WO 2011/ 136845PCT/ US2011/ 000709 1 VI NYLBENZYL ETHERS OF POLYCYCLOPENTADI ENE
POLYPHENCL Fi el d of Disclosure [1] This disclosure relates to

t her nosetwelba/mesasners, and in particul ar vinyl benzyl etChasg010/00709

pol ycycl opent adi ene pol yphenol . Backgtound [2] Thernosettabl e nononers
are conpounds that can be crosslinked. Crosslinking, also referred to as

ol coul oV ISIGHN £ b 1EPORS K RO ORI EEN B AENERSL SR ReRbLr) i gn

nol ecul ar wei ght, by chemi cal reaction. Sone of these crosslinked pol yners,
whi ch can be said to be thernpset, can soften when heated, but do not nelt
or flow. [3] Many types of thé&igldstDissbiserenononers and crossli nked

pol yrrer re avail abl Thermsettabl e no rs cah be purc as

pel | ets, (géwders 13'\“ ‘fleéuregaa‘ﬁf»m;%agn“&ﬂwwﬁomiz anﬁ ?F%gl(éa'f‘f abl e
”Dnom?rSulﬁ)f'i'@ctnz?laéfﬁerk'@ﬁél%moﬁﬁédléﬁe ﬁblwpih@ﬁolca” be purchased in stock
shapes such as” bars eéts, and f [4] Thernosettabl e nononers and
crosslinked polymers can be based-on a variety of chem stries. Exanples of
these chemi stries include epoxy resins, polycyanates, polyacrylates,

pol yureas, and pol yur et hanes. [ 5}2¢ I8roperties of thernosettable
mononer $o@d Cr 0SsfHefk s RBleIBIcdriale GafpoRRdLBastMeedodstihkanr t i cul ar
applications include mechanical properties, thermal properties,: electrical
pr oper t iGessslinlingcalpo mf@p@r ’10|3é§urlp&d-‘@é§@'tsnf@e ﬁre@rpy@sftttaé maﬁ@n?ﬂﬁy‘é!h@hl
properti o rties.can inch.u | [ h, tear

B et v &I AL LB e R b ¥ gt on,
and i rrpaatan\tewgrgmﬁ@lecxmaﬁwe@ht rbmnemtdaeﬁeactm i Surhelothagxrotslinked
tenperature, defl.ection te erat ure, ass transition tenperature, thernal
conduct Polyemers, arick et bg id eotﬁe%egﬁ sxdfranehenheatsde burdangt malll opti cal
propertlgﬁ gan include electrical resistivity, dielectric strength,

di el ect Pi ¢ constant or relative permttivity, index of refraction, and

| i ght t-{@B3m ssi orMarBrtypassﬁthgmfmdtwmymmahemnﬂenbssdmkmhpolmefMe bul k or

apparent den wat bsorption, visco cess te r at
sﬁ}rjl nk aéé&l a&if‘d ';ermo g rﬁalég%ners san be purc ased as pel?ets powders, %ranu es, '

or liquids. Alternatively, thermosettable monomers that have undergone partial

curing can be purchaéed 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,
polycyanates, polyacrylates, 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 properties. Méchanical properties can include flexural
strength, tear strength, tensile strength, yield strength, tensile modulus, elongation,
and impact ioughness. 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 transmission. Processing and physical properties can
include bulk or apparent density, water absorption, viscosity, process temperature,

shrinkage, and melt flow index.



Sunmmary [6] For the various enbodi nents, the vinyl benzyl ethers of

pol ycycl opent adi ene pol yphenol are represented by the following Fornula I:
[ 7] For mave 2b11/136848 whi ch each n independently has a valpag/Useamoaeno to 20;
each mindependently has a value of zero to 3; p has a value of zero to 20;

each R is independently a hal ogen,
group, an.al koxy group, an al keny

antrile group, a ni

hE grougyl

tro group, an al kyl

or an al kenyl oxy group, where the

al kyl group, the al koxy group, t group, and the al kenyl oxy group
each i nqgggndent | o gt @irfoud efaBolingchitd) @it AhPIBERzyE 8MRrsQfi S | ndependent |y
hydrogen or an al kyl group containing 1 to 6 carbon atons; and each Xis a

group ofoleyetopentadiefequayphsnaiara repremted by theifollgwingfioshuledeh R i s

|ndepeng @ﬂly a h %g a nitrile group, a nitro group, an al kyl group, an
al koxy HGI group, or an al kenyl oxy group, where the alkyl
group, the alkoxy group, the alkenyl group, and the al kenyl oxy group,
_ (R)m (I_
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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 halogen, 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 a group of Formula II

[008] " Formula II

(RD,

T\
)

in which each R' is independently a halogen, a nitrile group, a nitro group, an

CHy—/—

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



WO 2011/ 136845PCT/ US2011/ 000709 3 each independently contain 1 to 6 carbon
atons; and each q i ndependently has a value of zero to 4. [9] Enbodi nents
of the prweenti/ds®is| osure al so i nclude a thernosettabl epPcomgsesitodarng t hat

i ncl udes the vinyl benzyl ethers of poBycycl opent adi ene pol yphenol
represented by Fornula |I. Enbodinments of the present disclosure also

i ncl ude thernpsettab)l e conpositions including,a gomononer. Enbpdi mnents of
t he pre§éﬁq}1 cpEn i'yec%tj%‘&]i%ﬁﬁa%%‘rﬁaﬁ’éi §g‘§ ﬁ%‘ﬁ‘ % %PQ?ngﬁ%s.%y curing
t he thewggéqﬁgggug4gonp05|tlons i ncludi ng the vinyl benzyl ethers of

pol ycycl open ene pol yphenol represented by Formula |I. [10] The above
summar y [d9]t he pr aebodidientd oStheepresemalisdloswndé inoludescri be each

di scl osed enbodi nt or.eve i | enent ati on of the esent di sclosure. The
descr i pERBHOBHAP G GRSFsaRIa: BAMAEE eIy bERM S € 111 ust rative
enbodi n%@gy%gclgﬁérﬁédl% @%ﬂfeh@lﬁ teBrtsentdd by FoRAdIaE Hsb RfimeRss HF @eent

rovi de vi nyl benzyl

di scl osur ethers ot pol ycycl opent adi ene pol yphenol .
The vi nyrésentgischisher alsofingodly thernopttabkdicammespwng predutbhg af t he present

di scl osure can provide. a hi functi anal it her ei n, bei nqg ,at, | t four
umet Do famofoBebattbi Gt BF ule Ritbem BaiHue T b0l MPgBbe (R hor ar e
desi r ablage f0taiS®IEbRRRNhE dhd B¥mostttallle ToposidRanembingt ther s of

pol ycycl opent adi ene” pol yphenol can be included in a thernosettable

conposi timyhbengzpk ethers ofpelyeypdepantasiiensaielinhesphigpbreserdethom Eptmigpa 1.

mul ti-c nent. FEQr one or nore odi ment.s, t he. thernps bl e

conposi (tf{ﬁgﬁ i's cur@& agSV(T‘ %Wﬁryh%tﬁg%meﬁ%r&ls%s ToRe Oglrnt%dr%étt(gnbodi ment s,

t he t herdemngidkleatd @isclosaaamhiidd@mehtoreve§dniplethettifich sahopws@it. Thenpsettabl e
conpositions that include the vinyl benzyl ethers of polycycl opentadi ene

pol yphedisclasare. prhsvdesesipgiondhaitfplewvs mosspartieulpdy exernplipss iHRHaMYEe r api d

onset t%m%ga%e%lté/zed cure without depressing glass transition tenperature,
as conpared sone ot her conpositions such as sonme pol ycyanate conpositions.
This relatively | ower cure enthal py can help to control exotherm c chem cal

reactions that occur during curing and require |l ess energy for curing
Addi tionally, the relatively | < L al py can help prevent nateri al
Gecomo St SIS BRI P e el bl ool o,
t he rel ablyeetlppenakiemr pggsienolrEheevinplhbmiye sthers of polycyclopentadiene

polyphenol of the present disclosure can provide a high functionality, herein béing at

least four functional groups per molecule, which can help provide properties that are

desirable for some applications.

[012] The vinylbenzyl ethers of polycyclopentadiene polyphenol can be

included in a thermosettable composition. Herein, a composition can be single-

component or multi-component. For one or more embodiments, the therrnosettablé

composition is cured to form a homopolymer. For one or more embodiments, the

thermosettable composition is cured to form a copolymer. Themosettable

compositions that include the vinylbenzyl ethers of polycyclopentadiene polyphenol

can provide a relatively lower cure enthalpy and more rapid onset to uncatalyzed cure

without depressing glass transition temperature, as compared some other

compositions such as some polycyanate compositions. This relatively lower cure

enthalpy can help to control exothermic chemical reactions that occur during curing

and require less energy for curing Additionally, the relatively lower cure enthalpy can

help prevent material decomposition, defect formation, and/or damage to



[ 13] Products that are obtained by curing the thernosettabl e conpositions
di scl osed herein can have a greater glass transition tenperature as
conpar ed wo 2priodesiss obt ai ned by curing ot her conpositi ea3/useah/oeE0sone

pol ycyanate conpositions. [14] For the various enbodi ments, the

vi nyl benzyl ethers of polycycl opentadi ene pol yphenol are represented by the
followng Forpula |:. [1 ornmula I ..i.n which,each n independently has a
val ue f%ﬁ%&%‘nﬁﬁqﬁﬁ’f&egghﬁfﬁ% %c(félbgﬁ@éﬂ? FSathsly greatst B%aq{o‘fu[r)%er oto 3; p has
a val ueegfhapfiso to 20; each Ris independently a halogen, a nitrile group,

a nitro group, an alkyltgroup, an al koxy group, an al kenyl group, or an
al keny! ¢&43]1gr oup, Peprdirces thiteare bRipinegrbyuppiring like tiekogsetigble ¢pmpppidions kenyl

group, and, t he al kenyl ox ro ach independently contain to 6 carbon

ot one: cieses pEerl s e AP efRs DabnAgh Rl B S3PbReRedat ai ni g 1 to 6
carbon atQfbis odREnRASNculing AhdicOHPositioh®Ewshl 8 sbine[fdLGlykedteul a 11 WO
2011/ 136845PCT/ US2011/ 000709 5 in which each Rl is independently a hal ogen,
a nitrilcemgepupns-a nitro group, an al kyl group, an al koxy group, an al kenyl
group, n al kepyl g t e al koxy group, the
alkenyl?%ygup, ang%{ﬁé‘§%£§%§F8§@g§$8hgﬁéggﬁx%% eggﬁﬁgﬁ?ly contain 1 to 6
carbon abB@%clo e pdlyphedeipas deirtdeyitedasy the Yellaw@ngtForrulalto 4. [17] For
one or nore enbodi ments, each R hal ogen and each RI hal ogen is

i ndepend@t| y sel éeraulafl om t he group of fluorine, chlorine, and bronine.
As di scussed herein, each n can i ndependently have a value—from zero to 20.

Preferably, each n can indeperndently have a value from zero t 0’3, and nost
preferably each n can independent}y have ﬁhvalue fromzero 1¢/ 2.\
a val ue
[ 18] For
eq&h al kyl

e \or frore
a|k$xy group can
emb®ti nent s t hat

group can i
enmbodi nents t¢
i ndependent |-y

Preferably, has a value fromz to 3/ re pref
fromzero tp[? and nost prefg @hé§;§§vaWue
one or rﬂm—%é i | e | _qgré g

| atons. For one or nore
i ncl ude an amd/ or an(mlkoxy group, preferably, the al kyl group
and/ or t'heNal kfxy group are urjsubstituted. For the various enbodi nents,
when Qis an|a|ky| group it can preferably contain 1 to 2 capbon atomns.

[19] The di s¢tosed vinyl benzyl ethers of polycycl opent adi ene pol yphenol can
be obtai ned by reacting pol ycycl opent adi ene pol yphenol, with a
stoichionetric excess of a vinyl benzyl halide per phenolic hydroxyl group
in the presence of a stoichionetric excess of a base conpound per phenolic

hydroxyl group and in the presence of a solvent. )
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 halogen, 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
groAup, 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 a group of Formula II

[016] Formula I1

(RYq

CH,—=



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

pol ycycl opent adi ene di al dehydes. As used herein, the prefix "poly" neans
that a conpaondisbsss two or nore of a particul ar noi ety. PCCarspauandi709 ef er s
to a substance conposed of atons or i®&ns of two or nore elenents in

cheni cal conbination. For exanple, a cyclopentadiene conpound having two

| | d
ool yoyorbadiithardne poseedb Ty Bl BR FrikrlsSaDuBlr Bl s 8Buced via
hydr of oram/ylagtrb@p £ alRQky%Y&\ip)I%ﬂrHll@é}iﬁ@%uﬁ Wrhinadikesy 16X ¢ lopemtvairene usi ng

syngas, a phosphine |igand and a transition netal (from Groups 3 through
10) cat ahq/slﬂcyugrmg) ahmltkmsm gsoeh the alleesnat i, lBypd the algenyloxy group

2011/ 1368 5P 011/00Q709 t . al I | ysi
68, 7-2F% e"?‘rf}’r 'gé‘ﬁ‘elr Eﬁ {53% %r‘]‘:@tf’%so? an#ch %&1&%‘%@%&@ CHEM CAL
TECHNOL GglYie Olflzéﬂoholﬁditi on, Vol. 10, pp. 347-470 (2010). There can be
variations in this process. For exanple, a method as descri bed in U S
Pat ent NRL716, 307, T8 ansey mpsecembodisronioegeh & halopeenard eeeh Rase the probl em
of catal recyc n

hé?o&gp éal%é(leé)eadg t@fegeq%pgéd ?rg%atbggo ofm% BgSlllllldéW fﬁnd romi

pol ycycl S can e COndenrse ehol's to form

pol yCyC|AQRB§&1@§Ed&{é@exﬂC&a\éahmI1ﬁdep€ﬁambyq{a@9ewraaxélfﬁnﬁ ze@rtobm prepar ed by
heati ng cycl bENnt adi ene to t enper atures abgve 100 C as discussed in

Ki r k- O Ragfprabineyd) opepinslepsndepfivhayg @ YHEsRoRCEsY? 14314 1eeiit i on, Vol. 8, p.

223 20 4 h
thei rentireabl bl erlé‘%eﬁ%ﬁﬁa{‘%’f%@%‘l ELSEGER P HORMPIARS hereln I
pressur eahit flonh @erdS0 3aimwps pieésratsly pricisa vtahwrfeurratzmroetodr; a@dmGst o 250 C. The

syngas can, i ncl ude varyi ng amounts of carbon nonoxi de and hydrogen. The
syngas @PEHCTaRB RIBRS RIS om0 fhbrt gases, such as nitrogen. [22] The
hydr of on ation HRhA%ha k0 &3 &lovs prdfeidiyit a |igand
and at ims@ngas p;{‘f?gé}ﬁ?g?g@%%ﬁ%‘% 350 at r%ospﬁéeres gséﬂg gchseeA(}Q?ln U S

Pat ent Nach alk@Pdro0if8an indepridestlyforsaintlabl2ecakbhayeaioms.i Aot omkegr thate ar e not
limted t car bo i de and or ine |i ands havi ng t he gener al

R o S M o e B A AR R R

unsubstllﬁdéhaq% gBéPnﬁhPPsz%béﬁﬁimn@chﬁ%ﬁE kY Inor@8mBbdietts tha hal i de, or a
conbi nat | A specific exanple includes, but 1s not limted to,

n- but y! dnqhinderar qihyisgybummd/mIeadhm groop, preferibipshealkat aiosaptand/ncthgdes but

Ihf/dPg;E oralmxgt%ig %‘%PO%TWB%{% ?"ée(apg ﬁg%é %%rgorbg%%%}@@fiﬁ{ﬁn%% \XX%Je)n (ggsr ﬁ{(yl (% or |ess

of the tahait 5@@1 f@gblpl‘c@ﬁi[uﬁ; Bto PEarBoh @Yl opent adi ene nonoal dehydes,
havi ng i ng ees of saturation, may al so be produced al ong with the
pol ycycl[@kiént adi e e{ﬂl@qlmdy@mébewl ethersplf eolyeyelpeavadienerafyphspeht adi ene

Gesor | bath Hepyefel A ERTRLER YR e B PPl oo 00 7°

excess of a vinylbenzyl halide per phenolic hydroxyl group in the presence of a
stoichiometric excess of a base compound per phenolic hydroxyl group and in the
presence of a solvent.

[020] . Polycyclopentadiene polyphenols can be produced from
polycyclopentadiene dialdehydes. As used herein, the prefix “poly” means that a
compound has two or more of a particular moiety. “Compound” refers to a substance
composed of atoms or ions of two or more elements in chemical combination. For
example, a cyclopentadiene compound having two cyclopentadiene moieties
(dicyclopentadiene) is a specific polycyclopentadiene. 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.



