1 LIQUI D CRYSTAL ALI GNI NG AGENT AND LI QUI D CRYSTAL DI SPLAY ELEMENT 12 COCT
2004 Detail ed Description of the Invention 5 Fief of the Invention The
present invention relates to a liquid crystal aligning agent used to form
a liquid crystal alignment film for a liquid crystal display el ement)(griggs
to aliquid crystal display elenent. Mde specifically, it relates to a
liquid 10 crystal aligning agent which gives a liquid crystal alignnment
filmhaving excellent |iqukBQEEhsCRNSIAPLYALAGNINSAGENS and a short after

i mge erase time for a Ligui y st ﬁﬁfl I whi ch al so gi ves
a liquid crystal ali gnn@‘ f[&i(ﬂmf o‘fA ' dﬁﬁﬁpféﬁggggpﬁﬂgel lability to a
liquid crystal 15 display elenent. Prior Art There has been known a liquid

crystal display eI errent (TN I iquid crystal di spl ay elenment) having a TN
(twisted n@miai 333 ohthvorsandwi chi ng a nematic 20

l'iquid crystal haV|ng “oéltlve dlefectrlc anfsotropy bet ween substrates
with a t?anﬁ%ﬁ@mﬁg aliquid crystal alignment film made
from polyim de or $fae ddde0dinbithe1bAIXEIG Y Uo i ifs PALEYLLGMI d
crystal nolecule at E#O étjﬁévvee]r'lnt ugsfr ates cont i NUou ]S/ FIQQUI d 25
crystals of alhigniky ldggritd trsrq&ttai f«blmphaquh&ﬂeatyisSaal ajhedmehy Fibmed
alignnent. In recent years, gw d crystal dis el enment s havi ng

excel | ent cdft% és%lgH&IdvFEWS&ﬁ I%lﬁﬁﬂ)@ﬂd%%‘é‘éengu%%dd‘so STNinSGp%FY?ﬁFQ ed
Nematic) |i | YR h i gn i qui d
crystal di sgi%lgar%%g%tméﬂgee blgéen devle%c?g‘iegpyTﬁi;@%t#ﬁ%q%%u?g %r%aglh

di spl aylel erends ek ed i gusamphgentiweich ggerceadf fprid cayséed byl ighmgng

blend of a nematic liquid ystal ~and_a ent. which is optically
2ct! e agent MTAnEG A HE Y St & RRAALHEY Hhs b lEBRe PoGReS tind Bngh

each |iquid £ipral aFeaCUhRigd 333 Ltamad@oe: Bewgﬁmd sxpstadt @sspihe
sinple matrix drive of the honeotropically aligned liquid crystal display

el enent is cargnenband whigbhalgonanvies a Hatth?e CGIYéﬂf@é{ ailégamas@t Edgyp of
liquid cryst 5 nDIe ul es.ali ng ne t|v rys o] LQpi cally
and nol ecul e%rarper% u]g%? é8wﬁg6 g%appeol ca %n g 4 i gﬁg.ggﬁ%&%@er,

when a bsquidi S5Vef aélahsptay el errent I's formed usi ng a liquid crystal
al i gni ng agent such as a
Prior Art

There has been known a liquid crystal display element
(TN liquid crystal display element) having a TN (twisted
nematic}) liquid crystal cell formed by sandwiching a nematic

20 liquid crystal having positive dielectric anisotropy between
substrates with a transparent electrode having a liquid
crystal alignment film made from polyimide or the like and
twisting the major axis of each liquid crystal molecule at
90° between the substrates continuously. The liguid

25 crystals of this TN liquid crystal display element is aligned
by rubbed alignment.

In recent years, liquid crystal display elements having
excellent contrast and view angle dependence, such as STN
(Super Twisted Nematic)} liguid crystal display element and

30 homeotropic alignment liquid crystal display element, have
been developed. The STN liquidcrystal displayelement makes
use of a birefringence effect caused by using a blend of a
nematic liquid crystal and a chiral agent which is an

optically active agent and continuously twisting the major



conventional ly known pol yanic acid or inmide polyner having 10 a structure
obt ai ned by dehydrating and ring closing the polyamc acid, an after inage
is formed due to the large residual voltage of the liquid crystal1?h§EI
element and the tinme for erasing this after image is |long, thereby ﬂﬂ%
It inmpossible to obtain sufficient contrgst. Further, when 15 this liquid
crystal display elenent is used for a lorffig tinme, a stain-like display

defect may be forned ereby.inpairing .the.reliahil. 0 h L. qui
crystal di sg¥ay’ 8%@%?3%&%%%50??]1 &‘é’lleﬁ\%'r?t ?S?IPEH #éraxﬁo%gfe%éct‘ggo%gt he
present i nveditd©ep! OVIKe A mpAG kadHik ai¥Skabrathd Hd:Agesbivhity can
exhi bit excellent aligning properties and is capable of formng a liquid
crystal al ignigered fliidlguivavinyg tals Adsplayne Lememtt ke adnmidvesit dResuch
application of voltage to the lLiquid crystal display elenent, .is_re|eased
to the time 3WEIRRHT oF 12t F%gglg§e§F§§§d% Orfi—:"yroe“lf gr’r%‘ﬂ"q 005§SLgiter
i mage ergse [JiyE, gL el r ivh! 88 JiANA v EAls Witk YOl $508al B
appl i ed sorr%i%oﬁbﬂ§#n%?§§*§ %gagﬁéyﬁe? 0 féct of thé;present i%Ve%tign to
provi de a | ight golkeysilals direpheyughtdmn bgvimg apdliiqetdiar pstadltagiegnment
filmmade fromthe |iquid chstaI al i gning agent. 30 of the present

i nvention. O her GHWRYEr andhafvantigEddoCrivd adr SHSRITHHATTRE 1F 1 |
becone appar o] ok l; awi: ng i1ptq . Acc | t resent

i nventi on, ff%@%@,%%ﬂsa%ogé&%?eggﬁgﬁ& addl\?'arhn%larggesg%%k?ﬁse&g?eggng

I nventi on aremidmt Defal2yQchokfiOgolybpia hreddi drciyidel pal ygerngavgsagt

whi ch contains at |east one end-capped Ypo]%%/rrpr sel ect ed fr?c_)mthe dpoup
consi stilflg @fstpychurenabtagped bal Pyt P har hg™ e af re§efPc -7e
structure agkﬂ%%ﬁ Eegc%ﬁ r e3CLirRQ { Alnayd oid AESFhOXYauE Bodinahydrigde, (D)
a diamne c nd an c) at least one~ conpound selected fromthe group
consi sting ofesidaafrbokvhige ofabhgdiigeidacnpabaki déspdapoahemand and

nonoi socyanate conpound, and (B). end-capped im di zed polymers.o kned by
dehydrati ng B Ty fE’F“o%Fﬂﬁngiegtbb? )?:frﬁe%pétﬁ‘iag.e ’_‘Lﬁzllﬂxgo'ertglﬁlrﬁ%yt ﬁéEP‘P’ ui d
crystal ali gm G b PE £ D0 HA 195 ARl FiRMAHY @B ntaRlsd .NSFakrtheast whae

end- uncapped polyner selected fromthe group consisting of an end-uncapped

pol yani d 5aci thbbtliqetd nry st ideKAY &lemandc dsbbighi ¥or @ FMELiBe -and

B) a di am ne conpo d end-unca 15 i di i.ned
by donydrat | g i e e T Ao REE b d M 7 EReb BT A
above end- cappgdreP@hyadni¢yaed tand/rqerdl-coppedli aidprad phbmesrt..

It is an object of the present invention to provide a
20 liquid crystal aligning agent which can exhibit excellent
aligning properties and is capable of forminga ligquid crystal
alignment film having a short time from the time when the
application of voltage to the liquid crystal display element
igs released to the time when an after image is erased (to
25 be referred to as "after image erase time” hereinafter) and
free from a smear when voltage is applied for a long time.
It is another object of the present invention to provide
a liquid crystal display element having a liguid crystal
alignment film made from the liquid crystal aligning agent
30 o©of the present invention. 7
Other objects and advantages of the present invention
will become apparent from the following description.
According to the present invention, firstly, the above

objects and advantages of the present invention ars attained



More preferably, the liquid crystal aligning agent of the present

I nvention contains an end-capped i mdized 20 pol yner and an end-uncapped

pol yam ¢ acid. According to the present invention, secondly, the ab??qu}M4
obj ects and advantages of the present invention are attained by a liqu
crystal display element having a |liquid-grystal alignment film obtained
fromthe liquid crystal aligning 25 agent of the present invention. The

present inventiqn will be ri L Rqdgkahke Al Hlitingd el aced Hoxylic
di anhydri d@¥f %%%+i%r% ?%gtﬁjr?ggé‘%ﬁgbgbi ntroduced into the 30

end- capped fal Yéid Ccagpeaaned 13mean dselanpieald | fif oihz ttepgirpmdr a9l s pliide
present invention by using an alicyclic tetracarbgxylic dianq%qiide and/ or
alicyclic d@an{Ap, annendasapved, @9kyarieceeie Peving & ¥itbauced

into them by using an alicycl.ic [ i gn | fes 12
OCT 2004 4 S u?ﬁ‘égﬁl P c|°|Cf>cé*Bt:‘zﬂer‘iag'"l’a’}E g%%{‘)%x igﬁﬂy%r %ﬁ%ﬂﬁm

2,3, 51 Ca&ﬂg&u A6k ety acetd cars @ hyempdend3ands-(c) at least one
tri car boxynor bornane-2-aceti c di anhydride, 2,4,5- . . b 11
tri car boxycyshpbenyl sebedte diSnmy ghiedgroyp Tonsi sting of a dicarboxylic

| obut anet et boxyl i ¢c_di anhydrid " dimethvl -
cyel obutanet e gegrigonyl L A ANAT Lifotd JubFH Honodsdegnare

di met hyl - 1, &'@péhﬁ)ﬁd QR ARgt ehuacadyed linti dii ssdysiv1 yieers obtained by

1, 3-di chl oro- , 3, 4-cycl obut anet et r acar boxylic _ di a_nhydcréi(ge,

1,2, 3, 4- t et dahgtilmpltinh P Bd nngyeloBliidnéhét PRAFBBS1FE Ui anhydri de,
1,2,3,4- cyclopentanetetracarhagxyli.c. di +8€ alidn¥ng agent of the
cycl oheb&net et I‘aCBFﬁ%}?}qug%'i gﬁ}%(ﬁﬁ‘ e,d?lS, § e 1gnfng ag

di cycl ohexybtelkatal Ro¥nkiiondtanbudnisdet 124t phe end-uncapped polymer
t et rahydr of urant et racar boxyli ¢ di anhydri de, 15 £ nd-uncapped

1, 3, 3a, 4, 5, selectad dFue®(ther aRYEPOSINSIfitdRd £+ an © PP
furanyl ) -naphthol 1, 2-c] - f urap- dbONgeabt3mp, A P, &btetracarboxylic
hexahydr o- - %—#é’tak%q ﬁ%%@réﬁga%ggg, E(}gl %0 B-ﬁr anyl ) - napht hoi |,

2-c] - f ur an- Ji3mtiyaneidd ,&h BB, &, Ahamdnghgdmpound, and an end-uncapped
5-ethyl -5(tetrahydro-2, 5-di oxo-3-fura yé - h ; losi
cI-furah51,amﬁQﬂﬁﬁdJEQ%ﬁ%@ﬂ?S?@Bgﬁﬁﬁah %r@gggéggképg ala ring closing

5(tetrahydr8%?-gigkgﬁﬂié'LHEaUYHh'%@dﬂﬂﬂ&dqto(ﬂhéuaaavelaﬁddba@@pd
1, 3, 34, 4, 5, *heXa ro-7-ethyl-5(tetrahydro- |
2, 5- di ox0- 3falrpanyl ¢ - aaplit hofY o2 endprapped igfdhged polymer.

éi ?h?gh;‘;i )51 ggbﬂ?ﬁg{gg«%?p&ﬁ%%%ﬁii?(é% I)lﬁi&%@f@‘c%:y%ﬁf@ig?rﬁng agent of
1’3’3a’4;5’9@5@?§@Q¥Qﬁ9'gn%%mﬂrﬁﬂtdﬁdﬁ&wnkOaﬂ,éndhonpped imidized
20 polymer and an end-uncapped polyamic acid.
According1x>thepresentinvention,secondly,theabove
objects and advantages of the present invention are attained
by a liquid crystal display element having a liquid crystal
alignment £ilm obtained from the liquid crystal aligning
25 agent of the present invention.

The present invention will be described in detail

hereinbelow.
tet ] lic diaphydrid
An alicyclic structure can be introduced into the
30 end-capped polyamic acid and an end-capped imidized polymer
used in the present invention by using an alicyclic
tetracarboxylic dianhydride and/or alicyclic diamine, and
an alicyclic structure is preferably introduced into them

bvusingeulalicyclictetracarboxylicdianhydride. Examples



3-furanyl)-napht ho(1, 2-c]-furan-1, 3-di one,

1, 3, 3a, 4,5, 9b- hexahydr o- 5, 8-di net hyl - 5(t et rahydro- 2, 5- A

di oxo- 3-furanyl)-naphtho[ 1, 2-c]-furan-1, 3-dione, 5-(2,5 30 12 0CT 2004
di oxot et rahydr of ural ) - 3- et hyl - 3-cycl ohexane- 1, 2- di carboxylic di anhydri de,
bi cycl o[ 2, 2, 2] -act - 7- ene- 2,3,5,6-tetracq{boxylic di anhydri de, 3-

oxabi cycl o( 3. 2. 1] oct ane- 2, 4- di one- 6-spi ro-3' -

t et r ahydr of - 2" 5. diok . i
(i anhydr 1 doss cié abicbEle) £ R BUAEANe Hdinddr the eR8EuRe o) ) 4
(2) 10 0 (3)2 15, §wheieanb&kycRcl opet rladite catiamtyatiagcl 3¢ sdieval ent

organic group,. and R2 , R4 and R' are each a hydrogen atom or al kyl
group, w tHEheappeyyRerbagnane? 2-acetiy HaHwdelidemmy bedthe sanme or

different.) JThese tetrac XYl LG di Welgl 1gﬁ¥ be, use Llone 20 or in
combi nati on %’?J‘?a ° %?%%gésﬁﬁéﬁ(?léfetﬁe@s]eﬁgﬁgf - r?ta%bgkgﬁcl opentyl acetl c
di anhydr 5de, cc boBut 4h 6 86 BRR¥ARHRAIARE-Fa08id€idd]anhydaifesngl-4, S -
tricarboxycycl ohexyl acetic dianhydride, 1,2, 3,4-cyclobutanetetracarboxylic
di anhydri de, 1 12 33 24-@yabehytaner ed racamstith hed Barhvdrbdry| e 3 -

di anhydride, ., 1,2, 3. 4-cyclopent anetetracarhoxyl | dri.de. 5- (.2, 5-
dioxotetrahy%ﬁ%?ﬁ?%}$}3¥néf yﬁxﬁl (Hﬁﬁﬂgéétﬁ%%éfb%+§g?§oQ§gP8Y§Fg%%?dride,
1,3,3a, 4,5, 9; heaabyU6P051,2,3,4-cyclobutanetetracarboxylic
(tetrahydro-2, 5-di oxo- 3-furanyl)-naphtho(1, 2-c]furan 30 1, 3-di one,

1,3, 3a, 4, 5, ObiaekaGyide. 81t Byl4-Fetramethyl-1,2,3,4-

(o by o2 oy LA R 2 ot

1, 3, 3a, I e

(tetrahydro-2y&18peneadetstaararomphtio(dishiydtias; 1]1234dbene,
bicyclo(2,2,21-0.ct-7-ene-2,3,5,6 11 OCT 2004 6 tetracarboxylic
di anhydri de @vi@lobesRBBEeFERERTPRXY T fHearh vl Sfe- 8- Spirfo23-

Coul o e B el At W nbgetg, Y, 80 SO
2,3, 5- tetrahydrofurantetracarboxylic dianhydride,

15 1,3.3a,4,5,9b-hexahydro-5(tetrahydro-2,5-dioxo-3-
furanyl)-naphtho[l,2~-c]-furan-1,3-dione, 1,3,32,4,5,9b-
hexahydro-5-methyl-5(tetrahydro-2,5-dioxo-3-furanyl)-
naphtho[l,2-c]-furan-1,3-dione, 1,3,3a,4.5,9b-hexahydro-
5-ethyl-5(tetrahydro-2,5-dioxo-3-furanyl)-naphtho(l,2-

20 ¢]-furan-1,3-dione, 1,3,3a,4,5,9b-hexahydro-7-methyl-
5(tetrahydro-2,5-dioxo-3-furanyl)-naphtho(l,2-c]-furan-
1,3-dione, 1,3,3a.4.5,9b-hexahydro-7-ethyl-5(tetrahydro-
2,5-dioxo-3-furanyl)-naphtho{l,2-c]-furan-1,3-dione,
1,3,3a.4,5,9b-hexahydro-8-methyl-5(tetrahydro-2,5-dioxo-

25 3-furanyl)-naphtho{1l,2-c]-furan-1,3-dione,
1,3,3a,4,5,9b-hexahydro-8-ethyl-5{tetrahydro-2,5-dioxo-
3-furanyl)-naphtho{1l,2-c]-furan-1,3-dione,
1,3,3a,4.5,9b-hexahydro-5,8-dimethyl-5(tetrahydro-2,5-
dioxo-3-furanyl)-naphtho([l,2-c]-furan-1,3-dione, 5-(2,5-

30 dioxotetrahydrofural)-3—methyl—3—cyclohexane—1,2—
dicarboxylic dianhydride, bicyclo[2,2,2]-0oct-7-ene-
2.3,5,6-tetracarboxylic dianhydride, 3-
oxabicyclo[3.2.l]loctane-2,4-dione-6-spiro-3"-

(tetrahydrofuran-2',5'-dione), and tetracarboxylic



tricarboxycycl opentyl acetic di anhydride, 2,4,5- tricarboxycycl ohexyl acetic
di anhydride, 1,2, 3,4- cycl obutanetetracarboxylic dianhydride, 1, 3-dinethyl

1,2,3, 4-cyclobutanetetracarboxylic dianhydride, 10 17 0CT 2004
1, 3, 34, 4, 5, 9b- hexahydr o- 5- (t et r ahydr o- 2, 5- di oxo- 3-

furanyl)-naphtho[ 1, 2-c]furan-1, 3-dione,51,3,3a,4,5,9b-

hexahydr o- 8- net hyl - 5- (t et rahydr o- 2, 5- di oXo- 3-furanyl) -

napht ho[ 1, Z_g%.]flfn;}':]rygdﬁ'rgildess_ .eﬁ%é‘é}gt%qsb _ r1-_(1)1_es,.‘ff>llfging formulas (1), (2)

oxabi cycl of ctane- one-

(tetrahydrofaygan-3y' ., 5' -dione). The end-capped pol yam ¢ acid and end-capped
imdized polynmer used in the present invention may be obtai ned by using
anot her tetracarboxylyc gianhydrife in linmts that do not inpair the
effect of the present W gé' The end-uncapped 20 polyam c acid and
end- uncapped i m di zegy pol yrer jmaygbe obta{ngd froman aromatic
tetracarboxylic dianh de or al i phatic tetracarboxylic dianhydride
ot her than the above et racar boxyl i c di anhydri des. Exanpl es of
the tetracarboxylic anhydride other than 25 the alicyclic
tetracarboxylic di anhydrides includ% aromatic tetracarboxylic dianhydrides
such as pyronellitic dianhmg[idea‘3 3',4,4" -benzophenonet et racar boxylic

di anhydride, 3,3',4, £ b heﬁyl onet et racar boxylic di anhydri de,

di anhydra de,

di anhydri de,

3,3 ,4,4' -bi phenyl et hert gt racarboxylyj c di anhydride, 3,3 ,4,4'
dinethyFBiphenylsiIanetef%acarboxylic di anhydri de,

3,3'",4,4' -tetraphenyl sil anegt et rgcar boxylic di anhydride, 12 OCT 2004 7

1, 2,3, 4-furantetracar /e’ di a ride, 4,4'-bis(3,4-

di car boxyphenoxy) di phen | fi'de |[di amhydri de,(3), 4' -

bi s(3, 4, -di car boxyphen i pheny foni c dianhydride, 4, 4'-bis (3, 4

- di car boxyphenoxy) di phenlyl propane ldi anhydri de, 5
3,3",4,4" -bi phenyl tetracat boxylic Hﬁanhydride, bi s(phthalic

aci d) phenyl phosphi Re oxi de di anhydride, p- . . .

phenyl eA8- bi 6¢herehe®.pRi FNd & AERIRART d& aficyclic divalent organic
phenyl ene-bi s(triph phthal i.cldi ' i rd ' ci d)
4G praroTel HEY 8 ann o SR fhyapbieh dedrlpranty ek

acj -d)-4., 4 wotpheny| pestase tatarhydr iRdés ehflyRene may be the same or

gl ycol -bi s(anhydrotrinellltate), propylene,

gl ycol - bi s(a%%?’éwtwél litate), 3,3',4,4" -

per f 1 uorol sopropyl4 SQSd£QEEPBEEPo b%%%ygﬁkﬂﬁyd%fﬁes may be used alone

but anedi ol - bi s(anhydrotrinelli e), 1,6-hexanedio

I1ta
20 or in combination of two or more.

Out of these, 2,3,5-tricarboxycyclopentylacetic
dianhydride, 3,5.6-tricarboxynorbornane-2-acetic
dianhydride,2,4,5-tricarboxycyclohexylaceticdianhydride,
1,2,3,4-cyclobutanetetracarboxylic dianhydride, 1,3-

25 dimethyl-1,2,3,4-cyclobutanetetracarboxylic dianhydride,
1,2.3,4-cyclopentanetetracarboxylic dianhydride, 5-(2,5-
dioxotetrahydrofural)-3-methyl-3-cyclohexene-1,2-
dicarboxylic dianhydride, 1,3,3a.,4,5,9b-hexahydro-5-
(tetrahydro—z,5—dioxo—3-furanyl)—naphtho{l,z-c]furan-

30 1,3-dione, 1,3,3a,4,5,9b-hexahydro-8-methyl-5-
(tetrahydro—z,5-dioxo—3-furanyl)—naphtho[l,z-c]furan-
1,3-dione, 1.3,3a.,4.,5,9b-hexahydro-5,8-dimethyl-5-
(tetrahydro-z,5-dioxo-3-furanyl)—naphtho[l,z-c}furan-

1,3-dione, bicyclol[2,2,2]-oct-7-ene-2,3,5,6-



15 bi s(anhydrotrinel litate), 1,8-octanediol- bis(anhydrotrinellitate),

2, 2-bi s(4- hydroxyphenyl) propane-bi s(anhydrotrinellitate). and r'-onpounds
represented by the following formulas (4) to (7); and aliphatic 12 0CT 2004
tetracarboxylic dianhydrides such as 20 butanetetracarboxylic di anhydride.
They may be used alone or in conbinatiopg of two or nore. CH3 | 1Y-
CHkCHz)3CH | | 25 coo 00C CH3 (4) 30 1 OCT 2004 8 CH3 | CH 3 H3C CH

(C2) | 3Cr=Cy o8 MR bR 0 LBy £POaEBEREHH( ) SCH (9) O3 13 OB (6)

CH3 ') 3CH (7) 25 diam ne nlExaanes of the

di am ne conpaamdcymﬂqkka2ubhm¢tane39 drdmnnesﬁswplnn? -

e s e s Vb P18 0nT B%e phete Yl WALRIEDVLREL e
can exhibit excellent liquid crystal aligning properties.

