POLY(ALLYL ETHER) S OF POLYCYCLOPENTADI ENE POLYPHENCL Fi el d of Disclosure
[1] This disclosure relates to thernosettable nononers, and in particular
pol y(al | woebhenssi7of pol ycycl opent adi ene pol yphenol . Bachgrseanaoo7i{ 2]

Ther noset t abl e nononers are conpounds that can be crosslinked.
Crosslinking, also referred to as curing, converts the thernosettable
nmononer s, PELYMAINAYE ETHERASIOE PO v@YOLOPENT A DEENE POUVRHENOES| i nked
pol yners, which have a relatively high nolecular weight, by chemca
reaction. Sone of these crosslinked polyners, which can be said to be

t her noset, can soften when heaiﬁ@ki&ﬁﬁb%%sﬂgt melt or flow [3] Many types
of thernosettabl e nononers and olyners are avail abl e.

Ther nosef0abl e nonThirdssctanrdne]qoes tohhaathsasabdembaderspatiarmrtiqiianul es, or
liquids. Alternpatively, thernosettable noners that have undergone parti al
curing cBHYBEYbePEnHS lYﬁm§HEEQd§WE§@§2§E%ﬂ?aS bars, sheets, and fil ns.
[4] Thernosettabl e nmononmers and crosslinked polyners can be based on a

vari ety of chem stries. Exanples of these chem stries include epoxy resins,
vinyl ester resins, polycyanates, Backgraumd/l at es, unsat urated pol yesters,

ol ymal ej m.des, polyureas, .and pol yur et hanes. So r rties of
Phe?nnse@@ggle ngnt SgﬁﬁﬁiFﬁggV%ﬁVgﬁCﬂ@??ﬁﬁ%&a%ﬁﬁ?ggégmggﬁﬁgnsidered f or
parti cul @fosARNihE AlsoIBR BT HESTRC Baiice@lthdiheREs ki8S e ntdhSHIR, wHigPerti es,

el ectrical properties, optical properties, processing properties, and
physi cal hgreapelativey lowmadenilaraieighto pue crasslinkgd pohsharsleviiicehayead st rengt h,

tear strength, t.ensile strengt ield . strength, tensile nodul.us,
eIongatﬂg ngﬁHng%gg%Fu%5@’ g@f&¥WEF%§Fm%ng§PFFé) %EﬁcﬁﬁgﬁHﬁ maxi num
use t enpgdiahuisewhitgfdag ot isgid tb @apigsralosétecartofies wheahShtbd Wut HEMPEMRLLUr €,

t hermal conductivity, and coefficient of thenual expansion. Electrical and
opti cal @ﬂ%bérties can include electrical resistivity, dielectric strength,

di el ectrj onst an rel atl IRABRYY i [ i and
1 ohe e R3FPeT oMl shie BrihnRS bl mbhonkers REEI QB LbARI e TON, )
appar entavdéaisle! Themadsettatdd aumpidetycaniesaostiadsyd agfedleas powedrpetratules,

shrinkage,  and nelt fl|ow i ndex. )
or liquids. Alternatively, thermosettable monomers that have undergone partial

curing can be purchased in stock shapes such as bars, sheets, and films.

[004] Thermosettable monomers and crosslinked polymers can be based on a
variety of chemistries. Examples of these chemistries include epoxy resins, vinyl
ester resins, polycyanates, polyacrylates, unsaturated polyesters, polymaleimides,
polyureas, and polyurethanes. |

[005] Some properties of thermosettable monomers and crosslinked
polymers that can be considered for particular applications include mechanical
properties, thermal properties, electrical properties, optical properties, processing _
properties, and physical pr'operties. Mechanical properties can include flexural
strength, tear strength, tensile strength, yield strength, tensile modulus, elongation,
and impact toughness. Thermal properties can include maximum use temperature,
deflection temperature, glass transition temperature, thermal conductivity, and
coefficient of thermal expansion. Electrical and optical properties can include
electrical resistivity, dielectric strength, dielectric constant or relative permittivity,
index of refraction, and light iransmission. Processing and physical properties can
include bulk or apparent density, water absorption, viscosity, process temperature,

shrinkage, and melt flow index.



WO 2011/ 136847PCT/ US2011/ 000711 Summary [6] For the various enbodi nents,
the poly(allyl ether)s of polycycl opentadi ene pol yphenol are represented by
the fol | omDreg11iAGss¥al a |: in which each n independently ra3/us20aloo1f r om
zero to 20; each mindependently-has a value of zero to 3; p has a val ue of
zero to 20; each R is independent Bymmamal ogen, a nitrile group, a nitro
group, | kyl group, an al koxy..aroup, an, alkenyl grqup, or an al kenyl oxy
group, aﬁ@fe t he EPR e‘6?8&%?n§%gg§Pﬁd@§p@b@@gﬁE%ﬁ%géﬁkenyl.group, and t he
al kenyl gxyc @i SRRt RIFHR JongRREsdeN dpYese Bl Bl Rhelfdl@wen £ BbMRAIla &t ONB; each Qs
i ndependent’ly hydrogen or an al kyl group containing 1 to 6 carbon atons;
and each X is independently selected fromthe group consisting of hydrogen,
HR1C=CR1- CH2, and H2R1C- CR1=HC, ere each Rl is independently -sel ected
fromthe group consisting of hydrogen and al kyl groups havi ng fr(nnTP to 3

carbon atons, with the proviso that when each,X i s hydrogen the
i ng of HRIC=CR1-

one R group s selected fromth gﬂgup consi

H2R1C- CR1=H I[?] Enbodi nents o rese :

theinDsF.t i Qel i

pol ycycl op ts & he
present disclos a
conononer. Enh iggcl osure al so i de prjodygcts t hat

tabl e conpositions includijng the
poly(all%l ther) by Formul a
. w0 011y 138

di sclosure is not intended to descri be each disclosed enbodi ne or every

i npl ement ati ok of the present disclosure. The description that fdllows nore
particularly exenplifies illustrative enbodi nents. Detailed Description

[ 9] Enbodi nents of the present disclosure provide poly(allyl ether)s of

pol ycycl opent adi ene pol yphenol. The poly(allyl ether)s of

pol ycycl opent adi ene pol yphenol of the present disclosure can provide a high
funct i opakhicl eadlef &idep&RicAGy Bhs 4 ea6¢ froflerd UNZY;icabidn GEioppGe@er hawl ecul e,
whi ch can hel p provide properties that are desirable for some applications.
The t er AVPEE Pf &91Pya 3eP hay § ¥alye ofjgse thefiefaph Rels apdspendpnilnddlagsnehconpass

e 2L LR 6Ly I LTRGBS

or an alkenyloxy group, where the alkyl group, the alkoxy group, the alkenyl

group, and the alkenyloxy group each independently contain 1 to 6 carbon
atoms; each Q is independently hydrogen or an alkyl group containing 1 to 6

. carbon atoms; and each X is independently selected from the group consisting
of hydrogen, HR!'C=CR'-CH,, and H,R'C-CR'=HC, where each R' is
independently selected from the group consisting of hydrogen and alkyl groups
having from 1 to 3 carbon atoms, with the proviso that when each X is hydrogen
then at least one R group is selected from the group consisting of HR'C=CR!-
CH, and H,R'C-CR'=HC. |
[007]) Embodiments of the present disclosure also include a
thermosettable composition that includes the poly(allyl ether)s of
polycyclopentadiene polyphenol represented by Formula I. Embodiments of the
present disclosure also include thermosettable compositions including a
comonomer. Embodiments of the present disclosure also include products that
are obtainable by curing the thermosettable compositions including the poly(allyl

ether)s of polycyclopentadiene polyphenol represented by Formula I.



[ 10] The poly(allyl ether)s of polycycl opentadi ene pol yphenol can be
included in a thernosettable conposition. Herein, a conposition can be

si ngl e- conpananit3esar mul ti-conponent. For one or nore enpodiuseont®po7ihe

t hefinosettable conposition is cured to forma honopol ynmer. For one or nore
enbodi neMGS) t he t Hoembeva suammarycSipoBIcssH Hiscosuigrie got Btengdpdia copol yner .
Thenoset I )s of
polycyclg%ghgg %%ﬁg&%%eﬁ enoﬂﬁgggﬁgygglg@ﬁgﬂgg%kﬁxk¥$eﬁ%§§gr cure

ent hal pydisaloswenrae ddscsipiien dhdi€olldwenonsgirtiabhty eampsidsibmiratias seen in

t he Exanpl es _and Conparative Exanples. This relatively |ower cure enthal py
can hel pe®BodigiEsol exot hel i ni ¢ chenical reactions that occur during
curing. Additionally, the relatively lower cure enthal py can hel p prevent
mat eri al deconposition, defect formation, and/or damage to manufacturing
equi prent that can occur with tihsaitel Atdcvigtiyn gr eat er peak cure enthal pi es.

F i t di | osed th t t t hat
et ude LThory CaERPooEnHas b TEmTHoR, AsaP SRERTH I BUFLIREIOR can
provi de boRESYSIRRerc oty FHAS:, me;soh}e(au§1@th§3s%oﬁycym5@m5@1@hg onset to

uncat al yzed cure, as seenin the | es and Conparati ve Exanples. [11]
For one pqvlypimr@l efithe direrent dsclosae darspﬂocygbca hiple Furstienalip) l@r@orbpm ati ons t hat

| ud | th t adi
orovi de_ inaRGeit R 8 abt mles B, G R REl IS RAC Pl B et t abi e
conmposi tti@sﬁh%ble&‘ér SERNapplichieénEXRHIILSS palthi 0 BPRNa LS V& dExMdmiesdso WO
2011/ 136847PCT/ US2011/ 000711 ilZ] Products that are obtained by curing the
t her nos einieiisied te erqeauiass BRPobi(sareray! paps. thaan thesesompgseiansrofgl ass
transi tipp. L @IRELALUIE aﬁ%?ﬁocf@&eﬁ a&f&/&rlﬁg% %ﬁ?‘cﬁbﬂ@d}f& £ é)'”g ot her

conpositions, as seen In I"'es € variobs ‘enbodi nents,

t he pol y(&Elblyl et hé}h}@otyf(almIemy)elo@@entcgdbmdimeymﬂmholaﬁ@ beepr esent ed by
the foll ow ng ‘Folinula I: [14] Formula I, [15] in which each n

i ndependBisiydgd waéﬂs@rmamﬁ@b}er@mppémnt FlIpn, RERBPHHNHEHFFEMEIEy has a val ue
of zero y a

hal ogen, E&nﬁlr%e?f F%uglo%%h@em{ tl‘f(gf%re 888?& gﬁﬁ%ﬁ%ﬂf&&?%ﬂ@ﬁﬁ&gﬁ%éy group,
an al kengdmprsotigm 1s@nrednoddnkmmhbm>opolgmp ombresr @& mcbre eaﬂ:loxdimgrtsmhe t he al koxy

group, the al ken rou and th O(jlkenyl c ependently
contain eflﬁos@“églﬂ?gﬂ‘pﬁ HAR 1S Qe é?@’é’é‘? gen or an al kyl

group COopdrahd¥ittths khdtGnQuleihl QB RAINTRtheR be 8§ élté Qx‘?‘e‘ﬁﬁil by sel ected
fromthe gr%up cgn3| stllrllg of ?)hy r%rgr% ﬁ ?, C#—i nd C- CRI =HC,
wher e eaedn [ROVids airpldperdewen qure et @}pedasfqoumatddesogrwuberdbmmttﬂ@e of

hydr ogen_and al S, h fro bon .at t he proviso
that ConerBaRia s R P oo T Contr BB, e b Pom t he
group CoOmRSves tcuﬂ&genq{alm to@ddat@dn sxdﬂﬁﬁhﬁc R¥aECal redcths At dtagussed

herein, each n can independently have a value fromzero to 20. Preferably,

each n célﬁmgrrd@mnmwlaﬂav@eaelaamé lewggraupeershalpy gan bl PAoYSHE pref erabl y
each n c e r ch m

i ndependglrl% ﬁfjﬁ&%ﬂg)%gﬁl ée&g c?zgfﬁg%ﬁgki Ttd./%rﬂa?&r tg({’ Bla%U.f Fugfn @g{ Ue from zero
to 5, nothat ca\ﬁQcZGrlxlzltB,WYMME&&M@Q&M&&@E&}BEE aEd)ryorﬁ: drasore val ue from

zero to 2, and nost preferably p has a value fromzero to 1.
embodiments, the %1sclosed the¥mgsetta le compositions that 1nclude the poly(allyl

ether)s of polycyclopentadiene polyphenol can provide improvements to a cure
profile, for example, more rapid onset to uncatalyzed cure, as seen in the Examples
and Comparative Examples.

(011} For one or more embodiments, the disclosed thermosettable
compositions that include the poly(allyl ether)s of polycyclopentadiene polyphenol
can provide enhanced thermal stability, as compared some other thermosettable

compositions, as seen in the Examples and Comparative Examples.



[17] The terns "al kyl" and "al kenyl" as used herein include the

correspondi ng cycl oal i phatic groups such as, e.g., cyclopentyl, cycl ohexyl,
cycl opentwoybil/@si7cycl ohexenyl . \Wiere two al kyl and/ or palrkiseyi/ogi7oups ar e
attached to two carbon atons of an aliphatic or aromatic ring, they may be

conbi netP2d  or m Erochicleythatrree obtabick diAueng thir bepnageitelic cogaenitensai th t he

b
ot oot uTEoRed ol Il £ RhREBIsS (S E PR SR pillaTo " T0
enbodi rrpra;tdsctst)ben&ldw c@lrngtm(@)compdémbni lae sednky ltioxEx grisleg( S) Ca” ' “C| ude

from1l Eﬁ 4 carbon atons, and in_some preferred enbodrnents 1 or 2 carbon
atons. Edahpl es ofof hesarignoempeodimenisatie nofi(alhlethsls ofi mited to, nethyl ,

et hyl I t-butyl,
nethoxy,lge%h%xh§%%%%3%97h?ggg%%%%§&égga%%f%§§$$is ﬁéof&?ﬁsec butoxy, and
tert-buf@déy. The a&bkyhladnd al koxy groups nmay be substituted with one or
nore (e.g., 1, 2, or 3) substituents. If nore than one substituent is
present, the substituents may be the same or different. Exanples
substituents include, but are not limted tog hal ogen atons sucq

and Br. Exanples substituted al kyl ®@nd/or al kaxy groups incl ude,
not I|mtedt0 CF3, CF3CH2, ccs/ 13CH2,/ ,
CHC120, 1% and CH2Br O For >pdi At s

and, in Sone pre : q @ 3 carbon atoms. EX:
groups i ncl ude;—kb bmitad t &l lyl, methal

pro enyI

The al kenyl be substituted with one or
(e.g., 1 0 Inmnpre t han one substituent id present,
t he subs?rt or different. Exanples of the gubstituents

i nclude, but—fare not limted to| _hal ogen atons such as, F, d ,_dnd Br.

[ 20] As di scu®sed herein, each Qis independently hydrogen or an’'al kyl
group containing 1 to 6 carbon atons. For one or nore enbodi nents each Qis
hydr ogen. The al kyl group(s) can include from1l to 4 carbon atons and, for
sone preferred enbodi nents, 1 or 2 carbon atons. Exanples of these groups
include, but are not limted to, nethyl, ethyl, propyl, isopropyl, n-butyl,
i sobut ytms}sec but ¥ whtcﬁrea&utﬁtdepéﬁth%na 4 agmqe@%nr%fo t@&z@ Whash ot Ut ed wi th
one or nore ? 2, or 3) substituents. nmore than one substituent
is pr es@d@perﬁh@t }Shﬂ@ﬁmluﬂa@rﬁ@rmlbeh&tsr?evaé@mf 2t§=r0 th 30, er@nR is Exanpl es of the

substi t u not lim.

S011/ 1oL BB i Berdbe At s e cliic b, M RIR R analioi es of
subst i t gioed, ah kKieng! SR, bﬂ@hlalﬁ@myhﬁi @foRpNaihetd thet8Ry it @oupFde CF3CHZ,
CF3CF2, CCl13, CCl3CH2, CHCl12, CH2Cl1, CH2Br, and CH2CHBrCHZBr [21] As

di scuss&HORREEUD; thnalkeryl &roupdand HiteHkeyyloay geewtcadhomdependsngip

consi st f1 G re each Rl is
[ ndepen‘£ nel %y gye?ect e%g aft!)_¥i>1>rj‘sri taf?ﬁlgggu%apde%ggggéﬁ %é&?;f& %ﬁérggga\e%gand al kyl
groups gauprgnfainimgll toot datantoomal amd eachhk ialikddpegdenipy sdactbe

unsubst jtuted or substitute or one_o mbodj t preferred

Phat X FeTiE EBeEs CORUHITEL btREeR. By bR A G- T ERar r od ¢ hat

each X ; Aallyl.
Whede& c8 ;s i F@pAaen Py sH@Et‘%d%ﬁ%%ﬂ?@[ 8o sBsth, egeéitetgy‘i‘ﬂ%t byl ethyl |

Exanpl es of the al kyl group i'nclude, but a l'Tmt
propyl , wuhdkvhgpnmP?MVHEbﬁOmmbuoBcadK51Hnbmdhn&nmsJmnemhyhmvsh@referred.

For one o re enbo nent X.1s ef er abl t hal | The al kyl groups may
be. subSTIRIY SHEYFERSORRTLR b hedt grois R SIEed Bomt s diBEnanc 2. 1t more

t han ongrsisll JfUeRtCEeRprEseMmd HHRECsuRbttuents may be the sanme or
dlfferent Exanpl es of the substituents include, but are not limted to,

hal ogenl036bns suchs discussed bpreing gactBp can jrzizperrisatinhad vudte Fomyzeap| y1

et her) Siool, RALKES! QBENh adh e BRIKADGRRL ¢ 6N, BRPRLBLPEd Bl V! atl on of
a pol ycycl opent adi‘éne 8 HeTHF orvat oxy group(s)
(-OH) aprefecabiy esdiesl caromldaa@aamy %@vala@ﬁbmrzeﬂ?m Eilafefklsly(éach where Rl is
as descrrbed herernaﬁﬁ$ used _herein, the prefix " ¥ means that a
conmpounddFRsaderity teetffzeap pralrtt’t,etﬁratlmhétayvalue&ﬁﬁbtﬁﬁ@ 0 PPRIs to a
subst ance conposed of atons or ions of two or nore elenents in chem cal
conbi nation. For exanple, a cycl opentadi ene conmpound having two

cycl opent adi ene noi eties (dicycl opentadiene) is a specific

pol ycycl opent adi ene. Exanpl es of conpounds represented by Formul a |

i nclude, but are not limted to, a poky(allyl ether) of a dicycl opentadi ene
pol yphenol (novol ac) prepared from condensation of dicycl opentadi ene

di al dehyde with phenol; a poly(methallyl ether) of a dicycl opentadi ene
ponphenoI (novolac) prepared frontcondensatron of drcyclopentadrene

. T 1



WO 2011/ 136847PCT/ US2011/ 000711 di net hyl phenol ; a pol y(nethallyl ether) of
a di cycl opent adi ene pol yphenol (novol ac) prepared from condensati on of

di cycl opewbadiies4di al dehyde with 2, 6-di met hyl phenol ; aPpolus¢@lioydriet her)
of a tricycl opentadi ene pol yphenol (novolac) prepared from condensation of
tricycl op&ftradly dneasd vl urlrgia e ord. pemest piglgsehly pries Balelugilren o) of a
tricycl opept adi ene pol yphenol (novolac) prepared from condensation of
tricycl opent adi ene di al dehyde with phenol; a poly(allyl ether) of a

di cycl opfit7adi ene ok raphenaidyl paepailledyramsedheeisiatiude tiaf

di cycl opent adi ene di al dehyde wi th phenol; a poly(nethallyl ether) of a

di cycl op&TeaPeHBS cxtlpamaHe BTQyPe pateas: £Bo s eloRerins SY¢oRexyt.

di cycl opgy J Lal it l; i C i.sen
rear  anpg o rEASL 0hd CIBONERI PR AR Abh P Rl CREB e s deie

pol yphena twon@aviod reatdmp o€ pia v chaft ic @maconad endead, itteey rody té cyrabiapénd fodinene

di al dehyde w t h phenol ; and partial or conp]ete C aisen rearrangenent

pr oduct Lirglyicae ﬁbﬁ@e%:ﬂmgr@ﬁn @%ﬁb@gathaq WE (Rpeaspttiems o Stiiphinol

pr epar ed Iforu?ri@ gPRASNSA o0t Bf 2 Ghe ¥ELARRD @@Br%lg bl dehy dembetdy phenol .

