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DIAMINO COMPOUNDS AND THEIR PRODUCTION METHOD AND 

LIQUID CRYSTAL ALIGNMENT LAYERS USING THE COMPOUNDS 

The present invention relates to diamino compounds 

and liquid crystal alignment layers obtainable from the 

compounds, more particularly, new diamino compounds, a 

method for producing the compounds, liquid crystal 

alignment layers having high pretilt angles, which are 

obtainable by using the diamino compounds, and liquid 

crystal display devices having the liquid crystal 

alignment layers. 

The main type of liquid crystal display devices 

which is used in conventional clocks 1 watches and 

electronic calculators is a twist. nematic (abbreviated 

as TN hereinafter) mode having a structure in which 

molec~lar alignment of nematic liquid crystals is 

twisted at an ·angle of 90 degrees on the .surface of a· 

·pair of upper and lower electrode substrates. Further, 

a supertwist nematic (abbreviated as STN hereinafter) 

mode in which the molecular alignment of nematic liquid 

crystals is twisted at angles of 180-300 degrees has 

been developed and large panel liquid crystal display 

devices having excellent display quality are now being 

developed. 

Moreover, ·in recent years 1 since matrix display or 

color display has been possible, MIM (metal-insulation 

layer-metal) devices and TFT (field effect type thin 

layer transistor) devices are being developed. MIM 

devices adopt many pixel electrodes and an active type 

twist nematic mode which can ~witch ON~OFF against 

these electrodes. · 

As to problems shared by these modes, when the 

same scene is lighted up for a long time, an image­

sticking phenomenon may.be found after the scene has. 

disappeared. Particularly'·· it is very impo~tant to 

improve~~~~~~~~~~~~~-========:=:::'.:============-~ 
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the image-sticking phenomenon to obtain a liquid crystal 

display device having high quality. 

It is considered that the image-sticking phenomenon 

is due to electric double layers which are produced on 

the alignment layer ~urf ace by ionic components of· impu­

rities contained in the liquid crystal. Sinc.e DC compo- · 

nents are applied on the liquid. crystal display device, 

electric charge differences which . are produced between 

upper and lower substrates, and electric potential dif-

ferences, form the stable electric charge differ~nces. 

Particularly, in case of TFT devices, since DC components 

cannot be removed for characteristics of the devices, the 

image-sticking phenomenon is more conspicuous and serious 

than that of TN and STN. 

Further, in TFT modes, high voltage holding ratios 

are required to prevent flicker of screens. 

~s an alignment layer used for such a liquid crystal 

~isplay device, organic films such as polyimide ~nd 

polyamide are mainly employed. Japanese Publication 

of Unexamined Patent Application No. 51-65960 discloses a 

liquid crystal display device that is equipped with a 

liquid crystal alignment layer produced from a polyimide 

resin having a repeating unit represented by a formula: 

0 0 

-@-0~¢@)-
o 0 

However, the polyimide alignment layer produced from such 

a polyether compound has a problem that the image-stick­

ing phenomenon is apt to 9ccur. 

An object of the present invention is to solve the 

above problems and to provide liquid crystal alignment 

; 
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layers which can have an excellent voltage holding ratio 

without an image-sticking phenomenon, liquid crystal 

display devices obtained by using the layers, diamino 

compounds useful to obtain the liquid crystal alignment 

layers and a method for producing the compoun?s~ 
The inventors of the present invention have studied 

earnestly and found that the image-sticking phenomenon 

mutually relates to polarity of the surface of alignment 

layers, and liquid crystal alignment layers and liquid 

crystal devices having an excellent voltage holding ratio 

without the image-sticking phenomenon are obtainable by 
using di amino compounds having a certain structure by 

which the polarity can be small. 

The diamino compound does not have polar atoms such 

as -0- and -so2-, and the 'ratio of imide groups is rela­

tively reduced by increasing the amine molecular weight, 

and the ratio of polar components is extremely small. 

The content of the present invention is explained in 

detail. 

1) A diamino compound represented by a general formula 

( 1 ) : 

H2N.CH2 

z 

R 

CH2~NH2 • • • (!) 

z 

wherein R indica~es hydrogen or an alkyl group having 1 

to 8 carbon atoms, further, X, Y and Z indicate hydrogen, 

an alkyl group having 1 to · 3 carbon a toms or fluorine, 

respectively, and a part or all of them may be the same 

or different, and the positions of these substitutive 
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groups may be ortho positions or meta positions. 

2) A method for P.roducing_a diami~o compound represented 

by the general formula (1) in 1), 

which comprises condensing a para nitrobenzoyl chloride 

derivative represented by the formula (3): 

0 ;c--((,)\_ N 0 2 

Cl 'f' 
••• ( 3) 

z 
wherein z indicates hydrogen, an alkyl group having 1 to 

3 carbon atoms or fluorine, and the position of substitu­

tive group z may be an ortho position or a meta position, 

to a diphenylcyclo}?.exane derivative represented by the 

formula ( 2) : 

R 

• • • ( 2) 

x y 

wherein R indicates hydrogen or an alkyl group having 1 

to 8 carbon atoms, further, X and Y indicate hydrogen, an 

alkyl group having 1 t~ 3 carbon atoms or fluorine, 

respectively, and a part or all of them may be the same 

or different, and the positions of these substitutive 

groups may be ortho positions or meta positions, and 

reducing a carbonyl group and a nitre group to obtain the 

diamino compound. 

3) A liquid crystal alignment layer containing as a 

principal constituent a polymer having a diamino compound 

represented by the general formula (1) in ·1) in a long 



-5-

chain of the molecule. 

4) A 1-iquid crystal alignment layer containing as p. 

principal constituent a polyimide having a structure. unit 

represented by·the general formula (4}: 

R 

••• (4) 
wherein R indicates hydrogen or arr alkyl group having 

to 8 carbon atoms, further, X, Y and z indicate hydrogen, 

an alkyl group having 1 to 3·carbon atoms or fluorine, 

respectively, and a part or all of them may be the same 

or different, and the positions of these substi tq.tive 

groups may be ortho positions or meta positions, and A is 

an aromatic group of four valencies, an aliphatic group o-f 

four valencies or a complex group having aromatic and 

aliphatic properties having four valencies. _ 

5) A liquid crystal alignment layer as in 4), the 

polyimide is o~tained py reacting a tetracarboxylic 

dianhydride repr~sented by the following formula (5) and 

a di amino compound represented by the following formula 

(1) in a solvent to produce a polyamic acid and heating 

the resultant polyamic acid. 

• •• ( 5) 
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R 

wherein R indicates hydrogen or an alkyl group haying 1 

to 8 carbon atoms, further, X, Y and Z indicate hydrogen, 

·an alkyl group having 1 to 3 carbon atoms or fluorine, 

respectively, and a part or all of them m~y be the same 

or different, and the positions of these substitutive 

groups may be ortho positions or meta positions, and A is 

an aromatic group of four valences, an aliphatic group of 

four valences or a complex group having aromatic and 

aliphatic properties of four valences. 

6) A liquid crystal display device equipping the 

liquid crystal alignment layer as described in 3). 

7) A liquid crystal display devlce equipping the 

liquid crystal alignment layer as described in 4). 

8) A liquid crystal display device as in 6), it uses 

a nematic liquid crystal mixture having positive dielec­

tric anisotropy. 

9) A liquid crystal display device as in 7), it uses 

a nematic liquid crystal mixt?1re having posi_tive dielec­

tric anisotropy. 

The diamino compounds of the present invention are 

represented by the above formula (1} and exemplified by 

the following compounds. 

1 ,.1-bis [ 4"'.'( 4-aminobenzyl )phenyl ]cyclohexane, 

1, 1-bis[ 4-( 4-a.minobenzyl)phenyl]-4-methylcyclohexane, 

1,1-bis[4-(4-aminobenzil)phenyl]-4-ethylcyclohexane, 

1,1-bis[4-(4-aminobenzyl)phenyl]-4-propylcyclohexane, 
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1_, 1-bis [ 4-( 4-aminobenzyl )phenyl J-4-butylcyclohexane, 

1;1-bis[4-(4-aminobenzyl)phenyl]-4-pentylcyclohexane, 

1,1-bis[4-(4-aminobenzyl)phenyl]-4-hexylcyclohexane, 

1,1-bis[4-(4-aminobenzyl)phenyl]-4-heptylcyclohexane, 

1,1-bis(4~(4-aminobenzyl)phenyl}-4-octylcyclohexane, 

1,1-bis[4-(4-amino-3-meth~lbenzyl)phenyl]-4-methyl-

cyclohexane, 

1,1-bis[4-(4-amino-3-methylbenzyl)phenyl]-4-ethyl­

cyclohexan.e, 

1, 1-bis[ 4-( 4-amino-3-methylbenzyl)phenyl]-4-propyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-methylbenzyl)phenyl]-4-butyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-methylbenzyl)phenyl]-4-pentyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-methylbenzyl)phenyl]-4-hexyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-methylbenzyl)phenyl]-4-heptyl­

cyclohexane, 

1,1-bis[4-{4-amino-3-methylbenzyl)phenyl]-4-octyl­

·cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-methylphenyl]-4-methyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-rnethylphenyl]-4-ethyl-

. cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-methylphenyl]-4-propyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl).-3-methylphenyl]-4-butyl­

cyclohexane, . 

