2 i t he i mage-sticki ng phenonenon to obtain a I|i qU| d cryﬁ‘t"‘aﬁ"stfl %I ay

deyi ce havi ng high quality. It i1s considered that

t hg.i mage-sticking phenonenon s due to eIectrlc doubl e | ayers

whi ch are produced ‘?H[St Qﬁ @l ggr@gw | ayer surface by ionic conponents of 5
I mpurities containgd ul rystal. Since DC conmponents are applied
on the |1 glu y davi'ce, electric charge differences
whi ch are produced bet ween upper and | ower substrates, and electric
potential differences, formthe stable electric charge differences.
Particul arly, %mmé& %ﬁ&:ﬁsg; 38D, i %%ﬁﬁﬁ%wtﬁsmon afiannot be
renoved for c onmenon
10 IS nore | , 5 SIS B u

‘Further, in TFT ”D'ﬁﬁé p%%n\é%hmml %&ateet tQSdﬁéﬂlﬁSQHbﬁnﬁguﬁ@s prevent
flicker of scre P- A- 0389092 dj sc| os | Tquid crystal

~aligning coat"f“ﬁ‘g ibﬂ’ﬂb@e&rﬁfﬁFﬁﬂyallgnment &PY§r§p@1€F?+Bﬁb§‘6I {RRE Ehen as a
pol yet her pol yompoiends, ampaley ipiirdecuha ety Snéxaﬂﬁkﬁn&rﬂ:ﬁﬁ compbuda} ral | i ng

the alignnent_a |t _an e of liquid cryst Thi s.docunent_does
not di scuss t%%ggﬁgngﬁﬁﬁoﬁ %ﬁ%c%?ﬂ §3h8s" lquIg c%%égﬁﬁ
al i gnnent | ayetigmeent ol ayeals hatrmylkﬂlgi-r )@Eeﬂlldl spileslewltich cagani ¢

fil h I |
publ  cat§ on oPtathdbi® MY BANATHEE AR iR Sokp IR Snd BRAREEE, ) s
a liquid crystaystipdpl dgspday defeicee haating tlyei et lexydtabi d

crystal ali gny®efdndayer 184 gggced froma polyi m de resin having a
repeating unit represented a fornul a:

A0 25 The main type @ liquid c¢rystal display devices N-
[err] . 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 being 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-

T

improve




However, the polyinide alignment |ayer produced from such a pol yether 30
compound has a problemthat the image-sticking phenomenon is apt to occur.
An object of the present inventionis to soI e the above problens and to
ptovide liquid crystal alignnment . THIS SHEET HAS BEEN - 3-

| ayers which can have an excellent voltage hqldi ngREH_ACQDWIthO t an

i mge-sti cki ng phenonenon, Iiquid crystal di $ptey—devices—obtal ned by using
the | ayers, diam no conpounds useful to obtain the liquid crystal alignnent
| ayers and a nethod for producing the conpounds. The inventors of the
present i nvéﬁtei dmagre tdickdngd phanaesney 4Rdobsasa ehadauké crmgeadticking

phenonmenon mtg@lalyydwl@teeshgelagl@{gﬁyq@iliby surface of alignnment |ayers,
and liquid crys gl aI| né %glv\*:s ang uid cr)é% ? devi ces havi ng an
excel |l ent vol tag ?@s’r \a] habu h?h MAPTETICrERT nGRBRGABARAON ar e
obt ai nabl e b ui;.nengtdl aliectrtondoubile hmyleng; awlciarﬂt aare spro@liceéd® by which
the polarit a n nole have. pol ar

at ons such %’1%8 819§ %gﬁgdiayef IH %&tghe ra ?Og%gr?dge& roupsl“f% —Pel a-
tively redugd@ipy iardvtasigiaty thhethﬁ!n heqmﬂmsé;rah/xel thcem chwpoati o of

pol ar CONPORERES iax XA BSTELY éﬁmlthe 1 m%l COPy & Oélst,;% rge¢it
I nvention is_explained in detall. A di amno conpound Te resent od by
gener al f or Fiestric charge dlfferences which are produced between

upper and lower substrates, and electrlc 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

R Sheet Has Been Reﬂlaced

||I||I| M




[err] wherein R indicates hydrogen or -an al kyl group having 1 to 8
carbon atons, further, X, Y and Z indicate hydrogen, an al kyl group having
130 3 carbon atons or fluorine, respectively, and a part or all of them
may be the sane or different, and the positions of these substitutive
-4- groups may be ortho positions or nmeta positions. 2) A nethod for
produci ng a-di am no conpound represenféd by the general fornula (1) in 1),
whi ch conpri ses condensi ng a para nitrobenzoyl chloride derivative
represented by the fornula (3):

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 compounds.
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):

R

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



I .
[Eerr] wherein Z indicates hydrogen, an al kyl group having 1 to 3 carbon
atons or fluorine, and the position of substitu- tive group Z may be an
or¢ ho position or a nmeta position, to a di phenyl cycl ohexane derivative
represented by the fornmula (2): R wherein
R i ndi cates hydrogen or an al kyl group_ggvi ng 1 to 8 carbon atons, further,
X and Y indicate hydrogen, an al kyl group having 1 to 3 carbon atons or
fluorine, respectively, and a part or all of themnay be the sane or
different, and the positions of these substitutive groups may be ortho
posi tions olhRMRS PG DfoREthanBofbElerAPE RefHEFE t4PEFp and a nitro
group to obtzgi m it KRNSO FHTUVING a dialind kofpbingr ¥eipdle salnitgdment

| ayer cont aini as_a pri.nci pal ,constitue a pol yner having a diam no
conpound re #eggﬁﬁ &8 aﬁh%°83ﬁt‘—}?aﬁ$of‘ﬂuf’;' (1) in 1) in a long
which comprises condensing a para nitrobenzoyl chloride

derivative represented by the formula (3):

O

X NO. « e (3)
cl

Z
~wherein Z indicates hydrogen, an alkyl group having 1 to

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

e o0 (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 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, and
reduci.ng.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



- 5- chain of the nolecule.. 4) Aliquid crystal alignnment |ayer
containing as a principal constituent a polyimde having a structure. unit
represented by the general formula (4): [err] wherein R

i ndi cates hydrogen or an al kyl group having 1 to 8 carbon atons, further,
X, Y and Z indicate hydrogen, an al kyl_egroup having 1 to 3 carbon atons or
fluorine, respectively, and a part or all of them nay be the sane or
different, and the positions of these substitutive

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 s
N _ /N7
PAQren Qe O P
VA X Y z g (u)
N\ /

' * s 0
wherein R indicates hydrogen or an alkyl group haJ&%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



groups may be ortho positions or meta positions, and A is an aromatic group
of four valencies, an aliphatic group of fourval encies or a conplex group
having aromatic and al i phatic properties having four val enci es. 5 A
I'iquid crystal alignnent layer as in 4), the polyimde is obtained by
reacting a tetracarboxylic dianhydride represented by the foll.owng fornula
(5) and a di am no conpound represented’ﬁy the following formula (1) in a
sol vent to produce a polyam c acid and heating the resultant polyam c acid.
[err] - 6-

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,



L4
[err] wherein R indicates hydrogen or an al kyl group having 1 to 8 carbon
atons, further, X, Y and Z indicate hydrogen, an alkyl group having 1 to 3
carbon atons or fluorine, respectively, and a part or all of them may be
the sane or different, and the positions of these substitutive groups nay
be ortho positions or neta positions, and Ais an aromatic group of four
val ences, an aliphatic group of four val‘énces or a conplex group having

aromatic and aliphatic properties of four val ences. 6) Aliquid crystal
di spl ay device equipping the liquid crystal alignnent |ayer as described in
3). 7) A i qli trrdrsish=l4 -gimdpokengsi) peayldilpdi-hy ty hevelah\axaner y st al

alignment | ayer as-desqrded am rbbenzyl)Bhehylljduldefty sépd1dtexandy device
??iLnaﬁ?éo{:ousef'figuﬂFyIé%J |gubg cr&z%gg nlﬁtgge havtgggp sg}|g?_d|elec-

, py. 19 4x (4-gmigoppyzy &) ParLydy 4gBeKE PIP*APesit uses a
nenmatic |iquid ctystalsmi-(td+-amimdbengypdphienyd JdiseheptyléyElatizxank,opy.
formil a (1) and. Satyetrdd B AREehar LR Ry Ed aopRELl SreTtntialy, e above
1, 1- bi s[ 4- ( 4- am hdbdrialld-dHdeapinoydtveékigdbenzyl)phenyl]-4-methyl-

, 1- bi s[4- (4- '1gﬁgygggl)phenyl]-4-nethy|cyclohexane,
1, 1- bi s[ 4- (4-"am nobenzyl ) phenyl ] - 4- et hyl cycl ohexane, 1
- 1- bi s[ 4- (4-ani notleRAdlfphémprine-propyhrybraraldnbenyl]-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, o -
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]—44methyl—‘
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,



5.

1 ,1-Dbis[4-(4-am nobenzyl) phenyl]-4-butyl cycl ohexane,
1

1- bi s[ 4- (4- am nobenzyl ) phenyl ] - 4- pent yl cycl ohexane,

, 1- bi s[ 4- (4- am nobenzyl ) phenyl ] - 4- hexyl cycl ohexane,

17 1- bi s[ 4- (4- am nobenzyl ) phenyl ] - 4- hept yl cycl ohexane, . 1

, 1- bi s[ 4- (4- am nobenzyl ) phenyl ] - 4- oct yl c¢g¢l ohexane, 1

1--bi s[ 4- (4- am no- 3- net hyl benzyl ) phenyl ] - 4- net hyl - cycl ohexane,

1
1
1

1-
1-
bi
1
1

1-
bi
1-

bi
bi
s|
b
b

s
i

S
S
4-
S
S

[ 4-
[ 4-

(
[ 4-
[4

bi s[ 4- (4- am no- 3- nethylbenzyl)phenyl] 4 et hyl - cycl ohexane,
s[ 4- (4-am nox3 L bgn hgx _
bi s[ 4- (4- an1%o13gﬁé %ybge§§§%§ﬂﬁ éﬁﬂylpﬁaﬁgpq e Qgﬁyl

5, 1-bis[4-(4- 8ﬁFh8h§xﬁﬁ?hylbenzyl)phenyl] 4 pentyl cyclohexane
1,1-bis[4-(4- an1mQ13bﬂ§tb¥kbEQﬁthBQﬁBYi] = A=ttt Ipheneh ghaxaRenyl -

ohexane;

