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Thi s di solvourgissglsat es to pol ycycl opent adi ene conpoundgcTandoimogas ti cul ar
5curabl e conmpositions that include polycycl opentadi ene conpounds.

Backgr ound Phenolic resins are synthetic materials that vary greatly
in nmolecular structure. This variety allows for a nmultitude of applications
for these resins. One exanpl e of a 10phenolic resin is polycyclopentadi ene
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Nos. 3,419,624 and 4,546,129. Polycyclopentadiene diphenol may be used as a

curing agent and/or to prepare the corresponding epoxy, cyanate and/or allyl
thermosettable resin. These curing agents and/or resins can provide enhanced
physical and/or mechanical properties to a cured composition due to the presence of
15 the dicyclopentadienyl moiety and/or the functional group (e.g., the diphenol moiety).
For example, cured compositions formed from such resins can have both a high glass
transition temperature (Tg) and a relatively low water uptake.
To achieve these properties, however, would require the resin to have a high
functionality (i.e., chemical groups available for cross finking). As the functionality
20  increases in these resins, so does their molecular weight. As the molecular weight
increases, so does the melt viscosity of the resin. Having a high melt viscosity can

lead to difficulties in using such resins.

Summary’

25 For the various embodiments, the polycyclopentadiene compounds of the
present disclosure are represented by the following Formula I:

(Formula I)



(R nin which each X is either a hydrogen or a cyano group ( NC), each n
i ndependently has a val ue of zero to 20; each mindependently has a val ue
of zero two2p1p3bswg a val ue of zero to 20; each R is i neeparsde@ntbyoa

hal ogen, a nitrile group, a 5 nitro group, an al kyl group, or an al koxy
group, where the al kyl group and the al koxy group each independently
contain 1 to 6 carbon atons; and each Qis independently hydroggn or an
al kyl group containing 1 to 6 ¢arbon atons : Enbodi ment
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of Foiniula
conposition. @&m The above summary of the present disclosure is not
intended to describe each disclosed enbodi ment or every inplenentation of
the present disclosure. The description that follows nore particularly
exenplifjes .illustrative enbaodi ments. In 20several_pl aces throughout this
di scl osuPeVhiglyF és ?@%ﬁwgw&n%m@w grpar 4 NoF—dxanplegachvhi ch exanpl es
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excl usi v& f liasta vali Brdeed toD¥k enclpRiioimdependegtlly #halogen, a nitrile group, a
5 nitro group, an alkyl group, or an alkoxy group, where the alkyl group and the
alkoxy group each independently contain 1 to 6 carbon atoms; and each Q is
independently hydrogen or an alkyl group containing 1 to 6 carbon atoms.
~ Embodiments of the present disclosure also include a curable
composition that includes the polycyclopentadiene c‘ompound(s) of Formula I and a
10 curing amount of a resin or a catalyst amount of a catalyst and/or a cure accelerating
amount of an accelerating agent. For the various embodiments, when X is hydrogen
the resin can be a novolac resin formed from the polycyclopentadiene compound of
Formula I. The curable composition can also include a polycyclopentadiene diphenol
and/or an oligomer of the polycyclopentadiene diphenol. For the various
15 embodiments, the polycyclopentadiene compounds of Formula I can be used in
forming a cured or a partially cured composition.

The above summary of the present disclosure is not intended to describe each
disclosed embodiment or every implementation of the present disclosure. The
description that follows more particularly exemplifies illustrative embodiments. In

20 several places throughout this di_sclosure, guidance is prdvided through lists of
examples, which examples can be used in various combinations. In each instance, the
recited list serves only as a representative group and should not be interpreted as an

exclusive list.

25

Brief Description of Figures

2



Figure 1 provides mass spectronetric data on dicycl opentadi ene pol yphenol
produced according to one exanple of the present disclosure. Figure 2
provi des wo 2eliemesatal anal ysi s of dicycl opent adi ene pol yphaseéi1poadaced
according to one exanple of the present disclosure. 5 Detailed Description
The present disclosure provides for pol ycycl opentadi ene conpounds that may
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one, one or re, or all o thg listed itens,
present disclosure may be formed from polycyclopentadiene monoaldehydes and/or

dialdehydes. The use of polycyclopentadiene monoaldehydes and/or dialdehydes
20 allows for the polycyclopentadiene compounds of the present disclosure to achieve
the high level functionality with a relatively low molecular weight, which may allow
for a relatively low melt viscosity of the curable composition.
Curable compositions formed with the polycyclopentadiene compounds may
also provide for cured compositions that have an enhanced glass transition
25  temperature (Tg). Additionally, it is expected that the polycyclopentadiene
compounds of the present disclosure will also provide improvements in both moisture
resistance and corrosion resistance, as well as enhanced electrical properties, of the
cured composition, especially dissipation factor.
As used herein, "a," "an," "the," "at least one," and "one or more" are used
30  interchangeably. The terms "includes" and "comprises" and variations thereof do not
have a limiting meaning where these terms appear in the description and claims.
The term "and/or" means one, one or more, or all of the listed items.
The recitations of numerical ranges by endpoints include all numbers

subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).
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10 The term "alkyl group" means a saturated linear or branched monovalent

hydrocarbon group including, for example, methyl, ethyl, n-propyl, isopropyl, t-butyl,
pentyl, hexyl, and the like.

The term "alkoxy group" refers to groups where at least one hydrocarbon alkyl
group is bonded to an oxygen. For example, a group represented by the formula -O-R
15 or-0-R-O-Ris an alkoxy group, where R is the hydrocarbon alkyl group.

For the various embodiments, the polycyclopentadiene compounds of the
present disclosure are represented by the following Formula I:

(Formula I)
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20 in which each X is either a hydrogen or a cyano group (N=—=C ), 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, or an alkoxy group, where the alkyl group and the
alkoxy group each independently contain 1 to 6 carbon atoms; and each Q is

25  independently hydrogen or an alkyl group containing 1 to 6 carbon atoms.



20 in which each X is either a hydrogen or a cyano group ( NNC), each n

i ndependently has a value fromzero to 20; each mindependently has a val ue
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Preferably, .p has a val from zero to 3, nore preferably p has a val ue
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For the @é(ﬁoca)%s enbodi nents, the hal ogen 20 atomin either of the alkyl
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For the various embodiments, the R group may also be a fused ring group, producing
a riaphthalene structure with the ring group that contains the -OX group such as a
riaphthol (1-naphthol and/or 2-naphthol), tetrahydronaphthol, indanol, and
25 combinations thereof. .
It should be understood that the composition of the compound of Formula I
can be mixtures with various n and p values. For such mixtures the values of n and p
can be described as number average degrees of polymerization.

- For the various embodiments, when m has a value other than zero, the carbon
Q—c—
30 bonded to Q ( 7 ) is preferably in the ortho and/or para position relative

to the ~OX group. It is appreciated that mixtures of compounds having the

carbon bonded to the Q in both the ortho and the para position relative to the —



For the various enbodi nrents, when mhas a value other than zero, the carbon
30bonded to Q (cl) is preferably in the ortho and/or para position relative
to the - Xognnwuses4ut is appreciated that m xtures of cowpwwsdeiihevag the
carbon bonded to the Qin both the ortho and the para position relative to
the - WD 2011/136844 PCT/US2011/ 000706 OX group are possible. It is also
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t he - OX group. For the various enbodi nents, mcan preferably be zero
to providet¢e I -adi . | . 5(Formula I1) where X,
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where X, n, p, and Q are as provided herein.
As appreciated, when n is zero, the polycyclopentadiene compounds of the
present disclosure may also bé referred to as dicyclopentadiene compounds. As
10 used herein, however, the term polycyclopentadiene will be used, where it is
understood that this term rﬁay be replaced with dicyclopentadiene when n is

ZEero.

Preparation of Polycyclopentadiene Polyphenols

15 | The polycyclopentadiene polyphenols of the present disclosure can be
produced from polycyclopentadiene dialdehydes and/or polycyclopentadiene
diketones. For the various embodiments, polycyclopentadiene dialdehydes can be
produced via hydroformylation of polycyclopentadiene, in particular,
dicyclopentadiene, using syngas, a phosphine ligand, and a transition metal

20 (from Groups 3 through 10) catalyst using a method such as described by G.
Longoni, et al, J. of Molecular Catalysis 68, 7-21 (1991) or more generally in
Kirk-Othmer, ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, Fifth Edition,
Vol. 10, pp. 347-470 (2010). There are many variations in this process, including
a method (U.S. Patent No. 6,307,108 B1) that uses mixed polar/nonpolar

25  solvents to ease the problem of catalyst recycle and product separation. The



15The pol ycycl opent adi ene pol yphenol s of the present disclosure can be
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20 percent (%) or less of the total reaction products, of partially or totally saturated
polycyclopentadiene monoéldehydes may also be produced along with the

polycyclopentadiene dialdehydes. An example of these saturated
polycyclopentadiene monoaldehydes with saturated cyclopentane ring is

represented by the following Formula III, where n is as described herein:

25 (Formula III)

n

The polycyclopentadiene monoaldehydes can be partially or totally separated
from the polycyclopentadiene dialdehydes. For example, a distillation process
could be used to separate the polycyclopentadiene monoaldehydes from the

30 polycyclopentadiene dialdehydes.
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pol ycycl opgn | [ ﬁ%% : - Lene

di phenol s a%%gggﬁgﬁﬁgﬁ%'gﬂﬁ%ﬁengﬁﬁBfuce%ﬂggﬁ§§£%§§?%§%ﬁ?ﬁﬁﬁﬁggg?ﬁ%nt of

t he prestéatpolygelagsntaliene monofdehydes. vAan ieaas penbbdihiement s,

pol ycycl opent adi ene..di ket gnes. useful in the present disclosure can be

pr oduced? H?%ﬁ%ﬁa a%ﬁ??§§§§B°§yﬁﬁhégﬁg?mﬁdWc QHEPQIPHQBZGEﬁﬁﬁﬁ@gry gi ven

in Tetr HeoR bR heFermaf V69 (1987); Tetrahedron Letters, 27, 3033

(1986); Tetrahedron Letters, 27, 933 (1986); Journal of the American

Cheni cal Sodicemyla 19y, 7179 (1985); and Journal of the Chenical Society:

Chem cal Conuni cations, 1040 (1983). Th‘_polycyclopentadiene used in the

present disclosure can be prepared by hegdii ng cycl opent adi ene to

t enper at ures above 100 C as 25 di scl osi Kirk-C hoer, ENCYCLOPEDI A OF
O

CHEM CAL TECHNOLOGY, Fifth Editi onHOvd 010). Al of the
references nentioned herein are incorporat

r ef erence. ﬁ
~Q
n
‘ (R)

where n, m, R and Q are as described herein. Oligomers may also be present in

e\ r entirety by

15 the polycyclopentadiene diphenols. Thus, mixtures of polycyclopentadiene
diphenols and polyphenols rﬁay be produced as an additional embodiment of the
present disclosure.

~ For the various embodiments, polycyclopentadiene diketones useful in the
present disclosure can be produced through a multistep synthesis, for example the

20  chemistry given in Tetrahedron Letters, 28, 769 (1987); Tetrahedron Letters, 27, 3033

| (1986); Tetrahedron Letters, 27, 933 (1986); Journal of the American Chemical
Society, 107, 7179 (1985); and Journal of the Chemical S'ociety: Chemical
Comunications, 1040 (1983). The polycyclopentadiene used in the present disclosure
can be prepared by heating cyclopentadiene to temperatures above 100 °C as

25  disclosed by Kirk-Othmer, ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY,
Fifth Edition, Vol. 8, p. 223 (2010). All of the references mentioned herein are

incorporated herein in their entirety by reference.



Hydr of ormyl ati on can al so produce small anmounts of isoneric ketones as
descri bed by Longoni. These ketones can be the predom nant products when

t he H2/ COwpnesisusss4i s low (-1 atm). If these ketones arecprmss@nioooms t he
product m x they can be condensed with phenol to form pol yphenol s of
Formula V, where n, 5m and R are as described herein. 10 (Formula V) As
provi ded her eHidrafsrmulationtaanesdsopraduee soiajicamowpe of agtireersc ktonnsas dehy des,
di al dehy et one al l.ow control, over, the | evel of functionality
e g Vet Pa Ry SURRE TR ke @ PRl bElnsti Rl BFEtuch MEBahe Ty 1 or
a cur abl H/G0pesistieon 16 theatpi) egetHesd ke @nes dfepeatniia @ejprsded & 9-
decreased or 1ncreased) based on the relative anpunts of the

pol ycyc|%ér@@adﬁe@@@dﬁme@p\ﬁéhmh§n@n@ fora RRdvphspolopeRerdilkent. dhpttemol s used
in 20 ﬁAﬁﬁ@EPB%%kQﬂmcfg&Pﬁ%%ﬂg the level of functionality in this way may
aIIOM/for the properties such as glass transition tenperature (Tg) of the
cured conposition to tailor to desired |l evels and/or balance with other
properties (e.g., toughness) of the cured conposition. Moreover, it may be
possi ble to control the anount of dicycl opentadi ene and/ or '

pol ycycl opent adi ene noi eties in the pol ycycl opent adi ene di al dehydes of the
present disclosure. The dicycl opentadi ene and/ or pol ycycl opent adi ene can be
formed through 5D el s-Al der chem stry using cycl opentadi ene where, as

di scyssed herein, the average value for n of Fornmula |I can be fromzero to
20. So, for exanple, when the polycycl opentadi ene noieties in the

pol ycycl opent adi ene di al dehydes of the present disclosure are oligoners
they can have a distribution of n values that is on average from2 to 5.

