SPECI FI CATI ON Pol yhydri c phenol conpounds, epoxy resins, epoxy resin
tonpositions and cured products thereof Field of the Invention The
present invention relates to polyhydric phenol conpounds and epoxy resins
obtained by glycidyl etherification thereof, which are suitable for use in
vari ous kinds of materials of plastics (polycarbonate, PEEK, PPQ

pol ysul fone, etc.); materials of thernosetting resins (epoxy resin,
cyanate resin, acrylate resin, etc.); _antioxidants; insulating materials
fgr electric and electronic partss%ﬁﬁiﬁﬂ?%ﬁlﬁ¥ghly reliable sealing
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pl astics); conponentsd%&gggqggbﬁg afQ"RRSEL | PASduSORtd Hr LTPOSI ti ons and
ol di ng conpositions; as well as various industrial internediates.

Background of the Invention Pol yhydri c phenol conmpounds have actually
a wde variety of applications in the fields of thernoplastic materials,
t hernosetti Bgeldsof oime efnwdntiomsul ating materials for electric and

el ectronic parts, structural materials, conponents of adhesive
conposi tions andT@gapFﬁgent invention relates to polyhydric phenol

compounds and epoxy resins obtained by glycidyl
etherification thereof, which are suitable for use in
various kinds of materials of plastics (polycarbonate, PEEK,
PPO, polysulfone, etc.); materials of thermosetting resins
(epoxy resin, cyanate resin, acrylate resin, etc.);
antioxidants; insulating materials for electric and
electronic parts including highly reliable sealing compounds
for semiconductors; various composite materials including
laminated sheets (printed-wiring boards) and CFRP (carbon
fiber-reinforced plastics); components of adhesive
compositions, coating compositions and molding compositions;

as well as various industrial intermediates.

Backaground of the Invention

Polyhydric phenol compounds have actually a wide
variety of applications in the fields of thermoplastic
materials, thermosetting resin materials, insulating
materials for electric and electronic parts, structural
materials, components of adhesive compositions and coating
compositions, as well as antioxidants.

In recent years, however, polyhydric phenol compounds

have been applied to a wide variety of uses and requested to



gonpositrons,: as well as antioxi dants. ‘1n recent years, . however,

pol yhydri c phenol conpounds have been applied to a wide variety of uses
and Fequested to satisfy nore diversified property

requi rements, which conventional conpounds such as bi sphenol A, bisphenol
F,,  phenolic novol ak and cresol novolak would fail to neet. For the

pur pose of satisfying these new property requirenents, nmany pol yhydric

henol compounds_have been synthesjzed. In the fields of electric and
glectronigpﬁaF?§FYiWP{%H{EYﬁﬁ%%A}e W@P?3F§Yarﬁ88&rF8?nEﬁféﬁ?%? esin
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hygr oscopi ciI'ty an SI've properti€s, such need remains

unsati sfi edphenolic QotdEalPtdifd b1 WRRET akeHblTd0BhRL NEs R¥edl Y FHoAY!
etherification of polyhydric phenol conpounds, by virtue of having good

wor ki ng pr oghet pespoée t HEI atWdE yihg\ahesas new pyopeveyoteffaitragertse! | ent
el ectrical properties, a high heat resistance, good adhesive properties
and a hi gh mapyspatphydsictpheme) wompounstsi diaaecbeennsyhthésinedf duw ed
products thereof, are widely used in the fields of electric and electronic
parts, stru&hgraiehds epf L£LecHdite Andke eleGEeNici BATtScohli RYTELFPRT4 i ons
and the Iik%h . Wth égg recen&)developnent oL.gLectrég& éﬁ%%d
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products thereof having a low wviscosity, a low

hygroscopicity and high adhesive properties, but such need

remains unsatisfied.

Oon the other hand, epoxy resins obtained by glycidyl
etherification of polyhydric phenol compounds, by virtue of
having good working properties of their own as well as by
virtue of having excellent electrical properties, a high
heat resistance, good adhesive properties and a high
moisture resistance (wéter resistance) in the form of cured
products thereof, are widely used in the fields of electric
and electronic parts, structural materials, adhesive
compositions, coating compositions and the like.

With the recent development of electrics and
electronics, however, these fields are in need of resins
having more improved properties includihg a higher purity, a
higher moisture resistance, better adhesive properties and a
lower viscosity permitting a high packing density of filler.
Also, lightweight materials having excellent mechanical and
physica; properties are needed as structural materials for

use in aerospace industries and equipments for leisure time

amusement and sports. In an attempt to meet these
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having more isnproved properties including a higher purity, a higher

moi sture resistance, better adhesive properties and a |ower viscosity
permtting a high packing density of filler. Al so, |lightweight naterials
havi ng excel | ent mechani cal and physical properties are needed as
structural materials for wuse in aerospace industries and equi pnments for

| eisure time anusenent and sports. In an attenpt to neet these
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have eager |y afiydind+3n sRGYE! reRQihyfsd€iPhanp! conpounds and epoxy resins
obtained by glycidyl etherification thereof and acconplished the present

I nventi on. More specifically, the present invention relates to: (1)
a pol yhydric phenol conpound represented by the fornmula [err]
Summary of the Invention

The present inventors, with the intention of solving
the problems set forth above, have eagerly studied on novel
polyhydric phenol compounds and epoxy resins obtained by
glycidyl etherification thereof and accomplished the present
invention.

More specifically, the present invention relates to:

(1) a polyhydric phenol compound represented by the formula
(1): '
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wherein, X represents an oxygen or sulfur atom; Q represents
a hydrogen atom or a Cl1-C5 alkyl group; R represents a
hydrogen atom, a Cl-Cl0 hydrocarbon group, an alkoxy group
or a halogen atom; i is an integer of 1 to 6; j is an
integer of 1 to 3; k is an integer of 1 to 5; and y is an
integer of 1 to-2; n is an average number and represents a
real number of 1 to 15;

(2) the polyhydric phenol compound as defined in the above
item (1), characterized in that it is represented by the

formula (2):



> .
wherein, : X represents an oxygen or sulfur atom Q represents a hydrogen
atomor a Cl1-C5 al kyl group; R represents a hydrogen atom a Cl1-Cl10
hydr ocar bon group, an al koxy group or a halogen atom i is an integer of 1
to 6; j is an integer of 1 to 3; kis an integer of 1 to 5; and y is an
integer of 1 to 2; n is an average nunber and represents a real nunber of
1to 15; (2) the polyhydric phenol conpound as defined in the above. item
(1), characterized in that it is &5wresenQQﬂ by the formula (2):

d

[err] wherein X, Q R and], ar o_{ he sane meani ngs as defined in
the formula (1); and h is an haLéE%}pn \to H (3) the pol yhydric phenol
conpound as defined in the above \i e (1 r (2), wherein X in the fornula
(1) represents an oxygen atom (4)£gké(polwbydric phenol conpound of any
one of the above itens (1) to (3), efein n represents a nunber of not

less than 1.5 and less than 10; (5) (@ process for producing a pol yhydric
phenol conpound

wherein X, O, R and j are of the same meanings as defined in
the formula (1); and h is an integer of 1 to 4;

(3) the polyhydric phenol compound as defined in the above
item (1) or (2), wherein X in the formula (1) represents an
oxygen atom;

(4) the polyhydric phenol compound of any one of the above
items (1) to (3), wherein n represents a number of not less
than 1.5 and less than 10;

{(5) a process for producing a polyhydric phenol combound
comprising condensing a phenol with a compound of the

formula (a):

CHO

E;bx (a)

Qi

wherein X, Q and j are of the same meanings as defined in
the formula (1), in the presence of a basic catalyst;

(6) the process as defined in the above item (5), wherein
fhe phenol is 2, 6-xylenol; |

(7) the process as defined in the above item (5), wherein
the phenol is 2, 5-dialkylphenol;

(8) the process as defined in any one of the above items

(5) to (7), wherein the basic catalyst is at least one



gonprisi ng condensing a phenol with a conpound of the formul a (a):
CHO [err] wherein X, Qand j are of the sane
nmeani ngs as defined in the formula (1), in the presence of a basic
catalyst; (6) the process as defined in the above item (5), wherein the
phenol is 2, 6-xylenol; (7) the process as defined in the above item (5),
wherein the phenol is 2, 5-dialkylphenol; (8) the process as defined in
any one of the above itens _( to.(7), wherein.the basi.c talyst is at
| east one compound se Eﬁ%%ug%]o%etr}bectgerd’“fpr Eﬁ“tsﬂ'étdpguﬁfcﬁﬁgf’g#ﬁg of
~al kal i ne I l,des, | ne 5?{ tal l.des 18 ' a
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r epr esent ed iy okABebORAM! A1kS)ine cartd Hedal alko#i@e@;n G represents a
glycidyl group and R, Q X, n, vy, I, - :

: (9) an epoxy resin represented by the formula (3):
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wherein G represents a glycidyl group and R, Q, X, n, y, i,
j and k are of the same meanings as defined in the formula
(1);

(10) an epoxy resin represented by the formula (4):
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wherein G, R, Q, X and j are of the same meanings as defined
in the formula (3); m is an average value and represents a
real number of 0 to 20; and h represents an integer of 1 to
4;

(11) a thermosetting resin composition containing a
polyhydric phenol compound as defined in anyone of the above
items (1) to (3) and/or an epoxy resin as defined in the
above item (9) or (10);

(12) a cured product obtained by curing the thermosetting

resin composition of the above item (11);
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J and k are of the same neanings as defined in the formla (10) an

époxy resin represented by the formula (4): [err] wherein G R
Q X and j are of the sanme neani ngs as defined in the formula (3); mis
an average value and represents a real nunber of 0 to 20; and h
represents an integer of 1 to 4, (11) a thernpsetting resin
conposition containing a pol yhydric phenol conpound as defined in anyone
of the above i tens and/ or resin, as defined in the
above item (9§13} ?Jﬁﬁml Onduc%ff)dﬁvéﬁﬁeﬁaBFgﬁﬁ ¢4 Y oA MY BRF PO e he

thernDsettln n_conposition of..t.

5 WerpolFRt Mg RO A Photannt BB chBT Hhy the abans 455 ¢ ne
t her nosetting, e5|n conposition as defined in the above item (11); (14)
d thernopl a t| ‘material fabricated by starting with a polyhydric phenol

conpound as defayed dHerbpitief Malterial fabricated by starting with a
polyhydric phenol compound as defined in any one of the

above items (1) to (3).

Brief Description of the Drawings

Figure 1 represents the 'H-NMR spectra of the
polyhydric phenol compound of the present invention (P1l)
obtained in Example Al: and

Figure 2 represents the 'H-NMR spectra of the
polyhydric phenol compound of the present invention (P2)

obtained in Example A2.

Detailed Description of the Invention

Polyhydric phenol compounds of the present invention
can be obtained by polycondensing a phenol with a compound
of the formula (a) in the presence of a catalyst with or
without a solvent.

