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wherein X is a divalent organic radical, preferably a radical selected from the group
consisting of : -CH2-, -CO-, -S02-, (S)y,
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The present relates, in a still further aspect, to a process for prepa?ﬁn{:}JN 200
ascyarnate ester conprising: a) reacting at |east one aromati c conpound wth

a hal ogen substituted al dehyde, hem acetal or acetal, in the presence of an
acid to produce an aromatic conpound having at |east two rings according to
formula (A) R~3 R2\| ~RlI~ RL CRio RR.AHI BRs (A) Rs ~RRs ~_ Rs 5 R4

R~ wherein Z is Cl-C4 al kyl ene group or a five or six nenbered
cycol al kyl ene; R1l, R5) R6 and R10, independently of one another, are
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A further preferred compound is characterized according to formula (1) above wherein Z is
methylene; R1, R2, R4, R5, R6, R7, R9 and R10 are H; R3 and R8 are -OCN; and R11 and
R12 are chlorine.

The present invention relates, in a second aspect, to a prepolymer mixture containing a
cyclotrimerized reaction product of cyanate esters wherein at least one of said cyanate
esters is the compound according to formula (l) above. Preferably, up to about 60% of the
cyanato groups in the overall mixture are trimerized as a part of the cyclotrimerized reaction
product. More particularly, about 10 to 40%, preferably, about 20 to 30% of the cyanato
groups in the overall composition are trimerized as a part of the cyclotrimerized reaction

product.

The present invention relates, in a further aspect, to a composition containing a) a
compound according to formula (I) above or a cyclotrimerized reaction product thereof and
b) a solvent or c) a monocyanate ester different from component a). Preferably, component
c) is at least one halogen-substituted or unsubstituted aromatic monocyanate ester selected

from naphthol cyanate, phenylphenol, chloronaphthol cyanate, chlorophenylphenol,



I AR RRs 5 Rs BRa R-cc) converting at | east sone of the hydroxyl”JUNm3
groups"of the aromatic conmpound according to fornula (B) into

cyanat o-groups via reaction with a cyanogenhal i de to produce an organic
aromati c cyanate ester conpound. A preferred process enploys a
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fl uoropropanal, fl uoroacetal dehyde, bronopropanal, bronoacetal dehyde,

chl oroet hanal , chl oropropanal, chl oroacetal dehyde, 2-chl oro- 1-ethoxy

et hanol
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or cyclotrimerized reaction product thereof havi né:]ga peak "heat rel ease rate
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flow cal ori neter devel oped by the Federal Aviation Adm nistration or a peak
heat release rate of |less than 30, preferably 25 as nmeasured according to
the Chio StharressntyRiates:iy arsiihfurther aspest, fea procereiopPEANaAPd AEYANALE eFteF at es t o
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articles of manufacture, and ??re\s of R,;Z 3 JUN /U03 naking and using the
sanme. The conpound according tog he qﬂt i nvention has a |inking group
contai ning an unsaturated group {Bridging B | east two aromatic groups. More
particularly, the conpoundR 2N » Ry formula (1): RI12 R~ R ~
RRoRR ~z~R3OAI B(l) /1 &s R~V\here|r(1A

wherein

Z is C1-C4 alkylene group or a five or six membered cycolalkylene;

R1, R5, R6 and R10, independently of one another, are unsubstituted or halogen- or
C1-C3alkyl-substituted C1-C4 alkyl that can be saturated or unsaturated, halogen, H, -OCN,
-OH, C1-C4alkoxy, alkythio, mercaptan, nitro, -OCOR(C1-C3alkyl), -NCOR(C1-C3alkyl),



Z is Cl-CA alkylene group or a five or six menbered cycol al kyl ene; RIL, RS, JUN 200
R6 and' R10, independently of one another, are unsubstituted or hal ogen- or
Cl- C3al kyl -substituted Cl-C4 al kyl that can be saturated or unsaturated,

hal ogen, H, -OCN, -0OH, Cl-C4al koxy, alkythio, nmercaptan, nitro,

- OCOR(C1- C3al kyl' ), -NCOR(Cl-C3alkyl)) -@R -N02, -NR R', wherein R R _.a~
R' are Hor Cl-C3alkyl ; R2, R4, R7 and R9, independently of one another,’
are Cl-C4al kyl, halogen, H -QOCN, or OH Cl-C4al koxy, alkythio, mercaptan,
nitro, -OCOR(Cl-C3al k%\" - NCOR( C1- C3al kyI) COR -NO2, -NR R', wherein R)
R and R-GOR -NO3y -NEREaMargin R R3anhg’ #8, Ph@é‘&éﬁ&htly of one another, are
Cl- CAal kyhp helrosiy kb, mé@sn@énu %ne%c%rl KRXY1- Cahlkmoﬁélggem ceeNaer

nitro, -OCOR(CL- C3al kyl -NCCRXCl C3al R R erein R
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Cl- C4al kyl or halo wherein at |east one of arommtic rings and B or at

| east one-@PR+-MNO2arNEY i wharein g Roand Reare I or 61 -Glakyhehber ed ri ng fornmed by
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R6, Rer~R&8and RR1ie shkstigedby Plgea&i@n%y@rekvi@r@myanato group and R11 and R12 .
being chlorin I i [T To [N O TO= T
reacti on, an O SEIAEHE ar6ERONRed AuBkERRRGT, RimLEAR) Wil e Bbictaidcib o,
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presence i f Vil FfpoPH of
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hem acetal . In a second reactiong the.resulting aromatic conpound is
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non- pol ar sol vent, such as net it

