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NOVEL. ARYL ESTER COVPOUND, | TS PRODUCTI ON PROCESS, EPOXY RESIN COMPCSI TTON

USI NG SAI D COVPOUND, . AND COPPER- CLAD LAM NATE USI NG THE EPOXY. RESI N

COVPOSI TI'ON BACKGROUND COF THE | NVENTI ON- Field of the Invention This _
‘invention relates.to an aryl ester com pound which can be used mainly as a
curigng "agent for an 5 epoxy resin and can give a cured product having a

| ow, dielectric constant and a Iom/dielechi%:W 0ss tangent; an epoxy resin
conposj tion using the same, and a | ami nate prepared using the epoxy resin
conposi ti on. ThNOVELr ARYW ESYER COMPOUND| diTg PROBUCELION PRUCERS ArEPOXY
varni sh, a 10 coating material, a civil engineering material, a con-
structional nat eREJINGCOMPRSEIIONCUSING $AID heOMPQUND, CAND GORRER-¢CLAD uses
whi ch work at high-frequency region, for exanple, a resin for |am nate or
an | C-sealing resin. DEMINMBOHSMGVW@E FEPOXY AREST$ COMPOSITION Anong t he
epoxy resins used in the electric and electronic uses, the resin for a
printed w ring BAGKGROEUND heF cTHE CINVENEIONTRI Nl y a conbi nation of a

bi sphenol type epoxy resin with a dicyandianm de. In recent years, the resin
has been required Féehdvef athewnientanic 20 constant for the purpose of
the inprovement of signal velocity and the inpedance-natchin%:of circuit as
the printed wiring board RBiSpiRvenkiRn tFelakss 4Rl #pAFyYl ester com-

pound which can be used mainly as a curing agent for an

5 epoxy resin and can give a cured product having a low
dielectric conétant and a low dielectric loss tangent:; an
epoxy resin composition using the same, and a laminate
prepared using the epoxy resin composition. These are
suitable for a molding material, a paint and varniSh, a

10 coating material, a civil engineering material, a con-
structional material and in particular, in the electric
or electronic uses which work at high-frequency region,
for example, a resin for laminate or an IC-sealing resin.

Description of the Prior Art

15 Among the epoxy resins used in the electric
and electronic uses, the resin for a printed wiring board
has heretofore been mainly a dombination of a bisphenol
type epoxy resin with a dicyandiamide. In recent years,
the resin has been required to have a low dielectric

20 constant for the purpose of the improvement of signal
velocity and the impedance-matching of circuit as the
printed wiring board has been made thinner and more

. multiple in layer and also required to have a low dielec-

tric loss tangent for the purpose of diminishing the

25 -'signal transmission loss as a high-frequency signal is



multiple in [ayer and also required to have a low dielec- tric |oss tangent
for the purpose of dimnishing the 25 signal transm ssion |oss as a
hi gh-frequency signal is -2- used. For these purposes, a nethod of
conbining a con- ventional epoxy resin with a thernoplastic resin having a
low dietectric constant and a low dielectric lpss tangent has been devised.
For exanple, a nethod of nodifying the 5 epoxy resin with a reactive
pol ybut'adi ene resin and a nmethod of dispersing a polytetrafl uoroethyl ene
resin powder haveugedn PrFeROYLHdsePipRised,nd MeThod oF dorBimiities dois-
epoxy resin which is the basic material has a high dielectric 10 constant,
and hence, the prepationalokeposy tresimdmitdt ac thesmopilasitd oc aesiime dhavdngres
| arge in order to achieve the desired dielectric constant, and hence, the
heat resistance, adwediledestricdicomsdiant angdbia Loy ddedectaiic dosst dangemtd
the |ike which are characteristic features 15 of the epoxy resin are
damaged. Ther ef or Bast ke Kevdseden E¥QTneFemplgesir 8¢ ofn megd:fyingsithe
curing agent  that a cured produ%%ehavin | ow di el ectric constant %Pd a
a’IJI' na a

| ow di el ectri ¢l oS®EINFER ¢ b JewPeigbutadiene resin

method of dispersing a polytetrafluoroethylene resin

powder have been proposed.
However,'in these prior techniéues, the epoxy
resin which is the basic material has a high dielectric
10 constant, and hence, the proportion of the thermoplastic
resin to be combined becomes large in order to achieve
the desired dielectric constant, and hence, the heat
resistance, adhesiveness, dimension stability, chemical
resistance and the like which are characteristic features
15 of the epoxy resin are damaged. Therefore, there have
. been earnestly desired such an epoxy resin curing agent
that a cured product having a low dielectric constant and
a low dielectric loss tangent can be obtained without
damaging the heat resistance, adhesiveness and proqessi—
20 bility of an epoxy resin and an epoxy resin composition
containing the curing agent. |
The present inventors have made extensive re-
search on the functional group structure and skeletal
structure of a compound capable of thermal cure reaction
25 with an epoxy resin, and have consequently found that an
epoxy resin composition comprising a compound having a
specific functional group structure and a specific skele-

tal structure can meet the above-mentioned purposes.



damagi ng the heat resistance, adhesiveness and processi- 20 bility of an
epoxy resin and an epoxy resin conposition containing the curing agent. The
present inventors have made extensive re- search on the functional group
structure and skeletal structure of a conpound capable of thermal cure
reactiaon 25 with an epoxy resin, and have consequently found that an epoxy
resin conposition conprising a conpound having a specific functional group
structure and a specific skele- tal structure can neet the above-nentioned
pur poses. -3- BUMMARY OF THE INVENTHON According to this invention,
there are provid- ed an aryl ester conpound conposed of a pol yhydric phenol
in which at | east one OH gr dupcdmabingeao dadtiay iinveshtidian) Fheereo rganipsrcadidt-
or its derivatives having 1 to 20 carbon atons, said pol yhydric phenol
bei ng the condensedi en pryduester gompoundt gomposedupfubspPrilyhrdricsphensd

represented by the general fornmula (1): Lerr] (1L wherei n each P represents
i ndependent |y a hjBr sjdphapgmleast one OH group has been esterified with

"5 an organic acid or its derivatives having 1 to 20 carbon
atoms, said polyhydric phenol being the condensation
product of a substituted or unsubstituted resorcinol

represented by the general formula (1):

OH
(1)
(P),
OH

'wherein_each P represents independently a hydrogen atom,
10 a halogeﬁ atom, an alkyl group having 1 to 10 carbon
atoms, a cycloalkyl group having 5 to 10 carbon atoms, an
aryl group having 6 to 20 carbon atbms or an aralkyl
group having 7 to 20 carbon atoms and i represents an
integer of 0 to 2, with a carbonYl compound represented

15 by the general formula (2):

|

X-C-X' (2)

wherein each of X and X' represents independently a hy-
drogen atom, an aikyl group having 1 to 10 carbon atoms,

a cycloalkyl group having 5 to 10 carbon atoms, an aryl



10 a hal ogen atom .an al kyl group having 1 to 10 carbon atons, a cycl oal kyl
group having 5 to %0 carbon atons, an aryl group having 6 to 20 carbon
atons or an aral kylj group having 7 to 20 carbon atons and i represents an
integer of 0 to 2, ‘'with a carbonyl conpound represented 15 by the general
formulas (2): (2) mhereln each of X and X' repgesents independently a hy-
drogen atom an al kyl group having 1 to 10 carbon atons, a cycloal kyl group

having 5 to 10 carbon atons, an_ ryl -4- group haV|ng 6 to 20 carbon
atons or an aral kglroglpobpvﬁm 6ty 260 zerbenhekomsoer, apr e¥iad&ylt gHOUR and
X may forma ring together with the carbon atom tg vhi'ch X and X are
attached; 5 a pro §§n907 ﬁPo&QcPﬁ§b§§|&t9P§k §§P¥Pd@9nﬁbéﬁdXWﬁP@hx may
conpri ses condens t he subs ituted or , tltuked resor no
represented by thé& n@riano HﬁP&gff)“h CEIPEBNF-Mo jch X and

represented by theg,g I lLa (2) in the presence of an aC|d cat al yst
and then esteri - %0 ?ng%tﬁggghﬁdensatlon product thus obtained with an

organi c acid og i Spdarkkal E¥eS phauuldng 3i140at31P88ter compound which

comprises condensing the substituted or unsubstituted
resorcinol represented by the general formula (1) with
the carbonyl compound represented by fhe general formula
(2) in the presence of an acid catalyst and then esteri-

10 fied the condensation product thus obtained with an
organic acid or its derivatives having 1 to 20 carbon
atoms in the presence of a basic compound;
an epoxy resin composition which domprises as the essen-
tial components:

15 (A) an epoxy resin,
(B) an aryl ester compound composed of a polyhydric
phenol in which at least one OH group has been esterified
with an organic acid or its derivatives having 1 to 20
carbon atoms, said polyhydric phenol being a condensation

20 product of a phenoclic compound represented by the general

formula (4):

OH
(4)

(P),

wherein P and i are the same as defined above and Q

Ee A



atons in the presence of a basic conpound; an epoxy resin conposition which
conprises as the essen- tial conponents: 15 (A) an epoxy resin, (B) an aryl
est er conpound conposed of a pol yhydric phenol in which at | east one OH

group has been esterified with an organic acid or its derivatives having 1
to 20 carbon atons, said polyhydric phenol begng a condensation 20 product
of a phenolic conpound represented by the general fornmula (4): OH (4) [err]
wherein P and i are the sane as defined above and Q -5- represents a

hydr ogén atom or sepwelsenys grhvirogéenhatie onrédnydroxybognoup cpwitshnthe
by the general fornula (2), and (C) a cure accelerator; and 5 a copper-clad
| ani nat e obt ai nedcambongl ncoémpound repoepentédi by abhle agemepakgfobnatact2 by
i npregnating a substrate with the above epoxy resin conposition or a

sol ution of and

(C) a cure accelerator; and

5 a copper-cléd laminate obtained by thermoforming a copper
foil and a prepreg obtained by impregnating a substrate
with the above epoxy resin composition or a solutidﬁ of

the above epoxy resin composition in an organic solvent.

DETAILED'DESCRIPTION OF THE INVENTION

10 The aryl ester compound of this invention and
the component (B) of the epoxy resin composition of this
invention are preferably aryl ester compounds represénted

by the general formula (3):

(3)

(P); R R,
wherein n represents the average number of the repeated
15 units and is a value of 1 to 20; each P represents inde-
pendently a hydrogen atom, a halogen atom, an alkyl group
having 1 to 10 carbon atoms, a cycloalkyl group having 5

to 10 carbon atoms, an aryl group having 6 to 20 carbon

atoms or an aralkyl group having 7 to 20 carbon atoms; i



t he above epoxy resin conposition in an organic solvent. DETAILED :
DESCRI PTI ON OF THE | NVENTI ON 10 The aryl ester conpound of this
i nvention and the conponent (B) .of the epoxy resin conposition of this
invention are preferably aryl ester conpounds represented by the general
formula (3): [err] wherein n represents the gverage nunber of the repeated
15 units and is a value of 1 to 20; each P represents inde- pendently a
hydrogen atom a hal ogen atom an al kyl group having 1 to 10 carbon atons,

a cycloal kyl growepiagents drd iHtegRh @F @ ath 2;;akavhy lofJRYUPRHARNIRG L0
20 carbon atonms or an aral kyl group having 7 to 20 carbon atons; | - 6-
represents an i naegeR,ofepfréseftseinlepénflent]lyaadhjlirogencatons an alkyl
i ndependently a hydrogen atom an al kyl group having 1 to 10 carbon atons,
a cycl oal kyl grogrdugpyibayifhg d 1® d8r sarbomomdomsn & wycdoadkyla@neypss t o
20 5 carbon atons or an aral kyl group having 7 to 20 carbon _atons, provided
that [err] and [ &&vjiingay fter A0y canken afomser am ﬁ?ﬁ%@%&?"d}t’&nﬁﬂ?%%h

[err] and [err] are_attached or [err] and R5 may form a rin%)t%peth r wth
t he carbon at cggbon atoms or an aralkyl group having 7 t 20" carbon

atoms, provided that R, and R, may form a ring together
with the carbon atom to which R, and R, are attached or R,
and R; may form a ring together with the carbon atoms to
which R, and R; are attached; each Z represents indepen-
10 dently a hydrogen atom or an acyl group having 1 to 20
| carbon atoms, provided that the case where all Z groups
are hydrogen atoms is excluded.
In the general formula (3), Z's may be acyl
groups in (n + Zi places on average per one molecule (in
15 this case, the esterification percentage is taken as
100%); however, Z's are such that the esterification per-
~ centage may be any'value in other cases than where all Z
groups are hydrogen atoms (in this case, the esterifica-
tion percentage is 0%). In order to achieve the purpose
20 of low dielectric constant and low dielectric loss tan-
gent, the esterification percenfage is preferably at
least 30%, more preferably at least 50%.
In the general formula (3), n represents the
average number of the repeated units and may be a value
25 of 1 to 20. However, in ﬁiew of operability, the average
number is preferably a value of 1 to 10.
The polyhydric phenol compound which is used

as the starting material for the aryl ester compound



which [err] and [err] are attached; each Z represents indepen- 10 dently a
hydr ogen atom or an acyl group having 1 to 20 carbon atons, provided that
the case where all Z groups are hydrogen atonms is excluded. In the general
formula (3), Z's may be acyl groups in (n + 2) places on average per one
nol ecul-e (in 15 this case, the esterificatigngpercentage is taken as 1009 ;
however, Z's are such that the esterification per- centage nmay be any val ue
in other cases than where all Z groups are hydrogen atons (in this case,
the esterifica- treocibedcintthe pseSéfpt thabdmsel andaZhcanecbéhebpaipedeif
of low dielectric constant and | ow dielectric |loss tan- gent, the
esterification pesechtagknpsnppannenbthatit résarcingods apeccpndensed| yith a
| east 50% In the general formula (3), n represents the average nunber of
the repeated uni tgaahanyhycespaupd| i@ vhe opresenceoof Hapedeid. i nTheew of

operability, the average nunber is preferably a value of 1 tg 10. Th
pol yhydri c phenolr%%ﬂﬁgﬁﬂﬁlﬁh?fﬁ ?ggﬁEéE“EEdtﬂﬁ %?%PP?Fbtﬂﬁ?érF%F°F8$n?ﬁ§

aryl ester conpoundy, oafieiesy! efle’ SblE E5EERL EbRRIEa1 299 2 can be
Here, the resorcinols are such as not to have

substituents at the 4- and 6-positions and includes res-

orcinol; alkyl resorcinols, representatives of which are
2-methylresorcinol, 5-methylresorcinol, 2-propylresorci-

10 nol, 2-n-butylresorcinol, 5-isobutylresorcinol, 5-t-~bu-
tylresorcinol, 5-octylresorcinol, 5-nonylresorcinol, 2,5-
dimethylresorcinol, 2,5-diethylresorcinol, 2,5-diisopro-
pylresorcinol, 2-methyl-5-butylresorcinol, 2-methyl-5-
nonylresorcinol and the like; cycloalkylresorcinols,

15 ‘representatives of which are 2-cyclopentylresorcinol, 2~
cyclohexylresorcinol, 2-cycloheptylresorcinol and the
like; arylresorcinols such as 5-phenylresorcinol, 5-naph-~
thylresorcinol and the like; aralkylresorcinols such as
5-benzylresorcinol, 5-phenethylresorcinol and the like;

20 and halogenated resorcinols such as 2~chlororesorcinol,
5-chlororesorcinol, 2,5-dichlororesorcinol, 2-bromoresor-
cinol, 5-bromoresorcinol, 2,5-dibromoresorcinol, 2-iodo-
resorcinol, 5-iodoresorcinol, 2,5-diiodoresorcinol and
the like.

