EPDXY POLYCYCLOPENTADI ENE COVPOUNDS Fi el d of Disclosure Thi s

di scl osure relates to pol ycycl opent adi ene conpounds, and in particular to 5
resi ns amsloadouctstzof the pol ycycl opent adi ene conpounds pamdaiské@iono7ase i n
curabl e conpositions. Background Phenolic resins are synthetic materials
that vary greatly in nolecular structure. 10 This variety allows for a

mul titude of applications for these resins. One exanple of a phenolic resin

i s pol ycycl opent adi ene diEﬁﬂ)é%(floPYW?F‘%rEqTéDﬁNsEcS%D?QHN fi U S. Patent Nos.

3,419, 624 and 4, 546, 129. Pol ycycl opent adi ene di phenol may be used as a
curing agent and/or to prepare gihg gIikQsapedi ng epoxy, cyanate and/ or
allyl thernosettable resin. These curing agents and/or resins can provide
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from sucdoni@sitdhiscan have both a high glass transition tenperature (Tg) and

a relatively | ow water uptake. To achieve these properties, however, would
require the resin to have a high 20 functionality (i.e., chem cal groups

avail abl e for croslinking). As tga f!ﬁggﬁlilfnal ity increases in these resins,

so does their nolecul ar wei ght. ecul ar wei ght increases, so does

the melt vi scRisinblic edsidshee s@shdtic rhieeiing tiat Rhghgre®lt invhsleoslat nganel ead to
difficulties in u§ing such resins, 25Summary .The present disclosure
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resulting cured BOﬁPWgOSi ti onhvvi th an enhanced gl ass tyan I &)i on
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el ecltr i qalysiprlopefarinesshanitaltiepatiesit xompbsimpaesitioredyretoithé preseticssif pat i on
the. poi yEyEIeGHERTART ER "CURB O SF° LRI PR EEP s dro b ahettiERS08t r et ur e
of For mia ekample, 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
20 functionality (i.e., chemical groups available for crosslinking). As the functionality
increases in these resins, so does their molecular weight. As the molecular weight
increases, so does the melt vichsity of the resin. Having a high melt viscosity can

lead to difficulties in using such resins.

25 ' A Summary
The present disclosure provides for polycyclopentadiene compounds that are

useful as an epoxide resin and/or as an adduct for a curable composition. The use of
the pdlycyclopentadiene compounds of the present disclosure as either curing agents
and/or as an adduct in a curable composition can provide the resulting cured

30 composition with an enhanced glass transition temperature. 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.



(Formula 1) 5in which Xis a structure of Formula Il: (Formula I1) /o\

R1IHCCRL CH2 where each Rl is independently hydrogen or a nethyl group, n
has an awsoaga/med4se from zero to 20; each m i ndependenty/usasiimooras ue of
zero to 3; each p has a 10value of zero to 20; each R is independently a

hal ogen, a nitrile group, a pitro group, an al kyl group, an al koxy group,
an al kenyl Eﬁrp he yarigis e&?‘?@ﬂ@? %ﬁ B’}Sydﬂﬂ"éli igngecompaundf iy, t he al koxy
group, tgx%sé}ltiﬂ @%Isu IﬁyQ’strﬁ%éJ;ﬁchﬁJxﬂﬁgi‘]}’l oxy group each independently

contain 1 to a carbon at ons each Q is independently hydrogen or
an al kyl grou@o@mmaa]j)m ng 1 to about 6 15carbon atoms. Enbodi ments of the
present disclosure also include_a polycycl opentadi ene structure of Fornul a
I'11: 20 (Foimula I'l11) (R), infwhich Xis a structure of Fornul »JI
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5 in which. X is a structure of Formula II:
(Formula IT)
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R'HC CR' CH,

where each R! is independently hydrogen or a methyl group, n has an average

value from zero to 20; each m independently has a value of zero to 3; each p has a
10 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 about 6 carbon atoms, and

each Q is independently hydrogen or an alkyl group containing 1 to about 6
15  carbon atoms. Embodiments of the present disclosure also include a

polyéyclopentadiene structure of Formula III:

20
(Formula I1II)



/o\ RFicCRlL cH2 5 where each R is independently hydrogen or a nethyl
group, n has an average value fromzero to about 20; each mindependently
has a valwe 20f1/18e840 to 3; each R is independently a hal egerS2@10bims | e
group, a nitro group, an al kyl group, an al koxy group, an al kenyl group, or
an al kenyl oxy group, where the al kyl group, the al koxy group, the al kenyl
group, and the al kenyl & group each independently 10 contain 1 to about 6
carbon atons, and eac s i ndependently hydrogen, an al kyl group

i "6/ caxbon atons, or a structure of Formula |V (Fornul a
ent dlsclosure al so include an adduct prepared
I ene conpound of |Formula | and/or Formula I

1 hat udes one or nore reactive

e pol ycycl opent adi ene

t
and a hydrogen cont a\ai
hydrogen atons reactive Wth
conpound. For the vard.aus.
i ncl udes a curable conpogitio i t he pgl ycycl opent adi ene
conmpound of Formul a | dener. In
addi ti onal enbodi ne conposi1|on of the present disclosure
can include aro with the polycyclopentadi ene conpound of
Forml a | 5and/ or For | and a resin. Fof the various enbodi nents, the
resin can include th cycl opent adi ene conpound of Fornula | and/ or
Formula 111. In additioghal enbodinents, the resin can be an epoxy resin
ot her than and/or in agﬁmtlon to the polycyclopentadlene conpound of
For mul a Fw@%ﬂﬁ%ﬁ1f§ réE%Fo thnents of the present disclosure can
al so i ncl'ude oIt Gorers uned romthe polycycl opentadi ene 10 conpounds of
Formul a | and/or F@oiuda ). Enbodi ments of the presenttdisclosure can
al so include a cured or partially cured conmposition resulting from curing
the curabl e conposition of the pg s\nt di scl osure. The above summary
of the present disclosure isg @ﬂd@d—LQ}QESCLLbe each di scl osed
enbodi ment or every inplenentation of the present disclosure. The
15description that follows nore particularly exenplifies illustrative
enbodi nents. In several pl aces t hroughout this disclosure, guidance is
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independently a halogen, a mtrlle 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
10 contain 1 to about 6 carbon atoms, and each Q is independently hydrogen, an

alkyl group containing 1 to about 6 carbon atoms, or a structure of Formula IV

(Formula IV) .

n

Embodiments of the present disclosure also include an adduct prepared from
15 the polycyclopentadiene compound of Formula I and/or Formula III and a hydrogen
containing compound that includes one or more reactive hydrogen atoms reactive

with epoxide groups of the polycyclopentadiene compound. For the various

~



20 Detail ed Description The present disclosure provides for

pol ycycl opent adi ene conpounds that may be useful as an epoxide resin and/or
as an addwot2oimi3es4aur abl e conposition. The pol ycycl openratitse@1omypdbunds of
the present disclosure may provide high | evel 25functionality when used in
a curabl e conposition. Curable conpositions fornmed with the

pol ycycl gpeestimanianie pesspoidedosiealse indhdes dgurable gTmpasiiqs thakineludescl osur e
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"an," "the," "at |east one, one or nore" aré used interchangeably.
The t er nthe bohycyaddpsitadiernt Conppyunid o $'orauld N\wadicaFoonsatiHedrafiditionslot have a

limting neanin ere.these terns appear. in the description and clai ns.
The. t er pCHAPGHS, HEAHG GHTe0e SHEPCDY THOF Binebhaaprat o AT PSReBe) t o, The
reci t at i gnscyRfopBHiXBIché 8bmbaaest %@@p&%ﬁdr@%kééﬂﬁz%goo@iﬂ%%éﬂﬁy gsum%d

wi thin that ‘range (e.g., to 5 includes 1, 1. .75, 3, 3.80, 4, 5,
etc.). Wrksstdothemicse aksb anddde @ligosiees fnmmed fonathegtobydyalopentadenpound, or a

5conponent includes th terial 0 o%g), or conmponent by.itself, as well
as i co‘i‘?g?pr?éﬁlfi%?l_ W?%ﬁ%cﬁ%@?’g}ﬁ%ﬂg, E %’ﬂﬁ?g%&ptg? pEeSﬁ?}?éljd%CIt‘\?sél,re such as
mi xt ur eScaﬂ&@soﬁﬁﬂhﬁ@élt:inféﬂf‘or?ﬁrtféﬂﬁ%ﬁ%ﬁiﬂ%mp%itféﬁ%‘suﬂ%geﬁ&n dub@gligs m "adduct "
means a product of a direct addition of two .

curable composition of the present disclosure. :

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

several places throughout this disclosure, guidance is provided 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.

20

Detailed Description

The present disclosure provides for polycyclopentadiene compounds that may
be useful as an epoxide resin and/or as an adduct in a curable composition. The
polycyclopentadiene compounds of the present disclosure may provide high level

25  functionality when used in a curable composition. Curable compositions formed with
the polycyclopentadiene compounds and/or the adducts of the present disclosure may
also provide for cured compositions that have an enhanced glass transition
temperature (Tg). Additionally,% it 1s expected that the polycyclopentadiene
compounds and/or adducts of the present disclosure will also provide improvements

30  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
interchangeably. The terms "includes" and "comprises” and variations thereof do not

have a limiting meaning where these terms appear in the description and claims.

4



or nore distinct nolecules, resulting in a single reaction product. The
resul tant 10reaction product or adduct is considered a distinct nolecular

speci es fwormtihBes4eact ant s. The term "t hernoset" asTused 1/0ar7es n
refers to a polyner that can solidify or "set" irreversibly when heat ed.
The ternms "curable,” "cured,” "thernosettable" and "thernoset"” are used 15

synonynous| y TR ugheud/on faeans sies o ortherecomadbof the bsted demapabl e of bei ng
subj ected to ! i Wil : Lt L a cured or
thermset st aiorsr B sf RSt SR RngbAELIRERATH bAES T 1 %Ge ned
by L. R subbirhed ngthinthatrak$d (etd. nDtoh irklkdestli 01522 )2. 25, 3PB 89! &# 5 e(c1P68) on page
239 as follows: "Resin or plastics conpounds which in their final state as
fini shed artiEPkss efherveshEtss 3 sieronceipasnaetalangomppwbioupl e.

Ther noset t | I Lauidia j Lk nuf acture or
pr ocgsiiﬁﬂ%ﬁﬁablg%@%lgég&gj} %dﬁﬁgaéra@% él?ntlo %%ﬁéa%?h%ﬁ Chemi cal
means. Afdnesind@inngithi uthley matetiath, corhpowmis edisconauneits sich as afik@rgdnldy heat .
Some pl astics whi clrt] are normal |y theinioplastic can be made theiniosetting
by meansCOBtPIBREES IOf ARAGANRSt h ot her materials.” 25The term "B-stage” as
used herein r : es : act ed
beyond the A- §% géezi }gegelﬁhtg?%trﬁg%gpgé uﬁ&ﬁ%g %kouq?"l%?%e%gc}cg ?g(?lﬂg%:oﬁg?ﬁ ty in a
sol vent @uudreakstauat moohiek, resulankat osiegle reaction prddvet. t Elieme$alkdayl gr oup”

t t | b hed | ent . hydrocarbo ro
e e bbb B Bubisr P B THICD R SRS g e bt yl

30pentylreaigy!l ., and the I|ike. The term "al koxy group” refers to
groups where at |east one hydrocarbon al kyl group is bonded to an oxygen.
For exanpl e, Bhytenuptheapewss eastusdd byreimeeférs tovapalynger Frapcan SplRify®IR is an
al koxy gr.ou IS, t hydr ocar bon al kyl group. The term
"al kenyl Sgtr g{}ﬁ%}% n‘?q%qrslhe&%?aturat ed, linear or branched nonoval ent

hydr ocar bomhgathg "sitablegneud, Mok nketdon "Gall"hewnsad s tuge gr oups (i . e.,
car ban-car bon doubl e bonds), such_as _a vinyl group. ~ The term
" al Keny | YRYEResy thiargdest and measLibat s spmpasitipe sstapable ohpeinscar bon 5al kenyl

group | Ssugf%@féa% L AR WEER will render the composition to a cured or thermoset

. state or condition. The term "cured" or "thermoset" is defined by L. R. Whittington in

Whittington's Dictionary of Plastics (1968) on page 239 as follows: "Resin or plastics

compounds which in their final state as finished articles are substantially infusible and

20  insoluble. Thermosetting resins are often liquid at some stage in their manufacture or
processing, which are cured by heat, catalysis, or some other chemical means. After
being fully cured, thermosets cannot be resoftened by heat. Some plastics which are
normally thermoplastic can be made thermosetting by means of crosslinking with
other materials."

25 The term "B-stage" as used herein refers to a thermoset resin that has been
thermally reacted beyond the A-stage so that the product has full to partial solubility
in a solvent such as an alcohol or a ketone.

The term "alkyl group”" means a saturated linear or branched monovalent
hydrocarbon group ihcluding, for example, methyl, ethyl, n-propyl, isopropyl, t-butyl,

30  pentyl, hexyl, and the like.

The term "alkoxy group" refers to groups where at least one hydrocarbon alky!l
group is bonded to an oxygen. For example, a group represented by the formula -O-R

or —O-R-O-R is an alkoxy group, where R is the hydrocarbon alkyl group.



In the follow ng detail ed description, the specific enbodi nents of the
present disclosure are described in connection with its preferred
enbodi mrerwe.20HoMes848r, to the extent that the foll owi ng ®#€Tarseqiiooos s
specific to a particul ar enbodi ment or a particular use of the present
techniques, it is intended to be illustrative only and 10 nerely provides a.
conci se descr The teom "efkenylegrewe npransyanewisaiatehiiscariedoardhad| y, the present
di scl osure (I)VS kpn(%ﬁ_l l,i mi Loed to thef'%s\geci fic (Slfnf)o.diﬁrentstdetsgri bed herein, but
rat her: TRACHEE PYLIN-aOOR I UREAPTC & PRFs-Ar ipselly g Frkd &rams (&ind

equi val egrsorf-adrbbmdowdié bomdsh hack bsig vESPpRUYf the appended cl ai ms.

For the various enbodinents, the pol ycycl opent adi ene conpound of the

15pr esent di s€hoterme abeaytoxyt group uredersfio Brups aere atdeaspeng Imsiragarben 1) i n
whi ch X | C f. For I1: (Formula Il) zo\ RlHccRl cH2 -5 where
eachrBRI %lger%rl\g{éogléﬁggéﬁegtﬂ)?groggé%'or a met hyl group, n has an average val ue

fromzero to ROhe éaltdwing deddpedekeribtiyn, hBs specid digbafimeas of tie grese@ach p has
a value of zero to 20; each Ris independently a halogen, a nitrile group,
anitro ‘g}?%%{reéﬁ?@F%%eddPGWH}ecBﬁn yiiegieyprgieasp embedunidnyHoyewipto or an
al kenyl ; gk : R | kenyl
group, g%ée?%gy@%t%%%ﬁ% 39@%#%{518%%%%%&5 gf)i?n gar%?ry con%rg%:ﬁr:(%{%to about 6
car bon apavireylararsd of dclpryens techuiqpen denidtyndeydo bgdiusattianomal kaytl gr oup

' vari ous enbqdi nments,

contaj nin to out 6 .carbon ato For th ]

A B R et SRR ot M RSP R S

repr esenthedrdynt@i &I sued 4Bt Bhnitt@kdtHeapkditic edPodhents described herein, but
rather; the disclosure includes all alternatives, modifications, and equivalents falling
within the true scope of the appended claims.

For the various embodiments, the polycyclopentadiene compound of the

15 present disclosure has a structure of Formula I:

20

25
(Formula I)



(Formula I'll) (R min which X, n, m and R are as provided herein, and
each Qis independently hydrogen, an alkyl group containing 1 to about 6
carbon atwomotionBew3structure of Formula IV 5(Formnul a | VPCT/US2011/08@05 t he
vari ous enbodi ments, the hal ogen of the polycycl opentadi ene conpounds is
preferably selected fromthe group of fluorine, chlorine, bromne and
conbi nations thereof. The variqus enbodi nents al so provide thaten can have
an l1l0average value fromzero to about 8. Pgeferably, p has a

va%j§h2;0n1
vari ous enbo nts, K b preferably

contain %
atoms. For t
group preferabl
enmbodi nent s,
carbon ato

!
Q
| ks

royp— ¥t preferably contains|1l &o about 4
1 contains 1 to about 2 carbon atons.

Pr ef er abkay; al kyl group and/ o™t he al koxy group are substituted with a
hal ogen ato or the various enbodi ments, the hal ogen atom|n either of
the al kyl groap and/or the al koxy group are each independentiy sel ected
fromthe group consisting of chlorine, bromne and conbi nations thereof For
t he various enbodi ments, when mhas a value other than zero, the carbon
bonded to Q () is.pref.erably. in orthg and/or para position relative 5
to the -OX gr%ﬁ%ﬁ“ﬁ?ﬁfgaﬁ%ﬁ%&%Fgggﬁr %iﬁnixtures of conpounds having the
carbon bonded(R@eniuheIQ i n both the ortho and the para position relative to
the - OX group are possible. It is also possible to have the carbon bonded

to Q /O\C )

R™HC

CH,

5  where each R' is independently hydrogen or a methyl group, n has an average
value from zero to 20; each m independently has a value of zero to 3; each 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

10 alkenyloxy group each independently contain 1 to about 6 carbon atoms, and
each Q is independently hydrogen or an alkyl group containing 1 to about 6
carbon atoms.

For the various embodiments, the polycyclopentadiene compound of the
present disclosure is also represented by a structure of Formula I

15

20

(Formula III)



) in the neta position relative to the -OX group. 10 Preparation of

Pol ycycl opent adi ene Pol yphenols For the various enbodi nents,

pol ycycl openbudizesse pol yphenol s can be used in prepari n@CrhEs2011/000705

pol ycycl opent adi ene conpounds of the present disclosure. For the various
enbodi nents, pol ycycl opent adi ene pol yphenol s can be produced from

pol ycycl opent adi ene di dRikehydes and/ or pol ycycl opent adi ene di ket ones. For

the 15 various enbodi 15, polycycl opentadi ene di al dehydes can be produced
vi a hydrof ornyl ati on/of [po\ycycl opent adi ene, in particul ar,
di cycl opent adi sin phosphi ne ligand, and a transition neta

(from G oups
Longoni, et al, J.
in Kirk-& hmer, 20 ENCYCLOPEDI
10, pp. 347-470 (2018%;__

i ncluding a nethod (U'S.
pol ar/ nonpol ar sol ve
separation. The res
condensed wit Ik
Pol ycycl opent adi ene

using a|nmet hod such as described by G
68, 7-21 (1991) or nore generally

OLOGY, Fifth Edition, Vol.

n this process,

at uses m xed

cat al yst recycl-e and product

pent adl epe di al dehydes can then be

s to rm 25 pol ycycl gpent adi ene pol yphenol s.

an, be/prepared by heati®hg cycl opent adi ene to

t enper at ures above 1 s di sclosed by Kirk-O hnmer, ENCYCLOPEDI A OF

CHEM CAL TECHNOLOGY, Fifth Edition, Vol. 8, p. 223 (2010). Al of the

af orenentioned referené®s are incorporated herein in their entirety by

reference. 30 t he vari,ous enbodinents, the h of ornyl ati on can occur at
a pressuV%Wg¥E%£r%1356H%FH§EBﬁBV€¥JggFﬁ?méWgEﬁcgg%ﬁ%Vﬁg%?%é?ﬁbbo C to 250
C. For theirdaéh QidSalRIDSGuFRMSainif}e] S AEAT CHIbERAIAMS ot triguanpunt s of
carbon nonoxide (CO, hydrogen (H2) and, possibly, inert gases. The
react i onfemddaddn be conduct ed using .a rhodium catal yst without a |ligand as
di sclcosed in ~ No. 7,321,068, albeit at high syngas pressures of
200-5@0 atm é§)ﬁ%ﬁ%gv%f sui tabl e ligands include carbon nonoxi de and

or ganophosphi ne [igands having 5 the general fornula PR R2R3 where each
RI, R2, and R3 i$ a substituted or unsubstituted al kyl, an aryl, an

aral kyl, an A ) iden\ or a conbination thereof. A specific exanple

i ncl udes, but /i . n- but yl di phenyl phosphi ne. An exanpl e of a
sui t abl e cdtal\ysi £$ Is not limted to,

Rh( C0) 2( ac During the hydrofornylation m nor anounts,
typically 5-2 .) percent (9% or less of the total reaction
products, of par totally saturated polycycl opent adi ene
nmonoal dehydes may al so beflproduced al ong with the pol ycycl opent adi ene
di al dehydes. An exanpl e of these saturated pol ycycl opent adi ene

monoal dehydest ¥ PR VeaoYr st demenspertarecniongia rolisclasnisdisneed by the
fol I ow n&)nﬁ%‘hﬂ]ﬁ R pYefe%Ef S1dd b tgg Ercbrub%?%ugﬁﬁg,'cﬂiorﬁn%PBMiﬁe yﬂd

combinations thereof. The various embodiments also provide that n can have an

10 average value from zero to about 8. Preferably, p has a value from zero to 5, and
more preferably p has a value from zero to 1. For the various embodiments, the alkyl
group and/or the alkoxy group can preferably contain 1 to about 4 carbon atoms, more
preferably 1 to about 2 carbon atoms. For the various embodiments, the alkenyl
group and the alkenyloxy group preferably contain 1 to about 3 carbon atoms. For

15 the various embodiments, when Q is an alkyl group it preferably contains 1 to about 4
carbon atoms, and more preferably it contains 1 to .about 2 carbon atoms. Preferably,
the alkyl group and/or the alkoxy group are substituted with a halogen atom. For the

various embodiments, the halogen atom in either of the alkyl group and/or the alkoxy



The pol ycycl opent adi ene nonoal dehydes can be partially or totally

separated fromthe polycycl opent adi ene di al dehydes. For exanple, a

di still atworroi3ps4ecess coul d be used to separate the pecyapediopertoadi ene
nonoal dehydes from the pol ycycl opent adi ene di al dehydes. In an

addi tional enbodi ment, various wei ght percents of the polycycl opentadiene
nonoal de&fpHegragach IWW@QM S@lyeﬂed%mm theegrpumepnsinting oékkloribe, roméw Wit h t he
pol ycycl %%ghﬁﬂﬁh hydes. Using mxtures of the polycycl opent adi ene
nonoal de ydgg an e po ycycl opent adi ene di al dehydes Snmay al’l ow for
control of a Fewmk vafiodssmebddimahts! whéhmttae arnefidl dthérdh&lrab) the @HRASI ti on
For exanple, whereas novolac chem stry can be used to formthe

ol ycycl ope di ene—pokyphenols fromthe p chy opent adi ene dlaldehydes
ﬁovglgc %ﬁEQ@%P(g?can?al d55%6%§@3yﬂ6t?%P B&PQ@?&W&%@HP&GPéﬁ@“dFphenols

fromg heongk yeyglppent adk %Bﬁrme@lt}gﬁ hYd@Sres OR 08@%535 Hgvﬁl %he

10pol’ycycl opent adi ene di phéehols wi th sat urat ed | opentane~ring is
r epr esentablobponded foothedwiimyorotheudrghovand (Hegparalpasion relativestoeha- m R and

Q are as scri bed her oners al sa. be esent. in 5the
polycyclgggﬁpgaﬁﬁﬁgoﬂiE%edﬁf%al?ﬁﬁ§mbﬁﬁ£ﬁﬁpﬁ h%Fm% of FOpRN adi ene
di phenol s, and pol yphenol s may be produced as an additional enbodi nent of

t he pres(eQnt di sglimshe RetaASositich relative o SEPFrORI @bad. t hat the di scussion
pertaining to the use and reactions involving pol ycycl opent adi ene
pol yphenol s applies also to pol ycycl opent adi ene di phenol s and m xtures of

the ppl yEXELORSALAD 8V& 20 YRRED S8, ARd g phenol s.

For the various embodiments, polycyclopentadiene polyphenols can be used in

preparing the polycyclopentadiene compounds of the present disclosure. For the
various embodiments, polycyclopentadiene polyphenols can be produced from
polycyclopentadiene dialdehydes and/or polycyclopentadiene diketones. For the

15 various embodiments, polycyclopentadiene dialdehydes can be produced via
hydroformylation of polycyclopentadiene, in particuiar, dicyclopentadiene,
using syngas, a phosphine ligand, and a transition metal (from Groups 3 through
10) catalyst using a method such as descriBed by G. Longoni, et al, J. of
Molecular Catalysis 68, 7-21 (1991) or more generally in Kirk-Othmer,

20 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. 6307108 B1) that uses mixed polar/nonpolar solvents to ease
the problem of catalyst recycle and product separation. The resulting
polycyclopentadiene dialdehydes can then be condensed with phenols to form

25  polycyclopentadiene polyphenols. Polycyclopentadiene can be prepared by heating

| cyclopentadiene to temperatureé_ above 100 °C as disclosed by Kirk-Othmer,
ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, Fifth Edition, Vol. 8, p. 223
(2010). All of the aforementioned references are incorporated herein in their entirety
by reference.

30 For the various embodiments, the hydroformylation cén occur at a
pressure of 1 to 250 atmospheres (atm) and a temperature of 20 °C to 250 °C.

For the various embodiments, the syngas can contain varying amounts of carbon



For the various enbodi nents, polycycl opent adi ene di ketones useful in the
present disclosure can be produced through a nmultistep synthesis, for
exanpl e twe 20hess®Bry gi ven in Tetrahedron Letters, 28, PCOAISEWIBI)7DS
Tetrahedron Letters, 27, 3033 (1986); Tetrahedron Letters, 27, 933 (1986);
Journal of the Anerican Chem cal 25 Soci et 107, 7179 (1985) and Jour nal
of the CRERPELS (@fabu}@f@gpge@@zﬁ%ﬁb Pestbhinehessshs Tha 0oastiongss) cambe of the

referenceoﬁmw% abﬁsau%eatglryspwh%mg@qnﬁ%r b diel’s gatirety by

r ef er ence. r ation c al'so pro annunts of 1'soneric

ket ones Hs. a69¢r063edlueyt dtdriglosingakhgessuked 6N2F0-680 abe. thyanpslesef ri ant
products when the H2/CO pressure.is |ow (-1 atm). |If these ketones are
present ?Watbllf’ehﬁ%@@%eﬁar on FOpOEils ard %r@ﬁmméa et feame v ing f or m
pol yphen a ribed herein.
(For i oo crah O B, RIREARIGe el 8%, REMITR L6 By RE

pol ycycl mmabmadueérald(yﬂrmmmyldeﬂnyﬂﬁs,ll ah dkatehydeide, and doatbimeamnihsteat. | ow
cont rol ver %he | evel, of 10funct|ona]|4é#|n a |ven curabl e conposition.

