THERMOSETTI NG RESI N COMPCSI TI ON The present application is divided out of
applica- tion No. 7925679. This invention relates to thernosetting resin
ilions. There are a variety of heat-resistant resins which can be
used’ @8 insulating materials in order to neet the denangi éﬂg gﬁg@ter
capacity, smaller size, |ighter weight, and hi gher degree! Fé lability of
el ectroni c devices and equi pment _gs well as for better heat resistance
characteristics, longer service life, and nai ntenance-free properties of

el ectrical machinery and apparatus. Anong these heat-resistant resins,

i mide resins of the qﬁghubggnmﬂngnaﬁgmnicnmnqgmmxcumh as bi smal ei m de
resins and aromatic dTaWTﬁéTﬁﬁﬁTTT?Eﬂﬁ?ﬁﬁﬂ?ﬁTﬁTﬁ?Tésins, are well known.
Such bi smal ei m de resins have .excell ent, heat kS ce. but. are not very
satisfactory b §h§5ﬁﬁeqﬁu?aﬁ%*9%iﬁ?qe%fiéﬁ%§§§%§%$€d9f1?ﬁp¥&ﬁ?Tng poi nt s
of bisnaLngiﬁgs 9535%59h and their curing rates are very |ow. Moreover,

t heir poor sol ubi I'f'fy i n‘organi c solvents necessitates the use of polar

sol vent s, suchTadsNimptentior?-relXatds dovetherndsettingf pestni de, which are

undesirable fromthe viewpoi nt of environnmental pollution. - 2-
compositions. ' -
There are a variety of heat-resistant resins which ¢
can be used as insulating materials in order to meet the .

demands for greater capacity, smaller size, ligﬁter weight,

and higher degree of reliability of electronic devices

and equipment as well as for better heat,reéistance

characteristics, longer service life, and maintenance-free
properties of eleétrical.macbinery ahd apparatus. Among

these heat-resistant resins, imide resins of the addition
polymerization type, such as bismaleimide resins and

aromatic diamine-modified bismaleimide résins, are well”

known. Such bismaleimide rgsins have excellent heat

resistance, but are not very. sétisfactory~becausehof the
difficulties in processing. The melting points of - .
bismaleimide; are high and their curing ratés'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.undesiraﬁle

from the viewpoint of environmental pollution.



Furt hernore, - an organi ¢ peroxide such as’ di cunyl peroxide or benzoyl -
peroxitde is usually added to nml eim de resins for the purpose of pronot |
‘hei r_cure. When:-such a resin conposition is used as inpregnating varni§ _
o] nake prepregs, the cleavage products of the organi'c peroxide remaini ng
in the prepregs may lead to a reduction in qual ity and performance of the.
fTnal |y obtained |aninates and, especially in the case of copper-clad
_ F=ni nates, to bl i stering -or peellng of fo0f the copper foil. It is well
‘known that bi snal ei mi des form a three- dimensional network when they are
heat ed above their nelting points or subjected to the action of free

radicals. It is also known that the presence of a catalytic anount ‘of a
free-radical | miritdedmdre,d%H 'Eghi®p éP@xﬂ%p&i&oisa&fo (%rgpéﬁoxme_
ef fective crosslinking reactlon See, for exanpl e,

Vol . 81, P. 113 1 pohdididd Gis ri?élk’aiifead&é’do% mé‘léiﬂi&ésr@éliﬁsa

| ow activation energy for ‘their deconposition and are unstable and easily

deconposabl e e¥ep hd W%ﬁtpmnoﬁmghatefﬁe@mfé CageriUshcReat aken
in their storage and handli ng. s -an object of this invention

to provide an ingERioy¥bdptyirticH twq;é@@l@scmpﬁememg varnish to make
* prepregs, the cleavage products of the organic peroxide
2 remaining in the prepregs may lead to a reduction in |
'quality and performance of the finally obtained lamlnates '
and, especially in the case of copperhclad laminates, to
blistering or peeling-off of the copper foil.
It is well known that bismaleimides form a ‘three-
dimensional network when they are heateo above their
- melting points or subjeoted to the action of free
- radicals. It is aleo'known that the presence of a
,oatalytic amount of a free-radical initiator is desirable
for the purpose.of aohieﬁing an effective orossiinking
reaction (see, for example, J. Amer, Chem.:Soc., Vol. 81,
P. 1187, 1959). By nature, many free-radical initiators
? ' have a iow.activation energjzfor their decomposition and
| | ere;unetable and easily decomposabie even at roon
temperature, so that special care_muet be taken in their

.. storage and handling.



f ¥

- I.n one_aspect. of the "’ present |nvent|on there is prOV|ded a thernnsettlng
rresi g conposi tion conprising: 5 (a) at | east one mal ei m de conpound
q from bi snal ei m des and pol ynmal ei M des;  and ('b) at, | east -one -

™ al key¥phenyl conpound sel ected from al kenyl ani | i nes and derivatives

~thereof, linear diners thereof, and pol ymers thereof. 10 . I'n anat hér

“aspect. of the present |nvent|on ti3ere is provided a thernosetting resin 'S

conposition conprising: (a) at |east one mal ei m de conmpound sel ected from =7

"(i) bismaleinmdes having the fornula [ERR] where [err] and [err] are

~ hydrogen at dits,isharogiriettornst ttllstrxavgmlmhatm providecied al kyl radicals
of froml to 10 carbon atons, 20 ' phenyl radicals; or

subsMNBH9¥§4ﬂﬁhﬂan$ﬁﬂt%n§;ﬂﬁﬁmnupqmﬂpsntxmne substituents sel ected from

straight - chaln or- branched al kyl radicals of from1 to 10 carbon atons,

. hal'ogen ator# qn& rAsRARE itheuRresent rinyenbipn there is an
allphatlgéggglcal of from,1.to 5 carbon atons, and,- if there are two.or

nor e B § dhsrmanskF %ﬂﬂ[?ﬁ?ﬂ“ qqmgpﬁﬁﬁﬁ?ﬁqu@Eﬁlﬁkﬂgio or dlfferent

frpm each Okgsrat least one malelmlde compound selected from _
| blsmalelmldes and polymalelmldes, and - _ v
(b) at least one alkenylphenyl compound selected from |
alkenylanlllnesand derlvatlves thereof, llnear dlmers o
thereof, and polymers thereof
_10. In another aspect of the present lnventlon there is

~ provided a thermosettlng resin comp051tlon comprlslng.

(a) at least one malelmlde compound selected from

(i)"'bismaleimides'havind the formula
Rl——C-—CO ' //QC——C-—R3

N—Z—-N

15 : . ' 0/ \o
| : R -C-—C C — -—R4

where gl' R2, R3,_and R4 are hydrogen atoms,

(1)

halogen atoms; or.straight-chain_or branched
alkyl radicals of from 1 to 10 carbon atoms,
20 : - phenyl radicals; or substituted'phénYlh “
radicals having one or more substituents
selected from straight-chain or branched '
-alkyl radicals of from 1 to 10 carbon atOms.'
| halogen atoms, R13O- groups in-whicthl3 is
25 ; _ : ,_an allphatlc radlcal of from 1 to5 carbon
'atoms, and, lf.there are two or more
radicals'represented blel3' they may be

identical to or different from each other,



-4-
and cyano groups;

d [err] may be identica
of . at .

ival*ent  organic

[ERR] groups’in whi ch R

5

r adi cal

I's as previously defined, hydroxyl

' and the radicals represented byl [
di fferent from-each other, and-Z ts
and (||)

to or
Ieast 2 carbon atons;

'polynale|n1des havi ng the fornula 10 [ ERR] where [err] and [err] are

hydr ogen at ons;
-t anched al kyl

substituted phenyl
strai-ght-chain or branched gl kyl
radicals of from1l to 10 carbon atons,’ R13%@hgroups in which R

previ ously defined}\&. -5- [ERR] QIOUpSREgc

hal ogen at omns,

10

15

- 20

25

N

(ii)

hal ogen atons; straight,_20. - chain or-
radicals of from1 to 10 carbon atons, phenyl radicals,
radi cal s having one or nore substltuents sel ect ed fr

25
i s as
hich [err]

groups in which'R13 is as previously

- defined, hydroxyl gfoups, and cyano groups}

and the radicals represénted by Rys Ry, Rye
and R, may be identical to-or-different.from
each other, and 2 is a divalent organic
radical of at least 2 carbon atoms; and

polymaleimides having the formula

Rg | *,‘6_' [ Tv. T-a ] Ta Tlo
T LT 1
Lk @ L b

(1I)

hydrogen atoms; halogen atoms; straight-

chain or branched alkyl radicals of from ;

to 10 carbon-atoms,_phenyi radicals, or

substituted pﬁenyl radicals having one or

" more substituents selected from halogen

atoms, straight-chain or branched alkyl
radicals of from 1 to 10 carbon atoms, R130-
groups in which Ry, is as previously

defined,

gr-oups

Bt}

or.
om-

is as previously



, hydroxyl gr oups, and .cyano groups, 5 ' ) ‘and the

¢al/s represented by [err] [err] and [err] may be i dentical to or

r/ent fromeach other; and n is -zero or a positive. nunber; and (b) -at:
one al kenyl phenyl conpound sel ected from 10 conpounds haV|ng the -
fornula [ERR] where [err] and [err] are hydrogen atons, hal ogen atons, -
strai ght-chain or branched al kyl _eadi cals of from1l to 10 carbon at.ons, ;}
phenyl radicals, or substituted p enyI ‘radi cal s having one or ‘nore w
. substituents selected from 2.0 hdl ogen atons, straight-chain or branched
alkyl radicals of from1 to-10 carbonsatons, [err] groups i-n which [err] is
as previously defined, [ERR] 25 group Ln.mhlch [err] is as Qreviously
defined, hydroxyl groups, and cyang ups, and the radicaIsQ\gpresented by
[err] and [err] may be identical tolgr different from each 6- other, X