25 The carbonyl compound is represented by the
above general formula (2). The carbonyl compound in-
cludes aldehydes, representatives of which are formélde—

hyde, acetaldehyde, propionaldehyde, butyraldehyde,



such a known manner that resorcinols are condensed with a carbonyl conpound
in the presence of an acid. The resorcinols are substituted or .
unsubstituted resorcinols 5 represented by the above general formula (1).
Here, the resorcinols are such as not to have substituents at the 4- and

6- posi t+ons and i ncl udes res- or-<cinol; aIkyL_QFQprcfnols, representatives
of which are 2-nethylresorcinol, 5-nethylresorcinol, 2-propylresorci- 10
nol, 2-n-butylresorcinol, 5-isobutylresorcinol, 5-t-bu- tylresorcinol,

5- octyITesorC|noIpéhﬁyy@mdeﬂyaéy|pHenjldbeﬂﬁMaaﬂyde%aaydmdhﬂxylacetalde—
2,5-diethylresorcinol, 2,5-diisopro- pylresorcinol,

2- met hyl - 5- but yl réw@mlam] the idtkes and M‘b}immkncds ametdne,| nechyl
cycl oal kylresorcinols, 15 representatives-of which are

2-cycl opentylr esoethyd ketong,c |diiebhyly é‘ﬁﬁ%ﬂ%olmetilYéydﬂlr@de-t yietene,c imajth-
and the |ike; arylresorC|noIs such as 5-phenyl resorcinal, naph-

t hyl resorci nol an¥lt AUy z!ﬁeél"&ﬁrr S¥sIoheRanangh met meheém%m ,

5- phenethylres C|noI nd the |ik 20 .an halo ted resor noI uch as
2- chl or or esor CI hol® ?ﬁ &a&oé’sedr SR L q’? &363 Sthyl ke-

2-bronoresor- cin e
resorcinol, 5- |odg{esdr§%ﬁﬂﬁh'zﬂfﬁﬁgﬁ%gbiggggklno SﬁFﬁggﬁ'ka%%£§H%ph_
The carbonyl conpqgg%dd% r%BH%HﬂTU%%ep%nhh%h%pQK%egenera' formula (2). The

car bonyl conpound |

The acid catalyst used in the condensation
reaction between the resorcinol and the carbonyl compound

10 includes inorganic acids such as hydrochloric acid, sul-
furic acid and the like; organic acids such as p-toluene-
sulfonic acid, benzenesulfonic acid, methanesulfonié acid
and the like; solid acids such as acid clay, activated
alumina, zeolite and the like; acidic ion exchange res-

.15 ins; and the like. The amount of the acid catalyst is
preferably 0.01 to 50% by weight, more preferably 0.5 to
20% by weight, based on the total weight of the resorci-~
nols and.carbony1 compound charged as the starting mate-~
rials.

20 In the condensation reaction, a known non-
reactive organic solvent may be used, and this non-reac-
tive organic solvent includes toluene, xylene, dioxane,
tetrahydrofuran, N,N-dimethylformamide, N,N-
dimethylacetamide and tﬁe like though these solvents are

25 not critical. '

The mole ratio of the resorcinols to the
carbonyl compound in the condensation reaction is prefer-

ably 0.1:1 to 2.0:1, more preferably 0.3:1 to 1.5:1.



cl udes al dehydes, representatives of which are formal de- hyde,

acet al dehyde, propi onal dehyde, butyral dehyde, -8- pentyl al dehyde,
phenyl acet al dehyde, cycl ohexyl acet al de- hyde and the |ike; and ketones such
as acetone, nethyl ethyl ketone, diethyl ketone, nethyl propyl ketone,

meth- yl isobutyl ketone, cyclohexanone, nethylcyclohexanone, 5

cycl ohept anone, benzyl phenyl ketone, benzyl nethyl ke- tone, nethyl
phenet hyl ketone, acetophenone, acetonaph- thenone, indan-1-one and the

| i ke. The acid cawnésisthdsedtio ibeoavsil@éasthisnrangeii sucheavwpeoblbén is
resorcinol and the carbonyl conmpound 10 includes inorganic acids such as
hydrochl ori c aci dcasséd thatcancedcess ofieréskecinojanemainsdorstbe amount

p-tol uene- sulfonic acid, benzenesul fonic acid, methanesul fonic acid and
the like; solid aefdtheuramainingdOH| ayounst Pfathe pradual, becomesesmadlt he

l'i ke, acidic ion exchange res- 15 ins: and the |ike. The annuné of the acid
catalyst is prefeFa8| Fe8CHIOR teMIEEFtHER JhE, PRBERTAPLY ePabPy2 95:¢dm§@@6by

vel O, 0a7e0 B0 LIerkEhEl x"BhObb, Bhoic iR o "lep kY B over

than this range, the conversion of condensation reaction
becomes low and when the temperature is higher than the
range, by-products are yielded in a large amount. The
reaction time is preferébly 1 to 100 hours, more prefera-

10 bly 2 to 80 hours. When the reaction time is shorter
than this range, the reaction becomes incomplete, and
even if the reaction is effected for a period longer than
this range, the yield is not increased, so that such a
long term reaction is not economical.

15 In the condensation reaction, the water formed

| by the reaction may or may not be removed from the sys-
tem. When the water is to be removed, it is sufficient
to conduct the reaction using an azeotropically dehydrat-
able solvent such as toluene, xylene or the like and a

20 means such as a Dean-Stark tube capable of'allowing the
reaction to proceed while removing water from the system
or the like. Moreover, in order to accelerate the de-
hydration, the reaction may be conducted under reduced
pressure.

25 The esterification of the polyhydric phenol
compound which is the condensation product is effected by
reaction with an organic acid or its derivatives having 1

to 20 carbon atoms in the presence of a basic compound.



20 In the condensation reaction, a known non- reactive organic
sol vent may be used, and this non-reac- tive organic solvent includes

t ol uene, xylene, dioxane, tetrahydrofuran, N, N-di nethylformam de, N, N

di met hyl acet am de and the |ike though these solvents are 25 not critical.
The nol-e ratio of the resorcinols to the carkgnyl conpound in the
condensation reaction is prefer- -ably 0.1:1 to 2.0:1, nore preferably 0.3:1

to 1.5:1. -9- Wien the ratio is outside this range, such a problemis
caused*t hat an excess of reBhhecongdnienachd amdties adenivativédeineladai ng
OH groups of the product becones small. The reaction tenperature is

preferably 0 to Z00{phalic monecarhmafldaldicids) such 63§ dfoqnd.c \Aaid t rce-
tenperature is lower than this range, the conversion of condensation
reacti on beconmes Yigy amd wWREPRIANEG AsEkdt Buryrighiagid, (veTie aqide,

by-products are yielded in a |arge anount. The reaction tine_is preferab)

1 to 100 hours, r?[?r‘gi'ﬁ% asdy. siteanic .?QWQCPWEGQM& QG 1 WQ?‘P‘?‘F'

eI A L S TSI HelES OPUBLES 0l bF G
aliphatic monocarboxylic acids; aromatic monocarboxylic
acids such as benzoic acid, methylbenzoic acid, naphthoic
acid, biphenylcarboxylic acid and the like; acid halides
and anhydrides of the aromatic monocarboxylic acids;

10 alicyclic monocarboxylic acids such as cyclo-
pentanecarboxylic acid, cyclohexanecarboxylic acid, cy-
cloheptanecarboxylic acid and the like; acid halides and
anhydrides of the alicyclic ﬁonocarboxylic acids; and the
like. However, these are not critical.

15 The basic compound used in the esterification
reaction includes inorganic basic compounds such as sodi-
um hydroxide, potassium hydroxide and the like; organic
basic compounds such as pyridine, triethylamine, triphen-
ylphosphine, imidazole compounds and the like; etc.

20 In the esterification reaction, a_known organ-
ic solvent may be used and examples thereof include
toluene, xylene, acetone, methyl ethyl ketone, methyl
isobutyl ketone, cyclohexanone, dioxane, tetrahydrofuran,
N,N-dimethylformamide, N,N-dimethylacetamide and the

25 'like. Toluene, xylene and methyl isobutyl ketone are
preferred. |

In the esterification reaction, the mole

equivalent ratio of the organic acid or the acid halide



this range, the yield is not increased, so that such a long termreaction

I s not econom cal. 15 In the condensation reaction, the water
formed by the reaction nmay or nay not be renoved fromthe sys- tem Wen
the water is to be renoved, it is sufficient to conduct the reaction using
an azeotropically dehydrat- able solvent suchyps_toluene, xylene or the

li ke and a 20 neans such as a Dean-Stark tube capable of allow ng the
reaction to proceed while renoving water fromthe systemor the |iKke.

Mor eovetr, in or deprt anhydelideattherieofddo toheér 8H gwouphefr dhet istantdngoe
conduct ed under reduced pressure. 25 _ The esterification of the
pol yhydri ¢ phenol pedipydad cnphenols comporsdddss preferpbdaudt-3i:d &of desd by
reaction with an organic acid or its derivatives having 1 to 20 carhon
atons in the presBREE Brefepably Lompdut®. 1-5:1.10Whep,the gole. equiyalept

Its derivatives inckyde.ali hat,i.c ocar boxylic acids,such as formc acid,
ace- tic acid, prOAtaR deauFSife FRie Zarger, Sosh prabigns ate Salsed

stearic acid BNegHAcEl GuAEkd o ARG BTk’ 1R 1h° ol Ene?c ¢
esterification percentage of the product becomes low.
The reaction température is preferably 20 to 200°C, more
preferably 40 to 150°C. When the temperature is lower
than this range, the conversion of esterification becomes

10 low and when the temperature is higher than the range,
by-products are yielded in a large amount. The reaction
time is preferably 2 to 50 hours, more preferably 4 to 30
hours. When the reaction time is shorter than this
iange; the reaction becomes incomplete, and even if the

15 reaction is effected for a period longer than-the range,
the yield is not increased, so that such a long term
reaction is not economical.

When an organic acid per se is used as one of
the starting materials in the esterification reaction,

20 the water produced by the reaction may or may not be
removed from the system. When the water is to be re-
moved, it is sufficient to effect the reaction using an
azeotropically dehydratable solvent such as toluene,
xylene, methyl isobutyl ketone or the like and a means

25 such as alDean—Stark tube or the like capable of allowing
the reaction to proceed while removing the water from the
system, or the like. Moreover, the reaction may be

effected under reduced pressure in order to accelerate



al i phatic nonocarboxylic acids; aromatic nonocarboxylic acids such as
benzoi c acid, nethyl benzoic. acid, naphthoic acid, biphenylcarboxylic acid
and the like; acid halides and anhydrides of the aromatic nonocarboxylic
acids; 10 alicyclic nonocarboxylic acids such as cycl o- pentanecarboxylic
aci d, cycl ohexanecarboxylic acid, cy- cloheptggnecarboxylic acid and the

| i ke; acid halides and anhydrides of the alicyclic nonocarboxylic acids;
and the |ike. However, these are not critical. 15 The basic
conmpourid used i n the dehpdrattanion reaction includes inorganic basic
conpounds such as sodi- um hydroxi de, potassium hydroxide and the |ike;
organi ¢ basi c conpounds sucﬁﬁasaﬁyilésﬁér PPNDPH?ﬂaWhA@h gs|§h§ncomponent

yl phosphi ne, im dazol e _conmpounds and the |ike; etc.
esterification reb@li®h, tB@kﬁBﬂﬁYoFﬁﬁhn ?EmB%F%Eh?nnﬁ§ EBlﬁséHV3381%9anples

t hereof include toluen acet met h ket one

i sobutyl ket one, %QEfBﬁéﬁa%Bﬁghéﬁlﬁigﬁ ester g B?B?%? ﬁepreSénQE& Xy the
N, N—dlnethylf h c h | i ke. Tol uene,

xyl ene and net |§%ﬁ #J%Eghgg%eygiegéfé%%??gggl% 8?%% esterification
reaction, the nDIe equivalent ratio of the organic acid or the acid halide

T,0 T,0
T3
|
CH H (5)

(1), (T,),

wherein m represents the average number of the repeated
units and is a value of 1 to 10; each T, represents
independently a hydrogen atom or an aromatic ring-free
acyl group having 1 to 20 carbon atoms, provided that the

10 case where all T, groups are hydrogen atoms is excluded:;
each T, represents independently a hydrogen atom, an
alkyl group having 1 to 10 carbon atoms or a cycloalkyl
group having 5 to 7 carbon atoms; h represents an integer
of 1 to 3, provided that when h is 2 or 3, T,'s may be

15 the same as or different from one another in one and the
same ring; and each T, represents independently a hydro-
gen atom, an alkyl group having 1 to 10 carbon atoms, an
aryl group having 6 to 20 carbon atoms or an aralkyl
group having 7 to 20 carbon atoms.'

20 The aryl ester compound qf the general formula
(5) can be produced by esterifying a novolak type poly~

phenol compound as the starting material. The novolak



or anhydride thereof to the OH group of the starting pol yhydric phenol
conpound is preferably 0.3:1 to 2.0:1, nore preferably 0.5:1 to 1.5:1. When
the nole equivalent ratio is outside this range, such problens are caused 5
that an excess of an organic acid remains and the esterification percentage
of the -product becones |ow. The reaction tgnsﬁrgture is preferably 20 to
200[err]C, nore preferably 40 to 150[err]C. en the tenperature is | ower
than this range, the conversion of esterification becones 10 | ow and when
the terperature itsydd Prdyphi@aiol heonpogal Unedraxl utlie sttertimg degteriasl is

| arge anmount. The reaction tinme is preferably 2 to 50 hours, nore
preferably 4 to Yrdpared afuordimg read iconvemtsiomls method tfen pfoducing
range, the reaction becones inconplete, and even if the 15 reaction is
effected for a pé inavalakcrynehahanal kesja, tfar @ranble, my pokyeerdens-so
that such a long termreaction iis not econom cal. Wien an organi c acid per
se is used as ondNg RHRNQLS Mithy abdeydes yHinhaed Sa%ET AP [FRRAT on,

20 the water oduced by the reactiqn r may not. be.remqved, from i he

st om Bhen Mot Held Syt ds Telieor T e, SHHPRG A (Rd s re

reaction using a %ﬁarr ' I q?RY raj.abl vent s ol yene,

xyl ene, nethyl i %ﬁu y 1922%%1?1% c}é:r eqlﬁieé fﬁh%?%ggi% Bl Budi?'di?
benzenesulfonic acid, toluenesulfonic acid, oxalic acid

or the like; or a metal salt such as zinc acetate or the
like.

10 The phenols include phenol; o-, m- and p-iso-
mers of monoalkylphenols such as cresol, n-propylphehol,
isopropylphenol, n-butylphenol, isobutylphenol, t-butyl-
phenol, octylphenol, nonylphenol and the like; various
isomers of multi-substituted alkylphenols, representa-

15 tives of which are xylenol, diisopropylphenol, methyl-
butylphenol, di-t-butylphenol, di-t-amylphenol, 2,3,5-
trimethylphenol and the like; and o-, m- and p-isomers of
cycloalkylphenois, representatives of which are cyclopen-
tylphenol, cyclohexylphenol, cyclohexylcresol and the

20 1like. These may be used alone or in admixture of two or
more.

The aldehydes include formaldehyde; alkylalde-~-
hydes, representatives of which are acetaldehyde, pro-
pionaldehyde, butyraldehyde, pentylaldehyde and the like;

25 arylaldehydes such as benzaldehyde, naphthaldehyde and
the like; and aralkylaldehydes such as 2-methyl-3-(iso-
'propenylphenyl)propionaldehyde, 2-methylf3—(t—butylphen-

vl )propionaldehyde and the like.



25 such as a Dean-Stark tube or the |ike capable of allow ng the reaction

to proceed while renoving the water fromthe system or the |ike. Moreover
the reaction nmay be effected under reduced pressure in order to accelerate
- 12 - the dehydration. The aryl ester conpound which is the conponent (B)
of the.epoxy resin conposition of this invgn&#on I ncl udes further aryl

i
ester conpounds represented by the 5 general "fornula (5) as preferable

ones: [err] wherein mrepresents the average nunber of the repeated units
and is=a value of 1 to 10, ®eAcCthé¢egéher&Dr £6eMmulai (Hpendantnay odyabtylgen
atomor an aromatic ring-free acyl group having 1 to 20 carbon atons,

provi ded that thegddupssinwhere B) IpJaces op aAysrage pemrowe melecsle s(in
excl uded; each T2 represents independently a hydrogen atom an al kyl .group
having 1 to 10 caftoion cases the acylabiok\pexgenpadaisgtaken s cHOGbh,
atons; h represents an integer of 1 to 3, provided that when his 2 or 3,

T2's may be 15 t UG Jhe Sa@rer syohs dhatt theopcylatics: percentege 45d anye
same ring: ang eaeh 13 { RGeS Sadd BRI Hdde 21Y U495 are nyarogen
| atoms (in this case, the acylation percentage is 0%).
In order to achieve the purpose of low dielectric con-
stant and low dielectric loss tangent in this invention,
the'acylation percentage is preferably at least 30%, more
10 preferably at least 50%.

Iﬁ the general formula (5), the average number
(m) of the repeated units is 1 to 10, preferably 1 to 5.
When the average number of the repeated units is more
‘than 10, the viscosity of the whole system combined with

15 the epoxy resin is increased, so that the workability in
the preparation of a laminate is deteriorated. When the
average number of the repeated units is less than 1, the
cure reaction with the epoxy resin is incomplete, or even
if cure reaction is possible, the possibility that the

20 heat resistance of fhe cured product is remarkably dete-
riorated is high.

