ETHYLENICALLY UNSATURATED MONOMERS COMPRISING ALIPHATIC AND AROMATIC
MOIETIES BACKGROUND OF THE INVENTION 1. Field of the Invention [0001]The present
invention relates generally to polymerizable monomers which comprise at least one 1- or 2-propylene
moiety and further comprise both aromatic moieties and additional aliphatic moieties and to resins and
thermoset products based on these monomers. 2. Discussion of Background Information [0002] The
performance requiremeREHGHAYHselii I RS AHEUBST Bl MENGMBBREAITBSRNGe to escalate.
In particular, high frequency eleéiafBeiid{eABorRIMBAT EorMBtOHIAES with advances in computer,
communications, and wireless technologies. In view thereof, there is a need for resins which show
reduced dielectric constants and diS¥satgh et e B NAHERd thermal resistance. [0003]

- Aromatic cyapate eﬁ}ggoq%ygﬂgg{%@ed in electronics applications for many years. The most
common cyanate eSter, bispnenol A dicyanate, is prepared by reaction of bisphenol A (isopropylidene
diphenol) witf8®yanogEs heikaention wdivm| & epangryereBro fRidRO MFE T Es SO B Hn W

acceptor, for gxample tiiethylaming. Lne oLl IFRerMRSalrRsins it desiredRreRe tbietes

improvements has involved development of copolymerizable mixtures of aromatic cyanate esters and
one or more BMeRIHERBE LIRS IBBIFHAD AR cRc SEHTE rab a eI ST pBIgANERS BRSSfoRMiReE anate
esters and big{saalgiides). Also known are copolymers of aromatic cyanate esters (or aromatic
cyanamides) with ethylenically unsaturated polymerizable monomers including allyl monomers, with

diallyl bispherI A tﬁi&%m 1?%?%% o Xﬁ49004]lt is believed that the dielectric properties
and thermal résistamﬁﬁ'ﬂm%rgpmét]@g%@‘m i- and polycyanates can be improved by
increasing th&éM{aroGaebaredonmentof theuthararssefenathix nOREEUThrpsiEthoes sl toTinleasisathe
hydrocarbon %%m&&fo% thedier Robevenatemonemanyusesh FagrseoLinneRiors.havragw found
another methad for increasing the hydrocarbon content of the thermoset matrix, i.e., through the use of
hydrocarbon-RefepcigPiarRaBRs ethilenitATRPERfsatlir FEBPHERONTORERIFIFLIN-hPBd pIRATE R Zed with,

e.g., cyanate qnanomsts. [B00wresciicallyidhepresesd inrenions Ravenfenod detdli@crass of
monomers which contain a high percentage of non-polar hydrocarbon groups. While the art might

have predictetPB&Rthanth s RIPS RS dFtat i8R {FERAbIE R teleterious to the thermal

properties angptiigicurg-arafiledtratb esmasettaie:-mixidraideotRaialingpthasermonamaysydie exact
opposite was_gbserved (see Examples and Cobméggratia\:/e Eéperiments belowzzf us, the r%d{r)%carbon

portion of the THGNBATEIE WAL o SR EYE & e sir AT ats& T A TFas e ARNEEd thefiial rasitance,

low moisture ahgbeption, dndpexogildmidistdetrid)prafiertiesanvithoutdide|dteriousngttectyandte cure -

behavior of a thermosettable mixture prepared therefrom, It was unexpe ly. f t e.increased

hydrocarbon E:J(r)cl’wrfgnff’_(ﬁ.1 t?ltéc icl)er?grrlﬁ(eergfro??tlhzégbdréscg?ﬁ{fﬁvgﬂ%gﬁaéna‘?% E:r’ng.1 g&i?éxfﬁ%gggt %éi‘%cﬁ?e

energy withouhémeasingsitire site dasietdrrtest e mpLratmestsThis ré@iﬂlﬁ@fh ifeEsiomieemicity on

cure can helpdg, iYL ApNAge,sch A GARKNG atAe AiRinalion wbich Max esl figdnas cure of
ich co

monomers wh mprise a smaller proportion of non-polar hydrocarbon groups than the monomers

of the present¥ifse ntRSATIIOD 6FFRRUBIEISEN s s rarsRswAdE s Bthplerieafly Tfeatir && mttbmers of

foula bis(maleimides). Also known are copolymers of aromatic cyanate esters {or aromatic

Lo

cyanamides) with ethylenically unsaturated polymerizable monomers including aliyl

monomers, with diallyl bisphenol A being most notable.

SUMMARY
[0604] 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 maitrix. 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 hyvdrocarbon content of the thermoset matrix, ie., through the use of



(:  (R)ra (I) wherein: each m independently is O, 1, or 2; the moieties le and Rb independently
represent optionally substituted aliphatic groups comprising a total of from about 5 to about 24 carbon
atoms, and le and Rb together with the carbon atom to which they are bonded may form an optionally
substituted and/or optionally unsaturated and/or optlonally polycycllc aliphatic ri |’1%];:;tructure and the

moieties R intEserrimiTide prekBrtaDGe s ) an6 2 Ritro HEFSSH aRfReTBHto a??f}lnlbeone or

two alkyl grogg? gfgg&lyvﬁyl%sgttgfglgggﬂ,gggggf@lly substituted cycloalkyl optionally substituted -
alkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl,

optionally sutié@tited §E§H@F%tl§?fﬂﬂ9“§ﬁﬁs{mﬁ%fﬂ%&ﬁi%f%dﬁfﬁn%&%Bléﬁfu?éan&f“&‘ﬁﬁtﬁy and
the moieties Qiinglepgndenthireprespnbbvdingan HRIGTERbGHRpOIWRR s RIEHE hwherein

the moieties RI independently represent hydrogﬁ?n or optionally substituted alkyl having from 1 to about

3 carbon atorEAiFHA tHEt JRSVIBEIRITANAR Ph SR YHERSHRS® SRRV H B GaH i REERF R A S ether

with the carbeg-atampteatich he ) ehensiedidwonal ibemmarealiphatic-ring Sﬁwﬂﬁeth@vm@at least

about 8 (e.g., at Ieastabout90r at least abouf 10) r bers, at t one mo R re resents
HR1C=CRI-CR2WBEE| Si1 RS & - %o ‘%&ﬁﬁg Z %%ﬁ%?ﬁ%%y BitwisHCally

unsaturated rpglaemersRf figy tpden Ciapor Bimidtay the monomers was found to be desirable because
jt affords enhanced thermal resistance, low moisture absorption, and excelient disiectric

properties, without a deleterious effect on ‘the cure behavior of a thermosettable mixture

prepared therefrom. & ivas unexpectedly found that the increased hydrocarbon content of

the monomers of the. present invention can moderate the enthalpic cure energy -without

~ increasing the cure onset and end temperatures. This reduction in exothermicity oﬁ cure can

help to prevent damage such as cracking or delamination which may resuit from the cure of

monomérs which comprise 2 smaller proportion of nop-polar hydrocarbon groups than the

monomers of the present invention.

[0006]  The present disclosure provides ethylenically unsaturated monomers of formula

(I

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

the moieties R®* and R” independently represent optionally substituted alipbatic groups

comprising 2 total of from about 5 to about 24 carbon atoms, and R* and R® together

-2



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 | to about 6 carbon atoms, unsubstituted or substituted cycloalkyl preferably
having from a56uts: R&@@é&%*&aﬁ%&b%ﬁ@%ﬁ%B%ﬁﬁé&&ysﬁﬁ%tﬁ?e%?myp?@é%%aving
from 1 to abqut.6 ¢asBRRAAME, S HRSHUIRRT spbstilitedatkenyliprefarmbly having-fiemrd 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,

nsubsiituteq,er syBaibed aiaied RRIRIG0be bR o Edp abpulcl 2katbon ioms, unsybstituted

or substituted aryloxy preferably having from 6 to about 10 carboni atoms, and unsubstituted or

substituted araikexyibrafaraiing FAART HBMETT L5BUPL2REIPBA HisHstEHE YT HoieRES @Y
* independently [eIeaentOYRgen, HRLEAG R Enar HERIC GRISEIC swhetsistheaigieties R

independently represent hydrogen or unsubstituted or substituted alkyl having from 1 to about 3

carbon atomREERaHE PrEILE A elFRH Both BRSPS EPEHPRO GER ARBAEHORSHRENP

represents HRIGEG R 21 ehiRBAECRITHE -2and 8Ny MR- srosmitic ¢ yellk fgieties comprised in
the above formula (la) may optionally carry one or more substituents and/or may optionally comprise
one or more dbtiblensditss and/or W%%P%w{ﬁﬁaly Berpatyayclidly foeerm) Bt alpdetineris

provided an ethylepieally tirsatugatesmagomasiehiarmula dadn Rk hessineeachymdagenandently
is 0, 1, or 2; the moieties R independently represent halogen, cyano, nitro, hydroxy, amino optionally

carrying one @@%ﬁlﬁﬁ“@%ﬁb&?%ﬂﬁ%&%%ét&%a&?%,gdﬁﬁﬁ%ﬁg?%bstituted cycloalkyl,

optionally subggiied alkoxy soptianall.aubsitaiacalienyldprtipnalrsubstititestatkanviaxymoptionally
substituted aryl, optionally substituted aralkyl, optionally substituted arl)j/lo_xy,.and optionally substituted
aralkoxy; carbon atom to which they are bonded do not form an aliphatic ring structure having

at least about § (e.g., at least about 9 or at least about 10) ring members, at least one

moiety R represents HR'C=CR'-CHz- or H,R'C-CR'=HC-.

[6607]  The monomers of formula (I) may be ethylenically unsaturated

monomers of formula (Ia):

(R

Q_
(CHz)n
o\
|  (Rim
(1a)

wherein:

n has 2 value of from about 5 to a’oout 24

each m independently is O, 1, or 2; _

the moisties R independently represent halogen, cyano (~CN}, nitro, hydroxy, amino
op.tionaII}:f carrying one or two alkyl groups praférably having from 1 to abont 6
carbon atoms, unsubstituted or substituted alkyl preferably having from 1 to about 6

carbon atoms, unsubstituted or substituted cycloalkyl preferably baving from about 5

-3.



the moieties Q independently represent hydrogen, BR1C=CRI-CH2- or H2R1C-CRI=HC-, wherein the
moieties Rl independently represent hydrogen or optionally substituted alkyl having from 1 to about 3
carbon atoms; and n has a value of from 8 to - 24; with the proviso that when both moieties Q are
hydrogen, at least one moiety R represents IIRIC=CRI-CH2- or H2R1C-CRI=HC-; and any
non-aromatigcCysicr8aigties eesnplisaduinsthaaboveatosmtiad a)inay nplionaly Baviyone@nrmore
substituents and/or may optionally comprjse. one.or moyre double honds and/or may optionally be
polycyclic. ) nono ; rom
P T R S g e
about 9 to aBotdt dbmioKexabopleicmmaynbaveiavaiuer ah8sdfirat dlkandonaypirfeedtibularvegual 11.
[0009]In another odiment of the monomers of formula (1)/(14), each m may independently be 0 or
L (00101 y B Thaer oA o P R R o e R AL PG R
independentiyaapresent bR C&-CRBPAE k2r085,1 829 3G EGRI<id Gttt idth arsiitiiupteéerebipodiment,
the moieties,R| may independe sgg;bl‘?ﬁdrg or methyl. For,example t? ojieties. Q may be
identical andh Frghvalﬁgregrr%%er?t a Iy%%&f-%fr%penyl , mé%%yﬂiis g%’%‘i‘i‘f?ﬁzf’prro{‘%’ﬁ{‘/’l ‘f%?ﬁg%"gfgnw.
[0012]Non-ligrritiegadkampless df the triondraetsl f ferbenl 2 @rinchrdeut subititdd drosrptitendyll cycl
ododecane bis, (@il eibeh JAbISribyEOYRRRR Wesipdofsgang pis(ethallyL ether),
1,1-bis(4-hydroxyphenyl)cyclodecané bis(allyl ether), 1,1-bis(4-hydroxyphenyl)cyclodecane
bis(methally thethem)p@ebis(@ hyuioxsmhaniy)adamantane bipiadlgdnethétR ' C=CR'-CH,-, or

2 2-is(-ydiouyphey lganapione, S el then, s AR HARSIa o4 458

m
dimethanonapﬁt alen-2(1 ylidene bis(allyl ether),
4,4'-bis(4-hysrsepstiigticutaratioted sl bt Sivohd hahaend Zeboyitans BiEntesratyitoether),
5,5-bis(4- hygiaxyRBeBUANERRYAD e TRRIBANCIREARS RiStBING RiReH: anf 1B PIStR - CH,-
hydroxyphenyl)hex hydrq-4,7-methan0|ndane bis(methallyl ether), partial or complete Claisen
rea'rrangeme‘i’\‘%Hl2 gcf%%f:ﬂ@-’bis(&hydroxyphenyl)cyclododecqne.bis(allyl ether), and monomers
which carry afleast gne SHhgmRURSILER: OnatIRAsHARE Aratis URGHRBIQRN 2GRS naly

Bna
rearrangement such as, e.g., 1,1-bis(4-hydroxy3 ,5-dimethylphen yl)cyclododecan€ bi's(allyl ether),
1,1-bis(4-hydigx s s-or more substituents and/or may optionally comprise one or more double

bonds and/or may optionally be polycyclic.



dimethylph en yl) cyclododecanebis(rriethall ylether),1,1-bis(4-hydroxy-3- methylphenyl)cyclododecane
bis(allyl ether) and 1,1 -bis(4-hydroxy-3- methylphenyl)cyclododecane bis(methallyl ether). A
preferred example of the monomers of formula (1) is 1,1-bis(4-hydroxyphenyl)cyclododecane bis(allyl
ether). 1,1-hbis [4-(2-propenyloxy)phenyl] cyclododecane. [OOlB}]g:I’he resent disclosure also provides
ethylenicaly & rated H SOBFRFRRS BIS™HAFrRFHY %Céﬁéfﬁlﬂﬂ?ﬁéﬁwf&ﬁ from 1 to about 19;
each m indepsnegely i52mkl#(14):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 aboy,ﬁ? to about 8 carbon atoms, unsubstituted or
substituted alkoxy preferably having from 1 to abgk (6 carbon atoms, unsubstituted or substituted
alkenyl preferably having from 3 to aboyt6-¢8 'NW&. Lbstituted or substituted alkenyloxy
preferably having from 3 to about 6 carbon ato S-Stk ‘or substituted aryl preferably having
from 6 to about 10 carbon atoms, unsubstimted grgubs#tt @‘Wbreferably having from 7 to about
12 carbon atoms, unsubstituted or substittéd .-(._c ty prefarably’having from 6 to about 10 carbon
atoms, and unsubstituted or substituted aralkox ' gferably having from 7 to about 12 carbon atoms;
and the moieties Q independently represent hydréen, HR1IC=CR1-CH2-, or H2R1C-CR1=HC-,
wherein the moieties Rl independently represent hydrogen or unsubstituted or substituted alkyl having
from 1 to about 3 carbon atoms, with the proviso that n all four moieties Q are hydrogen, at least
one moiety Rgpipsents HRIC=CRICH2- or H2RIC-CRI=HC-; and any non-aromatic cyclic moieties
comprised in the above formula (1) may optionally carry one or more substituents and/or may
optionally co‘?ﬁﬂ?‘i%%ﬁﬁpﬁ?%}éﬁgu&é’b’tﬁnds, [0013a]In a second aspect, there is provided the

ethylenicallympsatsiates RonemerRsseiostabovrsiereinhe Mmenemerisafthefamnuaddiay
carrying one or two alkyl groups, optionally substituted alkyl, optionally substituted éycloalkyl,
optionally substituted aikbxy, optionally substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted aryloxy, and
optionally substituted aralkoxy;

the moieties Q independently represent hydrogen, HR'C=CR'-CH2- or H,R!C-CR'=HC-,
wherein the moieties R! independent]y represent hydrogen or optionally substituted alkyl having
from 1 to about 3 carbon atoms; and

n has a value of from 8 to - 24; _
with the proviso that when both moieties Q are hydrogen, at Jeast one moiety R represents
HR'C=CR'-CH,- or HR'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.
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wherein: p is an integer of from 3 to -19; each m independently is 0, 1, or 2; the moieties R
independently represent halogen, cyan, nitro, hydroxy, amino optionally carrying one or two alkyl
groups, optionally substituted alkyl, optionally substituted eyeloalkyl, 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, HRIC=CRI-CF12- or H2R1C-CRI=HC-, wherein the moieties RI
independently represent hydrogen or optionally substituted alkyl having from 1 to -3 carbon atoms,
with the proviso that when all four moieties Q are hydrogen, at least one moiety R represents
HR1C=CRI-C#E] or fpme eniprimat of termoasparonieomutidoy olicanbisties domprsed in the
above formulg, gk} reay apl I =yl jtye oM tiopally, comprise one
or more double b_onnjds. of%?gr‘%glll ffrgggﬁ?&.@g?eigﬁ%geﬁ%ag& %/av’éé %a%gegﬁ T%%ary Fand may
in particular EGTEFE AoR#E8)1Alanother embodiment ofonomers of the above formula (Il), each m may
independentl or 1. r i t i ay independently represent
RICCCRL-Co bl HER 1 O e el rer BBt A AT EE R may
independentiPASpFESEREFVrBGER or methyl. For example, the moieties Q may be identical and
represent allypro-propety b leihall a2 RAABS WY oL PRI IRQLEL N fimiting

examples of the monomers of the above for{’nula (11) include dimethylcyclo lexane tetraphenol

teta(allyl eth@%?éﬂﬁﬁlﬁ%ﬂ@?@ﬁom@?@téﬁ%pﬁeﬁ&ltéifé:(ﬂmtﬁaﬂf/@-étﬁéﬁﬂd]methylcyclohexane
tetraphenol tegia({rpropenylethens, dimethylcyelopctane fetienhenal fetratallyl ethen).,

dim-thylcyclooctanie tetraphenol tetra(methallyl ether), diméﬁfﬁbygfooctanet traphenol

tetra(1-propeyfetet)ppantaybrisompletp el disem ceaticarQemgrispiduttaloftimethyisyeiehexant

tetraphenol tﬁ?f@%ﬁ?@ﬁéﬁyﬁ”%@lﬂ&?@?ésﬂﬁﬁﬂ 25, ractplg%sﬁ ’oiar\l_eﬁglpgsg[éggﬂt on at least one
[6612] Non-limiting examples of the monomers of formula (I) include 1,1-bis(4-
hydroxyphenyljcyclododecane bis(allyl ether), 1,I4bis(4—hydroxyph¢ny1}—
cyclododecane bis(methallyl ether), 1.1-bis(4-kydroxyphenyl)cyclodecane bis(allyl
ether), 1,1-bis{4-hydroxyphenylicyciodecans 'bis(mf::ihallyl ether), 2,2-bis(4-
bhydroxyphenyladamantane | bis(allyl ether), 2,2-bis(4-hydroxyphenyladamantane
bis(methallyl _ ether), 4.4 -bis(4-hydroxyphenyloctahydro-1,4:5,8- |
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aromatic'ring to block a C1 aisen rearrangement. A preferred example of the monomers of formula (1)
is dimethylcyclohexane tetraphenol tetra(allyl ether). [0019] The present disclosure also provides
polymers (i.e., homo- and copolymers) and prepolymers of the ethylenically unsaturated monomers of
formulae (1)/(1a) and (ll) set forth above (including the various aspects and embodiments thereof).
[00193] In a thimetispecythts ds-pfdHijduienpolys€rbyprepdiymer ¢f 4 inohbinairasygbfingd above.
[0020] The present disclosure alsq provides, 4 first llygqﬁi able.mixtur ich ises a} least two
of (i) at least gﬁgﬂ (grngocliﬁgrg 6%'5 %%{%oa%g%%%nﬁ&%%l%ga {(131 of a %e%?&%%%ﬁﬁéﬁgﬂ%iéeﬁﬁast one
monomer of thedatoxp:fashibx £y dnvciof -mpliespolprdentherssf aHpl (iiDthedkastwhe horpinter and/or
2 prepolymer fusiealubighngiioient/om monemers of s AR IR ag ) and(,10020a]

Hence, in a fo ect; there 1s provided a polymerizable mixture, wherein thé mixture comprises at

least two of (i;tart_aléa@t Giﬁésmomméﬁmﬁm@ﬁaﬁ@/efahd/@rigfb&eﬁbmmhqhﬂEGﬁlwﬁdeMt one
monomer as gefiagch Above and/of & prenolimen Erands{ip At ieas! opsmenamar Angiar a

prepolymer thereof which is different from Si).and (ii). [0021] In one embodiment of the first mixture, the
at least one nfORCHIERANY ARl Wederécicd Hom MBRGREABIGICH B pse: Ont BEIHdrEdstymerizable

ethylenically unsafiisatg islies,asematici- and palycyanatgsearomaticy cis g anamides,
di- and polymaieimides,%ﬁr?d |-%?1Jd olyglycid I,ether%yé)OZZ] In g%other emblé%dimgﬁ}tw%e first

mixture may CEREREPEETIEhSYERAD (i) BB E may EGErise évieé%%é’ﬁﬁ‘ﬁ%’ﬁéﬁrs (i) and

(iii). [0023] In apethpmebRIMRIEcamponeris(Hilaf the spixtyre maacompriseiy Aigyanates-
compound of the following formula (111) ancgor a preﬁcrs),l mer thereof: wherein: n has_a value of from

about 5 to abSiFBHP )Fﬁ“f}ﬁfw@ﬁ@‘éﬁtl 18{ctha .ether)., A preferred example of the
monomers of formula (1) is 1,1—bis(4~hydrexyphanyl)c:yciododf:canc bis(allyl ether) =

i, 1~bis{4~(2-propeny10xy)pheny1] cyclododecane,

(60131  The present disclosure also provides ethylenically unsaturated monomers of

formula (II): -
(Rdm
: (fﬁ)m
Q— .
. (CHg)p \@‘O—Q
(Pm
(Pm
oy
wherein:

pis 0 or an integer of from 1 to about 19;

each m independently is 0, 1, or 2;

the moieties R independently represent ' halogen, cvano, nifro, hydroxy, amino
optidnally carrying one or two alkyl groups having from 1 to about 6 carbon atoms,
unsubstituted or substituted allcyl preferably having from 1 to about 6 carbon atoms,
unsubstituted or substituted cycloalkyl preferably having from about 5 to about 8

carbor atoms, unsubstituted or substituted alkoxy preferably having from 1 to about 6



the moieties R independently represent halogen, cyano, nitro, unsubstituted or substituted alkyl
preferably having from 1 to about 6 carbon atoms, unsubstituted or substituted cycloalkyl preferably
having from about 5 to about 8 carbon atoms, unsubstituted or substituted alkoxy preferably having
from 1 to about 6 carbon atoms, unsubstituted or substituted alkenyl preferably having from 3 to about