For other edisogivei)s, n can have a value of zero or 1. The

OH
l |

ﬁ \+?
(R) A

R)

n Q

As provided herein, using mixtures of the polycyclopentadiene
15 monoaldehydes, dialdehydes,land ketones may alIoW control over the level of
functionality in a given curable composition. So, for example, the crosslink
density for a curable composition of the present disclosure can be adjusted (e.g.,
. decreased or increased) based on the relative amounts of the |
polycyclopentadiene polyphenols and the polycyclopentadiene diphenols used in
20 the composition. Adjusting the level of functionality in this way may allow for
the properties such as glass transition temperature (Tg) of the cured composition
to tailor to desired levels and/or balance with other properties (e.g., toughness)

of the cured composition.



10ability to control the dicycl opentadi ene and/ or pol ycycl opent adi ene
noi eties in the pol ycycl opent adi ene di al dehydes nay al so allow for the
ability twocontmeds4and/ or tailor a crosslink density of paTasc@hloer7oé
conposition while retaining or even increasing potential noisture

resi st ance ﬁnypertl es of the cured conposition. The resultin

po: ycyc: opent!8fiodRe lﬂmy&fgy%;blﬁltéﬁe } theamowtt af fecyptppentadiene I
pol ycyc novol ac
Pt ] onArosh R SRRPRANRKE SRS i Bfe KAV ORI GRILIERE DRGSR oF oS

di scl os upleselﬁahsdlbalr\zaﬁmuﬁcﬁﬂ‘dmﬂtaﬂ&me&nd/bhpoll?@y&blﬁéhtdd@éﬁétda(ﬁrbd nvol ves the
use of a_pheno] and an acid catal yst. For exanple, the polycycl opentadi ene

di al dehy@%@egﬁhr%ﬁhen phenol can be reacted at a tenperature of 65 Cto 70
Cwt t h esence of an
Wi f' Sf)?erlsr Aﬂﬂt 'dﬂgﬁfstr uggl r&'yElr ﬁ%@ﬁt@d%ﬁ%@&elxsed@@ugsé Geeﬁlgld g,asvaer%ﬁ1 g with

acid catal yst. he resoltl i ycyc opentadiene dia
any of tWﬁup«ﬁcbrym:yﬁFomnIaaKha&nl@e fronozdrd eh§@leSo, fonexdniiee wingiethgo a novol ac

reaction to f e pol ycycl opent adi ene pol yphenol s of theéﬁresent

di scl osuP¥YCHE eflﬁ 1698 MBS ARBRAR PEAY S OPHERGiEPE Hispdehyales @Adhpol yphenol s of
h f |
the. Presgiaterd Wici6de Ulolfididl iR raﬁgx%@a asﬁ@aggﬂggb'&megaﬁ?ﬁé g ot a mie

rati o of the pol ycycl opentadi ene des ycycl opent adi ene
nonoal dech%)frdehén(ﬂor athdf embednhsdntst, ntcedh@slfmodlue sfigdroas 1. flbe exanpl e,
o cr resol , 2,.4-di 6- di net hyl phenol ,
ﬁit h%h‘htyg’tﬂa()%fﬂéﬁ?n lﬁé?slopwta@e%aft or Cya aeﬁﬁiﬁe@? BINSHepiRHCL: 15 to
in ﬁ&?cﬁﬂ@ﬁ&ﬁ&cﬁeﬁé dﬁld&%’d@s?ﬁéﬁél\%\?%l%@ﬁ)@t a&ﬁﬁ%% QQMO?’Q@/BP”" 0.1to

2, and nore preferably from ase on the anount phenol or
subst i t utedar ﬁﬁmllnb@yﬁp@wndfeﬂprdyedomoghwm while retatning ot kaen 1: 20 of the
phenol or, elé? wever . doi ngﬂgo requires

d
addi ti onal enee gpf%arﬁ ltrﬂ?fgpuéx&%ggnf%g&e"@ﬁv@ro aﬁﬁ Clllé%%/‘é?r@p %8Bxcess phenol

or substit urkedrgheng polyCpeidpasatior digdehy RSl 9 &f {iRr ge excess of
t he phenol and/or substituted . phenol have been ound to favor

pol yiey c| RpERtcap@iedipnt JsmeabichyRes prdketonewcabthedi wseraa & poanticwei ght
| .and/
Subst it BRahoforth g Bolycrl KB B en Aol ABIut e Pl RISIR s o' o

t he pol whyc/hnpemmd’bbémarnsl thphevol=, leamdsreﬁszlomgestthe useiof latphauelr ade
mol ecul ar creased, ol r content favors higher hydroxyl
functi orf’éllaicfci/cgaﬁaé?’“rr%loééfﬁf”é‘p\lfﬂal f8‘1"113 YE)]@PﬁP@ﬁ}eylet%ﬁléﬁhﬁ‘?eél anfdomoétéﬁt ain end
uses, f he8¥PEA e rdREIE Shdd? to ?Oh‘% nga% gviscosity.
Thus, wﬁﬂrlee very Igrage e%?e%seﬁ gtu}-%ﬁg?g % [ or stl tu? ﬁenol may be
used0 thetrpg@semosmem&dusme@remﬂcew ahmeldméta}ryst afhe rmﬂungled above to

glr ?g(l;(r:rgrlp lygy% cagpsenr I ene <ri]1a%)e}xr%¥ aqgr?gn tw?tql a(lannyeoip t%l X orf}(?cny%llope%r‘gnger?e\:N 'n
monoaldehydes, can then undergo a novolac reaction to form the
polycyclopentadiene polyphenols of the present disclosure.

For the various embodiments, polycyclopentadiene polyphenols of the present

25  disclosure are prepared via a condensation reaction of a mole ratio of the
polycyclopentadiene dialdehydes (and any polycyclopentadiene monoaldehydes)
to phenol and/or substituted phenol, such as, for example, o-cresol, m-cresol, p-cresol,
2,4-dimethylphenol, 2,6-dimethylphenol, 1-naphthol, and 2-naphthol, of 1:20 to 1:6,
and preferably from 1:15 to 1:8; in the presence of an acid catalyst which is preferably

30 from 0.1 to 2, and more preferably from 0.1 to 1 wt. % based on the amount of phenol
or substituted phenol compound employed. Higher mole ratios than 1:20 of the
phenol or substituted phenol may be employed, however doing so requires additional
energy and thus expense to recover and recycle the excess phenol or substituted

phenol.

10



For the various enbodi nents, condensation reaction to formthe

pol ycycl opent adi ene pol yplienols of the present disclosure can al so

opti onal lwoi2ool3as4t he use of a sol vent. For these enmbodcmastaii/obdres sol vent
can be inert to the reaction 15and reaction products may al so be enpl oyed,
such as, for exanple, toluene or xylene. The solvent may additionally serve
as an agent Copdenspieorareadiians gimpleyanpe drgoexegas of the phemdl hed/oosdstisged on

reaction ' rtai.n enolic reactants.with . hi,gher nelt viscosities, use
of one o?he\rlryB% gav'(séo e\e/%musnlagﬁ A58 PR ﬁ@&?@?rg?dl?lberpwl%f’g[srhaﬁﬂlgf lé?t‘ﬁ tabl e

react i onpdtpdispersity2hivéighl £epdpednSlabahdwtighi. NCikedgsd, e tRE #k@RhEoAaCi ds, such
as hydrochloric acid, sulfuric acid, phosphoric aC|d;'nEtaI.OX|des, such as
zi nc” oxi e phenal pneierswhstioeed phepabisi ngdiesd, decresagdiei an merase isuch as

Bt chmon T SRt RE Py Bt el e B o Bl Reme & PRERNeeieapt o 1

- pr opanemslékctilaniveigh€i thoréasad 2ipoaiea rdoacknd &hwbre &t @ ot Hydesxy@o- cat al yst .
Surprisipngly, it has been found that 3- nmercapto- 1 -propane sulfonic acid
is so hi’SWF%}O%@F%&@WIF?PI?MWH@%%@ By penefiint Bdicsrainend pirsnol s t hat
there is f; ORI.C, I : .t I tion

pr oduct Sfo‘?%g?ﬁ@?e,, 1?{]rg%€él?@?ghg{ﬁtﬁ%t tlﬁ%ﬂa? eofrgg}(?@f)\?l,s C%WOE nggrﬁ%hi ng the
novol ac veadtigerexcefReaof phendl anfler sdhstiesedipitbnbl Mag beansed, thetpresgntbe from

about. 5 m nutes to about 48 hour.s and reaction tenperatures of from about
4o ﬁsgafufffsm&%@%@owm%@awéﬁgfa@%mm W&ff%ﬁﬁéﬂatures and

times caghiheydibpentddiemd plyphehl, 304 oW R AdfL@ction tenperatures of from
30 Cto about 125 C. Most ‘preferably 5 reaction tenperatures and tines can

be from 30 Hemihcesrions 2nbedimsniandondeastiionreaetipertatfomeshof from 35 C to
about 75 C. t .the end of .the reactio t he acidic catal yst can be
renoved %@y%lﬁpfﬁﬁafifa‘f P&%’Ph?%)rls %ﬁaﬁﬁfeéefwﬂ%%sfﬁ% Soe%tipéléitl}/b‘??l % h water.
Li kew sethe ae bthesdicht OF ot thEsd @A6IdiPBnts 846 861F e ANAAYe if3NtDBe F&RRYLd from the
novol ac product, for exanple, by distillation 10or extraction. For the

varildus adpeditivrpreductsiaapalsy by emppontatickns fpotxgumEadbiient ot hidems. esent

di I / i Ity | f | than 2. Eor,h exanple, the
o e spes Pl e BaRRhtfl SR &1 dn=ddlE S ol sl uk p B or B hmcer i o
%i \éen p(flr%ﬁellie sarpha}iontedction PWiltcystabPsiivnade enetpal wigheipaksmern be from

.3 to 1.4. ‘ :

viscosities, use of one or more solvents may be beneficial for maintaiﬁing a suitable
reaction medium.

20 Suitable acid catalysts include the protonic acids, such as hydrochloric acid,
sulfuric acid, phosphoric acid; metal oxides, such as zinc oxide, aluminum oxide,
magnesium oxide; organic acids, such as p-toluenesulfonic acid, oxalic acid, 3-
mercapto-1-propane sulfonic acid, and combinations thereof.

For the various embodiments, the 3-mercapto-1-propane sulfonic acid isa -

25  preferred acid catalyst or co-catalyst. Surprisingly, it has been found that 3-
mercapto-1-propane sulfonic acid is so highly selective in forming the
polycyclopentadiene polyphenols that there is no need for an azeotropic removal of
water from the reaction products. Rather, the water remains in the reactor, without

quenching the novolac reaction.

11



15These types of results indicate that both the n values and the p val ues
of each of the pol ycycl opent adi ene pol yphenols for the present disclosure
are very woi2bowmes4dhi s result is surprising, as novol ac pceaske1aneo70s t en

ti mes produce products having a nmuch | arger polydispersity (e.g., from2 to
5). Having a uniformchain I ength for the polycycl opentadi ene pol yphenol s
for the prefeatticditsmpesitures @id owmes vary noutean bs froabieuR S\hino s ite yoout

dictability in th i it f..th ' it f th t
i sl osarbrott ahihetsBod I FEREHuke P arta o Cer Ao 16 “prg e o P oS
pol ycycl gngpiadi m@ereawém@ﬁlt&ngéraﬁ% RIFER caH B G LR Y5 SifttiRs kd15h cati ve of

an increase in the level of functionality w thout substantial increase in

Mv. Hi ghhtwpend maalion iempechtuise of ool 3G toibght £20%s| Mokt @8fertdyty can

i desi | e hi Tg F h i di i ith
ooV 8 WL S5 AR, Aol ok A, 3050 05 SRR G 170 W

funct i onghigeyattites befrasit £y@&w dsut heecesul ting pol ycycl opent adi ene
pol yphenols without a large increase in the conpound's Mv. This is not the

case w th pAéthcos ofitherpgeion, she aidic satalyshedmdiesremiovnd hy ghutralizetien,of

30f unct i Ity I 91”%]‘ 0 'g@g f.th sent, di.scl osure provide
for func%@g%{w ltei g\L%s ouetgdr& a ﬂ%/t ro§t<e3s/fl %élaehylg%%ﬁie e\}\lgiogﬁl?esregénqn(bW as
about 13&ocgssaptenpltanibedemoytd &ath thahendlac Frodact, fandikamefe, bhdigillagent

di sc] osure may .al so allow for a scal able progression in the |evel of

f unctl on® $¥5CEH  be achi eved without significant increases in the

mol ecul ar W?bgth vﬁHG‘usV%xﬁE&ﬁfn%Mts%&@nycg% t?di@rﬁeg?@géﬁéngﬁ'ofl? gparation of

Pol ycycl opent adi ene Pol ycyanat es si'n or t I ous enbodi nents, the
pol ycycl ppemt ddclnerepah yphea pblydapersith énderloy tase kieypent adiexampth, fleenol s of
t he preseqt di scl O%Hre ﬁan be USﬁg. as novol.ac resin precursors to other
hi gh | evBIYYFPEEiRcdeh 8PF MYFASHF GhdisiTEREIOn O MOleGulH RasipRR 8FGPe resins. For

exanpl e, poh¥C3eh NDRSHRELERBy DO HEHRAR R 1Y BRhAS c&RBe BOnAERIYEd from the
pol ycycl opent adi ene pol yphénol s and the 10pol ycycl opent adi ene di phenol s of

t he Pr esErfse dinss lodsasnlis indicate thahlgoth theyr yaluepet the penabiep of yaohafdbes can be