Examples of compounds of the formula (a) which can be
used are furfural, 3-furaldehyde, 3-methylfurfural, 5-
methylfurfural, 5-ethylfurfural, 2—fhiophene-carboxyaldehyde,
3-thiophenecarboxyaldehyde, 3-methyl-2-thiophenecarboxy-
aldehyde and the like, among which those of the formula (a)
wherein X represents an oxygen atom are particularly
preferred. Compounds of the formula (a) are not limited to

those cited above and can be used alone or as a mixture of
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above itens (1) to (3). Brief Description of the Draw ngs Figure 1
Ffepresents the [err]H NVR spectra of the polyhydric phenol conpound of the
present invention (Pl) obtained in Exanple Al: and Figure 2
represents the [err] H NVR spectra of the polyhydric phenol conpound of the
present invention (P2) obtained in Exanple A2. Det ai | ed Description of
the I nvention Pol yhydri c phenol conpounds of the present invention

can be obt ai condensi ng a phenol with a conmpound
(a) in the p?ggeﬁ%éﬁg gé catalyst with or wthout a sol vent

of the fornul a

Exanpl es of conpophdfoc®s Whech aidd ke (Rntiifdy Gae RRend3cdcpbgof urfural,
3-fural dehyde, 3-nethylfurfural, 5- nethylfurfural, 5-etﬁy|furfural,

2- t hi ophene- gglLbnay a{ diteytiey1 pheridlijopheheasar RosyaklehyUe,

3- net hyl - 2-t hi ophenecar boxy- al dehyde and the |ike, ambng which those of
the formul a tajmethelphendd r sfesdikyd phenoly gachatenaterpebutyidar |y

preferred._Cbngounds of the fornmula (a) are not 1imted to
e

above and ca®
6

hydroquinone, resorcin, catechol, naphthol,

t hose cited

BY isklerpbn 2 drerds bat¥ilrdametby lphenol, allylphenol,
octylphenol, phenylphenol, diphenylphenol, guaiacol,

dihydroxynaphthalene, methyl naphthol, allylphenol and the

like, among which 2,6-xylenol or 2,5-alkylphenol is

preferred. Phenols are not limited to those cited above and

can be used alone or as a mixture of two or more.

Phenols

may be used in an amount of generally 1.5 to 20 moles,

preferably 1.8 to 10 moles per 1 mole of the compound of the

formula (a).

Solvents which can be mentioned include, but are not

limited to, methanol, ethanol, propanol, isopropanocl,

toluene, xylene and the like, which can be used alone or as

a mixture of two or more. When required, solvent

may be used

in an amount of genefally 5 to 500 parts by weight,

preferably 10 to 300 parts by weight per 100 parts by weight

of phenols.

Preferred catalysts are basic compounds. Poly-

condensation can proceed also in the presence of acidic

catalysts, but acidic catalysts may give rise to the mutual

reaction of the compound of the formula (a), resulting in

the increase of by-products. Organic metallic compounds can

also be used as catalysts, but they are not favorable in

respect of cost. Examples of the basic catalysts

which can



two or mere. - Phenol s which nmay be nentioned are phenol, cresol, .
Xyl enol (di nethyl phenol) such as 2, 6-xylenol, trinethylphenol,

2, 5-al kyl phenol such as 2-tert-butyl-5- nethyl-phenol,
2-tert-butyl - 4- et hyl phenol, allyl phenol, octyl phenol, phenyl phenol,

di phenyl phenol , guai acol, hydroqui none, resorcin, catechol, naphthol,
di hydr oxynapht hal ene, nethyl naphthol, allylphenol and the 1ike, anong

whi ch 2, 6- xy] eng r. 2.-5-al kyl phenal _i referred. ls ar ot limted
to those cit®d 5%%ve;%ﬁé?é%ﬂa eaﬁ%eg %I%Egl%gdagga %$§€g+%9cﬁé%%&) or nore.
Phenol s  maypparyeeded sith AP YN nAhmI)aL8k i de ] SolifufOn i@ SSide Pr ef erably
1.8 to 10 moles per 1 nole of the compound of the formula (a).
Sol vents whi pbtesside HpdddarRg ietel.ydalkalinar eafth metdl tigghdsxidey hanol ,
et hanol , propanol, isopropanol, toluene, xylene and the |ike, which can be
used al one osuel asm magnesimthyidmoxddegocelchmnhydgokide, sodyvent nay be
used in an anount of generally 5 to 500 parts by weight, preferably 10 to
300 parts byahkahhie geetab@lkexidesy syehghs seflipmefethoxide, sqmhigmerred
catal ysts ar 'g conpounds. Poly- .condensation can grp eed also in the
E etdgg

presence of §E€§§a faRgiam pethoxide. PRLap§ire GEROXIR  rise to the

mut ual reacy] f ot f or gqul,a . es i t he

i ncrease of %9?%?%Eﬁé%g?fﬁggﬁgﬁg;d%gfaPFFé’cgﬁgoﬁ%gél%ég g%%g%q%%%ﬂSed as
catal ysts, byikéRfdedIsudiPlad 4QMRRLIGN RethBRPEE! RAgHOSIum FeABYURR Of the
basi c catal ysts which can _

etc. These catalysts can be used alone or in combination of

two or more. Catalysts can be used in an amount of generally
0.005 to 2.0 moles, preferably 0.01 to 1.1 moles per 1 mole
of phenols.

Reaction may be carried out by adding a catalyst to a
mixture of a compound of the formula (a) with a phenol (and
optionally a solvent) and heating the resulting mixture.
Alternatively, to a mixture of a phenol and a catalyst (and
optionally a solvent) under heating, a compound of the
formula (a) may be gradually added. The reaction time ranges
from 5 to 100 hours and the reaction temperature ranges from
50 to 150°C. After the reaction has completed, the reaction
mixture is neutralized. Then, unreacted materials and
solvents are removed off by filtration or by heating in
vacuum, to afford a polyhydric phenol compound of the
present invention.

If the obtained polyhydric phenol compounds are
polymeric compounds of the formula (1) wherein n is more
than 0, those of the formula (1) wherein n is not less than

1.5 and less than 10 are preferred.



7 : be used include, but are not limted to, alkaline neta
Aydr oxi des such as |lithium hydroxi de, sodium hydroxi de, potassium
hydroxi de, etc.; alkaline earth nmetal hydroxides such as magnesi um
hydr oxi de, calciun1hydroxide, etc.; alkaline metal al koxides such as
sodi um net hoxi de, sodi um et hoxi de, potassiun]nethoxide, pot assi um
et hoxi de, potassiumtert-butoxides, etc.; and al kaline earth netal

| koxi de h 1 t T
oL kox! des such, =opgRARGALND SR i TRRC R b aoé%‘?&mlr@&&ﬁysts
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to 1.1 noles per 1 nole “of phenols. Reaction nay be ‘carried out by
addi ng a catehe s¢orgound o tilee formalaopyuptodicédeid athaliman@r st h a
phenol (and optionally a solvent) and heating the resulting m xture.

Al ternativel gtated aabdvaeure of a phenol and a catalyst (and optionally a

sol vent) under heating, a conmpound of the formula (a f be gradual l'y
added. The reacti BhteFhetiveies compawnsis; 9f18bensarmubnd(l heca ke i on

e react! ot TSRS oo AR LPEG Ae e e b AR, U AREe el ot o
sol vents ar epﬂ%gglgvﬁecis&gén% Pl dzf 320k 9RpREnBY, M523 | 69 k2 MAAPHBNGS 2F T ord
and 2,3,5,6-tetraalkylphenol. The obtained compounds can be
used as a starting material of an epoxy resin or cyanate
ester resin with an improved reactivity or can be used as a
curing agent of an epoxy resin ér cyanate ester resin having
an improved curability attributable to an improved
reactivity.

The polyhydric phenol combounds of-the present
invention obtained in the manner as stated above are useful
as starting materials of plastics as such or can be used in
the form of thermosetting resin compositions as described
hereinafter.

Epoxy resins of the present invention will now belmore
specifically described.

| An epoxy resin of the present invention represented by
the formula (3) can be obtained by reaction of a polyhydric
phenol compound of the present invention fepresented by the
formula (1) with an epihalohydrin in the presence of an
alkaline metal hydroxide.

Examples of epihalohydrins which can be used are
epichlorohydrin, epibromohydrin, epiiodohydrin, 8-

methylepichlorohydrin, B-methylepibromohydrin, A-
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present 4 nvention. I f the obtained pol yhydric phenol conpounds are
pol yneric conpounds of the formula (1) wherein nis nore than O, those of
the formula (1) wherein nis not less than 1.5 and |less than 10 are
preferred. : 8 Pol yhydri c
phenol conpounds of the present invention represented by the fornmula (2)
can be obtained by purifying the conpound of the formula (1) produced in

h . i ' . . of. the f |
(1) can'be wikBiEhadRBTarin endthE TG or FhRGRITEARPARYE 18 0, (PG
phenol s SUC?;gqsci%uﬁa@iﬁ: kybpBePRl, 2ided bdidflinduhenahiy abdilabie

2,3,5,6-tetraal kyl phendl . The obtai ned conpounds can be used as a starting

materi al of AN epe¥sonaple pric¥anailbs e%aek i6astanvbé hcondudpsdviad
reactivity or can be used as a curing agent of an epoxy resin or cyanate
est er resin dawdmdgncanwillthr prediocushpi known gintaddsnstesbl e to an i nproved
reactivity. The pol yhydric phenol conpounds of the present invention
obtained in the rBshray é@-yﬁxéﬂ'@c}eabév@l&‘ﬁ@r%s‘éfw compaitngt Ofngh®at eri al s of
pl astics as such _or can be used in _the form of thernpsetting resi

L n
conposi t i ondFIdEsdl)pagd ABr EPHAR{RRydrin is allowed to readt st a
temperature of 20 to 120°C for 1 to 20 hours while adding

collectively in one lot or gradually by portions a solid
alkaline metal hydroxide, e.g. potassium hydroxide. Thé
alkaline metal hydroxide may be used in the form of aqueous
solution. In such cases, while adding continuously the
alkali metal hydroxide to the reaction system, water and
epihalohydrin may be allowed to distill off continuously
under reduced pressure or normal pressure. Then, the
distillate may be separated into water and epihalohydrin so
that the water may be removed out of the reaction system and
the epihalohydrin may be recycled continuously into the
reaction system.

In the process described above, epihalohydrins are used
in an amount of generally 0.5 to 20 moles, preferably 0.7 to
10 moles per 1 equivalent of hydroxyl group in the compound
of the formula (1l). Alkali metal hydroxides are used in an
amount of generally 0.5 to 1.5 moles, preferably 0.7 to 1.2
moles per 1 equivalent of hydroxyl group in the compound of
the formula (1). When an aprotic polar solvent such as
dimethylsulfone, dimethylsulfoxide, dimethylformamide, 1,3-
dimethyl-2-imidazolidine and the like is added to the above

reaction, an epoxy resin having a low content of

10
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£poxy resins -of the present invention will now be nore specifically
descri bed. An epoxy resin of the present invention represented by
the formula (3) can be obtained by reaction of a polyhydric phenol
compound of the present invention represented by the fornula (1) with an
epi hal ohydrin in the presence of an al kaline netal hydroxide.

Exanpl es of epi hal ohydrins which can be used are epichlorohydrin,

epi br onohydgapon&piableysldden [£id |hrenceebaingpisaitablbydsi sealing _
[err]-met hyl epi bronohydrin, [err]- et hyl epi chl orohydrin and the
I-i ke. Epi chicomphyuodi fior selectrdmigdsmrdan hecfobtedgedsi mprdeihipalddustrial |y
avai |l abl e at_a reasonable price. This reaction can be_conducted in

accor dance WPLWeBES\IRYISPS USRI A syt of gengpaddy aftexafPl t, by
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may be usedthBsbhenberpepré @OEPUbowd) W.iLNallbhedsh e83e8nt¥hkhéen agléli ng
continuously the alkali .netal hydroxide to the reaction system water and

epi hal ohydr methagobe ethanell, tetd) MidHt ddeciddriateuatsl yeaotden. r educed
pressure or normal pressure. Then, the
Toluene, xylene, dioxane and the like are also usable as
solvents.