5 Particularly preferred are 2,3.5-

tricarboxycyclopentylacetic dianhydride, 2,4,5-
tricarboxycyclohexylacetic dianhydride, 1,2,3,4-
cyclobutanetetracarboxylic dianhydride, 1,3-dimethyl-
1,2,3,4-cyclobutanetetracarboxylic dianhydride,

10 1.,3.3a,4,5,9b-hexahydro-5-{tetrahydro~2,5-dioxo-3-
furanyl)-naphtho[1l,2-c]furan-1,3-dione, 1,3,3a,4.5,9b-
hexahydro-8-methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-
naphtho[l,2-c]furan-1,3-dione and 3-
oxabicyclo[3.2.1l]octane-2,4-dione-6-spiro-3"'-

15 (tetrahydrofuran-2°,5' -dione).

The end-capped polyamic acid and end-capped imidized
polymer used in the present invention may be obtained by using
another tetracarboxylic dianhydride in limits that do not
impair the effect of the present invention. The end-uncapped

20 polyamic acid and end-uncapped imidized polymer may be
obtained from an aromatic tetracarboxylic dianhydride or an
aliphatic tetraéarboxylic dianhydride other than the above
alicyclic tetracarboxylic dianhydrides.

Examples of the tetracarboxylic dianhydride other than

25 the alicyclic tetracarboxylic dianhydrides include aromatic
tetracarboxylic dianhydrides such as pyromellitic
dianhydride, 3,3'.,4,4°-benzophenonetetracarboxylic
dianhydride, 3,3',4,4-biphenylsulfonetetracarboxylic
dianhydride, 1,4,5,8-naphthalenetetracarboxylic

30 dianhydride, 2,3,6,7fnaphthalenetetracarboxylic
dianhydride, 3,3',4,4 -biphenylethertetracarboxylic
dianhydride, 3,3'.4,4'-
dimethyldiphenylsilanetetracarboxylic dianhydride,

3,3',4,4' -tetraphenylsilanetetracarboxylic dianhydride,



4' - di am nodi phenyl sul fi de, 4, 4'-di am nodi phenyi sul f one,
3' -di net hyl -4, 4' -di am nobi phenyl, 4,4'- di am nobenzanili de,
, 4' - di am nodi phenyl ether, 1,5 CH3 12 OCT 2004 9 di am nonapht hal eriez (7 2004
3-dinethyl-4,4"-di am nobi phenyl,
a

_ami no- | -(4'-am nophenyl) 1.3, 3- trimet hyl i ndane, 6-
m no-1-(4'-am nophenyl)-1.3,3-trinethylindane, 3,4'- diam nodi phenyl et her,

4
3
4
3
5
a
3, 3" -di am ngb phe L am zaq,qﬁﬁﬁq - -
4,4' -di am no %isgp efr}gpn%nt tgac'glrgt’%?e‘ggg%}hop eno%'phﬁleni/l )%%gégng
2, 2-bi f][4 l(ﬁllcﬁ%b‘mﬁ)fpm@ﬂl yxpmemyhghgxauéllmm Ghzaréwhdatizd@ s¢d4’ I-I y

am nophenyl ) hexaf | uor opr opane, is m nophenox en ul f one,
1, 4-bi s(4 10isA n%ph@g@awaémeaﬁeoxy)ﬁlmw ‘i{v%’é é ﬁé?-

1, 3- bls(3a nopheno ) be I Facene,
> 7. dlanlnof ore %§{% g gfsggbogygh%h%9§fﬁmdﬁﬁﬂyﬁﬁfapéﬁeEﬁ%dﬁ?ﬁf&&@.

a
2
di

m nophegyl )4 |310r4%n43 4p fphBRY My b e Rachirdodydhl ordanmiydeide
,2',5,5 -tetrachl oro-4, 4' -di ani nobi phenyl, 2,2' 15dichl oro-4,4
i ani no- 5, 5'bidi (Eh thakii pRéfY Phesydphoginhsnfaikide d’eﬁl%i’%{%ﬂsheﬁw

(1rrgt gphenyl M@ﬁ{)?rg%eghgﬁg}ﬁﬁggﬁ%ﬁt %;%ﬁ%fés}t}yﬁ c1'“:'3?11 no-2-trif

| uor onet hyl Y Raepykl lﬂﬂghbuqu@mmmne:)dﬁhhydrlde
4, 4' -di am no- 2, bls(trlfluororrethyl bi phenyl and 4

bi . s[ (4-ani rtai@@tnphg@véphfchwl)ts yt4ebt afifLBBPBBFLsﬁé‘ﬁﬁ dl%ﬁ‘P}Sﬂﬁf‘P@
di
tle?;naﬂleaiﬂyl g?fe%f_‘éﬁ?‘ﬁe, H%%%f‘éhé&%&??r%?)gfﬁ n‘% ?%]gét%g@mat hyl enedl am ne,

hept anet hyl enpgdhiRpdpede , Octarakhyl @moalmm(ammmmhyimémamtné .and 4, 4-
di am nohept anet hyl enedi am ne; alicyclic di am nes. such as3 3. 4.4°-
1, 4- di ani noc@@@lﬁbﬁaﬁeglﬁ§8&h8ﬂ§r§é’d‘ir‘eﬁﬁ%rl“‘ellltate)

t et r ahydr odi ar{&f 8%?%5? égﬂaﬁe%@dlephﬂ%ﬁmddﬂaﬁh?dhdéo 1,4-

met hanoi nda ene m.ne, tricyclo(6.2.1.0

undecyl enedlmtﬁtyédmam-ba,s(énhydmmmydeeh]ebt@(@ycl bhéx?ﬂ&i—ﬁlﬁé)wlr 3-

A AT Y e SRy AR 2 G bt L A OSEL LA gy g ohexane. . 2,5 12 OCT
bis(anhydrotrimellitate), 2,2-bis(4-
hydroxyphenyl)propane-bis(anhydrotrimellitate), and
tompounds represented by the following formulas (4} to (7}:
and aliphatic tetracarboxylic dianhydrides such as

20 butanetetracarboxylic dianhydride. They may be used alone

or in combination of two or more.

CH,
_~CH,
H,C CH(cCH,),CH
? (CH)3CH oy,
H,C
25 O
cCoo
Q o} (4)
) 00C 5
0

30



bi s(am nonet hyl ) bi cycl o[ 2. 2.1 | hept ane and 2, 6-
bi s(am nonet hyl ) bi cycl o[ 2. 2. 1] hept ane; dlanlnes having two primary amno
groups and a nitrogen atomother than the primry amno group in tihe0CT 2004
nol ecul e such as 2,3 5 di am nopyri di ne, 2, 6-di am nopyri di ne,
3,4-dianinopyridine, 2,4-dianinopyrinidhne,
5, 6-di am no- 2, 3-di cyanopyr azi ne, 5, 6-di am no- 2, 4-di hydr oxypyri m di ne,
2, 4-di am no- 6- di nmet hyl am no-1, 3, 5-tri azime, 1, 4-Dbis(3-
ani nopr opyl ) pi perazi ne, 2, 4-di am no- 6-i slopr opoxy- 1, 3,%HL0 tri azine,
2, 4-di am no- 6- net hoxy- 1, 3, 5-tri azi ne§,C2,CH(CH AnCHeC- phenyl - 1, 3, 5-tri azi ne,
2,4-di am no-6-net hyl -s- triazine 2, 4-|dijam no- 1, 3, 5- t1Gthazi ne,
4, 6-di am no-2- vinyL-s- triaziné%CZ i no- 5- phenylthiazole, 2, 6-
di am nopuri ne,q 5, 6-di am no- 1, 3:di i
di am no-1, 2, 4- |r|azole 6, 9- d
3, 8- dlansno 6 ph e0an 1, 4- di am nopi per azi ne, 3 6-
di ani noacri di% (4-ami ot ;phenylanln- and conpounﬂé)represented
by the foll ow pg ™0r nmul as @é? : H2N NH2 (wherein R7 is a

] cture including a nitrogen
atom sel ected from pyridine, pyrimdine, gl ne, pi peridi ne and
pi perazine, and X is a divalent organic groug); 30 (wherein R8 is a
di val ent organic group having a ring structuré including a nitrogen atom
selected frompyridine,pyrimdine, triazine, piperidine and piperazine,
and X if a divalent organic group, with the Hovi so that X's may be the
same ort92 ocT 2004 11 different); nono-gubs ghgheg$%peﬂ Hene di ani nes
represented by the follow ng formula (10?? d anegi;l oxanes
represented by the follomﬁng formul ag(cl 10) (wherein Ro is a divalent
i -NHCO-, -CONH and - CO-,
| ent 10 organlc gro ; { a“group selected froma steroid

R30 is a nono

structure, tr et Ryl o group, or alkyl group having 6
to 30 carbon gto 5 (6)
o
15
o 0oC |\ 5
2
o}
CH,
_~CH,
H,C CH(CH,),CH
20 ’ 113 ™cH,
0
0
0 (7)
0o
25 - O
0
diamine compound

Examples of the diamine compound include aromatic
30 diamines such as paraphenylenediamine, metaphenylenediamine,
4,4 -diaminodiphenylmethane, 4,4°-diaminodiphenylethane,
4,4’ -diaminodiphenylsulfide, 4,4°'-diaminodiphenylsulfone,
3,3'-dimethyl-4,4' -diaminobiphenyl, 4,4'-

diaminobenzanilide, 4,4'-diaminodiphenylether, 1,5-



R11 R11 HZN+CHZ Si Si {cH2] NH2 (11) P I 4 Rii R (wherein Rte is a
hydrocarbon group having 1 to 12 carbon atoms and Rzt's may be the
different, pis an integer of 1 to 3, and q is an integer of 1 to'égﬁﬁfgﬁz
and conpounds represented by the following formulas (12) to (16)_ These

di am ne conpounds nmay be used alone or ig conbination of two or nore. 25
30 -~ICH3 H3Ci ¢ H(CHZ) 3CH'-CH3 COO CH (12) 4 12 OCT 2004 12 CH3 CH

3 H3 I | H(Gk ?fgfigﬁ%‘g?f?‘ﬁl@ew'é%“@é €4 ( @HZ)1 i JeH noBHPpHetid ( 14) 20

O ~-CZH4 - ereiny is an integer of 2 to 12, and z is an

i nteger of 52&minbe15) 4 'Gamicfoplese] ) parApBetyionsdivddind@nel, 4 -

di am nodi phenyl met hane, 4, 4' - di am nodj phe yLsquige ) .

%,g-g!aFLn?ﬁﬁégphéréﬁef%E%RQHQﬁﬁ$$*Tho?eﬂé,r&?ﬁt-y&%ﬂﬁﬁﬂﬁﬁ[ﬁnﬁwTether
, 2- bi s[ 4- . A4 9 ny&l FO . - Hﬂﬁg . _

1 ’ . in n F r
an1nophenyléﬁ%uorenggﬂgig-gléﬁ%s(4- gn1§%%ﬁen§§§§%henylfﬁgiafﬁdzropropane,
2, 2- bi s(3t- aFaRepeRYZdaidn®r 0pr opadtandndbedzaphenaie -2, 2 -
bi s(trifluoronethyl)biphenyl, 4,4 1 2 OCT 2004

bis[4-(4-aminophenoxy)phenyl]propane, 2,2-bis[4-(4-
aminophenoxy)phenyllhexafluropropane, 2,2-bis(4-
aminophenyl)hexafluoropropane, 2,2-bis[4-(4-
aminophenoxy)phenyl]sulfone, 1.4-bis(4-

10 aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)benzene,
1,3-bis(3-aminophenoxy)benzene, 9,9-bis(4-aminophenyl} -
10-hydroanthracene, 2,7-diamincfluorene, 9,9-bis(4-
aminophenyl)fluorene,4,4'-methylene—bis(2-chloroaniline),
2,2°,5,5'-tetrachloro-4,4 ' -diaminobiphenyl, 2,2'-

15 dichloro-4,4°-diamino-5,5'-dimethoxybiphenyl, 3,3°-
dimethoxy-4,4 ' -diaminobiphenyl, 1,4.4°-
(paraphenyleneisopropylidene)bisaniline, 4,4" -
(metaphenyleneisopropylidene)bisaniline, 2,2 -bis{4-(4-
amino-2-trifluoromethylphenoxy)phenyl]lhexafluoropropane,

20 4,4'-diamino-2,2'-bis(trifluoromethyl)biphenyl and 4,4' -
bis[(4-amino-2-trifluorqmethyl)phenoxy]—
octafluorobiphenyl; aliphatic diamines such as 1,1-
metaxylylenediamine, 1.3-propanediamine,
tetramethylenediamine, pentamethylenediamine,

25 hexamethylenediamine, heptamethylenediamine,
octamethylenediamine, nonamethylenediamine and 4,4-
diaminoheptamethylenediamine; alicyclic diamines such as
1,4-diaminocyclohexane, isophoronediamine,
tetrahydrodicyclopentadienylenediamine, hexahydro-4,7-

30 methanoindanylenedimethylenediamine, tricyclo[6.2.1.0%71-
undecylenedimethyldiamine, 4,4°-
methylenebis(cyclohexylamine), 1,3-
bis(aminomethyl)cyclohexane, 1,4-

bis(aminomethyl)cyclohexane, 2,5-



13 (paraphenyl enedii sopropylidene)bisaniline, 4,4"-

(et aphenyl enedi i sopropyl i dene) bi saniline, 1,4- cycl ohexanedi am ne, 172 0C7 2004
4, 4' - net hyl enebi s(cycl ohexyl am ne), 1, 4- bi s(4-anmi nophenoxy) benzene,'

4,4 -bis(4 5 am nophenoxy) bi phenyl, 1, 3-bi s(am nonet hyl ) cycl ohexane,

1, 4-bi s(am nonet hyl ) cycl ohexane, 2,5- 1,

bi s(am nonet hyl ) bi cycl o[ 2. 2. 1] hept ane, 2, 6-

bi s(am nore %'()am(ig-bgrlé)c[zk?%ﬁ)l%igféié[‘&ZQQgBQBF&G%e B8R esent ed by the above

formulas (12) to | am nopyri di ne, 3,4-diam nopyridine,. 2, 4-
di ami nopyr i mici(aenindnte thylh) hbeycldl e . ¢dipotade ;r dprrianiscdapynghtwo

followng fornula (17) as exanples of the_ conpound represented bg t he
above for nuPxHTY AFHIHURFOYRPr 8REneBLbYoORE AHID Fﬁf?ikqﬁﬁ beg) as

exarpl es of LG CAIRONNY SEPT £8°Phedny g caias, 14 T2 (9), and

decanoxy- 2. m*nobenze decanoxy- am nobenzene,

dodecanoxy- Zi4mdirvpnobenzene,, 6 -Eardneitdenanokdi e 4-3didand rsobierpymei dine,
hexadecanoxy- 2, 4- di am nobenzene, octadecangxy-2, 4-dj am nobenzene and 20
conpounds r EpriesdRTEnIRY ¥ HBLAbN e owPn§ ~Ad LRSS 4 F0) It Y FBYTAELRRanpl es
of the conpqund J.e ni ed_ fararul a Das Al Lgyelic
structure ngyr}gedli%ﬁ)(gu%ég ?%?%H?HSQBX% g“ggglf)&gd pzf)'llgadnjia?ﬁ%% dgand

end- capped idiinH a9l yser, 3usedriiaztihe ,priestemis (Benti on by using any one
of the above 25 alicyclic diamnes. COO -- CH2CH (17) NH2 30 H2_(18) 12
OCT 2004 14 @riopnapih)pbresazpngeo2ciz ddagine ¢ GF QYO8 o2 cH

10 triazine, 2,4-diamino-6-methoxy-1,3,5-triazine, 2,4-
diamino-6-phenyl-1,3,5-triazine, 2,4-diamino-6-methyl-s-
triazine, 2,4-diamino-1,3,5-triazine, 4,6-diamino-2-
vinyl-s-triazine, 2,4-diamino-5-phenylthiazole, 2,6~
diaminopurine, 5,6-diamino-1,3-dimethyluracil, 3,5-

15 diamino-1,2,4-triazole, 6,9-diamino-2-
ethoxyacridinelactate, 3,8-diamino-6-
phenylphenanthridine, 1,4-diaminopiperazine, 3,6-
diaminoacridine, bis(4-aminophenyl)phenylamine and
compounds represented by the following formulas (8) and (9):

20 7
X-R

(8)
H,N NH,

(wherein R’ is a monovalent organic group having a ring
25 structure including a nitrogen atom selected from pyridine,
pyrimidine, triazine, piperidine and piperazine, and X is

a divalent organic group});

HZNO—X —R*—X GNHz (9)

(wherein R® is a divalent organic group havinga ring structure

30

includingarﬂirogenatdmselectedfrompyridine,pyrimidine,
triazine, piperidine and piperazine, and X is a divalent

organic group, with the proviso that X's may be the same or



H3 C CH(CH2) 3CHCH3 /CH3 H3Cj CH (CH2) 3CH= CCH3 CH3 CH3 CH3 H3C I | H
(CH2) 3CH=C-CH3 F3 (19) (20) (21) (22) (23) "1 2 OCT 2004 15 Coo ®Q (CT 2004
-C)--01 5 (24) dicarboxyliC anhydri de Exanpl es of the dicarboxylic
anhydride include mal eic anhydride, phthalic anhydride, itaconic

anhydride, n- decyl succinic anhydride, n-idodecyl succinic anhydride, n 10

t et radecyl succi ni ¢ anhydri de and n-hexadecyl succinic anhydride. They may
be used al 0pg £@k reh to0MRAbAGL saBsefi tiive Dphanyeenani Al mes cemmseh fa@npl es
of the nonoam ne conpound include aniline and 15 aniline derivatives such
as p-triflubyorbehyicdiawing Fermala| (4P drebhgmiRcorIangfiloxanes

bi strifuoronethyl ani line; cycl o) al 1 C .cycl ohexyl am ne,

n- but yl ani n&SP S&é’rﬁ*‘g}?;‘m nt(éhgn%%%g?é%hg%ggﬁuagpg&ﬁgm ne, n-octyl am ne,
n- not yl am ne, n- decyl am ne, n-undecyl am ne, n- dodecyl am ne, 20

n-tridecyl am ne, n-tetrageey rRher'’n- pent adecyl am ne, n-hexadecyl am ne,
n- hept adgcyl am ne, n- oct ey am ne and n- ﬁéfosyl am ne; and am nosil anes
such as am nonet hyl triye silane, am nonet®yi triet hyl si | ane,

am nonet hyl tripr op%ll @ e, i noethyl trinmethylsilane, am noethyl 25
triethylsilane, am noéthyl tripropylsilane, am nopropyl trinmethylsilane,
am nopropyl triethylsilane, am nopropyl tripropylsilane, am nonethyl

tri met hoxysi(lwieese ianiRlonst by Aiveleatheoganishgrong sekadigd from -0-,

LTt RS SRABTT oot ELORALTRL Y 41 0 Wb anont

10 organic group having a group selected froma steroid structure,

trifuoromethyl group and £luorc group, or alkyl group having

6 to 30 carbon atoms)

Rll Rll
L L) (ow )
HZNAECH%—SI 0——Si—{—-CH,—NH, (11)
15 4 I | Jq P
Rll Rll

(wherein R'! is a hydrocarbon group having 1 to 12 carbon atoms
and RY's may be the same or different, p is an integer of
1 to 3, and q is an integer of 1 to 20},

20 and compounds represented by the following formulas (12) to
(16). These diamine compounds may be used alone or in

combination of two or more.

CH,
_~CH,

25 H,C cH(cH,),CH
) (CHa) T~CH,

H,C

——< >——coo

H,N (12)
00C @—NI—IZ

30 |



30 am nonet hyl di et hoxynet hyl sil ane, am nonet hyl et hoxydi net hyl sil ane,
am nonet hyl di net hoxyet hyl sil ane, am nonet hyl net hoxydi et hyl si | ane,

am nonet hyl di et hoxyet hyl si | ane, ami nomet hyl et hoxydi et hyl silane,1 7 (T 2004
am noet hyl di nmet hoxymnet hyl si |l ane, am noethyl 12 OCT 2004 16

met hoxydi net hyl si |l ane, am noet hyl diethoxynethyl silane, am noet hyl

et hoxydi net hyl si | ane, am noet hyl di net yet hyl si | ane, am noet hyl

met hoxydi et hyl si | ane, am noet hyl di et hoxyethyl sil ane, am noethyl 5

et hoxydi et hyl si | ane, am nopropyl dine thoxzﬁfthylsilane, ani nopr opyl
met hoxydi net hyl si |l ane, am nopropyl diet met hyl si L-a®ké; ami nopr opyl

et hoxydi net hyl si | ane, am nopropyl di nttho éé@ﬁyﬁ§ﬁl am nopr opyl

met hoxydi et hyl si | ane, aninopropyIHQ§e t hyl si |l ane, 10 ami nopr opyl

et hoxydi et hyl si | ane and am nonet hyl i met hyl sil ane. Qut of these,
aniline and aniline derivatives Rt ri fl uoronet hylaniline, m

trifluoronethylanilipne and bi st ' nﬁethylaniline; al kyl am nes havi ng
10 or note caﬂaﬁ@@l@ gecyl anmi ne, n-undecyl ani
n_

CA n
n- dodecyl am ne, decyl am ne, n-tletradecyl an ne, n-pentadég§ﬂanine, n-

hexadecyl am ne, n-heptadecyl am ne, n t adecy amye and n-eicosyl am ne;
and am noal kyl trial kyl silanes such as @ thyl” trinmethylsilane,
am nonet hyl triethylsilane, 20 am nonet hyl i propyl sil ane, am noet hyl
trimethyl silane, am noethyl triethylsilane, am noethyl tripropylsilane,

am nopropyl trinethylsilane, am nopropyl triethylsilane and am nopropyl
tripropylsilane. They may be used al one or (¥ conbinatign of two or nore.
25 nmonoiosoCyaf to compound Exanples of {he Eggso&ﬁana?ﬁsconpound i ncl ude
cycl ohexyl isocyanate, n-decylisocyaaate,? e& i5bcyﬁpate,

n- dodecyl i socyanate, n- tridecylisogxg 2t tetradecyl i socyanate, n 30
pent adecyl i socyanat e, n-hexadecyli sodya - hept adecyl i socyanat e,

n- oct adecyl i socyanate, n- eicosyl | : phenyl i socyanat e and
naphthy|iSOC¥ﬁ§?te he : bne or in conbination of two or
nore. polva | 2 the ratio of the tetragarboxylic
di anhydride to the diamne C sed for the synthesis reaction of the

15 NHZ

OrorencrolD)  un
NH, NH,

(wherein y is an integer of 2 to 12, and z is an integer of

a

20

25 1 to 5}).

