MATERI AL FOR AN | NSULATI NG FI LM COATI NG VARNI SH FOR AN | NSULATI NGBl (LM
AND: % NSUPATI NG FI LM AND SEM CONDUCTOR DEVI CE USI NG THE FI LM OR THE VARNI SH

nvonti on relates toa material for an i nsu SINGUINMIIE. Coating varni sh

for an insulating filmand an insulating filmang.a. sem conductor using

. ! ! Ao . .
the material or the varnish. Mre particularly, the present invention
relates to a material for an insulating filmwhich exhibits excellent

el ectri cahATEHIE, FOR AR ENBUIRTTNGIPEINI EDATENG VAARNISE RORPWN
permttivity and 1s advantageously used for insulating interlayer filns

and surf alNSURATING/FILM AND INSETLADINGFIIM ANDSSEMICQNDWCEORy er
films of nmulti-layer circuits, cover coats of flexible copper clad

| ami nat es, sol der r BRGICEUSENGCHE BUiM QRyBHEI VARNJSHg filnms, a coating
varni sh for an insulating filmconprising this material, an insulating film
using the material or the varnish and a sem conductor using the nateri al

or the varnish. 2. Description of Related Art As_the materials for

sem conductors, inor ganBé%gg[éNp QE@@WW@H als are used in

various pqgrtigns in._accordance with the necessary properties. For exanple,
as the indul 1&@9‘)&11?@ VEFEPE i I m for

The present invention relates to a material for an insulating film, a
coating varnish for an insulating film and an insulating film and a
semiconductor using the material or the varnish. More particularly, the
present invention relates to a material for an insulating film which
exhibits excellent electrical, thermal and mechanical properties, can
achieve a low permittivity and is advantageously used for insulating
interlayer films and surface protective films in semiconductors, insulating
interlayer films of multi-layer circuits, cover coats of flexible copper clad
laminates, solder resist films and liquid crystal-aligning films, a coating
varnish for an insulating film comprising this material, an insulating film
using the material or the varnish and a semiconductor using the material
or the varnish.

2. Description of Related Art

As the materials for semiconductors, inorganic materials and
organic materials are used in various portions in accordance with the
necessary properties. For example, as the insulating interlayer film for
semiconductors, films of inorganic oxides such as silicon dioxide prepared
in accordance with the chemical vapor deposition process are used.
However, as the speed of semiconductors increases and the performance is

still more improved, a problem arises with the films of inorganic oxides in

1 AN
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sem conductors, filns of inorganic oxides such as silicon dioxide prepared

in atcordance with the chem cal vapor deposition process are used.
However, as the speed of sem conductors increases and the perfornmance is

still nore inproved, a problemarises with the filns of inorganic oxides i

1 that the permttivity is high. As a nmethod to overcone this problem
application of organic materials has been studied. The organic materials
applied to sem conductors are, for exanple, polyimde resins exhibiting

excel | ent {haAthé §eratitticity 380higheClAd aainedhed toeehabsmal this qRebldRs. The

pol yi m de resins ‘are used for solder resist filnms, cover lays and liquid

cryst al - ahpphidtort bf oFganiowemerialshasbeémetudiodyi m de resins have two
carbonyl groups on the imde ring, in general, problens are found with

respect to wat &heahrganid nmatesiats epplied ito alemipongwstorseare, Tor @xanmgee t hese

problens, inprovenent in the water absorption and the el ectrical

pr oper t i epolyamide ansinst exhpibitdng \excellenid hephgesiptansvei ard wlegirisaparhvi ng
fluorine into the_organi ¢ macronol ecul e and, sone of ttge i nproved resins
are pract meshapiosd REOPPHIGHentlk Pobrimideiegins are usad foBsjohderoxesish ti ng

nore excel | ent heat resistance,, water sorpti,.on and electrjcal ,properties
t han t hosgi@ﬁ’ £aveI, LA #Pégﬂﬂl-}’sq ﬁ%YS%%gﬁg'& ' g‘ﬂmsof V5o §P¥RzBzol e

bl ybenzoREDePeds zerfelayCies cah S Tadhhg SR A imig P By ot ¢ o

4, 4" - di am pasidnd o8k NYSUHROPIR" e0ecB Nt WARRNhBRDEiACERA electrical
properties. To overcome these problems, improvement in the water
absorption and the electrical properties has been attempted by introducing
fluorine or groups having fluorine into the organic macromolecule and
some of the improved resins are practically used. Polybenzoxazole resins
are the resins exhibiting more excellent heat resistance, water absorption
and electrical properties than those of the polyimide resins. Application
of the polybenzoxazole resins to various fields has also been attempted.
Examples of the polybenzoxazole resin include resins having the structure
derived from 4,4’-diamino-3,3-dihydroxybiphenyl and terephthalic acid
and resins having the structure derived from 2,2-bis(3-amino-4-
hydroxyphenyl)hexafluoropropane and terephthalic acid.

However, it is the actual present situation that, in the most
advanced field requiring more excellent properties such as more excellent
heat resistance, electrical properties and water absorption, no materials
satisfying the all requirements have been obtained yet. Some materials
exhibit insufficient electrical properties such as permittivity although the
heat resistance is excellent. The introduction of fluorine causes a

decrease in the heat resistance although the electrical properties can be



and resins having the structure derived from 2, 2- bi s(3-am no- 4-
hydroxyphenyl ) hexaf | uor opropane and terephthalic acid. However, it is the
actual present situation that, in the nost advanced field requiring nore
excel l ent properties such as nore excellent heat resistance, electrical
properties and water absorption, no materials satisfying the al

requi renments have been obtained yet. Sone nmaterials exhibit insufficient

el ectrical properties such as permttivity although the heat resistance is

excel | entjmJAfeldnt TAPHEticA0 wHenUsigate SAUeE8]s%re $9P1RAIS ihSulatf reat
resi stance al though the electrical properties can be 2 0 inproved. In

parti cul ainter¥agsr fil@afof semi@ndaictoral & iapphunddtthat tlsethaht pgsistamicey | ayer
films for sem conductors, it is required that the heat resistance, the
mechani cathepmogdramierd pruperties viatde thebzatert alosorptionsbeasetéxeellienasas t hose of
inorganic materials and, noreover, a_lower permttivity is_ required. In
response thosehef rimpugawvice maatetisds f apd,hanoneapey antawer inerayittivity opferti es,
decreasing densjty of filns of inorganic oxides, which are inorganic

mat eri al sl,'eqwrﬁfdarrri ng fine pores inthe filns is studied in order to

achi eve a decrease in the zﬁecific er Stteivtjt . The air has a specific
permttivity of TeSHeRSeetQLRE TeABIg §s8T i THIHGE IORIOVEMENSR 1R Y18 vity by

G RENER AT R AR TR L N
inorganic materials, by forming fine pores in the films is studied in order to
achieve a decrease in the specific permittivity. The air has a specific
permittivity of 1. Therefore, the decrease in the specific permittivity by
introduction of the air in the film may be suggested by the method
described in the specification of the United States Patent No. 3,883,452 in
which a foamed polymer having pores having an average diameter of about
20 pm is formed. However, to prepare an effective insulating material by
introducing the air into a film, it is necessary that a uniform distribution of
the specific permittivity be achieved in a film having a thickness of an
order of submicrometer. It is also necessary that the film have sufficient
mechanical properties for enduring various steps in the production process.
It is the actual present situation that no inorganic materials overcoming
the above problems have been obtained yet.

On the other hand, as the technology for obtaining fine pores having
a size of an order of submicrometer in organic materials, a technology in
which a resin having fine pores having a size of an order of submicrometer
is formed by a heat treatment of a block copolymer is disclosed (United
States Patent No. 5,776,990). The phase separation of a size of an order

of submicrometer in block copolymers has been known [T. Hashimoto, M.



whi ch a foaned pol yner having pores having an average di aneter of about 20
mis® forred. However, to prepare an effective insulating material by
introducing the air into a film it is necessary that a uniform

di stribution of the specific permttivity be achieved in a filmhaving a

t hi ckness of an order of submicroneter. It is also necessary that the film
have sufficient mechanical properties for enduring various steps in the
production process. It is the actual present situation that no inorganic

mat eri al s SRYRYERRAN. Fijemabe \wedoHO 0%, Milerdpdase Gepakaien Yeld tk& t he
ot her hand, as the technology for obtaining fine pores having a size of an

order of Pabrher-poBingsr Interpbasé dnnBloeki Rolymerst emhfiBlookyCopolywiireh a resin
havi ng fi ne pores having a size of an order of subm croneter is forned by
a heat tr Saiemeatandlf Teclimialegy’c ped, idkrbyi B. di Meies CAicagddmicdliub.S1888)Y. Pat ent
No. 5,776,990). The phase separation of a size of an order of
subni cr ont & alse wledcknewpoiny e idhd of Hhenmagrmolerul asachemistyy, that 3
Shi bayama, M Fujinura and_H Kawai, "M crophase Separatign and the
Pol yner - pBPY#aers| hayingade loW B@l\é\gg peMpeEaLure; gre peasi maased. Sci ence
and Techno] ogy", p.63,,  Ed. by D. J. Mi.er (Academc Pub., 19 ] It is
al so wel | ﬁﬂ’f@%\/‘ﬁ?ri FOt H@taflpePd}!"cﬁ‘mt ﬁ%mprﬁ‘?}ﬁBHD VHREn e, STt r‘(fﬁﬁ%\athe pol yrer s
having a |low.ceiling tenperatureare easily dec sed.. _However ., to obtain
a resin cHABUEFTEBH HiH KBV i iE Pt PRI LerREIREY Aot AR SOFothSni y 1 or
t he specifjc EqtEl v f NEC ' tles.qthe
el ct 11 oaPiP BB rgbbidles the YRl plotferdR IR W ER: Mflibh thd
the heat resistance are satisfied, the combination of the resin, the
technology of forming blocks and the components decomposable under
heating is extremely limited. It is the actual present situation that no

technology satisfying the entire requirements can be found.

SUMMARY OF THE INVENTION

The present invention has an object of providing a material for an
insulating film exhibiting excellent electrical properties, thermal
properties and mechanical properties and can achieve a low permittivity, a
coating varnish for an insulating film containing the material, an
insulating ﬁim using the material or the varnish and a semiconductor
device having the insulating film.

As the result of extensive studies by the present inventors to achieve
the above object, it was found that the above object can be achieved by
using a copolymer obtained by reacting a polyamide having a specific
structure with a reactive oligomer as a component forming the film in the
material for an insulating film. The present invention has been

completed based on the knowledge.



t he heat resistance are satisfied, the conbination of the resin, the
techhol ogy of form ng bl ocks and the conponents deconposabl e under heating
is extrenely limted. It is the actual present situation that no

technol ogy satisfying the entire requirenments can be found. SUMVARY OF THE
| NVENTI ON The present invention has an object of providing a material for
an insulating filmexhibiting excellent electrical properties, thermal
properties and nmechani cal properties and can achieve a low permttivity, a

coating varni S%ﬁ&Pﬁ%@Ph%rﬁﬁdmng‘}éJ}é%Cont aining the material, an

insulating filmus erl he varni sh and a sem conduct or

devi ce haying A Reateial!fet ia’iﬂiﬂétx'l&'ﬂinﬁ%ﬁﬂ‘%vl{i@ﬁ%hﬂ?ﬂse,%xhg%ic?!ﬁg%gh'ﬂ%es by
h e ound 't

the present” inventors to achieve t above object, It was at the
above obj €5fme@d Hiee afiltheVvad chyolyHforN ®bdaisedohyereaehiihgi BREhdlyamédst i ng a
pol yam de having a specific structure with a reactive oligoner as a
conponent represemged ey ffollowing ighreratafoemivih [ldrwith ansadctivengligdther The
present invention has been conpleted based on the know edge. 4 The present
i nvent i on having desubstitiient mitieh cah réact withi caghoxgtligrgup, amindgodupconpri ses,
as a conponent formng the film a copolyner obtained by reacting a

pol yam de hydspreksguenpdngg strycturgi of ¢hg @ebramideyr mul a [1] with a reactive

ol i gonmer having a substituent which can react with carboxyl group, am no

group or
H H O (o) H H
Lol l R .
e N A ™
R10” “OR? m \RIO”"ORA n

wherein Rl to R4 each indépendently represent hydrogen atom or a
monovalent organic group, X represents a tetravalent group selected from
groups represented by following formulae (A), two groups represented by X
may be the same with or different from each other, Y represents at least
one divalent group selected from groups represented by following formulae
(B), (C), (D) and (E), Z represents a divalent group selected from groups
represented by following formulae (F), m and n each represent an integer
satisfying relations of m>0, n=0, 2Sm+n=1,000 and 0.05=m/(m+n)=<1
and arrangement of repeating units may be a block arrangement or a

random arrangement;



hydroxyl group in a structure of the polyamde; NNCv-C ( )4-z4-) .... (1)

' XOR4 Ri®"OORz m R30 wherein Rl to R4 each independently represent hydrogen
atomor a nonoval ent organic group, X represents a tetraval ent group
selected from groups represented by follow ng fornulae (A), two groups
represented by X nmay be the sane with or different fromeach other, Y
represents at |east one divalent group selected from groups represented by
following formulae (B), (C, (D and (E), Z represents a dival ent group
sel ected from gsQuRme (agpresented by follow ng fornulae (F), mand n each
represent an integer satisfying relations of mrO n?0, 25mtn51, 000 and

0. 055m (mtn) 51 and arrangenent of repeating units may be a bl ock
arrangenent or a random arrangenent; 5 10 kO Fornulae (A) 6 Formulae (B)-1
dl ¢ $cH Hf ICH. HC



NCH. CH. HCHC NCHNCH. "CH"CH 7 Formulae (B)-2 8 Formulae (C)-1 9
Fornfulae (C)-2 WW CCC ~RR~RRRRCIC "R 10 Fornmulae (D) Fornula (E)
Formul ae (F) 11

Formulae (B)-1
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wherein X1 in fornulae (A) and (F) represents a divalent group sel ected
from grotfps represented by following fornulae (G: Fornmula (G -S02-, CF3
CH3 -0- -G -G %~ ~ CF3 %CH3 %12 Rin fornulae (C) represents an

al kyl group or a nonoval ent group selected from groups represented by
formulae (H): Fornulae (H) and hydrogen atons on a benzene ring in groups
represented by Formulae (A, (B, (O, (D, (B, (F) and (G my be
substituted with at | east one atomor group selected from al kyl groups
having 1 to 4 Cﬁrbm]ﬂ%tﬁ] fluorine atom and trifluoronethyl group; (2) A
material for an' PTHRHUERt 'ngilmdescribed in (1), wherein the polyamde is
represented by general forrmula [1] in which Y represents a divalent group
selected fromthe groups represented by fornulae (B); (3) A nmaterial for an
insulating filmdescribed in (1), wherein the polyamde is represented by
general formula [1] in which Y represents a

C
%cH . %cH .
oeCH
o7
c CH



di val ent group selected fromthe groups represented by fornulae (C; (4) A
matetial for an insulating filmdescribed in (1), wherein the polyamde is
represented by general formula [1] in which Y represents a dival ent group
selected fromthe groups represented by fornulae (D); (5) A material for an
insulating filmdescribed in (1), wherein the 13 polyam de is represented
by general forrmula [1] in which Y represents a divalent group sel ected
fromthe groups represented by fornula (E); (6) A material for an

i nsul ati ng filgﬁgp%®gpggg in (1), wherein the reactive oligomer is at

| east one olig fron1po|yoxya|ky|enes, pol yret hyl

nmet hacryl ate, poly-a-nethyl styrene, polystyrene, polyesters, polyether
esters, polycaprolactone and pol yurethanes; (7) A naterial for an

insulating filmdescribed jn (1), erein the reagtive i gomer has a
nunber - aver age nol ecul a |ght in e of 100 00; (8) A
material for an insul at f|In1de in (7), the reactive
ol i gonmer has a nunber-avergge nol ecul ar ight in a rangeCof 100 to

20,000; (9) A material for %n insulating ﬂmln1descr|bed |Rt(8) wherein the
reactive oligomer has a nunkef-average nol'Rcul ar wei ght |nRa\range of 100
to 10,000; (10) A material for an insulating filmdescribed in (1),

wherein the copolynmer conprises 5 to 70% by weight of a unit of the

reactive oligoner; E j E: :j
C

& C“c & c'c ,c"C C‘“c
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(11) A material for an insulating filmdescribed in (10), wherein the
copol ynmer* conprises 5 to 50% by weight of a unit of the reactive oligoner;
(12) A material for an insulating filmdescribed in (11), wherein the
copol ymer conprises 5 to 40% by weight of a unit of the reactive oligoner;
(13) A coating varnish for an insulating filmwhich conprises a materi al
for an insulating filmdescribed in (1) and an organic solvent in which the
material for an insulating filmcan be dissolved or dispersed; (14) An

i nsul ating fiIg} ‘éhﬁgﬁgarlses a layer of a resin conprising a

pol ybenzoxazol structure and has fine pores, wherein the 14

pol ybenzoxazol e is obtained by treating a material for an insulating film
described in (1) or a coating varnish for an insulating filmdescribed in
(13) by heating so that condensation reaction and crosslinking reaction
take place; (15) An insulating filmdescribed in (14), wherein the fine
pores in the insulating filmhave dianmeters of 1 [imor smaller; (16) An
insulating filmdescribed in (15), whereip the fine pore

i nsulating film hav aneters o g
filmdescribed in ( wher ein g filmhave
di aneters of 100 nm smal | er; M ng film g din (17),
wherein the fine pores nthe cl(l:]su'atlngfllmf'?\ave dia{:rg(ers of€.20 nm or
smaller; (19) An insul at ng flb accG&dlng to O & m 14, Fwherein ghe

i nsul ati ng . R, R N

., 3,
- S
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films has a fraction of pores of 5 to 70% (20) An insulating film
desctibed in (19), wherein the insulating filns has a fraction of pores of
5to 50% (21) An insulating filmdescribed in (20), wherein the insulating
filmse has a fraction of pores of 5 to 40% (22) An insulating film
described in (14), which is used as an insulating interlayer filmfor
multi-layer wiring in sem conductors; (23) An insulating filmdescribed in
(14), which is used as a surface protective filmof sem conductors; and
(24) A senicoan%hﬂﬂag?p?ce whi ch conprises at | east one of an insulating
interlayer filmTor nmul'ti-layer wiring conprising an insulating filmwhich
is described in (22) and a surface protective filmconprising an insulating
filmwhich is described in (23)\. 15 CRI PTI ONAOF THE PREFERRED

EMBODI MENTS The material for a ing fil | present invention
conpri ses a copol yner obtai ned ing a ppFaneg€ and a reactive

ol igoner as the conponent formng the film At' | east one skel eton

structure which can be crosslinked by heating is selected fromthe ethynyl
skel et on st r uctRorequlaE) phenyl et hynyl skel eton structure, the al kyl et hynyl
skel eton structures, the biphenyl ene skeleton structure and the inner

acetyl ene skeleton structure and is introduced into the main chain of the

pol yam de unit in the copolynerifﬁjyhctégafﬁﬁﬂe group in the main
=

Formulae (F)

o 03, 20

oo, 0. SR8

\ @4‘_‘@\ ¢
o U

3. 00,00, 4
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chain is converted into a pol ybenzoxazol e structure by ring closure and, at
the sane time, the structure of the resin is converted into a three-

di mensi onal structure by the crosslinking reaction of the skel eton
structure selected fromthe ethynyl skeleton structure, the phenyl et hynyl
skel eton structure, the al kyl ethynyl skeleton structures, the bi phenyl ene
skel eton structure and the inner acetyl ene skeleton structure. Thus, a
resin having excell ent heat resi stance can be provided. The unit of t he

Geconposi PHheTT SLA IorFbnS (i REP EDCfhiaPered ™ REARE Bedlly OBcted |

are forne hglal he pol ybenzoxazol e as the
mai n strugrt L?Fgw'rft%g H{{Pegéer%ﬁ%ﬁt @lﬂltoa'lﬁg?ﬁecreaage A porous insulating film

whi ch exhi bi t s gaq ﬁﬁlgégexcellent heat resi stance and excellent electrical
properties is obtalne The essential portion of the present invention can
be summari zed as descri bed above. The pol yam de which constitutes the

pol yam de unit in the copolyner in the material for an insulating film of
the present invention 16 has a structure represented by general formula [1]
descri bed above. The polyanide can be obtained frontat | east one

bi sam nophenol conpound g a tet t gro efgct ed fromthe
groups represented by 9@?6 (A a east rboxyl ic acid
having a group sel ected t he diva en groups £&pré&sented by fornul ae

(B), (©, (D and (E) in accordance with a conventional process such as
the acid chloride process,

S <

CI3F3 ?Hs
et
CFs . CHs

L0 )
/o (> O O @ o\

e

/00\
O O
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the activated ester process and the condensation reaction in the presence
of ah ageht for condensation with elimnation of water such as

pol yphosphoric acid and di cycl ohexyl carbodiim de. A conbination of the
above di carboxylic acid and a dicarboxylic acid having a dival ent group
selected fromthe groups represented by fornmulae (F) may be used as the
di carboxylic acid. A highly heat resistant resin can al so be obtai ned by
form ng an interpenetrating network froma conbi nati on of a pol yam de

conpri si e ne skel ton rUCt ur e nyl
structur lvﬁ@mﬁﬁ&@éﬁﬂmlﬂ %?’rll?@f’(} °“P§é§‘ *Eﬁﬁ&iﬁﬁM %B@q%}g tgries t he
biphenyle structure acetylene structure and a

convent i ofrr‘:'gﬂn (ﬂ JﬁPH%S%aﬁg?(lilBg fbf(}bggﬂﬂ k| ng groups, i.e., wthout the
crosslinking gﬁﬁhl erhg_y) A pol yam de whi ch does not have the ethynyl

skel et on st ruc ure, % phenyl et hynyl skel eton structure, the al kyl et hynyl
skel eton structures, the biphenyl ene skeleton structure or the internal

acetyl ene skel eton structurge can be obt ai ned from at | east one

bi sam nophenol conpound g atge va o Py S ™ ect ed fromthe
e (A) " ast car boxylic acid
Cted fr -roups ep esented by fornul ae

groups represented by for
having a dival ent group

(F) in accordance with 17 the same process as that descr bed above.
Exanpl es of the bisam noph 0 ound&

ét“
~)
J
N

hydrogen atoms on a benzene ring in groups represented by Formulae (A),

and

B), (C), D), (E), (F) and (G) may be substituted with at least one atom or
group selected from alkyl groups having 1 to 4 carbon atom, fluorine atom
and trifluoromethyl group;

(2) A material for an insulating film described in (1), wherein the
polyamide is represented by general formula [1] in which Y represents a
divalent group selected from the groups represented by formulae (B);

(3) A material for an insulating film described in (1), wherein the
polyamide is represented by general formula [1] in which Y represents a
divalent group selected from the groups represented by formulae (C);

(4) A material for an insulating film described in (1), wherein the
polyamide is represented by general formula [1] in which Y represents a
divalent group selected from the groups represented by formulae (D);

(6) A material for an insulating film described in (1), wherein the

13



group selected fromthe groups represented by fornulae (A) include 2, 4-
di am nor esorci nol, 4,6-di am noresoreinol, 2,2-bis(3-am no-4-hydroxy-
phenyl ) hexaf | uor opr opane, 2, 2-bi s(4-am no- 3- hydroxyphenyl ) hexaf | uor o-
propane, 2, 2-bi s(3-am no-4-hydroxyphenyl) propane, 2, 2-bi s(4-am no- 3-
hydr oxyphenyl ) pr opane, 3, 3'-di am no-4, 4' -di hydr oxydi phenyl sul fone, 4,4"-
di am no- 3, 3' - di hydr oxydi phenyl sul fone, 3, 3'-di am no-4, 4'-di hydr oxy-

bi phenyl, 4, 4'-di am no-3, 3' -di hydr oxybi phenyl, 9, 9-bi s(4-((4-am no- 3-
hydr oxy) p ] ol i RRi 5
phenoxy) pﬂgﬁyi H@B@pﬁé&%&%&gg@ sg?ﬁaaa%fﬁlélﬁg%lgg??xwg)ﬁfe%%@Fﬁ%ﬁtgn%, 9, 9-
bi s((3- amgppslénh ¥olebrd\iroh! therfps Pepresdhtud by foknfuladii)y dr oxy-

di phenyl mgt kalzér, g?(z}'qj-(di am no-3, 3" - dgllﬁygroxl%i phenylF]Pet her, ctlgj)g bi s(3-
am no- 4- hy@y oAymatdria¥ fou @ncimetulutinghdepeibedin (1), @hbreipdhentenctide

hydr oxy-2-trifl uoromet hyl phenyl ) propane, 2, 2-bi s(3-am no-4- hydr oxy- 5-
trifl uor owltigbyerhdayla} plegpdnene? okigoimsir4 -sabdched 3ftoyar palyokyalkylénes; o-
met hyl phenyl ) propane, 2, 2-bi s(3-am no-4-hydroxy-6-trifluoronethyl -

phenyl ) pr @obnmeetlylomethicrylatien @oky-mymetlxglstrene pabystyneniy Insheaspens,
propane, 2, 2-bis(3-am no-4-hydroxy-2-trif|uoronmethyl phenyl)hexa-

f 1 uor opr opaheether gsters, prlyeantelastonaipnd polyurethangs onet hyl phenyl ) -

hexaf | , 2,2z bi s(.3-am no-4-h -5:trjfl hyl ph 1) -
et | Uor B ofamatersablog gy nsalRtHoE Simyirerbedis Ff PHSFORIReBRAR | )
hexaf | 2, 2-bi s( 3- am no- 4- hyd -6z trifl t hyl 1) -
escat | Uor QOB Echas s mnihr-&YRrage Fmalfanily waiett 1m doranes b BRERY ) -
hexaf | uor%%t(%&}ne, 3,3 -diam no-4, 4" -di hydroxy-2, 2" -bis(trifluoromethyl)-

(8) A material for an insulating film described in (7), wherein the reactive
oligomer has a number-average molecular weight in a range of 100 to
20,000;

(9) A material for an insulating film described in (8), wherein the reactive
oligomer has a number-average molecular weight in a range of 100 to
10,000;

(10) A material for an insulating film described in (1), wherein the
copolymer comprises 5 to 70% by weight of a unit of the reactive oligomer;
(11) A material for an insulating film described in (10), wherein the
copolymer comprises 5 to 50% by weight of a unit of the reactive oligomer;
(12) A material for an insulating film described in (11), wherein the
copolymer comprises 5 to 40% by weight of a unit of the reactive oligomer;
(13) A coating varnish for an insulating film which comprises a material
for an insulating film described in (1) and an organic solvent in which the
material for an insulating film can be dissolved or dispersed;

(14) An insulating film which comprises a layer of a resin comprising a

polybenzoxazole as a main structure and has fine pores, wherein the
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bi phenyl ,

4,4' -di am no- 3, 3' -di hydroxy-2,2'-bis(trifluoronethyl)bi phenyl,

3, 3“-di ahi no- 4, 4' -di hydroxy-5,5' -bi s(trifluoronethyl)biphenyl, 4,4'-

di am no-3
4, 4' -di hy

di hydr oxy-

hydr oxy) p
hydr oxy) p
phenyl ) ph
fl uorene,
or nore.
structure
fornmul ae
et hynyl ph