(4-a met hyl benzyl ) phenyl ] - 4- heptyl - cycl ohexane,
(+- Gvehees

4- am nobehzyi sl 4 3( seahihpbenyy] ) - Z-mettiplipheaytl)oherhel -

- 3- et hyl phenyl | - 4- pr opyl -
4-(4-aminobenzyl)-2-methylphenyl]-4-propyl-

(4- - 3- net hyl phenyl ] - 4- et hyl - cycl ohexane, 1
(4- gg%fgﬁenz +

-bls
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-am1no—3—methylbenzyl)phenyl]cyclohexane,
1,1-bls[4—(4—am1no—3—ethy1benzyl)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, : '
1,1-bis[4-(4~aminobenzyl)-3-propylphenyl]-4-methyl-

NSX3RE hyl benzyl ) phenyl ] - 4-octyl - cycl ohexane, =~ 1



cycl ohexane, 1 ,1-bis[4- (4-am nobenzyl)-3-nethyl phenyl -4-butyl -
cycl ohexane, 1,1--bis[4-(4-am nobenzyl) -3-nethyl phenyl]-4-pentyl -
cycl ohexane, 1, 1- bi s[ 4- (4- am nobenzyl ) - 3- et hyl phenyl ] - 4- hexyl -

cycl ohexane, 1_,1-bis[4-(4-aninobenzyl)-3-nethy|pheny| -4-heptyl -
cycl ohexane, -

1, 1- bi s[ 4- (4- am nobenzyl) - 3- nethylphenyPr 4-octyl - cycl ohexane,

1, 1- bi s[ 4- (4- am nobenzyl ) - 2- met hyl phenyl ] - 4- net hyl - cycl ohexane,

1,1-bis[4-(4-aninobenzyl)-2-nethy|phenyl)-4-ethyl- cycl ohexane, . - 1

s 1- bi s[ 4- (4- euﬂlnﬁaxagﬁ,) 2- et hyl phenyl ] - 4- pr opyl - cyclohexane

1 1-bi s[4-(4-amn PE 4 X8v1- 11
-bi s[4-(4-am nobenzy ZSWZ‘J) r$1?e4t ﬁ B’# I?ﬁ}il BeFl'?H{)yé e%ne yl 1,1

- bi s[ 4- (4- anFYRARERANPL2- net hyl phenyl | - 4- hexyl cyclohexane 1,1
-bi s[4-(4-am nOb\er’illﬂl)s[@a’ﬁﬁlﬂ&bﬂ@@:‘&&hbeﬁz?ﬁ%ﬂényl@}’-@-@'\ﬁm@aclo- 1.1

-bis [4- (4 %¥1nobenzyl) - met hyl phenyl ] -4 -oct

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 amlnobenzyl) 3-ethylphenyl] 4—ethylcy-

clohexane,

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

1,1—bis[4—(4—aminobenzyi)—3-fluorophenyl]—4-ethyl—
cyclohexane, | |

1,i—bis[4—(4—amino—3—ethylbenzyl)phenyl]—A—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-
cyclchexane,
1,1-bis[4- (4 -aminobenzyl)-3-propylphenyl}-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,



¢ycl ohexane, 1 ,1-bis[45(4aanino-3-nethy|benzyl)phenyl]cyclohekane,
1 ,1-bis[4-(4-am no-3-ethyl benzyl ) phenyl ] cycl ohexane,

.1-bi s[ 4- (4-am no- 3- propyl benzyl ) phenyl ] cycl ohexane, 1,1
“bi s[ 4- (4- am no- 3-fl uor obenzyl ) phenyl ] cycl ohexane, . p
1, 1- bi s[ 4- (4- am nobenzyl ) - 3- et hyl phenyl_hgycl ohexane, 1 ,1-bis]
4-(4-aninobenzyl)-3-ethy|phenyl]cyclohexane, 1
, 1-bi s[4-(4- aninobenzyl) propylphenyl]cyclohexane' 1
1- bi s[ 4- (4- an1nob u gxane, 1
1- bi s[ 4- (4- am no- g ?i%%#l(% ¥fbﬁxgh 8 cl ohexane,
1, 1- bi s[ 4- ( 4- anlnéfB @FEk@ﬂiﬁﬁﬁaﬁﬁbﬁﬁ@ﬂpﬂph¢xnﬁﬁhyI- cycl ohexane, 1

, 1- bi s[ 4- (4- a”‘n0131ihiﬁﬁé%¥1t %9&%?L16h€§5h¥} cycl ohexane,
y e

1, 1- bi s[ 4- (4- am nobenz h h met hyl - cycl ohexane,

1, 1- bi s[ 4- (4- ani ndbénd$Ph erylm‘lo%ﬂtyﬁéw Lphexasehy| -

-9- cyclohexane1 1_dlﬁhéhym;xpﬁeﬁﬁygayagbaa&ahé;3-fIuorophenyl]-4-nethy|-

| ﬁyclohexane f g §#4 %34 i bsanI%phenyl]-4-ethylcyclo-

exane, 1, 1- bi 8] 22 BT FE ﬁﬁyl FOPFERBRYI ] - 4- et hyl cycl o- hexane,

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-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-octylcyclchexane.



~~

1, 1- bi s[ 4- ami no- 3-fl uor obenzyl ) phenyl ] - 4- et hyl cycl o- hexane, 1, 1
- bi s[ 4- (4- am nobenzyl ) -3-ethyl phenyl]-4-ethylcy- clohexane, 1

, k- bi s[ 4- (4- am nobenzyl ) - 3- propyl phenyl ] - 4-et hyl - cycl ohexane,

1, 1- bi s[ 4- (4- am nobenzyl ) -3-fl uorophenyl ] - 4-et hyl - cycl.ohexane,
_1,1-bis[4-(4-anino-3-ethy|benzyl)phenyl]ii-propyl- cycl ohexane, 1

, 1- bi s[ 4- (4- ami no- 3- propyl benzyl ) phenyl T-4-propyl cycl o- hexane,
1, 1- bi s[ 4- (4- ami no- 3-f | uor obenzyl ) phenyl ] - 4- propyl - cycl ohexane,
1, 1- bi s[ 4- (4- am nobenzyl ) - 3- et hyl phenyl ] - 4- propyl - cycl ohexane,
1,1-bis[4-(4-aninébénhyﬂg1f§QMmM®%bpuédwa1qh9¥®pgl- cycl ohexane, and .
1,1-bi s[4- (4-am nebengyd )3-FfHWMPHRRAN Lk mdtRY 0BYE oK dlexane. The
production of the dlﬂg]no conpounds "of the grﬁgeat i nvention is described
by way of exanpl el !-b¥s{r&tvdpbegndlafsethrlcYmPheXfilSvati ves which are
used in the preseni1tibhveiB-ethydipdehgil)eseptegdy byyabstvexamegnt i oned fornul a
(2) and exempl |1 011y d (12 ) BHeRG 1 TORRRYE Feyc1ondxane!
: : 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,



-io-

1 ,1 -diphenyl-4-nethyl cycl ohexane, 1,1

- di phenyl - 4- et hyl cycl ohexane, 1,1 -di phenyl -4-propyl cycl ohexane, 1 ,1
- di phenyl - 4- but yl cycl ohexane, 1, 1-di phenyl -4-pentyl cycl ohexane, 1

- di phenyl - 4- hexyl cycl ohexane, 1 , 1 -diphenyl-4-heptylcycl ohexane,
- di phenyl - 4-oct yl cycl ohexane, 1,1-bis§ - met hyl phenyl ) cycl ohexane, 1,1

- bi s(2- met hyl phenyl ) -4-nethyl cycl ohe

he, 1,1

- bi s(2- et hyl phenyl ) - 4- et hyl cycl ohexane, 1,1 -bis(2-nethyl phenyl)
- 4-propyl cycl ohexane, 1, 1-bi s(2-nethyl phenyl)-4-butyl cycl ohexane,

- bi s( 2- net hyl phelipds(2-Fdn

xdrectyleychphefangst hyl phenyl)

-ﬁ-h?xylcyﬁlFhﬁmanﬁfubrfihb&F%ﬂﬁﬂyn»b@@aﬂnbkaﬁeheptyIcyclohexane,
- bi s(2- et nyl.)_ ~4--9ctyl cycl ohexgne.

1, 1-bi s(3- et ﬁyﬁp‘ry%’ér?ﬁlﬁ‘é%f%ﬁ’é’é&ﬁ‘é{fﬁf, TReEPE LSy RR R0 eny | )

- 4- met hyl cycl dhehedmiss (3t f1uoioph@nydt)-pliby} Fy cliockedarieny cl ohexane,
'b'3(3'”9thy|Hﬁqmﬂib(34f@%8?%?§£?§§RE?EBFOR%%C¥41dﬂéi%ﬁéy”Ethy'pheny|)

-4-butyl cycl ohexane, .1

Vel

1

1

1
1, 1

, 1

, 1

1,1

- 4-pentyl cycl ohexane,

- bi s(3- net hyl ghdmpis Uﬁﬁé@ﬁ%}l@%éxéné? ylcyglokexanes. net hyl phenyl )
- 411- B_ept gl cyﬁ I lQhQX-&ﬁ;%,( Blflluﬁi\:%@ﬂeﬁ?uml-hpbéﬁﬁy1c§cﬂ§l{é&a@\)é9| ohexane.
, 1- bi s(2-et hyl ,pheny. ycl.ohexane,

, 1- bi s( 2- et hyl1pﬂé%l%(84%&é‘ﬂ‘fﬁpg‘§&yéﬁé')?éﬁ&f‘ylcycmrlexane'

1, 1- bi s( 2- et hyil,ghéiigl(3B-£1ablipbbyalydiedaheptlciclvhexah2- ethgdl phenyl)
-4- propyl cycl ghgxane, 2le1;,hi - | ph =4- cl ohexane, 1, 1
-bis(2-ethy|pﬁéﬁy%?g}i-6éﬁ?§%§§gﬁgaéxgn§?¥bic§c£%%é45ﬁé'

1, 1- bi s( 2- et hflfpregpspazyhekylcpel nhsrakénds 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

1

1,1.



. 1- bi s(2- et hyl phenyl ) - 4- hept yl cycl ohexane, 1, 1-bis

2- et hyl phenyl ) - 4- oct yl cycl ohexane.

