" PRECURSOR OF A HEAT RESI STANT RESI N, HEAT RESI STANT RESIN, | NSULATI NG
FI LM AND SEM CONDUCTOR DEVI CE BACKGROUND OF 1. Fiekd of: the
I nvention The present invention relates to a ﬁ[ﬁmmmmﬂl a heat resistant
resin, a heat resistant resin, an insulati n a sem conduct or
device. Mre particularly, the present inventiorf'¥éates to a precursor
providing a polybenzoxazole resin which exhibits excellent electric,
mechani cal and physical properties, in particular, excellent properties
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pol ybenzoxazol e resin which is obt a| ned from the above precursor and has
t he above characteristics, an insulating filmconprising the

pol ybenzoxazol e resin q;mo@((;g(y[mmdgptm]g BEVESErCgPri sing the insul ating
film 2. Description of Related Art As the insulating interlayer filns,

films of oxi gesid(dfithednoéntibX) prepared in accordance with the chem cal

vapor deposition process (the CVD process) are mainly used at present.

However, i nor gdhiepressntl imvientjion relates to a precursor of a heat resistant resin,
a heat resistant resin, an insulating film and a semiconductor device.
More particularly, the present invention relates to a precursor providing a
polybenzoxazole resin which exhibits excellent electric, mechanical and
physical properties, in particular, excellent properties unﬂer heating, and
is advantageously used for insulating interlayer films and films for
protecting surfaces 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 polybenzoxazole resin which is
obtained from the above precursor and has the above characteristics, an
insulating film comprising the polybenzoxazole resin and a semiconductor
device comprising the insulating film.
2. Description of Related Art

As the insulating interlayer films, films of oxides (films of SiOx)

prepared in accordance with the chemical vapor deposition process (the
CVD process) are mainly used at present. However, inorganic insulating
films such as films of oxides have a great permittivity. To achieve a high
speed and a high pérformance of semiconductors, an insulating film having
a low permittivity is desired and films of organic materials have been

examined as the candidates. As the organic material used for
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films such as filns of oxides have a great permttivity. To achieve a high
speed and a hi gh perfornmance of sem conductors, an insulating film having
a lowpermttivity is desired and films of organic nmaterials have been
exam ned as the candidates. As the organic material used for 1

sem conductors, heat resistant resins having excellent electric, nechanical
and physical properties are proposed. For exanple, application of

pol ybenzoxazol e resins as the above heat resistant resin has been

d. | | yb I ' | I f
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he pr oo PAREEHEIAEBRNAG: afpRIEREA] 170 The article i b then converted.

into a pol ybem%}lﬂe[ 89hHeat Si§beroxhhEleRRbHREIVNAARIVE Head! N

I ncl ude pol ybenzoxazol e resins syntheSized from

4, 4" - di aFbgigta3nFresih My bR¥)tRAPIKd. arTh dlstaek Al Py benAkhdolandsin, in
pol ybenzoxazol e resins synthesized from 4, 4'-di am no- 3, 3' -di hydr oxy-

bi pheny| gendrdl, 44 -grieptiesor! of ¢he bpalybenzaizdle Asside i< prbparaabdvem heat
resi stance can be easily inproved by providing a rigid skeleton structure
to a resibisarmiovephemol chinponadsesd a didedroxytie acrd covmpsuhdbi Aint grtdélea
precursor of the resin into organic solvents and working of the resin such
as prepasacha@s ofilm isiprapareddest vsidgrihe piechrser and the precursor formed
into the article is then converted into a polybenzoxazole resin. Examples
of the polybenzoxazole resin include polybenzoxazole resins synthesized
from 4,4’-diamino-3,3-dihydroxybiphenyl and terephthalic acid and
polybenzoxazole resins synthesized from 4,4’-diamino-3,3’-dihydroxy-
biphenyl and 4,4’-biphenyldicarboxylic acid.
As described above, heat resistance can be easily improved by
providing a rigid skeleton structure to a resin. However, this causes a
decrease in the solubility of a precursor of the resin into organic solvents
and working of the resin such as preparation of a film in accordance with a
coating process becomes very difficult. On the other hand, for example, a
polybenzoxazole resin prepared from 2,2-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane and isophthalic acid can be worked into various shapes
since the precursor is soluble in organic solvents. However, when the
above precursor is converted into a polybenzoxazole resin, heat resistance
of the obtained resin tends to be inferior to the former polybenzoxazole
resins.
Since the above heat resistant resins are examined as materials to

