1 T 3208 PHENOLI C ALLYL ETHER CROSS- LI NKI NG AGENTS Thi s invention rel ates

t6 novel phenolic allyl ethers and pol ynal ei m de resins cross-linked with

t hose' ethers. Phenolic allyl ether or allyl phenol conpounds, for exanple,
o' =i al | yl bi sphenol -A, have been reported to be useful as toughing agents

for-pol ymal ei m des. Pol ymal ei m des are usefiut in structural and electronic

applications where high-performance is required. However, polymalginldes

are brittle and require toughing agents, and in addition have hidﬁ—ggﬁging

points and are difficult to process. Therefore it is desirable to have

phenolic allyl ethers BHENOLACeAISSIUETHER GROPSad. INGUIYG AGETSnt s, but

al so pronote easier processing of polynaleimdes. In one enbodi ment, the

present invention ‘provi f?véﬁ%f%nF¥EiE%é§ €6|ﬂ6véirﬁﬁéh&ﬁléh§liQI”U|a I

.[err] in which Ar is aromati c noi et Lis adyva

cycl ohexanenor bERRH2 #m@k?%by%%4%%ﬁld% r?§1%$d?@%?%n%l%§%@oﬁ¥FBh5P?§e

noi ety, Allyl |§tﬁ@§sgroup CH2=CH- CH2-, and each of mand n is a nunber

fromO to 20. Preferred phenolijc et her for a (o]
wherein Ar is a phé%y? b%p,ig%h #H%rlgr f%yg spec?éTﬁgSB&F gorand L
i s a cycl ohexanexampbe nameo bfdiakl ybbhsphenocl-A, have been reported to

be useful as toughing agents for polymaleimides.

Polymaleimides are useful in structural and electronic
applications where high-performance is required.
However, polymaleimides are brittle and require
toughing agents, and in addition have high melting
points and are difficult to process. Therefore it is
desirable to have phenolic allyl ethers which are
useful not only as toughing agents, but also promote
easier processing of polymaleimides.

In one embodiment, the present invention provides
novel phenolic allyl ethers of the formula I:-

Al lyl+A+— % —Ar—L—Ar—0—Allyl 1
m

llyl lly

in which Ar is Cg-20 aromatic moiety, L is a divalent
cyclohexanenorbornane linking moiety, L' is a divalent
cycloaliphatic moiety, Allyl is the group CHp=CH-CHj-,
and each of m and n is a number from 0 to 20.

Preferred phenolic allyl ethers of formula I are
those wherein Ar is a phenyl group; and/or n is 0 to
10, especially 0 to 3, and L is a cyclohexanenorbornane
of the formula




-2- "(a) "’ ¢ [err] or group a) being especially preferred,
and/or mis zero. A particularly preferred conpound is the reaction product
of atlyl halide with the product of the addition reaction of a phenol and a
cyclohexenenor bor nene conpound such as 5-(3-cycl ohexen-

1-yl)-bicyclo[2.2.1] hept-2-ene. The phenel ec-allyl ether of this invention
can be prepared by reacting an allyl halide, such as allyl bromde, with a
precursor pol yphenol of the fornmula Il [err] wherein Ar, L and each of m

and n are as defined in fornula I. This rgagtion can be carried out in the
presence of a base at a.&gngglgggzg m&ﬁhﬁﬁlﬁb@q{i;ge of fromferr] to
[err], preferably [err] and\&sp Iy a [e ~‘The base can be any

conventional base such as, for exanple, carbonates and hydroxi des of al kal
and al kaline earth netals (e.g. sodi sp&arbonate, potassium carbonate,

cal ci um carbonate, sodi um hydrosed g hydr oxi de). The precursor
pol yphenol s can be prepared by the atfdifi¥n reacti on of a phenol with a
cycl ohexenenor bor nene conpound such as 5-(3-cycl ohexen- 1-yl)

bi cycl o[ 2. 2. 1] hept - 2- ene éherein refe{{ed t 0.as tgg "caflohexenenorbornene"
conpound) . Sui tSERWP a) being especially preferred; and/or m 1s zero.

A particularly preferred compound is the reaction
product of allyl halide with the product of the
addition reaction of a phenol and a

cyclohexenenorbornene compound such as 5~ (3-cyclohexen-—
1-yl)-bicyclo[2.2.1]hept-2-ene.