P o kSRR By e LSRRI R AR E S P e
excess) RbulfisGyaRBUR) ahabidle: Retti @R itend s ¥ réfiRthaving HuBK esence of
a stoichjionetric quantity or a stoichionetric excess
larger polydispersity (e.g., from 2 to 5). Having a uniform chain length for the
polycyclopentadiene pblyphenolé for the present disclosure ailow for more desirable
20 viscosity predictability in the viscosity of the curable compositions of the present
disclosufe. »
The polydispersity values for certain of the polycyclopentadiene polyphenols of
the present disclosure are indicative of an increase in the level of functionality without
substantial increase in Mw. High functionality and the resultant high crosslink
25  density can provide very desirable high Tg
’ For the various embodiments, starting with the polycyclopentadiene
dialdehydes allows for a high level of functionality to be achieved in the resulting
polycyclopentadiene polyphenols without a large increase in the compound’s Mw.
This is not the case with previous attempts to form polyphenols with high levels of
30  functionality. For example, embodiments of the present disclosure provide for
functionalities of about 4 at hydroxyl equivalent weights as low as about 133
grams per hydroxyl equivalent. Embodiments of the present disclosure may

also allow for a scalable progression in the level of functionality to be achieved
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15(up to 20 percent excess) of a base conpound per phenolic hydroxyl group
and in the presence of a suitable solvent. Reacti on tenperatures of
-40 C to W0 2@i1amses40per abl e, with reaction tenperatures eCTAK201@T00670d0 C

bei ng preferred, and reaction tenperatures of -10 Cto O C being nost
preferred. Reaction times can vary substantially, for exanple, as a

20f unct i Bftheft sigailicend irgreaseban e empeoyedweighe anﬁaé?tcbﬁhy bﬁmhner ature, y
sol vent e g..scale of the reaction, and the like, but are generally
bet vveen(%ra‘riﬁeng %ég%ﬂann hours, with reaction tinmes of 30 mnutes to 90

m nutes being preferred. Sui t abl e cyanogens halides include, but are
not limted to, cyanogens chloride and cyanogens brom de. Alternately, the
met hod oPrepasetion o5 Ralyeselepeniediend Pelycyana®5Regani ¢ Synt hesis, vol . 61, pages
35-6 1983 i shed by John WI ey, and, Sons can . be used to generate the
requigsr fad cy;ngggk}? Y'naéfolu&eenil%oasﬂeﬂtsf’)r(%%?g]é'&?'glﬁfﬁ aflicae P&ﬁﬂ’}&nﬁgﬁ %‘b‘_&n such as
chl or i netherpdlyeyelsigent&lich bl pheBameo CORRRLRAS diREdsudechPbd ukdprgani ¢ bases
and tertiary amnes such as sodi um hydroxi de, potassium hydroxide,

tri met hyP@vflaeresin peachyioapin ethesdigktayet of fml@@falgtmrln@@} pkask i kfe. )
Triethyl am i r b und, Sujta .sol vent s r the
cyanat?oﬁg}ﬁggg%?%ﬁp %?r?ﬁéﬁg%e%\?\gf g%@%’%% Ic:fé)pﬁg{aghe&ezpo hfgtated
hydr ocar lesivs, caal epdatved faoe @y @lodadyicpdyanitalieideslspResbldiaglies s, aromatic
hydr gcar bons, m xtures thereof and the |ike. Acetone, nethyl ethyl ket one,
met hyl e ¥RYPPeRtadieng Kipfteaphy ¢h Breerrpsant idésplesirs: suitabl e as t Ihe sol ané.
Cur abl e Conposi,t | i r i sclosure al so include
a curable ggn%%%F ?Pé%&l?%eggga? %Sﬁye@aﬁﬁgg %&b%c"%ﬁ%g%%ﬁ adr g%o%%%ounds of

t he pr esente &dhs pblysyn epeatediieneqol ypignalyouitt a stbichidnesiio qudrdity exanpl e,

pol ycycl é%gi%ﬂfo?ndeltr?p gxcess (up to 20 percent excess) of a cyanogen halide per phenolic

hydroxyl group in the presence of a stoichiometric quantity or a stoichiometric excess

15 (up to 20 percent excess) of a base compound per phenolic hydroxyl group and in the
presence of a suitable solvent.

Reaction temperatures of -40 °C to 60 °C are operable, with reaction
tempefatures of -15°Cto 10 °C being preferréd, and reaction temperatures of -10 °C
to 0 °C being most preferred. Reaction times can vary substantially, for example, as a

20 function of the reactants being employed, the reaction temperature, solvent(s) used,
the scale of the reaction, and the like, but are generally between 15 minutes and 4
hours;with reaction times of 30 minutes to 90 minutes being preferred.

Suitable cyanogens halides include, but are not limited to, cyanogens chloride
and cyanogens bromide. Alternately, the method of Martin and Bauer described in

25 Organic Synthesis, vol. 61, pages 35-68 (1983) published by John Wiley and Sons can
be used to generate the required cyanogens halide in situ from sodium cyanide and a
halogen such as chlorine or bromine.

Suitable base compounds include both inorganic bases and tertiary amines
such as sodium hydroxide, potassium hydroxide, trimethylamine, triethylamine,

30 mixtures thereof, and the like. Triethylamine is a preferred base compound. Suitable
solvents for the cyanation reaction can include water, aliphatic ketones, chlorinated
hydrocarbons, aliphatic and cycloaliphatic ethers and diethers, aromatic
hydrocarbons, mixtures thereof and the like. Acetone, methylethylketone, methylene

chloride or chloroform are particularly suitable as the solvent.
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pol yphenol s of the present disclosure can be used as curing agents for di-
and pol yepoxi des to obtain crosslinked polyneric conpositions of the
present dwvechnscE4 Exanpl es of di and pol yepoxi desTasnoiiinel7uee
aromati ¢ epoxy conpounds, alicyclic epoxy conmpounds, aliphatic epoxy
conmpounds, and conbi nati ons thereof. 10Exanples of aromatic epoxy conpounds
include, but are not limted to, glycidyl ether conpounds of pol yphenols,

such as sorcinol, bisphenol A, bisphenol F

4, 4" - di he £ &H Shftior etrabronnblsphenol A 2,2-bis(4-

hydr oxypheny 1Embolirhes 3f 3h prathUOIsOREORAL1Es i@)ddecla Guslithy dr oxynapht hal ene.
Exanpl es of alicyclic epoxy conpounds include, but are not limted to,

pol ygl yciyPosiier phatdneitdebihearalysislansgtadient sampownds ofithayiehint ri ng, or
IS L A i R e PO o X O S o Bt e oo

epoxidi zi Ng conpounds Ay cl Shesed p&ht ene ring

W th an mlyghenels. ofﬂmemmsewsarre oemmlsaﬁas dl@inlgd!gentblﬂ@r @argndot limted to
hydr ogenat ed bi henol A dl?gﬁc dyl et her,
3, 4- epoxRPé © AR crossh VWEF 61%’@1?9?1U%%5r<£f6§®1”§§@ﬁ dgsclpsgisoxy - 1-

20net hyl cycl opgy eSB@f—'taleaaaw;Jepayd@yé e ﬁﬁfnpﬂ?&yép@;zfg%r?&)?ﬁ{ﬁyl 3.4

epoxycycl ohexyl met hy1- 6- met hyl - 3, 4- epoxycyc exane ca
3, 4- epo@NSCIIdeylcoylpbum@xyllpianlo;ej:eSy doreponnyds Sarmdetolmbinatmine texeste
car b@xy' ate, §x Py ggar mati Indg n
hyl cycl oheXSANEEhY 12 30U S B SmRAAgS BpldsnBY Arentditpitsd Pat e, bi s( 3, 4-
epoxycycglyaewétmtcbﬁipbaﬂmﬁtmvﬂmhm | &8P h§&1%q6m699>£ §o¥&h§1h exane),

2,2-bis(3 25epoxycycl ohexyl)'propane, di cycl opent adi ene di epoxi de,

et hyl eneblmf@(lgl 4, bigphsroll,d. bt eXBdaPIMWyIt@tt@)deblephepbl A, 22- blS(4-

epoxyhe te eth yI hexa ht hal at e.
Exanpl es o(gé% Ihnflg]é%% Sm%%ﬁﬁgﬁﬁ 68§B@¥5W8ﬂﬂﬁg ‘%1ted to,

pol ygl ydixdyiplet dfetlisydfc ?Jolx%alaa p@umllmhae Hut alekith BRBEA%H.IR c}d g{1s thereof,
30po|yegC|dyI esters o hatic | ong- chai n pol ybasi c aci honnpolyners

syntlResi<hsdgs BRIy ely baﬁagm@wm@bﬁy@w TSy OF agfmpa\mdy |1m1@dlog gl yci dyl
met hacryc'y@foﬂe Y& cfé %(/Eﬁggmt%%{{&%é Et%ﬁh%y BX i R0 (Y?né{)(léz Lion glycidyl

acryl ate-or yC| yrat & and erovi Some particul ar

exanpl esnéinding de;yclmhéx@eemlgair clyblltopéxﬁénd On@hydi ﬂ}ﬁxuﬁké}e rss)ncef pd@dyigl s, such
as 1,4- butangglol £$% ci dyl et her, 6- hexanedi ol %Iy0|dyl ether a
trigl yC|e§9rInp 6 EéPi lmitgd ¢ h@r%‘?”éfﬂd Risnhepolot diglyGigyliehas! propane, a

2 di g?'y?f‘hs B i R S i e S

pol ¥Pr opydteyleygblaol-3, 4p@oy<g+lymedwﬂhee:anecaboiylaxej §-atdieyl-3p0! yol s obt ai ned by

ng“yglg 550ne tyé@%éxﬁme hw? 6-m tgof ? 4t p%‘e<§cyc ohe?(!m@/ éa?goxy?eﬁle d3e4 tegog!—%f) hatic

methylcyclohexylmethyl-3,4-epoxy-3-methylcyclohexane carboxylate, 3,4-epoxy-5-
methylcyclohexylmethyl-3,4-epoxy-5-methylcyclohexane carboxylate, bis(3,4-
epoxycyclohexylmethyl)adipate, methylene-Bis(3,4-epoxycyclohexane), 2,2-bis(3,4-

25 epoxycyclohexyl)propane, dicyclopentadiene diepoxide, ethylene-bis(3,4-
epoxycyclohexane carboxylate), dioctyl epoxyhexahydrophthalate, and di-2-
ethylhexyl epoxyhexahydrophthalate.

- Examples of aliphatic epoxy compounds include, but are not limited to,
polyglycidyl ethers of aliphatic polyols or alkylene-oxide adducts thereof,

30  polyglycidyl esters of aliphatic long-chain polybasic acids, homopolymers
synthesized by vinyl polyrrierization of glycidyl acrylate or glycidyl methacrylate, and
copolymers synthesized by vinyl polymerization glycidyl acrylate or glycidyl
methacrylate and other vinyl monomers. Some particular examples include, but are

not limited to glycidyl ethers of polyols, such as 1,4-butanediol diglycidyl ether, 1,6-
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propyl ene glycol, trinmethylol propane, and glycerin; and diglycidyl esters
of aliphatic |ong-chain dibasic acids. O her epoxy conpounds, which
can be uswbubiiss4ane or nore of the enbodi nents of thi ecaivsediommwres can be
found in A M Paquin, "Epoxidverbindungen 10 und Epoxi dharze",

Spri nger - Ver| ag, Ber| i n (1958), and/or in Lee, "Handbook of fpoxy Resi ns",
(1967), Iaenedpl %hyeﬁyéﬁ@ei, ﬁé@glﬁékdéd eifeelradyseripy a fraglgeidibethenpft hei r

entiretyy; e%OyIQﬁB?o er@{ Sa@&cﬁi@?etﬁ@cﬁ% gﬁ{}ﬁs @:[ gfgéfcfgr g’thglt of WO Or nore

di fferent epox e enplo I ous enbodi nents, a

catal yti mpaﬁwmhrﬁxﬁl @dgl}zmdym&r©apallyy&1ty£enétgﬂyobiic‘a@d@aﬁgllym ) ethexddfor
accel erators can al so be used with a curabl e conposition of the present

di scl os u?‘%YPrER}élﬁﬁ‘F glycels p@l}flgiymyfé etsrsarfypolxethar polipds opiamed by adding| i mited to

Cowi & acyoyeudh g RS ORI O B0 1 0 A

pr ot oni Cprapyldﬁe gkyc(bll aﬁnuﬁﬂzLolﬂrlBﬁKa@ ad giredrirg ahy dighxyltlylctepooindphatich as

phenol, p-nitrophenol, 20 pyrocatechol, dihydroxynaphthal ene, sodi um
hydr oxi /@PS-EBP RIS Sate, sodium phenol ate, trinethylam ne,
triethyl am neget b (ﬁ di1az OGt :

met hyl i m dazo?e, 21!-9 ﬁ sazol? @péfc%ﬁ%s%hﬁ gdxlazcglrg&%qolﬁ I?\%I i ne,

i soqui nodmbrelimeets roﬁlthisi dmcb@m‘a; mlherfeund it tAa(M MBdqaimBBpenid edrbmkungn

Y Qb oL P o art s bR @ S BBRIT - GBSELATNER Y £ BBAI0k Y ont e, cobal t

acet yl ac@m&u@nmm 'bbt%%f Véﬂl@fpal%%é rateBhefdh 8l YobRnat FntthQr? et al

chel ates such as, for exanple, the chelates of transition netals and
bi dent atentiogtyt Fotlemt ettmotei ahdenbpdimentsud axikiyure dietvwohel meeslifférent on, cobal t,

zi nc, copper zirc m titanium vanadi um al um num and
magnesi u OX}f‘ﬁgmag ‘f%bS i?ya?ayst and/ or accel erator used, if any,

depends on t heor38e taridiswhebodiméhe, apakdlyedhmbug i ahy st mofr@@atﬂfyﬁb'@éﬂ”es of
t he poI yphenol and/or the resin bei ng cured, the cure tenperature, the cure

timels arf@-eadyst) red/omzsselertory cax@altsmbwsedcwﬁh@rwmlr:@ﬁmn@sltfqrwﬁ He01 to 2

per cent I e e [ ch as
DVP- 30 ( &%f@%ﬁ%ﬁrgl %é{tg %Il%asm(gjfn%lrlrt\eatb ata@%& engl Bgtt Eri\r:%repr.r@@cgano%?acfnjd)ne and
am ne saeictds: béses,aabgmydmgbnamd@sommsas)rﬂﬁduﬁﬁdwwoaMM smgllgdreatie can be

used. The oncycI dlene phe ols and the curing amunt of the
resin ca?r‘fl‘g SHEh 8o §eCht ﬁ’@p g?%\? ﬁ’ﬂép?f@Fqnéc #dsinsat mospheri ¢

pressureg it], H;PO,, aromatic hydroxyl compounds such as phenol, p-nitrophenol,

20 pyrocatechol, dihydroxynaphthalene, sodium hydroxide, sodium methylate, sodium
phenolate, trimethylamine, triethylamine, tributylamine, diazabicyclo{2.2.2]octane, 1-
methylimidazole, 2-methylimidazole, 2-phenylimidazole, quinoline, isoquinoline,
tetrahydroisoquinoline, tetraethylammonium chloride, pyridine-N-oxide, tributyl
phosphine, triphenyl phosphine, zinc octoate, tin octoate,'z.inc naphthenate, cobalt

25  naphthenate, cobalt octoate, cobalt acetylacetonate and the like. Also suitable as
catalysts are the metal chelates such as, for example, the chelates of transition metals
and bidentate or tridentate ligands, particularly the chelates of iron, cobalt, zinc,
copper manganese, zirconium, titanium, vanadium, aluminum and magnesium.