[ 24] an%rre s which carry at [east one ortho-substituent on at [east one
aromat i c[0li8hg nmay ber ased mhorelindwidimendh.ahs elkyt gaup&hgedienthe alkypeosef er r ed
exanpl e of such non rs of Formyla | is the poly(allyl ether) of

oyl op@tELE BHLTRORS ShEnol's § ROVSRA DAl a Sand phf s ancideds B

di cycl opeint agbem etodisalFamie oNithdye Zr&indiinabay bRhSB0t limhié@ko, Faethier
non-limting exanples of the nonomers of Fornula | include partial or
conpl et ectylaprwyl. nsaprermtgehent, iprbodlcies-totylcenpound sedfoxFoetroka | wherei n
at | east_on f. the X groups.i 1C=CR1; CH2- or, H2RlI C- CRI.=HC-, .where Rl is
as descr? %ng}ﬁésrog?ﬁoxkn%ufoé( f%ggug? ﬁ’iSS%b%_‘%Xpw te%!n%ut%fg'c eeané?fl t he

t et ra( al indlaledhiegrbups mahee @ﬁlﬁ‘syi@lt@@%ﬂh&ﬁlbfbﬁiﬁldr@(é.%p nenar 3pEeRanedts rom
condensat i on of dicycl opent adi ene di al dehyde wi th_ phenol, such d ai sen

r ear r angErReTe RANRASCUBSTHESA ithRIesRs, the substinients ARy be the age A dhpgantds of

For mul ae - 1 i —Qfg!g—%- Tivms 7 £M
[ 26] Fur?%ég%plﬁ%éﬁ)ﬁe %&ﬁlﬁlgengxlg%@é’%l of t éllz%ge&g%h%%?%&%% g@%ﬁ%ﬂ?a I
i ncl ude @hnodBdrs Ewhmnples cabstiyutad alkghatd/argkeubgbipuianhiderbuatard mast one

uch monbRere . Lt L B FomA A ey oo TR CEh b kG
CH,CIO, and CH,BrO. _
[019] For one or more embodiments, the alkenyl group(s) and/or the
alkenyloxy group(s) can include 3 or 4 carbon atoms and, in some preferred
embodiments, 3 carbon atoms. Examples of these groups include, but are not limited
to, allyl, methallyl, and 1-propenyl. The alkenyl and alkenyloxy groups may be
substituted with one or more (e.g., 1, 2, or 3) substituents. If more than one
substituent is present, the substituents may be the same or different. Examples of the
substituents include, but are not limited to, halogen atoms such as, F, Cl, and Br.
[020] As discussed herein, each Q is independently hydrogen or an alkyl
group containing 1 to 6 carbon atoms. For one or more embodiments each Q is
hydrogen. The alkyl group(s) can include from 1 to 4 carbon atoms and, for some
preferred embodiments, 1 or 2 carbon atoms. Examples of these groups include, but
are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl. The alkyl groups may be substituted with one or more (e.g., 1, 2, or 3)
substituents. If more than one substituent is present, the substituents may be the same

or different. Examples of the substituents include, but are not limited to, halogen



[ 27] Pol ycycl opent adi ene pol yphenol s can be produced from

pol ycycl opent adi ene di al dehydes. Pol ycycl opent adi ene di al dehydes can be
pr oduced woaotwdssafor myl ati on of pol ycycl opent adi ene, SBCH/U®3011/000711

di cycl opent adi ene usi nhg syngas, a_phosphine ligand, and a transition netal

(from G 89BS s3ch Ay dufh ad)Bre dixampdes af spbgitatedalybarospe mekudegbaiare bed by G

ke o B GRORR R T Gl SR R Vor 10
pp. 347- CHICHBCO),Br.There can be variations in this process. For exanple, a

met hod af described in U S. Patent No. 6,307,108 uses m xed pol ar/nonpol ar
sol vent sl®d] ease t A Prcypied Rerrin.caearyis independandy splgcise stome thedBpUR at i on.

The result.i 1iepe i S 1g densed with
phenol s %%EE%P%$E§?%%%%PEQ%§?3§?e%gmﬁ%gsgﬁgE%?géq%%rﬁg?gﬁgggﬁtgﬁiene can be

pr epar edirhigpdreatiinspleyed Hpmrhadiempeonsistienpenairogensand abiné gi@bhsC as

di scl osed h i rk-OQhner, ENCY EDI A OF CHEM CAL TECHNOLOGY, .Fifth

Edi ti on, E%ﬁ% g@{n ]pﬁ%géaf[’w@ﬁf;/[%g@g@‘} ﬁ@ﬂ&f@?%f%b@?ﬁe_ Qbi‘gﬁﬁ?twqt- of the
af or ementh,0NRG 1868 eBMoBENEH: it NHRFRAIIAhANK REKRUBstitkei NELF 0fNSH hEtey DY
reference. %28] The hydrofornylation can occur at a pressure of 1 to 250

at nospheembodimgnts it sppefened that edch2d 10he 9ar80 FOr orther mgregasbasiamentadd ude

varyi ng amount s,.0f,; garbon nexi d nd _hydr ogen. The ngas, can i ncl ude one
or more ey eraé&'s%l&‘ Eﬁ%‘ﬁlp];elsg Oﬁiﬁ%erag]é\zlrgmu% %f ?hn%ut@ed?%ﬁggﬁiﬂ %tion can be
conduct eghet}si, Rehya, ﬁrbg%i, Biie 138hYS tFotonB @ inoRe binBadichedttdnRthyd i$yngas

pressure of 200 to 3 at nospheres as discussed in U S. Patent No.
7, 321, o6Btefamednpion snopr Bigre bbedimenart s nraterabe mepwllyhrldendeyl igrorpsed t o,

car bon [ . Lpe | Vii.: h formul a PR
RoRa whol By Sedir e RPN ARIRIL e 1 BEHS) Nkl 1 BEPEERh oLy
group, asubdtigient iapreaedl kyelsubstitualtkaay lbe the duatd stelifferena Exurbplesadf e t her eof
A specific exanple includes, but is not limted to,

n- but yl dﬁ”gﬁ%"h‘ﬁmﬁ Adpte, BBt aragoblimysd to. bplogen ajomsugh aatalYsindiBrel udes, but

is not |ipbted to, '

hydroforﬁ??gtion ag@ﬁgﬁg%%§§§ﬂ9§@§g9%§ﬂggﬁégyaﬁﬁﬂ%ﬁﬁﬁ§hggpl ﬁfn%gﬁ or less
of the t candie atedntd byalpyledercoBs pafycymbddpenseciicnp gt adersiewhereaat dehydes,
e b oy eGPl U sl BN PLPRy BEBLOEHT Shon L1 e
nmonoal defyR&s. A8 SRS §MeR0R b)Y ok kesd Bkl @¥eng Fornula H where n is as
described herein: [31] Fornula Il [ 32] The pol ycycl opent adi ene

nonoal detigdes can Beé usehheraimethefnrefr t ey pulegrsyiohipermpaindias twvalodehydes.
For exanpl e disti,llation .process .can be used.to separat e

o e Bisfe o e ARl R e a® Ao B3R SRR A S 87 deny des.
However , iods bN@vcorhtellém&its ihéhepatal eyaibapeidh atoeaenimpoal dehydes and the
pol ycycl opent adi ene dlaldeh%ges can help control a |level of functionality.

For ~ exanpicopetidicaasompoeicaviretivseyojoreatndirae maetiesddicyrippepiadiene)

ovel ac. SRomrafl PBRePALN RIS LS R S 2RREARR SP&sPORS01 1) G071
include, but are not limited to, a poly(allyl ether) of a dicyclopentadiene
polyphenol (novolac) prepared from condensation of dicyclopentadiene
dialdehyde with phenol; a poly(methallyl ether) of a dicyclopentadiene
polyphenol (novolac) prepared from condensation of dicyclopentadiene
dialdehyde with phenol; a poly(allyl ether) of a dicyclopentadiene polyphenol
(novolac) prepared from condensation of dicyclopentadiene dialdehyde with 2-
methylphenol; a poly(methallyl ether) of a dicyclopentadiene polyphenol
(novolac) prepared from condensation of dicyclopentadiene dialdehyde with 2-
methylphenol; a poly(allyl ether) of a dicyclopentadiene polyphenol (novolac)

prepared from condensation of dicyclopentadiene dialdehyde with 2,6-



pol ycycl opent adi ene di phenols fromthe pol ycycl opent adi ene nonoal dehydes.
An exanpl e of the pol ycycl opentadi ene di phenols having a saturated

cycl opentwioeoring4rs represented by the foll ow ng FornulPaTiuske11fo0&3i For mul a
111 [34] where n, m R and Q are as described herein. digonmers nay

al so be giresidritphenok hergiv(methel 1Mbefrhtea)d@1%9nélCdp}@hven@IdsenemﬂJSphfrn@lt ures of

| | di phenal d h b
b onubed O SERG R BRGR ShRg P BR o HE TR A SRR RE RS DeY ¢
descri bed, dn&mhang@mbnolTIaQﬁﬁydéﬂtyoeaﬁar):afla BiectIepdnt atient 5@?tph9ﬁ@ldUCt s when

t he hydr ogen/car on nonoxi de pressure is low (-1 atm t hese ketones are
present {(#PVOAE) mr@mc‘;@ framx conesnsetAn vd t@@h@iép@éadmp@ ldlqdﬁ@hwie Whf orm

pol yphen e r escr i bed rein. [36]
Formul a %ﬁncﬁ[ %??[‘@ne%au f}[{ﬁluerrz%fam?}ﬁd% tﬁ%%c?@%i’?ﬁ%e& {ek r%l)glcﬁal dehydes,

pol ycycl @@@taﬁfreﬂﬁccdidah@karmd@ﬁtn@m@bﬁeﬁtmﬂa& dayichetp waanprelolt he | evel of
functionality in a %I ven thernosettabl e conposition. For exanple, crosslink

WO 2011/ ms@é@?ﬁ@rb& uS2H 2 di00DIRAntAdisEE tstrarhiengl P%ﬁ%&%@%@@e@m| tion of
t he pfes‘SFhlc%ﬁ)%'eﬂ&kiﬁe%eccﬁ?m%ﬁg&gw&f o QPOHQ'I%%H& enofgfeased) based

on the relatrve anmounts o pol ycycl opent adi ene p S and the

pol ycycl dpgntcpdhedesndi tpheploémlq;sqahredh fnepandsaigatibe oﬁdﬁg&(cédﬂeﬁiachéﬂier )s of
di cycl op i ene poI nol . Adjusting the level of functionality in this
way can EME@%Yfierlffhe p@%rttiaé@ iy 81558 SCATFAESTRSNO RIQBIFHEPAL ur e

(Tg), of o 19@@&%&%&9%%{@%% i l%ge?g%@ghkmrae%fﬁ&g?g% a?éH"HBﬁ{t' ons to

be tailored to désired [evel w th ot perties, such as
t oughnessondeisathen pf ddyclopenfaddineMbrkiphgde with pﬂeqnotb,earpbpaiitilal erto control
the am)ugcgmgfete Claisen rearrangement products of the poly(allyl ether) of a

dicyclopentadiene tetraphenol prepared from condensation of dicyclopentadiene

dialdehyde with phenol.

[024] Monomers which carry at least one ortho-substituent on at least one

aromatic ring may be used to block a Claisen rearrangement. A preferred example of

such monomers of Formula I is the poly(allyl ether) of a dicyclopentadiene

polyphenol (novolac) prepared from condensation of dicyclopentadiene dialdehyde

with 2,6-dimethylphenol.

[025] Further non-limiting examples of the monomers of Formula I include

partial or complete Claisen rearrangement products of compounds of Formula I

wherein at least one of the X groups is HRIC:CRI-CHZ- or H;;_RIC—CRI—*—HC-, where

R'is as described herein. As a representative example, in the case of the tetra(allyl

ether) of the dicyclopentadiene tetraphenol prepared from condensation of

dicyclopentadiene dialdehyde with phenol, such Claisen rearrangement products may

include, as a partial listing, compounds of Formulae (A) - (P), where X is H,C=CH-

CH,-.

X _X
HO@ @OX X0 @ @OH
QT O O T O

A) (B)

OX



di cycl opent adi ene and/ or pol ycycl opent adi ene noieties in the

pol ycycl opent adi ene di al dehydes. The di cycl opent adi ene and/ or

pol ycycl oponbudizesse can be formed through D el s- Al der ciremitsoy/00i1ng

cycl opent adi ene where, as discussed herein, the average value for n can be
fromzero to 20. So, for exanple, when the pol ycycl opentadi ene noieties in

t he pol ycyckopent adi ene di al dehydes are ol i goners they can have a x
di stributjo n val ues that o?xavera e f 2to 5 For o
appl i cation ca of zero &P e applity to g the

di cycl opent adi engH-4 Gycl opent adi ene

H

pol ycycl ope en @ % y al so al | ggxor ﬁgm control
and/ or t crosslink de X a thép 44!»’able conposiﬁﬁ%i%whkle
retaining properties of cured product—" [39] The resu g

pol ycycl opent adi ene d“aldehydes along with any of the @l ycycl opent adi ene
nonoal dehydes and ketones can then undergo a novolac reaction to form
pol ycycl opent adi ene pol yphenol s. The novol ag reaction involves the use of a

phenol and id catal yst. exanpl e, t | ycycl opent adi

di al dehyd® mol t @ED 5 r eack® te ueratureégiz%éo& to 70
Cwith stirr undg 9 at nosphere g an acid
catal yst. The=pgsulti ng opent adi ene 9;3 0

the pol yo,<9t adi @ , Cam .)
to form pol yeyel opent adi ene poryphenol s. [ 48FPol ycycl opent ad

pol yphenol s can be pré@ared via a’ondensation reacti@ of a nole ratio of
t he pol ycycl opent adi ene di al dehydes (and any pol ycycl opent adi ene
nonoal dehydes) to phenol and/or supstituted phenol, o-cresol,

x0T

rn-cresol, p- sol, 2,4-dinetl enol , 2, 6- t hyl phenol , 1- ht hol , and
2- napht he®© 20 tg 1:6, a & abl yxd 115 to 1:8; i presence
of an acid 013 G84T 011/000711 Y ' is%giz%grably
from0.1 to cH gHpreferably fro sed on the
amount ofxo or ™8 e&gl c np d~Hi g I§(

rati os than 0 of the pheno substitute enol may be e e&{
however doi ng may rqugre addi tTonal' energy®and t hus ense to recover and
recycle the excess phenol and/or substituted phenol. T[41] Condensation
reactions enploying a | arge excess of the phenol and/or substituted phenol
have been-f to favor pol yéycldpent adi ene yphenol s havi ng_a_Kow

pol ydi spepsi nd meight'av=‘;%= &l ecul gx t. Likemﬁse,g%;jgngannunt
of the phen i ed/phenol is r ed fler e~can n

i ncrease in #ool ycycl opent adi ene g & :@- cH ncr easi ng
the wei ght gy ont egr<f avor s

4& | ar \ght. Incpea i e
@‘%I ecul e may be hi ghl !ﬂ' hefXci al
for certain end uses(%ut at t cost of higher viscosity. For soney

hi gher hydr
applications, very |large excesses of phenol and/or substituted phenol may
be enpl oyed;. the nolar ratio provided above can produce products.-rich in

pol ycycl opeqt adi ene pol yphenol, and low in igomers. [42] A solygnt can
dz§3§?

be enpl oyg formng the cgglopenhgd' pol yphenol s. ﬁgne
el atwvely hi melt viscos t ot phenol s
[}

phenol s havi
use of one or y be beneficial folcHg 3 04| suitable

reactionHHEu XK ‘ be inert_to res ndANaf—t he
reacti on pro : O¥erve 5% ent for th @ Opi C
renoval of XMater fro bhe con sation reaction. Exanples of tke=5ol vent
i nclude, but are not Trmted to, toluene and xyl ene. h3] Suitable acid
catal ysts include, but are not limted to, protonic acids, such as

zi nc oxi ge, es|,um oxi %§E§§§OH_

p-tol uenesu G e_gCid, 3-nercap aci d,
and conbi nat | ongH 3- gRT cCapt 0o- 1 - propane_ sohd p d<h S a
preferreg.a cat cat al yst as k} i sl £cCt i {n formng
t he pol ycyc nt adi ene polyﬁggbacg and can e nate a need f OX

azeotropi c renoval of ter oM t he reacti on product s,;The wat gan
remain in the reacto#, wi t hout quenchi ng the novol ac rggction. [ 44]
Reaction tenperatures and times vary, but can be from5 mnutes to 48 hours
and reaction tenperatures of from20 Cto 175 C may be enpl oyed. Preferably
reaction tenperatures and tines can b from15 mnutes to 36 hours and WO
2011/ 136847PCT/ US2011/ 000711 reaction tenperatures of from30 Cto 125 C
Most preferably reaction tenperatures and tines can be from30 mnutes to
24 hours and reaction tenperatures of from 35



Cto 75 C. [45] At the end of the reaction, the acidic catal yst can be
renmoved by neutralization, for exanple by washing or extracting with water.
Li kewi se,weat2otihsesand of the reaction, excess phenol canPbg/usemmwedifrom the
novol ac product, for exanple, by distillation or extraction. [46] The

pol ycycl opent adi ene pol yphenol s can have a pol ydi spersity index of |ess
than 2. For exanple, the polydispersity index (the neasure of distribution

of nol ecul mass in a given pol ynmer sanple) of the polycycl opentagi ene

pol yphenol s be from1.3 t 4. These ty of results indycate that
both the . %@:E}— t heX | opent adi ene pR¥%nol s
are very uni m chain | en r opent adi ene

_ P
pol yphenol s aw% % sirabl e vi sgasity £@@ i in the
vi scosi t yio t herfrosett ab NPQSi ti he present di Ske.
[47] The p cl opent adi ene henol s cap>be/represented b

follow ng Formula V: 048] FoimulaxV NO (Rfml (Rm (P[49] where™R, m p.
R and Q are as described herein. Polycycl opent adi ene poI yphenol s are

di scussed in U S. Uility Application serial nunber, titled

" PO_YCYCLCPENTADI ENE COMPOUNDS', The Dow Chem cal Corrpany docket number

68349, figl her ewlhnel i bR oQRYE1 UGN J15 vk REALRREALEELARESI N by

referenc
include monomers which carry at least one substituent on at least one aromatic ring to

block a Claisen rearrangement. A representative example of such monomers is
represented by Formula (Q), where X is H,C=CH-CH;-.
HaC