1,1-bis[4-(4-aminobenzyl)-3-methylphenyl]-4-pentyl­

cyclohexane, 

1,1-bis(4-(4-aminoberizyl)-3-rnethylphenyl]-4-hexyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzy1)~3-methylphenyl]-4-heptyl­

cyclohexane, 
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1,1-bis[4-(4-aminobenzyl)-3-methylphenylJ-4-octyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2~methylphenylJ-4-methyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2-methylphenyl]-4-ethyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2-methylphenyl)-4-propyl~ 

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2-rnethylphenyl]-4-butyl­

cyclohexane, 

1,1-bis[4-(4-arninobenzyl)-2-methylphenyl]-4-pentyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2-methylphenyl]-4-hexyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2-met~ylphenyl]-4-heptyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-2-methylphenyl)-4-octyl-

cyclohexane, 

1,1-bis[4-(4-amino-3-methylbenzyl)phenyl]cyclohexane, 

1,1-bis[4-(4-amino-3-ethylbenzyl)phenyl]cyclohexane, 

1,1-bis[4-(4-amino-3-propylbenzyl)phenyl]cyclohexane, 

1,1-bis[4-(4-amino-3-fluorobenzyl)phenyl)cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-methylphenyl]cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-ethylphenyl]cyc1ohexane, 

1,1-bis[4-(4-aminobenzyl)-3-propylphenyl]cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-fluorophenyl]cyclohexane, 

1,1-bis[4-(4-amino-3-ethylbenzyl)phenyl]-4-methylcy-

clohexane, 

1,1-bis[4-{4-amino-3-propylbenzyl)phenyl]-4-methyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-fluorobenzyl)phenyl]-4-methyl-
. ' 

cyclohexane, 

1,1-bis(4-(4-aminobenzyl)-3-ethylphenyl]-4-methyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-propylphenyl]-4-methyl-
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cyclohexane, 

1,1-bis[4-(4~aminobenzyl)-3-fluorophenyl]-4-methyl­

cyc1ohexane, 

1, 1-bis[ 4-amino-3-~thylbenzyl )phenyl)-4-ethylcy,clo­

hexane, 

1,1-bis[4-amino-3-propylbenzyl)phenylJ-4-ethylcyclo­

hexane, 

1,1-bis[4-amino-3-fluorobenzyl)phenyl]-4-ethylcyclo­

hexane, 

1,1-bis[4-(4-aminobenzyl)-3-ethylphenyl]-4-ethylcy­

clohexane, 

1,1-bis[4-(4-aminobenzyl)-3-propylphenyl]-4-ethyl­

cycloliexane, 

1 1 1-bis[4-(4-aminobenzyl}-3-fluorophenyl]-4-ethyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-ethylbenzyl)phenyl]-~-propyl­

cyclohexane, 

1,1-bis[4-(4-amino-3-propylbenzyl)phenyl]-4-propylcyclo­

hexane, 

1,1-bis[4-(4-amino-3-fluorobenzyl)phenyl]-4-propyl­

cyclohexane, 

1,1-bis[4-{4-aminobenzyl)-3-ethylphenyl]-4-propyl­

cyclohexane, 

1,1-bis[4-(4-aminobenzyl)-3-propylphenyl]-4-propyl­

cyclohexane, and 

1,1-bis[4-(4-aminobenzyl)-3-fluorophenyl]-4-propyl­

cyclohexane. 

The production of the diamino compounds of the 

present invention is described byway of example. 

Diphenylcyclohexanes and their derivatives which are 

used in the present invention are represented by above­

mentioned formula ( 2) and exemplified by the following 

compounds. 

1,1-diphenylcyclohexane, 
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1,1-diphenyl-4-methylcyclqhexane, 

1,1-diphenyl-4-ethylcyclohexane, 

1,1-diphenyl-4~propylcyclohexane, 

1,1-diphenyl-4-butylcyclohexane, 

1,1-diphenyl-4-pentylcycloh~xane, 

1,1-diphenyl-4-hexylcyclohexane, 

1,1-diphenyl-4-heptylcyclohexane, 

1,1-diphenyl-4~octylcyclohexane, 

1,1-bis(2-methylphenyl)cyclohexane, 

1,1-bis(2-methylphenyl)-4-methylcyclohexane, 

1,1-bis(2-rnethylphenyl)-4-ethylcyclohexane, 

1,1-bis(2-rnethylphenyl)-4-propylcyclohexane, 

1,1-bis(2-methylphenyl)-4-butylcyclohexane, 

1,1-bis(2-rnethylphenyl)-4-pentylcyclohexane, 

1,1-bis(2-methylphenyl)-4-hexylcyclohexane, 

1,1-bis(2-rnethylphenyl)-4-heptylcyclohexane, 

1,1-bis(2-methylphenyl)-4-octylcyclohexane. 

1,1-bis(3-rnethylphenyl)cyclohexane, 

1,1-bis(3-methylphenyl)-4-methylcyclohexane, 

1,1-bis(3-methylphenyl)-4-ethylcyclohexane, 

1,1-bis(3-methylphenyl)-4-propylcyclohexane, 

1,1-bis(3-methylphenyl)-4-butylcyclohexane, 

1,1-bis(3-methylphenyl)-4-pentylcyclohexane, 

1,1-bis(3-methylphenyl)-4-hexylcyclohexane, 

1,1-bis(3-methylphenyl)-4-heptylcyclohexane, 

1,1-bis(3~methylphenyl)-4-octylcyclohexane •. 

1,1-bis(2-ethylphenyl)cyclohexane, 

1,1-bis(2-ethylphenyl)-4-methylcyclohexane, 

1,1-bis(2-ethylphenyl)-4-ethylcyclohexane, 

1,1-bis(2-ethylphenyl)-4-propylcyclohexane, 

1,1-bis{2-ethylphenyl)-4-butylcyclohexane, 

1,1-bis(2-ethylphenyl)-4-pentylcyclohexane, 

1,1-bis(2-ethylphenyl)-4-hexylcyclohexane, 

1,1-bis(2-ethylphenyl)-4-heptylcyclohexane, 

1,1-bis(2-ethylphenyl)-4-octylcyclohexane. 
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1, 1-bis(3-ethylphenyl)cyclohexane., 

1,1-bis(3-ethylphenyl)-4-methylcyclohexane, 

1, 1-bis { 3-ethylphenyl ).-4-ethylcyclohexane, 

1,1-bis{3-ethylphenyl)-4-propylcyclohexane, 

1,1-bis(3-ethylphenyl)-4-butylcyclohexane, 

1,1-bis(3-ethylphenyl)-4-pentylcyclohexane, 

1,1-bis(3-ethylphenyl)-4-hexylcyclohexane, 

1,1-bis(3-ethylphenyl)-4-heptylcyclohexane, 

1,1~bis(3-ethylphenyl)-4-octylcyclohexane. 

1,1-bis(2-propylphenyl)cyclohexane, 

1,1-bis(2-propylphenyl)-4~methylcyclohexane, 

1,1-bis(2-propy+phenyli-4-ethylcyclohexane, 

1,1-bis(2-propylphenyl)-4-propylcyclohexane, 

1,1-bis(2-propylphenyl)-4-butylcyclohexane, 

1,1-bis{2-propylphenyl)-4-pentylcyclohexane, 

1,1-bis(2-propylphenyl)-4-hexylcyclohexane, 

1,1-bis(2-propylphenyl)-4-heptylcyclohexane, 

1,1-bis(2-propylphenyl)-4-octylcyclohexane. 

1,1-bis(3-propylphenyl)cyclohexane, 

1 ,.1-bis ( 3-propylphenyl) -4-methylcyclohexane, 

1,1-bis(3-propylphenyl)-4-ethylcyclohexane, 

1, 1-bis ( 3-propylphenyl)-4-propylcycl°ohexane, 

1,1-bis(3-propylphenyl)-4-butylcyclohexane, 

1,1-bis(3-propylphenyl)-4-pentylcyclohexane, 

1,1-bis(3-propylphenyl)-4-hexylcyclohexane, 

1,1-bis(3-propylphenyl)-4-heptylcyclohexane, 

1,1-bisC3-propylp~enyl)-4-octylcyclohexane. 

1,1-bis(2-fluorophenyl)cyclohexane, 

1,1-bis(2-fluorophenyl)-4-methylcyclohexane, 

1,1-bis(2-fluorophenyl)-4-ethylcyclohexane, 

1,1-bis(2-fluorophenyl)-4-propylcyclohexane, 

1,1-bis(2-fluorophenyl)-4-butylcyclohexane, 

1,1-bis(2-fluorophenyl)-4-pentylcyclohexane, . . 
1 ,1-bis(2-fluorophenyl)-4-hexylcyclohexane, 

1 ,1-bis(2-fluorophenyl)-4-heptylcyclohexane,· 
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1,1-bis{2-fluorophenyl)-4-octylcyclohexane. 