6 carbon atogasysingtstitutedeiruRstibiteguatkemdoxy sreferalbriayingfoamisie aheulaarbon
atoms, unsubstituted or substituted ‘a%le él[{?’referably havigg%gfrom 6 to about 10 carhon atoms,

unsubstituted SAPRMBSHOTEY HRSIRAH LS 8D SPRATREfr Sk &8 0 RTe! S8R O Ao iBstituted
or substitutedwivaxy pEefe rabiy davipgsien &itoabaskstoiearkon piemmnthuvisigbsidnitedior
substituted aralkoxy_preferably having from 7 tg about 12 carbon atoms; and.any non-aromatic cyclic
oreties conTAEbAd FIRCARIE o AN Ty SEVHAIRS AU ONErEI A O RABTES hnclor
may optionally ebmmprise aibekimare woubke hoatls andiormay aptionalydieqablydycticd @241 In one
embodiment of the,above.dicyanate compound, n have a value of from about 9 to about 16. For
example, n m%?h%li’/%u% \fglﬁg gf) 5, TSFLSF ffé;r% Sn%r%)g/%l%u%gft%uIsaurgesa%%tlegfrl%]ﬂg)n}‘(}'th%rre a%rﬁglt&, each m
may indepenikevitly frer® drd zBospéeitiertamchprafaraad) example of a dicyanate compound of formula
am is 1,1-bis(4- cyanatophenyl)cyclodode..cane, 100251 In angther embgdiment of first mixture,
component (fglﬁethe%o&?t 5y E%mgﬂé%pgnp‘%ﬁ/t&anlﬁggg%lf)ou?ﬁ‘é%ﬁ?%(%Irlr’nuIg%{%?’g%lg/ér azﬁrep%liymer
thereof: whelhih!(-GRO=HEn intégerinf flomnioctetabolt'19négemdnntidepenckently isdpgeor &; the
moieties R independently represent. hal cyang, nitro, unsubstituted or substituted, alkyl. preferably
having from ¥ I%(ES% EB@W%%%E%%S%%%%,gl%e'gh%‘s%{l‘ﬁj%%?Oga 6%8?3’%8%5%?0%&?/%‘%?&% @rﬁg\%ng from
about 5 to abtbet ShearbibrcatommsetrsQutthstogesutiskasteehalkwistp R femblyiaRGGRMAR | to about
6 carbon atogag; ygﬁgﬁti@“teg\n_ré@pstitmed alkenyl preferably having from 3 to about 6 carbon
atoms, unsubstituted or substituted alkenyloxy preferably having from 3 to about 6 carbon atoms,
unsubstituteciod substitvienand pyetie ol thesvingfrosed ito thbebodOfosmvbn(Hiomsy, apsabsiyuted or
substituted a@%‘ ﬁﬁ?‘f‘c’sﬁ?%@%\ém]t (M7 APaAROM: 2@%{9&&@@%@9@%@@%&)& AuhpHuted
aryloxy preferably having from 6 to about 10 carbon atoms, and unsubstituted or substituted aralkoxy
preferably havimgsrom 7 to about 12 carbon atoms; 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 double bonds. [0026] In one embodiment 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 | 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. [00271 In another embodiment 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. 100281 The
present disclosure also provides a second mixture which comprises at least one ethylenically
unsaturated monomer of the above formula (1)/(1a) and/or a prepolymer thereof and one or more
substances which are selected faun) 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. For
example, the second mixture may be substantially free of polymerizable monomers and/or monomers
which are co olértnjerizable with the at least one ethyleni%?!% unsaturated monomer of the above

formula (1)/(I891f528a) HBrR&S5ANE AfpPEs PREE therevidsidbreldsalivaestipaShg at least one
monomer asdgfiprd AhRYE:aNdRN 8 RHRPQlY MEkIbEseRk 30dans ALMALEbstances 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 releasg;&?ngents. [00291 The present disclosure also provides a third
mixture which comprises at least one ethilenically unsaturated monager of the above formula (11)
~ and/or a pre.polymer thereof ang.ane r( \,- substances which arected born polymerization
catalysts, co-curing agents, flame retartid ™ ists™fer flame @@? ts-sglvents, fillers, glass
fibers, adhesion promoters, wetting aids;eis ‘ Tes Yo ers, thermoplastic polymers,
and mold release agents. [0030f-ard enmpdiment], each gf theirgt=second and third mixtures set
forth above (including the various aspe ( _ 'v Sepfartially polymerized
(e.g., prepolymerized or B-staged) or confiitetely polymerized and theiptesent invention also provides
a product which comprises such a partially or completely polymerizeﬁpreferably substantially
completely polymerized) mixture. For example, the pr%!?ct or part thereof may be an electrical
laminate, an IC (integrated circuit) substrate, a casting; & coating, a die attach and mold compound
formulation, a/semiposite, and an adhesive. 10030al In a sixth aspect, there is provided a product
which compris%sag ﬁ?A¥Q%Fﬁ%%@iE$QE@-aS defined above. [0031] The present disclosure also provides
a process forpprepannﬁ a mixture of ethylenically unsaturated monomers, which mixture may, for
example, coregstise mdepondnpily & ¢hé etillenically unsaturated monomers of the above formula (11).
The process gampitssse spadenselien eladaldendral arydoalanedRng Mamaboi Sl
about 24 ring carbon atoms with'a hydroxyaromatic (e.g-, pheholic) compound af a ratio of aromatic
hydroxy grougssriergldenyaévepclind wiseps atignall yiwestivisdolphenblivalionpetitasdisisiaalkyl,
polydispersity,gfaalpiclieihan ahoul 2ofiimd1R! fighaLIBRARBAN! b hahbicherihan ahaulb:g, o

not higher than about 1.3. The mixture of polyphenolic compounds may then be subjected to'an

etherification RSO tSpEHIBAY sPBoRrpienshyceiasitRS ardinatorienaly srotistemrnlers. frebent

in the mixtur%ﬁggﬁ%ﬁgm%imﬁ%%IC:CRI-C1-12-O- and/or H2RIC-021=HC-0-, wherein the
moieties le independently represent hydrogen or unsubstituted or substituted alkyl havilpa from | to
T

about 3 carb&if alBPEGDI3 1RCFPERSEVERReREERE, Hdragethr SR ETEhrbdess P6r BrBparfrily Bhifixture

of ethylenicalyhupsaturatedsmarmessnsdained Rboye IReRK JheRiaceSSEeMRlse sIepNdansing
a dialdehyde of a cycloalkane having from F%to 24.rin§é;ﬁarbon atoms with a hydroxyaromatic

compound atZPRticbfHFEFRAE ERTRRORY FBR BT e vty At Fr At fe s padgatat past

polyphenolic sempsiends withe-ane HlSpecRt-Ofipobhigirécthan 2 and subjecting the mixture of
polyphenolic compounds to an etherification reaction to partially or completely convert phenolic groups
present in thezRt@e: into groups of formula HRIC=CRI -CH2-0- and/or H2RIC-CRIr-HC-0- wherein

the moieties le independently represent hydrogen or unsubstituted or substit alkyl having. fr to
3 carbon ator*h‘g{1 CEPAR[ WS%@%%C%@? %F %ff tﬁgmp%é"é%g? tﬁlg PZ‘%‘.’S’ eofcf e%%uﬁﬁfgrm 3%/ %I%%laatﬁig %%’Joxy
groups to thepaumhenef aisehyeegmipsmagyinoas lyastimbose dneoy patddasbaoutds, at least about

Ba



5.5, or at least about 6. - [0033] In another embodiment of the process, the cycloalkane may have from
about 6 to about 19 ring carbon atoms, for example, 6, 7, or 8 ring carbon atoms and in particular 6
ring carbon atoms. [0034] In another embodiment, the dialdehyde may comprise a cyclohexane
dicarboxaldehyde (e.g., 1,3-cyclohexane dicarboxalciehyde and/or 1,4-cyclohexane dicarboxaldehyde)
and/or the hydroxyaromatk compound may comprise phenol. [0035] In yet another embodiment of the
method, the moieties R' may independently represent hydrogen or methyl. For example, the groups of
formulaHRIC=CRI- OE12-0- and/or H2R1C-CRI=HC-0- may represent ally’, methallyl, or 1-propenyl.
[0036]The present invention also provides a.mixture of ethylenically unsaturated-monomers which are
obtainable by #i@4irocésemenibothirahowé tfinelucingthe Yaribus<bpects @nchempbaiments¢hereof),

either as such, qr in partial I ized (e.q., prepolymerized or B-staged).or c letely . .

oy merized ST ER CmBEias SAP o ar St RSt (PUBBST i af PSR here is
provided a mpdrtienbdrettiyddnically unsaturated monomers which is obtainable by the process as
defined abov 7] In.one embodiment of this mixture, the polydispersit oz}?e ixture may be not
igher than ABET . e B RGBT s B Rt ML h AT BB UL SRR e average
number of hynitepygiarthstper aadlecule may be at least about 4, e.g., at least about 5, or at least
about 6. [OO?ﬁﬁﬂ%ﬁer-features and advantages-of the present disclosure will be set forth in the
description t ws, BAG AR BE SPBATER N HRORIH HEY L RSHORTBY FRREFSe learned by
practice of thetalistiasrtC TherdiggiosineriaEl®- realized and attained by the compositions, products,

and methods art-icularl}fnpointed out in the written description and claims hereof.
, [%01'_7] a stil} further embodiment, the moieties R’ may independently represent

hydrogcrll.or mcﬁlﬁyl. For example, the moieties Q may be identical and répi’éseﬂt allyl
(= 2-propenyl), methallyl (:Z-mcthyl—z;propenyi), or I-propenyl. . _
[0618] Non-limiting examples of the monomers of the above formuiz (II) include
dimethylcyciohexane tetraphenol tetra(aliyl ether), dimethyleyclobexane tetraphenol
- tetra(methallyl sther), dimethylcyclohexane tetraphenol tetra(l-propenyl ether),
dimethylcyclooctane tetraphenol tetra(allyl ether), dimethyleyelooctane tetraphenol
tetra(methallyl ether), dimethyleyclooctane tetraphenol tetra(1-propenyl ether), partial |
or complete Claisen rearrangement products of dimethylcyclohexane tetraphenol

tetra(allyl ether), and monomers which carry at least one substitnent on at Jeast one
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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. [0040] As used

herein, the singular forms & 181290 g include the plyral refergnae unless fhe,coniexgglearly
dictates otherwise. 20091114466PCT/US20091036522 [0041]Except where otherwise indicated,

all numbers exqressingfiantitle< 18} Ingiawtnisrdabian cotritiohstaing el sdvth 4i8ed in the
specification laims are to be understood as.being . modified in all instances by the term "about."
Aocorcingly, THIRLs HETEAEA 15 Bty PORe MR b LEHS <R R ToiBing
specification e attech efitutaiting aweatip proxivetdmotatmay (arubeiBrdihgnd g widaddsired
properties sayght Eglggcgll;g@;gm;gﬁwggg@g}ﬁy&ﬂggﬂmﬂéggﬂ(ery least, and not to be considered

as an attempt to limit the application of the doctrine of equivalents to the scope of the claims, each
numerical palhtk s AGHTE BRI EPIRILHt P I FLthBEP B BIg ¥ AR WS B8 Binary

rounding conarertions. [0042]Additionally, the recitation of numerical ranges within this specification is

considered t disclosure. .akl n mel\gi)c \(ﬂ@gﬂgﬂr es,within.that tange. fLor example, if a
range is frongf%?ggtt ﬁg%{ Soeﬂl%%éc ﬂslsed%e e% to include,o?glrgexgmple,il, 7, 34, 4%.%9,}{23.7, or any

other value ostrimsetwitivin(thet raag enf0ousPEny parthsutdevsHomrrticletdarangpiayspelvatiple and
for purposes g llstraiyediscussiomahihe cabadinenizalinapissra pusion.onland are

presented in the cause of providing what is believed to be the most useful and readily understood

description ofileapltasipresrendEehaedrisl RSPt therpre st i ARtrsrnt F M ITIIARETS% attem_ptl |

is made to shgw emhadiments gftae-peegent invention in more detail than is necessary for the
fundamental understanding of the present invention, the desecription.making apparent to those skilled

in the art howjahzosk ¥enakfdrmsoirthegresehtinve piiondnny bewmbodiediixpractiderdCid]As set
forth above, e, preserjtiventionRovides: ipterAliaxeipdenisalHnsarAlad meRomsEs gf formula
: (R) . __
. prepolymer thereof, (ii) at least one monomer as defined above and/or a prepolymer thereof,
and (iii) at least one monomer and/or a prepolymer thereof which is different from (i) and (i).

{0021] In one embodiment of the first mixture, the at least one monomer (1ii) may be selected

from monomers which comprise one or more polymerizable ethylenically unsaturated
moieties, aromatic di- and polycyanates, aromatic di- and »polyéyanarrxides,' & and

polymeleimides, and di- and polyglycidyl ethers.

{0022] In another embodiment, the first mixture may comprise at least components (i) and
(iii}, or it may comprise at least components (ii} and (iii).
[6623] In another embodiment, component (iii) of the mixture may comprise a dicyanate

. compound of the following formula (IfI) and/or a prepolymer thereof:



(1) [0045]The moieties le and Rb in the above formula (I) may independently represent optionally
substituted aliphatic groups comprising a total of from about 5 to about 24 carbon atoms. Usually, the
total number of carbon atoms in the aliphatic moieties le and Rb will be at least about 6, e.g., at least
about 7, at least about 8, at least about 9, or at least about 10, but will usually be not higher than about
18, e.g., not higher than about 16, or not higher than about 12. The aliphatic moieties may be linear,
branched or cyclic and saturated or unsaturated. Non-limiting examples thereof are linear or branched
alkyl groups and alkenyl groups, cycloalkyl and cycloalkenyl groups as well as alkylcycloalkyl and
cycloalkylalkyl groups such as, e.g., methyl, eth éﬁn-propyl, isopropyl, n-butyl, n-pentyl, n-hexyl,
n-heptyl, n-octyl, n-nonyl, ndecyl, n-undecyl, n-(l é’ml, cyclohexyl, methylcyclohexyl, and
cyclohexylmethyl, and the corresponding mong=.and diunsaturated groups. Further, these groups may
be substituted by one or more (e.g., 1, 2, 3, gf AySubstituents. Non-limiting examples of substituents

formula (1) may also form, together with the carto ' W ﬁg%i _}an optionally
unsaturated and/or optionally substituted and/ i ic ali i i ?t ficture which has

at least about 6 ring carbon atoms. Example ‘ are those of formula (la):
(R)m (1a) [0047]The value of n (thea J is not lower than.about 5, e.g., not lower than
about 6, not lower than about 7, not lower that , hot lower than about 9, or not lower than

about 10, and not higher than about 24, e.g., not higher than about 16, not higher than about 14, or not
higher than about 12, and preferably equals 8, 9(ng §11, or 12, in particular 11 (i.e., giving rise to a
cyclododecylidene structure). [0048] The cycloaliph fit moiety shown in the above formula (la) may
optionally comprise one or more (e.g., 1, 2, 3, or 4) double bonds and/or may carry one or more (e.g.,
1, 2, or 3) substituents and/or may optionally be polydyflic (e.g., bicyclic or tricyclic). If more than one
substituent is present, the substituents may be the same or different. Non-limiting examples of
substituents Wrti‘l%rﬁ’r?fay be present on the cycloaliphatic moiety are alkyl groups, e.g., optionally
substituted aklky-growRsbaviRgHomokita ababd carbon atoms (e.g., methyl or ethyl), hydroxy, amino
which optionally carries one or two alkyl groups preferably having from 1 to about 6 carbon atoms and
halogen atoms such as, e.g., F, Cl, and Br. The alkyl groups may be substituted with, for example, one
or more halogen atoms such as, e.g., F, Cl, and Br. [0049] The value of each m in the above formula
(1)/(1a) independently is O, 1, or 2. Preferably, the values of m are identical and/or are O or 1.
[0050]The moieties R in the above formula (1)/(1a) independently represent halogen (e.g., F, Cl, and
Br, preferably CI or Br), cyano, 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
to about 8 carbon atoms, unsubstituted or substituted alkoxy preferably having from 1 to about 6
carbon atoms, unsubstituted or substituted alkenyl preferably having from 3 to about 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

1a



used in the present specification and the appended claims, these terms also include the
corresponding cycloaliphatic groups such as, e.g., cyclopentyl, cyclohexyl, cyclopentenyl, and
cyclohexenyl. Also, where two alkyl and/or alkenyl groups are attached to two (preferably adjacent)
carbon atoms of an aliphatic or. aromatic ri@g, they may be combined to form an alkylene or alkenylene
group which %@%fﬂé?%?ﬁ%"élg&fﬁﬂ\ t&ihE to which this group is attached results in a preferably 5- or
6- memberedying stuciure. 1 ihe-Gase:of nepradiacenticakion Alams, dhis line ssiciremay give rise
to a bicyclic compound. [0052] The above alkyl groups R (including the alkyl groups which may be
present in thé%@@éﬁ‘éirﬁ&% |grehEr hhicharay CORy cﬁ%’ BIRHTESR BSPEnEARE YRS Bs wil

often compriggfamed do-phieufidicarbrnARMsaaithint RAriI W8I 150fc2 SasROs atarBsnNasliniting
specific examples of these groups include, methyl, ethyl, propyl, isopropyl n-buéyl, iﬁobutﬁ/l, sec-butyl,
tert-butyl, metREXRETEIHE% Y SHIBBRY S BRvSRORY RGeS Touh THoRy 48 ARTHORFHRE &R Butoxy. The
alkyl and alk@xy.er@upeEmay hetsubsdtutetsih epefaramigrent@igy FradnoB Sosubstitugniarifrmore than
one substituent is present, the gsubstit entstmda%/ﬂge thg same gr d{')f er nt.andfare Tﬂ;et(fier&%%y igentical.
Non-limiting &ifpIBEBPEHEYES Ihst SRS LG 5080 8E 3Y" B, 61 °8Rd Br.
Nan-limiting spes#icaexanples:bfttubstibtedtalioyltaddaik gxy Brebipshacing €:6E35 @F3@H2] CC13,
CC13CI13, CHCI2, CH3C1, CH2Br, CC130, CHC120, CH2C10, an 2BrO. [0053] The.,ahove
alkenyl and afREM o%ﬁ@?b%%‘%ﬁﬁ%aﬁ%%%%%p%%gl%{ngr “carb ﬁéa?l Sgngp%ﬁﬂlﬁ %a?r?%ﬁa%;a Eéﬁar%on
atoms. Non-limitigtepesaifimexamptes oftdese groumpsitud atiibrnatheityktdndiviprepeny. THe alkenyl
and alkenyloxy groups M0 SURSILIER M SNEOY BIUG (el Zull R HRIUARIY ggore than

one substituent’is present, the substituents may e same o erent and are preférably identical.

Non-limiting €xamlés diciteke substirients;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. I ryloxy
groups may b%@uwit\éf)éld%\‘/%%a%e%? r%orrréolg%.lgf 1c%m§nﬁgcc{:r ;% s%ltage%tég.) r‘%%r t af% one
substituent is qrdsstit ythersubstitrents arap S ubet s amd ordiffereticiBp-dipmpaeamplarost these
substituents include hydroxy..nitro, cyano, halggen such as, e.g., F, Cl, and Br, optionally
halogen-subs%?ﬁkt@(% g%{?y#sh%vqpn% Frlg%ofrktlooé}t)o%t 6%():arg%}ﬁ a’tc()ms, e.g., from 1 to about 4 carbon atoms
(for example [¢dithylopstlyipodiption afiyhhatoye disyisstitaterb alkdxy hawhayefroralue 13 fbout 6 carbon
atoms, e.g., fram 1 to abaqut rhon atoms {for.example th or.ethaxy) ' hich may
optionally carfi 1r"f‘etgsc))rt'xjm%br%%l yl grogu%jéaﬁlf\}(ilﬁgnfr%%?% t%vgb%ﬁt car Qghqﬁ)rggfig.gg%?gxrﬁ 1 to about
4 carbon atonpsuffiorexampk | méthyiohetiyheMoreiinitingaspasifiveaganiblds f substusrsgiifyl and
aryloxy groups,ine! | thydphenyl shigronbenyl.bremepRerLolexys Xy 1yI8xy:-
ethylphenoxy,%% tﬁ)é?gﬁ%?%gy%%%&bro%@opheno%. 0055]T¥1e above aralkyla;r%tfgiaﬁkoxy gi%ups will

[
often be -benzyﬁ@h@Mlb&W@%‘?thenethoxy groups. These groups may be substituted
(preferably onthe.ary ring.,if At AL, ONEHRIAMLHS(8:; cbnBorbrft (Y BhsbstiaRis-ifmore than

one substituetI\t IS present, the substituents may be the same or different. Non-limiting examples of
these substitupnisciraiattechypdenad ﬁftfé?é?%é‘ﬂa?@éé‘ﬁ susrEyeg. teerevfand 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 about 4 carb¢®atoms (for example, methoxy or ethoxy), and amino which may

\ ethyl). [0056]The moieties @ the above formula (1)/(1a)
independently represent hydrogek} S<CRI-CHi- 2RIC-CR ﬁ - Wherein the moieties RI
independently represent hydroge nsulgstit titutee ably unsubstituted) alkyl
having from 1 to about 3 carbgn preferred moiety-80s allyl, Further, it is preferred for the
moieties Q to be identicat* It erred for ietles Q\&@%e t fram hydrogen. Also
preferably, at least one of the moieTi€s Q is differeriiraig hydroge JNon-imiting specific
examples of the above alkyl moietid& R include methyl, ethyl, propytfanhd isopropyl. Methyl is
preferred. If one or more substituents are present on these alkyl grodps#hey may, for example, be

halogen such as, e.g., F, Cl, and Br. [0058]Non-limiting examples of the above monomers of formula
(D/(1a) include 1,1-bis(4-hydroxyphenyl)cyclododeca bis(allyl ether), 1,1-bis(4-hydroxyphenyl)-

-8 -



cyclododecane bis(methallyl ether), 1,1-bis(4-hydroxypheny1l)-cyclododecane bis(1- propenyi ether),
1,1-bis(4-hydroxyphenyl)cyclodecane bis(allyl ether). 1,1-bis(4- hydroxyphenyl)cyclodecanebi s
(methall ylether),1,1 -bis (4-hydrox ypheny1)- cyclodecane bis(1-propenyl ether),
2,2-bis(4-hydroxyphenyl)adamantane bis(allyl ether), 2,2-bis(4-hydroxyphenyl)adamantane
bis(methally1vebbei): 4,4'-bis(4- hydrox yphen yl)octahydro- 1,4:5 ,8-dimerhanonaphthal
en-2(1H)ylidene b is (allyl ether), '
4,4'-bis(4-hyﬁdﬁgb%?&wgﬁﬁﬁfrg%ﬁ%-ﬁ%&%nonaphthalen-2(1H)—ylidehe
bis(methalIylgyagrﬁq&gkjﬁ%-gw%mi}gayljpexahydro-4,7-methano-indane
~ bis(allylether)and5,5-bis(4-hydroxyphenyl)hexahydro-4,7-methanoindane bis(methallyl ether).
[0059]Furtherth®nalipifisy ekarnprassietily aber/astiohdmezeaf fornila (iita) inshersipredabor

complete C'aimmg@a@ fgfefm%%ﬁsg%e%n@@ idarpuia-thiawhersin.aldeastope of the
moieties Q represents HRIC=CRI-C112- or H2RICCRI=HC-. For example, in the case of the

1,1-bis(4-hydresrgiRaag eyeiptbab s Talu e Eite Frepciieraisintfe ahaiig EnfeRb Prodigats include
compounds offapssaadAbAReh (B W QROOPHHA4GERGEAIS2 809/ 0BRP A% (B X [0060] Fusther

non-limiting exag‘}gles of the above monomers of formula (I) include monomers which carry at least
one substitueAPEHP SRSt SRS rithtYbIBER STt &R Fosr ERgefettt. 20 fn Sirifitspecific
example of SuGBRORAEIREE: Gt Sabeiy JOMEd Iy preferably having from 3 to about &

carbon atoms, unsubstitnted 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 pfeferably having from 6 to

about 10 carbon atoms, and unsubstituted or sﬁbstituted aralkoxy preferably having
from 7 to about 12 carbon atoms; and

at least two 6‘5 the moieties Q represent —CN aﬁd the remaining moieties Q represent

hydrogen;

and any non-aromatic cyclic moietic's comprised in the above formula (IV) may

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

donble bonds. |

[0026} Inone embo;iiment 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 dimethyicyclohexane tetraphenol tetracyanate,

[0027] In another embodiment of the first mixture, the mixture may further comprise one or
more substances which are se:lected from polymerization catalysts, co-curing agents, flame
retardants, synergists for flame refardants, solvents, filiers, adhesion promoters, wetting
aids, dispersing aids, surface modifiers, thermoplastic polymers, and mold reiease agents.
[0028] The present disclosure also provides a second mixture which comprises at least one
ethylenically unsaturated monomer of the above formula (D/(1a) and/or a prepolymer
thereof and one or more substances which are selected from polvmerization catalysts, co-
curing agents, flarne retardants, sync_rgists for flame retardants, solvents, fillers, adhesion
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H3C (C) [0061] The monomers of formula (I)/(1a) may prepared by methods which are well known to
those of skill in the art. For example, these monomers may be prepared by etherification of a bisphenol
of formula (V): (R)m (V) wherein m, R, Rb and R have the meanings set forth above with respect to
formula (1) with a compound whjch comprises a group HR1C=CRI-CH2- or H2R1C-CRI=HC-. [0062]
The bisphencmre%%uwmgca%eﬂﬁmgoﬁlﬁagr BRI S B R 7 SRBH S RERBIS it ketones
using methodgnelidnwniadhe e Examplesief hesadnatbads asedascripegina 219 fHeSePatent
No. 4,438,241 and DE 3345945, the entire disclosures whereof are incorporated by reference herein.
Generally sp@RKIRG HIB K SIOHHS 8 SALIRT RSB VRI SN A aarlaasirblseiio i thiEtYélence of
an acid catal;ggg,ymgi[pi%’g@@m@@@@&&@:ﬁém@uﬁ@f&ﬁg@g@l@m@_ such as HC1 or H2S04,
arylsulfonates, oxalic acid, formic acid, or acetic acid. A cocatalyst such as, e.g., a mercaptan may be
added. Rathejotizan] king dsoliftieaeid, datalyspritvidedlsontammantoisise @ ked ofsubonated
crosslinked polyelieRgReeaR N UHING e ramBIe oL L URRIG KelpE AR MAldplsdpclude
cycloallphatlcaﬁetones such as, e.g., cyclohexanone, 2-bromocyclohexanone, 2-
chlorocyclohekan o ypraHgn cor e aORE BEmi. cfBnshesarignis,4synergists for flame
methylcyclohexanane, 2:saRFPYiTyel 0 heranaANe:anis AR O R E)E| ehexaneRe stidSeREoRVIeHE
ohexanone,z-n-%%tglcy Ioheanone, -n-bu%&@lﬁpe anone,4-n- '
butylcyclohexXBRBAE™S-LEEBRBHLS BoHERENOHE 5-SE- Bl ibhexanone, 4-sec-
* butylcyclohexi@#id¥ie, Zis ostpicyistdterarions @Asoibutyicypiehex smorbe;dmprises at least one
isobutylcyclohexanane, 2-t-butylcyclohexanone, 3-t-butylcycl ohexan.one,4-t- butylcyclohexanane,
2.6.cimethylo CRBRAO R S A S BTy e SRR L AT Sy, ORI =
2,4-di(t-butyl)-eyclokexanane sE;5tditehuidibyoioheiatronbpd: phiyipdrtatimthdtyeicherarmong, 3
,3,5-trimethylcyclohexanone,, 3 p- tetra ex 2. 4,6-tri(t-butyl)cyclohexanone,
4-cyc|ope‘ntyl%@éﬁeﬁ%&%ﬁ%&loﬂe’ni%r({:lfglo %%r%geng?%%% oh%?%%?%’m%e%%%bﬁ?g%é%iﬁ%ne,
2-cyclohexenadiesdreymiohecenonetbprome- Xspehshexetidne  sériiaforoditieiohdxemopbstic
2-methy1-2- cyclohexe l-2-cyclohexenone, 4-isopropyl-2-cyclohexenone, 4-isobuty1-2-
cyclohexenon gﬁ?%ﬁty%;%@%o Iecétz!;}én%‘ri%\é,gisophorone, 2-methyl-3-cyclohexenone, 6-
methy1-3-cyclphasie noneleisapiopyl-8:dycfdieien sxrendaigbbirtyiguesciotiexe nome,

4'thty1'3'CyCé8pl%§§1Q %%%QS%QQEHMMAG%% lahexs RN S Alohe K adzed (e.g., prepolymerized

or B-stagéd) or completely polymerized and the present invention also provides a product

which comprises such ‘2 partially or completely polymenzed (preferably substantially
completely polymerized) mixture. For example, the product or part thereof may be an
electrical laminate, an IC (integrated circuit) substrate, a casting, a coating, a die-attach and

mold compound formulation, a composite, and an adhesive.

