ETHYLENI CALLY UNSATURATED MONOVERS COWPRI SI NG
ALl PHATI C AND AROVATI C MO ETI ES BACKGROUND OF THE
WO DMBNTH4EN 1. Field of the Invention [0001] TheCPUSREN036522
invention relates generally to polynerizabl e nononers
whi ch conprise at |east one 1- or 2-propylene noiety
and f urEFHYIJONIEAER YOUNSASARATED MONOMERSCOMPRISING
addi tional al ADARHATIOAND AROCVMA TIC MEHBTESNd
t her noset products based on these nononers. 2.
Di scussi on of BEXOKORMUNDIOF THE INVENORRY The
performance requirenents for thernosetting resins used
1.in @ladddfthedhveapphi cati ons continue to escalate. In
electr nics rave becone

[0@3 tl ngﬁﬁol?fﬁﬁ emwnln%ue $5c ggnqrzﬂ erizable monomers which

coﬁ&ﬁﬁ@zﬂ'l&éﬁ bRNE. or@ﬂrowyl%ﬁé ﬁr%?e@f Qﬁﬂf?{h@gb&ﬁ ridebovtt §1Wmat1c moieties
ereof, there is a need resi ns whi show reduced

andliadtligionali gliphatis tragitkesamuil (dcv ssﬂlmaamemhdralownsroa@tmmed on these
as_enhanced thermal resistance. [0003] Aromatic
mo e esters have been used in el ectronics

applications for many years. The npbst commopn cyanate
2. est ®iscublispbftBalkgdudd dyfanaiteon i s prepared by reaction

of _bi sphenol A (isopropylidene diphenol) with a
[0Q023 nEBenPeiEIrM@BCe fISHUIESARAST efor c{gHBOHINS dRTite, R itheclectrical
o Rl o B DR R Bl PR ATy clectronies have become
maies icomthopplapfe r 1wyth| ngoivencesent s chmpuuenv covmthnieviehgpmadt wireless

tecglaﬂlgglﬁgl ]rnm V:‘lr%\?zlg (htm b %agﬁéfeg %J’nggr‘rqas}%owﬁ%ﬁ s@g\g r% ac%ﬁsdlelectrlc
coRERUIHES 8ShaR0S tAdisis %99«@11)éﬁfﬁﬁl§an@éd AERAMALEGsvanat e
esters and bis(mal ei mdes). Al so known are copol yners

[0MB] arrgrartic cpynatratseerebiverbseif osedan eteatrpwice ypphigatietedpr many years,

with ethylenically unsa ol,yneri zabl e _non
f BBycrolnS) SR SRar Lo A ST R ERBRE B Feaction of
blsbﬁ‘daﬂw AQEopRRAMN. diphenol) with a cyanogen halide, for example, cyanogen

bromide, in the presence of an acid acceptor, for example, triethylamine. One route to
thermoset resins with desired property improvements has involved development of
copolymerizable mixtures of aromatic cyanate esters and one or more other monomers.
Most commonly encountered are the copolymers of aromatic cyanate esters and
bis(maleimides). Also known are copolymers of aromatic cyanate esters (or aromatic
cyanamides) with ethylenically unsaturated polymerizable monomers including allyl

monomers, with diallyl bisphenol A being most notable.

SUMMARY OF THE INVENTION
[0004] It is believed that the dielectric properties and thermal resistance of thermosets

produced from di- and polycyanates can be improved by increasing the hydrocarbon content
of the thermoset matrix. One such method is to increase the hydrocarbon content of the di-
or polycyanate monomer used. The present inventors have now found another method for

increasing the hydrocarbon content of the thermoset matrix, i.e., through the use of



SUMMARY OF THE | NVENTI ON [0004] It is believed that

the dielectric properties and thermal resistance of
W@ b@piroged s produced from di - and pol ycyanat eSPCHES1989/036522

i mproved by increasing the hydrocarbon content of the
hydioearborseich mpdlyherizdle stiglenielihodnsagirited | monease twhéch can be

h drocarbon content of the dior polycyanate nononer
PRerZRd Vil ey AT BIRBTEShave now found anot her

[O(WSﬁ hO &Qflcdl'lgp [il%aﬁl'eg'&lt tlﬁ'\%nmfg @19@@?&1%@ B &1% O£1a§sh@f monomers

t her no rix, , through the use
whaﬂlhyxntanc ahtghrpemeotagp of ymepolzaby@omrhgd goupa M’lyﬂe the art might have

d.nononer s | can be copol it h
pregge g ARSI & ) DGO SR LM PR eféicions o the
theP &S BFfpertiRY QRH Othe JNAY BrdfReId, a tHek@bsethbIR, mik 6k 61§§orPd‘)ratmg these
nmononers whi ch contain a high percentage of non-po

rnqmymerﬁe freboracgernaside Wakiobeervdte(see Examples ahd¢enmagive thagreriments

t porat i on..of drocar bon
bellF ahS ACRELEARHL AR lrPXRPRERI B, B I B Reriphls because

it &dres phkdnict® tidrmal d3axdis elobhablosstife Xdbubptibf Catdoexcllémddielectric
t hese nnnoners the exact opposite was observed (see
propreiien! withew delgisapat pifect B@p&ﬁl%‘é‘?‘] behayiqrarf) 2 thergesetiapls mixture
£ n
pre%)e{%dﬁg%{e gtgﬁzéée ﬁﬁ?x% ‘ft%@ls JHQIE‘(P Ezhee\é\ﬁlt% efél?ériria ?y(frgcap@on content of
ther a®heiens Ce, thleqmemat mmn&ombmﬁmdemtﬂ tlaenentexipel d:l,&'ﬁtenergy without
) dieJecﬁrlc prop er mﬁthoutéﬁ{deleterlous % fect on
INIHEINg fReCHe RAAL 8P LIPS EAHES VRIS ECt AR Grat prRigky ag cure can
helpl6 'b?év%%arﬂage\é@cﬁl M&ﬂ&% &d(he)farﬁfﬁ%l{‘& AL hifieresult from the cure of
i ncreased hydrocarbon content of the nonomers of t
moppeeenyhich vempriena samllegrepatien tofi @oepolalhpilocaboe groups than the

ner t hout lncrea3|ng the cure onset and end
nmpgﬁﬁgxgmh?ggﬁmfﬂpg Y%Yuction in exothernicity on cure

[O@QFam el rés%npf\}ﬁ?-ﬁgcﬁ)tn n&gﬁrﬁgsgﬁtﬁyfépuﬁﬁ n@&dﬁhﬂgd %?onomers of formula

nat | on e cure o

(Drmononers which conprise a snmaller proportion of

non- pol ar hydrocarbon groups than the nononers of the

present invention. [OOOGIF@Q@ present invention

provi des ethylenically un turated nmononers of formula

(1): (D e
Y e { fed | N _
Q {j {}\'\l\‘“‘w_-—"‘;}:ﬂ\ Ra

St

K

wherein:
each m independently is 0, 1, or 2;

the moieties R* and R® independently represent optionally substituted aliphatic groups

comprising a total of from about 5 to about 24 carbon atoms, and R* and R® together

S0



wherei n: each mindependently is 0, 1, or 2; the
noi eti es Ra and Rb independently represent optionally
wQawstii44ed ed al i phatic groups conprising a totedT/082009/036522
fromabout 5 to about 24 carbon atons, and Ra and Rb
withoget ferbu taborh te whichahe pitacenbbadewh il ﬁolﬁmyalab@tlbﬁ)zﬂti}edubstituted
y form an optionally substituted and/ or onal |
angloé ntrose By %a?%%teéﬁqiwappvo% yye9 Cweh%@flahate‘f girfe structure;
andii Ng structure; and the noieties R independently
represent hal ogen, cyano, nitro, hydroxy, am no
theophoierias | ¥ Orlepynde@tignec@esdnaoh@lbks, gyaitsnitro, hydroxy, amino
0 tlonaIIy substituted_al kyl, optionally substituted

01369%4 Ibarkyyingopte ohaye ;all@db&rp}%t%wapuwybst&ﬁfqdo%m yoptionally
t k
sulgsllt'{gﬁ’treh %k%l%gfl% aﬁd&p eM ﬁg@% c?ﬂﬁo%qlly sublsﬁlt)}lted alkenyl,

enyl stituted aryl’, optfona
ops oty Bmﬂ%ﬂiut&dadlkcyﬂylo;qptwmrtmlally sibbstit¢dibed, apyidwoally, substituted

A e R R
thé{%?}é}ggﬁ h%dr oggh&g{énggt i g%a%teﬁ?zu ?g}e t 'CBRI CH,- or

HQRéQI'm@ FHOM IwHepcimbeiet rBoicdesbd ahdH]Bndemtltyh ré;hesent hydrogen or

rovi so that when both poietie are hydrogen and Ra
Opg%a hbs%béb‘&tﬁ‘éﬁiodlﬂ%’{lftaw%o@alrtﬁ ﬁ ‘§t3o‘fﬁﬂ?%l #AOEh t hey are

w1t21?tﬂ?§ ?s% (st \?/ﬁe rl{gtﬁﬂl.o?éta?@éﬂegvﬁgogou?ﬁ(gﬁgtaﬁﬁ ‘i{bht%gé@gr with the

caidoaUitorhQp whikl tHE}VT’@ﬁf Bon(&ti d(ﬁ‘ﬁ@ﬁ fo@ﬂﬁ‘amhpﬁatlcl:hng structure having
represents HR1C= CR HC-. [0007] In one
at g'salg,fe%lfoutt&]@ %mﬁb}ﬁé‘ls"sal%ﬁutf%?]hﬁq ]§a§t| z)bq%)}OQ)émg members, at least one

mo?g R?% ‘?P{f)gé{ V\#}‘IRU'ES@‘RJ r(ﬁgedoﬂ‘%;?ﬁ@m?d ormula (la):

erern rom about 5 to
[000FpUt 1R éhe aspect, the monomers of formula (I) may be ethylenically unsaturated

monomers of formula (Ia):

(Rim
Q—O
G (CH2)n
o— 0@/ \_/
(R}
(1)

wherein:
n has a value of from about 5 to about 24;
each m independently is O, 1, or 2;

the moieties R independently represent halogen, cyano (-CN), nitro, hydroxy, amino
optionally carrying one or two alkyl groups preferably having from 1 to about 6
carbon atoms, unsubstituted or substituted alkyl preferably having from 1 to about 6

carbon atoms, unsubstituted or substituted cycloalkyl preferably having from about 5
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each mindependently is O, 1, or 2; the noieties R
i ndependently represent hal ogen, cyano (-CN), nitro,
WhoWeoxs6 am no optionally carrying one or twoPEl/K§1009/036522
groups preferably having from1 to about 6 carbon
to ab@utsl carhsibsimd, uiheab swituted los tsiibstitectdallkysty preédrabBbhaying from 1
ving from1l to abo

h t.6 b t , bstit .
to gpowt g%ﬁbpataéaméwsaﬁPwrecdgagre?lﬂ%%&ﬁgﬁ AU Pqu%ﬁ#ia}gg@fmg from
3 tglta‘i’)oﬁp@%rlﬁnp%%p ufb @ Bicu B DY ?ﬁ%ét{tHIe%dalQ%n%ggig%éfH}a%gr having

koxy preferably having from 0 about
fromt Gnt®, ahm tbsarbbutatomer uissmbstifuted ed salhdemet guyepefatobly having

having fro to,aboyt 6 carhon atons, unsubstitute
frog & JD atPrit DacGpRR P8y SBraner b Prmatl D ST preferably
ha@iR@Utrofh CArBOALA{tONE, cA#BSH Dbk UtiedutitdeRSbi tdbe@tuted aryloxy
aryl preferably having from6 to about 10 carbon

prefersbvly hansghsemtteabart Kubybpr uteus.camal kydubptiefted abbybstituted

havi n Ero 7 to a*gout 2 arqbn at ons, unsubstituted
et Abd DRa” b b2l s Frgt RS 1o

the@bQibiedOs Cap bopdas QMR nfNdreRSERST ihty’dl'fc%énPr HR'C=CR'-CH,-, or
substituted aral Koxy preferabl Y, haviing Trom 7 to about
H>R; C@\RLEH‘C%H ovtereimnthet heoiptdsetR eIn@pendimpendemedent hydrogen or

. hyd , HR C.R -CE - - CR HC- . .
un G BHERET br S B U YRR Y e oy s EffPaigiqpms. with the proviso
tha@ WBERBEMR MbictitsURE hyidwed, aNefubsd inbietyeR radrkyehts/ BRI MECR ' -CH,-

from1l t{)? about 3 carbon atons, with the proviso that
or fhBnCaR Irhifpiceti es Q are hydrogen, at |east one noiety

represents HRIC=CR1-.CH2- or. R - HC-, and .
and) b BGTHRPIGC £y RO RHF o EP RS 2 Gh PEaRoTe ol dfoftay optionaily
cafrPToRdl & flodd <Otk %ﬂ@)dr)’rn&ﬁb?ﬁoﬁ’ﬂ?y @bmPBLE one or more double
substituents and/or may optionally conpriSe one or

bongy anddeumiag optinuallyhe pelycwelyc.opt i onal | y be pol ycycli c.

08] In one aspect of the NONEr s formula (la),
[0408Tey a0 S55erAph S onP BT BB LRTBIE 64th o] ,Vefaowgl_ue of from
ab&NAINb Qbolit TBY fcl}aééﬁanﬂjl&ah qﬁafﬁa@e aluObr 13, apdoRy dnd may in

particul ar equal 11. [0009] I n another aspect of the
parisntreqeabil.formula (1)/(1a), each m may

[0009] In another aspect of the monomers of formula (I)/(Ia), each m may

independently be O or 1.

[0010] In yet another aspect of the monomers of formula (I)/(Ia), the moieties Q
may independently represent HR'C=CR'-CH,- or H,R'C-CR'=HC-.

[0011] In a still further aspect, the moieties R' may independently represent
hydrogen or methyl. For example, the moieties Q may be identical and may represent
allyl (= 2-propenyl), methallyl (= 2-methyl-2-propenyl), or 1-propenyl.

[0012] Non-limiting examples of the monomers of formula (I) include 1,1-bis(4-
hydroxyphenyl)cyclododecane bis(allyl ether), 1,1-bis(4-hydroxyphenyl)-
cyclododecane bis(methallyl ether), 1,1-bis(4-hydroxyphenyl)cyclodecane bis(allyl
ether), 1,1-bis(4-hydroxyphenyl)cyclodecane bis(methallyl ether), 2,2-bis(4-
hydroxyphenyl)adamantane bis(allyl ether), 2,2-bis(4-hydroxyphenyl)adamantane
bis(methallyl ether), 4,4’-bis(4-hydroxyphenyl)octahydro-1,4:5,8-

-4 -



i ndependently be 0 or 1. [0010] In yet another aspect

of the nononers of fornula (I)/(la), the noieties Q
woregpdiindependent | y represent HRLC=CR1- CH2- or PCRUSIOR/036522

HC-. [0011] In a still further aspect, the noieties Rl

dimahanodgphdandan?{ H)yedess ertiis(ajiglr ogeherpr wet’Ayik(4-Fadroxyphenyl)-

ocqagggqirgsﬁﬁﬁ geql%{hg%gap&%%gw eHﬂy,‘i%E}qg% ple?hqalpalyether), 5,5-bis(4-
hy%foog'_;?ﬂé’dyi%e&mﬂﬁeﬂ )Jmétﬁali'm{?&ﬁl%enﬂls(ahQPl?éther) a?d) 5,5-bis(4-

m'ting exanpl'es of the nononers of fornul
hYﬁmeU@lyl)Hethﬁ{rd-él Mynktbxryphéamel ) dbydhetodyt anether), partial — or

co@iy ayd%ﬂg%fi%%%ﬁr“ﬁ(?%{lh g%qs g h%/ﬂ Lﬁxgigpéle—ﬁﬁl)o;(yphenyl)cyclododecane

bls|(alhylbét§é14 By HRRsRSO Wi &y @ﬁl@?%@%t ing (&{Hoﬂutﬁhhﬁﬁﬂ on at least
bi s(4- hydr oxyphenyl ) cycl odecane bi s(nethallyl

onetahematlc ping- tbubd()qk ayldiser yphieande)eaa naeh ane-bi s’l(hblsw hydroxy-
Sgdmeedl%]]ﬁ%fﬂilx} cyc %dol‘clx)%gz{n%xyp% &X I}Fdamﬂe&ne 1,1-bis(4-hydroxy-3,5-

dlrﬂetﬁy}ﬂhleﬁf(ﬁcmmcﬂié)t@mnwbl@@haﬂi}ﬂlylo |, &h&)8- -1,1-bis(4-hydroxy-3-
Adi met hanonapht hal en- 2( | H) Hl [ dene b| s(al IC}/I et her)
methyiphen yd (caclpdadesapshenypisallyl ether) 1,1-bis(4-hydroxy-3-

me@l?ﬂé’tﬂ{l} alych{hoﬁe%n@' %?%G%ﬂg&‘@? hE&%be N2 (ﬂr'é!?eﬂédd ee@(?lmple of the
mdnpeteox pH Emm/dla libxia hyﬂbm(m—h&drmdylphmoylmwokﬂbsim biy{allyl ether) =

and
1 lhfmf%ﬁwﬁ%wwf%@iﬂm HeyglododssiaRanoi ndane
[O(PII $ :Tgtr}]llgggireégnt %\If% rtl)oP eﬁgc}t bfo@lde%retﬁ&gmcg 1? ugsgl!u%ecgd monomers of
foﬂmﬂlabII$(4 hydr oxyphenyl ) cycl ododecane bis(allyl
ether), and nononers which carry at | east one
ort ho- substltu(ﬁ)ﬁn on at |least one aromatic ring to
bI ock a O ai sea—kearrangenent such as, €y, .

|-b|§ 3, 5-di et hyl phenyl) ododecane
bls(al [ | - bi s(4_hkydroxy-3
dlnethylpheny (et eﬁ%@?@
I, 1-bis(4-hy nmet hyl phen hq ecane
bi s(al QH- nd I, | -{bi y
nmet hyl phenyl ) ododecan i, et hal ) —
preferred exanﬁﬁe of the rs of f a (1)
[, I-bis(4-hydr %phenyl)cyclododecane ka)aIIyI et her)
- m
(1)
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, amino
optionally carrying one or two alkyl groups having from 1 to about 6 carbon atoms,
unsubstituted or substituted alkyl preferably having from 1 to about 6 carbon atoms,
unsubstituted or substituted cycloalkyl preferably having from about 5 to about 8

carbon atoms, unsubstituted or substituted alkoxy preferably having from 1 to about 6
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I, I-Dbis[4-(2-propenyl oxy) phenyl]cycl ododecane. [0013]
The present invention also provides ethylenically
waeeatiues ed nononmers of forrmula (I11): (R m ( HCT/US2009/036522
wherein: pis 0 or an integer of from1l to about 19;
caib@a htoms noepésdemntd yr swbsbifutdd atiten®] ptdferabby Riviag fRom 3 to about
|ndependently repr esent halgge cyano,
?‘CF‘

6 GHybRIPM A HIREDGIE (8 a1 Jupsd %nblﬁéyye%%lwwng from 3 to

ab&it0y Qﬁrﬂﬁvéteﬂlsf ruﬁmb]stlhﬁe(@k?ﬂ%lbgltﬁ?crdbgpl Zﬂtr%bl having from 6 to
unsubstituted or substituted alky r abl aV|n

abéutold ¢arbon abaus, lﬁlsuhsitb:utedatnromstmngu bsilkylbprefbrdyly having from 7

subst.ituted cycl oal k refera ing from
to RO or G, B St sl S SRR 7 <L SRRERD bvine from
6 & kPt PO Qfa%(ﬁpbtbrﬁ‘@%ﬂm uflhﬂﬁh@uté@ Abaiystiagad Q‘Pzﬁlkox% preferably
atoms, unsubstituted or substituted al kenyl prefera

hahlaﬁifﬁgnﬂrt@rﬁbQUt b2 abltmtl agomwsrdgn at onms, unsubstituted

or substi t keny r ef er abl haV| ng 0
b OB Bori AT o BT E 0 odbaF St o TR EaR CHa-, o
Hzﬁﬂ(YlC]@r-qu@f aklnerdiav g rﬁ&@ms(s K0 iAlRehdchPyCRERORNt hydrogen or

atons, unsubstituted or substituted aral kyI pref erably
unhdxstlngecﬂ 00 ﬁuli'stttmteébﬂwd having fohohtaatont 3 canbeubist witbdhe proviso

tha R Aol L Bl & e PRY g RO fesbils HR'c=CR -
Crubst,Rit aor afratkoxy preferably having from7 to about
12 carbon atons; and the noieties Q independently
ang etgr egemoniid pp@iﬁ:ﬂpOithCt@R@ﬁbb(Qm tho ab¢iRROEATRTH) may optionally
erein the nde endentlﬁéf rgg resent

Carﬁ%or“t‘?g%rnm(‘ﬂfe gnl%ﬁi‘é%?‘}tf &Péd)r Jr%s §BEPNY BFIRY IO1fisRf; Hgre double

bohdl@m 1 to about 3 carbon atons, with the proviso that
when all four noieties Q are hydrogen, at |east one
[00ich] et kn dher eypreeseinths nRIVGRERDL tIgHD overfoknR a- (@R, biGagy have a value

of from 1 to about 14. For example, p may have a value of 1, 2, or 3 and may in

particular equal 1.

[0015] In another aspect of the monomers of formula (II), each m may

independently be O or 1.

[0016] 1In yet another aspect, the moieties Q may independently represent
HR'C=CR'-CH;- or H,R'C-CR'=HC-.

[0017] In a still further aspect, the moieties R' may independently represent
hydrogen or methyl. For example, the moieties Q may be identical and represent allyl
(= 2-propenyl), methallyl (=2-methyl-2-propenyl), or 1-propenyl.

[0018] Non-limiting examples of the monomers of the above formula (II) include
dimethylcyclohexane tetraphenol tetra(allyl ether), dimethylcyclohexane tetraphenol
tetra(methallyl ether), dimethylcyclohexane tetraphenol tetra(l-propenyl ether),
dimethylcyclooctane tetraphenol tetra(allyl ether), dimethylcyclooctane tetraphenol
tetra(methallyl ether), dimethylcyclooctane tetraphenol tetra(1-propenyl ether), partial
or complete Claisen rearrangement products of dimethylcyclohexane tetraphenol

tetra(allyl ether), and monomers which carry at least one substituent on at least one

-6-



and any non-aromatic cyclic noieties conprised in the
above formula (11) nmay optionally carry one or nore
wastii¢eent s and/ or may optionally conprise oP@I/082009/036522
nore doubl e bonds. [0014] In one aspect of the
aromatamaige ab bhekahovBaket nicherafgdentp zmapreh”aﬂted aexeahple of the
al ue

mogl;)rrgerrg ot fogpiss gﬁbﬂ%&}lﬂh@%ﬁ?ﬁ%@ﬁ%ﬁet Polltetrﬁ@élﬁrtheﬁl
[O(ﬁgi]/)t h%lé g gr&tl{l?éntlggea&s%ggrggﬁrf ngf@{e?ﬁ {:I[lé y 0 é)lnz) c;%ﬁlojlymers) and

pre@sgfﬁiﬁrs of e chlyﬁinloaﬁy Qne@yratsdd epaosient dfyfor@prae S@ita) and (II) set
or -CR HC-. [0017] In a still

forﬂu%'&%ﬁms%le@@tthe W@%ﬁ@ﬂ%&ermﬂ my | ndependent ly

[Od’nﬁfre N :g)treéngtdl %1 ion élesotprow es a F 2 gglpfmnﬁzz%% {nlug‘t}lre which comprises

nti ca esen

at %aart%wh)) at 1&@t Bﬁ'é hwnoﬁleﬁoffﬂk%bvéafdihﬁlﬂkﬁ(lytlh) aff/or a prepolymer
y [0018] Non- Ilnlthg exanﬁles of the
themﬂﬁo(ﬂﬂg tleayt Otlﬁ enoa@wre(ﬁ the abeve formylaj };mdd@r a prepolymer thereof, and

(mg hﬁ%%{g %Fcy K }[18ﬁ1§§§ﬁgmi eé&g@ﬂ@%gihe{e%% 2 % ffeféxfﬂ ?fo)m monomers of

ﬂwembeeﬁnnﬂkwénhybmydkﬁhexane t et raphenol tetra(
1-fro enyl ether), dinethylcyclooctane tetrapheno
rieyaspeat e ithe, figst mexthise Siecatdenst aremosemanfiBhelay be selected
[
fro L roglé)%%% I%htle { ar%BI?Ee)p rog% e(%iﬁ%ggét %Xﬁrgﬂe?iggtﬁ? et]ilylemcally unsaturated

mdaiEp] at@ndtcaidseand gl y@agRes niromaddudit sandf polycyanamides, di- and
dlnethylcyclohexane tetraphenol tetra(allyl ether),
polyAwleipiisieind dimndipodvglysjddethesast one substituent on

I gast onearg to blo
06321, T 3heRrRPT e it PR E el el i ammapapt i) and Gib
or ft@idlosnplist ht leSst dbmpbivntCyis h@haxane t et raphenol
tetra(allyl ether). [0019] The present invention also

[0023bvi lnemopsl yspers cOmpenent Kidiprof tlmqﬁirstnpnumaﬁ‘yorap]dse a dicyanate

cofipSFEH Hsdoyin ain btk PaPe s §ouen ™"

(i ncluding the various aspects t hereof).

wherein:

n has a value of from about 5 to about 24;



[0020] The present invention also provides a first
pol yneri zabl e m xture which conprises at |east two of
W@ govat44beast one nonomer of the above fornul aPCT/PS100E)36522
and/ or a prepol yner thereof, (ii) at |east one nononer
eadf mtindegenaeatly v oul,2or(2;1) and/ or a prepol ymer thereof,
and (iii) at |east one nononmer and/or a prepol yner
the Heeieties viki Brdependgintly e Femiesent offal agrioneyanoef nitike wisgbetituted or
a
sul%sﬁftlrft;édaa? )(1 r##efer%lyﬁ{l}%n{gatr)olme ?Z%%)g mc%glﬁ)enr gt?)i?ll%i’ )ug]%r%ti/stltuted or

sumltﬁteﬂe@yoe@hlf(ylo@srerfefubmpr}&vmﬁg Cione aitolut SE tonebodt 8Magbon atoms,
%g*erl zabl e et hyl eni cal | ¥ unsat urated noieties,
un%}ﬂ@ L

tre oaﬁub%weé@ﬂWaﬁfs ablydayia fremg o apept 6 carbon atoms,

|
un%ngglg Jei y?ﬁ?sit %lrs% QF%HQZ#%?%E an‘h ?1 af;fgglcg to %Bgut 6 carbon
atofmy, Stnsnbstitured omyubsonged sékeatyldxgaptefeabjohevihg f(wr)l 33m<ml about 6

R or it rise at |east onents (il
cabp om O TG BY P 4GELery S AONa g P 10 about 10
caﬁb'%ﬁ aftblriﬁtuﬁ@u)étstlﬂtru@ecﬂﬁy s&&Wﬁﬂeé%rﬁk?l ﬁb@&%ﬁy EAREYRASN Of to about
l'owng formula (111) and/of a prepdl yner

12t¢aeb@ofator(1s Iur)sumtetlumdnor rsubmsut@dvaﬂyhncyopretfcrr@hiyab@ung Hrom 6 to
to out each y is,.0, r 2; the .
abon; g‘?‘%{%’oﬁ REEpak é‘ﬁl?‘w °§eﬁ%’tbsﬂ%ﬂlt%%S’F??k%’v’a%e?erably having
frofh 716 absisLUbsdrbbhlhesin Or subst ituted al kyl preferably
having from1l to about 6 carbon atoms, unsubstituted
andranyubsn-atamaid cydicoaldigtiesproefrgrabd yirhdhe mypove dmmablou¢lll) may
about 8 carbon bstit ut

{0
opBab i AL 8T PRORYE STLTETLT OIS, P SPFGARLY E8maEigEeng o more

doGRIEMRAIL AR HYSSRRInall q)o?% cyeHubstituted al kenyl
preferably haV| ng from3 to out 6 carbon atons,

[00248 ubbt oheibgetcoof thehatovt lmcadnatekcsmypmmyl prrmzf;eham y value of from
' o about 6 carb at ons, itu

abgft 4 (BGOPEt b8 SRUBPEr ar B805PHAVE NG TSm0 Dodhbbnd may in

paktRuSARAN AL AfBnotHRs lé@ﬁéc'tté&:ﬁ% %aysl‘ﬂﬁ%éntd@hﬁ? bRIOKYIA specific
preferably having from7 to ab

(and preferred) example of a dicyanate compound of formula (III) is 1,1-bis(4-

cyanatophenyl)cyclododecane.

