POLYPHENOLI C COMPOUNDS AND EPOXY RESI NS COVPRI SI NG
CYCLOALI PHATI C MO ETI ES AND PROCESS FOR THE PRODUCTI ON
WO MEREGBSBACKGROUND OF THE | NVENTI ON 1. Fi el d BET/UBZ909/036152

I nvention [0001] The present invention relates

ge OBYPHENODRICYPONMRO UNDSOANDUERE X R ESINSYCOMPRESING
WIYU L OATIPHAT ICYMIOEH TIHSAND PROCESSSFORTHEORROPASCTION
for the production thereofrgENEOFO t her noset products

whi ch are nmade fromthese resins. 2. D scussion of

Backgr ound | nf otk 6RAAGBF EhesiNVIRRTIoNRM nat es

which are used in, e.g., printed circuit boards are

1. i nCFeaé bk Inyhaeessed by using | ead free sol der.
Corresponding | am nates require e&?xy based material s
[0Q9H ] hi JHhetmesertinvertdens reddee senssyby i POlaphsiglip gg@gounds and epoxy

terial o . ' . '
e B RSmLE HOARY, MRSV R PRIRL rgyion oot an
to theapdsaypodgets vhchndre iat¢ fromnbss.redhso, epoxy resins of
hi gh functionality which are required for highly
cross-linked materials usually display a high
2. Vi sepshtdod 8 AR HRGH TR RLRIe. SUMVARY OF THE
| NVENTTON [0003] Tt has now unexpectedly been found
[000R& Eldcheral &piidates tvdilighzad )used nderns aprimgad ofrcwy bbatie a@nigcreasingly

di car boxal deh (in,t formof cis- and/or trans- .
prope 30 BRI She e Ton clhieh st Srbee Bt Endhe S dsed materals
of hig frerrhaldreS@hON PINS et &5k Bk ehtydals Whidh _@i@ﬁlﬁs?"the required

affords a m xture of pol yphenolic conpounds which upon
thegmalxiesiatanesmare typierdlydiighdy leyass-dinledjrnsLgisplan sigaidicaritebrijtieness. Also,
e Rt P, RO Pt P08 e i
us e \Wsspldycd Ieigh ethcddigrinte urRaiedistee (as evi denced by

hi gher gl ass transition and thernmal deconposition

tenperatures) and jncre as _evi denced by

a significantly | & 5K, TRIEJINVENEIO enper at ur es
[0008DVve It has gbwamekpansily been fempeahat the hcidiRatiyred) condensation of

erived from other cyc)oaliphatic dicarboxal dehyd
cygﬂla’:/xape dicarboxalHehydey (in tLe pform of C(I;S— and/or trags—?,%—cyclohexane

dicarboxaldehyde and/or cis- and/or trans-1,4-cyclohexane dicarboxaldehyde) with phenol
affords a mixture of polyphenolic compounds which upon epoxidation of phenolic hydroxy
groups thereof (e.g., by reaction with epichlorohydrin) yields an epoxy 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 significantly lower rubbery modulus at temperatures above the glass
transition temperature). Resins derived from other cycloaliphatic dicarboxaldehydes and/or
other phenolic compounds are expected to show a similar behavior.

[0004] Accordingly, the present invention provides a process for preparing a mixture of
polyphenolic compounds. The process comprises the reaction (condensation) of a
dialdehyde of a 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
a mixture of polyphenolic compounds which comprises at least about 20 % by weight of a

polyphenolic compound of formula (I):



ot her phenolic conpounds are expected to show a
sim |l ar behavior. [0004] Accordingly, the present

WO paseni438h provides a process for preparing a PERUS2089/036152
of pol yphenol i ¢ conpounds. The process conprises the
reacti on (condensation) of a dial dehyde of a
cycl oal kane haV|ng fromabout 5 to about 24 ring
carbon at ons WR a phenolic conpound at a ratio of
phenol i c hydr groups to al dehyde gr oyRg, Whi ch

afforq5_a of pol yphenolic conp
conpri Ses at about 20

pol yphenol i ¢ conpountt9

pis 0 or an of flrom1

i ndepeQder(d

hydr oxy, optiogﬁbay subst i
substituted cy | kyl, optionally substituted al koxy,
optional |y substituted al kenyl, optionakRyn substituted
al kenyl oxy, optionally substituted aryl, optionally
substituted aral kyl, optionfDly substi t ut ed aryl oxy,
and optionally substituted aral kyl oxy; and the

Bties Q represent hydrogen; and any non-aromatic

pigb rla% e&g} bF?roﬁtoW(; lal’?&g 1'9n the above formula (1) may

one noré substituents and/ or may

ea@pﬁlllgagfténﬂeﬁgmosp &rge or nore doubl e bonds.. [0005]
In one aspect” of the process, the m xture of

thqontqtcm@nﬁl nuiepemrtmttwdsepmwncdmmgles,e cmnd etasto éiydI:IIX}E)Othlonally
t of the pol yphenol.ic ound
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op ehyde rtmy be at }Jleas aboll’,lyt:j 5 :S . [000 lgé]h%/o;(y, optionally

sulaamtlﬂqérarakp@momtﬂlyt héasptmcéggalkt/heomma@al kandtyted aryloxy, and
opgt‘%lr\{a{:‘il}}c gu%g}i?utgc? araa?lg l'ﬁ)xéfl,gand

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..

[0005] In one aspect of the process, the mixture of polyphenolic compounds may
comprise at least about 50 % by weight of the polyphenolic compound of formula (I).
[0006] In another aspect of the process, the molar ratio of phenolic compound to
cycloalkane dialdehyde may be at least about 5 : 1.

[0007] In yet another aspect 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 dialdehyde
comprises one or more isomers of cyclohexane dicarboxaldehyde.

[0008] In a still further aspect of the present process, the phenolic compound may
comprise phenol.

[0009] The present invention also provides a mixture of polyphenolic compounds which is
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ring carbon atons, for exanple 6, 7, or 8 ring carbon
atons. Preferably, the dialdehyde conprises one or
woreee/1i48her s of cycl ohexane di car boxal dehyde. PEDOSB)PI/036152
In a still further aspect of the present process, the
obfaimahlel bycthe pnauessnolf thapresonqiniagiophened forthGBOY] (ifitieding the various
resent nvention al so provides a m xture of
aﬂﬁﬁﬁﬁ &Ml i ¢ conpounds which isobtainable by the

[Od)lli)ﬁ CORR pqgse%ﬂfﬁvgﬁt%%eﬂgo \\4%@ a %{% @3 fgarep?%%)g 6? Qﬁ% 3’ resin and an

cl U e varil ous S ec ereo

epc}i)(yemm wiste it i obfairdbio byr fh\isl gescess. prl&c @SscefOlcomprises partially or
ug eparing an epoxy resin and an eﬁ resin which is
(subpfeniifiyp| eoBpletehy scopveitiags th%lc &éﬁ%g gtwps i elegthe mixture  of

I
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roups. [0011] In one aspect thereof, the process may

po ahmlgéoeeﬁ'@%t‘wﬁgeﬁlﬁéorﬁhxdme of pol yphenol . c

["OZ‘?FQC nag‘?)ﬂivgﬁtégpﬁgg%&glg %Eé)% & oul ‘f‘%ﬂgﬁézhﬂlfr%%f? EC hydroxy groups

malRrehi Gty o @rytidy @RS ﬁﬁysbe converted into egC|dyI
et her groups. [0013] The present invention also

[00d8dv i Hiess prasdnit isten(icn nlab lpedviddsxt firse (audnabdd) mompeivdesh ¢oprises (i)
the m xture of L yphenol i unds according to the
thep MR of RALRIEBRISSEMBPUS, EOHl Bidp | B dPIe s IRKHiggs andlor a
pre?egfn(ériz):d dbroh SRGLOONR EOMROMAA GHedédh d%lﬁlﬁpeﬁ’l_ld)ﬂﬂieﬁre olymer thereof
heéreof which is capable of reacting Mﬁth

wh@éma capablantifaactipg whl(y)rréThls hememndnmyi/orfmpcéxraw‘pﬂhereof may, for

xSoper Io%g)r%? p X p%%(% ng%etﬁoﬂ € Pre)serﬁérgfﬂ 181;?%1] nvagé]rgpl(%clymer thereof.)
[001&}' e ”fl'l@ﬁre@érﬁ GnRNAYA QI%§ RoAELONGLCORY (cﬁﬁ’ﬁtﬁé) e rv@mch comprises
conprises (i) the epoxy resin of the present

) nlrn/mtmxy otsimniivthe preseprispoitymenil/oed prepohymdrered dornatigtreof and (i) at

| east e Co oun t epol ner t her eof.
tea i P BB antaT BOPBAT gk Tt 5 Pl rtgRhE e (- (rhis
coRPSr aREBP OpPBIymeNetheRbf MYy, F&r cRXAPB! QonfPRPI ihe € mixture of
t he m xture of pol yphenolic conpounds according to the

polyphenehie compentdscrscaidinoto the prasprs| iprtion egdfos apprepolymerized form
thetfigheor )

[0015] The present invention also provides a third (curable) mixture which comprises (i)
at least one of (a) the mixture of polyphenolic compounds of the present invention and/or a
prepolymerized form thereof and (b) the epoxy resin of the present invention and/or a
prepolymerized form thereof and (ii) at least one of (c) a novolac resin and (d) an epoxy
resin which is different from (b).

[0016] In one aspect, the third mixture may comprise an 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 aspect, the third mixture may comprise a brominated epoxy resin.

[0018] In one aspect of the first to third mixtures set forth above, each of these mixtures

may further comprise one or more substances which are selected from polymerization
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[0015] The present invention also provides a third
(curable) m xture which conprises (i) at |east one of
W@ 20091138311 xt ure of pol yphenol i ¢ conpounds of PBE¢EUS2009/036152
present invention and/or a prepolynerized formthereof
catalysits( lop-cilimg ea;gemy flasienretfrdime pmesesd fonViantei estardants, solvents,
and/ or epol yneri zed forn1thereof and (ii) at |least
fillgise g&s ?@yrs &wl&na@op@gqrh \gﬁgng a.} aﬁlsg%w $dsyjsyrface modifiers,
thembgllastics&dﬂrrfl&@ F SR mb1E POkAR)aged0016] 1 n one aspect, the
ture may conprise §n epoxy resin (d) which is
[001191 ai Elabhc&hélyaspaj’ttdfé’dably ofthesel bsikainds| el soreepmldédgehiyxture may be
converthg dro§£ groups of a novolac resin into
pagiply PEgIMREREr CUgFbup [0017] In another aspect t he
[0({233; dirﬂ% X}eszen% IIr‘lr\g tlco:{l nPSP RI'HVI é){O({l ¥V 1C H}i)X SCS a rEII'St a second

one "aspec ures
an@6i afthird niabey of teapghsait 1f1{7@1$1©n s Xet! Fth HWef dlBhig the various
conpri se one or nore substances which are sel ected
asgeesigrenty e Partailnacernapistetyscuredstatar Faigxagals: e prodygemay be an
r a sol v
ele%lﬁc?leﬂﬁpﬁeﬁ aagl)sl ﬁ? Engesfrét% Egﬁst{ lgog%gétg{ tagﬁgta&%\%lt %d SBIdScompound
foraiutigionda sqepssitagh potdsg caupdsatte, amdlof dreadhesive.

t her nopl astic_polymers, and nold rel ease agents. '
10428 1 9The| presgnbinvertiopspex progidesacrethyd ehiaseasny therthgrmal resistance
an&/lale thIg ?(%dg%ﬁgs%rbql ggat%éjﬁécﬁ_ﬁﬁm a?lg)gg%r trc%s%&/é nc%/glr an %Homdlzed novolac
resn’f UDhed ﬁﬁst}ﬁ)dpdfcﬁﬁiplﬁisfe whipleding QiTIEdss @S pat fdf rthe ,nodoe cesid and/or the

and/or a third mxture of the present invention as se
epgadigef ARl ErRcLR Ifgt ORe O@é@. taaémé%l&'eei Bolyplsngli¢ yomﬁounds of
@Rt LchloPhs SRTBRALED K FHIG PlEbEmenata TAATRefor and o) the
ep@qybsismbﬁ thea preasiti imgcnta)ncaxasétnfg),rthaabbve atdfach paapdlymdrcked form

conpound fornul ati on, a conposite, a potting
h%ﬁﬁgosition, and/ or an adhesive. [0021] The present

{»PY eRt i Qi t
O T BB e s | B PRI B fogmuta 1

made from a novol ac resin and/or an epoxi di zed novolac

resin. The nethod conprises replacing at |east a part

of the novol ac(Rgsi n and/ or the epoxidized novol ac

resin by at If one of (a) the n1xtur

pol yph@@

forth above

' w“Ipunds of the present nt|on as set
AN a prepol rized f ereof and
(b) the CH
Q_
E;E (CHo)p <§§i§>

ey

wherein:
p is O or an integer of from 1 to about 19;
each 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,
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epoxy resin of the present invention as set forth
above and/or a prepolynerized formthereof. [0022] The
WEe@san3sd nventi on al so provides a pol yfuncti oP@l/Us2009/036152
conpound of forrmula (1): (Rm(l) wherein: pis 0 or
opaﬁ\nalm egehsstmﬁteﬂr atkdnytlo apooiially9; swastituted | miimﬁ/ﬂkd:e;nt Igptlonally
. the nnletle ndependently repre
Su%%1t6t§enarY§y%9fbonaﬁMYt ?laastlﬂg}a o%@,lkygp?l?t&f]&ﬂhyyﬂgﬁsgttﬁi gy, and
opﬁb&ﬂh»mﬁﬂhhﬁ&@hhﬂyﬁ thﬁpted cycloal kyl, optionally
substituted al ionally substi t ut ed al kenyl ,
theopbiedizalQ m(&pbﬁddntllytleﬁreaéﬂﬂeﬁwﬂr@g@m ar@ipgliyoidal; y
substituted aryl, optionally substituted aral kyl,
andpny perafulopagalsyelic mpéiﬂieawhtpxssed am dleomoivg fermwa (I) may optionally
substi t ut ed arg %X QXY A nd th i sti e doubl
Carr%aoélﬁe%rdrenr?{? yUreprebeRt R &H%SH Omg YgF Soly'f’ Cand JRY OUPe
bof@N-aromati c cyclic noieties conprised in the above
formula (1) may optionally carry one or nore
[0@2%)st Irt gecntas)eandh@mm@ewﬁtimahalabyva:mrpmls €D oney be identical For

nor ubl e .bonds.. [0023] In one aspe
Pl eﬁemals&% B PR haySHE: FRGnraafaIng] moiefiSs Q may
re ¥R By aqusetl es Q may represent hydrogen, or

subst antl aI I y noi eties Q may represent glycidyl

[0Q4dupsin JroGiRA] aspﬂctarpohlhﬁre %bqyecl’tormpla' mayHevabovelue of from 1 to

formul.a na ave val.ye l1to about 14, for
abautlhifer € FuaeV?aalPe 15 2 l¥laply 1. [0025]
yet @n f n 0
00817t RI9LNShoAEP e o 2%% ﬁ#‘%@% m{RCdPhe present
invendepeexdanh liy foreprlesBnhaYimiepdnddn@ig26prekentad st i1 |
further aspect, the polyfunctional conmpound of the
[00%6dsent Inj ﬁvgﬂiﬁ@ﬁhﬁg)asbfé:tdﬁ]@ﬁsmlyfpgﬁqlonal compound of the present

1n\%|n%¥1hyh%d %@ex%ﬂgsetnet rﬂﬁenﬁimetﬁgﬁyclohexane tetraphenol, and

dimethylcyclohexane tetraphenol tetraglycidyl ether.