I s(3-ethyl phenyl)cycl ohexane;

I s(3-ethyl phenyl) - 4- nethylcyclohexane 1,

(3-et hyl phenyl ) - 4- et hyl cycl ohexange )

I s(3-ethyl phenyl) - 4-propyl cycl ohe

i s(3-ethyl phenyl) -4-butyl cycl ohexane,

i s(3-ethyl phenyl)-4-pentyl cycl ohexane,

i 5( 3- et hyBphtw9T P=4-Rbkyoksgnietlahdipride.

i s(3-ef hﬂé@@@@éﬂ:} %nsp@)yllﬁaﬁé q&%%n%,f Jehles@ ée%pshhagpxnspyﬁé

1
(
1,
1,
1-
1
1
1,
1
. (2 | ph )

-4-octyl cycl ohe i s propyl phenyl ) cycl ohexane

1, Z(Zy%ﬁ%€ €h§%§I§aﬂenﬁ%%®1cyclohexane

1, S( 2- pr opimh ptieayteadt Lohyd £\l pheendrRgclohexanes or their
1

1

1

1

1

1

1

1-

1

1

1

i-
1-
bi
, 1-
1-
1-
1-
1-

J 5(2 cPér opy%@%ggn%:%’ él-‘béﬁ?lp rbl%db%gg%)éﬁgchlorldes or their
S(2 ‘g?’@b%fph‘éﬁﬁl?} )uﬂv-@bmqugﬂtalqﬁsé:;saaeg used. As such cata-

2- | | Xyl | oh \ ,
:EZ %{g@'mg (‘E'].‘Eel;b,\’yr~|“éct‘31@| o%@iﬁé snCly, TiCl,, BiClj,

i
i

i

i's

i

!

:5(2 LF%RH%HQgRﬁQ@W@}éhed, AlCl, is preferred in
is(31nkaﬁmhghgﬂyl)cyclohexane 1,
(
i
[
i

)
I
)
’
)

I g(grgfglypﬁﬂéﬁ€1) ﬁe éﬁgﬁ ;gﬁgs are used in the reaction.
s(3- @unpg{]bbéenyléo%@f@)&lx@yehﬁ?behaaﬂsulflde, dichlorometh-

S( 3- dHS pwrﬂ%%ij:’c}r bdj'téﬁ e%“g)ﬁg?eh 1trobenzene and the

like, preferably nitrobenzene:

b
b
S
b
b
b
b
b
c
bi
b
b
b
b
b
b
b
-b
S
- bi
- bi
- bi

HPAFAO'HP4F4F=HP4FAF=H

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.



1,1 bls(3-propylphenyl)-4<pentylcyclohexane,
1, 1- bi s(3-propyl phenyl) - 4- hexyl cycl ohexane,
1,4- bi s(3-propyl phenyl)-4-heptyl cycl ohexane,
1, 1- bi s(3- propyl phenyl ) -4-octyl cycl ohexane. -
1, 1- bi s(2- quorophenyI)cycIohexane 14z
1, 1- bi s(2-fl uorophenyl ) - 4- et hyl cycl ohéxane,
1, 1- bis(2- quorophenyI) 4- et hyl cycl ohexane,
1,.1- bis(2- quorophen ) 4- prfpylcyclohexane
1, 1- bi s(2-f1 uofo® gtipm efy pdEPoBERERAE, May be conducted by
i,i Elsgg H}d&mg@heféﬂdcﬁkﬁﬁﬂfbyhcﬁﬁlﬁéﬁﬁaﬁﬂch as toluene, xylene,
: S oro e ohe
T bt o( 2 A ERhe e g, FEEERRFEEEFuran in the presence of
-12- a]cgﬂalzss fusk dsupﬂaphauy+¢arﬁenctglaythumegmn@e Raney
1, 1-bis(3 '%ﬂﬁ% n _ .
1- bi 5(3 f“ﬂoro PESP¥A%£ME q‘? %&%ﬁéﬁted ai Ed '%?Ef#nﬁ%ﬁgraphenyl)
- 4- et hyl cyd1d Ke, Prfferib Ynéi(%tmosnhﬂxmﬂmﬂuﬂ$sumapnbpyﬂeyclohexane
1, 1-bi %z(é’séuﬁél(hr@l&h%%)ﬁb)araéu@é'td/ﬂ el gyrexane, 1,
1-bis(3-fluoro ny. entyl cycl ohexane
1, 1- bi s(3-fl uo&gﬁué‘f)ﬁl)re é@ 9 FUMMAGEs can be produced by
1, 1- bi S(Bdﬁmmrrajhfse)lle):t4ohepfyﬂﬁe'cédﬂb&)iaﬁﬂ:e a&j¥bups R, X, Y and Y

17bis(3-f%#orqﬁp%&%k% %ooct¥lcy %ohe§€3gp | f necessary, two or nore

ki nds of t'hese comnmpounds He sanme tinme. These
di phenyl cycl ofetaraarioxgdicyai anesdciaie heisdd aimetthe nligdicct i on of a

carbonyl 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
Qianhydride, bis(dicarboxyphenyl)methane dianhydride,
cyclobutanetetracarboxylic 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 .



gfoup of a di phenyl cycl ohexanone derivative; in a process conprising
produci ng an al cohol by a Grignard reaction of the di phenyl cycl ohexanone
derivative and al kyl magnesi um hal i de, dehydrating the al cohol, and reduci ng
t he doubl e bond of the resulting conmpound by a nmethod such as cata- lytic
hydrogen reduction; or in a process conprising reacting a

di phenyl cycl ohexanone derivative with'an al kyl lithium dehydrating the
resul ting al cohol and reducing the double bond of the resulting conpound by
a nmet hod such as catal ytic hydrogen reducti on. Par ani t r obenzoyl
chlorides or their d@riva®ives which are used IO the présent invention are
represented. by the gkove rmula (3) and exenplljfied by}l he follow ng com

pounds. 4-nitreP | ¢chl ori de, 2- met obenzoyl chl ori de,
2-ethyl -4-nitroben orf de, - 2-propyl -¥ pzdyl chl ori de,
2-fluoro-4-nitrobenq ) oride, 3- et hyl - TS oyl chl ori de,
3-ethyl -4-nitrobenz 'el ride, 3-propyl -4 en oyl chl oride, and
- 13- 3-fl uoro-4-nitrobenzoyl chl ori de. negess&ry, two or nore

ki nds of tweseetonpoimiisatey bevhakedhunbarhdroan®-4i ne.

O o) O o . '
0] 0] 0 ; 0O

_ Some of these compounds may contain isomers, and
these may be a mixture of the isomers. Further, it is
unnecessary to limit thé 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-



I'n the reaction of diphenylcyclohexanes or their derivatives with

parani trobenzoyl chl orides or their derivatives, usually, catalysts are
used. As such cata- lysts, Al(Jerr], SbC[err], Fed[err], TedJerr],

SnC [err], TidJ[err], BiCllerr], ZnCd[err] and the like are exenplified,
AlCl[err] is preferred in reactivity, Further, if necessary, solvents
are used in the reaction. Suitable='®-sol vents are carbon disulfide,

di chl oronet h- ane, chloroform dichlor.oethane, nitrobenzene and the |Iike,
preferably nitrobenzene. The reaction may . be attained by mxing with
stir- ri myl mepyiypethyidiethonysidbaraz od+arcinanhiany Igre thyd davei-vat i ve in. a

sol vent  afpd:R, ANSERGE a9fg tsﬁ%ﬁabﬁﬁahy%@ggkmﬁﬂmfﬁﬁ@eny' cycl ohexane

or the derivative (if necessary disso in a solvent) at O[err]C to
150[ err] C, an@hesactheg antiessiddrpourdampovihdés tdwe r eddedontaoekheity.
decr ease e kO [ at r:al t =HO [
150[ err] .Ol%ﬁdkf ?g%'et %gﬁgggg%foﬁﬁ?s&ﬁ\:o&%ed? ?’%%f%gtgg??or?bmm%%re may be
poured oWt 1ess tof | Haet Peadvémide ravamgserizke, nRrar #redsheblvi t h wat er
and the s went sdbst n1kked away by, for exanple, steamdistillation to
obtain a purifjed 1, 1-bis[4-(4-am nobepzyl)phenyl]cycl ohexane derivati ve.
The reduct i oanIH'FgE‘SFbonyVL%roéﬂ)@mﬁﬁ‘stﬂl%‘H’g}duEPéBLHg‘gFead‘l"’libn Reth a

trial kyl rsipresentedr bgxahpl €ormiEddyl silane in the presence of a catalyst
such as trifluoro- nethane sulfonic acid or titaniumtetrachoride. The
reaction tenperature is preferably O[err]C to 100[err]C. 1In the reaction;, a
sol vent may be used, and g, hal ogenated hydro- carbon such as

di chl or omet hane, chl orof or|m ercgichllorp-_jfpane i s preferably used.

NHz:—&C He )5 Si-o‘-—'-—-?i—\tcnz);'—NHz

i —C3Ha § —CyH,

N _ ) a

' (l:sHu CeHia
. ' )
NH,—4{CH, 3 Sli--0 ?i""'('CHz')TNHz
CsHis CsHn
: a
CH, . 3
NH. = Sli°-0 i@NH:
_ CH, Hy o
: a
‘ Cll'h .CHas
NH,—£CH: p S'i-O Iéi—'('CHz’}TNHz
' CH, CH,
. a °

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

Qe—n—0
fad

minosilicon compounds are added to the polyimide-type



The reduction of nitro groups nmay be conducted by hydrogen reduction in a
sol vent such as toluene, xylene, nethanol, ethanol and tetrahydrofuran in
the presence of a catal yst such as platinum carbon, platinum oxide, Raney
ni ckel , pal | adi um carbon (abbreviated as Pd-C hereinafter) and the |ike,
preferably at atnospheric pressure or _under pressure at a tenperature of

10-80[err] C The desired di ami nd7conmpounds can be produced by opti onal
sel ection of the substitute groups R, X, Y and Y of the above fornulas (2)
and (3). Tetracar boxylic di anhydri des used in the liquid crystal

aIignnenmxﬂam@ms,othehéipméneatliauancbmwpun@slmanamwnﬁepdaoedaprhatic
Lypes. or SEHMIER, bPI8UavLOgeaLamnyi Soanth o lphaldss promee! | es, They are

not |imted I nst anc itic anh ride, 3, 3, 4,
4' - bi ph&hamiso &@&‘PBB??N Uhéthnﬁyar P‘élé’ ‘21"132 raws magerlals .

bi phenyl t et rafaﬁr l@%whasanI gnBydigdea @rystaBaligmbinthea gaxl bet gagar boxylic
di anhydri de, -3, -benzogh9 no etetr aég x | i c di anhydride, 2, 3,
3, 4 - Eﬁﬁf@ﬂﬁelnNSHEPBPrgﬁa?b whstra a)PIegUIEoT hon, onhe-
nonetetrq&ﬁmh@&ﬂ aeldlﬁhh¢ﬂr166pbhasﬁ3blé chmnﬂﬁﬁqqﬂﬁionnpﬁ)ether

di anhydri | h nyI ul f I a r 2, 5,

6- naphthaegﬁg?éigégggboxyf ¥§ﬁ§ aa%e éyyﬁfg %%%Qthﬁ i

7- naphtruﬂnﬂiﬂa@tpacahboxybsbrdtanhyddldh$ iﬂhﬁhﬂaﬁﬂfb@xysh@ﬁﬁlynethane .

di anhydr ide,qu,e%c EOBHWSE&SU @fﬁ%bﬂél’%&r O ANy 't‘ﬂ% sﬁxgkeaeat gpet et -

racar boxyl i c di anhyd exanet et racar pboxyl i c di anhyd
d|cycloh@%@ﬁ@ﬁéﬁﬁ&éarbﬁ?yﬁlEOHFEﬁH9HYtd%°1XﬂW§fbPGﬁ@nﬂ&néﬂéﬁP&Hﬁ@boxyl|c

di-anhydrijge.a RbivedtgabRo¥yampye! RhREYhY1 2 orrdilddoperinteg), 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



bi;(dicarboxycyclohexyl)sulfone di anhydri de, bis(dicar-
boxycycl ohexyl ) met hane di anhydri de, and
-156- [err] wherein n indicates a whol e nunber fromO0-4.