[ 025] The pol ycycl opent adi ene nonoal dehydes can be separated fromthe

pol ycycl opent adi ene di al dehydes. For exanple, a distillation process can be
used to swpanatBetsie pol ycycl opent adi ene nonoal dehydes fProrastéig/000709

pol ycycl opent adi ene di al dehydes. However, using a m xture of the

pol ycycl opent adi ene nDnoaIdehydes and the pol ycycl opent adi ene di al dehydes

can hel Ftoageﬁf% af Jl o%fcu awtg]&ta%@ 6§>’72F [oo ki Ere %%haqgg}movol ac

chem stry €an’be Used to formt cyclop nta i ene pofy s fromthe

pol ycyclKifieOtiedére BRI CN @LOREPIRAOF WB@ABH@@HNQL@@H Bﬂf&loEdlaom,sed to form
pol ycycl opent adi ene di &Soenol s fromthe pol ycycl opent adi ene, nonoal dehydes.

An exanpl@- Bk ppnd QAP PhpEhersdiasike YATEHEMSI1B tRiS\ArAsEss: 9 ur at ed
cycl Opegk%ﬂglé 'ar}geﬂélégcaSR{?@%?ﬁ&?ﬂ] BYs "Ohﬁtefn?N'oo"B g7 E@Q%E@ﬂ&ed where n,

m R an re as ereln. ‘al'so be present in the
pol ycyclpopeioagbtaraothgnlietnotase tHé\psoblmnxdﬁﬂaezﬂystfrepmlycayldlmpéuxttadi ene
di phenol s and pol ycycl ogent adi ene polgphenoLj§ y be uce 27] The
hydr of osfRatatipen TegieHERE PE YC%IHEFWE iRl dia ges(%gg}qn opgenssigoni .

These kehanasn6ano @ﬁg(\%y%yc? AL )ﬁﬁt ARSI, yél@ﬁedﬂé’d}'&%ﬂ/%ar bon

nonoxi de pressure i present in the
product preparddisyhaaging bgclopesmimmmdtovwmpeqahemmve 100 thapdisgpisediad s of

Por mul 8 ¥ WASL S Bl o ARHER R S RulReAL MLAROT Sy, R efifbmu! @ v VO

- Vol. & p. 223 (2010). All of the aforementioned references are incorporated herein in
their entirety by refer(ence.
[021] The hydroformylation can occur at a pressure of 1 to 250
atmospheres and a temperature of 20 °C to 250 °C. The syngas can include
varying amounts of carbon monoxide and hydrogen. The syngas can include one or
more inert gases, such as nitrogen.
[022] The hydroformylation can be conducted using a rhodium catalyst
without a ligand and at a syngas pressure of 200 to 350 atmospheres as
discussed in U.S. Patent No. 7,321,068. Examples of suitable ligands include,
but are not limited to, carbon monoxide and organophosphine ligands having the
general formula PR' R?R? where each Rl, Rz, and R 1s a substituted or unsubstituted
alkyl group, an aryl, an aralkyl, an alkaryl, a halide, or a combination thereof. A
specific example includes, but is not limited to, n-butyldiphenylphosphine. An
example of a suitable catalyst includes, but is not limited to,
Rh(CO),(acetylacetonate).
[023] During the hydroformylation amounts, such as 5 to 25 weight
(wt.) percent (%) or less of the total reaction products, of polycyclopentadiene
monoaldehydes, having varying degrees of saturation, may also be produced
aloné with the polycyclopentadiene dialdehydes. An example of these
polycyclopentadiene monoaldehydes is represented by the fbllowing Formula
IT1, where n is as described herein:
[024]

Formula II1



[29] Using m xtures of the polycycl opent adi ene nonoal dehydes,

pol ycycl opent adi ene di al dehydes, and ketones may help control the |evel of
functi onavotg1liBessgi ven t her nosett abl e conposi ti on. ForceAmseqliap0709 ossl i nk
density for a thernosettable conmposition of the present disclosure can be
adjusted (e.g., decreased or increased) based on the relative anmunts of

t he pol ycycl opent adi ene pol yphenol s _and_t he pol ycycl opent adi ene di phenol s
used in preparing the vinyl bemzyl et herg of pol ycycl opent adi ene pol yphenol .
Adj usting the level of functi - ) way can allow for the
properties, such as glass trid® re (Tg), of the products
obt ai ned by curing the thernosetNgb sitions to be tailored to
desired | evel s and/ or bal ance with let hednproperties, such as toughness, of
the product. [30] Mreover, it nmay be possible to control the amount of

di cycl o adi ene Hﬁ@dyc}ﬁé@w&@p@mma@félym edreke peparpied from

I I di di,al d The, di d
pol Yoy o Bpens aot BRe eaRE M AR el kst eLe SR ERS RSt pi b ng

cycl Opeﬂg@eﬂicﬁf%avmmee péiyciiiopesmatnbenendnldélirica¥aymaee val ue for n can be
fromzero to 2 So, for exanple, when the polycyclopentadlene noities in

the pol pelrehelspsntadienscdiaidshydes, ddewayss., ‘é)f'rlpgérfﬁkxéu‘te neythgan have a
distrib f e ro

appl 1 catr e Ripelatioh Bl h A AL R /o Rfchiderte GBRIBOUEET ) e
di cycl opgemnhag eitrcddnadeog] cﬁoﬂuyiaushﬂtxgntraﬁleemmpmnvhmas ﬂov‘zd’l&c

pol ycycl opent adi ene di al dehydes may al so all gqw for_ the abl|lt¥bt0 contr ol

and/ or phmtﬁtryaca@rla*sgffqdrﬂ@ f9Endng po cy&lqnw%w%lﬁpbe%ﬁﬁw %n while

retaini e r

2011/ 13880 oEPRRORTEFGBE By A PR RERRUE} pom R0 b nscdyo S0P i ene

di al dehpdg&yaldpngtamm dplerafls fiven pod yelych dppeattadieanenomradbddigekydes and
ket ones can then 0 a hovol eactio 0 forn1po| cl opent adi ene
pol ypherdl €Xamplg Ogdg‘bp yevelopens lqnﬁ\fﬁ}’{}%@qf ﬁ?@v%@ Hrug ‘iﬂzenol and an acid
catal ys yYevshorsnt e g?w%anQHthydes and nol ten
phenol %?ﬂ%lggémrgégct gsé%ﬂgs%}g%mgyature of to 70 Cwith stirring under
a nitrodgedelat nospliermudnVi n the presence of an acid catal yst. The
resul ti ng pol ycycl opent adi ene di al dehydes, along with any of the

pol ycycl opent adi ene nonoal deh{flgs, can then undergo a novol ac reaction to

form pol ycycl opent adi ene pol 32] Pol ycycl opent adi ene pol yphenol s
can be prepared via a cohi i i

opent adi ene nonoal dehydes)
to phenol and/or substituted ycresol, p-cresol,

2, 4-di met hyl phenol , 2, 6- diy 28 5 Hol , and 2- naphthol of 1:20
to 1: 6, and preferably from :8; in/the presence of an acid

catal yst which is preferably omO0.1 to 22t. % and nore preferably from
0.1 to 1l w. %based on the a nt of phenol or substituted phenol conpound
enpl oyed. Hi gher nole ratios than 1:20 of the phenol or substituted phenol
may be enpl oyed, however doing nmay require additional energy and thus
eXPENse vifdrd ARV R oI JrEGY ool RiteRS SORRSRALs ARY/Mo BUIpRisEhtfed phenol

[ 33] Condensati dn reactions enploying a | arge excess of the phenol and/or
substit Ehaepolphyedopeﬁtad@nbdavha‘midehuﬁ mnx@mrepolfgooib@b'gmn@dum pol yphenol s
haV|ng |0Ml d_wei e, mol ecul ar wei ght. Likew se,
as the I%fﬂég %“3&8P8P0g6%§ gﬂbﬁﬁﬁﬂ% %s reduced, there can
be an i _lp@pqase in Melm@ﬁ&m@ﬁatld}ﬁcd}%wﬁh@k oendradlk &08e P &@ﬁeﬂb@ﬂs

i ncreasing the wei ght average nol ecul ar wei ght. |ncreased oligoner content
favors By Ohyd?fg&%ﬁl kertomest ¢agnke thqprpéaemmrwé@m@%wélﬁnm be highly

benef Clh?dro Rh/aHo narln%ng %eg) g?sul?élgs l%tw Ehlea fcff'le l&rf.'gr';e VA §COS' ty. For
sonme appli §t|on very et e excesses n and/ or " sUbsti t ut ed phenol
may be @mleﬁyﬁﬂthetﬂieddimlrﬂfx thay |c@nm>|emo|ndedsea1bmm p(haﬂolptrodfd)ume products rich
in polycyclopentadlengbﬁ phenol and low in ollgong [ 34] A sol vent
can be &P nd”ﬁﬁ%np61?@9&16ﬁ%ﬁ%@ﬁ?@ﬁ% Bﬁﬁyﬁhenols Wth sone
phenol s rha |ng reﬁqﬁh¥ﬁlv hi gher nelt viscosities than some ot her phenols

use of ne or nore solvents may be beneficial for maintaining a suitable
WO 2011/ 136845PCT/ US2011/ 000709



10 reaction nedium The solvent can be inert to the reaction and/of the
reaction products. The solvent may serve as an agent for the azeotropic
renoval ofowatiemBéfssom t he condensati on reaction. Exanpl esTafS2eih@owod vent
i nclude, but are not limted to, tolugne and xylene. [35] Suitable acid
catal ysts include, but are not limted to, protonic acids, such as
hydrochl oric acid, sulfuric acid, phosphoric acid; netal oxides, such as
zi nc oxi de, al um num oxi de, ﬁ:resiun1ox' organi ¢ acids, such as
p-tol uenesul foni c acid, oxali)e—acjd, 3-ngreQpfo-1-propane sul fonic acid,
and conbi nati ons thereof. 3-¢ 5 ane sulfonic acid is a
preferred acid catal yst o

alyst ag—+{ ,is highly selective in formng
t he pol ycycl opent adi ene p \"yl and €anel{i nate a need for an
azeotropi c renoval of le reactlo oducts. The water can
remain in the reactor, 't}i%&?ﬁ'e cjh'l‘)Tl(ﬁTe—h yjol ac reaction. [36]
Reacti on tenperatures an}ﬁ ti ES\ V %\ t?un from5 mnutes to 48 hours
and reaction tenperaturg TTom 20/ 6.t I75 C be enpl oyed. Preferably

reaction tenperatures n)(ST ti can bemf 5 mnutes to 36 hours and
reaction tenperatures of fro ’

N 30 C to 126 C7 Most preferably reaction
tenperatures and tines can be o 30 minutes"to 24 hours and reaction
tenperatures of from35 Cto C. [37] the end of the reaction, the
acidic catal yst can be renoved by neutralization, for exanple by washing or
extracting with water. Likewi se, at the end of the reaction, excess phenol

can be r ved fr .the .novol a roquct, for exanpl e, distillation or
extract L&, ~[38] ctjlgr\’ég FYEHEGEP B@mﬁm%apeﬁﬁﬁ%ﬁgﬁm@aﬁwme c _
pol ydi s ny%zEbé)ip'eﬂf&%l(erﬁfdiERQﬁy@%@'ana-kch{?fes%@”Hél%cotn%_l@l‘i’é ydieppersity index

(the neasur di stribution” of nolecular nmass in a given polyner sanple)

of the palotopelitpent giticartbepodseptablrotampaesitipe. fopexample, srdsslinkThese t ypes
of results h,ngol catﬁ?e thatﬁ%gt h the gl val £s and weﬁgj val ues, of the

pol ycycHEPuRt BdidehEerBeTS Fhsh e LaPgH Ogéﬁfg QRTESPHEISRERS TGS i f or m chai n
lengt h hgfustdigen! y6orehRBaTH ALH-R8&]) RAkYPBRMRE Sclafle atdoawd f ther e desi rabl e
viscosity predictability in the viscosity of the thernpsettable

conposi pPbeyclopentadigneaxdypheatiods ied theepolyp ggppamiadisar yephdnopenteddinene
8?' yggeg(r)elpsarﬁlathQ %ir{y?lg)ernezflfeé}fxeerg o?%oltyg}?clggelnlté) 1:cnnegpolfﬁ?;§hrgﬁgﬁ chij:usti[‘lé(gile Formul a
level of functionality in this way can allow for the properties, such as glass
transition temperature (Tg), of the products obtained by curing the
thermosettable compositions to be tailored to desired levels and/or balance with
other properties, such as toughness, of the product.
[030] Moreover, it may be possible to control the amount of
dicyclopentadiene and/or polycyclopentadiene moities in the polycyclopentadiene
dialdehydes. The dicyclopentadiene and/or polycyclopentadiene can be formed
through Diels-Alder chemistry using cyclopentadiene where, as discussed herein, the
average value for n can be from zero to 20. So, for example, when the
polycyclopentadiene moities in the polycyclopentadiene dialdehydes are oligomers
they can have a distribution of n values that is on average from 2 to 5. For other
applications, n can have a value of zero or 1. The ability to control the
dicyclopentadiene and/or polycyclopentadiene moities in the polycyclopentadiene
dialdehydes may also allow for the ability to control and/or tailor a crosslink
density of a thermosettable composition while retaining some properties of the

cured product.



where n, m p, R and Q are as described herein. For the polycycl opentadi ene
pol yphenol s, when m has a val ue other than zero, the carbon bonded to Q ( )
i s preferablzyiisetsse ort ho and/ or para position rel ativecrawskéig/oe»9 gr oup.
It is appreciated that m xtures of coffpounds havi ng the carbon bonded to
the Qin both the ortho and the para position relative to the -OX group are

ible..lt is al i bl h . i
Posi t1 ol at; ve 16 BROTnGEON St B EyE At aRos Pt 's are
di scussegk &%mcg?%éﬁthaiew AP all €etyides afi@kefIneh AR Ghen thddrd a

"PCOLYCYCL ENE COMPOUNDS", The Dow Cheni cal Conpany docket number
68349, Mveldcmerasiont o, formepadyeyslopsniiedienp pelyphendlihcbiipneveled reastioinn by

ref erence. 41] As disgussed herei t.he di sclosed vinyl benzyl ethers of
ol yoy I DUHSHESHE Bt SBREAI Tt e dBRai R g 87 Pdf ng

pol yCyC'p@BQ@ER)%!eﬁﬁ@ié}@ dﬁﬂnﬁﬂ?bes Md MoRtesi Dbl QHIEBE teacticass of a

vi nyl benzyl "hal'i de per phenolic hydroxyl group in the presence of a

st oi chi eereperatirexd &8s Cofo 20 f)@é?elﬂtétrlrlﬁmmdn%éra BHheaen ptmpsrhesk 9hd gt oup and in
t he presence of a solvent., 2] I of ' .henzyl halide

i ncl ude,%heogﬁes%r?cee ?{iatn ?lan'c teaéi;sﬁb,Thc%i(/ri%g{ll)llt%geroﬁé)t(}E?%éﬂq%Ael?g%} vi nyl benzyl

chl ori delial@ctiidey) d16AZ Witlc hhpof te pslywydlybareadithe hiidatidehydey, sl benzyl

brom de, p-vinyl benzyl brom de, and 3-vinyl-5-nethyl benzyl chloride. For
sone apphincendesse afovekasi Teasti ot fory polyssioRentadiricpotyrhgRolse enpl oyed.

vari ous ﬂ@z@i 0s of PoIAXLRBRANIRELBERIPORMRI S EndA LR eordERRon WhEr & 1

the vin nzyl hal’i In's onetric e are poss [43] The
base conpetioglofamdieratio dfities pelycgclbpsetadiexanipdldshydesi(and gapi ¢ bases

i nclude, but are not limted to, lithium hydroxide, sodium hydroxjde,

pot assi @HWHWPWQ?CWHQOB%QQCWB%@% Orasugé‘i‘tﬂlfegrﬁ‘eﬁ?ﬁ AL x%anpl es of

Ler Ui ar v, 80105 0} 01 HHIGRARRCT A SAMILO0AZRY. Aubitrbiusgy 2but are nol

limted to, tiinet amne and tri’e sonme applications a
conbi namhphthelfofde@Etociobpmdrsefecably fremehp$ oy &8; inRbe pswsamceaypiniacat | ons

