THERMOSETTI'NG RESIN COVMPCSI TION This invention relates to thernosetting:
resin conmpositions. There are a variety of heat-resistant resins whi-ch can
be used as insulating materials in order to neet the demands for greater

capacity, smal |l er size,
el ecfroni I ces and
chargater

| ighter weight, and higher degree of reliability of
equi pnent as well as for better heat resistance

cs, longer service life, and maintenance-free propertjes of 4

el ectri cal™machi nery and apparatus. Anong these heat-resistant reshhépif-g
imde resins of the addition polynerization type, such as bisnal ei m de
resins and aromatic di am-ne-nodified bismaleimde resins, are well known.
Such bi srmal ei m de resins have excel | ent heaF1Fesistance, but are not very
satisfactory because of the difficulties in processing. The nelting points

of bi smal ei m des are hi
their poor.solubility i

gh and the@@@&ﬂ@é&ﬂ;@@é@ﬁ Sgg v Eﬁ ! . Mor eover,
n organic . B Igﬁ; of pol ar

sol vents, such as N-nethyl- 2-pyrrolidone and'dinethylfornanide, whi ch are

undesirable fromthe vi
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ewpoi nt of environnental pollution. COC
This invention relates to- thermosetting resin

compositions.

There are.a_variefy of heat-resistant resins which
can be used as insulating materials in order to meet the
demanis for greater capacity, smaller size,‘lighter weight,
and higher degree of reliability of electronic devices
and equipment as well as for Hetter'heaf resistance
characteristiés, longer éerﬁice life, and maintenance-free
properties of electrical machinery and apparatus. Among
these heat-resistant resins, imide resins of the addition
polymerization type, such as bismaleimide resins and
aromatic diaminé—modified_bismaleimide resins, are weli
known. Such bismaleimide resins have excellent heat
resistance, but are not very satisfactory because of the
difficulties in pfocessing. The melting points of
bismaleimides are high and tﬁeir curing rates are very low.
Moreover, their poor solubility in organic solvents
necessitates the use of polar solvents, such as N-methyl-
2-pyrrolidone and dimethylformamide, which are undesirable

from the viewpoint of environmental pollution.




-2- Furthermore, an organic peroxide such as dicunyl peroxide or benz ylﬁf
peroxi de is usual 'y added to nal ei mi de resins for the purpose of pronmptihg
thei'r cure. Wen such a resin conposition is used as inpregnating varnish.
to make prepregs,s the cl eavage products of the organic peroxide remaining
in the preprégs may lead to a reduction in quality and performance of the
finally obtained | am nates and, especially in the case of copper-clad
| agi nates, to blistering or peeling-off_gf the copper foil. It is well.
&Wh that bi smal ei m des form a three- dinensional network when they are
heated above their nelting points or.subjected to the action of free
radicals. It is also known that the presence of a catalytic anmount of a

free-radical ini Fuattlerndrdgsatabrgahot bb?oﬂﬂ680§6cﬁfa@cai@umfmlﬁéboxlde
effective crosslinking reaction (see, for exanple, J. Amer, Chem  Soc.

Vol . 81, P. 1187 orl%etzoylByepaikibde, iBBagublES- sadegato | M1d BATIS iEWEhé
| ow activation energy for their deconposition and are unstable and easily

deconposabl e everfoat theopurpoger afupeometihgathepeceéate carwhenissudte 4 aken
in their storage and handling.
resin composition is used as impregnating varnish to make
prepregs, the cleavage products of the organic peroxlde.
remaining in the prepregs'may lead to a reduction in
quality and performance of the finally obtained laminates
and, espeéially in'the.éése.of coppef-clad laminafeé, to
blistéring §r peeling-off of the coppér foil.
It is well known that bismaleimides form a three-
dimen$iona1 network whéh'tﬁey are heated above their
_melting poinis_or subjected to the action of free
radicals. It is.aléo known that the presence of a
catalytig_amoupt'qf a ffee;radical initiator is desirable
for the purpqsé of‘achieving an effecti§e crosslinking
reaction (see, for example, J. Amer, Chem. Soc., Vol. 81,
P. 1187, 1959). By nature, many.free-radicél initiators
have a low activation energy'for their decompoéition'and
e | . are unstable and easily decomposable even at room
temperature, sd that special care must be taken in their

storage and handling.



-3 It I's an object of this invention to provide an inproved therﬁﬁsetting
resin conposition. The present invention provides a thernosetting resin

oBRpsi tion conprising: 5 (a) at |east’ one nal ei m de conpound
ehected from (i) bi smal ei m des having the formula R -C CO. _
(CC-R [err] 10 where Rl, R2, R3, and R are the sane or

different from each other and are: hydpagen atons or hal ogen atons; or
strai ght-chain or branched al kyl radicals’ of from1 to 10 carbon atons; or
phenyl radicals, or 15 substituted phenyl radicals haV|H6
one or rore substi Ctedssapebbieet of obh &3 r b ygntiathdin RFOWIden@red al kyl
radicals of from1 to 10 carbon atons, hal ogen atons, R13 0- groups in
whi ch R13- i §mpxoyedpkhermorglténg pesin C°mP°Sltl°“'e' of fromlto'5
carbon atons, and, ghen there are twp or nore.radicals re rQ§ented b% R13,

& g r

sai d radlcals are M n?FEﬁFnFolBVeﬂF*?%r%ﬁﬂv*q?ﬁn%%1 RS

Rl3 grou%%i 348 Egmpr§51ngpreV'OUS|y

5 N (a) at_least_one~ma1eimrde compound selected from

(1) bismaleimides having the formu;a_

R,—C—CO, ~ . 0C—C—R:
o é//p——zf—N*\ _ ' (1)
- | Rp—C—co TRy
10 _ B :‘ lwhere Rl' Rz, R3 and R4 are the same or

_ dlfferent from each other and are: hydrogen_
:atoms or halogen atoms, or stralght-chaln
or branched alkyl radlcals of from l to 10
carbon atoms, or phenyl radlcals, or
15 o : - :substituted.phenyl radicals_having one or.
| more.eubetitnents eelected'fronJStraight—'
"chain or branohed alkyl radicals of.from_l
to 10 carbon atoms, halogen'atoms; Rl30—;
groupe in'which=§13 is an aiiphatic radical
20 '~ of from 1 to 5 carbon atoms, and, when
there are two or-mOrénradicals'represented
by Rl3' Saidwradicals are:identioal_to or
different from each'other,

]

25 ' _. R13C—
groups in which Rl3 is as preViously
defined, hydroxyl groups, and cyano groups;

and 2 is a divalent organic radical of at



~ defi ned, hydrbxyl groups, and cyano groups; and Z is a divalent organic

radi cal of at . -4- | east 2 carbon atoms; and (ii) polymal eimnm des having
the formula [err] 5 (11) 10 where [err] and R are the same or
different fromeach other and are hydrogen atons; or hal ogen atons; or
strai ght-chai'n or branched al kyl radicals 15 . of from1l to

10 carbon atoms; or phenyl- radicals; or,  Substituted phenyl radicals
hayi ng one or nore substituents sel ected from hal ogen atons, straight-chain
or Branched al kyl radical of fr8AFE £ocapbop atoms; and car bon
atons, R13 - roups in whi.ch R13 is.as previous|y defined, RL3. groups in
whi chR i s asgpreeiousl 119 po%ymale1m9&es haviga the é%rmula 9 P

| Is e [ T7 '.Ta 79 ?10

T:.'_ : ==

(II)
10 |

where R5, R6, Ro» R8,.R9,-and Ryo are the
same or different from each other and are
bYdrern étoms; o:'halogen atoms; or
:stréightfqhain_or branched.a;kyl radicals
15 . ' o  §f_from l.to 16 carbon atoms;_qrtpheﬁyly
radica;s;_gf‘$ubstituted ppenyl radicals
~ having one 6r more substituents selected
from halogen atoms, straight-chain or
branched alkyl radical of from 1 to 10
e 20  _ ' L caipon_apoms, R, 30— groups in whiéth13 is

