EPOXY RESI N AND .PROCESS FOR PRODUCI NG THE SAME ~ Field of the Invention
The present invention relates to an epoxy resin, which is useful for
~adhesi ves, paints, electric and electronic nmaterials such as insulation
materials and | am nated plates, particuy.arly useful to encapsul ate the
el ectronic devices, and a process for producing the sane. Background of

‘the Invention EPOXYNRESTN/ANDPROCESSEROR "PRODUCING ITHED SAME! €si'ns havi ng
a stilbene skeleton. For exanple, ACS synposium series 114, chapl 7,

pp259-262(176th nmeeting of the American Chemi cal Society(1978))  discl oses
t he epoxy resins having an wunsubstituted stil bene skeleton. And gl ycidyl

et her deri vatiVv 0 I SP: | __conpounds having a stil bene skel eton,
unsubstitut&gﬁgr ?&b%PPt%?g %?%ﬂ kyl group(s), and preferably

tricall bstjtuted by nethyl di scl osed (US, No.
4762501, Gor ran paltbh PREseRscrRps 1930 SRR aeEh 5 TSV, BRATS BEET) Mo

63-23931) The epoxy resins having a stil bene skel eton di scl osed
is useful for adhesives, paints, electric and electronic

materials such as insulation materials and laminated plates,
p;rticularly useful to encapsulate the electronic devices, and
; process fof producing'thé same.
Background of the Invention

There are many research papers on epoxy resins having a
stilbene skeleton. For examplg, ACS symposium series 114,
chapl7, pp259-262(176th meeting of the American Chemicai
Society(1978)) discloses the epoxy resins having an
unsubstituted stilbene skeleton. And glycidyl ether
derivatives of bisphenol compounds having a stilbene skele?on,
upsdbstitﬁted or substituted by alkyl group(s)., ané preferably
symmetrically substituted by methyl groups, are disclosed (US
patent No. 4762901, German patent No. 36226i3, Japanese
Patent,Kokai(Laid opén) ﬁo. 63-23931)

The epoxy_résins having a stilbene skeleton disclosed
hitherto have no distinction between the trans-isomer and the
cis-isomer, buﬁ.the stilbene skeleton”ébtained by the ordinary

process has 100% of trans-configuration.



hitherto have no distinction between the trans-isoner and the cis-isoner,
but the 5tilbene skeleton obtained by the ordinary process has 100% of
trans-configuration. . These trans-stil bene type epoxy resins
have problens that the mays of using are limted because of the | ow
operation efficiency in processing them For exanpl-e, because of the high
mel ti ng points -of sﬁréﬁén%'tﬂﬁg?ﬂ?et Fyeer eRPRY r?#‘tﬁaﬂ@"ﬁ ProRdems ki ng
process |ike kneading etc. becones very difficult. Concretely, since the
gl yci dyl derghestt ithesways df dsinh lamr AQipdtetbbeecause af-thehﬂ@woxy-B,

3' -di nethyl stil bene, and 4, 4'-dihydroxy-3, 3', 5, -di net hyl sti | bene
have hi gh neldd & ieal n&@f@h&@@y 21:5[;&&:&]e§sm§5%@mr]ﬁzarai:aixéiberbkeause

respectively,” there are problens with the conpounds that it is difficult

to mx hom%ef‘ec%éslhx 3@1@9@% ego:ﬁﬂ-.rthe g géaaggséﬂm%yge@ese gusly

with the other conp ene type epoxy-fresins ave
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very difficult. Concretely, since the glycidyl defivativeS'qf
4, Q'-dihydroxystilbene, 4, 4'-~dihydroxy-3,

. 3'-dimethylstilbene, and 4, 4'-dihydroxy-3, 3', 5,
S'-—dimethylstihlbene have high melting points of 208-215TC,
150T3,and 151C respectivel&, there are p;oblems with the
éompéunds that it is difficult to mi# homogeneously with epoxy
curing agents and to knead homogeneously with the other
componenés. Whereas the stilbene type epoxy resins have
compafatively low viscosity under molten condition, and it is
easy to knead with other components due to this p;operty of
low viscosity. Therefore, further lower;ng of the viscosiﬁy
means further improvement of the efficiency of the kneading |

~ process. |
Summary of.the;Invention

The object of the present invention is the improvement
of the high melting point of the stilbene tyﬁe epoxy resin to
ldwer, and the achievement of the lower viscositj than that of

the trans-isomer.



| ow viscosity. Therefore, further lowering of the viscosity nmeans further

i nprovenent of the efficiency of the kneading process. Summary of the

| nventi on The object of the present invention is the inprovenent

of the high nelting point of the stilbeng type epoxy resin to |ower, and

t he achi evenent- of the | ower viscosity than that of the trans-isoner.