The quantity of catalyst and/or accelerator used, if any, depends on the

30  structure of the particular catalyst, the structures of the polyphenol and/or the resin

being cured, the cure temperature, the cure time, and the like. Generally, catalyst

concentrations of from 0.01 to 2 percent by weight are preferred.
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tenperatures of from80 Cto 220 C, preferably from 100 Cto 220 C, nore
preferably from 120 Cto 200 C. The tinme required to conplete curing
depends uwponoiieessenper at ure enpl oyed. Hi gher tenper at ures/use@uion@oshort er
periods of time whereas | ower tenperatures require |onger periods of tine.
General ly, however, 10 tines of from1l to 12 hours, preferably from2 to 8
hours, nore pfétdeeding dampaundssush e BN Pat® (tsig(t.a15-e. The cured

conposi t | r fromth | yeyel opent adi ene pol ycyanates can possess
comPos! L ANTYRLENALASLLAM e, 0! KENELPRER! A RS RRLUKERRC 5 can b

unl ess otdib6xyliNgdiionatt hd BfetBYRNRMSSAN stefratd18aPBE YG¥ANat e t hat
participate in the curing 15process. Typically, di and pol ycyanates have

been di f fi cul The polygyeopeeigdienicmylnhghols enptheatuting sumenet efbthalrgsn samhi ch can

interder i es C s | ami nat coatings, encapsul ants,
adhesslf ve§e %%G%tg?? ?ﬁg{b%%ﬁrjre%lc?ﬂ F\l§ ;é rztnrc??)s%l?eélcctorr Sﬁﬁ%@os&lf 'thg%ﬁgﬁersﬂﬁ the cure
ent hal pyteaiperaaunys of framcofd worard), eefabblyfeorpnoorcas bohas, Aegn sufficiently
high to repder controlled curing difficult. Large exotherm c release of 20

ener gy USRI fegr 510 fain 2@ Canbhgbmg egmmst ée completrecysingaiepards can | ead to
t her mal | . L r4 r . . nation. In
addi 11 onPPrae o hsp R hipy o ieRSr ELAEG: IRk thotder il SRR o 21 -
di met hy| pheead lodiec el pepentea déqpiive 10hgey ppabds e&ime. G600, by weker, romechani cal
anal ysis, 271 by dynam ¢ nmechapj c. anal ysis fromHJ ng, GHLi, CGS
V\angl?lo 25HPE] %fcfi%?rf’cl tBéﬁ U5y P B‘agfryofﬁ%m?it)éz W%W&ﬁéﬁfg\g‘g@t@?m@&ﬁt% ni ng

di cycl opghtashe@pgabid - ", Journal of Applied Polyner Science, volunme 96,
nunber 6, pages 2079-2089 (2005)) is |ower than that provided by bisphenol
A di cyanat e (Pscredchryppefiitidrsrmpepared fromathapolycydbpertadengpapalansties, see

Co tive Experinent 2 herein). Th i | tes .containing th
i cyel op@hPR it gt s demmabarstiation Skee B ToRUR e SR My encend ( ne
Tg of bigpheneer AuditiolAnasre YlebdR ifBHcHod hide Bl giriReARS inghabumipperti es

imparted by the dicycl opentadi enyl noiety, such as inproved noisture
r esi st anigecesnd Txpiealasidband pelyeyamates hawsbegal diffepsltdn lvaree eguisingchigh cal

properti i al .SSh.pat | factar., The | yeycl.opent adi ene

pol yoyarar e BPECHE (ot ChS PhRR R Ik REn o] RS GHOR B Bt e

associ atwdtingst bnqapbwantsrddhpabsscardnattese combainds fg ddigrodicgycl opent adi enyl

noi ety, including reduction in_Tg and unsatisfactory cure profile. The

pol ycycl ‘ﬂfgﬂ?%?é]iyeﬂ@ &t SehalpreEmiapy df ard prlpeenatey Pgé!ed%fmf artrigy bsert ovi de
high fu i it i : Wit d very high
T (5205 ST ke 1 ARG HREBhA KR, B e BB e BP0 ST and
enhaic ectnetgyatponcatingodpeny desnd philychunaree ofitieipriop attedn dadaonlestatlyof t he

di oyl opent adi epyl ot ety T0E, PO YENEl RS Ad ghe pol yeyanates of the
In addition, the Tg provided by the prior art polytriazine from curing of 2,6-

dimethylphenol dicyclopéntadiene dicyanate ester (266 °C by thermomechanical
analysis, 271 °C by dynamic mechanic analysis from H-J Hwang, C-H Li, C-S Wang;

25  Dielectric behavior and properties of a cyanate ester containing dicyclopentadiene.
1.7, Journal of Applied Polymer Science, volume 96, number 6, pages 2079-2089
(2005)) is lower than that provided by bisphenol A dicyanate (275.7 °C by differential
scanning calorimetry analysis, see Comparative Experiment 2 herein). Thus, di or
polycyanates containing the dicyclopentadienyl moiety are needed that meet or

30  preferably exceed the Tg of bisphenol A dicyanate, while maintaining other beneficial
properties imparted by the dicyclopentadienyl moiety, such as improved moisture
resistance and corrosion resistance, as well as enhanced electrical properties,

especially dissipation factor.
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10denonstrated an inprovenent in the uncatal yzed cure profile
(cyclotrimerization to the honopol ytriazine) relative to conventi onal

di cyanat eso 28peGsdsscal | y bi sphenol A dicyanate. For examrprais2étheocmset to
cure using polycycl opent adi ene pol ycyanates of the present disclosure was
162.6 C versus 244.1 C for a bisphenol A dicyanate. This favors a nore
rapi d curing aheppksscliopentiadienermslgyyanetpsiafete boesentidiscsast maGlietp

15ent hal al sp, found t.o be 4.4 joules per gramof . th

pol ycycl g‘%@%@g’&i péﬂgleﬁbsl %;gg}gﬁ&q%eg&gquq{earbp@ggg%naa‘;gssgqrggwlg &@r sus 588.9

j oul es pefcyglopehfaaientyhen NESPNENOEInS rdiesanNAtEeTe Thit %n%’c‘f‘ﬁﬁct@ﬁ pglepy favors
nore controlled curing and the potential of reducing thernmal” danage caused

by the cRicaBfe Thsmpbsivcianentadierspelyansiateoef thempeseat dislprovinded by t he

| | g i te,of th t ..2Qdi scl f dtob
o5’ 7 ¢, PRI SR I8RO A BhcdsdF abl RO i G ket Setenol A
di cyanat bighelBg (RIS 1®s svikt inZpfovéd @oisture restRindel@oMBEloUSsi8Hped! AFRNt S,

cur abl e cqnposi ti ons that include the polycycl opentadi ene pol ycyanates of
the pres®HERAFS EIe6H L3 PERETHES, i Bhigh e apidcCipatediasu wesilf ofdbé ul " in el ectri cal

appl i cat g;@o§| ?@ﬁrg- the dielectric and water. up- 25take properties
of the culr gdo om%olsei%ﬁ'l1 gﬁ;@gt e of inportance. For exanple, the

pol ycycl opent &bk poigcymddpentadicae elyafatdes @itRs prsertidsel sty iver ovi de a cur ed
corrplg)si tion hgvi Q%Ha | ow densi tﬁ of pal ar, groups _ (i.e., non-polar

charact ef§&ISEaY 4 FRAPPIRVAME BdNG b etalyead Aes prokile Errlotimenizationier ast to
epoxy bagedosebait S GRYPASH I i LiC = iksn the cured
conposi ti‘onocag gtt rac vvatert.gQRIS}{,élé’lt}ttl\eéa!s11 (g‘&gdg’%?é\/ 5%%@?%@@%% éd

conposi tdieyaatsf Homexgoplpcipe loope it adicenmepnllyayy mipattadiede polgtyimedswde pol ar

roups, there should be an. j venenf jn dielectric properties relative
gpoxs bé[i%areéfﬁté%[c 0585%6633}%%51 versps ?%‘ngrf%fc% gg§%}gﬁnoﬁé\,£9§@ngtet Na¥s some
epoxy griaufs afidreDeiRcSRNEnd s hErAMIRBLES LQNRIISIF L& DnOk:. td1Ee present

di scl osure to help provide desired properties of water up-take, adhesion
and 1di el @&l wat dpefaunddo bt 16hé jeurepercgsapoyithé palycyclopentafifeme

50 1 o 00 e LRt SRR e R B B a0 e bieBiaely i the
Spr esenck dafyagate.aThis Yo wer @iy fRbrsafBreontBl&d @l H#Jlthe peng-gat al yst)
and/ or accel erators, such as those provided above. Cobal t” napht henate,
cobalt d& w%t,he%géja{nage caused by the curable composition. Glass transition
temperature provided by the polycyclopentadiene polycyanate of the present
20 disclosure was found to be 295.7 °C, Whjie glass transition temperature provided by
the bisphenol A dicyanaf:e was much less at 275.7 °C.
For the various embodiments, curable compositions that include the
. polycyclopentadiene polycyanates of the present disclosure are believed to be
particulaﬂy useful in electrical applications where at least the dielectric and water up-
25 take properties of the cured composition are of importance. For example, the
polycyclopentadiene polycyanates of the present disclosure provide a cured
composition having a low density of polar groups (i.e., non-polar characteristics) that
minimizes water attraction. This is in contrast to epoxy based curable compositions in
which each polar -OH group in the cured composition can attract water. As it is
30  believed that the cured compositions of the polycyclopentadiene polycyanates do not
include polar groups, there should be an improvement in dielectric properties relative

epoxy based curable compositions. It is appreciated, however, that some epoxy

groups may be present in the curable compositions of the present disclosure to help
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acetyl acetonate, and nanganese octoate are nost preferred as the catal ysts.
The quantity of catal yst and/or accel erator used, if any, depends on the

st ruct ur ewof2otiheegaarti cul ar catal yst, the structure of trhe/ysedyoyeEnat e

bei ng cured, the cure tenperature, 10the cure tinme, and the |ike.

Ceneral ly, catalyst concentrations of fromO0.001 to 2 percent by weight are
pr ef er r eBrovide desirgq progergies of potss ibttake; adission aad|djelectrie pt@pestiesgd the he

curabl e 819??83&1})55%@3 of the present disclosure and then conplete the curing
at a later trne -srf‘agi ng or prepol ynerization of the curable conpositions

of the pr eSeml“héb§Bﬂc9§1‘é&;@nt@df&n‘é%o%§ﬁ£€@édh%r$&’ th&hiddet) QYBEatRTPEr At ur es

and/or shorter curing times. Subsequent curi n& of ghe formed B-stage
Atp

product &am Yhéntod0aEcrafsrabinby hpgtingizernd901iG to RE0 P Enprsically & thed/ or

curi t] di_ nen of the present disclosure al.so include

bl ends, %)Igrgeinlcgloff}C%%@fgn@ﬁ%égf@esqréﬁ%%)ca%ﬁgé%@f ,CO'SPtSa Sg)Lﬁngg)r (t her noset )
product adcelehirordOsuehlay enest prEMItIbRRE. DObME Mt chhe: RieIERLLAL sCl osure
with a bis or polé(mal eimde); a di or pol yg%anate ot her than that of the

present HeERIGEWRE: and glangmepe pgteyia rennae: prefsrrep os Yherastdlysts. allwol yner i zabl e
. di , ' d incl udi i nyl
N0, | ool M A Gl P aRLUE ke RO L DBLUAL AR Y Y]

25The popartydhopenysadieseucorndubesolotydnar wigsentd,dhs clrestmhperafye,al so be
formyl ated with other resins, such as, but not |imted to polyurethane
resins, ﬁélc%f%?’ apgélil%glfe‘e%%@?auye%ﬁﬁb’s‘( @ij?{ltfaé@nﬁloé@rloéé@()ab?%? n), and

conbi nat , Qns,: Hhereft ard gé}'ﬁjdti onal enbodi nents, the pol ycycl opent adi ene
conpound% %’fsﬁ tﬂe p@es%n‘?re I sclosure can al so be enpl oyed as co-nononers

wi t h ot her t hkindseposiile tonpamoaiyr sure 8B-sfigd) thewasable composTtitmsaftiad| e

conpositions, qf the present disclgsure can be bl.ended with other materials,
such as ]%rSSfe\%altsgloé‘fre&Pgﬁféer‘i‘t%ofn & “S}l,rmﬁiaéﬁgﬁ?%ﬁlmﬂy sSEGINGQF odi fi ers,

t hi ckenegigpoly RNt Al JTIhAE8ABIS coPbEitibe! SARE pAYEM Bscl¥Ehd EAGagent s,
stabilizers, fire retardant agents, surfactants, or conbination thereof