The phenolic allyl ether of this invention can be
prepared by reacting an allyl halide, such as allyl
bromide, with a precursor polyphenol of the formula II

HO—Ar L—il‘ L '—ir L—Ar—OH 11
H In H Im

wherein Ar, L and each of m and n are as defined in
formula I. This reaction can be carried out in the
presence of a base at a temperature within the range of
from 80°C, to 150°C, preferably
100°C-150°C and especially about 130°C. The base can be
any conventional base such as, for example, carbonates
and hydroxides of alkali and alkaline earth metals
(e.g. sodium carbonate, potassium carbonate, calcium
carbonate, sodium hydroxide and potassium hydroxide).
The precursor polyphenols can be prepared by the
addition reaction of a phenol with a
cyclohexenenorbornene compound such as 5-(3-cyclohexen-
1-yl) bicyclo[2.2.1]hept-2-ene (herein referred to as
the "cyclohexenenorbornene" compound). Suitable
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phenol s ‘i ncl ude nono- and pol ynucl ear phenol s having at |east one
unsubstituted position ortho- or para- to a phenolic hydroxyl group, such
as phenol, cresol, 3,4- and 3, 5-di net hyl phenol, resorcinol, biphenol, 1-
napht hol and bi sphenol A or F. Phenol is preferred. Oher suitable
cycl.ohexenenor bor nene conpounds include reBerred to herein as "di adduct"”

and "triadduct," respectively, and isoners thereof. The ,
cyclohexenenorﬁBFﬁEﬁﬁsc%ﬂﬁkﬂﬁéimgp%ﬁl%Rﬁﬁﬁ?%ﬁpﬁﬁ%ﬁﬂﬁmghﬁn%&%i9@Y%§%I%Fexene
and cycl opent adiess, ome Qﬁ@msthetxpure&pagcﬁihmbmmam4 ngr Jpanary| tyca ohexene
and dicyclopent d|e r ably in the resenc p I zat j on

i nhi bitor such¥ r‘Elbllﬁ F}} }%-:'%b]lhoqro%’ a errpe? g%é/%?jziist?‘[%rr]
preferably 180anﬁ[3%51dlMQﬁh¥&ph¢nDLutrﬁSDI¢En¢kahﬁnhenDlKnﬁs to 8 hours.
Under these congig H , dde ﬁiéﬁﬁ%r&ﬁfrﬁ%j& e I ShHFCKEd i ferred.

cycl opent adi ene, e vi nyl c exene and cy opent adi ene undergo an
addi tion react|0n19¥ handridap ohaxeranRIbpneng £FPRMRIuct s as
wel | as cyclopanﬂdkﬁpe ol i goners (e g., trimer, tetranmer, pentaner, etc.).
For recovery of one or nore desired conpounds, the reaction product m xture
cont ai ni ng predom nately 5- (3 cyclohexen 1- yI)bicycIo[2 2.1l hept-2-ene is

all owed to cool to about 5. and i Ss,s ed under reduced pressure
to strip off unreacted vi y cl ene ti product may then be
purified by fractional vacuum o IIatlon eno of unwant ed

by- products including, optionally, di- and pol yadducts, and the purified

referred to herein as "diadduct" and "triadduct,"
respectively, and isomers thereof.

The cyclohexenenorbornene compound is an addition
product of 4-vinylcyclohexene and cyclopentadiene,
which can be prepared by contacting 4-vinylcyclohexene
and dicyclopentadiene, preferably in the presence of a
polymerization inhibitor such as t-butyl catechol, at a
temperature of at least 150°C, preferably 180 to
260°C, for a time within the range of 2 hours to 8
hours. Under these conditions, the dicyclopentadiene
is cracked to cyclopentadiene, and the vinylcyclohexene
and cyclopentadiene undergo an addition reaction to
produce a mixture of mono-, di- and poly-adducts as
well as cyclopentadiene oligomers (e.g., trimer,
tetramer, pentamer, etc.). For recovery of one or more
desired compounds, the reaction product mixture
containing predominately 5—(3—cyciohexen—1—
yl)bicyclo[2.2.1]hept-2-ene is allowed to cool to about
50 - 70°C and is stirred under reduced pressure to strip
off unreacted vinylcyclohexene. The reaction product
may then be purified by fractional vacuum distillation
for removal of unwanted by-products including, .
optionally, di- and polyadducts, and the purified
product passed through an adsorbent bed for removal of