replace inorganic compounds in applications such as insulating interlayer

films in semiconductors, the improvement in the heat resistance of the



coating process becones very difficult. On the other hand, for exanple, a
po| ybenzoxazol e resin prepared from 2, 2- bi s(3-am no- 4- hydr oxyphenyl ) -
hexaf | uor opropane and i sophthalic acid can be worked into various shapes
since the precursor is soluble in organic solvents. However, when the
above precursor is converted into a pol ybenzoxazol e resin, heat resistance
of the obtained resin tends to be inferior to the forner pol ybenzoxazol e
resins. Since the above heat resistant resins are examned as materials to
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sol vent's sfviA! sk dxRBllemt PrRsSAPility i rhiidtRiddgi ned. SUMVARY OF THE

| NVENTI he present 1 nvention has objects of providing a precursor of a
pol ybenzoxazol e resin which exhibits excellent processability due to
excellent solubility in solvents and, after ring closure, excellent heat
stability in applicati onSEMMARYVOIEEHE INVENTHONNh exhi bits excel | ent

el ectric, physical and nechanical properties and is advantageously used
for i nsul at i ngThat prdsaptriniehtien dias ehjects dficprovidiagi 8 gsrecarsveacf mesi st ant
polybenzoxazole resin which exhibits excellent processability due to
excellent solubility in solvents and, after ring closure, excellent heat
stability in applications and provides a resin which exhibits excellent
electric, physical and mechanical properties and is advantageously used
for insulating interlayer films of semiconductor devices; a heat resistant
resin which is obtained from the above precursor and has the above
characteristics; an insulating film comprising the polybenzoxazole resin;
and a semiconductor device comprising the insulating film.

As the result of extensive studies by the present inventors to achieve
the above objects, it was found that a precursor of a polybenzoxazole resin
having a specific structure which is obtained by introducing a three-
dimensionally crosslinking functional group into the structure of the main
chain maintains the solubility in organic solvents and can be converted
into a resin having high heat resistance by heating due to a three-
dimensional structure formed by a combination of a conventional
condensation reaction (the ring closure reaction with elimination of water)
and the crosslinking reaction. The present invention has been completed
based on the knowledge.

The present invention provides:

(1) A precursor of a polybenzoxazole resin which comprises a crosslinking



resin which is obtained fromthe above precursor and has the above
characteristics; an insulating filmconprising the pol ybenzoxazol e resin;
and a sem conduct or device conprising the insulating film As the result of
extensive studies by the present inventors to achieve the above objects,

it was found that a precursor of a polybenzoxazole resin having a specific
structure which is obtained by introducing a three- dinensionally
crosslinking functional group into the structure of the main chain
mai nt ai ns_t he. sal ubj in organic solvents and can be converted into a
resin ha®f P H?Sﬂnﬁgﬁy Fesistance by heating due to a three- di mensional
S”uct.urngor d¥ixorC V0L NS 1yBBN A fofO 8 '&H%@hbe&oﬁfjg'i?aW}% Ll eaction

(the ring’cl 6sure reaction I'mnation of water ’he crosslinking

reacti Oncoﬂi?ﬁs%%%sﬂi‘ﬁcﬂd}\é%bf&@nb@&b?%‘éﬂeﬁﬂ%hﬁh‘fé’ [1]based on the know edge.
The present "1 nvention provid (1) A'precursor of "a pol ybenzoxazol e resin

whi ch conprises a crossllnklng 3 group in a nolecule; (2) A precursor of a
pol ybenzoxazol e resin described in (1), which conprises a structure

represented by Egeﬂerail iormﬁ ]4 HHHfQ I I?
R?