[0027]  Other features and advantages of the present invention will be set forth in the
description of invention that follows, and will be apparent, in part, from the description or
may be learned by practice of the invention. The invention 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 a compound or component includes the

compound or component by itself, as well as in combination with other compounds or

components, such as mixtures of compounds.

(13 29 <

[0029] As used herein, the singular forms “a,” “an,” and “the” include 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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di met hyl cycl ohexane tetraphenol tetraglycidyl ether.
[0027] Ot her features and advantages of the present
WO posent43eh will be set forth in the descripti oPCD1S2009/036152
invention that follows, and will be apparent, in part,
indi¢atsdd tohtde desiearly pthe onunericaigyarireetbBaen fdthbin the dclldwiag Gpecification

he invention. The invention VVI [l be re and
an tat“&_Fl?Féid ¥ HEC COMPOYTEHYHs aprBa ctey vy (ﬁ%& Hgg the desired
progﬁftfe%% i %1{% t bR YbRifRe EheI estehﬁm%htwne M\ (d§S GE plEésQ I"and not to be
nd cl ai s hereof. DETAILED DESCRI P11 ON OF THE P

consNIAEMTasOM §t@ORB o Unliets apphatinh ©F thet dicathe ef erqefvalearscte the scope

to compound or 9 onent includes the conp d
of GpBBIea5y TPRSEFH], DAY MNGNT R SOBNEYSat BRI fre number of
sigRiflR@ht 41 SIRPHANISiInafy HORRRL B ventiSCh as m xt ures of

corrpounds [0029] As used herein, the singular forns

00361;| " Aliditiod erecm{l uslp nhfﬁ@rl&h Ufa g3, % r@/ﬁtﬁfn ﬂ‘F? specification is
ess 501

the cont’ext clear di ctates otherw se.
comSxdreqt tonbe nedistldewravos alli mmemaledalufal dndntampey within that range. For

ex re sin ntlt es .of ingredients, reacti
ex ot AP bR 10 bBELST HCiBe b ERT WeBile: top cxraete. 1.7
3404@1%ﬁbﬁaﬂﬁotﬁ@r%ﬂ@%ﬁh@%ﬂ%n*ﬁ%ﬂaﬁ dgrodified in all

I nstances by the term "about." Accord| ngly,

[003@!1 ess'l“ﬂg Set qjarrg ‘%h{a]\k}ﬁ Heh flre?éle mgg@flsjgg{n;l@é“and for purposes of

par anet er orth int I cation
ﬂhatrdtl‘ai dlsmiasdn of memmb@deneampmfahe pesenmsvenhian ontgyand areypresented in
endln on the desired erties sou

t to be,
the AU id 8 e Ve Le ‘?thﬁﬁlz thicolie mPst Pty egnd Feég’é-‘{ understood

de@ﬁgu&pbf iR ﬂ?ﬁc@%%ﬂnﬁ%ﬁ&pﬁﬁd agpeatst&'rem feSerk hﬂuehu&h 8n this regard,
application of the doctrine of equival ents to the

no mmet @f mpdhe ta Blmwrsmbe@lmntﬁu@fet&lﬁ quésepainametiar inshotd detail than is

eco e t r of SI gni fi cant
negyit Sonitl Sriese pSkalGidoRb i Bt Phphif e descripion
maRfi@i dpparat td/thotdskilerid akia@hd tHSEREIaC 8rnisadfGRS present invention
within this specification is considered to be a

magibgembodicd ippragfice. numeri cal val ues and ranges within
that range. For exanple, if a range is fromabout 1 to
[OQ%Sibut 5@ sef forihs ableentle presemcinueigionf provisieanmplar, alla, a7 process for

repdiige s Ttaior PR R ieciraout B ssh TR Flegy 20 o by
wedht & AP bBovangbl{sHenplic REEPSuRd of formula (I) wherein Q = hydrogen. For
example, the polyphenolic compound of formula (I) may account for at least about 30 %,
e.g., at least about 40 %, at 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 about 100 % by weight of the mixture of polyphenolic compounds. The
balance of the mixture of polyphenolic compounds of the present invention will usually
comprise condensation products with a higher (and/or lower) degree of condensation than
the polyphenolic compound of formula (I).

[0034] Preferably, the polydispersity (Mw/Mn; Mw = weight average molecular weight
and Mn = number average molecular weight) of the mixture of polyphenolic compounds is
not higher than about 2, e.g., not higher than about 1.8, not higher than about 1.5, or not

higher than about 1.3. The average number of hydroxy groups per molecule in the mixture
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illustrative discussion of the enbodi nents of the
present invention only and are presented in the cause
wW@Roopnomsdli ng what is believed to be the nost RBGEUS1009/036152
and readily understood description of the principles
wikneuatlgrieepidmad ataapecd.s., of leidnabqutelsE ot atilaase abouo 3. Ptelﬁerably, it will
this re o attenp S detosowe odi ment
highgpian

nog g ghegdi bRV fes-gi R ChAR gy avgﬁ
[063gj/en Db rcyc%? o(sr?ses Hl%%ﬁééﬂ%ﬁg & 4 Ogarcfogﬁ(aﬁé ?%gl{i')hxaldehyde having

escription na

froaKatidued td Abdub 4 ainlg daﬂWntalﬂcﬁn§®‘1:tB raqiheﬁ(ﬂ[d‘ﬂ?oanouhﬂl @referably at a ratio
present invention na% be enmbodi ed in practice. [003

of pehegglic ropPRuEth ofe Cy ok pice disatboR RS arig gVfioaks a “hixure of
pofggfl &lojid! éo%n B¢ QGfP th Wgsn%ﬁe ﬁg%i?l%srée}tgmat UERIA ratio of phenolic

eno e conpounds | east about
coﬂﬁor%dkty cyelbglktineodicarhexaddehyde paplgbeimothe ceactopwilhdsuaily be at least

f or mu )  wherei en For exanpl
by B (e A Prepo ey o SR iRy o). .. at
lea§tt abofEES : AUt 180t Wouf4 31, Blefl 8BS it Q&QH? B af"fe:as(‘?abéﬁt 5:1,eg.,

| east about 50 % at |east about 60 % at |east about
at lmst%boatt 5.pedstat Eogutbo806 %l. at eveela@tleaab@bnutgcﬁ %l aitd may be up to

abo t % | eas bout . 98 %
ab‘?)’g + P vélﬁo%t iz;ut 180° %8‘5% %’d\;] bt 68%“ gie&f‘he ratio of
ph@li¥ nfyﬁmlyl EoGNROMBES de BhiuRahanseerothe tdﬁ%nﬂbi(blig@méﬁzatlon that

Eol yphenol iC conpounds of the present invention wl|l
W1

o] apdabiephe beves drdradsdisresitypmndde My willt psuallibgher

[0(%3;? llp;ﬁee%?%%]s %Eﬁ%d‘agif’h?%n‘ﬁﬁfg%t(qﬁ% L ha%&t]mg material in the above

prde&f BhpRA frdhS BAbYE BPERSEL Yol MYMY; e. y‘"’up tVEERY 2 or up to about
average nol ecul'ar wei ght and Mh = nunbér average

10 rimgecaatar atowss ghg) Gof, Bher ermgwraé)omatmﬁ ylfﬂieqxembc the cycloalkane
dlC?.%rrEA)gll('inl(ljsdtel ?_nagmcorrﬁl gherq;'lteh%{n n%(k))r%mlsoz er (%u:’lu({] egl%lsomers and

REGRET HER bt
stefdogiagierd) bda spaoat dibaﬁ)oxa'lhéhyﬂ\é.Gszlg\QtyFUﬂﬂf@ﬁﬂlnﬁﬁnQ)tﬂz[rﬁ)p(ly in the case
groups per nolecule in the mxturewi || usually be at

of | gyedehexprsut digarbaxgjdehyde [soasys. al98eit o4, 8106t af = fisgy¢lohexane-1,3-
dlcgﬁ)%gigld?hyd%r ef ert%ﬁé—%yﬁlhﬁex% i 3n(ﬁéarg§xa|ﬂeglggé, t hagg %pgﬁﬁexane 1,4-

ot h an about ot’ hi g
dlcaﬂmuhldShyd[e(hﬁa 51]an§hgcmlmmmcs$ dedicqrbosddehlytie mag e engpddied falthough

it @&lsgb[g%pt)g:al kan og igfsar o o)éta lggilg% ehg%\r/llﬁ %Fgr?ogggélyde) Also, a
miSRPOURD oﬂﬁgieqléﬁtaxaﬂeh?dés%ﬁ@h ‘afffeﬁ’h§g ik ﬁle%my Bflring carbon

to cycl oal kane di car boxal deyde whi ch’ affords a m xture
atopfs 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
-7 -



pol yphenol i ¢ conpounds with the desired
pol ydi spersity. The nolar ratio of phenolic conpound
W@ 20004tt43881 kane di car boxal dehyde enpl oyed i n tP@I/US2009/036152
reaction will usually be at |east about 4 : 1 (i.e.,
atoafis I(ce.gstmaﬁ@'ﬂjtorZetthn@k)hOndﬂwrsokgtltgte(dupgfl F(@I[ p(arlﬁcular optionally
al dehyd , at | east about
b Se ety S halgZerbp@psy SRS § € i B Pyt and aryl
gr(ﬁ%@%a?be sibstfud: wﬁfl é% HneaAbredhRos enlatoﬁ{s 411%?13}5 e.g., F, Cl,
about 6 : 1, or even at-l'east about %
ambBrup to about 12 : 1, up to about 15 : 1, up to about
or even higher. The hlgher the ratio of

[09§|$éno|Th% phvmhswngopaa%ort wedndbhpereeyy fulhs preieny Bixgption may be
(ur{spﬁstf?ﬁ(tﬁ&)nl?heﬂgl (NI Ig%rfhé %‘i%lg{&g% {1{1{% a%h%w@%ﬁ#conﬁ:ﬂge one or more

SO t ower the poly
(e. gLs LlaIQI B, e, 4)[ ﬁ(h?,ﬁt]ueﬂ'tbefcn'y@dan@ﬂ&ane odi te@r fubxafudety tfetwo or more
ch is used as . a starting materi

l.int ve
sl PBERSS R Yy dh e Bt BBl L GTTSRG, DaRER omamples of

sulsstBuentd! R Hich ﬁﬁ?% ﬁlrgsé?lrt oHRh& %h@@&%né‘-grerﬁﬂgg ebé)nF Cl, and Br,
atons, e.g. rrng car bon at ons.

prafmaiﬂvbt el tomeBc)jctmIOi(amerodllcsairbzgycahldsﬂasdeltﬁ@yomcm’pwntg@d alkyl
re isoners (inclu mg]P ousonrer

Pra AP Do ES i SO | Ao sttt A BERE ey, qragubstituted

cy@bam@n pkdfBiabl N 8aExanRd @, abolt 5he acb@ae 8 QfarlotC h@ABX aRGubstituted or
di car boxal dehyde i soners, one or nore of

sulsitduted all shexpigterably- had'u@frgmxbpu abguie carbon atoms, unsubstituted or
C rno

sul%{tfg@tggcﬁXﬁ%gﬁ?rﬁgﬁ%fli&% ﬁ‘ qu %“'%hd%%?% Cf:arbon atoms, unsubstituted

rti@@ﬁt&@@lﬂhﬁ)@&@ﬁy ﬂrcfhrﬁblgahb@mg| ﬂehydk toaybba 6 carbon atoms,

npl .oyed aIthouPh it i1s also ﬁOSSIb|e to enploy c
un%ﬂ&rte@ WL TE e&r%xbﬁ@efﬂaélya LUpB A fetpyihont 18 %aébon atoms,

un%}tg}ﬁ‘&tgﬁ %roguﬁsmt e nu ? %@?%a@ﬁg‘#ﬁﬁnw't&mbout 12 carbon

, €.g9., In ng cdrbon at ons
auamdhnmubﬂuuh@,presbﬂﬁauﬂrm@hxan@eﬁénmmpémvawﬂhmnlﬁypeabout10

rin t|t ents (for exanpl.e, m xture one o
caligh ife Shitst sorubaianace sty a8 i Trom 7 o
ab@@mgg&Mg5@9§kﬁge di car boxal dehyde isoners) may be
enpl oyed in the process of the present invention.

