nor bor nene-type nononers include but” are not Timted to, norbornene
(BB cycl o 21Q. mﬂmwlemyé rieghlon‘snmmwy-IQEmnmdaéLmEgae Exatripjésnoirisrhalegenated

Pentyl nor bamangipsBabheaisBe 8L %%E@Fvbmg””%?ﬁ@@ﬁ%%%@ﬁrﬁ e
decyl nor bor aé@% ré&éh?é)éﬂ%ﬁﬂ |a@férﬂ9%§>’éél@ét@ﬁyl RISl r?gh SI(CH;l)aﬁyl  dene

trinmet hoxyS| but oxynor bor nen
nor bor nene -Cbioﬁh@mgﬂbm +Glﬂ(<R YEC[GH)dentha dollowvimg owslic \yroydsnor bor nene,

20 o C H,C— CH,
. R‘] 2 L] r £
: R7 R7 R
Q O \[O]
\Q | . : : | O

25
wherein R” represents hydrogen or a finear or branched (C, - C,) alkyl group. The
alkyl groups include methyl, ethytl, propyl, i-propyl, butyl, i-butyl, £butyl, pentyl, &
pentyl and neopentyl. In the above structures, the single bond line projécting from
the cyclic groups indicates the position where the cyclic protecting group is bonded
30 . to the acid substituent. Examples of R®radicals include 1-methyl-1-cyclohexyl,
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~endo, endo-5, 6 30 di net hyl - 2-

e

. substituents. In one enbodi nent, al koxysi

.Sti tabl e pd¥

exo-di cycl opent adi ene, endo-di cycl opent adi ene, tetracycl ododece

e
.met hyl tetracycl ododecene, dinethyltetracycl ododecene, |b 8 DEC 2084
et hyltetracycl ododecene, ethylidenyl tetracycl ododecene,

phenyl tetracycl odecene, tetraners of 15 cycl opent adi ene,
propenyl nor bor nene, 5, 8- net hyl ene-5a, 8a- di hydr of | uor ene,

cycl ohexenyl nor bor nene, di net hanohexahydr onapht hal ene,

endo, exo- 5, 6- di et hoxynor bonene, endo, endo-5, 6- di net hoxynor bor nene,

2, 3-di net hoW’H@ﬁMb?rfﬁ@iWh&iS@Pﬂl%i ZnsthvbRadamayityl tietgbydsparanyl] hept - 2- ene,
" i ot nyl SR ELURRE A< Prciphersnen mryalopis tactonyl, 1-ethoxysthyl, and 1-t

2, 3-bi stri fbutexpagiyhyl bi cycl of 2. 2. 1] hept a- 2, 5- di ene,

5-fluoro-5-pentaf |l uoroet hyl -6-,6-bis(trifluoronethyl)bicyclo[2.2.1]hept-2-e
The R® radical can also represent dicyclopropylmethy! (Dcpm), and

n e , . . . .
S G R S S o i " ™

5-trifluorogmidawkei cycl o 2. 2. 1] hept - 2-ene, 5-a- napht hyl - 2- nor bor nene,
5, 5-di net hyl -2 25 nor bor nene,

1, 4, 4a, 9, 9a, 10- hexahydro-9, 10[ 1', 2' ] - benzeno- 1, 4- net hanoant hr acene,

i ndanyl nor bornene (i.e., 1, 9-tet r ahydr o- 1t hanof | uorene, the
reacti on product of CPD and iyidene), )

6, 7, 10, 10-t et rahydr o- 7, 10- met hapof | uor ant hene %E(ﬁﬂ’ t he reaction product
of CPD with acenapht hal ene), - » arl -C( 3)2
1ﬂ0,4,9,9,10-hexahydro-9,10[1%,2']-benzeno-l,4-nethanoanthracene,

bor nene, endo, exo-5, 6-di nmet hyl - 2- nor bor nene,
exo, exo-5, 6-di net hyl 74 2 C 2004 2-nor bor nene,

1,4,4,5,6,9, 10, 13, 14, 14- decahydr o- 1, 4- met hanobenzocycl ododecene (i.e.,
reaction product of CPD and 1,5, 9-cycl ododecatriene), 5 10 15 20 25

2, 3,3, 4,7, 7- hexahBiretide MIMBbHRN &' hnbHRNE§RRel Wite the WoaHd Qbdr ane tof CPD
and cycl opent ene), 1,4,4,5,6,7,é,8-octahf%$o-l,4-nethano J%ﬂtﬁg?ene I.e.
reacti on préig theyfarepiaghed ege represeme)substituted or unsubstituted cycloaliphatic
1.4,4,5,6,7,8, - ahydro-1, 4- net hanobenzo | poctene (i.e., reaction
ppéduct of %%bg gﬁrgfaw ggg {Sér{@pcam atoms or a suzbsﬁ%(z(t;ec? f_)r unsubst(:tuted aryl

12,3, 3, 3. dyrdug o8Bk 81 A6t it ABRRCH oRittoRl kidene men anot her
enbodi nent of the invention the polyner can be crosslinke uring a post

pol yner i zatdysleatpiratiegreur pag batreonoayriese paijdyolr) . When thsstuestbe die@ic a
norbornene-t§pe nononer contain%ggﬁa penQ@nt post crosslinkabl e functional

group i s coPtkyfal CPREIN MeHoHREAYETHOR OF MUtiUpsaiRSiea. Whene gptiediment, the
f ti | i i i i . B
bost or oos| TSpufaleR GRS BRIETS anGIARSLASEH ofbiB 1Bl AIHRIBSEIRGYE | O

i ABrt to tHhingsmiontaih muwiopobstitatidn emmuolksulstintiob wihdrein ks SlidiMrPagubsequent

chem cal reactions to effect the crosslinking of adjacent polyner chains.
@e&‘%“g@ehﬁf Arlesied frrsn Siidiogenrlineaeer branehed s aivh liveare VI |

wherei n at e R r i r_ or _branched C2 C o

o Renyl o e ied OECohaRally? iffal g RIS 1 Ak, PRl o SdRg i

def i ned abdhersoR Rhadd RZ qan Hﬁaaﬂdt@@tf@fﬂoﬂﬁnﬁﬁé%‘i\:élé?ﬂ%ﬁ’iggihgtg‘?o%pr esent a

Coget her w-EHOLRH DN, WHish Whendokericanther i e g carbenzoms fewhicr 1

t oget her w~ " ] caenasiitms m an

uggaturateqhé% teCattEnsh g L one. &f dj nent .. St 3?0 sl i nkabl e al kenyl
aieCotenbitm By ERR, Watein B Rsfiais ah Pircatom or

functional groups 1nclude Vvi : _ _

embodi ment thebkalp HERY| argl RURBSsdldttéd fEmTEHPYend RANMGeRANRS BYbiafeh¥d C,-
| yI” groupS include trinethoxysilyl

and tri et hdxy 8lkvy angdietisciyl. IArepresentdiveisiruditie israbswiiinbielogy. agent s

containing fused nmulticyclic ring systens include dicycl opentadi ene (DCPD)

-and unsymetrical trimer of cycl opentadiene (CPD). Sonme exenplary | atent

corsslinking agents include, but are not limted to, the fornulae shown
bel ow. 75 ' '
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28 DEC 2004 ~~5 a 5 O 010 OOCH3 15 O, and 20 Rn 25 where Rh represents
a 'non- hal ogenat ed, hal ogenat ed or perhal ogenated group such as 20805)%"23%
is an integer from1 to 10, and Q' represents a hydr-ogen or a hal ogen -
(e.g., Br; C, or F). 76 28 DEC 2004 The | atent crosslinkabl e pendant
groups can be reacted via a variety chem stries known to initiate the
reaction of the various functional groups. For exanple, the al kenyl,
cycl oal kenyl, and al kyli denyl groups set forth under the definition R to
R5 of Structure VIl above can be crosslinked via a free radical 5
mechani sm- The al koxysi .yl groups. can-be crosspH nked via a cationic
reacti on nechani sm Representative nononers thdt contain post crosslinkable
functi onal groups are represented Il I '\ ~g;~0OCiHs)n In the

hhe crosslinking 15 reaction
M Suitglphe initiators are
ghotoChem cally. The initiator can
Bii zation of the nmononer
m xture is allowed to proceed to conpletion. I{Dthe latent initiator is
present during polynerization, then a key consideration is that the radical
gener at i Ng 8 i (L£ae ]
pol ymeri zat 1 on ﬁ%@?ﬁ%ﬁﬁ%@ﬁ@%@%@‘mn cé?%\%cmﬂpﬁegl 'u%]%%}ATrﬁFé]rélgflsi/el Y,

the | atent initileuerivarnbdchadidetolrena-tgpe wioromat viHieeinalt yemst ohd ofithe
appropri at ?‘Mém vent after the polynerization has been conpl eted. Wen
utilizing ragen ajomstan hedwrboregne-fnecapicheard/ar ere ableashersiphibet s

i i . | L S .
U102 0, POBRERE oRRI 8 behTonn AR SIS DRt B H 820 00
of the frehavateenlreplaced By ardbues e bittn aldcRTERPIIBNhikithe isébpof the
photoinitiated free radical generators, |latent crosslinking is induced by

exposi ng t eesstt fiyentiamdlruene embodimtinit at denst dQrpsscani of theshysdrbgematams oV
radi ati on. i.table free radical generator c oun rossl i nki agent
el et ndes phBRerlsFBe e HndtSe Rl or SR SRt 46 Ao et | ¢
azo CONMpoURRataduf. S dritthér dribddiRkAf, Bit feRkt ABSUtIHIEsEBEN T the hydrogen atoms

15 on the norbornene-type moiety and/or the hydrocarbyi substituent are replaced by

deuterium. In yet another embodiment, at least about 60 percent of the hydrogen
- atoms on the norbornene-type moiety and/or the hydrocarbyl substituent are
replaced by deuterium. In one embodiment, the deuterated monomers are

represented by the structure below:

(R®);
ST

R R1 R2 RZD

20

25
wherein X" is defined as above, RP is deuterium, "i" s an integer ranging from 0 to 8,
with the proviso that when "" is 0, at least one of R™™ and R* must be present, R
and R? independently represent a hydrocarbyl or functional substituent as defined
above, and R'® and R may or may not be present and indepehdently represent a

30 deuterium atom or a deuterium enriched hydrocarbyl group containing at least one

80




77 . 28 DEC 2004 photochemi cal activated crosslinking enbodlnﬁpgsggﬁ %@g
“invention, while the organic peroxides are suitable for use i 1y
‘activated initiators only. The ampunt of crosslinking agent enpl oyed ranges
from about 0.005 part by weight to about 5.0 parts by weight based on 100
parts by weight of nononer in the reaction 5 nedium Suitable organic
peroxi de include, but are not limted to, dibenzoyl peroxide,

di (2, 4-di chl orobenzoyl ) peroxide, diacetyl peroxide, diisobutyryl peroxide,
di | aur oyl peRWRIIYB atemp e @ﬂ@@tﬂwﬁiﬂ‘oaﬂfethet dejitesptesbhydrecarby, group is seiected

2,55 oL i EP L R bl RS BEHGA L

2, 5-di (2- etémhﬁ%ﬂ@%a‘ﬁl@cﬁr%é(dkb%néaﬁjé ﬁﬂi%ﬂ'@@&ﬁend In anotper erabadlaue(ntt

butylperoxyneodecanoate et hyl 3,3-d Iperox but yrat e
but yl per oxyihB@estrratet, fwquarb)ﬂgtqumersebep)myﬂ:d:m ligaarer branchedi G¢.LC,, alkyl

b I 3. 5- h
Dbyl per ox YR A et Ay %?ﬂ?xaﬂfoge%ams Pulpathon braGanpere
but yI per oxyps %céuwa%tumﬂmxm AL A e diiR Qq%& hydrocarbyl

peroxydlcarbonate i -propyl p oxy I carbonat e, cyclo

per oxydi cargroupisselactdd doat fieaper bvarﬁhe@(ném, iyl vauerém\tee@a BOGRIBEHLRAS
not limted to, 2, azoblsFZ 4 di net hyl ] pentane, 2-(t

i ncl ude, h
but yl azo) | ﬁhﬁz'b’ﬁwnzﬂf@fm&%hﬂyﬁm%hpme Aledeplaced by deuterium.

2. (1 butyl aco) i S5 BuldiBmert sah EHELRE I gpob T BE PaRBRene: o

110- azobi s-tgye hﬁ’n@m@@@b@ﬁh&fnﬂbﬁ&r&dﬁﬁe ¥MgbadOWN &l rﬁiﬂﬁ?ﬁﬁ@ﬁ&%ﬂ bonitrile,
~and 1-(t butyl azo)cycl ohexanecarbonitrile. Suitable photo-initiators for

free-r adi cd1oTePBEBEitYIG Brgsslinkingdaonarmer(ek Bymuitifunciional nbdaorbem—type et hyl
ether, dip I sphi ne oxi de,
bi s(di et hy @%%‘8@83@%@%&%@ 591@’[ ﬁ]ﬁyg%)aglwgmwgpﬁrﬂ%r) C%E@i%ﬁh'@ﬁ%@\’oand 4
25 (di met hyloapbrmehe Wiz RRREBS HorbSivieh BOHIQbbAS) ¢
crosslinking include, but are not | ma?%%e to, on?um s@%&{ﬁnﬁﬁqﬂaﬁ&\%ﬂ{q@%
or gani ¢ corﬁ&ﬂﬂﬁ@rﬁatﬂﬁlinrtbﬁ prefenge aétfmqjaiysllmﬁtem af the present invention. The
15 crosslinkable monomers include fused multicyclic ring systems and linked multicyclic
ring systems. Examples of fused crosslinking agents are illustrated in structures
below. For brevity, norbornadiene is included as a fused multicyclic crosslinking

agent and is considered fo contain two polymerizable norbomene-type double
bonds.
20

Q 00 go) dre

Mn ¥

wherein Y represents a methylene (-CH,-) group and m independently represents an
| integer from 0 to 5, and when m is 0, Y represents a single bond. Representative

monomers under the forgoing formulae are set forth below.
30
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bi s(sul fonyl ) di azonet hane conpounds, a-carbonyl -a-sul fonyl diazzﬁfgqgg%gw
conpounds, sul fone conpounds, organic acid ester conpounds, org ¢ aeidyt
am de 30 conpounds, organic acid imde conpounds, etc. Actual exanples of
oniumsalts are 78 28 DEC 2004 unsubstituted or symetrically or
asymmetrically substituted al kyl groups, al kenyl groups, aral kyl groups,
aromati c groups, diazoniumsalts with heterocyclic groups, ammniumsalts,

i odoni um salts, sulfoniumsalts, phosphoniumsalts, arsoniumsalts, oxonium
salts, etc. There are no restrictions to counter anions of these onium
salts 5 as long as they are conpounds that can forwn‘ﬂ;nter ani ons.

Exanpl es are boric acid, arsenic acid, phosphoric acrg;y~antinonic acid,

sul fonic acid, carbo ' nd G\ b e s no speci a
restrictions to the o'-‘@‘jo[*o. -i}l
hal i des or organic conpounds, and a variety of con conpounds can
bghgnployed. Act ual exanpl es include hal ogen-cont ai g 10 oxadi azol e
C ounds,. hal ogen-contai ni ng tri azi ne _gonmpoung al ogen- cont ai ni ng
acet ophenone corrpoundn- @)m@ g be @)@E -ﬂ;e}j pounds,
hal ogen-conti ani ng sul foxde~ conpounds;*hal ogen-cunt arfi Mg sul f one
conpounds, hal ogen-cont ahai/ng t hi azol e conpounds, hal ogen-cont ai ni ng
oxazol e conpounds, hal ogen-containing triazol e conpounds, hal oge-contai ni ng
2- pyrone conpounds, 15 hal ogen-containing aliphatic hydrocarbon conpounds,
hal ogen- cont ai ni gw%ronatic,conpounds, other,halogen-containin?
het erocycl i ¢ coﬁg gdnulicyclie piassiiingiagers i Husicd geperigrlly i Stiagtwe MK of
Orgflui none BEE&Lde conmpounds are 1, 2benzoqui none .di azi do-4-sulfonic acid
ester, 1,2-naphthoqui none di azi do-4-sulfonic acid ester, 1,2-naphthoqui none
di azi do-5-sul fonic acid ester, 1,2-naphthoqui none 20 di azi do-6-sul fonic
acid ester, 2,1-naphthoquinone di azi do-4-sulfonjc acid ester,
2, 1napht hoqui none di azj do-5-$ul foni c aci 2, 1- napht hoqui none
di azi do- 6-sul f oni Cihd_e k. Ot hare qui i Zi 0o derivative sulfonic
acid esters, 1, 2- : ' d chl ori de,
1, 2- napht hoqui no i .U|R?§g 1, 2- napfpt hoqui none

( : € noae di azi do-6 25 sul fonic
dd d chloride, 2,1-naphthoquiimone di azir®-4-sulfonic acid chloride,
2, Inapht hoqui none di azi do-5-sulfonic acid chloride, 2,1-naphthoquinone
di azi do-6sul fonic acid chloride, and other quinone di azide derivative
sul fonic agj kv i » Qb di,as ;
compounds. oy e aLnE EpendEkA RS ette A St S S8LOETON IPRARRLATIYS |t e
a, a- bi s( subhadniebediramdiiet fdvres @ divalahtopticalsaleced Foradialapt hgirocyrsyl ar al ky|

: t] : et | i ; ,_etc. 79 28 DEC 2004.
Rotuar exa e GIVaSRcHRH AT NG M oriseiRarad EHBIIRGS el

bstit : i tLd SRt ical j

il e A e R L R L

arakyl gr oafiachef trehdbogiarierlype aioidtg! & 6ay ehibddimentpthe diédlom hyeesmbgs of |
sul fone conpqunds are non-substituted or 5 symmetrically or asymetrically

subst i t ut eFPdicAls gFakyiepe trrisals and idivalerd meorpaiip wdingds. whaalsylrpe radiealps,

Actual evaand RorBteHs by MR O SudroH enBherti s A iel frekBoRsi |
or asynmmet ataras Iiythewiglidriaiieth and ROXY iriteged Gicth €36 0S TheWIkyRHeCratidats

25 are, in one embodiment, selected from linear or branched (C,-C,,) alkylene such as

methylene, ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene,
nonylene, and decylene. When branched aikylene radicals are contemplated, it is to
- be understood that a hydrogen atom in the alkylene backbone is replaced with a
linear or branched (C, fo C,) alkyl group.
30 '
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esters, etc., with alkyl groups, alkenyl groups, aral kyl groups, aromatic
~groups or 10 heterocyclic groups. Actual exanples of organic ac?d &RHen4
groups are unsubstituted or symetrically or asymmetrically substituted
carboxylic acid am des, sulfonic acid am des, etc., with al kyl ‘groups,

al kenyl groups, aral kyl groups, aromatic groups or heterocyclic groups.
Actual exanples of organic imdes are unsubstituted or symretrically or
asymretrically substituted carboxylic acid imdes, sulfonic acid 15 im des,
etc., with al kyl The divplent alomatigiradicalspse saleateryftony divalsst phenyteancdigalenps or

sty e L LR L

.pol ymer i zat.renQor1ol b idd

t enper at ures o%he%%%ﬂggg?ng@%éa% &ﬂs%#ﬁ%gﬁg{r@a;ﬁg @onp%fuélﬁ)%elfgre wel |
known i n t Hieked muicycliacrobslinkiigeagents are repeskatdsasah Stiuetupes Yiter fo2@ticon

.t epper at ures feﬁgwoyed ininitial reaction. In other words the initiator
coﬁgound ®table at the polynerization tenperatures so it is

avail abl e for the post polynerization crosslinking reaction. As discussed
above | atent crosslinking is can be effect ed by t her rral or phot ochem cal
means. 25 As d@ﬁ@éﬂ hpve, mononer g ng tr| zygmcyilz PUPS can
be crosslinked Iate rossll 2l th ,- esence a cati on
initiator agent. A polynerizati tab e cationic initiator can be can be
thermal |y activated to induce the latent crosslinking of the silyl groups.
Sui tabl e cationic &iHsslinking initiatovHIdnclude, for exanyii® dibutyltin
dipaurate, dinethyltin dilaurate, and dioctyltin 30 dilaurate. 80 28 DEC

2004
In one embodiment, the crosslinking agent is selected from those shown

below:

e
Si

| N
0" o
15

which is dimethyl bis[bicyclo[2.2.1]hept-2-ene-5-methoxy] silane (also referred to

herein as dimethyl bis(norbornene methoxy) silane),

@”“@:@/\S‘\

where nis 1 {o 4,

20

@/\o\/\/OV@
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The amount of multifunctional norbornene-type crosslinkable nononers and
post crosslinkabl e nononers that are optionally present in the r2&fEGnz0ns -
m xture can range from about 0.1 nole percent to about 50 nole percent
based on the total nonomer in the nonomer mixture to be reacted. |In one
enbodi nent, the amount of 5 crosslinking agent ranges from about 1 nole
percent to about 25 nole percent of the total nononmer m xture. |In another
enbodi ment the anmount of crosslinking agent ranges from about 1 nole
percent-to about 10 nole percent of the total nononmer m xture. Mononer
Pol ynmeri zation ~ O The-nononers of the invention are polynerized in
solution or in mass. The cataly added to the reacti on nmedi um
cont ai ni ng the desired nononers) h preforned single conponent cat al yst
or the catalyst can be fornmed i n by radm xi ng the pro-catal yst
conmponent, the Goup 15 el ectron dono onponent, and the WCA salt
activator conponent in the reaction j.um pro-catal yst is 15
| ilgated with the G oup ectroﬁyagﬁofﬁﬁéhponen is not necessary to
enpl oy the G oup 15 el ¢ctrgn donor as a separate clonpoment. In one in situ
enbodi nent the |igated prd-catal yst conponent (e.g.~€ontaining desired
| i gand group(s)) is adm xed with the WCA salt activator conponent in the
reaction nmedium In another in situ enbodi nent a pro-catal yst conponent
with or without ligands is adm xed wth 20 a desired |igand contai ni ng
conponents) and the WCA salt acty g ent in the reaction medi um
The pro-catal yst conponents are jgen enplified in the preforned
cat al yst preparation equations ( et” forth above. In one .
enbodi nent, the nolar ratio of pro-catafyst (based on the Goup 10 netal) :
Group 15 el ectron donor o o-—VWERsa| 1 A5k 1- 100. In anther

q

enbodi nent, 25 the ratilo :1-20. In‘yet ano enbodi nent, the
ratio is 1:1-2:1-5. In‘eyhedi nents of the invention were the pro-catalyst
is ligated with a G oup 15 electron donor ligand and/or a | abile neutral

el ectron donor ligand, the nolar ratio of pro-catal yst (based on the netal
content) to WCA salt is 1:1-100. In_another 81 .28 DEC 2004 enbodi nent,
the ratio is 1:1-20. In yet anot hef egbodi nent, the ratio is 1:1-5. The
otider of addition of the various yst conponents to the reacti-on nedi um
is not inportant. The pol ymers prepareg t he process of the invention are

2, 3-enchai nnent. The repeg

romgy, pol ycycl ool ef i n
nononer or conbi nati on of

qt ‘'contain at | east

20
O
Some other types of norbormene-based crosslinking agents include, but are
25 not limited to, those represented in formulae a-m below.
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descri bed herein. Solution Process 10 In the solution process the

_pol ymerization reaction can be carried out by adding a solution df gt ep 0
"preforned catal yst or individual catalyst components to a solutlon o] %
cycl ool efin nononer or m xtures of nononers to be polynerized. The annunt
of nmonomer in solvent, in one enbodinent, ranges from 10 to 50 wei ght
percent. I n another enbodi nent, the anount of nononer in solvent ranges 15
from20 to 30 wei ght percent. After the single conponent catalyst or

catal yst conmponents are added to the nononer solution, the reaction nmedium

is agitated (e.g., stirred) to ensure conplete m xing o talyst and --
nononer conponents. TheRpaIynaq$@aa4ﬂ@“gg@ptlon t emper s can range from

about OC to about 1500 another enbodi mrent, the poI I zation reaction
t enper at ures ca eoZ om -.ut 10C to anot her
enbodi nment , tﬁe yrrerl zat| on ctl on terrp res nﬂr.r* fr 8m about
20 to about 80C. Exanples of sofvents for t pol ynmeri zati o eacti on

| ude but are not I|MBt d to al kane and cycloakane | vents such as
pentane, hexane, heptan and cycl ohexane; halogenate alkane sol vents such

as dichlorone% Aneg chDEro®u V5 carbon te ;- e hi ori de,
ane,) 1,2-dichlo Eﬁhane 1 chI -ropahb 2- ro%ropane
-chlorobutane 1-chl or o- 2- ne | propane, an

1, 1-di chl oroet
1- chl or obut ane,

1- chl or opent ane; aromati vents such as benzene xyl ene, tol uene,

nmesityl ene, chl ? d o-dichl orobenzeme, Freon 112

hal ocar bon so¢.v er fi M |¢E. t hereof, 1n_30 {one _enbodi nent, the
~sthvent is sele from cycl ohexane;” tol uen Si fe, 28 DEC 2004
..di'chl oronet hane, 1, 2-dichl oroet hane, and wat en aqu ‘

pol ymeri zation nmediumis desired) the G oup 15 el ectron donor |igand or
conponent nmay be chosen fromthe water sol ubl e phosphines set forth above,
al though this is not a strict requirenment. The polynerization reaction 5
can be conducted in suspension or emulsion. In suspension, the nonomers are

