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EPOXY RESIN AND PROCESS FOR PRODUCING THE SAME 

Field of the Invention 

The present invention relates to an epoxy resin, which 

is useful for adhesives, paints, electric and electronic 

materials.such as insulation materials and laminated plates, 

particularly useful to encapsulate the electronic devices, and 

a process for producing the same. 

Background of the Invention 

There are many research papers on epoxy resins having a 

stilbene skeleton. For example, ACS symposium series 114, 

chapl7, pp259-262(176th meeting of the American ~hemical 

Society(l978)) discloses the epoxy resins having an 

uns\ibstituted stilbene skeleton. And glycidyl ether 

derivatives of bisphenol compounds having a stilbene skeleton, 

unsubstituted or substituted by alkyl group(s), and preferably 

~ymmetricall~ substituted by methyl groups, are disclosed (US 

patent No. 4762901·, German patent No. 3622613, Japanese 

Patent,Kokai(Laid open) No. 63-23931) 

The epoxy resins having a stilbene skeleton disclosed 

hitherto have no distinction between the trans-isomer and the 

cis-isomer, but the stilbene skeleton·obta~ned by.the ordinary 

process has 100' of .trans-configuration. 
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These ~rans-stilbene type epoxy resins have problems 

that the ways of using are limited because of the low 

operation efficiency in processing them. For example,· because 

of the high melting points of the trans-stilbene type resins 

in general, the working process like kneading etc. becomes 

very difficult. ·concretely, since the glycidyl derivatives·of 

4, 4 1 -dihydroxystilbene, 4, 4'-dihydroxy-3, 

3'-dimethylstilbene, and 4, 4'-dihydroxy-3, 3', 5, 

5'-dimethylstilbene have high ~elting points of 208-215"C, 

150"C,and 151"C respectively, there are problems with the 

compounds that it is difficult to mix homogeneously with epoxy 

curing agents and to knead homogeneously with the other 

components. Whereas the stilbene type epoxy resins have 

comparatively low viscosity under molten-condition, and it is 

easy to knead with other components· due to this property of 

low viscosity. Therefore, further lowering of the viscosity 

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 type epoxy resin to 

lower, and the achievement of the lower viscosity than that of 

the trans-isomer. 
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In view of the above situation, the present inventbrs 

had stud~ed on the means to control the propertie~ of the 

stilbene type epoxy resins, for example, to lower the melting 

·point and viscosity. As a result, the pres_ent inventors 

found out that the stilbene type epoxy resin containing more 

. than a certain amount of the cis-isomer, which was the other 

isomer of the trans-isomer obtained hitherto, met the object, 

and accomplished the present invention. 

The present invention provides a epoxy resin and a 

process for producing it as described below. 

The present invention is as follows: 

[lj A.epoxy resin represented by the general formula 

·(1) consisting of 100 mol% of the cis-i~omer, or 10 mol% or 

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

wherein Ri to Ra are independently an acyclic or cyclic alkyl 

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

atom. 

(2) A process for producing a epoxy resin described 

above [l], characterized by the irradiation of a 
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trans-stilbene ·type epoxy resin represented by the general 

formula (2) with ultra-violet light 

\\ / \ R 0 1 

R2 R4 H 
(2) 

o, /o, 
wherein R1 to Ra are independently an acyclic or cyclic alkyl 

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

atom. 

(3] A process for produc~ng an epoxy resin described 

above [l], characterized by the irradiation of a. 

trans-stilbene type phenol represented by the general· formula 

(3) 

wherein R1 to Ra are independently an acyclic or cyc~ic 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 
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the rest of the trans-isomer 

(4) 

wherein Ri to Ra are as defined in the general formula ( 3) , and 

by the reaction of the phenol of the general formula (4) with 

epihalohydrin in the presence of basic substance. 

Brief Description of the Figures 

Fig 1 shows 1B-NMR spectrum indicating the reaction 

ratio, before and after irradiation in the photo isomerization 

reaction. in Example 1. 

Detailed Description of the Invention 

The substituents, Ri-Re of the stilbene type epoxy ·resin· 

represented by the general formula ( 1) or ( 2), in the ·pres.ent 

invention, are exemplified concretely by hydrogen atom, a 

methyl group, an ethyl group, a propyl group, a butyl group, 

an amyl g~oup, a hexyl group, a cyclohexyl group (including 

each isomer), a.chlorine atom and a bromine atom, etc. 

·preferably the substituents are hydrogen, a methyl group, an 

ethyl group, a propyl group and a butyl group because of the 

low melt viscosity of the products and the availability of law 

materials. 
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The substituents of the stilbene type phenol represented by 

t~e general formula (3) or (4) are the same as those described 

above. 