, CHs
CH‘QD—CH
xo@ ox
HaC Q) CHs

[027] Polycyclopentadiene polyphenols can be produced from
polycyclopentadiene dialdehydes. Polycyclopentadiene dialdehydes can be
produced via hydroformylation of polycyclopentadiene, such as,
dicyclopentadiene using syngas, a phosphine ligand, and a transition metal (from
Groups 3 through 10) catalyst using a method such as described by G. Longoni,
et al, J. of Molecular Catalysis 68, 7-21 (1991) or more generally in Kirk-
Othmer, ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, Fifth Edition, Vol.
10, pp. 347-470 (2010). There can be variations in this process. For example, a
method as described in U.S. Patent No. 6,307,108 uses mixed polar/nonpolar
solvents to ease the problem of catalyst recycle and product separation. The
resulting polycyclopentadiene dialdehydes can then be condensed with phenols to
form polycyclopentadiene polyphenols. Polycyclopentadiene can be prepared by
heating cyclopentadiene to temperatures above 100 °C as disclosed by Kirk-Othmer,
ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, Fifth Edition, Vol. 8, p.- 223



[ 50] As discussed herein, the disclosed poly(allyl ether)s of

pol ycycl opent adi ene pol yphenol can be obtained by allylation of the WO
2011/ 13683%0RMI/1382011/ 000711 pol ycycl opent adi ene pol ypheadluS2etheo@1ar omat i C
hydr oxyl 2zar%oup S) qg) are converted to HRI C=CR1 -CH2-0- and/ or

H2R1C- CRIZHE. 0All QX/%*& opmengioned rederengep atf Weprgprated hazain imtheyy Rt of t he
pol ycycl gjp%ggéﬂ'&eene pol yphenol can be acconplished via a transcarbonation
reaction. € transcarbonation reaction can include allylnmethyl carbonate
that is [@atted W Thethyer@kmelaiopent ediueaca pedsypkesdl té B50he presence of
a catalytic apount of palladiumon carbon and triphenyl phosphine. [52]

Al |yl net AiRospacissiade CaPBEupt 8bal e 1P rlof 4 rBae$ymeas ean delude al cohol and

e, A L AR O s L g

car bonat emocaimehigassspbuehed nithogehe transcar bonati on reaction. [53]

Al lylation of the | ycycl opent adi ene pol yphenal can be acconpl jshed by a
di rect afqzﬁl] ation Prg‘ﬁ Yﬁé‘?‘fofli‘}éiiat’é’élncainnk&ﬁ ugtadaysiag 2 rgﬁglélpkg&iak’é‘t agent ,
and opti g : t f . Exanpl es of
the hal i ﬁ’ﬁbkg?ﬁlﬁﬁaghg%ﬁﬁﬁ% fiRsfuBid 20D 330 Anc el S yl
hal i des. dEExesspties lbfS. datgt Mal 7ded ,068c| Exklenplestof ansabletlidands tedude, al | yl

chloride,and allyl brom de.. Exanples of nethallyl halides . include, but are
ot 11 m DBk ot arifil 16y iAo PR AR A FEAR DB Bl oA BB e of t he
al kal i negagept for MG HARS RZRUhER A0 RF IR BRURE & 2 AdsAAUAUISPbhiten of an
al kali netal hydroxide. Exanples of the al kali netal hydroxide include, but
are not &lky gredp.tay, arplo gy dnyalkayl, ddabide osedompitapdndkérdel. 4&xanpl es of

h | i ncl ude. By 1i.m.ted b i al.kyl i
hat i des. St e Btk A C R B S e Sy RV R | A e
al | 'yl met bydmglrdfonatiebldiahlyyt icdidenstess doieinfiadd dg, the al kal i ne agent,

t he cat al }F/lst and conbi nations thereof along with the pol ycycl opent adi ene
pol yphenBh(COpAagetiagiepaigdi yl ati on of the pol ycycl opent adi ene pol yphenol

can occu ate .15 ?pﬁ [[ons a

t enper at Or?@ of 50r%%'§r g‘tgi%g h%fdlrS%B%ggaglrogle%n&g}tg’%lgﬁ%gﬁy at g%@ékkl | yl ati on of
t he pol yowyc) ppeattadb emelepobf titectond] reactidrap@dactseat polgrytlopentatiels m nut es
to 8 hours. For s(frre applications a reaction tinme of 2 hourf ta 6 hours is
pr ef er r eBORARIAGP YIS0 RO BINEHEY R8I @\y%qscpge%%f%aliognglaao%%h%ﬁa? ¥E&R include a
sol vent. al%ﬁg%%@p&ﬁrc&&_@pérﬁh&i%ﬁ& diNgtmARs, AtxdspRAfthbgd ted to,

1, 4-dioxane.” [55] ITn"a ditect allylation reaction, the allyl halide my be
st oi chi op&lycydapéntadieac nechosiddhydhe ihuegdresentegrinupe foflovheg Formula II,

pol ycycl O,Bent adi en(g V\? %%11/. 136847PCT/ US2011/ 000711 pol yphenol . For
various Pe8ctT bhcOnartrons Frari abl e anounts of a O ai sen rearrangement

pr oduct P;m]be obsepmediaimm this reaction, and can result in a mxture of O-
and C-allylated products. [56] Areaction of a 1 to 1 nole ratio of the
allyl halide with the hydroxy groupg of 7he pol ycycl opent adi ene pol yphenol
can provide an allylated bi sphene ] 8l n—8 maj or anount (about 80 or
nore percent) of the hydroxy 4§ ycycl opent adi ene pol yphenol
have been converted to -0-CH2- ] s Addi tionally, a mnor anpunt
(about 20 percent or less) of the alllyl _gsoups may have undergone thermally
i nduced C ai sen rearrangenent and be present on the aronmatic ring ortho
and/ or ppi3a)to theThygobyeycpeupslidiaomonbildbhides daadrer epgenedfroaccurred. A

reaction of |less than a 1 to 1 nole ratio of al Ia%/l,rre,thyl carbonate in the
t r anscar BEPRLY O eRea¢ad 8Re Staldphyarsy FongxImele A dHE|aiareriocats SA%atS on
reacti onuWgl§ ot Pe ol ety VRS SR RRCARIAFAL] Abmpley! ation, with some
free hydroxy groups re |¥n ng.. Although the paftially allylated conpounds
may be | pslscyrlepertedidnt draldameicappldveaset,onsg 4 eytuae ef wid hi n t he scope of

the pr esg&gcgélggénchgiregé monoaldehydes and the polycyclopentadiene dialdehydes

can help control a level of functionality. For example, whereas novolac
chemistry can be used to form the polycyclopentadiene polyphenols from the

polycyclopentadiene dialdehydes, novolac chemistry can also be used to form

10



[57] A preferred process uses a transcarbonation reaction wherein

allyl met hyl carbonate is stoichionetrically reacted with the

pol ycycl openvadizesse pol yphenol to provide essential ly teCcalusadlipberti on of

t he hydr OX{ groups of the pol yc%rcl opent adi ene pol g.phenol and provide the
cor r espoRelysyclapeyladianerdiphgnols bwy) thy pelysyclopgspdiese megnozddshydedf t he

al I yl oxy ,an LY' QL oups,. . I ent, 1. t re reactive 1-propenyl
groups nﬁ‘ﬁl %(ea%&)elgfo (grghneea iyﬁy{lﬁggrrg)t(rgélsegtﬁcdelég?m?Bé%s)lgguasﬁaﬁgr %ehd: met hods

repor t edciopentiie Bhees rédtdsdtedby vhe WilGwing Fyretigetlilve G oups in O ganic
Synthesis, WIley-Interscience, New York, 67-74, 708-711 (1999) or in the
presencel®Bla cat aFprmelalbunt of a rut heni um conpl ex as described in
Journal of Mbdlecular Catalysis A Chem cal volume 219, issue 1, pages 29-40
(Septenber 1, 2004). Both of tﬁémaf-or enenti oned references are incorporated

herein in their entirety. [58h d poly(allyl ether)s of
pol ycycl opent adi ene pol yphemd G’ in a thernosettable
conposition. The thernosettab % pe a solid phase, such as a

ed
powder, or a |liquid phase, sugh—g8 g B at includes the poly(allyl
ether)s of polycycl opent adb yp ~Fne poly(allyl ether)s of.
pol ycycl opent adi ene pol ypheno n have{varigus n values and various p

val ues, as WO 2011/136847PCT/H$2011/ 000711 described herein. For such

m xtures the values of n and p dan be described das number values for the
average extent of oligonerization. [60] For one or nore enbodi nents, the
t hernosettabl e conposition is cured to forma product that is a

hormopol yfesu] A honmegeky fiph, IRSardd Qodry nerdedarti badehkerkironOogenepetiagulaf -
nononer. Herein the disclosed poly(allyl ether)s of polycycl opentadi ene
pol yphenBf PEFSENTIENEE POl W cL QP epéadiies §W¥’€P@]§- &h%ﬁéﬁg??so 61] For one or

o STOREEOh e g AR P ROTMS LR BB Al 2 ot

that is rom-t or nore
speci es pfodwpdners. The two or nore species of nononers can be referred to

as conon S. Herein one of the two or re.specjes of nononer. hat is
one of tﬁg‘giom)_no §}iygr‘?f%éméi aé’@lno%aé‘dprﬁg}[l)?/? gloFrﬁw eH_@’i“}ssaso dLehibed .
pol ycycl Qf%&@%@nﬁhé&@'l&é@&%@%nﬂ%%e%@d&ﬁir{mf BrfRediviBRtR @ cononomer s
sel ected Tromthe group consisting polynal ei m des, polycyanates,
pol ycyanhrdregsy/ ceoxymenerpdamdessued 1sylovwcortpgomddf thesakstonds acont ai ni ng one
or nore polynerizabl e ethyl enically unsaturate oup(,s)s...and conbi nati ons
t her eof es%'étslgrtfzq%é’ﬂoq'lué)&#ﬁ%g%ﬁ%%ﬁﬁ?g ?fﬁéal}ﬁ‘ghgfl‘é%‘ﬁ!tﬁr@“&. Pr epol yners
are conppsiigiensiyolf Fasmamk O, WReem, h, AARCRAFBLs dekeiRidhdrbig. nol ecul es of
such are_ capable of entering, through reactive groups, into further
pol yneri K861 on. Th&opreldMmers can be formed fromthe conononers as -
descri bed herein. [62] For ong nor e edi ments the thernosettabl e

mal active |level of the

wohenol . This m nimal active
| evel can have different val ependi nn the particul ar application.
For exanple, an applicati M
have a different minimal agtilyeeve
pol ycycl opent adi ene poly gtl_ | Uhe
glass transition tenpera igdeJ
comononer sel ected fromthe gyoup cém st ymg\ pol \wral ei m des, ‘pol ycyanat es,
pol ycyanani des, epoxy cgpounds_Zconp@inds_cant ai®ismg one or nore

pol ynmeri zabl e ethyl enically upsaturated graoup(s), and conbi nations thereof
can be 5 weight percent to l@o t per 'é?_. f the rmononers included in

t he thernosettabl e conpositioy om whi ch e copolymer is derived. Thus,
for one or nore enbodi nents the et her)s of pol ycycl opent adi ene
pol yphenol are 10 wei ght percent to 95 wei ght percent of the nononers from
whi ch the copolynmer is derived.

[037] Using mixtures of the polycyclopentadiene monoaldehydes,

. {Fot__gme or nore enbodinents the

polycyclopentadiene dialdehydes, and ketones may help control the level of

functionality in a given thermosettable composition. For example, crosslink

11



WO 2011/ 136847PCT/ US2011/ 000711 [63] Herein, polynaleimdes are conpounds
having two or nore mal ei m de noi eties. Exanples of polymal ei m des incl ude,

but are w0 2bimi3tsxd to, 1,2- bismal ei mi do ethane; 1, 4-bipewaiSedriod1but ane;

1, 6- bi smal ei m do hexane; 1,12- bisnaleim do dodecane;

1, 6- bi sna¢wsity 9o -a(themmasettableeeampgsihex ahéhe nregentyiisplaswierraddebenzene;

1, 4- bi smaj.ei. benzene; 4' -hi s el.m do..di phenyl t hane;

22 b SRS E arERE SehaPt DR SRR PSR s 1 de; 4, a1
bi smal ei p@l@@yabeﬂ@Mienétﬂoﬁ notk #hd BleHRY lcd skntstieye Hiphexyls u¥ed hane; 2, 4-
bi smal ei m do tol uene; and 2, 6-bismal ei mi do toluene. [64] Herein,

pol ycyanbie@ariag éhe peayallydi st phdicyderaradienerdypiicack Adiuwtingghe Exanpl es of

pol ycyan ! : . i,m i ] i nat e,
Poxar | aorSE; ShnaiedRatihthy BIyarban bty e PRI ShetfaCLAENS
pol ycyanahgsitibn dépelaape {Tglli ghte podbduheoblained by curing the

2-tert-butyl -1, 4-di cyanat obenzene; 2,4,6-trinmethyl-1, 3-di cyanat obenzene;
4- chl or ofPETBOREAPAR SPHPRHFIORS t0 e faikared 1 dgsingt Kysk aKiéor balance with

4,4' -dic ' ; G I 5 =pi napht hyl ; 4,4'-

di cyanat gﬁgghgﬂ;ye?hggt?ﬁg?}; %?ogg‘ﬂh%é’s%‘%@{ﬂ‘éet %%&r%tcﬁyl- 4, 4' - di cyanat odi phenyl

et her; 3[B%8] 5,5' - Matowahitoney 4¢ $dsslbby@natnodil phe agloust br ; :

4, 4' - bi s- ] p-,cyanat.ophenoxy] di phenyl ether; .4, 4" -bi s-[p-cyanat ophenyl

i sopr opyp‘%g?lﬁﬁ@ﬁ?f{m%twg&r P]&’?Y_AP@&BP%@T &%Wgt%lﬁﬁéh&wﬁﬁafﬁwpta lene

4, 4" - bi sgfadyanat @H@%%Mﬁéhtwléw&d%r*}ﬁﬂ;}cy’&lo‘f)'em*aﬁ§h£ #ak B2 formed

cyanat ophenoxy) phenyl sul phone] di phenyl™ ether; 4, 41-di cyanat odi phenyl

sul phonethrgugt Dids-Bidarehemmtyhisingdydlopditegmnatidiets, phaingussedihghiontdie

3,3 ,5,5 -tet ra?ilhl 3:0-4 4Ib-sfdi c%ana}t %BI henyl sul pho € th

4, 4' - bi s*YP2EYERAE SPhBATT OF SHP 6By dp 8n§1¥ SHBiionds™ e

4, 4' - bi spdifdytorrnaldtne piaaesyh 1l pi19eyd o sentpiiene diflddhydels sird (iBzdnyanat o) -
phenoxy] di phenyl sul phone; 4, 4'-bis-[4-(4-cyanat ophenyl i sopropyl)-
phenoxy] Hiepkenhavesdlistbnaon of valgpsthpnisop-avgresdmshangp. For other

sul phone) ph: ] di I ' d s
4, 4" - bi sgﬁﬁ’%%?‘g&%ygﬁggﬁl apﬁ%‘#é&%%g? Bﬁg'ng e%kﬂllht toonct-‘-f).n tml %‘g] Her ei n,
pol ycyandioydesentadierecmdau pdychedhergadivn: abidtos & Gy podydydi pentli¢res .
A AT M N T N MCEGE N
42 d s hog D Roshpde ABb I Rn bl S ML RO Bibfletics of the
4: 4' - di acmedpredypha- met hyl stil bene; tris(am nophehyl ) net hane;
ani | i ne- | dehy condensatj on products; f.h nam des .of
4-ani no- B yar oxyﬁﬁﬁﬁggégawﬁﬁﬁ@ﬁﬁi@%% %ﬂglﬁhﬁnﬁ o
pam nopngidagol i Kypdi1ald 000 dbknEraeples of ally
conpounds ?Jr?c%/cu})c?g@ut 1are not | iem ted to, all y(I:-s- ?ri azines, allyl
et hers, BovQlic eeacHps to doran Rylyerdopanjadi¢ncaiadyriienglsc dhsarwaodgosreagtion |
phenol s, . an r tal ni al | s. Thase allyl conpounds,
and ot helrn%gg]r?gEgéng?és)O?%gﬁgﬁgoellﬁh@gg?%lglcﬁégygg?gg{rg%awlgt Osed t hernosettabl e
conposi t peinsydbperdesient deddeydles axanpblesn pheddieakneyehapédi a of Pol yner
Sci ence and Technol osqg volynme 1, pages 750 to 807 (1964) published by John
Wley an@MBsriurg pic0>  ¢He 78nG vehdtsanssnder pnitipgearatinosakeicsd ip
i ncor por r.ei n L oners are triallyl
| Socyanulsine el 8 IR RSl R R o R Lo e
hexa(al | ylaepipaed) plgmpeivathiang; oftthe petvykbipenopiaere sioabbldeheddsecan 1, 2, 3-
i ol 1yl " BRENBASHE'S apdr ey Feacligpre RAMACG YA BPFYRORE: BrybRamcs o o
bi s(al | yjgagy bonat ef’ély@Mo;?e‘n'ta)ﬂlierféip%tﬁJm}lolgQ%Q@?ﬁeﬁared[@g 1 co¥uesRAIy compound
is a conpound in whiCh an oxygen atomis directly attached to two adj acent
or non- adpetzemt aoaplsoatiaobiirs pofycachmebtrdigitadialdehydenipngdyatyem t o f orm an
epoxi de or, oxi.-rane r.ing. The 0 conpound n be selected.fromthe group
cone! sti R Er 1Pt B manes EBRd A ERen o AT sl s S RS
al i phat i 6- 28K Y- &MY NdSmeRPHheATTDR Badine sy 1fHeabE Otnaphthol, and 2-

naphthol of 1:20 to 1:6, and preferably from 1:15 to 1:8; in the presence of an acid
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[ 68] Exanpl es of aromatic epoxy conpounds include, but are not limted to,
gl ycidyl ether conpounds of polyphenols, such as hydroqui none, resorcinol,
bi sphenolwg20tiispdaenol F, 4, 4' - di hydr oxybi phenyl, phenolprChasedianpo7er esol

novol ac, trisphenol (tris-(4-hydrox§pheg | ) net hane)
1,1, 2, 2- ety s(Hbing i Breieph Fonel Adne, Wi dor ansreasoirsisrbinfrom 0.1 to 1