The esterification of the novolak polyphenol
compound which is used as the starting material for ob—'
taining the aryl ester compound of the general fo:mula

25 (5) can be conducted in the same manner as in the esteri-
fication for obtaining the compound of the general formu-
la (3); howevef, the organic acid or its derivatives is

limited to an aromatic ring-free organic acid having 1 to



gen atom an al kyl group having 1 to 10 carbon atons, an aryl group having
6 to 20 carbon atons or an aral kyl group having 7 to 20 carbon atons. 20
The aryl ester -conpound of the general fornmula (5) can be produced by
esterifying a novol ak type poly- phenol compound as the starting material.
The nowvol ak - 13 - type pol yphenol conpouRd used as the starting
material is prepared according to a conventional nethod for producing a
novol ak type phenol resin, for exanple, by polycondens- ing phenols wth
al dehydes usi ng &0 scarcban yastorms oman aciyhrhal ke s varhydridel rdudteof ¢
acid, phosphoric acid, sulfuric acid or the like; an organic acid such as
benzenesul foni ¢ aci d, tol ueBeeueporycragin, used| a8 thedcomponenti (A) &n a

metal salt such as zinc acetate or the |ike. 10 The phenol s
i ncl ude phenol ; dthisnin¥RPHLOR WEIRS 2 JHNHTH RAMSIYHE RABLRG AL LeasksEio

v Doyl henol | SSBORHRISIOLS Sl BINIS! i LRl feBN
ul ti-subst {4 od, @14l Beholdua "APTESE WA | BRI 6H e dyden!
pound include difunctional type epoxy compounds such as
diglycidyl ether of bisphenol A, diglycidyl ether of
tetrabromobisphenol A; trifunctional epoxy compounds such
as glycidyl ether of tris(4-hydroxyphenyl)methane and
10 glycidyl ether of 1,1,1-tris({4-hydroxyphenyl )ethane;
polyfunctional type epoxy compounds such as glycidyl
ether of phenol novolak, glycidyl ether of cresol novo-
lak, glycidyl ether of a novolak obtained by dehydration-
condensation of phenols with hydroxyarylaldehydes, |
15 glycidyl ether of poly(4-hydroxystyrene), glycidyl ether
of phenol-modified polybutadiene, glycidyl ether of phé-
nol—dicyclopenfédiene adduct and glycidyl ether of bis-
phenol A novolak; mixtures of at least two epoxy resins;
and the like.
_20 _ The epoxy resin (A) is preferably an epoxy

compound represented by'the general formula (6):



but yl phenol , di-t-butyl phenol, di-t-anyl phenol, 2,3,5- trinethyl phenol and
the like; and o-, m and p-isoners of cycl oal kyl phenols, representatives of
whi ch are cycl open- tyl phenol, cycl ohexyl phenol, cycl ohexylcresol and the
20 like. These may be used alone or in adm xture of two or nore. The
al dehydes i nclude fornmal dehyde; al kyl al de- _ g ges, representatives of which
are acet al dehyde, pro- pional dehyde, butyral ehyde, pentyl al dehyde and the
i ke; 25 arylal dehydes such as benzal dehyde, naphthaldehyde and the like;-
and ar &l kyl al dehydes such as02- net hyl - 3- (0so-
propenylphenyl)proplonaldehYHk 2- met hyl B\(t but yl phen- yl) propi onal dehyde
and the |ike. - 14 - I n CRLHEROr al f6ﬁﬁ‘iﬂl@{ﬂ3) [err] may be acyl
groups in (m+ 1) places on averag¢ per one nDI.cuIe (in this case, the
acyl ation percentage is taken as

tgér] are

er to

acyl ation percentage is any 5 va

hydr ogen atons (in this case, t :

achi eve the purpose of |ow diele¢f and I8m/dielectr|c | oss
tangent in this invention, (Ts)] '

wherein g represénts the average number of the repeated
units and is a value of 1 to 10; each T, represents a
hydrogen atom or an alkyl group having 1 to 10 carbon
atoms; each T, represents an alkyl group having 1 to 10
5 carboh atoms or a cycloalkyl group having 5 to 10 carbon

atoms, provided that at least one T, is an alkyl group
having 4 to 10 carbon atoms or a cycloalkyl group having
5 to 7 carbon atoms in one and the same ring; j repre-
sehts an integer of 1 to 3, provided that when j is 2 or

10 3, T3's may be the same as or different from omne another
in one and the same ring.

The epoxy compoﬁnd of the general formula (6)
can be synthesized by such a known method as dehydrohaio-
genation of a novolak type polyphenql compound and epi-

15 halohydrin with a base. _

. The novolak type polyphenol compound which is
used as the starting material for the epoxy dompound of
the geheral formula (6) is produced, for example, by
polycondensation of substituted phenols with aldehydes

20 using as a catalyst an inorganic acid such as hydrochlo-

ric acid, phosphoric acid, sulfuric acid or the like; an



the acyl ation percentage is preferably at |east 30% nore 10 preferably at
| east 50% In the general formula (5), the average nunber (m of the
repeated units is 1 to 10, preferably 1 to 5. Wen the average nunber of
the repeated units is nore than 10, the viscosity of the whole system
conbined with 15 the epoxy resin is increasedso that the workability in
the preparation of a lamnate is deteriorated. Wen the average nunber of
the repeated units is less than 1, the cure reaction with the epoxy resin
Is inconpl ete, oroeganicl acifesuehc asobensenessillibaict Beiflos toluenkegulllfal-
the 20 heat resistance of the cured product is remarkably dete- riorated is
hi gh. The esterifndeat aochdof okb@igoaclidk opoithphddkke; compaumdtaii shlits suskd
as the starting nmaterial for ob- taining the aryl ester conpound of the
general fornul a 28S(B8incapchtatenayctbg LAakemRe sane manner as in the

esteri- fication for obtaining the conpound of the general fornu- la_(3);
however, the organic acid 0,!1'15% Subsitifuted phenglsy monophengls ibg‘)‘

ring-free organic,agl 4N3L0Y dnkCaliyl Roup?Rathil 2D 2hrBBnEcdms
or at least one cycloalkyl group having 5 to 7 carbon
atoms in one molecule and includes specifically o-, m-
and p-isomers of alkylphenols, representatives of which
are n-butylphenol, isobutylphenol, t-butylphenol, octyl-

10 phenol, nonylphenol, methylbutylphenol, di-t-butylphenol,
di-t-amylphenol and the like; and o-, m- and p-isomers of
cycloalkylphenols, representatives of which are cycloben—
tylphenol, cyclohexylphenol, cyclbhexylcresol and the
like; and these may be used alone or in admixture of two

15 or more.

Examples of the aldehydes include alkylalde-
hydes, representatives of which are formaldehyde, acetal-
dehyde, propionaldehyde, butjraldehyde, pentylaldehyde
and the like.

20 In the general formula (6), the average number
{g) of the repeated units is 1 to 10, preferably 1 to 5
on average. When the average numher-(g) of the repeated
units is more than 10, the viscosity as an epoxy resin
increases, so that the workability in the preparation of

25 a laminate is deferiorafed. Moreover, when the average
number (g) of the repeated units is less than 1 the cure
reaction is remarkably deteriorated.

Examples of the epoxy compound of the general -



The epoxy resin used as the conmponent (A) in-this invention nmeans a known
conpound having at |east two epoxy groups in one nolecule, and the chem cal
structure 5 of the conpound is not critical. Exanples of the com pound
i nclude di functional type epoxy conpounds such as diglycidyl ether of
bi sphenol A, diglycidyl ether of tetrabrongb'gpbenol A, trifunctional epoxy
conpounds such as glycidyl ether of tris(4-h§ r oxyphenyl ) met hane and 10
glycidyl ether of 1,1,1-tris(4-hydroxyphenyl)ethane; polyfunctional type
epoxy conpounds S&dmasa Jl6/)riihd1wid el ydidyiesihed0\WE @G t-Hursilhs ~mstrayl -of
cresol novo- lak, glycidyl ether of a novol ak obtained by dehydration-
condensati on of pPremdls novdldky,drgbymairdslaleierdest ciiclgihetydypheridie masfo-
pol y(4- hydroxystyrene), glycidyl ether of phenol-nodified pol ybutadi ene,
gl yci dyl ether oflg¥he-glwsiidiilc yatihere mifadictyd pheohedt reowdlghycidhglwstddyrl of
bi s- phenol A novol ak; m xtures of at |east two epoxy resins; and the |ike.
20 - The®®axPh doidr (dahvdrgryetSertahiutydr Zpedpyd@hsidd butane,
represent ed b%thedger}]eril,fornula(G): - 16 - [err]

and” the like.

The epoxy resin (A) of this invention may be
an epoxy resin obtained by previously reacting an époxy

resin with a halogen-containing bisphenol compound repre-

sented by the general formula (7):

HO OH o (7)

g —+

(Y (Y'),

10 wherein T, represents a hydrogen atom or a methyl group
and two T;'s may be the same as or different from each
other; Y and Y' represent halogen atoms and may be the
same as or different from each other; and each of k and 1
is independently an ihteger of 1 to 4.

15 The halogen-containing bisphenol compound of
the general formula (7) includes specifically tetrabromo-
bisphenol A, tetrachlorobisphenol A, tetraiodobisphenol
A, tetrabromobisphenol F, tetrachlorobisphenol F and the
like, and tetrabromobisphenol A islpreferably used from

20 the viewpoint of economy and efficient flame-retardation.

The reaction of the epoxy resin with the halo-

gen-containing bisphenol compound of the general formula



wherein g represents the average nunber of the repeated units and is a
value of 1 to 10; each T4 represents a hydrogen atom or an al kyl group
having 1 to 10 carbon atomns; each [err] represents-an al kyl group having 1
to 10.5 carbon atons or a cycloal kyl group having 5 to 10 carbon atons,
provided that at |east one [err] is an al kyl ;grQup having -4 to 10 carbon
atons or a cycloal kyl group having 5 to 7 carbon atons in one and the sane
ring; j repre- sents an integer of 1 to 3, provided that when j is 2 or 10
3, [err] may be t{R) shmetlbs ainventioemay rimen coredwriogdiein i an marmnemn dknhdren
sanme ring. The epoxy conpound of the general fornula (6) can be synthesized
by such a known regihoeRas dehydrohal o- genation of a novolak type

pol yphenol conpound and epi- 15 hal ohydrin with a base. The novol ak type
pol yphenol conpound whi ch i Botise#agBle hethe aabeyig ﬁ%@@?ﬂ%?t$oﬁaﬂhbee§¥Xy

C ot o it SRR (s SEPENEGS o oL SIP Bl g
catal yst an i norgani ¢ A6 SHAD S5h NS BN L2818 G he PIBRENOT A1 801 O
reaction makes it possible to coptrol the glass tranSi—
tion temperature based on a change in diétance between
cross-linking sites and to impart a flame-retardance due
to a halogen-containing compound without being accompa-
10 nied by volatilization of low molecular weight materials
during curing.

The above two components may be used in any
proportion, and it is preferable to mix the two compo-
nents so that the proportion of the OH groups in the

15 halogen-containing bisphenol compound becomes 0.05 to
0.75 mole per 1 mole of the epoxy group in the epoxy
resin and then subjecting them to reaction.

Moreover, it is preferable to mix the epoxy
resin (A) with the aryl ester compound (B) so that the

20 rafio of the number of moles of the acyl groups in the
aryl ester compound to the number of moles of the epoxy
groups in the epoxy resin becomes 0.3:1 to 1.5:1, and
this ratio is more preferably 0.5:1 to 1.2:1. When said
ratio is outside this range, a failure of curing is

25 caused and good cured product is not obtained.

The cure accelerator iﬁ this invention is a
conventional compound capable of accelerating the cure

reaction between the epoxy resin and the curing agent and



organi c acid such as benzenesul fonic acid, toluenesulfo- nic acid, oxalic
acid or the like; or a netal salt such as zinc acetate or the |ike. The
substituted phenols nmean nonophenol s hav- 5 ing at | east one al kyl. group
having 4 to 10 carbon atonms or at |east one cycloal kyl group having 5 to 7
carbon atons in one nolecule and includes speggfically o-, m and p-isoners
of al kyl phenol s, representatives of which are n-butyl phenol, '

i sobutyl phenol, t-butyl phenol, octyl- 10 phenol, nonyl phenol,

met hyl but yl phenol exdmplebuthephofioinclude- dmilipkoheks andht he Rreé&hyard-o-,
m and p-isoners of cycl oal kyl phenol s, representatives of which are

cycl open- tyl phensethyimidagolehandl 4-methphinitdareder sevtipcy| prdnegnd
these may be used alone or in adm xture of two_15 or pore. Exanples of the
al dehydes i ncl udeSHFRypg| §eieghydamipey,, bepAyifdipethyiapipenagdel, 4-diaza-

ol ey 20 95748, SBLORLEARLO TR UL SLERCE, pov s g,

oy 20 et o Shefl oL Honh SRSARANn UK Brbhsde! Bt e RERLE- B ahabBiln ],

e SEvon' b, 5 BEoBAEY PASLEnLEEE BB RouTHe ABLa! 6 OLKREAL blokPnile,
and the like. The proportion of the cure acqelerator is
preferably 0.05 to 3% by weight based on the weight of
the resin composition.

10 It is also possible to use other thermosetting
resins than the epoxy resin or a thermoplastic resin hav-
ing a functional gfoup, in such a propqrtion that the
effect of this invention is not damaged. Specifically, a
cyanate resin, a maleimide resin, a glycidyl—modified |

15 polybutadiene, maleic anhydride-modified polyethylene or
the like may be used.

In this invention, known additives such as
flame retardant, surface-treating agent and the like may
be added to the epoxy resin composition depending upon

20 the purposes.

The flame retardant includes antimony triox-
ide, aluminum hydroxide, red phosphorus and the like, and
the surface-treating agent includes a silane-coupling .
agent.

25 The preparation of the copper-clad laminate of
this invention can be conducted according to a known
method. That is to say, a substrate is impregnated with

the above epoxy resin composition or with a resin wvarnish



nunber (g) of the repeated units is less than 1 the cure reaction is

remar kably deteriorated. Exanples of the epoxy conpound of the general -
18 - formula (6) include glycidyl ether of 2-t-butyl-5-nmethyl- phenol
novol ak, gl ycidyl ether of cycl ohexyl phenol novo- |ak, glycidyl ether of

octyl phenol novol ak, diglycidyl ether of - 21 -

1, 1- (4- hydroxy-5-t-butyl - 2- net hyl phenyl )butane, 5 and the |Iike. The epoxy
resin (A) of this invention nmay be an epoxy resin obtained by previously
reacti ng an epoxyprepared by dilssiodydmgac dineaiabove epoxye relsino qompos irtkdone -
sented by the general fornula (7): [err] 10 wherein T6 represents a

hydr ogen at om or &dnmenhprggndgp spdyento [ther Lmpregpatede sybgtradeyis heat-
different fromeach other; Y and Y' represent hal ogen atons_and nmay be the

sane as or differ é’ﬁ?aftr@mt@aé’l’r"e@ﬂ?@r 2 PrepIegn & cerReF fold iy é’ﬁ@rﬁ?@nﬂw
o integer of 119k okooreg ena she HRelAtG sSR BN 14 BaljeMhmea <o
bi sphenol A, tgt rg%b%&%m s%%?J%Q_é,latdetlami%gq_g_sphenol

The organic solvent used includes acetone,
methyl ethyl ketone, methyl isobutyl ketone, ethylene
glycol monomethyl ether, propylene glycol monomethyl
ether, toluene, xylene, N,N-dimethylformamide, dioxane,

10 tetrahydrofuran and the like, and these solvents may be'
used alone or in admixture of two or more.

The substrate to be impregnated with the epoxy
resin composition or a varnish of the epoxy resin compo-
sition includes woven fabrics, non-woven fabrics and ﬁats

15 composed of inorganic or orgaﬁic fibers such as glass fi-
bers, polyester fibers, polyamide fibers and the like;
paper; and the like, and these may be'used_alone or in
combination.

The conditions for the heat-treatment for ob-

20 taining the prepreg may be varied depending upon the kind
and amount of the solvent, the catalyst added and the

. various additives; however, it is preferable to conduct
the heat-treatment at a temperature of 80° to 220°C for a
period of 3 to 30 minutes.

25 The fhermoforming is condudted, for example,
by heat-press molding at a temperature of 150° to 300°C
at a molding pressure of 10 to 100 kg/cm® for a period of

20 to 300 minutes.



A, tetrabronobi sphenol F, tetrachl orobi sphenol F and the |ike, and
t et r abr onobi sphenol A is preferably used from 20 the viewpoi nt of econony
and efficient flame-retardation. The reaction of the epoxy resin with the

hal o- gen-cont ai ni ng bi sphenol conpound of the general formula - 19 -
(7) inthis invention may be conducted in a nner known per se. For
exanpl e, the above conponents can be al- |o to react in the presence of

a basic catalyst such 5 as triphenyl phosphine, inidazole or the like. This

reaction makes i tDHSSIENON OF OHE PREFERHRIP EMBOIMENTS | On tenperature
based on a change in distance between cross-linking sites and to inpart a

fl ame-retardance due to a hexafgslhes bt atiisdinespoilon até hshbwhebaliow;
acconpa- 10 nied by volatilization of |ow nol ecular weight materials during
curing. The abovddwewvermmpdmicntinvention shesild oty e aporgtmred sl be | s
preferable to m x the two conpo- nents so that the proportion of the OH
groups in the 15 Maidgpsh-thenetioni ndhithsh Eranplasmotine mpaxk equivmlent. 75

nole per 1 nole of the epoxy group in the epoxy
5 1is defined ‘as the molecular weight of the epoxy resin per

one epoxy group, and the OH equivalent is defined as the
molecular weight of the polyhydric phenol compound per

one OH group.