U B oS8 4 S SRty B e bace corpound, varl gys, et os of

st oi chi Qeb) h£e8%R]RS amBift JTPREMA 08 substituted phenol compound employed.
Higher mole ratios than 1:20 of the phenol or substituted phenol may be employed,
however doing may require additional energy and thus expensé to recover and recycle
the excess phenol and/or substituted phenol.
[033] Condensation reactions employing a large excess of the phenol and/or
substituted phenol have been found to favor polycyclopentadiene polyphenols having
a low polydispersity and weight average molecular weight. Likewise, as the amount
of the phenol and/or substituted phenol‘is reduced, there can be an increase in
oligomers of the polycyclopentadiene polyphenols, increasing the weight average
molecular weight. Increased oligomer content favors higher hydroxyl
functionality per molecule which may be highly beneficial for certain end uses
but at the cost of higher viscosity. For some applications, very large excesses of
phenol and/or substituted phenol may be employed; the molar ratid provided
above can produce products rich in polycyclopentadiene polyphenol, and low in
oligomers.
[034] A solvent can be employed when forming the polycyclopentadiene
polyphenols. With some phenols having relatively higher melt viscosities than some

other phenols use of one or more solvents may be beneficial for maintaining a suitable



[ 44] Exampl es of the solvent include, but are not limted to, water,

al cohol s, aliphatic ketones, chlorinated hydrocarbons, aliphatic ethers,
cycl oal i pNet2zoti/B6saer s, al i phatic di et hers, cycl oal i phat iPcTdisedth@oaps and
aromati ¢ hydrocarbons. For sone appli®ations the nost preferred solvent is
selected fromthe group consisting of water, nethanol, acetone, and
conbinatio?s t her eof Anleffecthve anngBt offthe oﬁ%Fnt an be enpl oyed so
as to maraHaR medmne: The SolyentSam be it PSRe FRSRT SHYOL G LtACH8Rd, t he reacti on
product $rodRe AthelsBIvVRhEMEN berQX GESS byt YorthO 8 doyroblt rehRvalkesiolatenfrydi ch can

hi nder m xi ng and heat transfer, and for other reasons which will readily
be appathkatondensatien sgactivm dEzarnpleanf thelselvent iaghude.oud grsupat lppitadie, sol vent may
vary as. g func%io? %f t he specific conbination of reactants and sol vent (s)
enploye&)PgF”g'59(?1CUlar application. The effective amount of the sol vent
can be flomn about SHtable a2fRlalalPits Mcludel bl ares@dirhitédtodpisdgbacids, t he

pol ycycl opent adi ene pol yphenol reactant enpl oyed. Additional anmounts of one
or ot & 5801 asdidEocblaT oI brmpifye a6 fphosPlogriEsastignésel Qdes, R AsZINC
specifical]ly.,for i ion i £ j - i r 5] For sone
applicatol’“cgir?sal g“ggggﬁ%ﬁﬁggﬁﬁgmg§%h%h%%%gﬁegﬁ%’%ghq%gtgg%g%ﬁggkéefore bei ng
enpl oyedcidnotdie 4o, geyetcapent aiopaee aaforibeascid, ard dombingtibesthyteofial i de
reaction. For exanple, a nmethano]ic potassi um hydroxi de sol utjon can be
formed ProfiseetharngPPanfdsPHHts §Pmsrw@rﬁ6§zrﬂﬂea%&afaﬁéstrﬁét%aﬁmi%t Bdt assi um

hydr oxi de; [ 9%9. Sheh I d
poIycycﬁ§%2ﬁ@§g%§%38%gr$p eﬁ%ﬁhﬁp?ﬁ8¥ﬁgPV|ny?%§%§g$ﬂ%8%?§eFan[46] When

r eact i nglitnieate o hyalyfor ap andandpanenpohlahestot framtthe tdaetion pyddoetszylhehal i de to
obtain the vinyl benzyl ethers qof pol ycycl opent adi ene pol yphenol a

pol ymer "ARTiC3R TERMNAR thsrTearigr Bathenbavspelng Ahg,RXARG 163 N’%n i nhi bitor may

al so be rheqef i ci ald 4 asRthdefurl88 ahd ales RAQIBEE canBEEFHh SSmflutdsRE 48
polynerﬁggﬂion inﬁ%%ftor ?ﬁ%ﬁhd@,aﬁut g?e&ﬁgtlﬁﬁhted to, hindered phenols,
such as h3pB-add réaetibh semyprnstyfes b frnn 0 PO end75 &0 dhay-teamplaysd. but yI cat echol ;

ni trophenol s, such, as 4, 6-di nitrpo-cresal;.nitroal kanes uch a

i 1 oo EREREDLETRaCtser 5 BHET R JFO T MoPEn SR (a2 Rgars

2,2, 6, 651 L1 AMEL YRR D% °G 10XY3 IC. Mokt feridlgraRtiod Rinpdiftutdske. WO
2011/ 136845PCT/ US2011/ 000709 13 The anount of the pol ynmerization inhibitor
enpl oyednd éimedepe hel fropoid mireites tolkdt houes ofd tepesianrtdimpertiks pofrgmetS zat i on
inhibitq& 025q¢xture of polynerization inhibitors used, the desired shelf
life for Rt product, the atnosphere surrounding the product, the stage at
whi ch t hg3pol yner i gahé efd bfhk bédcsion] the adidicCdapay @ dah Be bemevtdas;, for exanpl e,
as a process inhibitor or as an inhibitor for the final isolated product,
and ot heeutsalizatipmfenereammeaby washinger appeatiagwithowaise Likewidatibeiesdn. An
effectiv t of the ri ' knhi hi The

ot ot 1 o RTERRone e E RS FEA SRR bl BerBloR Rt B B e
The readlyidxtilatioh beexiedcyioy.cl opent adi ene pol yphenol, with the vinyl benzyl
hal i de can _occur at a tenperature of 10 Cto 100 C Fg; sone applications a

react i on018nper at urhe rotycyplopentgdigne polygh eanyhaye apolydisperdiypadex

appl i caty r i r : . i g rred. For
one. o RS tp ik RmbRTE A eRinrinads (e Bladur B B b Sy,
For sonendppiliranaissdms givengatyrmersatrphe of tlenpdtydysinmentadiedd pobphsndls

preferred. 48 he  di sgl osed vipyl benzyl ethers of pol ycycl opent adi ene
pol ypher§at b%.gfﬁf‘{)%lit?]&!“u 3‘3}?8‘? YPss Pﬁéﬁﬁﬁ%@i{%ﬁﬂ atcb&ﬁtb&fﬂ valiies apgidhe'p

t her mosgLiiRDLLHE PIRRSLIbORadidRe P&y?hé"n%ls‘_ Ae RBISHifoPmC maa,@n%a pAME®E, or a

| i qui d phase, such ™as a solution, "that includes the vinylbenzyl ethers of

pol ycyclcbpanength &ndhgpolypyvdopsintaditns polyphiehels 2o aldowigprsmefe desirable
| | di e | | i | ue i
Dol ven. RESHb TR BRTRIE Vheos R LRt Flrs At e g ket AL 05 B be

descri begksast disuibgie.val ues for the average extent of oligonerization. [49]
For one or nore enbodi nents, the thernosettable conposition is cured to
forma pP¥uct t hakheipolycyrlopepiafigne polyrhenokossan Bemspresented ByRener deri ved
fron1onqbﬁ&§@g§%nng woner. Herein the disclosed vinyl benzyl ethers of

pol ycycl open i'ene pol'yphenol are considered to be one species of nononer.
[ 50] Forffo40je or mHoem@hdWHi ments, the thernosettable conposition is cured
to forma product that is a copolyner. A copolyner is a polynmer derived
fromtwo or nore species of nononers. The two or nore species of nononers
can be referred to as conononers. Herein one of the two or nore species of
nononers that is one of the conmononers is the disclosed vinyl benzyl ether
of pol ycycl opent adi ene pol yphenol. For one or nore enbodi nents a conononer
is selected fromthe group consisting pol ynmal ei m des, pol ycyanates,

o . o o .




WO 2011/ 136845PCT/ US2011/ 000709 14 and conbi nations thereof. For the
various enbodi nents the thernosettabl e conpositions including conononers
have a mworail/aetssve | evel of the vinyl benzyl ethers ofPCT/US2011/000709

pol ycycl opent adi ene pol yphenol. This ¥inimal active |evel can have

di fferent values depending upon the particular application. For exanple, an
application where a |ower cure enthal py is desirable may have a di fferent
mnimal active |evel of the vinylbenzyl ethers of polycyclop ntiddi ene

pol yphenol that another applicatiop where aw i ncreased gl ass| yr'aRsi tjon

t enperature isndesirable. For ope or nore dlnent the co
sel ected fr@ group consi st @ IR g

pol ycyanam-d€s, \epoxy ‘ ,

pol yneri zabl e yl eni 4 -ated aroup(s) A\neh G ambinal offs t her eof

can be 5 wei ght, ercent of the i
r |ch the copolyner is d

t he thernosettab)e © A T ri%ed. Thus,
for one or npresenbodiments the| vi beenzyI et hers of polycy Iopentadlene
polyphenol a\e wei ght percent to” 95 wei ght percent of thel nobnoners from
whi ch the copolyner is derived.-[51] Herein, polynaleimdes are conpounds
havi ng two or nore mal ei m de noi eti es. Exanples of pol ymal ei m des i ncl ude,
but are not limted to, 1,2- bisnaleinmdo ethane; 1,4-bismaleimdo butane;

1, 6- bi sralepd Hi B0 phRXANEQ ake 22 defirsted Iedrsind Totlidewiyigclopentadiene
1, 6- bi smal ei m do- (2,2,4-trinmethyl) hexane; 1 3 blsnalelnldo benzene

1,4-b b |
44 - Lf@ﬁ&mhnﬁqﬁav@fsﬁggw Vil ofher e 2R, Db BRI sl 11 de; 4,4 -
bi smal eiyni gféfgﬂagﬁgﬁy{hesdﬂ}{cpﬁﬁi/oflpé‘ra s Félé’ﬂi&jé)todﬂh%Mﬂ@?&(ﬂ) mefshane; 2, 4-

bi smal eim do tol 6- bi smal'ei m do toluene. [52] Herein,

pol ycyanapesiased oo mpaturds oﬁa@mpgundﬂ)hmngﬂmcaxbarxé?pednd)mthee@ lnExarrpI es of
pol ycyanat es i ncl ude, . but are not heno A di ate

oxar | uBPULIEENbH T, by B o el s dp P L RENG e oty nalid

pol ycyanat e of di cycl opent adi ene pol yphengl ;

2-tert- mHoy;ioslMecbﬁM%Qbﬂim%tﬁmdea 4, @B(Ur i ﬁet Hyih-the Jnedh Pyaim@nobenzene;
4-chl oro-1, 3-di cyanat obenzene; 1, - tri cyanat obenzene;

4, 4' - di eslatise SR grogp: 2P01M?W%W&faéhepep0 Yahaagls arR/qiscugseg in U.S.
di oy anay e AgRKbaRhBtial fhber 5 1L eGPy Gy iy ARIIERIP ey

et her; etrac o—4—¢'—d1-cyana p et her;

4, 4" - bi QQMPOIMBSQMMW]@eph%ﬁOMahQrdpcMet&MMsé@pl—%ﬁkrddtmhiﬂny|
i sopropyl ]di phenyl et her; cyanat ophenoxy] benzene;

4, 4" - bi éhE[Wég}%ﬁewambéﬁmmreﬁgh?ﬁeg@%efereaca bis-[4-(4- WO
2011/ 13j§ §PCcr US%&&E%@%%AQ tﬁxemtoee&leﬂl?mznmi; oful phone] di phenyl

et her; 4" -di cyanat odi p sul phone;

g g - t5 etpobzn'ed:lbpvdxﬁajfkilme-phly:glmna]t@nd:eg{bemyd:d lsylfqahtmfgp(;]lycyclopentadlene
chloro i cyanat adi ul.phone;

2.2 L of SoppieilR B BRI ome TSR PR O RERDAn Y ARG RaT bhenolic

4, 4" - bi $ylids pgreneﬁ@mqﬁ&eﬁya ofdi Qbi%ﬁhblme‘ﬁ% BhRBEHf fhodbe thbinpolifBper

cyanato)phenoxy I phenyl sul phone; 4, 4'-bis-[4-(4-cyanatophenyl
i sopr op;ph?rpﬂi@dvﬁyqubgmer&pﬂ lethemicmece af aisolp¢ry- [ 4- (4- cyanat ophenyl

sul phon enoxy] hen n )
4, 4" - i ié‘?l (4-cy %;l Sﬁ@% {%8 @%‘9 elsnﬁ} [()jﬁbnuet.are quéﬁmll-%drte)f%,
pol yCyaR@mlﬁiﬁﬁ?rlad?@ompumg%eh@ylIcﬂﬂarid%p@[ny%&n@}fb&ﬂ@ﬁﬁé devingbeizyes.
Exanpl es of po ycyananldes i nclude, but are not mted to, the

di cyanarbr@e@eom vinyb erfyhbroRrp e thenrd fhsomideqands 3vinyior @e il | i ne: 4, 41-
g' 2T SIO;%' Rﬁﬁ %ﬁorlg 981' szt):thqgapéﬁ]i'cgﬁérﬂy %o%ﬂﬁ%n%%n%ﬁ@h&ﬁ?pﬂéhdes can be

I am I’lO enzoat

4, 4" - di amphoyred! p/fmwetdnmb of vinlyﬁnazylt}rahslé anplenphe hydrprel grang,; wherein
ani |l i ne- for mal deh g ondensa iton products; the %anam' des of
lared e i

4- am noibe ViRyige il S l%n%{ﬁfﬁﬁceﬁs FYBPSVISt i | bene; and

pam nopheng! - The base compound can be an inorganic base. Examples of inorganic
bases include, but are not limited to, lithium hydroxide, sodium hydroxide, potassium

hydroxide. The base compound can be a tertiary amine. Examples of tertiary amines



[ 54] An epoxy conpound is a conmpound in which an oxygen atomis directly
attached to two adjacent or non-adjacent carbon atons of a carbon chain or
ring systwo2ono/Mfes4m an epoxi de or oxirane ring. The eporgTasopaewndocan be
sel ected fromthe group consisting ofi2zaromati c epoxy conpounds, alicyclic
epoxy conpounds, aliphatic epoxy conpounds, and conbinations thereof. [55]

Ex | f ti ] A | ude, t. t limted to,
ol ol dy Qe P BOLEREcD o, SRS RARe and i 50 P REne. T esor ei nol
bi sphen %b{)l’ﬁgatigh§£’ BSABinafion 8 Base SbApalRYRhReMloydaneRlsoevol ac, cresol

novol ac, "trisphenol (tris-(4-hydroxyphenyl)nethane), . .
1, 1, 2, 2-applicatipds hthaurohy gioerdel iy ¢herang prefetred bassreobippphéndlarigys ratios

2, 2- bi s(4- hydr oxyphen -1,.1,1,3,3, 3-hexaf | uor opane, and. .

T 6 di hydPORARTTRS ARl B LB ogre B R DR TinsBRS i Bmpounds

i ncl ude g PrtlioRE@icRRtess] b peskikle, Pol yglycidyl ethers of polyols having at
| east one alicyclic ring, or conpounds including cycl ohexene oxi de or

cycl operifée oxi dExabipdésnedhdsolugrdinaduds, byt are mpblimatsd itm ovaieti Algokols,

cycl ohexenge ring or cl opent ene rin i th.an.oxidizer,.  Seme.particul ar
exampl caTPRc e SRR oA v HipndiC Ardt R mrlERLRS

di glyci %Fhe&khﬁéthex@% WaCdiofthexy hiehildnhtid hddRRarbvay. CFohwxd

car boxyl ate; 3, 4- 2011/ 136845PCT/ US2011/ 000709 16

epoxy- | anplidajipas theonest prefgrel sobvsny isisehastadyfrora thagherosn coasisting of: waenet hyl - 3

, 4- epox cl oh I y1- 6. e - - apo | at e;

574 opoy R IER MR b dipres, ABCECHSR BRSNS LRI

car boxy IbategiplSsed-s6 26Xy maintain reactants in solution for reaction, to suspend the

met hyl cycl oghexyl met hy1- 3, 4- epoxy- 5- net hyl cycl ghexane carqu%late; bi s(3, 4-
epoxy cy PasHER Prafuictsy ANd4er e ArevenheXaesiien Bisesaty an thedgastipaywhish &aane) ;

2,2-bi s(3, 4- i i [ 1 di i.de;

ot iyl endiiitL pEREHE B W REARGN Gtk oS 1L RSP be e
epoxyhexahedkiljpdtdiidant Sheafi@ctive Anowit by tHeesojenepay whexay fimogidit bfl at e.