[0433037]1t Theo dycippatdared thoi ehynefertthe teincaraaydl gehyalkenyl” are

us%%ﬁ?ég}egﬁ%th%e%%%gegn& Ehrf]:ialpp%?l?ig? Cg{ll’rlll\a{_)e q&éggfzrgnasy also include
th@%gl’%s@(?}gfél;i’éa ?aq r?gfleag ??ﬁ{e&ﬁlt g@e O, r@%fcfoﬂe%t}g rcyclohexyl,
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,
-8-



than one substituent is present, the substituents nmay
be the sane or different. Nonlimting exanpl es of
WG astii43sent s whi ch may be present on the cyclPel/kKs29e9/036152
ring are al kyl groups, e.g., optionally substituted
isobukonly, gseotipgokpviand ferobutbxyo Eroullkyd aad balkakpngroups may be
(e.qg., nmethyl or ethyl), optignally supstituted_ aryl
Sul(%tﬁuﬁsarw%upa? OO RUENEFy su SOF 1 1) éBEﬁﬁéﬁ@}P) gRgre than one
suﬁk‘ﬁtﬁ’&ﬁ% @fé%gﬁ“t %ﬁ&céhb%ﬁtue%tsgma Be sarﬂ@ @r ﬁ[ffergﬁ'@alﬁi Kyl rpreferably
and aryl “groups may be subst tituted wi e.g., one
1dermbucel m\hjmgarmtnag emnplgts h)faksqseesugstltuﬁnts(m(;ludﬂdiaB]gen atoms such as,

3 c .compound,for_.use .in th s of
B e BB VORISR BRIy HG MG PistetiT bR GTIRy eroups
mdl@dee@/f%r cFJ@Hpr e@} | cCri1y,, o HEIE NEH, CRY CERMR! I(X8;0N&CHCI,0,
nore (e.dg. 2, 3, or 4) substituents, for
Cféiéﬂph@d Be®. tmo substituents. |If tmo or nore
t he sanme or

(0GHH? e rhieboRe e T keaint stowr Cubefiet GempeswA it carbon

at(ﬁﬁsy aRe 1Hr§§rﬁ@ﬁla9n3t&@bé}h%%}hs rNBQ lﬁﬁﬁln%akﬁ&ﬁ'ﬂc @%aﬁiples of these
d Br, preferably Br), cyano, tro,

grdqurarfmallyunmatj@lhyt aheéd - mpsmﬁstThteLalbdlﬁlawll albclexflemlﬂrvups may
car ut ed

be oBsRu] S8y & Bl Sor &t & 619 RRER b BEghan one

sulSstit@el9Pfesdn aﬁebmbsﬁtmss mdPBEABE kidE ©F dferent and are preferably
substituted al koxy preferably having from1 to about 6

idegigicplo AN aix-Bdting asypBles ©of teepe substifysaistinelade plagay|atoms such as,
rﬁﬂg ?R%¥;haV|ng from3 to about 6 carbon atons,
nsu S Uted or substituted al kenyl oxy preferably

[06@‘] | Mphd ARMerlyPadPRYl o8 ERLBOR iR, be%'}%gf*ﬁﬂld Hﬁ@fﬂ)xy groups.

or substituted aryl preferably having from®6 to about
Thg @rlagisoar ydexongroups sudysed suh%ldut@d veittb one ruteetede gl kil 2, 3, 4, or

pr ly.having from7 .t Qut 12 car
5 SEURLAR eSO a8 Sl uPIP b sbeRPREmath ¥R mpy be ehe

sathé @ dffeen@bNUh-1iPitdr HQiin L O B8 ,th@eobulb@ﬁwlaﬁtsl ftnutueld ififro, cyano,
substi t ut ed aralkox referablﬁ having from 7 to about
&

halpgeg sp¢lbas. s &nd: Br, qptjopa @@%ﬁpﬁu@ém%@dalﬂ%mvmg from
1 t%%@ﬁé’ &' calddf thﬁlqse ga|f¥yﬁlul é’)ng%%@lél-k(%rl‘]yé %Ergsl glélrergxelﬂ?ple, methyl

resent speci fi€dtion and the appende

or bﬁg&)&amdabpﬁomeilisyohalngl:m-d&bith&tedmlkmphm‘dnggfrom 1 to about 6 carbon

v C:eggileil@ha IS a%E)StU Q%a?buo%hat%%ls (?or exang: l(él gl%tehnotx%fl or ethoxy). Non-
limiting specific examples of substituted aryl and aryloxy groups include, tolyl, xylyl,
ethylphenyl, chlorophenyl, bromophenyl, tolyloxy, xylyloxy, ethylphenoxy,
chlorophenoxy, and bromophenoxy.
[0043] 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
examples of these substituents include nitro, cyano, halogen such as, e.g., F, CI, 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

-9.



cycl opentenyl, and cycl ohexenyl. Al so, where two al kyl
and/ or al kenyl groups are attached to two carbon atons
w@Rooan14B3 phati c or aromatic ring, they nay bePCDOIRI0N®B6152
to forman al kyl ene or al kenyl ene group whi ch together
abswtthcdrben aadnho(foatoaBpleomsttiady, bhetogypup is attached
results in a preferably 5- or 6-nenbered ring

[00sk} | cPTiequrse, s ihiie casreolothe disarbedplslelysie. tee pomoss difgsrent phenolic
canEJ)l? drslrgz% F% 8%}0%]'?§ l;Y) gt‘gcg srkéfst%e rpg%s%gt 6111?]/ t&q‘nﬁgz )&/ phenol and a

sulgtiau@s pheddl @f tes ditferphilys %uf)srtﬂlﬁlbd ;ﬂﬁn«albecompélurﬁa)r kdthough this is
atons and in particular, 1 or 2 carbon atons.

u“N@ﬁﬁPPWﬁﬁﬁﬁﬁ»speC|flc exanpl es of these groups include

éhyl el cy %1 }Eim ]tl?:y rb%g / ofé}’c&e’s gl)gylt z}/retshar‘%%gurtné{terials for the

prcﬂfe@@ﬁ@ﬂ/pre grgrm@quuﬂe dchioq:yphdnsnb UbMPYunSEEE m@tlﬁxsem invention
and tert-butoxy. The al kyl and al koxy groups may be

maé/mfswrep@teé&wm%ﬁ avhieh psreelt kngwn tq those of sk o the art By way
s t o one,s tiugnt

of ¢ AP LBURR: Sxorbdlel RO e OF o S MEhs 000 b FOBEARERe can be

prqnllueéde eahlby hydestoimawhtioNofie ¢ychoHekerg: @xtaoxaldeBydef Wihite&ﬁ turn can be
substltuents i ncl ude hal ogen at ons such as, e.

preppreda Ry BrDieNomldey #rasting %fx AnpPuged gt ﬁw@& ag aigkybutadlene

plp%f'}%erﬁl lfs%%eng 84 Qﬁldr%l:ﬁ’éj%ltﬂ;’:w ﬁgﬂz sub@guged 51?12?’@'@ -unsaturated
ald@*ﬂﬁr @ch[EG04:g] ziﬁhdelabowehaatdl@nybroamalchhk@w oyamgaldeipsie as the

cieapr1< it Fs FSRly D5, Pl Rimay 2 s Pfskipeat application 1P

206x2Pl09s thefentiReSiScISNRMPThAESE Bt lindorpdMRENBY idfere@Bherein, may, for

1- propenyl . The al kenyl and al kenyl'oxy groups may be
exaplst be upéemrem toh These din mor way dimiting) regetiopy ng)y be schematically
resq@g&a%g(ﬁ#“m If nmore than one substituent is present,

% ubs uents may be the sanme or different and are
preferably identical. Non-limting exanples of these
substituents include hal ogen atons such as, e.g., F,

G, and Br. [0042] The above aryl and aryl oxy groups
will often be phenyl and phenoxy groups. The aryl and
aryl oxy groups may be substituted with one or nore
(e.g., 1, 2, 3, 4, or

-10 -



5) substituents. If nore than one substituent is
present, the substituents may be the sane or

waledopatess . Non-limting exanpl es of these subBRCT/USZINY/E36152
i nclude nitro, cyano, hal ogen such as, e.g., F, d
and Br, optionally halogen-substituted al k@l havi ng
from1l to abput 6 carbon atons, e.g. 1 to about

t o about
car bon

6 carbon atons, e.g., from1l fjo about 4
(for exanple, met hoxy or

aryl oxy groups include, tolyl, xylWs, ethylphenyl,
chl orophenylg, bromophenyl, tolyloxy, xylyloxy,
et hyl phenoxy, chlorophenoxy and bronnphenoxy. [0043]

The above aral k and ar al koxy ?{9
Rbehz it phene£h§1“mﬁﬁﬂ% )yl oxy, o

#&S _yogtrgaﬁ eln)
R’I’ﬁ RYr &ﬂ% edubst it ut ed 3or ng Ctr%tgnaldehyde)
REAHS, @§WW¥®) wi th one fnl %ﬁdwdw
4 or 5) substituents. If nore than ohe SU%S?It oS amoenn
present, the substituents nmay be the sanme or
different. Non-limting|exanples of these substituents
i nclude nitro, cyano, halBbm\decReagione g F O,
and Br, optionally hal ogen- substituted aIkyI having
from1l to about 6 carboM atons, e.g., from1l to about
4 carbon atons (for exanple, nethyl or ethyl), and
optionally halogen substituted al koxy having from1l to
about 6 carbon itons e.g., from1l toalfeut 4 &arbon

at ons (for exanfjl e, nethoxy, or ethoxy)|.

e case of the di.carboxz

A é%, al though this is™gua ot

[ 004 The cycl oal i phatic drcar boxdsdehydes

¢ starting materials for the process for

preparingethe mi xture of | pol yphenolic conpounds of the
present invention may be|pr t hods which are
well known to those of s |III%)&IOfe ﬂgr . By way of
non-limting exanple, cyglohexane (1,3 and/or 1,4)-
di car boxal dehyde can be

0

R>

[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:

-11 -



produced, e.g., by hydrofornylation of a cycl ohexene

car boxal dehyde, which in turn can be prepared by a
wor®@vai48B3ler reaction of a conjugated di ene surdI/ES2009/036152

e.g., butadiene, piperylene, isoprene and chl oroprene

with an optionally substituted al pha, bet a- unsat ur atd

al dehyde such as, acrol ein, nethacrolein,

0t onal de e or C|nna tfegyde as t he di end
S rgga S. dat ent b, 252, 121 and Japa
ent ap licabion JP 20 2109, the entire
dr'scl osure ereof are por at ed by refer
herein, may, for exanple, be referred to. Thése (|n no
way |imting) reactions may be schematically
represented as follows Rl, R2 = H (1, 3-but adi ene) R3,
R4 = H (acrolein) R = H R2 = CH3 (qmlsp’écteylkqaﬁel) R3 =
CH3, R4 = H (crotonal dehyde) R = R2 = H
(i soprene) R3 = phenyl, R4 = H (ci nanaldehyde) R3 =
H R4 = CH3 (nethacrolein) D els Al der Reaction
Hydr of ormyl ati on d 0046] By usi nggcyclic di enes suc
as, e.g., cyclmpgptadi ene, cy&toljexadi ene or fura

conj ugat ed t he reaction, H
unsat ur a dehydes btai nBd, as illus

in the fd g schefe Al der Rea&tion [ Q04X

Cycl oal i pka di car boxa ey al so be prepared

by hydrof ornyl atifen of cyctlc di 61 efi ns such as, e.g., R
cycl ooct adi ene, as described in, for exanple U. S
Patent No. 5,138,101 and DE 198 14 913, or

[0¢A7PNO §1'0§ atlp'd?éé%d ldghf% Qﬁaysﬁlgg g@% ﬂﬂféﬁoﬁf ﬁ?@rof&mylatlon of

pr oduc pent ane |ca oxal'de
cyd?&:rdly],eflils suc@ra}, e (g,“he:m:lpodﬁdleﬁﬁ Qs %&nbﬂ:@ 519)f0r a')tuenpiﬁtU 3.ePatent No.