I s a hydrogen atom nggggnlﬂthhcﬁakboxig AsOpeviieRBlydr oup wherein ferr]
Is as previously defined, [err] group 13 “Wwherein n[err] i's as previously
defined, or cyano gré@egin¥di,Shydroxyl groups, and cyano groups, |

S _ and the radicals represented by RS' Re, R7,
Rge 39, and Ry may ?e identical to or
different from each other; and n is zero or S,
a positive number; and
(b) at least one alkenylphenyl cohpound selected from

10 compounds having the formula

(I1I)

15
where Rll and Rlz are hydrogen atoms, halogen atoms,
straight-chain or branched 51ky1-radicals of from 1 to 10
carbon atoms, phenyl radicals, or substituted phenyi | . .
radicals having one or more substieuents selected from |

20 halogen atoms, straight-chain or branched alkyl raéicalseof

from 1 to 10 carbon atoms, Rlso--gfoups in which Rl3:is as

H o !
' 25'groups-in.which:R13 is as previously defined, hydroxyl

previously defined,

Qroups, and.cyano groups, and the radicals represented by

Ril and Ry, may be identical to or different from each



“group, [ERR] 10 group in which [err] and [err] are hydrogen atons, hal

: atons or straight-chain or branched al kyl radical's of from1 to 10 ca
ators and the radicals represented by [err]-and [err] nmay be identical to
or. different fromeach other; 15 [ERR] group in which [err] and [err] are
-ag.previously defined, 20 [ERR] 25 group in which [err] and [err] are as

an'anino group, egC|dyIan1no group, dlegC|dyIan1no
Ebéé

previ ously

def i ned, [ERR] - -7- group TA=which [err] is an

~aliphatic radical of from -- 1 to 20 carbon atons and,- if there are two .’

rar

nmore radicals represented by Rl14, they may be identical to or different

from each o?ﬁ@?r'axk}ﬁaﬂlhﬁngEGB 8oy o 1oggns agampoRaEboRYdngroup,
di‘al kyl am no group in which each al kyl radical has from1l to 5 carbon
“atons, and’

val .ue of .5;

[err] and [err] are positive ifftegers and.the sumof [err] has a
| i near -di mers thereof; andRpo ymers thereof. 'In addition to the

af oresai d conponents (a) and-(b), ‘this™1B&rnosetting resin conp05|t|on can
contain (C)gféup wherein R13 is as prev1ously defined, Ry30- group

5

10

- 1S

20

wherein R13 is as prev10usly deflned, or. cyano group, Y is

an amino group, : _ glycidylamino group,

diglycidylamino group,

R, G —CONH—

R‘l 6C —COOH
group in which Ryg and RIG are hydrogen atoms, halogen
atoms, or straight-chain or branched alkyl radicals of from

1l to }0 carbon atoms and the radicals répresented by Rls,and

R, ¢ may be identical to or differen£ from each other,

R, ﬁ
.
16 c/
-]

grbup in which Ris and-R'i6 are as previously defined,

25 group in which Rls_and R16 are as previously-definéd,

Rig

.



| east one pol ynerizabl e unsaturated conpound. The thernpset'ting resin
posi tions consisting of conponents- (a), (b), and (c) have-nore
el l ent performance than those consisting essentially of tonponents (a)
d (b). In a particularly preferred t her nosetting. resin-15 conposition. of
the-invention in formula (1), [err] and [err] are hydrogen atons, hal ogen
atons, straight-chain or branchea-alkyl -- radicals of fromil, »
to 5 carbon -atons, or phenyl radicals and. the radicals represented by
- [err] and [err] may be 20 identical to or different fromeach other, and
Zi's gho@ 9fliwnidkligd] of 2 origDag GRLPAREREOPEASEhEChEdeipmAM ali phat i c,
alicyclic, aromati c, 14nd het erocyclic radical s and conbinations-thereof or
a- Cabi #1226 Qfla Mo Na O6HSNARA;, 1if there are two- ormékéakaascdesi ned above--
wth -G, -S, -SS, -CO, -SO,- 25 [err], -N=N-, -NH, or -CONH; i
fcwrmépréééﬁted&by[&i } they @ayr&e ldeethgdlogenontdhﬁfehehbgen atons
.straight-chain or branched al kyl .radicals-of fromlto 5 -8- carbon = -.
zﬂ(nﬁromwe¢¢hng¢headrehkxlamdnohgroanroél§romp1e§en5eqabyoperr] and [err]
may be identical to or different fromeach other, -nd n has a val ue of from
® 1 atemsy, &ﬁddaakvbarmpagqqupr jn which jeaghplky} rqadare@l Iﬁ‘?&rﬁ;@e\nl 3oat ons, )

_halogen atonB stra t- charn or branched, al kyl. .
q“l m are positive integers and the sum of !

miﬂ%gm3lus axmduecﬁ 5; llmﬁu'dumus ﬂmneof*amipohmersiﬂmnaﬁ
In addltlon to the aforesaid components (a) and {b),
this thermosettlng resin composztlon can cohtaln (c) at, ' -
10 least one polymerizable uneaturated oompound. The
| thermosetting resin'compositionSgconsisting df components‘
(a), (b), and_(c)_havefmore'excellent perforqanceithan those -
cohsisring essentially of componenﬁs (ar and (b); -
In a particularly preferred thermosettino resin
15 composition of the.invention in formula (I), Rimeia.R3;¢eﬁd
R4'are hydrogen |
atoms, halogen atoms,.straight-chein_or branched alkyl
'radicals of from 1 to 5 carbon-atoms, or phenyl'radieais and
the radlcals represented by Rye Rz, R3, -and - R4 may - be |
zo_ldentlcal to or dlfferent from each other, and Z_is an -
. -.. organic radical of 2 or more carbon_atoms selected from. :
aliphatic, alicyclic,'aromdtic, and heterocyclic radicals
"and combinationsithereof or a‘combination of anhorganie- o "_-—”
'radical as defined above with -O0-, -S;).-st;, ~-CO-, -SO-,-
25 -soz- -CO'-, -N=N-, -ﬁH-,'or -QONH-r_in formula (II), Re,
R R7, Rgs Rgs and Rlo are-hydrogeh atoms, halogen atoms,

stralght-chaln or branched alkyl radicals-of from 1 to 5



radicals of from1 to 10 carbon atoms, or phenyl radicals and the radi caf.

represented by [err] and [err] may be identical to or different from eack
other, X is a hydrogen or halogen atom- Y is an .am no group, mal.-eimdo 10
grdUp1 gl ycirdyl am no group, or al kylam no group of from1 to .5 carbon
atoms, and [err] and [err] are positive integers and the sumof [err} has a
yalue of 5. Specific exanples of the radfical represented by Z in formula -
.%f i ncl udes. two or ‘moree phenyl ene ‘or cycl ohexyl ene 15 radi cal s

i nt erconnected: ei ther by a sinple val ence bond or by an atom-: -9- or .
inert radi e@rbos adoms ., fax Rb@ﬂmﬂ«;ad¥Q#ﬂSOand Ebe e#@y¢ehe radlcals of
from1 to 3 carbon atons, - err], [err] err|

10 where [F&Presented Wd&ger?atcﬁn aﬁgw di’%%IRpé ‘F"Mn‘?i %% eatigrbon ].

at ons, phenyl ra%%ﬁ%l or. ¢ clohex is an_ alggk e radica

of up. to % SESRE c?o %iy?eﬁ% a1 TAy have
st t d aI

_ gggvgrdg?rﬁégu%a |%ye esczﬁgoun é}ey :gllzﬁn%n lmea¥%l?%ﬂf%%?n:

~'Speci fig eé@%ﬂﬁes h%fl %}] e%‘%&%‘”%ﬁ;ﬁxéﬂ-@ﬂ%é Rr | FLNOA Mgt hyt e”_e_

_blsnale|%1 nebi s
radicals of_from 1l to 10 carbon atoms, or phenyl radicals

.
and the radicals rep;esented by Ry and Rlz may be identieal
to or different from each other,_x;is a hydrogen or halogen
atom, Y is an amino group, maleimido

- 10 group, glyc1dylam1no group, or alkylamino group-of from 1 to
5 carbon atoms, and ml, mz, and m3 are posxtlve integers and
the sum of ﬁi + m, + h3 has a value of 5. '

'Specific.exemples of the radical represented by 2 in
formula (I) inciudes two or.moreiéhenYléne'or'cyclohexylene

15 radicals intercennected either by a simple va_lence bond or by an atom



.met hyl mal ei mi de), N, N“-trlnethylene bi snal ei ni de, N;NHQ 20 tetranethyl ene

' " bi ei mi de, . N, N - hexanet hyl ene bi snal ei mi de, N, N -1, 4-cycl ohexyl ene

_bi | ei mi de, N, N -m phenyl ene bismal einmide, NN -[err]-phenylene -

bi Stal ei mide, N, N -2,4- tolylene bisnmaleinmide, N,N-2 6-tolylene’

bi smal ei mi de, N, N -(oxydi-[err]-phenyl ene)bi snal ei mi de, N, N -(oxydi-[err]-