[ 57] Exampl es, of aliphatic epoxy conpounds i nclud but are not limted to,
pol ygl yéh"tﬁﬂeC’é“tcrf@F@lQﬂmaquﬁ??&fqngs iﬂS‘ISg?g‘feélt(é)renéPIRW‘EfPé-W?%rdduct s t hereof,
pol ygl yci ast | P ' j ' 0 pol yners
ont heor 2B, The pfibele AN Gf IH8RaNRA A N 3BE AERDS0 285"

met hacr ytawih respectao pobeigiraf tisymil hesil apedtadiene ipolyiphpodlyresrtarti ng gl yci dyl
acrylate or gl ycidyl t hacryl ate and ot her vinyl nongner Sone particul ar
exanpl esen}pﬁ%yl%%é\,d%bt_éﬁngg?‘_@o\‘n@g OFPW? ?relﬁofeosog‘fe)l}‘fﬁ c@%!be : ?%edif_f’f pol yol s, such
as 1, 4- %&E&‘?ﬁ’%@hb@ :(p%d{&t,%éciﬁ&i)@rfo_r Lofriohananariiedtidh & ufd shshugt her; a
triglycidyl ether of glycerin; a“triglycidyl ether of trinethylol propane;
a tetradP4di dyl ethoesome applidstions thedabeesagpouniddyd the srdvenyfcan be

di pent aeryt hri,tol.; di gl ycidvl. et her. of . polyethyl ene.glycol; and a

G D ver dombaicnarrasr BeeFtdnitin PRl aRaiaiay ePlintadales of o1 yet her
pol yol s vailigdn2chdlde 26kétiBe. PHEctaniifte, 0hethWiblR pI@ERInt MPESxidefsoRitiki| ene
oxide to aliphatic polyols such as proEerne gl ycol, trinethylol propane,

and gl year paformed frfingmethamp] andspatpssiusm hadropidstand thomgthepalinpepsisnc aci ds.

58] A i i |y ical l
nant ur SIS E R e A PR B LR bR EHRRERES Y or o
pol yet hyoBmhemd] withuths ainylbénedl adidener . Exanpl es of conpounds cont ai ni ng one

or nore polynerizable ethylenically unsaturate roup(s) jnclude, but are
not |inilP4d to, tnYsen erasng hepolxeyeogentagieamipo x%ler@fwz%,th%, whi ch is

i ncor por, [ &1e ) of ' &k eF .-1 adiddditionally, as is
known i rﬂ)ﬁ%ng?tghlﬂte t?gb%g’s@?gf‘ﬁ%“g%% o%heg&?ﬁ}éﬁ (r)hg)set tl?%%g nononmers such
as non- golyphenyd] agiohgmeritiation iggobiyapoxay desmplbyedr Aol yrsticayi@n anlebitorand
benzoxazi neg, as well. as her ol i.goner r _pol rs.such as.pol y(phenyl ene
oxt e e G aeneialy eftethibabs FERTROpBERmPBR T tiigty e Aol
2011/ 13%&?&%&%&%& QRGP mitéd to, hindered phenols, such as 2,6-di-tertiary-
butyl-4-methylphenol and 4-tertiary-butylcatechol; nitrophenols, such as 4,6-dinitro-
o-cresol; nitroalkanes, such as nitromethane; and benzoquinone, hydroquinone,

phenothiazine, 2,2,6,6-tetramethylpiperidine, l-oxyl;‘ mixtures thereof and the like.



[ 60] For one or nore enbodinents the thernosettable conmposition includes a
sol vent. Exanpl es of solvents include, but are not limted to, ketones,

am des, awvoabolses4and esters. Exanpl es of ketones incl usger/useai1ap@onot
limted to, acetone, nethyl ethyl ket®ne, and cycl ohexanone. Exanpl es of
am des include, but are not I i m' ted to, N Ndinet hyI formam' de,

N, N- di hyl acet and. r%hkg%/rrol I'I aone % ?%Of aI cohol s

i ncl ude, 5 FMORPEOL, ‘?pP}iyﬁ?et”éa 191! % SABIoyed AR gpend; SHUABTC and
Dowvar | ol TMeP%lv@fﬁfrﬁé@&eHEat?o%tﬁﬁﬁntbf‘&l M@&urewtpoﬁfnﬁérﬁ@ﬁoﬁ inRibiedst o, met hyl
acetate, ethyl acetate, and Dowanol TM PMA. Thé sol vent can be 10 wei ght

per cent usal, & dnelrgmsherbﬁalnkém thefpreducttthe atvmsg]mre stﬂrrmméhmg]@élﬁrm@@%abl e

conposi tion, where the t ht bas t,he rs and sol vent
conpri sittegfet N@FW@P rbzmﬁ8ﬁb'8§l%’1?(?rdﬁa 119017%e agﬁgd Tmore

embodi mRifplehR atxb}%é@asﬂlba&l&a@,%n@ﬁbﬁmoﬂar tH&Cﬁﬂaqjﬁ;%laaéu ﬁ&@dh&ﬂ wed Exanpl es
of addltlves include, but are not limted to, pol ynmeri zation catal ysts,

Co- cur i mtheageahtreasons drab willbaarparest, to élgmé@@‘tdsargsam rAf EEpetiviecmauihat s,

sol vent fillers oot it ai ds [ ds
surface 1?‘?0%‘?1¥?’8?§at OPHQF ﬁrﬁﬁr%? t9 pg o 1 *fngtll’ dsuélggt%gn{ ﬁomgl@

combi natphAHserthigh &Plo 0.5 62by E)@@gml es of poI ymer i zatl on. cat al yst s | ncl ude,

but are not limted to, transition nmetal conpl exes, im dazoles, phosphonium

salts, pbdphoni urﬁf@dﬂfiﬂt@%eﬁ the palyeysigpeatadicas pokyphencdi Wil the | at ent
cat al ySt el PTERSRILARLL ) (AT AN MR GTBEC st abjphati ¢ ani nes

avai l abl'e i nonot o Fi ne-Techno

Co., | n@pplman@n@zerdabhé’r&empewur%f 200di thi76dCus erferrah dnd forlsonet i ons t her eof .
[ 63] Exanpl es of co-curing agents_include, hut are not limted to,
di cyandieBPH@EONSUIRSeTien tearPeFiiaiti diZRes, to SRERds most prafaricd- FORPBEIAES.

penzoxagl e enBIRKINILRR eIl AL BEPbe ROMYAMMMAER, 7 8RR, CPORJA T Ons { her eof

[ 64] Exanples o ane retar 7 or synergists for flane retardants
i ncl ude applidatianea reattion mnteEfd)nthopi‘RlS[ﬁztd’romss isprdferired.ng nol ecul es such as

H DOP 10- di hyd 9- h 10- d
produc'g 304 g|ne>s/| {T H\}%OPTI(%F vi Ospﬁﬁgggrg%?ﬁg]ﬁ’ﬁm it elzneg%y;@gﬁg nations
thereof ..} @%]n&ﬁ?ﬁ%m Q%hé?fnogét{albfer%d&ﬁitﬂﬁlxe THYherRloRet®Ple Lddihdtor Qn Sil i ca,

alumna tri rate, al um num oxi net al oxi des, carbon nanotubes, silver
fl ake orbe[a@mﬁéphaseamnbms ll poeider, gxra;iquméphaan,ckucbmba seltifionghatiiseledés The
filler can .be functi onal

2011/.136845PCT/ US2 709
non- f und§ YR¥PENZ, Ft}\‘??r(?fdif?iycé’ﬁ%’rp?‘&tﬁglieﬁﬁBOlyP]PFéIO? ﬂ%?/ é’&’ﬁ“ﬁg\fgh Bértl cle
sizer a@@%c?@loﬁé@é&@n&p&%ﬁeﬂoﬂ% HavBlvarib @6l visermidasariebs ?d«laaﬁg QR pronoters

i ncl ude are not limted to, nodified organosilanes (epoxidi zed,
met hacr yllescrlzbmi hereinal qulsucl@nnxtyresab@vglu@a:@ftroﬁdtm@an badeserb Hmhetg

nol ecul es nat es 2| r and..conmbi nations thereof. [67] Exanples
of \Aettlvﬁ%’e%fodzhaﬁvc?f%ﬁe t?’g@fgf%omgn%?nopncl ude, but are not linited to,

nodi f i ego@]ganom IFRinefie 8idﬁfcbr@émb@dlﬁmentthYié(théxm\Aé&%léS@j’mﬁfsltﬁﬁﬁsWl&ﬁoo series
(BYK Additives & Instrunents), and nodified fluorocarbons, . [68] Exanples

of surf & ErmopPiestghatis p hawmopplymesr & hasronalymerda apglymagrdsrixgdifionves and
gl oss a%qé Ef)ec?e%’of %%%n?e? H%Pe?ﬁ tl?evﬁkélggh%lrﬁflgéﬂz%\(&hégQ)'ft lves & Instrunents.

polycyclopentadiene polyphenol are considered to be one species of monomer.

[050] For one or more embodiments, the thermosettable composition is cured
to form a product that is a copolymer. A copolymer is a polymer derived from two or
more species of monomers. The two or more species of monomers can be referred to
as comonomers. Herein one of the two or more species of monomers that is one of
the comonomers is the disclosed vinylbenzyl ether of polycyclopentadiene
polyphenol. For one or more embodiments a comonomer is selected from the group
consisting polymaleimides, polycyanates, polycyanamides, epoxy compounds,

compounds containing one or more polymerizable ethylenically unsaturated group(s),



[ 69] Exanpl es of thernoplastic resins include, but are not limted to,

pol yphenyl sul f ones, pol ysul fones, pol yet hersul fones, polyvinylidene

fl uori de,wpabyetsbsasi m des, pol ypht hal i m des, pol ybenzi nipdaask@&s/ooeo? ylics,
phenoxy resins, polyurethanes, and cowbi nati ons thereof The thernoplastic
resin can be reactive and/or non-reactive. [70] Exanples of nold rel ease
agent s ingl : 0 Wyl , carnauba wax.
[ 71] Foralagﬁgﬁg}naﬁgéseﬁg%ggdf%ghgg%ﬁﬂge&%?o ug;{?tg?l![ﬂ;ﬁﬂgf ﬁg?seeﬂ?%re med by curing
t he di sabapesitibheinoiugaig cb@onmiphsictd mirsmal activedosl bfithed/ipdbsrpgt s, whi ch

can be said to be thernpset. These products can include an infusible

pol yner eHerswirRolygystorentadicns P@Hpﬁxwﬁ- ?{gas[r@mlmakﬁctw ﬂqveﬁeﬁn havet or flow

[ 72] Fory: r g{gtﬁp%;g}%@] r - di ovi des a

B- st ageci1 lfgér}grclit(t}rcatl&?rglg I'S alnt Er}g F}éQ§§apg ?l?é%o?.hg% ﬂ'er es’gafrn t abl e .
conposi tapplicatibheviBrest by cpreoshiiedlpy ssdedealflo hmychaboy aalificrentramitbht i ncl udes

contacti ntg a rei nforcenment conponent and.a matri x con‘gon nt. The matri x
conponerfctieqderel i dle WAUIERZY GHIET @ Qlﬁ‘é’c}‘&eﬁfaé%éﬁ’@h’@ %%ﬁﬁ%é‘ﬁ?t. ®The matri x
conpone r is

synergi 2‘ :QF%E%? f1 e§ Eeteﬁg{ng{)er%%% tgsésqgag}tgg{bglg gmg%ﬁgia? ﬁn(gcstﬁﬁgeB?ls) Itsg}éee(?zl-Ih products
have neahanieodbdanahtothe phyeonomer griapet fromsthe Betupaioesistieg t ai nabl e with only
t he indi vildu | ngnpo ents. The 1t hernoes)(%ttabl e conpositions ‘H?ff di scl osed
her ei n, PAPENAISEREES BRYPYADaIS: RANCIEHABEIRETPOXY COBPOTHE: PUPRP B Cenent
conponentnfafifindsnor thBR ol FX@MRIbeSetRY1chichBY Sndaflihidd grodpd), M@ not limted
to, glass, aramd, carbon,” polyester, polyethylene, quartz, WO

2011/ 1368nHRETHSHOLDL 080FOY Wetghtpeedent iodtlawtight hrreant o€ theamonanerbi nat i ons

t hereof .. The f.ibers can coat ed.. ..An .exanpl f a fiber. coating includes,
but 1 <. RO B eSO compysioRaRD B4R efbellamfl s EREAY) Lde. “but
are not THuE] fofend & mbredindslithbR iife vikyBeRSS efheRedfpol feydlopestaliicher s, R-gl ass
fibers, S-glass fibers, and T-glass fibers. Aram ds are organic, ﬁol yners,
exanpl epobiheidl are | hweighepergent taPé wraghtinepdentelf the mavewtess frem whigh Twar on(r) .
Exanpl es eof c§ir beon Iiirb\}eerds include, but are not Iimted to, those fibers

f or med f?o?ﬂpﬁ nﬂ}éé? y?&)nl trile, pitch, rayon, and cellul ose. Exanpl es of
netal fifbsns incl ygeinbpdlydakimaieslatdddresbinds hatiag e s8 mdk@alaleidbdeom um

ni ckel , platinum titanium copper, alumnum beryllium_ and tungsten.
Exanpl esneetiese Fammplasioh @plymakeimides inplyde.drué agggtot limiedda, +.4; t hose fibers
formed fir ' oxi e Sid L OXI BVAR fAelpY i oxide, silicon

ni i de, S S LD BHR B Rl R o i LI AET £ Son bor de.
Exanpl edismfaldimdmdsddeade ns-bianlaledeiddy(® 2, antametiyl) hexetied ,3-0, t hose fi bers
formed fromwood and non-wood. = [ 75]. The reinforcenen onponent can be a
fabric. bijmal¢igp ‘?ECQ?SFFQBe4'Pk§F}%mF‘?(b‘Pﬁ"cZﬁ’ée?f4i’%‘@FS Sde doRaher ei n

Exanpl e fapii_G:S i fA€ : otk dmr ks ; it .hahrics and
moven § Iy B rLfaS A S TRE 3

rei nf or bemei¢imidniphemtl selfondyd,4abesomddeinadé dicydbhexyd nfetheme; 2dd t he fabric.

[76] For_.the .B-staged pro . the reinforcenent conponent can be exposed
to the M%?%HB@W%&P@H{ér\ﬁdgg'&’bﬁfﬁlﬁﬂg}lgait%b?f}?g, sprayi ng, or sone other _
procedurngsy)Af ter tigeihehdll OFaneB ate CPRAREThaNIAS thEBPNRYPORREt O the matrix
conponent & portion of the solvent that is presént in the thernosettable

conposi maetiesafkxbmples b pely cyinmtssgheluile.ibuaatearot bynitedde. tigphemplkeAnheat i ng can

b f.90 C 00 C f. | i [ h
neat | ng AART Bkl G0 apenae! Reiberatco R SaeaRE PRMEC,) vone 1

r emoved pohRyiritd didicRIRhedieneasdl Bhepal: DitattIbyitytur£dicydidtsbgraesd;al curing
can be referred to as B-staging. The B-staged product can be referred to as
a prepr egf-oBimethyl-hg-dearpngobanzeae; 4chlorpd Padigyanatgbenzene; 13,200 C; however
for song. ' j | - ' Ccan. @l .emperature. [77]
R B L T N R i et

appl i catdigyasatofighenydpthet;e¢3's §,6'afetrhmpthybtigt dcybedtodi pherod ethed, 3,3'ay,6-s of the
B-staged product can be alternated with |layers of a conductive material. An
exanpl et?ffac?#ﬁ’éo‘é&ﬁgt?é’?’i‘%%d‘ﬁ)ﬁ?%’ £ er;i%%aﬁrs—?yaa@*fopbsnwﬁ]ﬂpﬁ?ﬁ &etio, copper
foil. Thl‘?4’-%isg[tp@(%%gatophenyl isopropyl]diphenyl ether; 4,4'-bis-[p-

cyanatophenoxy]benzene; 4,4'-bis-[m-cyanatophenoxy]diphenyl ether; 4,4'-bis-[4-(4-



WO 2011/ 136845PCT/ US2011/ 000709 20 product |ayers can then be exposed to
conditions so that the matri x conponent becones nore fully cured. For
exanpl e, wbeoB/stsged product | ayers can be exposed to actraspanavarne of 90
Cto 230 Cfor a period of tinme of 105Smi nutes to 500 m nutes. Additionally
t he B-staged product can be exposed to a pressure of 50 NNcnR to 500 N cn®.