(7
. Oy et ol
O)CO\/@
y A o
Daueyl Pl el,

R R R
R, R, R"= alkyl or aryl

_ | _ , 0
In another embodiment, fluorine-containing norbornene-based cross linkers

are used. For example, in one embodiment one or more of the following flucrinated

norbornene crosslinking agents can be utilized.
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suspended i n an aqueous nedi um contai ni ng a suspensi on agent sel ected from
one or nore water soluble substances such as, for exanple, polyz gnﬁ;r 2004
al'cohol, cellulose ether, partially hydrolyzed pol yvi nyl acet at

gelatin and then carrying out the reaction in the presence of the catalyst
system of the invention. 10 The emnul sion pol ynerization can in general be
carried out by enmulsifying the nononers in water or a m xed sol vent of

wat er and a water-m sci bl e organi c sol vent (such as nethanol, or ethanol).
I'n one enbodinent, this is done in the presence of at |east one enulsifying
agent. Then, the enuI5|on=poI§ner|zat|on is carried-oft in the presence of -

t he catalyst as di scussed ke = () .s-(I ncl ude, for 15
exanpl e, m xed acid/ S¢ bt—a0 A j g N RCTO al kyl sul fonate
soaps and soaps of j : S ocess In the

mass pol ynerizati on proceass accordlng to the |nve't|o- east one nononer
conponent (e.g., at |east one cycloolefinic nononer) is polynerized using
206 a catal yst syst em I n anot helF eCtomdiinkiig Ageat ass pol yneri zation
process according to the invention polynerizes at |east one nononer
crosslinking conmponent (e.g., at |least one cycl ool efinic crosslinking
nonomer) u?hag a catalyst system In yet another enbodi nent, the mass
pol ymeri zati on. process according to the invention is a tw conmponent
nononer system-(i.e. at feast ¢two cycloolefinic 25 mpnoners of which none,
one or two can be a crossl nki ng -nonaﬁg whi ch 1's_pol yneri zed using a
catalyst system | n-g : li RS yhyneri zation
@cess accordi ng t{0 i hvent i 5 gl Neast a ) pgonent nononer
ystem (i.e. at |east"twofgcyckool efinic nnnonerspof whi ch“dt | east one of !
which is a crosslinking nononoer) which is polynerized using a catal yst
system 30 The term nmass polynerization refers to a polynerization reaction
which is 83 28 DEC 2004 generEI—I(‘yosaIimkiag Agentilh t he substantial absence

of a solvent. | ﬁases wever smal | proportion of solvent is
present in the S‘é‘”&?fﬁa 'eﬁﬁdﬁ%ﬁg e 8HRIGY rﬁﬁfhpgo in 'Eﬂ’@@ﬁ’f‘t i dhis Bweptipivelied to
Lhe T eact | AfoffRf biBotieAl! RighB! AEIABRGS A BliiZedl NEbBINGHenRY SR Ccomponent s
whi ch are in sone cases I'n“so ven so can be

etpl oyed i nobvertadeatd hlghenmtnulngs or Dmlsmajdrtmo&wdsasmg)a \ﬂil‘lehh@f pol ymer at
the term ngtl on of the polynerization reaction fio facilitate the
subsequent YR ZaHaN ﬁﬁiﬂ%‘ﬁ%PhBe’t‘imgt'h@'t%ﬁy9ﬁ%¢nfa¢ﬁ@eamﬁ@a§$ ofthevent t hat

can be pre t ent
based on ¢ it RyiFRE RS HBREHEUAART ahorREe SEuBRIR RBER"

anot her emdiihmorborridateraniewotpledl chlalgihietd yiklaad rrﬁﬂﬂre%’f iS6rAsesf 1 n the
reaction nmediumranges fromQO to about 10 percent based on the wei ght of

t he mononeRgibosRadiens dimet feshayqrbelew: ni xture. In still another enbodi ment,
t amount of solvent present that can be in the reaction nmedi umranges

fromO to about 1 percen based on the wei ght af the oners) present in
the reaction n1xture.2I enoaL IRy th 130 vert—or sohvents utilized !

The dimerization of norbomadiene is easily achieved by numerous catalysts to yielct
25 a mixed composition of up to six isomers, i.e., Wu et al. U.S. Patent No. 5,545,790).
In one embodiment, the 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 “INBDJ"). In another embodiment, the exo-trans-exo
norbornadiene dimer is utilized as a crosslinking agent. Heating norbornadiene

30 dimer with dicyclopentadiene or cyclopentadiene can produce higher oligomers of
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.tohuene, o-
an

220 Cto 90 C. The pol ynmerization reaction can carried out un

to the glassy state, It | | _
't enper at ur €879¢keRE die mescmepis ohitgined fronethegeadtion of dyolopertadieheiandal | owi ng

15 are chosen such that the catal yst system conponents dissol ve t@%?&”?[}ﬁé

_Exanpl es of solvents include, buf are not linited to, alkane an
cycl oal kane sol vents such as pentane, hexane, heptane, and cycl ohexane;

hal ogenat ed al kane sol vents such as di chl oronet hane, chl oroform carbon

tetrachl oride, ethylchloride, 1,1-dichloroethane, 1,2-dichloroethane,

1- chl or opr opane, 2-chl oropropane, 1-chlorobutane, 2 20 chl orobut ane,

1-chl oro- 2- et hyl propane, and 1-chl oropentane; esters such as ethyl acetate,

i anyl acet dibodeHiane dinen Q¥harwosstinking apaytsera prepasedbpthicresoliorest s such

a benzene,cgkélal en{aei .tol uglfl\e nesi t%l ene, chl orobenzene, ani sole and
sPpsotEdiens Wil glelps SANEBINEMsOISmee wactesdlgiing 2:9.and i xt ur es

o-di chl orob

thereof. | myepRcaEpad m?slhe}é%dgﬁﬁs,(jIg\r(gﬁgd@ﬁe,sgﬁdﬁﬁ?(??h%é@{g@ﬂseI ected from

benzene, 25°fl uorobenzene obenzene; p ‘ene,

pent af | uor obenz dneynehebbdirent ks zeselinkabld ©bhaneheazansse 6oHtanPRaRBENE,
| enes, npesitylene, cycl ohexane, ethylacetate, THF,

. m, ang Ipx¥I e, [
di chl ol BREMEHRILOMENE jWpe toistiss éeaniaiping twermclimerzgble daublebamis] dat r on

d i j ; ' dded. h i r.ed
or i xt ur & AP REERRIRn! I Mok B N R L BBl DB Co BT R - The
reaction meneUNBCIH,B4,NB)Drép&iel byiHe Raaction and-(ShRitdrsBbilan2i S1Rep L ted to

proceed fromabouyt 1 mnute to about 2 hours. The reaction m xture can be
opti onal | y Sh€afBd cyeloperiadisaeyviam Dieleridiaigedctiom Ibedtgian honoogbibut 200 C.

Th | | Zad | ' t, ifically limited. |
e oy e bR AERRIAU e 5088 RS LS Fabeeotlod"S 5 1o 120
C101 n anot pe(3-sueagi)-TeNS 4 4475 8 RalomR drY !@aslc@geﬁ{a%lié@théiehé‘. §nﬁila{rﬁn9e of

er an’inert
at rospher e IsdcAaa®, hiGa g la, al gbh . 12adicaletalyebosd], ¥;7, However, it has been

oxygen i ns TSt EOREIRET LR SN SaRTs BoseRueriydim DRk kPr gt prisesds: ng
condi ti ons 1, Bolth 081819, e 18dbiiaflarBOt, YHREEARhERLIFAGLLERe 8ngO! YITer cement
b to a de SUDSTT ar

i s obtained. The cement can bé applié sire or conveyed
into a nol ¢yaadepiasicreuridw highardmph@te of betweehyiner 423,609, i@acti on. Wt hout
,shing to_he bound by theory of invention it is believed that post 15

W&§ ing is d&&d %’P@r’f’“ﬂoﬁfmﬁ@g‘g?%ﬁfﬁﬁw‘?’l‘?o%@”%rﬁi‘iﬁsﬁ cegopemenet chaitas éesi on.

In a mass g[‘gggt%s,sé’gsg,m):pp,qqéjbslzggtfogj@;:%@ygjr%;bt he diluent for the catalyst

system conponents. mononer’ 5 conver polynmer a plateau is reached

beyond whi diy:6g2veinsstieanogd/clooctajiriaphthaiete) MEie spinedidhd a9 Mfhetric
(vitrifica i_oné. Thi % conversion barrier results fromthe l'oss of reactant
mobi 1 ity ad"PRE Plegreiorantadiane afemse beefnbyosginkingtreagens.d.epat, waedb.c5, Mt ri x.

Consequent lgy, gt £ S5 1 ts_and upconyer moponer becone

segr egat ed %hg’ %%ﬁ%%‘?hfozgé%@ﬁﬁﬁ%tggﬁ@ﬁ%a%e ?'ﬂigag’r %ﬁu@fﬁ?ﬁ?y% thin a

palymer deSaessaisydioanbiacdinleha®-1HpehglliHiRhe PRSSESIVERO ZQ@aﬁd&l’?@er y state
Is believed that post curing at el évate

25 f h . i lymer .. P i f th
ool yrrer o ofPHIRENCEENE! £lsoh 8 A REERY b P8 Al staroncebialeied ot
el evated t @RIRYIBEM ST AR eRodsh @ci@ﬁéﬁt@éﬁeﬁé%rhﬁ tﬁafsyhmﬁﬁ@‘aﬁbséﬁrﬂ&ﬁ 4&sht

conversion of nononer to polyner. 1n one enbodi men e post cu cycle
i s conduct &H1bid-phsnyiens)bisbigyniaf?. 221 lhepirsenyer a tenperature range of from

?2@ ggngg c 328 C tAch ggé)nuotmigaq(}o&e fc|>rnthg r;})?ép?aergtioenngfo t%}drrlgga}rbyltsngstﬁgtsetd a%lglr 'ng cycle
functionally substituted norbornene monomers relies on the Diels-Alder addition
reaction in which CPD or substituted CPD is reacted with a suitable dienophile at
elevated temperatures to form the substituted norbormene-type adduct generally

shown by the following reaction scheme:
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85 28 DEC 2004 for about 0.5 to about 4 hours at a over a tenperature
range of from about 100 C to about 300 C. In another enbodinent) gt NE CPOS,
curing cycle is conducted for 1 to 2 hours over a tenperature range of from-
about 125 C to about 200 C. In still another enbodi ment, the post curing
cycle is conducted for 1 to 2 hours over a 5 tenperature range of from
about 140 C to about 180 C. The cure cycle can be effected at a constant
tenperature or the tenperature can be tanped, e.g., increnentally
increasing the curing tenperature froma desired m ninum curing tenperature
to a desired maxi num curing tenperature over the desired curing cycle tine
range. In one enbodinent (A) the tenperature tanping can be ®ffected by 10
foll owi ng a gradual ' easi ng_sl ope on a tenperature vs V- pl ot from
the desired nini num Y\edperiat Bz@dpﬁaﬁé desiredmaxitum ture in the
cure cycle. In this enbodi ment when the maxi mum tenperatufe\is reached, the
t enperature maxi num can optionally be held for a desired perFf od of tine
ungil the gemreRRCEIRY ind@bdhdetiRtdpbaad hybfogan, RYABEABYE aRERPd iR oraP)
the tenperature tanmping can follow a 15 stepw se curve 0On a tenperature vs.
time plot. 9reHp A previgusl deswribethe t enperature tanpi ng proceeds in step

Lo P m e at ur OFEP bE BT Gh Rt CEADE b ae b the e PYRY SR cur e
can be ef f griyebpantemf (HEBDPAhe B%S%PE%@QEGEQ@@ gﬁ%@@ﬂ%ﬁ%&’f{@@@ the

cure cycle enconpasses a conbl nation of steps an
desired ni procaadslryahedmifie pyralyss ob DICRD de SPD:fbllowsd iy rihe Dicls-didgper at ur e.

In.still anagther i t (D and E) the cure cycle can follow a curve
f?%m t he d@g’pE@H @%ﬂﬁggﬂﬁ é‘eFE e iy theaddyestsadawnedeplewsi num cur e
tenperature. In enbodinents A, B, and Cit should be noted that the rise
and run of the slope do not have to be constant between the m ni mrum and
maxi mum cure tenperatures of the 25 cure cycle. In other pwordsRthe rise and
run can vary whe edin 0 he desired m ni num S i

cure tenperature or"’eggﬁ1‘%{S3=ir?ﬁ"lt'3'§4 cycle teArrper atur
illustrated bel ow. 86 28 DEC 2004 T

15 wherein n represents the number of cyclic units in the monomer and R’ to 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. _&

20 : R

@ + RIC==CR?

25 m + Ric==CR2

wherein n, R! and R? are as defined above.

Y
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amar 5at ar a Tinme 10 Ranping of the tenperature during the cur%
cycle is advant ageous because it dininishes the potential for catgleyﬁ": 2004
degradation and the volatilization of unconverted nononer. |n another

enbodi ment, the polynerization and the post-curing are both conducted
together. In one enbodi nent, the polynerization/post-cure is conducted 15
for 1 to 2 hours at a tenperature in the range of from about 20 C to about
200 C. In anot her, emhodi man}l, t he pol yneri zation/ post cure is conducted for
1 to 2 hours at 2CHERHEYRRGhed nprhareenexivge rovndmermeab det prepsred mohedtimgt 200

C |1 il ; I.oe : I : 1
> hour 5. ove?CRE e BEARRCTBED O\ FP3k: S AMESFLBuy Rl sE Lot ot 1 °
Al ternati velbich ihiunpehy e rbacted WthRESEGHHIR (8N P& ac€élﬂéféfté‘djdi%hoﬁ@feeqsr‘]c£an

one tenperature (i.e. within a range of tenperatures). For exanp
pol yner i zat#)da/ghssthedaspective dputeratnd notheinencecomtainmygepaidant dpatepdtsd €S

[S)i) sllrrg;i tzgtwgﬁ‘f%ggg%@eg{ét\deq %gm@%bﬁb@gg% e'ngswtugﬁ#_ dﬂ@’_@oﬁTe"p enper at ur es,
t he t enper agrip&ditfenthbs dctiReatda Cglfﬁ)s %ﬁ@g?ﬁ%&%@@ﬂﬁ%aé{ﬂé@hﬁ] %Qggﬂlé&)gt gonduct ed

can be altered according to the ad above W

t enper at ur edigRondiilado yigid herbatriens cadthining esisutriinmehtiched HydrodisylpRhdhh t ed
to, those segl ecg&éﬁrom pi gnents, dyes, non-linear optical dyes, erbium
conpl exes, PPUR i um conpl exes, neodyni um conpl exes, plasticizers,

| ubricants, flane retardants, 30 tackifiers, antioxidants (e.g., |rganox
1010, 1076, 3114, or Cyanox~' 1790), UV 87 28 DEC 2004 stabilizers,

nmé@ki ng agents, odor absor bi g,agents, crossliriking agents, synergists

“(e.g., lrgafos 168 Lodi pr d‘lpﬁoni c acidPHi | auryl ester, or a_conpppation
of both), toughe i—n@ﬁﬁt—.—nmdis, Gy | o omdi fier d
viscosifiers and mixtures théreof (elg”, poly-iso-butylene, rubbers,
si |l oxane oligonmers and m xtures 5 thereof), can be added byimixi ng+one or
more of theminto the nononmer nedium . before the pol ynerizat R&R°reacti on
isinitiated. The identity and relative amounts of such conponents are well

known to those skilled in thResart and n?D%.d not be

SO (6 S i ¢
. A =CRZR

Rip R0
R1 R2

3. @ + RIORIC=CRDR? ———

R0 R2D
R1 R2

20

In Eq. 1 and Eq. 2 above, R" to R, R™® and R® are as previously defined,
and I' is an integer ranging from 1 to 6.
25 Examples of polymerizable norbornene-type monomers include but are not
limited to norbornene (bicyclof2.2.1]hept-2-ene),
5-ethylidenenorbomene,
dicyclopentadiene,
tricyclo[5.2.1.0*®]deca-8-ene,
30 S-methoxycarbonylbicyclof2.2. 1]hept-2-ene,
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di scussed in detail here. The optional additives are enployed to enhance
the processing, appearance 10 and/or the physical properties of? §h8E{ 2004
pol ymer. For exanple, the additives can be utilized to enhance and nodify
inter alia the coefficient of thermal expansion, stiffness, inpact
strength, dielectric constant, solvent resistance, color, optical
properties and odor of the polyner product. The viscosifiers are enpl oyed
to nodify the viscosity and shrinkage of the nonomeric m xture before the

pol ymeri Za@_mgthyﬁ)idyﬁﬁﬁg_Qp]r]hépﬁ_g'-@,i\égaéé?yo k@bl e viscosity nodifiers
i nclude el astonmeérs "and: t he nor bornene-type polyners of the present-

i nvent i on. Stmethylkdeyeki[2.2. tinehtfd-ens, can be dissolved in the pol ynerizable
nononer s of_ the inventi to_increase the viscosity of the nonomer reaction
m xt ur e. 'Aé"‘?f&l@l?gg'@&t%gﬂ‘?@?z%sl i nki ng can be effected during the ‘

initial poIy@gﬁbmﬁwlﬁmégmﬁépﬁﬂgvgpnorrer m xture or during .a post 20

pol yneri zation ot ochem cal ‘curing step. In one enbodi nent,

when a pr o-Geapedpesd/carboryibicosleld.2.n]Hape2+#mes pol yneri zation system of the
invention, the nolar ratio of nmononer to pro-catal yst (based on netal
content) t &-tEpPgicarkenyibioli2.2eklher-3-ejes from about 500, 000:1:1 to

about 5, 00Q: 1; i t, the nolar ratio of 25 nononer to
pro- cat al yg)t'&'{)ég’g%{:}é}gﬁﬂﬂé{agﬁo@%?EWE?“%%%A salt activator ratios ranges
from about 5280meiptoSotyfcabonibig(OP® fihdft-2-bAeyet anot her enbodi nent, the
mol ar ratio of nonomer to pro-catal yst (based on netal content) to WCA salt
activat or Fatlrosthyirerexyvicashomdoioyclofd®. tibeptt2-20et o about 100, 000: 1: 1. 88

28~ DEC 200 ur.t her i nf ar.mat i rding the above can be found in )
I ﬁ? ernati oﬁé#fbtgg)t%cﬁfb%y ! ycciﬁ[?'gn{]ﬁ%gtr?g'é% on No. WO 00/20472 to The
BFGoodri ch %M&yioﬂy@rbé ool {theptdz-eRB00, and International Patent
Appl i cation Publication No%/ 343]44éal so to The BFGoodrich Conpany,

publ i shed @(43+shetylcgclohettoxhearhonylbishiloR. 2ai leept-Benepy i ncor por at ed herein
by referen j iLcal Wavegui de Fornul ations In . one

enmbodi ment %??#Pﬁg‘otﬁfg%fhﬁgﬂé’b{?gt%ﬁiﬁg%ﬁﬁn%se_ in the present invention have
(o shost iishpuckuty e RV ARG JGh e el hed above by 10 one
pts yner 5-tetrahydropyranyloxycarbonylbicyclo]2.2.1]hept-2-ene,
bicyclo[2.2. 1Thept-2-ene-5-carboxylic acid,
5-acetyloxybicyclo[2.2.1Thept-2-ene,
5-methyl-5-methoxycarbonylbicyclo[2.2. 1thept-2-ene,
5-methyl-5-ethoxycarbonylbicyclo[2.2.1]hept-2-ene,

20 5-methyl-5-n-propoxycarbonylbicyclof2.2.1]hept-2-ene,
5-methyl-5-i—propoxycarbonylbicycio[2.2.1]hept—2—ene,
5-methyl-5-n-butoxycarbonylbicyclo[2.2. 1jhept-2-ene,
5-methyl-5-(2-methylpropoxy)carbonyibicyclo]2.2.1]hept-2-ene,
5-methyl-5-(1-methylpropoxy)carbonylbicyclo[2.2.1]hept-2-ene,

25 S-methyi-5-t-butoxycarbonylbicyclo[2.2.1Thept-2-ene,
5-methyl-5-cyclohexyloxycarbonylbicyclo[2.2. 1}hept-2-ene,
5-methyl-5-(4'-f-butyleyclohexyloxy)carbonylbicyclo[2.2. 1thept-2-ene,
5-methyi-5-phenoxycarbonylbicyciof2.2.1]hept-2-ene, | '
5-methyl-5-tetrahydrofuranyloxycarbonyibicyclo]2.2.1}hept-2-ene,

30 5-methyl-5-tefrahydropyranyloxycarbonylbicyclo[2.2.1}hept-2-ene,
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conpositions for use in the present invention have from about 5002 @ @abgoufggs
.50, 000 repeating units as defined above by one or nore of Structures VII,
Vila and VI b. In yet another enbodi nent, the polyner conpositions for use
in the present invention have from about 1,000 to about 10,000 repeating
units as defined above by one or 15 nore of Structures VII, VIla and VI|Db.

I n one enbodi nent, a waveguide is fornmed using one of the nethods disclosed
below with at | egst two polyacryl ate, polyimde, benzocycl obutene, cyclic

ol efin pol yﬁ‘é‘?’%ﬁ,’asé\a%‘l"@tl"ﬁé!b[@%[é&Hhﬁﬂt%em%I and the clad material have a

di fference £kl [E N Malel refraction at 830 mm (On at 830 nm), core
versus cl ad?%%t'@tg?)}ee{zg'gpﬁgglog'%'dg%ggfe%re (or at |east 0.05% when the
.clad refraC&,B\tﬁ(rﬂleTH@ydaﬁoohggbicyaib to i epf_ﬂgﬂé,efracti ve index of the polymer
core layer is at least 0.05%greater than the refractive index of the at

| east one pafydiethayearony)bieyako]2.2l tihepte-emaegui de is a three | ayer
wayegui de, e.cl adding _layers. (to | addj | ayer and sub-cl addi ng | ayer)
maé be di ff%?’e @’%8? §bc?l'y§)§'r0¥9[9@'ii‘)ﬁ'§p;ﬁ£"%ﬁﬁth cl addi ng | ayers have a 25
refractive $,Bdiﬁ‘(>l~pWEJi09<Vcér?oﬁﬁi)ﬂi@%gagz.g#@%h%tha” t hat of the polymer used
|

to formthe core layer. In anoth ment, when the waveguide is to be
formed fron®,BydnHatotyshrbonyhhicyelofR, 2. biept-2-eaecor e and cl addi ng pol ymer

ot uge at $ bR bRy BR T Bbioater ok, (o0, at 1 cast one
nor bor nene-4 yng HBW%?%".F@Q?@?&O@%@%ﬁﬁ%"gﬂgr. 89 28 DEC 2004 crosslinking

nononer, at |eaSt on ys scussi on of pro-catalysts

-abBve under5 6hiitelahgtiysarafyleppcabom bivgald2@ )i hept-2lepast one co-cat al yst
(i.e., a V\C§ _Zjalt havi ng a weakly coordinati ng Ion, see above), and
opti onal | y df&iErahydonyranyixysaidopyhhieycnia @ ddhant2atiy @nglsee the di scussi on

under the Sy &5% ?ﬁi"i’cﬂ-! : m xture is polynerized using the
above-desc%géﬁrﬁ%s E'Q ymerbll aH%%ﬁmf%(t,%é@e(see t he di scussion under the
Mass Pr ocesfsmmwdyoabohylt&rédyeqm.di1ﬁ-§l1_f'1q}%loﬁé@-3feﬁffe?| yst to a mxture

~containing the at |east one cyclic olefin nononer, the co-catal yst, and any
optional adiftovearbenyliefraamioldd.0 A%’ t'lldedad-3enet o a ni xture contai ni ng

t at | easg pc olefin Lo 43 ro-catal yst, and any 10

ogsi onal a dP%P@Deogfs%Hﬁ%ﬂxﬂ}%@%@gﬂgﬁ?ﬁ2rt1i Eﬁ?g?%“é‘%-i ve catalyst is

gener at ed ig-Biobbxydaib teﬁg@}dﬂﬁgﬁz;@wqp,% eq of the clad and core
formul ati ons ﬁV\,Ei )((:yh dimr fi'o the extent nedcegg‘ggﬁ?/ to produce the required

di f f er ence &-n-huteyyearbeppliaftacyeiotded. 044t 1T 8ldodds-Gesie, i s formed from a

2- conponent St That \is, t clad fo i.on i s produced from at | east

t wo corrp_one%f%fne%%%)garﬁoﬁﬁ@rﬂw 4@%%’1%‘%&4@‘?9% € the core

fornul ati 0m-(ﬁm@{%reﬁ&%@&ﬁoﬁﬂ%eﬁd&[ﬂ%.1i-#‘?"ﬁ&{i@ék!-‘i’é‘h%’ Conmponents C and
D at | edast on

D. Each of conponénts At hroug contain e not bor nene-type

ndRorer . | rB-&bdbkearkomdieiraeydol4 GmptnEitjsodkcathen® are two substantially
-identical rgxtures of the at |east one norhornene-type nononmer and/or at

"l east one JOCYHUEYVIOXKFAHGORITREYCIOMHED.AT 1 2NdedRE-BéMReen Conponents A and

B general | vy g i j i f r o= £A17a i B Conponent A
versus the ' Lt aicybBeLGe) AU RFaBro A ET S0 S der P engna

di f f er enceS-pletnmgcarbonyitetenycléjsand. 1€oneHeséc-B-amey exist. For exanple,
Conponent %‘%%N?&Bﬁgl n an optional additive not present in Conponent B, or

vi ce versa. ARYIPBERRAY teitanysiolfen . 13° dGitpRidodecane,| east one
neE bor nene-d. r 4:05%4,1, nki ng nmononer, at | east
0%56 pr o-catgta?é?/rgtI @ﬁ@y%b‘%’ ?’8%@%?{39@%@%‘9[?\%0&5'ﬁisggé?fiéscé%eﬁﬁove (such as :m

ant i oxi dantg-acaiflexygaisacycivipaeii® Bigsaclseget he same norbornene-type
nononer (s), the sane crosslinki ng agent(s), at |east one co-catal yst, and
A