.as_previous;y'defined,
R13B"
groups in ﬁhéch.313 i5 as prgviogsly
25 . Co - defihed,_hyd;oxyl groups, and cyano groups;
and n is z§r9 or a poﬁitive number; and
'(P)  at least one alkenylpﬁenol derivative selected

f:qm compounds. having the formula



25 defined, hydroxyl groups, and cyano groups; and n is

or a positive nunber; and (b) at |east one al kenyl phenol derivative
gct ed from conmpounds haV|ng the formul a -5- Terr] 5 where R is a

ir ogen atom or hal ogen atom or straight- chain or branched -al kyl

radical of from1 to 10 carbon atoms; or phenyl radical; or substituted
phenyl radical having one or nore subst®tuents selected from hal ogen atons,
straight-chain or branched alkyl radicals of from1l to 10 10 carbon atons~y
R13 - groups in which RI3 is as preV|qH§Xy defined, 0 13 groups in _
whi ch. R13 is as previously defined, r 15 groups, and cyano groups; X
Is a hydrogen atonm or a hal-ogen atom_0ﬂ=;£H¥uboxyl group; or an group |s
which R is as previously defined; or R13 0- 20" group in whic &err
as previously defined; or a cygyio grg @xp.hydroxyl group' (16 Ya R130-
~group in which R13 i's as preV|ou3iy ~orMa gl ycidyl oxy group; or an

5 .where'Rlliis a'hydrogen atom?”or halogen atom; or straight-
chain or branchedualkylgradical of from 1 to 10 carbon
,atoms. or: phenyl radlcal, or substltuted phenyl radlcal
_hav1ng one or more substltuents selected from halogen atoms,
stralght-chaln or branched alkyl radlcals of from 1l to 10
10 carhon atoms, R130f— groups in which R13 is as previously

hdefine&;"

5groups in which. le is as prev1ously deflned, hydroxyl
15 groups, and cyano groups, X is a hydrogen atom, or a halogen.
atom; or a carboxyl group, or an
_ :?_
R
'group-inghicthis is as previodely'defihed; or a Ry 40—
© 20’ group in:WHiéh“Rl3'is as preleUélYTdefined; or arcyano“"
group; Y is a hydroxyl'group}”or*aﬁRl30——'group in which Ry,
is as previously defined; or a glycidyloxy group; or an
aryloxy group;: or:a'substituted aryloxy group having.ohe or
mbre'suhSEituentS'selectedﬁf:om halogen atoms or straight-
25 Chainhor branchea'alkYI radicals of from 1 to 5 carbon
“atoms; or a propargyloxy group; or a substituted
proparglenygroup'haVing-ohe'or:more subStitoents selected

from halogen atoms or straight-chain or branched alkyl



aryl oxy group.; or a substituted aryl oxy group having one or nore st
substituents, sel ected from hal ogen atons or straight- 25 chain or branched—
al-kyl radicals of from1 to 5 carbon atons; or "a propargyl oxy group; or a !
substituted propargyl oxy group having one or nore substituents sél ected
from hal ogen atons or straight-chain or branched al kyl -6- radical s. of
froml to 5 carbon atons; or an [err] grogp in. which R is an aliphatic
rtadical of from1l to 20 5 carbon atons; an aromatic radical, and if

e, 2re o A e Lo g0 €3g0lag; . Bl4, Lhgymy be the sar o

: . 1
~different; and nl. and nR2 are positive in _
has the value of 5; and |inear diners thereof;sand polynmers thereof. 10
In-addition to the aforesaid conponents (a) anfil (b), this thernosetting
resin conposition can contain (c) at |east mpatgol yneri zabl e unsaturated
conpound. The thernp- setting resin conpositftons consisting of conponents
(a), (b) and9Fepphanevwhibeb Bxgelsean apkiploatibncead il tdOFromld GNeSti ng
.essentially of conponents (a) and (b). In a particularly preferred :
| thernnsettlngcﬁégpﬁ atoms; or an aromatic radical, and if there are two
Oor more radicals represented by Rl4 they may be the same or
- different; and m, . and mz'are=positive'integeré and the sum
-of--ml +:m2 has the value’ of 5; -and linear dimers thereof;
-and polymers thereof.
10 . :In addition to the aforesaid componehtS'(a) and (b)),
- this thermosetting resin composiﬁion can'contain (c) at
least one polymerizable unsaturated compound. The thermo-
- setting resin compositions consisting of components (a),
“(b) * and (c) have more excellent performance than those.
15 cbhsiéting_essentially-of cdmponents (a)'and (b).
in a partiéularly preferred.thermosetting resin
composition of the invention Rl' Ré, R3, and R4 are edqual
or different and are :
hydrogen atoms{.or halogen atoms; or straight-chain or
20 branched alkyl radicals of f:om-l to 5 carbon atoms; phenyl
f. radicals; and Z'is eithér an 6:géni¢ radical of 2 or more
carbon atoms selected frbm aliphatic, alicyclic, aromatic,
or heterocyclic radicals or combinations the:ééf:'or a
combination of an organic radical as defined above with
25 . "0"" -‘S-'- -S-S-' -qo—' "SO‘, -SO

2 27
~CONH-; Rgs Rgr: Ry Rgy Ry and R, are équal-o; different

and are hydrogen atoms; or halogen atoms; or straight-chain




sition of the invention Rl, R2, R3, and R are equal or different and
drogen atons; or hal ogen atons; or straight-chain or  20.branched

al'kyl radicals of from1l to 5 carbon atons; phenyl radicals; and- Z is

ei ther an organic radical of 2 or nore carbon atons sel ected from

aliphatic, alicyclic, aromatic, or het erpcyclic radicals or conbinations

t hereof; or a conbination of an organic radical as defi ned above with 25

-0, S— ' -NH-, or -CONH; S
[err], ahdoR branshe&uérlké’rl éfr’fiflé?raéﬁt Oafncfrma lhyrdrr RYSTRHRINEALIIS hapBgen -V
br anched aI radlc ls.o rom| to 5

) | f

?L?Ef;n at oﬁéégléf ﬁéﬁﬁlaq?adf‘é‘ﬁ “éﬁd%" IR0 . ofrf? ol‘i t¥40: and
R hyd | t t ht h b hed

Rkl oG N hork o, 13840 o3 Tegegen irrt%'"%haﬁ% aheeRA LN
hydr ogen 96ehBLadERed! iy L3ad AR QUR, | Ooyﬁo%a%logf&tpq%ggp%r

wherein [err] IS as previ 'ne :
Lﬁéfl.vér?%‘t"z”’g?é‘fsﬁa@aﬁe' i‘u?‘n@o?r Resppseh, 88 pilbed Goons '] £7°
hydroxyl group,.or a R13O- group. wherein R13_xs .as -
- previously defxned..or a glyc1dyloxy group, or a Rl4coo- . ' ’
group wherein 314_15 as prev;ously_deflned. and_ml-and m,
 are poSiﬁiﬁe integers and the sum of,mi-+-m2 has a value of 5.
o Spgciﬁic.examples:of the radical represented by 2Z in.
- formula (I} includestwo-ortmdre;phényléne”or cyclohexylene

radicals interconnected either by a simple valence bond or by an. atom

. {xadical) : ' T
or inert s@lecced,. or n"amnle, from -o- =5~, 2lkylene
radicals of Iro“ 1 to 9 cur001 atoms, —FO- —002—, -ER17-,

—H-E- -VQﬁH_ "*<O)Rl7 ,'-UOVH—kl—COHQ- ;f?jff';
| - NN

N_N;<?l >_ o
o 0>_- 4 7_<SIN>' a

LS -t =

.i;’d )" f where ‘iﬁ' i:s'a:hydrosen 'ai.:om,_. aliyl

radical of from 1 to 4 carbon atoms, phenyl radical, or

’

cyclohexyl radical, aﬁd Al is an alkylene radical of up to 13
carbon atoms. Hach phenylene or cyclohexylene=radical.may'have

one or nore suvstituents such as methyl radicals.