In this curin rocess t.he, nmatryi,x,C0 ent .on. the. reinforc nt.. conponent
can fl ol %Pr%_‘)p%ego ST“E’WH@“WP@Q‘@S%@%@% H’éﬁ&%%&%ﬁ?hq%&%ﬁg&%er eby

fusi ng 8he 3 auerandthges PedicyarhiBliplésy/] uiphbRs 8k bIIetdmsklbtablie conposi tions
and/ or the di scl osed B-staged Jg_roducts can be cured to provide products

t hat i ndioyaeatodiphenyl sulpbend; #f-bisd pteyangiophent isperapyHeinhgay! selpkeng; cal

| am nat ¢s,, , St uct ur ' l.L.e .erial s, filanment w ndings,
mol di nggi B zlfﬁ&%na?‘éﬁé%pwggfgﬁ)%glr@%%}%%g4|%gsslgwgnd adhesi ves, anong

ot hers. cPimpsphém@xyipHeagbal shond s U Sbisdn-(Hnyhradepltasi r abl e gl ass transition
tenperatures, solvent resistance, noisture resistance, abrasion resistance,

and_ t ougrenexpy])psosmpl-Ehepyiopinbanerd. Arkis-[4-{BoyaripPeaYY( acet yl acet onat e)
et oo SR S o Pl PR aaseBit g
Di cycl opglphast. ene avai |l abl e from The Dow Chem cal Conpany. [83] Syngas (1:1
molar 1 ?(35i3(]) <o HZ)Heer‘gigj }’l)O géy%n];.lgl?(ﬂa]s '?ldrer go%%po%n%gha\hgg o olr Qq%ig
cyanamide moieties. Examples of polycyanamides include, but are not limited to, the
dicyanamides of 4,4'-diminodiphenylmethane; 4,4'-sulfonyldianiline; 4,4'-
diaminodiphenyl 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.
[054] An epoxy compound is a compound in which an oxygen atom is
* directly attached to two adjacent or non-adjacent carbon atoms of a carbon chain or
ring system to form an epoxide or oxirane ring. The epoxy compound can be selected
from the group consisting of aromatic epoxy compounds, alicyclic epoxy compounds,
aliphatic epoxy compounds, and combinations thereof.
[055] Examples of aromatic epoxy compounds include, but are not limited
to, glycidyl ether compounds of polyphenols, such as hydroquinone, resorcinol,
bisphenol A, bisphenol F, 4,4'-dihydroxybiphenyl, phenol novolac, cresol novolac,
trisphenol (tris-(4-hydroxyphenyl)methane), 1,1,2,2-tetra(4-hydroxyphenyl)ethane,
tetrabromobisphenol A, 2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-hexafluoropropane, and
1,6-dihydroxynaphthalene. ) ‘
[056] 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 inclﬁding 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-



[84] KBr plate available from Sigma-Aldrich. [85] KBr pellet available from
Si gma- Al drich. [86] 3-Mercaptopropane-1l-sulfonic acid, sodiumsalt (90%
purity) awai2babisesssSr om Si gma- Al drich. [87] Hydrochl ori ecaaisdo114A0620%5.
reagent grade, 37.5% by acid base titwation, available from Malli nckrodt
Baker, Inc. [88] Phenol >99% avail able from The Dow Chem cal Conpany.

aval 1 abiorr b o b O TP S e Bl S P 21 [on)
Triet hy|e§6ﬂﬁ9cl@ﬁ@9&}11@@ﬂ@1 BlAshE-Y ﬂd yicthhex i 2arbixgMtor paepirans, 99.8 %
avail abl e from Sigma Aldrich. [93] Anhydrous sodiumsulfate avail able from
Si gma- A|n@ﬂth1)d¢1yclohexylmethyl -3,4- epoxy -3- methy cyclohexane 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-
epoxycyclohexyl)propane; dicyclopentadiene diepoxide; ethylene-bis(3,4-
epoxycyclohexane carboxylate); dioctyl epoxyhexahydrophthalate; and di-2-
ethylhexyl epoxyhexahydrophthalate.
[057] Examples of aliphatic epoxy compounds include, but are not limited to,
polyglycidyl ethers of aliphatic polyols or alkylene-oxide adducts thereof,
polyglycidyl esters of aliphatic long-chain polybasic acids, homopolymers
synthesized by vinyl-polymerizing glycidyl acrylate or glycidyl methacrylate, and
copolymers synthesized by vinyl-polymerizing glycidyl acrylate or glycidyl
methacrylate and other vinyl monomers. Some pai‘ticular examples include, but are
not limited to glycidyl ethers of polyols, such as 1,4-butanediol diglycidyl ether; 1,6-
hexanediol diglycidyl ether; a triglycidyl ether of glycerin; a triglycidyl ether of
trimethylol propane; a tetraglycidyl ether of sorbitol; a hexaglycidyl ether of
dipentaerythritol; a diglycidyl ether of polyethylene glycol; and a diglycidyl ether of
polypropylene glycol; polyglycidyl ethers of polyether polyols obtained by adding
one type, or two or more types, of alkylene oxide to aliphatic polyols such as
propylene glycol, trimethylol propane, and glycerin; and diglycidyl esters of aliphatic
long-chain dibasic acids.
[058] A compound containing one or more polymerizable ethylenically
unsaturated group(s) can be a monoethylenically unsaturated monomer or a
polyethylenically unsaturated monomer. Examples of compounds containing one or
more polymerizable ethylenically unsaturated group(s) include, but are not lirﬁited to,
those described in U.S. Patent No. 5,428,125, which is incorporated herein in its -
entirety by reference. )
[059] Additionally, as is known in the art, it is possible to add other
themiosetting monomers such as non-glycidyl ether di or polyepoxides, di or _
polyisocyanates, and benzoxazines, as well as other oligomers or polymers such as

poly(phenylene oxide) to the disclosed thermosettable compositions.



[ 94] Bi sphenol A dicyanate avail able from avail able from Hunt sman

I nternational LLC as AroCy B-10 Mononeric Bi sphenol A Dicyanate. [95]
Anhydr ouswoebhamed4savai | abl e from Sigma- Al drich. [96] kcrhiseenthydooxi de
avai l abl e from Sigma-Al drich. [97] M7nyl benzyl chloride (43 para/ 57 %
meta isomer mxture) available from Sigma-Aldrich. [98] D atomaceous earth

i | abl Cel i 45, el | i on. 1. Pr -
B oycroplilla: one o shehyes PR s HRRb R AR conRPkio R SIAA, O %) 56
ol ),  RB-solehiy | Elapkpteyd dnenty inetudé) b3s ag not lidfitedd) Retordartlidey,c| opent adi ene

(70 g) were conbined in a nitrogen atnosphere purge box to forma sol ution.
The sol atdobelsywnsl gsteas eixamplas abietonespaglnde, bataremohhanitsd 40.g6etondir ee ti mes

br easar S RF S 10 weloE-BEnt, ERRpYRR ol RRLES G B Phel TYani

The r eagi:ieQa tWag NahéRyIEsnssiog NN-AghdieylacebdRide Gasl )Chr omat ogr aphy system
Gas Chromat ograpg}( (GC)_analysis of the brown |iquid showed
di cycl opeatndpyreoiidinons. distpmpdesy & alephelmmelydabulpremypt imptpdtonpthangld

di cycl opgnt adi en 0 (1\7) ea% | : d i.n). Gas
chr omat 8@?&%@? ﬁ%gﬁ&g%ﬁﬁg %’glg%lpi gﬁﬁé{ %ﬁé?leggg%esr?ﬁ% t ﬁgt %F’ g\%\)nq l'iquid
wi t h t heinfigidltetheth§PA etite] ethyhgtdteta] ark9P3whMesS” Bpekt Thaesleenticadibeded t he

formati on of the desired dicycl opentadi ene, di al dehyde%(q = 192) and
sat ur at &ight eproenienSaveiehirdresb af aiiglgucighiofthe BiefmosaiiaRior (5, cbcls,

oo 7sCaRoRyhol ot GERy By thshe (R INE 190 5 558

40.92; 4bmPaAsing hBrermsetable 4bmpOsitiah. 58; 45. 64; 45.70: 46.07: 46.11;
48.36: 48,65 49.17: 53.17. 53.21. 54.57. 202.86; 202.89:. 202.92: 202. 95
203.03; (994, 07, 2d79r§9¢ opp9re ampedimepisdht ﬂ@rfn%eétﬁé]%cﬂomﬂoﬁ’ﬂoaﬁ% udes

spect r ophoh@RRE " EQa&E{EE Br a@dial&sSihelual, vt BRalot fikdidab, JdIgmbBrigaanl 1 quid on a
1(Br plate via a N colet Avatar 3700 DTGS FTIR
catalysts, co-curing agents, flame retardants, synergists for flame retardants, solvents,
fillers, adhesion promoters, wetting aids, dispersing aids, surfac¢ modifiers,
thermoplastic resins, mold release agents, and combinations thereof.
[062] Examples of polymerization catalysts include, but are not limited to,
transition metal complexes, imidazoles, phosphonium salts, phosphonium complexes,
tertiary amines, hydrazides, “latent catalysts” such as Ancamine® 2441 and K61B
(modified aliphatic amines available from Air Products and Chemicals, Inc.),
Ajinomoto Fine-Techno Co., Inc. Ajicure PN-23 or MY-24, modified ureas, and
combinations thereof.
[063] ) Examples of co-curing agents include, but are not limited tc;,
dicyandiamide, substituted guanidines, phenolics, amino compounds, benzoxazine,
anhydrides, amidoamines, polyamides, and combinations thereof.
[064] Examples of flame retardants and/or synergists for flame retardants
include, but are not limited td, phosphorus containing molecules such as H-DOP
9,1 O-dihydro-Q-oxa-l 0-phosphaphenanthrene-10-oxide) reaction products,
magnesium hydrate, zinc borate, metallocenes, and combinations thereof.
[065] Examples of fillers include, but are not limited to, silica, alumina
trihydrate, aluminum oxide, metal oxides, carbon nanotubes, silver flake or powder,

carbon black, graphite, and combinations thereof. The filler can be functional and/or



WO 2011/ 136845PCT/ US2011/ 000709 22 (Therno El ectron Corporation) showed a
strong al dehyde carbonyl stretch at 1720.4 cn* [0102] Preparati on of

3- mer captworomwdpsane sul fonic acid catal yst PCT/US2011/000709

[ 0103] 3- Mer capt opr opane- 1-sul foni ¢ aci8d, sodium salt was added to
concentrated hydrochloric acid (35.7 % aqueous, 200 nmL) which was

magneti cal | tir i.n_.a glass beaker...After,coveri with a sheet of
parai i | oeindiral ol s8R, Mo U AR SR ek ot e of

at nrosph&fdrg 0Mohm kN €0 ubnhe resulting white crystalline slurry was stirred
for 5 mhutes then firtered over a nediumfitted glass funnel. The filtrate
was rot dP§6levapor dtxamnles ¢fi aghegosgram@ersangude bpeare gt iméRg t&ol i d product

whi ch was ed as the catal vt wi t-her i

[0104) prERERES PRRneeafsts Rt Rl bun Bebrel dLATaIPLAE AR rcransienss or epared
above, (siBuPénidiniie méledBesTtitmated CLtdoaatkdhd @bmhbimtivanthebefiol (470.5 grans,
5.0 noles) were added to a 1 liter glass three neck round bottomreactor.

The readfef i ncl udetmplesefbrveting ekged/ar diseersnB@diafiienset arenGther momet er
both af flfrr)l(i?e% t%?m%gﬂieﬁ%g&}srﬁéifl%‘fe%s?%hqas?%_gg'EYaIQ@J:W 900 s@ﬁ'&b@ﬁ Wvgjgoead ni trogen

inlet, a glass’strrrin 'onrm stirrer ade coupled to a
vari abl eesge@YKotdditives @ istruhentshsndtmedifiby floontabbhed heating mantl e.

Overhead nitrogen flow (0.5 Ijter per mn s established and the contents
of the rB&dtor werleampleser’f a%”@ggr%ﬂn&dé‘\ﬁoﬁg)‘tﬁf%’ﬁﬁtégnﬁﬂdqoegﬂbi ng stirred
to provi ga- Fel ?ﬁd\;\ngé‘sréggltiti%@,' LRW 25 URE G0aik @I L AB YRR AiNeds &2S Prepar ed

(a % g S ed tot

above, a e contents of the reactor resulting in a
peak exdhdtammemd. 70 C after 3 minutes and a dark anber solution. The

heat i ng tle was_remved. fromthe reactor, .and a fan.was used to cool the
react or [55 erior t 36‘%3@ Ofl'—th?rfrl‘ﬂﬂ[lasélﬁtr%ﬁl%wcw.e’ tgye ’We’iémla‘%tﬁleta’ to the

cont ent %)ogI ih%ﬂ{ﬁﬁ&lﬁﬁféﬁ,g{oé}gs%%héi BOlyetheRuPBAKs, BSQVIRLITRS 18&Gide, af ter one

m nute; "a e rea exterior was cooled fo 65 C. Further catal yst
(0. 35 g)polysheaitaides, polyphthabiondesnpalybénzitislarelas taorylice,hlendxyyresimsa peak
exothermof 68 C after 2 .m nutes; i,h the reactor.exterior was cooled to
65 C. Fd° %?tﬁ%%a%%or?z%mé@n@)?ﬁ%%g%é&ewpﬁﬁgc LSH 6 % 675 react or
and the jL8R¢LBA-r&%EGEI Or maintai ned a tenperature of 65 C. After 5 minutes
further catalyst (0.37 g) was added to the contents of the reactor and the
react or [8XQleri or d&mmplexef meldmeBasegentsgrclgde byt ere ot hinilgdde, Wwaite fan was

r enoved an% t he heatigg mantl e was returned to the reactor. Further
cat al ystSUED?38 &) HME 44380 to the contents of the reactor and the reactor

exteri oopgs nai nt BbNEEk Gmée cmbodimes, 2he Pridusts Wit laee for@bd pyeasige |iquid
chromat ographi c (HPLC) anal ysis was WO 2011/136845PCT/ US2011/ 000709 23
used t o thodiseloped thermeesatiele somposifens ag erasplinked @olympers, Walrh gaiba Hewl et t

Packar d 1090 Liquj i i Ll ent
A R T e N i R L AR
XDB- C8  anakyftércahegheantal, ot withndgtméls odfléwx 12.5 mm). The col utms were

mai ntai ned i n a chromatograph oven at 40C. Acetqnitrile ang Waber (treated
with 0.d873 aqueo@r@nsﬁém%pm@og@pe@}s, the present disclosure provides a B-

staged product that is obtainable by curing the thermosettable composition. The B-
staged product can be formed by a process that includes contacting a reinforcement
component and a matrix component. The matrix component surrounds and/or '
supports the reinforcement component. The matrix component and the reinforcement
component provide a synergism. This synergism provides that products obtained by
curing the B-staged products have mechanical and/or physical properties that are
unattainable with only the individual components. The thermosettable compositions,
as disclosed herein, are useful as the matrix component.