Out of these, paraphenylenediamine, 4.,4' -
diaminodiphenylmethane, 4,4'-diaminodiphenylsulfide,
1,5-diaminonaphthalene, 2,7-diaminofluorene, 4,4° -
diaminodiphenylether, 2,2-bis{4-(4-

30 aminophenoxy)phenyllpropane, 9,9-bis(4-
aminophenyl)fluorene, 2,2-bis[4-(4-
aminophenoxy)phenyl]hexafluoropropane, 2,2-bis(4-
aminophenyl)hexafluoropropane, 4,4'-diamino-2,2" -

bis(triflucromethyl)biphenyl, 4,4 -



pol yam c acid, the anobunt of the acid anhydride group of the
tetracarboxylic dianhydride is preferably 0.2 to 2 5 equival ents, r
preferably 0.3 to 1.2 equivalents based on 1 equivalent of an aniﬂg[ﬁuém%
contained in the diamne conpound. To produce the end-capped pol yan c
acid, an end-capping agent such as dicarpoxylic anhydri de, nonoam ne
conpound or nonoi socyanate conpound is further used. As for 10 the anount

of the di carfyuedgempivasdiesofespaniaene)MaHh 1 fie NN, Socyanat e
conpound, the anount of the acid anhydride group of the dicarboxylic

anhydri de, timetaihenyleoupddisphsopybidemiendisapodne orl the i socyanate

group of the nQi socyanat e.conpound is, preferahly, 0. to 0.8.15
equivalent,q#%iﬁﬁﬁ%ﬁ%#é&ﬁle?Olgt Omftga'qﬂﬁﬁﬁﬁq?%éigp%ﬁyféméaﬁ?Valent
of an am no grouy £oNt fhN8EphBnbRe)Beadbn® , GONPALElk (4he synthesis

reaction of the polyamc acrd is carried out in an organic solvent at a
t enper at &ir e axfinmdfenchy ybOphedyio 150 -81siemd numd thrvbl gyolehexeoec for 1

to 48 hours. The organjc solve is.npot particularly limted if it can
i saol vo. " T 4t CARLEoRREEF L) e aReraiy P i on | Bxamml o6 of +no
or gani ¢ sol \Bajpg(&mmﬂﬁmgggg&gﬁqlﬂgntﬁhgﬂlhr@, N g2t hyl -2-pyrrolidone,

N, N- dl net hyl acet am de, N i met hyl f or mam de, di nmet hyl sul foxi de,
?- but yr ol actmie({ amimsmeateyhybdcgalaidd .Beldinsphanshospmepowendsi am de; and

phenolic solvents such_as mcresol, xylenol, ph and engl _halide. The

anount of trFee%‘?‘ij%‘H?fcegihjiieﬁ ©i Egofﬁ&e¥8rré{‘b‘|1f£u@?1 et H‘n@ to?aﬁ'armunt of

the tet iﬁcaré’%ﬁ/iﬂ&p%@iéiﬁehygﬁHdaiéﬂﬂn"dﬂ:%r_qjcﬁ!ﬂé'? goppound shoul d be 0. 1
h

to 40 wt % based on e total ampunt of the rqac;iOn sol uti on. The above
organi ¢ sol viianimgppeimiddnen donj-diemimpacsidine poeemBeR@nt for the

I ' id h l.cohal k , l'id
O hyar ocar P TH 50 P B00F THLLONEES FRETSCR (1) ot SANOARE o i Yoes

not separ at eciboun&xs8presettedndyPade otantfdrintLae{ sl hybmapbaakol ,
et hyl al cohol, isopropyl alcohol, cyclohexanol, ethylene glycol

propyl ene gl§eBFesanted Raidd spLlowischirsnalgl (L8) 2% xRS Afethel

et hyl ket.one e h at t t , yl acetate,
di et hyl ﬁgxal%?@g%ﬁgtﬁéﬁgg%f]gﬁgt é&ag'?ltgt ﬁy Oveet‘:ahfel#mlg% y eﬁ'e giﬁgcol nmet hyl
et her, et hydetengkyenl 4etihpmiabbemnzemiehy enike giryaoy - 2ohophenyl et her

et hyl ene gl ycol nethyl phenyl ether, ethylene gl ycol 10 ethyl phenyl ether,
di et hyl ene g¢&%%+“%?%%gﬁ9P'ePHQPFaWﬁﬁﬁ' 1Y ARIPEYTF IRy et her, diethy

gl ycol monongifhdecanoxy-2,4-diaminobenzene, hexadecanoxy-2,4-
diaminobenzene, octadecanoxy-2,4-diaminobenzene and
20 compounds represented by the following formulas (19) to (24)
as examples of the compound represented by the above formula
(10). An alicyclic structure may be introduced into the
end-capped polyamic acid and end-capped imidized polymer
used in the present invention by using any one of the above

25 alicyclic diamines,

coo — CHzCHZO (17)

H,N NH,

OO oo

30



et her, diethylene glycol nonoethyl ether, diethylene glycol nononethyl
et her acetate, diethylene glycol nonoethyl ether acetate, ethylene,%uﬁﬁ%mu
nmet hyl ether acetate, ethylene 15 glycol ethyl ether :
acet at e, 4- hydr oxy- 4- et hyl - 2- pent anone, 2, 4- pent anedi one, 2, 5- hexanedi one,
ethyl 2- hydroxypropionate, ethyl 2-hydrexy-2-nethyl propionate, ethyl
2- hydr oxy- 2- met hyl propi onate, ethyl ethoxyacetate, ethyl hydroxyacetate,
met hyl 2- hydroxy- 3- et hyl but anoate, 20chpt hyl 3-nethoxypropionate, ethyl
3- met hoxypropi onate, ethyl 3-ethoxypropionate, nethyl 3-ethoxypropionate,
methyl pyruvate, ethyl pyruvate, HydroHyas;hyiH Qyruvate, nethyl
acetacetate, ethyl acetacetate, methyl|nethoxybuta®Bs, ethyl
met hoxybut anol , net hyl et hoxytit 3 e hyl 25 et hoxybut anol ,
t et rahydrof uran, tetrahydrof ot cohol , tetrahydro-3-furannet hanol
1, 3-di oxol an, 1, 3-di oxepane hyl - 1, 3- di oxol an,
di chl or opet hane, 1, 2- dco-ereet hane, 1, 4-di chl orobutane, trichl oroet hane,
chl orobenzene, o- dichl orobenzene, hexane, heptane, octanél®lenzene,
tol uene 30 and xyl eng hey may be used al one or in conbination of two or
nore. The reachggn iogﬁpontaining the polyamc acid is obtained by
t he above synt IS e 2 This reaction solution is added to a |large
anount of a poor solvent to obtain 12 OCT 2004 19 a precipitate which is
then dried under reduced pressure to ©Biain a polﬁanic acid. The step of
di ssolving this polyamc acid in gn-o ggahc §§Lye Hiagain and
precipi&gting the polyanic acid by*g ab1 hLCh§ repeated once or
sever al times to purify thengI c4acid. imdized polyner The
end- capped or end-uncapped i m di mer constituting the liquid

I nvention can be prepared by

crystal aligning agent of tphe™g

dehydrating and ring gpsing 10 bove pol yam ¢ acid. The dehydration
and ring closure of tjhe pol it acid are carried out by (@io) a method in
which the polyamc agid is heated or (ii) a method in which the polyamc
acid is dissol ved inorgani c solvent and a dehydrating agent and a
dehydra&ion andH gxglosTigl.cat al yst 15 are added to the obtai ned solution
and heatdd as required. The imdized polynmer used in the present invention
may include a partly dehydrated and rigag cl osed inidized polymer having

an imdization ratio (ratio (% of the{nunber of recgpring units of an
inmde to the total nunber of the ré&alr CH{GHYM A= 8L amc acid and the

recurring units of an imde cgq%ai 3
3

20 CO0 (21)
H,C CH,
H,N NH,
L
_-CH,
H,C CH(CH,),CH=C
25 TR
H,C
CO0
(22)
H,C CH,
30 HN NH,
T\ = _CF,
C0oO { ) Q0C \ / (23)

H,N NH,



in the polynmer) of less than 100 % The imdized pol ynmer has an
I mdization ratio of preferably 40 % or nore, particularly preferablyﬂﬁom‘[ﬁ)
or nore. The reaction tenperature in the nethod (i) in which the 25z
polyami c acid is heated is preferably 50 to 200C, nore preferably 60 to
170C. When the reaction tenperature is ifmer t han 50C, a dehydration and

u

ring closure reaction hardly proceeds fully and when the reaction

tenperature is higher than 200C, the nolecular weight of the obtained 30
i mdized pol ymer may |go@e @ heqHe n@ in which a dehydrating agent
and a dehydration and ring psi ng cat akyst are added to{24e solution of

the polyam c acid, aplacid anhydride such as acetic anhydride, propionic
anhydride and trifl hcetic 12 OCT 2004 20 anhydride is used as the
dehydrati ng agéhN—Qe -amoliif of the dehydrating agent is preferably 0.01
to 20 nols based on 1 nol of the recurring unit of the polyamc acid. A
tertiarysam ne such as pyridine, collidine, lutidine or 5 triethylam ne my
be used as the dehydration and ring closing catalyst. However, the
dehydrati on lyst is not limted to these. The anpunt
of the dehydrati | Sk | ;i @ka nol s
based on 1 nol OfQﬁﬁ@ﬂggﬁigg%?b%g&ggg%??ﬁé%%%p?ég?ﬂ%%%%fP%%égggég%?gi@

sol vent usedrfiofdthde deplytihalionaahgdridg , dteuoreic esnhtydnidee nhe sanme as
those enunerated for the synthesis of the polyamc, acid. T nper at ur e

5 he t
of the  denyiatl BRCEHILE| ARREAELORe MeSOResy T aiGr Ui LT ARGV S 15188 C
more Preber Al ¥ ddedf1 d006in 18 aRRTRLANR, A0 Aot MedfPedScRHIL | caton
of the polyamc acid 1s nmade on thé obtained reaction solution to purify
the im di zecagpoydbde . | TByzy intdgnite wsschgilioneobIpdnyaenbina tieny @&r $wo
constituting the liquid crystal aligning agent used in the present
i nvention, Mgttt he end-capped 20 or end-uncapped pol yam ¢ acid and
i mdi zed pohﬁﬂﬁﬂg@%ﬂé_%?ﬁﬁﬂﬁhhth”iC viscosity (ruin) of preferably 0.05 to
10 dl/g, nore preferably 0.05 to d dl/g. The value of |ogarithmc
viscosity (r]ln) iBxatpléaaf thenmeneanbppovphrReeadditohrda pridingaedring
the viscosity of.soluytion_haying ol 20 5 00 at
30 Cwi ﬁﬁ ana/%%‘é?ﬁy#‘?]ﬁ-lg??%\g igdg'?llectfl l?bsgené:; a@aﬁ%ﬁgﬁ?gﬁyg?ﬁéégﬁ%'(gﬁ ution
falling tinme¢sokyestohathiyngntiilie) and dmicentifuéooomethpdagidines i quid

crystal aligning agent> . .
(cyclolalkylamines such as cyclohexylamine, n-butylamine,

n-pentylamine, n-hexylamine, n-heptylamine, n-octylamine,
n—nonylamine,n-decylamine,n-undecylamine,n~dodecylamine,

20 n-tridecylamine, n-tetradecylamine, n-pentadecylamine,
n-hexadecylamine, n-heptadecylamine, n-octadecylamine and
n-eicosylamine; and aminosilanes such as aminomethyl
trimethylsilane, aminomethyl triethylsilane, aminomethyl
tripropylsilane, aminoethyl trimethylsilane, aminoethyl

25 triethylsilane, aminoethyl tripropylsilane, aminopropyl
trimethylsilane, aminopropyl triethylsilane. aminopropyl
tripropylsilane, aminomethyl trimethoxysilane, aminomethyl
triethoxysilane, aminomethyl tripropoxysilane, aminomethyl
dimethoxymethylsilane, aminomethyl methoxydimethylsilane,

30 aminomethyl diethoxymethylsilane, aminomethyl
ethoxydimethylsilane, aminomethyl dimethoxyethylsilane,
aminomethyl methoxydiethylsilane, aminomethyl
diethoxyethylsilane, aminomethyl ethoxydiethylsilane,
aminoethyl dimethoxymethylsilane, amincethyl



30 The liquid crystal aligning agent of the present inventionis a

sol ution of an end-capped polyam c acid and/or an end-capped inidiqqpn 1
pol ymer dissolved in an organic solvent. The polyam c acid and/or iﬁidQZ@y
polymer used in this liquid crystal aligning agent may be each one or a 12
OCT 2004 21 conbination of two or nDre}ﬁf t he above exanples. The liquid

crystal aligning agent of the present vention may further contain an

end- uncapped pol yagic aci d .gnd/or an end- Lpidbzgd1ReWHRY . The

proportion‘@%g °¥$@1@ﬁgg¥gﬁﬁgﬂﬂﬁblflﬁfgﬁ%gﬁgfgﬁg§g?6g¥§§cagped im di zed

pol ymer to_mﬁ;].sgf:ﬁglpéth'&%yﬂﬂnm;ﬂ.mﬁ(é) anthoethyildi zed pol yner(s)
in e [

cont ai ned uid crystal aligning agent is preferably 5 to 80 w%,
more pref er@bhytAOxyetBgleti%kane, dminegthylBethoryeietrgdsidalie a

conbi nation of the 10 end-caxpiﬂgi ) di zed p8£¥f§ o B 1t he end-uncapped
pol yani c a@mﬂﬂoﬂﬁhfﬁig%ﬁﬁﬂéjﬁ igﬁ%%%ﬁ%e |n1%|ze pol ymer is
prefer ag‘ y gfﬁglcgﬁgeleﬁg‘igj]ﬁ%rﬂa MOLIPALH B0 SPIPAURE L BS xgme thyd-stdpmiery agent .

Exanpl e rgani ol vent constituting the liquid crystal aligning
agent are thRifdpEopYlamdtitusey dinmerpt stlane . a28}APRESPY Iy eaction or an

dehydration and ring closure reaction of th am i
sol vent suidébk90§§mgﬁhﬁi3#¥ﬁﬁ%maﬁ%+%%p5§8§?eg£g¥xgﬁéﬁa§ﬁkﬁé;§%ﬁééaction
of the polyam.c acid enwyr | sgmbe 120 The total

anount of t# and/or the end-uncapped pol yner(s) in
the |iquid geysbalydldtenilg lagent aninopeopyds die theraietiio §lad® ect ed in

consideration of viscosity and volatility but .it pref y I to 10 wt%
The il d emjisoRr oyl HPEthe thy Fﬁrllvaéﬁeéé‘ﬁt "’f“ﬁ&‘g’rﬁ'}e"‘ur%ﬁ} 5is applied to

the surface of PahOr MAL€08% | BBesé| | Anwhiiak winid dreicoires a
liquid crysP&eéig%gﬁﬁgﬁgfé%n$ Wien the amount is smaller than | W% the

t hi ckness ofgdrhivateioads ngucti & betoibduexeaeshydianididld, Ther eby maki ng

it difficult to obtain a satisfactor L, qui r e i I m Wen
30 the anmpuiTifyoRQRGLhth ﬁniglﬁf%nﬁhélt%%irgkfﬁé%’?ﬁe%% coating film

becones tooé*ﬂﬁ%ﬁmfﬁ@ﬁ@@&vﬂﬁﬁimg bl ol @arbdro otmes nsuch sasi Bfact ory
liquid crystél altgnnent filmas well and the viscosity of the liquid

CrYSta!lSHQﬂﬁdﬁﬁ&mﬁnﬂ,iﬂeﬂ@éggglﬂﬂﬁﬁéztquqgﬁﬂ&liﬂiiﬁﬂeﬁTorated
O 29072 LU PR 48 ol ek dGpaiLal, e
hexadecylamine, n-heptadecylamine, n-octadecylamine and
n-eicosylamine; and aminoalkyl trialkylsilanes such as
aminomethyl trimethylsilane, aminomethyl triethylsilane,
20 aminomethyl tripropylsilane, aminoethyl trimethylsilane,
aminoethyl triethylsilane, aminoethyl tripropylsilane,
aminopropyltrimethylsilane,aminopropyltriethylsilaneand
aminopropyl tripropylsilane. They may be used alone or in
combination of two or more.
25 monoisocyanate compound
Examples of the monoisocyanate compound include
cyclohexyl isocyanate, n-decylisocyanate, n-
undecylisocyanate, n-dodecylisocyanate, n-
tridecylisocyanate, n-tetradecylisocyanate, n-
30 pentadecylisocyanate, n-hexadecylisocyanate, n-
heptadecylisocyanate, n-octadecylisocyanate, n-
eicosylisocyanate,phenylisocyanateandnaphthylisocyanate.

They may be used alone or in combination of two or more.

polyvamic acid



conpound to inprove the adhesion of the polyam c acid and/or imdized
polymer to the surface of the substrate. Exanples 5 of the functionaJZ[j

si | ane- cont ai ni ng conpound include 3- am nopropyl trinethoxysilane, ' CT 2004
3-am nopropyl triethoxysilane, 2-am nopropyl trimethoxysilane, 2-

am nopropyl triethoxysilane, N (2-am noelt_pyl ) - 3- am nopropyl

trimet hoxysilane, N-(2-am noethyl)-3 10 "am nopropyl net hyl di net hoxysi |l ane,
3-ureidopropyl tringthoxysilane, 3- [ et ho ' .

et hoxycar bonyl - 3- éﬁ?ﬁ%ﬁrtﬁﬁ% |ra%;10rr8?. hg‘(‘gs?%%%?gﬁgg?%%gyéﬁétgﬁeﬁ} d¥ to

3- am nopr opyhet §ii ARy sbhdBandNuskai ebhoxNei syhphepyk teaethyhenet thani ne,
N 15 trinmethoxysilyl propyl "triethylenetriamne, 10- )

t ri met hoxys ploylyainid; actidi, azhdeampen t 10 thtieritdd) anhydride g7oun 2fa8B&ane,
9-trinet hoxysilyl -3, 6- . . . .

di azanony!l a%&tgﬁé,@q%%@%ﬁ?ﬁ@%}%‘?dF-Szgﬁ&?ﬁrﬁ‘?e]tyatoe;2 to 2

N-benzyl ¢ 3- 3 %ra trd Bl hoxyshbapey bF.Berayll-.3 Wnanddosiegybased
triet hox‘rilsi %?r‘ilg' Q:'![p}Kesn'yl - 3- am nopr opyl 7 trimet hoxysf%lhan.e, o
‘N-phenyl - 3- ai nopuyupiya e tetdfoays iadms, grivudn soxyRingd che) tize adi-ABpR6pY |
trinmet hoxysilane and N- bi s(oxyet hyl ene) - 3-am ngpropyl_ t.rjethoxysilane. The
liquid crysCAMBAYThi n&'oaé’é?ﬂ&%?e t%ée p‘?%@éﬁ?pggai R\?@'ﬁ'taim&r# naaé}aébn%lléi n en

epoxy group-Gontaj i B chOasf A & 88bokPRL8VANhy 8radBeshonotminke
substrate. g%‘?rrp%easb%?g the epo>‘<:y afoup-cont a?ﬁi ng conpound i ncl ude

et hyl Fne gl yseipoutigloycindpbisvbyanagel gemppuadel gl Sunther 1SR dyIAEREr
propyl ene glycol diglycidyl ether, tripro ene. . C Lal Y&l t her,
pol ypr op%l e %Pﬁ'@b‘intd?ﬁl% %Faéﬁ?éﬁ“%%&m‘#% @88?9‘5’%‘%‘%%’%& er,
1, 6- hexanedigl nodicd!sedybiflated behpotincethe duglieislyita heid 2nAydride

di br ononeopentyl gl ycol” diglycidyl ether, 1,3,5,6- )
tetragl yci dydedypldfexieedicarbgy NG Rhydhidp y Ghfy o) 508D 0¢4 t5e

xyl enedi ami ne, 1, 3-bis(N N di.glycidyl am ) hgxa N, NN, N -
tetragl yci dyfeuedmige rﬂBﬁPBﬂeﬁ%l %g%hgn@e, g Eﬁ%lﬁ?&%— SEathe

gl yci dy- | ) amidopt 9p¥yahat aetbaypandane gk Safdb Iy 50 dd@Lytdd9l- Bani nopr opy!
trimethoxysilane. Qut of these, _conpounds having a tertiary nit rogen atom
in the &5l eceAd@ivatents dppre B e ahhuht O bt Me %Swvﬁgb%bt EHRE fhg

conmpound is prefer O,RaLts .04 nlf Weh Ofd i n&8r en phef anallineg. 1 to
30 parts by ﬁe?%ﬁ%éggégg 8% %koaparntos%b%yomblo wei gjﬁxt1 of the polyner. <liquid
crystal di sptegpehraent >

The synthesis reaction of the polyamic acid is carried
out in an organic solvent at a temperature of preferably O

20 to 150°C, more preferably 0 to 100°C for 1 to 48 hours. The
organicsolventisnotparticularlylimitedifitcxnldissolve
the reaction product formed by the reaction. Examples of the
organic solvent include nonprotic solvents such as N-
methyl-2-pyrrolidone, N.N-dimethylacetamide, N,N-

25 dimethylformamide, dimethyl sulfoxide, y-butyrolactone,
tetramethylurea and hexamethylphosphoric triamide; and
phenolic solvents such as m-cresol, xylenol, phenol and
phenol halide. The amount of the organic solvent is
preferably such that the total amount of the tetracarboxylic

30 dianhydride and the diamine compound should be 0.1 to 40 wt3
based on the total amount of the reaction solution.