Rei nfdor cacagmalehed ywsinghlowantepweeatpics pedohsgrosien cumeg tiches.nSthseqhenand
syntheti ¢ _fi S int formof woven fabric t.s,,,monofil anent,
ultifi S E%,?E%enfioé‘?“?‘ggf T O LR EPY &GPS%\?FH&%’?%%W%%“F‘FB@%?%F filaments,

i nor gani emberhers agd/onbirsleetise. hol | ow spheres, ampng others. Suitable
S5reinforcing materials include, for exanple, glass, ceramcs, nylon, rayon,

cotton, aran BroetigsRist thapreres dischospicddse ipelugpbitndsarsiadly, pol yesters
such == el anesl s ool e e pRLYELIY) Py BglaE opYLEne, sl ur num
whi ¢ camlpeycdoqnoydEdnd po Bicpanate lotfides pfeaentediacipkere withraddpioe oxi des,
ceram c pngl}g(rr?ﬁglf}l%aila%)s;’a 81| grsécilgfc{)gn%l”cé) (S)Bl%(ral’;}?a% th%{ of the present disclosure; a
di or polycyanamide; an epoxy resin; a polymerizable mono, di, or
poly(ethylenically unsaturated) monomer, including vinyl benzyl ethers, allyl
and allyloxy compounds, and combinations thereof.
25 The polycyclopentadiene compounds of the present disclosure may also be
formulated with other resins, such as, but not limited to polyurethane resins, polyester
resins, epoxy resins (e.g., as provided herein), and combinations thereof. In additional
embodiments, the polycyclopentadiene compounds of the present disclosure can also
be employed as co-monomers with other thermosettable monomeré.
30
Additives
The curable compositions of the present disclosure can be blended with other
materials, such as solvents or diluents, fillers, pigments, dyes, flow modifiers,

thickeners, reinforcing agents, mold release agents, wetting agents, stabilizers, fire
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10conbi nati ons t her eof The amount of these other additives used with
the curabl e conpositions of the present disclosure can vary widely as a
function wo 20hespaallycycl opent adi ene resin(s) of the pregemusdiisobwsare
used, the type of curing agent(s) and/or catalyst(s)duseﬁ, the processing
tenperature(s) enployed, the type of additive(s) used, the processing
15% hod&grdp @gentanyrigetnts, Rmembivatiandbersst. éelnfOTCME@gQ@BWM @pent ?d: ene
conmpound - : i . L de, of her thin nay-be useful in
prepar i nge g%ltp feogg%g%éﬁﬁaﬂughé%ug%%géy?ﬁ% ﬁ?ﬁ:r% _ll,ﬂ’{ fgl_'rm gf%’@f" ?1%/ £ F°1 ani nat es
and/ or cmmOﬁioheﬁlanmnt,tdnhl‘éiﬁaﬁn@lt,amﬁdi@e:c&'tilsnalIﬂ”tfét!;l, _fd\gmgsl, f&rﬂgfnlﬁ\ig@é?s Gt rcuit
ackagi n such.as "1 C_substrates") i lament w ndi ngs, nol dings,
IC2)0encapsﬁ} i 0T EAG ﬁg?ﬁ,or%’h%k@ésé heldow spheaess axeag et p‘-’pl$ln@]§Oi€oEs, and
adhesq ves.ndddhid j 3 agﬁﬁ t adi e nds of the present
discl%su?%Pnay2%?%§%6F¥PFP§£§QP%?Q %ggﬁgﬁgg%ﬁggIﬁgggsg%géfﬁﬂ%hring agents
useful , fremid>gumblite, silimrcmbiidagmlylsamczhxﬂsleﬁ,upmyésmﬁlr;]uthnml lysioatiengs and
ot her protectiye coati . Where the need for a hi glass_transition
tenpergt%F%%h§§$q%Hgﬂ?@&F?Fdﬂﬁﬁfoaﬁ?a%i V@%ﬁ%?é%g@“ﬁhﬁpﬁ@ngﬁoﬂ%ughness
nmay be b@RRLF G albriddidefddt edugMIPAALL VIS &y %Mn;ﬂ% é@ﬂ%}regf iﬁﬁllugé 3’516 may
al so be used in the formof sheets, filns, fibers of other shapéd articles.
The f ol | ®Wmde. exesphie oxiles derdnuis tmigtdspleered, pidsec priesephterésnwent i on, but are
Eg;n%feg&nﬁggaﬁﬁg eé@(ﬁ,to limting the scope thereof in any manner. 30

ol owi ng exanples are given to illustrate, but not
linit, the scOpeambudthifshede SelepsdiBves it KEtHAhDBIMbRE Inillshhedf 1Rl | parts
and percentages aré by weight. Unless otherw se specified, all instrunents

and chenPens diggloaurgcan Femmidelvaasiafuasizon efthe polyciplopentaidsene resin(s)
) e 1 e TR Y T SR e,
NH, USA) processing temperature(s) employed, the type of additive(s) used, the processing
15  method(s) used,A and other known variables.
| The polycyclopentadiene compounds of the present disclosure, beside other
- things, may be useful in preparing cured compositions for use in structural or

electrical laminates and/or composites, multilayer electronic circuitry, integrated

circuit packaging (such as “IC substrates™), filament windings, moldings,

20 encapsulations, castings, composites for aerospace applications, and adhesives.
Additionally, the polycyclopentadiene compounds of the present disclosure may find
utility as highly functional epoxy resin curing agents useful, for example, in coatings,
such as functional powder coatiflgs and other protective coatings, where the need for a
high glass transition temperature, solvent resistance, abrasion resistance and/or

25 toughness may be beneficial. The cured compositions of the present disclosure may
also be used in the form of sheets, films, fibers or other shaped articles.

The following examples are illustrative of the present invention, but are not to

be construed as to limiting the scope thereof in any manner.

30

Examples
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10 Dicycl opent adi ene avail able from The Dow Chemi cal Co. Syngas avail abl e
fromAi rgas G eat Lakes, Inc. Cyanogen brom de avail able from

Si gna- Al dwochi1/iBss4et hyl ami ne avai | abl e from Si gma- Al dri ebT/usBsiipbEne

avai l abl e from Si gma- Al drich. 1590% purity 3-Mercaptopropane-1-sulfonic
acid, sodiumsalt available from Sigma-Aldrich. Hydrochloric acid avail able
from Si gma- Al dPF énllovpng ssimples picativen foribnstsity fat Motdimhis the T@tpeajfyMSof ur an

avai | abl I S t hanal ailable fro Al dri ch.
Anhydr ouglsgcg‘%ngﬂl gé\%gé*h%%‘%'%efl?%?nat% E;EP 8p¥gﬁrce1giageﬁhaéﬁ§]y %ﬁ%cyanate
avai | abl &nfesobihekunis spified;, el mﬂmks dnldChamiAM0f¥d BlelcMpnereeiliyc Bi sphenol
A Dicyanate. 25Exanple 1 - Preparation of Dicycl opentadi ene Pol’ yphenol A

Pr epar at Avtlable. pi cycl opent adi ene Di al dehyde A reaction m xture of
Rh(CQ) 2acac (35.1 ng; 0.136 mmol) and nbutyl di phenyl phosphine (0.33 g; 1.36
mmol ) (nmolar ratio L/Rh = 10) in dicyclopentadiene (70 g) was prepared in a
purge boMatmrdés dry nitrogen, and then 30placed in a 150 nL Parr reactor

d t t 1 ol tio COH2) at 20 C
The +oacFiOm St e ast eheRbieat Hass avaibbledian Srchr ChSuEnLo0 pat o

SIS TS BT N AABRL T D B ER X e
anal ysis of tNel,A8%Lting m xture showed the dicycl opent adi ene di al dehyde
(87 ff eafﬁcyclopentadiene available from The Dow Chemical Co. ’

Syngas available from Airgas Great Lakes, Inc.

Cyanogen bromide available from Sigma-Aldrich.

Triethylamine available from Sigma-Aldrich.

KBr plate available from Sigma-Aldrich.
15 90% purity 3-Mercaptopropane-1-sulfonic acid, sodium salt available from

Sigma-Aldrich.

Hydrochloric acid available from Sigma-Aldrich.

Phenol available from Sigma-Aldrich.

Tetrahydrofuran available from Sigma-Aldrich.
20 Methanol available from Sigma-Aldrich.

Anhydrous acetone available from Sigma-Aldrich.

Bisphenol A dicyanate available from Huntsman International LLC as AroCy B-

10 Monomeric Bisphenol A Dicyanate.

25  Example 1 - Preparation of Dicyclopentadiene Polyphenol

A. Preparation of Dicvclopentadiene Dialdehvde

A reaction mixture of Rh(CO),acac (35.1 mg; 0.136 mmol) and n-
butyldiphenylphosphine (0.33 g; 1.36 mmol) (molar ratio L/Rh = 10) in
dicyclopentadiene (70 g) was prepared in a purge box under dry nitrogen, and then

30 placed in a 150 mL Parr reactor and sparged three times with 1:1 syngas (1:1 molar
ratio CO:Hj) at 20 °C. The reaction mixture was then heated to 100 °C at a pressure
of 90 psi of syngas with stirring. The product formation from the reaction mixture
was monitored by Gas Chromatography (GC) [Agilent 6890], where the final GC

analysis of the resulting mixture showed the dicyclopentadiene dialdehyde (87 area%
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in GC at 10.4-10.7 mnutes (mn)) and the dicycl opent adi ene nonoal dehyde (6
area%in GC at 5.6 and 6.0 mn). The dicycl opentadi ene reactant was
conpl et elwoconsuewd. Very minor signals of higher nolececansesiighizos
byproducts at higher retention times (21-22.5 min) were al so observed. Gas

chronmat ogr aphi c/ mass spectroscopi c 5(GC/ M5) analysis [Agilent 6890 GC with
Agi | ent 596% B9 4- KkT surutoe(madeandshy distclonentpdigine inonoatiistyde €6 stgePor t ed t he

hyd d
Lot et o GE 2 31 A8 6 finf LA ERIUAHENE A AIEM B bMery SR, "
NMVR, (6, . URK] dino@Bifhals bf&@lelgmmdcwah‘*w@t ’Dygi'f@hets At Ki%h@r retenfibh %ersc"io) | 3C

NVR (5, CDCI3, ppm: 23.66; 23.81; 24 25.97: 27.82:
29. 45 261622.5 nonpwere pdspmberved.1 Gag chupmagseraptgc/aRiss 4BCHEOSCOPE: 58 45 64

02, gb; S 3 abis AbBR SR O yiandsy 395 fiasg Sephive Belioglal o

t r ansf oi nﬂelreﬁcmlaﬁmxmm@mﬁpeﬁb@tmrmhﬁa@or{HEhRdesl‘He@Qil@tclo‘b‘éﬁiadfenémo DTGS FTIR
(Therno El g Cprporatlon ) analysis of a neat film of

C
di cycl op ﬁledsér dt éP%DeWoP@ WBeted dikgelopenipdicpe (roapadelyss (Mpeéﬁ@d s; rong
al dehyde 15car S C t 17 r i1 as a
brownyl iquid |Iﬁﬁ%(s E&Eﬁ?\f&@ é% %é)mzhglln(g?epar ?l%géjﬁm% &%? ¢
3- Mer capN¥RIGpEDEANEPr8)KIR3.661i28. 8Aci4j3£aﬁabym982mz capops.ahanss14ces; f oni ¢

i 35.7 %
a0 TR o 1Re AUEEH L8 B IR LT A 10 F el S BER T R (e
coveri ngs3mt h3.ail; §héé12(nf86P£0268f9; y4()2} 92M201 97203.08120NaT; |2omail9 20an4 G eenw ch,
CT t f t heri t esultin
eyt D1 neC oht AihSte HHrBal Ao ge i At L NI AR 2200 6 rredi um
fritted DrassFrim rg%krma-ﬂfécfrbhbbﬁfa&aﬁ‘@@)) El’i’ilﬁdfdofsélﬁwrfﬁﬁ‘%ﬁtﬂ@ give 8.88 g of

a pale yellow tac solid 25product which was used as the catal yst w thout

further %ﬁrfémtaﬁgene@alrhﬁé/ﬁmoatal oRr Ratecreiveried theaxpgcm:cbmmgadqi@ryée di al dehyde
(48.,86 9(%113/‘113 at o84 Qﬁh e?%e durrpwgs 01?1?@% %847\%& it d IDI'H}? mol es)

wer e added ass reen round react or
was addlarn@nﬁlofw.dlgtfitted vmth.an anbl ent tenperature (22 C) condenser and

a thernoneter, both affixed to the reactor via a O aisen adaptor, plus

B. Preparation of 3-Mercapto-1-propane sulfonic Acid Catalyst

3-Mercaptopropane-1-sulfonic acid, sodium salt was added to concentrated
20 hydrochloric acid (35.7 % aqueous, 200 mL) which was magnetically stirred in a
glass beaker. After covering with a sheet of Parafilm “M” (American National Can,
Greenwich, CT) to prevent uptake of atmospheric moisture, the resulting white
crystalline slurry was stirred for 5 minutes then filtered over a medium fritted glass
funnel. The filtrate was rotary evaporated to give 8.88 g of a pale yellow tacky solid

25 product which was used as the catalyst without further processing.