0 0 Sonme of ‘these conpounds nmay contain isoners, and these may be a
m xture of the isoners. Further, it iss_unnecessary to limt the
tetracarboxylic dianhydrides used in Th%‘present I nvention to the above
cited com pounds. In the liquid crystal alignment |ayers of the
present invention, it is possible to increase the adhesivity of the

‘al i gnment Laker maynbemproyibedr diadowann ushiene latitrosielsi 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 prepared 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 ﬁematic Tiquid crystals. These liquid
crystals may be u;ed 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



con conpounds or di am nosilicon conpounds. The am nosilicon conpounds -
can be exenplified as foll ows: 3-am nopropyl tri met hoxysil ane,

3-am nopropyl triethox- ysilane, 3-am nopropyl nethyl di net hoxysil ane,

3-am nopro- pyl et hyl di et hoxysil ane, 3-am nopropyltris(2-methoxyet- hoxy)

sil ane, 2-am noethyltrinethoxysil ane, 2-am noethyl- triethoxysilane,

2- am noet hyl met hyl di met hoxysi | ane, 2-=1&m noet hyl net hyl di et hoxysi | ane,

4- ami nobut yl tri met hoxysi - | ane, 4-ami nophenyltrinethoxysil ane,

4-am nophenyl trie- thoxysilane, 4-am nophenyl methyl di met hoxysil ane, 4-am -
nophenyl meexsgmpfl uf ey si | ane, 4-am nophenyltris(2-nmethox- yethoxy) silane,
3-(4-aninophenyl)propyltrinEEhoxysiIane, 3-

(4-awinopheny|)prop<=pri- pOXysi | ane, 3-ami_nophenyl - tri hoxysi | ane,

3- am nophenyl t r iFfetKox ys+ e-F3- (4- R__é > C . g:ﬁ '
am nophenyl ) propyl yﬂsib-thoxysilane, 4-a#%%gﬁﬁé F

-1 6- nyl) propyl (etphyl di et hoxysi | ane, 3-anﬂﬁ6phenylnethyldine-

t hoxysi |l ane, and 3-am nophenyl net hyl di et hoxysi | ane. When t he

am nosilicon conpounds are added to the polym de-type pol yners, the content
is preferably 50 nol_% or_I|less of the polyimde raw materials, nore

preferably 30 mp_9 PSRN Fur t her, th di am nosi licon conpounds
may be represente tf o%i’ul ae: IW _ %CFS
: (A3) '

(Ad)
. - F
_O"Q"'OCHF 2 R—O—coow@_-_;:
o e
F
R—-@——CEQ'—Q_F .H‘Q—CEC—G—F
. {A7) :
A8)
R =N | N C F
) —<\:Nf)"‘©—F | H__CN, _F
(A9) (A10)

. - .F F
CHaocsus—Q_@F R . . ‘
(At1) | , O FF
: (a12)
. - JF
~GHO-C

(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.

R CCKL{C;>—F R R
(B1) (52)
R - om
(B3)

(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)



wherein a indicates an i nteger of 0-4. Wen these dia- mnosilicon
conpounds are added to the polyimde-type

-17- polymers, the dianinosilicon conpounds can be replaced by 50 nol %
or less, preferably 30 nol %or |ess of the diam no conpounds which are
polyi m de raw materi al s. For providing the liquid crystal alignnment

| ayer of the present invention on a stbstrate, preferably, a precursor

pol yanm ¢ acid which is obtainable by condensation of a tetracarboxylic

di anhydri de ﬁd a diam no conpound is applied on the substrate, and the
substrate is PRt YRR MRATLEH @ ,yltmtedéeuqaaqmlqamrodndgnm t he

subst r at eekgmplbifidsdat i on. More concretely, polyamic acid is dissolved in a
sol vent, for exanple N nethyl-2-pyrrolidone (NWP), di- nethylacetamn de
(DMAC), dinethyl formam de (DVF), dineth- ylsulfoxide (DVSO),
butyl cel l osol ve or ethylcarbitol, the solution is adjusted to 0.1-30% by
wei ght, preferably 1- -10% by weight, and the resulting solution is applied
to the substrate pt hpd—such as, fo D a brush nmethod, a

di ppi ng neRk4 ' j or a printing
met hod to forws ‘ p e solvent may be
vapori zed at 50- 15@{err]C preferably 80- 120[ﬁ ]C and. t hen the substrate
may be heated at 150[err] 400[ err] C, prefera6 - 180[err]-280[err]C to form

a polyben[¥ll de- t; war filmb (on and ring closure of the
pr ecur sor a1 —Fhe By F

(03) (ca) F

(c5) .

A~ OO« oom
(C6) (C7) .
e ) |
F
(c10) (c11)
(C12)



!curédr, the surface of the substrate may be treated with a silane coupling

agent, and then the polyner filmis fornmed, so that the adhesivity of-the
potymer filmto the substrate can be inproved. The obtained filmsurface is
then repeatedly rubbed in the sane direction, and a liquid crystal

alignment |ayer is obtained. On the substrate used as a liquid crystal
di spl ay device, usually el ectrodes, for exanple transparent el ectrodes. of

I TO (i ndium oxide-tin oxide) or tin oXi?de are formed. Further, an
undercoat filmsuch as an insu- .lating filmfor preventing al kali el ution
fromthe sub- strate, a color filter, color filter overcoat and the" :
- 18- | i ke may be provided between the el ectrodes and the substrate, and
an overcoat filmsuch as an insulating film a color filter filmand the
he electrodes ~The constltutlon of these

|onal UIdCI’ ﬁ

oL/ g : R
" Using the substrate pregangd by the above protTESs, / EUId gt al display
device can be prepared by formng a cell, injecting a 1€ 43 d crystal into
the cell and se B¢ cel | hermnse I|qU|d crystals may be spread

on substrat esR— ' -)~-©09 RPI| d not to k the
liquid crystals,\s qui d cr dISp a ‘*Cij;*
(€33) (c34)
R-O—CHchz Q = )-r
c35 -
RR'
(c36) .
R ' — .
- F (37 F (¢38) -
OO0 OO
F (C40)
c39)
(c41)
q‘<C:>>"000“<<::>—CHJ}Q-<::>_H
(C42)
oo O-O—O
(c43) (c44) .



device is produced. As the enclosure of the liquid crystal, conventional
nematic liquid crystals, or several kinds of liquid crystals to which a

bi col or pigment is added can be used. A nematic liquid crystal m xture
havi ng positive dielectric anisotropy is preferably used as a |iquid
crystal display device of the present invention. As conponents for
obtaining the liquid crystal conmpoundg3-there are (A) conpounds having
night dielectric anisotropy of [err] > 5, (B) conpounds having | ow
dielectric anisotropy of [err] < 5, (C conpounds having a transparency
over 80 C, and (D) other nematic liquid crystals. These liquid crystals may
be used as a m xture selected fromthe above (A to (D) to control

t hreshol d voltages, viscosi- ties, liquid crystal tenperature ranges and
the like to neet conditions for using display devices. In the above (B) to
(D, sone compounds have negative dielectric anisotropy. However, if the

final ma%%'l_;l m Xt 078 havi ng positive dielectric anisotropy
i s obtaine t| _“." aunds may be used in spite of the
negative dielectric qn)sotropy t he conpounds of (A), the follow ng
conmpounds are (c14 -19- exenplified.

(c15) (c16)
O OO OO
(C17) (€18)
OGO rO-Om

(€19) ©20)°
e OO
(C21) c2)
R—O— CHacHz—O—Q— —O_Q_CH2CH2__Q_
©23) (C24)
(c26)
B (o7) (©28)

OO OO

c29) (€30)



(c46)
OO O
(C47)
@ e
OO~
(€49)
oo Do O
(Cs0)
SOy S WCH
| €51
OO
(€52)

OO

(€55)

(C56)



[e.rr] wherein R and R indicate an al kyl, al koxy, al kenyl or al koxyal kyl

group having 1 to 7 carbon atons, respective- |y.
- 2D- As the corrpounds of (B), the follow ng conpounds are exenplified.

[err] -21-
—-25-

As tne compounds of (D), tne following compounds are
exemplified.

000~ 00

(p11)

- (p12)
_O‘O_Cﬂza‘lz @-—

(D13)



As t he conpounds of (C©, the follow ng conpounds are exenplified.:

_22_

—26-

, F

(Dl4—)
(DLS)
(D16)
OO
(oI1)
R—O-cnchz——Q— COO0 —@-CN
(DIP)

(b19q) (p:zo)

OOOOO—Q

(b21) (D022)

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

carbon atoms.

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

[err]

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
Qaﬁ 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



- 23- [err] [err] - 25- As the
compounds of (D), the follow ng conpounds are exenplified.
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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



ferr]
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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.