3 I n view ofIn viewbofethetabkovesitagipnesthe pressntodavensdrst udi ed

on the nmeans to control the properties of the stilbene type epoxy resins,
for exanpl e, ha®@ |smdiddhennehéi figandadiicomaoli shespioperisies ofstthe, t he
present inventors found .out that the stil bene type epoxy resin containing

nore than aseﬁg@,w UEonT{; ﬁ@;rﬂ?g “foi0 Elamp 1B, CHo WBswd &1l h&&uhﬁomer

of the trans-1soner |ned met the object and acconplis

LSt T e O
|nvent|0n Isfgﬁhg(gét that the stilbene type epoxy resin contalnlng more
-than a certain amount of the cis-isomer, which was the other
isomer of the trans-isomer obtaiped hitherto, met the object,
. and accomplished the présent invention.
The presént ihvention provides a epoxy reéin and a
process fo; producing it as described below.
The present invention is as follows:
[1] A epoxy resin represented by the general formula

(1) consisting of 100 mol$ of the cis-isomer, or 10 mol% or

more of the cis-isomer and the rest of the trans-isomer:

o,

Re R+ Re Rg (1)
C=C :

3 H/ \H 7

wherein R; to R's' are independently an acyclic or cyclic alkyl

o, b R Rs o Ny

group having 1 to 6 carbon atoms,hydrogen atom or a halogen
atom.
{2] A process for producing a epoxy resin described

above [1]), characterized by the irradiation of a



[1] A epoxy resin represented by the general formula (1) consisting of 100
‘nol % of ‘the cis-inmomer, or 10 mol % or nore of the cis-isonmer and the rest
of the trans-isoner [err] wherein R err] to Rlerr] are
.independently an acyclic or cyclic alkylg group having 1 to 6 carbon

at ons, hydrogen atom or a hal ogen atom [2] A process for

produci ng a tefamsy-stddbendetype bambxyalresdn| tepresented &y e ggnepal
irradiation of a trans-stil bene type epoxy resin represented by
the general sdramilal §202wivht d1tedviolied @lightght [err] . -

(o) Ri1

R2
)

MR
——3 Rs (2
c==cC
' H R7
0 (o) :
(VAN -

wherein R1~t; Re are independenﬁly an acyclic or cyclic alkyl
group having 1 to 6 carbon atoms, hydrogen atom or a halogen
atom.

[3] A process for producing an epoxy resin described
above [1], chargcterized by the irradiation of a.

trans-stilbene type phenol represented by the general formula

(3)

- H Ri1
R2 -Re " H
C=C/ Rs (3)
o .
6 OH
wherein R1 to Rs are independently an acyclic or cyclic alkyl
group having 1 to 6 carbon atoms, hydrogen atom or a halogen
‘atom, with ultra-violet light to obtain a stilbene type phenol

represented by the general formula (4) consisting of 100 mol$

of the cis-isomer, or 10 mol% or more of the cis-isomer and



wherein Rlerr] to Rerr] are independently an acyclic or cyeclic alkyl
group hdving.,1 to 6 carbon atons, hydrogen atomor a hal ogen atom

[3] * A process for producing an epoxy resin described above [1],
characterized by the irradiation of a. grans-stilbene type phenol
represented by the general formula (3) [err] . wherein Rerr] to
Rl err] are itnepcestcrdf yhenteags+igomer cyclic alkyl group having 1 to 6
carbon atons, hydrogen atomor a halogen atom wth ultra-violet light to
obtain a stil bene type phenol represented by the general formula (4)

consi sting of 100 no oty the ci Rsi somer, or 10 nol % or nore of the

ci s-i soner and e rest e trans-i soner
‘ R2 Rs Rg Rg (4)
C==C

3 H/ \H 7
wherein R, to Rs are as defined in the generaJ. formula (3); and
by the reaction of the phenol of the general formula (4) with
epihalohydrin in the presence of basic substance.
grief Deséription of the Figures
| Fig 1 shows 'H-NMR spectrum indicating the reaction
ratio, before and after irradiaéion in the ﬁhoto isomerization
reaction in Example 1.
Detai;ed Description of the Invention
The substituents, Ri-Rs of the stilbene type epox_y~resin-
represented by the general formula (1) or (2), in the ‘present
invention, are exemplified concretely by hydrogen atom, a
methyl group, an ethyl group, a propyl group, a butyl group,
an amyl group, g hexyl group, a cyclohexyl group (;ncluding
. each isomer),.a.chlorine atom and a bromine atom, etc.
fréferably thé substituents are hydrogen; a methyl group, an
ethyl group, a propyl group and é butyl group because of the
low melt viscosity of-the products and_the availability of law

materials.



