POLYPHENOLIC COMPOUNDS AND EPDXY RESINS COMPRISING CYCLOALIPHATIC MOIETIES
AND PROCESS FOR THE PRODUCTION THEREOF BACKGROUND OF THE INVENTION I.Field
of the Invention [0001]The present invention relates generally to polyphenolic compounds and epoxy
resins which comprise cycloaliphatic moieties, to processes for the production thereof, and to
thermoset product i I [ ISCUSSIH Q uil&&mf]ormation [0002]
:Electrical lami | %ﬁ%ﬁgﬁ%&%ﬁ%@ @%ﬁ%&}% %@%ﬂg{%ﬁﬁ%@% Erﬂ@ﬁsed_ by using
ead free solder: , aminatesreq a%,base materials of high thermal resistance.
However, epoxy based materials which display the required thermal resistance are typically highly
cross-linked and display significant brtenessni$or aRaxyesiaerghRigh functionality which are
required for highly cross-linked matérials ustally diSplay a high viscosity in the uncured state. _
SUMMARYIOF THEIINY ENTH@NE$A003]1t has now unexpectedly been found that the (acid-catalyzed)

condensati yclghexane dicarboxaldehyde (in the, form of.cis- and/or trans-1.3-cyelohexane
dicarboxalo?éh%t ant/SrCres analor rgﬁs{ei%%sc el%?{éﬁgrgg fg 5%a &eﬁ@%@f%ﬁ? Sﬁl%ﬁg?g%ords a
mixture of peihehsliccoompauriddoalipdiatirpmnistoxidameosbghindlic hyathostegrbapsthardof (e.g.,
by reaction with epichlorohydrin)} vields an epaxy resin which compared to novolac-based epoxy resins
shows incré%élee@fﬁ%%}n%?{%gggtangg%i ev%pencecﬁ)y higc’%%r' glass transition and thermal
decomposition temperatures) and .increased toughness (as evidenced by a significantly lower rubbery
modulus atiempefﬁg%g%@bﬁa@%gLﬁ%_mgg&temperature). Resins derived from other -
cycloaliphatic dic aldenydes and/or other phenolic compounds are expected to show a similar
behavior. [(000%] Atrssrghh diynirrinicrdbple 61 tHE® i8: [srovidea et witat YoRfeR aniprsesnely() at
least one of,(g)Ihe Sk ilig, alpohdnenalic @Wﬁ%a%@f@@ﬁ%@ﬁ%@ga@%ﬁlﬁﬁef and (b)

an epoxy resin and/or"a prepolymerized form thereof and (i) at least one of (c) a novolac resin and
(d) an epox§fr8igh WisrerrlsTeRiERIR: REAWTBS, SPowhErend tmetriRloradirh dHipisndie BaHBGunds (a)

is obtainablg, by-a1 REOGESSLANRASIANL aREOns g AtialcishvEe R aGyemnalicantiavirg Aign about 5
to about 24 ring carbon atoms with a phenolic compound at a ratio_of phenolic hydroxy groups to

aldehyde gra\pE Wisigh af&ial SRASRREBE BANBISH oRAETSh dom BLEwmi R assHIB L 24 about

20% by Weiggﬂagg,@gg%og-ggg@ms@gm@qgmgb@lﬁ]&@ﬁ@m@(el_): wherein: ? isO or an integer of from 1 to
about19'; each In independently is 0, I, or 2; the moieties IL independently represent haiogen, cyan,
nitro, hydrary, optionally substituted @{%I{ %;- DR Sk it Ejﬁalkyl, optionally substituted

alkory, optignally substituted alkenyl, optiohafly sUt T alke av OXY, O tio%il?/ Bji?f%lbstituted éaryl,
optionally s&%@%tedibmﬁﬁ’%&mﬁ? Sistittted ? f%ﬁﬁﬁg"éﬁ FEHIRyRory: and

the moietieg Ritpprasentiyesogadsian any ndr-aforaatioCyelic maiéties eemprj3egdylbeaabove

formula (1) ma tiqnally.carry .one.or moye substityents, and/or tio mprise, one or more
double bon?é?gr%ggég %@?: F&%( Bpoxy arlég{%r fgﬂ 3 E%T%ﬁ%lé}f %iﬁegpﬁ gﬁ%’%@‘%&%‘?&%ﬁ%&h\% r% ng
phenolic hydffordsgronipsaf of lpd*jzpl'em_ﬂpaiypipenmis whiq?_ipmgnnls;(_ajihlﬂﬁogllﬁ idhtmthe hgdoups.
[0003b]in another agpect fhere i3 provided 3 AOdYehIGH §AMPUSSE NG MBI resin which

compared to novolac-based epoxy resins shows increased thermal resistance (as evidenced

by higher glass transition and thermal decomposition temperatures) and increased toughness
{as evidenced by a éigﬁiﬁcantly Jower rubbery modulus at temperatures above the glass
transition temperature). Resins derjved from other cycloaliphatic dicarboxaldehydes and/or
other phenolic compounds are expected to show a similar behavior. '
[0603a] Accordingly, in one aspect, there is provided a mixture which comprises
() =t ieast' one of (g) the mixture of polyphenolic compounds -and/or &
prepolymerized form thereof and (b) 20 epoxy resin and/or a prepolymerized form .
thereof and ' _ | -:
(ii) at least éne ﬁf (c) & novolac resin and (d) an epoxy resin which is different’
from (b); - |



as defined above 10003c]In another aspect, there is provided a method of malting the naixture as
defined above. [0003d]In another aspect, there is provided the use of at least one of (a) a mixture of

polyphenolic compounds and/qr a pr rized form thereof d (b) an resin and/ora
prepolymerized foPRFTHB ﬁ’o’?‘ﬂ‘ﬂ:%ealf n@’aiﬂ?gg £ FREEBPIREY ﬁ?a?%é‘?&ggﬁ >%’asnﬁ'rﬁlfmsfoughness of
aresin matembnsmngbﬁf@&ﬁsmg m&ﬂlﬂmﬁpo@pemcaﬂmm&mvdg @oris sHataiiSadol ebopialprocess
comprising: condensing a d|a| /sic:Taltant having from about 5 to about 24 rlng carbon
atoms with %csﬁ%% a(%SWFpS"undE‘y PETS rafil i0 g’/? "ﬁ%ﬁ& y&%x;?’ gr%ibpg i‘gtgﬁhﬂy%lgm ugups which ‘
affords a midtisieyef mmmmmemmt@@mwsmmmm@m of a
polyplaenoli I to about 19; each in
LOmBg /52’{4 R By B@@%&%@@mweﬁ,ﬁh{%

independen 0|et|e Rhdependently represe gen, cyan, nitro, hydroxy, .
optionally-substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy, optionally. -
substituted alkenyl, optionally suhbstituted alkenyioxy, optlonally ‘substituted aryl, optlonally substltuted
arallcyl, optionally substituted ar@i‘y and optionally substituted aralkylory; and the moieties Q .

represent hydrogen; and any 3 matlc cyclic | m0|et|es compn& b‘fin the above formula (1) may
optionally carry one oRmofe s‘q ﬁ\v o

and ~wherein epoxy resin (b
groups of a mixture of polyphe
. S

) WETHHIg phenollc hyC|roxy
rer groups and wherein the
min material is made fiom@ epoxy resin which is different
from co). [0003e]In another as , Mhtelis-dbtainable by a process
comprising partially or completelmvertlng phenollc hydroxy gredps of the mixture of polyphenolic
compounds into' glycidyl ether groups; wherein the mixture of pglyphenolic compounds is
obtainable by a process comprising condensing a dialdehyde of a cycloalkane having 6 ring carbon
atoms with a phenolic compound at a ratio of pherf@jic hydroxy groups to aldehyde groups which
affords a-mixture of polyphenolic compounds which comprises. at least about 20 % by Welght of a
polyphenolic@fiffound of formula (): (R)Im CHA0)--0-0 j HC (CH2)p O-Q (R)rm '

pis 0 or an integer of from 1 to about 19;
cach m mu spendently is 0, 1, or 2;
the moieties R independently r=pre:s=nt haiogen, cyanu, nitro, hydmxy, optmna.lly
substitut=d alicyl, -optionally substszd c}roiualLyi, .optionally substituted alkoxy, |
-optionally ‘snbstitated glkenyl, optiomally substituted aikc_ﬁyiox}r, optionally
| ‘substituted aryl, option&lljl substituted arelicyl, optionally substtuted arvioxy, and
ofstionﬂiy substitutad aralkyioxy; and
the mojsties Q fcpr:s_:nt h}drogcn; 7
and ‘any non-aromatic cyclic moisties campriSed aﬁ the -gbove formuia (I) may
optioﬁai_iy carry ona_or more substituents and/or 'may opticnally comprise one or '
more double bonds; ' o
‘and wherein epoxy resin (b) is obtainsd by pm‘haﬁy or mmnlatcly cuuvertmgl
ph::nouc hydroxy groups ofa mx}mzre of pu&yphe:nonc compounds (z) into g}yclﬁyl sther

groups. ‘

[0003b] In another aspect, there is provided a product which comprises the mixture
as defined above. ‘

[0003c] In another aspect, there is provided a method of maldng the mixtres

as defined above.
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(R)m (1) wherein: p is 1; each in independently is O, 1, or 2; the moieties R independently represent
halogen, cyano, nitro, hydroxy, optionally substituted alkyl, optionally substituted cycloalkyl, optionally
substituted alkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted aryloxy, and optionally substituted
aralkyloxy; and the moieties Q represent hydrogen; and any non-aromatic cyclic moieties comprised
in the abovgdgsaula () m@m&g@'@g@&ytpﬁf@edm@rovﬂnﬂéisuﬂss@ﬁfédﬁﬁsé@am@ﬁ%)sﬁdﬁ’tmﬁlIy comprise
one or more double bonds. [0004]The present disclosure Q. PHO) I %ﬁ@p@{ ®paring a
mixture of MW@EG%@&% &t 58%‘55&%&%%%% the r&wﬁ?%ﬁd@ndensat_ﬁ) of a
dialdehyde,afiacysipbianehadingfiaherabbfirSrioredso 24adripaatoheal BT a Bti€nolic
compound at a ratio o&g%%réizlic h dro%%r%fgups to aldehyde groups which affords a mixture of
poly-phencﬁ@c%ﬁf&}% itA% c‘?rr%nses at least about 20 % by weight of a polyphenolic compound
of formula (1): whereinerpiistheom i SrobYRRSANICL G UBBRRNED {Bhh ohtpieripe ientyuses, 1, or 2;
the mofeties R adapendeniicienseseialgaen; exangodiiin. heiaX o anals syiasited alkyl
optionally substit teé ycloalkyl, optionally substituted alkoxy, optionally substituted alkenyl, option ally
substituted aEing#sgR aisHeN I SUBLTRATS SRR b offallyP RSP P M BRBIONRS Substituted
“aryloxy, and qpiionalesiibstituied araiky owixant dhedhekirs sapasent Rilioaaapasd any
- non-aromatic cyclic moieties compgré'%e in tt}e Q%ze formula g) m%)é»_é)ﬁti ally carry one or more
substituents dRETCFIRENBEHIBRARED HFHRRTAE oF morEBoUbIe BEHRE (6605]In one example of the
process, the mixture of polyphenolic compounds may comprise at least about 50 % by weight of the .
polyphenolic compound of formula (1) [0006] In another example of the process, the molar ratio of
phenolic compound to cycloall;aBhaldehyde may be at least about 5: 1.

Rm
Do
~HC '
O
R

wherein: .

p is 0 or an integer of from 1 to zbout 19;

each m independently is O, 1, BT 2;

the moisties R iﬁdcpenci:utiy represent halogen, cyanc, ni'trc,. bydroxy, optionally
substituted alkyl, optiphally substituted stic’mlkyl, optionally -éubsﬁimtéd alkoxy,
optionally substtred aikenyi, optionally substimted alkenvioxy, optionally
substitﬁtéd aryl, optionally ‘subs-ti'tuted aralkyl, nptioﬁaliy ;sszstitmeé aryloxy, and
| optionelly substituted aralkyloxy; and

the moisties Q represent hydrogen;

and ‘any non-aromatic cyciic mbieties comprised 'in the above formuie (I) mey
optionally carry one or mors substituents and/or mey optionally comprise one or

more double bonds; and
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[0007] in yet another example of the process, the cycloalkane may have from 6 to about 19 ring
carbon atoms, for example 6, 7, or 8 ring carbon atoms. Preferably, the &aldehyde comprises one or
more isomers of cyclohexane dicarboxaldehyde. [0008]In a still further example of the present
process, the phenolic compound-may comprise phenol. [0009] The present disclosure also provides a
mixture of polyphenoglic compounds which is_ obtainable by the process of the present disclosure as
set forth above (inclGAMYHTEATGHE SRSARARE L BY PRIGALY) Ticomrigsht eRsersnerrsmaiprovides a
process for priepaengeanepeiy neisiarenst a6iepiuns e sibnidishdis@piainaeiay bisPrrerss. The
process com%%F?s partially or (substantially) completely converting phenolic hydroxy groups of the
mixture of polyphenolic compounds of the present disclosure into glycidyl ether gyoups. [0011] In one

example thereof, thevpeote semain comptidacontacting he-midueecof DalmRnlicgompaunds with
epichlorohydrip. Q%H 1 mple-of the. process, substantially allhe phenolic hydroxy groups
may be converteJ&gin (o] gﬁ‘/m 3%%?%@%?3%%?%@13} The present disclosure also provides a first
(curable) mixture which comprises (i) the mixture of polyphenolic compounds according to the present
disclosure r.a prepolymerized for ereof and (ii), at least one.co und.and/qr, prepolymer
thoreor whikhpabie BASAEESFUath (1 CoRE Sol i e e
example, camprises thenppising Esitelf tecprgsetd disolvsuiecaidionia pydpotyraarirerétfs) [0014] The

present disclosure also;provi n ] i I omprises (i) the epoxy resin of the
present disgg}éﬁfg czfr?%p/lgip a%%%ﬁ?ﬁ‘?&%é igﬁgﬁég@gf%%vé%ﬁﬁ%ast one compound and/or
prepolymer thereoﬁvhh&dr_a iﬁueapﬁ@mf@aoﬂ@wﬁﬁ(i_):@ﬁ@mﬂxﬁpouﬁdimﬁdéobprepﬂ’gtrmr thereof
may, Tor exagpiG SRRl 1 IS0 &OM%W%?AEQL&RQ‘%HE%% oo, g e igsent

d/ar nt diSc

disclosure an a prepolymerized form thereof) [0015] The pres osure also provides a third