:no” to mgnove at | east one hal ogen group
to produce an aromatic c ound whegein at |least two rings are |inked
by a group containing an

i ni AU ffe af or ementi oned reactions
are described in greater detd Nos. 3, 8%f8) 566, 4,110,541, and
4,117,018, which are each_i nceyps
reaction, at |east sone oR3t he hy gk

by reference. In a third
resulting fromthe second reactR on ‘ar e qqnverted into cyanato-groups via
reaction with a cyanogenhali de, *such as cyanogen chl ori de or cyanogen
brom de, via j B 863
(which is i ncgrégg‘rgﬁ@gggﬂg%beg% E f@ﬁ‘%@{déggﬂ opgygﬁggug%m?tw%o@%ed final
product . TBheordingtd tqrmgla;iBbmmyaoatn dreunssvial mgtlcrrswrd*r a cyiogenhalidee graduceur er
form The a d be sufficient to react with all
of the hy(?r (r)spxwCg%é@%:g@%%@;@éérg%a@?gh%orrpound resulting fromthe second
reaction though greater or |esser than stoichionetric anmobunts can be
enpl oyed
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pyr ocat ec lethoxy e&raoolc?rbod»mo-hmmmqleihmnledr,fluanmdrdmaogrlcdirﬂcrohyeiakikyydecont ai ni ng
conpounds |.i nked | ene rbon 0X n nyl groups and
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conpounds. It is anticipated that haI ogen substitution would inprove the
flame retardancy of nolded articles resulting fromsuch hal ogenat ed
conmpounds and conpositions thereof. Mxtures of said aromati c conpounds can
be used as 2 3 JUN 2~0; g well as mxtures with mnor amounts of

non- arorratr C aI cohol s. Phenol |s a partr cuI arI y pref erred arorratr c conpound
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‘A particularly preferred reaction sequence is exenplified below OHH o>kl 1003
CA3CHO + Hi2SO4 / or --' CC3 HO ~ ~CH HO OCHZCH3 KOH MeCH C G O\ \ O

I CNCNC CNCl /1 or CNBr HO\ \ OH The novel conpound descri bed above

forms, in conventional manner, an aromatic triazine network upon heating
and/or in the presence of a curing agentg. Typical curing conditions are

from 120C to 250C at atnospheric to 500 psi pressure for 0.1 to 1 hour

dependi ng upon the sanpl e size, terrperatures and pressures The curing

reaction kno o t ri z tion. thre of cyanate
est er mn%ﬁ%?ma&?%'a rt)’é% %gé{ﬁ?rg °2<V§“m9! @*—203' '“%@1 éa%yregéaqqg Ppfoduce
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descri becjh@ﬁr@d@taﬁr@ééﬁct@d §Oi tHcHI B btRakaV2, D-tAciaeot ©8thBgy &BARY! ahl ntikErdsange
of 70 to (%ie The inventive conpound descri bed above can be used al one or
conbi ned f%’f ‘ot her nmono- and pol ycyanat o- group contai ni ng conpounds to
formther m)settl ng resin conpositions. The additional cyanato-group

cont ai nin npounds can he hal ogenated in order to inprove flane

ret ar danc Prelfﬁfée%B’&FtﬁiScﬁ‘i‘éR 056;;?&\1%{86‘359 ERIPPRUNBRS P eisAp'SH NS the halpgen-

combi ned ¥artdinihg QideRYRNbEME & PERMLREAI EtEp (Q%tm&tédﬁr&ﬁ%énélo nodi fy the
glass transition tenperature and inprove proceSS| ng of the overall

CONposi t i GﬂorﬁPW%g&W%%ﬁhePﬂ'ecr8§@r’&1'?”"0%?%%‘%‘1' Jymal, %@F%@@"ﬁ?' obt ai ning a

nol ded ar bﬂtéﬂaﬁth'?&vrbyﬂébak&ﬁopﬁe%lsrdmtchro%@@&@m@haibﬁlﬁﬁﬁééo?éuh&shyd?&mm&fém S
have found) for exanple, that the addition of aromatic nonocyanates, such

as napht h6’]"0@9%8%”0’%E‘ﬁ?‘Pfﬂ%ﬁ‘fSﬂ“'B‘}%értcé"oéﬂtydf%'ft?ﬂﬁo@wc& of the

i nvent i Vecl‘ﬂ@ﬂ?ﬁﬁ%ﬁtﬂél dichitorREnhiABY fidmixii&d emlty up to about 40% by wei ght
dependi ng upon the type of selected aromatic cyanate reduces the gl ass
transition tenperature of the overall thermesetting conposition w thout

si gni fi camhé procBsd GRSHEH atttaﬁe BeRKa\RdgebBsif BE BracBédd Qchitha therddctibing nol ded
articles and inpacti nqgrrec ani cal properties. The inventive conpound

descri bed ”%‘Wén &len (@ W%éo@Bﬁiﬁsrﬁsﬁl"'Wir amogpt rtorﬁ‘ear’ﬁ@?t“‘cﬁ'%’ﬂﬂ'e noNONer s
and reactive conpounds, such as epoxies, bisnaleimdes, poI yi m des,

pol yest ersé epoxy-acryl at es) urethane- acryl ates) diallyl phthal ates,

spi r opyr ahBe PeiRITasHABPIgH BidefeuPraplicingtha PiPosRs ﬁ%ﬁcé'b%ta'a‘i"t?esﬁﬁléc'ﬁéét%d | ow
heat rel e@%oﬁ&%lﬂéﬁ&r b?érto@én b%ﬂﬂd&&ﬂ@ﬁ%\ﬁreé’ﬂweﬁ?@? al so contain a curing

catpl yst, such as i m dazol € conpounds, tertiary anines or organonetal lic
corrpounds Organonetal | i ¢ conmpounds such as cobalt oct anate, zinc octanate,
cobal t naghé balseRahwontio, rrﬂa@ﬁll ARG dxpRaL folREE 104 Bired RRktle rEBEtISY bRt
reaction can al so be further accelerated by the addition of small anmounts
of phenol §uraBlgenixiyee sanaisERA compaynd gReseiNg o fqﬁmelsrta REPVESPr @iclotrimerized
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A preferre Rernoset 1 osition or resin varnish’contains at | east
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i nventive I e
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hydrocar bangng mmﬁusaentol uene or xylene, ethers, such as di oxane,
tetrahydrofuran or ethylene glycol nononethyl ether, alcohols, such as