[err] wherein Rerr] to Rlerr] are as defined in the genera
formula’(3), and by the reaction of the phenol of the general formula (4)
wi th epihalohydrin in the presence of basic substance. Brief Description
of the Figures - Fig 1 shows 1H NVMRgspectrumindicating the reaction
ratio, before and after irradiation in the photo isonerization reaction in
Exanpl e 1. 7het subsdibaents pf wheobtilbbeheveype phenol repieeestedtby uents,
Rlerr]-Rlerr] of the.stilbene type epoxy resin represented.by the general

formul a (1) e Géherhl F&SAMINELYT) orl (¥ FNaTOthetIfanRX @D thbs@ddeseriked| y
by hydrogen atom a nethyl group, an ethyl group, a propyl group, a butyl
group, an %ﬁ¥J‘group, a hexyl group, a cycl ohexyl -group (including each
i somer), a SFi'ne atom and a brom ne atom etc. Preferably the '

anda butyl oroup BeeageEiRAnd YD SHORE Feia RRRSP YRR LGt s and
the availability of law materials.
general formula (1), consisting of 100 mol% of the cis-isomer,
or 10 mol% or more of the cis-isomer and the rest of the
trans-isomer, éan be produced by the irradiation with
. ultra-violet light and the resulting photo isomerization
reaction of the trans-stilbene type epoxy resin represented by
the'jeneral formula (2). The trans-stilbene type epoxy resin.
represented by the general formula (2), is obtained by the
wéll—known pro;ess of the glycidyl etherification of a phenol
derivative. 1In other words, the epoxy re;in_is obtained by
‘the reaction of the £rans-sti1bene type phenol with
epihalohfdrin in the presence of an alkali such as sodium
hydroxide etc. Particularly, in order to obtain the highly
pure product, the reaction is preferably conducted in an
aprotic solvgnt or a solvent like dioxane etc. as.disciosed in
Japanese patent kokai(laid 6pen) No.60-31517 .
The stilbeﬁe type phenol represented by the general
formula (5) in. the present invention, can be produced by the

rearrangement reaction of a chloro derivative prepared by the

reaction of monochloroacetaldehyde and phenol (Liebigs Ann.



The substituents of the stil bene type phenol represented by the general
formula (3) or (4) are the sane as those described above. The
stilbene type epoxy resin represented by the general forrmula (1),

consi sting of 100 nol % of the cis-isonmery or 10 nol % or nore of the
cis-isonmer and the rest of the trans-isoner, can be produced by the

irradi ati on @hekn. 1W3Qs 3119680 )i fhe rearxangemeny reagtpantefiahlarLati on
reaction of the trans-stil bene type epoxy resin represented by the general
fornul a (2).débevative mtdgdredebyythe epeactiamsiof chipralecandd gherndle
general fornula (2), is obtained by the well-known process of the glycidyl

etherificati gpaph. 2 $eN%6(1900) Yot LNE - réductii o#0aIStil BénépOoneeian i S

obtained by ‘the reaction of the frans-stil bene type phenol wth

Par 1 cul ar | yorbh A £ Qi eat L ERAT Gl BiheRs " RRLHE SR,

r ef er abl conducted in an aprotic solvent or a_solvent_ljKe djoxane_ etc.
23 disclogedaﬁna starting material(J. Org. Chem., 34(1l1l), 3465(19&9)), the

;de-methylatign of dimethoxystilbene (Recl. Trav. Chim.
Pays-Bas., 80, 775(1961)), or the'condensation reaction of a
" penzaldehyde derivative-(5ynthesis, 1989, 883 etc.) etc.

The trans-stilbene type phenol is represented by the
general formnlé(3). Examples thereof include the trans-isomers
of 4, 4'-dihydrox§stilbene, 4, 4'-dihydroxy-3,3'-dimethylstilb
ene, 3, 3'-diethyl-4, 4'-~dihydroxystilbene, 4,
4'-Aihydroxy-3,3'-dipropylstilbene, 3, 3d'~diamyl-4,
4'-dihydroxystilbene, 3,3'-dihexyl-4, 4'-dihydroxystilbene,a3,-
3'-dicyclohex}l-4;§'-dihydroxystilbene, 2, 2'-dihydroxy-3, 5',
5, 5'-tetramethylstilbene, 4, 4'-dihydro:.:y-3., 3', s,
5'~tetramethylstilbene, 4,4'-dihydroxy-3,3'-di-t-butylstilbene
, 4, 4'-dihydroxy-3,3'~di-t-butyl-5, 5°'-dimethylstilbene, 4,
4'-dihydroxy-3(3'-di-;-butyl-G, 6'-dimethylstilbene, 2,
2'-dihydroxy-3, 3'-di-t-butyl-6, 6'-dimethylstilbene,.2,
4'-dihydroxy-3, 3'-di-t-butyl-6,6'-dimethylstilbene, and 4,
4'~dihydroxy-3, 3', 5,5'-tetra-t-butylstilbene with these

