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DIAMING COMPOUNDS AND THEIR PRODUCTION METHOD AND
LIQUID CRYSTAL ALIGNMENT LAYERS USING TﬁE COMPQUNDS
The present invention relates to diamino compounds
and liquid crystél 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 cfystal

alignment layers.

'~ The main type of liquid ¢rystal display devices
which is used in conventional clocks, watches and
electronic calculators is a twist nematic (abbreviated
as TN hereinafter) mode having a structure in which
molecular 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. _ '
Moreox}er,--in recent years, since matrix display or
color display has been possible, MIM (metal-insulation
layer-metal) devices and TFT (field effect type thin
layer tﬁ:‘ansistor) devices are béing developed. MIM

devices adopt many pixel electrodes and an active type
‘twist nematic mode which can switch 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 important to-

improve

TGN
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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 layerslwhich are produced on
the alignment layer surface by ionic components of impu-
rities contained in the ligquidcrystal. Since 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 differences.
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.

As an alignment layer used for such a liguid crystal
display device, organic films such as polyimide and
polyamide are mainly employed. Japanese Publication
of Unexamined Patent Application No. 51-65960 discloses a -
ligquid 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:

00

However, the polyimide alignment layer produced from such
a polyether compound has a problem that the image-stick-

ing phenomenon is apt to occur.

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 compounfis_.
The inventors of the present invention have studied

earnestly and found that the image—sticki-ng phenomenon
mutually relates to pola'rity of the surface of alignment.
layers, and liquid crystal alignment lé.yers and liquid
crystal devices having an_ex'cellent voltage holding ratio
without thé image-sticking phenomenon are obtainable by
using diamino compounds having a certain structure by
which the polarity can be small. ‘

The diamino compound does not have polar atoms such
as -0- and -SO'Z-,. and the ratio of imide groups is rela-
tively reduced by increasing the amine molecular weight,
and the ratio of polar componen{:s is extremely small.

The content of the present invention is explained in
detail. ' '

1) A diamino compound r'epresented by a general formélla

(1):

wherein R indicates 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 atoms or fluorine,
respectively, and a part or all of them may be the same

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

2) A method for producing a diamino compound represented
by the general formula (1) in 1), _

which comprises condensing a paré nitrobenzoyl chloride

derivative represented by the formula (3):

O

X NO. « e (3)
cl

Z

_whérein Z indicates hydrogen, an alkyl group having 1 to

3 carbon atoms or fluorine, and the position of substitu-
tive group 2 may be an ortho position or a meta position,
to a diphenylcyclohexane derivative represented by thé
formula (2):

oot(z)

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_t6 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
reducipg.a carbonyl group and a nitro 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
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chain of the molecule. _ _

4) A liquid crystal alignment layer containing as a
principal constituent a polyimide having a structure unit
represented by the general formula (4):

. N
X
N 75N, /¢
| JDN—-@—CH; . @ CH:-—@— & P \c Jf;
Z X Y z I i
N\ 7/

® 8 @
whereln R indicates hydrogen or an alkyl group hav1%g 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 may be the same
or different, and the positions of these substitutive
grdups may be ortho positions or meta positions, and A is
an aromatic group of four valencies, an aliphatic group of
four valencies or a complex gfoup_having aromatic and
aliphatic properties having four valencies.

5) A liquid crystal alignment layer as in 4), the
polyimide is obtained by reacting a tetracarboxylic
dianhydride représented 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.

=0
Q=0

N/

o 000(5)

/\
\./
/N

O=0
Oo=0
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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 may be the same
or different, and the positions of these substitutive
groups may be ortho positions or meta'positions,land 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. ' X

6) A liguid crystal display device equippiné éhe
liquid ¢rystal alignment layer as described in 3).

7) A liguid crystal display device equipping the
liquid crystal élignment 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 mixture having positive 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 lcyclohexane,

1,1-bis[4-(4—aminobenzyl)phenyl]—4-methylcyclohexane,
1,1—bis[4—(4—aminobenzy1)phenyl]—4-etﬁyicyclohexane,
1,1-bis[4—(4—aminobehzyl)phenyl]-4-propylcyclohexane,
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i,1—bis[4—(4-aminobeﬁzyl)pheny1]—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]l-4-heptylcyclohexane,
1,1-bis[4e(4-aminobenzyl)phenyl]—4—octylcyclohéxane,
1,1-bis[44(4—amino-3-methy1benzyl)phenle—4—methyl—
cyclohexane, | o
1,T-bis[4-(4-amino—3-methylbenzy1)phenyl]-4-ethyl-
cyclohexane,
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-penty1-
cyclohexane,
1,1—bls[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-methylphenyl]-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-aminobenzyl)-3-methylphenyl]-4-hexyl-
cyclohexane, |
1,1-bis[4-(4~aminobenzyl)-3-methylphenyl]-4-heptyl-

cyclohexane,
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1,1-bis[4~-(4-aminobenzyl)~3-methylphenyl]-4-octyl-
cyclohexane, . _ |
1,1-bis[4-(4-aminobenzyl)—2fmethy1phenyl]-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-methylphenyl]-4-butyl-
cyclohexane,
1,1-bis[4-(4-aminobenzyl)-2-methylphenyl]-4-pentyl-
cyclohexane,
1,1-bis[4~(4-aminobenzyl)-2-methylphenyl]-4-hexyl-
cyclohexane,
1,1-bis{4~(4-aminobenzyl)-2-methylphenyl]-4-heptyl-
cyclohexane,
1,1-bis[4-(4-aminobenzyl)~2-methylphenyl}-4-octyl-
cyclohexane,
1,1-bis{4~-(4-amino-3-methylbenzyl)phenyllcyclohexane,
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 lcyclohexane,
1,1—bis[é—(4-aminobenzyl)—3¥methylphenyl]cjclohexane,
1,1-bis[4-(4-aminobenzyl)-3-ethylphenyl]cyclohexane,
1,1-bis{4-(4-aminobenzyl)-3-propylphenylicyclohexane,
1,1-bis{4-(4-aminobenzyl)-3-fluorophenyllcyclohexane,
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, : s
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-
cyclohexane, ' .
1,1-bis{4-amino-3-ethylbenzyl)phenylj-4-ethylcyclo-
hexane,
1,1-bis{4-amino-3-propylbenzyl)phenyl]l-4-ethylcyclo-
hexane,
1,1-bis[4-amino-3-fluorobenzyl)phenyl]-4-ethylcyclo-
hexane, -
1,1—bis[4—(4—aminobenzyl)-3-ethylpheny1]—4—ethylcy-
éloheXane, o |
1,1-bis[4-(4-aminobenzyl)-3-propylphenyl]-4-ethyl-
cycloliexane,
1,1—bis[4—(4—aminobenzyi)—3-fluorqphenyl]—4-ethyl—_
cyclohexane,
1,i—bis[4—(4—amino—3—ethylbenzyl)phenyl]—A—propyl—

cyclohexane,

1,1~bis[4—(4-amino—3—propy1benzyl)phenyl]—4-propylcjciof
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-propylphenyll-4-propyl-

cyclohexane, and .