Synthetic Example 1

10 The present Synthetic Example relates to a

process for producing glycidyl ether of 2-t-butyl-5-meth-
.ylphenol novolak which is the starting material of the
epoxy resin used in the epoxy resin composition of fhis
invention.

.15 In a 5-liter, four-necked, round-bottomed
flask equipped with a thermometer, a stirring means, a
condenser and a dropping tube were placed 2231.0 g (13.58
OH mol eq.) of 2-t-butyl-5-methylphenol, 12.9 g (0.068
mol) of p-toluenesulfonic acid and 223.2 g of deionized

20 water, and the temperature ﬁas elevated to 100°C, after
which 218.4 g (2.715 mols) of 37% formalin was dropwise
"added thereto over two hours. Thereafter, the resulting
mixture was kept at 100°C for two hours to allow the
reaction to proceed. Thereafter, the reaction mixture

25 was cooled to 80°C and neutralized with 27.7 g (0.069
mol) of a 10% aqueous NaOH solution. The organic layer

obtained was washed twice with 700 g of déionized water.



resin and then subjecting themto reaction. Mreover, it is preferable to
m x the epoxy resin (A) with the aryl ester conpound (B) so that the 20
ratio of the nunmber of noles of the acyl groups in the aryl ester conpound
to the nunber of noles of the epoxy groups in the epoxy resin becones 0.3:1
to 1.5:1, and this ratio is nore preferably 0 5:1 to 1.2:1. Wen said ratio
S outS|de this range, a failure of curing Ts 235-caused and good cured .
product is not obtained. The cure accelerator in this invention is a

conventi onal COﬁpﬁéQgrc%ﬂgbb%sﬂﬂngﬁc%hﬁr%&?%Qibhﬁa%%%ew%gaﬁb 4%%§ﬁ§ o the

epoxy resin and t curing a es ther

i m dazol es such agndes! Mgubed lSuFedqagoec 2D Mnlgy DYhoE fags! Sbtain

tertiary ami nes such as triethylam ne, benzyl di nethylanm ne and 1, 4-di aza-

bi cycl o[ 2. 2. 2] undeegne; gdud er munmwuw t S TheCbHaggRivalent of the
tetra-n-butyl ammoni um brom de and tetra-n-anyl ammoni um brom de; phosphorus

conmpounds such asrestipbesy prodsgchti obitained wasl 1¥6..0Tlggegr.oportion of the

cure accelerator is preferably 0.05 to 3% by wei ght based on the wei ght of

the resin compdsition. In a 2~liter, four-necked, round-bottomed
flask equipped with a thermometer, a stirring means and a
separating tube-attached condenser were placed 246.4 g
(1.4 OH mol eqg.) of the resinous product thus obtained,
906.5 g (§.8 mols) of epichlorohydrin, 453.3 g of

10 dimethyl sulfoxide and 14.0 g of deionized water, and
thereafter, 108.31 g (1.316 mols) of a 48.6% aqueous NaOH
solution wasldropwise added thereto over five hours at
49°C at 42 Torr. During this period, the azeotropically
distilled epichlorohydrin and water were cooled to be

15 1liquefied while the temperature was képt at 49°C, and the
reaction was allowed to proceed while the organic layer
ﬁas returned to the reacfion systen.

After completion of the reaction, unreacted
epichlorohydrin was removed by concentration under re-

20 duced pressure, and an epoxidized product containing a
salf produced as a by-product and‘dimethyl_sulfoxide was
dissolved in methyl isobutyl ketone, after which the salt
and dimethyl sulfoxide were removed by washing with warm
water. The solvent was removed under reduced préssure,

25 to obtain 304.9 g of an epoxy resin.

The epoxy equivalent of the epoxy resin thus
obtained was 256 g/eq. As a result of measurement of

infrared absorption spectrum, it was confirmed that ab-



10 It is also possible to use other thernosetting resins than
the epoxy resin or a thernoplastic resin hav- ing a functional group, in
such a proportion that the effect of this invention is not danmaged.
Specifically, a cyanate resin, a maleimde resin, a glycidyl-nodified 15
pol ybut-adi ene, mal ei c anhydride-nodified pqa ygf hyl ene or the like may be
used. In this invention, known additives such as flanme retardant,
surface-treating agent and the like nay be added to the epoxy resin
conposi‘ti on depensongtipnnoflphénobiicpolest IH200+35600 ecmr ddisappebureds
antinony triox- ide, alum num hydroxide, red phosphorus and the |ike, and
t he surface- treat&n@ absarptheonudésepoxifaneascopnfiymedeat. 12840 and 910
The preparation of the copper-clad lam nate of this invention can be
conduct ed accor di 9 ‘0 a known nethod. That is to say, a substrate is

i npregnated with the above epoxy resin conposition or with a resin varnish
- 21 - prepared by dissolving the above epoxy resin conposition in an

or gani ¢ sol vent, §p§t£g3£§gggéﬁgléugstrate i s heat -

5 The present Synthesis Example relates to a
process for producing an epoxy-terminated resin by addi-
. tion-reaction between the epoxy resin obtained in Synthe-
sis Example 1 and tetrabromobisphenol A and diglycidyl
ether of tetrabromobisphenol A.

10 In a 300-ml, four-necked, round-bottomed flask
equipped with a thermometer, a condenser and a stirrihg
means were placed 62.0 g of the epoxy resin obtained in
Synthesis Example 1, 25.3 g of diglycidyl ether of tetra-
bromobisphenol A (Sumi-Gépoxy ESB-400T, a trade name of

15 Sumitomo Chemical Co., Ltd., epoxy equivalent: 403 g/eq)
and 12.7 g of tetrabromobisphenol A and heated at 110°C
to be melted. Thereafter, a solution of 40 mg of triphe-
nylphosphine (4 x 10™*% by weight based on the resin) in
2.25 g of methyl ethyl ketone was added to the molten

20 mixture, and the :esulting mixture was kept at 110°C for
four hours to allow the addition reaction between the
epoxy group and the phepolic OH group to proceed. After
the reaction, the reaction system was cooled to 90°C and
22.75 g of methyl ethyl ketone was dropwise added there-

25 to, to obtain 123.9 g of a resin solution having a resin
solid content of'80.62% by weight. The epoxy equivalent

of the resin obtained was 399.0 g/eq.



treated to prepare a prepreg, a copper foil is placed on the prepreg and
the resulting assenbly is thernoforned to 5 prepare a copper-clad | am nate.
The organi c solvent used includes acetone, nethyl ethyl ketone, nethyl

i sobutyl ketone, ethylene glycol nononethyl ether, propylene glycol
nmononethyl ether, toluene, xylene, N, N-dingethygformmde, dioxane, 10
tetrahydrofuran and the |i ke, and these solvents nmay be used alone or in
adm xture of two or nore. The substrate to be inpregnated with the epoxy
resin conpositi onSgnthesasnEgxdmplet Be epoxy resin conmpo- sition includes
woven fabrics, non-woven fabrics and mats 15 conposed of inorganic or
organic fibers such as gl as¥hei presest fynybesis Expmpie pelpdeisd&of ibers
and the like; paper; and the |like, and these may be used alone or_in )
conbi nati on. The BERAEPEF0ASTf BFOGUEingaant PRARVEReITNERated Desini Ryngdths

repreg may be varied dependi ng upon the kind and anmpunt_ of ,the sol yen
Phor catal yat  addolt QR SRETIR bEEWasR: the cePorBuEeern phepingd I8, §Entbes

conduct {1 o8l 415 REb gL "aha BLELHE RS BRHERE] ACeRCRGfbeSalE” @
Lo X s b pahen SR dbamah bR Al U1 o1 150Ler ) e
In a 300-ml, four-necked, round-bottomed flask
équipped with a thermometer, a condenser and a stirring
means were placed 47.4 g of the epoxy resin obtained in
10 Synthesis Example 1, 42.7 g of diglycidyl ether of tetra-
bromobisphenol A (Sumiepoxy ESB-400, a trade name of
Sumitomo Chemical Co., Ltd., epoxy equivalent: 403 g/eq.)
and 9.9 g of tetrabromobisphenol A,'and heated at 110°C
to be melted.. Thereafter, a solution of 40 mg of triphe-
15 nylphosphine (4 x 10™'% by weight based on the resin) in
2.25 g of methyl ethyl ketone was added to the molten
mixture and the resulting mixture was kept at 110°C for
four hours to allow the addition reaction between the
epoxy.group and the phenolic OH group to proceed. After
20 the reaction, the reaction system was cooled to 90°C and
22.75 g of methyl ethyl ketone was dropwise added there~
to, to obtain 123.7 g of a resin solution having a resin
solid content of 80.5% by weight. The epoxy equivalent
of the resin obtained was 385.0 g/eq.
25
Synthesis Example 4
Thé present Synthesis Example relates to a

process for producing 2,4,4-trimethyl-2-(2,4-dihydroxy-



20 to 300 mi nutes. - 22 - DESCRI PTION OF THE PREFERRED EMBODI MENTS
Exanpl es of this invention are shown bel ow, however, this invention shoul d
not be construed to be limted thereto. In the Exanples, the epoxy
equivalent 5 is defined as the nol ecul ar weight of the epoxy resin per one
epoxy gfoup, and the OH equivalent is define s the nol ecul ar wei ght of

t he pol yhydric phenol conpound per one OH group. Synthetic Exanple 1 10
The present Synthetic Exanple relates to a process for producing glycidyl
et her of 2-t-but yphényt)h7-kiydbegothpomahakCabi Nb.i 265605-28a2)i whicht ési al
of the epoxy resin used in the epoxy resin conposition of this invention.
15 | n &hé- staetingopolypbyliedic pbendlbforotbd &rmikesterppen-wi t h
a thernmoneter, a stirring nmeans, a condenser and a droppi ng tube were

pl aced 2231.0 g (peusé OF kbisednyention:- butyl - 5- met hyl phenol, 12.9 g
(0.068 nmol ) of p-toluenesul fonic acid and 223.2 g of deionized 20 water
and the tenperature was el ey &d5rdites) efPrE-ngrked round-bottomed flask

5 equipped with a thermometer, a stirring means, a conden-
ser and a dropping funnel were placed 1,000.0 g (9.1
mols) of resorcinol, 6.9 g (0.036 mol) of p-toluenesulfo-
nic acid, 330.0 g of methanol and 176.0 g (3.0 mols) of
acetone, and the temperature was elevated to 65°C.

10 After the mixture was kept at 65°C for nine hours, 750 g
of deionized water was added to the mixture and the
resulting mixture was kept at 40°C for three hours.
Thereafter, the crystals precipitated were collected by
filtration and washed with deionized water. The crude

15 crystals obtained were dissolved in methanol, and then
deionized water was dropwise added to the solution to
effect recrystalli-zation. The resulting crystals were
collected by filtration and dried under reduced pressure.
The yield was 265 g. It was confirmed by 'H-NMR and IR

20 that the crystals obtained were of the objective com-

pound.

Synthesis Example 5
The'present Synthesis Examples relates to a
process for producing-4-[l',2',3',4',4'a,9'a-hexahydfo-
25 6'—hydroxyspiro(cyclohexane-l,9'-xanthene);4'a—y1]resor—
cinol (CAS No. 138446-23-8) which is a compound repre-

sented by the general formula (3) in which n is 1, P is a



which 218.4 g (2.715 nols) of 37%formalin was dropw se added thereto over
two hours. Thereafter, . the resulting m xture was kept at 100[err]C for two
hours to allow the reaction to proceed. Thereafter, the reaction mxture 25
was cooled to 80[err]C and neutralized with 27.7 g (0.069 nol) of a 10%
aqueous: NaOH sol ution. The organic |ayer obtaj-pned was washed twice with 700
g of deionized water. - 23 - After the washing, the organic |ayer was
concentrated under reduced pressure (180[err]C 10 mHg/|l hour) to obtain
857.2 g of a resingasogenddedbm, TRE £ Rjuaral pentamethglens ochadng’ ddaei-
obtained was 176.0 g/eq. 5 In a 2-liter, four-necked,

round- bottoned fl &g aqGipembewedhringhtogetberr withsther cagbaopaatomntioa
separating tube-attached condenser were placed 246.4 g (1.4 OH nol eq.) of
t he resinous produbichhBs and &R:nede atdashgd,oRg amd sBs @freeatinanediydene
453.3 g of 10 dinethyl sulfoxide and 14.0 g _of deionized water, and
thereafter, 108.33h@ips S9EmiBgsy 6rmambered, a4NEoLRURERErs¥ithi Shewgarbon

d i se. added_t hey et fi h t 49 C 42 Torr. Duri t hi
pertod, t he azdot FERRBFPyRBLEN Ty GG dhcAFEr BRSAFPR anks it REVECIBDI e

to be atom and each Z is a hydrogen atom.
In a 5-liter, four-necked, round-bottomed

flask equipped with a thermometer, a stirring means, a
condenser and a dropping funnel were placed 880.0 g

10 (8.0 mols) of resorcinol, 73.5 g (0.39 mol) of p-
toluenesulfonic acid, 1,200.0 g of methanol and 495.0 g
(5.0 mols) of cyclohexanone, and the temperature was
elevated to 60°C. After the mixture was kept at 60°C for
20 hours, 800 g of deionized water was added to the

15 mixture and the resulting mixture was kept at 40°C for
three hours, afteéer which the crystals precipitated were
collected by filtration and washed with deionized water.
The crude crystals obtained were dissolved in methanol
and thereafter deionized water was dropﬁise added to the

20 solution to effect recrystallization. The crystals
formed were collected by filtration and dried under
reduced pressure. The yield was 339 g. It wés confirmed
by 'H-NMR, IR and GPC that the crystals were of the -

objective compound.

25 Synthesis Example 6
The present Synthesis Example relates to a

process for producing a condensation product of resorci-



15 liquefied while the tenperature was kept at 49[err]C, and the reaction
was allowed to proceed while the organic layer was returned to the reaction
system After conpletion of the reaction, unreacted epichlorohydrin was
removed by concentration under re- 20 duced pressure, and an epoxidi zed
product- contai ning a salt produced as a by=ppgduct and di met hyl sul foxide
was dissolved in nethyl isobutyl ketone, after which the salt and di nethyl
sul f oxi de were renoved by washing with warm water. The sol vent- was renoved
under r'educed presslund ti2acetaie avhni@04i9 thefstarttingymaterial Her eghxy
equi val ent of the epoxy resin thus obtained was 256 g/eq. As a result of
measur enent of i rT¥k @pteRr PG REtthis inverkionfirnmed that ab- = -

24 - sorption of phenolic OH at 3,200-3,600 [err]. disappeared and
absorption of epoxide was cHRf®rAetiteri, Sawtneckad, [keypd-kohtameds

Example 2-5 The, present Synthesis Exanple relates to a process
for producing an fe’ﬁﬁ&/‘?%’rjrﬁ AR E FISFUaREter s & SR "l?e?‘gﬁ'erf“t he

epoxy resin Otg aié}ﬁfbé.x{he%y@&f‘a dropping funnel were placed 220.2 g (2.0

mols) of resorcinol, 200.0 g of toluene and 232.3 g (4.0
mols) of acetone, and the temperature was elevated to
30°C. A solution of 76.1 g (0.40 mol) of p-toluenesul-
fonic acid in 100 g of water was added to the resulting
10 mixture and the temperature was elevated to 50°C, after
which the mixture was kept at this temperature for 40
hours. After neutralization, the reaction mixture was
diluted with methyl isobutyl ketone and washed with
water; after which the solvent was removed by distilla-
15 tion under reduced pressure, to obtain 344 g of a resin-
ous p;oduct. It was confirmed by H-NMR, IR and GPC that
the product was a mixture comprising as the main compo?
nent a compound represented by the structural formula

(8):

(8)




sis Exanple 1 and tetrabronobi sphenol A and diglycidyl ether of

t et rabr onobi sphenol A 10 - In a 300-m, four-necked,

round- bottoned fl ask equi pped with a thernonmeter, a condenser and a
stirring means were placed 62.0 g of the epoxy resin obtained in Synthesis
Exanpl e-1, 25.3 g of diglycidyl ether of teiLrgg bronobi sphenol A .

(Sum -[err] epoxy ESB-400T, a trade nane of 15 Sum tono Chem cal Co., Ltd.
epoxy equi val ent: 403 g/eq) and 12.7 g of tetrabronobi sphenol A and heated

at 110[err]C to b&ymihiesis Fxampdiet &, a sol ution of 40 ng of triphe-

nyl phosphi ne (4 x 10-4% by wei ght based on the resin) in 2.25 g of nethyl

et hyl ketone was added to tRhenpneserpy Synghesis Hranmie rekpiehigtdist ure
was kept at 110[err]C for four hours to allow_the additiqgn reaction between

the epoxy group aRFOORESHHEFoBFOGiHd G MY P de@e ROLFPheRol cqnnoyhd

e reaction SYs{eRuRe 20oked (0 ICTLE AN 222 el s Sh e

oLt 1Y% 8 LR bt 8 R0 B B P wnten

Exanpl e 3 T, is a cyclohexyl group, h is 1 and T, is a hydrogen
atom.