(curable) mixebreoiithietmesrngrise s (3t lehsherdotiens sixibretofdwphesanereorbibunds of the
present disclpsuiie andiehR RiepolyPReRasd dopothrreqh ARG She-e RO Xate sibef Hpeprgsent

disclosure and/or a prepolymerized form theregf and (ij) at least one of (c) a novolac resin and (d) an
epoxy resin WHHER & dirhaheRin (BT REEAGTI PRk mple, the third mixture may comprise and
epoxy resin (d) which is obtainable by partially or substantially completely converting hydroxy groups
of a novolac resin into glycidyl ether groups. [0017] In another example, the third mixture may
comprise a brominated ‘epoxy resﬁ)’rf0018] In one example of the first to third mixtures set forth above,
each of theses mixtures may fuffRB{ comprise one or more substafféhs which are selected from

polymerization catalysls;cQ=ct “gq s for flame retardants, solvents,
fillers, glass fibers, adhesion prome / @ aeednodifiers, thermoplastic
xampfe of-eae¢h of these mixtures, the

polymers, and mold release ag

corresponding mixture graycb

)

wherein:

pisl;

eaéh m indepe_ndcritiy is0,1,0r2;

the moieties R independently represent halogen, cyano, nitro, hydroxy, optionally
substituted alkyl, optionﬁﬂy substituted cycioalkyl, optionally substituted alkoxy,
optionally | suBstituted alkény[, optionally substituted alkenyloxy, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted &;ryloxy, and

optionally substituted aralkyloxy; and

- 1c-



[0020]The present disclosure also provides a product which comprises a first, a second and/or a third
mixture of the present disclosure as set forth above (including the various aspects thereof) in a
partially or completely cured state. For example, the product may be an electrical laminate, an IC
substrate, a gastin ' ' and mold compound formulation, a composite, a potting
composition@gﬂfo%%%ggé%%%%ﬁﬁ?‘? € present disclosure also provides a method of increasing
the thermal registapcecaratiordtie tpulihnmsitta matesiidatate tremBoRevalagURSImaRd/pr an
epoxidized I sin. . The method comprises replacing at least a part of the novolac resin and/or
the epoxidizng(ﬁ\{%(?\%{gcc fesin by at Ié‘)’%f grr‘%sg? a : & nr%& ure of %%ﬁ?&%aéﬁoﬁ%%a?ﬁﬁo?ﬂfdgrof the
present invemtioh ¢ebi bortisabove and/or a prepolymerized form thereof and (b) the epoxy resin of
the present disclosure as set forth above and/or a prepolymerized form thereof. [0022] The present
disclosure a{§4rovideis:apalyfdnclional:tompeoidasgi-foegula fibarifhd h fxwihesein: p is 0 or an
integer of from Ito about 19; eaci&im l@gepen_dentl is0,.1, ortﬁ' the mnoietii]s Rdir_ldet?e degtl
represent hBRSEF Y& ECHRPS RS dro%s, BiStisHal yogggﬁ?tsuteaé alikf optionany &ibstituted Ycloalkyl,
optionally subgtidhiad atkexyciopiiana y-snpshituéabatikefiyh abtionakyrsighstitorbedatisnyiitixyy,

optionally substityted aryl, optionally substituted aralkyl,-optionall stituted aryloxy %Pﬁ% tionally
cubstured BTETROT PR ha A OIER S 0 B CRAh BT e A T b e Do Eb ] Ty
non-aromaticraitlicembietigsheoshiprisetbmitie whichecfonprides (4 sy dytio I darry Bgkt of more
substituents and/or may optionall H ne or more double bonds.. [0023] In one example, the
moieties Q i g%agl\fecPﬁPhotﬁ%A(ﬁgr%%ﬁg?emical. For example, all moieties Q may represent
hydrogen, or substantially all moieties Q may represent glycidyl groups. [0024]in another example, p in
the above formula may have avalue of from 1 to about 14, for example, a value of 1, 2, or 3, .
preferably 1. [0025]In yet another example of the polyfunctional compound of the present invention,
each m in formula (I) may independently represent 0 or 1. [0026]In a still further example, the
polyfunctional compound of the present

- -1d-



disclosure may be chosen from dimethylcyclohexane tetraphenol, and dimethylcyclohexane

- tetraphenol tetraglycidyl ether. [0027]Other features and advantages of the present disclosure will be
set forth in the description of disclosure that follows, and will be apparent, in part, from the description
or may be learned by practice of the disclosure herein. The present disclosure will be realized and
attained by the compositions, products and methods particularly pointed out in the written description
and claims hereof. DETAILED DESCRIPTION OF THE PRESENT INVENTION [0028] Unless
otherwise stated, a reference to b@mpound or component includes the compound or component by
ks, such as mixtures of

itself, as well as in combinatio
compounds. [0029] A§ ts€H-F ‘the" include the plural reference .
unless the context clearly dicta ; prv(ise-indicated, all numbers
expressing quantities of ingredients, n ¢ondition$, ane ‘imlr used in the specification and
claims are to be undefstoqq i e in all inStaite s by-the tem]. "about.” Accordingly,

A/ the numensal meters 'rbt_h_edollowing specification
and attached claims are approximations that mé()\'k;;}y dependi n the desired properties sought
to be obtained by the present invEhrion. At the very least, and not to be considered as an attempt to
limit the application of the doctrine of equivalents to the scope of #®wlaims, each numerical parameter
should be construed in light of the number of signjficant digits and ordinary rounding conventions.
[0031]Additionally, the recitation of numerical ranéfés within this specification is considered to bea
disclosure gf@dlagimerical values and ranges within that range. For example, if a range is from about 1
~ to about 50, it is deemed to include, for example, 1, 7, 34, 46.1, 23.7, or any other value or range
within the ran§& FICBIPRESHAFIEORIS ShaRA¥hEfein are by way of example and for purposes of |
illustrative digeission éQ&eﬁﬁ}b&démﬁ'H?ﬂf the present invention only and are presented in the cause
of providing what is befleved to"be the most useful and readily understood description of the principles
and conceptbalmspeits 8 ihdqpasentinventireninithisasyardzno, arigmpbiineade apshowly
embodimentyal el SSE IyRtann e Rl I NAag DECERmRRAR b luRdRmaniaY,

understanding of the pres iori, the description makihg apparentto those skilled in tFYfe art how

entio
the several fartos 8l thespbeserethvelity mapbiecsmbodiel i practiceljonssms sardptrhbove, the
present inventionproyides; 'B}R{oﬂﬁﬁyas%‘%ﬁ@ééé%ﬁﬂ%%?}“BEtfbﬁMW'&Q&Q%ﬁhﬁf}@ﬂﬁﬁoﬂﬁﬁounds
which comprises at least‘about 20 % by weight of the above polyphenolic compound of formula (1)
wherein Q =RyaPeYsFuPst kel vk BoRithenolic compound of formula (1) may account for at
least about ﬁ%%o?eﬁesa{ﬁtl?@%?&?‘ﬁ%%o apat least about 50 %, at least about 60 %, at least about 70
%, at least about 80 %, at least about 90 %, at least about 95 %, at least about 98 %, at least about 99
%, or even abduatg @OmaomaEightlaf thelshiseurerafpisigphdhohbeoripoura<Thasbairasby the

mixture of palyphenalig C&%}@O&Mﬁ@%ﬂ@? PEERGNHIDY QPRI U3HAIM SOBRISE SRRpCRNRAON

products with a higher (and/or lower) degree of condensation than the polyphenolic compound of
formula (1). [pOBY} Preferably, the polydispersity (Mw/Mn; Mw = weight average molecular weight and
Mn = numbgpgyerage molecularweightlofthe mixture.efpplynhenalic compnadagds s not higher than
about 2, e.gi, no:t?j.r’ﬂgr?g)r% an ab%ﬂut 1.8,%?1ot?hiéher than a%o%t%}g or not higher thaﬁsabout 1.3. The
average nuridiepBisBidresiebretipd Hdrymsieatrd fAepelyrbenricwampspahrbecaadbabout 4, e.g., at
least about 44a.0r at Jeast about 5. Pr rably, it will not be higher than about 6, £.9., not higher than
about 5.5, of not higher ?ntgﬁrgﬁaomtﬁ%%&fﬁ T %\%ﬁ?o%cggsrggor%o%%gggo he ¢o (alélr%é?tion of a
cycloalkane dicarbiowns debgely damiri b aiabothostd about 24 ring carbon atoms with a phenolic

compound, g@ph ably at a ratio of Bg\ﬁ%gy%ggm&gg%g}agmﬂgm glicashpxaldeyde. which affords a

mixture of p nolic compounds with the desired polydispersity. The molar ratio of phenolic
compound toity cladiaretisaftroseddels de ‘enoplSyattirarhereziotion Witfersbiilytive daldeistdabout 4
1 (i.e., at leggy %%@m@ﬁg&;@g@@@&gﬂ&@@ﬁ%ﬁgﬁg@ym, e.g., at least about 4.3 : 1,
or at least about 4.5 : 1. Preferably, it will be at least about5 : 1, e.d., at least about 5.5 : 1, at least
about 6 : 1, R8N alleast st exemnls alfePERyeBEPTNS 1 - dBOPRETLIC COMBIFPABBIL 15 : 1, up to
‘about 20 : 1,91 )@g@#ﬂg&b@y: Th_e higher t_he ratio of phenolic hydroxy groups to aldehyde groups the _
lower the extent or oligomerization that will occur, and also the lower the polydispersity and the Mw will
usually be. [(H8E] ThEheprtesikdindodicarboxaitaleydeniwhithripobpbieasiia stamigdneterickin the above
process may have from 5 to about 19 ring carbon atoms, e.g., up to about 12 or up to about 10 ring
carbon atoms, e.g., 6, 7, 8, or 9 ring carbon atoms. For example, the cycloalkane dicarboxaldehyde
may comprise one or more isomers (including regib?s‘omers and stereoisomers) of a specific
dicarboxaldehyde. By way of non-limiting example, in the case of cyclohexane dicarboxaldehyde
isomers, one or more of cis-cyclohexane-1,3- dicarboxaldehyde,
trans-cyclohexane-1,3-dicarboxaldehyde, ci s- cyclohex an e-1,4- dicarboxaldehyde and
trans-cyclohexane-1,4-dicarboxaldehyde may be employed (although it is also possible to employ cis

and/or trans-cyclohexane-1,2-dicarboxaldehyde). Also, a mixture of two or more dicarboxaldehydes
which diffar e A in the niimber of rinAa carbon atnme and/ar in the nrecence nr ahecence NniimMmher



[0037]The cycloalkane moiety of the dicaiboxaldehyde for use in the process of the present invention
may comprise one or more (e.g.. 1, 2, 3, or 4) double bonds and/or may optionally carry one or more

' (e.g., 1, 2, or 3) additional substituents. If more than one substituent is present, the substituents may
be the same or different. Non-limiting examples of substituents which may be present on the .
cycloalkangnting e alybgiaups: Bdpraoptidnalbysulbstistieahaliedgiacipsihating.fiom 1 to about 6
carbon atesasctetigerenfethyl or ethyl), optionally substituted aryl (in particular, optionally substituted
phenyl), and halogen atoms such as, e.g., F, Cl, and Br. The alkyl and aryl groups may be substituted .
with, e.g., O@ﬂf mMetR haleaensatoms suchrasdie. g pibockd fandBailiieadbbhe rekienatiacompound for
use in the process of the present invention may be (unsubstituted) phenol. Moreover, the aromatic ring

of phenol menprompisebite df rblinebly, by b1 BrogFsubShtuBFSCTor-QRRRRSTE SREBHYWY

substituents |f twa.0r oS sURsibients Rie e saBhollieYHRaYRe e gameroriffatenidlopelimiting
examples of substituents which ma%ﬁe present on the phen%!E;rini(gl are halogen (e.g., F, Cl, and Br,

preferably GrOPEFORS BRI, % Bﬁ?ﬁmﬁﬁﬁ EPEBLERTH B preferably having from 1°
to about 6 C@{@ﬁ atgMse-WRsHbRItHesansphstitted eyslpalkybpreferablyhavirgfrom about 5 to
about 8 carbon atoms, unsubstituted or substituted alkoxy preferably having from 1 to about 6 carbon
atoms, unsuestirhtadisresutpsunaesidicmehisrehsriiBly having from 3 to about 6 carbon atoms,
UnSUbstitutgﬁﬁ&iubﬁﬁ&%%%@é@é&ﬂw%ytpé%ea&l%mmgaﬂ@m 3 tacaetislf bathory sloms, |
unsubstituted oF substituted aryl preferably having from 6 to about 10 carbon atoms, unsubstituted or
substituted araykyd preferabiptoatimidirbefh7reraidut 12 carbon atoms, unsubstituted or substituted

aryloxy pref having from 6 to about 10 carbon.atoms, and unsubstituted or substituted aralkoxy
preferably hgé\ﬁﬂg;{ fr%ﬁ’%%%?ﬁ%&ﬁﬁ%ﬁ%‘%ﬁﬁsﬁ ?aﬁst%%ﬁ%gﬁsef%@fpvﬁﬁr%% ated lt'ﬁgstiéhenever the
terms "alkylthamdxtatkehytlahendisdomprengiasentisgae e arsenafdneesiBeéad claims, these terms
also include the qggggygé% nding @ygi%ﬁmt&ﬁp [PUPSSUED ASnShnEYElOREYEEYRIh e eof

cyclopenteng{,a%% hexenyl. Also, where two alkyl and/or alkenyl groups are attached to two
carbon atomehixfhais apivaiofoearonsatithiny, (Rl srspeenhmblRea@wbricatiaRyfcRaYoikenylene -
group which gpg,g;ﬂeraam&mmm@ Aems to which: this1graunRis/altaghpsl wastiterkos) preferably 5- or
6-membere§ ring structure. In the case of non-adjacent carbon atoms, this ring structure may give rise
to a bicyclic Wéiflourmie [pe46] Thelabmadsalapiviffourscand ikeXy) grotps Willcbtemutmprise from 1 to
about 4 Carb@@%{g&%ﬁ%‘éﬂ{‘oﬁ’%ﬁgcgl@{a& BEZSRLRR/MOmS Nnnliniingspesific sxamptes of these

€ methy yh ,

groups inclu , ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, and tert-butyl, and methoxy,
ethoxy, propesy, 458 seoprspdrapi{farenebates ferset Wik caratlscbarexyre maidy G alkoxy
groups may Q& SIRsHtULed With- Qe Rk M HRAR - mhay?, Rir 3:RatBstHUeSpHwoethalkare sdbstituent
s present, the substituents may be the.same or differgintl'and_aredpreferab%de.ntig%;frl&lon-limiting
examples of A S ST R HE A EI S R G PSS S S5 4" E G 2 B BT AN Br. Non-limiting
examples oftsabsiituted alkyl and alkoxy groups include CF3, CF3CH2, CC13, CC13CH2, CHC12,
CH2C1, CH2Br. CC130, CHC120, CH2C10, and CH2BrO. [0041] The above alkernyl and alkenyloxy
groups will oA ortBriREss S ARLoTBEABIRGdEn A TP ARSI HER RGP RS imiting specific

examples of,thgse,ouns Aeaaki-eibatybantd doprepemyss Theatengkdnsalkediytoxy groups may
be substituted with one or more e(.ég or 3) substituents. If mo(ré;i]stcfian one substituent is presént;
i