2,2-bis(4zh = z 9$§@§”1 ‘ ,

1, 6-di hy fo%&%géﬁpﬂgﬁiﬁé?&ﬂ%géTéﬁggﬁﬁpﬁgﬂ%%Hgkgggc I eSOx lg%ﬁ%ounds

i ncl ude, Highier atode raoibs khani t:20of the phehol @F yebstiiited pheatod nalfy eamymbgednavi ng at
| east one alicyclic ring,.or canpqunds inc¢luding cycl ohexene oxide or
cycl openPEHEHLPHE BB EAHES a%@ﬂ@%ﬁﬂ%ﬁ%ﬁiaﬁe thusRFEERE SO TeraVER K eaycle

cycl ohex i : j wi th an oxidizer. Sone particular
exanplesﬁgggFﬁﬁgPQ(ﬂﬁxgkggﬁ%ﬁﬁpgﬁp%%%ito, hydr ogenat ed bi sphenol A

di gl yci diJ41gt her; EBobdepenycyatiddmepipietihy 218 g4 ergoax pE el phkeodydnd/or
RS TR SR AL R L B et A iy

epoxycych eie il Rb&¥%ky %@%fg}hk a@eré%@xBQP&MGMP% ANSL &AL YR l&ount
3, 4- epoxy- 3- net hyl cycl ohexyl met hy'l- 3, 4- epoxy-3- net hyl cycl ohexane
car boxy| af the pBedelepdioy sBbstituted phenol is reduced, there can be an increase in

t hyl .ohexyl net hyl- 3, 4- - 5- et hyl cycl oh boxyl ate; bis(3, 4-
Doy cy L RERG T o 1 gy HP AR P RS BB By bRty .
2, 2-bi s(%ﬁmd&?@ﬁlﬁﬁ&@%ﬁ%ﬁ%&&&%&&ﬁszaérs&ﬁgmqyﬁr@ Xyl) propane;

di cycl opent adi ene di epoxi de; ethyl ene-bis(3,4- epoxycycl ohexane

car boxy| Bnejiongliiycrefimelsexiehekighyaroph bl atbencanial dir-certagn pyd Hesgy|

epoxyhexahydr . . . I (o] i [ S

i ncl ude, g%uag tggggﬂgiﬁlg}rﬁ:rt‘Le%&{%t!;xg%q}ysgﬁilecépdﬂca@p ﬁ%’r‘gergﬁ Q%I%ie%%% SI%g ngl yol s
or al kyl pigobxidier saBetitated pheesianty bpepddyel;dit neshersicofroaldgdhat i c

| ong- chai n pol ybasi c aci ds, homppol yners synt hesi zed by viny]l - pol yneri zi ng
gl yci dyl 2beyaaatRIodreyPipdiely Fichdt RAlyCytiapantadife P RARO Al AePhES| zed by
vi nyl - polyh®pizi ng glycidyl acrylate or glycidyl methacrylate and other

vi nyl nononers. Sone particul ar exanples include, but are not limted to
gl yci dyl [d2her s of Apallyaitsandechmpleyid 4Heutfanediothediadygyciapghtadicner ; 1, 6-

hexanedi ol, di gl yci et her ; ri.glycidyl ether of glycerin, a triglycid
ethor - of BeyRhrdeliy Bt seip ahincTshevafs b GebSime vetatra i iong 0V Y
hexagl ychglyl piehBRMusObf hPEMhaR! 6l Vet 1Rhy b@b%&&@ilc}‘a@ :f&yrhai%%a}ﬂﬁ:flg Qrsuﬂéﬂlé’ et hyl ene

glycol; and "a diglycidyl ether of polypropylene glycol; polyglycidyl ethers
of pol yetehgronpotgioms Wizt wil veaticdnybedidditng therreadtippeyndof thavsaciomor e t ypes, of

al kyl ene_oxi de al.i phatic _polyols suc s propyl.ene gl ycol ., trinethylol
ot opane. PRt E §Be Mk PG &R BRBSARF Bt o st el

di basi ¢ feicsdensdtiohl refet@MEXAAHIGUTHRE §11Eht ABudY, bD4E nBOlivied kzabl e
ethylenically unsaturated group(s) can be a (nono)ethylenically unsaturated
nononer ©huese ppdKylEnet hyl eni cal |y unsaturated nononmer. Exanpl es of
conpounds,,&ont ai ni pg. 0 ¢] R I wyl.eni cal | nsat ur at ed
group(s)ﬁwﬁﬁlude, gg¥£g$gn%8 ﬁ?ﬁ#ﬁ@ﬁﬁﬁgﬁg hé%%ﬁhg%gﬁﬁ ég&?%”%ygf Pat ent
No. 5, 428,ch2bhydtielbric scidnedfipraatd ghbshetio atid; tetul erides afuyh Byzihef er ence.

[ 72] For aone or nore enbodi nents the thernosettabl e conpositign. includes a
sol vent . OESG RPITRISUEY OXd ¢t VRANESIRANe OTHHHC 2SS Aeth 35 nricledesyioniet ones,

am des, . : -angd .1 - . i : re not

i it ed féég%ggﬂécf%c&g,’@ et {‘ﬁfﬁtg ot Efyblij gggﬁglnfgfm:‘% ‘?’253% dé)ﬁ‘gi%%ﬁ%ﬁ%w&oghpl es of
am des i hatardegtoblupragraeesatfohicradiéds & prefdimmetabyd Eabiysant de;catalyst as

di met hyl acet.am de, and. N.nethyl.pyrrolidi none. Ex es .of al cohol s include,
but ar & gt PN 0T in TRTHa B1E PN ROF A 685 P RHTICL S Bovancl Th PM
Exanpl ese|@fin8taeledd FCA SR otrOME r&hEvAl 8F whatdliilortiHeQeadBhprbd@eSt Blee, et hyl
acetate, and Dowanol TM PMA. The sol vent can be 10 wei ght percent to 75

wei ght pegterern remagn inghekeagisr ghitthaft querchingethemewelpatastionnposi tion, where
the tota ight is based upon the noners and sol vent gconpr.iSi t he
t her mos eﬂxot‘%ﬁl e con%g%(i ’toflg?f.ngeIW§ / %%8"5%%1"? Efé?%ei%’ 6’0%1711 et 48

hours and reaction temperatures of from 20 °C to 175 °C may be employed.

Preferably reaction temperatures and times can be from 15 minutes to 36 hours and
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[ 73] For one or nore enbodinents the them osettable conposition includes an
additive. Exanples of additives include, but are not limted to,

pol ymer i 280i20n/B684al ysts, co-curing agents, flane retar@ams2013p0E1yi st s
for flame retardants, solvents, fillers, adhesion pronoters, wetting aids,

di sper si AgpciPBseMRGIREsOf Fiom B &P 40 1Eh&r nivjoshrrefesatily seasion AHEPHBINERST el ease
agents, ; o] L X% Féﬁﬂ@ ] J catal ysts
i ncl ude, qggtt&%rgghﬁg% 'ﬁf&??n%(? glgﬂlggg tOtiréla}?{:lsulr Ion %@?O&qgrgg%‘l&ggéé{zé%ﬁnﬁ azol es,
phosphoni*@m §aPCs, phosphoni um conpl exes, tertiary am nes, hydrazides,

"| at ent | ysts" such as Ancam ne 2441 and K6 1B (nodified aliphatic
am nes a\cﬁ@gfﬁabl e f r‘%?%ﬁ%??g@f@é%‘%“éloan%e erigif @il yst cambs rempyeddivot o

Fi ne- Tec ' j : 24 L ed: S

conbi nat irﬁgﬁgﬁ%ﬁg?ﬁe’o fe%fgfng@%hpﬁgs? 9(%%‘;&%})1% gtﬂlfﬂg‘gh%éeﬁltkg&?%éﬁtu%g?n%ut are
not |i m éthetreactiinggraredd phrindcanshinstioved &dngthamodélae prodube fiad dxasmplanm no
corrpound%, benllzaroxazi ne, anhydri des, am doam nes, pol yam des, and

combi nat PEHESHIREPRBF CX2PEPNExanpl es of flame retardants and/or synergists

for flamgosagt ar dantﬁs@@@d&@%pe@t‘d&ieﬁé BoRBherolsBanafdvé @ poRf MRS YSISONt ai ni ng

nol ecul es such as H . ,

(9, 10- di kY thsetlangx ot @xphplepthgpiedrdspetnienadexitipxindesyre efbdistribntipn ofiuct s,
magnesi um hydrate, zinc.horate, netallocenes, and combi natipns thereof

7 st ldisfass fr SRR el o Tohle 37 BShy S e b RRRiBE b BRRAE Ll U na
trihydraten balum NYmd 0xi dehesdBipal oPXbEeSndakipn Yoa Dk WbRSuessndvRE pf | ake or
powder, carbon_ bl ack, glr aphite, and conbinations thereof The filler can be
f unct i ondplughel B¢ pabisyelapertadiprg polpphenplsraroviery appioreatiayimng a whéorfd | | er can
have a paj i ' m. Q. 0 7 npl,es of
adhesi on@fﬁér%%@é&g&ﬁl{:@gg\f&%ﬁyaﬁg @gﬁg%ﬁﬁ{:eénaf é%l %%B,W ﬁ%&lﬁ %riegféglg% égnosi | anes
(epoxi di x&desitygirbdictapllity &mheosiscabilty bf the tierhosatdleyoagrisdivat @$thesul f ur

cont ai ni ng nol ecul es, titanates, zirconates, and conbi nations thereof [79]
Exanpl esPEFeRetiG 9% i ds and/ or di spersing ai ds include, but are not

limted {g77nodifieg, oSbLAngSHS 1 : : series and W
9000 serites](BYK Addieﬁo%g &bl nst rﬁngﬂpg@ogﬁc r?gé%\%}ége%ﬁeﬂvgtfg{rﬁgcar bons.

[ 80] ExahglowgngfFosoulbate nodifiers include, but are not linited to, slip
addi ti vem@r]m gl 0s§, adﬁ%ti ves, such as those available from BYK Additives &

I nstrume [ 81] 1'es of ther nmopl astic resins include, but are not

limted to, — T e

(R)m

AN (e O @b@: T
{_Q}>’ o <§: k n i:}_

-

R,

(Rm ' - ‘ e
[049] where n, m, p, R and Q are as described herein.
Polycyclopentadiene polyphenols are discussed in U.S. Utility Application serial
number , titled “POLYCYCLOPENTADIENE COMPOUNDS?”, The Dow
Chemical Company docket number 68349, filed herewith, the disclosure which is
incorporated herein by reference.
[050] As discussed herein, the disclosed poly(allyl ether)s of
polycyclopentadiene polyphenol can be obtained by allylation of the
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pol yphenyl sul f ones, pol ysul fones, pol yethersul fones, polyvinylidene
fluoride, WD 2011/136847PCT/US2011/000711 pol yet heri m des,

pol ypht havormdetses4pol ybenzi m dazol es, acrylics, phenoxyPC&4iSa&11/000711

pol yur et hanes, and conbi nati ons thereof. The thernoplastic resin can be

react i vepelieydepantasianeaelyphencl, pBele FEamant bydrorylmmeer(pel-@53 ereagent s

| ncl ude, B @ & AR CLLAILEM, 10, MBXER SUER @S wighr paubg wax. B3]

For one Of nore € i ments, e prese i SCl osure’provides a B-staged
product #éstibédShabihai nabl e by curing the theiniosettable conmposition. The
B- staged product can be forned b{ a process that includes contacting a

e

rei nf or cEdmt conpohdrittiemef the patyeydoperpdiaanolymtisacheanriex conponent

sur r ounds, 3 ke HR RS BB L E LB SHC A GRIRONERY 3 I Fe TR chCOMPONent
and the rerntorcenment conmponent provide a synergism 'S synergism

provi desirchade grydeleiblyscabbatagdt Byreauted with tthepdy Stchgretadienduct s have
mechani cal_and/ or physical properties that are unattainable with only the

i ndi vi duBPlYBREROOHEHE Sresprfe O Rt Vi RBOwHnE @rkashee o REbariddnpset t abl e
conposi t | QRSnv] ﬁosghﬁx%! osed herein, are useful as the matrix conponent.

[ 84] The \ rcenent conponent can be a fiber. Exanples of fibers

i ncl ude, [BA] ar e natlylmethyledirbanatgtaasts, prapaed tomcardaotgn @icdllyé stcehol

pol yethyl ene, quartz, nmetal, ceram c, biaonass,. and conbinati ons thereof.
e’ 11 bort Sinrtbe cedard. This RaiEIneroqe F BUKE AL NG T REM Ldes, but i
not |imtadohfe RATGM 1da@@&na@é.af’f@h@%n%rg|aﬁ§/%rfﬁu*?§%ﬁyer€ﬂhWe, but are not
limted to, A-glass fl%ers, E-glass fibers, C-glass fibers, R-glass fibers,
S- gl ass €drbenate candengplazsd i Pertsansdpshvindsonreaasiogani ¢ pol yners, exanpl es
of whi ch.jncl ude, t. are t limted to,..Kevlar(r) and, Twaron(r). ,Exanpl es
of carbolfFTbers | ALPER baie rpEbichipefitipE aoBahida) 3800 ARSPR ibidon 1 om
pol yacr ybpnidirect gllyiRtibg ReadtdORat ediflifeehdeUd Blede, Bxailplipe a@énti@l fibers
include, but are not Iimted to, stainless steel, chromium nickel,

pl at i nunPPidnelnpgaiel s s as aphase tansieheatylyst dixempies afthykalsls. Exanpl es of
ceram c fﬂcﬁx%g,sbdt%ﬁ{ &Q‘%imigéattoa%lgyﬂh%ﬁicﬂek %E%‘E‘e&ké’m TNe%Es f ERans, {opfed from

al um num oxi de, silicon di oxi . zirconirumdioxide, silicon nitride,

si licon glayliatieles bovlode, dart hrdrot hored to] sliyl deloridadnd kllyldaombde: | de. Exanpl es
of biomass fibers include, but are not limted to, those fibers formed from
wood andEXERRMDBmethe B hatides inglude P @renet %ﬁﬁsiotﬁe%tfeﬁﬁl deonds gy i c. The
fabric c f f f. o : i 3 of
fabrics ?lﬁtcﬁgg}éleg% ut 'al%gg%%{mfio}fn!&%%@%)@ a?t? Wgﬁgg&?ggﬂﬁggggﬁg@ J\}vo?(isien

f abri cs. aTapiepabsalaicart dnelkeli nierbbydrorale. dixamplesiodtheadlkalTinetal ei nf or cenment

conponent can .be opbi nation of .the fiber .a dg&ge fabric. .

2011/ 13687 P oL pgots 1 Tiped begptersiinaS Bttt diRsice.
rei nf or cer®AplcS oMPeREMALysERBIRE, BRASHS IRitdd e, PRVt CIOTRAREIHiuM @ rol ling,
di ppi ng, spraying, or sonme other procedure. After "the reinforcenent

conponenhalkigs dpddptredd ppsatmoniuhbaiges: | Mheodlrpsinaren snoheterdlbimsthilhe sol vent
that is present i.n,the thei ettable.co sition n enmoved vi a
vorati i CEPEAL SANLLELbRRMID R ARl JEONRARC deaf SRLDIIAIRECC Voo ¢ 1o

200 C, heswshigstidmehdodieal @ipwite did suisciidigpehtdidnsgoB@hemsicur at anot her
tenperature. Wiile_and/or after solvent is renpoved the matrix conponent can
be parti@°fy cur edPireet dlyjasioniof thepglyeslenentadiene pplipherplican §§c B8 fagi ng.

R i S R S S o g e R I
B- st agi i tameforediforahe aliydtter. AbBypeom@biithe.polycyclopentadiene polyphenol

can have a reaction time of 15 minutes to 8 hours. For some applicaﬁons a reaction

time of 2 hours to 6 hours is preferred. Allylation of the polycyclopentadiene

polyphenol can include a solvent. An example of the solvent includes, but is not

limited to, 1,4—di0xahe.

[055] In a direct allylation reaction, the allyl halide may be
stoichiometrically reacted with the hydroxy groups of the polycyclopentadiene
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[ 88] The B-staged products can be |layered or foined into a shape. For sone
applications where an electrical lamnate is being produced, |ayers of the
B- st aged woaduct3éstdan be alternated with | ayers of a coneaitise@ieizeri al . An
exanple o opductjve material _.includeg, but is not limted to, copper

fot )
foil. Th@o@pg‘?e“é’g}e O Y HRAYE Feact R FRNAILANS, KA R 28RS 882 {dAi8Bdi ti ons so t hat
the matr {ogrGRIRANR B REEAUE Be FBESYE il HisGbi@Tn, %gcg g@«{ﬂgﬂ i%s&ﬂ?ux@'o%t aged

product |ayers can be exposed to a tenperature or a period
of time OF addCrilhidted ptaalubB0 mi nutes. Additionally the B-staged product can

Che ot 1 [086bomponer FUPRE! A i bIUHBARO S5 AoNGH: Mlie ¥1BAh&nd mt x i ¢ h
t he Wtrhg@&%@g%ﬂé 0Pt %gﬁpeﬁﬁaﬁﬁég{ﬂpﬁﬁmcagﬁgga{i%g% d%lgbcigﬁea t oget her.

[ 89] The disc ed t hernose e conpo ons an osed B-
st aged pboghetd, wdrerbie & magdr hoouno (ildeit@locustose phatent nef tdehydrukyar e not

| am nat € CBOREOE AP REpar AR Ere PSR e RIFRGE oP 4 e HEhat i ngs,

encapsul aH-anE, Ra6kaiAdSitiodAdy2ANATHYEEm cANRNIb SENEH DerdBhONGEL) 88 Of
t hese products can 1 nclude desirable glass transition tenperaturées, solvent

resi st ante allirbgrorpy may dgyvsuedecgonegbemmsilin indwiedt@Glaten ramamgmgmtesls. )
EXAMPLES i J. K Br. FT-| de, 2.99%:t tal s basis,
el abr 2 fgghf%é%’mk? grobrie byl A atte Gaa st FBOIHLPS 02)

3- Mer capfropr apaitette-reathopteacodurs@didurpasabh of 909 thufi iat Yo avadleabl e from
Sigma- Al drjch, [93] drochloric acid, A C. S .reagent grade, 37.5% by acid
base ti tFaty ol Evaeibahicartqnsis vuths HersGabomtker reackion o oalivhenol |~ >99%

avai | abl g, f §OMM fHeqiPow 8T 6RLe £LRIMAMth the hydroxy groups can provide

partial allylation, with some free hydroxy groups remaining. Although the
partially allylated compdunds may be less preferred for some applications, they
are within the scope of the present disclosure. ‘
[057j A preferred process uses a transcarbonation reaction wherein
allylmethyl carbonate is stoichiometrically reacted with the polycyclopentadiene
polyphenol to provide essentially total allylation of the hydroxy groups of the
polycyclopentadiene polyphenol and provide the corresponding allylether (allyloxy)
groups.

[058] Isomerization of the allyloxy and allyl groups, if present, to the more
reactive 1-propenyl groups may be performed in the presence of a base using the
methods reported by T. W. Green and P. G. M. Wauts in Protective Groups in Organic
Synthesis, Wiley-Interscience, New York, 67-74, 708-711 (1999) or in the presence
of a catalytic amount of a ruthenium complex as described in Journal of Molecular
Catalysis A: Chemical volume 219, issue 1, pages 29-40 (September 1, 2004). Both
of the aforementioned references are incorporated herein in their entirety.