10 ' Speci fic. exaoml es of the radi cal represented by Zin formula ({)
i nclude two or nore phenyl ene or cycl ohexyl ene radicals interconnected
ei thet by a S|nple val ence ‘bond or by an atom (radical) or inert selected,
for exanple, from-0-, -S-, alkylene radicals of from1 to 3 carbon atons,
-CO, [err] ° -Jerr] -N:h+, -CONH, -P(O,,[err] -CQOZT- [err] -CONH,
[err] [err] where R17 is a hydrogen atom é?kyl radical of from 1 to 4
ca&&on atoms, phenyl radical, or cyclohlexyl radical, and Xis an alkyl ene
cal of upyhe Agoear-beﬂlataarrﬁaleﬁashopee%beeasoexey@\@a@mﬁree rigdi cal
may have one or nore subst ituents such as mét hyl radicals. The
above-def i tiae falkowidg: conpounds are excenplified in the follow ng:
(exanpl es) SpeC|f|c Qﬁggg&%gggf t he conpounds of formula (I) i nclude N
~ -ethyl ene bi sSpetefh¢de N ot heenobbop2dige oy fvaineilai dd)), isilayde

N, H'-trlnet | ene nmal 3dle. N, N -tetranethylen mal ei ni de _
g_-ethyle _hfnalelmlde #,N' -ethxleneOLS(Z-nethy&malelmlde),'

bi s

( ) ~ bis (bis
H,n'-trimethylene maleimide, *,a'*tetramethylen maleinide,

Cg%gj (bis y
N,& —hetamethylen "alelmlde, i7,i{'-1,4~cyclohexylene ralelmlde,
S bis ) Q§§§J
. o) N'-m—nhenylen maleimide; H 1'—n—ohenylen naleimide,
- bis (bis)

) m,?'-z 4—tolyleé‘*”£ale1m1ae,._ L'-a 6-tolylene Y.maleinide,
i u-—(oyydl-grvhenylene)blsmalelmlde, 0! —(Oxydl-n-
.Dhenylene)bls<2-methylmale1n1d§% H,I!—(methyleneal—b--
phenylene)bismaleimide, H,K' —(nethyleredl—n—phenylene)bls<2-
1ethylma1e1m1d;) H,K —(methflonedl—n—nbenylene)bls(?—
nhenylmalelmld@, §,E -(sulPonyldl-n-phenylene)blsmalelmide,
Wi -(tnlodl-n—nhenylene)blsqalelmlde, h,a--(dluhlodl—b— |
_henylene}blsmalelmlae KN -(sulfonvldl—m-phenylene)blsmalelmlde, 
E,E'-(o o?isonrOUylidenedlvhnnylene)blsmal eimide, '
;,m -(1sonropylldenedl-n—nhenylene)b1smalelmlde,
H,- —(o - cyclohexledenedlohenylene)blsnalelmlde,
H,H -(cyclohexylldenedl-n—nhenylene)olaﬂalelmlde,

Y N,3! -(ethylenedl-b-pnenylene)01smale1ﬂ1de, L,E ' -(m-

XVIylen°§ek%éle1m1de, o,k -(n-xylyleue}V’ﬁélelmlde,.
E,Hlf(#,4"727trlpheny1ene)blsmalelmlde, u,h-—(ge
phenylenedioxydi-g-phenylene)bisﬁaleimide, H,H'-(methylenedi-'
3—phenylene)bis(2,B—dichloremaleimid@;'and %,¥'~(oxydi-p-
pheﬁylene)bis(E-chloromaleiﬂid@. 'They further include
lﬂul”lﬂlde -terminated phenoxy corvounds having uhe Zeneral

Tormula



(Egi%" ' -hexamet hyl ene nal ei nide, H, N -1, 4-cycl ohexyl ene nal ei ni de, (bis)
m phenyl ene mal ei mi de; N, N -phenyl ene maleim de, bis) " .
err] NN -2,4-tolylene nalelnlde,» N N -2,6-t0 |l yl ene nalelnlde
N, N (oxydi - p- phenylene)blsnalelnlde N, N (oxydl p- .
phenyl ene) bi s(2-net hyl mal ei m de), N, N -(nethylen D -
phenylﬁge b“? leimde, N, N - (nethylenedl---chezﬁﬂ ne bi s( 2-

et hyl N -Q- e \c d ,~“\
NN g cngoal! ~ e eEys %E.(%e < Wﬁ“’ﬁ'ﬁ‘ﬂ -

N, N -(t fodl p- phenyl efg) bi sgelei nidg N, N - (d|t dr-p '

phenyl ene) bi smal ei m de, N , N -(sul fonyl di -m pheny éne)blsnalelﬁ?ﬁe ,Mﬁ

-(O, p- isopropylidened|phenylene)blsnale|n1de N, N~
-'(|sopropylldened| p- phenylene)blsnalelnlde N, -

-(o, p- cyclohexylldenedl 6L§nale|n1de o . .
N, N - (cycl o) gl enyI ne)blsnale|n1de S (I
N, N - (ethylened| -phenylenaiﬂrsqﬁL = (m. (bis) _

(bis) xylylene) mal ei m de, N, N - p(%1xylylene) nale|n1de
N, N -(4,4"-p- trlphenylene)blsnaleln1de N, N -(p- '
phenylen@H?€ﬁy81ap» ﬁ@ﬁbﬁunﬂngrﬂsnprev4¢uqlmn¢gihm@®lxor forﬂula

Pheny LonCye o eh@oﬁéfva;%é TR ke sy g eron aliphatic,

el el m dg1teyehag) ednR eRRA AU RN 1AV I il t@%&%e{&&bélﬂfﬂy&ﬁ.
value of from O to 20. Sne0111c eiamples of the radical
reores=nted by D in formula (IV) 1nc1ude nethylene, dlnethylene,
;trwme+hylene, hex amethy1ene, m-bheﬁylene, and D—phenylene
radicals. - ' ' ' '
| Spécificieiamples'of thé domQOuﬁdéldf'fbrmulé (Ii)iinéiﬁde.
polymethylene polyphenyleﬁerpoiymaleimides'having thé'formula

' HC-'C’H |

oc ¢o
a4

n -

‘'where n is a number having an average value of O or greater.
These nolymaleimides can be obtained by reacting an

aniline~formaldehyde condensation product of the formula

NHy

uhgre n is as previously defined, with naleic anhydride-
ascordinm to any convanbional nrocedure. “The resulting

13 WlbLﬂlqe ””V contain “01V1"”10 by-sroducts having one



[err] where [ERR] and R are as previously defined for fornmula (1), Dig

di val ent organic radical selected fromaliPhatic, alicyclic, and aromati
radi cal s, and i's a nunber having a value of fromO to 20 Specific
exanples of the radical. represented by Din forrmula (I1V) include
.‘met hyl ene, dinethylene, trinethylene, hexamethyl ene, m phenyl ene, and

p- phenyl ene radicals. Specific exanples P the conpounds of formula (I1)

i gkude pol ynmet hyl ene pol yphenyl ene pol yrmal ei'm des having the fornula [err]
whére n is a nunber having an average valuye of O _or greater. These. :
pol yrral ei nPdcSOESn OFETGHER SFINPUERAc HG P Bl T 3t hh dehydo
~condensati on product of the fifyrelegd] err] . : (V1)
‘where n is as previously defined, fwith maleic anhydride according to any.
conventional procedure. The()®sulgyng poly-al ei mde may contain polyneric
by- product s havi ng one 10 \rd/f S '

"652@‘0“2“ S

. N He —

The maleimide compounds of formulas (I) and (II) may be

used either alone or ‘in combination.




or_nore branched structural units of the.fornula [err] (VII) [etrr] The
i.m de conpounds of fornulas (I) and (Il) nmy be used ei'ther alone or in

i nation. Speci fic exanpl es of thd/alkenylphenol derivatives include
yl phenol (O, m, and p-isoners), isopropenylphenol (o-, m, and
p-isoners), - vinylcatechol isopropenylcatechol a- ethylvinylphenbl

i | ph t ( t at | ph, b t

! sobr bpenyPBRERS LoD SHABRAES PinyArisharRe nﬁvﬁmc it 4 “yﬁf eS%sy :,m&me e ©
e 7R pRAgEY! <%'-yfh‘i.“sg%?3§eny% P AR An BT, “Game
like. 10 p-, akBepliBeferd m?frﬁngicaBscaBQveigsﬁragénghk&suh%@nyI

conmpounds Tan be r resente e general formulas CH [err]
(V1) ande.{e@Eny1whey Epiendl, [eihylpadnfy@r a}:eaaeeas previously defined for

formila 5 lsopropenylphenyl acetate, vinylphenyl benzoate,
| isopropenylphenyl. benzoate, v1nylphenyl c1nnamate,
lsopropenylphenyl cinnamate, . v1nylphenyl glycidyl ether,
lsopropenylphenyl allyl ether, v1nylphenyl propargyl ether,
lsopropenylphenyl propargyl ether, and the like.
10 The linear dimers of the above-defined alkenylphenyi'..

lcompounds can be represented by the general formulas

(VIII)
15

and

: - )——iC=—H— | | (IX)
“ T Ry,
20 m CH o m2 .

