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BACKGROUND 0 97129135 The present invention relates tBCT/US97/02092

pol ydi cycl oper‘l‘{ ad7| ene ( pol yDCPD) material s and nethods for

synt hesi zing these nmaterials. Mire particularly, the pr esent
invention relates to th ' i t '

Pol yrier | zat i on ( ROVP) S’WW é)??%{wo OMERS

Pol yDCPD is an extrenely tec N @ il T

| nportant polynmer material. It is a tough, rigid, thernoset polynmer wth
high =~ nodul us, excellent inpact strength, and excellent chem cal
resistance. As a result of tM@&?ﬂMﬁt ion of properties, the

mat eri al finds extensive | : ' i ' t hat
g‘rl]? ?zxﬁs&n%ventmn relates to‘fﬁ[fdﬁ:&?lg@{n{ﬂfb&é (@%Iblégﬁ)

requi re toughness and ch resi stance 10 ¢ €
i ndustrial housi ngs,matérialy andometbods foo synthesizing shese waterials. More particularly othe ment
equi pnment, water vehicles Because of

and snow Il esS..n: . .
the comrercial i rrporpf%?ﬁ'étemmm%f{;%ﬁ%?@fH%er%f%'gg qgg‘é’ﬁg Metathesis ext ensive
research into met hod®lynrizatiedROMB) tcattionsdérasyhihbsizie polyPCRDd t hat

has attracted consi derabl e, at fion is the production of poly D by the
15 ROWP of di cycl Sﬁ&i}éﬁ?eﬁr@ t Blﬁéﬂcél_iyu%qdrf@'ﬂgnﬁﬁéﬁg hesi s
cat al yst impoi&polliRr BRtHRCTDs R 86l $gid) iRrhoet fSPMRer @am%qm nay

be post cured to increase the cross-link density of the pol yDCPD
material . The ori gi rfagdulus, excellent impast strepgth, gyds excalleny shamicad resisiancROMP 2of

DCPD were of the Zi gglgr fiRe ombiﬁation of grogé?@éemggﬁ%%ﬁ?hﬁdé’@&(ﬁxg{a\?ﬁeﬂn a

i 1l-defined, and were Torne lgy the reaction of a
transition metal halvadetywiftappiicatiendubatirequingaoughgess land shemicallrkspdtarge umi num

hal i de. A vajq{ ety of. e at al . systens have also been devel oped based
on tungst ena{)dr nol yblacgr%lﬂ# “?ﬁ‘o\ﬁé‘&%“?’{,“ag?‘?“%}?sﬁ@’B’F é\elli? ?J‘éer%g'fag‘lg% tersyst ens
have at |east two i rqramienequipastawiter vehicles, and snow mobiles. Fi rst, the

D 0US S VST St T R B eSSl B ey, e Y
purified and water astnsive edsedreh it inethOd£16% pktidiGeing HAsraltEiall 0GAE MRthoditheit Ur €.
See for exanple U. S., Patent No. 4,661,575 which states that_ "the presence
of has attracted considerable attention is the productipn of polyDCPD by the
15 ROMP of dicyclopentadiene (DCPD) monomers using a metathesis catalyst
system. The polyDCPD produced via the ROMP reaction may be post cured
to increase the cross-link density of the polyDCPD material. The original
catalyst systems used for the ROMP of DCPD were of the Ziegler type.
These catalysts were rather ill-defined, and were formed by the reaction of an
120 early transition metal halide with a reducing agent such as an alky! aluminum
halide. A variety of other catalyst systems have also been developed based
on tungsten or molybdenum; however, all of the previous catalyst systems
have at least two important drawbacks.
First, the previous catalyst systems are all easily poisoned by
25 impurities and the monomer starting material must therefore be highly
purified and water and alcohols must be excluded from the reaction mixture.

See for example U.S. Patent No. 4,661,575 which states that "the presence of
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PCT/ US97/ 02092 water interferes with pol ynerization of both
the catal yst and the activator” and "the water content of the
starting material should be bel ow about 100 P- P $erush? noner
starti'ng nat ¥0%®d8ed in the conventional processes mes-Eu@t?g?l y
consists of greater than about 99% pure DCPD nononer and this 5

starting material is considerably nore expensive than |ess pure, |ow grade,
nmononer. In fact, Water interfases with polyranerization of beth thé eathlysy and alibegetieatorter ci al | y
avai | abl e nmononer b OC ed before it e used as

Starting ShiE o el ERANRE TR e TR BITE a0

4,661,575 states tpatm”tTie monomer startingdmafesiil dd aptheRofvertiboal prrbdsab! e
mat eri al [ endo- DCPD] por rragg%thas a purity 10 of 96-97%" and "the
comrercial ly avail RS | ereater ingn #houp AP’erRugDCED monomer and this ey ent

inpurities &rom i NRafink intierial & RALMERBlY 2A6rE QRpensive i didsipait, i bilge

added expense of purchasing and purifying the starting material for use in

>

t he conPeRemesn Jdn fagtoincthe senventignal prosessesrth gradé, commiergjaltyo use
hi ghly pure ilablE A LS sl ' | st be stored
under stringent 15avallabl co%&i {lngﬁs&'taé)m%ﬁ%ﬁ%gq{e#g%mg {rll%%l EONt A t ed.

These dr awbacks r ematerial in the ROMP reactiom cUSa patentd¥s t4,661c5 75 rseates alat Athe

difficulty in hand]i f the r mat.eni al s:. congj der ati ons

whi ch becone ext re%?%“?:%%‘ﬂ%“ﬁ%vi :ﬂra{lﬁbée f”é%‘él lepdg-DCPD] norm: fyq‘aﬁtad’ém&y[ i on
of pol yDCPDOarti cl 6696-97%," and "the commerciallysvaslahle iektetaPioaldkbePurifie@ to
conventional processes i, s that _not B&[u“{‘}é‘% are the starting materials

expensi ve and di f f PREYFTE ippurpies from g Hplymepgation.” In additionge Sheiced

using these procesgdied ¥RyenbO&EATEhadinE A8l 'bﬁﬁfyﬁhgoﬂm!%ia%fgg material for use in the
characteristics. Mst inpportantly, sone of the poly D formul ations

produced using t heCQuysRtonal pragasses.oa Hirther drgwbacknef havingp askhighly pure dar kened

i n appearance and : f glﬁp | als increases

25 tk{g di ffi%ﬁiﬁ%ﬁ%ﬁg ucl ngfg}ﬁe?‘gir@{rﬁt%(?j%fg% po% articles by

t he add¢aenditions to grisyrecthatst isrnof pentamnimatetic Theseydrawbacks msultin

Addi i onal |y, SINCfcldifes con and increasBPbiFidly Sn R BB, fieaisaguo! be used
a FANSPATEnt or 1 raneraeent

in applications th require
mat eri al s. These ucehsileratibdsewlibly becvaie extremely importahdi detlargestdles reduce the

"ndustri al Ty and cORHERERAR POOBRSG tFB appl i cations.
- 2- The second drawback of the conventional processes is that not only
20 are the starting materials expensive and difficult to handle but the polyDCPD
produced using these processes may possess undesiratlz piivsical
characteristics. Most importantly, some of the polyDCPD formulations
produced using the conventional catalyst systems are blackened or darkened
in appearance and are opaque. The black color of these materials increases
25 the difficulty of producing different colored polyDCPD articles by the
addition of pigments or dyes to the polymer material. Additionally, since the
materials are opaque they cannot be used in applications that require
transparent or translucent materials. These undesirable physical
characteristics reduce the possible uses of the conventionally produced

30 materials in some industrially and commercially important applications.



PCT/ US97/ 02092 For these reasons there exists a need

for a nmethod for producing pol yDCPD t hat does not require the
use of highly pure DCPD nononer as a starting material. It would
further be desirable to produce a pol yDCPD mat er PEF/USTORON S

transparent &Y® 72151 ucent in the absence of additives and that 5
can be produced in a variety of colors by the addition of dyes or pi gnent s

while still retaining excellent physical and chem cal 8pert|
SUMVARY Forese,seasgasibere frist3 Red doris method tonereducingeds by

providing a nethod P&gnk@n that doe%&d}eeﬁ&wmp%amﬁanywe DEPD rhifitics 296PD

nonomers as a start terial. Ihe presént invention al so
provi des a pol y DCPDsweingthatérial. h&ltwms\d further be desirabledo ppesuema PoDCPBhs| ucent

[0, 1S, Tl St 2, BRGNS AR e of sy "

present invertion cain bd prodixedin adariety of Rolarsvisy the tagditbn obH tyes or Ipignients

addition 15 One enbodi ment of
the invention is a ?f@‘fééﬂu fﬂ?ﬁlﬂgﬁafééﬂ'gphyﬂw and chemiga], RFPREBISS i 4 t he ROWP of
an inpure DCPD starting material. In this met hod a Rut heni um or
Gsm um car bene conplex catalyst is contacted with a DCPD
starting material containing | ess than abﬂlMWby wei ght of DCPD 20
nmonomer. The speci fic Ruihep L5500 4ddkes@t RRRe Eé&% 5% f

that may be used include a Eﬁfyﬁgﬁfvﬁm or Gsmum rre{lal er t 'S |gra +2

oxi dation st e, hagpraduciog pelyDERD:thatwsesimmse DERD mgnqmm as:oeﬂamngat ed.

These cata e o)

functional groups i H&#e\é I'n Tﬁ‘éﬁre?etn?m&nﬁ% %ﬂ)operﬁést%ﬁ&VBEEet o%éﬁﬁt"%{aéé%yde,

ester, ether, am neransparent oxatmmihapenn iift itopatidfal state and passesszs/trcellent prbperties

di sul f i de, carbonate, ,isoc anat e ar bodj i m.de, ] and

hal ogen; therefore, sfiqhas Eﬁsls}can ﬂ%[tgpq,hgp n;@"’ﬂ‘?i‘frﬁg@m] of tbe
contai ning any of thagenfinveatiordem algfwmdudedluasi%ﬁerplafc&m ByGhDad@fieHer S

t hensel ves g‘n}%/ be functlonal ized with one or nore of the above functi onal

groups with poi s@hA¥RS Arimiemeetsa| yst. A preferred version of the Ruthenium
30 or Gsmi um car bepge eABRsIRENCS the HivkmioRaY & mdifiod F Frddicing

-3-
polyDCPD via the ROMP of an impure DCPD starting material. In this
method a Ruthenium or Osmium carbene complex catalyst is contacted with a
DCPD starting material containing less than about 97% by weight of DCPD

20 monomer. The specific Ruthenium or Osmium carbene complex catalysts
that may be used include a Ruthenium or Osmium metal center that is in a +2
oxidation state, has an electron count of 16, and is pentacoordinated. These
catalysts are stable in the presence of a variety of functional groups including
hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, imine, amide, nitro,

25 carboxylic acid, disulfide, carbonate, isocyanate, carbodiimide, carboalkoxy,
and halogen; therefore, the DCPD starting material may include impurities
containing any of these functional groups. In addition, the DCPD monomers
themselves may be functionalized with one or more of the above functional
groups without poisoning the catalyst. A preferred version of the Ruthenium

30 or Osmium carbene complex catalysts have the formula



WD 97/ 29135
PCT/ US97/ 02092 [err] 5 where Mmay be Gs or Ru; Rand R may
be the sane or different and may be hydrogen or a substituent

group including CJerr]-Cferr] alkenyl, Cerr]-Cerr] alKkynydgmuserezos
Jerr]-CJerWPaRRP  aryl, (err]-Cerr] carboxylate, CJerr]-(err] alkoxy,
Cerr]-Cerr] al kenyloxy, (err]- C err] al kynyl oxy, aryl oxy,
Cerr]-Cerr] al koxycarbonyl, Clerr]-Cerr] alkylthio, (Jerr]-Cerr]

al kyl sul fonyl and Clerr]-Clerr] alkylsul fgnyl; & and X may be the sane or
10 different and may be any ani¥gi ¢ Iigﬁnd and L and L[err] may be
the sane or different and may =@utral electron donor. The
substituent R and R groups xFabee sgbstituted with one or nore
groups including (Jerr]-Cferr] al kyl, hal tle, Cerr]- derr]

al koxy, and phenyl. The phenyl group may. be substituted with one or

more groupss i ncl udige mahlh Be cﬁ[&rm] RS R m@) kY khedathe Gr HitkdrerdelaRd hlayalbkoxy

In addition to 15 e above groups, the substituent group
substituted with d:trehydrompea substituent gropp, instudingaC,- -G alkgnyls E-Eatadiynyk om t he

group consi sting & &y digkkly, ENEQlcarbonyiate €\-C M0 e, UNGey, 5L 7

ether, amne, ininé, carh xy1 It urfi de,

carbonate, i socyart elkyngokgdiylenyy €;-Gpalbacytarbanyl, G, lakytiienC,-Cy,

Lorr) oo o o ThuroRl) ahd Tl RTRPRREE % puf SO SRAbAS: by

25 10 |diff€t@ﬁ1t diﬁrm@rmwdiynaﬁﬁm@hg&;hemmu ahd LOaytbe@hd%die dreact i on
may be rried out in the presence of a gel nodification

addi tive which mayi* repisand may be neutral eleciron fonery| The,bstifpent B andri' groyms
reaction. Suitabl gpgebe mgﬂltixieﬁ%&f)&hea&qh&b‘#g(gxp? mcludmg C,-C} ARYIVHRIR! égt ron

donors and |l ewi s bases. The preferred gel I cati o tive
i s triphenyl phospH¢salkoxypand phenyl. The phenyhgroummpy pe Slimﬁmﬂsomm ng

material may cont %&eagrﬂpgml&d&me, C,-C; alkyl and C,-C, alkoxy. In addition to
15 the above groups, the substituent group may be substituted with one or more

functional groups selected from the group consisting of hydroxyl, thiol,

ketone, aldehyde, ester, ether, amine, imine, amide, nitro, carboxylic acid,

disulfide, carbonate, isocyanate, carbodiimide, carboalkoxy, and halogen.

The preferred catalyst for use in the present invention has the formula
20 PCy;
ke %
}L “ph
Cys

where Cy is cyclohexyl or cyclopentyl and Ph is phenyl.

25 In another embodiment of the invention, the ROMP reaction may be
carried out in the presence of a gel modification additive which may be used
to control the rate of the ROMP reaction. Suitable gel modification additives
include electron donors and lewis bases. The preferred gel modification
additive is triphenylphosphine.