met hanol , et hanol, isopropyl alcohol, am des, such as dinethylformam de or
di met hyl adét amsdst inveshtion jstauflaese tdsestad Brorfatioroganate Iaytdr coaphos paermdlyhmrsmes
are preferred For casti.n l.i.cations) a_ther t|on
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conposition before casting into a nold) and then aIIovved to cure at an

el evated tenperature. For bonding applications, a resin varnish or nolten
prepol ynmer conposition is applied to the surfaces to be bonded, and then

al l owed to cure under heat and pressure. Prepregs are produced by

i npregnating a suitable substrate with a resin varnish containing the
|nvent| ve corrpound and dry| ng the |rrpr egnat ed substrate The |rrpr egnatl on
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obtained fromthe calorinmeter on triplicate sanples of each materi al 23 Jun o
neasured. The flamuability resistance for the resin was al so neasured
according to the Chio State University heat release test (OSU test). This
test measures the anount of heat evolved in a period of 2 mnutes (C) as

well as the rare of heat evolution at the peak (B) when a given test sanple
is exposed to radiation under specified conditions. OSU test results in a
curve of heat evolution versus time. The rate of heat is increased at
specified condl tions according to the Federal Aviation Adm nistration,

(FAA) . Thingkipg @pd&piBAHE $3N%-hENG FRSTRRYBAASGECTENIAC NerRIPEeM{NVeRkQn ks alinking

wat t sl cngrolip @omtaindg dresnsatifate® FRILBIRIAYING Wk RlastiwodrsiBdd grbligdremand the heat
evolved is recorded as a functl on of time. dass fabric does not contri bute

to heat eR¥TigHaHn heamrosnd samhprepsesantedyt formyla f):bel ow to il lustrate the
nature of the invention and rretrpp forgcarrying it out. However, the

i nvention should not be consi demea b‘éF{ql linited to the details thereof.
Al'l parts are in parts by_wei ght unlless ¢ er[y{\/l se indicated. Exanple 1:

1, 1-di chl or o- 2, 2- bi s( 4- cySrat ofRegyl? § 9s prepared as follows. A
4-necked 3-L flask, equipped al stirrer(l)a nitrogen inlet,
and thernoneter) is charged x 83% sk fuFr¢_acid (640 g). To this

sul furic acid, phenol (355“39) 5 d4dBe at] 20d3s Chl or al (200 g) in an

addi tional funnel is added dro'se to tige phenolic stirring mxture. The
reaction tenperature is maintainkd below 30 C. After the addition) the

m xture i ghalipwed to stir at roomtenperature for 18 hours, before water

(640 g) is added. The resultlng m xture is filtered and washed with nore
water to &f§ Gl 4alylans groumpus BreorsinmemberadrysiakWensil ) et hane (423 g) as

white sol Rq5R5AR§aﬁ@R|19qn§edeh89{ﬂyfdf Bﬁl‘an@tﬁéﬁ' H%s%éth‘ut@d @?ﬁﬁ@@érﬁ% stirrer,
a thermoneter, and a condenser, is char ged t h nmet hanol . Pot assi um

hydr oxi decﬂﬁﬁ?”@}'sv@“&%@*ﬁ‘? el thabean 'PQ)SQtH@tQ%QrH@ﬁé‘IU@ lhaiQQﬁn A QGNLt he
addi tion, C(Eltle 03%45&&9 é@nme%@ abtn %Qf? B AHICI- é'éahl{aﬁ)' {?‘lt-t:@g\kyl)

1,1,1-trichloro-2,2-bis dr oxyphe! 'et hane (420
porti ons. -GAB, T"Q\%t‘NBrﬁ"t‘e‘ éknaﬁ‘ Lﬁ-@"#ﬁl@é@)t" a5 él1 alKYC Af t er t he additi on,
the tenpepat HieRy and ﬁbsiﬁ@eﬁéhdéﬁ’t a%ﬂe%ﬁbm%ﬁ'aﬁ&gg k%‘ ﬁaia E8 S, -Begy, lpact i on

m xture is cool ed C and neutralized w' utlon "ter the

neutral i z&H.6H; Cieﬂ%oxm admhlé, mercaptanenitre.o QGIR(GH %?ﬁﬂ(Wlatl\éGOR(@ -@3alki),200 -
13 11 (48@o§2rhc§zaﬂﬁ¢ii wﬂélﬁmfﬁﬁlé H”%rég'o?‘&gdcé% ool to the room

t enper at ure recipitates are ltere dried to afford

1, 1- di chl fdang Fﬁm@paan%lv@&Wq@m&wé@kw{laﬂ@e@m @ENwr-PHs[ i ght tan
color. A @@&éﬂ?&y%wﬁbﬂﬁgma&%'rﬂﬂ?@do‘@dﬁtoﬁ CRAANINCORRI1-E88ky1), @

€
t hey noret er dditional funnel, is charged w th net hyf3 1'sobut yl

ket one (15@@:*9)"‘02.{ NBd’i"cWP%ﬂetﬁLQ @%ﬁﬂ&%b‘w&ﬂ%‘w}lqet hene (320 g), and
cyanogen kf1o{Rqde (o?@ﬂegénd/?:rh@z LSPHB kS ﬁ?oér}bt/drcﬁb A ﬁﬁ@}o‘;@thte? a(%@)g%')é

dry icel/acetone ba e stirrin ution, triet m ne
t he addi t R9riegethem rmdppe?rgﬂea&w@fcpmrampmeséorwn@e PrIAeNe; asnmammrdwe oF six