The stilbene type 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, can 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 general formula (2). The trans-stilbene type epoxy resin. 

represented by the general formula (2), is obtaineQ by the 

well-known process of the glycidyl etherif ication of a phenol 

derivative. ~n other words, the epoxy resin.is obtained by 

the reaction of·the trans-stilbene type phenol with 

epihalohydrin 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 solvent or a solvent like dioxane etc. as disclosed in 

Japanese patent kokai(laid open) No.60-31517 • 

The stilbene type phenol represented by the general 

formula (J) 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. 
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Chem. 730, 31(1969)), the rearrangement reaction of a chloro 

derivative prepared by the reaction of chloral and phenol 

((Ann., 325, 26(1902)), the reduction of a stilbenequinone (J. 

Org. Chem., 18, 261(1953)), the process using quinonemethide 

as a starting"material(J. Org. Chem., 34(11), 3404(1969)), the 

.de-methylati~n of dimethoxystilbene (Reci. Trav. Chim. 

Pays-Bas., 80, 775(1961)), or the condensation reaction of a 

benzaldehyde derivative (Synthesis, 1989, 883 etc.) etc. 

The trans-stilbene type phenol is represented by the 

general formula(3). Examples thereof include the trans-isomers 

of 4, 4'-dihydroxystilbene, 4, 4'-dihydroxy-3,3'~dimethylstilb 

ene, 3, 3'-diethyl-4, 4'-dihydroxystilbene, 4, 

4'-dihydroxy-3,3'-dipropylstilbene, 3, 3d'-diamyl-4, 

4'-dihydroxystilbene,3,3'-dihexyl-4, 4'-dihydroxys:tilbene,.3,. 

31 -dicyclohexyl-4,4 1 -dihydroxystilbene, 2, 2'-dihydroxy-3, 3', 

5, 5'~tetramethylstilbene, 4, 4 1 -dihydroxy-~, 3', 5, 

5'-tetram.ethylstilbene, 4,4'-dihydroxy-3,3 1 -di-t-butylstilbene 

, 4, 4'-dihydroxy-3,3'-di-t-butyl-5, 5'-dimethylstilbene, 4, 

4'-dihydroxy-3,3'-di-t-butyl-6, 6 1 -dimethylstilbene, 2, 

2'-dihydroxy-3, 3'-di-t-butyl-6, 6 1 -dimethylstilbene,.2, 

4'-dihydroxy-3, 3 1 -di-t-butyl-6,6 1 -dimethylstilbene, and 4, 

4'-dihydroxy-3, 3', 5,5'-tetra-t-butylstilbene with these 

trans-isomer (including the isomers of the substituted 



8 

positions). Particurarly favoured are the trans-isomers of, 4, 

4'-dihydroxystilbene, 2, 2'-di~ydroxy-3, 3', 5, 

5 • -tetramethyls.tilbene, 4, 4 • -dihydroxy-3, 3 • , 5, 

s•-tetramethylstilbene, 4, 4'-dihydroxy-3, 3 1 -di-t-butyl-S, 

5'-dimethylstilbene,· 4, 4'-dihydroxy-3, 3'-di-t-butyl-6, 

6'-dimethylstilbene, 2, 2'-dihydroxy-3, 3'-di-t-butyl-6, 

6'-dimethylstilbene, and 2, 4'-dihydroxy-3, 3'-di-t-butyl-6, 

~·-dimethylstilbene etc., from the viewpoints of the easiness 

.of the synth~sis, properties, and the cost of starting 

materials. 

The pbotoisomerization reaction of the trans-stilbene 

type epoxy resin proceeds by the i~radiation of ultra-violet 

light with a UV emission equipment under solution, melt or 

solid condition .• 

Examples of the solvent for the photoisomerization 

include hydrocarbons such as toluene and xylene etc., 

haloqenat~d hydrocarbons such as chlorobenzene etc .• , ethers 

such as dioxane, tetrahydrofuran etc., alcohols such as 

"methanol, ethanol, propanol etc., ketones s~ch as methyl 

isobutyl ketone, methyl ethyl ketone etc., aprotic polar 

solvents such as dimethylsulfoxide, dimethyacetamide, 

dimethyformamide etc., glycols such as ethylene glycol, 

propylene glycol etc., acidic solvents such as acetic acid 



9 

etc.,and the like. The above solvents can be used alone or in 
. 
combination. 

Exampies of the irradiation equipment for the 

photoisomerization reaction include a low-pressure mercury 

lamp, a high-pressure mercury lamp, a Xenon lamp and the 

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 

absorption band in ultra-violet and visible regions of the 

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

emission lines to be utilized.is 250 to 400nm. 

T~e 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 

type 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 similarly as 

the photoisomerization of the trans-stilbene type phenol. 
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And the glycidyl etherif ication reaction of the 

stilbene type phenol consisting of 10 molt or more of the 

cis-isomer, can be conducted according to the well known 

process of the glycidyl etherif ication of the phenols as 

_desc~ibed above. 