30 Optionally, the DCPD starting material may contain a cross-linking

agent for initiating additional post cure cross-linking reactions. Post cure
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agent for initiating additional post cure cross-linking reactions. Post

cure -4- WO

97/ 29135

PCT/ US97/ 020940 97729135 cross-linking reactions may be i PCT/USA78P92

wi t hout the presence of a cross- | i nki ng agent; however, the
additional cross-linking initiated by the cross- Iinking agent
can lead to materials i,ch ossess superi o resi st ance
properties. 5 °r°sswpnkmg ’G{eﬂé’ﬂ{ °8'f ﬁ’éesF‘?f\? 21‘% B¥Spr ovi des
a- pol yDCPD mat eri al linking agent; howeber; the'iaddfti%ﬂﬂdﬂé‘s@«ﬂﬁhkﬂg ihitides PR ieéro@dnd may
be colored by the incorporation, o dyes or pignents. This
transparent or t r an&rkigg ﬁgeﬂl‘rﬁ%’b}e\a‘élt" matprigls Whicheseess superior chemica)gesisigacerOVP
pol yneri zati on of Met.ng the Rutheniumor Gsmium car bene

catal ysts described above. The transparent or translucent pol yDCPD 10
mat eri al may Sbe producedAuethcrgeqummhﬁ@hEdemnompmvadm‘a@olymﬁmmtenaln

contrast to the abo |sI|mtedt usi n DCPD st artin
material of |ess th it E%%M m@?&ﬁ&*“&f"‘m %r%rﬂ.‘e YRy poration of
transparent or tranﬂymrnigxmitytmﬁ)tmﬁpm‘enabr teamylubent Pfateiial mdy b8 iph@iuded
DCPD starting materia

I 0 urity.. 15 . . .
DETAI LED DESCRI PTI SRORE pdljtherkhtion O PGEDLsing the) Rpthspiupser sminm; o n
Rut heni um and Osni uma{ebsaw,sts descnbed abm“eonnkﬁtiﬁnﬁﬁ}e%lt Mﬁhﬁndﬂceﬁtwﬁ@ﬂ" e to

catal yze the ROV reactjon of sing an inpure D starting
material . WdOhave amasriabmay be Iﬁéﬁd‘lﬁﬁﬁ W&‘héﬂwﬂm‘i described MWthnwmmm Osmi um

carbene conpl ex cat g} ovﬂxé Eboggmumar&mﬁ‘f& hmltqid to usmg d ﬁéﬂb%ﬁ%ﬂm aring

materials it is possibl: uce a transparen sl ucent
pol yDCPD materi al . mt@hlscﬁbsséhan abquh&%dwvgaghtmﬂ m nenpmbxo the

of these aspects of |W ol van s .over the
exi sting methods an ngfder |°§{Mp 8?%8@ se(k:)'[rllg% \Xga*a?e E‘bcggélflf‘ﬁé t he 25
Rut heni um and Gsm uldCPAr satiag aanpilabaf apt parityt S that may be used in the

pr esent |nve1 tion. In three separate sub-sections, we then describe the
general chardacteristics of the DCPD starting materlals reaction

condi ti ons, and pol yDCPDDETAILED! DES’CRI?‘HON esent invention.
Finally, we present the esu] ts of speC| fic ex(serl rrents carr| ed

out to denpnstrate embodMfeRYe f‘fi’F‘dtqr‘Pé usyg certain R
complex catalysts it is possible to catalyze the ROMP reaction of DCPD

using an impure DCPD starting material. We have also found that using the

20 Ruthenium and Osmium carbene complex catalysts with both pure and
impure DCPD staring materials it is possible to produce a transparent or
translucent polyDCPD material. As discussed in the background section, both
of these aspects of the invention possess important advantages over the
existing methods and materials. In this section, we first describe the

25 Ruthenium and Osmium carbene complex catalysts that may be used in the
present invention. In three separate sub-sections, we then describe the
general characteristics of the DCPD starting materials, reaction conditions,
and polyDCPD materials of the present invention. Finally, we present the
results of specific experiments carried out to demonstrate embodiments of the

30 present invention.
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PCT/ US97/ 02092 Catal ysts that may be used in the
present invention The Rut heni um and Osmi um car bene conpl ex
catal ysts that may be used in the present inventjopugiidgaet hods
of synt hesi MOR]2PREse catal ysts are taught in thil‘s speci fication
and the follow ng references, all of which are 5 I ncor por at ed

herein by reference: U S. Patents 5,312,940 and 5, 342,909; U.S.
patent applications 08/ 28Zatilysty fhiak @shybd ywsedIn tHO PrisentGnvention826 (fil ed

July 29, 199 and 08/693, 789 (filed July 31, 1996); and U.S.
provi si onal patent The Ru&c&'ﬁﬁ‘l a??‘%‘ﬁmtqa{qcéﬁc"@%’f falysts @,al Y R&ni um
Met at hesi s Cat al ysibdd inftRé'present invention aHdBEhOHY dbshitheleritgOhdecosttdysts drk | €d
Novenber 15, 1996, inventors Robert 10 H. G ubbs, TomagﬁyBel derrain,

and Seth Brown, Afaughhimthisspecificasipn andrthe following referenggsail of which are
The Rut heni d.Oan
e enisum an B@Wﬁ%% refeigie .&g@?ﬁﬁbm ;;3 ég,b?d By 525@2?@% U.S.

invention are sta e preSence o varr et unct1’onal "grotps
i ncl udi ng hydr oxylpatentapplications 08/282,82 Tddilsddinly 2%,t1994), 68/1282,82G(filedJulpni de,

nitro 15 agpd rb ' L& . disulfi . carbgnat e, . carboal koxy
aci d, isocyanate, ‘ib, 199%2 ““8)6?@.9 g’gg{? ﬁﬁ%‘ﬁgm}' ér E%P’m&@}?gawa‘"ﬁ‘m‘%g"éﬁm Si nce
the catal ysts ar e applivatién titled t8ynthesis of Ruthefitih¥eathesi§ CathlyRe fihpups, the
DCPD starting mat

rial,inpurities, theg, noners thensel ves,
and any substitue%t“ﬂﬁf‘ﬁ'ﬂb Y@%W@%ﬁ?gr%ﬁ%ﬂwﬂ%wd&% inventors Rabggt
nore of the aboveH, iGrubs, ToEPBelderrdiR, ind BRELBoWAL iAMSrmed Dock@ NG, X3t 20

General ly, the Ruthenium or Osm um carbene conpl ex catal yst that
may be used in thd86¥esent invention include a Rutheniumor Osmi um net al

center that is in a +2 RAAehiR SdebEni f and is
pent acoor di nat ed. Thes.gﬁéah}t E{giﬁlﬁfl}m or &%{ﬂﬁ%&c}g? E%‘ﬁ@%%%?ﬂ%gﬁg@ﬂég t 25
may have the for misivantion argetable in tiBOpresence of avaniety bf functiomabgrofips

including hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro

15 acid, carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,

carbodiimide, carboalkoxy, and halogen. Since the catalysts are stable in the

presence of these groups, the DCPD starting material impurities, the DCPD

monomers themselves, and any substituent groups on the catalyst may include

one or more of the above listed groups without deactivatine :ic catalysts.

20
Generally, the Ruthenium or Osmium carbene compiex catalyst that
may be used in the present invention include a Ruthenium or Osmium metal
center that is in a +2 oxidation state, has an electron count of 16, and is
pentacoordinated. These Ruthenium or Osmium carbene complex catalyst
25 may have the formula
L
1
Nl=o”
Ve
x| R
L‘
30 where M is Os or Ru
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R and R nmay be the sane or different and nay be hydrogen or a
substituent group which may be Cerr]-Cerr] alkenyl, Cerr]-Clerr]

al kynyl, era,ég%ﬁgg] al kyl , aryl, Cerr]-d er rACTEUHIM at e,
Cerr]-Cerr] al'koxy, derr]-Cerr] al kenyl oxy, C2-C20 al kynyl oxy,
aryloxy, Cerr]-Cerr] al koxycarbonyl, Cerr]-Cerr] alkylt hi o,

err]-Cerr] alkyl sul foqgyl d err]- 5 . rr a Isulflnl
got i o]nalcl[y, %he sﬁbst i tu%dggdﬂag%?]"ﬁ@m%ﬂbg\ff‘fﬁf %‘FW} drogen or'a ¥ one
or nore groups sel e@&&dnfeﬁpgb&; Shich nidyebe ¢, @JolﬁMJenylh@L cg,eaxk,a&emczglmr]
al koxy, and phenyl. The 8heny| group opti onal |

substituted with onéf}(isrcngméafboxylm adkox vl gm 3283 tcbﬁZMkW@x%
Clerr]-Cferr] alkyl, rdi opa

substituent group nay Eg gﬁ%"t &5@%’6 }?‘h(t‘gén%al rrgr{a3 ﬁj%(i:kty?éggo groubs 10
sel ected frorh hydr 0)5g4 alkylsalfihyl. |Qutionally, sliedsubstitesnt geoup maydierrubstitated with

i m ne, amde, nitro I car bonat e,

i socyanate, carbodi i°Rf §EMmore groups “&ggﬁéﬂb@é{ﬁg&%’%ﬁ%’ ErJéfﬁe&g‘ﬂ i) E

pr Sf err eg ehnbgdl rrentphexﬁtl) .aMte B[:mdyr ];m&;lsmdyr@tismg be sul(;stimtecli with @he 6t ﬁfo&l’ ent

and may be hydrogen, substituf ryl, ubstityted, aryl, X
substituted vinyl, &FR¥PPS seleated g?‘ﬂtq@'é Qlid:]\&f alﬁmﬁreqng (frfé @%!tpl"ﬂﬂ“éﬁy 4P/ and
15 substi t ut equbgifiiéht %rb?; ﬁﬁ? 'Be%ﬂﬁk‘ﬁidtéd»‘ﬁﬁﬁi oié b mBRSuRtiofRI FodPsOUPS

selected from , thiol, ketone, aldehyde, ester, ether,
am ne, imnel0 ani de selp¢ted om hydroxyl thiol, ketone. nslehydeg ester; ether pmyincs imige,

car bonat e, |socyanagf.;,,&dl 1&2, %{'E{rﬂ @a Eﬂﬂﬁkg nate, i aana}t]e carb&ﬁi

Cerr]-Cerr] alkyl OXy, unsubstitute enyl g phenyl
substituted with a hanbpdbtpxqui hjlogenerln]a preferred embadjiment] R@pé ]areemhkcm;xe 20

X and X[er] ma beth

ani oni c[l [ ]gandy In & g?@?ﬁf@%'@%beglpmkf&%%ﬁé (gqrgfllpﬁi"are ?%gryg’ama or
different and may beuﬂimhm@bﬂnylhanﬂmgﬁbmmtecﬁvmﬂb%eﬂeuhﬂkubgﬂimubasﬂlaﬂ@t ed from
2l eyl G ketontie, " sabstfnéd Vibylard e gubeinec Wihiogt pf IrHPYS iobE om0
aryl or Clerr]-(fer mlydrﬂxylyhﬁul kaom, ldelslde] éster (dtRér! dmike, imine, amidd, kitfol, hi 0,
Clerr]-Cferr] alkylsul fonyl and err]-Cerr] alkyl sul fj ny| The

subst i t uent carboxyligrasidy dis H’éq‘)iieso‘i?ﬂ?‘lﬁ‘ﬁ% 159@5@@&5@%%&%!%%

Cerr]-derr] alkyl pafy R IELT, aﬂ!@r(lj],cqlg(; uidubQiMted phen avPl phenyl
The phenyl may be Optlg%]aJ [’ y *suBsti't Gt ed V\nlthuhal geﬁ g:['err err]

al kyl or  err] - C[ ersubstiftedowith a halide, G1Gs ableybpe€r-6dalkatiodi ment, X and X[ err]
are the sa i
substi t uent 2gor oup sel ec'?zcd’ﬁ'g’Ojil lnti}%gwr o%&gecg?gg{?%t%f gg&]gfﬁlgpr?éa&
carboxylate, Cerr] -aﬁ{omcrl}gaadl kyd a p;dﬂﬂfﬁd)@;nboﬁ{mm X @i X! preath samye or
Cerr]-Cerr] t.hi.o and er.r
sul fonate. The subs et an &‘%ﬁ s m é‘yumgm of s Sigsitush’ gm‘lp H1ed from
-7- C,-C,, alkyl, aryl, C,-C,, alkoxide, aryloxide, C,-C,, alkyldiketonate,
aryldiketonate, C,-C,, carboxylate, aryl or C,-C,, alkylsulfonate, C,-C,,
25 alkylthio, C,-C,, alkylsulfonyl, and C,-C,, alkylsulfinyl. The substituent
groups may optionally be substituted with C,-C; alkyl, halogen, C,-C; alkoxy
or phenyl. The phenyl may be optionally substituted with halogen, C,-C,

alkyl or C,-C, alkoxy. In a more preferred embodiment, X and X' are the
same or different and may be Cl, Br, 1, H or a substituent group selected

30 from benzoate, C,-C, carboxylate, C,-C, alkyl, phenoxy, C,-C; alkoxy, C,-C;
alkylthio, aryl, and C,-C, alkyl sulfonate. The substituent groups may be

-7-
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PCT/ US97/ 02092 optionally substituted with err]-Cerr]

al kyl or a phenyl group. The phenyl group may optionally be
substituted wth halogen, Cerr]-Clerr] alkyl or (err]-C geilsaioiepty. I n
an even nmor QPBESr ed enbodi nent, X and X[err] are the sane or different
and are seIectedfromCI CF[err]CCIerr] CHerr]CJerr],
CFHerr]CJerr], (CHerr]CO 5 CF[err](CH[err])CO

(CFlerr](CHer r ] Coptiwatly snbstfuteet with Cody alityk or mbgnyétgeoupariﬂle phenyl group

L1 uor omet hanes g0 any B 18 Lillghh - €HRR 1Rilc, Hdjaler ]

are he S
di fferent and nay agewen aloke/prieferrad gmbodiment, X and Xbarerthé saaheem‘tdlfferentmndr . Ina

preferred enbodi nent h or different
and may be phosphlaff'egdecéq?ry%gﬁ’e@ Sg)a ms Epﬁg@pkgﬁé)sco
phosphi ni t ess, phogERYACHYTO, ACE)THE),CE, PRONREO, gtd)efosylatamnagme, agfiqades,

sul f oxi des, carboxyls, nitrosyls, pyrldlnes and t hi oet hers, nor e
preferred mﬂ“‘“éﬂﬁ’b@ﬂﬁﬁ\é‘fﬁm‘% Intke mpgprefeged emh@d@awexom & f&er ent
and are phosphi nez,o formula PRlerr]Rlerr]R err] where
Rlerr] is a secondary aI kyI or cycloalkyl and Rlerr] and R err] 15

are the sane or di fferémnddn'dnwbememeqéxffe}em:[and n]aymemndi)fyba:hiyyl

secondary al kyl cy.cl referr
enbodi rre%t Lyand lﬂ‘er rajleca?'(’ad % ngr%kﬁn\éd °mlb°dltme%t’ rﬂ)%'df? E’e g‘ﬁd‘“&?e
L [P( cyi:I ohe}Q/: ) e[) ror dlﬁ‘e(renth mhdmmytl;el phdsphixes,-si{fornad m‘t’h‘ﬂesﬁb“?ﬁms’d I

err] may al so be en . Preferred catal ysts
for use i% the pr é@@#ﬂ'ﬁf‘/é#%’$ Hm S cargiAess stiltingse cprsgamines, amiufe SRu; R[err{ i s
hydrogen; R is subaffes: uésedararxymmylk t(gy_heﬂxe@raxsh tHibethstes I m&éiperemd

unsubstituted vinyl; X and [err] are ; d L[err] are

tri phenyl phosphi nesbodiment, X. a“d Lo?fetﬂiq %I%@@F%@ém phosphingspfghe
tricyclopentyl pho 5 3 céi!lle,h Qﬂiﬁ 4
substituted aryl %ﬁh g:]?tRut e VII{ n:f/amn%dhhﬁi %“%R Qhﬁk a;ml:st I tuted
with one olSnore glr@dpmn@r different @i ancjaryl] 61-C), primary alkyh|seepodary alkyl,

Subst| Lut o vi th OnevppRd” e eSO bp Bl duf rille OF R P70 Y

derr ] Cerr] al kakﬁfergntcnn;lsare Pieyctahbsyl),; ﬂmlo@exytyl)amd -P(isopropyl);. L and
substituted vinyl Lma aI so subs§| tuted with one or nore functional
groups thiol, ketone, al dehyde, ester,

ether, amine, ani de anrétBrred catalysts for s e pﬁbaé:hqannsn mldies d'hé‘rUMI de,

car bonate car boal koxy_acid, isocyanate, 3 carbodiim.d

car boal kox%o and HaRYBnis hydrogen; R 1s substituted or unsubstituted aryl or substlfuted or
unsubstituted vinyl; X and X' are Cl; and L and L! are triphenylphosphines
or tricycloalkylphosphines such as tricyclopentylphosphine and
tricyclohexylphosphine. The substituted aryl and substituted vinyl may each
be substituted with one or more groups including C,-C, alkyl, halide, C,-C,

25 alkoxy, and a phenyl group which may be optionally substituted with one or

more halide, C,-C, alkyl, or C,-C, alkoxy groups. The substituted aryl and
substituted vinyl may also be substituted with one or more functional groups
including hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro
acid, carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,

30 carbodiimide, carboalkoxy, and halogen.
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Particularly preferred enbodi nents of the Rutheniumor Gsm um

carbene conpl ex catal yst include [err] 25
where Cy is cywbopgsiby! or cycl ohexyl. The nost poraiserezest
enbodi nent of the Rutheniumor Gsm um carbene conpl ex catalyst is

Particularly preferred embodiments of the Ruthenium or Osmium

carbene complex catalyst include

Ph
H
PCys Yy
. ol
/Ru Ph
(o) il | H
PCy,
PCy; H
Cl
1 =
cl ll Nph
Cy3
15 PPhy
H
Q
\lle:C/ Ph
a~" L b=
Phy ==
h
and
20
PPh
Cl\ lL 3 H
S
Cl lL h
Phs
25
where Cy is cyclopentyl or cyclohexyl.
The most preferred embodiment of the Ruthenium or Osmium carbene
complex catalyst is
30



30 [err] 5 where Cy is cyclopentyl or cycl ohexyl.