25 phenyl ene) bi s(2-nmethyl mal eimidgd. N N -(nethylenedi-[err]- - . V'3
phenyl ene) bi smal ei m de., N, N -(nmethyl enedi-[err]-phenyl ene)bis B

(2- met haskrr%ew QSHMI\:PIN 20 EtRY, e 2eY @il RdrenRbi SR,

phenyl mal eim de), N, (sul-fonyldi-[err]-phenyl ene)bi sndl ei ni'de, -10-

N, N - (t hirg¢ieher thapbang! eferkommal Qbfn3d%arfﬂo|}l 2t i) Qo S0
phenyl ene) bi smal ei mi de, NN -(sul fonyl di - m phenyl ene)bis- mal ei A de

N, N - ([eNRt $OpNONY, i deoum-phem(bau i, s ~Oo B NH-,
NN - (i sopr Bylldenedl [err]fzghenylﬁgn bIS- 5 e|n1de /
‘N, N - ([ egh2HC! ohes¥i dep ipheny bi s- ;yLd
NN -(cy de [yer i - pb ene -ﬁlﬂ m de, —( IS} -
N, N - (et hypreXedi - [ eNT-p ene)bl e|n1de _
N, N - (mxyl yl ene)bismal ei NN -([err]- xne)b| s- mal e| mde :
N, N - (4 4" Lﬂrr] henylen blsnalelnlde NN 10 - o 0
- ([err]- enylene)blsnalelnlde N, N - : ,
(nethylen err cp%%h IEE;% s(2, 3-di chl or omal ei mi de), - and

- (oxydi-[err]- phenylene) |s(2 chloronale|n1de) They ' .

<7 e

10 yhere R17 is a hydrogen atom, alkyl radical of from 1 to
4 carbon atbms;.phényl-radical, or cycléhexyl radical,
and x1 is an alkylene-radical of up to i3 carbon atomé.
Each_phenylgne or.cyclohexylehgsfgdicél'may have one or
more substituents such as methyl radicals. |

15 The abdve-defined'maleimide compounds are -

exempllfzed in the following: |

SPec1f1c examples of the compounds of formula (1) ‘include

'N,Nf-ethylene bxsmalélmlde, N,N'-ethylenebls(z— :

methylﬁaleimide), N,N'-trimethylene bisméleimide, N,N'-

20 tetramethylene'bismaleimide, N,N'-hexamethylene bismaleimide, *

fN,N‘-1,4-cyclohekylene'biémaleimide, N,N'-g:phenylene

bismaleimide, N,N'-p-phenylene bismaleimide, N;N'-2,4-

tolylene bismaleimide, N,N'-2,6-tolylene bismaleimide,

N,N'-(okydi-grphehylene)bismaleimide, N,N'-(dxydi-é-

25 bhénylené)bislZ;methylmaleimidei,'N;N'-(methylenedibg-

phenylene)blsmalelmlde, N, N'-(methylenedl-gfphenylene)bls

(2-methy1male1mlde), N, N'-(methylenedl-g-phenylene)bls(z-

phenylmalelmlde), N,N'-(sulfony1d1-gfpheny;ene)blsmalezmlde'



- further
formul a.
forpula

|nclude mai ei m de- t er mi nat ed phenoxy conpounds haV|ng t he gener
15 [ERR] where [err] and [err]- are as previously defined for
(1), Diss a divalent organic radical selected 25 from aliphati

alicyclic, and aromatic radicals, and [err] is a nunber having a val ue

0 to 20.

Speci fic exanples of the radical represented by Din formula (
met hyl ene, -dinmethylene, trinmeth Iene hexanet hyl ene,

<4

C,
from

V) .

ncl ude _
%érr]-phenyléne and [err]-phenyl ene ra Ocal s. Speci fic exanmpl.es of the’

pol yal e del? ﬁav.<§89 At Po?ﬁuHgifﬁﬁﬁz%q%}%‘gﬁsﬁ%‘iﬂ?;*ﬁ@anﬂe"ﬂﬁﬁ'&“* B
average val uscflen1 ety ndEdhste, NN MUMRNEGTLIRDIGHYINRGIHIY N0

by reacting a an

|ne or ne ensatlon he .fornul a

- [ERR] where ”mhieQﬁLBEEVNON3L¥ EE&Q% roﬂ&hﬁd@%@%&%b@ QM@th%l%ﬂcord'ng to

any conventi onal procedure

esul'ting pol ymal € m de may. contain

polyneric by- pagedmigehan, ﬂg-QEQo@Eo@?'l@.dléh@@qhgip%‘éh%@ﬁre@%l%m ts of.

- formul a

5 maleimide, N,N'-(o,p-cyclohexylidenediphenylene)bis-
maleimide; N,N'-(cyclohexylidenedi¥2-pheny1ene)bis-'
maleimide, N N'-(ethylenedi-grphenylene)biSmaleimide,

N N'-(m-xylylene)blsmalelmlde, N N‘-(Erxylylene)bxs-
'malelmlde, N,N'-(4, 4“-23tr1phenylene)b1sma1e1m1de, N,N'-

10 (E-phenylened1oxyd1-g—phenylene)blsmalezmzde, N,N'-
(methylenedl-g-phenylene)bls(2 3- dlchloromalelmxde), and -
N,NYf(oxydl—grphenylene)bls(2-chlo;omale1m1de).-fThey
fu;ghér include méiei@ide-térmihated pheno#y compounds
having the generél_formula |

15
cHa

oo |

1 M"D"COCH CRC

&&y ﬂ%O{hﬁ}ﬂ%H%L
_ . CHs v

20 /co—-c-Es_

—0~-C~-D—NS 0
o & ~C~R*

(1v)
wherele,_Rz} R3,_andrn4 are as preViQuély defined for
formula (I), D is a divalent orgénic radical selected

25 from aliph;tic, alicyclic, and'aromatic radicals, and Lis

‘a'numbe; having a value fr@m 0 to 20. sbecific exampies
of the_radiqal repreéentéd.by_D in formula (IV) include

methylene, dimethyiene, trimethYlene, hexamethylene,

t he



RR] The naleinide.Conpounds of formulas (1) -and (I1) may 25 be used
yither al one ‘or kn conbi nation. Anong the al kenyl phenyl ‘conpounds of
/mul'a (111) are alkenylaniline derivatives. Specific exanples, of the "

.~ Talkenyl ani l i ne derivatives include ami nostyrene -12- ([err] and
~lerr]-isomers), i-sopropenylaniline ([err] and [err]-isoners), —
~ i sopropenyl tol ui dine (for exanpl '1,3,2-, 1,4,2-, and 1,2, 3- |soners) v

vinyl tol ui dine (for exanple, & 1,4, 2- and 1 2, 3- |soners) 4- am no- &

sopr oEREHeNEED |ti| @fg&?éép@%&nfe#éaeaﬂi%ié ?ELE] ”;2' | k d
. ‘i sopr openyl phenyl ) mal eanm c_ aci d [err e e,
' N-([err]-iscﬁﬁ'?%eef‘gﬁf RPRR 3%/8 Pgr ula ﬂ:sn
: 28& gp,en %%g%?gﬁﬁ%’égaﬁ{@ﬁé?%%ﬁg}p&g%%a%) ny p H‘ﬂ%l ei m de,

N-([errhéeﬁ €?$yIV|nylpheny - nalelm
| - vinyl yC| ni_nopenzend -Jl@g‘ |~£3)¢Hm nobenzene
glnyl 4- dlegC| an1' benza opro eny 3 C|dylan1nobenzene o
1 sopr openyl - é glxg dyl ari gbenZéhe Y- -4- dlegC|dyIan1no-
- benzene, N-([err]-ls Vogenyl ISde penylpmenyl} nalelnlde @
| -i sopropenyl -4-acet 'aninoberzene -1 sopriopeny} 4- ,
| C @—- CHy CHy T~ @ () - N

where n is a nnmber-haVing an”average=value'of'o qu.
10 greater. These polymaleimides can be obtained by
reacting an aniline—formaldehyde'condensation product of
the formula | __'f.- . o H o
| NHg [ WHg N2
CHg CHz =
15 S o TR )
where n is as previously defined, with maleic anhydride -

o

‘according to any conventional procedure.- The~resuiting .
polymaleimide may contaianOIYmeric by-products having

'one or more branched structural unlts of the formula

20 _ | | HC, CH
. | N’
| ~_CHo —
_q_!l 2 _
) H?_ (VIiI)

_The maleimide compounds of formulas (I)'and (II) may
25 be: used either aloneeor in. comb1nat1on.‘
Among the alkenylphenyl compounds of formula (III).
are alkenylanlllne derlvatxves.' Specific examples of.the.

alkenylaniline derlvatlves include aminostyrene 



di met hyl am nobenzéne; and the tike. The linear diners of the above-defi ne
al kenyl phenyl 20" conpounds can be represented by the general fornulas
[ ERR. -13- [ERR] where [err] and [err] are as previously defined for
forful a (rrry.  Specific exanples of the linear dinmers of the above-defined
al kenyl ani l'i ne derivatives i ncl ude : :
4- met hyl - 2, 4- bi s(o-am nophenyl ) -1 - pent ene, 41 5
meYhyl -2, 4-bis([err]- aninophenyl)-l-pentb&e ‘4-met hyl -2, 4- bi s-
- (2- an1nopheny|2-|-pentene 4- et hyl - 2, 4-bi s( 0-am no- hen yl)-2-pentene,.
4- et hyl - 2, 4- b\ &t mBmi n@pﬁx@yﬁo'@er@bntm@prwenﬂam ine (o-. m-, and