product ‘passeéd through an adsorbent bed for renmoval of “t-butyl catechol.
Preparation of a vinylcycl ohexene/ cycl opent adi ene adduct is described in
U.S." Patent Nos. 5,260,498, and 5,284,929. The starting phenol can also

i nclude a derivative L' of a cyclo-aliphatic diene such as _

di cycl opent adi ene, cycl opent adi ene, nor bor nadi ene di ner, norbornadi ene,

nmet hyl cycl opent,a di ne nonene, 1,3- and_1, 5- cyclooctadlene oc- and
[err]- terpi nene%‘%—"ﬁf ?Ib%i’ne eRArRL PR RFVE) - 2° nor bor nene and

cycl opent adi enaMyW@eimemmnﬁmmrﬂddﬁwwUcﬂé@%ﬁ%@édfQﬁmﬂ a
|1 can be prep n t ction conditions, one
or nore of thqu%gvétyc}gscr e% \9/15; é@gyc Iéc#}o# {/ﬂa %%%‘t adi ene adduct (s)
with a mol ar excessLherefasitigly plenal mmrﬂm iofcluve seldetiodatpivenol per
mol e of the adductdss)a %&@df@ﬁ pidtiS dRsle &lfdiifhtly carried out in the

resence of a Lew s aC| h as BF3, coord| natlon conpl exes thereof such
gs boren trifl %?nﬁwwqqc¥99q4§?Q&ﬁP%mIHQ%PQﬂQﬁﬁxﬁn%onplexes

and at an el evaimcéﬁ,ermm’b&tmaﬂi%ﬂdu méﬁ}@l{@fmpﬁr&ﬂﬁié}hé Eqiiﬁ%eere,pgfeferabl y
t | e desire g .
Foact L on ik bodhdifa ‘:1\t ?lgdjs (}%ﬁ Lﬁa Wit f°T id"falige of 30

reacti on has been co usua
mnutes to 10 H@GE@nqaﬁﬁeﬁ7ﬂﬂqylmdnhqrn&né3tﬁuN&rpﬁBpﬁnykm+ZHlof such

polyphenol s i s da3ffrirRed 1dh AP Serk i1tk Y1 omrs, for example.

' The phenolic precursors of formula II can be
prepared by contacting, under addition reaction
conditions, one or more of the above-described
vinylcyclohexene/cyclopentadiene adduct(s) with a molar
excess, preferably 10 to 30'moles, of-the selected
phenol per mole of the adduct(s). The reaction is most
efficiently carried out in the presence of a Lewis acid
such as BF3, coordination complexes thereof such as
boron trifluoride etherate, AlCl3, FeCl3, SnClyg, ZnClo,,
silica and silica-alumina complexes and at an elevated
temperature within the range of 70 to 200°C, preferably
100 to 180°C. The reaction is continued until the
desired degree of reaction has been completed, usually
for a time within the range of 30 minutes to 10 hours,
preferably 1 hour to 3 hours. Preparation of such
polyphenols is described in Examples 2 and 4 of U. S.
Patent No. 5,284,929.

The invention phenollc allyl ethers can be comblned
with polymalelmldes and the mixture cured by exposure
to elevated temperature, e.g. within the range of 150
to 250°C for a time which can vary widely depending on
the cure schedule and thickness of the part, generally
greater than 0.25 hour, and the cured products are
useful as the resinous components of electrical
laminating and encapsulation formulations.