Alternatively, an epoxy resin of the present invention
can be obtained by reacting a mixture of a compound of the
formula (1) with an excessive amount of epihalohydrin at 50
to 150°C for 1 to 20 hours in the presence of a catalyst
comprising a quaternary ammonium salt selected from
tetramethylammonium chloride, tetramethylammonium bromide,
trimethylbenzyl ammonium chloride and the like, to afford a
halohydrin ether of the compound of the formula (1), to
which an alkaline metal hydroxide such as sodium hydrqxide
or potassium hydroxide in the form of solid or aqueous
solution is added and the resulting mixture is allowed to
react at 20 to 120°C for 1 to 20 hours so as to induce
cyclization of the halohydrin ether. The quaternary ammonium
salt may be used in an amount of generally 0.001 to 0.2 mole,
preferably 0.05 to 0.1 mole per 1 equivalent of hydroxyl
group in the compound of the formula (1).

In general, these reaction products, with or without

washing with water, are heated in vacuum for removing the

excess of epihalohydrins, dissolved in a solvent such as

11
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distillate may be separated into water and epi hal ohydrin so that the water
may be renoved out of the reaction systemand the epihal ohydrin may be
recycled continuously into the reaction system In the process
descri bed above, epihal ohydrins are used in an anount of generally 0.5 to
20 noles, preferably 0.7 to 10 nDIes per 1 equival ent of hydroxyl group in
the conmpound of the fornula (1). Alkali metal hydroxides are used in an

|
o vl ant CoPSHBhYs i mR TS RopRESRRERBRY, pfet St Pan {RISE S, 2,
aprot i ¢ pol agogh vty #UbfknS sl BRARMLAILEORS, o8 BBEYESHLE A U

di met hyl f or mam de, dimrethyl -2-imdazolidiné and the I1ke is added to

the above rgBRélDhe Mt BYarcaSide kachngsasb@Mumony@pbxdde, potassium
10 saponi fi abl e hal ogen and hence being suitable as sealing

conmpound f or hpdeexide) ostcanAbkabbhai metal Apydrtoxided aray & weeds inagnbe
used in an anmount of generally 5 to 200 % by weight, preferably 10 to 100
% by wei ght aRouRke ¢hsgenssfalidiye 0.Rdi ot Ol BPlLAal Eh?ﬂ?tﬁbly AT it Oofl

ot her sol vents_than #hose t hat mere cited above, al cohol i c solvents

such as net H8hSI PeRthAHBILY t ey By droxyL EEPBPtHg F%%c‘f‘?‘?ﬁ’?undfdﬁjene,
xyl ene, dloxgﬂg f%?hﬁfgaf ke @ﬁg géggt 3Eb£emperatuée generally ranges

from 50 to 120°C and the reaction time generally ranges from
0.5 to 2 hours.

After reaction has completed, the reaction mixture may
be treated by filtration or washed with water for removing
by-produced salts and heated in vacuum for distilling off
the solvent such as toluene, xylene, methylisobutylketone,
to afford an epoxy resin having a low content of
saponifiable halogen.

Alternatively, the synthesis step and the epoxidation
step of a compound of the formula (1) can be conducted
continuously. By way of example, a compound of the formula
(a) is made to react witﬁ a phenol by the process described
above. Then, without removing unreacted starting materials
nor solvents, e.g. without subjecting the reaction system to
neutralization, filtration nor distillation under heating in
vacuum, an epihalohydrin is directly added to the reaction
system so that epoxidation may proceed in accordance with
the process described above. Epoxides of unreacted phenols
may be distilled off together with the solvents in the final
step of distilling off the solvénts.

Further, an epoxy resin of the present invention

12
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Al ternatively; an epoxy resin of the present invention can be obtained by
reacting a mxture of a conpound of the fornula (1) with an excessive
anount of epihal ohydrin at 50 to 150[err]C for 1 to 20 hours in the
presence of a catalyst conprising a quaternary anmonium salt selected from
t et ranmet hyl ammoni um chl ori de, tetranethyl ammoni um brom de, trinmethyl benzyl
ammoni um chloride and the like, to afford a halohydrin ether of the

conmpound of £Q§1éé8é£@éétéé)stfhuetm%of ril%hégr)]. gkhahéngkr)gng%ﬁé%o droxi de such as

sodi um hydr oxi of " po oxXide’in the f Yd or aqueous

sol ution is éﬁéﬁﬂdﬁi\ﬁn%@ é&@&&ﬂd“%f”?thteu'fsrhﬁlal (2yefh tohe &t Wiy &b 1O

120[err]C for 1 to 20 hours so as to induce cyclization of the halohydrin

et her. The gsBatsdadboweTDRAUE shallefBymbEntiSeE dpin chlrin ak asedral |y
0.001 to 0.2 nole, preferably 0.05 to 0.1 nole per 1 equivalent of

hydroxyl  graupompouid konugired gxfeattiee frelnel af (i) can be obteigenkral, these
reaction products, with or wthout washing with water, are heated in
vacuum f or renovi Biernesetking sregin fommosirdonsswidlssovved deser Seedent
such as t ol uene, xyl ene, t hyl i obutélketone, etc. and al |l owed

to react agBPHRWEHG i (9P 9EN 08 g HBBUBT SBFRE | tAVRATLCR IGAT A€ thet al
T 5, 20k AP ol SEBHP oM el
preferably Or88i4®, ®tdc. and for that purpose, can be used alone or in
combination with other curing agent. When used in
combination, polyhydric phenol compounds are contained in a
proportion of preferably not less than 10 % by weight, more
preferably not less than 20 % by weight on the basis of the
total weight of the curing agent.

Examples of other curing agents which can be used in
combination with phenol resins of the present invention are
amine compounds, acid anhydride compounds, amide compounds,
phenol compounds and the like. Examples of other curing
agents which can be used are diaminodiphenylmethane,
diethylenetriamine, triethylenetetramine, diaminodiphenyl-
sulfone, isophoronediamine, dicyanodiamide, polyamide resin
synthesized from linolenic dimer and ethylenediamine,
phthalic anhydride, trimeliitic anhydride, pyromellitic
anhydride, maleic anhydride, tetrahydrophthalic anhydride,
methyltetrahydrophthalic anhydride,.methylnadic anhydride,
hexahydrophthalic anhydride, methylhexahydrophthalic
anhydride, bisphenols, polycondensates of phenols (phenol,
alkyl-substituted phenol, naphthol, alkyl-substituted

naphthol, dihydroxybenzene, dihydroxynaphthalene, etc.) with

13
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nol e per '1 equi val ent of hydroxyl group in the conpound of the formula
(1). The reaction tenperature generally ranges from50 to 120[err]C and
the reaction tine generally ranges from 0.5 to 2 hours. After
reaction has conpleted, the reaction mxture may be treated by filtration
or washed with water for renoving by-produced salts and heated in vacuum

for distilling off the solvent such as toluene, xylene, f
met hyl i sobut yl ket one,. .to afford.an epoxy resin. havj a l.ow content o
Saponi i abl 6/ Nt Sri L dehydeey BalyReFFe Py, PRRROLY WHHD rials s ne

epoxi dati on a QRRHFQ f e ko : uct ed

cgnt I nuousl yc.:&BB@%\/\I‘E/a%/s'oflgdtta1 anp e,nggt%%ngguégygél% hlaél?gﬁm é&q’. a) is made to
react wth adpheiofldis ! hegHeeAES adasfbiRe ded ABOMEendEN, iidaRle ,F €MOVI NY
unreacted starting materials nor solvents, e.g. wthout subjecting the
reacti on sysBEynamineneompldkeikzayianidiné tdativativers angt thealike.under
heating in vacuum an epihalohydrin is directly added to the reaction
system so t hat epbii examplesngf wrosyedesingcwbidhncan wee msedelpr ocess
descri bed above. Epoxides of unreacted phenols may be distilled off

t oget her wi t REHRPRS &g Fesin KompPRAL1ioas cpf okhejiREesanthdnyentisa,

iglvents._ _theré%gggngé neht10%ed E%%k?-?ésiﬂg g¥e€§gupgégg%tifﬂ%ention
and other epoxy resins inéluding: glycidyl ether epoxy
resins obtained by glycidyl etherification of bisphenols,

. polycondensates of phenols (phenol, alkyl-substituted phenol,
naphthol, alkyl-substituted naphthol, dihydroxybenzene,
dihydroxynaphthalene, etc.) with various aldehydes, polymers
of phenols with various diene compounds, polycondensates of

" phenols with aromatic dimethylols, alcohols and the like;
alicyclic epoxy resins; glycidyl amine epoxy resins;
glycidyl ester epoxy resins; and the like. But, without

| limiting to those cited above, any of coﬁventionally used
epoxy resins can be used. These epoxy resins can be used
alone or in combination of two or more.

When epoxy resins of the present invention are used in
thermosetting resin compositions of the present invention,
the curing agents thereof may comprise polyhydric phenol
compounds or other curing agents as cited above which can be
used alone or in combination of two or more.

Alternatively, when epoxy resins of the present
invention are used in thermosetting resin compositions of
the present invention, the epoxy resins of the present

invention can be used alone or in combination with other

14
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represented by the fornula (4) can be obtained by epoxidizing a conpound
of the formula (2) in the sane way as stated above. As a snaller anount of
epi hal ohydrin is used, a conpound having a greater value of mcan be

obt ai ned. Thernosetting resin conpositions will now be descri bed.

Pol yhydri c phenol conpounds of the present invention can act as a curing
agent for epoxy resins and/or cyanate ester resins, etc. and for that

Pur pose. Can BecSal Along Al AR80LL NN MLD G BERLAHELOGn gPE - Ve

used in co ion, r1c phnendel conpounds are confarne

proporti on_odeilieleHy ¥t ohingl, ethe! BBBxIOrdebils 6 e f¥senwr ef erably not

| ess than 20 % by wei ght on the basis of the total weight of the curing
agent . ivaigiles my ®lehpiresehtnNgnageptspuht fdn (G e fégabliyn not
conmbi nation with phenol resins of the present invention are am ne
conpounds, abdsk aitandrd0dé bynpeuntls, mordeprefigoainkys, notpHessl thampdOnés and
the |ike. Exanples of other curing agents which can be used are :
di am nodi pheb¥ IWaRkghdnen theebpgisnefr Fhfi hetal rveight afetcapoxinirgsins.

di am nodi phenyl - __sul fone, isophoronedi,am ne, chganodi m de, | yam de

resin _synthesizé@h??o FIIS '%Pgdfﬁ§ﬁnaﬁ&m89ﬁ§F ﬂ%ﬂi%.'?ﬂﬁ p f) ic
e aer B QAR BV BRIR LLbfos MNP o S
anhydri de, r@éé&dé}%@o&sarff&dreg@ﬁy rBEXABYHEPPBE NBhd Sr Y IMEd HBereinto
met hyl hexahydr opht hal i ¢ anhydri de, bi sphenols, polycondensates of phenols
(phenol, alasy|denih<id.t uCete phetel eratagrd Ml ichldan beuhehtivhed imspidehol ,
di hydr oxybenzene, di hydroxynapht hal ene, etc.) with
imidazole compounds such as 2-methylimidazole, 2-
ethylimidazole, etc., boron trifluoride complex, phosphorus
compounds such as triphenylphosphine, trioctylphosphine, etc.
and can be used in an amount of 0.0l to 15 parts by weight,
preferably 0.1 to 10 parts by weight on the basis of 100
parts by weight of epoxy resins.

Examples of cyanate ester resins which can be used in
thermosetting resin compositions of the present invention
include, but are not limited to, dicyanatobenzene,
tricyanatobenzene, dicyanatonaphthalene, dicyanatobiphenyl,
2,2'~-bis(4-cyanatephenyl) propane, bis(4-cyanatephenyl)-
methane, bis(3,5-dimethyl-4-cyanatephenyl)methane, 2,2'-
bis(3,5~dimethyl-4-cyanatephenyl)propane, 2,2'-bis(4-
cyanatephenyl)ethéne, 2,2'-bis(4-cyanatephenyl)hexachloro-
propane, bis(4-cyanatephenyl)sulfone, bis(4-cyanatephenyl)-
thioether, phenolic novolak cyanate,
phenol/dicyclopentadiene co-condensates having a hydroxyl

group replaced by a cyanate group and the like.