C. Phenolation Reaction

Dicyclopentadiene dialdehyde (48.06 g, 0.25 mole uncorrected) and molten
phenol (470.5 g, 5.0 moles) were added to a 1 L glass three neck round bottom
30  reactor. The reactor was additionally outfitted with an ambient temperature (22 °C)
condenser and a thermometer, both affixed to the reactor via a Claisen adaptor, plus
an overhead nitrogen inlet, a glass stirring shaft with a Teflon™ (E. I du Pont de
Nemours) stirrer blade which was coupled to a variable speed motor to provide

mechanical stirring and a thermostatically controlled heating mantle.
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an overhead nitrogen inlet, a glass stirring shaft wwth a Teflon (E. I. du
Pont de Nenours) stirrer blade which was coupled to a vari abl e speed not or
to provi deomeohaessgaal stirring and a thernostatically cectruskéiedodreat i ng
mant | e. Overhead nitrogen flow (0.5 L per m nute) commenced, foll owed
by heating, then stirri nﬁ;. Twenty mnutes later, the tenperature reached 65
C, foi nm ng Qvehesdmitrpgan lgpe (0.6 pasinvinute) somateinosd, f@lfowdd by héatmg, thei ti on of

al i quots of. the. 3-nercapto-1- .propane sul foni id.(total catalyst used
2L 0L S S EIPESER o BLORRNS, SULLOS 0L Lot Fatplyot v
react ant yelCRBBIBEAGoIHR. tA1ehis tintd, 88diBBh W ARGLotT Hethe Bé&%&ﬂc%to?a'-! quot of

catal yst (0.39 13% i nduced a maxi num exothermto 70 C after 3 m nutes,
t urni ng Pie@argoSUtongmacih (tkiahpdselyst UBhe waedtd5ngy Ontninbke Yasith saspecéto f rom t he

reactor, ;an f wa ngaged to cool the reactor .exterior back to 65 C. A
seco n% afhi%?ﬁ%SS ené%ﬂ?rhee(%éﬁﬁ&%afﬁ?%ﬂf CUPBSARS IE& t1518 ﬁf”&reélé?lﬁu?rb 2% g) was’
added, widithal 20g@sHtdfREALISOM. 3 oY iAQuEAN MBgmullexSBERNE 7d dCIn@dr 0f the

catal yst induced an exothermto 66 C one mnute after addition, with

cool i ng Barkes gupmechaslariondark @aiber ohkg heating mandls wastremaived fromethe a t hird

al i quot - -] - I I i . 35.8) was _added
i nduci ng%fg%tggggg ﬁgg%g\%g%%%égeg%8%@3%%%4@?%%6 girf ?aecé((%%§§agdi‘at TSR 3 ninutes
t he t enpaiqiotipfthhddmemapied] -papknd sulfimiadad.Lhe) saohddwd, i was shut of f A

15fourth aljquot of the 3-nmercapto-1 -propane sulfonic acid (0.24 g) was
addet’ wi £t ?tﬂﬂrb?éhﬁéoﬂfngt esscand adigeet ofthe spplshindpeed s @thesmni nut es, a
fifth aligoic He HRISsABLARLA- X 3¢ j : ) was added
with mai r?t enancee of %haeﬂ%ga%ﬁﬁ)gh%ﬁlg%&t ecrﬁg(lt) E?etgggf%gmgﬁgézaégdecl ine to
62.5 C owmarutgsheAtrtbisttirde, mithund esquodtof thel B ntercapto-t-pobpang saffoibacikigastor

exterior ceased, .t he heating mantl repl aced on the 20reactor, and the
final al g)qwu%stadg'fzdfrf@cgl-gr?é‘r%gg{eg?fo -%B\ré@;arﬂgﬁéeéﬁ?fﬁhi‘éﬁ%%ac%ﬁl%lé) was added
to the daiki@mietergRatiRthaabyldack TGS FEakd 1R LEAPELALAN &YEE MRi nt ai ned

at 65 Cto 66 C for the next 22.25 hours during which tine, the course of
t he Yeactoush aliawotiod [thedwstbreapto-Hrprapans ahifenis acil (A4 DtwasRadkamith1090 Li qui d

Chr omat ogr.aph _was yed using a Zorbax, Eclipse(r i l.ent - C8
anal yti c%flmgega%% %ﬁnﬂpk g ¢,rea2f.§1%n %ni%e(r)atﬁﬁ ?rhg %ﬂf’“\&:ﬁ) iag@g’(qlﬁqu(’i@{(tﬁgnt)
XDB- C8  ahaleydaptall -pgoisdng se@bnoBcidF037%) whs@dded®ith iaMhtendlte oF s ner e
mai nt ai ned in the chromatograph oven at 40C. Acetonitrile and water
(tr eat ededftoR tompsratyre ke - piesdiphér 2 SaCiarpr hemexts sdnutss.t Akthid uent s
and wereq Lpit. |J j f _1.00 per mnute
2e o 70 TPGs bR P PE kAR BRP oL B AHERe e Bl bl LelS 50a 007
10 %0s ol netdton andh thehferall alidper et thef Bmetdagtonespropkhe gulstie scid[be8agefaeni tril e
used was HPILLC grade, 100.0 % purity (hy gas.chromatography), wth a W
cut of f ﬁﬂi‘g? ﬁ%ﬁ\%a%%mlé‘ﬁrr?ﬁggﬁﬁﬁ?l}l%o%c?@ @@@@W@@Pﬁ@ﬁﬂrﬁé‘i’@yﬂ%@af%@éur e
(actual agsay tg%gl’co/?or ttﬁ%x’(\@ﬁ.?s hUﬁx%c&umg WWE&Ql&%,aﬁjlg colits8LPAg array
detector enployed for the sanple

reaction was followed via HPLC analysis. A Hewlett Packard 1090 Liquid

Chromatograph was employed using a Zorbax Eclipse® (Agilent) XDB-C8 analytical

25  column (5 u, 4.6 x 150 mm) with an Eclipse® (Agilent) XDB-C8 analytical guard
column (5 p, 4.6 x 12.5 mm). The columns were maintained in the chromatograph-
oven at 40°C. Acetonitrile and Water (treated with 0.05 % aqueous o-phosphoric
acid) were used as the eluents and were initially delivered via the pump at a rate of
1.000 mL per minute as a 70 / 30 % solution, respectively, changing after 5 minutes to

30 a90/10 % solution and held therein for the next 15 minutes. The acetonitrile used
was HPLC grade, 100.0 % purity (by gas chromatography), with a UV cutoff of 189
nm. The o-phosphoric acid used was nominally 85 % pure (actual assay 85.1 %).

The water used was HPLC grade. A diode array detector employed for the sample
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anal ysis was set at 225 nmand the reference was set at 550 nm After 1.6
hours of reaction, HPLC analysis revealed full conversion of the

di cycl opembpadienes4di al dehyde to a distribution of produetcsusestifodioét!| e
change in the product thereafter. At the end of the reaction time, the
reactor contents were equally divided into 5a pair of beakers, each

cont ai ni HFFILWes sehalgiot e anfl fhesrefarencg versi sehat208 np) Nfigal érhoust ¢fr ri ng
ceased 7 ' . ten of-.t he. beakers..were oywed to
cettle et AL AT SR R R BB DRSS SaREb T Vol e
of 500 nib anditthiblitien 6EsRBLES, Wi EakSchah@dinGhe iogposereaievast e. Bot h beakers
were refilled with fresh-DI water to 3.5 L total volune, stirring and .
heati ng commeftRg edtf thesgaetiqpeigme, 1the gapioe gerferiaverhedually dbvided inte ngs  of

r eddissh e r Ct. f [ 1., t;,om: of %a(?j} er.

Stir r5i nggg%ggggéa%%{%ggaggacggg%é%%gt (gfrlg&o%{%g%%\g %&etdh({eg1 eake s) \%g%e' allowed to
settl e o¥eing@bised Bter THHinweNghdlhy cot@ae olf dakenakava svede siddlatitot Bttleenove t he
aqueous product for_ disposal as_waste. Boiling wat er was added

Di (1.5 L
to the datkugel 16w folawse € erddepratrsideraed i nylrmeedoROpelaret and
1smagnet g q8ldntdd e5%§§9¢&%#ﬁs%ﬁt\%§%.tl%tﬁ Qbdrs .w‘é’f’bcr%ﬁﬂgﬁ Wiftg was
achi eved, heating teas and stirring continued as the product slurry
cool ed tfeshddhwatermped. atluoel 2ainie) stikingend heatigrpenatatdenndsO PEéached, t he
solids were collected by decantation through fi]ter paper. The solids were
addddf t FRVER S G SIPUA IR 8P I eb Y _elmﬁ#méhgég farpinche or 16 hour s,
removed, p HoMBEeAR bRalld: NSHANAS] f%aqnge%a%gd bl 1020 RUNAGHYM QYRR Or an

additional 6.5 hours to provide 119.7 of the dicycl opentadi ene

pol yphenetreatlowedtrs satieloyehigbtv Tliod tollodippdaie eachFlaReswacdacapiedtonet ri c
anal ysis_of a KBr pellet reveal.ed conpl ete di.sappearanc t he al dehyde
car bony | CEPVE G Oﬂ%@d%%é%(im%s?ﬁasa‘ﬁﬁ ear]g?@@gg)f %aﬁ?ro(ﬁgso ]f';t)r Bfatic ring
absor bangedto 46 HAriOydIpHOUadRE cAbreliTRSdul) radinihd 10 efetCtBaker £1d0ad strong
hydr oxyl O-H stretching centered at 3382.2 25cm 1, and broad strong C 0

st r éPchingemetic sprgigreguhesivigbheatingltoator) @raelboilHm Gagedligpsidsheagingal ed t he
| ti i cyal i h i nel ts whth 6
o edom nSAEYS ARSI SN, RORKARSIEL LS LR RSP IRRDSRLA B 0.5, .,

% Exanpl®. Dnce Sh eertiferaurdivey hetpeinihadoaewbBel wppbesd by Beepastain on 30A.
Phenol ati on Reaction Dicycl opentadi ene di al.dehyde (144,19 g, 0.75 nole
uncor r ectEyeh filshpapege h e &0 g5 ladfed togrcenargichshyang %}e@éﬁgb%ku@c

anal ysi sdyeh @ MEH@RR! 1% };ou?é?gerﬁpxlletd??gtoggg@@!a fad 34l antParkdRlkS) were added

to a5 L glass three neck round bo
20 vacuum oven for an additional 6.5 hours to provide 119.79 g of the dicyclopentadiene

polyphenol as a mustard yellow colored powder. FTIR spectrophotometric analysis
of a KBr pellet revealed complete disappearance of the aldehyde cafbonyl stretch at
1720.4 cm™ with appearance of strong aromatic ring absorbance at 1610.9 (shoulder
at 1595.7) and 1510.0 cm™, broad strong hydroxyl O-H stretching centered at 3382.2
25  cm’, and broad strong C-O stretching at 1226.7 (shoulder at 1170.7) cm™. HPLC
analysis revealed the resulting dicyclopentadiene polyphenol included 12 components

with 6 predominant components comprising 27.9, 4.2, 6.8, 11.0, 21.6 and 22.2 area %.

Example 2 - Scale-up of Dicyclopentadiene Polyphenol Preparation

30 A. Phenolation Reaction

Dicyclopentadiene dialdehyde (144.19 g, 0.75 mole uncorrected, 1.50 aldehyde
equivalent, 97.3 area % dialdehyde by GC analysis) from Example 1 and molten
phenol (1412 g, 15.0 moles) were added to a5 L glass three neck round bottom
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reactor. The reactor was additionally outfitted with an anbi ent tenperature
(22 C) condenser and a thernoneter, both affixed to the reactor via a

Cl ai sen astepvoridegabus an overhead nitrogen inlet, a gl assTaiseemiongoshaf t
with a Teflon'm (E. |. du Pont de Nenours) stirrer blade which was coupl ed
to a variable speed notor to provide 5nechanical stirring and a

t her nost atactoal [Tyie censtar ovds eddeatlin gutfied Metheancanplaient tefperaaire (@R f@NS.

Over head n| rogen .fl ow (1 nmenced, |.owed by heatl ng, then
stirring ORIFRETARE attg ?fr Bgﬁﬁgﬁ%ﬁtoége @acﬁoﬁél%ﬁl@‘ﬁ?@ 24apier-@l4tas removed
fromthe apto ane sul fonic
2 0 (1ofar eara I&Ef?gé}lsed%%%ﬁ% Gl B Bl SRR hugger

di cycl opNetrmuir@ts&rr&ﬂbia& dhh:&ncbeasrc@apteanb)iv@ﬁﬁmemwd m&bptd;b}@vfaleear l'i ght

yel | ow col o%m t| rred sol ution. The 3-nercapto- - propane sulfonic acid
was p%v epHIEERAIFY! 1TiNg Ande t wtaéw%wréa&keﬂ@ﬁaw mgninadRaheid gi ven in
Exampl ¢ 18130048, OWha ABSedhbkAY 03300 endl LRSI L1 on of the
3- mer capt o- 1-propane su fonl acid, the' reac enper’a ure

sel f - sushedtmignipeh stimingn G&&e(rheamﬁlp@&tﬁ}eweidhed rduécmﬂet}%aﬁngsﬂ@hﬂ@g/a@f 15t he
r eact or exterlgr fromthe pair_ of fans. After a cunmulative 36 mnutes the
t enper at FEP Vs drogs ﬁ@%Ft?r@t}E?? QEOP‘W%@@@FH@H of ﬁénﬁémtpﬂgprﬁﬁmqselﬁmas: used to

heat t heaéﬂiﬁoﬁﬂ %attagfs%e@\)&a@ B guq ﬁ) LRie & \9 ggdtég d%?fl%?xﬁ&%%%t he final

drop of 3- nercapto-1 -propane nic aC| er colored
sol utq ondlaimbydeelaad;tamm comnparat infetheaseantight walloedcdbreB4tifced eol6Boe for t he
20whi time, the course of the reaction was

next 20. % urs durin
fol | owed 4§ g%ﬁ@ %ﬂa‘%ﬁ?g?r? suffppigracy]l waggigpared prippioche gRenlpian anal ysi s
reveal edréhttidn &%ﬁ@’@l@@ﬁ&ﬂo@éw&h% PiaysleapeiiRdi engindithd ﬁ%ﬁ@i?@ ﬁ%ﬂu@s

di stribution of products, with [ittle change in thé produc second
HPLC ana@%‘pgwwa@dé@pﬁ@if hesc- -owereepi@inpirepanaleetionit adid, heheanter. 25B.  Product

| sol ati o n Characterizati nd.of th ction
tine, he{a%fx% %gdn\%ag'%t Sggamf’ ab%‘é/S?r? ﬁ% (?rﬁm' P%e{;\é‘gphrl&%w ﬁ%‘ﬁlﬁg& i ng of
t he reacthefeReiteRfdr®r mnaﬁlegamfmmﬁér@%m1met%emﬁﬁﬁés gf fans. As

stirring continued, D water g 5 L) was added to the reactor. Stirring

ceased arPwerapughaddeppss i 6heC coharawmes the h@?ﬁ@grreqéte(wawpé tah¢atwesd t o
settle, #ﬁﬁ&le%%g ob%%sagt V}Qﬁt%' Sénulﬁn'giité % ]8“%1 f%\gget é‘[lag.ﬁihou . The resul tant

aqueous Tayer was siphoned rred reactor

was refi ﬂnb@dpwn-iarofpmm{almd@&@mé 3d&edtb thOhhBYEDIdYd §5mﬁbﬁW@hé on of
stirring for 5 mnutes, followed by settling overnight. The foll ow ng day,

t he aquedagidndgmperagie siaphomedined it 66FC ¢o 6pOE dbr ths nemsiCel hdire during
20 which time, the course of the reaction was followed via HPLC analysis. After 3.4
hours of reaction, HPLC analysis revealed full conversion of the dicydopentadiene
dialdehyde to a distribution of products, with little change in the product when a

second HPLC analysis was performed on a sample taken at 19.6 hours.