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 cohfirmed
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



In the above conpounds (B) -(D) R and R each indicate an al kyl , al koxy,
al kenyl or al koxyal kyl group having 1 to 7 carbon atons.
-27-

-30-

was recrystalllzed witn etnyl acetate to obtain 118 64 g
of black purple crystals of 1,1-bis[4-(4-
nltrobenzoyl)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—n1trobenzyl)pnenyl]cyclonexane. Tne meltlng
point was 125.4-126.5°C. _ ,
_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. '



As’ the nematic liquid crystal nixture used in thye present invention, any
conpound ot her than the above- nentioned conpounds may be used w thout
departing fromthe scope of the invention. The liquid crystal display
devices of the present invention are characterized in that they can have
al i gnment control filns which ShOM/|It%|e | mage-sti cki ng phenonenon, the
vol tage holding ratio can be high, the allgnlng proper- ties of the liquid
crystal can be good and the pret|lt angl e can be as high as that of

pol yet heri m de-type | yi m 1 is a graph show

hysteresis curJH§P rot é Suc e@§ EaGPP56gtr?%?n$%% Qgé hol di ng
rati os. N¥MR) B .tnis VYompounshass sowacianpi g. vvava'ld]an,ne]grmgc{;&ft] of a

gate pul se 0, a frequency and 4.5 V of a peak val ue.
V[err] shom’fl\égﬁ\if\%w\?le I?:%rF(fanIvahl ¢h is read out of an oscillo- scope by applying

V[err] to tPeodugtiign exgmpde &f Fig. 2. Fig. 4 is a [err] H NV spectrum
chart of the d'@W—'ﬁp@;@ﬂ?‘i‘c&ﬁ}@l@?k@:hﬁ%ﬁe' 945?5@%@5 Jdlssolxﬁédg wﬁtﬂxs an IR

chart of the.lamno corrgoun ob- tained . is-a
[ er r] H NVR Spedingmien ket rafvorefyran Fﬁﬁoc’%po‘t{fh’chth{aaﬁ r?é’cl-’%ﬁwl@(d?ﬁbl e 2.

Fig. 7 is afedyxGhdohn,ohnBbe el!l%&b@@nceaawﬂgl Oid d@dlrwl wlm@@fml e 2.

The following exanples i]lustrate ; comz’)&)&ndf%{ t j nvention
nore speci fi '|a|°§3@§ ®pr odfiEliroft &R HSFEB f n't J§““E)bt ai ned
by using thel .(ﬁompmevfdlitenanﬁhynlebcqnedwasysdaédadxrcmwﬁem ﬂca:ye!mo of poly-
00 oo Rou O 1BSRELEIa BR X ARLRS, DL JdCSR W\ Pordlyys e

precise in practical app I ons g exanpl es and
conpar at i vearekdmsl adxtuhe Wﬁage-lgwilwknﬁgtpd]elrmmmmm m!pee@s:wm e aet er ni ned

by 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



- 28- using a GV curve nethod. The GV curve nethod was conducted by
applying an alternating current of 25 nmv and 1 kHz to a crystal cell and
applying a direct current triangle wave (abbreviated as DC voltage
hereinafter) of a frequency of 0.0036 Hz, sweeping the DC voltage within
the limts of -1'0 V'to 1 0 V and recarzing the change of capacity C \Wen
the voltage is swept to a positive side (0 + 10 V), the capacity becones
hi gh. Then, the voltage is swept to a negative side (10 > 0 V), and the

capacity be S e) $84F) r daheoyati ageyhs swept to a
side nore ng]ggfi EEQ%E%QSH%&? -10”%}Ft%xee%§§aci t;? becgﬁegéﬁi gh. The
vol tage i s ¥aspedt ¥iknpwaterytelugnr yaqremqyed) Vikfdat Ketagpacity becomes

low. After eoRBathb8rSENE!®] 1 YGRSy 1-he mava dyeloheabhai 88dsarg as shown
in Figure 1. gn the_electric charge differences formed on the alignnent

| ayer surfa¥@SaPBtaiBeftized, the voltage curves are hysteresis curves at
the positive sidbuabfuihhenbegide VIR0 i 2.9 Andsiiduabeakzentr 200charge i s

negat i ve si 4558 BAEE, | BOTRLALE NS St A N i R0 Rhe"Ep PEE ' (® 21
vol t age, sepRiragnébchbenzeytecenlonidsint. (] & o) ick chelinggentrénnes and
the line of ,capagtiyn (GFef 1 )aiSialdydl A i ike ciehbagRe db b1 gr gnegs of each
two points at the positive side [err] and at the negative side [err] , and
t hen 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



cal cul ating the average voltage difference, nanely [err] [err] + [err].
When the film-thickness of the liquid crystal cell and the filmthickness
of the alignnent |ayer are the same, the residual electric charge can be .
used as a paraneter of the electric charge displacenent and the stability.
Nanel y, when alignnment |ayers having smaller remaining electric charge are
used, the imge- sticking phenonenon‘&?‘the liquid crystal display device
can be reduced." The voltage holding ratios are nmeasured by a circuit

- 29- as shown in Fig. 2. In the neasurenent, a rectangle wave (V[ierr])
havi ng 69 fasrfiissodvedt bn pinlswengi,dére66oliptipngwasetrgatadywidnd 4.5 V of a

peak val ues hS; 8aRk h§9cs Pun S UHE € 10 sb89Enth@Bee a9kt 196a! Aydylerr]) by an
oscill oscope. For exanple, when the rectangle wave is applied to the

source, theraRafhe(gdete|50 QRSRdna positive-value until the next negative
rectangl e wpvebis[ appliedtrdberzia )bolkdyng-dabatydciBlotexdhizgfo g. 3 shows
a rectangle orbit represented by a dotted line, while Verr] normally snows
an orbit T%presented by a solid Iine which gradually ap- proaches to zero.
Then, an area bf1+heshbabirreimbenzylapnengd 1sdrbotndedchynékdneand t he
orbit), napgl | A | ‘Rakhnal Sycakc | yes 1¢k t he
aver age va uéyign‘ﬁ%a‘?%ﬁ?i%ﬁ% Egngﬁtgge,ﬂ%gkﬁgyéggg}hﬁ%ﬁdﬂ alf({]a |,
supposi ng ¢abalyst 6 Bapusitnoowterheontent 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- |



relative value of the neasured area is a voltage holding ratio. Pretilt
angles are determned by a crystal rotation nethod. Production exanple 1
ALum num chl ori de 375.70 g and nitrobenzene 650 m were m xed, the m xture
was poured and di ssol ved i n para-nitrobenzoyl chloride 212.00 g on ice
cooling. Then, a solution of 1,1-diphenykcycl onexane 78.43 g in

ni trobenzene 150 m was added dropwi se for 30 mnutes. 30 mnutes after
adding, the ice bath was renoved and the m xture was slowy heated to

75[err] C for (hodr Rowr %ohetaoaaa%lser@?at@ nti€$‘§se§r!ﬂ:_2§"fc.t he reaction was
confirmed by [Iiquid chromatography, and then_the reactjon solution was
poured into icel2mgxture solgtienrabttwith *hI BB bR Ul alveernd The

sol uti on wasMpasaed adideld 8oc6bhECEoE8t lonttoNdi Rt @RIROUEDH19@liBhi 88 of sodium
bi car bonat e n, of sodi um chlLor i wat er. After

| ut,i d ;
chl or of or m R& gFa usggiﬂfgﬁuélgo?ﬁrveé%% bratdrth f%$ﬁ¥¥¥%%2@ﬁe was renoved

by steam di applliatli by. aThetaésodueocating metnod (a Spinner metnod)

- 30- was c |_i ' e t jan.. 1 6 of bl ack
purpl e crys%gl§¥§%§%Fk§§gsﬁgggi-L%?%F%%ﬁ%%d%?£€%%%%3%ngyéﬁg%§%gﬁé. The
nel ti-ng poi frodas ar4tpeigpelsides] C Tne cgating conditions were

, 1- Bi s[ 4- (4spjiolor 9'_%”6%' ) BheBY¥bhaYC! ONEXEPE-JIBi KP, &re 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 liquid 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-



was di ssolved in dichloronmethane 1300 m,- and a solution of titanium
tetrachloride 120 g in .di chloronethane 200 m was added dropw se for one
hour. Then, a solution of triethylsilane 115.5 g in dichl oromethane 150 m
was added dropw se for 90 m nutes. Wien 30 ninutes passed after the
addition was finished, the ice bath was_renoved and the sol uti on was
stirred for four hours at roomterrperaﬁjre The end of the reaction was
confirmed by liquid chromatography, and then the reaction solution was
neutralized with an aqueous sol ution of sodi um carbonate and washed wth
wat er . Af t §iedi byl drlaritatdmn wand dnovei sli4H 4 rotary evaporator, the

resi due Wﬁ%m@héﬁ&kﬁﬂ)é&bﬁﬂ }@y&ortéwaﬁélﬂu Py WRT ! bpakgdaM Ahgan al um na
colum, and the solvent was di'stil]ed away fromthe elute The concentrate

was recrystaPl PLEHRG 112 SidhASHaSatE ol ring obFétFn"‘é?StBr‘a ¥#Spal e

yel I ow crysbahedofo 111 >y S({e‘l:-r(yﬁll-dyldlrdﬁlﬁt[w}é )q:&tﬁray:la]rbyszwhexaafsd The
mel ting poi,nf_wa

: anay 1£5' 4-61;]!? 9%1 r at § me, and t
1, 1- bi s[ 4- ?21 e%z"S/'I p ﬁ c?l th dne B8, é was d| %80l ved in 1100
m . of tetramydnnémaasn r@mmairalwtsnrx(ﬁ%mmqqpllmt erA€baremne55. 9 %

9.8 g was F}QQPdn%ﬂw-éﬂ%dﬁréﬁy&%r%&%%ﬁql‘ﬁnteh 0"‘@%65'@£sa£5'§’éahphe“ ¢

pressure and contact ed rogen Af t
absor pti on2Bf ByRIrbHEIER siffed.e dcét{lé}fyﬁtkﬁé’smﬁl ﬁ?ér@ﬂeo*?u’én%itt he
sol uti on wagegoncen- trated. The concentrate was recrystallized with

tol uene solvent to obtain 71.71 1,1-bis
am nobenzyl ) phBt§H] &8 Feaeie ioglﬁltllsorh wcﬁ;a%lr]r&t(?én*#lﬁﬂuﬂd‘“%?“'f he present

i nventi on. ylThepywidl iggneoi(mpas 31 . tkbabtalier &] €ransparent
‘'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