5,154 1PLAaH Jffe %% db A3, of B ae By Bl Py T GHE R R g morbomene t

priedRlElo éﬂteleceﬁg%waemeo@e@n@ O'pefRr . (PR iC9RA | ¥2, 829-833,
substltuF ycl ohexané dlcarboxaldehydes with an

195DpThoentire yhss]@b‘s‘w ofithest)thysh én@tllmetft$ aedscogparited by eef@fence herein.
OB /EET Sk GSRMRUdS At SR GoTBrLES one o IS cpional
sutgs'tlﬁﬁ&g X alofehyd @lidafidxaReENRL vﬁt}f)ﬁg(dﬁht)ﬂalgpéﬂg%ﬂgﬁ) Phddl affords
a mlxtulrg ofe Ir)olyphenohc 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 O 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, 6, 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 usually 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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(and | ower) degree of condensation. [0049] In the

above fornmula (1), pis O or an integer of from1 to
W@Rwat114883 e.g., up to about 14, up to about 1PCHDS2009/036152

to about 8 such as, e.g., 1, 2, 3, 4, 5, 6, and 7,
[0081]h IThe2yaloe o3 daeh my ipriké aboed f@andild (Deindgpendently is 0, 1, or 2.

particularly preferred. [005 The centra
Prfgrabba) thpiakies o %fteygs%wwaﬁ-ef%ssdvefef%ﬂﬁumaewss Oy 1

ri 2 of re.(e.d. 2% . b

(0627 Efkafbe i, RIS Sdve fhrpdng) i8epéhqdhPhchrogent natogen
(e.8YDBIAN updtBy, padfbholUg ] toheBrgyeyanal (-ONaf hierayhiyatox ywunkubstituted

usuallé not conPrise any doubl e bonds). If nore than )
or splstisutsdialkvlepietarably hayiepg frophd o Abobt Ou@Hben Afpynspansubstituted

or 'é{:[gstft@tgﬁ a%o&bé#%%yha&?%ﬁbm [ [ B SN YRLESy Qtolms, unsubstituted

stituents resent on the centra
or cydisoaiteg hatkeayhopreferatiigv édnabeen fseh f3ortoh ahbowveb [ 060bdh atoms,

The val ye of . each min the above fornula (I
un ‘ﬂ’dgﬁéﬁﬁé’ﬁts@sﬁl@w& alkenylpoxy prejegibly dving fighn 3louthoug 6 carbon

atdM @@ shBl@tleA A subl QRS 88 HRBEYabl e Gl Sof @%o About 10 carbon
[0052] The moieties Rin the above formila (1)
atanmd epenbetitad pepubstemtedharablgdnpyeéergbly Bavigg, framd 7Bto, about 12

ca B uRRRr: tah B v R a0y Bresbap s iRk o 6 to abou

10fdagiBnlatothsaRAdtunbutt@iied orts@Bbt tutbisaHBIxlyUirefbrly having from 7
substituted al koxy preferably having from1 to about

to abeidR crborsatogissubstituted or substituted al kenyl

ferapl aving from3 to about .6 carbon ns, . .
1037 bt Rerai et ety s a e ey PERY IEr of e fipiyoicties R the
com@ng sdil RMh3al R eaRAHtreSp k@i Re JLBTRucHODUAOGHE bt @Ghted phenol
or substituted aryl preferably having from6 to about

statiing ardsomalaeioths, pipsstsbeft thaupragentr inygbden rppkydinathelikgntirety and
having from7 to about 12 carbon atonms,

BB

nsubs éd or substituted aryl oxy preferably having

[06549M Boit @e??@;&‘iratl@n 62 1R 1:8L G pAPSh MRS Joth&8 0Plhe present

~ substituted aral koxy preferably having from7 to about
invedtioaroasticat oorlitip@083jchRea¢ativegtiexanfolr ¢he pagmiration of novolac

preferred nmeanings of e.nojeties Rth onment et
re b bR agovE e R Papetl 8 e Eindet PR EGn of g€ humber of
phétIed hydtbRd pb@solo Gleaidhbd dredigeh@le SoupbheHERELHHiOflly much
_the present invention apply in their entirety and
higher in the process of the present invention than in the preparation of a novolac
resin). By way of non-limiting example, reaction temperatures of from about 20°C to
about 80°C may be used. As acidic catalysts for catalyzing the reaction between the
dicarboxaldehyde(s) and the phenolic compound(s) inorganic and organic acids 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 solvent may be dispensed

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

[0055] Regarding suitable reaction conditions for the production of polyphenolic

compounds by reacting phenolic compounds with aldehydes which are different from
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may be referred to. [0054] For the preparation of the
m xture of pol yphenolic conpounds of the present

WO poseni438h reacti on conditions which are conveP@T/082009/036152
for the preparation of novolac resins may, for

forexadgdyele b8, Baedt Nl 510 12 cexcieRirkeDthodert BacyaAbpaliabf Chemical

t he nunb f_phenol i c hydroxy. groups. to the nunpe
Tealpra%ﬁ%ef%?é; @Wl&fw %" XPsi CATRLET ﬁﬁéﬁn?}ifgﬁ&ms @H@wr Peter
Ko%?)ocﬁﬁﬁngflfﬂt RTO@S@LM th@‘é%mré gﬁ‘scwﬁ%s' Q/hElQ%f are incorporated by

r'éeparation a novolac resin). By way of
refaomct ihatdin ngagxXanpkanpleehgtréeferretiéoper at ures of from
about 200C to about 800C may be used. As acidic
[0058] a| yEResPiegint ARGy 25 NEFYt HasHidaap .f%a%&wuf%@f polyphenolic

colﬁ{hggﬁ&koéﬁ{ gﬁgﬂg?ﬂé&b?qg ctoggerﬂg(? ngbi € %gayﬂow polydlsper51ty

organi c organit aci ds may e ised such
prddnosmixstnie ovittaz kighawveage fwrabhalitysadbe prodhesdplyyethar pl’oca:m By way

formal dehyde- based) . novol ac res rticul arl
of 5?%518}1?%6% - chFé‘t%YFZ?QFXanS bR pRBsas! yf embloed as

stahhl% MRAGSERin EH&V;%B&E!SQ Bf R Redefil Hl%@lﬁlo?lu H&lﬂ&t@ h@Gl'ng Wdight average
| east one of the reactants is a |i C]U| at

mql@alﬂr ivenght éMpporodtabews 9BHand g@uabeaa\@myemlem%r Wm ght (Mn) of about

[ d with [ th t f b .
730, a3 FEBeents Rt R RY R Pebiiectle sGRHF BrumdSa by using a
relﬁtﬁfel}t hﬁghpfaﬁdtﬁﬂpmoﬂé hQQJOXp@B@S' © Q@ﬂﬁ@@@ﬁctmﬁahtles to keep the

reacti ng phenolic conmpounds wi th al dehydes which are
degipe p%ﬁalegﬂmefrrzamrbhm@éwa@s whenolipgtasting Mgterigl may tipngoe removed,

Encycl opedi a of Chem cal Technol ogy,
foraegg%&( Jo)ﬁnS ({edy}l & Sons, chapter "Phenolic Resins"

[0052yt horthePeb@ferOPfor, th\éohytﬁ‘@xﬂ%roﬁﬁ 0P Qe Qﬂﬁ(’tuﬂéh 8f polyphenolic

entire disclosures whereof are 1ncorporated by
comppeRé&nelethh @resert, inpenfionfinto Bycdyl| egherigyoupsfee.r ppuppotf formula -

O- {CEIO F@I(@Eﬁ )OrteS 5 r(])ltdy B gﬁglissﬁo{yi ¥ShYi \ég(r) X Ei%lf': | ll),e?/a%‘%mfg?rfor example,

onpoun
coﬁdéﬁﬁ@tbﬂ pr&ceSRR, C[@idaﬁﬁ at kst Hoanpde, e.a., \aEIeﬁsﬂ adout 70%, at least about
di spersity product mxture with a h aver a

80 Ouﬁ lens APyt 7% ah lagat a\@%ﬁ%ﬁo‘@oﬁ%@%t oyt B$ g @lslgast B&m@g% or even
su Eanﬂ ;1) cfglllﬁ(ﬂge i e%h\grf)ﬂelﬁ%gl BP gg %‘rou]%t of the mixture of

I car oxa are enpfo art
po]‘yphmolliaIcempnuﬁdsmlnrbe@eﬁsermﬂ itithelpidd eﬂier prowpnt i on,

RS % B3 BT RUFL e Tl scul Lo, (M2, o
pofﬁﬁﬂ%n&fic @tprﬁH&unds 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,
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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730 and/or an average of about 6 hydroxy groups per
nol ecul e can be produced by using a relatively high
WO 2009014383 phenol i ¢ hydroxy groups to al dehyde PCT/US2009/036152
functionalities to keep the degree of oligonerization
[00561v. Nhl&hﬁ)(ﬁ@éxthﬂm)d)ﬂ leased farr tusd &n thetabovateattiyn m’ﬁeﬁbr@ﬁnc bases
exanp d|st|II81|on 0057] The

Su%%%lﬁélﬂ 6ﬂ‘? r %kailﬂ% eﬁ% Pasis?xgﬂ%dﬁ B anldhfé i %‘teu?@nwﬂes of preferred
basQ:%XtQﬁﬁQ OfﬂececﬁJWEE’é?M ?gﬁ) &f basd& @1%31;@ Mﬁﬂt\*f}g@h 'aﬂa esent in the

glycidyl ether groups (i.e., gro ornu a
mlﬁtufa-{éf@)oﬁy‘ﬂﬂl)en@lu: pmortuods will espxaﬂy be asleastlabomdb%r bl @g byt least about
S|n r e n Usual
09B2or auBty TEOTDB of SULEM WSAY R 0T RGS, map HpEuat> . e nen

hi @%ﬁnﬁ&%t 1at: i%@ﬁbtlﬁg%ttha%oa%butat obeast about 95% at
east about 98% at | east about 99% or even

[Owﬂnst@u@hhardaytm tempataoues qfd@%l abputt29eC ghelrok 82 Chyd} bxgmployed,
€85 reac?i%n(%erptgeggtug%sxotfl'f?om aé ﬁo 0¥§er Boutc80G8n&[rp ﬁ%g%bw I5'0"C to about

e conver groups
70@f, non-limting exanple for preparing an epoxy reS|n
the mi xture of pol yphenolic_ conpounds E;epared by the

[009d b eBeacgen tiFes ﬁﬁ%%ﬁﬁ{t subpfptialivo Frriprpmple. peaderagionjof the reactants
belﬁgt ﬁ‘gyllcgf ﬁht\!’lg bﬂ]t rzR{u%S ?cpg&tgo}léedbﬁl%%%%g %f the reaction, and the

sence’ o

likehue hl‘d)bﬁbﬁhydlrﬁhﬂ rsmgel of Usaralabyutlie hewp lte ybehitithha@ns,at g., from about 3
| east, ab iB stoi chionetric anmount with respect to the

howys &e abgy 3 B¥s which are present in the mxture of

[O(RSQH ym%dx%aﬁeﬁﬁ%ﬂgﬁ carl Be Rkl Ot &fith drh@itHAk k&v&ft (1n the latter
he nunber of epoxy groups of the epichlorohydrin t

caaek@lcrhlmbhydrof rrta!ﬂe;ehydeﬂm(ys greou:pstwmrrxcﬂluar)e N@ndmﬂhglerxamples of

sl Db s g Belughenel e, compounds AL 0LLER e Bl cuch a

1sobﬁﬁ>§l aRBRMI g%/col Jathe?a{ suchasd DIRAHSIEA PM Lpol@ agrbtié @8Kknts such as
about 5 : 1, but will usual |y be not hlgher t han about

dirgghyl sulfexidg. chminamdg hedrogsraAns birhago and1 cyqhenliphtihethers and
not. hi

dle& he?% Gg)glj?a Jﬁohﬁ/%foca&)ons and mlxtuI e%nﬁer ofh an apout 12 :

mting exanp es of bases for use in the

[O%QEVGARI%%B'%& e ixRQIF A %’iﬁ)ﬁc% @%d@laﬁélthe 8psky resin of
al N% and

al ine earth hydroxi des. are exanpl es
theopremneﬁ@renaeln bais be matde plioat.si.c. ,ngh@q whes aflérion ohtanyp odfer resins (or
t he rese

ML bh oI R RGHE I BERIGAL W FeRebAe) ok e mixture
of peBRphedRIdtIt o pQuridslef BeGresent imeasionpROBhke 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 (i.e., 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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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
wob@o/1adseut 1.1 @ 1, or not higher than about BCDBS2004036152

[0060] Usually reaction tenperatures of from about
codPpOnds andbotie PoSy vési ofttbe prpemyinkntion thased e@dieitotal weight of the

tenperatures of from about 400C to about 800C or from
“”Hb%ﬁ?g§@@@ to about 70C. [0061] Reaction times can

S i all funct | f .

100638, SHRSUREY Ehlntr B PP P, By HOE SRS, o B%e used in

combinu&dilt wth allﬁrélﬂlnatdalealﬁﬂlahﬁ sath hd)e.o aaeibromobigptnbha (TBBA), the
ke, but are often in the range of from about 2 hau

dlgtltflfésdcfalier@ HdiB 4, oethg oligppsHE £BETY re3inoviish pis debise fsom TBBA
an(i1 QzH{ l§e uf%:g%lz hexﬂﬁlu?ﬁ% %ﬂ:teg cﬁleﬁ ﬁ‘ﬁﬁﬂ‘? 2., Pﬁ@t glgéthbﬁqammates).
or W thout so vent in at r case
Noeghroﬂnhra[emlhﬂdne metamignts exuvke aalpdn(ha&ﬁest {eex.r diactyl phthalate), phosphates,
limting exa of sui tapl.e sol vent
PhEGROBIS: oo GALREHN T Ene rBr ol (IS¢ | O NGt acitar DOPO  (6H-
dlﬁéﬁi[gla (18] &&Bﬁbsﬁ)h§ﬁﬁjﬁ c@§dé)§1%8/r aqm/ﬂ)e e Qleid Qb%%ﬂhated epoxy resin
hers such Dowanol pol ar aprotic solvents
ors halhg@ts frei¢ ﬂ}ENWBMB mspecavdé/,, thah tor hanesed dorrd maoafaboms of electrical

RO, B St sl BARIS) SERSRRE, ByrLlehgapr or sen

forfMul Mg hchefe fidyagdiainkded pelyBherd® (IHEROE G tHORB@WB @S polyphenolic
and the epoxy resin of the present invention can be

compeunda|ob s, prieseat invghtipueand wehydedes Feamples g yolyerte which may be
us de?‘d ke oft]'trgg%onk&?n o%glu"f]a%lo 3&{1&‘4 %f%gne%% ?uttaﬁ](%lee %9c1%hexanone,

resin o I 'nven |on and ure of

mefialxy plopmied]$, cind anquieasigsopaholtdeetafs Ex@mples bY oMt adilitited, catalyst and
make cured products, they wll usually be used in

fillgrsvhiplery Re whadinghde stwheh@é%?%emnéﬂy ﬁm@ loyed.

[O(ﬂSISE/f %{h%g’l’:%lx élrli%g% %giy%}]%%%ér/ go | gstl)uqldf of the I’PO?SCH 11 fr:'rl‘btlooll,lln ay l()-ﬁ used in a

sintily@ fshement the BY@HT leif . of iy p&Xfﬁﬂ'ﬁﬂ\%ntl@rh By Gb2nblalirey thﬁs mlxture with,
pol yphenol i ¢ conpounds and/or the epoxy resin of th
e.gprePeEn resinttyBish| a6 rePaBy NBEclagsnidndg diglyridyletsy of @dae@phenol such as

blsgﬁé:t{g? z\p %.g‘r&]g o‘fﬁél’ ha‘ledegleas agléllgg ¥1%'e hoexr%grﬁg\% Be %(fedreg{ ﬁﬁ%gﬁg?&mmawd
and/or cti@sbiontinated aﬂamesnﬂard(antse forgleyﬂ:m;ilyil plithdaes obuch as, e.g,
dloctleI;Hi Lgatgytgeylgﬁseqla? hg%ﬂ (%Lelecrersflstlhgts )catll rl])eotgsg:srfor the manufacture of
electrical laminates (e.g., FR4 electrical laminates).