. ( ) 11 21
the substitudRPHR ISR APV e OfHRI i RRE Ara hPEfar RL% Tl MR REI fhfiting examples of
these substity@pisvinelide Rataghereddmel Siihakaet gnd-olClcpnoB o042 e dipue appkand
aryloxy groups will ofter henyl ang phenoxy groups. The aryl and aryloxy groups may be
substituted \/gﬁﬂrb‘ﬁ@é} W}%&B {%nb}"{r%n% , 4, or 5) substituents. If more than one substituent is present,
the substitueist §)ay hethexaarie, dredifferentiNatalimiting @xamges ot daddevdutistituents include

nitro, cyano, halo uch as,.e.q., F,Cl anazﬂ Br, optionally halogen:substituted alky} having from | to
about 6 carbSW‘é%%?é’é 8“??5131 SRTS acsbﬁéer’it[%lc}zmééﬂ’c?r e'x%l%vp éo,x%g{ﬁ?%rg %eﬁ%végna
~optionally hategennstipisiidié¢diatk@xydpaving from 1 to about 6 carbon atoms, e.g., from 1 to about 4
carbon atoms _(for example, metho r eth . Non-limiting specific example bstituted aryl and
aryloxy grouygg |%Hud%el,at%1?ﬁ?rxﬁ§’?}%¥h%ﬂ%%% : chloror céﬁ%ﬁ%oar%lgf) 3%7 ,eo?ég%g%ﬂkylyloxy,
ethylphenoxyggiéerdphesexympiediiterficplehokyi ll043iE ferabbvesaratkylf drdearalkoxss groups will
often be benzyl, phenethyl, benzyloxy, or henef%;ox roups.. These groups.may be substituted
" (preferably o e BDCTI G P IR 5&%“6? S@fgsgw%c 5,%?43%%5?&%% | u%ogyg.l?fjrznatg% than
one substituent is present, the substituents may be the same or different. Non-limiting examples of
- these substituents include nitro, cyano, halogen such-as. e.g., F, Cl, and Br, optionally
halogen-substituted alkyl having from 1 to about 6 carbon atoms, e.g., from 1 to about 4 carbon atoms
(for example, methyl or ethyl), and optionally halogen-substituted alkoxy having from 1 to about 6
carbon atoms, e.g., from 1 to about 4 carbon atoms (for example, methoxy, or ethoxy). [0044] Of
course, as in the case of the dicarboxaldehyde, two or more different phenolic compounds may be

employed in the process of the present invention (e.g., phenol and a substituted phenol or two
diffaranthv/ cribetitiited nhennl comnoiinde) althoiriaoh thic ic riciiallvy not nrefearrced IODOARIThe



R1, R2 =1l (1,3-butadiene) R3, R4 = H (acrolein) R1 = H, R2 = CH3 (pipmyline) R3 = CI-13, R4 = H
(crotonaldehyde) R1 = CH3, R2 = H (isoprene) R3 = phenyl, R4 = H (cinnamaldehyde) R3 =H, R4 =
CH3 (methacrolein) Diels Alder Reaction Hydrof ormylation [0046] By using cyclic dienes such as,
e.g., cyclopentadiene, cyclohexadiene or furan as conjugated diene in the Diels-Alder reaction, bicyclic

unsaturated altczzli?h){des may be obtained, as illustrated in the following scheme:
catalysts, co-curfing agents, flame retardants, synergists for flame retardants, solvents,

filiers, glass fibers, adhesion promoters, wetting aids, dispersing -aids, surface modifiers,
thermoplastic polymers, and mold release agents.

[0019] In another example of each of these mixtures, the corresponding mixture may be
partially or completely cured.

[géz()} | The present disclosure also provides a product which comprises a first, a second

and/or a third mixture of the present disclosure as set forth above (including the various

aspects ﬂleireof) in a partially or completelj cured state. For example, the product may be an
electrical laminate, an IC substrate, 2 casting, a coating, a die attach and mold compound
formulation, a composite, a potting composition, and/or an adhesive,

[6621] The present disclosure also provides a method of increasing the thermal resistance
and/or the toughness of 2 material made from a novolac resin and/or an epoxidized novolac
resin. The method comprises replacing at least 2 part of the novolac resin and/or the
epoxidized novolac resin by at least one of (a) the mixture of polyphenolic compounds of

the presenf invention as set forth above and/or a prepolymerized form thereof and (b) the

epoxy resin of the present disclosure as set forth above and/or a prepolymerized form
thereof.
[06622] The present disclosure also provides a polyfunctional compound of formula (I):

R)m

( |
' oH Oo—0Q
o—@/ HC |
- (CHaJ, 0—Q

(Rim

(R)m

Q_
Q.........

D
wherejn:
p is O or an integer of from 1 to about 19;
each m indepcndently 50,1, or 2;
the moieties R independently represent haiogen, cyano, nitro, hydroxy, optionaﬂy'
substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy,
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WO 2009/114383PCT1US2009/036152 0 Diels Alder Reaction [0047] Cycloaliphatic
dicarboxaldehydes may also be prepared by hydroformylation of cyclic diolefins such as, e.g.,
cyclooctadiene, as described in, for example U.S. Patent No. 5,138,101 and DE 198 14 913, or by
ozonolysis of bicyclic olefins such as norbornene to produce cyclopentane dicarboxaldehyde (see,
e.g., Perry, J. Org. Chem., 42, 829-833, 1959). The entire disclosures of.th reeg ts are
incorporated“é’;s‘? %ncséf?fé’tt is [oﬁ%f’ﬁ%y wayo r%o%—lin%ﬁ%éﬁél;%mp?‘e{% éﬂ gggder? gégf%? one or
more (optionalbsstihstitutet) aydtohibyanebditatbdxatdEhldeptivith iy (obtiohaly supstitited)dphenol
affords a mixture of polyphenolic co unds which comprises one or more isomers of (optionally
substituted) 8?8%?%2%17%{(‘%% (Sitllc%% %%@gﬁ%‘é’ ?evéaphenol along with compounds with a higher (and
lower) degregehesiatenspiiciapBada intpesahrovteyfongprraafld, giysi@yr an integer of from 1 to about
19, e.g., up to about 14, up to about 12 or up to about 8 such as e.g. 1,2,3,4,5, 66 atngl Zﬁwith 1,2,
or 3 being pr@?ér?%lﬂI?;ﬂ?da*io’r?@ﬂfgcEigfﬁéﬁfﬁﬂg}eﬁrﬁ?gwéﬁéfb%gﬁﬁg‘ée %u&%%a iphafic Mbiety in the
above formula.{y Ry 6omMpriSeueBeoEmMOoIadag miy 2p3ically dauhteibonds andferemdyubéery one or
more (e.g., L, 2 qr 3) substituents (although the cycloaliphatic moiety will usually not comprise any
double bond2PMf$rore than one substituent is present, the substituents may be the same or different.
Non-limiting eggmaplessimsubsiiiiients whichkantaiy be freseftoniit ventraldytiealishatic moiety have
been set forth above. WO 20Q9/1 4383PCT/USZ§)§) /036152 LO%S%LEJW;heuvaélfﬁe ofi%%gg @ﬁg the above
formula (1) inEEHBRe ARG ES & 48 ERISHT e Rt Or ArE Identical. AISo Hreterably, m
equals 0 or | r1{ges2hthevaieietiesdgsn the above formula (1) independently represent halogen (e.g., F,
Cl, and Br, preferably Cl or Br), cyana (-CM), nitro, hydr st ituted alkyl
preferably ha&ﬂﬁ%omﬁnt%n 8%10{1?’%“ qrebgrllna Sr%sﬁvﬁnénﬁglog%ﬂﬁ%ﬁ %’? g&%ﬁfﬁ%ﬁ%&ﬁ@y preferably having
from 1 to abosdhcarbesn atempldirsubstivtad Drauhsititfadudikenyl preferably having from 3 to about

6 carbon atoms, unsubstituted or substituted.alkenyloxy preferably hawing fron,3 to about 6 carbon
atoms, unsud8fgtbd oﬁﬁ%gﬂ?&g }éarrf/jlp[%rgﬁerag%y))r%l\?ing ?rgm@é) to about ﬁ(‘) carbon atoms,

unsubstituted er-audstikiad anralkytpigierpohs haviegdrdsn il foabestnt 2 earbon atoms, unsubstituted
or substituted aryloxy preferably having from 6 to about 10 carbon atoms, and unsubstituted or

substituted atR&RYy préter BV BRI RSN PP BBt Y SBHRP IR HL 1585 Regarding exemplary
and preferrediiieanings oidbr.meRtiasidie canmnents selintbiahadve with respect to the

substituents on the substituted phenol tart'ng rr%g}terizél- f the process of the present invention apply in
their entirety Qiﬂ%ﬁ%ﬁ@?@?@%@&aﬁsﬁ‘ﬂ\ SFRe P é’gg fion of the mixture of polyphenolic

_ compounds_ qf()tne’premhﬁrimmﬂa&a&mimwfdi&mmhﬂﬂmlawe@m&eaﬁmrfaiﬂﬁdﬁ the preparation of
novolac resing may, Jor, XM, he e (i (hA sesation ofghe tAtio AL Re-aper of phenolic

hydroxy groups to‘the number of aldehyde groups which is typically much hi%?ﬁr in the pracess of the
present inven®Bh inkAmsdRE Brepeeratidn GrorBsORE et PEY WA SRS G FEEAHSle, reaction
temperatures gt fsonbae ub2PGi torabaot 8BCGmaytheds pedicAisrbgidiciebtatystbdortatadysinptitne
reaction betweedn he icarQoxaIdehyde(s) and the phenolic compound(s) inorganic and organic acids
arn aims nercol, . . . .
may be used Such as, e.g., those which are conventionally used in the preparation of
(formaldehyde-based) novolac resins. A particularly preferred acidic catalyst for use in the process of
the present invention is p-toluene sulfonic acid. If at least one of the reactants is a liquid at the reaction

temperature the use of a ssiveQ PRYDESdBpETSed GEtiTHHtARESESCNBMENIdNNT course, be used.
[0055]Regardigghgyitakie;eagtion.cenditions forfheprodugtion abaglyshensliecamprungs by reacting

phenolic compounds with aldehydes which are different from formaldehyde U.S. Patent No. 5,012,016
and Kirk-OthrARTIEHEY 96 FeTBCaE T HBiIsaIT 88 MYl oy 1L SOBLRAIP I £BTnEOBRIME: Bhenolic
Resins" (authgghg)g;ﬁﬁég,cbg@h Yo lmerkS oPPeiBfsuhdd, the entire disclosures whereof are incorporated
by reference herein, may, for example, by referred to. [0056]The present process is very versatile as
far as the mixjooegf palyphanelien, the singular forms *“a,” “an,” and “the” inciude the plural reference

unless the context clearly dictates otherwise.

[0030] Except where otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are to be

understood as being modified in all instances by the term “about.” Accordingly, unless
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compounds obtainable thereby is concerned. For example, a very low polydispersity product mixture
with a high average functionality can be produced by this process. By way of non-limiting example,
when cyclohexane dicarboxaldehyde and phenol are employed as starting materials in the process of
the present BGeWi®RI48#dducts having a weight average molecular weigHt (¥#8¥4B612930 and a

number average molecular weight (Mn) of about 730 and/or an average of about 6 hydroxy groups per
molecule ca?’i’%@aber%&llgéedcﬁﬁ}t Vn% 2@%%@;] RIGATIEEE oF tpﬁ)é??d?ctﬂ%%r%gv lgnr%ﬁ%%x 'cl)cg%)é%yde
functionalitiesdo keepcthecagreerof oligontendationiewnbhevexcedppinénglicstarting desterdal may
then be removed, for example oy distilation, [0052IT e conversion ol the, MexTRyRs gf the
mixture of pryBFnenollc mpounas of the present invention nto glycidyl ether groups (i.e., groups of
formula - O-@HgdeledO)CH 2)tampt dd livel atheefridic resinds the ssititen pLsiniy; ontetamiplécasnventional
processes. suallallRastaboih R0t ¢ ALUEASARPUL 1Y abIPAS Y BReU GRY AfEATEaDOL
90%, at least about 95%, at least about 98%, at least about 99% or even substantially all (about
100%) of theipméisancdgit ey Yrotss BTHENRAIRONENORSlyphenolic compounds will be converted into
glycidyl ether groups. [0058] By way of non-limiting example, for preparing an epoxy.resin the mixture
of polyphenéﬂa%émpoﬁﬁﬂglﬁ%‘b‘ér biF EHAST S SLBRHER h FALEFR i‘f’f%ﬁﬁé%ﬁngv‘gécra@g&éﬁ with
epichlorohy@gnsiddie prasenciscloaubase andoptidndlly-indharfresencendftanstiventgeheFor
epichlorohydrin will usually be.employed in, an at least about, stoichiometric amount with respect to the
hydroxy groﬁ%%m\/y ffth% grre% eelsse%1 it ﬁgﬂ%ﬂ%’ ) %%yi?ﬁ%ﬁ%?%%%%é%%‘ﬁa%. n E))éarrt?ggﬁéf,’ Stﬁe ratio of
the number 3£ efoky2groupsinf theepichlomhydeintdithdaumger of the hydroxy groups which are
present in the mixture of polyphenolic compounds will often be at least about 2 : 1, e.g., at least about
2.5: 1, at 1e4883Hout 3'he, pertieakraborn herdh aitelyt ABHRAIGEX AR Wil JSG IR BREToPhigher

than about 305168+ aReE RIS thaB ARk b et MiaRer an@houi} andlar@HRAERIGAr than

about 12: 1. [0059] Non-limiting examples of bases for use in the above reaction are inorganic bases
such as alkafi%sa af&find WAftREnYHRIXIISETIREEHoaRE KO 1PSTe BXhth s f?ﬁéﬂé{féwé%f%%ﬂs%
materials. Thesefpivalentiais afipasado ¢bechyaxygraupstdichare presant. il thes mixiute of
polyphenolic comgounds wiH usu%!ll be ag least %bOl{Jt 0.9:1 €0 at Iteast1 al%?uje %6%5.}: tJh or.at least
about 0.98 : 1° BUFWRH [isTAfY e R8T g R A P9 B8 BV RSPRigh & il G014 - 1, or not
higher than abeustdry0 %o (f00BAHLIsaaly redetivmtdngpef ahurgsotitomvaboot.20€ Weabiptiv85C will be
employed, e.qg., reaction temperatures,of,fr (o] t - t. about
00 o061 R ALt being
employed, threaselctivhadisthiarpiifiecesolvent(s) used, the scale of the reaction, and the like, but are
often in the ran)gze of from about 2 hours to about 6 hours, e.g., from about 3 hours to about 5 hours,