DCPD Starting Materials The stability of the above
Rut heni um and Osm um catal ysts to a vari ety of functional groups
all ows the present invention to use DCPD 10 starti ngrd;'i%é?»%ﬁbzs of

| ower “purityWOHEB3s previously been possible. Specific
experinents have shown that the Ruthenium and Osm um car bene conpl ex
catal ysts descri bed above can catal yze the ROW of DCPD using starting

materials containing as |ow as about 83% bypegi g of DCPD nononer.

However, due to the stability of the cﬁtsﬂl\y t's e lower limt on the
W ma

ed

purity of 15 DCPD starting materia y be used is expected to

be controlled as much by theg sical characteristics of

t he pol yDCPD materi al as by t he dgoni of the catalyst. If the
DCPD starting material contains too little DCPD nononer the

resul ting pglyner Whére'0¥ i @¢R St dvdioh | integrity necessary
to be useful in the desiréﬂﬂépgﬁﬁg%tigﬁs. wus the lower linmt of the 20

purity of the starting material used in the nethods of the invention is a
practical limt. O course, the cat B&}us wi th high purity DCPD
starting material as well as with I?ﬁ@gﬁ’gﬁx? fa D.

The DCPD nononers that Why stabilityseftthé abdveRutiefi@ind OvaRind Sffalysts to a

i ncl ude both the endo and.exq isoners. In addition, the functional group 25
t ol erance of the Rﬁ"?’ﬁ’éﬁl"gm%‘“iﬂﬂ“ ﬁ@&%‘o‘&@”&%é‘!‘&?ﬁ‘@%’e‘ﬁﬁ?@’%t t he

DCPD monongos ey  bartingiteiilbf B3Er bty iAn4e pRiVfously BERS Eosfsmﬁv?téﬁﬁﬂic
er

groups. Unl ess otherw se stated, " D nononmer” nean$ eit

unfunctional i zed of*Refimentsdiaxe shown thatthe Rythepiam amgAsnpgmTarhene cemplex
catalysts described above can catalyze the ROMP of DCPD using starting

materials containing as low as about 83% by weight of DCPD monomer.
However, due to the stability of the catalysts, the lower limit on the purity of

15 DCPD starting material that may be used is expected to be controlled as
much by the desired physical characteristics of the polyDCPD material as by
the poisoning of the catalyst. If the DCPD starting material contains too little
DCPD monomer the resulting polymer may not have the structural integrity
necessary to be useful in the desired applications. Thus the lower limit of the

20 purity of the starting material used in the methods of the invention is a
practical limit. Of course, the catalysts may be used with high purity DCPD
starting material as well as with low grade, impure DCPD.

The DCPD monomers that may be used in the present invention

include both the endo and exo isomers. In addition, the functional group

25 tolerance of the Ruthenium and Osmium carbene catalysts means that the
DCPD monomers may be functionalized to include one or more functional
groups. Unless otherwise stated, "DCPD monomer" means either
unfunctionalized or functionalized DCPD monomer. The DCPD monomers
may be functionalized with a variety of functional groups including hydroxyl,

30 thiol, ketone, aldehyde, ester, ether, amine, amide, nitro acid, carboxylic acid,

-10-



may be functionalized wwth a variety of functional groups including

hydr oxyl , 30 thiol, ketone, al dehyde, ester, ether, am ne, am de,
nitro acid, carboxylic acid,

-10- ) (3€9135 PCT/US97/02092
PCT/ US97/ 0209&1\%73; di sul fide, carbonate, carboal koxy acid,

| socyanat e, carbodiimde, carboal koxy and hal ogen.

el udi g vat or . al CORBIE: AP FeropRkReY sk ok eseo PRRMETide subekera 5

I norgani ¢ speci es. @%Haldeen.exanpl es of inpurities that may be present
i ncl ude water, alcohols, and C6 cracking fractions, benzene, toluene,
cycl opent adi ene, and C- 9, TheDGPI startme material imayrigcludeda variesn of impuritise  DCPD

starting materi al ti ' The
functii o%al group tgﬁgtﬁlgﬁgé“gfe ’t#edﬂ%t ﬁ@ﬁﬁqﬂgnhggﬁ{%@m um Be%eeggg %I ysts 10
means that th® i npuriheriganic spegies.nSpenific exanmleseifympﬁntiasnhanmyabe wesenps

i ncl udi ng hydroxyl, .thiel. keton eh , ter amn am de,
nitro o yaci éﬁu ?fS&ﬁfmﬁdl%adFéj andéegﬁfa?ﬁﬂ%ffa el?F €B%al koxy
aci d, isocyanate, cyclopenmmeneammm T ieandOGU1 D @adilsReiey Adﬁﬁ'i@mhﬁ" ﬂﬁemtzpn

The DCPD starting materi al 1y include one or nore

nodi fi cation additi \F&“%F‘E‘ﬁ"ér ya’d‘&@‘ge frymers ang Bigherpliggmers) qfoCq‘H? frhé
reaction fithotioH&1 Sroup B leriRe f ﬂﬁqtmﬁ@amxﬁ hﬁ@b&ﬂméﬂb&e&ﬁ@ggger ,

described in detail in utility application filed on
1996; with apbl i cat iTespnnghat the/impuritiesgnayyinclyde a variety of functionab gtonBsS' HOD FOR

EXTENDI NG THE POT LI;ER,. &k R S | ZATI ON
REACTION'; with Att or ney %o%‘gfﬁ %Ml kewne“%dehxg'%f%%{gﬁx%na&? ’taﬂn‘lligh\?ﬂm ors
Charles S. Wodson aid, Fubwtyﬂlc lecid, disulfide, carbofiiteildashoalkbiy icid, Ssocpamuepor at ed
herein by reference. II nodi fication additive
may an el ectron dondf or eV\ﬁ és/ar%mn‘g gqu.ldémbqggq erred enbodi nment ,
the gel nodification addmemm)sstartmgummal fla@ GptiGrallg GvhideQine dr more el
neutr al LeW| base su hi n sul f onat ed phosphi nes osphites,
25 Sphl m”?%ﬁfuﬁﬂ'gg%ﬁ@ °h g afldrddo coptrql;the pot life H§E§ reactiphes,
ani des, shibcfupe | vl@&usefbarg@pﬁmhﬁicaduntddaﬁwbssrs de¥cribed edotail lﬂﬁﬁyher s,
nitriles, thiophenes, and furans. The el ectron donor or Lew s

base may optional | y 2PBiRapmfilsd ondPecember 2, 1996; wigh appiigationi NeA18/150 Sl Biswith
sel ected fromthe grtmgpmﬁtpdwgmw-y a;dwl& PIFE OF AN OLEF&'Nket one,
C

al dehyde, ester, ether, am ne nitro acl arboxyli c aci
METATHESIS POLYMERIZATION REACTION"; w:th Attorney Docket
20 No. APTI-110; and with inventors Charles S. Woodson and Robert H.

Grubbs; which is incorporated herein by reference. Generally. the gel

modification additive may an electron donor or Lewis base. In a preferred
embodiment, the gel modification additive is a neutral electron donor or a
neutral Lewis base such as phosphines, sulfonated phosphines, phosphites,

25 phosphinites, phosphonites, arsines, stibines, ethers, amines, amides,
sulfoxides, carboxyls, nitrosyls, pyridines, thioethers, nitriles, thiophenes, and
furans. The electron donor or Lewis base may optionally contain one or
more functional groups selected from the group consisting of hydroxyl, thiol,
ketone, aldehyde, ester, ether, amine, amide, nitro acid, carboxylic acid,

30 disulfide, carbonate, carboalkoxy acid, isocyanate, carbodiimide, carboalkoxy,

and halogen. In a more preferred embodiment, the gel modification additive

-11-



30 di sul fide, carbonate, carboal koxy acid, isocyanate,

car bodi i m de, carboal koxy, and halogen. In a nore preferred
enbodi ment, the gel nodification additive

-11- WO 97/ 29135 PCT/US97/02092
PCT/ US97/ 02087129135 may be triphenyl phosphi ne,

tricycl opentyl phosphi ne, tricycl ohexyl phosphi ne,
triphenyl phosphite, pyridine, propylamne, tributylphosphine, benzonitrile,
tri phenyl arsi ne, anay be tnphendphasphing,itrieyclapantyiphespbine otricyalohenylphdsphipe.ef er r ed

gel modj i | ' difives | l,ohexv] Y[ err]
P(cycl opentyl)[er (rj#'}b [ s%‘%rg%h?)tg’l é’ﬁg‘rﬁrﬁj ?}o%gia&%%’ g‘b%hﬁ%ﬁ’)" ?{Qf'“hle’and
pyridine. Tri phenytriphasjdsing ankydréus seewhitile ethiophed, grefuran. The preferred gel
nodi fication additiv . oo . Th starin terial my
optionally incl uplemB%g"W“rﬁSIP’é“’E% fpelude P _(°Y°1_°g°"985%(?W%Pﬁ@g%ngﬁf‘%‘”ﬂml)b
| nitiating sddi ti oP@henyDs!and\Pyfidink OFFipheryiphashhitic ik B most preferred gep0! y DCPD.
The use of cross-linking agents is described’in detail in 10
appl i cation No. Ogmedificgippadditived July 2, 1996; titled "PEROXI DE
CROSSLI NKI NG OF ROVP PGy Eeﬁ) .;su;?i)‘x A& B S’:%P i)f%ud@’ dh l?)? more Cross-

whi n

and Charies S. Wodson; 'S 1 ﬁcor por at ere y rererence.

Pr eI err Ied Icr o;ss-i ilgtuciimmagegtsrfox_sidnitia&inggflﬁfib?fpsltsummegs-lhldnglofm oxi des,
particularly tert- ergxide or dit-bu peroxi.de,. -

D i ety - 2. 5. OIVHCPBE THE BF of brob it bekonsi¥ eGSR iy deail i

2, 5-di met hyo - 2, 5- dapplitatioh-Nda tOB/GT8)30%;Viiled din 126 1996; titled "PEROXIDH Xt ur es

t hereof. The anoun ' ' e |0 I xture is

preferably bet meen&58%§ewég%foﬁgwo?6fﬁgﬁjﬂ§[']ag %@F’B’@tké’rbf‘i‘ iy Grubbs
material / catal yst/gidoset:ic85 Wbod&al whith!is!iRorporated herein by reference. 1he DCPD
starting materi al ﬁé@ﬁt ionally include additives such as 20

fillers, binders, EFosEniigking jagenisars pergyisss, seh asalkyl peroxigdeh in the art.
However, because géar{iaﬁarfﬂu fzieuuggym&r&lb‘? d‘i-ﬂb@:&?ﬁ%@ﬁ { oGt -bﬁ]i-s’ the

range aval I’ trves may gré&at er an has been
possi bl e u3% ng t he(fert-butylperoxy) bexynedi 2,6rlihethyplt25-dis(rers-putylperoxy) hgxane emt | vy,

the DCPD starting rial y i ncd ude i s_and _dyes which
allow for the pr od‘%@’%%ﬁ%fe%go@‘b@ﬁ“ﬁ@f"“&‘% mglretllk%r@gg%}‘ i ¥t er ent
col ors. As str essepteferable betiveers0.05 vio tr Havr%ad \teentosad ®CPDestarting t he

previ ous net hods which .coul d not produce cqlored pol yDCPD nateri al .
Pi gnent s t hat have%@@?ﬁ‘i??i’ﬁvfré?ssgg#'ﬂﬁ aBHL MIEEOCPD nat eri al of the present

i nvention include Seri th@BCPDMﬁSmHﬁﬂhﬁrﬁ@b&lﬁﬂalhyinEﬂaé BdditiVeR @ik ason  of
Cl evel and, _Oni o. These pignments include a pol yether polyol carrier, and 30

speci fic efnpl es filders b plasticizess IgInants, gKes fic: 195 iscknpynin tha,irer

However, because of the functional group tolerance of the catalysts, the range

of available additives may be much greater than has been possible using the
conventional catalyst systems. Importantly, the DCPD starting material may
include pigments and dyes which allow for the production of polyDCPD

25 articles of different colors. As stressed above, this is .a great advantage over
the previous methods which could not produce colored polyDCPD material.
Pigments that have been used to color the polyDCPD material of the present
invention include Series 34 pigments manufactured by Ferro Corporation of
Cleveland, Ohio. These pigments include a polyether polyol carrier, and

30 specific examples used include 34-58000 (pigment blue 15 a copper
phthalocyanine pigment, 50%-75% carrier) 34-88030 (5%-20% carbon black,
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pht hal ocyani ne pi gnent, 50% 75% carrier) 34-88030 (5% 20% carbon bl ack,
-12

- WD 97/ 29135
PCT/ US97/ 02092 >75% carrier), 34-18000 (white, 20% 50%
carrier, 50% t53oHodserrl), and 34- 48000 (C. 1. pepgmese7/0009cn 7
a chlorinated copper phthal ocyani ne pi gnent, 50% 75% carrier).
5 Reacti on and Processing Conditions

Rut heni U or - Com tm CHobEMEeDoti 100 bl 28 0% e -2 i end 34-

mat erial which has bggpookedt sigmest { 2k chIBfindt&h dppbiepiidl Gdvhikifie pigment,
Al ternatively, the catal yst may be fi rdg,tp added to thggI[I)lCPD

starting material andP%té*msameste 10 t hen heated to the required
tenperature. The starting resin tenperature is not critical;
but, 'as is known, this tenperature does affect the rate of the

pol ynmeri zati oh reaction. The rati Beastiopzndl Brocessing fomditiong naterial is not

ana Co TRTOS 0k 000" 1 eHkahg b ROME S BER it Buriftl ol e i ik ©°
produced using 15  Rutheniumatr sy shrbéne conplext eatdlyst to theiDCPD ktagingat er t han
about 1:15,000 are soft rubbery ,and thereforﬁ not be

useful in applicati oﬁgte?%g‘%ﬂf'}mﬁ begp, e i ing resin tempergtugs. | Altemativgly,

material s may howeveshe Raalysehay bé firsOhdtRE 162 DCPDis@fSng material and the @AMk NO
di fferent ph?(5| cal properties. The jnvention may be practiced using
cat al yst/ st at?i ng nathens heated @ithe requisedstempergture. n Ehey Harling resiempagaUOERRt 20

starting material nay;pRt ibgﬂﬁ%lsﬂ‘"hg?‘{ﬁ‘guﬂﬁ‘%‘“ﬁé 8deS afilet RN AiAsgS sed before

t he catal yst I's added; 1, none of these procedures is
necessary to practi cpolymerization reactidne Thewetin phHeatalyst to starting material is natf a gel

nodi fication additiveg,,. ogﬁ- I Rk] or..other.additive i:

used it is preferreda}tf%% e"lsé’g5%‘@9%‘3@%‘“§d8%‘8’%é’(8?‘é"‘%8“&‘5?-3?9?[“?

al t hough, 25 1:15,060 by weight areipréferedd. The polyDCPD material profudedaisig it i S
preferred that the reaction be conducted Ln the absence. of a

sol vent thi s?i%s not @?qiﬁtfgtgpx_ng ’é’?“gfaé‘°§8 %ﬂ‘?&ﬂﬂﬁ‘ﬁéylsb@oﬁ“e@qm ude
organic, protic, or AHbaPdad al efiforeMit 6B usdfal inpphicatibRicrequiffg foRak kigh
conditions. Exanples of suitable solvents may .inc ‘%g_e aronatijc 30

y i
hydr ocar bons, chl or | RaEEYS:HPeh Balgripls may homexsrcbe useful g other applicatiens bons,
requiring different physical properties. The invention may be practiced using

catalyst/starting material ratios outside of the above range. The DCPD

20 starting material may optionally be refluxed, filtered, and degassed before the
catalyst is added; although, none of these procedures is necessary to practice
the invention.

If a gel modification additive, cross-linking agent, or other additive is
used it is preferred that the additives be added before the catalyst; although,

25 this is not critical.

Although it is preferred that the reaction be conducted in the absence
of a solvent this is not critical. Possible solvents that may be used include
organic, protic, or aqueous solvents which are inert under the reaction
conditions. Examples of suitable solvents may include aromatic

30 hydrocarbons, chlorinated hydrocarbons, ethers, aliphatic hydrocarbons,

alcohols, water, or mixtures thereof.
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al cohol s, water, or mnm xtures thereof.