So, for >§8?ﬁ5 Ig exqrpRle dpdudss Pt 1Bpdlimie nbugid RBPw lplAspBEet ¥8h of the
present @Laa%&gle%lfraesu%taleb&tﬂqzwﬁfcﬁmegeb& is 3@ e or increased) based on

the relative anounts of the polycyclopentadi ene polyphenols and the
poIycyclBb@ﬁ@h&u@ﬂdadﬁpnanbls used in the conposition. Adjustlng the | evel

Crantl i on 1 oRBPELYT B ER0SRTTol 68 T rEa TR0 SO S SRR (P desi r od

level s apgdbait n% bal e ¥ tHa t@Hl%ad?f&ﬂ?x’th@t% &ﬁp&tlall§,%98&¢5$§at&fatédﬁe cured
COprOSItI on. reover, it m be possi bl e tO control the arnount of

di cycl opmivgmlep@taﬁdn@mma depanayadsehe prasivetd @dorigywithethe
pol ycycl 8&9&;0{1‘ eenqgmgng dla?crllé(}gyedges OfAr{ Q}?arnple of these saturated

polycyclopentadiene monoaldehydes with saturated cyclopentane ring is
15  represented by the following Formula V, where n is as described herein:

(Formula V)

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

the polycyclopentadiené dialdehydes. |
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20 present disclosure. The dicycl opent adi ene and/ or pol ycycl opent adi ene can
be formed through Diels-Alder chem stry using cycl opentadi ene where, as

di scussedwbeprai3es48he average value for n of Fornula | eam/useofommzero 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

t hey can have 2B adfgiqnabgmbedimenty verpuewetghreresnsnobthgver age from 2 to 5.

For ot he i - f . ity to
cont rol PRSTRRpERA e b A A0S B HEuBe Lo Blnedne B BB V' The
pol ycycl ajgericadixedevidh shalpblydesiopeytadlcne dbldeMydear Wag alixkirky of eheont rol

and/or tailor a crosslink density of a curable conposition while retaining

y . )
or even P%Fé@@?ﬁ’&aﬂl’ipéﬁ’ﬁ?%alWYQeﬁu radtee pebvateloppriggianei daldshydese cur ed
composi t La0-aikOTRE doreul bk B9. gl st apeNtadh ehe-dialdelndes al ong with any
of the pol ycycl opentadi ene nonoal dehydes and ket ones can en undergo a
novol ac ce@apositnnt ¢'of examphe Weryasychapentiahsie qaal beplhedab Soandher

di phenol s of the present. di scl osure. For the yarious enbodi nents, the
noeol ac P%lé(ﬁY?IBHelﬁﬁg‘(?P%’Q?X naﬁsefrram a° ibfﬁﬂc Rt e%f’cn;?’&?‘&éltygls%t. For
exanpl e, ndhfaPehsmielyoReMigsdbensged & ?dxﬂ{cg%@tﬁgﬁgpé’ﬂgdfﬁletcﬁﬂhm?gﬁ!ongan be

reacted at a tenperature of 65 Cto 70 irring under a nitrogen
at nosphethe podgicyolondnadiees svnoablchadesacAd exatmply sf theThe resul ting

ronoa! dehyaeedopanee s BARECTov it AUt OelRonbina o BrisbrehenteT ot ene

pol ycycl ppeid dicenigg pokmphewel s ancUor di phenols of the present disclosure.
20 A gener al descri\/pti on of novol ac preparation can be found in

Ki r k- Ot hner (FENVCMOPEDI A OF CHEM CAL TECHNOLOGY, 2010, Chapter "Phenolic
Resi ns" by Peter W Kopf For the vari@us enbodi nent s,

pol ycycl opent adi ene pol yphenol s of the 6 esent disclosure are prepared via
a condensation reaction of a nole rati t he 25 polycycl opent adi ene

di al dehydes (and any pol ycycl opent &% € ) to phenol and/or
substituted phenol, including, for exang esol , p-cresol,

2, 4-di met hyl phenol , 2, 6-di net hyl phenol pnapht hol , of 1:20
to 1:6, and preferably from 1:15 t ol .‘)

catal yst which is preferably from 0.1
1 wt. % based on the 30 ampbunt of phenolgyor substituted phenol conpound
enpl oyed. Higher nole ratios than 1:20 of™the phenol or substituted phenol

may be e ye ver _doi ng. s rrequi.re additional .ener and t hus
expense oér(r%end g{l/’e}? %ﬁﬁﬁ P reec‘ril/sc?%cf %EHZ%{:%IES Ld?olﬂ‘f%or%‘frsd?a% %gtbletrﬁf %‘ydlt phenol .

15 the polycyclopentadiene diphenols. Thus, mixtures of polycyclopentadiene

diphenols and polyphenols may be produced as an additional embodiment of the
present disclosure. As such, it is appreciated that the discussion pertaining to
the use and reactions involving polycyclopentadiene polyphenols applies also to
polycyclopentadiene diphenols and mixtures of the polycyclopentadiene

20 polyphenols and diphenols.

For the various embodiments, polycyclopentadiene diketones useful in the
present disclosure can be produced through a multistep synthesis, for example the
chemistry given in Tetrahedron Letters, 28, 769 (1987); Tetrahedron Letters, 27, 3033
(1986); Tetrahedron Letters, 27, 933 (1986); Journal of the American Chemical

25  Society, 107, 7179 (1985); and Journal of the Chemical Society: Chemical
Communications, 1040 (1983). All of the references mentioned herein are

incorporated herein in their entirety by reference.

11



Condensation reactions enploying a | arge excess of the phenol and/or
substituted phenol have been found to favor pol ycycl opentadi ene pol yphenol s
havi ng a wowopal3gsddspersity and wei ght average nol ecul aPCRaiSgit1/00070kew se,
as the arnéunt of the phenol and/or substituted phenol is reduced, there
can be an increase in 5oligonmers of the polycycl opentadi ene pol yphenol s,
i ncreasi ng t hEYAEigRD Y inagsa atee praduse smléﬁnoumtﬁ@rfea@é@m)kﬁmﬁws cont ent
favors hj r0x - U ' | i e .whi.c i.ghly
benet ; ci Ao tERIES ot PbERAopLY e be B SRULRMNGRAET S HR Yoy e
cost of . Hh/fi®@pradsanoisilow. (~Thats,). ibithese ketohek arg pre3saemsts pbdphena and/ or
substi tuted phﬁ§Q! may be used, thgbgéesent 10 disclosure in one enbodi nent
r

enpl oys h§¥ %38 QOGN DV RIEHO my pplpplenade op FermulasVH; ghers

p0|y§yC|HHﬁ”Eﬁ@E@&%zﬁQk%EHGQtheﬁPd |l ow in oligomers. For the various

enbodi nent's, condensation reactions to formthe pol ycycl opent adi ene

pol yphenol s(ldrnidie diesent di scl osure may al so optionally include the use

of a solvent. Fgr these enbgdi‘nents, the solvent can be substantially

15inert to the B feaction products fornmed. Exanples of suitable

ret{ | imted to, toluene or xylene. The. solvent

gent for the azeotropic renoval of water from
th certain phenolic reactants with higher nelt

e | vents may be beneficial for maintaining

may additi onal

t he condensat i
vi scosities

a suitab

aci ds, su 3
oxi des, qu

a
such as Q@tol
aci d and c¢Onbi
1 -propane su
Surprisingly, iyft=ha% been flound' t hat 3-nercapto-1- propane sulfonic acid is
so highly actiwe @ e in formng the pol ycycl opent adi ene

pol yphenol s that there is no need for an azeotropic renoval of water from

t he reaction Psodecdsd hRetineysing hexwateef thermuilneydloparfiadieract or, wi t hout

guenchi ng the .novol ag. react,jon. ..Reaction t eratures and tines.vary, but
can be f&%ﬂ?§88ﬁ¥ﬂ§>ﬁF%%%Q?e%§n§HS§?n%%mﬁ%Gﬁgah%ﬂnﬁﬁéBFf %@gﬁ%ﬁatures of
f r om@@bofitnc@6n4lityQnabgivtn tdfable BE8MpHS tIBAPINRY €6k erghier alel dokgakt | on
tenperatures and tines can be from 15 mnutes to 36 hours and reaction

t enper at N6y 3T £ cHFA30 compesisisar! the prasennBiselosres earabt gdimsteddetd- on
t enper at yr.es. @, : | i.n hours and reaction
t enper at UI’CE,‘S SOJT?%]I ?%%%%%%%ﬁg&a%%&? %zgatg%e é}hg&ntts%f%ﬁe

polycyclopentadiene polyphenols and the polycyclopentadiene diphenols used in

e o0 e or
l+o di,um-|-20 abl e acid catal ysts include the protonic
ﬁyd'b ﬁTﬁTTE?éE'd Jsul furic acid, phosphoric acid; netal

{ N R&xi&e al UM UM oxi de, nmagnesi um oxi de; organi c aci ds,
oxahic acid, 3- nercapto-|-propane sulfonic
For the various enbodi nents, the 3-nmercapto-

the composition. Adjusting the level of functionality in this way may allow for
15  the properties such as glass transition temperatdre (Tg) of the cured composition
to tailor to desired levels and/or balance with other properties (e.g., toughness)
of the cured composition.
Moreover, it may be possible to control the amount of dicyclopentadiene
and/or polycyclopentadiene moieties in the polycyclopentadiene dialdehydes of the |
20 present disclosure. The dicyclopentadiene and/or polycyclopentadiene can be

formed fhrough
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At the end of the reaction, the acidic catalyst can be renoved by
neutralization, for exanple and/or by washing or extraction with water.

Li kew se,watotisessad of the reaction, excess phenol canpPha/usemomedtosr omt he
novol ac product, for exanple, by 10distillation or extraction. For the

vari ous enhodi nments, .the pol ycycl opentadi ene pal yphenol s of the present

di scl osuPéelEaddes shemistrydisyng %ﬁwp@glmﬁ dderg s dispessed hersing thy efearadl y 1. 2
to 2.5 a I i F @gﬂ! | ydi spersity

i ndex (tR%u%gggﬁgg%%?&gpé¥?%ﬁa%F%ﬁg%?éﬁg?%bgpég%nassﬁ%ﬁ&ggbﬁgen sanpl e) of

t he pol ypylgtaperdnadiarendibtied wphepolysyclapebadionemidlddhideslofkhe These types
of results indi.cate that hoth the n values and the p val ues of each of the
pol ycyc| BFSRRialiseReusarsy phetasts theyrcanhave a dsspputipngd ing@lizes thatds oer y

uni fof m j |4 d [ Wale P I i of t.e i nes

o oduse. Doty b, ol R e At B AL SA0L o Do U T 7o )
Havi ng aahihiyf torconblatha dicgnlypphnthdient hed/popolgasel gretidadc endetdal iyplenol s f or

t he 20present disclqgsure.allow for nore desirable yiscosity predictability
|t he vPaB ks PpEERdieRe i aRY S BRp BT B Kot nE REL gy d Al SRfBSr ¢

The pol ygéiil%p%r&b§ssrin\kadéﬁ§ﬁ¥ foera GREBIRIBnRfosith %kw%x&kﬂgg%%@%ﬁ”e

pol yphenol s of the present disclosure are indicative of "an increase in the
| evel of incrgastiigopeientiyl moisheongtresigirscamrortienof Sasaired cMmpokitg.

functdi onal i and.t.he resultant high cr | i,nk 25densjity c rovi de very
desi hore higr T iEe poRRY o B huti G R R TR 3E S hly F he

pol ycycl pplgbyadpenadidna inteinat@syalkl ans kb@med chh ghed eY&rg8f ddiagid onal ity to
be achieved in the resulting polycycl opentadi ene pol yphenols w thout a

| ar ge i ntseedgR tq fortth eqwhyroglepestafigne polyshenolnatd/ertrdipeasts efithe previ ous
attenpts y i L gh I f functionality. For
exanple,p%%%%gkg%ﬁﬁg'2?3?%%§%¥%%£%?bg?%%$%§ﬁﬁg%Bygg? g&ﬁgylrﬂﬁgf?onalities
of aboutthé wt dfyadshexy] arelopn actd entlyveiRphtesampld, alie pslvaboldpedBigHeans per
hydr | ent, Enbodinments of the present disclosure may al al | ow

for ggt@ﬁ%&% Ryt BodicarphicRot i beteactsst atraisarnesrars oy 66 oCe Tl eved

with stirring under a nitrogen atmosphere and in the presence of an acid
catalyst. The resulting polycyclopentadiene dialdehydes, along with any of the
polycyclopentadiene monoaldehydes, can then undergo a novolac reaction to
form the polycyclopentadiene polyphenols and/or diphenols of the present disclosure.

20 A general description of novolac preparation can be found in Kirk-Othmer,
ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, 2010, Chapter “Phenolic
Resins” by Peter W. Kopf.

For the various embodiments, polycyclopentadiene polyphenols of the present

disclosure are prepared via a condensation reaction of a mole ratio of the

25  polycyclopentadiene dialdehydes (and any polycyclopentadiene monoaldehydes)
to phenol and/or substituted phenol, including, 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 from 0.1 to 2, and more preferably from 0.1 to 1 wt. % based on the

30  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 may
require additional energy and thus expense to recover and recycle the excess phenol

or substituted phenol.
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WO 2011/ 136843PCT/ US2011/ 000705 wi t hout significant increases in the

nol ecul ar wei ght and viscosity of the curable conposition. For the various
enbodi mrerwe,208i3t%Bl e pol ycycl opent adi ene pol yphenol s t rat/usaoloeo7edpl oyed
to prepare the conpounds of the present disclosure include those 5
represented by a conpound of the following Forpula VIIl: (Foimula VIII)
where R m C@ndernsatmmrepctm eaploiing pilored exesephithe Abenti s0dss scbshierted n,

pol ycycl ent ol | rrers esent with the

/o
10pol ycy®i0pe %Ve 68?1 O%@ ?‘nvsoﬁg’gg'cygpgf)rg ERGPeLEp 6158#3@9' H‘f adi ene

Corrpound§o1y&@15er§1tgeaﬂaawe1@14§a@ﬂ£g@qh@1@m1§n whip8t. PRIREGY &, GReRE aRiGeREof
polyphenols pol ycycl opent adi ene di phenol s and/ or ol'i goners thereof can be

formed i theahend ap OpélP‘%S@%N)p‘@meélﬁr@déc@bﬁbmmg bfar nsrgasedent di scl osure
L oson BLERG b Plo Rl AL AN o el S B RUGERROGTeNt S: e

reaction C e pre en a sui

substancmplelcnlath/elght esmﬂeaedrolg@mcz@noa‘m&a@@tsa&lg@dr Bgotyl the presence or
absence a soI vent. For the varl ous enbodi nents, the reaction preferably
t akes plfg’éléla’éla Hy 75T mestperlstviish srayabe fitehdp beneliciabinsicerzm end ms@

pref erabloyf b id (ADREShUIR. 96, BROMIMISols dhiBROM i BRite. PAK BRRLe .

preferably at tenperattlre o out out _
enbodi mavﬁrs latgeeexceset Dcﬁmhaicd(andwoef;msahitgd plaes mplydeeuset], theppresaitr e of

sbout, 30, LB VAL, Bhol 090, KR, 0o Br el oL oL &t oD ST O
pressur epx%ﬁu@@ﬁf&iu@@ rfEAiE o MRS HIUBh R a 8RR 1 He S d PR diigomers.
For the various embodiments, condensation reactions to form the
polycyclopentadiene polyphenols of ;che present disclosure may also optionally
include the use of a solvent. For these embodiments, the solvent can be substantially
15 inert to the reactants and reaction products formed. Examples of suitable solvents
| include, but are not limitedAto, toluene or xylene. The solvent may additionally serve
as an agent for the azeotropic removal of water from the condensation reaction. With
certain phenolic reactants with higher melt viscosities, use of one or more solvents
may be beneficial for maintaining 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 is a preferred acid

25  catalyst or co-catalyst. Surprisingly, it has been found that 3-mercapto-1-
propane sulfonic acid is so highly active and selective in forming the
polycyclopentadiene polyphenoils 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.
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at nosphere). For the various enbodi nents, the reaction can take place at a
time sufficient to conplete the reaction, preferably fromabout 1 to about
120 hour swororiei3ps4af erably from about 3 to about 72 houPsT/Usna 100605
preferably from about 4 to about 48 hours. For the various enbodi nents, the
reaction al f{O uses fromabout 1.1:1 to 25:1, 5Spreferably fromabout 1.8:1
to about 10Rfactionjempeiatuseeans, WBESVary gt apphe fom 2yt pdinntes taah@ites of

epi hal oh i J bS 1 i t i o jon, unless the
cat al yat 5 oS REl rORBElnpe e Y £RE 301 b Bb Ol PR B L Cved i
st oi chi oemploiyed.oPrefgrety eeactoamdmpéramiresphddinte3as badtcahy 8 midutentesgredi at e
which is then reacted with the basic acting substance to convert the

vi ci nal PRI AYUTSRAIYY tstperateres obBew He (giobeat 125 €. r Most prsferaldy oduct is a

gl yciqyl ; ' Iy LAt f y resins are
i vers | g R R B RO B A Bire AR e
Nevi | | e, tepEramvetiot frofn1B6°0) to abodt 2DWE.nal of Applied Pol yner Science, vol une
23, pages 1355-1372 & 972);. and qu*, Pafent No. 4;623,701; all of which are
i ncor por at e@! Hsr&dPL) ée‘ieé’f‘té?rbﬁéeea‘i‘ ccpalyst canhertempyved Brgeutalization.i ous
enbodi mep %xalﬁ?l'etaﬂé)o? b§ Rl dIRING Y dEirAGichRitn %ﬂ%r.bﬁilé'iﬂ?éeﬁ’)ﬁﬁﬁixl'eteﬁd BEgRare the
conpositions of the present disclosure include, for exanple,
epi chl orhgtami, pxcespphanohodry bl femovegifioottieydvblac petucy|fepecinipde,dyydri n,
met h]gd epi.br.1 r{ohydriP net hyl epi i odohydrin and conbi nati ons thereof. Most
pr ef er re%‘Stéga RS EBITAdIBhydrin is epichl orohydrin. 20A suitable basic
acting subsFange vhSo@ahsyEsletQ, tlﬁé%Q%?glbﬁ&t&ﬂéﬂ&ﬁ&%ﬁ%@k%ﬁt&@e conpounds

u

of the present disclosure. Suitable basic acting substances include, for
exanpl e, presrat disrlgsireran dhvor pellyRiab¢misy sulex lof frte &l mieyadprofkiratds | Ttarbhdnat es

and bica i ions thereof. Particularl i tabl e conpounds
e oo drROBt R AR SATPLICH PRPClEAE 30 iR eiDindky Hits ritasTree ™

cal ci um dBdisteisiren ofabieslahine Eii 206y eNRGH2E) m@y@P@ﬂlsﬁntm&anese

hydr oxi de, sodi um carhonate, potassium carbonate, [ithium carbonate,

cal cifum RAYHsRACan Ba fiogml 4P Behatkese Hmgnesrasmite mdirsirathat bathtsamese
car bonat &, Ih'tt'LI';l@I ﬁb&lﬂé?ﬁfﬂ%ﬁ of H%tﬁcaozfde?dflﬁ%%&ﬁ{eﬁggﬁ@?g?ﬂ%gfb‘?%é‘ m

bi car bonat e, m bi c nat e, i car ar1 um bi car bonat e,
manganesgefnt distlonat eravay aaiformalhanssulhie septisingDadvistol qarefia@ioned i s sodi um

hydr oxi de, or.. pot assi um hydroxi de. For_ processes involying reaction of the
pol ycycl‘?fbt"é‘ﬁ{’gﬁsiIEH@"&&W%‘I’%%@“%@F&C}’%“& YUGRLHOAE S A2 ®eXal hydri de

fol | onediing 8aGiHEA cMiih mgrigk}?fo@%Mw@e@dﬂeﬁtaﬁ%%wﬁ@e%ﬁ%ﬂthémt al hydrides

i ncl ude, for exanple, sodium hydride” and potassi um’hydride, wth sodium
hydrilde mresentydwedlssurprBperfpeniore desirable viggpsitshgrediatabdity iethzodsevsity sf sui t abl e
catal ysts_that, can be. enpl pyed to pr.epare the pol ycycl opent adi ene conpounds
of the p@%g‘érﬁ‘ lefoap %ﬁggofﬁ‘glpﬁ?fg?tp#l (FF{O%J%%mpI e, the anmoni um or phosphoni um
hal i des, suThe gslydibgdrsixaaImésLior b@dﬂaﬁﬁfbfﬂie%‘lﬂ?{rhl@%@tﬁﬂi@ﬁé Ebﬂy@ﬁérﬁﬁs of ‘
benzyl tri met hyl anmoni um brom de, 5 tetrabutyl amroni um chl ori de,

t et r abuttf BresEHIdiSHI AsEEaTe éndieastve 6 en yicarase i the leval of fenstiondity atithopt armoni um

br omi de, : [ upm. %u?jr'- [ met hyl i_um.br,om de,
b om . bEAASISICA, RO A 4 1| S ATSLY AT, A

t et 23butdehposphntiidewvesddediablethipt Tg.i phenyl phosphoni um chl ori de,
et hyl tri phenyl phosphoni um_br om de, . . )

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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10 et hyl tri phenyl phosphoni um i odi de and conbi nati ons t hereof. For the
various enbodi nents, suitable solvents that can be enployed to prepare the
pol ycycl openvadizesse conpounds of the present di scl osurePCmaiSaaa/oed7ophatic
and aromati c hydrocarbons, aliphatic secondary al cohols, hal ogenated

al i phati c_ hydrocarbons, aliphatic ethers, aljiphatic nitriles, cyclic
ethers, R&EGHESENHERRT dRegeasssip dhe a@é?%%fdwekgﬁﬁm%msaﬁgﬂx Rétlof .

Parti cul i : ol vents include pentane, hexane, octane, tol uene,

xyl ene, %%%%5?%?% lg?%he, met hyl i sobut yl ket one, N, N-di met hyl f oi i nam de,

di met hyl sul f oKohe veiietdwrhbatiinents, sudtabkpotyoytispamaditnd polgphetiethat

di chl oronet hane, ch| orof orm_ethyl ene djchloride, nethyl chl|oroform

et hy| ene% BFcBRPIaY FAtORFFPaEE Hisrcompayngs ﬁ%@ﬁyrf‘é&%&daml%are Bebtdsinese | e,

| sopropanglesedid b9 9%&@@9}@ oPTHRAY1IENE Ho¥r0la YRAOMEL Nyl ether, and

conbi nati ons thereof. The solvent- may be renoved at the conpletion of the
reacti on usi nFammleeiililonal neans, such as, for exanple, vacuum
distillation. One possible process for preparing the polycycl| opent adi ene
conpounds of the present disclogsure is done in the absence o arsolvent,
where the epi hal ohydrin being used in the keaction, such as é”

25epi chl orohydrin, is used in an éﬁbunt 2?4 unction as both t%;%Tﬁ%nt and
P 2o Wi .

/
react ant . Anal ytical methods,\such pressure |
: KlynxLl;/ﬁ ni tor ‘GEEEE of
15\ e final

anel/ or dijphenol coig
K. such as the hal ohydrip, a
HHA <;Q;Fﬁ?bsent di scl osure. 30Recovery and
purificati of~oK the -oly-ycIOprntJ I ene conpounds of the present disclosure
can be pé& géﬁ using a variefy &8 nethods. For exanple, gravity
filtration, vacuumfiltration, tcentrifugation, water washing or extraction,
sol vent extra®fion, decantation, columm chromatography, vacuum
distillation, falling filmdistillation, electrostatic coal escence, and
ot her processing nethods and the like may be used. Vacuumdistillation is
a nost pre&eR e ATEL BRE 0L 2§ 8B HedaMeie COV Bis¥uQbdlHeahiher boiling _
fractions, for exanple, unused epi hal ohydrin. This recovers epichlorohydrin
for recypdtgcydbpgdaticse dipheabsoartéorpligeemnts may tlse bppteseytohibipdrt adi ene
co Qynds of 5the resen%lgis | osure. These typically arise from an
epoxi’dat FBYISIOPSIRGISHEPPYP gﬁﬁ%nents present in the polycycl opent adi ene
pol yphenol and/or di phenol precursor or fromthe in situ advancenent

reaction of a portion of the glycidyl ether noieties. Advancenment is
char act efticpaiation aftholyeyclapenisgienp Gompopndhydr oxypr opyl et her |inkage (the

structure of jraraul.a. lX) e%o%%eSQPﬁ% ﬁoq%y%lopentadiene polyphenols,

polycyclopentadiene diphenols and/or oligomers thereof can be formed into the

pol ycycl ope
formation of i

15 polycyclopentadiene compounds of the present disclosure through a reaction with
an epihalohydrin. For the various embodiments, the reaction can take place in
the presence of a suitable basic acting substance, in the presence or absence of a
catalyst and in the presence or absence of a solvent.

. For the various embodiments, the reaction preferably takes place at a

20  temperature of about 20 °C to about 120 °C, more preferably at a temperature of
about 30 °C to about 85 °C, and most preferably at a temperature of about 40 °C
to about 75 °C. For the various embodiments, the reaction also preferably takes
place at a pressure of about 30 mm Hg vacuum to about 690 KPa, more
preferably at a pressure of about 30 mm Hg vacuum to about 345 KPa, and most

25  preferably at a pressure of about 60 mm Hg vacuum to about 101 KPa (about 1

atmosphere). For the various embodiments, the reaction can take place at a time
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10product: Fornmula I X OH -HR1C - CWCH2 -0 - The pol ycycl opent adi ene
conpounds of the present disclosure, as well as 15 blends thereof with
convent i omal20HpIG8843r esi ns, may be used to prepare advan®eu/USpaxpoe7esi ns
(thernosettable resins) and/or vinyl esters and vinyl ester resins. For
exanpl e, enbodi nents of the present disclosure can include bl ends,

parti al | Spfigeytiacrmetety thegeasgen) Prsfesehly from about drte @boutH@Prheves Jnose oduct s of
t he poly i r | sclosure, wt bis or
20 pol y (e Heff HEEs S IBRKTHoRls, bR e Rt FORORL A M00T Spoxy
resin; a4fldwsreri zabl e nono, di, or poly(ethylenically unsaturated)
nmononer,. i ncl udi ng vinyl henzyl ethers, allyl and alléloxy congounds and

d
conbi nati ons ‘WQB%B?UOUSe”mOdﬁﬁﬁﬁﬁdh?8V€F@b@ﬁ?&&ﬁéﬁéné P dutidido 89:1¢ he
present ;?Ef%?éhﬂ? ot Bt AlgSOrooLLT ATy ﬁfd&ggwgﬁgﬁgﬁogﬁﬁoﬁleﬁb%: 1§4ch as, but

not limted to polyurethane resins, po ; sins, epoxy resins (e.qg.
as proviabedt hidmeolny of emihlcloydvinnztr iphasolichedenty droupddhisiininal reaciadi ment s,

e s B TG G SRR el Slieline 52t bab B osed In Por s he
various &&@%ME&E@&#Q& @ghﬁ&%%@&@&hﬁ@ﬁv&m @aiagefv(vgaﬁ iPieRent

di scl osure can al so be use rmng adducts useful a epoxy resin
30cur i ngeagehwsth thidbasieatingstbstimme to henvasthe vinohat e khidmie groups to '

ol yur eaur et hane d polyi socyanurates. and (c) initiators for polyols
eetth *RFoRBaaR I e R e eb Bl S Clamidnagiars
pol yi socyvapsthtoBseparation of egEQ?r&Q{SYa(fé’%iv@H‘?ﬂtﬁ?i}?a@ﬁﬁ aYIBouRG300f the present
in

di scl osure, -beside other t ings, may be usefu 1 preparing cured
conposi tiasdoplopf Epexy Resny bichen and Wevibde.adeOravaiHill49a7as ansl Jandiabof

conposi t - i layer electronig circuhtsry, i ptegrat i 5 cuit packagi ng
(such a§5ﬁﬂgﬁgﬁ%§P$h(@gl i&gwwg%éh?%ﬁfﬁéﬁié%7iE%ﬁgiﬁﬂgilgﬁgggnggtions,
cast i ngs,62QNWQaIltoE yHi@l ard eicespaeRd B batdfoRsce ANdciaeh@styes.