1,1-his(3-fluorophenyl)cyclohexane, 

1,1-bis{3-fluorophenyl}-4-methylcyclohexane, 

1,1-bis(3-fluorophenyl)-4-ethylcyclohexane, 

1,1-bis(3-fluorophenyl)-4-propylcyclohexane, 

1,1-bis(3-fluorophenyl)-4-butylcyclohexane, 

1,1-bis(3-fluorophenyl)-4-pentylcyclohexane, 

1,1-bis(3-fluorophenyl)-4-hexylcyclohexane, 

1,1-bis(3-fluorophenyl)-4-heptylcyclohexane, and 

1,1-bis(3-fluorophenyl)-4-octylcyclohexane. 

If ne~essary, two or more kinds of these compounds 

may he used at the same time. These diphenylcyclohexanes 

or derivatives can be obtained in reduction of a carbonyl 

group of a diphenylcyclohexanone derivative; in a process 

comprising producing an alcohol by a Grignard reaction of 

the diphenylcyclohexanone derivative and alkylmagnesium 

halide, dehydrating the alcohol, and reducing the double 

bond of the resulting compound by a method such as cata­

lytic hydrogen reduction; or in a process comprising .·· 

reacting a diphe~ylcyclohexanone derivative with an alkyl 

lith,ium, dehydr.ating th~ resulting alcohol and reducing 

the double bond of the resulting compound by a method 

such as catalytic hydrogen reduction. 

Paranitrobenzoyl chlorides or their derivatives which 

are used in the present invention are represented by the 

above formula (3) and exemplified by the fqllowing com­

pounds. 

4-nitrobenzoylchloride, 

2-methyl-4-nitrobenzoylchloride, 

2-ethyl-4-nitrobenzoylchloride, 

2-propyl-4-nitrobenzoylchloride, 

?-fluoro-4-nitrobenzoylchloride, 

3-methyl-4-nitrobenzoylchloride, 

3-ethyl-4-nitrobenzoylchloride,. 

3-propyl-4-nitrobenzoylchloride, and 
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3-fluoro-4-nitrobenzoylchloride. 
If necessary, two or more kinds of these compounds may be 
used at the same time. 

In the reaction of diphenylcyclohexanes or their 
derivatives with paranitrobenzoylchlorides or their 
derivatives, usually, catalysts are usedw As such cata­
lysts, A1Cl 3 , Sbcl5 , Fecl3 , TeC1 2 , Sncl4 , TiC1 4 , BiC1 3 , 
Zncl 2 and the like are exemplified, AlC13 is preferred in 
reactivity. 

Furt1!er, if necessary,_ solvents are used in the reaction. 
·suitable sol vents are carbon disulfide, dichlorometh-
ane, chloroform, dichloroethane, nitrobenzene and the 
like, preferably nitrobenzene~ 

The reaction may be attained by mixing with stir­
ring a catalyst and paranitrobenz·oyl chloride or the 
derivative in a solvent or in absence of the solvent, 
adding dropwise diphenylcyt:lohexane or the derivative (if 
necessary dissolved in a solvent) at 0°C to 150°C, and 
reacting these compounds. When the reaction velocity·· 
decreases, the reaction temperature can be raised but not 
to over 150°C. 

After the reaction is stopped, the reaction mixture 
may be poured over ice to inactivate the catalyst, the 
mixture wash~d with water and the solvent distilled 
away by, for example, steam distillation to obtain 

a .p_urified 1, 1-bis[ 4-( 4-arninobenzyl)p.henyl ]cyclohexane 
derivative. 

The reduction of carbonyl groups may be conducted by 
reaction with a trialkyl silane,.fo! example triethyl 
silane in the pres~n~e.df a catalyst such as trifluoro­
methane sulfonic ~cid or titanium tetrachoride. The 
reactio"n temperature is preferably 0°C to 100°C. In the 
reaction, a solvent may be used, and a halogenated hydro­
carbon such as dichloromethane, chloroform or dichloro­
ethane is prefe~ably used. 
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The reduction of nitro groups may be conducted by 
hydrogen reduction in a solvent such as toluene, xylene, 
methanol, ethanol and tetrahydrofuran in the presence of 
a catalyst such as platinum-carbon, platinum oxide, Raney 

·. 
nickel, palladium-carbon (abbreviated as Pd-C hereinafter) 
and the like, preferably at atmospheric pressure or under 
pressure at a temperature of 10-80°C. 

The desired diamino compounds can be produced by 
optional selection of the substitute groups R, X, Y and Y 
of the above formulas (2). and (3). 

Tetracarpoxylic dianhydrides used in the liquid 
crystal alignment layers of the present invention may be 
aromatic or aliphatic types or complex types having aromatic 
and aliphatic properties. They are not limited but include 
for instance pyromellitic dianhydride, 3, 3', 4, 4'­
biphenyltetracarboxylic dianhydride, 2, 2', 3, 3'­
biphenyltetracarboxylic_ dianhydride, 2, 3, 3 1

, 4'-biphe-
nyl tetracarboxylic dianhydride,. 3, 3', 4, 4' -benzophe­
nonetetracarboxylic dianhydride, 2, 3, 3', 4'- benzoph~~ 
nonetetracarboxylic dianhydride, 2, 2', 3, 3 1 -benzophe­
nonetetracarboxylic dianhydride, bis(3, 4-dicarboxyphe­
nyl)ether dianhydride, bis(3, 4-dicarboxyphenyl)sulfone 
dianhydride, 1, 2, 5, 6-naphthalenetetracarboxylic 
dianhydride, 2, 3, 6, 7-naphthalenetetracarboxylic 
di anhydride, bis (d.i.carboxyphenyl )methane dianhydride, 
cyclobutanetetracarboxylic dianhydride, cyclopentanete~­
racarboxylic dianhydride, cyclohexanetetracarboxylic 
dianhydride, dicyclohexanetetracarboxylic dianhydride, 
dicyc lopen tanetetracarboxy li c dianhydr ide, bis. ( dicarboxy­
cyc lohexy l) ether dianhydride, 
bis(dicarboxycyclohexyl)sulfone dianhydride, bis(dicar­
boxycyclohexyl} methane dianhydr ide, and 
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0 

wherein n indicates a whole number from 0-4. 

0 0 0 

o~ 
0 0 

0 

0 

Some of these compounds may isomers, and 

these may be a mixture of the isomers. Further, it is 

unnecessary to limit the tetracarboxylic dianhydrides 

used in the present invention to the above cited com­

pounds. 

Ih the liquid crystal alignment layers of the present 

invention, it is possible to increase the adhesivity of 

the alignment layers on the substrates by using aminosili­

con compounds or diaminosilicon compounds. 

The aminosilicon compounds can be exemplified as 

follows; 

3-aminopropyl trimet.hoxys ilane, 3-aminopropyl triethox­

ysilahe, 3-aminopropylrnethyldimethoxysilane, 3-aminopro­

pylmethyldiethoxysilane, 3-aminopropyltr~s(2-me~hoxyet­

hoxy) silane, 2-aminoethyltrimethoxysilane, 2-amin_oethyl­

triethoxysilane, 2-aminoethylmethyldimethoxysilane,· 2-

aminoethylrnethyldiethoxysilane, 4-aminobutyltrimethoxysi­

lane, 4-aminophenyltrimethoxysilane, 4-aminophenyltrie­

thoxysilane, 4-aminophenylmethyldimethoxysilane, 4-ami­

nophenylmethyldiethoxysi·lane, 4-aminophenyl tr is ( 2-methox- · 

yethoxy) silane, 3-(4-aminophenyl)propyltrimethoxysilane, 

3- (4-aminophenyl)propyltriethoxysilane, 3-aminophenyl­

trimethoxysilane, 3-aminophenyltriethoxysilane, 3-(4-

aminopheny l_) propylmethyldimethoxysilane, 3- ( 4-aminop)le-
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nyl)propylmethyldiethoxysilane, 3-aminophenylmethyldime­

thoxysilane, and 3-aminophenylmethyldiethoxysilane. 

When the aminosili.con compounds are added to the 

polymide-type polymers, the content is p~eferably 50 mol % 

or less of the polyimide raw materials, more preferably 

30 mol % or less. 

Further, the diaminosilicon compounds may be 

represented by the formulae: 

a 

a 

C Hl C H 3 

-...-, i-0 -r---f 1-@-NH2 

CH3 CH3 
a 

a 

wherein a indicates an integer of 0-4. When these dia­

rninosilicon compounds are added to the polyimide-type 



.. 

-1 7-

polymers, the diaminosilicon compounds can be replaced by 

50 mol % or less, preferably 30 mol % or less of the 
diamino compounds which are polyimide raw materials. 