[059] The disclosed poly(allyl ether)s of polycyclopentadiene polyphenol

can be included in a thermosettable composition. The thermosettable composition can
be a solid phase, such as a powder, or a liquid phase, such as a solution, that includes
the poly(allyl ether)s of polycyclopentadiene polyphenol. The poly(allyl ether)s of

polycyclopentadiene polyphenol can have various n values and various p values, as

16



[95] Ally' alcohol, 99+% available from Sigma-Aldrich. [96] D nethyl
carbonat e, anhydrous, 99+% available from Sigma-Aldrich [97] Sodium

nmet hoxi deworengest47gr ade, 95 % powder, avail abl e from 8cgres2idoizeh. [ 98]
Tri phenyl phosphi ne, 99% avail able from Sigma-Aldrich. [99]

Pal | adi udessribedhérem, Fordueheingiitres theactiasatf edindar torhe desernbeapisaufnbem

Si gma- Al drli ch &0100} Di ch{]ﬁ?l ogﬁt hane 9.8 % available from Sigma Al drich.
[0101] 4, X*IUFSI0p FSAYETARS FaHRH REMRACTR B'STM avail abl e from The Dow

Chemi cal F@@qrpany- FBEodb & mbeaRiRRYhESENEE HRRDY taBRSRAYRDsARdniZc@ega % Vi a
HPLC analysis with the bal ance consisting of 2 m nor conponents (0.09 and

0.19 ar et Bymragypdedtithasiyy hoPrRABESTMHospolimedt e pRlyster IRevEbiPTheni cal
Company éneD%ogF?ea%’fm DBl F%%Engglse@?‘{lﬁogsg%{ g{?{(alf?ﬁﬁ"%eweebg%?zl D cyanate of

4,4 -isopro enedi phenol "wa sual manner using

4, 4' - i sopsigpydlostanriineiRnehe A BARAB SIdYred Rl RNpbyisd 6f menaated a purity of
100% for the dicyanate recrystallized from acetone, Bisphenol A dicyanate
is also HAdll abl e FPoMIRITPRIPRMYIdiBEREL the Hisrmpsatialle amEytBNincWEAomer i ¢

5 pnencl AR 40RO A ESRUn et ol el g oy G b o)

Pr epar at hnte spekizi @5 dnonetso petet tadi i@ meorp absitsasfahonmserp capbe edervédato

Condensagsi gorllngrlcomers. Herein one of the two or more species of monomers that is one of -
the comonomers is the disclosed poly(allyl ether)s of polycyclopentadiene |
polyphenol. For dne or more embodiments a comonomer is selected from the group
consisting polymaleimides, polycyanates, polycyanamides, epoxy compounds, allyl
compounds, compounds containing one or more polymerizable ethylenically
unsaturated group(s), and combinations thereof. As described herein, comonomers
include prepolymers. Prepolymers are compounds, such as an oligomer or macromet,
wherein the molecules of such are capable of entering, through reactive groups, into
further polymerization. The prepolymers can be formed from the comonomers as
described herein.
[062] For one or more embodiments the thermosettable compositions
including comonomers have a minimal active level of the poly(allyl ether)s of
polycyclopentadiene polyphenol. This minimal active level can have different values
depeﬁding upon the particular application. For example, an application where a lower
cure enthalpy is desirable may have a different minimal active level of the poly(allyl
ether)s of polycyclopentadiene polyphenol than another application where an
increased glass transition temperature is desirable. For one or more embodiments the
comonomer selected from the group consisting polymaleimides, polycyanates,
polycyanamides, epoxy compounds, compounds containing one or more
polymerizable ethylenically unsaturated group(s), and combinations thereof can be 5
weight percent to 90 weight percent of the monomers included in the thermosettable
composition from which the copolymer is derived. Thus, for one or more
embodiments the poly(allyl ether)s of polycyclopentadiene polyphenol are 10 weight

percent to 95 weight percent of the monomers from which the copolymer is derived.
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phenol with isoneric dicyclopentadi ene dial dehydes (97.3 area % GO
containing 1.2 area % (GC) nono al dehyde isoners along with sone very m nor
si gnal s avorohui3esd7t o hi gher nol ecul ar wei ght byproduct PCTAShEh®007at | 0 Of
20: 1 phenol di cycl gpent adl ene d'fél dehyde was_ enpl oyed al ong w th

3- mer capt®3 i- pr opafTE i ROOYPRIEHRIAgS @ﬁtCBF&P@Pn%ﬁ QCYHE%t"Yﬁ)‘Prem%CVW? Igimide pect to
the dicy t L. Poly(Alyl
Et her) oﬁ %Q’l%gcég?‘ﬁge%tggg&gﬁ%@% &egﬁtgérllo . bw{%%ggi 1,'ggﬁfatiﬁ?w'jll1020hoI (50.79
granms, ObiBmaleimldeosdthandt m;EtHl;ahalemnkio hatane 7,8- b?ﬁngemmﬂo h@xe&ESl,ﬂﬁl es) and

sodi um net hoxi. de catal yst (0.09 g 065. perc
2011/ 136@@7’@@11}1@82@11??%037%@1%?]6%‘? \)(21%4 Haa%téylgéle%eé 3milliliter, 3

neck, | OURaRALIAMALARS | 1ACHAL AN WTRLAALACH AR Dbl St rred under

a nitrogen atnosphere. The reactor | an a rent t ture (22 O
condensemethant;Ve4' rosmilemidbdigheafif stherd4 Bobisinaleimatt dphanyh selfide a4, 4'en

adaptor, and. an. over hea rogen inl stirring shaft with a
Te | onThb SRR B Lt et ooy aihish e ELdua e brte ang o

t her nost giinGRlho8Meho!dnad, @%ﬁ?ﬂaﬁkﬁm’i@ﬁ%l&nem eqw Librium m Xt ure of

al |yl methyl carbonate, diallyl carbonate and nethanol was rapidly foined

concurrefi64hi t h coiblerenlg, miyayarateparctcompoondsdravang tovol®. 18@e Akhae 18 mi nut es

0. 10° nydF B cRE DR R oo Bad 1. DReEant SRS B BRERIZt or | whi ch

were sti ﬂfceﬁaaft@heﬁaﬂﬂo%&ﬁﬂqeh@l A QidYadats Ol tthhethy 1 bIshehay dighaspdi ne (0. 28
gram 0.204 percent by weight) fol'l owed by 5% pal | adi um on carbon (0. 19

gram O. mlycma@eﬁtdlwlqmn@mepe\@eky@hm,e%ttqrbb'@tﬁéléothwsob@flzqn@e react or.
Heat i ng %%@?f}ﬁﬁgylapgtdg téat‘é?@ﬁﬁé% 3}?1? oM 54 nﬁt!ag r[z%ﬁg df 9? tenperature

r eached can € ’react or “wer ITB.I Nt &l ne a tenperature

of 77.0 Gidyenatébebzénd, @r4'481d5vanut5d1@ndayt1 hED-diognat-1,0'-Bidaphthyl; 446 react or
contents were vacuumfiltered t a bed of di atomaceogs earth_packed on

a coar sedicyinatetiphnykeh ?fuﬁ ol 5 [W%W?Ihﬁn‘bf‘ hlipenaisipheay! §18e% drove’ t he

pr oduct e s wEhe. por at ed
at a rrax%%rrjﬁ%qﬂg{& 4 Ea%lﬁyiﬁ%%%@%? E%tﬁ%;, w% ;Egs a gﬁ%gﬁltaenW?Z]sd g%egglg?tﬁ%@l mm Hg

to providd'- Exdpmymeﬂ:céﬂﬁcn?nsgpramsl)]dlpp@iyﬂ/é&lbt,yﬂrl‘l #ihpr) of pol ycycl opent adi ene
| yph I th b t t., light . | d,

i d- W EROBe i g % aafensb e R et BhR A b is TE cat ed

full Conyﬁﬁqﬁﬂogﬁe&&y%rﬁxﬁlenol mégﬁﬁyp&hékphlﬂn@ﬂcyﬁ&téchﬁh&@ﬁ Y@1ghénel ether) of

di cycl opent adi ene as indi cated by a subsfanti al
change iR 3t hé' t@ltamh)dﬁ’r 4 1dm@n@tfo @phenaf sulpreoniendliB\g, éu‘@tra@dm@@‘hént S.

Speci fi c condj ti of the HPLC ana tiple
corrponen %@t%%egyci}liﬁ)}boﬁlgh% %dﬁéi@ CB%IF 15?%88%/@&1{) h?/\é'r gulg)ﬁe/eel ’oped

bet ween 4 @tgBi[{408ydnk h@xﬁox?’ 4&513@6?1 3511;511)1163 cn,zutlas [Whia@atohe retention times
for the poly(allyl ether di cyc entadlene pol yphenol product were
envel opeﬁhq@éxmmenélt%lmhoaﬁ, 4.4 n@g- :ma@z)pélﬁalylﬂaorgqu nutes. Fouri er

the. pol yCar Py Lo Ry ogP e e L R s tsfe Bhe Bl I BHARIE © ke
pl at e prauplced; arbks'-bis-[44e- cpﬂf@@d@hﬁﬁ@ty@dﬁpﬁmyl walphdng.ated C-H stretch

(3029, 3?55 3078 ¢m 1) ?aturated CH stret %2870 2946 cm 1), C=C
stretch (0P882, 160@"'%@03’%21@6"% LEEHFOPOYA 198 tWONdeI=CH2 def or mat i on

(925, 9 9@5{&1%;@@ mEERNTPANNE e DY f Y BlanBRRIER e JBth{rQ%%‘J 119104 R, @Rsor bance

thus confirmng full conversion of t'he phenolic hydroxyl groups to allyl
et her gr digpmnan{i@esOg]4K atimpl e dnheThlmatiset 4.4bsefobyhidsiing; g1 ncl udi ng

Pol y(all gl%m?rgorzi?pgenyl oxide; 3,3'-dimethyl-4,4'-diaminobiphenyl; 4,4'-diaminostilbene;
4 4'-diaminophenyl benzoate; 4,4'-diamino-alpha-methylstilbene;
tris(aminophenyl)methane; aniline-formaldehyde condensation products; the
cyanamides of 4-amino-4'-hydroxybenzanilide; 4-amino-4'-hydroxystilbene; and p-

aminophenol.
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Pol ycycl opent adi ene Pol yphenol . [0110] The poly(allyl ether) of

pol ycycl opent adi ene pol yphenol prepared above was used as Exanple 2, a

t hei nosetwekba/wsesaposi tion of the poly(allyl ether) of polrusyeliopent adi ene
pol yphenol Differential scanning calorinetry (DSC) analysis of portions

(10.2 and%0@. 7 ni | Egrmes)ofally B&aﬂm@d@%@de@éw%@ ﬁ@ﬁhmstﬁch@ allyhse of
heat 35
cubi ¢ st tAEEu P S S AR, BB ohy i O R TG (o
horopol yphenalat a@chpbés;imeusabbxyﬂaughgLm5y1vmmoﬁtk3§r VE ksl d11y] sordpdurtisC onset ,

241.9 C ITB.XI mum and a 285.5 C endpoj nt acconpani ed by an enthal py of 260. 2
joul es p@PpdqfiaaT F@mqnwmrﬁ|tbahpalé>b&%#%ﬁl%an shogdsdotebnset, 320.1 C

maxi num %&%lzcgf';g% bRt ELR de@or%agg {a yaB Jﬁag{loul es

per giamfor e secon erm P ent hal py of
the ther I?D‘a}&ﬂl&rﬂaiﬁce amp?ﬁeahmotugyofzolﬁx&mp lpegés. 7500t Bﬂ)]’ E}&ﬁﬁpbebl&heﬁ’lbgduct

ot ai ned in he sett abl.e 03| t ncl udi n Pol y( Al Et her) of
Pol ¢ cl éo%h%%éf BP0 dno e[eeﬁzico THo? 8% whic hEFRIBRY Wﬁ?rPSEﬁt%GY {%d by

curing thgeRAtyhaki nyJSo%{efk%llf@faqu ﬁ%ﬁb&@%%@@ﬁa@l@ﬁs@@}a)ﬁﬂ%@@4@f Exanpl e 2
that was recovered fromthe DSC analysis was observed to be’d transparent,

anber colts(aldiyloxy)es-diagiok; hbxaﬁlmﬂlm@]@gam:Hma@lbf0®m(Mdl)nw1aﬁmer) of

ol cs)  REPHUTSBARISORALE Py ba. GRSy FE R e A SR et hoxi de

cat al yst héQrd@hglyddibeRadtotiripals gRNY1 mhmaegaia)ldes;ﬂnEai@keddlmyeené00
mlliliter, 3 neck, round bottom}e‘gl ass reactor and maintained at 23 C whil e

stirred @hielbisHyicatgenic)ensefiedisheryhphesohateor | ncluded a chilled
omerat (0,9 SOTUgRS S TR TR JNHTH LR, 03 2

t her nost I ng na UM Xture of

al | yl met ditkctbedttuohad ®, twdiadljdoght cﬁarohcm@etoenwuﬂbmmms@lfawa;sbohaﬁmdloy f or med
concurrent with coqling of the reactor, contents to 15.5C. After 13 m nut es,

4,4' - sob‘P8|§§j$tF18é?n Fesrsxiderqr oxdrage HRE. 1O £BOY waRaradsar beselpsiad oxy

gr oups) , th@ i tcto‘ﬁsfsﬁﬁ‘g Gﬁ Bﬂxf% QM%“ﬁﬁ&gg%cyﬁ{d HRP¥bRRgERIY ne (0.56

gram O. 2
2011/ 1368Hﬁ1%$/ebl$&0ddrhﬂ0ﬁﬂ§,]anﬁa:bhﬂxﬂﬁaﬂimmtheu:ajfbon (0.38 gram 0.127 percent

by wei gh re added to t contents of the The contents of the

r eact or mﬁeheat eg':xf‘%lpi%é g%“"l@fx?hcﬂlﬁl?@én tlﬂéH&fT&’uhﬁrglnﬁéH%tledt hat
tenper at W @1l I%tﬂép%rﬁpo&ﬂg o?B@I}pﬁ%l@@u&k?aszl%/dg@ ulféhe! RABIAoICONt ENES Were
vacuum fi l tereJthrou d of "di at onaceous ear(% acked on a nmedi um

fritted gisabenof Amh@phen‘plhg ﬁéC@l\hﬁd@d}’blPﬂ'lﬁm)dt ﬁlmuabncr\@tleax, yree«ylamphatced at a
TR T SIS S8 S0 R BRGS0,
t r anspar estitabroadiesphe Sb1X €2 - bl (4l oy pRetyD-1,1,1,3,3,3-hexafluoropropane, and
1,6-dihydroxynaphthalene.
[069] Examples of alicyclic epoxy compounds include, but are not limited to,
polyglycidyl ethers of polyols having at least one alicyclic ring, or compounds
including cyclohexene oxide or cyclopentene oxide obtained by epoxidizing
compounds including a cyclohexene ring or cyclopentene ring with an oxidizer.
Some particular examples include, but are not limited to, hydrogenated bisphenol A
diglycidyl ether; 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexyl carboxylate; 3,4-
epoxy-1-methylcyclohexyl-3,4-epoxy-1-methylhexane carboxylate; 6-methyl-3,4-
epoxycyclohexylmethyl-6-methyl-3,4-epoxycyclohexane carboxylate; 3,4-epoxy-3-
methylcyclohexylmethyl-3,4-epoxy-3-methylcyclohexane carboxylate; 3,4-epoxy-5-
methylcyclohexylmethyl-3,4-epoxy-5-methylcyclohexane carboxylate; bis(3,4-
epoxycyclohexylmethyl)adipate; methylene-bis(3,4-epoxycyclohexane); 2,2-bis(3,4-
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[ 0115] HPLC anal ysis indicated the presence of bis(allyl ether) of 4,4'-

i sopropyl i denedi phenol (95.25 area %9 and 12 m nor conponents (ranging from
0.05 to 2WO20mrBes4%) . The mi nor conponents were renovedPoy/useesoboriing t he
product in dichloronethane (75 mlliliters) and passing the resultant

sol ut i onetthb’eifé@h%éYDPM?@hﬁ dewislapgntpdiege ﬂtﬁ?ﬁx@ﬁ viepe-BB(.6f silica gel

230- 400 h /
gur face %Pner’r%n\sll on Karg‘lu%aﬁ(g)r %te)g %anseegg)g%nef rggr(tﬁ?lgesesstdu%?e)l mZAt9 '[ 2?1

el ution éhpmekylepskitiekah@Rbphipglatei t h additi onal d| chl oronet hane, a yellow

band remained in the region of the origin. Rotar poration vi ded
bi s(al | yl&Pher) of Examples o6 phiRliic caRRechppamds 1%‘%"3&85“@*%1%'[ l@ﬁ ‘%P’%

i sol at ed d | d.
[ 0116] HPEE B B S e oduct | nai cat e
t/()hea|rt])(r:I egﬂgﬁlggtdybﬁ(rabf yﬁp}eﬂgh%@g~gita(t)pétpdlybmgp%ld@ylbmnbmqé?enoI (99.51 area
9 on a . area 9 .
spect r opﬁéﬂﬁ%& %bf VEN: 1p9§}irgergﬁn%glypqdm %Ca?rrllafeeor(ﬁ][y(ilﬂg ‘F@ET’%V a?la%‘t her) of

-1 SO@@&%&&% Hés%%ﬂ%‘ ViRl @aﬁemﬂhgggc@g\ét@% pEgkSid p the range

expected or’ unsa rated H stre 61, 3083 Cm1l), saturated CH
stretch (28E0ryl203dq stheuvidgl mpnesenst ﬁom%&lmkyam@b@lmlu@, bht 78581, 1608

cml), CO0 st ch (1025 I CH f t 9 d
conpl et en%tﬂzné‘rﬁ tﬁ%&éﬁ&‘i@% O%?‘Bﬁ‘as CHEF% & or qu?ﬁégﬂtﬁql g’r?ver si 22 o?
phenol i Chaas%azsyth %{)mypahtep aaehgyad@t b@er @lﬂ'él'y'@e%m b%él?]:i@?mﬁéﬁ&ﬂ ve Exanple
A. Thernosettabl e nposition of Bis(All

- I s opr opyimﬁbﬂebpmpemmla tetrgabvicidy] Brter l@if sqréttw 2 héK%éIﬂ)ldﬂfethef of

-|so henol, prepar, ahoye 1, I ed a
Corrpar at gfé%ﬂ% gldﬂ% éy‘i‘ﬂ%l ertr%% tftpgb'l gly\{en ' SO0 acI)anaoC#é % etjfler) gf
4,4 -i S09(519956?51!3:@8@@'0@11@69@@0@5@&1&% MSposyater@@mm atttamed Eyaﬁ@llng A was
performed wt heating rate of 5 C mnute from
2011/ 1368%7HET/ WSPO PIAGUO WPES: 25 a@}tlelemedecfotﬁla@éﬁtwapﬂwlﬁ é@@hasst ream (35

o oups wePR 52 enBE MIHTOIS Y B AR QU ARV R, %6 8

endpoi nt loagahajpatibasic dydsan ent hal py of 267 1 jouI es per gram for the
initial exot herm and a 278.6 C onset, 351. maxi. mé A 87.2 C
endpoi nt (Hdéonpani édcampoard éﬁt"’largInb%lo%ﬁorﬂ?e?ﬁlﬂﬂ?ré%a [t?e‘?rt QF%? or the second

exot her m, fsatGRRRA Eamely A
[0119] Syntﬁtgg%ltgdéfb%@?\@%ngggn{%}gglg)eeﬁde“%gélag%y%rﬁgt e. l[&lg;ll%%]@b cycl g)}gent adi ene

pol yphenethyledzsiy mbmﬂuratbdmnoq@@ E3agpleref comppurals|opnBinige hlg@l@romyte
equi val en ous ace 250

t) and t
gram of B?ZW‘(?I% eélhcéluﬁélﬁfg aff I%ro )énaﬁgggjﬁmenogggl Pit:hg r pe{ hr ee
?80 k, roaadibed fnqmsgltetesn NRA6 1408, 10hakh0ASs BatipeRee Mértih ia i Iehhie@dbjzondenser

reference.