When thermosetting resin compositions of the present
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13 . - various al dehydes, polyners of phenols with various diene
‘conpounds, pol ycondensates of phenols with aromatic dinethylols, biphenols
and nodi fi ed bi phenols, imdazole, BF3-am ne conplex, guanidine
derivatives and the |ike. As exanpl es of epoxy resins which can be
used in thernosetting resin conpositions of the present invention,

there can be nentioned epoxy resins of the present invention and ot her

i ns, i ncl.udi ng.. glyci .eth [ ' b lycid
crhori {1 oat BRI L drengrotathifh ChabREL Sres i) Kholl Balhe V) 9 Vel Y
alkyl'SUbStiidgé¥bd¥€§%§ as dBaRPEAOL. caLAYysSURSE I drinRe iNARRE ROkyanate

di hydr oxybenzene, ydr oxynapht hal ene, etc.) wth various al dehydes,

polymers  ojrdifieR@d Sovnd A Egmi-evsadif@er CAGPOUES capallysendepsbses of
phenols with aromatic dinmethylols, alcohols and the like; alicyclic epoxy
resins; gl ycahdctad feroapaincr saphtenagéyceoyal estaphtepabe,r eopper and t he
like. But, without |imting to those cited above, any of conventionally
used epoxy Ramhtenatsen Headsaaprh¥apateepdkyC reginkatan Ha es&alagPone or in

O O o e o EERERS Sk Sl ST
vent o0 o ARSI AT LR bRt BEPETR A R B0, o
in combi nat i on-1Qf PYy\Queligh#0r Breferably 0.00015 to 0.0015 parts by
weight on the basis of 160 parts by weight of thermosetting
resin compositions. |
In order to impart flame retardant properties to the
cured products obtained by curing thermosetting resin
compositions of the present invention, glycidyl ether of
tetrabromobisphenol A or brominated phenblic novolak epoxy
resins may be used in combination. These epoxy resins may be
.blended in such an amount that fhe cured products may have a
bromine content of gene;ally 10 to 40 % by weight,
preferably 12 to 35 % by weight and more preferably 15 to
27 % by weight. |
Thermosetting resin compositions of the present
invention may contain either one or both of epoxy resins and
cyanate ester resins as cited above.
In thermosetting resin compositions of the present
invention, curing agents can be used in an amount of
generally 0.5 to 1.5 equivalents, pfeferably 0.6 to 1.2
equivalents per 1 equivalenﬁ of epoxy resins and generally
0.5 to 1.5 equivalents, preferably 0.6 to 1.2 equivalents

per 1 equivalent of cyanate ester resins.
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Al ternatively; when epoxy resins of the present invention are used in
thernosetting resin conpositions of the present invention, the epoxy
resins of the present invention can be used alone or in conbination with
ot her 14 epoxy resins as cited
above. When used in conbination with other epoxy resins, the epoxy resins
of the present invention may be present in a proportion of preferably not

| ess than 20 96byFﬁ?%ﬁQ%éigﬁ%f%§£é¥€¥§§ﬂﬁé§1 tpE%%%sEQ$§n§09%%t§¥ wei ght on

t he basis of the epoxy resins en riosetting

resin conpospibeast Olnt&ier MERIN b BISALLANWEER KABKA! H4d fRAXYad €SI NS

commonly used cure accelerators for epoxy resins nmay be incorporated

thereinto agegepéded Exanpleacogl agal eiveshiiciclc atadbdmriiddoRee i ncl ude

i'm dazol e conpounds such as 2-nethyli m dazole, 2- ethylimdazole, etc.,
boron trifl upelybutadidrs, apphosplidiesl pcdypotiadienechmadified

tri phenyl phosphi ne, trioctyl phosphine, etc. -and can be used in an anount
of 0.01 to 13CcputeRiByile|cprolymeref ®edyphenylene ebhenr tRokEStISH®R, on t he

basis of 100 arts wei ght .of, epo resins, . Exanp] es of cyanate
esfgf resi nsP Y%ﬁh¥§%n%e Wﬁ?e'tﬁéPﬁﬁggﬁfpﬂﬂ Festhr ¥9%ns of the

present inVGQE&BBun&PCéiEgéo éﬂge Cesﬁﬁﬁchhgigﬁﬁ,tgs Qéffa£§“f§§¥3§%¥%
fillers such as silica, alumina, calcium carbonate, quartz
powder, aluminum powder, graphite, talc, clay, iron oxide,
titanium oxide, aluminum nitride, asbestos, mica, glass
powder, glass fiber, non-woven glass fabric or carbon fiber,
etc., surface treatment agents of fillers such as silane
coupling agents, mold release agents, coloring agents such
as carbon black, phthalocyanine blue, phthalocyanine green
and the like.

Thermosetting resin compositions of the present
invention can be obtained by uniformly mixing various
components as described above in a predetermined ratio. The
mixing can be carried out by hot-melting these components at
a desired'temperature 20 to 100°C higher than the softening
point thereof.

The mixing can also be carried out by uniformly
dispersing or dissolving various components of a
thermosetting resin composition together. Solvents are not
particularly limited, but examples that can be used include
toluene, xylene, methylethylketone, methylisobutylketone,
dioxane, methyl cellosolve, dimethylformamide and the like.

These solvents may be used in an amount of generally 5 to
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tri cyanatobenzene, dicyanatonaphthal ene, di cyanat obi phenyl,

2, 2' - bi s(4-cyanat ephenyl ) propane, bis(4-cyanatephenyl)- nethane,

bi s( 3, 5-di net hyl - 4- cyanat ephenyl ) net hane, 2, 2'-

bi s( 3, 5-di et hyl - 4- cyanat ephenyl ) propane, 2, 2'-bi s(4-

cyanat ephenyl ) et hane, 2, 2'-bi s(4-cyanat ephenyl)hexachloro- propane,

bi s(4- cyanat ephenyl ) sul f one, bi s(4-cyanatephenyl)- thioether, phenolic

novol ak cyan , / 'Céﬁ!oqﬁgta i zcondens havi ng a hydroxyl
group repl acggsbgagggy a"?lée:L rdup ar?d%tr%ig%fclggéy Tg Poai/i(ZrP?Wesr ?Wsettl ng
resin conposyzbighe Pér !t PHS&N by weight of resin content. S

I nvention are containing cyanate resins, there can be 1 ncorporated as

desired a catal ysFukehet|i tRérmoser ity Hedi® cHmPBBit@ohsr SFacgyMmtriazine
ring. The catal yst may be selected from zinc naphtenate, cobalt

napht enat e, pogpent impénteien e;an ded sudphbigatsedzior Pabyicdteing in
octylate, |ead acetylacetonate, dibutyltin nmaleate and the like. -

Cat al yst's ar%aﬁéﬁﬂt¢% e visg gedewariglectoby eengtamt. pinceby

wei ght, preferabl 015 to 0.0015 part ht on the basis of 100

parts by wei gftt %/t‘%%g? e 19rg S SEatR éiﬁ{%s}“&?l ant PIOPQI_erﬁ‘j%gritto _

{her moset 1 o aet i RshoaL FHIGRE a7 = RErRYLBHeRF insate Gt her

of a halogen in the molecule thereof or to blend the
halogenated epoxy resins so that the resulting cured
products may have a bromine content of generally 10 to 40 %
by weight, preferably 12 to 35 % by weight, more preferably
15 to 27 % by weight. Such laminated sheets can be
fabricated by the steps of: dissolving a thermosetting resin
composition of the present invention in a solvent so as to
form a varnish; impregnating or coating the obtained varnish
into or onto a substrate selected from glass cloth, non-
woven glass fabric, synthetic fiber, paper, etc.; heating
and drying the varnish-impregnated or varnish-coated
substrate so as to form a prepreg by removing the solvent;
superposing a desired number of prepreg sheets so as to form
a laminate; overlaying a copper foil on one or each face of
the obtained laminate; and applying heat and pressure to the
resulting laminate for curing the composition of the present
invention. Suitable solvents are toluene, xylene, acetone,
methylethylketone, methylisobutylketone, dimethylformamide,
etc. and may be used in such an amount that the solvents may
be present in a proporfion-of generally 10 to 70 % by weight,

preferably 15 to 65 % by weight of the mixture of the
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t.et r abr onobi sphenol A or brom nated phenolic novol ak epoxy resins nay be
Used in conbi nati on. These epoxy resins may be blended in such an anount
that the cured products may have a brom ne content of generally 10 to 40 %
by weight, preferably 12 to 35 % by weight and nore preferably 15 to 27 %
by wei ght. Thernosetting resin conpositions of the present invention
may contain either one or both of epoxy resins and cyanate ester resins as

ci ted above'com%osiéirbx{ Qﬁr r@%géa {?gggli:.e"ihgeﬁgggﬁs\%ﬁ%}?nt_shé)fsél nq:r.esent

i nvention, curinmg agents can I N an amoun generally 0.5 to 1.5

equi val ents, prefgra! Yo Byydiid pherUicttRRnAsPeE theqgiysdent of epoxy
resins and generally %%}ﬁ) 1. S%qui val ent's, preferabl yﬁo. 6 to 1.2

equi val ent s ipesntli®yunalisdendedc tenbeecusaticasr esansing materials of

16 Further, thernosetting resin conpositions of the

present i nvethémmpmwlastiesy dnden prokekaeensanilarves thosaldnnr ed. Exanpl es
of additives which can be used are pol ybutadjene and nodified

pol ybut adi en@enYRAk¥onal RhenAlosomprnadgopanryher apBbi§hhenyl ene et her,

pol ystyrene, polyethylene, polyinmde, fluorocarbon resin, maleinde
conpound, silicone gel, silicone oil, as well as inorganic

Examples
The present invention will now be described in more

detail by wéy'of examples, which are by no means limitative.
In the following examples, epoxXy equivalent, softening point,
saponifiable chlorine content, melt viscosity and melting
point were measured under the following conditions. In the
description hereinafter, part denotes part by weight.
(1) Epoxy equivalent: measured by a method in accordance
with JIS K-7236.
(2) Softening point: measured by a method in accordance with
JIS K-7234.
(3) Saponifiable chlorine content: determined by adding 1N
solution of KOH in ethanol to a solution of a sample in
dioxane, allowing the resulting mixture to reflux for 30
minutes, measuring the evolved chlorine by silver nitrate
titration and dividing the measured value by the weight of
the sample.
(4) melt viscosity: measured by the cone plate method at
150 °C.

Measuring instrument: cone plate (ICI) pyroviscometer

(fabricated by RESEARCH EQUIPMENT (LONDON) LTD.)

Cone No. 3 (measurement range: 0 to 20 P)
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fillers such as silica, alumna, calciumcarbonate, quartz powder,

al um num powder, graphite, talc, clay, iron oxide, titanium oxide,

alum numnitride, asbestos, mca, glass powder, glass fiber, non-woven
glass fabric or carbon fiber, etc., surface treatnent agents of fillers
such as silane coupling agents, nold rel ease agents, coloring agents such
as carbon bl ack, phthal ocyani ne bl ue, phthal ocyanine green and the |ike.