[0025] In another aspect of the first mixture, component (iii) thereof may comprise a

polycyanate compound of formula (IV) and/or a prepolymer thereof:
(R)m
CH @
R

(Iv)



12 carbon atons, unsubstituted or substituted aryl oxy
preferably having from6 to about 10 carbon atons, and
wa@e®ahsisd ut ed or substituted aral koxy prefer abCHUS2009/036522

having from 7 to about 12 carbon atons; and any
whemim:ar omati ¢ cyclic noieties conprised in the above
formula (I11) nmay optionally carry one or nore
p isQstantipeages ohfi@not tora§owptonal |y conpri se one or
oubl e bond nd/or may optionally be polycyclic.

ea@%@@% qﬁWd8ﬂ€y5% ebto’of the above dicyanate conpound,
thé’] rﬁ@% 1@9"[@ ﬂld\é %ave g fé\aqgéeﬁp £%og?e b, c %mm% lﬁﬁrubstltuted or

l'ue of 11 and
suhismti'ltledellayl }ﬁﬂﬂsahblgz]havirrg fvoat hap Mpeétqarlﬁachtomsnaylsubstltuted or

de dently be Q 1. A's f f d)
USRI oY i SyRERY NSRBI B U (B, o )8 arbon atoms,
unbubstifitsd dr sWﬁﬁ@t‘é@@W Q&Y&Elﬂ qg@fﬁ%r@om[ p@@%odtﬂi carbon atoms,

anot her aspect of irTst mXxture, conponent (iil)
unmﬂEneUédnHdeampnﬁéeﬂhcmmlg@ﬁ%nbbeh@dmgoﬁndléfuf@bnwﬂé carbon

aees el B ERVHHTEY IR P8 aplsth ab. MlER R 3 o about o

caﬂb@ﬂ%@rﬁé’eﬁlﬂéuﬁsﬂlﬁlt&i o sullkitied tab@ pref@hbI§ShaRing from 6 to about 10
|ndependentl represent hal ogen, yano nitro,

caiheg tsemp ¢ vt Bl soutesips sy hstited awliib/ preseiablibhgvingfrarg 7 to about
f b t .
12 Jagg% C%nsa 191{15{1 tl?leg 8p $ @g‘%{{ﬁ e H)Qc%z g}e?érgglygé%\a{lg 5from 6 to

ted cyc prefera aV|n rom

abd@t E(b@wltboa alaﬁlbpﬁn(&tu(ﬁﬂﬁbstllﬂmd gt Suﬂ)@il&fﬂed)ﬁraikmgt piafié:@bly having
al koxy preferably having from1l to about 6 carbon
frog i@ abowstbetrbeiiptmsNdubst i t ut ed al kenyl preferably

b
st B bf R B\ iR Sty S S s ROE ke PR DEIAUSSIG represen
hyai@dh; 6 carbon atons, unsubstituted or substituted

aryl preferably haV|ng from6 to about 10
and any non-aromatic cyclic moieties comprised in the above formula (IV) may

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

double bonds.

[0026] In one aspect of the above polycyanate compound, all four moieties Q may
represent —CN. In another aspect, each m may independently be 0 or 1 and/or p may
have a value of from 1 to about 14. For example, p may have a value of 1, 2, or 3 and
may in particular equal 1. A specific example of a polycyanate compound of formula

(IV) is dimethylcyclohexane tetraphenol tetracyanate.

[0027] In another aspect of the first mixture, the mixture may further comprise one or
more substances which are selected from polymerization catalysts, co-curing agents, flame
retardants, synergists for flame retardants, solvents, fillers, adhesion promoters, wetting
aids, dispersing aids, surface modifiers, thermoplastic polymers, and mold release agents.

[0028] The present invention also provides a second mixture which comprises at least one
ethylenically unsaturated monomer of the above formula (I)/(Ja) and/or a prepolymer
thereof and one or more substances which are selected from polymerization catalysts, co-

curing agents, flame retardants, synergists for flame retardants, solvents, fillers, adhesion
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carbon atons, unsubstituted or substituted aral kyl
preferably having from7 to about 12 carbon atons,
woe@®absise ut ed or substituted aryl oxy preferabP@I/Hs20091086522
from6 to about 10 carbon atons, and unsubstituted or
prasudisits hettnd aidal depeysipg efdsr alniface hawvdifigrsf tiemmdplastiapolyters, and
(ﬁé grbon atong; and at | east tmo of the npojeties Q
mold Jrleasen ASEEN Bofd SXHBPIF e FRgdnBildrice ) PeprhYaially free of

po }&%99&19 mo"ﬁegleﬁrb)ﬁdgﬂ MaGHOARL Tvﬁlcﬁ%:é é(ﬁ;a &17hBR with the at least one
nprised in the ove fornu (1v) opt |on$Y
ethg&mrqallp mesaturated neoreuiss bf thaehtvs ﬁwndtlkar(l)r‘(w) opt i onal 'y

onpri se one or nmopre doubl e bonds. [0026] I n one
[O(ngecTheoprequé insBURN B8P PESYAGRstaeth, gé%%@ whigh cqmppyises at least one

r h t
et Rl Sy TR FRAFRET Dol FARKTT) BRRE L preffher thereot
and/ aheler ahore rsabstdndes vaticduhreldkelecksalr fremapqikmﬁrimtilmawat@ym &o-curing
val ue of or 3 nd partjcul ar equa
e citPe r%tf%%ﬁﬁ?s S?S‘Fer&lsiﬁo cf}%mstrsta@&ﬁﬁo GRbeRIF: f@?ﬁulgéass fibers,
adlidsbh ]péorﬁid)tgi%t hytieg! ahexanpelstior apiie nsth‘faE@tﬁla&Y@ﬁat hermoplastic
[0027] I'n another aspect of thé first m xture,
polyimetsired meld felpashagentsonpri se one or nore substances

ich are selected frompolynerization catalysts
[0%1 cur Thgnageracs, each Hethicetigh arond aad g imiggugsppet forth above

(in&lluﬁ tﬁ@k%&%%?eetsﬂ Eﬂe}’e%?)t May bk rﬂaﬁfa?l 120 (e , prepolymerized
prondters, wettfng aids, dlspe sing s, surface

or Resc!iigeidé U3 compbtedm pblasterlzecb @ﬂl@/ﬁerm¢seahdlvnnﬂ1@ aled pay@des a product

eg{}% Kt ﬂfcb e tﬁarl 2ﬁgt i € ‘gtl o(ﬂ&lgllgr?%ﬁiequgfera%?y substantially
coﬁ{ai@i@lﬁ @oﬁ%ﬁér&e&')nﬁﬁitﬁfeatf%@l e‘fﬁ ?IEE th®hprdduee 83P¥R theredt!thy be an

/ (1a) "and/ or a prepoly hereof and one or nore
elesﬁmslt Iamt@ée wmléir{nmgatsé Icerem@olsubartrﬁtn polaytine, iaxagting a die attach and

LIS R o fATHIAT BAERR: ofd ARy SLEr dant s,
syner S afe o rerardant s S, SO vents fillers,

[O(ﬁiﬁ‘es' %@r }Sl@l%tn? lifven¥iBh LI pRdiges i HBESsSIBY pAd gﬁﬁn a mixture of
surface nodifiers, thernoplastic polyners, nn%d

ethry@lne:aﬁs lmgamtased F}@nommrrmhech mhguremopdiari e&ampée reayppiee one or
SR Gkl 55 Sl B ARPA WTRRATRESafRLRL me prces
coiPlses the condensation of a dialdehyde of a cycloalkane having from about 5 to about
24 ring carbon atoms with a hydroxyaromatic (e.g., phenolic) compound at a ratio of
aromatic hydroxy groups to aldehyde groups which affords a mixture of polyphenolic
compounds with a polydispersity of 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 mixture of polyphenolic
compounds may then be subjected to an etherification reaction to partially or completely
convert the aromatic hydroxy groups which are present in the mixture into ether groups of
formula HRIC:CRI—CHZ—O— and/or H2R1C—CR1:HC—O—, wherein the moieties R!
independently represent hydrogen or unsubstituted or substituted alkyl having from 1 to

about 3 carbon atoms.

[0032] In one aspect of the process, the ratio of the number of aromatic hydroxy groups to

the number of aldehyde groups may be at least about 4, e.g., at least about 5, at least about

-10 -



et hyl eni cal | y unsaturated nononer of the above fornula
(I)Y/(la). [0029] The present invention also provides a
W@ biopd14asat ur e whi ch conprises at | east one  PCT/US2009/036522
et hyl eni cal | y unsaturated nononer of the above fornula
5.5 bt 3t lenndaterut 6. pr epol yner thereof and one or nore
subst ances which are selected from pol ynerizati on
[00331 al lpgmetheg @%@r@fﬁge amsatss thefqyslealkene magdave from about 6 to about
syne r [etard S fi r
19 KRR B o BTRgleT e Gl B o SV Hmyy dpd R icutar  sing
carllbs pAHSIL Ng ai ds, surface nndlflers, t her nopl asti c
ol yners, and nold rel ease agents. [0030] In one
[O&becln angtheh agifect, e flialdshydesmgpsemaries @ hy¢loharanre diceboxaldehyde
(e. % he f ?}/{c;ohﬁg%n%\é(glc%gpfa:lyaqqﬂygg 6}(13(5}9% ,?rlrcifego‘?lf:)?zfc’n%ecﬁcarboxaldehyde) and/or
thePHyRRdyMFgf-it e @B mpouit Sapgedprigy pHeasp! et el y pol yneri zed
and the present invention also provides a product
[0083] ch bopr hedbersasphctaofp et mthoyl dhre coorpliet &' ymay independently

relf By 5Ep Rt G C Tk sR i Er ke S TRUGHE o piR'C=CR'

CH ber apd/orelRbE- @mlﬂ@qmn@ﬁkeﬂr@mnrﬁ@nw n¥thhi& 1, or 1-propenyl.
(integrated circuit) substrate, a casting, a coating,

[0036di e dht gqubsean dn\mnhdn cahsrvppmvotie[s or mikatré @i, etlylenically unsaturated

CONnposi and an I ve. 0031 T e, present . .
MROER: POt o R BIRAS hepPsCEsert JP UbrRbpN (ighging the various
aspEetst HERoDf eﬁﬁé})’ziseé’ﬂcﬁabf Yn BagANYI R AfefiRACEERY, Spreﬁﬂ‘&l'yﬁlerlzed or B-

m xture rmay, for exanple, conpfise one or nore of

Staé‘tdayatr eﬂmplardlyp@m@atl I@darrmﬁtaﬂﬂmos cofplerpdy QQRWﬁnerlzed forrn
es.the condensatio

roce CcOo .
1080 3 gfoat gateel G BTG WEITRRH PRYA DRACUS QLD e not higher

thahCatRBPYIR, 24 I hAShiSRT AR %B&HBI W & ﬁlgﬁ’éro%)(@%ﬁ&ﬁtl 8, and/or the
(e.g., phenolic) Conpound at a ratio of aromatic

avérggh wxybey ;016 hpc%mtcly: gmuFt_e pydeogrda gmwhﬂ aﬁﬁeaaf flougls, ag., at least about
m xt ur e of pol yphenolic conpounds with a

5’%5%@3?%%@P%$ty of not higher than about 2, e.g., not

[0038PheDthdraRabRa Lﬂndladg'antﬁgé &t @B QIredeh@mveR@H will Be sBf forth in the
not hi gher than about 1 The m xture of pol yphenolic

dessorpion At S vaRton Wéhfﬂé]@W§u%ijdethbble appagenteinart, fiogmthieglgscription or
mag%%q%rggd %Hﬁ%{lée thlg anrC Wﬁgﬂm JH% 1%|VXnt‘fo% ﬁf Be }eflﬁzed and attained by

thendoxtpasRionfitRodidie ran@ Ihﬁﬂpﬁis qbﬁrtlcularly pomted out in the written description

and claims hereof.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0039] 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 <

[0040] As used herein, the singular forms “a,” “an,” and “the” include the plural reference

unless the context clearly dictates otherwise.
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formula HRIC=CR 1-CH2-O and/or HR -CR HC-O, wherein
the noieties Rl i ndependently represent hydrogen or
W a®dbsise ut ed or substituted al kyl having froP@/US2909/036522
about 3 carbon atons. [0032] In one aspect of the
[0Qa1dcessExtdpe whdre oothérviibe indicdied, off murobat i@(pmsdingxquantltles of

mgr«!:é]ggl{%ss ar%%@tprqzogégtégsr ag{i sg lé%g] u%ﬁdg{tg% Epsegglaqag% ?.Il(l claims are to be
un@RQHEP 29 befflr ﬁ%di!ff%@sih aqpﬁﬂ&n@es B&Ql?’e?’lenln “a%@ﬁtt hafe cordlngly, unless
aspect of e process, the cycl oal kane may have from
indadnoast to6tht oomtba:rut tht qunienigalcarboeteat shBorthf iortheXelhplieg specification
carbon atons ang i artlcu rin .
and 4 BEa e BIHES FoOPRT TG0y Hst ety deRendind iyt desired
Mw@ QBREHE 6 be %Yﬁﬁéﬂh@y(ﬁﬁ%rgdeﬁﬁfrﬁ@%@étﬂ @h_\/tﬂ@ v€1§- 18ast, and not to be
cl ohexane di car boxal dehyde and/ or
COQSIdPI‘t(i//@ﬂ Phetieany tolilicuf tbl@)@apbl@hlyd @f thendictninet ¢fecquivalents to the scope
ed El?li( g;gr‘%atél}l%lgglg% Coal'rlgrpet{: ¥hou?$%g:]cso%g e%nln Ilgl&t % number of
s1gﬁm<:antrtﬂg1|aseznﬂ1m&1|nyryr@@ﬁcﬁﬁgedsndamdmgen or nret hyI . For
exanpl e, the groups of formula HRIC=CR 1- CH2-O
[O(ﬂQ [ or Ar@MionsIy, eeNecidtlon! of WBMBALIYlangdl withR @€ RYPéeification is
0036] The present invention also provides a m xture
cogfidesgch{d b |ac<hsq198um19fatamranrrmwnbmin@r andwrfinges within that range. For
obt.ai .nabl e &3 set ori h, abo | udi n
e~ PRRR LT M alolf B0 FEPRRRFY S e PR Uy oy gt 1.7,

34p#d.1,i12817, yr po) Mﬁaf\falﬁibr(r@n@ w1tlﬂf1 eRolayger i zed or
Bst aged) or conpletely polynerized and/or partially or

[00431P! etrRE YoasRR@lrY WREWR abrdifr 4R dy0Q27] off BxfRiSe asBe: Iﬁfrposes of
this m xture, the polydispersity of 'the m xture nmay

llluﬁb‘ﬁtl‘m @Brexssmm aﬁthal@mhodﬁn@ts o tl:;e prepott ilveghen onlyand atmmrt:sented in

or. nat. hi gh Le / or .t.he average
theniiserdl o oKD ot o BRATREL s e Ry R fncersiood
de@Bptibn 8f the. [Winciphds dnﬁ&:%hc%bﬁllﬂbs&cts@f tid pleSas inv@B@oH. 16 this regard,
O her features and advant ages o? the present

nomﬁv@ﬁ% isomadg [q shaav smbodigients ointhe n%esgéfswmpﬂqnom gpre detail than is
ne e@é’aﬁ? fhlo Q}éée Ii}%datr%!n a?vﬁlrdeﬁ&gdmgl !)f "&% %Péga{teﬁ]ﬁ/enti(ﬂl RAL td,’escrlptlon

SCripti
making apparent to those skilled in the art how the several forms of the present invention

may be embodied in practice.

[0044] As set forth above, the present invention provides, inter alia, ethylenically

unsaturated monomers of formula (I):

(R)m
/*":1—\\
~{{ W ,
30 \k: ,__»( x\\ K‘R
o MC‘\
/N R®
Q—0-{(, >r
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may be | earned by practice of the invention. The
invention will be realized and attai ned by the

W@ rposi4sé ons, products, and net hods parti cul aPCHUS2009/036522
poi nted out in the witten description and cl ai ns
her eof . DETAI LED DESCRI A)I ON OF THE PRESENT | NVENTI ON
0039] Unless otherw se stated, a reference to a

[0 ountheomaigtigsoRénand R indéke tabeve cfﬁﬁ@uwd(ﬁrmay independently
PO Hghe BohEH ik RSO LD 8 ous

ab@@tnmmﬂmn &t@ﬁka]Usﬁauysaﬂ: toedlenwimbéhef samgul #bmkGhnhe aliphatic
i nclude the plural reference

mqa?ﬂl@s% @wé &dﬁ@le'%% a%: leaal 18P tead: e§t berertaus &> podeasy about 8, at

lea5¥ G6RLt Wrae(‘ 19&3@%[)%@?0 |ﬁlﬂ|&{ﬂt @scﬁ’all Ide ﬁ‘d{"ﬁlgﬁér than about 18, e.g.,
expressi'ng quantities of Ingredients, reaction

notbipthet t}mmsaboamd6s or hot highas @chni aboiuhé2sfﬁhe iatipbaiid owiaind may be

cl ai s erstood as bein dified in a

tinfaga PEmEBES 8l Sy dlE H8F s b ter SnsAkBRar Nghyim (inde@mples thercof

ard Hﬁiéa“ra&elgjrah&lédhﬁkgp EPJ@’S Yand! d1Re i BEL S cy@ﬁfaﬂf@ﬁta%rdscyclo alkenyl
set forth in the foflow ng specification and 4dttached

grayipai avs wat easaplpy oy leatkyo rendt drec oatiylalianl yerdepre matiings. upgn methyl,

cobPea SRS ART, MR B Byt e AR, R mnonwt. o

de€ANsi @leteed], as-daledli{ €0@bhéy1] intdthyltheoRpPl @ﬁ&l@m&fexylmethyl
the doctrine of equi val ents to the scope of the
ang the peyrespaafingurenecld giansgtarased gt dFgharoHiese @eenps may be

[
gy Ol SHBVIBET 10, 307 R0 Mifge cxampies o
subdiguerre hiealf | Ohad Bauseweltak arangés gaiuphi(suchhisse.g., phenyl) Also,
speC|f|cat|on IS considered to be a disclosure of al
oftghrRie ehithg arqiedesaRd FunBesVili tanresenhdpethyhge etipgy in particular,
g%ﬁnple if arange is fromabout 1 to about 50, it is
med to include, for exanple, 1, 7, 34, 46.1, 23.7,
[0B46] anyTiat heletial Rieagd R°aiAgMewiboht Fothglar @ngey §10043km, together
The particulars shown herein are by way of exanple and
witho thep GRibe8 eton¥ tq Whigh they wee @Pgé‘ﬁgs*ﬂb RPEPnalhe unsaturated and/or

opggfgegg,nt h%utgfi aBHR)rQ{ ?ﬁ%?fl%:pgﬁlfckg 2| V\ﬁg%&fﬁ: 21 fﬁru%tu g which has

I'n the cau leve
at teasbebdihed nmgtcavisel aonand xampdksl of cordspshdiad compounds are those

of formula (Ia):

(R}
O
Cf\(c H2)n
o— 0@/ \_/
(R}
(1a)

[0047] The value of n in the above formula (Ia) is not lower than about 5, e.g., not
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description of the principles and conceptual aspects

of the present invention. In this regard, no attenpt
WO 2000866 0 show enbodi nents of the present i nRENUBINI/036522

in nore detail than is necessary for the fundanental
lowerdénaatabodi 06g nof 1dver (hra&%@ht i7nvieniowadr, thhheabout 8, not lower than

des r|pt|o naklng ppar 0 tho illed in the )
abgipy TP oV BRE DD B b B e géﬁ% PRRA - g it higher

thak?leatﬁm‘?q(%' &t h%h@f @i?atn' Sout [lgfo%fl]noﬁ‘ﬁlg%%} tlflﬁ{ ElgblﬁleV%nd preferably

present ention provides, inter al
eqmlh}SI énildalllly oungatini r]gmttecdllamihbr(ecs gwlngansrmtoaa (clyplodioylecylidene
hg04%] The noieties Ra and Rb in the above formula (I)
str ndependently represent optionally substituted

h - ] of f b t
05055 QPO 0 Pk EALERN o3 Sty
compribe nnabo msore rie ighel , &, i3ploatt) donbledidnds aRd/oamaayRiarvy bhe or more

be at_ | east out .,_at |east about 7
(-gpdut2-g* mﬁg&&ené%aﬁcgl%g myy OBPOW&VSBC é)l?&ﬁycﬁlﬁ (Ielﬁ,lt BleChC or
tr1Wc|11c) Lﬁ%&%hﬁ?oﬂ@%uﬁk‘tﬂﬁ@ft i{ PARe AL sl tinfends mag% _lgll:]lfé same or

i gher than about 16, or not highér than about 1
dﬁ&hﬁphaNpolnnnegl@samaymbeflmﬁeauwnbraﬁnﬁedmay @thb%nn on the

ey fRap BB Hevmas B bR SBRe 5 iepl g bl PR Skt groups
havink &yth 10Ot (CHEbORhtoys @, aicedyalrkeiy), IB/dRURS @Sino which

wel |l as alkylcycloalkyl and cycloalkylalkyl gr oups
opYardlyagarrigs gne ofbwhylkyl eremirs, prﬁquablryyhavmgﬁgfrbbw about 6 carbon

atol?nsblﬁhglhalﬁ%#?legfﬂs s@c}pgxy}a ,th t%h Cyclﬁcy alk llg,jroups may be

, N undecy ecy ohex)
suM%ﬁh&H@MﬂidheXMhanﬂdn@&ﬁh@hﬁhMngﬁhuﬁnsﬁﬂﬂzﬁhegwfi(ﬂ,amiBr
correspondi ng nono- and di unsat ur at ed ?roups Furt her,
[0Q49%dseT wlps ofrgpclbe Buthstabpue éernbyta ghé lorindepandeetly is 0, 1, or 2.

ubst.i.t,uent | i tlng exanpl es of
Pre]fb]faa%tw 3 B% lsl,le%lr i“karedd I ?én%rgre 610{ as aromatic

[06BQUPS 'fl?é»'?ﬁbl@ﬁes R Gn ’tthﬁﬂ)\(fle) forfMu3P, (I)‘Pﬁflﬁﬁrﬂn(‘}?ﬂ)%n@énthh%present
noieties Ra and Ro will represent nethyl or ethyl

halogeniE-aF, Gletangl Br] 0046jabTthé’1Inoi &r).esyaRa. andoRbyilrpxy, amino
opglonal?yb?:greryfn%r g}ilfl: %r( va)o gﬁégrl grggpsf %?e ratb?)g%avmg from 1 to about 6
carbon atoms, unsubstituted or substituted alkyl preferably having from 1 to about 6
carbon atoms, unsubstituted or substituted cycloalkyl preferably having from about 5
to about § carbon atoms, unsubstituted or substituted alkoxy preferably having from 1
to about 6 carbon atoms, unsubstituted or substituted alkenyl preferably having from
3 to about 6 carbon atoms, unsubstituted or substituted alkenyloxy preferably having
from 3 to about 6 carbon atoms, unsubstituted or substituted aryl preferably having
from 6 to about 10 carbon atoms, unsubstituted or substituted aralkyl preferably
having from 7 to about 12 carbon atoms, unsubstituted or substituted aryloxy
preferably having from 6 to about 10 carbon atoms, and unsubstituted or substituted

aralkoxy preferably having from 7 to about 12 carbon atoms.

[0051] It is to be appreciated that whenever the terms “alkyl” and “alkenyl” are

used in the present specification and the appended claims, these terms also include
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with the carbon atomto which they are bonded, an
optionally unsaturated and/or optionally substituted

w@rwhot44e0pt i onal | y pol ycyclic aliphatic ring sPETUS200%036522
whi ch has at | east about 6 ring carbon atons. Exanples

theofcomspﬁﬁﬁﬁ)gl dc'tytgoaiipmaciu ngsoups esidhose, afg.f aryeildp@n(tla)cyclohexyl,
[ Q04 The value of n in th bove foinula

cyctlpgﬁntpgﬁn@pq hexgy- £H&Pt w@ere tv&o a kenyl groups are
attga{%ldt tonwd"%refeQm& at(iﬂ'g&ngbpéﬁ)og ’atd}ﬁg ok %Wezﬁ a{;hgﬁ@ (ﬁbﬂHﬁlatlc ring,

| ower than’ab or not | ower than about 10,
th%/nnilayl Cﬁe mr@uecd td dornalboutlk@Pdne er glkemytﬁne hirghe rwltlhlamo gether with

t not hi gher. .t han ahout 14 not. hi gher than
gt ooy HSTe sl Goug s waghed Pl i s Ggffer 3. or
menfbePéd tingWkdktuld, Mol th casdbVhéd adjas&ntt@ron atoms, this ring structure

cycl ododecyl i dene structure). [0048] The

nu@ygweamﬁyhaﬁwameqgmwoyndwn in the above fornula (Ia)

[O@degﬁé g{z)ﬁ% r | S e Orr}%ﬁéﬁb}r grﬁﬂp%w(héclbmay%e present

in ghe %Bovo’é a%HQ@tgrBHSrWI%CHWQAQrcaﬁlﬂryoﬁ)@tokOc'a@)l hbkfyp%roups) and alkoxy
pol ycyclic (e.g., bicyclic or tricyclic) IYor e

grawpes wilbsften uemprnss fpme dletat abmhedr s@rbgnlawemasd na;pabtecular L or2

Ca@ggsﬁgﬁeﬁégq%{t@rﬁeﬁ%yﬁﬁg ¢ ?% %%( %gépups 1nc1fude methyl, ethyl,

prép¥e| Bapidphatn-eulpi Rb¥udi ese@Lwyl QEALRSY], Sachoxy, ethoxy, propoxy,
optionally substituted alkg groups having from1l
isopbeRAX Y6 NCRIBBY) iEEBHEX Y eses-Dutakyhynd grt-buteyly) Thﬁyﬂdkjdxz}nd alkoxy

gro%{ﬂe f er%ﬁ«% glnhsglgllﬁtﬁg rﬂoﬁlllei {ﬁllo éageog éo% a(]érb sqllb t)f ueg{sogkpl%ore than

oné‘ladubgteﬂﬂleﬂtt Wprayal) @s, subsgtuents, m@ly, banhe lameThle d?ﬂfckl}tht and are
rou s may be substituted mnth for exanpl e
e%gqa@ éfi‘?ﬂjé:ﬁ alNgRu 1R ing 5§amg eé of Fhesg subéﬁ@egps 1nclude halogen

ato[(1Q§ b aa;Ehs 2 dafb Y€, Qhd $aC oM mﬂlth{ges gfﬁ/ceeyf ?@W%}@f subsituted alkyl

ependently 1s 0, 1,
and allkiesy @foupsameludde 0 c &lF;E@HA/ 6]C1ar€C(D3,GH2, 1CHp(D95(DIj{2C1 CH,Br,

cT T AR e 1
[0053] The above alkenyl and alkenyloxy groups will often comprise 3 or 4 carbon
atoms and in particular, 3 carbon atoms. Non-limiting specific examples of these
groups are allyl, methallyl, and 1-propenyl. The alkenyl and alkenyloxy groups may
be substituted with one or more (e.g., 1, 2, or 3) substituents. If more than one
substituent is present, the substituents may be the same or different and are preferably
identical. Non-limiting examples of these substituents include halogen atoms such as,
e.g., F, Cl, and Br.

[0054] The above aryl and aryloxy groups will often be phenyl and phenoxy groups.
The aryl and aryloxy groups may be substituted with one or more (e.g., 1, 2, 3, 4, or
5) substituents. If more than one substituent is present, the substituents may be the
same or different. Non-limiting examples of these substituents include hydroxy, nitro,
cyano, halogen such as, e.g., F, Cl, and Br, optionally halogen-substituted alkyl

having from 1 to about 6 carbon atoms, e.g., from 1 to about 4 carbon atoms (for
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hal ogen (e.g., F, O, and Br, preferably A or Br),

cyano, nitro, hydroxy, am no optionally carrying one
w@eoobioi4ed Kyl groups preferably having from 1 POI/HR2909/036522

6 carbon atons, unsubstituted or substituted al kyl
exfinpleemadithyl baeing),f spaionklly chaAdga-sibscartbdrmliadxonmbaving from 1 to

ab u‘gf\sﬁj E%thP% gftn?rgﬁ,%g ? gr%tsr% il tatgt d ng %légb%lélﬁz}/tlg@g ! (;reerxaakr)llp%e, methoxy or
[ ' - )
eth]g)?zgs{%h dvh8dvikh %t&f;f%ﬂoddﬁaﬁg WCE‘W@% RrRbRY aﬁlew%ﬂram R9ving from

m1 to about 6 n at unsubsti t ut ed
I teulbstif 6 whdhnad thmny¢.gpriefrerlatyl gbdua i cagbdir etwons (for elrouple, methyl

6 b toms, unsuhstituted or. sybstitute
or gk Shy RO B aiee R I HVITHGEY Al oh T ahdRt! andarblsy eroups
incM @180 YN SHPSL ieftlwilgﬂergﬂ, SHRES prictye dbrnYd pHRh §f, elo®AbYy, xylyloxy,
having Trom® to about” 10 carbon atons, unsubstituted
ethydphembsyi ¢hioxsphaned k yhd premhepldsioxyhavi ng from 7 to

ut car bon ons, ,unsubstituted of substitute
(OG) ' F e BPEs 2t a0 A kPRI SGotS. ABBRICTOPE ERER. Phenethyl
behy26%y, RNPhcHARHRS Lidupsedhole sWRp! h{agtl%ds@%ﬁilﬁ&i(Ypreferably on the

preferabl'y having from 7 to about 12 carbon ators.
arylo0eL )if pt ailswith o approeciaged. 2hdt 4wbhedevebstithents efmgore than

"al kyl" and "al kenyl" .are used in the presen o
ong Suttienerl prsnt e Ruiehak bt RS dffareny Non-timiting
ex@hpRs o ¢heidalbsiteents 8 6HA0E hpgroxyC hRad, Ichhad, i HalegedURSh as, e.g., F,

such as, e.g., cyclopentyl, cyclohexyl, cyclopentenyl,

Claped dic | atvexaly [halggenosubifiared taleylahdeyng dremok talabeny|6 carbon
oups ar r adj t) .
oo BPRE O BT kiR RE RO LR R BB Urcgyh. optionally
halvgyn-Bebaantdngitiok p Haoiny fromall kyl et @& cabkenyb@see.g., from 1 to

group which together with the carbon atons to which
abei ¢ ¢iBed atemat el KREYMPEs UPEEOKRK o piher¥hapid, agling which may

opﬁbon %?%nrei(ﬂg D& H%a}l‘ngg?ou @h&xhﬁﬁct?&ﬁ Pho about 6 carbon atoms,

n- adj acent carbon at this ring structure my
e.ggi fremrli seatiomt 4 darteorchtiom sdbéopownchle,[ 0OGR] oifbdyBbove
al kyl g}é;)éjps R (including the al kyl groups which rm}/
[00536] pr esEift Maictitie QbbviBearhavs et VAR iedepeadenfly represent

hy(gfg) eff oR :@'ﬂ‘YéH%fWﬁ%ﬁ@@@%ﬂ?%h&&%ﬂé 8'}'3:1 r%ies (ﬁltiﬁ&pendently

rise fromilt about 4 car n atonms an
reppeseht lolragen of vasubstitateban sab anmtedN@refeiabiytunsgbssipeed)falleyl having

fro?nx?r{gla gutoi%f cz}r o Stoglrs.oxpgreifgr(rzfl:(ij gledietgeéqg/ Iallyle.tlbusﬂh’er, it is preferred
for the moieties Q to be identical. It also is preferred for the moieties Q to be
different from hydrogen. Also preferably, at least one of the moieties Q is different
from hydrogen.