[073] The reinforcement component can be a fiber. Examples of fibers

~ include, but are not limited to, glass, aramid, carbon, polyester, polyethylene, quartz,



were used as the eluents and were initially delivered via punp at a rate of
1.000 nL per mnute as a 70 / 30 % solution, respectively, changing after 5
m nut es two200M368430 % sol ution and held therein for thecmastoiboordnut es.
The acetonitrile used was FIPLC gradel9 100.0 % purity (by gas

chromat ography), with a UV cutoff of 189 nm The o-phosphoric acid used was
nom nal ly. &5 %%xﬂﬂ:r BiohBb Yl ¢ ﬁl?)?ﬁ/ati% s theXof, THE fiPRL&an BEREatd@S ARPLC grade. A
di ode array’dee ector enpl oye or the sanple analysis was set at 225 nm and
t he ref ekanple ofaditeetoaingihdudes, bifthie nbolimited &1, doyst used was 1. 95 grans,
whi ch was Q.05 nole % w th respect to the dicyclaopentadi ene di.al dehyde. At
1.6 houl@74ft er t Hexammes ofgdass ‘E’EIES la%llafi?,%élﬁ?feﬁ}@E%RaW&ﬁ?/»s’lgﬁ?ﬁsﬁ&%E%& ed full
conver siro i ag i al fehyig d onBTHISE gkt | on of

pr oduct goglfgsfl%%#,%qug@é%ﬁg&g;ﬁ%gdsﬁgiﬁreg fghég contreshts o?éthe reactor were
equal | y Adbmidiede brganicapoppahers ofxabgddserfswhiblainchatehbatome aptleditd o, t er s of

dei oni zed (Dl ter. The contents of ch beaker. were st.ir. for 75

m nut es;KecVﬁ“?éﬁ),a“\fIYa@”"E% eﬁ?txgn@ﬁes@{(gﬁr%@ggfﬁ}gfs ug F’éﬂltf{frnoﬁ‘ﬁpgfgﬂﬁat ely 12
hours. bR fbth AP BRI IR ANEhi RS pRaL 2R JartdedlukRb UPRaBb1e3 @0

mllili @fé(;rsg ﬁ:}t)%% f?h{é&gerga tegﬁg}guelous’%ort’?dyr? was di élcar ded. Additional D
wat er wasetalditbes inolude,chut beearcs insitedt thastaiakesh stoelaklwomivad, mickels |iter total

vol ume; each beaker's contents was, stirred gnd hgat to.50 C. Vi.scous
strings P tl%ﬂ&?%%ﬁ@?%&ﬂ&?l%%h%hm alngrI %n glpﬁe&qf_(‘fﬁ?a “each
beaker . fHag iGONHE Hu$ afnot BeliteR 86 KBHscArE fothiet IfRth ARmiARRALRKdeMat el y 12

hours and after settling each beaker was decanted and the decanted aqueous
por t i on silaendicads, dedoniBoidipxide, Diliagatrétride1siBeqn eashidy, hogen eafbsg. t o t he dark

yel | ow qrange, cpl ored..product renai ni ng..i.n_each bheaker i e contents
of each%ﬁé%mqff)aagn(&l}lg‘?”g@or d]ﬁ(@ﬁlpé%? (?fobl%lgﬁs. ‘&Fstlélfﬁﬁ&%ﬁ%ge rﬁcﬁe contents
of each jpgakiap, WBsEBdrs MRS Mbdtadd 23n&voddi | € being stirred; after

whi ch solids from each beaker were collected via decanting through filter

paper. TthA&Icol | ect rewiforgemertrcontonceiranbe febiianilee Hibsk camct hen into a
vacuum qven at 100C f hou sl i r ound to a
fine po e(fz;fﬁ ‘r%géf Iﬂﬁ?{eag%fsgugs{?g%\g/{fgguﬁg%élggp %ﬁa@ﬁﬁ?%ﬁhﬂ? i %iﬁgf © %&5 hours to
yi el d 11907 tor anshedffabticyal operh dgbrésze Thelfytphedalbe wiidiedetions cwbserved to
be a nustard yel |l ow col ored powder. FTIR WO 2011/ 136845PCT/ US2011/ 000709
24 anal yeilgaxhl. {The rginégresmpatrroaRoaaRE 598 by FHEFRINAtea; o b b sreiths e

di sappegance of the al dehyde carbonyl stretch at 1720.4 cm1 and a strong
aromati c ring absorbance at 1610.9 cm 1 (shoul der at 1595.7) and 1510.0
cml, a[b7€ad str divg thyHrstagel plodcs ttheteitforigmeentenpeheat ca3382%xposst 1, and a
broad strong C-0 stretching at 1226.7 cm 1. (shoul der_ at 1170.7). HPLC

anal ysi 40 FW&%%WH%%@W% RiRS-EPEYEE AT $RIRE ORSHOREHIE conpri si ng
27.9, 4. : 9 jtmel 4R 4] Comononer
Synt hes i'%ﬁe(r %“%&eé’?féﬁgﬁ‘teﬁé?@ﬁ@&fgg‘ﬁ%é 32}) aeggt% e 0&? gciglg]qﬁgﬁég cC F?S g nt adi ene

pol yphemottiorast the epaer dhabopresent 26th@3hemenssttabio aempéditjorocadbenydr oxyl

equi val ent) d anhydrous .acet ane S illiliters) were ad §0 a 500
mllili F%‘PPY‘%_Y%@?E%‘@%?“ RireF B Sﬁ%ﬁ?%%@ ‘1385’&36?}%%?@‘ es%g(’fqbui%peq with a
condensgg 2008 N AR fitsofhe @hplicatioRs HHEXBaLSE cardéccly 8f iv@krni trogen inlet (1
liter per mnute N2 used), and magnetic stirrer. Cyanogen brom de (22.67

grans, Ocopdratune| While apd/o1 afigrpetisahisoemened theyarox PrmequenigARRE rati o) was

added tao the cont s of ..the reactor ile stikrl ro_ ok acetone bath
was pl ad8H! cfélfedteﬁl? 83@?&“5’%(?@%8 ré%l“? &é%lagc%hska%%pg& %ﬁkeacgr%aeact or were
cool ed tRodRt Can B¢ fe@irhad ta1aks AGrdp2og. 6B -WiANE carlo P4t ameiperatur®2f 90 °C
triethylam ne: h&g;oxyl equi valent ratio) was added to the contents of the

r eact or ,to AP &6; Dpveverdorsomerrpalieations theBstaging @ngreeyr ¢t apgthen over 22
m nut es. rlf:lgé/gug(j[ nutes later, the contents of the reactor transforned to a
l'i ght ye? col'ored slurry that was indicative of a triethylam ne

hydr obr qo7le pr odulte BsRiged prualuysican bk layeecd ori fetrhgd aué aehdpgdifobr o de
product reveal ed 24 conponents .wi.th every conponent present . haying a

di f f er erfPmeAPBREILORS P ?Ft’tl?ﬂ%é%m%?elﬁ@s’algipﬁo “r‘fsd’ﬂﬁ“ég 8%%’{163{1 s of the

di cycl Ogﬂ%gﬁikﬁ‘d&%t | L}%ﬂ?ﬁﬂ%‘md JUE s SGVLL L N SR aRfihETAL Bearhple @Ehy| ani ne

addi ti on, I ng e reactor ‘contents were nai ntained at” a

t enper atthe eomfuctive Bateaial Rclfdes, et isawt lioriteddmtoopper fedr dhadidetdged a beaker of
dei oni zed water (400 milliliters) and dichloronethane (250 mlliliters).
The beaker contents were stirred for 2 mnutes and then allowed to separate
in a separatory funnel from which the dichloronethane | ayer was recovered
and the aqueous | ayer was discarded. The dichl oronet hane | ayer was added
back into the separatory funnel and extracted with fresh dei oni zed water
(400 milliliters initially, 250 mlliliters thereafter) three additional

o . N o o . o o o N N T o



WO 2011/ 136845PCT/ US2011/ 000709 25 side arm vacuum fl ask to provide a
clear, light yellow colored filtrate. The filtrate was rotary evapor at ed
usi ng a mevi2nm36845 bat h tenperature of 55 C. Addi ti onalpCratsasiy/oewzapor at i on
was performed at 75 Cuntil a vacuum2f 0.4 nmm Hg was reached to provide a
solid powder. The solid powder was then placed in the vacuum oven heated to

75C for _16 i 14 el i, adi te,
oo wE e BeRYedtpiRatd sl SYShPRERARLLERRoRRL YV anacE,
br om de bp&Inh&tmére fultg calie@y Ebppemiplel the 8- agadcyratadt dayRENstndRtxbbssde was no

hydroxyl group absorbance while a strong cyanate gr_ouP absor bance at 2265.2
and 223% a tespperatifeesof s ér tpedB0 GRiocapsePd of §merrfi 10animytesdo cBRPBREATs with 3

pr edom . 99@_’[ i S 7 2% rggpecti vel y.

[ 0109] C%?r%gpggpge asﬁaﬁfgggﬁ{dugo%%o%i eix?%% oP Odlﬁg%gﬁ%%r@gg?%r@e)sggol ycyanat e
[ 0110] DiN/érat. el thil cusing pRédegs the neatiixredmpotddBCh thnedinfoicemeht Canpareat | ve

Exanpl e A, _a conposition of dicycl opentadi ene pol ycyanate. as prepared
above, €& Bowgpdypix Vpléhffhsrr%@éax\ﬁpmﬁoaeq&@ataidﬁgewd%eréﬁw?eb@ fyeing fiut e from 25
Cto BSQaygrsL{g &hefi trogen stream (35 cc/nm). No nelt endot herm was detected.
A single“exotRermattributed to.cyclotrinerization was detected with a

162. 6 C[@rsdet, a Z6i2.discldsed tpomnsettableccom@Baiohs GndodtheAlislosed dat hal py of

164.4 joul e r gram as seen in Table 1A, was determ ned, DSC anal ysis of
the r e SPESHPORBFB Gt i?l@lf&é {HBrogdere P tD PehtiethdEnRH 56t %ﬁgﬂ%%%gwr ndi cat ed
m nor f Z&F&t@&fve%%@%f A&tk 19AHRRRC R @I %Hnée&coﬁpg%{%%?gﬂéﬁﬂl%hgsc

anal ysis shifted the onset of mnor exothermcity to

honopol filamax iwiedings ovddiegs.foastmgshencBSQlatialsypickagings, and edimsspasent ;  anber
colored, rigid solid. [.0111] Conparative Ex | e .B:, . Conmposition of Bi sphenol
A D oy artonl pleto] haperinary b P& o RUB Bubi PR Tiskfnosi ¢i on o

bi sphenglmratufsagiét rdskbanke Thbish9€ Ad¥Rtand@SatRedibiFRRnkE [dAda heating rate
of 7 Cper mnute from25 Cto 350 C under nitrogen stream (35 cc/m. There
was a sitongheessharp nelt endothermwith a 83.0 C midpoint acconpani ed. A
melt enthal py of 98.7 joules per gramwas determ ned. A single exotherm
attributed to cyclotrinerization was detected with a 244.1 C onset, a 320.7
C mdpoint, and a 352.6 C end. A cure enthal py of 588.9 joules per gram as
seen in Table 1A was determ ned. DSC anal ysis of the resultant '

honopol ytri azi ne of bisphenol A BXAMREES i ndicated nminor WD

2011/ 13?&@?PCT/ US%%%AQQO?OQ

[080] Rh(CO);(acetylacetonate) available from Strem Chemicals Inc.
[081]. n-butyldiphenylphosphine available from Organometallics, Inc (E.
Hampstead, NH, USA) . '

[082] Dicyclopentadiene available from The Dow Chemical Company.
[083] Syngas (1:1 molar ratio CO:H,) available from Airgas Great Lakes,
Inc. \

[084] KBr plate available from Sigma-Aldrich.

[085] KBr pellet available from Sigma-Aldrich.

[086] 3-Mercaptopropane-1-sulfonic acid, sodium salt (90% purity) available
from Sigma-Aldrich. ) .
[087] “ Hydrochloric acid, A.C.S. reagent grade, 37.5% by acid base titration,
available from Mallinckrodt Baker, Inc. , .

[088] Phenol, >99%, available from The Dow Chemical Company.

[089] Anhydrous acetone available from Sigma-Aldrich.

[090] Cyanogen bromide available from Sigma-Aldrich.



26 further exothermcity comencing at 319.9 C, with a noted gradual
exothermc shift starting at 150 C. A subsequent DSC anal ysis provi ded

exot her mwotyicosswnci ng at 209.8 C with a nore pronouneed/uszatjoer7o® ¢ shi ft
commenci ng at 320.4 C. The honopol ytratazi ne recovered fromthe DSC anal ysis
was a transparent, |ight anber colored, rigid solid. [0113] Conparative

Exanpl e _C__Product_ Oht ai ned by. rin nparative Exanple A .

[ 0114] CE¥ar at i Ve%@%ﬁ@qr@nﬂavélaﬁﬁfﬁ %@ﬁ"éﬁ&lf’ﬁdi ng di cycl openti adi ene
pol ycya@zﬁ as pr enakIsrbnidiRIR, 99.9.95, Ahil¥Ke fRhRSRehd Al@Rhal um num cont ai ner
and then into a 100 C oven for one hour. Then the contai ner and contents

were trfferred tAmhydd®ms s@livmesulfateraverieblpiom SEorpadditchve Exanpl e A was a

h li quid.aft .minytes .in the 150. ;The | i quid
o aced 104 200" CuTRRTIGE HORBH Soplabe Bomagtumg R BPtEmebl Bnd i nat 1y
a 300 Craventibmil LldeyAchcgJ BavadoRYm&HOBispAekdI MODicYad#eC t o provide

Conparative Exanple C, a product obtained by curing a conposition including

di I(:ycl ot adi ene Agdiygropamsthanoaeniloblsdoen Sigma-dldrehspar ent, anber

col ored Lgid solid, DSC.anal ysi s ,0f -t he«pr od . (18.9 mlligrans)

i ndi cat é%dq gl assL_tltl%é\u i}sl?' ?rgﬁldgtavﬁﬁ bg%grgpla§1%;nga-§f&rvj§5_ 70 C, as seen in Table
2A. | 01{@7?‘13 npar atvikglbExaMphieriBe (4 @dited/ SAMahae dhoper Gukiung) dvailgtde at i ve
Exanpl e B [0116] The process of Conparative Exanple C was repeated, except

t hat Corﬁq@&&ltgmﬂeAléf’&Frpl e B (0.5 gran) was substituted for Conparative
Exampl e Conpar &{. ﬁg}gl e []! [ {,n the 100
C oven. [®h8é heat i ?glht\zéﬁlcﬁlgés( owaﬁ}égy%{@%}ea%gs@%gg???%gfflg%\vgeec%\?g%/aﬁggd

Conpar ative Exanple D, a product obtained by curing a conposition including
of bisphenol A dicyanate. The product was a transparent, yellow col ored,
rigid solid. DSC anal ysis of the product (19.5 mlligrans) provided a gl ass

transi tim at at W 8 TREv@denffii&se BRuLReqe | N Table 2A. [0117] Exanpl e
1. Synt e3|]s" of wim_ ycycl opent adi ene Pol yphenol
[0100] Rh(CO),(acetylacetonate) (35.1 mg; 0.136 mmol), n-

butyldiphenylphosphine (0.33 g; 1.36 mmol), and dicyclopentadiene (70 g) were
combined in a nitrogen atmosphere purge box to form a solution. The solution was
placed in a 150 mL Parr reactor and sparged three times with syngas at 20 °C. Then,
the solution was heated to 100 °C at a syngas pressure of 90 psi while being stirred to
form 97.7 g of a brown liquid. The reaction was monitored using an Agilent 6890
Gas Chromatography system. Gas Chromatography (GC) analysis of the brown
liquid showed dicyclopentadiene dialdehyde (87 area% in GC at 10.4-10.7 min) and
dicyclopentadiene monoaldehyde (6 area% in GC at 5.6 and 6.0 min). Gas
chromatographic/mass spectroscopic (GC/MS) analysis of the brown liquid with the
Agilent 6890 and a Agilent 5973 Mass Spectrometer indicated the formation of the
desired dicyclopentadiene dialdehyde (M* = 192) and saturated dicyclopentadiene
monoaldehyde (M" = 164). 'H NMR (8, CDCls, ppm): 1.2-2.8 m (17H, CH + CH,), 9.28-
9.57 m (2H, CHO). *C NMR (8, CDCls, ppm): 23.66; 23.81; 24.35; 25.90; 25.97; 27.82;
27.97; 29.45; 29.63; 40.65; 40.92; 41.03; 41.38; 45.42; 45.50; 45.58; 45.64; 45.70; 46.07,
46.11; 48.36; 48.65; 49.17; 53.17; 53.21; 54.57; 202.86; 202.89; 202.92; 202.95; 203.03;
203.07; 203.09; 203.14

[0101] Fourier transform infrared spectrophotometric (FTIR) analysis of a
neat film of the brown liquid on a KBr plate via a Nicolet Avatar 3700 DTGS FTIR



[0118] Di cycl opent adi ene pol yphenol was prepared as above using isoneric

di cycl opent adi enes (97.3 area % (GC)) and nonoal dehyde isoners (1.2 area %
(G0O)) andwbigherses®sl ecul ar wei ght byproducts. WO PCT/US2011/000709