(o war m oo eid ofeialiyhe faaf ofeitbe b AVRECICHRIG ShrbldeR, 0 OF cam ¢
|l ayer is Wddreed R mﬁépeﬂﬁeﬂw ofeangrangthiee aret il nﬁ@nﬂn@&mﬂwh@rrfwdmnunder
vacuum t Ow?afa eﬁ’ﬁe & I§Z§? oﬁ ar?)fﬂéﬁﬁ nh%%ﬂ'aﬂd B’%}'ar?]iba§9$ded6fftffn§§xo‘?r?atﬂlc'rﬂgg of @3, col or

sol i ds. of the resin o I's m xed
with 0, 35ﬁge of snsn%nb@r@hrmfermd wuRd agdlﬂztandforﬁe areim@n@(or R9ead RThand/or

m xture i t th a di mensi on of 200 mm x
200 mMm x ?8%4%@%}12%?%9?29%ﬂlgh&coguﬁgc QP#!@% for 1 hour and 220C for 3
hours. The cured nolded plate is cut into 4 plates (100 mm x 100 nm x 6 mm
for cone [ S T resul t ie Fl ux
oy o Z@c& HEeKWJW %mp&%nijdi‘% ERELAWIBG, HSHA 1 LG R RAHIC R dHadHo,

I k50189124@e¢8mm§89ﬂmr®3&1m32219|b@60 H.200Nb be:OH; R and R8eindaperdentynoft i on

occurs; relcféﬁ I
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acet al dehyde (380 g) in an additional funnel is added dropw se. The 23 Jun 3
reacti'on tenperature i s nmaintai ned below 30C. After the addition, the

m xture is allowed to stir at the roomtenperature for 18 hours) before

water (640 g) is added. The resulting mxture is filtered and washed with
nmore water to afford 1,1, 1-tribrono-2, 2-pis(4-hydroxyphenyl) et hane. 2 3

~uri 200 -14 A 4-necked 5-liter flask, equipped with a nmechanical stirrer,

a thernmoneter, and a condenser, is charged with nmethanol (800 g). Potassium

hydr oxi decé440 g) Is added in portions to the nmethanol solution. After the
addi t i on, CeRkylsee.i1. 619, B &g s iodre b BBCI4T7 apd B9snAsRanAgnbtlpne@mother,

1, 1, 1- 111 BfeOfMogordor(A/SHOMY BREDON. ShBENG 42 2hre hioBEs el st Rt
The reaction tenperature is kept below 40C. After the addition, the

t enper at uEeMpP8UNGE §b@ra9@n%tp>a£aeln@methmnez RA olG2. R4 Tive RBeBREt RBANERIOUre is

cool ed topEReM; FYRES B8 BERg 8% aﬁk%'b{]o%bia%@%‘&ﬁénh %@ BéddnigHaut i on. After

the neutrali Zation, the mxtufe 1s heated to reflux and water is added. The
m xture is allowed to cool to the roomtenperature. The precipitates forned

are filte ' ing i i ; -

S i br on 5008 cBirBnd & féiafedioy reacting, ina frt action, an ajomatic compound
wi th a neshbstitded wih armeno-, di- eriéhaegen eentaining aldehydriiaceighen heriaersal orj s
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sol ution, tFLi lliam ) o A | | dropw se.
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ant hr ol Odesgrib@dlin greater detail in U.S. Pat. Nos. 3,856,566, 4,110,541, and 4,117,018, which are
each incorporated herein by reference. In a third reaction, at least some of the hydroxyl
groups of the aromatic compound resulting from the second reaction are converted into
cyanato-groups via reaction with a cyanogenhalide, such as cyanogen chloride or cyanogen
bromide, via a known reaction as described in U.S. Pat. No. 5,149,863 (which is
incorporated herein by reference) to produce the desired final product. The resulting product
can be used as is or recrystallized in purer form. The amount of cyanogenhalide should be
sufficient to react with all of the hydroxyl groups of the aromatic compound resulting from the

second reaction though greater or lesser than stoichiometric amounts can be employed.

Suitable aromatic compounds for this invention contain one or more aromatic rings having at
least one hydroxyl group. The aromatic rings can be further substituted with alkyi and/or
halogen groups. Examples of suitable aromatic compounds are phenol, phenyl phenol,
cresol, xylenil, carvacol, thymol, naphthol, disubstituted naphthol, anthrol, phenanthrol,
pyrocatechol, resorcinol, hydroquinone , and bicyclic hydroxyl-containing compounds linked
by alkylene, carbonyl, oxyl, and/or sulfonyl groups and halogenated, such as bromine,
fluorine and chlorine, corresponding compounds. It is anticipated that halogen substitution
would improve the flame retardancy of molded articles resuiting from such halogenated

compounds and compositions thereof. Mixtures of said aromatic compounds can be used as
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well as mixtures with minor amounts of non-aromatic alcohols. Phenol is a particularly

preferred aromatic compound for use herein.

Suitable halogen-containing aldehydes, acetals and hemiacetals include mono- and
polyhalogenated compounds, such as fluoropropanal or fluoroacetaldehyde, bromopropanal
or bromoacetaldehyde, chioroethanal, chloropropanal or chioroacetaldehyde, 2-chloro-1-

- ethoxy ethanol, 2-fluoro-1-ethoxy ethanol, 2-bromo-1-ethoxy ethanol, difluoropropanal or
difluroacetaldehyde, dibromopropanal or dibromoacetaldehyde, dichloroethanal,
dichloropropanal or dichioroacetaldehyde, 2,2-dichloro-1-ethoxy ethanol, 2,2-difluoro-1-
ethoxy ethanol, 2,2-dibromo-1-ethoxy ethanol, trifluoropropanal or trifluoroacetaldehyde,

' tribromopropanal or tribromoacetaldehyde (bromal), trichloroethanal, trichioropropanatl or

trichloroacetaldehyde (chloral), 2,2,2-trichloro-1-ethoxy ethanol, 2,2,2-trifluoro-1-ethoxy
ethanol, 2,2,2-tribromo-1-ethoxy ethanol. Trichioroethanal and 2,2,2-trichloro-1-ethoxy
ethanol are particularly preferred.