[0066] 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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i ncrease the thermal resistance and/or the toughness
of correspondi ng cured products. Correspondi ng
WOorRo0vat4383 Wi | | of ten conprise from about 5 % tRCEHDS2D9/036152
95% by wei ght, e.g., fromabout 10%to about 90% from
[006GDut TRO Yatablead tutilire 8 0%¢hef plemnahxmehtlﬁﬂ%d thealrodiicty @Pgle therefrom
or from about 40%t o about 60%Db % ght of the
resRPSEVERe B TRERSFAeaEIST RO RHBIGHUSS SR uglh @ y-8-» one or more
ad([1§§ésn \x@ﬁcht he Q&rﬁﬁl‘%ﬁf gf&‘é@ﬂ?t fnogolyﬁl%ﬁ%jolg Mixffed gfléllproducts made
wei ght of the resin conponent 0064] The epoxy
therefgimsNof- hnheng) esgapits ohvedit acbhtwrannclﬁdar pebyarrcpllzalonatawysts co-
use on With.a_brom

Curglfﬁ;ﬁ;eg gmé % rtdgr?tfs 2P fgb ﬁéwslret%ad%g%B%l%%{% giﬂers glass fibers,

adl%sﬁ)'nylﬂ‘rbﬁ%terﬁtMﬁngi’ﬁldIaﬁ er@hg R, QlrtQe méditersP@¥Mnoplastic resins,
resins which are derived from TBBA and can be used for

and meldnginapacgentse of el ectrical |aninates (e. g , FR4
[O(f?giﬁt aég'gilﬁl%lk%me?gﬁp fg of sultagf% C“P;‘}E %5%?% 51{1(? t<:u131ng acceijeraﬁors include,

buplre aphiahirRed top hasRheRiab agentmuihmb adsgbhdiaine®, diasmakiighiehylmethane
t hose derived from DOPO ( 6Hdi benz|
an¢ digppinodphsraishiésh aialiya coxPULIMiRaYMisies Pob@hgadly Robymeric thiols,
br n r n I e
po e%{ngfhecs Sgir((;[f;sl %ﬁeqe danﬁ?ﬁ)ﬁ%/ Cg%t:'hb élQ }ﬁlaﬁgo%gﬁﬂirﬂfe ete&ﬁ%yophthahc
anlnggimide a(dtHRAe) (Iﬁethbbttettraihgadophlaaim aﬂhhgdr(cﬁ OMTHPRY, hexahydrophthalic

an}feylﬁll?l%tg L I@ﬁﬁp \am n lgﬁ{gx EX a S Co )gg]th&flléi%]a :ﬁ]édP?ngX? © rnadlc methyl

an}PﬁilrMQ ITWA§5 I(o?&'afz'@al?cs pol?aﬁhydrlhg equFkhidihghyRtide, maleic anhydride and
pol yphenol i’c compounds “of "t he present 1rivention), an

styamlyroaleidemhydidapdmdyroérss pdlyelst subwhiuted maygpdrey- msédleﬂomldazoles

sucgiﬁl agsﬁ% gﬁ ! IP}!ESIR@% f 0 [l at(fﬁ,é(ﬂ% 61!125% %tgglﬁ% tthy(,}l r}@indazole phenolic

?éﬂt@r@l@ﬁnz@ ﬁ@rﬁﬂ aﬁ@vola%xaé@mse&eﬁfarwtahﬁﬁesagwht hY QSethylamine,
catalyst and fi Iers whi ch be uséd incl ude those

trlmpx:lhmmﬁea@omb@mlar@mal pb@S@h@m@@etﬂltS[@%@]ﬁ etthétriphsaylphosphonium

ounds. of , t he ion

I .
ch r1d USe d}ﬁ&ﬁ)ﬂgngﬁhosparm 1 romide andt ﬁfl}%’?rﬁpoxyylp osphom

curt

m, ahéétate and

Ion as esrn OP

amﬂ{(ﬁa&ﬁﬂt | BMent i aacky Caﬂbl Nbégytthimsthiylasirtuin t h chlonde and
e. epoxy resins such as epoxy novolacs and th
be%ﬁygtrwﬂw%r@mﬁwnbhydamﬁfi% SHERE|2g8R e AnhAcCBleEiPrs BE prAferably used in

totﬁda%(;dn%%l fnﬁﬁﬁg{ﬁﬂ SRR Elé agﬁﬁch' ‘%% v@g Codtey OP headtie q}'ﬁlght of the

along wth omrmte nonbro nat ed
(mﬂﬂﬂ@ﬁdﬁnns(egoﬂcemaﬂnmﬁum&hkhqkaﬁms)such as,
| d a hal ogen-free resi

[OQégﬁC %Il E E}térgglpgfe%rﬁgle%ﬁﬁ ﬂf‘@&trﬁtfi%iagﬁs and synergists trl]lerteliJ or 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 metallocenes. 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.

[0070] 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).

-17 -



el ectrical lamnates (e.g., FR4 electrical |am nates).
[0066] Other non-limting exanples of conpounds and
WO e®ons438hi ch nmay be conbi ned (and co-cured) wWa@hUs1989/036152
m xture of pol yphenolic conpounds and the epoxy resin
[0071] t NorplimEaRtexampRiof fifle@rfer aieda lties@dsanninvention, intlde functional

B S G T s e AT 5 o o
abdltt o)y Rlﬁly S?%Qilﬁ%t e 188ARRf in -'Hcg, Ry te, aluminum
COMPOUNDS AND PR(I)E§S FOR THE PRODUCTI ON THEREOF"
oxidat metaheyiddo ckrbon NootB65.04ly erafteke" o poivi&EiNcaTBbi Wack, and graphite.
UNSATURATED, MONOVERS COMPRI SI NG ALI PHATI C AND AROVATI C .
[0072) ETNeg-liniking rapledgikathesipn peeBateys, fog use fift [thggpresent invention
inchRUAGHEJiREd gﬂéaﬂ&rﬂgmst(g oxﬂﬁgecﬁ‘ Qﬁétﬁﬁrﬁ! in%%igﬁ?et@.ﬁ, a'i:@t?ga%etonates,
co- assi gned “appl i cations aré expressly | hcorporated- by
sulfiefeonainiez meteeiles,[tBAGTs, dikziconabd.e m xtures of the
resent invention and the products made therefrom
[0078% pe ciow Emjtingrayarmpiet RErVesidigp PG dlisparsing: aigh fer gimér the present
m\%H&é& HUGRR rﬁgc‘flﬁe@%r a?lbgla’nef 0&hO4s %,GBQ?Q?@ WY& Xf‘gl' G\h9010, and
are commonly presen‘% I'n pol yneri zabl’e m xtures an
maolifdifbtcgocamebast herefrom Non-1imting exanpl es of such
addi tives include polynerization catal ysts, cocuring '
[0%7d&nt sNot-lignieng examplantos susfperemyidifiess for ufel fnghe present invention
incﬁt?cfeagl agﬁ& ! lc‘?s%l é’cﬁi%\;e’s, fal Mﬁe?’ofgkv%?c% Zu] b%aﬁabl?dﬂgfﬁl ﬁg}k—Chemie,
pronot'ers, Sett | ng aids, dispersing al ds, Surtace
Gemaghy.i ers, thernoplastic resins, and nold rel ease
agent s. [0068] Non-limting exanples of suitable ' '
[0®7al i ndNoagenitingaxdmplesi afgheiceplastiatrerins foigisade thepresentdnvention
. hnot limted to, am. ne-gurin ent.s such _as
mCEUIcfgyrgﬁcgqlvg n'ﬁanaier’léralreg(r;ﬁ%eoﬁ}eﬁrﬁgﬁﬁﬁﬁe{eﬁlgﬁ esu(ghn 3s -8 polyphenylsulfones,
polk@fone9di phphyekisuiones, PObyaWingE8enepol YaMrHAEAM dgSyetherimides,
lg{ol ¥1phenol s, polyneric thiols, polycarboxylic acids
polypbthalimidsr. RebdegzigHdazelesmardics cPhenpyxitesiie, and polyurethanes.

[0(#735 {g %Flg(ﬁﬂlﬁlgg%x:aglpgeﬁ E(i?gfhl) :refe%_ﬂ%gsntsn}sotr hl}éle in the present invention
indnexatds ariitRad b ccaniwdriae (HHPA), nethyl
hexahydr opht hal 1 ¢ anhydri de (MHHPA), nadic net hyl

[00xThy dFliedeix{tiNbY polyphsrantie aoimpopid syanisitas e epsucesimi af the present

._anhydri de, | ei c anhydrjide and styrene-naleic
i RRAEShdee: BolyBE ULl STRGPE dpr the manufacture of
cleBPRYY tamidhbd @€l MoPP&Ate@Scircuit 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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such as 2-nethyli m dazol e, 2-phenyl i m dazole and
2-ethyl -4-nmethyl im dazole, phenolic curing agents
waewb/1ass8phenol novol ac resins, tertiary am neBCHUSINOHB36152
triethylamne, tripropylamne and tributylam ne,
equihdsipthatio ofipisaiot & spttheameatiturbdxaldzhedey+ Bholypiwanddad together in

chl e, ethyltriphenyl phosphoni m de and ) )
a le%hi? ﬁ(fﬂ SALAY T ROBBIRGAT it %F@Eqdaioe%n ﬁ %hnéﬁ% i"efh Beghpaical stirrer
agl%ah'fbh ag é@ﬁﬁ@yénhfdtﬁ%%hégﬁ%hﬂém Gl u%ﬁés@ﬁoﬁ@daad (PTSA) (13959 g

benzyltrimeth I oxi Curing agents an
totalc 0208 fabp rvsﬂgrtb WA etﬂéqrchbi ylxumdommo‘tant%)l manbesnt sThnc temperature

1nc{r%(§)%][ \A%:Jgﬁggrg?so/ t Bulga'lé':rzg) R t ur @ Jé 't b%ﬁ?%@@ (ri]cﬁtion the

ten®pe@hifel @Rtroll@ Nadee t&%@@%hﬂ'v@mum [\&Q@@ﬁﬂ)héﬁqe'thé MatioRdn order to
exanpl es of flanme retardants and synergi sts therefor
avéigd theursactphcanient éluoeél@g tthe m@mn tm rﬁmrLM@ smowrgjﬁd}@lly decreased
to cont %Iv{)atg Tom t? eaesonssuo 1on Ee re(Hu ad stQpped. the reactor was
’(eé‘ﬁ?d benz[ C, e f[]f ﬁt]l osph W Th e oxy
veﬁte@hlﬁtswateﬁmfg)abds)ad@@pxy novol acs rmgne3| um hydr at e
and netal l ocenes. Broni nated resins suc

[003§1 eW@ter G%@r@&%@%@s fheHaI &) aven adf@qﬁiewél@w@yﬁdh@?ﬁ@/% When
f

et Hlen B T OB (AT ENRTD e Pl DB wy ansforred to

a WLxgepare®rpfutdet plabdndthylnkeente QMEK]) Q\&ZCﬂdth renkdi tl’[btcbl‘m@nts were

wagﬁ%, I es_of solvents for use in.the ,fsent i nven

USRS gt WoReB VPG D 6S8sSkbi 114 §91VFHE ALfhexcess phenol
we?é:i?etn%‘f%d u%ln%uat AN SovafstdoPoNRNGE (hro} HEMIQQ waP’h %gﬁéh%?o aluminum

gl ycol methyl ether (acetate) avail ab from
foiChdhe cedact@onpdnphefodOWith Nprlehdaxme |dlgarbwaﬂmiﬁheée ofroduced as the

l t
prepimtdpear st e bl Reb T SRR sl nedieatiPF HERwsi ¢ n
a particle size range of fromabout 0.5 nmto about
100 mm Specific exanples thereof include silica,

alum na tri hydrat e/ akym nu "\.de rretal oxi des,
car bon nanot ub@®; ~®- l car bon
bl ack, and gr aphl t \- NG ui" [ m t| ng exanpl es of
adhesi on pronot ers for| n the present invention

i ncl ude nodified organr anes (epoxidi zed, nethacryl,
amno, allyl, etc.), acetonates, sulfur
ti Fga : and zirconates.

> % wetting and di spersing

at

[0073] Non-lim
aids for use iRC

[0080]  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.