1,1—bis[4-(4-aminobenzyl)-3—fldorophenyl]—4—propyl—
cyclohexane.

The production of the diamino compounds of the
present invention is described by way of exdmple.

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-methylcyclohexane,
1,1-diphenyl—4—ethyldyclohexane,
1,1-diphenyl-4-propylcyclohexane,
1,1-diphenyl-4-butylcyclohexane,
1,1-diphenyl-4-pentylcyclohexane,
1,1—diphenyl-4—hexylcyclohexane,
1,1—diphenyl~4-heptylcyclohekane,
1,1-diphenyl-4-octylcyclohexane,
1,1-bis{2-methylphenyl )cyclohexane,
1,1-bis(2-methylphenyl)-4-methylcyclohexane,
1,1-bis(2-methylphenyl)—4—ethylcyclohexane,
1,1-bis(2-methylphenyl)-4-propylcyclohexane,
1,1-bis(2-methylphenyl)-4-butylcyclohexane,
1,1-bis(2-methylphenyl)~4-pentylcyclohexane,
1,1-bis{2-methylphenyl)-4-hexylcyclohexane,
1,1-bis(2-methylphenyl)-4-heptylcyclohexane,
'1,T—bis(2-methylphehyl)—4—octy1cyclbhexane.
1,1-bis(3-methylphenyl)cyclohexane,
1,1-bis(3-methylphenyl)-4-methylcyclohexane,
1,1—bis(3-methyiphenyl)—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-bi$(3-methylphenyl)—4—hexylcyclohexane,
1,1—bis(3-methylphenyl)—4-he§ty1cyclohexane,
1,1—bis(3rmethylphenyl)—4aoctylcyclohexane._-
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—e£hylphenyl)-4-butylcyclohexane,
1,1-bis(2-ethylphenyl)-4-pentylcyclchexane,
1,1-bis(2-ethylphenyl)-4-hexylcyclohexane,
1,1—bis(Z-ethylphenyl)-d—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-octylecyclohexane.
1,1-bis{2-propylphenyl)cyclohexane,
1,1-bis(2-propylphenyl)-4-methylcyclohexane,
1,1-bis{2-propylphenyl)-4-ethylcyclohexane,
1,1-bis(2-propylphenyl)-4-propylcyclchexane,
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-heptylcyclchexane,
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-propylcyclohexane,
1,1—bis(3—propylpheny1)-4—butylcyclohexane,
1,1-bis(3-propylphenyl)-4-pentylcyclchexane,
1,1—bis(3-§ropylpheny1)-4—hexylcyclohexane,
1,1~bis(3-propylphenyl)-4-heptylcyclohexane,
1,1—bis(3~propylpbenyl)-4—octylcyclohexane.
1,1-bis(2-fluorophenyl)cyclohexane, '
1,1-bis(2-fluorophenyl)-4-methylcyclohexane,
1,1—bis(z-fluorophenyl)-4-ethy1cyc19hexane,
1,1-bis(2-fluorophenyl)-4-propylcyclohexane,
1,1-bis(2-fluorophenyl)-4-butylcyclohexane,
1,1-bis(2-f1uorophenyl)—4-penty;cyclohexane,
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-bis(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-fluoropheny1)—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 necessary, two or more kinds of these compounds
may be 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 diphenylcyclohexanone derivative with an alkyl
lithium, dehydrating the resulting alcoholland reducing
the double bond of the resulting compound by a méthod
such as catalytic hydrogen reduction.

Paranitrobenzoyl chlorides or their derivaﬁives which
are used in the present invention are represented by the
.above formula (3) and exemplified by the following com-
pounds. :

4-nitrobenzoylchloride,

2-methyl-4-nitrobenzoylchloride,
2-ethyl-4-nitrobenzoylchloride,

2-propyl-4-nitrobenzoylchloride,
2-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 used. As such cata-
lysts, A1C13, SbCls, FeC13, TeClz, SnCl4, TiCl4, BiCl3,
ZnCl, and the like are exemplified, AlCly is preferred in
reactivity.

Further, if necessary,solvents are used in the reaction.
Sultable solvents 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 paranitrobenzoyl chloride or the
derivative in a solvent or in absence of the solvent,
adding dropwise diphenylcyclohexane 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.inactiva%e the catalyst, the
mixture washed with water and the solvent distilled
awéy by, for example, steam distillation to obtain
a purified 1;1-bis[4-(4—aminobenzyl)phenyl]cyclohexane
derivative.

The reduction of carbonyl groups may be conducted by
reaction with a trialkyl silane, for example trlethyl
silane in the presenpe.of a catalyst such as trifluoro-
methane suifonic gcid or titanium tetrachoride. The
reaction 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 preferably used.
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The reduction of nitro groups may be conducted by
hydrogen'reduction in a solvent such as toluene, xylene,
methanol,_ethandl and tetrahydrofuran in the presence of
a catalyst such as platinum-carbon, platinum oxide, Raney
nickel,paliad?um—carpon(abbreviated as Pd-C hereinafter)
and the like, p;eferably 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).
| Tetracarboxylic 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‘diahhydride, 2, 3, 3', 4'-biphe-
nyltetracarboxylic dianhydride, 3, 3', 4, 4'-benzophe-
nonetetracarboxylic dianhydride, 2, 3, 3', 4'—'benzophe;
nonetetracarboxylic dianhydride, 2, 2', 3, 3'-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
dianhydride, bis(dicarboxyphenyl)methane dianhydride,
c&clobutanetetracarboxylic dianhydride, cyclopentanetet-
racarboxylic dianhydride, cyclohexanetetracarboxylic
dianhydridg, dicyclohexanetetracarboxylic dianhydride, -
dicyclopentanetetracarboxylic diénhydride, bis(dicarboxy-
cyclohexyl)ether dianhydride, _
bis(dicarboxycyclohexyl)sulfone dianhydride, bis(dicar-
boxycyclohexyl)methane dianhydride, and .
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wherein n indicates a whole number from 0-4.
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Some of these compounds may contain 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.