[0062] The i¥8tHatiorfesittibHBaAPBYE cHMf U SERWRNBF MBI detv e (ifile TaREIESSET
epichlorohydsigymay SERVR @isLapdhg Feastio adneeiu) Wi imiingexamglasbsuliabietsolvents for
the epoxidation reaction include low molecular weight alcohols such as isopropyl alcohol, glycol ethers
such as Dom?ﬁﬂg%olél\‘)il? p %Yeaﬁ%ﬁjé%b‘ﬁ)@nﬁg@ﬁgﬁnﬁlsogiﬁ%%uﬁg&fé&ﬁe{“ch oﬁngf‘gaﬁgf/ld%aéarbons,
aliphatic and:eyeipialighapicl gthensiandotigihers  cdrfamatie Hydrogadvons, Gndminxttrbeithé®ebf, [0063]
Although both the mixture of palyphenaglic com s and.the.e rosi inyention can
be used alonee'g'i.gfp\?\ﬁ% %u?%%%ﬁd iffllcr}r? a(%? %%‘i%ﬁ?enr% fe%ir}]%a?%?brf%%@eﬁ’sed? %&le %}%tslmwo’f%anly the
epoxy resin tfat@presintirntderio ntant 4 Sonmkters aliqoYpHero iknscbpoditdg of teesprbaent

invention) tognage qured PrRdHCBotheL il ugHAlY Bk YsaslIR crrpbinationivithens Aumarg resins

which are different from the epoxy resin of the present invention and the mixture of polyphenolic

compounds BrEEDRESBAITHYEYREGH. IOOYIERARASISRRORIZtUPE BE pRiSRE B AMBBLHRE RAd/or the

epoxy resin of thepresaat myentionmay kawombined with Stherepaxyrée ¥nssidehsasoe @andiglycidyl
ethers of bisphenal A or bisphenol F, and glycidyl ethers of phenol novolac or cresol novolac resins

(i.e., glycidyl BERIYRIFBPHERISRAIED A5 EYBRElic resins) in order to increase the thermal resistance

and/or the top@hnpsSHELRsHPSRARGINY G YediBr QUUGISHS MILeSPRBIIMCaN A esolstLpiter-gomprise
from about 5 % to about 95% by weight e‘ﬁ?’ from.about 10% to abgut 90%, from about 20% to about

80%, from aBBHNADSIPHE A 7655, B FOHLBSIE A% 15 SHSt BE5ABYRISISHE SPHROMSidFe of

polyphenolicheomgesiilsmandiarxhe gpoxyesin oidhatpraseft inrengion, haseticon the totabweight of
the resin co nents. [Q064]T. oxy resi.ns of the present invention can, foy.example, also be used
in combinatirgrgg%/ﬁfh Y IE[F%%%]&%?' %ﬁhgéﬁ%? gﬁg}%gs?%e% .,r?gf?fé?gﬁ% eirsp 02%0 A eB%jf '}h%
diglycidyl ether of TBBA, or the oligomeric epoxy resins which are derived from TBBA and can be used
for the manufacture of electrical laminates (e.g., FR4 electrical laminates). Non-brominated flame
retardants such as phthalates (e.g., dioctyl phthalate), phosphates, phosphonates, and phosphinates,
especially those derived from DOPO (6Hdiben4c,el[1,2]oxaphosphotin-6-oxide) may also be used to
yield a brominated epoxy resin or a halogen-free epoxy resin respectively, that can be used for the
manufacture of electrical laminates (e.g., FR4 electrical laminates). Examples of typical hardeners for

such formulations include dicyandiamide, polyphenols (such as, e.g., the mixture of polyphenolic
comnniinde nf the nrecent invveantinn) and anhvAdridee Evamnlec nf enlivente which mav he 1iced tn



[0072]Non-limiting examples of adhesion promoters for use in the present invention include modified
organosilanes (epoxidized, methacryl, amino, allyl, etc.), acetylacetonates, sulfur containing
molecules, titanates, and zirconates. [0073]Non-limiting examples of Wetti@and disgersing aids for

use in the prE8AIPIAEHRon include modified organosilanes such as, e.gE BYRBHE&HaS and w 9010,
and modified fluorocarbons, [0074]Non-limiting ex les, @f surface modifiers,for use in the present
invention iné’fﬁ]](t]gsgﬁ%?%n% agl%%g AHRhVeS B AU ngg%au\?vﬁ%ﬁla?te?%%/sﬁggﬁé ?r?rﬁe f/%%hlérﬁfe]',
Germany. [GR7 5iNoghiintitnglexamples obthaymoiastiboesids donesaghetitbaprelsantiinvention include
reactive an -reactive thermoplastic resins such as, e.g., polyphenylsulfone :
polysulfone(i, 0 tk@%gf%ﬁéssfﬁgﬂﬁfﬁflltﬁ ecr?élf?ﬁrcl)sr?t 8?p{§%ge g?%n%@e%&ﬁ%ﬁyﬁﬁﬁdgﬁ%(}%gg?]mg
polybenzimittazoibspatnyligsypRdnmgrebimsatand palyangtheelescfopvaiardiaithy axamsies of mold
release agenys QL se MG RIeFent INSOHRN IR ANES SHCR A o SAMAURANRX JO0TT] The
mixture of poly enolic com%ounds as wel as the epoxy resin of the present invention are useful, inter

alia, as therpdspheaiolc cormpeneditswish tiee ndasitfd cbahsdaersistricRitamtesdtie.gf, Rbeprlifted circuit
boards and gatesials IQ%_WSQ@%?&M&Q@EE?@%&@%@& IGeSehsttatas) fonaxamBRIaecdR order to

increase the thermal resiStance (e.g., thermal decomposition temperature > about 340C) and/or the
glass transit?@ﬁ%?nbét%ﬁwét(}@?@?,*g 15 S BRRCLS G Sar /BToRP I Rpr GVE BRSO SHE%: S &offesponding
cured produgtsy B¥ample . 11 A Qynihesisand Chanaeterizatianvafiaodlixtede about 5:1,e.g,
Polyphenolic_Compounds Based on C%clohgxa e Dicarboglde%nyéjeglgd, Phené)l %0 78}ﬁlgp0enol (598

g, 6.36 mole®) &l RAbRSxahe HIEATLEELRAYISTTAS §t %% an €

& 'm’i>%t’ure of 73-3
1,4-isomersatatio 10f phenotic dyouwds tolaldetoydergr@0pd =6 et endgpival iteratphofthheria! o
cyclohexane dicarboxaldehyde =3 : 1 re added together i 1-1.5-n actor '[-Iag m%ture was
heated to 50 I\I/voll;]rgogé (r’é%grl’r%gﬁat%i%%@ﬁ%e??&ﬁgﬁg%%‘?@g% gng%attﬁgéslé%eric fizrlelssure,
p-toluenesulfcHiccauicl iRTESA 14 18950 thetpedy A0 by wWisidyh) wids siehdled i six portions over 30

g%gvgﬁég gach P %&%ﬂgﬁ%@ﬂﬁ{nﬂ% O RTSA

minutes. Th«f , ture 'in ease(p a {)ew ﬂ?g;
. e cveloalkane cicarboxalde
addition, the temperature controller was set to vacuum was ap to the reactor. In order to

avoid the reactoessantgriafio daimgStheatentifidr rithecreboiotpresswretwas Preiduallgrdecieasad to
remove watgp i &, Faction solution; Whenghe, refliy iad sHapped.ihe FeaciRr Wasaeaied and

kd

water (48 g) was added. [0079] Water (79 g) and NaHCO3 (0.6212 g) were added to neutralize the
PTSA. WheHig#ebpeakdibidso M@t ARETE60I80EtPFo S ferHBBISHL rdD eI Bt e LB EME wild
transferred tqa-2itoaRparatanyiunnelMaibyuliathybkemneAME Ky wasiaddes .apt the goatents were

washed several times with water to remove PTSA-salt. The solvents and excess phenol were removed
using a rotayf e XPERRBIANHHE HEH VO iR Bou s offfo S1GHRintim FHICHH FEAREdm of phenol
with cyclohezras chaattinKaldehydamrogticeek as:the diedbaxiaciyrduct aitetyajphenolephdsessing

the foIIowingdide%Iize mé‘%tj%?[%t'ogig%lr% raViO'ﬁt_z%?&fC%Q%gﬂg érinqiaa%aéyﬁs[gt f%g%\c/li? glguhxdroxyl

. .1»';‘911] cxanec ks
equivalent werg ? pressuré liqui romatographic ( analysis'was

adjusted to r'ese)lwlscﬂpp@sbmemic)m;dmpdm@nm@S@ﬂtﬁd-@h@%du%@@bﬂi@lé@@@bxid%ﬁ of
Mixture of PO'YRQI%”%'%%%’F‘B%&@Q&al@gﬁajﬁé&%ﬂe@‘%%ﬁ ﬁ%ﬁ%ﬂ%@?ﬁﬂ%@ GRRRQUIS, gRiaiGRd

according tonllz'xamp e 1 (L07.5 9, 0.22 moles based on the assumption of 100 % tetraphenol of the
above structgfahs and/or in the presence or absence, number and/or types of ring substituents (for

example, a mixture of one or more cyclohexane dicarboxaldehyde isomers and one or more
cyclooctane dicarboxaldehyde isomers) may be employed in the process of the present
invention.

[0037]  The cycloalkane moiety of the dicarboxaldehyde for use in the process of the
present invention may comprise one or more (e.g., 1, 2, 3, or 4) double bonds and/or
may optionally carry one or more (e.g., 1, 2, or 3) additional substituents, If more
than one substituent is present, the substituents may be the same or different. Non-
limiting examples of substituents which may be present on the cycloalkane ring are
alkyl groups, e.g., optionally substituted alkyl groups having from 1 to about 6 carbon
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epichlorohydrin (414.08 g, 4.51 moles; ratio of epoxy groups to phenolic groups = equivalent ratio of
epichlorohydrin to polyphenolic compounds = about 5.1 : 1) and Dowanol(r) PM (propylene glycol
methyl ether available from Dow Chemical Company; 79.4 g, 12.7 % by weight) were addedtoa 1.5 L
5-neck reactP &/ 1E$8kant solution was heated to 65C while being agit&téd’ 853 fd#h. Upon
reaching 65C, vacuum (285 mbar) was applied tq.the reactor and 50 % aqueouys NaOH (72.9 g) was
added to thé ¥ ERStSHEMITEY bSr Hibd o PSR A RO RSB oAy eﬁgnpgﬁﬁgﬂﬁﬁdﬁfb%? ﬁéyreg)ction
mixture wassképti foredrphedisd) L onihinlitesat 666 anchtheretpe Bnfile ned&ortontéinglvaad filtdred to

remove by-product salt..The filtrate was fransferred to a 2-L.separatory funnel, methyl ethyl.ketone
o o 1 HE e AT A Rt e Bt LR el et A

, €.2.. 01 Q 5.8 ,
MmiXture was extracted several times with Wwater to remove
residual saltafithBreafter, the washed solution was concentrated on a rotary evaporator to remove

unreacted epj rohydrin, The. resultant t resin_ was poured 0 aluminum foil. Examg.!, 3
[0082]The pﬁéﬁp% tio;rqgoef %hﬁ%‘&?%ﬁr%"‘é’#’ﬁg?@p eno |cl%ongp%8ﬁeg ?;rélwc E%ﬁ%igﬁ?t ?garr%gxa dehyde

and phenol &ndihsispek @éﬁmﬁ‘-dﬂﬂﬁs?mfxtﬂhﬁeavﬂw&pidhk)ﬁ il wisve csampask oucivaee flask
under severgl gifigrept §,e%9tt§nsﬁ8mﬂe%@- dhereagion.conditignsandiharrapeties,efihe resultant

products are summarized in Table 1 below. Table 1 Processing Condition or Property Run 1 Run 2
Run 3 Run 4YREHSHRHEFOPCHDI Gavivaederbticars sp Gffersnt. shopHgatiog fyatnesosi0. 254

0.246 0.188 Q% 0:3ReacHR TP Be §86:En80n the phenol ring are halogen (e.g., F, Cl, and Br,
preferably Cl or Br), cyano, nitro, hydroxy, unsubstituted or substituted alkyl
preferably having from 1 to about 6 carbon atoms, unsubstituted or substituted
cycloalkyl preferably having from about 5 to about 8 carbon atoms, unsubstituted or
substituted alkoxy preferably having from 1 to about 6 carbon atoms, unsubstituted or
substituted alkenyl preferably having from 3 to about & carbon atoms, unsubstituted
or substituted alkenyloxy preferably having from 3 to about 6 carbon atoms,
unsubstituted or substituted aryl preferably having from 6 to about 10 carbon atoms,
unsubstituted or substituted aralkyl preferably having from 7 to about 12 carben
atoms, unsubstituted or substituted aryloxy preferably having from 6 to about 10
carbon atoms, and unsubstitated or substituted aralkoxy preferably having from 7 to
about 12 carbon atoms,

{6039} It is to be appreciated that whenever the terms “alkyl” and “alkenyl” are
used in the present specification and the appended claims, these terms also include
the corresponding cycloaliphatic groups such as, e.g,, cyclopentyl, cyclohexyi,
cyclopentenyl, and cyclohexenyl. Also, where two alkyl and/or alkenyl groups are
attached to two carbon atoms of an aliphatic or aromatic ring, they may be combined
to form an alkylene or alkenylene group which together with the carbon atoms to
which this group is attached results in a preferably 5- or 6-membered ring structure.
In the case of non-adjacent carbon atoms, this ring structure may give rise to a
bicyclic compound.

[0040] The above alkyl groups and alkoxy groups will often comprise from 1 to
about 4 carbon atoms and in particular, 1 or 2 carbon atoms. Non-limiting specific
examples of these groups include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, and tert-butyl, and methoxy, ethoxy, propoxy, isopropoxy, n-butoxy,

-
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isobutoxy, sec-butoxy, and tert-butoxy. The alkyl and alkoxy groups may be
substituted with one or more (e.g., 1, 2, or 3) substituents, If more than one
substituent is present, the substituents may be the same or different and are preferably
identical. Non-limiting examples of these substituents include halogen atoms such as,
e.g., F, (1, and Br. Non-limiting examples of substituted alkyl and alkoxy groups
include CF;, CF;CH;, CCl;, CCl;CH,, CHCl,, CH,Cl, CH,Br, CCl30, CHCLO,
CH,CIO, and CH:BrO.

[0041] The above alkenyl and alkenyloxy groups will often comprise 3 or 4 carbon
atoms and in particular, 3 carbon atoms. Non-limiting specific examples of these
groups are allyl, methallyl and 1-propenyl. The alkenyl and alkenyloxy groups may
be substituted with one or more (e.g., 1, 2, or 3) substituents. If more than one
substituent is present, the substituents may be the same or different and are preferably
identical. Non-limiting examples of these substituents include halogen atoms such as,
e.g., F, Ci, and Br.