" opti onal | y &meliibimetBoryeasborydtetiacycio4.4.0.12°.1"®ldodec-3-ene,
~ 8-methyl-8-ethoxycarbonyitetracyclo[4.4.0.1%° . 1""%ldodec-3-ene,
8-methyl-8-n-propoxycarbonyltetracyclo[4.4.0.1%°.17"*ldodec-3-ene,

30 8-methyl-8-i-propoxycarbonyltetracyclof4.4.0.1°.1""*[dodec-3-ene,
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30 antjoxidant) and/or a synergist. In this situation, polynerization is
conducted using 90 28 DEC 2004 the Mass Process pol yneri zati?rg B‘ﬁﬁ;h?@%by
m xi ng equal anmpbunts of Conponents A and B, thereby generating thée active
pol yneri zation catalyst in situ. Alternatively, each of the clad and/or
clad fornulations may be a one part mxture in which at |east one

nor bor nene-type nononer and/or at |east one 5 crosslinking nononer, at

| east one co-catalyst, and any optional additives are present. To cause the

pol yner i zaBHasthybéetb@dxycarbsoitetracyls)4 4. #°yst|dedardsledet 0 t he above
m xture(s) .- I n_anot her ~enbodi ment,- each of the core and/or clad

f or nul at i oSsMAHY-842-anefhuipprpaxy)sekhanyiietracyalol4h 0at’° 11& idodesd-ene,
b - d/ t | t Sl DKo t, at | t
one ot o cal Bty BRI R o R R DB D R T e s T he

pol yner i zafs‘tm@twﬁa%iumybarbaf*ﬁu@traﬂ:yera[mb.allzv.vaq'g%dée-@eaqé,0 the above
m xture(s). Again it is'noted, that generally the clad and core

f 0 mul at i oBsmdthiyk-8cyaiohaxylesyradionvtietrinyclaf{4 4.8a15¢ . 16 fidatecibenene- t ype
nmononer and/or af | east aone crosslipkin nomne resent therein. It is
this diffe éﬂ@@y}"ﬁ'ﬁgg’aﬁi@%@?%fﬂxy GeFONY %trﬁﬁVP@’[ﬁﬁ@-%nggﬂfﬂQﬂ@Gé’re%l ymer s

havi ng t he Bﬁ%ﬁfﬁ'ﬁfﬁbgﬁaﬁﬁﬁﬁﬁmﬁﬁgiﬁh-M-%Sple' &Jc%cléeﬁ&f ractive indices.

| n anot her d and/or core fornul ati ons contain at

| east one Bembthyh@hetrahypieoitrarsddxyokibogylteaoyaio]4(4a8. 187 stis3dddedumes) , at
| east one co-catalyst and any optional additives as ussed above. To

cause the ﬁdmm—ﬁ-zeaﬁrmwr@@a@pvl@wqebbqw&%#acaclgw@a‘t?gi13?%-3@@@@@_ to the
ap@ve m xt %[&gﬁﬁll_s%%egh%&?%géd%@tla%‘g}1h,e1@?@é§%‘§gﬁ3¥ﬁge coul d be divided i nt{,o

two or norée portions yst 0 ofte portion while the

pro- cat al ygmethyh8ed9dndietranptibg4.0att 10Ndoddt-3-ehe, i nst ance, pol yneri zat | on
is acconplished by the conbi nation of al I5 of the portions. In yet another
enbodi ment 8 dimeioxyprrbepyiitetiacyalni4 i kil 118 ldodecianemy be 25 a one part

m xture ingwhi at | east e norbornene-t¥pe crasslinking nononer, at
| east one é%d@%pgwgor%ﬁ& C@Eﬁﬁ'@ﬂﬁl'%dﬁﬁf’%‘ e present. To cause
the pol ym?r8,g—at(b-ﬁfbﬁcﬁ@%ﬂb%yg@tr%fdﬁ[4ﬂ.0?@S%Mﬁétlégécé?%gédded to the above

m xture(s). Again it i's noted, that generallé and core
f % mul at i o@O-di(frepoxycarbored)baiccyclo[4h8.14%. 11 EdstewBeenepr bor nene-t ype

crossl i nki nomer present therein. is.Lhis 30 difference, in one
enbodi nent %%-HE@-%M@@M@Q@?@Q@&Aﬁ;f.f;bﬂh s° /8% ng the 91 28 DEC
2004 neces skl [ i i AR kagtlive indices.

Al t ernati v?l?%,m(t %Bg%@gﬁrxlﬁ?%ﬁb@%‘?gpﬁéqdi @lloggzc)i 3ia‘?llitiéd two or nore portions

and the co-8@titycidheagibagcarbonyiftearyclophd 8hi*F 4™ Pluodecs-ea¢,al yst is added to
Aot Rer POr O ohenoxycarbonystacy clof4.4.0.125 47 ®jdodec-3-ene,

20 8,9-di(tetrahydrofuranyloxycarbonyhietracyclof4.4.0.1%°.17°}-3-dodecene,
8,9-di(tetrahydropyranyloxycarbonyl)tetracyclo[4.4.0.12°.1""]-3-dodecene, 8,9-
dicarboxyanhydridetetracyclo[4.4.0.12°.1"*|dodec-3-ene,
tetracyclo[4.4.0.12°.1""|dodec-3-ene,
tetracyclo[4.4.0.12%.17"%|dedec-3-ene-8-carboxylic acid,

25 8-methyltetracyclo[4.4.0.1%° 171°]dodec-3-ene-8-carboxylic acid,
8-methyltetracyclo[4.4.0.1%%.1""°]dodec-3-ene,
8-ethyltetracycio[4.4.0.12°.1""°ldodec-3-ene,
8-fluorotetracyclo[4.4.0.12° 1"V dodec-3-ene,
8-fluoromethyltetracyclo[4.4.0.1%5,1""|dodec-3-ene,

30 8-difluoromethyltefracyclo[4.4.0.1*°.1""°Jdodec-3-ene,
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pol ynerization is acconplished by the conbination of all of the g?rtbggf. ﬁ
Bel ow are sone exenplary clad and core fornulations. It should b @o 2004
that these formations are exenplary in nature and are not nmeant to serve as
an exhaustive |ist of the possible fornulations for each of the clad and
core. Rather, other clad and core fornul ati ons can be produced in view of

t he above disclosure so long as the refractive index of the polyner

produced usj the cpre fornulation.is at 10 | east 0.05% | arger than that
of the pol ﬁ?ﬁﬂ”ﬁ%gﬂgﬁ@yﬂﬁhﬁg-1gf-é7c?f°]ﬂ@¢%ﬁaiﬂeon. Exem-i ary C ad

For mul at i ong; ' {9'?”53 sGhady formul ation contains: (1) one
norbornene%@%ﬂé@ﬁ@%ﬁgm‘g@é\ al ?ﬁtgf 'gengjaol;] Cg&?‘% C20 al kyl group, (2) one

- nor bor nene-8 §{okflusestetracy s} el NG 'Qddred®Bhe C, to C o al koxysilyl group,
and (3) at |east one 15 crossl izr%kiTED? agent (as disclosed above). In
addi ti on t & 26ierdatracyciol4.4Ry> sy ®%p—3—ﬁee,cl ad fornul ation al so contains

-at -l east o - | , | e Pcatal yst, and optionally an

adgi tive oﬁ% %ﬁ?‘ﬁ@é@“ﬁﬁﬂ?’@%@@@ﬁﬁ@?ﬁéﬁ :&i‘?qqgl:é)ﬁe%oye, i f conponents
(1), (2) arBjobitridticromdthitesssilol414QMes AT idyRcldgRe ei t her the

pro-catal yst or the co-catalyst 1S held out of the m'xture and added to the

m xture at Sameivds-iriflueronethyitetracycinl4.44.17°. Cdldmteent-ené 1), (2) and (3) can
be divided . i ,.end, th -catal yst added t

por i on t o GoerpBE S dh T Hoaea Sshen 1y i el ude an addi ti ve or
addi ti ves) -8,ag.rﬂﬂ%mu%ro.ﬁefhggftéﬁga}(cmgw@WTBO ddgdo3Lge and (3) | s added the

co-catal yst to form Conpon ch'can optional I'y include the sane,
dilff er ent  d¥,8,8ictialnadotetddiytioldes 048°. CofjdodenB-eye, Pol ynerization 25 is

lished.in this. di nent by conbi ni t A and Co t B

§f828 wt -SRI NP BIP o g 0111 PBipaeerd 1) not ”pt?g; o for
onents : : onmponen 1S

at rrPeast or?g8 —??Iglg E?_lg'ng%l%rsl tr'ﬁ%&%&g getgﬁ?%‘?ﬁg-gﬁmiﬂ@&é&%% '

bi s( nor bor rEheifiebhe8\9-bis(tlifurrometlptheydio[d 4801 5 {TonasdaesenBt hoxy)

tetrasil oxane, his(narbaornenenethyl)acetal or a fluorinated crosslinking
agent (suclda8-trllugraSsirifluriomptingietrasydoladd.13°. EiYjdedemdens, Exenpl ary Core

ndPbor nene-Fy A RS RET AR RaTAE D T RIS A or Sup, (2) one
nor bor nene-8,8,prifluoro-9-pentafluoropropoxytetracyciof4.4.0.12%.1"dodec-3-ene,
8-fluoro-8-pentaflucroethyl-9,9-bis(triflioromethyljtetracyclo[4.4.0.12%.17*ldodec-3-ene,
8-9-difiuoro-8-heptafluoroisopropyl-9-trifiuoromethyltetracyclo[4.4.0.12°.1°|dodec-3-ene,
8-chioro-8,9,9-trifluorotetracyclof4.4.0.125.1% "*ldodec-3-ene, |
20 8,8-dichloro-8,8-bis(triflucromethyl)tetracyclof4.4.0.12°.1""°|dodec-3-ene,
8-(2,2,2~tr§ﬂuorocarboxyethyI)tetracycld[4.4.0. 1 2'5.17'1°]dodecu3-ene,
8-methyl-8-(2,2,2-trifluorocarboxyethyijtetracyclo{4.4.0.1%%.1""°|dodec-3-ene,
tricyclo[4.4.0.1%°Jundeca-3-ene,
tricyclo[6.2.1.0"lundeca-9-ene,
25 _ tetracyclo[4.4.0..12° 1" 1° 0*ldodec-3-ene,
8-methyltetracyclo[4.4.0.12° 11° 0'*|dodec-3-ene,
8-ethylidenetetracyclo[4.4.0.12%.1""?|dodec-3-ene,
8-ethyiidenetetracyclo[4.4.0.1%°.17"°.0"%]dodec-3-ene,
pentacyclo][6.5.1.1%5,0>7 0°®]pentadeca-4-ene,
30 _ pentacyclo[7.4.0._12'5.19'12.08'13]pentadeca—3_-ene,
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nononer containing a pendant silane group with at |east one C6 to C 2 aryl
group attached to the Si atom of the silane group, and (3) at | &nétDbfez]ls
crosslinking agent 10 (as disclosed above). In addition to conmponents (1),
(2), and (3) the core fornulation also contains at |east one pro-catalyst,
at | east one co-catalyst, and optionally an antioxi dant and/or a synergist.
| f conponents (1), (2) and (3) are all present in one mxture than either
the pro-catalyst or the co-catalyst is held out of the m xture and added to
t he m xt ur 6-(athexyl)diercld2 28 Jheddb-2Abiegr nat i vel y, conponents (1 ), (2) and (3)
can be di VI ded into_two or_nore portions and the-pro-catalyst added to one -
portion to TEWWWH@M?IOWQWWM @ptli onal Iy include an additive such

conbi ned o ERCPR2 Qe iR e BRERY St et b bl v °
i ncl ude andmghynmgﬂ-@u r@ﬁnéﬁeﬂr@th@é@ dm{e and/or a synergist). 20 In one
enbodi nment , nent is at | east one crossl i nki ng agent selected from

didret hyl bi s( no qhanguryza@iq BIrboITEhedype yanomers include but are not

1, 8b t t.et bi bor t al

fi uo'rfﬁ,zt’éﬁm@?ciﬂci{ﬁ%aﬁ HEhe et e TR - 2edb Same AEoRR R and 11
shown abOVSﬁnyHdPo&'ﬁ%nénﬁ%ﬁyIﬂBfﬂornér{éel né! BitPfotdriBe per cent .

SERISHyIHGHhe m
of conponent "25 (1): conponent %jer 6? |en elt er the clad or core
formul at i olsobstyﬂwrbﬁrr@nepp@tﬂﬁorbbmamhb)eylnmnbmhnwhEptymbd:)chdam per cent

ti f 1 t (2); 3
5. 85: 7. 5 SEYPOATLEE, FRCANI Al [REPO BRI OCRNECYBPEPTaNS: o of

c onent qug(& ' 28 DEC
2%2 aanpfr@etﬁ?ﬂ%ﬂ%@?ﬁ&gﬁ% nd ng ﬁ Q{bogrr;%'l e'!C?J été ango%ﬁre Ifﬁ ng?d%?-%onsThe i.'
fol | owi ng mwdmphase, phendiabeioreshel etislidaiemisomensplimgderbeingpeepar at i on and
use of certain conpositions of the present invention. The detailed

pr epar at i ofixeréiyelopentasiicnea endodickriapentadiebepistierycledriesenée to exenplify,

above. . addl TR To RS HeeRe A BBaR kAT Bre b, Y e iedElaceRPLor o
phenyl borétntgf);der%;l %tﬁdﬁ@roabéewmsenaylt@%cwéﬁdeﬁe fefrahizrs bPr t hand as
Li FABA (see for exanple Tabl

(H# 1 yl) pal cudm&ﬂtadieogecp@pewlnghommnéﬁbmethwmaamrqdr@ﬂupmra red to as
Alyl Pd-P é&?ﬁ ?46 ‘?reck shof E t|on el ected Crosslinkina A eq
‘nts- . I x1¥ ARy INorReaNTinGhaneae ®Hoxy) sil ane~ Nor bor nene
met hanol ( ¢Q&e 5x€)5 @-dﬁﬁetﬁ@kyﬁorb&néﬁ@eéﬁd@ré?% 5,6- dlﬂeﬁioﬁ{/ﬁérﬁﬁrﬂ% pam no)
di met hyl silane (63.97g .) in a react'or which'is 15 cohnected to a
scrubber c@@- élnmthgxwarbmraadlgde @Wbm(cﬁommﬁhylﬁm;d@ﬁ@t‘ﬁ]lwpt@-eme;r eis
ti d f b Th t t d
felsir (rjﬁa| O%—tﬁs(o oxy)shl?lllﬁro%omenee )imlé’ih%islllysflb}cyg%[zcgqﬁhee%ta(a-g 5- (?lea vacuum an
20 2, 3-bistrifluoromethylbicyclo[2.2.1]hepta-2,5-diene,
| 5-fluoro-5-pentafluoroethyl-6-,6-bis(triflucromethyl)bicyclo[2.2. 1]hept-2-ene,
5,6-difluoro-5-heptafluoroisopropyl-6-trifluoromethyfbicyclof2.2. 1Jhept-2-ene,
2,3,3,4.4,5,5,6-octafluorotricyclo[5.2.1.0]dec-8-ene, and
5-triflucromethylbicyciof2.2.1lhept-2-ene, 5-a-naphthyl-2-norbomene, 5,5-dimethyl-2-
25 norbornene, 1,4,4a,9,8a,10-hexahydro-9,10[1",2"-benzeno-1,4-methanoanthracene,
indanylnorbornene (i.e., 1,4,4,9-tetrahydro-1,4-methanofiuorene, the reaction
product of CPD and indene), 8,7,10,10-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-methanoanthracene, endo,endo-5,6-

30 ~dimethyl-2-norbornene, endo,exo-5,6-dimethyl-2-norbornene, exo,exo-5,6-dimethyl-
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anounts of the am ne are renoved. Pure product is obtained by di Sg%lfil agi{qo?gm
~under vacuum (117g, ~90%yield). The above reaction is also carri o”t i
usi ng the dinmethyl dichloro silane 20 instead of bis(dinethylam no)

di rethyl silane To a vigorously stirred m xture of 5-norbornene nethanol
(50g, 0.40 nol.), triethyl amne (49g, 0.49 nol.) and toluene (400 ni),

di net hyl dichlorosilane (25.8g, 0.20 nol.) is added dropwi se. Stirring at
roomtenperature results in the fornmation of salts. The crude product is

i sol ated byZ-NPrharegne i 4#.558, 18481 &4, 14vdsbamgiro-Hel-nethanobedfocyobdbiererd t h

ti fall i f - . i illati i
2’§E§Lc§ od URGeresdoneustbn EERE A 1 8 iciode0acaBgneb 7o6 yi el d) I X2t ~t nesi
-of oct amet *2’73,3],4,@‘70!1@(&}@5@554,3- pﬁEBS’-‘%Wﬂwdéﬁé ed Hegé@glﬁgsrpgﬁ#t%g@gﬁﬂ%ﬁﬁt ek

(21.2g, 0.17 nol.) is a ropw se to a solution ¢ amet hyl

di chl or ot etayakipeniemsd, 1,305,607, B5ctablydo-1 ,Etahéﬂ‘\hnammmdl@ﬁegg.e%%@et%h mol . )
-and tol uene ééoo rp_&,{ﬁ The rezl-l%%iﬁon m xture is stirred for hours at room
94° 28 DEPMIBHA A efrpEt A p¥cionew@n@lgl i ds that are formed (triethyl ani ne
hydr ochl ori gl > Theg lution is.then washed 3
tines with g%’%gh%g#@@eﬁh&?ﬁol T’gﬁ%‘gggg%%ci"ﬂ%"@?%Q-%H’Sﬁ%ﬁ” i s

obt ai ned byproduchaf P Fedicgtivectene)Pang product is obtained by distillation
under vacuunég%)g, ~_87%yield). 5 (X3) Synthesis of Bis(norborneneneth~

acetate A Aof. 7 ¥of Hes S Y Hastbanpaodepentaiindenel . ), f or mal dehyde
~379 32. 64, . catal ytic.anpunt of p-tol uene | fonic acid
go. Zg/% gare hgat 38%&0@@%&%“%%%56%%\%%% %ﬁ’)"@@’?‘ﬁﬂ %%ﬁ‘f?é@ﬁrg‘@dt o a Dean
Stiark Tr ap.dufis téﬂpogtqmmm@&aﬂé@m@ﬁsteph%té}%rﬁgs!iﬂtfn .tiﬁrthi%; @rﬁdaﬁgﬁér?tpa
‘increases. Wthin about 3 hours, ~I" 0 the reaction 1I'S conplete. Pure
product i s NeRNABE-tYRe diosemer cojainingea peadantrpost 2roSginkaBR%undtiping) group

Examal es of. For.oul at i . ~ CL1: daddino Fornmul ati
s o oot R CROPYTEHERT B B Rl Be NGRS WP URa Bedvestions! APURSim
tetrakis (@@B&@&&é&ﬂ[y%@ﬁﬁwéfd BEWRlIRhovdr Rchlif§aat By %ﬁsét%ﬁgﬁntg&biéxm' > mml.)

is dissolved in a mxture of nononers consisting O nor bornene (10g,

0. 056 nol . fundicnrbgiopp i4 ndabt thahtebionokoreigtdupdy indrefortas lin\iien pof/metiz3bon 8- 6
f.) and triethoxysilylporbornene (2.99, 0.011 nol.). To the mxture is
added 0. 174eBFHGN S IeoRONE (oS URSEgUR cRinical seActens ke sfiest theiprossinkingided

05 It 1 St e 0L S 5 b0 MBSl B o,

di chl or onetundee SjruClure Miiogiereinrat lezst one M CR e RIS @ecRd fidm likeafs | owi ng

it ure, . a DERBHTECLCurRErH Cot b HPORERTT fCHL OB o bHArRBN AL a6

G addi ng FoiMHmbiAboYS! RearR 82 BORPOMG BRYIR UL LRSS Eo%leﬁmer to represent a

20 C,-C,, alkylidenyl radical, fused cyclic groups wherein R' and R* taken together with

the two ring carbon atoms to which they are attached form an unsaturated C, to G,
ring. In one embodiment, post crosslinkable alkeny! functional groups include vinyl,
butenyl, and cyt:lohexyl. In one embodiment, alkylidenyl groups include methylidenyl
and ethylidenyl substituents. In one embodiment, alkoxysilyl groups include

25 trimethoxysilyl and triethoxysilyl moieties. In one embodiment, crosslinking agenis
containing fused muliicyclic ring systems include dicyclopentadiene (DCPD) and
unsymmetrical trimer of cyclopentadiene (CPD). Some exemplary latent corsslinking

agents include, but are not limited to, the formuiae shown below:
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Lithiumtetrakis (pentafluoro phenyl borate) 2.5 etherate (0.0042g,
*4.8x10-6 nol.) is dissolved in a m xture of nononers consisting of § DE{ 2004
hexylnorbonene (59, 0.028 nol.), bis(norbornenenethyl)acetal (1.57, 6.1 '
.) and-triethoxysilyl norbornene 30 (1.54, 6.1 mmol.). To this m xture
IS added 0.08g of Irganox 1076 (1 % by weight). 95 28 DEC 2004 To this
m xture, added 0.08 nmL of catalyst stock solution (1.6 x10-6 mol.). (Note:
the stock solution was nade up by dissolving 0.01 g of Allyl Pd-PCy3TFA in
1 nL of dry dichl oronethane.) Cure/po.t-cure i s conducted according to the
foll ow ng schedule: -10 mn. at 5 65 ' at 160 C. After curing
the nononer mxture, a clear and good optlcal Bisl m i s obtai ned.
| Lithiumtetrakis
(pentafluoro phenyl bo 6.9x10-6 nol.) is
di ssolved in a mxture oners consi sting of~héxyl norbonene (6.2g, 10
0.035 nol ), F-Crosslink Agent | (3.2g9, 4.3 mmol.) and
t r§ et hoxysi | yl norbornene (1.11g, 4.3 mmol.). To the nixture is added 0.10g
of Irganox 1076 (1 % by weight). To this m xture, added 0.1 nL of catalyst
stock soluti-on (1.7 x10' mol.). (Note: the ock sol ution was made up by
dissolving 0.01 g of Allyl Pd-PCy3TFA in 1 of dry dichl oronethane.) 15
Cure/post-cure is conducted according to theg|follow ng schedule: 10 nin. at
65 C and 60 mn. at 160 C. Aft@y ‘Cb r mxture, a clear and
good optical quality filmisg ned. 4~ Cl addi ng Fornul ati on using
F-Crosslinkina Agent |1~ Lit etrakis (pentafluoro phenyl borate) 2.5
eﬂﬂerate (0.0061g, 6.9x10-6 "2 .) is dissolved in a mxture of nononers
cohsi sting of hexyl norbonene (6. Zg, 0.035 nol), F-Crosslinking Agent |1

(3.6g9, 4.3 mmol.) and triethoxysilylnorb ne (1.11g, 4.3 mml.). To thié
m xture is added O. 109 of Irganox 1076 (T/ng?(delght)

BV

15
0

O , and

20
O
_ R,
. _
@/\O

25
where R, represents a non-halogenated, halogenated or perhalogenated group such

as CnQ",,,.,, n is an integer from 1 fo 10, and Q" represents a hydrogen or a halogen
(e.g., Br, Cl, or F). |
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To this m xture, added 0.1 nL of catal yst stock solution (1.7 x10'6 I B
25 (Note: the stock solution was nmade up by dissolving 0.01 g of?&lﬂgﬁ 2004
Pd- PCy3TFA in 1 nL of dry dichl oronmethane.) Cure/post-cure is conducted

according to the follow ng schedule: 10 mn. at 65 C and 60 mn. at 160 C
After curing the nononmer m xture, a clear and good optical quality filmis
obt ai ned. 96 28 DEC 2004 Exanple of dad Fornulation (two Conponent) CL5
Al'l nononers are degassed using dry nitrogen gas prior to use. Conponent A:

To a nmixture of Tesidtentarbsslinkatde paRdantlrdGss can be redotedvibaxysidty |
nor bornene - 5 (Sg 5%90. 037 nol .%@and di met-hyl - bi s(-nor bor nene net hoxy) -
silane (7.59eMisHies KRgwN)iojiitialg dae readtion obthep@yrys funaionalaargups.. Ber x 10- 5

.ol .) di i . i ne. hi i i dded
0 50y of 1 gl dkaly, WeBafBhfl BRF RRG ] grokPl SelToithidiieh s Dheny
borate) 2. defetitier Rt © RO Rure 1P3bdvecdh B@cr%g@lﬁike@i vieSa feasadivgd in a

.mxture of triethoxysilyl norbornene (9.5g, 0.037 nol.) and di nethyl

bi 8( nor bor nEENARBMo XN E Akeamriy groups, can. leadsslibked viar eatidnic saktiols ar e
conpletely di yved, | .norbaornene (.33 ..185 |.). 1S, added to the
e, w SRR R AR it aosharidiinkabE hrgienal 1076
(0.509) . | ngrdgs br®représdrited Babiyoxi dant, 0.25 g of Irgafos 168 is added as
a synergist. 15 Equal anounts of Conponents A and B are nmi xed together and

are cured. Cure/post-cure is conduced according to the follow ng schedul e:
10 mn. at 65 C and 60 mn. at 160 C. After[@?_ng t he mer mxture, a
2

cl ear and good opti aI ity f@ﬁ?ﬁbt ai . The ation of this
exanpl e i s shown in T&bte 2 bel ow 97 28 004 LE
:2ConmpoundConponent (A) (g)Conponent B (g)Total Mdles in A and BHexyl

Nor bor nene33330. 3708§mhoxy Ryt S ®etbor WS& ”“‘" 4 et hyl

Bi s( Nor bor nene Met ho ane7.%5%Z. 50. 0493T

Mol esN/ ANI AO. 494310Li FABANI A0. 06897.91 x 10'5Al Iy Pd-PCy3TFAO. 0107NI Al. 98 x
10' 51 rganox~' 10760. 500. 5015I r gaf os 168Nl AO. 25

In the latent crosslinking embodiment of the invention the crosslinking
15 reaction step can be induced by a free radical initiator. Suitable initiators are those
that can be activated themmally or photochemically. The initiator can be added to the
reaction medium and the polymerization of the monomer mixture is allowed to
proceed to completion. If the latent initiator is present during polymerization, then a
key consideration is that the radical generating compound employed be stable (does
20 - not decompose) at the polymerization temperature of the monomeric reaction
| medium. Alternatively, the latent initiator can be added to a solution of the polymer
in an appropriate solvent after the polymerization has been completed. When
- utilizing thermally activated free radical generators or embodiments utilizing photo-
-acid generators, latent crosslinking is induced by exposing the polymer medium to
25 temperatures above the decomposition temperature of the free radical generating
compound. In embodiments utilizing photoinitiated free radical generators, latent
crosslinking is induced by exposing the polymer medium to a radiation source such
as e-beam and UV radiation. Suitable free radical generator compounds
(crosslinking agents) include the organic peroxides and aliphatic azo compounds.

