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[0003] In order to produce a product with high functionality (at least 4 phenols per
molecule on average) a material with a high polydispersity (Mw/Mn) inevitably results.
Typical polydispersities of 3 to 6 are obtained. As a consequence, high functionality
products typically have high molecular weights, and therefore the viscosities are high. High
viscosity is a disadvantage in many applications such as casting, coating, and adhesive
bonding.

[0004] Another example of a high functionality novolac is bisphenol A novolac (BPAN)
made from bisphenol A and formaldehyde. Again, in order to obtain high functionality,
high polydispersities (typically 2.5-5.5) and high viscosities must be tolerated. In the case
of BPAN, it is difficult to remove unreacted bisphenol A, and therefore commercially
available BPAN’s are typically contaminated with ~20 wt% bisphenol A. Conversion of
these high functionality novolacs to cyanate esters therefore gives a high viscosity material.

The reaction of bisphenol A and formaldehyde and the conversion of the resultant mixture
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ComH%}ﬁitS iNgKIng | 3ROV RAr HsO ep%hs&har fabﬁ‘t‘fl Qypiﬁ hBIqcess comprises the

cofrRARRIALT avtﬁélﬁghjd% of a cycloalkane having from about 5 to about 24 ring carbon
atoms with a phenolic compound at a ratio of phenolic hydroxy groups to aldehyde groups
which affords a mixture of polyphenolic compounds with a polydispersity of not higher than
about 2.

[0007] In one aspect of the process, the ratio of the number of phenolic hydroxy groups to
the number of aldehyde groups may be at least about 4.

[0008] In another aspect of the process of the present invention, the cycloalkane
dialdehyde may have from 6 to about 19 ring carbon atoms, e.g., 6, 7, or 8 ring carbon
atoms. For example, the cycloalkane dialdehyde may comprise one or more cyclohexane

dialdehyde isomers.

[0009] In another aspect of the process, the phenolic compound may comprise
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[0017] The present invention also provides a first polymerizable mixture which comprises
(1) the mixture of polycyanate compounds of the present invention as set forth above and/or
a prepolymerized form thereof and (ii) at least one compound and/or prepolymer thereof
which is capable of reacting with (i).

[0018] In one aspect of the first polymerizable mixture, the at least one compound (ii)
may be selected from one or more of aromatic di- and polycyanates which are different
from the polycyanates present in (i), aromatic di- and polycyanamides, di- and
polymaleimides, and di- and polyglycidyl ethers.

[0019] In another aspect, the first polymerizable 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, glass fibers, adhesion promoters,

wetting aids, dispersing aids, surface modifiers, thermoplastic polymers, and mold release
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tetraphenolic conpound of formula (1): (Rm (D
forphidationna cgmpasite, and agradheiegger of from 1 to about 19;

[O(ﬁ%f h THe Ip?e%fenﬁel{l]\ge%ﬁtoh Yisb %roovide]S’a tg{ragﬁenolic compound of formula (I):

(R)m
(R)m
O_
CH 0—Q
a— HC
(R)m
(R)m
D
wherein:
p is O or an integer of from 1 to about 19;

each m independently is O, 1, or 2;

the moieties R independently represent halogen, cyano, nitro, unsubstituted or
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present invention also provides a m xture of
[Om]ypheambther asp@tborp pothgcapanatferncoapgbumdg hake @hvalue of from 1 to
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1.
[0028] In yet another aspect, each m in formula (I) may independently be O or 1.

[0029] In a still further aspect, the compound of formula (I) may be

dimethylcyclohexane tetraphenol, or dimethylcyclohexane tetraphenol tetracyanate.

[0030] The present invention also provides a mixture of polyphenolic and/or
polycyanate compounds which comprises the compound of formula (I) of the present
invention set forth above (including the various aspects thereof), preferably in
combination with structurally related compounds of a higher degree of condensation.

[0031]  Other features and advantages of the present invention will be set forth in the
description of invention that follows, and will be apparent, in part, from the description or

may be learned by practice of the invention. The invention will be realized and attained by
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[0036] The particulars shown herein are by way of example and for purposes of
illustrative discussion of the embodiments of the present invention only and are presented in
the cause of providing what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the present invention. In this regard,
no attempt is made to show embodiments of the present invention in more detail than is
necessary for the fundamental understanding of the present invention, the description
making apparent to those skilled in the art how the several forms of the present invention

may be embodied in practice.

[0037] As set forth above, the present invention provides, inter alia, a process for
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cyclooctane dicarboxaldehyde isomers) may be employed in the process of the present

invention.

[0039] The cycloalkane moiety of the dicarboxaldehyde for use in the process of the
present invention may comprise one or more (e.g., 1, 2, 3, or 4) double bonds and/or
may optionally carry one or more (e.g., 1, 2, or 3) additional substituents. If more
than one substituent is present, the substituents may be the same or different. Non-
limiting examples of substituents which may be present on the cycloalkane ring are
alkyl groups, e.g., optionally substituted alkyl groups having from 1 to about 6 carbon

atoms (e.g.. methvl or ethvl). optionallv substituted arvl (in particular. ontionallv



and trans-cycl ohexane- 1, 4-di carboxal dehyde may be

enpl oyed (although it is also possible to enploy cis
W@ p@pat4469 ans- cycl ohexane- |, 2- di car boxal dehydepCT/BE209/036527

a mxture of two or nore di carboxal dehydes which

differ, e.g., in the nunber of ring carbon atons
sulastahited phenylhearpt haaieg@eatoms&bshmew gnunitdr amh&t.ofhe ylrkgs and aryl

rin subtltu nts(for exanpl e, m xture of one

S ane BF SHEXUHIE IO Rir bwatatyaes CoReststiaf g r Cie. F. CL
and@ye cycl ooct ane di carboxal dehyde isonmers) may be

enpl oyed in the process of the present invention.
[0G40D39] ThEhghemylit @ampamel fwi ekyinothe tdbevd ipoarisomal dehfueubstituted)

for yse in the ro ess t he resent,invention
PhohMPEevgntegy rﬁﬁtffersllzge()%?hen 3y COMPIIC O Of GRAE Fe.1,2,30r4)
suﬁ%ﬁﬂféﬁtsaﬂg'/ Qb mPRYorRP4, Wédb\étltﬁ@ﬁtﬁ)ﬁf W R'mERIBbdtRudhrts are present,

2, or 3) additional substituents. |If nore than one
thes(uba.st bet herstme ©r gﬁ@@m Nonﬂsnsmlgsqmatrwém sf srbgtibentshehich may be
me or.diffe LMt

Pr&RRE R (e RS TRRr fieyMIBEHH Gant o Fis By PEsiriche C1 or B

cyiﬂd‘gnﬁfbeuﬁidﬂéhttﬁé@%l@%ubﬁitﬁt@d mgl 9f@kﬂaﬁlﬁﬁbﬁhgtﬂﬂéﬁdl to about 6
al kyl groups having from1l to about car bon atons

carben grtompetarkpubstaiu task gy substigped GM%JJON}(}% @byfeiabli baviagfrom about 5
to %ll)?ut%agart)@y :;.}go %ﬁgutg)srt]ﬁlutex%lij %Eﬁéttﬂjgeﬁdalgg)%n%leﬁagf; avmg from 1

en a

to abl@htaéf yhrbgh QU s nﬁi}’sub@tlﬁltﬂlﬁbﬂ Eulisatht\aﬂ Talken@l grcfembl%/ Biivmg from
nore hal ogen atons such as, and

3 tpothegt OTHEPPhEREIS ansdHoUAd orépﬁi}stétqdrﬁlkmylampéeferably having

fro C&S IR pﬁb?ﬁ' rbh(%‘lg‘ t hﬁé&%?@ut&ﬁsp thstﬁ@{eﬁoa\f T gretfa%bly having
aromatic rin nprise one or

frofie.gto aboul, 103cnboﬂ)atemlssmmwl$|mlt1$t¢dfcn‘r sebsaingpké onkkybrpreferably

two substjtuents. t nore substjtuents
haRgs SRR 4 HEy TR be SHBORHETSr WRRLIEIRE, oF Substiuted aryloxy
pré¥efvly AhiihdFrEN R 860 16LASbA tksint Saﬂﬁ“'hmbg@%t&ﬁor substituted
present on-the phenol ring are halogen (e.g., F, O,
aradkek yBprefqnelydraai g/ from bro Brgut 1@ycnlon atonrso,
4:1subst i.tuted or substituted al kyl preferably havi g1 .,
[0041dm 1t tip ta s APREedaicAdhe b PERREVliHEBHS Nt utlsy! ofnd "akenyl” are

usecd"}ﬂrc"ﬂﬁé Pfe%gntcé’ﬁ%lcﬁ%alf%ln HEfRr eﬁd@@\élanﬂlsf R 2B aRo include

to about 8 carbon atons, unsubstituted or substituted
thealdowcypqurdaﬁgrca}_btqali]ﬂn\atmgglfqupm ductho aap@ug., &}@wpl@otyl cyclohexyl

ey ARy G2 el RO 68 HOR Bt SR RS Eatoups are
att@FheAUB SO aHrB&h aldhenyt axMIipRA{esaRlow BRI RE they may be combined
to form an alkylene or alkenylene group which together with the carbon atoms to
which this group is attached results in a preferably 5- or 6-membered ring structure.
In the case of non-adjacent carbon atoms, this ring structure may give rise to a

bicyclic compound.

[0042] The above alkyl groups and alkoxy groups will often comprise from 1 to
about 4 carbon atoms and in particular, 1 or 2 carbon atoms. Non-limiting specific
examples of these groups include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, and tert-butyl, and methoxy, ethoxy, propoxy, isopropoxy, n-butoxy,
isobutoxy, sec-butoxy, and tert-butoxy. The alkyl and alkoxy groups may be

enhetitnted with one or more (e o 1 2 or ) enhstitnents If more than one



from3 to about 6 carbon atons, unsubstituted or
substituted aryl preferably having from6 to about 10
W@ 20000462 ons, unsubstituted or substituted aredkRYE2009/036527
preferably having from7 to about 12 carbon atons,
unsubstituted or substituted aryl oxy preferably having
subpstionerd i$ preaboithel ibstrnizars atp s thasane s dferetudretamerpreferably

.. substituted.aral kox referably having fr 7. to about

1aH5eRE Noth BB < mlad o (RS2 b n A pr ol hlop S such s,

e.gMeneyennd . s BmiahKWxandhd ofklBdhicd2hIRyUERE dlbxy groups
the present specification and the appended c?,al ne,

inalindss € Hzer(a:(@ils oCOhs | UdEGHe CUABSPORGl.NGH.Br, CC130, CHCLO,

oal i i & groups such as, e.g., cyclopentyl,
CI%&@O%@(@E{’PE&@CI opentenyl, and cycl ohexenyl. Al so,
[0043]" eTh%bété‘Xﬂkeﬁﬂdérﬁf alﬁl:ﬂfﬁ@)(% _g%@é%il%ﬁeﬁ%ﬁ%ﬁ%@ 3t 4 carbon
two carbon atons of an aliphati'c or aromatic ring,

atanreyndraiy paticolabi Aedirben fabyms.aNoadlkyitegesprcifad leaampéaseof these

r ou ich t ther . with th rb atons, t ich
el s metiflaned-pdearts 17 ARpRarERL R Hoty eroups may
be BsubBITRRER Vit REe SEr Hk&IN@.g.,| M, DherCRS unkiciiis. alj AeNtthan one

carbon atoms, this ring structure may give rise to a
sulpsitigyeyitiie prasaplo trdsubpo0w2Ts Mag baibe sarae ky iffgrenpandanig preferably
.. al r ] f onprise. f 4
BTN SHER s 5L B BTSSR T AR o st o
e.gNoR-Cli, ahd iBrg speci fic exanpl es of these groups include

nmet hyl , ethyl, r%fyl, i sopropyl, n-butyl, isobutgl,

[0Q4dd - bThe hboveratyt and atylexpl groaps witdfsaybe wiempkynd phenoxy groups.