 N—C—Y—C o ,N—c—z-—c een (1)

o~ i \R30” OR# n

wherein R! 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, 2<m+n=1,000 and 0.05=m/(m+n) =1
and arrangement of repeating units may be a block arrangement or a

random arrangement;



HzZz IH Qd (1) N Id - NN -Y-CG - _ ROORm R30" x"OR4 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 may be the sane
with or different fromeach other, Y represents at |east one dival ent
group selected from groups represented by foll ow ng fornul ae
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(B), (O, (D and (E), Z represents a divalent group selected from groups
represented by following fornulae (F), mand n each represent an integer
satisfying relations of nmrQO, n?0 2smtns 1,000 and 0.05Sm (mtn) ;51 and
arrangenment of repeating units may be a bl ock arrangenent or a random
arrangenment; 4 Formulae (A) b Fornulae (B)-1 CH C HCr +CH . HCd ICH % Hi f
*CHHCw ICH, He "CH 6 Fornulae (B)-2 +CH, HCG 'CH, 7 Fornmulae (O-1 C

Formulae (B)-1



C VCRRY R S02 S02 8 Formulae (-2 9 Formulae (D) Formula (E) Formul ae
(F) ~j,, ~d, 00, 10 wherein X1 in fornulae (A) and (F) represents a dival ent
group selected fromgroups represented by following fornulae (G: Formula

(@ -S02-, CF3 CH3 -0- -G -CI | CF3 CH3

Formulae (B)-2
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11 Rin fornulae (C) represents an al kyl group or a nonoval ent group
selected from groups represented by formulae (H): Fornmulae (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; (3) A polybenzoxazole resin which is
obtained froma precursor of a polybenzoxazole resin described in any of
(1) and (2) b gtion reaction and a crosslinking reaction; (4) An
i nsul ating fiﬁ%&ﬁﬁﬁgg?§2§prises a pol ybenzoxazole resin described in (3);
and (5) A sem conductor device which conprises at |east one filmwhich is
selected frominsulating interlayer films in nulti-layer wiring and fil ns

for protecting surfaces and caonprises an insylating filmdescribed in (4).
12 DESCRI PTION OF T REFERREDYENBS MENTS T sor of a
pol ybenzoxazol e resi f the prigse i i o] ses a crosslinking

group in the nol ecul & anpl es © C
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crosslinking group include substituent groups which can be three-

di pensi onal ly crosslinked such as ethynyl group, substituted ethynyl

groups, internal acetyl ene group, biphenylene group, cyanato group,
mal ei m de group, nadi m de group and propargyl group. The precursor may
have one or nore crosslinking groups in the nolecule. As the precursor of a
pol ybenzoxazol e descri bed above, conpounds conprising the structure
represented by the above general forrmula [1] are preferable. The precursor
of a polybenzo§§zo“§ zéxg conprising the structure represented by general
formula [1] ca Bt d in accordance with a conventional process such
as the acid chloride process, the activated ester process and the
condensation reaction in the presence of an agent for condensation with
elimnation of water such as pol yphosphoric acid and

di cycl ohexyl carbod{i mi de using, at, | eas{ one conpound\sel ecyed from
ds havi tetra@ayehf group g8Iwc¥ed fromthe

bi sam nophenol co

groups represented formul a ) and ast one dicarb@xylic acid
havi ng a crosslinki ngcgroup sg e ed fron1the di val et groGps represented
by fornmulae (B), (O, “(:D) and: (E) % A conbi nat‘t\on of Ct he abowg di carboxylic
acid and a dlcarboxyllcRaC|dzhaV|néaa di val ent Rqr o®p sel ecte® fromthe
groups represented by forrmulae (F) may be used as the dicarboxylic acid. A

hi ghly heat resistant resin can also be obtained by formng an

@wg b @o By



i nterpenetrating network froma conbi nati on of a pol yam de conprising at

| east one skel eton structure represented by general formula [1], such as 13
the ethynyl structure, the phenyl ethynyl structure, the al kyl et hynyl
structures, the biphenylene structure and the internal acetylene structure,
and a conventional pol yam de w thout crosslinking groups, i.e., wthout