[0030a] In 2 sixth aspect, there is provided a product which comprises a polymerized mixture
as defined above,

[0031] The present disclosure also provides a process for preparing a mixture of

ethylenically unsaturated monomers, which mixture may, for example, comprisé one or
more of the ethylenica}ly unsaturated monomers of the above formmula (II). The process
comprises the condensation of 2 dialdehyde of a cycloalkane having from about 5 to about
24 ring carbon atoms with a hydroxyaromatic (e.g., phenolic) compound at a ratic of
aromatic hydroxy g;;oups to aldshyde g,rou?s which affords 2 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 mot higher than about 1.3. The mixture of polyphenclic
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cyclohexenone, 4-cyclohexy1-3-cyclohexenone, 4-cyclopentyl-2-cyclohexenone, 4-
cyclohexyl-6-methy1-2-cyclohexenone, cyclododecanone, cyclodecanone, norbornanone,
norbomenone, 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-trimethy1-4- nonanone, 2-decanone,
3-decanone c3minsinaanane ifiibdecbiens, 2-metiiHGunier ananmn2: odetahomec@miintéganone
and 4-dodecanone. on-Iimitiggﬁﬁ(yegF%mﬁles of suitable phenol gart%eq materials include phenal,
o-cresol, in-GFEuGT SR8 BE518S PhEROI bBrOmopRandT. 2-ethylpRenol. 2-0ctyPRenol - |
2-nonylphengirifax figi Q=R b0 1-6- mathylpERIC2AR = a-thethylpnenolth?, 4ndigtisati)phenol

- 2-t-butylphenol, 2-sec- butylphenal, 2-n-butylphenol, 2-cyclohexylphenol, 4scyclohexylphen
2-cyclohexyf9§l??ﬁlé$ﬁ§ﬁlﬁ’hlééég ,S%rg(élé'c%é?&r%,gér? p- (gauc%g%ﬁeﬁoﬂ%gil% |séwée1ﬁ5>lg1h§vv\1/%“’in tzggﬁ%that this

condensationtghe histtyosamgive a mixture of products such as o-alkylation of the phenol, oligomers
derived from multiple alkylation of the phenol by the ketone, and acid-catalyzed rearrangement
products. ThE¥E it plivifes¥aiiteitivihe iR oveRI Vs i BessratdrariReaRes StarIHgedterial for
the cyanationtrgashiany Insamnekdoatcthaseampitias aavd)evaenaficiat ipribatthepyjonmer the
melting point of éhesifinal g}ﬁg@te(g Ry Q%C&J?ljﬂs %aéla‘r/nak%it e j[erzt%) repare to ftormula the cyanate
by making it frore SofuBle an P’egucmg the enaé‘ency]fldgcryc/’gfa izeThée %r%aée?\xlcg oftne’o iaomers
tends to incréadethuraivtosiopppne dyariie driptheieforérdsyforenpidted phodaersuhighén be a
beneficial or hanmfi pmaﬁ%@s?%ﬁgmm&%ﬁ%mp@%@m&fmg&#'miawample, the
allylation of a hisphenol of formula (V) may be accomplished via a transcarbonation reaction using, for
example, allyHETHE & BoHATe S oRREAnISHBATES G CRMY OB EME aRdifhide, a
methallyl halidenaietheotikeripibenalicatkalineageniand sptionaitatalyst sdcbmasiaipRasekansfer
catalyst. Allyl methyl cag{po is Hsually prepared from the reaction of allyl a%c H,ol and dimethyl
- carbonate to g(?\%g Q mixture n(%%gllél %%%ﬁeggrb‘gaﬁngteem ar{% d%ﬂiﬁ%ﬁr%goné %?E%% ﬁ% e crude r}tnixture and
the pure allyl mméagncanbonbiitean Beubsttriad el ditylatdyadantiazabet @emslyl halides such as allyl
chloride, allyljgromide sheesabiriaioritienrpaihalyiteramider mad ihadiker IRG6RLARISIg Eskpagess
uses a transcarbon tionfgﬁ?%tign wherein a Igl n]eth‘tyl carbonate isl stoi hiorg(etrically reacted with a
bisphenol of FBFMITR AA &I BFSIED L BEE S &hyAotaP Sty fatidn B HrY %Pdiio \#'Jr8UB2%F the bisphenol
to provide the corresponding allylether (allyloxy) groups. In the direct allylation reaction, an ally' 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 0- and C-allylated products. [00661 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 employed. Reaction
temperatures of from about 25 to about 150C are operable with temperatures of from about 50 to
about 100C being preferred. [0067] 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. [0068]The
reaction of a 1 to 1 mole ratio of allyl halide with the hydroxy groups of the bisphenol of formula (V) will
provide an allylated bisphenol wherein the major amount (about 80 or more percent) of the hydroxy
groups of the bisphenol (V) will have been converted to -0-CH2-CH=CH2 groups. A minor amount
(about 20 percent or less) of the allyl groups will have undergone thermally induced Claisen
rearrangement and will thus be present on the aromatic ring ortho and/or para to the hydroxy groups
from which the rearrangement occurred. The reaction of less than a 1 to 1 mole ratio of allyl methyl
carbonate in the transcarbonation reaction or of allyl halide in the direct allylation reaction with the
hydroxy groups of the bisphenol will provide partial allylation of the bisphenol with some free hydroxy
groups remaining. Although these partially allylated bisphenol compositions are less preferred, they
are still useful as compositions of the present invention. [0069]The present invention also provides
ethylenically unsaturated monomers of formula (11): (R)m
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(1) [0070] In the above formula (I1), p is 0 or an integer of from 1 to about 19, e.g., up to about 14, up
to about 12, or up to about 8 such as, e.g., 1, 2, 3,4, 5, 6, and 7, with 1, 2, or 3 being preferred and 1
being particularly preferred. [0071]The cycloaliphatic moiety shown in the above formula (1) may
comprise one or more (e.g., 1, 2, 3. or 4) double bonds and/or may carry one or more (e.g., 1, 2, or 3)
substituents (&ithcughleaet epersdliphatic moiety will usually not comprise any double bonds and/or
substituents). [l(; r%%&wg%&%e%{ﬁe%%gg&t tﬁ@%ﬁc@@:ﬁﬂ&% aiy e thgbsatrg(? o%dlfferent
Non-limiting examples of substituents which may be presént on t oafp'na IC moiety are alkyl
groups, e.g., ditiongllyashirstiteiesd @ikykgrpinshadying &aing teshbo wt@reashd iratemsans, methyl or
ethyl), hydrox%,ar mlnqtorgtlonally carrying one or two alkyl groups having from 1 to about 6 carbon
atoms, and halogen atoms such as, e.g., F, Cl, and Br. The alkyl groups may be substituted with, e.g.,
one or more hmmnmwm@mmm@ {He, dﬁlﬁdndiﬁnabﬂélﬁﬁﬂﬂihea\@ldemimOmbmm}@heve

formula (Il) in Pref the s of m are ident Jor are O or 1.
[0073]The mo t%s yﬂ(}aﬁovedformu 513 ﬁ%{% ?Ydée 34% ritﬁ'?gf} Sféﬁ?ehg\ x(agdﬁ e 0P Br,
preferably Cl Gthii}:dcga}mpmitm doygironeyd amlmmpm«a@lﬂmmﬂrrylng one or two alkyl groups preferably
having from 1 arb n ato u tltute ubstityted.alk fera aving from 1 to
about 6 carbo a??ﬁlfn ﬁnsanlgstl Ooarms“tﬁj Otlt%ltela cyc b ﬁf/]? O%Fecilaﬁ)?%ﬁgv%n rgoe\r{‘n?g\bout 5 to about

. 8 carbon atompufmiaﬁstﬁhtegkﬁmsmsmmﬁoalk@mptefeﬁ&bgtd@\gm feemmnt {0 aboutfiéadyd atoms, -
unsubstituted §( kﬁ/n efe#%b haV|n from 3 to tlgut 6,Cc rbon atoms, unsubstituted or
substituted alksmyl %,égf’ér ?1( @#‘i m3 104 5'8{%383? ﬁﬁétlﬁft‘&?w]substltuted
aryl preferablyfhes@ng from:é ie-abeuinlencatbanatprsidnsubstinded @fr SRS afalsyl-pegferably
having from 7 to about 12 ca bon atpoms, sgbs ituted or substituted arylo referab having from 6

to about 10 caPSIRBRS A Ty st HIRAES SR4IESH IhéiRadFoRiBPES about

12 carbon atorm@e&)@iﬂ] eime@beﬂetﬁéledfgr@masaélB@H%H%tﬁﬁt@ﬂsyﬁ&se&%ew@@ Rashedrrgent in
the above amlnolg L;{\IhICh n}at)écar onedgr t\é/)gral x)['mﬁroups nd alkoxy roups v will often

]l-' COny Crze, T o
comprise from 1 fo a on atoms and in particutar Earon ome Mo IImmltlng specific

examples of thB¥éaolipsinéigaed, ﬁﬁé%ﬁsyl,t@f?yepp@@g}ﬁeecﬂorewnrﬁ bﬁt?ﬂ%l}’é@tmﬂw seaubutpt

tert-butyl, metmg;,ymggppwmmr@@@@gﬁﬂgsgp{p@@pyo&ggg@gﬁﬂg@%%y sec-butoxy, and tert-butoxy. The
alkyl and alkox iﬁ _(}'1} ps m é ubstlt r%(xj with one or éﬁor 3) substituents. If more than
e St

one substituen eseft. LTS A TP ?sta?ﬁ%ﬁ ﬁ%fﬁa”é?r@a‘n@fg?hb’l@?ﬂentlcal
Non-limiting ex@mplgsaf prsegsuﬁtﬁtlmwmm@ebgeeﬁﬁem%% fo8uth ClafDe B
Non-limiting examples of substituted alkyl and alkox groups include CF3, CF3CH2, CC13, CC13CH?2,
CHCI2, CH2C EYERESEITRSTSY e eoBl PEHOSE PSR RO 2{0rrAb P Sisote dicapiaHH
alkenyloxy grogps-willsatiemeandprise 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 grol¥S#halthe Substitgtdchivithiagereodthmprec(e dsclbsi2e onlB)siupstithentse h‘em@;seothaaat one
substituent is prageRt, 4he sHbstitigRis.MaY he, t@elﬁaﬂaedggcﬁgfﬁﬁem ﬁﬁg 95%%?!8 %@%ﬂr
Non-limiting exglmpleleeo{hh%se substlt nts nc e halogen atoms such as, e.g., and B 6076]
The above aryl'and aryloxy SroanEs ﬁé?? gg&pjﬁ’i’ dAYFRY Bhenoxy groups. The aryI and aryloxy
groups may be'lwb@wmadwﬂ;hpm@@s rander(gindd petisullrr misubstiuents Wmeredhaneee
substituent i |s (51 §g&stltuents may be the same or different. Non-limiting examples of these
substituents i |n de ydroxy, 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) otlonaII halogen-substituted alkoxy havmg from 1 to about 6 carbon
atoms, e.g., from 1 to abou RIS RIS TN o] He PRESEN BIMEN BiNamino which may
optionally carnf®i®lor ni&}rbalkyhgmwmwdmg n‘a:fnnﬁcﬁotatnoudnﬁ;mambﬂ:ai@ﬁ}merg irienied the about
4 carbon atom I 0 n limitin specific examples o substituted aryl and
aryloxy groupsélé %%%I%gﬁﬁgg%ﬁyﬁgﬁny c Ior(r)ﬁpr%en %ro%opénenyll o?;?fpoxy %@Rﬂ% X
ethylphenoxy, éﬁ@@p@@whaﬁmmpﬁmmqﬂewnhe above aralkyl and aralkoxy groups will

often be benzyl, phenethyl,
[0D40] AS used herein, the singular forms “2,” “an,” and “the” include the plural reference

L & A b

unless the context cleariy dictates otherwise.
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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‘{,rg)a%/()g)g(?ﬁgr%tlsame or different. Non-limiting examples of thesgéﬂ%g@ﬁg}% clude
11446 :

hydroxy, nitro, cyano, halogen such as, e.g., F, Cl, and Br, optionally halogen-substituted alkyl having

from 1 to abgygly;carbop, oM, .G JiRRALO ARAMLAICAIRORABIMS (O5EeXamPIRaRRIEYAr ethyl),

optionally halogen-substituted alkoxy having from 1 to about 6 carbon atoms, e.g., from 1 to about 4
carbon atoM%%ﬁS?%ﬁéﬁﬁ?@'}%éﬂ?SﬂPB%@fﬁgW)foéﬁ]i‘d%%iﬁb%ﬁ&ﬁcfﬁéﬁﬁﬁtﬁﬁaﬁlﬁiﬁﬁrﬂﬁ&ﬂé’%r more
alkyl groupshavingdaom e Abpiideaarban aiemites By eMelnto ahaut datengtonsiéior
example, methyl or ethyl). [0078] The moieties % in the above fo mulghélég jnde ender%lléltreﬁ)resent
hydrogen, HEHSZER'P. &85 6P Y11 {ERERL HE Gt dEpSRdBRYTepraLeht
hydrogen oragnsufestiteded grsubstitupech (refesablyhansubstitute d)ielkydinavimgpfroe 1doiabut 3
carbon atoms. A preferred moiety Q is allyl. Also, it is preferred fqr tf iet] t identical
and/or to befdif&rent ?Pgﬁ?l ?d?ggoﬁélgﬁéa%@péﬁggs ngﬁ%{lg tr?ét tﬁ%ig%%sfg%é%?ﬁeggn@%m
hydrogen. Evenidoré preferfedipatidcasitivhe oprideast thride deoidtieo Qe diéréntifeoerpydrogen.
[0079]Non ligitia SpeRfeRxAMRIasl Meakave AlivhmaiRlEALIEdmMAtYL fifiepippy! and
isopropyl. Methyl is preferred. If one or more substituents are present in these alkyl groups they may,
for example sisaifigiog igisuen gsdisagy PuElingRPBETOUB0]Non-limiting examples of the above
monomers of formula (I1) include dimethylcyclohexane tetraphenol tetra( all letherc) .
dimethylcyclkf8%hne t&?&ﬁﬁé‘ﬁﬁ’téﬂ%(‘fﬁ%fﬁ%ﬂ?1°£tﬂ}§?}?‘dﬁqfe]t?f§ﬁ8§/c‘f‘8 Rane’ téPFab?ﬁcé’ﬁlel 1
tetra(1-propesytiathear)icdimeatiayeysiaeciand teirapiahobietatalyteihey;dimdiyleygootiane
tetraphenol tetra(methallyl ether), dimethylcyclooctane tetraphenol tetra(1-prepenyl ether), partial or
complete CI&EEN r%;lfr%r%ra&gn § gn?%?}o%{ﬂ%?tgj di%%‘%hy CQ%I%%E%“&@ %%tlrxgzp %‘%of’%éct’ﬂf&#ﬁlﬁét ier), and
monomers vildictbday. atdeast other substitnentgenvathiedkt ongaromatic ring to block a Claisen
rearrangement. [0081] The monomers of the above formula (II) may be prepared, for example, by a
process whit®0ddnprisBestirertevidensheisn beiaiciteRydwdt &icsk nififlgfey dBRREevhich

comprises frgm.aboid Qa2 ECATRRAAIATIS T)M@Beﬁt@ﬁ%%ﬁ@%@li@%ﬁ’@f@&@&m@m (e.g.,
a

phenolic) compound (such as, e.g., phenol) at a ratio of aromatic hydroxy groups to aldehyde groups
which afford&d At JTRBIJHREABAE BohsHsR LW B adts FEI‘IV"?I%IVWW}“ JFesTHigRer than
about 2, e.g 4daietipighesrtharpakaplel MmdEdmothigheas iban abdutplerancoptiandtyisubgating the
resultant mixture of polyphenolic compounds to an etherification reaction to partially or completely
convert the Weﬁﬁﬂ%%dﬁ%d\?vﬁ?c%%é eﬁ?ggglﬁ? T”rI% ﬁw%%r%&t }r%;ffﬁiénevt%nélroar%)nug}sof)ef #C%(F%{u%an &
HR1C=CRI-a¢d2s@rarfdfotk 12RIGrERIE HEGiOstynkdenginfthbempisties ievindeperibentbyaapresent
hydrogen or unsubstituted or substituted, alk ing. fr . t is,process
affords the mr%a}]kci)r%ﬁear‘psp gfc%r?r%lﬁgb(‘ilf%ﬁ% %)ﬁlﬁg 3\(/v[|j]t%“t ot e%ﬁ%r%ﬁ%%g gfp g?él é%gltggj%c]tﬁﬂet%ﬁt with
higher and lowerhneteedadwengetsdhigher or lower degree of condensation). [0082]The cycloaliphatic
dialdehydes which are starting materials for the above process may be prepared by methods which
are well knoWW#lthosé orekiPithirboar. é‘fi\Hé’:)?‘a’ft%ﬁ@ﬁﬂﬁﬂn@%‘ﬁé?ﬁpf&feéyﬂf%e 8l Ynd/or
1,4)-dicarboxaigiehydeicankRenprodacedn 19 (Ihy hydroformylation of a cyclohexene carboxaldehyde,
which in turn can be prepared by a Diels-Alder reaction of a conjugated diene such as, e.g., butadiene,
piperylene, isoprene and chloroprene with an dgtippally substituted alpha,beta-unsaturated aldehyde
such as, e.g., acrolein, methacrolein, crotona} thyde or cinnamaldehyde as the dienophile. In this
regard, U.S. Patent No. 6,252,121 and Japangs tent application JP 2002-212109, the entire
disclosures whereof are incorporéféﬁ“bﬁre'f&ﬁgn(;%rein, maRa‘or example, be referred to. These (in
no way limiting) reactions may be schematicéllfﬁl‘féﬁre?’e g as follows: WO 2009/114466
PCT/US2009/036522 ,f;f"wﬁ‘;ﬁ - M"RQ

a—0o—~<(_ 5/

£

(R}
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R1, R2 = H (1,3-butadiene) R3, R4 = H (acrolein) R1 = H, R2 = CH3 (pipeiyline) R3=CH3, R4 =H
- (crotonaldehyde) R1 = C113, R2 = H (isoprene) R3 = phenyl, R4 = H (cinnamaldehyde) R3 =H, R4 =

CH3 (methagralein), . . PCT/US2009/036522

(D

[0045] The moieties R* and R® in the above formula (I) may 'independently
represent optionally substituted aliphatic groups comprising a total of from about 5 to
about 24 carbon atoms. Usually, the total number of carbon atoms in the aliphatic
moieties R* and R” will be at least about 6, e.g., at least about 7, at least about §, at
least about 9, or at least about 10, but will usually be not higher than about 18, e.g.,
not higher than about 16, or not higher than about 12. The aliphatic moieties may be
linear, branched or cyclic and saturated or unsaturated. Non-limiting examples thereof
are linear or branched alkyl groups and alkenyl groups, cycloalkyl and cycloalkenyl
groups as well as alkyleycloalkyl and cycloalkylalkyl groups such as, e.g., methyl,
ethyl, n-propyl, isopropyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-
decyl, n-undecyl, n-dodecyl, cyclohexyl, methylcyclohexyl, and cyclohexylmethyl,
and the corresponding mono- and divnsaturated groups. Further, these groups may be
substituted by one or more {(e.g., 1, 2, 3, or 4) substituents. Non-limiting examples of
substituents are F, CI and Br, as well as aromatic groups {such as, e.g., phenyl). Also,
often one of the moieties R* and R‘b will represent methyl or ethyl, in particular,
methyl,

[0046] The moieties R® and R® in the above formula (I) may also form, together
with the carbon atom to which they are bonded, an optionally unsaturated and/or
optionally substituted and/or optionally polycyclic aliphatic ring structure which has
at least about 6 ring carbon atoms. Exampies of corresponding compounds are those

of formula {Ia):

B
Q..........
¢ (CHa
Q_Hg %/ N
R
(Ia)

[0047] The value of n in the above formula (Ia} is not lower than about 5, e.g., not
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Diels Alder Reaction Hydrof ormylation R2 [0083] By using cyclic dienes such as, e.g.,
cyclopentadiene, cyclohexadiene or furan as conjugated diene in the Diels-Alder reaction, bicyclic

unsaturatedgyg%gsgﬁrgay be obtained, as illustrated in the following Scp%z(}%gﬂsﬁszz

2009/11446 9/036522 1, Diels Alder Reaction

Iower than about 6, not lower than about 7, not lower than about 8, not lower than
about 9, or not lower than about 10, and not higher than about 24, e.g., not higher
than about 16, not higher than about 14, or not higher than about 12, and preferably
equals 8, 9, 10, 11, or 12, in particular 11 (i.e., giving rise to a cyclododecylidene
structure).