Patent No. 5,284,929. The invention phenolic allyl ethers can be conbi ned

wi th pol ynmal ei m des and the m xture cured by exposure to el evated

tenperature, e.g. within the range of 150 to [err] for a time which can

vary wi dely depending on the cure schedul e and thickness of the part,

general ly greater than 0.25 hour, and thescured products are useful as the

resi nous conponents of electrical |am_nating and encapsul ation
kﬁ%ﬂkﬁ%ﬁrﬁﬁﬁ

formul ati ons. he RESTETERE RO YR RS- Anrp

hi gper-g}all ei mmeml\?simm ] %Sre_tsﬁirSsl Aith dtaeé \r,%iéhm|£idﬂbt§@tf£€i ns, bgt .
preferably are N, N-unsaturate i smal ei iC e represented by
Phe formul a | PRSI FY T - Rl at AP Hhe dbat T eR et oo ent

radi cal havi ndpiatmdlesisti e s avtoiorh ataonrdandemr ezt nartion Sooisha bond,
and Z is a divwglent radical containing fromabout 2 to about 40 carbon
atons. Z can be aliphatic, cycloaliphatic, aromatic or heterocyclic. Z can
I ncl ude heteroatons and can be substituted or unsubstituted. Exanples of
bi smal ei m des whi ch can be enpl oyed are N, N- bi smal ei ni des of ethyl ene

di am ne, . hexanet hyl ene di am ng, trimethyl hexanet hyl ene di am ne, phenyl ene
di am ne, trinmethyl hexanet hyl di am pe\ et hyl ene di aniline, toluene

di am ne, 4, 4-di phenyl net han&\diim fie, “3_2- di pheYI sul f one di ani ne,

4, 4- di phenyl et her

in which Y is a substituted or unsubstituted divalent
radical having at least 2 carbon atoms and a carbon-
carbon double bond, and Z is a divalent radical
containing from about 2 to about 40 carbon atoms. Z
can be aliphatic, cycloaliphatic, aromatic or
heterocyclic. Z can include heterocatoms and can be
substituted or unsubstituted. Examples of
bismaleimides which can be employed are N,N-
bismaleimides of ethylene diamine, hexamethylene
diamine, trimethylhexamethylene diamine, phenylene
diamine, trimethylhexamethylene diamine, methylene
dianiline, toluene diamine, 4,4-diphenylmethane
diamine, 3,3-diphenylsulfone diamine, 4,4-diphenylether
diamine, 4,4-dicyclohexanemethane diamine, metaxylylene
diamine, and 4, 4-diphenylcyclohexane diamine. Various
N,N-bismaleimides are disclosed in U.S. Pat. Nos.
3,562,223, 4,100,140, 4,211,860, 4,211,860 and
4,816,531, for example, and can be prepared by methods
known in the art. The N,N-unsaturated bismaleimides
are preferably derived from at least one aromatic
diamine. The preferred bismaleimide is bismaleimide of
methylenedianiline. The bismaleimide can contain
various additives as processing aids. Suitable N,N-
unsaturated bismaleimides are available commercially



di am ne, 4, 4-di cycl ohexanenet hane di am ne, netaxylyl ene di anm ne, and

4, 4- di phenyl cycl ohexane di am ne. Various N, N-bi smal ei m des are disclosed in
U S- Pat. Nos. 3,562,223, 4,100,140, 4,211,860, 4,211,860 and 4, 816, 531,
for exanple, and can be prepared by nethods known in the art. The

N, Nc unsat urat ed bi snmal ei mi des are preferaldy derived fromat |east one
aromatic diamne. The preferred bismal eimde is_bismal eimde of

net hyl enedi ani f¥om@. S}Fﬁglb‘?gﬁﬁlléﬁh de-cap comPaRide® regdngddifiotves as
processi ng aidéxaﬁpiéable N, N- unsaturated bisnaleinides are avail abl e
comercially from Sh ca Co. 3s ﬂ%g r% resins, for
exanpl e. O her SU|?5B?5 ﬁ5f§ﬁ8¥8lﬂ? e LeimL ?nﬁ?ﬁ fi8s which can be
represent ed bycompotindsuwbifbr cini hewhephe¥ented Bubthetﬁbeﬂuma
unsubstituted dival ent radical having at |east 2 carbon atoms, preferably 2
to 6 carbon atons, and a carbon-carbon double bond and n is a nunber having
an average value of 0 or gr¥ater, rprefgfablyyan a &{age val ue from about O
to about 4. Such pol ynat=sitqi desoda scltese U. @FﬂPat No. 4,298, 720,

for exanple. -Specific exanpfes of | such}conpo nds{E;lude

pol ymet hyl enephenyl enenal ej dqﬁ avi tme ornmuya [err]
r4 U

| “

in which Y is a substituted or unsubstituted divalent
radical having at least 2 carbon atoms, preferably 2 to
6 carbon atoms, and a carbon-carbon double bond and n
is a number having an average value of 0 or greater,
preferably an average value from about 0 to about 4.
Such polymaleimides are disclosed in U. S. Pat. No.
4,298,720, for example. Specific examples of such
compounds include polymethylenephenylenemaleimides
having the formula