, 3" -di hydroxy-5,5"-bis(trifluoronethyl)bi phenyl, 3,3'-diam no-

droxy-6, 6' -bi s(trifluoronethyl)bi phenyl, 4, 4" -di am no- 3, 3' -
6,6' -bi s(trifluoronethyl)biphenyl,9, 9-bis(4-((4-am no- 3-
henoxy) - 3- phenyl phenyl ) f | uor ene, 9, 9- bi s(4- ((3-am no- 4-

henoxy) - 3- phenyl phenyl ) f | uorene, 9, 9-bi s((2-am no- 3- hydroxy 4-

ﬁqgg'blahg RNE is 8b9a19é§ Weﬂ@&%@&y n?»aemam%flaahﬁﬁmam
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ove conpounds nay be uséd singiy or in conbin ?IOH of two

E3HTBIrO(1) b @ HatBidparrlisle f(ﬁﬂdrﬂlm\mﬂiﬁ%‘ﬁmﬁ dddayibull ikeBpt on

e groups represented by

having a dival ent group selected fromt

bﬁ)heamig: Roi that sfdensitien peasiod andvervssiinkingneddutipndtake
t

alic acid, 4-ethynylphthalic acid, 2-ethynylisophthalic acid, 4-
et hynyl i spitehal i ¢ acid, 5-ethynylisophthalic acid, 2-ethynylterephthalic

acid, 3- ethynylterephthallc acid, 5- ethyhélterephthallc aci d,

2- et hynyl (15)5- Anaphulvetlméilm desarihedl irc (ki whezeirethe fiyle- paressin thepht hal ene
di carboxylic acid,  4-e yl - 1, 5- napht hal ene- di car boxyl i ¢ aci d,

1- et hyny] 1rzsléaﬁagrﬁ nahéﬁ@dlene@rrsehlmre oxsmpller;

3- ethynyl aphth enedj.car,boxylic. a

> 6 napht G erA IBa B B, Aaserinad: iy FLAY. 7 TRAD heh GreneeresAn 48 | o
acid, 3-e

napht hal e

h@@%&%ﬁ%ﬁgﬁ Q@%@Q&%‘ é?ﬁ@ﬂﬂl If?@%':f’g tﬁa?ggggiyl:arlngyl ic acid,

(17) An insulating film described in (16), wherein the fine pores in the
insulating film have diameters of 100 nm or smaller;

(18) An insulating film described in (17), wherein the fine pores in the
insulating film have diameters of 20 nm or smaller;

(19) An insulating film according to Claim 14, wherein the insulating
films has a fraction of pores of 5 to 70%;

(20) An insulating film described in (19), wherein the insulating films has
a fraction of pores of 5 to 50%;

(21) An insulating film described in (20), wherein the insulating films has
a fraction of pores of 5 to 40%;

(22) An insulating film described in (14), which is used as an insulating
interlayer film for multi-layer wiring in semiconductors;

(23) An insulating film described in (14), which is used as a surface
protective film of semiconductors; and

(24) A semiconductor device which coniprises at least one of an insulating
interlayer film for multi-layer wiring comprising an insulating film which
is described in (22) and a surface protective film comprising an insulating

film which is described in (23).
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7- et hynyl -1, 6- napht hal ene-di carboxylic acid, 8-ethynyl-1, 6-naphthal ene-
di carboxylic acid, 3,3'-diethynyl-2,2'-biphenyldicarboxylic acid, 4,4'-
di et hynyl - 2, 2' - bi phenyl -di carboxylic acid, 5,5 -diethynyl-2,2"-biphenyl -
di carboxylic acid, 6,6 -diethynyl-2,2"-Dbiphenyldicarboxylic acid, 2,2'-
di et hynyl - 3, 3' - bi phenyl - di carboxylic acid, 4,4'-diethynyl-3, 3" -biphenyl 19
di carboxylic acid, 5,5 -diethynyl-3,3"-biphenyldicarboxylic acid, 6,6"-
di et hynyl - 3, 3'-bi phenyl -di carboxylic acid, 2,2'-diethynyl-4,4"-biphenyl -
di carboxylic acid, 3,3 -diethynyl-4,4"-Dbiphenyldicarboxylic acid,

2, 2- bi s(2- carboxy- 3-et hynyl phenyl ) propane, 2,

2- bi s(2- car boxy-BESCRIPTIONQF ITHRRREFERRED EMBODIMENTS

2, 2- bi s(2-carboxy-5-et hynyl phenyl ) propane, 2, 2-bi s(2-carboxy- 6-

et hynyl - phenyl Mheomaateriad, forbis( Insaldiing -fZnet of) rthk p peesen) p iwpaitéon 2, 2-

bi s(3- car boxy- 4- et hynyl phenyl ) propane, 2, 2-bi s(3-carboxy-5-ethynyl -
phenyl ) pr opapejse8, £ copalyhreraokitaiysd byt tepntinghe pplygmideannd £ reattivd 4-

car boxy- 2- et hynyl phenyl ) propane, 2, 2-bi s(4-carboxy- 3-et hynyl phenyl ) -
propane, Bligoisiez( as cthebesmpponenhfayming i) fdwaf | Hbrlepstopage skeleporyi s( 3-

car boxy- 5- et hynyl phenyl ) hexaf | ugr Qpr.Qpane, .2, 2- bi. s(4-carboxy- 2-
et hynyl phémc¥mwhnqlb¢% 8sapRsll ,eéﬂwfgfa@e&ﬂw&cf@def?wﬁnem -

T oSS YA SR AR SR ERET PR
o Y R Rion USRS, S TRASnhad SR HALARL AR e
et hynyl phangydhs SREERA kerREk and (€ 15GBIRKPIABARY 3P RhAA bf tRET d. 2-
polyamide unit in the copolymer. Then, the amide group in the main
chain is converted into a polybenzoxazole structure by ring closure and, at
the same time, the structure of the resin is converted into a three-
dimensional structure by the crosslinking reaction of the skeleton
structure selected from the ethynyl skeleton structure, the phenylethynyl
skeleton structure, the alkylethynyl skeleton structures, the biphenylene
skeleton structure and the inner acetylene skeleton structure. Thus, a
resin having excellent heat resistance can be provided. The unit of the
oligomer in the copolymer is decomposed and the products of the
decomposition are vaporized in the step of heating the resin. Fine pores
are formed in the film of the resin comprising the polybenzoxazole as the
main structure and the permittivity is decreased. A porous insulating
film which exhibits both of excellent heat resistance and excellent
electrical properties is obtained. The essential portion of the present
invention can be summarized as described above.
The polyamide which constitutes the polyamide wunit in the

copolymer in the material for an insulating film of the present invention
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(1- et hynyl phenoxy)terephthalic acid, 2-(2-ethynyl phenoxy)terephthalic

aci d, 2-('3-ethynyl phenoxy)terephthalic acid, 5-(1-ethynylphenyl)-

i sophthalic acid, 5-(2-ethynylphenyl)isophthalic acid, 5-(3-ethynylphenyl)-
i sophthalic acid, 2-(1-ethynyl phenyl)terephthalic acid, 2-(2-

et hynyl phenyl )terephthalic acid and 2-(3-ethynyl phenyl)terephthalic acid.
However the dicarboxylic acid is not limted to the conpounds described as
t he exanpl es. The above conpound may be used singly or in conbination of

tWo or Mgy ol BEuRReCrep? g@éﬁte& etfal i@ lan (}%Qéﬁ@éd QBovd.t hTpd Wo or

nor e bi sam nophenol corrpounds anpl es of t e di carboxylic acid having

a dival enbowaaﬁmeseéleqieedbtaﬁﬁ@dnffdm & Taps onepbizaeiinephénolf @mpb@ed (O .
which is used in the present invention, include 3-phenyl ethynyl phthalic

acid, 4-pheryhetdyseytapialéad |groupcseiectédpﬁemylﬂtehgm@ps;crpbtdmlmt@dabyd
4- phenyl et hynylis jght halic acid, 5- phenylethynylisophthalic acid,

2- phenyl e1fcb1ynylatee( yhntati eastione émamwnceamsinlmmgeqammw iselexted,
2- phenyl et hynyI 5- napht hal ene- di carboxylic acid )

3- phenyl etfmm;ﬁ 1d15a1¢amgmapérx@nr@antﬁskpﬁefomnbae @), (C), (D) and (E) in

phenyl et hynyl - 1, 5- ngpht hal enedj car boxyl i c a | et hynyl - 2, 6-
napht hal eﬁécqrd@a%d%{/ % Coryentional m%sgtw S@%aﬁgpthlﬂ%} ggocess,

gazg;iz;x%zlacﬁ'vgwilﬁ e R IR RS
napht hal en |02{3r€§)? |fc acﬂ’%?ﬁ‘?ﬁﬁf’enec}% %giﬂméugn M}%Fn&ch' gar boxy I C

acid, 5-pR I"carpboxyhc¢ aci
polyphosphoric acid and dicyclohexylcarbodiimide. A combination of the

above dicarboxylic acid and a dicarboxylic acid having a divalent group
selected from the groups represented by formulae (F) may be used as the
dicarboxylic acid.

A highly heat resistant resin can also be obtained by forming an
interpenetrating network from a combination of a polyamide comprising at
least one skeleton structure selected from the ethynyl structure, the
phenylethynyl structure, the alkylethynyl structures, the biphenylene
structure and the internal acetylene structure and a conventional
polyamide without crosslinking groups, i.e., without the crosslinking
reactivity.

A polyamide which does not have the ethynyl skeleton structure, the
phenylethynyl skeleton structure, the alkylethynyl skeleton structures,
the biphenylene skeleton structure or the internal acetylene skeleton
structure can be obtained from at least one bisaminophenol compound
having a tetravalent group selected from the groups represented by
formulae (A) and at least one dicarboxylic acid having a divalent group

selected from the groups represented by formulae (F) in accordance with
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phenyl et hynyl - 1, 6- napht hal enedi car boxyl i ¢ aci d, 8-phenylethynyl-1, 6-
napht hal €éhe di carboxylic acid, 3,3'-diphenylethynyl-2,2'-biphenyl -

di carboxylic acid, 4,4~-diphenylethynyl-2,2'-biphenyl di carboxylic acid,
5,5" - di phenyl et hynyl -2, 2' - bi phenyl di car boxyhc aci d,

6, 6' - di phenyl et hynyl -2, 2" - bi phenyl di car boxylic acid,

2, 2" -di phenyl et hynyl - 3, 3" - bi phenyl di carboxylic acid,

4, 4" - di phenyl et hynyl - 3, 3' - bi phenyl di carboxylic acid, 5,5 -

di phenyl ethy 8 cedd el diseabb@xpoie, acid, 6,6'-di phenyl et hynyl -3, 3" -
bi phenyldiq:fgarg%off}r%g:e aci d, 2, 2 -di phenyl et hynyl - 4, 4' - bi phenyl di car boxyl i c

acid, 3,3'-di piEpyhslebYstythét sadinvpdenbicemipoaxd havia d. tedravdlbaf 2-
car boxy- 3- phenyl et hynyl phenyl ) pr opane, 2, 2-bi s(2-carboxy-4-phenyl -

et hynyl phgnyiip pelseead froin 2hbi groips aepoesented benforetdizayApirelyldep2,apane,
2, 2- bi s(2-carboxy- 6- phenyl et hynyl phenyl ) propane, 2, 2-bi s(3-carboxy- 2-

phenyl et hdigmpivregdicmalpand, 6-djdnhios¢ Sreardbox y2 2-plséhamenvdrlyy drosngy | ) 21

Car boy. 6pbROR)hexsIngHpHOTR pr Eabis(LAMEnb o aTDDRy BhprrliNao-

RS O R R R R

aheny! et PROFOTGTFSHERRRCoor ot DEARULS AN st APy £ 4R b

Lomer < oftamite Bt MeRRAmESIRGI TV B FRORNRS LRGN o

i somers of; ekl | S SRARIKS RIS WihyarsyBEhesAY "B REMENG-ardind-3-
hydroxy)phenoxy)phenyl)fluorene, 9,9-bis(4-((3-amino-4-hydroxy)-
phenoxy)phenyl)fluorene, 9,9-bis((4-amino-3-hydroxy)phenyl)fluorene, 9,9-
bis((8-amino-4-hydroxy)phenyl)fluorene, 3,3’-diamino-4,4’-dihydroxy-
diphenyl ether, 4,4-diamino-3,3-dihydroxydiphenyl ether, 2,2-bis(3-
amino-4-hydroxy-2-trifluoromethylphenyl)propane, 2,2-bis(4-amino-3-
hydroxy-2-trifluoromethylphenylpropane, 2,2-bis(3-amino-4-hydroxy-5-
trifluoromethylphenyl)propane, 2,2-bis(4-amino-3-hydroxy-5-trifluoro-
methylphenyl)propane, 2,2-bis(3-amino-4-hydroxy-6-trifluoromethyl-
phenyl)propane, 2,2-bis(4-amino-3-hydroxy-6-trifluoromethylphenyl)-
propane, 2,2-bis(3-amino-4-hydroxy-2-trifluoromethylphenyl)hexa-
fluoropropane, 2,2-bis(4-amino-3-hydroxy-2-trifluoromethylphenyl)-
hexafluoropropane, 2,2-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
hexafluoropropane, 2,2-bis(4-amino-3-hydroxy-5-trifluoromethylphenyl)-
hexafluoropropane, 2,2-bis(3-amino-4;hydroxy-6-triﬂuoromethy1pheny1)-
hexafluoropropane, 2,2-bis(4-amino-3-hydroxy-6-trifluoromethylphenyl)-
hexafluoropropane, 38,3'-diamino-4,4’-dihydroxy-2,2’-bis(trifluoromethyl)-
biphenyl, 4,4’-diamino-3,3’-dihydroxy-2,2’-bis(trifluoromethyl)biphenyl,
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phenyl et hynyl phenoxy) i sopht hahc aci d, 5-(2-phenyl ethynyl phenoxy) -

i sopht hallc acid, 5-(3-phenylethynyl phenoxy)isophthalic acid, 2-(1-

phenyl et hynyl phenoxy)terepht halic acid, 2-(2-phenylethynyl phenoxy)-
terephthalic acid, 2-(3-phenylethynyl phenoxy)terephthalic acid, 5-(1-
phenyl et hynyl phenyl )i sophthalic acid, 5-(2-phenylethynyl phenyl)-

I sophthalic acid, 5-(3-phenylethynyl phenyl)isophthalic acid, 2-(1-

phenyl et hynyl phenyl )t er epht hahe acid, 2-(2-phenyl ethynyl phenyl) -

t er epht hakig. @aghnGnaady 21’1(1% Mﬁwbebﬁyﬁ}mmm&&sbmw i c aci ¢ gExanpl e

of the dicarboxylic acid having bi phenyl ethynyl® "group used in fhe present

i nvent i ond;iaind13i3>-dilldiked, bbig(trflarbteblayl) g hangl, oup 3,8'ediaeiiad- from t he
groups represent ed by formulae (C) in which R represents bi phenyl group

anong t he 4ppohpdwixty- @ 6bbisétriftyoresesthghbiphenhr nul ae @ ;dianmdhoxBe3’-
3- bi phenyl et hynyl pht hali c acid, 4- biphenylethynyl phthalic acid,

2- bi pheny Hittydroyyi66ghistiaiflwramethylbipbiepiibny | et hy Byf-bis¢hlidramino-gei d,

5- b|phenylethynyllsophthallc acid, 2- biphenylethynylterephthalic aC|d

3- bi pheny hythyxy phen@pﬁtawahenylmeay )ﬂlloml}ﬁaenyl et h9idybisé-E@ramma-d- aci d,

D ety (eap Bud e cBSSANb e 5t L wdrstingmy - 1

ned car BLS@LSQSBWB& eyl o ﬁi}n@ {EFaesy Hyf}é}mpwﬁp%ﬁi‘i ¢ acid,

b phony! SFASFSL SRR ABALR “tg?%‘lk)@ﬁ%@'aﬁ-ﬁ%i’3)??%%%%?3’39%%ﬁ%mm%yf 16
two or more.

Examples of the dicarboxylic acid having the ethynyl skeleton

structure having a divalent group selected from the groups represented by
formulae (B), which is used in the present invention, include 3-
ethynylphthalic acid, 4-ethynylphthalic acid, 2-ethynylisophthalic acid, 4-
ethynylisophthalic acid, 5-ethynylisophthalic acid, 2-ethynylterephthalic
acid, 3-ethynylterephthalic acid, 5-ethynylterephthalic acid, 2-ethynyl-1,5-
naphthalenedicarboxylic acid, 3-ethynyl-1,5-naphthalenedicarboxylic acid,
4-ethynyl-1,5-naphthalene-dicarboxylic acid, 1-ethynyl-2,6-naphthalene-
dicarboxylic acid, 3-ethynyl-2,6-naphthalenedicarboxylic acid, 4-ethynyl-
2,6-naphthalenedicarboxylic acid, 2-ethynyl-1,6-naphthalenedicarboxylic
acid, 3-ethynyl-1,6-naphthalenedicarboxylic acid, 4-ethynyl-1,6-
naphthalenedicarboxylic acid, 5-ethynyl-1,6-naphthalenedicarboxylic acid,
7-ethynyl-1,6-naphthalene-dicarboxylic acid, 8-ethynyl-1,6-naphthalene-
dicarboxylic acid, - 3,3’-diethynyl-2,Z’Qbiphenyldicarboxylic acid, 4,4-
diethynyl-2,2’-biphenyl-dicarboxylic  acid, 5,5-diethynyl-2,2’-biphenyl-
dicarboxylic acid, 6,6’-diethynyl-2,2'-biphenyldicarboxylic acid, 2,2’-
diethynyl-3,3"-biphenyl-dicarboxylic  acid, 4,4-diethynyl-3,3"-biphenyl-
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napht hal ene di carboxylic acid, 4-biphenylethynyl-1,6-naphthal ene-

di carboxytic acid, 5-biphenylethynyl-1, 6-naphthal enedi carboxylic acid, 7-
bi phenyl et hynyl - 1, 6- napht hal enedi car boxyl i ¢ aci d, 8-bi phenyl ethynyl -1, 6-
napht hal ene di carboxylic acid, 3,3'-dibiphenylethynyl-2,2"-biphenyl -

di carboxylic acid, 4,4'-dibiphenylethynyl-2,2"-biphenyldi carboxylic acid,
5,5"' -di bi phenyl et hynyl -2, 2' - bi phenyl di car boxylic acid, 6,6"-dibiphenyl -
et hynyl - 2, 2' - bi phenyl di carboxylic acid, 2,2'-dibiphenylethynyl-3,3"-

bi phenyl d 4 \ Bep | digg@r boxyl i c
acid, 5, SHR%&E phiciatflylﬁg%(ﬂyn515 dre@hi_i)%jlﬂgﬁ gnglﬁg{%ﬁg}/{%g%})l% |X (S:’ gc.}%‘“ 6, BC@

dl bl pheny latchyRyl-33 -Bipkishanvd Bospiboxykid, ac2@-dtByngil-bj4h hynyl -
- bi phgnyl gl %ar ox;/II)| c@gm d, 3, %1 di bi phenyl et hyniffl& J4 gfl?)dh;mqnyl -

dl car boxyHicarbexylic acit,b,3(- axemhyhplxg,43bipmmgtdabetquyhb pdmady 2)pbigane, 2, 2-
bi s(2- car boxy- 4- bi phenyl et hynyl phenyl ) propane, 2, 2-bi s(2-car boxy- 5-

bi phenyl ebdngbmbrm}eﬂwl)ﬂphgmi@ropaaebl s( Zyzrhrsﬁb-x:yrlﬁ)m Hlethynydphegnyl)-

phenyl ) pr opane, 2- bi s( 3- car boxy- 2- b|phenylethynylphenylépro ane 2,2-

bi s( 3- car poopane, bmabnsyz eathpryt Hewpnyiphepdinzopang, [ (

ELEE;F)VL?E“V”V' ey &%ﬁf’%&?a@@ﬁ%&?ﬁ stiymgp Bﬁ@?@”y' EL“V”_' .
o Eﬁenl§f’“ﬁB@%yasﬁ@&yﬁ)eﬁtia%%p§ﬁe“ e 28 bifess@ el mny
pheny!) heRBEPYIP R Sanco e Bl bty Lt Mo S i Bafcy e B e

carboxy-2-ethynylphenyl)propane, 2,2-bis(4-carboxy-3-ethynylphenyl)-
propane, 2,2-bis(2-carboxy-4-ethynylphenyl)hexafluoropropane, 2,2-bis(3-
carboxy-5-ethynylphenyl)hexafluoropropane, 2,2-bis(4-carboxy-2-
ethynylphenyl)hexafluoropropane, 2,2-bis(4-carboxy-2-ethynylphenyl)-
hexafluoropropane, 4-ethynyl-1,3-dicarboxycyclopropane, 5-ethynyl-2,2-
dicarboxycyclopropane, structural isomers of 1,3-bis(4-carboxyphenoxy)-5-
ethynylbenzene, structural isomers of 1,3-bis(4-carboxyphenyl)-5-
ethynylbenzene, 5-(3-ethynylphenoxy)isophthalic acid, 5-(1-
ethynylphenoxy)isophthalic acid, 5-(2-ethynylphenoxy)isophthalic acid, 2-
(1-ethynylphenoxy)terephthalic acid, 2-(2-ethynylphenoxy)terephthalic
acid, 2-(8-ethynylphenoxy)terephthalic = acid, 5-(1-ethynylphenyl)-
isophthalic acid, 5-(2-ethynylphenyl)isophthalic acid, 5-(3-ethynylphenyl)-
isophthalic acid, 2-(1-ethynylphenyl)terephthalic acid, 2-(2-
ethynylphenyl)terephthalic acid and 2-(3-ethynylphenyl)terephthalic acid.
However the dicarboxylic acid is not 1imited to the compounds described as
the examples. The above compound may be used singly or in combination
of two or more. The above compounds may be used in combination with

two or more bisaminophenol compounds.
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5- bi phenyl et hynyl - 2, 2- di car boxycycl opropane, structural isoners of 1, 3-
bi s(4- carboxyphenoxy) 5- bi phenyl et hynyl benzene, structural isoners of

1, 3- bi s(4- car boxyphenyl ) - 5- bi phenyl et hynyl benzene, 5-(3-bi phenyl et hynyl -
phenoxy)isophthalic acid, 5-(I-biphenylethynylphenoxy)isophthalic acid,
5- (2- bi phenyl et hynyl phenoxy) i sopht hal i ¢ acid, 2-(I-biphenyl ethynyl -
phenoxy)terephthalic acid, 2-(2-biphenylethynyl phenoxy)terephthahe aci d,
2- (3- bi phenyl et hynyl phenoxy)t erephthalic acid, 5-(l-biphenylethynyl-

phenyl) i sopht hahylfim flelsthf &e(@mmwx«ymIa@imwi@ﬁrmmemrg&bh?ldere&@d d, 5-(3-
bi phenyl et hynyl phenyl )i sophthalic acid, 2-(I-Dbiphenylethynyl phenyl)-

t er epht ha'ftdhx&:hbcbroaf)é 2epraabad by foryhiplaly) whidteshided irctlrcprbsantl 2- ( 3-
bi phenyl et hynyl phenyl )t er epht hahe aci d. However, the dicarboxylic acid is

not |'i m t gdvémtidieinbude Brsterydsthynylshthalicheidxdpbleagletijny phokalic

conpounds may be used singly or in conbination of two or nore. The above
conpounds awid; Behasgkthynylisdphthaliomcid, taphewylethymlisopbthalid acdhénol
conpounds. Exanpl es of the dicar boxyl [ c acid_having a group selected from

the grouphenyletbyanlisephthalisr nagide @fr; anylefihyamyltere lentacidn 3t kyl
Sopht hal RbeRTIhY B HEIIRHTDPNt e adh-BOBY R SphAE e o, 2.
oyl tergptinallec st SIS PRI G ARk ORI L
R S ST R S e
naphthalenedicarboxylic acid, 3-phenylethynyl-2,6-naphthalene-
dicarboxylic acid, 4-phenylethynyl-2,6-naphthalenedicarboxylic acid, 2-
phenylethynyl-1,6-naphthalenedicarboxylic acid, 3-phenylethynyl-1,6-
naphthalenedicarboxylic acid, 4-phenylethynyl-1,6-naphthalene-
dicarboxylic acid, 5-phenylethynyl-1,6-naphthalenedicarboxylic acid, 7-
phenylethynyl-1,6-naphthalenedicarboxylic acid, 8-phenylethynyl-1,6-
naphthalenedicarboxylic acid, 3,3-diphenylethynyl-2,2’-biphenyl-
dicarboxylic acid, 4,4-diphenylethynyl-2,2’-biphenyldicarboxylic acid, 5,5-
diphenylethynyl-2,2’-biphenyldicarboxylic acid, 6,6-diphenylethynyl-2,2’-
biphenyldicarboxylic acid, 2,2-diphenylethynyl-3,3"-biphenyldicarboxylic
acid, 4,4 -diphenylethynyl-3,3-biphenyldicarboxylic acid, 5,5-
diphenylethynyl-3,3’-biphenyldicarboxylic acid, 6,6-diphenylethynyl-3,3’-
biphenyldicarboxylic acid, 2,2-diphenylethynyl-4,4’-biphenyldicarboxylic
acid, 3,3-diphenylethynyl-4,4-biphenyldicarboxylic acid, 2,2-bis(2-
carboxy-3-phenylethynylphenyl)propané, 2,2-bis(2-carboxy-4-phenyl-
ethynylphenyl)propane, 2,2-bis(2-carboxy-5-phenylethynylphenyl)propane,
2,2-bis(2-carboxy-6-phenylethynylphenyl)propane, 2,2-bis(3-carboxy-2-
phenylethynylphenyl)propane, 2,2-bis(3-carboxy-4-phenylethynylphenyl)-
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2, 6- napht hal enedi carboxylic acid, 2-hexynyl- 1, 6 -naphthal ene dicarboxylic
aci d, 3-hexynyl -1, 6- napht hal enedi carboxylic acid, 4-hexynyl-1,6 24
napht hal ene di carboxylic acid, 5-hexynyl -1, 6-naphthal enedi carboxylic acid,
7- hexynyl - 1, 6- napht hal enedi car boxyl i ¢ acid, 8-hexynyl-1, 6-napht hal ene-

di carboxylic acid, 3,3 -dihexynyl-2,2"-biphenyldicarboxylic acid, 4,4'-

di hexynyl -2, 2' - bi phenyl di carboxylic acid, 5,5'-di hexynyl -2, 2-bi phenyl -

di carboxylic acid, 6,6'-dihexynyl-2,2"-biphenyldicarboxylic acid, 2,2'-

di hexynyl p3epand)i PRenpidBearbeybipheagidthy iyihhedyDpropie, 3, 3 2pigeny! -
di car boxyp?%ﬁaa%i d, 5, 5'egdi hexynyl -Igl,eSy- bi %h“éﬁ’w dlyl(;’gr boxyeli c aci da 6, 6" -

di hexynyl c@rbbxyhé-phenylethenylbbsuyl)pragind, 2, 2'2,2idisdydaybody-2-pliphenyl -
di car boxyFi C (fgi d,p 3, % - d?ﬁ%gyny%,-)g,%g bi phenyl di car boxylic alz:i dlfm

2, 2- bi s( 2etlgariipkynd)ropang| i2ebig(4-parbpaped-phenylethynylphenyl)propane,