Addi tionally, the polycycl opentadi ene conmpounds of the present disclosure

may i nd ut i |Faryhgyarkjusismpodimeats, sRkible ppikgloprdiins Barjandesgamexsdisef ul , for

exanpl e,k ti L i: I and ot her

ot ot ot 1R EE SR oD RHE Br B platbft SR PRERSe, RATKLER, 2T on

t enper atepiah]orebydren tpibeshsliyalnacepisduoagdim mekylspiehloeotadehpr 10 t oughness
may be beneficial. The cured conpositions of the present disclosure nmay

al so be rﬁestg}ﬁlep YR 'n{nﬁgly%ed’élgg%}}y rin apgl combiations fhegtdfe Metaped articl es.

preferred as the epihalohydrin is epichlorohydrin.

20 A suitable basic acting substance is employed to prepare the
polycyclopentadiene compounds of the present disclosure. Suitable basic acting
substances include, for example, the alkali metal or alkaline earth metal hydroxides,
carbonates and bicarbonates, and combinations thereof. Particularly suitable
compounds include sodium hydroxide, potassium hydroxide, lithium hydroxide,

25  calcium hydroxide, barium hydroxide, magnesium hydroxide, manganese hydroxide,
sodium carbonate, potassium carbonate, lithium carbonate, calcium carbonate, barium
carbonate, magnesium carbonate, manganese carbonate, sodium bicarbonate,
potassium bicarbonate, magnesium bicarbonate, lithium bicarbonate, calcium
bicarbonate, barium bicarbonate, manganese bicarbonate and combinations thereof.

30 Most preferred is sodium hydroxide or potassium hydroxide. For processes involving
reaction of the polycyclopentadiene polyphenol and/or diphenol with an alkali metal
hydride followed by reaction wijch the epihalohydrin, suitable alkali metal hydrides
include, for example, sodium hydride and potassium hydride, with sodium hydride

being most preferred.
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Adducts of the Pol ycycl opent adi ene Conpounds Enbodi nents of the present

di scl osure further include adducts prepared using 15t he pol ycycl opent adi ene
conpoundswof2otihBegasesent di scl osure. For the various enpodiuseeti®po7ps epari ng
adducts with the pol ycycl opent adi ene conpounds of the present disclosure
allows for the physical and the nechani cal erty advantages of the

pol ycycl opent Befi tapyprigys el adimentsssujiable CG@IXSFﬁeL%EW@h%@ImIdﬂIPdn@C hani cal

property £ nctl to be
Combi nedPh e ARSIt oGt R el PR et ur es.
hi gh t enpanaiéitee f@FiostuaN6E£phdsiRGHVMRChaEES tsUEIad, B eXhpees and corrosion
resi stance, as well as enhanced electrical properties, especially

di ssi patYeaayEeedylamnenisnydlerde. henzylrigsthylammonhen BByl opent adi eny!

o e ErERBGINEIHR! £oliBRd N6 BLER OBl L ASHERAS! ©

(|nclud|ng epoxy or yure e-’various

enbodi nmesiflaride, mraad@&mnmﬂmt benfdeserdmethglamasini en ealvride, pr epar ed by
reaction of one or nore of the poI yciwl opent adi ene, conpounds of the present

di scl osufBapgthylamppivpRisBitd eI RsPReniumshlarigenul a 111, and
conbi nat ensuE6 eAbl b8 ok e AGEN(BRR! 2 i ng compounds

possessing one of "nore hyadrog én ato nol ecu e that are reactive with
epoxi de fghyitrgmen}slmhhsrih@amm ddeed@pdmhrﬂ@hgmﬁplmsphmm brenhidey t he

pon cl oun f the resent di scl osure. Proposed end uses
for %’8‘3%&?@ elﬁg?ﬂ’g‘ng ’r?ﬁé‘ﬁ?oﬁnd&o é%a‘QBE)F}}eE%&%I ons, curing agents for
epoxy reSI n basade 9%ds%§oodﬁ§&ﬁ§'ﬁitﬁMe@@Rf@ﬁ@ttﬁaY%m@BQexfxlB[H&%H@@al powder
coatings and other protective coatings with weatherability, solvent

r esi st angepare thyi sl yevslapesiadican cempatyrdssif ¢line plesem tiasnkpeureandud@ughness,
curing ts fo bas Iectrr trutur Iamnates or
conosi 8hgs Rl ey R ERoRE REP G St yBondlh e e

mul til ayaelﬁ)hedl@nydromsom BIgpHatiE Ythekd) bBpKAlcadtrlés, 6¥dlic d@E&K@@kdiﬁs( such as "IC
subst rates’ ); onposi tes for aer osgace adhesi ves; and in corrposr tions 5

t h-%t K %wrilﬁ@vé@s@ﬁ%cwbmé%wt preAtisPastiewarhy suifable wbvgnit mclude
pOl ymal e;! Pﬂaﬂ@sh %Qge Q)% gyt% a@é&%?fgl%gwle%t 1ROGnE m {@%ﬁs&?ﬁ&ﬂ&té eS| ns.

Fur t her “propose u§es e presen sure T nclude the
pr epar ati bhdmiet]h;ﬁéormmeﬁe pmrnyuhmhh”amds dibtht] ethyr, tegrabedroflran, 1(4-0am) or
non- cel Idul ar and may additionally include_additives including, for exanple,

fillers,digfaggedicllor ?—i aney ghlprf syl e dichlorfe kaeibyschlorefeitsr ci ng agent s,
ol d rel&%ﬁ&@ﬂ?&l um&‘fﬁ%’f Lier, ﬁgﬁ @et}ﬁqﬁgkh’dlagra&toﬁft ife, fsginﬁagg@(ﬁt agents,
ion t

surfactant’s and” combi na eundset po yure nes prepared
usi g thm@&dmtmomﬂen&@ymlmmmﬂnyd@kmm aueybitesions éfem¢ofi Thehe

prepar a on, Phe SRS TLAGE, Mol diogs, cootings, sLiciural loams Theible e
foams r epEese b &ample, vacuum distillation. One possible process for preparing the
polycyclopentadiene compounds of the present disclosure is done in the absence
of a solvent, where the epihalohydrin being used in the reaction, such as
25  epichlorohydrin, is used in an amount to function as both the solvent and reactant.
Analytical methods, such as high pressure liquid chromatography (HPLC),
may be employed to monitor reaction of the polycyclopentadiene polyphenol and/or
diphenol concurrently with the formation of intermediate product, such as the
halohydrin, and the final polycyclopentadiene compounds of the present disclosure.
30 Recovery and purification of the polycyclopentadiene compounds of the
present disclosure can be performed using a variety of methods. For example, gravity
filtration, vacuum filtration, centrifugation, water washing or extraction,. solvent
extraction, decantation, column chromatography, vacuum distiilation, faliing film

distillation, electrostatic coalescence, and other processing methods and the like may
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15special class of rigid foans that may be prepared using the adducts of
the present disclosure. Polyisocyanurate foans are generally prepared by

t he cat alw0i2e11t13s8ri zati on of a pol yi socyanat e and t hepatdiset1106070he
present disclosure. The adducts of the present disclosure may al so be used
as initiators for polyols useful in preparing polyurethanes,

pol yur eabe¢ ssadanésuumrtdstdlationliya mymﬁﬂr@ﬁese.thﬁgfmddmvd rallrgcoveheofadduct s

may be r 1.0 provide-c Qsi tions,that .then. be used to prepare the
pol yol i ﬁ?ﬁt %Iaeﬁ%bgg. Prﬁﬁ/té‘)rnggfé)ﬁ%g‘ﬁ{’fgi Hitgd Eﬁ%ﬁ@gﬁéln'Tﬁ@Sﬁ%ﬂ‘@ﬁen cont ai ni ng
conpoundepisi@drdhydiin€oreergit di scl osure to react 25 with the

pol ycycl opent adi ene conpounds of Formula | and/or Forrmula Il to formthe

adduct i ncl udedigemerpmayrileo pe peesent ihihgrradesyclpeniadisae compeendseof The

react4 ve [ - a eact | Wi t h oxi de groups, .such _as those
epoxi §de tgﬂr%yo%ﬁseq%l@é%trlr%ﬁge'l r[?‘eg:eoﬁ't%é+£r{1§'daril%e ?ﬁ% ap“o%’y%}g%?%%éﬂf 855%W§”80rrpounds
of For nut@mpordids beysend i@ the lpol 3 Eiepeneadiend palsbhytolrdr@geiphaieint as used
herei n neans that the hy_drgo;gfn atomis reactive with an epoxide )ﬁroup. The
react i vePHyHIS658R figrd iy $18) a4 ¥anspmsnhEsacHo b garpTHEBIE theiglvsiirg t hose

hydr 0gene e iR hHCh AhcBfftnt RAGHIN Gtk dd b ERAXI IR B QUARRER. L he reaction

of form ng the adduct, but may be reactive epoxi de groups in a |later
process bydrowypmgyt btheatidiege (htstranarenf FormubpDKyinr tsiepsoxy resin For the
vari pus e od{"rrents, hydr ogen atons can be non-reactive with the epoxide
grouﬁg i FYHE  process of forming the adduct, but reactive in a later
process of . pufhing ixhe adduct. For exanple, such reactions in the |ater
process can be wth an epoxy resin having other functional groups that are
nore reactive with theOrpoxi de 5groups under the curing reaction conditions
used as conpar ec Q t he Je ti(gn conditions used in the reaction of

form ng the add “FoR &%T , a hydrogen contai ni ng conpound may have
two different functional groups each bearing at |east one reactive hydrogen
atom with one functional group being inherently nore reactive with an

epoxi de gr oupThépslytRgoehhiend RAeHpolin®s SfEBE bicdbht@MtbsutORs weged. These 10
reaction conditions may include the use of a catalyst that favors a

reactd onPlgrdstthereplewith icorvamjigndgenxatasircs papbe o founepdroadyangedup with an
epoxi de ﬂ{o%g@es?ﬁ/ h%%gaﬁ%ieoﬁsigé %pgod&?r%geht\éfs aﬁ%qfig eegt[e?gte()sg%;?o?f the ot her

function roup an epoxi non-reactti ve rogen atons
may al soedanglie)demboyihageof t prsentditdesuldcaciaondablenty, daexally gr oups

Foimula 1 X) that form during an epoxide ring opening reaction in the
|(or ocess @Wﬁ?r@%ﬁ@&ﬁﬁagq@é%ﬁe@t or %%Gé?@@@g PEPé@CFSrP%ﬁ]P“epar ation of
t her mosegdiablc Pg%&f&h@%ﬁ%&&ﬁ%ﬁ&%&%ﬁt disBR sTRCQNHY ¥ishydr oxyl groups are

consi der’ed” @s active rogen ato
20  poly(maleimide); a di or polycyanate; a di or polycyanamide; an epoxy resin; a

polymerizable mono, di, or poly(ethylenically unsaturated) monomer, including
vinyl bénzyl ethers, allyl and allyloxy compounds and combinations thereof.
The polycyclopentadiene compounds of the present disclosure may also be
formulated with other resins, such as, but not limited to polyurethane resins, polyester
25  resins, epoxy resins (e.g., as provided herein), and combinations thereof. In additional
embodiments, the polycyclopentadiene compounds of the present aisclosure can also
be employed as co-monomers with other thermosettable monomers.
For the various embodiments, the polycyclopentadiene compounds of the
present disclosure can also be used in forming adducts useful as (a) epoxy resin
30 curing agents, (b) reactants for thermoset polyurethanes, polyureaurethanes, and
polyisocyanurates and (c) initiators for polyols useful in preparation of polyurethanes,

polyureaurethanes, polyisocyanurates.
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The hydrogen contai ni ng conpound that includes the one or nore reactive 20
hydr ogen atons per nolecule may further include aliphatic, cycloaliphatic
or aronatwo 2griaupsi3wi t hi n t he hydrogen cont ai ni ng conpoweai/USTda/oed7ophat i c
groups may be branched or unbranched. The aliphatic or cycloaliphatic
groups may al so be saturated or unsaturated and may include one or nore
substituents ?h‘*aPOléPBéd?Hf’@F%dlf(fﬁdiomP@&é@ﬁ fethe peesemiaigpiesees begifle pihepari ng t he
adduct nd the
productg$u#§é bg??%ggﬁﬁg&%%glg%&%f%gﬁﬁﬁgm%gﬁnaﬁggﬁgﬁg q%g? on atom or may

be bet wedacttios lmarriacas aaﬂlomsom;l&@&@dmn@ﬂ@ﬁ:r thetretiekircatrysintdpgited es of the
substituents. E? npl es of such inert substituents include hal ogen atons,
pr ef er abtFUsHRAgkagHeE @P%%rﬁ(:ﬁé‘bs‘ﬁ?t?? D1 felamspt wdingskokkings. ket o, et her
(-0-)s thy i i f present
W t h|5n t cgﬁstu Eﬁ %)Sénéétcl)%ﬁsé%r?%gﬁ%% P&h&% ?ﬁlg%t u(rgcra@1 b a?ih%ﬂ%l ude one or
nor e hetAddlabnat’rB/ ﬁwqimlﬁglcm,peﬂtadﬁnandmbbmdsldfehe present E)samphxe&n@j fihdhe
hydr ogen contajn COo nd may include conp such as (a) di- and
poIyphedﬁﬁgyaﬁbﬁhg%mngggwg8??@&?86%???8aé@ﬂﬂgﬁg?%indﬁam@ Kelipeflafines:capt ans,
(d) di- qed apMaem%wd@feaoa%rwmoﬁepﬁ%fecﬂ@é codifls SWA ORI MR T0r 4 ( 0)
am nophenol s, (h) am nocarboxyll ¢ aci ds 1) phenolsi’c hydroxyl  cont ai ni ng
car boxyl liigh glaissigansifion sulpbratire asul v res{stdncapatoadiemesistanat apdios phor ous

un nd (1 onbi nati.o Wo _or such co ounds or the
K ExEHARs’ Bhy BRECH I aln Hi ot EHBr SO0 e g £ R Hy Ry benz ene
5( cat echgdd be dsed 8 HRVBFR%Y BRRZE BRmE | Bi50d &4 &ﬁér)shagedﬁla%*aydr oxybenzene

(hydr oqui none); 4, 4" -isopropyli denedi phenol (bi sphenol A); 4,4'-
di hydr oxydi phenyl net hane; 3,3',5,5' -tetrabronnblsphenol A,

4,4' -thi e sul fonyl henol ; 2, 2'-sul fonyl di phenol ;
4, 4" -di ﬁ‘g‘?@y‘%ﬁ*e PﬁYpYCIOpeﬁé‘a&gﬂg—r‘aH%%roxybenzophenone .

, 1' - bi s(4- hy@m@wm&mﬂ)thelp@b@mﬂhseldaaﬁeﬁmﬁerancladéadduk%@fems@hghgbl sphenol
3' - di net hoxybi sphenol A; 3,3 ,5,5 -tetranethyl-4

1

A 3,

2 Zylér O)@?@IPBIHEYFS}PPCU@MGH%HOH};@P@Q%@#L ﬁlﬁgﬁwent disclosure. For the various
£ 40 N e LN N ORSIEAILAE
1, 1-
1, 4-
1, 4-

b|sQﬁehymMQxyph@ﬂyH¢uydbmﬂﬁmﬁn@mammﬁHﬂehyﬂhmxmﬂ@nﬁnn@mmemhygﬁenzene
, 4-di r ox di net hoxybenzene; 1, 4-di hydr oxy- 2- ter% i

di hyogﬁ%&%@cw%tag% ﬁw%@ﬁz@n\@eﬂ 3 e g wg}aerléseg} mge ?ﬁ”?%ld’ﬁ

1, 3-di hYa‘éWﬁ%{ & 1&%@&&?@@%% O?ré@%ﬁﬁﬂéﬂ&ﬁ%@%&ﬁ@édﬁ%ﬁed HSue! opent adi ene

or an ollgoner t her eof and p en or substituted phenol condensati on

5 but Ibenzene

pr odlct sddnet éﬁbmxlth@mwdglatSheaesJﬁOIEmnﬂr@sresfhlg}n@mtveratarﬁdregneﬂayc@r boxyl i c
aci ds ( b IEnélg:i!%QelSt%fe ICSIStZagge gnad’ CPO?'%( sgc;nprre]sel (I;'éEtaQ%%ﬁ 'as C%I;aen%re]é hl%'(:t!rl%afiCI d

|sophtha
properties, especially dissipation factor, are expected as a result of the

polycyclopentadienyl structure when the adducts are used in the formation of
thermosets (including both epoxy or polyurethane types).

25 For the various embodiments, the adducts of the present disclosure can be
prepared by reaction of one or more of the polycyclopentadiene compounds of the
present disclosure (e.g., the compounds of Formula I, of Formula III, and
combinations thereof) with one or more hydrogen containing compounds possessing
one of more hydrogen atoms per molecule that are reactive with epoxide groups, such

30  asthose epoxide groups contained in the polycyclopentadiene compounds of the
present disclosure.

Proposed end uses for the adducts include bisphenol A-free applications,
curing agents for epoxy resin based coatings, especially decorative and functibnal

powder coatings and other protective coatings with weatherability, solvent resistance,
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cycl ohexanedi car boxylic acid; 1, 6-hexanedi carboxylic acid;

1, 4- but anedi car boxyl i c acid; dicycl opentadi enedi carboxylic acid;

tri s( car bwoyphenyddspnet hane; 1, 1-bi s(4- carboxyphenyl) cyelCohszans)o7os

3,3 ,5,5 -tetranethyl-4, 4'-di carboxydi phenyl; 4,4"-

di car boxy- al pha-net hyl stil bene; 1, 4-bi s(4-carboxyphenyl)-trans-cycl ohexane;
251, 1' - bNQISAIE AP BBILS T 919 RS SEE 2.7 toUgtBess, Sui BROXEENSS foB EPgYShingne; 1, 3-
di car boxy; ; -di.car =4 b a i nati ons
her cor - Fista BRERRAY BRIAERER Ll L OO R AR SR 600

1, 3- benzenddgd; Bhelpsulktidn; thelnrseediettorot cirduidy -idiogertedpadi %ﬁaﬁﬁgﬁh t hane;

4, 4" -di nmer capt odi phenyl . oxi de; 304, 4' - di ner capt o- al pha- net hyl sti [ bene;

3. 3", 5, 5(Sueheps dfretuRtidtes ) compeaitesior arPsRRemAdhestves: ayd inpHEmRMERIEhi o :

1, 6- hexa it al.. oz di : ) i I i, 2=di - opane;

D1 S(2 oy Sast BeC RS ST Y FESERPE SR BnRimple Botth IR AR ORE

1, 1- bi s( delpeyranafet dbzndnywithopeloohexanpoandsiaanbi nat i ons t her eof

Exanpl es of the di- and pol yam nes (d) include 1, 2-di am nobenzene; 1, 3-
di am nobenzen ?“h?ﬂﬂﬂﬁﬁﬁfHﬁ%29%%%@?5%%%0€%F@Hﬁﬁ@ﬂﬁﬁﬂ%ﬁ@?H@Pﬁ&ﬂé% 4, 4" -

di am nodhBgaybsUf fhHeRBeselpdyuidiab ot RIS RYSHIEORS m Fofnordiamodi phenyl
oxi de; 3,3 ,5,5'-tetranet%y1-4,4'-dlanlnodlphenyl,

3, 3' - di netdyay additiontillaninelodé phdiniyds; insladid: fhir arampleafiéra; peteyissdydshene;

b R EBERR b G i PR B Eiase agonts, weting agents
1, 1- bi s( 4atinker e AythidayCARRABX Aeictdntd S{dAdHnRARMhIBE NBEthermoset

1, 4- cycl ohexanedi anm ne; 1, 6- hexanedi ani ne; pi perazi ne; ethyl enedi am ne;

di et hyl ebly@sihaaes prepaehybiag dreeaddanis 9é the rreseabdisglosyre pean benisedul in -

(2-am no Lperazine. hi ] F ORY rs  bis 1 nopropyl Ysul fide;
105, 5 ang rotaER R Eb Prs S BEs RO R S s A SPGB E e e
conbi nat foams, 4dddnedition amonduaepdtestnés. tihdyipsdyantmtamansrtpresnt ) i ncl ude
ani ljne; 4- Ioro%niLine; 4- et hyl aniline; 4-nethoxyaniline;

4- cylénoaﬁﬂeilg gassplglegd fRarkthatiny Reprepared wsingdhg iddhigts hitheipresent

4- am nod; sz Al i i.de. - A nzophenone;
4-aninod?p gﬁ%%?ﬁ%?ggﬁﬁgégﬁ?£enef9§§§%#%§{ékgﬁgq%gé?fg*gyﬁfbene; “

net hyl anﬁginm;rizéﬁ@nb%mpdﬂyi-spd:)tamga&tainkihbmaidu:?t g&hybmbm&iisdmk?hexyl am _nel; I

am nonor bornape and conhbi nati ons. t her eo ia represents_a special class
of hydrogen ¢ ‘%?ﬁé)6@%ﬁﬁﬂﬂﬂaﬁ$ﬂ¥ﬁﬁfn@’gggﬁ%%%ﬂﬁ“d?%@“%%ﬁ?@PgTﬁb anmoni a

may De. Useth hperifOpaN elilhGy bi A ARTRRICR A/ MoRlis R Beicgmmon um
I oxi _ .
y 20 Adéitionally, the adducts may be reacted to provide compositions that may then be

used to prepare the polyol initiators.

Hydrogen Containing Compound

The hydrogen containing compound used in the present disclosure to react

25  with the polycyclopentadiene compounds of Formula I and/or Formula III to form the
adduct includes one or more reactive hydrogen atoms per molecule. The reactive
hydrogen atoms are reactive with epoxide groups, such as those epoxide groups
(Formula II) contained in the polycyclopentadiene compounds of Formula I and
Formula I1I.

30 The term “reactive hydrogen atom” as used herein means that the hydrogen
atom is reactive with an epoxide group. The reactive hydrogen atom differs from
other hydrogen atoms including those hydrogen atoms which are non-reactive with
epoxide groups in the reaction of forming the adduct, but may be reactive with

epoxide groups in a later process of curing the adduct with one or more epoxy resins.
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Exanpl es of the sul fonam des (f) include phenyl sul fonam de; 4-

nmet hoxyphenyl sul f onam de; 4-chl or ophenyl sul f onam de; 4-

br onophenyb2oi e de; 4- et hyl sul f onam de; 4- cyanosul Pomarse@ea/00@9%-
di met hyphenyl sul f onam de; 4-sul f onam dodi phenyl oxide; 4-

25sul f onam dodi phenyl net hane; 4-sul f onam dobenzophenone;

4- sul f onyl ani Heidhp Nangy sermb%iymﬁ@ﬁqahﬁdd@&qmqt@éﬁ@anmnon reactive with the

| f I f
e o R BOA RS 60 OTRLRE . ORR RSB Shr poce AT TS ©
2- met hoxyuréhgttiiel nddicanFoi exaimple, Such reattiynk-id thyyldied piansd danee With an

30cycl ohexyl-4- hﬁdroxyanlllne 2, 6-di br ono- 4- hydroxyaniline; 5 -butyl-
_ hydr oxyR¥Viresn having REey fungtiong] grenmpdhit are mere reactierwith the. Wrﬂ?p heny 1) 1 -

et hyd egh noég Pale cufmgér%ac’hgﬂ c@H@hﬁBH@ %&ﬁhl O?ﬁ,ﬁweh‘w%q]eactdbn

- am noph enol am nopheny enol
(4-am no@m@ﬁ;dn)s(uéedmdhexqaphmmyf jammﬂmnheraédud464r example, ahydrogen

am nophen I suI fo enol ; 1 -(4-amino-3 ,5 -dibro - met hyl
ethyl)- s sRBphoeY haxg i ﬂgﬂ(ereaﬁ HPHeoNEs cach ek ot st
4-am no- 6‘ne r@XQi’V@WdﬁJg@H afRt Wis bhd RERGonal grou being inherently more reactive
4- hydr oxy- 4' - am no- al pha- net hyl sti | bene an (1:3 nmbihati ons” t hereof. Exanpl es

of the amthenap@oislgwclpahardt:l;le(Olti)erlundetruljer@cam cwtdemasiusedcThiese3-
i i i di. 4- C2- h 4- b id; 3,5-
ai nBk nyretonen oy B ASERG BedsR O F sraRiE A B s erd e e?‘éﬁ o o
2, 6- di breaRr-hyardJRRRENEQ) 6f Gied ﬁnct%r&mgbbll %w&&&m& Bu ﬁ
3- phenyl 4- am nobenzoic acid; 4- (1-(3-am nophenyl) yl et hyI ) benzoi c

aci d: 4-reactiop-ofihasriérahyeegay) teratel of heashe; fumt(%abgnonppﬁémw benzoi c
acid; 4-( ?ZO%LE ggnohenyl )t hi 0) benzoic acid; (4-

am nopher?y I boxyphenyl ) net hanone; 4-((4-am nophenyl)sul fonyl)benzoic

10aci d; 4- (1-Qtheambmeeadiibe Hydrbgémabﬁmyﬂayalsmthanhﬁdg)an dtodngiinhh@nobenzoi c
acid;_ N nmet hyl-4-am nobenzoic acid
4- anidno- S&COQd&f}bBWQé}’ Fgﬁgupﬁéf AyReleilKY dié form during an epoxide ring opening

4- car boxyde roah g boxyl ?gfdanlsglyth?s&ﬁm HYGERG: fob ug@ﬁryﬁeg&x&wsf 4-

am nocycl ohexanec aci am nohexanoi t aci d;
4- pi per i themexsattddbde poliyareataned Coﬁlpammﬂ@hﬂld’m%bmdﬂﬁ hyldmmyll goups arat i ons t her eof .