. 2 . 3 .(x)m :

X)
Ry

1
where X, Y, my and m, are as previously defihed fdrffOrmuia
(III). Specific examples of the 1inee: dimers of the above-
defined alkenylphenol derivatives include.4-methyl-2,4-bis-

25(2-, 34,-or 4-hydroxyphenyl)-l-pentene or —2—pentene,-
'4-methyl-2,4-bis(diﬁydroxyphenyl)-l—éentene.or -2-pentene,

4-methyl-2,4-bis(3,5-dichloro~4-hydroxyphenyl)-l-pentene
or--2-penténe, the acetic, benzoic, and cinnamic esters of
- the aforesaid compounds; the glyeidyl, allyl, and

propargyl ethers of the aforesaid compounds; and the like.



(111). Specific exanples of the linear diners of the above defined

al kenyl phenol ,deri:vatives include 4-nethyl-2,4-bis- 25(2-, 3-, or

4- hrydr oxyphenyl ) - 1- pent ene or -2-pentene, 4-nethyl -2, :
"4-bi s(di hydr oxyphenyl) -1-pentene or -2-pentene, 4-nethyl-2, 4-bis(3,
5-di chl or o- 4-"hydr oxyphenyl )-1-pentene or -2-pentene, the acetic, benzoic,
and cinnamc esters of the aforesaid conpounds; the glycidyl, allyl, and
prqggrgyl ethers of the aforesaid conpound$; “and the |ike. The makeup of
t he™t hernosetting resin conposition of the invention may vary w dely
according to the purpose of its use. The weight ratio -of the naleimde
conpound to the (generally al kenyl phenyl conpound generally from1:1 to
300:1, the the ida preferred range being - from5:1 to 200:1. - If

nal ei m de (belheYowkenm o Lidhe itherndretfingseestini adngosihéoneefnthe
conposition as used in the formof  a varnish will have a shortened pot life
(1 ower i ng) BWEWHOT: #agu AR JEASKT |2acdRRE g to the (parpepesPintEst #s6r

heat resistance, Mwhile if. it is.above the. aforesaid Lipgits, the resin

composi 11 o th Mottt b 0ty i tdy Shdifintpa £/ tne "
alkenylphenyl compound canlrange from 1:1 to 300:1, the ,

- oreferred range being from 5:1 to 200:1. IfY  maleimide

_ (below ) . _
compound used is the aforesaid limits, the resin composition -

as used in the form of a varnish will have a shbrteﬁed pot life
: SR - - (lowering)
-and the cured product will show a .0 thermal stability or -

heat resistance, while if it is above the aforesaid limits,

ct

he resin compositibn will -show a decrease in éuring;rate and
will have ‘such poor curability that the cured product-ﬁay fail '._
fo~achieve sufficient ﬁechanical strength. |

The thermosetting.resin composition of the invention can
contain a-poljmerizable unsaturated compound in addition ﬁo
the naleimide compound and the alkenylphenjl’cqmpound.
.The'tepm."polymerizable-unsaturated compoﬁnd" as used herein
denotes.vinylhmonomers, radiqal—polymerizable unsaturated

polymers, and redical-polymerizavole unsaturated oligomers.
: T _




strength. The thernpsetting resin conposition of the
‘ention can contain a polynerizable unsaturated ‘conpound in addition to
t he mal ei m de conpound and the al kenyl phenyl conpound. The term
"pol-ynmeri zabl e unsaturated conpound” as_used herein denotes vinyl nononers,
radi cal - pol yneri zabl e unsaturated polyners, and radical - pol yneri zabl e
unsat urated ol i gomers. Speci fic exanples of the vinyl nonomers includes

styrene, ssubstitut.ed sﬁ¥;eqﬁ§iﬁ@ylng‘hhehﬁu§pns;|tqgm&«@r s$phsidfuents on
t he benzéhé nucleus acrylonltrl gcryllc acid. and its €sters,

met hacr yki;6 s8¢ k-¢hsand ok -trgq—\el%tserqswlapqr Wil s uigd bAch et ast yéxaw-,lghwtslyl

met hacryl ate, divinyl bénzene, d|V|nyItquene diallyl phthalate, triallyl
cyanur at en Ghicbhemzphenytucdldud, etdrglomdndeilee, lddkeyliGpeeid i anéxdbdl es of

t bhe radical - pol yneri zabl e unnsat urated ‘pol ymers and ollgoners I ncl ude .
unsat ur aeetiengl yeshercryidloy meifdiasnde, lt{ﬁ)l%ﬁ:‘?ﬁ%‘# opF am?pe&l&@?—@h% and

diallyl phthalate prepolyner t he f oi ng. pol Jrers and dlfled
by the asaPvighe g@gfwwé i ;’?F S BTIPTRETTe » GATTET P hRaP e
These” pof i in Rt H A SR AT AR A, e

Conb'nat'%ﬂer, and the llke. boeclflc examnles of uhe:radlcal-solymerlzabbe

B have -such poor Curability that the cured product may fail to achieve
) dicient mechanica
o

unsaturated ‘polymers and ollﬁomers 1nclude unsuuu”ated
volyester, nolybutadlene OolycalorOPreDe, Do1y“entad1ene, and
ulallyl phtnalate prepolymer, tne-foruﬁo;ng polymers and oligomers
- modified by the addition of styrene, méleic-aeiﬁ, or ‘epoxXy
resin; cyclic oligomers suchfas dicyclopehtadieﬁeJand-
cyclododecatrﬂene, ternen01ds~"_‘~*he like.a-These-Dolyﬂeriznble .
upsﬂcu“ated compounds mav be used elthe* alone or in comblpatlon..
| The zmount of- oolymerlzaole unsaturated com oouna usnd | |
denends on whetavr it is. a mononvr,;,olynnr, r oligomer.
However, the ratio of the .combined weight of the maleimide
comydund.and the alkenylphenyl'pompound-to-theaweight of the
‘polyn rizable unsaturated compound én meper 11y range from
1:50.%0.200:1, the preferred range be;nﬁ fron 1: 2J to 100: l. L '
it the amount of nolynerlzuble uqsauurated uonwound used is
above the aforesuld limits, the cured product "111 show a_
i
lowering of heat resistance and qtorawé'stability, whileYit is .-

fluidity of the
below the aforesaid limits, theYresin con0051t10n will be

too low to exhibit zood moldlng propertles.