A particularly preferred reaction sequence is exemplified below:

OH
CCl,
CCI,CHO HiSO,
SE-Nene
CCl
! HO 3 OH
OCH,CH, KOH
MeOH
Ci Cl Cl C
I CNCI l
g, = 3T
Q ? cnBr  HO OH
CN CN

The novel compound described above forms, in conventional manner, an aromatic triazine
network upon heating and/or in the presence of a curing agent. Typical curing conditions are
from 120°C to 250°C at atmospheric to 500 psi pressure for 0.1 to 1 hour depending upon
the sample size, temperatures, and pressures. The curing reaction is known as

cyclotrimerization. At least three moles of cyanate ester monomer described above are



CNCl Ol C CNOCN 2 3 JUN 2f -17 22 dichloro- Cl Cl phenol CQ3QUNIM:
Cl 23 chloro- a a hydroquinone NGO~ OCNC OCI / \'' \ C OCNNCOCOC
"OCl CN a CNNC-O\OO \CNCN 24 2,6-dichloro-ClICl~N Cl Cl N~hydroqui none~

OO\ Cl Cl OOCN CN25

2, 5-di chl or o- Cl Cl hydr oqui noneNC- O~O- CNCI-Glp/-\ \ CI Cl O- CNNC- O26 ’
2,3,6-CC(trichl oro-NC O-O CNCl hydroqui noneCl/~/Cl C G COCNNCGO 23 -
JUN 200: 3 -18 26 4-chlororesorcinol 27 4,6-dichlororesorcinol CN CI NCB _
c

required to produce one mole of cyclotrimerized prepolymer product. A composition
containing the novel compound described above can be cyclotrimerized in conventional
tashion to produce a prepolymer wherein up to about 60% of the cyanato groups in the
overall composition have been trimerized. More preferably, the prepolymer is characterized
by having about 10 to 40%, more preferably about 20 to 30% of the cyanato groups
trimerized.

The novel compound described above forms a solid resin having a softening point in the
range of 70 to 80°C. The inventive compound described above can be used alone or
combined with other mono- and polycyanato-group containing compounds to form
thermosetting resin compositions. The additional cyanato-group containing compounds can
be halogenated in order to improve flame retardancy. The additional cyanato-group
containing compounds can be combined with the inventive compound described above in
order to modify the glass transition temperature and improve processing of the overall
composition provided that the overall objective is achieved of obtaining a molded article
having low peak heat release characteristics. Applicants have found, for example, that the
addition of aromatic monocyanates, such as naphthol cyanate, phenylphenol cyanate and
the monocyanate of the inventive compounds disclosed herein, preferably up to about 40%
by weight depending upon the type of selected aromatic cyanate reduces the glass transition
temperature of the overall thermosetting composition without significantly increasing the

} peak heat release rate of the resulting molded articles and impacting mechanical properties.

The inventive compound described above can also be combined with other thermal curable
monomers and reactive compounds, such as epoxies, bismaleimides, polyimides,
polyesters, epoxy-acrylates, urethane-acrylates, diallyl phthalates, spiropyrane, and phenol
provided the molded article retains the desired low heat release characteristics. The
composition can also contain a curing catalyst, such as imidazole compounds, tertiary
amines or organometallic compounds. Organometallic compounds such as cobalt octanate,
zinc octanate, cobalt naphthalenate, or zinc naphthenate are preferred. The curing reaction
can also be further accelerated by the addition of small amounts of phenols, such as
bisphenol A, bisphenol F, bisphenol S, or p-nonyiphenol. The composition can also further
contain a customary additive or filler such as alumina, aluminum hydroxide, antimony tri- or
pentaoxide, zinc oxide, titanium dioxide, silica powder, quartz powder, glass powder, ceramic

microballons or mixtures thereof.



. O CONONO O C Application Exanple 1. In an al umi num di sh) 12 & oRUN 200
the resin of exanple 1 is mxed with 12 ng of 6 % nanganese octoate

solution in hexane at 100C. The resulting m xture is cured at 160C for 15

wand 220C for 2 hours. The cured resin fromexanple 1 and conparative
materials are studied for their heat rel-egse rate with the m crocal ori neter
devel oped by the Technical Center of FAA. Conp. 1 a is cured phenol

f or mal dehyde resin. Corrp 1 bis cured cyanate ester resin, PT-30. The test

d h I d
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i's made frqmjwagmhsgmj retbaearderéfesed) and gl ass fabric. Conp. 2b is made
from phenol formal dehyde resin and carbon fabric. The OSU test is carried
out on each sanple in triplicate. The average of three value is shown in
Tabl e 2. Ta@reaﬁlng%}z\l@%s Rapsrricsetin Korhb@éntnoﬂ&ie%@&ﬁbd%o@e ﬁd%di@df%ﬁioltﬁ?at
Rel ease [ KW nR2-min 2a20, 719. 6Ex b19.819. 2Co
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ed in the art having the benefit
of the teadKerRpENeyTMRELan ISppligd pd?%@‘dﬂ%’@s\‘iﬁ bg b?’é@ggﬁn‘%@eﬁﬁﬂg‘f"?‘ég’c?%ﬁs
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not limted to the specific enbodi ments disclosed el n,

modi fi cati dﬁ%‘nﬂﬁﬂ“%‘t Saiing K; "f'f@ﬁf“ée CARPAUAE éﬁﬁéa"ft g"WeSH?tﬁdtsHEStéaé?rp.@‘eof
t he appendeghpfdgnbfidn appafatds daM\be?8ondéhtichalidBign. Examples of substrates used in the

preparation of prepregs include carbon fiber, glass fiber substrates, such as glass cloth or
glass non-woven fabric, cellulosic substrates, such as kraft papet or cotton linter paper,

] synthetic fiber fabric such as aramide cloth or aramide nonwoven fabric. Composite
laminates can be produced using different types of substrates in combination. The
compounds and compositions disclosed herein can be utilized to produce aircraft interior
section in known fashion, such as the interiors disciosed in U.S. Pat. No. 5,714,419,
assigned on its face to Fiberits, Inc., which is incorporated herein by reference.