30 The aliphatic azo compounds are suitable initiators for the thermal and
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C01. Exanple of Core Formulations Qwo Comhonent~ Al nononers are degassed
using dry nitrogen gas prior to use. Conponent A: 20 To a m Xxture2qf ffrxyhg;
nor bornene (31.5g, 0.18 nol.), diphenyl nethyl norbornene nethoxy silane ;
(11.3g, 0.035 nol.) and di nmet hyl bis(norbornene nethoxy) silane (7.5g,
0.025npl1.), is added Allyl Pd-PCy3TFA (0.0102g, 1.89 x 10'5 nol.) dissol ved
in 0.2 mM of dichloronmethane. To this mxture is added 0.50g of Irganox
1076. 25 Conponent B: Lithiumtetrakis (pentafluoro phenyl borate) 2.5

etherate ((Hdtduhgmidal %\Eti\?@té@cﬁégmhkiﬁq‘ii,mb@'bl'n"ﬁéﬂté’%ﬂthielﬂn@eﬁﬂdht, White ﬂi\e di phenyl

met hyl (norbornene nethoxy) silane (11.3g, 0.035-nol.) and di nethyl

bi s( nor bor rsg@NigpErRRdRs areisaiisbleTobgse 0. api@rmally. gctigsted indiaECoRIPO T hand

hexyl b 31.50,.0.18 nol .),. To thi | Xt ' ddeq, d

i 520l vad GRS of SsaiRD F8oR qobayas antes 40w bost d 808 Rer Biroweldhidant

0.25g of | ' st i ts A
g of 1 rpa{,08 016Htd @y@aggg.@ bﬁ%@oﬁwger@%@eﬁlgﬁﬂ ofABHS R tﬂgggggﬁﬂ“ S |

and B are m xed together a are cure St-cure 1S co
actordi ng troeditee. f ol | owi ng schedule: 10 min. at 65 C and 60 nin. at 160 C
After curing the onmer m xture, a clear and good optical quality filmis

obt ai ned. The foﬁ%gﬁ?@ﬁ”@fpeﬂﬂx@e&@&!ﬁﬂ aut aredidliited trabibenzoybpeigwide1o 15

Brexyl  Nor Spreaeapran2nn BRladde) deduPHRRRER aibchibbRrotBerdghibA =
Si | anell. 3bbr@fid@,Mﬁ@lp@bbwoeﬁéﬁ&mﬂb@fa&@m,“@5ﬂq5¥dzog§38e7ro>§g-1 2-

Si | ane7.27.20. 0474Total Nbl esN/ ANI AD. 4719Li FABAN/ AQ. 0 .55 X 10'5Ally
Pd- PCy 3TFAGImEthy liexanggist-butyl siiparexyazsiate; d-rotyl pemxgd-ethylhexeroaiesiumy. 25 99

2 DEC ZOOAbETOCtOEIte, 2,5-di(2-ethylhexanoylperoxy)-2,5-dimethylhexane,
t-butylperoxynecdecanoate, ethyl 3,3-di(t-butylperoxy)butyrate,
2,2-di(t-butylperoxy)butane, 1,1-di(t-butylperoxy)cyclohexane, 1,1-di(t-butylperoxy)-
3.3,5-trimethyleyclohexane, 2,5-di(f-butylperoxy)-2,5-dimethylhex-3-yne, di-t-butyl

| peroxide, 2,5-di(f-butylperoxy)-2,5-dimethylhexane, dicumyl peroxide, n-propyl
15 ~.peroxydicarbonate, i-propyl peroxydicarbonate, cyclohexyl peroxydicarbonate, and
acetyl peroxydicarbonate.

Suitable azo compounds include, but are not limited to, 2,2'-azobis[2,4-
dimethyllpentane, 2-(fbutylazo)-4-methoxy-2,4-dimethylpentanenitrile,
2,2'-azobis(i-butyronitrile), 2-(t-butylazo)-2 4-dimethylpentanenitrite, 2-(t-butylazo)i-

20 butyronitrile, 2-(f-butylazo)-2-methyibutanenitrile, 1,1-azobis-cyclohexanecarbonitrile,
1-(f-amylazo)cyclohexanecarbonitrile, and 1-(f-butylazo)cyclohexanecarbonitrile.

Suitable photo-initiators for free-radical crosslinking include, but are not
limited to, benzoin ethyl ether, diphenyl! (2,4,6-trimethyl benzoyl) phosphine oxide,
4,4~ bis(diethylamino) benzophenone, 4,4"-bis(dimethylamino) benzophenone and 4-

25 ~(dimethylamino) benzophenone.

Suitable photo-initiators for cationic crosslinking include, but are not limited to,
onium salts, halogenated organic compounds, quinone diazide compounds, a,0-
bis(sulfonyl)diazomethane compounds, a-carbonyl-a-suifonyl diazomethane
“compounds, sulfone compounds, organic acid ester compounds, organic acid amide

30 compounds, organic acid imide compounds, etc. Actual examples of onium salts are

78




5 10 Methods of Curing Cyclic olefin Mnoner Fornulations and Pr oazbugimgc 2004
Wavegui des: Cure/ Post-Cure: As discussed above under the Mass ProceSs ~
headi ng, the nononmer fornulations of the present invention are polynerized
at a tenperature of about 20 C to about 200 C for about 1 minute to about 2
hours. 1n anot her enbodi nent, the polynerization occurs at a tenperature of
about 20 C to about 120 C for about 1 to about 40 m nutes. In yet another

enbodi ment , I rization occurs at a tenperature of about 40 C to about
80 C for abSlTa R O SYREIeltica opesvimmetially sbsiiied akytarorps akeny

Do Mitr ogan vt A PO aR, PRl Btk e SAERL 5 WAEhoeReR waibne

carri ed out ammenitrorszdd, ipdoniuvesdlsdsaitium ABkE HhBSb NSRRI Zald - yner
may be subjected to a post_curing step. In 15 510 g% 30 on%%‘tée'%so%?@@n‘:{%fﬂgt he

post curi ng%PrElM; salts onigu ckhede B nakesitictions o atunier anibosiokthate anfuanssitat ur e

‘range of fr t 300 C_(as noted agbove the tenperature
du??ng post-géqucﬁgo‘%:ga%%ggar%ﬁéﬁg%@ggsw\?glcaf’if COYLiRf; 3Nehsn| FXYamplas graberkg

enmbodi nent, acidszﬁrseufbeatﬁtﬁrpH@)@Pﬁ@ﬁﬂﬁé@@,%tiﬁﬂfni@é’&&',ts@‘oﬁict%{s%%%%Of(ﬁlicg%ﬁ%gﬁ a

tenperature_in the range of from about 100 C to about
embodi nent , Teldaldes. dheiengresnappeaial cestriiivhe do ther halbgeriatdd beyankostmBodiRpr S

125 Cto anab b B2 bRl ofrbAbR cemiasunsrnd 3 raphel covenfionai op. | <
Capporatur o i mERe T amae) ot ahaat 14 04 ARMRFaeR ol (" ' °

- tenperature in the range) fro out
Qulle/ Cur e/ PogIdiaz@Ie compotngs, elogembmitaining triclind €RApoaRtE, RBREEREoNtaining

f ornul ati on .g., either a core conpositjon or a cladding (or clad)
conposi ti on?é ?%ﬁmﬁﬁquw%’eﬂ%@afc?mm benzogbengrss eempouralst enper at ur e

of about 20h4cdéh-889%4ni 3 : t.10 mnputes. |n gnother
enbodi ment, t hée pol yngglﬂigglﬁtﬁld%%%puﬁ S ng% ‘ ﬁalﬁgﬁ%gﬁlgt@wr@ %fl%é"ﬁ&ﬁfnpﬁ’@” it o
about 100 (hdlogerabontrining thiaduteitorBpoimmis, RSio éﬂcb%inQﬁo|@wﬂgblgwa§1

pol ymeri zatjgn occurs. at.a tenperature of agout 50 Cto about 7 100

t
DEC 2004 fc}Pﬁ%%hPO@aml%F@gOF&O&mnda halega-eentaining@penemowmounts,

palsymeri zaty 2 i i ut _under, an .inert atnpsphere such
O oger A0 EEGH AR A Bie FIL B RoR tiort Pt odrer podenbe wamese

carried outcdnmpauridsy ofter diafogenaitnesinify BBterddycd cBRpbiids, SHiiGhyl Rbljdesast one
more nonomer fornul ation (not cured) can be 5 placed over or “on {op of the

partial |y RARPUNSISoRE: Aduahexampies e o-quinooe diazideoctimmnindsidie 412-| east one
iected parti al .t t | east. | ad

conmos: 1) orbnzB8ibSnd W AF e iRl ST 8 Chadlicimiiana deddo froulianiner

enbodi ment , adid ester | ﬁ@&fapﬁﬂ@@ixﬂaﬁﬁe@iﬁmbkhg@i&%ﬁ%&?ﬁ %ﬁé@&{)&do‘ﬂ cure,

tg n at | east one core conposition is plac over e’ at ne core
c ﬁposi t i orfliazido-Preuflenicanid peter.ehbodphianguinohe diszidoskstifanieatio R 2, 1-

f | at | heh s pl h | i all d
o e AR e oo B nihe g
addi tional d esteardmerayuifend YRZidbHeridhtivet@tonR i8Sl Il SIYEHins AL

formulation, etc.). o
diazido-4-sulfonic acid chioride, 1,2-naphthoquinone diazido-4-sulfonic acid chioride,

28

1,2-naphthoquinone diazido-s-smfonic acid chloride, 1,2-naphthoquinone diazido-6-
25 _sulfonic acid chioride, 2,1-naphthoquinone diazido-4-sulfonic acid chloride, 2,1-
naphthoquinone diazido-5-sulfonic acid chloride, 2,1-naphthoquinone diazido-6-
sulfonic acid chloride, and other quinone diazide derivative sulfonic acid chlorides.
Examples of a,a-bis(sulfonyl)diazomethane compounds are unsubstituted or
symmetrically or asymmetrically substituted a,o-bis(sulfonyl)diazomethane with alkyi

30 | groups, alkenyl groups, aralkyl groups, aromatic groups, or heterocyclic groups, etc.
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After the desired conbination of nononer fornulations is present.(.at. | east
15 one of which is partially cured in accordance with the above éi@&islsi@%‘
the conbination is cured-at a tenperature of about 20 C to about 200.C for
about 1 mnute to about 2 hours. In another enbodi nent, the polynerization
occurs at a tenperature of about 20 C to about 120 C for about 1 to about
40 mnutes. In yet another enbodi nent, polynerization occurs at a
tenperature of about 40 Cto 20 about 80 C for about 5 mnutes to about 20

m nut es. Aacheil edaablaseof d-barbpayhaitiongt digforhehehe @Bnpaldndsagar ri ed out
under an inert atnosphere such as nitrogen of argon. In another enbodi nment,

t he pol ynekingihsiigied on syeneetriealls or agymmetically sobstitatied a-carhoey-cosdionyif t er

t he conbi nation af non LS, has be cured (pol rized), the 25 pol yner
conbi nati o h%g@ag}gns%mﬂg%{@'bg{ogpg, %g@]y[l'g[ﬂqp%gag%g _rOPP]SvﬁEQm@ﬁ&SEﬂ“E‘én " the
post curl ngefdr&d/clié g U CA@(all Xanfipauss shifbRe %B%uﬁ%%@lég lﬁ%ﬁﬁu@stﬁlﬁgﬁ%{rat ure

range of from about 100 C fo about 300 C (as no e tenperature
duri ng possymmaiicaliy dyexsymonatacadlg sobstituted mejfondddimpoonds biydisuiforenot her
enbodi nent, postc regﬁa Be conducted for aboyt 0.5 to about 4 hours at a

t enper at ur EOTMROHRES W gagk Gr)ps; RlsRMA SRS BERIEY! OB URSe BTOMRYS FFOUPHOBiNot her
enbodi nent j j n r..about 1
Co about 2 B SREE bréups, MetthitBatfbles of dtortic it éot 3 i MMGHAR o2

range) of &yometticaily ck2by@ratriediy sub2R0te.catboXlit bbidantdrbesulforteastidrent ) t he
post curing step is conducted for about 1 to about 2 hours over a
t enper at ur ESteih Gic.oWith@kyh graupsealsemd gipuwrs; araifd grauhgerromalio (iBdRR 0140 C to

ut 5 18 : . ' ui . .Clad, First: Conventional
a7 di ng pr deErRdEE Ry A AR b emC Rl B ol B B aa i st
fashi on. FQnsEREE or SHRNtHERIT o8 BsPmindtically B8PSR dRIEASSSic Btid Hrheg, a 10
waveguide 1. First at (a) a cladding film 12" (sub-cl adding) is forned by

cast i ng agabifenic acidemisies; etc(, avithialid broupst alkenyl growps, asalkyl givdupsrastrealc i n a
Casting (oL ot SteRiyE Shlnd A ElpleRTmIET R STRRREIERs At Lar i ied e
sub- cl addi ggs|AnRstricedtyicr a{s?ﬁ%YeﬁﬁEd‘llg%Ubétﬁgﬁe?g%P%éxtyﬁ@ akid§Ride?) s@forfd S4e 1)

and a liquid core matéerial "14 1s then ap nto 15 the featured side of
the sub- cl idideageiti, withl kdgotips; alkényigroupd) @rgkyaresps) wramatisgoapssrng, for
exanpl e, a Doctor bl ade 16 (see (c Figure 1). Thereaft{er, .the liquid
core nnteri"'gferci?yq‘% OERHRS ‘Péef)bmgaf%ﬂf@d&%tm Aisdandis wilzad dn (see (d)
of Figure 1. InveRgshd be noted that the wavegui de structure depicted in
Figure 1 iérrsleggef Htg'\l}\'/ever, any suitable wavegui de structure can be forned
(e.g., a web, | &Vhéra, lai26t imitiatonis plaseneduritigapalgherization.dr.in ext, a top
cladding layer 18 i,s forpned gver a portion or all of the waveguide

structure PRYMRfZatioR pardiumpiedaspaipesition iemparaiures af theafoergaing free

20 radical generator compounds are well known in the art and can be selected on the
basis of the polymerization temperatures empioyed' in initial reaction. In other words
the initiator compound must be stable at the polymerization temperatures so it is
available for the post polymerization crosslinking reaction. As discussed above
latent crosslinking is can be effected by thermal or photochemical means.

25 ' As discussed above, monomers containing trialkoxysilyl groups can be
crosslinked by latent crosslinking in the presence of a cationic initiator agent. A
polymerization stabie cationic initiator can be can be themmally activated fo induce
the latent crosslinking of the silyl groups. Suitable cationic crosslinking initiators
include, for example, dibutyltin dilaurate, dimethyltin dilaurate, and dioctyltin

30 dilaurate. - |
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‘whi ch upon curing fornms the top cladding |ayer 18 (see (e) of Figure 1).
~Alternatively, the top cladding |ayer 18 may be forned i ndependenf| § [Hfat 804
t han being polynerized froma liquid formrmulation placed on top of the
wavegui de 25 structure 14a, and optionally a portion of the sub-cladding

| ayer 12. In such an enbodi nent, the top cladding |ayer 18 nmay be joined to
t he exposed portion of the waveguide structure 14a using a suitable
adhesive attachnment nmeans (e.g., a layer of liquid cladding material which
acts as a gl ue).Thepamoupio iRipctiprah npomenst-iype ceosshinkalenmontimersrahdiod of

Luo. | ayer  RasEaeaEBSpRbnel Ral fls Snaal Plesend's masiondieumca.
-di scussed a8qy® frolWshabEutTIE nRfle b@:%eﬁ%vﬁadiﬂt 80 rhoié ?&S—:-r&ﬁg Q?ﬁ%ﬁi rtlfest%\’%lt s in

the production of two 5 and three |ayer waveguid hi s
convent i onanongragr ihi the memmeranitturato pe ebattad.v br dres ¥mbbdingsre ahe @enount of
-stguctures such I?ls an agray of buried rib waveguides, as shown in F%%ures

ZRto 2C. AISHBKINY agentiniges fromabeitfemslecpricenide gheut 26 e persast efgheand

thi ckness @htal S iegion LDy gul : | tApcantrol over
the differ engeﬁil%rrll {T%Znﬁle lrrgc%nl é\)LOﬂ{Ié]nﬁeerhxbtgdé'fq]\%ggﬁgt@@grg’gmfﬁal'rﬁﬁ%ﬁ’%{'}er S,
and the 10 rapgesfromcabat 4 rolgtpercan td aBeutt 10 MokaRERIASE 15 f0f8 tibiforher Whi ch
light is well, confined (Figures 2B and 2C). It should be noted that

corel/cl ad PY¥HERitions disclosed herein can be used in other prior art

wavegui de formation nethods (e. 1 cro-nol di ng/ enbossi ng; reactive ion
etching; UV |l aser and e-beam vwﬁ‘%“ﬁ??e’p@%%@{&ﬁﬁem delineation; 1

5
ph®t o- bl eachi ng;THentbAEherOER e iHidhtitn £ Ffoﬂ}h@ér&ehﬁi‘?%}ﬁg?r?ggﬁgbagé. fHsi on,

~phot ol ocki ng and sel ective pol yneri zation); ‘selective p
el ect r o- opCRiadYtys added to thelreactionsméedidocenhtaipingrine desited mohomkeds) asa

pol ymeri zat | gn sel f assenbl ed prepol yners Additionally, .the master used
inthis en@t%ﬂfﬁ%@ SW%E? ﬁ%@oﬁerﬁ/&@%@(ﬁ?%*@cé?lygﬂr@ t%ﬁ@?@ iRHEHREl s are
actual | y biggafging g i i i+Ral Lt a
non-stick coat i"rII% (ePgﬁ?étlgﬁlgf%d?%é&%nfrtf&ﬁ%grgp@gggeqeacgt;@ﬂtcdbtnfg?géhﬁggg?@ggﬁ%ver
t he nast er thspV¥sA saltfagtivator eoraporemd iratheabattivn mediun. ddtienghé pystathl/st fsom

t master .10. Altlernativel separation of the sub-cladding | ayer fromthe
Rt or may WRH Ul HERPRARLTS PERFAT JoRs ComRaBIt, e ot HeEasBBuP AIERIAY
layer. 25 Gt erbiig $5 Mo L B } i ow, a
wavegui de, even arir{] i sé(})@at egjoggf?g% %ﬂ)ﬁlﬁé&%lcﬁ\q{gyééﬁgtuﬂﬁgfﬁggg%@éﬁéﬁﬂﬂ?ﬁ ed.
For the putipoligatedpre-batlydt sompsient (eligheonkiifing desitdd landi greusEpds i n
relation to an "’iﬁf/OI l?ttedv\?&i ed channel wavegujde. However, it isS within the
scope of t RACDSR, WHE s, 8l ArBat caRRe thdhe reacticnresdige. (I @wther a
ribbed strycky Bhnbodfrent a pro-catalyst component with or without figands is admixed with
20 a desired ligand containing component(s) and the WCA salt activator component in
the reaction medium. The pro-catalyst components are generically exemplified in
the preformed catalyst preparation equations (1) to (4) set forth above. In one
embodiment, the molar ratio of pro-catalyst (based on the Group 10 metal) : Group
15 electron donor component : WCA salt is 1:1-10:1-100. In anther embodiment,
25 the ratio is 1:1-5:1-20. In yet another embodiment, the ratio is 1:1-2:1-5. In
embodiments of the invention where the pro-catalyst is ligated with a Group 15
electron donor ligand and/or a labile neutral electron donor ligand, the molar ratio of

pro-catalyst (based on the metal content) to WCA salt is 1:1-100. In another
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28 DEC 2004 Conpared with the conventional clad-first approach, 2
fabrication steps in the core-first approach are executed in reve % %
as shown in Figure 3. The general process is described as follows. A

m xture of a core material 30 is poured onto the surface of a naster 32
(e.g., NI, Si masters, etc.) having grooves 34 fornmed 5 in the shape and
di nensi ons of the desired wavegui de pre-structure (see (a) and (b)). For
exanple, for an isolated buried channel wavegui de structure the channels

are from abmbodim&t, tie ﬁiﬂ@tﬁ 14080, N yell afotHd? eamsboirhane ﬁrmlahols LS OTRBOUT

200 Nmin hei ght. However, any desired thickness and hei ghf nay be obtained -

so | ong as ofdeas @Iﬁddﬁ@h@fm%varmwmalyst@onmmmmtheoeadhiahlrmdmm iacoept the
core material. A Doctor blade 36 is set to rest directly on the surface

of the nastBP° '( ere a buried structure is desired) and used to scrape away

the excess Ilqurr@he%m s"ﬁr@ &redd thE Br d@ss‘ﬂf ety tié?nanje\'%ﬂltloﬁhe cor e

material 30 left in roo es i rmat east one wavegui de

stducture POymers of pelycyn:!eoleﬁrtl@ repﬁatlﬂ@ uhits timieedothrduyh 2;8+ehchaihatdral The
descri bed above, the core material 30 can be cured in accordance with 15
any one of IeRfalagNits AR PPYREAZAR flRBYS Polcyepolefie manomarar semiinalignait t | n

i xt ur o of PRVEyddietn B d Bt IR A BTt e MRV s L ©

cont ai ni ngdeeaimd issrels t 0 cover the at | east one exposed surface of the
wavegui de structures) 30a. The thickness of the sub-cladding |ayer is also
20 controll ed by a Doctor bl ade 3639|$lél9n(|a)00@BSF| gure 3). Upon curing under
proper condit j,on sub er 40.is ich is .in contact
W a ) east olbUE Sl BBeeE el rERioRde)t B BBl PUBBV R gur e

3) . Next, HAgingWssiLiasch beger ré’i%’r‘\@c!%ﬂt#l F iditidudl 85thly2PBorBBREABIG AN 1S

r enoved fromt%e mast er 32 zfnd flipped %@gr so t hat tfé subggﬁaﬂgl ayer is
on the bot sotti¢s ot SyalgolefinguonorBier oRmixtures wf neorioonkrstmbe poheneridedkness of
|l ow for the rermval of .the sub-clad | ayer

20 and t he THE AR Sheteis i S9N N P EITRECIBRT cieng S ffonh 800 Bhus ng
IS e SRS P 56 1
tth al aboufrom Pirta 80 aighit f20cedR0 A¥fernthel singletcompankat catalystomaetalyst he 104
28 DEC 2.00c:omponen‘ts are added to the monomer solution, the reaction medium is agitated
(e.g., stirred) to ensure complete mixing of catalyst and monomer components.
The polymerization reaction temperatures can range from about 0°C to about

-150°C. [n another embodiment, the polymerization reaction temperatures can range
20 .+ from about 10°C to about 100°C. In yet another embodiment, the polymerization

reaction temperatures can range from about 20°C to about 80°C.

