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UNSATURATED | M DE COVPOUNDS CONTAI NI NG ALI CYCLI C STRUCTU

PROCESS FOR PRODUCI NG THE SAME AND | NTERMEDI ATE THEREFGRQDCB}
THE | NVENTT-ON i " This invention relates to a novel unsat ur at ed

i mi de conpdund ;which is well soluble in an organlc__solvebﬁkﬁbd gi ves a
cured produgt eéxcel lent in heat resj gtance, |ow water absorbability and
erX|b|I|ty\ a process for prodUC|ng the unsaturated i mde conpound; and

an |nterned ate t her ef or .

RHEROOBkcF

A thernosetting reS|n conposi tion

conpri si g’ ﬁﬁ%%ﬁb SOFRAASE a8y, ?ﬂﬂﬂﬁﬁai can
be used as aspgrm nate %e@%lec rnsulati ng f’Cmat erval;, - sri |Er(g

andPBDﬁSSSnEDﬂlﬁ@OﬁﬁﬂéNﬂawﬁE ISAMENANS SNTERMEDIATEl FHEREROR

mat eri al
fields.

conpound and a di am no conpound which are

This invention is also concerned with a dinitro
i ntermedi ates for producing the

above unsBAGRERQUNDvi @R TEDnPEUERT ION Heretof ore, electric and
el ectronic parts such as sem conductor and the |ike have been sealed wth

an epoxy resin.

econom cal | y advant ageous than hernetjc

imide compound which is well soluble in an organic
solvent and gives a cured product excellent in heat
resistance, low water absorbability and flexibility; a
process for producing the unsaturated imide compound ;
and an intermediate thérefor.

A thermosetting resin composition comprising
tﬁe above unsaturated imide compound as a main component
can be used as a laminate, sealing material, insulating
material; sliding material and other molding materials
in the electric and electronic fields.

This invention is also concerned with a
dinitro compound and a diamino compound which are
intermediates for producing the above unsaturated imide
compound .

Heretofore, electric and eléctrﬁnic parts such
as semiconductor and the like have been sealed with an
epoxy resin. This-is because the sealing with an epoxy
resin is more economically advantageous than hermetic
seal system using glass, metal and ceramic. However,
the recent trend is that the conditions for use of.elec-
tronic parts become severe. For example, the fabrlca—
tion method is now switching from insert fabrication to

surface fabrication, and this is accompanied by a result

ThiZhis Reenson Heekates nee wh t ROERL eposgturatsed is nore



seal systemusing glass, netal and ceram c. However, the recent trend is
~that the conditions for use of elec- tronic parts becone severe. For
exanple,; the fabrica- tion nmethod is now switching frominsert fabrication
to surface fabrication, and this is acconpanied by a result

- 2- that sealing materials per se arg exposed to sol der bath
tenperatures. Consequently, the sealing material is required to have
excel | ent hbat sesilingnmeteldadveper separe ladoseddaonaio e ibbwnt |y
satisfy the requirenent °~ for heat resistance. Ther nosetting
pol yi m de kempars&urpag h&onseguenglyposbe fSeelting parteasalofisobt ai ni ng

hi gh heat resis- tance. For exanple, 4,4'-diphenylnethane bisnaleimde

has been kEeWnizsdatpi BapHPerKLEd lepte hehsr mesdistiange ;r dowevethe cur ed
product of this conpound is excellent in heat resistance, but is brittle
and hi gh i FPRYYr BSS1BEoPPCRPY. SKESSCipRtd Ve SAsooAT Hhse FeQowrenentility in
gener al pu$$ose ogganic solvents and it is difficult to prepare a varnish
t her ef rom TR t R@2FoF RBLFOATGR-a | aninate or the Iike. The known

eneral nethod for arin nsatu-. rated i mde co unds is.a chem cal
?ing-closure nethodpﬁﬁgrmosgtglng polylmlge resgn—segggng as been :

proposed for the purpose of obtaining high heat resis-
tance. For example, 4,4’'-diphenylmethane bismaleimide
has been known as a bismaleimide type thermosetting
resin. The cured product of this compound is excellent
in heat resistance, but is brittle and high in hygro-~
séopicity. Also, this compound has a low solubility in
general purpose organic solvents and it is difficult to
prepare é varnish therefrom in the formation of a
laminate or the like.

‘The known general method for preparing unsatu-
rated imide compounds is a chemical ring-closure method
which comprises reacting an aromatic amine solution with
a solution of an acid anhydride such as maleic anhydride
or the like, and then allowing a dehydrating agent to
act thereon [USP 2,444,536; Org. Synth., 41, 93 (1961)
and the like]. However, ﬁhis method has a tendency that
acetic acid, though in a slight amount, remains in the
product and hence acetic acid odor becomes a problem
when the product is cured at a high temperature.
Impurities due to. acetic acid tends to be produced under
some conditions, whereby the pﬁrityféf;%réduei is

lowered. Many proposals have been made for solving this



whi ch conprises reacting an aromatic am ne solution with a solution of an
aci d anhydri de such as nmaleic anhydride or the like, and then allow ng a
dehydrating agent to act thereon [USP 2,444,536; Org. Synth., 41, 93
(1961) and the like]. However, this method has a tendency that acetic
acid, though in a slight anmount, remairgs 4 n the product and hence acetic
aci d odor becones a problem when the product is cured at a high

t enper at ur @rodlymu i tA esyplical craeple titeredfnis 4 andvehed odompdisrder
sonme conditions, whereby the purity of product is |owered. Many proposals
have been nade fe@cigiyian argmatic amine solution with a solution -3-

problem A 2¥pical exanpl e thereof is a nmethod conpris- ing reacting an
aromati ¢ afifh@ns@aid enhydmide svich ian natein amhydnidg detr deheuch as
mal ei ¢ anhydride or the |ike, and then heat-dehydrating the resulting amc

aci d sol utiidif 4 dhdden iNRA TR 19 Sfpresuleinganic pebdt Kokoku
No. 55-46,§$§{ Japanese Patent, Appljcation _Kokali No, 60-11,465 and the
like). AccSdidfg T ThiSRusfetHdtE TP SRR | Eoki kTP o HRRP®SRd hence,

(here LS MRS A, SELE, 501 0 BRI o RO MR Laea 81
Kokai No. 60-11,465 and the like). According to this
method, no acetic acid is produced, and hence, there is
no problem due to acetic acid. However, since unsatu-
rated imide compounds which are thermosetting resins are
exposed to high temperature during curing, there are
suéh problems that a high molecular weight product and
gel are produced depending upon the reaction conditions
and the structure and reactivity of the imide, whereby
the purity of product is lowered and the still is
contaminated. When the reaction conditions are made
mild for solving the above problems, the reaction time

must be greatly prolonged.

SUMMARY OF THE INVENTION

It is an object of this invention is to pro-
vide a novel unsaturated imide compound whose solubility
in general purpose organic solvent has been improved
without adversely affecting the heat resistance of its
cured product and which can give a cured product having
iméroved low water absorbability and flexibility.

It is another object of this invention is to

provide a process for p;oduCing an unsaturated imide



exposed to high tenperature during curing, there are such problens that a
hi gh nol ecul ar wei ght product and gel are produced dependi ng upon the
reaction conditions and the structure and reactivity of the im de, whereby

the purity of product is |lowered and the still is contam nated. Wen the
reaction conditions are made mld fer 4selving the above problens, the
reaction tinme nust be greatly prol onged. SUWWARY OF THE | NVENTI ON

It is an obpspousd hisivyinghwedtigin pucity mmd geridiea B-meMsdsensat ur at ed

i m de conpound whose solubility in general purpose organic solvent has
been i npr oee@ligabiddtyadvens ippdie ettdmoint ke dwal ofsistanee, of its

cured product and which can give a cured product having inproved |ow water
absorbabi ity and fl &k BiS i yurther object toff hdrotimererchjmctioftd hi s
invention is tQ, provide a process for, producing an unsaturated im de

-4-  conpBERIAE PnFRETHCGR WM Fesfid Gommositiampoduich st igiats | ity in
a sinple step..in.a_goad efficiency. . ) It is a further object of
this inven?igﬁrﬁg P%O%uE%OSFEEﬁQe%ﬁéHﬁb§¥&%§9ﬂ§QT§ﬂ§i%ﬁﬁﬂﬁﬁﬁtQQh?TMﬂ ch can
grve siveness and heat resistance.
It is a still further object of this invention
is to provide an ‘electronic part sealed with the above
thermosetting resin composition.
It is another cbject of this invention is to
provide a diamino compound and dinitro compound which
aré intermediates for preparing the unsaturated imide
compound . |
Other objects and advantageé of this invention
will become apparent from the following description.
According to this invention, there is provided
an unsaturated imide compound represented by formula
(1):

0

/CL)\ (Ri)a (R)e Ry ‘R:';_)a N/\D
NGO O

(R.),.
(Ry)y, (Ry) 4 (Ry) ¢ i’b

(1)

wherein Q represents an alicyclic structure-containing
hydrocarbon group having 4-20 carbon atoms; each of Ry,

Rz, Rs, R4, R; and R; represents a hydrogen atom, a



a cured product excellent in noisture resistance, adhe- si veness and heat
resi st.ance., It is a still further object of this invention IS
to provide an electronic part sealed with the above t hernosetting resin
conposi tion. It is another object of this inventionis to
provi de a diam no conpound and dinitro_conmpound which are internedi ates
for preparing the unsaturated inmde ~ Zompound. O her objects

and advantﬁgggggg BQEﬁ'i%X?@P&%ﬁgﬁg§4g§¥§§¥“i5¥¥ﬁ§f¥ﬂﬁf5§¥95$e fol | owi ng

description nventi there 1S provided an

unsat ur at egy L dg-C ' s
debiil U8 CATRAUGE SRR RNHIA D %y Fhod E%rm{?;d{r%‘?anr%on gr oup

wherein Q represents an alicyclic stru

having 4-29_gatheBoat atbmsqaccdl of &, b, A &, le AL lreffdddes Rl err]

and R[err] represents a hydrogen atom a
an integer of 0-4 satisfying the conditions of a + b <

4, c+d < 4, and e + £ £ 4; and D represents a divalent
organic.group having 2-24 carbon atoms and an
ethylenically unsaturated double bond.

This invention further provides a process for
producing an unsaturated imide compound represented by

formula (1) which comprises reacting an diamino compound

represented by formula (2):

(Ry), (R) (Ry)e (Ry) o
HZN _\ /— NH2
N
ROty
(Ry)y, R4 . Ry, Bp

wherein Q, R;, R;, R;, R,, R; and R; are as defined in
formula (1) and a, b, ¢, d, e and f are also as defined
in formula (1), with an unsaturated dicarboxylic acid

anhydride represented by formula (3):

D

0
0] .



hal ogen atom a hydrocarbon group having 1-6 carbon atons or a

hal ogen- cont ai ni ng hydrocarbon group having 1-6 carbon atons; each of a,
b, ¢, d, e and f represents an integer of 0-4 satisfying the conditions of
a+bferr] 4, c +dJ[err] 4, and e + f [err] 4; and D represents a

dival ent organic group having 2-24 cagbon atons and an ethylenically
unsat ur ated doubl e bond. Thi's invention further provides a
process fogherpindiCiiBy agn deFIMd ' oynd Jenreseny y
formula (1) which conprises reacti %giegr?ﬁug% ﬁl\(gmgolr\‘rgp%ourYS‘q-'r reprﬁgaent ed by
formul a (2pmifeaclid compound repregrRid v silehil @arr], Rerr],

Rlerr], Rerr] and Rlerr] are as defined in fornula (1) and a, b, c, d, e
and f are also as defined:.in formula (1), with an unsaturated dlcarboxyllc
acid anhydride represented by fornula (3): [err]

0 : )
/lk (Ry) , (Ry) o (Ry) (Ry) 5 )\
D NH NH T
cl:OOH §:>‘ } g} 5 HOOC

(Ry)}, (Ry) 4 (Ry) ¢ (Ry)y,

wﬁerein Q, Ry, Ry, Ra, Riy Ry, Ry, D, &, b, c, 4, e and f
are as defined in formula (1), and heating the amic acid
compound in a non-protonic pelar solvent in the presence
of an écidic catalyst to cause hydration-ring-closure
reaction (imidation). The dehydration-ring-closure
reaction (imidation) of the amic acid compound may be
effected in the presence of an acidic catalyst in two
stages, in the first stage of which preliminary reaction
is effected at a temperature of 60°C to 120°C while the
water formed is removed by azeotropic dehydration and in
the second stage, reaction is effected at a higher
temperature than 120°C while the water formed is removed
by azeotropic dehydration. .

This invention further provides a diamino
compound represented by formula (2) mentioned above or a

dinitro compound represented by formula (5), the two



-6- wherein Dis as defined in formula (1), to synthesize an amc acid

conpound represented by formula (4): [err] : : N Q
Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], DT}AI,S §HE Hégw@Eﬁndf are
as defined in formula (1), and heating the am ¢ agid 5@ﬁh i n_d

non- protoni c polar solvent in the presenee of an acidic catalyst to cause
hydration-ring-closure reaction (imdation). The dehydration-ring-closure
reaction (beiddgtiphproedipsesniforapreépamipguntienapspsuraitdctigdden t he
presence of an acidic catalyst in two stages, in the first stage of which
prel i mi nargoreaeRdoff £orBpfacidd:at a tenperature of 60[err]Cto 120[err]C
while the water fornmed is renoved by -azeotropic dehydration and in the
second stage, reaction is effected at a higher

(Ri)a : (Rl)c (R3)e (Ri)a
O,N | /_ . NO,
Do
(Ry)py  (Rydyg (Ry) ¢ (Ry)p

wherein Q, R;, R, R;, R, and a, b, ¢, d, e and £ are as
defined in formula (1).

This invention further provides a thermo-
setting fesin composition comprising the unsaturated

imide compound of formula (1) and a curing accelerator.

DETAILED DESCRIPTION OF THE INVENTION

The alicyclic structure-containing unsaturated
imide compound of formula (1) is excellent in solubility
in general-purpose organic solvents, and the cured pro-
duct of the unsaturated imide compound is excellent in
heét resistance, low watef—absorbability; flexibility
and the like.

The diamino compound represented by formula
(2) and the dinitro compound represented by formula (5)
are novel and useful as intermediates for preparing the
unsaturated imide compound of formula (1).

T T The diamino compound of formula (2) is also
This Sheet Has Been Replaced

L




tenperature than 120[err]C while the water fornmed is renoved by azeotfopic

dehydrati on. This invention further provides a diamno conpound
represented by formula (2) nmentioned above or a dinitro conpound
represented by fornula (5), the two -7-
being intermedi ates for preparing the gnsaturated i mde conpound of
formula (1): [err] wherein Q Rerr], Rerr], Rerr],

Rl err]/anduaseflhl @s & onrdmd fagense for difd natsdtufatedil imids .com-
This invention further provides a therno- setting resin conposition
conpri si ngpthadupfatfvrandd (ilni-de Themgdend nof damponirad (dff fowhmwleuri ng
accel erator. . DETAI LED DESCRI PTI ON OF THE | NVENTI ON
(2) is excellent in solubility in general purpose
organic solven;s, and hence, when it is used as a curing
agent for the unsaturated imide compound of formula (1)
or as a starting material for preparing the imide com-
pound of formula (1), the processability and workability
are improved. Also, when it is used as a curing agent
for the unsaturated imide compound of formula (1), a
cured product having excellent heat resistance, tough-
ness and low water-absorbability can be obtained.
| The production process of this invention has
the following advéntages:
(A) | The unsaturated imide compound can be produced
with a high purity in a simple step in a good effici-
ency.
(B) The catalyst, solvent and washing liquid used
can be separated and reused, and hence, the process is
very advantageous in economy.
(C) The total amount of the solvent used in the
crystallization step is relatively small, and hence, can
be controlled to that within the capacity of the appara-
tus used in the reaction. Therefore, the process does
not require a separate large apparatus for pelletiiation
which is usually required, and the recovery of the
solvent used can be effected in a short time.
(D) A series of the reactions including from the

reaction for obtaining a dinitro compound from a nitro-



The alicyclic structure-containing unsaturated im de conpound of formula
(1) is excellent in solubility in general-purpose organic solvents, and
the cured pro- duct of the unsaturated imnm de conpound is excellent in

heat resistance, |ow water-absorbability, flexibility and the Iike.

The di am no conmpound represented by foggmula (2) and the dinitro conpound
represented by fornula (5) are novel and useful as internediates for
prepari ng pérezenmsdeéniwvabivenadd eobpsphdnofl tor thearggrtion for The

di am no conpound of fornula (2) is also

-8- usef Wbainingrthg fiwal tonsathratedaimideedomppyadcemn bgound of
formula (1). The di am no conpound of formula_ (2) is excellent in

sol ubi | i t ycondyered aVipappbséscdrfing cosopvehfyingndnkesmediaten it is used
as a curing agent for the unsaturated imde conpoung of formula (1) or as
a starti nPFRAEFFSy #B¢ PPRESri ARGt haMPni ABPREAFISpotRGOST 2R8r fIPa (1),. the
processabi] jty and workabili are.ipproved., Also..when it is used as a
curing age%&kgffﬁq?hﬁegn£3Fu%g?eﬂs?ﬁ?ggoeoﬁﬂGUBBréﬁlFSEﬁﬁPacef)gea cured
product having,excellent heat resistance, tough- ness and |ow '
wat er - absdtbabitity can be obtai ned.

In addition, when the imidation is effected in
two stages, it is possible to shorten the reaction time,
reduce the amount of the high molecular weight product
and produce a highly pure product.

The thermosetting resin composition of this
iﬁvention may contain an epoxy resin and an epoxy resin
curing agent. The thermosetting resin composition is
excellent in processability and the cured product
thereof is excellent in heat resistance, particularly
strength and adhesiveness at high temperatures. Thus,
the thermosetting resin composition is useful as a
laminate, sealing material, insulating material, sliding
material or other molding materials in the electric and
electronic fields. 1In particular, since the thermo-
setting resin composition is superior in moisture
resistance to the conventional thermosetting resins, it
is very useful as an sealing material for electric and
electronic parts. The electronic parts sealed with the
thermosetting resin composition of this invention is
excellent in heat resistance, moisture resistance and
solder cracking resistance.

In formula (1) for the imide compound, Q



The production process of this invention has the foll ow ng advant ages:

(A The unsaturated im de conpound can be produced w th a high purity
in a sinple step in a good effici- ency. (B) The catal yst, sol vent
and washing liquid used can be separated and reused, and hence, the
process is very advantageous in ecangy.- (O The total anmount of the
solvent used in the crystallization step is relatively small, and hence,
can be copéppbkefitboahhallivithin sheucapae-idpnah iniagapiaadent us used in
the reaction. Therefore, the process does not require a separate |arge
appar at us hpdrpebkbonzgroop hekilal 4s 20scaldbpnr eqomsedndargptiloalr ecovery of

the solvent used can be effected in a short tine. (D) A series of
t he reacti eramphebuthagepfoanchuder gaoupsn regresientiedi By &héi nitro conpound
froma nitro- ' -9- benzene derivative

and a bi spfehdbwingt Rermudasi ¢a)f &0 (&Btaiemidngronest cdalfogmedasr at ed i mi de
conpound can be conducted w thout isolating or purifying internedi ate
products, &Ad-héRdeandnécyi age REFLLEFRELS: abor and the

H3cj<;:j>—C(CH3)2- (a), H3C:j€:;>:CH(CH3)2 (b},
- (e), : ‘_‘E::]::;l—— £

In formula (1), each of R;, R;, R;, R;, Ry and

R; represents a hydrogen atom, a halogen atom, a
hydrocarbon group having 1-6 carbon-atoms or a halogen-
containing hydrocarbon group having 1-6 carbon atoms.
The hydrocarbon group having 1-6 carbon atoms includes
straight or branched chain alkyl groups such as methyl,
ethyl, propyl, butyl, amyl and hexyl; cycloalkyl groups
having 3-6 carbon atoms such as cyclohexyl group and the
like; and phenyl group. The halogen-containing hydro-
carbon group having 1-6 carbon atoms includes the above-
mentioned alkyl groups having 1-6 carbon atoms whose at

least one hydrogen atom has been substituted by a



|ike required for the isolation and purification can be saved.

In addition, when the imdation is effected in two stages, it is possible
to shorten the reaction tinme, reduce the anount of the high nolecul ar

wei ght product and produce a highly pure product. The

t hernosetting resin conposition of this invention - nmay contain an epoxy
resin and an epoxy resin curing agénﬂl The thernosetting resin conposition

I d h ; d d h f is’ |1
b heat 165 ceéé‘raﬁ“‘?%xﬁ?f??hﬁa%g,oesﬁs §Pn BAe R LUSResE ot high
tenperaturé%ﬁ? % £Q£1*QEEHBS$E§EHQ resin conposition is useful as a

| am nat e erla rnsu ing mterial, sliding material or other
nol ding materials in the electric and electronic fields. In parti cul ar,
since the thernb- setting resin conposition is superior in noisture

Tesistance to the copyepbiplak khqrngsgébkegeheglanlbhleh% vegunusef ul  as
an sealing material for electric and el éectronic parts. The el éctronic

parts seal gd %ﬂ: dpthevih§epopsethirBenr @6bfisCAAROEH! L@RYQENLkag liynvention is

excellent 1n heat resistance, noisture resistance and sol der cracking

resi stanceynsaturated dbuabler buohd,(ahdf eypibeli skdmptespeanhedeo®
include -CH=CH- (g), CH;=C-CH,- (h), -C(CH;)=CH- (i) and
-C(Cl)=C(Cl)- (J)-. '

In formula (2) for the diamino_compound, Q,

R;, Rz, Rs, Rs;, Ry and R; are as explained above as to
formula (1), and the diamino compound represented by
férmula (2) includes bis[4-(4-aminophenoxy)phenyl]-
menthane, bis{2—(4—aminophenoxy)phenyl]meﬁthane, 1-[2-
(4-amin§phenoxy)phenyl]—8-[4—(4-aminophenoxy)phenyl]—
menthane, bis[4-(3-aminophenoxy)phenYl]menthane, bis[2-
(3-amino-phenoxy)phenyl Jmenthane, 1-[2-(3-aminophenoxy)-
phenyl]-8~[4-(3-aminophenoxy)phenyl Jmenthane, bis[4-(4-
aminophenoxy)-3-methylphenyl Jmenthane, bis[4-(4-
aminophenoxy)~3,5-dimethylphenyl Jmenthane, bis[4-(4-
aminophenoxy)-3-butyl-6~-methylphenyl Jmenthane, bis[4-(4-
amino-5-methylphenoxy)-3-methylphenyl Jmenthane, bis[4-
(4;amino-5-methylphenoxy);3,S—dimethylphenyl]menthane,
bis[4-(4-amino-5-methylphenoxy)-3-butyl-6~-methylphenyl]-
menthane, bis[2-(4-aminophenoxy)-3-methylphenyl]-
menthane, l1-[2-(4-aminophenoxy)-3-methylphenyl]-8-[4-(4~
aminophenoxy)-3-methylphenyl Jmethane, bis[4-(4-amino-

phenoxyphenyljdicyclopentane, bis(2-(4-aminophenoxy)-



- 10 - represents an alicyclic structure-containing divalent hydrocarbon
group ,having 4-20 carbon atons and typical exanples thereof include groups
represented by the following fornulas (a) to (f), and groups of fornul as
(a), (b) and (c) are preferable: [err] In
formula (1), each of Rerr], Rerr], _Rperr], Rerr], Rerr] and Rerr]
represents a hydrogen atom a hal ogen atom a hydrocarbon group having 1-6

carbon at ongheriy B hal egebopefieahal, ni ng (BydnorapheRoypReYijNg 41- 6 car bon
atons. The hydrocarbon group havfng 156 carbo% atonngnglggésq4straight or

Eranc_hed Ch(a4-Farmixk(yﬂ:hgno:up$pﬁgﬁ?lq&iﬁ?bm&ﬁbentéhéy|biBEQpi(by—aﬂh‘.h)éL, anyl and

exyl; cycl oal kyl groups having 3-6 carbon atons such as cycl ohexyl group

and the phenoxy)phenyl]dicyclopentane, bis[2-(3-aminophenoxy)-
phenyl]dicyclopentane, [2-(3-aminophenoxy)phenyl]-[4~(3-
aminophenoxy)phenyl]dicyclopentane, bis[4-(4-amino-
phenoxx)—3-methylphenyl]dicyclopentane, bis[4-(4-
aminophenoxy)-3,5-dimethylphenyl Jdicyclopentane, bis[4-
(4~aminophenoxy)=-3-butyl-6-methylphenyl ]Jdicyclopentane,
bis[4-(4-amino-5-methylphenoxy)-3-methylphenyl]-
dicyclopentane, bis[4-(4-amino-5-methylphenoxy)-3,5-
dimethylphenyl]dicyclopentane, bis[4-(4-amino-5-
méthylphenoxy)-3-butyl—6—methylphenyl]dicyclopentane,
bis[2-(4—aminophenoxy)-3—methylphenyl]dicycloéentane,
[2-(4-aminophenoxy)-3-methylphenyl]-[4-(4-aminophenoxy)-
3-methylphenyl ]Jdicyclopentane and the like.

The unsaturated dicarboxylic acid anhydride
represented by formula (3) includes, for example, maleic
anhydride, itaconic anhydride, citraconic anhydride,
dichloromaleic anhydride, pyrocinchonic anhydride,
tetrahydrophthalic anhydride and the iike; Diels-Alder
reaction products of these uns&turated dicarboxylic acid
anhydrides with dienes such as cyclization-addition
productslof cyclopentadiene, furan or terpinene with
maleic anhydride, and these compounds may be used alone
or in admixture of two or more.