Example 2

Epoxidation of Mixture of Polyphenolic Compounds

[0081] The mixture of polyphenolic compounds obtained according to Example 1 (107.5

g2, 0.22 moles based on the assumption of 100 % tetraphenol of the above structure),
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i nvention include nodified organosilanes such as,
e.g., Byk 900 series and W9010, and nodified
WO bwonossy bons. [0074] Non-limting exanpl es oPCHUSALE36152
nodi fiers for use in the present invention include
epishlopohaidn gl40$ H8 agduisilvemlesa rativriadr eppk ywaioaps as ephenolic groups =

avail able f Chem e, rmany. [0075]
CORBHERG FAUOI A ees‘egf%?la&ﬂaf toy H%lwﬂg% olig domnogting bRt Ed : 1) and
Dokwanbies PRA ¢ @%E%leh@ 1 RiaH g'l"(‘ctﬂég %Vﬁl%?é fr\ﬁﬁl 98@1 Chemical Company;

non-reacti her l'asti ¢ resins such .
79 g,y pHefatysutiEbn esre pﬂlﬂcylsg Iafkﬁ] ésﬁ -negdsl Iymtcble ffhcl Irefsuhmt solution was

e e Kt P Bte SR SRRy 1 vacuum (285 mban

waPh@pReY td 82l BistoR Rkt BQ'%%@&&@W&DH[@Q@%) W@@ahcﬂe@l‘ {ol th@ reaction
exanpl es of nold rel ease agents for use In the present

mlxtmmnenr emeiipE Pl éowaxTéBorsmﬂhplatson @f tge addgiemn ahﬂa@am mixture was
keILtof% & e-l)-itt]r% thull'lurtgs gf 6?’? XIP(P S t & en rrfr:p Jieaaor cor%et\ﬁ'e was filtered to
e epoxy resin € presen

reml@@fw protlidt8hlt, afheaﬁltrafé waReramoRatd abh e LC ﬁhﬁﬁ*ljltfﬁmfeq) 'methyl ethyl
t he manufacture of electrical Iamnatesg?p
ketgpg miag @deqad uhe fibse asd irareruiaal maxtyrer ws fr'waé@fiaﬁséf‘dal times with

WaFér rtg Pé ox%%gﬁﬁgﬁl régltsf’}?el??]a@(%r tﬁ‘é 34 rs@fuet‘l%)l ’WEISQ:r nceéflﬁ%ld%n a rotary
er to I ncrease t ‘hermal Tresi stance Fe.g.,
evztﬂmm’tmaio deooapasittico rRpicalpatydiinr Ehe raabivartt ndd@Gh was poured onto
and/or he gl ass transition tenperature (e.g., Tg >
alugygip f91800C) and/ or to inprove the toughness of
correspondi ng cured products. Exanple 1 A Synthesis
and Characterization of a Mxture of Pol yphenolic
ampbodinds Based on Cyclohexane Di car boxal dehyde and

nol..J] 0078] Phen , nol.es) and
[0@3 oERE REPHILES B miayaS" (PP TP otariPipps drom cyclohexane
dicatbekbideh e ahd PheNdnd tHe-dpd MBS of sl Rix@fre RA@NPIdhforohydrin were
groups to al dehyde groups = 6 : 1,equivalent ratio of

Carplﬁé n@ut o acydt dinek arnsedi seafrrbbﬂeﬂf@emty ghactiorg condifioper Bhe reaction
conc{:I 9 fons & ? dat Qhr%{)%rge%%f t%ie eﬁu]éﬁﬁ proJrlﬁc r%;air: osglﬁlllr-ngzg ezes ffl t;[lrj{élre 1 below.

agltatlon At 50 0C and atnDspherlc pressure,
Ta% t ol uenesul fonic acid (PTSA) (1.3959 ¢

Processing Condition or Property Run 1 Run 2 Run 3 Run 4 Run 5
Phenol/CHDA equivalent Ratio 3/1 31 3/1 3/1 5/1
PTSA catalyst, wt. % 0.254 0.246 0.188 0.2 0.2
Reaction Temp, deg C 80 80 80 65 60
Reaction Time, min 180 300 240 265 265
Epi/polyphenolic equivalent Ratio 2.5/1 2.5/1 2.5/1 5/1 5/1
NaOH Equivalents 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
Nowolac Monomer, LC area % 72.19 74.31 71.5 84.46 78.75
Nowolac, Mn 767 738

Epoxy, Mn 918 924

% Epoxide 21.83 21.28 21.26 22.47 22.57
EEW 197 202 202 191 191
Viscosity, cts " 7695 9644 12078 4111 1130
HyCl, ppm 99 47 42 39 49
Total Chloride, ppm 1400 1175 1243 1256 1185
Metler Softening Pt.-Epoxy, deg C 140 145 145 141 122
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total, 0.207% by wei ght) was added in six portions

over 30 mnutes. The tenperature increased a few
waelegeaessivi th each PTSA addition. After the 6tPCPUSM09/036152

addition, the tenperature controller was set to 70 0C
CHDW 2v@elohnxanasliappixakidhyde t he reactor. In order to

avoi d the reactor content flooding the rectifier, the
Ept s 4picBlorgiydE8yur e was gradual |y decreased to renove
PTYALL) (5 LOMBsLIEhiE §aGL 1 on sol ution. Wen the reflux had

stopped, the reactor was vented and water (48 g) was
LCadtgdd ch@o¥@pgrivttyer (79 g) and NaHCO3 (0.6212 g) were

ded to neutralize the PTSA. Wien the reactjon

EESD A oA CHAT oI S BOKGUR PeRbbpacdrsy SRR ent i r e

contents were transferred to a 2-L separatory funnel.

Met hyl ethyl ketone (MEK) was added, and the contents
[0083] & howstrettage vé teflaphenrds epimieung (& rcomponedrof éhe idealized formula
e R R A S
speauiedicoahAyal WdNgdN pideatiorh@hfopatddraghi©fanalieiRol Thede analyses

cycl ohexane di car boxa deQ&Fe produced as the ) )
revispled dpimiam s pl saerdes &f RobihaprlenImpsnad e By laggermygnber of isomers is

cof P .{h%e@gdltzgfjthg o%ﬁﬂgdefsor{lgl@ gﬁecfé%tog@{é. Qicgltboxaldehyde and
t ed a hydroxy

spectrophotonetri c analysi s provi
phawlii val ent wei ght (HEW of 118.64. Hi gh pressure
I iquid chromat ographic (HPLC) anal ysis was adjusted to
resolve 24 (isomeric) conponents present in the
ExBhfpfivigt . Exanple 2 Epoxidation of Mxture of
Pol'yphenol i ¢ Conpounds [0081] The m xture of
[0084] y shenafl the popopsimds obthe aipney reats of diaygresent Bxvantddreis khat as an

.107.5 g,. .0 nol es based .on.the ass ign of 100 9
iy 5 RaHg 1B RSoUB S A &5 CEh LRI GFERYBTi e & and the
thet thAdR8mPosidord dentPRlRSre (T} 6XhOTanBRXLYTOREREateOhow an epoxy resin
phenolic groups = equivalent ratio of epichlorohydrin

of tthe potsshianeltion wemgokahdxe #n blstinge Fystem) agepmpdrative study was
wanol ¢r)_PM (propyl ene gl yc thyl ether, avail abl.e .
PR e T faRp e SRt R QBB addicve

whigr & anehedl tb Oingprdved Th/Tat (ERINSEAL taiilabl €rone Nibp@NKayaku). The
sol ution was heated to 65C while being agitated at 650 e
COMPRA g sHAY eNBhiPRGOHHE, UYAE FuRTSE285tHb &PPPHBIEL appl DN ™ 438

(eﬂé)gigg%ﬁtﬂgl%tﬁ‘ﬁtéfgl;négggylcgﬁlo%ﬁg lf@s?&%vgﬁgélfﬁtzc%ogalggr 3W22poxy 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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m xture over a period of 4 hours. Upon conpletion of
the addition, the reaction m xture was kept for an
W@2109a14883 m nut es at 65C and then the entire rREUSN009/036152
content was filtered to renove by-product salt. The
[0085] t r Blicctevsinipl@ansére rprgehrédasafollolys SERAplainoliy ahdiepety, components

nmet hyl et hyl ketone was add the filtrate and the
e CRER T A @&gtsefyegte@&a?cefqnﬁeg bigfangne, Dowanol®

Pl\)f\@ﬁd?vl}an‘bﬁ@ﬁ@[@\é?c )rtg%ﬂ(léaél soﬁﬁ‘i!oh havine &3 iliefontddt W%g 65 % by

sol ution was concentrated on a rotary evaporator
werghtrov @helrrobaiohedae piladetl omo hy@loasad. glibe cor@inet camtl amaited at room

resin S ured o to al il. anple 3 [0082
R B aB B S0 o B R DA oroTon b BT e bty Btih laced on o
hof plai® £ bbeNEXNO & hsRbRigeddl d shydRitanmhtiPRenelntang atl R the solvent

epoxi dation of this mxture with epichlorohydrin were

hag &eett eemeied and theimixtieagis glrrrder Bteev easiglue dinf ther et plate was then
remove(c:i ap E(li‘ag:g% ?nl %Ih(gv%?l eaé %—h St rl? St a lﬁltc): ug riglrotéllr gouzﬁ%(r)g)v? ﬁlle nau(ture to fully

cur_Ealeﬁs hdﬂﬁidﬂ%asﬁﬁ@u@e(ﬂ-@‘% ean@Y@f&hﬁéﬁm analysis (Tg) and the TGA
di car boxal dehyde Epi i chl orohydrin PTSA =
anzﬁy&leﬂﬁénggaﬁl\éﬁ@@alaéhs&SfL Oluqqnq"@ldés%’ﬂ??%ﬁ%‘{hég‘f’séﬁﬁﬁloém

= epoxy equi val ent wei ght (nolecul ar wei ght per epoxy
group) [0083] The percentage of tetraphenolic conpound

TeftMethgdound of the idealized fornula depicted in
Exanple 1 above) was estimated based on liquid

hro raph nass s tr| ysi s and ge
[n% %ﬂ“@%&@ﬁﬁ?ﬁ&yéﬁﬁgé F§g¥@ng$ﬁese anal yses
revealed as many as 11 species of pol yphenolic

[008ePOSE whheatrt gfut drdIeins@imesoIOSDES (TQnEisdﬁllheﬁisI gsing IPC
be the result of the conbined isoneric spegies of the

Megheht Batal hen jdaes A pRen BN thepsamepiagple poBBYmionwitgfa cool-down
peﬁ&?% 13" AR%es d¢ Lf%@%) - bEtQ\%ef? ALY 'fl%sﬂeﬁéﬂéﬁf Té Oﬁupg SR midpoint of

I nvention Is
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

[0088] The thermal decomposition temperature (Td) was measured by a TGA instrument
from TA Instruments under 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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additive to a high Tg brom nated epoxy |am nate system
to further boost the Tg and the thermal deconposition
wo 2ovpatasure (Td) of the |aminate. To investi ge@BURNN/036152
an epoxy resin of the present invention would behave
[0089] a Reautisnatleeyish eomdidorsang arminan sdsih Teilevibiselow.
performed using a commercially avail abl e
tri-functional epoxidized novolac resin additive which
Tabfe XnNown to inprove Tg/ Td (EPPNSO1H avail able from
NI ppon KavTakuD)S. The bcormarat i ve st ude/ was_ oeronrdrrec/i
A3%: EPP ot rli o1 Ny : +8 "2
e M TG el e S e R TR -SioRE TR N A S = e ‘
0l P OXH O] Zied | pheenal s Of el [deyee Novollac Tzesl N, _avelage|
0.5 [~ Q@50 S P bWy '\, 183 4 205 98l (o396 d] ady (ol dRt 145 18%
015 T 500 [T ouB3_JJ 1847 7 185 PU48E [ ASAE YOI’ 3dst v Bt ST =55y
oAV aioBAaD]| esa 1] OMas DOWisLE e Jal sseonpary ), Dsab. R (L) 5.042
0541 A4PY el AVA lat'BBar Bf It &P rlahthhnmahitnhannl 4 A auai | ARl o
0. FgR50 YT ido [T Hat T ] 201 [T Yo T[T U348 T T 35T ek s B.76
TOREROW RGN al| _Gonpany |, 3k Ol Re_3$0Ur GB_ Wi

0.
kept at 42 % by weight to maintain a constant |evel of
2Eﬁ%ﬁ@%%ﬁmﬁéﬁﬁﬁ¥%%Fnﬁg ne for fire resistance),
2-ethyl -4-nmet hyl i m dazol e as catal yst, DURI TE(tm
SD1731 (a phenolic novol ac curing agent avail able from
[00961 deys dandesten ibmPhoahoesesulton simodt el ckep thzaldéivetreeording to

a _cycl ohexane di carboxal d d oXy,resin AE .
the SR G EhESE] BT AP IS 14 TR d P frepgppmparative
additi®f. MHEReRPOYRatEX 3N edirkable BRI Qhd1aa8itivEf the present invention

per f ormance enhanci ng additive. The variables in the

proyedidtp ker égnifieantli ghireriost foo thsf compaptire Ndditie #¥8 respect to an
imbl3F B AR SNBIEA, S LG bGP ety o

%z

resu
rubbermabdwediTy) ihall Eakd.om ng tabl e. [ 0085] The test
sanpl es were prepared as follows: The phenolic and
epoxy conponents were m xed in the presence of
Eﬁiﬂﬁ£§55t and solvent (e.g., acetone, 2-butanone,
nol (r) PM Dowanol (r)PMA, etc.) to nake a sol ution
[0094Y iAmgthar sahpatsticontdntaoperfunmad. B resib sobtpbyentseusgtitare shown in

The sol uti S aced ip a closed glass co I ner
Tabig P il 9%t gglfﬁstﬁ%nfqr e‘ﬁ‘ﬁ&hﬁ’f%?ete?r@h% g]d%&ff FﬁhﬁJ is the epoxy of
cydbidxaso MifapRAidd: BAARCEE h AsgdbndIng SRboUcl 4y YWBBANNRNthe epoxy of

pl aced on a hot plate at about 171C for approximtely
bisgheriohut eovelat.i ReaabstX@biiald pherolic gfovblve somhvehtgrdvwd 2-MI is 2-

?ﬁin.re ved and the m xture was cured. The residue on
mefREd429- at e was then removed and placed in an oven

at about 1900C for about 1 hour to allow the m xture

to fully cure. This material was the used as the

sanple for the DSC analysis (Tg) and the TGA
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anal ysis (Td).

described in the test nethod. Test
Scanning Calorinmetry (DSC) for

wordoparess i al

Met hods:

determining Tg [0086] DSC was carried out on an
i nstrument 2929 DSC (TA Instrunments) using | PC Method