For providing the liquid crystal alignment layer of the 

prese~t invention on a substrate, preferably, a precursor 
polyamic acid which is obtainable by condensation of a 

tetracarboxylic dianhydride and a diamino compound is 

applied on the substrate, and the substrate is heated to 

~roduce a polyirnide-type polymer film on th~ substrate by 

dehydration. More concretely, polyamic acid is dissolved 
in a solvent~ fo.r example N-methylr-2-pyrrolidone (NM.P), di­

methylacetamide (DMAc), dimethylformarnide (DMF), dimeth­

ylsulfoxide (DMSO), butylcellosolve or ethylcarbitol, the 

solution is adjusted to 0.1-30% by weight, preferably 1-

10% by weight, and the resulting solution is applied.to 

the substrate by a method such as/ .~or example, a brush method, 
·a dipping method, a rotation coating method, a spray method 

or a printing method to form an applied film. After the· 

application, the solvent may be vaporized at 50-15Q°C,· · 

preferably 80-120°C, ~nd then the substrate may be 

heated at 150°-400°C, preferably 180°-280°C to form a 

polybenzylimide-type polymer film by dehydration and ring 

closure of the precursor. Before c~ating with the pre­
cursor, the surface of the substrate may be treated with a 
silane coupling agent, and then the polymer film is 

formed, so that the adhesivity of the polymer film to tr1e 

substrate. can be improved. Tr1e obtained film surface is 
tnen repeatedly rubbed in tne same direction, and a 

liquid crystal alignment layer is obtained. 

On tne substrate used al? a liquid_ crystal display 
device, usually electrodes, for example transparent 

electrodes of ITO (indium oxide-tin oxide) or tin oxide 

are formed.· Fu~tn~r, an undercoat film sucn as an insu­

lating film for preventing alkali elution from tr1e sub­

strate, a color filter, color filter overcoat and tne 
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like may be provided between tr,e electrodes and tr1e 
substrate, and an overcoat film sucn as an insulating 
film, a color fil~er film and tne like may be·provided on 
tr1e electrodes. Tr1e constitution of tr1ese electrodes, tr1e 
undercoat and tne like .in a liquid crystal cell can be 
tr,e ·same as tr1at of conventional liquid crystal display 
devices. 

Using tr1e substrate prepared by tr1e above process, a 
·liquid crystal display devic~~an be.prepared by forming a 
cell, injecting a liquid crystal into tne cell and seal­
ing tr1e cell. otr1erwise, 1 iquid crystals.-may be _spread on 
substrates, tr1en tr1e substrates are piled and sealed not 
to leak tne liquid crystals, and a iiquid crystal display 
device is produced. As tr1e enclosure of tr1e liquid 
crystal, convent~onal nematic liquid crystals, or several 
kinds of liquid crystals to wnicn a bicolor pigment is 
added can be used. 

A nematic liquid crystal mixture r,aving positive 
dielectric anisotropy is preferably used as a liquid 
crystal display device of tne ~resent invention. As 
components for obtaining tne liquid crystal compounds, 
tnere are (A) compounds naving nign dielectric anisotropy 
of 6E ~ S, (B) compounds naving low dielectric anisotropy 
of 6E < S, (C) compounds r1aving·a transparency over 80 
°C, and (D) other nematic liquid crystals. These liquid 

"' .,. I • 

crystals may be used as a mixture selected from the 
above (A) to (D) to control tr1resr,old voltages, viscosi­
ties, liquid crystal temperature ranges ·and tr1e like to 
meet conditions for using display devices. In tne above 
(B) to (D), some compounds r1ave negative dielectric 
anisotropy. However, if tr1e final nematic liquid crystal 
mixture Laving positive dielectric anisotiopy is obtained 
by optional mixing, tnese compounds may be used in spite 
of tne negative dielectric anisotropy. 

As tne compounds of (A), tne following compounds are 
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R-Q-O-ocHF2 
(AS) 

-1 9-

· R-O-Q-ocF
3 

(A4) 

. r-(F 
R-Q-coo-~F 

(AG) 

F 

R-Q-csc-'-Q-F .R-Q-c=c-cf-F 
(A7} 

F 

·R~F 
(At3) 

{AS) 

_fN. r-=(F 
.R~~F 

(A10} 

(A12} 

wnerein R and R' indicate an alkyl, alkoxy, alkenyl or 

alkoxyalkyl group naving 1 to 7 carbon atoms, respective­

ly. 
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. f ( B)' tne Pounds o As tne com 
e.xemplif ied. 

R-Q-coo-Q-F 
(B\) 

R-Q-0-oR' 
(B3} 

R-Ocoo{)-R· 
. (84) 

R-Ocoo:Q-11· 
(B6J 

F\ o==c:Q-R· R-'Lr (s~) -

R-oc~CH2-0-ll' 
(BIO.) 

A-Q-cH2CH2-0-R' 
( f312} 

R-O-OoR' 
(SJ.4) 

RD--Q-coocH3 

{Bib) 

li~z~-OR' 
(£318) 

R-Q-0-oR' (8~o) 

~~-/-\ R A-(~~ 
N (9'2.} 

ounds are following comp 

R-Q--0-R• 
(B~) 

J\ coo-Q-oR' 
R \J'"" (es") 

R-Ocoo-OoR' 
(f:l7) 

..r-=\-c=c-O~ Of1' 
R 'Lr - - (13'1 ) 
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As tne compounds of (C), tr1e following compounds are 
exemplified. 

R R F 

(C1) (C2} F 

R F A F 

(03) (C4} F 

R-OCH2CH2-0-Q-F 
(CS) F 

R CF3 R OCF3 

(C6) (C7) 
F 

R OCHF2 R CHF2 

(C:8) 
(C9) 

F 

R-o-o-CH2CH2-o--F R-O-O-cH2CH.--Q-F 
(C10) (C11) 

R-O-O-CH2CH2-0-cF3 

(C12) 

R-O-O-CH2CH2 -o-DCF3 

(C 13) 
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R--0-0-oco-O-R R-0-0-Coo-0-R' 
(C31) 

{C32) 

RVO-coo-Q-oR' R-Q-Oett,CH,-0-R· 
(C33) • {C34) -

R-OCH2CH2-0-==-0-R' 
{C35) 

(036) 

F (C37) 

F 

(C39) 

R~CH2CH2VR· 
\_/ . Fµ (C38) ·:· 

. . . 

R-O-CH2CH2-0-0-R• 
(C40) 

R-O-coo-Oco0-{)-R 
(C41) 

. R-Q-coo-OCH.CH.-Q-R· 
(C42) 

R-0-oco-OCH,Cli,-o-R R-o-CH2CH2-0-0-R' 
(043) (C44) . . 

A R' 

(C45) 
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R-o-o-CH2CH2~0CHF2 
(C.14} 

R CF3 

(ClS) 

R-o-CH,cl12-00-F 
{Cl7) 

R-Q-O-coo-OocF3 

(C19) 

R-0-0-COO-Q-F 
(C21) F 

R 

(C-16) 

R-Q-0-coo-Q-F 
· (Cl8) 

R-0-0-coo-Q-F . 
(C20) F .. 

F 

{C22) . F. . 
F F 

R-0-0-cH,cH,-Q-F 
F ~~ F 

R 

(C25) 

(C27) 

R-Q-0-coo-OR· 
(C29) 

R OR 

(C26) 

R-Q-0-coo-OR' 
(028) 

R-Q-0-coo-OR' . 
(C30) 
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R 

R 

F 
(C46) 

(C47) 

R' 

. R-O-O-cH2CH2-0-CH2CH2-0-R' 
. (C48) 

R 

(C49) 

R-O-coo-Q-coo-Q-cH2cH2-Q-R· 
(CSO) 

R-O-coo--Q-O-CH,CH2-0-R'. 
. . 

(C51) 

. R-0-0-coo-0-cH,CH,-0-R' 
· (C52) 

R-0-0-coo-O-O-cN 
(CS3) . 

R-O-O-coo-0-0-CN 
(C54) 

R-0-0-coo-0-F 
{C55) 

F 

R 

(C56) 
F 

' 
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As tr1e compounds of (D), t11e following compounds are 
exemplified. 

R-0-0-CN CN 

(Pl) (P2) 

CN ~ 
(P4) 

R-0-0-CN· 
(DS) 

·R-O-
(D7) 

CN 

CN 

{D-10) 

CN. 
F ().() CN 

(Dll) . · 

a-Q-O-rn2rn2~ 
(P-12) 

(D13) 
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R 

R-0-Q-coo-O-cN 
( Dl5) F · 

R-0-Q-coo-Q--CN 
CDl6) 

R-Ocoo CN 

(DJ7) (F) 

R-OCH,a;,-Ocoo-0-CN 
(DI&) 

: .... 

R-0{}--0CN R--0-C)--QcN 
( P!2.o} . (F} ([)Jq-) 

R CN R CN 

(Dl I) (D.2.2) (F) 

In tr1e above compounds (B) -(D), R and R' each indicate an 
• 

alkyl, alkoxy ,· alkeny 1 or alkoxyalky 1 group r1aving · 1 to 7 
carbon atoms .. 