In a 0.5-1liter, four-necked, round-bottomed
flask equipped with a thermometer, a stirring means and a

10 condenser were placed 317.4 g (1.8 mols) of cyclchexyl-
phenol (mixture of o- and p-isomers) and 300.0 g of
tbluene, and the temperature was elevated to 80°C.

After the addition of 20.6 g (0.108 mol) of p-
toluenesulfonic acid, 109.5 g (1.35 mols) of 37% formalin

15 was dropwise added to the mixture through a dropping tube
over three-hours. The temperature was elevated to 90°C
.and the mixture was kept at this temperature for nine
hours. After the reaction, the reaction mixture was
allowed to stand and the aqueous layer formed was re-

20 wmoved, and the remainipg organic layer was washed with
500 g of deionized water six times. The organic layer
washed was concentrated under reduced pressure (170°C/5
mmHg/0.5 hour) to obtéin 305.4 g of a resinous product.

~The OH equivalent of the resinous product obtained was

25 185.9 g/eq.

Synthesis Example 8

The present Synthesis Example relates to a



The present Synthesis Exanple relates to a process for produci ng an
epoxy-term nated resin by addi- tion reaction between the epoxy resin
obtained in Synthe- 5 sis Exanple 1 and tetrabronobi sphenol A and

di gl yci dyl ether of tetrabronobi sphenol A In a 300-m, four-necked,
round-bottoned flask equipped with a thernopejgr. a condenser and a
stirring neans were placed 47.4 g of the epoxy resin obtained in 10
Synthesis Exanple 1, 42.7 g of diglycidyl ether of tetra- bronpbi sphenol A
(Sum epoxy ESB- 40proegessadernpiedacifgnat aovolaknitype Polyphetiol eopmpound
equivalent: 403 g/eq.) and 9.9 g of tetrabronobi sphenol A, and heated at
110[err] C to be nwhiieh. ithusedf mer the sdhotiog vhtéfim) &bort anplhsyll@ster
nyl phosphine (4 x 10-4 by wei ght based on the resin) in 2.25 of met hyl
ethyl ketone was £0EPOUNE wRPreserdErdnpy: Fhe geacrrd fexmuiand S inywhighs

kept at 110[err]C for four hours to allow {he addition reacgtion between the
epoxy group and t fie PReRoFTRCEH FEP 1 o pFBckednd A1 &S ?O%YI‘R,; esm.

D petot o1 Sgetem s coold o @ TS PeZhelhah BNtk | o
o oot s R BB lboth, R il calle SRR UM ol o
condenser were placed 165.0 g (0.8 mol) of 4-~-t-octylphe-
nol and 120.0 g of toluene and the temperature was ele-
vated to 80°C. After the addition of 2.85 g (0.015 mol)
10 of p-toluenesulfonic acid and 12.0 g of deionized water,
48;7 g (0.60 mol) of 37% formalin was dropwise added to
the mixture through a dropping tube over two hours. The
resulting mixture was heated under reflux for two hours.
After the reaction, the reaction mixture was diluted with
.15 120.0 g of toluene, neutralized with 6.0 g of a 10% aque-
ous NaOH solution and thereafter washed twice with 200 g
of deionized water. The organic layer after the washing
was concentrated under reduced pressure (170°C/5 mmHg/0.5
hour) to obtain 136.2 g of a resinous product. The OH

20 equivalent of the resinous product obtained was 216.0

g/eq.

Synthesis Example 9
The present Synthesis Example relates to a
process for producing a compound represented by the gen-
25 eral formula (5) in which T, is an acetyl group or a
hydrogen atom, T, is a cyclohexyl group, h is 1 and T, is

a hydrogen atom.



The present Synthesis Exanple relatés to a process for producing
2,4,4-trimethyl-2-(2, 4-di hydroxy- - 26 - phenyl)-7-hydroxychroman (CAS
No. 26505-28-2) which is the starting pol yhydric phenol for the aryl ester
com pound of this invention. In a 5-liter, four-necked round-bottonmed
flask 5 equi pped with a thernoneter, a stir£i$9 nmeans, a conden- ser and a
droppi ng funnel were placed 1,000.0 g (9.1 nol's) of resorcinol, 6.9 g
(0.036 nol) of p-toluenesulfo- nic acid, 330.0 g of nethanol and 176.0 g
(3.0 nmol s) of acetone, and tihe 4 OUBIEitere Hrursinsciel] trouid-bogtomndd
After the m xture was kept at 65[err]C for nine hours, 750 g of deionized
wat er was added t dlalsk equippedawd thha rthexrnomedem, X BusEiwad ngepeans, a
40[err]C for- three hours. Thereafter, the crystals precipitated were
col l ected by filtdxoppangndubeskad @ condenseir; vergapdacefh84c0ude (055 OH
crystal s obtai ned were dissolved in nethanol, and then deionized water was

dropwi se added t o™Phe 8ol uloiPeo PEPANEE PhtRjsesd An. SynthgsishExample 7ng
Cryotal o ere 801 98B0 oDk Wbl 0ot el e B45°Y B R unll
and then the temperature was elevated to 70°C, after
which 51 g (0.5 mol) of acetic anhydride was dropwise
added thereto over 1.5 hours. Thereafter, the tempera-
fure was elevéted to 90°C, at which temperature the mix-
10 ture was kept for four hours to allow the reaction to
proceed. The reaction mixture was diluted with 345 g of
methyl isobutyl ketone, neutralized with a 5% aqueous
sodium hydrogencarbonate solution and then washed, and
thereafter, further washed twice with 200 g of deionized
15 water. The organic layer after the washing was concen-
trated under reduced pressure (150°C/5 mmHg/1l hour) to
obtain 108.1 g of é resinous product. The averagé

esterification pércentage of the T, portion was 54.9% as

measured by H-NMR.

20 Synthesis Example 10
| The present Synthesis Examplé relates to a
process for producing a compound represented by the gen-
eral formula (5) in which T, is an acetyl group or a
hydrogen atom, T, is a t-octyl group, h is 1 and T, is a
25 hydrogen atom;
In a 0.5-1liter, four-necked, round-bottomed

flask equipped with a thermometer, a stirring means, a



20 that the crystals obtained were of the objective com pound. Synthesis
Exanpl e 5 The present Synthesis Exanples relates to a process for producing
4-11',2',3" ,4',4"a, 9 a- hexahydro- 25

6' - hydr oxyspi ro(cycl ohexane-1, 9' - xant hene)-4' a-yl ] resor- cinol (CAS No.
138446-23-8) which is a conpound repre- sentegh hy the general fornula (3)
inwhichnis 1, Pis a - 27 - hydrogen atom [err] and [err] are
pent anet hyl ene chains form ing a 6-nenbered ring together with the carbon
atom t o whi ch [ erdtoppiingetubeaarndast aohdensérrwéranpglaeed] 189eg (0.5 OH
tetramet hyl ene chains formng a 6-nmenbered ring together with the carbon 5
atons to which [emol ead)[efrtha produbttdobteinedaihySynthesisobkxandleadh Z
is a hydrogen atom In a 5-liter, four-necked, round-bottonmed fl ask .

equi pped with a th3PnBngtef methylrisebulghnkctane oandnlePSa@doh BYBHHBLRG,
funnel were placed 880.0 g 10 (8.0 nols) of resorcinol, 73.65° (0. 39 nDHZ
of p- tol uenesul f¥f cthe; Bempesapure waf Hhepfbevakeds88. % ég(54f§ﬁﬁs$ &f

cycl ohexanone o angedfie; LETREARLILE YBSsE! §VA6 5 b1 ObE LLGes b LihyhiEae
over 1.5 hours,'the temperature was elevated to 90°C, at
which temperature the mixture was kept for two hours to
allow the reaction to proceed. The reaction mixture was
diluted with 173 g of methyl isobutyl ketone, neutrélized

10 with a 5% agueous sodium hydrogencarbonate solution and

washed, and then further washed with 200 g of deionized
water. The organic layer after the washing was concen-
trated under reduced pressure (140°C/5 mmHg/1l hour) to
obtain 122.7 g ofla resinous product. The average

15 esterification percentage of the T, portion was 70.1% as

measured by 'H-NMR.

Synthesis Example 11
The present Synthesis Example relates to a.
process for producing a compound of the general formula
20 (5) in which T, is an acetyl group or a hydrogen atom, T,
is a methyl group, h is 1 énd T, is a hydrogen atom.
In a 0.5-1liter, four-necked,  round-bottomed
flask equipped with a thermometer, a stirring means, a
dropping tube and a condenser were placed 96.0 g (0.8 OH
25 mol eq.) of o-cresol novolak, 129.6 g of methyl isobutyl
ketone and 0.48 g of pyridine, and the temperature was

then elevated to 70°C. After the dropwise addition of



20 hours, 800 g of deionized water was added to the 15 m xture and the
resulting mxture was kept at 40[err]C for three hours, after which the
crystals precipitated were collected by filtration and washed with

dei oni zed water. The crude crystals obtained were dissolved in nethanol and
t hereafter deionized water was dropw se adde Q the 20 solution to effect
recrystallization. The crystals forned were collected by filtration and
dried under reduced pressure. The yield was 339 g. It was confirmed by
[err], TR and GP@1héitgt (@.8rysl pl 6f vecetDE ahkkydbidstover cDnpohodrs 25the
Synthesis Exanple 6 The present Synthesis Exanple relates to a process for
produci ng a conderssulbingruoizterefwasskept-at 70°Q&For fgumihidurs dimne
which is the starting material for the aryl ester conmpound of this
invention. |In a 2}1leerthe creagbierdto rpoeeeed: t cHpel reackienunpiatdrei vasa
thernoneter, a stirring_neans, a 5 condenser and a dropﬁing funnel were

pl aced 220.2 g (2bLwked)whth b%%r8i GPL BRBhYL glePbYbY L JfRtARY, asutral-

(4.0 mol's) of gce{gené: ’wiaﬁ'(lj éhf%t&r;@gé@é usrng\f\@]g l%lrgr\:/géeerqcér(:)bonate, washed

and then further washed with 200 g of deionized water.
The organic layer after the washing was concentrated
under redﬁced pressure (150°C/5 mmHg./ 1 hour) to obtain
119.0 g of a resinous product. The average esterifica-
10 tion percentage of the T, portion was 74.4% as measured

by H-NMR.

Synthesis Example 12
The present Synthesis Example relates to a
process for producing a compound represented by the gen-
15 eral formula (5) in which T, is an acetyl group or a
hydrogen atom, T, is a hydrogen atom, h is 1 and T; is a
hydrogen atom.
| In a 0.5-1liter, four-necked, round-bottomed
flask equipped with a thermometer, a stirring means, a
20 dropping tube and a condenser were placed 108.0 g (0.9 OH
mol eq.) of phenol novolak, 135.0 g of methyl isobutyl
ketone and 0.49 g of pyridine, and the temperature was
then elevated to 70°C. After the dropwise addition of
96.9 (0.95 mol) of acetic anhydride over two hours, the
25 resulting mixture was kept at 70°C for four hours to
allow fhe reaction to proceed. The reaction mixture was

diluted with 180.0 g of methyl isobutyl ketone, neutral-



30[err]C. A solution of 76.1 g (0.40 nol) of p-toluenesul- fonic acid in
100 g of water was added to the resulting 10 m xture and the tenperature
was elevated to 50[err]C, after which the m xture was kept at this
tenperature for 40 hours. After neutralization, the reaction m xture was
diluted-with nmethyl isobutyl ketone and washegywith water, after which the
sol vent was renoved by distilla- 15 tion under reduced pressure, to obtain

344 g of a resin- ous product. It was confirmed by [err], IR and GPC t hat
t he product was aigedtwiehcanpsi agngoas tbdiumi hydeogencaebbnateospiutdon,
represented by the structural fornmula (8): OH - 29 - Synthesis Exanmple 7

The present Synt hwesbeg@ixaapliethehafurtherawpsbedswithr 20Poguofndedondwetdak
type pol yphenol -conpound which is used as the starting material for an aryl
ester 5 conpound ngﬁﬁseane pygeRicqydp¥parl afseruthe(wWashinghwel FEPFPRs a

cycl ohexyl group, his_ 1 and [err] is a hydrogen m_ln a 0,5-liter,
fgur-necied? rognagﬁsggOHEGer[rechea pregsurg (1%5%:/16 mmHg/1 hour{ to
5 obtain 127.0 g of a resinous product. The average '
esterification percentage of the T, portion was 96.5% as

measured by *H~NMR.

Example 1
The present Example relates to a process for
10 producing an acetic acid ester of 2,4,4-trimethyl-2-(2,4-
dihydroxyphenyl )-7-hydroxychroman [aryl ester (a)] which
is a compound of the general formula (3) in which R,, R,,
and R; are methyl groups, R; and R, are hydrogen atoms,.z
is a hydrogen atom or an acetyl group, P is a hydrogen
15 atom, i is 0, and n is 1. |
In a 2.0-1itgr, four-necked, round-bottomed
flask equipped with a thermometer, a stirring means, a
condenser and a dropping funnel were placed 100.0 g
(1.00 OH mol eg.) of the 2,4,4-trimethyl-2-(2,4—
20 dihydroxyphenyl)-7-hydroxychroman obtained in Synthesis
Example 4, 106.1 g (1.05 hols) of triethylamine and 568.0.
g of methyl isobutyl ketone, and the temperature was then
elevated to 70°C, after which 107.1 g (1.05 mols).of
acetic anhydride was dropwise added to the mixture over
25 two hours. The resulting mixture was kept at 70°C for
four hours, and then washed with water, after which the

agueous layer formed was removed; "The solvent was



flask equi pped with a thernoneter, a stirring neans and a 10 condenser
were placed 317.4 g (1.8 nols) of cyclohexyl- phenol (m xture of o- and
p-isoners) and 300.0 g of toluene, and the tenperature was elevated to
80[err]C. After the addition of 20.6 g (0.108 nol) of p- toluenesulfonic
acid, 109.5 g (1.35 nols) of 37%formalin 15,was dropw se added to the

m xture through a dropping tube over three holurs. The tenperature was
elevated to 90[err]C and the m xture was kept at this tenperature.for nine
hours. "After the remevédrby tdbstEhTatDon Minder cred@sced | Pressite s{ BROCCH b

t he aqueous | ayer forned was re- 20 noved, and the remaining organic |ayer
was washed w th SifHg) of toeobbalmdlldRt@rgsef airesindbhe prodwuct. | dlke
washed was concentrated under reduced pressure (170[err]C/'5 mtg/ 0.5 hour)
to obtain 305.4 gregirousspreduchroascallawed O ceitand) cdurbng twWelehstheus
product obtained was_25 185.9 g/eq._Synthesis Exanple 8 The present .

Synt hesi s Exanpl P¥fugksway gradualky grﬁ%%zggr pFRR RS HRF LEHevbiaR

type polyphenoj GoIROUEayd! il ol s HReddfrdl ¥y ' NI PdRolRindD a7V

liquid chromatography (triester form 100%) [melting point
was 121°C as measured by a differential scanning calorim-
eter (DSC)].
It was confirmed from the following analytical
10 wvalues that the resinous product was the objeetive com-
pound:
Analytical values:
Infrared absorption spectrum measurement (KBr
tablet method)/2970, 1760 (C=0), 1605, 1580, 1490, 1420,
15 1365, 1200, 1145, 1125, 1100, 1035, 1010, 990, 900 cm™.
Proton nuclear magnetic resonance spectrum (sol-
vent: CDC1,)/8 (ppm) 0.79 (s, 3H, methyl), 1.30 (s, 3H,
methyl), 1.64 (s, 3H, methyl), 2.13 (4, 1lH, methylene),
2.24 (s, 3H, acetyl), 2.29 (s, 3H, acetyl), 2.35 (s, 3H,
20 acetyl), 2.53 (4, 1H, methylene), 6.62-7.46 (m, 6H, aryl)

Example 2
The preseﬁt Example relates to a process for
producing benzoic acid ester of 2,4,4-trimethyl-2-(2,4-
dihydroxyphenyl )-7~-hydroxychroman [aryl ester (b)] which
25 1is a compound represented by the general formula (3) in
which R,, R;, and R; are methyl groups, R; and R, are

hydrogen atoms, Z is a hydrogen atom or a benzoyl group,



conpound represented by the general forrmula (5) in which T2 is a t-octyl
group, his 1 and T3 is a hydrogen atom 5 In a-0.5-liter,
four-necked, round-bottoned flask equi pped with a thernoneter, a stirring
means and a condenser were placed 165.0 g (0.8 nol) of 4-t-octyl phe- nol -
and 120.0 g of toluene and the tenperature;w§§ ele- vated to 80[err]C.
After the addition of 2.85 g (0.015 nol) 10 of p-toluenesulfonic acid and
12.0 g of deionized water, 48.7 g (0.60 nmol) of 37% formalin was dropw se
added to the m xtRiris tdriogdtogen raypmi N gi tide0 ovarid tnvaidialir s. The resul ting
m xture was heated under reflux for two hours. After the reaction, the
reaction mxture was dil uteinwat h.@51itep, Ofguofneckedneroundtbattemddwi t h
6.0 g of a 10% aque- ous NaOH sol ution and thereafter washed twi ce with 200
g of deioni zed waflask BauiPRehwith 2 rtherrometer wa HFrHERg dBRRRSI rat ed
under reduced pressure (170[err]C/5 mmMg/ 0.5 hour) to obtain 136.2 g of _a
resi nous product .CoMEREeDARY R \AXPRIRG fypnel HeiR PIRRA IO IBt%i (Rd”%as

21009 e SIS TG %R S et 2. O B oS °
(S onesm i bertoyd PR, s ST o503 81 s Sadhoa tn
Synthesis Example 4, 77.8 g (0.77 mol) of triethylamine
and 325.0 g of methyl isobutyl ketone, and the tempera- -
ture was then elevated to 70°C, after which 108.2 g (0.77
10 mol) of benzoyl chloride was dropwise added thereto over
two hours. The mixture was kept at 70°C for four hours,
and then washed with water, after which the aqueous layer
formed was removed. The remaining oily layer was there- -
after cooled to room temperature, upoh which crystals
15 were precipitated. The mixture was allowed to stahd
overnight, and the crystals were collected by filtration,
washed with pure water and then with cooled methanol and
thereafter dried at 80°C under reduced pressure, to
. obtain 133.6 g of white crystals. The esterification
20 percentage was 100% (triester form 100%) as measured by a
high performance liquid chromatography.