25 B. Product Isolation and Analvtical Characterization

At the end of the reaction time,_heating was stopped, the heating mantle was
removed and cooling of the reactor contents to 30 °C was completed using the pair of .
fans. As sﬁrring continued, DI water (3.5 L) was added to the reactor. Stirring ceased
after 2 minutes and the contents of the reactor were allowed to settle, resolving into
30 two distinct layers after 3.5 hours. The resultant aqueous layer was siphoned off and
disposed as waste. The stirred reactor was refilled with fresh DI water (3.0 L)
followed by continuation of stirring for 5 minutes, followed by settling overnight.

The following day, the aqueous layer was siphoned off for disposal as waste. The
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reactor was refilled with fresh DI water (3.0 L) with stirring for 5

m nutes, followed by settling overnight. The foll ow ng day, the agueous

| ayer wasweiphonesisof f for di sposal as waste. The react ecTassomaboroé ed with
fresh DI water (3.3 L) with stirring for 5 mnutes, followed by settling
for 2.6 hours. The aqueous | ayer was siphoned off 5for disposal as waste.
The reacteastonass radflled|vath fieshhDF wetsh (DD Djertithy stirBn fdr)S mirtutess fallowedg for 5

N A N W A A
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A porti oMt ?%Giﬁpﬁalgaf vste: e rsatan wes Tshlae it faeshd?] wetst GdUEIWES a 2 L

gl ass t n : ] 00 nL). The
enctor SECGAn T ERRr LRy RRRRE o PR e IO bl
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continued tp 95 C.at i C int .the viscosity of the nelt had decreased
substanﬁl%lﬁf/aéﬁsi“ﬁ’rail\ﬁgenfgog%&’”ﬁéé’ﬁan%' was stopped and the aqueous | ayer
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1.5 L portions of DI_water with heating to 95 C were conpleted, followed by
dryilrg of EhEopMaeickxtrastivheand Analyticah(eraragterizioT t o a constant wei ght of

93.14 g. HR i e strated reductipon, of resi.dual, phenol], to 0.35
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30conponesk souddboeto Raedr fohi sidMI walr (890 A1) PTRIFasSE Waky i ncreasi ng

retention tine; 18.15 (3.50 mn), 3.57 (3.63 mn), 2.98 (3.84 mn), 2.14
(3. 94 nigqylitiogalip opditigd withran amigeszempern8unai2) *Cr@ndensenanami n), 21. 88

(4.58 m 4,8%-mn),.3.19 (5.02-mn), .1.89 (5.30.nmn D.

Repl i catde?%rgwgnrleg?ra%?tgna%% o Bribe g 'Ogﬁl@e%gléﬁ%édameiéiﬁs_stsﬁgl‘?%s?‘ﬁgd gi ven
abowe i nyith £MeBo®T (k.NedpPesEIMNEXSIR) firfdRPleCivhlcBalAtdRpleand aAnal yti cal
Characterization), the resultant powder product from5 replication of the

phenol atYiaBable spedd Batonsd plewile3gechzgicgriiming eid o theRnCstamellysiostrdderbnst r at i ng

the pre e of sigakficant . resid henal., ahout an 11 area % Hot water
extract i%g%%g“f83np%rﬂl%lﬁ%%ﬁ}g??%§l°g#qié? Pltuf{g O.f?8fv§?fel& ‘ﬁ%ﬁh%%%cc?ﬂct usi ng t he
met hod @incerv4i°g wisdch@ved, thbgopiasfrdd ewanpdoas (ot Méakap cExtifagttbon and
Anal ytical Characterization) gave 93.67 of dry product. HPLC anal ysis
denonst rat edt PousiepRIBt the isssipeei the areltdise sisFrepssdaubstantiadly. dhtiatingig wi t h

gregker ;hAaBathry FhSES5IURNE the aqueous layer was decanted off and disposed as

waste. Second and third washes using fresh 1.5 L portions of DI water with heating to

95 °C were completed, followed by drying of the product in the vacuum oven at 150
°Ctoa constant weight of 93.14 g. HPLC analysis demonstrated reduction of residual
phenol to 0.35 area % along with greater than 22 discernible components with all 11

30 components above 1 area % listed in order of progressively increasing retention time:
18.15 (3.50 min), 3.57 (3.63 min), 2.98 (3.84 min), 2.14 (3.94 min), 3.70 (4.00 min),
10.53 (4.13 min), 23.15 (4.40 min), 21.88 (4.58 min), 2.95 (4.81 min), 3.19 (5.02
min), 1.89 (5.30 min). "
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conmponents with all twelve conponents above 1 area % listed in order of
progressively increasing retention time: 17.52 (3.50 mm), 3.42 (3.63 mn),
2.83 (3. 3%omm)1368432 (3.94 mn), 3.69 (4.00 M), 9.70 PeTAB20M0Y07022. 94
(4.40 mn), 21.53 (4.58 mm), 2.99 (4.80 mn), 2.61 (5.02 mn), 2.61 (5.13
mn), 1.18 (5.51 min). 15 E. Mass Spectronetric Analysis - Mass
spectronetric (MS) anal yses were perfornmed with the key experi nental

paraneters D'ﬁ(l;%l%fcgt% %@ﬁol@ox‘?%ﬁ P‘L%%&sg{g\/%bu@écef ol lows: Eectrospray (ESI)
negative i '

Using the method given above in item B of the present Example (Product
Isolation and Analytical Characterization), the resultant powder product from
5  replication of the phenolation reaction weighed 392.78 grams, with HPLC analysis
demonstrating the presence of significant residual phenol, about an 11 area %. Hot
water extraction of a portion (107.76 g) of the isolated powder product using the
method given in item C of the present Example (Hot Water Extraction and Analytical
Characterization) gave 93.67 g of dry. product. HPLC analysis demonstrated
10 reduction of residual phenol to 0.42 area % along with greater than 22 discernible
components with all twelve components above 1 area % listed in order of
progressively increasing retention time: 17.52 (3.50 min), 3.42 (3.63 min), 2.83 (3.84
min), 2.32 (3.94 min), 3.69 (4.00 min), 9.70 (4.13 min), 22.94 (4.40 min), 21.53 (4.58
min), 2.99 (4.80 min), 2.61 (5.02 min), 2.61 (5.13 min), 1.18 (5.51 minj.
15

E. Mass Spectrometric Analysis
Mass spectrometric (MS) aﬁalyses were performed With the key experimental
parameters used for the MS analyses given as follows:
Electrospray (ESI) negative ion mode
20 Direct infusion
Scan 50 - 1500y, 1.5 seconds/scan
~ Nominal resolution of 10,000 (W mode)
Capillary 1400 Volt, Sample cone 60 Volt
Reference was Leucine Enkephalin
25
A sample of the dicyclopentadiene polyphenol was dissolved in tetrahydrofuran to
give a 0.25 wt % solution, which was further diluted to about 1:100 with methanol.
Figure 1 provides mass spectrometric analysis data on the dicyclopentadiene
polyphenol in the negative ion mode, which showed signals at m/z 531.2521 (equal
30  the dicyclopentadiene tetraphenol (M-H")), and m/z 577.2603 (equal the
dicyclopentadiene tetraphenol (M+formate’)), and m/z 1063.5100 (equal the “in-
source dimer” which is a combination of two dicyclopentadiene tetraphenols after a

loss of a proton). Figure 2 provides mass spectrometric data on the dicyclopentadiene
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Scan 50 - 1500m, 1.5 seconds/scan Nom nal resolution of 10,000 (W node)
Capillary 1400 Volt, Sanple cone 60 Volt Reference was Leuci ne Enkephalin
25 A sanpWe 20f1/13b&4di cycl opent adi ene pol yphenol was di s®ousdotiinmoo7os
tetrahydrofuran to give a 0.25 w % solution, which was further diluted to
about 1:100 with nethanol. Figure 1 provides mass spectronetric analysis
data on PHEPRENG)MhEbconiane e PengpRsaspasiiondfer theghtviclapentadiorede, whi ch
showed S{eglla@llél gt mz 531.2521 (equal 30 the dicyclopentadiene tetraphenol
(MH)), an Wz 577.2603 (equal the dicycl opentadi ene tetraphenol
(MFformate-)), and nfz 1063.5100 (equal the "in- source dinmer" which is a
conbi nat EEon of two dicycl opent adi ene teraphenol s after a loss of a
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pol yphenol mk%o%ﬂfifiéeﬁmtel@‘rﬁe .
di cycl opent adi ene tetraghenol. anp esis 0 cycl opent adi ene

Pol ycyanaf.63 gﬁaﬁxs&ﬁt)iimcﬂd;ieh:[caﬁmn,e pbltyrpaenasiQﬁdﬁnirglm@fzo }F]}QIWI(M l(éqﬁival%hf)faacg o] r2 0Was
charged with, 26.63 ans o i gycl opent adi ene.pol yphenol (nom nally O.

hydr gxyl %ﬁ‘tﬁ%ﬁ?}@%ﬁ?}‘e&ﬁd@gﬁ%@s 26%%%825_5ﬁaﬂéﬁﬁryd?-é%smbl&éﬁrdwé g¥80

m i1t ef SeyQoptdiddiddeldol fpBendIS! THE ARLf “%ts%mheﬂamfﬁgﬁ@%%ﬁ% yphenol ). The
reactor was additionall'y ‘équi pped with a condenser (maintained at 0 ¢, a

t her nonet@densen (rovietavesaicht 0 9G) og grrinnineter,(¢h dv@rehd eitsdgehmnlee(IN2 gas at 22 C
used aEd- Vagneti c stirring. The solution was allowed to come to room
at UieE/ P

tenp IO i €2 bk Higds eNF Pegnet dineaen bt siérn epalret ans,
0,214k ATodrSYNORER: BEOTL 5 DY e SO MBSt 20000 Lo
pl aced ugdes, 0.DB4 rRds 1007: BoghnbBen BRIMEEBHIRS] GORlaRGt FRio) vas 2ubid & bei ng
stirred. the solution and dissolved therein. A dry ice-acetone bath for cooling was placed
under the reactor and the solution was cooled to -6 °C while being stirred.
15 Triethylamine (20.64 grams, 0.204 mole, 1.02 triethylamine:hydroxyl equivalent
ratio) was added to the reactor using a syringe in aliquots that maintained the reaction
temperature at -8 °C to -3 °C. The total addition time for the triethylamine was 22
minutes. After 5 minutes of triethylamine addition, the light amber colored,
transparent solution transformed to a light yellow colored slurry indicative of
20 triethylamine hydrobromide broduction. After 7 minutes of postreaction at -7 °C to -2
°C HPLC analysis of a sample of the reaction product revealed 24 components with
each component present having a different retention time than those observed in the
HPLC analysis, of the dicyclopentadiene polyphenol reactént.
After a cumulative 27 minutes of postreaction at -7 °C to -2 °C, the product
25 slurry was added to a beaker of magnetically stirred deionized water (400 milliliters)
and dichloromethane (250 milliliters). After 2 nﬁnutes of stirring, the mixture was
added to a separatory funnel, allowed to settle, and then the dichloromethane layer
reco?ered, with the aqueous layer discarded to waste. The dichloromethane solution
was added back into the separatory funnel and extracted with fresh deionized water
30 (400 milliliters initially, 250 milliliters thereafter) three additional times. The
resultant hazy dichloromethane solution was dried over granular anhydrous sodium
sulfate (25 grams) to give a clear solution that was then passed through a bed of

anhydrous sodium sulfate (100 grams) supported on a 400 milliliter, medium fritted
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15Tri et hyl am ne (20.64 grans, 0.204 nole, 1.02 triethyl am ne: hydr oxyl

equi valent ratio) was added to the reactor using a syringe in aliquots that
mai nt ai newlot2be/mewet i on tenperature at -8 Cto -3 C. Thectratsadi1adeivs i on
time for the triethylam ne was 22 mnutes. After 5 mnutes of triethylam ne
addition, the light anber colored, transparent solution transforned to a

|i ght yeBlaswiuorbatiaghesl torarspde areti varuiueflesk. Jhetaldaet lhght aeilove chipdedobr oni de
production. After 7 mnutes of. postreaction at -7 Cto -2 C HPLC anal ysis
of a sarrg1 g pvap ﬁoetarryeeé'éi’?%%dﬁ]tsﬁ&?crf‘a’fl@?}ﬁ%Pﬁ&’aé‘élte@@ﬁﬁé‘ﬁéﬁ% SOkt each
conponenten}RS8e bulkithOv A adlics f : ' ! erved in
the HPLC anal ysis of the di cygél g‘ggﬁ{(’ggﬁrgﬁ@ Bgﬁfgﬁﬁoﬁb%ﬁﬁ%fgépgft er a
cunul at i Ve vatl aivanmesofdt.4 pus tHeewet adhievatl. The GolidpoRd&, prodect pragdueet 25sl urry
was ded to. a geaker of mag%netoi cally stirred deionized water (400