The unsaturated imide compound of formula (1)
can be produced by a process comprising preparing an

amic acid compound of formula (4) from a diamino com-



| i ke; and phenyl group. The hal ogen-contai ni ng hydro- carbon group having
1-6 carbon atons includes the above- nentioned al kyl groups having 1-6
carbon atons whose at | east one hydrogen atom has been substituted by a

- 11 - halogen atom The hal ogen atomincludes fluorine, chlorine,
brom ne and i odi ne. Infd3nd a (1), D represents a dival ent
organ- ic group having 2-24 carbon atons and an ethylenically unsaturated

doubl e bongpuadd otfy giogaiulax )l @éadt ker egfsa tiunatate diGaatexylgs
CHerr]=CGCHerr]- (h), _C(nge”]):m (i) and -C(d)=C(A)- (j).

In fornul aac2y pohydrddg &f fe@odpoudd,, @nd mfhary |subdegtying fghe r]
Rlerr], Rerr] and Rerr] are as expl.ai ned above as to fornula (1), and

the di ani n8™éEnBAGtAd SOBROMEEN F0) dRRY G thana (ENT 1 HAMRR reaction
bi s[ 4- (4-am h .ph | - th ,

b oL R BRREISN R Ermstha o g sasalyc.
(4-an1nophenoxy)phené#%%g%%éfﬁéh§%hp%&h%%%%%%ang@%ﬂd cJHHgJEH“%f

bi s[ 4- (3- am nophenox ane, _

et 1% RSP reaians: ol B BAanen U omgansc
solvent solution of the unsaturated dicarboxylic acid
anhydride of formula (3) with a solution of the diamino
compound of formula (2). In this case, ;he unsaturated
dicarboxylic acid anhydride is preferably used in a
proportion of 1-1.5 equivalents per equivalent of the
amino group of the diamino compound. When it is less
than 1 equivalent, some amino groups remain without
being cohverted to amic acid, and the use of more than
1.5 equivalents of the unsaturated dicarboxylic acid
anhydride is insignificant and rather undesirable
because unreacted unsaturated cafboxYlic acids become
left in the product. Usually, the diamino compound
solution is continuously or in portions added to the
organic solvent solution of the unsaturated dicarboxylic
acid anhydride. The time required for the addition may
be such that the formation of by-products is not remark-
able though this is not critical, and usually, it is
about 0.5-6 hours. The reaction temperature may be in
the range of -20°C to 120°C, preferably room temperature
to 60°C. When the temperature is too low the reaction
is too slow, and when the temperature is too high by-

products such as polymers and the like are produced to



am nophenoxy) - 3- net hyl phenyl ) nent hane, bi s[4-(4-

am -nophenoxy) - 3, 5- di net hyl phenyl ] nent hane, bi s[4-(4-

am nophenoxy) - 3- but yl - 6- et hyl phenyl ] ment hane, bi s[ 4-(4-

am.no- 5- net hyl phenoxy) - 3- net hyl phenyl ] nent hane, bi s[ 4-

(4-am no- 5- met hyl phenoxy) - 3, 5- di net kylighenyl ] nent hane,

bi s[ 4- (4- am no- 5- et hyl phenoxy) - 3- but yl - 6- net hyl phenyl ] - nent hane,
bi s[ 2- (4- abkdwephthexpyrityecfytprenplipctimenthmpeound.

1-[ 2- (4- am nophenoxy) - 3- et hyl phenyl ] - 8- [ 4- ( 4-
aninophenoxy)-3-neth%hﬁhéﬁ}V?ﬁgtﬁaﬁegibssﬁﬂlgg-§hﬁn§n5aturated
phenoxyphenyl ] dj cyc| opent ane, - (4- am_nopheno

bi 2 -
PO P A oGl oF L saBhYREL a8, aa FORHBAB.)) bhéRgLpdes. non-

(i cycl operRERESA LT SPSIHS. ST VERERnaRSh- A= Henp PR AL EErapLRane,
bi 51 - (4 ARPRECRY ERBRERY1 38! natROFBRERG P CaReaey oRaRERRET Bral 4 (4
o3y At R BOERNC ol MEOhDSE:  PathiontA1AELEO 0N
 Sf (SRR e PRELOAT LI dsiclanee 0t
bi s[ 4- (4- afd NReRane TEhEYLRHENOYEase DUEYL16n8RERY! RPRENYHhE I EXEl Opent ane,
aromatic hydrocarbons such as toluene, xylene and the
like; and halogenated hydrocarbons such as 1,2~-dichloro-
ethane, chlorobenzene and the like. These may be used
albne or in admixture of two or more.
The total amount of the solvents used is 1-10
times thé total weight of the unsaturated dicarboxylic
acid anhydride and the diamino compound, and preferably
1-5 times in view of the yield per one reaction. The
reaction is completed in about 0.5-4 hours after comple-
tion of the addition of the diamino compound, upon which
the amic acid of formula (4) is obtained.
Subsequently, the'ring—closﬁre reaction is
conducted to produce the unsaturated imide compound of
formula (1).
lThe non-protonic polar solvent may be basicalQ
ly the same as used in the formation of the amic acid,
and includes oxygen-containing and nitrogen-containing
solvents such as dimethylformamide, dimethylsulfoxide,

dimethylacetamide, l-methyl-2-pyrrolidone, sulfolane,

1,3-dimethyl-2-imidazolidinone and the like and mixtures



bi s[ 2- (4- am nophenoxy) - 3- net hyl phenyl ] di cycl opent ane,

[ 2- (4-,am nophenoxy) - 3- et hyl phenyl ] - [ 4- (4- am nophenoxy) -

3- et hyl phenyl ] di cycl opentane and the |ike. The unsat urat ed

di carboxylic acid anhydride represented by fornmula (3) includes, for
exanpl e, maleic anhydride, itaconic amdydride, citraconic anhydri de,

di chl oromal ei ¢ anhydri de, pyrocinchonic anhydride, tetrahydrophthalic
anhydri de thdrepé-like; Diels-Alder reaction products of these unsaturated
di carboxylic acid anhydrides w th dienes such as cyclization-addition
products of cycl openfadicené&ehyidration-tmmyedosusd s mEuwiad ahiy<dri de, and
t hese conpounds_ may be used alone or in adm xture of two or nore.

The unsat utBge8hfniBddasipduFeastitsr nagderl)is Earnssl .or dducsidly a process
conpri sing 8regﬁrin an__am c acid conpound of fornmula (4) froma diam no
com © "to take the water out of the sypfen, gouds erefenaile B and an

unsat ur at ed ﬁicgrboxglic .acid.anhydride of fornula (3), and then
subj ect i ng®EHBCT aRFE EEPR-CoflFEHF s Ofe Mydnat fdn LEawE- OnGs Bl issdct i on by

Qrerf‘f:i ng g”‘g%h %5%§ﬁgggeagfeo%r%%&%|a)ii%' distilled wibheWatdhtsad0nOf the
an aliphatic or alicyclic hydrocarbon, for example,
hexane, heptane, decane, cyclohexane or the like; an
aromatic hydrocarbon, for example, toluene, xylene or
the like; or a halogenated hydrocarbon, for example,
1,2-dichloroethane, chlorobenzene or the like. The
ambunt of the solvent used for the azeotropic dehydra-
tion is 1 to 20 times, preferably 2 to 10 time§ the
weight of the amic acid compound.

The acidic catalyst used for the ring-closure
of the amic acid compound includes mineral acids such as
sulfuric acid, hydrochloric acid, phosphoric acid, poly-
phosphoric acid and the like; organic sulfonic acids
such as p-toluenesulfonic acid, methanesulfonic acid
and the like; halogenated carboxylic acids such as
trichloro-acetic acid, trifluorocacetic acid and the
like; cationic ion~exchange resins; heteropoly-acids
such as phosphotungstic acid, phosphomolybdic acid and
the like; solid acids such as silica-alumina and the
like. Among them{ sulfuric acid, p-toluenesulfonic acid
and sulfonic acid-form ion-exchange resin are preferred.
When a heteropoly-acid is used, it is preferable to

previously treat the catalyst at 150-200°C to enhance



formula (4) is carried out by contacting an organic solvent solution of
the unsaturated dicarboxylic acid anhydride of forrmula (3) with a solution
of the diam no conpound of formula (2). In this case, the unsaturated

di carboxylic acid anhydride is preferably used in a proportion of 1-1.5
equi val ents per equivalent of the anmifo-group of the di am no conpound.
Wen it is less than 1 equivalent, sonme am no groups remain W thout being
convert ed the aatd vddiw, éﬁtﬁt&homeacﬁdm@th%rﬁul@%r%%ﬁui%l%nts of the
unsaturated dicarboxylic acid anhydride is insignjficant and rather

undesi r ablc@rHiEFa F e A tddve rearhamnt & Eifidh § cs%%%' become left in
t he product. Usually, the diam no conpound qutiPn I s.gontinuously or in

portions ¥ ey tHPTIAYMig2 Lol SARItTUT St the s at b At 34
di b li.c_.acid hydrj de._.The ti ' . it b
Slch ¢hat ARBIAG GRS by GG | S rasne aBfErtholgh this s

t it |, d It bout -5 t]
Pgnpg; :at {J(r%l%er?a?}‘%bé}é%liaé(% Kdeeplrealh%%‘%?ué)o%b[%ér‘s]%%%%f%%] ér : prjé$2r ably room
temperat i 1 ke Gy t@beer%yt?@ Bded PR WS 4OghOWE hengeaction s

too slow, and when erature 1s too high by- products such as
polymers angdAfied idi@ndio REGHIGEHE I4hd unsaturated dicarboxylic

acid anhydride in the case of a homogeneous system (the
system from which the catalyst cannot be.separated by
filtration) or 5 to 100% by weight based on the total
weight of the starting diamino compound and unsaturated
dicarboxylic acid anhydride in the case of a heterogene-=
ous system (the system from which the catalyst can be
separatea by filtration). When the amount is smaller
than the above range, the desired catalytic effect is
not obtained, and even if the catalyst is used in a
larger amount than the above range, no better effect is
obtained and rather the operation for separating the
catalyst becomes complicated. The heterogenoué catalyst
can be used as it is or after subjecting it to known
regeneration treatment depending upon the character-
istics of the'catalyst.

The reaction temperature may be varied depend-
ing upon the properties of the objective unsaturated
imide compound, and is preferably 80-160°C, more prefer-
ably 100-150°C, under reflux. The reaction time is
preferably 0.5 to 20 hours, more preferably 2 to 15

hours. The reaction pressure may be at atmospheric



- 14 - Jlower the purity of the objective conmpound. The sol vent
for djssolving the unsaturated dicarboxylic acid anhydride of fornmula (3)
i ncl udes non- protonic polar solvents such as dinethyl formam de,

di et hyl sul f oxi de, di net hyl acetam de, 1-nmethyl-2- pyrrolidone, sulfolane,
1, 3-di nethyl - 2-i m dazol i dinone and the like; aliphatic and alicyclic
hydrocarbons such as hexane, heptane,1rdecane, cycl ohexane and the |iKke;
aromati ¢ hydrocarbons such as toluene, xylene and the |Iike; and :
hal ogenat eBTRFERECar HHGSTs Fluped] pradissirieoor unstemREeSTURR o’ ene an
the |ike. These nmay be used alone or in adm xture of two or nore.

The total &FpaAeIyRtEHyY Setramiseds depending updmeda felnhtf wei ght of

t he unsaturated di carboxylic acid anhydride and, the gbﬁgino onpound, and
pr ef er abl ySO1VENEi:the FeGESFagY HeBRETSItRTFe @ N6h &N ddtioon. ﬁﬁ% reaction

is conpleted_ in.about 0.5-4 hours .after comple- . tion of the addition of
t he dimz;'m' nbe86pSind S %ﬁc\ﬁﬁdcﬁ'%’gﬁe (‘,"rgg—'(ﬁrd £t RY £~ i s obt ai ned.

Subsequent Lynshie LENIB0ME LA AL il)%_utC%f}dtt%ee%;}s%heqrr Gfsd he

unsat ur at e e conp € non-protonic

oL 0SB RS S, Ll WIS SRS LD of he
tion tube or the like.

The above reaction (imidation reaction) may be
effected in the following two stages. Ig the first
stage, preliminary ring-closure reaction is effected in
a solvent. The solvent may be the same as used in the
f&rmation of the amic acid. The temperarure for the
preliminary reaction is preferably 60° to 120°C, more
preferaﬁly 80° to 110°C, under reduced pressure under
reflux. The reaction time is preferably 0.1 to ¢ hours,
more preferably 0.5 to 2 hours. During the reaction,
the water formed by the ring-closure is separated and
taken out of the system by use of an apparatus such as
the Dean-Stark azeotropic dehydration tube or the like.

After the preliminary ring-closure reaction,
the main reaction is effected in the second stage.

While azeotropic dehydration is effected the pressure is
slowly returned to atmospheric pressure from the reduced
pressure and the temperature is elevated to a higher
temperature than 120°C, and the azeotropic dehydration
is continued. The reaction temperature is preferably

higher than 120°C and not more than 200°C, more prefer-



sol vents such as dinethyl formam de, di nethyl sul foxi de, dinethyl acetamnm de,
1- net hyl - 2-pyrrol i done, sulfolane, 1, 3-dinethyl-2-imdazolidinone and the
i ke and m xtures t her eof . Si nce
dehydration-ring-closure is caused dur- ing the imdation reaction, water
is formed. In order to take the water out of the system it is preferable
to effect azeotropic dehydration ussggat | east one solvent which can be
azeotropically distilled with water such as an aliphatic or alicyclic
hydr ocar borplyomogearkilas 1208¢aasd hopt alghetdethne, 16YEC oheWhar thet he

| i ke; an aromatic hydrocarbon, for exanple, toluene, xylene or the like;
or a hal ogésapeaaiudicods 3&0°Cf or éswepl, ethel randi-chbsuaet renetion

chl orobenzene or the like. The anmount of the solvent used for the

azeot r opi c tdmgy geanot; iben siigni ficat: Iy myrimmeidy asid) wherp 10 is mes the
wei ght of the amic acid conpound. ) . The acidic catal yst used for
the ring-chéghes t9am RO03ky cPatyBeEbrpbinE Phctheeynsriuratedci ds such as

sul furic acid, hydrochlori.c acid, phosphoric acid, poly- phosphoric acid
and the |i kB8Ldgr GEMPOURG flénicéué&dgéni HERNSs %-R@Cﬁ&ké}ﬂwm @ aci d,

nEthanesu'ngkgcggh%ly high purity cannot be obtained. The

reaction time is preferably about 1-6 hours.

After the reaction, the solvent for azeotropic
distillation is removed by distillation under reduced
pressure and the non-protonic polar solvent is subse-
quently removed by distillation under reduced pressure.
The reaction may be effected while the solvent is
removed_by distillation. 1In this case, it is preferable
to remove 70% or more, more preferablf 80% or more, of
the solvent by distillation. The larger the proportion

- of the solvent removed, the lower the cost for removing
by distillation the non-protonic polar solvent remaining
in the product from the solvent used in the crystal-
lization of product (this is explained herein-after)
becomes. When the proportion of the solvent removed by
distillation is less than 70%, the product tends to be
dissolved in the solvent when the crystallization
mentioned beiow is effected, and hence, the recovery of
the product is reduced. |

The concentrate.thus obtained is contacted, as
it is or after being dispersed or dissolved in an organ-

ic solvent, with a poor solvent, whereby the unsaturated



and the like; hal ogenated carboxylic acids such as trichloro-acetic acid,

trifluoroacetic acid and the |ike; cationic ion-exchange resins;
het er opol y-aci ds such as phosphotungstic acid, phosphonol ybdi c acid and
the like; solid acids such as silica-alumna and the |ike. Among them

sul furic acid, p-toluenesulfonic acid j@nd sul fonic acid-formion-exchange
resin are preferred. Wen a heteropoly-acid is used, it is preferable to

previously iieRd ddmpcigidlmsitid AL 2BIC hDcORRANSE, -
- 16 - the activity. The above acids may be supporte %Hcgys%%}rier such

as active qdizesn, SiHdrcaigelsolibiliey of WHeandNUSNEE SAlde 0" in the
formof a salt with an diam no conpound. The anpbunt of the acidic catalyst
used i s variompoteyeridi ritheuporgarties ldolvdriternendd @anttds 1drde | 0140% by

wei ght based on the total weight of the starting diam no conpound and
unsat ur at epegior@shdyifiiculdecitd angatdldaia the masof, addmEgeneous
system (the system fromwhich the catalyst cannot be separated by
filtrationitodss %9 EEoblyy ifeiRAACURE ALRF I ttor alse viei kptgef t he
starting di ami no conpound and unsaturated dicarboxylic acid anhydride in

the case of™MQUWRd &fHFdh&rIadE SRAVERY thrr Sha dhssPmtiamh the cat al yst

can be sy s
Hence, it 1s necessary to select a solvent capable of

adequately dissolving the alicyclic structure-containing
unsaturated imide compound. For this requirement, ether
solvents and glycol solvents are preferable, and methyl
Cellosolve and propylene glycol monomethyl ether are
pgrticularly preferable.

As the poor solvent, alcohol solvents such as
methanol; ethanol, propancl and the like; and water are
preferred. “

If necessary, the non-protonic polar solvent
may be extracted from the concentrate of the reaction
product by a method comprising adding an alcohol solvent
such as methanol, ethanol, l-propanol, 2-propancl, 1-
butanol, 2-butanocl or the like to the concentrate of the
reaction product, heating the resulting mixture at a
temperature of 40° to 150°C with stirring, cooling the
same, and then separating the alcohol layer. The amount
of the alcohol solvent used is preferably 0.1 to 10
times, more preferably 0.5 to 3 times, the weight of the
concentrate.

When the objective product is solidified in

the solvent-recovery step subsequent to the imidation



separated by filtration). Wien the anount is smaller than the above range,
the desired catalytic effect is not obtained, and even if the catalyst is
used in a larger amount than the above range, no better effect is

obtai ned and rather the operation for separating the catalyst becones
conplicated. The heterogenous catal ystagcan be used as it is or after
subjecting it to known regeneration treatnent dependi ng upon the

character - rehgtien ofr Whencahd fioduct is not eH¥E IPAUNAD HEMRGF ature may-
be vari ed depend- ing upon the properties of the objective unsaturated

i m de conpehedreardion pesiselaklfteF0the0 (it ikl a1 U N
100-150[err] C, under reflux. The reaction tinme is preferably 0.5 to 20
hour s, noresopwehér delcpudet dhes privawrc: dBes meac tbewony e&3W-e nay be at

at nospheric ‘ - 17 - pressure, under
reduced préispessdblegngaysprdssutde prpduct ader it dopmeet dmtced dependi ng
upon the kind of _solvent, the necessary tenperature and the like. The
reaction | BOWEPECP¥JaRALng the weleentotherap dimgn asovedr @f 9 Separ at ed

and taken out ,of .the s st%n1b¥lus of an apparatus such as a Dean- Stark
azeotropictaeﬁyaf§9s’ referably 0.5 to 3 times the weight of the

product to dissolve, disperse or suspend the product in
the solvent and then contacting the resulting solution,
dispersion or suspension with a poor solvent in an
amount of 1 to 20 times the weight of the product.

The solvent used includes ketones such as
aéetone, methyl ethyl ketone and the like; nitriles such
as acetonitrile and the like; acyclic ethers éuch as
diethyl éther, methyl t-butyl ether and the like; cyclic
esters such as tetrahydrofuran, 1,4-dioxane and the
like; glycol ethers such as methyl Cellosolve, ethyl
Cellosolve, propylene glycol monomethyl ether and the
like. Methyl Cellosolve, propylene glycol monomethyl
ether and the like are preferred because the product is
uniformly dispersed therein. Specific examples of the
poor solvent include water, methanol, ethanol, 2-
propancl, l-propanol, l—bﬁtanol, 2-butanol and the 1like.

The objective unsaturated imide compound of
formula (1) is obtained by filtering the crystals of the
unsaturated imide compound obtained by the above-
mentioned operation, washing the crystals with water, 2-
propanol, methanol or the like and then drying the same

by warming under reduced pressure. The product thus



t i onhig Shpetplas Reglased The above reacti pi-datd

may be I the followi ng two stages. [AHINSHEET HAS Biitdge,
preling sure reaction is effected {tn a REPLAEED. The| sol vent
may be the sane as used in the formation of tfe—amc—acTrd—The "t enperat-ure
for the prelimnary reaction is prefegahly 60[err] to 120[err]C, nore
preferably 80 to 110[err]C, under reduced pressure under reflux., The
reaction tépEaifedrigderabbyuf@idibatdphioey, asmene prakeragly 0.5 to 2
hours. During the reaction, the water forned by the ring-closure is

separ at ed meteriakein oiihdabtthe hyetesrbyifisrecbsaargppahat produet as the
Dean- St ark azeotropi c dehydration tube or the |ike. After the
prelim namay ibeg-ceosystal bacedofiromt Ar omganicastileenics satheatsedni n t he
second stage. While azeotropic dehydration is effected the pressure is

sl owl y retakerltbl ocomt Weephékee pressure fromthe reduced pressure-and the
tenperature is elevated to a higher tenperature than 120[err]C, and the
azeotropi ¢ dehydratibh 1fsaldnt Pragibleneor eREeiBnthenparaturated

prefer abl v [ NGt 030 1201 BHL) 62090795 AL 1081302 Stk Gen 0TS PreTer

solvent to the concentrate of the reaction product to
dissolve the concentrate, washing the resulting solution
and then removing the orgnaic solvent by distillation.

Specific examples of the organic solvent
include ketone solvents such as methyl isobutyl ketone
ana the like; ester solvents such as ethyl acetate and
the like; and hydrocarbon solvents such as toluene,
xylene aﬁd the like. BAmong them, ketone solvents such
as methyl isobutyl ketone and the like are preferred.
The amount of the solvent used may be varied depending
upon the solubility of the unsaturated imide compound in
the solvent, and is preferably 2-20 times the expected
yield of the unsaturated imide compound.

The washing is effected preferably by repeat-
ing mixing with water at 20-90°C and liquid separation
at least two times. The water to be used may be tap
water, industrial water, deionized water or an aqueous
sodium chloride solution. It is preferable to add a
weak base such as sodium bicarbonate or the like to the
washing water to neutralize and remove the acidic
catalyst. The pH of the aqueous layer is 4-8, prefer-

ably 5-7. The amount of the washing water is 0.5-20



ably nore than 120[err] C and not hi gher than 160[err]C. \Wen the
tenperature,is 120[err]C or lower, the ring-closure reaction tine cannot
be significantly shortened, and when it is higher than 200[err]C,

pol yneri zation of the unsaturated imde conpound is caused and hence a
product having a sufficiently high pu%%ty cannot be obtained. The
reaction time is preferably about 1-6 urs. After the reaction,

t he sol vent_.far, 0 | bsiddlation. | ed b Lstillation under
reduced prté'éns U ?}ny%%o% ;éﬂb% o‘%%%a{o%ﬁazi?écgo%%% %(%'qé%%}sl% quently
renmoved by distillationginder dyged. : t] be
effected while the SOIG%nt |gﬂﬁfennvedR%§§§#2f1I?%%?%%Eéfné§ﬁF§R§ase, it is
preferabl e; t @ LEMGABR Fs Mfovd®P Ry LTS5l i §0%@en s e, of  the

sol vent by gistlllatlon. The |l arger the proportion of the solvent renoved,
the |over Ghedtedpididdirardtitn e ditsd i111ed ] hd hendOsa PESEONLE pol ar

solvent remaining in the product fromthe solvent used in the crystal-
lization ohegesduty ( tilies imomyqlin nethgmiea s adterfendesdnpg. Wen the
proportion of the solvent renoved by distillation is less than 70% the
product teddd tratbieon .di sBoltleid icasde Golientandhen fhkter yatdl suchti on
mentioned below is effected, and hence, the recovery of the product is
reduced. as ion-adsprbenmserhaatldihemaypheiveedi s Tontoenedalast it is
or after being dispersed or dissolved in an organ-

the organic solvent by distillation is effected under

reduced pressure or at atmospheric pressure to reduce

the amount of the remaining solvent to 1% by weight or

less based on the weight of the product. The product is

taken out by heating the unsaturated imide compound to a-

melting or softening point or higher, withdrawing the

molten product from the apparatus, and then cooling the

same. According to this method, the product is obtained

in the flake form.

The diamino compound of formula (2) used as

one of the starting materials in the production of the

unsaturated imido compound of formula (1) is a novel

compound and can be prepared by reducing a dinitro

compound represented by formula (5). The reaction

mixture obtained by the reduction may be applied as such

without isolating the diamino compound to the reaction

with an unsaturated dicarboxylic acid anhydride of

formula (3).

The dinitro compound of formula (5) is a novel

compound and can be prepared by reacting a bisphenol of

formula (6):



ic solvent, with a poor solvent, whereby the unsaturated

- 19 + im.de conpound in the reaction m xture can be crystal- |ized. Wen
the solubility of the unsaturated imde conpound in the organic sol vent
used is too large, it becones difficult to crystallize the product, and
when it is too small, it beconmes neeeg3ary to use a |large anount of an
organi c solvent for the dissolution. Hence, it is necessary to select a
sol vent capabl e of adequaﬁeﬂy di ssolving the alicyclic
structure-contai ning unsatlrated inidgﬁgeﬂpound. For this requirenent,
ether solvents and gl ycol|solvents arq preferable, and nethyl Cellosolve
and propyl ene glycol nonqaethyl ether e particularly preferable.