.... 
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As tr1e nematic liq~id crystal mixture used in trs:e 

present invention, .any compound otr,er tr1an tr,e above­

mentioned compounds may be used witr,out departing from 

tr1e scope of tr,e invention. 

Tr1e liquid crystal display devices of tr,e present 

invention are cr1aracterized in that they can have al.ignment 
~ ~ 

control films which show .~ittle image-sticking pr1enomenon, 

tr,e voltage riolding ra~io : . .can b~ high, the aligning proper-
• .- .'I, •• 

ties of trte liquid crystal can be good a·na the pretilt angle 

can s~ as nigh as that of polyeth~rimide-type polyimides . 
. ·• 

Fig. 1 is a graph showing C-V hysteresis curves. 

Fig. 2 is a circuit for me·asuring voltage r1olding ratios. 

In Fig. 3, Vs sr,ows a rectangle wave r1aving 69 ~ of 

a ·gate pulse wide, 60 Hz of a frequency and ± 4.5 V of a 

peak value. 

v0 Shows a wave form Which is read out of an oscillo­

scope by applying Vs to tr,e circuit source of Fig. 2. 

Fig. 4 is a 1H-NMR spectrum cr1art of tr,e diamino .. · 

compound obtained in Example 1. 

Fig. 5 is an IR chart of the diamino compound ob­

tained in Example 1. 

Fig. 6 is a 1H-NMR spectrum cr,art of tr1e diamino 

compound obtained in Example 2. 

Fig. 7 is an IR cr,art of tr,e di amino compound ob­

tained in Example 2. 

Tr1e following examples illustrate tr,e compounds of 

tr1e present invention more specifically by production 

examples. Furtr,er, tfle products obtained by using tr1e 

compounds, namely liquid crystal alignment layers of poly­

imide resins", are described as examples, but tr,ese will 

not always be precise in practical applications. 

In tr,e following examples and comparative examples, 

tr,e· image-sticking pr1enomenon degrees were determined by 
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using a C-V c;urve metr.tod. Tr.te C-V curve metr.tod was 

conducted by applying an alternating cu_rrent ·of 25 mv and 

1 kHz to a crystal cell ·and applying a direct current 

triangle wave (abb_reviated as DC voltage r1ereinafter) of 

a frequency of 0.0036 Hz, sweeping tr1e DC voltage witrain 

tr1e limits of -1 0 V to 1 0 V and recording tr1e cr,ange of 

capacity c. Wr1en tr1e voltage is swept to a positive side 

( 0 + 10 V), tr,e capacity becomes rdgr1. Tr1en, tr1e voltage 

is swept to a negative side (10 + 0 V), and tr,e capacity 

becomes low. In tr.te same manner, wr,en tr,e voltage is 

swept to a side more negative t!lan 0 (0 + -10 V), tr1e 

capacity becomes rdgr1. Tr1e voltage is swept to a posi­

tive side (-10 + 0 V), and tr,e capacity becomes low. 

After repeating several cycles, the wave forms obtained 

are as sr,own in Figure 1 • Wr1en the electric criarge 

differences formed on the alignment :).ayer surface are 

stabilized, the voltage curves are hysteresis curves at 

the positive side and the negative side. A residual 

electric charge is determined by drawing tangent lines· to 

each C-V curve at the positive and negative sides, draw­

ing a line of capacity (C0 ) at 0 of the DC voltage, 

seeking each intersecting point {a1 -a4 ) of th~ tangent 

lines and t~e line.of capacity cc0 ), calculating the 

v9ltage differences of each two points at the positive 

si~e la1-a2I and-at the negative side 1~3 -a4 1 , and then 

calculating tr1e average voltage difference, namely (I a 1 -

~21 + I a3-a4 I) /2. Wr1en tr1e film trdckness of tr1e liquid 

crystal cell and the film thickness of the alignment 

layer are tr1e same, tr1e residual electric cr,arge can be 

used as a parameter of tr1e electric charge displacement 

and tr1e stability. Namely, w11en alignment layers r,aving 

smaller remaining electric c11arge are used, tr1e image-

-sticking pr£enomenon of t1'1e liquid crystal display device 

can be reduced. 

The voltage holding ratios are measure~ by a tircuit 
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as sr1own in Fig. 2. .In tr1e measurement, a rectangle wave 

(Vs) having 69 µs of a gate pulse wide, 60 Hz of a fre­

quency and ±4.5 V of a peak value is applied to a source 

·to read cr1ange of a drain (Vo) by an oscilloscope~ For 

example, wr1en tr1e rectangle wave is applied to tr1e 

source, tr1e drain (V0 ) sr1ows a positive value until tr1e 
next negative rec.tangle wave is applied. If tr1e r1olding 

rate is 100 %, v0 in Fig. 3 shows a rectangle orbit 

represented by a dotted line, wr1ile v0 normally sr1ows an 

orbit represented by a solid line wriicr1 gradually ap­

proacr1es to zero. Tr1en, an area of tr1e measured orbit 

(an area surrounded by V=O and tne orbit),-namely an 

oblique line part is calculated four times, and tne 

average value is obtained. Wr1en tr1e voltage is not 

decreased at all, supposing tnat tne area is 100 %, tne 

relative value of the measured area is a voltage nolding 

ratio. 

Pretilt angles are determined by a crystal rotation 

metr1od. 

Production example 1 

Aluminum cr1loride ~75.70 g and nitrobenzene 650 ml 

were mixed, tr1e mixture was poured and dissolved in 

para-nitrobenzoyl cnloride 212.00 ~on ice cooling. 

Tr1en, a solution of 1, 1-dipr1enylcyclor1exane 78.43 g in 

nitrobenzene 150 ml was added dropwise for 30 minutes. 

30 minutes after adding, tr1e ice batr1 was removed and tr1e 

mixture was slowly r1eated to 75°C for four riours in a 

mantle r1eater. Tr1e end of tr1e reaction was confirmed 

by liquid cr1romatograpr1y, and tr1en tr1e reaction solution 

was poured· into ice 2. 5 liters to extract witn cr1loroform 

1.0 liter. Tne solution was wasned witn a 6N-HC1 solu­

tion, an aqueous solution of sodium bicarbonate, an 

aqueous solution of sodium cr1loride and water. After 

cnloroform was removed witn a rotary evaporator, nitro­

benzene was removed by steam distillation. The residue 
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was recryst~llized ~itn etnyl acetate to obtain 118.64 g 

of black purple crystals of 1,1-bis[4-(4-

nitrobenzoyl)pneny1Jcyclonexa,ne. Tr1e melting point was 

174.2-176.1°C. 

1,1-Bis[4-(4-nitrobenzoyl)pnenyl]cyclonexane 106.63 g 

was dissolved in dicnlorometllane 1300 ml, and a solution 

of titanium tetracr1loride 120 g in dicrilorometr1ane 200 ml 

was added d~opwise for one nour~ Tnen, a solution of 

trietr1ylsilane 115. 5 g in dicr1lorometriane 150 ml was 

added dropwise for 9 0 minutes. Wr1en 3 0 minutes passed 

after tlle addition was finisr1ed, tr1e ice batr1 was removed 

and tne solution was stirr.ed fo·r four r1ours at room 

temperature. Tiie . end of tr1e reaction was confirmed by 

liquid cr1romatograpny, and tr1en trie reactio.n solution was 

neutralized witll an aqueous solution of sodium carbonate 

and wasr1ed wi tn water. After dicr1lorometr1ane was removed 

wi tr1 a rotary evaporator, tr1e residue was dissolved in 

toluene, tr1e solution was treated wi tr1 an alumina co·lumn, 

and. tr1e solvent was distilled away from tr1e elute. ['f1e 

concentrate was· recrystallized witr1 etr1yl acetate solvent 

to obtain 93.5 g of pale yellow crystals of 

1,1-bis[4-(4-nitrobenzyl)pllenyl]cyclollexane. Tne melting 

poin~ was 125.4-12~.5°C. 