r QPOX I. SOPr opoxy, n-but axy. i sobutaxy, sec-hutoxy,
THE AR R SR and O P RO BB s RSl e 3 4 o0
5) hibdtithevs T IT MBR Man"®ddsibsSitder? iBpréseht, the RubdtitubMspmay be the
t han nntpsubst ituent is present, the substituents nmay

saipe o HEffgEams Bipndimitegettanyes aF dhaseefubpabicytsi igehdecdfro. cyano,

ha]@%?% lgs{éér? g%’gkgn%’eéﬁc ,l %gd’ Efé, %&ﬁﬁ]ﬁ}@ﬁ%ﬁé{gﬁé@%&étﬁ% Ll"l%gf“‘having from
1 thlabolit Gichitog @xmIpé s fedm Slutesiticuttedhriadk ylonandoaé kaxyle, methyl

or géllg/u ?n%%ﬁﬁﬁﬁ%@%@%@@ghg%é&]&d about 6 carbon
ato[anQ%sé., fagh i‘qeva%oﬁ{ ke o2t nl (if&né{){a‘?ff _e,gﬁl%HRﬁgyV@IJ éthoxy). Non-
of ten" conprise 3 or 4 carbon atons and in particul ar,

linBtiogspedifiates ampleNarf-substitutatigargpacd hiytoxex grpipe snafide, tolyl, xylyl,
ethtyTﬁlse%yl, chlorophenyl, bromophenyl, tolyloxy, xylyloxy, ethylphenoxy,
chlorophenoxy, and bromophenoxy.

[0045] The above aralkyl and aralkoxy groups will often be benzyl, phenethyl,
benzyloxy, or phenethoxy groups. These groups may be substituted (preferably on the
aryl ring, if at all) with one or more (e.g., 1, 2, 3, 4 or 5) substituents. If more than
one substituent is present, the substituents may be the same or different. Non-limiting
examples of these substituents include nitro, cyano, halogen such as, e.g., F, CI, and
Br, optionally halogen-substituted alkyl having from 1 to about 6 carbon atoms, e.g.,
from 1 to about 4 carbon atoms (for example, methyl or ethyl), and optionally

halogen-substituted alkoxy having from 1 to about 6 carbon atoms, e.g., from 1 to

about 4 carbon atoms (for example, methoxy, or ethoxy).



groups are allyl, nethallyl and 1-propenyl. The
al kenyl and al kenyl oxy groups may be substituted with
wop@nt4ndre (e.g., 1, 2, or 3) substituents. PET/IB2009/036527
than one substituent is present, the substituents nay
be the sane or different and are preferably identical.
[0046h - | Ofrduirsegy asi«aﬁlploase off tht deseoxallshydeuent sr mood didferent phenolic
hal ogen at as,,e.g., F, ,_and Br. [0044] The
COTRBORFE' dP3M %\ﬁHlPrPr Yt gk P&SB%S i ﬁgF P(‘S?SF%W“BEMLCH‘e%J ghegol and a
sutRBERQK YhEERURS twd NELE&EN Ty A0BstRKY Oﬁh\éntglr @&B@o&ﬂk’), bfthough this is
substituted with one or nnre (e.g., 1, 4, or 5)
uswliygiol pigénted. 1 f nore than one substituent is present,

stituents may be the s or different
roddl. 7 ¢ Oék%t}%tcedslcarﬂwﬂég@%b@m@tﬁéﬁtSéartlﬁl&rt}at@rlals for the
pra¥ield for Iﬁéffj‘ﬁﬁl Rl RERSIHGd ﬁﬁ‘]enghg comp Boufrdls oM fBEsent invention
optional I'y hal ogen-substitu kyl aV|ng from1l to
maarﬂwpreﬁalwddtydnedmdwhldl gl:e wélt tim)wnttg tlactwtaf sltlltar therart. By way

ato or exa 0 naI
of R afilink  ERETRE: TNy ki o and “PhiERfdchyde can be
précREQDE.. gata?yr[ﬁydr&oﬁn lafié 06 zﬂ-c}c‘lbh'é%hét cafbdx@aldeRYde2 WA in turn can be
(for exanple, nethoxy or et’hoxy). Nonlimting specific

prepRegpbEsa d?lebufblsi@t treactidn apfyla_apriugated shgnegpenlipgs, c.g.. butadiene,
plpgpy%n%d ES’OH}G‘]%C an cﬁ?/oré/ renee%vt%la%ho)e})rt%n%% P“ﬁ%éﬁ‘g% agfla,beta—unsaturated

aldehyder amhmpx)g,, z&miellﬁr arepiplenany crofd@ihydeher ainﬁmﬁaldehyde as the
aral kyl and aralko£¥ roups will often be benzy

dleﬂﬁg‘tﬂ@t H@”thls ggg\azsﬂ % ﬁQ@l)g}} @}do{ﬁggnesq-ﬂ)@ge@t application JP
20@1 9%9”&% ekﬁﬁ eis Qﬁ&éu&é’g \ggeré&r ﬁg eﬁ{c% &fatgﬁl b& I?@f 1%5%4: herein, may, for
g, If at af one or e.g., 1, 5, . i.or
exzﬁﬁlplsu bstiefamedt ®. THeserdire nb hway drrmtmgb stactinentmays be schematically
resea Hpe substituents may be the sane or

repgrseRisH @i follongsn- limting exanpl es of these substituents

i nclude nitro, cyano, hal ogen such as, e.g., F, d,

and Br, optionally hal ogen- substituted al kyl having

froml to about 6 carbon atons, e.g., from1 to about

4 carbon atons (for exanple, methyl or ethyl), and

optional ly hal ogen-substituted al koxy having from1 to

about 6 carbon atons, e.g., from1l to about 4 carbon

atons (for exanple, nethoxy, or ethoxy).[0046] O

course, as in the case of the dicarboxal dehyde, two or

nore different phenolic conpounds may be enpl oyed in

t he process of the present invention (e.g., phenol and

a

10



substituted phenol or two differently substituted

phenol conpounds), although this is usually not
woe@bataed. [ 0047] The cycl oal i phati c di car boxedERR00¥636527

which are starting materials for the process for

preparing the m xture of pol yphenolic conpounds of the

present invention nay be prepared by nethofs which are

wel | known those of skill in the art. BYf way of
non-|im tgg exanpl e, cycl ohexane 1,4)-
di car boxgl dehyde can bejproduced, e.gN Ay H
hydr of orrfyl ati on of a cycl ohexene car bgxal dehyde,
whi ch j n can be prepared by a Di ew - Al der
reaction of conj ugat ed di ene such e.g.,

but adi ene, p

peryl ene, isoprene anﬁschloroprene Wi th

an optional Iy, substituted al pha, bet a-unsat ur at ed
aldehyde such as, e.g., acrolein, nethacrolein,

I'

R

I S

0 Idehyd %£u0|nnanaLgeh%d 4thﬁ:daenopadéﬁnd
25 0o 5191 ﬁﬂ N PSS faldehyde)
@HE@F are |ncorpor ré&g Cmﬂﬁiﬁﬁgﬁfﬁ
hereln, nay, for exanple, be re rred es

way |imting) reactions may be schematically

R4

represented as foll ows: 1,.3-but adi ene) R3,
H (acrolein) R = ﬁgg&k%igé%ﬁP%eryllne) R3 =

CH3, R4 = H (crotonal de yde) R =

(i soprene) R3 = phenyl,YR4 = H (C|nnanaldehyde) R3 =
H R4 = CH3 (nethacrolein) Di el s Alder Reaction

Hydr of ornyl ati og [0048] By using cyclic dienes such

as,

e.g., cycloflentadi ene, cycl ohexadi &e or fluran as

conjugated dieng in the D els-Alder pi cyclic
unsat upete ety des may be olg,al Sl rated
int ng sdhene: Diels Al de Al

Cycl gal i phat} ¢ di car boxal dehydes may| al so ;e pr epar ed
by hydrof orpyl ati on of cyclic dioleflins su h as, e.g.,

oz

ooCtael ene~,as described in, forNexax

5, 1353101 and DE 198 14 913,

onol ysis of bicyclic olefins such as norbornene to

produce Bycl opent ane d|c r boxal dehyde (see, e.g.,

Perry, /| . Org. Chem, » Béfofatrrylation

[0048]

R, O

R>

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

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

obtained, as illustrated in the following scheme:

11



1959). The entire disclosures of these three docunents

are incorporated by reference herein. [0050] The
w@ondensget i on of a cycl oal kane di car boxal dehydeCT/082089/036527

m xture of cycl oal kane di carboxal dehydes) with, e.g.,

(unsubstituted) phenol affords a m xture of

pol yphenol i ¢ conpounds whi ch conprises a cycl oal ka

di car boxal dehyde tetraphenol along w th conmpounds
i gher | oner) deg Qf condensation. ft
er alr, e process of [the p esent i nvention w
ord a produ®t which i $
coynsists o compound ofRx{ ermul a (I) (wher eig
set forth above. [0051] In the above fornula (I) p IS
O or an integer of from1l to about 19, e.g., up to
about 14, up to about 12 or up to Ebout 8 such as,

e.g., 1, 2, 3, 4, 5 6, and 7, wi t h DielsAgder Rgactign hej ng
preferred and 1 being particularly|preferred. [0052]
The cycl oal i phatic noiety shown in'fornula (1) may
conprise one or nore (e.g., 1, 2, 3, or 4) double
bonds and/or nmay carry one or nofe (e.g., 1, 2 or

usual Iy ng ‘ e any ponds or H
substi t u§ I f ndre tlhanjone subgtltuent S

present, bstitu%nt :y be the sarffe or

di fferent\ pNorT~\i mting exaw Rof substituent’s whi

may be present orthe cycloaliphatic noiety are al kyl Rs
groups, e.g., optionally substituted al kyl groups
havi ng from1 to about 6 carbon atons (e.qg., nethyl or

[O@DEW Cyc3RtbHaak QE@fboXdiieh ffes Baydalso 'l_Se pgpar@inﬁiy BYdrofdfrylation of
yl groups may be substituted with, e.g., one or

cydimrdaokahogeh at ogs cydobctadiene ag descﬁbe«djhn faneixaBaple U.S. Patent No.

s 1o dpanadfi N5 2 B, SPE0 o otei oL PRRF, oPE Vi petrogromene t

pro¥iudé &ytid éﬁta&ameaﬁﬂomd@l{ﬁ{%e«s@éﬂyg meaqueyl DR, Whe., 42, 829-833,
19£0054 e noieties Rin the above fornula I)

NdEreerdsp disglopepy els@pie thige dgermends gre inqorparpted ki gefgyence herein.

ofHhE L b elieeBin S ereiditien irkbpcefiehid @pp grinayy geyeloalkane

dlcfaft%ﬁhﬂieﬁﬂe?b h, 6. gca(ruﬂéllbsﬁtu@é@ pheRSIURESS Ut BEkt@Fe of polyphenolic
substitute cycioa | kyl preferably having from about 5

compowlels uWhEhc atvrbpmseat omycloahkend sditarbeeddebyds ubsapheneledlong  with

al kox avin fron1 about (6 car
col ound¥ V\E tha (é{l v&éerrgcé Ifg'clj) e saﬁl nér%l/ erberrz@f glF é)b?cess of the
prd@@dﬂ ﬂ]@eﬁtfﬁlﬁhﬁlltﬁf@@%tpr&hﬁ:ﬂrvhﬁéh comprises or essentially consists of a

compound of formula (I) (wherein Q = H) set forth above.