As the poor solvent, al ¢ok solvenpj'ﬁ. as__met hanol, ethanol, propano
and the like; andBfater! 4 o & eréett., ) OH If necesé@ty, the

non- protoni c pol ar sol veg y be é‘hﬁ gted fromthe concentrate of the
reaction product by a netfhod conprising addi ng an al cohol solvent such as
nmet hanol , et hanol, 1-propanol, 2-propanol, 1- butanol, 2-butanol or the
like to the concentrate dﬁgﬂ@e reactﬂ@h)ggoduct, heating the resulting

m xture at a

wherein Q, R;, R, R;, R;, ¢, d, e and £ are as defined

D @

in formula (1), with a nitrobenzene of formula (7)s

(Ri)a

;E>>-—-N02 (7)

(Rj)b

wherein X represents a halogen atom or a nitro group and
Ri, Rj, a and b are as ‘defined in formula (1), in the
presence of a basic compound in a non-protonic polar
solvent in the conventional manner as described in, for
example, Org. Synth., 445 (Vol. II), USP 4,538,006, J.
Org. Chem., 50 (20}, 3717 (1985), J. Org. Chem., 50
{17y, 3091 (1985), Japanéée Patent Application Kokai
Nos. 61-194,055 and 62-70,347, Macromolecules, 25, 64
(1992) and the like. The reaction mixture obtained by
the above reaction may be subjected as such without
isolating the dinitro compound to reduction to prepare

the diamino compound.

The bisphenol of formula (6) and the nitro-



tenperature of 40 to 150[err]C with stirring, cooling the sane, and then
separating.the al cohol |ayer. The anount of the al cohol solvent used is
preferably 0.1 to 10 times, nore preferably 0.5 to 3 tines, the weight of
the concentrate. When the objective product is solidified in

t he sol vent-recovery step subsequent 24 the im dation

- 20 - reaction or when the product is not easily taken out of the
reaction vesszénafderivativst pAcfPomubit h7anwhlichhalre shkverarhdaguse the
product does not becone well- dispersible crystals, the product may be
formed i nteaterpahicfobyPEEERA§NENENSoiBAtrPhepppound afi fowmmatlaof 0.1 to
4 times, preferably 0.5 to 3 tinmes_the weight of the product to dissolve,
di sperse of3 5UBPERILRRTREBAGEL VENLISPRETS 0| 204t thRGSt hEAMESSt MEYi ng t he
resulting solution, ersion, ot susgension with a poor solvent in an

di s
amount of Be(&59% #}9RS gﬁelﬁe?ﬁﬂ%xﬁ?r hefpFBaueE, more. The sol vent

used i ncl udes ketone@?such as, aceton ne and the |ike;

nitriles such as ac %nP%FF?Ee%ﬁan?hgéfggé?xgﬁs%?¥%°§§hgﬁs(chh as
di et hyl et{ﬁ%lu@?%hglfiﬁ895¥£tfgggﬁzgﬂg,tggchigg6n2¥ggbgnzene, p-

bromochlorconitrobenzene, p-iocdonitrobenzene, m-dinitro-
benzene, o-chloronitrobenzene and the like, and p-
chloronitrobenzene and m-dinitrobenzene are preferred.
The nitrobenzene derivative is preferably used in an
amount of 0.8 to 1.4 moles, more preferably 0.9 to 1.1
m&le, per mole of the hydroxyl group of the bisphenol of
formula (6). When the amount is more than 1.4 moles,
the unreécted nitrobenzene derivative tends to remain in
the product. When the amount is too small, the propor-
tion of the unreacted hydroxyl group is increased and
the hygroscopicity of the product is also increased.

The bisphenol of formula (6) is obtained by
reacting a phenol with a hydrocarbon having an alicyclic
structure having a divalent reactive site [see, for
example, Chemich Berichte, 57, 854 (1924) and the like].
The reaction of an alicyclic structure-containing hydro-
carbon such as dicyclopentadiene or the like or a
terpene compound such as dipentene or the like with a
phenol such as phenol, cresol, xylenol or the like in
the presence of a catalyst such as boroﬁ trifluoride,
boron ;rifluoride-ether complex or the liké is a kind of

Friedel-Crafts reaction, and is a known procedure [see,



esters such as tetrahydrofuran, 1,4-dioxane and the |I|ike; glycol ethers
such as net.hyl Cellosolve, ethyl Cell osolve, propyl ene glycol nononethyl
ether and the 1like. Methyl Cellosolve, propylene glycol nononethyl ether
and the like are preferred because the product is wuniformy dispersed
therein. Specific exanples of the poeg solvent include.water, methanol,
et hanol, 2- propanol, 1-propanol, -butanol, 2-butanol and the I|ike.

The obj ectiye ébE@xﬁ;_bLléﬁtBﬂ patdatcoppeandsof (1beBI)n;ll putth Patehtai ned by
filtering the crystals of the wunsaturated im de conpound obtai ned by the
above- g i ofBT3DREr LD 6M) ; WwAahangsehratenst Kbkawi Nb.w4t-éB83,242 propanol ,
nmet hanol or the like and then drying the same by warm ng under reduced
pressure. aid pheduikefhus. - 21 - obtained
has a sufficient purity as the starting material in industry; however, if
necessary, the produthe Hﬁyeﬁelrﬁgﬁﬁ§§areaz§é0ﬂr@ﬁ]anpbﬁgaﬁlU1§Blvent such
as an alcohol or the I|ike. I's al so possible _to obtain the
unsat ur at ezn ¢h¢ﬁéncbﬁpbﬁﬁﬁnlﬁ°tE€°ﬁﬁPFehnfGPﬁ1BﬁeéﬂﬂFﬁg°§ &litable

solvent to the concentrate of the_.reaction %rg %t to dlssolve t he
concent r ataC1¢HS i AR~ ERENRBEEI EPRRsBFufi GAT2 [see,

example, Reagents for Organic Synthesis, 513 (1967)].
The bisphenols used in this invention can be prepared by
these known methods. '

The starting phenols for preparing the bis-
phenol of formula (6) include phenol, cresol, xylenol,
trimethylphenol, ethylphenol, propylphenol, bﬁtylphenol,
amylphenol, hexylphenol, methylpropylphenol, methyl-
butyl—phénol, methylhexylphenol, chlorophenol, chloro-
cresol, chloroxylenol, bromophenol, bromocresol,
bromoxylenol and the like, and phenol, cresol, xylenol
and methylbutyl-phenol are preferred.

The hydrocarbon containing an alicyclic
structure corresponding to the Q portion of formula (6)
include cyclic dienes such as cyclopentadiene, cyclo-
hexadiene and the like; terpenes such as dipentene,
limonene, terpinolene, terpinene, menthadiene and the
like; polycyclic structure dienes such as tetrahydro-
indene, dicycleopentadiene, norbornanediene, tricyclo-
pentadiene and the like; etc., and of these, limonene,
dipentene and dicyclopentadiene are preferred.

Usually, the Friedel-Crafts reaction is

effected with a catalyst in an organic solvent at a



and then renoving the orgnaic solvent by distillation. Specific
exanpl:es of. the organic solvent include ketone solvents such as nethyl

i sobutyl ketone and the like; ester solvents such as ethyl acetate and
the |ike; and hydrocarbon solvents such as toluene, xylene and the |iKke.
Anmong them ketone solvents such as-mg hyl isobutyl ketone and the |ike
are preferred. The anount of the solvent used may be varied dependi ng
upon the soemperaturef offhe 10Astoul 80%Q. | iz cormbyst used they Svévent . and
is preferably 2-20 tines the expected weight of the unsaturated i m de
-conpound. Bregnsted aciHeswsbhiasg hiysinofdhdoidd pradider s lfunia eqpsiat; i ng
mxing with water at 20-90[err]C and liquid separation at |east two tines.
The wat er hpdbefdsegimapché .t ByospRosic avdgst Magia tedivenesidifomized wat er
or an aqueous sodiumchloride_solution. It is preferable to add a weak
base such 8§idofFulBi ¢akBondt &S¥ist RELG 18Rty ashalupdswmFhdger to

neutralize and renove e acidig catalyst. The pH of the aqueous |layer is
18, pr ef oFL0S apEy B8, FhLPRI s OO ) IR St (0. 5 20

- 22 - tiggs the welgbt ol ¢ e wnsahuraled iTde qomqund o

boron trifluoride-ether complex or the like; an ion-
exchange resin siuch as Amberlite, Amberlist (these are
trade names of Rohm & Haas) or the like._ In view of the
production of by-products and the yield, Lewis acids
such as zinc chloride, iron (III) chloride, tin (IV)
cﬂloride, titanium tetrachloride, boron trichloride,
boron trifluoride-ether complex and the like are pre-
ferred. The reaction solvent includes toluene, xylene
and the like. The reaction, however, can be effected in
the absence of the solvent. The phenols are used in
excess of, preferably 2 moles or more per mole of, the
alicyclic structure-containing hydrocarbon. After the
reaction, the unreacted reactants remaining in the
system are removed in a manner such as steam distilla-
tion, introduction of nitrogen under reduced pressure,
thin film distillation or the like to obtain the bis-
phenol of formula (6). The bisphenol may contain an
oligomer composed of the phenol and the alicyclic
structure-containing hydrocarbon. If.it is necessary to
lower the viscosity of the unsaturated imide compound,
the higher the purity of the bisphenol component, the

better, and hence, the bisphenol recrystallized from a



After the water washing, the water content 1in the solution is renoved by
an operation such as azeotropic dehydration or the |like, and thereafter,

if necessary, the inorganic conponents are renoved by filtration. In this
case, Celite 'and a filter aid such as ion-adsorber or the |like may be
used. The renmpval of the organic solLvefit _by distillation is effected under
reduced pressure or at atnospheric pressure to reduce the anount of the

remai ni ng sYIMRALt tauditody velghie osr tiesslbrsedsonséde wei ght of the
product. The product is taken out by heating the unsaturated i m de

compound to a neltirfherbsanid ecompoyed nised 1 gbles , rab&bdeavbagehhe
nol ten product fromthe apparatus, and then cooling the sanme. According to

t hi s et hodyisghenmloducth | thebht ot nevenzene hdeflwkeiter fhcludes The

di am no conpound of formula (2) used as one of the starting materials in

t he productaldeldf matal hdrorides suehicag oppdivwn hydfoxhdéa pékrass a nove
compound and can be prepared by reducing a dinitro conpound represented by
fornul a (5siuhdydurstidh and xEhe el Bt aidbR by mekal cgrtbenataay be applied
as such wthout isolating the diam no coquund to the reaction wth an
unsat ur at e&“cﬁhcé‘rsqééiﬁa}i"d“a&a} AR i RREIS 1y pRFRORAYe and the The

dinitro comound Sl M Pydiede o SOIPOUR 204 $88:85 Prepared by
hydrogencarbonate, potassium hydrogencarbonate and the
like; alkali metal alkoxides such as sod;um methylate,
potassium.t-butoxide and the like; alkali metal hydrides
such as lithium hydride, sodium hydride and the like;
efc. These basic compounds may be used alone or in
admixture of two or more. When a dinitrobenzene is used
as the ﬁitrobeﬁzene derivative, it is preferable in view
of safety such as avoidance of explosion or the like to
use a weakly basic compound such as an alkali metal
carbonate, for example; sodium carbonate, potassium
carbonate or the like; or an alkali metal hydrogen-
carbonate such as sodium hydrogencarbonate, potassium
hydrogencarbonate or the like.

It is possible to use a known catalyst for the
coupling reaction. Active copper powder or a copper
salt prepared by the method stated in, for example, Org.
Synth., 445 (Vol. II) can be used. There may also be
used a quaternary ammonium salt; a quaternary phospho-
nium salt; a cyclic or acyclic polyether such as a crown
ether, polyethylene glycol or the like; or a terminal

alkyl ether of the polyether; a nitrogen-containing



- 23 - [err]
and f are as defined in formula (1), with a nitrobenzene of formula

[err]

and R,

R,

wherein Q Rerr], Rerr], Rerr], Rerr],

wherein X represents a halogen atomor a nitro g
a and b are as defined in formula (1), in the presence

basi.c conmpound in a non-protonic pol ar 28okvent in the conventional
as described in, for exanple, Og. Synth., 445 (Vol. 11), USP 4,538
J. Og. Chamclisd ¢R0¢cy8Xid padgéihed; &r gertheal, a3Byl ether of

the nitrogen-containing cyclic or acyclic polyether; or
the like. These. compounds may be used alone or in
admixture of two or more. The solveﬁt used includes
non-protonic polar solvents such as dimethylformamide,
dimethy;sulfoxide, dimethylacetamide, l-methyl-2-
pyérolidone, sulfolane, 1,3-dimethyl-2-imidazolidinone
and the like. The amount of the solvent used is not
critical; however, the solvent is preferably used in an
amount 1 to 10 times the total weight of the staiting
materials. When water is produced during the reaction,
a-hydrocarbon or a halogenated hydrocarbon such as
toluene, xylene, chlorobenzene or the like which can be
azeotropically distilled with water may be added to
effect azeotropic dehydration in order to remove the
water formed from the system.

The starting materials may previously be
charged into a reactor all at one time, or only the
basic component may be finally added in small portions,
or alternatively, a phenolate is previousiy prepared and
then the nitrobenzene derivative is added gradually,
which methods are typical. The coupling reaction is
generally continued at a constant temperature between
50°C and 200°C or while the temperature is elevated step-
by-step between these temperatures, until the reaction
is completed. After the completion of the reaction, the
salt formed is removed by filtration. A mixture (solu-

tion) containing the dinitro compound of formula (5) is

c, d,
(7):
roup
of a
manner
, 006,

e



(17), 3091 (1985), Japanese Patent Application Kokai Nos. 61-194, 055 and
62- 70,347, .Macronol ecul es, 25, 64 (1992) and the like. The reaction

m xt ure obtai ned by
i solating the dinitro conpound to reduction to prepare

conpound.

- 24 - benzene derivative of formula

The bi sphenol of_farngla (6) and the nitro-
87) which are the starting

t he above reaction nay be subjected as such without
t he di am no

materi al s

for preparjigatdgadhyl tha §8pEURSoALeLMl dna( BLnBRYE LhfbRsACCtive

i somer s,
nor e.

p-fl uoronitrobenzene, p-cﬁloronltrobenzene, p- bronochl or

ahd these 1sSoners nmay e used alone or in adm xture 0O

may be 75818tEH0ODERZEAE HektuaLi ¥8yObel Q5MYLAK( %ﬁiﬂtigg'bg

des
nzene,

p-i odoni t rebetEE@ngubsedubhtr 8tepbRZRBEL BethfosaBlbEeRanzgne and the i ke,
and p- chloronitrobenzene and mdinitrobenzene are preferred. Th
ni trobenzetsotztiova} i thei 3aptetebabhy psefderpednbesansst the Bo8tto 1.4
nol es, nore preferably 0.9 to 1.1 nole, per nole of the hydroxyl
t he bi sphemtessaryofonl thé6isoWathonhésasawed.is nore than 1.4 noles, the
unreacted nitrobenzene derivative tends to remain in the product.
amount is too snall,Th@erpdepbion reaction of the dinitro compound

of formula (5) into the diamino compound of formula (2)
is effected with hydrogen in the presence of a catalyst.
When ‘the dinitro compound is used without being isolated
as mentioned above, the solution may, if necessary, be
concentrated before the reaction. The reaction may be
effected in the state that the dinitro compound is com-
pletely dissolved in a non-protonic solvent or the
dinitro compound is not completely dissolved but sus-
pended in the solvent. Usually, the solvent is used in
an amount of 1-30 times the weight of the dinitro
compound.

The catalyst used may be a metal such as
palladium, nickel, platinum, cobalt, rhodium, ruthenium,
copper or the like, a metal-supported catalyst or a
Raney nickel catalyst, and the catalyst is used in an
amount of 0.0005-20% by weight, preferably 0.01-5% by
weight, in terms of metal, based on the weight of the
dinitro compound. The catalyst may be previously
suspended in a sblvent, or may be graduaily added to the
rsaction system with the progress of the reaction.
Alternatively, the reaction may be effected by suspend-

ing the catalyst in a non-protonic solvent under a

e
group of

When t he



tion of the unreacted hydroxyl group is increased and the hygroscopicity
of the product is also increased. The bi sphenol of fornula (6)
is obtained by reacting a phenol with a hydrocarbon having an alicyclic
structure having a divalent reactive site [see, for exanple, Chem ch
Berichte, 57, 854 (1924) and the |ike]3g The reaction of an alicyclic
structure-containing hydro- carbon such as dicycl opentadi ene or the like

or a terpRpdregepodfdosphleras athdpdiiopnd sey adidng khesddtdd @ phenol such. as
phenol, cresol, xylenol or the like in the presence of a catal yst such as

boron trifEuspedsionbotoisotiutilonowifdehet kidnicowplcompaundie ITHee is a kind
of Friedel-Crafts reaction, and is a known procedure [see,
- 25 - focapxiepl éprUkupgoeting, @48 ta*alyed3)includels Battdvte No. 6513720
(1967); Japanese Patent Kokai No. 4-139,142 and the like]. The
Fri edel - Oragrboneametad oxigdephassplunicarbonatel emetals shuidate @nst oceed in
the presence of an acidic ign-exchange resin as a catalyst [see, for
exanpl e, ReBfehikeropndr §RECE LoFnerampdess thereod7are Cedd tigi,sphenol s used
in this in¥fgL£ 2;€aglg%igg?pggigcgygel, silica-alumina, magnesium

oxide, zirconium oxide, bafium sulfate, magnesium

carbonate, barium carbonate and the like. Since the

starting nitrobenzene derivative (contains a halogen

atom) remains in the dinitro compound produced, there is

a possibility of the derivative being reduced to gener-

ate a hydrogen halide, whereby the catalyst is deacti-

vated. 1In this case, in order to prevent the deactiva-

tion, iﬁ is preferable that a base such as potassium

carbonate, sodium carbonate or the like is added and the

reaction is effected under alkaiine conditions. Also,

if necessary, an amine such as triethylamine or the like

or a nitrogen-containing aromatic compound such as

quinoline, isoquinoline or the like can be added in a

proportion of 1 ppm to 1% by weight based on the weight

of the solvent for controlling the reaction. The reac-

tion is preferably carried out at a temperature of 0-

200°C and a pressure of atmospheric pressure to 25 atms,

preferably at a temperature of 0-150°C and a pressure of

from atmospheric pressure to 10 atms. The reaction time

is usually about 4-24 hours.

After the reaction, the catalyst is removed by

filtration. The catalyst used may be reused as it is or



t hese known net hods.

et hyl pheno

|, propyl phenol, butyl phenol, anyl phenol, hexyl phenol,

The starting phenols for preparing the bis-
phenol: of fornmula (6) include phenol, cresol, xylenol, trinethyl phenol,

met hyl propyl phenol, nethyl- butyl -phenol, nethyl hexyl phenol, chl orophenol,

chloro- <c
the |ike,

preferred. after being Tésbhgdtedatbopegonenaniog epeatmepeli cThetructure

correspond

as cycl opeatirerntormgd | by thexzeaehionnilst hembiréd; byedpshedildéngh as
| i ronene, terpinolene, terpinene, nenthadiene and the Iike;

di pent ene,

resol, chloroxyl enol, bronmephenal, bronocresol, bronoxyl enol

and phenol, cresol, xylenol and nethyl butyl-phenol are

and

ing to the Q portion of forrmula (6) include cyclic dienes such

pol ycycl i ¢ Be raastelen apestage horsby eaddhndrbo thadeeactieoymispent adi ene,

nor bor nane
| i nronene,

Usual Iy, t
organi ¢ so
catal yst u
sulfuric a

di ene, tricyclo- _pentadiene and the like; etc., and of these,

HGReh SRR dYRYER opeRit e @reobrepprelbyrdistilled

he Friedel -Crafts reactjon is effected with a catalyst in an
Wi water and subjecting the Fesgiting RLX4BPEcEP] C. The

SHLIERE: e AILI 08! RS dhSYE s IYSLCEOEAE 8
makes it possible to obtain a mixture (solution)
containing the diamino compound of formula (2). In this
case; the diamino compound may be isolated from the

mixture, or alternatively, the mixture may be as such

.applied to the subsequent step without being subjected

to isolation of the diamino compound, and the latter is
preferred because the cost for the isolation can be
saved.

As already mentioned above, the diamino com-

~pound of formula (2) is reacted with the unsaturated

dicarboxylic acid anhydride of formula (3) to prepare
the unsaturated imide compound of formula (1).

The thermosetting resin composition of this
invention comprises the unsaturated imide compound of
formula (1) and a curing accelerator. The curing
accelerator includes organic phosphine compounds such as
triphenylphosphine, tri-4-methylphenylphosphine, tri-4-
methoxyphenylphosphine, tributylphosphine, trioctyl-
phosphine, tri-2—§yanoethylphosphine and the like;
tertiary amines such as tributylamine, triethylamine,
1,8-diazabicyclo(5,4,0)undecene-7, triamylamine and the

like; quaternary ammonium salts such as benzyltrimethyl-



hydrof l uori c acid, phosphoric acid, paratoluenesulfonic acid or the like;
a Lewi:s aci.d such as alum numchlo- ride, zinc chloride, iron (Il1)
chloride, tin (I1V) chloride, titaniumtetrachloride, boron trifluoride,
boron trifluoride-ether conplex or the like; an ion- exchange resin such
as Anberlite, Anberlist (these are ¢rd@e-nanmes of Rohm & Haas) or the
like. In view of the roduction of by-products and the yield, Lewis acids
such as zi remfism hloride ( | penzyrhtpimehyliapmonigm bydsekdde,titani um
tetrachloride, horon trichloride, ~ boron trifluoride-ether conplex and the
like are pri&ietigfhammoniiun 3t ReRBI R te Rrddelet bikRhe, xylene and

the like. The reaction, however an pe effected in the absence of the
solvent.'ﬂﬁ?ﬁ#ﬁﬁé;%f%HQPE%%th}Ffé&EE§§ PP HFEFRT abF3NS1hbPRs or nore per

I f, th | i - L i d . Af h
e O B R LSS B D Reskbe, AR L

renner U F R i vty MEBHEIL O LRI TROSBREET |

h | of f bi I t aj ' d of
PRl o, AP Szt SR p 0B ca0) benp lAgEELLSagbosc, ©
necessary tHard:WR, (R MEsamdne Petdlll abs at ket £l ﬁf&?@péﬁ@?&@% the

hi gher the purity of the bisphenol ‘conponent, the ™ bet and hence, the
bi sphenol rRebigiaddinrsdiittle and the like. However, the
curing accelerator is not limited to them. Among them,
organic phosphine compounds, 1,8-diazabicyclo(5,4,0)-
undecene-7 and triethylammonium tetraphenylborate are
particulafly preferable in.view of moisture resistance
and curability.