Exampleé of solvents for the polymerization reaction include but are not
limited fo alkane and cycloakane solvents such as pentane, hexane, heptane, and
cyclohexane; halogenated alkane solvents such as dichloromethane, chloroform,

25 carbon tetrachloride, ethylchloride, 1,1-dichloroethane, 1,2-dichloroethane, 1-
chloropropane, 2-chloropropane, 1-chlorobutane, 2-chlorobutane,
~ 1-chloro-2-methylpropane, and 1-chloropentane; aromatic solvents such as
benzene, xylene, toluene, mésitylene, chlorobenzene, anisole and

o-dichlorobenzene, Freon® 112 halocarbon solvent, water; or mixtures thereof. In

30 one embodiment, the solvent is selected from cyclohexane, toluene, mesitylene,
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t hi ckness of each clad layer is about 10 Nmto about 10,000 Nm or 3r iN .
‘total about 20 pmto about 10,000 pm It should be noted that the% b @Igtﬂ 6931’
the top-clad by definition includes the height of the core |ayer (see (h)

of Figure 3). Next, a top cladding material 42 is applied to the core side
of the filmand the 5 thickness thereof is also controlled by a Doctor

bl ade 36 (see (g) of Figure 3). Thereafter, the top cladding material 42 is
cured to forma top cladding |ayer 42a. Upon conpletion of the curing
process of fiﬁelor@ne@aaadl,agi?cxm«s;reetrmmamgwiam 50 is formed (see (h) of
Figure 3). It shguld be-noted, that curin f-this third Layer results in a
three-1ayer pol yhele¥qh ﬂg'&ﬁ#{sgﬁoﬁ}{m@ﬂ%@éﬁep Q&@J’Et'ﬁiﬁ?%ﬁe%/ﬁ'\?eé[ﬁ%'@@béﬁma

buried ' od@@@w@gnd@%gﬁﬁg&h@ﬁgi BE dhBY&S fré tﬁé'%agcg\f‘sotl ghgg%ii@‘%e'sgyer

42a. Alternatively, | opti cal waveqguil I's” de bove

process is fealhta@mvef alroughdhis($ hoi s stictrgeiremeAdditid polghmetzatidhareBBgder used
in_this enbodi t%}%@gﬁé have a core structures) which are actually bigger

th&n desir et Re BaIN $Hshgheien oneeriisient it suspeBsipar thiptmeanoroerssareck

coatin e. | o1 t.to be applied over the master
Co hel b 1 acrisPenoetn, 8 aBulBf Rl i SSnBPERL bikntfisBE i slgSlenrom Bne
subcl addi ngott mpes waersoRible SubstarRiessudR asAok BkARpleY BbYVINGIEAGSH ir%‘ilul%et he
sub-cl addi ng, | ayer fromthe nmaster is facilitated by running cold water

over the suBther.fadialy hyeiabzed mabpiny acelaten or pelatin add ftiherscaragpy oatthe t hi s
-first . t he .2 t t f ) id b ti

Core-11 1t AR TSR A B A BT, oo, By st o

priecursor. Thi s TReeMusidn pdlyhRrizador Sy ihfg%hbe.i? bP rc;aﬁ?e%eo@%rglf@sﬁloals{rjla@g the

‘conpl ete renoval of the slab region of thé core [ayer an e es an

easy filli ngoppmernie watenoked siksd selivent of water aridsa waitdnymisoible gryaniel soieint

m xture, which sinplifies t roduction of isolated, buried channel

wavegui des. dsﬁlgh 65?‘?%"5?" i Bfr%?ﬁﬂhsf%?n%%wgf)@?%*, thigds fapein thedpresence ¢fayer

wavegui de si ik | t ope- £ Ak I j gures
IS BT RSerTBISEy NG e’ ROt ér‘nﬂi§{t>9’5§:|§3}ﬁqgrlz%'h§n i{j@z}ﬁ’ﬂ%a Bu i

4A to 4D and, in one enbodi e the previous scusse

conposi t i orthe(mespnceuyiting catalystas disenssed Fateihio EmMUIsIfyimNagetis gumsRd f@bove) .

TE? wavegui des qf Fixgares 4A to 4D were produced using t%e cl ad conposition
déPail ed i PEIRE BEHAC soaps qontaipige datBband Msksaaids mikeé suifonate seapmabl e 3

above. Fi gugsy %ﬁrﬁ’@?%bmﬂéaﬁﬁ%{ﬁﬁ?%ﬁ&eé% 28 DEC 2004 channel

wavegui de struct gure reé-’l ayer buried channel wavegui de
structure; Figure 4Cis a schematic MasgPas8e@k t he end vi ew of the

wavegui de array of Figure 4B (dinmensions 13 Nmw de, 16 Nmtall, spaced by
13 Nm with the BB RAYERIZaHR0 Presesk @gromingde tha swentien at iehstdene

from & dr odboeiiPecnBbhed (8 oh e 813 cBlobiRfd PRERMAIE b Bt fing 30
ag0shown i ra EaiglysesyemThe anufher bribidiresm, SBAWSsS FElymbRgationi H8cdss Mul ti node

~at 820 nmand there is no cross couplin bet ween adj acent gui des. The
\core-first FROORHAO fasthe igeendioplnobunerizes @t daast ondsonomarapbsslipkihg mer  syst em

10, v b et 2Ll oL MBS AT PRLHER S SR SoabBel oL

L% e, Jeotey SR A polbihaiasiis RaMiRD 1 o
the invention is a fwo component monomer system (i.e. at least two cycloolefinic

25 . monomers of which none, one or two can be a crosslinking monomer) which is

polymerized using a catalyst system. In sill another embodiment, the mass -
polymerization process according to the invention is at least a three component
monomer system (L.e. at least two cycloolefinic monomers of which at least one of
which is a crosslinking monomoer) which is polymerized using a catalyst system.

30 _ The term mass polymerization refers to a polymerization reaction which is
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"swelling". "Swelling" may occur during a clad-first approach for, fo Fin&}
“wavegui des 15 (see Figure 1). Although not w shing to be bound th nb:Sn 04
theory, it is believed that swelling occurs during the polynerization of
the core.conposition in the previously polynerized sub-claddi ng structure.
In sone instances "swelling" may be undesirable. Thus, using, for exanple,

t he above-nenti oned core-first approach to wavegui de fornation (see Figure
3) it is possible to reduce and/or elimnate such 20 "swelling". This is

shown by coeperdlipgafricgusit i fod Sligimttialabsighcehd aduheht Minbbinaedsed,ad- fi rst
approach) to that of:- Figure 5B (fornmed using the above: nmentioned core-first

appr oach) . hoB@VEey, @snaal Braportion afachent is| presgiitimére wapten madium.t Beall

above- nenti c flrst t hod can, be 25 dified to take advantagge of
the pr evi odCrginty 8f Sruvl Hone GiivelPl e fhecpablin e Ei B T ELBiPm el noa
(see abovekne Eatalysheystemrrasortintd Whithdrs GHSSheRaséd@isIBILEQh Ykdntde
di scussed in relation to an isol ated buried channel wavegui de. However, it
i D within Selvantopleo chntbie employedtin the reactior mediuheto rsalveg dheleissdsity aff tie s

such as a rjbbed, ,structure). 6 8 DEC. 2004 This nodified core first
ﬁnet hod wi | IP9 é“%{iaéihﬁgeéﬁ“w%ﬁ ‘?]fg‘F%Pelﬁﬁ@f%ﬂqf! IgaFian 1o fagihiale hemyibsrgpait i ng

to Figure t L4 8, . | i

Fol T ove. - NogiatR {053 RRL ekl he yhblniiSeRERL ks S EeUTERD o
master 62 - (e geactidh mesliunmrahgesrot T i) alita) i20cgtarn \besed 4nfthe MRt f tthe
shape and 5 di nensions of the desired maveguide structure (see (a) and

(b)). For &QNAM(S)esem in the westiomiivivie. Jnanather wabsslimaat, §ierampeuntoft he

| t 0 _Nm | |_dt f t 1 N
e obout 260MRRTRPRE bebr 8t B e hk o bedld G BHER e ey b
obt ai ned s@eksuig based ba thd aRffHt ©f are nﬁtﬁiohh@(s)?aésemmw Rhclidtombiak! oW to
accept the core material. ~ O A Doctor blade 66 is set to rest directly on

the sur f acé&tibanetier ambodimentnidesanotiof salvent presemtdhakcarels iretip reactiansed t o
t |i quid i xt 60 b) . of _Fi 6).. t,

The por o mipeim A66SS oY e ARSI, SRttt BeSeptpd e helath prdhd BlonoRiers)

| east one pigsa it EacEd Hbhuee 1R ¥e dnibddiferOife g@&éﬁticﬂlso%ni@tﬁ?éd of

the core materials described above, the core nmateri 60 1's partially cured
i 1B 15 accorgasbesan such that theoadalystraystene domponénts dissolvedhersimpoExaropies of

Lo, el RnaRaE Lk e B s 4 SRl S e £
R e L P i
t hi ckness dalichidrenetiana, etiibrafgrih agaebon tetaichlorid®, ethyithiotitied!, hydickidoethanepl ade
66 (see ( d)1 ,ggicﬁo?gétﬁar?()a,' 1~E:Jﬁlgpop(k:’g;gainne? 296%?§gp;0%gng,r '? -Ft):ﬁlrorobutane, 2-
20 chlorabutane, 1-chloro-2-methyipropane, and 1-chloropentane; esters such as
ethylacetate, ~amylacetate; ethers such as THF and diethylether; aromatic solvents
such as benzene, xylene, foluene, mesitylene, chlorobenzene, anisole and
o-dichlorobenzene; and halocarbon solvents such as Freon® 112; and mixtures
thereof. In one embaodiment, the solvent or solvents isfare selected from benzene,
25 - fluorobenzene, o-diflucrobenzene, p-difluorobenzene, pentafluorobenzene,
hexaflucrobenzene, o-dichlorobenzene, chlorobenzene, toluene, o-, m-, and p-
xylenes, mesitylene, cyclohexane, ethylacetate, THF, and dichloromethane.
Aligated pro-catalyst containing a Group 15 electron donor ligand is
prepared in solvent and then added to the desired monomer or mixture of

30 monomers containing the dissolved WCA salt activator. The reaction mixture is
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conditions (see the discussion under partial cure/cure/post cure azogmc 3){%4
sub-clad film70 is forned which is in contact with at | east one sér

t he wavegui de structures) (see (e) of Figure 6). Next, the sub-clad |ayer

70/ wavegui de structures) 60a conbination is renoved fromthe master 62 and
flipped over so that the sub 25 clad layer is on the bottom (see (f) of
Figure 6). In one enbodinent, the thickness of sub-clad |ayer is sufficient
to allow for the renoval of the sub-clad |ayer 70 and t he wavegui de

st ruct ur es) niaal dncbihet hactics isqrenBtad tb pestcctiatsh Bﬂogﬁﬂﬁﬁmtbhﬁéﬁélﬁ’t 210n
anot her enbodi nent, the thickness of the each clad (sub-clad and top cl ad)

i s from abolipurs. ersaQMml&i@rem hmertionalieheatet mt edesiperative rangiab datm

.20, 000 t f h 107 28 DEC
2004 ol na 1 80t o R ARLTRET: STk ol Meer s P esttus s ok Seengaliabout. 20
Nm t o about hl’ﬂi@e(poﬁ’l cEHé eﬂnbo&fﬂﬁéththEgaoﬂWﬁé?&aﬁmiqrﬁaﬁﬁ Hl?é gagih (tﬂ% rérib%éf%&)r% ad

.by definition includes the height the core e 6).

Next, at optoc1 ZHdE.nip amntber ambddinment dhe polytharizatidreteraparatirsl & infthd I‘H‘h del bfim
and the 51t géqe% ger eof is also controlled by a Doctor blade 66 (see
(g) of Fig heteafter, thetop cladding material 72 is cured to form

a top claddinglwg g hc?.l r thetop
cl addi ng | ayer a vvagg %&lez ﬁB?é:gJéne(j t%dﬁpgﬂm&@%&%{’ ®%ul d be
not ed, thatsuglrasgitrogen ot argdn r@d\}a&ageouelyulhé\ﬁe\rdl‘r i2 hb been kel thaoihgner
film containi ng | sol ated channel wavegui de core 60a buried 10 between the

sub- c| addi ntPiRNHEIYstam gamponenisqy the kwantinn ar@féalstma anmqwgmmsemlwe if a

t | ayer o e _above RS SS Sl hal

""s}[MeBp () |satgon§¢£dt‘\gg§g%hg§|'g§1§ﬂ ﬁ d%'ﬁdeb%ﬁg?%?g ﬁg ?'}F’ t h‘?@ H@ﬂ{ may
have a cor epsiymerizationsavorch p@ryﬁn@%bﬁﬁnﬂécmtﬁﬁéﬂ tThareffst 6af bé%pghé‘df' nal
product. Such features 15 permt a non-stick coating (e:g.

nol d- r el eas® agesited 9 bsbatgper sanyepedinte aenmmrpqsbcumnommmete eﬂhee t he
removal of t es 60a and the subcl adding |ayer 70 fromthe
mast er %‘f’lern 'Oieﬁggéog.'epar ation of the sub-cladding |layer fromthe

I At i e e g
all$o curing is desirable from the standpoint of monomer to polymer conversion. In a
mass process the monomer is essentially the diluent for the catalyst system
components. As monomer is converted to polymer a plateau is reached beyond
which conversion of monomer fo polymer can go no higher (vitrification). This
*conversion bartier results from the loss of reactant mobility as the reaction medium
20 becomes converted to a polymeric matrix. Consequently, the catalyst system
| components and unconverted monomer become segregated and can not react. It is
well known that diffusivity within a polymer decreases dramatically as the polymer
passes from the rubbery state to the glassy state. It is believed that post curing at
elevated temperatures increases the mobility of the reactants in the matrix allowing
25 ~ for the further conversion of monomer fo palymer.

Post curing of the polymers of the present invention is, in one embodiment,
conducted at elevated temperatures for a time period sufficient to reach a desired
conversion of monomer to polymer. lh one embadiment, the post curing cycle is
conducted for about 1 to about 2 hours over a temperature range of from about

30 100 °C to about 300 °C. In another embodiment, the post curing cycle is conducted
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20 makes the core structures of wavegui des by casting on a master ée.g., Ni
“of Si) that has no interaction with the liquid core precursor. T 8§ DEGC 2004
nodi fication in the fabrication process permts the conplete renoval of the
slab region of the core layer and al so enables an easy filling of fine
channel s by using a | owviscosity core prepolynmer mixture, which sinplifies
t he production of isolated, buried channel wavegui des. 25 Additionally, the
nodi fied core-first nethod reduces the amount of curing tinme necessary to

produce a ‘evatguit 05 RNShERALIGESS b o@@pumémgém_@m.énaﬁ@é bpﬁ?ﬂf?@?1bbqw @

core layer duri n&at he curing process-thereby yielding fully-filled buried
wavegui de €bput3eR &6. Imanpther embodinentptine mist sanind exclais candutied-foay do 2
wavegui de 108 =28 DEC 2004 structures npde Usi the core-first t hod

(Fi gure 7A)HFCYH S ALYE (198 ‘%irf@? gﬁ@'ﬂth% {kgﬁ%ﬁp@t%@% cdanllni #’E that the °
modi fi ed c@nBidriehib ' 1 f i I i ried
wavegui de stnructrures%ﬁ?ﬁiﬁeﬁt%wﬂggm%@&%fggqsth%)zvﬁéqr%%g?gﬁre 8, a
dodibl e- | ay dempeiayurerrangé of 86mcabulditd01ig ta dboun18@yer Tok @oe eycidicanind 82

(e.g., 25 g%) og top of a thick |ayer 84 of sub-cladding material (e.g.,
100 Nm t hi &dgcledtsecensiantyempgratiygiasdng feraperaivie san bedRnMnednedast i ng

process. Th : -1 hi L.nner. .. iI.s.di scussed in
Fel'at on 1 G RRelER idBsiy By ARlefberarils AOPOP R RBLRGHRG o
Next, a nmasrapeRfuredsindeshesirpadmuhealnitiernipiaatore S the desied b&id{ﬁ@fblé 0
forma nodified core |ayer 82a or 82b havi ng openi ngs 90a or 90b therein.

As shown i #ME Gage. dn angerardimegt (49 dbe smpaBture ramdingicss haoeffedteg by 82a or

P80 bF o e ol B el T eistn BB i B Al R ciri it RN bg o
are acconplmigiifsm tSmbirane t6 Uhé aBbifecCitakinilin tERPEIANE it ﬁw%lnge hobleCNReRRI NI,

di anond cutting, |aser ablation or reactive-ion etching ( ), ‘etc.). After
f or mat i on - @Mhdsimaptivhee themaxinium demperature i8anchad; thp teinpeditag mayietums
formed by applyi.n to |.addi ng. material_to th oupl e- | ayer polyner film
havi ng modihh atiogal babef 858 B pSed o i niibS desTed CYeisthgribed
therein. T aehdh L il i 1 od 20 to
Vel d o tom e e T S B R R arm  e Bo 8 g

| 49er 92, tshepwisp cutvedsh adempemturelvsf fihme platn it thds epbodimentdba teanp&@kureo as

to conplete the formation ?f %ﬁh% buri ed wave,?ui des 94a and 94b. Buri ed
wavegui des "FRRINGRIOGaAL IHriep FASNIS) Thera dhe deairad MiUfeeUTe dpRe@Elee tadhaeen

oo o ESIRYEOSRIR R e S AL e R SR
optical ci iezipbst ¢ure ephdel effsctathby combimiicspost cure embodiments (A and B)
wherein the cure cycle encompasses a combination of steps and slopes from the
20 desired minimum cure temperature to the desired maximum cure temperature. In
still another embodiment (D and E) the cure cycle can follow a curve from the
desired minimum cure temperature to the desired maximum cure temperature. In
embodiments A, B, and C it should be noted that the rise and run of the slope do not
| have to be constant between the minimum and maximum cure temperatures of the
25 cure cycle. In other words the rise and run can vary when proceeding from the
desired minimum to desired maximum cure temperatures The foregoing cure cycle

temperature ramping curves are iliustrated below.
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I n-anot her enbodinent, a triple layer polynmer film(i.e. a clad-core-clad
nultilayered filn) is used to forma vvavegui de according to the 8t B6d 2004
detailed in Figure 8. 109 28 DEC 2004 This fabrication approach is also
applicable to not: only the cyclic ol efin nononer conpositions discussed
herein, but other polyner systens such as pol yacryl ates (such as deuterated
pol yBuor o- net hacryl ate), polyimdes (such as cross-Ilinked polyimdes or
fluorinated polyimdes), or benzocycl obutene. In addition, 5 other polyners
may be used. These polyners inglude, but are pc ¢m ged to, heat curable
mass pol ynmeri zabl e material s, _ phot o-cur ap nd sol uti on-based
polymer materials. Figures 9A§ 0 9D are of wavegui des forned
‘using a nultilayer cutting newfod and 2—above diascussed core/cl ad

formul ations. Figure 10 9A isran optica
channel wavegui de formed usinf|thg/mlti-lLayer cuttifng nethod; Figure 9B
"degicts light froma diode | as¢r i applied to the mddle

i sol ated channel structure oftfhg v ure 9A; Figure 9Cis a
three-1ayer isol ated-buried channe f ormed by taking the two or
three layer structure fornmed b g met hod and overcoating 15 the
structure with clad material; and Figure 9D depicts |light froma di ode

| aser (A = 820 nm) being applied to the middl e i sol at ed-buri ed channel
structure of the waveguide of Figure 9C. It should be noted that when the
phot ographs of Figures 9B and 9D were taken that the intensity of the input
l'i ght fromthe diode |laser is maximzed to ascertain if any cross-talk
eiasts bet iRRIMPiINBTitRe termperatue dedn@ henave gycldes advanagars. bebausal be seen

“from Fi gur: B.an D, .t he, put tterns indicate that there is no cross
coupl i ng be W&é%%ggpgdj@ﬁ?nq@é&é68{#}\/@?8‘?9@%%@‘1 ther vlrttirationeof unpenverted has

been shown magbrgscri bed with respect to a certain preferred enbodi nent or

enbodi ments, it is obvious that equivalent alterations and nodifications

Wi Il occur to otth@nstikidnizatinant tre polymeniitioh xedrtRe osBcuring are both
conducted together. In one embodiment, the polymerization/post-cure is conducted

15 for 1 to 2 hours at a temperature in the range of from about 20 °C to about 200 °C.
In anather embodiment, the polymerization/post cure is conducted for 1 to 2 hours at
a temperature in the range of from about 125 °C to about 200 °C. In still another
embaodiment, the post curing cycle is conducted for 1 to 2 hours over a temperature
range of from about 140 °C to about 180 °C.

20 Alternatively, the polymerization/post-cure can be conducted at more than
one temperature (i.e. within a range of temperatures). For example, the
polymerization/post-cure can be conducted over a range of temperatures similar to
the ranges givén immediately above. If the polymerizationfpost-cure is being
conducted within a range of temperatures, the temperature at which the

25 polymerization/post-cure is being conducted can be altered according to the
discussion had above with regard to temperature ramping.

Optionally, additives may include, but are not limited to, those selected from
pigments, dyes, non-linear optical dyes, erbium complexes, praseodymium
complexes, neodymium complexes, plasticizers, lubricants, flame retardants,

30 tackifiers, antioxidants (e.g., lrganox® 1010, 1076, 3114, or Cyanox® 1790), UV
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25 and understanding of this specification and the annexed draw -An
particul ar regard tg the various functions perFornmed by the abgtggiggtﬁm%%d
i ntegers (conponents, assenblies, devices, conpositions, etc.), the terns
(including a reference to a "neans") used to describe such integers are

I ntended to correspond, unless otherw se indicated, to any integer which
pertornms the specified function of 30 the described integer (i.e., that is
functionally equivalent), even though not 110 28 DEC 2004 structurally

equi val ent sfagilizBes, fakingSRiEntd, '0dek UbSorMMgCiydPs gﬁéééﬁnlhﬁ% ?ééﬁlﬁféﬂér%i@.tst he

herein illustrated exenpl ary enbodinent or enbodi ments the r'nvention. In
addi tion, (i, droafgsdriBe thiedipropianic acidtilaurg éstareat 2 combimatibnwbbbibdn

d i bed ab i th t ot I f | illustrated

enbodi ment LUSARRRIS A IACKEpCHers; RobisodiER akvissosiisreand mirurasat ur es
of the oth ' S | A 0 y given
or parti cuﬁ%rr ap%ﬁ"@#o%r?. %‘%ﬁé{’ %D@b§§%4g@(ﬁﬂ%§ﬂ%@gf§@®%?%d is: 1.
A ol ycycl thereof), yaerbe adgabby imiing onaef nitye af thdm iito Rl BBREMEAcaluraf one
or nore nononers or oligoners represented b%/fbt he follow ng structure: X'

X'* ma R beforethepolyperizationagasion s imiﬂ@tggeh @][itﬂaqﬂtslr@m a@@tiveﬁmm%@emf .
o | neeger Sttt dompBherts 2rE Reh KAGwH G ibeBisiRE i et And higthotnd "o 0°r 'S

I ndependengisyusdey ikl gerBydr ogen, a hydrocarbyl, or a functional
substituent; and mis an integer fromO to 5 wth the proviso that when

i s a doubl e Themiptiona asititRes are emplbyeddo enhmgge 1Ré pipeessitg, pppsatance?.

a
T DL e by o B A g 0 B o BBl B 15 2
22: ggteggt egdtiedrio edhBite 8hd hdiy IbPIRNRES DGR 6PRIhals:PraRsivh! ch are
stiffness, impact strength, dielectric constant, solvent resistance, color, optical
properties and odor of the polymer product. The viscosifiers are employed to modify
the viscosity and shrinkage of the monomeric mixture before the polymerization
15 réaction is initiated. Suitable viscosity modifiers include elastomers and the
- norbornene-type polymers of the present invention. The viscosity madifiers can be
dissolved in the polymerizable monomers of the invention to increase the viscosity of
the monomer reaction mixiure. As discussed above, crosslinking can be effected
during the initial polymerization reaction of the monomer mixture or during a post
20 ~ polymerization thermal or photochemical curing step.
in one embodiment, when a pro-catalyst is employed in the mass
polymerization system of the invention, the molar ratio of monomer to pro-catalyst
(based on metal content) to WCA salt activator ratios ranges from about
500,000:1:1 to about 5,000:1:20. In another embodiment, the molar ratio of
25 monomer to pro-catalyst (based on metal content) to WCA salt activator ratios
ranges from about 250,000:1:5 to about 20,000:1:10. In yét another embodiment,

the molar ratio of monomer to pro-catalyst (based on metal content) to WCA salt

activator ratios ranges from about 200,000:1:20 to about 100,000:1:1.
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from i) linear or branched C -C o al kyl groups; ii) linear or gza@cgeg A

.Coo al kenyl groups; iii) linear or branched CZ C o al kynyl group

C~2 cycl oal kyl groups; v) CQ C~2 cycl oal kenyl groups; vi) Cfi C z aryI

groups; and vii) C- C24 aralkyl groups. 112 28 DEC 2004 3. The pol yner

conposi tion of claim1, wherein X"" is nitrogen Pav: ng al)hy%g?ginnorlq aaﬁa
e pol yner conposition of claim

Lo o A R A e Pou rrp esent. a_C -C o al kylidenyl

h
o B Ane o FOfe! BT Rak Fsaning Sha ABOVE s fatinadh dnigmadone RAteRt t o

ek i B IR o k-

CH( CF3) 2- O @ @priDl &(2048), and mt@hﬁhon@(msmm@ncaumll&ﬁ&) NHZWO 2,00(34344

ORS, OC( O R5,
cE 8@3 A O)cﬁi?l %'@@er@@qw% (pnby@edaqrdmﬁ l(zuesg bothc(f@t'ﬂic)lzﬁre
O § epepdent |y represents
iontgle(ger) froﬁé}%by %Or%gﬁgﬁe%@eﬁ%?ﬁc‘?nglptﬂgggﬂﬁ@?ﬁs hydrogen, a |inear or

branched C, CzZO al kyl group, a linear or branched C, Czo hal ogenated or

erhal o enat ed aI kyl roup, a linear or branched CZ C o al kenyl group, a
Iol near gr WBHE " sbup, a C5 C, 2 cycl oal kyl group, a Cs

: epat o Lo d aryl dacC
G aral i OSPbu'?}, o, %“é%‘? p AergSaLe i BPaiona 8 Ueedn (e psent
- CH( R ) OCHZR&ntion®VE fiépaBbdd PoPto élgt&t%otd@}% réﬂéét 1@3%%%%5}%%9@ by

H3~CH3 \\~~R // R 0 or one of th | om ng:
10 one or more of Structures VII, Vila and Vilb. In another embodiment, the polymer

compositions for tuse in the present invention have from about 500 to about 50,000
repeating units as defined above by one or more of Structures Vi, Vila and Vlib. In
yet another embodiment, the polymer compositions for use in the present invention
have from about 1,000 to about 10,000 repeating units as defined above by one or
15 - more of Structures VI, Vila and Vlib.
in one embodiment, a waveguide is formed using one of the methods
disclosed below with at least two polyacrylate, polyimide, benzocyclobutene, cyclic
olefin polymers, such that the core materiai and the clad material have a difference
in their indices of refraction at 830 nm (An at 830 nm), core versus clad, of at least
20 - 0.00075 or more (or at least 0.05% when the clad refractive index is 1.5). Thatis,
' the refractive index of the polymer core layer is at least 0.05% greater than the
refractive index of the at least one polymer cladding layer. If the waveguide is a
_ three layer waveguide, the cladding layers (top cladding layer and sub-cladding
layer) may be different polymers layers so long as both cladding layers have a
25 refractive index which is at least 0.05% less than that of the polymer used to form
~ the core layer.
In another embodiment, when the waveguide is to be formed from cyclic
olefin monomers, both the core and cladding polymer layers of the optical
waveguide of the present invention are formulated to include at least one cyclic

30 olefin menomer (e.g., at least one norbormnene-type monomers) and/or at least one
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28 DEC 2004 wherein R represents a hydrogen or a linear or brahghed( G4
C5)  alkyl group. 6. The polyner conposition of claim4, wherein RSis a

hal ogenat ed or perhal ogenated group. 7. The pol yner conposition of clairm1,
wherein R and R are taken together with the two ring carbon atonms to which
they are attached to represent a substituted or unsubstituted

cycl oal i phatic group containing 4 to 30 ring carbon atons or a substituted
or unsubstituted aryl group containing 6 to 18 ring carbon atons or

conbi nat i orsodshiskisg mordmerhat lpastyory pmmfstt(swﬂ@f d;QéLﬁisFﬁrﬁof MBRERAIstE he
cycloal i phatic group is a nonocyclic or ycyclic cycl oal |§hat I'C group

The pol yne@beseppdet thel-ajalyst Bramavatlamlma@lmg)xattée@aneam-@ma Bicligr, eupl%
nonounsat ura unsat ted. 10. YTBL. COMPOSI tion of ai m
T aher o1 n eh SR LpbkY OP LA Glon o Aloveh Bt of B i of Siper fﬁeon of
claimai, WaRitRivEs HReUSQIIPASIVE QBe Hife BisEGssRH YRR tﬁé’mésspr'ﬁaeé’é Iléé‘d@rﬁ)
dlfferent repeating units according to the structure of claim The
pdt yner conposi tSush aomidirel ispdlynwrzediusingthe rbobe-deséribeseass ng un| ts in

the conposition is from abo o0 about 100, 000. 13. The poly
conposi ti oR% b‘im""dlzép%' Emc\ﬁﬁ% ?‘F IsGHpH9BLNGIer e dass ﬁ’(’joci?rﬁst*?aidﬁ‘gﬂ I'*?&

Comost ) SRR Htle SR04 Go B clng e By KTEE GRS
monomer, the co-catalyst, and any optional additives, or by adding the co-catalyst o
-a mixture containing the at least one cyclic olefin monomer, the pro-catalyst, and any

10 : optional addifives. In both these situations the active catalyst is generated in sifu.