. The thermosetting resin composition of the igvention can
- ' varticuler
be cured by apnlicatior of heat. Althoush nol limisation 1s

- mlaced on the curing te1 erarure, the »re r3d range is

fron 30 to 300%. 1t can 3lso be cured by exnosure to radiation

P ° wesamsaa . - . P P R L L TRy . el o 2 Tr A anlda Do



The amount of pol ymerizabl e unsaturated conpound used depends on mhetherGEifJ

i s ‘a nononer,, pol yner, or oligoner. However, the ratio of the conbined ©

wei ght of the mal ei m de conpound and t he alkenylhenyl conmpound to the

wei ght of the polynerizabl e unsaturated conpound can generally range from

1 50 to 200:1, the preferred range being from1:20 to 100:1. If the anofint
pol ymerizabl e unsaturated conpound used is above the aforesaid limts,

: héﬁcured product will show a | owering of heat resistance and storage

stability, while it is (fluidity of the) below the aforesaid lints, the

- resin conpositiQRnvdd 1@ rae@olatt Qagél bkt rage( 8DbKA Ngaps PRRFL efaysThe
t hernosetting resjn conp05|t|on of the invention can particular) -be cured

by application A¥Bhough no limtation is placed on the curing
tenperature, the prmepeadlmqnga thef punpdbet of 300€. usé - he tdeundse tduime.

by exposure to Je%%atao%@os%guﬁhgéstuu EﬁVéBL%nré‘é{ﬁ b3_< & P¥iSer qamfa P

beta rays, - and ganm ra g he purpose of ifs use,
t Her moset tithg rong r?rcé}%‘@s@@@éﬁleﬂa h€°WH?EﬁPF§n°EaW%%°%Y?¢1e¥“ rﬁrké?f%"clﬁ: 5

one or rnore addidlivaidl. CMEeNepeti@icdliy)l YEdthe P&sDi geoMmsosition is to

‘ - be used as a molding material, one or more inorganic

. . fillers such as silica, silica glass, clay, aluminum

_' hydrox1de,_asbestos, glass fiber, mica, gypsum, kaolln,

. : 10 :cement, tale, z1nc white, graphlte, magnesxte, molybdenum
dlsulflde, titanium white,” silica sand, carbon black, barium
sulfate, and calcium carbonate can be incorporated
thereinto. Moreover, a conventional flame retarder such as
brominated organic compounds, antimony compounds,=and_

15 bhosphorus compounds can be added to the resin composition
for the purpose of imparting flame-retardant properties
thereto. If the resin composition-is to be used in the
form of a solution, it can be dissolved in an organic
solvent such as N-methyl-2-pyrrolidone, dimethylformamide,

20 dimethylacetamide, dimethyl sﬁlfoxide, dioxane, acetone,
methyl ethyl ketone, tetrahydrofuran, cellosolve (trade mark
for 2-ethoxyethanol), methyl agetaté, ethyl acetate,
chloroform, benzené, toluene, xylene, and chlorobenzene.

_ The thermosetting resin composition of the invention

25 can give a cured product having excellent heat resistance,
storage stability, and moiéture'absorption resistance as

« well as good electrical and mechanical properties, and can

bring about an improvement in operating efficiency owing to
its good molding and_fast—curing properties. Accordingly,

30 it has a wide variety of industrial applications and can be
used, for example, in . ' ' o



ent. More specifically, if the resin conpositionis to be used as a
ing material, one or nore inorganic fillers such as silica, .silica
1ss, clay, alum num hydroxide, asbestos, gl ass f'iber, mica, gypsum.
kaolin, 10 cenent, talc, zinc white, graghlte nagne5|te mol ybdenum
disulfide, titaniumwhite, silica sand jearbon bl ack, . bariumsulfate, and
cal ci um carbonat e can be incorporated therelnto Nbreover a conventional .
fl ame retarder such as brom nated ong_ 6sC npoun antlnDnyaﬁgnpggﬁgﬁ sﬁi
and 15 phosphot.\is, SO US‘dSlG@Pngﬁaé Ig@on »gﬁms@s Q{tsf/Oén&% .
pur pose Of | arTlng T ame-r et ar dant propertles thereto If the resin
: CO”D@Mth5ihiﬁ~ @ngryagg i :bheofrerm ehea &ebdtunnmhptmummdmaa#muniuﬁﬁ in
~an organic sol vent such as N—nethyl 2- pyrrolidone, di met hyl f or mani de, 20
di met hylegssar] det. chmeshyibstul énrelidenti oxaseliakdnene@ndret hyl et hyl
ket one, tetrahydrofuran, cellaosol ve gtrade mark .for 2-ethoxyetha nol?
met hyl agetetelzathyh- ~agdeehepatEnEorEEEERe haherrdy u@paeméngxyl Sugth
chl orobenzene. The thernosettlng resin conp05|t|%n of ‘the.inyention 25 can
|

give a ch3 '1ﬁ%ﬁw%?¥%§viﬁﬁ¢gx% VERY ReBE FESHS 5m&§'%ﬁ5F§ﬁb staMIlty,
d noi b t . st Il I 542 e

echani 4 S6F 5 S°%f%é?”5%§%fe§n9§i§ﬁ§ia%§ an PR Bemantin oAt B

eff i ci e%g/aﬂmg tg tﬁédgogglmﬂ' 99, 200 bas! 1adt DR Ling ¥

- Accor di e variety o ustri.al -applications and can be
resin CO“ﬂOSltlon of the 1nvenclon is an e"cevtlonally good

naterial having a wide spectram o;-fqnctlonal}ty.




used, for exanple, in (resins,) and coatings; the C:§§2>

nanufacture of inpregnating adhesive pomder pai nts/ and nol ding naterial\s..

Mor eover, when used in the vul canization of rubber:, it can exhi bi t

excel | ent crosskinking and vul cani zati on-accel eratinn, effects thereby

i nparting  iproved characteristics, such As very high resistance to heat
.deterioration, to the vul canized . ‘“Ubber. Thus, it will be appr ent

to 1t hose skilled in the art that the thernDsettlng resin conposition of the

i Nention is A em&a}ripf@lxwmgfgg {8t 8l L2 ePaY'w 'HQ»?FWLEQG o%‘p%glter U‘Bﬂo ring

functlonallty resent T ventTon IS Turt her ustratéd

fol I ow ng ae%@mess up 85 SXAWIES, ﬁii aaﬁg 28R4 Pereentages %&% by
wei ghl't unl ess otherwi se noted. ExXanple 1

N, N - (netmylenﬁﬁwrﬁvqﬂkgsdEﬂﬁﬁémaﬂméem@td@ mere added varylng anounts of a

‘chemi cal ‘product (commercially avail aole under the trade nanme of PARVANOL

200 from MdasyileTdat su Chenical s, .Inc.) consi sting of 70% .of |inear

p- |sopropenprhepol o
. T To “'—(meuhvlenedl-n~ﬁ"enJlene)blsnaTe1 1ide were added

]
‘varylng amounts 01 a chenical brodact (consercially available
. | " under the trade name of PARMAUGCL 200 from iitsui Toatsu
Chemicals, Inc.) consisting of 2C:5 of linsar insopropenylphenol'
.'dimer, N .o 2% of b-isdvronenylnhenoi monomner,
4 3~ of llnear n—lsonronenflnhenol trimer, 4.5 of 11near
-grlsopropenlehu“ ol tetramer and hlrher olléoners, l 1% of
§henol, 0.9% of propylphenol, 3.5% of bis henol A, and 13. 7p
of other components. These ing'edlenus ware tuoroughly mixed
at ﬁoﬁm ten oerafurv to form three groups of mixtures. 4 1l-g
aliQupt of each m;xture_was'melted on an iron plate preheated
- ﬁonand kent at the tenoor?ture s c'f ed 1n *aoln l, and
then stlrred well dlth a Sﬁatula to measure the time required

summarized _
in Table 1.

for gelastion., The results thus ob""lned are




) : :

d , 2% of p-isopropenyl phenol mononer, 4.3% of |inear

¥'sopropenyl phenol- trimer, 4.5%of |inear -p-isopropenyl phenol tetramer
.and higher oligoners, 1.10 of phenol, 0.9% of propyl phenol, 3.5% of
‘bi sphenol A, and .13. 7% of ot hér conponents. These ingredients were
t horoughly mi xed at roomtenperature to formthree groups of m xtures. A
- I-g aliquot of each m xture was nelted ontan iron plate preheated to and
kept at the tenperature specified in Table 1, and then stirred well with agj
spatul a to neasure the tine requiregagggfgrized for gelation. The results

t hus obtained are 'in Table err] Exanple 2 To 0.1 nole of

N7 (Tl gt 00T oo Ryl £0ed Ph 8B [eliBh 48 $¥8%i80]C@eRa4i0R © df Gelation
oo AR P R il el n] AT
pr eneql pUA% oniek@nt)|als 169 veight)) PARNANOLUROO |t he (Gebat i on [t iGedue)s

1-i ' . o'_ -l a0 | L 165 .1 50

12 b 10 % | oes | T _1-5-,-_.. |

1-3 20 | 8o | 30 0 | v | 85

14 L .'_'30_ S S I W - SN S 1 5.5

s s b e B T BEREEN I

| -5 | .50 ‘50 | o | om0 2
o1 o | 10 | o~ | w0 | 175
oo | b 9 1 15.2_._' e ‘ s

2.3 | I 9 a1 I O ‘?.6_."'_ N Y 5 |

2a| 17| 85 |z ol m T s e

5 | 33 - | .. &7 1.5 qror 250

o6 | a1 | s | o8 | o« <1

3-1 | o | - w00 o | 200 | &

-2 | 10 90 | 68 | v 2

3-3 20 | . s 5.0 | % 2 .