2, 2- bi s(2-car boxy- 4- hexynyl phenyl ) - propane,

2, 2- bi s( 22¢Zabls(Rgathdryxd pnlmgym apbhezaftueroptopans, box 2, &bis(3-
hexynyl phenyl ) propane, . 2, 2- bi s( 3-car boxy- 2- hexynyl phenyl ) propane, 2, 2-
bi s( 3- car beskpxa-HrekenyleshEnyiphenyhhexatlgoropERRATIE, ¢ a1 dyenkjS(d-0aaR g, -

I T e e T S
R e T T
A AT O i
car boxy phenoxyds 5-SEXY 8L AE ElDoRVp NGRS Bl A RATRE I b Abkridetib - 5-(1-
phenylethynylphenoxy)isophthalic acid, 5-(2-phenylethynylphenoxy)-
isophthalic acid, 5-(3-phenylethynylphenoxy)isophthalic acid, 2-(1-
phenylethynylphenoxy)terephthalic acid, 2-(2-phenylethynylphenoxy)-
terephthalic acid, 2-(8-phenylethynylphenoxy)terephthalic acid, 5-(1-
phenylethynylphenyl)isophthalic acid, 5-(2-phenylethynylphenyl)-
isophthalic acid, 5-(3-phenylethynylphenyl)isophthalic acid, 2-(1-
phenylethynylphenyl)terephthalic acid, 2-(2-phenylethynylphenyl)-
terephthalic acid and 2-(3-phenylethynylphenyl)terephthalic acid.
Example of the dicarboxylic acid having biphenylethynyl group used
in the present invention, which is the dicarboxylic acid having a group
selected from the groups represented by formulae (C) in which R
represents biphenyl group among the monovalent groups represented by
formulae (H), include 3-biphenylethynylphthalic acid, 4-
biphenylethynylphthalic acid, 2-bipHenylethynylisophthalic acid, 4-
biphenylethynylisophthalic acid, 5-biphenylethynylisophthalic acid, 2-
biphenylethynylterephthalic acid, 3-biphenylethynylterephthalic acid, 5-
biphenylethynylterephthalic acid, 2-biphenylethynyl-1,5-naphthalene-
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car boxyphenyl ) - 5- hexynyl benzene, 5-(3-hexynyl phenoxy)i sophthalic acid,

5- (I hexynyl phenoxy)i sophthali ¢ acid, 5-(2-hexynyl phenoxy)i sophthalic
acid, 2-(I-hexynyl phenoxy)terephthalic acid, 2-(2-hexynylphenoxy)-
terephthalic acid, 2-(3-hexynyl phenoxy)terephthalic acid, 5-(1-
hexynyl phenyl )i sopht hal i c acid, 5-(2-hexynyl phenyl)isophthalic acid, 5-(3-
hexynyl phenyl )i sophthalic acid, 2-(I-hexynyl phenyl)terephthahc acid, 2 25
(2- hexynyl phenyl )terephthalic acid and 2-(3-hexynyl phenyl)terephthalic

aci d. Howgiarbotylee deiiardpiptenglatbiydyl-$,5104phihaléestitarbokglie Epbuads
descri bed as the exanples. The above conpounds may be used singly or in
conbi nat i bip Henylewhyas1-1(5-aap Rtlealahediea cmxytiv retid msbipkensdethynyl-2;60bi nat i on
with two or nore bisam nophenol conpounds. Exanpl es of the dicarboxylic

aci d havi ngphtiealehphieaybaxyticskel atidn  s3-biphanydethymyli2i6-nbphphiaenat

i nvention, which is the conmpound having a divalent group selected fromthe

groups r egicasboxydic byidf &-hmlm@ﬂﬂib}lynﬂ-g(ﬁ-udlehﬁl,aiemﬂ@b@b@ﬁﬁh@(ﬂc&arBoxyl iC

acid, 1, 3-biphenyl enedi carboxylic acid, 1,4-biphenylenedicarbaoxylic acid,

1, 6- bi phehgpw&t?@wmbﬂﬁ-papbém?nqdlsarhgwhér@ﬂl@néd}lﬁh@l@b‘ﬁwwl fu,

LT b Phen e ARG ad O iSRSt sy eoie el

the ot ai RAFBEEAoR o pestaiviosmpefy renbUaIERe At adg Pt o= @

2. BRSO gl eatb SRS, sHIFHaRAURARTERER S Y
naphthalenedicarboxylic acid, 38,3’-dibiphenylethynyl-2,2’-biphenyl-
dicarboxylic acid, 4,4’-dibiphenylethynyl-2,2’-biphenyldicarboxylic acid,
5,5’-dibiphenylethynyl-2,2’-biphenyldicarboxylic  acid, 6,6’-dibiphenyl-
ethynyl-2,2"-biphenyldicarboxylic acid, 2,2’-dibiphenylethynyl-3,3’-
biphenyldicarboxylic acid, 4,4’-dibiphenylethynyl-3,3’-biphenyldicarboxylic
acid, 5,5’-dibiphenylethynyl-3,3’-biphenyldicarboxylic acid, 6,6'-
dibiphenylethynyl-3,3"-biphenyldicarboxylic acid, 2,2’-dibiphenylethynyl-
4,4’-biphenyldicarboxylic acid, 3,3'-dibiphenylethynyl-4,4’-biphenyl-
dicarboxylic acid, 2,2-bis(2-carboxy-3-biphenylethynylphenyl)propane, 2,2-
bis(2-carboxy-4-biphenylethynylphenyl)propane, 2,2-bis(2-carboxy-5-
biphenylethynylphenyl)propane, 2,2-bis(2-carboxy-6-biphenylethynyl-
phenyl)propane, 2,2-bis(3-carboxy-2-biphenylethynylphenyl)propane, 2,2-
bis(8-carboxy-4-biphenylethynylphenyl)propane, 2,2-bis(3-carboxy-5-
biphenylethynylphenyl)propane, 2,2-bis(3-carboxy-6-biphenylethynyl-
phenyl)propane, 2,2-bis(4-carboxy-2-bip-henylethynylphenyl)propane, 2,2-
bis(4-carboxy-3-biphenylethynylphenyl)propane, 2,2-bis(2-carboxy-4-
biphenylethynylphenyl)hexafluoropropane, 2,2-bis(3-carboxy-5-biphenyl-
ethynylphenyl)hexafluoropropane,  2,2-bis(4-carboxy-2-biphenylethynyl-
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two or nore. Exanples of the dicarboxylic acid having a dival ent group
repreésent’ed by fornmula (E), which is used in the present invention, include
4,4' -tol andi carboxylic acid, 3,4'-tol andi carboxylic acid, 3,3 -tolan-

di carboxylic acid, 2,4'-tolandicarboxylic acid, 2,3 -tolandi carboxylic acid
and 2, 2'-tol andi carboxylic acid. The above conpounds may be used singly or
I n conbination of two or nore. Exanples of the dicarboxylic acid having a
di val ent group selected fromthe groups represented by fornulae (F), which

|5 used | BhbAFhREEMEbropOYSY, | obiphRRYIARYhFOPBdithitoxdey dopidpagiit hal i ©

acid, 4,4 |phenyld|carboxyllc acid, 3] phenyl di car boxyl i c aci d,

3,3 - biphesiy hdhgm;h?ﬁyl -2.0- @@aﬁbox&cﬂclapmyaml %ﬂﬂﬁhtﬁiﬂdlb‘i)sﬁdlél% ?€id3- 2, 3-
oxy

napht hal enedi car ic acid, 2,6- napht hal enedi car boxyl i ¢ aci d, 4, 4" -

sul f onyl bbid{awasbexytiehox$)-8- b1phéﬁy1|9y1h3m3dbem& strucdtural isomers of
3, 3" -sul fonyl bi sbenzoic acid, 4,4'-oxybisbenzoic acid, 3,4'-oxybisbenzoic

acid, 3,31 3)b;d§4-s:bebmmphenaz]:)|-@-blﬁ;&ﬁ}yﬂeiﬂ'(ymy&lmizeny,pEdﬁyhlpbemdaﬂeynyl

2, 2- bIS(3 car boxyphenyl ) propane

2, 2- bi s( 4pbenbywysapd Bilhe&faﬂl @(bbxx&p@w&ethxnzlﬂe@@w};@nmmbneﬁgllol)

hexat | uor ) 9p%%§n§whan§ka”1§%n2§hlaoé@a B2 i roprigripheny gty

e Sl R e “%%@ﬁé%@y' .

bi s(tri f | %O{3Ob }{nyietﬁynylphen% Rg%e%h%ﬁaﬁg Xyl f(:i, ac B-Ctl-blpﬁegylségﬁyrgﬁ- car boxy-
phenyl)isophthalic acid, 5-(2-biphenylethynylphenyl)isophthalic acid, 5-(3-
biphenylethynylphenyl)isophthalic acid, 2-(1-biphenylethynylphenyl)-
terephthalic acid, 2-(2-biphenylethynylphenyl)terephthalic acid and 2-(3-
biphenylethynylphenyl)terephthalic acid. However, the dicarboxylic acid
is not limited to the compounds described as the examples. The above
compounds may be used singly or in combination of two or more. The
above compounds may be used in combination with two or more
bisaminophenol compounds.

Examples of the dicarboxylic acid having a group selected from the
groups represented by formulae (C) in which R represents an alkyl group
include 8-hexynylphthalic acid, 4-hexynylphthalic acid, 2-hexynyl-
isophthalic acid, 4-hexynylisophthalic acid, 5-hexynylisophthalic acid, 2-
hexynylterephthalic acid, 3-hexynylterephthalic acid, 2-hexynyl-1,5-
naphthalenedicarboxylic acid, 3-hexynyl-1,5-naphthalenedicarboxylic acid,
4-hexynyl-1,6-naphthalenedicarboxylic 'acid, 1-hexynyl-2,6-naphthalene-
dicarboxylic acid, 3-hexynyl-2,6-naphthalenedicarboxylic acid, 4-hexynyl-
2,6-naphthalenedicarboxylic acid, 2-hexynyl-1,6-naphthalenedicarboxylic
acid, 3-hexynyl-1,6-naphthalenedicarboxylic acid, 4-hexynyl-1,6-
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phenoxy) phenyl ) fl uorene, 9, 9-bi s(4-(3-carboxyphenoxy) phenyl)fl uorene,
4, 4" bi s(*4- car boxyphenoxy) bi phenyl , 4, 4'-bi s(3-car boxyphenoxy) bi phenyl ,
4' - bi s(4-carboxyphenoxy) bi phenyl, 3, 4'-bis(3-carboxyphenoxy) bi phenyl,
3' - bi s(4- car boxyphenoxy) bi phenyl , 3, 3'-bis(3-carboxyphenoxy) bi phenyl,
4' - bi s(4-car boxyphenoxy) - p-terphenyl, 4, 4'-bis(4-carboxyphenoxy)-m

t er phenyl, 3,4'-Dbis(4-carboxyphenoxy)-p-terphenyl, 3,3 -bis(4-

car boxyphenoxy) - p-t er phenyl , 3, 4'-bi s(4-carboxyphenoxy)-mterphenyl,

3, 3" - bi S%a%%}ﬁ&%@h@? RARBHYIIE & ap@m&& nyHL$- ne%l&ﬁéi&?&ﬁéﬁ%@ﬁgﬁé’éé‘i)& p-

t er phenyl -car oxyp enoxy) - nt t er phenyl 4" -
car boxyphempgiwimi- 1,6 naptlhlenddicarbosli Gdid 08 RELNAYI, 6nrazpeftﬁamL
3, 4' - bi s(3-carboxyphenoxy) - mt er phenyl, 3, 3" -bi s(3- carboxyphenoxy) m

t er phenyl digardbospliol sepd)t ha|3-dileniyshyl-2; 4 bishenyddpairbetylic aacid, 2%,4-
fluoroterephthalic acid, 2,4,5, 6- tetrafluor0|sophthallc acid, 2,3,5,6-

31
3,
4,

tetrafl uordihexmﬂt2)a’l-b1phanytﬂ1caﬁ'-bbxy]id: uonckiet hy, 5 shhhxm1+2;2dnplienﬁ, 9- bi s(2

27 carboxyphenyl)fluorene, 9, 9-bis(3-carboxyphenyl)fluorene, 9- bIS(4-
car boxyphehedrbbkypbe eraejd,bi 6.(6( dihenynyk2, 23-bi lméeiw

car boxy- 3- phenyl ) phenyl ) f | uor ene, bi s((5 car bo:;l?/T 3- phen %ﬁgheng
f1 uor ene, dhexyrslchdHuphenykliearpoxphienyrgidy yoft enyl-

{1 uor one. BRPBRERD. (e b mrewi SRR b“ﬁ&ﬁ“‘)xﬁﬁ%i‘e?%’s
S phony ) ehesttr b R bRyt Cafed. . apdb i SBHERT) o

dicarboxylic acid, 3,3-dihexynyl-4,4’-biphenyldicarboxylic acid, 2,2-b1s(2-

carboxy-3-hexynylphenyl)propane, 2,2-bis(2-carboxy-4-hexynylphenyl)-
propane, 2,2-bis(2-carboxy-5-hexynylphenyl)propane, 2,2-bis(2-carboxy-6-
hexynylphenyl)propane, 2,2-bis(3-carboxy-2-hexynylphenyl)propane, 2,2-
bis(8-carboxy-4-hexynylphenyl)propane, 2,2-bis(3-carboxy-5-hexynyl-
phenyl)propane, 2,2-bis(3-carboxy-6-hexynylphenyl)propane, 2,'2-blis(4-
carboxy-2-hexynylphenyl)propane, 2,2-bis(4-carboxy-3-hexynylphenyl)-
propane, 2,2-bis(2-carboxy-4-hexynylphenyl)hexafluoropropane, 2,2-bis(3-
carboxy-5-hexynylphenyl)hexafluoropropane, 2,2-bis(4-carboxy-2-hexynyl-
phenyl)hexafluoropropane, 4-hexynyl-1,3-dicarboxycyclopropane, 5-
hexynyl-2,2-dicarboxycyclopropane, structural isomers of 1,3-bis(4-
carboxyphenoxy)-5-hexynylbenzene, structural isomers of 1,3-bis(4-
carboxyphenyl)-6-hexynylbenzene, 5-(3-hexynylphenoxy)isophthalic acid,
5-(1-hexynylphenoxy)isophthalic acid, 5-(2-hexynylphenoxy)isophthalic
acid, 2-(1-hexynylphenoxy)terephthaiic acid, 2-(2-hexynylphenoxy)-
terephthalic  acid, 2-(8-hexynylphenoxy)terephthalic  acid, 5-(1-
hexynylphenyl)isophthalic acid, 5-(2-hexynylphenyl)isophthalic acid, 5-(3-
hexynylphenyl)isophthalic acid, 2-(1-hexynylphenyl)terephthalic acid, 2-
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phenyl ) fl uorene. The above conpounds may be used singly or in conbination
of tvwo or* nore. The hydrogen atons on the benzene ring in the groups
represented by general formulae (A, (B), (O, (D, (E), (F) and (G may
be substituted wth at | east one atomor group selected from al kyl groups
having 1 to 4 carbon atons, fluorine atomand trifluoromethyl group.
Exanpl es of the alkyl group having 1 to 4 carbon atons include nethyl
group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl

e EE o PR e

formula | yam de represent”t n

repeatingqbi t HOR¥IEY HE didaRBokylKiabill Sk eloet Rimitdd b6 tthbecanfolihds number
of the repeating unit having no crosslinking skel eton structure,

recept i veldgscrifdit ab *he @xasyplesr €The tabdvdyompandds may befusedidngly bW ng
relations: mrO, n ~0, 2;5mtn; 51,000 and 0.05;5m (mnj'-1. It 1s preferable
that the swreoafbimatiod of two ®romoge.caThe admste Iddmourstsairagr be Weed irhe sum of
mand nis snaller than 2, the property for formng a filmdeteriorates
and the nembamation vath éwgton méret hisamegophernial goxpoumds. i nsuffici ent. Wen
the sum 28 of mand n is greater than 1000, solubility of the polyam de in

sol vents decr Exsasepleg\odrt parhexyhe agidrhasingthy biiepydenaskeletinvent, a

viscous varnish is for r’rﬁd and nof suitable for pflact i cal lds}? dt is
essent i al Stgture used In the present invention, which is the compound having a

divalent group selected from the groups represented by formulae (D),
include 1,2-biphenylenedicarboxylic acid, 1,3-biphenylenedicarboxylic acid,
1,4-biphenylenedicarboxylic acid, 1,5-biphenylenedicarboxylic acid, 1,6-
biphenylenedicarboxylic acid, 1,7-biphenylenedicarboxylic acid, 1,8-
biphenylenedicarboxylic acid, 2,3-biphenylenedicarboxylic acid, 2,6-
biphenylenedicarboxylic acid and 2,7-biphenylenedicarboxylic acid. From
the standpoint of the properties of the obtained coating film, 2,6-
biphenylenedicarboxylic acid and 2,7-biphenylenedicarboxyiic acid are
preferable. The above compounds may be used singly or in combination of
two or more.

Examples of the dicarboxylic acid having a divalent group
represented by formula (E), which is used in the present invention, include
4,4'-tolandicarboxylic acid, 3,4-tolandicarboxylic acid, 3,3-tolan-
dicarboxylic acid, 2,4’-tolandicarboxylic acid, 2,3’-tolandicarboxylic acid
and 2,2’-tolandicarboxylic acid. The above compounds may be used singly
or in combination of two or more. |

Examples of the dicarboxylic acid having a divalent group selected
from the groups represented by formulae (F), which is used in the present

invention, include isophthalic acid, terephthalic acid, 4,4-
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the integers represented by mand n satisfy the relation: 0.055m (mtn)s 1.
It i'S preferable that the integers represented by mand n satisfy the
relation: 0.5"-< m(mtn) S 1. The relation expressed by 0.05>nf (mtn) neans
t hat the nunmber of the repeating unit having the crosslinking skeleton
structure is small and the heat resistance is not inproved since the
nunber of the portion for crosslinking is small. Such a relation is not
preferable since the fine pores cannot be nmintai ned or uneven fine pores

are for ”eﬂipﬂéhytl&'ﬁa%%ﬂﬁfcur eabipr ?%Q‘-Ei?%h@)iyﬂﬁ@ﬂb@ky]‘i@r mu@d[ 11 3,4he

repeating ‘“units may be arranged in a block™ arrangenent or in a random
ar r angenepipheli@dichib®iylice hayvd,ng n,MaF)mnﬂbhaaidaaM:@lﬁrrm,d iznga block
€,

arrangenent’ can be produced, for exanp in accordance with the follow ng
aci d chl onaghtlpileaedicarborylicamocidph2Gatapidimptenediterborylia atiel r ay4ll ent
group selected fromthe groups represented by fornulae (A) and a chloride
of a di casbtfagylibistesizdideoidnd4asufauglbisbeyraiopcik|3ed tsadfonytnsbedmigr oups
represented by fornmulae (F) are_reacted in advance and the .npl ecul ar
wei ght i saeisl sédt-oxylisbensnic madnidrbprahinbenstisoanid, hdi-pEybigberddiaval ent
o o i caPBidky i LRGSR TR DDFRGy o2 dobiel BRRIAGP Ry DPBRSRenki g
b S el S He, SR A0 s, o SSERLed B arge, (9
reversed. ;A B ST AORASNOL, £ AR DA biiheRyIRLLBARRT AP g ect ed
dimethyl-4,4’-biphenyldicarboxylic acid, 2,2’-dimethyl-3,3’-biphenyl-
dicarboxylic acid, 2,2-bis(trifluoromethyl)-4,4"-biphenyldicarboxylic acid,
3,3’-bis(trifluoromethyl)-4,4’-biphenyldicarboxylic acid, 2,2-
bis(trifluoromethyl)-3,3'-biphenyldicarboxylic acid, 9,9-bis(4-(4-carboxy-
phenoxy)phenyl)fluorene, 9,9-bis(4-(3-carboxyphenoxy)phenyl)fluorene,
4,4’-bis(4-carboxyphenoxy)biphenyl, 4,4’-bis(3-carboxyphenoxy)biphenyl,
3,4’-bis(4-carboxyphenoxy)biphenyl, 3,4’-bis(3-carboxyphenoxy)biphenyl,
3,3'-bis(4-carboxyphenoxy)biphenyl, 3,3’-bis(8-carboxyphenoxy)biphenyl,
4.4’ -bis(4-carboxyphenoxy)-p-terphenyl, 4,4’-bis(4-carboxyphenoxy)-m-
terphenyl, 3,4’-bis(4-carboxyphenoxy)-p-terphenyl, 3,3'-bis(4-
carboxyphenoxy)-p-terphenyl, 3,4’-bis(4-carboxyphenoxy)-m-terphenyl,
3,3’-bis(4-carboxyphenoxy)-m-terphenyl, 4,4’-bis(3-carboxyphenoxy)-p-
terphenyl, 4,4’-bis(3-carboxyphenoxy)-m-terphenyl, 3,4’-bis(3-
carboxyphenoxy)-p-terphenyl, 3,3’-bis(3-carboxyphenoxy)-p-terphenyl,
3,4’-bis(3-carboxyphenoxy)-m-terphenyl,' 3,3-bis(3-carboxyphenoxy)-m-
terphenyl, 83-fluoroisophthalic acid, 2-fluoroisophthalic acid, 2-
fluoroterephthalic acid, 2,4,5,6-tetrafluoroisophthalic acid, 2,3,5,6-

tetrafluoroterephthalic acid, 5-trifluoromethylisophthalic acid, 9,9-bis(2-
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29 groups represent ed by formulae (A) and a chloride of a dicarboxylic acid
havihg astructure contributing to crosslinking which is selected fromthe
di val ent groups represented by fornulae (B), (O, (D) and (E) may be
reacted in advance and the nol ecul ar weight is raised. Then, the

bi sam nophenol conpound having a tetraval ent group selected fromthe

groups represented by formulae (A) and a chloride of a dicarboxylic acid
having a dival ent group selected fromthe groups represented by fornmnul ae

(F) may beafeashddnylhfigosdrid/Ct UQ,Q-MQ(B-Mbbﬁ?ph&Eﬂmmdl‘énUﬂl t 9,9hig@ged in a
random arrangenment can be produced by simultaneously reacting a

bi sanmi nopkearisdxyphienglfldohend, ndis((2-earbonst Bpheny Oplsersd)fhndredef rioig((@he
groups represented by fornulae (A), a chloride of a dicarboxylic: acid
havi ng a shrhmiyud-eheoyt)phbuyl)filgotemnesr ossl i hik((Bepanbdxsh3ipheswlpbeasthf r om t he
di val ent groups represented by fornmulae (B), (O, (D) and (%Eé)ﬂand a

chl ori de dfuoztenié,car bokys(@&cadioxyrdphenybpkensd)binregeoup sd 2bigd-®@rom t he

groups represented by fornulae (F). The reactive oligoner used for the

reaction @RrhoxypheperyRbeaghiinorente pr @&his(ﬁ%@ﬁ_ﬂ;wmmom 8¥Structure
o oup o HFRSFORG g Retiht rabBempanpaRPbeRaDpEena. | 8 osslithl hat
Foacti ve. SapavRReReR ¥ niengBhenfhugudle) Fadis C HittetePéiesconposed
at at e_m%%gﬁﬁ)ﬁﬁé’}g{bflmgne and 9,9-bis((4-(4-carboxyphenoxy)-3-phenyl)-

phenyl)fluorene. The above compounds may be used singly or in

combination of two or more.

The hydrogen atoms on the benzene ring in the groups represented

by general formulae (A), (B), (C), (D), (E), (F) and (G) may be substituted

with at least one atom or group selected from alkyl groups having 1 to 4

carbon atoms, fluorine atom and trifluoromethyl group. Examples of the

alkyl group having 1 to 4 carbon atoms include methyl group, ethyl group,

propyl group, isopropyl group, butyl group, isobutyl group and t-butyl

group.

In the present invention, m and n in general formula ([1]

representing the polyamide represent the number of the repeating unit

having the crosslinking skeleton structure and the number of the

repeating unit having no crosslinking skeleton structure, receptively.

The integers represented by m and n satisfy the following relations: m>0, n

=0, 2<m+n=1,000 and 0.05=m/(m+n)=1. It is preferable that the sum

of m and n is 5 or greater and 100 or smaller. When the sum of m and n is

smaller than 2, the property for forming a film deteriorates and the

mechanical strength of the resin film becomes insufficient. When the sum
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t he heat deconposition tenperature of the polyam de and the products of

t he "deconposi ti on be vapori zed. Exanples of the reactive oligoner include
pol yoxyal kyl enes such as pol yoxynet hyl ene, pol yoxyet hyl ene,

pol yoxynet hyl ene- oxyet hyl ene 30 copol yners, pol yoxynet hyl ene- oxypropyl ene
copol yners, pol yoxyet hyl ene- oxypropyl ene copol yners and

pol yt etrahydr of uran, polynethyl nethacrylate, pol yurethanes,

pol y- a- net hyl styrene, polystyrene, polyesters, polyether esters and

pol ycapr ol,ach ofiey nTeefast tHEn 01000 BBIubiliBy of The SRy Siidd ¥n Yolvdhts.

conmbi nation of two or nore. As the reactive oligomer, oligoners having

reactive {dbsddsbslenEsen iﬂér@@H@?@lﬁdﬂlf&éisd&is%l&é@an s6endra RQugnds of
the main chain can also be used. Reactive oligoners nodified at the ends

of the maivarahd i3 Rimed aididiotistlitabledst pyadtival habl elt Hpesdehittal eehanpl es of
such an oligonmer include styrene oligoners nodified wth 4-am nobenzoic
aci d est erthg dntqgerarepmentw{by onandposatisiyrtbeyetateony) 065 mEm-goier s

nodi fied with 4- am nobenzoic acid ester group at the chain end,

pol y( et hyllendt s ypreferablsi et e intpeensyrapreseitpd diy) mplapekn sasisily dhayl ene
sl vcol) g0 Wb U gelh 0P i bot b Chol crdogad BT om o
o o e, s WIS SUCLANe Pk cubartel SN Lo e anae 00 Lo
'n the raré gle%nls IQuctt%réL ?é ggxoafll and the heat resistance is not improved since

the number of the portion for crosslinking is small. Such a relation is not

preferable since the fine pores cannot be maintained or uneven fine pores

are formed.

In the structure represented by general formula [1], the repeating

units may be arranged in a block arrangement or in a random

arrangement. The structure having the repeating units arranged in a

block arrangement can be produced, for example, in accordance with the

following acid chloride process. A bisaminophenol compound having a

tetravalent group selected from the groups represented by formulae (A)

and a chloride of a dicarboxylic acid having a divalent group selected from

the groups represented by formulae (F) are reacted in advance and the

molecular weight is raised. Then, the bisaminophenol compound having

a tetravalent group selected from the groups represented by formulae (A)

and a chloride of a dicarboxylic acid having a structure contributing to

crosslinking which is selected from the divalent groups represented by

formulae (B), (C), (D) and (E) are reacted.