In the ligquid crystal alignment layers of the present
invention, it is possible to increase the adhesivity of
the alignment layers on the substrates by using aminosiii—
con compounds or diaminosilicon compounds. '

The aminosilicon compounds can be exemplified as
follows:

3-aminopropyltrimethoxysilane, 3-aminopropyltriethox-
ysilane, 3-aminopropylmethyldimethoxysilane, 3-aminopro-
pylmethyldiethoxysilane, 3-aminopropyltris(2-methoxyet-
hoxy) silane, 2-aminoethyltrimethoxysilane, 2-aminoethyl-
triethoxysilane, 2-aminoethylmethyldimethoxysilane, 2-
aminoethylmethyldiethoxysilane, 4-aminobuty1trimethoxysi—
lane, 4-aminophenyltrimethoxysilane, 4-aminophenyltrie-
thoxysilane, 4-aminophenylmethyldimethoxysilane, 4-ami-
nophenyimethyldiethoxysilane, 4-aminophenyltris(2-methox-
yethoxy) silane, 3-(4—aminophenyl)propyltrimethoxysilane,
3~ (4-aminophenyl)propyltriethoxysilane, 3-aminophenyl-
trimethoxysilane, 3-aminophenyltriethoxysilane, 3-{4-

aminophenyl)propylmethyldimethoxysilane, 3-(4-aminophe-
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nyl)propylmethyldiethoxysilane, 3-aminopheny lmethyldime-~
thoxysilane, and 3-aminophenylmethyldiethoxysilane. '

When the aminosilicon compounds are added to the

polymide-type polyiners, the content is preferably 50 mol &

or less of the polyimide raw materials, more preferably
30 mol % or less. o _
Further, the diaminosilicon compounds may be

represented by the formulae:

/ \
i—Cier i —CsH,
N
NH. {CHz}a Sii-O-————?i-—{-CHz)T—NHz
i —C3Ha § —CyH,
N _ )a
(l:sHu CeHia
NH,—{CH,; 3 Si—-0 %i-—-{-c_ﬂz')TNHz
CsHis CsHus
a
THi CH;
l
NH, ~ Sli°—0 ?i@NH:
CH, CH; o
' a
Cll'h CHa
[
NH,—%C Hz 3 s';-o lSi—-(-CH.g};-—NHz
CH,; CH,

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

minosilicon compounds are added to the polyimide-type
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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 liqguid crystal alignment layer of the
presént invention on a substrate, preferably, a precursor
polyamic acid which is obtaiﬁable by condensation of a
tetracarboxylic dianhydride and a diamino compound is
applied on the substrate, and the substrate is heated to
produce a polyimide-type polymer f£film on the substrate by
dehydration. More concretely, polyamic aéid is dissolved
in a solvent,for example N-methyl-2-pyrrolidone (NMP), di-
methylacetamide (DMAc), dimethylformamide (DMF), dimeth-
flsulfoxide (DMS0O), 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}forexample 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—1509C,-"
preferably 80-120°C, and 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 cqating with the pre-
cursor, the surface of the'substraté ﬁay be treated with a
silane coupling agent, and then the polymer £ilm is
formed, so that the adhesivity of the polymer film to tne
substrate can be improved. Tne obtained film surface is
tnen repeatedly rubbed in tne same_directibn, and a
liquid crystal alignment layer is obtained.

On tne substrate used as a liquid crystal display
device, usually eiectfodés, for example transparent
electrodes of ITO (indium oxide-tin oxide) or tin oxide
are formed. Furtner, an.undercoat film sucn as an insu-
lating film for preventing alkali elution from tne sub-

strate, a color filter, color filter overcoat and tne
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like may beprovided between tne electrodes and tne
substrate, and an overcoat film sucn as an insulating
film, a color filter film and tne like may be provided on
tne electrodes. Tne constitution of these electrodes, tne
undercoat and trne like in a liquid crystal cell can be
tne same as thnat of conventional liquid crystal display
devices. | _ '

Using tne substrate prepa;ed by tne above process, a

-liquid crystal display devicé:éan be prepared by forming a

cell, injecting a liquid crystal into tne cell and seal-
ing tne cell. Otnerwise, liquid crystalshaylx{spreadon
substrates, tnen tne substrates are piled and sealed not
to leak tne liquid crystals, and a liquid crystal display
device is produced. As tne enclosure of tne liquid
crystal, conventional nematic liquid crystals, or several
kinds of liquid crystals to wnicn a bicolor pigment is
added can be used.

A nematic liquid crystal mixture naving positive
dielectric anisotropy is preferably used as a liquid
crystal display device of ﬁne'present invention. As
components for obtaining tne liquid crystal'compdunds,
tnere are (A) compounds naving nign dielectric anisotropy
of Ae 2 5, (B) compounds naving low dielectric anisotropy

of Ae < 5, (C) compounds naving -a transparency over 80

°C, and (D) other hematic Tiquid crystals. These liquid

crystals may be used as a mixture selected from the

above (A) to (D) to control tnresnold voltages, viscosi-
ties, liquid crystal temperature ranges and tne like to
meet conditions for using display devices. 1In tne above
(B) to (D), some compounds nave negative dielectric
anisotropy. However, if tne final nematic liquid crystal
mixture naving positive dielectric anisotropy 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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exemplified.
F ' F
O A orore (=S
@n (A2}
OO R Opoon
(A3) (A4)
F
F‘"OO—-OCHF'} R—( }—coo— r
%) (A6)
) F
R—-@——CEC—@—F A <:> c=c <j .
&) (A8)
| o
=N _
.R—<\:Nf F | 'H—{S)—C;F
(A9) (A10)

O F F
00— {5 RF
Aty | g
| | (a12)
H‘{;}@—G—F

(A13)
wnerein R and R' indicate an alkyl, alkoxy, alkenyl or

alkoxyalkyl group naving 1 to 7 carbon atoms, respective-
ly.
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. As tne compounds of (B), tne following compounds are
exemplified.

(B10.) _
R CHZCH, OR
H’O"CHz((;IB-[z | R | (B”—;Q_
12

| (BIS)
(BIp ) =N
R . D) t
H \-:g o \N"Q-ﬂ (Br7)
N N .
(813 ) RO{N’ OR' (B11)
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As tne compounds of (C), tne following compounds are
exemplified.