[0051] In the above formula (I), p is O or an integer of from 1 to about 19, e.g., up to
about 14, up to about 12 or up to about 8§ such as, e.g., 1, 2, 3, 4, 5, 6, and 7, with 1,
2, or 3 being preferred and 1 being particularly preferred.

[0052] The cycloaliphatic moiety shown in formula (I) may comprise one or more
(e.g., 1, 2, 3, or 4) double bonds and/or may carry one or more (e.g., 1, 2 or 3)
substituents (although the cycloaliphatic moiety will usually not comprise any double
bonds 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

12



atons, unsubstituted or substituted al kenyl oxy
preferably having from 3 to about 6 carbon atons,

W@ e®ahsise ut ed or substituted aryl preferably PEUSZH09/036527
from6 to about 10 carbon atons, unsubstituted or
substituted aral kyl preferably having from7 to about

theléyqiaalﬁ;dmtiat mntety wins abstli groted cog., @pﬁsnalﬂmlsemtttugekioadyyl groups

r ef er ab V|n from6 to about 10 car ato
habREERR | 1t BRI SHEOM Raede ki SpEand di loBeH such as
%aw g, faﬁ@nBF Tl‘ie angutgrbdp L M A0Be aluBButd PYRR, e.g., one or more
egar di ng exenpl ary "and preferred meani ngs of the

halpgeeaiaes fudhies, egwritlsaséBri orth above with respect
th substlt ents on t ubs |tuted phenol rt|
(o0 er T Ghlue 1y eﬁ%&%é% Q? PRE FrEBlhd ! HoERRndSh Xﬁﬁqg 1, or2.
Préf@raﬁaﬁ‘;ﬁ'tﬁe SRfuet 8F Yo %Qdemca@wsefp%fe%lp% dB9R4] o he
moi etl’'es Q in the above formula (1) i ndependently

[0054)r eSEY nloyeticdgRNn the@HpVal%MhulaadIkﬁm&peanly represent halogen
ar al k I, and_acyl hbn I|n1t|n$ exanpl es of a
(e-gp olrp&lared gBbupteferablin &l o kT ﬂsa%fb&ENé eg%o\ﬁnsubstltuted or

sulpé'tﬁi.ltféﬁaa%ﬂ y;fﬂ'e tl%l)}/, vﬁ%gﬂrom 10c§r555%ﬁt @tc%?ﬁons%lﬁlsa%nsubstltuted or

propyl. These groups may
sulpppitnted a¢yoyoddkyls lpifibralbm daivimg diruen arbondre t@ eatg)ut 8 ,cafhon atoms,

un@ybsé}ute Egts@s;éegt%a@zlﬂcx%\%ﬁfqr?ﬁ&t exargﬁ glg«%jut%e catbon atoms,
un@ s EAMEd WO YRtttk A CAINER 1t PRE& By ilﬁ’%ﬂ’gl ﬁoﬁﬂh 8" & AbbHE 6 carbon
noi eti es Rl i ndependently represént hydrogen or

atomms ubstibstitted or swhsbsuted wﬂletully@mep@ﬁqbbw having from 3 to about 6

carby nsu grt(llét llilltlse%%:r%tt 3l qu?r Ql%)VSIéLIQI%Ff ! omalfrleféeﬁyl?ly ua!:VéI%g gar bgrlo about 10
caﬂb@ﬁ'dﬂﬂlﬁs ahlh&ﬁﬁ'bst(ltth&I @p@ﬁ%tﬁuteff&tfrzﬂﬁbl yfeferably having from 7 to about
(2-met hyl - 2-pro and 1-propen [ 0058

12 ngsiabon ﬁfthguwgmﬂuegf of sabsjﬂtu@floarpfim@ plﬁréfrragb/ pwdag| from 6 to
ab@lﬂdl(f Ig?uent it }n%r e#l(? ul sttltﬁtle&eoq* SQ% tut%ds a lko Elreférably having

sub erred exanpl es of
fropwiite abowyl bearbbe agane or dlfferent) |nclude halogen,
nitro, cyano, halogen such as F, C, and Br,

[0Q5H | onaRPg(afﬁngogéﬁm@l%mfllIthtPé@feaﬂeRiymeh@l\VllgﬁgOff timmoieges R the
cm% Ut ?etcf% tl?lo at 0 h r%%gec? tl%;%ltllLs\ﬁt é}lt?%glnthe %lbstltuted phenol
(0] a ou car oon

Stituted a
staaﬂilﬁ)g”ﬂﬁnatél@ﬂ5&ﬂ tH‘dOplrdcem of ag pfeaelktyinvgﬁﬁbhﬁ)&pm}dmdfeir entirety and

benzyl and phenethyl wherein the
may be referred to.

[0056] The moieties Q in the above formula (I) independently represent hydrogen, -
CN, alkyl, alkenyl, aryl, aralkyl, and acyl. Non-limiting examples of alkyl groups are
groups having from 1 to about 6 carbon, preferably from 1 to about 4 carbon atoms
such as, e.g., methyl, ethyl, and propyl. These groups may optionally be substituted
by one or more (e.g., 1, 2, or 3) substituents such as, for example halogen (e.g., F, Cl,

and Br).

[0057] Non-limiting examples of alkenyl groups Q include those of formula
HR'C=CR'-CH,- or H,R'C-CR'=HC- wherein the moieties R' independently represent
hydrogen or unsubstituted or substituted (preferably unsubstituted) alkyl having from 1 to
about 3 carbon atoms (e.g., methyl). Preferred alkenyl moieties Q include allyl (2-
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phenyl rings may optionally be substituted by 1, 2, 3,

4, or 5 substituents. Preferred exanpl es of
waestli¢deent s (whi ch may be the same or differRe/PS2009/036527

i ncl ude hal ogen, nitro, cyano, halogen such as F, d,

and Br, optionally hal ogen- substituted al kyl having

prdpeand) 1 mtechadlyd (2 -nfeth @ Denomingiys anddepropenydnal | y hal ogen
substi tuted al koxy haV|ng fron11 to about 6 carbo

[00a83 ns Nopdostiineneriumales of ay! exaiisl @dndrdaghenyg ra@dg%wnyl which is
suﬁ&ﬁ{g}ééQ%yai k?n?yéi Ot}%v%ln%tlftl[e?l@% %rgﬁrﬁgoéﬁp%lg@ép%sﬁﬁ%ﬁs (which

suc formnmy acety propi ony
magnbk greospse of dﬁﬁenmt)amc%(keﬂ)ﬁgeh @itze Céya@)o hahlwgen such as F, CI,
wherei n the nmieties

H?R1C- CR 1=HC- C( =0
angl ife ﬁeﬂa@ﬁ Bt 98&%@ el A bYetvars lifSu9; tagued Gibon atoms.
an§ %Bﬁ&hﬁll’&l Eﬂoécﬂ{ Shii ey a%&%khﬂglfreﬂl) 18 Kyéutr@é’drﬂ&i atoms.

from1 to about 3 carbon atons (for exanple
[06393h aNoreligitingirylkey lgrownd mm:ﬁdbabeyiﬂyzind pAeGkhy Theherein the
present process renders it ?033|ble to produce ve

p ?wrﬂeﬂwﬁgmlgmw B cuheiwiss by la ZhdgH- aoér%\l@étltuelylts Preferred
ex%lﬂgféts' ?@ﬂ}) it}éen Eq&h%ﬁﬁgﬁ%e tlﬁ‘@%‘m@éﬁ ld%g%ﬁﬂemclude halogen, nitro,

ar boxa e y e and are enployed as starting
cyzmai ehalezgem bucht he Fpr@cemsl Bf, d)}btmlmﬂl@lshzdbgﬂ:mvdmtlltmﬁd alkyl having

ducts ha |n a mel vera cul ar weli
51 Tafonboy Tl P Y TR ke o R ROy having

ﬁogwmhoggoggpg&bggguﬁﬁg/or an aver age of about 6 hydroxy
groups per nol ecule can routinely be produced. The

[OQﬂtk}cesNomSﬁmtlagrcedaatplem by abylghronpk anclndé iadk ambo yhhawimgi ftom 1 to

rou to al dehyde functionality to kee
b ésﬂ%mg DO SFrel ETBLSCHoPOP R Lt 414 bgryl. and groups
of MIE@HW@@%H%@(LWXWH Rar_&xammt &= @5 wherein the moieties

dlstlllatlon [ 0062] Thé conversion of the phenolic
R! hyiepsndegtl pursprdasentt hedieiggn uee mfsupsﬂtyp’lqlerml isgbstituted (preferably

R AR Rb R OB eludl Y Paribiy BrEVEBHERetnal such s

goQCgmgnqhmqnaﬁgﬁg,yj groups into cyanate groups see,
for "exanpl e ang and D. A. Shinp in Progress in

[00@d] y fide pSsknt prodess ﬂ:@derp p}; poSdible 8 prddagar diy hgw phiydispersity products

oné}gﬁlzfi"’ggﬁﬁgfftl htg)rrllgg iy} yp dr T l,g\%% g Sclélg:tégneadlgar%%{gﬂgehyde and
phé&ifi %fesérlliﬁi‘l C%e(ﬂﬁ’soith&ﬁ i@fiei®d if 8 Process of the present invention, products
"ETHYLE LLYUNSATURATED RS COVPRI £

haying PHAFight ANDISROMATIGUVBEET! BYY) 6f Reaht o anungber average
molecu?a\fvI vtvegglgtﬂtl\;h?)r of Xbo%?%%t and/or z?n6gée]f21ge 5F ggoruct”({] gyctlrlggy groups per
molecule can routinely be produced. The process uses a relatively high molar ratio of
aromatic hydroxy group to aldehyde functionality to keep oligomerization low. The excess
phenolic starting material may then be removed, for example, by distillation.