It was confirmed from the following analytical
values that the crystals were of the objective compound.
Analytical Valués:

25 Infrared absorption spectrum measurement (KBr
tablet method)/2950, 1740 (C=0), 1600, 1490, 1450, 1420,
1240, 1150, 1060, 1020, 700 cm™

Proton nuclear magnetic resonance spectrum (sol-



- 31 - 1Inao0.5liter, four-necked, round-bottoned flask equi pped with a
thernmoneter, a stirring neans, a dropping tube and a condenser were placed
94.0 g (0.5 OH nol eq.) of the product obtained in Synthesis Exanple 7, 5
115.0 g of nethyl isobutyl ketone and 0.47 g of pyridine, and then the
tenperature was elevated to 70[err]C, after_wch 51 g (0.5 nol) of acetic
anhydri de was dropw se added thereto over 1.5 hours. Thereafter, the
tenpera- ture was elevated to 90[err]C, at which tenperature the mx- 10
ture was kept forvéotr hODC3; )/ 6 dlpw) thdI dagt i3, tmethyickeed. . 3hd s.edH, on
m xture was diluted with 345 g of nmethyl isobutyl ketone, neutralized with
a 5% aqueous sodimethyl) ogbnédr b9naBB, soethybh, aRdl2 hed, whEheuethwlene),

thereafter, further washed twice with 200 g of deionized 15 water. The
organi c | ayer aft?r63htdnakii nBetl¥lendtent 8227 6 ubBer 6HedeE®Y) présdBre

(150[err]C5 nnfgél our) obt ai n 108, of resi hou oduct ___The
average esterific t@%naberiéﬂt aB’ée?)YltﬂEl’[’%?‘F‘]"yibf t$0£2V\gs£é4.?‘§% 5K,
measured by [etr]. .. 2 Wi Si s npl e 10 The present Synthesis Exanpl e
relates to a § pheg§f;o£h§enzo§¥? _

Example 3

- The present Example relates to a process for
producing an acetic acid ester of 4-[1',2',3',4',4'a,9'a-
hexahydro-6'-hydroxyspiro(cyclohexane~1,9'~xanthene)~4"'a-

10 yljresorcinol [aryl ester (c)] which is a compound repre-
sented by the general formulé (3) in which n is 1, each P
is a hydrogen atom, R, and R, are pentamethylene chains
forming a ring together with the carbon atom to which R,
and R, are attached, R, énd R; are tetramethylene chains

15 forming a 6-membered ring together with the carbon atoms
to which R, and R; are attached and some of Z's are
acetyl groups and the-other are hydrogen atoms.

In a 1.0-1liter, four-necked, round-bottomed

flask equipped with a thermometer, a stirring means, a

20 condenser and a dropping funnel were placed 60.0 g (0.41
OH mol eq.) of the 4-[1',2',3',4',4'a,9'a-hexahydro-6"'-
hydroxyspiro(cyclohexane~1,9'-xanthene)-4'a-yl]resorcinol
(CAS No. 138446-23-8) obtained in Synthesis Example 5,
45.5 g (0.45 mol) of triethylamine and 179.2 g of methyl

25 isobutyl ketone, and the temperature was then elevated to
80°C, after which 45.9 g (0.45 mol) of acetic anhydride

was dropwise added to the mixture over one hour. The



process for producing a conmpound represented by the gen- eral fornmula (5)
in which [err] is an acetyl group or a hydrogen atom T2 is a t-octyl
group, his 1 and T3 is a 25 hydrogen atom In a 0.5-liter, four-necked,
round- bottonmed fl ask equi pped with a thernoneter, a stirring neans, a -
32 - dropping tube and a condenser were plac 109 g (0.5 OH nol eq.) of
the product obtained in Synthesis Exanple 8, 0.0 g of nethyl isobutyl
ket one and 0.55 g of pyridine, and the tenperature was then elevated to
70[err]C. After theéxbtutteopasskeptdiaiti 00°0f£Sd foud. lours )and -titeh i washed
anhydride over 1.5 hours, the tenperature was el evated to 900C, at which

t enper at ure the nwithr vates, kefteffowhtiivh ither agueounk| dayere fozrmed wast o
proceed. The reaction m xture was diluted with 173 of net hyl isobutyl
ket one, neutraliz§§m989ﬂhthTQGSﬁPA&G@&uya§oaﬁmﬁVﬁ9dgﬁgéﬁé&ﬁ&éﬁ&@@ns@PG?FOn
and washed, and then further washed with 200 g of deionized wa The

er.
organi c | ayer aftEPAUREARERSEYTRasloBiicetR bd Rt uted® W RE e
(140[err]C5 /1 hour% to gbt%in %6%.7 g of. .@ resinous %éo%uct. The
average 15 est8ri FPEAPPYR BEPEYftage i eFéFFFagépPiBﬁr Qrage ¥95s
79.2% as measured by a high performance liquid chromatog-
raphy (diester form 62.3%, triester form 37.7%).
It was confirmed from the following analytical
values that the resinous product was the objective com-
10 pound:
Analytical values:
Infrared absorption spectrum measurement (KBr
tablet method)/2930, 1760 (C=0), 1610, 1585, 1490, 1420,
1370, 1210, 1150, 1125, 1015, 755 cm
15 Proton nuclear magnetic resonance (solvent:
cDCl,)/6 (ppm) 0.65-1.82 and 3.11-3.24 (m, 19H,
. cycloalkyl), 2.13-2.41 (m, 7.13H, acetyl), 5.99-7.32 (m,

6H, aryl), 8.52 (s, 0.62H, hydroxy)

Example 4

20 The present Example relates to a process for
producing acetic acid ester [aryl ester (d)] of the poly-
_hydric phenol obtained in Synthetic Example 5 which ester
is the aryl ester compound of this invention.

In a 2-liter, four-necked, round-bottomed

25 flask equipped with a thermometer, a stirring means, a

condenser and a dropping funnel were placed 100.0 g

(0.528 mol) of the polyhydric phenol obtained in



measured by [err]. Synthesis Exanple 11 The present Synthesis Exanple
relates to a process for producing a conpound of the general formula 20 (5)
in which [err] is an acetyl group or a hydrogen atom [err] is a nethyl
group, his 1 and T3 is a hydrogen atom In a 0.5-liter, four-necked,
round- bottonmed fl ask equi pped with a thernos r, a stirring nmeans, a
droppi ng tube and a condenser were placed 96.0 g (0.8 OH 25 nol eq.) of
o-cresol novol ak, 129.6 g of methyl isobutyl ketone and 0.48 g of pyridine,
and t he t enper at uggnvhésiBerxampyat 6¢ 62.00ge(0] 632AnbR) biectgiepWyiamine
addi tion of - 33 - 81.6 g (0.8 nol) of acetic anhydride over 1.5 hours,
the resulti ng m xande28as0kgpbfamethyl] isobutplir kbbonse, t andl ther témpera-

reaction to proceed. The reaction mxture was diluted with 172.8 g of
met hyl isobutyl ktuv@ewasetben| elevated Wbt RO s5mkprodicivd4nd g (0.632

hydr ogencar bonat e, washed and then further washed with 200 g of dei oni zed
wat er. The organi®oldyef afekic:arhydshdfgvagsdeenviner addad kaectheetiiad

bressure (150[grr1.Gr2 BUEL bnllHbds!© PRE2LEngd0a0ufe °had £REH"GHE BESS S
90°C and the mixture was kept at 90°C for five hours to
allow the reaction to proceed, after which the reaction
mixture was diluted with methyl isobutyl ketone and
washed with water. The aqueous layer formed was removed

10 and the solvent was removed by distillation under reduced
préésure to obtain 112 g of a golden resinous product.
Since it was confirmed by infrared absorption spectrum
measurement that absorption of OH group disappeared at
3,100-3,600 cm™ and absorption of carbonyl group ap-

15. peared at 1,760 cm™, the esterification percentage was
decided as appro#imately 100%.

Analytical values:
Infrared absorption spéctrum_measurement ({ NaBr

plate)/2970, 1760 (C=0), 1620, 1580, 1490, 1420, 1370,
20 1200, 1150, 1120, 900, 760 cm™

Examples 5 to 16
Diglycidyl ether of bisphenol A (Sumi-®epoxy‘
ELA-128, a tradé name of Sumitomo Chemical Co., Ltd., -
epoxy equivalent: 186 g/eqg) and the epoxy resins ob-
25 +tained in Synthesis Examples 1 and 2 were used as the
epoxy resins and were blended with the compounds obtained

in Examples 1, 2, 3 and 4 and 2-ethyl-4-methylimidazole



10 tion percentage of the [err] portion was 74.4% as neasured by [err].

Synt hesi s Exanple 12 The present Synthesis Exanple relates to a process for
produci ng a conpound represented by the gen- 15 eral fornmula (5) in which
[err] is an acetyl group or a hydrogen atom T2 is a hydrogen atom h is 1
and T3 4s a hydrogen -atom In a 0.5-liter, fqQy-necked, round-bottoned
flask equi pped with a thernoneter, a stirring neans, a 20 dropping tube and
a condenser were placed 108.0 g (0.9 OH nol eq.) of phenol novol ak, 135.0 g
of met Ayl i sobuty(cureocaeceher8td®)g(Caresol d2ZE4MZand thadeenpweadlire was
then elevated to 70[err]C. After the dropwi se addition of 96.9 (0.95 nol)
of acetic anhydriSeikoku Kapehokpgyot RabushikiskKaishy knxthecamgunkepshgwn

70[err]C for four hours_to_allow the reaction to proceed. The reaction
nixture was dilut®@ FPPﬁelﬁoaﬂdgtB? Resulting oBix PrﬂeV%ﬁedlﬁﬁﬂ%Vﬁ@ in a.

34 - d with a 5% hyd bonat t hed d
Chen Turther vaohBOLAPER SB0SEBR RO (NS Ea-Rar 8P L~ THE D BN cFayBRoP: or

the washing Wag CQREfYsh was subjected to distillation to remove the
solvent, and the resin mixture thus obtained was press-
molded to obtain a resin cured plate having the predeter-
mined thickness. |
The dielectric constant and dielectric loss

10 tangent at 1 GHz of the resin cured plate were determined
by setting a sample having electrodes formed on both
sides thereof_by gold deposition on a Resonant Coaxial
Line Model 34A manufactured by Boonton Electronics Com-
pany and measuring the resonance frequency and frequeﬁcy

15 of 6.02 dB down by means of 8573A Network Analyzer
manufactured by HEWLETT-PACKARD COMPANY through 85046A S-
parameter test set manufactured by HEWLETT~PACKARD COMPA-

NY. The results are shown in Table 1.



trated under reduced pressure (150[err]C 10 mrHg/ |

g of a resinous product.

portion was 96.5% as neasured by [err].

hour) to 5 obtain 127.0

The average esterification percentage of the [err]

Exanpl e 1 The present Exanple

relates to a process for 10 producing an acetic acid ester of

2,4, 4-trimethyl -2-(2,4- dihydroxyphenyl)-7-hydroxychroman [aryl

he general fornula (

ester (a)]

in which [err] and [err] are
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met hyl groups, [err] [and
an acet’yl group, Pi$ a
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- 35 - renoved by distillation under reduced pressure (150[err]C/ <5 mtHg),
to obtain 139.6 g of a resinous product. The resinous product was all owed
to stand, during which the product was gradually crystallized. The
esterification 5 percentage was 100% as neasured by a hi gh performance -
l'iquid chromatography (triester form 100% [ngltl ng point was 121[err]C as
nmeasured by a differential scanning calorim fer (DSO)]. It was confirmed

fromthe foll owing gnalytical 10 values that the gesijnous product was the
obj ective com pound: al ytical values: Infraredjabdorfti pn spectrum
measur enent (KBr taljl gt] net hgf) /2970, 1960 ( Cm()é Bd5,S15B0, 1490, 1420,
15 1365, 1200, 1145,]41p5, 1400, 1035, 5010, g9 %)C [er . Proton nucl ear
magneti c resonance gpeckrum (sol- vent: “[err] (pp .78 (p, 3H, nethyl),
1.30 (s, 3H nethyl)}, 1464 (s, 3H, nethyl), 2.13 (d, 1H net hyl ene), 2.24
(s, 3H, acetyl), 2.39 (}s, 3H acetyl), Z2.35 (s, 3H, 40 acejyl), 2.53 (d,
1H, nethyl ene 6.64-7.46 P
S y _), 7 (mp 6H, aryl) Exarrplneoz ‘Lpe fBesent Exanpl e
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produci ng benzoic acid ester of 2,4,4-trinethyl-2-(2,4- .

di hydr oxyphenyl ) -7- hydr oxychroman [aryl. ester (b)] which 25 is a conpound
represented by the general formula (3) in which [err] and [err] are nethyl
groups, R3 and R4 are hydrogen atoms, Z is a hydrogen atom or a benzoyl
group, - - 36 - Pis a hydrogen atom i is Qg and nis 1. In a 1.0-liter,
four-necked, round-bottoned flask equi pped wth a thernoneter, a stirring
nmeans, a condenser and a dropping funnel were placed 70.0 g (0.70 5 OH nol
eq.) of the 2,4, fesddngRid V7 Zdq 224- di hydr oxyphe- nyl)-7-hydroxychroman ( CAS
No. 26505-28-2) obtained in Synthesis Exanple 4, 77.8 g (0.77 nol) of
triethylam ne and 325.0 g obigkydidyl sethey| ok dribsphenoll A heSumi poOxXy ur e
was then elevated to 70[err]C, after which 108.2 g (0.77 10 nol) of _
benzoyl chl ori de Blds-1R#&p @ seragel aipnen @ftSmitonq @haemigal Cve dtdwre was
kept at 70[err]C for four hours, and then washed wi th water, after which

t he aqueous | aye@%ﬁr&ﬂ%@%e&sﬁwww TS i9BPARREGSIRS ey e-
bt eci pi tat od. 3 THEGHSH O Sertias it dfaip o 1 S niphe "SR 9% st al s
were col | ected b%ﬂgﬂ§rfg§fﬂg'and blended with the compounds obtained in
- Synthesis Examples 8 and 10 and 2-ethyl-4-methylimidazole
({Curesol 2E4MZ, a trade name of Shikokﬁ Kasei Kogyo Kabu-
shiki Kaisha) (cure accelerator) in the amounts shown in
10 Table 2, and the resulting mixture was dissolved in a
solvent to prepare a uniform resin varnish. The resin
varnish was subjected-to distillation to remove the sol-
vent and the resin mixture thus obtained was press-molded
to obtain a resin cured plate having the predetermined
15 thickness.
The dielectric constant and dielectric loss
tangent at 1 GHz of the resin cured plate were measured
in the same manner as in Examples 5 to 16. The results

are shown'in Table 2.



washed with pure water and then wth cool ed net hanol and thereafter dried
at 80[err] C under reduced pressure, to obtain 133.6 g of white crystals.
The esterification 20 percentage was 100% (triester form 100% as neasured
by a high performance |iquid chromatography. It was confirnmed fromthe
foll owing anal ytical values that the crystal gere of the objective
conpound. Anal ytical values: 25 I nfrared absorption spectrum

measur enent (KBr [tabJel nethod)7 2950, I/40J(CR0,| 1600, 1490, 1450, 1420,
1240, 71150, 1060,] 10p0, 700 [err Proton n ap pmgnetic resonance
spectrum (sol - B7 - venlt: rr]w(@pm N(, 3H nethyl), 1.30 (s,
3H, nethyl), 1.74 ‘(“s 3H, nﬁhylg, 201 (d npthyl ene), 2.63 (d, 1H,
nmet hyl ene), 6.82-|7.26 (m 6H, aryl), 7.48- (Im 10H, phenyl of :
benzoyl), 8.14-8.26 [m 5H 5 phenvl of be Exanpl e 3 The present
Exanpl e rel ates tjo aj process for produci ng tic acid ester of
4-[1',2',3 ,4",4'[a,9] a- o g1d
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10 yl]resorcinol [aryl ester (c)] which is a conpound repre- sented by the
general formula (3) in which nis 1, each Pis a hydrogen atom [err] and
[err] are pentanethylene chains forming a ring together with the carbon
atomto which [err] and R2 are attached, [err] and [err] are tetranethyl ene
chains -15 formng a 6-nenbered ring togethegsgwith the carbon atons to
which [err] and [err] are attached and sone o? Z's are acetyl groups and
the other are hydrogen atons. In a 1.0-liter, four-necked, round-bottoned
fl ask équi pped wiGdmpandtdveBixtamples skt ita idhg neans, a 20 condenser and a
droppi ng funnel were placed 60.0 g (0.41 OH nol eq.) of the