3.4 | 30 L A Y- T R B S

35 50 . & | 11 v 1.5
3-6 so- | 50 0.6 | v 0.8

“__‘_."'.".. TN L e = ) i : . ;'_. NN




to be 60 seconds. When used al one, the bismal eimde did not gel even aft
i60 m nutes heating. Exanple 3 The procedure of Exanple 2 was repeated
gexcept that ‘the P-isooropenyl phenyl acetate was repl aced by .
rp-isopropenyl phenyl benzoate. As a result, the gelation tine was found to
‘be 70 seconds. Exanple 4 The procedure of Exanple 2 was repeated except
‘that, the p-isopropenyl phenyl acetate was reﬁbaced by p- |sopropenylphenyl
cippnamate. As a result, the gelatlon time was found to be 100 seconds.
Exdpl e 5 Ekambhet e nlxture) . of 10 g of styrene .7 g of

N, N - (et hyl epedi_ phenylene b| mal ei m de, and 1.5

p- |sopropenylbﬁehoﬁ #adeppéphnbd - m@ﬁ@d1@&@@%ﬂi‘%heﬂéi?T%%b33“4¥e%ﬂﬁ@ﬂ in’

35 mi nut es, yL.e s used alone I|ttIe ol rlzaglon product -
was noted ¥@8n QPFé b 5h88?§_° 2 éf '%% a

lTn)stg(r:gsgf uﬁL-%{-égS?q%Q E%El‘é e 8/9? wrp%‘élg t?&?\ m?é‘{rm aqailry avai I abl e

~under the kéaditmﬁgeme&tﬁzABaéE&ﬂ%efdrQm o %.li‘onT(iﬂIa?de ‘ilFé’ﬂeféﬁe% $éc.)

~and kept at 160°C. As a result the gelation time was found

. . to be 60 seconds. When used alone, the blsmalelmlde did not

gel even after 60 minutes heating
“x Dle 3

”he Drocedure of Exanple 2 was reneated excevt that the '
D—lsonropenylnhenyl acetate was renlaced by D—lsonropenylphenyl
benzoate. As a result, the gelatlon tlme was-xound to be
70”seconde. | | |

mxamgle 4

' The Drocedure of Example 2 was repeated except that the
n-lsopronenylnhenyl acetate uas revlaced by Eflsoprooenylphenyl
01nnamate.w As a result thé gelation time was found to be

100 seconds.__

: _ | an?géiigﬁzg_g;zg%gg) . : : .
. AR of 10 g of styrene, 7 g of H,H'~ (methylenedl—n- |
phenylene)bismaleimide, and 1.5 g of Erlsopropenylphenol T

'“'was'prepered;' Upon heating at 120°C ‘it cured in 35 minutes’

' When' styrene —_—y Y8 used alone, little polymerization nroduct
was noted even after 3 hours' heating at that temperature..
iHoreover, a mixture of styrene and the aforesaid bismaleimide
s§09ed'eihilar“uﬁsﬁceeSSful-results,'

Ixample 6
“ & resin composition (commercially available under the trade

name of ESTAR XE7472 from iitsui Toatsu Chemicals, Inc.)




i_sting of about 55% of unsatur at ed pol yester, about” 45% of styrene, and
0. 02% of hydroqui none was allowed to cure with (a) or without:an | _

-accel.erator. The accelerator used was m xture . of -

N, N - (et hyl enedi - p- phenyl ene) bi smal ei m de and Parmanol 200 or.

p-isopropenyl phenol. The results thus obtained are summarized in Table 2.
Table 2 [err] The procedure of Exanple .2 was repeated except that the

p-i sopropenyl phenyl acetatewas replaced by p-isopropenyl phenyl allyl etherJ;}

oL LG B O LA ) L e A sSS, Erarl 8 e

SceLatc \GEKSRLICEAtY ooy SORRMEHRKS Sl bl M “eEA 11
or without an accelerator. The accelerator used wasY mixture.
of E;H'—(méﬁﬁyieﬁédiig#ﬁhenyléne)bisméléiﬁidéﬁand Parmanol 200
or Rfiéoérdpénylphenéiﬂ The results Ehﬁs §bﬁainedléfe summarized

in Table 2.

o | Table 2 | _
ESTAR |Bismale-| Alkenylphenol Curing . Curing
E2472) imide | . - .- - - .. |.Temperabture| time
(8) (8) (8) C(°¢) | (min)
1-1| 6.0 | 0.8 |Pamwawon 200 |o0.2 | ‘200 .| 2.5
1-2 k 0.9 |PARMANOL 200 | 0.1 | . . " 5.5
13 " D o ' A " . >3O
2-1 | 7.0 | 1.0 'ﬁfisoprdﬁeﬁ&l;' 0.13| 120 o 15_:
-4+ [ Phemol. . -} .. &
2-2. |- -'". 1 1.0 _Pammml_._;z_od,., .0,2" R 17_".5'_
2-3 ol - | - m. D180 -
‘The procedure of Exampleiaewas-bgyeateﬂlexgept'%ﬁatfﬁhé' k .
Rrisopropénylphenyl acetate was réplgceq,by Bjiso§ropenyigheny1 "

-allyl ebther. As a result, the gélatien pime was. found to be-.
80:seconds;- | |
.. Exandle 8
‘ The procedure of Eﬁample;Z;was;repggted exq§pt_thapfﬁhe
o-isopropenylphenyl acetate was replaced by grisopropeqyibhenyl
glycidyl gther:,ﬁ&s-a result,. .the gelation time was found To be

70 scconds.
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An of 10 g of liquid pol ybutadi ene (commercially avail abl e under the
trade name of NI SSO-PB G 1000 from Ni ppon Soda Conpany, Limted), 10 g of -
styrene 7 g of N, N -(nethylenedi- p-phenyl ene)bismal ei mide, and 2.0 -g of
p-i soDropenyl phenyl acetate was prepared. Upon heating at 120 [err], it
cured in 28 mnutes. Exanple 10 (intimate m xture) An of 10 g of

| i qui d pol ybut adi ene (commercially avallable\_ der. the trade nane of NEW
POWYO L NX-5 from N ppon Zeon Co., Ltd.), 10~g*of styrene, 7 g of -

N, N - (et hyl enedi - p- phenylene)blsnaleinide, and 2.1 g of
p-isoprope@zggggggﬂzacetate was, prepared. Upon heating at 120 [err]O' it

cured in 34 ”1@EE§$23294@352929)11 An intimate m.xture of 0.90 of, :

p-i sopropenyl piEnol —whd a9. ¥4 g of &1EBFQH@Pﬁbeﬁédbép?pﬁéﬁ?ﬂéﬁ@lally

pol ymal ei mde of formula (V) in which n_had Vv f 0.8.was 5
prepared. afklahhe wrdershhe poR ﬁaPa“ﬁ1a£aﬁ§g?§p?§ gnigégb TOfe PR a
Lerr] Upon deat | 8% 88 dS0rLREELD) , RS g b8! HEGraHES 7 B 8% R6RORethyLlenedi-

p-phenylene)bismaleimide, and 2.0 g of p-isopropenylphenyl

.éceyate was prepared.  Upon heating at 120°C, it cured in
28 minutes. ' |
" Examvle 1O

w:uznme) |
An of 10 g of liquid polybutadlene (commerclally

available under the trade name of h EY POLYOIL NX~5 from Nlnpon

Zeon Co., Ltd.), 10 g of styrene, 7 g of N,N'~- (methylenedl—b-
phenylene)bismaleimide, and 2.1 g of Eflsopropenylphenyl
acetate was prepared. Upon.heating at 120°G,'it_cured in