(1) (€2)
(03) c4)

(C85)

(C6) (C7) ‘
(C8) c9) :

F
(c10) _ (c11)
(C12)

(C13)
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(C14)

(c15) (c16)
'O"CHonzH R‘O—O—COO—Q—F

«n "~ (C19) |

(C19) (c20)
OO mF

(C21) F . 22) O
O—CHZCHZ—O—Q— —O—Q—CH2CH2——Q—

€23 (C24)

(c26)
(€27) (C28)
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As tne compounds of (D), tne following compounds are
exemplified.

(p11)

| e
' R_O‘O—Cﬂzc“z @—CN

(D13)

000 o



—26-

. F

(D14)
(DIS)
(D16)
OO
(D7)
R—O-cnchz——Q— ole) —@-CN
(DI1®)

(b19q). | (p:zo)

In tne above compounds (B) -(D), R and R'

carbon atoms.

each indicate an
alkyl, alkoxy, alkenyl or alkoxyalkyl group naving 1 to 7

CN

()

CN
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As tne nematic liquid crystal mixture used in tre
present invention, .any éompound otner tnan tne above-
mentioned compounds may be used witnout departing from
tue scope of tne invention.

Tne liquid crystal display devices of tne present
invention are craracterized in that they can. have alignment
control films which show llttle image- stlcklng puhenomenon,
tne voltage nolding ratlo.can behlgh the aligning proper-
ties of tne liquid crystal can be good and the pretllt angle
Qan be as high as that of polyethgrlmlde—type polyimides.

Fig.'1 is a grapni sndwing C-V nysteresis curves.
"Figqg. 2.is_a circuit for measuring voltage nolding ratios.
In Fig. 3, Vg snows a rectangle wave naving 69 is of
a gate pulse wide, 60 Hz of a frequency and z 4.5 V of a
peak value. '
Vp snows a wave form wnicn is read out of an oscillo-
scope by applying Vg to tne circuit source of Fig. 2.
_ Fig. 4 is a 1H—NMR spectrum cnart of tne diamino . .-
compound obtained in Example 1.
Fig. 5 is an IR cnart of tne diamino compound ob-
tained in Example 1.
Fig. 6 is a TH-NMR specﬁfum cuart of tne diamirno
compound obtained in Example 2.
Fig. 7 is an IR cnart of tne diamino compound ob-

tained in Example 2,

Tne following ekamples illustrate tne compounds of
tne present invention more specifically by pfoduction
examples. Furtner, tne products obtained by'using tne
compounds, namely liquid crystal alignment layers of poiy-
imide resiné, are described as examples,lbgt tnese will
not always be precise in practical applicatiohs.

In tne following examples and coﬁparative examplés,

tre image-sticking prnenomenon degrees were determined by
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using a C-V curve metrnod. Tne C-V curve metnod was
conducted by applying an altefnating current -of 25 mvV and
1 kHz to a crystal cell and applying a direct current
triangle wave (abbreviated as DC voltage nereinafter) of
a frequency of 0.0036 Hz, sweeping tne DC voltage witnin
tre limits of -10 V to 10 V and recording tne cnange of
capacity C. Wnen tne voltage'is swept to a positive side
(0 + 10 V), tne capacity becomes nign. Tnen, tne voltage
is swept to a negative side (10 + 0 V), and tne capacity .
becomes low. In tne same manner, wnen tne voltage is
swept to a side more negative tnan 0 (0 + -10 V), tne
capacity becomes nign. Tne voltage is swept to a posi-
tive side (-10 -+ 0 V), and tne capacity becomes low.
After repeating several cycles, the wave forms obtained
are as suown in Figure 1. Wnen tne electric cnarge
‘differences formed on tne alignment layer surface are
stabilized, tne voltage curves are nysteresis curves at
tne positive side and tne negative side. A residual
electric cnarge is determined by drawing tangent lines to
eacn C-V curve at tne positive and negative sides, draw-
ing a line of capacity (Co) at 0 of tne DC voltage,
seeking eacn intersecting point (wq-04) of tne tangent
lines and tne line of capacity (Co), calculating tne
voltage differences of eacn two points at tne positive .
side |ay-05| and at tne negative side [a3-a4| , and tnen
calculating tne average voltage difference, namely (|a1—
ay| + |ag-a4|)/2. Wnen tne film tnickness of tmne liquid
crystal cell and tne film tnickness of tne alignment
layer are tne same, tne residual electric cnarge can be
used as a parameter of tne electric cnarge displacement
and tne stability. Namely, wnen alignment layers naving
smaller remaining electric cnarge are uéed, tne image-
-sticking pnenomenon of tne liguid crystal display device
can be reduced.

‘Tne voltage nolding ratios are measured by a circuit
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as snown in Fig. 2. In tne measurement, a rectangle wavé
(Vg) naving 69 us 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 cnénge of a drain (VD) by an oscilloscope. For
example, wnen tne rectangle wave is applied to tne
source, tne drain (Vp) snows a positive_value until thne
next negative rectangle wave is applied. If tne nolding
rate is 100 %, Vp in Fig. 3 snows a rectangle orbit
represented by a dotted line, wnile Vp normally snows an
orbit represented by a solid line wnich gradually ap-
proacnes to zero. Tnen, an area of tne measured orbit
(an area surrounded by V=0 ana tne orbit), namely an
obligue line part is calculated four times, and tne
average value is obtained. Wnen tne voltage is not
decreased at all, supposing'tnat tne area ié 100 &, tne
relative value of tne measured area is a voltage nolding
ratio. : ) i

Pretilt angles are determined by a cryétal rotation
metnod. | -

Production example 1

Aluminum cnloride 375.70 g and nitrobenzene 650 ml
were mixed, tne mixture was poured and dissolved in
para-nitrobenzoyl cnloride 212.00 g on ice cooling.

Tnen, a solution of 1,1-dipnenylcyclonexane 78.43 g in
nitrobenzene 150 ml was added dropwisé for 30 minutes.