The above organic solvent may be used in conjunction
with a poor solvent for the polyamic acid such as an alcohol,

ketone, ester, ether, hydrocarbon halide or hydrocarbon in



A liquid crystal display elenent obtained by using the 1liquid crystal
aligning agent of the present invention can be produced by the follow n

met hod, for exanple. 15 (1) The liquid crystal aligning agent of thé?ZUC?2W4
present invention is applied to one side of a substrate having a
transparent conductive filmpatterned by,guch means as a roll coater,
spinner or printing and the coated side Is heated to forma coating film

As the subStygle S dife ¢ okl Wl E Rl HIRIdARS TRABAILAD gliass

such as floa]t glass” or soda gl ass; pl astic such as pol yethyl ene
t er epht hal atExampoéy o Wienepder ephihah at Encpolgenbehyivbionbodr, ethyl
pol ycarbonate. The transparent conductive filmformed on, one side of the

substrate maldrhah, NEIPFOPW nabeoRre bm EYRLOBesRNAd - ( 8hBY)epreglEcerted

trademark of PPG Co.., L f theg_, U 1 TO fj oy Ladi;um
oxi de-tin oﬂ%oepi(]?%oﬁ%ﬁgjsgfﬁ?'. E"%hg&%ﬁnt%;drlnqln'g %#f%ggﬁig?gésg%yg%l,
conductiye fiddidse CHIHBA ety Ibxepbakoetgbl ofeganbyeysmaghalaesktats

further inprove the adhesion of the coati %fi | mof the liquid crystal 30
al i gni ng ageatthyb atetatet abutyl @vetahsst rbietRnl eralateandpatdatl

conductive fil a_functi l, si e- I nl 0 | onal
titani um coﬁ?a@aﬁ'%ﬁem %gﬁﬁlnﬁi‘ﬁlh%e@ %%ﬁe%%gg%ﬁggguﬂgg%gio%%g%g'
substrate i .adypase §efepe ethell iedtied crartivlenti ghyoglagenbpaeplyiled. The
heating 1 2 2004 24 tenperature is Eref erably 80 to 250C, nore

preferably 19thexo edmrlernedtvireknBeshpiPhRBYLoLHBETHi PV S 2P AV ARy
0.001 to, 1 p r f y Q. 5 hg LAg kM Whi ch
Wil beeSme Sy HaREE, SEAREY b b o B e g t he
organi ¢ sol venétiflenet heyappl dcathgd eoherhedieghiyd glysbal mehiogethglagent
of the present invention _which confri ses an end-ca peqfand/or an

end- uncappede theF y 4 et el e e )9 LR+ manoet gl @ ihem FLeddYd e Fprsd v

| m di zed CO%&&&L%L@;@%@E d LB DY UOPLE NG SBPYSH Ron@R tHY 1BREHeNG

cl osure by heating. e surface of the coating filmformed fromthe
liquid crystattategnenpyagest dlygalbbestirl hebhesl pcasaba . wethyilicss

cloth of nylon, rayon ar tton i predet er m ned di I Qn r ,
al i gni ng3f or $LYFB¢ q’iq't?ﬂi 8%£‘Ffs?(é‘f’gﬂg?ecﬁ|q€%‘f c’sxﬁ?agbrf'%glﬁgﬁéagt gef Egﬁggla i ng
filmto convgri_hbnkBh8ddohiequixd 5 Hesddasbngnneehyli bm Besi des rubbing,

aligning force may be provided by exposing the surface of the resin film
to pol ari zedy@roxapropépnatdi atd Wl iWﬁ%MYOF‘@Péeyﬂ-Bﬁoﬁégﬁétefor a

L1 8 cryst abyght 9UGREoLol 0SS D ToRTR 20l 2
ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutanoate,
20 methyl 3-methoxypropionate, ethyl 3-methoxypropionate,
ethle-ethoxypropionate,methyl3—ethoxypropionate,methyl
pyruvate, ethyl pyruvate, hydroxymethyl pyruvate, methyl
acetacetate, ethyl acetacetate, methyl methoxybutanol,
ethyl methoxybutanol, methyl ethoxybutanol, ethyl
25 ethoxybutanol,tetrahydrofuran,tetrahydrofurfurylalcohol,
tetrahydro-3-furanmethanol, 1,3-dioxolan, 1,3-dioxepane,
4—methyl-1,3—dioxolan,dichloromethane,l,z-dichloroethane,
1,4-dichlorobutane, trichloroethane, chlorobenzene, o-
dichlorobenzene, hexane, heptane, octane, benzene, toluene
30 and xylene. They may be used alone or in combination of two
Oor more.
The reaction solution containing the polyamic acid is
obtained by the above synthesis reaction. This reaction

solution is added to a large amount of a poor solvent to obtain



or Langmuir-Bl odgett technique. To renove fine powders (foreign matter)
formed at the tinme of rubbing so as to keep clean the surface, the “fgéﬁﬁﬁ
liquid crystal alignnent film is preferably washed with isopropyl al 004
The view angle 25 characteristics of the formed liquid crystal display
el ement can be inproved by carrying out%g treatnment for changing the

ac

pretilt angle by partly exposing the sur e of the fornmed 1liquid crystal

6. b90366, Jt REE AP s 3 Tl 7 2, oS BRES £ Bl b A R T
that a resi sibfdimma pslpanikyadod medrion stk sfirdianso DFindaHie pedylamdd d

crystal alignment film the liquid crystal alignnent filmis rubbed in a
direction did9%t elt 27 oRF9RBECOFOLNEYr dABUL FbPHRCirifating dhefi i mis

ol gnrent 1T L Ry % A RBom gL (s ErREReRlbrt. o Mol 1

the |iqusd criedsl t@l p@niept thiei b@ifemirg @asidescri bed above are prepared
and opposed to _each other with a cell gap therebetween so that the
aligning 5 ditledizedspolymeris, rubbing directions of their liquid crystal

alignment filns beﬁ_gé’reerpg[ggggi?aulogr eg@_ﬁ}%ﬁé%hﬁjﬁ%&o {’]g’i@ieg opposite

directions, the periphéral "p I'ons onded

t oget her by coseed tigingaite 1ihuad eregsyal allsi giEnd Rigeeiteds ajkk pirklseét nt o
the cell gap 10 defined by the surfaces of the substrates and the sealing
agent, and arVeRkkenonaRobPe PFepadiesd p e vdnat ingi guddriegysdesisd | . A

pol ari zi,pg el t he. gxt ekl or 2S _0 he. L i qui rystal
o s R R R e
crystal cellofSutle phalrailid hgipgohaei zangiddrect ibgn (hecamestidid isamihioh
per pendi cul ar  to the rubbi I‘_l% direction of the |liquid crgstal al i gnnent
films formeth®rPohEaBigedcdf dfe Re@Ad A% obtBERRAd| 1GuFRLIEy y&e

di spl ay eleﬁ%ﬁya£§ctgeiﬁeﬁgiﬁQs@%ﬁVednﬁhtghL§@ 2 R0c RO Y eh®Siah G

cont ai ni ng al um num oxi de balls as a curing agent and spacer. The liquid
crystal my dshydraticgldgpntaodystdeihyiratsimeend tigaicd ariysy gl tadyts tof

these, nematic liquid crystal _js.preferre as_exemplifi.ed by Schiff. base
i quid &syst%ﬁ"?’ a‘%@%‘gyt%a %I_?I?J_E]ﬁ‘ge r?gigl Lop; Bﬂéngg%&_?eaﬂ %&ﬁiud'rc,eﬂ/st al ,
25 phenyl cyctpbexara-Rarp81 yinawivh &4 Yo Bhe peelRrtbasedntiginhy enyaivde

t erphenyl -based liquid crystal, biphenylcycl ohexane-based |iquid crystal,

pyri - m di - nea -gsustey dahpdrxpedand ridiocdoseshdad diized godiyriabaving
biCyC|OOCtan§ﬁpﬁ§f iLnggg §5¥§EakrQQQOCTg%ngfb§ﬁ8dnhﬁggkdof recurring
units of an imide to the total number of the recurring units
20 of amic acid and the recurring units of an imide contained
in the polymer) of less than 100 %. The imidized polymer has
an imidization ratio of preferably 40 % or more, particularly
preferably 80 % or more.
The reaction temperature in the method (i) in which the
25 polyamic acid is heated is preferably 50 to 200°C, more
preferably 60 to 170°C. When the reaction temperature is
lower than 50°C, a dehydration and ring closure reaction
hardly proceeds fully and when the reaction temperature is
higher than 200°C, the molecular weight of the obtained
30 imidized polymer may lower.
In the method (ii) in which a dehydrating agent and a
dehydration and ring closing catalyst are added to the
solution of the polyamic acid, an acid anhydride such as

acetic anhydride, propionic anhydride and trifluoroacetic



30 crystal. A cholesteric liquid crystal such as chol esteryl chloride,

chol esteryl nonanoate or chol esteryl carbonate, or a chiral agent nmarketed
under the trade nane of C15 or CB-15 (of Merck Co., Ltd.) nay be pﬁ@gﬂz%g
the above liquid crystal. Further, ferroelectric liquid crystal such as 1
OCT 2004 26 p-decyl oxybenzyli dene-p-am no-2-nethyl butyl ci nnamate nmay

al so be used. The pol arizer used on the eRterior side of the liquid

crystal cell is | ari zer produced i nt er posi ng bet we 5 cel L ul ose
cettare orowrdelte L7 aho R SLERE A AR oRs, Aeh e TheoRBoRn At | s

celled Hfil | hi | | VERY o] 3 a
pol ari zer cdﬁ%%2@%$§g?5?%g%Ha$%Fﬁ?P%Eg%#sﬂ%%ﬂ%§§ﬁg?%g %ﬁei?§*§gaah85%d

exanpl es ar eopr bvindddofotheheepunpadsey afnitff urf hieie | pdUpamati agitithe Aresent
i nvention but are in no way to be taken as Iinitin%% The_neasur enment of
the pretilt gFE2Fy fRANEXSHGReds RYTidkingy ¢ bdinen LBELRARRCOLI th

t he net hed | Iao T C r I . . 13.
(1980 3oy CoretREfaping ndy sElibRles Ehottehyafacfl andiiig clolus
foll owi ng excaphbgstnd Konpaeat i Ytheedahpldesat ildie ami tieind nEDes £hgse tinme
and liquid crystal alignnent ZO‘pr%Perties of the liquid crystal display
el enent wer ec2eyhysht 8 88t dimdvted (tf tdresfmgd e AU 9t AfRer a DC
vol tage of 10,V | | i quid ¢ e] | v AN

2ppl | cat  on SrrrAEEcEBR 486 £enf qiSkLEs YR far 3R prdlleraitle. di%o
observed vi suglhylandatba bhnt mbapsedtheodehhdratliaasagehtt.heEapmpil@at i on
of voltage to the erasure of an after jnmage on the screen was neasured.
(1i qui d1®r ysthl thei grAaRi cpsedermteIserheE &% Shendenpirafiapnarfac iddhai n
when vol tagec urgor Hrcﬁq_%noréz%nq:hcg fse(n?é)p‘i%cﬁrlégﬁ &4 é?gw‘??ﬁe)fo\ﬂia%he
checked through a polarization m croscope. en the abnormal domain  was
not observedsyhthesdscofstthle galgrameind prioper tTes e ratdigedofisthe

satisfactory, (reliability test of liquid crystal display elenment) 12 OCT
2004 27 Thed¢hydratippang rdnggftyseremec HFiR?&f%‘%lﬂtB]\Y rkP ééon'

rect angul ar ws%fgférabg - 18NPST P o @, angh diGline HPE U MoERE EIY RN,
e o C, I ty

(t enper at ur relative hum di

15 purification of the polyamic acid is made on the obtained

reaction solution to purify the imidized peclymer.

ithm i i r

The polymers constituting the liquid crystal aligning
agent used in the present invention, namely, the end-capped

20 or end-uncapped polyamic acid and imidized polymer have a
logarithmic viscosity (mln)} of preferably 0.05 to 10 dl/g,
more preferably 0.05 to d dl/4g. The value of logarithmic
viscosity (nln) is obtained from the following equation (1)
by measuring the viscosity of solution having a polymer

25 contentof0.59g/100ml at 30°CwithanN-methyl-2-pyrrolidone
used as a solvent.

nln = 1ln (solution falling time/solvent falling time)/
{(concentration of polymer)
¢liquid crystal aligning agent)

30 The liquid crystal aligning agent of the present
invention is a solution of an end-capped polyamic acid and/or
an end-capped imidized polymer dissolwved in an organic
solvent. The polyamic acid and/or imidized polymer used in

this liguid crystal aligning agent may be each one or a



of 80 %9 and the existence of a white stain-like display defect 5 was
checked through a pol arization m croscope after the passage of 1,500
hours. Synthesis Exanple 1 32.84 g (146.48 muol) of 2,3, 5- 120CT 2004
tricarboxycycl opentyl acetic di anhydride, 15.37 g (142.09 10 nmol) of
par aphenyl enedi am ne, 1.53 g (2.93 mmol) &f chol esteryl - 3, 5-di am nobenzoat e
(compound represented by the above f or nfifa (19)) and 0.27 g (2.93 mmol) of

aniline wer | ssolved in 450 of N-nethyl.-2-pyrrolidone.in a 500 n
separ abl e flg%%j?%até??yogufwg_ gé:agiolroen Oa{] Vb%_ng‘g%%e?ﬁ?ﬂpéeﬁ for 6 hours.
Thereafter, the repgdi Piqe8PHUELPE tWAS alAYrEthg | A& B0 £XERESH¥BsaARUNt Of
met hyl al cohol to precipitate a reaction product. The reaction product was

t hen washed imremt henmay dwdiisr auh thirednends udaapisd pedyasd g reesislir e
for 15 hours to,obtain 45.42 of ol yam c acid (to _be 20 designated as
oy o et S5 ah e itodhita A A0 &ttt © g BRE UM GE, of
t he obt akne I ] ' ' I [ f h I;r,Ql 4 done,
PP A el i e e L I e R G g S et

at 110 C f orpdlymer sto 2he totaldr§f othie padefpmit@tacdn (and anidigrc iaddriezr ed
reaction. Thereafter, the reaction product was_prec g:jltat ed and dried in

. i d_ar
the sane narRRIYESTIRS SHRERLERE dF (e dotYuif CBEFEaL 0albBRaPE ggenty of
pol yi m de (t ' o) i m : LN Lidghm
i soosi ty of LIS AT e Ehg Snteary Ehans B85 v foTea BEL
2,3,5- tricadopgcyitopeniyl preficrdidaniydisaea domddngtidd2o04£] thvenol ) of
par aphenyl enedj am ne, .1, 24 2.94 mol) of_4-
(4" -tri ﬁsuor fﬁ??B%ﬂzb?Fggﬁ%éyé’lo and ghe epq-vypparpgd polyamic

di am nobenzogat £3 ( COFPOoLs I sephged _ Vi d 0.44
g (2.94 mol ) of phthalic aﬁﬁﬁlgri g%gmgrgg g&?s%?vlgﬁlﬁ%{%gp%i%ﬁé} 8

N net hyl - 2- pyrebHiérdohy phtaibed my wepey ablrecfidamskne ocomppyundutasa areacti on
at roomtenperature 5 for 6 hourﬁ. Thereafter, the reaction solution was
poured i nt ¢ ERERIEE, BI&RFuNt EERTRIERy Pl h AT S X7 preafe  a
reaction progestifheingaché m@ﬁﬂdt@ﬁyw&wﬁ%ﬂm@%em& tdrdTRiHY |IsaMec 0ol
and dried at 40 C under reduced pressure for 15 hours to obtain 45.22 g of
a pol yakPc a&F dhese peunergssiding aswsthgolyanactddrdor An fehydrad ipn

| ogar 1 thii ¢ oyd58onkt 4185 ube!@eddiSor' S e 551 9RARLN5E:RO! AMpEoRCT d RS
solvent suitably selected from examples usable for the
synthesis reaction of the polyamic acid enumerated above may
also be used.

20 The total amount of the end-capped polymer(s) and/or
the end-uncapped polymer(s) in the liquid crystal aligning
agent of the present invention is selected in consideration
of viscosity and volatility but it preferably 1 to 10 wt#%.
The liquid crystal aligning agent of the present invention

25 is applied to the surface of a substrate to form a coating
film which will become & liquid crystal alignment £ilm. When
the amount is smaller than 1 wt%, the thickness of this coating
film becomes excessively small, thereby making it difficult
to obtain a satisfactory liquid crystal alignment £film. When

30 the amount is larger than 10 wt%, the thickness of the coating
film becomes too large, thereby making it difficult to obtain
a satisfactory liquid crystal alignment film as well and the
viscosity of the liquid crystal aligning agent increases with

the result of defteriorated coatability.




g of N-methyl pyrrolidone, 46.46 g of pyridine and 35.98 g of acetic
anhydri de were added and heated at 1100 C for 4 hours 15 to carry out a
dehydration and ring closure reaction. Thereafter, the reaction produ{Chad4
‘precipitated and dried in the sanme manner as the synthesis of the polyamc
acid to obtain 36.1 g of polyimde (tos» designated as "polyimde (2)")
having a logarithmc viscosity of 1.01 dl/g. 20 Synthesis Exanple 3 31.14 ¢
(138.3 mml) of 2¢Re51 ilfuiCRrAGNA | HPEfhyhgcageatdognhndy ipdeasddt 57 ¢
(106.98 mmol) of parapﬁgnylenedianine, 5.51 g (27.79 mol ) of

di ami nodi phénykemttiltanerayl . @oniaiR. F8funetjopl25ilane-containing

chol esteryl -3, 5-di am nobenzoat e, (conpound re ent e . the.ab rmul a
(19)) and 0°980GUa F8 HABEPV5r AR S0t fnare Ber bt ssoriadie/ 480y
of N-met hyl 32 VPR Ro2t BAOsHE£ 88826 B e fdifdc L 6T B Atb18s
reaction at roomtefnperature for 6 hours. Thereafter, the reaction 30

sol uti ors was fpatieed umi ol cna Exekbangecantainiol wermppung coreludeo3 -

precipitate a reaction product. The, eactign r.oduct s then washed with
met hyl  al coRSLDQRF RY e dt BAMYBRXYRYeAMer e dilB PSSR e for 15 hours to
obtain 44.2 | C 5 aghdn 6hPops108siiaiRatAkyaS 141 yagi.c aci d
(3)") havin%%%éﬁ?é§¥#%§§§?29 aﬁ%g%r?tﬁ%?c vigbositygﬁi(L90 dl/g. 40 g of
t he obt ai necirfigiopardwy Bctdiekisoxiyssdhued Na (Fe@migagthyliethyl pyrrol i done,
43.96 g of pyridine and 34, 04 of ,acetic dri.de r dded and heat ed
at 110 C f oPMLRFAPYE ?%4@%F§9XBEP ﬁnﬁehygﬂgéﬁﬂ+§ﬂ%fhf%gdglosure

reactiofly THG{GAId Ry iHE:heaChiABLRABRYUTL RS, Iy anidldapiasppnd dried in
t he san® manner as t % synthesis of the polyamic acid to obtain 36.06 g of
pol yi mi de ( ttx ilves thesk gsiil @nle as 3% pokpdepde PyYI3)tDietha¥is bl avar Nrhni ¢

[ [ f 0. |/g. 1 hesi s Ex le 4 . 4. I f
viscosity of Q.88 411840 SYOLISSLEBAM S ik eduls & A -0 MOl 0

met hyl - 5- (t el Or Bomy UL 8Xem3nbpi-apyl) vttty s 2tared f unan- 1, 3- di one,
11.78 g (108.96 nnol) of” paraphenyl enedi anmine, 1.94 g (4.59 mol) of 4-(4
15 trifl uor dretdtiidens by bryPoyE| SHdRkhyd.ehafigm™denZbate (conpound

represented by, the above.foroula.(23); ;ﬁé%% 29 gool ) of
cycloheg§laﬁ#%?%éh%ﬁﬁf%%gﬁeggpg% %%ééfﬂ%i rnié%éﬁéﬁpyrrolidone in a 500
n separ abl e #{@SknbRy§2ILFY - 104t, 7a tirdartaducate ; 00In t ebpehaxysdlidr- 6

hours. Thereaf ter, 20 the reaction solution was poured into an excessive
amount  of riethyT - Brtarsherangr i FiteE RP¥EAAT b p? 0duct . The

diazanonylacetate,9—triethoxysilyl~3,6-diazanonylacetate,

N-benzyl-3-aminopropyl trimethoxysilane, N-benzyl-3-

20 aminopropyl triethoxysilane, N-phenyl-3-aminopropyl
trimethoxysilane, N-phenyl-3-aminopropyl triethoxysilane,
N-bis{oxyethylene)-3-aminopropyl trimethoxysilane and N-
bis{oxyethylene)-3-aminopropyl triethoxysilane.

The liguid crystal aligning agent of the present

25 invention may contain en epoxy group—containing compound to
further improve its adhesion to the substrate. Examples of
the epoxy group-containing compound include ethylene glycol
diglycidyl ether, polyethylene glycol diglycidyl ether,
propylene glycol diglycidyl ether, tripropylene glycol

30 diglycidyl ether, polypropylene glycol diglycidyl ether,
neopentyl glycol diglycidyl ether, 1,6-hexanediol
diglycidyl ether, glycerin diglycidyl ether, 2,2-
dibromoneopentyl glycol diglycidyl ether, 1,3,5.6-
tetraglycidyl-2,4-hexanediol, N,N,N',N'-tetraglycidyl-m-



reaction product was then washed with nethyl alcohol and dried at 40C
under reduced pressure for 15 hours to obtain 45.78 g of a polyamc acid
(to be designated as "polyamc acid (4) " ) 25 having a logarithmct 2007 2004
viscosity of 0.92 dl/g. 40 g of the obtained polyam c acid was dissoived in
360 g of N-nethylpyrrolidone, 29.03 g ofzpyridine and 65.58 g of acetic
anhydri de were added and heated at 80 C for 4 hours to carry out a

dehydr ati on gk dddiakli Reyr €, 3eaaki(@N-30 Thereafter, the reaction product
was precipitated and dried in the sane manner as the synthesis of the

pol yam ¢ acidiglycighr kamigemeshy ldrygdiofierade . thh heN delli gnat ed as

"pol yi m de " avi a,lggarithm c vi scosit 85,d} {9 t hesi s
Exanpl e 5 £t BP9 89 S‘éa&‘le(S’é.p%?nr#rlo"?%@%?‘Qe' 3691 YRR
1,3, 3a, 4,5, '{E&%?W R18 1 trimethoxysilane and 3-(N,N-
nethyl-5-(t§$%ahy rog%,5-3ngg¥3-fuﬁényl)-%%phtho[l,2- c]uran-1, 3-di one,
8.76 g (81.cuighwti)dpl)apanaphepylletadirgtihaxysibang. (DB OIMPPYsSeF 5

di ami nodi phenyl net hane, 2.78 g.(4.32 1), ,of 3,6-bis(4:
o nobenz oy 1A R ARE B b G d PRSI (R Thel® aHR PP RlLS
(12)) and 0.5le Grdw) d 6aAADk heOGmdRIn® %@Wréw{¥w&§i§§ﬁ£&@ﬂih@ 450 g

of N-nethyl-2-pyrrolidone in a 500 m separable flask to carry out a
reacti on at cawpoumdpes apueferabilor 40 Pants othekesstley, wehghteamoeiren

sol uti on was poure i nfo_ap excessi ve anount t hyl al ol _t
precipitaieepé%#%ﬁéh}%nép}ogﬁcsg Rﬂﬁt?e§¥tV%ﬁ9§%o GEF%MBE ?ﬁ@npﬁégﬁegy\Mtr1
met hyl abcohal; e §F i eHeabodYmerunder reduced pressure for 15 hours to
obtain 43.71 g of a polyamc acid (to be 15 designated as "polyam c acid

(5)") havi nkiqwidrernatel dispdant wlsmemto0 dl/g. 40 g of the obtained

I ' I d di |.ved in,360.. LN I ' 7. f
po M c 20 s el S804 AR BYE ARl AEOTR O

4 hours 20 fpgeddryrpstad dehydiali ageandofi BeCchoeEER Ll £ACRhANON can
Thereafter, the reaction product was precipitated and dried. in the sane

manner as thee shFedesed BY the ﬁﬂ%ﬁﬂﬁ%?%ﬂﬂQF?Qﬂfo%?éiﬁxéﬂPég'g of
B L oy e L
1, 3, 3a, 4, 5, 9nhexvbydr @s8applied to one side of a substrate having a
met hyl - 5- (tetrahydro- 2, 5-di oxo- 3-furanyl ) -napht ho[ 1, 2- c]furan-1, 3-di.qne,
8.10 g (74 SY-AMEPITEE CRAGRRELYP oM Bﬁitr"fé’,r”ééz yngqlg}r@?mF)a o
2,2-bi s(4 30,501 8pphgpexhehery pRrRaNE 81 (So8edBidelis heated
to form a coating film. As the substrate may be used a
20 transparent substrate made from glass such as float glass
or soda glass: or plastic such as polyethylene terephthalate,
polybutylene terephthalate, polyether sulfone or
polycarbonate. The transparent conductive film formed on
one side of the substrate may be an NESA film made from tin
25 oxide (Sn0O,) (registered trademark of PPG Co., Ltd. of the
US) or ITO film made from indium oxide-tin oxide (In,0,-Sn0,).
The patterning of the transparent conductive film is carried
out by photoetching or by using a mask. To further improve
the adhesion of the coating film of the liquid crystal
30 aligning agent to the surface of the substrate and the
transparent conducti?e film, a functional silane-containing
compound or functional titanium-containing compound may be

applied to the surface of the substrate in advance before

the liquid crystal aligning agent applied. The heating



chol esteryl - 3, 5-di am nobenzoat e (conpound represented by the above fornula
(19)) and 0.25 g (2.00 mml ) of cycl ohexylisocyanate were dissolved ] 9@4
g of N nethyl-2-pyrrolidone in a 500 mMl separable flask to carry 11 2