" 4-methyl-2,4-bis([err]- an1no enyl entene - neth , 4- err]-(

2' -carboxyV|n VRTH? HRRRF %ﬁékﬁ@§é4 1EBdIB%nf€ﬂ€ ex fﬁylf 3 £

[[err]- (2 -car \/ |nyIc : _anm no) phen -
4 Ey: 2,4 gf's%({%rf} and' ﬁafe{‘ n’riié‘sz%’éﬁ ,)vﬁ%lg?}ﬁh@me {for example,

- et hyl - rr e Yy epe N

4- et hyl - 2, 4- b :% r'r]lkk #mbn%% g Pﬂg #%%6??32 p&;n %Jr'l%o g: nmet hyI 2,4-bi s

([err]- N— 5 1 Yia2a4-RLeg3 -
B A Lo

(3' - et hy' SEDPASRY] ) nL1 P01 ENgei d; nﬁLhcheléro- -

bi (3", 5 dlchloro ﬁé anale|n1dopheny )-I-pentene B

1soprqpeny1phenyl)maleamxc acid, N-(p-vinylphenyl)-

) maleimide, N-(Erisoprdpenylphenyl)maleimidé, N-(p-

.isopropenylphenyl)-2-methylmaleimide, N-(gr_

10 isopropenylphenyl)maleimide; N-(2-methyl-p-
isopropenylphenyl)maleimide, N-(Eﬂi—ethylvinylpheﬁyl)—f
maleimide, l-vinyl-3-glycidylaminobenzene, l-vinyl-4-
'glycidylaminobenzene, 1~vinyl-4-diglycidylaminobenzéne,
1~i$opropeny1-3?glycidylaminobenéene, léisopropeny1e44_-

15  91ycidylaminobehzene, 1—iSOpropehy1—4—diglycidylamino--
benzene, N—(géisopropenyl isopropenylphényl)isomaleimide,
l-isopropenyl- 4-acetylam1nobenzene, 1- isopropenyl e
dimethylaminobenzené, and the 11ke.

The linear dimers of the above~defined alkenylphenyl

¢ 20 compounds can be represented by the general formulas

(VIII)
25

" and



4'net yl -2, 4- bIS(3 5' -di chl or o- 4 - N—nale|n1dophenyl) 2- 20 pentene and
tfﬁ}l'ke The chenlcal makeup of the thernosetting resin - -14-

- ~-cRuposi tion of the invention may vary wdely according to the, purpose of

its use. The wei ght ratio of the mal ei nide conpound to the alkenylphenyl'
conpound can. denerally range from1:1 to 300:1, the preferred range 5
being from5:1 to 200:1. If the gﬁgunt of nalelnide conmpound used is bel ows,

the aforesaid limts, the resin coarposition as used in the formof a Coa
-varni sh will have a shortened pot life and the eured product wll show a

| onering of thermal stability or heat resistance while 10 if it is. above .
the aforesaid |imts, the resin co on will show a decrease in. curing
‘rate and will hawaz h poor cura ) eu the cured product may fail to
achi eve suffi.ci enthlr al sG 3gt thernnsetting resin conposition

of the invention

'gﬁﬁgﬁﬁtalndg rlzable unsat urated conpound in

o addition tqg _ kenyl phenyl qgggound. The
term"poly j nsaturated t npo nd"E\gm ed -herein genot es vinyl

nononer s, X%ﬁ | ymeri zabl siﬂbﬁgced polyners and radical - 20
polynerlzable uns hqied ollgoners ific exanples :

where Riz; X, ¥, my, m,, and m3.are as-previouslyfdefined
for formula'(III).' Spec1f1c examples of the linear
dimers of the above-defined alkenylanlllne der1vat1ves
include 4—methy1 -2 4-b1s(o-am1nophenyl) 1—pentene, 4~
5 methyl-z,4-b1s(gram1nophenyl)-l-pentene, 4-methyl-2,4-bis-

B (g—aminophenyl)—i-pehtene, 4-methY1—2,4-bis(g;amino-
phenyl)-z-pentene, 4—methyl—2;4-bis(m—aminophenyl)-2¥
bentene, 4-methy1-2,4-bis(E—aminophenyl)-2-pentene; 4-
-methyl-2, 4-bisEé—(2'—carb0xyvinylcerbonylaminoophenyﬂ'14-

10 péntene; 4-methyl-2,4- bms [27(2'-carboxyv1nylcarbonyl~

amlno)phenyi]-z-pentene, 4-methyl-2 4-b1$(BfN-
male1m1dopheny1)-lepentene, 4—methy1-2,4-b1s(g-N-
maieimidophenyl)-Z-pentene,'4-methYI~2,4—bis(B-Nf
isomaleidmidephenyl)-l-pentene, 4—me£hyl-2,4-bis(2—N-

- 15 isomaleimidophenyl)-thentene, 4-methyl-2,4-bie(3‘f
methy1—4'-N-maleimidqphenyl)-1~pentene,'4rmethyl—2,4ébie-
~(3'-methyl-4'-N-maleimidophenyl)-2-pentene, 4-methyl-2,4-

C e bis(3',5'-dichloro-4'-Némaleimidephenyl)-1—pentene,
-4-methyl 2,4~ bls(3',5'-d1chloro-4'-N-male1m1dopheny1) -2-

'20. peritene, and the like.

the'chemical makeup of'the'thermosetting resin



of .the vinyl
substituent o

-mononer s include styrene,

acid and its esters, nethacrylic acid and its esters, acrylamde, 25
gl ycidyl acrylate, glycidyl met hacryl ate, divinyl benzene, . di vi nyl t ol uene,
-dial-lyl phthalate, triallyl cyanurate,. tribromophenyl allyl ether, and the -
like. Specific exanples of . the radical 1RQ) yneri zabl e unsat ur at ed -15-
56Tyners and ol i goners i ncl ude unsaturated pol yester, pol ybutadi ene,

pol ychl or opr en ﬁgp%%'l gs@.lt o A iAverdtidn Mayivdry atidelyepoiopanding o

f or egoi ng poI
maleic 5 ' acig

and cycl ododec

s an igomers nodi fied by the addition of styrene,

erpen0|ds and the like. These.polynerizable

unsat ur.at ed- cqm@imsgmmmﬁectoaluﬁeramemelmteﬂﬁ CARPARY SRD The

anount of pol ynerizabl e unsaturated conpound 10

i's a nonormer,

wei ght of the
wei ght of 4he
1:50 to 200:1

‘qtlerErly afamje giwam .1: Howe\300: k heEhauBER AT TN ned

mal ei m de conpound and the al ken hen d, th
el narefirami £l ues 2208 sk ed EonghR y ng%ﬁét‘ #?}“t‘%"r?g £

. composition as used in the form of a varnlsh W1ll have a

10

shortened. pot 11fe and the cured product . w111 show a
lowering of thermal stab111ty or heat resxstance, while

if 1t is above the aforesald limits, the re51n

~ composition Wlll show a decrease 1n curing. rate and W111

15

have such poor curability that the cured produet may fail
td achieve-sufficient mechanical strength. ' , | '

~The thermosettxng resmn comp051tzon of the 1nventlon
can conta1n a polymerlzable unsaturated compound 1n

addition to the_malelmxde compound and the alkenylphenyl

-cempound. The term"polymerizable unsaturated compound".

- as used herein denotes vinyl monomers, radieal-

20

polymerlzable unsaturated polymers, and rad1cal-.'
polymer1zable unsaturated ollgomers. Spec1f1c examples
of the vinyl monomers include styrene, substituted

styrenes having their substituent or substituents on the

. benzene nucleus, acrylonltrlle, acrylic acid and its

25

esters, methacry11c acid’ and its esters, acrylamlde,

-glyc1dy1 acrylate, glyc1dy1 methacrylate, d1v1ny1benzene,

d1v1ny1toluene, d1a11yl phthalate, tr1a11y1 cyanurate,
tribromophenyl allyl ether, and the llke. Spec1flc

examples of the rad1ca1-polymerlzable unsaturated -

: substituted styrenes having thei.r
r substituents on the benzene nucl eus, acrylonitrile, acryli

used depends_.-on whet her

by

q{ ers_ltn_; uaec)] i erhd ivgrigints raddie &f dih®ycl opent adi ene
AT iten

it

e.from
the preferred range 15 Dbei f 2
armunt of pol wm'npqxgm eused is beglow the aggresra?l 11 r%é& lthe ]resitfx the



urated conpound used is above the aforesaid linmts, the cured product
show a | owering of heat resistance. and storage stability, while if it
is below the-aforesaid linmts, the fluidity of the resi.n conposition wl-I-
be 20 too | ow to exhibit good nol di ng properties.. The thernosétting
resin-conposition of the invention can be cured by appllcatlon of heat.
“Al t hough no particular limtation is placed on, the curing. tenperature, thég,
preferred range is from30 to [éﬂﬂ It 25 'can also be cured by exposur

to radiation such as ultra- violet rays, X—ra s,. al pha rays, beta rays, and
gamma PIYMENSe fdhiHd APt ﬁﬂﬁﬁﬂdﬁa ¢i¥ gﬁﬁ t her noset ti ng