[0057] Non-limiting specific examples of the above alkyl moieties R' include
methyl, ethyl, propyl, and isopropyl. Methyl is preferred. If one or more substituents
are present on these alkyl groups they may, for example, be halogen such as, e.g., F,
Cl, and Br.

[0058] Non-limiting examples of the above monomers of formula (I)/(1a) include
1,1-bis(4-hydroxyphenyl)cyclododecane bis(allyl ether), 1,1-bis(4-hydroxyphenyl)-
cyclododecane bis(methallyl ether), 1,1-bis(4-hydroxyphenyl)-cyclododecane bis(1-
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propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, nethoxy, ethoxy, propoxy, i sopropoxy,

wo2attodye | sobut oxy, sec-butoxy, and tert-but BREUSZDAE036522
al kyl and al koxy groups may be substituted with one or

propenel (e&hgf.) 1_J,1 b2$(4ﬁryd3t)x§q1hbﬁyli)ctylﬂma:and:fbllﬁ()l‘lB/lt hmar)onEl bis(4-

ubst | nt presen stituents
hyiitap B3I ks hneana Pk @ gaaﬁffgra&ﬂw P dent 12bif - hydroxyphenyl)-
e t H8s u |
cy&'@ﬁeéa‘n@ Bis‘@g_??élﬁé(ﬁ%h aét,hg@_’ g.@,’? @?ﬂdﬂf&rg%gﬁ{g@/l)aﬁ%gﬂﬁne bis(allyl

ogen ato
etINoh | 22tbisghgpesyphanybrdaphesnef bkisbsethalyled eghdeyl 4,4°-bis(4-

B BRI TS B e A B 2B e,

4 maMQiy({rQQﬁﬁ]en;DSc@H?&@ ﬁhkﬁg‘-ﬂlm@ﬂﬁn@ﬁz’(}ﬁ&@ﬂdl@ﬁim( DM PYREene

often conprise 3 or car bon atons and

bl%@pthatlwl ar, ehetiar boA. %b@ﬁ%hydmyphmxl)hwmw@# 7-gnethano-indane

Ies of thes ar hal.l
blsia)ﬁ&qp %e I) Thé g | keﬁéﬁo %pl‘fen@ilﬁg&%%’l rd 4a7nm[f):than01ndane
bnﬁm@ﬁﬁﬂ@ﬂb@ﬂfmAth one or nore (e g., 1, 2, or 3)

substituents. |If nore than one substituent is present,
[0039d substher vemtlsmpng beampﬂ@s gdntbe gibogé foi@ramtrs anffoamela (1)/(Ia)
imtin

indtL S1BRL G ST RlaS Seindl Bt Tat bRt ENRNBLET @mpoiigS of formula

(Dfa) aneke B at QAR Jihde ab&uﬁeﬁQyﬂepimen@rHRmCHF@p; or H,R!C-
Il often be phenyl and phenoxidgrog The aryl and

CPgFﬂCoxyFogr%@pgﬂmyl He eargsefi thet hmréxwphwﬂ)@yclododecane
blsggl e)q Béll? ? %%lalfégn géraéga?e é&%ﬁhg} Sst %nf:uljéiﬁ[gs%)rn?n%u?@g of formulae

(Ayhed sBye or different. Non- I|n1t|ng exanpl es of these
substituents include hydroxy, nitro, cyano, hal ogen
such as, e.g., F, d, and Br, optionally
halogen-substi%1 ed aI§%; having from1 to about 6
car bon at oms, l4f=c Tom{A to about 4 carbon atons
(forexanple, nmethyl or et , optionally hal ogen-

substi tuted al koxy 1 to about 6 carbon
ngﬁ’Q\bqs (for

atons, e.g., froml to a
no mhl

exanpl e, nethoxy or ethoxy), qﬁ
groups avt g from
about 4

optionally carry one or jpuss
1 to about 6 carbon BOORE
carbon atoms (for exanpl®

H2C=CH_H2C

H2C=CH_H2C

HoC=CH—H,C—

CH2
H,C=CH— ch—o—©/ U

H,C=CH—H,C
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or ethyl). Non-limting specific exanples of
substituted aryl and aryl oxy groups include, tolyl,
wo 009114466 hyl phenyl , chl orophenyl, bronophenyl PCT/US2009/036522
tol yl oxy, xylyl oxy, ethylphenoxy, chlorophenoxy, and
br onophenoxy. [0055] ThéBpbove aral kyl and aralkoxy
roups wll often be benzyl, phenethyl, benzyl oxy,
ndiutidey ngpdupsingTragwlgy @ﬁj@g aﬂmye eonomsss of lﬁ@r@wla (I) include

Eneefr§ vx%?éﬂca%{]y %thl%éar%e su'bn§3ue %ﬁa%t l t)(%nvgl &rP%n%ﬂg rPnrg to block a

Cliiban @lﬁaﬁg&iﬁéﬂtt u@nhomﬂhnmlﬁge@pcc1ﬁlhee)&lﬂﬂ£‘;ﬂbI bledich ARYomers is
be the sane or different. Non-limting exanpl es of
reprpgegeeSpErmule Aty i ncl ude hydroxy, nitro, cyano,
hal ogen such as, e.g. F and Br, optionally
halogen-substituted aIkyI V|ng fron11 to about 6
carbon atons, e.g., froml

(for examp %@ﬁl—hﬁécm e opti ;}n?ug\

hal ogen-substitut ed al koxy\R rom 1 to\about 6

carbon atons, e.g., froml to about car bon(GHone

(for exanple, nethoxy or eypexX - am no ich may
i -14 ;} I g?bugg/héx?ng from

1 to about 6 carbon atons, , from1l to about 4

opt i onal IH,CraG—aHC-e1 O

carbon atoms (for exanple, Inethyl or ethyl). [0056]

The noieties Qin the abdﬁéﬁfornula (1)y/(la)

i ndependent |y represent hydrogen, HRLC=CR1-CH2- or

wherein the noieties Rl(ChdependentIy r epr esent

n or unsubsti tut ed substitute pr ef erab

[OM th%ﬂllé)dl)‘erél ;fP“WéJ\%(PZ{ 2 BW}‘/lPrFBarﬁgé’&tm%t 043 Bidfich are well
kn@@vﬁrf'é théseP6LI8TI R AnERHEFSr ShdpR! kiYdse HOHIRES miy bé %repared by

preferred for the noieties Qto be identical. It al
ethesifisnabe of edifpbenal o€ forpiudt (Vs Q to be different from

hydrogen. Al so preferably, at |east one of the

noieties Qis dif{ﬁg&nt from hydrogen. [0057]

Non-limting specific exanples of the above al kyl

noi eties Rl |ncIE e et hyl, ethyl, propyl, and

i sopropyl . et preferred. If one or nore

substituents éﬁy‘pné"ngmgg fhese al kyl groups they

may, for exanple hal ogen such as, e.g., F,

V)

wherein m, R®, R” and R have the meanings set forth above with respect to formula (I) with
a compound which comprises a group HR'C=CR'-CH,- or H,R'C-CR'=HC-. [0062]
The bisphenol of formula (V) can be prepared, for example, by condensation of phenols
with ketones using methods well known in the art. Examples of these methods are
described in, e.g., U.S. Patent No. 4,438,241 and DE 3345945, the entire disclosures

whereof are incorporated by reference herein. Generally speaking, the ketone is usually
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G, and Br. [0058] Non-limting exanples of the above
mononers of formula (1)/(la) include
wo 20090b14661- hydr oxyphenyl ) cycl ododecane bi s(al | BCT/US2009/036522
ether), |,l-bis(4-hydroxyphenyl)- cycl ododecane
treiil:b& (winett hahﬂgylexeftsbeff)a, phenol in the presence of an acid catalyst, non-limiting
| - bi ydr oxyphenyl ) - cycl odadecane hi s(| propenyl
exashplet 9fs Which GG a5igp e EorgdCin ey bulibatdy patic acid,

forffid %1)1 ol aéeflp hSii4-A GM@J&&Q?&X RB&DY )e%y c] 91@?091 {éﬁ may be added. Rather
bi s(met hal 1yl et her bi's(4-h droxyp

thaoyxshrgdemiuide }aclsl(data-lpt,opsrgld;o mrhmpl) fo use a bed of sulfonated crosslinked

po ’st%feg]iesté%a t}/%ﬂ&%?% %H{ é‘Hg‘bgﬁl Eétﬁllé‘lt ﬁ%{tﬁ%ﬂh Materials include

cy@bd1Phhtic 4kéton@s| s&fth as, e.g. cyclohexanone, 2-bromocyclohexanone, 2-
hydroxgphenyl)octahydro l,4:5,8- dlnethanonaphthalen-Z(

chlopoytliotieraomi. s ( al Rymet]@tlh;gﬁlphexanone 3-methylcyclohexanone, 4-

me‘tllwzf cFohe;{ El;jr O)éyl e%gg\éc?ohefi gqrnlgy: g&t Jﬁ%psrj)gylcyd&lexanone 4-

1so (@Zmlylslblﬁcﬂmﬁﬁﬁxy pbgrbdtylb@l@ﬁydﬁm4 7-3nebhgngciondi@ne,  4-n-
a et her an
bu‘Hl@C@b%’{%Dﬁ?dr %(WI’F@HW)%%HW@ 4 37PeEButyigyslohgssene,  4-sec-
LLy! et her
bu@&%ﬁ%ﬁégﬂbkythe gg%%gqﬁgggﬁ%¥§ﬂ% for%ﬁﬁﬁh%ﬂkﬁJ@Q?mmme &
isobmylaydiehpamnbngl or2-cbimplegtlehSlaabsen r Sar-bapggaehéxanone, 4-t-

products of copgpounds of fornula ( /(la wher ei
bufvleaclohgrucns.  Ab-dBreY| Cé‘%b%”?aéﬁli‘eese% ﬁ%ﬂf@w&e@%ﬂéanone 3,5-
dllé%fprcl)]%mxd?@ne ¥ @rdl@)f)ﬁm @ycldH%xﬁrﬁ)%eC@%Qh@fbutﬁﬁyclohexanone 2-

.1 -bi s(4-hydroxyphenyl) ¢ycl'ododecane bis(allyl her)
t- bsﬂy&; h-nBithyls prlohexanor@ngenent &Bcﬁdtmmneshylcwﬂmamnp 0 u nds 3,3.5.5-

tet Rl P Rher 4ol Vo B Ao bE ey lgfpsnone, 4-

cydlblexyRGLIGHE ANBRG MLy AbHek - Z-ateiny I &lcldHRRSioneNn e2- cyclohexenone 3-
substifuent on at | east one aromatic ring to bl ock

cyadphexseones eapbarmgerenyclohaxeions.| i - ‘Phlﬁf@ %p@@hﬂxenmanpizénethyl 2-
cycqohe§<lé19£]nem om%hﬁ j cyc 0 egcgnso%gt eég 1so¥ropyf E}é:yglofl )genorge,) 4-isobutyl-2-
cyclohexenone, 4-t-butyl-2-cyclohexenone, isophorone, 2-methyl-3-cyclohexenone, 6-
methyl-3-cyclohexenone 4-isopropyl-3-cyclohexenone, 4-isobutyl-3-cyclohexenone, 4-t-
butyl-3-cyclohexenone and 3,3,5-trimethyl-3-cyclohexenone, 4-cyclohexyl-2-
cyclohexenone, 4-cyclohexyl-3-cyclohexenone, 4-cyclopentyl-2-cyclohexenone,  4-
cyclohexyl-6-methyl-2-cyclohexenone, cyclododecanone, cyclodecanone, norbornanone,
norbornenone, adamantanone and other ketones derived from polycyclic hydrocarbons as
well as aliphatic ketones such as, e.g., 2-hexanone, 3-hexanone, 2-heptanone, 3-heptanone,
4-heptanone, 2-octanone, 3-octanone, 2-nonanone, 3-nonanone, 2.4,8-trimethyl-4-
nonanone, 2-decanone, 3-decanone, 2-undecanone, 6-undecanone, 2-methyl-4-undecanone,
2-dodecanone, 3-dodecanone and 4-dodecanone. Non-limiting examples of suitable phenol
starting materials include phenol, o-cresol, m-cresol, p-cresol, o-chlorophenol, o-
bromophenol, 2-ethylphenol, 2-octylphenol, 2-nonylphenol, 2,6-xylenol, 2-t-butyl-5-
methylphenol, 2-t-butyl-4-methylphenol, 2.4-di(t-butyl)phenol, 2-t-butylphenol, 2-sec-
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[0061] The nononmers of formula (1)/(la) may prepared
by net hods which are well known to those of skill in
W@ b@oat4466 For exanpl e, these nonomers may be pPEDPHSAI/036522
by etherification of a bisphenol of formula (V): (R m
butylphenbier2nutylpteaol, Rb-catidhdRyhdesol Hecydbark nigiersdt 2-cyclohexyl-5-
forth above with respect to fornmula (1) wth a

f@@ﬂ@ﬁﬁﬂh“WK?@HH%@ﬁ%ﬁﬁg@gTﬁﬁgroup HR CRCH- or HR -CR
[Odéfjé Ik QSO\Qng]rl k;ll_g\@n *?111 ﬁﬁr&ﬁp@at 81 dpq{dgﬁgaﬁorq Yﬁ?rﬁgﬁ% IF giv\g:viat ?%ixture of

ar ed exa con sation o
prddetwenash us bﬁ@qﬂ&ttolﬂﬁ&h@\@hénoﬂgrtﬂﬂgbmers ddmearftom mavigie akkylation of
of these nethods are described in, ., U S Patent

thenpiens) bisie KaPs e Ei el yres) rephuies Nt irogi St | BasiF dgpurities can
eltﬂ\é}q{eer%o%@oﬂ IQﬁ o) ﬁférrﬁﬁt@ﬁal%e({ & ﬁ!u%ﬂg ?nalaé{a@ f8}- the cyanatl(ﬁn reaction.

Ceneral I'y speaking, the ketone is uSuallytreated w't
In aorhar@rcénhwsmpfunaeptﬂenbﬂ bénefittak iprles ehgelosfer dre meltidg point of

C non-limting ex |l es .of which in
the il e BBC o A g ¢ R o EPS U Fts the cyanate by
maR¥R! it Crn@l@' SlublOBRI GeRRird, (hel Rkt Qo agydeallBeCOTRL Efe)é&{ce of the
such e.g., a nercaptan nay be adde Rat her t

oligeyhery tan@oltcu bhcsease e Cﬂﬁ@lSyStOf 'ihte ¢}9n@t:les=mdc thengdaret gs formulated
prﬁlcts Tlﬁlesdcaqube Lﬂ)en&n Filgi-leog arm u{s%ro (ﬁ)en 1n§ { a%ge EH)d)%CQUOH

mting eso one

[O(IIiilt]er B§|v§a3} Wh&ﬂﬁnﬁﬁﬁg%hmel@%&aﬂfﬁﬁt@&?& SHEPhél of formula (V)
e.g., Cycl'ohexanone br onocycl ohexanone, 2-

nwwﬂmanmgm@hdhémameneanMhenMthOymuomewam@merexmnpb allyl methyl

neth X Anet h cl ohexanon
cab o5 by ILeT oHBIABhderesth Gse 1P SRABRls adnlyl halide, a
mefh A0 rh@.nmk %M@'tﬁ’é" EXapiean dHAHMRIEINEXEd SRRRANHREyst such as a phase
3- n-butyl cycl ohexanone, 4-nbutyl cycl ohexanone,

trapsfefogatplysty | éﬁ/lldl st rreronag. s aruplly preppeadofiesatherreaction of allyl
s SRL RN AOEE < LRSS PLHFLARRLAR e nc iany

carI)ohatbuB){)It}CM(H @hﬁ& anange addithbpuyd syl abeyabmb@nate can be used as
yl cycl ohexanone, 2, 6-di net hyl cycl ohexanone

thezaulylapp% BBV \{.ygl]s PSO‘HM gﬁ]é(}f'é sugh a5 ally% chloride, allyl bromlde methallyl
chl%hhé,gl%tﬂzﬁéh B 19@ EhAMR e,
,4-di (t-buty - cycl ohexanone,

[06653- dA(refutiad proyedsoley an@h@scagbonation reaction wherein allyl methyl
carbonate is stoichiometrically reacted with a bisphenol of formula (V) and provides
essentially total allylation of the hydroxy groups of the bisphenol to provide the
corresponding allylether (allyloxy) groups. In the direct allylation reaction, an allyl
halide may be stoichiometrically reacted with the hydroxy groups of the bisphenol.

Depending on reaction conditions, variable amounts of Claisen rearrangement product
may be observed in this reaction, resulting in mixtures of O- and C-allylated products.
[0066] A direct allylation reaction of the bisphenol of formula (V) with an allyl
halide such as allyl chloride may, for example, be conducted in the presence of an
alkaline agent such as an aqueous solution of an alkali metal hydroxide (e.g., NaOH). If
desired, inert solvents such as, e.g., 1,4-dioxane and phase transfer catalysts such as,

e.g., benzyltrialkylammonium halides or tetraalkylammonium halides can be
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t - butyl - 6- met hyl cycl ohexanone,
3,3,5-trinethyl cycl ohexanone, 3, 3,5, 5-
wo gpamashyl cycl ohexanone, PCT/US2009/036522
2,4,6-tri(t-butyl)cycl ohexanone,
empl@yedl oORedttiph astapainexandiegpm Abywtl 23 ax yaboycl WREXan e rable with
tergpgr)é%ggg )@éjﬁé ﬁlggl:lggé quﬁggﬁX%%ghlé%gﬁ% e(r)rrg:?ix 6[882% Reaction
tm@esccrfl 9691 gb&&fﬁ?ﬂﬁﬁ@t@?@@ ’abgutn@'hmﬁls ae o%%ﬁb@éq%@ln&ﬁamn times of
hyl - 2- cycl ohexenone, 4-i sopropyl cycl ohexenone
from ab@b@t ydur@ o @lgmit@rimmbﬂsg preferred.
4-t - but yl - 2- cycl ohexenone, i sophorone

[00687et FWF fea%w th?e%éﬁoln@oifera%%? lylshfzslyiﬂ BHEXBAydroxy groups
of jhl i HARY] - CyC[%h%g rQ)Q'I‘l(:"provuée an all%atedcli) sphenol wherein the

utyl - one exenone
nugndaﬁmans(ﬂkmméohy1m@ﬁnpmk@hexﬁmmndannyghmmemyﬂwZﬁqmcmﬂ(V)

wili)ﬁgl Bg%]ggﬂorfygr%l @Z&Oﬁgﬁeﬁhﬁiﬁ%\%ggﬁ]ﬁ 31121en0r amount (about 20

pel@eﬂeBpYéss)zoPXEé ‘ﬂh?lngb%ﬁ? witly GARIQARS &M NGrermally induced Claisen
CyC odecanone, nor bor nanone, nor bor nenone,

reaadmganmah@né vait thotshles pkescohes derdrpatiticr Gig poth yedios para to
drocarbons hati c ket ones

1. li .
the adroxzy %I'O)l(lgﬁﬁ%l’\ll’\le \gilhcznigﬁol:;]eglrraﬁgﬁlgﬁ? ﬂswéreaucflhea%actlon of less

tha3r hapioanende r4tibeFtaANR0NRethyt QeibINAREIn a‘reoﬁﬁﬂmlﬂl@@natlon reaction
2- nonanone, 3-nonanone, 2,4,8-trimethyl-4- nonanone,

or of gdbdriprile B tecdioreall platingeeandor, wigh mh@lélddmmgroups of the
blsihgs(gg%al%érmgﬁégﬂfﬁq eal | %tg&g)%grartg?ess%ﬁen%(i%ﬁ Fsg)rﬁg ?IQ:% hydroxy
gratpar teln[kgnﬁ@t Alitleduzh teksedarphienalllylater Bsplhcnoh‘c@rhﬁtssi)thons are less

p-cresol, o-chlorophenol, obronophenol, 2-ethyl phenol,
Preée%e@ Jiheh aFfottil] Esquh% SAHBRRItions ¢f. o6 [PaFRsNt invention.
[0@593r d:”tt&‘%é ;brg e I’tmt hertllg)heqm Pr%\qées é{hélen caﬁEt rt% L etn(ﬁ)ln’lonomers of
ﬂn%nﬁsqhutylphenol 2-n- butylphenol 2- cyclohexylphenol,

4-cyc|ohexy|pheno| 2- cyclohexyl-5- nmet hyl phenol ,

a- decal one, and?thecanne [0063] It is well known in

the art that condensati on chen1strmqﬁ?n give a

n1xtur6 of, s such as o-al kyl ati t he

phenol ;" ol g ' yl ation of

t he phenol by e ketgy 0—Q

rearr angenent d S. [ fti an either be
r enoveg)-ed t he [ arting
materi al for cCyanatio i on. 9

t hese |npur|t|F can be b omer
the nelting po

(ID
[0070] In the above formula (II), 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.

[0071] The cycloaliphatic moiety shown in the above formula (II) 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,
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the final cyanated product. This can nmake it easier to
prepare to fornulate the cyanate by naking it nore
w@i0abi«wé@nd reduci ng the tendency to crystal | PCEUSZNE036522
presence of the oligoners tends to increase the
or \B)) $0bﬁlthynt@f(alth®1ghy&ma¢ﬂl@ai@htahe rrﬁfﬁlef}EWillﬂ sistigll ymbateshprise any
product n be a beneficial or ul property
doﬂlélﬁe o aaﬁotrhgﬂ)égqu&sat IIE)nmofeO(%alﬂ 0&9 tiggent is present, the
sumﬂuéﬂt@rﬁé g)ee?h%npc{rﬁe otrh@lfﬁkéﬁrfl ‘Ndnoﬁnf?ﬂcmg e*%'aﬁm?iﬂi%ngf sgf.‘)stltuents
formula ( may be acconplished via a transcarbonation
whidaotaydre psisen, orf dre eydogliphatial hyietyretehylkyk ardwpnat g..arptionally

atl n.re tio usi.n or .exanpl e, an
sy Tl eo & nBPHAE TImnR PP h e EREDF RBTD (CEarmethy! or
etl@'lﬂ‘%'yldf@(yagﬁﬁﬁo ?ﬁoﬁﬂ‘ly @ﬁl@&ln alrRl ¥Stws HIKY1 3PordsPA$R from 1 to

transfer "catalys yl carbonaté i's usually
ab@trtebanaé@prf aesym e, handr bé\l@gﬁlﬁ)rﬂt@fls asmplylaSale@hEL Gn@nd Br. The alkyl

ive a mxture of al
grouéor bna%%k)fé sgngq ?ed > €& OB QLMo lge%lo%%n ato¥ns sucil ays e.g., F, Cl,
andBxt ure and the pure aIIyI met hyl car bonate can be

used as the allylating agent as well as allyl halides
[0@12dh ddheatdlyd o€ lkhdr imde) tha algﬂvebﬁoa)lnniw%(ll)‘rmdhatm@ﬂlnﬂy is 0, 1, or 2.

| ori hal.lyl b d the lik 0065] A
pripieply i o 20! et ol sn@Biatiat ion reacton
O(Wﬁr eitheanbydtied8t iy & QBW%rﬁldﬁ (ﬁ§ thgﬂeﬁggﬂtw P&Jr&%nt halogen

reacted wth a bi sphenol of fornula and provid
(e. gsdén@l adﬂdth,opwlfeIablyyCatqrolﬁr)ofcyaﬂrre m;m; dnxylrcgcryompsmofoptlonally
t he bi sphe prOV|de he c rres nd| al.| t he
CaATREVYEXY p"@? 8[]1}% IOUPS, PIg edlalPlé( avig %Oélh 3 bé%& Bon atoms,

un@ibsaikd e o?%hbﬁﬁu@alﬁ?l @élﬁblyolﬁ'ﬁllﬁg ¢RJoh M troez?&)tu@@ é’!irB(IB"n atoms,
the hydroxy groups of "t bi sphenol . Dependi ng on

ungytituted aroridistifubed Cyvla?ml@tblme@ﬁﬁumlsaVMg Erom sbut 5 to about 8

rearrangemnen uct serve Ea
carrbeogc tom unrsgﬁ%tﬁ%lf)e Of; subst X EEJdi' alkoxy p&%era%(ljy vipg ff ato about 6

calfbbﬁdiﬂ@ﬂhs utﬁs&@@t@ﬂut@‘& o sEstinakd )&ﬂlﬁinlyD@rdfe&my ﬁﬁmﬁfg fidi@ 3 to about
bi sphenol of fornula (V) with an allyl halide such as

6 carbgn a@ﬁlllsoMnéléb%ﬁﬁytedf%rsué’ﬁtawdealkﬁéyl@éﬁdil!i@fieé?d? Yy hayhe from 3 to
ab&iit€& RHon° %toﬁfg ﬁhé.g{shﬂﬁe@ %ﬁﬁ&da%yfgrgg%‘h%ﬁgag&mgl %rom 6 to

sol ution of an’a rreta hydr ox1 de
aba@si(r egdtboh nesrhs,sialsubstitatesiuahsbstitieed araldyl4prdfeoxtanehaaing from 7
hase transfer catal ysts such as,. ,
to gbout 12 carbon atoms, unsa/bstltute(&j or sgbstltuted aryloxy preferably having from
6 to about 10 carbon atoms, and unsubstituted or substituted aralkoxy preferably

having from 7 to about 12 carbon atoms.

[0074] The above alkyl groups (including the alkyl groups which may be present in
the above amino group which may carry one or two 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, tert-butyl, methoxy, ethoxy, propoxy,
isopropoxy, n-butoxy, isobutoxy, sec-butoxy, and tert-butoxy. The alkyl and alkoxy
groups may be substituted with one or more (e.g., 1, 2, or 3) substituents. If more than

one substituent is present, the substituents may be the same or different and are
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e.g., benzyltrial kyl ammoni um hal i des or
t et raal kyl anmoni um hal i des can beenpl oyed. Reaction
wo 2ovpatasar es of from about 25 to about 1500C BEEUS2009/036522
operable with tenperatures of from about 50 to about
prfBR0G hé¢maapr Boerlireiing] @0avplcRedCtlican dubresicats frrobude halogen
about 15 m nutes }o abgut 8 qours are op eragl e wth

R EYGToAS 1 §-Fedof L rEnPELYAR- I it &< AP lan Otts b HytRds alkyl and
alkk?)‘?(?rr@o ]?sefn%M(FedEF% QOB&IH,T *t@cf eael] 2,(&H@12,1GH%C3[ @Pﬂzﬁr CC150,
ratio of allyl i'de’ with the hydr oxy groups of
CHClsPhehbC10f afdChuBaO( V) VVI I | provide an allyl at ed
bi sphenol wherein the najor anobunt (about 80 or nore

IOWédceﬁby aBpve ﬁlécewld%wkamdefsg gé‘?uﬁsh‘éﬂng‘ﬁ% éﬂ@[prlew or 4 carbon

I ORV, 0
e e BP0 abtng N s e B WfihpI of these
grcgrpeu:ps a\N:yl | mb@a 8yl raddr Gprepenkk rihel iilj(enyidandeallké]lﬂlosgrgroups may

rr.an t and WI|| t hus present on. the omatlc
berﬁ é“B’F‘? SV Hh@PEr O A104° t(6-& hi Ry of)\/s‘&fs&&‘b?t? pnore than one
sumitﬁéhttlbﬁrers@ﬁ‘tr ‘ﬂ?é"ﬁ%ﬁﬂien@sc&%w 'BQQhe IhRe 'b?ﬁﬁffér@ﬁ‘t Hd h@Steferably

han a nole ratio of allyl nethyl carbonate in
1detnh1ea1t MBbanlbmg]amroples @ad¢hdsersubstitobntalihgludpdblogeniapoms such as,

[ reﬁ?i3 allylation reaction with the hydroxy groups

egO’f the 2B ﬁhenol wi Il provide partial allylation of

bisPheRRl !uﬁi %gﬂi@x R p M DR q{ﬁ&% [ 8RRpAL S .
w%@hough thesaé parti II;)T% %/DI )g\?ed binsg eno? b ¥ 8Totps
Thcamplo:sld anﬂwc;agle)upewypbeﬁwstmdedt\wdyoac or snorel (eigsef. W3, 3, 4, or

) 6}1]%%1}}}’1 ntF nifeﬁ{qfe fﬂg}glge glgtbi\sgl] éléllgﬁ)ﬁ%telg t@glslugstlguents may be the
saHB SR &R NOARBLifg @fiarﬁﬁfe%'f@he(slels).lbst(t&ﬁ'ﬁs (rD1ub®AY&oxy, nitro,

In the above formula (I1), pis O or an integer of
Cqu;nhal%fm abdutasw g e Fg.GL uqaildt Brabeupnallhy h@b)&@@ sabstituted alkyl
u ahout Suc e.
havm fo(?m P tﬂ aPouglé carb Bleonﬁsg %gé?fé?rped goHt é ca‘Ll_}bon atoms (for

exﬂﬁplel GodtAyl yr r@ﬂ%ﬂﬁféﬁfbna[l@QYald)geTﬁ@ﬂﬁﬁﬁlt@@aﬂ]@cb@t h@vmg from 1 to
abg'litl 6e E:r}llrbgg %\é\g]mls ne gt; h?ro%?(fvtg afbglrltnh”cgrb(olnl gtorrlrlasy(fgroen)ggpslg methoxy or
ethoxy), and amino which may optionally carry one or more alkyl groups having from
1 to about 6 carbon atoms, e.g., from 1 to about 4 carbon atoms (for example, methyl
or ethyl). Non-limiting specific examples of substituted aryl and aryloxy groups
include, tolyl, xylyl, ethylphenyl, chlorophenyl, bromophenyl, tolyloxy, xylyloxy,
ethylphenoxy, chlorophenoxy, and bromophenoxy.