15Exanpl es .aof the pheno]i dr ox cont ai ni ng carboxylic acids (i) include
2- hydro%??ﬁ‘gﬁrfglaér%@flﬁe L’é‘frfﬁ 9%en20| c acid; 4-hydroxybenzoic acid;

2- met hoxy- 4- méjﬁ}%é/&é%%ﬁ{agmﬁg 'cgmpéulﬁi fﬂlwﬁ%fﬁ)ﬁés e ME LR IRE AR Ge acCi d;

3-cycl ohexyl- 4- Hydroxybenzoi ¢ aci d di br onp- 4- hydr oxybenzoi ¢ aC|d

5- buAdy| wdmwn@mp@@@eade may::fuﬁhmytlude hlymha@xydy@m@bpbatmrd

4-(1-(3- h droxyphen et .hyl ) benzoi c '

4 (1 (2R RS RREN i s Py BEsSt Eh arde SAERUR T iF Blightie R benzol o
acid; 4- Iﬁﬁ%b@yﬁhﬂi%)ﬂmi‘%ﬂﬁfahbﬁ%cp)hﬁi@ﬁih@tl@@i hicldaiphatic groups may also be
hydroxypheny (4- car boxyphenyl ) met hanone;

4- (( 4- hygrest ﬁ@w}qayg@fpg %éﬂggd%o%Qrdnore substituents that are inert (not

b N T BN R DO A S i o
25  reactants and the products The substituents may be attached to a terminal carbon
atom or may be between two carbon atoms, depending on the chemical structures of
the substituents. Examples of such inert substituents include halogen atoms,
preferably chlorine or bromine, nitrile, nitro, alkyloxy, keto, ether (-O-), thioether (-S-
), or t¢rtiary amine. The aromatic ring, if present within the hydrogen containing
30  compound structure, may include one or more heteroatoms such as N, O, S and the
like.
Examples of the hydrogén containing compoundAmay include compounds such
as (a) di- and polyphenols, (b) di- and polycarboxylic acids, (c¢) di- and

polymercaptans, (d) di- and polyamines, (e) primary monoamines, (f) sulfonémides,
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25met hyl sti |l bene; 2-hydroxyphenyl acetic acid; 3-hydroxyphenyl acetic acid;
4- hydr oxyphenyl aceti ¢ aci d; 4-hydroxyphenyl-2- cycl ohexanecarboxylic acid,;
4- hydr oxywbenoxuefd3 pr opanoi ¢ aci d and conbi nati ons t her @ofr/USExaopi7zes of the
sul fanilam des (j) include o-sulfanilam de; n}sulfanilanide' :

If I 2- et h 4- Qi ¢ ac
gog_ 3? %@?@rg;gd@pq 5,{&%&)%& agir,n Hg?c:)flé) 7ol ienohlc hydroxyl contamlng

3- et hyicaébo%{yh QRRA! @)Osu aﬁﬁ&ﬂ@gg rﬁ’(ﬁfﬁ%no -functional phosphorous compounds and

5- net hy onani am nobenze

3- pheny 1(-1)4€c8nlﬂ>1f1ﬁ|[t&ﬂ]oﬁ®WdOﬁmoIﬂ@bﬁmﬁmempém(lds-c(ﬁhe like.
sul f onam dophenyl) - 1- get hyl et hyl ) ani |

4-(1-(4- sulfoﬁéﬁpﬂ@%ﬂ @}é?ﬁﬁ¥4ﬁﬂﬁp?%é@lﬂdegeé@ﬂﬁbﬁﬁﬁfﬂﬁﬁﬁ@ﬁbxy)anlIlne
4-

aul { ORIy PP RIS A B AE il a-dilydroyybenzene

sul fonan@hgldmdqanyoh&)sél@osqﬁro;@rhldlenmphenol (bisphenol A); 4h4’ 6-dib I

4" Sul  or TSR RESTRTHEPEH Aobens SHER TR Roaol A b4 bialpnnglt 7PN 11 e

-sul f Onmi@ﬁy@h ﬁoln?t2h¥thl%dy'ld?§ﬁ'&)ol 4,4’ -dihydroxydiphenyl oxide; 4,4’-
4-sul f onam do- 4' - am no- al pha- et hyl’st'i | bene 5and conbi nati’ons t her eof

Exanpl esdlb)‘fdrpmebe(nksbphmnme,fll,ﬂndils(érimdrmbmd} d)t;shenyiﬂqinanmdﬁ inglude 9, 10-

di h 9 enant hr ene i, d kno 1,3, 2-
d:oy LﬁOSB%%ﬁWﬁgﬁgﬁg§?%ygg f@ngbg Q?ﬂéi fA'§%> 52 V\%ﬂo‘g%horlnane
1,3, 2- dd@%&l@ﬁﬁﬁpﬁ@iy@nm &hﬁdraxﬁblgxe%@mawh&hw@xy LrH@thyénﬁyeﬁe met hyl -
1,3, 2- 10benzod|oxaph hol'e, 2-oxide; 1, benzo i oxaphosphol e; 1, 3, 2

di azaphobpheihydiopebene: ldﬁd%%h@hymbxyﬂﬂbﬂ@Léﬁa@ﬁn@pﬁ@1Muhme and

1, 3-dinme I tiona s of

oot by C%Shg’gpkhsg S’HPO’%H%EHJJ&%’C@Q% bt BRSO 2005/ 118604
to Gan, diletylbenzenes 0Mdpdihadedy3es- 6inlibtb<yxyfbeﬁﬁn8flcdeﬁ-ﬁiraeﬁlzneﬂfor mul ati ons
In another aspect of the present disclosure, the adduct of the present

di sciPos utHY ReRZeasHdl ?ﬂéﬁ&ﬁ?’?’ pbrares-renethybrnagne) bastihghiexy-dacti on product of
an (1) LiigopRiyenss. eﬁg&t&g'@&% wnﬂﬁéﬁ%g&ygﬁgnﬁggﬁwe | and/or Formula

1, (2) t hydro ontal nt ng conp a résin compound,
where t hbcyoé@mtadmmp@manl olipaherdtasreofiendphamoi er |petiytadgshiensl ot her than t he
Polyey el oA S D a TRy AR Rhuby ey and/or Formula 111
Examples of the di- and polycarboxylic acids (b) include 4,4°-
20 - dicarboxydiphenylmethane; terephthalic acid; isophthalic acid; 1,4-
' cyclohexanedicarboxylic acid; 1,6-hexanedicarboxylic acid; 1,4-butanedicarboxylic
acid; dicyclopenfadienedicarboxylic acid; 'tris(carboxyphenyl)methane ; 1,1-bis(4-
carboxyphenyl)cyclohexane; 3,3°,5,5’-tetramethyl-4,4’-dicarboxydiphenyl; 4,4’-
| dicarboxy-alpha-methylstilbene; 1,4-bis(4-carboxyphenyl)-trans-cyclohexane;
25  1,1°-bis(4-carboxyphenyl)cyclohexane; 1,3-dicarboxy-4-methylbenzene; 1,3-
dicarboxy-4-methoxybenzene; 1,3-dicarboxy-4-bromobenzene and combinations
thereof.
Examples of the di- and polymercaptans (¢) include 1,3-benzenedithiol; 1,4-
benzenedithiol; 4,4’-dimercaptodiphenylmethane; 4,4°-dimercaptodiphenyl oxide;
30  4,4’-dimercapto-alpha-methylstilbene; 3,3°,5,5°-tetramethyl-4,4’-dimercaptodiphenyl;
1,4-cyclohexanedithiol; 1,6-hexanedithiol; 2,2’-dimercaptodiethylether;
1,2-dimercaptopropane; bis(2-mercaptoethyl)sulfide; tris(mercaptophenyl)methane;

1,1-bis(4-mercaptophenyl)cyclohexane and combinations thereof.
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The epoxy resin that can be used as the resin conpound other than the

pol ycycl opent adi ene conpounds of the present disclosure can be an epoxi de-
25 cont aiwonglieesaeund havi ng an average of nore than oRETASeXI1Ma0705 oup per
nol ecul e. The epoxi de group can be attached to an oxygen, a sulfur or a

nitrogen atomor the single bonded oxygen atom attached to the carbon atom

of a -00-0- gFvuppleThbthexdj-grad, podyantiges (dninaletseh? giamnobenzenes lear bon at om of

t he -00- Q- may, he.att a 0, angal i ti c...cyel oaliphatic,

poncyc!%%W%%ﬁ% ?%mb%ﬁéP% ?ﬁ%%%B%VH?H% I%ﬁ%g?@ﬁ%.&ﬁﬁghgﬁibhatic,

cycl oal i gikaidddipHeal keehed al X -ghatin6digherii uhE C4, Dy g 0606 BFHENG] Oxigecan be

substituted with an inert substltuentsﬂlqc[udlng, but not limted to,

hal ogen &8 o8, -tieatedind il 4/ -dipmaiadadhenyl: % wemethy Ehidodiareinodiphenylgr oups; or

t he groupg:. -be é - .ef: [ . A0l f a.conpound

cont %r ni L?fg g%%é}\%g P %éé%%%lﬁﬂ%é@etﬁ% g’h‘{ Oﬁ%@b@@@%&ﬁé) {E?an%g)lfl 8%%;8%\/%& e each

Ra i s i ntepeyidantihyptrnyhyinogeciondane; Bi-bad(kuminesheayhatodstekyme; gr oup

containing fromone to two carbon atons, with the proviso that only one Ra

group cafsaigophenghmethang lofnsyclaheranediagung; § £ricene§amaive PinsTadlsat 100,

pref er ably. (LA QMANE. SRUARMIMAR; BT R RERLSAD! iAbqut 10, and

nost prefe%apl§ Trohﬁb%g to a%bhg 5?%%Nbre épéé??%%ggégﬂ%?%gnggqthe epoxy

rl e; in \A\k(gedmmgethpbpnpsmdmasbrﬁ(raimm@plmgyl)&ébzrpbm(aﬂmnnpﬁopylbs?ﬁ@é;yc| dyl I )et hers of
, 2- 01 hydr oxybenz at ec iy - di roxypenzene esar.ci nol ) ;

T 4y GRBEOER RORGn G  an a EYPR R GG

(bi sphengkrefy.; 4,4 -di hydroxydi phenyl met hane; 3,3",5,5' -

t et rabr onobi sphenol A, 4,4'-thiodiphenol; 4,4'-sulfonyldiphenol; 2,2'-

10sul f onyl di plgmmvl,es af the paintayd mexganpise f8)lindudelaniline; 4-chloroaniline; 4-

4, 4' -di hydr oxyhenzophepone;..1. 1. - bi s(4-hydro e - 1- phenyl et hane;

33 5 Sren SR SRR Renee ey Py SRS R

4, 4" - di hyihedipbemheRide; 44nfinodpherglxtad; Rhanmbighstylibeas;

4, 4' - di hydroxybenzani l i de; 4,4 -di hydroxystil bene;

4, 4'15d }%Wﬁp@p@ﬁ@gﬁ@ﬂmn%@p}@qw ; 4-aminostilbene; 4-amino-alpha-

N, N -bis . L) t-erepht hal am.de... - [ .oxyazobenzene;

4, 4" - di héétpg%gfb%éé%ﬁﬁﬁgﬁ%gz%ﬁgeéﬁrzgelggsmﬁen% B hé?ﬂ? rrge:iydi phenyl acet yl ene;
4,4 -di @«drmmmn@oaminmmmmmﬁenmmohydfe@eofbenéoat 3; | di pL opy| fene

gl ycol; pol y(propyl.ene glycol); .thiodiglycol; the tridycidyl ether o
tris(hydroxyp DN EPFHARRS atSH%Cli)lcﬂl%SéIogéb"éfy?ge%?q’fé?@lfkﬁc%nw&ﬁ@fﬂtﬁ al kyl or
hal ogen ;sHlst bisubede PIaR AR ileiu0 s aclalinaal Mz adicRRdesatdR Product
20(novolac resins); the tetraglycidyl amnes o

4, 4'20di adNHydngheayhmatirahedrodidé' NHID&DI nost i | bene;

N, N -di methyl-4, 4' -di am nostil bene,. 4,4' - di am nobenzanilide; 4,4'-

di ami nobi phen %leﬁseO%g'F;?@?%ffH s@clﬁé]rudf)f)g‘frﬁ’g;ué RARHEAf T on product of a

di cycl o%&haﬂy&eﬂ,{@mf&ﬁnﬁhé;gp&masmﬁoh@ﬂﬁmfo%%&- ghenol or al kyl or hal ogen
substituted phenol; and combinations 't hereof 25The epoxy resin which can be

used as rhmopksnyisutfionpoidedd megthdbeforiamsdel decyanosulfonamide; 2,6-
dimethyphenylsulfonamide; 4-sulfonamidodiphenyl oxide; 4-

25‘ sulfonamidodiphenylmethane;
4-sulfonamidobenzophenone; 4-sulfonylamidodiphenyl; 4-sulfonamidostilbene; 4-
sulfonamido-alpha-methylstilbene and combinations thereof.

Examples of the aminophenols (g) include o-aminophenol; m-aminophenol; p-
aminophenol; 2-methoxy-4-hydroxyaniline; 3,5-dimethyl-4-hydroxyaniline; 3-

30  cyclohexyl-4-hydroxyaniline; 2,6-dibromo-4-hydroxyaniline;
5-butyl-4-hydroxyaniline; 3-phenyl-4-hydroxyaniline; 4-(1-(3-aminophenyl)-1-
methylethyl)phenol; 4-(1-(4-aminophenyl)ethyl)phenol; 4-(4-aminophenoxy)phenol;
4-((4-aminophenyl)thio)phenol; (4-aminophenyl)(4-hydroxyphenyl)methanone; 4-((4-
aminophenyl)sulfonyl)phenol; 4-(1-(4-amino-3,5-dibromophenyl)-1-methylethyl)-
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advanced epoxy resin. The advanced epoxy resin may be a product of an
advancenent reaction of an epoxy resin with an aromatic di- and

pol yhydr ox9l2p11013684ar boxyl i ¢ aci d cont ai ni ng conpound. TIReTASoXy/00E8F N used
in the advancenent reaction may include one or nore of the aforesaid epoxy
resins suitable for the resin 30 conpound conpr|5|ng the di- or

pol ygl yc#dydibeamenhsnol; N-mrthybpeamispphanel; dramimoi€-hyidroxanadpbol yhydr oxyl or

car boxyl h{égﬁ,ﬁétgb&%nh %I'yaf& € z{ri:igxﬁg %ipﬂanrﬁkt%gﬁtlmégé 91&5" ({;]mg'manér?sst?lér%log ol

cat echol net hyt'resor ci Ooresorci no

t et r amet hyl hy@x@mples Qfitic dmhinpbabotyl,; acfaszth)- i i paidb PRI 488d;Bane;
4, 4" -t hi odi phenol; 4,4'-sulfonyl di phenol; 2,2'- sulfonyldlphenol
4. 4" - di hyRINPSPRYHaTIgH 4-ariebenzoig acid; %mhﬁwb%ﬁwmk@nzm@amﬂ; 3.5-

gihzgy su?f;’gne}?h‘ﬁ é’)r?}J % et Qééheﬁ @%ggeﬁfl-ﬁ;agg;l %()1% 4&/ d[zgéagfq'?%ggzw -
3, 3', 3, bimimbeamiit @df1d>45-6u'fyl s@mmpbénzdmcﬂ Bhﬁﬁﬁm 4 ammoben201c ac1,d 4-

3,31,3,5 etrabr no-4,4' -jso ylldenedl henol
5di net hoily Jpanginop %rmlbibymtaﬂﬁ )BRRAQM acidsy L4 wawahwl)@ﬁéﬂzhenzmc

4,4 -dih I . ;
A A yaéérrig ;)4; hen ﬁbﬂeﬁ%{‘vﬁy n%ic é%ﬁi“% (élaf%un&ﬂh@fﬁ RIOEBAAUN . 48

I\ TX- Pl sém}dwpﬂcmyﬁherbpb(yplmIﬁDhtdﬂaﬂnam die{(4-aminophenyl)sulfonyl)benzoic
2t LR b L

hydr oxy phefhy h%h@@&&@f&e&m@ b9k 88l 4CiaRRxy- a0191@ Hy®ilbene:; 4 carboxy-
102,2',5,5 -tetrahydroxydlphenylsulfone rls (hydr oxyphenyl ) net hane;

di cycl opéﬁ@ramOe&lBhaijB'&ftﬁlﬂbenter glofymleoﬁencthﬁigbymh ﬁhenol terephthalic acid;
|sophthaI|c ac anljlgedlc

4, 4' - phefHSen 951&%"58?"@5? ylafné1 &gne X&’i‘ylcéﬂdr %é’r%eﬂ]id(‘:%ﬁ%@)?fﬂ”]il% aci d;

adi pi ¢ agdig ﬁ@ﬂuﬁd@ﬁ’ﬂiaﬂahbl@rhﬁdtcbﬁfbﬂ&ftmnfﬂﬁ%fat| on of the aforenentioned
advanced epoxy resin Eroducts can be 15 perfornmed using known mnet hods, for

exanpl e, an abvamplerenthermbgreliohydsexidrorisinie eabexyligiacidsdhdndndadr e
sui t abl ehfcﬂ?%%‘éflgcﬁc V\gl 5‘%&%&3‘6?& 9ceac %f AN & o%y%%@z& deQCtJf-t}’xv S5y hydrogen

at om per eactve nydroge r eéac W th an

epoxi de lyydopybenzdibacidpd¥ydifresiyh-4- Hihkiéoxﬁkhibmﬁmﬂhﬁc?ami)@@md havi ng an
aver age of nore than one reactive hydrogen 20aton1g mol ecul e to the epoxy

resinis @éﬂ’@fbépiz‘g}cﬁ?lén? At bonee-6hyaraxybengsin aced;gsbutyl-hhyHerabeszoig om about
0. 05: 1 1 Ri@b0bherO1 &:rlparANBARS £ 004 PRLYALLAMAGAYL 0. 10:1 to about 0.5:1

eqU|vaIents 0 actrve ydrogen ato per ‘equi val ent of the epoxide
growd i nmmhele@pd)bﬁnzces reid; 441 déidiytifooyphanyl athydbenzientid;ohét

o hyeh o STkl S0, 4L e b, BeLd 22 cmpounds, exeppl es of the

nol ecul ehymyxﬁhéﬁym(wa%&yghér{ylmethﬁioﬁelzt Q@AY yPhe SATRAUAASHE OB Ni Ng

one pl’l mar am ne or am dé roup, two secondary am ne groups, one secondary

am ne grfm}i; 4adld(domedrprie A ok di rm@ﬂ@nyl)drma@yledné) 2 6ebhanopeansinecigs oup
4-hydroxy-4’-carboxy-alpha-methylstilbene; 4-carboxy-4’-hydroxy-alpha-

25  methylstilbene; 2-hydroxyphenylacetic acid;
3-hydroxyphenylacetic acid; 4-hydrox§phenylagetic acid; 4-hydroxyphenyl-2-
cyclohexanecarboxylic acid; 4-hydroxyphenoxy-2-propanoic acid and combinations
thereof.

Examples of the sulfanilamides (j) include o-sulfanilamide; m-sulfanilamide;

30  p-sulfanilamide; 2-methoxy-4-aminobenzoic acid; 2,6-dimethyl-4-su1fonamido;1—
aminobenzene; 3-methyl-4-sulfonamido-1-aminobenzene; 5-methyl-3-sulfonamido-1-
aminobenzene; 3-phenyl-4-sulfonamido-1-aminobenzene; 4-(1-(3-
sulfonamidophenyl)-1-methylethyl)aniline; 4-(1-(4-sulfonamidophenyl)ethyl)aniline;
4-(4-sulfonamidophenoxy)aniline; 4-((4-sulfonamidophenyl)thio)aniline; (4-
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and one carboxylic acid group, or one phenolic hydroxy group and one
carboxylic 30acid group, and conbi nations thereof. The advancenent reaction
may be cowmouetiedessn t he presence or absence of a sol venPCwmiushoiilogo70s
application of heat and m xi ng. The advancenent reaction nmay be conducted
at atnospheric,_ superatnospheric_or subatnospheric pressures and at
terrperat%‘rl@§a@fd0ﬁ3h@m1}£ﬂ)@mm%@e€ylﬂ@eﬁlﬁ@%e,26@£C, preferably, from about 80 C
t o about - bliyf £, 1 0 00 C The
time r eqst}l?fré g%&%dé’?@%%?gﬁ {elff%&{l egg%\’/gyé'e(?r%mfg?%g%ito i—%ﬁ'dgper%%ﬁggen&tgéﬁ' the factors
such as mbylegiypp? dtdib®neyaplldeed,sulfbeanside Mi-Nahe bl laud hoseazeie; uhenigenpound
having 5 nore than one reactive hydrogen atom per nol ecul e enpl oyed, and
the cherf &alﬂfonémmc%lnbaerr@’fhyé%lébf‘élﬁbwu&@@qrwdeﬁmaayé@alnh?ga@hylts Ibse? at ure may
requigr e %Qﬁﬁﬁﬁmnﬁﬁﬁghkgaﬂtine whereas | ower tenperature requires a | onger
period of reaction time. 1n general, the tinme for conpletion of the
advancenent rE=schplenofithy (k)angeo-furenvadl ghbsfhondusidoasoiadaimoliide 241 Chour s,

pr ef er ab|. rom about 30 mnutes to gbout hours, and 10 nore preferably
from abo%gwge-%%ﬂ;f@ghwhaﬂw@%m -9X1de?%e\sqzlgfoa’rry%@%’9; hf<o be added in
the advaa]s%@eg HoB@ghd, 9h dﬁasg/@. s&8mRfhyi NG LALRLYSH indie! $d9.phosphi nes,
quat ernary oni um cérrpoyund : ’phorsnph ni’uh’co%{ognoégﬁgrﬁﬂﬁt%’ey’tiary ani nes.
The cat aligsaphosghobaner hjf|2egiesaphospfudansd, Liesdo b, 5 diomtiatigut3,2- 01 percent to
about. 3 percent referably fromabout.. 0.0 rcent, fo about 1.5 15percent,
andu@Dr e&BF%‘S%%B?%?%%Q&%%%tI’&%@“{)‘@F%‘Wﬁo{i’gogbéétil. 5 percent by weight
based upRizaphesphetidine e Uithe@l1-t N8 2e@axaphogsHondine, afd NELdifetgi- 8- concerni ng
an advancenent reaction useful in preparing the advanced epoxy resin
product dxide, pmeng ediers. chapoond esimples op meserfungionel plasphorgre provi ded in

U S. Pat 736,16 Ly i oned.Handbook of Epoxy 20
Resi ns bcﬁ%ﬁ)é)%?/s %élea?%yn%ez)%}l ﬁ@g W_Ppgéﬁiflgé:@ﬁgoﬁaa & lct%lells érilcr?r%%fatregference.
Adduct hereinBheefatkluet of the present disclosure is a reaction product of

t he pol ycycl opent adi ene conpounds of the present disclosure, the hydrogen
conﬂéining 25compound and, optionally, the resin conpound.

Resin Formulations

In another aspect of the present disclosure, the adduct of the present disclosure
may adciitionally be formed from at least one reaction product of an (1) the
polycyclopentadiene compounds epoxy of Formula I and/or Formula III, (2) the

20 hydrogen containing compound, and (3) a resin compound, where the resin compound
includes one or more epoxy resins other than the polycyclopentadiene compounds of
Formula I and/or Formula III.

The epoxy resin that can be used as the resin compound other than the
polycyclopentadiene compounds of the present disclosure can be an epoxide-

25  containing compound having an average of more than one epoxide group per
molecule. The epoxide group can be attached to an oxygen, a sulfur or a nitrogen
atom or the single bonded oxygen atom attached to the carbon atom of a -CO-O-
group. The oxygen, sulfur, nitrogen atom, or the carbon atom of the -CO-O- group
may be attached to an aliphatic, cycloaliphatic, polycycloaliphatic or aromatic

30 hydrocarbon group. The aliphatic, cycloaliphatic, poly'cycloaliphatic or aromatic
hydrocarbon group can be substituted with an inert substituents including, but not
limited to, halogen atoms, preferably fluorine, bromine or chlorine; nitro groups; or
the groups can be attached to the terminal carbon atoms of a compound containing an

average of more than one -(O-CHR*-CHR?®),- group, where each R? is independently a
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According to the present disclosure, a sufficient anmount of the
pol ycycl opent adi ene conpound and the resin conpound, if used, and an excess
anount ofwoOhelihaessegen cont ai ni ng conpound are provi ded PCH/Us201@A0470HN
m xture to forni the adduct of the present disclosure. At the end of the
reaction for form ng the 30adduct of the present disclosure (also referred
as "the BudoZen stomnimalkyk gt & halealkyl expappopiginipe fom efe towosptwinde grougs in
the pol I £se sclosure ane reacte

w th e her P R S E R R I o D RS S o bR R B e B0nd. - he

unr eact echliyyfiomger toabbati IHONPreCapl( Fith BBy tdxbout BIONEE HRefetabal frymor
conpletely at the end of the reaction or may remain as a part of the adduct

pr oduct . oterfogAe: K- and gost prefegatdy f%OHEOIPFy@r%?@EhS -cont ai ni ng corrpound and the
pol ycycl Op%@&@%@aﬁcesema@ggfah% pbRRROHicR o grléﬂéag Wenefldit, preferaby

from 5about 3: 1 to about re pre era rom ab out 4:1 to about
50:1 eqmw@@mﬂsndﬁd& tiglycebt tihes dfyldzdggfﬂrmybamzene(cmechm[ bgen contai ni ng

t of. i t I cl o ent adi ene
o oundiRSias s ecesoraafih nomogH b et meﬁﬁgq%%neae &l oyed to
prepare &moﬁﬁﬂi&Ed@Beﬁﬁ%@ﬁ}f‘eﬁ@pA) A @’C&ﬁﬁ%ﬁydléf;’m@f L&s 0§ 4 e catal yst

i ncl ude phosphi nes uat ernary anironi um co " phospHhoni tm conmpounds,
tertiar yte’aﬁbrﬁwbﬁpbermWbl%tthmdmmhelr adf - Surfhlallénpbemtl oR'-catal yst used, if

an epe nth paf. t react ant S ring the adduct
an)é lt(ﬂ piuﬁggylgfp%gﬁ? a?;ﬁsf}h}&ﬁ% é@ ny O’Bgﬁeré ‘ng";f }gfgetng&agﬁ’fl ﬁ% ﬁé used in
an amurﬁls(ﬂfhﬁdlf@mpﬂ&@l)l HedyleMandout’ ﬁs&&@&}ﬂ@f&blspﬁeﬁom&ej?r abl y from
about 0.03 to l1l5about 5 percent by wei ght based on the total wei ght of

t he addubtnethoxyméh@plﬁ@ﬂé @&M@@M@Mybé Ardeleysinoxy- ﬁlphhe adduct folr M ng
reacti O%&By#sﬂﬁ)eﬂé G5 8 n{hh?&r%%r&}n%amhde Ef %1%?(? E%}esitﬁlg?r}a?ei \éﬁi’lgﬁc? [ % :O i xegt S

can inprove e sal ubi e rea
solid f cilpha- cyadbssbéneemdebsoat hddroeastican!)ekephtleaaidel x4ng wi th ot her _
r eact ant The presence of the_ solvent %aalso dilute the 20 concentration

of tihe r %Hramagowzswéﬁ tEhygasy-gi%-dime HA¥benaens Ad'r eaction such as
to contrihyN6AdiGRASIREGErk! £T.4RGARAIIUR Q) MMD&: KGRk PR OF to lower the

effective ,
hydroxybenzoate; dipropylene glycol; poly(propylene glycol); thiodiglycol; the

triglycidyl ether of tris(hydroxyphenyl)methane; the polyglycidyl ethers of a phenol
or alkyl or halogen substituted phenol-aldehyde acid catalyzed condensation product

20 (novolac resins); the tetraglycidyl amines of 4,4'-diaminodiphenylmethane; 4,4'-
diaminostilbene; N,N'—dimethyl—4,4'-diaminostiibene; 4,4'- diaminobenzanilide; 4,4'-
diaminobiphenyl; the polyglycidyl ether of the condensation product of a
dicyclopentadiene or an oligomer thereof and a phenol or alkyl or halogen substituted
phenol; and combinations thereof. |

25 The epoxy resin which can be used as the resin compound may also include an
advanced epoxy resin. The advanced epoxy resin may be a product of an
advancement reaction of an epoxy resin with an aromatic di- and polyhydroxyl, or
carboxylic acid containing compound. The epoxy resin used in the advancement
reaction may include one or more of the aforesaid epoxy resins suitable for the resin

30  compound comprising the di- or polyglycidyi ethers.