In yet another embodiment, each of the clad and core formulations (which
differ to the extent necessary to produce the required difference in their respective
refractive indices) is formed from a 2-component system. That is, the clad

- formulation is produced from at least two components, Components A and B. On

15 the other hand, the core formulation is also produced from at least two components,
Components C and D. Each of components A through D contain at least one
norbornene-type monomer.

In another embodiment, Components A and B are two substantially identical

- mixtures of the at least one norbornene-type monomer and/or at least one

20 crossiinking monomer. The difference between Components A and B generally
arises from the inclusion of a pro-catalyst in Component A versus the inclusion of a
co-catalyst in Component B. Additional differences between Component A and

- Component B fnay exist. For example, Component A may contain an optional
additive not present in Component B, or vice versa.

25 In one embodiment, Component A comprises at least one norbornene-type
monomer and/or at least one crosslinking monomer, at least one pro-catalyst and
optionally an additive as discussed above (such as an antioxidant). Whereas,
Component B comprises the same norbormene-type monomer(s), the same
crosslinking agent(s), at least one co-catalyst, and optionally an additive (such as an

30 antioxidant) and/or a synergist. In this situation, polymerization is conducted using
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[ in the conposition is fromabout 1,000 to about 10,000. 15.,Ther s 0
Bgi ;rsrer conposi m)on of claim1, wherein the polymer conposition i g E?g]rméc? 0
fromone or nore nonomers or ol i gormers according to claim1l in conbination
with one or nore crosslinking agents. 16. The pol ynmer conposition of claim
15, wherein the crosslinking agent is selected fromat |east one of the
followng structures: | | I | (Y yY>~ (dY)m (Yzjm I ljerr?t Pymrgppqe\émeﬁggl gnY
hyl ene (-CHZ roup and m i ndepen _
[ nCeger 11 oMM S 0RNS RPMTSHAION Tncthod byrmiog Baual augHte 6 Gomipomehtenked

icycli ki " hown in Structure VII} below. R VIII a a
?uleatl)CyCLLcﬁsér\?%?r‘ Eﬁéﬁgﬂﬁ%@ﬁﬁéﬁmppﬁw@%c ?|¥$td§|3é‘uor FIoulbI e bond,
i dently i ivak/e t
cel octed 1rom di val Ry Gea S o e B oAl vl b A8hERart g
“di val ent si Myixturesith which at gt oné sooment:type monones shtdftigtteaagend as shown

below. Si 1S 28 DEC 2004 ~o0~0~ where nis 1 to 4. 17. The pol ymer
cgn%\(l)vsi t : OHCBQSSEW]‘%‘?WP%e?ﬁ??ﬁ% GrFadystnrichgnugelinnal eddivescared f rom at

| east one oprddent.§ b At theShEINREHE DN rbactionds Sead a pro-catalyst is added to the
above mixture(s). In another embodiment, each of the core and/or clad formulations
may be a one part mixture in which at least one norbornene-type monomer and/or at
least one crosslinking agent, at least one pro-catalyst, and any optional additives are
10 present. To cause the polymerization reaction to occur a co-catalyst is added fo the
| above mixture(s). Again it is noted, that generally the clad and core formulations
differ with respect to the at least one norbornene-type monomer and/or at least one
crosslinking monomer present therein. It is this difference, in one embadiment, that
permits the formation of polymers having the necessary difference in their respective
15 - refractive indices.
In another embodiment, each of the clad and/or core formulations contain at
least one norbornene-type crosslinking monomer (as discussed above), at least one
~ co-catalyst and any optional additives as discussed above. To cause the
polymerization reaction to occur a pro-catalyst is added to the above mixture(s).
20 Alternatively, the above mixture could be divided into two or more portions and the
fi'\;' co-catalyst added to one portion while the pro-catalyst is added to another portion.
In this instance, polymerization is accomplished by the combination of all of the
pdrﬁons.
In yet another embodiment, each of the core and/or clad formulation may be
25 - &one part mixiure in which at least one norbornene-type crosslinking monomer, at
least one pro-catalyst, and any optional additives are present. To cause the
polymerization reaction to occur a co-catalyst is added to the above mixture(s).
Again it is noted, that generally the clad and core formulations differ with respect to
the at least one norbornene-type crosslinking monomer present therein, It is this

30 difference, in one embodiment, that permits the formation of polymers having the
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I 0 ~I ~p~$~~p~ ~I 0 0~ and ~o~ , 18. The polymer conposition of claim 15,
the fol lowing Structures: Rand R = alkyl or aryl -t a -0 of S@= gy,

I Mea ~~///] 11~/ 1-\2/1IHb. I' 1 ) I O~nl | O H Ol h. OOc. ~O
Oe. d ~O~/ OO0O~0- O~7C- 0a ~O-O- HOOOO- OR SR-~S. -mR R,
R' = alkyl or aryl Ol ~O-

. hecessary differe_nce in their re_spective refractive_ in_dices. Alternatively, the above
mixture could be divided into two or more portions and the co-catalyst added to one
portion while the pro-catalyst is added fo another portion. In this instance,
polymerization is accomplished by the combination of all of the portions.

5 Below are some exemplary clad and core formulations. 1t should be noted
that these formations are exemplary in nature and are not meant to serve as an
exhaustive list of the possible formulations for each of the clad and core. Rather,
other clad and core formulations can be produced in view of the above disclosure so

“long as the refractive index of the polymer produced using the core formulation is at
10 least 0.05% larger than that of the polymer produced using the clad formulation.
Exemplary Clad Formulations:

In one embodiment, the clad formulation contains: (1) one norbornene-type
monomer containing a pendant C, to C,, alkyl group, (2) one norbornene-type
monomer containing a pendant C, to C,, alkoxysilyl group, and (3) at least one

15 crosslinking agent (as disclosed above). In addition to components (1), (2) and (3),
the clad formuiation also contains at least one pro-catalyst, at least one co-catalyst,
and optionally an additive or additives as discussed above. As noted above, if
components (1), (2) and (3) are all present in one mixture then either the pro-catalyst
or the co-catalyst is held out of the mixiure and added to the mixture at a later time.

20 ' : Alternatively, components (1), (2) and (3) can be divided into two or more
portions and the pro-catalyst added td one portion to form Component A (which can
optionally include an additive or additives). To another portion of components (1),
(2) and (3) is added the co-catalyst to form Component B (which can optionally
include the same, different or additional additives as Component A). Polymerization

25 is accomplished in this embodiment by combining Component A and Component B
(along with any other portion of component (1), (2) and (3) hot used to for
Components A and B).
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where mand n, if present, are independently an integer from1l tpg4@ “TO 2004
The pol'yner conposition of claim15, the crosslinking agent is - -
‘sel ected-from at |east-one of the followi ng structures: m 117 28 DEC
2004 and 20. The conposition of claim 15, wherein the crosslinking agent is
a latent crosslinking agent. 21. The conposition of claim 20, wherei n
| atent crosslinking agent is selected fromone or nore of the follow ng
. —~—~ 1 ) . ) )
gonpounds.. : > Icr:1'_|§ne ém%odlment, component (3) is at least one crosslinking agent
- selected from dimethyl bis(norbornenemethoxy) sitane, octamethyl 1,8-
bis(norbornenemethoxy) tefrasiloxane, bis(norbornenemethyl)acetal or a fluorinated
crosslinking agent (such as F-Crosslinking Agents | and Il shown above).

5 Exemplary Core Formulations:

in one embodiment, the core formulation contains: (1) one norbornene-type

monomer containing a pendant C, to C,, alkyl group, (2) one norbornene-type
monomer containing a pendant silane group with at least one G, to C,, aryl group
attached to the Si atom of the silane group, and (3) at least one crosslinking agent

10 (as disclosed above). In addition to components (1), (2), and (3) the core

C formulation also contains at least one pro-catalyst, at least one co-catalyst, and
optionally an antioxidant and/or a synergist. ¥ components (1), (2) and (3) are all
present in one mixture than either the pro-catalyst or the co-catalyst is held out of the
mixture and added to the mixture at a later time. -

15 S Alternatively, components (1), (2) and (3) can be divided into two or more
portions and the pro-catalyst added to one portion to form Component A (which can
optionally include an additive such an antioxidant). The other portion of components
(1), (2) and (3) can be combined with the co-catalyst to form Component B {(which
can optionally include an additive such as an antioxidant and/or a synergist).

20 In one embodiment, component (3) is at least one crosslinking agent
selected from dimethyl bis(norbormenemethoxy) silane, octamethyl 1,8-

- bis(norbornenemethoxy) tetrasiloxane, bis(norbornenemethyl)acetal or a fluorinated
crosslinking agent (such as F-Crosslinking Agents | and 1l shown above).
In one embodiment, the molar ratio, stated in mole percent, of component

25 (1):component (2):component (3) in either the clad or core formulation is 60-90:5-
20:5-20. In another embodiment, the molar percent ratio of cornponent
(1):component (2):component (3) is 65-85:7.5-20:7.5-17.5. In still another
embodiment, the molar ratio of component (1):component (2):component (3) is 75-
85:10-20:5-15. .
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28 DEC: 2004 ~o~ ~, and O Rn O where Rh represents a non-hal ogenat ed,

hal ogenat ed or perhal ogenated group such as ChnQ'2~", n is an in%%@ni[jf Z0fh 1.

to 10, and Q' represents a hydrogen or a hal ogen. 22. A polycyclic polyner
conposition formed by addition polynerization of one or nore nononers or

ol igoners represented by the follow ng structure: wherein each X"

I ndependently represents oxygen, nitrogen, sulfur, or a nmethylene group of
the formula -(CHZ)~: where n' is an integer of 1 to 5; Qrepresents an
oxygen at om or Etamplesunf C{d28)inking Agents: aatdeCiatiranid Cwves Peanulaiohet ogen, a
| i near or branched C -C o alkyl,-and Cs C-e aryl; and mis an integer from
0to 5 119  Jdefplowbosxagiplemaredistyiiedrdessiptions ofonetbpds phpiepamtionher ei n

h i$ .00 oy The pol vier. it f claim 22,
wher o1 n ¢ el iAo (ing PressB inifBliof ThE Retalid ptineraibe
claim 22, \destmtions fall Wkhiti the @865k Bﬁ\éinagsea/éwgdéwifﬁ thénfere E@n&‘éﬂy al kyl

group. 26. The polyner conposition of claim?22, wherein the nunber” of
repeati ng Weisedbachcempositionsoand foomulations set fabibuehove0 t o about 100, 000. 27.

Th I i f.claim22, in th ti it
nthe. conposi 1 PORHAENY.Jf b Bitmeeh bEBvE UGtrate (enisture PheRyer

conmposi tio rbo?étefl Qjﬂ%tﬁ%raté"‘@&ﬁhé‘titﬁ@@ Bégﬂl?@%o @B%{o?@lgﬁ& %ﬁ%%@ rs\r%é.erotr he

conposition is fromabout 1,000 to a e po
conposi ti omxamptd AableZ), and @ligipalicdzinpiicyoeherypipmsphiriednfiicoacstatedsf r om one

or nore nonopers ,or ol ording to claim22 in conbination with one
or nore cr6§gr?al$?ﬁﬁ‘gbgﬁggéﬂggﬁ’rhe conposition of claim29, wherein the
aq?l east one crosslinking agent is selected fromone or nore of the

fo

| owi ng conpounds: 120
X Examples of Formation of Selected Crosslinking Agents: .

(X1) Synthesis of dimethyl bis(norbornenemethoxy) silane:;
Norbornene methanol (108.5 g, 0.87 mol.) is added dropwise to

bis(dimethylamino) dimethyl silane (63.97g, 0.43 mol.) in a reactor which is
15 -connected to a scrubber containing dilute hydrochloric acid. The reaction mixture is
stirred for about 4 hours. The mixkture is then connected to a vacuum, and residual
amounts of the amine are removed. Pure product is obtained by distillation under
vacuum {(117g, ~90% yield).
The above reaction is also carried out using the dimethyl dichioro sifane

20 instead of bis(dimethylamino) dimethyl silane

To a vigorously stirred mixture of 5-norbornene methanol (50g, 0.40 mol.),
- triethyl amine (49g, 0.49 mol.) and toluene (400 mL), dimethy! dichlorosilane (25.8g,
0.20 mol.) is added dropwise. Sfirring at room temperature results in the formation
of salts. The crude product is isolated by filtration of the salts, washing the totuene
25 solution with water (3 times) followed by evaporation of toluene. Distillation is
conducted under vacuum fo obtain pure product (53g, ~87% vield)
(X2) Synthesis of octamethyl 1,8-bis(norbornenemethoxy) tetrasiloxane:
Norbornenemethanol (21.2g, 0.17 mol.) is added dropwise 10 a solution
consisting of octamethyl dichlorotetrasiloxane (30g, 0.085 mol.), triethyl amine (214,

30 0.21 mol.} and toluene (300 mL). The reaction mixture is stirred for 8 hours at room
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20fa~CQ04 1 I I i ~(Y>~ (Y (Y)m(Y)mwherein Y represents a nethyl ene
(-CHzZ ) gro% and m i ndepfandent ly represents an integer fromO tod %, gg?\éq%éh‘*
‘when'mis 0, Y represents a single bond; a linked nulticyclic c_ros§l '|'nk| ng
agent as-shown in Structure VIII below R VIII (RO )n mmwherein "a

i ndependently represents a single or double bond, mindependently is an
integer fromO to 5 RO is a divalent radical selected fromdivalent
hydrocar byl radicals,_dival ent ether radicals and dlvaleng silyl radicals,
and n is 0 &Mperaiyre.aThe solidsi thal arg fageer (tdsthyglhmine hyelroshlondd) afé fittded i,

~ 121 ~ ~ ~1~where n is.1 to 4. 31 The polynmer conposition

ofO\ 3 ai m ZQT%W%&%W%@?@@O%‘F ﬂl’%ﬁ@’@%‘?ﬁeg@%‘fﬂﬁkﬁ{ﬂﬁba@@éﬂé of disfidlewader from

-one or  mor earf§ tHe"Guéi bl tichd HAATREY BYSemBiy Bhe fffene. Purg ploddicticC 2DD~r and
| obtained by distillation under vacuum (39g, ~ 87% yield).

5 - (X3) Synthesis of Bis(norborenemethyiacetal:

A mixture of norbornenemethanol (100g, 0.81 mol.), formaldehyde (~37%)
(32.6g, 0.40 mol.) and a catalytic amount of p-toluene sulfonic acid (0.2g) are heated
at 100 °C in a flask which is directly connected to a Dean Stark Trap. As the
reaction proceeds, the amount of water in the frap increases. Within about 3 hours,
- 10 the reaction is complete. Pure product is obtained by distilling under vacuum (72.8g,
o ~70% yield).

Examples of Clad Formulations (one Component):

CL1: Cladding Formulation using octamethyl 1.8-bis(norbornenemethoxv)

tetrasiloxane:
15 . Lithium tetrakis (pentafluoro phenyl borate) » 2.5 etherate (0.0200g, 2.3x10°
mol.} is dissolved in a mixture of monomers consisting of hexylnorbornene (10g,
0.056 mol.) octamethyl 1,8-bis(norbomenemethoxy) tetrasiloxane (3.9g, 8.6 mmol.)
and triethoxysilylnorbornene (2.9g, 0.011mol.). To the mixture is added 0.17g of
irganox® 1076 (1 % by weight).
20 To this mixture, is added 0.16 mL of catalyst stock solution (3.02 x10°® mol.).
s (Note: the stock solution was made up by dissolving 0.01g of Allyl Pd-PCy,TFA in 1
' .mL of dry dichloromethane.)
Cure/post-cure is conducted according to the following schedule: 10 min. at
65 °C and 60 min. at 160 °C. After curing the monomer mixture, a clear and good
25 optical quality film is obtained.

CL2: Cladding Formulation using Bis(norbornenemethyhacetal:

Lithium tetrakis (pentafluoro phenyl borate) » 2.5 etherate (0.0042g, 4.8x10®
mol.} is dissolved in a mixture of monomers consisting of hexyinorbonene (5g, 0.028
mol.), bis(norbornenemethyl)acetal (1.57, 6.1 mmol.) and triethoxysilylnorbornene
30 (1.54, 6.1 mmol.). To this mixture is added 0.08g of Irganox® 1076 (1 % by weight).
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I 32. The polyner conposition of claim 29, wherein the at | east one
crosslinking agent is selected fromone or nore of the foll ow n% g:cm'%{p;m%:l
I 1~\ /1

a. I/ 1 OO0 ~0~~~~0~ 9 M, Ivle b O'"~On 1l ~O-O-h. I I~// O
OOl MM nOO.0~~-DM ~i. Rand R = alkyl or aryl 123 28C-~r
2L04 e. Od. Il ) I O(/ OO~0O- ~O- H~0~0~ OO0, ~OR S~RS ~mR
R, R =alkyl or aryl O~0O- m where mand n, if present, are

i ndependently an integer from1l to 4.
To this mixture, added 0.08 mL of catalyst stock solution (1.6 x10°® mol.).

. (Note: the stock solution was made up by dissolvihg 0.01g of Allyl Pd-PCy,TFA in 1
mL of dry dichloromethane.)
Curefpost-cure is conducted according to the following schedule: 10 min. at
5 65 °C and 60 min. at 160 °C. After curing the monomer mixture, a clear and good
- optical quality film is obtained.
CL.3: Cladding Formulation using F-Crosslinking Agent I:
Lithium tetrakis (pentafluoro phenyl borate) « 2.5 etherate (0.0061g, 6.9x10°®

-mol.} is dissolved in a mixture of monomers consisting of hexyl norbonene (6.2g,
10 _ 0.035 mol), F-Crosslinking Agent | (3.2g, 4.3 mmol.) and triethoxysilylnorbornene
| (1.11g, 4.3 mmol.). To the mixture is added 0.10g of lrganox® 1076 (1 % by weight).
To this mixture, added 0.1 mL of catalyst stock solution (1.7 x10 mol.).
(Note: the stock solution was made up by dissolving 0.01g of Allyl Pd-PCy,TFA in 1
mL of dry dichloromethane.)

15 : Cure/post-cure is conducted according fo the following schedule: 10 min. at
65 °C and 60 min. at 160 °C. After curing the monomer mixiure, a clear and good
optical quality film is obtained.

ClL4. Cladding Formulation using F-Crosslinking Agent H:
Lithium tetrakis (pentafluoro phenyl borate) « 2.5 etherate (0.0061g, 6.9x10°®

20 ' mol.) is dissolved in a mixture of monomers consisting of hexyl norbonene (6.2g,
0.035 mol), F-Crosslinking Agent Il (3.6g, 4.3 mmol.) and triethoxysilylnorbornene
(1.11g, 4.3 mmol.). To this mixture is added 0.10g of Irganox® 1076 (1 % by
weight).

To this mixture, added 0.1 mL of catalyst stock solution (1.7 x10° mol.).

25 (Note: the stock solution was made up by dissolving 0.01g of Allyl Pd-PCy,TFA in 1

mL of dry dichloromethane.) |

Cure/post-cure is conducted according to the following schedule: 10 min. at
65 °C and 60 min. at 160 °C. After curing the monomer mixture, a clear and good
optical quality film is obtained.
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33. The pol yner conposition of claim?29, wherein the at Ieast_one DEC 2004
crossl i'nEi né agent rr})s sel ected fromone or nore of the follow ng E%rpoundzs
“and 124 2. SD~ C2®4 34. The conposition of claim29, wherein the
crosslinking agent is a latent crosslinking agent. 35. The conposition of
claim 34, wherein latent crosslinking agent is selected fromone or nore of
the foll owi ng conpounds: 0O Q5 OCHs , ~O\O- O, and OO/ 125 2 ~ L)~~~
~u's~It where Rh reresents a non hal ogenat ed, hal ogenat ed or '
per hal ogenaE8a s 1 QUGN g Qﬁ.tﬁeger from1l to 10, and Q

¥ 3?%236855aé‘df‘ty?o"ﬁﬂﬁﬁpﬁma?ﬁ‘eié%”sf‘s /4 AR e aRer 0 bepr esent ed by
-the fol | owi pgmpbhaigttAlre: ~ WRD)i X'
To a mixture of hexyl norbornene (33g, 0.185 mol.), triethoxysilyl norbornene
5 (9.5g, 0.037 mol.} and dimethy! bis(norbormene methoxy) silane (7.5g, 0.0247mol.) is
‘added Allyl Pd-PCy,TFA (0.0107g, 1.98 x 10°® mal.} dissolved in 0.2 mi of
dichloromethane. To this mixture is added 0.50g of Irganox® 1078.

Component B:

Lithium tetrakis (pentafluoro phenyl borate) = 2.5 etherate (0.0689g, 7.91 x
- 10 10"° mol.) is dissolved in a mixture of triethoxysilyl norbornene (9.5g, 0.037 mol.) and
| dimethyl bis(norbornene methoxy) silane (7.5g, 0.0247mol.). Once the solids are
completely dissolved, hexyl norbornene (33g, 0.185 mol.) is added fo the mixture.
Also added to the mixture, and dissolved therein, is irganox® 1076 (0.50g). In
addition to the antioxidant, 0.25 g of Irgafos® 168 is added as a synergist.

15 Equal amounts of Components A and B are mixed fogether and are cured.
Cure/post-cure is conduced according to the following schedule: 10 min. at 65 °C
and 60 min. at 160 °C. After curing the monomer mixture, a clear and good optical
quality film is obtained.