[072] For one or more embodiments the thermosettable composition includes
a solvent. Examples of solvents include, but are not limited to, ketones, amides,
alcohols, and esters. Examples of ketones include, but are not limited to, acetone,
methyl ethyl ketone, and cyclohexanone. Examples of amides include, but are not
limited to, dimethylformamide, dimethylacetamide, and N-methylpyrrolidinone.
Examples of alcohols include, but are not limited to, methanol, ethanol, isopropanol,

1™ PM. Examples of esters include, but are not limited to, methyl

and Dowano
acetate, ethyl acetate, and Dowanol™ PMA. The solvent can be 10 weight percent to
75 weight percent of a total weight of the thermosettable composition, where the total
weight is based upon the monomers and solvent comprising the thermosettable |

composition.
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a thernoneter, an overhead nitrogen inlet (1 liter per mnute N2 used), and
magnetic stirring. Cyanogen brom de (22.67 'grans, 0.0214 nole, 1.07:1
cyanogen Wwoaniidesssagdr oxyl equi val ent rati o) was added t@®@CThiS2&i0l00710Nn i N
the reactor while maintaining stirring. A dry ice-acetone bath was pl aced
under th@7Bkact or Hemonehe rsoterongrpdiroenis therthermaskidable eempesitiesinebgeed to -6

C. Triethyl am.ne £20.64 0.020 le, 1.02.1rie _ne. hydr oxyl
equi val e?'}{a(fdg}‘feo)éw %Sd%;%gﬁglef ﬁré(%%:(%h st %n%tflggﬁée({ {roéggw?}zlgﬁorgl i quots
using a sitdlyaeeo@ingddenis MBS retrdass,soneristd fak flametretapRnay soleens, -8 C to
- . Five mnutes later, the |ight anber col ored, trans_{_)ar ent solution in
t he reacfibersyashesipn promeqicseveiasaids gisperyisgiaiis 2Brase dPdlieifry t hat was

i ndi cati £ri ' r ' icmation. After 7
m nut es %’%n%gps} rtlecar(e:ﬁi%)r%hgtqg J_T%rég:é(%g%gé&g'aggfé&gﬁg‘ﬁgg%heg@‘ﬁa sanpl e of the
reacti on[grapduct rexeapke o2golyarEpentii Gatalidthirehcke, burponeriimpedsent havi ng
a different retention tinme than those observed.in the HPLC anal ysis of the
di cycl opBrsiiinanetabetyplRssolmidezlena RROSPRRBNT, sadiey R SRAGIHECORIIEES t he
triethyl gap It QLT e ' he,deRC LGN aNt §,d¥eE £3 mai nt ai ned
at a ten%@%?&?%gégfhﬁguég% @gené?étfcdﬁg&r g%tcglt or contents were added to a
beaker canédified algphamignetihaavhiatde frormedirdedduitzad GhgreicalsdBR),m | 1iliters)
and di chl gronet hane (250 pmilliliters) e er contents were stirred for
2 m nut eé‘ﬂéﬁ“d‘o?oﬂr'gﬁeg%é%’ ‘518" Q%é@l&}l@t%ﬂégfoaﬁ%%%@%ﬁ? 13158?15’%gsepar ate.
The di chlgronetha-hecbayer was recovered and the aqueous |ayer was

di scarded. The dichl oronet hane | ayer was added back into the separatory
funnel aff¥5ext r act Edamplel of peshring rgamitviadlvdetteit agess limifdditpi ters initial ly,
250 mlliliters thereafter) three additj.onal .tines to.provide hazy

di chl or offSYHTSHER S F%W%edﬁ%m%szﬁﬂi’!i%éﬁ%@‘?ﬂ@ﬁﬁfg’/bﬁﬁﬁ%ﬁﬁﬁazy

di chl or ogm@t,Aanes, a8l ddnaRe @6y @E, Mdedontliadtidngtheaedfydr ous sodi um sul fate
(25 grans) 'to provide a clear solution that was then gassed t hrough a bed
of anhydt®@a$ sodi uFxsmplearé flpmegetgriants)and(ps srrarsidtsdar HanmooctAidants| it er
medium flitt l.ass .f a . Sl | .. The cl ear,
| i ght yef c{élvcxi/%g% oa?ee tflwl{eéredatf) é%%ﬁg&g%%g?tﬁggl%gﬁﬁ%g%&;ﬁ\?ﬁmﬂti'ed using a
maxi mum @i, 10-bidybrd-@eRer atphospteiphoantirtoe- t @oride) tdaetidmipiodottst he vol ati | es.
Addi tional rot arg evapor ati on was perfor rre(lgii at. 75 Cuntil _.a vacuum of 0.4
mm Hy waBlagreEredyds Fo7ingibeErtie Berilerepenary comphimatony %‘erﬁ%de_r was then
placed [ pyighe Vacuwpauen JeabRdntiR4d Bt hdnol AnflQls diRapaMife 23. 14 gr ams
of di cyclopentadi ene polycyanate, whi'ch was observed to be a |ight yellow
col ored sgilydchte, ETirknspectido mxdtlomedasi carborahasitgesf silaepBalessi powdsr.om de
pel l et of the dicycl gpentadi ene pol ycyan d nstrated t.hat, there was no
hydr oxyl Cadf"%Blaﬁlﬁs%? Wc%ncg?ﬂmn@ngtl@%é%‘ﬁﬁgf;%ﬁ . ré?%gf)%% ISPY REET at 2265. 2
and 2235p4h aRclioNRs FePsai R dpplitlionanaé vikscanl € atadiclbsicormepent s with 3
predom nant conponents conprising 27.9, 24.0 and 31.8 area % respectively.
[ 0121] Cofrpar &b nvetoRphe B: Theni osettabl e Conposition of

Di cycl op di ene BRQl ycyanat Q12 di I i | ycyanat e,
descri begﬂgzove, (E?(%%Hlyeﬁlo' S(r?%eﬁ%%n rg%g%g%@cgégtﬁﬁp%g%%ilggﬁ%gghpl e B a

t hem osetdoalfled & @iReBrdds Oeboxidiskd yediopey] adinensllyiodty §yaoelactddafeber enti al
scanning calorinetry (DSC) anal ysis of Conparative Exan%e B was perfolined
with a hedfuregnieiies polepules jeangieh gireomatesnibcambigatyny teergpfder a ni trogen
stream ( c/m. - ed. 38 sihngl suexether m

attri but @39?0 cycl ???@Le%iﬁ%% ﬁggs%g%?rgg%%géﬁ?ﬁééﬁi&f 6uC onset, a 262.3
C ni dpoi timitedns] neoB30éd 6rgEnevildnessachapant. e YEY - %ho@hseniab pyd 8 9062. 4 j oul es
per gram Ta hows the cure enthal py. of . i he thei nosettable

conposi t F%ﬁsz;#j%égﬁ‘i’f%ﬁ &ﬁ%ﬁf)‘?@ Bmpﬁg@:}/f aﬂ‘ﬂpé‘?csa_r%?n_st he resul tant

hormopol ng!o?Z' ne okxginokslPREMARGhENERINNGHABI &reinddiifateado Hipor furt her
exothermcity commenci gg at 271.1 C. A subsequent DSC analysis shifted the
onset of additivgs asd @l dseradilitivess snch 80those availplge 2RPCBYIaAdeitives Bxampl e C:

Pr oduct h_ai ned by Curing Thernosettable Conposition of Dicycl opentadiene
Pol ycyandts&"

UMERt§124] The t hermosettabl e composition of Comparative Exanple B

(0.5 gr amgl}{]vas addggtaingleddf dldifoplast dicsihs atdudd, Beede inot Bmited @) C oven for 1
hour, and then a 150 C oven for 1 hour. After 23 mnutes, at. 150C, the
di cycl op@%ﬁl@ﬁl@/ﬁf@lfones, polysulfones, polyethersulfones, polyvinylidene fluoride,
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WO 2011/ 136847PCT/ US2011/ 000711 pol ycyanate was a honogeneous |iquid. The
product was then held in a 200 C oven for 1 hour, a 250 C oven for 1 hour
and a 300wQ20uerses4or 1 hour foll owed by cooling to 22 CprCo/ysc@viotil
Conmpar ati ve Exanpl e C. Conparative Exanple C was qbserved to be a

t r anspar eHvethermides olmhslplimidgs. @oLSenEmigeseles A YIGS sPRFORY BRSHRS on (18. 9

e E
Ther noseiddady onGeampbgi ti on I ncl udi ng Pol y(Allyl Ether) of

Pol ycycl opent adi ene Pol yphenol (50.0 wt % and a Conononer

(Di cycl of$8at adi eneEP@ﬂlyJéy?'aﬁﬁ{O@ redggse aggntaclude. s gTertyinafqdy e, WEkSr ) of

di cycl op i ene_dj (0.2064 grans) and dicycl opent adi ene pol ycyanat e
(0. 2064 %Irag%g’)e{ 'b%%yﬁ gglgirxl bed above, were added a glass vial to provide
Exanpl e @83% t her nbsedriead rrore@minslirhérs theptesdit dipcioshiye(mblidds @Bher) of

pol ycycl opent adi ene pol yphenol and .a conpnoner (dicycl opentadi epne
pol ycyanstesy Pragieet thad pspiianeblp by CBHH%&&%PWSS?E‘%&%%P 1H°%a€h%§at ed to 75

C while Qggfgqo S50 LBIbE Ror eayadaepracésekﬁgt iRibadek QoRALERG ALY EhEno! WO
portions 0°and 1001 miTi rans, respectively) of the theinosettable
conposi t componast el d matredcompdnent. KBt malgixretmpopéntSuCopeds andfut e from 25 C

to 400 C under .nitrqogen stream (35 /m . .An _exot her ttributed 1o a

copol ynet4PPats B‘r‘? rSP?%ﬁ@%tIVmpgﬁWtcﬁﬁg%%rléF8W|8gnee(ﬁ&nn%ﬂ§f KRS G Mer i zati on
was obsegygchntht rodeash rﬁ-.713hi§%%&rgﬂﬁﬁﬁro(/ﬁ@&}ﬁﬂpl@d@% obttlnddDyC) , 229. 08
C maxi mum ('228.46 C and 229.69 C), 292.62 C endpoint (289.54 C and 295.70

O, and entigahpP-shgedagodugtolvesngrdanigrland(@sbygcamopsiesithpiiifes per

0550 54 WERERSIBEbR R D R ARBRENE Cedt Il o o Y SRS e S O
endpoi nt thedhdsetdible @bthp3§80o22 63 disalodedindrbial my woéfulfs B8 nmaotik esmpenengr am

(16.32 and 25.34 joules per granm). Table 1B shows t he tot cure ent hal
of the tH8fhosettabherd %ﬁqqtswna?nﬁa%b%aggef%@?ﬁ R nposi t | oﬁy

was dete C I : n t ! .23 C and
556, 25 G bR B B R B o e o re © ™"

(Corrposi tin%tal, cerethiodhinmaizo byd Sbrhiyinkt dresctherdeo PoT hechyladre pembeachiatste Aol yphenol
50.0 wt ¢ nd_a nmonQner j cycl opentadi ene Pol ycyanate, 50.0 wt %).
[0129] A E@‘Qﬁ%ﬁf%ﬁg%h@a?ﬂ%% ‘ggﬁ’t%llgn@g}%‘&qt?i 169{0%1‘ Exanpl e 4 was pl aced
in a 150(fgspven f oExQ9nBlcbokElas@fiBAY ifel@1eBuf K& nSNEMAGYT0, AAPHsS figstsa 250 C

oven for E-glass fibers, C-glass fibers, R-glass fibers, S-glass fibers, and T-glass fibers.
Aramids are organic polymers, examples of which include, but are not limited to,
Kevlar® and Twaron®. Examples of carbon fibers include, but are not limited to,
those fibers formed from polyacrylorﬁtrﬂe, pitch, rayon, and cellulose. Examples of
metal fibers include, but are not limited to, stainless steel, chromium, nickel,
platinum, titanium, copper, aluminum, beryllium, and tungsten. Examples of ceramic
fibers ing:lude, but are not limited to, those fibers formed from aluminum oxide,
silicon dioxide, zirconium dioxide, silicon nitride, silicon carbide, boron carbide,
boron nitride, and silicon boride. Examples of biomass fibers include, but are not
limited to, those fibers formed from wood and non-wood.
[086] The reinforcement component can be a fabric. The fabric can be
formed from the fiber as discussed herein. Examples of fabrics include, but are not
limited to, stitched fabrics and woven fabrics. The fabric can be unidirectional or

multiaxial. The reinforcement component can be a combination of the fiber and the

fabric.
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WO 2011/ 136847PCT/ US2011/ 000711 one hour to provide Exanple 5, a product

obt ai ned by curing the thernosettabl e conposition of Exanple 4. DSC

anal ysi s WD 2a11pi368470n of Exanple 5 (31.00 mlligrans) wasTasedionowdr with a
heating rate of 5 C per mnute from25 Cto 375 C under nitrogen stream (35
cc/m) and8pt ovi dedFpedi dusthgahprotdestniheireipforeemen cpmpbaent sar bgexpgsedt >250 C
associ at eqhw’ th. CO%BI eti on ofu.t he,.cure. Th(—;{ni noirtsi I%Ie OIPHSCYJ s&an f the product
of Exarrp‘ioe & IANET CAPRYCR We AR 1é\ga%13pxg1|ga§?§fx}{l%n t8npera reof 300.54 Cwth
no resi dygbr ﬁé@éihﬁfr@rﬁérﬁ%omﬁdﬁ’érﬁih@@BéenseQ(ngHdrtg thd mhtx coamppnear| e i ndi cat ed
a weak glass transition tenperature of 302.42 C. Table 2A shows the gl ass

transi t i eartipeapesolieatthet is pxesapt ia the thegpossieblepsmpapidirysasbe No i ndi cat i on

of exot hgri,gqdpc

it . - alysis
tenperature 1'n el ﬂ%ﬁngb’?ﬁgwﬁég%gﬁlg{eﬁggﬂ@ fﬁ%%?%%%ﬁ%t‘g’?g#ﬁgr %set tabl e
Conposi t iom00l 9w hudieng Bosontfpplitatmbdsehy hedtingalay ogclrapendtaeli ene Pol yphenol
(25.0 vt 99 and a_Comononer (D cyanate of g 4' -1 soprop Iideneg)i phenol, 75.0
w99 . EOPSHIBEcyMME %ndgqﬁ aften solveri s BAYe éh%magﬁgm PEEPIPr ans, 75 %

W) and%ag%m( ahlaar._lrﬁfgf},%%)a hrifh @éf%&&%é}%@%%@@-%@kignqhe Q0stdged3 grans, 25

% w.), descri bed "above, were added a glass vial to provide Exanple 6,
a t her nopretitctitae be oefposd td e praptegdibrgtagiogwambteut agt temperatire of 90 °C

pol ycycl opent adi ene po henol .and a co oner (dicyanate of
oY Y <o B R e LTS PR e Do R P ABAE CETBBLIOISH of Exanpl e 6
was heat@ql#;epanﬁ. C while being stirred to provide a solution. [0132] DSC

analysis of two portions (10.40 and 10.90 mlligranms) of the thernosettable
conposi t {088] of Exafpt 8-Bagedprpéuctoeandet layerhd ar fremed ngforeshapsfFE C per

mnute from25.C to 400 C under. njtrogen. stream (.35 cc/m.. A0 gndot herm was
obser ved 3t FPPA até?fg’r Olbeée%pf? ?%CS%I%H?&%% St%%r@ %Og‘ll?reydg]?ayg%.ol@&? g'ndpoi nt, and
ent hal pyst@fedifro@ticBtbe 8ltdtBhte@Rath [afits OROLhRIUTAE tatdal. elnteample of

copol ynmeri zation of the allyl and cyanat e%groups and. any honopol yneri zati on

was obsethgsangpative apteriad inededes st 6ynet 1gnided tog qoppegilc HigB-ptpeed 3 g), 242. 96
C maxi C 4 , i 0. C 290. 49
O ana. Btichiaf ferben 5 Pl R LBl BRI LSRG 20 ey

gram . Tbeosrpaloredilly aced eF@txhmpin, theB 38Geapaddust hywasanbsexpesddt 0 be a
transparent, anmber colored, rigid solid. WD 20%1/ 136847PCT/ US2011/ 000711
[ 0133] Ex@ripierrratpe 9 48t Capal nedoby PeiRg plgfinrk & ADSURYEDIC $5t i on

and Comonmar Dy aha e e G T Hehedl ghonol - 12 W %
[ 0134] A Namt? dn tlof ctitieg ploeessobetagbt eorspomeosot therreipforEsmeng|conpone cur ed

can flow and mix with the matrix component on adjacent layers thereby fusing the

layers together.

[089] The disclosed thermosettable compositions and/or the disclosed B-

staged products can be cured to provide products that include, but are not limited to,

protective coatings, electrical laminates, structural laminates, composite materials,

filament windings, moldings, castings, encapsulations, packagings, and adhesives,

among others. Properties of these products can include desirable glass transition

temperatures, solvent resistance, moisture resistance, abrasion resistance, and

toughness.
EXAMPLES
[090] Materials
[091] KBr, FT-IR grade, > 99% trace metals basis, available from Sigma-
Aldrich.
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by placing the portion in a 150 C oven for one hour, a 200 C oven for one
hour, and then a 250 C oven for one hour to provide Exanple 7, a product
obt ai ned W9 20uri3ngy7t hem osett abl e conposition of Exanpl @eCé/uspB8ToanTal ysi s of
a portion 9&&27' 90 m I ligrans) of the cured product of Example 7 was

per for neP%i t h a héadYlersgrteatapand- 1 subopisracid pediemfsain§(9%6 parits aggkble under a
nitrogen r ce/m. DCS analysis indicated a glass transition

t enper at %?‘Iél %gr@?&%lggﬁﬁc wi th no residual exotheunicity noted. No indication
of exot hEoni ¢ _decomydsichid@it aes AU ratpenturadd 371564 BY acid babStiratial, ysi s
tenperature. Table 2B shows the cured product of Exanple 7, glass

transi ti effileklegermaMalbnedaadtdieket. 09 exot hei mi ¢ deconposi ti on.

[ 0135] Thejyppgr avi i ySi ; product (27.49
mlligr aﬁjsg;ﬁ,) desc?i% Ege%oqa%é(;g\%’, a%\%g%&g?ﬁ u?§%§§§sﬁ%&§§f§?r§8 %@qheati ng of 10 C

per m nufe®sfrom 25 A0 elcbRE), BmoerailabldrvafrSipni-nidrigdn at mosphere. A step
transition wth an_onset tenperature_of 418, 90C and an end ten%erature of
455. 74C (096] obser vEdmethybcappnashnianby diery 10+ Fedpbgdran s g UER at the

i ndi cate nper at ; < 4L0QC, %.- { 9 , 99.96% -
325C, 0orRas 350g?&lgg}%%@d%?%%er%g?aggb/%%g%%&g%?ag%%@ﬁg%C_ Tabl es 3A
and 3B sbigmerAkiichhe TGA data. [0136] Conparati ve Exanple D: Thernosettable
Conpositjon_ I ncluding Bis(A Iyl r f. 4,4 -]sopr | { denedi phenol (25.0
w % a_ntp%ﬁ cyanat g TI%PCWZ?WQSpglP%E%gP%’p%}’Pﬁ%ﬁg@?‘bé’&ﬁ%“gf‘%}%‘ho w9 .