the crosslinking reactivity. A polyam de which does not have the ethynyl
skel eton structure, the phenyl ethynyl skeleton structure, the al kyl ethynyl
skel et on stru&lureﬁ tﬂg bi phenyl ene skel eton structure or the internal
acetyl ene skef@rBHa¢ (Uet ure can be obtained in accordance with a process
simlar to the processes descri bed above using at | east one conpound

sel ected from bi sam nophenol }eQnmpotds haviXxrg raval ent group selected
fromthe groups represented [@[ﬁ | ae (A | east one conpound

sel ected from di carboxylic ac¥ds ving a group selected fromthe
groups represented by formulae (F). Exanples of the bi sam nophenol conpound
having a tetraval ent group selected fromthe groups represented by
formul ae (A m@@hHQQéE)4- di am nor esorcinol, 4, 6-di am noresorci nol

2, 2- bi s(3-am no- 4- hydroxy- phenyl ) hexaf| uor opr opane,

2, 2- bi s(4-am no- 3- hydr oxyphenyl ) hexaf | uor o- propane,

2, 2- bi s(3- am no- 4- hydr oxyphenF)\or Qpang=—X, 2- bi s(4- am no- 3-

hydr oxyphenyl ) pr opane, 3, 3'- M NO-4, X_Ai hydr oxydi phenyl sul fone, 4, 4'-

Formulae (F)

5. 0. 0.
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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) phenoxy) phenyl ) f I uorene, 9, 9-bi s(4-((3-am no-4- hydroxy) -
phenoxy) phenyl ) fl uorene, 9, 9-bi s((4-am no- 3- hydroxy) phenyl)fl uorene, 9, 9-
bi s((3-am no- 4- hydr oxy) phenyl ) fl uorene, 9, 9-bi s(4-((4-am no- 3-hydroxy) -
phenoxy) - 3- phenyl phenyl ) fl uorene, 9, 9-bi s(4-((3-am no-4-hydroxy)-
phenoxy) - 3- phenyl phenyl ) f |l uorene, 9, 9-bi s((2-am no- 3-hydroxy- 4- phenyl)

5,5 ol artReFE A e PR BRI LRl e B ROPN R G

h | et t hyl ph I
D 2 bi s 47 0t RS By eI (OED) Do oarer 2. 2 LPQ?S?”G
am no-4- hydro ? gnﬁﬁigﬁporonethylphenyl)propane 2, 2- bi s(4-am no- 3-

hydr oxy-5-trifl uoromet Hyl phenyl ) propane, 2, 2-bi s(3-am no- 4- hydr oxy- 6-
trifluoronethyl phenyl) propane, 2, 2-bis(4-am no-3-hydroxy- 6-
trifluoromethyl phenyl)propane, 2,2-bis(3-am no-4-hydroxy-2-
trifIuoronethylphenyl)hexafluoropropane 2, 2- bi s(4- am no- 3- hydr oxy- 2-
trifluoronethyl phenyl) | uor opr ggap 2, 2- bi gigd No- 4- hydr oxy- 5-
trifluoronethyl phenyII uor opr 2, 2-bi

[ 2,2-bi-

no- 3- hydr oxy- 5-
trifluoronethyl phenyl) ~Iuoropro-.n~

4 I N0- 4- hydr oxy- 6-
trifluoronethyl phenyl)hexafl uoropropane, 2, 2-bi s(4-am no- 3-hydroxy- 6-
e

S <0 o0

(|:F3 (IZHs
—S0,— —0—_ ——?‘” —‘?'“
CF3 . CHs
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trifluoronethyl phenyl ) hexafl uoropropane, 3,3'-diam no-4,4'-di hydroxy- 2,
2' - bis(trifluoronethyl)biphenyl, 4,4'-diamno-3, 3" -di hydroxy-2,2'-

bi s(trifluoromethyl)bi phenyl, 3,3'-diam no-4,4'-di hydroxy-5,5"-

bi s(trifluoromethyl)bi phenyl, 4,4'-diam no-3, 3" -di hydroxy-5,5" -

bi s(trifluoromethyl)bi phenyl, 3,3"-diam no-4,4'-di hydroxy-6,6'-

bi s(trifluoronethyl)biphenyl and 4, 4'-di am no- 3, 3' -di hydroxy-6, 6' -

bi s(trifluoromethyl)bi phenyl. The above conpounds rmay be used singly or
conmbi nation of two or nore. Exanples of the dicarboxylic acid having an
et hynyl skeleton structure having a divalent group selected fromthe
groups regpresent r ( ! - i .9,