1 , 1-bis [ 4-( 4-nitrobenzyl)prienyl ]cyclor1exane 9 8. 9 3 g 

was dissolved in.1100 ml of tetrar1ydrofuran, a Pd-C 

catalyst (5% purity, water content 55.9 %) 9.8 g was 

added, and tlle mixture was cooled witn w.ater at atmos­

plleric pressure and contacted witn nydrogen.gas witn 

stirring. After tr1e absorption of nydrogen stopped, tr1e 

catalyst was filtered off and tne solution was concen­

trated. Tr1e concentrate was recrystallized wi tri toluene 

solvent to obtain 71.71 g of 1,1-bis[4-(4-

aminobenzyl)pnenyl]cyclonexane wnicn is a diamino com­

pound of tr1e present invention. Tr1e melting point was 

154.4-155.5 °C. 
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Tl1e proton nuclear magnetic resonance spectrum ( 1H­

NMR) of triis cqmpound is sr1own in Fig. 4 and tr1e IR cr1art 

is sr1own in Fig. s·. 
Production example 2 

4,4-Dipr1enylcyclor1exanone 54.0 g was dissolved witr1 

stirring in tetrar1ydrofuran 700 ml, wrdcn was purified by 

der1ydration, under nitrogen sealing and cooled wi tr1 dry 

ice-acetone. Tnen, a solution 200 ml of n-butyl lithium 

( 1. 6 mole/liter) i·n r1exane was added dropwise for two 

r1ours. Two r1ours after adding, tr1e ice batr1 was removed 

and tr1e mixture was slowly rieated to room temperature for 

four r1ours. Tne end of tr1e reaction was confirmed by 

liquid cr1romatograpr1y, tr1en a saturated ammonium cr1loride 

aqueous solution 3o O tnl was poured· into tr1e reaction 

solution and tr1e mixture was extracted wi tr1 toluene 700 

ml. Tr1e solution was wasr1ed _witr1 .an aqueous solution of 

sodium cnloride and toluene was removed wi tr1 a rotary 

evaporator. Tr1en, tr1e residue was dissolved in toluene 

400 inl, an ion exc.i:1ange resin (Amberlist 1 SE, manufaa.: 

tured by ORGANO Co, T,,td. ) 2. 8 g was mixed, and tr1e mix­

ture was r1eated under reflux for tr1ree r1ours. Tr1e ion 

excr1ange resin was filtered off, toluene was removed witr1 

a rotary evapotator, tne residue was dissolved in tol­

uene/r1eptane 1/4 (v/v) and tr1e solution was pur-ified witr1 

a silica gel colu~n to obtain 4,4-dipl1enyl-1-butylcyclo­

r1exe~e {c.ontaining 4, 4- dipnenyl-1-butylidenecyclonexane) 

32.97 g. 

4, 4-dipr1enyl-1-butylcyclor1exene (containing 4, 4-

dipr1enyl-1-butylidenecyclor1exane) 32.0 g was dissolved in 

tetrar1ydrofuran 200 ml and acetic acid ·300 ml~ platinum 

oxide 1.0 g was added, and tr1e mixture was cooled witr1 

water at atmospneric pressure and contacted to riydrogen 

gas witl1 stirring. After tne absorption of nydrogen was 

stopped, tr1e catalyst was filtered off, water(two liters} 

was added to tr1e solution, and tr1e solution was extracted 
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witr1 toluene (one liter). Tr1e extracted solution was 

wasr1ed witr1 water, toluene was removed witr1 a rotary 

evaporator and 1,1-diphenyl-4-butylcyclohexane 30.58 g 

was obtained. 

Aluminum cr1loride 101.2 2 g and ni trobenzene 2 00 ml 

were mixed, tr1e mixture was poured and dissolved in 

para-nitrobenzoyl cr1loride 5 7 .1 O g on ice cooling. Tr1en, 

a solution of 1, 1-dipr1enyl-4-butylcyclor1exane 30. 0 g in 

nitrobenzene 50 ml was added dropwise for 30 minutes. 30 

minutes after adding,· tr1e ice batr1 was removed and tr1e 

mixture was slowly r1eated to 67°C for four r1ours in a 

nian,tle r1eater. Tr1e end of the reaction was confirmed 

by liquid cr1romatograpr1y, and tr1en tr1e reaction solution 

was poured into ice 1 ."5 liters to extract witr1 cr1loroform 

1.0 liter. Tr1e solution was wasr1ed witri a 6N-HC1 solu­

tion, an aqueous solution of sodium bicarbonate, an 

aqueous solution of sodium chloride and water. After 

cr1loroform was removed wi tr1 a rotary evaporator, ni tro­

benzene was removed by steam distillation. Tr1e residue 

was dissolved in toluene, and tr1e solution was purified 

with a sili~a gel columh to obtain 1,1-bis[4-(4-nitro­

benzoyl)phenyl]-4-butylcyclohexane 45.40 g. 

1,1-Bis[4-(4-nitrobenzoyl)phenyl]-4-butylcyclohexane 

45.40 g was dissolved in dicnlorometriane 660 ml, and a 

solution of ·trifluorosulfuric acid 36.9 g in dicr1loro­

metr1ane 860 ml was added dropwise for one r1our. Tr1en, a 

solution of trietr1ylsilane 4 7. 3 8 g in dicr1lorometr1ane 8 0 

ml was added dropwise for 90 minutes. Wr1en 30 minutes 

passed after the addition was f inisr1ed, tite ice batr1 was 

removed and tr1e solution was stirred for five r1ours at 

room temperature. Tr1e end of tr1e reaction was con­

firmed by liquid cr1romatograpr1y, and tr1en tr1e reaction 

solution was neutralized witri an aqueous solution of 

sodium carbonate and wasr1ed witri water. After dicr1loro­

metr1ane was removed wi tr1 a rotary evaporator, tr1e residue 
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was dissolved in toluene, tr1e solution was treated witr1 

an alumina column, and tr1e solvent was distilled away 

from the elute to obtain 

1, 1-bis[ 4-( 4-nitrobenzyl )prienyl J-4-butylcyclor1exane 38. 0 

.g. 

1,1-Bis[4-{4-nitrobenzyl)phenyl]-4-butylcyclonexane 

38.0 g was dissolved in 500 ml of tetrar1ydrofuran, a Pd-C 

catalyst (5% purity, water content 55.9 %) 4.0 g was 

added, and -tr1e mixture was cooled witr1 water at atmos­

pr1eric pressure and contacted wi tr1 r1ydrogen gas wi tr1 

stirring. After tr1e absorption of r1ydrogen stopped, tr1e 

catalyst was filtered off and trie solution was concen­

trated. Tr1e concentrate was recrystallized witr1 mixture 

solvent of ethanol ~7 % and metnanol 13 % to obtain 1,1-

bis [ 4-( 4-aminobenzy.l )pr,enyl 1-4-butylcycloriexane 14 .22 g 

wrdcr1 is a diamino compound of tr1e present invention. 

Tr1e melting point was 58.5-60."1 °C. 

Tr1e proton nuclear magnetic re?onance spectrum ( 1 H-: 

NMR) of trds compound is sr1own in Fig. 6 and trie IR cr~art 

is snown in Fig. 7. 

Example 1 

To a four-necked flask equipped witn a· stirrer, a 

tnermorneter, a condenser and a nitrogen displac~~ent 

apparatus, N-methyl-2-pyrrolidone 50 g which was purified by 

der1ydration, and tr,en 1,1-bis[4-(4-

aminobenzyi) pr1enyl ]cycior1e~ane 7. 4 3 g were cr1arged and 

dissolved witr1 stirring. Tr1e mixture was cooled to 13°C, 

pyromelli tic dianr1ydr ide 3. 6 9 g was added, and tr1e mix­

ture was reacted witri stirring on cooling. After one 

r1our, para-aminoprienyl trimetr1oxys i lane 0. 11 g was added, 

and tne mixture was reacted witn stirring for one riour .at 

20°C. 

Tr1ez:i, t~,e reaction solution was diluted wi tr, N-rnetri­

yl-2-pyrrolidone (NMP) 51.1 g to obtain a transparent 

solution of 1 0 % by weigr,t of polyamic acid. Tr,e viscos- . 

:. . 
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ity of trie s'olution was 1'870 centipoises at 25°C. 

A mixture solution of 1 : 1 of butyl Cellosolve and 

NMP was added to trle solution to dilute trle. solution of 

polyamic acid to 3 % by weigrit, and the solution was 

applied by a rotation coating method (a Spinner metrlod) 

on transparent glass substrates equipped with ITO elec­

trodes at trie one sides. Trie coating conditions were 

5000 rpm and 15 seconds. After coating, the substrates 

were dried at 100°C for ten minutes, heated to 200 °C for 

one riour in an oven, and treated at 200 °C for 9d minutes 

to obtain polybenzylimide riaving film thickness of about 

600 angstroms. Trie film surface of two pieces of trie 

substrates on wriicri trie polybenzylimide films were formed 

was rubbed, respectively, to obtain liquid crystal align­

ment l~yers. A liquid crystal cell having triickness of 6 

microns was assembled by trie substrates so as to be 

oriented in parallel and anti parallel rubbing direc­

tions. Liquid crystal FB01 for TFT manufactured by 

· CHISSO ·coRPORATION was injected into trle liquid cryst;.a·1 

cell. Then, trie liquid crystal was isotropic-treated 

witri rieating at 120 °C for 30 minutes and cooled to room 

temperature to obtain a liquid crystal device. To deter­

mine trie pretilt angle, a liquid crystal cell having 

trdckness of 20 microns in wrlicrl liquid crystal ZT,I-1132 

manufactured by Merck Company was injected was similarly 

prepared. 

Trie aligning prop~rties of trie liquid crystal device 

were good, and trie pretilt angle of trie liquid crystal 

was 7. 3 degrees by trie crystal rotation rnetrlod. Trle 

residual electric charge determined was 0.06 v at 25°C 

and trie voltage riolding ratio was 97.4 %. 