2004 31 out a reaction at roomtenperature for 6 hours. Thereafter, the
reaction solution was poured into an excessive anmount of nethyl alcohol to
precipitate a reaction product. The reaction product was then washed with
net hyl al comﬁm;aemamtedlﬁ ;ateﬁé)rﬁbljyld&m teBeUC presselrgréderdblipours to

obtain 43.96 of a polyamc acid (to_be designated as "polyanic acid (6)
B Ravi g & 128 e MRS Vi LEERe5S oPEOTbE  APPBedsfigmoris IR A EAmbY

pol yam ¢ aci S Y dong
pyri di ne an(jﬂB@&%ﬁgi %1,??0 e@é%f%%?ﬁ%%re@(\s/\gréecpad&ohhand 2(? %ZlﬁQSO C
for 4 hours fimostitghonilad debysleati cmqmm IIrYG td DA gy ineaet | OD1m is

Thereafter the reaction product was precipitated and dried in the sane
manner a8 t HOEYRd IWSF§m§V1PHetb%IWﬁ%l%§Q§"{Qﬁt gitt&mtBa appieation

stosi 1y ofoh B BraiB et Bhbioiagtiy 8 dhlBYbRnR f9REFLOM °

1,3, 3a, 4,5, YhiexatyfdppiSes an end- capped and/or an end-uncapped
methyl 5-(tetrahydro-2, 5-di oxo- 3-furanyl)-naphtho[ 1, 2- c]furan-1, 3-di one,

12.89 g (57.5B0L¥aml§ afid(s) 5 Fmnthens B’o??ll'@}é'l efﬂeﬁtlypécerqurmhﬁhstélm de,

a4 - 0 am nooSPERd Ha ORI AP Bleas bvibaing 203 uiPodn hap

3, 6- bi s 8- amﬂwbﬁﬁ@ybpagmehobgshalaela@d 0.62 g (2.3 nml) of stearylam ne
wer e dissolved in 450 25 of N-nethyl-2-pyrrolidone in a 500 nml_separable
flask to carb3) odtbe %"éﬁ@cqebﬁfai:h?o%@‘fe‘ﬁ%eﬁlalfr&rfé’qﬂﬂd éoeBuFBe Fhevédfter,

the reacti Orl:r%g £41 9 85 AP USRI d EE%@&&%&% ‘A%é‘f?%nd’hx%tﬂber

al cohol to precipitate 7a reaction pro reacti on product was then
washed wi t h abdtlylofahgdbal, mmbldruredoﬁﬁoatlm& ﬁ:redchermedadeihlpeetsune for

15 hours to obta| n 44. 42 of a polyam ¢ acid (to be designated as
"pol yani ¢ actRP¥SHYr $1iggdpdgfaTregder At i ks t3L Jro f8F‘/§JS 40 g

of the gkt a'ﬁ‘&%@@é&aﬁbctﬁ?z' @o\é’%in@‘ $39hved idb3flrt 919f1nto a liguid
N- net hyl pyrrol i done, 1 g of pyridine and 37.57 g 112 OCT 2004 32 of

acetic anhyonrmta\kraeheamwemlneat éasaﬂe:@m@bmngr Ll danieg flog amey out

2 dehydrat | o and, 14 80aCLOSULS LSRN AL <ulILSETSE" end MELEACHE OB REOIUC!

polarizedultraviolet radiation., ion beams or electron beams,
or a liquid crystal alignment film may be formed by means
20 for obtaining a coating film, such as uniaxial stretching
or Langmuir-Blodgett technique. To remove fine powders
(foreign matter) formed at the time of rubbing so as to keep
clean the surface, the formed liquid crystal alignment £ilm
is preferably washed with isopropyl alcohol. The view angle
25 characteristics of the formed liquid crystal display element
can be improved by carrying out a treatment for changing the
pretilt angle by partly exposing the surface of the formed
liquid crystal alignment £ilm to ultraviolet radiation, ion
beams or electron beams (JP-A 6-222366, JP-A 6-281937, JP-A
30 7-168187 and JP-A 8§-234207) or treatment that a resist film
is partly formed on the surface of the formed ligquid crystal
alignment £ilm, the ligquid crystal alignment £ilm is rubbed
in a direction different from that of the previous rubbing,

the resist £film is removed and the aligning force of the 1iquid



in the sane manner as the synthesis of the polyamc acid to 5 obtain 36.82
g of polyimde (to be designated as "polyimde (7)") having a Ioga{ithnic
viscosity of 0.96 dl/g. Synthesis Exanple 8 31.63 g (100.64 nmmol) bf 0CT 2004
1, 3, 34, 4, 5, 9b- hexahydr o- 8-
nethyl-5-(tetrahydro-2,5-dioxo-3-furany|3-naphtho[l,2- 10
c]furan-1,3-dione, 1.19 g (5.30 mmol) of 2,3,5 tricarboxyl cycl opentyl acetic
di anhydri de, 8.82 g(81, 56 |) . of .paraphen i am g (21.19
ol ) of -4 F itk abianmenty ELLR LBsPAREEY O the 0 75448-§ (2 12
mol ) of 3, §3pi s(lrRaLBLRSAZAY Ox¥h B2/ i8%) &ne 1115%111‘@&99@@@1@,@;{9%@5@ by
the above fornmula (12)) and 0.22 g (2.12 mmol) o

am nonet hyl tfiletfytmed e deseribhsdohbede are 450epaveéd and opposed to

N- net hyl - 2- pyrrol i done in_a 500 squ%$ble fl ask tg %%r£ out .a_reaction
at room t enfAM ARFOFEMBUFEL] FFR TS TIHRP A ti¥n ESI% - aR-Rds
poured igto & £X5E5SL U ALy b iRf Al CQdd $0 PREESEPLERLS a@
reaction product. e reaction product "'was then washed w th net hyl

al cohol and chry =iz hta Uilyrihamtl ef i Imed beesb e pespea diculEr hauparatldedbta n

43.63 g of a polyamc acid (to be designated as _"pol yam c acid %8)")

havi ng a | oiAGR R Y| Kt ARG e GgEeCSiong | thaper Lpheral ekt rens

pol yam ¢ aci S ' f hRW 5914 d@ae of
pyri di ne andggjﬁébggg %#Hggg%ngg%ﬁigfﬁ §k5g§ggéd%edﬁgé%ghea?gépggégg C for
4 hours to Traduydodtyatdebydrat iafjeated iangl didsked ircbettiha.c8Q1 gap
Thereafter, the reaction product was pregipitated an dried__in th? sanme

manner &8 tHEEEIRRRBYsTBP BHETAGLFamtc FHY C bt es n2nd. B gsgpling

pol yi m de (to,be.de ﬁ&néﬁeﬂnﬁéc£PQEYﬁalgeis(§éaleaa\dgnﬂoafbﬁﬂa&i 1heuG d
viscosity of 0. 91" d /'g. Synthesis Exanple 9 1 2 OCT 2004 33 28.56 g (90.86
mmol ) of 1, xBpsdab, @blhexahydri®Bizing plate is bonded to the exterior

t hyl - 5- (tet dr o- 2, 5- di 0x0- 3-f | ) - napht ho[ 1, 2- - 1. 3-di_ane,
To60 g (16, SuERare St 3ns SiGnTn diRtel AL ARRE: €5, (lAd i Sideane
9.12 g (84. 3ds Seradyp S rPes aphamd ef el & 232 bedd. aHdh) thlat

2, 2- bi s(4-am nophenyl)-1,1,1, 3,3, 3-hexaf |uoropropane, 1.13 g %?.16 nmol )
of chol 88t aryts Ppslaraninsbdhzeatéon beppdesdthepFasenPEdPeyPERELENFE

o e
carry out a feacbioBnabneo@ideadmod &y esdlstatwsir so dbendafl verliguial
reaction solution was poured into an
crystal display element.
As the sealing agent may be used an epoxy resin
20 containing aluminum oxide balls as a curing agent and spacexr.
The liquid crystal may be nematic liquid crystal or
smecticliquidcrystal- Out of these, nematic liquid crystal
is preferred, as exemplified by Schiff base liquid crystal,
azoxy-based liquid crystal, biphenyl-based liquid crystal,
25 phenylcyclohexane-based liquid crystal, ester-based ligquid
crystal, terphenyl-based liquid crystal,
biphenylcyclohexane-based liquid crystal, pyrimidine-based
ligquid crystal, dioxane-based liguid crystal,
bicyclooctane-based liquid crystal and cumene-based liquid
30 crystal. A cholesteric liguid crystal such as cholesteryl
chloride, cholesteryl nonanoate or cholesteryl carbonate,
or a chiral agent marketed under the trade name of C-15 or

CB-15 (of Merck Co., Ltd.) may be added to the above liquid

crystal. Further, ferroelectric liquid crystal such as



excessi ve anmount of methyl alcohol to precipitate a reaction product. The
reacti on product was then washed with nmethyl 15 al cohol and dried at, é@ ﬁ
under reduced pressure for 15 hours to obtain 44.23 g of a polyamn ¢ [fdm
(to be designated as "polyamc acid (9)") having a logarithm c viscosity

of 0.92 dl/g. 40 g of the obtained polygrc acid was dissolved in 360 20
g of N-nethyl pyrrolidone, 27.65 g of pyridine and 35.69 g of acetic

anhydri de were added _and h t. 80" . C for 4 RoYhs t10 GHIIPEE Ras
dehydr ati onP3 Cryﬂ'r?é‘y e&zfﬁ”gjt'cr%el%%t]?o%{ug?hgrgéﬁ g;i tthyte reaction pr odict
was precipi Lated yrhehisided in the same manner as the synthesis of the
polyam c acid to 25 obtain 35.19 g of polyimde (to be_designated, as

"pol yi mide (9)") Thavbegaxilzegansedhios thecesteyisr 8ids af /the SiHthdsis

Ex | 10 24. 71 78.61 | f.1, 3, - _Q.
eyl <5 (1t etk Gesiotal e s atah produdadiby HiteEi0s fag between
c]furan-d, 3'c@(:]]ci'1ﬁzos7e; l%.%eg:a(t%)’gﬁ%t@"ﬂﬂj)vé)ffian& 5 polarizing £ilm having

tricarboxyl cyclopentylacetic dianhydride, 10.32 g (95.43 nmmol) of

par aphenyl enediiard nelsoirt®sd g iicR3isnokellef Hpifdfla.( Mk opHeR XY Blenyl
| sul fone, 1.90 g (4.49 mmol) of

4 (4 Ui £1 ERORRI TRy RAGTERTDIRAGIO, 5 OF 2 @I Hobaes,onposed

di am nobenz ooy {epLesented by the above formula (23)) and 0.66
g (2.25 m‘m%aft grfr(e(c)ct adgcyljl:socyanate were dissolved in 450 g of

N-net hyl - 2-pyrrolidone in a 500 mM separable flask to carry out a reaction
at roomtenperature 5 for 6 hours. Thereafter, the reaction solution was
pour ed LAt o EafA®RE2%si ve anount of nethyl alcohol to precipitate a

reaction product. ghe f8ackii0Y R0l aget etV Nagtietor witid purigvsde altcohol
and dried at 40 C under0 redug{e% pressure for 15 hours to obtajn 44.68 g of

a pol yam ¢ apirtiiéen el nesigaditeel presesd] Javes tdanbpfodrs Hanhyay
| ogarithmc vi scosit¥ of 0,94.dl./g. 40 g of the obtained polyam c acid was
di ssol ved i nt36Be GRBEFNEFetATY: | i done, 28.43 g of pyridine and 36.69 g

of acetic anhydri dg,yer&aadcedeatdobeshadpaét Bt Cahgledihothe exBmpdesarry
out a dehydration and ring closure reaction. Thereafter, tae reaction
product 1fas pasciéarriaeddonhdiarsedorfarchevibhettanfernad fRECSIRETed™ of

“polyimde (Ro]y BERERECA TEomHit i RN Soanily of 0. 95 o230 ‘Synchesi s
Exanmpl e 11 2§. 62v§th95rd3tatinn) mfthnd, &aidy HOPNAekahpyr i5ht.
In the following examples and comparative examples, the
after image erase time and liquid crystal alignment
20 properties of the liquid crystal display element were
evaluated as follows.
(after image erase time)
After aDC voltage of 10 Vwas applied toa liguid crystal
cell for 1 hour, the application of the voltage was released,
25 the displayed image was observed visually and the time elapsed
from the release of the application of voltage to the erasure
of an after image on the screen was measured.
(liquid crystal alignment properties)
The existence of an abnormal domain when voltage was
30 turned on and off (application and release) was checked
through a polarization microscope. When the abnormal domain
was not observed, liguid crystal alignment properties were
judged as satisfactory.

(reliability test of liguid crystal display element)



(tetrahydro-2, 5-di oxo- 3-furanyl)-naphtho[ 1, 2-cjfuran- 1, 3-dione, 6.25 g
(23.83 mml ) of 3,5,6- tricarboxynorbornane- 2-acetic dianhydride,, HJC?%U?
(110.79 25 mmol ) of paraphenyl enedi am ne, 2.24 g (5.96 mmol) of '

oct adecanoxy- 2, 4- di am nobenzene and 0.91 g (4.77 mol ) of

3-am nopropyl net hyl di et hoxysil ane were g ssolved in 450 g of

N- et hyl - 2-pyrrolidone in a 500 m separable flask to carry out a reaction

at room t enper at urg Q&q@i@éf?stﬁ!ﬂif’ﬁi&f,el@néﬂﬂ@ waagti p8n Iy i @AAWAS
ne

poured into an excessive amount of yl ~al cohol to precipitate a
reaction prddudiz féetangatarowapesddot awdd gathdiemparatung t andgehhgh-al cohol

d dried 40. C under, d d f btain 44.25
of . pol yamHETHeHEY B8V S T A ERPRE LA A et Ho¢ 315 ve U143 Eer®

2004 35 hay r heG S\ bhEY Whife Bk £ d ot 114D ad spf alyh@e BBE2I Ned
pol yam c ac;efgg? )Idlgggoﬁ%%gkﬁr?\t??g%@%h& N}rrgt hyl pyr rlol i dor?g, % 5. ?)8 g of

pyri di nesandvel®. clteckedf thcetigbh anpypdairde atdran auliderh seepteaf tdrathe0 C for
3 hours 5 to carry out a dehﬁdration and ring closure reaction.
Thereaf t er, RFAHEFFEARTF oh- pPBAlICELRas precipitated and dried in the sane

manner as t rg,_yk(g i espolyamc acid to obtain 35.81 g of
{%? A d%§§ ﬁxg&gig 1

pol yi m de ( Ignated as "polyimde (11)") having a logarithmc

viscosity of 0.88 3ll/g4 40(B¢at heasmmoEjamfl & ,B2 3834. 06 g (113.45 mmol ) of
1, 3, 34, 4, 5, 9b- hexahydr o- 5- . .
(t et r ahydr o- B ECRFRRBY SYFAPRAPILY LRSS0 CL A 54 5. 15 33%i $nkl420%0 ¢

(99.80 nyol )yl pagAPPSPYbABGYH BNAS amihe2! ©. {31y 3¢2 19D dmol) of

oct adecanoxy- 2, 4- di am nobenzene and 15 0.87 g (4.54 mmol) of

3- am nopr opythel dytedy bt Rofy dillaaviaobsmze ati & sof wrepound 456pgegented by

N- net hyl - 2-pyrrolidone_in a_50 separ.a flask,to y_Qu .eaction
at room terrpé?%t AWVes Bprgu&gugg?%hgw fot‘t@al.!rfa 9n 'r%;écr[“ﬁ%%g s%?u%flgﬁg'\?l\%s

poured i nt qu@Pe EXLESSLY¥EAANRUNE00E sBiIhe BhgRholpiy@rpladopiet dine a26 0B
reacti on product. The reaction product was then washed w th nethyl al cohol

and dried atmi@epapnieie fdagketo sregyupat F spactiegud s HOSTHBRBPATALUFS ¢ of
e A e ol v o as ) . i
a polyaqle agld §0o08s elg{ugggadf{;eé,squgoygmégltaﬁ'egggmoh Ray BButed

| ogarithm c ~Vviscosity of g. tal ned polyamc acid
was di ssol vefhtd 360exgeek iNemaimiaydnty rafinaidngl d¥cdbol bd pyecdprdaded

18.53 g of acetic anhydride were added and heated at. 60 C for 3 hour to
carry out a WeR§AFHRLPBNPEREYGThg EPEsGREGTERR i%ﬂd%'érvéad?t%l??ntﬂgsﬁggcti on

product was Qiﬁﬁinpéwfddfé%&i I8 a39elnathpps@mmdernreuuwed Peesyiireesi s
of the polyamc aci 0
for 15 hours to obtain 45.42 g of a polyamic acid (to be
20 designated as "polyamic acid (1)") having a logarithmic
viscosity of 1.18 dl/g.
40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 46.35 g of pyridine and 35.89 g
of acetic anhydride were added and heated at 110°C for 4 hours
25 to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 36.4 g of polyimide (to be designated as "polyimide
(1)") having a logarithmic viscosity of 1.05 dl/g.
30 Synthesis Example 2
32.92 g (146.85 mmol) of 2,3,5-
tricarboxycyclopentylacetic dianhydride, 15.40 g (142.41
mmol) of paraphenylenediamine, 1.24 g (2.94 mmol) of 4-

(4'-trifluoromethylbenzoyloxy)cyclohexyl-3,5-



obtain 35.81 g of polyimde (to be designated as "polyi mde (12)') havi ng
a logarithmc viscosity of 0.88 dl/g. Synthesis Exanple 13 34. 06 i%g 6&
mmol) of 3,5,6 12 OCT 2004 36 tricarboxynorbornane-2-acetic dlanhyd é k
12.34 g (114.11 mmol) of paraphenyl enedi am ne, 3.82 g (10.14 mol) of

oct adecanoxy- 2, 4- di am nobenzene and 0. 59,8 (5. 07 nnDI) of

3-am nonet hyl et hyl di net hyl silane were dissolved in 450 g 5 of

N-net hyl - 2- py1r 4wl hdeagzbAta $88mBbusaP2EaRks ehltasK biyo taar A¥oQut £8rkeaG i on
at roomtenperature for 6 hours. Thereafter, the reaction solution was

poured into &3 kkcesdi Qedanguni2 . Sof mﬂw}ywﬁlmmli@) pregdpidet weae
reaction proguct.. Th I on uct hen d with ne I cohol
and dried 1 h?sglbﬁ %ﬁ ggtar &d& e%d T%Yrr\{\@f hoors 8 ﬁblgg?s

g of a poly Pabile (£ DPa bR S8 | C a®C 1

| ogarithm caév%g%om t?/ ofa% 9%?05? l1/qg. %ltg%o%:g?%ao@& g?nggm(\ ?%/[glr)ngg&gg% was

di ssol ved i nfE@B06 hpwfs N rdtdmtpiteol |‘dme1e1;e8<2tidngsolupyondwae podréd 41 g

15 of acetic, anhydri de were added and heate t 110 C for 4 hours_  to carry
out a dehydriR FOr@Rne*FPRGLIERo P e £t iMSH: Y%nef’rjé%\?h?%} tenereeipiftate

product was pr e rie [ AR t Y, s of
the pol yanmi cé)aﬁ(?%@%(i)aﬁ ng%C%S 4@h8 (?_)']g %%glsl)?iﬁde (to bﬂgsde??%%a‘?%gﬁgg

"pol yi m de w0t M3tHyhalicogral Iami@adrtdam a:t \A{rdbﬂm@emteﬂu&&ddbtgssure

Synt hesi s Oj?(g]gl e_14 34.29 g (13Q0.77 mmuol

tricarboxyn r hAnBeYr Sc kO QLA 2d79 g 1%’3 ﬂ E’P%X?‘Bigﬂcﬁﬂol(foofbe

par aphenyl engds aghReealadb %oﬁ%d%%dﬂﬂﬂﬁd(¥2?5) having a logarithmic

chol esteryl -3, 5-di am nobenzoat & (conpound represented by the above formula
(19)) and O. 63590621;620!61*@ 1 0ofdl lsxadecyl ami ne were dissolved in 450 g of

reaction a §bom teBEat e H RIS ARSI BP° Thary betd igh 250

sol ution V\/aSgp@ﬂrﬂdméﬂh9l§31@éQ§§ﬁin\ée s foreiPiriagheohnl 365098 g
precipitate a reaction uct. The reaction gr oduct was then washed with

met hyl al cohef amnetid resvdridgoecsnadtdded aagk @Ia‘ﬁﬁés%%rléof‘@rf‘l% hbargs o
oo 4 210 SLPORS oGl Ll sl QUL oo s PARVRILG o1,
of the obtai nedrpatkyam, cthei e aasich gnoddect iwnﬁ@&e@piftated and dried
N-met hyl pyr rgllll gr?gesan?g nil'a(.)nrgex?faspytrﬂedIsr;r%t%nedsfsz o7f2 t%e polyamic acid to
obtain 36.1 g of polyimide (toc be designated as "polyimide
(2)°) having a logarithmic viscosity of 1.01 dl/g.
20 Synthesis Example 3
31.14 g (138.3 mmel) of 2,3,5-
tricarboxycyclopentylacetic dianhydride, 11.57 g (106.98
mmol} of paraphenylenediamine, 5.51 g (27.79 mmol) of
diaminodiphenylmethane, 1.45 g (2.78 mmol) of
25 cholesteryl-3,5-diamincobenzoate {(compound represented by
the above formula (19)) and 0.33 g (2.78 mmol) of
phenylisocyanate were dissolved in 450 g of N-methyl-2-
pyrrolidone in a 500 ml separable flask to carry out a reaction
at room temperatdre for 6 hours. Thereafter, the reaction
30 solution was poured into an excessive amount of methyl alcohol
to precipitate a reaction product. The reaction product was
then washed with methyl alccohol and dried at 40°C under

reduced pressure for 15 hours to obtain 44.28 g of a polyamic

acid (to be designated as “polyamic acid (3)") having a



of acetic anhydride were added and heated at 110 C for 4 hours 5 to carry
out a dehydration and ring closure reaction. Thereafter, the reactlozg T 2004
product was precipitated and dried in the same manner as the synthé |£ &m
the polyamc acid to obtain 35.88 g of polyimde (to be designated as
"polyimde (14)") having a logarithmc wuigscosity of 0.92 dl/g. 10

Synt hesi s Exanple 15 31.62 g (120.59 mmol) of 3,5, 6-

{11 car boxynog g pRBendASaL A apyerg dfy 81950 (83.67 mml) of

par aphenyl enedi am ne

chol esteryl - 3, 5- d|amgmlfeﬂheaﬂetétme@mﬁmhwmmmﬁmerdsbcyliéolhedathmaﬁo
formula (19)) and 0.73 g _(4.92 nmol) of phthalic_ anhydride were dissol ved
in 450 g of 9+ﬂ§tHymeihﬂ%ﬂﬁﬂrQiﬁﬁP“?n 43 590 %1°§eB§FaBFEef?&§k3ﬂo°éaﬁiy

out a reactigp a?éetrf AALULE L8568 Jhcy;ﬁa?tzate%gfﬁla coﬁ%rt-‘ %g}%g%t | on

solution was poure I nt an excessive anobun

precipitate soreacriyobupr addehydiite: i®acindnrPphgdotbsvwas rikhetivashed with
met hyl al cohol and dried at 406C under reduced pressure for 15 hours to
obtai n 43. 73TgeEeaftesl y’a’ﬁ?cre%ﬂélo(lt%r‘b‘éuﬁ*ésw%ét@?la‘slt'fb‘éﬁ@'ai’m% dadied

Cbohi hen b n dend 0aRE MR Ge 26 4 Yetleso I Bf Tl iy co

obt ai ned pol yam ¢ aci dar sso yrroI i'done,

15.88 g of pybtdinezande2. &ngalpfmmetwo ardmdrsll@elaw&aaddpdlgﬂdum@t ed
at 110 C for 4 hours to carry out a dehydration and ri ng cl osure reaction.
Thereafter, tRe")echevios & JOARATERMF ctipreai b @Rd0dPPedl/F0 in the sane

manner th | e polyamc acid to obtain 34.24 g of
pol yi m ? (to Y§¥H%§§|§g%g%fé“ e 40poI yimde (15)") having a logarithmc

viscosity of 0.74 86.Q5 Syrollllesﬂsﬂ merlp) enfl6l 38, B4, ¢, $ 1989 -KéxahpghiyoeB-2, 3, 5

1 20CT 2004 38_ tricarboxy entyl acetic_di anhydri de_and 16 49 g
(149. 47 mmof§tB¥Y Lpdrd Srdra ﬁ%‘cﬂ a% edhR¥e- ?ilg'éﬁf‘(}@iql R2BBGhG

N- et hyl - 2- p&qfekhﬁoaealaf%&gﬂ>fﬂ ﬁ@n@r§bb@ bhashol9 61Ty out a reaction
at roomtenperature for hour's.” Ther eaf 5 the reaction solution was

poured into aﬂregbesml@@mne.ofln%ihgl (&l sBhonold pfedi-fidt'ate a
eactl O P ORIl SR O VRRoh ey 1B U LR, A conol
a pol yam c a(ibsmbb@nlaer@fiﬁ:‘e@@it&ih " 09 Yad ¢e aEbEmG18) (28 )hawnag 03 23
| ogarithm c viscosity of 1.31 dI/g Synthesis Exanple 17 16.84 5g (75.12
mol ) of 2,395(2.29 mmol) of cyclcohexylamine were dissolved in 450 g of
N-methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,

20 the reaction solution was poured into an excessive amount
of methyl alcohol to precipitate a reaction product. The
reactio.n product was then washed withmethyl alcohol and dried
at 40° C under reduced pressure for 15 hours to obtain 45.78
g of a polyamic acid (to be designated as "polyamic acid (4)7)

25 having a logarithmic viscosity of 0.92 dl/qg.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 29.03 g of pyridine and 65.58 g
of acetic anhydride were added and heated at 80°C for 4 hours
to carry out a dehydration and ring closure reaction.