trans-isomer (including the isomers of the substituted



Japanese patént kokai (| ai d open) No.60-31517 The stil bene type
_phenol represented by the general fornula (3) in the present invention,
can be produced by the -rearrangenent reaction of a chloro derivative
prepared by the reaction of nonochl oroagetal dehyde arnd phenol (Liebigs
Ann. _ ) 7 Chem 730, 31(1969)), the

r ear r angenenposteidnsyn ®arzichrarby fhevowrsd areptbpatrandyisdmenscady,i dn of
chl oral and phenol -((Ann., 325, 26(1902)), the reduction of a

stil.benequi ngneq{nydrddystithbene, 19,2 2odihkrdiky~3t,hs progess using
-qui nonenet hi de algya sty?rti ng m!:tteri al (J. Org. Chem, 34(11), 3404(1969)),

thé de-nethylatj Mye]8 ti}bepe {; L qV. qChi Pays-Bas., 80,
775(1961)), %rg%#é?%ﬁﬁ%ﬁ?ﬁ%%éﬁgﬁxééaifi%h1é%ﬂ2§rog§n§élaeh;%% der?vative

(Synthesis, 1989, 883 etg.) .efc. , Jdhe trans-sti|bene type .phenol is
represented By-$¢&F ﬁé&ligFﬁﬁrafB)4 Q¥¥rier LTS%TEJQ9%¥¥: &
trans-isoners of 4, 4'-dihydroxystilbene, 4, . '

4' - di hydr oxy5 3-3imefihndshillbenel 4ent! -ihyziroxyesny B #di-t-butyl-6,

4' -di hydroxystil bene, 4, 4'-dihydroxy-3,3'-dipropylstilbene, 3,

3d' - di anyl - 46 ' -dimetiipldrtiipenel, b2 pez S-dBihydidoxyy3, 43 ' 4didtthukrydabst i | bene,

3,
6'-dimethylstilbene, and 2, 4°‘'-dihydroxy-3, 3'-di-t-butyl-6,
6'-dimeth§lstilbene etc., from the viewpoints of the easiness
]bf_the synthesis, properties, and the cost of starting
materials.

The photoisomerization reactian of the trans-stilbene
type epoxy resin proceeds by the irradiation of ultra-violet
light with a Uﬁ emission.equipﬁent-unéer solution, melt or
solid condition. o

Examples of the solvent for the photoisomerization

_ inciude hydrocarbons such as toluene and xylene etc.,
halogenated hydrocarbons such as chlorobenzene etc., ethers
such as dioxaﬁe, tetrahydrofuran etc., alcohols such as |
methanol, ethanol, prOpanolletc., ketoneé such as methyl
isobutyl ketone, methyl ethyl ketone etc., aprotic polar
solvents-such as dimethylsulfoxide, dimefhyacetamide,

dimethyformamide etc., glycols such as ethylene glycol,

propylene glycol etc., acidic solvents such as acetic acid



3' -di cycl ohexyl - 4, 4'

-di hydroxystil bene, 2, 2'-dihydroxy-3, 3", 5/

5 -tetranet hyl stil bene, 4, 4'-dihydroxy-3, 3', 5, 5'-tetranethylstilbene,

4, 4'-di hydr oxy-3, 3'

-di -t-butyl stil bene 4, 4

-di hydroxy-3,3" -di-t-butyl-5, 5 -dinmethygstil bene, 4, 4
-di hydroxy-3,3"'-di-t-butyl -6, 6'-dinmethylstilbene, 2, 2'-dihydroxy-3,
3' di -t-butyted, ,dnd Guumuhxbst i therebovk solvetitsydanxlye Jusei -adione lowt jh- 6

dlnethylstllbene

and -4, -di hydroxy-3, 3', 5,5 -tetra-t- butylstllbene

mnth t hese é)ﬁ? (|nclud|ng the isomers of the substituted
articurar

posi tions).
4'-dihydroxystllbe
4' - di hydr oxy- 3 3",
3" -di-t-butyl-5,

6 -di met hyl sph@b@momepzzuenhyaﬁwy@% inpluge gvyP

6' -di net hyl stil bene,
6' - di met hyl slaipgene

'y favoured are the trans-isoners of, 4,

%amzrﬂ@%? PS5 basion, Doy B QT oL bene, 4

-di methyl stil bene, 4, 4'-dih dronggsuég éﬁf@h butyI 6,

and 2, 4'-dihydroxy-3, 3'-di-t-butyl-
te'tgh-,prlessnre rmenci:tampdianm af xgneneh%!nme@yi tde t he

synthesis, properties, and the cost of starting materials.
- " lasers such as excimer laser. As the efficiency of the

isomerization reaction is influenced by the absorbance of the

. absorption band of the compound and the wave length of

emission lines of the light source, it is preferable to select

the light source by matching to the wavelength range of the

absorptioﬁ band in ultra-violet and visible regioné of the

‘trans-isomer. Concretely the region of the wavelength of the

emission lines to be utilized is 250 to 400nm.