b | d b | ok

/ Ny

é—dz CH2
n

in which n is a number having an average value of 0 or
greater, preferably an average value from about 0 to
about 4. These polymaleimides can be obtained by
reacting an aniline-formaldehyde condensation product
with maleic anhydride as described in the above patent.
The amount of the phenolic allyl ether combined
with the polymaleimide can vary depending on the
process conditions, such as the reactivity of the
polymaleimides to the allyl ether groups and reaction



in which n i's a nunber having an average value of 0 or greater, preferably
an- average value fromabout 0 to about 4. These pol ymal ei m des can be
obt ai ned by reacting an aniline-formal dehyde condensati on product with
mal ei ¢ anhydride as described in the above patent. The anpunt of the
phenolic allyl ether conbined with the potwral ei m de can vary dependi ng on
the process conditions, such as the reactivity of the polynaleimdes to the

allyl ether gr&BPSTAIRLSSact i@sRerally phenodia @ldyl efhera Wildhdplic
allyl ethers ypirelsehe pmesentariounn et vef fteﬁt;ir\b@notht% wayferaltoef ease o;
processi ng or IV t Qugher_.cured .conpasitiqn., The wei.ght rati.Q o

pol ymal ei m de?&tgg Sﬁgﬁl | iog: gﬁ ﬂl et ﬁertqugqlﬁfrefcé‘llra?& fo\ﬂptor‘ﬁl%lt% ré[?{b‘”e from
10: 90 to 90: 1@eigbdt natdicecdbipp iymarheddrigest d-06@moldmt iahlylpradpen i es in
the cured resiB ¢3MA8 207 GM4edibY thesStAGRAE o ﬁ%:ryooct%?oﬁrim,oy' ng

hi gher tenperature in each successive stade, as Illustrated in section D of

t he Exanpl e bBP&k PTRSerabdnt ifdiwm £G:180d0r £04 6 -n i g IRFpRey Heahpl e.
Exanpl e A) Prigpahal iciredf roesidr @@l oeexitikved Wy %y@&[g%cﬂ-hﬂdal&m%z ene.

Di cycl opent adi ene and 4-%jn.lc Q}o exene in eqylnDLar n1§}ure wer e, heat ed
in an autocl apgogtes[sepp\]p oy%.ngy ilgher temperature 1in eacC successive

stage, as illustrated in section D of the Example
below.

The invention is illustrated in the following
Example.
Example
A) Preparation of 5-(3-cyclohexen-1-
yl)bicyclo[2.2.1]hept-2-ene.

Dicyclopentadiene and 4-vinylcyclohexene in

equimolar mixture were heated in an autoclave at 240°C
for 4-4.5 hours. The reaction product was diluted with
cyclohexane and passed through a packed bed of alumina
to remove the t-butyl-catechol inhibitor introduced
with the reactants. The resulting product mixture was
distilled in a wiped film evaporator at 3 mm Hg
pressure at 90°C to produce a light fraction containing
unreacted vinylcyclohexene and dicyclopentadiene and
the mono-adducts of 4-vinylcyclohexene and cyclo-
pentadiene. A 150g sample of this distillate was
vacuum distilled using a 10-tray Oldershaw column to
give four fractions. The fourth fraction, 65g, was
shown by gas chromatographic analysis to consist of
0.15% dicyclopentadiene, 88.3% endo-5-(3-cyclohexen-1-
yl)-2-norbornene, 6.1% exo-5-(3-cyclohexen-1-yl)-2-
norbornene and two additional components present in the
amount of 1.9% and 2.4% which are believed to be
isomeric adducts of the formula



for "4-4'5 hours. The reaction product was diluted with cycl ohexane and
passed t hrough a packed bed of alumna to renove the t-butyl-catechol

i nhibitor introduced with the reactants. The resulting product m xture was
distilled in a wiped filmevaporator at 3 nmHg pressure at [err] to
produce a light fraction containing unreaad ed vinyl cycl ohexene and