[0077] 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 hydroxy, nitro, cyano, halogen such as, e.g., F,
Cl, and Br, optionally halogen-substituted alkyl having from 1 to about 6 carbon
atoms, e.g., from 1 to about 4 carbon atoms (for example, methyl or ethyl), optionally

halogen-substituted alkoxy having from 1 to about 6 carbon atoms, e.g., from 1 to
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one or nore (e.g., 1, 2, 3, or 4) double bonds and/or
may carry one or nore (e.g., 1, 2,or 3) substituents

W@ 2000hodeh t he cycl oal i phatic noiety will usuabdTUSIN9I/036522
conpri se any doubl e bonds and/or substituents). If

abomtr ¢ ¢draon aitems Ulfst ekudple, imethoegent cthioke), satis tantinentBich may

Opg%aalf ef%fg)eﬁtozl%\,nﬁ %r%&ygggerg\tqéss nlnlgI Qrﬁe{]%o eal)lggQP l ecsart())gn atoms,

e. gcyf%ﬁal {Phedk & TP é{toﬂ{sQf&J &hln O;QE QHPSy] &r Schyl
optionally substituted al kyl groups havi ng f?on11 to

[0G#SIUt The eaTibE: Qtiartke (aBo@a forArilHyl) Qfde@éﬂit}ﬁn)l,y epesextyhydrogen,

am no optionally carr one _or two al kyl groups
HE, 4 EH@‘m Prt£123b%1f¥ R&Tar hdhe flt%é‘élesa Hlepgwantly represent

E
hy&nggggﬁo%ﬂb?tﬁ?be?e%‘ subsHtu%d 8;}91% unsﬁﬁstﬁhd@% Tlg%lg%@ﬁlg from 1 to

e subs nor e
abattalhrsaboo tarss. A. gre,felﬁe;d @hoiegn@ Br allyDOAXRp, Thés yad¢fased for the

et Gopo be sndeal 3B 19 e YFLRY (PP A BT Ha AL at leas
oné‘B@/tl%r m@[e%e@ @ls éffe&&g%%m-ﬁgﬁrd'géhefib% nf3ré Bréf@ﬁe@baﬁ\l@ast two or

formula (11) Tndependently rfepresent halogen (e.g.,
at Bagt thnet Bpictigs &F aeabiffpreadit fiom Bydrogeyano, nitro,
amno optiaonally carry one or mo al ky

[0@93{182 ]rl@ﬂ%ll{ﬁ y PRAVE ng PRI Plftg °ANE B zélaf%?fles ! include
me‘?ltl HTBhyY, m??f hhdg &y lsmltllltlg éﬁgfeﬁlelﬂ)/hf Qﬁeet)le'hﬁ)tfbéubstltuents

havi ng "tro to about 6 car bon unsubstituted
areopresengsini thaseealkgl gtagk kipty pragf éorattamplaybapafogemsabloas, €.g., F,
Clqﬂ%@ about 8 carbon atons, unsubstituted or
?Ptuted al koxy preferably having from1 to about 6

[O(ESngbon 1t1ﬁ’%%§?ﬁ%iésugp%éj 5%321%0&?%&@’ S KA (II) include

f er abl m 3 to about on atons,
dime‘lﬂwhfybldhﬂkﬂtb tmre@hbmll teotedl ya | deleary dbnyethyle&ehohb}ka}ne tetraphenol

e mellidt ¢ G Ry R 6 B g o AB g 8 4 b B cthen).
dirﬂ@th?ﬁ:ry@%c@atn@ "R trapRSHHRSEth Ui R EQBCT? URfhé itk Yletraphenol

preferably having from7 to about 12 carbonat ons,
tetmﬁwﬂmﬂhyﬂ athed), dnms@kyhlmctqﬂcmeapsrmd)@]l%r@taélﬂvbbgﬁntyévtmg) partial

out 10 carbon stituted or
Ot P LB ek aR Py n 2l AR St 6 gltraphenl
tetﬂa@al@ﬁr&ﬁ&)ah@&EHonomers which carry at least one substituent on at least one

aromatic ring to block a Claisen rearrangement.

[0081] The monomers of the above formula (II) may be prepared, for example, by a
process which comprises the condensation of a dialdehyde of a corresponding cycloalkane
which comprises from about 5 to about 24 ring carbon atoms with a corresponding
hydroxyaromatic (e.g., phenolic) compound (such as, e.g., phenol) at a ratio of aromatic
hydroxy groups to aldehyde groups which affords a mixture of polyphenolic compounds
with a polydispersity (Mw/Mn) of not higher than about 2, e.g., not higher than about 1.5, or
not higher than about 1.3, and optionally subjecting the resultant mixture of polyphenolic
compounds to an etherification reaction to partially or completely convert the phenolic
groups which are present in the mixture into ether groups of formula HR'C=CR'-CH,-O-
and/or H,R'C-CR'=HC-0-, wherein the moieties R' independently represent hydrogen or
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[0074] The above al kyl groups (including the al kyl

groups which nay be present in the above am no group
wakioehi4res carry one or two al kyl groups) and BCRUS2009/036522

groups wll often conprise from1 to about 4 carbon
unattssutadhrisnbpdtutddCalklr havingfroth tas hboutad oarbon atoms. This process

afflp\ll%g Fl%ph&ortléfg?grﬁ; CI S II nan‘gc&esturglfvglgg?e %fg(r)r?ql%ln%apwlmﬂar structure

bul WREL H%g}ﬁl:r aIﬁQSWQI%M ecultale%/Elgmét(M gheﬂ@tlmélyde ?éerw)&ﬂndensatlon)
propoxy, i sopropoxy, utoxy, 1 sobut oxy, fSec- but oxy,
[0682] t eTlie byttloxlyphaTllaedlaldehyd@ndhaﬂhkmyst@ntmgp@latmmlsbeor the above

substituted with one or
Pr%cﬁﬁ%maf/d’@rﬂrépafﬁl bw@hpﬂ%whbqbea@lyb@% ktl%ﬁtto ﬂsoss d skt in the art.

L e
o 85, SO e S0 0 B e cn v
prddoesk esgl.ghg/thytdmfntmﬂammi eitecvidlogere @ﬂmmldshpd‘e adijch in turn can be

Non-limting ex | es of
preathes PY 14 JOFeLTRGIET aisoR K ’ @?Iaﬂ%f%ecf s qsiqhegs eg. butadiene,
plpgﬁégéz isoffdngd; ag@ggﬁ)%nd %HZ & O gal_llyh %E&l\t/ee 3 lﬁeg%r)]fi}all -unsaturated
aldahy:ﬂeawcbrqsl oy @rdaips nwthdcrqictmenromamehs@ gr omngmaldehyde as the

carb n ns an on _at ons
RERERT IF LRSS DY B N Hosp i RO QT asgn, application P
20@Q Ql/iL09”Bkrbﬁtlfdﬁlsclaﬁﬂeslwﬂ§r@&ezﬁ¥ lincotgtRatad k§myteredb&herein, may, for
al kenyl ox groups nmay be substituted with one or nore

exqraplg, be jrefepredoto. 3hhesg it inpuway dimiting hopastiohgmanée schematically
s present, the substituents nmay be the

rqggﬁg&g%ygﬁ%?%fent and are preferably identical.
Non-limting exanples of these substituents include
hal ogen atons such as, e.g., F, d, and Br. [0076] The
above aryl and aryl oxy groups wll often be phenyl and
phenoxy groups. The aryl and aryl oxy groups nay be
substituted with one or nore (e.g., 1, 2, 3, 4, or 5)
substituents. If nore than one substituent is present,
the substituents nay be the sane or different.
Non-limting exanples of these substituents include
hydroxy, nitro, cyano, hal ogen such as, e.g., F, O,
and Br, optionally hal ogen-substituted al kyl havi ng
froml to about 6 carbon atons, e.g., from1l to about
4 carbon atons (for
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exanpl e, nethyl or ethyl), optionally hal ogen-
substituted al koxy having from 1l to about 6 carbon
WQe@wns14466 g., from 1l to about 4 carbon atons (PCF/US2009/036522
exanpl e, nmethoxy or ethoxy), and amino which may
optionally carry one or nore al kyl groups faving from

1 to about

carbon atons, e.g., from1l tollabout 4

carbon at (for exanple, nethyl &, et hyl
Non-1imt|i ng specific exanples of subsy ryl and
aryl oxy droups include, tolyl, xylyl, hyl phenyl ,

chl oro |, bronophenyl, tolyloxy, | yl oxy,

et hyRphenox chl orophenoxy, and bro henoxy. [0077]
The above arfpl kyl and aral koxy growds will often be

benzyl, phengfhyl, benzyl oxy, or phenethoxy groups.
These groups may be substituted (preferably on the

aﬁ¥ ring,
or I5) “supsth-t hudienc) ¢ nore

irdiiny

if at all) with one re (e g., E
crotonaldeﬁlyde)

Rb=dd it = Ghhe  Quipsdyine)
Eérféé%%&a IRORSIHHCY | g examol & T%%E? glsfmeﬁ maldehyde)

i ncl ude hydroxy, nitro, cyano, halogen 'su .
F! O!

acro ein)

and Br, optionally hal ogen- substltuted aIkyI

having from 1 to about carbon atons, e.g., from1l to
about 4 carbon atons (f¢rDEkMdeek e%@?ﬁyl or ethyl),
optional |y hal ogen-subsfituted al koxy having from1 to
about 6 carbon atons, eYg., from 1l toabout 4 carbon
atons (for exanple, nmethoxy or ethoxy), and am no

whi ch may optloBaIIy carry one or nore al kyl groups
having from 1l t@ about 6 carbon atons, FRe.g., TTom1l to

about 4 carbon

%mm Alpreferréd noiety Qis allyl.
preferred for the noieties Qto be identical and/or to

gt oms (for exanpl e,
gS Qin the abg

reprdsent hydrogen, N ar
The noi eties Rl i ndegendently represent
nsubstituted or substi pref erabl y

| kyl having from1
, 1tRai s

be diffeRent from hydroggn. Preferably at |east one of

the noieties Qis differ ntH§&8HhH¥ﬂ{hren' Even nore

preferred, at |east two

ee noieties Q

are different from hydrogen

[0083]

0

R, O

R>

By using cyclic dienes such as, e.g., cyclopentadiene, cyclohexadiene or furan as

conjugated diene in the Diels-Alder reaction, bicyclic unsaturated aldehydes may be

obtained, as illustrated in the following scheme:
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[0079] Non-limting specific exanples of the above
al kyl noieties Rl include nethyl, ethyl, propyl and

WO s@pnopys . Methyl is preferred. If one or norBCT/US2009/036522
substituents are present in these al kyl groups they
may, for exanple, be hal ogen such as, e.g., F, d,
Br. [0080] Non-limting exanples of the above nono

gf\ f or mul a ) include dimsthyl cycl ohexane ™
apgen t&tra(allyl ), dinethyl cycl ohe
aphenpl tg?ra(nethal i her) ,+

drmet hyl cy hexane tetrayp ol tetra(l-prop

et her), dinethylcyclooctane tetraphenol tetrafallyl
et her), dinethylcycl ooctane tetrapheno
tetra(nethal lyl ether), dinethylcygclooctane
tetraphenol tetra(l-propenyl ether) Digravidei Rdaction

conpl ete Cl ai sen rearrangenment progucts of

di met hyl cycl ohexane tetraphenol tetra(allyl ether),
and nononers which carry at |east one substituent on
at | east one aromatic ring to bl §ck a C aisen

rearr angenent .r,[ QP81] The nnnineis of the above

formula (I f exanpl e, by a H
process \y X ndensftion of a

di al dehy ¥pdhdi fg [cycl oal kafe whi ch Ry
conpri se P N24 ring carbon®atons

with a corresponding hydroiyaronaiic (e.g., phenolic) BRs
conmpound (such as, e.g., phenol) at a ratio of
aromati ¢ hydroxy groups to al dehyde groups which

[0@54? or i@?cl@al@ﬂﬁﬂié‘ Edwl\(/)hx)gﬂgyﬁﬁg rh%ﬁ}l glﬁg ?%ﬁ%{ﬁ% W h{/‘dl‘aformylation of

pol ydi spersity not n about” 2,
cydicgdiplefio siihghsee.gt, kgoloadtaditne] .a5 dearibadtin, fogéeampld&hS. Patent No.

513 bh gt 31 08y opt by bedibiviuet PRvali b e f s rogpmene o
prcfd%@@%P&Bpérﬁa&aﬂfchﬁokéﬂd&{yd@o@%,eé.?.l, WetQNVeIdygt rl@zem_., 42, 829-833,

phenol'i ¢ groups which are presentf in the mXture into
198DhEhe entive gisclofurbopithese thike CaaRIerTHRe Gegeeporated by reference herein.

- CR1=HC- O, erein the noieties i ndependent |y
Wﬂ%ﬁﬁ%ﬁ@ﬁ%ﬂ% ahagH Chal B AL aPa gt K6t ?‘Pﬁf@&e of excloalkane
dicattoXh1dbdeDIwihoR:l G AsiARAkkedS ﬁﬁﬁ&oﬁf@lﬁg)rﬁsmi)izlzﬁfes of polyphenolic

process "af fords the nononers of fornmula (11)
coragpands uwbichi tdmpitideer a noynlwatkage oficabonaldahydd rtetcapesolbatong with

COﬁIV;AIBé@FlrS] :j‘g eée ﬁ]&?‘erlc g%ﬁig}?gx%{rf gﬁér.%é o‘?’eci:o% E:E’sa erlg?ﬁer p?orcess renders it
possible to produce very low polydispersity products with a high average functionality. For
example, when using cyclohexane dicarboxaldehyde and phenol as starting materials,
products having a weight average molecular weight (Mw) of about 930 and a number
average molecular weight (Mn) of about 730 and/or an average of about 6 hydroxy groups
per molecule can routinely be produced. The process uses preferably a relatively high ratio
of the number of aromatic hydroxyl groups to the number of aldehyde groups (e.g., about
6:1) to keep oligomerization low. The excess hydroxyaromatic compound may then be

removed, for example, by distillation.

[0086] By way of non-limiting example, the allylation of a cycloalkane tetraphenol
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[ 0082] The cycl oaliphatic di al dehydes which are
starting materials for the above process may be

w@e@patges by nmet hods which are well known to tPOBEES2909/036522
skill in the art. By way of non-limting exanple,

sucly ad, ehex andolckade disdrbokallehile détcmhbon dhidekeydel plaamobe compounds
produced, e.g., by hydrofornylation of a cycl ghexene
whEEl exar el adiiiae e RAnPIRECHmBlicd 3133 transcarbonation

reagklghsuﬁlg Cfor! @)@S’ﬁﬂl@ n aﬂgl ﬁléf:l?ﬁj Lg8bffle dien edl?éé@ hiB%ation reaction

adi ene, | ene,” i soprene and chl oroprene
usiWigt foraex aopple 0 nlalalllyfl Qubé«t id meeknalasﬂ prdideetnd uhs dkarFtedn alkaline

al dehyde ch as ) acrol ein t hacrol gi n, )

ot SRR BB <2 bl BB s ET RS Sty qagponace s

usﬁalpl;}rspréﬁzﬁ@d GronttRe réRtieRNof NIyl G1c3R4! a{%ﬂ-dﬁiﬁhﬂa@&?ﬂﬁﬁl@a to afford a
ent application JP 2002-212109, the entire

mldtug@ lod sty & snaping rasshorzute ancrheimlbdrcat'mwtw Bathehersgede mixture and
herein

the WgureI arn‘?/]t rr}é’tljyl OlarbdE rIplcah be r%f 7 I flltlgla fﬁgeasg%ng W' W as allyl

reacti ons rra e SC erra

halid®prsesens a1 ablokidk,| DM bBlmdBZne‘thzlﬂl}(l Lhidriayf aekheimd)bréidide, and the
R4 = H (acrol ein) R = H R = C}B (piperyline) R3 =
likgHs, R4 = H (crot onal dehyde) R = CH3, R2 = H

(044 AP s R by BB MU, FHE At Bherem iyl methy!

caltpdbef Br ftycatdmer{caN§3kadyd uﬁung S} R allleand t@ﬁﬁ?héﬁddﬁ And provides
cycl opent adi ene, cl ohexadi ene or furan as

an @éﬁ?ﬂ}éegbe@t@ﬂi aklationt ofethp 1@!’ oAy @é@up%@%theowclckﬁlbw 'ieeraphenol

o RS g A P B ARNBLOS BB, ) OB i

redyioh @al alpHaialkledina arbeoxtal dhedvyideicaigyreat d \bﬁhﬂheﬂ@ﬂﬁd(y groups
by hydrofornylation of cycljc diolefins such as, %
of é%f‘c Fédetkane firaphenelesPePerting o1 reastity gonslidony, gariable amounts

of P@E%@warraﬁgé@&tlgﬁd?@glnﬁ %gsoﬂs%ﬁge’ld’s 1n 0cfnbb}[eactlon resulting in

ozonol ysis of bicy ns such as norbornene to
miptuwetuceOe yod palhylared mibdarthoxal dehyde (see, e.g.

Perry, [ . cr%; Chem, 42, 829-833, 1959). The entire
[0088 ci odudbectorllylnber reaqtion a%élaﬁrémlgalés@ée itpeasaphmdth an allyl

haRde E&fhezrlsegﬁﬁ @lﬁroﬁid@'may, for example, be conducted in the presence of an
alkaline agent such as an aqueous solution of an alkali metal hydroxide (e.g., NaOH). If
desired, inert solvents such as, e.g., 1,4-dioxane and phase transfer catalysts such as,
e.g., benzyltrialkylammonium halides or tetraalkylammonium halides can be
employed. Reaction temperatures of from about 25° to about 150°C are operable with
temperatures of from about 50° to about 100°C being preferred. [0089] Reaction
times of from about 15 minutes to about 8 hours are operable with reaction times of
from about 2 hours to about 6 hours being preferred. The reaction of a 1 to 1 mole
ratio of allyl halide with the hydroxy groups of the cycloalkane tetraphenol will
provide an allylated cycloalkane tetraphenol wherein the major amount (about 80
or more percent) of the hydroxyl groups of the tetraphenol will have been converted to -
O-CH,-CH=CH, groups. A minor amount (about 20 percent or less) of the allyl

groups will have undergone a thermally induced Claisen rearrangement and will thus
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[ 0085] The condensati on of a cycl oal kane
di car boxal dehyde (or a m xture of cycl oal kane

waelr@anbes@l dehydes) with, e.g., (unsubstitutedCPpOsI90$/036522
affords a m xture of pol yphenolic conpounds which

be poegent seIha acglrﬁhtoalringnfrtlmb amd/nopatzdehmaqﬁcbbiﬁgfmml frorn which

al ong with conp ds._ wth a hig ndlovver
thepreaeingensat PB‘PH“ hel B 6eacEiony %tﬂ%féFé 1 apbégllbrr@?? 6at10 of allyl

m&ﬁﬂdyﬁ%oﬁﬂeyl 510 thé’cfil'rﬁ&%ft?dnt )’ea@h@ﬁt&t Sf ‘Mlﬁrf' ha1ilE R the direct

aver age functl onality. For exanple, when us
allglaticohenatien dvitlatirok adwe iyateu pmndf ﬁfeewmaph@l(ﬂt\mﬂt pqu)g'lde a partial

all&&t er at % P 3$adp E}é Bg%{%lr}g?{dwﬁ%ﬁg% }’e}{/@?%@g?,l gergllfpsa gemalmng
AlfH'(’Ju%ﬁmtﬁ’éseV\@agttﬂill}( Miyi@kd abRUsalid3@ MRENANCAMSS RS are less

of about 6 hydroxy groups per nolecule can routinely
praferrpd. dhgy: atp stithesqinbideesnsn pasetsonsraffthe @bersyntammit@m vely

B R R
préf)%l%ﬂle@é éE%@?g’eHZﬁ)}ﬂnQP of QK¢ e Iﬁé%@l@sﬁnslﬂﬁgﬁt@@fyrﬁéﬁﬁ&k Gf formulae
rpoun hen be renove for “exanpl e,

(I)/cﬂlaé and (Ié)tSiebfwrth[dbo%qm@ydmgﬁleofamgmaslplems themyfiax anpl e,
alJ.yl ation a _cycl oal kane tetraphenol such_.as
(005 21 RhirePafimfrecr HORUS A oF PERPSRO P pRgove formulae
(AR ahe diphenobé Gpr@ @WYdEe MU L Rty REtHY @ SE fiteeirBdical forming
adm xture therew t may be acconplished via a

cattﬁb@h@@éé%&?&?leéﬁwfeactﬁlﬁcmea@mgor fbyensg fpt eolvging ypreferably in

thy%ggyﬁcecgf baogglkf%lngr afe%ﬁ Fa%?re% fyfl&é’% A8uf ?%&t]l ?4’] about 350°C are

I'ng, for exanp

tyﬂik&nllllydémpl@@é’d tlhethbllh(ﬁn@oﬂbﬁnaiﬁzz&idqa|W1mE &@Qﬂira@mds af from about
Q ti onal catal yst such as a phase transfer catalyst.
aPr%‘Eth%/ftO boggarefaredysual 1y prepared fromthe

[0(2?7’3Ct | Qe ff1e Ardey ka l:&lofl)‘?{ﬂ %gﬁﬂ? . %hchcﬂfa9mfogﬁag?|bﬁ used for

ord a mxture onat e
thec @Dtmmmmtlolaotﬂcludhethosmd\éuch xteucemarodlyt emppayeé ial thgl free radical
n be used as the i

t hyl . || t t
Pog'glﬁﬁ\éfltf lilﬁwlc | ynjaurate(] pogamers; gpecitlrﬂa@]ldﬂgaéfl%g?q%| examples
the?édfnlrfliﬁ)den%%%ﬁlcl WerdxideQr bl hymeb faddiads s oftleas and and diazo

A preferred process uses a
companmbarlbmrﬁmabrcmw@t& ofi herridivasl fopmimgetdagdlysts include butyl

pero}}éf 85% g%, f‘i‘{‘&LBE}é’%&n&é’gﬁ%ﬁli}!r%{?reggééhg dm%\gtures ?hereof and the like.
The free radical forming catalysts may be employed, for example, at concentrations of
from about 0.001 to about 2 percent by weight, based on the total weight of the
monomers and/or prepolymers present.

[0093] Suitable accelerators which may optionally be used for the polymerization
include those which are commonly employed in the free radical polymerization of
ethylenically unsaturated monomers. Specific and non-limiting examples thereof include
the metal salts of organic acids. Preferred examples of accelerators include cobalt
naphthenate and cobalt octoate. The accelerators may be employed, for example, at
concentrations of from about 0.001 to about 0.5 percent by weight, based on the total

weight of the monomers and/or prepolymers present.
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an essentially total allylation of the hydroxy groups
of the cycl oal kane tetraphenol to provide the
weoarvaspondi ng al |yl ether (allyloxy) groups. |PCT/H82009/036522
direct allylation reaction an allyl halide may be
[0094di charinehsmae@dlyieriasioh edhgmrmdmzhhm by drepalyngriaatps of B-staging)
the cycloal etr phe pen &ng on reaction

ESnEeRPBRS, © \;E?. ACRGATY t@/ VI8t Pearesapgnetiion may be

eff@ét@(gu%r @Xm@ Q%S YQCII rﬁ@r@z‘ﬁhbl? Neendp@Siltd Mhdld? shorter
m xt'ures of d C 'yl at ed products. 6b88 A

pokyn‘reematlahl yda&tuoonturre?actham thbset hedxcytddoabkaﬂe The curing of the

Prf‘cﬂﬂ FQZQ (\),\I/Ilérg?rasglygl lt%gn al I(:%l%lﬁi%%& eelgsq ﬁz!t{a%léime or immediately

folRfvﬁﬁ?Qﬁ@pdl’ﬁnéﬁ‘zaﬁbK&b' AnpaeNd sHgd cﬂﬁm}n s@PUEIHES progress of the
solution of an alkali netal hydroxide g., Oﬁ) | f
(hefegipobymerizadian syl ¢enyanignibh basfollewgd, byl viscgnskanandipidinfra-red
sr R PR RoR T bt B e Bulrommatys arobeit um
[009s]i dGBth aﬂlyb@ueﬂgl Qﬁﬁtﬂuraﬁiﬂaﬁiomeﬁletﬁ@@he’iﬁ)wseﬁt afvehtioMmay be
about 25 to about 1500C are operable with tenperatures
copplymesigrdbduith 58 V8rigboupt 1088C BN ePBA{0Ed Prepolymers.  In
ab
cobBGRPESGIISRLLARS Al 0l I RIES dioppyly 0o
andfooyll) Znldusr prepolyahimtthﬁehf) uray, et pgappet dblerlﬁdsen'[he amounts of

t f 1t 1l f allyl h
frophabh 05 5 903%b83b§5o%r[t° 2371&1' B KA 9{*&%3 s 24y 90 % by
ep%mvmdeoapa@dmlsa%qe aqsxﬁi P9k ap&ydighd BRRANA thm%[a@'\%lght of the

e maj or anount (about 80 or hore pércent) of
pohymhromaple gropgpenes. t he tetraphenol w Il have been
verted to. nor anount .
loffﬁﬂout&%lww&?xwp Sl ngpSHRE syt RorutlaBas pihich may be
o PSyen AR Ganeha ﬁlbﬁ(’itﬁ@fsl ¥t f&%ﬁﬁ@dlﬁl@b 988/or prepolymers thereof
rearrangenent and wi Il thusbe Eresent on the aromatic

angdfongwitht He arrmvomerpac?faf@r@lulﬁe(l }y@ndé&yr prepopgmersophereof include

all In%ohnot hersraea/grange nrtnef)sc&ur L e p-lerc]:e:ﬁ,lcr: eaaty | onn hofltllnegsgxamples
%/ an a ra{/l OO0 tl car ongtl

of tdhe hlﬂﬁllnih@@{dlﬁmt hﬁJdIl [hepﬁlyr@é’rsOt’he@éofahlhcylhdhazill}d% trmzmes allyl
the direct allylation reaction with the hydrox roup

ethers.t Ryt e%%%rﬁh&ahy\mqq Frenli fis(allplgprioapteds.) wlaf | Blﬁenols and
phegphtol?gs c%h{aqﬁ)il?l ngilyprrﬁsﬁ'{)ﬁl%fs Wi p?@[ﬂﬁyfﬂ'&? MUY These and

ps renal
other allyl monomers and/or prepolymers which may be copolymerized with

the monomers of the present invention are described, for example, in the
Encyclopedia of Polymer Science and Technology, Volume 1, pages 750 to 807 (1964) pub-
lished by John Wiley and Sons, Inc., the entire disclosure of which is expressly incorporated
by reference herein. Preferred allyl monomers and/or prepolymers thereof for use in the
present  invention include triallyl isocyanurate, 2,4,6-tris(allyloxy)-s-triazine,
hexaallylmelamine, hexa(allyloxymethyl)melamine, trimethylolpropane diallyl ether, 1,2,3-
methallyloxypropane, o-diallyl bisphenol A, hexamethallyldipentaerythritol, diallyl
phthalate, diallyl isophthalate, diethylene glycol bis(allylcarbonate), and allyl diphenyl
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Al t hough these partially allylated cycl oal kane
t etraphenol conpositions are |less preferred, they are
waeibl1144sef ul in conpositions of the present |iPUBENS10091036522
[0090] The present invention also provides polyners
ph¢dphete, Tho alyl @otbra@p ahy/ioe pspobynttrp heyydieyied <ith8- sidagédlly or in
forng) thylenlcally unsat ur ated nononers of

an¥6@ﬁ@ﬁﬂ€“@%?ﬁ? ‘a) and (11) set forth above (including

[0 (}99? V%u%tﬁéfsno%slﬂﬁﬁ{ etxgglr ?e%fc)f ml);? QI?% @/8 gpe B/%@Fﬁﬁch may be
or - copol yners o oner s ABpov o nul ae

co;ﬁdlﬁ'vhéﬂlz’b)i and ¢kl moﬁ?&ylelbeoﬂo fep preehtbinvagiin gludet firoafatic di- and
w t hout a free-radical forn1n8 cat al yst and/ or