[0042] The above aryl and aryloxy groups will often be phenyl and phenoxy groups.
The aryl and aryloxy groups may be substituted with one or more (e.g., 1, 2, 3, 4, or
53 substituents. If more than one substituent is present, the substifuents may be the
same or different. Non-limiting examples of these substituents include nitro, cyano,
halogen such as, e.g., F, Cl, and Br, optionally halogen-substituted alkyl having from
1 to about 6 carbon atoms, e.g., from 1 to about 4 carbon atoms (for example, methyl
or ethyl) and optionally halogen-substituted alkoxy having from 1 to about 6 carbon
atoms, e.g., from 1 to about 4 carbon atoms (for example, methoxy or ethoxy)., Non-
limiting specific examples of substituted aryl and aryloxy groups include, tolyl, xylyl,
ethylphenyl, chlorophenyl, bromophenyl, tolyloxy, xylyloxy, ethylphenoxy,
chlorophenoxy, and bromophenoxy.

[06043] The above aralkyl and aralkoxy groups will often be benzyl, phenethyl,
benzyloxy, or phenethoxy groups. These groups may be substituted (preferably on the
aryl ring, if at all) with one or more (e.g., 1, 2, 3, 4 or 5} substituents. If more than
one substituent is present, the substituents may be the same or different. Non-limiting
exarnples of these substituents include nitro, cyano, halogen such as, e.g., F, Cl, and
Br, optionally halogen-substituted alkyl having from 1 to about 6 carbon atoms, e.g.,
from 1 to about 4 carbon atoms (for example, methyl or ethyl), and optionally

halogen-substituted alkoxy having from 1 to about 6 carbon atoms, e.g., from 1 to
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1.02 1.02 Reaction Temp., deg C 65 65 65 65 65 Reaction lime, mm. 263 257 247 249 257
Novolac Monomer, LC area % 72.19 74.31 71.5 84.46 78.75
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about 4 carbon atoms (for example, methoxy, or ethoxy).

[0044] Of course, as in the case of the dicarboxaldehyde, two or more different phenolic
compounds may be employed in the process of the present invention (e.g., phenol and a
substituted phenol or two differently substituted phenol compounds), although this is

usually not preferred.

[0045] The cycloaliphatic dicarboxaldehydes which are starting materials for the
process for preparing the mixture of polyphenolic compounds of the present invention
may be prepared by methods which are well known to those of skill in the art. By way
of non-limiting example, cyclohexane (1,3 and/or 1,4)- dicarboxaldehyde can be
produced, e.g., by hydroformylation of a cyclohexene carboxaldehyde, which in turn can be
prepared by a Diels-Alder reaction of a conjugated diene such as, e.g., butadiene,
piperylene, isoprene and chloroprene with an optionally substituted alpha,beta-unsaturated
aldehyde such as, e.g., acrolein, methacrolein, crotonaldehyde or cinnamaldehyde as the
dienophile. In this regard, U.S, Patent No. 6,252,121 and Japanese patent application JP
2002-212109, the entire disclosures whereof are incorporated by reference herein, may, for
example, be referred to. These (in no way limiting) reactions may be schematically

represented as follows:
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+ H
R X
Rs
Rz
R1,R2=H (1,3-butadiene) R3.R4=H (acrolein)
R1=H,R2=CH3 (piperyline) R3=CH3,R4=H (crotonaldehyde)
R1=CH3, R2=H (isoprene) R3 = phenyl, R4 = H (cinnamaldehyde)
R3=H,R4=CH3 {methacrolein)
Diels Alder Reaction
O R, o
Ry
H H
Ry Rs R,
Rz
Hydrof ormylation
2 R, o)
9] Ry
> H §-1 H
H ;
R Rs © Rs
Rz

{0046] By using cyclic dienes such as, e.g., cyclopentadiene, cyclohexadiene or furan as
conjugated diene in the Diels-Alder reaction, bicyclic unsaturated aldehydes may be

obtained, as illustrated in the following scheme:
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Diels Alder Reaction

0 » f
Ry Re
H
H H
or ] or / R4
RS Ra Rs

[0047] Cycloaliphatic dicarboxaldehydes may also be prepared by hydroformylation of
cyclic diolefins such as, e.g., cyclooctadiene, as described in, for example U.S. Patent No.
5,138,101 and DE 198 14 913, or by ozonolysis of bicyclic olefins such as norbornene to
produce cyclopentane dicarboxaldehyde (see, e.g., Perry, J. Org. Chem., 42, 829-833,
1959). The entire disclosures of these three documents are incorporated by reference herein.
[6048] By way of non-limiting example, the condensation of one or more (optionally
substituted) cyclohexane dicarboxaldehydes with an (optionally substituted) phenol affords
a mixture of polyphenolic compounds which comprises one or more isomers of (optionally
substituted) cyclohexane dicarboxaldehyde tetraphenol along with compounds with a higher
(and lower) degree of condensation.

[0049] In the above formula (I), p is 0 or an integer of from 1 to about 19, e.g., up to
about 14, up to about 12 or up to about 8§ such as, e.g., 1, 2, 3,4, 5,06, and 7, with 1,
2, or 3 being preferred and 1 being particularly preferred.

[0050] The central cycloaliphatic moiety in the above formula (I) may comprise one
or more {(e.g., 1, 2, 3, or 4) double bonds and/or may carry one or more (e.g., 1, 2 or
3) substituents (although the cycloaliphatic moiety will usunally not comprise any
double bonds). If more than one substituent is present, the substituents may be the
same or different. Non-limiting examples of substituents which may be present on the

central cycloaliphatic moiety have been set forth above.
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PTSA = p-toluenesulfonic acid LC = liquid chromatography EEW = epoxy equivalent weight (molecular
weight per epoxy group) [0083] The percentage of tetraphenolic compound (= compound of the
idealized formula depicted in Example 1 above) was estimated based on liquid chromatography-mass
spectrometri¥@2MY/s1438hd gel permeation chromatographic analysis. THESE&a&E81Rdvealed as
many as 11 species of polyphenaglic compound. The large n rr&%§r of isomers.is cﬁ$si ered to be the
result of thel@8fMined RoRBtc ¥ pRGB b GiRRIBBFAITI e aRd BIEAST Brximpl& £fo084] One of
the proposed:usestof tie:-apoxy Esinefithe preseris inyasttionis, that@siaradditive to a high Tg
brominated epoxy laminate system to further boost the Tg and the thermal decompo iti?n temperature
(Td) of the Iéﬁﬁée. T fnthsdatictehitvian B s 6 QHe%?SQ‘é?ﬁ?H@é’nﬁfé’ﬁ%ﬁ&l behave in a

laminate system, B, aOImpal divesitdybias perfeimead using@oomimer diglyoayailabletridundtional
epoxidized novolac resi ditive which is known to improve Tg/Td (EPPN501H availaple from Nippon
Kayaku). Th& &8 g?é?ﬁ/@%ﬁ’]c?ﬁﬁ%%gp&r%%%?ﬂ%ﬁrﬁ?g %g%ugygs-fea&r%%r%iﬁnr%slhSTBi{kE.%lﬁt?\(/I?%S
(epoxidized phertokiformiaitieygepnoieotatyrbsinnaverage tﬁmrabtignéltty{ﬁsﬁl, Epoxy eeiaibsifidntedeight
170181, avglla bl I Ou RO GRCAMAAREL RLE FAM S45(AYGINA CSEAT atoms

tetrabromobisphenol A available” Dow Chemical"Company; bromine source which was kept at 42
% by weightuteswhaiHinl oronbesiti ey allsimbowy B dleighvor Bravaifeoofiie psRtdheaybon
2-ethyl-4-methylimidazele as£atalvehBHRY E-1MyRRA 281 RpHENaliG:NEVela6 SUrNg @gesy available
from Borden Industrial Products, Louisville, Ky) and either a cyclohexane dicarboxaldehyde epoxy
resin (CHD ALY BBcIRIHHERE SresehtiiiaAtior ik Progtrilsr BUWE JFame dbivéBinidie 3) or
EPPN501H asthe perieymanosenhancinguadditive IRtoxariablesaist fHestugywere toeatvaight ratio of
the DENIM 438 to the performance enhancing addi ivtetatn the mo_un_t@ggc gg.t{al}g%iTh%gerggtion
conditions anf FARAR 4PESuANh ATSBB IR 1Bl SHIR G TAB ef&rfb%%@] Fietést Samples were prepared
as follows: Tiaexphaniilie ahehepoiy.components were mixed in the presence of catalyst and solvent
(e.g., acetone, 2-butanone, Dowanol(r) PM, Dowanol@PMA, etc.) to make a solution having a solids
content of alf@%‘go - 65%56&5?&)3&9%? H]éﬂé/olﬁ?\l%np\?\? higcyin Pg% og%edﬁéﬁaégsoé%trlﬁéir?ér&a%d agitated
at room temperaiie ol tdayh inbandlrasoripbatho Alpartioniofdine solutiorsvhas tited plaeoed on a hot
plate at about 171C for approximately 5 minutes until substan ifagx a th ﬁpé e ﬁth%g een removed
and the mixtSUEFerZ\l/fl} snéﬁtreéq . T%e%gs?dﬁ%e%sn léglﬁ:o? 1&%@&%@% en re&#ﬁ% eng ané/ p?aczed #1) an oven at
about 190C fomaboutfersurcto allow the mixture to fully cure. This material was the used as the
sample for t C gnalysis (Tq) and the TGA analgsifc, Tp -hT*P&P ¥ais4s6d sQlution as
described inqﬁwﬂgt stalrhrl’ét hoe .(:Fgéﬁ\{}]l%?h(fd%:e&%%nt%l F(S?c n?ng C(::a’%n etry (_I:?SC) flglr determining
Tg [0086] D$C awsiswamiedooutaridvinswhinerire 329 \RS® A HsthenpeeRrg)aisIAgP 1 eV Mathod
2.4.24. Two Scans were made, on ihe,samesammlest %Qyééﬁlﬁbﬂvﬁh aconldomerigddsninutes at
Y

190C) in-between runs. The reported Tg values are the midpoint of the transition region in the second

scan. DynanPeenrRehaiarAmaREE DA Morbeteiflingr e Srymoutic’ posrrFiinmi samples

were prepargghRy;coating @dinsfiesr sieebpanat Using odrayyfowmhbasRpe: thivn g @tdlROC for 2
hours. The films were removed using mercury amalgam. The films were th%rn su 'ectte%)c%QMA on an
instrument REA™ 1 BY A s HURSEAII ke CHipTEs WRTR I AT RRE SSi SN YEHRi8RMode &t Hz from
room tempergigiie $027 2 abdbuimin ASamidisampleswéese sithjeeieg thearseodmd isgarvto direck for
complete curg. All samples were confirmed to be fully cured.. Thermogravimetric IS A) for
determining Cﬁﬁa[éﬁﬁ‘ﬁ?%é’%@rﬁaﬁdtégo?%ﬁ%%ﬂfoﬁo e Oﬁlé]ﬁ%gsi}rén& 31\1/%/%% r}%e(ggﬁ?gbg %%%% 'Ir'l(l(-Sg
instrument froeiFAdInstrinmentsgundevsa nithdgenatmospigienafing ieC MethodZEap4ien Simples

were heatedfom 256 B 18450, 8 & 1EA RT3l ALAGIIN, TAE (EMRSIALIE ANYEh s laminate

underwent 5% weig s was recorded as the Td.” WO 20 14383PCPUS20097/036152 [0089]
Results and redktionocorditfohs Bressuhinvansed in TaplecooBibRniraasid 2D EAINAsh SBEPBRE or

CHDAE Tg by R&Gt% QMBM@&I%%DB&QW YeMpeahds e 8:dyresienidlt may be dispensed

with, although solvents may, of course, be used.

[6055] Regarding suitable reaction conditions for the production of polyphenolic

compounds by reacting phenolic compounds with aldehydes which are different from
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formaldehyde U.S. Patent No. 5,012,016 and Kirk-Othmer, Eﬁcyclopedia of Chemical
Technology, 1996, John Wiley & Sons, chapter “Phenolic Resins™ (author: Peter
Kopf), volume 18, pp. 603-644, the entire disclosures whereof are incorporated by

reference herein, may, for example, by referred to.

[0056]  The present process is very versatile as far as the mixture of polyphenolic
compounds obtainable thereby is concerned. For example, a very low polydispersity
product mixture with a high average functionality can be produced by this process. By way
of non-limiting example, when cyclohexane dicarboxaldehyde and phenol are employed as
starting materials in the process of the present invention, products having a weight average
molecular weight (Mw) of about 930 and a number average molecular weight (Mn) of about
730 and/or an average of about 6 hydroxy groups per molecule can be produced by using a
relatively high ratio of phenolic hydroxy groups to aldehyde functionalities to keep the
degree of oligomerization low. The excess phenolic starting material may then be removed,
for example, by distiliation.

[00657] The conversion of the hydroxy groups of the mixture of polyphenolic
compounds of the present invention into glycidyl ether groups (i.e., groups of formula -
O-CH,-CH(O)CH,) to produce an epoxy resin is possible by using, for example,
conventional processes. Usually at least about 60%, e.g., at least about 70%, at least about
80%, at least about 90%, at least about 95%, at least about 98%, at least about 99% or even
substantially all (about 100%) of the phenolic hydroxy groups of the mixture of
polyphenolic compounds will be converted into glycidyl ether groups.

[0058] By way of non-limiting example, for preparing an epoxy resin the mixture of
polyphenolic compounds prepared by the process of the present invention may be reacted
with epichlorohydrin in the presence of a base and optionally in the presence of a solvent.
The epichlorohydrin will usually be employed in an at least about stoichiometric amount
with respect to the hydroxy groups which are present in the mixture of polyphenolic
compounds. In particular, the ratio of the number of epoxy groups of the epichlorohydrin
to the number of the hydroxy groups which are present in the mixture of polyphenolic
compounds will often be at least about 2 : 1, e.g., at least about 2.5 : 1, at least about 3 1 1,
at least about 4 : 1, or at least about 5 : 1, but will usually be not higher than about 30 : 1,
e.g., not higher than about 20 : 1, not higher than about 15 : 1, or not higher than about 12
1.
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[0059] Non-limiting examples of bases for use in the above reaction are inorganic bases
such as alkali and alkaline earth hydroxides, NaOH and KOH are examples of preferred
base materials, The equivalent ratio of base to the hydroxy groups which are present in the
mixture of polyphenolic compounds will usually be at ieast about 0.9 : 1, e.g., at least about
0.95 : 1, or at least about 0.98 : 1, but will usually be not higher than about 1.2 : 1, e.g., not
higher than about 1.1 : 1, or not higher than about 1.05: 1.

[0060] Usually reaction temperatures of from about 20°C to about 85°C will be employed,
e.g., reaction temperatures of from about 40°C to about 80°C or from about 50°C to about
70°C.

[6061] Reaction times can vary substantially, for example, as a function of the reactants
being employed, the reaction temperature, solvent(s) used, the scale of the reaction, and the
like, but are often in the range of from about 2 hours to about 6 hours, e.g., from about 3
hours to about 5 hours,

[0062] The epoxidation reaction can be carried out with or without solvent (in the latter
case epichlorohydrin may serve also as the reaction medium). Non-limiting examples of
suitable solvents for the epoxidation reaction include low molecular weight alcohols such as
isopropyl alcohol, glycol ethefs such as Dowanol® PM, polar aprotic solvents such as
dimethyl suifoxide, chlorinated hydrocarbons, aliphatic and cycloaliphatic ethers and

diethers, aromatic hydrocarbons, and mixtures thereof.