30 minutes after adding, tne ice batn was removed and tne
mixture was slowly neated to 75°C for four nours in a
mantle neater. The end -of tne reaction was confirmed
by liquid cnromatograpny, and tnen tne reaction solution
was'poured-ihto ice 2.5 liters to extract witn cnloroform
1.0 liter. Tne solution was wasned witn a 6N-HCl solu-
tion, an agueous solution of sodium bicarbonate, an

. aqueous solution of sodium cnloride and water. After
cnloroform was removed witn a rotary evaporator, nitro-

benzene was removed by steam distillation. Tne residue
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was recrystallized witn etnyl acetate to obtain 118.64 g
of black pﬁrple crystals of 1,1-bis[4-(4- -
nitrobenzoyl)pnenyl]cyclonexane. Tne melting point was
174.2-176.1°C. '

1,1-Bis[{4-(4-nitrobenzoyl)pnenyl]cyclonexane 106.63 g
was dissolved in dicnlorometnane 1300 ml, and a solution
of titanium tetracnloride 120 g in dicnlorometnane 200 ml
was added dropwise for one nour. Tnen, a solution of
trietnylsilane 115.5 g in dicnlorometnane 150 ml was
added dropwise for 90 minutes. Wnen 30 minutes passed
after tne addition was finisned, tne ice batn was removed
and tne solution was stirred for four ndurs at room
temperatufe. Tne . end of tne reaction was confirmed by
liguid cnromatograpny, and tnen tne reaction solution was
neutralized witn an aQueous solution of sodium carbonate
and wasned witn water. After dicnlorometnane was removed
witn a rotary evaporator, tne residue was dissolved in
toluene, tne solution was treated witn an alumina column,
and tne solvent was distilled away from tne elute. The
concentrate was recrystallized witn etnyllacetate solvent
to obtain 93.5 g of pale yellow crystals of _
1,1—bis[4—(4—nitrobenzyl)pnenyl]cyclonexane. Tne melting
point was 125.4-126.5°C. o

_1,1—bis[4—(4—nitrobenzyl)pnenyl]cycloﬁexane 98.93 g
was dissolved in'i100 nl of tetranydrofuran, a P3d-C
catalyst (5% purity, water content 55.9 %) 9.8 g was
added, and tne mixture was cooled witn water at atmos-
pneric pressure and contacted witn nydrogen .gas witn
stirring. After tne absorption of nydrogen stopped, thne
catalyst was filtered off and tne solution was concen-
trated. Tne concentrate was recrystallized witn toluene
solvent to obtain 71.71 g of 1,1-bis[4-(4-
aminobenzyl)pnenyl]cyclonexane wnicn is a diamino com-
pound of tne present invention. Tne melting point was
154.4-155.5 °cC.



-31-

Tne proton nuclear magnetic resonance spectrum (1H-
NMR) of tnis compound is snown in Fig. 4 and tne IR cnart
is snown in Fig. 5.

Production example 2

4,4-Dipnenylcyclonexanone 54.0 g was dissolved witn
stirring in tetranydrofuran 700 ml, wnicn was purified by
denydration, under nitrogen sealing and cooled witn dry
ice-acetone. Tnen, a solution 200 ml of n-butyl litnium
(1.6 mole/liter) in nexane was added dropwise for two
nours. Two nours after adding, tne ice batn was removed
and tne mixture was slowly neated to room temperature for
four nours. Tne end of thne reaction was confirmed by
liquid cnromatograpny, tnen a saturated ammonium cnlbride
agqueous solution 300'ml was poured into tne reaction
solution and tne mixture was extracted witn toluene 700
ml. Tne solution was wasned witn an aqueous.solution of
sodium cnloride and toluene was removed witn a rotary
evaporator. Tnen, tne residue was dissolved in toluene
400 ml, an ion excnange resin (Amberlist 15E, manufacs
tured by ORGANO Co, Ttd.) 2.8 g was mixed, and tne mix-
ture was neated under reflux for tnree nours. Tne ion
excnange resin was filtered off, toluene was rgmoved witn
a rotary evapotator, tne residue was dissolved in tol-
uene/neptane 1/4 (v/v) and tne solution was purified witn
a silica gel column to obtain 4,4-dipnenyl-1-butylcyclo-
nexene (containing 4,4- dipnenyl-1-butylidenecyclonexane)
32.97 g. S

4,4-dipnenyl-1-butylcyclonexene (containing 4,4-
dipnenyl-1-butylidenecyclonexane) 32.0 g was dissolved in
tetranydrofuran 200 ml and acetic acid 300 ml, platihum
oxide 1.0 g was added, and tne mixture Qas cooled witn
water at atmospneric pressure and contacted to nydrogen
gas witn stirring. After tne absorptlon of nydrogen was
stopped, tune catalyst was filtéred off, waterftwo llters§

was added to tne solutlon, and tne solution was extracted
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witn toluene (one liter). Tne extracted solution was
wasned witn water, toluene was removed witn a rotary
evaporator and 1,1-dipnenyl-4-butylcyclonexane 30.58 g
was obtained. .

Aluminum cnloride 101.22 g and nitrobenzene 200 ml
were mixed, tne mixture was poured and dissolved in
para-nitrobenzoyl cnloride 57.10 g on ice cooling. Tnen,
a solution of 1,1—dipnenyl—4—butylcyclonexane 30.0 g in
nitrobenzene 50 ml was added dropwise for 30 minutes. 30
minutes after adding, tne ice batn was removed and tne
mixture was slowly neated to 67°C for four nours in a
nantle neater. Tne ené of tne reaction was confirmed
by liquid cnromatograpny, and then tne reaction solution
was poured into ice 1.5 liters to extract witn cnloroform
1.0 liter. Tne solution was wasned witn a 6N-HCl solu-
tion, an agueous solution of sodium bicarbonate, an
aqueous solution of sodium cnloride and water. After
cnloroform was removed witn a rotary evaporator, nitro- .
benzene was removed by steam distillation. Tne residue
was dissolved in toluene, and tne solution was purified
witn a silica gel columnh to obtain 1;1-bis[4—(4~nitro—
benzoyl)pnenyl]-4—butylcyclonexane.45.40 g.