.. - ;gz: ?I o&%g_l]% si.tiqn Ofrstgﬁ vent i on can b%a'%%r;ﬁ m xed vm r'\l/b(rjge or nor e
nater Sy e@t&al%o %.Srﬁﬁa 3@&%&5' Hh"%@éﬁ ﬁ%ﬁﬁﬂiﬁ R Ca "Gl ass,
gle%nt %llli?o'ﬂ{e Zi nc | te bf%}ﬁzﬁé& n%g‘ﬁgzcﬁ geinﬁrmbdenum ngI f- .kggl "
tigani @i o ei:!d:dycei-:e%@lriﬂ GRIBN P Rfdme A4 bR Sé’é fate, and cal ci um .
carbonate 10 can be |ncorporated therei'nto. Mreover, a conventi onal _
dicyclopentadiene and cyclododecatriene; terpenoids; and , .
the like. These poiymer;zablexunsatu:ated compounds -may
be used either alone or in'combimation.i"'
- The amount'of polymerizable unsaturated'compoundV
10 used depends on whether it is a monomer, polymer, or
ollgomer. However, the: rat1o of the comh;ned weight of
the malelmlde compound and the alkenylphenyl compound to
the weight of the poljmerizeble'unsaturated compound can
generaliy range from 1:50 to 200:1, the preferred range
15 being from 1 20 to 100 1. 1If the.amount of.polymerizable --:
| unsaturated compound used is above the aforesald limits,
the cured product will show . a lowering of heat resistance.
-and storage stabiliﬁf, while if it is'below_the'aforesaid
limits, the fluidity of the ;eSih composition will be
éor too low to exhibit good molding properties, | |
The-thermosettino resih'composition of.the invention
can be cured by epplicahion of heat. Although no
particular limitation is placed on the cufing
temperaﬁure, the preferred :ahgeiis from 30 to 300°C. It
25 can also be cured by exposufe to radiation;such'as-ultra-
Violethraysi X-rays, alpha rays;'beta'rays, and gamma:
raYs.,- . : .

Depending on the purpose of its use, -the



' ﬂlane retarder such as bron1nated organlc conpounds anti nony conpounds,

and phosphorus conpounds can be added to the resin conposition for the 4
purpese - of |npart1ng fl ame-retardant properties thereto. If the resin 15\
conposition i's to be used in the formof a solution, it can be di ssol ved in
an organi c solvent such as N-nethyl-2- pyrrolidone, dinethylformam-.de,
dinet hyl acet am de, dimethyl sulfoxide, dioxane, acetone, methyl ethyl

ket one, tetrahydrofuran, cellosolve (traldfe-mark for 2- 20.ethoxyethanol),
met hyl acetate, ethyl acetate, chloroform benzene, toluene, xylene, and

chl or obenzene. The thernpsetting resin conposition of the-invention can

give a cured product havi ng excel | ent heat re3|€r C st or age. stablllty
and noi sture dhRFITHT IS L2 CUP IS LI | © ﬁb%o’dmé?’é‘&’t RSN Re

nmechani cal properties,.  and can bring about an rove atin
ef fi ci ency 8V\ﬁp1’gut%¥ |“E’sx?ﬂ)dﬂl%l‘2ﬂ%g°’arfﬁ°?%s?déh ge%%‘&l'??‘? €£ &- %7-

Accordi ngly, iréﬂé]saoslrﬁec)!\n den%ﬁlrégqt: of %‘?ﬂf%‘b” al é)lé é‘éi?féaf‘ cgg be

used, for exa égdg eS|ns Esives,

powder paint s A Loay “ﬁ%er&@%%&f%g.@éé a “@nﬁay&{n %aE@fi‘a!ﬂsed |

in the vul cani can exhrbi-t excellent crosslinking and
~vul cani zat§on-Jeeel 1Al id% norganic f£illers such as silica, silica

glass,-clay, aluminium hydroxide, asbestos,'élass fiber,.
m1ca, gypsum, kaolin, cement, talc, zinc¢ white, graphlte,
magneszte, molybdenum disu1f1de, titanium whlte, silica
sand, carbon black, bar1um sulfate, and calczum carbonate
lb- can be 1ncorporated thereinto. Moreover,-a conventional -
.flame retarder such as bromlnated organic compounds,
antimony compounds, and phosphorus compounds can be added
~ to the resin. composition for the purpose of meartzng '
cflame-retardant properties rhereto. If the resin
-15 compOSition is to be used in the form of a solution, it
can be.dissolved in an organic solvent'such as N4methyl-2;
- pyrrolidone; dimethylformamide, dimethYlacetamide,_
dimechyl sulfoxide, dioxane, acetone, methyl ethyl.
. ketone, tetrahydrofuran, cellosolve (trade mark for 2-
| 20 ethoxyethanol), methyl.acetate, ethyl acetate, chloroform,p
benzené,'toluene,-xylene,'and chlorobenzene.
| The thermosetting'resin composition of the invention
can'éive a cured-product'having:excellent heat resistance,
storagezstability, and.moisturefabsorptiOn resistance as
25 well as good electrical -and mechanical properties, and
can bring about an improuement in;operating efficiency

owing to its good moldiné.and.fastvcuring properties,



B [TpOS
wide s
i1l ust

S therby |npart|ng |nproved characterlstlcs such as very. hlgh
syance to heat deterloratlon to the vulcanlzed r ubber. Thus

|t will

Ftion of the invention is an exceptlonally good naterlal haV|ng a

pectrum of functionality. The present invention is further

rated by the followi ng exanples. In these exanples, all parts and 1
percentages are by wei ght unl éss=blherw se noted. Exanples 1- 5 To 53.7 ¢
of N, N -(nethyl enedi-[err]-phenyl ene)bis- nal eim de were added -10.5 g, -3.5

.9, 259, 1.59¢g,. and 20 0.8 g, respectively, of

-requ;red for gelatlon.; In addition, the resulting gel

was-measured by thermograuimetry to measure its loss in

weight due to thermal decompositien@ the loss in weight

In COI’TpOSI tion was

In

3

e

i xed (ASIRRIARLHL ;f@ng 3 ”Zéf é‘“c%%bg?ffﬁﬁénﬂr%{eﬁ?%iswe mostt Pon’
el | it At g ¢ GARIRE Redr BEF S ¥RbeEE: | ié%ag& ation in
O e é%”ﬁéf%%%‘@%é%ﬁ%%é?ﬁ £ D/abRERIPAC pERGRY o gl e It
ISP UShR SRR k) B EESA L wibbtge) o 1
S = when used in the vulcan1zat1on of rubber, it can exhibit
) excellent crossllnklng and vulcanlzat1on-accelerating'
_effects therby 1mpart1ng improved characteristics, such’
~_fas very high res1stance to heat deterloratlon, to the
"f?%vulcanlzed rubber. Thus, it will be apparent to those
ilb:isk1lled in the art that the thermosettlng reS1n .
| hcomp051t10n of the invention is an exceptlonally good .
' 55mater1a1 havxng a w1de spectrum of functionality. '_
| The present 1nvent10n is further illustrated by the
_ , follow1ng examples. In these examples, all parts and
"i;:flﬁxtpercentages are by weight: unless otherw1se noted.
71ﬁ}i Examples 1- 5 oo
: iif To 53,7 g of N N'-(methylenedl-p-phenylene)bls-
o malelmlde were added 10.5 g, 3.5 g, 2.5 g, 1.5 g, and
';_?Q fO 8 g, respectlvely, of N-(p-lsopropenylphenyl)malelmlde.
"'These 1ngred1ents were thoroughly mixed to form a total
. of 5 re51n compos1tvons. Each re51n comp051t10n was
;melted ‘on an iron plate preheated to and kept at 180°C,
_ and then stlrred well wzth ‘a spatula to measure the time
- 25



' -Exanple N, N -(Methyl enedi-- N-([err]-lsopro- Gelation Tenperature.at

- ‘[err]-phenylene) - penyl phenyl y- Tine 1% Loss in bismal ei mde
'nabe|n1de : Wei ght (9g) : ' (9) (sec) (O 10
1 . 53.7 10.5 . 20 476 2 53.7
-3.5_ .37 .500. 3 : 5.7 - . . 2.5 - 41
496 4 f 53:7 - .. 1.5 . -18; 77 ; 496 5. - -53.7
o8 188 - 496 15 Exanples 67~ 11 To 53,9 g of '

NN (thhylqﬂ%ﬁ%g[fgé;r3€3n¥£e§e$Qé§u f'flgetwgfﬁafdgggomﬁgsgt90n§ 79,

3.3 9, 2.4 g, res ec Ive ui no m xture of 4- -
20 -met hyl - 2, 4p é%&%ﬁ%is%ﬁ'@%‘ﬁ@é{i%‘e& Qf-é“§ &Pﬁzéa”?ﬁh'!‘!abie‘ll '
bis([err]- an1nophen 2- pent ene ese |ngre lents were thoroughly nixed
to forma total of resin conpositions.. The gelatlon ti-me of each resin
conmposi tion and its Ioss in weight due to thermal deconposition were
measured in 25 the same manner as degsblbeﬂ i'n Exanple 1.. The results

t hus obtai ned. are summarized in Table 2. -19- Table 2 Exanple '

- N, N - (Met gyl enedi - Di.am ne Cel ati on Tenperature at 1%

Example | N,N'-(Methylenedi~ | N-(p~Isopro~ | Gelation 'Temperature at -
) ' lgrphenylene)- penylphenyl)-| Time 1% Loss in
. bismaleimide | maleimide  |weight
(@ | (g) © | (se) Lo
I B 53.7 | 105 20 476
2 537 . | 3.5 . 37 - 500
3 53.7 . . 2.5 | a 496
4 53.7 s | T 496
5 53.7 0.8 | 188 496
15

Examples 6 - 11
| To 53.9 g of N, N'-(Methylenedx-g-phenylene)bls-
" maleimide were added'lo 0g, 6.7 g, 3.3 g, 2.4 g, 1.3 g,
and 0.5 g, respective;y, of'an-equimola; mixture of-g—
.uzo metﬁyl—z 4-bis(2faminophenyl);ifpentene and 4-methy142,4-
. blS(EfamanthDYl) z-pentene. These ingrédients were
" thoroughly mlxed to form a total of 6 resin compositions.
| The gelatlon t1me of each re31n com9051t10n and its loss
‘in welght due to thermal decomp051txon were measured in
25 the same manner as descrxbed in Example 1. The results

thus obtalned are summarlzed in Table 2.