-13- WD 97/ 29135

PCT/ US97/ 02092 After polynerization is conplete (i.e.,
after the article has "cured") the pol yDCPD arti dIBN20BE POSt
cured ‘to ini WO Phcreased cross-linking. As is Tz‘éwn,

addi tional cross-linking may be acconplished by post-curing at an
el evated tenperature. As is well known in the art, other methods may be 5
used to post-cure the pARgDEPPmenization &l complete (i.e., after the article hisl 'iclged'rtey/ i ous

catal yst systens, e al vyst/ DCRD starti .t er.ial ... MmMxture of
the present invent %’@XD ??‘éﬁﬁi“}?ﬁ qecﬂ?ls'dc“F%{]l%d“%Ws‘P‘Efé?s&ﬂ)lc'é’sﬁm Asis

of time depending kitovir)addicione cadssHigkiag ehaly e a0e0mplish&d by post-Bmstgl tGat | on
additive present. Thi sgfhar acteristic of the present catal %st system al | ows
10 pol yDCPD Sleyated temperatuse.  Ad deWell kpepm in the iagty gther mepdsmay be ocessi ng
techni ques isncl udi g@dBlpditisire BEPBIYHPH AGeri@dSt i Ng, surface coating,
filament w nding, vacuum inpregnation, pouring, RIM RTM and others

known in the art. 15 Unlike previous catalyst systems, the catalysDCPD sta2tihg/ @teHal

Mat eri al . . rw se_stated.,-pol yDCPD mat er,i al "
nmeans either a pOS;[n_lxmre of theUE\Je?e?xg um&éﬁ B rm%orﬁ-gbaglsﬁq%ﬂ f%aa %ﬂé‘f’gf"iﬂ £ PeHRht

either a material ofitimhidepentiing on the temperatur®aitDihie Gimbimt of fd infilifitaton
substantially cross;J.Lnked or ' e DCPD

material. [n ich th
pol yner chains are ‘fvesl?fﬁicf“antarihéﬁ‘i ?Bgéc-?f\iqﬂ?(%.senlt gatakyst ytem allows
unl ess ot haowi se speyPAPD " RatIvITH xﬁa{e%ingld'vd?ﬁwmﬂéryﬂ@&sﬂfduced

using either functionalized or unfunctionalized °D ‘mononers.

As di scussed abovelccRHgrss dnchsingmalding, ppensmelding), easting surface; gegting, i on
possess physical p {'Ngﬁ,-ﬂgh' 5 55‘!1‘9! e he

dr awbacks i nherentﬁ?ﬁﬁ?fhe pre\’/?,%l?lsﬂnlg?gg%sa\ﬁ)?f meﬁb?ﬁggg%sqtﬁdﬁhse&al |y
useful 25 kioygeinithesrtof the materials of the present invention is
that they can be nade transparent or translucent to visible

i ght while retaining excellent chem cal and physi cal

properti esl5These properties all ow arPelyDERDMateiriatt ur ed usi ng

t he pol yDCPD of the pr .aventi tp din g variety of
appl i cati ons eéﬁg%s %’i C etsﬁ%dprpé’gvﬁ)o(tﬁ,f%beé'&ﬁemﬁ’é‘f 811l¥°élasp°56ul d not
be used. For exanptured bt ndifdpost-cured irfateRials ithay isp efilicr [l raatkRalrif hich theWspaper
article through a +. thick piece of
g 8C§D porl]ymcr égmns are substantially cross-linked or a material in which
the DCPD polymer chains are not substantially cross-linked. In addition,

i S,

20 unless otherwise stated, "polyDCPD material" means a polymer produced
using either functionalized or unfunctionalized DCPD monomers.

As discussed above, the polyDCPD materials of the present invention
possess physical properties which allow them to overcome some of the
drawbacks inherent in the previous materials. One of the most visually useful

25 properties of the materials of the present invention is that they can be made
transparent or translucent to visible light while retaining excellent chemical
and physical properties. These properties allow articles manufactured using
the polyDCPD of the present invention to be used in a variety of applications
for which the previous, opaque materials could not be used. For example, it

30 is easily possible to read a newspaper article through a 0.5" thick piece of

polyDCPD material of the present invention. This example gives a

-14-



poI yDCPD material of the present invention. This exanple gives a

WD 97/ 29135
PCT/ US97/ 02092 gqualitative neasure of the transparency of the
pol yDCPD accoksH s4hois3 t he present invention. The pel/asInoeisy
cl ear, translucent pol yDCPD of the present invention also allows
pol yDCPD articles to be produced in a varlety of colors by the

alyDePD arti ¢l «
Bxper | nont al  Resul 1 s Rl nediurt 6 i wopspapoges. of e RobyPCRR sfsoeeg o e

results of experi mnbﬁsﬁ@'ﬂiﬁd&ﬁﬁd’rﬁt Tmrexauveny clear, uahmeuﬁﬁoxﬂbcmwr%@&eseRCPD
startlng materi al s I n the reactions resent

i nveriti on. In sub- sefVEReR ais°5a“°\)§@ Pﬁ}l@fém a’?‘ﬁ’és tockg producsd 1@)%[)’@?’?‘”@@5?910&0

usi ng 81% 86% DCPD spakHel 4itiR{c? vadbus gigiRdhts bfdyabi0- section 6, we present
the results of experinents using other ow grade DCPD starting materials;

and, in sub-séction 7, we present the results of experinents using | ow

grade DCPD starting materi al i.th ification additives.
15 WO 97/ 29135 Expbiminfif Reflif
PCT/ US97/ 02092 In thik.section} e Presernithdreblisrofexpérinigncdenfonbiadting t S
The specific catal ysts used. in eriments hel q
synt hesi zed usi ng neﬁ‘ﬁdﬁ%ogg)%?ﬁag"ea f4fung E‘P@F‘é‘lﬁd’éé“mﬁgﬁdei“ﬁ‘@hgm@
Cat al yst Spresend hveRdae - In sub-sections 2-5, we present the results of experiments

10 using 81%-86% DCPD starting material; then, in sub-section 6, we present

the results of experiments using other low grade DCPD starting materials;
and, in sub-section 7, we present the results of experiments using low grade
DCPD starting materials with gel modification additives.

15
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2. Conposition of 81% 86% Low Grade DCPD Mononer The %

conposition by weight of the conponents of the 81% 86% DCPD
nononer used in the experinents in Sections 3 and 5 are as foll ows: 10
C5's & C6's 0.01 Benzene 0.01
Tol uene WO 97/29135 0 CPD PCT/US97/02092 0. 922
C- 9 Codiners 1.9 15 C- 10 Codi ners 10. 53
DCPD 82.94 C- 11 Codiners 4. 39
20 . Byhthesiy 671 o Gompiexe@atallystdr ocedur e

Thefollovmng are exa es of th erimeptal proc res used in
the experinents report éa° FRFedlss %gused n ee"pg"men%ag i zati on

Wt hout Reflux Pr %?ﬁtﬁﬁﬁﬂﬁism@fmmmm%fn the Peferences hsted in the Caulygr ade
81% 86% DCPD ( 80. 86 g, g 00 equiv) was added to a flaslz

contai ning a stir Sp&tO Sas heated to a starting resin tenperature of
about 64[erg]C. (P(Cyclopentyl)[err]Cl[err] RuCHCHPh[err] (90 ng, 1 equiv)
was t hen added to the m xture and a slowflow of argon was

i ntroduced into t e Compesition of 81%-86% LawdSrrde D) omomert i rred and at about

2 mnute intervals, a J, enoved
and an Acetone test co?ggc)f egﬁ%geongéy gggmv@fthe °3mpe"“§8‘15%\‘7@ %ﬁ%ﬁmetone

test gave a "Fl at IEZRD 'monemet tisediin ¢he expemmens innSectiams 3 amd Hhre as follows: WO
97/ 29135

PCT/ US97/ 02092 the m xture has started, the solution was
poured operpto air into a ngkd &IGH's 0.01 had been previously stored
at about 60[err]C The tine_frominitial mxing of t he nononer
and catalyst until pouring BSnzB¢| ed the "B8br tinme" of the
Toluene 0
CPD 0.22
C-9 Codimers 1.9
15 C-10 Codimers 10.53
DCPD 82.94
C-11 Codimers 4.39
20 3. DCPD Polymerization Experimental Procedure

The following are examples of the experimental procedures used in

the experiments reported in Section 5.

a. Polymerization Without Reflux Pretreatment of DCPD Monomer.
25 Low grade 81%-86% DCPD (80.86 g, 5000 equiv) was added to a

flask containing a stir bar and was heated to a starting resin temperature of

about 64°C. (P(Cyclopentyl),),Cl,RuCHCHPh, (90 mg, | equiv) was then

added to the mixture and 2 slow flow of argon was introduced into the flask.

The solution was stirred and at about 2 minute intervals, a small amount of
30 the solution was removed and an Acetone test conducted (See 4, below).

When the Acetone test gave a "Flat Ball" result, i.e. some polymerization of

-16-



pol yneri zation reaction mxture. In the present exanple the solution was 5
poured after about 10 m nutes. The tenperature of the reaction was then
nonitored and the tine and tenperature of the peak exothermtenperature
recorded. Aftglod-pgiskeaction was conpl ete, the pol yDCPD art i BCHUSIS2092
renoved fromthe rde. 10 b. Polynmerization Wth Refl ux

Pretreatnment of DCPD Mononer. In this procedure, the | ow

grade 81% 86% DCPD npnoner S .refluxed prior to, the addition of
the catal yst. The p%@&ﬁ?’é\%\%?‘&%‘i'é}ﬁowlm was poured Opgl oA intpyd mofd Rt ¢ he
DCPD has been added na@ bkdipretviossy sioid d@abslit 6b€C. 2R fhe from initial mixihg%f

catal yst, the tenperature of the DCPD was raised to between about 150[err]C
15 " to about 1488y ®epqmerand catlystoatib papring is caliedethe Zpour ims" ofthser at ur e
for a refl ux lymekizifon fi ; I gank]ﬁ t . nonomer
was refluxed for abggtym redl Bﬁﬁ%ﬁgah%‘ﬁpésﬁﬁgﬂgr re‘% ﬁﬁxspﬁlg the DCPD
was cool ed td the stpautedfier dwiunl0 minutes. The tempeyatrxt afrtbe réationowasahatst was
added, the Acetone tests_carnied.out..the reaction m xture
poured into the nol &OW%§%&8WeW%%m%{W%°F%ﬁ%ﬁ° temperature; g t he

pol yDCPD articl e sulbaeededntAfier tigRucibnfiwarsompRte@ledholyDCPD article was C-

Pol ymeri zation Wth Pero iéie difier In this procedure a
per oxi de nodifier, FHP"Y‘ﬁi qm.{heBeldydi t i onal post cure
cross-1linking, was added to the | ow grade 81% 86% DCPD nononer at 25

the same tine as the catal yst. An exanple of this procedure is as foll ows:
Filtered (wilh al unibaBelymerization With; Reflux Rretreatmmitisi .

butyl cat echol ) Low grade &%,QC?Q 7 . ' added

to a flask containing a g??h?@%rgr an V\l/gggr{%éaésseg/ ?ég'a Star olnﬁlgfg' I n

t enper at ur e refluxed peibiowtth® 4dditior 6f the emalyButTHe preveduric deas @R abBeg, 3%

v/iv), and 30 | rlChlerr Phl,err .75 vye L
equi v) were then ad%g%%’gﬁfﬁ%%ﬂe DEBDHas b%r?&?‘i?%maﬁa Iaﬂé\/pélf’ro%r%fh“ﬁrgon
was introduced i nt o theheatdlysithe tefiperangt of te'DCPD was raised to between about 150°C

-17- WO 97/ 29135 ,
PCT/ US97/ 02092 t about 180°Gand the DCED wasjrefjuxediat this semperawre fora wflyn| s a

smal | amount of thetigl UkitBéIresults reported he¥éPhe DRIPDY Ridndiet W4t r8iGLeQ16r frRSL
conducted (See 4, below. Wen the_ .
1 to 8 hours. After refluxing, the DCPD was cooled to the starting resin

temperature, the catalyst was added, the Acetone tests carried out, the
reaction mixture poured into the mold, the exotherm temperature recorded,
20 and the polyDCPD article subsequently removed from the mold.

c. Polymerization With Peroxide Modifier
In this procedure a peroxide modifier, for initiating additional post
cure cross-linking, was added to the low grade 81%-86% DCPD monomer at
25 the same time as the catalyst. An example of this procedure is as follows:
Filtered (with aluminum oxide to remove any inhibitors such as 4-tert-
butylcatechol) Low grade 81%-86% DCPD (67.639 g, 5000 equiv) was added
to a flask containing a stir bar, and was heated to a starting resin temperature
of about 24°C. Tert-Buty! Peroxide (2.005g, 3% v/v), and
30 (P(Cyclopentyl),),CI,RuCHCHPh, (75 mg, 1 equiv) were then added to the

mixture and a slow flow of argon was introduced into the flask. The solution

-17-



Acetone test gave a "Flat Ball" result, i.e. sone polynerization of the

m xture has started, the solution was poured open to air into a
nol d that had been 5 previously stored at about 60C. The tine from
initial mxing of the mononer and the catal yst pegtboragueti ng is
call ed the “™WHURFne" of the pol ymeri zation reaction m xture.
In the present exanple the solution was poured after about 10
m nutes. The tenperature of the reaction was then noni t ored and
the tinme and tenpevaststirred efid athabope2 knimro irtervats, tacsath avnaunme ofl the solution

recorded. After the reaction,is conplete, the articl e s renpved
fromthe nol d. was removed mdmg‘%eg?féf’?v,“c ‘ﬂ%%&%’ﬁfo#@?cﬂ § be

r ﬁf | uxedI prior to Adeonadéht ginvea "Flat Ball” resultOf.e. lsbiie pBlyhreHidtich of @ieomidgreand

t he catal yst.

15 4,
Test is used to ni@sswgedtee oltion wasrpourrd gpeR ymalF inza.pinepld that had been
reaction. I thi s el b ilaiRREGOC, |16 Gk Bl FiliPRRl 6Rgl 0n i xture

are renmoved with a small” pipet a ropp Into a test tub acetone. 20
Vi sual inspecti on nyonemmgs and theadatalyst intdl poucingisecaliéd the dpax ttionel’ of thepol yrer

f ion. Th [ I I i " ing" .
pglr;mrrtelr iogat i oﬁ) YI Sp%?yme%%t%&:%@iéﬁd%,%&{:: gfﬂﬁi?ﬁsm’}l%ss(%hn@g&ﬁ(%%ﬁza ion), and

"Ball." poured. aftee gisrut €6 adnwiés. Phiie teinperatniofha keabtiomt tvas thepn Ref | ux
Time Mld 25 . Tenper.ature. and Resi.n Tenperature

The exper | ment al PG00 (B UaF PO Eromstasse gt e AR FRUHETE) empgpnre
different reeflux tredoRded. dAftdrah® factiol 1d campleteS Bepol @fid[eOas refidved

di fferent concentrations of peroxide.” For each of the
experiments the gdfom ithgemold. ¢ ti me between m xi ng and

pol ymeri zation, and t hQ)ﬂu'oqglglt, geliﬁéi‘n%ﬂ.%{ MaPPk Feffilked prior o BE alRGL These

results are summari zed I'n
-18- WO of theowtdmityl peroxide and the catalyst.

PCT/ US97/ 02092

15

4. Acctone Test
The Acetone Test is used to measure the extent of the polymerization

reaction. In this test, a few drops of the catalyzed DCPD reaction mixture
are removed with a small pipet and dropped into a test tube of acetone.

20 Visual inspection yields a qualitative measure of the extent of polymer
formation. The visual results are described as "Nothing" (no polymerization),
"Cloud”, "Flat Ball" (some polymerization), and "Ball.”

5. Dependence of Pot life and Peak Exotherm on Reflux Time, Mold

25 Temperature, and Resin Temperature
The experimental procedures described above were carried out for

different reflux times, different mold and resin temperatures, and different
concentrations of peroxide. For each of the experiments the gel time, i.c.
time between mixing and polymerization, and the time to peak exotherm were

30 recorded. These results are summarized in Table 1.

-18-
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In all cases the catalyst successfully polynerized the | ow grade 81%
86% DCPD nononer to give pol yDCPD.