1,1-Bis[4-(4-nitrobenzoyl)pnenyl]-4-butylcyclonexane
45.40 g was dissolved in dicnlorometnane 660 ml, and a
solution of-triﬁluorosulfuric acid 36.9 g in dicnloro-
metnane 860 ml was added dropwise for one nour. Tnen, a
solution of trietnylsilane 47.38 g in dicnlorometnane 80
ml was added dropwise.for 90 minutes. Wnen 30 minutes
passed after tne addition was finisned, tne ice batn was
removed and tne solution was stirred for five nours at
room temperature. Tne end of tne reaction was con-
firmed by liquid cnromatograpny, and tnen tne reaction
éolution was neutralized witnh an agueous solution of
sodium carbonate and wasned witn water. After dicnloro-

metnane was removed witn a rotary evaporator, tne residue
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was dissolved in toluene, tne solution was treated witn
an alumina column, and tne solvent was distilled away
from tne elute to obtain .
1,1—bis[4—(4—ﬁitrobenzyl)pnenyli—4—butylcyclonexane 38.0
. g.
| 1,1-Bis[4-(4-nitrobenzyl)pnenyl]-4-butylcyclonexane
38.0 g was dissolved in 500 ml of tetranydrofuran, a Pd-C
catalyst (5% purity, water content 55.9 %) 4.0 g.was
added, and tne mixture was cooled witn water at atmos-
puneric preésure and contacted witn nydrogen gas witn
stirring. After tne absorption of nydrogen stopped, tne
catalyst was filtered off and tmne solution was concen-
trated. Tne concentrate was recrystallized witn mixture
solvent of etnanol 87 % and metnanol 13 % to obtain 1,1—'
bis[4-(4-aminobenzyl)pnenyl]l-4-butylcyclonexane 14.22 g
wnicn is a diamino compound of tne present iﬁvention.
Tne melting point was 58.5-60.1 °C.
Tne protén nuclear magnetic reSonance spectrum (1Hf
NMR) of tnis compound is shown in Fig. 6 and tne IR cnart
is snown in Fig. 7. . -
Example 1
To a four-necked flask equipped witn a stirrer, a
tuermometer, a condenser and a nitrogen displacéﬁent
apparatus, N-methyl-2-pyrrolidone 50 g which was purified by
denydration, and tnen 1,1-bis[4-~(4-
aminobenzyf)pnenyl]cycionexane 7.43 g were cnarged and
.dissolved witn stirring. Tne mixture was cooled to 13°C,
pyromellitic diannydride 3.69 g was added, and the mix-
ture was reacted witn stirring on cooling. After one
nour, para-aminopnenyltrimetnoxysilane 0.11 g was added,
_and tne mixture was reacted witn stirring for one nour at
20°cC.
Tnen, tne reaction solution was diluted witn N-metn-
yl-2-pyrrolidone (NMP) 51.1 g to obtain a transparent

solution of 10 ¢ by weignt of polyamic acid. Tne viscos- |
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ity of tne solution was 1870 centipoises at 25°C.

A mixture solution of 1': 1 Qf butyl Cellosolve and
NMP was added to tne solution to dilute tne.solution of
polyamic acid to 3 % by weignt, and tne solution was
applied by a rotation coating metnod (a2 Spinner metnod)
on transparent glass substrates equipped witn ITO elec-
trodes at tne one sides. Tne coating conditions were
5000 rpm and 15 seconds. After coating, tne substrates
were dried at 100°C for ten minutes, neated to 200 °C for
one nour in an oven, and treated at 200 °C for 90 minutes
to obtain pdiybenzylimide naving film tnickness of about
600 angstromé. Tne film surface of two pieces of tne
substrates on wnicn tne polybenzylimide films were formed
was rubbed, respectively, to obtain liquid crystal align-
ment layers. A ligquid crystal cell naving tnickness of 6
microns was assembled by tne substrates so as to be
oriented in parallel and anti parallel rubbing direc-
tions. Liquid crystal FBO1 for TFT manufactured by
'CHISSO CORPORATION was injected into tne liquid crystal
cell. Tnen, tne liquid crystal was isotropic-treated
witn neating at 120 °C for 30 minutes and cooled to roém
temperature to obtain a liquid crystal device. To deter-
mine tne pretilt angle, a liquid crystal cell naving
tnickness of 20 microns in wnicn liguid crystal ZT.I-1132
manufactured by Merck Company was injected was similarly
prepared. _ |

Tne aligning properties of tne liquid crystal device
were good, and tne pretilt angle of tne liquid crystal
was 7.3 degrees by tne crystal rotation metnod. Tne
residual electric cnarge determined was 0.06 V at 25°C
and tne voltage nolding ratio was 97.4 %.
Example 2

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

rer, a tnermometer, a condenser and a nitrogen.displacement

apparatus, N—metnyl—Z—pyrrolidone 50 g, wnicn was puri-
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fied by denydration, and 1,1-bis([4-(4-
aminobenzyl)pnenyllcyclonexane 7.43 g were cnarged, and
tne mixture was dissolved witn stirring. Tne mixture was
cooled to 13 °cC, metnylcjclobutane tetracarboxylic acid
diannydride 3.68 g was cnarged at one time, and tne
mixture was reacted witn stirring on cooling. After one
nour, para-aminopnenyltrimetnoxysilane 0.33 g was added,
and tne mixture was reacted witn stirring for one nour at
20°c. |

Tnen, tnhe reaction solution was diluted witn N-metn-

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

‘'solution of 10 % by weignt of polyamic acid. Tne viscos-

ity of tne solution was 104.5 centipoises at 25°C.

A mixture solution of 7. : 3 of butyl Cellosolve and.
NMP was added to tne solution to dilute tne solution of
polyamic acid to 3 % by weignt, and tne solution was
applied by a rotation coating metnod (a Spinner metnod)
on transparent glass substrates equipped witn ITO elec-

trodes at tne one sides. Tne coating conditions were’

" 3000 rpm and 15 seconds. After coating, tne substrates

were dried at 100°C for ten minutes, neated to 200°C for
one nour in an oven, and treated at 200°C for 90 minutes
to obtain polybenzylimide'naving film tnickness of about
600 angstroms.. Tne film'surface'of two pieces of tne
substrates on wnién tne polybenzylimide films were formed
was rubbed, respectiveiy, to obtain liquid crystal align-
$ent layers. A ligquid crystal cell naving tnickness of 6
microns was assembled by tne substrates so as to be
oriented in parallel and anti parallel rubbing direc-
tions. Liquid crystal FBO1 for TFT manufactured by
CHISSO CORPORATION was injected into tne liquid crystal
cell. Tnen, tne liquid crystal was isotropic-treated
witn neating at 120°C for 30 minutes and cooled to room .
temperature to obtain a liquid crystal device. To deter-

mine tne pretilt angle, a liguid crystal cell naving
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tnickness of 20 microns in wnicn liquid crystal ZLI-1132
manufactured by Merck Company was injected was similarly
prepared.

Tne aligning properties of tne liquid crystal device
were good, and tne. pretilt angle of tne liquid cfystal
was 3.1 degrees by tne crystal rotation metnod. Tne
residual electric cnarge determined was 0.01 V at 25°C
and tne voltage nolding ratio was 97.3 %.