The order in the above reactions may be reversed. A

bisaminophenol compound having a tetravalent group selected from the
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When t he nunber-average nol ecul ar weight is smaller than 100, pores forned
aftér decbnposition and vaporization of the copolyner are small and tend
to collapse and it is difficult that a decreased permttivity is

exhi bited. Wen t he nunber-average nol ecul ar wei ght exceeds 40,000, pores
are exceedingly large and there is the possibility that the insulating
filmcannot be used practically due to extrene deterioration in the
mechani cal properties of the insulating film In the present invention, it

is prefer g{nﬁ;‘%go P@]re%&@teanw rf&n_ﬁma_teh@)ﬁaﬁa a3éhRtideN6r ARBNADORPIE iakfy ol | goner

I nt roduce e copolyner is in the range of 5 to 70% by weight, nore

pref erabl Yabvihg Bestiadtaee ebnfrib ik Yo yosstakimyg wiiich i®séleptedf Roabthe i N t he
range of 5 to 40% by wei ght. Wen the anount of the introduced reactive

ol i goer QdgvAlent |gouphaepddsehyedvbyy idrmulaee(BY, AY)j ¢D) aindoEpamay bde
insulating filmis small and insufficient for decreasing the permttivity.
When the asaoted of dadwancet anduthke melectilare waighyaseraised.cedher)%ly wei ght,
the fraction of pores in the insulating film is great and_problens arise
in that thisamisiephenal comppundi kaving argtetmwalﬁntesapu@n%qlwtadtf@@momﬁ e and

that pores are formed continuous|y and nevenly angd the perm.ttivyjty is
di f f er ent 2rowps peptesentadobydermylae Fhern c?rsbpowrﬁ’@no A lﬁﬁﬂ%%ﬂlﬁéc d the

ACTTS, EEE e R NG MY 4 Y S
t he react i(ﬁ()emacg,l li)eglqené%%e&'n t he obtai ned copolyner is within the above range.
The structure having the repeating units arranged in a random
arrangement can be produced by simultaneously reacting a
bisaminophenol compound having a tetravalent group selected from the
groups represented by formulae (A), a chloride of a dicarboxylic acid
having a structure contributing to crosslinking which is selected from the
divalent groups represented by formulae (B), (C), (D) and (E) and a
chloride of a dicarbbxylic acid having a divalent group selected from the
groups represented by formulae (F).
The reactive oligomer used for the reaction with the polyamide in
the present invention has in the structure thereof a reactive substituent
which can react with carboxyl group, amino group or hydroxyl group in the
polyamide structure. It is essential that the oligomer has carboxyl group,
amino group or hydroxyl group as the reactive substituent. It is also
necessary that the oligomer be decomposed at a temperature lower than
the heat decomposition temperature of the polyamide and the products of
the decomposition be vaporized.
Examples of the reactive oligomer include polyoxyalkylenes such as

polyoxymethylene, polyoxyethylene, polyoxymethylene-oxyethylene
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In the present invention, exanples of the process for producing the
copol'ymer* i ncl ude conventional processes such as the acid chloride process,
the activated ester process and the condensation in the presence of an
agent for condensation with dehydration such as pol yphosphoric acid and

di cyl ohexyl carbodi i m de. For exanple, when the copolyner is prepared in
accordance with the acid chloride process, dicarboxylic acid and thionyl
chloride in an excess anount are reacted at a tenperature in the range of

t he room r )Gl ch as
(e, 100, EAREERAT ol xpBUiEROSirdoft BARICRPL RITBLIRBHARC! o5,
removed byyheaipylehdINdespdyhReCethrd espulyRetrah9disTababe | olynfthyst al | i zed
froma solvent "Such as hexane and a dicarboxylic acid <chloride 1§

prepar ed. ndsthWbpylatd)e dpelguberhanes, acipdlyebheilddstyrate,pr epalysdyicheysed in
conbi nati on with anot her dicarboxylic acid descri bed above, the prepared

di car boxybblyeatérd, phlyetheicestods ahd wdlycaprotacoénd.heTlnd heactitiecaligampt i c aci ds
are dissolved, in &ineral , into a polar solvent such as N-nethyl-2-

pyrrol i doneayahel usedisitigheiomnyih 2outhinatien iof twoebimerts.on with a bi sani nophenol
compound. The reaction is allowed to _proceed in the prepared m xture at a
t enper at ur e i nAshéhe aegetive aligemesopligomarsahayiag reacilysusubgiituents t he

presence of an acjd acceptor, such as pyridine a tri.ethyl am ne and the
pol yani dem@oéymd@sﬁ%& chginsrer %%phéeﬂz gads B@S@%made,chalg GrBtalse

pr epar ed lbg l?s%\é?nifeatc)%ivglo fg%ln;/érggmtcﬁﬁierde at ttfn\e/ ends of the main chain are

industrially easily available. Specific examples of such an oligomer
include styrene oligomers modified with 4-aminobenzoic acid ester group
at the chain end, poly( propylene glycol) oligomers modified with 4-
aminobenzoic acid ester group at the chain end, poly(ethylene glycol)-
block-poly(propylene glycol)-block-(polyethylene glycol) modified with
hydroxyl group at both chain ends and poly(propylene glycol)bis(2-
aminopropyl ether).

It is preferable that the reactive oligomer has a number-average
molecular weight in the range of 100 to 40,000, more preferably in the
range of 100 to 20,000 and most preferably in the range of 100 to 10,000.
When the number-average molecular weight is smaller than 100, pores
formed after decomposition and vaporization of the copolymer are small
and tend to collapse and it is difficult that a decreased permittivity is
exhibited. When the number-average molecular weight exceeds 40,000,
pores are exceedingly large and there is the possibility that the insulating
film cannot be used practically due to extreme deterioration in the
mechanical properties of the insulating film.

In the present invention, it is preferable that the amount of the unit
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oligomer into a solvent such as y-butyrol actone is added and the reaction
is 'dllowed to proceed. The reaction liquid is added, for exanple, into a
m xed sol vent of water and isopropyl. alcohol. After recovering and drying
the formed precipitates, a copolynmer fornmed by the reaction of the

pol yam de and the reactive oligoner can be obtained. It is also possible
that a copolyner is obtained by reacting the acid chloride, the

bi sam nophenol conpound and the reactive oligomer sinultaneously in a

pol ar sol yerthe dbéve 2badiv oliBemaimdisiueyd Nbite the édpolytnenribaxythe aci d
chloride to the bisam nophenol conpound used for the reaction affects the
mol ecul ar rangeé ofits tf 70%eby htedglng dnexepprefemablyin the rahge of fptar 5@%t by or
controlling the chain end structure of the polyam de. The chain ends of

t he pol yamealght emdtmostvmrefersbiyuin theramgecefi 5/t0 4%y weightac When ghoup of
the reactive oligomer in order to copolynerized the polyanide with the
reacti ve ashoupminef theinsrodunedrreacveplighmes ip smallegthay &%diy wetght,

di carboxylic acid chloride t i sam pnophenol | er than

1, the obtthe dzactien wb|Bexas de tggﬁﬁ?ﬁfdngrfggb I%ﬁaﬂﬂ;mwsq’éhgiﬁgggjprt he

BRGNS e R S RN NIy e )

el o | 0o YrSB FOR ST RATE SR b sl AL Yo O

reactive ;0lchgR{Bha Fthiin S Whke o (IR He MUERACHI SRS iel e RbSiIGRSE. 11
extremely deteriorate and that pores are formed continuously and
unevenly and the permittivity is different from portion to portion.

Therefore, when the polyamide and the reactive oligomer are
reacted with each other, it is important that the amounts of the
components are adjusted so that the amount of the unit of the reactive
oligomer in the obtained copolymer is within the above range.

In the present invention, examples of the process for producing the
copolymer include conventional processes such as the acid chloride process,
the activated ester process and the condensation in the presence of an
agent for condensation with dehydration such as polyphosphoric acid and
dicylohexylcarbodiimide. For example, when the copolymer is prepared
in accordance with the acid chloride process, dicarboxylic acid and thionyl
chloride in an excess amount are reacted at a temperature in the range of
the room temperature to about 130°C in the presence of a solvent such as
N,N-dimethylformamide. After the remaining amount of thionyl chloride
is removed by heating under a reduced pressure, the residue is

recrystallized from a solvent such as hexane and a dicarboxylic acid

chloride is prepared.
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preferable that the oligoner has am no group having a greater nucleophilic
reactivity as the reactive group at the chain ends. Hydroxyl group at the
chain ends of the oligoner can be converted into am no group, for exanple,
in accordance with the follow ng process. An oligoner having

4-ni trobenzoic acid ester group at the chain ends can be obtai ned by
reacting the reactive oligoner having hydroxyl group at the chain ends

Wi th 4-nitrobenzoic acid chloride, in general, in a solvent such as

te”ahdeOfUFaWIiﬁéhtélﬁ REESBREFlOTac alofidRC ERAE Oprepiashd 2% Rk dipe at a
tenperature in the range of the roomtenperature to about -30C The

obt ai ned gbmBRTERioR Mt Andtier diekehaglic atd desaiibed gabovd) the prepasédi n ends
is dissolved in a solvent such as tetrahydrofuran and allowed to react in

an at nosgiwarbogflihucidogidoridaarid thé ehluradeof thobdther didarhoxylivaddldyst such
as palladiumcarbon. After the catalyst is renoved fromthe reaction
liquid, #tbhe disgolivddj snc@enerdly danse anpolahesslybutrguchs ase MbveathylFRe
can be. upptralglonne anilgoNeN-dimathylaseteroidy oip. ceomhiaodiva nvifigs a1t 1o
can be uppuraagionke 8nfigomwel Ay r odp _
o P il s, B TEA LY M P ot o socyanate
(he um | o sbe poluemids ond s aralt conglumet dmpsiiiepized e
o1 90T GanLLERCINN 1 NS 0NN ol T alBEA Bho 86 bR "0 F11m

triethylamine and the polyamide is synthesized. To the synthesized

polyamide, a solution prepared in advance by dissolving the reactive

oligomer into a solvent such as y-butyrolactone is added and the reaction is

allowed to proceed. The reaction liquid is added, for example, into a

mixed solvent of water and isopropyl alcohol. After recovering and drying

the formed precipitates, a copolymer formed by the reaction of the

polyamide and the reactive oligomer can be obtained. It is also possible

that a copolymer. is obtained by reacting the acid chloride, the

bisaminophenol compound and the reactive oligomer simultaneously in a

polar solvent.

The ratio of the amounts by mole of the dicarboxylic acid chloride to

the bisaminophenol compound used for the reaction affects the molecular

weight of the obtained copolymer and is also important for controlling the

chain end structure of the polyamide. The chain ends of the polyamide

must have a structure reactive with the reactive group of the reactive

oligomer in order to copolymerized the polyamide with the reactive

oligomer. When the ratio of the amounts by mole of the dicarboxylic acid

chloride to the bisaminophenol compound is smaller than 1, the obtained
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al so conprise various other additives. Exanples of the additive include
surfactants, coupling agents such as silane coupling agents, radical
initiators generating oxygen radical or sulfur radical by heating and

catal ysts such as disulfides. Wen the polyam de in the present invention
Is represented by general fornmula [11 in which at | east one of the groups
represented by RL and R2 or the groups represented by R3 and R4 is

hydr ogen, the polyam de can be used for a photosensitive resin conposition

of the pogpljateideitss mim\@/\%gﬁwahaqw%m d@oﬂamtdh@cuﬂa@ﬁ@%%%&@arpomound

as the phot'osensitizer. t he polyam de iS represented by general

fornmul a pdlcdpdlytibizedtwithathie oligoflert heviagoembokgP st eWhen fHe and R2
or the groups represented by R3 and R4 is a photo-crosslinking group such

as et haeatiboyf thgrampunthdypaiot@mifdthe alicdrdoxpléd afcid chl@tide asetlsé ti ve
resin conposition of the negative type in conbination with a
phot oi ni t badaominofhenhbcappoundekeredsfl, tthe obtaimedglolyamidenhasnsathmixyhg fi | m
of the present invention, the material can be dissolved or uniformy
di sper sedgroup aats the athainoendmiands shnehe copglymenized withobhd wgactayei sh. For
exanple, the material for, an insulat'ng fi5n1is di ssolved or uniformy
di sper sedofigomeys BARME QSO SFAUR, b‘y EOXYL { §H98P. dhis gase,| {tcd waf er
or a ceram cf sglbs r tE i ﬁ coat gld with the Bre ared sol uti on, or l.sper sion.
Exanpl es 8Felerd epﬁthé'gé ¢ ofigpme, has Aming SrORR haYing pSTERSEHFIe0PaNG s ¢ he
screen printin rogess, the sprayi r the spin coating process
and the r5?‘il°t&‘g%t¥ Bﬁg e5?%@8’5%@&&%“%%@%%&3%, the solvent is vapori zed
by heating and I-iﬂf‘roxyl group at the chain ends of the oligomer can be converted

into amino group, for example, in accordance with the following process.

An oligomer having 4-nitrobenzoic acid ester group at the chain ends can

be obtained by reacting the reactive oligomer having hydroxyl group at the

chain ends with 4-nitrobenzoic acid chloride, in general, in a solvent such

as tetrahydrofuran in the presence of an acid acceptor such as pyridine at a

temperature in the range of the room temperature to about -30°C. The

obtained oligomer having 4-nitrobenzoic acid ester group at the chain ends

is dissolved in a solvent such as tetrahydrofuran and allowed to react in an

atmosphere of hydrogen gas in the presence of a reducing catalyst such as

palladium carbon. After the catalyst is removed from the reaction liquid,

the liquid is concentrated and the solvent is removed. The obtained

oligomer having 4-nitrobenzoic acid ester group at the chain ends can be

used as the oligomer having amino group at the chain ends. It is also

possible that a reactive oligomer having carboxyl group or isocyanate

group is reacted with hydroxyl group in the structure of the main chain of

the unit of the polyamide and a graft copolymer is synthesized. The

reactive oligomer is not particularly limited as long as the reactive
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coating filmis dried. A tack-free coating filmcan thus be obtained. It is
35 preferable that the coating filmis then subjected to a heat treatnent
so that the material is converted into a crosslinked material of a
pol ybenzoxazol e resin. The material for an insulating filmcan al so be
used as a pol ybenzoxazol e resin soluble in solvents by suitably selecting
t he di carboxylic acid conponent, the bi sam nophenol conponent and the
reactive oligomer conponent. As the solvent for dissolving or dispersing
t he mat er olikofnet can renoswitdt hydrokyl granip.t he present invention, a solvent in
whi ch solid conponents are conpletely dissolved is preferable. Exanples of
the solvent i Aeudmtpriabifoy lan2isydatahg fdne of theupresentdnventiom may
di met hyl acet am de, . di net hyl sul f oxj de, di et hyl epe g% col di methyl ether,
di et hyi en@lsp emprige siarjauscether additivag elzamplesnp gh%afla}tl‘@t wuder opyl ene
gl ycol nmonongt hyl ether,. di propyl ene, gl ycol, nononethyl ether, pr.opyl ene
ol yool noRBFECHMtSet MUPLingo @Rt fichy (a8 SUAHS cCOURINE deditan aRdismy)
| actate, nethyl-1,3-butyl ene glycol ;acetate 3- but vl ene, gl ycol 3
mononet hy FRatars %?é‘teﬁ?'%inﬁy? e FARYCH Iorpﬁpﬁ;{‘}lgt reat%ﬁ?%T ﬁ% hg@e{ng and
met hoxypr opj.gnat e t hyi | ketone, nethyl isobutyl ketone,

ARt Coneoh enBies

cycl opent e and tetrahydrofuran. The above sol vents may

P e oL R OB b BB Con o A Blsy sl v
the mat erighefArformulATY] A WHch ak Te&RoREof the groups represented by R1
and R2 or the groups represented by R3 and R4 is hydrogen, the polyamide
can be used for a photosensitive resin composition of the positive type in
combination with a naphthoquinonediazide compound as the
photosensitizer. When the polyamide is represented by general formula
[1] in which at least one of the groups represented by Rl and R2 or the
groups represented by R3 and R4 is a photo-crosslinking group such as
methacryloyl group, the polyamide can be used for a photosensitive resin
composition of the negative type in combination with a photoinitiator.
As the application of the material for an insulating film of the
present invention, the material can be dissolved or uniformly dispersed in
a suitable organic solvent and used as a coating varnish. For example,
the material for an insulating film is dissolved or uniformly dispersed in
an organic solvent and glass, fiber, metal, a silicon wafer or a ceramic
substrate is coated with the prepared solution or dispersion. Examples of
the process for the coating include the dipping process, the screen printing
process, the spraying process, the spin coating process and the roll coating
process. After the coating, the solvent is vaporized by heating and the

coating film is dried. A tack-free coating film can thus be obtained. It is

35



conpl etel y dissolved and can be suitably selected in accordance with the
application. In general, it is preferable that the anount of the solvent in
the varnish is about 70 to 95% by wei ght. When the coating film conprising
the material for an insulating film of the present invention obtained as
descri bed above is treated by heating, 36 in general, at a tenperature in
the range of 80 to 200'C for renoving the solvent and then at a
tenperature of about 200 to 500'C, cyclization by condensation and

crosslinki 'i‘fgfefrﬁgfe P AChABhtiAE MR PR siBfebteldtd BhedtBlrEAiAbnt 85 an

I nsul at i ng ITmi1s converted into a pol ybenZoxazol e resin. The unit of the

reactive @hhgotks ihtehRl " eédidlerted Bitol @S Wrasdlivtkdd | Matsriapegonposed by
heati ng and the products of the deconposition are vaporized. Thus, fine
por es ar e potybetrttokazdlbereshy erTld méeriadsfon arc omqulatingofihnl sirenksoxbeol e as
the main structure and the insulating film of the present invention can be
obt ai ned amed gaquayberszdxavolegresin soluble in teeltents dtyosyitablyt sedegtingluct i on
of the insulating filmis inportant for formng the fine pores. In the

i nsul ati ngheidmrgioxvhe gsid semponans rtheobisaminppeng romponent| andk the

conpri sing polybenzoxazole as the main structure and has fine pores, the
di amet er s TeRCHFRONEPIBCH GPPOBLRBL. i n general, 1 Rmor smaller, preferably

500 nmor snmallger and re nreferably 100 nmor.s | er al t.hough the
o ot ers e vid tBe sinemutee dhbliibes on | ORCIiAE der atbHaL HEi 4y 111 m
and t he thickness oﬁlthe '

insulating m of ft'hlemprg\she%q: tirqgerlltr'fgﬁj,l aat Isr(]) efﬂtl r1nnI %vlﬁcs:'ﬁdsg)lcl) an

components are completely dissolved is preferable. Examples of the
solvent include  N-methyl-2-pyrrolidone, y-butyrolactone, N,N-
dimethylacetamide, dimethylsulfoxide, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, diethylene glycol dibutyl ether, propylene
glycol monomethyl ether, dipropylene glycol monomethyl ether, propylene
glycol monomethyl ether acetate, methyl lactate, ethyl lactate, butyl
lactate, methyl-1,3-butylene glycol acetate, 1,3-butylene glycol 3-
monomethyl ether, methyl pyruvate, ethyl pyruvate, methyl 3-
methoxypropionate, methyl ethyl ketone, methyl isobutyl ketone,
cyclopentanone, cyclohexanone and tetrahydrofuran. The above solvents
may be used singly or in combination of two or more.

The amount of the solvent for preparing the coating varnish is not
particularly limited as long as the material for an insulating film can be
completely dissolved and can be suitably selected in accordance with the
application. In general, it is preferablé that the amount of the solvent in
the varnish is about 70 to 95% by weight.

When the coating film comprising the material for an insulating film

of the present invention obtained as described above is treated by heating,
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insulating interlayer filmfor sem conductors, it is preferable that the

di aneters’of the fine pores are 20 nmor snmaller and nore preferably 5 nm
or smaller. Wen the dianeters of the pores are larger than 20 nmin the

insulating interlayer filmfor sem conductors, the pores are distributed

unevenly in the insulating filmused as a | ayer between wiring |layers and
uniformelectrical properties are not exhibited. O her problens take

pl ace, for exanple, in that nmechanical strength of the filmis decreased

and that j§ g@n@fmegt AenSpAAYEFSHl YhekhRsd 8£180HBWDRT fob REmRRIAS VAR
thi ckness 37 of the filmand the opti mumdianmeters of the pores are

sel ected isblvent GRidleliéie avid Bethperanpt icfatbout 200 td1600°CeydliZation By Not
al ways necessary that the dianeters of the pores be 5 nmor snmaller. It is

pr ef er abl eondaisdtiom dndotrosslindfingotake place hend tbellpalyamide it m Bhéo 70%
nmore preferably 5 to 50% and nost preferably 5 to 40% Wen the fraction
of pores isatemslifer anhimsubating filinsigedrivertdd inthaa palyhenizpxazode Irgsindecr eased
permttivity is exhibited. Wien the fraction of pores exceeds _70% there
i s the poddiepunittof theateastive shicomersin, hegmaterial far 4n ipswlatingafilas is and
adhesion is adversely affected. The thickness aqf ghe I nsul ating filmof the
present i A¢eampesed Py dheatingnandepamdprogdusts (e thej degomapositienagsei cat i on.
The thickness .is, i eneral, in the range,of 0,1 to 100 referably in
the r angeVBPoﬁ.z?Ldt ong}égs’ngé’ﬁd ) ) abtreeff Bﬁlymr nﬂ’tehtelw%{‘né’én}ﬁ}f‘go?ef“t‘o 20 m

comprising polybenzoxazole as the main structure and the insulating film

of the present invention can be obtained as a porous insulating film. The

heat history in the production of the insulating film is important for

forming the fine pores.

In the insulating film of the present invention which comprises a
layer comprising polybenzoxazole as the main structure and has fine pores,
the diameters of the fine pores are, in general, 1 pm or smaller, preferably
500 nm or smaller and more preferably 100 nm or smaller although the
diameters are varied depending on the application of the insulating film
and the thickness of the film. When the insulating film is used for an
insulating interlayer film for semiconductors, it is preferable that the
diameters of the fine pores are 20 nm or smaller and more preferably 5 nm
or smaller.

When the diameters of the pores are larger than 20 nm in the
insulating interlayer film for semiconductors, the pores are distributed
unevenly in the insulating film used as a layer between wiring layers and
uniform electrical properties are not exhibited. Other problems take

place, for example, in that mechanical strength of the film is decreased and

that the adhesion is adversely affected. However, the optimum thickness

37



The material for an insulating filmand the insulating filmof the present
i nventiorn can be used for insulating interlayer films and surface
protective filns in sem conductors, insulating interlayer filnms of nulti-

| ayer circuits, cover coats of flexible copper clad | am nates, sol der

resist films and liquid crystal-aligning filnms. Wen the insulating film
of the present invention is used for an insulating interlayer filmfor a
multi-layer wiring of a sem conductor device, a sem conductor substrate is
coat ed w bvh the filiheande th®adptigumradiemesérsf of thepporisngré heledbésin e
property. Exanples of the coating process include the spin coating process
usi ng a specordance witl pheyppptisatiog of phe ddssandiibds nos plwgysnetessaryt he

di ppi ng process, the printing process and the roll coating process. An
adhesi ve that thegdimmeters of Brenperespept apuer sgallehe forned coating filmat a
tenperature of _the bqiling point of the solvent 38,. , Y or,higher so that
the organic soibmre?%re\lbgepﬂfatz@& (Greiianel RarPRip Sha iR ilating o vo
coating film fornmed gbove is. t coated with a, solyti of ,i,he npateri al
for an i ngh/%tq‘?l’be pmé}%aéﬁytigo B&g’s% mOoRh e ed'ﬁbgyn%]%a i WAEIRS |'m i s
fornmed. The ai [ ' i §.ehaked ,i e bqQv ndi.tion so
that the grraéglg’%c QeI %g%fé%% Fhad 8 é’nﬁ%ﬁedirfﬁf‘%ﬁi Fshaetdfpii §%?ﬁﬁ%gi%r i ed
filmis ! BERebbEs RinilfiRERUL Wiided NOWHRUA HGGohNEHIBYIxobb4N Can be

formed as eresin ti ving fine pores. ace p ective Tilmcan
be obt ai ngdoh¥hbRS 15 (1R Foskivilify fhdtbBhahical strength of the film decreases

and adhesion is adversely affected.

The thickness of the insulating film of the present invention is
different depending on the object of the application. The thickness is, in
general, in the range of 0.1 to 100 pum, preferably in the range of 0.1 to 50
pum and more preferably in the range of 0.1 to 20 pm.

The material for an insulating film and the insulating film of the
present invention can be used for insulating interlayer films and surface
protective films in semiconductors, insulating interlayer films of multi-
layer circuits, cover coats of flexible copper clad laminates, solder resist
films and liquid crystal-aligning films.

When the insulating film of the present invention is used for an
insulating interlayer film for a multi-layer wiring of a semiconductor
device, a semiconductor substrate is coated with an adhesive coating
material for improving the adhesive property. Examples of the coating
process include the spin coating process using a spinner, the spray coating
process using a spray coater, the dipping process, the printing process and
the roll coating process. An adhesive coating film is formed by prebaking

the formed coating film at a temperature of the boiling point of the solvent
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manner simlar to that described above. To summari ze the advantages of the
present i‘fivention, the insulating filmobtained fromthe naterial for an
insulating filmand the coating varnish of the present invention can

exhi bit excellent thermal properties, electrical properties and water
absorption. The insulation filmhas, in particular, very low permttivity
and i s advantageously used for insulating interlayer filnms and surface
protective filns in sem conductors, insulating interlayer filns of

mul ti-la j ' £ ' jhat es,
sol der rgg? sl,lt(:i él??#éniﬁé%tglaﬂ\éﬁgg ?gﬂ'a%:o?‘{/ﬁtall%- a P?%?%S“?‘?ﬁq{&ﬁ%@%ﬂs The
present inventmap WdhesRR 68f5hE OElh "REMeAPBbYE G thenMchRtddehatENgE tO

exanples in the follow ng. However, the present inventionis not limted

to the exaphitim ofltle mpkerihl forpal MdulatihgMilni SetHegieseesiBiettivh ahde 9l ass
transition tenperature and the water absorption of filns prepared in

Exanpl es anldmifangd fidmi iscformedpl &hevabiteintebeuataty fibmas prebakedimithé t he
foll owi ng 39 nethods and sections of the filnms were observed. (1) Specific
permttiviabpvaeendpéen fspcthaérthiet onganiy sokvenirdasiapetized and dhddiloe ini t h t he
met hod of Japanese |Industrial, Standard K6911 using HP-4284A PRECI SI ON LCR
METER nandried: ur'Bhe mriedilpy ispilrggadreated by heating and the insulating

interlayer film can be formed as the resin film having fine pores.

A surface protective film can be obtained by forming a resin film in a
manner similar to that described above.

To summarize the advantages of the present invention, the
insulating film obtained from the material for an insulating film and the
coating varnish of the present invention can exhibit excellent thermal
properties, electrical properties and water absorption. The insulation
film has, in particular, very low permittivity and is advantageously used
for insulating interlayer films and surface protective films in
semiconductors, insulating interlayer films of multi-layer circuits, cover
coats of flexible copper clad laminates, solder resist films and liquid

crystal-aligning films.