Examples of the aromatic di- and polyhydroxyl or carboxylic acid containing

compound include hydroquinone; resorcinol; catechol; 2,4-dimethylresorcinol; 4-
chlororesorcinol; tetramethylhydroquinone; bisphenol A;

4,4'-dihydroxydiphenyimethane; 4,4'-thiodiphenol; 4,4'-sulfonyldiphenol; 2,2'-
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concentration of a reactant which can in turn influence the structure of
t he adduct product, for exanple, produce an adduct with | ess oligoneric
conmponentwOThe/sS6848ent may be substantially inert to thecadseet/obayohi ng
reaction including 25inert to the reactants, the internmedi ate products if

any, and the final products. Exanples of suitable solvents useful in the
present HTIQQﬂYEFQHkFe@OEﬁ@‘} W dapryshrtianyl oxdes| bhrdinrdiexbearephenonsitli

hydr ocar Qg@ﬁgy(ﬂgj{ﬁggpﬁ%qd%@n&%ieg%gogs w&lw@%ﬁ%ﬁ(ﬁydr ocar bons,

al i phatic and cyclo hat 1 c” secondary al coh i c ethers,

al i phat i phanytsuifors)diphgnyliethezt hérdihydloxedipheiyhdisalfides Bt 3,5 -kttaohiosn- am des,
sul foxi des, and 30conbi pations thereof Preferred exanples of the solvents

i ncl ude géﬁisaw@?ng%ﬁ@,%e%t iﬁe?fﬁd?@?@l@é}@aﬁé;lsﬁﬁrpﬁylﬂ fiphesalind3'"-t ol uene,

O e e R G

1, 4- di oxalpbg-nutittph$tdbareet Hadihy dahiybenfailite; bis(@yhehexyphieafi)erdptithalagt hy|

hl or of oj Ni,,., .et,hy! | ycol dj methyl ether, N Ndinethyl acetanide,
aceton NS SF R Hivad kBRI FORG NP OHbeR R GO iy be
renoved a,u'-aimdmme@ﬂyi&ﬁlzcga&e;tﬂﬂwal%dﬂ&iypﬁl@ﬁyg}-@Q-B&ﬁeﬁé&%iﬂéﬂ f‘?’;/tﬁg’('é‘-’e”t  onal

means, such as, for exanple, vacuum distillation. Al'ternativé t he

sol vent hedrosymbenplécyickfhexane; phioregluciot!; pywgeldsl; t o provi de a sol vent borne
addu Leh.may be used .later.. for .exanple, in th reparation of coating
or fﬁ m\,\@’b ’g]’%htg%%w&lﬁ%’fy ey ﬁaff?%%é?ﬁﬁ}ﬁ%mef%%&ﬁﬁ? vary dependi ng upon
factors glgdlogntddRRSdiBNshoBMBBNISpRitadi@RAIABHS; RAYLIVEE acld) R paRdI;@mount  of
catal yst used, if ané, type and anount of “sol vent 'used, if any, and nodes

of addi t #6# %t-terean rbaxylio aeidp i gy ehienyHesnzestedipirboxyliveacadiduét f anni ng
reaction J .8t _atmospherig.(e. g, ,,760 .nm Hg), superatnospheric
or subat %Dng%ﬁgrﬁﬁgo%gggééﬁ?@%@gég@[ﬁ’péﬁﬁn&ﬁ%ﬁl@g%t%feoffr om about 0 C to about

260 C, and Pperetaioabifyhd sforradinishe®ddEnted alytred0@rdducandniper e preferably
fromsﬁbout 35 to about 160 C. The tinme required to conplete the adduct
for Mg PEEETESHSIHE KBRS MFRodnfYF SpBiRlel 8D pRenspBeRiTERtoBRE@neaedr s, but

al so upofihRG gﬁ&r Iﬁ&"érslﬁit%m ICtB%I Bundd 106 eEneJ{;}gfar gtog'ﬁforé BOMIJgs a shorter

period of tine, ereas | ower : erature-requ onger period of tine.
| n gener=hgtiveheydtagee atoon penpbkrelet Waerdbeistactior Ingdrgganeaciiioreacdver ef err ed

to be frog}labout .gezm' nute%hto about one week, nore preferably from about 30
m nutes Yo" BERIXT22IYBIR eI KDY Y pref erabl y from about 60 nminutes to 48

QIO;;HSf i gg:;{'[%e rhtiPoARE cbRPPSH P & atdfAAdNGE thaT SHeNgadiRR%HPSLHRY have
atom per molecule to the epoxy resin is generally from about 0.01:1 to about 0.95:1,
preferably from about 0.05:1 to about 0.8:1, and more preferably from about 0.10:1 to
about 0.5:1 equivalents of the reactive hydrogen atom per equivalent of the epoxide
group in the epoxy resin.

In addition to the aforementioned dihydroxyaromatic and dicarboXylic acid
25  compounds, examples of the compound having an average of more than one reactive
hydrogen atom per molecule may also include dithiol, disulfonamide or compounds
containing one primary amine or amide group, two secondary amine groups, one
secondary amine group and one phenolic hydroxy group, one secondary amine group
and one carboxylic acid group, or one phenolic hydroxy group and one carboxylic
30  acid group, and combinations thereof.
The advancement reaction may be conducted in the presence or absence of a

solvent with the application of heat and mixing. The advancement reaction may be

conducted at atmospheric, superatmospheric or subatmospheric pressures and at
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i npact on the distribution of conponents in the formation of the adduct of
the present disclosure. For exanple, with higher reaction tenperature,

| onger resotzpori3td4de, and when the hydrogen contai ni ng eocmmsacnd/odevTes udes a
material having only two reactive hydrogen atons per nolecul e, the adduct

forming reaction favors the formation of the 25 adduct with nmore oligoneric:
conponenieBrepiEeaghiien abordhy rezhort 860 fauseisrabhe ffoor aleaut8A °Gftot he adduct

Wi th nor r_¢ i.nke nt ydrogen cont ai ni ng
corrpoundgoloﬁf:?!tg'dcjllJ;et’g’ddé18 %Qréﬁfeﬁfaﬁf;ﬁ%é%%% hoa%ntot \?’BUtrie@cJt&r ve hydrogen atons
per nol eculTée tinfe Rguiryd t’@g:dﬂ‘g:ﬂetb hige &0ldHEdmdREAckEn HeReidk QPon theFactors

pol ycycl opent adi ene conpounds 300f the present disclosure may be directly
m xed t oYk Refhafemperafie Braky§enthe shemical sigprctsrpbthsFompedad hevinghe hydr ogen
cont & ni L] r e.h gen

cont 25!1 ni I%gregtg%ggﬁ&n a{::tg\ﬁelt}g%%‘sa%&%lp 2} g%gslctu |Peoer{1,q&g]1 gﬁéeh’ téa)]?d IFgozzrcél eélg{a\?ent S may be
first addedtureof the epoky el @pgloyadi Bivher rifpetnais naadiequirt bigortey dr ogen
cont ai ni ng _conpoun bef?re m xi ng the pol ycycl opent adi ene conpounds and

t he hydrrﬁg‘éwnct&iﬂ? RORTEAY  VBHHTORT 2§ TSIHERS 81 paipdiafireastion tipfe In

pol ycycl ! I : icncr ement
oy Do oo G SoCTERAn b B renleaRichiy Ring@ oLk 310

i ncr enenmalutaddiabowgre4dfourd) erafedaplyyirdoropbottaill mimmtasdopbemtdshawraahéd wit hin an

excess amount of .t he hydrogen 5cantainin onpound general ly, favors the
f or ﬁ@ti ﬂoﬁfpr?%éabi?ﬁﬁﬁﬁ{%u?ﬁé]Hml'“étg%té’ra 2 ﬁ%?g%r free of oligoneric
conponent s A catal Y&th@U8s®BS hddedaa kst van SaYe R 8 RABL.T BarhBlel BEtHRI Ocess of

preparing the adduct of the present disclosure in order to nodify: 1) the
di st ri butatadyst staytineluderbesphings, quathirvary gaimeswpeeapesnds, phegphadigoct , 2) the

reactivi of dduct, and f.0r 3 he 10physical. properti of the
adduct . é&nqggp &Q%afntﬁﬂéa?y ?Ig%ne hng&ﬁ%b%@gﬁ#SH@?YS%HAHP%‘&&SF8ﬁ%f85{ ween t he
pol ycycl ampent.adipereentcompouriiserad, mfdrgmﬁmham@@ 0(0apetdeat Rysoages

cont ai ni ng conpound), when a | arge stoichionetric excess anount of the

pri nary RRsHE agf dups rederabydren ahp e percenids pheutilnbperesritby WHgh t he
epoxi de g i : .ycycl opent adi ene conpounds, .t he
reacti on&rsrgd;‘ﬁ);?oengtgé;taéglé%héel%%ﬁg‘fef%%y%?&éh adduct with a | ow content of
ol i gomer i ¢ Ctleerpietagintconckinging @s ulitvanrtmaddisadtiqa aefid in pRyaghSthei ncl ude, as a

part of the adduct product, hi gh concentrati on of cycl ohexyl am ne as the
unr eact eadivmgﬁaaw Eﬁéﬁk%rpitwgorcfb%ﬁ%%mmxe\%@r%ﬁthapwerﬁ&&clqs%&rﬁent of the

adduct piedUEd in @.tgc.lﬁaf%ﬁtNa.cswﬁr@,_@t@aﬁdlmgaﬁor%emwio@%iﬁgghea/&@of@p rip out

t he 20 unreacted hydrogen containing conpound. post treatnment

met ROds Resed tydHewdilfey anhd &riideuvilild ubdopporefedtheseimbiy veferencerponent s may -al so
be enpl oyed, such as, for exanple, recrystallization, chromatographic
separation, extraction, zone refining, crystal refining, falling film
distillati gaduyd ped filmdistillation, sinple distillation, including
rotary evaporation, 25 preferential chem cal derivatization and renoval of
one or nor éheadPhehths psfsenhdisddshuets a ractigoprodwcitof dres t her eof Accor di ng

0, BESRSaShAE B0 im0, B BRGNP PL bl o i
one 26r rPEpohyd el @ptiedlyatie ragn@efpoeunds possessi ng hydrogen atons which
are According to the present disclosure, a sufficient amount of the

polycyclopentadiene compound and the resin compound, if used, and an excess

amount of the hydrogen containing compound are provided in a reaction mixture to

form the adduct of the present disclosure. At the end of the reaction for forming the

30  adduct of the present disclosure (also referred as “the adduct forming reaction™),
essentially all of the epoxide groups in the polycyclopentadiene compounds of the
present disclosure are reacted with the reactive hydrogen atoms in the hydrogen

containing compound. The unreacted hydrogen containing compound may be
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30reactive wth epoxide groups to foiiii the adduct of the present

di scl osure involves a ring opening reaction. During the ring opening
reacti on,woheliepedsde groups in the epoxy resin reacts WCTIUSkhwg/on@agti ve
hydrogen atons in the hydrogen containing conpound to give characteristic
2- hydr oxyl propyl functionalities as |inkages between residual structures
of the epmoredpsitinllzod complethinkt e end blithegeadtionive napcengenascoparadhi ng
conpoundf An.e aqgie of the adduct of the present disclosure is a reaction
pr oduct éFa§8W§$F é%&yl ethers of Formula | and/or Fonnula Il and

cycl ohexyl am Regdnatal tthe raicd WidhO B0 saNEHtAlhig SaifeRHAdhd thehe fol | owi ng
| deal i zed adduct structure of Fatinula X shows the 2-hydroxyl propyl

f unct i onBdlyexelepentadieneicaragendistiipe abewie: | esitpub P0G r prefeatdy font he epoxy

o5t TR A ol SR BB LR oom a1 o
equivalents of the reactive hydrogen atom in the hydrogen containing compound per
equivalent of epoxide group in the polycyclopentadiene compounds and, if used, resin
compound.

A catalyst may be employed to prepare the adduct of the present disclosure.

10 Examples of the catalyst include phosphines, quaternary ammonium compounds,
phosphonium compounds, tertié_ry amines and combinaﬁons thereof. The amount of
catalyst used, if any, depends upon the particular reactants used for preparing the
adduct and the type of catalyst employed. In general, the catalyst may be used in an
amount of from about 0.01 to about 1.5 percent, and preferably from about 0.03 to

15  about 0.75 percent by weight based on the total weight of the adduct.

One or more solvents may be present in the adduct forming reaction of the present
disclosure. The presence of a solvent or solvents can improve the solubility of the
reactants or, if the reactant is in a solid form, dissolve the solid reactant for easy
mixing with other reactaﬁts. The presence of the solvent may also dilute the

20 - concentration of the reactants in order to moderate the adduct forming reaction such
as to control heat generated from the adduct forming reaction or to lower the effective
concentration of a reactant which can in turn influence the structure of the adduct
product, for example, produce an adduct with less oligomeric component.

The solvent may be substantially inert to the adduct forming reaction including

25  inert to the reactants, the intérmediate products if any, and the final products.
Examples of suitable solvents useful in the present disclosure include aliphatic,
cycloaliphatic and aromgtic hydrocarbons, halogenated aliphatic and cycloaliphatic
hydrocarbons, aliphatic and cycloaliphatic secondary alcohols, aliphatic ethers,
aliphatic nitriles, cyclic ethers, glycol ethers, esters, ketones, amides, sulfoxides and

30 combinations thereof. Preferred examples of the solvents include pentane, hexane,
octane, cyclohexane, methylcyclohexane, toluene, xylene, methylethylketone,
methylisobutylketone, cyclohexanone, N,N-dimethylformamide, dimethylsulfoxide,

diethyl ether, tetrahydrofuran, 1,4-dioxane, dichloromethane, chloroform, ethylene
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0 HO-?R1 CHR1 NH The hydrogen contai ni ng conpound may be sel ected
fromthe conpounds having dual functional groups, such as (f) sulfonam des,
(g) am nopbenols¢846h) am nocar boxylic acids, (i) phenol iPCThygdria¥d705
cont ai ni ng carboxylic acids, and (j) 15sul fanilam des. These conpounds nay
be utilized to provide an _adduct with different functional groups of

di f f er enfichlgEdemsthyl ¢ghdprofqrm, sHvigreehsey diaathyl ethes, Midmpl e of this type of
adduct i g ' 1.0 ] :

P NiTot hy e B o B e D Rt ouna), with a
pol ycycl opdiheadiventemay bp esmeledfat Bay somhetiorasfthe kdduet fathngd tdactidihe reaction
20 provides the adduct with phenalic hydroxyl term nated groups when the
react i onUS&S CRIYERIGRA! BreaBhdieh & 0T sYampls. Matuum dijitiatione Aberasiely, (b) at

| ow ten E@%l‘%ﬁ’t & Hso bggfggz]]tﬂlé &é&ﬁ%g%%é%%gc}\;l{i% ggglggnﬂ%%é adfcC o about
50 O, (c or arelatively long reaction tine, ) using Increnmental or

sl ow conwhichoney wddsiet ilater, 6dr dxhmpp iry the ypeérdydticatdfenating ar filat.ge

stoi chionetric excess .of the hydrogen containjng conpound, and (e) both the
pol ygl yci dﬁheé@_ﬁw?mmaﬁ%lﬁ% AN G RA G ST AR %H%B%%ﬁ@r%i“@giaﬁ sol vent .
The 5f ol g @ drdlGikd 6ﬁgaé=%ggﬁ1tp§§y'éa,%ﬂé grl@&mgﬂtraflcétagyst Qgeﬁpﬁ{aﬁ using the

epoxy resin of Formula | shows the adduct conprising phenolic hydroxyl
t em i nat e gmbapsunt of solvent used, if any, and modes of addition of the reactants

10 employed. For example, the adduct forming reaction may be conducted at
atmospheric (e.g. 760 mm Hg), superatmospheric or subatmospheric pressures and at
temperature of from about 0 °C to about 260 °C, and preferably from about 20 °C to
about 200 °C, and more preferably from about 35 °C to about 160 °C.

The time required to complete thé adduct forming reaction depends not only upon

15 the aforementioned factors, but also upon the temperature employed. Higher
temperature requires a shorter period of time, whereas lower temperature requires a
longer period of time. In general, the time to complete the adduct forming reaction is
preferred to be from about 5 minutes to about one week, more preferably from about
30 minutes to about 72 hours, and most preferably from about 60 minutes to 48 hours.

20 The time and temperature of the adduct forming reaction may have significant
impact on the distribution of components in the formation of the adduct of the present
disclosure. For example, with higher reaction temperature, longer reaction time, and
when the hydrogen containing compound includes a material having only two reactive
hydrogen atoms per molecule, the adduct forming reaction favors the formation of the

25  adduct with more oligomeric components. The adduct forming reaction favors the
formation of the adduct with more branched or crosslinked components when the
hydrogen containing compound includes a material having more than two reactive
hydrogen atoms per molecule.

In carrying out the adduct forming reaction, the polycyclopentadiene compounds

30  of'the present disclosure may be directly mixed together with the hydrogen containing
compound, added to the hydrogen containing compound in incremental steps, or
added to the hydrogen containing compound continuously. In addition, one or more
solvents may be first added to the polycyclopentadiene compounds and/or the

hydrogen containing compound before mixing the polycyclopentadiene compounds

31



Formula XI: OH 10A catal yzed reaction favoring one functional group over
another with the epoxide group may al so be enpl oyed. For exanple, when a
hydr ogen worbaiissig conpound conprising at | east two di PCe&rusnadaiifoontes i onal
groups each bearing at | east one reactive hydrogen atomis used to formthe
adduct of the present disclosure, a catalyst which favors a reaction of
react i vedlKyiie bydiesan eortaining compoung ndl iperemental piEPn gF Bigp wi th an 15epoxi de .
group ov i i f. ype of
Plnor i onty el Rekh e ShrpEaels 1 Sool A1 OpE Db I 2O et B Y Pyl s

i ncl ude diovedas treaangriol fogddifoncofehepenéndredetti Ve ificromental £dditib06f Of
epoxi de %rou s fromat |east twy separate pol ycycl opentadi ene conpounds of
A

the pres@fiP? |C¥%1PB‘°§G?C€§% FPNRAEAS FeosisEctitve ap gX§rey BMEpRIrtidls BYEO&Fhpound
havi ng O&?ﬁ%ﬁiﬁgggrggeﬁﬁd SRRSO hERMNLLiEAGH B BLLA difif, [RG6! | ve hydrogen

atons in en contai ni ng conpoun n exanp IS type of
adduct samaogttor éee sf aligeaeid ampomedtsct of a pol ygl ycidyl 5 ether of Formula

| and cycl Qhexyl ami ne as il|l ustrated he conpaund of For a . The
Fol | ow ng {WERTS Pt FEaEYS TE7 GECHREEDP HOPHGrS OUPTSTENBRETs FAvct e

ol i goner {he pERBRANENsukSindiEMBIddiBMN fthe! BRBbui WP RO %HB8nE @uUPS from two
separate pol yglycidyl ethers each with one of the epoxide groups already
react ed wiltviidugy edropeneptsarfitheadd@kQ) hd waXivity of the adivet,adddot 3nte al so

incluyde at | east one branched . or crosslinked adduct structure derived from
one %bf t S]fcgﬁ?r(%?lﬁas ?é@gtagg%%‘. (1) a reaction between an epoxide group 5

from an polrgeyednane toagh eadice prpateddrah aréRtibh Be8endhescl osure that has
al ready been adducted at another epoxide group of an epoxy resin and a

hydr oxy| PRY®glprentagiepe pymposadsreagyly clohewdareing (entha hydpder comhinintge pr esent
G sl sl B 363 B0, BELVE L BEBRY 0, POL YR BRER) 20, ere
f r om t heddniyvdd agenthe entloheiyignizerpaiditbithd dppxpteggents dbrsel oui the
15  polycyclopentadiene compounds, the reaction may lead to the formation of an adduct
with a low content of oligomeric component. The resultant adduct product may also
include, as a part of the adduct product, a high concentration of cyclohexylamine as
the unreacted hydrogen containing compound. Accordingly, post treatment of the
adduct product, such as vacuum distillation, may be employed to strip out the
20 unreacted hydrogen containing compound.

Other post treatment methods used to modify the distribution of the adduct
components may also be employed, such as, for example, recrystallization,
chromatographic separation, extraction, zone refining, crystal refining, falling film
distillation, wiped film distillation, simple distillation, including rotary evaporation,

25  preferential chemical derivatization and removal of one or more components of the
adduct, and combinations thereof. |

According to the present disclosure, the reaction of one of more of the
polycycIopentadiene compounds and/or advancement products (oligomers) with one
or more hydrogen containing compounds possessing hydrogen atoms which are

30  reactive with epoxide'groups to form the adduct of the present disclosure involves a
ring opening reaction. During the ring opening reaction, the epoxide groups in the
epoxy resin reacts with the reactive hydrogen atoms in the hydrogen containing

compound to give characteristic 2-hydroxylpropyl functionalities as linkages between
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An exanpl e of the above reaction (1) is a reaction of a hydroxyl group from
an adduct of the polyglycidyl ether of the polycycl opentadi ene conpounds of
For mul a w6 2andi3eé343] ohexyl ami ne with an epoxi de group f POmUB26@0007dS

pol ycycl opent adi ene conpound of Foinmula | that has already beeln adduct ed

wi th cycl ohexyl am ne at one of the epoxide groups. The chem cal structure
of theyr@éiﬁuﬁgﬁ{uq‘%%t“c?filtgﬁeb‘?’?yd&élp ainéeg%@)%ll siactyres ghPwdydregenror nul a X 11 as
fol | ows: . GR&iMIH3 (;Johhd. WO 2011/ 136843 PCT/ US2011/ 000705 NH cHR, Ho_cRi

I(RmCH2 0 0 CH2
An example of the adduct of the present disclosure is a reaction product of

polyglycidyl ethers of Formula I and/or Formula III and cyclohexylamine (as the
5  hydrogen containing compound). The following idealized adduct structure of

Formula X shows the 2-hydroxylpropyl functionality as the linkage between the

residual structure of the epoxy resin of Formula I and the residual structure of the

hydrogen containing compound:

Formula X:
10

; NH
NH -
NH | , CHR

HR
fl\lH CI;HR1 c]; HO—C|)R1

HO—CR! '

C ' " 4 Pm e,

[ : (R) m CH,. [
HO—C')R1 ® . m clez (I) o
G2 1 o L. a
o}
gy D
Q—C
o n R,

0 1 m "
I CH, HO—CR
e n ® r
2 R, C|3R1—OH (|3HR1

pel

!CHR1 NH
1

CHR o

NH L i -

The hydrogen containing compound may be selected from the compounds having

dual functional groups, such as (f) sulfonamides, (g) aminophenols, (h)
aminocarboxylic acids, (i) phenolic hydroxyl containing carboxylic acids, and (j)

15  sulfanilamides. These compoundé may be utilized to provide an adduct with different
functional groups of different reactivity for curing an epoxy resin. An example of this
type of adduct is a reaction product of an aminophenol compound, p-N-
methylaminomethylphenol (as the hydrogen containing compound), with a
polycyclopentadiene compound of Formula I and/or Formula III. The reaction

20  provides the adduct with phenolic hydroxyl terminated groups when the reaction is

under mild conditions including (a) with no catalyst, (b) at low temperature (e.g.
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HO-R1 CH R1 NH

An exanpl e of the above reaction (2)

is a reaction of

an am no hydrogen of the adduct of diethylenetriamne and the

pol ycycl openbudizesse conpound of Formul a |
second of the polycycl opentadi ene conpound of Foinula I
rogen in the diethylenetriamne noiety. The

reacted wi th_anot her

amo

parti al

ehraile aC ta ebeitSqr @)

struct ur&c
reaction o

Fnaghigh,

&

SR Ym%ﬁ ué%dd‘?t‘f@n {at

cdy

Rer“Groups an

o REelTERst

5 where an epexiras2gnomgod rom a

t hat has al ready

foré relagiviely dong reaeteqn omegddysiog is shown as a

ucture from
h%f%tr e I s shown):

For mul a §(th1011®&&1&ch€8&£ th@ﬂyﬂ}d@&n Q)htam(ﬁ@con%lmﬂ'\hr(ﬁd?b&h%é CH2) 2- NH THRi

-0- CH2-- OR1-0OH In addition, sone mnor structures nmay be present in the
adduct opolwléml&e/b%téﬁlt (ADangd dhoBydrager wntERagsPRIPORnS a5 1p selver 6[1193 deri ved
froma hygdahysis d Qx| o) ClomN | ilq 1{3 t hyl
groups d}éb(riill véag# r %%ea?\araggﬁl ti gt‘r%fr é epl Qﬁg gﬁ%?%)a%ﬁg{n%sthgg?g&y gr gﬁp of an
i nt ei ni eBoratwda halhaiyitte iaddum kemptisind phemgicthyergyvd egssnaéd goupt:ng t he epoxy
resin.
: Formula XI:
OH
OH
OH
OH
i
CH, ik HO—N
CH HC—N e 1 CHR!
HC—N - Lmd GHR 7] HO—GR!
1
CHR? HO—é:R‘ (R';io_clzR ®m ch,
' R m CH, @ l
HO—CR' m CH, ; o
f R) | 0
0
@ LC—Q clz @-?
=~ @—o n Ry [
(ID (I;H HO—CR'
CH, n R T2 .
[ * R - CR'—OH PHR
HO—|CR1 | ] C:)HR1 |, H3C—|
R HaC—N i
H3C‘“N ,
CH,
O “
H
OH
10 A catalyzed reaction favoring one functional group over aﬁother with the epoxide
group may also be employed. For example, when a hydrogen containing compound
comprising at least two different functional groups each bearing at least one reactive
hydrogen atom is used to form the adduct of the present disclosure, a catalyst which
favors a reaction of reactive hydrogen atom(s) of one type of functional group with an
15  epoxide group over a reaction of reactive hydrogen atom(s) of the other type of

functional group with an epoxide group may be employed.
The adduct may also include at least one oligomeric component derived from a

reaction of epoxide groups from at least two separate polycyclopentadiene compounds

34



Ot her mnor structures may be foinied via a reaction of a backbone hydroxyl
10group in the adduct of the polycycl opent adi ene conpounds of Formula I.
For exanpWwe,2on/memdti on of the secondary hydroxyl grouppPérius2@ioenrwdxylic
acid group present in certain of the hydrogen containing conpounds, results
in the formati on of a backbone ester |inkage in the adduct. 15Curable
Conposi t plothe Presentrisclosvee withicatsrespessiye mehiceclopeniadienetsieppdbe¥ing ons of
t he present | gsure ca u of, t he ese di scl osure
and (by S LS SRR fofRl P B R S B RS A pouna o).

one or nnmﬁogghxmﬁﬁmggeam@du@ﬁe conpounds of Foimula l and/or Forrmula 11
or m xtures thereof. di scussed 20herein, the adduct of the present
di scl osur e Aherags of &1)18 ape pé adduch paugtesds am@%%am@ﬂmfocff aprdyglycidyl

pol ycycl ) the
o Shor BB S8 AU SRl Bl a8 FRLEL D)
For the ¥aI iThesfoBowory n‘imiizsd atithect emn@tbiee)fd%mnom Xilghows§ tHaheéhepr esent

di scl osure can. be prepared hy i ng the adduct, of the present disclosure
with theoléq&cssﬁﬂwérmnewﬂﬁw#%? 3 s @Ome&a0%5|fror@ftweé%9%tpy cure

the cur g gl?f@l@??@th&ﬂs%gch Wth%n%%?tﬁé’\?}%&ﬁite%? Q@) rehBRa Ut s Wil

depend u he”speci fic adduct and the resi conpound enpl oyed. For

t he varlquéﬂenbbdnmﬁnts the epoxy resin that can be used as the epoxy

resi nate r the curable conposition of the present disclosure may be
an e OX|de B Q)glnlng conpound whi ch has an average of nore than one

epoxi de group per nol ecul e. Exanples of the epoxy resin include those epoxy
resins which are suitable 5 for the resin conpound, as well as the

pol ycycl opent adi ene conpounds of Forrmula | and/or Formula I1l, as described
her ei n. Generally, the ratio of the adduct of the present disclosure and
the epoxy resin material is fromabout 0.60:1 to about 1.50:1, and
preferably fromabout 0.95:1 to about 1.05:1 equivalents of reactive
hydrogen atom present in the adduct per 1Oequival ent of epoxide group in
the epoxy resin material at the conditions enployed for curing.