In order to control the curing rate of the
composition of this invention, it is possible to use a
known polymerization inhibitor together with the above-
mentioned curing accelerator. The polymerization
inhibitor includes phenols such as 2,6~-di-t-butyl-4-
methylphenol, 2,2’-methylenebis(4-ethyl-6-t-butyl-
phenol), 4,4’-methylenebis(2,6-di-t-butylphenol), 4,4’'-
thiobis(3-methyl-6-t-butylphenol), hydroquinone
monomethyl ether and the like; polyhydric phenols such
as hydroquinone, catechol, p-t-butylcatechol, 2,5-di-t-
butylhydroquinone, methylhydroquinone, t-butylhydro-
quinone, pyrogallol and the like; phenothiazine
compounds such as phenothiazine, benzophenothiazine,
acetamidophenothiazine and the like; and N-nitroscamine

Compounds such as N-nitrosodiphenyl-amine, N-nitrosodi-



- 2Mfis Shect Ma¥ Q&1§u h as toluene or the |like is used. _ The basic
conp ®f eaction of the bisphenol wi itrobenzene
deri WMﬁﬂlﬂH al kali netal hydroxides sucl THES SedETiHASYBERNK| de,
pot as- ki de and the |ike; alkali netalj carbpF@igsp sucp as
sodi um car bonat e, potassi um carbonate gnd t he | ike—atkatt+—rretat

hydr ogencar bonat es such as sodi um hy& ogencar bonat e, potassi um

hydrogenca&@gﬂﬁigmﬁﬂg %ﬂg thhk%ik@lkali nmet al al koxi des such as sodi um
po -bu

met hyl at e, assium toxi de-and the like; alkali metal hydrides such

as |ithium hydride, sfdi yHehwdskde:a8d blen! thkfipostitionlREsaniasic
conpounds nmay be used alone or in adm xture of "'two or nore. Wen a

di ni trobengzgpent SoHSAdy @&nthenniahr ebeReresdar hnat ane epoky afief erable in
view of safety such as avoidance of explosion or the |like to use a weakly
basi ¢ conpeghingusfens . anTakkabbxferakincaalobat @, khewnexpaxye, sodi um
carbonate, potassium carbonate or the like; or an alkali netal hydrogen-
car bonat e gashnasiaodudimbydpegéficanhdgahevopakatypemepogyr agsing bonat e or
the |ike. It is possible to use a known catal yst for the

coupl i ng réecived. £2cmi nevodpperegindewhdrchaargpperction products

of ghenols such as phenol, o-cresol and the like with
formaldehyde; glycidyl ether compounds derived from
trihydric or more hydric phenols such'as_phloroglucin,
tris(4-hydroxyphenyl)methane, 1,1,2,2-tetrakis(4-
hydroxyphenyl )ethane and the like; glycidyl ether
coﬁpounds derived from dihydric phencls, for example,
bisphenol A, bisphenol F, hydroquinone, resorcin and
1,1’-bist3-t-butyl-6-methyl—4—hydroxy§henyl)butane,
tetramethylbiphenol and the like; diglycidyl ether
compounds derived from halogenated bisphenols, for
example, tetrabromobisphenol A and the like; glycidyl
ether compounds of polyhydric phenols obtained by
condensation of a phenol with an aromatié carbonyl
compound; amine type epoxy resins derived from p-
aminophenol, m-aminophenol, 4-aminometacresol, 6-
aminometacresol, 4,4’-diaminodiphénylmethane, 3,3’-
diaminodiphenymethane, 4,4’'-~diaminodiphenyl ether, 3,4’-
diaminodiphenyl ether, 1,4-~-bis(4-aminophencxy)benzene,
1,4-bis(3~-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)-
benzene, 1,3-bis(3-aminophneoxy)benzene, 2,2-bis(4-
aminophenoxyphenyl )propane, p~phenylenediamine, m-

phenylenediamine, 2,4-toluenediamine, 2,6-toluene-



saItTHP larethod stated in, for exa , : n, 445 ( Vol
1) ca l e may also be used a qual SHISaBYERINHASIBREENGal t: a
guat er niumsalt; a cyclic or acyclic RifL}GEher such as a

crown ether, polyethylene egcoI or the like; "or—a term nall al kyl ether
of the polyether; a nitrogen-contai Ri Bg -

28 - cyclic or acyclic polyether; a termnal alkyl ether of the

ni t r ogen- chidminme ngp<yylemedianmiye) im-pplgeedtanine, Lhé-|like. These
conpounds may be used alone or in adm xture of two or nore. The sol vent
used i ncl uzieslohexeape dbos | me oy bambne yent 53 scytlabedanebhgtf or man de,

di met hyl sul f oxi,de, di nethyl acetam de, 1-nethyl-2- pyrrolidone, sulfolane,
1, 3- d|netr@methY1ﬁmknﬁﬂ|Qﬂ¢uﬁhﬁ biHee 1 helycidyl ewtemneompowndshe sol vent
used is not critical; however, the solvent is preferably used in an
amount 1.tQ?QKYQqrﬁ%P@rﬂF?WﬁﬁﬁcvﬁﬁEPRXX#l@h%chéﬁrﬁ?%@ ageRerials. Wien

wat er i s produce uring the rea ti dr ocar bon or hal ogenat ed
hydrocarb&ﬁﬂgﬁﬁﬁgaﬁnz?b (hﬁé?°¥¥ﬁ?ﬁ%ékﬁz%ﬁb Ort?ﬁ%Phgh%g%ﬁich can

azeotro al ) led w t be ;added to effect azeotropic
dehydr ati G %%Eq“?*bajr‘e‘fm%%’-‘i Ad the T2ke? Ryaantoln fyps

epoxy compounds derived from 5,5-dimethylhydantoin and

the like; alicyclic epoxy resins such as 2,2-bis(3,4-
epoxycyclohexyl)propane, 2,2-bis[4-(2,3-epoxypropyl)-
cyclohexyl ]propane, vinylcyclo-hexane dioxide, 3,4-
epoxycyclohexylmethyl-3,4-epoxy cyclohexanecarboxylate
and the like; N,N-diglycidylaniline; and the like, and -
these epoxy resins may be used alone or in admixture of
two or more. Among them, o-cresol-novolak type epoxy
resins and glycidyl ether compounds of polyhydric
phenols obtained by condensation of a phenol with an
aromatic carbonyl compound are preferred in view of
curability and heat resistance.

The epoxy curing agent may ba a known one and
includes active hydrogen-containing compounds capable of
reacting with epoxy groups, for example, polyphenol
compounds such as bisphenél A, tetrabromobisphenol A,
bisphenol F, bisphenol S, bis(4-hydroxyphenyl)cyclo-
hexane, bis(4-hydrbkyphenyl)ethane, 1,3,3-trimethyl-1-m-
hydroxyphenylindan-5 or 7-o0l, 1,3,3-trimethyl-l-p-
hydroxyphenylindan-6-0l, resorcin, hydroquinone,
catechol; phenol-novolak resins obtained by reaction of

formaldehyde with a phenol such as phenol, o-cresol or



water fornmed fromthe system The starting materials may
previously-be charged into a reactor all at one tinme, or only the basic
conponent may be finally added in small portions, or alternatively, a
phenol ate is previously prepared and then the nitrobenzene derivative is
added gradual ly, which nethods are typical. The coupling reaction is
general ly continued at a constant tén% rature between 50[err]C and

200 C ' t he t | s. el ted step-, by-st bet t h.

Comper of uie hAEH R FEBRAALE, Ao B e Ao ot on of the
tion, t [ | tration. ' | u-

[ on) conEiimaid el S R hdih oot fophdRatsg e (oo

- 29 - prae-qﬁc,eql%ﬁxﬂfaa@v;%ﬁ oacf?ai%ge a%:gf'e;gi '%&g&@%g@dthé@ be

i sol ated, or the ure may be as suc [ e subsefuent step

wi t hout baiciasSubicaGiad des duwel ald Q{hmﬁi%digjﬂéfyl%ﬂ%r%,eferrEd because

the cost necessary for the isolation is sav The reduction
reaction dfaiigodlipHery IOy, DfadiHdallphdnd)l iddHe4 he di anino conpound

of formula (2) is effected with hydrogen in the presence of a catalyst.
When the ghenylenedigmine,i siiseithad iidymloHmiylgetd@dnd etkylene-
diamine, toluenediamine, diaminecdicyclohexane, dichloro-
diaminodiphenylmethane (including their isomers),
ethylenediamine, hexamethylenediamine and the like;
dicyandiamide; tetramethylguanidine; and the like.
Among them, phenol-novolak resins are preferred in view
of curability and moisture resistance.

In the thermosetting resin composition of
this invention, the amount of the curing accelerator
used may be varied depending upon the curing rate
required. The curing rate is varied depending upon the
use. For example, in the case of sealing material,
usually, 1-3 parts by weight of the curing accelerator
is used per 100 parts by weight of the resin component.

In the thermosetting resin composition of this
invention, the amount of each of the unsaturated imide
compound, the curing accelerator and the epoxy resin
used can be adequately varied depending upon the desired
heat resistance and the like. However, generally, it is
preferable to select the amouﬁts éo that the weight
fraction of the unsaturated imide compound {unsaturated
imide compound/[unsaturated imide compound + epoxy resin

+ epoxy curing agent]} becomes 0.9-0.1, more preferably



as #Eﬁ Eemmﬁa solution may, if necessary. _he concentrated before
the re act lon may be effected in th‘ﬂ-ustsmgg]'tm BEbg [dinitro
conpo etely di ssolved in a non-pr ton'CR§PUK§Bt or fhe
dinitro conpound |s not" conpl etely dissol ved but ed—+n-14 he
solvent. Usually, the solvent is usedsgn_ an anmount of 1 30 times the .

wei ght of the dinitro conpound. The catal yst used may be a
metal suchy as-0 p3l | awthem theckmbunp! 81 BHE) uashghkatelodniae Egkbeni um
copper or the like, a netal-supported catalyst or a Raney nickel catalyst,
and the cgalndtblendeddgbsesabeyanduthe0dbov802angd8% BjiewmbgBturpr ef erably
0.01-5% by weight, in terns of netal, based on the weight of the dinitro
conpound. rdwistamtysanduljebt pesisbasty asasdendedoratadsol vent, or nay be
gradual |y added to the reaction systemwth the progress of the reaction.
Alternatively, the rkkseiobheagmoentsfetft bebgpouypeadin ang the catal yst
in a non-protonic sol vent ‘under a 30 -
hydr ogen &Fﬁﬁ@ﬁhe#%ﬁ%hde?Bﬁﬁ?séradHFQQGFﬁélﬁtéqaals§§p§ﬁ§hoﬁtbersolutlon

of the dinitro conpound. The
and when the amounts are quite different, moisture

resistance and heat resistance are deteriorated.

The thérmosetting resin composition of this
invention may, if necessary, contain a filler. Examples
of the filler are fused silica, crystalline silica,
alumina, talc, calcium carbonate, titanium white, clay,
aébestos, mica, red ion oxide, glass fiber and the like,
and among them,‘molten silica, crystalline silica and
alumina.are particularly preferable.

The amount of the filler compounded can be
varied depending upon the purpose, and when the compo-
sition is used in sealing a semiconductor, the amount of
the filler is preferably 30-90%, more preferably 60-85%,
by weight based on the total weight of the resin compo-
sition. When the amount is less than 30% by weight, the
moisture resistance is inferior and when.it exceeds 90%
by weight, the formability is not satisfactory.

In this invention, if necessary, there may be
added to the composition natural wax,.synthetic wax,
higher fatty acid and metal salt, a releasing agent such
as paraffin or the like, a coloring agent such as carbon
black, and a.surface_treating agent such as silane-

coupling agent or the like. A flame retardant such as



carrier for supporting the catalyst includes active carbon, netal oxide,
nmet al .carbanate, metal sulfate and the |like, and specific exanpl es thereof
are Celite, Floridil, alumna, silica gel, silica-alum na, nmagnesium

oxi de, zirconium oxide, barium sulfate, nmagnesium carbonate, barium
carbonate and the like. Since the stasting nitrobenzene derivative
(contains a halogen atom remains in the dinitro conpound produced, there

is a possjhilihbiyotribaideri pabpaokasngohpduaa) broadirited algowy hydrogen
hal i de, whereby the catalyst I's deacti- vated. In this case, in order to

prevent thgegeRCttVehe LiRE, mhy be paakar @bl ehkhabmpdedtdaniich as potassi um
carbonate, sodium carbonate or the like is added and the reaction is

ef fected updeninhkeli aporgndesiands phseiculbrigeesefeyrabde fume such as
triethylamne or the Ii1ke or a nitrogen-containing aromatic conpound such
as qui nol obeainsngquthel Ehemer reerdake eddelbd.added in a proportion of 1
ppmto 1% by wei ght based on the weight of the solvent for controlling the
reaction. The reac- Injomdes ppemakgbithecatress oft the sommesditdal e of O-
200[err]C and a pressure_of atnospheric pressure to 25 atns, . preferably at
a t enper at Le€, ov2piese[ eLAFECRRTSaMBVeSeuREdEH T SRCa CRTRRTH IO r essur e
to 10 atns. The reaction tinme .is.usually about&§#24 hoyurs. ... After
t he react i ®h, PFRELCYF Yy§?aF§ePeWB§§dtb? CPMPPAZOR - T#%efﬁﬁafyst used may

be reused ggaﬁélég 3f the elastomer are additive type and reactive

type ‘elastomers such as polybutadiene, butadiene-acrylo-
nitrile copolymer, silicone rubber, silicone oil and the
like.

The thermosetting resin composition thus
obtained may be melt-mixed by means of a conventional
mixer such as roll, Ko-kneader or the like to be formed
into a compound.

The thermosetting resin composition of this
invention is used suitably in sealing electronic parts
such as semiconductor and the like. The séaling of
electronic parts such as semiconductor or the like with
the thermosetting resin composition of this invention
may be effected by cure-molding the composition by a
cbnventional molding method such as transfer molding,

compfession molding, injection molding or the like.

DESCRIPTICN OF PREFERRED EMBODIMENTS
This invention is further explained in more
detail below referring to Examples, which are merely by

way of illustration and not by way of limitation.



- 31 - after being subjected to regeneration treatnment. The water forned
by the reaction is renoved by distilling the reaction m xture or by addi ng
to the reaction mx- ture a solvent which can be azeotropically distilled
with water and subjecting the resulting mxture to azeotropic dehydration.
The above-nenti oned operation nakes it possible to obtain a m xture
(solution) containing the diam no comgound of formula (2). In this case,

t he di ami no conmpound nay be isolated fromthe mxture, or alternatively,
the m xturgxgmpleelas (syabhesnpl beddiamife suh aqnar)t step w thout being
subjected to i1solation of the diam no conpoun and the latter is
preferred pegausgnthesissbff bisphenbdel ation can be saved. As .
al ready nentloned above, the diam no com pound of forrmula (2) is reacted
with the unsaturatedIndacanmxytucfaurdnenhgdrfdashfeﬁuippbd @3)xh o prepare

the unsaturated inmde conpound of formula (1). The thernosetting
resin conp@sthegmomet?nusa Bﬁvﬁﬁ?roﬁndoﬁdeQQPLBEefunsgﬂuwamed i m de
conmpound of formula ( and a curin accelerator The curing accel erator

i ncl udes oPYRRre bﬁgsﬁhpﬁePESRBéunag s@cAfagoluene and 13 g of a

boron trifluoride-ether complex, and they were dissolved
under a nitrogen stream. A solﬁtion of 136 g of
dipentene in 136 g of toluene was dropWise added to the
resulting solution in 2 hours at a temperature of 0-5°C.
Further, the reaction was continued at a temperature of ' -
0-5°C for 2 hours, at room temperature for 2 hours and
then the temperature was elevated to 60°C to complete
the reaqtion. To the reaction mixture. was added 250 g
of a 5% agqueous sodium hydroxide solution, and the
resulting mixture was stirred at room temperature for 10
minutes, upon which the brown solution was changed to a
pale yellow scolution. After liquid separation, the
organic layer was washed with 250 g of pure water three
times. The reaction mixture was subjected to reflux
under reduced pressure in a Dean-Stark azeotropic
dehydration apparatus tc remove water. The solution was
concentrated under reduced pressure and the concentrate
was allowed to stand to obtain crystals. The crystals
were warmed under reduced pressure to dry them, thereby
obtaining 176.9 g (yield: 61.0%) of a colorless,
transparent compound. The hydroxyl group équivalent of

this compound was 162 g/eq.



tri phenyl phosphi ne, tri-4-nethyl phenyl phosphine, tri-4-

nmet hoxyphenyl phosphi ne, tributyl phosphine, trioctyl- phosphine,

tri-2-cyanoet hyl phosphine and the like; tertiary am nes such as
tributylamne, triethylamne, 1, 8-diazabicyclo(5, 4, 0)undecene-7,
triamyl am ne and the Iike;~quatern§r§§annnniun1salts such as

benzyl tri met hyl - - 32 - ammoni um

chl ori de, nz | . ldﬁ“@ | Y, |.de triethyl amoni um
tetraphen§?§or§ eEE%E&%%e i%%fggé%é§§§§éhﬁ boron trifluoride conpl exes;
transition netal aggty acatiqnat esgoanddadisad 44 td Sueiegs benzoyl
peroxide, di-t-butyl peroxiéé, dicéﬁg? 5%ro;f32,é%zuﬁ%%ﬁﬁ%erdg?de, acety
per oxi de, aMehnosicer Kef (e rief Ardle g AN Pk de, t-butyl
hydr oper oxi de, azobisfsobutyronitrile and tﬁgbﬁfke. However, the curing
accel er at gakcednaty .Isi i lofd the HiPheNBING rddivilly tHegardacpiwmsphi ne
conpounds, 1, 8-di azabicyclo(5,4,0)- undecene-7 and triethyl amoni um
t et r aphenprbduate ofr e i geartaneu vartdly ghteafodr adbdtaiinedijaw (@ ) rabhotely e
resistance and curability. In order to control the curing rate
of the c@8p6&sigt edn pefchilifronitmaiienzene tarids s Ig eoff ol wsethaylknown
pol yneri zation inhibitor together with the above-

2-pyrrolidone, and they were dissolved at 50°C under a

nitrogen stream. Thereto was added 20.6 g of 99% sodium
hydroxide powder, and the resulting mixture was kept at |
50°C for 0.5 hour, after which the temperature was
elevated to 80°C. The reaction was continued at 80-85°C
for 3 hours, and the disappearance of the starting
polyphenol was confirmed by LC (high performance liquid
chromatography, the same applies hereinafter). The
temperature was elevated to 125°C, at which the reaction
mixture was kept for 3 hours, and the inner pressure was
gradually reduced to 200 Torr to recover the water
formed by the reaction in the system. Subsequenﬁly, the
inner pressure was carefully reduced to 125 Tdrr to
recover l-methyl-2-pyrrolidone which is the reaction
solvent to the extent that the flﬁidity of the reaction
mixture was not lost.

The reaction mixture was poured into 600 g of
pure water with stirring, and the precipitates separated
were collected by filtration and then washed with 300 g
of water and then with 200 g of warmed methanol. The

precipitates thus obtained were warmed under reduced



mentioned curing accel erator. The polynerization inhibitor includes
phenol s such as 2,6-di-t-butyl-4- nethyl phenol,

2,2 -nmet hyl enebi s(4-ethyl-6-t-butyl- phenol),

4, 4" -met hyl enebi s(2, 6-di -t -butyl phenol), 4,4'- _

t hi obi s(3-net hyl - 6-t-butyl phenol ), hydrogui none nononet hyl ether and the

| i ke; pol yhydric phenols such as hydroqui none, catechol,

p-t-butyl cptesbake 2p5bei diriedhutthlermptiiopbitadnd ngma3iy.Ishydr(ogis e,

t-butyl hydro- quinone, pyrogallol and the |ike; phenothiazine conpounds
such as ph2hofhiaofnthebebjesitdvet kicaponad. adhiisnchmpomnd hiazzi ne and t he
| i ke; and N-nitrosoam ne congéunds such as N-nitrosodi phenyl -am ne,

N-ni t rosodbis(4-nitrophenoxyphenyl)meng3ane .nmefhel dnifrersdd abiseodp-ke.

The thernosetting resin conposition of this invention nmay contain an epoxy
resin and BhOBpSR§CEEdi AL Ehdisngompennd TRdicpsed rdsoFpP¥PNsSe 8t known
epoxy resin, including specifically novol ak type epoxy resins derived

fr om novol AR%P eSTins 3R 4P 14 & ga@i’iftﬁ’r’ FSHRYs of phenols such as phenol,
o-cresol and the like with formal dehyde; glycidyl ether conpounds derived
from :

(3) Synthesis of diamino compound

In a 3-liter, four-necked flask were placed
113.3 g of the dinitro compound obtained in (2) above,
11 g of active carbon, 0.65 g of ferric chloride
hexahydrate and 566.5 g of 2-methoxyethanol, and they
were dissolved under a nitrogen stream. At a tempera-
ture of 70-80°C, 40.0 g of hydrazine monohydrate was
added to the mixture dropwise in 3 hours, and the
reaction was continued at the same temperature and the
disappearance of the starting dinitro compound was
confirmed by LC. The reaction was further continued for
3 hours, and thereafter, the reaction mixture was
neutralized with a 10% aqueous sodium hydroxide solu-
tion, after which the active carbon was removed by hot-
filtration. The solvent was 80% removed by distillation
under reduced pressure, aﬁd then, the reaction mixture
was dropped into 2 kg of water with stirring. The pH of
the aqueous layer was adjusted to 7.0-9.5 with a 10%
aqueous sodium hydroxide solution, and then the stirring
was continued, after which the precipitates were
collected by filtration. The precipitates were washed

with water and dried by warming under reduced to obtain



trihydric or nore hydric phenols such as phl orogl ucin,
tris(4-hydroxyphenyl)nethane, 1,1,2,2-tetrakis(4- hydroxyphenyl)ethane and
the like; glycidyl ether conpounds derived fromdi hydric phenols, for
exanpl e, bisphenol A, bisphenol F, hydroquinone, resorcin and 1,11' -bis
(3-t-butyl -6-nmet hyl - 4- hydr oxyphenyl ) butane, tetranethyl biphenol and the

| i ke; diglycidyl ether conpounds der#led from hal ogenated bi sphenols, for
exanpl e, tetrabronobi sphenol A and the like; glycidyl ether conpounds of
polyhydridl%%e%dgs(ﬁb%gﬁhea9b§%)c8ﬁd§h§a?b6ﬁ0§#va gR@ReKNgi-t hTRASar omat i ¢
carbonyl conpound; am he t;pe egoxK resins derived from p-. am nophenol,

m ami nopheFIPRORRS ¥a3 nt 8 £ FadBLnoBReoxKPRBARL JRpRERRNE. This

44 di am BB ORER | A PRoRBLATEE (thd SrpRGH: BRcAyPE AB, solute in
1401 (L OPENgRYARERgenEne dad Okt Bl ReRbEIgRL IS TES S
ot S s PR GBS b 00 Eon P EROHh UbiEon,
- 34- mim@éfheﬂb*ﬁﬂ&“@ﬂéaﬂiﬂéu Mok | 5R$YL B0 NSrofefties of this
compound were as follows:
Mass spectra M': 506
‘Amine equivalent (by titration method): 254 g/eq
lH-NMR spectra 8§: 0.6-2.1 ppm (m, aliphatic), 2.7
ppm (m, methihe), 3.5 ppm (brs, amino group),
6.6-7.3 ppm (m, aromatic)
Infrared absorption spectra: 1228 cm™’ (ether
bond), 3210, 3360, 3440 cm™ (amino bond)
Elementary analysis (as CsHj;sN;0,;):
Caled.: C 80.60%, H 7.56%, N 5.53%
Found: C 80.5%, H 7.7%, "N 5.4%

Example~2 (Synthesis of diamino compound)
(1) Synthesis of bisphenol

The same procedure as in Example 1 (1) was
repeated, except that 2,6-xylenocl was substituted for
the phenol and the reaction temperature was changed to
110°C to obtain a toluene solution of the reaction
mixture, and this solution was concentrated under
reduced pressure to remove the toluene. Subsequently,

nitrogen was introduced under reduced pressure, and then



cycl ohexane bi s(net hyl am ne), 1, 3-cycl ohexanebis- (nethylamne) and the

i ke; -gl ycirdyl ester conpounds derived fromaromatic carboxylic acids such
as p- hydroxybenzoic acid, m hydroxybenzoic acid, terephthalic acid,

i sophthalic acid and the |ike; hydantoin type epoxy conpounds derived from
5, 5-di net hyl hydantoin and the like; alicyclic epoxy resins such as
2,2-bis(3,4- epoxycycl ohexyl)propang,42,2-bis[4-(2, 3-epoxypropyl)-
cyclohexyl]propane vi nyl cycl o- hexane OXIde 3, 4-

epoxycycl obpsy hiREayted datneyy mlm@@ww havedmtedl s @i 4 6ok | ke;

N, N-di gl ycidyl aniline; and the like, and these epoxy resins may be used

al one or igoadbitatinr @09f. 4 iGaq ydleldrr &5 ANG R HRille Gl Yoy ol ak type.
epoxy resins and glycidyl ether compounds of polyhydric phenols obtained

by condens@heohydfroxyihegroupniequisalemrtonms d ddargyery! conpound are

preferred in view of curability and heat resistance. The epoxy

curing agent may be a known one and includes active hydrogen-containi ng

conmpounds capabl e of reactlng wi t h epoxy groups, for exanple, polyphenol

conmpounds $§&¢h §¥n5h§ﬁhén@¢ Ainigmoasompeminsbhenol A, bi sphenol F

bi sphenol S, bis(4- héﬂ gpenyl)cyclo- hexane

bi s( 4- hydroxyphenyl) Rarfé! elP§Q§394rﬁbﬁﬁyPniﬁﬁﬁnEH§ﬁﬂoﬂﬁbhéﬁ¥i|ndan 5 or

7-ol, 1,3,3-tri - r henyl i ndan- 6- ol , resorcin,

hydr oqui noh&P eagg ﬁﬁFegﬁhgﬁé% %@vglgkOﬁe IeRCHioRd BRPdUSHcAfon of

formal dehyde W t0n8 BAS"Y, 62459221708 ned §4+°59) bove was
substituted for the bisphenol, to obtain 146.6 g (YlEld:
98.3%) of .the objective compound. This compound was
bis[4-(4-nitrophenoxy)-3,5-dimethylphenyl Jmenthane. The
infrared absorption spectra of this compound indicated

absorptions at 1338 cm™ and 1515 cm™ (nitro group).