EXAMPLES
The present invention will be described more specifically with
reference to examples in the following. However, the present invention is
not limited to the examples.
The specific permittivity, the heat resistance, the glass transition
temperature and the water absorption of films prepared in Examples and

Comparative Examples were measured in accordance with the following
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Company at a frequency of 100 kHz. (2) Heat resistance The

t hermogravinetric analysis of a filmwas conducted using an instrunment

TG DTA6200 manuf actured by SEI KO | NSTRUVENTS Co., Ltd. under a flow of the
nitrogen gas at 200 m/mnute while the tenperature was raised at a rate
of 10C/ m nute. The tenperature at which the decrease in the weight reached
5% was used as the heat resistance. (3) dass transition tenperature The

t her nonechani cal property of a filmwas nmeasured by an instrunment DVS6100
manuf act umesthiods Shidk@ctibes REMENTiEnEwereldbdervednder a fl ow of the nitrogen
gas at 300 m /m nute under dynam c deformation of the elongation node at a
frequency (bf Spevifigtpermittieity t enperature was raised at a rate of 3C/ minute.
The peak top tenperature of the |oss tangent (tan 8) was used as the gl ass
transition terkdr sPeific pepmifhivily Mssomrasyred ine gecardppeefwiths then squar e

The Chang@ifthotntuclapanesr TREUPBE FdPubs THettur btntn B4t the
e bR R A b aPSTL b HRR ARRR” oo

Company at a frequency of 100 kHz.
(2) Heat resistance

The thermogravimetric analysis of a film was conducted using an
instrument TG/DTA6200 manufactured by SEIKO INSTRUMENTS Co.,
Ltd. under a flow of the nitrogen gas at 200 ml/minute while the
temperature was raised at a rate of 10°C/minute. The temperature at
which the decrease in the weight reached 5% was used as the heat
resistance.
(3) Glass transition temperature

The thermomechanical property of a film was measured by an
instrument DMS6100 manufactured by SEIKO INSTRUMENTS Co., Ltd.
under a flow of the nitrogen gas at 300 ml/minute under dynamic
deformation of the elongation mode at a frequency of 1 Hz while the
temperature was raised at a rate of 3°C/minute. The peak top
temperature of the loss tangent (tan &) was used as the glass transition
temperature,
(4) Water absorption

A test film of a 5 cm square having a thickness of 10 um was dipped
into pure water at 23°C for 24 hours. The change in the weight of the test
film was measured and used as the water absorption.

(5) Observation of the section of a film
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present, the dianeters of the pores were neasured in the section of a film
using a transmi ssion el ectron mcroscope (TEM. Preparation Exanple 1
Styrene in an amount of 10 g (96 nmol e) was dissolved into 100 g of

t etrahydrof uran which was dried under an atnosphere of dry nitrogen and
the resultant solution was cooled to -780C. To the cool ed solution, 0.77 m
of a 1.3 nole/liter solution of sec-butyllithium (the solvent: cycl ohexane)
as the reaction reagent was added and the resultant m xture was stirred

for 3 hours. A@Npréetd & GbsénddTol SindipoRbdWh&NdbNVAE YAY, and the
resultant solution was stirred for 3 hours. To the solution, 3 g o

met hanol )%@ése@fd,dﬁ,@b afiiné6e@8 of biee pokdH Were Wahsasal athabedidPof 8TAwe t he
sol vent. The obtained product was dissolved in 100 g of tetrahydrofuran

and the resiflg amntarsdrhisslomeleesohithiceosdpe THEM). | trate was dried in vacuo
and a styrene oligoner having hydroxyl group at the chain ends and a
nunber - aver age nol ecul ar wei ght of 9,600 was obtai ned. The obtai ned
oligomer in an amount of 93 g (9.68 mMmvle) was dissolved into 80 g of

t et r ahydr Sreparatigrt Examidedri ed under an atnosphere of dry nitrogen. To

the resultant solution, 1.15 g (14.52 mmole) of pyridine, was, added
dr opwi se. Thenst&rwlﬁtﬁ%ﬁ%"&iogfé@ {96 H%I%%})G?Waﬁ 125‘3?,9‘511(@41%)289#@ e) of

e A LA S oo s BB B AR £
ol Ut on v rLalBEH L3 LRS o SOMaId FIPSTSC TG Sifo b RtHANO AP 17

at the ro
of a 1.3 mole/liter solution of sec-butyllithium (the solvent: cyclohexane) as

the reaction reagent was added and the resultant mixture was stirred for 3
hours. Then, 0.044 g (1.0 mmole) of ethylene oxide was added and the
resultant solution was stirred for 3 hours. To the solution, 3 g of
methanol was added and then the solution was concentrated to remove the
solvent. The obtained product was dissolved in 100 g of tetrahydrofuran
and the resultant solution was filtered. The filtrate was dried in vacuo
and a styrene oligomer having hydroxyl group at the chain ends and a
number-average molecular weight of 9,600 was obtained.

The obtained oligomer in an amount of 93 g (9.68 mmole) was
dissolved into 80 g of tetrahydrofuran which was dried under an
atmosphere of dry nitrogen. To the resultant solution, 1.15 g (14.52
mmole) of pyridine was added dropwise. Then, a solution obtained by
dissolving 2.63 g (14.52 mmole) of 4-nitrobenzoic acid chloride into 20 g of
tetrahydrofuran was added at 5°C over 30 minutes. After the addition
was completed, the temperature of the solution was raised to the room
temperature and the solution was stirred at the room temperature for 24

hours. The reaction product was filtered and pyridine hydrochloride was
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hours. The reaction product was filtered and pyridine hydrochloride was 41
renmoved. After the filtrate was concentrated to renove the solvent, 4-

ni trobenzoic acid ester of the styrene oligoner was obtained. The 4-
nitrobenzoic acid ester of the styrene oligoner was dissolved into 100 g of
tetrahydrofuran. To the obtained solution, 0.5 g of a 5% by wei ght

pal | adi um carbon was m xed under an at nosphere of hydrogen gas and the
resultant m xture was stirred at the roomtenperature for 24 hours. After
t he react remolvedui Aftsastid filteatd walst forfcehtiatedritd wanewnthatsellein®, 4renove

the solvent, a styrene oligoner having 4-am nobenzoic acid ester group at
t he chai nnétrdbenzsic citidi exdelr dfr Grastprenn digomér wad pbtaineddalte it h t he
same procedures as those conducted in Preparation Exanple 1 except that
38.72 g (digebenzoieycid egter of $he syyrene oligoyren wasndissolred indoH&O wafi ng a
nunber - aver age nol ecul ar weight of . 4,000 [ manufactured b)/ ALDRI CH Conpany]
was used tetrghydeofyrans Jo the gbtainade pobrtian 0.8t ¢r eha 8% Joheveighti ng a
nunber - aver .ol ecyl ar  wei of 9,600 used in_. Preparation le 1, a
oy or op PPLGIGR SR e BTk URGRR S A GaR 3B O S TECBAR SLRRS Ly oup. at
t he chain_en and _a, nunber-aver | ecul ar,_wei ght of 2, was

obt ai nod. TPRUTRPACPa kA oirod . BB dRRes e pr PRt e 28 B s o5 as
those conduehednl veaBliR il W &l with®BRlitd N $BnSerftrht30cgmo! € of

styrene was US
remove the solvent, a styrene oligomer having 4-aminobenzoic acid ester

group at the chain ends was obtained.

Preparation Example 2

In accordance with the same procedures as those conducted in
Preparation Example 1 except that 38.72 g (9.68 mmole) of poly(propylene
glycol) monobutyl ether having a number-average molecular weight of
4,000 [manufactured by ALDRICH Company] was used in place of 93 g
(9.68 mmole) of the styrene oligomer having a number-average molecular
weight of 9,600 used in Preparation Example 1, a poly(propylene glycol)
oligomer having 4-aminobenzoic acid ester group at the chain ends and a

number-average molecular weight of 2,600 was obtained.

Preparation Example 3

In accordance with the same procedures as those conducted in
Preparation Example 1 except that 49.9 g (480 mmole) of styrene was used
in place of 10 g (96 mmole) of styrene, polystyrene having hydroxyl group
at the chain ends and a number-average molecular weight of 50,000 was

obtained.
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in place of 10 g (96 nmmol e) of styrene, polystyrene having hydroxyl group
at the chain ends and a nunber-average nol ecul ar wei ght of 50,000 was
obt ai ned. 42 The obtai ned pol ystyrene in an anount of 100 g (2 nmole) was
di ssolved into 100 g of tetrahydrofuran which was dried under an

at nosphere of dry nitrogen. To the resultant solution, 1.15 g (14.52
nmol e) of pyridi ne was added dropwi se. Then, a solution obtained by

di ssolving 2.63 g (14.52 nmole) of 4-nitrobenzoic acid chloride into 20 g
of tetrahydr oMeasbtsdfedqritystaieRCinvai a3fowitof 490 Af @emrhble) agstion
was conpleted, the tenperature of the solution was raised to the room

t enper at udissahadt hates ol | @ rofndstrahydrafdran which ooas tdripdranhdee £0r 24
hours. The reaction product was filtered and pyridi ne hydrochl ori de was
removed. Afmesphére of dryandaogers cBacihet reswtanto sokatiore 108 go(lved , 4-

ni trobenzoic acid ester of polystyrene was obtained., The 4-nitrobenzoic
aci d est emraple()mfysmﬂmemaédg% diropwisent dhegy g sefutian ohtgisedfby an. To

2L TeRinad B oo S et P AR B RS, 5,
ot the AR ARTREIALAL S on R, Al o LiSufeRcuen e
E’?\e“pgg at4i- g&{gsgogﬁn%fegé% At Qeﬁ%%%tuq{a PR sd10Gioh ¥al 38 Y6 She Oxt%to% ned.

temperature and the solution was stirred at the room temperature for 24

hours. The reaction product was filtered and pyridine hydrochloride was

removed. After the filtrated was concentrated to remove the solvent, 4-

nitrobenzoic acid ester of polystyrene was obtained. The 4-nitrobenzoic

acid ester of polystyrene was dissolved into 100 g of tetrahydrofuran. To

the obtained solution, 0.5 g of a 5% by weight palladium carbon was mixed

under an atmosphere of hydrogen gas and the resultant mixture was

stirred at the room temperature for 24 hours. After the reaction liquid

was filtered with Celite and concentrated to remove the solvent,

polystyrene having 4-aminobenzoic acid ester group at the chain ends was

obtained.

Preparation Example 4
Preparation of 5-ethynylisophthalic acid dichloride
(1) Synthesis of dimethyl 5-trifluoromethanesulfonyloxyisophthalate

Into a 5 liter four-necked flask equipped with a thermometer, a
Dimroth condenser, a tube containing calcium chloride and a stirrer, 190.0
g (0.904 mole) of dimethyl 5-hydroxyisophthlate, 3 liters of dehydrated
toluene and 214.7 g (2.718 mole) of dehydrated pyridine were placed and
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Preparation of 5-ethynylisophthalic acid dichloride (1) Synthesis of

di met'hyl “5-trifl uoronet hanesul f onyl oxyi sophthal ate Into a 5 liter
four-necked flask equi pped with a thernoneter, a D nroth condenser, a tube
containing calciumchloride and a stirrer, 190.0 g (0.904 nole) of

di met hyl 5-hydroxyi sophthlate, 3 liters of dehydrated toluene and 214.7 g
(2.718 nole) of dehydrated pyridine were placed and 43 the resultant

m xture was cooled to -30C while being stirred. To the cooled m xture,

510. 2 g (1h8QRsulthar Mixtand Wik osoleditol U0 wWHilh beirge ktlrradas B gré

dropwi se slowly and carefully so that the tenperature was not raised at

- 25C or hicgdiled. mlikturepl510.hgu(l.808 aele) of eaddidroan tviflioreauifirdt ewid Af t er
the addition was conpleted, the tenperature of the reaction m xture was
rai sed tovaG added Heopwemetslowmlynasd ahrefully sothat dheddmpeoaturerwas noThe
tenperature was then raised to the roomtenperature and the reaction was
al | oned t sajpedcetd-297C Drmbigker. THE tnkaildwur, before dheniadditien vwas pour ed
into 4 liters _of ice water and the aqueous _|ayer. and the organjc | ayer
ver e separcampdetetne Afterodhe addibionwas @Q@Hké@f{t e demperaiuracel dhewi t h 500

Conbi ned SPURHAE TusPUS SO HBiSed 5 0HG AL gHed oRP AP Fas TIPSR BeoRbang
dried with 100 f hyd ' . f . hyd '
ul fat o v dchivea B tPrREPariB AR Ehiidindd o cof HEBUCHERGBHER e on

S92 1 QR ho SRR Was AGwhASH 'Bbeddl WS 1R IR batAGHC ¢

reaction mixture was poured into 4 liters of ice water and the aqueous

layer and the organic layer were separated. The aqueous layer was
treated twice by extraction with 500 ml of toluene and the extracts were
combined with the organic layer. The combined organic solution was
washed twice with 3 liters of water and dried with 100 g of anhydrous
magnesium sulfate. Anhydrous magnesium sulfate was removed by
filtration and toluene was removed by distillation using a rotary
evaporator. The resultant product was dried in vacuo and 294.0 g (the
yield: 95%) of dimethyl 5-trifluoromethanesulfonyloxyisophthalate was
obtained as a light yellow solid. The crude product was recrystallized
from hexane and white needle crystals were obtained. The crystals were
used for the next reaction.
(2) Synthesis of 4-[3,6-bis(methoxycarbonyl)phenyl]-2-methyl-3-butyn-1-
ol

Into a 1 liter four-necked flask equipped with a thermometer, a
Dimroth condenser, an inlet for the nitrogen gas and a stirrer, 125 g (0.365
mole) of dimethyl 5-trifluoromethanesulfonyloxyisophthalate, 1.1 g (0.0419
mole) of triphenylphosphine, 0.275 g (0.00144 mole) of copper iodide and
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yield: 95% of dinmethyl 5-trifluoronethanesul fonyl oxyi sophthal ate was
obtained'as a |light yellow solid. The crude product was recrystallized
from hexane and white needl e crystals were obtai ned. The crystals were
used for the next reaction. (2) Synthesis of

4-[ 3, 5- bi s(nmet hoxycar bonyl ) phenyl ] - 2- net hyl - 3-butyn-1 of Into a 1 liter
four-necked flask equipped with a thernoneter, a D nroth condenser, an
inlet for the nitrogen gas and a stirrer, 125 g (0.365 nole) of dinethyl

5-trifl uoBgvst hamagunheley bp3yhethyilNh3ine3-ol whrg plabeddht] thioh&ro@én

tri phenyl phosphi ne, 0.275 g (0.00144 nol e) of copper iodide and 44 33.73 g
(0.401 nokay whs passedythroupht thre flagk. wlice thé aadedeandxture, rd15 aglenf gas was
passed through the flask. To the above m xture, 375 nl_of dehydrated

tri et hyl adehpdeatdd 20@thylagningetnd 280aul of debiy deated rmyridine sverenaddéed sol ved
by stirring _the mxture. After the flow of the nitrogen gas was continued
for 1 houandgligsqlved byogiprmgrbhe migturs. c Miiteobhe flow of the nitrogen gas

L B oS e 4 e, B =L o AR RuAT ot ™ S
e o S R oL Y bl ST A Va1 2
o 21 PR R Sl PAPUAERR SEARGIRAL A sk 4 o 27
concentraipyQn QficphyRhfink! 45d RPHIRIWile PIm¥RiEhy diillation in vacuo

and a viscous brown solution was obtained. The solution was poured into

500 ml of water and the formed solid substances were separated by

filtration and washed twice with 500 ml of water, 500 ml of a hydrochloric

acid having a concentration of 5§ mole/liter and 500 ml of water. The

obtained solid substance was dried at 50°C in vacuo and 98.8 g (the yield:

98%) of 4-[3,5-bis(methoxycarbonyl)phenyl]-2-methyl-3-butyn-1-0l was

obtained.

(3) Synthesis of dipotassium 5-ethynylisophthalate

Into a 5 liter four-necked flask equipped with a thermometer, a

Dimroth condenser and a stirrer, 3 liters of n-butanol and 182 g (2.763

mole) of potassium hydroxide (85%) were placed and potassium hydroxide

was dissolved into n-butanol by heating under the refluxing condition. To

the resultant solution, 95 g (0.344 mole) of 4-[3,5-bis(methoxycarbonyl)-

phenyl]-2-methyl-3-butyn-1-ol synthesized above in (2) was added and the

resultant mixture was heated under the refluxing condition for 30 minutes.

The mixture was then cooled in an ice bath. The formed crystals were

separated by filtration, washed twice with 1 liter of methanol and dried at

60°C in vacuo and 88.87 g (the yield: 97%) of dipotassium 5-
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obt ai ned solid substance was dried at 50C in vacuo and 98.8 g (the yield:
98% ' of 4-[3,5-bis(nethoxycarbonyl)phenyl]-2-nethyl-3-butyn-1-ol was
obtained. (3) Synthesis of dipotassium 5-ethynylisophthalate Into a 5 liter
four-necked flask equi pped with a thernoneter, a D nroth condenser and a
stirrer, 3 liters of n-butanol and 182 g (2.763 nole) of potassium

hydr oxi de (85% were placed and potassi um hydroxi de was dissolved into

n- but anol by heating under the refluxing condition. To the resultant

sol ution, ¢¥RyRylisbpithaldtkSyaPdbtainedl.d- bi s(net hoxycar bonyl ) -
phenyl ] -2-nmet hyl - 3-butyn-1 -0l synthesized above in (2) was added and the

resul tant (4) xByhehawis ohbaithgnyliskphthhlc aeid dichhgidwondi tion for 30 m nutes.
The m xture was then cooled in an ice bath. The formed crystals were

separ at ed by filhto & i2oliteémirenedkeiddcHask tayuipped avithfa thelmonleterndadri ed at
60C in vacuo and 88.87 g (the yield: 97% of dipotassiumb5 45

et hynyl i sdpmieshacendensesband nedstirey, §Pnehéd.Bs mule)s oét dipatddstwphdhal i c
acid dichloride Into a 2 liter four-necked flask equiPped wth a

t her nonet eéthyayliggnhthalate nhiainedr abgye i 6)igndkA00gpl gt chlogoipsmeyvese

di pot assi um 5-, et hynyl i sopht hal at.e obt ai ned gbove in_.(3),and 400 of
chl oroforrﬂrp a‘ﬁy&g%dr tant e IIXLTe: WS RPN rfé’@g e 9QPIgC. To

e cool el T 58y ST ooy B AR SRt 07,
di met hyl - temperature of 5°C or lower over 1 hour. Then, 4 ml of dimethyl-
formamide and 4 g of hydroquinone were added and the resultant mixture
was stirred at 45 to 50°C for 3 hours. After the reaction mixture was
cooled, crystals were separated by filtration and washed with 150 ml of
chloroform. The filtrate and the washing liquid were combined and
concentrated at a temperature of 40°C or lower. The obtained residue
was treated twice by extraction with 200 ml of diethyl ether and filtered.
Diethyl ether was removed from the extract by distillation in vacuo and a
semi-solid crude product was obtained. The crude product was then
washed with dry n-hexane and recrystallized from diethyl ether and 13 g
(the yield: 19%) of 5-ethynylisophthalic acid dichloride was obtained.

In accordance with the procedures similar to those conducted above,

5-ethynylterephthalic acid dichloride and 4-ethynyl-2,6-naphthalene-

dicarboxylic acid dichloride were prepared.

Preparation Example 5
Preparation of 5-phenylethynylisophthalic acid dichloride
(1) Synthesis of 5-bromoisophthalic acid

Into a 1 liter four-necked flask equipped with a thermometer, a
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formam de, and 4 g of hydroqui none were added and the resultant mxture was
stirred at 45 to 500C for 3 hours. After the reaction mixture was cool ed,
crystals were separated by filtration and washed with 150 m of

chloroform The filtrate and the washing |iquid were conbi ned and
concentrated at a tenperature of 400C or |ower. The obtained residue was
treated twice by extraction with 200 m of diethyl ether and filtered.

D ethyl ether was renoved fromthe extract by distillation in vacuo and a

sen - sol i chtirrefl@ndr @diGhpIRS feRhel, D918 Eh@.55 tiﬂaepw@&ﬁliﬁmo%}tﬁi%lhcms hed

with dry n-hexane and recrystallized fromdiethyl ether and 13 g (the

yi el d: 19%cidf 165 eilhythy 14896 blptwaeight Iadirobebneiel avid dedd50 abit 6f dieilleldn
accordance with the procedures simlar to those conducted above,

5- et hynyl tweatgrhtvietei placidd atid hdtorrede aAdtes- ¢hdyflubk 2wasnapbiedalaena-

di carboxylic acid dichloride were prepared. Preparation Exanple 5

Pr epar at | demferstynecofyd &l oy loprers eptelwiaon prepareddi dissplvieg 301 g §45t7Thesi s of
5- br onoi soph{ halic acid. Intog a 1 liter four-necked flask egui pped with a

t her nonet dpole) of godium pitritginte, 529 st distilledhwateyas gdded drepwissite) of
5-am noi sqg htheili.c aﬁréﬁ &6 m of a_ 48% by \ﬁEight hydr obr.om ¢ acid and
150 m of ‘@esEetien ohkalae veppurted Dowr apdrpRpa rsqlpliop| ekR was

EORE - TR o T T

added dr ORWtﬁea ﬂ?ermometer, a Dimroth condenser, a dropping funnel and a stirrer,
94.25 g (0.66 mole) of copper(I) bromide and 45 ml of a 48% by weight
hydrobromic acid were placed and stirred. The flask was cooled at a
temperature of 0°C or lower and the aqueous solution of a diazonium salt
prepared above was added dropwise over 2 hours. After the addition was
completed, the reaction mixture was stirred at the room temperature for
30 minutes and then heated under the refluxing condition for 30 minutes.
After the reaction mixture was left standing and cooled, the formed
precipitates were separated by filtration and washed twice with 2 liters of
water. The obtained white solid was dried in vacuo at 50°C for 2 days and
117 g of a crude product was obtained. The product was used in the
following step without purification.
(2) Synthesis of dimethyl 5-bromoisophthalate

Into a 500 ml flask equipped with a stirrer and a Dimroth condenser,

110 g of 5-bromoisophthalic acid obtained above in (1), 500 ml of methanol
and 10 g of a concentrated sulfuric acid were placed and heated under the
refluxing condition for 6 hours. After the resulting mixture was left
standing and cooled, the mixture was added dropwise to 1 liter of distilled

water. The obtained solution was neutralized with a 5% by weight
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the solution obtained above over 1 hour and an aqueous sol ution of a
di azonium salt was obtained. Into a 3 liter four-necked flask equi pped

with a thernoneter, a Dinroth condenser, a dropping funnel and a stirrer,

94.25 g (0.66 nole) of copper(l) brom de and 45 m of a 48% by wei ght

hydr obr om ¢
t enperature

acid were placed and stirred. The flask was cooled at a
of OC or lower and the aqueous solution of a diazoniumsalt

prepared above was added dropwi se over 2 hours. After the addition was

conpl et edaqubeus eakitiomofrsodiune hywdsogenicarlenhaat. t The rfonmed grpeipitatee f or

m nut es and

t hen heated under the refluxing condition for 30 m nutes.

After theweractepamatadxbyrltnation efitd stashdd tgviemavitbd diders bf distiHed
precipitates were separated by filtration and washed twice with 2 liters of

wat er. Thavaibr.ai hbe

117 g of a crude product was, gtain d. ;he r du%t was used jn the
tmpth i

fol | owi ng18Pep (-4 H8A e?p‘ilhei ¥

5-bronnisoE
Dintroth c8

m Xt ure was
l[iter of dis

precipitates

t B8 9b e3ibgomoisep e was
t.hal,ate Into a 500 m flask equipped with a stirrer and a

ingd golyite sokid widsi daried in vamertei0°6blor f2odays aled s and

30

R€€r, 110 g of 5-bronpisophthalic acid obtained above in (1),

and heat eddunagpitons O ey Ry neARRaRE R okt T o7 1RCT BeliTing
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bromoisophthalate was used in place of 125 g (0.365 mole) of dimethyl 5-

trifluoromethanesulfonyloxyisophthalate, 80.8 g (the yield: 75%) of 1-[3,5-

bis(methoxycarbonyl)phenyl]-2-phenylethyne was obtained.

In accordance with the same procedures as those conducted in (3)

and (4) in Preparation Example 1, dipotassium 5-(2-phenylethynyl)-

isophthalate and 5-(2-phenylethynyl)isophthalic acid dichloride,

successively, were obtained.

Preparation Example 6

Preparation of 4,4’-tolanedicarboxylic acid dichloride

(1)

57,

Synthesis of methyl 4-ethynylbenzoate
In accordance with the process described in J. Org. Chem., Volume

Pages 6998 to 6999 (1962), 4-ethynylbenzoic acid chloride was

synthesized.

Then, a solution prepared by dissolving 24.7 g (0.15 mole) of 4-

ethynylbenzoic acid chloride in 30 ml of tetrahydrofuran was added
dropwise into 300 ml of methanol cooled in an ice bath. After the addition

was completed, the reaction solution became turbid in 20 minutes. The
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were separated by filtration and washed twice with 2 liters of distilled
wat el’. Thé obtained white solid was dried in vacuo at 50C for 2 days and
109 g (0.4 nole; the yield: 89% of dinmethyl 5-bronoi sophthal ate was
obtai ned. (3) Synthesis of 5-phenylethynylisophthalic acid dichloride In
accordance with the same procedures as those conducted in (2) in
Preparation Exanple 1 except that 99.7 g (0.365 nole) of dinethyl 5-

br onoi sopht hal ate was used in place of 125 g (0.365 nole) of dinmethyl 5-

trifl uor op@idtie mikt@rey wasyképbéing etived ¥or 8 BoGidren thelide ba%kdad 1-[3, 5-
bi s(met hoxycar bonyl ) phenyl ] - 2- phenyl et hyne was obtai ned. I n accordance with
the sane phet edired agthehanen comgpeesadeifor f@ytheari hodys.i rTlRs epactidn on
Exanpl e 1, dipotassium 5-(2-phenyl ethynyl)- isophthal ate and
5- ( 2- phenpiztimenytasi fttenedand daeddaddcll @ (the, yieddic 88%3iofeingthylede
obt ai ned. Preparation Exanple 6 Preparation of 4,4'-tol anedi carboxylic acid
di chl ori dethymylbeyzaate syas elitapmadiyl 4- et hynyl benzoate I n accordance with
the process described jn J. .,Chem . Vol u 57, Pages 6998 to 6999
(1962), 4(%x .h§ﬁ9¥hﬁ@iﬁz6& &na%tbgri At Spleadionroxeipin hesi zed Then, a sol ution
prepared by dissol.vjng 24.7. . e f. 4- ethynyl henzai c acid
chloride in 30%‘6#“@&%%?@?&%@5%5@8@&3 mSMvﬁy &Y ?lbe’f?(?@t?ﬂ of
. 88941%(3(1'51%0%‘ irll(ff), %tg]g (({)s‘flt 1%51e5 *&? n?e(mkri L15ﬂ1‘omobenzoate, 0.288 g

(0.0011 mole) of triphenylphosphine, 0.07 g (0.00037 mole) of copper(I)

iodide, 250 ml of triethylamine and 37.5 ml of pyridine was stirred and the

temperature was raised until the refluxing started at 87°C. Then, the

temperature was lowered until the refluxing stopped. At this

temperature, 0.098 g (0.00014 mole) of dichlorobis(triphenylphosphine)-

palladium was added and the resultant mixture was heated under the

refluxing condition for 3 hours. The reaction mixture was cooled and

concentrated using a rotary evaporator. The formed precipitates were

separated by filtration, dried and washed twice with 500 ml of ethyl

acetate.