Thernosetting resin._conpositions o resent invention can be obtained
by uniformy ré@%ﬁ? tv8¥?8u§ameg oiéh?%oggﬁdgscribed above in a

pr edet er mi n rakh s . 1l Xi SAL P I Hegd hot-gel ting these
conponent s gtg) gé%gé?qggo%ﬂ}nbenﬁ% ure(g%ytc% 1)88:[ gg??‘%p%lsgﬁgrg?han t he
softening penperhb8F€0fise rate W¥ 18°GVMEncan al so be carried out by
uniformy dispersing or dissolving various conponents of a thernosetting

resin conposition together. Solvents are not particularly limted, but
exanpl es that can be used include toluene, xylene, nethylethyl ketone,
met hyl i sobuEstrrelendl di oxane, nethyl cellosol ve, dinethylformani de and
the like. These _solvents ng% be used in an anmount of generally 5 to

17 308158r £44ppa%ks gbt | 2 rfory IRl | 220 PRETES0EpREERaRG]
wei ght  per %9908§f5§ gyffggfﬂgqégpﬂéa Hﬁt O%F%%Errer and a reflux

condenser, 7 parts of sodium hydroxide were added and
dissolved with stirring. When the resulting mixture was
heated to reflux, 96 parts of furfural was added dropwise
under reflux over 2 hours. Then the mixture Was allowed to
react for 15 hours at the reflux temperature and neutralized
with 140 parts of 20 % aqueous sodium dihydrogenphosphate.
500 parts of water was added thereto. Precipitatea crystals
were collected by filtration, washed with 1:1 methanol/water
and dried in a vacuum drying oven. This procedure yielded
304 parts of polyhydric phenol cbmpound of the present

invention (P1l) represented by the formula (5):

Hs H CHs

' |

HO e—Q-OH ®)
—
—

HyC o CHy

melting point: 147°C. 'H-NMR spectrum (CDCl;, 300MHz): shown

in Figure 1.

Examplé A2

Into 328 parts of methanol and 328 parts of 2-tert-

butyl-5-methylphenol placed in a flask equipped with a

20
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Further,- thernnosetting resin conpositions of the present invention can be
suitably used for fabricating |am nated sheets having a | ow dielectric
constant. Since |am nated sheets necessitate flame retardant properties,

it is desirable to blend as a curing agent compounds containing a hal ogen
in the nolecule thereof or to blend the hal ogenated epoxy resins so that
the resulting cured products may have a brom ne content of generally 10 to

orby wal oh e B RaEX I8 LBdEntey YhANe JELAAS Sbnialy 1o 27
di ssol Vi ng i A IRIE BN A1 5881 Ped COYPEELEE Pl Of whids Rh&SEBEuLBYRELiON in &

solvent so as to forma varnish; inpregnating or coating the obtained

varni sh i MiixttiredRia® heattlat tat eesbhert @ pavre BosFurdidl wege- woven

gl ass fabric, synthetic fiber, paper, etc.; heating and drying the

var ni sh- i nppddgthtdasbperi seaundehn- cofiles ovebs? ridurso Tbene B6rpantpredHreg by
renovi ng the sol vent; superposing a desired nunber of prepreg sheets so as
to form a §¥Humtydrexddeayragaddedppbr thei Fakm ohd Farddcieeade 20f the

obt ai ned | gm nat e;, .and | yi ng. heat and _ pre re to the . resultin

Laninate fAIOTR i 1ne 1AGHIBE: EPORE SFCEHEths ReArtLam i tien T o&diap| o

sol vents ar X t . t t Qne .

met hyl i sobu"teeyr'?éiéer'tgi ger?]lg-:e d?dr\rg?%/l%%n%n%ec el,c;}?é{%g %&ﬁﬁu%gyggecﬁ%én}lﬁ féﬂ%h an
anount that3g heise WeinS tHBY enBCop’ 8881 i bR @fpf&EEﬁﬁdI¥12ﬁ0!ﬁﬁﬁ%éabky 10 to

70 % by weight, preferably 15 to 65 % by weight of the m xture of the
18 methanol and 240 parts of water were added to the reaction
mixture, which was in turn neutralized with 200 parts of
35 % aqueous hydrochloiic acid. Precipitated crystals were
collected by filtration, washed with a solution of 2:1
methanol/water, washed again with methanol and dried in a
vacuum drying oven. This procedure yielded 332 parts of

.polyhydric phenol compound of the present invention (P2)

represented by the formula (6):

CHy 4 H3G
(H3C)sC @o C(CH)s
=~ 6)

melting point: 236 to 237°C. 'H-NMR spectrum (CDCl;, 300MHz):

shown in Figure 2.

Example A3

Into 113 parts of phenol and 28 parts of methanol
placed in a flask equipped with a stirrer and a reflux
condenser, 12 parts of sodium hydroxide were added and

dissolved by stirring. When the resulting mixture was heated
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gonposi tion of the present invention with the sol vent. When
pol yhydri c phenol conpounds of the present invention are intended to be
used as starting materials of thernoplastics, known processes simlar to

those for conventional phenol conpounds can be appli ed. Exanpl es
The present invention will now be described in nore detail by way of
exanpl es, which are by no neans |limtative. |In the follow ng exanples,

oiochsi Ly ana pertify' E8opd 0ot our iR Weth. Rk RbPRRFR R

vi scosity an wer'e ‘nmeasur ed itions.

In the desgefPhkosvEer 2inGit€l - TRRR! YRACHERLRAL lydy eIy tC(%%fg?pr

equi val ent: neasured by a nethod in accordance wth JIS K-7236.

Sof t eni ng pdibnt 20MeesHs edt byhe reflad vempagasudanaadvheltrd]l H44 Wdh  (3)

Saponi fiable chlorine content: determ ned by adding 1IN solution of KOH in
et hanol to 30sphntsonf 035 o saqueams hydtioshdee icahbddi N tgeertreefl 8i0Kg

m xture to reflux_for 30 mnutes, neasuring the evolved chlorine by silver

nitrate tiBYEFRBRDANICER A theraieasuFenyal 3R PArtheofwi ght of  the

arple: o helB HBSER i Se ie epgone pl ot el hog &1, 350 ©
washed with water repeatedly and unreacted phenol and
methylisobutylketone were distilled off under heating in
vacuum, to obtain 332 parts of polyhydric phenol compound of

the present invention (P3) represented by the formula (7):

O
Ly K
=
\On

wherein n is 3.1 (average value). The obtained polyhydric
phenol compound had a softening point of 92°C and a melt

viscosity of 5;1 P.

Example A4

The procedure of Example Al was repeated, except that .
244 parts of 2,6-xylenol were replaced with 244 parts of
2,5-xylenocl, to obtain 301 pérts of polyhydric phenol.
compound of the present invention (P4) represented by the

formula (8):
CHs |y HaG

Eiib CHy
=

HsC
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Ay

(fabricated by RESEARCH EQUI PMENT (LONDON) LTD.) Cone No. 3

(nmeasurenent range: 0 to 20 P) 19
Weight of a sanple: 0.150.01 g (5) nelting point: measured by a DSC
analysis at a tenperature rise rate of 10[err]C/ mn. Exanpl e Al

Into 244 parts of 2,6-xylenol and 122 parts of nethanol placed in a flask
equi pped with a stirrer and a reflux condenser, 7 parts of sodi um

hydr oxi de were adged . di k1.h Ly en .t r .i.ng
mxture v heatd (B Part o EonkiRarls pibhol rupoliEl vl o e snad.
under refl uQA¥Rr o A9YPs. Then the m xture was allowed to react for 15
hours at the reflux tenperature and neutralized wth 140 parts of 20 %
aqueous sodi um di hydrogenphosphate. 500 parts of water was added thereto.
Precipitated crystals were collected by filtration, washed with 1:1

met hanol / watBxampdedAdri ed in a vacuum dryi ng oven. This procedure yiel ded
304 parts of polyhydric phenol conpound of the present invention (P1)
represented by trﬁpq(gqggqgugg)pf[gxppple Al was repeated,lexcept that

244 parts of 2,6-xylenol were replaced with 272 parts of
2,3,6-trimethyl phenol and sodium hydroxide was replaced
with 5 parts of 1ithiuﬁ hydroxide, to obtain 298 parts of
polyhydric phenol compound of the present invenfion (P5)

represented by the formula (9):

Hy CHs H HaG: CHs
{
Hsc ’ éo CH3
Y .
@

The obtained polyhydric phenol compound had a melting
point of 176°C.

Example A6

The procedure of Example Al was repeated, except that
sodium hydroxide was replaced with 5 parts of lithium
hydroxide, furfural was replaced with 112 parts of 2-
thiophenecarboxyaldehyde and the reaction time was increased
to 25 hours, to obtain 307 parts of polyhydric phenol
compound of the present invention (P6) represented by the

formula (10):

H30 H CHs
Y e e
HsC és CHj3
S
(10)
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melting point: l1l47[err]C. [err]H—NNR'spectrun1(CDCI[err], 300MHz) : shown

rn Figure 1. Exanpl e A2 Into 328 parts of nethanol and 328 parts
of 2-tert- butyl-5-methyl phenol placed in a flask equi pped with a
20 stirrer and a reflux condenser, 4 parts of sodi um hydroxide

wer e added and di ssol ved by stirring. Wien the resulting mxture was
heated to reflux, 96 parts of furfural were added dropw se under refl ux

over 2 hours. Then, 3 arts of odi um hydr oxi de was added at the rate of
S parts every 2 THELPECRANES BPFERTHELT PIRTSe PR ReE Bniet CERE 1 of | ux
tenperature, Aftef .t srcaction was allowed to continue for 35 hours from
the end of gg&?%i%ﬁ 257#§?fural, 240 parts of nethanol and 240 parts of
wat er were added to the reaction mxture, which was in turn neutralized
with 200 parts of 35 % aqueous hydrochloric acid. Precipitated crystals
were col | eexkaoply A7l trati on, washed with a solution of 2:1
nmet hanol / wat er, washed again with nethanol and dried in a vacuum drying
oven. This procedinee pyogkdete3a? BramplefAé s hnepeategherakceptonpbahnd of
t he present _invention %PZ)
4 parts of 2,6-xylenol were replaced with 244 parts of
2,5-xylenol and the reaction time was increased to 30 hours;
to obtain 284 parts of polyhydric phenol compound of the

present invention (P7) represented by the formula (11):

CHj H Hy

|

= .

H3C SS CHs
an

The obtained polyhydric phenol compound had a melting
point of 216°C.

Example A8

The procedure of Example A6 was repeated, except that
244 parts of 2,6-xylenol were replaced with 272 parts of
2,3,6~trimethyl phenol and the reaction time was increased
to 60 hou:s, to obtain 284 parts of polyhydric phenol

compound (P8) of the present invention represented by the

Ho~2 &——J H
O
=

formula (12):

HSC S CHa
12

The obtained polyhydric phenol compound had a melting
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represented by the fornula (6): CH3 H H3C

[err] melting point: 236 to 237[err]C. [err]H NWR spectrum (CDCl [err],
300MHz):  shown in Figure 2. Exanpl e A3 Into 113 parts of phenol
and 28 parts of nethanol placed in a flask equipped with a stirrer and a
reflux condenser, 12 parts of sodi um hydroxi de were added and di ssol ved
by stirring. Wien the resulting m xture was heated

21 to reflux, 29 parts of furfural were added dropw se under
reflux ovepoinkogfsl63%en, the mixture was allowed to react for 20 hours
at the reflux tenperature and neutralized with 30 parts of 35 % aqueous
hydrochloric acid. 5 parts of 80% hydrazine were added thereto. Then, 150

parts of Egégggégoggt¥+§§%9ne were added, the resulting m xture was

washed wit repea y and unreacted phenol and nethylisobutylketoné

were distilled L | AR kBn3 a L
pol yhydri c phengllt()bcg%&:z:géngfgéfJ t %%rﬁésen'ltm% rﬁgﬁg%b(ﬁgﬁﬁ%z&ﬁggﬁt ed by

the formul 2008) fabricated by Nihon Kayaku Inc.; epoxy equivalent:
198g/eq.; softening point: 65°C) were blended with one of the
polyhydric phenol compounds (P1)~(P3) of the present
invention in such amounts as indicated in Table 1 and 1 part
of cure accelerator (triphenylphosphine). The resulting
mixture was kneaded with a twin roll, subjected to grinding
and tableting, then passed through a transfer molding
machine at 175°C for 180 seconds to obtain a molded resin,
which in turn was allowed to cure at 180°C for 8 hours, to
obtain a cured product of the present invention. Properties
of the resulting cured product were examined under
conditions as set forth below and the results are shown in
Table 1.