4-11',2',3",4',4" a, 9 a- hexdhgkyclyl ether of bisphenol A (Sumi-®epoxy

hydroxysplro(cyclohexane 1,9' -xant hene)-4' a-yl]resorci nol (CAS No
138446-23-8) obt Alfed 28, g rimade él%@arﬁﬁ Sugiiteno Céle(ﬂt}qfsl @), drtd.) and

triethylamne and 179. 2 of met hyl J sohut et one,
tenmperature was tfe/fFRS &'tetﬂ"tn(? &Hegia ( ‘{“ér \ﬂﬂ%ﬁ’ﬁ d@o(,oa4§zmg% of

S e o R S (SRl 8 il e
o ey i o) A mﬁﬁmﬂ G i W e
tetrabromobisphenol A to addition reaction were used as
the epoxy resins in the amounts shown in Table 3; a |
phenol novolak resin (Tamanol 758, a trade name of Ara-
10 kawa Kagaku Kogyo Kabushiki Kaisha) or dicyandiamide were
used as the curing agents in the amounts shown in Table
3; and 2-ethyl-4-methylimidazole (Curesol 2E4MZ) was used
as the cure accelerator in the amount shown in Table 3 to
prepare a resin cured plate in the same manner as in
15 Examples 5 to 22, and the dielectric constant and dielec-
tric loss tangent at 1 GHz of the resin cured plate were

measured in the same manner as in Examples 5 to 22. The

results are shown in Table 3.



reduced pressure (150[err]C/ <5 nmmHg), to obtain 72.9 g of a 5 resinous
product. The esterification percentage was 79. 2% as neasured by a high
performance |iquid chromatog- raphy (diester form62.3% triester form
37.7% . 1t was confirmed fromthe follow ng analytical values that the
resinous product was the objective com 10 .pggpd Anal ytical val ues:

I nfrared absorption spectrum neasurenment (KBr tablet nethod)/2930, 1760
(CO, 1610, 1585, 1125, 1015, 755 [err] 15
Pr ot on "nucl ear magnpt i E resonance (sol veft : [ery] (ppm 0.65-1.82 and
3.11-3.24 (m 19H, oal kyl), 2.13-2.41 (R 7 13H, acetyl), 5.99-7.32 (m
6H, aryl), 8.52 (s,|&Q $2H, t}ydro‘ky‘ﬁ Brxampie 432 The present
Exanpl e relates to p pjocessf orNpPoduci gwcet c acid ester [aryl ester
(d)] of the poly- hydr§c phenol obtained|in é?/n hetic Exanple 5 which ester
is the aryl ester cphopund of this jinvenfio a 2-liter, four-necked,
round- bottomed 25 f| ask equi pped with a fherfmoneter, a sti rri ng neans, a

condenser and a droppi fg funnel were plaged |90l 0 g (0.528 nol) of the
ol yhydric phenol optatned i ¥ «~ o I I
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- 39 - Synthesis Exanple 6, 64.0 g (0.632 nol) of triethylamne and 285.0 g
of nmethyl isobutyl ketone, and the tenpera- ture was then elevated to
70[err]C, after which 64.4 g (0.632 nol) of acetic anhydride was dropw se
added to the mx- 5 ture over one hour. The tenperature was then el evated
to 90[err] C and the m xture was kept at 90[er %(;for five hours to all ow
the reaction to proceed, after which the reaction mxture was diluted with
met hyl isobutyl ketone and washed with water. The aqueous |ayer fornmed was
renmoved 10 and tBeamplieen23wes Be&noved by distillation under reduced
pressure to obtain 112 g of a golden resinous product. Since it was
confirmed by infrared absor Piigdycddiydt edinere afubdspiencla® 4iSaovipt®epoxyf OH
group di sappeared at 3, 100-3,600 [err] and absorption of carbonyl group ap-
15 peared &0 1, 7EDAfé28} atﬁéaégteﬁmﬁl@ﬁtSﬁmlﬁém@eﬁbﬁgécﬂéscﬁeelGgé -as
approxi matel y 100%> Anal yti cal values; |nfrared absorption spectrum

nmeasur ement ( NaBr ®BPEY e $AVSYBLIERTE0 }@ﬁcﬁ/eﬂézéndlgﬁﬁ epasy regips 9870, 20

%?ggheﬁéFoA %éﬁgl 9 ggfzggxéyn%kes1sngxamp etsol16 agdyglg reeagga gL the

epoxy resins and blended with the compounds obtained
in Examples 1, 2, 3 and 4, diglycidyl ether of
15 tetrabromobisphenol A (Sumiepoxy ESB-400T, a trade name
of Sumitomo Chemical Co., Ltd., epoxy equivalent: 403
g/eq) and 2-ethyl-4-methylimidazole of the cure
accelerator (Curesol 2E4MZ, a trade name of Shikoku Kasei
Kogyo Kabushiki Kaisha) in the amounts shown in Table 4,
and the resulting mixture was dissolved in a solvent to
prepare a Uniform resin vérnish. A glass cloth (KS-~
1600S962LP, a trade name of KANEBO, LTD.) was impregnated
5 with the resin varnish obtained and treated for 5 to 10
minutes in a hot-air drying qeans at 150°C to obtain a
prepreg. Five sheets of this prepreg were put on one
another and a copper foil (TTAI-treated, 35 p in thick-
ness, manufactured by Furukawa Circuit Foil, Co., Ltd.)
10 was placed on the resulting assembly. The resulting
assembly was press-molded at 170°C at a pressure of 50
kg/cm? for 120 minutés to obtain a copper-clad laminate
having a thickness of 1 mm. |
The glass transition temperature (Tg) of-the
15 laminate was determined from the inflection point of the
thermal expansion curve obtained using a thermal analyz-~

ing apparatus DT-30 manufactured by Shimadzu Corp. The



ELA- 128, a trade nanme of Sum tono Chemical Co., Ltd., epoxy equivalent: 186
g/ eq) and the epoxy resins ob- 25 tained in Synthesis Exanples 1 and 2 were
used as the epoxy resins and were bl ended with the conpounds obtained in
Exanples- 1, 2, 3 and 4 and 2-ethyl -4-net hyl i m dazol e - 40 - (cure

accel erator) (Curesol 2E4AMZ, a trade name of gghikoku Kasei Kogyo Kabushi k
Kai sh) 'in the anbunts shown in Table 1 and the resulting m xture was

di ssolved in a solvent to prepare a uniformresin varnish. The resin 5
varni sh was subj ediellettrilcstohktahtnahd detebeetrhe lobsetangent akelr 6Hizn
m xture thus obtained was press- nolded to obtain a resin cured plate
havi ng t he predetef-thentddminatenwere deteumihedtbycsethingnthandaminate

dielectric loss 10 tangent at 1 GHz of the resin cured plate were
determined by sethaving sipptrodes figreedcenrobethi sides thepeef Byggeld

t hereof by gold deposition on a Resonant Coaxial Line Mdel 34
manuf act ured by Bﬁ%ﬁ?%ﬁtE?BC?PoﬁiB%SEBﬂPcﬁaﬁ9a§ﬁﬂlnﬁggﬁrVﬂﬂefhézﬁeﬁﬁﬂHﬁce

L Sauerey ang YR S el REal SR BN R e F (A AELUGE kg the
resonant frequency and frequency of 6.02 dB down by means
of 8573A Network Analyze; manufactured by HEWLETT-PACKARD
COMPANY through 85046A S-parameter test set manufactured
by HEWLETT-PACKARD COMPANY. .The copper foil-peeling

10 strength, boiling water absorption and soldering heat
resistance of the laminate were measured'according to JIS
C-6481. The measurement results are shown in Table 4.

The flame-retardancy tests on Table 4 were
carried out based on the UL94 standard and 'Burn' means

15 that the samples were burned.



NY. The results

Exanples 17 to 22

43 -

42 -

0 -

41 -

paranmeter test set manufactured by HEWL.ETT- PACKARD COMPA-
in Table 1.

are shown
Di gl yci.dyl

a trade nane of

186 g/ eq) and the epoxy

A (Sum -[err]epoxy ELA-128,

epoxy equi val ent :

Ltd.,

Co.

et her of bisphenol

Sum t onp Chemni cal

resins ob- 5 tained in Synthesis Exanples L ayd 2 were used as the epoxy
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solvent to prepare a uniformresin varnish. The resin varni sh was subjected
to distillation to renove the sol- vent and the resin mxture thus obtained
was press-nolded to obtain a resin cured plate having the predeterm ned 15
t hi ckness. The dielectric constant and dielectric |oss tangent at 1 GHz of
the resin cured plate were neasured in the same manner as in Exanples 5 to
16. The results are shown in Table 2. -4450 = 45 - Conpar ati ve Exanpl es
1 to 4 Diglycidyl ether of bisphenol A (Sum -[err]epoxy ELA-128, a trade
nanme of Sumitonp Chemical Co., Ltd.) and an epoxy terminated resin

(Sum -[err] epoxy ESB-500, a trade 5 nane of Sum tono Chem cal Co., Ltd.)
obt ai ned by subjecting diglycidyl ether of bisphenol A and

tetrabronobisphenoT TO addrtT oI reactl onjwel e urea S THE qpoy esins in
the amobunts shown jnl|Table 3; a 8 o
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phenol novol ak resin (Tamanol 758, a trade name of Ara- 10 kawa Kagaku
Kogyo Kabushi ki Kai sha) or dicyandi am de were used as the curing agents in
the amounts shown in Table 3; and 2-ethyl-4-nethylimdazole (Curesol 2E4MZ)
was used as the cure accelerator in the amount shown in Table 3 to prepare
a resimcured plate in the sanme manner as ingp Exanples 5 to 22, and the
dielectric constant and dielec- tric loss tangent at 1 GHz of the resin
cured plate were neasured in the same manner as in Exanples 5 to 22. The
results are shownExampabke33. to 386 - 47 - Exanples 23 to 31 Diglycidyl
et her of bisphenol A (Sum -[err]epoxy 10 ELA- 128, a trade nanme of
Suni t ono . Cheni cal Co., Ltd. Thepeppxygresdnepbtaidedygingpyathesis Example
resins ob- tained in Synthesis Exanples 1, 2 and 3 were used as_the epoxy
resins ‘and bl ended @¥anghdigdyeddpduntbesbedi ketrphrenghpsphenoloA 3 and 4,
di gl yci dyl ether of
gty y ?Sumi-®epoxy ESB-400T, a trade name of Sumitomo Chemical
5 Co., Ltd.,'epoxy equivalent: 398 g/eq) (as required for
adjusting the bromine content) were used as the epoxy
resins, and blended with the compounds obtained in Syn-
thesis Examples 9, 10, 11 and 12 and 2-ethyl-4-
methylimidazole (cure accelerator) in the amounts shown
10 in Table 5, and the resulting mixture was dissolved in a
solvent to prepare a uniform resin varnish. Using the
resin varnish obtained, there was obtained a copper-clad
laminate having a thickness of 1 mm in the same manner as
in Examples 23 to 31.
i5 The copper-foil peeling strength, soldering
heat resistance, boiling water absorption, glass transi-
tion temperature (Tg), dielectric constant at 1 GHz and
dielectric loss tangent at 1 GHz of the laminate were
measured in the same manner as in Examples 23 to 31.

20 The measurement results are shown in Table 5.



15 t et r abr onobi sphenol A (Sum epoxy ESB-400T, a trade nane of Sumtono
Chem cal Co., Ltd., epoxy equivalent: 403 g/eq) and
2-ethyl -4-met hyl i m dazol e of the cure accel erator (Curesol 2E4MZ, a trade
name of Shi koku Kasei Kogyo Kabushi ki Kaisha) in the anbunts shown in Table
4, and-the resulting mxture was dissolved.igya_solvent to prepare a
uniformresin varnish. A glass cloth (KS- 1600S962LP, a trade nane of

KANEBO, LTD.) was fnjjregnated 5 W I the rgsin [aihed and
treated for 5 to 10 rfinutes in a hot-4dir |dryijng D[eyr]C to
obtain a prepreg. the sheet s qL thils pre reg% He Bu @ anot her and
a copper foil (TTAhntreath, 35 pei nftigitko rless, Fed} by Furukawa
Circuit Foil, Co.,|Pt|d) €0 wasypladed|opn; tlhesr 5€4nbly.  The
resul ting assenbly] wds press-nol ded at] 10 err] C o & 5P¢sshied of 50 kg/ cne
for 120 minutes to offtain a copper-cl gd fam nat e hi ckness of 1
mm The gl ass traRELann_LeanLaLuLengd of lthe 115 L hatle was
determ ned fromt ifnfl ection point dqf §he tjher i pn [curve
obt ai ned using a tjheqmal anal yz- ing gpparatys DI} g0 gan ct Ured by
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dielectric constant and dielectric loss tangent at 1 GHz of the | am nate
were determ ned by setting the |am nate having el ectrodes fornmed on both
sides thereof by gold deposition on a Resonance Coaxi al Line Mddel 34A
manu- 5 factured by Boonton El ectronics Conpany and neasuring the
resonart frequency and frequency of 6.02 dB gawma by neans of 8573A Network
Anal yzer manufactured by HEW.ETT- PACKARD COVPANY t hr ough 85046A S-paraneter
test set manufactured by HEW.ETT- PACKARD COVMPANY. .The copper foil-peeling
10 strengt h, bRompamrpbvinerExdnpietd on and sol deri ng heat resistance of
the |l am.nate were neasured according to JIS C6481. The measurenent results
are shown in Table 4. The fAahromipatednepox¥sresin (Swni-Jepere ESBrfed,

out based on the UL94 standard and ' Burn" means 15 that . the sanples were
bur ned. - 49 _ajppade_na@g)qﬁ Sumitomo Chemical Co., Ltd., epoxy equiv-

alent: 472 g/eq) and cresol novolak type epoxy resin
5 (Sumi-®epoxy ESCN-200, a trade name of Sumitomo Chemical

Co., Ltd., epoxy equivalent: 215 g/eq) were used as the
epoxy resins and blended with dicyandiamide and 2-ethyl-
4-methylimidazole in the amounts shown in Table 6, and
the resulting mixture was dissolved in a mixed solvent of

10 methyl ethyl ketone and ethylene glycol monomethyl ether
to prepare a uniform resin varnish. Using this resin
varnish, a copper-clad laminate was prepared in the same
manner as in Examples 23 to 35, and the physical proper-
ties of the laminate were measured in the same manner as

15 in the Examples. The measurement results are showh.in

Table 6.



- 51 - Exanples 32 to 35 The epoxy resin obtained in Synthesis Exanple 2
and di gl ycidyl ether of tetrabronobi sphenol A (Sum -[err]epoxy ESB-400T, a
trade nane of Sumitono Chemical 5 Co., Ltd., epoxy equivalent: 398 g/eq)
(as required for adjusting the brom ne content) were used as the epoxy
resins,” and bl ended with the conpounds obtaimrgd_in Syn- thesis Exanples 9,
10, 11*and 12 and 2-ethyl-4- nethylim dazole (cure accelerator) in'the
anounts shown 10 in Table 5, and the resuldigflengXxture was dissolved in a
solvent to prepare a uniformresin varnish. Using the resin varnish

obt ai ned, there Jas obrtalned a COpper-crad ramnate naving a tnt crRNess. of
mmin the sane ngnner as in Exanples 23 to 31. 15 Comparative
copper-foil peelilng strength, soldering heat resistance, poiling water
absorption, glasd transi- tion tenperature (Tg), dielectr|c cBXSPRAE &t 1
Gz and dielectri ' |
the sane manner qssumi BEpPresesR-s0031. 20 The measurenmept resuldg are
shown in Table 5.