(3) Synthesis of diamino compound
The same procedure as in Example 1 (3) was

repeated, except that 120 g of the compound obtained in
(2) above was substituted for the dinitro compound, to
obtain 107.1 g (yield: 98.8%) of the objective compound.
This compound was bis[4-(4-aminophenoxy)-3,5-dimethyl-
phenyl ]menthane. This compound indicated a solubility
of 50 or more in general—purpoée solvents such as
acetone, toluene or the like. Other physical properties
of this compound were as follows:

Mass spectra M': 562

Amine equivalent (by titration method): 282 g/egq

'H-NMR spectra 8§: 0.5-2.4 ppm (m, aliphatic), 2.1



- 35 - the like; polycarboxylic acids such as nmaleic acid, phthalic acid,
nadi ¢ acid, nethyltetrahydrophthalic acid, nethylnadic acid and the |ike;
anhydrides of these acids; polyam nes such as di am nodi phenyl net hane,

di am nodi phenyl sul f one, di am nodi phenyl ether, phenyl enedi anm ne,

di am nodi cycl ohexyl nmet hane, xylene- di_am ne, tol uenedi am ne,

di am nodi cycl ohexane, di chl oro- diéh#ﬁbdiphenylnethane'(including their

i somers), ethyl enedian ne, hyl.enedi am,ne and,t.he i

di cyandi ani de; tetraﬁgﬁkgsgug%%ﬁgﬁ . §n§ R |(fie e &ﬁgﬁa'tﬁgﬁ ppm
phenol - novol ak resin e r LW} Vieew_-of abi ] i S sture
resi st ance. ?bggfn t %%thgg#ggétPrﬁé7fgs?ﬁ&%3#%o?%ﬁﬁﬁ%%) this

i nvention, the gﬂggggeafabgg 'ngﬁgsﬁgegkggaﬁgﬁs el m@phde varied

dependi ng upon the curing rat required. The curing rate I's varied

dependi ng upon the usgq)Fon2e¥amMikes,i B4l3e rASq Mikfaldhy) material,
usual ly, 1-3 parts by weight of the curing accelerator is used per 100

parts by WeighFEQEméh@a&?ShhaQQQEQnQaE-c”H“Nﬁhg: In the thernosetting
resin conposition of this invention, the amunt of each of the unsaturated
i m de . Caled.: C 81.10%, H 8.23%, N 4.98%

Found: C 81.0% H 8.5%, N 5.0%

Example 3 (Synthesis of diamino compound)
(1) Synthesis of bisphenol

In a l-liter, four-necked flask equipped with
a thermometer, a stirrer and a dropping funnel were
placed 488 g of 2,6-xylenol and 7.1 g of a boron
trifluoride—ethef complex, and the resulting mixture was
warmed under a nitrogen stream to dissolve the mixture.
The inner temperature was kept at 100-110°C and 132.2 g
of dicyclopentadiene was dropped into the solution at a
temperature of 100-110°C in 4 houis. The reaction was
continued for a, further 6 hours at a temperature of
110°C, and thereafter, the contents of the flask were
transferred to a separate vessel. To the contents were
added 1,200 g of toluene and 1,000 g of a 10% agueous
sodium bicarbonate solution,.and the resulting mixture
was stirred at room temperature for 10 minutes, upon
which the brown solution was changed to a pale yellow
solution. After liquid separation, the organic layer

was washed with 500 g of pure water three times. The



conpound, the curing accelerator and the epoxy resin used can be
adequat el y. vari ed dependi ng upon the desired heat resistance and the I|ike.
However, generally, it is. preferable to select the anbunts so that the

wei ght fraction of the unsaturated im de conpound {unsaturated im de
conpound/ [unsaturated i m de conpound- #4£poOXy resin + epoxy curing agent]}
becones 0.9-0.1, nore preferably - 36 - 0.7-0.3. Wen the

anount of treactisat mixtecdd wade hemted pmdet Mefilded igoes Degrorstdtie above
range, the noisture resistance and heat resistance are deteriorated.

Al so, the ampottreopikc tdehyshmbioresppaaatusheco cnemowge ageter bl fhded are
preferably equal to each other, and when the anpbunts are quite dif

noi st ur e

sedugignc wasn FoRcAn tradiest andemmeduasast iRyefaske and the

ferent,
The

thernosetting resin conposition of this invention may, if necessary,
contain a PRFRESLVExZmi-eylegl r@s ithan ramovegkdy distdlatien al

silica,

i ne

alum na, talc, calciumcarbonate, titapiumwhite, clay, asbestos,
mica, red SPORCEREAELYY ZEHAGR “at rEqduaed WP mAdy:

silica, c

q%tkm ol ten

The 2 YEhALLLLS. Sld BN AITAS AE DAL R R er Al e

removed by steam distillation to obtain 328.3 g (yield:
87.2%) of a pale yellow solid of the objectivé compound .

The hydroxyl group equivalent of this compound was 188

g/eq.

(é) Synthesis of dinitro compound

The same p;ocedure as in Example 1 (2) was
repeated, except that 300 g of the reaction product of
dicyclopentadiene and 2,6-xylenol obtained in (1) above
was substituted for the bisphenol, to obtain 482.3 g
(yield: 97.7%) of the objective compound. This compound
was bis[4—(4-nitrophenoxy)—3,S-dimethylphenyl]dicyclo-j
pentane. The infrared absorption spectra of this
compound indicated absorptions at 1338 and 1510 cm™

(nitro group).

(3) Synthesis of diamino compound

The same procedure as in Example 1 (3) was
repeated, except that 309.4 g of the compound obtained
in (2) above was substituted for the dinitro compound,
to obtain 277.2 g (yield: 99.2%) of the objective

compound. This compound was bis[4-(4-aminophenoxy)-3,5-



vari ed dependi ng upon the purpose, and when the conpo- sition is used in
sealing a sem conductor, the anmount of the filler is preferably 30-90%

nore preferably 60-85% by wei ght based on the total weight of the resin
conpo- sitioen. Wien the amount is |less than 30% by wei ght, the nvoisture
resistance is inferior and when it excggds 90% by weight, the formability
IS not satisfactory. In this’invention, if necessary, there may

be added t , igher fatty acid
and net al ﬁ&%wagﬁaﬁg%% suc hss%rg}fgaf}fljll%l or egll i ke, a coloring
agent such JI# i§ed<,o@r}?o§e slq{f féf:%ﬁﬂﬁoége@&l§é'ﬁ€s as sil ane-

coupling agent or t ane retardant

- 37 - andymhad rddB‘ddj:?e POOBRYS Ushd RO UNGee b ot i@t egh $PPXy1 resin or
the |ike may be added to the conposition. Brom nated epoxy resin is

parti cul ar lpp-dyeitarad| S feHis bbmpoun) Wi fAanBo I Béwe dlant ef f ect.
In order t0 nmake the stress of the conposition |ow, various elastoners-nmay

be added to the maygpapddtarn M psS8i ously reacted with the conposition.
Specific exanples of the elastoner are additive type and reactive
Amine equivalent (by titration method): 280 g/eq

lH-NMR spectra §: 1.1-3.5 ppm (m, aliphatic), 2.1
ppm (s, methyl), 3.2 ppm (brs, amino group),
6.6-7:1 ppm (m, aromatic) |

Infrared absorption spectra: 1206 cm™ (ether
bond) 3200, 3350, 3430 cm? (amino bond)

Elementary analysis (as CjgH;;N;0;):

Calcd.: C 81.69%, H 7.57%, N: 5.01%

Found: C 81.5%, H 7.7%, N: 4.9%

Example 4
(1) Synthesis of dinitro compound

The same procedure as in Example 1 (2) was
repeated, except that a reaction product of 2,6-xylencl
and dicyclopentadiene (oligomer) (DXP-L-~39-~1, a trade
name of Japan Petroleum Co., Ltd., hydroxyl group equi-
valent: 191 g/eq) was substituted for the bisphencl, to
obtain an oligomer of 2,6-xylenol and dicyclopentadiene

having a 4-(4-nitrophenoxy)-3,5-dimethylphenyl group.

(2) Synthesis of diamino compound

The same procedure as in Example 1 (3) was



type el astonmers such as pol ybut adi ene, butadi ene-acrylo- nitrile

copol ymer, silicone rubber, silicone oil and the Iike. The

t hernosetting resin conposition thus obtained nmay be nelt-m xed by neans
of a conventional mxer such as roll, Ko-kneader or the like to be forned
I nto a conpound. The therrnp4ét+ing resin conposition of this

I nvention is used suitably in sealing electronic parts such as

senm conductzRpeated heex¢art that sebe | eempeund| eetabmed par(3)sabaves

sem conductor or the like with the thernosetting resin conposition of this
i nventi on WA Pt EEtied I9r cthe-dEEFRY ¢PRPREPbostRi oRtdingan

conventi onal_-nol di ng hod such as transfer_ nolding, conpression nolding,
i nj ection rﬁﬁl’tﬂ%‘@?%r"{ﬁ%’ tRelenol mrehrd By WWW&F@F@E@E&B@J MVENTS

This invention.s further_explained i e,.detail belowreferring to
Eanpl oo RRHARS el STy A sy I Y bt IR SRR SEyoRAy o
llnltat!onThe measprement by GPC indicated that éﬁ%'olf%éﬁ@%e 1 (Synthesis
of di am no conpoundj
contained 90% of [4-(4-aminophenoxy)-3,5-dimethyl-
phenyl]dicyclopentane. This oligomer had an amine

equivalent of 275 g/eq.

Example 5 [Synthesis of N,N’-bis(4-aminophenoxyphenyl)-

menthane bismaleimide (Compound 1)]

In a 300-ml, four-necked flask were placed
10.8 g of maleic anhydride and 25.2 g of acetone, and
they wefe dissolved with stirring under a nitrogen
stream. While the temperature was kept at room temper;
ature-35°C a solution in 59.1 g of aceténe of 25.3 ¢
(amine equivalent: 253 g/eq) of the bis({4-aminophenoxy-
phenyl)menthane obtained in Example 1 was dropped into
the solution in 2 hours, and the stirring was further
continued for 3 hours. Subsequently, 3.04 g of
triethylamine was added, and the resulting mixture was
stirred at room temperature for 0.5 hour, after which
0.11 g of nickel acetate was added thereto and the
temperature was elevated to 40°C. Thereinto was dropped
13.3 g of acetic anhydride in 1 hour, and thereafter,
the reaction was continued at the same temperature.
After completion of the reaction, 200 g of pure water

was dropped thereinto, upon which the reaction mixture



(1) Synthesis of bisphenols In a 1-liter, four-necked flask
equi pped with a thernoneter, a stirrer and a dropping funnel were placed
188 g of phenol, 188 g of toluene and 13 g of a boron trifluoride-ether
conpl ex, and they were dissolved under a nitrogen stream A solution of
136 g of dipentene in 136 g of toluene was dropw se added to the
resulting solution in 2 hours at a reﬁﬁbrature of O-5[err]C.  Further, the

reaction was continued at a tepperature .of 0-5[err]C. for 2 urs, at room
t enper at ur B3FoPTECRRIFEtedy (&, RORSIRARGESS evvé?lé'leéi}'ﬁ{ ¥o 60[err]C

t lete,. the_r ti 10 f. t 1 Xt . dded ,250 f 5%
aquoous SoRtBRFRYHPRX HBSERELMAR “EHFna oot R HE RRh ¢ ekt 17 od
at T oom tegRar ahteahql 1onedmdiilds siRAGMHthha 50ua 94 | on vas

changed to a” pafe yellow sol ution ter liquid separation, e organic

| ayer was maﬁﬁgﬁ Wil og2Q ve /Als cipat@iCid RiRGin! 28RS gTh&ilAGt i On

m xture was subjected to reflux ™ under reduced pressure’in~a Dean-Stark

azeot ropi c79delydb&! yen 1amPpralcipita ted 0V Thealsd1ubing tS@lsUidOheas
concentrat ed under reduced pressure and the concentrate was allowed to

stand to optachpitysesl 3n Aketoneshalds toltlefearee dhohmein aalaed pressure
to dry them thereby obtaining 176.9 g (yield: 61.0% of a colorless,
t ranspar ent . coOpherdph¥isé chydpeopergiesp wedge wsl dotl lofvs :t hi s conpound was
162 ol eq Mass spectra M': 666
‘Melting point: 396-98°C
'H-NMR spectra &§: 0.6-2.1 ppm (m, aliphatic), 2.8
ppm (m, methine), 6.8 ppm (s, imido
group), 6.9-7.4 ppm (m, aromatic)
Infrared absorption spectra: 1238 cm! (ether
bond), 1712 cm™ (imido bond)
Elementary analysis (as C;;HigN,04):
Calcd.: C 75.66%, H 5.74%, N 4.20%

Found: C 75.5%, H 5.8%, N 4.1%

Example 6 [Synthesis of N,N’-bis[4-(4-aminophenoxy)-

3,5-dimethylphenyl Jmenthane bismaleimide

(Compound 2)]

In a 500-ml, four-necked flask were placed
32.6 g of maleic anhydride and 76 g of acetone, and they
were dissolved with stirring under a nitrogen stream.
While the temperature was kept at room temperature-35°C,
a solution in 198 g of acetone of 84.9 g of the bis({4~

(4-aminophenoxy)-3,5~dimethylphenyl jmenthane (amine



- 39 - (2) Synthesis of dinitro conpound In a 1-liter,
four-necked flask equipped with a thernoneter, a stirrer and a dropping
funnel were placed 77.5 g of the bisphenol, nanmely the reaction product
of di pentene with phenol obtained in (1) above, 78.5 g of
p- chl oroni trobenzene and 263.2 g of 1-nethyl- 2-pyrrolidone, and they were
di ssolved at 50[err]C under a nitrogemt8&t+eam Thereto was added 20.6 g of
99% sodi um hydroxi de powder, and the resulting mxture was kept at
50[ err] C f oPaBivahent: 2Pileg/wid)clobthd nedmior Examplea® wale\datampdd
80[err]C. The reaction was continued at 80-85[err]C for 3 hours, and the
di sappear antB 6f DPHESst afPEn§LiFsiRehwAs| cpasiavet fead ahfurthen gh
perfornancehli uid cgronato%rgphﬁ, t he same applies hereinafter). The
t enper at ur eMABES el eFUPEFINENEIF e r PE, TaPinfrdR thyd ardae WaF adl e was
kept for 3 hour and_t he.inner _pressure was radual |y reduced to 200 Torr
to recover T g ﬁ% e?gsP§§ﬁ§8 Sﬁxgﬁéerggétﬁ ﬁrF%dtﬁé EPOMe HeMBfFSesquent | y,
the inner S fu e 0,125 Tarr .t recover
1- met hyl 2%??0??%0%%&%%. élfiéﬁ% ‘%}eiggﬁ. éﬁﬁsgl PnPiFESnECBEARR ¢ hat
the f'“'d'tWanaﬁaédrﬁﬁékéQB afbXEHEC t¥ARe P8t ul8Skas elevated to
40°C. Thereinto was dropped 40.1 g of acetic anhydride
in 1 hour, and then kept at the same temperature until
the reaction was completed. After completion of the
reaction, the reaction mixture was poured into 600 g of
pure water. The resulting precipitates were collected
by filtration, washed with water, then with methanol,
and warmed under reduced pressure to be dried. Yellow
precipitates were obtained in an amount of 108.0 g
(yield: 98.9%). A part thereof was recrystallized from
methyl Cellosolve/isopropanol. The solubilities thereof
in acetone and toluene are shown in Table 1. Other
physical properties were as follows:
Mass spectra M': 722
'H-NMR spectra §: 0.6-2.2 ppm (m, aliphatic), 2.1
ppm (m, methyl group), 6.8 ppm (S, imido
group), 6.8-7.2 ppm (m, aromatic)
Infrared absorption spectra: 1222 cm™ (ether
bond), 1716 cm™ (imido bond)
Elementary analysis (as CusH,eN;0;):
Calcd.: C 76.43%, H 6.41%, N 3.88%

Found: C 76.2%, H 6.6%, N 3.9%



The reaction m xture was poured into 600 g of pure water with stirring,
and the precipitates separated. were collected by filtration and then
washed with 300 g of water and then with 200 g of warmed nethanol. The
preci pitates thus obtai ned were warnmed under reduced

- 40 - pressure to be dried, thereby ébtaining 133.5 g (yield: 97.7% of
t he obj ective conmpound. This conpound was

-bi s(4-ni t r Grearpig phenfSynehesdneot Nhd’ +bisbte(4admbnpphenpsy)spectra of
this conpound indicated absorptions at 1340 cnierr and 1512 cnferr]
(nitro group). (3) Syhrdbmeshypirhenvd héievapenaatane In a
3-liter, four-necked flask were placed 113.3 ? of the dinitro conpound
obtained in (2) above, lﬁﬂabeth%EtKQ%mE%P%6n3 .65 g of ferric chloride

hexahydrate and 566. 5 et hoxyet hanol they were_dissolved under
a nitrogen stream &.?e%p%%%?r't ?%ro?e9be§ogé??¥cweae Blgcse hydra2|ne

hyd h d 3.h d
Feact 1 on wad ol ﬂ ¢ iRttt o8 SAFEr b o7 R S rete iradpetfance of
the Startwﬁiéﬁﬁ%ééé’&EE@%&%@hw@fthcggiféng B¥abf a THELEEGERT O Was

further
stream. While the temperature was kept at room tempera-

ture-35°C, a solution in 309.2 g of acetone of 132.5 g
(amine equivalent: 279 g/eq) of the bis[4-(4-amino-
phenoxy)-3,5-dimethylphenyl Jdicyclopentane obtained in
Exampie 3 was dropped in 2 hours. The resulting mixture
was stirred for a further 3 hours. Subsequently, 14.4 g
of triethylamine was added and the resultihg mixture was
stirred at room temperature for 0.5 hour, after which
0.50 g of nickel acetate was added and the temperafure
was elevated to 40°C. Acetic anhydride (63.0 g) was
dropped in 1 hour, and thereafter, the resulting mixture
was kept at the same temperature until the reaction was
completed. After completion of the reaction, the
reaction mixture was poured into 1,000 g of pure water.
The resulting crystals were collected by filtration,
washed with water, then with methanol, and warmed under
reduced pressure to be dried. Yellow precipitates of
the objective compound were obtained in an amount of
141.7 g (yield: B3.0%). The solubilities thereof in
acetone and toluene are.shown in Table 1. Other
physical properties were asvfollows: |

Mass spectra M': 718



3 hours,

and thereafter, the reaction mxture was neutralized with a 10%

aqueous sodi um hydroxi de solu- tion, after which the active carbon was
renoved by hot- filtration. The solvent was 80% renoved by distillation,
under reduced pressure, and then, the reaction m xture was dropped into 2

kg of water with stirring. The pH of

7.0-9.5 with a 10% aqueous sodi um hydis@xi-de sol uti on, and then the
stirring was continued, after which the precipitates were collected by
The i<QBitprctrawt e We@h2d peth(mat akiphdtdeied2by war m ng

filtration.
reduced to obtain - 41 -

unde

r

(yield: 99.5% of thePBBj ¢8ti netbyApguadp)Thizs 7 ppmpdumdmexhine),

bi s(4- am nopheoxyphen

of grams of solute in
nore in general

The physi cal pr%ﬁEW? #S)of this conpound were as foll ows:

50

or

i ke.

spectra Merr]:

[err] H NVR spect %gﬁérﬁé6§§$ﬁrgbg$?nFP§FFﬁﬁat

sm7 (ether

bond), 1714 cm! (imido bond)

Elementary énalysis (as C“HuNg%):
Calcd.: C 76.86%, H 5.89%, N 3.90%
‘Found: C 76.8%, H 6.0%, N 3.9é

Example 8 [Synthesis of maleimide derived from oligomer
of 2,6-xylenol and dicyclopentadiene having
[4-(4-aminophenoxy)-3,5-dimethylphenyl group]

In a 1-liter, four-necked flask were placed

58.8 g of maleic anhydride and 137.2 g of acetone, and

they were dissolved with stirring under a nitrogen

stream. While the temperature was kept at room tempera-
ture-35°C, a solution in 350 g of acetone of 150.0 g of
the oligomer of 2,6-xylenol and dicyclopentadiene having

a 4-(4-aminophenoxy)-3,5-dimethylphenyl group obtained

in Example ¢ was dropped in 2 hours. The stirring was

céntinued for a further 3 hours. Subsequently, 16.6 g

of triethylamine was added, and the resulting mixture

was stirred at room temperature for 0.5 hour. There-

after, 0.58 g of nickel acetate was added and the

 temperature was elevated to 40°C, after which 72.4 g of

t he aqueous | ayer was adjusted to

100.8 ¢

glénenthane This indicated a solubility (the nunber
0BPH 6F :sdmidpoaroupd ,s&mé-dAppl Pt Hev,ei nafter) of
ose sol vents such as acetone, toluene and the

Mass

ui val ent igtltratlon met hod) : 254 g/ eq



ppm (m nethine), 3.5 ppm (brs, am no group), 6.6-7.3 ppm (m
aromat:i ¢c) - I nfrared absorption spectra: 1228 cnjerr] (ether

bond), 3210, 3360, 3440 cnierr](am no bond) El ementary anal ysis (as
Cerr]Herr]Nerr]derr]): Calcd.: C80.60% H 7.56% N 5.53%
Found: C 80.5% H 7.7% N 5.4% Exanplesi (Synthesis of diam no conpound)
(1) Synthesis of bisphenol The~same procedure as in Exanple 1

(1) vas ' reneajed  EXcopalial 2.0 axlenol v, sHBAL! bHhedrbotediie ghenol

and the reaction tenperature was change 1 err| optain

solution of e £6acd o RbxkUAE £A00LRLS:SALUELRD-URSAEINCEA Yd under

reduced pressure renove © ol uene. Subseq rogen wa

introduced undef,f eliiced,pheseuie. RPdekNe8mpletio e reaction

h
- 42 - the unreacted matter was renove _gy steanlaigfiFFatlon to dbtain
209.4 g (yiel dipd5-d2Rt 0bn PRl Lt BFOWI2a§Obblred THRLHY Ur 08| gUBGURLERUI Val ent

was 191 g/ eq.
water, and the resulting precipitates were collected by
filtrat;on, washed with water, then with methaﬁol and
warmed under reduced pressure to be dried. Yellow
precipitates of the objective compound were obtained in
an amount of 189.4 g (yield: 97.9%). The solubilities
thereof in acetone and toluene are shown in Table 1, and
other physical properties were as follows:
| Mass spectra M': 718 _
'H-NMR spectra §: 1.0-2.5 ppm (m, aliphatic), 2.7
ppm (m, methine), 6.8 ppm (s, imido group),
6.5-7.3 ppm (m, aromatic)

Infrared absorption spectra: 1220 cm™ (ether

bond), 1714 cm™! (imido bond)



(2) Synthesis of dinitro conpound The sane procedure as in
Exanpie 1 {2) was repeated, except that 91.3 g of the reaction product of
di pentene and 2, 6-xyl enol obtained in (1) above was substituted for the

bi sphenol, to obtain 146.6 g (yield: 98.3% of the objective conpound.
Thi s compound was bi s[ 4- (4-ni trophenoxy) -3, 5-di met hyl phenyl | ment hane.  The
I nfrared absorption spectra of this conpg nd i ndi cated absorptions at 1338
cn{err]dand 1515 cn{$Lr] (nitro grgup) ISEXSynTheii?3§f di am no t d
compoun e sane procedur anpl e was repeate
except that 120 g of the conpound obtgaﬁgﬁ Q (2) above was substituted .
for the dini (xo—conpannd_to —phtain 107 1 g--Lyuiold

_—_—.-98_—;8%@_0&&19&

obj ecti ve coi-ound Thi s conpoynd was ﬁ&@{éné4 am hophengyy heded- di mej hyl -
phenyl ] ment hgme—Ftms LUWpUUHU rmdrcated—asotubr Ty —of 50— or—more—
general - pur ppse Smeonrd stidh ad. acet one,Otol uene br _the |iRe. O her
hysi cal properti h conpound were.as foll ons: Mass specfra
'?/[grr] 522 p) @ g‘ig&nn_%é\lg| -2{ / h\l f | f F ganq He hcd} 289 gi DQ’ p
[err] H NVR s)ectr@bﬁpwmﬂd 9”5 2.14 ppﬁl(n] @liphatic), 2.1 o

Compound 4% 0 0

Comparatlve X X

Compound?®

Note: O: solubility of 40 or more as measured at 25°C

X: solubility of less than 40 as measured at
25°C

1): N,N’-bis(4-aminophenoxyphenyl)menthane
bismaleimide (product of Example 5)

2): N,N’'-bis{4-(4-aminophenoxy)-3,5-dimethyl-
phenyl Jmenthane bismaleimide (product of
Example 6)

3): N,N’-bis[4~(4-aminophenoxy)-3,5-dimethyl-~
phenyl]dicyclopentane bismaleimide (product
of Example 7)

4): Maleimide derived from oligomer of 2,6-
xylenol and dicyclopentadiene having a 4-(4-
aminophenoxy)-3,5~dimethylphenyl group
(product of Example 8)

S5): N,N’-4,4'-diphenylmethane bismaleimide

(Bestlex BH-180, a trade name of Sumitomo
Chemical Co., Ltd.)

ApplicatiQn Examples 1 to 3 and Comparative Application
Example 1

Each of Compounds 1, 2 and 3 obtained as
unsaturated imide compounds in Examples 5, 6 and 7,

respectively, was compounded with 4,4’-diaminodiphenyl-



- 43 - ppm (s, nethyl), 2.7 ppm(m nethine), 3.4 ppm

(brs, 'am no group), 6.6-7.3 ppm (m aronmatic) I nfrared absorption
spectra: 1218 cnferr] (ether bond), 3210, 3350, 3430 cnierr]
(am no bond) El ementary analysis (as (Jerr]Herr]Nerr](err]):
Calcd.: C 81.10% H 8.23% N 4.98% Found: C 81.0% H8.5% N
5. 0% Exanpl e 3 (Synthesis of diam no~cd3pound) (1) Synthesis of

bi sphenol In.a 1-liter, four-necked flask equi pped with a

ther monet er, e%h3ner (IWRLGuEROYpi AgtFadRenaner ef Sumisamesghgmdical

2, 6-xylenol and 7.1 giof a boron ,trifluoride-gther conplex, and the
resul ting m xt R e wals? - ha?fred GROERIa2BRRFogRRAds EREaRPEBLE g0 CoPONEd

i cycl opent adi o KERS AT BBHBAL AL o2Pa @ AT dhe 4ma Toredp Bty &6t ©
at 2 tomper ar P Ehid a7 ERO LR MR Y | THHogh Ol TR PR ook
of Lol uene andas gbb % BT QedFs 1 ERe8uEm Soui um bi car bonat e sol ut i on, and
oo S 0, oo ShAR eI A IR BepdRcht o, upor
except that N,N’'-4,4’-diphenylmethane bismaleimide
(Bestlex BH-180, a trade name of Sumitomo Chemical Co.,
Ltd.) was used as the unsaturated imide compound to pre-
pare a cured product (Comparative Application Example
1).
The physical properties of these cured
products are shown in Table 2.
Incidentally, the methods of measuring

physical properties of the cured products were as

follows:

Heat resistance: Indicated by glass transition tem-
perature (Tg). Measured by means of a thermo-
mechanical analysis appératus (SHIMADZU DT-4).