Tabl e | Experiment T-Butyl Mononer/  Refl ux Resin
Mld & w097129P§ak Exot hem Per oxi BIET/UBA0PY st

Ti me Tenp Tenp Time /mn Tine Tenp

[[err] [[err] C appr ox | [m'n sec] J[err] ( Al [err]
QSOO: 1 SOEOh}_ 5 monRef | uﬁ cages the caéalyst succcssﬂxéyg:ei)ymenziqggxeiow grade 81%-
A3[err] No 86‘V5Wmonomé’r 1B give poID@EU n. 45 60 >10

A4 No 5000: 1 8 1 40 3.5 6: 29

156.5 A5 No 5000:1 8  hr. 24 61.5 15
16: 15 174.5 A6 Yes 5000: 1 8 hr. 24 60
>14 16:50 166.1 15 (a)Tade peak Exot her m was observed

for sanples Al & Af=ﬁ=ﬁm§ BIL 57 ﬁﬁ'ﬁfﬁ“]
grades of DCPD Mongners Peomiic m’ Th&eT ol | own:ﬁg ?&:perﬁf:nﬁm sﬁ.(:ﬁ"sam,,gs?
were carried out t§ denongtrate]that tithe 20 rcl  prasdreestinvichinison ey be
practiced using lo wade D ’rgdag trn gt er1-alfs—o
different purities A ' ngL +Rout ﬁt&’aﬁ _gq‘L ohfSod-2ldi thives.f-

Experiment #BL A2 WrNei | t | soeeis Hzefhlr @xind |om- 85686 DARD wi t|hewt  Gads.
Modi fication Additilvge25 |y, 5£@pr INEQ ufh, 45f- N ¢f | dSK, W tih st f Dbar
approximately 87 g ofta—Fexpark 36501 ~—bee++i
refluxed for 8-hrsi A no N“ilt=°°°Put Sitne DCH¥'ing# a | 35 629 40 .185erf] C

bath to equalize té¢mgeratyng. Afehoo.064gf cat ad,.ystﬂ(sP(Qgcl 0 eggt,yl 343
Cl [ err] RuCHPh. MX PO approx. R nutes. At tirs—porm—tie etone—test

shows a €y hr. al \/F'F2I4i Z fq (')H >l 6] 66.1
50[ err] C. nol ¥ Peak t enperature 30 149.5[err] C at 6-m nutes and
31 Ofggfgds 264psi HEINURRaOBxothdrhn s dHskibbd for Yadiples R1% A3. cure at

6. Experiments B1-B7 using other low pgrades of DCPD Monomers
The following experiments (#s B1-B7) were carried out to demonstrate that the

20 present invention may be practiced using low grade DCPD monomer starting

materials of different purities and with or without gel modification additives.

Experiment #B1
Unfiltered, Refluxed 81-86% DCPD without Gel Modification A..ditive
25 Pour intc a 250-ml flask with stir bar approximately 87 grams of a Texmark 81-
86% DCPD that has been refluxed for 8-hrs. Do not filter. Put the DCPD into a
40.5°C bath to equalize temperature. Add .066g of catalyst (P(Cyclopentyl),),
CLRuCHPh. Mix for approx. 2-minutes. At this point the acetone test shows a
"round ball" degree of polymerization. Pour into a 50°C.mold. Peak temperature
30 149.5°C at 6-minutes and 31-seconds. 264psi HDT was 99.5°C after a 1-hr. post
cure at 200°C.
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WO 97/ 29 135

PCT/ US97/ 02092 Experi nent #B2 Unfiltered. unrefl uxed
94% DCPD wi t hout Gel Modification Additive Pour into a 250-m
flask with stir bar approxi mately 64g of Lyondell 94% peT/USEMORU2 Do not
filter or dXPAY®3Add . 079g of catalyst (P(Cyclohexyl)[err] 5
ClJerr]RuCHPh and m x for 3-m nutes. Begi nning nononer tenperature was room
tenperature. Pour_into 45£err]C. nold. At 43-m nutes polyner tenperature is
approximately th g nold tenperature, 49.9[err]C. The sanple is

ft 5 ; £ kiSy | dt
‘7"63%85(‘;0 A 63 5. Unfilferéd) Gntefl&h 9492 DEBD i di MidHiffcation 'Ald lrﬁ&g.sePeaE

t enperat ure was 87Pdiranto]aC230-BB flasknivithy stirshar agproximatelylédg ofSlymndel®34%i nut es.

The sanple is nu rder. | e ,post I fao . 25- r. @
130[err] C. CBCPB @%B?Ii tor?gggﬁs. Add %j’gg Bﬁﬁ%@r(g@cW’@fq’gxed 94%
DCPD Wi th Gsl MJCERSCHPID Bnd\Gilk for\3emirutes. Begintinl mdnidhier eenipRfinitt wWak a§dm Wi t h
stir bar approximately SOOg of. Lyondel | - 94% . DCPD. Do not filter or
degass. Add . 187gteEPeiaturs, hEPRFI iploctpki melda iy 43-minyiespolymer temperatyre ds; o) ved.

Then add cat al yst 2 C
approx. 32[err]C. : ﬁ&d&h‘n%h[gﬁggﬁé ﬁ%"?é%@éﬁ%%ﬁ%ﬁk%‘%@#ﬁ&

23. 5- mi teuhe touchf The nwid emperamre is incrdandd 20l d6-78UhaAt fdSanihutes a At

5252 LS S gl acoBRE LY PR VLB ETREIG

135[ err] C. 18anpl eTess stops 95-hmueswi The sampledis snuchiBirded. Satple pest fclifed for 1.25-

Experi nent #B4 b 3 OF#r'I tered unrefluxed 94% DCPD with Gel Modification
Addi tive 25 @139t 0 a 250-m flask with stir bar approx. 64g of
Lyondel | 94% DCPD t hat has been filtered and then degassed for

about 10-m nutes._Add . 0559 of tri phenyl phosphine and m x for
5-mnutes. Add paﬁ&ﬁﬁg—lﬂ‘{—%cl ohexyl )[err] Cl[err] RuCHPh, .054g
and mix for 3-m nypegeredvithne 4% DD oM \iel IMfidalibn Additive ~ Monomer

t enper at ure about I'n abou -mnutes. Le nple in the 30

mol d over nil§ht . Nei?@mrgra';a 2 50fbmé flaskswitle stir ar epproximatedys 300g) %fslgnoﬂéﬂl 94%soft on
t op. POSHCBH! 49 hol fitfer 20 dbfals. SBd 3G ok bfpheRfifRabnit@ind h Giah] C
dissolved. Then add catalyst (P(Cyclohexyl),), CLLRuCHPh .425g and mix. Mold
approx. 32°C. and monomer at room temperature. Peak of 47°C. @ 23.5-
minutes. After 27.5-minutes added additional mold heat. At 55.5-minutes test
20 concluded with polymer and mold temperature approx. 61°C. After post cure 1-
hr. and 10-minutes @ 135°C. sample is very hard with a 264psi HDT of 120.5°C

Experiment #B4
Filtered. unrefluxed 94% DCPD with Gel Modification Additive
25 Pour into a 250-ml flask with stir bar approx. 64g of Lyondell 94% DCPD that

has been filtered and then degassed for about 10-minutes. Add .055g of
triphenylphosphine and mix for 5-minutes. Add catalyst (P(Cyclohexyl),),
CLRuCHPh, .054g and mix for 3-minutes. Mold temperature about 38°C.
Monomer temperature about 32°C. Gel in about 29-minutes. Left sample in the

30 mold overnight. Next day sample was very firm but possibly slightly soft on top.
Post cured for 1.25-hrs. @ 130°C. 264psi was 114°C.
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WO 97/ 29135

PCT/ US97/ 02092 Experi nment #B5- (Filtered. unrefluxed 94%
DCPD wi t hout Modification Additive Pour into a 250-m flask with
stir bar apprgy, of Lyondel |l 94% DCPD. Filter pOmUSMH2092. Add
. 247g of cat aI yst ?%?Q/cl opentyl)[err] C[err]RUCHPh and mx. 5 Pour

into 33[err] C nold. Mononer at the beginning of the reaction was room

t enperature. Had gg at 2§-#1§'5nut es. Peak exot herm was appr ox.

50[ err] C. (maxi mum Experiment #B6 10 Filtered,
unr ef | uxed 94% DCPFiletedOutireffidded I¥a%h DCPB! Witidbu\Médifickon Adg:g Repeat

procedure for exanple B5 abqgve but raise tenperature of th

44.1[err] C. Peak exdio¥EiHe drfslmuidipsk svith stir Bar: approxn 400g9f IAX@F‘?‘] ?9% DCPD.
Experiment #B7 15 Filter ankidbj#¢ eddd Uﬂﬁﬁfo'f ‘élﬁﬂ's@ﬁ%ﬁ@p&fﬁ)bp@yt{u@ﬁh and

Modi fii cati on Additive peat proCedure for éxahpl’e B6 above yut
| ower nol d t ehper atRepeinte33C mpldy rl}dgpomer at the begmnuhgmféheem@loomlrym ratio

7. Ute of 1 ow or a0l RFEr BRI RRERRAS i proterm i BRRG ve”

We perfornmed t he fd0P@@nadmempehsemed)t s t o denonstrate the use of a gel

nodi fication additive with | ow grade DCPD nononer : Purification
and Degassi ng of DCPD Mononer 25 500 nL DCPD was filtered under
vacuuminto a one |Bxpéfimém¥Bg bottom fl ask t hrough a 150 nL nedi um
porosity sinhgred gl ass frltted funnel cont ai ni ng one . .. inch of

al um num oxi Loweeslegnaraa qEed R L aikGel M Ve can

be used after siml él(ep%{rﬂr&éﬂﬁ}@ f&{%ﬁiﬁﬁ‘ﬁs above bgt raére é'%er&thﬁ:tf e nCEP&,t om

fl ask, containing purlfled DCPD as above, was a
magnetic stir bar. “HEC Peskexqtherm| observed st 7amiutes and 14 H4°D)- 35[err] C and

under 0.10 mm Hg vacuumwith stirring for from20 mnutes to 1
hour. The degassed : -21-
Experiment #B7

15 Filtered, unrefluxed 94% DCPD without Gel Modification Additive
Repeat procedure for example B6 above but lower mold temperature to 41:5°C.

and increase catalyst ratio to 3750:1. Peak at 5-minutes and 35-seconds @
192°C.

20 7. Use of low grades of DCPD Monomers with Gel Modification Additive
We performed the following experiments to demonstrate the use of a gel
modification additive with low grade DCPD monomer:

Purification and Degassing of DCPD Monomer
25 500 mLL DCPD was filtered under vacuum into a one liter round bottom flask

through a 150 mL medium porosity sintered glass fritted funnel containing one
inch of aluminum oxide. Lower grades of DCPD with lower freezing points can
be used after similar purifying treatment.
To the round bottom flask, containing purified DCPD as above, was added a
30 1-inch magnetic stir bar. The flask was placed in a water bath 30-35°C and under

0.10 mm Hg vacuum with stirring for from 20 minutes to 1 hour. The degassed
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WO 97/ 29135

PCT/ US97/ 02092 DCPD was then stored under vacuum and protected
fromlight to prevent premature free radical polynerization.

W have founqiotﬁﬁ%l?gue to the functional group tolerance of p¢tifssRia@tyst s
of the sent invention, we do not need to purify and degass the
DCPD nononer before carrying out the polymerization.

DCPD Pol yner i zat ion Wthout Gel Mbdification Additive using

P(Cycl opentyl)[er DF@[W@%W@H@P@W pid protegtedfrom light to preventlo a 250

m. Erl enmeyer fl t gnetic stir bar, DCPD, 10
purified and degzaié g%agéﬂ%agg?l%&#”g‘%ﬂg (147.9 g, 150 ni, 1.12 mol, 5000

eq) = and (m(eo,m d'qnmdtthit)c{ue ms]ma fusetionRudregp€dtrasab [of el aam(lﬁs&Bof‘ihérg
0.224 mol, | Stirring V\?smltlated and

optionally a sl O\AP‘FFBW"HFNQPQHH d\Rd‘:?t PFﬁdr PyEibgand degass the DGPD mppomerask. The

orange sol usi on mmoﬁtchﬁyﬁgoa{me%wmnature for 8 mnutes
under argon until it becane highly viscous. The solution was then poured

open 15 to air into a crystallization dish (14.6 cmin dianeter) that
had been previ oushypp Polﬁ%en%t?&f %o@ttgéﬁ\%ﬁf iaion Addife \g*ng' nutes, the
sol ution began to ge was observed
over the foll ow (Xclo] : Py pol yneri zati on
appeared conpl et e, h st al Lization. d| sh co ed t . I QO
tenperature. The pggﬁkb @é%%é‘f’%ycfr 0§ gdam Eg]%ﬁ PP i on
dish 20 10 easpurified Bhé dpgissedpds deseritied abows, (BY.Bg m%errlélni‘o@rsoaole

L’glsylrr;[alr inga![ inon wi 39 @‘EY%WS&‘M géﬁ%f'pgﬁﬁ% ;enlg 8)224 mmol, 1 eq) were D
P(Cycl opentyl) [ er4dded.[ Sfisringubas Ghitthiz@2hd Q{:ﬂi&nhnf ﬁtsﬁJ“V ﬂ&w o%%rl:ﬁgn was ifffodhcdd 25K

containing a stir, bar, tr| phenyl phosphi n ,
purified and dega’é‘?e'&e Oi‘BWewas(SBHe gqrog;n mp@ra@msm 8 miimgtes | ask

?ﬁ?o,cmpemyﬂ'[re‘?“??‘ci*?ﬂ'ﬂﬁ’ 3 SR g fitons. TNl s e ponped ooy

m Xt ure 15 ragr intosa lewcofdldt 0di6 cnnin dmmouhachad roeen pilegiofislnsk.
The sol uti on was o | Q erature der on.
After 59 m nutes, gt e t’:‘lebent gn Ztgtﬁ{né&s’%e solt mm E%F éi g}#ﬂ qélaﬁt?‘mls‘gl | "

result. The sol utsnmkewes obkervedpmver ¢ follewing @ rinutes.NtAd tﬁs point, the
- 22 polymerization appeared complete, and the crystallization dish cooled to room
temperature. The polymer scparated from the sides of the crystallization dish
20 easily. The polymer was post-cured at 120°C for 3 hours, resulting in

poly(DCPD) (141.1 g, 95.4% yicld).

DCPD Polymerization with Gel Modification Additive using

P(Cyclopentyl),),Cl,Ru(=CHCH=CPh,) catalyst.
25 To a flask containing a stir bar, triphenylphosphine (95 mg), and DCPD,

purified and degassed, as described above, (63.991 g) were added. The flask was
stirred under vacuum for about 5 minutes.
(P(Cyclopentyl);),CL,LRu(=CHCH=CPh,) (71 mg) was then added to the mixture
and a slow flow of argon was introduced into the flask. The solution was then
30 stirred at room temperature under argon. After 59 minutes, the acetone test (See

below) gave a "Flat Ball" result. The solution was then poured open to air into a
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PCT/ US97/ 02092 WD 97129135 nol d that had been previously stored
at 60.2[err]C. The peak tenperature of the reaction occurred about
10 minutes after pouring, with a peak tenperature of abou

158[err] C.  w&omeras Dependence of pot life on concentratlé’ﬁT’HF”@é?”