Example 2 

To a 200 ml four-necked flask equipped with a stir­

rer, a tr1ermometer, a condense.r and a nitrogen displacement 

apparatus, N-metriyl-2-pyrrolidone 50 g, wriicr1 was _puri-

• 
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fied by dehydration, and 1 ,1-bis[4-(4-

aminobenzyl)pr1enyl]cyclor1exane 7.43 g were criarged, and 

tr1e mixture was dissolved wi tr, stirring. Tr1e mixture was 
cooled to 1 3 °C, metr,ylcyclobutane tetracarboxylic acid 

dianhydride 3.68 g was charged at one time, and the 

mixture was reacted wi tri stirring on cooling. After one 

r1our~ para-aminopr1enyltrimetr,oxysilane 0.33 g was added, 
and trie mixture was reacted wi tr1 stirring for one I1our at 

20°C. 

Tri en, trie reaction solution was di luted wi tr, N-metr.­

yl-2-pyrrolidone (NMP) 53.0 g to obtain a transparent 

solution of 10 ~by weight of polyamic acid. The viscos­

ity of tr1e solution was 104. 5 centipoises at 2 5 °C. 

A mixture solution of 7 : 3 of.butyl Cellosolve and 

NMP was added to the solution to dilute trie solution of 

p6lyamic acid to 3 % by weight, and trie solution was 

applied by a rotation coating metriod (a Spinner metriod) 

on transparent glass substrates equipped with ITO elec­

trodes at trie one sides. Tr1e coating· conditions were· 

3000 rpm and 15 seconds. After coating, trie substrates 

were dried at 100°C for ten minutes, rieated to 200°C for 

one r1our in an oven, and treated at 200°C for 90 minutes 

to obtain polybenzylimide riaving film thickness of about 

600 angstroms. Trie film surface of two pieces of the 

substrates on wriicr1 tr1e polybenzylimide films were formed 

was rubbed, respectively, to obtain liq~id crystal align­

ment layers. A liquid crystal cell riaving triickness of 6 
microns was assembled by tr1e substrates so as to be 

oriented in parallel and anti parallel rubbing direc-

t ions. Liquid crystal FB01 for TFT manufactured by 

CHISSO CORPORATION was injected into tr1e liquid crystal 

cell. Tr1en, tr1e 1 iquid crystal was isotropic-treated 

with rieating at 120°C for 30 minutes and cooled to room 

temperatu~e to obtain a liquid crystal device. To deter­

mine tr.e pretil t angle, a 1 iquid crysta 1 eel 1 r1aving 
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thickness of 20 microns in Which liquid crystal ZLI-1132 
manufactured by Merck Company was injected was similarly 
prepared. 

Tr1e aligning properties of tr1e liquid crystal device 

were good, and t~e.pretilt angle of the liquid crystal 

was 3.1 degrees by tr1e crystal rotation method. Tr1e 

residual electtic char~e determined was 0.01 V at 25°C 

and the voltage holding ratio was 97.3 %. 

Example 3 

To a 200 ml four-necked flask equipped witfl a stir­

rer, a tr1ermometer, a condenser and a nitrogen displacement 

apparatus, N-metr1yl-2-pyrrolidone 5 O g, wriicr1 was puri­

fied by dehydration, and 1,1-bis[4-{4-aminobenzyl}phenyl] 

-4-butylcycloriexane 8. 3 6 g were cr1arged, and tr1e mixture 

was dissolved wi tr1 stirring. Tr1e mixture was cooled to 

13°C, pyromellitic acid dianr1ydride ·3.69 g was cr1arged at 

one time, and the mixture was reacted with stirring on 

cooling. After one hour, para-aminophenyltrimethoxysi- · 

lane 0 .1 l g was added, and tr1e mixture was reacted .witr1 

stirting for one !lour at 20°C •. 

Tr.en, tfle reaction solution was diluted with N-meth­

y l-2-pyrrolidone (NMP) 59.4 g_to obtain a transparent 

solution of 10 % by weight of polyamic acid. The viscos­

ity of the solution was 1540 centipoises at 25°C. 

A mixture solution of 1 : 1 of butyl Cellosolve and 

NMP was added to tr,e solution to di lute tr1e solution of 

polyamic acid to 3 % by weigr1t, and tr1e solution was 

applied by a rotation coating metr,od (a Spinner metr,od) 

on transparent glass substrates equipped with ITO elec~ 

trodes at the one sides. The coating conditions were 

5000 rpm and 15 seconds. After coating, tfle substrates 

were dried at 100°C for ten minutes, r1eated to 200°C for 

one hour in an oven, and treated at 200°c for 90 minutes 

to obtain polybenzylimide having film thickness of about 

600 angstroms. Tr1e film surface of two pieces of tr.e 
• 
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substrates on wrdcr, tr,e polybenzylimide films were formed 

was rubbed, respectively, to obtain liquid crystal align­
ment layers. A liquid crystal cell having thickness of 6 
microns was assembled by the substrates so as to be 

oriented in parallel and anti parallel rubbing direc­

tions. Liquid crystal FB01 for TFT manufactured by 

CHISSO CORPORATION was injected into tr1e liquid crystal 

cell. Then, the liquid crystal was isotropic-treated 

with heating at 120°C for 30 minutes and cooled to room 

temperature to obtain a liquid crystal device. To deter­

mine the pretilt angle, a li~uid crystal cell having 

thickness of 20 microns in which liquid crystal ZLI-1132 

manufactured by Merck Company was injected was similarly 

prepared. . 
Trie aligning properties of trie liquid crystal device 

were good, and the pretilt angle of the liquid crystal 

was 5.0 degrees by the crystal rotation method. The 
residual electric Charge determined was 0.07 Vat 25°C 

and the voltage holding ratio was 95.6 %. 

Comparative example 

A p6lyamic acid solution was obtained by polymeriza­

tion of 2,2-bis[4-(4-aminophenoxy)phenyl]propane 8.06 g, 

pyromelli tic dianr,ydride 4. 3 6 g and pa~a-aminoprienyl­
trimethoxysilane ~.11 g. 

After a mixture sol,ution of 1 : 1 of butyl Cellosolve 

and NMP was added to the solution to dilute the polyamic 

acid to 3 % by weight, the solution was applied by a 

rotation coating method .(a Spinner method) on transparent 

glass substrates equipped with ITO elect~odes at the one 

sides. Tr,e coating conditions were 3000 rpm and 1 5 

seconds. ·After coating the substrates were dried at 100 
°C for ten minutes, r1eated to 200°C for one r.our in an 

oven, and treated at 200°C for 90 minutes to obtain 

polyetherimide having film thickness of about 600 ang­

strom!L Trie film surface of two pieces of tr1e substrates 
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on wriicr, tr,e polyetr1erimide films were formed was rubbed, 

respectively, to obtain liquid crystal alignment layers. 

A liquid crystal cell r,aving trtickness of 6 microns was 

assembled by tr,e substrates $0 as to be oriented· in 

parallel and anti parallel rubbing directions. Liquid 

crystal FB01 for TFT manufactured by CHISSO CORPORATION 

was iQjected into tLe liquid crystal c~ll. Then, tLe. 

liquid crystal was isotropic-treated wi tr, r,eating at 1 20 

°C for 30 minutes and cooled to room temperature to 

obtain a li~uid crystal device. To determine tDe pretilt 

angle, a liquid crystal cell Laving tLickness of 20 

microns in wLiCL liquid crystal ZLI-1132 manufactured by 

Merck Company was injected was similarly prepared. 

TLe aligning properties of the liquid crystal device 

were good, and the pretilt angle of tLe liquid crystal 

was 3. 7 degrees by tr1e crystal rotation metr,od. Tr1e 

residual electric Charge determined was 0.20 Vat 25°C 

and the voltage Lolding ratio was 90.0 %. 

Comparative example 2 

A polyamic acid solution was obtained by polymeriza­

tion of 2,2-bis[4-(4-aminopr.enoxy)pr1enyl]propane 8.06 g, 

metr.ylcyclobutanetetracarboxylic acid dianr,ydr ide 3. 9 2 g 

a·nd para-aminopr,enyl trimetr,oxysilane 0. 11 g. 

After a .mixture solution of-7 : 3 of butyl Cellosolve 

and NMP was added.to the iolution to dil~te the polyamic 

acid to 3 % by weigr,t, 'tr,e solution was applied by a 

rotation coating metLod (a Spinner metLod) on transparent 

glass substrates equipped with ITO electrodes at trie one 

sides. Tr1e coating conditions were 5000 rpm and 1 5 

seconds. After coating the·substrates were dried at 100 

°C for ten minutes, heated to 200°C for one Lour in an 

oven, and treated at 200°C for 90 minutes to obtain 

polyetherimide having film thickness of about 600 ang­

stroms. The film surface of two pieces of the substrates 

on wr1icr1 trie pol yetr,erimide films were formed was rubbed, 
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respectively, to obtain liquid crystal alignment layers. 