2011/ 136845PCT/ US2011/ 000709 27 [0119%Di cycl opent adi ene pol yphenol (133.16
g, nomnally 1.0 hydroxyl equival ent), anhydrous nethanol (264 g), and

oi ass ¢ bRl o aARbAIRNERA st s R BERIRIBA A A2 | L0%0 o

condensgk;! a thernmoneter, both affixed to the reactor via a C aisen
adaptor,- an addition funnel capped with an overhead nitrogen inlet, a glass
stirrin@9Rhft wi Preparation|af dymercaptor l-propanelsulfonigacid ce lystvari abl e speed

aelsulfonigagid
not or, t her i ed. A =N rhead nitrogen
flow ( 1@?’? Er per W&%&Q@?Hg@ gglrgﬁl?ﬁéi& agh%%%gﬂ%gm%ta?dgﬂfhe reactor were
stirred cérﬁﬂén@&e@hﬁ&geﬁloﬁ@ aPidq8 5 de/ aquests 200y ke whsiinagieticAfly er t hree
y

m nutes, |ithium roxi de powder (14.3 gram; 0.597 nple) was added to the
cont ent stiregd inteeglpsschenksr. Mg IsovaELe ViR 2ishest o8 Sarafilo™Mr GAREHFRR col or change
of the Ut t 0 ' Was qised to cool the
react or %%(1 Iré"{rl?%fl’ @'ﬁe%gﬁg%é?ﬁgépg&%@qnﬁ%(%%%ggba{lteﬁrcféﬁdg? 41 %f our m nutes
af ter t hgunidiviliirreredtallihe shuntyhiasrstifnedfox$ eenutbs fhicadiiterddnameea nadfdien t he

| ithium hydroxide additiaqn, the exterior of the.re or was. at
t enper afiiffed Bess3onneladhe filtFate ¥as rotary; QYRPRARAIQIEHeE f?-gétg@f@rpéme@%g? nol e)

was add t r f - | L;pum exot her m of
3 A S o S e P e (14, 3 or o,
0. 597 nmpbldy] was aftieablationt Reactiont ents of the reactor with no resultant

exot her Then the_.contents, of react or were heat 55 C,qver 35

m nut esr@ﬁéﬁ]vi nyl wmpe@md&ﬂe&iaqgﬁyds@sg?m?gé‘?@& _ %r)a%gagdded to
the conbemd & dfrelRE) ARAMbREN BYGI0! M08 ShRSS Virdolbd)v@rddudém 4 vnrel .
Fifty-eight mnutes after the inception of the initial vinylbenzyl chloride
addi t i oglass threeheack vound txetomy teactor.oll helesagtbt 2ncl@degramrmmbiontzgmeensbire) was

added to_the conptents of the reactor. over 60 m nut.es to. proyi de an orange
col or ed & P?/“‘ﬂ’&%rnﬁt}\ﬁﬁmt’@e?&gﬁélh ’d‘eéé‘? thedgpdpoga a&%lf"égn §‘.¥3§’?‘?1rour s °
anhydr o . / ; wnt: e reactor to
oice_ SR BEbIAROI R R (MAS AP G IO S IRABHAirePhl T8

i ncept i epupdéd fohevdriable speed hivydrbamizy theerhbaniicélyaddirdlil@nhdatiapg nidndevi nyl benzyl

chloride added to the reactor had been corrBhetel y consumed.ﬂé&lf:t his tinme,
a

f ur t her OvstheadBitrogen gloyr @rsitenae Y dpscataphghed GRd dhf condgnts eact or,
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29 absorbance within the region for aromati ¢ G H bendi ng vibration where
para substitution provides 2 adjacent hydrogens at 826.92 (s) cml; and GO
st ret chi nyoabsioBksance at 1112.20 (n) cni. [0120] Exanpl e P2T/USh@nmowet t abl e
Conposition Including Vinylbenzyl Eth8rs of Dicycl opentadi ene Pol yphenol
[0121] Differential scanning calorinetry (DSC) analysis of two portions of

Exanpl e 2 { Sanpl. and S 2 a er ttab idd i ncl udi ng
the vinyf tr‘?z‘?n?nlg)_r'%%er %O%?n%ggtﬁ?ﬁ Ir‘%)dﬁéq{t Qheéﬁgﬁgb cy%dr?gﬁglﬁggfs%ﬁpﬁragg%fi ed above,
(8.9 andp8p Qicgiia ChesradiBdrapR SsiRe b 2 BRAE M JsE® aA bigett) XD B-@BenglytidalC per
mnute from25 C to 425 C under nitrogen stream (35 cc/m. No nelt

endot hercowas(5detdet k 640 ninpwith aofECépm%I{éfgibnétXD Kol aplytical guard
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DSC anal ysi.s of i S duct (26.40 m/ i . f d wth
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the fourth scan, as seen’in Table 2B. [0124] Exanpl e 4: Thernosettable
Conposi tdigyalopaotadidne dialdehyddoredistriutien of pfodBetsycl opent adi ene Pol yphenol

and Comw Pdgi r (B S/git%e%qgela 226.‘29h81¥rasr%ﬁet 8dnte5n7t's %? thve\z'treactor were equally divided
into a pair of beakers that each contained 3 liters of deionized (DI) water. The
contents of each beaker were stirred for 75 minutes; then, the contents of each beaker
settled for approximately 12 hours. After settling each beaker was decanted to a
volume of 500 milliliters and the decanted aqueous portion was discarded. Additional
DI water was added to each beaker so that each beaker had a 3.5 liter total volume;
each beaker’s contents was stirred and heated to 50 °C. Viscous strings of reddish
amber colored compound formed in the bottom of each beaker. The contents of each
beaker again settled for approximately 12 hours and after settling each beaker was
decanted and the decanted aqueous portion was discarded. Boiling DI water (1.5
liters) was added to the dark yellow orange colored product remaining in each beaker
while the contents of each beaker was stirred and heated to boil.” After boiling the
contents of each beaker were allowed to cool to 22 °C while being stirred; after which
solids from each beaker were collected via decanting through filter paper. The
collected solids were placed in a ceramic dish and then into a vacuum oven heated to
100°C for 16 hours. Then the solids were ground to a fine powder and returned to the
vacuum oven for an additional 6.5 hours to yield 119.79 grams of dicyclopentadiene

polyphenol, which was observed to be a mustard yellow colored powder. FTIR



WD 2011/ 136845PCT/ US2011/ 000709 30 [0125] Vi nyl benzyl ether of

di cycl opent adi ene pol yphenol, as prepared above, (0.0980 gram 42.85 wei ght
% and biwphenoi3easdi cyanate (0.1307 gram 57.15 wei ght p&yr/usesig/oaiided to a
glass vial and ground with a spatul a 240 provi de Exanple 4, a thernosettable
conposition observed to be a honogeneous powder. [0126] Exanple 5: Product

bt ai ' | Eth

of b1 oy L IR E o RAPARLCkAN ob BRI LMo OBERK, = 57 1
W 9% [ddeh ]i@&@barmﬁlspfsuch aoﬁ7mammr‘amd A Srohghirdrhatiy wig Absostsanpenf or med wi t h
a heating rate mnute from25 C to 350 C under nitrogen stream

(35 cc/ Mp10R amel £shewdért ﬁelrSW\Mn@éé&Qé@ W bFoadioRg By dioryE@-B0 C, a
m ni nums?lretcﬁﬁng Gnfe C?QS?S@?TZ%%U,[ eg% b?o?cf'gr r@ld stf‘e%}ﬁﬁé Qtyl gﬁgm‘m joules /

gram A’sing exo Rerm a ocopo marlzatlo etected with an
onset of(sidulded@t C 70a7)rakPIo@ mmaifvs@ Gfili@ffedC] 2 aomporetnaf with & p?éﬁoﬁnnzmtc ure

ent hal py of 313.3 joul.es ram . a n in_ Table 1B, was determ ned. A
subsequecﬁfnPBB@t%%IﬁPBﬁnE%g g 6.8, 41 éf%bg@f’dggtzeﬁr??eé’ rsweﬂv?lﬁg t he

t her m)se[ ﬁ@ﬁl e cor@&ﬁbﬁdf ;E@#CS%@ Qéf%ehﬂﬁw%@@%Ew?M%f ions indicated a
gl ass transi'ti on temnperal e 2B.

[ 0128] E{ang8je 6: Tlheycﬂbﬁattacabmeep@ymmml tas@replamdla}ndwng[z&’m)glrdmmzyl Et hers of
Di cycl opent, e ol yphenol no S anat e, 50 wt ¢
[0129] vmlaély yp2 2by W@%ybqquavai?@) @ﬁmgﬁlﬁ eﬁw@ﬁﬁﬁ@ﬁﬂ% BeEpar ed above/()

added to a 500 milliliter, three neck, round bottom glass reactor that was equipped

with a condenser (maintained at 0 °C), a thermometer, an overhead nitrogen inlet (1
liter per minute N, used), and magnetic stirrer. Cyanogen bromide (22.67 grams, ‘
0.0214 mole, 1.07:1 cyanogen bromide:hydroxyl equivalent ratio) was added to the
contents of the reactor while stirring. A dry ice-acetone bath was placed under the
reactor and the stirred contents of the reactor were 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, which were maintained at a temperature of -8 °C to -3
°C, over 22 minutes. Five minutes later, the contents of the reactor transformed to a
light yellow colored slurry that was indicative of a triethylamine hydrobromide
product. HPLC analysis of the triethylamine hydrobromide product revealed 24
components with every component present having a different fetenﬁon time than
those observed in the HPLC analysis of the dicyclopentadiene polyphenol. 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 of deionized water (400 milliliters) and dichloromethane (250 milliliters). The
beaker contents were stirred for 2 minutes and then allowed to separate in a separatory
funnel from which 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
hazy dichloromethane solution was dried over granular anhydrous sodium sulfate (25
g) to provide a clear solution that was then passed through a bed of anhydrous sodium

sulfate (100 g) supported on a 400 milliliter, medium fritted glass funnel attached to a



(0.1435 gram 50.00 weight % and bi sphenol A dicyanate (0.1435 gram 50.00
wei ght 9% were added to a glass vial and ground together with a spatula to
provi de Bxarzpliei36845a t her nosettabl e conmpositi on obser ve@Crasbe 1400709
honogeneous powder. [0130] Exanple 7: Broduct Obtained by Curing

Ther nosett abl e Conposition Including Vinylbenzyl Ethers of

Di cycl opgnt adi ene P enoI and Co & te, 50 wt %
[0131] Défa, C4RAN ﬁgllngngl‘a&%;) lge nl’Ili)g%) lo\é’r%gfm%’he@\gllsatés&oﬁr@% as above. A
mel t engpihé goﬁ?éd%l Wakffﬂmﬁﬂ oﬁ%%ﬁiteﬁf&e?h@ur@%@ﬁacmmdm&a@f 81. 16C,
an end of 89. nd a nelt enthal py of 42.01 joules / gram A single

exot her Iﬂﬂ)taltytd’viabblﬂaﬁdn was penfminwm i7520 wnil wascaeh ef Oddnmi Hp waas reacbed  of

184.51 C, a -maxi mum of 262. 83 an end of 327.17 C.. A cure enthal py of
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| ncl udi pgllafiodyhadiaysippantatkens p%cygxay@r%w&ﬁtaaﬁem NogIRAEREN 8ro¥nd Cononomer
(Bi sphe anat ] F1

di cycl o%ginotra | e(ri’}e/h %o S?rﬁﬁg%ﬁr?dt%\% pﬁg%%{lrrg %8})/32& ?gﬂ%g%%e& Iraglmvg 0. 01 wei ght
% and hbbsphen HPECdhnalysis dtidicdtéd 1260mpomemts Wih 3$redtinghtnt¥dpmpenentadded to a
gl ass vial and g(rzound toget her with a spatula to provide Exanple 8, a

t her mos €PMABFEL 23 M4 0tang 3 | (?b%}'é‘i‘\/‘é’ifsﬁ?tlﬁélya honbgeneous powder.

[0134] Exgipe 9 Rkt ANRE ALY ook i 1SS RIS aRi@ L ComPosi i on

Polycyanate
[0110] Differential scanning calorimetry (DSC) analysis of Comparative

Example A, a composition of dicyclopentadiene polycyanate as prepared above, (6.6
mg) was performed with a heating rate of 7 °C per minute from 25 °C to 350 °C under
nitrogén 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. A cure enthalpy of 164.4 joules per gram, as seen in
Table 1A, was determined. DSC analysis of the resultant homopolytriazine of
dicyclopentadiene polycyanate indicated minor further exothermicity commencing at
271.1 °C. A subsequent DSC analysis shifted the onset of minor exothermicity to
307.1 °C. The homopolytriazine recovered from the DSC analysis was a transparént,‘
amber colored, rigid solid.

[0111] Comparative Example B: Composition of Bisphenol A Dicyanate

[0112] DSC analysis of Comparative Example B, a composition of bisphenol
A dicyanate, (10.1 milligrams) was performed with a heating rate of 7 °C per minute
from 25 °C to 350 °C under nitrogen stream (35 cc/m). There was a single sharp melt
endotherm with a 83.0 °C midpoint accompanied. A melt enthalpy of 98.7 joules per
gram was determined. A single exotherm attributed to cyclotrimerization was
detected with a 244.1 °C onset, a 320.7 °C midpoint, and a 352.6 °C end. A cure
enthalpy of 588.9 joules per gram, as seen in Table 1A, was déterrrﬁned. DSC

analysis of the resultant homopolytriazine of bisphenol A dicyanate indicated minor



I ncl udi ng Vi nyl benzyl Ethers of D cycl opentadi ene Pol yphenol and Conononer
(Bi sphenol A Dicyanate, 39.99 wt [0135]DSC anal ysis of Exanple 8 (9.30

m | 1igramnsd 20ms13p85f or ned as above. A nelt endot her m wagCadtSeati®@t7 t h an
onset of 52.22 C, a mininmumof 80.73 %6, an end of 89.13 C and a nelt

ent hal py of 38.02 joules / gram A single exothermattributed to

copol yneri zation was. detected. Wit ., anset of 178.70 C, maxi of

555° 15 s exciericigy gommepeing ot g1 £ Rithgyrost 5943 SxafeBR BT gram as
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o oduct SoET e ed by Bl R e R e e O ke
af or ement 2@n&eC edthti nbesronodticed eectharngk 85t ¢onamsndingat 3XpeCatlhee of

292.07 C, as seen_ in Table 2B. %0136 Exanpl e 10: Thernosettabl e Conposition
| ncl udi ReMePRlIREisRecoyergtbiramghe BSEyNabisenvah BARSPREN:R8h8MO%hd Conpnoner
( Pol ycyggg}}e% ohidAgyc! opent adi ene Pol yphenol, 50 wt % [0137] Vi nyl benzyl
ether o I cycPopent adi ene pol yphenol, as prepared above, (0.1824 gram

50. 00 w0 g % anCbrpedrytiwedraineplof": Hradnct OprieddiveGerippCympenadle as
prepar ed above, (0.1824 gram 50.00 weight %9 were added to a gl ass vi al
and gro@%é@&gét her with a spatula to provide Exanple 10, a thernosettable
conposi f¢ obser\@oc}? Aﬁg{fp e : L1 Product
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Di I t adi Pol yph | 50 % . [0139] DSC | ysi f, Ex I 0

(5. 10 m? iagﬂ'g?%&)eomﬁ;fxrﬁ%fe?ﬁméah%t%“m%;nq[qan bRl AR YRR Bt oct od. A
Bin 52

of 177, G70E R oS CRaGABRM ISR A s HIGELEd ha er

100. 8 | 94lgsuiREin SeaAB° 8ovefe The Mqhrles PiBeed M@ 200 °C oven for 1 hour,
2011/ 136845PCT/ US2011/ 000709

then a 250 °C oven for 1 hour and finally a 300 °C oven for 1 hour followed by slow

cooling to 22 °C to provide Comparative Example C, a product obtained by curing a
composition including dicyclopentadiene polycyanate. The product was a
transparent, amber colored, rigid solid. DSC analysis of the produét (18.9 milligrams)

indicated a glass transition at a temperature of 295.70 °C, as seen in Table 2A.

[0115] Comparative Example D: Product Obtained by Curing Comparative
Example B
[0116] The process of Comparative Example C was repeated, except that

Comparative Example B (0.5 gram) was substituted for Comparative Example A.

Comparative Example B was a homogeneous liquid while in the 100 °C oven. The
heating and slow cooling, as described above, provided Comparative Example D, a
product obtained by curing a composition including of bisphenol A dicyanate. The
product was a transparent, yellow colored, rigid solid. DSC analysis of the product

(19.5 milligrams) provided a glass transition at a temperature of 275.70 °C, as seen in

Table 2A.

[0117] Example 1: Synthesis of Vinylbenzyl Ether of Polycyclopentadiene
Polyphenol

[0118] Dicyclopentadiene polyphenol was prepared as above using isomeric

dicyclopentadienes (97.3 area % (GC)) and monoaldehyde isomers (1.2 area % (GC))

and higher molecular weight byproducts.