30 Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 35.66 g of polyimide (to be designated as "polyimide
(4)") having a logarithmic viscosity of 0.85 dl/g.
Synthesis Example 5



tricarboxycycl opentyl acetic di anhydride and 33.16 g (75.12 mol) of

bi s[ 4- (4- am nophenoxy) phenyl ] sul fone were 15 di ssolved in 450 g of

N- et hyl - 2-pyrrolidone in a 500 M separable flask to carry out a v286t 2
at roomtenperature for 6 hours. Thereafter, the reaction solution was
poured into an excessive anount of netEég al cohol to precipitate a

reaction product. The reaction product t hen washed 20 wi th nethyl

al cohol and dried at 40 C under_ reduced pressure for §% hour%é;t obéai n

46.23 g of a pol yasi-8%a& d {a& b meRk) g‘ggt Ed> adav foPydmi-&e Cf%) )

having a | ogarithmcC . .vj ' of 1.24 dl/[g. i 1825 17. 43
thga fféﬁgf%éﬁ%é?% 5 4 &%ogb 9. rRFANNAYI 5 fpHAmY eL

g (77.75 Fboxycycl opentylacetic di anhydri de” and 32.57

g (79.34 nmmlelarein-2 3 isde (48 ams ngphsnory) pwedyl Jaif opane were di ssol ved
in 450 g of N-nethyl-2-pyrrolidone in.a separable flask to carry

500 m
out a react pemaphenydmnediarbner e43881 8r (1n§dr 8MOfHetafter, the reaction
sol ution was .poyred . into an excessiye u f Y holpi®fa-
preci pi tat e%lé—‘mr'"é%? ]ipéherﬁf%%ﬁ?n?he r'ggc igtﬁ'%rzoﬁcp)l/va@t en washed with

met hyl al cohgl; nyibiiderthay ) o Cetndae [ednpedna asgiraserdiozd Iy htlies to
obtain 46.33 g of a polyamc acid (to be 12 OCT 2004 39 _designated, as

“pol yanmi ¢ aeibvel 8pthubavi hy) h anshr 2Lhi @ - 16iwrel) 4f BRIEISAMYF 1D g of

t he obtai ned polyan c aci d was, di ssolyved | ) | pyrgokhgone,
24.60 g of fﬂ‘&ﬁ’?edidr?@%efgiz{b ‘bﬁdd 5go(?élgge"ﬁq:ch%gfr)lh%/?rroﬂc.ile-gh'v\eﬂgénédged and
heated at 110 Qe?gkaﬁlaoﬂiéskttfb eakky cut adrékebydoatdtopoand enperatoser e
reaction. Thereafter, the reaction product was J;e)oreci pitated and dried_ in

the sankonarfiter ahaurs sy Messas tAT  Hhg FISARE FORTHLEBLOBIYAF PR9Ee4 g of

lyi mi de (to be designated as_"polyi mid " i Lt ami
P srosi 1y ofi G Ah SHEe Ay RoarBlRt, Bl Beph¥al Hipondhd g fec RnELEM ©

pyromel liti G dicbiydsh deraadctl6. BRegrédbRidh prolduct weer ditesnywaskedani ne
were dissolved in 450 g of N-nmethyl-2-pyrrolidone i ar abl e

00
ok 150 odi Jesinyla SEARIoAN: OF SO 4 St H BF I8RO ES S 2 e S
Thereafter, ifhe {£aghion £6! 4bialvas RAUP H pafyafxscasie 8goyal of
0 p

met hyl al co precrpitate a reaction roduct. e reaction product was
t hen washed ¥é¢hgnetdyl asal pohglandnd adriided St” MO Clugder legdaetE8Mpressur e
for 15 hours 20 to obtain 47.26 g of a polyamc acid (to be designated as
"pol yam ¢ acT&5¢a9ity ffvPnd% dd@arithnic viscosity of 1. 46

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 27.35 g of pyridine and 61.77 g
of acetic anhydride were added and heated at B0° C for 4 hours

20 to carry out a dehydration and ring closure reaction.

Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 34.39 g of polyimide (to be designated as "polyimide
(5)") having a logarithmic viscosity of 0.83 dl/g.

25 Synthesis Example 6
31.38 g (99.83 mmol} of 1,3,3a,4,5,9b-hexahydro-8-

methyl—s—(tetrahydro-z,5—dioxo—3—furanyl)-naphtho[1,2—
c]furan-1,3-dione, 8.10 g (74.87 mmol) of
paraphenylenediamine, 8.20 g (19.97 mmol) of 2,2-bis(4-
30 aminophenoxyphenyl)p;opane, 2.08 g (3.99 mmol) of
cholesteryl-3,5-diaminobenzoate (compound represented by
the above formula (19)) and 0.25 g (2.00 mmol) of
cyclohexylisocyanate were dissolved in 450 g of N-

methyl-2-pyrrolidone in a 500 ml separable flask to carry



dl /g. Synthesis Exanple 20 13.25 g (60.76 mmol) of pyronellitic

di anhydride, 11. 92 25 g (60.76 mol) of 120? 2004
1, 2, 3, 4-cycl obut anet etracar boxylic dianhydride and 24.83 g (124.00 nto B

of di am nodi phenyl ether were dissolved in 450 g of N-nethyl-2-pyrrolidone
in a 500 m separable flask to carry ow1 a reaction at room tenperature
for 6 hours. Thereafter, the reaction solution 30 was poured into an

excessi ve aguthk fadeidylatalroehnk emperpteciepEbat € ouract iIMreyuafitetr, The
reaction product was then washed with nethyl al cohol and dried at 400C
under redutb@ Freasdian fSﬂlL!L‘Bl%uWQStBO‘éE@éi AREG. 87 GXERSE LA AFRENtaci d

(to be desi %'%a%%%g@y"a??émct ;:%Pet(:gg%{: chayl E}%g%ﬁcﬂiéoréf%rd@tggél Hhe

| ogarithm cVis €Si S

13. 32g( 61. Oe@RIDi¢n proaieklwdsd enhdnardyited de thide OByl G l(dbhdbamadsied
1,2, 3,4-cycl obut anet et racarboxylic 5 di anhydride and 24.71 g (124.61 mmol )
of di an¥ noditp#éh¢l nedeancedoreddpssssusg £Ar4abd owrsnNo obtain 43.96

met hyl - 2- pyrrolLi done in.a 500 sepatabl e flask taQ_carr out . ction
at room tenﬁe?JﬁtauP8‘i¥8P‘lé’ %%ﬁ?gtorﬁgr‘i%ﬂ%?#eahaes r B3¢ ia}é‘rjfcsgljﬁ?i ()%?\Ags
poured i Nt 0 KARiGF &5 SH ot BB ¢ 191 8EoBRERY brabceholaltgy precipitate a
reaction product. The reaction product was then washed wth nethyl al cohol

and dried at 40 @Ougdef thedobédipedspolEandr aGideipsdigsodvehineig? g
of a polyamc [ t desi gnat ed as."Rpal yam.c .4, .(21). ", )=~ haying a
ogar [t o g b horfaf SEb AR08 335 B, KoRe® 3T (de oo )97 "0Y (99,77,

mmol ) ofpl, 33acédticO98nhedahydrwebe added and heated at 80°C for 4 hours

(tetrahydro-2.5-di oxo-3-furanyl)-naphtho(1l, 2-c]furan- 1,3-dione and 12.99 g
(120. 15 mmolte sapEF apheny | deRMMBATLAER #ABfe Tdngs SLASHT S ZERCHLOR -

N- et hyl - 2- pyrr.ol i IR A I A r
e T R e T T A
sol uti on wasrpetiecdamenin@naereaeeshieveyafhast sobfmehbybohyanhol acdd to

precipitate _a reaction product. The reaction progduct s_then h W th
met hyl al comtitasd i dgan4BBlE1{5'|’rE§r(ngﬁ‘ée‘ge%’r%%%'ﬁ? 2% f%‘?ﬂ?gmﬁgﬁrs to

obtain $5. 77 & Of B POyl £086L8chind PG 1 s8R 14RAAT Rsad pel ygni c acid
(22)") }ggvi n(géy)ao)l ogari t%?nénc ogi scosi t§/: of s1. 311 | /g. Synt hes)iy% Exanpl e 23
30.42 g (96.sprtihed 3s dExdmBl8a74, 5, 9b- hexahydro-5- 30 (tetrahydro-2,

5-di oxo-3-furanyl)pnapht ho(d, 261 FULAN- o¢ 1.3,3a.4,5,9b-hexahydro-8-
methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[1l,2-
c]furan-1,3-dione, 12.89 g (57.50 mmol) of 2,3,5-

20 tricarboxylcyclopentylacetic dianhydride, 9.58 g (88.55
mmol) of paraphenylenediamine, 7.37 g (23.00 mmol) of
4,4’ -diamino-2,2'-bis(trifluoromethyl)biphenyl, 1.48 g
(2.30 mmol) of 3,6-bis{4-aminobenzoyloxy)cholestane and
0.62 g (2.3 mmol) of stearylamine were dissolved in 450 g

25 of N-methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
the reaction sclution was poured into an excessive amcunt
of methyl alcohol to precipitate a reaction product. The
reaction product was then washed with methyl alcohol and dried

30 at 40°C under reduced pressure for 15 hours to obtain 44.42
g of a pelyamic acid (fo be designated as "polyamic acid (7)")
having a logarithmic viscosity of 0.98 dl/qg.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 29.11 g of pyridine and 37.57 g



1, 3-dione and 19.58 g (98.76 mmol ) of diam nodi phenyl net hane were
di ssolved in 450 g of N-nethyl-2-pyrrolidone in a 500 nl separable 4fi ﬁﬁhﬂm
e

to carry out a reaction at roomtenperature for 6 hours. Ther eaf t er’,

reaction solution was poured 11 2 OC T 2004 41 into an excessive anount
of methyl alcohol to precipitate a reacghon product. The reaction product
was then washed w th nethyl alcohol and dried at 400 C under reduced

pressure foie La gy énagpgag%&gé-a‘iﬁa@a eha®h £t ¥4 HIC 126} @ f69.4bﬁoﬁrsl 30

designated as polyamc a having a logarithmc viscosity of

di/g. 40 g ofotdweroht aubed pehydmad iaci carvdbsr i g sol vmaire nc880t 1gnof

N-net hyl pyrrolidone, 24.40 g of pyridine_and 55.12 g, of acetic anhydride
were added aMREFRAEEETattBOFRFoion HRAWCT Mg Br@gﬁwt&]:tedaa&@haﬁ}’{&gi on
and ring clogur e ' Thereaf ,anﬁ ' r .
precipitat edfantﬁwfrzlrs'laagﬁaEl %nmf eagsgr}:tél%rrm ner e;sg%ftﬁgogygt Egg?tgmo taﬁé'dpgloyam C
acid to sobtshtadh. 2. §2 o JqI0pyligeldd  te beesegihghatdedsaspbpyilyiiodde( 23) "
having a logarithm c viscosity of 0.98 dl/g. 15 Synthesis Exanple 24 36. 36
g (123.59 mmbT)" bf havingqa4loggrdidmiq st¥sreFboky? T c0 d? @nfydfi-de and 13. 64

g (126.11 n%?llg%ﬁl%igaéggnl?q_éggnedi am ne were dissolved in 450 g of

N- et hyl - 2-p one’in m separable flask to carry 20 out a
reaction at room t®npesagul eobok 46 marilr)s.ofThereafd ot 5, Itheheranydon-8-

sol ution was poured into an excessive anmount_ of net h;/l al cohol to

preci pi t at e mekREEt Poh LpLEYAroTie 5 TEERXS vh- ProdEt ! wBRPRRBR [hagiied with
met hyl al.coh drigd 4 40 ,C r egﬁgo esgusesfar 15 hours to
obt ai n jg 168%&89& &agp&l?/’gﬁ'c la'cl:%#t %g bgél esi ig)glas?gdﬁélg"gpol yam ¢ acid
(24) " ) havtpgagbbagacyichopentywlcos tic odidnPddideg, 8SyARhgdiBd .Beanpl e 25

28. 81 64.85 mol ) of 4,4'- ((hexaf] uoroi sopr | i e) di pht hal i

dianhygr§de @malt19%9Pa§ea&q8£i%ﬁﬁ4ﬁ&W3“%f é;ggy%ig??r%?lﬁﬂ?@ﬁe?ﬁyl)-4,4

di am nobi ppezeﬂng&sm%%s@,wdﬂim 501 £1 @br dhdBAYY ) b2phBHLQl 1dae g n a 500
e as

m separab to carry out a reaction at roomtenperature for 6
hours. Thereéft 2e, mmbd }r @dctd &b isol 41t dohnobken povitedy ) aAholagténgessi ve

pr oduct 35 PRERRPBR BRBEGACRRRT Theraathelt vroRmEens F2APCahey oad

dried at 40Cgupgef2 hReusest Messonethel tE3mBoNKa stio ol sereddidbod vaid a

pol yam ¢ in 450 g of N-methyl-2-pyrrolidone in a 500 ml separable flask
to carry out a reaction at room temperature for & hours.
Thereafter, the reaction solution was poured into an

20 excessive amount of methyl alcohol to precipitate a reaction
product. The reaction product was then washed with methyl
alcohol and dried at 40° C under reduced pressure for 15 hours
to obtain 43.63 g of a polyamic acid (toc be designated as
*polyamic acid (8)") having a logarithmic viscosity of 0.32

25 dl/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 26.81 g of pyridine and 34.60 g
of acetic anhydride were added and heated at 80°C for 4 hours
to carry out a dehydration and ring closure reaction.

30 Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 34.81 g of polyimide (to be designated as "polyimide
(8)") having a logarithmic viscosity of 0.91 dl/g.

Synthesis Example 9



acid (to be designated as "polyam c acid (25)0) having a 5 logarithmc
viscosity of 1.20 dl/g. Synthesis Exanple 26 26.16 g (116.69 nmol) of
1,2,4,5- cycl ohexanetetracarboxylic dianhydride and 23.84 g (119.071Zdﬁﬂdmm
of di am nodi phenyl ether were dissolved in 450 g of 10 :

N-net hyl - 2-pyrrolidone in a 500 m separghle flask to carry out a reaction
at roomtenperature for 6 hours. Thereafter, the reaction solution was

poured into an exq%izgye%gg?H?BG ﬁRSE%tE@ I@hﬁPﬂQ!4Fﬁ.956ﬁEEEE§?%§?§Q cohol

reacti on product. r lon product was then washed wt

and dried lomnethgDCsu(detrabgdeed nressio:e { prfdbahelns naphabicdiin, 244. 18 g
of a polyamc acid (to_be designated asiégol amc_acid %26) havi ng a

| ogarit hni c ¥18eeanty.3drdions.di3-§4 Yritkfes?Et mmakpl e£272.83552 g (60. 32
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(123. 10 mmolpmef ) dbanpaedphbafile idicinives & 1 3s0hvedl .i6n #hd19 ot

N- net hyl - 2-pyrrolidone in a 500 m separable flask to carry out a reaction
at room t enperatie(fopménppheayl)2d Jhek ehid ef ;henafluQECPEFORASIUL | on was

poured into an excessi anoynt thyl, alcohgl .tQ.precipitate a reaction
pr oduct . Thefr{égc?i g?%?oﬁ‘ﬂ‘@#qvﬁgt %%ﬁa%%%fvﬁtﬁ %BﬁgﬁO%ﬁncz&%ﬁe and
dried at 40 Comgetnieddpedshneesalsy ftfe 1&bdalr Sormalabiaion 44 oo 3 a
polyam c acid (to be designated as 30 "polyanmic acid (27) " ) having a

| ogarithmic 9i 6206t pmef )1 0£6 phdityad. i Syanhtieds kdexupppred2gsgiveg ¢ BKHP0 20

mmol ) of, 3,5, 6-_tricayrboxyporbornane-2-aceti_c di.anhydri .8 2
GO 2004038 (35N PEFREE ) 2oPPREPARRenA ared: 20008 Tnerr A tls Y to”
of N-net hyl -2apyyr ehktdanecartad.cadGitlirsapatabperbtask teor Gahourat a
reaction at roomtenperature for 6 hours. Thereafter, the reaction

sol uti on wasTheneadtentothe Teaafean wobrbloR BrSnBPHYEdaladifolan o .
b0 P o SRR AT Vi RHEEE PGl pent o plia L1
obt ai n 45. 72pgoédiica.poryant€aatidn( proiacdtesagnahen wsshemgbisii meadhiyll ( 28)
1505 o5 abdanni and dr edat e G uitidan radupad probure Far 15 Hodrs -
.07 g : ) Tieigtsle 9t FyEs:
to obtain 44.23 g of a polyamic acid (to be designated as
“polyamic acid (9)") having a logarithmic viscosity of 0.92
dl/g.
40 g of the obtained polyamic acid was dissolved in 360

20 g of N-methylpyrrolidone, 27.65 g of pyridine and 35.69 g
of acetic anhydride were added and heated at 80°C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to

25 obtain 35.19 g of polyimide (to be designated as "polyimide
(9)") having a logarithmic viscosity of 0.89 dl/g.
Synthesis Example 10

24.71 g (78.61 mmol) of 1,3,3a,4,5,9b-hexahydro-8-
methyl-5-{tetrahydro-2,5-dioxo-3-furanyl)-naphtho([l,2-

30 cl]furan-1,3-dione, 7.55 g (33.69 mmol) of 2,3,5-
tricarboxylcyclopentflacetic dianhydride, 10.32 g (95.43
mmol) of paraphenylenediamine, 4.86 g (11.23 mmol) of
bis[4-(4-aminophenoxy)phenyl]sulfone, 1.90 g (4.49 mmol) of
4-(4’-trifluoromethylbenzoyloxy)cyclohexyl-3,5-



met hyl - 5- (t etrahydro- 2, 5-di oxo- 3-furanyl ) -naphtho[ 1,2- c]furan-1,3-diorie,
12.89 g (57.50 mmol) of 2,3,5 15 tricarboxycycl opentyl acetic dianhyd;b%%
9.58 g (88.55 mmol) of paraphenyl enedianine, 7.37 g (23.00 nmmol) of' T 2004
4,4' -diam no-2,2"' -bis(trifluoronethyl)biphenyl, 1.48 g(2.30 mmol) of

3, 6- bi s(4-am nobenzoyl oxy) chol estane and3Q.37 g (2.3 mmol ) of
p-trifluorornethylaniline were dissolved 20 in 450 g of

N- et hyl - 2- pgiamihebafzioata eomplouned aepled ofntasK by @heahbyveUuEoamuaact i on
at roomtenperature for 6 hours. Thereafter, the reaction solution was
pour ed i nto 623 ) bxaedsPvéba - 2t mrakl|of| eohelecylpsecypnaseeware

reaction e wth ne

al cohol and %gggélvgﬁ Bcﬁﬁﬁ% 3ﬁ Jjﬁfgs%u$£r$% %gnﬁoﬁps %g% B@ain 44
g of a pol yagégapgbde(£fRabr d@%@f@yeﬁ:@% rePAtidH @ tagbdm( 28hparakavang a
| ogarithm c viscosity of 0.90 dl/g. 40 g of the obtained polyamc acid was

di ssol ved i nf@606 IBouys of ﬁhﬂ@@ﬁ?tpyrrbhEdﬁﬁéCtzgnl§Oéu@ﬁopyWﬂ§|Qeuaﬂd-
37.57 g of aceﬁlc anh%drlde wer e ad ed nd1§8?$edlat 1%0 C for S to
carry out a H3h§dPHt PSSV AT Hs e TEHYT AL CORR EafP’é?“Pf‘r ate
reaction proﬂuﬁéa&ﬁioﬁrﬁﬁd@déﬂedTﬁ@dr@@dﬁiodIPﬁéEhéﬁﬂﬁh§m¥ﬁ§ﬁ washia
synthesis of the polyamc acid to 12 OCT 2004 obtain 37.0 g of a

pol yi m de (tweibe rmmghaale@pla@l Bptﬂ ;irr:ﬁcieaeat(mﬂ maiemgesmc(@g?apr@ﬁme

glgcgslﬁlcarggﬁgig %8gﬁgn Qg? etlc d%gﬁﬁg ?gd Olga %é %%é %5 of

par aphenyl engds aghB€ed24sl ? b 1(yHnik A®id 0f0)") having a logarithmic
chol esteryl - 3, 5-di am nobenzoat e (conmpound represented by the above fornula