[0062] The conversion of the phenolic hydroxy groups in the mixture of polyphenolic
compounds into cyanate or other groups is possible using conventional processes.
Regarding the conversion of phenolic hydroxyl groups into cyanate groups see, for
example, T. Fang and D. A. Shimp in Progress in Polymer Sci., vol. 20, pp. 61-118.
Regarding the conversion of phenolic hydroxyl groups into alkenyl ether groups (e.g. allyl
ether groups) see, e.g., the co-assigned application entitled “ETHYLENICALLY
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conversi on of phenolic hydroxyl groups into glycidyl
et her groups see, e.g., the co-assigned application
W@ paoptti4ae " POLYPHENOLI C COVPOUNDS AND EPOXY RBSIINBS2009/036527
COVPRI SI NG CYLCQALI PHATI C MO ETI ES AND PROCESS FOR THE
PRODUCTI ON THERECF", filed concurrently herewth
UNSMTORAGEIDO VKN OM)ERSSﬂJMPRI:HéJCé NALLIEHNTIC] 0ANDes ARFOMATIC

MOl BB ED Gati RORCR Uit PP Regarding the
cofERIIBN 65 p}fe%[)hcpﬁﬁﬁaﬂl%go@)s'Ih%tgﬁycﬁdﬁfetﬂw loYspaned, %% tth€co-assigned
m xt ure of pol yphenol1 ¢ conpounds prepared by t

applicetiess cofitieche "POLIEREN ANt KEMMREYNIES r ¢eldbe dEWDKIY RESINS

CHERNG oY ECOMTRUATIG PRGNS 0B 2Bk gior The

PROUDBCTHINODIERR BOIF d €ildaecorebigamly ﬁelﬁWﬂhWtO@Iﬁ@UDDCkJﬂ No. 65221).
the presence of an about stoichionetric quantity or a
The|angin diselopens ofrghe iaboesx deynquip atcoextiensty pgommeratechby reference
hef2ficess) of a base conpound per phenolic hydroxy group,
and in the presence of a suitable solvent. [0064]

[0043)al By wewnof inon- ltrﬁrtpgreactam;ﬂs fofr e e ngyoo ti x tu 0GP dl yryanates the
about 600C are enp with reaction tenperatures of

iR LB MO PSP B PR Praf betiprprest of fsgpgtfgt invention may
be r@fb@éd' Qfﬁhta%nﬂ%ﬁl@tsféﬁ&l%rﬁémg %Q#anélﬁqg&&lﬂ%k D cess (up to

bei ng particularly prefe Reaction tines
ab(om dOmrqcntscpbsSsamxf |aajyhlngef1 (hlah@sxpmm}enolashwr(bungﬂoupnnahe presence

th act nts hei ng enplo ction tenperatu
of i b SR Bear€ fiihuRE R e SRRl RS LY dhigut 20 percent
exddsdeof Pblse AbMpOHtEPeri phehbl: KRNSE Sloup! 41A 1ﬂklﬁélbre$5nce of a suitable

m nutes to about 4 hours, with reaction tinmes of from
solapiut 30 n1nutes to about 90 n1nutes bei ng preferred.

[0(%’)9?I dielsuN(ﬂn_r ac 1on o3 Hera {LES efs'fr %l()lllltt 21%L§ SUBNRLDRL are employed,

e cyARagen " chil oF T anogen

withr @ #dtida. tepérafunét &l fyom tab@utmtﬁ‘*@d) zﬂfouNﬂD"U lﬁl:llag’lﬁref’eﬁtbﬁrand reaction
described 1 n Organic %gnthe3|s vol unme 61, pages -

tenppegggnies ofyuBpPins RReRthy 0XoHA ahouep a@dbegaﬁqsoarttcr:}@rlénpﬁefeéred [0065]
Regétﬁ)elrt?rﬁgg € fval}gfhéu%lgtahézggx R6E gfz{r%plé N&O4 Ff?ﬁ@lt{oﬁdofb%e reactants being

ence herern, can use gener at e the cyanogen
empadyedereadtioni ttmpéaain, SoNients)ayadi the saielofitheatagien, sidcthe like, but
imtjng exanpl es

as, ch] orine or om 067] Non-

are G Ay gl n%’@ﬂh&l Bighen oo wtt“hféowa‘ﬁ% Fgiion times of
from about 30 minutes to about 90 minutes being preferred.

[0066] Non-limiting examples of suitable cyanogen halides include cyanogen chloride and
cyanogen bromide. Alternately, the method of Martin and Bauer described in Organic
Synthesis, volume 61, pages 35-68 (1983), published by John Wiley and Sons, the entire
disclosure of which is expressly incorporated by reference herein, can be used to generate
the cyanogen halide in situ from sodium cyanide and a halogen such as chlorine or bromine.
[0067] Non-limiting examples of suitable base compounds for use in the cyanation
process include both inorganic bases and tertiary amines such as sodium hydroxide,
potassium hydroxide, trimethylamine, triethylamine, and mixtures thereof. Triethylamine is
most preferred as the base.

[0068] Non-limiting examples of suitable solvents for the cyanation reaction include

water, aliphatic ketones, chlorinated hydrocarbons, aliphatic and cycloaliphatic ethers and
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process include both inorganic bases and tertiary
am nes such as sodi um hydr oxi de, potassi um hydr oxi de,
w0 eooai4agd ami ne, triethylam ne, and m xtures tPEr/E8£009/036527
Triethylamne is nost preferred as the base. [0068]
Non-limting exanples of suitable solvents for the
diethean amiomatir: eagdrioonbomc | aide matwees thérephaAcatoket oréylethylketone,

G W LD s

[06@9@<t uire rﬁ&ﬁ?ee Bf 801 Cci'?[[r\(;ﬂ?)'ﬁpéﬂ & e e[hgsteﬁp firve t1011 can usually be

hy ene C ori orm ar particul ar
cu1$td| (tadrhhesas liyhhezﬁmlgvemia teppoG@yre Thfe fivnx tabowt 660°C to about 400°C,

preg %qy)fq)r é&@iqﬁg’&g%%ém%gé{gym@om ¢lnv i SSnO"gagptionally in the
prets&fﬂae(;fa& %'ﬁl?abg';f ceftﬁ ?&F @QQ{H})IC@Q)@@uft@ol@@gﬂdfyséqgglgde acids, bases, salts,
preferably by ing at a tenperature of from about

nltm@@@ CBJmpOlabb latld 25@@)@9% pbmq;waidsysuch at ier qxampben Eewof acads such as,

eg5 i Tac s Blcte ETESEEL P AR sl i e o romatic

hy®Re QBﬁfuﬁ d:somguz& SN PnidSphdiol, §¥aoRlt@hoL ek dshthal
Y oeh aapdan A ihendli Pnidphol TR @hol b e @EdPhthalene;

sodint Bydrexides amugn cmet’aglam sodmp@hen@mnmm@hmmm ynethylamme
d henol.
trlbdl?ﬂgr?}% Sdl?z%ﬁgﬁaﬁgﬁgﬂ)% ane pﬁqu]ﬁ%fél?@ Sgéumolﬂ%r Q&?athygln)(i)sotmmohne

roxyna

tetﬂieﬂllylahﬁh@uu@Othﬁd@,h @mﬂh&ée\l okikle n’eﬁlmt&larphﬂ@hme zinc octoate, tin
triethylam ne, tributylamn

octgptsz Bt emhﬂnztezcoaak&@@ahfben% icplAlt pracate. <ot #rstylpretonate, and the
likL. etAlgé‘BéEHt é%%hﬁ%ig”@utrhﬁhrﬁ% %4 ?JE‘H%' Yop tngﬂé dfe chelates of

OXI I ne, zinc ocC
trahmﬁlorombt'alm ad Wdencateap h‘td&etatd legandQ balticuhalythé einadites of i iron, cobalt,
cobalt octoate, cobalt acet Iace nate, and the |iKke..

zing) QPPET MARBNE SGLIEFT Yy Hiag! 4P, YHEI LN feagngygum. These

and %fhe@é%ﬂls@’ ark RIBscEREd A 5. olf’atér[tqmecé i qon ATet afi‘1|d54 @@g852 the entire
bidentate or tridentate |igands, parficularly t

dlsg]o)elllras ad whichrana,incwbeailated by neferanepgersinnfiobah g@phthenate cobalt

[ titani di | um
octhafs S il Hire QR R aprt o y b B seq 1 n
h
(0107, ol QaarbflP of RaRRAO et e Beperinh B afferure of the
paitienlai catalFotig)l then aipinttime neft e dyxahtate coogbendsabang ebaidt the cure

acet Ia etonate are useful as the .
teneRgr o YOS ° ?ﬂgﬁeqhkﬁtj‘#ﬂ?r ’ 8%?&?&%‘%“6%‘}“%’?88 of jffom about
0.081 Yo aﬁ@:ﬁ 2%&%{1%9%@3? bRbddUst e @ot@lfwélﬁl@a dIaRd p&YMmdfizable (curable)
catal yst(s), the structure of the pol ycyanate

cor@pwmmmssebbuamprcf@rr@d the cure tenperature, the cure

time, and.the |ike. ner al | catal ysf concentrations
[OijlT?rgrﬁt%?r prepolymceagzatlron ofythe n%xturé/ % polycyanate compounds of the
present invention can be accomplished by using lower temperatures and/or shorter curing
times than those set forth above. Curing of a thus formed B-staged (prepolymerized) resin
can then be accomplished at a later time or immediately following B-staging

(prepolymerization) by increasing the temperature and/or the cure time.

[0072] The cured (thermoset) products prepared from the mixture of polycyanate
compounds of the present invention comprise the cyanate group homopolymerization

structure, i.e., the 1,3,5-triazine ring, unless other functionalities are present in the curable
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0.001 to about 2 percent by weight, based on the total
wei ght of the polynerizable (curable) conponents
wWpe@sents9 are preferred. [0071] B-stagi ng or PCT/US2009/036527
prepol yneri zation of the m xture of polycyanate
conmpounds of the present invention can be acconpli shed
mikngarmthhnlgarﬁ«:imb i dreperiag pressssmd/ pevenh dretfermatiomi ofghe 1,3,5-triazine
times than those set forth above. Curing of a thus
ring SHHWER- st aged (prepol ymerized) resin can then be
[0@3qonpl Trhedohtid diryflatd | B Rund ITEdiRt ShdsehPlihPMiY may be
B- stagi ng (prepol ynerization) by increasing the
copdmperiatdireltardvorictyhel othe ¢ompou][ddoaR)/ ompecpplymdrs thereof. In

set oduc red from.the m
colsbo Rl b B R B SR RAE sheomi Ofe RinbifyEy&late compounds
an@/@ﬂnrpl‘éﬁoﬁyhﬁr Gyanah&egf alay, mn@mhpwesé padseMNin quantities of from
structure, i.e., the 1,3,5-triazine rin unl ess ot her

abeyiric ¥4 tonatiout P8 o é?ﬁ/éfv?}ghts@rﬁ fram; #houg P#bIte #bRei Q% hapveight or
ratb'oﬁ[pz%t??'t{ah %tC‘#g ?%g;%@ﬁ BALPLEY ttétﬁf%%lft of the

ormat | on ring Struc
polhnecrédabhetdmepdtienysanat e conpounds of the present

nventjon may be copol ynmerized with a varjiety of othe
[0Q®%Hpoutiag-1ameies eﬁ?’é‘]@é‘?%/ﬁ’éFgmtpt?éli“é%f(mqlhdlé‘érP@B%Fﬁgthereoﬂ

wh‘ié’tP%aE'?ﬂBE'cggB;ﬁné?l%édﬂxﬁﬁ il t?ﬁ%”o?ﬁlg@felﬂé@é’ %B?wga?)unds of the

conpo or a prepo ormt may,
prwanplneﬁntben p(neelading rteqaayrtnattcmsafoforhndm db)bwmdﬁm%ptrcpolymer
¢ abou 95 %.b % %P % ﬁrom about 10 % to_abo ] bl
o185 oh5Ye Ui GRS, PPPRIABoYNIYE QRRSHE0E 95 By polymerizable

anﬁan uh238deaNbiBEest AkoRhativrli Oftd dlyéyARale0 Whiee 4r& @f@ent from
conponents £0074] Non-1imting exanples of conmpounds

the( pqiﬂygdatngob @g}gylzyﬁ)g prd thqzeqogmo)mdmm@hcmtgsi thpgewith, aromatic di- and
Pog’gﬁﬁga&%%! é?datn#e[goq}/mgl ntrlrlldést Uhd (ﬁ ag(? ngé%é@glac{ﬁf? ethers (epoxy resins)

ounds” O esen rmvention

sudheds, @cg{,amigtﬁﬁiy@fet}few 8LbRpkdnb) Aapd fo@@h@foegolgvmylfsvmm of phenol
t hereof include conpounds which conprise one or nore )
NOYRIRG A r §res| @V@ﬂ%?yreémsmmﬂythen%&xm 8@(5@@ thsflesgdedn the coassigned

55 d
of T Sl oEORSHBIETINC (BB O g cphofsomiesns
COMBRISINGd (YieC OWLIPL ATIO meMQIETIES anzsiNDol y&mﬁﬂﬁ deQR THE
I - d I d d d I yal d
T AR, R B PO bt o

Nogflgﬁ%ﬁg heBQkic AxQhpll 2N Qke bf 8 MEAEY korehblihS 8fmulations which

contain bismaleimides and epoxy resins and are useful for the production of high
performance electrical laminates are disclosed in, e.g., U.S. Patent No. 4,110,364, the entire
disclosure of which is incorporated herein by reference.