[0063] Although both the mixture of polyphenolic compounds and the epoxy resin of
the present invention can be used alone, i.e., without the addition of any other resins {(or
may be used as a mixture of only the epoxy resin of the present invention and the mixture
of polyphenolic compounds of the present invention) to make cured products, they will
usually be used in combination with one or more resins which are different from the epoxy
resin of the present invention and the mixture of polyphenolic compounds of the present
invention. For example, the mixture of polyphenolic compounds and/or the epoxy resin
of the present invention may be combined with other epoxy resins such as, e.g., diglycidyl
ethers of bisphenol A or bisphenol F, and glycidyl ethers of phenol novolac or cresol
novolac resins (ie., glycidyl ethers of formaldehyde-based phenolic resins) in order to
increase the thermal resistance and/or the toughness of corresponding cured products.
Corresponding mixtures will often comprise from about 5 % to about 95% by weight, e.g.,
from about 10% to about 90%, from about 20% to about 80%, from about 30% to about

70%, or from about 40% to about 60% by weight of the mixture of polyphenolic
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compounds and/or the epoxy resin of the present invention, based on the total weight of the
resin components.

[06064]  The epoxy resins of the present invention can, for example, also be used in
combination with a brominated bisphenol such as, e.g., tetrabromobisphenol A (TBBA), the
diglycidyl ether of TBBA, or the oligomeric epoxy resins which are derived from TBBA
and can be used for the manufacture of electrical laminates (e.g., FR4 electrical laminates).
Non-brominated flame retardants such as phthalates (e.g., dioctyl phthalate), phosphates,
phosphonates, and phosphinates, especially those derived from DOPO (6H-
dibenz[c,e}[1,2]oxaphosphorin-6-oxide) may also be used to yield a brominated epoxy resin
or a halogen-free epoxy resin respectively, that can be used for the manufacture of electrical
laminates (e.g., FR4 electrical laminates). Examples of typical hardeners for such
formulations include dicyandiamide, polyphenots (such as, e.g., the mixture of polyphenolic
compounds of the present invention), and anhydrides. Examples of solvents which may be
used to make corresponding formulations include acetone, 2-butanone, cyclohexanone,
methoxypropanols, and methoxypropanol acetate. Examples of other additives, catalyst and
fillers which may be used include those which are conventionally employed.

{0065] The mixture of polyphenolic compounds of the present invention may be used in a
similar fashion as the epoxy resin of the present invention by combining this mixture with,
e.g., epoxy resins such as epoxy novolacs and the diglycidylether of a bisphenol such as
bisphenol A. Additional hardeners as described above may be added, along with brominated
and/or non-brominated flame retardants, for example, phthalates such as, eg.,
dioctylphthalate to yield a halogen-free resin that can be used for the manufacture of

electrical laminates (e.g., FR4 ejectrical laminates).

[6066] Other non-limiting examples of compounds and resins which may be combined
{and co-cured) with the mixture of polyphenolic compounds and the epoxy resin of the
present invention are disclosed in, e.g., the co-assigned applications entitled “AROMATIC
DICYANATE COMPOUNDS WITH HIGH ALIPHATIC CARBON CONTENT”
(Attorney Docket No. 66499), “AROMATIC POLYCYANATE COMPOUNDS AND
PROCESS FOR THE PRODUCTION THEREOF” (Attorney Docket No. 66500) and
“ETHYLENICALLY UNSATURATED MONOMERS COMPRISING ALIPHATIC AND
AROMATIC MOIETIES” (Attorney Docket No, 66641), all filed concurrently herewith.
The entire disclosures of these co-assigned applications are expressly incorporated by

reference herein.
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0.875 183 183 193 187 352 349 3.9 5.70 2E4MI = 2-ethyl-4-methy imidazole [0090] As can be seen
from the above results, in almost all cases the additive according to the present invention afforded a

higher Tg by DMA and a higher Td than the comparative additive. Howe ' past iemarkable
is that the aé'&t?\?@’aflfﬁ@ present invention proved to be significantly sup\é%%/rw (go}%deﬁ' comparative

additive withfgSpectipan IMPOXBMAN! & de RalRntial thauanagsa ol lag.susient, avfedisated by a
significantly' flower rubbery modu usttl>Tg in all cases. Example 5 [0091] Another comparative study
was performesgedtheltesineSmbeonegmpiiseenare ShowATETABRASCHIBW. B+F18 SRarfds™ore

cyclohexang fatranhenpland. e GHIR ishs cpaxyoeysiRiexaRe drliariensl. BBANS mdisphenol A

novolac and eBPAN is the epoxy of bisphenol A novolac. Rezicure 3026 is a phenoljc novoloc from SI
group. 2-MIt@fzfrﬁfétmmtﬂi@l%.e’iwl?%’é/i‘ﬁ‘s@ﬂﬁ@’?m@%m%ﬁzﬁt%ec?s‘taé:yc%’p%?‘ients EW
% solids WG MM beHesSohution MYadas AGHsat M L&) flame retardants, solvents, fillers, glass fibers,

adhesion promoters, wetting aids, dispersing aids, surface modifiers, thermoplastic resins,
and mold release agents.

[0068] Non-limiting examples of suitable curing agents and curing accelerators include,
but are not limited to, amine-curing agents such as dicyandiamide, diaminodiphenylmethane
and diaminodiphenylsulfone, polyamides, polyaminoamides, polyphenols, polymeric thiols,
polycarboxylic acids and anhydrides such as phthalic anhydride, tetrahydrophthalic
anhydride (THPA), methyl tetrahydrophthalic anhydride (MTHPA), hexahydrophthalic
anhydride (HHPA), methyl hexahydrophthalic anhydride (MHHPA), nadic methyl
anhydride (NMA), polyazealic polyanhydride, succinic anhydride, maleic anhydride and
styrene-maleic anhydride copolymers, polyols, substituted or epoxy-modified imidazoles
such as 2-methylimidazole, 2-phenyl imidazole and 2-ethyl-4-methyl imidazole, phenolic
curing agents such as phenol novolac resins, tertiary amines such as triethylamine,
tripropylamine and tributylamine, phosphonium salts such as ethyltriphenylphosphonium
chloride, ethyitriphenylphosphonium bromide and ethyltriphenylphosphonium acetate, and
ammonium salts such as benzyltrimethylammonium chloride and
benzyltrimethylammonium hydroxide. Curing agents and accelerators are preferably used in
total amounts of from about 0.5 % to about 20 % by weight, based on the total weight of the
{curable) mixture (e.g., electrical laminate composition).

[0069] Non-limiting examples of flame retardants and synergists therefor for use in the
present invention include phosphorus containing molecules such as adducts of DOPO (6H-
dibenz[c.e][1.2]oxaphosphorin-6-oxide) with epoxy resins, especially epoxy novolacs,
magnesium hydrate, zinc borate, and metaliocenes. Brominated resins such as, e.g.
tetrabromobisphenol A and the corresponding diglycidyl ether are another example of a
flame retardant component which can be used in the curable mixtures of the present
invention.

[6676] Non-limiting examples of solvents for use in the present invention (for example,
for improving processability) include acetone, 2-butanone, and Dowanol® PM(A)

(propylene glycol methyl ether (acetate) available from Dow Chemical Company).
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eCHTP 195 100 1283.12 34.75 1283.12 1284.00 D.E.R.Th” 560 (70% NV in 70:30 DO1NA1VOE'm
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[6071] Non-limiting examples of fillers for use in the present invention include functional
and non-functional particulate fillers with a particle size range of from about 0.5 nm to
about 100 pm. Specific examples thereof include silica, alumina trihydrate, aluminum
oxide, metal oxides, carbon nanotubes, silver flake or powder, carbon black, and graphite.
[0072] Non-limiting examples of adhesion promoters for use in the present invention
include modified organosilanes (epoxidized, methacryl, amino, allyl, etc.), acetylacetonates,
sulfur containing molecules, titanates, and zirconates.

[0073] Non-limiting examples of wetting and dispersing aids for use in the present
invention include modified organosilanes such as, e.g., Byk 900 series and W 9010, and

modified fluorocarbons.

[6074] Non-limiting examples of surface modifiers for use in the present invention
inciude slip and gloss additives, a number of which are available from Byk-Chemie,
Germany.

[0075]  Non-limiting examples of thermoplastic resins for use in the present invention
include reactive and non-reactive thermoplastic resins such as, e.g., polyphenylsulfones,
polysulfones, polyethersulfones, polyvinylidene fluoride, polyetherimides,
polyphthalimides, polybenzimidazoles, acrylics, phenoxy resins, and polyurethanes.

[0076] Non-limiting examples of mold release agents for use in the present invention
include waxes such as, e.g., carnauba wax.

[0077] The mixture of polyphenolic compounds as well as the epoxy resin of the present
invention are useful, imrer alia, as thermosettable components for the manufacture of
electrical laminates (e.g., for printed circuit boards and materials for integrated circuit
packaging such as IC substrates), for example, in order to increase the thermal resistance
{e.g., thermal decomposition temperature > about 340°C) and/or the glass transition
temperature (e.g., Tg > about 180°C) and/or to improve the toughness of corresponding

cured products,

Example 1

A. Synthesis and Characterization of a Mixture of Polyphenolic Compounds Based on

Cyclohexane Dicarboxaldehyde and Phenol
[0078] Phenol (598 g, 6.36 moles) and cyclohexane dicarboxaldehyde (74.2 g, 0.53 moles,

mixture of 1,3- and 1,4-isomers; ratio of phenolic groups to aldehyde groups = 6:1,
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70
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equivalent ratio of phenol to cyclohexane dicarboxaldehyde = 3 : 1) were added together in
a 1-L 5-neck reactor. The mixture was heated to 50 °C with 500 rpm mechanical stirrer
agitation, At 50 °C and atmospheric pressure, p-toluenesulfonic acid (PTSA) (1.3959 g
total, 0.207% by weight) was added in six portions over 30 minutes. The temperature
increased a few degrees with each PTSA addition. After the 6th PTSA addition, the
temperature controller was set to 70 °C and vacuum was applied to the reactor. In order to
avoid the reactor content flooding the rectifier, the reactor pressure was gradually decreased
to remove water from the reaction solution. When the reflux had stopped, the reactor was
vented and water (48 g) was added.

[0679] Water (79 g) and NaHCO; (0.6212 g} were added to neuniralize the PTSA. When
the reaction contents had cooled to room temperature, the entire contents were transferred to
a 2-L separatory funnel. Methy! ethyl ketone (MEK) was added, and the contents were
washed several times with water to remove PTSA-salt, The solvents and excess phenol
were removed using a rotary evaporator, and the hot novolac was poured onto aluminum
foil. The reaction of phenol with cyclohexane dicarboxaldehyde produced as the

predominant product a tetfaphenoi possessing the following idealized structure:

[6080]  Ultraviolet spectrophotometric analysis provided a hydroxyl equivalent weight
(HEW) of 118.64. High pressure liquid chromatographic (HPLC) analysis was adjusted to

resolve 24 (isomeric) components present in the product.

Exampie 2

Epoxidation of Mixture of Polyphenolic Compounds

{00811 The mixture of polyphenolic compounds obtained according to Example 1 {107.5

g, 0.22 moles based on the assumption of 100 % tetraphenol of the above structure),
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epichlorohydrin (414.08 g, 4.51 moles; ratio of epoxy groups to phenolic groups =
equivalent ratio of epichlorohydrin to polyphenolic compounds = about 5.1 : 1) and
Dowanol® PM (propylene glycol methyl ether available from Dow Chemical Company;
79.4 g, 12.7 % by weight) were added to a 1.5 L 5-neck reactor. The resultant solution was
heated to 65°C while being agitated at 650 rpm. Upon reaching 65°C, vacuum (285 mbar)
was applied to the reactor and 50 % aqueous NaOH (72.9 g) was added to the reaction
mixture over a period of 4 hours. Upon completion of the addition, the reaction mixture was
kept for an extra 15 minutes at 65°C and then the entire reactor content was filtered to
remove by-product salt. The filtrate was transferred to a 2-L separatory funnel, methyl ethyl
ketone was added to the filtrate and the resultant mixture was extracted several times with
water to remove residual salt. Thereafter, the washed solution was concentrated on a rotary
evaporator to remove unreacted epichlorohydrin. The resultant neat resin was poured onto

aluminum foil.

Exampie 3

[0082] The preparation of a mixture of polyphenolic compounds from cyclohexane
dicarboxaldehyde and phenol and the époxidation of this mixture with epichlorohydrin were
carried out in a I-L flask under several different reaction conditions. The reaction

conditions and the properties of the resuitant products are summarized in Table 1 below.