-glass transition temperature (TMA): was measured by TM-
7000 supplied from Shinku Riko Inc. at a temperature rise
rate of 2 °C/min;

~water absorption: was deterﬁined by measuring the weight
increase (%) of a test piece in the form of a disk having 5
cm diameter X 4 mm thickness after boiled in water of 100°C
for 24 hours;

-Copper foil peeling strength: was measured in accordance
with the method described in JIS C-6481 (peeling strength);

-Izod impact test: carried out in accordance with JIS K7710. .
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[err] ~ wherein nis 3.1 (average value). The obtained pol yhydric

phenol conpound had a softening point of 92[err]C and a nelt viscosity of
5.1 P. Exanpl e A4 The procedure of Exanple Al was repeated, except
that 244 parts of 2,6-xylenol were replaced with 244 parts of

2,5-xylenol, to obtain 301 parts of polyhydric phenol conmpound of the
present invention (P4) represented by the fornula (8):

[err] 22 The obt ai ned
pol yhydric phenol conpound had a nel ERR§® point of 192[err]C. Exanpl e A5
Ex. . . A9 Al0 All
Type of curing agent - P1 P2 P3
Weight (part) of curing agent 134 . 169 133
Glass transition temp. (°C) 132 130 149
Water absorption (%) 1.02 0.99 1.13

Copper foil peeling strength

(Kg/cm) ‘ 2.5 2.6 2.5
Izod (KJ/mm?) 21 23 17
Example Bl

161 parts of polyhydric phenol compound (P1l) obtained
in Example Al were placed in a reaction container and 500
parts of epichlorohydrin (hereinafter referred to as ECH)
and 100 parts of dimethylsulfoxide (hereinafter referred to
as DMSO) were added thereto. After the resulting mixture was
dissolved by heating and stirring, 100 parts of 40 w/t%
aqueous sodium hydroxide was added dropwise to the reaction
system continuously over 4 hours while keeping the
temperature at 45°C and the pressure within the reaction
system at 45 Torr. Water and ECH were azeotropically
distilled out. After the distillate was cooled to separate
into ECH and water, only the organic layer that was
containing ECH was recycled to the reaction system while the
reaction was allowed to continue. After the end of dropwise
addition of aqueous sodium hydroxide, the reaction mixture

was allowed to react at 45°C for 3 hours, then 70°C for
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The procedure:of Exanple Al was repeated, except that 244 parts of
Z2,6-xylenol were replaced with 272 parts of 2,3,6-trinethyl phenol and
sodi um hydroxi de was replaced wth 5 parts of |ithium hydroxide, to obtain
298 parts of pol yhydric phenol conpound of the present invention (P5)
represented by the fornmula (9): [err] The
obt ai ned pol yhydri c phenol conpound had a nelting point of 176[err]C.

Exanpl e A6 e, procedur e of,, Exa Al repeated._.e t hat
sodimtjm hydr 8R° tellg/aga)r %)’Inéécjéesd' V\n'trthﬁnSrTglégt @lgﬁﬁ??t%?%r#e%%%ﬁ%@%gt&as?%ﬁ ur al
was repl acegipht fatdR 8" Lambbe 2p -é}f&&%@d‘%ﬁaﬁ{j&o% Qﬁ%@%ﬁ@ﬁl%ﬁide. _
reaction tinme was increased to 2% ours, to obtain 307 parfs of polyhydric
phenol conpgged ehet 8RcdESSENtep IBHABHONYIEB) xéa%epassemgédbaff herod or nul a

(10): [err] ' .
the oily phase by heating in vacuum, the residue was
dissolved by adding 500 parts of methylisobutylketone.

The resulting methylisobutylketone solution waé heated
to 70°C, 4 parts of 30 % aqueous sodium hydroxide was added
thereto and the resulting mixture was allowed to react for 1
hour. Thereafter, the reaction solution was repeatedly
washed with water until the washing liquid became neutral.
Then, methylisobutylketone was distilled off from the oily
layer by heating in vacuum, to obtain 210 parts of an epoxy
resin of the present invention (El) represented by the

formula (13):
Hy ll'i CHy Hg il“l CHy
GO O—Q——€OCH2?HCH20 CW% (13)
HyC éo CH, OH  pe éo CHs o
. .

wherein G represents a glycidyl group; and m is 0.03
(average value). The epoxy resin (El) had an epoxy
equivalent of 222 g/eq., a softening point of 45°C, a melt
viscosity of 0.4 P and a saponifiable chlorine content of

370 ppm.
Example B2

The procedure of Example Bl was repeated, except that

161 parts of polyhydric phenol compound (Pl) of Example Bl
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.-The obt ai ned pol yhydri c phenol conpound had a nelting point of 167[err]C.
‘Exanpl e A7 The procedure of Exanple A6 was repeated, except that 244
parts of 2,6-xylenol were replaced with 244 parts-of 2,5-xylenol and the
reaction tine was increased to 30 hours, to obtain 284 parts of polyhydric
phenol conpound of the present invention (P7) represented by the formula
(11): [err] The obt ai ned pol yhydric

henol d h | i nt . of h
brocedur o OTERS AHECRR W 2080 pBheS oot Ry TR 1o AR ontymg | 10
wer e 1 epl aceh Wit e anl %x‘afnplé #20ab M 8F1 Ny AeiRlun G e Gast i on

time was in to 6 ours to obtaln 284 parts of polyhydric phenol

conpound ( R$iamfed & 525 @alrtisnuaal a@nanefh€sent BMsPWwddechdmyetitad (12):
[err] The obt ai ned pol yhydric phenol conpound had a nelting
120 parts. This procedure yielded 245 parts of an epoxy

resin of the present invention (E2) represented by the

formula (14):

CH; y Hy
)
GO OCH,GHCH,0
(HC)oC ° CeHahy O @y0)C

wherein G represents a glycidyl group; and_m is 0.04
(average value). The epoxy resin (E2) had an epoxy
equivalent of 270 g/eq., a softening point of 68°C, a melt
viscosity of 0.4 P and a saponifiable chlorine content of

360 ppm.

Example B3

.The procedure of Example Bl was repeated, except that
161 parts of polyhydric phenol compound-(Pl) of Example Bl
were replaced with 133 parts of polyhydric phenol compound
{P3) obtained in Example A3 as well as an amount of ECH was
changed to 400 parts and an amount of DMSO was changed to
100 parts. This procedure yielded 170 parts of an epoxy
-fesin.of the present invention (E3) represented by the

formula (15):
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24 ' © point of 163[err]C Exanples A9 to All 100 parts
of o-cresol novol ak epoxy resin (E1l) (EOCCN- 1020 fabricated by N hon
Kayaku Inc.; epoxy equivalent: 198g/eq.; softening point: 65 err]C) were
bl ended with one of the polyhydric phenol conpounds (P1l)-(P3) of the
present invention in such amounts as indicated in Table 1 and 1 part of
cure accel erator (triphenyl phosphine). .The resulting mxture was kneaded
with a twinroll, subjected tggar ndlngc) d tableting, then passed through
a transfer nnlding machi ne’ 17 ?rr r 180 seconds to obtain a nol ded

resin, which in turn was al c—eg%vh H180§srr] C for 8 hours, to
Tfﬁh) lon. Properties of the

obtain a cured product of th (
resulting cured product were exary unde conditions as set forth bel ow

dnd the results are shown in TabNe¥l. -gl®ss transition tenperature
(TMA) : was neasured by TM 7000 supplied from Shinku Ri ko Inc. at a
tenperature rise rate of 2[err]Cmn; -water absorption: was determ ned

by measuri nghereinefghepresrniense qlucislylagrevp; paadeni bst hed f AvRAge di sk

having 5 cmdiameter X 4 nmthickness after boiled in water of 1005err]C
value). The epoxy resin (E3) had an epoxy equivalent of 2

g/eq., a softening point of 65°C, a melt viscosity of 3.6 P

and a saponifiable chlorine content of 410 ppm.

Example B4

Into 56 parts of phenol and 28 parts of methanol placed
in a flask equipped with a stirrer and a reflux condenser, 2
parts of sodium hydroxide were added and dissolved by
stirring. When the resulting mixture waslheated to reflux,
29 parts of furfural were added dropwise under reflux over 2
hours. Then, the mixture was allowed to react for 20 hours
at the reflux temperature (80°C to 90°C) and 250 parts of
epichlorohydrin were added thereto. To the resulting mixture,
12 parts of flaky sodium hydroxide were added continuously
over 1 hour at 70°C. After the end of addifion of sodium
hydroxide, the reaction mixture was allowed to react for 1
hour at 70°C. Then, the reaction mixture was repeatedly
washed with water to remove by-produced salts and methanol.
After the excess of epichlorohydrin was distilied off from
the oily phase by heating in vacuum, the residue was
dissolved by adding 300 parts of methylisobutylketone.

The resulting methylisobutylketone solution was heated

to 70°C, 4 parts of 30 w/t% aquéous sodium hydroxide were
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for 24 hours;* -Copper foil peeling strength: was neasured in accordance

wWith the method described in JIS C 6481 (peeling strength); -1zod inpact
test: carried out in accordance with JI'S K7710. '

25 Table 1 Ex.

A9 Al0 Al l Type of curing agent - P1 P2

P3 Wi ght (part) of curing agent 134 : 169 133 d ass

1 e g e el i i
g?g/cn) 3 for 1 Egur. ?%Sﬁﬁjfter £he reaﬁg%ogaf?éu% %q%¥%§ pﬁﬁkerr])

conpound (Pihs@blawiel waterxanPiE vhle Weish itlgdaaduiia Be&@ﬁ\ét heat£8Nt ai ner
and 500 parts of epichlorohydrin (hereinafter referred to as ECH) and 100

parts of di Mmbenyl mathpkisdeby(tyelketmaid avas efietridd eido offis £PDMECrhaeoilpdded
thereto. After the resulting mxture was
layer by heating in wvacuum, to obtain 70 parts of an epoxy
resin (E4) of the present invention represented by the
formula (15) set forth above wherein n is 4.9 (average
value). The epoxy resin (E4) had an epoxy equivalent of 240
g/eq., a softening point of 66°C, a melt viscosity of 2.3 P

and a saponifiable chlorine content of 780 ppm.

Example B5

The procedure of Example Bl was repeated, except that
161 parts of polyhydric phenol compound (Pl) of Example Bl
were replaced with 161 parts of polyhydric phenol compound
(P4) obtained in Example A4. This procedure yielded 221
parts of an epoxy resin of the present invention (E5)

represented by the formula (16):

Hs ||.| Hy Hs ‘Ha
G ocuz(fﬂcuzo (18)
H,aC CHa
3 P

wherein G represents a glycidyl group; and m is 0.08
(average value). The epoxy resin (E5) had an epoxy
equivalent of 232 g/eq., a.softening point of 66°C, a meit
viscosity of 0.5 P and a saponifiable chlorine content of

380 ppm.
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di ssol ved by heating and stirring, 100 parts of 40 wt% aqueous sodi um
hydr oxi de was added dropw se to the reaction system continuously over 4
hours while keeping the tenperature at 45[err]C and the pressure within
the reaction systemat 45 Torr. Water and ECH were azeotropically
distilled out. After the distillate was cooled to separate into ECH and
water, only the organic |ayer that was containing ECH was recycled to the
reaction syséem\i/?eiéﬁ the reaction was allowed to continue. After the end
of dropw se G of aqueous sodi um hydroxi de, the reaction m xture

was allowed to regfd Hocka@e’ bE Eﬁéﬂéﬁgoit;'}{]swaé )t&.félkgﬂéﬁ,r lxdepfe that

26 anothér 30 mnutes. T em e was repeatedly washed
Wi th water tigI @amvee bY- pbmﬂuyaﬂiéa#ﬁén@mb&ﬁpaidwl(wl)f ofi #gamphbt 81 the
excess of epichlorohydrin was distilled off from the oily phase by heating
in vacuum twere esplacedawithi 335 paxitdyofdeb IyhysliG cp phenodf compound

nmet hyl i sobut yl ket one. The resulting nethylisobutyl ketone sol uti on was
heated to AF®r cbtainegdainsEspmpbe WBaqudbds poerenhedydeided wdk? added
thereto and the resulti ng m xture wa |l owed to react for 1_ hour.