The obtained product was placed into tetrahydrofuran and stirred

under heating. Then, the mixture was filtered at a high temperature.

After recrystallization from the obtained filtrate, 14.7 g (the yield: 50%) of

dimethyl 4,4’-tolandicarboxylate was obtained.

(8) Synthesis of 4,4’-tolandicarboxylic acid dichloride

Potassium hydroxide in an amount of 16.83 g (0.3 mole) was
dissolved into 450 m] of methanol. After 8.22 g (0.033 mole) of dimethyl

tolandicarboxylate obtained above in (2) was added to the resultant

solution, the temperature was raised and the mixture was heated under
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was conpl eted, the reaction solution becane turbid in 20 m nutes. The 48
reaction M xture was kept being stirred for 2 hours in the ice bath and
then stirred at the roomtenperature for further 2 hours. The reaction
m xture was filtered and dried and 21 g (the yield: 87% of nethyl 4-

et hynyl benzoate was obtained. (2) Synthesis of dinethyl

4,4' -tol andi car boxyl ate A m xture containing 16.0 g (0.1 nole) of nethyl
4- et hynyl benzoate obtained above in (1), 21.5 g (0.1 nole) of nethyl

4- br onmobertheatefluxingSéorglitiof. 62118 nivdwers. ofTHe irpdtind phicsRiy Meas Qhed o
(0.00037 nole) of copper(l) iodide, 250 m of triethylamne and 37.5 m of
pyri di ne wasleglt i r rBok afoemicde preeippmted uweravamecoeeredd byntfiltrdthen r @htluxi ng
started at 87*C. Then, the tenperature was |lowered until the refl uxing
st opped. Alissdlved interipkitextafvented. 04fey isploblemresidaies)in ghe solution was

di chl orobi s(tri phenyl phosphi ne) - Bal | adi um was_added_and the resultant

m xt ur e waenHwgtdey deration, oH ofthediltate oxas slamlyr adiustedota 8. withear eact i on

m xture s coaql.ed. and oncentrated using a,rotar vapor.ator,. The forned
preci pi t at rﬁ&ﬂ@rws%ﬁérﬁ%wgby qoncentratig ,O%Pileanﬁﬁ@tﬁﬁsh dareedyi th 500

ARCAG LTI CE Wy L L R e N R
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4,4'-Tolandicarboxylic acid obtained above in an amount of 6.5 g
(0.024 mole), 60 ml of 1,2-dichloroethane, 10.013 g of benzyl
triethylammonium chloride and 3.9 ml of thionyl chloride were mixed
together. The temperature was raised and the mixture was heated under
the refluxing condition for 10 hours. To the resultant reaction mixture,
40 ml of n-hexane was added. The resultant mixture was filtered at a
high temperature and crystals were obtained from the filtrate. The
crystals were recrystallized from a mixed solvent of 1,2-dichloroethane and

hexane and 3 g (the yield: 41%) of 4,4’-tolandicarboxylic acid dichloride was

obtained.

Preparation Example 7
Preparation of 2,2-bis(phenylethynyl)-4,4’-biphenyldicarboxylic acid
dichloride
(@) Synthesis of dimethyl 2,2-bis(phenylethynyl)-4,4’-biphenyl-
dicarboxylate '

Dimethyl 4,4’-biphenyldicarboxylate in an amount of 25 g (0.092
mole) was added into 300 ml of a concentrated sulfuric acid in combination

with 55 g (0.22 mole) of iodine. As the catalyst, 85 g of silver sulfate was
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(3)  Synthesis of 4,4'-tol andi carboxylic acid dichloride Potassium hydroxide
in ah anount of 16.83 g (0.3 nole) was dissolved into 450 nl of nethanol.
After 8.22 g (0.033 nole) of dinmethyl tol andicarboxyl ate obtai ned above in
(2) was added to the resultant solution, the tenperature was raised and
the m xture was heated under 49 the refluxing condition for 18 hours. The
reaction mxture was then cooled. The forned precipitates were recovered
by filtration and dissolved into 1 liter of water. After insoluble

resi dues igddelerfbtiy reanltams mixeaRy/ #dskyirféd at thd fodm PEmpbrdthee fod 1rate was
slowy adjusted to 3 with a hydrochloric acid having a concentration of
0.1 nol e/ houer . Theetehmperaturepwas irpisedt tes805C dnd 'the akactibrc arikturphwaaci d wer e
separated by filtration and dried and 6.7 g (the yield: 76% of

4, 4' -t ol astirced fox\lI§ bours.d The reactiomanixturet wampladded adnopwisd ite iaei d

obt ai ned above in_an amount of 6.5 g (0.024 nple 60 m of

1, 2- di chl araferhané, yallow 1pregipitatesnwgre ehtpinasdy| akhenprasipitatiesr wege and 3. 9

he'm xt urEAshed Bse SthRteT, ARrodREAFIRg HoMIG FoHar s TG40k, To the
e o TUEAA o 0 GBS SRR 20 o
(S L 8 SRR S S RO Ay it 40"
4, 4" -tol andi £aKERKYBER) o6F AidleBiY100 HiiNa5-4, 2XiphBRfdicarboxylate was
obtained as yellow crystals.
Dimethyl 2,2’-diiodo-4,4’-biphenyldicarboxylate obtained above in
an amount of 26 g (0.05 mole), 0.08 g of copper iodide and 0.11 g of
bis(triphenylphosphine)palladium were added into 120 ml of pyridine and
the mixture was stirred at the room temperature for 1 hour. To the
resultant reaction mixture, a solution prepared by adding 12.5 g (0.122
mole) of phenylacetylene into 60 ml of pyridine was slowly added. The
temperature of the obtained mixture was raised to 80°C and the mixture
was kept being stirred at this temperature for 5 hours. The mixture was
then cooled to the room temperature and the precipitated salts were
removed by filtration. After pyridine was removed by distillation using a
rotary evaporator, a crude product was obtained. The crude product was
dissolved into 200 ml of diethyl ether and washed with a 5% by weight
hydrochloric acid and water. After recrystallization from a mixed solvent
of hexane and toluene (90/10 v/v), 16 g (the yield: 68%) of dimethyl 2,2'-
bis(phenylethynyl)-4,4’-biphenyldicarboxylate was obtained.
(2) Synthesis of 2,2-bis(phenylethynyl)-4,4’-biphenyldicarboxylic acid
dichloride
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Preparatlon Exanpl e 7 Preparation of

2,2 bls(phenylethynyl) 4, T- bi phenyl di carboxylic acid dichloride (1)
Synthe5|s of dinmethyl 2,2'-bis(phenylethynyl)-4,4'-biphenyl- dicarboxylate
Di net hyl 4,4'-biphenyldicarboxylate in an amount of 25 g (0.092 nole) was
added into 300 m of a concentrated sulfuric acid in conbination wth 55 g
(0.22 nole) of iodine. As the catalyst, 85 g of silver sulfate was 50 , 4
added and the resultant m xture was stirred at the roomtenperature for 1
hour. The tenpe&y amikeursascorthirsdgt 0180gC Q08 t hwle)east | dimethyl ur2'was
stirred for 18 hours. The reaction m xture was added dropwi se to ice water
and yel | obigiphenylethymd)-det dipbenyldevirbaxdate ebiginedt asoweeir (Ihemidd twi ce
with water, filtered and dried at 80*C in vacuo for 24 hours. The obtained
dried prod36t mhsofan f pthang} észlwtm i ofn RAtessinm hbh@woxeéq nbaVléJgSo%khl et

Jiel d:  B5epIemERNBR Y ol MRRIORGY TBISR SRy FORRRBGRPiten farse
22 i i ot The HUTA HAB el Bisbap dBkptadiAropboris-acifRd of 26 g
E)?s(()tS r %L%W&gg"p‘ﬁ?ﬁéﬁgﬁég‘% &%ﬁ%a}é‘%@ agglgdpfég%@t%fa WP ofseB%artafin%y and the
m xture V\@ﬁtl%ttiornr, %1@& a’iﬁeréc?%@atlﬁm e mhi%ed LsolPMt of PoluBfie and
methanol (90/10 v/v) and 12 g (the yield: 90%) of 2,2’-bis(phenylethynyl)-
4,4’-biphenyldicarboxylic acid was obtained.
A mixture of 4.5 g (0.01 mole) of 2,2-bis(phenylethynyl)-4,4’-
biphenyldicarboxylic acid obtained above, 1 ml of N,N-dimethylformamide
and 100 ml of thionyl chloride was heated under the refluxing condition for
6 hours and then the remaining thionyl chloride was removed by
distillation in vacuo. The obtained crude product was recrystallized from
a mixed solvent of hexane and chloroform (90/10 v/v) and 4.0 g (the yield:
82%) of 2,2-bis(phenylethynyl)-4,4’-biphenyldicarboxylic acid dichloride
was obtained.
In accordance with the procedures similar to those conducted above,
2,2-bis(naphthylethynyl)-4,4’-biphenyldicarboxylic acid dichloride was
prepared.

Preparation Example 8
Preparation of 2,7 -biphenylénedicarboxYlic acid dichloride

In accordance with the process described in J. Poly. Sci.: Polymer
Letters Edition, Volume 16, Pages 653 to 656 (1978), 2,7-biphenylene-

dicarboxylic acid dichloride was prepared.
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resul tant reaction mxture, a solution prepared by adding 12.5 g (0.122
nmol e)  of phenyl acetylene into 60 ml of pyridine was slowy added. The
tenperature of the obtained m xture was raised to 80*C and the mi xture was
kept being stirred at this tenperature for 5 hours. The m xture was then
cooled to the roomtenperature and the precipitated salts were renoved by
filtration. After pyridine was renoved by distillation using a rotary
evaporator, a crude product was obtained. The crude product was dissolved
into 200 M of diethyl ether and washed with a 5% by wei ght hydrochloric
acid and water. After recrystallization froma m xed solvent of hexane and
t ol uene (®xahiple/lv), 16 g (the yield: 68% of dinmethyl 2,2'-
bi s( phenyl et hynyl L;4, 4' - bi phenyl di carboxyl ate was obtained. (2) Synthesis
of 2,2'-Dbi s( ph@irbe(ByAmino-4-hydroxypharilliexafluoxgiropaneii aviathbont de 51 A
m xt ure contai ni ng 14%9 (0.03 nol e) of di.rretggll 2,2 -
bi s( phenyPEtIfAyE ) ONW melehewgs dlissalved yinte S¥hmal o deyoN-aethyl-2) and
120 m of an ethanol _sol ution. of potassiu ydroxi de haying a
concent raPVB‘F?? ng. rrgl%ef/}!ei respltant sqbuiony nﬂ@r&tﬁéﬂ(ﬁ@f Pﬂﬁ'iegby’éﬂn%ﬁti on for
2 hours. Th r.ot ect i S I enoy wth a dilute hydrochlgric acid and
vel l'ow pr BePphappedirafioie.f Gl HtEh s uhs pepi Suntes, Bttt by
filtrati ognodrie eChyi |j hxe t -t ol uene and
met hanol ?80‘?1_0 @7@?‘*&%&%&%@4{ t\tgese%otexfpg:me o%}éogeé%a/‘?‘gis‘s’%th‘ge“ny‘f’%? hynyl ) -
4, 4" - bi phepytdl GRT RO fof RChOUMRHdORhEA N§@20°C for 1 hour. After the

temperature was adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was

added and then a solution prepared by dissolving 38.4 g (0.004 mole) of a

styrene oligomer having 4-aminobenzoic acid ester group at the chain ends

which was synthesized in Preparation Example 1 (the number-average

molecular weight: 9,600) into 100 ml of y-butyrolactone was added under

dry nitrogen at 10°C. After the addition was completed, the reaction

solution was stirred at 10°C for 1 hour and then at 20°C for 20 hours.

After the reaction was completed, the reaction liquid was filtered and

triethylamine hydrochloride was removed. The filtrate was added

dropwise to a mixed solution containing 6.6 liters of ion-exchanged water

and 6.6 liters of isopropanol. The precipitates were collected and dried

and 80.9 g of a copolymer was obtained. The molecular weight of the

obtained copolymer was measured by a GPC apparatus manufactured by

TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene.

The weight-average molecular weight was 30,000 and the molecular

weight distribution was 2.23. The fraction of the reactive oligomer

component introduced into the copolymer was obtained in accordance with

INMR and found to be 36% by weight.

53



A mxture of 4.5 g (0.01 nole) of 2,2'-bis(phenylethynyl)-4,4"-

bi phenyl di car boxylic acid obtained above, 1 m of N, N-di nethyl fornani de
and 100 m of thionyl chloride was heated under the refluxing condition for
6 hours and then the remaining thionyl chloride was renoved by
distillation in vacuo. The obtained crude product was recrystallized from
a m xed sol vent of hexane and chloroform (90/10 v/v) and 4.0 g (the yield:
82% of 2,2'-bis(phenylethynyl)-4,4"-biphenyldicarboxylic acid dichloride

was obt ai ned. !Th@@Bmiﬂ@@@@EWyiﬁbrthﬁaﬁr@ﬁ@@M 655007 lwds Bissblvegeinggnduct ed
above, 2,2'-bis(naphthylethynyl)-4,4"-Dbiphenyldicarboxylic acid dichloride

was prep@0e00 ghsfebanethyd2-fxaolidend Preeasatltant wlution was filtered by
2, 7- bi phenyl enedi carboxylic acid dichloride In accordance with the process

descri bed a MeflonPfilter ofc0.2: pMohndea varsishemmsbobthimed. \A|silieor Gvaféages 653
to 656 (1978), 2,7-biphenylene- dicarboxylic acid dichloride was prepared.
52 Exanpl davipg 2 papqradepdsitdon fHypgebalpmimyn \wiak epated rwithoheneainishin anount
of 35.9 g (0.098 nol e). was,di ssol eg into 330 of dry N-methyl -2-

pyrrol i doVSINg8 spia cp@tety + Ane pged;o wﬁtlglﬁ.aﬁdgt'ﬂeot.@erﬁﬂceytlag weTetseyny| - 2, 6-

neph halencdl LByl n a5 ke RL eSS P B0y undor S o frgoen =
thickness of about 5 um. After the coating, the film was dried on a hot
plate heated at 120°C for 240 seconds. Then, in an oven in which the
concentration of oxygen was controlled at 10 ppm or smaller by introducing
a flow of nitrogen gas, the film was heated at 300°C for 60 minutes and a
film of a polybenzoxazole resin having the oligomer reacted at the chain
ends was obtained. The film was further heated at 400°C for 60 minutes
go that the units of the oligomer was decomposed and a film of a
polybenzoxazole resin having pores was obtained. The patterning was
conducted by vapor deposition of aluminum on the obtained film and an
electrode having a specific size was formed. The capacity between
aluminum on the face of the silicon wafer and the electrode was measured.
After the measurement, a portion of the film adjacent to the electrode was
treated by the etching with oxygen plasma and the thickness of the film
was measured by a surface roughness meter. The permittivity at 1 MHz
was calculated based on the obtained data and found to be 2.54. A section
of the film was observed by TEM and the formed pores were found to be
independent fine pores having diameters of 15 nm or smaller. The results
are shown in Table 1 together with the heat resistance, Tg and the water

absorption.
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stirred at 10C for 1 hour and then at 20C for 1 hour. After the
terrperature was adjusted to 10C, 22.3 g (0.22 nole) of triethylam ne was
added and then a solution prepared by dissolving 38.4 g (0.004 nole) of a
styrene ol igoner having 4-am nobenzoic acid ester group at the chain ends
whi ch was synt hesized in Preparation Exanple 1 (the nunber-average

nol ecul ar weight: 9,600) into 100 mM of y-butyrol actone was added under
dry nitrogen at 10C. After the addition was conpleted, the reaction

sol ution Wasngplierz ed at 10C for 1 hour and then at 20C for 20 hours. After
the reaction was conpleted, the reaction liquid was filtered and
triethylam ne R2y2ibis(8!Aminte4vinsiroryphvery])kxafluoréprapeneda andedoustlt opwi se
to a m xed solution containing 6.6 liters of ion-exchanged water and 6.6
liters of of sihPogatb09 mMebe)pmessi dissalwesl watce 3361 ec védiryndN-thethytl-2and 80. 9
g of a copol yner was obtained. The nol ecul ar V\Bl’ght of the _ obtained

copol yrer pxeeolideneur ebythe qasultigmar soliomn 22att ar 4 1bym°]P0)S@fC§ Ltd.

i gt - v EFL FeARbERa Oéx@fdgfﬁpﬁ%aﬁes@gnd' ﬁgﬂﬁlﬂdéitdﬁﬁﬁg@essp 248Gt
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obt ai ned. I con
solution prepared by dissolving 56.0 g (0.02 mole) of a poly(ethylene

glycol)-block-poly(propylene glycol)-block-(polyethylene glycol) having
hydroxyl group at the chain ends (manufactured by ALDRICH Company;
the number-average molecular weight: 2,800) into 100 ml of y-
butyrolactone was added under dry nitrogen at 10°C. After the addition
was completed, the reaction solution was stirred at 10°C for 1 hour and
then at 20°C for 20 hours. After the reaction was completed, the reaction
liquid was filtered and triethylamine hydrochloride was removed. The
filtrate was added dropwise to a mixed solution containing 6.6 liters of
ion-exchanged water and 6.6 liters of isopropanol. The precipitates were
collected and dried and 89.1 g of a copolymer was obtained. The
molecular weight of the obtained copolymer was measured by a GPC
apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the
corresponding polystyrene. The weight-average molecular weight was
20,000 and the molecular weight distribution was 2.2. The fraction of the
reactive oligomer component introduced into the copolymer was obtained
in accordance with INMR and found to be 48% by weight.

A sample for evaluation was obtained from the copolymer obtained
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havi ng a vapor deposition filmof alum numwas coated with the varnish
using a spin coater. The speed of rotation and the time of coating were set
in a manner such that the fil mobtained after a heat treatnent had a

t hi ckness of about 5 pm After the coating, the filmwas dried on a hot

pl ate heated at 120*C for 240 seconds. Then, in an oven in which the
concentration of oxygen was controlled at 10 ppmor snmaller by introducing
a flow of nitrogen gas, the filmwas heated at 300'C for 60 m nutes and a

filmof aapevyldanaeecrdahee reithntie ik tpReccdhirs® ey theaccefdaétedhen chai n
ends was obtained. The filmwas further heated at 400*C for 60 mnutes soO

that the Dxansplefl.t HEhotésydtsesf the neeanepents assdhewhitbgetbier an Table

pol ybenzoxazol e resin having pores was obtained. The patterning was

conduct ed1lby vapor deposition of alumi numon the obtained filmand an

el ectrode having a specific size was forned. The capacity between al um num
on the face of the silicon wafer and the el ectrode was neasured. After the
measurenent, a .portion of the filmadjacent to the el ectrode was treated
by the et ]\‘R/ierth oxygen plasma and the thickness of the film was

Cal cul at ed bas OB EH LA BRRER R RS IR Horéngs 0 section of
e T MRS A 21 G5V A LT BRI U B
:Lgﬁg?}"ﬂg?ﬁ&i@ﬁh&& topet iRy MWshitahPesflo®on! €825 @1 THoM)d oENE. Wat er
ethynylisophthalic acid dichloride was added under dry nitrogen at 10°C.
After the addition was completed, the resultant solution was stirred at
10°C for 1 hour and then at 20°C for 1 hour. After the temperature was
adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was added and then a
solution prepared by dissolving 40.0 g (0.01 mole) of poly(propylene
glycol)bis(2-aminopropyl ether) (manufactured by ALDRICH Company;
the number-average molecular weight: 4,000) into 100 ml of y-
butyrolactone was added under dry nitrogen at 10°C. After the addition
was completed, the reaction solution was stirred at 10°C for 1 hour and
then at 20°C for 20 hours. After the reaction was completed, the reaction
liquid was filtered and triethylamine hydrochloride was removed. The
filtrate was added dropwise to a mixed solution containing 6.6 liters of
ion-exchanged water and 6.6 liters of isopropanol. The precipitates were
collected and dried and 96.7 g of a copolymer was obtained. The
molecular weight of the obtained copolymer was measured by a GPC
apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the
corresponding polystyrene. The weight-average molecular weight was

25,200 and the molecular weight distribution was 2.20. The fraction of
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,,1 Exanple 2 2,2-bis(3-Am no-4-hydroxyphenyl)hexafl uoropropane in an
amount of 33.0 g (0.09 nole) was dissolved into 330 ml of dry N nethyl-2-
pyrrolidone. To the resultant solution, 22.7 g (0.1 nole) of 5-

et hynyl terephthalic acid dichloride was added under dry nitrogen at 10C.
After the addition was conpleted, the resultant solution was stirred at
10C for 1 hour and then at 20C for 1 hour. After the tenperature was
adjusted to 10C, 22.3 g (0.22 nole) of triethylamne was added and then a

sol uti on phepedertivey oligdmelrvcavdpdbfiet dnfrdduledvintd the acopelpmhét hyhene

gl ycol ) - bl ock- pol y(propyl ene gl ycol)-bl ock-(pol yet hyl ene glycol) having
hydr oxyl gbtaipedtintaeeocinmica weibhid NMRraridfitundeid ey 344053t Gelightopany; the
nunber - aver age nol ecul ar wei ght: 2,800{) into 100 M of y- butyrol actone was
added under drA sampdeyfor exaluetionAvaspbtaiveddeimitba copalymenpbttinead t he
reaction solution was stirred at 10C for 1 hour and then at 20C for 20
hours. Af abeve Ha pecardppge uithe bl samel proesdureacas ¢hosq icgnfluctgdsini |t ered

and triethyl am ne hydrochl qri de was renoved. The _filtrate was ded
dropwi se txampleded ﬁlaer tesulfe @ﬁﬁh@a}nﬁ?weme@tﬁ Are PLOWR togsther,ie Aakled wat er
and 6.6 liiters of isopropanol. The precipitates were collected and dried
and 89.1 &'of a copol yner was obtained. The nolecul ar weight of the

obt ai ned copol ymer was neasured by a GPC apparatus manufactured by TCSO
Co., Ltd. as the nolecular weight of the corresponding polystyrene. The

wei ght - av%fx%ggplrérql ecul ar wei ght was

2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 69.6 g (0.19 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 22.7 g (0.1 mole) of 5-
ethynylterephthalic acid dichloride and 25.3 g (0.1 mole) of 2,6-
naphthalenedicarboxylic acid dichloride were added under dry nitrogen at
10°C. After the addition was completed, the resultant solution was
stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the
temperature was adjusted to 10°C, 44.5 g (0.44 mole) of triethylamine was
added and then a solution prepared by dissolving 50 g (0.02 mole) of the
poly(propylene glycol) oligomer having 4-aminobenzoic acid ester group at
the chain ends which was synthesized in Preparation Example 2 (the
number-average molecular weight: 2,500) into 100 ml of y-butyrolactone
was added under dry nitrogen at 10°C. After the addition was completed,
the reaction solution was stirred at 10°C for 1 hour and then at 20°C for 20
hours. After the reaction was completed, the reaction liquid was filtered
and triethylamine hydrochloride was removed. The filtrate was added
dropwise to a mixed solution containing 6.6 liters of ion-exchanged water

and 6.6 liters of isopropanol. The precipitates were collected and dried
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20,000 and the nol ecul ar wei ght distribution was 2.2. The fraction of the
reactive ‘0l i goner conponent introduced into the copol yner was obtained in
accordance with 1INVMR and found to be 48% by wei ght. A sanple for eval uation
was obtai ned fromthe copol yner obtai ned 55 above in accordance with the
sanme procedures as those conducted in Exanple 1. The results of the
nmeasurenents are shown together in Table 1. Exanple 3

9, 9- bi s(4- ((4- Am no- 3- hydr oxy) phenoxy) phenyl )fl uorene in an anount of 53.6

g (0.095 gmdel38v8sg &f 5 0bpcifment waddBtdainedl Thy Molweul weighitysf ché done. To
the resultant solution, 22.7 g (0.1 nole) of 5- ethynylisophthalic acid

di chl ori debtwinedddedlymetewadrmeasireddsn adtrPCofparatiis enanfactuiedidt bpn was

conpl eted, the resultant solution was stirred at 100C for 1 hour and then

at 20*C f I00Hour Ltdf aethe hwlearpe meighteofithe caxtgsponding polsetyxenz2. 3 ¢

(0. 22 rmlg) of triethylam ne was added and then a solution prepared by

di ssol vi nd'he0 weight-averngepmoleenlayowpighto mase 88,000 yadl the splegulanpr opy|

et her) (rranuf act by AL the n er - average nol ecul ar

wei ght : 4 Wsagh ¢ ideeineidon wercg%b{]p'@h%rfae QdEEELLYR dRHEAPST ni t r ogen

at 100C. After th Ieted e re tronslutron was
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reaction ' liquid was filtered and triethyl am ne
ARRRIIR FLf{R P 7187 bne. ' ’

hydr ochl o
A sample for evaluation was obtained from the copolymer obtained

above in accordance with the same procedures as those conducted in
Example 1. The results of the measurements are shown together in Table

1.

Example 6

2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 30.3 g (0.1 mole) of 5-
phenylethynylisophthalic acid dichloride was added under dry nitrogen at
10°C. After the addition was completed, the resultant solution was
stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the
temperature was adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was
added and then a solution prepared by dissolving 40 g (0.01 mole) of a
poly(propylene glycolbis(2-aminopropyl ether) (manufactured by
ALDRICH Company; the nurhber-average molecular weight: 4,000) into
100 ml of y-butyrolactone was added under dry nitrogen at 10°C. After
the addition was completed, the reaction solution was stirred at 10°C for 1

hour and then at 20°C for 20 hours. After the reaction was completed, the
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filtrate was added dropwi se to a mxed solution containing 6.6 liters of

i on-exchanged water and 6.6 liters of isopropanol. The precipitates were
collected and dried and 96.7 g of a copol ymer was obtai ned. The nvol ecul ar
wei ght of the obtained copol ynmer was neasured by a GPC appar at us

manuf actured by TOSO Co., Ltd. as the nol ecul ar wei ght of the

correspondi ng pol ystyrene. The wei ght-average nol ecul ar wei ght was 25, 200
and the nol ecul ar wei ght distribution was 2.20. The fraction of 56 ,, S the
reactive gbagivieliqaithpasdilteredtambtidethylamind hepdeohidrydewasasmeieidai ned in
accordance with 1INVR and found to be 34% by weight. A sanple for evaluation
was obt ai The filtratetvines added drepwisbitaianmike dodndution contzdnnmpBGditeirs bf t he sane
procedures as those conducted in Exanple 1. The results of the

measur enerseschangecwatemand &6 lite igopropanghp| Ehe precipitates were

2, 2-bi s(3-Am no-4-h droxyphenyl%hexafluoropropane In an,anount of 69.6 g
(0.19 nol wlle@gddaaéodmeé pRfo 834 diofon geRolXmeEt Ws- obtaipedol iBeme. To
the resulta olution, 2 of 5- ethyn acid

di chl ori d& Aenlas weig o9€fgr%?®)(tgmle 5 eglﬁgtﬂ#t s cea %ﬁﬁ%f‘&'ﬂg& d
0 o O S, B SR 0TS st bl VRS HAET V52,
at 20C fof:oxjreg&%dinéf bgfysg}‘ﬁne. The weight-average molecular weight was
25,000 and the molecular weight distribution was 2.20. The fraction of
the reactive oligomer component introduced into the copolymer was
obtained in accordance with INMR and found to be 36% by weight.
A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in
Example 1. The results of the measurements are shown together in Table

1.