34 ‘minutes.
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 .and, when 20

the aforesaid pol ynal ei m de al one was heated at that 15 t enper at ure
1 curing tine was as long as 32 mnutes. Wth respect to the published
af@l.i-cati on GB 2054618A, a divisional application No. 8315194 has been

il ed. CLAI MS: 1. A thernosetting resin conposition conprising: (a)
at | east one nal ei m de conpound selected from5 - (i)
bi smal ei mi des having the formula [err] where [err] and R are the same or
10 - different fromeach«6ther and are: hydrogen atons; or-

~hal ogen atoms; or straight-chain or branched alkyl radicals of from1 to 10
carbon atons; or phenyl radicals, or substituted phenyl radicals having one
or 15 o : nore substituents selected from straight- chain or
branched  al k\EX¥Rd€dEs of from1 to 10 carbon atons, hal ogen atoms, R -

groups in which R13. i alip ' adikcal o Qf T 1. t Qns,
i1 U3l 3Lt hPAEh e olofs 8T i R ALAT
by 'R13, said jdheahs § 8¢ depbhgRbeh91ehe polyphenylene'pqumaleimide_ '
‘of formula (V) in which n had an average value of 0.8 was "

5 . prepared. Thus, the aforesaid polymaleimide is represented

by the formula

‘10

Upon heating at 150°C, this mixture cured in 86 seconds.
When the aforésaid polymaleimide alone was heated at that

15 temperature, the curing time was as ldng as 32 minutes.

With respect to the published application GB 2054618a,

. a divisional application No. 8315194 has been filed.



different fromeach other, [err] 25 ' groups in which R
I-'S as preV|oust deflned hydroxyl groups, and cyano groups; and Zis a
di val ent organi c radical of at | east 2 carbon atoms; and (11)

pol ymal ei mi des having the fornula [err] (11) 10 mq [err]
are the same'or different fromeach other and are mmwmmmmmﬁ

hal ogen atons; or straight-chain or branched al kyl *radi chl st 15

ofy from 1 to 10 carbon. atons; or phenyl radicals; or substituted phenyl
radi cal s having one or nore substituents serected from hal ogen atons

strai ght-chain or branched al kyl radical of from1l to 10 20
carbon atons, R13 - groups in which R13'is as previously defined, [err]

CLAIMS.

1. A'thermosetting résin composition cdmprising:
| (a) at leéSt oné maleimide coﬁpound'selecfed from
. - ' (ij bismaleimides having the formula
| —C—CO\ . pc—C—R

N ST

N—Z—N (1)

AL

2 rl 4
where Rl, R2f Rj, and R4. are the same or

R

0. different from each other and are: hydrogeh
" atoms; of halogen atoms{ or straight—chain
or branéhed alkyl radicals of from.l toliO
éarbon-atoms; or phenyl radicals, or
substitﬁted phenyl radicals haQing one or
15 _ ~ 'more substituents selected from.stfaight-
chain or branched alkyl radicals_éf from 1
to 10 carbon atoms, halogen atoms,.Rl30;—
. ' , ' groups infwhich_Rl3 is an aliphatic radical
6£ from 1 to 5 carbon atoms, ané, when
20 - there are two or more radicalé represented
' by R13, said radicals are identical to or
different from each othef, |
S
25 groups in which Rl3-is as previously
defined, hydroxyl groups, -and cyano groups:;

and Z is a divalent organic radical of at



i n which " is as previously 25
yl groups, and cyano groups; and n is zero and
| east one al kenyl phenol derivative sel ecte um@!‘i“ﬂ aV| ng
e formul a 5 where R i.s a hydrogen atonm or ors or
straight- chain or branched alkyl radlca¢ of from1l to 10 carbon atons; or
phenyl radical; or substituted phenyl radi cal havi ng one or nore’
substituents sel ected from hal ogen atons, straight-chain or branched alkyh;
radicals of from1l to 10 10leashol atohsn &3Sms; aidups in which R is as
previously defined, [err] groups in which R - is as previously defined,
hydroxyl . 15 groups, dAd)cyanrdygrbepeidxsikanihydribgefommwin or a halogen
atom or a carboxyl group; or an 0_group fn which R ks as previjously
defined; or a R - 20 groupRsn whReh RI13 @vi OUS|ngiiefl & or a
"cyano group; Y is a hydroxyll_groupm; or a roup fin 3 is as
previously defined; or a glygidyl oy group; aryl gxy group;

or an
substitq;ed aryl.oxy group hg¥ki ng oAg or oc -lo ] od N//C

(I1)
10

.where Rgr Rgr R4, Ry, Ré, and R;, are the
same or different from each other and are
hydrogén-atomé; or=halogen-a£6ms; or
'-straight;chain Orlﬁranched alkyl radicals
15 | - o of frOm;l'to 10 carbOn.atoms; or phenyl
| ‘radicals; or substituﬁed pﬁenYl'radicals
- having one or more substituents selected
from halogen atoms;-straight-chain or
~branched alkyl radical of from 1l to 10
20 o cérbdn'atoms, 130---- groups in whlch Rl3.is
. | as prev1ously defined,
R j_
groups in_which*le is'as'previously
25 ' deflned hydroxyl groups, and cyanoc groups;
and n is zero or a p051t1ve number. and
(b) at least one alkenylphenol derivative selected

from compounds having the: formula..



nore substituents selected from hal ogen atons or straight- 25 chain or

branched al kyl radicals of from1l to 5 carbon atoqu,QL_a~pFeﬁargVT6iy
group; or a substituted propargyl oxy group havi ng one Orﬁiﬁiﬁ! “‘ uent’s

sel ected from hal ogen atons or straight-chain or br di cal s
of from1l to 5 carbon atons; or an [err] group in an aliphatic
radical of from1 to 20 5 carbon atons; @rtan aronatlc radlcal and if
there are two or nore radicals represented by R14 they may be the same or
d<¥ferent; and [err]are positive integers and the sum2 of [err] has
the value of 5; and |inear diners thereofnand' pol yners- thereof. 10 2..
A thernosetting resin conposition according to claim1 wherein [err] and R
are equal or different and are hydrogen AToMEE2 Or. hal ogen atons; or | -
strai ght-chain or branched al kyl -radi cal-s0f from1 to 5 carbon LS, _
phenyl .15 radicals; and Z is ditper @ (¥)padical of 2 or nore car bon-
gfomati 1 or heterocyclic radicals.

atons selected fromaliphatic, ali@yclTs
or conbinations thereof; or a S
5 where Rll is a hydrogen atom; or halogen atom; or straight-

chain or branched alkyl radical of from 1 to 10 carbon
atoms; or phenyl radicel; or sgbstituted-phenyl radical
~having one or more substituents.seiected £rom halogen atoms,
straighﬁ-chain or branched”alkyl radicals of from 1 to 10_
10 cafbon atons, R130—- groups in wh%ch Ryq is as previqusly

~defined,

(ﬁ_.
Ry3t—

'_:qroups in which R, is as previously defined, hydro#yl.
15 groups,-and;cyano groupei_x_is a hydrogen atom; or a halogen
atom; or afcarboxy11g;oup;.or.ah;
: .-?.
e
grqup in_which Ry, is_as.previously defined; or a R;,0—
20 group .in which R13 is as. previously deflned- or a-cyano
.o _ _group, Y 1s a hydroxyl group:; or a Rl30-— group in which R13
1s:as prey;ously defined; or a glycidyloxy group; or an
aryloxy_group;Lpr a substitu;ed_aryloxy group having one or
- more substituents Selecteqﬂfroﬁ.halogen atoms or straight-
25 chain orlbranghedﬂabkyL_radiqelsqu from i_to 5 carbon
atoms;'of a.propérgyloxy'group;_or a”sﬁbstituted
ptopargyloxy group having one or more substituents selected

from halogen atoms or straight-chain or branched alkyl



sqﬁgnatron of an organic radical as defined above mnth 0 -, -S S-S,
4] -SO, -so-, - lerr], -N=N-, -NH, or 20 - CONH
ahd R are equal or different and are hydrogen at ons; ﬂllw MIMMU or
straight-chain or branched al kyl radicals of from1l to
- phenyl radicals; and n has a value of fromO0.1 to 10; and [err] s a
hydr ogen' at om or hal ogen atom or strai-ght-chain 25 or branched al kyl .
radical of from1.to 10 carbon atons; or phenyl radical; X is a hydrogen O&y
hal ogen atom Y is a hydroxyl group; or a J[err] - group wherein R13 is as
previously defdiced;s of frghyti dyl bxgagbonpatamsa & [@&xr] group wherein R
Is as previously defined; and . [err] are positive integers and the sunrof