di cycl opent adi ene and t he nono-adducts of 4-vinylcycl ohexene and cycl o-
pent adi ene.” A 150g sanple of this distillate was vacuumdistilled using a
10-tray O dershaw columm to give fgur fractions. The fourth fraction, 65g,
was shown by gas chromat ogr aphic ; Zs to consist of 0.15%

di cycl opent adi ene, 88. 3% endo- 5- { hexen-1-. yl)-2-norbornene, 6.1%
exo- 5-(3-cycl ohexen-1-yl)-2- nor by and two additional conponents
present in the amount of 1.9% and 2.4% which are believed to be isoneric
adducts of the formula several additional conponents totalling about
0.4% 0.4% tricycl opentadi ene and about 0.4% uni dentified conponents.

Ani'sll ysis of thgeiré@aui gﬂdﬁé‘_labh@le%gmmﬁ@ﬁﬂ:isC tbt&Qﬂalﬁqea;lcbﬂ;dliﬁC@ta(% aggut 87 |
nol e percent o e,endo uc about encert of & uct an
about 5% of th goﬁEFFgc 88&@%§d1§?ePFQSaP%P| %wﬁﬁégﬁ 3 lﬁgﬁyphenol
To a reactor equmppaénmsth Ansﬂwsnsrpfcah@eﬁsactann dydinpicde@lr f unnel were
added 188. 29 (%agng% @ r2hoRRene i34 chtR% 3bole" Bl mbie Petldénk was heated

to

the endo adduct, about 9 mole percent of the exo adduct
and about 5% of the isomeric adducts.
B) Preparation of Monoadduct Polyphenol

To a reactor equipped with a stirrer, condensor and
additional funnel were added 188.2g (2.0 mole) of
phenol and 1.0g of BF3Ety0. The mixture was heated to
70°C and 13.67g of 5-(3-cyclohexen-1-
yl)bicyclo[2.2.1]hept-2-ene was added over a 20-minute
period. The temperature was raised to 150°C over a 1
1/2-hour period and was held for about 2 1/2 hours.
Unreacted phenol was distilled off. The recovered
polyphenol had a terminal hydroxyl group concentration
of 0.495 equivalent/100g and a melting point of
70-80°C.

C) Preparation of allyl ether

(A)

A mixture of 50g of a polyphenol which has been
prepared from phenol and 5-(3-cyclohexen-1-
yl)bicyclo[2,2,1l1hept-2-ene according to the procedure
in Example 2 above (a terminal hydroxyl group
concentration of 0.495 equivalent/100g and a melting



[err] and 13:.67g of 5-(3-cyclohexen-1- yl)bicyclo[2.2.1]hept-2-ene was
added over a 20-m nute period. The tenperature was raised to [err] over a 1
1/ 2-hour period and was held for about 2 1/2 hours. Unreacted phenol was
distilled off. The recovered pol yphenol had a terninal hydroxyl group
conicentration of 0.495 equi val ent/lOOg ardoa- nelting point of [err]. C
Preparatl on of allyl ether [er A m xture of SO%lof a Q%I phenol V\/m ch has

been prepared PG pIENOI0 C@J(éscfélgoﬁéxé’ﬁtfs um Calrbohiate
yl)bicycl o[ 2, 2,21)]dmptof2 -t IR0 Al el dded him pr dcaditrer mmmmtetanamove

(a term nal o] rou ratlo of, 0.49 Y | OOy and a
mel ting poi ﬂ{laoc‘%ﬁ( [eg? Ippﬁfgé‘@&qb '%éasrf]lﬁﬁ]t %ona% % and "éoom of
t ol uene was pl a:(mnlierrsc&r,l dnd efvamdm:d)dtZQJ-rﬁeiﬁ“CI wbld leqeitggadngi-t h a

mechani cal stir & LAEIE By };geéi f87de My lgnsiirring. |
Wat er was rerm\y\fegfeby azeotropic |st at | un conpl let| on, then dhe

t enper at ur e wasSamRds EPR 0 t[r@n]thwtre}mp%%ﬁﬁ% "(a332 sred 0090 uene

was. added over 250 i w&m@ (ime 6 tixorscmmcw eto Thigie tves r&dddd on
terrperat ure ‘Was I al S

d tolg there for, 12 houf A%ter coollng,
the reaction m‘%Z‘f‘?fre W?%r%‘ﬂ eol lfe?‘?cﬁla‘?résm%t?%r%once}h?r? 84 to give a
i qw d conposi thexci{iRet ovenpelr HFude ) waCard i sedit tonl 25°C and held there

for 12 hours. After cooling, the reaction mixture was
filtered and filtrates were concentrated to give a
liquid composition (Recovered 57.1g). Confirmation of
- ‘the above structural formula A for the product where n
| is 0.5 is made by nuclear magnetic resonance spectra.
D) Use of allyl ether as bismaleimide cross-linking

agent.