[0075] It also is possible to copolymerize the mixture of polycyanate compounds of the
present invention and/or a prepolymer form thereof 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 molecule 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 cyanate group; (d) at least one polyamine;

and (e) at least one polyphenol, etc.
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novol ac or cresol novolac resins, and the epoxy resins
di scl osed in the coassigned application entitled
WO ROOYPHENOLS COVPOUNDS AND EPOXY RESI NS COVPRPGSI/NER009/036527
CYLCOQOALI PHATI C MO ETI ES AND PROCESS FOR THE PRODUCTI ON
THEREOF", filed concurrently herewith (Attorney Docket
[00N6] &p2afiy andNoonlinmiing exgngpesciffcompenatydiretudodg priepolysers thereof)
of dicyanates for kln f ormul at.i ons whi ch cont in
whihe Ry & oRaRmede L 3ay e BfHEe G golR M L PomPqupfs (f ghe present
inRh@SIHELTAR cOfhpHii oP%rBﬁﬂd"%DCaﬁd?ke%%Nnh&@{heke%@ nat es
are dlsclosed in, U. ent "No. 4,110, 364, the
entire disclosure of which I s(Rpforporated herein by
reference. [0075] It also is sible to copol ynerize
the m xture of pol ycyanat nds of__the present
i nvention and/or a prepol t her eof \wi t h ot her
conmponents such as, e.g., of (aRC§§ | east

one
one conpound whi ch contai ns me mol ecul®” bot h
a cyanate or cyanam de-¢H® a pgf\errer)/gabl e
et hyl eni cal | y unsat ur at ed gr'. (b) at Teast one
compound whi ch contains in th sane nol ecul e both a
1, 2- epoxi de group and a poly Inzabl e ethylenically
unsaturated group; (c) at |east one conmpound which
contains in the same nol ecul ot h a nal ei ni de gr oup
nd a cyanate group; (d) at |east one pol yam ne; and
thé at | east one pol yphenol, etc.[0076] Specific and
nHMN&JﬂﬁBBfﬂGnﬁﬂﬁﬁPBQ§a@Bu@@ﬂpoundS (i ncl uding
prepol yners thereof) which nmay be copol ynerized with
cadhhm indxpendend¥ ip0) yayremat e conpounds of the present
i nvention include conpounds of forrmula (I1) and
thep reigtigsrelk sindeperdently( RyprefeHy hHegl.ncyanchagitep, vaydjexy, amino

opggneﬁ{ Iparargﬁllé[ P]ge r(r)gl tgvtbolo lﬂkyﬁf %‘ésc gnegp nat%?e%r%epigéjeoﬁl Ilsto about 6

caivdhagems, Gyabetitubdd 60 Sulf‘sﬁdl.lit@d)a,lk}afprﬂﬁrﬂﬂylmli}ﬁig $tom 1 to about 6
carrying one or two al kyl groups preferably havin

canbog Atams U BBt o Bltitifttedsyclopdyboste é\dhawing from about 5
to SHARL LHbES annl@{ linRhis R RR Y sﬂﬁ’éﬂtﬂ&dfd'ﬂ%gly]'plte?erﬁf?%a\f@ng 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; and

the moieties Q independently represent hydrogen, cyano, HR'C=CR'-CH,-, or
H,R'C-CR'=HC- wherein the moieties R' independently represent hydrogen, or
unsubstituted or substituted alkyl having from 1 to about 3 carbon atoms; with the proviso
that when both moieties Q are hydrogen, at least one moiety R represents HR'C=CR'-CH,-
or H,R'C-CR'=HC-;

and any non-aromatic cyclic moieties comprised in the above formula (II) may optionally

carry one or more substituents and/or may optionally comprise one or more double
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carbon atons, unsubstituted or substituted cycl oal kyl

preferably having fromabout 5 to about 8 carbon
w@et@agl4ensubsti tut ed or substituted al koxy prREEDS90Y036527

having from 1 to about 6 carbon atons, unsubstituted

or substituted al kenyl preferably having from3 to
boadroartd/6r may lbphoatlbyrbe pohsybist i ¢. gt Edydic sutstyctict ed

al kenyl oxy ,referably having from 3 to about 6 carbon
[0¢%7d s, Read ithe cagloghydiglsae i mefed aBe ythe ey gnd preferred

' f t : [

ARt T A g S R T B AR, e HPHTRS il Bl been se
foralibabibvelRithaedpent &t e onmpasabs bf fartada 0. substi t ut ed

agélox preferably having from6 to about 10 carbon
[0Q:48d ns They mepietiesu@sinithe abev oforgys (i1t indsgergeatlyogyresent hydrogen,

ef | yphaving 14 _bQ1 gheut . .at 1.

“Yihe l?r[é?gfiéel{s %%{% noe%féamdén(??yq?gpr‘%%éeﬁﬁ athg r%gttéér%?ﬁ 1%%endenﬂy

repedtantoh ydrihe@=6Ri ikubk2utedosr subetigitdd tpeferiibiyainsabstiRited) alkyl having
i ndependent |y represent hydrogen, or_ unsubstituted or

Y
frogy b4 pbQ ScaEhatomavs myefer st moitety Abisallys ghopdthis preferred for
thArQBtics 1 8 bkNtBc RIAY 1238 (btebreWRMIRAEOCRPICRH & 1RIBCECR'=HC-
hydrogen; at |east one noiety R represents
andiRt @ ORI fFent dronHARAGERL Allso pafictablyy anbdersapoeraf ithe moieties Q
. cyclic noieties conprised in the above fornmula (11)
1Sﬂ§ngﬂR$?haJIy carrv one or nore substituents and/or

(007 PNt £ IBPUFSCORIOT oFIHE HOUD) ARPPARIAY R include
may optionally be polycyclic (e.g. bicyclic or
metthylcythlyl ,cpropyD@hd]isdtegpyldiMethyhs @y tdrosl. K bheélenenore substituents
noi ety and the _exenplary and preferre ani pgs of n,
argpreseit R Mese aHwl |ggg?HS| t%%%acw ifgr %@émg‘sgge élﬁ&&68§us% as, e.g., F,
CIMKt ghas been set forth above with respect to the
conpounds of formula (1). [0078] The moieties Qin the
[0G893V e Noarlivd i tin g ¢ dam plad ep eredehuivie e ohgrau@ad e ot fowalria@Hn include 1,1-
.cyano, HRIC=CR1-CH2- or H C-CR.HC wherein the
bl%%ihéérwpmnﬁ}&wh@@aléﬁ%qey Pépdgenetheylr ofdnbisgi-hydroxyphenyl)-
' - bst, i tyut -
o RSt Ay R PSR e P By B IplenyD-glodpdecane bis(1
pragteays . ethenr ef, bibidd-hyoiret yphenyigcalldddcand\ bio(aliyl ether), 1,1-bis(4-

referred for the noieties to be jidentical, .and t
Pl BRERD bRk B B RRRAIeR Pesifal o LacbiBahydtoxyphenyl)-
cydblé@nentbid 1 9 hd1 og@er), Ab 20viR(eh fIrBRY phendl)al £8haRBCDis(allyl
of the noieties Qis not hydrogen.
ether), 2,2-bis(4-hydroxyphenyl)adamantane bis(methallyl ether), 4,4 -bis(4-

hydroxyphenyl)octahydro-1,4:5,8-dimethanonaphthalen-2(1H)ylidene bis(allyl ether),
4,4’-bis(4-hydroxyphenyl)octahydro-1,4:5,8-dimethanonaphthalen-2(1H)ylidene
bis(methallyl ether), 5,5-bis(4-hydroxyphenyl)hexahydro-4,7-methanoindane bis(allyl
ether) and 5,5-bis(4-hydroxyphenyl)hexahydro-4,7-methanoindane bis(methallyl
ether), as well as 1,1-bis(4-cyanatophenyl)cyclododecane, 1,1-bis(4-cyanato-3,5-
dimethylphenyl)cyclo-dodecane, 1,1-bis(4-cyanato-3-methylphenyl)cyclododecane,
1,1-bis(4-cyanatophenyl)cyclodecane, 2,2-bis(4-cyanatophenyl)adamantane, 4,4’-
bis(4-cyanatophenyl)octahydro-1,4:5,8-dimethanonaphthalen-2(1H)ylidene and 5,5-
bis(4-cyanatophenyl)hexahydro-4,7-methanoindane.

[0081] Further non-limiting examples of the above compounds of formula (II)
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[0079] Non-limting specific exanples of the above
al kyl noieties Rl include nethyl, ethyl, propyl, and
W0 s@pnopyd . Methyl is preferred. If one or norBCT/US2009/036527
substituents are present on these al kyl groups they
may, for exanple, be hal ogen such as, e.g., F, d, and
inddnde pOOBOPr mmpldtﬂfﬂiliﬂgl exampigencof ptodec@abdwempounds of formula

d f f [1). i.nclude 1, 1-
GRS Bagtomengt Tos crdiabife P Bidtat R C-GRerfl- or HR'C-
CR'=hrci a6 4oy d§ ‘Pﬁ@h@lﬂf‘e@y|V\)}ric19Xﬁﬂr?%qgﬁ%emu%gﬂm%ﬁ@bh)ﬁlt least one
etherj, |, 1-bis(4-hydroxyphenyl)-cycl ododecane

arcm'lg(q png) pehlockeat Glisen rearrangement.