The DMVA anal ysis used sol ution as

PCT/US2009/036152

Tg by DMA and a higher Td than the conparative
[0092H Thi Vitopdia¥e Ve feachMTBEmlIBtidT0 Sfe KRR KRl B1d sf tRRfw. LOBE is the

addi tive of the present

i nventi on pr oved to

e

2.4.24. Two scans were nmade on the sane sanpl e at
Tabsd min. with a cool - down perl od (15 m nutes at 19000
- DETWEET TUNS.  The T eport |% Varues are tne ctual
d0|nt of the transition h i n eseﬁi %E%
W llm $'~ l\/br\hanl r\al Anal yC| Ewwwlion: fa g Wt'(g)
and nodul us [0087] Thin fillm sanpl es| were jprep red bv
ccgoating a tin-free steel panés |usiy mssrahsdown thex12 | 128400
D.BR6h 5501099 NG 16430 §orhnAD00C fcr&& hou;s. The filns were
ryampwed usi ng nercury anmal ga4 The’% || 1onmsanesesst hemaz.e2 | 1827.70
crir RhRaLSEs hRKBD sLramy | nStrament  BSAbd o [Thy 6o | 188319 | 188410
I ll I . e salfTpr es re|rurl T _UT
Z'Ai‘_}??l’é: o ga}é en—rode gt 1Hz ftom Zrd ...lfj’%rr“%?sgtu a21% 52000
2750C at 5C/ mn. Sone sanplles re subject ed ta a
p8@cond scan to check for cqrmps et eleurBs8.4A | 36aNPI1868.43 |  1368.50
DR 5o e@NE i eebdvaaneef ul Iy [cur ed. Thler nogriavi ngtric
Prattyei s (TGA) for determ nisgg| Td §0088§.04herdonerigad o | 1842.93
BHARCOANDS bdsb QRcbLAReFah ur e ((T¢) | wvasgeagss£da0% [@ 17851 | 178410
T rrom |/—\|n5tru nts amnd T
e e+ PC Mot hod 2 b 042 6, Iednhy L ey G604 | 53000
heated from 25C up to 4500C at |a heating riate qf
pARGE/# n. The termer ature at| Mhich &hel2bagh N3 | 141935 | 1420.00
p.HRdeswen v b%poghtodross was .recorded as the Td.[0089]
PARé&efbre)s and reaction conditliong are [sunswes | 2e4) |i M647.19 | 1649.00
Re, cureg 02 (509 SO-B%W.A Ogr 2EAM. =
MEH ?2 ﬁ F'i'm sgazo l e [d% D] A lcaps b seen fooems | 1930.00
zztm@%m»ﬁ@oﬁﬁsu'ts rnarmost alT cases) L Aad 1T V855 | 6 s000
al LUl UI II\J lU l IIC [JI CDCIIL I1Tveritr Ul afo| UCAI a 111 \dhcl

COfoﬁglﬁmf ofctherma) expassionorThe & H R feromindioathiay @ Tedefi aboye30°C higher or

more Ehan t}?eSIPo%C&HtTg fgrmulatlons
Table 4

DEN™438/R3026 | e BPAN/BPAN | eCHTP/CHTP
Laminate Thickness {mm) 1.40-1.60 1.42-1.65 1.5-1.73
Tel (deg C, DSC) 155 181 212
Teg2 (deg C, DSC) 159 185 214
Te3 (deg C, DSC) 164 187 218
Td (5% wt loss) 360 368 367
% resin 43 45 50
T1288(min) 26 >30 23
CTE<Tg (ppm/deg C) 59 47 86
CTE>Tg (ppm/deg C) 269 224 222
Cu Peel (Ib/in) 6.9956 6.3364 6.0376
Water Uptake (%) 0.256 0.252 0.354

Td - thermal decomposition

T-288 - time to delamination at 288 deg C
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i nprovenent of the potential thoughness of the system

as indicated by a significantly |ower rubbery nodul us
W@ 200g)114383 al | cases. Exanple 5 [0091] Anot her PCT/US2009/036152

conparative study was performed. The resin conponents
Exaaple @r e shown in Table 3 bel ow. CHTP stands for
"Ngéilohexane t et r aphenol eCHTP is . the ep

of
| Shéxaine-Raadea oy ¢ (P Ay £oBID AR eiBIadem g agpared by
co%@gurﬁiﬁ?w a3 t(ﬂ D EAOXY 6@EUE' (§%ﬁﬂf3l frdin I?ﬁ’é’@'o@/CChemlcal Company, a

zicure 302 I's a phenolic novoloc from Sl group.
“4-2ypdf” soBd Zhglymdjdyﬂt]nan of dagphencl Tathheing apGPORY eqihlealent weight of 860-

N TR N RN GO ——

powh& 4HaiTb1E elort Adt PoBudIaS 5@ Jef Ef)lcﬁikéM‘P RA0G- Ihbtﬁpﬁﬁnd%%ole adduct
nmore than the non-CHTP fornul ati ons. Tabl e

Wlﬁlrimpmrlold/é@pﬁﬁpﬁomsm Mllab&é@m Sh¢lhEhemicdbl é@rgnﬁétM@fl’tﬂfb?tW Powder
Hlsg 1o %o%%xer etﬁ%l g’/]Z éAhv%lHexal?acr %gtgd%gglo g dsEl)lca carrier

r coa
maﬁﬁ&cﬁlr@i Bfl UTE Sﬁrfa&ﬂﬁp@ﬁﬂu& ©ca\sai 1adik GMOT) 0p303. Lh% QOWansﬂ W 20

a y solid diglycidyl eth

(Wahlzssmétﬁ éﬂleAawaka Iﬁ:gfr%m Téls&%yy £qpgay eh d@l}ép@ﬂp gpd é@cg of Cab-O-
® o

Sila i SR AESAEE SRR BonfCald Lorb et rod i e ot 242°C was

imfneosml /%Iltb tﬁhf edulting)coatng) pgwddr, E’iancamlbe/(:ﬂm) ctrelfdt 2 min at 242°C and

2- met hyl.i mi ol e adduct th henol resin
walgg AeatE 1OF QBRI %ﬁ?s\é‘\néﬂ o B dobGar %YOQ#ljl?showed an
oane@"Pg%T 1b4dc 4{d @%\’)d@i%héél&{ to tRE Ié}t)éél substrate.

acryl ate/ 2- et hyT hexyl acryl ate copolyner in silica

carrier manuf actured by UCB Surface Specialties of St.
E Lowls 303.4 g of Vansil(r) W20 (wollastonite
Xpmple.7 aval | abl e from The Cary Conpany of Addison, IL)

[00%ay 3.0 Bugdn-BakddSIHpokk) pMvaer C@htifd d@kmsiatibEawas prepared by
avai | abl e from Cabot Corf ( A steel bar heated at
B

coppogdingadStimeredfeds ALS e%swmﬂﬁengwdtﬁ@fiu eRPXpovdier made from

blspﬁenol all of\:/\ﬁelc(::iﬂorohy i zfn tﬁgflene%lphen%lgt% acﬂlsocyanate 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 III (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-Sil® 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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wat er quenched for 10 mi nutes. The resulting
Fusi on- Bonded Epoxy coati ng showed an onset Tg of
waomdi4ssl a good adhesion to the steel substreCEUS2009/036152
Exanpl e 7 [0094] A Fusi on- Bonded Epoxy powder coati ng
[0G95] nulnad Mnmmaeaﬁmadd@ynb@hmoﬂmmgs F24d & BBBfpoxdder coating
92457. 02 (isocyanate nodified epoxy res de from
fo Uéaps’r?@ﬁmereppre%ﬁ%ﬁ%%ﬁ%ﬁpweaﬁdwﬁ&lﬁf a%f?eﬂa PPNyl ene
di i socyanate, conmercially available fromthe Dow
Chem cal Conpany, CAS No. 60684-77-7), 22.2 g of
FilAanpae(mi()nta@"ﬂezﬁﬁg( di cyandi ani de powder avail able

. 2 EDi
10d95f Ryt 5 5 ahlirstPnbnof SERERAM Krapily 6rblpipve were
mad¥ E&I‘ E‘Qﬂf&eﬁt{a@ Weahghy Celemas) IDSAR Theho-Bii8gRlr{d Analysis (TGA)

PW (i m dazol e epoxy hardener avail able from
an(Stﬂn_RlzlﬁkmtlngS edreaart onprepardiidentabhing ¢ Fbgwm by 150 mm sheetof
Duggg%rolf/lﬁ); slft:etl]gplalnglcgy 7?7/3 %pg m*nic r&:?hg l attlﬂ&ganel in a Blue M
corBEli G BvePPRE IaﬁQlloeroﬁf?)OShmute@ Uihgn pMeing il 93 a 81u@digdd bed containing

Mns ar(tm 7’051‘5eldspar flller) and 3.0 g of .
SP*I“(%P ccasHirgnelayassihep damgdiatalynplaged frofn oven at 242°C

R e
foric%‘ %%ut%g rce“)é"u HI%I Cri)tél&c%at [ ngag%{\ﬁd %eaﬁ%ﬂﬁgﬁggﬂ‘y%\%%g Wfer bath at
ambishe tém)pera?tum fora? nZ42@C Hind FBE esatigy eflah&ds ftben i€¥moved from the
nh%\ﬁfj\e The resul ti ng Fusi on- Bonded Epoxy coati ng
Dug d an onset Tg of 1600C and a good adhesion to the
steel substrate. Exanples 8 - 11[0095] In a manner
simlar to that described in Exanples 5 and 6 FBE
Differcnitinl ScamnimgChlormtey (Id96) wer e prepared fromthe

10P3TPTERR ' 150598, MGt FPREERIR S S eror bIdE and placed
mt{) %éﬂliﬂﬂﬁlhrﬁﬂﬁ Ase e gend WelcimYedSthén lﬂbéic:&i/@ ABani@&ehperature

for Differential Scanning Cal ori mstqr“{0
scaNmdaipni@egen fiemrpem Agrapsratuse ORERJC & B yseng A Mgdel Q1000

free fi ed by attaching,a 75 mm
DSF;gls [UME t, 'J{hm':}‘g E)ufrq.‘_ng Itll%J als OSC%II¥ 2 (t(ie tet e E)%:roleﬁl sc(‘%n Bver%géégglded. Test

resaQ@fdim)e fllihlisemﬁk&ﬁﬁrd)rﬁghé furﬁmmﬁaﬁd ofl BxainpgBt e 1 Magostivi@fdriZea in Table
oven set at 242 OC for 30 mnutes, then placing it in
5 bgloy. i di zed bed cont ai ni ng

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 5%
weight loss. Test results for the films made from the formulations of Examples 6-11 are

summarized in Table 5 below.

Tensile properties measurement
[0099] 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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the powder coatings. The coated panel was then
i mredi ately placed in an oven at 242 OC for 2 m nutes
W@ 2000114383 he coating. After curing, the panel R&EEUS2009/036152
guenched in a water bath at anbient tenperature for 2
in Ainmntgspresth el HEBEstS: dakédgn AISITIN WES8) here caawtosted af room temperature
t he DuoFoil . ferentlal cannj ng Cal orinetry (DSC)
at Trb%s@fmswora@cp BYIEs 1@@5 AT ShE ﬁétafwrﬁnué%ﬂw%w&culate the
ten\é\ﬂé Hlo@ufhgzt@ﬁsd%l sﬁgﬁ‘ tﬁ ngldpdeﬁ’&ﬁdstllam & tﬁ’@&n T@étqgéuﬁ]tg TOPREFilms made
e pans were cri d, then subjected to a dynamc
frotretﬂnp éoatulateons oéﬁxamplles 6fi|1ta|r@gemnﬁmmth in debtetSemp@v.at ur e
Ti’ 600C at 20C/ m n using a TA Mddel Q OOO DSC
a rument. The Tg' s fromthe first scan and the
E):“utl)'lg'li“a”hwclc f L,UI6ggt:u 5%: lt::s Ht qu;a t |c1i)ii 17
t Q orm nflnn'\ fa X Qc aF a
R &rRar i 604VE. 8 Tabl e 87%el bw_ Ther ngz%ir vinetricd97
XAMYS7.02,(5TGA) [ 0098] TGA sahpBeg (~5 nodllwer e chi pped08.5
Amdrurk? I0G $200lges. Webght | | @9 wds nonj tored Using @

Ij@Hrngyréﬁms LqU_,lﬁ,\u-S' ng a|lgiBer ajge [anp Tfom
D ormdratur ol wae rodsuro - boewpi BRE_| 1294
ERLCURBY PYUog 1 < I 00Ot hp fliltors [nelde frafthp 10 3.03

€URRAQLT 3R T/ 18xdnpl es B- 1B.Gire sunmpri%&d | n Tab| e 3.51
$ below. Tensile prloperti s nmeasudrenent [0099
Modaflowipoivdet HIf & (wele0 per f ®oned omidog 4one| shaped 3.99

V%SI'II@TWZ@ éar‘rpl es USI309.48_H |V||b Alll31gnice RI- lJ}O7.2
_,K@gi;’fjﬁif;g G R 3t aps LRty Ly agl pddL8
x 5 mmx 0.254 mm using ab¥PReiesnsi | e diein a manual
press. The tests (based on ASTM D638) were copducte
Gel Timm(st@rrperature aB9an| exf/énsiloB% af e 66fl 0| 031 29.5
RSy (Jiwad and difspiacerensil datja s)erp gsed o440 | 746

”P%l g@)g thd Prwd& s [ SgPAUTUS, ¢ Tens{3 el SEEaNgr Negant ¢4 9

straln at rea_k Test results for the|filnms
E% E@%W;;gme E‘Vb& o OOl g | 1238 0| (112 | 1566

coating

Tensile Strength (psi) 4045.9 5569.1 6861.3
Tensile Modulus (psi) 181327.9 305642.7 347701.4
Elongation at Break (%) 3.8 42 4.5
Tg (°C) of the free film 161.7 122.7 162.7
Temp @ 5 wt% Loss (°C) 332.4 399.7 392.5

* = Comparative Example

@ 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.