(19)), and OVQECQS%QYZSﬁﬂﬂﬂ%4(ﬁlM%Aelc anhydride were dissolved in 205 g

of N-methyl -2- py”&’br%%@etﬂxgé %Q%gﬂﬁ@ﬁ% %&E@ &:hégoféé 1P 46

reacti on at room erature Feat ter, e reac
solution wag OﬁuNedetthp@TanxﬂﬁneﬂéZﬂﬂnﬂﬂgoéfanhyﬂlabcahd|35069 g
precipitate a reaction product. The reaction_product was_.then washed with

met hyl  al cohBf 26REHF AT e aThe pIES S RRARA HrR<iuPl’ Fof T st RBUTES to

obtain 43 73tg ghravPeldad Gerdfdrh{{idh bfn&ersmga&@esa%e Beky:2Hbq aci d
(30)") having a logarithmc vi'scosity of 0.4 /g. Conparative Synthe5|s

Exanple 1 32hOtegfte4t. szemaytgbnmﬁqﬁueﬂ wa s rdoigdctat exbemdy daded c
((jlzagtlly(:%)?)e 6%5‘!:1'?2 garglé'llrgagger as lgh ypnatr & shfsnyolterﬁgé %%‘1%%:&%‘1 ac:.‘l:%i3 th
obtain 36.02 g of polyimide (to be designated as “polyimide
(10)") having a logarithmic viscosity of 0.92 dl/g.
20 Synthesis Example 11
28.62 g (95.31 mmol) of 1,3,3a,4.5,9b-hexahydro-5-
(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l,2-c]furan-
1,3-dione, 6.25 g (23.83 mmol) of 3.,5,6-
tricarboxynorbornane-2-acetic dianhydride, 11.98 g (110.79
25 mmol) of paraphenylenediamine, 2.24 g (5.96 mmol) of
octadecanoxy-2,4-diaminobenzene and 0.91 g (4.77 mmol) of
3-aminopropylmethyl diethoxysilane were dissolved in 450 g
of N-methyl-2-pyrrolidone in a 500 ml1 separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
30 the reaction solution was poured into an excessive amount
of methyl alcohol to precipitate a reaction product. The
reaction product was then washed with methyl alcohol and dried

at 40° C under reduced pressure for 15 hours to obtain 44.25

g of apolyamic acid (to be designated as "polyamic acid (11)7")



~chol esteryl -3, 5-di am nobenzoate (conpound represented by the above formula
(19)) were dissolved in 450 g of N nethyl-2-pyrrolidone in a 500 ni
separable flask to carry 25 out a reaction at roomtenperature for 62 A6TLIZ0H4
Thereafter, the reaction solution was poured into an excessive anount of
met hyl alcohol to precipitate a reactlog roduct. The reaction product was
then washed with nmethyl alcohol and drie at 40 C under reduced pressure

for 15 _hourgll l(l%)t all)ra) %1%39 lgéoglﬁ% g@nbcgqm(ﬂ/(gto be designated as

"polyam c a aving a ogarlt c viscosity of 1.21 dI/g 40 ¢
of the obtained pabygiif taei ébvasndassel yaditmatd wa}' dissolved in 360

N- et hyl pyrrolidone, 46.45 g of pyridine and 35.97 of acetjc anhydride
wer e added an@fhéhmﬁhmlpmmbg ones houP8 ¥ QfOBYrZG’GA"%?ndt oltat®y9out a

dehydrat i on %?%‘a%ﬁg C'Os(grfg%ef%%éO%aeJﬁﬁfegé&%‘é 308 d: %5:09 rgcs&ggct

was preci pi @ sane manner frd sy n esis o

pol yam c5 acig Tc%rzq.bwtﬂ Sénpashtpehynradeifigo cllfbsdﬁfd o et s
"polyimde 5 (A)") "having a |l ogarithmc viscosity of 1.08 dl/g.

Conpar at i ve Tspnaaefsnes: Etaepreagzti®mgprgductivwas pReFipstated and dried

1, 3, 3a, 4, 5, 9b- hex

(tet r:hydrolfl ?"5 ' %5‘33“‘F8P3h"y?53 hBBnPEBEResig) PR, Bhe OLYAMER2HT V8 ¢
(108. 41 moly), rp%rsame@ybenﬁgﬁmnmaeaoéo 30 e dgilat8dTds Mpyly Dhide( 4'

trifluoronethyl benzoyl oxy) cycl ohexyl -3, 5-di am nobenzoate conpound
r epr esent ed {dyl the Mf@rh@garézapy-cwwcw@@ol@ecp&ﬁ 9- of

N- et hy| |don in 500.mM separable flask to carry out a reaction
at rooﬁ?enﬁé’r’ﬁlﬁ a% g%lrs Thereafter, the reaction solution was

poured into an emeaﬁg \4; @3N 5 ohmaeY hyk al, agqhal, 4,6 medididlagdro as -
reaction product. The reaction product was t hen washed with_net hyl al cohol

and dried at{ W@WZ r%d@é@&opﬁegslﬁﬁaéylf)dr“aﬁsz $ - bbEERrA™44. 58 g
of a pol yam C .AC e n ng a
| ogarithmc 'v?'schOQ Ty o‘?'iaog 3??9% 48"“%5"'3 (}lh tal ne Sglpol y)é?nm%ﬁgm d was

di ssol ved i m 360 g q1af. 3% MRidLy) R\ beltadmoandidy 88, g—@iarpymodeneeaadaﬁs 24 g
of acetic anhydride were added and heated at 80 C for_4 to carry

out a déhydr®tdbre ahl- 34 ngmefdsafe 3r éﬁ@ﬂ%oweefé?YJerdl‘?ﬁéoi‘gﬁéllFlBﬁ
duct d h f
product was vprlecgpftstbﬁ%g?ai : 346§§gg a%fﬁ ggefﬁ%?f Btod3abhe $¥nNhhesios O

the pol yam c aci yi'm de (10 be designated as
"polyi m de mB)t¢ )palfn.-a‘bilregfaahmga:r ic’ahrmycout scosatcyioh &t ¥@odl tgmpgpature
Comparative Sg/l[ltshehsgusrsExar&p ereafter the reaction solution was poured
into an excessive amount of methyl alcochol to precipitate
20 a reaction product. The reaction product was then washed
with methyl alcohol and dried at 40° C under reduced pressure
for 15 hours to obtain 44.25 g of a polyamic acid (to be
designated as "polyamic acid (12)")} having a logarithmic
viscosity of 0.91 dl/g.
25 40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 14.36 g of pyridine and 18.53 g
of acetic anhydride were added and heated at 60°C for 3 hours
-to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
30 in the same manner as the synthesis of the polyamic acid to
obtain 35.81 g of polyimide {(to be designated as "polyimide
(12)") having a logarithmic viscosity of 0.88 dl/qg.
Synthesis Example 13
34.06 g (126.79 mmol) of 3,5,6-



33.19 g (105.59 mml) of 1,3, 3a, 4,5, 9b- hexahydr o- 5-

(tetrahydro- 2, 5-di oxo- 3-furanyl)-naphtho[ 1, 2-cl furan- 1, 3-dione, 1.25

(5.56 mml) of 2,3,5- tricarboxycycl opentyl acetie di anhydri de, 10.582@%?2%4
(97.81 12 OCT 2004 46 nmol) of paraphenyl enedi am ne, 3.56 g (11.12 mol)
of 2,2'-bis(trif luoronethyl)-4,4'-di aMgobi phenyl and 1.43 g (2.22 mmol)
of 3, 6-bi s(4-am nobenzoyl oxy) chol estane (conpound represented by the above

formul a (12)0 M SxPh SSI9b M8 d 1245888 18f abbARVAYLad- pPysL ghigoerd ma 500
m separable flask to carry out a reaction at roomtenperature for 6

hours. Ther eafdley ,of hparaphenphesetfidaminenas .duded 10 .Atdo mmp kkcetsi ve
anount of nethyl_al cohol to precipitate a reaction _product.. The action
product was AHAAKERHIEY 19 W‘%hﬂlﬁg{]ﬂgﬁ_‘léﬁé‘&h@%rqd%ar igeg%a‘to—’_ﬂfdm@%ﬁa%‘%
reduced presf_%%_rrér{?ét l%%d?%ngﬁhﬁ'lﬁiiﬂnagw@ﬂf ad SR IAH CRch gl (40 be

desi gnat ed as olyam ¢ a aving a logarithmc viscosity of 0.91
dl /g. 4059 @ff Nhmeahyadi-negpymalojddoneadnc 508 ndi ssphvablert B6dk tdcyroy

N- et hyl pyrrol i done, 28.13 of pyridine and 36.3 of acetic aphydride
were added &Hf ﬁeé_t‘-éﬁtéPn%gGQ‘%‘i t?“}?(?&'r%t“?ep%&’&r %JQ Sa g@lﬁfé‘?%g{l hr and
ring closureeactlop; dneseatish, whepb®aeld QR tpf AdUE Mas: & CARb LAt ed
and dried in the sane manner as tﬁe synthesis of the polyamc acid to 20
obtain 35. 7% métippl yaltderolt bobpreedipdratted aas <apd] dmm peody €l Y ) Hawi ng a

| ogarithm c viscosity of 0.89 dl/g. Conparative thesjs Exanple_ 4. 34.63
6 0130, 06 mAAIC DEon P Rduet, Yo & ATy Nor BOF e noLBE b koot 1ked 14 00

g (129. 44 Z%WH'H“)C Ut ARRERELReUAN NE 3113 B8ubs(RobdbraRh) 49194

chol esteryl - 3, 5-di am nobenzoat e (conpound represented by. the above fornul a
(19)) were di s€ad pedyamidsie id dit o\be mEghdnatal/asolnalaramni e agisoOla) ”)

separable flask to carr 0 a reaction.at r enperature for 6 hours.
Thereafter, B7iRg ?egeg?ﬁﬁ%ém'ﬁt V&ﬁ%sltﬁ’ofrfggﬂ}gtrﬂ orHiaH’ngéxcessi ve anount
of methyl al cohol §@® ghecimi bdfta ihdEpeliydmily aduatwad @ ssaedd am peoduct
was then washed with nmethyl alcohol and dried at 40 C under reduced

pressure forg 16f Wumethylopraphldonzs 3¢ Jil @ g8 PR PREotbedl 9
U2 S04 8 BRI Ao tHb1E Sobopmelan
360 g of N-egtbykpyrbaki dodehydtatlon aindyrind el @swird 3rddcgion.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 35.41 g of polyimide (to be designated as "polyimide
20 (13)") having a logarithmic viscosity of 0.86 dl/g.
Synthesis Example 14
34.29 g (130.77 mmol) of 3,5,6-
tricarboxynorbornane-2-acetic dianhydride, 13.71 g (126.84
mmol) of paraphenylenediamine, 1.36 g (2.62 mmol) of
25 cholesteryl-3,5-diaminobenzoate (compound represented by
the above formula (19)) and 0.63 g (2.62 mmol)} of
hexadecylamine were dissolved in 450 g of N-methyl-2-
pyrrolidone in a 500 ml separable flask to carryouta reaction
at room temperature for 6 hours. Thereafter, the reaction
30 solutionwas poured into an excessive amount of methyl alcohol
to precipitate a reacfion product. The reaction product was
then washed with methyl alcohol and dried at 40°C under
reduced pressure for 15 hours to obtain 44.84 g of a polyamic

acid (to be designated as "polyamic acid (14)"} having a



of acetic anhydride were added and heated at 110 C for 4 hours 5 to carry
out a dehydration and ring closure reaction. Thereafter, the reactian 0cT 7fﬂ04
product was precipitated and dried in the same manner as the synthesis o
the polyamc acid to obtain 35.86 g of polyimde (to be designated as
"polyimde (D)" having a logarithmc vi:?_gosity of 0.92 dl/g. 10

Conparative Synthesis Exanple 5 29.00 g 6. 57 mmol) of

1, 3, 3a, 4, 5, 9b- hexahydr o- 5: .

(tetrahydr o?lﬂgﬁrdli J—‘%-‘H‘l?gﬂﬁf'f}’ngghtoﬁgfl,d}-/cﬁ furan- 1,3-dione, 6.33 g
(24.14 mol) of 3,4 § of "R LBPUMIDBONFaA Cadtatvas diadyliredien 38040 ¢
(114.67 15 mmol ) of paraphenyl enedi am ne and 2.27 g (6.04 mmol ) of

oct adecanoxys Q4 -Ninetrpbprizsadidene .di3dsdi0ved afh p5OLGing and 42.72 g

N et hyl - 2- rolidone jn.a.5300 ni rable flask.t 5 t ction
at roo)r/n te ¢ QFE:tgcf%‘?ﬁgdﬁﬂiaﬁsveﬁ}r%é%{ﬁgpg h?&r‘lgg‘rieagccﬁ ?gnhs% ﬁt‘qi gﬁh\%%s |
poured iBto @ &xceFSLNE ANAHAYA2Q tAlonRint Irial & ahDbstife Prestpibat.e

a.reaction product.” The reaction product was then washed w th nethyl

al cohol and Theémzhaf ter A0t uredert Fen oyt e s Preci Pis atad 8 dsBest n
44.25 g of a polyamic acid (to be.desi ted as .'pal ' [ ) avi ng
a | ogarithnit® \Egée}c/cf’sq“l‘i/ “l?fmffréfsdl%/hge. Sf%%%sd‘sof()ft %@%@?&&ﬁ@@%&%&m@ aci d
was di ssol veshidy 3685 . 68 Qf JY PRI Qlideaedet593dtedobspypodiyiemiad
19.72 g of acetic anhydride were added and heated at 60 C for 3 hours to
carry out a (dehydyabavhngnd Aioggrdtdsuice wiars by JhePelft @1/ 9+he reaction
pr oduct vvasa%eci%itatgd an dri5ed 30 in the sane manner as the synthesis
of the P8I yaRERePYS B*2BBI&i 4°35.81 g of polyinide (to be designated as
"polyimde (E) hayingzagl pgavi.sbmmmor)seEsizys of-0.88 dl/g. Exanple 1 (1)
preparation of liquid crystal aligning agent: 112 OCT 2004 48 The

pol yi mi de ( 1jrieadbesppedpospedieret gt SymtheanRy&xidere?1°3n8 49 ol yani ¢
acid (16) (end-uncapp i | hesi appl g¢l ne 44 ssol ved
in y-butyr oI%%?gﬂegfgnsgga%%ﬁ}l{l%%ﬁ#i}@ﬂgﬁ 3fi%85§eggr'§6aﬁ‘s"§?‘dt ido#n havi ng a
solid 5 contendlestérwl¥Busi-diamsndbmnzdatd et ednppotthdarepresetad My a

pore dianeter of 1 mto prepare_the light crystal aliqgni gent. . of. the
present 1i5nveF|1E1130‘?11?°Y2)fBF@HEPat(ilBH )ofmgi Qui’d” 8r ?ét‘?lz &f"?glqa?%e glrir:@r?tl:l? 1)

The liquid c 1 ki 9o & ) @S8Rt N -Adthpyent borrlapms as
descri bed ab%%{/gg%éa%pﬁg %ggd?%ggivteéa%@par e‘r??tS conduct i ge fi Ip% whi ch

conpri ses anihTO 560 ml frpmchibhe ohkask dec cfaeryl gl tthicga iyt Rt e
with a

temperature for 6 hours. Thereafter, the reaction solution
was poured into an excessive amount of methyl alcohol to

20 precipitate a reaction product. The reaction product was
then washed with methyl alcohol and dried at 40°C under
reduced pressure for 15 hours to obtain 43.73 g of a polyamic
acid (to be designated as “polyamic acid {15)") having a
logarithmic viscosity of 0.78 dl/g.

25 40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 15.88 g of pyridine and 20.50 g
of acetic anhydride were added and heated at 110°C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried

30 in the same manner as the synthesis of the polyamic acid to
obtain 34.24 g of polyimide (to be designated as "polyimide
(15)") having a logarithmic viscosity of 0.74 dl/g.
Synthesis Example 16

33.51 g (149.47 mmol) of 2,3,5-



spinner and dried at 1800 C for 1 hour to forma coating film having a dry
thi ckness of 600 A 15 (2) The forned coating filmwas rubbed with a

rubbi ng nmachine having a roll wound with nylon cloth to forma quuZQE”UM
crystal alignnment film The rubbing conditions include a roll revolution
speed of 500 rpm and a stage noving speegg of 1 cnisec. 20 (3) Two
substrates each having the above liquid crystal alignnment filmformnmed

thereon wer & IR G cPAL EPOxYy L&SE Bicallheshyer Caataidilng 48 gnd rain o de
ball's having a dianmeter of 17 }Imwas applied to the peripheral edge
portion of @asH) off tpRraniperybeeedbynipre¥RIFr 4SS Vahelr vibP S uBsPEat es

were 25 oppgsed .t.o h ot her. w ) e t
rubbing dir 'ﬂeothylgﬁ?ft%]f?{]hﬁ\i\%ﬁ%rjs%tagf%% bgnﬁgﬁgkglﬁ?%s§f?%g%%fgﬁre€ me
paral l el tofRach pLESLibA LPRBYNM € cHipeeGtudns forl Behdefs phemnaredigear,
portions of the two substrates were contacted and bonded together by

pressure$ artthe heeartiew o lBbiqaswaar paured) iatoe P@t XIS F LR Ayeeat
"M.C-5081" (of Merck Co,,..1td,. ) was.injected a jJd1.ed. j C gap
doT i nad by T MeUY habkoarol ho LpbeRiREatkng Hhadtrof hASE Cete
peripheral &4 K biraBscdngad RERnARa s RE Q6L MAChe 1 i Gesl addu@rbyal 2
OCT 2004 49 an epoxy-based adhesive to prepare a liquid crystal cell.

Thereafter, @t pér & undey peducedapriesisnag £ort A8 BRUEF| BF oRteinces. BB t he
l'iquid crystal _.cell such that_ the polari.zatio s ect]on e e

rubbi ng di r EPEGHPBLYARECIFGLT TR RS %aaﬁqeg%n?rgntpc’f%i}{a%gﬁf%rg#é‘g glnggn% si de
of the sybstHakend 0a PIEPaAFethAiti Gikdoshitst A di.sl ayLayenment. (5) Wen

vol tage was applied to or released fromthe liquid crystal cell, an

abnor mal dorf¥mthesisotxamBéeved and the thus forned liquid crystal
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a reaction product. The reaction product was then washed
20 with methyl alcohol and dried at 40° C under reduced pressure
for 15 hours to obtain 46.23 g of a polyamic acid (to be
designated as "polyamic acid (17)") having a logarithmic
viscosity of 1.24 d4l/qg.
Synthesis Example 18
25 17.43 g (77.75 mmol} of 2,3,5-
tricarboxycyclopentylacetic dianhydride and 32.57 g {79.34
mmol) of 2,2-bis{4-(4-aminophenoxy)phenyl]propane were
dissolved in 450 g of N-methyl-2-pyrrolidone in.a 500 ml
separable flask to carry out a reaction at room temperature
30 for 6 hours. Thereafter, the reaction solution was poured
into an excessive amount of methyl alcchol to precipitate
a reaction product. The reaction product was then washed
with methyl alcohol and dried at 40° C under reduced pressure

for 15 hours to obtain 46.33 g of a polyamic acid (to be
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40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 24.60 g of pyridine and 25.40 g
of acetic anhydride were added and heated at 110°C for 4 hours
to carry ouf a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 37.24 g of polyimide (to be designated as "polyimide
(18)") having a logarithmic viscosity of 0.94 dl/g.
Synthesis Example 19

33.20 g (152.21 mmol) of pyromellitic dianhydride and
16.80 g (152.21 mmol) of paraphenylenediamine were dissolved
in 450 g of N-methyl-2-pyrrolidone in a 500 ml separable flask
to carry out a reaction at room temperature for 6 hours.
Thereafter, the reaction solution was poured into¢ an
excessive amount of methyl alcohol to precipitate a reaction
product. The reaction product was then washed with methyl
alcohol and dried at 40° C under reduced pressure for 15 hours
to obtain 47.26 g of a polyamic acid (to be designated as
“polyamic acid (19)") having a logarithmic viscosity of 1.46
dl/g.
Synthesis Example 20

13.25 g (60.76 mmol) of pyromellitic dianhydride, 11.92
g (60.76 mmol) of 1,2,3,4-cyclobutanetetracarboxylic
dianhydride and 24.83 g (124.00 mmol) of diaminodiphenyl
ether were dissolved in 450 g of N-methyl-2-pyrrolidone in
a 500 ml separable flask to carry out a reaction at room
temperature for 6 hours. Thereafter, the reaction solution
was poured into an excessive amount of methyl alcohol to
precipitate a reactibn product. The reaction product was
then washed with methyl alcohol and dried at 40°C under
reduced pressure for 15 hours to obtain 46.37 g of a polyamic

acid (to be designated as “polyamic acid (20)") having a

di splay el enents
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logarithmic viscosity of 1.36 dl/g.
Synthesis Example 21
13.32g (61.06 mmol) of pyromellitic dianhydride, 11.98
g (61.06 mmol) of 1,2,3,4-cyclobutanetetracarboxylic
5 dianhydride and 24.71 g (124.61 mmol) of
diaminodiphenylmethane were dissolved in 450 g of N-
methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
the reaction solution was poured into an excessive amount
10 of methyl alcohol to precipitate a reaction product. The
reactioﬁproductwasthenwashedwithnmthylalcoholanddried
at 40° C under reduced pressure for 15 hours to obtain 46.37
g of a polyamic acid (to be designated as "polyamic acid (21} ")
having a logarithmic viscosity of 1.35 dl/g.
15 Synthesis Example 22
37.01 g (117.74 mmol) of 1,3,3a,4,5,9b-hexahydro-5-
(tetrahydro—z,5-dioxo—3—furanyl)-naphtho[l,z-c]furan—
1,3-dione and 12.99 g (120.15 mmol) of paraphenylenediamine
were dissolved in 450 g of N-methyl-2-pyrrolidone in a 500
20 ml separable flask to carry out a reaction at room temperature
for 6 hours. Thereafter, the reaction solution was poured
into an excessive amount of methyl alcohol to precipitate
a reaction product. The reaction product was then washed
with methyl alcohol and dried at 40° C under reduced pressure
25 for 15 hours to obtain 45.77 g of a polyamic acid (to be
designated as “polyamic acid (22)}") having a logarithmic
viscosity of 1.31 dl/g.
Synthesis Example 23
30.42 g (96.78 mmol) of 1,3,3a.4,5,9b-hexahydro-~5-
30 (tetrahydro-2,5-dioxo-3-furanyl)-naphtho(l,2-c]furan-
1,3-dione and 19.58 g 7( 98.76 mmol) of diaminodiphenylmethane
were dissolved in 450 g of N-methyl-2-pyrrolidone in a 500
ml separable flask to carry out a reaction at room temperature

for 6 hours. Thereafter, the reaction solution was poured
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a reaction product. The reactlon product was then washed

with methyl alcohol and dried at 40° C under reduced pressure
for 15 hours to obtain 45.96 g of a polyamic acid (to be
designated as "polyamic acid (23)") having a logarithmic
viscosity of 1.30 di/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 24.40 g of pyridine and 55.12 g
of acetic anhydride were added and heated at 80°C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precmpltated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 36.62 g of polyimide (to be designated as "polyimide
(23)" having a logarithmic viscosity of 0.98 dl/g.
Synthesis Example 24