" Loss in Wight bismal einide 5

- phenyl ene) - Ti me
' - (0) (sec) “[err] 6 - 3.7 10.0
A\ 418 7- . B53.7 - - 6.7 74 438 8~ ..
- 53.7 3.3 . 128 460 9- 53.7 © 2.4
134. 468 10 10 53.7 . 1.3 C 214 - 478
11 : 53.7 0.5 19- 299 490 1) An equimolar - -~
m xture of 4-nethyl-2, 4-bi s(2- 15+7am nophenyl ) -1 - pent ene and =z
“4- et hyl - 2, 4- bls([err] am nophenyl ) -2- pent ene Exanpl el2 To 53.7 g of
N,N'-(nethylenedi-[err] phenyl ene) bi s- mal ei m de was added 2.4 ¢ of an
al kenyl ani | i ne- derivative 20 c 4 on consi sting of 7. 5% of
[err]-isopropenylaniline,.63@6ggggﬁi”‘
4-met hyl -2, 4-bi s([err]-am nophenyl ) - 1- pentene 20 7@6of
4-met hyt=22=qrs([erT -amn éh Z1p nt
- i soprloB&apPRa i i"l' (ﬂeh’ Qg@z‘lr“ﬁgr cﬁe ﬂ?’s" “lfﬁgﬁh}% xed to -
. formd resin Cq%@&@uﬂkﬁé%- VMew 25 neastrmEeei n t BmﬂamnvuﬁghEr ap descri bed
- in Examle 1, l.atkon timp of thisjresin co 03|t|on was fopnd to
N blS eimide - : _ ST
3 (g) ) (sec) (°c)
6 53,7 10.0 57 418 .
7 '53.7 6.7 | 14 438
8 53,7 3.3 128 - 460
. 9 53.7 2.4 . 134, 468
10 | 10 53,7 1.3 214 478
11 53.7 0.5 299 490
1) Aan equlmolar mlxture of 4—methyl 2 4~ bls(g—
15 aminophenyl)- l-pentene and 4-methy1 2 4- b1s(2r
aminophenyl)-2-pentene
_ Examgielz _ _ _ .
" To 53.7 g of N N'-(methylenedl-gfphenylene)b1s-
20 maleimide was added 2. 4 g of an alkenylan111ne derivative | -
' comp031tlon conszstlng of 7. 5% of Eflsopropenylan111ne,
63% of 4-methy1-2,4-b1$(gram1nophenyl)-l-pentene, 20.7%'
of 4—methyl -2 4-bls(2—am1nophenyl) 2-pentene, and 8.8% B
. of" Eflsopropenylanzlzne trlmer. These 1ngred1entsuwerg
25 .thoroughly mlxed to form a resin comp051t10n. Whén

- measured 1n the same manner as. descrlbed 1n Example 1,

the gelatlon time of.thls-re51n.compos1t10n was found to



. s ) ) A
-20. - be 124 seccnds ‘and the tenperature at lqbloss I n wei ght was f ound tocgégj
‘be., [err] Conparative Exanple 1 5-

N, N.- (Met hyl enedi -[err] - phenylene)blsnale|n1de alone was melted pon aniron - -
plate preheated to and kept ‘at [err], and then stirred well with a spatula

to measure the tine required for gelation. As a result, the gelation tine

was found to be 1,307 seconds. 10 Exanpl€2d3 An intimte mxture of 10 g of
.éryrene 7 g of NN - (nethylenedi-[err]- phenylene)blsnale|n1de and 1.5 g
of N ([err]-lsopropenylphenyl)nalelnlde was. - prepar ed. Upon 15 heatlng at
[err], it cured in 28 mnutes. Wen styrene was used alone, little
pol yneri zat i oPpridduespndsandl theitefperatitonts'’ 1hekossgimtwe dght
" tenperature. More-_over, a mxture of styrene and the aforesaid

bi smal ei mi de WP HIGritarbaufhi@ssful results. 20 Exanple 14 An intinate
‘m xture of 7.0 g of a resin conposi tion (comercial ly availabl e under the

trade name of ESTAR XE7472 fromMtsui Toatsu Chenicals,.Inc.), 1.0 g of
NN - 25(math)eo ' ene) hi snal ei m de, andOZgofN—

([err]-|30pro- - was prepared. The afore- said reS|n

conposi tion consi Sﬁ Gk O{M@Q@’fer'f_’esd/f cﬁ-phenyleﬂe)blsmalelmlde alone was

melted on an iron plate preheated to and kept at 180°C,
~and then stirred well with a spatula to measure the t1me
required for gelatlon. As . a result, the gelation t1me
‘was found to be 1,307 seconds. | |
10
| Example 13

An intimate mixtdre of lo'g offstyrene, 7 g of ﬁ,N'-
(methylenedi-péphehylene)bismaleimide, and 1.5 g of N-
_(Efisopropenylphenyi)maleimide was prepared, | Upon |
fls.heating at 120°C, it cured in 28 mihutes; When styrene
was used alone, little polymerization product was noted
even after 3 hours'.peatihg at that temperature. More-
over, e mixture of styrene and'tﬁe eforesaid bismaleimide
showed similar unsuccessfui results. o
20 |

Example 14

An intimate ﬁixture of 7.0 g of a resin composition
(commercially evailable under. the trade name of ESTAR
XE7472 from Mitsui Toatsu Chemlcals, Inc ), 1.0 g of N, N'

_25 (methylenedl-p—phenylene)b1smale1m1de, and 0.2 9 of N-
'(pflsopropepylphenyl)male1m1de was prepared. The afore;

said resin composition consisted of about 55% of



g

L5

g of |
NI SSO

aturat ed pOIyester about 45% of styrene, and 0.02% of hydroqui none.

gn. heating at 120C, this mixture cured in 13 nminutes. Wen ESTER XE7472
used alone, little pol ymeri zati on product was noted even after 200 5_,
i nut es' heating at that tenperature. Exanple 15 An intimate m xture of 10

i qui'd. pol'ybut adi ene. (commercial |y avail'abl e under the trade name of
PB.10.:G.1 000 from N ppon Soda Conpany, Llnlted) 10 g of styrene, 7 :;

. g of NN -.(nethyl.enedi-[err]-phegtkene)bis- nalelnlde and 2.0 g. of :
4-met hyl - 2, 4- bi s(:f err]-am nophenyl)- 1-pentene was prepared. Upon. heatlng

at [er

r], |t CU{ed in-21 m nutes. -22- Exanple 16 An intimte nixture of

10 g of I|qU|d polybutadlene (commercially avail'abl-e under the-trade nanme

of NEWHPSERBrated POLYSRLTp AP Mo X ofl st yreney gnd Kt02%ne , a

quant i

- .define

f or nul

10

t of: an alkylphenyl conpound (conponent - (b) as hereinbefore
8% ?‘X €z pIRARehRAtHRY FH ﬂ@ﬂrar’prﬁnl dtd Haiptaize i ni de of

i-cli_ n . had an average val 0.8
%u&gb 1n Wg mHnutes. %hen EE%ER XE 472 was. used alone,
llttle polymerlzatlon product was noted even after 200

mlnutes' heatlng at that temperature

Example 15”-

An 1nt1mate mxxture of 10 g of llquld polybutadlene
(commerclally avazlable under the trade name of NISSO-PB
G-lOOO from Nlppon Soda Company, L;mlted), 10 g of
styrene, 7 g of N N’-(methylenedl-g-phenylene)bls-
ma1e1m1de, and 2 0 g of 4-methyl 2 4-b1s(p-am1nophenyl)-

_l-pentene was prepared Upon heat1ng at 120°C, 1t cured

in 21 mlnutes.li,: SRR



was prepared. Thus, the aforesaid pol ynal eini de i's represented by the .
formul a [ERR] Upon heating at [err], this nixture cured in 27 mnutes.
Example 17 20 -» - An |nt|nate m xturé of 7.0 g-of ‘a resin conposition
(¢omerci al Fy avai | abl e . under the.trade name of ESTAR XE7472 * from
M tsui- Toat.su Chemicals, 1nc.) 1.0 g af2\, N - - ' _
(et hyl enedi - p- phenylene)blsnale|n1de and 0.2 g of an- alkenylanlllne
Ye€rivative conposition was prepared. The 25 aforesaid resin conposition
consi st ed ofgahqilie 3% of *_ unsaturat ed pol yester . about 45% of styrene,

and 0. 02% of hydJ.o U|non t I | 1. Jvative

conposi tion con%"‘stq‘é1 % 0 ﬁeerrf'j) ggp%o%elny IR OlQ%%f%c{fU? ae%

- 4-met hyl - 2, 4(41nrts1(qozmmqpmsmnll)ahlq)emm tt&o QL%QSi) nagfe of NEW POLYOIL

4-met hyl -2, 4«)@-'55( Wyﬂéo@ $) (fj ene,' a quantit
| ne trimer

- p- |sopropenyl ani Upon eat| ng at err IS mXxture cure
11,5 m But e®f an akkylphenws: coznpound qqmqﬁmﬁt garSemr % on

Eormr: si ngd dePindid)l, eeasatdl oney 68 & od. e mAEHE $RI185S P%i'i){(lrélfé Fpolynlxale-
Dilemal ofm dSgud AL A5 1.0 A Pl S ALTHL Wo.s
was prepared. Thus, the aforesaid polymaleimide is

represented by the formula

. 10 ch ci HC CH Hf ‘CH
: ] ]
9 CoO
| . .'OC\N_’CO C C OCN/
15 '. - " :3“'CH2_——4Ef;}‘(]{1 _ E:E]. (v)
R B _ -10.8

Upon heating at 120°C, this‘mixture cured in 27 minutes.