Microcombustion data for molded atticles containing the inventive compounds were obtained
using a pyrolysis—combustion flow calorimeter developed by the Federal Aviation
Administration (“FAA”). In the test, 1 to 5 mg sample is placed in a 10-mm-long by 2.5-mm
outside diameter quartz tube. A linear 10°C/second heating rate is used. The pyrolysis
products are swept from the pyrolyzer by flowing nitrogen gas stream through a heated
transfer line and mixed with excess oxygen prior to entering a high-temperature furnace to
force complete combustion of the pyrolyzate. The heat release by combustion is calculated

from the oxygen consumption using a universal vaiue of 13.1 kJ of heat released per gram



| /we claim 1. A conpound represented by formula (I1): R2 R" R ~Ro rRo23 JUN
z ~RBcl) / /] R R R Re RA R- wherein Zis CL-C4 al kyl ene group or a
five or six nmenbered cycol al kyl ene; Rl1, R5, R6 and R10, independently of
one another, are unsubstituted or hal ogen- or Cl-C3al kyl-substituted Cl1-C4
al kyl that can be saturated or unsaturated, hal ogen, H -OCN, -OH,

Cl- C4al koxy, al kythio, nercaptan, nitro, -OCOR(CLl-C3alkyl), -
- NCOR( Cl1- C3al kyl), -CC~R =N02, -NR R') wherein R R and RH are H or
Cl-C3al kyl ; R2, R4, R7 and R9, _independently of one another, are

C1- C4al kyl | of ﬂ'aioaa%ﬁxygﬁn Coﬁi‘}lﬁ‘edo?h@ﬁ‘a@ipa‘&h%@easﬁ fﬁi&%ﬂ%‘ot%%tarskeasp are

ni tro, - OCQGREREIGRM el dalorimNEPRGANIEaR! daridds of Galh @ meb&rBy, wherein R
R and R' are H or Cl-C3al kyl; R3 and R8, independently of one another, are
Cl- C4al kyl) hal ogen H, -OCN or -OH, Cl-C4al koxy, al kythio, nercaptan)

nitro, OC@R@%mﬁ%%'il:'&yﬂeklstanmﬁrﬁlm%@bé@éléa me&Q?ed aé\&?dmg {}RhBOhncY‘@%@ nR

R and R' are | kyl ; R1 R2 toget her
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| east one the aromatic rings or the five or six nbered ring forne
Rl and R2 d‘hﬂ"led?'edﬁﬁa'éﬁ@t'%"\émtﬂ‘lséflﬂt'%(':&’i’d ﬁl@C@’fﬁ#PQ'Pd% thg tinegenaent of a
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according to clalm1I wherein is Cl-Cal ene

R7 and R9, heﬁbl@@éfﬁdmelcyrd@ﬂ aéﬁéumt@ﬂ%hmeaé@smﬁbagéﬁes pot conjriutedp heaH, R3,
R5, R6 and BBytdddependently of one another) are H, -OCN or -OH R11l and
R12 are hal ogen and at | east one of aromatic rings A and B is substituted
by at | east one cyanato group. 3. A conpound according to claim1l wherein Z

is G-Cal “S?’év@ exdnipledBre s@pfoﬁﬂ%eBmP%fu‘EtrlS{’e tﬁ%natgﬁe' of'ﬂze ﬁg%g%%’and m?thod for

i ndependent one another, are ha
and R3 and qasv'aget ouptiewexer, medavmttjgnahqdd; o@toher@nstdet@ﬂaasrhemg/mte@h tn ttZe is

et hyI ene, d:!%%a Is Fere St III Betts &78:in Egrts % Fﬁ R srferlise Ricand R8 are - OCN;

and R11 an are chl orine. l'ymer “m xture conprising a
cyclotrimerized reaction pr oduct of cyanate esters wherein at |east one of
sai d cyanatges§e{.s is the conmpound according to claim1. 6. A prepolyner

m xture ac to claim5 wherein up to about 60% of the cyanato
1,1-dichioro-2,2-bis(4-cyanatophenyl)ethylene is prepared as follows. A 4-necked 3-L flask,

equipped with a mechanical stirrer, a nitrogen inlet, and thermometer, is charged with 83%

) sulfuric acid (640 g). To this sulfuric acid, phenol (354 g) is added at 20°C. Chloral (200 g) in
an additional funnel is added dropwise to the phenolic stirring mixture. The reaction
temperature is maintained below 30 °C. After the addition, the mixture is allowed to stir at
room temperature for 18 hours, before water (640 g) is added. The resulting mixture is
filtered and washed with more water to afford 1,1,1-trichloro-2,2-bis(4-hydroxyphenyl)ethane
(423 g) as white solids.