Polyeyantss api9matin dihangmebenarny esab%eﬁ’é‘b pelymplaipidesnpisvinylbenzyl

ctrbf B PR, PR FORS gl G PRy, RN H bAbRSol A o

tetebyinoybégphemolt Ae and mhp cﬂnylrrpolwg]zgztldgh ettietrsh (dz]mrpereamw @s8ch as, e.g.,

il DABIEAPGA PaaRof Br RN Al et & W] novolac or

cre@aynoQ/BIa'c Q8ahd ¥hdofie ; p@gx Qs td@ﬁ:ri%@ﬁ VBl c%aatsbl%ﬁed Hégt@on entitled
hose which are comonly enployed in the frée radical

“P@ble?ﬂrEN QEIG onCOMBORNLENI cANL ub®QXY at KESWRone¢@MPRISING

L f nQn kL dd n a er [ ud
ORI ER oS, v ik oResSas il | e gBgopucTIoN
THEREOF 3 £i0c COHPOUAIS, hePdvﬁﬁﬁQ’Atﬁﬂn?@&ﬂdeﬁNoOéSﬂﬂ?&he entire disclosure

radi cal form ng cat sts I ncl but yl
whswés&mrﬁz&lm@ormnr@ted%y refeieasd epseindi - t - but yl per oxi de,
tu r. h r
[O@Tm Qg%gglltggllggst ]%os?#g% {)eceog erlzglﬁ?e]; %ngl’){lgﬁp 4fc\tﬁ<l: gfesent invention
and/onpepolyaictOthsreof alko avithadibert co(hl;ﬁ)(ﬂﬂ:ntts Quéabayte.g2 querdeaiidre of (a) at

by wei ght, based on the total weight of the nononers
leaéq,]al}eo FOIBP@WI \9/};&9}1 §OB‘;aét§elﬁlt the[sgg)ggl}lo]gml le hgtly 2 cyanate or cyanamide

gr(%glcﬁl(ﬁ Eeﬁ gﬁermb&hf% EI§/Q1H t{u}é gﬂéﬁgd%ﬁ%{t R& one compound

yneriz lon I nclu ose
whedipoyteis iin  thhesahree enoleadiec bbthpal yﬂf&pomdt ! gm_mup)fand a polymerizable

et hyl nlcaII nsat ur at ed nononer s ifi.c and . .
ettt TR s RS T b 1B0T SPRCIOMAS T, VR APiaigp g the same
mdPécui%r %H'acmﬁféirﬁlﬁe JE6 S 8Hd e¢yed Bl R, Af) RIERL 85@HOKEmIne, (e) at

i ncl ude cobal
least one polyphenol, etc

[0099] Non-limiting examples of dicyanates which may be copolymerized with the
monomers of the present invention and/or prepolymers thereof include dicyanate

compounds of the following formula (III) and/or prepolymers thereof:
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napht henate and cobalt octoate. The accel erators may

be enpl oyed, for exanple, at concentrations of from
W@bwat 1436001 to about 0.5 percent by wei ght, beCEUS9NI/036522

the total weight of the nononmers and/or prepol yners

present.[0094] Partial honopol ynerization

(ol igonerization or prepgﬁggerlzatlon or B-staging) of

t he nononers of the abov Ffhul ae (1)/(l1a) and (11)

of the present inventiop-amey be effected, for exanple,

by using | ower polymeri t enper atures and/ or

shorter pol ppEr-z o¥s, eac.y&n tinei§phan~£hose

i ndi cated above. The c ring;bV he pol ynmerized
nononmers may then be conpleted ﬁater time

i mredi ately follow ng prepol rrerlza@l on to con‘p(?éi‘dwan

ss-of {the

(honn)polyngﬂg?at|€ﬂ yeqii ent | y_be foprded by
vi sconetry MNfra-y ‘ect r opho te1C

anal ysi s and/ or gel perngatigh chronat ographic

anal ysis. [0095] The ethyl enically unsaturated

nononers of the present Lgﬁgptlon may be copol yneri zed

with a variety of other Brs and/ or prepol yners.

I n correspondi ng copol yneri zable m xtures one or nore

nmononers of fornula (I)/(Ia)(ﬁﬁ [or (11) and/or

prepol yners thereof nay, for ‘exanple, be present in
[Oﬁm}untlﬁ tA¢ abboemtabouh (PIIPod, omab@UR Fd Heldycrwiliphhtic moiety may

g., fromabout 10 %to about 90 % by weight, or from

ha‘afbﬁm s@Be Poqapingsolimcluing, dxenypiighand peederde maahingspalthose set
o8t it B2 AR SRR L0E P! 8738 hpyiag) we more
fulhi dlRcimeed e aepoed-yissede dpphichdiont ImuﬂanomcsM@mC DICYANATE

COMPRNRS MR CHA R BRI CAP QNG ON PEhol i concurrently
helte%{he(‘(étﬁo%&guﬂﬁc@tl Nl) ERASUTE 5o %ﬂgéeo rdlsefogﬁgl X?%{lﬂch is expressly

I'c and non-Timting exanp
uuﬁhkyMmeﬂﬂﬂEkBaﬂnﬂmprepolyners thereof |nclude
allyl-s-triazines, allyl ethers, allyl esters,

[0H)1dt hyfusther glopclomityi s eadmples afboaseeyss, (pagnalymerse ivhish may be
colg(?gm%PlQ&E) r{%t Shé °rH§f’f‘AJ#} @?‘%}%bm@}’ﬁo&f& S s&(’Eent invention include

pol'yners thereo
cyanate compounds of the above formula (III) wherein one of the cyano groups is

replaced by an ethylenically unsaturated group such as, e.g., a group of formula
HRIC:CRI'CHQ'O— or HQRIC—CRIZHC'O— wherein the moieties R! are defined as set
forth above with respect to formula (I)/(Ia).

[0102] Further non-limiting examples of cyanates which may be polymerized with
the monomers of the present invention and/or prepolymers thereof include compounds

of the following formula (IV) and/or prepolymers thereof:
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other allyl nononers and/or prepolynmers which may be
copol yneri zed with the nononers of the present
WO pwentd4oh are descri bed, for exanple, in the PCI/US2009/036522
Encycl opedi a of Pol yner Science and Technol ogy, Vol une
1, pages 750 t(R)}307 (1964) pub lished by John WIley
and Sons, Inc he entire disclosure oga ichis

expres Lx. ated by reference her Preferred
al lyl no or prepol 0 or use in
t he present iy uT@t e,
2,4,6-tris(al S-tri azine, nmel am ne,

hexa( aly-y
di al lyl ether 3- nethal | Xypr O
bi sphenol A, he anethallyl@3 Mt aer yt
pht hal ate, di alR isophthal ate, diethyte
bi s(al |yl carbonate), and allyl diphenyl pRpsphate. The
allyl nmononers and/or prepolyners may be used either

i ndividual ly or in any conb{Ivgti on thereof. [0097]

Further non-limting exanples of nononmers and/or
[0598& polny ther 2bawsi @ﬁmﬁgw(lb’é Lopbl ek ddthgi ayglaakighatic moiety may

i n,
RSl e e 1 P RAE n, REGALT Ll F FLAIRIS) G those ser
forainchbpot ywinh eespetedo forswianyliheRastheretandesstofwdios p:lhe nabieties Q
or te abronnbls henol A,. di par gyl. et hers of
re%??ﬂﬁer@‘ P the gp é’é%%rﬁ%‘?@ﬁﬁgrgglprﬂpey rabfy ifPresgg hydrogen. For
exﬂﬁbbéglay QbAY | thfleh6F 911 RROVole®ial M3 )maH ¢ @Sent & (§N Compounds of
diglycidyl ethers of bisphenol A or 'bisphenol F,

forpolly gI'Ycartymort fidlysdeskcriphe molconssignedcappticaioasaititled “AROMATIC

POl CLERGTES SpPOLINIE: “ERNE, | EROREVRRRRO T’ PRBDUCTION

THERYRSINE e AR ERY, HRES) i Akl ISbdier R¥LEE3MD), Mﬂtﬁ?e disclosure
MOl ETI ES AND PROCESS FOR THE P | ON THERECF"

of hichds exmeaﬁlryrlémrpyrarﬁértéwefemﬂ(cm@@im ey Docket No.
ur e. wher eof

5 he en dISC|O expres
[016%'5 ?5’6? Bd%b “‘P §reé(ﬁ@é’?‘1"§e?fef?pp‘flﬁbi§8‘]’hlﬁé B%éop?]tyme“zed
wilhSthR Q8Shdth & s taf d &P PR PRIk Aot the pPORANBREn@6n Mt@ude compounds of
present invention and/or pregglyners t hereof al so mnt%

thepatiere founpler @M snd prepoksners thereobwhersin ﬁblneéstofne(qi)thamoieties Q
rep[ges[eﬁli ﬁ\g nﬁg orleacsyaoinngeho Ont aloﬂ:%y I(ﬂ rtelﬁ?es%gtrgea ng?rlogp ofe formula
HR!C=CR! -CH,- or H>R lc-CRr! =HC-, in which the moieties R! are as set forth above
with respect to formulae (I) and (II). For example, two of the moieties Q in formula
(IV) may represent —-CN and one or two of the remaining moieties Q may represent a
group of formula HR'C=CR'-CH,- or H,R'C-CR'=HC-.

[0105] The (co)polymerizable mixtures of the present invention and the products made
therefrom respectively, may further comprise one or more other substances such as, e.g.,
one or more additives which are commonly present in polymerizable mixtures and products
made therefrom. Non-limiting examples of such additives include polymerization catalysts,
co-curing agents, flame retardants, synergists for flame retardants, solvents, fillers, glass

fibers, adhesion promoters, wetting aids, dispersing aids, surface modifiers, thermoplastic

resins, and mold release agents.
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group and a polynerizabl e ethylenically unsaturated
group; (b) at |east one conpound which contains in the
wg@a09e/1r3becul e both a 1, 2- epoxi de group and a PCT/US2009/036522
pol ynmeri zabl e ethyl enically unsaturated group; (c) at
[010@3 INamEmaogeamglesot ch-caong agenss fonuichia tBﬁpiEsemD lireeutien include
a. mal ei m de grou and a cyanate group;
n

Gy PPyt uapigfcas hEhSkesonesB) fﬁﬁ@ﬁam?& ebgnzoxazine,
an b}Qfx)l%gg a0 Arhifel 'aﬂgtp%@ﬁp(he%s of dicyanates which may

copol ynerized w th’the nononers of the present

[Ol(m/ent Non-liafidh@rexpmele| of n@itdydthdoe afe im chal @eesentCyaagion include
npounds. of the follow ng formula_ (I II} and/ or
trag%l@%up%lr SOMBEXEDT m@@w@ﬁ r(hpﬂ?lyon[mow ts,| RhespaoRBEY gomplexes,

tertlﬁ‘p%luﬁes( h&(#])amdgs R dadi sﬁéheasCXﬁ\Aaﬁﬁgé PRt Ay K lB modified

ety may’ have the same reani ngs (i nc i ng exenp
alipirtic punehesr avad abie droinn @) Paslutthp dgineetotd BNERB abbAe2W mﬂd modified

respect to fornula (la). The conpounds of formula

ure(‘*"f’ll) are nmore fully described in the co-assigned

0. SRR TR B IR P AR GRATRARS b s

imemimu rindadd phbghewmist hor(taﬁhingr mejechles kEIOMNo- ep6xO Igactibheproduct),
é? di.scl sure of ich is expressly. |ncorporated

DiQ{e & ﬁeClJ%ffnﬁ[c bll%ﬂffanh?ﬁﬁlwéw- 18RAE) iagnsyjum hydrate, zinc

boﬁ&agﬁ(hﬁl%taqlt)céﬂéﬁ‘oners (pr epol ymers) which may be
copol ymeri zed with the nonomers (prepolynmers) of the

[0199% s eNbn-limiend eatimplachiusitvenyafoatuge GDtHequedst Bivedthun (for example
above formula (111). wherein one of the cyano groups

fory igyraviag mEgceatrbaitRY inehide Ackipnen@gthylettyd detmsupnd anol® PMA
(p@?yle%egycd?&ﬁﬁ%e? cécthE gy%ﬁb%&rﬁ'ﬂb\x; bﬁerﬂRhF@brﬁgmﬁi}.

as set ort ove Wwth respect to

[0110] / (N im[thEQZhmbles toh €leRTBr hiderh e vaMVERForOihclude functional
cyanat es whi ch may be pol ynmerized with the nononers of
and panpycsiond] paianite dHleanwithra prdisls yaerage érfsgn about 0.5 nm to

abélﬂcidd)dﬁ .%B%Qllﬁrédec'xamples thereof include silica, alumina trihydrate, aluminum
oxide, metal oxides, carbon nanotubes, silver flake or powder, carbon black, and graphite.
[0111] Non-limiting examples of adhesion promoters for use in the present invention
include modified organosilanes (epoxidized, methacryl, amino, allyl, etc.), acetylacetonates,
sulfur containing molecules, titanates, and zirconates.

[0112] Non-limiting examples of wetting and dispersing aids for use in the present
invention include modified organosilanes such as, e.g., Byk 900 series and W 9010, and
modified fluorocarbons.

[0113] Non-limiting examples of surface modifiers for use in the present invention
include slip and gloss additives, a number of which are available from Byk-Chemie,
Germany.

[0114] Non-limiting examples of thermoplastic resins for use in the present invention
include reactive and non-reactive thermoplastic resins such as, e.g., polyphenylsulfones,
polysulfones, polyethersulfones, polyvinylidene fluoride, polyetherimides,

polyphthalimides, polybenzimidazoles, acrylics, phenoxy resins, and polyurethanes.
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of the following formula (1V) and/or prepolyners
thereof : (RRm (1V) [0103] In the above formula (I1V), p,
WOorRooant#4bd and t he cycl oal i phatic noiety may haRE€r/Uk09/036522
same neani ngs (including exenplary and preferred
[0OTIsHni Ny liraRinkhoampsstoff moldnretaoy egantd fornss peahe present invention
. formula (11). Further, at least two of the noieties Q
mcﬂ‘%{?r"é@‘@ﬁ?“@(ﬁﬁt QYRR RSV ni ng noi eties Q preferably
re F 3 I t. 1hr I
[0];1§Er %rr’g? %??qég{e%gﬁf; t;lerpg%sreges( %ﬂv?}lt_%a\@!e élosgg% ulﬁ%g agz?, A th%rrhosettable
comondmiéra fdrl (W pesdachi®t ef prifltéy cidastcidab®Bchndimaerids sSorgmegrated circuit
application entitled "AROVATI C POLYCYANATE COVPOUNDS )
Pagipnprewshas IEoRbyipte PREIYCTF erperiamerful fer foggulating matrix resins
o M e B e YR B ek im0 el P unesives
Ashyconehemencieeyhene lso bf Qddp aBjmst the amoont dfihryidtdcadgon in a thermoset
exanpl es of conpounds which may be copol ynerized with
M3 npnomers and/ or prepol yners of the present
i1Ryent i.ncl -
07 B 1 O FreSOTERAIIR Bhsch L PARNEm PO Ho o herized. fo
exampletusgy Offeepnérentermicl cndyst aldastacorieraabheto produce rigid,
noi ety Q represents a group of fornula HRIC=CR'"CH 2- )
glagpy HPRDEPER FEfh | AN AP fiPaliel rhjeBt 68198y ofr doughagss. corrosion
resfiﬁléflpe,m fhot dube LESPGEREe ! Ol“lfeo{lfmlt}a?oi( tﬁes@%rﬁ&%%lynﬁ% may be
exanpl'e, two of the noieties Qin Tornula (1V) y
inr dpr esergt  apQlicandnenéhadr arevosafed hbyr eohildicthglenei elycels bis(allyl

may..represent a of f.ormula HRIC= CH 2- or
el o Senn o8 riad (86T LT SEIE Y i genhanced
me&hahf*@] pr&Rents.i nvention and the products made
therefromrespectively, may further conprise one or

nore ot her substances such as, e.g., one or nore
EXaddit'#ves whi ch are commonly present in polynerizable
ﬁ?%%% es and products made therefrom Non-limting
Sy@tasipbeBisoAlld Rtherpedi . 1 iBis@-Hyded xy@Re Ok Y¢TBlddeairieOn
co-curing agents, flame retardants

cat al ysts ] ,
[01dgh e rAfid plcohpl (1D] AR@raves, drdaneles), dinasalicarbonpte|(£§%555 grams, 1.75
mo%s?ﬁﬁd sodium methoxide catalyst (0.18 gram, 0.065 percent by weight) were added to

a 500 milliliter, 3 neck, round bottom glass reactor and maintained at room temperature
(23°C) with stirring under a nitrogen atmosphere. The reactor was additionally outfitted
with a chilled condenser, a thermometer, magnetic stirring, and a thermostatically controlled
heating mantle. An equilibrium mixture of allylmethyl carbonate, diallyl carbonate and
methanol was rapidly formed concurrent with cooling of the reactor contents to 15.5°C.
After 13 minutes 1,1-bis(4-hydroxyphenyl)cyclododecane (28.31 grams, 0.1606 equivalent
of hydroxy groups) was added to the reactor, followed by a mixture of triphenylphosphine
(0.56 gram, 0.204 percent by weight) and 5% palladium on carbon (0.38 gram, 0.127
percent by weight). The 1,1-bis(4-hydroxyphenyl)cyclododecane assayed 99.76 area % via
high pressure liquid chromatographic (HPLC) analysis with the balance consisting of 2
minor components (0.09 and 0.15 area %). Heating commenced and over the next 127

minutes the reaction temperature reached 79 - 80°C. The reaction mixture was maintained
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fi bers, adhesion pronoters, wetting aids, dispersing
ai ds, surface nodifiers, thernoplastic resins, and
worelod/1tgbease agents.[0106] Non-limting exanpP&sUsF009/036522
co-curing agents for use in the present invention
forl Nieduatsl e . i:y&(Df’d] i tHen caldabsto rbbmeekngetram'rej:hmb&cuum filtered through
i cs, am no, conpounds, bhenzoxa EB% anhydri des

phenql
a bethPh glagﬂwaﬁ@%us RHB PRBIY AR as U gTHef 2 fAel (s gecovered filtrate
wa@’f&gﬂj &%P&fateg%'i %lrﬂéﬁﬁuﬁp&l bak té Jrﬁﬁreocgfeﬁf@mf ah®VEAVARRm of 1.7

Include transition netal conp I m dazo
mmp s plasmiam mabids a tmmomnmmlglmy@ﬂnwloekesd ltqerd 63ér0;¢ grams) which

am nes, ra |des | at ent catal ysts" such as
l’?ﬂﬂ%ﬂﬁqky%ﬂ 5%&“%@¥§”fﬁ3dlfled al i phatic ami nes

[0161'9}il | @iﬁm Eﬁﬁ?@lﬁkévea%@qwb&)senc@ SNOYTPY QreRN% Z31yPlether of 1,1-bis(4-
4, and nodified ureas. [0108] Non-limting
hy@xoamees;l)@fchfdloémm: sti@rthahalsncernd asymade gnmrs:omppn%@ 2R area %).
The anéﬁjr fenzentcBl{.ﬂlr:bvo%nrtltl \gans re;ﬁlgoglcjf::? %gﬁ(ﬂgsfog 318% { NS Br%ga& L cﬂcgl}loromethane
(IODQ?@h(lﬁirk)daIﬂeﬁzZs[smgeth[:|re§lﬂlt@ﬁta§dflﬁﬁcﬁhﬂfrbﬂglﬁaoz(hﬂﬂh) deep by 1.75 inch
nesi um hydrate, zinc borate, and ngetall ocenes.
dla[rr@g adiednirilicangqli R-4Q0 msshPapicls sirgedlt angsipmymgan pore size, 550
2 { I n
m’} %ggglgg {nteg%{gtﬂ s'u?ﬁocf efdg(%leffél%g%hlefm{?g glds H%Ef fgfter elution from
theaaﬂkﬂca[gﬁlvbad) W(ith)adBManblpdicidytoateehagk yc pélldweb:md reetah&d in the region of

acetate avail able from
thengrieini PRy eém}%spr&fﬂdﬁfl%}eﬁpi S (G117 fgwcd Yleld) of pale
ydmgggggkﬁugﬁgn%h@n i ncl ude functional and
non-functional particulate fillers with a particle
[0120;e HEHGE andlydis armealod ube PreSemm efddBBbatealCaliyinether of 1,1-bis(4-
|nclud silica, alum

fi th
hy R AP S ARG it bA s B2 SiiciGEmpRAGHR {722 and 021 area

% )N anGlakaePpectdghbRImdili@kfal Plis BOWIRM, sa@rﬂﬂ@@f‘ tH d}%@ﬁuctaﬁhda KBr plate
graphite. [0111] Non-limting exanples of esi on

revgplefmeassinfeg ragge exwteldefom@@émted fvEritictsh (PO, 3888, 3081 cm’
', TRAAL 10800 BN 93 ST ARGty BIE Weccn (1581,
?fl , etcC yl’ac onat es, ur con

16(DTD|@16)U)| 66,0 t dticbdmat €26 &ﬁdl)ZIaﬁldOEH:@Hz [defokAhtion (924 998 cm™),
Non-limting exanples of wetting and di spersing aids
acqogpapied by Blpsgggchtof hydroxyl group absorbance thus confirming full

conversion of the phenolic hydroxyl groups to allyl ether groups.

Example 2
Thermally Induced Homopolymerization of Bis(Allyl Ether) of 1.1-Bis(4-

hvdroxvyphenvl)cyclododecane

[0121] Differential scanning calorimetry (DSC) analysis of a portion (10.00 milligrams)
of the bis(allyl ether) of 1,1-bis(4-hydroxyphenyl)cyclododecane from Example 1 was
conducted using a rate of heating of 5°C per minute from 25°C to 400°C under a stream of

nitrogen flowing at 35 cubic centimeters per minute. A pair of exotherms attributed to
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i nvention include nodified organosilanes such as,
e.g., Byk 900 series and W9010, and nodified
W0 bwonoes bons. [0113] Non-limting exanpl es oPCHUSALE36522
nodi fiers for use in the present invention include
hobp@lymezgloasst a@dillylv@supsawsterbbierd Withch 181.8°C onset, 253.4°C
avai | abl e from Byk-Chem e, Germany. [0114]
magnum; md | r2§3 Si@epipantofccompaniep brsnienthalnsi ofs243t james per gram

for tgﬁtu?lg rtanél?i Jag‘[}; Ierqgelé,g%ﬁé gﬁ%}aﬁlq\égm? ga%& a 396.2°C endpoint
acd%%ﬁéﬁﬁﬁnw %H'efn%@ﬁy qu|8Y%UJofuR~J§ g%%lyf%tr hee %H&cfrﬂn%otherm The
pol'yvi nyl’i dene fl doride, polyet er|n1 des,

homopylpheh atcomerdd Sromdhy B ianlplsiz ofass tragsppteing samber colored, rigid
SO]E(ﬂenoxy resins, and pol yurethanes.[0115] Non-limting
anpl es of nold rel ease agents for use in the present

i nvention include waxes such as, e.g., carnauba wax.

[0116% The nononers of the present invention are
Compsrative Expenimgnt A, as t hernosettabl e conmononers for
svhflEsiPLABNEAN AR BF 1sBhBHviflne Wibndagpr ds and materials

for Tntegrated crrecurt packagrng (such as | C
[0122hs tAlaf] @toholl €Y. 58 geares P ESI r&bﬂey) dﬁﬁthlﬁ chfonate (157 55 grams, 1.75

formul ating matrix resins faor geed printe
mOéerSP and ﬁo%blﬁrfﬂ%tho’flﬁ? eYriattd@-18i &ré@r 9 Opaeraghthy, W%Bt) were added to

d@ﬁflh elr q@ﬁé' ﬁlﬁﬁi b&ﬁ)n"i‘ eg'én}@ag%grrandt Iggl){ltar% &l 38m émperature
used to a ust t he anount hydrocarbon 1n a
2xag mmhsﬂtrrmgmndw a hdokéh atkdoﬁ;ﬂlbmn aThg reatfoe wrsrwidgiomaldy outfitted

ent invention may be honopol ynerjzed, for.
Wi GOy o PO RS SR e B (eimanfiieapy controlled
heﬁﬁ%eﬂnﬁﬁ@é Okn chy@iliBHAMUARX (hiedbd all%h@&%&' RANAR! ialyt BaBBnate and
i ci pated high degree of toughness, corrosion
metlegpk tvan cr@pldlanf@nnml souguerene siidt contiag ofrthe wedckdrtgpnfents to 15.5°C.
h .honopo n_the sa catio
A g3 PR E R e metgPencb sy P EERTy B b 06 eaquivatent
of BpdiBRN @tipk), wak 28déN@VWhe asactdR3PowaBly b REiktEe s Bfphef@bhosphine

| enses, but with enhanced nmechani cal properties.
(0. @(WQO@OLL percent by weight) and 5% palladium on carbon (0.38 gram, 0.127

percent by weight). The isopropylidene diphenol assayed 99.72 area % via HPLC analysis
with the balance consisting of 2 minor components (0.09 and 0.19 area %). Heating
commenced and over the next 101 minutes, the reaction temperature reached 78°C. The
reaction mixture was maintained for 8 hours at 78°C and then cooled to room temperature
and vacuum filtered through a bed of diatomaceous earth packed on a medium fritted glass
funnel. The recovered filtrate was rotary evaporated at a maximum oil bath temperature of
100°C and to a vacuum of 2.9 mm Hg pressure to provide a transparent, amber colored,
liquid (25.21 grams) which remained liquid at room temperature.

[0123] HPLC analysis revealed the presence of 95.25 area % allyl ether of isopropylidene
diphenol with the balance as 12 minor components (ranging from 0.05 to 2.13 area %). The
single minor component comprising 2.13 area % along with other minor components was
removed by dissolving the product in dichloromethane (75 milliliters) and passing the

resultant solution through a 2 inch deep by 1.75 inch diameter bed of silica gel (230-400

-37 -



Synthesis of BJs(Allyl Ether) of
| J- Bi s(4- hvdr oxyphenyl)cvcl ododecane [0118] Allyl
W@b@ohol46¢ 101. 58 grans, 1.75 noles), dinmethyl PEr/DSV82/¢36522
(157.55 grans, 1.75 noles) and sodi um net hoxi de
mesipaitiykt sie0) 60 8ngitiwm meaidpére p%p&iﬁ mb/grane iwghitck diveerssion) supported
added. to_a 500 mlliljter, neck, round bot lass . ..
onraeglegwm Siftedhalapy Binmely Arfter 681%09‘%1& £ (i @a(&%@fng% additional
dlc‘ﬁIdrBﬁlbﬂﬂgnéJ ;}%ﬁloaf Binti" R9ahe Al ARRPR ‘gfdﬁ of thE oh%ﬁlct R{)ta}’yaévaporatlon
additional'ly outfitted wth a chiFled conderiser,
pravided Bt @ams g he isolstei ryrdlagnf lghdydlmh@:ﬂwné ﬂlqtudc aI ly

03] G reTeat BSrFe e nih Skl Hoftat £ SR HHEE RERgpropytidene

diphesolvail eHeyball McBRY 3cAnGHCb@PbnaMtd (0. LRV 05NAn®D.MhBea %). Infrared
reactor contents to 15.5C. After 13 minutes

spdctipplyiteipatrieyraelysiy s anfyin) eeplo ¢b d@dﬁﬂéuqt 28.334 By phim;revealed peaks
lent
in glé:arg{l%e “x ¢ ‘i\/? fernldnsgl ur%gc?n xﬁu rt%{(%f Wny?g%gsph Saturated C-H
strétOh @sm @HBI[@h&Qderp@’é&ﬁm 2bye weai ]ghC):CaétﬁetEH’/((IEﬂll aea)&u Rm™), C-O
on carbon (0.38 gra 0. 127 percent bg ht). The
strgtch (K% Qfmhgﬁd‘"ﬂ’éix& | JEgEnasivade2and %.$5h eda@gm%med by total
ab@hEA ofon g/Hﬁnxpjh %n}]ugr ?H)raﬁcé el &n?%ﬁ&aﬁqugf}n{%%%s?oé bl phenolic

anal ysi ance consisting-o

hydroryplareniszo @Dyl0Sharndoups15 area % . Heati ng commenced
and over the next 127 minutes the reaction tenperature
reached 79 - 800C. The reaction m xture was

Compthal ORLpQimengurs at 77.5 - 800C and then cool ed

to roomterrperature and vacuumflltered through‘a bed

wl&%ﬁ‘“e § R éo'&'a%ﬁi\f a&’amaﬁé?r%%%%e?vﬁ%‘% a@yl cther) of
150}5 ﬁﬁﬂ%&f diphehoMRod LR e Ex%eﬁfn@ﬁﬂ Aewas toMsRaNBMy a rate of
t yellow colored, liquid (35.04 grans) which

hezimlgaafei°€ pfadhylug?ofrom Hn°CG ®o4=ﬁ0t°€rtpeimaa \$fream [@m@geﬁﬁl@vmg at 35
anal ysis reveal.ed the of .78, area %allyl .
e Reftrben BEE BV S Ayl arBerDh 3Gyl GhGeRaRa i iration of the

all&rlhgro*aﬁé NGE MRerRed it & 201”49'@ CRERODENL  (f ?md%gmﬁﬁleaan?@a 278.6°C
hé single mnor conponent was renoved by dissol ving

endﬂmtmcocdup?mmdwbwam titbalpyref Bahé Jcélﬂléx)pemgmrn Ifort the $i)itialnekotherm and

o BT R sstndhl SRR Br Bt ot LT P BB (SSmARD G enthalpy

of PR Y ij&llllgs ﬁélzgﬁamq%r AROKLE M ARAI P OF e ﬁérﬁ@pol?{igr recovered from the

DSC analysis was a transparent, amber colored, rigid solid.