Modi fication Additive using

P(Cyclopentyl)[err]d[err] Ru(=CHCH=CPh[err]) catalyst: TABLE 2

203 nmg of tripheny 0 quga?P t tube
and the test tube %ﬁgﬁgﬁmgﬁﬁ i éﬁglqgﬁfs{?enﬁgﬁég%hrrgg e%ﬁgm

of (P( Q/cﬂcaqnmntoytl)rfedrab])ﬂl JOemirjuiRs (2ftGHHAGRWvith a]p)zak/\uslpetlamm aﬂded,
shaken by hand and h‘Ngs e mxed with a stir bar for about 1-2

m nutes. The mi xt A8 then set asi de. After 3 hours 20 m nutes,
the m xture was still fluid, i.e. only parti al pol yneri zati on had
occurred. Th(g pot i hi s reactlon mxture i .. .

greater than°3 hours of £ 80. 069

of DCPD. g@g@'ﬁ#kgcmz ﬁg=ﬁH¢m%|p§j( g%lysturdﬂnwacuum (t his is
optional) for a1l m nut €S an en poured into a nold that
had been preheat ed 2@ ®g ag[txiphchylphosphine Wasadﬂvé‘péél&a%ﬁ?ﬁérl?ﬁ:m@mw@dn&tter
about 19 m nutes I S
géqdfipé %@P&%@%&bﬁc@u ttlﬁﬂé’kﬁ r}]xanyl%hos%m?eﬁ\%aé&ssom& 7" anQX‘P

then all owed to coo 0 room tenperature
fromthe nold and Wclmnﬁ@,)ﬂlzmﬂe{iﬂﬂﬂl‘hglwn tlmmxddcd shaken by hand med then

' d ed.a f ff
Concentrati RS of IS JHP R BT S AOHR GaGHEREE Sihdmmge Pae ShploEL e, *°

DO f ll QX

sug}mr izzed in After 3 fiadih 20 Zhinutes, the mixture was still fluid, i.e. only partial

T

pg ake polymerization hagorsuged. The pot life of this reaction mixture is therefore

Exot her m _ grediP@Aad T9Bhrs ﬁ%ﬁh&st'rhel%@&h&ﬁﬁ 'iﬂlxt(ﬁ') wgaadawﬁ;t 64, f ot
Lifet time (mn) >3hr
19 DCPD. The mixture was stltrcd slowly undcr vacuum (thxs is optlongb ,fprna 25

é 000: 1 > 008 2 3‘1 ﬂxptﬂgro% Tmutes 4%19%&%1 poutdf m{oj:r gi‘royi] that iz been preheated to 60.8°C. 3

The peak exotherm occurred after about 19 minutes at a temperature of about
69.5°C. The mold was then allowed to cool to room temperature and the polymer
removed from the mold and post cured at 190°C for 1 hour.

The experimental procedure described above was carried out for different

20 concentrations of the gel modification additive and the results are summarized in
Table 2.
Table 2
e —
Peak
Monomer/ Exotherm

Experiment | Catalyst | PPh, (g) [ Catalyst (g) | Pot Life’ | time (min)

1 5000:1 203 074  P3hr 19
P0min
25 2 5000:1 079 .071 Phr 14 min| ~6
3 5000:1 .044 071 49 min ~4%%
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PCT/ US97/ 02092 +The pot life for Experinents 2 and 3 is the tine
at which the polynerization m xture i s becom ng viscous but can
still be pourgggnsss © PCT/US97/02092

"The pot life for Experiments 2 and 3 is the time at which the polymerization
mixture is becoming viscous but can still be poured.
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PCT/ US97/ 02092 DEPENDENCE OF GEL TI ME ON
CONCENTRATI ON OF CEL MODI FI CATI ON ADDI Tl VE:
TABLE 3. wo 97201345! NG CATALYST (P(Cycl ohexyl)[err] C [ er ptRwSHRI20925

The foll owi ng reactions were carried out using a catalyst of the fornula
(P(Cycl ohexyl)[err] C[err] RuCHPh the results of. which are summarized in
Tabl e 3. The Exp (51-0 Tabl e 3.
Experinment #4 10

approxi mately 64.6g of Vel sico BIZI-MODIFICATION msm(@mm o DCPD nononer)

that has been filtered and degassed with vacuum (Note: filtering
and degassing are optional). Add .054g of catal yst

(P(Cycl ohexyl) [ err ustNGec AT RuEstithyp, Ichkekv).}, . RMeRP, 3 Monutes. Pour into

nol d

5 The following reactions were carried out using a catalyst of the formula
(P(Cyclohexyl),), Cl,RuCHPh the results of which are summarized in Table 3.
The Experiment numbers relate to the entries in Table 3.

Experiment #4
10 Pour into a 250 ml flask with stir bar approximately 64.6g of Velsicol VHP

DCPD (about 99% DCPD monomer) that has been filtered and degassed with
vacuum. (Note: filtering and degassing are optional). Add .054g of catalyst
(P(Cyclohexyl),), CI,RuCHPh and stir for about 3 minutes. Pour into moid.
Mold temperature was 34.4°C and the DCPD monomer temperature 31.5°C. Gel

15 time was < 2 minutes & 45 seconds with peak exotherm at 4 minutes & 11
seconds and a peak temperature of 133.8°C.

Note: Gel time is defined as a) the time at which a stir bar ceases turning in a

250-ml flask during mixing of the catalyst / monomer; or b) the time at which a
20 glass pipet lowered or pushed into a very high viscosity poured sample will no

longer pick up or have “cling to” the pipet any of the polymerizing sample.

Experiment #3
Pour into a 250-m! flask with stir bar approximately 64.0g of Velsicol VHP

25 DCPD that has been filtered and degassed with vacuum. (Note: filtering and
degassing are optional). Add .030g of triphenylphosphine and mix for about 5
minutes. Add .054g of catalyst (P(Cyclohexyl),), CLRuCHPh and stir for about 3
minutes. Pour into mold. Mold temperature was 35.0°C and the DCPD
monomer temperature 31.5°C.

30
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Mol d tenperature was 34.4C and the DCPD nononer tenperature 31.5[err]C Cel
15 tinme was < 2 mnutes & 45 seconds wth peak exothermat 4 m nutes
& 11 seconds and a peak tenperature of 133.8[err]C

Note: Cel ti ' fined as a) the time at which a stir ag,m&'g”turmng
ina ’ %91"%'5' m flask during m xing of the catalyst / nononer; or b)

the time at which a 20 gl ass pipet |lowered or pushed into a very

hi gh viscosity poured sanple will no " longer pick up or have
"cling to" the piﬁi@m&f t he poI ymeri zi ng sanpl e. Experi ment
#5 Pour t el 4.0g of
Vel si col VHP 25 Pduphg%g[%%té &%‘[ﬁ Kas eewbw?ﬁééﬁﬁgtgﬁd%%e c‘ﬁn‘{ vacuum
(Note: ‘filteri ngmm)ﬂlathasbeend'ﬂtgﬂﬂsandgle@’sﬁedapnh ombin (Ndd: . fDEiag ahd

tri phenyl phosphine and m x for .ab ) Add . 054g of

catal yst (P(Cycl gﬁ%Wf‘%[m'eCr ﬂm@lfe?‘%ﬂ%ﬂlﬂf%"ﬁ?s‘? F%B‘Hf fog about 5

m nutes. PofIr i ntginiges, dAdeﬂét&Wyaﬁm@yd@ﬁxﬂﬁ)z%lﬁmd}ﬁ’m stiP $or 651 3

nononer tenperature 31.5[err]

- 25.- V\éninyes gReur info mold. Mold temperature was 37.8°C and the DCPD
PCT/ US97/ 02092 |, tempefaRERBSENL #6 Pour into a 250-m flask
wth stir bar approggnr%teénpe gg of Vel sicol VHP DCPD t hat has

been filtered and degassed wi t h vacuum (Note: filtering and

degassing are op;%%m_édd . 065g of triphenyl phosphine and m x for about
5 5 m nut 54g of catal yst (P(Cyclohexyl)[err] d[err] RuCHPh

and stir fHr aboutPor into a 250-minflaskiwéth. stiPbar apprx@marelycsd. fWélﬁéHl’W ure was
37.8[err]C and t r tenperature 33[err]

Experinment #7 10%15 mﬁbﬁ?bﬁeﬂfwaggfﬁ dpgasyed yath ygcupmg ¢ P‘ebaﬁ]w&ﬁﬁlab% mat el y
64.0g of Vel si coldegésking are optional). Add .200g of triphenylphosphine and mix for about 5

minutes. Add .054g of catalyst (P(Cyclohexyl),), Cl,RuCHPh and stir for about 3
minutes. Pour into mold. Mold temperature was 36.3°C and the DCPD
15 monomer temperature 31°C.

Experiment #8
In a 25 x 150mm test tube, add approximately 8.132g of Velsicol VHP DCPD
that has been filtered and degassed with vacuum. (Note: filtering and degassing

20 are optional). Add .060g of triphenylphosphine and mix until dissolved - about 3-
5 minutes. Add .054g of catalyst (P(Cyclohexyl),), CL.LRuCHPh and stir for about
3 minutes. Then put test tube into a dry ice / acetone bath for approximately 30
seconds to cool, and then put sample into a 35°F refrigeration and leave
overnight,

25 The following day, weigh out about 56g of Velsicol VHP that has been filtered
and degassed with vacuum. (Note: filtering and degassing are optional). Add
the frozen Catalyst/TriPheny]Phosphine/DCPD concentrate pellet to the 56g of
DCPD monomer and mix until dissolved - about 49 seconds. Resin temperature
is 35°C. Mix for 3 minutes longer and pour into a 33.8°C mold. Resin

30 temperature at pour = 35.4°C.
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DCPD t hat has been filtered and degassed with vacuum (Note: filtering and
degassing are optional). Add .200g of triphenyl phosphine and m x for about

5 m nutes. Add .054g of catalyst (P(Cyclohexyl)[err] d[err]RuCHPh
and stir for akpPsiosss m nutes. Pour into nold. Ml d PeHpsa7823t e was
36.3[err]C and the DCPD 15 nononer tenperature 31[err]C

Experi ment #8 In a 25 x 150mm test tube, add approxi mately
8.132g of Vel sicol i W that has been filtered and degassed

wi th vacuum ( Not e: r'er-r'ng and degassi ng 20 are optional). Add

. 060g of triphenyl phna@soms Mldwiuhmmbhn dddchpﬁmimatdymabmﬂ‘tLandell 108 5

m nutes. Add .054g _of ¢ P( cI hexyl ) [ err RuCHPh and stir
for about 8" ﬁ%&%‘é ﬁéﬁ%ﬂt a“fiL?E '@ég/ 03%8efone
bath for approxi matgpNenfphosphine and rﬁﬁmui 9 nfififdds. .‘M}ﬂ oshg0r Qéﬁlyﬁa”m e

into a 35[err]F refrigeration and over ni ght. The

fol | owi ng day, wei §HCyeloheybis CBBQCH?}‘M giix fr abpyp &mmutqsas}’oseem mold. er ed

o degassed 1D WY %F&N?%E‘ospﬁlﬁ‘éf‘kc%?cﬁﬁg‘%ﬁ%?%@ﬁp&ﬁ% o the 560

of DCPD nﬁumm_n&ﬂlﬂm x until dissol ved - about 49 seconds. Resin
tenperature m Jut e our n a 33.8C
nol d. Resin 30 In P?ﬁgé’%ﬂ%ff w“&ts{'f)g adﬁ gr%r ?9 £ ohaefdd

- 26- VO 94,023 1BEPD that has been filtered and degassed wnh vacuum. Add .054¢ of

PCT/ US97/ 02092 " In a 250-m flask with
stir bar add pproﬁ?@ﬁf‘éf@cygﬁ’gwlﬁ %ﬁ%&@hl‘mi@ﬂx for 3 minutes. 9‘29"@)4%)@@’1!) t hat
has been fil tered anfd eagReaaed ivdd-t avla%wcpﬁclﬂono%?%dgse 2°C.

Tri phenyl phosphine and mx for about 5 mnutes. Add .054g of cat alyst 5

(P(Cycl ohexyl)[err] Cd[err]RuCHPh and m x for about 3 mnutes. Pour into
nol d. Mokd ggpture is 38[err]C and the DCPD nonomer
tenperature 32[err Experi ment #10 In a 250-m fl ask
with stir bar add arﬁ‘pmmmﬂiﬂ-ml BaskOyith tirl bap approkinb@dy 64.1g of Velsicoll VEPY% DCPD

that has beep filt HC%% M%Q&SEEMJ‘ deg%gé’lthh va((:juunp 5690& filtering and
degassing is optional). Add .200g of triphenylphosphine and mix for about 5
minutes. Add .080g of catalyst (P(Cyclohexyl),), CL,RuCHPh and stir for about 3
minutes. Pour into mold. Mold temperature was 32°C and the DCPD monomer
temperature 33°C.
20
Experiment #12
In a 25 x 150mm test tube, add approximately 6.0g of Velsicol VHP DCPD that
has been filtered and degassed with vacuum. (Note: filtering and degassing are
optional). Add .011g of triphenylphosphine and mix until dissolved - about 3-5
25 minutes. Add .054g of catalyst (P(Cyclohexyl),), Cl,RuCHPh and stir for about 3
minutes. Put 58g of Velsicol VHP DCPD into a flask and mix in test tube with
Catalyst/Monomer/TriPhenylPhosphine mix for one minute. Pour into mold.
Mold temperature is 37.9°C. Resin temperature about 31.8°C.

30
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10 catal yst (P(Cycl ohexyl)[err] C[err]RuCHPh and m x for 3 m nutes.
Pour into nold. Mol d tenperature is 38[err]C and the DCPD nonomner
tenperature 32[err]C Experiment #11 Pour into a
250-m flask ir bar approximtely 64.1 g of Vel sicol

DCPD t'hat ha?“b’gg?f |Itered and degassed wi th vacuum ( Note: é[l'%ﬂ:’%terl ng and
degassing is optional). Add .200g of triphenyl phosphine and m x for about 5
m nutes. Add .080g of cat al yst (P ‘ CI [err] RUCHPh and stir

for about 3 m nut es. Pce PRING ber at ure was 32C and
t he DCPD nononer te r l@-@”'ﬂ' ] 2 Experi ment #12
In a 25 x 150mm test tube, a ap e]~ﬁ T LE4I VHP DCPD t hat

has been filtered and degassed W|th vacuum (Note filtering and dega35| ng

are opti dd 011 tr| ne a

di ssol ved - about Ogt?%}o&lg ng cxpe Q\B’?}a‘y@aﬁ‘ f @aﬁﬁr}g@n T‘“’le 3,

I(D PE Cy5§| oh;ax%/ I I) [ erbull ﬂﬂa%e Iﬂohﬂltﬁdﬁhamﬁes\bzt(sr vai'xgdl &H@hﬁsul;fs oft th%se gxperiﬁ}[néﬁ&tﬁé
u g of Velsico in ask_and mix in tes ube w

Cat al yst/ anorrer/Wﬁ‘éﬁ%&‘p&r H'geﬁ%P?'HPC%E“MWﬁtdtffer%Gﬂleﬂﬁo nol d.
Mol d terrperature(p@gyayohggl)gﬁe@umd}gi}pﬁ{dature about 31.8C. 30

- 27_
PCT/ US97/ 02092  (PPhy); CLRu(=CHCH=CMe,). Other than for thefiveNpERifitFexpEriGEits T| VE ON

GEL MODI FI CATI ON ARDILE, Qégmq ] i erj ments
use a simlar format técl)\lﬁhose et ?%9 33)’f]abrFSJt§%m§4Mm '1“3%% Brﬂ‘f gel
nodi fi cati bh addithe (,R{Cy&dghnxal‘)j)ﬁﬂlzRﬁﬁHPh eatalysts THe Expesmestaueibersaslate 18t
sumari zed in Ta%&eélmglgia S§ experinments used two different catal ysts:

USING CATALYST (P(Cyclohexyl),),CL,RuCHPh: Experiment #s 13-28

In a 250-mL flask approximately 64.0g of filtered and degassed Velsicol VHP
15 DCPD was added. The gel modification additive was added. After mixing until
dissolved or 5 minutes, the catalyst (P(Cyclohexyl),), CLRuCHPh was added.
After mixing for about 3 minutes (or less if gelation had occurred) the mixture

was poured into a moid.

20 USING CATALYST (PPh;), CL,LRu(=CHCH=CMe,): Experiment #s 29-33
The following reactions were carried out using the (PPh,),ClL,Ru(=CHCH=CMe,)

catalyst.