(4- hydr ox phe c].odecane bi s(al e
[048211 i hegeo pew Eqw?"ﬁ%w &aeacaﬁ@afﬁds'ehé%qﬁ%ﬁwhwh are well
kn@@vlﬁqr))thos!e' o BliAG# tﬁé’ droxypPReMMble; 1EKE ! RIRKARNE may be prepared by
bi s(I - propenyl ether
ettRriZichiisl 4f hydichujahe hispherdd whtiteartovbifertaild (i) whérein)hoth moieties
Q lgpﬁsé%t%grgro dr Og{ Ig()enqzogn% ahq?}m:gnqgnsbels%(grrroeltlphal lIﬂ{lC—CRI—CHz— or

H,RYdrORenyhd/ee 'b?hﬂéddftibﬂ wAthSa 8y &lidgRhhameeaptt fahi®nm2his regard
| H yl i dene bi s(al et her)

seeq £47.-(Bf SQASHRIF Ry %mlep@ﬂ%h&BOMATIC BIEYANATRAHIMEOUNDS

VV@?£P%?§?4%%%%%¥ ﬁ?eny??hexaEQ§$% T’ ngﬁaﬁg?% gwgy herewith

(AhbmealDogketelibesd49aydhe entire disclosure of Wthh is expressly incorporated by
5, 5- bi s(4- hydr oxyphenyl ) hexahydr o- 4, 7- met hanoi ndane .
refgqeg%enetlﬁglql,w apd het]a? abovggmentigaed ‘co-assigned  application entitled

B P U P RISNSH ALPHATIC AND
ARQMAIITE (MOt Bt ocAdtamed yhipogilee Nyl §@idd).ododecane,

1, 1- bi s(4-cyanat ophenyl ) cycl odecane,
[0083}- diusthar enpsHistwgHonylitisiaa sarmalse of gompounds (including prepolymers

theFéeoﬁé grmz é')al@?}% g@ QSBM&@%@E@{‘%% nd nitxard Oidf)(q?éﬂlﬁgtg %%tohﬁlds of the

ene a

preders ( v entimatnepiae nyil xuive x aff yabhgpodnds meidhanoirespan® .to the mixture of
%9081 Further non-limting exanples of the above

po lﬁf&@p&fm%?fnthﬁ are(sw}t)lslw@rlala &/heE the|cysrate grpypepig partially or

f f
coﬂal%kéﬁ%g?ag@g BZ%Q&&BE%? FAAMCHR | OLCROMAGUBAS NG or }‘?{RT@ éRr'=HC-

st one of the noieties Qrepresents
O- HM%@R the GhiBietior RI2RUGERUeMG: rejrssane| Hydasenp o merssbstituted or

bR R i e, Tt &ﬁpoea%uugsfsé?f%sﬂﬁﬁﬁ%ﬁém%s pbgzpsponding
gro}\?@ 1&%%%911}%!%6@191‘1%&@ abdl Il Jpr k ?par ed by nethods
SKI

ich are wel known to those 0 in the art. For
[0G84 nmpNen-lilhéases spaedile esamples é cprre ppomelinhyompounds which may be

present in these mixtures include dimethylcyclohexane tetraphenol tetra(allyl ether),
dimethylcyclohexane tetraphenol tetra(methallyl ether), dimethylcyclohexane
tetraphenol tetra(1-propenyl ether), dimethylcyclooctane tetraphenol tetra(allyl ether),
dimethylcyclooctane tetraphenol tetra(methallyl ether), dimethylcyclooctane
tetraphenol tetra(l-propenyl ether), partial or complete Claisen rearrangement
products of dimethylcyclohexane tetraphenol tetra(allyl ether), and compounds which
carry at least one substituent on at least one aromatic ring to block a Claisen

rearrangement.
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etherification of a cycloal kane bi sphenol of the above
formula (I1) wherein both noieties Q represent

woy@oogam with a conpound whi ch conprises a grpCpUS2009/036527
HR1C=CR 1- CH2- or H2R1C-CR 1=HC- and/or by reaction
with a cyanogen halide. For details in this regard

[0085¢, &hg(co)pdlgmenzabhds mgxtects sy phd patdnd nnemtipi laed the products made

" AROVATI C DI CYANAT OUNDS W TH H GH ALI PHATI C
theg SR ERTENT M 1 EOHBUNT ¥t Py MIOET BUIE AURSIRIESY Hep a5 -2
onOBE KBl MRt REHFNh ark REMEWniY Eregérﬁ ¢l PSIYmRriLib1MHi &lirek Snd products
expressly incorporated by reference hérein, and the
magdp thezelment Nomdichideg ecswipiercel spphilditiveésonclude pelyagrization catalysts,
"ETHYLEN LLY TURATED. RS S| NG . .
co ST RIRTS ABE APCRATT CINGET 5! EAT CBPRE, etk £l adhesion
prdd8sidil) welti@Q&Rs, Blspédml SPRechiffice MmodfiBRNtHetMbFlhdG resins, and mold
exanpl es of conpounds (i ncluding prepolynmers thereof)
relgse égeay be copol yrmerized with the mixture of

00} NSRBI AprebHTE BT ECB Y F Ot REGH AP gon include
dic9hndi@hidey afdk@uEAMARdIf HRAOIRSESS Afinol M6APobAd:, benzoxazine,

wherein the cyanate groups are partially or conpletely
anysividas amigyaginesFed oplyperdasi ae HRIC=CR*CH 2- O and/ or

- .1=HCO- wherein the ieties Rl independently .. .
(0482 T SR Gt CaRLGbaRT fuft Bheprest R mgoR g addition to
thadé kKatlfoRYbAG v it Ject B BB AYhoPoIGRERLN AL M mBX@RWK BSlycyanates
of correspondi ng groups include allyl oxy,

inchsteh dranyitior y mesald compregpe nyindgdagoles, 0 pdajphoiv i saltsi nghosphonium
exanpl es

co%El%%%:sfe.ée%tﬁ%ryia 11%%eh\gcfr%g§ rsl[J » égzgp (ga{tﬁg%sgosrﬁgﬁ i g?lca\lmljn% 542? ¥nd K61B

S S 1 nc

(mEdifed BM{JK&M@ 82N 1AIEE Fph Amobrotiedts)a (AginbibtePREN3) or MY-24, and
di met hyl cycl ohexane tetraphenol tetra(nethallyl

magifigdryreasdi met hyl cycl ohexane t et raphenol

- | eth di hyl | tar )
10G88] 7 o DB FR AT BT 1 TaPRaE VBT E R o Gt i he presen
invetioARRAn® pheiphafuietdiadihi BlRtds (DOP — epoxy reaction product),
di met h &ﬁgﬁlooctane tetraphenol tetra(l-propenyl

addictrepf | t(pHtdilanztcaipl. diogaphoaphosin-G-exide amptamesinm hydrate, zinc

0 f di pet hyl cycl ohexane tetrapheno
bo %%?%%g%F§’a%FEEr), and conpounds which carry at | east

[oospg SNBSikdiHENExMPI&S of EARKINLORR udE ATl fredehNBIvERIIN @6Kexample,
a C aisen rearrangenent.[0085] The (co)polynerizable
forpinytrayieg podcessabilipyeinehndeagoione.i mathalethy hetqpeodud Dowanol® PMA
(prggﬁeene glycol methyl ether acetate available from Dow Chemical Company).
[0090] Non-limiting examples of fillers for use in the present invention include functional
and non-functional particulate fillers with a particle size range of from about 0.5 nm to

about 100 pum. Specific examples thereof include silica, alumina trihydrate, aluminum

oxide, metal oxides, carbon nanotubes, silver flake or powder, carbon black, and graphite.

[0091] 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.

[0092] Non-limiting examples of wetting and dispersing aids for use in the present

invention include modified organosilanes such as, e.g., Byk 900 series and W 9010, and
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therefromrespectively, may further conprise one or

nore ot her substances such as, e.g., one or nore
W@eldotii44es which are conmonly present in pol yneeT/Eedshe036527

m xtures and products nmade therefrom Non-limting

exanpl es of such additives include polynerization
maoddiel hetrsgarlmmscur i ng agents, flame retardants,

synergi sts for flame retardants, solvents, fillers, ) )
[0093hesi Nan-pporeg sxamplgerof sHEfags gedifiprs pei yiend Hiegresent invention

. f hfiers.the t I NS, @F - i
UL 968 8L Ly e RS0, AR T3, o PBIDAOn ok Chmie
Gecmamur i ng agents for use in the present invention

i ncl ude di cyandi am de, substituted guani di nes, . .
[0094& n o Noaslimiiwg rrr apwifs f rifiermapdastie xesanor WAy dhg geesent invention

- ' 1.Nes, —an I ' 008. Slipjti

in TR a R B FEHGR e PR PPEecrlEr nlBrppputtones.

polykuif@adsli t i golfethdrtidfoaesset polyvydbence wifluvrides pecpolye@herimides,
t he honopol yneri zation of the m xture of polycyanates

PORYRBINGEIGP ALY RN GHIFROKT: LB HIEBOXY i Bz ] yurethanes.
[Odg%? f}gg&%ﬂ?@@ﬂ& zltsn’chrg Fto?nglﬁltﬁl r(lgj:ggtasgqo ggeltng).(ﬁozr ;Jucst“;;| %g gtfleag)yesent invention
incAneandxee sihdl, @pdcdiodba(waxdi fied aliphatic am nes
avai l able from Air Products), A inonoto PN 23 or
[009¢] 2 A he ampitum o Frpmdtie pelasyanp@@®8ipoNads-dfithd piepapt invention is useful,

. exanpl es. of fl r et ar dant d syner.ai sts .for use. in
inigin @b aastmarr BT F Ry e Bh siRertn Ot Srpdit ok bbards and
makeR] aBCldk ef&ggra@ﬁ’ circ@ip Xéka%ﬁ@%&dh%sﬂ@ﬁ%@ﬁrétes)Hﬂl%lﬁﬁ;&u&fis especially

DOPO §6H- I benz[c, e][I, 2] oxaphosphori n-6-oxi de), o
usqfplgfios SoramlHipgrrattax resipicfos dight weed pnted b beds integrated circuit

] - L/t ing. exanpl es. sql v for . [

paqhdgiig] alEpdorh it R Bl G SreRt iRy oo be used o
adjpstabe ssaitldf hydrocnbbi ttea theaheseematrdt hyl et hyl ket one,

and Dowanol (r) PMA (propyl ene glycol nethyl ether

acetate avail able from Dow Chem cal Conpany). [0090]
Exhgpiéin1ting exanples of fillers for use in the

Bré%ent i nvention include functional and
A. ®ymtediRcinido0ahrapatitdtionl ot @ Niduherst Pblyphehoparddmpdinds Based on

size range of fromabout 0.5 nmto about 100 nmm
Cygiehexane Diga cqyéqandadienphe| ude silica, alunina

. h - I~ N - !
007 A s OO L B B R0 350053 ol

migtuapbi t.8- and 1,4-isomers; ratio of phenolic groups to aldehyde groups = 6:1,

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

vented and water (48 g) was added.
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[0091] Non-limting exanples of adhesion pronoters for
use in the present invention include nodified
woe@anossd anes (epoxidi zed, nethacryl, am no, BECT/YE2009/036527
etc.), acetyl acetonates, sulfur containing nolecul es,
titanates, and zirconates. [0092] Non-limting
[O(PSanr)Negr (379 getntli NaH @0 ((ﬁ@%lﬁ@)sweng addegistofrentral ze thenPTﬁA When
i nvention include nodifi eganosHanes