1.39g of allyl ether A was cross-linked with 1.36g
of bismaleimide/ methylene dianiline resin ("MDA";
melting point 150°C) by heating at 200°C for 4 hours and
240°C for 2 hours to give a cured material having
Tg>300°C and 10% wt. loss temp in Thermal Gravimetric
Analysis (Air) at 450°C.



the above structural formula A for the product where n is 0.5 15 Trade—by—

nucl ear magneti c resonance spectra. D) Use of allyl ethe “,m

cross-linking agent. 1.39g of allyl ether A was cross-li mm lW
bi snal ei ni de/ nethyl ene dianiline resin ("MDA"; nelting poirft [tern

heat:ing at [err] for 4 hours and [err] feri®-hours to give a cured nateri al
having [err] and 10% w. loss tenp in Thernmal G avinetric Analysis (Air) at
[err]. - 10 - T3208 CLAI MS 1. A phenolic allyl ether of 08
formula | [err] in which Ar is a [err] aromatic noiety, L is a divalent
cycl ohexanenor bor nane |inking noiety, CLL asIaMdsval ent cyclo-aliphatic
linking noiety, allyl is the group CH2=CH CH2- and each of mand n is a
number fromO to 20. 2. A phenolic allyl ether as ctainmed in claim1, in
which each Ar i p Eghgﬂpl I med in claim1 or
2, in which L |1: sg‘lgerﬁg%ee%élflr%m at Ie‘%asté)]%)nééf o#q{{gfr?]]fﬁﬁ. aiphenol ic ether as
claimed in claiml1,2 or 3 wherein nis fromO to 10.
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in which Ar is a Cg-pg aromatic moiety, L is a divalent
cyclohexanenorbornane linking moiety, L' is a divalent
cyclo-aliphatic linking moiety, allyl is the group
CHp=CH-CHy- and each of m and n is a number from 0 to
20.

2. A phenolic allyl ether as claimed in claim 1, in
which each Ar is phenyl.

3. A phenolic allyl ether as claimed in claim 1 or 2,
in which L is selected from at least one of

4. A phenolic ether as claimed in c¢laim 1,2 or 3
wherein n is from 0 to 10. .
5. A phenolic ether as claimed in claim 4 wherein n is
from 0 to 3 and m is zero.

6. A process for the preparation of a phenolic allyl
ether as defined in claim 1 which comprises reacting an
allyl halide with a precursor polyphenol of formula II



5. A phénolit ether as claimed in claim4 wherein n is from is-

Zer-o. 6. A process for the preparation of a phenolic aql u | ned
in claiml which conprises reacting an allyl halide wt m 'MW@MHM‘
pol.yphenol of fornula II - 11 - [err] 7. Process as clfai aedwinns Cledl m 6
wher-ein the reaction is carried out by heattiqag to [err] in the presence of
a base. 8. A conposition conprising a polynaleimde and a phenolic allyl
ether as clainmed in any one of the preceding clains. 9. A conposition as
claimed in claim8 wherein t pol | eimide is the bismal ei m de of
met hyl ene dianiline. 10, A, 'r@gi gugj obt ai,ned, by hﬁating a conposition
T S
H I'n

as clained in claim8 or 9. S36 8F ;Lm

7. Process as claimed in claim 6 wherein the reaction
is carried out by heating to 80°C-150°C in the presence
of a base.

8. A composition comprising a polymaleimide and a
phenolic allyl ether as claimed in any one of the
preceding claims.

9. A composition as claimed in claim 8 wherein the
polymaleimide is the bismaleimide of methylene
dianiline.

10. A cured product obtained by heating a composition
as claimed in claim 8 or 9.
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