Example 17

20~ An intimate mixture of 7.0 g of a resin composition
. (commercially availablé under the trade name of ESTAR XE7472
from Mitsui Toatsu Chemicals, Inc.) 1. 0 g of N,N'-
(methylenedl—p-phenylene)blsmalelmlde, and 0.2 g of an _
_ .alkenylanlllne derivative composition was. prepared. The
. 25 aforesaid resin:compositidn consisted of about 55% of
unsaturated polyester, about 45% of styrene, and 0.02% of
. . i hydroquinone, and the aforesaid alkenylaniline-derivativé'
' ‘composition consisted of 7.5% of p-isopropenylaniline,
42.0% of 4-methyl-2,4-bis(p-aminophenyl)-l-pentene, 30.2%
30 of 4-methyl-2,4-bis(g-aminophenylf—z-penteﬁe, and 20.3% of
p-isopropenylaniline trimer. Upon heating at-120°C, this- -
mixture cured in 1;.5 minutes;



~-ny|an|I|nes and derlvatlves thereof linear diners thereof d'
ners thereof. 10 2. A thernnsettlng r esi si ng:
.l east one mal ei m de conpound sel ected from bismal ei m des -

o |ng the formula [ERR] where [err] and [err] ar H qmwlm”utn
-hal ogen atons; or straight-chain or branched aIkyI lto 10

- carbon atons, phenyl radicals ubst it ut ed phenyl 20 T
radi cal s haV|ng one or nore subst??uents sel ected from straight-chain or -*#
branched al kyl radicals of from1-to 10 carbon atons, hal ogen atons, [err]

.groupgrpimghi ch [err] is an aliphatic radical. of fron11 to' 5 carbon 25
atonsT—and, if there are two or nore radicals represented by [err], - they
may be .identical to or different fromeach other, -24- R C 13 groups
inwhich R is as previously defined, hydroxyl groups, and cyano groups; 5°
“and the radiAathermpseseﬂngdrbyibecohpOSition comprising:’

(a) at least one maleimide compound selected from

5 biemaleimides and polymaleimides; and
(h) ar least one aikenylphenyl compound selected from' | o
alkenylanilines and derivatives thereof, linear dimers

thereof, and polymers thereof.

10 2; ' A'rhermosetting resin compoeition comprising:
(a) at least one maleimide compoond selected froh
(i) bismaleimides havin§ the formula’
Rl—C-—CO - /‘oc'---c—'-R3

N—z—N (1)

g - 4,
where Rl' R2' R3, and R4 are hydrogen ‘atoms,.
halogeh atoms; or straight-chain or:branched
_alkyl radioals of from-lito 10 carbon atoms,
phenyl radlcals, or substltuted phenyl

20 . ' | radlcals hav1ng one or more substituents
selected from straight-chain or branched
alkﬁl'radicals of from 1 to 10 carbon atoms,

- halogen atoms, Rlso--grohps in which R,, is

an aliphaticiradioal of érom 1l to 5 carbon

25 - . atohs} and, if tHere are two or;more'
raoicals repreeehted EY'R13, they.mey be .

identical to or different from each other, .



‘and [err] may be ‘i dentica
di-val ent organi c radical of

e e et ! 2l = here (I e P

'fradrcals of from1 to 10 carbon atons, phenyl
radi-cal § havi ng one or
strai ght-chain or branched aIkyLzZS

at ons;

_ vanyl

“1 to 10 carbon atons,

ffdefrned - 25- [ERR] groups in which [err] is as previously defined,
- hydroxyl- groups, and cyanq groups, 5 ~and the radicals
: represented by [err] [err} and [err] may g-dentical to or. different from

“. each other;

stral

[err]

and nis zero-or a pOSItIVE nunoer ;

di fferent fronreach.other and Z is a

and (H

to or
at |l east 2 carbon atons;

radi Eal's, "or SsuBstitut ed
nor e substrtuents selected from hal ogen
groups in which 13 is as previously

and (b) at |east one

l aIkenyIphenyI conpound sel e@nswipls dm which R)3 is as previously

.fflOﬂﬂ:_-; 

deflned, hydroxyl groups, and cyano groups;

:and the radicals represented by Ri, R2' R3,

-and R, may be identical to or différent from

. each other, and Z is a divalent organic

' radlcal of at least 2 carbon atoms: and

(i)

25

'radicais of from 1 to 10 carbon atoms, R

polymalelmldes hav1ng the formula

Re ?7 Ts
e

—_—)
(” ¥e
—C—
—
o

z//n
\\ry—-
/28
™

(I1)

where Re, Rer R7} Rg. Ry, and Ry are
hydrogen atoms; halogen atoms; stralght-

chain or branched alkyl radicals of from 1

to 10 carbon atoms, phenyl radicals, or

substituted phenyl radicals having one or
more substituents selected from hélogen
atoms, straight-chain or branched alkyl
_ 13
groups in. whlch R13-1s as prev1ously |

deflned,

radi cals of from

o-



mpounds having the formula [ERR] where R -and R are hydroagen atons,
gen atons, straight-chai'n or branched alkyl di cal s of fron11 to 10 o
on atons, phenyl radicals, or substituted: pheﬂ!ll" Hlll)ng one-or
“nore substrtuents sel ected from 20 ‘hal ogen at ons r
) ;branched al kyl radicals of from1:to 10 carbon atons, [err groups in which:
“Terr] is as previously defined, [ERR] 25 groups in mhrch [err] is as 3
previously defined, hydroxyl gr aups, and cyano groups, and the radicals ”?
represented by [err] and [err] may be |dent|cal to or drfferenr from each
-26- .other, X is a hydrogen atom hal ogen atom carboxyl group, [ERR] group
mherern [err] is as previously defined err]. group 5 .wherein [err] IS as
previ ously defined, or cyano group, Rf’ce.an .am no group, .
- glycidyl am no group, diglycidylam no gr.oup, [ERR]- 10 group in which: [err]
and [err] are hydrogemrompmtinhuhbgban%ohs”asrpsevaogalycharn or branched
al kyl. radicals of from1 to 10 carbon atons.- and the radicals represented"

: by [err] and- : deflned, hydroxyl groups, -and cyano groups,
5 . and the radlcals represented by R5, Rege Ro,
8' Rg. and Rld may be - 1dent1cal to or _f B .

different from each other,.and n-ls zéro or
a p051t1ve number’ and
(b) at least one alkenylphenyl compound selected from

10 compounds having the formula.]._

BERNG 2 3

15

| where Rll and R12 are hydrogen atoms, halogen atoms; |
stralght-chaln or branched alkyl radlcals of from l to 10
carbon atoms, phenyl radlcals, or substltuted phenyl |
radicals having one or more substltuents selected from

20 halogen atoms, stralght-chaln or branched alkyl radlcals -of

from 1 to 10 carbon atoms, R130- groups ‘in whlch R13 is. as

i L

_ _ Ry3 : :
25 groups in which Ry3 ls ‘as’ prev1ously deflned hydroxyl

prev1ously defined,

groups, and cyano groups, and the radlcals represented by

11 and.R12 may be 1dent1ca1 to or dlfferent from each



[err] .may be identical to or different from each ot her, [ERR] group_in
ich [err] and [err] are as previously defined, ~§6—FERRT*25_QF6HP-+n whi
\fgrrfj and [err] are as-previously defined, [ERR] ”'mﬂ WhICh
[err] . is an aliphatic radical of fron11 to Rﬂ# %&ﬂ'and,lf
there ‘are two or nore radicals represented by [err], fhey may's dentical -
to or different fromeach other, alkylan.no group of froml to 5 carbon 5
atonms, or dial kyl am no group in whi ch &4&c¢h - -al kyl radical has froml to 5
carbon atons, and [err] and [err] are positive integers and the sum of
[err] has aotlege & i5; al hydxogénmattom,hdedokgenaadom| rerboxiytle geohip,3.

" A thernosetting resi-n conposition according to claim10 2 wherein, in

- -straight-chain or branched al'kyl radicalsflof from1 to 5 carbon atons, or

formula (1), [err] and [err] are hydrogeﬁéatons, hal ogen -at ons,
phenyl r.adicals and the radicals repreggg d by [err] and [err] may be
identical tg_or & erent from each othe &ne§| 15 qgrgani c radica

of 2 or- nnrgreng er§58n§19eFECF?dpfﬁgﬁpaﬁlBhQFF ri &3gPrc ITRMB Mt i c,
gpgahletegocwﬁlgkglaaﬂl calg anpsmou%&' 0a%f&%%rde,okr%y%n%o”‘%'oﬂ%t,' @i an
. an amino group, o : - glyc1dylam1no group,
' dlglyc1dy1am1np group,
RISC—CONH-—.
| | R, gC—COOH .