36.36 g (123.59 mmol) of 3,37,4,4"-
biphenyltetracarboxylic dianhydride and 13.64 g (126.11
mmol) of paraphenylenediamine were dissolved in 450 g of
N-methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
the reaction solution was poured into an excessive amount
of methyl alcchol to precipitate a reaction product. The
reaction product was then washed with methyl alcohol and dried
at 40° C under reduced pressure for 15 hours to obtain 45.16
g of a polyamic acid {to be designated as "polyamic acid (24)7)
having a logarithmic viscosity of 1.22 d4l/g.
Synthesis Example 25

28.81 g (64.85 mmol) of 4,4 -
(hexafluoroisopropylidene)diphthalic dianhydride and 21.19
g (66.17 mmol) of 2,2"-bis(trifluoromethyl)-4,4"-
diaminobiphenyl were dissolved in 450 g of N-methyl-2-
pyrrolidone in a 500 ml separable flask to carry out a reaction
at room temperature for 6 hours. Thereafter, the reaction

solutionwaspouredintoanexcessiveamountofnmthylalcohol
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to precipitate a reaction product. The reaction preoduct was
then washed with methyl alcohol and dried at 40°C under
reduced pressure for 15 hours to obtain 44.27 g of a polyamic
acid (to be designated as "polyamic acid (25)7) having a
logarithmic viscosity of 1.20 dl/g.
Synthesis Eiample 26

26.16 g (116.69 mmol) of 1,2,4,5-
cyclohexanetetracarboxylic dianhydride and 23.84 g (119.07
mmol) of diaminodiphenyl ether were dissolved in 450 g of
N-methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room témperature for 6 hours. Thereafter,
the reaction solution was poured into an excessive amount
of methyl alcohol to precipitate a reaction product. The
reaction product was then washed with methyl alcohol and dried
at 40°C under reduced pressure for 15 hours to obtain 44.18
g of a polyamic acid (to be designated as "polyamic acid (26) ")
having a logarithmic viscosity of 1.25 dl/g.
Synthesis Example 27

13.52 g (60.32 mmol) of 1.2,4,5-
cyclohexanetetracarboxylic dianhydride, 11.83 g (60.32
mmol]of1,2,3,4—cyclobutanetetracarboxylicdianhydrideand
24.65g (123.10mmol) of diaminodiphenyl ether were dissolved
in 450 g of N-methyl-2-pyrrolidone in a 500 ml separable flask
to carry out a reaction at room temperature for 6 hours.
Thereafter, the reaction solution was poured into an
excessive amount of methyl alcohol to precipitate a reaction
product. The reaction product was then washed with methyl
alcohol and dried at 40° C under reduced pressure for 15 hours
to obtain 44.49 g of a polyamic acid (to be designated as
"polyamic acid (27)}7) having a logarithmic viscosity of 1.26
da1/g. |
Synthesis Example 28

35.19 g (134.20 mmol) of 3,5,6-

tricarboxynorbornane-2-acetic dianhydride and 14.81 g

1.2 0CT 2004
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(136.94 mmol) of paraphenylenediamine were dissolved in 450
g of N-methyl-2-pyrrolidone in a 500 ml separable flask to
carry out a reaction at room temperature for 6 hours.
Thereafter, the reaction solution was poured into an
excessive amount of methyl alcohol to precipitate a reaction
product. The'reaction product was then washed with methyl
alcohol and dried at 40° C under reduced pressure for 15 hours
to obtain 45.72 g of a polyamic acid (to be designated as
"polyamic acid (28)") having a logarithmic viscosity of 1.26
dl/g.
Synthesis Example 29

18.07 g (57.50 mmol) of 1,3,3a,4,5,9b-hexahydro-8-
methyl-5-(tetrahydre-2,5-dioxo-3-furanyl)-naphtholl, 2-
c]furan-1,3-dione, 12.89 g (57.50 mmol) of 2,3,5-
tricarboxycyclopentylacetic dianhydride, 9.58 g (88.55
mmol) of paraphenylenediamine, 7.37 g (23.00 mmol) of
4,4'-diamino-2,2"'-bis{(trifluoromethyl)biphenyl, 1.48
g(2.30 mmol) of 3,6-bis(4-aminobenzoyloxy)cholestane and
0.37g (2.3 mmol) of p-~trifluoromethylaniline were dissolved
in 450 g of N-methyl-2-pyrrolidone in a 500 ml separable flask
to carry out a reaction at room temperature for 6 hours.
Thereafter, the reaction solution was poured into an
excessive amount of methyl alcohol to precipitate a reaction
product. The reaction product was then washed with methyl
alcohol and dried at 40° C under reduced pressure for 15 hours
to obtain 44 g of a polyamic acid (to be designated as
"polyamic acid (29)") having a logarithmic viscosity of 0.90
dl/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 29.11 g of pyridine and 37.57 g
of acetic anhydride wére added and heated at 110°C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried

in the same manner as the synthesis of the polyamic acid to

N W

wo (1)
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obtain 37.0 g of a polyimide (to be designated as “"polyimide
(29)" having a logarithmic viscosity of 0.91 dl/g.
Synthesis Example 30

20.81 g (92.83 mmol) of 3,5,6-tricarboxynorbornane-
2-acetic dianhydride, 5.0 g (46.4 mmol) of
paraphenylénediamina, 24.17 g (46.4 mmol) of
cholesteryl-3,5-diaminobenzoate (compound represented by
the above formula (19))}, and 0.91 g (9.28 mmol) of maleic
anhydride were dissolved in 205 g of N-methyl-2-pyrrolidone
in a 500 ml separable flask to carry out a reaction at room
temperature for 6 houré. Thereafter, the reaction solution
was poured into an excessive amount of methyl alcohel to
precipitate a reaction product. The reaction product was
then washed with methyl alcohol and dried at 40°C under
reduced pressure for 15 hours to obtain 43.73 g of a polyamic
acid (to be designated as "polyamic acid (30)") having a
logarithmic viscosity of 0.48 dl/g.
Comparative Synthesis Example 1

32.91 g (146.82 mmol) of 2,3,5-
tricarboxycyclopentylacetic dianhydride, 15.56 g (143.88
mmol) of paraphenylenediamine and 1.53 g (2.%4 mmol) of
cholesteryl-3,5-diaminobenzoate (compound represented by
the above formula (19}) were dissolwved in 450 g of N-
methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
the reaction solution was poured into an excessive amount
of methyl alcohol to precipitate a reaction product. The
reaction product was then washed with methyl alcohol and dried
at 40° C under reduced pressure for 15 hours to obtain 45.52
g of a polyamic acid (to be designated as "polyamic acid (A)")
having a logarithmic.viscosity of 1.21 4l/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 46.45 g of pyridine and 35.%97 ¢

of acetic anhydride were added and heated at 110°C for 4 hours

12 0CT 2004
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to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 36.5 g of polyimide {to be designated as "polyimide
(A)") having a logarithmic viscosity of 1.08 dl/g.
Comparativé Synthesis Example 2

35.87 g (114.12 mmol) of 1,3,3a.4,5,9%b-hexahydro-5-
(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l.2-c]furan-
1.3-dione, 11.72 g (108.41 mmol) of paraphenylenediamine and
2.41 g (5.71 mmol) of 4-(4'-
trifluoromethylbenzoyloxy)cyclohexyl-3,5-diaminobenzoate
(compound represented by the above formula (23)) were
dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 ml
separable flask to carry out a reaction at room temperature
for 6 hours. Thereafter, the reaction solution was poured
into an excessive amount of methyl alcohol to precipitate
a reaction product. The reaction product was then washed
with methyl alcohol and dried at 40°C under reduced pressure
for 15 hours to obtain 44.58 g of a polyamic acid {(to be
designated as “polyamic acid (B)") having a logarithmic
viscosity of 1.01 dl/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 28.88 g of pyridine and 65.24 g
of acetic anhydride were added and heated at 80° C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 36.19 g of polyimide (to be designated as "polyimide
(B)") having a logarithmic viscosity of 0.98 dl1/g.
Comparative Synthesis Example 3

33.19 g (105.59 mmol)} of 1,3,3a,4,5,9b-hexahydro-5-
(tetrahydro—z,5-dioxo—3-furanyl)-naphtho[l,z-c]furan—
1,3-dione, 1.25 g (5.56 mmol) of 2,3,5-
tricarboxycyclopentylacetic dianhydride, 10.58 g (97.81

-H E
CT 2004
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2,2 -bis(trifluoromethyl)-4,4'-diaminobiphenyl and 1.43 g
(2.22 mmol) of 3,6-bis(4-aminobenzoyloxy)cholestane
(compound represented by the above formula (12)) were
dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 ml
separable fiaSk to carry out a reaction at room temperature
for 6 hours. Thereafter, the reaction sclution was poured
into an excessive amount of methyl alcohol to precipitate
a reaction product. The reaction product was then washed
with methyl alcchol and dried at 40° C under reduced.pressure
for 15-hours to obtain 44.29 g of a polyamic acid (to be
designated as "polyamic acid (C)") having a logarithmic
viscosity of 0.91 dl/g.

40 g of the obtained polyamic acid was di¥ssolved in 360
g of N-methylpyrrolidone, 28.13 g of pyridine and 36.31 g
of acetic anhydride were added and heated at 80°C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 35.79 g of polyimide (to be designated as "polyimide
(C)") having a logarithmic viscosity of 0.89 dl/g.
Comparative Synthesis Example 4

34.63 g (132.06 mmol) of 3,5,6-
tricarboxynorbornane-2-acetic dianhydride, 14.00 g (129,42
mmol) of paraphenylenediamine and 1.38 g (2.64 mmol) of
cholesteryl-3,5-diaminobenzoate (compound represented by
the above formula (19)) were dissolved in 450 g of N-
methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
the reaction solution was poured into an excessive amount
of methyl alcohol to'precipitate a reaction product. The
reaction product was then washed withmethyl alcohol and dried
at 40° C under reduced pressure for 15 hours to obtain 45.23

g of a polyamic acid (to be designated as "polyamic acid (D} ")
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having a logarithmic viscosity of 0.95 dl/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 41.78 g of pyridine and 43.14 g
of acetic anhydride were added and heated at 110°C for 4 hours
to carry out a dehydration and ring closure reaction.
Thereafter,‘the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 35.86 g of polyimide (to be designated as "polyimide
(D))" having a logarithmic viscosity of 0.92 dl/g.
Comparative Synthesis Example 5

29.00 g (96.57 mmol) of l,3,3a,4,5,9b-hexah§dr6;5—
(tetrahydro-z,5~dioxo-3-furanyl}—naphtho[l,z—c]furan—
1,3-dione, 6.33 g {24.14 mmol) of 3,5,6-
tricarboxynorbornane-2-acetic dianhydride, 12.40 g (114.67
mmol) of paraphenylenediamine and 2.27 g (6.04 mmol) of
octadecanoxy-2,4-diaminobenzene were dissolved in 450 g of
N-methyl-2-pyrrolidone in a 500 ml separable flask to carry
out a reaction at room temperature for 6 hours. Thereafter,
the reaction solution was poured into an excessive amount
of methyl alcohol to precipitate a reaction product. The
reaction product was then washed with methyl alcohol and dried
at 40°C under reduced pressure for 15 hours to obtain 44.253
g of a polyamic acid {to be designated as "polyamic acid (E)™)
having a logarithmic viscosity of 0.91 dl/g.

40 g of the obtained polyamic acid was dissolved in 360
g of N-methylpyrrolidone, 15.28 g of pyridine and 19.72 g
of acetic anhydride were added and heated at 60°C for 3 hours
to carry out a dehydration and ring closure reaction.
Thereafter, the reaction product was precipitated and dried
in the same manner as the synthesis of the polyamic acid to
obtain 35.81 g of pol&imide (to be designated as "polyimide
(E)" having a logarithmic viscosity of 0.88 dl/qg.
Example 1

(1) preparation of liquid crystal aligning agent:
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Example 1 and the polyamic acid (16) (end-uncapped) obtained
in Synthesis Example 16 were dissolved in y-butyrolactone in
a weight ratio of 1:3 to prepare a solution having a solid
content of 4 wt% which was then filtered with a filter having
a pore diaméter'of 1 pm to prepare the light crystal aligning
agent oflthe present invention.

{2) preparation of liquid crystal display element:

(1) The liquid crystal aligning agent of the present
invention prepared as described above was applied to a
transparent conductive film which comprises an ITO f£ilm
formed on one side of a 1 mm thick glass substrate with a
spinner and dried at 180°C for 1 hour to form a coating £ilm
having a dry thickness of 600 A.

(2) The formed coating film was rubbed with a rubbing
machine having a roll wound with nylon cloth to form a liquid
crystal alignment film. The rubbing conditions include a
roll revolution speed of 500 rpm and a stage moving speed
of 1 cm/sec.

(3) Two substrates each having the above liquid crystal
alignment f£ilm formed thereon were prepared, an epoxy resin
adhesive containing aluminum oxide balls having a diameter
of 17 um was applied to the peripheral edge portion of each
of the substrates by screen printing, the two substrates were
opposed to each other with a space therebetween so that the
rubbing directions of the liguid crystal alignment films
thereof became parallel to each other in opposite directions,
the peripheral edge portions of the two substrates were
contacted and bonded together by pressure, and the adhesive
was cured.

(4) A nematic liquid crystal "MLC-5081" (of Merck Co.,
1td.) was injected and filled into a cell gap defined by the
surfaces of the substrates and the adhesive of the peripheral

edge portions and then an injection hole was sealed up by
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an epoxy-based adhnesive to prepare a liquid crystal cell.
Thereafter, a polarizing plate was Jjoined to the exterior
surfaces of the ligquid crystal ¢ell such that the polarization
direction matches the rubbing direction of the liquid crystal
alignment £ilm formed on one side of the substrate to prepare
a ligquid cfystal display element.

(5) Whe-n voltage was applied to or released from the liquid
crystal cell, an abnormal domain was not observed and the

thus formed liquid crystal display element was satisfactory

in terms of liquid crystal alignment properties. When the

pretilt angle was measured, it was 4.8°. The after image
erase time of the ligquid crystal display element was very
short at 0.72 second. When the pretilt angle was measured
by changing the rubbing conditions to a roll reveolution speed
of 200 to 800 rpm and a stage moving speed of 0.5 to 5 cm/sec.,
process condition stability was excellent with a variation
of 4.8+0.3° . When the alignment properties and reliability
test result of the obtained liquid crystal display element
were evaluated, the liquid crystal alignment properties were
satisfactory, and a white smear was not observed on the liquid
crystal display element after the reliability test. The
results are shown in Table 1.
Examples 2 to 91

Liquid crystal aligning agents were prepared in the
same manner as in Example 1 except that the polyimides and
polyamic acids obtained in Synthesis Examples 2 to 29 were
used in ratios shown in Tables 1 to 3 to fabricate liquid
crystal display elements. The liquid crystal alignment
properties, pretilt angles and the after image erase times
of the obtained liquid crystal display elements were measured
and a reliability teét was made on these ligquid crystal

display elements. The results are shown in Tables 1 to 3.
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alignment properties and reliability test result of the obtained liquid
crystal display elenent were evaluated, the liquid crystal alignneqt 2004
properties were satisfactory and a white smear was not observed on t%@
liquid crystal display 25 element after the reliability test. Conparative
Exanple | A liquid crystal aligning agenséwas prepared in the sane manner
as in Exanple 1 except that the polyimde (A obtained in Conparative
Synt hesi s BExgsgmhgeld 9@&as used in place of the 30 polyimde (1) to fabricate

a liquid crystal display element. The liquid crystal alignnent properti es,
pretilt anglelhrRreReFakippagé diqed & GRSl R FHBIE AL FF quid crystal

di spl ay el enent and:a relisahill t P06 t he
liquid crystal d?ﬁ%‘%&ﬁgﬁgégg .Q%ﬁg #§§E|?§b %é)sﬁgﬁﬂwﬁﬁa C[ﬁiaggﬁ 57 in
Table 4. Co ehéyes ERRappee 30t wa33 diiseuwildredy yist N -ned tiignl pgregbhdsneer e
prepared in the sane manner as in Exanple 1 except that the polyimdes 5
obt ai ned5i n RARARATY & SPHHSIR IBAERT & spldg sontieat Rl fawté “RigR and
pol yi m des obt ai i P, S| : S | t ,9S
Choun i 1 TabTeE AC0En { RbTL BERD LB e A ) B ek B pEn |
crystal ali gnpento prepeire €he IRt tiyanales! vying agentnafeher psesen@
times of the fabricated liquid crystal display elenents were neasured and
a reliabilitinyestigAs nade on these liquid crystal display el ements. The

o et e PR, P MR )
10 (1) A liquid crystal display element was fabricated in the
same rma.nner as in Example 1 except that the nematic liquid
crystal was changed to "MLC-2012" (of Merck Co., Ltd.). When
voltage was applied to and released from the liquid crystal
cell, an abnormal domain was not observed and the liquid
15 c¢rystal alignment properties of the fabricated liquid
crystal display element was therefore satisfactory. When
the pretilt angle was measured, it was 89.5°. It was thus
confirmed that the liquid crystals were aligned
homeotropically. The after image erase time of the liquid
20 crystal display element was short at 0.95 sec. When the
alignment properties and reliability test result of the
obtained liguid crystal display element were evaluated, the
liguid crystal alignment properties were satisfactory and
a white smear was not observed on the liquid crystal display
25 element after the reliability test.
Comparative Example 1
A liquid crystal aligning agent was prepared in the same
manner as in Example 1 except that the polyimide (A) obtained
in Comparative Synthesis Example 1 was used in place of the
30 polyimide (1) to fabricate a liquid crystal display element.
The liguid crystal aiignment properties, pretilt angle and
after image erase time of the fabricated liguid crystal
display element were measured and a reliability test was made

on the liquid crystal display element. The results are shown
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in Table 4.
Comparative Examples 2 to 33

Liquid crystal aligning agents were prepared in the
same manner as in Example 1 except that the polyimides
obtained in Comparative Synthesis Examples 2 to S5, the
polyamic acids and poelyimides obtained in Synthesis Examples
16 to 28 were used in ratios shown in Table 4 to fabricate
ligquid crystal display elements. The liquid crystal
alignment properties, pretilt angles and after image erase

times of the fabricated liquid crystal display elements were

' measured and a reliability test was made on these liquid

crystal display elements. The results are shown in Table 4.
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As descri bed above in detail, according 4® the present invention, there can
be provided a liquid crystal aligning agent which has excellent alignnent
characteristics ths desqub@dcaygval inldefraieht qeapetinedcatBespreséatt ory

d a5 hi tit t d dent dj t h
E et o ekodelshinddnoither S tan Bee At s HFeEg SBRtal P husntte, o
al i gnment f '&qadts Jr%éf?%é@eéﬁééﬂﬂbﬁ%da\ﬂi'gﬁhxedts et € P s £ OFHT PHAR

liquid crystal alignnent filmwth a short after image erase tinme and high
reliability Ifiguiad ck@;dtmhlai.nogtymrat piropd ayies emeat saThefacorg andshaal
alignment filmformed fromthe quid crystal alignin ent of the

pr esent 5nvé‘dtﬂl'bﬁréﬁﬁrltb%“%%ﬁé’rﬂtaG@BGQFl?n SERPR &HBIGH %59?‘3&91 ongFHch

crystal display; )&l S0k Se SYUhPTubLiNd EGHETtE6%S! Ghn U BbRY% 183 ALy STN

a liquid drystal alignment film is formed therefrom and which

is capable of forming a liquid crystal alignment film with
a short after image erase time and high reliability for a
10 ligquid crystal display_element.

The liquid crystal alignment £ilm formed  £rom the
liquid crystal aligning agent of the present invention can
be advantageously used to form various liquid crystal display
elements such as a TN liguid crystal display element, STN

15 liguid crystal display element and SH (Super Homeotropic)
liquid crystal display element. The liquid crystal display
element comprising the liquid crystal alignment film can be
used effectively as a display unit for various devices such
desk-top calculators, wristwatches, clocks, counter display

20 boards, word processors, persconal computers and liquid
crystal TV sets thanks to its excellent liquid crystal

alignment properties and reliability.



15 liquid crystal display elenent and SH (Super Honmeotropic) liquid
crystal display elenent. The liquid crystal display elenent conprising the
liquid crystal alignment filmcan be wused effectively as a display {undg] 2004
for various devices such desk-top calculators, wistwatches, clocks,
counter display 20 boards, word processors, personal conmputers and |iquid
crystal TV sets thanks to its excelle liquid crystal alignnent
properties and reliability. 1 2 OCT 2004 61 What is clained is: ~. Aliquid
crystal aligning agent conprising: (1) at |east one end-capped pol yner
selected fromthe group consisting of; (A) an end-capped pol yam c acid

whi ch  hadBat a5 SfdimedtiSicture and is obtained by reacting (a) a
tetracarboxylic dianhydride, (b) a diamne conpound and (c) at |east one

end- cappi ng. COMROUNG S Qﬁggg: r 1 r onsh.Sii f a dicarboxylic
anhydri de, nnnoaningyﬁﬁ%np un Jé%?ﬁ#ﬁ%ﬂ oé#aﬁgtgé%%%%%gﬁgf and (B)

end- capped i m diZedtpdegrtrenelEmal exbind geliyoreat ise) eantckd ifxpm cdtosi ng
sai d end-c i cid; d_(2 t | east., one_end-uncappe ol yner
sel ected ftom ié?ﬂ%ﬁ%ﬁé?%ﬁﬁgié?ﬂnégo%ngﬁfgﬁgsgngg BET S0y <§h§§%_

obt ai ned Hys renclngdid)c & tiRictasdr ey hisC oditanRvdr bde rand {ihg & 5 fi anm ne
conpound, and an end-uncapped i m di zed pol ymexs obtained by dé%ydﬁatlng
and ring c@ o<t HeReRer @Ryl 1 cdbpdy Apbleani 2) agi @laBin®heompguind caydt al

al i gning agent _of .claim1, wherein the end-capped polynmer is an end-capped
i m di zed pgf n%? &ﬁESHtﬁy%nﬁﬁﬁﬁﬁﬁﬁﬁﬂppSPWHﬁpggs%ﬁ1%§%ﬁ{méﬁﬁﬁe§‘ | yami ¢
acid. 3. Twobp qubdstesyshagl o i gnidngaagenylet cdiya2icdhemindantite:

end- capped inidiafdaggl mer i s obtained by using a _npnoam ne conpound as

the conporeMtP{E) A2 AMPRREPECEFYIEAI CBMBBIAS el?ifent BhaePRly @ RRfI d
crystal aHﬂHHE%Edf'%glgﬂéﬁé”engEQH%&hebb'q%é%ﬁﬁﬁ@%fﬂg aljgni ng ggent of

any one of clainms 1
closing said end-capped polyamic acid; and

(2) at least one end-uncapped polymer selected from the
group consisting of an end-uncapped polyamic acid obtained
by reacting (a) a tetracarboxylic dianhydride and (b} a
diamine compound, and an end-uncapped imidized polymers
obtained by dehydrating and ring closing the end-uncapped

polyamic acid.

2. The liquid crystal aligning agent of claim 1, wherein

the end-capped polymer is an end-capped imidized polymer and

the end-uncapped polymer is an end-uncapped polyamic acid.

3. The liquid crystal aligning agent of claim 2, wherein
the end-capped imidized polymer is obtained by using a

monoamine compound as the component (C).

4. A liquid crystal display element having a liguid
crystal alignment f£ilm obtained from the liquid crystal

aligning agent of any one of claims 1 to 3.