LTSGR oh e o SRl B LR RN RGBT Ehiag e dansferred o

a X L%Pﬁﬁﬁﬁr Peitihrel. [ RPRRYT NN eleHlet %MEK?%@md@& ofndSHE fcBRRnts were
modifiers for use in the present invention include

wasliddpseapi] gllrrwgsw&d diatar vegemavar BikbArsalif Wi sdivente and excess phenol

weft Pl il i <SR L bl hion gopgg qpugatuminunn
foil. N ThBereaE@se it pHMﬁiﬂt v bﬁﬂbhﬂi@nd’ &ﬂ@drb&ﬁlcﬁih@de produced as the
non-reactive therm) | astic resins such

prademyise piadyel & @ﬁéﬁhenpbpwﬁaﬂsm@ﬁb% folmlwm@n@dl sfrypfase (tetraphenol

fluoride, polyetherimdes,
0f8?+%%%€%(#gﬁﬁgg pol ybenzi m dazol es, acrylics,
phenoxy resins, and pol yur et hanes. [0095] Non-limting
exanpl es of mol d rele N for use in the present
i nvention inclﬁ S car nauba wax.
[0096] The m xt'ur Qg&anate conmpounds
of the present 3 inter alia, as
t her noset t abl e cononong or the production of
printed circuit boards materials for integrated
circuit packagi ng (such IC substrates). The m xture

is especially usef aaf .tlng matri x resins for
hi gh speed prllq u : ntegrated circuit
packagi ng, and : Qe -s }is a m xture of
conononers, it may atso be used’to adjust the anount
of hydrocarbon in a thernoset matri x. Exanple 1 A
Synt hesi s and Characterization of a M xture of

[00991 y pR8traviotet CpendrophetsmBaisethabysisQuol sledxéahgdroxyl equivalent weight

R T SRS G bR e (IR AL By s o s Suseed 10

resOBe @3, (is8inéfiby @ndfondntd pre3pit id tife-pré@iger s; rati o of
phenol i c groups to al dehyde groups = 6 : 1, equivalent
rati o of phenol to cycl ohexane di carboxal dehyde = 3 :

B. é%ntﬂ@ﬁ? oiatﬂg %gtrgcquﬁ!ltg GF Diilﬂethvlcvclohexane

[0100] A 250 milliliter, three neck, glass, round bottom reactor was charged with the

tetraphenol of dimethylcyclohexane (23.73 grams, 0.20 hydroxyl equivalent) and acetone
(250 milliliters, 10.5 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), a Claisen adaptor with septum, and mechanical stirring (glass shaft with
Teflon™ blade and variable speed motor). Stirring commenced to give a solution at 22°C.
Cyanogen bromide (22.67 grams, 0.214 mole, 1.07:1 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 by cooling and equilibration
of the stirred solution at -5°C.  Triethylamine ( 20.64 grams, 0.204 mole, 1.02

triethylamine:hydroxyl equivalent ratio) was added through the septum using a syringe in
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a 1-L 5-neck reactor. The m xture was heated to 50 0C
with 500 rpm nmechanical stirrer agitation. At 50 0C
w@eaat4aespheri c pressure, p-tol uenesul fonic aRCTUS2009/036527
(PTSA) (1.3959 g total, 0.207% by wei ght) was added in
si x portions over 30 mnutes. The tenperature
aliquity éas atimaiheiidagices tampéragac bt BYSAocadtl .t ITha totAf ddlition time
the 6th PTSA addition, the tenperature contrqller was_.
forgghe trigtindamineaigs i Mimitias appY idditios othehe disxtt Biree pliquots of
i M B of SRR A RN bR Yo" Aer 15 minutes of
posiaeictias @d -3°0° toe30d eHRACednafysBroftah@nipdaof ihenresalout product revealed
When the reflux had stopped, the reactor was vented
theggrdrestad gtentipg tyne SlHE 1%gegal_g[c®gg)éqte YRR EFSIQy nggl)s agplysis was able to
resotye (fsgmggé')zc&)lpéﬁﬁﬁg ﬂld ﬁl%dteglgc(::ﬂﬁ?tfer old&. tﬁ?tep -c[lsélmulative 45
en the reaction contents ha ool ed to room
mih@apef @istraactidihat -67T ko °COHPRAt MalyRisef tarsamplessfrtRereactian product
-L separataory funnel. Methyl ethyl ketone (MEK)

2 M was
revealgd @0 chgetin ey adesh distrtuitionyd Hg tigeybe groduchderryap added to
a H%I(&r Pit %a{gﬁéﬁ%\éﬁ% %Eﬁ%ﬂs&li(;nizeﬁh%at%?l(y.%nﬁt%rs?rh‘ade&(igﬁlﬁ mei%hane (250
phenol were renoved using a rotary evaporator, and the
mihlditersiguoVidmgveds ploico @thitont Afadr Grmimutes fobktirringhthe mixture was added
reacti on of phenol with cycl ohexane, djcarboxal dehyde .
t0 B SRV fa%nf-‘iwilowéa%ﬁ%tﬂ% nd &%ﬁ% 5@@@%@%&6@ recovered, with

thePRRE6SSIaDY difierdQl bRy THER|chRREMShAMCIIMiFon was added back into
(tetraphéenol of dinethylcycl ohexane): [0099]

thelfeparatorp femek pakextiopled tvathefreshodeiomategsivaep260 indilditers) 3 additional

._hydr | equival. ight . (H of 118..64. High

e IR deTid 5 bR oI E PR A V& S pver sramtar

an}@@&mts@diuhpsmﬁ&odég rafls) (tb SRR dI&a) sC1AHPP MBRhSy RIBSEPssed through
in the product. B. Synthesis of the Tetracyanate o

a bejl 19 epiipidesus| sofiampdfat@iograms 280peritdd o1  d ,m;]tlilhi_ﬁ%emeiium fritted
gla?sg ﬁlﬁggﬁﬁtat%ﬁedogoo% :31%%? yltvgugﬂulrng %@Eko r Tﬂgglﬁgggft%?eaw\é% }(gar% ds%aporated

eno cyc xane
usih%@rr@ék‘ilﬁmﬁlcbﬂ Vah @tiperaie AGOPO At A8Yadiun ivak k85Smm Hg. Further
10.5 mlliliter per gram of bisphenol). The reactor

dryiags was dpmplteal foy 28chsiuppatdSO/Ctin the vonrden seen. ( Aafotdl aif 2dB3 grams

C, a thernmneter, an rhead nitrogen inlet 1
O RN iulilert T aridBEp AER anan e Yo Rt sohd froduct was
recBB&BANI GRY.C Sdnialykisner 4 Ghdpre Shadet protiidt W&F [RAG¢aMo Rhadgeviously
and vari abl e speed notor). Stirring conmenced to give

obtgingd|aythe samptetipp of theyasrbigan br oni de (22. 67 grans,
0.214 nole, 1.07:1 cyanogen brom de: hydr oxyl

Example 2

Svnthesis of the Homopolytriazine of the Tetracvanate of Dimethylcyclohexane

[0101] Differential scanning calorimetry (DSC) analysis of portions (8.5 and 8.9
milligrams, respectively) of the tetracyanate of dimethylcyclohexane from Example 1B
above were completed using a rate of heating of 7°C per minute from 25°C to 400°C under
a stream of nitrogen flowing at 35 cubic centimeters per minute. A minor, reproducible,
single melt endotherm was detected with an average midpoint of 91.02°C accompanied by
an enthalpy of 1.766 joules per gram. A single exotherm attributed to cyclotrimerization

was detected with an average 151.6°C onset, a 262.8°C midpoint, and a 346.4°C end
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equi val ent ratio) was added to the solution and
i mredi ately dissolved therein. A dry iceacetone bath
wo a09ao03b9 ng was pl aced under the reactor, folPCIES200%036527
cooling and equilibration of the stirred solution at
-50C. Triethylamne ( 20.64 granms, 0.204 nole, 1.02
acdompahied| byrdnnentimlply ok §14.€ guiilesapergramatA glasswaisnsatohet@mperature was

t hr.ough the septum usjng a.syringe inaliquats that . .
nof G 6 TG 4 SR o R ot e piItage RogndppBaiazine.  The
hohBBolly@faRine 26l Eic@Mrdnk IR DT ahd1$si§ WaSh BYhPAIAL aWder flored, fused,

~mnutes. After addition of the first three aliquots of
rigidejobitlhy| anmi ne, a white slurry of triethylanm ne

ol 2258 L 1Apu N OBl B BbR At i

regafBE! de@RinPFeddbits theevE atiRd vERRNE X REsIssiBlel eiEltdrafbns] pemutations,
shift indicating conplete conversion. This analysis

andyegiigHees phthe espianeshewn(widldiwepme ppRadeRs é» 1ese sikieq fethe art upon a
{ . . ti ]

i ACHRTPRSFPLONG BV 108 GATARL A8 AU R of e

veiSRnp lheredf chi der @matiinah irp vadoist whgy eabedideoaddigage versions of the

the product distribution. At this tinme, the praoduct
preseni inyenfion. aHprehfrngres cBEAR EIiNOlogY s i Regn (uped €91 hegpurposes of
e EREOLSE 5ol ol ERSL AT HLER, SOTRKEANS PR cains
shanldhumoe He dimigdd ta khegdeschption rf thee pwésrealddasiono cantained herein and

separatory funne allowed to.settle, and then e ...
Sh By Bt HEFTE Shpinsr eovimis. did hafRUeddadag witin the tue
Spﬁ@yﬁf“gb§§ﬁ%g%g$gﬁjma§56n.The di chl or onet hane sol uti on

was added back into the separatory funnel and

[01031 Hagingchowi by fdesssibed diis Hiveridonatt will feo@lerstgdd; tithese ©f ordinary
) B RBE o B0 75 P PP b Yo v it
eq@nAIyslr @bige SOEHndMcny] foadelalid®s, @GhdBer paragiewes &vithb&adeparting from
sol uti on which was then passed through a bed of
thegsppRIPidhe inysatimersany eatbedinpmtythaiess. supported on a 150
milliliter, mediumfritted glass funnel attached to a
side armvacuum fl ask. The clear filtrate was rotary
evaporated using a maxi numoil bath tenperature of 50C
until the vacuumwas <3.5 mm Hg. Further drying was
conpl eted for 28 hours at 50C in the vacuum oven. A
total of 27.33 grams (95.13 % uncon ected, isol ated
yield) of |ight golden yellow colored solid product
was recovered. HPLC analysis of a sanple of the
product was identical to that previously obtained at
the conpletion of the reaction. Exanple 2
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Synt hesi s of the Honopol vtriazine of the Tetracyanate

of Di net hyl cvcl ohexane [0101] Differential scanning
w@a000ni4eery (DSC) anal ysis of portions (8.5 apdI/8S®09/036527

mlligrams, respectively) of the tetracyanate of

di met hyl cycl ohexane from Exanpl e | B above were
WHdARIS«IeAIMEDAS: a rate of heating of 70C per mnute