[0048] The cycloaliphatic moiety shown in the above formula (Ia) may optionally
comprise one or more (e.g., 1, 2, 3, or 4) double bonds and/or may carry one or more
(e.g., 1, 2, or 3) substituents and/or may optionally be polycyclic (e.g., bicyclic or
tricyclic). If more than one substituent is present, the substituents may be the same or
different. Non-limiting examples of substituents which may be present on the
cycloaliphatic moiety are alkyl groups, e.g., optionally substituted alkyl groups
having from 1 to about 6 carbon atoms (e.g., methyl or ethyl), hydroxy, amino which
optionally carries one or two alkyl groups preferably having from 1 to about 6 carbon
atoms and halogen atoms such as, e.g., F, Cl, and Br. The alkyl groups may be
substituted with, for example, one or more halogen atoms such as, e.g., F, Cl, and Br,

[0049] The value of each m in the above formula (I)/(Ja) independently is 0. 1, or 2.
Preferably, the values of m are identical and/or are 0 or 1,

[0050] = The moieties R in the above formula (I)/(Ia} independently represent
halogen (e.g., F, CI, and Br, preferably Cl or Br), cyano, 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 3
to about 8 carbon atoms, unsubstituted or substituted alkoxy preferably having from 1
to about 6 carbon atoms, unsubstituted or substituted alkenyl preferably having from
3 to about 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 substitated
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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[0084] Cycloaliphatic dicarboxaldehydes may also be prepared by hydroformylation of cyclic diolefins
such as, e.g., cyclooctadiene, as described in, for example U.S. Patent No. 5,138;101 and DE 198 14

913, or by ozanolysis of bicyclic olefins such as norbomene to produce c lp %%?ﬁ
dicarboxaldéﬁ@ééﬁé%&%g., Perry, J. Org. Chem, 42, 829-833, 1959). T ge/ﬁgre isgfézéures of these

three documents aie dpSRIRRY AISE BTG IRNGR NETEiRu{R08R)] QE,CQ‘%Q%@%%E?%O haigneigalkane
u

dicarboxaldehyde (or a mixture of cycloalkane dicarboxaldehydes) wit nsubstituted) phenol

.g.
affords a miKHGHERSPEBITh Kby CoRsFEHRIMINcVESHRpiTER i éfﬁgﬂ%aﬁg?ﬂé’ér%‘&’éﬁé‘ﬁ?de
tetraphenol lepgit compprandanrith&hisherdlanddoawansdegiae.nprondensatiamithenyocess

renders it possible to produce, very low polydispersity products with a high average functionality. For
example, wWHBH U8 b SRIRBYS e Aitd B SHarlEREE 8?18‘%3%8?’85%?3%“ E‘%f%ﬁ%ﬁé%%l Ucts having
a weight averagexrbole aubaisveighh {dMwhaf ahoyt 93atantal neiber averageandlbcdaroweight (Mn) of
about 730 and/oy an average of about § hydroxy.groups. per molecule can routinely be produced. The
orocess usel BRI FEhtn MR S A meRr PSR L SRR
number of atdehyde groupsa(bigycabowtitiddnd.keep oligomerization low. The excess hydroxyaromatic
compound en removed, for example. by distillation..[0086]By w f non-limitin ample,
the allylatiort 0 ﬁycﬁ%ﬁaﬁé’%@?ﬁ@%ﬂ%ﬁ’%c ngis‘fdel? %%flc Eo]%g)gé%]lléaéig]arc%x%@’e ei/(ljjgzt%tgrga(phenoI
(and relatediph@nociicosemptunds wixich vy beyprasentincacimixtara kiyérexvithy eyt békascomplished
via a ranscarbnRiem SacH R s oo eemple.al Melhy sahondle o meiagtallighon reaction
using, for example, an ally] halide, a methallyl halide, and the like plus an alkaline agent and an
optional cat&RBosurieas. ANpRASaaasTReCHERAMRIN Aeiccaidtittateciy tauBfihptep@dd from the
reaction of gl alcoleland dimsthyl catenateste afferd a-mixture falivkmeaiind.carbrnateyand diallyl

carbonate. Both the crude mixture and the pure all%ll methyl carbonate can be used as the allylating
agent as welF & SNYF haldd SHeh sSRPBIRT ChisHdE A BRdntfik ISt alNICARSHEE  Matk&HYi bromide,
and the like.dRA${ Ity prefeuedinrecesaisas artranscarlonatinnreaciiomniuhersifatyrmatyl
carbonate is stoichiometrically r(.aactedt ith c¥.(%loalkane tegaptgenol and prg%g%sﬁ ane %%Qtially total
allylation of & RV %Y Grotin®'SF R cyglosa THERREDAENST 6 provide the dorresponding allylether
(allyloxy) groupiribithe dineickbllWatiafmaacgtion an@hy| dalilesmaytbée stoichiomletticdlhaeacted with
the hydroxy groups, of the gyclogligne £ tﬁép&%ﬂ%r!ﬁﬁﬁg%ﬁ%%?&%%&éﬁ@ SPB%%H&&{%'@HG
amounts of Claisen rearrangement product may be obsg&rved in this reaction, resulting in mixtures of 0-

and C-allylatex prguctf0088iAcitsc (Al 41156 Feactibhs o the cYtloAlké e tetrephefdivith an allyl
halide such ag-allyi @Ipi@ﬁig@, @ﬁéd@f, %gr@ﬁgg{:@'conducted in the presence of an alkaline agent such
r

as an aqueous solution of an alkali metal hydroxide (e.g., NaOH). If desired, inert solvents such as,
e.g., |,4-dioxXdW&dnd phaséararsfenchrigstbsurivas sy bemyfiiicaamiieniueh handedior

tetraa'kylamm&aw%Haﬂ@%%ﬁwaﬁ emplayst [RERCURR {empeiAUES A drarmabau 2b taabout 150C
are operable with temperatures of from about 500 to about 100C being preferred. [0089] Reaction

times of fron$8¥BEtAS HHirlutEs R HBbu S HopAvPaRy bdratsik Aith FBAGIBITHIEY SFFHEh BBBut 2
hours to abosyt Gfauks deingdrefesred. mbe reagtion, of adk te)lsmalefalie ofalybhalidewdti: the
hydroxy groups of the cycloalkane tetraphenol will provide an allylated cycloalkane tet?iptﬁnol
wherein the HATSIFSHRbGAREIEBLED BPHBPE & RRERS DR SRR GToUH&H the REHHIhehol will
have been calvertiald }on Qi ltih 2 -€kinEle? frdieps. sAbminomasmievhid(abdol 20 gencentdr Bss) of the
allyl groups \évill hlgv&unggli%pne a thermally induced Claisen rearrangement and will thus be present
on the aromatigt"rlﬁg orfho and/or para to the hydroxy groups from which the rearrangement occurred.
The reactionf0§dd$s thas Haviodkyhehd watitoof altphimet iyl cieldraphdnythentt ahsoarhopatipn. reaction
or of allyl haljde in the djrect allylation reactiqgn with the hydro roups.of the tetrapheno), will provide a
partial aIIyIatlltglr? gﬁgél ét?ﬁ%‘ﬁé{%o&%@&%ﬁq@ﬁtﬁugcsﬁr%gt rxeéN B%/}’ ro(;'q? %%%%B%é%ﬁa?hi%’ggﬁ%fh%ugh these
partially allylatevikstitoatikaht tetraghencihcormpesitionsiareresstptbfe sdgtitneytarastiibagstul in
compositiong gl the B{Pf%?&{t!W@ﬂliﬂﬁitmg%%%&r%ﬁﬂég@\éﬁ@%@é&@l&%&ﬂm@qﬁ,@@;{g}%ﬁ%—@;e-, homo-

and copolymers) and prepolymers (B-staged forms) of the ethylenically unsaturated monomers of
formulae (I)/eanend@iyss foreh abovediniudihg 48 BiritisapaEtd #rgebHu et tr I Hdky!
homopolymeys,{ Lepelymers Afdhednansrmessafthe abgveformulasdhl/ @ axang (Abmay fe prepared
by heating with or without a free-radical forming catalyst and/or accelerator in the presence or absence
of a solvent (preferably in the absence of a solvent) . Temperatures of from about 120C to about 350C
are typically employed in the homopolymerization with temperatures of from about 150C to about
250C being preferred. [0092]Suitable free radical forming catalysts 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 organic
peroxides and hydroperoxides as well as azo and diazo compounds. Preferred examples of free
radical forming catalysts include butyl peroxybenzoate, dicumyl peroxide, di-t-butylperoxide, mixtures

thereof, and the like. The free radical forming catalysts may be employed, for example, at
concantratinne oof from abhoirit 0O ON1 to ahoirit 2 nercent by weiadht haced nn the total weiaht of the



[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 anw%#imiﬂq%examples thereof include the metal salts of org@@f@gg@“ﬁgggrred
acc

examples o elerators include cobalt naphthenate and cobalt octoate. The accelerators may be

employed, for exaple. &t SQRCEmy At oh fiamakuh 0004 1aBboutk 65 patsentdyrvaight, based

on the total weight of the monomers and/or prepolymers present. [0094] Partial homopolymerization

(oligomerizaRHtch BRERRIAHRERZRi8N BB ARt RIS ARt eiers B s GRS IRIES Y1)/ (1a) and

(1) of the pregeRtinvaation: Rayienaiiagtest fanexampieshy dishing damer pebipeHaationtemperatures
and/or shorter polymerization reaction times than those in{?ica%e%g above. 'Il'he curing of th&1 |
prepolymerize8 ARSHOMERPATRY B Biéc ’rﬁB’Iztéa U TR SR E SN oG
prepolymerizatiahyt0. coimpise: anginglectiicing sigple I hef prdgtéssedf§ trel (hodh@)pblwnerization can
conveniently be followed by viscometry, and/or infra-red spectrophotomertri SIS an gel
permeation){c Cr%ﬁ%été%ﬁﬂp%@%ﬁa?ysys%ﬁgé]'Fhlemeotﬁf?/‘fgﬁflc’aﬁg/our'? at%ﬁr1 t’eé%r%ﬁ;%%rhz S %ﬂfé%é present
invention mayhplbapolynvdicegp et varieby afiophensmonomers and/or prepolymers. In
con-espondi polymerizable mixtures one or.more monome formul a) [) and/or
prepolymerﬁ%er of m@]ﬁ Fogroggaarﬁ%fé: b%nprglsaglﬁ%zl{ﬁ Amounts 0 f%%%arggugtleg %% tgﬂagt%a&[)g‘s % by
weight, e.g. brormlabputighes ttakp m@@%wm@gmpmm@lmmgt% lﬁiﬁfafﬁé@bWSO%tby weight,
pased on he{gtahvelent afi G aelymerizaBle companants. 103G Npslmting examelemal

monomers and/or prepolymers which may be copolymerized with the monomers of formula (1)/(1a)
and/or prepdiyfrieves tiarabi aPEASHivithetRBDRIB RO S TS (R AR SR pOIARER! tgre of

include allyl monareetss andiospsapabimens thesenfsoreciierancyaen- limiing exemples. of, the allyl
monomers and prepolymers thereof include allyl-s-triazines, allyl ethers, allyl eﬂ;ters, diet}:@/Iene glycol
y

bis(allylcarbbhafdys, BilyPRHERIS, gﬁ@%ﬁfbéb%meéoﬁltﬁ?ﬂiﬁ’ﬁ‘ﬁﬁﬁl FABHom&Ps BNd pPe SIS ers
thereof. Thesemadeoiheratly] manemerscandioapiapofymetsmhichrnaylbe edpalymeizediwith the

monomers qf the present invention are described, for example, in the Encyclopedia.of Polymer
Science angh"fgg)&%bﬁ% ft\l}t(?l%rﬁﬁe“l}fypaagsl? & 50? (%%%) %t%ﬁ%ﬂ%c? %ﬂjbﬁﬁmﬁ%yﬁn aorlld{QSons, Inc.,
the entire disblosure ofrivhichtisrexpfessiyaimpdeporatedxyy vefertboce) hersinaPrefemrbd-hllylanonomers
and/or prepalymers thereof for use jn the i en.J e;tiallyl ispqyaniyate ,
2,4,6-tris(all)(;l i?/ﬁlﬁzlyriggﬁ%,oﬁ%xgﬁa@#née gﬁrﬁﬁ%ﬁl&rﬁﬁa aIIyH] ﬁ#ﬁtk}yg}melam%/e, trimetzrl}t}(/jl%lliropane
diallyl ether,c1e2. SrometHaliylony propane aedialipbiseRene] m?%&%@#ﬁdﬁyldjpentaerythritol, diallyl
phihalate, cigjid dsopnthalate, disthylens, oleolisalliearhanaiahand bl dihepyi.phosphate. The

allyl monomers and/or prepolymers may be u§ed eitlher individually or in any combination thereof.
[0097] FurthbrdreacimiiRgetafpiad:olmbrBrhefRantfer pregoyihe@rien fndytsecaspdymerized

with the mongmers,of {he AesehinventiandnG udsBIamalis:dizand RRleYARAIESaRsMAtE:dI- and
polycyanamides, di- and polymaleimides, blsvtgg%lﬂ?enzyl ethers of bisphenol A or tetrabromobisphenol

A, diproparg}PatHele HaisprarRaneBItetABE OIS pRBISY A2 Snetil: tpBiyyaidyristiess (epoxy
resins) suchf@s, @4 .mdiglyeidy) etheks pfdhisphenolAsoribispbenald fpoltglyeichddzthaps wf phenol
novolac or cresol novolac resins and the epoxy resins described in the co-assigned application entitled
"POLYPHEI@éﬁ@%@ﬂf?’émﬁg%%%%%gﬁﬁN%%bwﬁﬂ?éﬂﬁ@Wﬁf%gXﬁ ﬁ%%‘?&t
MOIETIES AN RRO&EESS FOR THE PRODUCTION THEREOF", filed concurrently herewith
(Attorney Docket No. 65221), the entire disclosure whereaf is expressly jncorporated by reference
herein. [OOQé?@%éoursg?ﬂ”érﬁB%bfg ?SléSp%iﬁ%WeeﬁwghﬁﬁES%?er&g%ff tﬁéobgrtéessen inl\}/llé:lr? %n and/or
prepolymersiizeienfealse, wibpgthend asaponeitdviuthl as, peejerone Bronoe ofide) atlieasteate
compound which contains jin the same molecule both a cyan r ide greup.apd a
polymerizabﬁer%%ﬁfgﬁﬁ:%ﬂf%ﬁgaatuPg:ééoél})osl%? stnghgggt%f%eg%m%%%g%vhiéh constéin%'in't’he same
molecule bothlaatPHspoxide group and a polymerizable ethylenically unsaturated group; (c) at least
one compou ich gontains in the same molgcul h imi a anatagroup; (d)
at least one E@é&niné%g)ﬁuﬁl}gg& one g}) §/pﬂ?€%8l.%§:%[6§%@ﬁ e%%ﬁ%%%ia@ﬁé%y of dicyanates

which may bé, tdpalredized piththenriodofsers ofaféaprdsendnvehtiohiardisd prappiyidrs thereof
include dicyanais LANPAUNGS éh&ﬂ‘gﬁioyvﬂ%%fom%es&mhfmwp%g@!m@féd%%fé LIS
p

[0100]In the above formula (iil), n, m and R and the cycloaliphatic moiety may
-16- .



have the same meanings (including exemplary and preferred meanings) as those set forth above with
respect to formula (la). The compounds of formula (HI) are more fully described in the co-assigned
application entj . MATIC DICYANATE COMPOUNDS WITH HIGH AT GARBON
CONTENT"??ﬁJe%? 629(’()fral%\‘(l::%jgrgrentIy herewith (Attorney Docket No. 66499), the g%tih&g dis/closure of which is
expressly ingpipgratediby-referenge hergine {0ARdLribrIsRemEMIInG iexaraples. ofimonemers
(prepolymers) which may be copolymerized with the monomers (prt(—:;rlf)olﬁmers) of the present invention
include cyardil CoMpERHS SogRE Wove PEHADHIB wWherdif bne oF B aRE gradpacE éplaced by
an ethylenicalyisgatioated pinvpSEich ases.0.22 weup iofdarmyplec R CrGRItEid 2 Bis @iyl
H2RIC-CRCHC-0- wherein t oieties R1 are defined as set forth above with respegt.to formula
(/0. (0108 R et A S REIA BT ANATSs whI RIS B, pot zen it 2he
monomers dfyttrepyglsent! overtidncahd/or Hi pemersaptetedsindibdevtoimpobisds ol tibdollowing
formula (IV) and{ar prepolymers t f: 1(IV) [9: VEfrmila i)y, and R and
the cycloalip ’gti({? Ir%(%iggy&rég %%\%%ﬁg%}éﬁ%@n%é%%i[gédgrﬁég}%%%%%&e%p% an}(;§ pireferred meanings)

as those setioftreddlsd withetbspect to¥Srbisld-fdPastlesn sbheasthnderot theraibietes G represent
-CN and theiemagining mpiefies Qpreferably; Pﬁ?ﬁﬂ-@. 260k DyHERgER. Earexamplen ahlgash faree or all
four moietiesvcgmrlr?g\1 repres?e}nt -CN. Compou}ﬂgs 0 form%{a (I\gf)%a?e myo%re fully described in
co-assignedPAPpIiBHBH &HiRldd "AROMATIC POLYCYANATE COMPOUNDS AND PROCESS FOR
THE PRODa2éPN T ERE QB filadiaoncursenty bemwith JAttamry-heckst fan6Rc09)iMhe entire

disclosure of which is expressly incorporated by reference herein. [0104]Further non-limitinggrexamples

of compounéRSWRRAAFEY BECUPBISH &2 BaWRATRBSHBRABHREPIYHA/B praaymie i dof fresent
infvintion inGiLAg.GaMpRIINGS Iéfaﬂﬁ%%@@f]@h@mm%&bh\@ aeﬁ@@r@ﬁﬁwlwné(s:m?&oﬁwr@reig?écm?st one
of the moieties Q represents -CN and at least one other moiety Q represents a group of formula
HR1C=CR1¢ %HE?FE?&E‘-@’E‘&@H@-,tﬁi"v&ﬂ?&q?F.é}l%c}ie‘tiBésér%?%e%é3@";}@(8???1‘9&?}8@8‘{76%‘Fe3pect to
formulae (1) BRI} Faeoxariple]dvenofctheampiaties Podviamisdudy comayotepresérit :@MNand one or
two of the re %glég%gﬁnpieties Q may represent a group of formula HR1C=CR1-CH2- or

H2R1C-CR -. dS]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 congng"rll_y resent in polymerizable mixtures and products made
therefrom. Non-limiting examples¥f'su haddeives include polymerization catalysts, co-curing agents,

flame retardants, synergists for flame retarda vents, fillers, glass fibers, adhesion promoters,

HQCECH""’”HQC
(A)
H2C=CH_HQC
H,C=CH—H,C— /’\
G (CHa)1q
H,C—=CH—H,C— c>©/ v
HECECH"_Hzc
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transition metal complexes, imidazoles, phosphonium salts, phosphonium complexes, tertiary amines,
hydrazides, "latent catalysts" such as Ancamine 2441 and K61B (modified aliphatic amines available
from Air Pragliicis), Ajingmoto PN-23 or MY-24, and modified ureas. [0108jNaRAimitiag gxamples of
flame retardants and synergists for use in the present invention include phosphorus containing
molecules (DOP - epoxy reaction product), aggucts of DOPO
(6H-dibenz[c,e]él,2]oxaphosphorin;G-oxide), magnesium hydrate, zinc borate, and metallocenes.
[0109] Non-I#fithlg ExathpaonfipivessTorakes i the phesernrasmtior &y sxdmpieime ffproving
processabiligyy incledeacetonsmethdatbyk ketonguand Pawaagl 6hEMén{prepyiens glyerlanethyl
ether acetate available from Dow Chemical Company). [%1101 Non-limfié%inﬁgegamples of fillers for use
in the preseft HFENHEH AR Rinclio P At NS riRHSa FAMB R fil8r8 WRR'SBSHicHE size
range of frop@beat:&dSnivimatow)100 pm. Specific examples thereof include silica, alumina
trinydrate, aluminum oxide, metal oxides, carbon nanotubes, silver flake or powder, carbon black, and
graphite. [0111]Non-limiting examples of adhebi® promoters for use in the present invention include
modified organosilanes (epoxidized, methacryl,
molecules, titanates, and HyCenates—[OX1-21Nbr
use in the present invention include modified organg
and modified fluorocarbons. [0113]Non-limiting exan
invention include slip and, glass additives, a p ca

Germany. [0114]Non-limi'|[-i%g exggnpple}:?%f thrm agtic resins foruse in the present invention include
reactive and non-reactive thermoplastic resins suth as, e.g., polyphenylsulfones, polys ulfones ,
polyethersulfones, polyvinyli den e fluoride, polyetherimides, polyphthalimides, polybenzimidazoles,
acrylics, phenoxy resins, and polyurethanes. WO 2009/114466PCT/US2009/036522
[0115]Non-limiting examples of mold release &ents for use in the present invention

[0061] The monomers of formula (I)/(fa) may prepared by methods which are well

., Byk 900 series and W 9010,
tfle?s for use in the present

known to those of skill in the art, For example, these monomers may be prepared by

etherification of a bisphenol of formula (V)

R

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 HZRIC-CR1=HC~. [6062]
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

-18 -



include waxes such as, e.g., carnauba wax. [0116]The monomers of the present invention are useful,
inter alma, as thermosettable comonomers for the production of printed circuit boards and materials for

integrated c%gﬁ@gkﬁg&ng (such as IC substrates). They are especially y@@%{&{g@;g&ﬁlaﬂng matrix
J i3}

resins for high speed printed circuit boards, integrated circuit packaging, and underfill adhesives. As a

comonomerthey ray alsg-hedised toradisttheameunt by rocarhan inaiikernasehmasix. [0117]
Additionally, the monomers of the present invention magéia homopo].ymerized, for example using a

free-radical foAmRIgSQftaRich Andnr arisrat s ey g dite Ry iz s & Blpnars WAL fticipated
high degreefeftatghiaess «6aEQsian resistancat anchmoisture ipsistpraembhedtiitedorihese
homopolymers may be in the same applications that are served b lyrdi lene glycol bis(allyl
Catbonate)] AP RN AL S A Tk AL TSt PR G SEE AeTR
properties. pxamplent Syathe ik of BisiAYydkitipds) of Liledis(Akdwyokrostyphenylioyiibdosbeine [0118]
Allyl alcohol (101. rams, 1.75 moles), dimethyl carbo Jo) 7.59 ) afnd sodium
methoxide cz t‘éﬂ%ﬁ%g 8 g%tr?”lr,iea.ogg%er%%nt%%‘Weﬁéﬁﬁﬂwégr%gg%dgg %)%ann%%(}gi r%}%l |teé,ﬁ§ nae@ck, round
bottom glassirsseteriahekmaintaine Ranptumaesinberanens (23C ) witbtkyiminlpmrdapzenitrogén

atmosphere, Lhe faRIREWaAm additionglly quiiited ywith,a.chilled ondepse s fagrmpmetery magnetic

stifling, and a theérmiostatically controlled heating mantle. An equilibrium mixture of allylmethyl

carbonate, diSIRPREAYSIREE 98 etharoP WS YEpTERARSHfred cOMCbRIERY AR ESHIIGY of thE reactor

contents 1o 55ey Mirkdbinutesdsbisd-hyssaamneny iyaladesesaoa a8t grams:. 1606
equivalent of hydroxy groups) was added to the reactor, foIIowed,b%? mixtlgre of tr(izegenylphosphine