Ther eaf t er, RS OfcBRoRPSBY UF AR é?e%é%ﬁee%ﬁv InysREdoRi {FSat er unti|

t he washi ngf%épgtéisgn?%%awl pRUt fgi'mula-lrh?'ﬁ) et hyl i sobut yl ket one was
romthe orly _

distilled o
HiG [CHs y Ha
|
OCH,GHCH,0
OH =

HoC

wherein G represents a glycidyl group; and m is 0.03
(average value). The epoxy resin (E6) had an epoxy
equivalent of 238 g/eq., a softening point of 68°C, a melt
viscosity of 1.0 poise and a saponifiable chlorine content

of 370 ppm.

Example B7

The procedure of Example Bl was repeated, except that
161 parts of polyhydric phenol compound (Pl) of Example Bl
were replaced with 169 parts of polyhydric phenol compound
(P6) obtained in Example A6. This procedure yielded 216 '
parts of an epoxy resin of the present invention (E7)

represented by the formula (18):

H, 'i' CHs . Hy ul+ CH,
G OCHz?HCHZO 0G (18)
m
: HyC g CH, OH ¢ =\ CHy
S, R
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| ayer by-heating in vacuum to obtain 210 parts of an epoxy resin of the
present invention (El) represented by the fornula (13):

[err] wherein Grepresents a glycidyl group; and mis 0.03 (average
val ue). The epoxy resin (E1l) had an epoxy equival ent of 222 g/eq., a
softening point of 45 err]C, a nmelt viscosity of 0.4 P and a saponifiable

chlorine content of 370 ppm Exanple BZ The procedure of Exanpl e
Bl was repeat ed, exce t that 161 arts hydri.c phen onpound (P1)
of Exanpl e EZE} rein G represents a % Sha’nPHE"8. 9\£re repl aced

w th 203 pa o] C e d 2 b |gﬁg n Exanpl e A2
as wel | ag é%ég%ggtl’%m%& ﬁ% % ggg#ﬂ é%grp%? sérgn r}}am)unt of DMSO
was changedeliva2@nPabt 5233%%% %@Hﬁe\ﬂﬁ'gdﬁglﬁﬂf’o?aﬁb@ ofa Fe18POXY
rresin of the present invention representéd by the fornula (1i4):

viscosity of 0.4 P and a saponifiable chlorine content of

400 ppm.

Example B8

The procedure of Example Bl was repeated, except that
161 parts of polyhydric phenol compound (Pl) of Example Bl
were replaced with 169 parts of polyhydric phenol compound
kP?) obtained in Example A7. This procedure yielded 214
parts of an epoxy resin of the present invention (E8)

represented by the formula (19):

CH, H Hg CH; |, Hy
GO@— ocuzciucuzo‘@—~' oG (19)
HC [ g CH, o wé [
= =

wherein G represents a glycidyl group; andlm is 0.07
(average value). The epoxy resin (E8) had an epoxy
equivalent of 239 g/eq., a softening point of 71°C, a melt
viscosity of 0.6 P and a saponifiable chlorine content of

390 ppm.

Example B9
The procedure of Example Bl was repeated, except that
lé1l parts of polyhydric phenol compound (P1l) of Example Bl

were replaced with 183 parts of polyhydric phenol compound
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ferr] ‘ -wherein Grepresents a glycidyl group; and mis 0.04
(average value). The epoxy resin (E2) had an epoxy equivalent of 270
g/eq., a softening point of 68[err]C, a nelt viscosity of 0.4 P and a
saponifiable chlorine content of 360 ppm Exanpl e B3 The
procedure of Exanple Bl was repeated, except that 161 parts of pol yhydric
phenol conmpound (Pl) of Exanple Bl were replaced with 133 parts of

pol yhydri c phenol . conpound P3) obtained in Exanple A3 as we]l__as an
amount of Eéﬁs\)vagbtéggﬁ%eﬂnté}‘ S5 RIS AT e grieddsd d<¢ changed

to 100 par gﬁftgh£?£§or§%}?rer n%ighdqoets tﬁ,‘%g&%%gitogn?§g§£8§y(E§Fsi n of the

rimal a

present inv I"on se
%8 represented by the formula (20):

0G (20)

wherein G represents a glycidyl group; and m is 0.04
(average value). The epoxy resin (E9) had an epoxy
equivalent of 248 g/eq., a softening point of 74°C, a melt
viscosity of 1.4 P and a saponifiable chlorine content of

410 ppm.

Example B10 to B18

A curing agent (phenolic novolak resin} PN-80
fabricated by Nippon Kayaku Inc.; melt viscosity at 150°C:
1.5 poises; softening point: 86°C and hydroxyl equivalent:
106g/eq.) was blended with each of epoxy resins (El) ~ (E9)
obtained in Examples Bl to B9 in an mount of 1 hydroxyl
equivalent per 1 epoxy equivalent and further 1 part of cure
accelerator (triphenylphosphine) per 100 parts of the epoxy
resin was added. The resulting mixture was passed through a
transfer molding machine to form a molded resin, which was
then allowed to cure at 160°C for 2 hours and 180°C for
another 8 hours.

Physical properties of the obtained cured products were
examined and the results are shown in Tables 2 and 3.

Physical properties were determined by the following
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ferr] ‘ wherein G represents a glycidyl group; and mis 4.9 (average
vVal ue). The epoxy resin (E3) had an epoxy equival ent of 225 g/eq., a
softening point of 65 err]C, a nmelt viscosity of 3.6 P and a saponifiable
chl orine content of 410 ppm Exanple B4 - Into 56 parts of phenol
and 28 parts of nethanol placed in a flask equipped with a stirrer and a
reflux condenser, 2 parts of sodi um hydroxi de were added and' di ssol ved by
stirring. Wen the resulting m xture was heated to reflux, 29 parts of
furfural weethadeed dropw se under reflux over 2 hours. Then, the mixture
was allowed to react for 20 hours at the refl ux teggerature (80[err]Cto

90[err] C) antie¥®pH FRFPP LN e MSATUELGh O FREWERES ML P H3%t 0. To the

resul ting mixtuc 1 ar of . § l.ak aodi um hydr oxi de were added _
cont i nuous ﬁscﬁﬁé?dll-%oﬁ axéﬁsle?(ﬂ%rtraﬁ éﬁAfter the end of addition of sodium

hydr oxi de, LA Ctd 0D JHUHEL HBenQehdVhdablregasy 186° 1peBPipgat

70[err] C Theﬁ?ﬁﬁe reacéal onl fturg%lv%/as regeafedl yi,-washegev»ithgwater to
renove by-pegduced salts and nethanol. After the excess of epichlorohydrin
was distilled off from the oily phase by heating in vacuum the residue

was di ssol veehdir iadditegpgd@tparet: s 307C et hyl i sobut yl ket one. The
resul ting methylisobutyl ketone solution was heated to 70[err]C, 4 parts of
30 W t % aquetrns Bl itaatipgr spegd: W8P mm/min.

copper foil: 70 um JTC foil; supplied by Nikko Gourd Inc.;

-Izod impact test: carried out in the same way as described

in Example A9 to All.

Table 2
Ex. B10O Bl1 Bl2 Bi3 Bl4
Epoxy resin El E2 E3 E4 E5
Water absorption (%) 1.2 1.1 1.3 1.2 1.2
Copper foil peeling |
strength (Kg/cm) 2.8 | 2.6 2.4 2.5 2.9
Izod (KJ/cm) 23 14 11 13 13
Table 3
Ex. B15 Blé6 B17 B18
Epoxy resin _ E6 E7 ES8 E9
Water absorption (%) 1.1 1.1 1.0 1.2
Copper foil peeling
strength (Kg/cm) 2.7 2.7 2.7 2.7
Izod (KJ/cm) 20 24 | 17 13
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-added thereto and the resulting m xture was allowed to react for 1 hour.
Thereafter, the reaction solution was repeatedly washed with water until

t he washing liquid becane neutral. Then, nethylisobutyl ketone was
distilled off fromthe oily layer by heating in vacuum to obtain 70 parts
of an epoxy resin (E4) of the present invention represented by the
formula (15) set forth above wherein n is 4.9 (average value). The epoxy
resin (E4) had an epoxy equival ent of 240 g/eq., a softening point of
66[err]C, a neIPOleE@EiQyPkEHQJ:?quQ¥ﬂ§Sa°§a$bﬁ|PIG%?@tch@Yﬁm?kpkontent of

xcept t hattS IBALTARYS T gy AR %‘i‘éﬁéhﬁpﬁ%%ﬁ R0 TREBIAT o b1
' Bxarmol o(BALY R orb%toeﬁfg‘?ﬁfyi%ﬁd Fo2p01RREC o?é’-"ﬂ‘)é‘%ﬂexryf&f e e
Whorein G Fanradigclald SRRESS SRS IRy EXAnaChReSMY %ﬁ%ﬁ%%fr%%l&é). The
epoxy resigtéEp) Kﬁﬁhéﬁldaﬂﬁél insulating materials for electric and

electronic parts including highly reliable sealing compounds

for semiconductors, various composite materials including

laminated sheets (printed-wiring boards) and CFRP (carbon

fiber-reinforced plastics), components of adhesive

compositions, coating compositions and molding compositions

as well as various industrial intermediates. The process of

the present invention can provide polyhydric phenol

compounds of the present invention at a reasonable cost,

while diminishing the production of by-products.

Epoxy resins of the present'invention, by virtue of
having a high moisture resistance (water resistance), a high
impact resistance and good adhesive properties in the form
of cured products, are extremely suitable for use in
insulating materials for electric and electronic parts
including highly reliable sealing compounds for
semiconductors, various composite materials including
laminated sheets (printed-wiring boards) and CFRP,
components of adhesive compositions and coating compositions
and the like. In particular, sealing compounds for
semiconductors incorporating the epoxy resins of the present

invention exhibit a good resistance to solder cracking.
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equi val ent of 232 g/eq., a softening point of 66[erriES—arelt—viscosity
of 0.5 P and a saponifiable chlorine content of 380 pQﬁh
o]

30 Exanpl e B6 The procedure of Exanple mﬁﬁ ed
1
I ned

except that 161 parts of pol yhydric phenol conpound (P
were replaced wth 175 parts of pol yhydric phenol conp _

i n Exanple A5. This procedure yielded 219 parts of an epoxy resin of the
present invention (E6) represented b¥:zagsfornula (17): [err]

wherein G represents a glycidyl group; _ _
epoxy resin (E6) had an epoxy equivalent of 238 g/eq., a softening point
of 68[err]C, a nelt viscosity of 1.0 poi ﬁe and aHsaponl fé;;qu% Chlii_(];“ ne
content of 1378 PEIYhydr FXFPHERIBEompoundheprasedted ¥l WAS
repeat ed, except thaty 161qfoﬂg}ts of golyhydr?c phenol g%rrpound (P1) of
Exanple Bl (1):

l._( \ I >_/< R1
G ph qan
. \|=/

@

&

wherein X represents an oxygen or sulfur atom; Q represents
a hydrogen atom or a C1-C5 alkyl group; R represents a
hydrogen atom, a C1-C10 hydrocarbon group, an alkoxy group
or a halogen atom; i is an integer of 1 to 6; j is an
integer of 1 to 3; k is an integer of 1 to 5; and y is an
integer of 1 to 2; n is an average number and represents a
real number of 1 to 15.