Preferred curabl e conpositions of the present disclosure includes (1) t he
adduct of the present disclosure and (2) the epoxy resin material, where

t he epoxy resin material includes one or nore of epoxy resins, whi ch

i ncl ude those epoxy resins that are 15suitable for the epoxy resin of
Formula | and/or Fornula |1l described herein, and the
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adduct includes at |east one reaction product of the pol ycycl opentadi ene
conpounds of Formula | and/or Fornula Il and the hydrogen contai ni ng
conpound,waodises4ssed herein. The hydrogen cont ai ni ng eorpseend/,00d70%
exanpl e, includes an aliphatic or cycloaliphatic diamne, an aliphatic or
cycl oal i phatic polyam ne, an aliphatic or 20Q0cycl oaliphatic dicarboxylic
acid, or an aliphatic or cycloaliphatic am nogarboxylic acid, a

di am nocar bqoxylic acid, an am nodi pXxy| dcid, or a diam nodi carboxylic
acid and ji nati ons thereof Proce ondi tyfons for Curing the Curable
Composi tilqn _25For the various enbodi hents, tNle process of curing the
curable co -05|t|on of the present d|%CI0$UkﬂRnay be conducted at

at nospheri g (e g. 760 mm Hg), supera?ﬁﬁspheréﬁ;dy' subat nosgheric pressuoyes
and at a téWﬁerature from aboit QHC-tw aputl 300 C, prefe y from®ibo

25 Cto abemm 250 C, and nore|pr&fe é@ rqnfabout 50 C
30The time Suedlired to conplete u b D
enpl oyed. @ t enper atures|g al | qui y Jr[e]@:
wher eas | ower Tt LHTS i
general, the r d
mnute to Qo €1 y| from abou
hour s, andI pref- ab vy frwn1a@ou9ﬁ30 m nutes to about 12 hours. It ifs
al so operab é(>9 partially cure the ?Mr@ble conposition| of the present
dlsclosuWé4Wo forma B-stage productgpnd subsequently cure the B-stage
pr oduct 5cam@1etely at a later tine. NJhe curabl e conposjtion of the present
dlsclosureﬂmay al so include a cur|ni agent and/or a cur] ng cat al yst.

Exanpl es ofl the curing agent and/o at al yst useful for "t he cur abl
conpositi ncl ude aliphatic, cyc phatic, polycycloaliphati c N
aromati c ‘prirary nonoam nes,

he tenperature
riod of tine

N
| 1-0OH .
CHR! r HO—CR1 (R CR - ®m

| . m CH I
HO—(I;R‘ R P CHz 2 O— CH,— CR'—CHR!
CH m
{2 LC—Q OH
o] !

O—CHy,— C-R1—C|)HR1

Q-—C
NH
0 . 2§;§>‘| P [:i:]
| ' ?Hz

OH

CH n (R)
2 Ry, m ICR‘—OH
HO—CR!
I lCHR1
1
GHR NH

NH L i s
The adduct may also include at least one branched or crosslinked adduct structure
derived from one of the following reactions: (1) a reaction between an epoxide group
5  from an polycyclopentadiene compound of the present disclosure that has already
been adducted at another epoxide group of an epoxy resin and a hydroxyl group of a

2-hydroxypropyl linkage from an adduct of the present disclosure; or (2) a reaction

between three separate polycyclopentadiene compounds of the present disclosure with
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al i phatic, cycloaliphatic, polycycloaliphatic or aromatic primry and
secondary 10pol yam nes, carboxylic acids and anhydri des thereof, aromatic
hydr oxyl worbaimssig conpounds, i m dazol es, guani di nes, wceasadidoyde
resins, nelam ne-al dehyde resins, al koxyl ated urea-al dehyde resins,

al koxyl at ed nel am ne-al dehyde resjns, am doam nes, epoxy resin adducts, and
conbi nat bEsTerdieedufraesn eiasy Eemyhphedregereeprdainingl compotind hbtheyr¢segt agent

i ncl ude ﬁﬁﬁ&%ﬁ nedi ani | i ne; 154, 4' -di am nosti | bene; :

4, 4" -di am no-al'pha- net hyl stil bene; 4, 4'-di am nobenzanilide; dicyandi am de;
et hyl enedi am examplke 6f thy laboed feb&on@) id 4 et tior eMehRirb2yTigh&ip from an

t et raet hyl enepent am ne;  urea-fornmal dehyde resins; nelam ne-fatinal dehyde
resins; #Sbrafdhapalgelycilyl eBer ofdha epiygeclppeitedienagampqusiaptlormula I

mel ard ne; f resi ns:. - I isphenol. A Dbisphenol F
(bis A @“&?&?@%ﬁ@%ﬂlﬁet ﬁllé%Zf P %‘8@%%‘?’9% r@g}%?%@m@%@!@@ ﬁ@&?%%@%ﬁ% nyl

sul f one)coniBBAd (of Ebrraile dnihihaphiesadly bAkn agdherel Witk ogd] cledxytieninewodb@C I esi ns;
cresol-f&;g&ldeh de novolac resins; sulfanilam de; di am nodi phenyl sul fone;
di et hy! t It hemRBIGHEIRMPS-t TR ghpmieal seneyres the reshltantzeacsion merdpct Bhexy! ami ne:
i sophor angdhaRiNemduaTLPEEHlIRRENBRS e amet hyl enedi ami ne, pi perazi ne;

1- (2-am noet hyl ) pi perazi ne; 2,5-di nmethyl-2,5- 25hexanedi am ne;

1, 12- dodecaneldhramlan&]It ri s- 3- am nopr opyl ani ne; and conbi nati ons t her eof
Particularly preferred exanples of the curing catal yst include boron
trifluoride, boron trifluoride etherate, alumnumchloride, ferric
chloride, zi.nc chloride, silicon tetrachloride, stannic chloride, titanium -
tetrachl oride, antinony trichloride, boron 30trifluoride nonoethanol am ne
conpl ex, boron trifluoride triethanol am ne conplex, boron trifluoride

pi peri di ne conpl ex, pyridine-borane conpl ex, diethanol am ne borate, zinc
fluoroborate, netallic acylates such as stannous octoate or zinc octoate
and conbi nati ons thereof For the various enbodi nents, the curing

catal yst may be enployed in an anount that will effectively cure the
curabl e conposition. The anmount of the curing catalyst may al so depend upon
the particul ar adduct, epoxy resin, and curing agent, if any, enployed in
t he curabl e conposition. 5CGenerally, the curing catal yst may be used in an
anount of from about 0.001 to about 2 percent by weight of the total
curabl e conposition. In addition, one or nore of the curing catal ysts may
be enpl oyed to accelerate or otherw se nodify the curing process of the
curabl e conposition. The curing agent nay be enployed in conjunction with
the adduct to cure the 10 curable conmposition. The anounts of conbi ned
curing agent and adduct are from about 0.60:1 to about 1.50:1, and -
preferably fromabout 0.95:1 to about 1.05:1 equivalents of reactive
hydrogen atom coll ectively in the curing agent and the adduct. For the
various enbodi nents, the curable conposition may al so be bl ended with at

| east one additive including, for exanple, a cure accelerator, a solvent or
di luent, a
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15 nodifier such as a flow nodi fier and/or a thickener, a reinforcing
agent, a filler, a pignent, a dye, a nold rel ease agent, a wetting agent, a
stabi | i zewp 20117136831 et ar dant agent, a surfactant and comrbirnstéionso7vher eof .
For the various enbodi nents, the additive may be bl ended with the adduct or
with the resin conpound or with both the adduct_and the resin conpound
prior to use for 20 the preparation o he ¢ pl e conposition of the
present disclosure. The additives nmay @:-o functional ly equival ent
anounts, for npl e, the pignent andAQr dye be added in quantities
that will pravide the conposition with fhe desiffed color. In general, thT:;:j
anount of the dditives may be fron1about zerocnﬁ‘about 20 percent,
preferably fr0n1about 0.5 to about 5 pe?%%nt abﬂ_anre preferg@ly from

about 250.5 t §"8bout 3 percent by F@?EWba§ad(ypon t he tdfab,m i ght of Pt hgH
curabl e comp®sIRt i an- For the vari ou 5, the cure -@ P-aCiyr—¢RraCHR

can be enployéﬁ Hf mei n includes, |f Xee

) L C—
t et raphenol s; ; ic or 1t g no or
di carboxylic aC| li-c atids; Yy (Yenzoi oLds;—?RL—?Hw
hal ogenat ed sall ’C do(%ronatlc sul floni c |a : O NH

10 hol s; am nopyridines; aﬁwmophenols;
nercaptophenoH th eoﬁ Particul arly suijtable cure
accel erators nnéK de 2, 4- dlnethylphenolqw%oe di met hyl phengl ; ‘

4- m&*thylphe"r’ﬁﬂ‘c"R 4- tertlary but yl phenol ; ¢@x:chl or ophenol ; 4- |chl or ophenol ;
2, 4- dlchlorophﬂnbl 4-ni trophenol; 1,2- hhydroxybenzene
1, 3- dlhydroxyd@nzene 2, 2' -di hydnoxybi phenyl ; 4,4'-isopropygidenediphenol;
val eric acid; ‘gxalic acid; benzoi c aci 2, 4-di chl or obenzoic aci d;
5-chl orosal i c acid; salicylic aci ps t ol uenesul foni ¢ aci d;
benzenesul f o aci d; hydroxyben20|c acrd; 5et hyl - 2- et hyl i m dazol e;
1- net hyl i m dazol e; trlethylanlne t outyl e; N N dlethylethanolanlne;
N, N- di net benzyl am ne; 2,4,6-tri5 i no) phenol ; 4-
di et hyl pyri di ne; 4-aninophens -am nophenol ; 4- nercaptophenol and
conbi nat i t hereof . Exanples of thg soIveﬁW or dlluent whi ch can be
enpl oyed hgrein include, for 10exanple allghatlc and aromatic

hydr ocar bons,, hal ogenated al i phatic y rocanb@n31 al i phati g gt hers,

i m dazol es;

OH
al i phatic ff %rlles cyclic ether%§og Vco@%ekﬂers esters, ones, am des,
squOX|dé§‘8hqmconb|natlons ther CH2 O— CH;— CRI—CHR'

?Hz LC—Q OH
o) g
,C—Q @—O—CHz—Cw—lCHR"
a—c
R NH

i 1,

' n R P2
M2 m CR—OH

1

HO_(;:R : c|:HR1

;
CHR NH
NH _ _l

An example of the above reaction (2) is a reaction of an amino hydrogen of the
adduct of diethylenetriamine and the polycyclopentadiene compound of Formula I
5  where an epoxide group from a second of the polycyclopentadiene compound of
Formula I that has already reacted with another amino hydrogen in the
diethylenetriamine moiety. The partial chemical structure of the resultant reaction
product is shown as a structure of Formula XIV as follows (only the immediate

structure from reaction of the glycidyl ether groups and diethylenetriamine is shown):
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Particularly suitable solvents include pentane, hexane, octane, tol uene,

xyl ene, nethyl et hyl ketone, nethylisobutyl ketone, N, N-di nethyl formam de,

15di net hyweubfiorsssde, di et hyl et her, tetrahydrofuran; 1, 2ctiusza@n®p0705

di chl oronet hane, chloroform ethyl ene dichloride, nmethyl chloroform

et hyl ene gl ycol di met hyl ether, diethylene glycol nethyl ether, dipropylene
gl ycol met hyl Fermda XINret hyl pyrrol i di none; N, N-di met hyl acet ani de,
acetonitrile, sulfolane, and conbinations thereof. 20For the various

enbodi ments, the nodifier such as the thickener and the flow nodifier may
be enpl oyed in anount s—af—f¢o. o-pe about 10, preferably, fromabout 0.5
to about 6, and nore preferab y|fron1about 0.5 to about 4 percent by weight
based upon the total weight of scurabl e conposition. The reinforcing
material that may O& enpl oyed herein includes natural and 25synthetic
fibers in the fornﬂoj woven fabriic, mat, nonofilanment, nultifil anent,

uni di r ectTBnacC ki beR —HOWTH&§ ) zraadhi Pk be¥ or il ament, inorganic filler or
whi sker, or holl ow sphere. O her suitablé reinforcing material includes

gl ass, carbon, ceramcs, nylon, rayon, cditRh, aramid, graphite,

pol yal kyl ene terephthal ates, pol yethyl ene pol propyl ene, polyesters, and
combi nati ons thereof. 30For the Vari&tls™e Phents, the filler which may
be enployeg her.ei n includes, for exanpl e, inorgani ¢.oxide, ceramc

i cr ospher a7 1T 07 BIHE SRMAECS FIAa HiFtPbEpHE RIS RbFFANFE i sker .
cal cium gig&ibanatier @wn@@,n@z%wdopgﬁaugbaé@@d 818 alydkSysifBY aPEp iRl oyed in an
amount of from about zero to ‘about 95, preferably from about” 10 to about 80
per cent , g@Hp imiheepprefasitabl Yalpmethyaligowps derivesl abowan additpperafent by wei ght

based upgn e 1 otal ight of t curable ¢ Si.t.i on. he adduct may
al so be Qﬁ%$§hé%“ﬁﬁflﬁﬁ?ggi§ﬁ%?é$%?6%%Fﬂa§?mgggggﬁﬂPP@ﬂiﬁ%ﬁ TH18/ECcoat i ngs
Wit h excglobeniof sehigftheredskgta., noi sture resistant, abrasion resistant,

and 5weat herabl e properties. Qther applications of the adduct of the
present di SUhYInIET FEyCtings Magde fpppedviamirectioprad sdreskbans ofraxtybet ri cal or

strugf ur anmyRa) r ' il Nalel i , castings,
encapsul%%?%n, gngggﬁgfﬁ%ﬁgﬂﬁbkﬁxmﬁ¥ﬁ%%§gﬁyﬁgﬁﬁgqgigﬁgﬁgg.gg% illustrative
of the presgpi, adescioastitie seboridaay aydokylt grobie withrsdarbedliagciderbii ti ng t he
scope thereof.in aqy Pﬁ”ﬂe . 10 Exanples ) )

- present in certain of the hydrogen containing compounds, results in the formation of a

backbone ester linkage in the adduct.-

15 Curable Compositions’

For the various embodiments, the curable compositions of the present disclosure
can include (a) an adduct of the present disclosure and (b) an epoxy resin material
comprising one or more resin compound(s), one or more polycyclopentadiene
bompounds of Formula I and/or Formula III, or mixtures thereof. As discussed

20 herein, the adduct of the present disclosure includes (1) at least one reaction product
of the polycyclopentadiene compounds of Formula I and/or Formula III, (2) the
hydrogen containing compound, and optionally, (3) the resin compound.

For the various embodiments, the curable composition of the present disclosure
can be prepared by mixing the adduct of the present disclosure with the epoxy resin

25  material in amounts which will effectively cure the curable composition, with the
understanding that the amounts will depend upon the specific adduct and the resin

compound employed.
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Unl ess otherw se indicated, all parts and percentages are by weight. Unless
ot herwi se specified, all instrunments and chem cals used are commercially
avai | abl evobbMa3es4Bal s Rh(CO) 2(acetyl acet onat e) ( Rh( COpRaame)iaweaibabl e
from Strem Chemical s I nc. n-butyl di phenyl phosphi ne avail able from
Organonetal lics, Inc (E. Hanpstead, NH USA). 20D cycl opent adi ene avail abl e
from The Derdherareats eadpod Hysnin sheasnoxly apiie that oan ¢ nipdss theentoxyakes, | nc.

KBr pl at [ ' Al dri,ch. 90%puri t .
- ner cap o iR gl P eh B0k OF L e AR it magreampgiice-
Si gma- Al deritaihing2oinhibuas WhidH lasaei s ergaiof ol tHah @it ShEiTe ?ﬂldﬂﬂp'ﬁéh- Phenol
avai l able from Si gma- Al drich. Tetrahydrofuran available from Si gnma-Al drich.
Met hanol Mg eadranriesai SheypraxX rasin dteludeihoeh eRe¥ Y sesrovbichwed suaieble fr om

5 S g0 00 S S X0 L A S ARl T o1
Di cycl opemt/adi@nelDii]d dbyodided herein.

Generally, the ratio of the adduct of the present disclosure and the epoxy resin
material is from about 0.60:1 to about 1.50:1, and preferably from about 0.95:1 to
about 1.05:1 equivalents of reactive hydrogen atom present in the adduct per

10 equivalent of epoxide group in the epoxy resin material at the conditions employed
for curing.

Preferred curable compositions of the present disclosure includes (1) the adduct of
the present disclosure and (2) the epoxy resin material, where the epoxy resin material
includes one or more of epoxy resins, which include those epoxy resins that are

15 suitable for the epoxy resin of Formula I and/or Formula III described herein, and the
adduct includes at least one reaction product of the polycyclopentadiene compounds
of Formula I and/or Formula II] and the hydrogen containing compound, as discussed .
herein. The hydrogen containing compound, for example, includes an aﬁphatic or
cycloaliphatic diamine, an aliphatic or cycloaliphatic polyamine, an aliphatic or

20 cycloaliphatic dicarboxylic acid, or an aliphatic or cycloaliphatic aminocarboxylic
acid, a diaminocarboxylic acid, an aminodicarboxylic acid, or a diaminodicarboxylic

acid and combinations thereof.

Process Conditions for Curing the Curable Composition

25 For the various embodiments, the process of curing the curable composition of the
present disclosure may be conducted at atmospheric (e.g. 760 mm Hg),
superatmospheric or subatmospheric pressures and at a temperature from about 0 °C
to about 300 °C, preferably from about 25 °C to about 250 °C, and more preferably
from about 50 °C to about 200 °C.

30 The time required to compléte the curing may depend upon the temperature
employed. Higher temperatures generally require a shorter period of time whereas
lower temperatures generally require longer periods of time. In general, the required

time for Acompletion of the curing is from about 1 minute to about 48 hours, preferably
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A reaction m xture of Rh(CO)2acac (35.1 ng; 0.136 nmol) and

nbut yl di phenyl phosphine (0.33 g; 1.36 mmol) (nolar ratio L/Rh = 10) in

di cycl opewbadiees4670 g) was prepared in a purge box un@em/useyiiopiodgen,
and then placed in a 150 nL Parr reactor and sparged three tinmes with 1:1
syngas (1:1 nolar 5 ratio COH2) at 20 C. The reaction m xture was then

heat ed tBomghont by minysessloabput 25 hows, saf myire praierabliiire abeit 30 minuteshe

pr oduct tfooarbHﬁH gomthe reaction m xture was nonitored by Gas
Chr omat ogr ap y%) TAgilent 6890], where the final GC analysis of the

resul ting m xtalgoepshbiew gahtalli aye tlepriidtanposiia sty deest®’ area%in GC -
at 10.4-10.7 mnutes (mn)) and the dicycl OEent adi ene nonoal dehyde (6 area%
10 in ccligglosyrgtobogmer B-stags prodrsbany] supst@sany sdicehe Breags predustas conpl etel y
cons d ' Lgha i Dl r ' I C at

i gher rriar ey AteE iBROTs Bural kANl iRL A Y Rt o BERE A,

chr omat ogrlagbikchrmg agapeaad/oos capng cdt&¥gsdVsS) anal ysis [ Agil ent 6890 GC vm;jt hh

Agi l ent 5973 Mass Sel ectjve Detector] of the reaction m xture supported the
f oi mati on afﬂﬂ?ﬁ%d)?éher%m&a@%q Bt shusefal far tedarshle cemmositian2)  and

ot e e A 0 O S S SR BR

ppm : 23x1BBatio IyslbaliPhtis Spol 2y chylipR&ti O, ar@ha8@ pridiarPad RBoddary 29. 63; 40. 65;

40. 91%; 4pldl§9a?ff.1ines, carboxylic acids and anhydrides thereof, aromatic hydroxyl containing

compounds, imidazoles, guanidines, urea-aldehyde resins, meiamine-aldehyde resins,
alkoxylated urea-aldehyde resins, alkoxylated melamine-aldehyde resins,
amidoamines, epoxy resin adducts, and combinations thereof.

Particularly preferred examples of the curing agent include methylenedianiline;

15 4,4'-diaminostilbene; 4,4'-diamino-alpha-methylstilbene; 4,4'-diaminobenzanilide;

' dicyandiamide; ethylenediamine; diethylenetriamine; triethylenetetramine;
tetracthylenepentamine; urea-formaldehyde resins; melamine-formaldehyde resins;
methylolated urea-formaldehyde resins; methylolated melamine-formaldehyde resins;
bisphenols such as bisphenol A; bisphenol F (bis-4-hydroxyphenyl methane);

20 bisphenol S (bis-4-hydroxyphenyl sulfone); TBBA (tetrabromobisphenol A); phenol-
formaldehyde novolac resiﬁs; cf,esol-formaldehyde novolac resins; sulfanilamide;
diaminodiphenylsulfone; diethyltoluenediamine; t-butyltoluenediamine; bis-4-
aminocyclohexylamine; isophoronediamine; diaminocyclohexane;
hexamethylenediamine, piperazine; 1-(2-aminoethyl)piperazine; 2,5-dimethyl-2,5-

25  hexanediamine; 1,12-dodecanediamine; tris-3-aminopropylamine; and combinations
thereof.

Particularly preferred examples of the curing catalyst include boron trifluoride,
boron trifluoride etherate, aluminum chloride, ferric chloride, zinc chloride, silicon
tetrachloride, stannic chloride, titanium tetrachloride, antimony trichloride, boron

30  trifluoride monoethanolamine complex, boron trifluoride triethanolamine complex,
boron trifluoride piperidine complex, pyridine-borane complex, diethanolamine
borate, zinc fluoroborate, metallic acylates such as stannous octoate or zinc octoate

and combinations thereof.
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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; 20203.03; _
203. 07; 2806.200;13293. 14. Fourier transforminfrarea@Csaseenopvos onetric
(FTIR, Nicolet Avatar 3700 DTGS FTIR (Therno El ectron Corporation))

anal ysis of _a neat filmof the dicycl|lopentadi ene di al dehyde on a KBr plate
reveal ed t HOT E¥aEiodg cBPARREIAY e B ecatabshay hereamriayet inep2morng m | . The

product was.APLALREL A raHI QWb &&}Hb&nﬁ(ﬂl R amount of the curing catalyst

may also depend upon the particular adduct, epoxy resin, and curing agent, if any,
employed in the curable composition.

5 Generally, the curing catalyst may be used in an amount of from about 0.001 to
about 2 percent by weight of the total curable composition. In addition, one or more
of the curing catalysts may be employed to accelerate or otherwise modify the curiﬁg
process of the curable composition.

| The curing agent may be employed in conjunction with the adduct to cure the
10 curable composition. The amounts of combined curing agent and adduct are from
about 0.60:1 to about 1.50:1, and preferably from about 0.95:1 to about 1.05:1
equivalents of reactive hydrogen atom collectively in the curing agent and the adduct.

For the various embodiments, the curable composition may also be blended with
at least one additive including, for example, a cure accelerator, a solvent or diluent, a

15 modifier such as a flow modifier and/or a thickener, a reinforcing agent, a filler, a
pigment, a dye, a mold release agent, a wetting agent, a stabilizer, a fire retardant
agent, a surfactant and combinations thereof.

For the various embodiments, the additive may be blended with the adduct or with
the resin compound or with both the adduct and the resin compound prior to use for

20  the preparation of the curable compositidn of the present disclosure. The additives
may be added in functionally equivalent amounts, for example, the pigment and/or
dye may be added in quantities that will provide the composition with the desired
color. In general, the amount of the additives may be from about zero to about 20
percent, preferably from about 0.5 to labout 5 percent, and more preferably from about

25 05 td about 3 percent by weight based upon the total weight of the curable
composition.