Example 6

2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 27.6 g (0.1 mole) of 2,7-
biphenylenedicarboxylic acid dichloride was added under dry nitrogen at
10°C. After the addition was completed, the resultant solution was
stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the
temperature was adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was
added and then a solution prepared by dissolving 40 g (0.01 mole) of
poly(propylene glycol)bis(2-aminopropyl ether) (manufactured by
ALDRICH Company; the number-average molecular weight: 4,000) into
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tenperature was adjusted to 10C, 44.5 g (0.44 nole) of triethylamne was
added and'then a sol ution prepared by dissolving 50 g (0.02 nole) of the
pol y(propyl ene glycol) oligomer having 4-an nobenzoic acid ester group at
the chain ends which was synthesized in Preparation Exanple 2 (the
nunber - aver age nol ecul ar weight: 2,500) into 100 mM of y-butyrol actone was
added under dry nitrogen at 10C. After the addition was conpleted, the
reaction solution was stirred at 10C for 1 hour and then at 20C for 20

hours. Af400 mbefraaalrelactae wasdleddunddiedfeatirogn latdqLo°e. wasftés | t er ed
and triethylam ne hydrochloride was renoved. The filtrate was added

dr opwi se tlee additicadwaslcompletedo bhaireactiprosdutioherss sfirredratek@afuged wat er
and 6.6 liters of isopropanol. The precipitates were collected and dried 57
and 138. 6hgunfnd thepait\23€ fan 20 dimuas nelfteThbe medcsinn was weinphetedf thee

obt ai ned copol ynmer was neasured by a GPC apparatus_ manufactured by TOSO
Co., Ltd. r@aactzqmllqmcbwas&ltenedgmdy giethytamine bydeoshlaridpwagsemoyed. The
wei ght -averagfe nmol ecul ar, i.ght was 25,000 and.the nol ecul ar . wei ght

di stri but Tog Thieate was addgd dropwise o grmpxed sodutien gantainmese6 litegsgbnent
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in Table },;lecular weight of the obtained copolymer was measured by a GPC

apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the

corresponding polystyrene. The weight-average molecular weight was

25,300 and the molecular weight distribution was 2.21. The fraction of

the reactive oligomer component introduced into the copolymer was

obtained in accordance with INMR and found to be 38% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in

Example 1. The results of the measurements are shown together in Table

1.

Example 7

2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 30.3 g (0.1 mole) of 4,4-
tolandicarboxylic acid dichloride was added under dry nitrogen at 10°C.
After the addition was completed, the resultant solution was stirred at
10°C for 1 hour and then at 20°C for 1 hour. After the temperature was
adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was added and then a
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Exanp] e 5.2, 2- bi s(3- Am no- 4- hydr oxyphenyl ) hexaf | uor opropane in an anmunt

of 34.8 ¢'(0.095 nole) was dissolved into 330 ml of dry N methyl-2-
pyrrolidone. To the resultant solution, 30.3 g (0.1 nole) of 5-

phenyl et hynyl i sophthalic acid dichloride was added under dry nitrogen at
10C. After the addition was conpleted, the resultant solution was stirred
at 10C for 1 hour and then at 20C for 1 hour. After the tenperature was
adjusted to 10C, 22.3 g (0.22 nole) of triethylam ne was added and then a

sol ution psRIMEhhdpatéd sy Vilikgoldn® 40. B1(00Leinddé) af pelypRiBvhene
gl ycol ) bi s(2-am (rjl%p?opyl Eit,her) (ma%ufactguﬁed by A?LDRI?J—l’XCgrrppggy; t he

nunber - av ghyagdbisfR emirwprogylgbther), @y ufaotured 169 ALDHRICH bdompahgct one was
added under dry nitrogen at 10C. After the addition was conpleted, the

reacti on $hé unuambevagveraiger guoleculb@C weight: 4600) aintot Y aml2e€ fror 20
hours. After the reaction _ was conpleted, the 58 reaction |liquid was
filtered hutyrolactong veas added andenidsyinitrogas ateibfed Aftanthe pdditien was
water andwascompisedofta SRtBpaIntoRBas v ek i Cbrel hos e od and.
obt ai nod. thtgss #07C e SRARE oARGE 1R8sBa 0t sk corlafich 4B° aFRUIY TOSO
e e T
di stri but e W0y ss added HopWasd k@™ Rlixed solution containing 6.6 liters of

ion-exchanged water and 6.6 liters of isopropanol. The precipitates were

collected and dried and 90.8 g of a copolymer was obtained. The

molecular weight of the obtained copolymer was measured by a GPC

apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the

corresponding polystyrene. The weight-average molecular weight was

25,100 and the molecular weight distribution was 2.21. The fraction of

the reactive oligomer component introduced into the copolymer was

obtained in accordance with INMR and found to be 37% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in

Example 1. The results of the measurements are shown together in Table

1.

Example 8

9,9-bis(4-((4-Amino-3-hydroxy)phenoxy)phenyl)fluorene in an
amount of 119.2 g (0.21 mole) was dissolved into 900 ml of dry N-methyl-
2-pyrrolidone. To the resultant solution, 22.7 g (0.1 mole) of 5-
ethynylisophthalic acid dichloride, 30.3 g (0.1 mole) of 5-
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the reactive oligoner conponent introduced into the copolyner was obtained
in accordance with 1INVR and found to be 36% by weight. A sanple for

eval uati on was obtained fromthe copol ynmer obtained above in accordance
with the sane procedures as those conducted in Exanple 1. The results of
t he measurements are shown together in Table 1. Exanple 6

2, 2- bi s(3- Am no- 4- hydr oxyphenyl ) hexaf | uor opropane in an anount of 34.8 ¢
(0.095 nole) was dissolved into 330 m of dry N-methyl-2- pyrrolidone. To
t he resul tphrenhydathyhytisoplthaicg acii 1dichlorjdeofart] 74.5bi o h@@R22 nmdledardfoxyl i ¢
acid dichloride was added under dry nitrogen at 10C. After the addition
was conpl esaphthakie aced dickdonide srareiasidedasndest dnyrmidregen1®ClOW?. 1Aftenr and
then at 20C for 1 hour. After the tenperature was adjusted to 10C 22.3 g
(0. 22 nol dhegrdditipaiwas eemnletodsthearesutiant golution wasditiredat fi08pafosd by

et ﬁZEﬁ " ranbpaepAadbon,at 0160 F Bolber ,tl%% e ﬁg%ééﬁéﬁéfvgééigﬁ‘%géf’zf
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i trogen 46 6. dogh €{0APmBledr evteASIEnE SARctadr A0 CRen eUREER] ut i on
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1o o e Phi Bl Byl 5 2R 0 KRSl T APl PRBBY reifl o e
hydr ochl Ordﬂlﬁiém‘ﬁfz?%%legﬁ%?f (maiifadiibéd ByPANBRICH WordlpaAY! B ntmbéy. xed

sol ution con
average molecular weight: 4,000) into 250 ml of y-butyrolactone was added

under dry nitrogen at 10°C. After the addition was completed, the
reaction solution was stirred at 10°C for 1 hour and then at 20°C for 20
hours. After the reaction was completed, the reaction liquid was filtered
and triethylamine hydrochloride was removed. The filtrate was added
dropwise to a mixed solution containing 15 liters of ion-exchanged water
and 15 liters of isopropanol. The precipitates were collected and dried
and 211.8 g of a copolymer was obtained. The molecular weight of the
obtained copolymer was measured by a GPC apparatus manufactured by
TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene.
The weight-average molecular weight was 25,000 and the molecular
weight distribution was 2.20. The fraction of the reactive oligomer
component introduced into the copolymer was obtained in accordance with
INMR and found to be 33% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in
Example 1. The results of the measurements are shown together in Table

1.
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i on-exchanged water and 6.6 liters of isopropanol. The precipitates were
collected and dried and 87.7 g of a copolynmer was obtained. The nvol ecul ar
wei ght of the obtained copol ymer was neasured by a GPC apparat us
manuf actured by TOSO Co., Ltd. as the nol ecul ar wei ght of the
correspondi ng pol ystyrene. The wei ght-average nol ecul ar wei ght was 25, 300
and the nol ecul ar weight distribution was 2.21. The fraction of the
reactive oligomer conponent introduced into the copolymer was obtained in
accor dancExeainipleINVR and found to be 38% by weight. A sanple for eval uation
was obtained fromthe copol yner obtained above in accordance with the sane
procedures as Sdbs(¢diiming-3-hydmoxmphenoky)ihenylftudreseof ithe an
measurenents are shown together in Table 1. Exanple_ 7
2, 2-bi s( 3amwaf_71yargo§@g%@rg}e) wes sfissedrashingp £5160 mh of dryadbmathyb2- 34. 8 g
(0.095 nol e) di ssglved into 330 m _of, dry met -2- pyrrolidone. To
t he resul PYFEOIAING: i og[l,o Srg‘.e3 rgsyldant gplutiogs Z.E;l-g M%dﬁn@i‘-‘r)bébfyﬁr c acid
di chl ori de_was ,add der dyy ,ni.traogen at, 19C. After. the.additiqn was
conpl et ed?tlﬁwlFsé’?‘g’l%éﬂ? a6t b‘iﬁ%gesﬁqﬂr eg&% g1 ]fofn%&noﬂi nd t hen
at 20C for,1 h . AN.ter t k | 22.3 g (0.22
ol &) of PhERYR PR e AR sEIPaRIqH G Ware g R84 BRACK ey BSpedt nf
di ssol vingpdf8 9 : I | ag pyl
cthor) ( maiPacifteh tHC afliftn [Py ReBmMLRR () YERkahE (naR WaS
stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the
temperature was adjusted to 10°C, 29.7 g (0.29 mole) of triethylamine was
added and then a solution prepared by dissolving 53.3 g (0.013 mole) of
poly(propylene glycol)bis(2-aminopropyl ether) (manufactured by
ALDRICH Company; the number-average molecular weight: 4,000) into
150 ml of y-butyrolactone was added under dry nitrogen at 10°C. After
the addition was completed, the reaction solution was stirred at 10°C for 1
hour and then at 20°C for 20 hours. After the reaction was completed, the
reaction liquid was filtered and triethylamine hydrochloride was removed.
The filtrate was added dropwise to a mixed solution containing 11 liters of
ion-exchanged water and 11 liters of isopropanol. The precipitates were
collected and dried and 137.7 g of a copolymer was obtained. The
molecular weight of the obtained copolymer was measured by a GPC
apparatus manufactured by TOSO Co., Ltd. as the molecular weight of the
corresponding polystyrene. The weight-average molecular weight was
24,000 and the molecular weight distribution was 2.10. The fraction of
the reactive oligomer component introduced into the copolymer was

obtained in accordance with INMR and found to be 32% by weight.

A sample for evaluation was obtained from the copolymer obtained

63



the nunber average nol ecul ar weight: 4,000) into 100 m of y- butyrol actone
was added 'under dry nitrogen at 10C After the addition was conpleted, the
reaction solution was stirred at 10C for 1 hour and then at 20C for 20
hours. After the reaction was conpleted, the reaction liquid was filtered
and triethylam ne hydrochloride was renoved. The filtrate was added

dropwi se to a m xed solution containing 6.6 liters of ion-exchanged water
and 6.6 liters of isopropanol. The precipitates were collected and dried
and 90. 8 gheve dncap@riiance Waishotlicaisaat proedures esulthosevedbgdictetl ihe

obt ai ned copol yner was neasured by a GPC apparatus manufactured by TOSO
Co., Ltd. Exanipile InolBoutesultseifghe méasurements aes gloowdn iggethey sn {flabbe. The
wei ght - aver age nol ecul ar wei ght was 25,100 and t he nol ecul ar wei ght

di stributilon was 2.21. The fraction of the reactive oligoner conponent

I ntroduced into the copolynmer was obtained in accordance with 1NVR and
found to be 37% by weight. A sanple for evaluation was obtained fromthe
copol yrmer _obt ai.ne above in accordance with the same procedures as those
conduct ed EFgmpe le 1. The results of the neasurenents are shown together

inan Snéun?%%ﬁsﬁ-f?ra? 'q?@%% Ry R aBPLAP RS 8ok TSy,
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pyrrolidone. To the resultant solution, 47.9 g (0.1 mole) of 2,2-

bis(phenylethynyl)-4,4’-biphenyldicarboxylic acid dichloride was added
under dry nitrogen at 10°C. After the addition was completed, the
resultant solution was stirred at 10°C for 1 hour and then at 20°C for 1
hour. After the temperature was adjusted to 10°C, 22.3 g (0.22 mole) of
triethylamine was added and then a solution prepared by dissolving 28.0 g
(0.01 mole) of a poly(ethylene glycol)-block-poly(propylene glycol)-block-
(polyethylene glycol) having hydroxyl group at the chain ends
(manufactured by ALDRICH Company; the number-average molecular
weight: 2,800) into 100 ml of y-butyrolactone was added under dry nitrogen
at 10°C. After the addition was completed, the reaction solution was
stirred at 10°C for 1 hour and then at 20°C for 20 hours. After the
reaction was completed, the reaction liquid was filtered and triethylamine
hydrochloride was removed. The filtrate was added dropwise to a mixed
solution containing 6.6 liters of ion-exchanged water and 6.6 liters of
isopropanol. The precipitates were collected and dried and 88.1 g of a
copolymer was obtained. The molecular weight of the obtained copolymer
was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as

the molecular weight of the corresponding polystyrene. The weight-
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61 phenyl et hynylisophthalic acid dichloride and 4.5 g (0.022 nole) of
|sophthaI|c acid dichloride were added under dry nitrogen at 10C. After
the addition was conpleted, the resultant solution was stirred at 10C for
1 hour and then at 20C for 1 hour. After the tenperature was adjusted to
10C, 49.5 g (0.49 nole) of triethylam ne was added and then a sol ution
prepared by dissolving 88.9 g (0.022 nole) of polypropyl ene glycol)bis(2-
am nopropyl ether) (manufactured by ALDRI CH Conpany; the nunber- average
nol ecul ar aveidpRt | mélddlar | WeigldS0wat 26,0000udnd okhet andesvdar adasight under
dry nitrogen at 10C. After the addition was conpleted, the reaction

sol uti on digributioreavest 220C Tloe fladtmur ofirtlet teantiae AiFonier c@Mpoheuts. After
the reaction was conpleted, the reaction liquid was filtered and

tri et hyl amtredhgett mthlthe|009015me1'rwawbblam¢denfacmndamee weith AQMB anid opwi se

to a mxed solutjon cont ai ni 15 liters of ion-exchanged water and 15
liters of Q%F%b&ﬂ@l % Pryew ipitates were coI | ected and dried and 211.8
g of a copol yner vvasotalnd .The nol cula t of obt ai ned

copol ymer was #ea%mpé%?%ye‘aa Bpkion Jras abtpd arceaoféf rr&f@@ff Ltd.
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found to Re 33% by meight A sanpl e for evaluation was obtained fromthe
copol yner “obt ai ned

Example 11

2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 57.9 g (0.1 mole) of 2,2-
bis(naphthylethynyl)-4,4’-biphenyldicarboxylic acid dichloride was added
under dry nitrogen at 10°C. After the addition was completed, the
resultant solution was stirred at 10°C for 1 hour and then at 20°C for 1
hour. After the temperature was adjusted to 10°C, 22.3 g (0.22 mole) of
triethylamine was added and then a solution prepared by dissolving 28.0 g
(0.01 mole) of a poly(ethylene glycol)-block-poly(propylene glycol)-block-
(polyethylene glycol) having hydroxyl group at the chain ends
(manufactured by ALDRICH Company; the number-average molecular
weight: 2,800) into 100 ml of y-butyrolactone was added under dry nitrogen
at 10°C. After the addition was completed, the reaction solution was
stirred at 10°C for 1 hour and then at 20°C for 20 hours. After the
reaction was completed, the reaction liquid was filtered and triethylamine

hydrochloride was removed. The filtrate was added dropwise to a mixed
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above, in accordance wth the sane procedures as those conducted in Exanple
1. The results of the neasurenents are shown together in Table 1. 62
Exanpl e 9 9, 9-bi s(4-((4-Am no- 3- hydr oxy) phenoxy) phenyl )fl uorene in an
anount of 71.5 g (0.13 nole) was dissolved into 550 m of dry N nethyl-2-
pyrrolidone. To the resultant solution, 7.6 g (0.033 nole) of 5-

et hynyl i sophthalic acid dichloride and 30.3 g (0.1 nole) of 5-

phenyl et hynyl i sopht halic acid dichloride were added under dry nitrogen at
10C. Aft esohiteoraddntainmgets6 cloteps eifetbn-exchanged| water sodubitditers of stirred
at 10C for 1 hour and then at 20C for 1 hour. After the tenperature was
adj ust ed tgppropancly. The poedpitatiseyend colpetetlyandridieedvand 98ided ofnal t hen a
sol ution prepared by dissolvin§h53.3 g 013 . pol y(pr opyl ene

gl ycol ) bi §ppolymeropasphtaigeder %%@?l&égmeéahg& & %&F‘WWM?H he
Rided. underAmPREIS Ha A AT rEPakpRer maiasaipd B THRS Gptededs the
nour s, r 187 PeRealE FHebled B Reresonting' BludPolS TR FREAET | Tor oo
cr opw se. eEREd CaNERE, Y 8. T RURS, apd Ehe HMOBLAMNTNARKES e

and 11 i td‘?ét%%tﬂiti&r? Q4P RAN0! Thd TBadtidif loP i th@t Rtk Coligdthb L ebRipoaRdL dr i ed
and 137.7 g of a copol yner was obtai ned. The
introduced into the copolymer was obtained in accordance with INMR and
found to be 23.5% by weight.
A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in

Example 1. The results of the measurements are shown together in Table

1.

Example 12

2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. | To the resultant solution, 33.5 g (0.07 mole) of 2,2-
bis(phenylethynyl)-4,4-biphenyldicarboxylic acid dichloride and 6.1 g (0.03
mole) of isophthalic acid dichloride were added under dry nitrogen at 10°C.
After the addition was completed, the resultant solution was stirred at
10°C for 1 hour and then at 20°C for 1 hour. After the temperature was
adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was added and then a
solution prepared by dissolving 40.0 g (0.01 mole) of poly(propylene
glycol)bis(2-aminopropyl ether) (manufactured by ALDRICH Company;

the number-average molecular weight: 4,000) into 100 ml of y-
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mol ecul ar wei ght of the obtained copol ymer was neasured by a GPC apparatus
manuf actured by TOSO Co., Ltd. as the nol ecul ar wei ght of the

correspondi ng pol ystyrene. The wei ght-average nol ecul ar wei ght was 24, 000
and the nol ecul ar wei ght distribution was 2.10. The fraction of the
reactive oligonmer conponent introduced into the copolynmer was obtained in
accordance with 1INVR and found to be 32% by weight. A sanple for eval uation
was obtai ned fromthe copol yner obtai ned 63 above in accordance with the
sane procédyrsaconehese added unided dry nikvogenl & 10°ClheAftes the additibhe
measurenents are shown together in Table 1. Exanple 10

2, 2- bi s(3wad campldtgdy the peastidy) kelwdionuwasmtioped ati H0°4h fambdwur afd 34. 8 g
(0.095 nmol e) was dissolved into 330 ml of dry N-nethyl-2- pyrrolidone. To

t he resul then asR0ICi fon 204rgsg Adter thelrenciden was completed, the reaction

bi s(phenyl et hynyl ) -4, 4' - bi phenyl di car boxyl i c I d_dichloride was _added
under dry lml&lgo‘géﬁ fHtered candyirigthylaaningd Yﬁl’iﬂ‘fﬁiﬁéd%m gemgved-helThe esul t ant

sol ution s stirred at .10C far hour. and then at 20C.f or hour . After
he t enperBiAte WAS addpdsTERviEe Toc Bised wIG0n FORERBING(.S HEE 11 am ne
was added.and_then a, solutig [ e |.S Vi 0.01 nol e) of
a poly(et ﬁ%'@ﬁgﬂ%ﬁl%dow)aﬁﬁ 88@%?@?{% %fp‘%?ggﬁdé’ agw%l)lfc o’?ﬁ? é@%%g?ca{ %SOW)%E? hyl ene
glycol) hauhiagely dnaX dhicdl Rt 31818 6" RoiiYer W oBEAiead PynéLDR CH
Conmpany; the nunber-average nol ecul ar

molecular weight of the obtained copolymer was measured by a GPC

apparatus manufactured by TOSO Co., Litd. as the molecular weight of the

corresponding polystyrene. The weight-average molecular weight was

26,000 and the molecular weight distribution was 2.2. The fraction of the

reactive oligomer component introduced into the copolymer was obtained

in accordance with INMR and found to be 35.05% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in

Example 1. The results of the measurements are shown together in Table

1.

Comparative Example 1
2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 7.7 g (0.1 mole) of 5-ethynyl-2,6-
naphthalenedicarboxylic acid dichloride was added under dry nitrogen at
10°C. After the addition was completed, the resultant solution was
stirred at 10°C for 1 hour and then at 20°C for 1 hour. After the

temperature was adjusted to 10°C, 22.3 g (0.22 mole) of triethylamine was
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weight: 2,800) into 100 m of y-butyrol actone was added under dry nitrogen
at 10C. After the addition was conpl eted, the reaction sol ution was
stirred at 10C for 1 hour and then at 20C for 20 hours. After the reaction
was conpleted, the reaction liquid was filtered and triethylam ne

hydrochl ori de was renoved. The filtrate was added dropwi se to a m xed
solution containing 6.6 liters of ion-exchanged water and 6.6 liters of

i sopropanol. The precipitates were collected and dried and 88.1 g of a
copol yner added obtAfkeedhe Thaditiure sed salconiplefed, thet beadimisohdtiswpehymer  was
measured by a GPC apparatus manufactured by TOSO Co., Ltd. as the

mol ecul ar stiereghtatoi0¥Chdox dr hespomud rthepohty 20§Cefor. 20Houmsi gliftédd thyer age
nol ecul ar wei ght was 25,000 and the nolecul ar weight distribution was 2.2.
The fract reacttin wae cognletede the irgaction ignbwastfilténedrayulibethydaminge

copol yner was obtained in accordance with 1INVR and found to be 25. 8% by
wei ght . Ahydreahdoride veasremaeverh whbe &ibtrate sasiaddnd deorvsetg femised aj ned

above in accordance with t sarme pcedures ag those cqnducted in_, B Exanple
S he 1'e SIHOTD o AL AT HoD-SXRhAREEE GURRR an Fo e ofxanpl e

L2 b AN S ophen VIR SRE BTl o o 548
UL %gﬂélyﬁloelr%jaé) tha§Ke8. nglQ nlnl&%lg} v@efigﬂt 6f the obtained copolymer
was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as
the molecular weight of the corresponding polystyrene. The weight-
average molecular weight was 25,600 and the molecular weight
distribution was 2.23.
A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in
Example 1. The results of the measurements are shown together in Table

1.

Comparative Example 2
2,2-bis(8-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 34.8 g (0.095 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 20.3 g (0.1 mole) of terephthalic
acid dichloride was added under dry nitrogen at 10°C. After the addition
was completed, the resultant solution was stirred at 10°C for 1 hour and
then at 20°C for 1 hour. After the temperature was adjusted to 10°C, 22.3
g (0.22 mole) of triethylamine was added and then a solution prepared by
dissolving 28 g (0.01 mole) of poly(propylene glycol)-block-(poly(ethylene
glycol) having hydroxyl group at the chain ends (the number-average
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bis(ngph;Qerthynyl)-4,4'-biphenyldicarboxylic acid dichloride was added
under dry nitrogen at 10*C. After the addition was conpleted, the

resul tant solution war, stirred at 100C for 1 hour and then at 20*C for 1
hour. After the tenperature was adjusted to 10*C, 22.3 g (0.22 nole) of
triethylam ne was added and then a solution prepared by dissolving 28.0 ¢
(0.01 nole) of a poly(ethylene glycol) -block-p ol y(propyl ene

gl ycol ) - bl ock- (polyethylene glycol) having hydroxyl group at the chain
ends ( mamblachilaresdeight AR BBOCH 010G ML of PButyBhatoRy aoedded aadbAr

wei ght: 2,800) into 100 m of y-butyrolactone was added under dry nitrogen
at 100C. Afryenitrégeraddi 10°¢h whfter dhpl additiont wasr emmpleted, s theaitreaetioyRs
stirred at 10'C for 1 hour and then at 20'C for 20 hours. After the

reacti on wabitiamwas eldrredhat (193¢t foynl (hoyni andvaben idtt 204y fan &0t howtshy| ani ne
hydrochl ori de was renpved. The filtrate was added dropw se to a m xed 65
sol ution édtrrathe mgastien| waecomyrletash-thecreacsion Wiauid veard filtegedjand s of

[ l.. ..T L pit . || ect dri.ed d 98.5 f
copol yirer Tt YRERR Aoy e G ECtie TRBIOAL of 1Dhe FUBER n6es caRdedmer was
d GPC t f d TOSO Ca., Ltd. th
ol eoul ar EPBIRC ) R ERRCOoR BERB MR VG PRRcT IpheSGaRERd WATEF age
I I [ : . th . | ght | St byt i 2. 1.
The. fract P oF 1HGS, SeBPuibn PRI iSEAltel Sl collghBd bl drify o
copol ymer y@s50/ i el dopoBfisf YA Ebiihed. I NMRe aRblechRH FeldhtP8E e 5% bY

wei ght .

obtained copolymer was measured by a GPC apparatus manufactured by
TOSO Co., Ltd. as the molecular weight of the corresponding polystyrene.
The weight-average molecular weight was 20,100 and the molecular
weight distribution was 2.22. The fraction of the reactive oligomer
component introduced into the copolymer was obtained in accordance with
INMR and found to be 33% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in
Example 1. The results of the measurements are shown together in Table

1.