- 31- The proton nucl ear magnetic resonance spectrum ( H NWVR) of this
conmpound is shown in Fig. 4 and the IR chart is shown in Fig. 5. Production
exanple 2 4, 4- Di phenyl cycl ohexanone 54.0 g was dissolved with stirring
in tetrahydrofuran 700 m, which was purified by dehydration, under

ni trogen sealing and cooled with dry .icesacetone. Then, a solution 200 m
of n-butyl lithium (1.6 nole/liter) in hexane was added dropw se for two
hours. Two hours after adding, the ice bath was renoved and the m xture was
sl ow y heat ed rto roomtngB rature for four hours. . _The end of the’
reaction was EORTTISREd %6y 2P GaFEORRr bmYBYraphi I fent ¥ tadk #edrdd 32mmoni um
chl ori de aquemasufadtutriednbg0Bentk wasmpany eda sni ojébeed aarcd isdmig@lytl on and
the mxture mg;eﬁg.]terdaxct ed with toluene 700 nl. The solution was washed

wi th an aqueous sol ution of sodiumchloride and toluene was renoved with a
rotary evapor at orlheTRddgning peapereiofsodi kel Yéguid anisterle d40@cal , an

i on exchange wi@sé fooATOERET She 15t POULAST o tSE o6, OY1 LRGNQ ORe k1 d.) 2.8 g

was m xed, and the m x- ture was heated under reflux for threetﬁours. The
i on exchange Y334t WASIF PP LB 1% FCT DL EOTRE LI PR RPN t A& rotary
evapot at or, tiesiGmildetensisi di centyeddtetvlnedened heatiane at/ 456w/ v) and
5 5ot S DA AR ol 40 o
di phenyl - 1- buixanedenécycl ohexane) 32.97 g.
gl ghghsr?g}llbijtlg/lbi%%hggggf)@?)ﬁgﬁgngf%%@gf%ﬁ%,%‘?%is%ﬁ’?/degiitﬁ‘ FeFsziﬁydr of uran
200 nl and ad@fi« Qa&NerBIRERL, @ adndensed dand. D ny twegeaddédplaneméhe
-mxture was GaAGtuks] hviRdEly Bl2 Ayshhtid e eSS UG, i@dwganpacied to
hydrogen 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 Lt
13°C,.pyromellitic acid diénnydride'3.69 g was cnafged at
one time, and tne mixture was reacted witn stirring on
cqoling. After one nour, para-aminopnenyltrimetnoxysi- -
lane 0.11 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 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 ohtain pblybenzylimide naving film tnickness of about .

600 angstroms. Tne film surface of two pieces of tne



gae W th

catal yst was filtered off,

t he sol uti
tol uene (
was renov

30. 58 g was obt ai ned.

stirring. After the absorption of hydrogen was stopped,

i on was extracted -

t he

water(two liters) was added to the solution, and

32- with

one liter). The extracted solution was wasted with water, toluene
ed with a rotary evaporator and 1, 1-di phenyl -4-butyl cycl ohexane

m were mxed, the mxture was poured and dissolved in para-nitr

chl ori de
1, 1- di phe
dropmﬁse

57.10 g on ice cooling. Then, a solution of
st rBUE K] 63 ChRDEK aBEe 30b ByKh Ay 1N 1D @R REE vEPe o

for 30 mnutes. 30 mnutes after adding, the ice bat

Al um num ch3pri de 101.22 g and nitrobenzene 200

obenzoyl

added
vvas r enoved

and t he nﬁ?ﬁuF&bﬁég'sFSﬁP?CFE%TeH't?PEﬂH?%%ﬂ(éHQSﬁ f 6G¥SEdbraligna nantle
Teat @adersof 4 hBldj\B:Bd?tdlﬂﬁsﬁ/ﬂS Qf irfaR el gbyrk Xk €ls Chf ograt ogr aphy,

heat er.
~and then
with chlo

sodluntch
evapor at or
was di sso

45. 40 g.

0 extract

h react| n_s oured.into ice liters t
Eno orm 1" g 7P (?)'Hbiﬁgg %o‘tg i0 sv%sat\ﬁzfsﬁé’d \ﬁﬁ?ﬂ l%FGN-HCI sol u-
tion, an queobsdsahumaraﬂkﬁlsmdiunﬂhlGanbddaﬂerubhlaqu@nuscsolut|on of
kQiohde af‘gqﬁ\?&eérysaééfr‘f‘m G ‘ﬁ@%u lst :ﬁﬁgd% h a rotary

nitro- bDenzene was I'EITDVE,‘ y st eam

atl The resi due

CHEdSPnCORPORMEION: rith § He IeTted dRtAasrgul ianbd QW!$¢@JS|I|ca gel
columm tocebtai ntded; bt 6é 4 {duid Wdys thanzaw hRoeRyblcdr Ped ydgycl ohexane

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

Tne aligning properties of tne ligquid crys;al 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 $. -
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 solution 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 navind film tnickness of about 600 ang-

strom§. Tne film surface of two pieces of tne substrates



1,1 -Bis[4-(4-nitrobenzoyl)phenyl]-4-butyl cycl ohexane 45.40 g was di ssol ved
i n di chl oronmet hane 660 m, and a solution of trifluorosulfuric acid 36.9 g
in dichloro- nethane 860 ml was added dropwi se for one hour. Then, a
solution of triethylsilane 47.38 g in dichloronethane 80 ml was added
dropwi se for 90 m nutes. VWen 30 m nu 8s passed after the addition was
finished, the ice bath was renoved and the solution was stirred for five
hours at roomtenperature. The end of the reaction was con- firmed by

|'i quid chromat ogr aphy 3 %hen,the rga tion soﬁg}lo%twas neutralized with
an aqueoué”%&W&PPoﬁ“@fpg APGHPEAPBERaf 18R IS HEF % HARatBPOeRf t er
dICh|OrO riideatd vady,r exovedawht b iguiat arys eahpdrigmentt layeesi due

- 33- | h t I
B R
1, 1- bi s[4a(s¢embt1|edb@ryzgc|n)ephehyttranesus9|cyct@mema@ged ig.

1,1-Bi S[4pgéa@ugiogﬁath)cehsaygl1é1bywﬂ>fa(§I&i@a&%n%&? O1gqhag dissolved in
500 m of “tetrahydrofuran, Pd-C catal y 596¢ar|ty wat er content 55.9

% 4.0 g \ﬁa’é’sz&é&eEBodnéOtrh@FW\ %?BPéaﬁéBrE%otP%oc §%° WRRBPRATIGNnps- pheric
pressure gad Qﬁﬂb&%bﬁd1Wtbhth¥d1i)gﬁﬂdg@§y§\téh &1y i mgen,Ather the
absorptloqlqulgyggg Sbggpgsotrgplc 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 wnich liqUid'crystal ZLI-1132 manufactured by
Merck Company'wés 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,



e——

catal yst was filtered off and the solution was concen- trated. The
concentrate was recrystallized wth m xture solvent of ethanol 87 % and

net hanol 13 %to obtain 1, 1- .
bi s[ 4- (4- ani nobenzyl ) phenyl ] - 4- butyl cycl ohexane 14.22 g which is a diam no
conpound of the present invention. The mel ting point was 58.5-60.1 [err]C.
The proton nucl ear magnetic resonance %pectrun1([err]H— NMR) of this
conmpound is shown in Fig. 6 and the IR chart is shown in Fig. 7. Exanple 1
To a four-necked flask equipped with a stirrer, a thernonmeter, a condenser

"and a n|trmgﬁpechrxﬁky;ekanbba@parhiqmidr¢nmaﬂaw aZagymentlthymréi) g which

Was purlfl {ye%kﬁogelfn aégﬁg Qnﬂéﬂﬁég§4o&45 microns
an1nobenz cl ohexane wer e char ged ana 5lsso ved with
stirring. aﬁfee rbey Was swWbserpies 139 &5 [te, b&yPEFrBPFFiilh“dl anhydri de 3. 69

g was add%raanﬁei %mhtltpléﬁam& reass i Wildectibhkl NgLOGudol i ng.  After

h I h dth
i xt Ur o WY PO ERESTTY A A R R AeSSor el ORI 0T e
reacti on sdatimnjeotasl dinkot ede Wi 1duidd netystall c2igyr r Bkedpnend NMP) 51.1 g to
‘obtain a HJ%REQ?QSR%tEQ'HA% séﬁrééﬁc“€§é£@%h9Q§ER n89t¥§§§é§5¥§o The

Vi Scos- he "sol uti on was
1870 cent iPoifsers ¥ miBjuses]@d 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 sebstrates
on wnicn tne polyetrnerimide films were formed was rubbed,

respectively, to obtain liquid crystal alignment layers.



A mixture solution of 1 : 1 of butyl Cellosolve and NWP was added to the
solution to dilute the solution of polyamc acid to 3 % by weight, and the
splution was applied by a rotation coating nethod (a Spinner nethod) on
transparent gl ass substrates equipped wth I TO el ec- trodes at the one
sides. The coating conditions were 5 Tpmand 15 seconds. After coating,
the substrates were dried at 100[err]C for ten mnutes, heated to 200
[err]C for one hour in an oven, and treated at 200 [err]C for 90 mnutes to
obt ai n pol ¥b¥hayifncrestmliard] ¥ iMaving daickaess oGt M660°RAgER$oNs. The

]1:! : m surfa&f@seﬁ\bgm p'ye@:eébb ééfbéﬁl%t%éb?‘std ?Jsa&d)m;éé\/aiﬁanlt_aa pgl ybenzy: i ml de
ilms were for was’ rubbed, respecti .Y, tQ obtain liquid grystal align-
nent Iayer%“’.‘ragfﬂqﬁ‘@l ac‘ﬁt‘stpz?lragéﬁi ﬁé’gﬁ % Fﬁ%ﬂ?ﬁ%&?nﬁf GHH?'H%ns was
assenbl ed dyyshalspbst ride TR mehufadimred éyt SHISSOpAORPORATEON ant i
parallel r i ng. di - tJons.. hi.qui. I I fo T uf actured by
CHI SSO coi%%&%%%’%@ Jir{rﬁoe(r:{t?’gdliilgt%&%t %é’x’%}t%& Eégfl‘yst gﬁ‘igbeﬁ%' Then, the
liquid crybidhidasrysoak off < itsataord avtiteatest widrareapdngeat] Q20 or 30

m nut es andc: cpOL efly tRs 1AYD LD LB WE ttoor%haitem?ekiagaw €systal "device.
To deter- nine t-hehfretllt angle, a liquid crystal cell having thickness of

20 ni cr onLPRadRi 2 hl L9 Fysfedadenicer 3FongsiearineebrgyPRRELKE Conpany
Yvas ! gj ecta&dﬂ@g &i 1d quaird wr@rse;gar &é-c.}l rr{av'[hq thii@l&hﬁlgspcﬁ$p2f(?1 ti Ie_s of OIt he
iquid crystal devjce were .good,, and t reti angle_of the l.iqui

crystal welRierangets utidy 1HRRE SR AtRIoRIt o SFePRBRE ST &Y dual
el ectric oharce CatEdng ned Wagected Wazt simfider) € pndpabhedyvol t age hol di ng
ratio was 97. 4, % anpl e a four.-n ! . equi pped
with a stir- f‘lérf% agi(’f elrnrgo%érto re,rt-ag%csor? er%'é‘er lé'%gug %%rsg%jén&‘%‘l&% acenent
appar at us,werereadnd , 20 el paeftd 150 anpglehpéhtivaslpanid crystal

was 0.5 degrees by tne crystal rotation metnod. Tue

residual electric cnarge 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
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-