The formulation of this example is shown in Table 2 below.
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Rgb 1~ 1 ~I 2 ~~2D wherein X'' represents oxygen, nitrogen, sulfur, or a

met hyl ene group of the fornula -(CHZ) ~- where n' is an integer of? ﬁ ﬂ@ngg@
is deuterium "i" is an integer ranging fromO to 6, with the proviso that
when "i". is 0, at least one of R and RZ nust be present; R and Rz

I ndependent|ly represent a hydrogen, a hydrocarbyl, or a functional
substituent; and R and RZ, which are optional, independently represent a

deuteriumatomor a deuterium enriched hydrocarbyl group containing at

| east one ( T 01 Clal 130, —whenei n
X"'" is nitinlag e a C.o alkyl qgraoup _38 Ther
Phe’ comostl 06 .*@3 M atlgﬁﬁégﬁé{}‘{igAngthE%Bﬂ%%ﬁ{Bg@ THER MdaEin'a | "

conposi ti of
conposi ti of
of cl ai m 3¢
in the co
corrposi tiof

and RZ 4§
Wn%rel n at
are repl acg
both R ang

of claim 36, wherein the nunfjer of repeating unitgpymgthe
COO t.aen S0 000 _/Irg

s—froffabott1500—t-e—about—54—000- The—goelyrer—conposi-t
Habdyrblhlelhmrmérm npunber &8 126 |2 8 D BBI 2f C)~r

osTtiom 75 frograbout— 1 000—tg—about—106;066:

Toiethepasi 36, \lher ei n9& | east] one 095 and

re d ndentlly selected fromlinear or brarn
I€0<'5E§({)1r?|'§880ercert of the hydroden atons on the
%@&rg@

uterium|f 42. The pol yngr conpgsytlon ¢

I on
repead8ng urits
A —TFhe—potyrref
Rz ar@Opd2sent jjand
ched C -C o al Kyl ,
car bon backbone

f cl ?%%6%6 whelr ei n

of ¢

presenty. 43.

e pol yn

[er conposi tion

wher ei n at {{Bis(Borbomeered R| and RZ are prgsent and R and RZ are
i ndependenj!ﬁ&ae)lqg%ﬁed froma linear or Bhranched C -C olal kyl, wherein jat
~least 50 p P lBA@ hydr ogen atons on the carbon badkbone are repl ced
1%321 gregt eri d‘[i]otaﬁillol-rhe pol yrer comoa tron of clﬁ}Am 43, .vmer eI(S]AB%n R ”and
10 Il
LiFABA N/A 0.0689 7.91x 10°
Ally Pd-PCy,TFA 0.0107 N/A 1.98 x 10° '1
Irganox® 1076 0.50 0.50
15 Irgafos® 168 N/A 0.25
CO1. Examplie of Core Formulations (two Component):
All monomers are degassed using dry nitrogen gas prior to use.
_ Component A:
20 To a mixture of hexyl norbornene (31.5¢, 0.18 mol.), dipheny! methy!
norbornene methoxy silane (11.3g, 0.035 mol.) and dimethyl bis(norbornene
methoxy) silane (7.5g, 0.025mol.), is added Allyl Pd-PCy,TFA (0.0102g, 1.89 x 10°
mol.) dissolved in 0.2 ml of dichloromethane. To this mixture is added 0.50g of
Irganox® 1076.
25 Component B:

Lithium fetrakis (pentafluoro phenyl borate) « 2.5 etherate (0.0658g, 7.55 x
10®° mol.) is dissolved in a mixture of diphenyl methyl (norbornene methoxy) silane
(11.3g, 0.035 mol.) and dimethyl bis{horbornene methoxy) silane (7.5¢g, 0.0247 mol.)
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present. 45. The pol ynmer conposition of claim 36, wherein at Ieasz) OQE,\OE
R and Rz are present and R and RZ are independently selected fr |§1 RL 200
| i near or branched C,-C, o0 alkyl, wherein at |east 60 percent of the

hydr ogen atons on the carbon backbone are replaced by deuterium 46. The
pol ymer conposition of claim36, wherein both R and RZ are present. 47.
The pol yner conposition of claim 36, wherein the polyner conposition is
formed in conbinatjon with at | east one crosslinking agent. 48. The pol yner

conposi t i on 29f eyl RRrBermeprdBE5a. 0418 mal)y erthisanixbise is addéds shadissahkrbrti a

conbi nati on [ ngners.accqyding 127 28n~C 2170 to
claim30 wit lﬁér?@f‘?rg%g&gff Om)r@%oq\zﬁ'gﬁ}r%ch“%etp%%8“%‘?’6‘%@"{%%25&@%@5@5&16@ ai m
30 49. A poliyasdedcaspeghéigit according to claim1 for use in wavegui des.

50. A pol yner co%si tion according to claim?22 for use in wavegui des. 51.
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15 any one of the above-mentioned methods.

After the core material 30 left in the grooves is fully cured, as described
above (see (c) of Figure 3), a mixture of a cladding material 38 is poured onto the
top of the core containing master so as to cover the at least one exposed surface of

- the waveguide structure(s) 30a. The thickness of the sub-cladding layer is also

20 - controlled by a Doctor blade 36 (see (d) of Figure 3). Upon curing under the proper
conditions, a sub-clad layer 40 is formed which is in contact with at least one surface
of the waveguide structure(s) (see (e) of Figure 3). Next, the sub-clad layer
40/waveguide structure(s) 30a combination is removed from the master 32 and
flipped over so that the sub-clad layer is on the bottom (see (f} of Figure 3).
25 In one embodiment, the thickness of sub-clad layer is sufficient to allow for

the removal of the sub-clad layer 40 and the waveguide structure(s) 30a from the

- master 32 without causing damage thereto. In another embodiment, the thickness

- of the each clad (sub-clad and top clad) is from about 2 pm to about 20,000 pm or

. are in total about 4 um to about 20,000 ym. In yet another embodiment, the
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halted after step (f) is complete.
Additionally, the master used in this embodiment may have a core
structure(s) which are actually bigger than desired in the final product. Such features

15 permit a non-stick coating (e.g., PTFE) or a mold-release agent to be applied over
the master to help facilitate the removal of the core structures 30a and the sub-
cladding layer 40 from the master 32. Alternatively, separation of the sub-cladding
layer from the master is facilitated by running cold water over the sub-cladding layer.

Compared with the clad-first approach, this core-first approach makes the
20 core structures of waveguides by casting on a master (e.g., Ni or Si) that has no
| interaction with the liquid core precursor. This modification in the fabrication process
permits the complete removal of the slab region of the core layer and also enables
an easy filling of fine channels by using a low-viscosity core prepolymer mixture,
which simplifies the production of isolated, buried channel waveguides.

25 o Optical micrographs of samples of two-layer and three-layer waveguide
structures made using the core-first method are shown in Figures 4A to 4D and, in
one embodiment, the previously discussed cyclic olefin compositions (e.g., using the
core and clad formulations discussed above). The waveguides of Figures 4A to 4D
were produced using the clad composition detailed in Table 2 above, and the core

30 composition detailed in Table 3 above. Figure 4A shows a two-layer isolated
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pattern shows that the guide is multimode at 820 nm and there is no cross coupling
between adjacent guides.

The core-first method is also applicable to any other suitable polymer system
10 which include, but are not limited to, polyacrylates (such as deuterated polyfluoro-
- methacrylate), polyimides (such as cross-linked polyimides or fluorinated
polyimides), or benzocyclobutene. ,
With regard to Figures 5A and 5B, these figures depict the condition called
“swelling”. “Swelling” may occur during a clad-first approach for forming waveguides
15 (see Figure 1). Although not wishing to be bound fo any one theory, it is believed
that swelling occurs during the polymerization of the core composition in the
previously polymerized sub-cladding structure. In some instances “swelling” may be
undesirable. Thus, using, for example, the above-mentioned core-first approach to
waveguide formation (see Figure 3} it is possible to reduce and/or eliminate such
20 “swelling”. This is shown by comparing Figure 5A (formed using the above-
- mentioned clad-first approach) to that of Figure 5B (formed using the above-
mentioned core-first approach).
Modified Core-First Method:

In another embodiment, the above-mentioned core first method can be
25 modified to take advantage of the previously discuséed partial cure/cure/postcure
- polymerization method (see above). For the purposes of this discussion, the
method will be discussed in relation to an isolated buried channel waveguide.
However, it is within the scope of this invention to form other waveguide structures

(such as a ribbed structure).
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5 dimensions of the desired waveguide structure (see (a) and (b)). For example, for
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an isolated buried channel waveguide structure the channels are from about 1 pm to
about 200 pm in width and from about 1 pm to about 200 pm in height. However,
any desired thickness and height may be obtained so long as the channels are
neither too narrow or too shallow to accept the core material.

- 10 : A Doctor blade 66 is set to rest directly on the surface of the master (where a

o buried structure is desired) and used to scrape away the excess liquid core mixture
60 (see (b) of Figure 6). Next, the core material 60 left in the grooves is partially
cured to form at least one pre-waveguide structure 60a. If the core material 60 is
one of the core materials described above, the core material 60 is parfially cured in

15 accordance with the above-mentioned partial curefcure/post cure method.

After the core material 60 left in the grooves is partially cured, as described
above (see (c) of Figure 6), a mixture of a cladding material 68 is poured onto the
top of the core containing master so as to cover the at least one exposed surface of

- the waveguide structure(s) 60a. The thickness of the sub-cladding layer is also
20 -~ controlled by a Doctor blade 66 (see (d) of Figure 6). Upon curing under the proper
' conditions (see the discussion under partial cure/cure/post cure above), a sub-clad
film 70 is formed which is in contact with at least one surface of the waveguide
structure(s) (see (e) of Figure 6). Next, the sub-clad layer 70/waveguide structure(s)
60a combination is removed from the master 62 and flipped over so that the sub-
25 | clad layer is on the bottom (see (f) of Figure 6).

In one embodiment, the thickness of sub-clad layer is sufficient to allow for
the removal of the sub-clad layer 70 and the waveguide structure(s) 60a from the
master 62 without causing damage thereto. In another embodiment, the thickness of
the each clad (sub-clad and top clad) is from about 2 um to about 20,000 pm or are

30 in total 4 ym to about 20,000 ym. In yet another embodiment, the thickness of each
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25 . Additionally, the modified core-first method reduces the amount of curing time

necessary to produce a waveguide and reduces the amount of evaporation of the

liquid core {ayer during the curing process thereby vielding fully filled buried

waveguide structures. Optical micrographs of samples of two two-layer waveguide
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penetrate through the core layer 82 and into the sub-cladding layer 84. In this

. method formation of the features in the core and cladding layers are accomplished
15 by any suitable cutting technique (e.g., hot embossing, diamond cutting, laser
ablation or reactive-ion etching (RIE), etc.). After formation of the modified core layer
82a or 82b, a top cladding layer is formed by applying a fop cladding material to the
double-layer polymer film having modified core layer 82a or 82b with openings 90a
or 80b formed therein. The top cladding material is cured using any suitable method
20 to yield a top cladding layer 92. During the formation of the top cladding layer 92,
the top cladding material fills in the openings 90a or 90b so as to complete the
formation of the buried waveguides 94a and 94b.
Buried waveguides 94a and 94b contain isolated core structures sandwiched
between layers of, or surrounded by, or buried within the sub- and top cladding
25 ~materials. Such waveguides can be used as basic components of integrated optical
- circuits in optoelectronic markets.
_ In another embodiment, a triple layer polymer film (.. a clad-core-clad
multilayered film} is used to form a waveguide according to the method detailed in
Figure 8. :

109



(@0%*& ()-=\110%*& ()--) \!110% & ()--113m(n+n, n-n. n: n| obU410

%J) 109%$*$& ()- 10>*10>*10>* \:10%*& ()- \14M 10%*& ()- A @ f%@@/@qﬁ

<i /wl0%*& ()- :nn6oooqq|[:bUsl0 \J)10%VEP& ()- \110% * & ( %b 10‘V*

& ()-=\110%1& & ()- \'10% & & ()- ) \'10% Q & ()-grXrrssBt|[:buU410 P
F10% & ()- P110%& ()- \\)]&10%9( & ()- \y0l10%* & ()- \0'10%) & ()-)
T6"10%&'()-Btptttu‘uu|[:bU410 \@'10%* & ()- \ Y.)10%* & ()- \ ,10%*
& ()- \*10% * & ()- ,)110% # & ()-=) \@10% * & () - uv=w@AnwBwonwomw U410

\ 31 109&& ( ) [ &ﬂ'@%@ﬂ&n(:a)tm]app‘roa@ is gléb dpplicable 16 Ot an& thé cytcﬂc\cﬂ&ilrﬂ% * & () -

\ 1! 10% ) T U410 )& -\ F109) &
\SO' 10%() &"QC)" % C%/"%diquussq L&ﬁelc(%fﬁ? f\e&%ly &yﬁ’y‘amsz/ )qsm[ vU410

{1 Tonso & (R SRR Bt e PR K s L 40 O

y/ 109) & (krossMinkéd bo BiBich Jor AluoNHABEK g&l yimides), bhbdfLebdenk| |th labbitbhy U410
\ " 1098& () - Iocyaocy@u) o& (z) v10X) 10X) 1 \ 0: 10%) ggg hp310% X) v& () - .
\ PB1OUX) & p}hamp@}mer&np@y ¢msed\ Thesspplamers include1 bokgre riotlimited dosteeaty -

iggﬂgg 8 C\J(%&(%J y{%@nzﬁgéw 5a¥s>&ptr§>l_¥rl c{q%talfé)%%ly\me\:r;a an%jo(y%t%n(t}ased

_610%) & ( polyerhatea glgmo $| Yd( 10%#[ *o#& ()-10u) 10u) 10u) \L,; 10%) & ()-
\110%) & ()- \\0&10%u) & ()-) \1)10%) & ()-5{|[:bU410 v*(10%(e& ()-9%
v*(10%) s& () - 9Figuréd O8atp 20 die Ghev@crapies b&wyegmdmfmﬂsnr@am

7 s s Aol a2
N T e ey e

10% u) ~ & (ke mwmaw)wtmg netiva; lB@ube%lB):lep@szﬂdl'ni oila didde) 1%@:%(#8820 0
\, )9$100/m)&() 0 \\'%40%) & ()- .\ 110%)& ()- \ '10%%3
\\ ) =94 0%1) BP)Reing ppplisdAedhe idde islatgy ghapel strychuep f@wa‘(eguxl%f)& ()-<

230 S 5 S A R ot N IR+ O

10%1) & () - Eihg tHedthd oﬁtﬂredl@%l‘ﬁth&t&r)ﬂdm\é&b ﬂ'%o/&&hﬁ@ methad add Wensbsting - Y
\'s 10%{&&) y \'s "10% ) & ()-y). \'s "109% (|.& ()-yLOPQR*"VWA10 \v ##10%) & ()
\¥Lo9s& () hesssf(q@w\Mﬁmcl&d@ateneh)amdﬁ)mm \eriote Jishfom a gligde laser (A-

\éPi/qgog/L( Y (335b{ﬂé'ﬁ)d¥2ﬁ%gf’ﬁ’"e‘§/t°\§é%ﬁ)§&& %3'}“"?{\"%3‘?%%%?5}'?' susfidgs ﬁ}@ -\ \Vs$

10%) & () - Wavb%@%%f@guré@lﬁ%ﬂb&d(ﬂe‘notédi m@'&n(me}nhbwm s 60 Figures
I1:vU410 \ \BO10%) & (& v\ 31000 & ()- \110%1) & () - \1O0T#10%I} & () -

\f ) c10%u) &9B) and 9D waredaken m)ai MMS\t&Dﬁm%@{&Jt(lwhtffeﬂﬂhe%O@ laper is
ES#10900 & [T 167R)RATY 1AM Spiobl 8t bebeor iR aigrbitady 1 0vsg & () -
)23 P10%) &v&é\re&ﬂhe“éﬂ%ﬁxrés \ As can be seen from Figures 9B and 9D, the output patterns
indicate that there is no cross coupling between adjacent waveguide structures.
Although the invention has been shown and described with respectto a
certain preferred embodiment or embodiments, it is obvious that equivalent
- alterations and modifications will occur o others skilled in the art upon the reading
25 and understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described integers
{components, assemblies, devices, compositions, etc.), the terms (inéluding a
reference to a “means”) used fo describe such integers are intended to correspond,
unless otherwise indicated, to any integer which performs the specified function of

30 . the described integer (i.e., that is functionally equivalent), even though not

110




Y. } 109%) & (
0" SH10%X) &

)- H\,010%) & ()- k y&109BhYB& ()-\ \Xy&&10% ' & () -
. (
\ yy8#10%&&’ (

) -

) -

c&10%6 %&' ()--"| [ NA41010X) 10X) 10X) H \f; 109%X) & (F-k NFi 2004
\ \510% (& ()- \110% & ()-) \y0]10%) & ()- TP|[: NA41010

\ 110%) & ()-k 10%) & ()-\ \ }10% & ()- \pO! 109%&& ()- )

| [: NA41010 \P 10%) & ()-H \\g) 10%& ()- k \ 10%) & ()-\
j10%) & ()-) \10%u) & ()-.i|[: NA41010 \\c(%0%) & ()-H
\I110%) & g \ y&10%) & ( 0%) & () - \ 10%) & () -)

\' 10%) & () Eiueiviplly Rpuvaen W&@&ﬂ%@ &S{r}lcﬂura whichqarjosmg Y funkion in the

Tovra () RGPS samplzh cmbstinent bt prmbpdqnis of big i, q“’\‘L

1000 () L100e g () 3 ios0en O L et gl At dbbig

\, D 109%5( Sawvith respecﬁqqrw/@nao( yeveral :msamm:&bowmemsﬂ sLOR@aRiie) may be
. 10%8& () - 4789 Uélo \ 1091 & ée) ﬁ 0%& \ %@ 10% & (g 10>+ 105% 105*
\ OF; 10%+* & ¢ RN Othj?&eﬁf e\Oﬂve')qro iments, vs may be

\ Pf 10%) & (deéire\i\and advantageous for any given or particular application.

) -
) -

)

\ 0#10%) & () - H
\ %40%) & () - PG
\

(
\@10%1)&%
(
)

111




10%) & ()- \110% & ()-0 \0"10%)& ()- ) \ 10%)& ()-c|[:vUal
\*10%1) & ()-\ \\F(%0%:) & ()- \ \|" 10%i)& ()- \pl0%i)& ()- \\10 égﬂ@ 3004
\610%1) & ()-c F|[ vUA10 \ \5l 10%) & ()-\ x3410%) & ()-\ L2"10%:) & ()-

\m #/ &10%1) & ()- \s-!110%)& ()-) \+ 10%)& ()-"% ()*6sfY810 \&
10% *& () - <- 10u) 10u) 10u) @O0%) & ()-0 \L; 10%) & ()- \\ &9%d0%) & ()- )
\710%1) & ()-6i R=|[:fY810 y&10%)Z& ()- \i!'10% *& ()- u v' 10%[*7& ()-s

V' 10%X) & ()-s  @*10%& ()-]) @*10% & ()-] XEzb| [ : f Y810

\P+ 1 10% )i & () - s \ P+ 109] *b& ()- su CLAMSI0NY(N& ()- \\ @ ' 10%*& () -
\$| 10%4*& ()- ) \."710%*& ()-b v410 V6FL10% & ()

\ %40%) & () - <10[ YYbptis gfimedisioog * & ()- \7S10%*& ()-) \S510% *& ()-
AN[[:vU410 \ \#1 10%i) & ()-\ \sl 10%:)& ()- \v 610%)& ()- \10%)& ()- \c
j1100) & ()-) \10%) & ()- (qgl|[:vU410 \ &10%i)& ()-\ \v!10%i)& ()-

\ 910%I) & ( ) o 3 130% Kpdyeyoit pANAERGofbosiloh R AcilorBbminadion |\
10%1) & () -\ 0%\'}{9{ é;% \v $1ocy S\ @#H10%1) & ()- \ ! pl0%i) & ()-)

\\ &10%i) & (P aa? of F9g anmeﬁfm%@nw reprasgnteddoy e’ f@*jawm%hsustpre& ()-
9-#10% (. & ()- |+#10%u) & ()-) \v )10%)& ()-%WU410 vdF(10%(e& ()-e$ \
10% *& ()-' 9J) 109N$[ * N$& () - 10u) 10u) 10u) \L; 10%) & ()-) \\8P10%) & () -

S 1|[:vU410 yY.C 10%[*6& ()-#\ \_yY.C 10% & ()-# vdF(10% *A& ()-e$

VAF( 10%A( A& () - e$ VAF(10%0) Q& () - ef
\ycl0MW & ()- \$10%' & ()- | 9%A0%)) &'
\YY.C 10% *& ()-# [2|[:vU410 \ OYFX
\1J) 109 &4& ()- \ 10%i) & ()- \#RIgoT&
\\ (10%1 & ()-\ \\&v10%) & ()- | \7A0%) &
\v 10%) & ()-A\|[:-410u)\ \0; 10% K& (5"
109%&' ()- \\ " 0&10%) & ()- ) \)$1o Hes!
2178109%*& ()-L \ @10% *& ()- ag \ &10% *& () - =10u) 10u) K
| [: A410u)\ \)10% (& ()- \\' 10% (11189% *& ()- \yc310% & () -
V1096 *& ()- \p'109%*& ()-Gw |[:-4 *RZ\Lf;lo%*&'()- \\y810%)) & ()

SWIF( 1098\ [ *"& () - e$l wU410

= 10[*10[ *10[* \Ol; 10%*& ()-)
C&()-\V \VT10% & () - |

-) \) clo%) & ()-n>A|[:vW410 \

)- \LIT10% & ()- \\&10%u) & ()- )
\8z&10%) & ()- | \2 10%) & ()- \2
KbA410u)\ \ |v 10% *& ()-

\5-109% *& ()- \i310% & ()- \1109% & ()- \\&OML0% *& ()- !"1369<bA410[*\ \
\\) (10%1) & ()- \y10%i)& ()- \yf10%)& ()- \10%)& () -
\ s$10%) & ( Wwhetdih 4ok X@Bﬂéden@éﬁw reprédehtd 0%40e, titroeh, <ulf)o¥ o ihethylene

\ &s10% ' & () - c\6 O%J& 10% - A\ 010%1) & ().-vU410 \ & 109%) & () -
\ #&V109%X) & @F"” )(0\ 1@3@!%4 §ﬁn\'@t§9@{(%f% é @mepresentsasmg?

18?;(;&0 ((& ) - ( §3| [ oY H’G&Qe\boﬁd 1@”@?@“ He %n&e\w %ér%} a(h;{&%%@ﬁﬁé({arw)or a

109) & () - funqbﬂmlcsm;tﬁuer)t end mt&%n) iateger fromFD idDSp¢il {he-proviso that when “a”

\ 10! 109 & { 0X 109 & 8109 \ 6109B( & () -

\ 510096 {)- 197 PRe Bt R R And biRphRy)RY SHAIRUAPEaRt \ ( 10088 (). \
$1090& ()- \\$109%@%& ()- \$109&' & ()- $d(1ocye X)e" & () -

10X) 10X) 9n?| [ : A410X)\ \'10%()&() \<110% & ()- \ 109%) & ()- \910%) & ()-

\y, #109%) & () - , R 109&p &F\omﬁonmmmmof\cmm/&wqe@ha; whenany pf B’ to

:\'\ #&Yl(l)oo/gzo &&ﬁd X%Q}’ %mﬁ E)) t%% ﬁéﬁﬁéﬁ@fx%@ﬁ% @f’ﬁ‘f@&‘}

\y" 010%K) & halogehated Bydfbcariyl b8 ﬁ&ldgiena\tewlzyﬁaaérﬁyl oup ﬁhit(ﬁ%?é&e(e):ted
XP' 109%*& ()- \/&10%" & ()- &L0% ! (& ()-r|[:bBU410 \ \ y8 109%* &' () -
\ 65ML0%* & )('f?m \iMinea] gsranched GG g etk graups:-i) lingar ewgranched) C,-C,, alkenyl

2@ + 1008 s = WL CPofstibted L, ARIMERTIRS M) &G B bichs
\ @ (pl0% & C,-C,) BycldaRGrE gr)ouﬁs\w[@ge(l"@ @y grovpspihd iy €&.-0,; Afalkyl groups.

@10% {t & ()-Vz| [NA41010)10)10) \0; 109 & ()- \\910% & ()- \Y7 10% & ()- \v
5 10% & () -

112




@10%) h& ()- M| [: NA41010 +@10% *& ()-0 \ @10%) & ()-0 \ @ 10% & () -

fS1098& ()- )1S1008& ()- \&10%*& ()- y T QU [:NA41010 \yc10% *Ra()re ong
S \pl10%*& ()-F \ 109%*& ()- m!110%*& ()-v \ 110%*& ()- \10% ﬁ@f 400
| [: NA41010 \OD 10%[*>& ()- \v.!110% (& ()- \+!'10%*& ()-
\V$D 109%.[*L& ()-0 \V$D 10%8) S& ()-0 00! 10% & ()-X[\]~j vU410 \ y\ 109%) & () -
\ &109%&' () - \ YYAd09%) & ()-=10[ *10[*10[* \f;10% *& () -
\\ 0D 109%#& ()-SY|[:vU410 \ \109%) & ()- \ \yI)109%) & ()- \ \ 10%) & () -
SHL09 & () -\ @309 Ehé)polym erwﬁ@o@mmfmn wetdin X\ Rk dakinga
\ L! 109%X) & ( \ cm%x&(g 109X) & ()- \< 10% & () -
v109%K) &' () - fIOQeOLQJIfcpHO\ 1b§M9r&UIE’) \ \ 09%4.0% & () -\ \)|10%<)& ()-0
\y' &109%) & ()- \\& !109%) & ()- \ $109%) & ()- Q obU410
\ &109% *&' () - 10X) 10X) 10X)\ \i; 109%) & ()- >0 7109%) & ()- \p5 109%) & () -
\31109%) & () - F*| |- bMI@e\pd!ymérmﬁp‘b&itlbhofcfam 11 0 )R ¥nd \R?, AoRAHRAHR () - V
&10% &&' () - 0%, éé (L k| [ BUA10 \ " 1099 & (-
\mY. 2&10% ﬁ{@%}(B 095t fd@i?wz&erat)a \g@@mgww@rqu =V$" 10% * & () -
\"=10% *& ()- ' svU410 )6' 109%R2(2& ()- n)6' 109& () -
%) 10% $>**$& ()-v10[*10[*10[* \I; 10% *& ()- \6&10%*& ()-s o !P!|[:vU410
\J 10%9% ()-n \ 8] 10%he& polymerrienisasitiah of clait &1 vereih b o ﬁnﬁeom&tc( R?