Designation Monomer Used Exotherm | Exotherm | Exotherm | Enthalpy
Onset (°C) | Maximum | Endpoint | (joules/g)
°C) °C)
Example 2 100 %  bis(allyl | 181.5 2534 2839 243.4
ether) of 1,1-bis(4- | 284.8 351.3 396.2 181.5
hydroxyphenyl)cyclo
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n2/ gram surface di nension) supported on a nedi um

fritted glass funnel. After elution fromthe silica
w@eloobedesn t h addi tional dichloronethane, a yePCDUSIHANB6522

renmained in the region of the origin. Rotary

evapor at i gniode@weded 33. 98 grans (98.94 % gol at ed
\/| el d\ of red tack solid. rm ’){TI HBELC

pale yell gw colg \
Camaﬁrylw% rek99a| &h t hes@had2REd of 98554 ared 8l | yiI| 267.1
QEE s( hydy 0X nyl)c¢ dodec Wi t h
Et%%we aII]Ianc éthé?j %Inorg%orrggﬁgnts gg and 852 212'2
% . Infrar e@bp&mgdtdenmhot oetric analysis of |a fil m
sanmpl e of éﬁe product on a KBr plate reveal ed peaks |in
t he range P d for ungsaturated|C H stretjch (3032,

3058, 3081 cm IX saturated G H stretch (2862, 2934 cm
1 [shoul der present on both]), C=C stretch (1581, 1607
Rebfereiige, EXxmpletlr et ch (1026 cm 1), and CH=CH2 def ornati on

S 24, § m 1 ac&oggﬁni Ed Eg total absence of
firmng full

[026 VerASanﬁ’lfhlﬁé?ethP&eﬁ&h{' glabé/q{’)wbotﬁfn@lﬂ&%tér%@ ditged with 1,1-
et her groups. Example 2 TRermally Induced

bis%hyxbgkw?nﬂia@l@ncé@sn@ﬂ E{ @ugrang, Hel0) ?yﬁro;ud &qlg(mlent) and acetone
0)
(1B B 208 AR SEEm ol breebr 5 BoieRrigh was addidonally

eqt(lﬁéé(p@ltmﬂ don8ERBB)mAhtatR8 ab0SC Rl thérnfInhes aﬁ)t)verhead nitrogen inlet
bi s(4- hydr oxyphenyl ) cycl ododecane from Exanmple 1

(1 Wad donderbt el megmyicatiratg Sofrifpetrmgnafl t6@Gepesolution at 21.5°C.
m nute from 250C to 400C u str mof nitro
Cyeﬂlwnar%{w@%s Il ceremi i errgglﬁer ‘huf¥nogeTh Homige:hydroxyl

eqE¥ALNGLAS) Rhd AdRH LS mr&pﬁﬂdﬁﬁﬁﬁédﬁi&l&%‘ssgfveﬁ tﬁl’fer@lhl YR dry ice-
groups were observed with a 181. 5C onset, 253
acatend atinforandlizg 288pRE dwiso thﬂ;tremt@toﬁcvﬂaws@ GIOQiylgamd equilibration of

theGgeReP I aRal o SaRl gl GRet (103 RS Lt ptea Bbs riethytamine
hyé%@yl%%uﬁﬁ%@fa@%) Faé Qdﬁéa%'sﬁg A rifbe ﬁlrghl'c‘lﬁl)texha@frna%?t&lnéd the reaction

joul es per gramfor the second exot herm
teniygnape! atrdrtor@€ov &he dothlr a:ddlﬂwretlﬁiSCfoaml&I y‘rﬂt}wlmmeavas 30 minutes.

nsparent., anber col ored, id sol
Addltf(l)n opf t{le ?mtlal aliquot of trlethylamlne 1 duced hazmess in the stirred solution with

further additions inducing formation of a white slurry of triethylamine hydrobromide.

[0127] After 8§ minutes of post-reaction at -5 to 0.5°C high pressure liquid
chromatographic (HPLC) analysis of a sample of the reaction product revealed the presence
of 0.68 area percent unreacted 1,1-bis(4-hydroxyphenyl)cyclododecane, 4.43 area %
monocyanate and 93.98 area % dicyanate with the balance as 7 minor peaks. After a
cumulative 45 minutes of postreaction at -5 to 0°C HPLC analysis of a sample of the
reaction product revealed the presence of 0.84 area percent unreacted 1,1-bis(4-
hydroxyphenyl)cyclododecane, 5.34 area % monocyanate and 93.51 area % dicyanate with
the balance as one minor peak.

[0128] After a cumulative 101 minutes of post-reaction, the product slurry was added to a
beaker of magnetically stirred deionized water (1.5 liters) providing an aqueous slurry.

After 5 minutes of stirring, gravity filtration of the aqueous slurry through filter paper
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Conpar ati ve Experinment A Synthesis of BJs(Al Iyl Ether)
of |sopropylidene D phenol [0122] Allyl al cohol
W@ 1®@91586Qr ans, 1.75 nol es), dinethyl carbonatBCT/USN0BE36522
grans, 1.75 noles) and sodi um net hoxi de catal yst (0.18
recgvany the GGl pewdenprobyctweltghprpdue rfﬁ)rﬁidlckeﬂltélop@CEWS rinsed into a

[1iliter, 3neck roun botto eacto an .
be% Heige deienized Peh é‘ntB@? aphyme z%@mw 1‘1%%@%%43@ the addition
of Hﬁgﬁﬁrorﬂetﬂﬁﬂer @06 'ﬁuﬁﬂ hﬁ rsg}utlgﬁ' SotnfRAGh e H@ﬁ’loromethane layer. The

additionally outfitted with a chilled condenser,
miktuer wenstded to ragpredtdy fshingly uhngaugh}yctnacetl,mé}umdttatsq:tdal dngl then the

ntroll ed heating mantl e, An equili um,m x e of
aicH R R 1, ol ity ) Eops U Ranhpse.  The
dichBsomedhiH Yolh@siRMAs GRREH bh&NIntW thd) s&RPAbRIfBhell BRI extracted with
reactor contents to 15.5C. After 13 'm nutes,
freplsdpewipsd wateh@oemﬁéﬁms)waﬁdymh@me% 18. 33 gr ans,
[0&312?2?6 OP ant &z% cgi‘éréng e %1?1%92 or) Wﬁ.e rlisgl K5, p%ranularhanhydrous

sodim5®1fgfead) grime)0db @e¢ & efdar Byluveh glhlic)h @ﬁlsdt}ﬁ%plﬁéﬁeﬂ aﬁiﬂough a bed of
on carbon (0.38 gram 0.127 percent bg ght) .
anh}@é?}rSonr@ékaateu BhefidmsagpRgeel 99. 779 arrvélaht% \m%dlmpoetted glass
0
roPLES) 114 ot U5, MRS PR BaTRt cyapoped wine
maandurﬁ\oelrbat}henfpepatur& O 50i(huitE She tdr@umeaBt<30hmm Hg. A total of 19.81
n&gr ature reached 78C. The reaction m xture was
gram aidn&dunesrregtefioispiatedt yigldr of richiteh erystdéicerrofect resmecovered.
a cuum.f i oHgh f
R e I b e R R e
unfetictae | 1, 1-Biset-h wiroxgthealyjdyclodaderand s3.09 tadeay % wapot pined and 96.44
at_a maximumoil bath tenperature of 1000C and to a
areg g6 GE¥RRHE-2. 9 nm Hg pressure to provide a transparent,
anber colored, liquid (25.21 grans) which renai ned
liquid at roomtenperature. [0123] HPLC anal ysis
reveal ed the pr esence of 95.25 area % allyl ether of

{?ﬂ@%ﬁ'}' dl(e di phenol wth the balance as 12 m nor

ﬁ‘ﬁ anging fromO0.05 to 2.13 area %9. The

Svﬁﬂheﬁée MinAOr REIPAMBRALFHMONPE Si PPodcd 3 aHRA % 2LGRY  1.1-Bis(4-
w th other m nor conponents was renoved by di ssol ving

cygriatophemd leyelofledegirchl or omet hane (75 nmilliliters) and

[OB%TSI nngle synthesis of dicyanate of 1,1-bis(4-hydroxyphenyl)cyclododecane of

Reference Example 1 was repeated, but with a 2-fold increase in scale. The 38.86 grams of
recovered product assayed 0.69 area percent unreacted 1,1-bis(4-
hydroxyphenyl)cyclododecane, 3.91 area % monocyanate and 95.40 area % dicyanate by
HPLC analysis. Recrystallization was performed by forming a solution in boiling acetone
(50 milliliters), then holding for 24 hours at 23°C. The acetone solution was removed from
the crystalline product via decantation. HPLC analysis of a portion of the damp crystalline
product revealed the presence of no detectable unreacted 1,1-bis(4-
hydroxyphenyl)cyclododecane, 1.02 area % monocyanate and 98.98 area % dicyanate. A
second recrystallization of the damp crystalline product from acetone (40 milliliters)

followed by drying in the vacuum oven at 50°C for 48 hours provided 20.12 grams of
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resultant solution through a 2 inch deep by 1.75 inch
di anmeter bed of silica gel (230-400nesh particle size,
w@QangEs¢ om nean pore size, 550 m/gram surf aR&I/US2009/036522
di mensi on) supported on a nediumfritted glass funnel.
briffaner ewhité on prodmtt he wdihl i canogel deedtablet h adhdkactednal 1,1-bis(4-
i chl or opet hane, yel ] ow band remained in the re
hY%mefsnastg WOd?S&P%rr(%é\%Fﬁo%a‘%lP%‘?Fyﬁ?%% iaafé§ 2% %f giryanate by
HP(L%4 312211}/5% sol @t aeinXiiG daf otilel 'agé%ney eédhﬁi’&nc 0&&5&9 from the two
i quid.” [0124] HPLC analysis reveal ed e presence of
recgﬁ;tdmzzmoea f@ﬂcadeyby ebiwentration sbrheomhlltloahemea aojuinenof 28 milliliters
th the bal an nor .coQ ents
vieleg tyiesqn ?8%0/5 Ry g P G T ONBH § back 3P dpgeratable)
of ﬁﬁre@ct&d h s h&ﬁ/lﬁ&@g&&feczﬁﬁ a 28BieddfahBnocyanate and 97.72
reveal ed peaks |n t e range expect ed for unsaturated
are@ pdyprate by H®08%anaBes1, 3083 cm 1), saturated C-H
stretch (2870, 2931[shoul der present], 2966 cm 1), C=C
stretch (1581, 1608 cm 1), C O stretch (1025 cm1),
ExanplCy=CH2 def ormation (926, 998 cm 1), acconpani ed by

total absence of hydroxyl group absorbance thus )
Thempallyy niladuged| | Copelyapagizationhs efhe B}S(A\LLV. c therd oxpf  1.1-Bis(4-

OX YPIIT v ol ar BlodBcane 75
% twt.her) of Isopr opyI [ dene Di phenol [0125] DSC anal ysi s

f 1 | f b | |
Wl&%&ﬁ%ﬂ%@aé%&ﬂ%@mk Fi%‘@”f-‘s%%q"(q @% IS(%rsa% 4 y&) and bis(allyl

ctHEXRAT, MBA- ﬂ&@%ﬁ@%%%ﬁo&’&hﬁ@((ﬁléﬁtg@arﬁf 291921 P Example 1
per m nute from under astreamo

wem weighedhintd owlasgviat to3ghicldicblocemethanmst (drismpihhtem) rvus @dded. HPLC

an ofths b e bR sm el b R R o R gt Beyanate and

0.5853e# G RohoBYHIhtedNShakink! the BGalenEPRMt REHARADRRIR dyddyadded to an
an enthal py of 267.1 joules per gramfor the initial

alugxotrhetray. amevalapligat®@ ansiected 361a 2@ uBX pwmmat éﬁ‘tC afor 30 minutes

reril%vlfflége glgﬁf%m s ;?I%fgol{/];ﬁgm ed n%%(%t?ﬂeé‘:anbg}?h aly51s of portions (9.70

and) 907DO @i M {FRAm ) RF AYeEH18RL @vﬁ@@&ﬂdﬂ@teﬁrﬁ‘gngﬁ%ﬁé%f%em% & 5°C per minute
transparent, ‘anber colored, rigid solid.dodecane

fro@o2fFar @td00eC hoder Uosheah alf h;do 220 flowén g2t 3 5 £uBic 8ebtirBétérslper minute.

[0132] An endotherm was observed with an average 99.0°C onset (98.07 and 99.96°C),

118.8°C minimum (118.72°C and 118.93°C), and 126.5°C endpoint (124.61°C and

128.40°C) accompanied by an enthalpy of 11.5 joules per gram (10.13 and 12.76 joules per
gram) (individual values in parenthesis). An exotherm attributed to copolymerization of the
allyl and cyanate groups (plus any homopolymerization) was observed with an average
172.2°C onset (170.58°C and 173.90°C), 249.1°C maximum (248.30°C and 249.80°C), and
292.9°C endpoint (289.54°C and 296.18°C) accompanied by an enthalpy of 487.1 joules per
gram (474.9 and 499.2 joules per gram) (individual values in parenthesis). The copolymer

recovered from the DSC analysis was a transparent, amber colored, rigid solid.

Comparative Experiment C
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Experiment B ether) of 4,4'- 278.6 351 .2 387.2 212 2

i sopropyl i dene di phenol Reference Exanple 1 Synthesis
W@R00RH Bi4sq 4- cvanat ophenyl ) cvcl ododecane [ 0126] PGI/RSI09/036522

milliliter, three neck, glass, round bottomreactor
ThemsallgHadwed Gupbhynderikation of Bis(Allyl Ether) of Isopropylidene Diphenol (25 %
bi s(4-hydr oxyphenyl ) cycl ododecane_(17.63 granms, 0.10

apd J.1. guianatophgnylgygododseaned/d Yowt i | [j | i ters,
013399 M {_Bid 464 1 fodicsRN N4 orhBe 752ACHRS and bis(allyl
[ vvag addi ti (gnaﬁlnil qﬁli%é%gg vvlotﬁ a ggndenérer (ma?ont al5 raluéd is(ally
ethat) cO0Opropyliti¢rer dipmeiob(0,. 13534 grarer 2e@dwn) fromdémpandtete Experiment A

wep RS BT S st GEnlory A ot G B e fgece. HPLC
anAyANSF the 1 408is (0 y@natdp iy be fIGASEIMe RERATcd @OMYAOXF dicyanate and
equi valent ratio) was added to the solution and

0.56ravedl 7amsingc ingtso| Yesdtingheeiial. pravidey aj soduttoat whish atshadded to an

BB S A R FURUGF R S PreavabrLaYEn fag 30 minues
remARE thel dic R ARARE i iAS a hém@eaBus Blea®05 Mol e, 1. 005
triet h& am ne : hydr ox equi val ent ratio) was added

I
(01341 ncPSC sty Sgef ot (4060 nd RAL0weilligrame théblend was conducted

reactjon. tepper e at .- 0 Th tal addjtion. .
usipf AR ARERE Pl it EATITHES iRE 30 CrioHiREG, KGR R Cirgtm of nirogen
flobiey At édic eddtii@drs @br tfihiRE. NWhaHdB@el A G eBshRed A8dSn average

inthe stirred solution with further additions
69 i6~d umisetg(67613@t dndn7 b52°8 ) )whi 4.6°G Inunimyurof (14 3.6t phdtilAd1°C), and

dr obr om de, 50127] After 8 mnutes of post-reaction

h .
12%¢°C gndpoing, (§-H Ghatst ELsin'e) Propmrintcd Ry S pic0.3 joules per
[RVEY! . . . | t
e PRAO83a0E, BB iR iR pRedLe:
atttibutedi s 4a hydpayyphizatiph) cfcltbelodiglaned 4cyédBatar emoss (plus any

monocyanate and 93.98 area % dicyanate wth the .
hopgpalysrization) nWabrobpars . Wikh t 1t HyeRgRul AtY e et (172.95°C and
' e 0 t - YSHS - 0
TSR RN ARG AR P AU R A et g e
an@®h99 884C RARBNPaie€Hy MNeRAEIHODI 512:Dijelid per gram (510.4 and 514.6

én exotherm

joules per gram) (individual values in parenthesis). The copolymer recovered from the DSC

analysis was a transparent, amber colored, rigid solid.

Designation Monomer Used | Exotherm | Exotherm | Exotherm | Enthalpy

Onset (°C) | Maximum | Endpoint (joules/g)

°C) °C)

Example 3 25%  bis(allyl | 99.0° 118.8° 126.5% 11.5°
ether) of 1,1-]172.2 249.1 292.9 487.1
bis(4-hydroxy-
phenyl)cyclo-
dodecane /

75% 1,1-bis(4-
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hydr oxyphenyl ) cycl ododecane,

5. 34 area % nonocyanate

and 93.51 area % dicyanate with the bal ance as one

WOr2e00M 143e@ k

post - r eact

i on,

[0128] After a cumul ative 101 m nRCBESIHI/036522
the product slurry was added to a

beaker of
liters) pr
of stirrin

ragnespheall)y
OVIdIn an a

gyelpdadaenye ¢

stirred
queous sl
[tration

dei oni zed
urry. Aft
of the a

water (1.5
er 5 m nut/es
queous sl urry

through 11
product. T
Cbm@muavhea

of 200
ﬁW?WW%Wg%E

in the digh
a separatag
settle, an
wth the 4
di chl or ongt
separ at ory
wat er (200
The result

ter paperre
he product f
K¥i% us bistalige

I|I|tersdﬁI
m

{ibgne
ry fﬂﬂﬁel t
dliplieanl £ he d

ARAE

éﬂﬂﬁ }wﬁwd
mlliliters

aﬂyt?IOIdadﬁfa@ﬁ C

COVered t
romthe f
6abzed W

d by
Fﬁfﬁiter
| ayer. T
nor oughl y
chl or one
di scarde
bn was ad
pxt ract ed
two add
Nl or oret h

e Wi te
i | ter pap
atkr4t o a

he m xtur
m xed, a
t hane | ay
d to wast
ded back

with fre
itional t
ane sol ut

owder
Br Was rin
121.a vol

sed
4oes?

352001 LoDt or med22

P was added to
| owed to
Br recover
p. The
nto the
sh dei oni Z
mes. [0129]
on was dri ed

ed,

ed

over—graf anhydrous—sodium-sutfate (S grans)to
give a cf&gﬁhggpﬁ¥ %ﬁ whi ch was then passed through a

bed of anhydrous sodi um sulfate (25 granms) supported
on a 60 milliliter, mediumfritted gl ass funne
attached to a side armvacuum fl ask. The cl ear

Ex%h#%é?te was rotary evaporated using a nmaxi mum oi
enperature of 50C until the vacuum was <3.5 nm
Glg. Thaiistial DémiGadie gofanGofdd@md3 86 uBcONl@CtRer) of 1.1-Bis(4-
i el f whi Il
\ ] d) e 0 ng 12 I e ry t 3L ne pr Odﬁt ;S;g.lododecane (s
g@Qeyealed the presence of 0.47 area percent unr eact ed
bi s(4- hydr oxyphenyl ) cycl ododecane, 3.09 area %
[0¥3Shoc§anag ef thedeMbindn blerd fi¥dEsymplatlewaRedmepleteden an oven using
Synt hesj gh ecryst g| t|o t o, Praduc
theﬁégﬂwmgrqwg Lﬁlgadghlg@ gaﬁéﬁ&?ﬁ?@ @? %ﬁ%&[fsﬁgépur DSC
analjll_?ﬁs_ Iﬁ%ﬁé SZrSg(yxg(Lg% g'}s‘ﬁil% ?[;-nd)oocf etg% ﬁléreg fproduct gave an average glass
transition temperature of 214.3°C (212.85°C and 215.83°C) (individual values in
parenthesis).

Comparative Experiment D

Glass Transition Temperature of Copolymer of Bis(Allyl Ether) of Isopropylidene Diphenol

(25 % wt.) and 1,1-Bis(4-cyanatophenyl)cyclododecane (75 % wt.)
[0130]

Curing of the remaining blend from Comparative Experiment C was completed in
an oven using the following curing schedule: 150°C for 1 hour, 200°C for 1 hour, 250°C for
1 hour. DSC analysis of portions (31.0 and 29.7 milligrams) of the cured product gave an
average glass transition temperature of 184.48°C (184.14°C and 184.82°C) (individual

values in parenthesis).
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Ref erence Exanple 1 was repeated, but with a 2-fold

increase in scale. The 38.86 grans of recovered
wee@docde@ssayed 0. 69 area percent unreacted | PCFHOBR(9036522

hydroxyphenyl)cyclododecane 3.91 area % nobnocyanate

and 9 by HPLC anal \IQI S
Recr yisiPesignafign i on WOH@FW?%d by formng a SdlafCon
|nb|=|ﬂg acetone \qu IIIIIIIILCID), then hUICing for

24 hgurs at 23C. The acetone solution was remgved from
the drysahdlid ine piosuctviviagydegaah atdron., 1-biRIC [analzysi s
of a |portion of the danmp crystalline product rleveal ed
the presence of nohgépaiebylecystndedetaad/ |, | - bi|s( 4-
hydr ogxyphenyl ) cycl decane,, 1,02 area % nonogyanat e
and 98.98 area % d 9g%bnate 1ﬂ?$§4ﬁgn?“%%a?@ [{1'i zati on
of the danp cryst akjdlo@deca@uct fron1acetone (40

millilliters) followed by drving in the vacuumlioven at

50C fldromparhiéner s pra%i detis@Byl12 aficihs off bré.f-i|d8e-48
white pr C th. eacted |, I|-bi s(4-
hydro%%%%%#?%ﬁ@gcl &gg%?h&ﬂw%ghfﬁgg{ea annnocyanate
and 99.58 area % di7sganat e biy1-bBRIACcpamatophésyl)-
Conbijnati on of the acetone sol ution decants frjomthe
two rlecrystal | i zaf F¥iiR49d5¢3%6wed by concentratijon of
the sotution to a votume of 28 miiTtiters yrefded a

second crop of brilliant white product (8.39 grans)

with a trace (non-integratable) of unreacted

|, I-bis(4-hydroxyphenyl)cycl ododecane, 2.28 area %
ExdRippcyanate and 97.72 area %di cyanate by HPLC

anal ysis. Exanple 3 Thermally I nduced Copol yneri zation
ThefmaBys ( Andyded Et Henpplyofierida@rs ( 49f Bls(Allvl Ether) of 1,1-Bis(4-

) and, 1] ANgLop envl).cyp.lgd.qdecane (50

%,Wt BIS(4 cyanatophenyl)cyclododecane (0. 5034 gran1 75
and bis(all et her)

[0137ﬂ bu)lsl( Bistyray o emlk)velpdwmgﬁre&w § grame 28 Yr why) apg bis(allyl
to
o DRSSt R PR, 0ty a1

wel‘%@gﬁ&ﬁin&'@h §1a0¢ viah® which dichloromethane (1.5 milliliters) was added. HPLC

|.- bi s(4- cyanat ophenyl ) cycl ododecane reveal ed 99, 44
anzgySésaoﬁ/Jl.|1C]yélﬁgr@/aaﬁgphenyl)cyclododecane revealed 99.44 area % dicyanate and

0.56 area % monocyanate. Shaking the vial provided a solution which was added to an

aluminum tray. Devolatilization conducted in a vacuum oven at 40°C for 30 minutes
removed the dichloromethane giving a homogeneous blend.

[0138] DSC analysis of portions (9.70 and 10.70 milligrams) of the blend was conducted
using a rate of heating of 5°C per minute from 25°C to 400°C under a stream of nitrogen
flowing at 35 cubic centimeters per minute. No endotherm was observed. An exotherm
attributed to copolymerization of the allyl and cyanate groups (plus any
homopolymerization) was observed with an average 173.7°C onset (171.05°C and
176.27°C), 246.5°C maximum (245.96°C and 247.01°C), and 282.0°C endpoint (281.01°C
and 282.91°C) accompanied by an enthalpy of 414.2 joules per gram (403.2 and 425.1
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0. 56 area % nonocyanate. Shaking the vial provided a
sol uti on which was added to an al um numtray.
wo@emollatdbd | zat i on conducted in a vacuum oven aRCHOS2000036522
30 m nutes renoved the dichl oronmethane giving a
joubspeg gmot(mdlwiéumjl va]DSﬁnqrwémlsdsﬁ;).onh@mgoilmcsr ré&véfkddran the DSC
0.00 m |l 1ligrans) e bl ena was conducted using a
an &%Wa?af{é%?@%?&t am @3 gredpigigealidr om 25C to 400C
under a stream of nitrogen flow ng at 35 cubic
centineters per minute. [0132] An endot herm was
Comhmatm«;lEmpmnmantEver age 99. CI)C onset (98 07 and 99. 96

Wtb‘zin@m 1enaltsmaémat@f)hemn5vd1@ddd@§m@%ogmm (10.13 and

12.76 joules per gram (individual values in

[01|§Qil entlhleBi%}- CymtmhgmﬁmymOé@@Cﬁm((éw%ogram 50 % wt.) and bis(allyl

ether pOhy ’” ZlgallrtoI I1(126211f i %1 Eeno %ra %Qieige'r(rnglp d’(l)mparatlve
Exﬁ&i’m&ﬁ@\ %ﬁsﬁlelgﬁ&ﬂmﬁSa Q@s@ﬂdl tb%l&@ﬁhloré’rﬂ&hineo@ 5 milliliters) was
maxi mum Q0C and 249.800C), and 292.9 0C endpoi nt

adf{ezingBthﬁealaVﬁ@ Fdbe 1d-biey-aeeyrphanybeydydodrcasamealsg 99.44 area
7
% g%f}}%? (I Ch?%(% %ﬁa%vﬁlgﬁé%% $hakifl gﬁwﬁﬁ p%o g&i £5018En which was

I N parentnesi s

ad @0 | ayi MBmih@sow ey, elde\fdlzumzfah@n anauaﬂaluy Siesvasasmaven at 40°C for 30
transparent, anber col ored, id solid. Conparative
mimygerenavad therhelprameghana giydrg? %@p%%nﬁevs berd.on of

[01%3( %ﬁ%hn%fse&) 09 l%dpshgﬁ)?p%%:{{i/ g?%ggl(ljl@(%ne ?A{éﬂ%}? V\Eﬁ §Ix\}tas ):onducted

usih@h33le of, HealBhs O£ 50 paAORIE Avh) 25T Qﬂﬂﬁﬁ@&ﬁﬁef 0.s4044 of nitrogen
gram 75 %w.) and bis(allyl et herzbm i sopropyl i dene
flogiithetnbl cybic 9BBNeiRTaRET PEWE.wWN) enlpBiRinToYRs AbagV e with an average

GG A AT, 8 it .
11@594<y§hcg>o% @ psebed 2R ${AsGBNRESRRSRM b e |eﬁd1§ﬁ)§‘a(‘<ﬁnl% 17 joules

reveal 99.44 area % dicyanate and 0.56 area %
pengramdya03taed 1888 kdulep e @ram)a(llnq@wdvald/ehleaHspﬂrmth@ns) An exotherm

s_added to.an. alu mtray. volatilizatio
e Bae) OB VRRIGHIoBYeN b a0ET o oagit Lo Tplus any
ho&@ﬁ&‘ﬁ%@nh{lﬁ)n?'&ﬁﬂ AbFREN AR GinVhiGage h@ﬁ@g%e@f%t (186.69°C and
bl end. [0134] DSC anal ysis of portions (10.00 and
1820720, M44.60gCamsiximbhmt {24 b7&ad ands 26 bAAUOL exhd 282.20°C  endpoint
(280.54°C and 283.85°C) accompanied by an enthalpy of 446.9 joules per gram (402.4 and
491.3 joules per gram) (individual values in parenthesis). A second exotherm attributed to
homopolymerization of allyl groups was observed with an average 293.10°C onset
(292.38°C and 293.81°C), 352.98°C maximum (350.00°C and 355.95°C), and 392.86°C
endpoint (392.86°C and 392.86°C) accompanied by an enthalpy of 60.9 joules per gram
(51.78 and 70.10 joules per gram) (individual values in parenthesis). The copolymer

recovered from the DSC analysis was a transparent, amber colored, rigid solid.