[0137] Di @@?at e of pdyAinmSAPERPN, ISR RMBNRL vAd eab8n AvalTBble fron?d WL . ) and
bis(allyl ether) of 4,4"-isopropylidenedi phenol (0.8506 granms, 25 %w.),
bot h des8mgnivedldsisbve, were added to a glass vial to provi de the
conposi t 1B 0has. hebE oA Wt e eI COTFY BB BFbvi de. a sol tti on.
DSC anal yrips) of tm,mquﬂrwideﬁédiﬁ&n@ngmg@sm) lak/higHbR Erom BisIB6H Vel y) of

the thernpsettabl e conposition was performed with a heati ng rate of 5 C per
m nut e fFbemzsl Compamgolle 4Adiserrary HeepsAipberdfasayss 98 dRmFea Aviendot her m was

i i (0 Cgutus BROER o058 rg P i ffngo b o1 42 ©

2011/ 136847 PCTédg82idely 0 QD ARIARISEM 8dla WehdEnarlanliT lenDbal @hyentital8dobpgngul es per
gram (62, 10 and 67'f0fji’ | oul es per %r anm . An exothermattributed to a

copol ynet P2Ef') 8hanptitidedaompany R DS anat e groups and any honopol yneri zati on
was obsefgsh W Lh pRcAKEEa0a #9%p G RASEBELPGal Sy APl a9t dRug) . 256, 11
C maxi rm[r’n ?2135. 56C an}gl 256. 65 O, 6. 94C endpoi nt (285.75 C and 288.12 C),

and ent halapyerafing @94’ 3spmupgsiepedipherain R ABABISBHd BAEOC anglpsis esvepled agr an) .
Tabl e 1C sho ure enthal py of the thernosettaple c sitign of
Conpar at PUEY £ A Obite R B O vP e BOBY B P o TG RECTAHATYS1 < was
obser ved;stapsobRafatlE &RSPALERan AREIati6941 918U as Abdt PRSI Ménot@A88] Conpar ati ve
Exanpl e E: Product Obtained by Curing Thernosettabl e ConpositionTlidenedi

henol 25BophenddelaReyBhatganat e of 4, 4' -1sopropyl i denedi phenol (75.0 wt 9.

[0103] Diatomaceous earth, available as Celite® 545, from Celite Corporation.
[0104] Dicyclopentadiei}e Polyphenol Preparation.
[0105] Dicyclopentadiene polyphenol was prepared via condensation of

phenol with isomeric dicyclopentadiene dialdehydes (97.3 area %, GC) containing 12
area % (GC) monoaldehyde isomers along with some very minor signals attributed to
higher molecular weight byproducts. A mole ratio of 20:1 phenol:dicyclopentadiene
dialdehyde was employed along with 3-mercapto-1-propane sulfonic acid catalyst at
0.05 mole % with respect to the dicyclopentadiene dialdehyde reactant. _

[0106] Example 1: Poly(Allyl Ether) of Polycyclopentadiene Polyphenol.
[0107] Allyl alcohol (50.79 grams, 0.875 moles), dimethyl carbonate (78.78

grams, 0.875 moles) and sodium methoxide catalyst (0.09 gram, 0.065 percent by
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[0139] A portion of the thernosettable conposition of Conparative Exanple D
was cured by placing in a 150 C oven for one hour, a 200 C oven for one
hour, anowohen/m6f30 C oven for one hour to provi de CompamaiSeme/obwanpl e E,

a product obtained by curing the thernpsettabl e conposition of Conparative
Exanpl e DeighSoversanged © of0G maliftsr+d peek, wrund hettemr@Besspeasidndof Conpar ati ve

Examl e Flifnds 305 20, Buot Lo ameh dadienatag e dualcgot erubal LY at

>200C. Aiter a second scanning an aver transition tenperature of

162. 47C i a@biedCeailralf. (23 €L) ¥arlcARRSAREmYhbRr, MRS Sffigkd ExBlehesttbCi ty
foll owed by exotheim c deconposition comencing at an average tenperature
of 354. 2@a(a3GlriseTadandor3 86d SCPv¢rheal] nifrdger inled) aiglgss shirpag efhwsghs) . Tabl e 2B

shows th ur-ed. product of aratjyve anmpl e E, ass tr.ansition
Cenper at SF LNt B OMdeL s g ena Al e B BRPtieah » P TRSIFEATT | DS
anal yzed C&Hfo@lédm%&ma&t?&&igegﬁihibh%%ﬁﬁ&ure gﬁﬁﬁym 13RBYRate V@Al FONduct ed

using a rate of heatlng of C per mnute from25 C to 600 C under a
dynam ¢ eirbowge amdmetephleras 1apslte formed wenturremt withisoahngotée reastqer at ur e of

386. 65C an n,end. ¢ rajyure of 428.52C was aobserved. The fol |.ow ng

wet gt oA PRSTRIAE S  REG HoB e B R FEDHIERd: dhessTBe% - 100
100. 0% - a2RRG1399 G4 nc¥RRElly B9 084%oxyB2GEGvaloR) Na¥addd@Ghe OntORY0 - 375C,
82.23% - 400C, 56.46% - 425C. Tabl es 3A and 3B sunmarize the TGA data.

Tabl e | Aof the reactqx yhisherare spapdiardemmutanip éoroup solEtemal py VO
20117 13684/ RGU1 HReMAL BP9 Liam, [ A 3L 8P hweight) followed by 5% palladium

on carbon (0.19 gram, 0.127 percent by weight) were added to the contents of the
reactor. Heating commenced and over the next 138 minutes the reaction temperature
reached 78 °C. The contents of the reactor were maintained at a temperature of 77.0
°C to 79.5 °C for 8§ hours and then cooled to 23.5 °C. The reactor contents were
vacuum filtered through a bed of diatomaceous earth packed on a coarse fritted glass
funnel. Dichloromethane was used to remove the product held in the diatomaceous
earth. The product was rotary evaporated at a maximum oil bath temperature of 100
°C and to a pressure of 4.1 mm Hg to provide Example 1 (15.70 grams), poly(allyl
ether) of polycyclopentadiene polyphenol that was observed to be a transparent, light
amber colored, liquid which became a tacky solid at 22 °C.

[0108] HPLC analysis indicated full conversion of dicyclopentadiene
polyphenol to the poly(allyl ether) of dicyclopentadiene polyphenol of Example 1 as
indicated by a substantial change in the retention times of all of the individual
components. Specifically, under the conditions of the HPLC analysis, the multiple
components of the dicyclopentadiene polyphenol reactant were enveloped between
retention times of 2.45 and 5.57 minutes while the retention times for the poly(allyl
ether) of dicyclopentadiene polyphenbl product were enveloped between retention
times of 10.22 and 14.84 minutes. Fourier transform infrared (FTIR)
spectrophotometric analysis of a film sample of the poly(allyl ether) of
dicyclopentadiene polyphenol of Example 1 on a KBr plate provided peaks in the
range expected for unsaturated C-H stretch (3029, 3055, 3078 cm’), saturated C-H
stretch (2870, 2946 cm™), C=C stretch (1582, 1608 cm™"), C-O stretch (1024 cm™),
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Exanpl e 2 334 Conparative Exanple A 479 [0141] The data in Table 1A shows
that Exanple 2, the thernosettabl e conposition including poly(allyl ether)s
of pol ycywbapaniesizene pol yphenol, has a | ower cure ent ralrms2ethan7ii

Conpar ative Exanple A, the conpositi on including bis(allyl ethers) of

4,4" -i soqxrdcfpl;l#CHerdefodmphem(ﬂZS Tebte ), Badrapphied Oy iplal atsenee Etadpixe] Cur e

Ent hal
nthal py %Lp a soréa%ce mus cogPang%ull conversion of the phenolic hydroxyl groups to
allyl ether groups.
[0109] Example 2: Thermosettable Composition Including Poly(allyl ether) of

Polycyclopentadiene Polyphenol.

[0110] The poly(allyl ether) of polycyclopentadiene polyphenol prepared
above was used as Example 2, a thermosettable composition of the poly(allyl ether) of
polycyclopentadiene polyphenol. Differential scanning calorimetry (DSC) analysis of
portions (10.2 and 10.7 milligrams) of Example 2 was performed using a rate of |
heating of 5 °C per minute from 25 °C to 400 °C under a nitrogen stream (35 cubic
centimeters per minute [cc/m]). A pair of exotherms attributed to
homopolymerization of the allyl groups were observed with a 211.1 °C onset, 241.9
°C maximum, and a 285.5 °C endpoint accompanied by an enthalpy of 260.2 joules
per gram for the initial exotherm and a 288.6 °C onset, 320.1 °C maximum, and a
368.7 °C endpoint accompanied by an enthalpy of 73.6 joules per gram for the second
exotherm. Table 1A shows the total cure enthalpy of the thermosettable composition
of Example 2.

(0111} Example 3: Product Obtained by Curing Thermosettable Composition

Including Poly(Allyl Ether) of Polycyclopentadiene Polyphenol.

[0112] Example 3, a homopolymer obtained by curing the poly(allyl ether) of
dicyclopentadiene polyphenol of Example 2 that was recovered from the DSC
analysis was observed to be a transparent, amber colored, rigid solid. |
[0113] Synthesis of Bis(Allyl Ether) of 4.4°-Isopropylidenediphenol.

[0114] Allyl alcohol (101.58 grams, 1.75 moles), dimethyl carbonate (157.55

grams, 1.75 moles) and sodium methoxide catalyst (0.18 gram, 0.065 percent by
weight) were added to a 500 milliliter, 3 neck, round bottom glass reactor and
maintained at 23 °C while stirred under a nitrogen atmosphere. The reactor included a
chilled temperature (0 °C) condenser, a thermometer, magnetic stirring, and a
thermostatically controlled heating mantle. An equilibrium mixture of allylmethyl
carbonate, diallyl carbonate and methanol was rapidly formed concurrent with cooling
of the reactor contents to 15.5°C. After 13 minutes, 4,4’-isopropylidenediphenol
(18.33 grams, 0.1606 equivalent of hydroxy groups), was added to the contents of the
reactor. Triphenylphosphine (0.56 gram, 0.204 percent by weight) followed by 5%
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274 Conparative Exanple B 164 [0142]The data in Table 1B shows that
Exanpl e 4, the thennosettabl e conposition including poly(allyl ether)s of
pol ycycl oporrvadizesse pol yphenol (50.0 wt % and the conDRORAIS2011/000711

di cycl opent adi ene pol ycyanate (50.0 wt %, has a higher cure enthal py than
Conpar at P%lf@%%ﬁﬁlcéf {1(5-%_%&%%%2% PYRCTL R B Wrt JAderdg thegi9Bipii ene
pol ycyangf g 6«?&%‘(&?’?@ BieRs DB reh &5t QLA neGHALDSRPEGI LY }@ﬁcgm?rﬁit@st ed with
curing was opserved I n t he thernosettable COprOSItIOI’] 0} rrparétlve
Exanpl e fBeh mtsntained hbthaj Ritipesatireoadrhous careinthbatqyled o 20 0.1 Tled @httyr | ow and

does not include the full anpunt of ener associated with conplete cure.
I'n cont r S¥YeNts wereevargemfy teredsthaopgh %@F&tquéﬁﬁlfp@iaﬁipua%%pa@@e Oji% h curing of

Lhe e ERSEhLAe dnn o o Reatey dvaTaihs i baaml ) Compart e
maximum oil bath temperature of 100 °C and to a pressure of 2.9 mm Hg pressure to
provide a product (25.21 grams) that was observed to be a transparent, amber colored,
liquid at 22 °C.

[0115] HPLC analysis indicated the presence of bis(allyl ether) of 4,4°-
isopropylidenediphenol (95.25 area %) and 12 minor components (ranging from 0.05
t0 2.13 area %). The minor components were removed by dissolving the product in
dichloromethane (75 milliliters) and passing the resultant solution through a 2 inch
deep by 1.75 inch diameter bed of silica gel (230-400 mesh particle size, 60 angstrom
mean pore size, 550 m*/gram surface dimension) supported on a medium fritted glass
funnel. After elution from the silica gel bed with additional dichloromethane, a
vellow band remained in the region of the origin. Rotary evaporation provided
bis(allyl ether) of 4,4’-isopropylidenediphenol (23.32 grams, 94.17 % isolated yield)
that was ‘observed to be a light yellow colored liquid.

[0116] HPLC analysis of the chromatographically purified product indicated
the presence of bis(allyl ether) of 4,4’-isopropylidenediphenol (99.51 area %) and 3
minor components (0.13, 0.05, and 0.31 area %). FTIR spectrophotometric analysis
of a film sample of the bis(allyl ether) of 4,4’-isopropylidenediphenol on a KBr plate '
provided peaks in the range expected for unsaturated C-H stretch (3039, 3061, 3083
cm™), saturated C-H stretch (2870, 293 IA[shoulder present], 2966 cm™), C=C stretch
(1581, 1608 cm™), C-O stretch (1025 em™), and CH=CH, deformation (926, 998 cm’
M, and a complete absence of hydroxyl group absorbance indicating full conversion of
phenolic hydroxyl groups to allyl ether groups.

[0117] Comparative Example A: Thermosettable Composition of Bis(Allyl

Ether) of 4.4’ -Isopropylidenediphenol.

[0118] The bis(allyl ether) of 4,4°-isopropylidenediphenol prepared above
(11.20 milligrams) was used as Comparative Example A, a thermosettable
composition of bis(allyl ether) of 4,4’-isopropylidenediphenol. DSC analysis of

Comparative Example A was performed with a heating rate of 5 °C per minute from
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769 [0143] The data in Table 1C shows that Exanple 6, the thernosettable
conposition including poly(allyl ether) of polycycl opentadi ene pol yphenol
(25.0 Wt WO0POBEY4136847PCT/ US2011/ 000711 % and t he comomarsesiigdpeyanat e of
4,4' -isopropylidenedi phenol (75.0 wt %, has a |ower cure enthal py than
Conpar at 2¥&C Ex4dh @ ubdertamitrogerpyizsiam Ga ache). LAlipAlg obiesethpimsiattst toof

4, 4" -isopropylidenedi phenol 5.0 wt 9 nd di cyan of. 4,4 -
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per gram for the initial exotherm and a 278.6 °C onset, 351.2 °C maximum, and a

387.2 °C endpoint accompanied by an enthalpy of 212.2 joules per gram for the

second exotherm. Table 1A shows the cure enthalpy of Comparative Example A.

[0119] Synthesis of Dicyclopentadiene Polycyanate.

[0120] Dicyclopentadiene polyphenol, described above, (26.63 grams,
nominally 0.20 hydroxy! equivalent) and anhydrous acetone (250 milliliters, 9.39
milliliter per gram of dicyclopentadiene polyphenol) were added to a 500 milliliter,
three neck, round bottom glass reactor that was equipped with a chilled condenser (0
°C), a thermometer, an overhead nitrogen inlet (1 liter per minute N3 used), and
magnetic stirring. Cyanogen bromide (22.67 grams, 0.0214 mole, 1.07:1 cyanogen
bromide:hydroxyl equivalent ratio) was added to the solution in the reactor while
maintaining stirring. A dry ice-écetone bath was placed under the reactor and the
stirred solution in the reactor was cooled to -6 °C. Triethylamine (20.64 grams,
0.0204 mole, 1.02 triethylamine:hydroxyl equivalent ratio) was added to the contents
of the reactor, in aliquots using a syringe over 22 minutes so as to maintain a
temperature of -8 °C to -3 °C. Five minutes later, the light amber colored,
transp'arent solution in the reactor was observed become a light yellow colored slurry
that was indicative of a triethylamine hydrobromide co-product formation. After 7
minutes of postreaction at -7 °C to -2 °C HPLC analysis of a sample of the reaction
product revealed 24 components with each component present having a different
retention time than those observed in the HPLC analysis of the dicyclopentadiene
polyphenol reactant. Twenty-seven minutes after the triethylamine addition, during
which the reactor contents were maintained at a temperature of -7 °C to -2 °C, the
reactor contents were added to a beaker containing magnetically stirred deionized
water (400 milliliters) and dichloromethane (250 milliliters). The beaker contents
were stirred for 2 minutes and then added to a separatory funnel and allowed to
separate. The dichloromethane layer was recovered and the aqueous layer was
discarded. The dichloromethane layer was added back into the separatory funnel and
extracted with fresh deionized water (400 milliliters initially, 250 milliliters

thereafter) three additional times to provide a hazy dichloromethane solution. The
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attached to a side arm vacuum flask. The clear, light yellow colored filtrate thus

obtaiﬁed was rotary evaporated using a maximum oil bath temperature of 55 °C to

remove the bulk of the volatiles. Additional rotary evaporation was performed at 75

°C until a vacuum of 0.4 mm Hg was reached, providing a solid powder. The solid

powder was then placed in the vacuum oven heated to 75°C for 16 hours to provide

23.14 grams of dicyclopentadiene polycyanate, which was observed to be a light

yellow colored solid. FTIR spectrophotometric analysis of a potassium bromide

pellet of the dicyclopeﬁtadiene polycyanate demonstrated that there was no hydrokyl

group absorbance while a strong cyanate group absorbance at 2265.2 and 2235.4 cm’?

was observed. HPLC analysis indicated 16 components with 3 predominant

components comprising 27.9, 24.0 and 31.8 area %, respectively.

[0121] Comparative Example B: Thermosettable Composition of

Dicvclopentadiene Polycyanate

[0122] The dicyclopentadiene polycyanate, described above, (6.6 milligrams)
was used as Comparative Example B, a thennoséttable composition of
dicyclopentadiene polycyanate. Differential scanning calorimetry (DSC) analysis of
Comparative Example B was performed with a heating rate of 7 °C per minute from
25 °C to 350 °C under a nifrogen stream (35 cc/m). No melt endotherm was detected.
A single exotherm attributed to cyclotrimerization was detected with a 162.6 °C onset,
a 262.3 °C midpoint, and a 304.6 °C end, accompanied by an enthalpy of 164.4 joules
per gram. Table 1B shows the cure enthalpy of the thermosettable composition of
Comparative Example B. DSC analysis of the resultant homopolytriazine of
‘dicyclopentadien.e polycyanate indicated minor further exothermicity commencing at
271.1 °C. A subsequent DSC analysis shifted the onset of minor exothermicity to
307.1 °C.

[0123] Comparative Example C: Product Obtained by Curing Thermosettable

Composition of Dicvclopentadiene Polycyanate.

[0124] The thermosettable composition of Comparative Example B (0.5 gram)
was added to an aluminum dish and placed into a 100 °C oven for 1 hour, and then a

150 °C oven for 1 hour. After 23 minutes at 150°C, the dicyclopentadiene
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t her nosettabl e conposition of Exanple 6, has a greater glass transition
t enper at pelgcyanais wasat hashogeheousuquad. pFeeiproduefwascheraheld iive 200 °C oven

for 1 hour, a 250 °C oven for 1 hour and a 300 °C oven for 1 hour followed by
cooling to 22 °C to provide Comparative Example C. Comparative Example C was
observed to be a transparent, amber colored, rigid solid. DSC analysis of a portion
(18.9 milligrams) of Comparative Example C indicated a weak glass transition
temperature of 295.7 °C, as shown in Table 2A.