Table 1

Processing Condition or Property | Run 1 Run 2 Run 3 Run 4 Run 5
Phenol/CHDA equivaient Ratio 3/ 3/1 31 31 &/1
PTSA catalyst, wt. % 0.254 0.246 0.188 0.2 0.2
Reaction Temp, deg C 80 B0 80 65 60
Reaction Time, min 180 300 240 265 265
Epi/polyphenclic equivalent Ratio 2.5/1 2.5/1 2.5/1 5/1 5/1
NaOH Eguivalents 1.02 1.02 1.02 1.02 1.02
Reaction Temp., deg C 65 65 65 65 65
Reaction Time, min. 263 257 247 249 257
Novolac Monomer, LC area % 7219 74.31 71.5 84.46 78.75
Nowlac, Mn a7 738

Epoxy, Mn 918 g9z4

% Epoxide 21.83 21.28 21.286 22.47 22.57
EEW 197 202 202 191 191
Viscosity, cis 7695 59644 12078 4111 1130
HyCl, ppm 99 47 42 39 49
Total Chloride, ppm 1400 175 1243 1256 1185
Metler Softening Pt.-Epoxy, deg C 140 145 145 141 122
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CHDA = cyclohexane dicarboxaldehyde
Epi = epichlorohydrin

PTSA = p-toluenesulfonic acid

LC = liquid chromatography

EEW = epoxy eguivalent weight (molecular weight per epoxy group)

[6083] The percentage of tetraphenolic compound (= compound of the idealized formula
depicted in Example 1 above) was estimated based on liquid chromatography-mass
spectrometric analysis and gel permeation chromatographic analysis. These analyses
revealed as many as 11 species of polyphenolic compound. The large number of isomers is
considered to be the result of the combined isomeric species of the dicarboxaldehyde and

phenol,

Example 4

{0084] One of the proposed uses of the epoxy resins of the present invention is that as an
additive to a high Tg brominated epoxy laminate system to further boost the Tg and the
thermal decomposition temperature (Td) of the laminate. To investigate how an epoxy resin
of the present invention would behave in a laminate system, a comparative study was
performed using a commercially available tri-functional epoxidized novolac resin additive
which is known to improve Tg/Td (EPPN501H available from Nippon Kayaku}. The
comparative study was performed using a base system comprising DEN.™ 43§
(epoxidized phenol-formaldeyde novolac resin, average functionality 3.6, epoxy equivalent
weight 176-181, available from Dow Chemical Company), D.E.R.™ 542 (diglycidyl ether
of tetrabromobisphenol A available from Dow Chemical Company; bromine source which
was kept at 42 % by weight to maintain a constant level of 20 % by weight of bromine for
fire resistance), 2-ethyl-4-methylimidazole as catalyst, DURITE™ SD1731 (a phenolic
novolac curing agent available from Borden Industrial Products, Louisville, Ky) and either a
cyclohexane dicarboxaldehyde epoxy resin (CHDAE) according to the present invention
(the product of Run 1 of the above Example 3) or EPPN501H as the performance enhancing
additive. The variables in the study were the weight ratio of the D.EIN.™ 438 to the
performance enhancing additive and the amount of catalyst. The reaction conditions and

results are summarized in the following table.
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4.9188_ 6.8000 100921 The properties of each formulation are shown in Table 4. below. CTE is the
coefficient of thermal expansion. The CHTP formulation has a Tg of about 30C higher or more than the
non-CHTP formulations. Table 4 : DENTm438/R3026 eBPAN/BPAN eCHTP/CHTP Laminate

Thickness (Hifh}00408485 1.42-1.65 1.5-1.73 Tgl (deg C, DSC) 155 181 B¢/ F3PIUEGE2 DSC) 159

185 214 Tg3 (deg C, DSC) 164 187 218 Td (5% wt |
g[ﬂg%? The tes)t samples were prep(areod as fgﬁgz)vs: The phenolic and epoxy components

were mixed in the presence of catalyst and solvent (e.g., acetone, 2-butanone, Dowanol®
PM, Dowanol®PMA, etc.) to make a solution having a solids content of about 60 - 65 % by
weight. The solution was placed in a closed glass container and agitated at room
temperature for 1 day in an ultrasonic bath. A portion of the solution was then placed on a
hot plate at about 171°C for approximately 5 minutes until substantially all of the soivent
had been removed and the mixture was cured. The residue on the hot plate was then
removed and placed in an oven at about 190°C for about 1 hour to allow the mixture to fully
cure. This material was the used as the sample for the DSC analysis (Tg) and the TGA
analysis (Td). The DMA analysis used solution as described in the test method.

Test Methods:
Differential Scanning Calorimetry (DSC) for determining Tg

[0086] DSC was carried out on an instrument 2929 DSC (TA Instruments) using IPC
Method 2.4.24. Two scans were made on the same sample at 20°C/min. with a cool-down
period (15 minutes at 190°C) in-between runs, The reported Tg values are the midpoint of

the transition region in the second scan.
Dynamic Mechanical Analysis (DMA) for determining Tg and modulus

{0087] Thin film samples were prepared by coating a tin-free steel panel using a draw
down bar and then curing at 190°C for 2 hours. The films were removed using mercury
amalgam. The films were then subjected to DMA on an instrument RSA II (TA
Instruments). The samples were run in the tension-tension mode at 1 Hz from room
temperature to 275°C at 5°C/min. Some samples were subjected to a second scan to check

for complete cure, All samples were confirmed to be fully cured.
Thermogravimetric Analysis (TGA) for determining Td

[0688] The thermal decomposition temperature (Td) was measured by a TGA instrurnent
from TA Instruments vnder a nitrogen atmosphere using IPC Method 2.4.24.6. Samples
were heated from 25°C up to 450°C at a heating rate of 10°C/min. The temperature at

which the laminate underwent 5% weight loss was recorded as the Td.
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[0089] Results and reaction conditions are summarized in Table 2 below,

Table 2
438:EPPN Ta by DSC Tg by DA Td T Fubbery Modulus [XE+8 dynesfem’a)]

SE4MI or CHDAE | CHDAE EPPN CROAE | EPPN CHDAE ERPPN CHDAE ZPPN

0.1 0.875 188 184 193 188 344 347 4.8 §.18

.05 4.250 191 187 205 181 356 354 4.1 £.29

0.15 1.500 183 184 188 186 346 345 3.2 5.50

0.1 0.875 83 183 193 186 353 348 3.5 571

0.05 1.500 179 178 181 176 356 356 4 4.70

0.15 0.250 180 191 201 196 348 345 5.1 5.76

0.1 0.875 183 183 143 187 352 349 3.9 5.70

2E4MI = 2-ethyl-4-methylimidazole

[0096] As can be seen from the above results, in almost all cases the additive according to
the present invention afforded a higher Tg by DMA and a higher Td than the comparative
additive, However, what is most remarkable is that the additive of the present invention
proved to be significantly superior to the comparative additive with respect to an
improvement of the potential thoughness of the system, as indicated by a significantly lower

rubbery modulus (>Tg) in all cases.

Exampie 5

[0091] Another comparative study was performed. The resin components used are shown in
Table 3, below. CHTP stands for cyclohexane tetraphenol and eCHTP is the epoxy of
cyclohexane tetraphenol. BPAN is a bisphenol A novolac and eBPAN is the epoxy of
bisphenol A novolac. Rezicure 3026 is a phenolic novoloc from S1 group. 2-MI is 2-

methylimidazole.
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0.354 Td - thermal decomposition T-288 - time to delamination at 288 deg C Example 6 [0093] A
Fusion-Bonded Epoxy (FBE) powder coating formulation was prepared by compounding 672.2 g of
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WO 2009/114383PCT/U82009/036152 in a manual press. The tests (based on ASTM D638) were
conducted at room temperature at an extension rate of 0.03 mm/sec. Load and displacement data
were used to calculate the tensile modulus, tensile strength, and tensile strain at break. Test results for
the films mad@ #YhitHEFormulations of Examples 6-11 are summarized #f TABRREBHBR. Table 5

Example No. 6* 7* 9* 10 11 D.E.R.(r)664UE, g 672.2 528 597 XZ 92457.02, g 754.8 411.3 508.5
Amicure CAXX8EP1g% 3

[6093] A Fusion-Bonded Epoxy (FBE) powder coating formulation was prepared by
compounding 672.2 g of D.E.R.™ 6G4UFE (available from the Dow Chemical Company, &
“4-type” solid diglycidyl ether of bisphenol A having an epoxy equivalent weight of 860-
930 and a softening point of 104-110°C), 9.3 g of Amicure® CG 1200 (dicyandiamide
powder available from Air Products), 5.0 g of Epicure™ P 101 (2-methylimidazole adduct
with bisphenol A epoxy resin available from Shell Chemical), 10 g of Modaflow® Powder
I (flow modifier, ethyl acrylate/2-ethythexylacrylate copolymer in silica carrier
mamufactured by UCB Surface Specialties of St. Louis, Mo), 303.4 g of Vansil® W 20
(wollastonite filler available from The Cary Company of Addison, IL) and 3.0 g of Cab-O-
Sil¥ M 5 (coloidal silica available from Cabot Corp.). A steel bar heated at 242°C was
immersed into the resulting coating powder, then allowed to cure for 2 min at 242°C and
water quenched for 10 minutes. The resulting Fusion-Bonded Epoxy coating showed an

onset Tg of 104°C and a good adhesion to the steel substrate.

Example 7

[0094] A Fusion-Bonded Epoxy powder coating formulation was prepared by
compounding 754.8 g of XZ 92457.02 (isocyanate modified epoxy resin made from
bisphenol A, epichlorohydrin and meﬂxyienediphenylene diisocyanate, commercially
available from the Dow Chemical Company, CAS No. 60684-77-7), 22.2 g of Amicure®
CG 1200 (dicyandiamide powder available from Air Products), 11.2 g of Epicure™ P 101
(2-methylimidazole adduct with bisphenol A epoxy resin available from Shell Chemical),
13 g of Curezol® 2PHZ-PW (imidazole epoxy hardener available from Shikoku), 5 g of
Modaflow® Powder HI (flow modifier, ethyl acrylate/2-ethylhexylacrylate copolymer in
silica carrier manufactured by UCB Surface Specialties of St. Louis, Mo), 193.8 g of
Minspar™ 7 (feldspar filler) and 3.0 g of Cab-O-SiI® M 5 (colloidal silica available from
Cabot Corp.). A steel bar heated at 242°C was immersed into the resulting coating powder,
then allowed to cure for 2 min at 242°C and water quenched for 10 minutes. The resulting
Fusion-Bonded Epoxy coating showed an onset Tg of 160°C and a good adhesion to the

steel substrate.

Examples 8§ - 11
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22.2 D.EH.Im85,g (11 141.5230.9 CHTP,g (21 75.4129.4 EP1CURETM P101,95.011.2
10 2.4 10 3.03

WO 2009/114383 PCT/US2009/436152

[0095] In a manner similar to that described in Examples 5 and 6 FBE powder coating

formulations were prepared from the components listed in Table 5 below.

Film Preparation for Testing

[6096] Void-free thin films of the formulations prepared in Examples 6-11 above were
made for Differential Scanning Calorimetry (DSC), Thermo-Gravimetric Analysis (TGA)
and tensile testing. The free films were prepared by attaching a 75 mm by 150 mm sheet of
DucFoil onto a steel panel (3 by 75 by 200 mm), pre-heating this panel in a Blue M
convection oven set at 242°C for 30 minutes, then placing it in a fluidized bed containing
the powder coatings. The coated panel was then immediately placed in an oven at 242°C
for 2 minutes to cure the coating, After curing, the panel was quenched in a water bath at
ambient temperature for 2 minutes. The FBE coating film was then removed from the

DuoFoil.

Differential Scanning Calorimetry (DSC)

[6097] 10-20 mg samples were cut from the film samples with a razor blade and placed
into open aluminum pans. The pans were crimped, then subjected to a dynamic temperature
scan under nitrogen from room temperatare to 260°C at 20°C/min using a TA Model Q1000
DSC instrument. The Tg's from the first scan and the second scan were recorded. Test
results for the films made from the formulations of Examples 6-11 are summarized in Table

4 below.

Thermo-Gravimetric analysis (TGA)

{0098} TGA samples (~5 mg) were chipped from film samples. Weight loss was
monitored using a TA Instruments Q5000 TGA using a temperature ramp from room
temperature to 750°C in air. The Thermal Decomposition temperature was measure at 3%
weight loss. Test results for the films made from the formulations of Examples 6-11 are

summarized in Table 5 below.

Tensile properties measurement
[6099] Microtensile tests were performed on dog bone shaped thin film samples using an
MTS Alliance RT-10 instrument. The dog bone samples were stamped from rectangular

films to dimensions of approximately 38 mm x 5 mm x 0.254 mm using a microtensile die
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CUREZOL(r) 2PHZ 7/10, g 13.0 2.8 3.51 Modaflow(r) powder Ill, g 10.0 5.0 10.1 4.0 10 3.99
Vansil(r) W 20, g 303.4 310.6 307.2 Minsparim 7, g 193.8 148.8

WO 2009/114383 - PCT/CGS2009/036152

in a manual press. The tests (based on ASTM D638) were conducted at room temperature
at an extension rate of 0,03 mm/sec. Load and displacement data were used to calculate the
tensile modulus, tensile strength, and tensile strain at break. Test results for the films made

from the formuiations of Examples 6-11 are summarized in Table 5 below.

Table 5
Example Neo. 6* 7 8 9 10 11
D.ER.™ 664UE, o 6722 528 597
X7 92457.02, g 754.8 411.3 508.5
Amicure® CG 1200, g 9.3 22.2
D.EH." 85 g " 141.5 | 230.9
CHTP, g ¥ 754 129.4
EPI.CURE™ P101, g 5.0 11.2 10 2.4 10 3,03
CUREZOL® 2PHZ 7/10, 13.0 2.8 3.51
w%/lodaﬂow® powder IlL, g | 10.0 5.0 10.1 4.0 10 3.99
Vansil® W 20, g 303.4 310.6 307.2
Minspar " 7, g 193.8 148.8 151.8
Properties
Gel Time (sec) 39 27.8 39 65.1 31 29.5
Enthalpy (J/g) 77.7 151.4 51 7.6 | 440 74.6
Tgl (°C) of the pewder 56.3 53.6 53 533 68 64.9
coating
Ta2 (°C) of the powder 104.1 160.2 99 123.8 112 156.6
coating
Tensile Strength (psi) 4045.9 5569.1 6861.3
Tensite Modelus (pSi) 1813279 3056427 347701 .4
Elongation at Break (%) 3.8 4.2 4.5
| Tg (°C) of the free film 161.7 122.7 162.7
| Temp @ 5 wt% Laoss (°C) 332.4 399.7 392.5

* = Comparative Example

1} Phenolic epoxy hardener available from the Dow Chemical Company. Based on an
unmodified solid reaction product of liguid epoxy resin and bisphenol A and having an
epoxy equivalent weight of 250-280,

@ Pproduct from Example 1

[0160] As can be seen from the results summarized in Table 5, compared to a
dicyandiamide hardener {Amicure® CG 1200) and a conventional phenolic hardener
(D.E.H.™ 85), in combination with both an epoxy resin and a modified epoxy resin the

mixture of polyphenolic compounds of the present invention (CHTP) affords FBE films
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151.8 Properties Gel Time (sec) 39 27.8 39 65.1 31 29.5 Enthalpy (J/g) 77.7 151.4 51 73.6 44.0 74.6
Tgl (C) of the powder coating 56.3 53.6 53 55.3 68 64.9 Tg2 (C). of the powder coating L04.1

WO 20069/114383 : PCT/US2009/036152

with a superior combination of thermal resistance (Temp @ 5 wt% Loss), Tg and tensile

properties.

[0101] Although the present invention has been described in considerable detail with regard
to certain versions thereof, other versions are possible, and alterations, permutations, and
equivalents of the version shown will become apparent to those skilled in the art upon a
reading of the specification and study of the drawings. Also, the various features of the
versions herein can be combined in various ways to provide additional versions of the
present invention. Furthermore, certain terminology has been used for the purposes of
descriptive clarity, and not to limit the present invention. Therefore, any appended claims
should not be limited to the description of the preferred versions contained herein and
should include all such alterations, permutations, and equivalents as fall within the true
spirit and scope of the present invention.

[0102] Having now fully described this invention, it will be understood to those of ordinary
skill in the art that the methods of the present invention can be carried out with a wide and
equivalent range of conditions, formulations, and other parameters without departing from

the scope of the invention or any embodiments thereof,
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160.2 99 123.8 112 156.6 Tensile Strength (psi) 4045.9 5569.1 6861.3 Tensile Modulus (psi)
181327.9 305642.7 347701.4 Elongation at Break (70) 3.8 4.2 4.5

WHAT IS CLAIMED IS.