Designation Monomer Used | Exotherm | Exotherm | Exotherm | Enthalpy
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using a rate of heating of 50C per m nute from250C to
400C under a streamof nitrogen flow ng at 35 cubic

w@eamviingser s per m nute.

an average 69.6 0C onset (67.73 0C and 71.52 00,
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Example 6

Glass Transition Temperature of Copolymer of Bis(Allyl Ether) of 1.1-Bis(4-

hvdroxvphenvl)cvclododecane (50 % wt.) and 1.1-Bis(4-cvanatophenyl)cyclododecane (50

% wt.)

[0141] Curing of the remaining blend from Example 5 was completed in an oven using

the following curing schedule: 150°C for 1 hour, 200°C for 1 hour, 250°C for 1 hour. DSC

analysis of portions (33.8 and 34.3 milligrams) of the cured product gave residual
exothermicity at >260°C. After a second scanning an average glass transition temperature

of 144.57°C (140.98°C and 148.15°C) (individual values in parenthesis) was measured. A

third scanning was completed since residual exothermicity was observed at >330°C. An
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an oven using the follow ng curing schedule: 1500C for

1 hour, 2000C for 1 hour, 2500C for 1 hour. DSC
W@r@bAtsi4e6 of portions (31.0 and 29.7 m |l igrane)T/o820091¢36522

cured product gave an average glass transition
avdregpghat ttingitioh tdbferd@RCof( 168D31e (0.5 ddlBZBEY) with no residual

(i ndividual values in parenthesis).Exanple 5 Thermally
exotheryueily espoledmeri zati on of BJs(Al Iyl Ether) of

U- Bi s(4- hydroxyphenyPcycl ododecane (50 % wt.) and

U- Bi s(4- cyanat ophenyl ) cycl ododecane (50 %wt.) [0137]
ComparBtisé ExpsrdunahoPhenyl ) cycl ododecane (0. 2978 gram 50
GI%V\T/t ) and b| s(al I yI et her) rof

SOy anfdr10m3 & A&t \éﬁ‘;‘d&ﬁk%gné 07,3,9! ass vial
ane ers) was added.
[01|4[2]l_C (?;umigy:f the m‘madmag blend from Comparatlve Experiment E was completed in
| - bi s( at ophen clo can rev 44 .
an aw%u%%aéeﬁﬁ%wg SHENDS %sglgﬁelaﬁ%oﬁ %lfng&L% fgﬁirb% 250°C for
1 ﬁJﬁ? %?é aﬂﬁlgylls Q)Dgao?t (§1‘§| 5'4°zﬂ1dv‘§]5 £t 12 eg)d@fdthte%u%ﬂ Broduct gave

al um num t at| |zat| on con in a vacuum
restdoah eﬁ(bthélﬁﬁblfp nt 3Q60Auteterresmvad schminl ahlaveogetgdkandransition

giving a horrsozgeneous bl end. [0138] DSC anal }{SI s of )
tenpﬂﬂr%t}l@n%f Y. 20CaH48-60°G enghil 2 |3§r%9dlﬁlﬂu@1héa Wisaf doajgpshesis) was

me?ié{{o}?ﬁy %/tétgl%] ufsesglggloeg ungtg?cfltg ogot%%ﬂéfg(?h % th?%l%cggﬁmgnvpalgtcSnducted with

no @harid? i€ tHel gass @nhsitel ehfpepirem nute. No endot her m was
observed. An exothermattributed to copol yneri zati on
of the allyl and cyanate groups (plus any
honDpcI[yéggérnlag@gl OMontasroRs@rved wth an aver a%oc)
173.70C onset (171.05 OC and 176.270C), 246.5
maxi rer (245.96 0C and 247.01 0C), and 282. QQC
d

endpo| /’)Q1 0110C nnr*l 282 Q1 ﬂ("\ a0 conmani

O 1O AT C U P T—g

ent hal p%i(aa?fplmm 2 5P%u| Wsalisl “ethaih (@03 bbiH 5
425. ljjoul es per g, H%xl(/,gﬂr%gw&ﬁ%ﬁiodx&heeﬁ in | 160,03

par entlhesi s). The Copo rrecovered fromthe DSC
anal ydi s was a tinafA%par ent, 1,bip¢4-cgailacipbenyl)-i|gi d

solid.| Conparati [ msnt E Thermal |y I nduced
Copol Vneri zati on SVEX%&% Et her) of I|soprjopylidene

D phen@odplaide | 50% bls(allyl ether) of 4,4-|121.52°

1S
[
-PC
g
~J
)

Experiment F | isopropylidene diphenol /
50% 1,1-bis(4-cyanatophenyl)-

cyclododecane

Tg after second scanning
b Tg after third scanning

¢ Tg after second scanning, unchanged after third scanning

Example 7
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wt.) and | J-Bi s(4-cvanat ophenyl ) cvcl ododecane (50 %
wt.) [0139] |,I-Bis(4-cyanatophenyl)cycl ododecane

W@ 20029186Gr am 50 % w.) and bis(allyl ether) BPET/US2009/036522
4,4" -isopropylidene di phenol (0.2945 gram 50 % wt .

ThémoaibyCo npauctli Ve dpopandriretion A wer eBiseAlyyied Hthérp aof  1.1-Bis(4-

I i al whi ch di chl th 1.5 mll t
m&%ﬂ) 2 (2i‘%%w8{ gnrcrie;l}lcegneate( of IsoprPopleelne I%rlglgenol (75 %
wth, | -bi s(4- cyanatophenyl)cyclododecane reveal ed 99. 44

area % dicyanate and 0.56 area % nonocyanate. Shaki ng
[0¥4B¢ vDalyapatewi éedd ia)pscnpylllidblmniipvﬂe;holh(MSagmtadﬁ Go an.) and bis(allyl

et G ARt Bl o ovr hevab e ORGSR, 1ha V) rom Example 1

wetl CRERhOEIRANE %ﬂa\éé NYiad homg‘ezﬁlldgsﬂ' eJ¥d.thd 0did naQSQ)f 4.4°-
anal g5| s of portions ill 20 and 11.80 m i g‘rarrs

isoptapyBilenqdipherol cenenlest €00 axian® dicyamate. ofiehiéa pattglgofdl@@l@t exceed

te . f 25 to.4
75 S g B R et o BN AR SR oot e
[0133] e'm RN PR NSy PSRN (Y240 Whd 1430 nﬁl’l? r@HS) o?lhe's@leﬁ)@was conducted
onset (68.21 0C and 74.84 0C), 101.130C m ni mum ( 49
u810g:aa1at¢ d0Raiis Q) ) °@ipdr DiBISEOR 25dpwi 4Q0°C11mﬁieﬁa}3®eam @f nitrogen

ot SO0 B QIR S0 By a1 e LR, O 12 LT Lo ES oy on
sar}{ﬁl'e}J fth 'arBOFQ@F’@ r(‘)‘hg\ﬁs’}' @% Cﬁﬁln%)ﬁﬁﬁlh%{d'@ 6T ﬁa@ﬁt E&Oﬁpamed by an

copol ynmerization of the allyl and cyanate gfoups (plus
enthalpy d el jomdesi eatgron) Avasxabseer atdbwmed ko arcopvlgrrageatlon of the

all S%dlg,rg%%et%zgr%%%s G%ggy %gﬁp%ﬁg yé%%lz&] g WG' 0 Cwith an average

19@@5*@bﬂ§et Q?@zoséé A 283 Bp et ﬁ%ﬁﬁfﬁﬁﬁ(ﬁ@%‘% A8 255.68°C),
ent hal py of 446.9 joul es per gram (402.4 and 491

and @89 98°Cpehd1gr1m1j286lmdﬁj\andmz SﬁaCm @Scdnpapéadeny hﬁSHnﬂ])alponf 651.8

second exotherm attri but honopol yreri zati on
Joudgs| R g5 (H5> - hard é%%éﬂ%las Rﬁrt R 0&9@@%& valges lilcmenthem) The

cof 855 e AR BIC R s A 3437 KT SO i soia

(392.86 0C and 392 86 0C) acconpani ed by an ent hal py
of 60,9 houl es gram (51.78 and 70.10 joul es per

Cognarptivs HPQ}‘"&GW val ues in parenthesis). The

ThEARAIYIRBHcdCHERy R AafioMot Bes(REG RARMYS BoWeSyiRiene Bisphenol (25
transpar ent, anper colored, ri gl d sol1d. no endothermc

% wv.¢pnd Divyenatedf Isopropylidene Diphenol (75 % wt.)
[0145] Dicyanate of 4,4’-isopropylidene diphenol (2.5518 gram, 75 % wt.) and bis(allyl

ether) of cyclododecane bisphenol (0.8506 gram, 25 % wt.) from Example 1 were weighed
into a glass vial. HPLC analysis of the dicyanate of 4,4’-isopropylidene diphenol revealed
100 area % dicyanate. HPLC analysis of the bis(allyl ether) of 4,4’-isopropylidene diphenol
revealed the presence of 99.51 area % allyl ether with the balance as 3 minor components
(0.13, 0.05, and 0.31 area %). Gentle heating (did not exceed 75°C) and mixing by swirling
contents of the vial provided a solution.

[0146] DSC analysis of portions (11.40 and 12.80 milligrams) of the blend was conducted
using a rate of heating of 5°C per minute from 25°C to 400°C under a stream of nitrogen

flowing at 35 cubic centimeters per minute. An endotherm was observed with an average
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b endotherm c event Exanple 6 dass Transition
Tenper at ure of Copol ynmer of BJs(AUyl Ether) of
wWoR®oa (466 hydr oxyphenyPcycl ododecane (50 % wt . PCEHE82009/036522
U Bi s(4- cyanat ophenyl ) cycl ododecane (50 %wt.) [0141]
31@0@ ngs&f o cesmi BL.NgM) gndigbe ominmxamp{A . H°@asnd 71.61°C), and
leted in an oven using the follow ng curing
79§c2 dodRoint GOBHE° @cﬁndlfﬂlrﬂm ) 20@OOBnfedrbyl am euthalpg 3G0@.6 joules per

| 33. 8
s (97 1 26 57 B ToReC et i, B ot du Puf
att@@kdekdn gi thp@lymeﬁﬁeQﬁn Alft ahe aaB@CO4d

St%aﬁzﬂbn r@fps (plus
average glass transition tenperature of 144.57
hoinenelymgUGtiond wars obsae)d (witdiani dvethges d9558° ¢nonset (194.75°C and

e§14)' 3An exotherm

any

19888506 %
R G bR

e

@1) was neasu

fre &0y
a9Fa b

C an

Fuaindri 256 3%2%%@%89@& Gy endpoint
ADfigd B13h b DR

78@X gbiies percgrhy) oinslbiichend vaﬁempapmmtheslﬁx pﬁra copotynter Ge@ssred from
sitiaon Tenperature o f

Analysis (g a (gpshar e fEnbsy ﬁﬂ@l&?&r H%lé@ol%iw( ) and

5

n

yner o

RO AL YIRS

O resi

BJs( AUyl

guaﬁram (757.9 and

| J- Bi s(4-cvanat ophenyl)cvcl ododecane (50 %wt.) [0142]
Curing of the remaining blend from Conpa

rative

DEsiggatiomeni Monsasr ¢sepl [dixadhdrm aExotenmus|i Expthdren | Enthalpy
foll owi ng|curing schedu(be: 50C.for. 1 ho 200 0OC fo
1 hour, 250 0C for 1 hd ?S.etégg Mgtipumy 3‘%‘“@8 i om QoufeS/g)
(33.4 and|35.4 mlligrfans) of tQ eceur ed p(b@guct gave
residual exothermcity at >260C. After g second
scanni ng an average gllass transition tenperature of
121 52 0C (1189 65 QC nr~| 1')/|_QS: nc\ (ilf‘ll VI r~|||:1| -

Evampled i n|garentHe@ilg)| 0D readdfed wi t N HoObF esi dyigh-59
exot herm ¢ifyolgeryved. (of dshi rd s6aqpni ng y@%gcondu%t)—pg
with no change in tlh 1 ass transition tlenperature.

g after se¢bofhpbanyd ng b' TTgg aaffttegrr tthhiiif rdd
ssecaanni n
%henyl)cyclo—
dodecane /
75% dicyanate
of 4,4°-
isopropylidene
diphenol
Comparative |25%  bis(allyl | 31.00° 71.48° 79.82° 64.6°
Experiment G | ether) of 4,4’-|195.70 256.11 286.94 769.3
isopropylidene
diphenol /
75% dicyanate
of 4,4°-
isopropylidene
diphenol

? endothermic event
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Tg after second scanni ng, unchanged after third
scanni ng Exanpl e 7Thermal |y I nduced Copol yneri zati on
W@R00BIs(sd |yl Ether) of LI-Bis(4- PCT/US2009/036522
hydr oxyphenyPcycl ododecane (25 % wt.) and D cyanate of
Isopr opyl i dene Di phenol (75 % wt.) [0143] Dicyanate of
sopropyl i denedi phenol (2.5518 gram 75 % w .)
EX&H’(P ‘b#s(al |yl ether) of
Gléss' ‘Ik}h&gtfbﬂ1Y'ﬁérﬁ Qtﬁ]f‘é“y%)e ?% 4 gQﬁC@ﬂ“eB& Al gogaégérvrfgf 29 1-Bis(4-
ycﬂi@&@lanall)wlcsiodécanh &i}lVoCWa}mtdel)mfsfaImteﬁlbf Isopropvlidene Diphenol (75 %
i.sopropyl i denedi phenol reveal ed 100 area % di cyanat e.
Wtdentl e heat i ng (did not exceed 750C) and m xi ng by

[Oﬁﬂqr | Cgnd beteasingnis; Blend AGnY Eﬁzim]glé @ngﬁgorﬁplé@kiqﬁ laR"bven using
DSC anal ysis of portions (1 and

the|1ﬁ011bwg1gaam)lg othadple: ﬂ)ﬁ@"lﬁfdfowéshouor?@()&@é@ hhwmg2i{)°€dbel dpur. DSC

eati ng of. 50 r te om 250C.t o 400C und
e b BHAT 3GANIH Qg HErE o BbitBe ot RELars By residual
ex&th@li€ity An-Bdot NEt @ APsahYiRE aﬁ'a@el‘ﬁgé glagp ?ram &mperature
wth a 30 29C onset, 74.59C m ni um an LOOX0C
of emwmma@ammmwsw) imdendiad v plyieOifn BEDB:sjspulae measured with
gram An exothermattri buted to a copol ynerization
resg*ua}( ﬁ)@)t]aqtrrrwltyaMIO@S«;gﬁjg 0&%‘361@1})% f(CﬁFIUPQSl&lW coimmencing at an average

e BERRR S RROAT | 160126 08T Z0g iR AYEL Afrgesi
maxi mum (249. 33 0C and 255.68 0C), and 289.78 0C

endpoi_nt (286 700C and 292.86 0C) acconpani ed by an
O@PR%'QPW ESPerG‘QEnBHJ oul es per gr am (615.2 and 688. 4

I ) B "' 7 Eﬁl‘é e%T Shsopropylidene
Bﬂpﬂlamﬂ ma‘f @n‘tvt ) anﬁémvmmltmfeldoprovdlddns mlwlﬁbnom&ﬂamﬁ ive

eriment G Thernal | uced, Copol.v i zatio
lﬂﬁﬁ( KR < bryagrng ﬁ&“ﬁﬁg CammB € B ghert 2 g completed in
an Wen u &%th@'fsmﬁmg%uﬁﬁg L3RRIOPY0rE60E1 RRNERRL fof P héfr, 250°C for
wt.) [0145] Dicyadnate of 4,4 "-isopropylidene di phendl
1 Kadr 5318C gnalyyis Zﬁ pdrtidns ) (38Adanl 3. &InhiYligramnlesf) thefcured product gave
E%kl‘gl ododecane bi sphenol O 8506 gram 25 %wt.) from
res ]nﬁ%‘%t M@F}é%@%@@d A ter a second scanning an average glass transition

temperature of 162.47°C (158.70°C and 166.23°C) (individual values in parenthesis) was

measured with residual exothermicity followed by exothermic decomposition commencing
at an average temperature of 354.2°C (351.6°C and 356.8°C) (individual values in

parenthesis).
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into a glass vial. HPLC anal ysis of the dicyanate of

4,4" -isopropylidene diphenol reveal ed 100 area %
walr@yanase. HPLC anal ysis of the bis(allyl ethee)/usfo09/036522

4,4 ' -isopropylidene diphenol reveal ed the presence of

99.51 area Qballyl

nnmnn’\n

ether mﬁth

the balance as 3 m nor

I
Ullélll S

RY°L di ¢
contents of
anal ysi s of
the bl end wg
per mnute f
ni trogen fld

8 allu U OJ. Al

M%‘%Of‘é%{coé%ﬂl 750C) and i
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wi ng at 35 cubic centinsg
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tion.

O milli
of hea
a strea

ters pe

Esefrmig
Oﬁéﬁim&@fﬁon
gr ans) of
t PAgetof 50C

Pk§$nute.

AEkaquq@gher I
onset (30. 29

0C and 71. 61
81. 000C) acq
gram (62. 10 |a

val ues i n p4g
copol vnerizd

nz\ﬁ%bfé@ﬂgr ¥R Wt -8R (A v
0C and 31.71 0C), 71.48
m@oxyahﬂmymgycgﬁi@@:@nd pqg
ni @an e t ha
A

Bl e per

lﬁﬁﬂﬁ(ﬁ}@@lﬂ@ﬂe diper@X ot her m

tion of the allvl and c\

arggasl| 8s G

0OC mn
int (78
of 64.6
am (ind
attribu
anat e g

mum (71. 35
63 0C and

joul es per
vi dual

ted to a
oupns (plus

AFYMPBRABYSO| |
tehTi 94
endpoi nt (2§
ent hal py of

j oul es per ¢

REP4 Zbis(alnh aiber) oblseh-ded
196. 65
q%‘)@%%ffd@ ‘ggéea"%g/ 00), 3
5575 0Gigatht288.6E2 0L) -2
769. 3 joul es per gram (7
rl%qwoqyllhﬁeme\ﬁlaleﬁanol val ues

IR ¢F a
00), 25

and 286.

\)cconpan
57.9 an
in pare

ah32h2r age
6.11 0C
04 0C

ed by an
d 780.7
nt hesi s).

The copot ymer recovered fromthe DSCanal ysis was a

transparent, amber colored, rigid solid. endothermc

event Exanple 8 d ass Transition Tenperature of

Copol ynmer of BJs(Allyl Ether) of U Bis(4-
EXﬁVﬂ$%¥yphenyPcyclododecane (25 %w.) and Dicyanate of
CobSRRIePRYdndsiNRe BAPRENALthErT B Y01 is04-hRiFEANphEMW 1IN EIoBbdecane (25 %

/ Was conpleted In an

loféﬁﬁ‘ ¥ cpgaat%p}%ﬁa“s‘wf@oﬁ%a%? &9 iz@f Sy, 55 SPPLIR St

of QS/QQMCC%V&S}B}%ibﬁ t@bsRX eI a% 6 RY.) Font 25@fapleM ! &id 8 % cobalt
second scanni ng an average gl ass transition
naphshgiareat(@PE51 gram, 0.5 % wt.) were weighed into a glass vial to which

added. HPLC analysis of the 1,1-bis(4-

tne renalnlng bl end Trow1txanp|e
n 4no 3 (3

dichloromethane (1.5 milliliters) was
cyanatophenyl)cyclododecane revealed 99.44 area % dicyanate and 0.56 area %
monocyanate. Shaking the vial provided a solution which was added to an aluminum tray.
Devolatilization conducted in a vented oven at 40°C for 30 minutes removed the
dichloromethane giving a homogeneous blend.

[0150] DSC analysis of portions (10.1 and 12.5 milligrams) of the blend was conducted
using a rate of heating of 5°C per minute from 25°C to 400°C under a stream of nitrogen
flowing at 35 cubic centimeters per minute. An endotherm was observed with an average
51.62°C onset (41.67°C and 61.57°C), 85.29°C minimum (79.93°C and 90.64°C), and
93.09°C endpoint (90.48°C and 95.70°C) accompanied by an enthalpy of 16.22 joules per

gram (8.65 and 23.79 joules per gram) (individual values in parenthesis). An exotherm
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of 176.940C (176.04 OC and 177.830C) (i ndividual
val ues in parenthesis) was neasured wth residual

wex@vhennd city foll owed by exotherm c deconposP@T/o82009/036522
commenci ng at an average tenperature of 385.04 0C

attid@2d 9io O anpbl&ﬁ@rlﬂa?ﬁﬁ) dfi ndé viatiylal andal chaBat'Bn groups (plus any

par ent hesi S rrgar ative EX eri ment o o
homppelymerigions s Phsesyed with @a)wr%ﬁe% 8? CBQISSGNWS C and 95.70°C),

| Bi.sph o
16 hE 3l 28 7O LB P el OGR4 63 e B oqatggaeC. and
236:984(MJ af 233198%68&%6511&2@1 m M(pmép@}"@ra@édrﬂ med by an enthalpy

Experinent G was conpleted in an oven using
of f82lowbwres @er i grgms chedllasd 45&'1)001&11@5 mrhguam) Q@@@@uﬁlorvalues in

1 hour, C for 1 hour portions
par 0L, SRS it 5P ey o PP SG e i aitct “gavarent, amber
colofsl ggﬂlsoﬁaot hermcity at >200C. After a second

scanning an average glass transition tenperature of

162. 470C (158. 7Q0C and 166.230C) (i ndividual values in

C%ﬂ%g{'t}eeﬁkéé l\)e%}qtnpeasur ed with residual exothermcity

erm c deconposition conmencing at an
Copvigtigieaticdnpe rtiet BigAtly] Foker? Q€ IkShdpdHienamipBafel 80€)% wt.) and
D; (i ndi vi dual val ues in pfilr ent heS| S).. Exa o e 9
D

igyaRaE Whdsopsopylidencdpipheno A AJS1pg

i s( e )
OfE S et ol aiigans (35t 00 . sty
eth€at af y64’-{s0répylident - Bpb{ndl crIqd ophaenyly ccmod oﬂemalﬁk)mparatlve

0.7709 09 Wt bi s et he of ) )
Ex bl Qs T B e ghts SB0SR sHAmEEA ) yere wrighed into a
gla@( @[Hi’ltg whiciRRgbhfor¥medRad (1. 9%ﬁfll%ﬁ?tv@as(zgidg@5]HEIE@rﬂnalysm of the
.5 %wm.) were vvaghedlntoaglass vial to which

dlcol'am of érettvarmylider® diphdnol ravenls)l 1A sread@edicyadmeC HPLC analysis

o PRTEAPED Sl B Apab PRSI SRR 3981 v

all YIRS Wriktathe -baRiR8k hg niihe: atndonkiitoV0.U8M).a@5, @1 W3 104kea %). Shaking
whi ch was added to an alum numtray. Devol atilization

thec Bialiweeaded A solutian edichyvens adderiote apopluBum iigyes Devolatilization
co (ﬁlg% enq t}tlehxgacgllmclholvgtrl %%J&a%r 38|n\1/1|nlr}t%s ‘rrjlentl]oo AL ERH R romethane giving

a homogeneous blend.

......

[0152] DSC analysis of portions (8.7 and 11.1 milligrams) of the blend was conducted
using a rate of heating of 5°C per minute from 25°C to 400°C under a stream of nitrogen
flowing at 35 cubic centimeters per minute. An endotherm was observed with an average
37.64°C onset (35.50°C and 39.77°C), 69.39°C minimum (69.21°C and 69.56°C), and
79.35°C endpoint (79.11°C and 79.58°C) accompanied by an enthalpy of 50.19 joules per
gram (48.64 and 51.73 joules per gram) (individual values in parenthesis). An exotherm
attributed to a copolymerization of the allyl and cyanate groups (plus any
homopolymerization) was observed with an average 81.48°C onset (80.53°C and 82.43°C),
and five maxima that merged together: 128.16°C, 166.08°C, 180.61°C, 227.93°C, and
253.76°C (127.45°C and 128.87°C, 165.84°C and 166.31°C, 178.50°C and 182.71°C,
227.45°C and 228.40°C, 253.52°C and 253.99°C), and 283.85°C endpoint (281.48°C and
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[0150] DSC anal ysis of portions (10.1 and 12.5
mlligranms) of the blend was conducted using a rate of
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Example 10

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) of

Copolymer of Bis(Allyl Ether) of 1.1-Bis(4-hvdroxyphenvl)cvclododecane (25 % wt.) and

1,1-Bis(4-cvanatophenvl)cvclododecane (75 % wt.) Prepared Using Catalyst
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a honogeneous bl end. [0152] DSC anal ysis of portions
(8.7 and 11.1 mlligrans) of the blend was conducted
waigingl4es at e of heating of 50C per m nute froPeRBESI009/086522
4000C under a streamof nitrogen flow ng at 35 cubic
[0158ht ilnEBm(Qcpz&ratO]ithﬂB:yc]AﬂOMdﬁﬂ (3e00grams, Th%eww e tis@ltyh ether) of
an rage 4 0C. o 35. 500C and 39. 77 00
1,19 W@Wﬁ?%gm%@o fafes*cé 14kegsn 58 Gyt éﬂr& Engingle dcand 6 %
co@iqtdﬁgﬂh@ﬁenﬁtég 01(9()4@%1@@1‘:i 0/P @%&%eﬁ%@fﬁﬁ@ﬂ“lﬁg P%la@@ vial to which
ent hal of oul es per gram (48.764 and 5I. 73
dichbubmsthper @ramnil{iliredi)vivdyaladded. uesHPIHC pandpsihesf st)he 1,1-bis(4-

oIS AR S A) EPTeE 2B, OLd s e
dﬂ@gya@ﬁ&e rShagin®i chdvianp v Rica @& oBkioh 8P a8 hddddto 23r0lfd aluminum
n

82.430C), and five nmaxi ma that nerged together:
pa112®61/6m@112a1®® @B0G;ted 80 a6/hcO@n R27.29300C, foafd n2ibBtey Gemoved the

45 0C and 128.870C = 165. 840C and 166.31.0C, .
ichiPgd GeGeIS 1 e T ORISR SRR DA RIS e psing the
folfb%ﬁgguﬁrﬁf"sc%%dﬁg 10(?@%?%0%5 1%@"@@919%8& (28§°Jc ﬁs‘} Dfours, 250°C

an acconpani ed by ‘an ent hal py of .
forj duloms. pAr rlgldaMa(lﬁ)ZlieIﬁ ambler6 6@lofed] digk esasmeogarach)after curing and
d 41 @ i Vi val ues in parenthesis). The copol ynmer
epng %ra ?%}WWB@C anal ysis was a transparent,
[ossaper et hgehis bf 9bdion®l(3310 afd SAD IR Fings &\f&ﬂé cured product was
Exanpl e 10 Thermo gravimetric Analysis (T
coduicfed rusmigi aatateSofamating) ofCa1(0 pemminuye {rd8QS5°Gfto @Gﬁ‘iﬂ ynder a stream of

. of Ss( AUyl her) of. . . ..
nygsen gt’ ‘%ﬁrﬁ%}%@?ﬁﬂ“}%ﬁﬁ BUJBEL L R{sHHIb s gthgmigity was observed
at @2@0% 45 n‘avaf?a&x%[éalgé gﬂaésCYl%hélEieﬁ%&Bsra(u?é 0 ¥81.33°C (185.80°C and
Prepared Usin yst|
177.85®Bi (slﬁcﬁwdyﬂn@dlmnerpdre)my@is@Maﬁmereﬁs DG Agoaaportidn (20.3110
%w.), bis(allyl ether) of
mijligrarsi) of mmwefbﬁgpﬁlh@tn\y%) b ynandate f doatyizaeh 1056 my minute

froEIbZ%é';r 631062] n‘ger d}zwnltj :é)gr? Q ao'&hlé%gp% %e%?rélp% iQn with an onset

tenYﬂe@itulteo ofMgphEEChl PaMELD %}ﬁpérgtuga "Gfl 4dd §1°€T $asVB¥kerved. The
ded. HPLC analysis of the I,l-bis
tempeazrtaﬂespﬁﬁe@%{ﬂ)() cYT0® chad eXR0E % eofeadl@dalgﬁmzﬂ;ﬂe avaghtYwere 243.23°C,
di cyanate and 0.56 area % nonocyanate. Shaking the
37%76%/(3 prbfed&iCarespactiveldn whi ch was added to a round
al um num

Comparative Experiment J

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) of

Copolyvmer of Bis(Allyl Ether) of Isopropvlidene Diphenol (25 % wt.) and Dicyanate of

4.4’ -Isopropylidene Diphenol (75 % wt.) Prepared Using Catalyst

[0155] Dicyanate of 4,4’ -isopropylidene diphenol (3.00 grams, 75 % wt.), bis(allyl ether)
of 4,4’-isopropylidene diphenol (1.00 gram, 25 % wt.) from Comparative Experiment A,
and 6 % cobalt naphthenate (0.0040 gram, 0.1 % wt.) were weighed into a glass vial to
which dichloromethane (2.0 milliliters) was added. HPLC analysis of the dicyanate of 4,4’-
isopropylidene diphenol revealed 100 area % dicyanate. HPLC analysis of the bis(allyl
ether) of 4,4’-isopropylidene diphenol revealed the presence of 99.51 area % allyl ether with
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pan. Devol atilization conducted in a vacuum oven at
50C for 30 m nutes renoved the dichl oronet hane gi ving
w@20omrpgeneous bl end. Curing was conducted i n PUENS2009/036522
using the follow ng curing schedule: 1000C for 1 hour,
thella@GhCe OB rrﬂindilcua)mpoﬁé)r&@(l) f3210.05, hodi03 | ara@C Shokink theuial prov1ded
Arigid, transp r nt, r col ored disk s .recover
2 sefytiop which s S Iaﬁuﬂg B RA,| Eﬂ‘ﬁva@ n Conducted in a
Va({qu?l‘FéJ'en%Gj}Oa@?oy 2@) ﬁllﬁ’lﬁtefp&rtﬁd 8%hd FidhBr hatie: eggvmé a homogeneous
rans e cured uct was conduct

blehat eC\@fnghead carglueed Sﬁ)GVaﬁsr ugﬂ@ tHeefollo@Mg2&agt s@h&ﬁ@@QOOT for 1
under a stream of nitrogen flow ng at 35 cubic

howed b9 Hetarishper 208°Rufice 2 IResi. d0BTC exrolt heurni A irigyd, wagsparent, amber

co PRGN o7 ko B b B sbeny THE GO0 B 7 Babiey ban

[01(56de omaﬁalyﬁé HﬁgoﬂtfoanEEBtah@SJM MRS iR O tREl curb@product was
of a portion 110 mlligranms) of the cured product

conghisted orhgot 1@&: efshaating of ate pof minae ireg 25 C 10300 §ennder a stream of

mt]é&gﬁ%i‘gﬂ’félgég? /%5 %éctpgfiu?lg% ei% E%?{g{ﬂu?eh dlgezs?cg%g ngot}tlerm c1py was observed
at C2OBD&T adrdr &n Ofvefd0. $idsOGapfioRNeRPEahRERAT @@yﬁ@@f(l?ﬂl 03°C and
446.57 0C was observed. The tenperatures at .