Sumi-®Pepoxy ESCN-220 10

Dicyandiamide 2.49

Curesol 2E4MZ 0.1

Glass transition temp. °C 135

Copper foil—peeling strength kg/cm 2.01

Boiling water absorption 2

l.2

(48 hrs)

Soldering heat resistance (normal 10 min or more

state)

Soldering heat resistance (after 10 min or more

boiling)

Dielectric constant (at 1 GHz) 4.55

Dielectric loss tangent (at 1 GHz) 0.0205

The novel aryl ester compound of this inven-
tion can give, when used as a curing agent, a cured
product having a lower dielectric constant and a lower
dielectric loss tangent than conventional ones. An epoxy

5 resin composition comprisiﬁg the novel éryl ester com-

pound and a copper-clad laminate obtained from the epoxy



- 53 - Conparative Exanple 5 A brom nated epoxy resin (Sum -[err]epoxy
ESB- 500, a trade name of Sunitonp Chenical Co., Ltd., epoxy equiv- alent:
472 g/ eq) and cresol novol ak type epoxy resin 5 (Sum -[err]epoxy ESCN 200,
a trade nanme of Sumitono Chemical Co., Ltd., epoxy equivalent: 215 g/eq)
were used as the epoxy resins and bl ended w & di cyandi am'de and 2-ethyl -
4-met hyl i m dazole in the anbunts shown in Table 6, and the resulting

m xture was dissolved in a nmixed solvent of 10 nethyl ethyl ketone and

et hyl ene gl ycol nmemniretdoypesieion cape ehow eim dielestrie stonstamt séind Usi ng
this resin varnish, a copper-clad | am nate was prepared in the same nmanner
as in Exanpl es 23ielaStrimdlose pngentl apropepared esith convenbiorak were
measured in the sane manner as 15 in the Exanples. The neasurenent results

are shown in Tablenes and are also excellent in adhesiveness. Therefore,
the copper-clad laminate is suitable for mulfilayer

5 printed wiring board for high speed operation, especially

at high-frequency region.



- 54 - Table 6 Conparative Exanple 5 Sum -[err]epoxy ESB-500

90 Sum -[err]epoxy ESCN 220 _ 10 Di cyandi am de
2.49 Curesol 2E4AMZ : 0.1 dass transition

t enp. [err]C 135 Copper foil-peeling strength

kg/cm - 2.01 Boiling water absorptiongg . % 1.2 (48 hrs)

Sol dertng heat resistance (normal 10 mn or nore state) Soldering
heat resistance (after 10 mi'n or nore boiling) Dielectric constant
(at 1 GHz) - WHAT IS CLAMIMED Diszl ectric |l oss tangent (at 1 GHz)

0. 0205 The novel aryl ester conpound of this inven- tion can give, when
used as a curinglagent, a cAneairypk cBler eonpeund |eoymposkd|@ttai c const ant
and a lower dielectric |oss tangent than conventional ones. An epoxy 5

resin conpositi oPdahdrsicn phaneindvewhich ads d@astomne Mih@rawp fids been

copper-clad | am nate obt.ained fromthe epoxy . ) . ) )
esterified with an organic ‘acid or its derivatives having
1 to 20 carbon atoms, said polyhydric phenol being the
condensation product of a substituted or unsubstituted

resorcinol represented by the general formula (1):

OH
(1)
(P),

OH

wherein each P represents independently a hydrogen atom,
a halogen atom, an alkyl group ha#ing 1 to 10 carbon
atoms, a cycloalkyl group having 5 to 10 carbon atoms, an
aryl group having 6 to 20 carbon atoms or an aralkyl
group having 7 to 20 carbon atoms and i represents an
integer of 0 to 2, with a carbonyl compound represented

by the general formula (2):

X-C-X' (2)

wherein each of X and X' represents independently a hy-
drogen atom, an alkyl group haVing 1 to 10 carbon atoms,
a cycloalkyl group having 5 to 10 carbon atoms, an aryl

group having 6 to 20 carbon atoms or an aralkyl group

A




- 55 - resin conposition are lowin dielectric constant and dielectric |oss
tangent as conpared with conventional ones and are also excellent in
adhesi veness. Therefore, the copper-clad lamnate is suitable for _
mul tilayer 5 printed wiring board for high speed operation, especially at
hi gh-f requency regi on. - 56 - WHAT | S CLAIMD | S 1. An aryl
ester cpnpound conposed of a pol yhydric phenol in which at |east one OH
group has been esterified with an organic acid or its derivatives having 1
to 20 carbon at onmkavdaigd 7p aloy 29d carbpne atomse | parovidedontiats & iamid X0 chagt
of a substituted or unsubstituted resorcinol represented by the general
formula (1): OH ( fproHawmrding rvrogether Meﬂhe§@#t§arh@®pe¢@mn¢byW@lw@dﬂbgaﬂ
ato

m X' are attached.

2. The aryl ester compound according to Claim 1,

which is a compound represented by the general formula

(3):

(3)

H (P); R, R,

wherein n represents the average humber of the repeated
units and is a value of 1 to 20; each P represents inde-
pendently a hydrogen atom, a halogen atom, an aikyl group
having 1 to 10 carbon atoms, a cycloalkyl group having 5
to 10 carbon atoms, an aryl group having 6 to 20 carbon
atoms or an aralkyl group having 7 to 20 carbon atoms; i
represents an integer of 0 to 2; each of R;,, R;, R;, R,
and R, represents independently a hydrogen atom, an alkyl
group having 1 to 10 carbon atoms, a cycloalkyl group
having 5 to 10 carbon atoms, an aryl gfoup having 6 to 20
carbon atoms or an aralkyl group having 7 to 20 carbon
atoms, provided that R, and R, maﬁ form a ring together
with the carbon atom to which R, and R, are attached or R,

and R; may form a ring together with the carbon atoms to

N



a hal ogen atom an al kyl group having 1 to 10 carbon atons, a cycl oal kyl
group having 5 to 10 carbon atonms, an aryl group having 6 to 20 carbon
atoms or an aral kyl group having 7 to 20 carbon atons and i represents an
integer of 0 to 2, with a carbonyl conpound represented by the general
formula (2): [err] (2) wherggr-each of X and X
represents independently a hy- drogen atom an al kyl group having 1 to 10
carbon atons, a cycloal kyl group having 5 to 10 carbon atons, an aryl group.
having 6 to 20 carwbkcht®menst Rynageapkfpchedepeach. Zsyepragents indepeo-
carbon atons, provided that X and X may forma ring together with the -
carbon atomto whideP¥¥Eng hydrpgent akeRedr 30 acyl graye hayingsiero 20
conmpound according to Claim1l, which, [s_a conmpound represented, by the
ool formi a (AtheR em, PHOTLISH USRI N (RASE OFBgEe rekboF SrovRs
repeated units and_] ue of 0 %0' represents inde- pendently
a hydrogen atom aaﬂéll(%%%’%?%n? t%“rtlé a:f' y?nglg&u%g
3. A process for producing the aryl ester com-
pound according to Claim 1 or 2, which comprises condens-
ing the polyhydric phenol of the general formula (1) with
the carbonyl compound of the general formula (2) in the
presence of an acid catalyst, and then esterifying the
condensation product obtained with an organic acid or its
derivatives having 1 to 20 carbon atoms in the presence
of a basic compound.
4. An epoxy resin composition comprising as the
essential components: '
(A) - an epoxy resin,
(B) an aryl ester compound composed of a polyhydric
phenol in which at least one OH group has been esterified
with an organic acid or its derivatives having 1 to 20
carbon atoms, said polyhydric phenol being a condensation -
product of a phenolic compound represented by the general

formula (4):

OH
(4)

(P);

wherein P and i are as defined in Claim 1 and Q Yrepre-

sents a hydrogen atom or a hydroxyl group, with a carbo-
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having 1 to 10 carbon atonms, a cycloal kyl group having 5 to 10 carbon
atons, an aryl group having 6 to 20 carbon atoms or an aral kyl group having

7 to 20 carbon atons; i represents an integer of 0 to 2; each of [err] and
R5 represents independently a hydrogen atom an al kyl group having 1 to 10
carbon atons, a cycloal kyl group having 5 to carbon atons, an aryl group

having *6 to 20 carbon atons or an aral kyl group having 7 to 20 carbon
atoms, provided that [err] and [err] may forma ring together with the
carbon atomto whngh Eemppunddreprekentedabyathedgeneralr Foamilds (29y f orm
aring together with the carbon atons to 58- which [err] and [err] are
attached; each Z represents indepen- dently a hydrogen atom or an acyl
group having 1 to 20 carbon atons, provided that the case where all Z
groups are hydrogen atons is exclQded. 3. A process for producing
the aryl ester com pound accordilhg to daim1 or 2, which conprises
condens- ing the pol yhydric phé&td- f the gener al f or mfl% (1) with the
carbonyl conmpound of the general fornmula (2) in the presence of an acid
catal yst, and then esterifying the condensati on product obtained with an

organi c acid or i%ﬁerein X and i' are as defined in Claim 1, and
(C) a cure accelerator. | |
5. The epoxy resin composition according to Claim-
4, wherein the aryl ester compound (B) is the aryl ester
compound according to Claim 1.
6. The epoxy resin composition according to Claim
4, wherein the aryl ester compound (B) is the aryl ester
compound according to Claim 2.
7. The epoxy resin composition according to Claim
4, wherein the aryl ester compound (B) is a compound

represented by the general formula (5):

T,0 T,0
T3
i
CH H (5)

(T2)n (T2

wherein m represents the average number of the ;epeated
units and is a value of 1 to 10; each T, represents inde-
pendently a hydrogen atom or an aromatic ring-free acyl
group having 1 to 20 carbon atoms, provided that the case
where all T, grouﬁs are hydrogen étoms is excluded; each

T, represents independently a hydrogen atom, an alkyl

| A



derivatives having -1 to 20 carbon atons in the presence of a basic
conpound. 4. An epoxy resin conposition conprising as the essenti al
conponents: (A) an epoxy resin, (B) an aryl ester conpound conposed of a
pol yhydric phenol in which at |east one OH group has been esterified with
an organic acid or its derivatives having 1 tgy20 carbon atons, said

pol yhydri ¢ phenol being a condensation product of a phenolic conpound
represented by the general fornmula (4): (4) [err] wherein P and i are as
defined in dai m grenpg Ravépgel senlld eakponogtomst om ar cgchpdily}l gyoapp,

wi th a carbo- -59- nyl compound represented by the general forrmula (2):
[err] wherein X ahdvikngabetas7debrhod ato@sai m repzedents an dénteger of 1
accel erator. 5. The epoxy resin conposition according to Claim4,

wherein the aryl &9t@&r PsAYdEnd tBpti yheRehai§| 2¢9Fed, T.'s may be the

same as or different from one another in one and the same
ring; each T, represents independently a hydrogen atom,
an alkyl group having 1 to 10 carbon atoms, an aryl group
having 6 to 20 carbon atoms or an.aralkyl group having 7
to 20 carbon atoms.

8. The epoxy resin composition according to any
one of Claims 4 to 7, wherein the epoxy resin (A) is a

compound represented by the general formula (6):

0
CH,CHCH,0 CH,CHCH,0
o
1 X \
CH _ H (6)
/
g

(Ts), (T5)y

wherein g represents the average number of the repeated
units and is a value of 1 to 10; each T, represents inde-
pendently a hydrogen atom or an alkyl group having 1 to
10 carbon atoms} each T, represents independently an
alkyl group having 1 to 10 carbon atoms.or a cycloalkyl
group having 5 to 10 carbon atoms, provided that at least
one T; group is an alkyl group having 4 to 10 carbon
atoms or a cycloalkyl group having 5 to 7 carbon atoms in

one and the same ring; and j represents an integer of 1
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compound according to Claim1l. 6. . The epoxy resin conposition
according to Claim4, wherein the aryl ester conpound (B) is the aryl ester
conpound according to Claim2. 7. The epoxy resin comnposition
according to Caim4, wherein the aryl ester conpound (B) is a conpound
represented by the general formula (5): [egrklwherein m represents the
average nunber of the repeated units and is a“value of 1 to 10; each [err]
represénts inde- pendently a hydrogen atomor an aromatic ring-free acyl
group having 1 toc@ CapheidddMhaPrehenlejl idia2 dies card swmaye bal [thieerr ]
groups are hydrogen atons is excluded; each T2 represents independently a
hydrogen atom arsanékyds or -dlffegrent fixw mopd anotlersimoneitamt the gsame
cycl oal kyl group having 5 to 7 carbon atons; h represents an integer of 1
to 3, provided thatngwhen h is 2 or 3, [err] may be the sane as or different
fromone another in one and the sanme ring, each T3 re resentg,inde endent |y
a hydrogen atom %n al kyl ¢FBepeRasyngesinp copresibian sR6HRTIARIaFY| 28¥ oup

having 6 to 20 carbon atons, or ' ' . .
g one of Claims 2 ntg r,;\’l kvyllxeagerlexj ptl't]é’:1 Ve';pgx}; resin (A) is an
epoxy resin obtained by reacting an epoxy resin with a
halogen-containing bisphenol compound represented by the

general formula (7):

HO C OH (7)
(Y), (Y'),

wherein each T, represents a hydrogen atom or a methyl
group and two T, groups may be the same as or different
from each other; Y and Y', which may be the same as or
different from each other, represent halogen atoms; and
each of k and 1 represents independently an integer of 1
to 4.

10. The epoxy resin composition according to any
one of Claims 4 to 7, wherein the epoxy resin (A) is an
epoxy resin obtained by reacting an epoxy resin répre-

sented by the general formula (6):

A



to 20 carbon atons. 8. The epoxy resin conposition according to any
one of Clains 4 to 7, wherein the epoxy resin (A is a conpound represented
by the general fornula (6): [err] wherein g represents the average nunber
of the repeated units and is a value of 1 to 10; each T4 represents inde-
pendentty a hydrogen atomor an alkyl group Bgving 1 to 10 carbon atons;
each T5 represents independently an al kyl group having 1 to 10 carbon atons
or a cyel oal kyl group having 5 to 10 ‘carbon atons, provided that at |east
one T5 group is an al kyl grogp having 4 tgo 10 carbon atons or a cycl oal kyl
group having 5 to 7 carbon thns I n one aﬁq the sane ring; and | represents
an integer of 1. -61- to GH,gHGHLOded tCHYCHE®O | is 2 or 3, [err] may be
the sane as or different fromone &nother in on and§;he same ring. 9.

The epoxy resin conposition accorgh oTany o of ains 4 to 7, wherein
the epoxy resin (A is an epoxy obt ai neqf by ¥edctjng an epoxy(g§sin
wi th a hal ogen-cont ai ni ng bi sphe ( na fle Lg e7te by the

g

(Ts), ()]

wherein g, T,, Ts and j are as defined in Claim 8, with a
halogen-containing bisphenol compound represented by-the

general formula (7):

HO C OH (7)

(Y) (Y'),

wherein T,, ¥, Y', k and 1 are as defined in Claim 9.

11. A copper-clad laminate obtained by thermoform-
ing a copper foil and a prepreg obtained by impregnating
a substrate with an epoxy resin composition according to
any one of Claims 4 to 10.

12. A copper-clad laminate obtained by thermoform-
ing'a copper foil and a prepreg obtained by impregnating
a substrate with a solution of the epoxy resin coﬁpdsi-
tion according to any one of Claims 4 to 10 in an organic

solvent.
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general fornmula (7): [err] \/\herel n each T6 represents a hydrogen atomor a
met hyl group and two T6 groups may be the sanme as or different from each
other;-¥Y and Y', which may be the same as or different fromeach ot her,
repr ésent hal og'e_n atons; and each of k and 1 represents independently an

i nteger of"1 to 4. 1(ABSTRACT Pe THEORISAI@SUREC ONPOSi ti on according to any
one of Clains 4 to 7, wherein the epoxy resin (A) 'is an epoxy resin

obt ai ned by reacting BOVEPMRYD ESTER €OMBUNE 108 %ﬂd&r@ﬁnﬁﬁétzéﬁr%&y

(6): -62- [err] wherein g, [err] and | aré as defined in daim8, wth a
hal ogen- cont ai ni ng bi smlcwﬁﬁdﬂmwrmmmsmedcdnypam,ganmaopfmmﬂ.m
(7): [err] wherein [err], Y, Y and 1 are as defined in aim?9. 11.

A copper-clad | aninate obt altrPéHWEt HeENRD (THEMEPPRY RESTIBh SOMPPSITIONd a
prepreg obtained by inpregnating a substrate with an epoxy resin

conposi tion according to An aryl ester compound composed of a
polyhydric phenol in which at least one OH group has been
esterified with an organic acid or its derivatives having
1 to 20 carbon atoms,.said polyhydric phenol being the

condensation product of a phenolic compound represented

by the general formula:

OH

(P),

with a carbonyl compound represented by the general for-

mula:

which aryl ester compound can give, when uséd as a curing
agent for an epoxy resin, a cured product having a low
dielectric constant and a low dielectric loss tangent; an
epoxy resin composition comprising as the essential com-
ponents an epoxXy resin, said aryl ester compound and a
cure accelerator; and a copper-clad laminate using the
epoxy resin composition. The copper-clad laminate has a
low dielectric constant and a low dielectric loss tangent

and is excellent in adhesiveness as compared with

-



any one of Clains 4 to 10. 12. A copper-clad 1 am nate obtai ned by

thernmoform ing a copper foil and a prepreg obtained by inpregnating a

substrate with a solution of the epoxy resin conposi- tion according to any
one of Clainms 4 to 10 in an organic solvent.

-2 -

convention%i ones, and hence, is suitable for multilayer

printed wiring board for high speed operation, especially

at high-frequency region.