@ Product from Example 1

[0100] 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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* = Conparative Exanple (1) Phenolic epoxy hardener
avai |l able fromthe Dow Chem cal Conpany. Based on an
wa@ewodifsed solid reaction product of |iquid epORYS2009/036152
resin and bi sphenol A and havi ng an epoxy equi val ent
withed glieriof c@hbin2@86h of Gprrladsisthnder @emipx@npive%1LoB1,00d and tensile
As can be seen fromthe results summarized in Table 5,
PropsHisar ed to a di cyandi ami de hardener (Anmicure(r) CG
1200) and a conventional phenolic hardener (D.E H (tm
85), in conbination with both an epoxy resin and a
nodi fi ed epoxy resin the m xture of polyphenolic
conmpounds of the present invention (C}WP) af fords FBE

£ i th onmj 0 r nce
B e e O R

to Abrtdi® WeRidnB @hdrE6fS Stter ivBMEIk |0 pbasblbesl destidnbesbrindtations, and
consi derabl e detail with regard to certain versions

eqyipdpsfof thy Mepiopehepsnkillabesopssippieat toath@sapkilledin BKgsart upon a

[ Y [

reofife 4 Bk SR AN ERMNA FONE v YR85, B8 VAN fogtures of the

vedionhe ddidig cafi Heheonsipead in &aﬂmmnway&jtospmdgdeoﬂdmﬂn@al versions of the
dramﬁng the various features of the v rS| ns

PIOREH NHCTHIQH- bé r@&ﬁ%@ﬁe&eﬂwnvtﬁ?mlaa@ fegn pisgifefethe purposes of

de@ﬁgh@é eRAty, YR SbORSIIAf tﬁ@ﬁre@&ﬁ §§J&htlblﬁ]vﬂéﬂeﬁﬂe an appended claims
Furthernore, certain term nol ogy has been used ?

shqulid pos bs luﬁltdiegctheptkmepmrapf tthye, paerﬁtd*rerdot/erslonﬂi |cmnta1nlethdlereln and

sent entlo Ther ef or any end cl ai -
TR bl 5ae firedol®, GePhlaidSep R BRONTENS ™ within the rue
spﬁﬁ@&ﬁ&bﬁgoﬂﬁé%hg&&1ﬁﬂﬂ&@hned herei n and shoul d i ncl ude

such alterations, pernutations, and equivalents as

[0%02] HawingHiow fuller depqitbed Bl iveaten, sfc‘@ﬁleb%wnd@rﬁ@qsirtéé@w of ordinary
t 01 |
sklhlrnlé gﬂ 519 ﬂiat 191@%1?21128@ tﬁ% ree%X\(%t 6%(1;\641%(1881?%1% éego%eh I?)HF' w1th a wide and
equikalbht ﬂaﬂgd bﬁccafditldnb aforinbirtiony, had sthef phaeepsie sathbut departlng from
i nvention can_be carried out wwth a w de and
thees§0ps,/2f tBh inveRtiReoiamy cathgriimestherest- il at i ons, and
ot her paraneters wi thout departing fromthe scope of
the invention or any enbodi nents thereof. WHAT IS
CLAIMED IS: 1. A process for preparing a m xture of
pol yphenol i ¢ conpounds, wherein the process
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conpri ses condensi ng a di al dehyde of a cycl oal kane

havi ng from about 5 to about 24 ring carbon atons with
W@2@EbensBi ¢ conpound at a ratio of phenolic hyRPEDK§2009/036152

groups to al dehyde groups which affords a m xture of
WHANMSHEMIMEDdSnpounds whi ch conpri ses at | east about

20 %y wei ght of a pol yphenolic conpound of fornula

(1): (RRm (D wherein: pis 0 or an integer of froml

to ab : .M | n Iy is:0 f. 2:
o, S0Pk SRR PRSORIASOA N uPionbonly TR e roces
comptised , cohdehsing)a dialeleh ateadfl ¢ wlidditant Waeidg &ldey labout 5 to about 24 ring
optionally substituted cycloal kyl, aptionally
carggp atomsuy bl 2 phresdis, cogprauBh at f yatioupfsriepolicydpxesipups to aldehyde
L QE i . ' | .
o AR, LS ATt B R i st s
20 6pby eradhk pf s phlyphdnotie dompyimixyf ,foammda Opt i onal |y
substituted aral kyl oxy; and the noieties Q represent
hydr ogen; and any non-aromatic cyclic noieties
conprised in tl above formula (1) may optionally
carry one or ngr& substituents and/or nay optionally
conpri se one Nor e doubl e bonds. 2. TH@nprocess of
cl ai m Q—\@re bhe m xture of polyph i ¢ conpounds
conpri ses at '
pol yphenol i ¢

(1) proc%)ss of
any one of cl/armg) iHCa nolar ratio of
phenol (& o$> divakgd is at

| east about 5-F41. 4. ess of of—¢&l ai ns
1 to 3, wherei he cycl oa has fr to about 19
ring carbon at . 5. The process of an¥Rone of cl ains
1 to 4, wherein the cycl oal kane has 6, ,”@r 8 ring
car bon at ons. M

wherein:

p is O or an integer of from 1 to about 19;

each 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
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.

2. The process of claim 1, wherein the mixture of polyphenolic compounds

comprises at least about 50 % by weight of the polyphenolic compound of formula (I).
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6. The process of any one of clains 1 to 5, wherein
t he di al dehyde conprises a cycl ohexane
walt@anbssnl dehyde. 7. The process of any one oPCTUS200%036152
1 to 6, wherein the phenolic conpound conprises
phenol . 8. A m xture of polyphenolic conpounds which
I s obtainable by the process of any one of clainms 1 to '
3. 7. Ghe pregase e santyopneppbstvimpigl and epoxliereiasd molgheatiej of phenolic
r N i r cqnpl etely
CO%@%&@#@%ﬁéggﬁéﬁgﬁg§%ﬁ§§?%%§g%&é%%%50?'the m xt ure of
pol yphenol i ¢ conpounds of claim8 into glycidyl ether
groups. 10. The process of claim9, wherein the
4. pr odas przosypifiang one ofitlaicis hw 3, herdix therogclohlkane has from 6 to about
pol yphenol i ¢ conmpounds wi th epichl orohydrin. 11. The
19 singcaben gfomsyy one of clainms 9 and 10, wherein
substantially all of the phenolic hydroxy groups are
converted into glycidyl ether groups. 12. An epoxy
5. I esiThe WRicetk dfSangindionahlifs Yo Uh@hplepr@s Tybaidie KR, 9f or 8 ring
clains 9 to 11. 13. A mxture which conprises (i) the
cahpx aigrms. of pol yphenol i ¢ conpounds of cl ai m 8and/ or a
prepol yneri zed formthereof and (ii) at |east one
conmpound and/ or prepol yner thereof which is capable of
6. F eaghL NG Nl I?)f (elng okt of %laiﬁlé&(tluE S i QH?rd'ieﬁ(?gh Gl )comprises a
the epoxy resin of claim and/ 0f ‘a prepo ynerlzéd
cydloliexahdéicabbxddchydei ) at | east one conpound and/ or
prepol yner thereof which is capable of reacting with
(i). 15. A m xture which conprises (i) at |east one of

(a) .the m xture of pal yphenalic conmpounds of. claim8 )
7. andBF POy P S AP Er B R pB iR gomprises
phé$i n of claim 12 and/or a prepolynerized formthereof

and (ii) at least one of (c) a novolac resin and (d)

an epoxy resin which is different from (b). 16. The

m xture of claim 15, wherein the epoxy resin SF)
8. compy insdureph pelypRenwliz campevislsachigleisiabtainable by the'process of any one

of claims 1 to 7.

9. A process for preparing an epoxy resin, wherein the process comprises partially or
completely converting phenolic hydroxy groups of the mixture of polyphenolic compounds

of claim 8 into glycidyl ether groups.

10. The process of claim 9, wherein the process comprises contacting the mixture of

polyphenolic compounds with epichlorohydrin.

11. The process of any one of claims 9 and 10, wherein substantially all of the phenolic

hydroxy groups are converted into glycidyl ether groups.

12. An epoxy resin which is obtainable by the process of any one of claims 9 to 11.

13. A mixture which comprises (i) the mixture of polyphenolic compounds of claim 8
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17. The m xture of any one of clains 15 and 16,
wherein the m xture conprises a brom nated epoxy
WO 2®9N14388. The m xture of any one of clai ns 1BCT/US¥9/036152
wherein the m xture further conprises one or nore
an(ﬂdbstlﬁémﬂﬁnwiﬂedl’foﬁﬁ ghaedeaide di)f atoragp @ny reenipoaiid and/or prepolymer
cat al ysts, ) flame retardants,
th%%&hé‘fhslts§al? e‘? rﬁ mlgé”lflgﬂsﬂ)an solvents, fillers,
gl ass fibers, adhesion pronDters, wetting aids,
di spersing aids, surface nodifiers, thernoplastic

14Pol WiR:Gureaitlc b phi &k €898 89§ Ssin P claith @2 Fhafob a Hr&olymerized
any one of clains 33 to 18, whérein the mxture is

forpatheieaf pyd OF) a denst emee¢qm1wmédmd/@o pregopymesd (eareqftivieiph is capable of
recg&grhﬁgﬁ the m xture of any one of clains 13 to 19. 2
oduct of claim 20, wherein the product is at
| east one of an electrical lamnate, an |IC substrate,
a casting, a coating, a die attach and nold conpound
15f or Auhekiuen whidho opagiites, (iRapbiati age 0ONPO et fr@x‘tureaﬁid pa]@'phenolic
adhesive. 22. A nethod of increasing at |east one
compennds f Figiny 8 Andfos feRreRplymeraed fyghhewef gpd éb}rﬁiee?ﬂoély resin of

claif® q@ {rfdPp aapﬂaﬁefl?h@ﬁz&feﬁﬂrﬁ @BEHP And{1i)E4 Qé%lsg b&& ot {lg\éolllcﬁf%lac resin

resin, wherei he net hod conprises ‘replacing at | east
ancb(q[)antepoiy teki@ wioviolsatifferest firoral). or t he epoxi di zed

novol ac resin by at |east one of (a) the m xture of

polyphenolic conpounds of claim8 and/or a

165] i ABRGRE AG ) Spaige PRSPy, P EP b 5S typordised

nopshyfewiact i onal conpound of formula (I): (Rm(l)
wherein: pis 0 or an integer of from1l to about 19;
each mindependently is 0, 1, or 2' the noieties R
|nd%gendently repr esent haloq ano, nitro,
hydr ?)fmx&%?l ray| gne of claims 15 and 6, wherein the mixture comprises a

brominated epoxy resin.

18. The mixture of any one of claims 13 to 17, wherein the mixture further comprises
one or more substances which are selected from polymerization catalysts, co-curing agents,
flame retardants, synergists for flame retardants, solvents, fillers, glass fibers, adhesion
promoters, wetting aids, dispersing aids, surface modifiers, thermoplastic polymers, and

mold release agents.

19. The mixture of any one of claims 13 to 18, wherein the mixture is partially or

completely cured.
20. A product which comprises the mixture of any one of claims 13 to 19.

21. The product of claim 20, wherein the product is at least one of an electrical laminate,

an IC substrate, a casting, a coating, a die attach and mold compound formulation, a
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substituted al kyl, optionally substituted cycl oal kyl,

optionally substituted al koxy, optionally substituted
w@Rkmeny3gs opti onal |y substituted al kenyl oxy, opECT/O82009/§36152

substituted aryl, optionally substituted aral kyl,
compbddienapdtying ubapoditidre dnd ay hdheyiveand optional |y

substituted aral kyl oxy; and the noieties Q

independently represent hydrogen and glycidyl and any

22? g?ma{ng fi)o ﬁ%%g%}ﬁlél% I oL esog(r:tﬁ? Hrg Fél%ﬁ]}l(‘gtean%btgg teoughness of a

maBeHRs hatd §0hSa AMRY reﬁﬁ)én@/@ff hiP B3 i ¥ 2 EPRBVOL R G e SR BWIRrein the method
nor e doubl e bonds. 24. The pol yfunctional conmpound of

compasamrodacing et ke atlhiét %henp%@aqeameand@ rih¢ CI%ﬂXl(hZ@i novolac resin
by :ﬂelegil i { Uie (: gq%f lmlx t ) eg(ﬁé) ! eth nc%m%oHn%sr oFR c1a1n12 é and/or a

&re oI & prese ogen
preﬁb?nﬂ@iz&(ﬂ B616l tHeraf aB@NMPOUB@pety i eM@aiaf 1E|aﬁ<ﬂ/6i5 a$Bepolymerized
24, wherein substantlaIFy all noieties Q represent

forg) Gere@fsl . 27. The pol yfunctional conpound of any one
of clains 23 to 26, wherein p has a value of from1l to
about 14. 28. The pol yfunctional conmpound of any one

239" 8l FiTRurRAohd BhptEIcEBrfuidp: a val ue of 1, 2, or
3. he pol yfuné%lona compound of any one of

clalns 23 to 28, wherein p equals 1. 30. The

pol yfunctional conpound of any one of clainms 23 to 29,

wher ei n each mRdependently is 0 or 1. 31. The

pol yfuncti ona nmpound of any one of clRy) 23 to 30,

chosen~fr yl cycl ohexane tetrap , and
di met hyl cycl tetraphenol tetra yl et her.
0—Q
CH
HC
Q_
(R)m

ey
wherein:
p is O or an integer of from 1 to about 19;
each 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
optionally substituted aralkyloxy; and
the moieties Q independently represent hydrogen and glycidyl;

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.
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24.  The polyfunctional compound of claim 23, wherein the moieties Q are
identical.
25.  The polyfunctional compound of any one of claims 23 and 24, wherein all

moieties Q represent hydrogen.

26. The polyfunctional compound of any one of claims 23 and 24, wherein

substantially all moieties Q represent glycidyl.

27.  The polyfunctional compound of any one of claims 23 to 26, wherein p has a

value of from 1 to about 14.

28.  The polyfunctional compound of any one of claims 23 to 27, wherein p has a

value of 1, 2, or 3.

29.  The polyfunctional compound of any one of claims 23 to 28, wherein p equals
1.
30.  The polyfunctional compound of any one of claims 23 to 29, wherein each m

independently is O or 1.

31.  The polyfunctional compound of any one of claims 23 to 30, chosen from
dimethylcyclohexane tetraphenol, and dimethylcyclohexane tetraphenol tetraglycidyl

ether.
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