A 4-necked 5-liter flask, equipped with a mechanical stirrer, a thermometer, and a
condenser, is charged with methanol (800 g). Potassium hydroxide (440 g) is added in
portions to the methanol solution. After the addition, the solution is cooled to 20°C. To this
stirring solution, 1,1,1-trichloro-2,2-bis(4-hydroxyphenyl)ethane (420 g) is added in portions.
The reaction temperature is kept below 40°C. After the addition, the temperature is raised to
50°C and maintained for 2.5 hours. The reaction mixture is cooled to 20°C and neutralized

with 25 % HCI solution. After the neutralization, the mixture is heated to reflux and water



groups in the overall conposition are trinerized as a part of the 23 JUN 200
cyclotrinerized reaction product. 7. A conposition conprising a) a conmpound
according to claim1 or a cyclotrinerized reaction product of cyanate
esters wherein at |east one of said cyanate esters is the conpound
according to claim1l and b) a solvent. 8. ,A conposition conprising a) a
conpound according to claim1l or a cyclotrinerized reaction product of
cyanate esters wherein at |east one of said cyanate esters is the conmpound
according to claim1l and b) a nonocyanate ester different from conponent
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nonocyanate ester. . A conposition conprising a) a conmpound accor |ng to
claim1 or \e('t't‘;‘tghbtaﬂWl zed reaction product of cyanate esters wherein at
| east one of said cyanate esters is the conpound according to claim1l and
b) a thermally curabl e nononer or oligonmer other than a cyanate ester. 11.
A conposi t i 6ri-nashed b3 flagkagauiaped silsta methapicaliingnta Hermaeeter éndien additional
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Example 1a:

In a flask, 350 g of the resin of Example 1 is mixed with 0,35 g of 6 % manganese octoate
solution in hexane at 100°C. The mixture is degassed and poured into a mould with a
dimension of 200 mm x 200 mm x 6 mm. The resin is then cured at 170°C for 1 hour and
220°C for 3 hours. The cured molded plate is cut into 4 plates (100 mm x 100 mm x 6 mm)
for cone calorimeter testing. The following results are obtained:

1

! Heat Flux [kW/m2] { T ig [sec] HRR pk (kW/m21 | CO Yield [ka/kgl
50 189 124 0.036
75 139 177 0.036
100 129 186 0.025

Note: T ig: Time until ignition occurs; HRR pk: Heat release rate peak

Example 2

1,1-dibromo-2,2-bis(4-cyanatophenyl)ethylene is prepared as follows. A 4-necked 3-L flask,
is equipped with a mechanical stitrer, a nitrogen inlet, and thermometer, is charged with 83%
sulfuric acid (640 g) and phenol (354 g). To the resulting milky mixture, tribromo-
acetaldehyde (380 g) in an additional funnel is added dropwise. The reaction temperature is
maintained below 30°C. After the addition, the mixture is aliowed to stir at the room
temperature for 18 hours, before water (640 g) is added. The resulting mixture is filtered and

washed with more water to afford 1,1,1-tribromo-2,2-bis(4-hydroxyphenyl)ethane.



the substituents Z and RL to R10 are as defined in claim1; and R11, R123 juN 200
and R13, independently of one another are H, phenyl, Cl1-C4 al kyl or hal ogen
with the proviso that at |east one of the groups Rl1l, R12 and R13 is a

hal ogen; 2 3 JUN 201 -23 wherein at |east one of aromatic rings A and B

or at |east one of the aromatic rings or-t4he five or six nenbered ring

formed by Rl and R2 and/or RZ and R3 andlor RO and R10 andlor R8 and RO is-
substituted by at | east one hydroxyl group; b) contacting the aronatic
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Application Example 1.

In an aluminum dish, 12 g of the resin of example 1 is mixed with 12 mg of 6 % manganese
octoate solution in hexane at 100°C. The resuiting mixture is cured at 160°C for 1<wE=and
220°C for 2 hours. The cured resin from example 1 and comparative materials are studied
for their heat release rate with the microcalorimeter developed by the Technical Center of
FAA. Comp. 1a is cured phenol formaldehyde resin. Comp. 1b is cured cyanate ester resin,
PT-30. The test was done on each sample in triplicate. The average values are listed in
Table 1.

Table 1. Results of Micro Heat Release Study

Peak Heat Release Rate | Total Heat Release
[Joule/g-°K] [KJoule/g]
Ex.1 8.0 1.8
Comp. 1a 41.9 6.2
Comp. 1b 59.2 7.2

Application Example 2:

A number of 1/8 inch composite using glass or carbon fabric and resin are prepared. A
predetermined size of glass or carbon fabric is uniformly coated with 60% wt solution of resin
in acetone. The resin is prepared from the product from example 1 and 0.1% of a 6%
solution of manganese octoate in hexane. The prepreg are dried and 1 ply of the prepreg is
stacked on each side of 1/8 inch Nomex honeycomb and the sandwich panel is cured in a
hot press. Curing is carried out at 160°C for 1 hour and 220°C for 2 hours. The cured
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formaldehyde resin and carbon fabric. The OSU test is carried out on each sampile in
triplicate. The average of three value is shown in Table 2.

Table 2. OSU Test Results

Peak Heat Release Rate | Total Heat Release
[KW/m2)] [KW/m2-min]
Ex. 2a 20.7 19.6
Ex. 2b 19.8 19.2
Comp. 2a 53.2 44 .4
Comp. 2b 50.6 41.8

Preferred embodiments of the present invention relating to novel axaTstic cyanate esters,
compositions thereof and methods for using the same have been described above. Those
skilled in the art having the benefit of the teachings presented in the foregoing will recognize
modifications and other embodiments. Therefore, it is understood that the invention is not
limited to the specific embodiments disclosed herein, and that modifications and other
embodiments are intended to be within the scope of the appended claims.
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wherein
Z is C1-C4 alkylene group or a five or six membered cycolalkylene;
R1, R5, R6 and R10, independently of one another, are unsubstituted or halogen- or
C1-C3alkyl-substituted C1-C4 alkyl that can be saturated or unsaturated, halogen, H, -OCN,
-OH, C1-C4alkoxy, alkythio, mercaptan, nitro, ~OCOR(C1-C3alkyl), -NCOR(C1-C3alkyl),
-COR -NO2, -NR'R", wherein R, R’ and R"” are H or C1-C3alky! ;
R2, R4, R7 and RS9, independently of one another, are C1-C4alkyl, halogen, H, -OCN, or -
OH, C1-C4alkoxy, alkythio, mercaptan, nitro, -OCOR(C1-C3alkyl), -NCOR(C1-C3alkyl),
-COR, -NO2, -NR'R", wherein R, R’ and R" are H or C1-C3alkyl;
R3 and R8, independently of one another, are C1-C4alkyl, halogen H, -OCN or -OH,
C1-C4alkoxy, alkythio, mercaptan, nitro, -OCOR(C1-C3alkyl), -NCOR(C1-C3alkyt),