(0.56 gram, BPO0% HRRESAPEY weight) SRS SRS EN carbol (Y I8 g ramT 6 percehit by

weight). Theisbbisdibyamorehenylloyblagngeaneiassayed Itigten Mhviarhigh pressure liquid
chromatographic (HPLC) analysis with the balance consisting of.2 minor.components (0.09.and 0.15
are 06y HoMHE AR AT VB R G e 8 A SR TSRS retihed 76 -
80C. The reddtiopropjityréohrasnomintaindidt-for) houlshar 08, 806l anbhtliBaycbdiedtonscn
temperaturet%gg&%g%é%%f[gge@%{g’h a bed ofﬁ%gmgg&gﬁggﬁ@%%gd on a madjum fritted

glass funnel recove lltrate was rotary evaporated at a maximum oil bath temperature of 100C

and to a vactstiEmefy Iz wiahdianpres -6 (hiavidec s lphpsprent! fyRlopentis xomred natid-(35.04

grams) which,breame. a-fark sqlid a&t@ﬁ%ﬁ@@@@t@l@%ﬁ}a&laﬁﬁ&@naﬂ isiavealegkthespresence
of 96.78 area % allyl ether of 1,1-bis(4- hydroxyphenyl)cyclododecane with the balance as a single
minor compGHERNEEE S rea ﬁ'ﬁ%’@ﬁ'&lﬂ‘ﬁ%ﬁ]&?"%ﬂ?ﬁone%?@&??%%@@ﬁ%f?solvﬁiﬁ’?ﬁ@b?@duct in
dichloromethaprKdQandliliter)antpassima e fes ultanissopstioncthtenglereinchisgepyby-1.75 inch
diameter bed OS ii\lica el (2 0-409 %esm%article size, 6 an%stro N mt%agﬁore}sﬁzeESSO mg_/gram
surface diménsio 3%8% oread SR med Tt 1 SSBIARET: Aftér eldtion from the Silica gel bed
with additionabdighlergnettanena yellowdand rerlaliradnonthe fegibm of therdrlgireiRotary-¢vaporation
provided 33. rams {98.94 % isolated yield) of-pal [low solid,_ LC analysis
revealed thegp%ﬁsgr? 3&6 9957 area %%gallyl ?ﬂ?ésr 0 %ﬁg%%%’é%ﬁ%%g%%nyB%/é%%%%g({g%% with the
balance as Zylabeomponehtey(iieaid o vlohrsangsy. Infraredlepatophistbiheteitoanalysis of a film
sample of the, bradyct enaKRr ?E‘?oh%‘!;@%%g, Peais RIS TANIeSXRACIAIR! UnsRibtiales C-H
stretch (3032; 3058,"3081 mil), saturated C-H strétch (2862, 2934 cm-1 [shoulder present on both]),
C=C stretch {2581MePgne: ARURIEIOSRIE PN, drfiveHEes M DAETsrhabisi (oo go® an-1),
accompanieq/qly {otalMagenee afhyRIxy| QsoUPIRREMThANT e D 60 THRIRG dUH, CoRMRksiaR,of the
phenolic hydroxyl groups to allyl ether groups. Example 2 Thermally Induced ﬂggnqﬁo Igmerization
of B is (All vIEAARIAIBR%, 1-BAL PR hy drEX ARGy e RIBHSEE Care™ [ 4 Difter&rtti Se&riring
calorimetry (h¥h&joanatysismbacportiernfd00-midigtams) c6hithdebis(ally 2-etbér)l- dfundecanone,
1,1-bis(4-hydrgxyphenyl lododecane f ample l,.was conducted using a rate of heating of 5C
per minute f(r%rgnoé%&ﬁ?g{ %%%?(g% eras ?égﬁ?{ %?ér(f ffrrloa%n Fé}\f\}frr{lgmantgﬁ(%r& ??&ﬁﬁ?ﬁrﬁ%&réﬁl S@?Qninute. A
pair of exothgmisattribtgead toinclude 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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homopolyrnerization of the allyl groups were observed with a 181.5C onset, 253.4C maximum, and a
283.9C endpoint accompanied by an enthalpy of 243.4 joules per gram for the initial exotherm and a
284.8C ons% 3%%9%%4 éaximum, and a 396.2C endpoint accompanied b¥@ﬁ[ﬁ%@§‘/‘ﬁ¥59§ 181.5 joules
per gram for tﬁe second exotherm. The homopolymer recovered from the DSC analysis was a
transparent;,gapy colored.yi ﬁﬁé}ﬂﬁ; GarpnarRiveierBEriment MSynshests, of Bz fther) of
Isopropvlidene Diphenol [0122] Allyl alcohol (101.58 grams, 1.75 moles), dimethyl carbonate (157.55
grams, 1.75m881E9harel-SotiaHPATe RSB ¢HeRR st (0.18 gram, 0.065 percent by weight) were added

to a 500 milflitrs313 NReKALRFLRAMATLSAsSHRARIOE AR MAIBIAUNEHR: JQAm R peRattse 623C) with
stirring under a nitrogen atmosphere. The reactor was additionally outfittedm a higed condenser, a

thermometeP ARG SHEsH g < WAtCR (Hehn SLENRLnlSCBriFo SR 1a 4RI FRARE ARSI um
mixture of atydrpethyl sarberatendialyherrbanpte-anchmethanol washiepidijhtermeageoreunent with

cooling of the reactor contents 1o, 15.5C. After 13 mjnutes, isopropylidene,diphenal (= bisphenol A,
18.33 gramse,I q é‘eéﬁ%‘i% Ioerr%FO%fl ﬁyo%g}(%/teéf%uuﬁs ,%géagalﬁe%attc%}éﬁ%%é%% orfo %8&&5’%& A mixture of

triphenylphdsphine (0ga6igrhere t0diger cenbbybwveiitit). andisysipalladienthernsdipe p¢088fgram,
0.127 percept by weight). The isopropylidene diph i 7 [ ysis with
e P{n‘é‘i.c%a )?t;éd nqlloﬁu& RYYENS S%_%%Pgﬁsgég%ygﬁgﬁe(yﬁ_%ﬁﬁuﬁté’ '@14@&&@'!?‘

the balance consistin 3 nor components ). Heating commence and over
the next 10Imaliinges, tieceredotisnaehisdratogetre dendn T8¢ THestalketioniixRIFE NS dixtained for

8 hours at 78, gid:then goeled to.rRomtempsratyreang vackum filerad truak arhiedinfed

diatomaceous earth packed on a medijum fritted glass funnel, The recovered filtrate was rotary

evaporated BfovREximUATBISaR@HipetaaBrdoyershiy deranding oS PRlifiHPMg pressure to

provide a rqqeajents AmbeT:loredniHic (il aramal which semainat lauid aiaem temperature.
[0123] HPLC analysis revealed the presence of 95.25 area % ally] ether of isoE)Frog lidene diﬁhenol
h

with the baldAee ts2Eoommished Mp e EIGINEORJREoIS 50 4 3t ar e )P h&sMihor
component ¢arapHsing.2. k3 &hed Yaongwith-athen miniak CampeRemisiyyas emeovethbyedissolving
the product in dichloromethane &7}3{5 milliliters) anﬂ#assin% the (riesultan sol tiotn th ougah a 2 inch deep
by 1.75 inchBFARARE B DR Aith JEIS 50 4602 KIUBR HaRICTEGIRRIo8D SRESFOM hERA POTE size, 550
m2/gram sutfassdimension) Auppetéediotaebomedium fittedyg laspafad nebrAfter elatiam fodrmilyle silica
gel bed with additional dichloromethane, a yellow band remai in the.regi he origin. Rotary
evaporation %FS%%Z%%%% ar%ég)@lf%ﬁb/g%%l%trgl ;?éfd%??%ﬂt%%ﬂg\l/vg&%]ﬁgﬁg%|a%(|% J,Oﬁ‘lﬁfi] HPLC
analysis reveatedrtite phete tive wh 99 Bixarsaduidih pther b isopropytieibneadiptientt Witk e balance

as 3 minor camnanents Q43 A05AM Qidtiaier e nftared sheciePhRiomelisanalisisgf a film

sample of the product on a'KBr plate revealed peaks in the range expected for unsaturated C-H
stretch (3039hBoE'e; BeBBlEMbIgMids #atdBedif stretch (2870, 2931[shoulder present], 2966 cm'), C=C

stretch (158344608 ci- )ef&-r%g#&g&&%%%é Ch s ARE b GHR fefgrmation P26y P8 aprl),

accompanied by total absence of hydroxyl group absorbance thus confirming full conversion of the
phenolic hyoﬁ*@%ﬂ%&ﬁE@)@Wﬂ@ﬁéﬁ“ﬁ%d‘ﬁ%‘?‘&‘éﬁiﬂﬁr@l‘i\@ﬁ%r%é?ff@*h@?ﬁ%%/ﬁfﬂﬂé@ﬂ
Homopolymetization of BistA Al EhenLf isonropidenedaiphenehd G13ESC analysigotia portion
(11.20 milligrams) of the bis(allyl ether) of isopropylidene diphenol from Comparative Ex 1?r15ment A
was conducteGER Hngal b HEaT A BB bR utd™din %@&31%]5@%8%?%&@%5 of nitrogen
flowing at 35:gulic GeRtivaaieizs Penvifdte] YArpaital exciherms aftriyugecutes kamepblypheridation of
the allyl groyps were observetd with ad2t01.4C or.lsbqté g5§.4(€s rg@én}%ﬁ, %an% 2g8é6§ en%pccgint
accompanied by AR ehthalpy 62671 foluqléss’ 5%?'15ram Torthe fitial exotharm and a 278 .6C onset,
351.2C maximunbearida 3872 Qiendpointaccoitpaniedibytar enfidppd242v2ejod e pestgram for

the second_g@;%ei‘lrm. Xh&rhg{nﬁ&q%mgr&%% 1\60%reg {&%r%étpgl(%%f 0I Sis E\1/v51\§)a v&{ﬁlnﬁﬁa{ﬁ{}lt’ amber
colored, rigi Id. Designation Monomer Used Exotherm Onset (C)
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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Exotherm Maximum (C) Exotherm Endpoint (C) Enthalpy (Joules/g) Example 2 100%bis(all yl
ether)ofl,1-bi s(4- hydroxyphenyl)cyclo 181.5284.8 253.4 -

WO 2009/114466 : PCT/US2009/036522

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, [0067] 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,

[00668] The reaction of a 1 to 1 mole ratio of zallyl halide with the hydroxy groups
of the bisphenol of formula (V) will provide an allylated bisphenol wherein the
major amount (about 80 or more percent) of the hydroxy groups of the bisphenol (V)
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 thermally induced Claisen
rearrangement and will thus be present on the aromatic ring ortho and/or para to
the hydroxy groups from which the rearrangement occurred. The reaction of less
than a 1 to 1 mole ratio of allyl methyl carbonate in the transcarbonation reaction
or of allyl halide in the direct allylation reaction with the hydroxy groups of the
bisphenol will provide partial allylation of the bisphenol with some free hydroxy
groups remaining. Although these partially allylated bisphenol compositions are less

preferred, they are still useful as compositions of the present invention.

[0069] The present invention also provides ethylenically unsaturated monomers of

formula (1D):
(R)m
@ \@

(ID
[0070] In the above formula (II), p is 0 or an integer of from 1 to about 19, e.g., up to
about 14, up to about 12, or up to about § such as, e.g., 1, 2, 3, 4, 5, 6, and 7, with 1,
2, or 3 being preferred and 1 being particularly preferred.
[0871]  The cycloaliphatic moiety shown in the above formula (I1) 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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351.3 283.9 396.2 243.4 181.5 WO 2009/114466PCT/US2009/036522 dodecane Comparative
Experiment B 100%bis(allyl ether)of4,4'-

WO 2009/114466 PCT/US2009/036522

or 3) substituents (although the cycloaliphatic moiety will usually not comprise any
double bonds and/or substituents). If more than one substituent is present, the
substituents may be the same or different. Non-limiting examples of substituents
which may be present on the cycloaliphatic moiety are alkyl groups, e.g., optionally
substituted alkyl groups having from 1 to about 6 carbon atoms (e.g., methyl or
ethyl), hydroxy, amino optionally carrying one or two alkyl groups having from 1 to
about 6 carbon atoms, and halogen atoms such as, e.g., F, Cl, and Br. The alky!
groups may be substituted with, e.g., one or more halogen atoms such as, e.g., F, Cl,
and Br.

[0072] The value of each m in the above formula (1I) independently is 0, 1, or 2,

Preferably, the values of m are identical and/or are 0 or 1.

{0073] The moieties R in the above formula (II) independently represent halogen
(e.g., F, Cl, and Br, preferably Cl or Br), cyano, 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 to about 3
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, nnsubstituted or substituted aryl preferably having from 6 to
about 10 carbon atoms, unsubstituted or substituted aralkyi 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.

[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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isopropyl dene diphenol 201.4 278.6 253.4 351.2 278.6 387.2 267.1 212.2 Reference Example 1
Synthesis-of 1,1-Bis(4-cyanatophenybcyclododecane [0126]A 250 milliliter, three neck, glass, round

bottom reacé% Was, cﬂggged with 1,1- bis(4-hydroxyphenyl)cyclododeca% / Bheharas, 0.10 hydroxyl
equivalent) and acetone (125 milliliters, 7.09 milliliter per gram of bisphenol). The reactor was

additionally eguippad with a.qonsensgrimaintainadial QfF) aeethesmamatisnsamovatheaskaiiogen inlet
(1 LPM N2 used), and magnetic stirring. Stirring commenced to give a solution at 21.5C. Cyanogen

bromide _(11%%@%?@, #1108 mbBleCl. 054 ByaNogehreisrsidamalei egivaiistr 2ty vl added to
the solution aRgkipamediately dissclvedtherein. Aally der-agtonaTioath ¢or,coo i Biasqataeed under
the reactor followed cooling and e%r tion of the stirred solution at -5C. Thethylamine (10.17 grams,
0.1005 molé;licd@%’tpr&h rife ¢ Yo yl equivalent ratio) was added using a syringe in aliquots that

maintaineddtg)emactmt@mwer@w@%r@ QG ythe awladditipostime farfhectdethylaminewas 30
minutes. Addition of the initial aliquot of triethylamine induced haziness in the stirred splytion with
Ui O SRR oF : i

. u
further addiftSHESIWCily F8FHAY Wt ERGnE 1y do5Tomds: (012 7Aker 8
minutes of pesixpeastanigl, -mechBlBC high brespunelliditid chiromyhtograptvey(ldRyL E)caupalysis of a
sample of the reactjon product revealed the presence.of O, I reent unreacted,
1,1-bis(4-h&d?o&%p%%%%}c%%dgagc(gng A4 e&%é?%fh%?%y%ﬁﬁ%g %§§§3%8£§%a %arcliig;}gnate with
the balance sabimimon peaissnifier substitutative 4 mithstesrot podiféaiction st aset8 O MEYC analysis

of a sample qt.the redefion productrevealed ihepEesenas.ehR Sf-AsaNeseeRtwRAGIer ds1-bis(4-
; i

hydroxyphenyl)cyclododecane, 5.34 area % monocyanate and 93.51 area % dicyanate with the

balance as &rie:mitds pedler-

[0076] 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
3) 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 I 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 about 4 carbon atoms (for example, 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.

10077] 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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[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 filtrafj f th eous slurry through filter paper recovered the white pawder product. The
product from tﬁ@ﬁ%t’g%gg%er was rinsed into a beaker using deionized Wategrit%% totagf Vo?ume of 200

millliters, follggd by thgAddilian efAichinsamethansd200 milllitsrs): Ansoluion farmed dhe
dichloromethane layer. The mixture was added to a separatory funnel, thorou(%hly mixed, allowed to
settle, and tRBAYHE WiCRIBFoPHERATBAL eFrdc8UBIRY PaTtREnE AFub SB L PR r R d tvaste. The

dichloromethanersaiitian asaddat daekmtothesaparionefipnet amggxtracted with fresh

deionized water (200 milliliters) two additional times. [0129;The resultant hazy dichloromethane

solution wadWiéd ovBrgrgiaiss LARydPsdesailRTmatrdtd) (1 EFRARSF IS Y iURPEE (BR P EBIGESH which
was then pagged-thrpughia beghofiamiydraris-spaiumsuifaie das grms&ppRemrad aemLenmillliter,
medium fritted glass funnel attached to a side arm vacuym flask, The c%)i fi{i\ate was rotﬁ
evaporated DSARFETRARRAY BN BA (IRRLIR e B BB uHEN the AT AR SRS R+ 18 A total of
19.81 gramsi{8.43 ohuoicarsecied, iseifteddyielokof hite athyistalline produptafaseredoveated. HPLC
analysis of a sample of the product revealed the presence of 0.47 area percent unrea ed.
1,1-bis(4-hyglr%1>%t/%ﬁe yﬁ?c@%olbgc‘félt gégﬁga}ﬁ)éoa%r)ga E%FC rheélrﬁlz?/ranné e& lé)r‘%c? 156%%?[1&%’%§%%ﬂy§nate.
Reference Bxanoplé@ iByitivesi3andRicens ththimalivdtodto dicaHighP yritydrieBisleas nfatpor
hetyp_ylIcy%qqgﬁg%i]%éqgig)gg'&qﬂm@gﬁi&.&{tqil%@@;ﬁ.ggelﬂ_1-bis(4-hydroxyphenyl)cyclododecane of

Reference Example 1 was repeated, but with a 2-fold‘incréase in scale. The 38.86 grams of recovered

product ass#&tPD.69 Area eitegt srreficted dyiplsis(dt hydrdxyphetli)cyetodideBanmcide area %
monocyanalg and 9940 iea v 91@’95.’8(?%%#?'{ Hirk e fnalysis, Racstalization wagmerfarped by

forming a solution in bailing acetone (5 liters), then holding for 24 hours at 23C. The acetone
solution wasHe et fib i ere TRMEtENME D IBEY chiTa e camBmn. MR &rasE 8f aCpbrtfon of the
damp crystathingprgfuct revealed the presence of no detectable unreactcd 1,1-bis(4-
hydroxyphe?%}gg clododecane, 1.02 area % monocyanate and 98.98 area % dicyanate. A second
recrystalliza I the Bamplenistallfreproefuct fiBen Bestd @Il Rér &y Tbved bir ey in the

vacuum oveg; alaQ: (IR NI sRrHERs 20:1R HraMeHRl), dimethyleyclohexane tetraphenol
brilliantwhiteproductwithnodetectableunreactedl,1-bis(4- hydroxyphenyl)cyclododecane, 0.42 area %

monocyanat’ GHIGEEYLr 468 i cFERERY 5y M EWhal e P e SR bin AR o RS ¥t 61 Bolution

decants froraithethw yerryataltizatianstobowed:oy Goneerinatidimefhiie gobdiomto @vaigmelof 28
milliliters yielded a s nije%%%ofbrill' twqiteégrod

tet G dimet rﬁ ogctan lEth' Sh%% r%’l}ﬁgf’-"i% aetr Cgtég -intgglratable) of
unreacted 1,?-5%%??—%§%Voxyp nylJe&Sclodadecane, TERIEA Y monodyahate an é%?.%rarea %
dicyanate byHRLG@e@lySisiErampteaBgement products of dimethylcyclohexane tetraphenol
tetra(allyl ether), and monomers which carry at least one substituent on at least one
aromatic ring to block a Claisen rearrangement.
[6081] 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 mixtare of polyphenolic compounds
with a polydispersity (Mw/Mn) of not higher than about 2, e.g., not higher than about 1.3, or
not higher than about 1.3, and optionally subjecting the resultant mixture of polyphenolic
compounds to an etherification reaction to partially or completely convest the phenolic

groups which are present in the mixture into ether groups of formula HR'C=CR'-CH,-0-

and/or H,R*C-CR'=HC-0-, wherein the moieties R' independently represent hydrogen or
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ThermallylnducedCopolymerizationofBis(Ally1Ether)ofl.1-B is(4- “hydroxyphenyl)cyclododecane (25
% wt.) and 1.1-Bis(4-cyanatophenyncyclododecane (75 % wt.) T

[0131]1’1'8{5@58%%{\%59 henyl)cyclododecane (0.5034 gram, 75 % wt.) 3pg bistabxieiher) of
1,1-bis(4-hydroxyp ényl?cyclododecane (0.1678 gram, 25 % wt.) from Example 1 were weighed into a

glass vial to,whigkfichlormetbane.d aumilliliters) was addedottPlcadoalyainmol Thes process
1,1-bis(4-cyanatophenyl)cyclododecane revealed 99.44 area cg%}/anate and Q.56 area O/?:mre
monocyanatéosltdRmy REmAS YriRmel QQ&MH}WWE%@&@ SR ATty
Devolatilizatigivaansieatedin @wacuurcone a0 Chigh8®bmiwtesqgmaied themgichipromethane
giving a homogeneous blend. DSC analysis of portions (9.70 and 10.00 milligrams) of the blend was
conducted U8REL ratbhss %?H&B?%%%@lrdﬁhﬁﬁ?é Wrg}h‘i Bt {FUH5E Wﬁ&ﬁé}%ssggéat%o Ritfogen
flowing at 35,¢ubic aRRtIBGIRISRET TRIRWEIA] 38] Anendetherowras ohservédiiitnahaverage 99.0C
onset (98.07 and 99.96C), 118.8C minimum (118.72C 118.93C)..and 126. point. (124.61C
and 128.406) attb b AR B8R Sﬁ%ﬁ‘é%y 8&%&. Xj‘%%ﬁae@’pearn %/%‘rr?’%'ib%;f?%onx %%}%%gjg%ﬁ{;ééper gram)
(individual valueséd, pare bthiesis)fokm gxotinerin ajtrlbbrechtocedpobidebnidatiohi df théurllgimpe cyanate
groups (plus_any homopol rization). w. bserved wi a : 2C pyse .p8C and
173.90C). 246% e‘r?nrg in%‘u@%fgg%d%% %&%éc()é.o\gﬂn %8%.%%%%%%5%’289 .5’4%%3% 296.18C)
accompaniedsyyémeriteaipycoidschiviopties petiyparARdmpdy and Wy jpaledper gratyatiidividual
values in pagenihegis) Thg COPOIYIGEHSCOMRIRIJIGR tha dASiGeRARIYSIS WA MBRARARShcamber
colored, rigid solid. Comparative Experiment C Thermally Induced Copolymerization of Biﬁ%Allyl
7

Ether) of Isciirappitients Biisheasidos % RHoPanp1012Bis(alcyh MBS RyIE Y SaBUEERe 75 % wt.)
[0133]1,1-Bisfdacyanaipnhe Byheyslaiedesanad0A4 004 gearpordtedbwiglanddbintatiy ] rethefpof
isopropylidene diphenol (0,1335 gram, 25 % wt.) from Comparative .Experiment A were weighed into a
glass vial to AR IRMEthdRe @%“"méﬂnfé%)’”&?a%%%ﬁ% ﬁ?ﬁﬁ@gﬁaf}lﬁ{ig%f ﬁ%\élemaﬁcglg
1,1-bis(4-cyasjatephenyt)tynlododecane 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 40C for 30 minutes removed the dichloromethane
giving a homogeneous blend. [0134] DSC analysis of portions (10.00 and 10.20 milligrams) of the
blend was conducted using a rate of heating of 5C per minute from 25C to 400C under a stream of
nitrogen flowing at 35 cubic centimeters per minute. An endotherm was observed with an average
69.6C onset (67.73C and 71.52C), 114.4C minimum (113.96C and 114.81C), and 127.7C endpoint
(125.08C and 130.29C) accompanied by an enthalpy of 40.3 joules per gram (38.86 and 41.78 joules
per gram) (individual values in parenthesis). An exothenn attributed to a copolymerization of the allyl
and cyanate groups (plus any homopolymerization) was observed with an average 173.0C onset
(172.95C and 172.95C), 252.5C maximum (250.70C and 254.22C), and 291.2C endpoint (289.54C
and 292.86C) accompanied by an enthalpy of 512.5 joules per gram (510.4 and 514.6 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 Onset (C) Exotherm
Maximum (C) Exotherm Endpoint (C) Enthalpy (joules/q)
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Example 3 25%bis(allyl ether)ofl,1- bis(4-hydroxy-phenyl)cyclo-dodecane / 75%1,1-bis(4- 99.02
172.2 118.82 249.1 126.52 292.9 11.52 487.1 WO 2009/114466PCT/US2009/036522

WO 2009/114466 PCT/US2009/036522
O
/ F§4
+ H
R; S
R3
Rz
R1,R2=H {1.3-butadiene) R3,R4=H (acrolein)

R3=CH3,R4=11 (crotonaldehyde)
R3 = phenyl, R4 = H (cinnamaldehyde)
R3=H,R4=CH3 (methacrolein)

RI=H,R2=CH3 (piperyline)
R1=CH3,R2=H (isoprene)

Diels Alder Reaction

Q R, 0
Ry
H H
Ry Ra Ry
Ra
Hydrof ormylation

9 R, 0

R
Of H y 1 |
H ;
Ry Rs O -
R,

[0083] By using cyclic dienes such as, e.g., cyclopentadiene, cyclohexadiene or furan as

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

obtained, as iliustrated in the following scheme:
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cyanatophenyl) cyclododecane  Comparative Experiment B 25%bis(ally ether)of4,4'- isopropylidene
diphenol / 75%1,1-bis(4- cyanatophenyl) eyclododecane 69.6' 173.0 114.4a 252.5 127.7a

WO 2009/114466 PCTIS2009/036522
O
R4
0 - H
O +
T
A3

Diels Alder Reaction

0 3 i
R, Ry
H
” H
or or / R,;
Rs Rs Rz

{0084] Cycloaliphatic dicarboxaldehydes may also be prepared by hydroformylation of
cyclic diolefins such as, e.g., cyclooctadiene, as described in, for example U.S, Patent No.
5,138,101 and DE 198 14 913, or by ozonolysis of bicyclic olefins such as norbornene to
produce cyclopentane dicarboxaldehyde (see, e.g., Perry, J. Org. Chem., 42, 829-833,
1959). The entire disclosures of these three documents are incorporated by reference herein.
[6085] The condensation of a cycloalkane dicarboxaldehyde (or a mixture of cycloalkane
dicarboxaldehydes) with, e.g., (unsubstituted) phenol affords a mixture of polyphenolic
compounds which comprises a cycloalkane dicarboxaldehyde tetraphenol along with
compounds with a higher (and lower) degree of condensation. The process 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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291.1 40.3 512.2 'endothermic event Example 4 Glass Transition Temperature of Copolymer of Bis All
1 Ether of 1 1-Bis(4- hydroxyphenyl)cyclododecane (25 % wt.) and

1,1-Bis(4-cy%a£9@t;ﬁg‘yélgcyclododecane (75 % wt.) [0135] Curing of thep@fﬂ%fﬂﬁ‘ﬂo%gm from

Example 3 was completed in an oven using the following curing schedule: 150C for 1 hour, 200C for 1

hour, 250C fgrd &9%9%&1@8&%&9&5@9&%%&&2&ze%@ghﬁée@ @illisams)pntibacLsagareduct gave

an average glass transition temperature of 214.3C (212.85C and 215.83C) (individual valyes in
parenthesis )V EhipAr B6 LSS SRt EHE B GRS IR SIRD Rerisariare YRGB ARBERIY AllVI
Ether) of Isoptepidens: DiFberak 435y CARP (MkinB isd-6anatorheiatecant ylatlomwie§0436] Curing

of the remaining blend from Comparative eriment s completed in an oye [ ne followi
curing schediiBE1 533 P Ko i %5%5?’%lﬁe%ﬁ%'rak%oﬁﬁ({)é&qén%@ég g??)%%ﬁ@‘ﬁ%s c()sg\./gng
and 29.7 miligramsj cafatb!aio_u:!ﬂadam@mmtogasaqrhmgﬁeglamlwnsﬁkm tetipératdhenaf 184.48C
(15400 ancitt RGMArAloaliesn BN GRSl i AR ARGEGT ARG 030522

DesignationLMlong
mixture of allyl methyl carbonate and diallyl carbonate. Both the crude mixture and

the pure allyl methyl carbonate can be used as the allylating agent as well as allyl
halides such as allyl chloride, allyl bromide, methallyl chloride, methallyl bromide, and the
like.