The stilbene type epoxy resin consisting of 10 mol% or

more of

the cis-~-isomer in the present invention, can be

produced by the photoisomerization reaction resulting from the

UV light irradiation of the trans-stilbene type phenol

represented by the general formula (3) to obtain the stilbene

typé phenol consisting of 10 mol% or more of the cis-isomer

represented the formula (4), and by the reaction of this

stilbene type'phenol with epihalohydrin in the presence of

‘basic substance. The reaction can be conducted similérly as

the photoisomerization of the trans-stilbene type phenol.

: 4



The phot oi soneri zation reaction of the trans-stilbene type epoxy resin
proceeds by the irradiation of ultra-violet light with a UV enission

equi pnent under solution, nmelt or solid condition. Exanpl es of the
solvent for the photoisonerization inclygle hydrocarbons such as 'tol uene’
and xylene etc., hal ogenated hydrocarbons such as chl orobenzene etc.,
ethers such as di ;mahéhet gilyahdgyil cétherifbiicationl reacttor e the net hanol
et hanol , propanol etc., ketones such as nmethyl isobutyl ketone, nethyl

ethyl ketoneggitbendiydid phRAbEM cof®isteitis oFUAD M61¥i o iMote W chiele,
di met hyacet am de, di nethyformam de etc., glycols such as ethylene glycol,

| oL 4 . . |
propy! ene g X-]?IQ-kleQ z, 3:%&: be &Pﬁ&@%édc zah&"%ez%ag Ceb! Ehé‘%é’l]l. Jknown

etc.,and the ove solven d al one or conbi nati on
Exanpl es of the irradj ation,equi nt. for_the. photojsonerization reaction
i nclude a | oRFB?%%%ﬁdée th’&r gav 1d§§n$?"?’tﬁ’é’r&d?§s§%r*éﬁﬁg?ﬁ&?ﬂ § &b, a Xenon
| anp and the -
©  described above.

One of the most convenient methods of the

identification of the cis-stilbene type epoxy resins utilizes
. 'H=-NMR séectra. Thus, in the region of the protons attached

to an unsaturated bond on the 'H NMR spectra, both peaks
assigned to the protons attached to a C=C bond apd an-afomatic
riﬁg of the cis;isomer shift to a higher field than those §f
the trans isomer. Especially, the peaks of the cis-isomer
assigned to the proton attached to a C=C bond are ob;erved.at
phe high field region of 6.5 ppm or less, where the peaks-pf'
the trans-isomer are not obsérved. |

In the present invention, the isomerization ratio from
the trans-isomer to ﬁhe cis-isomer is defined by (The number
of mole of the cis-isomer / ( The number of mole of the. |
cis-isomer +-The number of mole of the trans isomer )) x 100.
In order to obtain the objective properties in the present
invention, the isomerization ratio is 10 mol$ or more,
preferably 20 mol% or more, and more preferably 40 mol% or

more. The isomerization ratio of 10 mol% or less is too low to



| asers such.as excinmer laser. As the efficiency of the isonerization
reaction is influenced by the absorbance of the absorption band of the
conpound and the wave length of emssion lines of the |ight source, it is
preferable to select the |ight source Ry matching to the wavel ength range
of the absorption band in ultra-violet and visible regions of the
t rans- i soner obfaimretielobjdetivegpoopelftidse duey docthenlackt of thericontent
lines to be utilized is 250 to 400nm : The stil bene type epoxy resin
‘consi sting obelPhdnds-Oisondd modbchil@s i s-isomer in the present invention,
can be produced by the photoi sonerization reaction resulting fromthe W
| i ght irradrﬁ%gﬂ ; the trans-stil bene type phenol represented.by the
general formila €§§ to obtain the stilbene. type phenol consisting of 10
mol % or nore of the cis-isoqer represented.the fornula_(4) d. by, t he
reaction of this sThH§ KA e°6hgﬁﬁlPﬁﬁﬁ?FteﬁpﬁgpaﬁyﬂrF%ei?Fﬁghg sence:
of basic substance. The reaction can be conducted simlarly as the
phot oi soner i kelpen dowewexn,r &he- preserf cdinvendionedg not restricted to
10 And the glycidyl etherification reaction of the

these examples.