[err] has a value of 5. 5 3. A thernoset®ing resin conposi tion
according to claim1 or claim2 wherein the jal ei m de conpound is N, N -
(et hyl enedi - p- phenyl ene) - bi'snal ei m de. %1 - A thernDsetting resin

COmpoSI {1 on B8l drGni Bk ] 0 SLAUMMEHELSIEL e LT 45 cgground
thernnse%t'%%r%%%’Qt%ﬂggoakthﬂna§8ﬁ9£gbn9a&9c§fyjand if there are two
or more radicals represented by Ry, tHeY'may:be"the'same or
different;'and3m13and:m2“afe_positive integefs and the sum
~of my + mz'has theevalue of 5; and linedr dimers thereof;

and polymers thereof.

2. A thermosettlng re51n composxtlon accordlng to claim
1 wherein Rl,' 27 R3, and R are equal or different and are
hydrogen atoms; or-ﬁalogen atoms;;or straight-chain or '
branched:®alkyl radicals of'frem'l tous carbon atoms; phenyl

.15 'radicals; and % is either an organic radical of 2 or more
carbon atoms selected from aliphatic,~aliCyclie,'arematic,
or heterocyclic-radiCals or combinations thereof; or a

combination of an organic radical as defined above with

-0-, -§-, -$-8=, =-CO-, '-=-so-';"'4soz-;--co'é-', ~N=N-, -NH-) or
20 —CONHQ;.RS, Ré;pR7,'Réf Ré;'éﬁd*Rld'arefedual”or'aiffereﬁt
and are hydrogen atoms; or halogen ‘atoms; orfétfaigHtQéhain_
or branched alkyl radicals of from 'l to 5 cafbdn:atemsf or
phenyl radicals: and n has aﬁvalue'of'ffom"0ﬁ15td'10§:énd
R,, is a hydrogen’ atom; or halogen atom; or straight-chain
25 or branched alkyl radical of from 1 to 10 eerben.atomsr or
phenyl radical; X is a hydrbgen or'hai6gen:atom; Y is a

‘hydroxyl group; or a"leo—;'ngupﬁWhéreiﬁ Risuiseas



15 one of the preceding clains wherein the al kenyl phenol conpound is a --
p-isopropenyl phenol or a linear dinmer thereof. 6. A thernosetting reg

conposi tion according to any one of the preceding clains wherein the wei ght

ratio of the 20 .mal ei mi de conpound to the al ke I ﬂmm Tanges
from1:1 to 300:1. 7. A thernosetting resi mmm“m rding to
claim1 wherein the nal ei mi de conpound iskzat |east ond c8npduntl 25 sel ect ed
from NN - (net hyl enedi - p- phenyl ene) - bi snal ei mi de and pol ynal ei mi des havi ng

t e fornul a [err] and the al kenyl phenol derivative is at |east one

conpound sel egredibuslypabsope@pesy| Hhenadiaivky igieaip didrerss R heoesf , 10
the weight ratio of the mal ei m de conpound to the al kenyl phenol” "conpound
ranging from groupowB8bein B, , is s thwenionetlly nipfriesdy @odp | indnm,,
according to any one of thé preceding clains containing, in addition tqo 15
conponent's (aprangoghfivatintegervmnddiiaeauny A & indet gt d VadNFoid.
9. A thernosetting resin conposition according to claim8 wherein the
pol ymeri zabl e®unsat urat ed conpound is at [east-20 one conpound sel ected
from vi nyl 5m)nom'a_r s, radical - : '

3. A thermosetting resin composition according to claim
1 or claim 2 wherein the maleimide compound is N,N'-

v -~ (methylenedi-p-phenylene)-bismaleimide.

10 4. . A thermosetting resin .composition according to claim
1l or claim 2 wherein the'maleimideycompound is a

pelymaleimide in which n has a value of from 0.3 to 3.

5. A thermosetting fesin_composition according to*any_
15 one of the preceding claims wherein the alkenylphenol’

compound is a p-isppr0penylphénol_or a linear dimer thereof.

6. A thermosetting resin composition according to any

one of the preceding claims wherein the weight ratio of the

"

20 maleimide compound to the_a;kenylphénol.compoundfréhges from

1:1 to 300:1.

7. - A thermosetting resin composition according to claim -
1 wherein the maleimide compound is at least one compouhd
25 selected from N,N’-(methylenedi-p-phenylene)=bismaleimide

and polymaleimides having thé_formula.




g

Bl S.

acryl am de,
thernosetting resin conposition according-to claim8 wherein the

polymeri zabl e unsaturated conmpound is unsaturated pol yester, cyclized
pol ybut adi ene, or pol ybutadi ene having the 1, 2-double bond. 10 12. A .
t hernosetting resin conposition according to claim8 whereirn the ratio of
t he -conbi ned wei ght of the mal ei m de conmpound and ‘t he -al kenyl phenyl

conpound to the weig of tEﬁ{polyTEr
from1:50 to 200: 1.
to claim1l, substantlaily a4 descr| bed F re|n Qﬁ

®(i zabl e unsaturated polyners, and radical- p nerizable unsaturated
: 10. A thernosetting resin conp05|t|on accor m25 8

t he pol ynerizabl e unsaturated conmpound is at

noxop¥r sel ected from styrene, substituted styre rI@B"F
acrylic acid, acrylic esters, methacrylic¢ acid,. nethacrylle est

egC|dyI acrylate and gl yci dyl nethacrylate 5 11.

e u& turht edyeonpoyngy ranges
'tlng sin conp sitiop accordi ng

=0

A t herno

specification has rep ed '
original typescript. \dt/nay con ain a gew?anend nts mhg are difficult

‘to read.

The ori gi nal

N

_ o.a_-_a -

and the alkenylphenol derivative 1is at least one compound

 selected from pP- lsopropenylphenol and’ 11near dlmers thereof,

10

the weight ratio of the malelmlde compound to the

alkenylphenol comipound ranging from l:1 to "300:1.

8. ' A thermosettlng re51n comp051tlon accordlng to any

15

20

25

one of the precedlng claims contalnlng,'ln addltlon to-'
componehts'(é)”ahd:(b); at least one'bolymerizable;'
unsaturated compound.

9. A'thermosetting'resiﬁ'compositioh eocofdihg to'claim

"

8 wherein the polymerlzable unsaturated compound is at least

‘one . compound: selected from v1nyl monomers, radlcal—

polymerizable unsaturated polymers, and radical-

‘polymerizable unSaturated oligomers.

10. A thermosetting resin composition according to claim
8 wherein the polymerizable unsaturated compound is at least

one vinyl monomer selected from styrene, substituted



typescript containing these amendments may be inspected.on the prem ses of

the Patent Ofice:

e~

10

15
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styrenes, acrylonitrile, acrylic acid, acrylic esters,

methacrylic acid, methacrylic esters, acrylamide, glycidyl

acrylate, and glycidyl methacrylate.

11. A thermosetting resin composition according to claim

8 wherein the polymerizable unsaturated compound is

unsaturated polyester, cyclized polybutadiene, or

polybutadiene having the 1,2-double bond.

12. A thermosetting resin composition according to claim

8 wherein the ratio of the combined weight of the maleimide

‘compound and the alkenylpheny1 compound to the weight of the

polymerizable unsaturated compound ranges from 1:50 to

200:1.

13. A thermosetting resin composition according to claim

1, substantially as described herein.

Y
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The text of the specification has been reproduced by -photocopying the applicants orxiginal

typescrint. It may contain a few amendments which are difficult to read. The originel
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