[0125] Example 4: Thermosettable Composition Including Poly(Allyl Ether)

of Polvevclopentadiene Polyphenol (50.0 wt %) and a Comonomer

(Dicyclopentadiene Polycyanaté_., 50.0 wt %).

[0126] Poly(allyl ether) of dicyclopentadiene diphenol (0.2064 grams) and
dicyclopentadiene polycyanate (0.2064 grams), both described above, were added a
glass vial to provide Example 4, a thermosettable composition including poly(allyl
ether) of polycyclopentadiene polyphenol and a comonomer (dicyclopentadiene
polycyanate). The thermosettable composition of Example 4 was heated to 75 °C
while 'being stirred to provide a solution.

[0127] DSC analysis of two portions (10.0 and 10.1 milligrams, respectively)
of the thermosettable composition was performed with a heating rate of 5 °C per
minute from 25 °C to 400 °C under nitrogen stream (35 cc/m). An exotherm
attributed to a copolymerization of the allyl and cyanate groups and any
homopolymerization was observed with an average 171.77 °C onset (165.84 °C and
177.69 °C), 229.08 °C maximum (228.46 °C and 229.69 °C), 292.62 °C endpoint
(289.54 °C and 295.70 °C), and enthalpy of 253.1 joules per gram (243.0 and 263.1
joules per gram). A second minor exotherm was observed with an average 292.62 °C
onset (289.54 °C and 295.70 °C), 322.98 °C maximum (322.78 °C and 323.18 °C),
367.98 °C endpoint (367.74°C and 368.22°C), and enthalpy 0f 20.83 joules per gram
(16.32 and 25.34 joules per gram). Table 1B shows the total cure enthalpy of the
thermosettable composition of Example 4. Exothermic decompositioﬂ was detected
comrhencing at an average temperature of 386.23 °C (386.23 °C and 386.23 °C).
[0128] Example 5: Product Obtained by Curing Thermosettable Composition
Including Poly(Allyl Ether) of Polycyclopentadiene Polyphenol (50.0 wt %) and a

Comonomer (Dicyclopentadiene Polycyanate, 50.0 wt %).

[0129] A portion of the thermosettable composition of Example 4 was placed

ina 150 °C oven for one hour, a 200 °C 6ven for one hour, and then a 250 °C oven for
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composition of Example 4. DSC analysis of a portion of Example 5 (31.00
milligrams) was performed with a heating rate of 5 °C per minute from 25 °C to 375
°C under nitrogen stream (35 cc/m) and provided residual exothermicity (54.97 joules
per gram) at >250 °C associated with completion of the cure. The initial DSC scan of
the product of Example 5 indicated a weak glass transition temperature of 300.54 °C
with no residual exothermicity. Additional scanning of the same sample indicated a
weak glass transition temperature of 302.42 °C. Table 2A shows the glass transition
temperatures of Example 5, for both DSC analyses. No indication of exothermic
decomposition was observed up to the 375 °C DSC analysis temperature in either of

~ the DSC analyses.
[0130] - Example 6: Thermosveﬁable Composition Including Poly(Allyl Ether)

of Polycvyelopentadiene Polyphenol (25.0 wt %) and a Comonomer (Dicvanate of

4.4’-Isopropylidenediphenol, 75.0 wt %).
[0131] Dicyanate of 4,4’~'isopropy1idenediphenol (0.5228 grams, 75 % wt.)

and poly(allyl ether) of dicyclopentadiene diphenol (0.1743 grams, 25 % wt.), both
described above, were added a glass vial to provide Example 6, a thermosettable
composition including poly(allyl ether) of polycyclopentadiene polyphenol and a
comonomer (dicyanate of 4,4’-isopropylidenediphenol).” The thermosettable
composition of Example 6 was heated to 75 °C while being stirred to provide a
solution.

[0132] DSC analysis of two portions (10.40 and 10.90 milligrams) of the
thermosettable composition of Example 6 was performed with a heating rate of 5 °C
per minute from 25 °C to 400 °C under nitrogen stream (35 cc/m). An endotherm was
obseﬁzed with an average 57.07°C onset, 80.63°C minimum, 87.40°C endpoint, and
enthalpy of 55.52 joules per gram. An exotherm attributed to a copolymerization of
the allyl and cyanate groups and any homopolymerization was observed with an
average 178.64 °C onset (174.85.°C and 182.43 °C), 242.96 °C maximum (242.62 °C
and 243.29 °C), 287.65 °C endpoint (284.80 °C and 290.49 °C), and enthalpy of
517.8 joules per gram (509.4 and 526.2 joules per gram). The copolymer recovered

from the DSC analysis was observed to be a transparent, amber colored, rigid solid.
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[0133] Example 7: Product Obtained by Curing Thermosettable Composition

Including Poly(Allyl Ether) of Polycyclopentadiene Polyphenol (25.0 wt %) and

Comonomer (Dicvanate of 4.4’-Isopropylidenediphenol, 75.0 wt %).

[0134] A portion of the ;;_herrnosettable composition of Example 6 was cured
by placing the portion in a 150 °C oven for one hour, a 200 °C oven for one hour, and
then a 250 °C oven for one hour to provide Example 7, a product obtained by curing
thermosettable composition of Example 6. DSC analysis of a portion (27.90
milligrams) of the cured product of Example 7 was performed with a heating rate of 5
°C per minute from 25 °C to 375 °C under a nitrogen stream (35 cc/m). DCS analysis
indicated a glass transition temperature of 247.94 °C with no residual exothermicity
noted. No indication of exothermic decomposition was observed up to the 375 °C-
DSC analysis temperature. Table 2B shows the cured product of Example 7, glass
transition temperature and onset to exothermic decomposition.

[0135] Thermogravimetric Analysis (TGA) of DSC analyzed cured product
(27.49 milligrams), described above, was conducted using a rate of heating of 10 °C
per minute from 25 °C to 600 °C under a dynamic nitrogen atmosphere. A step
transition with an onset temperature of 418.90°C and an end temperature of 455.74°C
was observed. The following weight % residue was recorded at the indicated
temperature: 100% - 100°C, 100% - 200°C, 99.99% - 300°C, 99.96% - 325°C, 99.88%
-350°C, 99.61% - 375°C, 98.85% - 400°C, 90.63% - 425°C. Tables 3A and 3B
summarize the TGA data.

[0136] Comparative Example D: Thermosettable Composition Including
Bis(Allyl Ether) of 4,4°-Isopropylidenediphenol (25.0 wt %) and Dicyanate of 4.4°-
Isopropylidenediphenol (75.0 wt %).

[0137] Dicyanate of 4,4°-isopropylidenediphenol (2.5518 grams, 75 % wt.)
and bis(éllyl ether) of 4,4’-isopropylidenediphenol (0.8506 grams, 25 % wt.), both

described above, were added to a glass vial to provide the thermosettable composition
of Comparative Example D. The thermosettable composition was heated to 75 °C
while being stirred to provide a .solution. DSC analysis of two portions (11.40 and
12.80 milligrams, respectively) of the thermosettable composition was performed
with a heating rate of 5 °C per minute from 25 °C to 400 °C under nitrogen stream (35
cc/m). An endotherm was observed with an average 31.00 °C onset (30.29 °C and

31.71 °C), 71.48 °C minimum (71.35 °C and 71.61 °C), 79.82 °C endpoint (78.63 °C
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and 81.00 °C), and enthalpy of 64.6 joules per gram (62.10 and 67.01 joules per
gram). An exotherm attributed to a copolymerization of the allyl and cyanate groups
and any homopolymerization was observed with an average 195.70 °C onset (194.75
°Cand 196.65 °C), 256.11 °C maximum (255.56 °C and 256.65 °C), 286.94 °C
endpoint (285.75 °C and 288.12 °C), and enthalpy of 769.3 joules per gram (757.9

~ and 780.7 joules per gram). Table 1C shows the cure enthalpy of the thermosettable
composition of Comparative Example D. The copolymer recovered from the DSC
anal?sis was observed to be a transparent, amber colored, rigid solid.
[0138] Comparative Example E: Product Obtained by Curing Thermosettable
Composition Including Bis(Allyl Ether) of 4&15@ropjﬁdenediphenol (25.0 wt %)

and Dicyanate of 4.4’-Isopropylidenediphenol (75.0 wt %).

[0139] A portion of the thermosettable composition of Comparative Example
D was cured by placing in a 150 °C oven for one hour, a 200 °C oven for one hour,
and then a 250 °C oven for one 'hour to provide Comparative Example E, a product
obtained by curing the thermosettable composition of Comparative Example D. DSC
analysis of two portions of the cured product of Comparative Example E (30.4 and
30.8 milligrams) indicated residual exothermicity at >200°C. After a second scanning
an average glass transition temperature of 162.47°C (158.70°C and 166.23°C) was
measured with residual exothermicity followed by exothermic decomposition
commencing at an average temperature of 354.2°C (351.6°C and 356.8°C) (individual
values in parenthesis). Table 2B shows the cured product of Comparative Example E,
glass transition temperature and onset to exothermic decomposition.

[0140] TGA of DSC analyzed cured product (28.60 milligrams), described
above, was conducted using a rate of heating of 10 °C per minute from 25 °C to 600
°C under a dynamic nitrogen atmosphere A step transition with an onset temperature
0f 386.65°C and an end temperature of 428.52°C was observed. The following
weight % residue was recorded at the indicated temperature: 100% - 100°C, 100.0% -
200°C, 99.91% - 300°C, 99.64% - 325°C, 98.97% - 350°C, 97.05% - 375°C, 82.23% -
400°C, 56.46% - 425°C. Tables 3A and 3B summarize the TGA data.

Table 1A

Example/Comparative Example Cure Enthalpy
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(joules/gram)
Example 2 334
Comparative Example A 479
[0141] The data in Table 1A shows that Example 2, the thermosettable

composition including poly(allyl ether)s of polycyclopentadiene polyphenol, has a

lower cure enthalpy than Comparative Example A, the composition including bis(allyl

ethers) of 4,4’-isopropylidene diphenol.

' Table 1B
Cure Enthalpy
Example/Comparative Example.
(joules/gram)
Example 4 274
Comparative Example B 164
[0142) The data in Table 1B shows that Example 4, the thermosettable

composition including poly(allyl ether)s of polycyclopentadiene polyphenol (50.0 wt
%) and the comonomer dicyclopentadiene polycyanate (50.0 wt %), has a higher cure
enthalpy than Comparative Example B, the composition including only
dicyclopentadiene polycyanate. However, persistent residual exothermicity
associated with curing was observed in the thermosettable composition of
Comparative Example B thus the 164 joules / gram cure enthalpy is artificially low
and does not include the full amount of energy associated with complete cure. In
contrast, there was no residual exothermicity associated with curing of the

thermosettable composition of Example 4.

Table 1C
. Cure Enthalpy
Example/Comparative Example ‘
(Joules/gram)
Example 6 518
Comparative Example D 769
[0143] The data in Table 1C shows that Example 6, the thermosettable

composition including poly(allyl ether) of polycyclopentadiene polyphenol (25.0 wt
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Tenperature (C) Exanple 7 (Thernogravinetric Analysis) 419 456 Conparative
Exanpl e E (Thernogravinetric Analysis) 387 429 [0146] The data of Tables 3A
and 3B i mipeatie13bssgher thernmal stability for the cured pcodiseaiiobo7Exanpl e 7

(Thernogravimetric Analysis) relative to the cured product of Conparative
Exanpl e 1) er gremogenpimes didyangip af §.4i syopropaligemsiiphenol (75.0 wt %), has a

Jower cure enthalpy than Comparative Example D, the composition including bis(allyl
ether) of 4,4’-isopropylidenediphenol (25.0 wt %) and dicyanate of 4,4’-
isopropylidenediphenol (75.0 wt %).

Table 2A
Glass Transition Temperature
Example/Comparative Example
O
Example 5
301
(first scan)
Example 5
302
(second scan)
Comparative Example C 296
[0144] The data in Table 2A shows that Example 5, first scan and second

scan, the cured prvoduct obtained by curing the thermosettable composition of
Example 4, has a greater glass transition temperature than Comparative Example C,
the product obtained by curing the thermosettable composition of Comparative
Example B. Additionally, for the cured product of Example 5, high thermal stability

is indicated by the ability to undergo a second DSC scan without any decrease in glass

transition temperature.
Table 2B
Glass Transition Exothermic
Ekample/Comparative Temperature Decomposition
Example (°C) Onset Temperature
C)
Example 7

248 >375
Comparative Example E 163 354

[0145] - The data in Table 2B shows that the cured product of Example 7, the

product obtained by curing the thermosettable composition of Example 6, has a

greater glass transition temperature than that of the cured product of Comparative
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What is clainmed: 1. A poly(allyl ether) of polycycl opentadi ene pol yphenol
of Formula |: (Foinmula I) in which each n independently has a value from
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from|1 teﬂﬁa%glf%on atons, with the pr ovi ST AR Yeach’ X i s hydr ogen
thenjat FBESRAPHe R|group is selected fromthe group consisting of

HRI C2CR1- EMpmpled HPRIC-CRI=HC. 2 The poly(allyl ether) of 3
pol ydycl opent adi ene |pB0/she 280 °6f | 80%4{Gn [1325ker 858 *cath’ K Gal 496k addS &ac
R hal ogen is indepegndently selected framthe group of fluorline, chlorine
and brommempNO72011/ 136847PCT/ USR011/ 000711 3. The poly(aljlyl ether) of
pol ygycl opent adi ene poh&ghﬁnol as|in any one of claing 1-2, wherein each n

va

i ndepehldeMtIgAVHALrG r otf0zer XY §. 9946 The9-pdI y (W61 E8er) 99-63
pol ygycl opgnlyadi ene |pol yphenol asfin any one off claing 1-3, wherein p has|a
i} 5

val ug-fromzero to 1 —The poly(allyl ether) of polyecyclopentadirene
pol yphenbpmaaratifie any| one ofl clai ms 1-4, wher ei n each Al kyl gfroup
6. The pply(alllyl ether) of

independeégaln{plg ntaijns 1 tg 2 carbon atgns.

pol yqvel opentadi ene pol yphenologas gy &yl 99&0f 64375 dr.§s \haral 1 sagl
al koxy (Teouwgravirdgpendent | y {contains 1 tg carbon atops. 7.{ The poly(all
et her|) of pof %/ cl opent adi ene pol yphenol| as injany ong of clfains 146,
wherein t enaéfﬂl grioup is|substituted with a hal ogen| sel ectled from the
group consisting of -chlorine and brom ne. 8. The poly(allyl ether) of
pol ycycl opent adi ene pol yphenol as in any one of clains 1-6, wherein the
al koxy group is substituted with a hal ogen selected fromthe group
consisting of chlorine and brom ne. L 3@he poly(allyl ether) of

pol ycycl opent adi ene _pol yphenol of cﬁ aim1l, wherein mis zero. 10. A

1

S

t her npseExahple/ampesivei on c &gy Tmhagon Daseol y( al Steh Tesrdsetion odd
pol ycycl opentmdhgne pol yphenol Taapdraan@Cpne of clBdniperdtuls (°C)
Example 7
(Thermogravimetric Analysis) 419 436
Comparative Example E
(Thermogravimetric Analysis) 387 429
[0146] The data of Tables 3A and 3B indicate higher thermal stability for the

cured product of Example 7 (Thermogravimetric Analysis) relative to the cured product

of Comparative Example E (Thermogravimetric Analy;is).
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11. The thernosettabl e conposition of claim10, further conprising a

conononer selected fromthe group consisting of polynal ei m des,

pol ycyanawe1ipcbsacy anam des, epoxy conpounds, allyl comrposdsti/oeampounds

contai ning one or nore polynerizable ethylenically unsaturated group(s),

and conflaatsi ons t hereof. 12The thernosettabl e conposition of claim 11,

wherein the conmononer is from5 weight percent to 90 wei ght percent of a

t ot al MQ*ggt ercent the nononers included in the thernosettable

composi t 1S AP 1/ 136847PCT/ US2011/ 000711 13. A product obt ai nabl e by

gﬁring the thernosettabl e conposition as in any one of clains 10-12. 14.
e product 3as_l | ' - st aged product.

15. TheqprodE%P&g§m$§&§%§%£Hgﬁﬁ?&g#%ﬁ%ﬁE%§%%§ﬁm%¥Eﬁﬁa1: gﬁbgoduc? coﬁprises

an i nfusi bl e (PedmureD) net wor k.

r R

T A =
Q2= qrore-
. >IN : |

o_@ } b,

in which each n independently has a value from zero to 20; each m independently has
a value of zero to 3; p has a value of zero to 20; each R is independently a hélogen, a
nitrile group, a nitro group, an alkyl group, an alkoxy group, an alkenyl group,
or an alkenyloxy group, where the alkyl group, the alkoxy group, the alkenyl
group, and the alkenyloxy group each independently contain 1 to 6 carbon
atoms; each Q is independently hydrogen or an alkyl group containing 1 to 6
carbon atoms; and each X is independently selected from the group consisting
of hydrogen, HR!C=CR!-CH,, and H,R'C-CR'=HC, where each R' is
independently selected from the group consisting of hydrogen and substituted
alkyl groups having from 1 to 3 carbon atoms, with the proviso that when each
X is hydrogen then at least one R group is selected from the group consisting of

HR'C=CR!-CH, and H,R'C-CR!=HC.

2. The poly(allyl ether) of .polycyclopentadiene polyphenol of claim 1, wherein
each R halogen and each R' halogen is independently selected from the group of

fluorine, chlorine, and bromine.
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3. The poly(allyl ether) of polycyclopentadiene polyphenol as in any one of

claims 1-2, wherein each n independently has a value from zero to 8.

4, The poly(allyl ether) of polycyclopentadiene polyphenol as in any one of

claims 1-3, wherein p has a value from zero to 1.

5. The poly(allyl ether) of polycyclopentadiene polyphenol as in any one of

claims 1-4, wherein each alkyl group independently contains 1 to 2 carbon atoms.

6. The poly(allyl ether) of polycyclopentadiene polyphenol as in any one of

claims 1-5, wherein each alkoxy group independently contains 1 to 2 carbon atoms.

7. The poly(allyl ether) of polycyclopentadiene polyphenol as in any one of
claims 1-6, wherein the alkyl group is substituted with a halogen selected from the

group consisting of chlorine and bromine.

8. The poly(allyl ether) of polycyclopentadiene polyphenol as in any one of
claims 1-6, wherein the alkoxy group is substituted with a halogen selected from the

group consisting of chlorine and bromine.

9. The poly(allyl ether) of polycyclopentadiene polyphenol of claim 1, wherein

m 1S zZero.

10. A thermosettable composition comprising the poly(allyl ether) of

polycyclopentadiene polyphenol as in any one of claims 1-9.

11. The thermosettable composition of claim 10, further comprising a comonomer
selected from the group consisting of polymaleimides, polycyanates, polycyanamides,
epoxy compounds, allyl compounds, compounds containing one or more

polymerizable ethylenically unsaturated group(s), and combinations thereof.
12 The thermosettable composition of claim 11, wherein the comonomer is from
5 weight percent to 90 weight percent of a total weight percent the monomers

included in the thermosettable composition.
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13. A product obtainable by curing the thermosettable composition as in any one

of claims 10-12.
14. The product as in claim 13, where the product comprises a B-staged product.

15. The product as in any one of claims 13-14, where the product comprises an

infusible polymer network.
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