For the various embodiments, the cure accelerator that can be employed herein
includes, for example, mono, di, tri and tetraphenols; chlorinated phenols; aliphatic or
cycloaliphatic mono or dicarboxylic acids; aromatic carboxylic acids; hydroxybenzoic

30  acids; halogenated salicylic acids; boric acid; aromatic sulfonic acids; imidazoles;
tertiary amines; aminoalcohols; aminopyridines; aminophenols; mercaptophenols and
combinations thereof. ‘.

Particularly suitable cure accelerators include 2,4-dimethylphenol; 2,6-

dimethylphenol; 4-methylphenol; 4-tertiary-butylphenol; 2-chlorophenol; 4-
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25 amount of 97.7 g. B. Preparation of 3-Mercapto-1 -propane sulfonic Acid
Cat al yst 3- Mercapt opropane-1-sul fonic acid, sodiumsalt was added to
concent r avedotwdssashl ori c acid (35.7 % aqueous, 200 nl) pemiushomso7os
magnetically stirred in a 30 gl ass beaker. After covering with a sheet of
Parafilm"M (American National Can, Geenwi ch, CT) to prevent uptake of
at nosphefhlerapspreli? & -digHerophennls 4 miraphienel; ¢2ydihpdrokykengénesry was stirred

for 5 m nut filte diunfritted glass.funnel. The
1t at e ety S eSS R R R D g OB R ARy sot 1 d
product whdcdxavascidsbehzas ddid Z;aﬁﬁigyabbamgbftfu;ﬁdﬁfs(;w}ﬂdﬁggalo ﬁ@@&igt gg Cl-

Phenol ati gn Reacti on 5D cycl opent adi ene di al dehyde ) g, O. nol e ‘
uncorr ec?ag’&)’ﬁ? AU R&dusnsatlioma agd ehengaresPRig RCish 8HEIOXY lEPEOR 2§1d;¥- 0 nol es)

wer e add 8. 4. - f : - [0 reactor was

addi t?ongtﬂ?]a@gﬁ?%lhl%ﬁé’t%H{aeﬁrg’él%ﬁgéznotl&# Ig?r%gr a lﬁ&ﬁ@%@%méﬁf@enser and a

t hem onetliethyldietniolahihe X MN-tion¢thelbeeadinney? 4, 6atris{ dAins gy ladapiphenolpbus an

over head  ni trogen inl.et, l.ass. stirring shaft with a Tefl onTm 10(E. 1.
du Pont QSN WPYQSWF%%P%H%%@H%?@WR%@GBB'6rré8fcﬁﬁoﬁh‘?ﬁé?llﬁ%§bl e speed
not or t ocRhEvhskhsTBSR&Ni cal stirring and a thernostatically controlled
heating mantl e. Overhead nitrogen flow (0.5 L per m nute) comrenced,

fol | owed byExagwigsrg the sedvers or dilueng whisecernybendrmpiv ped Hleifiﬁrinclthﬂl@ ftnenﬁer ature
d 65 C, farmn clear light yell colored.solution. At this tine,

el B Al R oo hBilel Rl A en S LS L

cat al ystalygetc v@srslal¥shatic ndrile, SRR WM, ol JoPSRBR! e s detdifek ORRiAEAdI ene

di al dehyde reactant) comenced into the stirred solution. The initial
al i quot ~ 9fifoxideapys combingtory) theisaficed a naxi mum exothemi to 70 C after 3

ot es, R eyl ALk TOBIoRLR, TR SRS ! SToreS,
to 65 C méthgkaipiketone, methylisobutylketone, N,N-dimethylformamide,

15 dimethylsulfokide, diéthyl ether, tetrahydrofuran; 1,4-dioxane, dichloromethane,
chloroform, ethylene dichloride; methyl chloroform, ethylene glycol dimethyl ether,
diethylene glycol methyl! ether, dipropylene glycol methyl ether, N-
methylpyrrolidinone; N,N-dimethylacetamide, acetonitrile, sulfolane, and
combinations thereof.

20 For the various embodiments, the modifier such as the thickener and the flow
modifier may be employed in amounts of from zero to about 10, preferably, from
about 0.5 to about 6, and more preferably from about 0.5 to about 4 percent by weight
based upon the total weight of the curable composition. ‘

The reinforcing material that may be employed herein includes natural and

25  synthetic fibers in the form of woven fabric, mat, monofilament, multifilament,
unidirectional fiber, roving, random fiber or filament, inorganic filler or whisker, or
hollow sphere. Other suitable reinforcing material includes glass, carbon, ceramics,
nylon, rayon, cotton, aramid, graphite, polyalkylene terephthalates, polyethylene,
polypropylene, polyesters, and combinations thereof.

30 For the various embodiments, the filler which may be employed herein includes,
for example, inorganic oxide, ceramic microsphere, plastic microsphere, glass
microsphere, inorganic whisker, calcium carbonate and combinations thereof. The

filler may be employed in an amount of from about zero to about 95, preferably from
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20al i quot of the 3-nercapto-1 -propane sulfonic acid (0.22 g) was added,
with continuation of the cooling. The second aliquot of the catalyst

i nduced awmoeruttsessm to 66 C one mnute after addition, WwCThuSe@oalobargs back to
65 C after an additional 2 mnutes. At this tine, a third aliquot of the
3-nmercapto-1 -propane sulfonic acid (0.35 g was added i nduci ng an exot heim
to 68 C 2boyt Abteadbquadepercant apd meraprgfaralliaronzabmit 4 heebentibieerssnper at ur e

had cool W“Q%EIEP%S%%_BO&I?&Q‘C&E @%}@gﬁ#%@%ﬁa rf? }S@H&%}gm' off A fourth aliquot

of the 3-Trer pr opane su Wwas added with

mai nt enancghefadtihie ntdy dsd BaehpRFed RINBGT Xattle, cOhtils, &pBtialy Blteddivki f T h

al i quot of the 3-nercapto-1-propane sulfonic acid (0.‘57 g) was added with
mai nt enafRAENET Withexedlent sl vy iesistandpeishire Fesistatt) Asiobiesiataab@nine to 62.5
C ov t 1.0t e IS, ' ' tf ctor

ext er%ir oragaé[g?é{&{e%tr @eeqﬁ%ats(? tﬁéit ?Pé?\ltc %éon\:%/gg tﬂj%eg%qdélgg% tggg{e}%ﬂtr@%}: S%?e, and the
final al mguaichafe, fhrexdnpler paphatidn pf clpainiealset shaniugal dohihae®br38 g) was added
to the dark anpber. col ored. sol utjon. . The reaction tenperature was

mai nt ai nEWRRSItES1lament Wi @gﬁomOidhrégSn%m%sz.ewmalawgna@aéi%hm ch time, the

course of the L nas, I: VSl ard 1090
Liquid Chr.onatﬂég?g%h}?%| ng %%Z%fg\t{)\%%trég?? g!sp{éh%rp?&?ﬁtg(?%%%ﬁyﬁgg@ogggl yti cal
col um (¥ danktrueddasiorindiffg the)scopt theamof Echnypsetmdr. (Agi l ent) XDB-C8 5

anal ytical guard colum (5 jt, 4.6 x 12.5 mm]. The colums were mai ntai ned
in tthe chromatograph oven at 40C. Acetonitrile and water (treated wth 0.05
% aqueous o-phosphoric acid) were peganRs the eluents and were initially
delivered via the punp at a rate o : nm. per mhute as a 70 / 30 %

sol ution, resYaless etbeyyiscindirgiedgaldpaes argl prrerntagss exs by $eight. 10nkss 0l ut i on
and held _therein for .the next 15 mnutes., The, 10 acetonitrile ed was HPLC
orade. 1R85, Berrey by EbenR e ER AN A PRED BI85 nrn.
The o-phosphoric acid used was nomnally 85 % pure (actual assay 85.1 %.
The water used was HPLC grade. A diode array detector enployed for the
sanpPe dMaterialss was set at 225 nmand the reference was set at 550 nm

After 1.6 ho I g(rtgb I C rsi.on of the
15di cycl open'?%ggée{?l)ezi%i%g)lhggﬂ%gg# gi)\ a |%§ éﬁéﬁﬁgﬁkﬁogﬁlﬁy r&c?@%é%v?ng °hlittle
change ilnct he product thereafter. At the end of the reaction tine,
the reactor contents we equal ly .djvided into a pair of beakers, each
containing 3 T%BWTW{H%@Q%W %‘f""—iﬂl‘i‘ﬂ@cﬁ%i%ﬁﬁ%’&et@%@ atler. stirring
ceased afifapsidzi MUiEs) and the contents of the beakers were allowed to

settle 20 overnight. The follow ng day, each beaker was decanted to a
vol de of 500Dmiyclapttiadibee dedabliedtbnadbe sy Phediset Cdi sposed as waste. Both

beakers were gefilled wth fresh ter to 3.5 L total volune, stirring
and heating ¢ ﬁgwa%t#?qmgdrgés\%ggytﬁ.@%ﬁ%&gﬁ causi ng vi scous strings of
reddi sh anberkBppRtes anavd ein SRl LAMridh. t he bottom of each beaker.
Stiriring and heating ceased and the contents of the beakers 25were all owed

to settle ovelQtoghtty Srivéer¢aptomsapang- dayifoneaadidrodiven salbevadleblarftad to renove

t he aqu p t for disposal as waste. Boiling DI water (1.5 L) was
added t(;%qlgr?faé1 %gg%gyel | ow orange col ored product remaining in each beaker

and 26agnet i ¢ Mjdrochlogc ke uigithblé FBmEatkatgidiieha boil. Once boiling was
achi eved, heating ceased and stii-ring continued as the product slurry
cool ed to 20 Rhenghwilablgdroanprma MEHf 20 C was reached, the solids were

col l ected by flecantal ¥ id: ) . The solids were added to a
ceram c dish an%ﬂgrlﬁtgdcf%?% %}ﬁg%%%uéﬁérgééﬁaggloo C for 16 hours, renoved,
ground to a fMuthapadvadeilatdefrodr Sigehai Aldriek. vacuum oven

Anhydrous acetone available from Sigma-Aldrich.

30 - Dichloromethane available from Sigma-Aldrich.

Reference Example 1

Preparation of Dicyclopentadiene Polvphenol

A. Preparation of Dicyclopentadiene Diald_ehxde
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for an additional 6.5 hours to provide 119.79 g of the dicycl opentadi ene
pol yphenol as a nustard yell ow col ored powder. FTIR spectrophotonetric
anal ysi s wb 2a11KiBss4pel | et reveal ed conpl et e di sappear ancecofustéig/oal7dehyde
carbonyl stretch at 1720.4 cm 1 with appearance of 5strong aromatic ring
absorbance at 1610.9 cm 1 (shoulder at 1595.7 cm 1) and 1510.0 cm 1, broad
strong hydr oxy reactionsmipxderetol Ry (e Odraerce@ Sdt mg3B 23 mupell andind br oad st rong

C- 0 st e . | d 70. 7). .C _HPLC anal ysis reveal ed
t he ?egﬁ})‘fcﬁpin%%cﬁ% %%;%lﬁ giel%% gfd?fe)#el'%%fr%%iﬁ%%af %agp{%é& _Tg(béfirrponents with 6
pr edoni néieyclopemadient §0q9 Maisipségage@if.a%urde Box Bndbr dblnffogéd, Bdansh 22. 2 area

% 10 Exanmple 1 Conversion of D cycl opentadi ene Pol yphenol to the

Pol ygl ycP@§td im0 mLdier 1epgter and speegedibier tignessuith duriyngestd ohmelsact or was
charged w: I8 &y c | er . s, 0.40 hydroxyl
equi vgl eirl]&itﬂ,;)f%(ggfa on %’3@9ﬁ%&nﬁl%gﬁﬁﬁg%%is;@g%%?t%gﬁeﬁqo g{ealﬁgalﬁrfss&eepar ed as
di scussedf #bpsi f anthae piithdtoriadyTid proddst formgiantom3hreapli@smixtifee react or

diti I i h d intained at 0 O,
{her aomet e moRGreg BTG O Y PR G QSB0 perarh et HEd O er per
m nute), m@a‘?ﬁlsaoiﬁthé Eés‘éﬁu%?rﬁ%:&ﬂk ¥ndwéd ﬂ#g tragcg))cgo%ggégmeﬂg dﬁg&ﬁhyag gfafgggfw s)

paddl e, gl ass shaft, variable speed I um hydr oxi gr ams,
0. 36 nol 8)GUas 1d#siol wenbten(nde))cmidzbeldisatleper(tadiete moaoaietyde (Oareatn aqueous

di h i lution. .The.. odi um hydr oxi de, sql ution s added
Lo a0l ol Gl oa e Ltk (R R e R Pl el Y RO or
Stirringvefy thii@r SigHAl Yof & MoRAuME LRidMe Bl HRAduLS iaf‘ﬁﬁgﬁertrl@?e‘ilgf@l%ttiﬁ{ce:%cal ly

25control l.ed heating mantle. Once the stifred slurry was at 30
i sopr opaf¥d22 A men)swereadas, ot8erved weiag) bltroofatagiephagivehs spreotrgshopie used) was

added wi tinued Stirri heaf i ng. 38.C was achi eve a

sol ut i on&f‘%@?r&'@aan girj?'gls éigcl)lﬁ tzét;g%oﬁ art é%l.l ta%%&asgsé)eﬁ%\.’egﬁ?te tPr]t%e

epi chl or pbyelction usete Wapoaeded Oim4tapi o tHE @mea@i%dcbp%h@aiepshce 50 C was
achi eved, dropw se addition of the aqueous sodium 30 hydroxi de sol ution

f r onl % hedialdglyder(M venb Srnddaivrated dicypleaeniedanemoaaaldeluiierddy! thé64).
- 'H NMR (8, CDCl;, ppm): 1.2-2.8 m (17H, CH + CHy), 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;
20 203.03;203.07; 203.09; 203.14.
Fourier transform infrared spectrophotometric (FTIR, Nicolet Avatar 3700
DTGS FTIR (Thermo Electron Corporation)) analysis of a neat film of the
dicyclopentadiene dialdehyde on a KBr plate revealed the expected strong aldehyde
carbonyl stretch at 1720.4 cm™. The product was obtained as a brown liquid in the

25 amount of 97.7 g.

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

3-Mercaptopropane-1-sulfonic acid, sodium salt was added to concentrated
hydrochloric acid (35.7 % aqueous, 2-00 mL) which was magnetically stirred in a
30  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

45



solution to initially turn an anber red color. Continued dropw se addition
of the aqueous sodi um hydroxide at 50 C slightly clouded the anber red

sol uti on.wohelizaidas48i on was conpl eted over 50 m nutes. APCEUS2E 1000705 es of
post reaction, stirring ceased and the reactor contents were allowed to .
settle. The Erogress of the epoxidation reaction was nonitored by high

pr essur e gl Bhechitsitarayicisticvagaaredyo givaldy& sof a pale yelowttarkyentdof t he
settling.tJ he . r ed to a separatory funnel. The
aqueous F g‘/igr& V\X/félrsaﬁ?veares\rgl\%ée&éjgs t%??%tgwégg@é&m%ggeer PIRASt'Re or gani ¢ | ayer
5recovered and added back into the reactor. Heating and stirring resuned

re- established the 50 C tenperature. Dropwi se addition of a second portion
of the sodii%%%&&éﬁ@@d grams, 0.16 noles) dissolved in deionized

wat ers (25. Hgra I 1 nut es while

mai nt ai ni ng 1t %egﬁéen%%‘g%gf@?@g%’?&gé@@? gg? {ﬁgﬁ@g%@%ﬁ{c&ﬂcﬁg r%gés(ﬁlrogﬁti on,

sti rri ng(abeas)etd rbleenrgradloiE766rd, il mokk) werchddd twoa $¢1 ilhe theve docki nutes in

a separatory funnel, the_ aqueous |ayer renoved fromthe product, the
slight| nydJP\é&WOW@?&t%rgﬁgfsa%ll Wﬁ%g%?wvwf&?érwé@a@ambw into the

reactor, {sg, r | ysi [ irring
resunmed reeé%%eﬁgﬁ&%ﬁ%g aég)ta éﬁrrg;r%anrgg?e 3@? éy&kaf%%?ggﬁlg%e?%%r g’#‘a %odi um
hydr oxi d€ld2nQdgstanmlustan0Senidad itrékeasoley @dlah sdQi@HhaRdviRs gefbS- 0 grams),
respectively, was added 15 over 10 m nutes and processed using the nethod

enmpl B edF-dr 44 Rentsledbrpows sistes bladdivdrethyas exiplrsl teddvariable. spaéd mot@5 mi nut es

of postr I . val 0 lLayer fromthe final
aqueous @gg%l%g H;egb%rgié\%gng%ﬁr ﬁa.(;an@e{fﬁgeﬁ%{r%gﬁlgg&f(g%g rhe\%\grég H’iaflﬂ] ‘ed with

net hyl i sob@wirheatimieodeh flav €0.5 Laged nvwastapebritinehced, S8kord Hyddatiap th&D0
mlliliters) of deionized water. The aqueous | ayer was resolved fromthe
product S0T08-a TWEAY MMy Agter. tha empsradure seached g gReforminga depvinghted wat er

0 Meatilo! &013:RRbLMBA A AL BnROIRLELE O HEIDR S SEROSG SR Ovec Tor the

: ijfo!
first waséh no centri Was necessary s us and

or gari ¢ praparesulfofiieeacikeonbegalysngadiras $O5W DO Mels % agthudpdck ter ed over a
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grans of_sl i ght haz i gh el L gw amber col ored solid upon cooling to 23
C. Gas crﬁ?%f?gta%%_ﬁ?}h é?‘%&%&‘i@?‘g}’é%&“ﬁﬁé% ﬁ_‘é%t?flqié%?ﬁl’ém(?%g@foAsEﬁ%% Il Gas 30
Chr gt agiqabhoftsk BonércHAB XpBpafSsultonf 71 (DI SWE kRl W th DB- 1
stationary phase, flane ionization detector ope€rating at 300C, a 300C

i nj ect orcopppatioataiitee candingurhhe aeedndraligast dflitbacatily sighudedencabtirmmwas

o 2 N3 e T R AT R B SRS CHRG S eEEALES T
essent i ahinyteal IAtlthighimd)Qithitgli QRABOMRIBL Sercapto-1-propane sulfonic acid (0.35
g) was added inducing an exotherm to 68 °C 2 minutes later. After an additional 3
25  minutes the temperature had cooled back to 65 °C and the cooling fan was shut off. A
fourth aliquot of the 3-mercapto-1-propane sulfonic acid (0.24 g) was added with
maintenance of the 65 °C reaction temperature. After 5 minutes, a fifth aliquot of the
3-mercapto-1-propane sulfonic acid (0.37 g) was added with maintenance of the 65 °C
reaction temperature followed by a decline to 62.5 °C over the next 5 minutes. At this
30  time, cooling of the reactor exterior ceased, the heating mantle was replaced on the
reactor, and the final aliquot of the 3-mercapto-1-propane sulfonic acid (0.38 g) was

added to the dark amber colored solution.
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i ncludi ng residual epichlorohydrin, had been renmoved. HPLC anal ysis
reveal ed conpl ete conversion of the dicycl opentadi ene pol yphenol to the
pol ygl yciwipl2oett3es43 Titration of a pair of aliquots of wPhe/yseadwed7os
denonstrated as average of 20.39% epoxide (211. 06 epoxi de equi val ent
weight). Titration of epoxy resins is described by 5 Jay, RR, "D rect

Ti trati on ofhdgestionCempoahds wasdnautaitiediah6s °C ta\G&IPGtfoctle neke2d .25 ry, 36, 3,

667-668 (March,. 1964). .Briefly, in.our adaptation of this nethod, the
wei ghed i‘&%d@h{‘%é‘&b‘%}bﬁ% ‘gﬁfg‘r‘fé‘?@égiefffﬁwog.%asfo]@?‘ze%waéﬁrlgc andy¥sfe with 3
deci mal plhaGRHIGEKLBANHO MaGuidl X®Eraph Wdireh ®(Agi foll owed
by the agﬂéi tion of tetraet 3}I gﬁl%m#%%i ﬁ%ragggg%ngg %%P%E?Fgﬁ&l%n((égg%?: acid (15
nL). TheXIB-(esaltmalcobahoi($ ond brerdenmyivith & Belaps® oA gitents XKBIB-Tigol et

solutjon (0.1 %wv in acetic.acid) was_ titrated with 0.1N perchloric acid
in aceti eNA¥H gHard coBIRMLE6S XDas] M)+ The aelomng Brarqismaned intheat i on of

bl ank i St f.dichi th 5 d .t | i
brom de SaaresntiSeoet i GeRERPRRTR ST BRCe o2 A REEE b Vent
backgr oupsosphbriEx@@pPveredised BEiHERIbtd HHGED ifuhi1 P elMerE0VMIh Gindly bt Et her of

Di cycl opent adi ene Pol yphenol with 4, 4'-Di am nodi phenyl Methane
20Pol ygl §éatepf 1 8PRarL per mingyecasophi 2@ Vesmduthol, yeshestolely, 0hansag gfterrh 0. 002727

epoxi de egui 4. 4' - di ami.nedi phenyl.. net hane (0. 1352
o am 0. SESYNSRY I ATCRUAILA PR o 4, B SR ALEY e

t hor ughhget@tiniie dsddoget HRL Ctogade, NOMOGE @&ﬁt;s(b@ig@&:m&/ﬁ%grﬁgm fwreati al

scanni ng | or|] mfatr (DSC) analysis of portions (8.30 an .50 mlligrans)
of the bpgfa t%ﬁ@ dd t 6t 2Bhesphayc acidased was neminafy 861% Pute (sefahi nut e
from 25 5, pnde r ni-£409en; J j o]

centi met %rsgygég /m)Cnut e. atzﬁu%govt@%?il %Cétrﬁei' %ﬁtEl 1é)(§1|et% }o%?gg%%tlog%m%wggoxi de

gr oups wiorithe $senpde puvdysis was st ahP217 opemdvths radbisacereds et bhs S0y evfage 84. 1 C

onset, a, 145.7C maxi.nu a 225.7C en int acco ni ed by an average
ent hal pylé 02‘5959%2 Cé‘ﬁflg%@ ggr@@ﬁ'éﬁreﬁaieéﬂ@ﬁcfoéﬁfﬁlﬁéi "t tributed to 30
r eacts Ondi@ifcl@ﬁ)é?%éd?&qegfi&lﬁﬂ?d@'tb h diﬁﬁbﬁt‘?&r%ftﬂﬂguc%ﬁgﬂﬂgﬁﬂé cﬂ%%n hydr ogen was

observed wth an average Z247.9 C onset, a 368.6 C naxi num a a 409.7 C
endpoi ntPrededibniiéad. by an average enthal py of 200.8 joul es per gram

The remainin rabl.e bl end was.placed ipto an oven and.maj.ntained at 100 C
for one hour gAf #’é%n @é@%/eerga%hoﬁ tﬁ‘ﬁﬁ%ﬁ? 5&38{]%/ CB%ﬁl&tédV qrme%uaélygtggﬁ%nggen and 35
mai nt ai negaiabf BoRefs, é@h coRRiMNLB L aNdadidtiahlly strsmueshisar( DIy wadi-at el y

placed into a third oven and maintained at 200 C for 2 hours followed by
sl owl y C%tg]rqng@ewé,aﬁggﬁ minutes and the contents of the beakers were allowed to settle

20 overnight. The following day, each beaker was decanted to a volume of 500 mL with
the decanted aqueous product disposed as waste. Both beakers were refilled with
fresh DI water to 3.5 L total volume, stirring and heating commenced until S0 °C was
achieved causing viscous strings of reddish amber colored product to form in tﬁe
bottom of each beaker. Stirring and heating ceased and the contents of the beakers

25  were allowed to settle overnight. The following day, each beaker was decanted to
remove the aqueous product for disposal as waste. Boiling DI water (1.5 L) was
added to the dark yellow orange colored product remaining in each beaker and
magnetic stirring resumed with heating to a boil. Once boiling was achieved, heating
ceased and stirring coﬁtinued as the product slurry cooled to 20 °C. Once a

30 temperature of 20 °C was reachgd, the solids were collected by decantation through
filter paper. The solids were added to a ceramic dish and dried in the vacuum oven at

100 °C for 16 hours, removed, ground to a fine powder and dried in the vacuum oven
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mnutes to roomtenperature. The theinbset resin was transparent, |ight
green colored solid. DSC analysis of a portion (27.0 mlligrans) of the

bl end waswoanplBtsd using a rate of heating of 10 C per parrust@ifoowns 25 C to
300 C under a 5streamof nitrogen flowi ng at 35 cubic centineters per

mnute. A glass transition tenperature (Tg) of 232.2 C was obtained with a
sl i ght elsrRaedditionalf.$ howsiepravidryl 1o 79g ol Gledm}mlmota!dcﬁnsgpammhh@olw?s

conpl ete j joned conditions, resulting in a Tg of 250.2 C
with no ?ﬁﬁgrélﬁ)t@i@gﬁr@%dfgobser ved. 10 Exanple 3 Thermally | nduced

Curing of Pol ?@I@sp@wbpﬁbtbm:etrtbfaﬁﬁy@%?fgﬁem lp@ile%ﬂ@veg!éﬂ)d@ﬂ@[?é \r/]vithI (0. 7639

Di di am d Pol ygl ycj ether o i cycl opent adi ene pol ypheno .
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di cyandi am de was observed w 160.5 C onset, "a C maxi mum and a
247.5 C eomepaoicnts canpospgii /el 40y 6 1ave 2 hgend 2iadpy Yof 232.8 joul es per

gram, The remai ning curable blend was placed into an oven and _
mai nt ai dnﬁd at ;00 C for one hour, then renoved and i mredi ately placed into
a secon lehd 25 maintained at 150 C for one hour, and finally renoved
and i medi at eL9LIsieRAT Digvglopentadiene Bolvphenol t glreldgh Ethan C for 2

hours fol |l owed by _I oy coIi ng oe 0 ut s to rmterrperature. The
t her noset r esfromadigerhdizse negk|glasrauiddrottdrsshitdr wBSthaped withshof a portions