\$10% & P11 #N#SS O(V*& O(V*&

\V81006) & { JOPERRMGHIR é‘ncmaw&hzsrﬂaﬁe%& ahendently selolacd BT - ae. kg v | [: vUAL0
71 10%* & \ \ @Y0% &

\) 9$10% &(%) W%ﬂﬁ%@%@uw‘y& l_%%s 02CH2 @\)Z%iﬁg‘%g\zﬁlv& ()- (&0

\ @Y10%* & ((CHAEHIIGF;).98:C(Q).0- QWH*)& {SHQ)A Cﬁcﬁgm (OH,)S(OINBig k**| [ : vU410

L8 R oL R DB R O

C 1094 % &- 0
i/ '10‘V9§&(()(01H zo_n@C@bm% (OIEIM'BO(%M /&%9&9@)3(’)@2)"0 )y and

\) 109) & ( (CHZ)HQ(@Q@L@ here*slrmo gepen ﬂy rQPfe&QI%(?&"'(t?g@’ mgmﬂp[ RRiA41010

LIS Bt D iy PO O

;'3<122{(IX)5&5|( ]IR?\?A%W %OC ‘h éﬂ?(gﬂi&]r_ofrhald bﬂéﬂP/ﬂ %(g/ua? a ||near or
X
) YA0URIRE ()* @ %@ﬂ gro Iql_lﬁmgr ?#&&% rqlmj_éoﬁf&c -

T

vc; I 10% & (};rcmp\(;anldcg C 109 Balkyl- g;on@,mq@%&seoected/frcsn -C4GH));, vBUCT

06 1006 & () -CRARICERCbEREONGH:) Aoy bitng bledhg sttty LR

0d) 10%#) #& ()-10[ *10[ *10[ * \,: 109 *& ()- \L3!109% *& ()-' >k>>H??) @A [ : vU410

\ \1109%)s& ()-\ \\1J)10% ‘()-Z ¥%s) B&: CR10%s) - \#&10%)s& () -
Av ) 10%)s& ()- dAAB :vU4 \ O- )s& () - 0N& ()- \)
£ 109%8)s& ()- \\) (#10%)s& Vil )s& \ %0 S ) = @kD

E4E7ESEQE: EFE| obU410 Xv%iO%*& ()- AOs)s10s)gl0s)s \ O, 10%)sé& ()-

\y8' 10%)s& ()- \,210%)s& ()- \\|010%;)s& 0)- FEEEFBFFF|[:bU41O x

\&Y10% & ()-  \ YL0%R&' ()< )00 HO109% & () -
109& () - FGCG} GGGFH| [ : bu41p X\ |1 %* () \\)10%*&() —\10%*&()
V1098 *& ()- \6YL0%R& () - 10%

or one of the following:

Y

"CH s and 'C(CH3)2

113




e

(& ()-FHyHHHI fI1[[:bU410 X \t@.1"1098& ()- \*10%' & ()- \|)10%1& ()
\ @' 31099 & ()-= \940%*& ()- 19$10% *& ()- 1JEI{IIIII][[:- 410! * X9\ LsECZ
& (

-~ 10%*& ()- \@810% *& ()-= \6j10% *& ()- \4}10% *& () - \L3}10%

@. 1 "109& ()-JJJIJ; Kt KKKbAALO! *X \ \c 110%) & ()- \10%) & ()- \ 10%i) & ()-
\ S10%) & ()- \9A0%i) & ()-10! *10! *K- LeLLLMAM [ : A410! *X \\ g) 109%& () -
\10%) & ()- \#10%1) & ()- \s 10%i)& ()- \10%i)& ()- \

10%) & () - 4MOMVWM NTN| [ : A410! *X \1 Y10041) & ()~ \\ 10%1) & ()- \ C@L0%) & () -
\ S10%) & () -wheriAR)répresentsBLRYARdGEA or d SIGPBrrioféd 0CT XC))\yd ko, () -

\) 10%) & ()- \\F(0109 r%0)& () - ngl o) & ()- \ $610%:) &QC} ) dip

\ 6#V10%) & () - QDQQQQQ#QQ/Mlo \ 109%8&' () - \@10%)& () - Y10u) 10u) 10u) \L;

Lvioves (- \ob & (P b&b%"oéméﬁ o R 4 ey s pfepp et o)~
R SSST} TT| [ pethtltgenatédbdgup) & () - 10%) & ()- \)plo% & ()-= \ 1098& ()-

\ 6710%) & () - le%J)&'()-TUU#VVV\N|[:-410u)\ VL1 10%) & ()-\ \\6J)10% & ()-
\L310%) & ()- y/110% u)t& ()- \1)ClO%i)& ()- \ty%pl0%)& ()- VW

V010060 & ()2 1007 10u) | UGG Sl e MR iR R ()L
t ip%l% 0% 2& t(hg;etherm%ﬂhegwﬂ r}nb'ciaﬁ%tg/&gﬁ')s-to\v{vﬂ|dtgt;ii§){&ré hﬁéifﬂeﬂ\tb]r%ﬂrbézntglom \
\y' 109) & (%Lbﬁt]t%/teé 55&!&3}@%’3 cyc Q%M\éz}@g@(m 00{‘%9/ (t®3@)feng qﬁ%@/@*& ()-h

i 0 TR0 on g g g

7agaaab: bb| ptoxag opgembingliaethergcf, ()- \y|' @O0WR ()-= \%0% & () -
\9$10%" & ()- \" 10% & ()- yl0%Re& ()- chcndddddd| [NA41010>*10>*10>* \,;
10%* & ()- \\L3:$10%9 & ()-M\L3:$10%*& ()-M\ 110%*& ()-

\ \1)]10% & dgZeee@he Mh i
)10%%(%& (§ 8/ 1004 & () - Sy Q- ohore, )ﬁ)n @ 2"3“\9%'8??9.@%#‘?3"{’“%8‘1%
\f)s$10UC &g 3 Mmenogyclicermpkcyglic aycoalighatis greup. \y: 109 & ()- \ ! 10%) & () -
\yl &109%) & () -j 9ki kkl ; mpn@m] [:-410X) \L;109%) & ()- \,2 10%) & () -

\y| 01 1096) & ()- \ .)109%) & ()- \-]109%) & ()

\1+109) & () - ?m@@Amvhithepoboder ddpdsitdn' of ¢fin)7; &iheteih the dyioalighitcgroup

\ #109%* & ()= = \ F109% gﬂg &YMF 10906¢* 9& () - 10X) 10X) oupqqPr{rr| A410X)

\ CH&L0%* & | %movmﬁcﬂ%w dr.mylivasatusied. () -0 \ : ye109%&& ()-0 \ S 10%&* & () -
tv' 109*& ()-]rr&st ttt|[:A410X) \i3M 10% & ()- \1M 10% & ()-

\\ +&109B( &' ()- \+&109Bd(S& ()- \1)M 10%*& ()-= \\' Z9%0%*& ()-=tttttu uu
vwl410 - y&10% (&0() - Toeyahoner&oMmposiibhuf &b G \eHer b &bmposition isldx* 10x*
\1; 10%* & 2)- VVIWKXXX]| [ vU410 - \Vv)Z10% & ()-=0\' F10% & ()-=Y

\ @(10%& (§‘- OB s’ & ()- @&L0%" & ()- \m@ 10% & ()-xyyzzzzzz| _RE810
10) 10) 10) %0% & () \0; 10%9& ()-9 \S@ ' 109 & ()-# @ ' 109 & ()-#

@' 109R& () - #zz]| RES10 vv* (109 *& ()- vv*(109%&& ()- \!109%\( & ()-9

,.\ &l z&10% &' ()-Z \1 t 10%}%& 'pojymerspmprsition[of glagn (1) whergin the GEepasition is a co-

111032 ol A b e A e MR

3L3110% *& eim N\ 110%*& ()- \y,' ' 10%*& ()-"#$94369vU410 \\ 10%) & () -
\\110%) & ()- \10%) & ()- \940%) & ()-10[ *10[*10[* \L, ;
109 *& ()-9<?B|[:vU410 \ H |' GLO% & & ()-\ || G10%#<&'()-\ m 10%) & () -\

L}ésigrﬁjl&&(%) 105?1%) g%o\heﬂ\c%.&ﬁ%%@,%f %}4%@5 Elﬁﬁlﬁhﬁéf&repeaﬁng

9- 10% & () - ugitin|the compdsktioh &1 H6M)abio(s} 100 Al 400)000] &10% &' () -\ B@
109* V& ()-M 9189A0% & ()-) &YA0% ' =& ()-)\|0bU410
\ %4.0%) & ()-10*10*10* \OI; 10%&() \ yl) "10%) & ()-# yl) '10% & ()-#

|0 2 () X1 L HOALOThe oty bioh B MR, (i T“E‘@@B%ﬁ?"ﬁ%%t‘fh
10%1) & ()- \ni@in tme%omp@)smon i f@m amm 600 & ébout 50,000096& () -

(109& ()-.yX710 \1]&10% (& ()-7) @]&L0% *& ()-7 \0! 109% *& () -
\$v10% *& () - 10u)10u)10u)y(I\/IlO‘Vm)&'()-I\/I]H5|[ yX710  \"110% & ()-

FRA0UL (& ()~ V4309 1
\ 31 10%*& (§)5'> Z%Bé? '[Tﬁe?bg'[* 0% ng{%'aﬁ{i}\ %‘1"8%7?'1& (Jumber of JRsating,

\L3110% *& ()-1 \9% 10%)& ()- \9% 10%& ()-CDEQ mbA710[* \ \Y
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GLO% & ()- \Hi 10% & ( 0%&'()- \F 10% & () -
\v9a0% & ()-10[*10[ *| o[ * \10%&() —\<10%&()- \ 11099 & (p-8 NFL 2004
‘\@10%&()- \@o0% & ()- \ @109

\)11099 & ()- \ (1099 & ()- (\&"10%9& ()- !""109% & ()- \"Z10% & ()-eXK>10[ *
10) 10) 10) @09 & () -0p10% & ()-L'10% & ()- \0;10% & ()--!\ @0C 10%J& ()-9
| [: XK>10[* \#10% & ()-1 _Y 10%*& ()-' \\F10%*& ()- fv10% x* & ()-
\V10%* & () - \YOdOoU*& ()-NZ@[: XK>10[* \" 10%*& () - 1 #310%<*&'()-" \ T-
1099 & () - Hunitife ﬂﬁ@s%nﬁﬁosut}dﬁl@%ﬁ&elédm 1\ GO st 1 P XK>10[* \ @
10%*& ()-w 1 xH '10% & & ()-' 109 &'& ()- \, 10% &()- \9(10%* & ()- @
\ V$109%* & ()- vU410 \\10% & () - \@10%&()- 3XpL0% & ()- \YAO0% & () -

10x* 10x* 10x* \ Ol ; %< ( v Y409
\a@ &10% & ()-! @1 LG aﬂ?‘ﬁ&eﬁ"‘%ﬁ}j‘%‘}f CY&'%@%“’ t@ﬁ’@?@?ﬁﬂﬁ'ﬁfﬁ'ﬁ"\ s<
10% *& () - \neyféﬂcm%*f&m bnebvhﬁlﬁ‘é’fﬁor(dmel’slﬁ%ﬁl Sinéis-acct BPE didint X in

10)10) | [: A4110) .\ 109K&& ()- \ 109% *&ré; 10088 ()- \m 10%& ()- \L
1008& ()- \ combinglipg with ¢rje emers crossh lnglw@() c \\010% *& ()- \\'

1094 *& ()- \y&10%*& ()- \& 109 *& ()- \Mew 10% & ()- =G [: A4110)

\51 1096 *& ()- \ 13&10%*& ()- \.10%& ()-° \ 9*S10%*& ()- @10%PAE ()-G
\@s10% *& ()-') 26811 0helf@imeé’ dompositidrydfQdaindd 5, whetfih 1O bick8liiking agent is

PRS00 0o AR B ond R g g 110 L IOW)E -1

@ Q0 Q) Arep

Mo (Y

wherein Y represents a methylene (-CH,-) group and m independently represents an

% A?
' ( Q& ()-}&p| [: A710[* @0C 10% )t & ()-9

integer from O to 5, and when m is 0, Y represents a single bond; a linked multicyclic
crosslinking agent as shown in Structure Vill below:

9
R Vil
(R)-
m m

‘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, divalent ether radicals and divalent silyl radicals, and nis O or 1; ora

crosslinking agent as shown below:

N_ S
Si
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10%) & (

)- \< 10%) & ()-[ \W10%)& ()- \= 10%)& ()-
\\f10%) & ()-~W [:2zY8110 i."10%u)<& ()-# s (" 10%& ()-F \j!10%) & Q¥+ [ogs

S \\810%u) & ()- \\010%) & ()- \\)(10%i) & ()-~] <110 \\%10%*&'()-

' \%/10%*& ()- 0u)10u)(10u)|\10%1)& ()-010%) & ()- \; 10%) & ()-1X[:~]<110
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21094 * & ()-< \940% K i & ()-7f|[:~] <110 \By&10%&& ()-- \s$! 10%*& ()--
\"110%g' &() =\l 10%*& ()- \F#&I0% *& ()-= \v10%*& ()- \%)*+7| obU411l
B<%10%) & () 10[ *10[ *10[*- \1; 10%*& ()- \i3!10% & ()-c y&&10%' & ()-

y&&10% [*1 & ()-79<PU| [ : bUs1l B\s'lOO/c(&() \5110%1)&() - 4s1109%& () -

Fs! 109%#& ()- \yfl1l0%) & ()- \10% 10%?/& O-P
\I\&10% 9%&' ()-P- u\&l0%& ()-P %DU)& (9 0%<l&xl& ()-P
3h\ &10%&&' () -P4*vW41l ) (10%* & ) (10%+>* +&

\y&10%*& ()-10u) 10u) 10u) \0; 10%u) & ()- \510%u)& -*/ ChzY8vW41ll X

) (10%&' ()-! &R ) (10%ty(#& ()-! 1)(10% & ()-! #)(10%( & ()-1

L) (109% & ()-!-!X@ (109 ()-!D9<=|[:-410>* \,;10%*& ()- \ @SHL0%& () -

@SHL0%\ =& ()- \@Y&L0%*& ()- @Yy&L0%.n)L& () - D) (10%J&

U& ()-!=>?KbA410>* \ \F 10%) & ()- 110%)& ()- \¢ 10%) & ()- \6y1l0% & ()-=
8;'?))- \yloow) & ()- \10%i)& ()-

\ 9%40%) & ()-10>*10>*1|[: A410>* \!Cl0
\yfJ)10%& ()- \Cl0%i)& ()- \10%i)& ()- 6 -10u) \Li 10%) & ()-
\y8#109& ()- \12s10%) & 70 '

) -
\1) (: 10%1) & () - uvw bA4 -a V109%9) €& () - ‘
V1006 & ()- \& 10%+*& (4 10u) 10u) <) B] [ - A4TOU)
\,10% & ()- \6 10%*& 10%-(+& (- &109%J)2& () - N/ A410u)
N A1098(& ()- \L310% & (V- @!10%>*a& ()- \1)10%+*& ()~ \y|' P" 10%:& ()-
\ 109 & ()-6-"vUA10 \ CLO%& ()- \$@0%) & ()-<10>*10>*10>* 101 ; 10%*& ()-
\\18"10% & Where n@L089 & ()- "o: | [:vU410 \ \y10% $& ()- \ yl)10%Z & ()- \
109) & ()- \Z9409%9%& ()- \) . 10% & ()- \y 109%&& ()- 2u|[:vU410 \
\) $1096$& ()-\ \y("109%) & ()- \L!y10%& ()-0 \y"1098& ()- \yl0%& ()-
\ <y10%#& () - KRUYPK| [ RAd pofler kampbiibh df'elalrﬂ% hetein SBIRKINagent is
\2° 109%08& ()-0 \y 010 ﬁﬂ 0%& () - XAE| [ - NAA1010 \ 1004 & ( P--3
\f10% & () - Selesftfdwrmmeast tvr)elgb e&ol{qwmg stroomes( ) -
\\ 8&10%*& ()-E F|[: NA41010 \ B 109B( & ()-\ \10%*& ()- \610%>*& ()
#10% #& ()~ \&10%* & ()~ \10%*8& ()- F){|[ NA41010 \. 1oo/(>*&

o 10% & () V0BG oy (1 () Aol 10%r g () & 0-
-410>* \ 0YF* & -\ \y 8
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\c10% (& () - %U|[0>* \\ 8&10%) & () - \2|10%(@k@&w%)&()

\) 1 1008& ()- \\ & (- _PL!F10%1) & () - UXYZ] ggFTOX:/\ Y 1 10% <& () -
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L10% & () - 0%1&() v@ 109§*& ()- \yO*& 1094 *
\clO%*&'()-ovU410 WAL 1094 *| & ()- \h\&10% & ()- 10[*10[*10[* V¥ 109 *& () -
$10%4*& ()- \& "109%*& ()-|[:vUA10 WA*10%*& ()-\ !P10%A+&'()-

04P109% & () - \\p10%& () - whpl0%< & (3 - )|\ S10%+&’ () - oMl <10
10A+10A+( 10A+, ) 109A+&' () - I10%A+& () - 0%A+& ()- \12"10%A+& ()-c¢
1 0109%A+&' () -|[:VI<10  (109%&>* 0% $ Brgl0%me ()-$
918=%0%* & ()-$ 98&=%0% & () %100@*& ()0%| obU410
L, @10% & ()-10>*10>*10>* \L; *& () - 1098& (109%) +& ()-$

(10%) +& ()-$67|[: bU410 \V 10%)&()- \ }10%)&() \T10%) & ()- \F

1 10%) & ()- \=940% %& ()- , @WK (Ho7XP 410 \y] &10%) & () -

\M 10%) & ()-0 \ M 109%®! & ()-0 ) 0% () - 0%1) & () -
V10%1) & ()-N| [:bUs10 ~F)$10988L€)-L \\ ("' 109%& ()- \y& 10% (& ()-
\$=10%1) & ()- \ #10%:)& ()- \i'Y 10%:)& ()-1jS|[:bUs10" \<73"10%) & ()-
\51 109%' & ()- \3l 10%:)& ()- \ ,2F10%i)& ()- \\|Ot 10%i) & ()-

\) $1099& () - LWU410 \ C(10% & ()- HC(10% & ()- \&Y109% *& ()-10u) 10u) 10u) \L;
10%i) & ()-'\\ 8" 108au) &Tt¢ pulyirer cakrbosition of tRMIISORe Jrosslinkingigeht 88 () - \
V¥ (109 )S& ()- YF)109%'1& ()-j Y)10% 9&/ & ()-] %A0%(y& ()- 3vUA10
%0%:( & ()-0 \9MLO%) & ()- 10[*10[*10[* \0,;10%*& ()- Tv*(10%*& ()

v (109A4) A& ()-'wn| [:vU410 \\ 1" 10%1)&(1)16\ \g 10%) & ()- \10%i)& ()-
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N\ @A0%) & () - <#+s+, - P. .| [1NAA1010 \)!10%:) & ()-\ \\($10%0) & () -\
\L!I"10%) & ()- \\}' 10%)&() \110%1) & () -

\\1J)1098& ()-.<///&QJILLL: NA 0\,210% & ()-\ \,210%) & ()-\
\\ | OT#10%) & () - g % ) &9() - 0%1)& ( 0| +110% & () J11111112X3vU410
v(10% [*1 & ()- v( & G -10u) 10u) Ou) 3|; 10%)& ()-
\\ 8=94.0%) & () - X3A4P5( 7v778| [ : vU410 P+C 10%5Q)
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882:::::::| obU410 \ #&i 10%()&() 210[* o[ * \L o%*&()- \pi 10%*&()

P+C 10%J) >& () - \ P+C 10%& : [:bU4L0 \ \1)10% & ()-=
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() y: $10% %&' () -
CL#M10% X) & ()- Oi!
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/-\\_I’—\/—\ 1

) -
)
) -
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\'y) (#8&10%X) & () - BBBBBCCCHA410K)\ \ \ 10%*& ()- }&0%*& () - & ()-

8109 & ()- \\&10%*& ()- 1o><)qox)ccc DD] EE| [ A410X)\ \ $" 10%&() =\
10%*& ()- \y'' 10%) & 1 & () - \6)10{’/@*&(

(10% & () - EE) FWGGHI | | (& ()-0 \03z&1

N/ z&10%W" & ()- \,)0!18 Y40+ & () - ﬂ%’/,&ﬂi 1

%6109 >3 & ()-111111%11" JzY810X) \j'lO%J)&()- -\ 6#10%" &'/
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\v 10%) & ()- \10%:)& ()- \SCLO%I)& ()- \O!10%:)& ()- > \#&10%N & ()- \F

1109+ & ()- K LhMVNDNN| [:zY810X) , $"10%u) k& ()- \6#"30%) & () -

\1110%1) & ()- \\T#10%1) & ()-> \!100%1 & ()- \\f)10% %& (

NO<Q{ OOPaP| [ : zY810X) \. 10%i)& ()- \9-10%) & () - %9’\@

where

m and n, if present, are independently an integer from 1 to 4.

19.  The polymer composition of claim 15, the crosslinking agent is
" selected from at Iéast oné of the following structures:
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repeating units in the composition is from about 1,000 to about 10,000.
29.  The polymer composition of claim 22, wherein the polymer
composition is formed from one or more monomers or oligomers according to claim

22 in combination with one or more crosslinking agents.

30. The composition of claim 29, wherein the at least one crosslinking agent
is selected from one or more of the following compounds:
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wherein Y represents a methylene (-CH,-} group and m independently represents an

integer from 0 to 5, and when mis 0, Y represents a single bond; a linked muiticyclic
crosslinking agent as shown in Structure Vill below:

9
Rg T Vil
(R9)-

m m

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

wherein

radicals, divalent ether radicals and divalent silyt radicals, and nis 0 or 1; or a
crosslinking agent as shown below:
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wl0% & () - y8s$109%' 2& () - 6710% & () - WAIA10 v 109 #] & () -
vY%d0u #] & ()-210 vL; 109 #] & ()- v 10 #]& ()- v 10%9#]& ()- v

310%( m& () -

)= v6)10% & () -

32.  The polymer composition of claim 29, wherein the at least one
crosslinking agent is selected from one or more of the following compounds:

R and R' = alkyl or aryl
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m and n, if present, are independently an integer from 1 to 4.

where

33.  The polymer composition of claim 29, wherein the at least one

crosslinking agent is selected from one or more of the following compounds
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selected from one or more of the following compounds:
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where R, represents a non-halogenated, halogenated or perhalogenated group such

as CnQ",,., nis an integer from 1 to 10, and Q" represents a hydrogen or a
halogen,

36. A polycyclic polymer composition formed by addition polymerization of
one or more monomers represented by the following structure:

(R®);

R R1 Rz R?P

wherein X" represents oxygen, nitrogen, sulfur, or a methylene group of the formula
-(CH,),- where n’ is an integer of 1 to 5; R" is deuterium, “I" is an integer ranging
from 0 to 6, with the proviso that when " is 0, at least one of R'® and R must be
present; R' and R? independently represent a hydrogen, a hydrocarbyl, or a
functional substituent; and R and R?®, which are optional, independently represent

a deuterium atom or a deuterium enriched hydrocarbyl group containing at least one
deuterium atom.

37. The polymer composition of claim 36, wherein X™ is nitrogen having a
hydrogen or a C, to C,,, alkyl group.

38.  The polymer composition of claim 36, wherein the number of
repeating units in the composition is from about 100 to about 100,000.

39.  The polymer composition of claim 36, wherein the number of
repeating units in the composition is from about 500 to about 50,000.

40.  The polymer composition of claim 38, wherein the number of
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repeating units in the composition is from about 1,000 to about 10,000.

41.  The polymer composition of claim 36, wherein at least one of R'® and
R?® are present and R™ and R® are independently selected from linear or branched
C,-C,;, alkyl, wherein at least 40 percent of the hydrogen atoms on the carbon

backbone are replaced by deuterium.

42.  The polymer composition of claim 41, wherein both R™® and R® are
present. '

43.  The polymer composition of claim 36, wherein at least one of R'™ and
R? are present and R'® and R* are independently selected from a finear or
branched C,-C,, alkyl, wherein at least 50 percent of the hydrogen atoms on the
carbon backbone are replaced by deuterium.

44.  The polymer composition of claim 43, wherein both R'® and R? are
present.

45.  The polymer composition of claim 36, wherein at least one of R'® and
R? are present and R'® and R™ are independently selected from a linear or
branched C,-C,, alkyl, wherein at least 60 percent of the hydrogen atoms on the
carbon backbone are replaced by deuterium.

46.  The polymer composition of claim 36, wherein both R™ and R? are
present.

47.  The polymer composition of claim 36, wherein the polymer
composition is formed in combination with at least one crosslinking agent.

48.  The polymer composition of claim 36, wherein the polymer

composition is formed from a combination of (A) one or more monomers according
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to claim 30 with (B) one or more oligomers derived from the monomers of claim 30

49. A polymer composition according to claim 1 for use in waveguides.

50. A polymer composition according to claim 22 for use in waveguides.

51. A polymer composition according to claim 36 for use in waveguides.
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