One of the most convenient methods of the 

identification of the cis-stilbene type epoxy resins utilizes 

1H-NMR spectra. Thus, in the region of the protons attached 

to an unsaturated bond on the 1H NMR spectra, both peaks 

assigned to the protons attached to a C=C bond and an aromatic 

ring of the cis-isomer shift to a higher field than those of 

the·trans isomer. Especially, the peaks of the cis-isomer 

assigned to the proton attached to a C=C bond are observed. at 

the hiqh field region of 6. 5 ppm or less, · where the peaks- .. of 

the trans-isomer are not observed. 

In the present invention, the isomerization ratio from 

the trans-isomer to the cis-isomer is defined by (The number 

of mole of the cis-isomer I ( 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 molt or more, 

preferably 20 molt or more, and more preferably 40 molt or 

more. The isomerization ratio of 10 molt or less is too low to 
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obtain the objective properties due to the lack of the content 

of the cis-isomer molecules. 

Examples 

The examples of the present invention are exhibited 

below. However, the present invention is not restricted to 

these examples. 

Exampl~ 1 

A methyl isobutyl ketone solution.containing 5% of 4, 

4'-dihydroxy-3, 3', 5, 5'-tetramethylstilbene( epoxy resin 

consisting fully of trans-isome;), 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 photoisomer~zation. After 

the isomerization, the solution was distilled under reduced 

pressure to afford a yellow material. The 1B-NMR spectra of 

the reactant before and after the irradiation in this 

~xperiment were illustrated, in Fiqure 1. The NMR spectra were 

.measured by ~rucker AC200P spectrometer. ·From these spectra; 

the appearanc~ of the peaks at high field characteristic to 

the cis-olef in but never observed before irradiation was 

confirmed after the irradiation. Namely, in the 1H-NMR 

spectrum, the cis-stilbene type epoxy is characterized by the 

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

lliiiii1ii1i~r 
THIS SHEET HAS BEEN 

REPLACED 
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the proton attached to an unsaturated bond. Furthermore, from 

the intensity of the peaks in the spectrum,_the ratio of the 

isomerization to the cis-isomer can be calcurated. In this 

sample, it was determined that 27% was converted to the cis-

isomer. As a result of the irradiation of the 0.1% solution of 

the same sample, the objective material containing 50% of the 

isomelized cis-isomer was obtained. Table 1 shows the melting 

points of these resins obtained together with that of the 

resin before irradiation. The melting points were measured by 

Yanagimoto MP~S3 melting point measurement apparatus, and the 

·melting·point was determined to be the temperature at which 

the sample completely melted. 

[Table l] 

The relationship between the.cis isomerization 

ratio and the melting point. 

cis isomerization melting point 
ratio (%) (oC) 

0 151 

27 135 

so 120 
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Table 2 shows the temperature dependence of the 

viscosity of the resin having the cis isomerization ratio of 

27t and the o~e before irradiation. The viscosity was measured 

by Contraves Leomat llSA viscosity measu~ement apparatus. 

[Table 2] 

The temperature dependence of the viscosity before 

and after photo irradiation 

cis isomerization viscosity (poise_>· 
ratio <•> 1so 0 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 molt or more of the cis-isomer, shows· 

dif f eren~ 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 the 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 

molding characteristics are improved, and the resin becomes . . 

more superior on the aspects of economical and production 
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efficiency such as the time reduction of the processing etc., 

furthermore the application range of the resin will be · 

extended. The melting point of the epoxy resin greatly varies 

acc~rding to the content of the cis-isomer, so it is possible 

to control the melting point of the resin in the wide range 

from a room t~mperature to lSO"C, and consequently·to deal 

flexibly with the purposes and usages. T~e present invention 

provide the epoxy resin useful for adhesives·, paints, and 

electric and electronic materials such as insulation materi~ls 

and laminated plates etc.,and particularly useful to 

encapsulate electronic devices, and the process for producing 

it. 
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What is claimed is: 

1. A stilbene type ep~xy 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 

(1) 

wherein Ri to Ra are independently an acyclic or cyclic alkyl 

group having'! to 6 carbon atoms, hydrogen ~tom or a halogen 

atom. 

2. A process for producing a stilbene type epoxy resin 

according to claim 1, characterized by the irradiation of a 

trans-stilbene type epoxy resin of the general formula .( 2) 

with ultra-violet light 

\: / \ R 0 . 1 

R2 R4 H 
(2) 

. 3 / -:?" 
H R1 

. 0 0 
\ /' 

. wherein Rl to RS are independently an acyclic or cyclic alkyl 

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



16 .111111111111111111111111111111 
* C L M S * atom. 

3• A process for producing an epoxy resin according to 

claim 1, characterized by the irradiation of a trans-stilbene 

type phenol represented by the general formula (3) 

~
1 

R2 R4 H . 

. ~ C=~/ nft 3 / ~IN)· 
H Rs R1 

. OH 

(3) 

wherein Rito Ra are independently an acyclic or cyclic alkyl 

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

atom), wLth 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 the rest of the trans-isomer 

(4) 

wherein Rl to RS 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 •. 