Example 3 o

To a 200 ml four-necked flask equipped witnh a stir-
rer, a tnermometer, a condenser and a nitrogen displacement
apparatus, N-metnyl-2-pyrrolidone 50 g, wnicn was puri-
fied by denydration, and 1,1—bis[4—(4—aminobenzyl)pneny1]
-4-butylcyclonexane 8.36 g were cnarged, and thne mixture
was dissolved witn stirring. Tne mixture was cooled to
13°C,.pyromellitic acid diénnydride'3.69 g was cnafged at
one timé, and tne mixture was reacted witn stirring on
cooling. After one nour, para-aminopnenyltrimetnoxysi- -
léne 0.17T g was added, and tne mixture was reacted witn
stirring for one nour at 20°C..

Trnen, tne reaction solution was diluted witn N-metn-
yl-2-pyrrolidone (NMP) 59.4 g_to obtain a transparent
solution of 10 % by weignt of polyamic acid. Tne viscos-
ity of tne solution was 1540 centipoises at 25°C.

A mixture solution of 1 : 1 of butyl Cellosolve and
NMP was added to tn€ solution to dilute tne solution of
polyamic acid to 3 % by weignt, and tne solution was
applied by a rotation coating metnod (a Spinner metnod)
on transparent glass substrates equipped witrn ITO elec-
trodes at tne one sides. Tne coating conditions were
5000 rpm and 15 seconds. After coating, tne substrates
were dried at 100°C for ten minutes, neated to 200°C for
one nour in an oven, and treated at 200°C for 90 minutes
to ohtain pblybenzylimide naving film tnickness of about

600 angstroms. Tne film surface of two pieces of tne
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substrates on wnicn tne polybenzylim;de films were formed
was rubbed, respectively, to obtain liquid crystal align-
ment layers. A liquid crystal cell naving tnickness of 6
microns was assembled by tne substrates so as to be
oriented in parallel and énti parallel rubbing direc-
tions. 'Liquid crystal FBO1 for TFT manufactured by
CHISSO CORPORATION was injected into tne liguid érystal
cell. Tnen, tne liquid crystal was isotropic-treated
witn neating at 120°C for 30 minutes and cooled to room
temperature to obtain a liquid crystal device. To deter-
mine tne pretilt angle, a ligquid crystal cell naving
tnickness of 20 microns in wnicn liquid crystal ZLI-1132
‘manufactured by Merck Company was injected was similarly
prepared. o

.Tne aligning properties of tne liquid Erystal device
were good, and tne pretilt angle of tmne liquid crystal
was 5.0 degrees by tne crystal rotation metnod. Tne
residual electric cnarge determined was 0.07 V at 25°C _
and tne voltage nolding ratio was 95.6 $. ‘ a
Comparative example 1

2 polyamic acid solution was obtained by polymeriza-
tion of 2,2—bis[4—(4—aminopnenoxy)pneny1]propane 8.06 g,
pyromellitic diannydride 4.36 g and para-aminopnenyl-
trimetnoxysilane 0.11 g. | _ '

After a mixture solution of 1 : 1 of butyl Cellosolve
and NMP was added to tne solution to dilute tne polyamic
acid to 3 % by weignt, tne soluéion was applied by a
rotation coating metnod .[(a Spinner metrnod) on transparent
glass substrates equipped witn ITO electrodes at tne one
sides. Tne coating conditions were 3000 rpm and 15
seconds. - After coating tne substrates were dried at 100
°C for ten minutes, neated to 200°C for one nour in an
oven, and treated ét 200°C for 90 minutes to obtain
polyetnerimide naviné film tnickness of about 600 ang-

strom§. Tne film surface of two pieces of tne substrates
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on whicn tne polyetnerimide films were formed was rubbed,
respectively, to obtain liquid crystal alignment layers.
A liquid crystal cell raving tnickness of 6 microns was
assembled by tne substrates so as to be oriented in
parallel and anti parallel rubbing directions. Liquid
'crystal FBO01 for TFT manufactured by CHISSO CORPORATION
was injected into tne liguid crystal cell. Tnen, tne.
liquid crystal was isoﬁropic—treated witn neating at 120
°C for 30 minutes and coocled to room temperature to
obtain a liguid crystal device. To determine tne pretilt
‘angle, a liqﬁid crystal cell naving tnickness-of 20
microns in wnicp liqUid'crystal ZLI-1132 manufactured by
Merck Company was injected was similarly prepared.

Tne aligning properties of tne liquid crystal device
were good, and tne pretilt angle of tne liquid crystal
was 3.7 degrees by tne cfystal rotation metnod. Tne
residual electric cnarge determined was 0.20 V at 25°C
and tne voltage nolding ratio was 90.0 %.

Comparative example 2

A polyamic acid solution was obtained by polymeriza-
tion of 2,2-bis{4-(4-aminopnenoxy)pnenyllpropane 8.06 g,
metnyicyclobutanetetracarboxylic acid diannydride 3.92 g
and para—aminopnenyltrimetnoxysilane 0.11 g.

After a mixture solution of.7 : 3 of butyl Cellosolve
and NMP was added to tne solution to dilute tune polyamic
acid to 3 % by weignt,’tne solution was applied by a
rotation coating metrnod (a Spinner metnod) on transparent
glass substrates egquipped witn ITO electrodes at tne one
sides. Tne coating conditions were 5000 rpm and 15
seconds. After coating tne substrates were dried at 100
°C for ten minutes, neated to 200°C for one nour in an
oven, and treated at 200°C for 90 minutes to obtain
polyetnerimide naving film tnickness of about 600 ang-
stroms. Tne film surface of two éieces of tne substrates

on wrniicn the polyetnerimide films were formed was rubbed,
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respectively, to obtain liquid crystal alignment layérs.
A liguid crystal cell naving tniékness'of 6 microns;was
assembled by tne substrates so as to be oriented in
parallel and anti parallel rubbing directions. Liquid.
crystal FBO1 for TFT manufactured by CHISSO CORPORATION
was injected into trne liquid crystal cell. Tren, tne
liquid crystal was isotropic-treated witn neating at 120
°C for 30 minutes and cooled to room temperature to
obtain a liquid crystal device. To determine tne pretilt
angle, a liguid crystal cell naving tnickness of 20
microns in whicn liqﬁid crystal ZLI-1132 manufactured by
Me;ck Company was injected was similarly prepared.