Example 1

A methyl isobutyi ketone solution containing 5% of 4,
'4'-dihydroxy;3, 3*, 5, 5'-tetramethylstilbene( epoxy resin
consisting fully of trans-isomé:), which was obtained by the
ordinary method starting from 2, 6-xylenol and
chloroacetaldehyde, was irradiated with ultra-violet light by
a high-pressure mercury lamp for the_photoisomerization; After .
the isomerization, the solution was distilled under reduced
pressure to afford a yellow material. The 1H-NMR spectra of
the reactant before aﬁd after the irradiation in this
gxperimen£ wete illustrated'in Figure 1. The NMRlépectra were
_measured by Brucker AC200P.spectrometer.'From these spectra,
the appearance of the peaks at high field cﬁa:acteristic to
‘the cis-olefin but never observed before irradiation was
confirmed after the irradiation. Namely, in the 'H-NMR
spectrﬁm, the.cis-stilbene type epoxy is characterized by the

appearance of the peaks at high field of 7 ppm or less due to

This Sheet Has Been Replaced
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stil bene type phenol consisting of 10 nol % or nore of the ci s-isomer, can
be conducted according to the well known process of the gl ycidyl
etherification of the phenols as descri bed above. One of the
nost conveni ent net hods of the i denti fgxation of the cis-stil bene type’
epoxy resins utilizes [err]H NWR spectra. Thus, in the region of the
protons att achedprotomnattached Zocdnhungaturated [hﬂnq-HFNWRhQEQ@I¢a fromh
peaks assigned to the protons attached to a C=C bond and an aromatic ring
of the cis-i ¢heeingbhéity of theopeakbi thdthdagpédtram,ofthet batioaos tisomer .
Especial ly, the peaks of the cis-isomer assigned to the proton attached to

a C=C bond ang ﬁga?%é(@goﬁtto% WighsbbRbe EEHII0 ALchracBAl 96 RSP, Where

t he peaks of e trans-1somer are not observed I'n the present

i nvention, the i oner zatio ratlo f.r trans

ci s-i somer |§aﬁgiﬁheﬁ b@ai'é% i QH%F %éﬁawﬁﬁ Qﬂﬂge%ngd gnégglcfsﬁhe
nunber of nole of the ci s-isoner + The nunber of nole of the trans isoner
)) x 100.  HSoBeHerAf oA iRt Ofcthsj dEradiatian af ithe OnlpnEohreidhio

i nvention, the isonerization ratio is 10 nol % or nore, preferably 20 nol %
or nore, and tier capecsampls y the objective Muléﬂh@qumangaSO%)mf dthe of

10 nol % or less is too low to

isomelized cis-isomer was obtained. Table 1 shows the meltlng
points of these resins dbtained together with that of the
resin Before irradiation. The melting points were measured by
Yénagimotb,MP—s3 melting point measurement apparaﬁus; and the
:melting:point was determined to be the temperature at which
the sample c;mpletely melted.

[Table 1]

The relationshiplbetween the cis isomerizaiion_

ratio and the melting point.

clis isomerization | melting point

ratio (%) (°c)
0 151
27 135

50 120




-11- obtain the objective properties due to the lack of the content of the
cis-isoner nmolecules. To obtain a pure cis-isoner, purification

such  as recrystallization, fractional crystallization or

chromat ography is necessary. Exanples 13 The exanples of the present

I nvention are exhibited below However, the present invention is not

restricted to theg@p2sapPsRéws the W&uie depedklém‘.té”l)df lthebutyl ket one -
sol ution containing 5% of epoxy resin of 4, - di hydroxy-3 3",

5, o' -tet raf@éw\b}y h@egﬁé r§%ﬂ§l ngﬂg”tﬁgnéﬁtiiﬂnéﬁia){u‘bfn ratio of

trans-i somer ordinary nethod

starting IenoI and | oroacet.al d d
i rradi ated %jﬁf?anFpFa°9FoP%f° ﬁﬁﬁ?dﬁﬁfl°3 Eﬂ d%%{?iégi %Q¥W§F83?¥@é anp
for t he photoi soneri zati on.. Af t er t he I someri zati on, t he

sol ution wdey QanhravesdLegmaterll5h WiGs@sisycueasurenent ADRATAtUS-ye| | ow
material. The J[err]H NVR spectra of the

[Table 2]
The temperature dependence of the viscosity before

and after photo irradiation

cis isomerization viscosity (poise)

ratio (%) 150°C 160°C 170°C
0 - 0.17 0.10
27 0.15 0.08 0.04

The stilbene type epoxy resin of the present invention,
consisting of 10 mol% or more of the cis-isoﬁer, shows-
'different properties from those of the whole trans stilbene
type epoxy resin in respects of lower melting point and
viscosity. In the photo-isomerization reaction, it becomes
possible to control tﬁe properties by the change of the photo
irradiation condition. By the control of the properties of
the.resin as described above, the operation efficiency and the
moiding characteristics are improved, and the resip becomes

more superior on the aspects of economical and production



reactant. before and after the irradiation in this experinment were
illustrated in Figure 1. The NWR spectra were neasured by Brucker
‘AC200P spectroneter. From these spectra, the appearance of . the peaks
at high field characteristic to the cisgplefin but never observed before
irradiation was confirnmed after the irradiation. Nanely, in the