-35-  fied by dehydration, and 1, 1-bis[(4-(4-

am nobenzyl ) phenyl ] cycl ohexane 7.43 g were charged, and the m xture was
dirssolved with stirring. The m xture was cooled to 13 [err]C,

met hyl cycl obut ane tetracarboxylic acid di anhydride 3.68 g was charged at
one time, and the m xture was reacted with stirring on.cooling. After one
four, para-am nophenyltrimethoxysilane 0433 g was added, and the nixture
was reacted with stirring for one hour at 20[err]C Then, the reaction
solution was diluted with Nmeth- yl-2-pyrrolidone (NW) 53.0 g to obtain a
transparent soldidromaeé dfefubyaveirghi miteolybsi Coacildquive yigseg ity of

the solution . 5. C [eJo] S t [ ' i xture,solution of 7
: 3 of butyl VC%ﬁIJ%glglle\gg gﬁgéﬁﬁp Q\eg%%}é%g'd?t{%éﬁ%ecpsm ur{adr’)r(l PE BRI 48k he

sol ution of polfpanitheactéieropdlympy wemphundangucheasobglydnides apdl ied by
a rotation Coab'o'lgra{’ﬂ?ié"é’gl %_%dgl%'h%rﬁf PELHadL yOmdd APSRAEEGRNL 9! 8BS ;s

substrates equi ppéd wth ec- trodes at "the one sides. _The coating

condi ti ons wer EXRREEeAMtand198 §edorsRe oAhey eBSPINMCYPEE Wiypsingt es
were dried at #He@keitlE 68rtdeintidili®s ndie ARG alc® 20 dlr brobektoag hour
in an oven, ang hreat d at 200[err]C for 90 mnutes to obtain

pol ybenzyl i m dé®hSvPRGYPFY nFe s of about 600 angstroms. The film
surface of two pieces of .the substrates on which the pol ybenzylimde fil ns
were formed was rubbed, respectively, to obtain liquid crystal align- nent
| ayers. A liquid crystal cell having thickness of 6 '



m crons was assenbled by the substrates so as to be oriented in parall el
and anti parallel rubbing direc- tions. Liquid crystal FBOl for TFT
panuf act ured by CHI SSO CORPORATI ON was injected into the liquid crystal
cell. Then, the liquid crystal was isotropic-treated with heating at
*120[err]C for 30 mnutes and cooled to roomtenperature to obtain a liquid
crystal device. To deter- mine the prgiilt angle, a liquid crystal cel

having ~ DIAMINO COMPOUNDS AND THEIR PRODUCTIONOmETHOD MiNgKR&®®18f 20 microns
in which | CRuSTACT ysteimefid 1At8Rs oewd aszucededynddr ck Conpany was
i njected simlarly -prepared. The aliTgning properties of the liquid

crystal deviteSwere good, and the pretilt angle of the liquid crystal was
3.1 degrees byilre dramid conipatindnreptdsxhtebhbyr esgdnatakl £otmic char ge
det er m neq 0. 01 V at 25[err]C and the voltage holding ratio was 97.3 %
Exanpl e 3 0 a 200 m four-necked flask equipped with a stir- rer, a
thernoneter, a condenser and a nitrogen di spl acenent apparatus,

N- net hyl - 2- pyrrol i done 50 g, which was puri- fied by dehydration, and

1, 1- bi s[ 4- (4- am nobenzyl ) phenyl ] -4-buRyl cycl ohexane 8.36 g were charged,
and the m xture was dissolved with stifring. The mi xture was cooled to
13[err]C, pyronellitic acid dianhydri .69-g was charged at one tine, and
the m xture was reacted with stirring

-sz@—cr{a

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
Cl/ _@71\102 ¢ e 6 (3)

YA

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



cooling. After one hour, para-am nophenyltrinmethoxysi- lane 0.11 g was
added, and the m xture was reacted with stirring for one hour at 20[err]C
Then, the reaction solution was diluted with N-neth- yl-2-pyrrolidone (NWP)
'59.4 g to obtain a transparent solution of 10 % by wei ght of pol yam c -acid.
The viscos- ity of the solution was 1548 centi poises at 25[err]C. A

m xture solution of 1 : 1 of butyl Cellosolve and NVWP was added to'the
solution to dilute the solution of polyamc acid to 3 %by weight, and the
solution was applied by a rotation coating nethod (a Spinner nethod) on
transparent gl ass substrates equi pped with I TO el ec- trodes at the one
sides. The coating conditions were 5000 rpm and 15 seconds. . After coating,
the substrates were dried at 100[err]C for ten mnutes, heated to 200[err]C
for one hour in an oven, and treated at 200[err]C for 90 - mi nutes to obtain
pol ybenzyl i m de having filmthickness of about 600 angstrons. The film
surface of two pieces of the R -37-
substrates. on which the pol ybenzylimde filns were forned was rubbed,
respectively, to obtain liquigeyystal align- nent layers. A liquid crystal
cell having thickness of 6 m S was assenbl ed by the substrates so as to
be oriented in parallel and any{ parallel rubbing dirgc; Jifﬁﬁ' Liquid
crystal FBO1l for TFT nanuf act :

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):

N
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CHI SSO CORPORATI ON was injected into the liquid crystal cell. Then, the
liquid crystal was isotropic-treated with eating at 120[err]C for 30
m.nut es and cooled to roomtenperature to obtain a liquid crystal device.
To deter- mne the pretilt angle, a liquid crystal cell having thickness of
20 mcrons in which liquid crystal ZLI=4432 manufactured by Merck Conpany
was injected was simlarly prepared. The aligning properties of-the
liquid crystal device were good, and the pretilt angle of the liquid

crystal was.,p gke r o] t he;residual
electric chg?geeggtgrgﬁﬁgéa&gg %§%§5€%%I&%5 %r%ﬁ%?%J#%ﬁ?ﬁeIggﬁb§gg hol di ng
rati o was 9%968yrachepapsemse Envhpee, X, ¥ 2@} ididicate aydologenen was
obt ai ned byaROLYK®NI gRoubl ABvPHG 21 2 i $[datBoRHEENNVI0XY LBReRK], ] pr opane

8.06 g, pyronellitic dianhydride 4.36 ¢ d r a- am nophenyl -
Ui DuethonysPramecsivelys ahd hSoms Briadhrel ik mar Be The sepe puty)
Cel | osol ve emddbffPeveataddad twetpmsioiens onf timeadid whdstheuwpakganm c acid to
3 % by weig the sol utign S lied b t .coati thod (a
Spi hnor et Ry RS nEYa e, 3R ehP AL Gl Y i B AR
el ectrodes an ahemghécsgdesp dhefawavalgneded tdrord imsesig0goonpmeéind 15
seconds.  AELGE Ggféﬁ@feg_hf[ 2UESHEPLE GG () iy ArobdRbebkC for ten
hea to 200[ err

m nut es, te ) C for one hour 1n an oven, and treated at
200[ err] C f®tippakiguPE’PEBLE®E and SeMyeVRACIGLEE- havi ng fil m t hi ckness of

about 600 ang- s onk.mediod idfmmanihace fiqguia Bresesl oflidimeubstrates
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
| .
C C .
o 47N « s 4 (5)
NN
| Il
6] 0.
" _ ' s oo (1)
- @-en @ \@-en-
Z 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



-'38- on which the polyetherimde filnms were formed was rubbed,
respectively, to obtain liquid crystal alignnment |layers. Aliquid crystal
cell having thickness of .6 m crons was assenbl ed by the substrates so as to
" be oriented in parallel and anti parallel rubbing directions. Liquid
crystal FBO1 for TFT manufactured by CH SSO CORPORATI ON was injected into
the liquid crystal cell. Then, the |iquiés®fystal was isotropic-treated
with heating at 120 [err]C for 30 minutes and cool ed to roomtenperature to
obtain a I|qU|d crystal device. To determine the pretilt angle, a liquid
crystal cell hayidgp éhﬁ&;kn@ésoﬁfh@ O L s 1dr WEED pstit thd Yl a

ZLI-1132 manufagtured by Merck n s in ted was si mIa.rIy prepar ed.
The al i gni ng prbpefti é§gf9ﬁtﬂﬁegﬁ°éﬁ§1 d%émg%'f’él l’ﬁgepﬁée\ﬁer@r’gcﬁ;& phatd q he

pretilt angle ofrétp lodfquEsuer yau@ndxass 30% degrempllex tdweoupyhualinpt ati on
met hod. The resjdu el e e deter ned S 20,V 25[err] C and
t he vol tage hol%f%“éa%la i %\é@]@% pESﬁ'Sg a??vem%xg%% e’ é‘ﬁ /épol yam ¢
aci d sol ution was otﬁ-al néd byq@mﬂyma:yafaaltdorsnifay deVlce having a

2, 2-bi s[4-(4-am Qﬁ?&k Ebﬂﬁg n§a§ﬁ96a9 C1%183d in c aim 3 or

met hyl cycl obut ane etrac rboxy IC aC| dir anhydri de _
par a- am nopheny} i ri net hoxysil ane 0.11 g. After a mxture solution of 7

3 of butyl Celloscive andifyPaweeyaddedaisplle é@byééogst@lﬂdé& g he

-ioolyamc acid to 3 %by wei ght, the solutJon,wasa arotatlon
coating method C(Jat"”@blqmé’rs%?& ﬁod}e‘?ﬂFltcr %{)%Js '%’t?ﬂé{ hayidgui pped

W th | TO el ect rmsieix iate H}ieleaerscdaﬁls%goppatl ng conditions vvere 5000 rpm
and 15 seconds. After cqati I he .substrates _were dried at 100 igrr C for

ten mnutes, heated %o 260EFTYE"F8F V%raﬁn AnTERERTLRT ¥P d at
200[ err] C for Hrmeoutes bbtehitrminle 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. |