Experiment 29
25 Pour into a 250-ml flask with stir bar approximately 64.0g of Velsicol VHP

DCPD that has been filtered and degassed with vacuum. (Note: filtering and
degassing are optional). Add .020g of tricyclohexylphosphine and mix for about
5 minutes. Add .049g of catalyst (PPh,),C,Ru(=CHCH=CMe,) and mix for 3
minutes. Pour into mold. Mold temperature was 39.2°C and the Resin

30 temperature 33.6°C.
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(P(Cycl ohexyl)[err] Cl[err] RuCHPh and (PPh[err]
Clerr]Ru(=CHCH=CMe[err]). Oher than for the five specific experinents
descri bed bel ow (Experinment #s 29-33), all results presented in Table 4 are
for 10 4,?;&%/cl ohexyl)[err] Cl[err] RUCHPh cat al yst. pClrasExg2e92i nent
nunbers’ relate 0 entries in table 4. USI NG
CATALYST (P(Cyclohexyl)[err]Cl[err] RuCHPh: Experinment #s 13-28

In a 250-nL fl ask gggrom @ely 64.0g of filtered and degassed Vel sicol VHP
15 DCPD was me gel nodification additive was added. After

m xi ng until Pouiii#td @l 259ChmPflask Wit stir@ar appi6ximaicBl §450g of Velsicol VHP
(P(Cycl ohexyl)[err] Cgéerr ] RUCHPh_was added. After mxing for
about 3 minutes (orDfBRdhatthag beentfiltsrediand dsgassed with vagyumy ot efiltering and 55
poured into a nol d. dgAa' Y,

3 Ler 1] Ru( =CHOHEOWE Tegas%?.)g ae Bpeu IH?Q ﬁig &Eéfc?&iéﬂlﬁﬂospMe ax%d xlnfxoe\)nr ﬁléout
reactions wer8& carrd minuest Add 9493 %CMKHE]:@J{WMP&WP)

CTi 7 bar appr oxi o BERa PO o GBIAC Mgl epperariad . Bichotite g 0

filtered and degassiegpsafufe 232000 (Note: filtering and degassi ng
are optional). Add .020g of tricycl ohexyl phosphine and m x for about
5 mnutes. Add .049g of catalyst (PPh[err]Cl[err] Ru(=CHCH=CMe[err]) and m x

for 3 m NugBerimegt#3li nto nold. Ml d tenperature was 39.2[err] C and
the Resin 30 tenperature 33.6[err]C i
-28- 100 97/ zbq}ggnto a 250-ml flask with stir bar approximately 64.0g of Velsicol VHP

PCT/ US97/ 02092 i Bhd vEQlk. | ﬁ%ﬁ, fl ask
with stir bar appr OXI rrat %ﬁﬁ éB € %1 s‘?"é‘“ﬁ"‘\/ﬁﬁh NO%C?D% gignﬁ
been filtered and d@gaasmedlrmpttonalacm .032gmfgricycldhexylpirgphingland mix for about
5 minutes. Add .049g of catalyst (PPh,),Cl,Ru(=CHCH=CMe,) and mix for 3
minutes. Pour into mold. Mold temperature was 39.3°C and the resin

15 temperature 32.0°C.

Experiment 32
Pour into a 250-ml flask with stir bar approximately 64.0g of Velsicol VHP
DCPD that has been filtered and degassed with vacuum. (Note: filtering and
20 degassing are optional). Add .049g of catalyst (PPh,),CL,Ru(=CHCH=CMe,) and
mix for 3 minutes. Pour into mold. Mold temperature was 40.6°C and the Resin

temperature 34.0°C.

Experiment #33
25 In a 25 x 150 mm test tube, add .051g of catalyst (PPh,),Cl,Ru(=CHCH=CMe,)

and 4-6g of dichloromethane. Add stir bar and mix for about 5 minutes or until
catalyst appears to dissolve. Then add .052g tricyclohexylphosphine and purge
test tube with argon. Cap test tube and mix at room temperature for 2 hours.
After 2 hours, pull off dichloromethane with a vacuum and wash catalyst mixture

30. with another dichloromethane wash. Now add approximately 10.0g of Velsicol
VHP DCPD that has not been filtered or degassed, to the test tube and mix
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degassing are optional). Add .054g of tricycl ohexyl phosphine and m x for

about 5 5 mnutes. Add .049g of catal yst

(PPh[err]d [err] Ru(=CHCH=CMe[err]) and m x for 3 m nut es. Pour
into nold. I\/bld te erature was 37.5[err]C and the resin

terrperature = rT?r]C. Experiment #31 10 P (5'1JJSr9.”|m°2

250-m flask wnth stir bar approximately 64.0g of Vel sicol VHP

DCPD that has been filtered and degassed with vacuum (Note: filtering and
degassi ng are optrepiflyl for abong 1, m@mg agfuntit the watalystemixtyrh os gissohed dm thenDEPDH or
about of ca

(PPh[err]d[err] Mﬁpﬁ%ﬂh& glﬁ%mn‘f i}aﬁkoqpng.lmng 54.0g of Nelsigpl YHPp
into nold. Mld tmmmmwnmexsana{eeror Hégasdad. tdmuﬁwinmﬂéfor abodt@nperature
32.0[err]C. % our into a _250-m flask
with stir bar appgPBYEsig |'9'xe&"%gl’w ’%’I’E‘PIQOIM%#“’PC’“““" was 383 and thenas
been filtered andegetmsrpdturaispipegacuum (Note: filtering and 20

degassing are optional). Add .049g of catal yst

(PPh[err]Cl[err] Ru(=CHCH=CMe[ err]) and mx for 3 mnutes. Pour
into nold. Mold tenperature was 40.6[err]C and the Resin

tenperature 34.0C Experinent #33 25 In a 25 x 150 nmmtest
tube, add .05l g of catalyst (PPh[err]Cl[err] Ru(=CHCH=CMe[ err]) and

4-6g of dichloromethane. Add stir bar and m x for about 5 mnutes or until
cat al yst appears to dissolve. Then add .052g tricycl ohexyl phosphi ne and

pur ge test tube with argon. Cap test tube and m x at room
tenperature for 2 hours. After 2 hours, pull off dichloronethane
wi th a vacuum and wash catal yst m xture 30 wi t h anot her

di chl or onet hane wash. Now add approxi mately |10.0g of Vel si col VHP

DCPD that has not been filtered or degassed, to the test tube and m x

- 29- WD 97/ 29135

PCT/ US97/ 02092 rapidly for about 1 mnute or until the catalyst
m xture is dissolved in the DCPD.
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VHP

PCT/US97/02092

into nold. Mold tenperature was 38. 3[err] C and

m Xx time. Pour

DCPD that has not been filtered or degassed. Continue m xing for about 3
r agbBrhasperature 32.0[err]C

m nut es t ot al

Add the DCPD/ catal yst m xture to a flask containing 54.0g of Velsicol
the 5
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CLAI M5 What

pol yDCPD material via the ROW of a DCPD

is clained is: 1. A nethod for making a

starting material,

t he nethod conprising the step of (a) contacting a
t hat contains |ess than about PCT/US97/0209

DCPD st ar t i ng winéaioi 3l

97% by wei ght of functionalized or unfunctionalized DCPD 5
nononer with a Rutheni um or
that includes a Ruthenium or

+2 oxidation st

Gsm um car bene conpl ex cat al yst
Gsmium netal center that is in a
| ectron count of 16, and is

pent acoor di nat e & [pol yDCPD nateri al . 10 2. The net hod
according to cl el n the Rutheniumor Osm um car bene
conpl 'ex cat al yst{sh Faf nul a 15
[err] Mis selected fromthe group
consi'sting of Qs ahd R and R err] are independently
selected fromt i sting of hydr ogen and a
substituent gro romthe group consisting of 20
Cerr]-Cerr] allke ]-derr] alkynyl, Cerr]-Cerr] alkyl, aryl,
Cerr]-Cerr] carbpx err]- C err] al koxy,
Cerr]-Cerr] al err]-Clerr] al kynyl oxy, aryloxy, Cerr]-Cerr]
al koxycar bonyl , ] alkylthio, Cferr]-Clerr] alkylsulfonyl and
Cerr]-Cerr] al kyl sul finyl; X and
X err] are inde ected fromany anionic |igand; and 25
L and L' are ind el ected fromany neutral el ectron donor.
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- 34- 3. The method according to claim2, wherein
the substituent group is tituted with one or nore groups
sel ected fromthe group Um"”l”'m” ﬁ”]‘qe”] al kyl,
hal i de, C[ergbyshsisg] al kKbxy, ande 5 4. Thernisstbrash

accordl ng to cI alm 3, wherein the phenyl group is substituted

with one or nore groups selected fromthe group consisting of halide,
Cerr]-Cerr] al kyl, and Cerr]-Cerr] al koxy. 5.
The net hod according to claim?2, wherein the substituent group is 10
substituted with one or nore functional @GLAIMS sel ected fromthe group
consi sting of hydroxyl, thiol, ketone, al dehyde, ester, ether, am ne,

i mne, - am de, nitro, carboxylic acid, disulfide, carbonate,

i socyanat e, car bWHati igicthémed is: car boal koxy, and hal ogen. 15

6. The nethod accaqrdin o ¢claim?2, wherein R and are inde endently
sel ected fromthe ! grﬁdg‘t{!%gq’é‘?‘ikh‘@ %POIMPQPQQ'E%C“%M%?‘F QQMB ofia\p C
unsubstituted starting mateRAl the RetRSd Edribash nd unsubstltut ed vinyl;
and gwher ellynet he subsrhl%t)tutgetggIXJB ?and substituted vinyl

are each substituted (@) conmcunﬂnatIHCBH@tmngrmatenqm;wnmmh éess éanfabem t he

group consisting of hydroxylyge, [gl\%:gh% (fugng.}’zfﬁtoxo%nc onglh%g(ﬁ)q (jﬁ?irde,

et her, amne, imne, amde n|
carbonate, § socyanate, car bnnhnomnjmthaa{mhmimWOsrhﬁhD%BeneGbﬁﬁare}c -celaRkt |

al kyl, Cerr]-Cerr] alkoxy %&%I ut.ed. phenyl ,, and phen substi tuted
with a halide, Eﬂﬂg?ﬂ] Itl’w"fh “E’yf%%m tal qepfer that g iRy .
25 7. The nethod accep dxiigtié®stalelhd® s, elé&'&@ﬁ@bmﬂn'ef@@chnh isare

i ndependent |
P y pentacoordinated to form a polyDCPD material.

10 2. The method according to claim 1, wherein the Ruthenium or Osmium

carbene complex catalyst has the formula

I R’
X>M_c\
x| R

15 o
where:
M is selected from the group consisting of Os and Ru;
R and R’ are independently selected from the group consisting of
_ hydrogen and a substituent group selected from the group consisting of
20 Cy-Cy alkenyl, C,-Cy, alkynyl, C,-C,, alkyl, aryl, C,-C,, carboxylate, C,-
Cy alkoxy, C,-C,, alkenyloxy, C,-C,, alkynyloxy, aryloxy, C,-C,,
alkoxycarbonyl, C,-C,, alkylthio, C,-C,, alkylsulfonyl and C,-C,,
alkylsulfinyl;
X and X' are independently selected from any anionic ligand; and

25 L and L' are independently selected from any neutral electron donor.
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selected fromthe group consisting of phosphine, sulfonated phosphine,
phosphi te, phosphinite, phosphonite, arsine, stibine, ether, am ne, am de,

sul f oxi de, carboxyl, nit ros ingh t hi oet her.

23 oo 2555 T
PCT/ US97/ 02092 + & Fthewmneth according to claim7, wherein L
and L' are phosphines I ndependently selected from

PR err]Rerr]R err] wherein Rerr] is selected fromthe group
consi sting of secondarﬁ al kyl and_cycl oal k%ﬁ and wherein R err] and R err]
W

are RiBsthog ascording &Qiclainy dy Whereig the, pubsiMemt QUGS of aryl |
Cerr]-Cerr] pri Qe

9. The net hod accgf{ju?ﬁgbt%%kvéthﬁﬁ]%morc glr%gPQ aér?ﬁl{ierr gk?g&?é%dep %bnf |y
sel ected fromthe gallydphalidests€, aloxyt an@pbaml ohexyl)[err],

-P(cycl opentyl)[err], and - P(isopropyl)[err]. 10

10. The nmethod according to claim7, wherein L and L[err] are both

-P(phenyl )[esr]. 4. The method accoidmg 1dhelaitie B haHerginahe ghengl grous isaéubstiluted
wherein L and L' are.the sane

12. The nethod a
claim2, wherein X %ifyo% grrﬁnf'eaﬁ‘%“ﬂsrf‘ﬂléﬁ@ﬁilcﬁ'@ﬁﬂhﬁ group consisting o %g’é{g"c 5f rom

the group consi sti ngkglf addeC,00e8lkodyydr ogen; Cerr]-Cerr] alkyl, aryl,
Clerr]- err] al koxi de, aryloxide, Cerr]-Cerr]

al kyl di ketonate, aryldi ketonate, Clerr]-(err] car boxyl at e,

aryl or (err]-Clers] Tht méhﬁﬂlaﬁmgto Elfed ]'Z.] I Brtiw F’t}(%?ftg%ﬂifﬁ%y%er r]-

Clerr] alkylsul fonyl, err err] each
optionally $@bstit Lsubstituied mith{ame of n@[re tl@ﬂakgtouphxlwwrfrorﬂ@e group

Cerr]-Cerr] al kox [ ituted with
hal ogen, Cerr]-C eér/on%iguﬁ@ &myar&pp%hll 3 1?}11 ?‘%{‘% er r %'éﬂ?bl He,
amide, nitro, carboxylic acid, d:sulﬁdc carbonate isocyanate, carbodiimide,

carboalkoxy, and halogen.

15 6. The method according to claim 2, wherein R and R' are independently
selected from the group consisting of hydrogen, substituted aryl, unsubstituted
aryl, substituted vinyl, and unsubstituted vinyl; and

wherein the substituted aryl and substituted viny! are each substituted
with one or more groups selected from the group consisting of hydroxyl, thiol,

20 ketone, aldehyde, ester, ether, amine, imine, amide mitro. co-boxylic acid,
disulfide, carbonate, isocyanate, carbodiimide, carboalkoxy, halogen, C,-C,
alkyl, C,-C, alkoxy, unsubstituted phenyl, and phenyl substituted with a halide,
C,-C; alkyl or C,-C, alkoxy.

25 7. The method according to claim 2, wherein L and L' are independently
selected from the group consisting of phosphine, sulfonated phosphine,
phosphite, phosphinite, phosphonite, arsine, stibine, ether, amine, amide,
sulfoxide, carboxyl, nitrosyl, pyridine, and thioether.
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13. The met hod accordi ng to claim12 ein X and X are independently
selected fromd, Br, I, H be ﬁ\\\\m ]-Cerr] carboxyl ate,
Cerr]-Cerr] al kyI phen )m“ err]-Clerr] alkoxy, (err]-Cerr]
al kyl t hi o, a‘w‘ Qs C[err]ox L aI“kyI sul fonat e; each optdcghabidzes:

substi tuted 19?{2 rr] C effr] al kyl or a phenyl group optionally

substituted with hal ogen, Cerr]-Cferr] alkyl or (Jerr]-Cerr]
al koxy. - 36-
WD 97/ 29135 PCT/ US97/ 02092

14. The nmethod accer ¢heeetifddGcddrding Jo clhie 170 wheréina dnd<[.E hre] phofphines

| ndependent |y sel ected fro% roup..consisting of C
wher

Crlerr]Cderr], CHpdsnepdsoplyseipctedfromel vin R* is selected from thg grokp| cO,
(CHferr] (CHerr]) %sz@ﬂﬂ @F§e]:ax{dg§’[ﬁ l]amcya&@c 1%%@&. R Y RakeR:

mesyl at e, and trifl uororret hanesul fona te. 15. The
met hod accordi ng tindeneadently selecipd fromthix grong crpsisting Qiraeylbﬁrﬁmmnmary alkyl,

16. The net od acc c erein the Rutheniumor Gsm um
car bene corrpl ex ca &kﬁ% %19%1 %‘ﬁd@f‘: ‘a 10

[err] where: 15 Mis Ru;

err] is hydrogen; sub ed aryl,
ﬁlsub]st i tut gd a?yl 9. The Zethogaseprding fo °‘“B‘P 8,  Wn&e Y, ahd' 1P ore independently

selected from the group consisting of -P(cyclohexyl),, -P(cyclopentyl),, and -

P(isopropy)),.

10
10. The method according to claim 7, wherein L and L' are both -P(phenyl),.
11. The method according to claim 7, wherein L and L' are the same.

15 12. The method according to claim 2, wherein X and X' are independently

selected from the group consisting of halogen, hydrogen; C,-C,, alkyl, aryl, C,-
C,, alkoxide, aryloxide, C,-C,, alkyldiketonate, aryldiketonate, C,-C,,
carboxylate, aryl or C,-C,, alkylsulfonate, C,-C,, alkylthio, C.  _,, alkylsulfonyl,
or C,-C,, alkylsulfinyl; each optionally substituted with C,-C; alkyl, halogen,

20 C,-C; alkoxy or with a phenyl group optionally sub _.tuted wit*. halogen, C,-C;
alkyl or C,-C, alkoxy;

13. The method according to claim 12, wherein X and X' are independently
selected from Cl, Br, 1, H; benzoate, C,-C, carboxylate, C,-C; altkyl, phenoxy,

25 C,-C, alkoxy, C,-C; alkylthio, aryl, or C,-C, alky'l sulfonate; each optionally
substituted with C,-C, alkyl or a phenyl group optionally substituted with
halogen, C,-C, alkyl or C,-C; alkoxy.
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unsubstituted vinyl; X and X[err] are Cl; and 20
L and L' are triphenyl phosphines or tricycl oal kyl phosphi nes.