[err] HNVR effiridnaynsuch abetheisimd irdeamotibppeof ebhe \processmacedci.zed by
t he appearance of the peaks at high field of 7 ppmor |less due to

12 the prot opyptieraidt@é khedBppfcdtict Fhryends EHet Fesimnei1lY wam: the

intensity of the peaks in the spectrum the ratio of the isonmerization to

the cis-isongf e |_c . .Ni i ) L pat
27% was con\r:%ﬁée:rg&%éé t%@ec#ﬁéﬂfﬁgoéé}r&@&% é:%?gghﬁfyo#e%{%g #ﬁaa&?a? ?%‘r’iggf
the 0.1% solution of the sane sanple, the objective material contajning
50% of the {CEARIINGFocEhe; SORESD HheaictEa1s9mer e 5° Stovkd t!’l‘?ésﬂrblriﬁi ng
points of these resins obtained together with that of the resin before

i rradi ati on. tateontnali khepvehtingepainteefuthe Fesivaimdihewiderrsdgeel ting
poi nt neasur enment apparatus, and the

from a room temperature to 150C, and consequently to deal

| f.lexibly with the purposes and usages. The present invention

. 'provide the époi:y resin .useful for adhesives, paints, and
electric and electronic materials such as insulation materials
and laminated plates etc.,and particularly useful to
encapsulate electronic devices, and ;:he process for producing

it.



mel ting point was deternmined to be the tenperature at which the sanple

conpl etely nelted. . , [ Tabl e 1] The—relati+oenship—between
the ¢tis isonerization : ratio and the nelting p

cis isomerization nelting point 15 ratio Wmll I"I" “I" "IIl" |I!l
([err]© ) 0 151 -

135 - What is claiméd is: 120 )

13 Tabl e 2 shows the tenperature dependence of the viscosity of
the resin having thq chsstsppéné Zﬁpé)'é | peBin 2Pt é’ééhﬂd?z‘ib?nehbef ore

i rradi ation. The viscosity was neasure y Contraves Leomat 115A viscosity

measur ement %%?x%&gﬁ.%ormu:{.ai/ ‘ble)f cohRQL?né]o% nldpoa %ht £ ERRCLILUL S merr

dependence o € Vi SCcosI ore oto irradrati

or 10 molt or more of the cis-isomer and the rest of the

trans-isomer

o’ o R R o o
Rz@m &QR& (1)
£ u

lv'vherein R to R. are independently an acyclic or cyclic alkyl
'group having' 1l to 6 carbon atoms, hydrogen atom or a halogen
atom.

_é. A process for producing a stilbene type epoxy resin
according to ciaim 1, characterized by the irradiation of a
trans-stilbene type epoxy resiri_ of the .general formula (2)

with ultra-violet light

o R
R Re g
A /c=c/ Rs (2)
H R Ry
0
L\

wherein Rl to R8 are independently an acyclic or cyclic alkyl

group having 1 to 6 carbon atoms, hydrogen atom or a halogen



cis isonerization vi scosity (poise) ratio - (%

150[errJC 160[err] C 170[err] C -0

0.17 0.10 - 27 0. 15

The stilbene type epoxy resin of the prqgent invention, mlﬂunﬁﬁg{“m‘
nmol % or nmore of the cis-isoner, shows different propert

the whole tratemsti|l bene type epoxy resin in respects of Iomer mel ting
point and viscosity. In the photo-isonerization reaction, it becones

possi bl e to control 3;hg Pf@@@éé 5y pyodieifngaancepdxy hfésﬁhOhacordiﬁglleél on
condition. By the control- of the properties of the resin as described

above, Lhe ORgaih' 97 ShdifdlinyeANfy! Pfie IPedlilti @%b%cse&ﬁﬁé- Atene

i nproved, e Tés eCoIes Ye superi or e aspects of economi cal
and production I, clency such as
the tine redG@PPoﬁh8?°}rﬁF&ﬁ%ﬁﬁ&??FnﬂyeFEe ge??ﬁﬂ%u§9ﬁﬂn tﬁgkapplication
range of the resin will be ‘extended. The nelting point of the epoxy resin
greatly varies accorHi Rio the content of the cis-isonmer, so it is

possi bl e
C— 7 Rs
_ OH

wherein R; to Rs are independently an acyclic or cyclic alkyl

Ry
3)

group haying 1 to 6 carbon atoms, hydrogen atom or a halogen
atom), with ultra-violet light to obtain a stilbene type
ﬁhenol represented by the general formula (4) consisting of
100 mol$ of the_cis-isamer, or 10 mol% or more of the

cis-isomer and_the rest of the trans-isomer

‘HQ Ri Rs. OH
Ra R4 Rﬁiiij?‘Rs (4)
3 l-{C — C\H Ry

wherein Rl to R8 are as defined in the general formula (3),
and by the reaction of the stilbene type phenol with

epihalohydrin in the presence of basic substance.