Flexural strength, flexural modulus: Measured
according to JIS K-6911 by means of an Instron
type universal material tester (SHIMADZU IS-
10T) at 240°C.

Water absorption: Indicated by absorption after

having been  immersed with boiling for 3 hours.



sol ution.~After—li-qui-d separation, the organic |ayer was washed wi th_500

g OifhrsFBH’egt ter three tinmes. The ! TAC -
react %Be 8ceqeat ed under reflux in a Dean- St a'm'S% ETAHAS iBgEﬂ
dehyd us to renove water. The solution pas_c ated.dnder
reduc

d the excessive 2,6-§y%ﬁngl was then renoved by
distlllatlon Subsequently, nitrogen was rntroduced under reduced
pressure, and thereafter, the unreacted nmatter was renoved by steam
distillation to obtain 328.3 g (yield: 87.2% of a pale yellow solid of

t he obj ective conmpound. The hydroxyl group equival ent of thigss corpound was

188 g/ eq. (2)_Synthesis of dinitro conpound T
procedure as ijnyExanple |l (R) was | repeatjed, g¢xcept thlat 300.?9“5'of
reaction prodyck dH di dycl ppent adi-eng and 2, 6- xyl gnol obtajifed i1® (1)
above was subsdi gt bd flor t he|bi sphepol || to o¢btain 482. 3 ® g@e : 97.79%
of the objectivd &en )olurdL THi $ RdnPolind | Vas : 258 o
- ] -di h h i -
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conpound i ndi cated absorptions at 1338 and 1510 cnferr] (nitro group).

(3) Synthesis of diam no conpound The sane procedure as in
Exanple 1 (3) was repeated, except that 309.4 g of the conpound obtai ned
in (2) above was substituted for the dinitro conpound, to obtain 277.2 g.
(yield: 99.2% of the objective conmpound. This conpound was . “
bi s[ 4- (4- am nophenoxy) - 3, 5- - 55 =~ - /- 45 -

di met hyl phenyl ] di cycl opentane. This indicated a solubility -of 50 or nore
i n gener al - puBxasplso|Y ertSyn thest s fduioife-niorophrNeFYPRERY L) ke. Ot her
physi cal properties of this conpound were as foll ows: Mass spectra
Merr]: 558 Ani ne @pnthaRet(diRL 59 reanRAENRE hod) : 280 g/ eq

[err]H NVR spectra [err]: 1.1-3.5 ppm(m aliphatic), 2.1 . ... ppm
(s, methyl), 3.2 ppm (brkp aarf-'}-n]elfg%u|of5<3ur-neclokecE fci%ﬁ%-%‘il%?ﬁ(mth
aromatic) I nfrared absorption sggﬁgra%iIZOG.cnggrr%-éether

bond) 3200, 3@56P€§ﬂﬂﬁﬁﬁﬁ¥wrﬁ,{Lﬂﬁ?ﬁ? )@ AXOPPHIEERIRTY HRbfysis (as

GerrlHerrINSIIA Yfd)3 g of vr-90 (@' Efide Tlihe OO0 vdbidnsa® N 5 01%

Chemical for reaction product of dipentene and phenol
having a hydroxyl group equivalent of 162 g/eq), 724.8 g
of p-chloronitrobenzene and 2.457 g of dimethylacetamide
(referred to hereinafter as DMAc), and they were dis-
solved at 50°C under a nitrogen stream, after which
642.2 g of anhydrous potassium carbonate was added. The
résulting mixture was heated to 140°C and reaction was
continued at 140-145°C for 15 hours. The inner tempera-
ture was lowered to 100°C, and thereafter, the resulting
salt was removed by filtration. This salt was washed
with 200 g of dimethylacetamide and the washing was
combined with the filtrate to obtain a DMAc solution of
bis (4-nitrophenoxyphenyl)menthane. A part of this
solution was concentrated under reduced pressure and
washed with water, then with methanol under reflux for 1
hour, after which pale yellow precipitates were
collected by filtration, and then dried under reduced
pressure. The purity thereof as-me#sured by LC was
97.80%, and absorptions due to nit?o group at 1340 cmt
and 1512 cm' were observed in the infrared absorption

spectra.



Found: C81.5% H7.7% N 4.9% Example 4 (1) Synthesis of dinitro
conpound - The sanme procedure as in Exanple 1 (2) was repeated,
except that a reaction product of 2,6-xylenol and dicycl opentadiene
(oligomer) (DXP-L-9-1, a trade name of Japan Petroleum Co., Ltd., hydroxyl
group equi- valent: 191 g/eq) was subsr|§gted for the bisphenol, to

obtain an ol igoner 6- X and dic pentadlene v a

4- (4-ni trophe ple ,S&Hidg¥ ?ﬁ&®|°€ B% (4-amypyplen ?ﬁ%gp g#)aianino
conpound The sane roced as_in_Exanpl (3) was

- 46 - repeated, except tmﬁﬂéﬁ &ﬁb oﬁ?ﬂ?ﬂﬁﬂg? (1) above was

substituted for the dinifro, C?Q@%¥nda?£8bf§5$JQe§Q pfgéggnggoo& 4¢6 tﬁgleno

and dlcyclopentadlene haV|ng erm na

- (4-am nophengrg -¢h fedi St RO NS A OUPPOn JAS JEFSVEER™EL BY. §BC

I ndi cat ed that | gonmer - contal ne

[ 4- (4-ani nophe@pwlcﬁaﬁy B £l fh 1 £ HPRENSLFLRYSY PPROE RERe Jﬁtélﬂéw@ﬂﬁf had

an am ne
Example 9 and 4. 6§ g of 5% palladium/active carbon

catalyst. The lnner pressure of the autoclave was
reduced, and then returned to the original pressure with
nitrogen to remove the oxygen in the system. Subsequ-
ently, the pressure was reduced again, and then returned
to the original with hydrogen, and this operatlon wes
repeated three times to substitute the inner gas of the
autoclave with hydrogen. Under a hydrogen atmosphere,
the inner temperature was elevated to 80f5°C and the
reaction was continued at the same temperature for 4
hours. The inner pressure was elevated to 1.5 atms and
the reaction was continued for a further 30 minutes to
complete the reduction reaction.

The pressure of the autoclave was reduced and
then returned to the original pressure with nitrogen to
remove the hydrogen in the autoclave. The reaction
mixture was filtered through a Radiolite (a trade name
of Mizusawa Kagaku for a kind of filter aid)-coated
filter paper in a separate filtering apparatus at 80°C
and the filtrate was washed with 20 g of DMAc, and then,
placed in a l-liter flask, after which chlorobenzene was
added therete. The resulting mixture was subjected to

azeotropic dehydration under reduced pressure and then



equi val ent of 275 g/eq. Example 5 [ Synt hesi s of

N, N' - bi s(4-am nophenoxyphenyl ) - nment hane bi snal ei m de ( Conpound
1] In a 300-m, four-necked flask were placed 10.8 g of

mal ei ¢ anhydride and 25.2 g of acetone, and they were dissolved with
stirring under a nitrogen stream Wile the tenperature was kept at room
tenper- ature-35C a solution in 59.1 g ofsacetone of 25.3 g (am ne
equi val ent: 253 g/eq) of the bis(4-am nophenoxy- phenyl)nment hane obtai ned
in Exanpl e 1 wahedvaRead iimtthe tdyes tsat ukd O enfovd Wy Snearisl dhea shedrid ng
was further continued for 3 hours. Subsequently, 3.04 g of triethylamne
was added, andsthek ezddtimupin xdehryelmes ors tappaarh tats . o@nbisapesatly £ f or
0.5 hour, after which 0.11 g of nickel acetate was added thereto and the
t enper at ur e washel ehdarbhien 240 wd<C. refinoregiat angesr dreshmatl IR Surof
acetic anhydride in 1 hour, and thereafter, the reaction was continued at
“the same tenpetat gb&ainaf@ MAD RN AT & t(HeamdaaphanoxxXmhendk ) pur e

wat er was dropped thereinto, upon which the reaction mxture
- 47 - menthane. The purity of the diamino compound in the

solution was found to be 98.2% by LC.

A part of the solutidn was concentrated under
reduced pressure and then dissolved again in toluene.
The resulting solution was washed with a 20% by weight
aqueous sodium chloride solution and then dried over
magnesium sulfate. After the drying, the.drying agent
w&s removed by filtration, and the filtrate was
subjected to distillation under reduced pressure to
obtain a standard product. This was pale brown and
glass-like. Physical properties of this product were as
follows: |

Mass spectra M': 506

Amine equivalent (by titration method): 254 g/eq

'H-NMR spectra &§: 0.6-2.1 ppm (m, aliphatic), 2.7
ppm (m, methine), 3.5 ppm (brs, amino group),
6.6-7.3 ppm (m, aromatic)

Infrared absorption spectra: 1228 cm™! (ether

bond), 3210, 3360, 3440 cm™ (amino bond)

Example 11 [Synthesis of bis(4-aminophenoxyphenyl)-
menthane(diamino compound) ]

In a 500-ml autoclave were placed 50 g of DMAc



was precipitated. The precipitates were collected by filtration, washed
wth waters then with nethanol to dry the crystals. The crystals were
recrystallized from methyl Cellosolve/isopropanol to obtain 23.5 g (yield:
70.69% of yellow precipitates. The solubilities of the precipitates in
acetone and toluene are shown in Table 1. Ot her physical properties were
as follows: Mass spectra Merr]: 6668 = Melting point: 96-98[err]C

(ot hiney” Brd fnd @ of mpar PR a g s, e pes- PP
OTUIC) 1 copubl SE T RERL M R el (S <
C42H38N206) : - lcd.:. . C75.66% H.5 74% 0%

Founde 2oL othe Bragingl, Btpesurs A i ckoled &b &dftbe the oxygen

N, N - bi 4- (4-am h - - 5-4j sqlﬁl ’

bi smal laﬂn dt(a i Bh8 Q%%&m§§ﬁéeﬁﬁe““*§' “%Mén a ‘5%‘%’5 W ;%“{l}fq‘hecked
flask were plagedye3gal Goilid B Rived Y e b kPl aogione, and they

were dissolved wth stirri'ng under a nitrogen stream ITe the
tenperature wagrkgRhadl preYBURREIH WREIYE, ldad thisdldfd@ridh ks g of

acetone of 84.9 g of the bis[4-

(4- am nophenoxyppdated rbired Hiemd v riubdtd ta® the gas in the
autoclave with hydrogen. Under a hydrogen atmosphere,
the inner temperature of the autoclave was elevated to
80:+5°C, and 300 g of the DMAc solution (concentration
was adjusted to 33.3% by weight) of bis(4-nitrophenoxy-
phenyl )menthane obtained in Example 9 was dropped into
the autoclave at 1 atm through a dropping means in 2
hours, and at the same temperature, the reaction was
continued for 2 hours to complete the reduction
reaction.

The pressure of the autoclave was reduced and
then returned to the original pressure with nitrogen to
remove the hydrogen in the system. The reaction mixture
was filtered at 80°C to remove the catalyst, and the
filtrate was washed with 20 g of DMAc to obtain a DMAc
solution of bis(4-aminophenoxyphenyl)menthane. The
purity of the diamino compound in the solution was found
to be 98.9% by LC.

The retention time of this diamino compound
found by the LC anyalsis was completely identical with

that obtained in Example 10.



- 48 - equivalent: 281 g/eq) obtained in Exanple 2 was dropped in 2
hours.” The "stirring was continued for a further 3 hours. Subsequently,
3.04 g of triethylam ne was added, and the resulting m xture was stirred
at roomtenpera- ture for 0.5 hour, after which 0.29 g of nickel acetate
was added thereto and the tenperature was elevated to 40[err]C Thereinto
was dropped 40.1 g of acetic anhydride g _hour, and then kept at the
sane tenperature until the reaction was conpleted Af ter conpletlon of the

reaction, the £Ragplen.al rbyneneassbeur &dn b0 900 athidlopNAMRGRy1 The

resultlng precipitates were collected by fi tion er,

then with methanol, and wenthdnendesmagdimedeP é%%%w’tﬁrta%@e sdiiigad.  Yel | ow
precipitates were obtained in an amount of 108 (yield: 98.9%%. A part

t hereof was reeoypdahdized from nethyl Cellosolvellsopropanol The
solubilities thereof in acetone and toluene are shown in Table 1. O her
physi cal properties werelasaf&kLawer, four-hMeskedp&thsr Meewr blaédd
[err]H- NVR spectra 6: 0.6-2.2 ppm(m aliphatic), 2.1 ppm (m
met hyl group),2%783pgnefsmailaigoanhydride and 2,373 g of chloro-
benzene,.and they were dissolved with stirring under a
' nitrogen stream. Into the flask was dropped 1,625.1 g
of the DMAc solution (concentration was adjusted to
34.3% by weight) of bis(4—aminophenoxyph¢nyl)menthane
obtained in Example 10 through a dropping funnel at
25+5°C in 2 hours. The reaction was continued at 35°C
for.2 hours to complete the formation of amic.acid.
Subsequently, 10.46 g of p-toluenesulfonic
acid monohydrate was added, and the resulting mixture
was subjected to dehydration-ring-closure reaction at
atmospheric pressure at a temperature of 130° to
140°C. The reaction was allowed to proceed while the
water formed was taken out of the system by means of a
Dean-Stark azeotropic dehydration apparatus. The
reaction was completed in 5 hours.
Subsequently, chlorobenzene and then DMAc were
recovered under reduced pressure in a total amount of
93%. The crude product obtained in this case was
resinous. To the product was added 674 g of propylene
glycol monomethyl ether and the resulting mixture was

heated to 60°C, and the resulting solution was cooled

and then poured into 1,685 g of 2-propanol, after which



group), 6.8-7.2 ppm(m aronmatic) I nfrared absorption spectra: 1222

cnferr] (ether bond), 1716 cniferr] (i m do bond) El enentary
analysis (as Clerr]Herr]Nerr]Jerr]): Calcd.: C 76.43% H
6.41% N 3.88% Found: C 76.2% H 6.6% N 3.9%

- 49 - Exanple 7 (Synthesis of N, N -bis[4-(4-am nophenoxy) -

3, 5-di net hyl phenyl ] di cycl opent ane - 60 - bismaleimde (Conpound 3)]

In a 1-liter, four-necked flask were placed 51.3 g of mal eic anhydride and
119.7 g of acgh®neesabdinghpyewtpétditesovesd wotllesttiedr byy fildderatdam.tr ogen
stream Wile the tenperature was kept at roomtenpera- ture-35[err]C, a
sol ution in 3fRe2pgecipatetenewekelfdsbed wishi deprgpanglegnd Xheng/ eq) of
t he bis[4-(4-ami no- phenoxy)-3, 5-di met hyl phenyl dicycl opentane obtained in
Exanpl e 3 waswiltbppethano, hémdsdr?lfﬁé ragdert regusedt PresSsHE® A rred for a
further 3 hours. Subsequently, 14.4 of triethylamne was added and the
resul ting n1x@ht@—na§59sg|KYé61§t ?éo@1ﬁénﬁér2@&@éYﬁéﬁoﬁ'?rﬁG&@l “af t er

which 0.50 QBSLeQ'Ck%Lo%CE%%EGLWa%a%d ggn Qh%QESEQ r?ﬁg{qbls(4-

aminophenoxyphenyl)}menthane bismaleimide and 15% of the
oligomer component of the bismaleimide were contained.
The oligomer component acts effectivelg as a thermoset-
ting-resin, and therefore, it is usually not necessary
to separate the same (in the following Examples, the
same applies). The infrared absorption spectra of the
pfoduct indicated an absorption due to ether bond at
1238 cm™! and an absorption due to imido bond at 1712

cmt.

Example 13 [Synthesis of N,N’-bis(4-aminophenoxy-
phenyl)menthane bismaleimide (unsaturated
imide compound) ]

The same procedure as in Example 12 was
repeated, except that 95.0 g of a cationic ion-exchange
resin (Amberlist 15, a trade name of Organo Co., Ltd.)
was substituted for the p~toluenesulfonic acid mono-
hydrate catalyst, and the dehydration-ring-closure
reaction was effected at a temperature of 130° to 140°C
for 5 hours. The catalyst was removed by filtration,
and the filtrate was subjected to the same after-

treatment as in Example 12 to obtain 645 g (yield:



was el evated to 40[err]C. Acetic anhydride (63.0 g) was dropped in 1 hour,
and thereafter, the resulting mxture was kept at the sane tenperature
until the reaction was conpleted. After conpletion of the reaction, the
reaction m xture was poured into 1,000 g of pure water. The resulting
crystals were collected by filtration, wgshed with water, then with

nmet hanol , and warnmed under reduced pressure to be dried. Yellow
precipitates 0@8.998 elg] ?ﬁﬂ.'eVSreQQ!mPlﬁ%c\WiQaQ@sa! Net-dn) @Bt 2ANDURYa $F

141.7 g (yield: 83.0%. The solubilities thereof in acetone and tol uene
are shown in Tabhfdltheth@ns bffy:u',wI-bp.rsqmeraﬁﬂieﬁapu@rm@q:rféﬂg}pménthane Mass
spectra Merr]: 718 _ - 50 -

[err] H NVR spebismaleimfidel atd? 18%pph (e @liigloaisirc)compchent of the ppm

(m nethyl group), 2.7 ppm(m nethine), 6.8 ppm (s, imdo
group), 6.6-7.Bippaleamide were contadowesd.ic) | nfrared absorption
spectra: 1222 cnferr] (ether bond), 1714 cniferr] (i m do bond)

El ementary analysis (as CJerr]Herr]Nerr](err]):

Example 14 [Synthesis of N,N’-bis(4-aminophenoxy-
phenyl)menthane bismaleimide (unsatufated
imidé compound)]

In a 5-liter, four-necked flask were placed

237.3 g of maleic anhydride and 2,373 g of chloro-

benzene, and they were dissolved with stirring under a

nitrogen stream. A solution in 1,067.8 g of pMAc of

557.3 g of bis(4-aminophenoxyphenyl)menthane was dropped

into the flask through a dropping funnel at 25#5°C in 2

hours. Reaction was continued at 35°C for 2 hours to

Complete the formation of amic acid.

Subsequently, 10.46 g of p-toluenesulfonic
acid monohydrate was added, and the resulting mixture
was subjected to denhydration-ring-closure reaction under
reduced pressure aﬁ 100°C for 1 hour and at 110°C for 1
hour. The reaction was allowed to proceed while the
water formed was taken out of the system by use of a
Dean-Stark azeotropic dehydration apparatus (the first
stage preliminary reaction). Subsequently, the pressure
was returned to the atmospheric pressure while the azeo-
tropic dehydration was continued and then the temper-

ature was adjusted to 135°C. The reaction was completed



Calcd.: C 76.86% H 5.89% N 3.90% Found: C 76.8% H 6.0% N
3.9% ' Exdnple 8 [Synthesis of nmleinide derived from oligoner

of 2, 6-xylenol and dicycl opent adi ene havi ng

[ 4- (4- am nophenoxy) - 3, 5- di et hyl phenyl group] _ ~In a 1-liter,
four-necked flask were placed 58.8 g of_ ei ¢ anhydride and 137.2 g of
acetone, and they were dissolved with stirring under a nitrogen stream

While the tenpgta eLas er 35 r sol ution
'n 350 g of acatohi ot ThotOngrhr (PRE AFCIGcy i Sl tRE Lol
dicyclopentadkgeg Fzying a 4-(4-am nophenoxy) -3, 5-di net hyl phenyl group

obtained in an% 4 was dropped in 2 hours. The stirring was continued

for a further 3 hours. SQQS@Q&%@hkiy,lﬁnﬁeQ rQEuEEHe?QEEQEEQQ ded,
and the resulting mxture was stirfed at roomtenperature for 0.5 hour.

There- after, b@nbéng @hdnthkal paaet Gbeaascaddeddand hheothaMGALY € Was.
el evated to 40[err]C, after which 72.4 g of

- 51 - aceticofinfyd¥ti deheasrddeppedduatlobedinadd ihhehies dhlsiengrasm xture
was kept at the sanme tenperature until the reac- tion was conpleted. After
conpl etion of tésineasti oflp the product was added 674 g of propylene
glycol monomethyl ether and the resulting mixture was
heated ﬁo 60°C, after which the solution thus obtained
was cooled and then poured into 1,685 g of 2-propanol.
The precipita;es thus formed were collected by filtra-
Fion, and washed with 2-propanol and then with methanol,
and thereafter dried under reduced pressure to obtain
698 g (yield: 95.2%) of pale yellow precipitates. From
GPC, it was found that 96% of N,N’-bis(4-aminophenoxy-
phenyl)menthane'bismaleimide and 4% of the oligomer
component of the bismaleimide were contained. Physical
properties thereof were as follows:
Mass spectra M': 666
Melting point: 96-98°C
'H-NMR spectra §: 0.6-2.1 ppm (m, aliphatic), 2.8
ppm (m, methine), 6.8 ppm (s, imido group),
6.9-7.4 ppm (m, aromatic)
Infrared absorption.spectra: 1238 cm! (ether |

bond), 1712 cm™ (imido bond)

Comparative Example 1

The same procedure as in Example 14 was



the reaction mxture was poured into 1,000 g of pure water, and the

resul t'ing precipitates were collected by filtration, washed with water,
then with nethanol and warmed under reduced pressure to be dried. Yellow
precipitates of - the objective conpound were obtained in an anount of 189.4
g (yield: 97.9% . The solubilities there I n acetone and tol uene are
shown in Table 1, and other physical 5?6%%r?ies were as foll ows:

R by i Db i e g o
(eher - PP (BecReRi e (o IR M SRS A S o

- 52 - arakl : : ; Acet one
s not effected and/¥M1& %

Tol uene Cg%poun 1l err] : %' fe main reaCthg was Compound

2[err] effefted. The purity (GBC) of “HPPPHE e ddtained and O

@] Conmpound 4[ err] : O O Conpar ative

X the tXme required for the reaction are shown in Table 3.

Comparative Example 2

The same procedure as in Examplé 14 was
repeated, except that toluene was substituted for the
chlorobenzene and only azeotropic dehydratiqn was
carried out at atmospheric pressure at a temperature of
1i0—120°C. The purity (GPC) of the product obtained and

the time required for the reaction are shown in Table 3.

Table 3
Product purity Reaction time
(GPC) (azeotropic
dehydration)
Example 14 96% 4.5 hours
Comp. Example 1 94% 12 hours
Comp. Example 2 82% 3.5 hours

Example 15 [Synthesis of N,N’-bis(4-aminophenoxy-
phenyl)menthane bismaleimide (unsaturated
imide compound) ]

The same procedure as in Example 14 was

repeated, except that §5.0 g of a cationic ion-exchange



Conmpound[ err] Note: O solubility of 40 or nore as nmeasured at

25[err]C X: solubility of less than 40 as neasured at

25[err] C 1): N, N -bis(4-am nophenoxyphenyl ) nent hane

bi smal ei m de (product of Exanple 5) 2):

N, N - bi s[ 4- (4- am nophenoxy) - 3, 5- di net hyl - phenyl ] ment hane

bi smal ei m de (product of Exanpl e 6) 3):

N, N' - bi s[ 4- (4- am nophenoxy) - 3, 5- di et hyT - 4 - phenyl ] di cycl opent ane

bi smal ei m de r aduct . f Exapmple 7 : 4),. I, m de
derived from |%5d6h3f‘“bt?e%’6€t 15 (2 traé?)&ﬂ’%%o‘?f a?lﬁgﬁ%y%?btl\)/g*f%gbgne
having a 4-(4- . ' oxy).-3, 5-di ne | pheny!l . grou
(product of Ef’&?plsél%tltutea&n ng?&pﬁ\],%@%‘-}ﬁn‘i’cﬁﬁgﬁ%ﬁ%ﬁ%g’“gﬁi‘gﬁm ei mi de
(Bestlex BH1 of gugn' ) c}?% td.)
Application E)%S’r(riprl%é:tser%eto and _rrpac?ag?rgrl StAp"f) Y Efao_n _%a Ié@Jltré- _
Each of Conpoynds 1.am aiith 354004 ol AEd: A o 4R LT 28 olh | Bk digp £ONPOURLS 110
Exanples 5, 6 and 7, respectively, was conpounded wth
4, 4" -di ani nodiafede out to obtain 587 g (yield: 94.1%) of Pale
yellow precipitates. From GPC, it was found that 98% of
N,N';bis(4—aminophenoxyphenyl)menthane bismaleimide and
2% of the oligomer component of the bismaleimide were
contained. The retention time thereof in LC was

completely identical with that of the standard product

in Example 14.

Example 16 [Synthesié of N,N’-bis(4-aminophenoxy-
phenyl)menthane bismaleimide (unsaturated
imide compound)]

In a 5-liter, four-necked flask were placed

237.3 g of maleic anhydride and 2,373 g §f chloro-

benzene, and they were dissclved with stirring under a

nitrogen stream. Into the flask was dropped 1,625.1 g

of a DMAc solution of bis(4-aminophenoxyphenyl)menthane

through a dropping funnel at 25:53°C in 2 hours.