17. The method according to cl ai “‘“ substituted argll is .
substit ut ed wigdomagsor more gr omm\e“ mm A t he group BEHUREOMNY of
Cerr]-Cerr] al kyl ,""Nald de, € etr]-Cerr] alkoxy,

unsubsti tuted phenyl, and phenyl substituted with a 25 hal i de,
Cerr]-Cerr] alkyl or (Jerr]-Clerr] al koxy. 18. The met hod

according to claim 16, _wherein the substituted vinyl,iS, <t .

substituted with onb“-o?rh?rﬁ’t"g’%raﬁ‘if’ﬁgmgé‘? é‘lei"égg’f‘iﬁb ‘gr%a%dr)éuﬁmé%dr\cgfnsdtefnrlrg of
Clerr]-(err] selected from the group consisting of Cl, CF,CO,, CH,CO,, CFH,CO,, -37-
WO 97/ 29135 | %‘I

al kyl , hali de, err]-Gerr | k ,_unsubstif uted
phenyl, and phenyl @Fﬂzéti,lﬁéEdz(m)ﬁoa (CF, (CH:LC%A’I}‘ dé’ﬂ‘%%&r‘f’”&'%r'?‘fsy%ﬁyl
or Jerr]-Cerr] al . ulforale. The nmethod according to claim 16,
wherei n the substi tﬁ%’ﬂgﬂ/o[mﬁmsmgs orate substituted with one or nore

functional gbfoups selected fromthe group consi sting of hydroxyl,

thiol, ketone, aldeh est e ether i n Mgl | de, nitro,
carboxylic acid, di %%?ﬁedgfé‘%i?‘bc gt ‘ﬁ%c§4ar¥%}{&ee?}?§a%o%i¥emboe, '
car boal koxy, and hal ogen. 10 20. The nethod according to claiml16,

wherein the substituted vinyl is ) .sybstituted. w,th one Qr .nore
functional groups séﬁ-eg?‘é(?’%?@rﬁcf?fémér%ﬁb‘mt{’w erein @8#&1’&‘1%“06 Ve oxyl |

thiol, ketone, aldeRyfighe @ipidx cailfi€has @Biféiehuld M ne, anide, nitro,
carboxylic ac(:)i d, disulfide, carbonate, isocyanate, carbodiim de,

A
“Sw=c
x| R

L‘

where:
15 M is Ru;
R! is hydrogen;
R is substituted aryl, unsubstituted aryl, substituted vinyl, or
unsubstituted vinyl;
X and X' are Cl; and
20 L and L' are triphenylphosphines or tricycloalkylpkcsphines.

17. The method according to claim 16, wherein the substituted aryl is

sﬁbstitutcd with one or more groups selected from the group consisting of C,-C;

alkyl, halide, C,-C, alkoxy, unsubstituted phenyl, and phenyl substituted with a
25 halide, C,-C; alkyl or C,-C, alkoxy.

18. The method according to claim 16, wherein the substituted vinyl is

substituted with one or more groups selected from the group consisting of C,-C;

-37-



car boal koxy,

and hal ogen. 15 21. The nmethod according to claim1,

wherein the catalyst is selected fromthe group consi sting of

[err]
8_

t he

10

15

20

25

wherein Cy is cy

: LU WIW o
02092
22. The nmet N¥@%¥¥ ding to claim I:el e-catal yst i's sesllggct ed from

group consi sting of

alkyl, halide, C,-C; alkoxy, unsubstituted phenyl, and phenyl substituted with a
halide, C,-C; alkyl or C,-C; alkoxy.

19. The method according to claim 16, wherein the substituted aryl is
substituted with one or more functional groups selected from the group
consisting of hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, imine,
amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate, carbodiimide,

carboalkoxy, and halogen.

20. The method according to claim 16, wherein the substituted vinyl is
substituted with one or more functional groups selected from the group
consisting of hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, imine,
amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate, carbodiimide,

carboalkoxy, and halogen.

21. The method according to claim 1, wherein the catalyst is selected from the

group consisting of Ph
PCys
c.\m_/—gh
ci” |
PCys
and
PCY3 H

c/

U=
cx/ L
CY3

wherein Cy is cyclohexyl or cyclopentyl.
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[err] 23 The nethod according to claim1, wherein

the DCPD starting material is contacted with the Ruthenium or
OCsm um car bene conpl ex cat al yst ﬂumm L" UI presence of an el ectron
donor or Lew SyB3$$u13s ccordi ng t o RETAISAT/2892
wherein the el ectron donor or Lew s base is selected from the

group consi sting of phosphines, sulfonated phosphi nes, 20

phosphi t es, phosphinites, phosphonites, arsines, stibines, ethers, am nes,
am des, sul f oxi des, carboxyls, nltrosyls pyrldlnes thloethers
nitriles, thi ophene?s",2 dhe method accordingtg clgifg 1, wherein the catalysts seferied omdhe
according to claim he el ectron donor or Lew s 25 base
is a triglkyl or tr wa§%§@ ﬁ?ne 26. The nmethod according to
claim 23, wherein the el ectron donor or Lew s base is sel ected
fromthe group consisting of P(cyclohexyl)&grr] P(cycl opentyl)[err]

P(i sopropyl )3, and pyridine.
- 39- 5

and

1 S

23. The method according to claim 1, wherein the DCPD starting material is
15 contacted with the Ruthenium or Osmium carbene complex catalyst in the

presence of an electron donor or Lewis base.

24. The method according to claim 23, wherein the electron donor or Lewis
base is selected from the group consisting of phosphines, sulfonated phosphines,

20 phosphites, phosphinites, phosphonites, arsines, stibines, ethers, amines, amides,
sulfoxides, carboxyls, nitrosyls, pyridines, thioethers, nitriles, thiophenes, and
furans.

25. The method according to claim 24, wherein the electron donor or Lewis
25 base is a trialkyl or triaryl phosphine.

26. The method according to claim 23, wherein the electron donor or Lewis

base is selected from the group consisting of P(cyclohexyl),, P(cyclopentyl),,
P(isopropyl),, and pyridine.
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WO 97/ 29135 PCT/ US97/ 02092 27. The
met hod according to claim23, wherein the el ectron donor or Lew s
base is P(phenyl)[err] 28. The nmethod according to claim 23,

o oup -conss PGB 1| oycl Séeﬁﬂﬂlgﬂlﬂilﬂllllﬂ,ll JljPase s se! epetisdoat he

tricycl ohexyl phosphi ne, triphenylp oéphftef pyri di ne, propyl am ne,
tributyl phosphi ne, benzonitrile, triphenylarsine, anhydrous acetonitrile,
t hi ophene, and furan. 10 29. The nethod according to claim 23,
wherein the el ect rzn Themethod ateendifig to claim 23, whebél eheCelEdtdh @IBnEH & I¥FvidTOr €
functional groups sel ected fromthe group consisting of
hydroxyl, thiol, Q@F%H%éqékqﬂbhyde, ester, ether, anmine, amide, nitro acid,
carboxylic acid, disulfide, carbonate, carboal koxy acid, isocyanate,
carbodi i m de, carboal koxy, and hal ogen. 1 5 ] 30. The net hod
according to cl ai &, Thihaethpd agqeedimetapclaign éfvewherein ghe clectron donor or Lewis
functionaliged ' J ' | groups
St ho BeORRRER Y B OB O wilffeBbLANR,

selected fromthe group consisting dehyde,

ester, teicyalohexplphosphineripbenylphsphite,cpydidineapiopylwhine, aci d,

di sul fi de, carbonat. . car hoal koxy, aci d, Jisocyanate,.

car bodi i m de, car glggF‘R'ﬁ’g???p%db%lH&@ﬁ’%p&'& larsine, My%?u% acetppitriles hod
accordi ng to cl ai nthibphetlepsred furdnhe DCPD starting materi al

cont ai ns about 94% by wei ght of functionalized or unfunctionalized DCPD

nonomer. 25 . 32. The nmethod according to claim1, wherein the

DCPD startig@g Mat €79, afhe method accordifi® ¥ Shfs 2DaVMEER tRPQstirof H¥hdor! t and
about 86% by wei ght of i functionalized or unfunctionalized DCPD

MONONET . base contains one or more functional groups selected from the gri@ip consisting

of hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro acid,
carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,
carbodiimide, carboalkoxy, and halogen.

15
30. The method according to claim 1, wherein the DCPD monomer is a
functionalized DCPD monomer that contains one or more functional groups
selected from the group consisting of hydroxyl, thiol, ketone, aldehyde, ester,
ether, amine, amide, nitro acid, carboxylic acid, disulfide, carbonate,

20 carboalkoxy acid, isocyanate, carbodiimide, carboalkoxy, and halogen.

3.1. The method according to claim 1, wherein the DCPD starting material
contains about 94% by weight of functionalized or unfunctionalized DCPD
monomer.

25

32. The method according to claim 1, wherein the DCPD starting material
contains between about 81% by weight and about 86% by weight of
functionalized or unfunctionalized DCPD monomer.
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WO 97/ 29135 PCT/ US97/ 02092
33. The nethod according to claim1l, wherein the DCPD starting materi al
i ncludes a cross-I|inking agent. 34. A nethod according to claim

33, wherein t%ﬁrﬂg&%-l i nki ng age
fromthe group consisting of t-butri
C

[ises a pePERPEENIE ect ed
2,5-dinethyl-2,5-di-(tert-butyl per “W“M‘Hm

exyhe-3, di-tert-butyl peroxide,

and 2, 5- di met hyl -2, 5-di-(tert-butyl peroxy) hexane or m xtures

t her eof . 35. A nethod according to claim1, wherejin the, anount
of cross-1inking agdht The method acrerdingitauciaim dp wherem the DERL, starting grateriah | o4 of
the m xture of catal, r AT | i nki ng agent and DCPD starting
mat eri al - 1%ﬂd§%§ c?%g]mnlgflﬁg m(t)'f claim 33, further conprising the
st eps of (b) deconposi ng the cross-linking agent to
formreactive speci of 1 . . . e -1 inking agent;
and 3, (Q)mﬁwﬂsaf:‘f?jd‘g%it%c%é?’i v\v/l?aeresl%é% %'gsrs?g&*rlgr%%‘r oss- | inks

in the pol yDGPD comprises a peroxide selected frommthergraip. consisting of s-butyl péfoxidehe

met hod of claiml1, wherein the DCPD starting . materjal is, refluxed 20
prior to being cont Q&M%Yﬂﬂ’srqiémﬁﬂ‘?‘ﬁgﬂ?’ﬂ dﬁex&f#’?hfeéﬁ?‘ﬁ% TQXig%s BRY 2,5-
catal yst. dimetR-2, AdROLY BRIy Igerdi9 Rédaid o RMNresthgonol yDCPD made by
t he net hod ?}Egcr’i beg in d(’):,II{';leidrriE??L. 25 39. The polyneric
material according to claim38, wherein the polyneric mat eri al
I's transparent or t r3§.nsll. lﬂfeﬁﬂ)td'a.ccording to claim 1, wherein the amount of cross-linking agent

10 is between about 0.01 v% and about 10 v% of the mixture of catalyst, cross-

linking agent and DCPD starting material.

36. The method of claim 33, further comprising the steps of
(b)  decomposing the cross-linking agent to form reactive species of
15 the cross-linking agent; and
(c) using said reactive species to form cross-links in the polyDCPD

material.

37. The method of claim 1, wherein the DCPD starting material is refluxed
20 prior to being contacted with the Ruthenium or Osmium carbene complex

catalyst.

38. A polymeric material comprising polyDCPD made by the method
described in claim 1.

25
39. The polymeric material according to claim 38, wherein the polymeric

material is transparent or translucent.
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-41- 40. The polynmeric material according to claim
37, further conprising a color pi gnment or col or dye.
41. The polyneric material according to claim40, wherein the col or pignment

t5ranspar e(rjli ‘§8|9?’;9égéleui:2(r:1|t uggfyﬁeﬂMHgglglg“@ﬂI\!ﬁle si ng pcﬂ?%%‘.mﬁ

43. The conposition according to clai , Wherein the polyneric materi al
10 contains | ess than about 97% by wei ght of pol yDCPD.
44. The conposition according to claim42, wherein the polyneric materi al

contai ns nore thamEbpw pdhidiertymaRiigihdccarllingab ¢ID7, further comprising4bcoldthe
conposition according to claim42, wherein the polyDCPD is cross-

| i nked -pol yDCPD, pigment or color 4% The conposition according to claim 42,
wherein the pol yDCPD cont ai ns one or nore functional groups
sel ected fromthe group consisting of hydroxyl, 20 _thiol, ketone,
al dehyde, ester, etlheThe palymeric material acgerding, to iglaim#0, whensindhe relogpigment

di sul i de, garbonal e, | Qe YAHeSa SReBRIplHCe. carboal koxy, and hal ogen.

42, A transparent or translucent polymeric material comprising polyDCPD.

43. The composition according to claim 42, wherein the polymeric material
10 contains less than about 97% by weight of polyDCPD.

44. The composition according to claim 42, wherein the polymeric material
contains more than about 81% by weight of polyDCPD.

15 45. The composition according to claim 42, wherein the polyDCPD is cross-
linked polyDCPD.

46. The composition according to claim 42, wherein the polyDCPD contains
one or more functional groups selected from the group consisting of hydroxyl,
20 thiol, ketone, aldehyde, ester, ether, amine, imine, amide, nitro, carboxylic acid,

disulfide, carbonate, isocyanate, carbodiimide, carboalkoxy, and halogen.

47. A method for making polyDCPD via the ROMP of a DCPD starting
material, the method comprising the step of contacting a DCPD starting
25 material that contains less than about 97% by weight of DCPD monomer with a

Ruthenium or Osmium carbene complex catalyst of the formula

-42-



47. A nethod for nmaki ng pol yDCPD via the ROW of a DCPD starting
material, the nmethod conprising the step of contacting a DCPD starting 25
material that contains |ess than about 97% by wei ght of DCPD nonomer with a

[?th?eni um or %%%lggrlggne conpl ex cﬁlmmﬂm"ﬂ”@aﬂjyrr mul a pcr[/t;s::/]ozon

PCT/ US97/ 02092 wherein Cy & stecytl

or cycl opentyl. 5 48. The net hod according to claim47, wherein
the DCPD starting material is contacted with the Ruthenium or

OCsm um car bene conpl ex catalyst in the PCy3 i} esence of

tri phenyl phosphi ne. { f‘% The in\x ord| ng to claim47,
wherein the DCPD staM“frﬁ’B %is er Farexy @ ai ns nore than about 81%
by wei ght of DCPD so¢i@iopentyl. @Q/I' e rre\ﬂpd according to claim
47, wherein the DCPD starting material is Cys contacted with the

Rut heni um or Osm um car bene conpl ex catal yst i n t he presence of a

cross-1inkingsagent gonppd ﬁkﬂﬁdacwlﬁgwiaaﬁ?hﬁ%&%,ﬁ HRMDEPD stk iPmaterial is
consi sting of t-butyl peroxide, 2,5-dinethyl- 2 -di -(tert-butyl peroxy)

hexyne- 3, @qch@pﬂthguﬁxymm el s:awgl carbene complex catalyst in the
2,5-di met hyl -2, 5-di - exane or m Xt ures
Chor eof - preSenbe BERAh O RO hinke
49. The method according to claim 47, wherein the DCPD starting material
10 contains more than about 81% by weight of DCPD monomer.

50. The method according to claim 47, wherein the DCPD starting material is
contacted with the Ruthenium or Osmium carbene complex catalyst in the
presence of a cross-linking agent comprising a peroxide selected from the group

15 consisting of r-butyl peroxide, 2,5-dimethyl-2,5-di-(terr-butylperoxy) hexyne-3,
di-fert-butyl peroxide, and 2,5-dimethyl-2,5-di-(tert-butylperoxy) hexane or
mixtures thereof.
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