32 was determ ned. A subsequent DSC scan on Exanple 11 (Sanple 1), a
product obtained by curing the thernosettable conposition using the

af or enentwoned/sesadi ti ons reveal ed a glass transition teoparsatanaer7od 294. 80
C, as seen in Table 2B. A rePeat of t21e aforenenti oned DSC anal ysis

i ncl udi ng Exanple 11 (Sanple 2) (8.60 mlligramsanple) indicated a gl ass

s D e oS XS TR MEBRRL A ¢ 16

Conpar atel¥i@aleXEBnhe dRubd Bibtianoll eEler) 1dhdEX Ut tiary-butyl-4-methylphenol
(0.1343 g) were added to a S liter glass three neck round bottom reactor. The reactor
included a chilled (0 °C) condenser, a thermometer, both affixed to the reactor via a
Claisen adaptor, an addition funnel capped with an overhead nitrogen inlet, a glass
stirring shaft with a Teflon™ stirrer blade coupled to a variable speed motor, and a
thermostatically controlled heating mantle. Overhead nitrogen flow (1 liter per min)
was established and the contents of the reactor were stirred for 62 minutes to provide
an amber colored solution. After three minutes, lithium hydroxide powder (14.3
grams, 0.597 mole) was added to the contents of the reactor which resulted in a 39 °C
exothrerm and color change of the solution to a red amber colored solution. A fan
was used to cool the reactor exterior which reached a maximum temperature of 41 °C
four minutes after the addition of the lithium hydroxide. Fifteen minutes after the
lithium hydroxide addition, the exterior of the reactor was at a temperature of 30 °C
and further lithium hydroxide (14.3 grams, 0.597 mole) was added to the contents of
the reactor to provide a maximum exotherm of 37 °C. After another fifteen minutes,
furthc;,r lithium hydroxide (14.3 grams, 0.597 mole) was added to the contents of the
reactor with no resultant exotherm. Then the contents of the reéctor were heated to 55
°C over 35 minutes and vinylbenzyl chloride (55.94 grams, 0.3664 mole) was added
to the contents of the reactor over 13 minutes via the addition funnel. Fifty-eight
minutes after the inception of the initial vinylbenzyl chloride addition, further
vinylbenzyl chloride (112.19 grams, 0.7349 mole) was added to the contents of the
reactor over 60 minutes to provide an orange colored slurry having white suspended
particulates. After 3.5 hours anhydrous methanol (264 grams) was added to the
contents of the reactor to reduce viscosity. HPLC analysis indicated that 16.2 hours
after the inception of the initial vinylbenzy! chloride addition that the vinylbenzyl
chloride added to the reactor had been completely consumed. 'At this time, further
methanol (278 grams) was added to the contents of the reactor, followed by further
vinylbenzy! chloride (50.84 grams, 0.3330 mole) added over 35 minutes. Further
vinylbenzyl chloride (50.84 grams, 0.3330 mole) was added to the contents of the
reactor over 35 minutes 24.8 hours after the inception of the initial vinylbenzyl
chloride addition. Further vinylbenzyl chloride (25.42 grams, 0.1665 mole) was

added to the contents of the reactor over 16 minutes 48 hours after the inception of the



Cure Enthal py (joules/gran) .Exanple 2 (Sanple 1) 72.2 Exanple 2 (Sanple 2)
93.5 Exanple 4 313.3 Exanple 6 245.5 Exanple 8 224.2 Exanple 10
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initial vinylbenzyl chloride addition. The contents of the reactor were maintained at
55 °C and stirred for 62.8 hours after the inception of the initial vinylbenzyl chloride
addition, after which the contents of the reactor were cooled to a temperature of 25 °C
to provide a cloudy light yellow colored liquid and solids. The cloudy light yellow
colored liquid was decanted and discarded. Methanol (1 liter) was added to the solids
and the contents of the reactor were stirred under a nitrogen atmosphere for 110
minutes. Then the contents of the reactor were allowed settle and the methanol phase
was decanted and discarded. Further methanol (1 liter) was added to the contents of
the reactor which were stirred under a nitrogen atmosphere for 75 mmutes Then the
contents of the reactor were allowed settle and the methanol phase was decanted and
discarded. Further methanol (1 liter) was added to the contents of the reactor, which
were stirred under a nitrogen atmosphere for 18 hours. Then the contents of the
reactor were allowed settle and the methanol phase was decanted and discarded.
Dichloromethane (1 liter) waé added to the contents of the reactor, which were stirred
under a nitrogen atmosphere for 2.5 hours. The contents of the reactor divided and
equally placed into two 750 milliliter polypropylene bottles and centrifuged for 30
minutes at 2300 rotations per minute (RPM). A cloudy, light amber colored liquid
which separated was recovered from the bottles by decantation through filter paper.
The remaining solids were combined with further dichloromethane and extracted by
placing in a mechanical shaker for 30 minutes. The resultant slurry was centrifuged
for one hour at 2300 RPM followed by decantation of the separated liquid through
filter paper. The combined decants were filtered through a bed of diatomaceous earth
packed one inch deep on a 600 milliliter medium fritted glass funnel. Methanol (2.5
liters) was added to the transparent filtrate while stirring with a spatula in a 4 liter
glass beaker. A yellow gummy solid including the vinylbenzyl ethers of
dicyclopentadiene polyphenol precipitated and was recovered after decantation and
dried-in a vacuum oven at a temperature of 75 °C to a constant weight of 116.90
grams. FTIR analysis of a potassium bromide pellet of the vinylbenzyl ether of
dicyclopentadiene polyphenol indicated complete disappearance of hydroxyl group
absorbance; appearance of aromatic ring absorbance at 1507.15 (s), 1582.17 (m) and
1607.10 (m) cm’!; =CH vibration in conjugation with the aromatic ring at 1628.59 (m)
cm’'; absorbances within the region for aromatic C-H bending vibration where meta

substitution provides 3 adjacent hydrogens at 751.71 (m) and 794.16 (m) cm’'; an



100.8 [0140] The data in Tables 1A-1B shows that Exanple 2, both Sanple 1
and Sanple 2" the thernosettabl e conpositions including vinylbenzyl ethers
of di cyclwpentiaidssane pol yphenol, have a | ower cure ent haicpyustéanoene her
Conparative Exanple A, the conpositi ®® of dicycl opentadi ene pol ycyanate, or
Conpar ative Exanple B, the conposition of bisphenol A dicyanate. [0141] The
data in Tabl es 1A.1B furt.her. shows. .t 6, 8, and 10,

each bePRYPTRCH VIR 3{%%@8 frarpatic Eaﬁ qeﬁglln@d’ ‘?Fgf( %nﬁ'%ﬁetﬁ}? et hers of
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[0120] Example 2: Thermosettable Composition Including Vinylbenzyl Ethers

of Dicyclopentadiene Polyphenol

[0121] Differential scanning calorimetry (DSC) analysis of two portions of
Example 2 (Sample 1 and Sample 2), a thermosettable composition including the
vinylbenzyl ethers of dicyclopentadiene polyphenol as prepared above, (8.9 and 9.9
milligrams) was performed with a heating rate of 7 °C per minute from 25 °C to 425
°C under nitrogen stream (35 cc/m). No melt endotherm was detected. A pair of
exotherms attributed to homopolymerization were detected. At the end of the second
exotherm (400.43 °C and 403.40 °C, respectively for the two samples, 401.92 °C |
average) a sharp exothermic decomposition occurred. Respective cure enthalpies of
Example 2 (Sample 1 and Sample 2) 72.22 and 93.53 joules per gram, as seen in
Table 1B, were determined.

[0122] Example 3: Product Obtained by Curing a Thermosettable

Composition Including Vinylbenzyl Ethers of Dicyclopentadiene Polyphenol

[0123] A thermosettable composition including the vinylbenzyl ethers of
dicyclopentadiene polyphenol as prepared above, (0.5 gram) was placed in an
aluminum dish and placed into a 100 °C oven for one hour to provide a product that
was observed to be a transparent, light yellow colored casting. Then, the dish was
placed in a 150 °C oven for one hour, a 200 °C oven for one hbur, and a 250 °C for
one hour followed by slow cooling to 22 °C to provide a product obtained by curing
the thermosettable composition including vinylbenzyl ethers of dicyclopentadiene
polyphenol that was observed to be a transparent, light amber colored, rigid solid.
DSC analysis of this product (26.40 milligrams) was performed with a heating rate of
7 °C per minute from 25 °C to 400 °C under nitrogen stream (35 cc/m) and indicated
a glass transition at a temperature of 317.04 °C after the fourth scan, as seen in Table
2B.

[0124] Example 4: Thermosettable Composition Including Vinylbenzyl Ethers

of Dicvyclopentadiene Polyphenol and Comonomer (Bisphenol A Dicyanate, 5S7.15 wt

%)
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[0125] Vinylbenzyl ether of dicyclopentadiene polyphenol, as prepared above,
(0.0980 gram, 42.85 weight %) and bisphenol A dicyanate (0.1307 gram, 57.15
weight %) were added to a glass vial and ground with a spatula to provide Example 4,
a thermosettable composition observed to be a homogeneous powder.

[0126] Example 5: Product Obtained by Curing Thermosettable Composition

Including Vinylbenzyl Ethers of Dicyclopentadiene Polyphenol and Comonomer
(Bisphenol A Dicyanate, 57.15 wt %) -

[0127] DSC analysis of Example 4 (8.4 milligrams) was performed with a
heating rate of 7 °C per minute from 25 °C to 350 °C under nitrogen stream (35
cc/m). A melt endotherm was detected with an onset of 51.80 °C, a minimum of
79.74 °C, an end of 86.64 °C and a melt enthalpy of 52.43 joules / gram. A single
exotherm attributed to copolymerization was detected with an onset of 197.36 °C, a
maximum of 266.86 °C, an end of 331.73 °C. A cure enthalpy of 313.3 joules per
gram, as seen in Table 1B, was determined. A subsequent DSC scan on Example 5, a
product obtained by curing the thermosettable composition that employed the above
conditions indicated a glass transition temperature of 294.79 °C, as seen in Table 2B.

[0128] Example 6: Thermosettable Composition Including Vinylbenzyl Ethers

of Dicvclopentadiene Polyphenol and Comonomer (Bisphenol A Dicyanate, 50 wt %) .

[0129] Vinylbenzyl ether of dicyclopentadiene polyphenol, as prepared above,
(0.1435 gram, 50.00 weight %) and bisphenol A dicyanate (0.1435 gram, 50.00
weight %) were added to a glass vial and ground together with a spatula to provide

Example 6, a thermosettable composition observed to be a homogeneous powder.

[0130] Example 7: Product Obtained by Curing Thermosettable Composition

Including Vinylbenzyl Ethers of Dicyclopentadiene Polyphenol and Comonomer

(Bisphenol A Dicyanate, 50 wt %)

[0131] DSC analysis of Example 6 (10.7 milligrams) was performed as above.
A melt endotherm was detected with an onset of 50.97°C, a minimum of 81.16°C, an
end of 89.95°C and a melt enthalpy of 42.01 joules / gram. A single exotherm
attributed to copolymerization was detected with an onset of 184.51 °C, a maximum
0f 262.83 °C, an end 0of 327.17 °C. A cure enthalpy of 245.5 joules per gram, as seen
in Tabie 1B, was determined. A subsequent DSC scan on Example 7, a pr.(.)duct-
obtained by curing the thermosettable composition using the aforementioned

conditions indicated a glass transition temperature of 297.75 °C, as seen in Table 2B.
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weight %) were added to a glass vial and ground together with a spatula to provide
Example 8, a thermosettable composition observed to be a homogeneous powder.

[0134] Example 9: Product Obtained by Curing Thermosettable Composition

Including Vinylbenzyl Ethers of Dicyclopentadiene Polyphenol and Comonomer
(Bisphenol A Dicyanate. 39.99 wt %)
[0135] DSC analysis of Example 8 (9.30 milligrams) was performed as above.

A melt endotherm was detected with an onset of 52.22 °C, a minimum of 8§0.73 °C, an
end of 89.13 °C and a melt enthalpy of 38.02 joules / gram. A single exotherm
attributed to copolymerization was detected with an onset of 178.70 °C, a maximum
0f259.12 °C, an end of 320.12 °C. A cure enthalpy of 224.2 joules per gram, as seen
in Table 1B, was determined. A subsequent DSC scan on Example 9, a product
obtained by curing the thermosettable composition using the aforementioned

conditions indicated a glass transition temperature of 292.07 °C, as seen in Table 2B.

[0136] Example 10: Thermosettable Composition Including Vinylbenzyl

Ethers of Dicyclopentadiene Polyphenol and Comonomer (Polycvanate of

Dicyclopentadiene Polyphenol, 50 wt %)

[0137] Vinylbenzyl ether of dicyclopentadiene polyphenoi, as prepared above,
(0.1824 gram, 50.00 weight %) and polycyanate of dicyclopentadiene polyphenol, as
prepared above, (0.1824 gram, 50.00 weight %) were added to a glass vial and ground
together with a spatula to provide Example 10, a thermosettable composition observed
to be a homogeneous powder.

[0138] Example 11: Product Obtained by Curing Thermosettable

Composition Including Vinylbenzyl Ethers of Dicyclopentadiene Polyphenol and

Comonomer (Polycyanate of Dicyclopentadiene Polyphenol e, 50 wt %)

[0139] DSC analysis of Example 10 (8.10 milligrams) was performed as
above. No melt endotherm was detected. A single exotherm attributed to
copolymerization was detected with an onset of 177.87°C, a maximum of 235.95 °C,

an end of 295.23°C. A cure enthalpy of 100.8 joules per gram, as seen in Table 1B,
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A repeat of the aforementioned DSC analysis including Example 11 (Sample 2) (8.60

milligram sample) indicated a glass transition temperature of 295.37 °C, as seen in

Table 2B.
Table 1A
Comparative Example Cure Enthalpy
(joules/gram)
Comparative Example A 164.4
Comparative Example B 588.9
Table 1B
Example Cure Enthalpy
(joules/gram)
Example 2 (Sample 1) 72.2
Example 2 (Sample 2) 93.5
Example 4 3 1 3.3
Example 6 245.5
Example 8 2242
Example 10 100.8
[0140] The data in Tables 1A-1B shows that Example 2, both Sample 1 and

Sample 2,, the thermosettable compositions including vinylbenzyl ethers of
dicyclépentadiene polyphenol, have a lower cure enthalpy than either Corﬁparative
Example A, the composition of dicyclopentadiene polycyanate, or Comparative
Example B, the composition of bisphenol A dicyanate.

[0141] The data in Tables 1 A-1B further shows that each of Examples 4, 6, §,
and 10, each being a thermosettable composition including vinylbenzyl ethers of
dicyclopentadiene polyphenol and a comonomer, have a lower cure enthalpy than

Comparative Example B.
Table 2A
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[0142] The data in Tables 2A-2B shows that Example 3, the product obtained

by curing a thermosettable composition including vinylbenzyl ethers of

dicyclopentadiene polyphenol, has a greater glass transition temperature than either

Comparative Exarriple C, a product obtained by curing Comparative Example A, or

Comparative Example D, a product obtained by curing Comparative Example B.

[0143] The data in Tables 2A-2B‘further shows that each of Examples 5,7, 9,

and 11 (Sample 1 and Sample 2), each being a product obtained by curing a

thermosettable composition including vinylbenzyl ethers of dicyclopentadiene

polyphenol and a comonomer, have greater glass transition temperature than

Comparative Example D.



10. The thernosettabl e conposition of claim9, wherein the conononer is
from5 weight percent to 90 wei ght percent of a total weight percent the
nonomer s woebudiesesssn t he t hernosettabl e conposition. 1PCTASpI1ONETDI

obt ai nabl e by curing the thernosettabi4e conposition as in any one of clains
8-10. 12. . The product as in claim1l, where the product conprises a
B-staged product. 13. The product -as_in any one of clains 11-12, where the
product conprises an infusible pol Snet wor k.

What is claimed:

1. A vinylbenzyl ether of polycyclopentadiene polyphenol of Formula I:
(Formula I)

o ®n P ( (Th\ ox
A A D i3 S
_ - (,) @_ox
: : va @'@‘ ' (lll)m
xo——@ ®,,

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 halogen, 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 containiné 1 toA6

carbon atoms; and each X is a group of Formula II

(Formula II)

(R,

CH,
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in which each R' is independently a halogen, 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; and each q independently has a

value of zero to 4.

2. The vinylbenzyl 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.

3. The vinylbenzyl 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 vinylbenzyl ether of polycyclopentadiene polyphenol as in any one of

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

5. The vinylbenzyl 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 vinylbenzyl ether of polycyclopentadiene polyphenol as in any one of

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

1. The vinylbenzyl ether of polycyclopentadiene polyphenol of claim 1, wherein
m 1S Zero.
8. A thermosettable composition comprising the vinylbenzyl ether of

polycyclopentadiene polyphenol as in any one of claims 1-7.

9. The thermosettable composition of claim 8, further comprising a comonomer
selected from the group consisting of polymaleimides, polycyanates, polycyanamides,
epoxy compounds, compounds containing one or more polymerizable ethylenically

unsaturated group(s), and combinations thereof.
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10.  The thermosettable composition of claim 9, wherein the comonomer is from 5
weight percent to 90 weight percent of a total weight percent the monomers included

in the thermosettable composition.

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

of claims 8-10.
12. . The product as in claim 11, where the product comprises a B-staged product.

13.  The product as in any one of claims 11-12, where the product comprises an

infusible polymer network.