to control .the nelting point of the resin in the wide range froma room
tenperature to 150[err]C, and consequently to deal flexibly wth the

pur poses and usages. The present invention provide the epoxy resin useful
for adhesives, paints, and electric and electronic materials. such as
insulation paterials and | ami nated plates etc.,and particularly useful to
encapsul ate el ectronic devices, and the process for producing it.

What is clainmed is: 1. A stilbene type epoxy resin represented by
the general formulad (1) consisting of 100 nmol % of the cis-isonmer, or 10
nmol % or nmore of the c QQ r and the rest of the trans-isoner [err]
wherein R err] to R[e?%] ependently an acyclic or cyclic alky
group having 1 to 6 carbon atonB hydrogen atom or a hal ogen

trans isomer

cis isomer

1

After irradiation 1
_ Before irradiation )
& & ¥ L2 | L d L 4 I ) h | ] L] I 1 3 ! 2 ] ¥ 1 ] L] ] L 3
2.0 8.0 7.0 6.0



atom
according to claim1,
type epoxy resin of the genera

1 to 6 carbon atons,
16 atom
claim1,

represented by the general formula (3)

[err]

#®P. A process for producing a stilbene type epoxy resin
characterized by the irradiation of a
formula (2)
wherein R1 to R8 are independently an acyclic or cyclic alkyl
hydrogen atom or a hal ogen
ABSTRACTAOPI THE TEsobse®duci ng an epoxy resin according to
characterized by the irradiation of a trans-stil bene

' trans-stil bene
with ultra-violet light [err]
group having

t ype phenol

EPOXY RESIN AND PROCESS FOR PRODUCING THE SAME

A stilbene type epoxy resin represented by the general

formula (1) consisting of 100 mol% of the cis-isomer, or 10

moly or more of the cis-isomer and the rest of the

trans-isomer:

N/ N\
0 Ry

C=C

(1)

wherein R to Rs are independently an acyclic or cyclic alkyl

group having 1 to 6 carbon atoms, hydrogen atom or a halogen

atom, and a production process thereof.

The invention provides a stilbene type epoxy resin

having lower melting point and lower viscosity than the trans-

stilbene type epoxy resin hitherto known.

(Figure 1)



wherein R ert] "o Rjer i il sMEETd ent |y an acy!ﬂ‘%%%%ycl i c al kyl

group having 1 to 6 {cqrbon atons, hydfogen atom o atonm), with
ultra-violet Iight totob f&.#ﬁﬁm| ehe type ., pheﬁcﬁ%ﬁlgpﬁgse ted by the
general formula (4) |cqnsisting of 00 nol % siibétitaite ishees ormdr Jamuary01 998 %
or nore of the «cisHisoner and the reft 3af the trans-isoner [err]

wherein Rl to R8 ar é—as—defired-a-the general formula (3), and by the

reacti on of obitaint i thenebljwetipecnotopettiesepidoal otydehe | Tadke ofr eekace of -
basi ¢ subst ance.

content of the cis-isomer molecules. To obtain a pure

cis-isomer, purification such as recrystallization,

fractional crystallization or chromatography is necessary.

Examples

The examples of the present invention are exhibited |
below. However, the present invention is not restricted to

these examples.

. Example 1
"
A methyl isobutyl ketone solution containing 5%
of epoxy resin of 4, 4’-dihydroxy-3, 3, 5,
57 -tetramethylstilbene( epoxy resiﬁ consisting fully of
trans-isomer), which was obtained by the ordinary
method starting from 2, 6-xylenol - and
chloroacetaldeﬁyde, was irradiated with ultra-violet
light by a high-pressure mercury lamp for the
photoisomerization. After the isomerization, the
solution was distilled wunder reduced pressure to
N afford a yellow material. The H_ONMR spectra of the

reactant before and after the  irradiation in this
experiment were illustrated in Figure 1. The NMR -
spectra were measured by Brucker AC200P spectrometer.
From these spectra, the appearance of the peaks at
high field characteristic to the cis-olefin but never
observed before irradiation was confirmed after the
irradiation. Namely, in the 1H-NMR spectrum, the
cis-stilbene type epdxy is characterized by the appearance

of the peaks at high field of 7 ppm or less due to