Reaction was continued at 35°C for 2 hours to complete

the formation of amic acid.

Subsequently, 10.46 g of p-toluenesulfonic
acid monchydrate was added thereto, and the resulting
mixture was subjected to dehydration-ring-closure reac-

tion at 100°C for 1 hour and 110°C for 1 hour under



met hane (Sum cure M a trade name of Sumtono Chemical Co., Ltd.) as a
curing ageht, and the resulting conpound was press-formed at 200[err] C at
70 kg/cnferr] for 1 hour,.and then cured at 200[err]C for 4 hours to
obtain cured products having a thickness of 2 mm The sane
procedure as above was repeated, except that N, N -4,4'-di phenyl net hane
bi smal ei m de (Bestlex BH 180, a trade nagg of Sumitono Chem cal Co.
Ltd.) was used as the unsaturated im de conpound to pre- pare a cured
product (Conpareduceel Appdssaié omhEkanphe aidotropic dehydTheiphysasal
properties of these cured products are shown in Table 2.

| nci dental | y, d¢dredurstérbdsand smhsequegtlphystcaB5TE dper t4 ésowfs twiel bair ed
products were as follows: Heat resistance: Indicated by gl ass
transition temhe pressure wasareteridq)sloeigutedthg abmaspberact her no-
mechani cal anal ysis apparatus (SH MADZU DT- 4} Fl exural strength,
f1 exur al nDdummﬁsﬁn%%uréﬁhe reaction wagordipgedotal Breceediwhylaeshe of

an I nstron e universal material tester (SH MADZU IS
10T) at 240[ er¥gter fom%t‘éﬂ?s ab3EeRt Peh: of nE@af¥at8Y BBsBEPt Pén2aft er

havi ng been imersed with boiling for 3 hours.
Dean-Stark azeotropic dehydration apparatus.

Subsequently, chlorcbenzene and then DMAc were
recovered in a total amount of 89%% under reduced pres-
sure. Subsequently, 2,200 g of methyl isobutyl ketone
was added to prepare a solution. The solution was
cooled to 60°C, and then neutralized by adding 1,000 g
of water and sodium bicarbonate in such an amount that
the pH of the aqueous layer became 5-7, and then
subjected to washing and liquid separation. Further;
the solution was washed with 1,000 g of a 15% agqueous
sodium chloride solution two times at 60°C and then
subjécted to liquid separation, and thereafter to remove
the water by azeotropic dehydration under reduced
pressure. The salt was removed by filtration. The
filtrate was finally concentrated under reduced pres-
sure, and when the conditions reached 150°C/5 Torr, the
product was taken out in the molten state of the flask,
to obtain pale bréwn solid in an amount of 724 g (yield:
98.7%). From GPC, it was found that 95% of N,N’-bis(4-
aminophenox&phenyl)menthane bismaleimide and 5% of high
molecular weight component were contained. Physical

properties thereof were as follows:



S4rris $def Has Been Replaced ' - 55 - Exanple 9

[ Synth I trophenoxyphenyl) ment hane (dinitro
compou In a 5-liter, four-necked flask equi pped with _a
t her no , r and a dropping funnel were pla%

(a trade nanme of Yasuhara Chem cal for reagtion produ ?ﬂgg E@ﬂh&ﬁéﬂ?ﬁio
Leggtion p BERCER,

phenol having a hydroxyl group equival ent “of 162 g/eq)\..124
p- chl oronit robenzenq{aaggidg%ﬁégrg @i, digggt hyl acetamide (referred to

herei nafter as DMAc), an ey were dis- solved at 50[err] C under a
nitrogen stream af gl whi PAL. 2 ggobggnhydrous potassi um carbonate was
added. The resulting ﬁ?gégp%omas heated to 140[err] C and reacti on was

continued at 140- 145keniirC iictln OUIE.6-He igher (d e P8iphatidf £ 966
| owered to 100[err]C, and thereafter, the resulting salt was renoved by

filtration. This salt V\ﬁSpWSt}ﬁg methine), 6.8 ppm (s, imido group),

6.9-7.4 pom (m, aromatic)
Infrared absorption spectra: 1238 cm™ (ether
bond), 1712 cm™! (imido bond)
Examples 17 to 28 ]

" Compounds 1 to 4 obtained in Examples 5 to 8
were used as unsaturated imide compounds; glycidyl ether
of o-cresol novolak [Sumiepoxy ESCN-195 (a trade name of
Sumitomo Chemical Co., Ltd.), epoxy equivalent: 201
g/eq, hydrolyzable chlorine.content: 330 ppm] and
glycidyl ether of polyphenol obtained by condensation of
a phencl and hydroxybenzaldehyde (epoxy equivalent: 213
g/eq, hydrolyzable chlorine content: 200 ppm) (referred
to hereinafter as PHB) were used as epoxy resins; phenol
novolak (Tamanol 759, a trade name of Arakawa Kagaku K.
K., OH equivalent: 106 g/eq) was used as a curing agent;
triphenylphosphine and triethylammonium tetraphenyl-
borate were used as curing accelerators; crushed fused
silica (FS-891, a trade name of Denki Kagaku Kogyo K.
K.) and spherical fused silica (FS-74, a trade name of
Denki Kagaku Kogyo K. K.) were used as fillers; carnauba
wax was used as a releasing agent; and SH-6040 (a trade

name fbr coupling agent of Torey Dow Corning Silicone)



with 200 g of dinethylacetan de and the washing was conbined with the
filtrate to obtain a DMAc sol ution of bis(4-nitrophenoxyphenyl) nent hane.
A part of this solution was concentrated under reduced pressure and

washed with water, then with nethanol under reflux for 1

hour, after which

pal e yellow precipitates were collected by filtration, and then dried
under reduced pressure. The purity thereqgf; as neasured by LC was 97.80%
and absorptions due to nitro group at 1340 cnjerr] and 1512 cnjerr] were

observed in thgninkBgl-8d 33bS0RREIdAN naSREGE Fhin-etsu Kag
- 56 - Exanple 10 [Synthesis of bis(4-am nophenoxypheny

%ku Kogyo K.

ment hane (di ankng semeows@dl] as coupling lagentsQ0- Mhed asdmy coggcuiiased
350 g of the c solution (the concentration was adjusted to 33.3% by
wei ght) of (4-ant thphamoaptiser(y)) sholwand noMadilesd 4 —_RndES et kresaliadd 6 ¢
of 5% pal | adi unf active carbon catalyst. The inner pressure of the

aut ocl ave was onedodédandndransteremalded.t o t he ori gi nal

pressure with

nitrogen to renove the oxygen in the system Subsequ- ently, the pressure
was reduced again, and tBae metldededprodycitise wemeyifthan pasthrotred aind

this operation wa

S
200°C for 5 hours to obtain cured products. The com-

pounding recipes, physical properties of thermosetting

resin compositions and physical properties

products are shown in Tables 4 and 5.

Comparative Examples 3 and 4

The same procedure as in Example

of cured

17_was

repeated, except that N,N’-(4,4’-diaminodiphenylmethane)

bismaleimide (Bestlex BH-180, a trade name

of Sumitomo

Chemical Co., Ltd.) was used as the unsaturated imide

compound, Sumiepoxy ESCN-195XL was used as

the epoxy

resin and Tamanol 759 was used as the epoxy curing agent

(Comparative Example 3) or the same procedure as in

Example 17 was repeated, except that Sumiepoxy ESCN-

195XL was used as the epoxy resin and Tamanocl 759 was

used as the epoxy curing agent (Comparative Example 4¢),

to prepare cured products. The post-curing was effected

at 200°C fof 5 hours (Comparative Example 3

) or at 180°C

for 5 hours (Comparative Example 4). The compounding

recipes, physical properties of thermosetting resin

compositions and physical properties of cured products

are shown in Table 5.



repeaqﬁg { a;geggﬁ ubstltute the inner gas of the autoclave with

hydr ogen n at nosphere, the inner terrper?!*.u_L .
to 805[e reactlon was continued at the safme terrpera‘t‘ﬂ\déufor 4
hours. ure was elevated to 1.5 atns and the reaction ?Né‘éHl

conti nued for a further 30 mnutes to conpgele the reduction r
The pressure of the autoclave was reduced and then regjgn ETOHASIEBEEN .
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chl or obenzene WwasN [added, tlher ptio] Thelresulit| 8y [ng xit yr e mas | sulj gct ed-t 0
azeotropi c dehy@ atji on|undef’ rediiced pressur ="ard then g
- 57 - the wdter in the qystpm vwas re¢novied py rreans of @ Dean-| Stark
azeotropi ¢ dehydrati-ont+apgarat-usi—Subsegquenrty-——the—ehetrobenzene wag
recovered unddr wr educed priessire| to ¢btdin g DVYAc |sol ut] on|of 0
(4- am nophenoxy@henyl ) - , ol I ©
« 0N 1 (= 1 I { { O o 4 ¥ ¥ + ¥ (1]
CEh V) N | o Q
Q
S b
i
o
Pa‘ * -
go 1 o t ! H o ) KR + ¥ 4 ¥
(Ll
%
&
r?l Ig] 79
Q‘ 0 3
= =) H o § I i o™~ | ™~ ¥ ¥ ¥ ¥ ¥+
(L] wmn (18] =i
4
5]
<3¢
o o
~ —~ o
n Q.' 3 -
i+ g o (=] ! § i i i w ™ ¥ ¥ ¥ ¥ +
£~ G- | © —
X
2
o
~ wmn 7] < o o [aa] o~
%l\ (=) 1 i I { o™ I ™~ < [} [ag] [ag] o
@~ mn (22} - (te] 7]
M (9]
&
@
0
q | -
o o 0| ~
<] =] A |
« ol Q ~ 0
£ Sl gL |-
) Q| dm | | g
@ KV I R v @
£ ga|lo| g0 |Tg|
— Q ~ |l S0l | 0|3l x
| é‘g - g - Eg«u g “ 3
- N -
Slelal=| 225 |8|%]35 (522
“ (o] a
gclslelslaola cl>»o |l ol a
S| 3l 3| 3|A-A}|~ ool o|~]3
olo|l ol oi{Twa]| ol (LPralsl ul| a
Q| &l vl ]l HE | R S| 0N 0 Q| =
AHEHEH IR IR
olo|lo|0|lmalwja|lm|im|lmr|lolal|o




ment hane. The purity of the diam no conmpound in the solution was found to
be 98.°2% by LC. A part of the solution was concentrated under
reduced pressure and then dissolved again in toluene. The resulting

sol ution was washed with a 20% by wei ght aqueous sodi um chl ori de sol ution
and then dried over magnesiumsulfate. Aftgy 1he drying, the drying agent
was renoved by filtration, and the filtrate was subjected to distillation
under reduced pressure to obtain a standard product. This was pal e brown
and glass-like. Physical properties of this product were as follows:

Mass spectra Merr]l:. 506 Amine equivalent (by titration nethod): 254
g/ eq [err]tk NVR pecira [err]: 6-p. 1 ppnh(rn afi phatic), 2.7
ppm (m nethine)l 3]5 gpm (brg, am|no [grou®, ™M 6.6-7.3 ppm(m
aromati c) + I pfar dmaoaorpﬁlor eot [ & k228ccn[ecw] (et he
bond), 3210, 336D, 3424 Tn & ]S (aifd Bopd) | & [Eganpl e 11| [ Synt hesi s of
bi s(4- am nophenoxyplhenyl ) - ~ment hang( di ani no clonpound) ]
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- 58 - and 4.0 g of 5% pal | adi um al um na catal yst. The pres- sure of the
aut ocl ave was reduced and then returned to the original pressure with
nitrogen-to renove the oxygen in the system Subsequently, the pressure of
the auto- clave was again reduced and then returned to the original
pressure with hydrogen, and this operatiodOwas repeated three tinmes to
substitute the gas in the autoclave with hydrogen. Under a hydrogen

at nosphere, the inner tenperature of the autoclave was el evated to
805[err]C, and 300 g of the DMAc solution (concentration was adjusted to

33. 3% by wei ghty—ef—bistérri-trephenexy e—oht-aimed—i n
Exanpl e 9 was{ d¢ opped intB he jaut odl av a droppi ng neans
in 2 hours, aﬁﬂ at the spne|tenperatjufe cdntipued for 2
hours to conp|et® {he |réductioh ﬂeactgo . hé priegsur t he
aut ocl ave was| r&&duged |and] t hen jreturlned I gi essuref wi gh
nitrogen to 'éﬁnva t e hydr ¢gerf i n tfhe bn i xtjureS was
filtered at 8P[ErT|C O TEMOYE tiTe—cgrdal at vdshed
with 20 g of Dc fo gbt aj n DNAc qoLu s)

. : | . 13} .
bls(4-an1nophanoxyphpﬁyh)nenthane. The M nQ conpound in
the solution as™f puhd 'tlo 'be 94.8% QySLC. dtdntijon 8ime of
this diam no p@&molnd o
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found by the LC anyal sis was conpletely identical with that obtained in

Exanpl e 10. - 59 - Exanple 12
[ Synt hesis of N, N -bis(4-am nophneoxyphenyl) - : ment hane
bi smal ei m de (unsaturated i m de conpound)] In a 5-liter,

four-necked flask were placed 237.3 g of fdl ei ¢ anhydride and 2,373 g of
chloro- benzene, and they were dissolved with stirring under a nitrogen
stream Into the flask was dropped 1,625.1 g of the DVAc sol ution
(concentration was adjusted to 34. 3% by WEI ght) of

bi s( 4- am nopherg¥yphrenryrerthane—Tobiratred—A—canpt 167 t+hroygh a
droppi ng funnel jat | 25} err|] 5] grr]o in{2 Hourk. The r n wag conti nued
at 35[err]C forl 2 hours tlo conpl e} & the [fdrpatiion o aci d.
Y - 5 o y
Subsequent |y, -1Q. 46 & of2 - Lol genest] | @ijc™ pg d Fone! € was added, and
the resulting mi|xture {wag supjected toocehydr-at lf@n- | osurie reaction
at atnosphericipressute dt a terrperature of{ 130[ err 140[ érr] C. The
reacti on was atti TQ priocegd wn Th aren 1.or S {aken out of
t he system by ngans| of {a |Deap- St arls,,dazecttr’opl c|dehydrGati on apparatus. The
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reaction was conpleted in 5 hours. Subsequent |y, chl orobenzene
and then DVMAc were recovered under reduced pressure in a total amount of
93% The crude product obtained in this case was resinous. To the product
was added 674 g of propylene glycol nononethyl ether and the resulting

m xture was heated to 60[err]C, and the resulting solutlon was cooled and
then poured into 1,685 g of 2-propanol, affger_ which

- 60 - the resulting precipitates were collected by filtration. The

precipitates were washed i tTebkdy apamd FntH@hysiddl nrddpewtiesind dri ed
under reduced pressure to obtain 669 g (yield: 91.2 % of pal e yel | ow
preci pi - tateserdrevaliied tbywachd duid dwialg &EddsN, N - bi s(4-

am nophenoxyphenyl ) nent hane bi smal ei mi de and 15% of the ol igoner conponent
of the bismal ei m de Geadr etiowent ) Jledy ofThheomigmmere cdnhadmesd jacteach of
effectively as a thernoset- ting resin, and therefore, it is usually not
necessary to separate thHhesdEmiples kad ddmpainet iFeafiamplasthevasane
applies). The infrared absorption spectra of the product indicated an
absorption due to ether iwhred i Qe censeve portdermaleforpthdh Rivte o

i mdo bond at 1712
at 180°C and the time required until the

mixture gelled was measured.

Glass transition temperature: Measured by use of a
thermomechanical analysis apparatus (SHIMADZU
DT-30).

Barcol hardness: Measured according to ASTM D-648
using Model 935 under the conditions of
175°C/3 minutes.

Flexural strength, flexurai modulus: Measured
according to JIS K-6911 using Instron type
univefsal material tester (SHIMADZU IS-~10T).

Moisture absorption: In a constént temperature
constant moisture bath (TABAI PR-2), weight
change was measured under the conditions of
85°C/85% RH. |

Spiral flow: Measured according to EMMI-1-66 under
the conditions of 175°C/70 kg/cm?.

Adhesion (Aluminum peel): The mixture was transfer-
molded on a commercially available aluminum
foil, and peeling strength was measured.

Solder cracking resistance: Simulation IC (32 pins

QF? package; package thickness: 2.05 mm} was



cnferr]. = Exanple 13 [Synthesis of N, N -bis(4-am nophenoxy-
phenyt ) mert hane bi snmal ei m de (unsat urat ed i m de conpound) ]
The sane procedure as in Exanple 12 was repeated, except that 95.0 g of a
cationic ion-exchange resin (Anberlist 15, a trade nane of O gano Co.,
Ltd.) was substituted for the p-tolueqeggltpnic acid nono-. hydrate

catal yst, ‘and the dehydration-ring-closuré reaction was effected at a

tenperature of 130 to i%%;rercltgd b 2 i2QUES aPRSrERlidhY Shdeas vrymoved by
filtration, and the filtrdte was subjécted to the“sanme after- treatnent

as in Exanple 12 to obtQind43 ohs( Weelgdoc/g5% RE/72 hours, and
- 61 - 88.0% of pale yellow precipitates. From GPC, it was found that

829 of N, N -bi 5(4- am nophgRetwRRaRy hEsekhtae, bawsedride 2Rd148% of the

ol i goner conponent of the bismal i mde were contained. Exanpl e 14
[ Synthesis of N, N -bis(4z3% RePPAMEYfor 30 seconds, PALHY¥L)WRDERatRe
bi smal ei m de (unsat urated : i m de conpound) ]

number of IC samples in which crack was caused

was determined. Ten test samples were used.



In a 5-liter, four-necked flask were placed 237.3 g of nuleic anhydride
and 2,373 § of chl oro- benzene, and they were dissolved with stirring
under a nitrogen stream A solution in 1,067.8 g of DMAc of 557.3 g of

bi s(4- am nophenoxyphenyl ) nent hane was dropped into the flask through a
droppi ng funnel at 255[err]C in 2 hourd4 Reaction was continued at
35[err]C for 2 hours to onplete the formati on of am c acid.
Subsequent | yWHAD. 28 §L6ﬂM§Dt5ﬁuenesulfon|c aci d nonohydrate was added, and
the resulting m xture was subjected to_dehydration-ring-closure_ reaction
under reducéd pressurénaPnEBBPEFFF@:#B#d? ﬁ@@POHﬁe ZePIEEPBLERECYYOr 1

hour. The reaction mas allowed to proceed while the water fornmed was taken
out of the s?@F@H@By tdé of a Dean-Stark azeotropi c dehydrati on appar at us
(the first stage prelimnary reaction). Subsequently, the pressure was
returned to the atnospheric pressure while the azeo- tropic dehydration
was conti nued an@ t hen the tenper- ature was ad}usted to 135[erg] C. The

reacti on was co | et ed e (Rila62 -
135[err]Cin 3 rs (th naln reac |on inth second st age) .
N D
—<6§§i§/ 0
(R )y 2)d (R - (Rj)b

wﬁerein Q repreeents an.;iicyclic structure-cqntaining
hydrocarbon having 4 to 20 carbon atoms; each of R;, Ry,
R;, Ry, R; and Ry represents a hydrogen atom, a halogen
atom, a hydrocarbon group having 1-6 carben atoms or a
halogen-containing hydrocarbon group having 1-6 carbon
atoms; and each of a, b, ¢, d, e and £ represents an
integef of 0-4 satisfyinga + b £ 4, c+d < 4 and e + £
< 4; and D represents a divalent organic group having
2-24 carbon atoms and having an ethylenically unsatu-
rated double bond.

2. The unsaturated imide compound according to
Claim 1, wherein Q in formula'(l) is a group represented

by formula (a), (b) or (c):

H3C<-£>—C(CH3)2— (a)

H3C—Q CH(CH,) , | (b)
L



Subsequent |y, Thimitmdﬂeed}?m&g gure, chloro- benzene and then DVAC were

recovered i'n a t f 91% The crude product obtained in this
case was resin H duct was added 674 g of propyl ene gllcol
nmononet hyl et her an er ting mxture was heate T%ﬁ’s (S
whi ch the sol ution thus obt ai ned was COP% ed and thenjpou r%ﬁkg&c
of 2-propanol. The precipitates thus forhed were col ltect ed ptra--
tion, and washed with 2-propanol and then with nmethanol, and thereafter

dri ed under reduced pressure to obtain 698 g (yield: 95.2% of pale yellow
precipitates. From GPC, ‘it und that 96% of N, N -bj s(4-am nophenoxy-
phenyl ) ment hane bi snmal ei m Gs—\%ﬁ-m the ol i goner con&?dn‘ent of the

bi smal ei m de were contai ned. : St’cal properties thereof were as foll ows:
Mass spectra Merr]: 666 Melting point: 96-98[err]C [ err] H NWR
spectra [-err]y 0.6-2. 1w%d&s§|f&h%td‘ducﬁmg€’» an unsaturatppin jmideret hi ne),
6.8 ppm (s, |mdo group), 9-7.4 ppm(m aromatic)

I nfrared absgf oS RS L f SEmd 2B8( ] eﬁhﬂcl(eddllprlses reactingml), 1712
cnferr] (imdo Dbond) Conparative Exanple 1 The sane procedure
as in Exanpl ikhiwRs compound represented by formula (2):

r
19

T

(Ry) g - (Rydg (R3) g (Ry) 5
HZN' | —\ /; i NHZ
O~~~
(Ry)}, (R,) 4 (Ry) ¢ (Ry)y (2)

wherein Q, R;, Rz, Ris, Rir Rys, Ry, a4 b, ¢, d, e and f are
as defined in Claim 1, with an unsaturated dicarboxylic

acid anhydride represented by formula (3):
0 .
D /\:1> o (3)
0

wherein D is as defined in Claim 1 to obtain an amic
acid compound represented by formula (4):

o
(R

i a
NH
COOH /f->_ 4@ Hooc
(Ry) ¢ (R,

HIIlIII ||l||l IIIII I|III Il |I|I




- 63 - repeated, except that the azeotropi c dehydration under reduced
pressure (the first stage prelim nary reaction) was not effected and only
the main reaction was effected. The purity (GPC) of the product obtained
and the time required for the.reaction are shown in Table 3.

Conpar ati ve Exanple 2 The sané procedure as I n Exanpl e 14 was
repeat ed, except that to ue s %ﬂtu ed for t chkﬁfobenzqu and
only azeot r op¥eeEeHy dR at Un o 'zﬂ' pﬁéri at a
tenperature of 110-120[err]C. . pu pf t product pbt ai ned and
the tine reqi#¥ed? o‘% Lfé e’a%tgg?\" %’ Fr‘ ey % L3
Iggk; 3 COTQSEQErb%i non~pr5£g%§% S14 |ty olveneaCtlghe presence
dehydrati on) A 0 3 Conp.
Exanpl e 1 ofy é%ﬁ%}c catalyst ta2c$§§2/de2¥9ratt§g r}né Qﬂgéure 820
3.5 hours rea{?fg@le 15 [Synthesis of N N - bIS(4 anlnophenoxy-
phenyl ) nent hane smal ei m de (unsaturat ed i m de conpound) ]

4. - The process for producing an unsaturated imide

compound according to Claim 3, wherein the diamino com-
pound of formula (2) is prepared by reducing a dinitro

compound of formula (5):

(R 3)e (Ri)a
NO
0, N, /_ 2
(R3)y, (R,) 4 (Ry) ¢ (Ry) (5)

wherein Q, R;, Ry, R3, Ry, Ry, Ry, @, b, ¢, d, e and f are
as defined in Claim 1 obtained by reacting a bisphenol

represented by formula (6):

(Rl)c (R3)e
HO —@}Q‘@D — OH ' (6)
(Ry) 4 (Ry) ¢

wherein QI Ry, Rar Rs, Ry, c, d e and f are as defined

HII\II| |l\|l| I|I|\ HI\I \\ \ll\



The sape procedure as in Exanple 14 was repeated, except that 95.0 g of a
cationi c ion-exchange - 64 - resin

[ Anberlist 15 (a trade nanme of Organo Co., Ltd.)] was substituted for the
p-tol uenesul foni c acid nono- hydrate catalyst. The catal yst was separated
by filtra- tion, and the sane after-tredffment as in Exanple 14 was
carried out to obtain 587 g (yield: 94.1% of pale vyellow precipitates.
From GPC, it wasClaimdlt wathosométroRenzeppsdarinandprendx foramlia) ment hane
bi smal ei m de and 2% of the oligonmer conponent of the bisnaleimde were
contai ned. Thé7petention time thereof in LC was conpletely identical with

that of the standard product in annple 14. Exanpl e 16 [ Synt hesi s of
N, N - bi s(4-am nophenoxy- -(Ri a phenyl ) ment hane bi smal ei m de
(unsat ur at ed i m de{conpound) ] In a 5-liter,

four-necked flask were pKaced 7.3 g of mal eic anhydride and 2,373 g of
chl oro- benzene, and they ssolved with stirring under a nitrogen
stream Into the flask was d 85,1 g (7)

(Rj)b

wherein X represents a halogen atom or a nitro group and
Ri,!Rj, a and b are as defined in Claim 1.

5. The process for producing an unsaturated imide
cémpbund according to Claim 4, wherein the ni;robenzene
derivative of formula (7) is reacted with the bisphenol
of formula ZG) in a non-protonic polar solvent to obtain
a mixture containing the dinitro compound of formula
(5); the mixture as such is subjected to reduction with-
out isolating the dinitro compound of formula (5) to
obtain a mixture containing the diamino compound of for-
mula (2); and the mixture as such is subjected to reac-
tion with the unsaturated dicarboxylic acid anhydride of
formula (3) without isolating the diamino compound of
formula (2).