* c L M S *



pol yet heri m de having filmthickness of about 600 ang- strons. The film
surface of two pieces of the substrates on which the polyetherimde filns
were fornmed was rubbed, -39-
respectively, to obtaln liquid crystal alignnent layers. A liquid crystal _
cell having thickness of 6 m crons mag assenbl ed by the substrates so as to
be oriented in parallel and anti- para Pzl rubbing directions. Liquid

crystal FBOAsSoracdi-T nanuf act ured by CHISSO CORPORATI ON was i njected into
the Iiquid BiXﬁi@ufiﬂpbuung " ek IPRODBCTTON R ANOLEGRES- L T eat ed
with heatin 122G qerT L for SUTT I ES "amd CooT € erature to
obtain a | i gh Z eAYERE ‘ sOUNBS i [t angle, a liquid '

crystal cell havww ﬁrﬁh&x’fi‘%éﬁt;%@x raﬁmaasl almiﬁa ¢dnipdufias T ySt al
ZL1-1132 manuf act ur ed @I/'B? Mer ck Pﬂy was |n ected was_ si mIarIy pr epar ed. .
ofil : & |

The al i gni n§SgFBb&s Pe w‘."r?étllq"q Bpyerip ae PE PERIVEEIR PL and t he
pretilt ang|1&qﬁﬁdéélﬁyléﬁathuadighmsﬁal laperd . rhaviagy mdl;lehhemittyagéal[ roit at i 03
et hod. The i dual, .el ec t 25[err]C an
the vol t age *ﬁf’fﬁﬁ’f‘%g“r% 3\/&1;‘8%5 %éﬁl‘%%&ne%géné{?ve 5Qt¥&i¥ga A pol yami ¢
acid sol uti pmenesendi ai' metnod ﬁgtymmmduging|Qﬂﬂ(ﬁcmpcﬁnd$aﬂvhophenylether
3.46 g, pyra%#ﬁ Lg}res@hélnﬁig \de cfex})h@cgs ﬁQgJ.ng the 11qu1d

par a- am nophe oXYysl ane 0.11
.o " crystal allgnment layers.

Tne diamino compounds are represented by tne general

formula (1):

CH?—@—NH'H.' < (1)

Z

‘'wnerein R indicates nydrogen or an alkyl group naving 1
to 8 carbon atoms, furtner, X, Y and Z indicate nydrogen,
an alkyl group raving 1 to 3 carbon atoms or fluorine,
respectively, and some  or all of tmnem may be tne same
‘or different, and tne positions of thnese substitutive _
groups may be ortno positions or meta po'sitions;

" No drawing to accompany the abstract upon

publication.



After a mxture solution of 1 : 1 of butyl Cellosolve and NW was added to
the solution to dilute the polyamc acid to 3 %by weight, the solution was
applied by a rotation coating nethod (a Spi nner nmethod) on transparent

gl ass substrates equi pped with 1 TO el ectrodes at the one sides. The coating
conditions were 3000 rpm and 15 seconﬂ; After- coating the substrates were
dried at 100 [err]C for ten mnutes, Heated to 200[err]C for one hour in an
oven, and treated at 200[err]C for 90 m nutes to obtain polyetherimde
having fil mthickness of about 600 ang- stronms. The filmsurface of two

pi eces of the substrates on which the polyetherimde filns were forned was
rubbed, respectively, to obtain liquid crystal alignnent |ayers. :

- 40- A liquid crystal cell having thickness.of 6 mcrons was assenbl ed by
the substrates so as to be oriented in parallel and anti parallel rubbing
directions. Liquid crystal FBOl1 for TFT manufactured by CH SSO CORPORATI ON
was injected into the liqui-d crystal cell. Then, the liquid crystal was
isotropic-treated with eating at Fép erg]C for 30 m nutes and cooled to
roomtenperature to obtain a liquid ystal device. To deternine the
pretilt angle, a liquid crystal cell having thickness of 20 mcrons in
which liquid crystal ZLI-1132 manufactured by Merck Conpany was injected
was simlarly prepared. . The aligning properties of the liquid crystal
device were good, and the pretilt angle of the liquid crystal
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was 0.5 degrees by the crystal rotation nethod. The residual electric
charge determ ned was 0.90 V at 25[err]C and the voltage holding ratio was
78.0 % According to the present invention, new diam no conpounds and
a ‘met hod for producing these conpounds are provided. It is found that

t he pol yi m de conpounds obtai ned by using the diam no conpounds as raw

mat eri al s can have excell ent propertie%/ s l'iquid crystal alignnment |ayers,
and that the polyimde conpounds can be changed into liquid crystal
alignment |ayers having uniformand high pretilt angles over the whole

di splay surface of the w de sub- s ﬁ&fs ich are required to STN |iquid
crystal display devices by conventi bing treatnent. Further, the

|l iquid crystal display devices using the liquid crystal alignment Iayers
can have excellent qualitywith a high voltage holding ratio and w thout an
i mge- sticking phenonenon. It is considered that these effects are brought
by a phenyl cycl ohexane ring and an al kyl group bonded to the ring of the

di am no conpounds of the raw materials. The diam no conpounds of the

present inven- -41- tion are useful as
raw materials for liquid cr)stal al rgnment Tj§kers. Further, these conpounds
can be used Source
| |Drivin itl_Ve T
gcercmt.__&(?e_l " Drain
| [ Vb S
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s . _
for the other polynmer conpounds such as polyimdes and pol yam des and their
property nodification. It is expected to use for the other epoxy
crosslinking materials or to introduce new characteristic properties into

*pol ymer conpounds. -42- DI AM NO COVPOUNDS
AND THEI R PRODUCTI ON METHOD AND LI QUI D CRYSTAL ALI GNVENT LAYERS USI NG THE
COVPOUNDS C ai s 1. A diam no conpound represented by a general fornu-
la (1): [err] 3/6
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wherein R indicates hydrogen or an al kyl group having 1 to 8 carbon atons,
further, X Y and Z indicate hydrogen, an al kyl group having 1 to 3 carbon
atons or fluorine, respectively, and sonme or all of themnay be the sane
or different, and the positions of these substitutive groups may be ortho

positions or nmeta positions. 2. A nmethod for producing a diamno
conpound repre- sented by the genéral.fﬁfﬁula (1) inclaiml, which
conpri ses reacting para nitrobenzoyl chloride derivative represented by
the formula (3): [err] wherein Z indicates hydrogen, an al kyl group

having 1 to 3 carbon atons or fluorine, and the position of substitu- tive
group Z may be an ortho position or a neta position, with a
di phenyl cycl ohexane derivative represented by the fornmula (2):
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wherein R indicates hydrogen or an al kyl group having 1 to
8 garbon atons, further, X and Y indicate hydrogen, an al kyl group having 1
to-3 carbon atons or fluorine, respectively, and sone. or all of them nay
be the sane or different, and the positions of these substitutive groups
may be ortho.positions or neta positions, and reducing a carbonyl group and
anitro group to obtain the diam no compaind. 3. Aliquid crystal

al i gnnent | ayer containing as a principal constituent a polyner having a

di ami no conpound represented by the general fornmula (1) inclaimdl in a

| ong chain of the nol ecul e. 4. Aliquid crystal alignnment |ayer
containing as a principal constituent a polyimade having a structure unit

represented by the general fermula (4): [err]

B

[e?r]

0 ppm
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244- wherein R indicates hydrogen or an al kyl group having 1 to 8 carbon
atons, further, X, Y and Z indicate hydrogen, an al kyl group having 1 to 3
carbon atoms or fluorine, respectively, and sone or all of them may be
the sanme or different, and the positions of these substitutive groups may
be ortho positions or .neta positionsgggnd A is an aromatic group of four
val enci es an aliphatic group of four | enci es ora conpl ex group havi ng
aromatic and aliphatic properties and four val enci es. 5. A nethod of
making a liquid crystal alignment |layer as clained in claim4, wherein the
polyim de is obtained by reacting a tetracarboxylic dianhydride represented
by the followng formula (5) and a di am no conpound represented by the
following formula (1) in a solvent to produce a polyam c acid and heating

t he resul tant polyam c acid: ' [err]
&
. ' 8 I3}
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wherein R i ndi cates hydrogen or an al kyl group having 1 to 8 carl ﬁs"gtoms,
further, X EAéENﬂthgth@gdrqygn an al kyl group having 1 t0 3 carbon
atons or fll ﬁ%w gspf;c;,tdl ey pa dxrsofre or all of them nmay be the sane
or-differdn (hd “the | posiL i ogs ?gthese substitutive Amended

- 45- gr dups Tay. be. Ot ho. posl El m.c_)r meta positions, and Ais an
aromati c group’ *ﬁ0ur valenC|e$ phatic group of four valencies or a
conmpl ex gr Gﬁf aYing akoratie ﬁﬁg Tph&tic-properties and four val enci es.
6. Aliqujd crystal di sg)l ay ce hav ng a liquid crystal alignnment |ayer
as cl ai ned{ i DATEaOm REGEIRT ... 2514, ... A Eiquid crystal display device as

claimed i n"TTarm By  yshvep é‘oﬁ%’&fﬂlﬁs' ANy drigE YR! FrdBoréeeNNERHoD .AND

LIQUID CRYSTAL ALIGNMENT LAYERS USING THE COMPOUNDS
The present invention relates to diamino compounds

U:.?."J

and liquid crystal alignment layers obtainable from the
5 *  compounds, more particularly, new diamino cbmpounds, 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
10 alignment layers.

The main type of liquid crystal display device-
which is used in conventional clocks, watches and
electronic calculators is a twist nematic (abbreviated
as TN hereinafter) mode having a structure in which

15 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

20 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, since matrix display or

25 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 switch ON-OFF against

30 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. Pérticularly, it is very important to

35 improve
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positive dielectric anisotropy. 8. A polyimde having as a repeating
unit a. structure obtainable by polynerisation involving a diam no conpound
as-clainmed in claim 1. 9. A polyimde having as a repeating unit the
structure represented by formula (4) in claim4. 10. A met hod of making
a polyimde as clained in claim9, wherein2he polyimde is obtained by the
reaction described in claimb5.

- the image-sticking phenomenon to obtain a liquid crystal display device having high

quality.
[t is considered that the image-sticking phenomenon is due to electric double
layers which are produced on the alignment layer surface by ionic components of

A

impurities contained in the liqud crystal. Since DC components are applied on the
liquid crystal display device, electric charge differences which are produced between
upper and lower substrates, and electric potential differences, 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
10 is more conspicuous and serious then that of TN and STN.

Further, in TFT modes, high voltage holding ratios are required to prevent
flicker of screens. _ ‘

EP-A-0389092 discloses a liquid crystal aligning coating composed mainty
of a specified polymer such as a polyether polyimide or a polyimide which is capable

13 of controlling the alignment and pretilt angle of liquid crystals. This document does
not discuss the phenomenon of image-sticking. '

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

20 device that is equipped with a liquid crystal alignment layer produced from a
polyimide resin having a repeating unit represented by a formula:

sy
- 0000

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