[0087] A preferred process uses a transcarbonation reaction wherein allyl methyi
carbonate is stoichiometrically reacted with a cycloalkane tetraphenol and provides
an essentially total allylation of the hydroxy groups of the cycloalkane tetraphenol
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 cycloalkane tetraphenol. Depending on reaction condifions, variable amounts
of Claisen rearrangement product may be observed in this reaction, resulting in
mixtures of O- and C-allylated products. |

[0088] A direct allylation reaction of the cycloalkane tetraphenol with an ally!
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 tetraalkylammonivm 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, [0689] 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 1T mole
ratio of allyl halide with the hydroxy groups of the cycloalkane tetraphenol will
provide an allylated cycloalkane tetraphenol wherein the major amount (about 30
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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Example 4 25%bis(allylether)ofl,1-bis(4- hydroxyphenyl)cyclododecane /
75%1,1-bis(4-cyanatophenyl)- cyclododecane 214.3 Comparative Experiment D

25%bis(allyw6@%@91fff4§éé isopropylidene diphenol / 75%1,1-bis(4-cyanat%l}%b§}5¥%99odeCane
184.48

be present on the aromatic ring ortho and/or para to the hydroxy groups from which
the rearrangement occurred. The reaction of less than a 1 to 1 mole ratio of allyl
methyl carbonate in the transcarbonation reaction or of allyl halide in the direct
allylation reaction with the hydroxy groups of the tetraphenol will provide a partial
allylation of the tetraphenol precursor with some free hydroxy groups remaining.
Although these partially allylated cycloaikane tetraphenol compositions are less
preferred, they are still useful in compositions of the present invention.

[0096] The present invention also provides polymers (i.e., homo- and copolymers) and
prepolymers (B-staged forms) of the ethylenically unsaturated monomers of formulae
{Iy/¢Ta) and (II) set forth above (including the various aspects thereof).

[6091] The homopolymers or copolymers of the monomers of the above formulae
(D/(da) and (II) may be prepared by heating with or without a free-radical forming
catalyst and/or accelerator in the presence or absence of a solvent (preferably in
the absence of a solvent). Temperatures of from about 120°C to about 350°C are
typically employed in the homopolymerization with temperatures of from about
150°C to about 250°C being preferred.

[0092]  Suitable free radical forming catalysts 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 organic peroxides and hydroperoxides as well as azo and diazo
compounds, Preferred examples of free radical forming catalysts include butyl
peroxybenzoate, dicumyl peroxide, di-t-butylperoxide, mixtures thereof, 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 emploved 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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Example 5 ThermallylnducedCopolymerizationofBis(Ally1Ether)ofl,1-Bis(4- h d ox thenlododecane 50
% wt and 1 1 Bis 4-c anato henclododecane 50 % wt.) [0137]1,1-Bis(4-cyanatophenyl)cyclododecane -

(0.2978 gram, 50 % wt,) and bis(allyl ether) of 1,1-bis(4-hydroxyphenyl)%}9€g§g®9 e2£0.2978 gram,
50 % wt.) frorr?é%)?g%lﬁfiezﬁi were weighed into a glass vial to which dichloromet aneé%lg% milliliters) was

added. HPLG@nglysis.efihe hdsbisid-cyanatonnsniextiededesana rauasied D844 asea o

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

aluminum tral HscvenramsaitinteoABotedammuasdulim 4081 2DETH G HMUFBLIR WGV the

dichloromethanagiving adhemaeensousinlendyw91 3% Fes Analy sisnaidpaionsafd/é0 aneito.70
milligrams) of the blend was conducted using a rate of heating qf 5SC per r]iléante from 2 Ct 0 400C
under a streBMBERESHEh iR at S8 Eubiéte ?ﬁ?eté?glﬁg%%iﬁll}f)e.el\lo SaSthéErm Was Gbserved.

An exothernp:atitibrtedite copolymetization didheallybanpdeyanate guotpsfpus: anymediately
homopolym;r'goation was jbservetgo\{/ivi Q an avegg%e s]ingljc ornliet &’Ié?l. % and 1.008.2¢C) 6246.50
maximum ( 2588 R Wf@ And 28270 &n pol ‘Ezs?f T anu 2 .9?8)gaccompanled by an
enthalpy of {idnpjpolesipsrafiam (403 enaewf ARG, 1bjollBewed dramds (imaitiduandueyipred

parenthesis), e, CORBINISL IRGONGIEC iDL GRS AEINSIR AR A LapsRarent. amber colored, rigid

solid. Comparative Experiment E'Thermally Induced Copolymerization of Bis(A'IIyl Ether) of
Isopropylideff¥$ibhendiesehvie tiey bn 4 DS Amed- SYAETSHh Sk IRey BIS SN SEX RBUGD DRWDF
[0139]1,1-Big{dgyapatarnenyhicyslodadesane (0 2845 gkamen@ % Whyand pispallyhather),of

4,4'-isopropylidene diphenol (0.2945 gram, 50 % wt.) from Comparative Experiment A were weighed

into a glass YRATSPRAERSFORRIPERTETRARE CHBIWHITBFs PvAY E R TSI COAH SR bf HED)
1,1-bis(4-cyanatephignyheysiosiegetane-seveaietl 8Ay4 area Mmpieydaapecand GnSenareats of

monocyanatge. Shaking the vial rovi% d a solution which was added t luminum :
DevolatiIizat%%%%ﬂﬂ%ée?ﬁrﬁhae Vac %rﬁg o%%ﬁ” g %Cef%?’\g{go%ﬁg%ust %ﬁ%}\?&é’dat %uai?:ﬁgulo?o%ethane
giving a homogght aud iolent J01 2D DS landl§§i§ob p ortighs, (d2D@ndid (080 willitarh shof the
blend was cogpucted aL{)inngoa rateeggsheating of 5C per minute from 25C to 400C under a stream of

nitrogen flowing at 35 cubic {:néjr?t?metérs per minute. An endotherm was observed with an average
71.53C onsdf (8D 10\ 72ig4E ) 10T plgCahmipgi (990 S anderO2yrsey, WAk 186955 endpoint

(L15.60C anc, b4, 5AE), 86<0ImPARISH b b oy a1 oy ISsunsy Sragt 12.09 gl 0 oules

per gram) (individual values in parenthesis). An exotherm attributed to a copoI}F/)ér_rperization of the allyl

and cyanate®§f8apspiud By IoBssty e fEmBl Wik ARG Shthyarr ot dhigeci 88.98€%nset
(186.69C angi18 inbiGn 246260 Masipalmed kideoand el @) danch28220( erdpginis(280.54C

and 283.85C) accompapied by an enthalpy of 446.9 joules per gr 402.4 and 491.3 joules per
gram) (indivi%éWaﬁMWﬁg%ﬂfﬁ%s %AE}/E ¢ P{nggfot%rﬁgoé{tt%bgﬁe& t6 %fﬁbtbbal?rrﬁeesriz%ig@n of allyl
groups was etieesyedl Withecare averige: Z88¢1 OTvonseb{Z 9N 386 ancth293.841G), 3F2LJE, madimum
(35000C ang 3659560, 400,392,890 T dpOILST2 08¢ QpELaeec) ccomoanied by apenthaloy

of 60.9 jouleg pePgram joules per gram)(individual values in parenthesis). The

copolymer redbverddyfrone threrD SCaadatysisrwss pricmsparieadt, matbbe cotpreld migsitrsliskiDesignation

Monomer U%ﬁg 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(allyicarbonate), and allyl diphenyl
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WO 2009/114466 : : PCT/US2009/436522

phosphate, The allyl monomers and/or prepolymers may be used either individually or in
any combination thereof.

[8097]  Further non-limiting examples of monomers and/or prepolymers which may be
copolymerized with the monomers of the present invention include aromatic di- and
polycyanates, aromatic di- and polycyanamides, di- and polymaleimides, bisvinylbenzyl
ethers of bisphenol A or tetrabromobispheno!l A, dipropargyl ethers of bisphencl A or
tetrabromobisphenol A, and di- and polyglycidyl ethers (epoxy resins) such as, e.g.,
diglycidyl ethers of bisphenol A or bisphenol F, polyglycidyl ethers of phenol novelac or
cresol novolac resins and the epoxy resins described in the co-assigned application entitled
“POLYPHENOLIC COMPOUNDS AND EPOXY RESINS COMPRISING
CYLCOALIPHATIC MOIETIES AND PROCESS FOR THE PRODUCTION
THEREOF”, filed concurrently herewith {Attorney Docket No. 65221), the entire disclosure
whereof is expressly incorporated by reference herein.

[0098] Of course, it is possible to copolymerize the monomers of the present invention
and/or prepolymers thereof also with other components such as, e.g., one or more of (a) at
least one compound which contains in the same molecule both a cyanate or cyanamide
group and a polymerizable ethylenically unsaturated group; (b) at least one compound
which contains in the same molecuie both a 1,2-epoxide group and a polymerizable
ethylenically unsaturated group; {c) at least one compound which contains in the same
molecule both a maleimide group and a cvanate group; (d) at least one polyamine, (e} at
least one polyphenol, ete.

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

compounds of the following formula (111) and/or prepolymers thereof:
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Maximum (C) Endpoint (C) (joules/qg) Example 5 50%bis(ally1
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(IIT)

[0100] In the above formula (III), n, m and R and the cycloaliphatic moiety may
have the same meanings {(including exemplary and preferred meanings) as those set
forth above with respect to formula (la). The compounds of formula (III) are more
fully described in the co-assigned application entitled "AROMATIC DICYANATE
COMPOUNDS WITH HIGH ALIPHATIC CARBON CONTENT”, filed concurrently
herewith (Attorney Docket No. 66499), the entire disclosure of which is expressly
incorporated by reference herein.

[6101] Further non-limiting examples of monomers {prepolymers) which may be
copolymerized with the monomers (prepolymers) of the present invention include
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
HR'C=CR'-CH,-O- or H,R!C-CR'=HC-0- wherein the moieties R are defined as set
forth above with respect to formula (1)/(1a).

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

of the following formula (IV) and/or prepolymers thereof:
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ether)ofl,1- 173.7 246.5 282.0 414.2 bis(4-hydroxy-  phenyecyclo-dodecane /

WO 2009/114466 PCTAIS2009/036322
(Rm
(R)m
Q_.._.
- 0—Q
Q-——Q_@/ HC
(CHo 0—Q
(Rim
(R)m
(1v)

[0103] In the above formula (IV), p, m, and R and the cycloaliphatic moiety may
have the same meanings (including exemplary and preferred meanings) as those set
forth above with respect to formula (II). Further, at least two of the moieties Q
represent —CN and the remaining moieties Q preferably represent hydrogen. For
example, at least three or all four moieties Q may represent ~CN. Compounds of
formula (IV) are more fully described in co-assigned application entitled “AROMATIC
POLYCYANATE COMPOUNDS AND PROCESS FOR THE PRODUCTION
THEREOF”, filed concurrently herewith {Attorney Docket No. 66500), the entire disclosure
of which is expressly incorporated by reference herein.

[0104] Further non-limiting examples of compounds which may be copolymerized
with the monomers and/or prepolymers of the present invention include compounds of
the above formula (IV) and prepolymers thereof wherein at least one of the moieties Q
represents ~CN and at least one other moiety Q represents a group of formula
HR!C=CR!-CH,- or H,R!C-CR'=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-,

[01065] 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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50%1,1-bis(4- cyanatophenyl) cyclododecane = Comparative 50%bis(allyl 71.53" 101.13b 116.55b
- 15.17"

WO 2009/114466 PCT/US2009/036522

[6106] Non-limiting examples of co-curing agents for use in the present invention include
dicyandiamide, substituted guanidines, phenolics, amino compounds, benzoxazine,
anhydrides, amido amines, and polyamides.

[6107] Non-limiting examples of catalysts for use in the present invention include
transition metal complexes, imidazoles, phosphonium salts, phosphonium complexes,
tertiary amines, hydrazides, “latent catalysts” such as Ancamine 2441 and K61B (modified
aliphatic amines available from Air Products), Ajinomoto PN-23 or MY-24, and modified
ureas.

[0108] Non-limiting examples of flame retardants and synergists for use in the present
invention include phosphorus containing molecules (DOP — epoxy reaction product),
adducts of DOPO (6H-dibenz[c,e]{1,2]oxaphosphorin-6G-oxide), magnesium hydrate, zinc
borate, and metaliocenes,

[0109] Non-limiting examples of solvents for use in the present invention (for example,
for improving processability) include acetone, methylethyl ketone, and Dowanol® PMA
{propylene glycol methyl ether acetate avajlable from Dow Chemical Company).

[0110] Non-limiting examples of fillers for use in the present invention include functional
and non-functional particulate fillers with a particle size range of from about (.5 nm to
about 100 pm. Specific examples thereof include silica, alumina trihydrate, aluminum
oxide, metal oxides, carbon nanotubes, silver flake or powder, carbon black, and graphite.
[06111] 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 sertes and W 9010, and

modified fluorocarbons.

[O113] 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.

[¢114] 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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Experiment E ether)of4,4'- 186.93 246.60 282.20 446.9 isopropylidene diphenol / 293.10 352.98
392.86 60.9 50%1,1-bis(4- cyanatophenyl) cyclododecane

WO 2009/114466 PCT/US2009/036322

[0115] Non-limiting examples of mold release agents for use in the present invention

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

[0116] The monomers of the present invention are useful, infer alia, as thermosettable
comonomers for the production of printed circuit boards and materials for integrated circuit
packaging (such as IC substrates). They are especially useful for formulating matrix resins
for high speed printed circuit boards, integrated circuit packaging, and underfill adhesives,
As a comonomer, they may also be used to adjust the amount of hydrocarbon in a thermoset
matrix.

[0117] Additionally, the monomers of the present invention may be homopolymerized, for
example using a free-radical forming catalyst and/or accelerator, to produce rigid,
glassy polymers with an anticipated high degree of toughness, corrosion
resistance, and moisture resistance. The utility for these homopolymers may be
in the same applications that are served by poly[diethylene glycol bis(allyl
carbonate)], also known as CR-39, and includes optical lenses, but with enhanced

mechanical properties.

Example 1
Svnthesis of Bis( Allvl Ether) of 1,1-Bis(4-hvdroxyphenvlicvclododecane
[0118] Allyl alcohol (101.58 grams, 1.75 moles), dimethyl carbonate (157.55 grams, 1.75

moles) and 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 triphenyiphosphine
(0.56 gram, 0.204 percent by weight) and 3% 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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a no endothermic event observed b endothermic event Example 6 Glass Transition Temperature of
Copolymer of Bis(Allyl Ether) of 1,1-Bis(4- hydroxyphem/Bcyclododecane (50 % wt.) and

1,1-Bis(4-cv&1&a§&Bﬂqw&cyclododecane (50 % wt.) [0141] Curing of thepiefRainingakiend from
Example 5 was completed in an oven using the following curing schedule: 150C for 1 hour, 200C for 1

hOU_g Z?OC f@hf 4 10RKE- PG a@@"@%ﬁ@i&%@&ﬂé&&ﬁ@o@ﬂ&%&aiﬁi’éigﬁQMﬁQﬁihﬁt&ﬁE%Muct gave
residual exothermicity at >260C. After a second scanning an ayverage glass transition erature of
144.57C (140P8%e! &%ﬂﬁ%%é?W@F&ﬁ%l%&%%diﬁrﬁﬁé%%\éﬁé)%lmﬁé 6?%‘6’.%??:3& anning
was completed sinag eajduakexothermicitwstabisenmeperat=3Z000ANaal eragegtassdrarisition
temperature of 160.03C (159.52C and 160.53C) with, no,residual exqthermigit e mparative
Experimenti‘flf‘s‘]g%é3 FRARSIHORT g%%paértéatﬁsr%ag?%\gg gmﬁle{?‘gfcu%@ﬁiﬁiqgﬁ%%ﬁ%%%{ry p%)ﬂlggne Di
phenol (50%ewvaty)camaidil sBis(4¢cyamatopivenyticycloclodecane (50% wt.) [01421 Curing of the

remaining b om parati 1] tEd | ' i ing curing
coheduie; 1L Tor 1R B0 or s Fae B ot e e o 88 and 35.4
milligrams) &f thexsahstplowirdofacneasitbie Suinpet i &gl SPEDC CARRIEEdeortPEGaliting an

average glagg Iransilion;iemPSIRE Plvke Teaedvdd 1§ BRGoRk 1184 - 3RE dinF VidHRIVARBE
parenthesis) was measured with no residual exothermicity observed. A third scanninlg was %onducted
HiC

with no char§elirel radsand nutre s geattms %ﬁf&ﬁhf?&fﬂ%ﬁo?n%@%&l’ by L.75

diameter bed of silica gel (230-400 mesh particle size, 60 angstrom mean pore size, 530
m*/gram surface dimension) supported on a medium fritted glass funnel. After elution from
the silica gel bed with additional dichloromethane, a yellow band remained in the region of
the origin. Rotary evaporation provided 33.98 grams (98.94 % isolated yield) of pale
yellow colored tacky solid.

[0120] HPLC analysis revealed the presence of 99.57 area % allyl ether of 1,1-bis{4-
hydroxyphenyljcyclododecane with the balance as 2 minor components {0.22 and 0.21 area
%). Infrared spectrophotometric analysis of a film sample of the product on a KBr plate
revealed peaks in the range expected for nnsaturated C-H stretch (3032, 3058, 3081 cm
1), saturated C-H stretch (2862, 2934 em™ [shoulder present on both]), C=C stretch (1581,
1607 em™), C-O stretch (1026 cm™), and CH=CH, deformation (924, 998 cm’),
accompanied by total absence of 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-

hydroxvphenylcvelododecane

[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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Tg (C) Example 6 50%bis(allylether)ofl,1-bis(4- hydroxyphenyl)cyclododecane /
50%1,1-bis(4-cyanatophenyl)- cyclododecane 44.57-60.03b Comparative Experiment F
50%bis(ally%§g1ﬁ’gﬂ%ﬁﬁ'%isopropylidene diphenol / 50%1,1-bis(4-cyanatQpheny-ts fe¥gigslodecane

homopolymerization of the allyl groups were observed with a 181.5°C onset, 253.4°C
maximurn, and a 283.9°C endpoint accompanied by an enthalpy of 243.4 joules per gram
for the 'mitial. exotherm and a 284.8°C onset, 351.3°C maximum, and a 396.2°C endpoint
accompanied by an enthalpy of 181.5 joules per gram for the second exotherm. The

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

sohd.

Comparative Experiment A
Svnthesis of Bis{ Allvl Ether) of Isopropvlidene Diphenol
[0122] Allyl alcohol (101.58 grams, 1.75 moles), dimethyl carbonate (157.55 grams, 1.75

moles) and 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, isopropylidene diphenol (= bisphenol A, 18.33 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 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 § hours at 78°C and then cooled to room temperature
and vacuum filtered through a bed of diatomaceous earth packed oh a medium fritted glass
funnel. The recovered filtrate was rotary evaporated at a maximum cil 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,

[06123] 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
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121.525 Tg after second scanning b Tg after third scanning Tg after second scanning, unchanged
after third scanning Example 7 - ThermallylnducedCopolymerizationofBis( All ylEther)of1.1-Bis(4-
_hydroxyohe (g%@ﬂggggcane (25 % wt.) and Dicyanate of Isopropylideng-Piphenol{75,70 [0143]
Dicyanate ot 4,4'-isopropylidenediphenol (2.5518 gram, 75 % wt.) and bis(allyl ether) of
1,1-bis(4-hygeaxynheny heyclasianaeanek8306:01ams 38 36 shanlerh Exampleidnyaigpaeighed into a
glass vial. HPLC analysis of the dicyanate of 4,4'- isopropylidenediphenol rev alﬁﬁl ) area %
dicyanate. GBrI@REEIh ﬁ%%f&@%ﬂ'7@65%%%?&5@%@%??’1?@ e Bgﬁtg Rital provided
a solution. [Qik4HrBrixthanalysiel phpbitiansnid80iankk 14 giohnailligeasnig)of Msdieadprasioanducted

using a rate of hea iQ . Sr%:ng)seg i %613259516551% ir%%ugﬂg{&&t&%ﬂ%.?itrogen flowing at 35

cubic centin?é?g%sepe minate. An endotherm was o In“only one sa bé) with a 30.29C onset,

74.59C miniiﬁh_l%] aﬁ@B@.@@@y@ndp@ﬂb@é&mwnwwa enth&pylip 66¢59fauipwpdidgram. An -
exotherm atifuted (0.8 cRPElINErZa4an;of 106, Ak A0 CYNGIS IIRURSHPIE. Y. Tnfrared
homopolymerization) was observed with an average 196.65C onset (192.86C and 200.44C), 252.51C
maximum (289c88phelnactss 68hysiant 2EDTSCRAC ikt PE8BoT akdpahBaeyatcbripsnied by an
enthalpy of 6548 jailesRk-QErm:(E15:2-a0d 658 diuiesnes gren) Sindiidral valugedncnarenthesis).

The copolymer recovered from the DSC analysis was a transparent, amber colored, rigid solid.
ComparativeEHefihiht B THBHAR Meifetd €88ofmericafionBrdiddaty 1 ER 8 }sbptbpylidene
Bisphenol (2&e#nWi.dBnddiryanaterofdsoprepytisens Dipbenos (45 % wWidcdobiblDibyanate of
4,4'-isopropylidene diphenol (2.5518 gram, 75 % wt.) and bis(ally1 ether) of cyclododecane bisphenol
(0 5508 araE- S8 A E R TV ST Sy A R et BT e
dicyanate ofiédoisogropydiderip tipfenalupgzealed 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
75C) and mikirgiayativielFrpevimentdof the vial provided a solution. [0146] DSC analysis of portions
(11.40 and 13,80, milligrans) Qb Is-PIGREWAR AARIGIRA TN Sp18:plealBEL iBfeRgr minute from

25C to 400C under a stream of nifrogen - _
[(6125] DSC analysis of a portion (11.20 milligrams) of the bis(allyl ether) of

isopropylidene diphenol from Comparative Experiment A 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 homopolymerization of the
allyl groups were observed with a 201.4°C onset, 253.4°C maximum, and a 278,6°C
endpoint accompanied by an enthalpy of 267.1 joules per gram for the initial exotherm and
a 278.6°C onset, 351.2°C maximum, and a 387.2°C endpoint accompanied by an enthalpy
of 212.2 joules per gram for the second exotherm. The homopolymer 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 | 181.5 253.4 2839 243 4
ether) of 1,1-bis(4- | 284.8 3513 396.2 181.5

hydroxyphenyl)cyclo
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flowing at 35 cubic centimeters per minute. An endotherm was observed with an average 31.00C
onset(30.29C and 31.71C), 71.48C minimum (71.35C and 71.61C), and 79.82C endpoint (78.63C and
81.00C) aCGHRAR} %q Ry an enthalpy of 64.6 joules per gram (62.10 andy84.QL-ipMlesH6" gram)
(individual values in parenthesis). An exotherm attributed to a copolymerization of the allyl and cyanate

groups (plu% any homopolyTRgTzaton) was observed with @an average 195.70C oriset (194.75C and
196. 65C) 256 11C maximum (255 56C _and 256 R'—'\(‘\ andi 286.94C endpoint.(285.75C an_d_288_12C)

accompanied-ByeH %t thal ))’/Q@f 7643 j&ﬂ?&s‘uh&}er%%ﬁ (757.8%t 780.7 %@Iés per 6?3&1) (indjvidual
values in pg rg@}t)gggigm Bhe sgpslymer recaverecdfrom the DSE.analysisagag a transparent, amber
colored, rigid solid. Designation Mongmer Used Exotherm Onset (C) Exotherm Maximum (C)
Exotherm Endpoint (C) EntH&fBy° g ?ﬁggfg) Example 7

diphenol

Reference Example 1

Svnthesis of 1.1-Bis{4-cvanatophenvlicyvclododecane

[0126] A 250 miliiliter, three neck, glass, round bottom reactor was charged with 1.1-
bis(4-hydroxyphenyl)cyclododecane (17.63 grams, 0.10 hydroxyl equivalent) and acetone
(125 milliliters, 7.09 milliliter per gram of bisphenol). The reactor was additionally
equipped with a condenser {maintained at 0°C), a thermometer, an overhead nitrogen inlet
(1 LPM N, used), and magnetic stirring. Stirring commenced to give a solution at 21.5°C.
Cyanogen bromide (11.12 grams, 0.105 mole, 1.05:1 cyanogen bromide:hydroxyl
equivalent ratio) was added to the solution and immediately dissolved therein. A dry ice-
acetone bath for cooling was placed under the reactor followed ceoling and equilibration of
the stirred solution at -3°C. Triethylamine (10.17 grams, 0.1005 mole, 1.005 triethylamine :
hydroxyl equivalent ratio) was added using a syringe in aliguots that maintained the reaction
temperature at -5 to 0°C. The total addition time for the triethylamine was 30 minutes.
Addition of the initial aliquot of triethylamine induced haziness in the stirred solution with
further additions inducing formation of a white shurry of triethylamine hydrobromide.
(0127} After 8 minutes of post-reaction at -5 to 0.5°C high pressure liguid
chromatographic (HPLC) analysis of a sample of the reaction product revealed the presence
of 0.68 area percent unreacted 1I,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-
hydroxyphenylcyclododecane, 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 shury through filter paper
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25%bis(ally 30.29 74.59a 81.00a 66.59 ether)ofl,1 196.65 252.51 289.78 651.8 bis(4-hydroxy-

WO 2009/114466 POT/US2609/036522

recovered the white powder product. The product from the filter paper was rinsed into a
beaker using deionized water to a total volume of 200 milliliters, followed by the addition
of dichloromethane (200 milliliters). A solution formed in the dichloromethane layer. The
mixture was added to a separatory funnel, thoroughly mixed, allowed to settie, and then the
dichloromethane layer recovered, with the aqueous layer discarded to waste. The
dichloromethane solution was added back into the separatory funnel and extracted with
fresh deionized water (200 milliliters) two additional times.