1. A mixture which comprises

(i) at least one of (a) the mixture of poiyphenolic compounds snd/or a.
5 prepolymerized form thereof and (b) an epoxy resin and/or a prepolymerized form
thereof and

(ii) at least one of (c) a novolac _-res'x'n and (d) an epoxy resin which is different
from (b); '

wheretn the mixture of poiyphenolic compounds (2) is -obtainable by a process
10 comprising: oondensing a dialdehyde of & cycioalkane having from about 5 to aioout 24
ring carbon atoms with 2 phenolic compound at a ratio of phenoiic hydroxy groups 1o
aldehyde groups which affords a mixture of polyphenolic compounds which ccm;}rises at

least about 20 % by weight.of a polyphenolic compound of formula (I):

Rm o
| (R
~~Ch_
CH 0—Q
Q“O—@/ He
' (CHZ}p
(Rim

s | (Rim
o

¢

wherein:
p is 0 or an integer of from 1 to about 19;
each m independentiy is 0, 1, or 2;

20  the moieties R independently represent halogen, cyanoc, nitro, hydroxy, Option.alky
substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy,
-optionally substituted alkenyl, optionally substituted alkenyloxy, optionally

substituted aryl, optionally substituted aralkyl, optionally substituted aryloxy, and
optionally substituted aralkyloxy; and
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Tg (C) of the free film 161.7 1227 162.7 Temp @ 5 wt% Loss (C) 332.4 399.7 3925 *=
Comparative Example (1) Phenolic epoxy hardener available from the Dow Chemical Company.
Based on an unmodified solid reaction product of liquid epoxy resin and bisphenol A and having an
epoxy equivalent weight of 250-280. (2) Product from Example 1 [0100]As can be seen from the
results summarized in Table 5, compared to a dicyandiamide hardener (Amicure(r) CG 1200) and a
conventional phenolic hardener (D.E.H.Tivi 85), in combination with both an epoxy resin and a
modified epoxy resin the mixture of polyphenolic compounds of the present invention (CHTP) affords
FBE films with a superior combination of thermal resistance (Temp @ 5 wt% Loss), Tg and tensile

properties. [Or}kQ],.],@igggngg&d%%gpg;ggg,ﬂtion has been described in considerable detail with
regard to certain versions thereof, other versions are possible, and alterations, permutations, and

equivalents oA TEr ST SRBIEHOWITBiScHRISHBH FEMPIPbsE stifietPRYIhEmRUiHIH a@ding of the
specification apgosiigly friediawingsr\siligevatiQuafeatiiesaptitipNersinnghareifcan be

combined in \{rzi\éiouds V\@Xg)to &)r_ovide additional versions of the present invention. Furthermore, certain
terminology hASBEEH USER T65F the purposes of descriptive clarity, and not to limit the present

inventions Thereforesndnyiappaneret€lrisis Ghasldutginbe ymipaditiing deapiakon afihadgeferred
versions cont irég n and should. include all,such Iter%tions ermué tions %?nd_e ujvalents as fall

h i ,
ity Coontiel Btk s S v R

Ing n
invention, it wgitdsesunderstood to those of ordinary skill in the art that the methods of the present
invention can be carried out with a wide and equivalent range of conditions, formulations, and other
parameters without departing from the scope of the invention or any embodiments thereof.

- 2. . The mixture of claim !, wherein the mixture of polyphenolic compounds

10 comprises at least about 50 % by weight of the polyphenolic compound of formuia (I).

3. The mixture of any one of claims 1 and 2, wherein 2 molar ratio of phenolic

compound to cycloalkane dialdehyde in the process is at least about 5 : 1.

15 4. The mixture of any one of claims 1 1o 3, wherein the cycloalkane has 6, 7 or §

ring carbon atoms.

5. The mixture of any one of claims 1 to 4, wherein the dialdehyde in the process

comprises a cyclohexane dicarboxaldehyds.

20

6. The mixture of eny one of claims 1 to 5, wherein the phenolic compound in the

process comprises phenol,

7. The mixture of any one of claims 1 to 6, wherein the epoxy resin (b) is obtained

25 by converting substantially ali of the phenolic hydroxy groups into glycidy! ether groups.

8. The mixture any one of claims | to 7, wherein the epoxy resin (d) comprises an

epoxidized novolac resin.

30 9. The mixture of any one of ciaims 1 to 8, wherein the mixture comprises &
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WHAT IS CALMED Is 1.A mixture Which comprises (1) at least one of (a) the mixture of

- polyphenolic compounds and/or a 5 prepolymerized form thereof and (b) an epoxy resin and/or a
prepolyrnerized form thereof and (i) at least one of (c) a novolac resin'and (d) an epoxy resin
which is different from (b); wherein the mixture of polyphenolic compounds (a) is obtainable by a
process 10 comprising: condensing a dialdehyde of a cycloallcane having from about 5 to about 24
ring carbon atoms with a phenolic compound at a ratio of phenolic hydroxy groups m aldehyde groups
which affords a mixture of polyphenolic compounds which comprises at least about 20 % by weight of
a polyphenolic compound of formula (I): 15(R)m (1) wherein: p is 0 or an integer of from 1 to about 19;
each m indepppgi@nibuisddxls 125id; 20the moieties It independently represent halogen, cyano, nitro,
hydroxy, optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy,
optionally substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl, optionally

substituted . aqionallysuPsivizd andsk: 3P ianalin wESHISA alolag snd the

moieties Q represent hydrogen; and any non-aromatic cyclic moieties comprised inthe above formula
(1) may optior?&ify €af§tomé whightifge fedesiv o e PIpIERERY o SRSHISE B rRe BRFEre double
bonds; Sfand ﬂéﬁfﬂiﬁlﬁﬁslwﬁﬁribkﬁﬁbﬁﬂ‘fﬁ mﬁfarﬂaluydgﬁﬁaoaﬁmﬁ@yﬁnee@r%ag mﬁ,&qlinhyldroxy
groups of a mixture of polyphenolic compounds (a) into glyci er groyps. 2. The mixture of claim
1, wherein thgérgn%s&%?e%?%(g) S'/rﬁiie‘r&l%tlﬁg %o?ﬁ%bu%%’sg%%%%‘%Sgggﬁaagkoéﬁﬂfﬁ&wmgﬁht of the
polyphenolic polnpotnehohfoltmeleast) 28:he mixture of any one of claims 1 and 2, wherein a molar
ratio of phenolic compound to cycloalkane dialdehyde in the process is at least about 5 : 1. 154.The

mixture of any one of claims 1 to 3, wherein the cycloalkane has 6, 7 or 8 ring carbon atoms. 5.The -
mixture of any bne dfitslaimsutsto4gnyhereinfthizidialdeloydie, inttheinrdeeasixre is partialiy or

10 completely cured.
12. A product which comprises the mixture of any one of claims 1 to 11,

13. The product of claim 12, wherein the product is at least one of .an electrical
15  iarninate, an IC substréte, a casting, 2 coating, a die attach and mold compound

formulation, a composite, a potting composition, and an adhesive.
14. A method of making the mixture of any one of claims 1 10 11.

20 15.  Use of at least one of (a8) & mixture of polyphenoiic compounds and/or &
prepolymerized form thereof and (b) an epoxy resin and/or a prepolymerized form
thereof for increasing at least one of the thermal resistance and the toughness of a resin
‘material;

wherein the mixtwre of poiyphenolic compounds (&) is obtainable by a process

25  comprising: condensing a dialdehyde of 2 cycloalkane having from about 5 to about 24
ring carbon atoms with a phenolic compound at a ratio of phenolic hydroxy groups to
aldehyde groups which affords  mixture of polyphenolic compound's which comprises at

least about 20 % by weight of a potyphenolic compound of formula (i):
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—comprises a cyclohexane dicarboxaldehyde. 20 6. The mixture of any one of claims 1 to 5, wherein

- the phenolic compound in the process comprises phenol. 7. The mixture of any one of claims 1 to 6,
wherein the epoxy resin (b) is obtained 25by converting substantially all of the phenolic hydroxy
groups into glycidyl ether groups. 8. The mixture any one of claims 1 to 7, wherein the epoxy resin (d)
comprises an epoxidized novolac resin. 309.The mixture of any one of claims 1 to 8, wherein the
mixture comprises a brominated epoxy resin. 10. The mixture of any one of claims 1 to 9, wherein the
mixture further comprises one or more substances which are selected from polymerization catalysts,
co-curing 5 agents, flame retardants, synergists for flame retardants, solvents, fillers, glass fibers, '
adhesion promoters, wetting aids(ﬂ'ﬂoersing aids, surface modifiers, thermoplastic polymers, and
mold release agents. 11. The mixiure of any one of claims 1 to 10,(&ﬂ1erein the mixture is partially or
10completely cured. 12. A pro ich comprises the mixture of‘any one of claims 1 to 11. 12.The
product of claim 12, whéreir'th is at least one of an ele 5laminate, an IC substrate, a
casting, a coating, a die attach and mold cgrpetnd formulatio og?téfg potting composition,
and an adhesive. 14.A method iIng the mijtaure o anpgne of cfaims 1 toll. 2015.Use of at least
one of (a) a mixture of F%T)-/- e mpound prep d form thereof and (b) an
epoxy resin and/or a prepoiymeri form thereof@drjhcreasing oife of¢he thermal resistance
and the toughness of a resin mateff&iwherein the mixture of poly olic compounds (a) is
obtainable by a process 25 comprising: condensing a dialdehyde of&}gycloalkane having from about 5
to about 24 ring carbon atoms with a phenolic compound at a ratio of phenolic hydroxy groups to
aldehyde groups which affords a mixture of polyphé@olic compounds which comprises at least about

20 % by weighfefeampolyphenolic compound of formula (I):  wherein: p is O or an integer of from Ito
about 19; ‘

p is 0 or an integer of from 1 to about 19;
5  each m independently is O, 1, or 2;
the moieties R independently represent halogen, cyano, ni'tro,‘ hydroxy, optionally
substituted alkyl, optionally substituted cycloalkyl, optionally substitited alkoxy,
optionally substituted alkenyl, optionally substituted alkenyloxy, optionally
substituted aryl, optionaliy .substi'tuted aralkyl, optionally .substituted arvioxy, and
10 optionally substituted aralkyloxy; and
the moieties Q represent hydrogen;
and any ﬁcn-—aromatic cyclic moieties comprised ‘in the above formula (I} may
optionally carry one or more substituents and/or may optionally comprise one or

more double bonds; and

15 wherein epoxy resin (b) is obtained by partially or compietely converting phenolic
hydroxy groups of a mixture of polyphenolic compoun&s (a) into glycidyl ether proups,
o _ _

wherein the resin materizl is made from at least one of ¢} a. novolac resin and (d)

an epoxy resin which is different from (b).

20
16.  Use according te claims 15 wherein the material which results from the method
comprises 5% to 95% by weight of the mixture of polyphenolic compounds and/or the

epoxy resin of the present invention, based on the total weight of the resin components,
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5each m independently is O, 1, or 2; the moieties R independently represent halogen, cyano, nitro,

- hydroxy, optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy,
optionally substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted aryloxy, and 10optionally substituted aralkyloxy; and the
moieties Q represent hydrogen; and any non-aromatic cyclic moieties comprised in the above formula
(I) may optionally carry one or more substituents and/or may optionally comprise one or more double
bonds; and 15wherein epoxy resin (b) is obtained by partially or completely converting phenolic
hydroxy groups of a mixture of polyphenolic compounds (a) into glycidyl ether groups; and wherein

the resin mat?zi_al isﬁ?@?&&@m&klgﬂ%%‘gfgfﬁﬁ%q g%/%a%géjﬂ ngd,(d) an epoxy resin which is

different from (b). 20 16.Use according to claims 15 wherein the material which results from the
method comprises 5% to 95% by weight of the mixture of polyphenoiic compounds and/or the epoxy

resin of the prgsent,invention,.based on the total yweight, of sin compenents, . 17. Use according
to any one ofli(?l'aimsL%% 51 d@v efgir?n is :gLe Q:JL%C Yé@ﬂé@oﬁ%mg to éeﬁ%}noﬁgeeo? c?g?(mgéesi% ?6% 17 wherein
the epoxy regiprehiss mpreddired pexdiesesiiovolac resin. 19. An epoxy resin which is obtainable by
a procesg comprising partially or completely converting phenolic hydroxy groups of the mixture of
polyphenolic compounds into glycidyl ether groups; wherein the mixture of polyphenolic compounds is
obtainable byl prodessproczompiisinbicondepitioehididitehypeesta eprlpafienasglig 6'ring carbon

atoms with a ghenelis.campreikatddie ofRheRolicBYgoXY grRURS HAIdshypa GiMBgWhich
affords a mixture of polyphenolic compounds which comprises at least about 20 % by weight of a
polyphenolic ESRASBERIYPrRYHIH ESr F8MRSm (0 wherein: p is 1; each m independently is 0, 1, or 2;

20the moieties R indgpensantyrepirsestt balpgrAsnyanampitadhydrepeiraptionally process
‘; 10 comprising condensing a dialdehyde of a.cycloalkane having 6 ring carbon atoms with a
phenolic compound at a ratio of phenolic hydroxy groups to aldehyde groups which
affords a mixture of poiyphenoiic compounds which comprises at least about 20 % by

weight of a polyphenolic compound of formuta (I):

(R
(Rm

15 (R)m

wherein:
pisl;
eac'h m independeﬁtiy is0, 1, 0r2;

20 the moieties R independently represent halogen, cyano, nitro, hydroxy, optionally

_ substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy,

optionally suBstituted alkenyl, optionally substituted alkenyloxy, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted aryloxy, and
optionally éubstituted aralkyloxy; and
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substituted alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy, optionally substituted
alkenyl, optionally substituted alkenyloxy, optionally substituted aryl, optionally substituted aralkyl,
optionally substituted aryloxy, and optionally substituted aralkyloxy; and the moieties Q represent
hydrogen; and any non-aromatic cyclic moieties comprised in the above formula (I) may optionally
carry one or more substituents and/or may optionally comprise one or more double bonds. 20.An
epoxy resin according to claim 19, wherein the mixture of polyphenolic compounds is obtainable by a
process comprising condensing a dialdehyde of a cycloalkane having 6 ring carbon atoms with a
phenolic compound which comprises phenol. process comprising contacting the mixture of
polyphenolic dempaetics Quitpegsistilbsohgelin. 1521An epoxy resin according to any one of claims 19
to 21, which ig gbtainable by a process wherein.subsiansielly all ahtheRienelicarg gpups are
converted into g ycﬁylnefher groups: _

optionally carry one or more substituents and/or may optionally comprise one or

more double bonds.

5
20.  An epoxy resin according to claim 19, wherein the mixture of polyphenolic
compounds is obtainable by a process comprising condensing a dialdehyde of a
cycloalkane having 6 ring carbon atoms with a phenolic compound which comprises
phenol.

10

21.  An epoxy resin according to claim 19 or claim 20, which is obtainable by a
process comprising contacting the mixture of polyphenolic compounds with

epichlorohydrin.

.15 22. An epoxy resin according to any one of claims 19 to 21, which is obtainable by a
process wherein substantially all of the phenolic hydroxy groups are converted into

glycidyl ether groups.
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