1323910 @mdlvidDalOGalfesoin paregthesdd) wadpleasunsd. gI‘ItGAAmfea portlon (6.3330
243. 23 OC 373.76 0C and 396. 76 0C, respectivel y
mibigrasay of C%@mdﬁ@nwasmﬁwtﬁ%uap&@.rﬁ%ﬂf ingatingatyk)°s per minute
ff n Scanni.n tr
fro&)g}lbyﬁe %3)03; ug% Aﬁtl}{nafm‘fgﬁﬁ olgs:n gi‘fmosg%epr? g%ﬁte\,{% (rans%)lon with an onset
te e@ﬁﬁﬁobf (R5. 5%’@'t and %Hdeﬂa G¥Ap@h@rOfof 428.25°C was observed. The
-1 sopropylidene Di phenol (75 % w.) Prepared Using
tenwahlscstat[@l%] OINE ypad BEOD% Afdorigisdpsanmpit i vaegle were 227.28°C,
nol (3.00 grans, 75 %w.), bis(allyl ether) of
323415 f‘@o%é oigyprfféPFé:Uéi?lpfhenol (1.00 gram 25 %wt.)
from Conparative Experinment A and 6 % cobalt
napht henate (0.0040 gram 0.1 %w.) were weighed into
a glass vial to which dichloronethane (2.0
milliliters) was added. HPLC anal ysis of the dicyanate
of 4,4 - isopropylidene diphenol revealed 100 area %
di cyanate. HPLC anal ysis of the bis(allyl

- 55 -



ether) of 4,4'-isopropylidene di pheno
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Example 11

Moisture  Resistance  of Copolymer of  Bis(Allyl FEther) of 1.1-Bis(4-

hvdroxvphenvl)cvclododecane (25 % wt.) and 1.1-Bis(4-cvanatophenvl)cyclododecane (75

% wt.) Prepared Using Catalyst
[0157]

The remaining portion of the cured copolymer disk from Example 10 was
weighed, added to a 4 ounce glass jar along with deionized water (40 milliliters), sealed and
then placed in an oven maintained at 55°C. The disk was removed at the indicated
intervals, blotted dry, weighed, and then replaced back into the sealed jar for continuation of
the testing. The change in weight from the original was calculated for each time interval,

providing the following results given in the table.
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providing the followng results given in the

t abl e. Conpar ati ve Experinent K Mi sture Resistance of
w@opoliyres of BIS(A Iyl Ether) of |sopropyli deP€r/US2009/036522

Di phenol (25 % wt.) and D cyanate of

4,4' -1sopropylidene Di phenol (75 %w.) Prepared Using

Cat al yst [0158] The remaining portion of the cured

Omﬁéﬁ%]sxﬁ?ré‘%e??gm Conpar ati ve Experinment J was

M(W@(hﬂahﬁgmstﬁfég%% écﬂ)oﬂqﬁerodf%g(éﬁlﬁslﬁhérﬂ)f (I‘AO%HQ)V%%% Diphenol (25 %

deioni zed water (40 mIltiftiters), sealed and

wtpland Bikcyianata of é,‘éré{lisgmgﬂlderwddlphtmﬁ 50 %The) Bliepdredllsing Catalyst

01587 o6 Smtr e €l B8 suPtierdiviies SR dogGP i aye Experiment
] WA weighdd, hdadd eNnaaf olifee %lﬁs%tjhln glong RetC h@abgiged Kvavei @B tmilliliters),
fromthe original was cal cul ated each tine

sedlert end/ dlien placnd di ag avhe mastlameé ag|55éﬁ i ihe Weskf whi osmhengd at the

nispiegingsraiy Hofint der oo R Criar bR b e eled jar for
corﬁﬁhﬁﬁ&h@ﬂ&% t&kinP 'TEE Iaﬂzixfgﬁql QR MRdnl Wi fANeAe L:al@t'ﬁgéd for each

. nol es) and cycl chexane dlcarboxaldehyde (74.
tln@ 111@1”\513 piovidieg thd sebwltsegivdn in the fodlewing dblesoners; rati o
of phenolic groups to al dehyde groups = 6 : 1,
equi valent ratio of phenol to cycl ohexane
di car boxal detypdeurs td3DeiohlzeW§V AedddgeCt oget her in

Duration of | Copolymer of Example 11 | Copolymer of Comparative
Ref
Exposure (% wt. increase) Experiment K ¢
(hours) (% wt. increase) ere
nce
Ex
9.0 0.573 0.700
am
25.33 0.768 1.016
ple
51.83 0.859 1.222 3
95.16 1.055 1.400
Syn
119.08 1.081 1.469
the
143.00 1.068 1.510 i
sis
167.17 1.081 1.537
and

Characterization of the Tetraphenol of Dimethylcyclohexane

[0159] 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,
equivalent ratio of phenol to cyclohexane dicarboxaldehyde = 3 : 1) were added together in
a 1-L 5-neck reactor. The mixture was heated to 50 °C with 500 rpm mechanical stirrer
agitation. At 50 °C and atmospheric pressure, p-toluenesulfonic acid (PTSA) (1.3959 g
total, 0.207% by weight) was added in six portions over 30 minutes. The temperature

increased a few degrees with each PTSA addition. After the 6th PTSA addition, the
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a 1-L 5-neck reactor. The m xture was heated to 50 0C
with 500 rpm nmechanical stirrer agitation. At 50 0C
waeaat4aospheri c pressure, p-toluenesul fonic aRCTUS2009/036522
(PTSA) (1.3959 g total, 0.207% by wei ght) was added in
tenspexatper donanBerovay seBé Mo AUtaad .vadien easpppléddupehe reactor. In order to
iHcreased a few degrees Mﬁtg each PTSA additi on. ﬁ%@er
avqif dhagiepctprregniend fiopilign the iretidtpBedeanat REGHYICOY 3Seqradpady decreased
to fe%{ovteqxzaz& 95m AR MESHHEBINGS. aWaﬂe'necHe Feudedrs ?(ﬁ%%@ lthe kdhctor was
order to avoid the reactor content flooding t
vmﬁe@ﬁmiwewr@mhg\wsadﬁ@i pressure was gradually

0GREn FRE o T B 2 Vi alip R Genthe oA When
th&@ﬁ’ctmtc%ﬁteflt@ G ko¥res (e e nlpPhait, tM@Eﬁ[re CodResld W%E’edtransferred to

HCO3 (0.6212 g) were added to neutralize the PTS

a %eﬂfrpmh@ry élawl orM@int ahylskdtens AdbKeavas qddeband the Contents were

aéhfgip s%r\fg%lr Sifiles yw1 ee{r "§ I\r/é%?lﬁ;efe B&Sﬁ%ﬁtﬁei%eﬁgﬁ%%)%gd te)?ceass phenol
we&dﬂﬁhﬁbveaﬁﬁmﬁg%rcﬁﬁ@teﬁfﬁp@ramrzﬁldV\téhS he nsevled &las thoied thd Bluminum

water to renmove PTSA-salt. The sol vents and excess
foibhdhp| regetien rdmphenel §’i1thg cyclohsany dcuporadebyde aprgdeged as the
préragglggh%gﬁ}og?ct\é%é % &g%/sg gheé;g&nféWéLQ%lde%%z}g% C{uﬁtuga (tetraphenol
of pincdhdedidexiteg: predom nant product a tetrapheno

possessing the follow ng idealized structure

(tetraphenol of dinethylcycl ohexane): [0161]

U traviol et spectrophotonetric analysis provided a

hydr oxyl equi val ent meight (FENV of 118.64. High

pressure liquid ch Aograe (HPLC) anal ysis was
IScﬁh ©bhponent s present
ACHHoOghY t he present invention

adj usted to redorv
in the product. [0 wu

sy derabl e detail with regard
\, other versions are

has been described in go
per mut ati ons, and

to certain versions t

possi bl e, and alteratiX

equi val ents of the ver3|on shown will becone apparent

to those skllled [ ,o. a readlng of the

speC|f|cat|on hhgs. Also, the

various features of vers -- hereln can be

conbi ned in various ways to provide additiona

versions of the present invention. Furthernore,
[01&] t aitNuh bRt RpdRGphdramebRemalsedpionidet NehpltbRASRBIvAlent weight
(HEW) of 118.64. High pressure liquid chromatographic (HPLC) analysis was adjusted to

resolve 24 (isomeric) components present in the product.

[0162]  Although the present invention has been described in considerable detail with
regard to certain versions thereof, other versions are possible, and alterations, permutations,
and equivalents of the version shown will become apparent to those skilled in the art upon a
reading of the specification and study of the drawings. Also, the various features of the
versions herein can be combined in various ways to provide additional versions of the
present invention. Furthermore, certain terminology has been used for the purposes of

descriptive clarity, and not to limit the present invention. Therefore, any appended claims
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descriptive clarity, and not to limt the present
i nvention. Therefore, any appended cl ai nsshoul d not be

WO 2evptieded o t he description of the preferred vRCHUSIIS9/036522
cont ai ned herein and should include all such

shalld ewatbk dinsitedoer ket adscopison af dhee greifareddendrsioas chbahined herein and

hin %%e true splrlt and scope of the present

Wi
Sh?urﬁ, &l Enall (86 SYCTRARASN NSRS JItiggE BRIy 3 HRY within the true
spih?}(&i‘édoﬁ@of tht pfskhe iRGenipder stood to those of ordinary

skill g that the nethods of the present
[0%63Y Hlamngmo&\aﬁmllgeiem]bﬁd ¢ds owenti, it wil\Wpedendarstbod to those of ordinary

Ty DRRE Gl SR bSO EB b B0  vide and
eqﬁlk}‘ﬁeﬂltnt‘t’lﬁ%ht b0t ARYfoeRBRALAE Rhe otﬂ'éﬁ?ﬁl%fne%%lﬂh&t departing from
CLAIMED TS: 1. An ethylenically unsaturated nononer of

thef sgpprudlath¢ inventian qurpay eimbodisegsits theicatiependently is 0, 1,
or 2; the noieties Ra and Rb i ndependently represent
optionally substituted aliphatic groups conprising a
total of fromabout 5 to about 24 carbon atons, and Ra
and Rb together with the carbon atomto which they are
bonded may form an optionally substituted and/or
optionally unsaturated and/or optionally polycyclic
aliphatic ring structure; and the noieties R
i ndependent|y represent hal ogen, cyano, nitro,
hydr oxy, am no optionally carrying one or two al kyl
groups, optionally substituted al kyl, optionally
substituted eyel oal kyl, optionally substituted al koxy,
optionally substituted al kenyl, optionally substituted
al kenyl oxy, optionally substituted aryl, optionally
substituted aral kyl, optionally substituted aryl oxy,
and optionally substituted aral koxy; and the noieties
Q i ndependently represent hydrogen, HRLC=CR1-CH2- or
H2R1C-CR 1=! , wherein the noieties Rl independently
represent hydrogen or optionally substituted al kyl
having from 1l to about 3 carbon atons;
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with the proviso that when both noieties Q are
hydr ogen and Ra and Rb together with the carbon atom

W@ 2009hi@be t hey are bonded do not form an al i phe€T/TS20091¢86522
structure conprising at |east about 8 ring nenbers, at

WHaJSIS CneIMBDASY R represents HRLIC=CR1-CH2- or H f
CCR HC. 2. The ethylenically unsaturated nononmer of
claim1, wherein the nononer is of fornula (la): (Rm
(1a) r j n claiml,

1 ond A TELEL T R S RaBaRT ERSNIRALE 247 i o
the proviso that when both noieties Q are hydrogen, at
| east one noiety R represents HRIC=CR1- CH2- or
H2R1C- CR1=HC-; and any ng R—q]romatlc cyclic noieties
conprised in the above formil a (la) may optionally
carry one or nore substiwiﬁﬁus and/or may optionally

conpri se one Of) Mor@- bl ejbhonds and/or may
optionally be polycycll 3 T e nopBfer of claim 2,
wherein n has a val ue oﬁ frbn1ab 9 to about 16. 4.

The nmononer of claim 2, Fn@|nfn “ha sa val ue of 9,

10, or 11. 5. E% f o x ny one'™of claims 1 to 4,

wherein each m Bpggnd tr’ As 0 or 1. 6. The mononer

of any one of clains 1 ﬁ@ / wherein the noieties Q

i ndependently represent 1C=CR1- CH2- or H2R1C- CRl=

. 7. The nonomer of any on@Qbﬁ claims 1 to 6, mhereln

the rieties Rl i ndependent |y represent hydrogen or

methyl. 8. The nononer of any one of clains 1 to 7,

wherein the noieties Q &e identical and represent

allxl nmet hal Iyl , or 1-propenyl.
each m independently is 0, 1, or 2;
the moieties R* and R® independently represent optionally substituted aliphatic groups
comprising a total of from about 5 to about 24 carbon atoms, and R* and R® together
with the carbon atom to which they are bonded may form an optionally substituted
and/or optionally unsaturated and/or optionally polycyclic aliphatic ring structure;
and
the moieties R independently represent halogen, cyano, nitro, hydroxy, amino
optionally carrying one or two alkyl groups, 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 aralkoxy; and
the moieties Q independently represent hydrogen, HR'C=CR'-CH,- or
H,R'C-CR'=HC-, wherein the moieties R independently represent hydrogen or
optionally substituted alkyl having from 1 to about 3 carbon atoms;
with the proviso that when both moieties Q are hydrogen and R* and R® together with the

carbon atom to which they are bonded do not form an aliphatic ring structure

comprising at least about 8 ring members, at least one moiety R represents HR'C=CR'-
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9. The nonomer of any one of clainms 1 to 7, which is
I ,1-bis(4- hydroxyphenyl)cycl ododecane bis(allyl
W@iwen)446.0. An et hyl eni cal ly unsat urated nonoP@&r/US$009/036522
formula (I1): (Rm(H wherein: pis 0 or an integer
CHpf of tbR'C-GR'-abOut 19; each mindependently is 0, 1,
or 2; the noieties R independently represent hal ogen,
cyano, nitro, hydroxy, am no optionally carrying one

or | kyl. oups, optionally substituted al kyl, .
2. opt 5By uiadLy bR et BPSamey Bt iy bsiarg the monomer is of
forgMPgaidahut ed al koxy, optionally substituted al kenyl,

optionally substituted al kenyl oxy, optionally

substituted aryl, optionéR),y substituted aral kyl,

optionally substituted g oxy, and optionally

substituted aral Qﬁ%ﬁ 7 e noieties Q independently

n, \

represent hydrog \ or NZR1ICCR* HC-,
wherein the noieties Rl (gg% sent

hydr ogen or optionally ti ed al kyl~ HaVing from 1
to about 3 carboq@-at h the_provi so that when
all four noieties Q are ogen, at | east one noiety

R represents HRLIC=CR1l-CH, - or H2RICCR*HC-; and any
non-aromatic cyclic moi et Rles conprised in the above
formula (I1) may optionally carry one or nore
substituents and/or may opti Hﬁlly conpri se one or
mor.e. doubl e bonds. 11. The nononer of claim 10,

Whef%?éin p has a value of from1l to about 14. 12. The

m, TORRIEY ai@fas e il 1D claar @b P has a value of 1, 2, or
3. 13." The nonomer of any one of clainms 10 to 12,

n hakeneailwe ebfrbmmbondépentdent24, is 0 or 1.

with the proviso that when both moieties Q are hydrogen, at least one moiety R represents
HR'C=CR'-CH,- or H,R'C-CR'=HC-;

and any non-aromatic cyclic moieties comprised in the above formula (Ia) may optionally
carry one or more substituents and/or may optionally comprise one or more double

bonds and/or may optionally be polycyclic.

3. The monomer of claim 2, wherein n has a value of from about 9 to about 16.

4, The monomer of claim 2, wherein n has a value of 9, 10, or 11.

5. The monomer of any one of claims 1 to 4, wherein each m independently is O
or 1.

6. The monomer of any one of claims 1 to 5, wherein the moieties Q

independently represent HR'C=CR'-CH,- or H,R'C-CR'=HC-.
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14. The nononer of any one of clains 10 to 13, wherein
the noieties Q independently represent HRLC=CR1l- CH2-
W@r00BI1R46CR HC-. 15. The nonomer of any one of PCI/EHB2989/036522
10 to 14, wherein the noieties Rl independently
7. r epésentonbydr ogerangr omet bl claibis The Bpnehaeimwfthanyoieties R’
one of clains 10 to 15, wherein the noieties Q are
indegendqely reRFraeRpIEeRstt omPYL et hal 1yl , or
1-propenyl. 17. The nonomer of any one of clains 10 to
16, which is dinethyl cycl ohexane tetrapheno
8. t et Matghdndm&tdtely- onktf AR VY, QheRiERRY Mm%ﬁleng fre identical
monomer of any oné of clains 1 to 17. 19.
angy ¢ pragent 2Hpl. enathadir er 1wpiiepasiyh t he n1xture conpri ses
at least two of (i) at |east one nononer of any one of
clains 1 to 9 and/or a prepol yner thereof, (ii) at
Iea 0 ny. on 0+ ne/ o -
‘a p?%po?@ﬁ@?ﬂgngreé%“ﬁ é(OF(Sf éaﬁ%gleaéé one noﬁgng! L1-bis(4
hyand&phmﬁdp@enﬂbﬁaﬁmcﬂhﬁhﬂgfambﬂch is different from
(i) and (ii).20. The m xture of claim19, wherein the
at Ieast one nmononer (iii) is selected from nononers

ri se one or re poI r|z I 't hyl eni cal l'y
uns ?E?@Hw V@P?@§¥“q$ for ggfycyanates

aromatic di- and polycyanan1des - and

pol ynmal ei m des, and di- and polyglycidyl et hers. 21.
The m xture of (Ryly one of clainms 19 and 20, wherein
the m xture Comu Ises at least (i) and le) 22. The
m xture of _a ‘ of clains 19 to 21, €tein the

mi xt ur@ & ‘? least (ii) and (i

nixture of any—s

m

(1D

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, amino
optionally carrying one or two alkyl groups, 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 aralkoxy; and

the moieties Q independently represent hydrogen, HR'C=CR'-CH,- or H,R'C-
CR'=HC-, wherein the moieties R' independently represent hydrogen or optionally
substituted alkyl having from 1 to about 3 carbon atoms, with the proviso that when all four

moieties Q are hydrogen, at least one moiety R represents HR'C=CR'-CH,- or H,R'C-
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wherein: n has a value of fromabout 5 to about 24;
each mindependently is O, 1, or 2; and the noieties R
WO pepensent | y represent hal ogen, cyano, nitr oPCT/US2009/036522
optionally substituted al kyl, optionally substituted
CRyelbal kyl , optionally substltuted al koxy, optionally
substltuted al kenyl, optionally substituted
anchpikeryl-oiatio gy¢lisapieyies apmprised suthahovediormelall) yay optionally
ca&ﬁ a)%t Ic% u}n%g %ul?sltﬁ%éqts B%i}ogr}%gy EHEEﬁy EgltngglsgrOYll BYmore double
and Gpti onal 'y 'substitu ar-al ny
bofid- aromati c cyclic noieties conprlsed in the above
formula (111) may optionally carry one or nore
substituents and/or nay optional l'y conprise one or

doubl e bo The n1x ure o c I m
U e BF METREnG i}fiﬁgf &0, %‘Eﬁs {aihit & s r%mﬁ tp about 14.

conprises |,|-bis(4-cyanatophenyl)cycl ododecane. 25.
The m xture of any one of clains 19 to 24, wherein

12(1 1 IThe GRSAYNM&GEST AaiRP| Y, CYREBIEY GHTRIURM dm bobrla (1V)
and/ or a prepolyner thereof: (Rm(IV) wher ei n: pis O

or an integer of from1l to about 19; each m

i ndependently is 0, 1, or 2; the nuieties

3 ndé‘gé ARG Sfepbeainel Halbydf to dgamdersin tela@h m independently is
(ggtlonally substituted al kyl, optionally substituted
cycl oal kyl, optionally substi t ut ed al koxy, optionally
substituted al kenyl, optionally substituted
al kenyl oxy, optionally substituted aryl, optionally

14subdthit otoedmar ydfoxapy amel aptlaomal 1§ toulhst ivwhereid the moieties Q

in R de B e R CSCRota e i B Beali- "o oo

15. The monomer of any one of claims 10 to 14, wherein the moieties R!

independently represent hydrogen or methyl.

16. The monomer of any one of claims 10 to 15, wherein the moieties Q are

identical and represent allyl, methallyl, or 1-propenyl.

17. The monomer of any one of claims 10 to 16, which is dimethylcyclohexane

tetraphenol tetra(allyl ether).
18. A polymer or prepolymer of a monomer of any one of claims 1 to 17.

19. A polymerizable mixture, wherein the mixture comprises at least two of (i) at least
one monomer of any one of claims 1 to 9 and/or a prepolymer thereof, (ii) at least one
monomer of any one of claims 10 to 17 and/or a prepolymer thereof, and (iii) at least one

monomer and/or a prepolymer thereof which is different from (i) and (i1).
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hydr ogen; and any non-aromatic cyclic noieties
conprised in the above fornmula (1V) may optionally

W@ 20094t149e or nore substituents and/ or may optPONEE1099/036522
conpri se one or noredoubl e bonds. 26. The m xture of
claim 25, wherein in formula (IV) all four noieties Q
represent -CN. 27. The m xture of claim 26, wherein

20¢ heTﬂiﬁlfW,(%T@f slagpnSoorigran thopmghyd quevnorangir(iidels selected from
i ) . . T ..
BB YAEN LR B8 bP AP SNRle BUE SRRy Ay TR e,

ardmaticutieaddipdlfeyane@spirosatc dhendrpolfafyenatidsd, aincarl pdli@bleimides,
are selected from polynerization catal ysts, co-curing

ancydie 304 polyelyidyt ehgiFdant s, synergists for flame
retardants, solvents, fillers, adhesion pronoters,
wetting aids, dispersing aids, surface nodifiers,

211 herpplidgid 6f 88! oHERIFL12iR099MRE B0r $hE&RSEHAURRISe cARprids at least

m xture conprisi'ng at | east one nononer of any one of
()ehdliiis 1 to 17 and/or a prepol yner thereof and one or

nor e substances which are selected from pol yneri zati on

catal ysts, co-curing agents, flanme retardants,
225YNG4H8 |H§1§(§1ré‘ of 1]; | SiEof el%ii%{sd?ﬂoszl,swgle\rleenqttﬁe mfi)litlullree ro%lprises at least

adhesrion pronn?é%s, wet i'ng ‘alds, dispersing ald%,
(insandf(ape nodi fiers, thernoplastic polynmers, and nold

rel ease agents. 30. The m xture of claim29, wherein

the m xture is partially or conpletely polynerized.

31. _A product which conprises a | yperjzed m xture of
23:any TR&MISUTE 0hia ope d g B Qﬁ,ewggsaﬂu t) 6pmpfisgs A dicyanate
cofﬁ%oufM‘Sf £l D ETRQdHG }:)r% é‘ltyrﬂe%ﬁéreé?f!e of an

elfectrical lamnate, an CPsubstrate, a casting, a

coating, a die attach and nold conmpound fornul ation, a

conposite, and an adhesi vgsy33. A process for

preparing a mxture of et¥yy¥&hically unsaturated

nononers, wherein

N
NC= O\ AL/ /‘\\
(CHa)y

«QC::
TN ;
NC— D%\é??f \%___ﬁf”
"y
(R)m

(I1T)
wherein:
n has a value of from about 5 to about 24;
each m independently is 0, 1, or 2; and

the moieties R independently represent halogen, cyano, nitro, optionally substituted
alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy, optionally
substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl,
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the process conprises condensi ng a di al dehyde of a
cycl oal kane having from about 5 to about 24 ring

W@ 2000466 ons Wi th a hydroxyaromati c conpound BET/EHS2009/036522
rati o of aromati chydroxy groups to al dehyde groups

optibhadly r esustitiged naelkylxt upgomfilyposutshiened i arydoxpouwmnds optionally
W I h pol ydi spersity of not higher than about 2 and

Su@%ﬁ?@gﬁ¥ﬂ§°¥ﬁe m xture of pol yphenolic conpounds to an

and th&lSzr In{)rll—%ﬁotnjla?];g E?c%%t In?o?et‘ié)s %%{r{plrﬁleh y'ﬁlorthec Oat@Blfee tfglr ula (III) may
convert phenoli ¢’ groups present I'n the mxture rnto
opgomilpscaty bog ouhardRIKSEGR nts Gitl/oOmagrughtion aii Bd&ERYe one or more
HC- O wherein the noieties RL i ndependently represent
dopBla9gen or unsubstituted or substituted al kyl having
from1l to about 3 carbon atons. 34. The process of
claim 33, wherein the ratio of aromatic hydroxy groups

241 0 ghdehyderedbPUPIm §3,a(Vh_lsFe@§tth§Q9gyﬁanﬁte gémpa_ﬂﬁi of formula (III)
process of any one of clains 33 and 34, wherein the

comypuikeal k angdhganétopiemyl ) chalodosrngt ons. 36. The
process of any one of clainms 33 to 35, wherein the
di al dehyde conpri ses cycl ohexane di car boxal dehyde and

t he r.0 [ t n oFpr.i . phenol . 37, A
250 PO Shapre phO ke SF PR B PR AP Bolyoyanaee
co@pbandabi@niya tIVG dpdagessrepblyaret thereodf clains 33 to

36.

(R)m
e N
CH 0—Q
O_
i (CH2)p @ 0o0—Q
(R)m
(R)m

(Iv)
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, optionally substituted
alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy, optionally
substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, and optionally substituted aralkoxy; and
at least two of the moieties Q represent —CN and the remaining moieties Q represent
hydrogen;
and any non-aromatic cyclic moieties comprised in the above formula (IV) may

optionally carry one or more substituents and/or may optionally comprise one or more
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double bonds.

26. The mixture of claim 25, wherein in formula (IV) all four moieties Q represent
—CN.

27.  The mixture of claim 26, wherein the polycyanate compound of formula (IV)

comprises dimethylcyclohexane tetraphenol tetracyanate.

28. The mixture of any one of claims 19 to 27, 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, adhesion promoters,
wetting aids, dispersing aids, surface modifiers, thermoplastic polymers, and mold release

agents.

29. A mixture comprising at least one monomer of any one of claims 1 to 17 and/or a
prepolymer thereof and one or more substances which are selected from polymerization
catalysts, co-curing agents, flame retardants, synergists for flame retardants, solvents,
fillers, adhesion promoters, wetting aids, dispersing aids, surface modifiers, thermoplastic

polymers, and mold release agents.

30. The mixture of claim 29, wherein the mixture is partially or completely
polymerized.

31. A product which comprises a polymerized mixture of any one of claims 19 to 30.

32. The product of claim 31, 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

composite, and an adhesive.

33. A process for preparing a mixture of ethylenically unsaturated monomers, wherein
the process comprises condensing a dialdehyde of a cycloalkane having from about 5 to

about 24 ring carbon atoms with a hydroxyaromatic compound at a ratio of aromatic
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hydroxy groups to aldehyde groups which results in a mixture of polyphenolic compounds
with a polydispersity of not higher than about 2 and subjecting the mixture of polyphenolic
compounds to an etherification reaction to partially or completely convert phenolic groups
present in the mixture into groups of formula HR'C=CR'-CH,-O- and/or H,R'C-
CR'=HC-O- wherein the moieties R' independently represent hydrogen or unsubstituted

or substituted alkyl having from 1 to about 3 carbon atoms.

34. The process of claim 33, wherein the ratio of aromatic hydroxy groups to aldehyde

groups is at least about 4.

35. The process of any one of claims 33 and 34, wherein the cycloalkane has 6, 7 or 8

carbon atoms.

36. The process of any one of claims 33 to 35, wherein the dialdehyde comprises

cyclohexane dicarboxaldehyde and the hydroxyaromatic compound comprises phenol.

37. A mixture of ethylenically unsaturated monomers which is obtainable by the process

of any one of claims 33 to 36.
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