2. The polyhydric phenol coﬁpound as claimed in Claim 1,

characterized in that it is represented by the formula (2):

(T)h H (T)h
- = I . ==
HO‘@_T —\ ' /oH
. = \x .
Q)

wherein X, Q, R and j are of the same meanings as defined in
the formula (1); and h is an integer of 1 to 4.

3. The polyhydric phenol compound as claimed in Claim 1 or 2,
wherein X in the formula (1) represents an oxygen atom.

4. The polyhydric phenol compound as claimed in any one of

Claims 1 to 3, wherein n represents a number of not less

* ¢ L M § % |

than 1.5 and less than 10.
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mere replaced-with 169 parts of pol yhydric phenol tompound™ (P6) obtai ned
Tn Exanple A6. This procedure yielded 216 parts of1% ShRP Be&Heplagh t he

present invention (E7) represented by the formula (

31 wherein G represents a glycidyl group; “umum‘mu![
(average value). The epoxy resin (E7) had an epoxy e 3
g/eq., a softening point of 50[err]C, a nelt viscosity of 0.4 P and a
saponi fiabl e chlorine content qof ,400 p - . Exanpl e B8 . he
procedure of- BxaAcess1 IREsPregeging, aeg‘en]e’bqulﬁa“t r&f@f%p&pf‘?ogpgpol yhydric
phenol conpound .(R1) of I 1 5,;&91 ts of

pol yhydri c Cp%‘&?{ (3162§n§88§§%g?f3$) gogltlé\?égd{]?ﬁ{ gg%prﬁ@e . %%h?g%pr ocedure

yi el ded 21 t fy .an epoxy resin of the present invention (E8)
repr esent e?%ﬁlhaz (%gr mula (19): [err] :

CHO

Ifl"lj\x (a)

(Q)j

wherein X, . Q and j are of the same meanings as defined in
the formula (1) in the presenée of a basic catalyst.

6. The process as claimed in Claim 5, wherein the phenol is
2,6-xylenol.

7. The process as claimed in Claim 5, wherein the phenol is
2,5-dialkylphenol.

8. The process as claimed in any one of Claims 5 to 7,
wherein the basic catalyst is at least one compound selected
from the group consisting of alkaline metal oxides, alkaline
earth metal oxides, alkaline metal alkoxides and alkaline
earth metal alkoxides.

9. An epoxy resin represented by the formula (3):

o [y o
1|4 \ W4 /

[ Y 4 s (3)
G N A
R)i D A (R)k

Qi

wherein G represents a glycidyl group and R, @, X, n, ¥, i,
j and k are of the same meanings as defined in the formula
(1).

10. An epoxy resin represented by the formula (4):

' * C L M N *
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Wherein G represents a glycidyl group; and mis 0.07 (average value). The
‘epoxy resin (E8) had an epoxy equivalent of 239 g/eqg., a softening point
of 71[err]C, a nelt viscosity of 0.6 P and a saponifiable chlorine content
of 390 ppm Exanpl e B9 The procedure of Exanple Bl was repeat ed,
except that 161 parts of pol yhydric phenol conmpound (Pl) of Exanple Bl
were replaced with 183 parts of polyhydric phenol conpound
32 (P8) obtained in Exanple A8. This procedure yielded 214
parts of an epoxy reqhm on*thqgmresent i nventi onggfF9) . rqrmesented by the
wh [ gl

f.ormula (20): [err 4_ | inf/G represents id l_g oup; and mis
0-04 (average va ' 5, SHL 0 '
248 g/ eq., a softeni ﬁ%%ht 74\ err] H 2 mel

@ (@ @

wherein G, R, Q, X and j are of the same meanings as defined
in the formula (3); m is an average value and represents a
real number of 0 to 20; and h represents an integer of 1 to
4.

11. a thermgsetting resin composition containing a
polyhydric phenol compound as claimed in any one of Claims 1
to 3 and/or an epoxy resin as claimed in Claim 9 or 10.

12. A cured product obtained by curing the thermosetting
resin composition as claimed in Claim 11.

13..A semiconductor device fabricated by incorporating the
thermosetting resin composition as claimed in Claim 11.

14. A thermoplastic material fabricated by starting with a
polyhydric phenol compound as claimed in any one of Claims 1

to 3.

This Sheet Has Been R
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viscosity of 1.4 P and a saponifiable chlorine content of 410 ppm
‘Exanpl e B10 to B18 A curing agent (phenolic novol ak resin, PN 80
fabricated by N ppon Kayaku Inc.; nelt viscosity at 150[err]C 1.5 poises;
softening point: 86[err]C and hydroxyl equivalent: 106g/eq.) was bl ended
wi th each of epoxy resins (El1) ~ (E9) obtained in Exanples Bl to B9 in an
mount of 1 hydroxyl equivalent per 1 epoxy equivalent and further 1 part
of cure accelerator (triphenylphosphine) per 100 parts of the epoxy resin
was added.éﬁ§?5§§5§ting m xture was passed through a transfer nolding
nmachine to forma nolded resin, which was then allowed to cure at
160[err]C for 2 hours and 180[err]C for another 8 hours. Physi ca
properties of theoff aé'dhg&bﬁbtri%sph@wgb%w@bﬁ vexads vegl, andidwie results
are shown in Tables 2 and 3. Physical properties were determ ned by
the fol |l owilygyroscopicity, high adhesive propé@fties and a higiethlead: -Water
absorption: neasured in the sane way as was described in Exanple A9 to
Al - Coppemsistidngeeels wgldt eenbehngnbight ein yeif0f and gxsellegt in

mechanical properties are provided. The resin compositions
include polyhydric phenol compounds represented by the

formula (1) and epoxy resins represented by the formula (3).

<‘\’ [ ¥ <(\)\ i

A\ \l%/

) 2 =\ &l 2 7/n

-7 X 1-+

(R %’, R

NS

- — ' ==

§12 UL

é't -.f'? fl\x (;‘i -.s';) n !

@

i
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_test. measuring tenperature: 30[err]C tensile testing speed: 200

nm m n. copper foil: 70 [err] mJTC foil; supplied by N kko Gourd Inc.
-lzod inpact test: carried out in the ﬁgpezmay as described in Exanple A9
to Al l. Tabl e Ex.
B10 B11l B12 B13 B14 Epoxy resin E1l E2
E3 E4 ES5 Water absorption (% 1.2 1.1 1.3 1.2
1.2 Copper foil peeling strength (Kg/cm 2.8 2.6 2.4
2.5 2.9 lzod (KJ/cm - 23 14 11 13 13
Table 3 Ex. ' B15 B16 B17 B18 Epoxy
r-esi n E6 E7 E8 E9 Water absorption (%
1.1 1.1 1.0 1.2 Copper foil peeling strength (Kg/cm
2.7 2.7 2.7 2.7 lzod (KJ/cm ' 20 24 17
13 : 34
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Pol yhydri ¢ phenol conpounds of the present invention are suitable for use
in various kinds of plastic materials (polycarbonate, PEEK, PPO

pol ysul fone, etc.), thernposetting resin materials (epoxy resin, cyanate
resin, acrylate resin, etc.), ant i oxi dahes, insulating materials for
electric and electronic parts including highly reliable sealing conpounds
for sem conductors, various conposite materials including |am nated sheets
(printed-wiring boards) and CFRP (carbon fiber-reinforced plastics),
conponent s of adhesive conpositions, coating conpositions and nol di ng
conpositions as well as various industrial internmedi ates. The process of
tHie present invention can provide polyhydric phenol conpounds of the
present invention at a reasonable cost, while dimnishing the production
of by-products. Epoxy resins of the present invention, by virtue of
having a high noi sture resistance (water resistance), a high inpact

resi stance and good adhesive properties in the form of cured products, are
extrenely suitable for use in_insulating materjals for electric and

el ectronic parts includijng highly reliable sealing conpoundd fof
sem conductors, various cgonposite materials including |am ngted sheets
~(printed-wiring boards) and CFRP, conponents of adhesive cqreos|tions and
coating conpositions and the like. In particular, seatrng—qgdnPopnds for
sem conductors incorporatl ng the epoxy resins of the present|t inyention
exhi bit a good resistance to sol der cracking. 3
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35 * CLAIM5 1.

A thernosetting resin

conposi tion contalnlng a pol yhydric phenol conpound as repre
formula (1): [err] wherein X represents an oxyge
atom Qrepresents a hydrogen atomor a Cl-C5 al kyl group;

hydr ogen atom a Cl1- C10 hydrocarbon group, an al koxy group r
atom i is aninteger of 1 to 6; j is an integer
integer of 1 to 5 and y is an intef&AIMS 1 to 2;
and represents a real nunber of 1 to 15,

R CENENT SHEET

of 1 to 3;1k{is an

fepresents a

a el Royr2000

n is an ayerage mnutbes
and/ or an epoxyjresin as

represented By theAf Shemmos¢ihing res)in composition containing

a polyhydric phenol comp0und as represented by
the formula (1):

{0ty (OH)y
e R .
W
¢f 2 c e al @
L7 P ) x Ly g )
R WG T

Q)

whexein X represents an oxygen or sulfur atom; Q represents

a hydrogen atom or a Cl1-C5 alkyl group; R represents a

hydrogen atom, a Cl-Cl0 hydrocarxrbon group, an alkoxy gxroup

orx a halogen atom; i is an integex of 1 to §6;

integer of 1 to 3; k is an integer of 1 to 5;

j is an

and y is an

integer of 1 to 2; n is an avexage number and represents a

real numbex of 1 to 15,

and/or an epoxy resin as represented by the formula
(3) or (4):
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wherein Grepresents a glycidyl group and R, Q X, n, y, i, J and k are of
t he sane neanings as defined in the fornula (1) [err] el
G R Q Xand | are of the sane neanings as defined in the fBEMQEMQW %ET

I's an average value and represents a real nunber of 0 to 20;|apnd h

represents an integer of 1 toT?’ ly 3 | 29 NOV 20007

cured product obtained by cufl ti g resin coprppsition as
claimed in Caima1l.

A

(R

Qi
wherein G represents a glycidyl group and R, O, X, n, y, i,

j and k are of the same meanings as defined in the formula
(1}

@h @h @ o

G“@‘T \~I/ °°“a?”°‘*z°‘<\b‘°‘@

f \5( OH l
N L/

Q) (Q); @

wherein G, R, O, X and j are of the same meanings as defined
in the formula (3); m is an average value and represents a

real number of 0 to 20; and h represents an integer of 1 to4.
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3. A sem conductor device fabricated by incorporating the thernosetting
r-esin conposition as claimed in aiml 4. An epoxy resin
represented by the fornula (3) as described in Caiml. 5. An epoxy
resin represented by the formula (4) as described in claiml.

38 2. A cured product obtained by curing the thermosetting
resin composition as claimed in Claim 1,

- 3. A semiconductox device fabricated by incorporating the

thermosetting resin composition as claimed in Claim1l

REPLACEMENT SHEET
29 Nov 2000

4. An epoxy resin represented by the formula (3)

as described in Cclaim 1.

5. An epoxy resin represented by the formula (4)
as described in Claim 1.
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