10 group in which Rls'and R are hydrogen atoms, halogen

atoms, or straight-chain or b;énched alkyl radicals of from

1.to 10 carbon atoms and the radicals represented by Rls'and

R;¢ may be identical to or different from each other,

15 . I R

.20

.zs_gréup in which 315 and.R;L6 are as previouély defined,

Ry H-HN~

14~



as defi ned aboVé with -0-, -S—Q -5_5_; - CO— o—ferri leff],

H, or -CONH-; in formula (Il), [err] 20 |, ] are
/ogen atons, hal ogen atons,. straight-chain or bri“h “““"ﬂﬂ“"‘ﬁﬂlcars-of
om1l to 5 carbon atons, or phenyl radicals and thesadi calshrepresented
s by. [err] and [err] may be identical to or different from each .other,
‘and.n has a value of from25 0.1 to 10; and in formula (I11), [err] and
[err] are hydrogen atons, hal ogen,atons, straight-chain or branched al kyl
radicals of froml.to 10 carbon a?ons, or phenyl radical-s -28- and the
radicgféuﬁepﬁeﬁﬁﬂeangx_[err] abd paraliphpthe rddiacikdabft&rom different
from each other, X isa“hydrogen or halogen atom- Y is an. am no group,
mal ei i g6 B0ocprbghyatdmbaande §fotperer agkkgwanPromgreupgadichrlém 1 to 5. 5
carbon atons, and [err] and-[err] dre positive integers_and the sum of -
[ er r ] répsesentiedebyf R, s Athey mayt her AdeBLirad tOsPR gd&E8€rPton accor di ng
to claim2 or claim3 wherein_the naleinid% conRound S

“fxom

NN - 10
(et h§remegachepENeEneA}KEABTAPEEFERRI @5 £50m 1 ER S1EARBEB ting resin

osi tion accqrdjing to claim?2 or .claim3 int i i d : d
o5 3PPl iU R £ iR e oS BRTES B Pl 15 0 1 1o

" 10. : '

5 caﬁbon atoms, and My, My, and my are positive.integéfs and.the sum of e
.ni+mb+m3 has a value of 5; linear dimers thereof; and polymers thereof. :
_ K o i

3. A thermosetting resin composition according to claim

10 2 wherein, in formula (I), Ry, Ré, R,, and R, are hydrogen
atoms, halogen atoms, sﬁraight-chain or'branéhed alkyl -
radicals of from 1 to 5 carbon atoms, or-phenyl-fadicals and
the radicals répresehted by Ryr Ry, R3,-§nd R, may be -
identical to or different from each oﬁher, and Z is an

15 organic radical of 2 or more carbodﬁétoms:seléqtéd from
aliphatic, alicyclic, aromatic,-ahd ﬁetechyclic radicals
iand combinations thereof or a éombinétion of an orgaqic
radical as defined above wiﬁh'-o-, -§-, -S-8-, -co-, -SO-,

-s0,-, -CO,-, -N=N-, -NH-, or -CONH-; in formula (II), R,

2-1
20 R6' R7, Rat Rg; and 310 are hydrogen atqms, halogen atoms,

] o -

straight-chain or branched alkyl radicals of from 1 tp'5'
| carbon atoﬁs, or phenyl.radicals and the rédicalsl
represeﬂted by RS' RG,‘R%,:Ré, Rg, and R10 may be'identigal
to éf.differént from each other, and.n haé a value 6f'from
25 0.1'to.10{_ahd in formula (III), R,, and R,, are hydfdgen
atoms’, halogen'atoms..stréight-chaiﬁ or bfanched alkyl

- radicals of from 1 .to 10 carbon atomé,.or_phenyl radicals



6. . A thernosetting resin conposition accordingNLg;gg¥bggﬁeoi-i!eins
.to 5 wherein the weight ratio of the nal ei m.de conpoun /.
alkenylphenyl conpound ranges from20 1:1 to 300: iumu" setting™ -.
resin” conmposition accordlng to any one .of clains ”" ﬂ' ﬁﬂﬂo o
al kenyl phenyl -compound i s -29- selected from p- |sobrobeny an ne and
"Tinear . dinmers’ thereof 8. A thernosetting resin conposition accordi ng

o any 5 one of c¢clains 2 to 6 wherein tH& al kenyl phenyl conpound is
-sel ected fron1N—([err]—lsopropenylphenyl)naleln1de and |inear diners

thereol 9. cng ofe | LERIDSEL1L00-Leah0OBYORE L] QRa2RE" flaPUnLos LALEY .49 1

. Which contains Ieas one ymer i | €*undat ur.at ed2conpound i.n addifion

to.the.mal ef &'P Pf@@%%&héa@hkseuépheﬁyLscanng;apsgeﬁoor hafogen

thernnsettlng resi n conposi tion according fo any-15 one of clains 2 to 8
whi ch cont aéE&naty|§§.Staxeri‘n1ﬁQ:l iz Al efimsiadair at ed conpound in addition
to the mal ei m de conpound and. t he al kenyl phenyl compound. 11. - A ’
thernnsett|g¢pﬁp¥ﬂguynﬁﬂymamiwm qroop (i oy bbkglainimad0gtoQpwWbEr Eromt he to

pol yneri zabl e unsaturated conpound is at |east one conpound selected from
vi nyl nﬂhodiﬂsarbqnhatams, and ml, mz, -and m, are positive integers and

: the sum of - m, &Imz +.m3 has a value of 5.

»
§

4. : A thermosettlng resin composxtlon accordlng to clalm _
2 or- clalm 3 whereln the malelmlde compound is N,N'-

10 (meth&lenedl-p—phenylene)blsmalelmlde.

5. A-thermoseﬁting'resin composition'according to claim
2 or claim 3 whéteinithe maleimide compound is a
polymalelmlde of formula (II) in whxch n_ has a value of from

15 0.1 to 10.

6. A thermosettlng resln composxtlon accordlng to. any
one of claims 2 to 5 whereln the welght ratlo of the

maleimide compound to the alkenylphenyl compound ranges from

o Re

20 1:1 to 300:1. .j~*

7. A thermoeeﬁting'resin'composition according to any

one of claims Z'to?Gﬁwherein the alkenylphenyl compound is



rizabl e unsaturat ed polynetS' and radical - pol ymerizabl'e unsaturated’
mers. 25 12. A thernosetting resin conp05|t|on accordln@jto claim

: erein the polynmerizabl e unsaturated conmpound i Elmu Bﬂl“uu nyl
noroner selected from styrene, substituted - 30- |tr|Ie
~acrylic dacid, acrylic esters,. methacrylic acid, net acryllc esters,

acryl am de, egC|dyI : acrylate and. gl yci dyl nethacrylate 5 13. | =~J

t hernosetting resin conposition dkbordlng to claim10 wherein the - e

~ pol yneri zabl & ‘'unsaturat ed conpound is unsaturated pol yester, cycllzed

pol ybaehactad, fopmpprysapaapenylnaliiager padl 1in88460| dimene. . o0 .10

- 14. A thernpsetting resin conposition according to clalnt 1 mhereln the

rati otBEreRE - combi ned wei ght of -the mal ei mi de conpound and the %

al kenyl phenyl conmpound to the wei ght of the pol yneri zabl e unsaturated

conpound ranges from 1:50 to 200:1. 15 15. A .t her nosetting resin.

comog 11 00 R°ERLIhREckR: 5Bl ohbBET LR Sk BkRY LoinoocT! Ped -

her ei n
'S5 one of clalms 2 to 6 wherein the alkenylphenyl compound is-5'

selected from N-(p-isopropenylphenyl)maleimide and ltneaff'

dimers thereof.

9. A thermosetting resin composition according tolclaim
10 1 which contains at least one polymerizable unsaturatbdt
compound in addition to the maleimide compound and the -

alkenylphenyl compound.

'10. A thermosettihg resin composition according to any
15 one of claims 2 to 8 which contains at least one
" polymerizable unsaturated compound in addition to the

maleimide compound and the alkenylphenyl compound.

11. ‘A thermosetting resin compositioh according to claim

o T g

20 10 wherein the polymerlzable unsaturated compound is at
least one compound selected from vinyl monomers, radlcal-
polymerizable unsaturated polymers, and radical-

polymerizable unsaturated oligomers.

25 12. A thermosetting resin composition according to claim
- 10 wherein the polymerizable‘unsaturated compound is at

least one vinyl monomer selected from styrene) substituted



N/
_ N
)
é
10

[T o

= 30-
styrenes, acrylonitrile, acrylic acid, acrylic esters, .

methécrylic acid, methacrylic esters, acrylamide, glycidyl

. agrylaﬁe, and glycidyl methacrylate.

13. A thermbsetﬁing resin composition according to claim

10 wherein the polymerizable unsaturated compound is

unsaturated polyester, cyclized polybutadiene, or

_polybﬁtadiene having the 1,2-double bond.

14. A thermosetting resin composition according to claim.

. _ o
10 wherein the ratio of the combined weight of the maleimide

compound and the alkenylphenyl compound to the'weight of.the'

polymerizable unsaturated cbmpound ranges from 1:50 to

. 200:1.

15

. g AR

15. A thermosettihg.resin composition according to claim
1 or claim 2 substantially as described herein.

L

(¢