from 250C t o 4000C under a stream of nitrogen flow ng

at 35 cubic centineters per mnute. A mnor,

L PAOBELSI SR, L RS Al bt proces

com@ptifealcpydafing. ﬂﬁﬁldpbydeesf Ppeyclgillaame hAvisig rgine abmtite)r about 24 ring
ttributed to cyclotrinerization S detect d with an
carfoe Rioge iR RGN fAMPORNS b e i R8Pl hydiprgy groups to aldehyde
aroapb ARG RS Caoﬂiﬁ)}@ﬂﬂee&% Py Ren6iE bahBYurls ikt a%dlﬁﬂép%?slty of not
per gram A glass transition tenperature was no
highesthen Abdité. f rom a second scanni ng of the resultant
honopol ytri azi ne. The honopol ytri azi ne recovered from
t he DSC analysis mas a transparent, anber colored
fus t hough_t he
| nvgﬁ? T as be"lérr’%1 d’escfr:reio @eu WOl fadif BhFRcTK %?e?%drPXY groups to
akﬂmyd&gﬂﬂm@ndaﬁﬁaﬁab®ﬁmn versi ons thereof, other
versions are possible, and alterations, pernutations,
and equi val ents of the version shown w Il becone

ap rent to those sk| | ed |n th art upon a readin
3. the QB@E‘?‘F?%J ?%O%Fna sty | gpd+ évhatea&%svd %@h drom 6 to
aUMﬁq (ﬁﬁﬁ%g&ﬁﬁsof the versions herein can be
In various ways to provide additiona
verslons of the present invention. Furthernore,
certain term nol ogy has been used for the purposes of
4. desdhp praogss @f aayiang of ghemp dito Bowhengin the lggclpalawehas 6, 7, or 8 ring
Cmﬁgge&%&on Therefore, any appended cl ai ns shoul d not
imted to the description of the preferred
verS|ons cont ai ned herein and should include all such
alterations, pernutations, and equivalents as fal
5. wi t fha frbeest rofieangpore df atuiims clope 4o0fwhehen phe skailehyde comprises a
inventigg. £0103] Havi ng now fully described this
cy§lpResARg Y98 1| be understood to those of ordinary
skill in the art that the nethods of the present
i nvention can be carried out wwth a w de and
6. €qUITHRERRLsY GNGS Rk F Nt i1 39S, whereilihdhhefstic @Rfpound comprises
ot her paraneters w thout departing fromthe scope of
pheted i nvention or any enbodi ments thereof. WHAT I S
CLAIMED IS: 1. A process for preparing a m xture of
pol yphenol i ¢ conmpounds, wherein the process

7. A mixture of polyphenolic compounds which is obtainable by the process of any one

of claims 1 to 6.

8. The mixture of claim 7, wherein the polydispersity of the mixture is not higher than
about 1.5.
9. The mixture of any one of claims 7 and §, wherein an average number of hydroxy

groups per molecule is at least about 6.
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conpri ses condensi ng a di al dehyde of a cycl oal kane

havi ng from about 5 to about 24 ring carbon atons with
W@2@Ebanabd ¢ conpound at a ratio of phenolic hyRPEDKS2009/036527

groups to al dehyde groups which affords a m xture of

pol yphenol i ¢ conmpounds wi th a pol ydi spersity of not

hi gher than about 2. 2. The process of claiml,

wherein the nolar ratio of phenolic hydroxy groups to
104 dénpy@eesgrioupeprdng nrigass OEB@MW%?WCSQOHWEH%% ydesadn ge process

j erej n: I e :

co e T R R BIE RSN B8 A d Hixure of
polyphamnyic enmpotdindslodiang oide dfocl@mswhedeanto dyheate golupal kane

has 6, 7, or 8 ring carbon atons. 5. The process of

any one of clains 1 to 4, wherein the dial dehyde

co I ses a cycl ohexane di al dehyde. 6. The process of .
ll.any ﬁé’r?ffessc?%f i ﬁ%r,el grpé%;(ﬁ:.s% ﬁ%mgﬂ%eﬁ practing the mixture of
polPRRANE oPHds At ;D%@Ei@ en Halidd m xture of

pol yphenol i ¢ conmpounds ich is obtainable by the

process of any one of clainms 1 to 6. 8 The m xture of

claim 7, wherein the polydispersity of the mxture is )
12not The grreessiiany aBeat claing 10andrHe vibeseisubsgntighyalbefethe phenolic

hy }?é? lgf%ugg’ ark ARFerd 1%?:&%1'&3[]% glhupyerage nunmber of

Xy groups per no Is at | east about 6.10. A

process for preparing a m xture of polycyanate

conpounds, wherein the process conprises partially or
13conmpl mieluy of pelyeyiiatgcqmsnolls whivhds oktpingblpuysthe prackss of any one
¢ 'xtug§ of, pol yphenol i ¢ conpounds of any one of clains
ot ga ©Wo cyanate groups. 11. The process of claim

10, wherein the process conprises contacting the

m xture of pol yphenolic conpounds wth a cyanogen

14hal iAdgixtde. wilidR cpm@Eess(i othe iy @O 6f PblyEYaf¥Bcohiboands of claim 13
11, wherein substantiall% all of the phenolic hydroxy
angfpp g prerpl ¥ eiiaed dorra dheaeloard) Hhattd et Giip compound and/or prepolymer

thereof which is capable of reacting with (i).

15. The mixture of claim 14, wherein the at least one compound (ii) is selected from one
or more of aromatic di- and polycyanates which are different from polycyanates present in
(i), aromatic di- and polycyanamides, di- and polymaleimides, and di- and polyglycidyl

ethers.

16. The mixture of any one of claims 14 and 15, wherein the mixture further comprises
one or more substances which are selected from polymerization catalysts, co-curing agents,
flame retardants, synergists for flame retardants, solvents, fillers, glass fibers, adhesion
promoters, wetting aids, dispersing aids, surface modifiers, thermoplastic polymers, and

mold release agents.

17. The mixture of any one of claims 14 to 16, wherein the mixture is partially or

completely cured.
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13. A mxture of polycyanate conpounds which is
obt ai nabl e by the process of any one of clains 10 to
W@ 2009414467 i xt ure which conprises (i) the m xeCr/ESP9/036527
pol ycyanat e conpounds of claim 13 and/or a
prepol yneri zed formthereof and (ii) at |east one
conpound and/or prepol yner thereof which is capable of
reacting with (i). 15. The m xture of claim 14,
18yhePemixtiisewhich (camprisesre) @6 mistnel of Pplycyaagefasasgds of claim 13
11C I
nd RO TPIRL R Tofl ATl o B ROHEAARE Shjch ar selected
froar @Digllrrie(‘rizdtiien andlyps| yoyariagi gests, flamearthrdants, synergists for flame

B Bt S Al o5

surfRe ndifidts ech&‘rﬁépﬁ‘a‘%ﬁc 991%‘{&53 Grd R0k @RlealDideniU bstances
which are selected from polymerization catal ysts,

co-curing agents, flame retardants, synergists for
flanme retardants, solvents, fillers, glass fibers,
19adhdse @nxtprwﬁqlzémslfﬂ wéltete:lmgleamaglre thi wﬁmﬂmmgomwly cured.
surface nodifiers, thernoplastic polynmers, and nold
rel ease agents. 17. The mixture of any one of clains
14 t i all
Ocorré pertg)g ?%@Sér egﬁlﬂgﬁgs Eﬂcfﬁfe}f &rﬁ)ééuvﬁ]&a%? s O¥Clgl[ensls { [ SO 1t9he
m xture of pol ycyanate corrpounds of cl al m 13 and/or a
prepol yneri zed formthereof and (ii) one or nore
21 subdhe poesctdiicthmalle wéletesctheqbrédwmsmo lqastmnie patn electrical laminate,

talysts, co-curin ents | a tar
an JF SRS o G iRt wBE Aok o ppugds formulation, o
cofip&®, dddPar Rlhe@tkhesi on promoters, wetti ng ai ds,
di spersing aids, surface nodifiers, thernopl astic
pol yners, and rml d rel ease agents. 19. The m xture of
cl aiim 18, rein the mxture i artiaIIy or
22¢ onp @fféP%eltq‘i%d’m%ndeéP%ﬁ&ﬁ i ch conprises a
cured m xture of any one of clains 14 to 19. 2 1. The
product of claim 20, wherein the product is at |east
one of an el ectgycal lamnate, an |C substrate, a
casting, a coag g, a die attach and nD conpound
formul ati an, posi te, and an adheswe 22. A

t et r apRenét gound of fornula (1):
CH
Q_
i (CHo)p \@70_
(R)m
(R)m

ey
wherein:
p is O or an integer of from 1 to about 19;
each m independently is O, 1, or 2;
the moieties R independently represent halogen, cyano, nitro, optionally substituted
alkyl, optionally substituted cycloalkyl, optionally substituted alkoxy, optionally
substituted alkenyl, optionally substituted alkenyloxy, optionally substituted aryl,
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(Rm (D wherein: pis 0 or an integer of from1l to
about 19; each mindependently is 0, 1, or 2; the
woreioeti14asd R i ndependently represent hal ogen, CBERTS$2009/036527
nitro, optionally substituted al kyl, optionally
substituted cycl oal kyl, optionally substituted al koxy,
opophilpnatubstisutbdt atalkdd apkiemly sptstioned | yrydokst i andt exptionally
alkenﬁIOﬁr, optiopally substituted aryl,optionally
sulsytiiute ag %Woé af'yl, optionally substituted aryl oxy,

o T I Lo Al SO gy, .

andhkylt , al kenyl, aryl, aral kyl, and acyl; and any
non-aromatic cyclic noieties conprised in the above .
ang apyrprparomatiggyclispmniigs [cpmpaiseq 1o fhe ahoverhpranula (I) may optionally

co R AL B B BhRR LTS TR 3R, 035e: more dounr
bomderein the noieties Q are identical. 24. The conpound

of any one of clains 22 and 23, wherein all noieties Q
represent hydrogen. 25. The conpound of any one of

cl aj 22 and 23, wherein substantially all. poieties Q

23y e BESRIMPOER 036131 CChTBNEE B1oiiy Qe BN e
22 to 25, wherein p has a value of from1l to about 14.
27. The conpound of any one of clains 22 to 26,

24\WhemdkNednpasndd of Adnde o df cRimOr28.and823 TheetARPAUNoieties Q
of ané one of clains 22 to 27, wherein p equals 1. 29.

reprpgeng 8idgad: of any one of clains 22 to 28, wherein
each mindependently is Cor 1.

25. The compound of any one of claims 22 and 23, wherein substantially all

moieties Q represent -CN.

26.  The compound of any one of claims 22 to 25, wherein p has a value of from 1
to about 14.

27.  The compound of any one of claims 22 to 26, wherein p has a value of 1, 2, or
3.

28.  The compound of any one of claims 22 to 27, wherein p equals 1.

29.  The compound of any one of claims 22 to 28, wherein each m independently is
Oorl.

30.  The tetraphenolic compound of any one of claims 22 to 29, chosen from

dimethylcyclohexane tetraphenol, and dimethylcyclohexane tetraphenol tetracyanate.

31. A mixture of polyphenolic compounds which has a polydispersity of not higher
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30. The tetraphenolic compound of any one of clains 22

to 29, chosen from di net hyl cycl ohexane tetraphenol,
war@odi4ret hyl cycl ohexane tetraphenol tetracyanetBUSB9/036527

A m xture of pol yphenolic conpounds which has a

pol ydi spersity of not higherthan about 2 and conprises
thanheboue Lraaghenglrises doemeoaupheraflicamynpradaff anlyainesf22aitns 22 to 29.

29.
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