Comparative Example 3
2,2-bis(3-Amino-4-hydroxyphenyl)hexafluoropropane in an amount
of 36.4 g (0.0995 mole) was dissolved into 330 ml of dry N-methyl-2-
pyrrolidone. To the resultant solution, 22.7 g (0.1 mole) of 5-
ethynylterephthalic acid dichloride was added under dry nitrogen at 10°C.
After the addition was completed, the resultant solution was stirred at

10°C for 1 hour and then at 20°C for 1 hour. After the temperature was
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A sanpl e for evaluation was obtained fromthe copol yner obtained above in
accordanceé with the same procedures as those conducted in Exanple 1. The
results of the neasurenents are shown together in Table 1. Exanple 12,

2, 2- bi s(3- Am no- 4- hydr oxyphenyl ) hexaf | uor opropane in an anount of 34.8 g
(0.095 nole) was dissolved into 330 mM of dry N-nmethyl-2- pyrrolidone. To
the resultant solution, 33.5 g (0.07 nole) of 2,2'-

bi s(phenyl et hynyl ) -4, 4" - bi phenyl di carboxylic acid dichloride and 6.1 g

(0.03 noladjustedits AORCHaRITe 0.2 rblehbPiristhylantnaddsddded @mddfhen t r ogen
at 10C. After the addition was conpleted, the resultant solution was

stirred atsolultidn fprepadrdioby disdolvinegn 50.0 20001 indieunf thétmolystyeene
tenmperature was adjusted to 10C, 22.3 g go._zz nmol e) of triethylam ne was
added and havémg 4-amuabensoicmcipgray dt/the heindg witich waq PrePparedir) of
pol y( propﬁl ene glycol)bis(2-am nopropyl ether) (lmanuf actured by ALDRI CH
Conpany; HRreparatioreExaraplyyd (theecrwmberawprage mplegdyr iwieight:060,0000f y 66
but yr ol act one vvasgadded under dry nitrogen at 10C.. After the addition was
conpl et ed inthd OPerM 1 olorrbagyiplagiane was @added qunden dey rpitrogepogt K6 then at
20C for 20 hours. ter the reaction,was canplefed, the reacfion _Liquid
wes 111t eralieit addibiBR AR FHE DR T oS BrreR bt RS HTREAE 107G ot e s
added dr opwi t o _a_m,X sol utyie Qntai ping 6. 8l itars of  .ion-exchanged
wat er andl% .élellfotué'r gngf ﬁ?%%p?‘totggngl for.l.?g %?%Igsl'pi g'gtteésﬁlv\%rrgacmon was

completed, the reaction liquid was filtered and triethylamine

hydrochloride was removed. The filtrate was added dropwise to a mixed

solution containing 6.6 liters of ion-exchanged water and 6.6 liters of

isopropanol. The precipitates were collected and dried and 81.4 g of a

copolymer was obtained. The molecular weight of the obtained copolymer

was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as

the molecular weight of the corresponding polystyrene. The weight-

average molecular weight was 80,000 and the molecular weight

distribution was 2.12. The fraction of the reactive oligomer component

introduced into the copolymer was obtained in accordance with INMR and

found to be 42% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in

Example 1. The results of the measurements are shown together in Table

1.
Comparative Example 4

9,9-bis(4-((4-Amino-3-hydroxy)phenoxy)phenyl)fluorene in an
amount of 126.2 g (0.22 mole) was dissolved into 600 ml of dry N-methyl-
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coll egcted, and dried and 91.3 g of a copol ymer was obtained. The

wei ght of 't he obtai ned copol yner was neasured by a GPC appar at us
manuf actured by TOSO Co., Ltd. as the nol ecul ar wei ght of the

correspondi ng pol ystyrene. The wei ght-average nol ecul ar wei ght was
and the nol ecul ar wei ght distribution was 2.2. The fraction of the

reactive

ol i goner conponent introduced into the copol yner was obt ai

accordance with 1INVR and found to be 35.05% by weight. A sanple for
eval uat i o2-pyasohifibre.nedof then rdmmltmriokyheionybRai8ned (0dbanale) nofadedir dance

with the

sane procedures as those conducted in Exanple 1. The resu

nol ecul ar

26, 000

ned in

[ts of

t he neasubiptenyddxaebeiydiornddgethloriden208og €0.1. meleypdtetaphdhakamoide 1
2, 2- bi s(3- Am _no- 4- hydr oxyphenyl ) hexaf | uor opropane in an anmount of 3

(0. 095 nodighloride dinsk48& (0.03¢ sndghofisophthplic acidediphloride wore addetbne. To

t he resul

napht hal e@%ﬁz Jiyg;i}i!?ﬁ%;geéégﬁglﬂ(o&ﬂllo‘gﬁlﬁg)% ag‘éﬁé@ﬂ‘%lﬂ%rzcog‘ﬂvemdw B‘b‘é
19C, oo | ShodERAISLAR N53 RTBASS e B | SO i ¥ AR SR

adj ust ed
the addit
hour and
reaction

A e B L R B
B B Bl 0 ARG B,
(0.024 mole) of poly(propylene glycol)bis(2-aminopropyl ether)
(manufactured by ALDRICH Company; the number-average molecular
weight: 4,000) into 250 ml of y-butyrolactone was added under dry nitrogen
at 10°C. After the addition was completed, the reaction solution was
stirred at 10°C for 1 hour and then at 20°C for 20 hours. After the
reaction was completed, the reaction liquid was filtered and triethylamine
hydrochloride was removed. The filtrate was added dropwise to a mixed
solution containing 18 liters of ion-exchanged water and 18 liters of
isopropanol. The precipitates were collected and dried and 210.4 g of a
copolymer was obtained. The molecular weight of the obtained copolymer
was measured by a GPC apparatus manufactured by TOSO Co., Ltd. as
the molecular weight of the corresponding polystyrene. The weight-
average molecular weight was 24,000 and the molecular weight
distribution was 2.10. The fraction of the reactive oligomer component
introduced into the copolymer was obtained in accordance with INMR and
found to be 34% by weight.

A sample for evaluation was obtained from the copolymer obtained
above in accordance with the same procedures as those conducted in

Example 1. The results of the measurements are shown together in Table
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hydroghlorlde was renoved. The filtrate was added dropwi se to a m xed

sol ution ‘containing 6.6 liters of ion-exchanged water and 6.6 liters of

i sopropanol. The precipitates were collected and dried and 53.5 g of a
copol ynmer was obtai ned. The nol ecul ar wei ght of the obtained copol yner was
measured by a GPC apparatus manufactured by TOSO Co., Ltd. as the

nol ecul ar wei ght of the correspondi ng pol ystyrene. The wei ght- average

nol ecul ar wei ght was 25,600 and the nol ecul ar wei ght distribution was
2.23. A sample for evaluation was obtained fromthe copol yner obtai ned
above in accordance with the same procedures as those conducted in Exanple
1. The results of the neasurenents are shown together in Table 1.
Conpar ati ve Exanple 2 2, 2-bi s(3-AriTabled- hydr oxyphenyl ) hexaf | uor opr opane in
an annunt—Uf—3ﬁ—8—;rT1T1r%?—nUrET—mHs—drssU#ved—rnr0—33ﬁ‘nf—uf-dry-

N- et hyl - 2- pyrrol i doPrecifivo t Feat esulg ant ¥@kast i on, 2@tsexyatiarof nple) of
terephthalic acid diesmiri desisiaaceadded (APEBPLRHy ni t r oML 10C. Aft er
the addition was conpf@¥ed, ﬂg r es| tan solution was stirred at 10C for
1 hour and then at 20C for 1 {dur. ¢ )ter’?WEWWenperature was adjusted to
10C, 22. 3—g—{b—22—npte)—of—trtethyramhe—was—adaet—ant—ther—ea—seluti on
prepared Byampledsol vi ng.128 g (8301 mtile) of 0gol y(fpremosssenh nm or smaller

gl ycol) - bl ock- (pol y(et hyl ene glycol) haV|ng hydr oxyl group at the chain

ends (theErxempleR- averadd 68 545 >450 0.3 fine pores of 10 nm or smaller
Example 3 2.2 539 >450 0.3 fine pores of 10 nm or smaller
Example 4 2.1 542 >450 0.3 fine pores of 8 nm or smaller
Example 6 2.0 560 >450 0.2 fine pores of 10 nm or smaller
Example 6 1.9 562 >450 0.2 fine pores of 9 nm or smaller
Example 7 1.9 5565 >450 0.2 fine pores of 10 nm or smaller
Example 8 2.1 544 >450 0.2 fine pores of 10 nm or smaller
Example 9 2.2 548 >450 0.2 fine pores of 10 nm or smaller
Example 10 2.1 547 456 0.2 fine pores of 10 nm or smaller
Example 11 1.9 568 447 0.2 fine pores of 10 nm or smaller
Example 12 1.9 523 415 0.2 fine pores of 10 nm or smaller
Comparative 2.8 545 >450 0.2 no fine pores observed
Example 1
Comparative 2.8 539 376 0.2 no fine pores observed
Example 2
Comparative *1 546 >450 0.3 voids of 1 um or larger
Example 3
Comparative *1 533 380 . 0.3 no pores observed
Example 4

*1: The permittivity could not be obtained due to short circuit during the measurement.
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mol ecyl ar weight: 2,800) into 100 M of y-butyrolactone was added under

dry hitroden at 10C. After the addition was conpleted, the reaction
solution was stirred at 10C for 1 hour and then at 20C for 20 hours. After
the reaction was conpleted, the reaction liquid was filtered and
triethylam ne hydrochl oride was renoved. The filtrate was added dropw se
to a mxed solution containing 6.6 liters of ion-exchanged water and 6.6
liters of isopropanol. The precipitates were collected and dried and 50.3
g of a copol ynBVheasa ebpaymed wddherepredudrad evalughbéd i alcberdanbé avitkd

copol ymer was neasured by a GPC apparatus manufactured by TOSO Co., Ltd.
as t he noltheusaame yiogbduss ahdhosy cosguctdilnm Exlapsilgr 2 rexceptlithat the

wei ght - aver age nol ecul ar wei ght was 20,100 and the nol ecul ar wei ght

di st ri but iasnownis of .the. regesivier eigomear ovas hncreased itpe73%i ynweightorthenent

i ntroduced intQ the copol ynmer was qbtained in, accordance with_ 1NMR and
found to Hermedcneresayeyatconhinuons) althonehthe diamsteryas a5t snalas 28m t he
copol ymer obt ai ned,, ab in accordance wth e me . procedures as those
ConauLt od TR Oresanlel 11 B rReRbe Heranpavith conkh ol BRaMRlELoba Wh%: oget her
in Table %. Conpar at i.ve .Exanpl e 3
2,2-bis(3-Hﬁfﬁ@§i@ﬁ¥£P3§§%henyl)hexafluoropropane in an anount of 36.4 ¢

the resul tant Sorist FoawhgB sl fostffh By PALE L PR rndmaBthy BhEO0C, o7
di chl ori dgpeeadHeR tH¥RlatdFikl Mr 4R 9R5U18E0AXH M of the present invention

could exhibit low permittivities while the excellent heat resistance and the

small water absorption were maintained. The fraction of pores calculated

from the measured permittivity in accordance with a logarithmic equation

of mixing agreed well with the amount of the reactive oligomer introduced

into the copolymer.
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After ,the addition was conpleted, the resultant solution was stirred at
10C for 1 'hour and then at 20C for 1 hour. After the tenperature was 69 r,
adjusted to 10C, 22.3 g (0.22 nole) of triethylam ne was added and then a
sol ution prepared by dissolving 50.0 g (0.001 nol.e) of the polystyrene
havi ng 4-am nobenzoic acid group at the chain ends which was prepared in
Preparati on Exanple 3 (the nunber-average nol ecul ar weight: 50,000) into
100 m of y-butyrol actone was added under dry nitrogen at 10C. After the
addition was conpl eted, the reacti@napaiguti on was stirred at 10C for 1
hour and then at 20C for 20 hours. After the reaction was conpleted, the
reaction liquid was filtered and triethylam ne hydrochloride was renoved.
The filtrate was added dropwise to a m xed solution containing 6.6 liters
of i on- exahanyefaterisdrfoarsh tnsulktingr filmfwhichogomprised, . asThecqmpengitt at es
were collected and dried and 81.4 g of a copolyner was obtai ned. The

mol ecul ar fowhiyy tife tfilm old acopdymepobbtained why nreacting da bpolya@@ideappar at us
manuf actured by TOSO Co., Ltd. as the nol ecul ar, weight of the

cor r espondepresevted hyr Ellowingegorsrghtformuls Jdb with o eagtivieiQdigomers 80, 000
and t he | ecul ar uﬁi' ht dilSLhLi bution 2..12. The fraction of the
reacti ve GEVYRHSrS FFSB?R%W iqh¢a1h pRACE FV1ER cBTHGRY] EEYM, AN BIOURSTi ned i n

d i th INVR and _found t % by wei ght. A le f
Vel uat | oRYHEeRYRERRR 3R & PERRE RO PRt o res

H HO O H HO @
I A W g . ee (1)
Sx? — Sx?

R10”" TOR? 1 \RSO” " OR n

wherein Rl to R4 each independently represent hydrogen atom or a
monovalent organic group, X represents a tetravalent group selected from
groups represented by following formulae (A), two groups represented by X
may be the same with or different from each other, Y represents at least
one divalent group selected from groups represented by following formulae
B), (C), (D) and (E), Z represents a divalent group selected from groups
represented by following formulae (F), m and n each represent an integer
satisfying relations of m>0, n=0, 2Sm+n=1,000 and 0.05=m/(m+n)=1
and arrangement of reﬁeating units may be a block arrangement or a

random arrangement;
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aboye.in accordance with the same procedures as those conducted in Exanple
1. Thé results of the measurenents are shown together in Table 1.
Conpar ati ve Exanple 4

9, 9- bi s(4- ((4- Am no- 3- hydr oxy) phenoxy) phenyl )fl uorene in an anmount of 126.2
g (0.22 nole) was dissolved into 600 mM of dry N-nmethyl 70 2-pyrrolidone.
To the resultant solution, 27.8 g (0.1 nole) of 4,4'- biphenyldicarboxylic
acid dichloride, 20.3 g (0.1 nole) of terephthalic acid dichloride and 4.8
g (0.024 nol e) PérmalyehiMal i c acid dichloride were added wunder dry
nitrogen at 10C. After the addition was conpleted, the resultant solution
was stirred at 10C for 1 hour and then at 20C for 1 hour. After the
tenperature was adjusted to 10C, 49.8 g (0.49 nole) of triethylam ne was
added and then a solution prepared by dissolving 94.1 g (0.024 nole) of

pol y(propyl ene gl ycol ) bi s(2-am nopropyl ether) (manufactured by ALDRI CH
Conpany; the nunber-ave | ecul ar gt . 4, 000) N of
y-but yrol act one was addgizjmggr dry nitrEgB at 10C. r addi tion
was conpl eted, the reacti olution Stirred at for hour and
then at 20C for 20 hours. After the reaction was conpleted the reaction
liquid was filtered and trie hylanlne hydrochlorlde was renoved. The

-' ~v cont ers of
rs of opr01 | . CIpI es were
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copol ymer, was obtai ned. The nol ecul ar wei ght of the obtained copolyner was
measured by a GPC apparatus nmanufactured by TOSO Co., Ltd. as the

nol ecul ar wei ght of the correspondi ng pol ystyrene. The wei ght- average

nol ecul ar wei ght was 24,000 and the nol ecul ar wei ght distribution was
2.10. The fraction of the reactive oligoner conmponent introduced into the
copol yner was obtained in accordance with 1INVR and found to be 34% by

wei ght. A sanple for eval uation was obtained fromthe copol ymer obtained
above in accor digirgeulaeti(B){he sanme procedures as those conducted in Exanple
1. The results of the neasurenents are shown together in Table 71 1. Table
1 Specific Heat TgWater permt-resistanceabsorption tivity(QOC) (*C) (% by
wt.) Exanple 12.1543>4500.2 Exanpl e 21.7545>4500. 3 Exanpl e, 32. 2539>4500. 3
Exanpl e 42.1542>4500. 3 Exanpl e 52. 0660>4500. 2

g oq U

G L))
%H . %cH . CH .
cj 2c: c\ ‘c C G
e CH. HE %oH . nd CH .
@—sm—@
c c ¢ G,
Hd “cH . Hd CH .
CHs CFs
@ CHs 0 @ CF3 @
L ) 53 (%
Hd CH . HC CH «
o O
C
Yo . %cH .
CHs CF3
0 CHa @ @ CF3 Qi
G A
CH . cH



Exanpl,e 61.9562>4500. 2 Exanpl e 71.9655>4500. 2 Exanpl e 82.1544>4500. 2
Exarrpl e 92.2548>4500. 2 Exanpl e 102. 15474560. 2 Exanpl e 111.95684470. 2
Exanpl e 121.95234150. 2 Conpar ati ve2. 8545>4500. 2 Exanple 1 2.85393760. 2
Conparative Exanple 2 * 1546>4500. 3 Conparative Exanple 3 *15333800. 3
Conpar ati ve Exanple 4 Cbservation of fine pores fine pores of 15 nm or
smal ler fine pores of 10 nmor snmaller fine pores of 10 nmor snaller

Formulae (B)-2
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fine por es of 8 nmor smaller fine pores of 10 nmor snaller fine pores
of 9 nmor smaller fine pores of 10 nmor snmaller fine pores of 10 nni or
smaller fine pores of 10 run or snaller fine pores of 10 nmor snaller
fine pores of 10 nmor snmaller fine pores of 10 nmor snaller no fine
pores observed no fine pores observed voids of 1 jAmor |arger no pores
observed *1: The permttivity could not be obtained due to short circuit
during the measurenent. 72 When a copol yner was prepared and eval uated in
accordance W t hFofhfldea(@)-procedures as those conducted in Exanple 2 except
that the amount of the reactive oligoner was increased to 72% by wei ght,
the forned pores were continuous although the dianeter was as small as 20
nmor smaller. The specific permttivity could not be obtained since the
filmwas very fragile. It is showmn by the results in Table 1 that the

insulation filns obtain fromthe teyial for in ation filmof the
present invention

c C

%: Q:
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coul.d exhipit low permttivities while the excellent heat resistance and
the small water absorption were maintained. The fraction of pores
calculated fromthe neasured permttivity in accordance with a |logarithmc
equation of mxing agreed well with the anmount of the reactive oligoner
introduced into the copolyner. 73 Y CLAIMS 1. A material for an insul ating
filmwhich conprises, as a conponent formng the film a copol yner

obtai ned by reacting a polyam de represented by follow ng general formula
[1] with a reaformmlad (QeRer having a substituent which can react with

car boxyl group, am no group or hydroxyl group in a structure of the
polyam de; N-CY-C ~U-Z-C IWO~-xOR2 m R3O'" "OR4 n wherein RL to R4 each

i ndependently represent hydrogen atom or a nonoval ent organic group, X
represents a tetraval ent group selected from groups represented by
followng formulae (A), two groups represented by X may be the sane with
or different fromeach other, Y represents at |east one_divalent group

sel ected from group present ed fol | oW ormul ae (OB ), (D) and
(E), Z represents a alent gro el ect groups ent ed by
foll owi ng fornul ae ( m and n repr nlntege& éfying
relations of nmr0, n?0, Cg5m+nsl o0 §¢nd 0 05smi ( %

/ \
‘R R'/ -\R . R, R R
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and arrangement of repeating units may be a block arrangenent or a random
arrangenent; 74 Formul ae (A) 75 Fornulae (B)-1 HCa ACH. HOr pCH . HC4' |CH

So HCV ICH . HCf *CH . S02 'CH. ICH 76 | Formulae (B)-2 ~Cc H HC CH 77
Formulae (C)-1 S02 S02 78 Formulae (C)-2

Formulae (D)

o O

Formula (E)

Dol

Formulae (F)

o 00, 00
o0, o6 B8
o0, U0,
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csC ON§,-R R 79 .
00 80 wherein X1 in
selected fromgrou

0 Fornmulae (D) Formula (E) Fornmulae (F) N NI

formulae (A) and (F) represents a dival ent group

~-)

% W

ps represented by following formulae (G: Fornula (G
-S02 -0 CF3 -CCFR3% CHs -C

wherein X1 in formulae (A) and (F) represents a divalent group selected

from groups represented by following formulae (G):

Formula (G)

. Q0. oo
Sy Yy ol

CFs CHs

—80,—_ —O0—, __?__ _.(lg__

ot o;\ OO

o Lo
g ©
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CH3 8WaR in formulae (C) represents an al kyl group or a nonoval ent group
sel ect *from groups represented by formulae (H): Forrmulae (H) and
hydrogen atons on a benzene ring in groups represented by Formul ae (A,
(B, (O, (D, (B), (F) and (G my be substituted with at |east one atom
or group selected fromal kyl groups having 1 to 4 carbon atom fluorine
atom and trifluoronethyl group. 2. A material for an insulating film
according to Claim1l, wherein the polyamde is represented by general
formul a [ 1 if Poridiiial (lfj? FEpYeRE R #n alkyligvalye ot agnonyvalehtegiong delanted he
groups represented by fornulae (B). 3. A material for an insulating film
accor di ng ftém@raufis repmizentddby fermylakey®l)i de i s represented by general
formula [1] in which Y represents a divalent group selected fromthe
groups represerff@imblpef@®)nul ae (C). 4. A material for an insulating film
according to Claim1l, wherein the 82 1 r polyamde is represented by
general formula [1] in which Y represents a divalent group selected from
t he groups represented by forrm? ae (D). 5. Amterial for an insulating

filmaccording to Claim1l, wherkin the _polyande i sented by general
formula [1] in which Y repres a

“‘ ;
0 OO )

o0

hydrogen atoms on a benzene ring in groups represented by Formulae (A),

and

B), (C), D), (B), (F) and (G) may be substituted with at least one atom or
group selected from alkyl groups having 1 to 4 carbon atom, fluorine atom

and trifluoromethyl group.

9. A material for an insulating film according to Claim 1, wherein the
polyamide is represented by general formula [1] in which Y represents a

divalent group selected from the groups represented by formulae (B).
3. A material for an insulating film according to Claim 1, wherein the
polyamide is represented by general formula [1] in which Y represents a

divalent group selected from the groups represented by formulae ©).

4. A material for an insulating film according to Claim 1, wherein the
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di val gpi. group selected fromthe groups represented by fornula (E). 6. A
material Tor an insulating filmaccording to any one of Clainms 1 to 5,
wherein the reactive oligoner is at |east one oligonmer selected from
pol yoxyal kyl enes, pol ynet hyl nethacryl ate, poly-a-nethyl styrene,
pol ystyrene, polyesters, polyether esters, polycaprol actone and
pol yurethanes. 7. A material for an insulating filmaccording to any one of
Clains 1 to 6, wherein the reactive oligoner has a nunber-average
mol ecul ar pokyghide is epreasgedoby gofetad f4AMADD [1]8in whiwh &F reprebentsan
insulating filmaccording to Claim7, wherein the reactive oligonmer has a
nunber - avelivglentngregn salectesi fyhm the groupsgeprdsent@bby formpulaedD)9. A materi al
for an insulating filmaccording to Claima8, wherein the reactive oligoner
has a nunber-average nol ecul ar weight in a range of 100 to 10,000. 10. A
material for an insulating filmaccording to .any one .of Clains,1to 9, 83
wherei n t e dbpBriaral fosmn ia aﬁlrkgoﬁﬂe%osw%gg% Eﬁafmhlum ergin the
reactive oligomer..11. A naterijal for i nsul ating,.filmaccording to daim
10, wher eiBFIYHBIAS. i iRFReraed by general Togmata I im hith Y FoRresspts 81 t ne
reactive o.i r...12. rJ f i l.at i ' cgarding to Claim
11, Mere%ﬁvgﬁgﬁg@%‘ﬁé@%ﬁ%ﬂ%ﬂ}& og%?geﬁge&e %@%ﬁ%’% @Unit of the
reactive oligomner.
6. A material for an insulating film according to any one of Claims 1 to 5,
wherein the reactive oligomer is at least one oligomer selected from
polyoxyalkylenes, polymethyl methacrylate, poly-a-methylstyrene,
polystyrene, polyesters, polyether esters, polycaprolactone and

polyurethanes.

7. A material for an insulating film according to any one of Claims 1 to 6,
wherein the reactive oligomer has a number-average molecular weight in a

range of 100 to 40,000.

8. A material for an insulating film according to Claim 7, wherein the
reactive oligomer has a number-average molecular weight in a range of
100 to 20,000.

9. A material for an insulating film according to Claim 8, wherein the
reactive oligomer has a number-average molecular weight in a range of

100 to 10,000.

10. A material for an insulating film according to any one of Claims 1 to 9,
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13. A poating varnish for an insulating filmwhich conprises a material
for an inful ating filmdescribed in any one of Clains 1 to 12 and an
organic solvent in which the material for an insulating filmcan be

di ssol ved or dispersed. 14. An insulating filmwhich conprises a |ayer of
a resin conprising a polybenzoxazole as a main structure and has fine
pores, wherein the polybenzoxazole is obtained by treating a material for
an insulating film described in any one of Clainms 1 to 12 or a coating
var ni sh f erheanin ithe wdapolyrgef icompoewsr b ted70% by aveighd dfya heaiti ofytke t hat
condensation reaction and crosslinking reaction take place. 15. An

i nsul at i ngeddtiva eligemner.ng to G aim 14, wherein the fine pores in the
insulating filmhave dianmeters of 1 mor snmaller. 16. An insulating film
according to Caim15, wherein the fine pores in the insulating filmhave

di aneters _of 500 nmor ,snmaller.. 84 17 An insulatifg. film according to

Cl ai m 16, 1aheﬁ%m?t9ﬁ@i f?rn%nbﬁ?%]?%ﬁ% g]t“ﬁé‘cf’(?f & ?ﬁgg’fnill% M ER®ters of
100 nmor snaller. 18. .An ins ting fi.l.maccordi.ng to aim. 17, wherein
the fine gopayniay copriftht PE BOR AT Petata Gl el Yoarm Bt fMigne ¥ Crar or
19. An insulating filmaccording to any one of Clains 14 to 18, wherein
the insulating filnms has a fraction of pores of 5 to 70% 20. An insulating

filmaccondi ngy 10,c}ial Torldn iNOSating AR deBoVdiRg k8 Tlafh [1T5 Wisrefn th&Ct i ON Of
por es of to 50%

copolymer comprises 5 to 40% by weight of a unit of the reactive oligomer.

13. A coating varnish for an insulating film which comprises a material
for an insulating film described in any one of Claims 1 to 12 and an organic
solvent in which the material for an insulating film can be dissolved or

dispersed.

14. An insulating film which comprises a layer of a resin comprising a
polybenzoxazole as a main structure and has fine pores, wherein the
polybenzoxazole is obtained by treating a material for an insulating film
described in any one of Claims 1 to 12 or a coating varnish for an
insulating film described in Claim 13 by heating so that condensation

reaction and crosslinking reaction take place.

15. An insulating film according to Claim 14, wherein the fine pores in

the insulating film have diameters of 1 pm or smaller.

16. An insulating film according to Claim 15, wherein the fine pores in

the insulating film have diameters of 500 nm or smaller.
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21. Anggnsul ating filmaccording to Caim20, wherein the insulating filns
has a fraction of pores of 5 to 40% 22. An insulating filmaccording to
any one of Clainms 14 to 21, which is wused as an insulating interlayer film
for multi-layer wiring in sem conductors. 23. An insulating filmaccording
to any one of Cains 14 to 21, which is wused as a surface protective film
of sem conductors. 24. A sem conductor device which conprises at |east one
of an insulating interlayer filmfor nulti-layer wiring conprising an
insulating filmwhich is described in Claim?22 and a surface protective
filmconprising an 85 | t insulating filmwhich is ﬂestgribed in Caim
23 86 17. An insulating film according to Claim 16, wherein the fine pores in

the insulating film have diameters of 100 nm or smaller.

18. An insulating film according to Claim 17, wherein the fine pores in

the insulating film have diameters of 20 nm or smaller.

19. An insulating film according to any one of Claims 14 to 18, wherein

the insulating films has a fraction of pores of 5 to 70%.

20. An insulating film according to Claim 19, wherein the insulating

films has a fraction of pores of 5 to 50%.

21. An insulating film according to Claim 20, wherein the insulating

films has a fraction of pores of 5 to 40%.

22. An insulating film according to any one of Claims 14 to 21, which is
used as an insulating interlayer film for multi-layer wiring in

semiconductors.

23. An insulating film according to any one of Claims 14 to 21, which is

used as a surface protective film of semiconductors.
24. A semiconductor device which comprises at least one of an insulating

interlayer film for multi-layer wiring comprising an insulating film which

is described in Claim 22 and a surface protective film comprising an
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insulating film which is described in Claim 23.
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