m 17 it Ble&§d Wrfe HRARMbP SRt HAnE iedifpr 16 hewps )\ tof p8R3 24 gramos o€ of

stirringy, Bj,,xﬁg: r ator. unnel .. al.l owed to settle,
and thenhf’llaltg&% (ljll ch g??ﬁ%@ﬁéﬁggﬁgﬁﬁr}e‘?‘egg%? @%,Y&gm"f?np ?tﬁ%guéra&é%raéd%l ayer

di scar degelted ofimtdicycldpentidiht @obrpitan e vegkd disappsdmcaddad }%@e&gq nto the
separatory fu and extracted with frésh deioni zed water 30(400

wi |1 ¢ Bieupiahrar HIF OnQBTP TN the BRRCGTANE PE B QT Oy ApHP deowpdrdiseTbened i nes.
The res UM%ISQ%%DQzﬁ? qmn?ﬂ.opﬁsim%@ggugéaggea g@gqrgéén%ﬂtsﬁﬁﬁﬁ agranul ar

anhydrous sodium sultate (25 grans SO i on that was then

passkd t predogmaat bevpofensrioygrsing 209240 sd 3188 @rca2O0 grans) supported on a
400 mlliliter, mediumfritted glass funnel attached to a side arm vacuum
flask. The clear, light yellow colored filtrate was rotary evaporat ed,

usi ng a PERahpM™ -yntRAlsh rHRREFRbYIE i Dinedor 15ichQo 78 KeOf the

vol atiles. Additional rotary evaporation was CO ete ntil a
vacuum of 0. 4Diferefiahaeanasty elatinetTh @ SC) amhlyimaier pation (&6 midipratmen pl aced
inthe v m,oven at 75 C an ri for. 16.hours. Atotal of 23.14 grans
of 11 ght Oy TEAHeEBioRpe SRbF B o EtsOblp acrbopa PR sftab Fiitosdie &7t ags um
bronisde eldiehg of 70boeAineNal aRMA: eaesPat VENANALRARHEALSEh! sappear ance
of the hédroxy roup absor bance concurrent with the appearance of strong

cyanat e Gosing a4 Bs cnbanertimete85 ndnatnd A2RSE. 2016ivddulPl OHhElAsi s reveal ed

16 s with 31 doni nant t i sing, 27.9, 24.0 and
315 ar hvonietshlecuerd BBE BRI NE LSRG Bt Y it Lpmars ™ ” 2"
Di cycl opentiagineneibRRlys waaﬁﬁnerizaﬁprll wiak UERERALiA] o SEARNRENY&a) 083 BB Y

(DSC) analysis of a portion (6.6 mlligranms) of dicyclopentadi ene

pol ycyant midpoget ExdcenPpd4e6 SCabdvecomamntaiipt &t edhalpy 06164 4 addeslmaf heating of
7C Q@r mnute from25 Cto 350 C und%r a sfreamof nitrogen flow ng at 35
cubi®¥ ceftPret 87°9NYranaing Afdhe 1RSpEmt demePRYHIAZRTEVERRS IR nst r ument s) was

used forexbhRrans | I t her: g@§] t [ xot herm
attri buteed to %ﬁ?ﬁ?ﬁ%ﬁgﬁg ?})'er}ln\%s&?g?aecte ﬁ]l%sﬁ ﬁ%egqli%é}.’%lt 529}6%%03, a 262.3
C mi dpoiaxbtheanttity t3047.6 °C. €t mecguwbanibtte Bitoade€ fohpthpYDIE adf4sié¢ j oul es

er
P was a transparent, amber colored, rigid solid.

25 Comparative Experiment [ - Synthesis of the Homopolytriazine of Bisphenol A

Dicyanate
DSC analysis of bisphenol A dicyanate (10.1 milligrams) was completed using
a rate of heating of 7 °C per minute from 25 °C to 350 °C under a stream of nitrogen
flowing at 35 cubic centimeters per minute. A single sharp melt endotherm
30  attributable to melting was detected with a 83.0 °C midpoint accompanied by an
enthalpy of 98.7 joules per gram. 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

accompanied by an enthalpy of 588.9 joules per gram. A second scanning of the
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20gram A second scanning of the resultant honopol ytriazine reveal ed m nor
exothennicity commencing at 271.1 C. A third scanning shifted the onset of
m nor exowbenniGsdsy to 307.1 C. The honopol ytri azi ne reeovarsea 1fooarns t he DSC
anal ysis was a transparent, anber colored, rigid solid. 25Conparative
Experinment 1 - Synthesis of the Honopol ytriazine of Bisphenol A . Dicyanate
DSC anal yesplangthopiopphémasineAes¢adgdmance fider Exnihetgitsmeinmeasingatpl et ed usi ng
a rate of aring of 7 C per minute from?25 Cto 350 _C under a stream of
nitr ogeng}gf]'gv\}:rgﬁgtgt {hﬁﬁe ‘3?158? %ra_g]’éﬁﬁxﬁ"é’teg%c staftingtad 1SA°G)- mytirdhar p el t
endot her Rkt - el b t | 0 1 dpoi nt
Ccompant g e e gt A2 E it e Rl e

at t ri but exbtheanty shifitcobmeericamt 4t 3R0Wers . dBicSiedreshoM ttibziae 244vdreE fORS e, @ 320. 7
C m dpoi nt, ang,a 352.6 C end acconpani ed q¥ an ent hal py of 588.9 joules
per gfrp an’Sk Babskidvacarmsagent lightambgp cotprad, 1@s8aaiRCT/ US2011/ 000706

resul tant honopol ytriazine reveal ed m nor further exotherm city conmenci ng
at 319.9 C (note: there was a gradual exothermic shift starting at 150 C).
A third Ezanpledg Rreyaati@dofexGichetinfitded CasttimeEithe BonaipoR@Qafndoi th a nore
pronounced exot herm c_shift commencing at 320.4 C. The honopol ytri azi ne
recovereﬁ—lﬁlﬁgﬁﬁgﬁ%‘ﬁ%g&é@%@si s was a transparent, |ight anmber col ored,
rigid solid. Bx3Rdpenfads ' i [ of the
Honopol ytri azi né gfp rﬁ%ﬁ:’%@%ﬁ%ﬁﬁ@? %ﬁ)ﬁg&gﬁg{:{ %MBB ﬂc%/kgoﬁlg%ﬁtagg?dene

pol ydyanataa al@mbugr dish afid plac&kiapheoGenahohatatbn 1DIFE Aflert Oh@lr, @kunm num

di sh and pl aced into_an oven preheated to 100 C. After 1 hour, the dish
cont ai ni HaP SYIGING Vi Idiysinraiadisae polvgrastrares ansferediorerS 06§ eena 150 C

oven a nﬂldh%(hj&jthterb?ﬁ 4rQ)nfe Pouf ngftgr% g 'r'ﬁ‘ItetaseE{t &é@ lj ? ) ﬂ}légﬁfs}’dl?gpﬁﬁ%%&%g dt he

di cycl opent adi ene pol ycyanate was a honoge uct was
t hen hel gbigcy288e Grds@rhohdp@HEousatqubOTie frofud vm%erfiﬁléjdﬁbg@k)byfo%il 300 C for
: e

1 hour followed by slow cooling 15to roomtenperature (22 C
pol yt ri alxiuneat g6BJUdPr Wasurandrfandlyat 806 °C dobehowabhowedd by sigmdcdingd. DSC

anal ysis of a portion 8. illigrams) of the product reveal ed a gl ass
tr anlg t i §4°9A p%{flmr%&éf(ggg]_ h<7 p@?ytnazn)le product waPs a transparent, amber d

colored, rigid solid. DSC analysis of a portion (18.9 milligrams) of the product

revealed a glass transition temperature of 295.7 °C.

Comparative Experiment 2 - Preparation of a Clear Unfilled Casting of the

20  Homopolytriazine of Bisphenol A Dicyanate

The method of Example 5 was repeated using bisphenol A dicyanate (0.5
gram). It was noted that the bisphenol A dicyanate became a homogeneous liquid
while in the oven at 100 °C. The polytriazine product was a transparent, yellow
cglored, rigid solid. DSC analysis of a portion (19.5 milligrams) of the product

25  revealed a strong glass transition with a temperature of 275.7 °C.
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Conparative Experinent 2 - Preparation of a Clear Unfilled Casting of the
20 Hornopol ytri azi ne of Bi sphenol A Dicyanate The nethod of Exanple 5 was
repeat ed weizog/Bssiphenol A dicyanate (0.5 gran). |t waspowtsdotihad7os he

bi sphenol A di cyanate became a honpgeneous liquid while in the oven at 100
C. The pal tr|a2|ne roduct was a transparent, yellow colored, rigid solid.
DSC ana&%ﬁ%@o % % t|on (19.5 nilligrams) of the product 25reveal ed a
strong TY3Hdition with a tenperature of 275.7 C. TDCC#68349- WO- PCT
BCH 140 9%50 1. is clained: 1.A polycycl opent adi ene conpound of
FornUIaSM—~f%é?W§¥a 1) in which each X is either a hydrogen or a cyano
group, each n independently has a value fromzero to 20; each m

i ndependently has a value of zero to 3; p has a value of zero to 20; each R
i s i ndependerft Pylyeycieaieagdisene gompeundios Fgrowe): a nitro group, an al kyl group,
or an al koxy group, where the al kyl group and the al koxy group each

i ndependently contain 1 to 6 carbon atons; and each Qis independently

hydr ogen or d&Roralutayl) group containing 1 to 6 carbon atons. 2. The

pol ycycl opent adi ene conpound of claim1, where the halogen is selected from
the group consisting of fluorine, chlorine, brom ne and colbifrat i ons

thereof 3. The polycyclopentadlene conpo d of claim1l, mhgf \each n
i ndependent | y.has a val ue from zéro to The pol ycycl ppent/adiene
cmmmmdof @Hnl where p h av%ubjkmqm . ;
/<—— |\

@‘@‘ R
@

in which each X is either a hydrogen or a cyano group, 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,
or an alkoxy group, where the alkyl group and the alkoxy group each independently
contain 1 to 6 carbon atoms; and each Q is independently hydrogen or an alkyl

group containing 1 to 6 carbon atoms.

2. The polycyclopentadiene compound of claim 1, where the halogen is selected

from the group consisting of fluorine, chlorine, bromine and combinations thereof.

3. The polycyclopentadiene compound of claim 1, where each n independently has a

value from zero to 8.

4. The polycyclopentadiene compound of claim 1, where p has a value from zero to
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WO 2011/ 136844PCT/ US2011/ 000706 5. The pol ycycl opent adi ene conpound of
claim1, where the al kyl group and the al koxy group contain 1 to 2 carbon
atons. 6yORhe/pedsycycl opent adi ene conpound of cl ai m 1, petrarseomioertod) i S an
al kyl group contains contain 1 to 2 carbon atons. 7. The

pol ycycl opent adi ene conpound of claim®6, where the al kyl group is
substituted with a hal ogen atom 8. The pol ycycl opent adi ene conpound of
claim1l1, where the al kyl group and the al koxy group are substituted with a
hal ogen atom., 9. ,The

and 8. vier o THPIRTERBRMATHR FESUPACL BB ToRRRG Bl PRIt ng of

chl or i nealkdxyQid itccdbin ¢ @RicAdbh adgnst hereof . 10. The pol ycycl opent adi ene
conmpound of claim1l, where mis zero. 11. A curable conposition

conprising: a polycycl opentadi ene conpound of Fornmula | as clainmed in any

one of QG ali Meri iy cl0op@dyend U Mk AP OF i lerk SRR P1s o 58] Bt amount

of a catal yst a cure accel'erating anount of an accelerafing agent.
12. The wotposihiaon! ©f2 crbematats. where X is a hydrogen and the resin is a
novol ac resin formed fromthe pol ycycl opent adi ene conpound of Formula I.

13. The conposition of claim 11, including a polycycl opentadi ene di phenol

and/ or an ol imeRMIyetichhRadiehycxnsiRRAe ot adinepewrirp BNty ighodie curabl e
conposition. 14. The conposition of claim1ll, where the resin is selected

from t hesUBTbupd Béth<i hetqesy awm.pol yur et hane resin, polyester resin, epoxy
resin, and conbinations thereof. WD 2011/136844PCT/US2011/000706 15. A
cured or partially cured conposition resulting fromcuring the

pol ycyclépentlddi peheycloppoadieheofonfmundibfclhinas, wheat thedillyt gany aadehof C ains 1

to 14. alkoxy group are substituted with a halogen atom.

9. The polycyclopentadiene compound of any one of claims 7 and 8, where the
halogen atom is selected from the group consisting of chlorine, bromine and
combinations thereof.

10. The polycyclopentadiene compound of claim 1, where m is zero.

I1. A curable composition comprising: a polycyclopentadiene compound of Formula
I as claimed in any one of Claims 1 to 10; and a curing amount of a resin or a catalyst

amount of a catalyst and/or a cure accelerating amount of an accelerating agent.

12. The composition of claim 11, where X is a hydrogen and the resin is a novolac

resin formed from the polycyclopentadiene compound of Formula 1.

13. The composition of claim 11, including a polycyclopentadiene diphenol and/or an

oligomer of the polycyclopentadiene diphenol in the curable composition.

14. The composition of claim 11, where the resin is selected from the group

consisting of polyurethane resin, polyester resin, epoxy resin, and combinations thereof.

31



WO 2011/136844 PCT/US2011/000706

15. A cured or partially cured composition resulting from curing the

polycyclopentadiene compound of Formula I as claimed in any one of Claims 1 to 14.
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