6. The process for producing an unsaturated imide
compound according to Claim 3, wherein the imidation
reaction of the amic acid compound of formula (4)
obtained by reaction of the diamino compound of formula
(2) with the unsaturated dicarboxylic acid anhydride of

formula (3) is .conducted in two stages, in the first

Wy



of a DMAc sol'BShget ?ﬁeﬂophenoxyphenyl)rrent hane through a dropping
funnel at 255[e Reacti on was AT T TRIRET HACSBEE ] C for 2
hours to conple |on of amic acid. | ufseq;ently,

10. 46 g of p-toluenesulfonlc aci d monohydr at e Jwas aﬂﬁﬂd@?' 1 and the
resulting mxture was subjected to deh ration-Ting-closure reac- - tion at
100[err]C for 1 ho and 11Q[err]C for hour under .
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and subsequently, .at 135 err]C for 4 hours while t o returned
slowly to t RFLRIORT iFCagicis @ 2 CATPS TS or?]{/]vgg y\gg e[/\mrbroceed
whil e the ter forned -taken gut of the.s n1 u f.a Dean-Stark
azeot ropi c \é\'g‘l’?y(ﬂrftsie@r?ea it lfsm'é)lc catalys%ﬁ%@’é‘queﬁ %% %r’ﬁ or obenzene
and t hen recovere Sy | I ed pres-
sure. Sybs[?(l\a%%’&melcﬁ szrfl%’ve ff":rr‘r%e“?1 € % oacr%?“ Ir:Pbty %I c?%%éo q_@edgr to prepare
a sol uti on. 6:-5.33?1 %ln'ﬂt LN RS s dq'b a%eBo[t‘Her Ifeact1dn! REXtheW gl 1 zed by

addi ng 1,00 wat'eér and sodi u r‘bonate 1 n such an amount that the

pH of the aqy@oyy Jsay &fe RRFATP subject¥d Wifteaction at a higher

temperature than 120°C while the water formed is removed

by azeotropic dehydration.

7. The process for producing an unsaturated imide
compound according to Claim 6, wherein the imidation
reaction is effected in a mixed solvent consisting of a
non-protonic polar solvent and at least one organic
solvent which can be azeotropically distilled with
water, and the first stage reaction is effected under
reduced pressure.

8. The process for producing an unsaturated imide
compound according to Claim 6, wherein the unsaturated
dicarboxylic anhy&ride of formula (3) is maleic anhy-
dride and the imidation reaction is effected in a mixed
solvent of a non-protonic polar solvent and a haloge-
nated aromatic hydrocarbon.

9. : A thermosetting resin composition comprising,
as the essential components, (a) an unsaturated imide
compound of formula (1) as defined in Claim 1 and (b) a
curing accelerator.

10. A thermosetting resin composition comprising,
as the essential components, (a) an unsaturated imide

compound Of formula (1) as defined in Claim 1, (b) a

I
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was taken outCUTNhEGRAISFRERRL e(®F aheePIRBKTeSim c‘u’bia(qh)p@heepoﬁym solid
I n an anount of 724 i el d 98.7%. FromGPC, it was found that 95% of
N, N - bi s(4- ﬁ?&fd{%;ﬂ%ﬁﬁi’-) nment hane bi smal ei ni de and 5% of high

nol ecul ar we ht comorhnnt were contai ned. Physjcal . properties thereof
were as foII&&B electronlc part sealed with a gghermosettings

ectra Merr I\/.Elt 96-98[ err C err] H NWVR
:Bect ra [I\/[err]r]es qbcfn? I"a"lg ngér"te& é‘[ lg p{)m (]m net hi ne) ,
6.8 , hmd
| nf rgfgd( stg?p't ;)Ogr 232’2"& ra cf??:%ut earrr%] s(egt]ﬁpé{rn"’(l@h gsettlng

resin composition as defined in Claim 10.

13. A dinitro compound represented by formula (5):
) (R 3)e : (R;)
oux i'a
2 .
. NO,
R
| ( ) __ 4)f (R )

Wherein QI Rl' Rz’ R3I R4I Ri’ Rj, a, b, c’ d, e and f are

as defined in Claim 1.

14. A diamino compound represented by formula (2):
NH2
(R )y
(Ry) ¢ (Rj )b i

wherein Q; Ry, Ry, Ry, Ry, Ry, R;, a, b, ¢, d, e and f are

as defined in Claim 1,

I lll!lll HIIH IIIH Hlll H IIII



bond), 1712 cnerr] (im do bond) Exanples 17 to 26 Conmpounds
1 to 4 obtained in Exanples 5 to 8 were used as unsaturated i mde
conpounds; glycidyl ether of o-cresol novol ak [ Sumi epoxy ESCN-195 (a trade
nane of Sum tono Chemical Co., Ltd.), epoxy equivalent: 201 g/eq,

hydr ol yzabl 8BSARACTNOFc SHEeMISCIOSUBEN and gl yci dyl ether of pol yphenol
obt ai ned by condensation of a phenol and hydroxybenzal dehyde (epoxy

equi valent: 213 g/eq, hydrolyzable chlorine content: 200 ppm (referred

to herei naf t‘B‘FSPa”'s(?HA-@D WEY DR sSCOMRRUNRD xGONBATMENG pAleToY C L 1o VeI RIC TURETRNO|
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tetraphenyl - borate maneunseuuastedrngdac€@mm¢@m®rSeP€¢§Gh§ddfhzed
silica (FS-891, a trade nane of Denki Kagaku Kogyo K. K.) and spheri cal

f used S|I|canF@n¥i (4)¢rade name of Denki Kagaku Kogyo K. K.) were used
as fillers; carnauba wax was used as a releasing agent; and SH 6040 (a

trade nane forcpoupllng agent of Torey Ebm/Cbrn|ng Silicone)

- 67 - ) (Ry), O
//l\\ (Rl)a . l)c 3 e
D: N
\O/ o %)\/
' . ) (R ) b
(Rj)b 2)d 4 £ (1)

wﬁerein Q is an alicyclic structure—containing hydro-~
carbon group having 4-20 carbon atoms; each of R,, R;,
R;, R,, R; and R; represents a hydrogen atom, a halogen
atom, a hydrocarbon group having 1-6 carbon atoms or a
-halogen-containing hydrocarbon group having 1-6 carbon
atoms; each of a, b, ¢, d, e and £ represents an integer
of 0 to 4 satisfyinga +b <4, c+d < 4 ande+ f £ 4
and D represents a divalent organic group having 2-24
carbon atoms and an ethylenically unsaturated double
bond, a process for producing the unsaturated imide com~
pound of formula (1) and intermediates for producing the
unsaturated imide compound of formula (1). The unsatu-
rated imide céhpound of formula (1) is well soluble in
organic solvents and can give cured products excellent

in heat resistance, low water absorption and flexi-

pility.
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wherein Q, R;, R, R;, Ris/and a2, b, ¢, d, e and £ are as

deflned in formula (1).

This ‘invention further provides a thermo-

setting resin composition comprising the unsaturated

imide compound of formula (1) and a curing accelerator.

DETAILED DESCRIPTION OF THE INVENTION

The alicyclic structure-containing unsaturated

imide compound of formula (1) is excellent in solubility

in general-purpose organic solvents, and the cured pro-

duct of the unsaturated imide compound is excellent in

heat resistance, low water-absorbability, flexibility

and the like.

The diamino compound r=

(2) and the dinitro compound repre

oresented by formula

ented by formula (5)

are novel and useful as intermediates for preparing the

unsaturated imide compound of formula (L).

The diamino compound of formula (2) is also

2-1
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obtained has a sufficient purity as the starting
material in industry; however, if necessary, the product
'may be recrystallized from an organic sclvent such as an
alcohel or the ;ike.

It is also possible to obtain the unsaturatad
imide compound in the molten form by adding a suitable
solvent to the concentrate of the rsaction product to
dissolve the concentrate, washing the resulting solution
and then removing the orgnaic solvent by distillation.

Specific examples of the crganic solvent
include ketone solvents such as methyl iscbutyl ketone
ana the like; ester solvents such as ethyl acetate and
the like; and hydrocarbon solvents such as toluene,
xylene aﬁd the like. 2among them, ketone solvents such
as methyl isobutyl ketone and the like are preferrad.
The amount of the solvent used may be varied depending
upon the solubility of the unsaturated imide compound in
the solvent, and is preferably 2-20 times the expected
weight of the unsaturated imide compound.

The washing is effected preferably by repeat-
ing mixing with water at 20-90°C and liguid separation
at least two times. The water to be used may be tap
water, industrial water, deicnized water or an aguequs
sodium chloride solution. It is prefezaéLe to add a
weak base such as sodium bicarbonats or the like to the
washing water to neutralize and remcve the acidic
catalyst. The pH of the aqueaus layer is 4-3, przfer-

ably 5-7. The amount of the washing water is 0.5-20



- 72 - ] ) vand; 5, t he physical properties were

eval uat ed by theRﬁ Cﬂ?&ﬁﬁ. hodg: Gel time: 0.5 g of the mxture
obtained in each ¢f 1hé Exanpl es and Conparative Exanpl es was
placed in the cqndavé8MAY 1%98 of ‘& hot plate - sute 2h 1805 rr] C and
the tinme requirddiuntil the m xture gBvPEKfulR Shagts |SeMay 1998
G ass transition tenperature: Meagured by use of a

t her nonechani call-analysi s apparat iis ( SH yBDLU DT- 30) .

Bar col hardness: Measured according to ASTM D- 648 usi ng Mode
935 under thmenivyliamins afid the like. 175[err] C/ 3 ninutes. Fl exur a
strength, flexural nodul us: Measured according to JI.S K-6911
using I nstron type The theﬁ%?%EFEngnﬁ?%%PaF°PE§FéFL8§HPﬁA5 8 s 107).
Moi sture absaorption; In a constapt tenperature const ant nnlsture

bath (TABAI PBRVSALIER JrdY CORtaln 2n pRQKE ﬁfé%"'ﬂeﬁgﬁraﬂ ﬁﬁ’&éﬁ’ e+t

di f 5% RH. . d
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derived from novolak resins which are r=zaction products

of phenols such as phenol, o-cresol and the like with
formaldehyde; glycidyl ether compounds derived from
trihydric or more hydric phenols such as phloroglucin,
tris(4-hydroxyphenyl)methane, 1,1,2,2-tetrakis(4-
hydroxyphenyl)ethane and the like; glycidyl ether
coﬁpounds derived from dihydric phenols, for example,
bisphenol A, bisphenol F, hydroguinone, resorcin and
i,l'-bis(3-t-butyl-&-methyl-4—hydroxyphenyl)butane,
tetramethylbiphenol and the like; diglycidyl ether
compounds derived from halogenated bisphenols, for
example, tetrabromobisphenol A and the like; glycidyl
ether compounds of polyhydric phenols obtained by
condensation of a phenol with an aromatic carbonyl
compound; amine type epoxy resins derived from p-
aminophenol, m-aminophenol, 4-aminometacresol, 6-
aminometacresol, 4,4’'-diaminodiphenylmethane, 3,3'-
diaminodiphenymethane, 4,4‘-diaminodiphenyl ether, 3,4'-
diaminodiphenyl ether, 1,4-bis(4-aminophenoxy)benzene,
1,4-bis(3-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)-
benzene, 1,3-bis(3-aminophenoxy )benzene, 2,2-bis(4-
aminophenoxyphenyl)propane, p-phenylenediamine, m-

phenylenediamine, 2,4-toluenediamine, 2,6-toluene-
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REPLA(ERﬂENTaﬁﬂEEb umi num foil, and peeling
Sol def ¢tracking resistance: Simulation I C (52
Fackagﬁm{ﬁmﬁka;e t hi ckness: 2.05 M) was
o |noi sture absefption under- t condi
hdors—amd—med| at el y thereg'f'Pﬁﬁ't t?rﬁ%‘@?&edoq May 4888er
or 30 seconds, affer ich the nunber of IC sanples in

n~test sanples were used.
bQ/S %ﬂ&@.inﬁonreﬁulm- t%]}e&?df’a‘}“'nm gngaturat ed imide

cyclohexane bis(methylamine), 1l,3-cyclohexanebis-

'(metﬁ§lamine) and the like; glycidyl ester compounds

derived from aromatic carboxylic acids such as p-

hydroxybenzoic acid, m—hydioxybenzéic acid, terephthalic

acid, iscphthalic acid and the like; hydantoin type

epoxy compounds derived from 5,5-dimethylhydantoin and

the like; alicyclic epoxy resins such as 2,2-bis(3,4-

epoxycyclohexyl)propane, 2,2-bis({4-(2,3-epoxypropyl)-

cyclohexyl]propane, vinylcyclo-hexane dioxide, 3,4-

epoxycyclohexylmethyl-B,4—epoxy cyclohexanecarboxylate

and the like;

N,N-diglycidylaniline; and the like, and

these epoxy resins may be used alone or in admixture of

two or more.

Ameong them, o-cresol-novolak type epoxy

resins and glycidyl ether compounds of polyhydric

phenols obtained by condensation of a phenol with an

aromatic carbonyl compound are preferred in view of

curability and heat resistance.

The epoxy curing agent may be a known one and

includes active hydrogen-containing compounds capable of

reacting with epoxy groups, for example, polyphencl

compounds such as bisphenol A, tetrabromcbisphenol A,

bisphenol F, bisphenol S, bis(4-hydroxyphenyl)cyclo-

hexane, bis(4-nydroxyphenyl)ethane, 1,3,3-trimethyl-1-m-

hydroxyphenylindan-5 or 7-0l,

1,3,3-trimethyl-l-p-

nydroxyphenylindan-6-ol, resorcin, hydroquinone,

catechol; phenol-novolak resins obtained by reaction of

formaldehyde with a phenol such as phencl, o-cresol or



wherein Q represef] =1 - ruct ure-cont ai ni ng hydr ocar bon
having 4 to 20 ca RJEBEACMS ET) Rerr], Rerr], Rerr],
Rlerr], Rerr] an err|] represeptp a hydrogen atom a hal ogen

atom a hydrocarbdn|gr p8mAYY9Rg - b carbon atong or.a .

hal ogen- cont ai ni ng tydrocarbon grpup having 1- 6”%%956%“3 sheet - 15 igys! 998.d
each of a, b, c, d, septs an I nteger of 0-4
satisfying a + b [lerr] 4, ¢ + d [erf] 4 3d=-e + f [err] 4; and D
represents a divalent organic group having 2- 24 carggn at ons. and
havi ng an etf@yFPefi-3al | Wh@iks &he amount of r"éi%d‘%%‘l‘%a d"‘“" e com=- o

The unsaturated i m de conpound accord n mhereln Q In
formula (1) pouadgbd@ndasInashhay and ‘the abave FIRFS a%f} RIS HHCR

[err]

—as i - er 3 a A process for
produci ng anFBALEEARS S AIHiAR® .rﬁ‘sé'psr%@gb%ﬁ e%‘l%ydete"mrat‘d'

Also, the amounts of the epoxy resin and the

curing agent blended are preferably equal to each other,
and when the amcunts are quite different, moisture
reéistince and heat resistance are deteriorated.

The thérmosetting resin composition of this
invention may, if necessary, contain a filler. Examples
of the filler are fused silica, crystalline silica,
alumina, talc, calcium carbonate, titanium white, clay,
a;bestos, mica, red iron oxide, glass fiber and the like,
and among them,_molten silica, crystalline silica and
aluminalare pérticularly preferable.

The amount of the filler compounded can be
varied depending upon the purpose, and when the compo-
sition is used in sealing a sem;conducco- the amount of
the filler is preferably 30-90%, more preferably 60-85%,
by weight based on the total weight of the resin compo-
sition. When the amount is less than 30% by weight, the
moisture resistance is inferior and when it exceeds 350%
by weight, the formability is not satisfactory.

In this invention, if necessary, there may be
added to the composition natural wax, synthetic wax,
higher fatty acid and metal salt, a releasing agent such
as paraffin or the like, a coloring agent such as carbon
black, and a surface treating agent such as silane-

coupling agent or the like. A flame retardant such as
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of an acidic catal YRE ERCEMENQ‘QEEEﬂration-ring-closure reaction

4. The proces$s an unsaturated i m de conpound
according to d ai m3, e fipm no com pound of formula (2) is
prepared by reducing aWQSRﬁﬁ?ﬁbg'. cpbnpound of fornul a (5& J E]

wherein Q Rlerr], |Rlerr]l. Rerr]l IRerr], R[err#bﬁ{g'erf egf - ) Mayd19%8

and f are
represented by for

Rlerr], Rerr],

as d fined |n Cla|n11

abtalned by reacting a bi sphenol

: ‘ - 66 - Wwherein Q Rerr],
Rlerr], c, d, e and f are as defined
. "Mass spectra M': 666
Melting point: 96-98°%C

lH-NMR spectra §: 0.6-2.1 ppom (m, aliphatic), 2.8
pom (m, methine), 6.8 ppm (s, imido grcup),
§.9-7.4 ppm (m, aromatic)

Infrared absorption spectra: 1238 cm™ (ether

bond), 1712 em™! (imido bond)

Examples 17 to 26

"Compounds 1 to 4 obtained in Examples S to 8
were used as unsaturated imide compounds; glycidyl ether
of o-cresol novolak [Sumiepoxy ESCN-195 (a2 trade name of
Sumitomo Ch.em.:.ca1 Co., Ltd. ), epoxy ecu;valant~ 201
g/eq,. hvd*'olyzabla chlorine content: 330 ppm] and
glycidyl ether of polyphencl obtained by condensation of
a phenol and hydroxybenzaldehyde (epoxy eguivalent: 213
g/eq, hydzolyzable chlorine content: 200 ppm) (referred
to hereinaiter as PHB) wers used as epoxy resins; phenol
novolak (Tamancl 759, a trade name of Arakawa Kagaku X.
K., OH equivalent: 106 g/eq) was used as a curing agent;
triphenylphosphine and triethylammonium te ohenyl-
borate wers used as curing accelerators; crushed fused
silica (¥S-891, a trade name of Denki Kagaku Xogyo X.
K.) and spherical fused silica (FS-74, a trade name of

Cenki XRagaku Xogyo XK. X.) weze used as fillers; carnauba

wax was usac as a releasing agent; and SH-6040 (a trade

name for coupling agent of Torsy Dow Corning Silicone)
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giein the imdation reaction of the amic
ned by reaction of the diam no conpound

conpound accordi :
aci d conpound of
of fornula (2)
formula (3) is codct sit dges, |nthef

- 78 - stage of 1ﬁe an??:@am conpound i s éﬁﬁf‘@é’ﬁ%éhﬁét'ﬁ@Mw haeg
reaction at a tet rf to 120[err]J]Cin the presence of an

aci dic catal yst ile the water fofned is7gemoved fromthe system by
azeotropi ¢ dehydr rTon, and 1 n the second stage, the reaction mixture in
the first stage is subjected to.reaction at a higher tenperature than
120[err]C while the water forned is renoved by azeotropic dehydration. 7.
The process for producing an ted imde conmpound agcc,ordi ng to Claim
6, wherein the imdation reac effected in a m xed %ol vent
consisting of 'a non-protonic polar solvent and at | east one organic

sol vent whi ch an be azeqtro |caIIy di stll ed, with vvaterd_ ngg the first
stage reaction |s e,jei‘g %@ A ungatuza dTHE-‘fﬁocess
for producing an y r/at fLe (f) u.._nc:cji:1 accognopr:dl troea(‘ei@Jnrg Ga wherein

the unsat urat ed
diamino compound represented by formula (2):

e,

(Ry), - (R (Rg) (R;),
BN | NE,
2
O~
K/
(Ry)y, (Ry) 4 (Ry) ¢ (Ry)p (2)

wherein Q, R;, Rz, R;, Ri, Ry, Ry, a, b, ¢, d, e and £ are
as defined in Claim 1, with an unsaturated dicarboxylic

acid anhydride represented by formula (3):
0
D )\ o (3)
\n/
o .

wherein D is as defined in Claim 1 to obtain an amic

acid compound represented by formula (4):

0

l
' \m/J\D

Q (R
D/U\\W (R;}, e
L
!
CO0E 0 _/— |
HOOC

(RJ) (4)




di carboxyl i ¢ anhylREPUACEMENT SHEE]

I m dation-reactign frseffected 1T
sol vent and a haljode- é q# offa
t hernosetting redin cam ft q?l”l ¢o
(a) an unsaturat gd b S
defined in Cdaimjl and (b) a curifpg accelegrator. 10.

t her nosetting resi Tt ri sind,” as the essential conponents,

(a) an unsaturgégqei?E?%gichfgﬂgegﬁﬁEegcR& E3Rund &nghga?%§%a)t%§

defined in Carm - cUTing

accel erator, (SreBimeRA%Y E@ﬁi:‘ﬂ'égdaﬁ:dﬁ. RUmBRP4ure’ OF BOCUES NY20UCHN
11. ~ An electronic part seaﬁe_ with a tRernosetting resin conposition
as defined in €hai prdsencdZeof an ARiBLBCLRRRNGsRAWhiieakRe watkra
thernosetting resin conposition-as defined in Caim10. 13. A

di nitro cohpoufidrtieqr sepepdvhy Eeomukhe( Systemeby] azeotzopic dehydra-

3) is maleic anhy- dride and the
m xed solvent of a non-protonic polar
i ¢ hydrocarbon. 9. A

rising, as %hg essenti al conponents,
nted by conpotHBS¥IUL®Shgeh-(1H 1998
A

tion, and in the second stage, the reaction mixture in
the first stage is‘subjected to reaction at a higher
temperature than 120°C while the water formed is removed
by azeotropic dehydraéion.

7. ° The process for producing an unsaturated imide
compound according to Claim 6, wherein the imidation
rgaction is effected in a mixed sclvent consisting cf a
non~-protonic polar solvent and at least one organic
solvent which can be azeotropically distilled with
water, and the first stage reaction is effected under
reduced pressure.

8. The process for producing an unsaturated imide
compound according to Claim 6§, wherein the unsaturateda
dicarboxylic anhy&;;de of formula (3) is maleic anhy-
dride and the imidation reaction is effected in a mixed
solvent of a non-protonic polar solvent and a haloge-
nated aromatic hydrocarbon.

9. A thermosetting resin composition comprising,

as the essential components
represented by

compound / formula (L) as defined in Claim 1 and (b) a

, () an unsaturated imide

curing accelerator.

10. A thermosetcing resin composition comprising,

as the essential compopents
represented by 3 w

compound / formula (1) as defined in Claim L, (b) a

(2) an unsaturated imide



wherein Q Rerr], EvAQEMmrSHEM|err], Rlerr], Rerr], a, b, ¢, d, e
14.

and f are. as defined in Caiml. A di am no conpound represented
by formula (2): [efr] 18 MAY 1998 erein Q Rlerr], Rerr], Rerr],
Rlerr], Rerr], R ért], a, b, ¢, 'd and f are d
- 79A- 14. A—dTamho| conpound re%‘r'@ tétr‘l‘?"eﬁﬂﬁﬁtfgﬁ%ffaé( 1998
[err]

- 79 -

curing accelera.t:c:r, (c) an epoxy resin and (d) an epoxy
resin curing agent.

1L. An electronic part sealed with a thermosetting
resin composition as defined in Claim §.
12. An electronic part sealed with a thermosetting

resin composition as defined in Claim 10.

13. A dinitro compound represented by formula (S):
(R ) g (R, ) (R, )- (R )y

wherein Q, R;, Ry, R;, Ri, R:, Ry, 2, b, ¢, d, e and £ are

as defined in Claim 1.

1.4

( 3 (R-l)c (R3)e (E a
. NH
th 2
(Ry)y (R,) (R.)
wherein te Ry, R, R, Ry, R;I a2, b, c,d, ea £ are
as défined in Claim 1.




wherein Qrepresents an aljigcyclic St ruct ur e- cont ai ni ng hydrocarbon having 4
carbon atp

wher ei n each of

represents a hydjogen atom .a halopen atom:- a ocar bho r havi 1-
carbon atons or @ hal bg&ﬁvc@%ai ni hg él}{,@&.?&t% ghe%tg Péjﬁy'%y ﬁg:é%on

to 20

at ons;

I he group consisting of: [err
Ncl'§P};E-lnf:{‘s\rr]? R[gr,r], R[erriJ and [R[er]r]

=

hydr:ocar bon "group havi ng

and each of {a, b, ¢, d._elahd f represents an integer of 0-4

satisfying a + bj< 4, ¢ +d < 4 anfl e + f < 4,

—N9A —
__1.4r. A diamino compound represented by formula (2):
(R;) 5 (Ry) (R3) (R;) 5
HZN@ o—<§;/\ Q @o{ g%ﬁ 2
(Ry)p (R a .(R4)f (Ry)y (2)

wherein Q represents an alicyclic structure-containing hydrocarbon having 4 to 20

carbon atoms selected from the_group_consisting of: .

' ' B.C H(CE;), - (b},
s Yeicy @, S 2

. _%_ (), _@@_ (@,

wherein each of Ry, R,, R,, R,, R; and R; represents a hydrogen atomn, a halogen
atom, a hydrocarbon group having 1-6 carbon atoms or a halogen-containing

hydrocarbon group having 1-§ carbon atoms; and each of g, b, c,d, eand f

represents an integer of 04 satisfyinga+b<4,c+d<4ande+f< 4,

.
¥