) -COR, -NO2, -NR'R", wherein R, R’ and R” are H or C1-C3alkyl; or
R1 and R2 together and/or R2 and R3 together, and/or RS and R10 together, and/or R8 and
R9 together, independently of one another, form one or more aromatic rings or five or six
membered cycloalkylene that can each be substituted with C1-C4alkyl or halogen;
R11 and R12, independently of one another are H, phenyl, C1-C4alkyl or halogen;
wherein at least one of aromatic rings A and B or at least one of the aromatic rings or the
five or six membered ring formed by R1 and R2 and/or R2 and R3 and/or R9 and R10 and/or
R8 and R9 is substituted by at least one cyanato group.
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2. A compound according to claim 1 wherein

Z is C1-C2alkylene; R1 and R10 are H;

R2, R4, R7 and R9, independently of one another, are halogen, H, -OCN, or -OH;
R3, R5, R6 and R8, independently of one another, are H, -OCN or -OH;

R11 and R12 are halogen; and at least one of aromatic rings A and B is substituted by at
least one cyanato group.

3. A compound according to claim 1 wherein

Z is C1-C2alkylene; R1, R5, R6 and R10 are H;

R2, R4, R7 and R9, independently of one another, are halogen or H;
R11 and R12 are halogen; and R3 and R8 are -OCN.

4. A compound according to claim 3 wherein
Z is methylene, R1, R2, R4, RS, R6, R7, RY and R10 are H;
R3 and R8 are -OCN; and R11 and R12 are chlorine.

5. A prepolymer mixture comprising a cyclotrimerized reaction product of cyanate esters
wherein at least one of said cyanate esters is the compound according to claim 1.

6. A prepolymer mixture according to claim 5 wherein up to about 60% of the cyanato

) groups in the overall composition are trimerized as a part of the cyclotrimerized reaction
product.

7. A composition comprising
a) a compound according to claim 1 or a cyclotrimerized reaction product of cyanate esters

wherein at least one of said cyanate esters is the compound according to claim 1 and
b) a solvent.

8. A composition comprising
a) a compound according to claim 1 or a cyclotrimerized reaction product of cyanate
esters wherein at least one of said cyanate esters is the compound according to claim 1 and
b) a monocyanate ester different from component aj.
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12, A process for preparing a cyanate ester according to claim 1 comprising:

a) reacting at least one aromatic compound with a halogen substituted aldehyde,
hemiacetal or acetal, in the presence of an acid to produce an aromatic compound having at
least two rings according to formula (A)

wherein

the substituents Z and R1 to R10 are as defined in claim 1, and

R11, R12 and R13, independently of one another are H, phenyi, C1-C4 alkyl or halogen with
the proviso that at least one of the groups R11, R12 and R13 is a halogen;
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13. A process according to claim 12 wherein the halogen-containing aldehyde, acetal or

hemiacetal is selected from fluoropropanal, fluoroacetaldehyde, bromopropanal,
bromoacetaldehyde, chloroethanal, chloropropanal, chloroacetaldehyde, 2-chloro-1-ethoxy
ethanol, 2-fluoro-1-ethoxy ethanol, 2-bromo-1-ethoxy ethanol, difluoropropanal,
difluroacetaldehyde, dibromopropanal, dibromoacetaldehyde, dichloroethanal,
dichloropropanal, dichloroacetaldehyde, 2,2-dichloro-1-ethoxy ethanol, 2,2-difluoro-1-ethoxy
ethanol, 2,2-dibromo-1-ethoxy ethanol, trifluoropropanal, trifluoroacetaldehyde,
tribromopropanal, tribromoacetaldehyde, trichloroethanal, trichloropropanal,
trichloroacetaldehyde, 2,2, 2-trichloro-1-ethoxy ethanol, 2,2,2-trifluoro-1-ethoxy ethanol,
2,2,2-tribromo-1-ethoxy ethanol and mixtures thereof.

14. A process according to claim 12 wherein the aromatic compound reacted with the
halogen-containing aldehyde, acetal or hemiacetal in step (a) is selected from phenol,
chiorophenol, dichlorophenol, cresol, xylenil, carvacol, thymol, naphthol, anthrol,
phenanthrol, pyrocatechol, resorcinol, chlororesorcinol, dichlororesorcinol, hydroquinone,
chlorohydroquinone, dichlorohydroquinone, trichlorohydroquinone, dinaphthol,
chlorodinapthol, dichlorodinaphthol and mixtures thereof.

15. A process according to claim 12 wherein the reaction mixture in step (a) further
comprises a minor amount of a non-aromatic alcohol.

16. A cured article resulting from a curable mixture comprising a compound according to
claim 1 or a cyclotrimerized reaction product thereof having a peak heat release rate of less
than about 10 Joule/g-°K as measured using a pyrolysis-combustion flow calorimeter
developed by the Federal Aviation Administration.

17. A cured article resulting from a curable mixture comprising a compound according to
claim 1 or a cyclotrimerized reaction product thereof having a peak heat release rate of less

than about 25 Joule/g-°K as measured by the Ohio State University heat release test.

18. A cured article resulting from a curable mixture comprising a compound according to
claim 1 or a cyclotrimerized reaction product thereof having a total heat release of less than
about 3 KJoule/g.