A liquid crystal cell r1aving trdckness of 6 microns. was 

assembled by the substrates so as to be oriented in 

parallel and anti parallel rubbing directions. Liquid . 

crystal FB01 for TFT manufactured by CHISSO CORPORATION 

was injected into tr1e liquid crystal cell. Tr,en, tr,e 

liquid crystal was isotropic-treated wi tr, r1eating at 120 

°C for 30 minutes and cooled to room temperature to 

obtain a liquid crystal device. To determine tr1e pretil t 

angle, a liquid crystal cell r,aving trdckness of 20 

microns in wrdcr, liquid crystal zr~I-1132 manufactured by 

Me.ck Company was injected was similarly prepared. 

Tr1e aligning properties of tr1e liquid crystal device 

were good, and tr,e pretilt angle of tr1e ·liquid crystal 

·was 1. 5 degrees by tr,e crystal rotation rnetr,od. Tr,e 

~Efsidual electric crtarge determined was 0.15 v at 25°C 

and tr1e voltage r1olding ratio was 89. 0 % • 

Comparative example 3 

· A polyamic acid solution was obtained by polymeriz·a­

tion of 4,4-diarninop~enylet~er 3.46 g, pyromellitic 

dianr,ydride 4.36 g and para-aminopr,enyltrimetrioxysilane 

0.11 g. 

After a mixture solution of ·1 : 1 of butyl Cellosolve 

and NMP was added to tr,e solution to dilute tr,e polyamic 

acid to 3 % by weigr,t, tr1e solution was applied by a . 
rotation coating metr1od (a· Spinner metr1od) on transparent 

glass substrates equipped wi tr, ITO electrodes at tr1e one 

sides. Tr1e coating conditions were 3000 rpm and 15 

seconds. After coating tr,e substrates were dried at 1 00 

°C for ten minutes, heated to 200°C for one hour in ~ti 

oven, and treated at 200°C for 90 minutes to obtain 

polyetherimide having film thickness of about 600 ang­

stroms. The film surface of two pieces of tr1e substrates 

on wrdcr, tr1e polyetr1erimide films were formed was rubbed, 

respectively, to obtain liquid crystal alignment layers. 
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A l"iquid crystal cell r1aving trdckness of 6 microns was 

assembled by tr1e substrates so as to be oriented in 

parallel and anti parallel rubbin_g directions. T ... iquid 

crystal FB01 for TFT manufactured by CHISSO CORPORATION 

was injected into tr1e liquid crystal cell. Tr1en, tr1e 

liquid crystal was isotropic-treated wi tr, r1eating at 120 

°C for 30 minutes and cooled to room temperature to 

obtain a liquid crystal device. To determine tr1e pretilt 

angle, a liquid crystal cell having thickness of 20 

microns in wrticr, liquid crystal zr~I-1132 manufactured by 

Merck Company was injected was similarly prepared. 

Tr1e aligning properties of tr1e liquid crystal· device 

were good, and trle pretilt angle ·of tr1e liquid crystal 

was O. 5 degrees by tr1e crystal rotation metr1od. Tr1e 

residual electric Charge determined was 0.90 V at 25°C 

and t~e voltage holding ratio was 78.0 %. 

According to tr1e present irivent~on, new diamino 

compounds and·a method· for producing these compounds 

are provided . 

. ..rt is found tr,at tr1e polyimide compounds obtained by 

using the diamino compounds as raw materials~an have 

e?Ccellent ,properties as liquid crystal alignment layers, and 

tr1a t tr1e polyimide compounds can be cr1anged into iiquid 

crystal alignment. layers r1aving uniform and r1igr1 pretilt 

angles over tr1e wr1ole display surface of tr1e wide sub-. . 
strates, wriicr1 are required to STN liquid crystal display 

devices by conventional rubbing treatment. Furtr1er, tr1e 

liquid crystal display devices using trie liquid crystal 

alignment layers can have excellent quality with a high 

voltage r1olding ratio and wi tr1out an image-sticking 

pr1enomenon. It is considered tr,at these effects are 

brougr,t by a pr1enylcyclor1exane ring and an alkyl group 

bonded to tr1e ring of tr,e diamino compounds. of tr1e raw 

materials. Tr1e diamino compounds of tr1e present inven-
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tion are useful as raw materials for liquid crystal 

alignment layers. Further, ·these cpmpounds can be used 

for the other polymer compounds such as polyimides and 

polyamides and their property modification. It is 

expected to use for the other epoxy crosslinking 

materials or to introduce new characteristic properties 

·into polymer compoµnds. 
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DIAMINO COMPOUNDS AND THEIR PRODUCTION METHOD AND LIQUID 
CRYSTAL ALIGNMENT LAYERS USING THE COMPOUNDS 

Claims 

1. A diamino compound represented by a general formu­

la { 1 ) : 

H2N.CH2 

z 

R 

wr1erein R indicates riydrogeri or an alkyl group r,aving 

to 8 carbon atoms, further, X, Y and Z indicate hydrogen, 

an alkyl group !laving 1 to 3 carbon a toms or fluorine, 

respectively, ahd some or all of them may be tf1e same· 

or different, and t~e positions of these substitutive 

groups Jnay be ortr,o positions or meta positions. 

2. A rnetr1od for producing a di amino compound repre­

sented by tr,e gene~al formula ( 1) in claim 1 , 

wrti.cr, comprises rea_cting • para ni trobenzoyl cr1loride 

derivative represented by tr,e formula (3): 

••• ( 3) 

wr1erein z indicates r,ydrogen, an alkyl group r1aving 1 to 

3 carbon atoms or fluorine, and tI1e position of substitu­

tive group Z may be an ortr10 position or a meta position, 

with a diphenylcyclohexane derivative represented by the 

formula ( 2) : 

l lllllll llllll lllll lllll ll llll 
* C L M S * 
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R 

••• ( 2) 

wr1erein R indicates r1ydrogen or an alkyl group r,aving 1 

to 8 carbon atoms, further, X and Y indicate hydrogen, an 

alkyl group r1aving 1 to 3 carbon atoms or fluorine, 

respectively, and some or all of them may be the same 

or different, and tfie positions of these substitutive 

groups may be ortr10 positions or meta positions, and 

reducing a carbonyl group and a nitre group to obtain tr,e 

diamino compound. 

3. A liquid crystal alignment layer containing as a 

principal constituent a polymer having a diamino compound 

represented by tr,e general formula ( 1) in claim 1 in a 

long Chain of the molecule. 

4. A liquid crystal alignment layer containing as a 

principal constituent a polyimide r1aving a structure unit 

represented by tr1e general formula ( 4) : 

R 

N.CH2 

z x y 

••• ( 4) 

· Hllllll llllll lllll lllll ll 1111 
* C L M S * 
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wr1erein R indicates r1ydrogen or an alkyl group r1aving 1 

to 8 carbon a toms, furtr1er, x, Y and Z indicate r1ydrogen, 

an alkyl group r1aving 1 to 3 carbon atoms or fluorine, 

respectively, and some· or all of tr,em may be tr1e same 

or different, and tr1e positions of triese subs ti tuti ve 

groups ~ay be ortr10 positions or meta positions_, and A is 

an aromatic group of four valencies an alipr1atic group of 

four valencies or a complex group r,a_ving aromatic and 

alipr1atic properties and four valencies. 

5. A method of. making a liquid crystal alignment 

layer as claimed in claim 4, wherein the polyimide is 

obtained by reacting a tetracarboxylic dianhydride 

represented by the following formula (5) and a diamino 

compound represented by the following formula (1) in a 

solvent to produce a polyamic acid and heating the 

resultant polyamic acid: 

HaN~CH2 
z 

••• ( 1 ) 

wr1erein R indicates r1ydrogen or an alkyl group r,aving 1 

to 8 carbon a toms, furtr,er, X, Y and Z indicate r1ydrogen, 

an alkyl group r1aving 1 to 3 carbon atoms or fluorine, 

respectively, and some or all of .tr1em may be tr,e same 

or different, and trie positions of triese substitutive 

1·11111111111111111111111111111 
* C L M S * 
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groups may be ortho positions or meta positions, and A 

is an aromatic group or four valencies, an aliphatic 

group of four valencies or a ~omplex group having 

aromatic and-aliphatic properties and four valencies. 

6. A ~iquid crystal display device having a 
• 

liquid crystal alignment layer as claimed in claim 3 or 

4. 

7. A liquid crystal display device as claimed in 

claim 6, using a nematic· liquid crystal mixture having 

positive dielectric anisotropy. 

8. A polyimide having as a repeating unit a 

structure obtainable by polymerisation involving a 

diamino compound as claimed in claim 1. 

9. A polyimide having as a repeating unit the 

structure represented by formula (4) in claim 4. 

10. A method of making a polyimide as claimed in 

claim 9, wherein the polyimide is obtained by the 

reaction described in claim 5. 

111111111111111111111111111111 
* C L M S * 