21. 24. 0 mJlli f bl en onpl et ed. using a rate of
Eleat lfgngn(g? TIPS Qg{ﬁiéerde%romn@r(gwg§r@i’§'%d§,‘”§ﬁ&8}‘w&k§? rbég%iu%’f ni trogen
f1 owi Ng @Imidhl 1661 @@ﬁi&hl@ﬁt@éi@h@@&eﬁ&mseam;&gsgeava%w@n@Ubst anti al

exot herm ¢ shift was observed conmenci ng at .8 C. A second scanni ng was
conpl et edpigidorohydyin B 7k gremsehf inerled. dbadeéactansas addsisnailngquipped Tg of 214.8

canni ng iad e d QR LR X {0 R B e 6B ng 1 n o
Tg of 21Dur8gen ihlet BOIRS beAlnueOileN§tiredd s QR (TeHo S OMMYENG) POn@de 279. 4 C.
Exanpl e 4 Synt hesi s of the Ethyl enedi am ne Adduct of the
Pol y§ ydNempurE: pasidlepfelass shaft, variable speed motor). Sodium hydroxide (14.4 grams,
0.36 mole) was dissolved in deionized water (57.6 grams) to form an aqueous sodium
hydroxide solution. The aqueous sodium hydroxide solution was added to a side arm
vented addition funnel and then attached to the reactor.
Stirring of the slurry commenced with heating using a thermostatically
25  controlled heating mantle. Once the stirred slurry was at 30 °C, isopropanol (149.5
grams, 35 % weight of the epichlorohydrin used) was added with continued stirring
and heating. Once 38 °C was achieved, a solution formed and deionized water (24.2
grams , 8 % weight of the epichlorohydrin used) was added by rapid dropwise
addition. Once 50 °C was achieved, dropwise addition of the aqueous sodium
30  hydroxide solution from the side arm vented addition funnel commenced causing the
solution to initially turn an amber red color. Continued dropwise addition of the
aqueous sodium hydroxide at 50 °C slightly clouded the amber red solution. The

addition was completed over 50 minutes. After 25 minutes of post reaction, stirring

ceased and the reactor contents were allowed to settle. The progress of the
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5Di cycl opent adi ene Pol yphenol A. Characterization of Polyglycidyl Ether
of Di cycl opentadi ene Pol yphenol A polyglycidyl ether of dicyclopentadiene
pol yphenovowast/psspar ed using the 10 nethod of Exanpl e PCTHiSee@wdans of an
al i quot of the epoxy resin denonstrated 20.88 % epoxi de (206.085 epoxi de
equi val ent weight). B. Adduct Synthesis A 1 liter, three neck, glass,
round bofRWMFtOACEHIoONas enyiestd by Bighmressgrediguid shramstagnenhge HRILEN

et hyl ene&ll.}k r’gi@e (300.4 granms, 20.0 -NH equivalent). The reactor was

addi ti ona a?{/ equi pped with a condenser, a nitrogen inlet with 1 liter per

ninute nitrogantid @ e tiing i) BiceieactSt Edrtégwefe 4dHd $Oh Wieomnder a
nitrogen_ at nosphere commence with heating using a theinostatically

cont r ol | Bangle akhefguaenstiperpyascemanerh dischsied s easte. andrleeonghuic dayer r ed

sol ut4 on_r ] dition of .palyal cidéqgther of a

di cyc% opgﬁﬁgﬁ%%éé%%(%g&%é%&% ?’}.‘%g&g‘k a}rIr%sa, 1%.%5583%%3%8@% Wval ent) from.
section &talickel the SO ethpeanaahPaspuise heditiahpels eddohamofth fithd i liters)
commenced and_was C(%rr@ eted over the_next 6 hours while naintaining the 50

C react | BHHRAYEIHII7 (8.4 eSO aPbes) essolned &n drlomgevrisr (hesrexd 15. 2
hour s ALdBine6QA\ G QoRNR 25! SRS ALY Syni k1L BERNE LT B OB, vias

rotary evaporated to a vacuum o nmum-oi | bath
t enper at ¥ &.oAf120D5 Qindtheofractuattionasirriag ovaeethé keadtrgbarsls atswadyel | ow

oSl ML RS i S 00 81 Sl P B TS 2y,
eyl encliam h6. AdaMCE o Parser Ly T P eyt YRR
Pol yphenighctoRBAampeepas rrioyad 6dr IRk Glahaly§iFhimmating end stiirim) refverd
reestablishing the 50 °C temperature. A third portion of sodium hydroxide (2.0
grams, 0.05 moles) dissolved in deionized water (8.0 grams), respectively, was added
15 over 10 minutes and processed using the method employed for the second aqueous
sodium hydroxide addition. After 25 minutes of postreaction followed by removal of
the aqueous layer from the final aqueous sodium hydroxide addition, the organic layer
was diluted with methylisobutylketone (1 liter) and washed with a second portion
(300 milliliters) of deionized water. The aqueous layer was resolved from the product
20 via centrifuging. Third and fourth washes with deionized water (300 milliliters per
wash) were completed using the method employed for the first wash (no centrifuging
was necessary to resolve the aqueous and organic layers). The recovered organic
solution was vacuum filtered over a bed of diatomaceous earth packed in a medium
fritted glass funnel with methylisobutylketone used as needed to wash product from
25 the filter bed into the filtrate. Rotary evaporation of the organic layer using a
maximum oil bath temperature 6f 75 °C removed the buik of the volatiles. Further
rotary evaporaﬁon at 150 °C to a final vacuum of 0.23 mm of Hg gave 49.02 grams of
slightly hazy, light yellow amber colored solid upon cooling to 23 °C.
Gas chromatographic (GC) analysis [Hewlett Packard 5890 Series II Gas
30 Chromatograph using a 60m x 0.248mm x 0.25um J&W GC column with DB-1
stationary phase, flame ionization detector operating at 300°C, a 300°C injector
temperature, helium carrier gas flow through the column was maintained at 1.1 mL
per min, and an initial 50°C oven temperature with heating at 12°C per minute to a

final temperature of 300°C] revealed that essentially all light boiling components,
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Pol ygl ycidyl ether of dicyclopentadi ene polyphenol (0.3181 gram 0.001544
epoxi de equi val ent) from Exanpl e 4A and et hyl enedi am ne adduct of

pol ygl yciwipl2oeti3es430f di cycl opent adi ene pol yphenol (0. 1P06/use@tioo@0901544
-NH equi val ent) from Exanple 4B were weighed using a four place bal ance
into a glass vial, Anhydrous tetrahydrofuran (2 mlliliters) and anhydrous
net hanol iRciuding residualegpichigiody et rhad dgemirenied c SHtLéh amalysis tevealedial wer e -

ently a Std | de homogeneous. | | quj d.
Bevol 4t 1 P bRt b B S R BB BB Aoy elBibiststen 1o
provi de Fithoith@EagRUSS alificthoetheRRvaiat dohoftked B avekige 88 20.39%
Differential scanning calorinetry (DSC) analysis of portions (8.70 and 9.50
mi | 1i gr afROXidE (A hd6spenidevarivaleshpriehd thgatn@f of epaxe r@fnsPchscn@e©Fy g 50 pg_r
mnute 1 28; C .t ream ni. t.r ogen wi.ng a cubi c
centisraret 2%%& ]rgnlr%ﬁtlﬁe}?éli&bgﬁ}?g%&%&gg@@go érz &H\}\%Sg ﬁB?lé’ﬁcﬂuri ng the cure
of the fGhemisatyi §6):3, 56788 (KIaset 106X BifENth AntddapioOosels Meoaum End

Ent hal py

th(envge?iglge%)sample (sample weight ranges from 0.1 - 0.2 g using a scale with 3
decimal place accuracy) was dissolved in dichloromethane (15 mL) followed by the
addition of tetraethylammonium bromide solution in acetic acid (15 mL). The

10 resultant solution treated with 3'drops of crystal violet solution (0.1 % w/v in acetic

‘ acid) was titrated with 0.1IN peréhloric acid in acetic acid on a Metrohm 665 Dosimat
titrator (Brinkmanﬁ). Titration of a blank consisting of dichloromethane (15 mL) and
tetraethylammonium bromide solution in acetic acid (15 mL) provided correction for

solvent background.

15
Example 2
Thermally Induced Curing of Polyglvcidyl Ether of Dicyclopentadiene
Polyphenol with 4.4’-Diaminodiphenyl Methane
20 Polyglycidyl ether of dicyclopentadiene polyphenol (0.5755 gram, 0.002727

epoxide equivalent) from Example 1 and 4,4’-diaminodiphenyl methane (0.1352
gram, 0.002727 -NH equivalent) were weighed into a glass vial and thoroughly
ground together to a homogeneous fine powder. Differential scanning calorimetry
(DSC) analysis of portions (8.30 and 8.50 milligrams) of the blend was completed
25  using arate of heating of 7 °C per minute from 25 °C to 425 °C under a stream of
~ nitrogen flowing at 35 cubic centimeters per minute. An exotherm attributed to
reaction of epoxide groups with the primary amine hydrogen was observed with an
average 84.1 °C onset, a 145.7 °C maximum and a 225.7 °C endpoint accompanied by
an average enthalpy of 205.0 joules per gram. A second exotherm attributed to
30  reaction of epoxide groups with the résultant secondary amine hydrogen was observed
with an average 247.9 °C onset, a 368.6 °C maximum and a 409.7 °C endpoint
accompanied by an average enthalpy of 200.8 joules per gram.
The remaining curable blend was placed into an oven and maintained at 100
°C for one hour, then removed and immediately placed into a second oven and

35  maintained at 150 °C for one hour, and finally removed and immediately placed into a
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(O (O (joules/ gram (O (O (©C (joules/ gram 8.70 58.01 .94.08 161.09

21.95 197. 23 334.48 413.47 347.3
WO 2011/136843 PCT/US2011/000705

third oven and maintained at 200 °C for 2 hours followed by slowly cooling over 30
minutes to room temperature. The thermoset resin was transparent, light green
colored solid. DSC analysis of a portion (27.0 milligrams) of the blend was
completed using a rate of heating of 10 °C per minute from 25 °C to 300 °C under a

5  stream of nitrogen flowing at 35 cubic centimeters per minute. A glass transition
temperature (Tg) of 232.2 °C was obtained with a slight exothermic shift commencing
at 274.0 °C. A second scanning was completed using the aforementioned conditions,

resulting in a Tg of 250.2 °C with no residual exothermicity observed.

10 Example 3
Thermally Induced Curing of Polyglycidyl Ether of Dicyclopentadiene

Polyphenol with Dicvanadiamide

Polyglycidyl ether of dicyclopentadiene polyphenol (0.7639 gram, 0.00362
15 epoxide equivalent from Example 1 and powdered (unaccelerated) dicyandiamide
(0.0318 gram, 4% weight of the polyglycidyl ether used ) were weighed into a glass
vial and thoroughly ground together to a homogeneous fine powder. DSC analysis of
a portion (8.60 milligrams) of the blend was completed using a rate of heating of 7 °C
per minute froﬁ1 25 °C to 350 °C under a stream of nitrogen flowing at 35 cubic
20 centimeters per minute. An exotherm attributed to reaction of epoxide groups with
. the dicyandiamide was observed with 160.5 °C onset, a 197.2 °C maximum and a
247.5 °C endpoint accompaniedlby an average enthalpy of 232.8 joules pér gram.
The remaining curable blend was placed into an oven and maintained at 100
°C for one hour, then removed and immediately placed into a second oven and
25  maintained at 150 °C for one hour, and finally removed and immediately placed into a
third oven and maintained at 200 °C for 2 hours followed by slowly cooling over 30
minutes to room temperature. The thermoset resin was hazy, yellow colored solid.
DSC énalysis of a portions (21.4 and 24.0 milligrams) of the blend was completed
using a rate of heating of 10 °C per minute from 25 °C to 300 °C under a stream of
30  nitrogen flowing at 35 cubic centimeters per minute. An average substantial
exothermic shift was observed commencing at 229.8 °C. A second scanning was
completed using the aforementioned conditions, resulting in a Tg of 214.8 °C with
residual exothermicity observed commencing at 267.6 °C. A third scanning was
completed using the aforementioned conditions, resulting in a Tg of 219.8 with

35  residual exothermicity observed commencing at 279.4 °C. '
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9.50 61.10 105.069 152.10 29.20 225.08 331.23 397.02 326.0 A second
scanni ng was conpl eted using the aforenentioned conditions, resulting in
15an averwgeofigi3ef43230. 02 C. A third scanning resulted iPoTAS26M@0@08 Tg of
221.60 C. A fourth scanning resulted in an average Tg of 225.91 C. There
was no evi dence of deconposition observed in the repeated DSC anal yses. The
sanpl e recovered fromthe DSC anal ysis was an i nconpletely fuse](ctl, -

t ranspar den colored solid. 20 Exanple 6 Curing o poxy
Resi npofE jm 9@& dyl Ether of a 4,4'-Isopropyli denedl phenol with

Et hvl enedi am pe ﬁ\dduc of t e I?lolyl d I f Dicycl opentadi ene

Pol yphenol 2 1984NE b S ENSIYa U Rh0si t i on

Di gl y5ci dyl et entadien 3@%@4 dened| phenol (0 3533 gram 0.001955
epoxi de equi val ent) and et hyl enedi am ne adduct - of pol ygl yci dyl ether of

di cycl opent adieibapoteyipitemodf Rodydaddylgithey oD 9 dIBEENtadiehePeliypladnent ) from
Exanpl e 4B were wei ghed using a 4 place balance into a glass vial. The

di gl yci dyl 30Aejdipdly@tly ether-of e RpyhiadRne peiyphendhvad peshav@sushmnR  T™M 383

from The Dow
10 method of Example 1. Titration of an aliquot of the epoxy resin demonstrated 20.88

% epoxide (206.085 epoxide equivalent weight).

B. Adduct Synthesis
A 1 liter, three neck, glass, round bottom reactor with magnetic stirring bar
15 was charged with ethylenediamine (300.4 grams, 20.0 -NH equivalent).. The reactor
was additionally equipped with a condenser, a nitrogen inlet with 1 liter per minute
nitrogen flow and a thermometer. Stirring of the solution under a nitrogen
atmosphere commence with heating using a thermostatically controlled heating
mantle place under the reactor. Once the stirred solution reached 50 °C, dropwise
20 addition of polyglycidyl ether of a dicyclopentadiene polyphenol (4.12 grams, 0.020
epoxide equivalent) from section A above dissolved in anhydrous tetrahydrofuran (50
milliliters) commenced and was completed over the next 6 hours while maintaining
the 50 °C reaction temperature.
The solution was held at 50 °C for the next 15.2 hours. After cooling to room
25  temperature, the recovered solution was rotary evaporated to a final vacuum of 12.8
mm Hg using a maximum oil bath tefnperature of 100 °C. The product was recovered
(5.3 9 grams) as a yellow colored, slightly tacky, solid. Titration of an aliquot of

adduct revealed an amine hydrogen equivalent weight of 71.65.

30 Examglé 5
Curing of Epoxy Resin of Polyglycidyl Ether of Dicyclopentadiene

Polyphenol with Ethylenediamine Adduct of Polyglvcidyl Ether of Dicyclopentadiene
Polyphenol

35 A. Preparation of Curable (Thermosettable) Blend
Polyglycidyl ether of did§'clopentadiene polyphenol (0.3181 gram, 0.001544
epoxide equivalent) from Example 4A and ethylenediamine adduct of polyglycidyl
ether of dicyclopentadiene polyphenol (0.1106 gram, 0.001544 —NH equivalent) from
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Chem cal Conpany. Anhydrous nethanol (2 mlliliter) was then added. The
contents of the vial were gently and thoroughly stirred to provide a
honogeneowe 2bigusssd3 Devol atilization at room tenperat ur eCras2¢ompl7es ed in a
vacuum oven to provi de a honogeneous, curable, liquid product. 5B. Curing
Differential scanning calorinmetry (DSC) analysis of a portion (10.1

m | | i gr aksymple 4thwets! weighehssitpaowtpdatedaiange &to atgtasevidhe Anhpdroa§ 7 C per

i f 5.C.. t i t AR t 35 cubic
cent | met ST aR b i R 3niid el e i R e Ry e cur e
of the fohebmént9BF theQial e e MAX iR ERGhENGHRURY pfRTEL 2 NeXbaBENd

Ent hal Sanpl e (O
pyliquigP Devghn%%ization at room temperature was completed in a vacuum oven to

5  provide a homogeneous, curable, powder product.

B. Curing
Differential scanning calorimétry (DSC) analysis of portions (8.70 and 9.50
milligrams) of the blend were completed using a rate of heating of 7 °C per minute
10 from 20 °C to 426 °C under a stream of nitrogen flowing at 35 cubic centimeters per

minute. A pair of broad exotherms was noted during the cure of the formulation:

Sample | Onset | Maximum | End | Enthalpy | Onset | Maximum | End | Enthalpy
(mg) (°C) (°C) (°C) | (joules/ | (°C) °C) (°C) (joules/
gram) | , gram)
8.70 | 58.01 ‘94.08 161:09 | 21.95 | 19723 | 33448 |413.47| 3473
950 | 61.10 105.069 | 152.10 { 29.20 |225.08| 331.23 |397.02| 326.0

A second scanning was completed using the aforementioned conditions, resulting in
15 anaverage Tg 0f230.02 °C. A third scanning resulted in an average Tg of 221.60 °C.

A fourth scanning resulted in an average Tg of 225.91 °C. There was no evidence of

decomposition observed in the repeated DSC analyses. The sample recovered from

the DSC analysis was an incompletely fused, transparent, golden colored solid.

20 Example 6 .
Curing of Epoxy Resin of Diglycidyl Ether of a 4.4'-Isopropylidenediphenol

with Ethvlenediamine Adduct of the Polvglycidyl Ether of Dicyclopentadiene
Polyphenol

25 A. Preparation of Curable (Thermosettable) Composition
Diglycidyl ether of 4,4'-isopropylidenediphenol (0.3533 gram, 0.001955
epoxide equivalent) and ethylenediamine adduct of polyglycidyl ether of
dicyclopentadiene polyphenol (0.1401 gram, 0.001955 —-NH equivalent) from
Example 4B were weighed using a 4 place balance into a glass vial. The diglycidyl
30 etherof 4,4'—isopropyiidene diphenol used was D.E.R.™ 383 from The Dow
Chemical Company. Anhydrous methanol (2 milliliter) was then added. The contents
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(© (O (joules/ gram (O (O (C) (joules/ Gam 10.1 38.53 89.32 155. 89

127.2 246.40 326.91 382. 66 164.
WO 2011/136843 PCT/US2011/000705

of the vial were gently and thoroughly stirred to provide a homogeneous liquid.
Devolatilization at room temperature was completed in a vacuum oven to provide a

homogeneous, curable, liquid product.

5 - B. Curing
~ Differential scanning calorimetry (DSC) analysis of a portion (10.1
milligrams) of the blend was completed using a rate of heating of 7 °C per minute
from 0 °C to 425 °C under a stream of nitrogen flowing at 35 cubic centimeters per

minute. A pair of broad exotherms was noted during the cure of the formulation:

10
Onset | Maximum | End | Enthalpy | Onset | Maximum | End | Enthalpy
Sample | (°C) °O) (°C) | (joules/ | (°C) (°0) O |G oules/
(mg) gram) * 1 Gram)

10.1 | 38.53 89.32 155.89 1272 | 24640 | 326091 382.66 164.7

A second scanning was completed using the aforementioned conditions,
resulting in a weak Tg of 267.43 °C. There was no evidence of decomposition
observed in the DSC analysis. The sample recovered from the DSC analysis was a

15 completely fused, transparent, amber colored solid.

C. Room Temperature Cure
The blend from section A above that had been held at room temperature (20
°C) crosslinked to a transparent, rubbery, light yellow colored solid within 15 minutes

20  after devolatilization. Upon further standing at 20 °C, the solid product became rigid.
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A second scanni ng was conpl eted using the aforenenti oned conditions,
resulting in a weak Tg of 267.43 C. There was no evi dence of deconposition
observed wo 20he1388€ anal ysis. The sanpl e recovered frompchrasR8ToeT8s ysi s
was a l1l5conpl etely fused, transparent, anmber colored solid. C. Room
Tenperature Cure The bl end from section A above that had been held
at roomtenperature (20 C) crosslinked to a transparent, rubbery, |ight

yel l ow colored solid within 15 m nutes 20after devolatilization. Upon

further ﬁ;apdlgﬁ ai_ZO C, the solid product becanme rigid. What is clained:

1. A pol i ene conpound of Formula I: (Fornula I) in which Xis
a structure’ OApEWCWbﬁenkddlerkﬁgﬁigUhl@d bt Borfrta IR Fi cCRi 0-12 where each Rl is
i ndependent|y hydrogen or a net group, n has an average value from zero
to 20; each nfPAd@aéhdent |y has a value of zero to 3; each p has a val ue of
zero to 20; each Ris independently a halogen, a nitrile group, a nitro

group, an al kyl group, an al kaxy group, an al kenyl group, Ar ?n al kenyl oxy
group, where the al kyl group, th%(alkoxy ?moup, t he al kenyl . and the
al kenyl oxy grfoup each independe cont 1 to about, 6 carpory atoms, and
each Qis i l endent |y hydrog ol to about 6
carbon at’o . A poflycycl opern

1)

in which X is a structure of Formula II:
(Formula IT)
0

7\

R'HC CR! CH,

where each R' is independently hydrogen or a methyl group, n has an average value
from zero to 20; each m independently has a value of zero to 3; each 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 I to about 6 carbon atoms, and each Q is independently hydrogen or an
alkyl group containing 1 to about 6 carbon atoms.
2. A polycyclopentadiene compound of Formula I11:

(Formula I11)
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(Rmin which Xis a structure of Fornula Il: (Formula I1) RIHC\ CR1CH2
where each Rl is independently hydrogen or a nethyl group, n has an average
val ue frowozerim3tsazabout 20; each mindependently has aPpcaluseoiafowes o to 3;
each R is independently a halogen, a nitrile group, a nitro group, an al kyl
group, an al koxy group, an al kenyl group, or an al kenyl oxy group, where the
al kyl group, the al koxy group, the al kenyl group, and the al kenyl oxy group
each independently contain 1 to about 6 carbon atons, and each Qis

i ndependent|y hydrogen, an al kyl group containing 1 to about 6 carbon
atons, or a structure gf"Formula IV (Formula IV) WO

2011/ 136843PCT/ US201 705 3. The pol ycycl opent adi ene conpound of any

one of the preceding cllai g, where n has an average value fromzero to 2.

4. The pol ycyrd adi en #, one of the preceding clains,
where the al kenyl gRQup, I’ I and the al kenyl oxy group is allyloxy. 5.
The pol ycycl opent adi \ﬁ / S he precedi ng clains, where
the R group is nethyl an Ql ycycl opent adi ene conpound

of any one of clainsQi=4%
72\
X0

(R)m
in which X is a structure of Formula II:
- (Formula II)
‘0
/7 \

R'HC CR' CH,

where each R’ is independently hydrogen or a methyl group, n has an average value
from zero to about 20; each m independently has a value of zero to 3; each R is
independently a hélogen, anitrile 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
about 6 carbon atoms, and each Q is independently hydrogen, an alkyl group
containing 1 to about 6 carbon atoms, or a structure of Formula IV

(Formula 1V)
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1. 8. An adduct prepared fromthe pol ycycl opentadi ene conpound of any one
of clainms 1-7 and a hydrogen contai ni ng conpound that includes one or nore
hydr ogen woaens/13e86t i ve Wi t h epoxi de groups of the pol yegcluspenvadogne
conmpound of Forrmula Il. 9. The adduct of any one of the preceding clains,
where the hydrogen containing conpound is selected fromthe group

consi sting of a dinercaptan conpound, a pol ynercaptan conpound, a di am ne
conpound, a pol yam ne conpound, an ani ne conpound, a prinary nonoam ne

conpound, a sl fonam de compound, an am nophe conpound, . an

ani noca?%joxyls]ikhce _%Og? %’Cgogﬁ%%%gﬂ‘f COJ“%%&HSF%"' ﬁ@ﬁd&ghwreg%ﬁ?%glﬁi% whskedbxyl i ¢
aci d conpeundyeragsuifiefbhasiode 2conpound, an anmoni a conpound, a

nono- functi onal phosphorous conmpound, and conbi nations thereof. 10. The
adduct of any one of the preceding clains, further prepared from an

O ndomera.of g IRHKELORRBA ARG OMRAOM Ol LIS, LR \E DY A" 00en

cont ai ni ng conpound, e orne or nore reacti gen’atons are

react i vethevilkhngpgripés gitdiand tbé atkiveyloalyyaryed opdivtexdi ene conpound of Fornul a
1. WD 2011/136843PCT/ US2011/ 000705 11. A curable conposition
conprising: a polycycl opentadi ene conpound of any one of clains 1-7; and a

hardeners.  1ZheThgysdlopbhiediemsqasiouh@0f Sy 6edd the frecdifS Samdls, Waast 2
portion of the polycycl opentadi ene conmpound of any one of clains 1-7 forns
an addudfe Rigorras b gehmentiarni ng conpound that includes one or nore
reactive hydrogen atons reactive with epoxide groups of the

pol ycycl opent adi ene conpound of Forrmula Il1. 13. The curabl e conposition of
clai m 1% i ndihgdioheryalepepadignecmuound of agodrieved cldimb 1at, whesesh ioreo.of t he

har dener and t he adduct. 14. A curable composition conprising: an adduct of
any one of clains 8-10; and a resin. 15. The curable conposition of claim

14, wher’e t h&hegsiyvytppéntstiisncacop@oysy 6f dpent adhe@ee HaOARaIuBGroaszesd & Med in
any one of Clainms Ito 7. 16. The curable conposition of any one of the
precediﬂg clainms, further including an oligoner fornmed fromthe

pol ycycl opent adi ene conpound as clained in any one of Clains 1 to 7. 17. A
cured or partially cured conposition resulting fromcuring the curable
conposi t§ on ds adduftrasepared e thmeolpfycOpaitagiend ceropddd of any one of claims

1-7 and a hydrogen containing compound that includes one or more hydrogen atoms

reactive with epoxide groups of the polycyclopentadiene compound of Formula II.

9. The adduct of any one of the preceding claims, where the hydrogen containing
compound is selected from the group consisting of a dimercaptan compound, a
polymercaptan compound, a diamine compound, a polyamine compound, an amine
compound, a primary monoamine compound, a sulfonamide compound, an aminophenol
compound, an aminocarboxylic acid compound, a phenolic hydroxyl containing
carboxylic acid compound, a sulfanilamide compound, an ammonia compound, a mono-

functional phosphorous compound, and combinations thereof.

10.  The adduct of any one of the preceding claims, further prepared from an oligomer
of the polycyclopentadiene compound of Formula I and the hydrogen containing
compound, where the one or more reactive hydrogen atoms are reactive with epoxide

groups of the polycyclopentadiene compound of Formula 1L
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11. A curable composition, comprising:
a polycyclopentadiene compound of any one of claims 1-7; and

a hardener.

12. The curable composition of claim 11, where at least a portion of the
polycyclopentadiene compound of any one of claims 1-7 forms an adduct with a
hydrogen containing compound that includes one or more reactive hydrogen atoms

reactive with epoxide groups of the polycyclopentadiene compound of Formula I1.

3. The curable composition of claim 12, including an epoxy compound reactive with

at least one of the hardener and the adduct.

14. A curable composition comprising:
an adduct of any one of claims 8-10; and

a resin.

15. The curable composition of claim 14, where the resin includes a

polycyclopentadiene compound as claimed in any one of Claims 1 to 7.

16.  The curable composition of any one of the preceding claims, further including an
oligomer formed from the polycyclopentadiene compound as claimed in any one of

Claims 1 to 7.

17. A cured or partially cured composition resulting from curing the curable

composition as claimed in any one of Claims 11 to 16.
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