[0129] The resultant hazy dichloromethane solution was dried over granular anhydrous
sodium sulfate (5 grams) to give a clear solution which was then passed through a bed of
anhydrous sodium sulfate (25 grams) supported on a 60 milliliter, medium fritted glass
funnel attached to a side arm vacuum flask. The clear filtrate was rotary evaporated using a
maximum oil bath temperature of 50°C until the vacuum was <3.5 mm Hg. A total of 19.81
grams (98.43 % uncorrected, isolated yield) of white, crystalline product was recovered.
HPLC analysis of a sample of the product revealed the presence of 0.47 area percent
unreacted 1,1-bis(4-hydroxyphenylcyclododecane, 3.09 area % monocyanate and 96.44

area % dicyanate.

Reference Example 2

Svnthesis and Recrystallization to Produce High Purity 1.1-Bis(4-

cvanatophenybiecyclododecane

[0130] The 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 miHiliters), then holding for 24 hours at 23°C, The acetone solution was removed from
the ci‘ystaliine 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 vacaum oven at 50°C for 48 hours provided 20.12 grams of
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phenyl)cyclo-dodecane /  75%dicyan ate of4,4'- isopropylidene diphenol = Comparative
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brilliant white product with no detectable unreacted I,1-bis(4~
hydroxyphenyl)cyclododecane, 0.42 area % monocyanate and 99.58 area % dicyanate by
HPLC analysis. Combination of the acetone solution decants from the two
recrystallizations followed by concentration of the solution to a voiume of 28 milliliters
yielded a second crop of brilliant white product (8.39 grams) with a trace (non-integratable)
of unreacted 1,1-bis(4-hydroxyphenyl)cyclododecane, 2.28 area % monocyanate and 97.72
area % dicyanate by HPLC analysis.

Example 3
Thermally  Induced  Copolvmerization  of  BistAllvl  Ethery of  1.1-Bis(4-

hvdroxyphenvlicyelododecane (25 % wt.) and 1.1-Bis{4-cvanatophenviicvclododecane {75

% wt.

[0131]  1,1-Bis(4-cyanatophenyl)cyclododecane (0.5034 gram, 75 % wt.) and bis(allyl
ether) of 1,1-bis(4-hydroxyphenyl)cyclododecane (0.1678 gram, 25 % wt.) from Example 1
were weighed into a glass vial to which dichloromethane (1.5 milliliters) was added. HPLC
analysis of the 1,1-bis(4-cvanatophenyl)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 vacuwum oven at 40°C for 30 minutes
removed the dichloromethane giving a homogeneous blend. DSC analysis of portions (9.70
and 10.00 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,
[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 vaines in parenthesis). The copolymer

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

Comparative Experiment C
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256.11 286.94 769.3 75%dicyanate of4,4'- isopropylidene diphenol
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Thermally Induced Copolymerization of Bis(Allvl Ether) of Isopropvlidene Diphenol (25 %

wt.) and 1,1-Bis(4-cvanatophenvlicvclododecane (75 9% wt.)
[0133]  1,1-Bis(4-cyanatophenyl)cyclododecane (0.4004 gram, 75 % wt.) and bis(allyl

ether) of isopropylidene diphenol (0.1335 gram, 25 % wt.) from Comparative Experiment A
were weighed into a giass vial to which dichloromethane (1.5 milliliters) was added. HPLC
analysis of the 1,1-bis(4-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 vacuum oven at 40°C for 30 minutes
removed the dichloromethane giving a homogeneous blend.

[0134] DSC analysis of portions (10.00 and 10.20 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
69.6°C onset (67.73°C and 71.52°C), 114.4°C minimum (113.96°C and 114.81°C), and
127.7°C endpeint (125.08°C and 130.29°C) accompanied by an enthalpy of 40.3 joules per
gram (38.86 and 41.78 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 173.0°C omset (172.95°C and
172.95°C), 252.5°C maximum (250.70°C and 254.22°C), and 291.2°C endpoint (289.54°C
and 292.86°C) accompanied by an enthalpy of 512.5 joules per gram (510.4 and 514.6
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)

0 )

Example 3 25%  bis(allyl | 99.0° 118.8* 126.5° 115"
ether) of 1.1-|1722 249.1 292.9 487.1
bis{4-hydroxy-
phenyl)cyclo-
dodecane /

75% 1,1-bis(4-
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a endothermic event Example 8 Glass Transition TemperaturenerofBisAlllaher
hydroxyphenyl)cyclododecane (25 % wt.) and Dicyanate of Isopropylidene Diphenol (75 % wt.) [0147]

Curing of th@v@%@ﬂimﬁt&lend from Example 7 was completed in an ovengising he f9llowing curing
schedule: 150C for 1 hour, 200C for 1 hour, 250C for 1 hour. DSC analysis of portions (31.1 and 31.8

milligrams)
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Example 4

® endothermic event

Transition Temperature of Copolymer of Bis(Allyl Hther) of 1,1-Bis(4-

hvdroxyphenvlicyelododecane (23 % wt.) and 1.1-Bis{(4-cvanatophenvleyelododecane (75

parenthesis).

Comparative Experiment D

Curing of the remaining blend from Example 3 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 (28.2 and 35.0 milligrams) of the cured product gave an average glass

transition temperature of 214.3°C (212.85°C and 215.83°C) (individval values in

(lass Transition Temperature of Copolymer of Bis(Allyl Ether) of Isopropyiidene Diphenol

(25 % wt) and 1.1-Bis(4-cvanatophenvlcvclododecane (75 % wt.)

values in parenthesis).
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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 temperatuwre of 184.48°C (184.14°C and 184.82°C) (individual



Designation Monomer Used Tg (C) Exothermic Decomposition Onset
ether) of 1,1-bis(4- hydroxyphenyl)cyclododecane / 176.94 385.04 75%dicyanateof4,4'-

isopropylideg, dighenaks

(C) Example 8 25% bis(allyl

PCT/US2005/036522
Designation Monomer Used Tg (°C)
Example 4 25% bis(allyl ether) of 1,1-bis(4- | 214.3
hydroxyphenyl)cyclododecane /
T5% 1,1-bis(4-cyanatophenyl)-
cyclododecane
Comparative 25%  bis(allyl ether) of 44°-|184.48
Experiment D isopropylidene diphenol /
15% 1,1-bis{4-cyanatophenyl)-
cyclododecane
Example 5
Thermally  Induced  Copolymerization  of  Bis(Allyl Ether) of 1.1-Bis(4-

hvdroxvphenvlcyelododecane (50 % wt.} and 1,1fBis(4-cvanatonhenvi)cvc]ododecane (50

% wt.
[0137]
ether) of 1,1-bis(4-hydroxyphenyllcyclododecane (0.2978 gram, 50 % wt.) from Example 1

1,1-Bis(4-cyanatophenyl)cyclododecane (0.2978 gram, 50 % wt.) and bis(allyl

were weighed into a glass vial to which dichloromethane (1.5 milliliters) was added. HPLC
analysis of the 1,1-bis(4-cyanatophenyl)cyclododecane revealed 99.44 area % dicyanate and
.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 streamn of nitrogen
flowing at 35 cubic centimeters per minute, No endotherm was observed. An exotherm
attributed  to  copolymerization of the allyl and cyanate groups

(phus  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

- 44 -



Comparative Experiment H 25%bistallylether)of4,4'- isopropylidene diphenol / 162.47 354.2
75%dicyanateof4,4'- isopropylidene diphenol Example 9 Copolymerization of the Bis(Allyl Ether) of
1,1-Bis(4-hngwmgmgcyclododecane (25 % WI) and 1,1-Bis(4-cyana&pﬁ§§5@a%g}ggpdecane (75
% wt.) Using Catalyst [0149]1,1-Bis(4-cyanatophenyl)cyclododecane (0.7709 gram, 75 % wt.),
bis(allyl ethgry&f sacledpiesanrIRis PABROK PSR- GRaMT S ¥p Mo B A ¥ plend tRNDYE % cobalt

naphthenate (0.0051 gram, 0.5 % wt.) were weighed intQ a glass vial to which dichloromethane (1.5
milliliters) waSA A eN HBTAEBHARISIBEH58! i AL S8 8hatophenyl)cyclododecane revealed 99.44
area % dicyanate and 0.56 area % monocyanate. Shaking the vial provided a solution which was
added to an&luminu&n tr%& Devola{iﬁzation conducted in a vented oven at 40C for 30 minutes
removed the iCRIdromet eé"éﬁ‘\?fﬁg a homogeneous blend.

Thermally Induced Copolymerization of Bis(Allyl Ether) of Isopropylidene Diphenol (50 %
wt.} and 1.1-Bis(4-cvanatophenvlicvclododecane (50 % wt.)

[6139]  1,1-Bis(4-cyanatophenyl)cyclododecane (0.2945 gram, 50 % wt.) and bis(aliyl

ether) of 4.4’-isopropylidene diphenol (0.2945 gram, 50 % wt.) from Comparative
Experiment A were weighed into a glass vial to which dichloromethane (1.5 milliliters) was
added, HPLC analysis of the 1.1-bis{4-cyanatophenyl)cyclododecane revealed 99.44 area
% dicyanate and (.56 area % monocyanate. Shaking the vial provided a solution which was
added to an aluminum tray. Devolatilization conducted in the vacuum oven at 40°C for 30
minutes removed the dichloromethane giving a homogeneous blend.
[0140] DSC analysis of portions {11.20 and 11.80 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
71.53°C onset (68.21°C and 74.84°C), 101.13°C minimum (99.49°C and 102.76°C), and
116.55°C endpoint (115.60°C and 117.50°C) accompanied by an enthalpy of 15.17 joules
per gram (12.03 and 18.30 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 186.93°C onset (186.69°C and
187.17°C), 246.60°C maximum (241.78°C and 251.42°C), and 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 maeaximum (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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[0150] DSC analysis of portions (10.1 and 12.5 milligrams) of the blend was conducted using a rate of
heating of 5C per minute from 25C to 400C under a stream of nitrogen flowing at 35 cubic centimeters

per minute. {3 sRPAtgEEn was observed with an average 51.62C onset (@A 7 GnskE1:57C), 85.29C
minimum (79.93C and 90.64C), and 93.09C endpoint (90.48C and 95.70C) accompanied by an
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286,42F) accompanied by an en

halpy 6f 611.0 joules

per gram (571.9 and 65Q,1 joules per gram) (individual values in parenthesis). The copolymer
recovered from the DSC HARIEREMISS Whansparent, amber colored, rigid solid. Designation Monomer
Used Exotherm Onset (C) Exotherm Maximum (C)

Example 6

Glass  Transition Temperature of Copolymer of Bis(Allyl

Ethen

of 1,1-Bis(4-

hvdroxyphenyDevelododecane (50 % wt.) and 1.1-Bis(4-cyanatophenvlevelododecane (30

90 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

T



Exotherm Endpoint (C) Enthalpy (joules/qg) Example 9 25%bis(allyl 51.6a 85.3a 93.1a 16.r
ether)ofl,1- o

WO 2009/114466 ) BCT/US20609/036522

average glass transition temperature of 160.03°C (159.52°C and 160.53°C) with no residual

exothermicity observed.

Comparative Experiment F

Glass Transition Temperature of Copelvmer of Bis(Allvi Ether) of Isopropyvlidene Diphenol

(50 % wt,) and 1,1-Bis{(4-cvanatophenvllcvclododecane (50 % wt.)

[0142] Curing of the remaining blend from Comparative Experiment E 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 (33.4 and 354 milligrams) of the cured product gave
residual exothermicity at >260°C. After a second scanning an average glass transition
temperatare of 121.52°C (118.65°C and 124.38°C) (individual values in parenthesis) was
measured with no residual exothermicity observed. A third scanning was conducted with

no change in the glass transition temperature.

Designation | Monomer Used Tg (°C)

Example 6 50% bis(allyl ether) of 1,1-bis(4- | 144.57°
hydroxyphenyljcyclododecane / 160.03°
50% 1,1-bis(4-cyanatophenyl)-

cyclododecane

Comparative | 50%  bis(allyl ether) of 4,4°- | 121.52°
Experiment F | isopropylidene diphenol /
50% 1,1-bis{4-cyanatophenyl)-

cyclododecane

Tg after second scanning
®Tg after third scanning

© Tg after second scanning, unchanged after third scanning

Example 7

SA7 -



93.1 162.0 283.4 422.6 bis(4-hydroxy- 238.4 phenyl)cyclododecane /

"WO 2009/114466 PCT/US2009/036522

Thermally  Induced Copolvmerization  of  Bis(Allvl  Ether) of  1.1-Bis(4-

hvdroxvphenvlicvclododecane (25 % wt.) and Dicvanate of Isopropvlidene Diphenol (75 %
wt.)
[6143] Dicyanate of 4,4’ -isopropylidenediphenol (2.5518 gram, 75 % wt.) and bis(allyl

ether) of 1,1-bis(4-hydroxyphenyljcyclododecane (0.8506 gram, 25 % wt.) from Example 1
were weighed into a glass vial.  HPLC analysis of the dicyanate of 44°-
isopropylidenediphenol revealed 100 area % dicyanate. Gentle heating (did not exceed
75°C) and mixing by swirling the contents of the vial provided a solution.

[0144] DSC analysis of portions (12.80 and 14.10 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 (in only one
sample) with a 30.29°C onset, 74.59°C minimum, and 81.00°C endpoint accompanied by an
enthalpy of 66.59 joules per gram. An exotherm attributed to a copolymerization of the
allyl and cyanate groups (plus any homopolymerization) was observed with an average
196.65°C onset (192.86°C and 200.44°C), 252.51°C maximum (249.33°C and 255.68°C),
and 289.78°C endpoint (286.70°C and 292.86°C} accompanied by an enthalpy of 651.8
joules per gram (615.2 and 688.4 joules per gram) (individual values in parenthesis). The

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

Comparative Experiment G

Thermally Induced Copolymerization of Bis(Allvl Ether) of Isopropylidene Bisphenol (25

% wt.) and Dicyanate of 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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75%1,1-bis(4- cyanatophenyl) cyclododecane  Comparative 25%bis(allyl 37.6' 69.4a 794a 50.2a
Experiment | ether)of4.4'- 81.5

WO 2009/114466 : PCT/US2009/036522

31.00°C onset (30.29°C and 31.71°C), 71.48°C minimum (71.35°C and 71.61°C), and
79.82°C endpoint (78.63°C and 81.00°C) accompanied by an enthalpy of 64.6 joules per
gram (62.10 and 67.01 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 195.70°C onset (194.75°C and
196.65°C), 256.11°C maximum (255.36°C and 256.65°C), and 286.94°C endpoint
(285.75°C and 288.12°C) accompanied by an enthalpy of 769.3 joules per gram (757.9 and
780.7 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 7 25%  bis(allyl | 30.29° 74.59° 81.00° 66.59
ether) of 1,1-]196.65 252.51 - 289.78 651.8
bis{(4-hydroxy-
phenyl)cyclo-
dodecane /
75% dicyanate
of 4,4°-
isopropylidene
diphenol
Comparative | 25%  bis(allyt | 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 4,47-

isopropylidene

diphenol

® endothermic event

- 49 -



128.2 283.9 611.0 isopropylidene 166.1 diphenol/ 180.6

WO 2009/114466 PCT/US2009/036522

Example 8
Glass Transition Temperature of Copolymer of Bis(Allyl Ether) of 1,1-Bis(4-

hvdroxyphenvhevelododecane (25 % wt.) and Dicvanate of Isopropvlidene Diphenol (75 %
wt.)

[0147] Curing of the remaining blend from Example 7 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 (31.1 and 31.8 milligrams) of the cured product gave residual
exothermicity at >250°C, After a second scanning an average glass transition temperature
of 176.94°C (176.04°C and 177.83°C) (individual values in parenthesis) was measured with
residual exothermicity followed by exothermic decomposition commencing at an average

temperature of 383.04°C (382.91°C and 387.17°C) (individual values in parenthesis).

Comparative Experiment H

Glass Transition Temperatime of Copolymer of Bis(Allyl Eten) of Isopropyvlidene

Bisphenol (25 % wt.) and Dicvanate of Isopropylidene Diphenol (75 % wt.)

[0148] Curing of the remaining blend from Comparative Experiment G 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 (30.4 and 30.8 milligrams) of the cured product gave
residual exothermicity at >200°C. After 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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75%dicyanate 227.9 o0f4,4'- isopropylidene diphenol 253.8 endothermic event Example 10
Thermogravimetric Analysis (TOM and Differential Scanning Calorimetry (DSC) of Copolymer of

Bis(Ally1 Etgﬂ%)z%gh}i&iésm-hydroxyphenyl)cyclododecane (25 % Wt.) anglr/us2009/036322
1,1-Bis(4-cyanatophenyl)cyclododecane (75 % wt.) Prepared Using Catalyst

Designation - { Monomer Used Tg (°C) | Exothermic
Decomposition
Onset
O

Example 8 25% bis(allyl ether) of 1,1-bis(4- | 176.94 | 385.04

hydroxyphenyljeyclododecane /
75%  dicyanate of  4.4’-
isopropylidene diphenol

Comparative 25% Dbis(allyl ether) of 4.4°-|162.47 3542

Experiment H | isopropylidene diphenol /
75% dicyanate of 4.4°-
isopropylidene diphenol

~Example 9

Copolymerization of the Bis(Allyl Ether) of 1.1-Bis(4-hvdroxyphenvicyclododecane (25 %

‘wt.) and 1.1-Bis(4-cyanatophenyhcyclododecane (75 % wt.) Using Catalyst
[0149] 1,1-Bis{4-cyanatophenyleyclododecane (0.7709 gram, 75 % wt.), bis(allyl ether)

of cyclododecane bisphenol (0.2570 gram, 25 % wt.) from Example 1, and 6 % cobait
naphthenate (0.0051 gram, (0.5 % wt.) were weighed into a glass vial to which
dichloromethane (1.5 milliliters) was added. HPLC analysis of the 1,1-bis(4-
cyanatophenylicyclododecane revealed 9944 area % dicyanate and 0.50 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.

[6150] 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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[0153] 1,1-Bis(4-cyanatophenyl)cyclododecane (3.00 grams, 75 % wt.), bis(allyl ether) of
1,1-bis(4-hydroxyphenyl)cyclododecane (1.00 gram, 25 % wt.) from Example 1, and 6 % cobalt

naphthenat%%@é},g) gram, 0.1 % wt.) were weighed into a glass vial to whigh dighlgsgmethane (2.0
milliliters) was a dgecf. HPLC analysis of the 1,1-bis(4- cyanatophenyl)cyclododecane revealed 99.44

area % dicyapaigand@.58 arepdigmenasyanate. ghaking thenwiakpigmcedragelutipnivhieh was
added to a round aluminum pan. Devolatilization conducted in a yacuum gven at 50? fOé%gsminutes
removed th&URINBRERTEHAAR) KA EPAREIh SEBLHC B & -EUingPirA S Lot GctBd r? Vent using the
following cujingmchedutes: 3GRCHak Ihark: ARP& dabdehrur1200€-tor Zhoure;, 2560 ar Laheur. A rigid,

transparent, amber colored disk was recovered after curin%and demolding from the aluminum pan.

[0154]DSC 23RS orpdRABHE 3 U8 2282 Grandsy ot SR e raniFd: W YbfiRYed using a

rate of heatig 156 pefidninkte fram 256G to AR0GHNdgbaStreamLinitrogan dewingr3Subic
centimeters per minute. Residual exothermicity was observed at >260C and an average glass

transition teRIBRIBRIE of TS1°8RP IS5 BER AT 1% S8 o0 Wit iR P ERth 8085 was
measured. T&ibraf, aigardion (20.3110 milligrams) of the cured product was conducted using a rate of
heating of 10C per minute from 25C to 600C under a dynamic nitrogen atmosphere. A step transition
with an onset temperature of 400.42C and an end temperature of 446.57C was observed. The
temperatureSah 0y OBGRENs A 00 % of original sample weight were 243.23C, 373.76C and
396.76C, regpectively, Comparafived | 00ra A ' nd,Rifferential
Scanning Caorimetry (D 0

and Dicvandecpinhig' d&ds sl Brigehe & jRg Erath

-isopropylidgpesgiphengl(3,0Q gams. 75.%WhieRis@iydnsther o4 duisopsopylidens dirhanol (1.00
gram, 25 % wt.) from Comparative Experiment A, and 6 % cobalt naphthenate (0.0040 gram, 0.1 %

wt.) were wERBd Fhtd 4 grassanslifs i hAhandh I dfbmethanatte. 6 miffiliterd) R ddBRTRIBEC
analysis of the disyraate ahd 4 siseprappigenaddiphonoseyealed 1@0vwarea dicyangied HRLE analysis
of the bis(allyl ether) of 4,4'-isopropylidene diphenol revealed the prese 99.51 area % ally' ether
with the balBige Hél)é?nmf%&ﬁh&ﬁ%ﬁféhﬁéﬁé}-%.ﬁ%}iglﬁﬁf&é‘ia%\r%gég%%)g‘géﬁ %“?i?’él\?ia ptrﬁgvided a

n
solution whigkcysastadded:ta @iyl atumiphmganyévdlHilizatioh dondueted ifPavacalymsoven at

50C for 30 minutes.r ved the djchloromethane givi 0 I A
conducted in’ gc:tl\I/Jlgnslslf%l1%%?51‘%?@%\7#{5388?? gl %gﬁé%gﬁglﬁb%%@%g(?&%gjfgg%%%%ffc?r%ﬁg%ﬁ\gggooc for 2
hours, 250Caféyl ttheuwii thyidatranspareminansoarmeskstedtisk Was reddvetedeaifer cobdnand
demolding frgm §he amindm, A0 SOIRE G a0alsis b PRItiANS A3 @Nd 3 aniligsans) of the

cured product was conducted using a rate of heating of 5C per minute from 25C to 400C under a
stream of nitroeustiBWinbeatBsBubceah i Etérs HemmHatemssrildeiotE ARt W 88 B¥served at
>260C and qiqlgl\ﬁgé%ggogm%&ansition temperature of 133.16C (134.03C and 132.29C) (individual
values in parenthesis) was measured. TGA of a portion (6.3330 milligrams) of the cured product was

conducted uBIhEZh raleSSt Aealtitly of ROEOPE Priiid HommBEeBOGE tmdkind &AM iEdgen

atmosphere .43t fransitiennith esronsetienprerirent38ubSC andean encuigmpgiatdes of
428.25C was observed. The temperatures at 99.00, 95.00 and 90.00 % of original sample weight were

227.28C, 328BoPgRE At d 38BDRD CeTHERHEEDRIVINS 200SAANEBPE O8I0/ N FE P 58 nation
Monomer Usgdsiec anset (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 aliyl 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, 233.52°C and 253.99°C), and 283.85°C endpoint (281.48°C and
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Tg (C) TGA Onset (C) TGA End (C) TGA 99.00 % wt. @ (C) TGA 95.00 % wt. @ (C) TGA 90.00 % wi.
@ (C) -

WO 2009/114466 PCT/US2005/036522

286.22°C) accompanied by an enthalpy of 611.0 joules per gram (571.9 and 650.1 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)

Example 9 25%  bis(allyl | 51.6° 85.3" 93.1° 16.2°
ether) of 1,1-]93.1 162.0 2834 422.6
bis{4-hydroxy- 238.4
phenyl)cyclo-
dodecane /

75% 1,1-bis(4-
cyanatophenyl)
cyclododecane

Comparative | 25%  bis(allyl | 37.6° 69.4* 79.4% 50.2°

Experiment I | ether) of 44°-|81.5 128.2 283.9 611.0
isopropylidene 166.1
diphenol / 180.6
75% dicyanate (227.9
of 4.4°- 253.8
isopropylidene
diphenol

*endothermic event

Example 10
Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) of
Copolvmer of Bis(Allvl Ether) of 1.1-Bis(4-hvdroxvphenvlicyclododecane (25 % wt.} and

1.1-Bis(d-cvanatophenvlevelododecane (75 % wt.) Prepared Using Catalvyst

_53 .