Tnne aligning properties of tne liquid crystal device
were good, and tne pretilt angle of tne liquid crystal
‘was 1.5 degrees by tne.crystal rotation metnod. Tne
residual electric cnarge determined was 0.15 V at 25°C
and tne voltage nolding ratio was 89.0 %.

Comparative example 3

" A polyamic acid solution was obtained by_polymerizé—
tion of 4,4-diaminopnenyletner 3.46 g, pyromellitic
'diannydride 4,36 g and para—aminopnenyltrimetnokysilane
0.11 g. o

After a mixture solution of 1 : 1 of butyl Cellosolve
and NMP was added to tne solution to dilute tne polyamic
acid to 3 % by.weignt, tne solution was applied by a
rotation coating metnod'(a'Spinner metr.od) on transparent
glass substrates equipped witn ITO electrodes at tne one
~sides. Tune coating conditions were 3000 rpm and 15
seconds. After coating tne substrates were dried at 100
°C for ten minutes, neated to 200°C for one nour in aid
oven, and treated at 200°C for 90 minutes to obtain
polyetnerimide naving film trnickness of about 600 ang-
stroms. Tne film surface of two pieces of tne sﬁbstrates
on wnicn tne polyetrnerimide films were formed was rubbed,

respectively, to obtain liquid crystal alignment layers.
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A liquid crystal cell raving tnickness of 6 microns was i
assembled by tne substrates so as to be oriented in \
parallel and anti parallel rubbing directions. Liquid
crystal FBO1 for TFT manufactured by CHISSO CORPORATION
was injected into tne liguid crystal cell. Tnen, tne
liquid crystal was isotropic-treated witn neating at 120
°C for 30 minutes and cooled to room temperature to
obtain a liquid crystal device. To determine tne pretilt
angle, a liquid crystal cell naving tnickness of 20
microns in wnicn liquid crystal 2LI-1132 manufactured by
Merck Company was injected was similarly prepared.

Trne aligning properties of tne liquid crystal'de&ice
were good, and tne pretilt angle of tnhe ligquid crystal
was 0.5 degrees by tne crystal rotation method. Tne
residual electric crarge determined was 0.90 V at 25°C

and tne voltage nolding ratio was 78.0 %. ' |

According to tne present invention, new diamino
compounds and-a method for producing these compounds

are provided.

. It is found tmnat tne polyimide compounds obtained by
using tne diamino compounds as raw materials:.can have
excellent properties as liquid crystal alignment layers, and
tnat tne polyimide compounds can be cnanged into liquid i
crystal alignment;layers naving uniform and nigr pretilt
angles over tne whole display surface of tne wide sub-
étrates, whicn are required to STN liguid crystal display
devices by conventional rubbing treatment. Furtner, thne

liguid crystal display devices using tne liquid crystal
alignment .layersm can have excellent qualitywith a high
-voltage nolding ratio and witnout an image-sticking
prenomenon. It is considered tnat tunese effects are
brougnt by a pnenylcyclonexane ring and an alkyl group
bonded to tne ring of the diamino compounds of tmne raw

materials. Tne diamino compounds of tne present inven-
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tion are useful as raw materials for liquid crystal
alignment layers. Further, these compounds 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 propertieé

‘into polymer compounds.
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DIAMINO COMPOUNDS AND THEIR PRODUCTION METHOD AND LIQUID
CRYSTAL ALIGNMENT LAYERS USING THE COMPOUNDS

Claims .
1. A diamino dompound represented by a general formu-
la (1): '

wnerein R indicates nydrogen or an alkyl group naving 1
to 8 carbon atoms, furtner, X, Y and Z indicate nydrogen,
an alkyl group naving 1 to 3 carbon atoms or fluorine,
respectively, and some or all of tnem may be tne same -
or different, and tne positions of tnese substitutive
groups may be ortno positions or meta positions. .

2. A metnod for producing a diamino compound repre-
sented by tne general formula (1) in claim 1,
whicn comprises reacting - . para nitrbbenzoyl cnloride

derivative represented by tne formula (3):

O

. .
c
cr” _@’Noz T (8

Z

wnerein Z indicates nydrogen, an alkyl group naving 1 to
3 carbon atoms or fluorine, and tne position of substitu-
tive group Z may be an ortno position or a meta position,
with a diphenylcyclohexane derivative.representéd by the

formula (2):

R D
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oa.o (2)

X Y

wnerein R indicates nydrogen or an alkyl group naving 1
to 8 carbon atoms, furtrer, X and Y indicate nydrogen, an
alkyl group naving 1 to 3 carbon atoms or fluorine,
respectively, and éo;é or all of tnem may be tne same
or different, and tne positions of tnese substitutive
groups may be ortrno positions or meta positions, and
reducing a carbonyl group and a nitro group to obtain thne
diamino compound. ‘

3. A liquid crystal alignment layer containing as a
principal constituent a polymer naving a diamino compound
represented by tne general formula (1) in dlaim 1 in a
long cnain of tne molecule.

| 4, A ligquid qustal alignment layer containing as a
principal constituent a polyimide naving a structure unit
represented by tne general formula (4):

- s
()

o o
% :

i Y~ / N T

/:N—-@—Cﬂz ©Y X cuz—@—n\c A
oz X Y Z i i
' Is) o)

\ /
¢ e o (4)
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wnerein R indicates nydrogen or an alkyl group naving 1
to 8 carbon atoms, furtrer, X, Y and 2 indicate nydrogen,
an alkyl group naving 1 to 3 carbon atoms or fluorine,
respectiveiy, and sﬁme' or all of tnem may be tue same
or different, and tne poéitions of tnese substitutive
groups may be orthno positions or meta positions, and A is
an aromatic group of four valencies an alipnatic group of
four valencies ora complex group naving aromatic and '
alipnatic 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:

i3
| .
N 0N e e (5)
NN
B | Il
o) 0.
e o o (1)

CHz—@—NHz

VA X Y 7
wnerein R indicates nydrogen or an alkyl group naving 1
to 8 carbon atoms, furtner, X, Y and Z'indicate nydrogen,
an alkyl group naving 1 to 3 carbon atoms or fluorine,
respectively, and some ©r all of tnem may be tne same
or different, and tne positions of tnese substitutive

A
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groups may be ortho positions or meta positions, and A
-is an aromatic group or four valencies, an aliphatic
groﬁp of four valencies or a .complex group having
aromatic and. aliphatic properties and four valencies
6. A liquid crystal display device having a
liquid crystal allgnment 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.

S. A polyimide having as a repeating unit the
structure represented by formﬁla (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.
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