Example 10 25%bis(allyl ether)ofl,1- bis(4-hydroxy-phenypcyclo-dodecane / 75%1,1-bis(4-
cyanatophenyl)- cyclododecane 181.83 400.42 446.57 243.23 373.76 396.76 Comparative

Experiment o, »00/114466 PCT/US2009/036522

[6153] 1,1-Bis(4-cyanatophenyl)cyclododecane (3.00 grams, 75 % wt.), bis(allyl ether) of
1,1-bis(4-hydroxyphenyl)cyclododecane (1.00 gram, 25 % wt.) from Example 1, 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 1,1-bis(4-
cyanatophenyl)cyclododecane revealed 99.44 area % dicyanate and 0.560 area %
monocyanate, Shaking the vial provided a solution which was added to a round aluminum
pan. Devolatilization conducted in a vacuum oven at 50°C for 30 minutes removed the
dichloromethane giving a homogeneous blend. Curing was conducted in ovens using the
following curing schedule: 100°C for 1 hour, 150°C for 1 hour, 200°C for 2 hours, 250°C
for 1 hour. A rigid, transparent, amber colored disk was recovered after curing and
demolding from the aluminum pan.

[6154] DSC analysis of portions (33.0 and 34.3 milligrams) of the cured product 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. Residual exothermicity was observed
at >260°C and an average glass transition temperature of 181.83°C (185.80°C and
177.85°C) (individual values in parenthesis) was measured. TGA of a portion (20.3110
milligrams) of the cured product was conducted using a rate of heating of 10°C per minute
from 25°C to 600°C under a dynamic nitrogen atmosphere. A step transition with an onset
temperature of 400.42°C and an end temperature of 446,57°C was observed. The
temperatures at 99.00, 95.00 and 90.00 % of original sample weight were 243.23°C,
373.76°C and 396.76°C, respectively.

Comparative Experiment J
TGA} and Differential Scapning Calorimetry (DSC) of

Copolymer of Bis(Allyl Ether) of Isopropyvlidene Diphenol (25 % wt.) and Dicvanate of

Thermogravimetric  Analysis

4 4’ Isopropvlidene 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 9% 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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25%bis(allyl ether)of4,4' - isopropylidene diphenol / 75% dicyanate of 4,4'- isopropylidene diphenol
133.16 386.55 428.25 227.28 323. 9 385.32 Example 11 MoistureResistanceofCopolymerofB s(A 11

ylEther)of1l, %V(§ ﬂ ro xyp h eny 1)cyclododecane (25 % wt.) and pr/92000/036522
1,1-Bis(4-cyana %o ?lenyl cyclododecane (75 To wt.) Prepared Using Catalyst [0157]The remalnlng

portion of thg, Cyred GCORCIYRIES AiSk SRR EX8TRIE. 30 WA .31 area %). Shaking the vial provided
a solution which was added to a round aluminum pan, Devolatilization conducted in a
vacuum oven at 50°C for 30 minutes removed the dichloromethane giving a homogeneous
blend. Curing was conducted in ovens using the following curing schedule: 100°C for 1
hour, 150°C for 1 hour, 200°C for 2 hours, 250°C for 1 hour. A rigid, transparent, amber
colored disk was recovered after curing and demolding from the aluminum pan.
f0156] DSC analysis of portions (32.3 and 34.4 milligrams) of the cured product 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. Residual exothermicity was observed
at >260°C and an average glass transition temperature of 133.16°C (134.03°C and
132.29°C) (individual values in parenthesis) was measured. TGA of a portion (6.3330
milligrams) of the cured product was conducted using a rate of heating of 10°C per minute
from 25°C to 600°C under a dynamic nitrogen atmosphere. A step transition with an onset
temperature of 386.55°C and an end temperature of 428.25°C was observed. The
temperatures at 99.00, 95.00 and 90.00 % of original sample weight were 227.28°C,
323.19°C and 385.32°C, respectively.
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weighed, added to a 4 ounce glass jar along with deionized water (40 milliliters), sealed and then
placed in an oven maintained at 55C. The disk was removed at the indicated intervals, blotted dry, -
weighed, ar%(t)%rdg;ﬂ%li%ed back into the sealed jar for continuation of t'hgégw&)gjnlg%gﬁange in
weight from the original was calculated for each time interval, providing the following results given in
the table. Gemipasative Expaiomentikedoistusg Res|stance ofiGepolyrmeaof Bis{allyl Etheqof
Isopropylidene Diphenol{(25 % wt.) and Dicyanate 0f 4,4' -Isqpropyli Diph (75
Prepared Using Catalyst| [0158] The remajning port o%ntg:fftth a%ccr)}u(?ed c%%’o yme %?s bfro %@%paraﬂve
Experiment J was weighged, added to a 4 aunce glasgiay alangQyith d&iovtized |\ Water @0 1Hhililitées
sealed and then placed in an oven maintained at 55C. The disk was rg@ ved aﬁ:[{:?we indi 8 d
intervals, blotted dry, we|ghed, and then replaced back into the sealed jar for dontihuatign of'the
testing. The change in weight from the original was calculated for each time interval, praviding the

| POl il Y

results givetr-inthe-followingtabte-Expostr io Pe O e\ tt tuﬂﬂ, EX{ 5 urs)
Copolymer Tob‘f{ E’%%j?%g e 112{%%l wit. ir]i%sgeggﬂe E:%po ymer((fjdf: om%ka%rlgt?ve%p%riment K (% wt. Increase)
9.0 ether) of 1,1-
bis{4-hydroxy-

phenyl)cyclo-
dodecane /

5%  1,1-bis(4-
cyanatophenyl)-
cyclododecane

Comparative | 25% bis(allyl | 133.16 | 386.55 | 428.25 | 227.28 | 323.19 | 38532
Experiment ] | ether) of 44°-

isopropylidene
diphenol /

75% dicyanate of
4.4°- '

isopropylidene

diphenol

Example 11

Moistare  Resistance  of Copolymer of  Bis{Allyl  Ether) of 1.1-Bis(4-

hyvdroxyphenvhieveledodecane {25 % wi) and 1.1-Bis(4-cvanatophenyDevcledodecane (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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0.573 0.700 25.33 0.768 1.016 51.83 0.859 1.222 95.16 1.055 1.400 119.08 1.081 1.469 143.00 1.068

WO 2009/114466 : PCT/US2069/036522

Comparative Experiment K

Moisture Resistance of Copolvmer of Bis(Allvl Ether) of Isopropylidene Diphenol (25 %

wt.) and Dicyanate of 4.4’ -Isopropvlidene Diphenol (75 % wt.) Prepared Using Catalyst

[0158] The remaining portion of the cured copolymer disk from Comparative Experiment
J was weighed, added to a 4 ounce glass jar along with deionized water (40 miliiliters},
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 results given in the following table.

Exposure to Detonized Water at 55°C

Duration of | Copolymer of Example 11 | Copolymer of  Comparative
Ref
Exposure (% wt. increase)} Experiment K ¢
{hours) (% wt. increase) ere
nee
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 s
167.17 1 1.081 1.537 .
| and

Characterization of the Tetraphenol of Dimethvlcvclohexane

[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 1;pm mechanical stirrer
agitation. At 50 °C and atmospheric pressure, p-toluenesulfonic acid (PTSA) (1.3959 ¢
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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1.510 167.17 1.081 1.537 Chaiacterization 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-isomersw§t5%ggylgg eolic groups to aldehyde groups =6 : 1, equivale&tlrﬁgg{}gwgkggpl to

X

cyclohexane dicarboxaldehyde = 3 : 1) were added together in a 1-L 5-neck reactor. The mixture was

heated to 5Q¥uith20Q PR IBEcAa e Sirrer agitaliano (el {rd RIMESPRADE RRSS @
p-toluenesulfonic acid (PTSA) (1.3959 g total, 0.207% by weight) was added in six portions over 30

minutes. ThEYRIMBErRHET ARt Sao RV ifag s ity ERE PR A SRR A tE B BT S A
addition, theioteshieeraiiser et aleresamaeblansd. C andvasugmwasiapphied tthe4aactoss In order
to avoid the reactor E%lontent ngiing thd%r ctifier, the reactor pressure was gradually decreased to
remove wat&r Foht F8SItHON. When the reflux had stopped, the reactor was vented and
water (48 g){ bk hd dEate[0168 @) Widthin B0y )(Gued 1N ah @08 {0d62 1@ ghwmie: Akl BEd 34 neWinatize the
PTS A. When the reaction. contents h ool raty I e
ransterred LA L o T e e were
washed severailiirresafitty viaaeltio Meove briSkieadt (VK3 ok riddapdaadcdsscphsntl Weike removed
using a rotaty,exaporaten apddhahal eV alacwas-pepsad.ento plurwinumdohdThe Leagtion of phenol

with cyclohexane dicarboxaldehyde produced as the predominant product a tetraphenol possessing
the followingMEf8aliFFRRY &frUsil < (RHPHERETBPHIATSLERARI RERKR YA FPBEFURER idfepinum

spectrophotggnetri;analysis:Provigedminysax\tyetikvalent aeighixdiMiof 3b8edd Hightpeessure
liquid chromatographic (HPLC) analysis was adjusted.to resolve 24 (isomeric) components present in
the product TST87)ARRORGHIC SRR BT PEL SR B BE S R O AT HeE with
regard to cedbilinvarsiogsidhetaead): 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 purpeses of desespijve clarity, and not to limit the present
invention. Therefore, any appende OH
CH

[0161]  Ultraviolet spectrophotometric analysis provided a hydroxyl equivalent weight
(HEW) of 118.64. High pressure liquid chromatographic (HPLC) analysis was adjusted to

resolve 24 (isomeric) components present in the product.

[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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~ should not be limited to the description of the preferred versions contained herein and should include
all such alterations, permutations, and equivalents as fall within the true spirit and scope of the present

invention, [O\Jc,gﬁjom\éip&&ow fully described this invention, it will be undeﬁgpﬁgzmgt)agﬁ%gzof ordinary
t

skill in the art that the methods of the present invention can be carried out with a wide and equivalent

range of congifigns,dJoBnulatieas.ang eiheripasanaeters withondenaringemdbe saene alithe
invention or any embodiments thereof. WHAT IS CLAIMED IS: 1. An ethylenically unsaturated

monomer of POHHLIISIREE G tFRCT &) SRS I PERRHAHORHSPEN TR T2t 4 1B 2V I it tits R
independentlyifie prasespdaiege prcsytanavdiitien, hydroxy, amino optionally carrying one or two alkyl

groups, opti ubstituted |, optionally substituted cyclaalkyl, optionally, substituted alkoxy,
optionally sf&%t%ﬁvg}ﬁéﬁ‘ﬁ , %ﬁ%@ﬁé‘f@ §ﬂat§|l§t?thl}‘éed’éﬁ?éﬁg/%§£‘?%g|ocnatﬁ))9 as,ﬁcbg}?tﬁé% %r%ﬁ%%tionally
substituted akalkiyl thptionblytse bstietiscba ftopresemtdrophonaliys bb stittteidoar atkdoey yitde mdieties Q
independently represen HR1E= “CH2- - =HC-. [ ieties R1
independenteigurlgpfgzé%%%yygégggﬁtlo?%’pﬁ%nrga%tg%’sﬁ%tgg %ﬁf&f%ﬁ%}g%&ﬂ%&%ﬁfgﬁgﬁ 3%|§lrbon
atoms; and Fhaeppevadlthe offeorivBapanampidinisatpbeisefthat when both moieties Q are hydrogen,
at least one moiety R represents HR1C=CRI-CH2- or H2R1C-CR1=HC-; and any non-aromatic cyclic
moieties comprised in the above formula (la) may optionally carry one or more substituents and/or
may optionally comprise one or more double bonds and/or may optionally be polycyclic. 2. The
monomer of claim 1, wherein n has a value of from -9 to - 16.
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60 3. The monomer of claim 1, wherein n has a value of 9, 10, or 11. 4. The monomer of any one of
claims 1 to 3, wherein each m independently is 0 or 1. 5. The monomer of any one of claims 1 to 4,
wherein the moieties Q independently represent HRIC=CR1-CH2- or H2RIC-CRI=HC-. 6. The
monomer of any one of claims 1 to 5, wherein the moieties 121 independently represent hydrogen or
methyl. 7. The monomer of any one of claims 1 to 6, wherein the moieties Q are identical and
represent allyl, methallyl, or 1-propenyl. 8. The monomer of any one of claims 1 to 6, which is
1,1-bis(4vhydroxyphamyiliygkndodecane bis(allyl ether). 9. The ethylemcally unsaturated monomer of

Lbistv gy | ether). 9. The ethylen nor
caim 1 wherel) the 1ONOMEr 12 11PN (0 Y Wiy p 1s an ineger of fom 3 o -19; each

(P

wherein:

each m independently is 0, 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 arvl, optionally substituted aralkyl, optionally substituted aryloxy, and
optionally substituted aralkoxy;

the moieties Q independently represent hydrogen, HR!'C=CR!-CH2- or H,R!C-CR'=HC-,
wherein the moicties R independently represent hydrogen or optionally substituted alkyl having
from 1 to about 3 carbon atoms; and

n has a value of from 8 to - 24;

with the proviso that when both moieties Q are hydrogen, at least one moiety R represents
HR'C=CR'-CH,- or HoR'C-CR'=HC-;

and any non-aromatic cyclic moieties comprised in the above formula (la) may optionally carry
one or more substituents and/or may optionally comprise one or more double bonds and/or may

optionally be polycyclic.
2. The monomer of claim 1, wherein n has a value of from - 9 to - 16.
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the moieties R independently represent halogen, cyano, nitro, hydroxy, amino optionally carrying one
or two alkyl groups, optionally substituted alkyl, optionally substituted cycloallcyl, 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, HR1C=CR1-CH2- or H2R1C-CR1=HC-, wherein
the moieties 12.1 independently represent hydrogen or optionally substituted alkyl having from 1 to -3
carbon afoms, withiadmevise that Whenaldaurmeiatiesd@arehygiggen, at least one moiety R
represents HR1C=CR1-CH2- or H2R1C- 61 CRI=HC-; and any non-aromatic cyclic moieties
comprised in the above formula (1) may optionally carry one or more substituents and/or may
optionally. comprigene:BEaosa Henbis bants] 43, Theriarasieh ohapinidnivheret p.has a value of
from 1 to 14. 11. The monomer of claim 9, wherein p has a value of 1, 2, or 3. 12. The monomer of any
one of claims 9 to 11, wherein each m independently is 0 or 1. 13. The monomer of any one of claims
9 to 12, whereimihenonigiiesd) wigepaadendyirepresent HRA&EE RCH3ietied 2RiMGepdRtcRG-. 14.
The monomer o ﬁﬁyé)zr&q&?iwms 19[5@(1:3 gh_%ei_n the moieties Rindependently represent hydrogen
or methy P15 e monomer of any Gne oFQaitis 9 to 14, wherein the moieties Q are identical and
represent allyl, methallyl, or 1-propenyl. 16. The monomer of any one of claims 9 to 15, which is
dimethylcyclohexane tetraphenol tetra(allyl ether). 17. A polymer or prepolymer of a monomer of any
one of claims 1 to 16. 18. A polymerizable mixture, wherein the mixture comprises at least two of (i) at
least one monomer of any one of claims 1 to 8 and/or a prepolymer thereof, (ii) at least one monomer
of any one of claims 9 to 16 and/or a prepolymer thereof, and (iii) at least one monomer and/or a
prepolymer thereof which is different from (i) and (ii).
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19. The mixture of claim 18, wherein the at least one monomer (iii) is selected from monomers which
comprise one or more polymerizable ethylenically unsaturated moieties, aromatic di- and
polycyanates, aromatic di- and polycyanamides, di- and polymaleimides, and di- and polyglycidyl
ethers. 20. The mixture of any one of claims 18 and 19, wherein the mixture comprises at least (i) and
(ii). 21. The mixture of any one of claims 18 to 20, wherein the mixture comprises at least (ii) and (iii).
22. The mixture of any one of claims 18 to 21, wherein (iii) comprises a dicyanate compound of
formula gl1) angiier aniepelyprekthesasfof(Ri4mWhengins, Nniasdvalvenfilian R'tanddpearhny
independently is 0, 1, or 2; and the moieties R independently represent halogen, cyano, nitro,
optionalV%‘i?ﬁ@ﬁthi’g%“ﬁﬂ?y?,ré‘ﬁmﬁ]ally substituted cycloalkyl, optionally substituted alkoxy, optionally
substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl, optionally substituted

aralkyl, gptionally substituted aryloxy, and aptionally substjtuted aralkoxy;.and any npn-argmatic cyclic
moietes compLE T SvaTo eI 1 iy cBein i St GrS v Sl SRt ior
may optiepaityrcaihyrisethakybronbieaenlle bonds. 23. The mixture of claim 22, wherein the
dicyanate compound of formula (IIl) comprises 1,1- bis(4-cyanatophenyl)cyclododecane. 24. The

mixture of any one of claims 18 to 23, wherein (iii) comprises a polycyanate compound of formula (1V)
and/or afrepoljimer theremkr of any one of claims 1 to 6, which is 1,1-bis(4-

hydroxyphenyl)cyclododecane bis(allyl ether).

9. The ethylenically unsaturated monomer of claim 1 wherein the monomer is of the
formula (II):

wherein:
p is an integer of from 3 to -19;
each m independently is 0, 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'-CH2- or H,R'C-CR'=HC-,
wherein the moieties R' independently represent hydrogen or optionally substituted alkyl having
from 1 to -3 carbon atoms, with the proviso that when all four moieties Q are hydrogen, at least
one moiety R represents HR'C=CR'-CH2- or H,R'C-
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(IV") wherein: p is 0 or an integer of from 1 to 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 ongRI=Rgre substituents and/or may optionally comprise one or more double bonds. 25. The
mixture of claim 24, wherein in formula (1V) all four moieties Q represent -CN. 26. The mixture of claim
25, whefBi HE BOAESHHAS SpOURENSY PRS00 EimiRe ST LIS RRSHE R henol
tetracyanatenr Zbrd Rehidbttine afdmnaeoptictaillys-dBipeitowhe ietrdldeubixthoadiurther 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,
dispersiri@.aidsTharfacemodifidsntBewhapiagiibpelyaieesy dnokmiold lease agents. 28. A mixture
comprising at least one monomer of any one of claims 1 to 16 and/or a prepolymer thereof and one or
more substances which are selected from polymerization catalysts, co-curing agents, flame retardants,
synergistd for flihserenantantEclsolve e ditiory, kedlaesibie pfdmbters, wetting aids, dispersing aids,
surface modifiers, thermoplastic polymers, and mold release agents. 29. The mixture of claim 28,
wherein the mixture is partially or completely polymerized. 30. A product which comprises a
polymerikad mikherereneing ohensfelaivhs!aBuo™m. 1 b1wirrsiprgher srdaamisulwadreld 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. 32. A process for preparing a mixture of

ethylenidsily unEbgurRRBEIED N6 ABYsBE chliFi DRI fgin the'hrdesdieomnifties Bormsisnendsily

dialdehygs,Qf & cygidelkané daying foriG tR24Hing carbon atoms with a hydroxyaromatic compound
at a ratio of aromatic

14.  The monomer of any one of claims 9 to 13, wherein the moieties R' independently

represent hydrogen or methyl.

15, The monomer of any one of claims 9 to 14, wherein the moieties Q are identical and

represent allyl, methallyl, or 1-propenyl.

16. The monomer of any one of claims 9 to 15, which is dimethyleyclohexane tetraphenol
tetra(allyl ether).

17. A polymer or prepolymer of a monomer of any one of claims 1 to 16.

18. A polymerizable mixture, wherein the mixture comprises at least two of (i) at least one

monomer of any one of claims 1 to 8 and/or a prepolymer thereof, (ii) at least one monomer of
any one of claims 9 to 16 and/or a prepolymer thereof, and (iii) at least one monomer and/or a

prepolymer thereof which is different from (1) and (ii).
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hydroxy groups to aldehyde groups which results in a mixture of polyphenolic compounds with a
polydispersity of not higher than 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 foimula FIRIC=CRI -CH2-0- and/or H2RIC-CRI=HC-0- wherein the moieties R’
independently represent hydrogen or unsubstituted or substituted alkyl having from 1 to 3 carbon
atoms. 33. The process of claim 32, wherein the ratio of aromatic hydroxy groups to aldehyde groups

is at leagh4. 3FhthaiRteeess ofany IedicelaimicS2ands3 Hwhatgionibe ayolaalkare:tngbm/ or 8
carbon atoms. 35. The process of any one of claims 32.to 34, wherein the dialdeh¥q$e comprises
oyclone BT HIEE BERSTISRYRR S & ey EHSy ARUNTATY Ol R CHEEGHIS KA BRE R DS Romixture
of ethylemtealyiwidsaindapet) tpamnaeeasomainh ds- clothipelble dyittidepr diesadpaiyymaieotalaims 32 to

35. di- and polyglycidyl ethers.

20. The mixture of any one of claims 18 and 19, wherein the mixture comprises at least (i) and

(iii).

21. The mixture of any one of claims 18 to 20, wherein the mixture comprises at least (ii) and

(iii).

22. The mixture of any one of claims 18 to 21, wherein (iii) comprises a dicyanate compound of

formula (IIT) and/or a prepolymer thereof:

(R

NGO
G (CHaln

NC—O U

(Rl

(I
wherein:
n has a value of from 5 to 24;
each m independently is 0, 1, or 2; and
the moieties R independently represent halogen, cyano, nifro, optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted alkoxy, optionally substituted alkenyl,
optionally substituted alkenyloxy, optionally substituted aryl,
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- optionally substituted aralkyl, optionally substituted aryloxy, and optionally substituted aralkoxy;
and any non-aromatic cyclic moieties comprised in the above formula (IIT) may optionally carry

one or more substituents and/or may optionally comprise one or more double bonds.

23.  The mixture of claim 22, wherein the dicyanate compound of formula (IIT) comprises 1.1-

bis{4-cyanatophenyl)cyclododecane,

24.  The mixture of any one of claimns 18 fo 23, wherein (i) comprises a polycyanate

corﬁpound of formula (IV) and/or a prepolymer thereof:

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

each m independently is 0, 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 east 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.
25.  The mixture of claim 24, wherein i formula (IV) all four moieties Q represent -CN.

26.  The mixture of claim 25, wherein the polycyanate compound of formula (TV) comprises

dimethylcyclohexane tetraphenol tetracyanate.

27.  The mixture of any one of claims 18 to 26, 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.

28. A mixture comprising at least one monomer of any one of claims 1 to 16 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.
29.  The mixture of claim 28, wheremn the mixture is partially or completely polymerized.
30. A product which comprises a polymerized mixture of any one of claims 18 to 29.

31. The product of claim 30, 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.

32. A process for preparing a mixture of ethylenically unsaturated monomers of claim 9,
wherein the process comprises condensing a dialdehyde of a cycloalkane having from 5 to 24

ring carbon atoms with a hydroxyaromatic compound at a ratio of aromatic
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hydroxy groups to aidehydé groups which results in a mixture of ijoiyphenolic compounds with a
polydispersity of not higher than 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,-0- and/or H,R'C-CR’=HC-O- wherein the moieties R’

independently represent hydrogen or unsubstituted or substituted aikyl having from 1 to 3 carbon

atoms.

33.  The process of claim 32, wherein the ratio of aromatic hydroxy groups to aldehyde

groups is at least 4.

34.  The process of any one of claims 32 and 33, wherein the cycloalkane has 6, 7 or 8 carbon

atoms.

35. The process of any one of claims 32 to 34, wherein the dialdchyde comprises -

cyclohexane dicarboxaldehyde and the hydrox yaromatic compound comprises phenol.

36. A mixture of ethylenically unsaturated monomers which is obtainable by the process of

any one of claims 32 to 35.
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