4- et hyny ‘ﬁ‘tﬁm‘@g‘ég‘? )drgp%e Q@éi%t%;% #y@é%gﬁél#gﬁf g xﬁ%@%&%ﬁgé{@#ﬁe‘lg&%ﬁt hal i c
acid, 5- ' i j z nyl terephthalic acid,
3-ethynyﬁ%@%g%%?ﬁgﬁ%%ggéw%ﬁlgfkggﬂéﬁgﬁﬁg&ephthaIic acid, 2-ethynyl- 1, 5
- napht hal ene @igearigeyyc acid, 3 15 ethynyl -1, 5-napht hal enedi carboxylic
acid, 4-ethynyl- 1,5-naphthal ene- dicarboxylic acid,

1- et hynyl - 2, 6- napht hal enedi car boxyl i c acid, 3-ethynyl-

2, 6- napht hal enedi car boxyl acid, 4-ethynyl -2, 6-napht hal enedi carboxylic
i

acid, 2-ethynyl- 1,6-naphtBal enedigarboydic acid et hynyl -1, 6-
napht hal enedi car boxyl i ¢ aq 4- et «@. @. na nedi car boxylic acid,
5- et hynyl - 1, 6- napht hal ene arboxyl actd, * 7- ethy - 1, 6- napht hal ene -
O
~ s N v
N\
»

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;

(3) A polybenzoxazole resin which is obtained from a precursor of a
polybenzoxazole resin described in any of (1) and (2) by a condensation
reaction and a crosslinking reaction;

(4) An insulating film which comprises a polybenzoxazole resin described
in (3); and

(5) A semiconductor device which comprises at least one film which is
selected from insulating interlayer films in multi-layer wiring and films for

protecting surfaces and comprises an insulating film described in (4).

12
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di carboxylic acid, 8-ethynyl-1, 6-naphthal enedi carboxylic acid, 3,3 -

di et hynyl - 2, 2' - bi phenyl di carboxylic acid, 4,4'-diethynyl-2,2"-biphenyl -
di carboxylic acid, 5,5 -diethynyl-2,2"-biphenyldicarboxylic acid, 6,6"-
di et hynyl -2, 2'-biphenyl di carboxylic acid, 2, 2'-diethynyl-3, 3'-biphenyl-
di carboxylic acid, 4,4'-diethynyl-3, 3" -biphenyldicarboxylic acid, 5,5"-
di et hynyl -3, 3'-bi phenyl di carboxylic acid, 6,6'-diethynyl-3,3"-Dbiphenyl-
di carboxylic acid, 2,2'-diethynyl-4,4"-biphenyldicarboxylic acid, 3,3 -

et hynyl pheny! ) prabeRtES T ISR PRt ERrET RMBODRIRIIY T & .

bi s( 2- boxy- - hi - G- -

p'hééw Y br opane 15, P EERRCEY o WIORANxa oIk st o7 RAE Mol P, 5.
-4- : 2= hi - - 5= -

b opane. S HRE S R o TP Oy - 2.

et hynyl phéfb\ébmﬁkﬁ{?n@ou% 3nbludle4 saBEAMNIL3 gRbRYH YWRIEN Y N0 alMee 2, 2-

bi s(2- car boxy-4-ethynyl phenyl ) hexaf | uor opr opane, 2, 2-bi s(3-carboxy- 5-

et hynyl phgibnsienally uerosplinkediesuch, Asbetyhyt agloipy - rbatityoed thmiy) -
hexaf | uor opr opane, 2, 2-bi s(4-carboxy- 3-et hynyl phenyl ) hexaf | uor opr opane,

4- et hyny| gloupsdli e heady lacytylens opmup, biphehyleple- Zr@upli cpabatoy-growp) opr op
ane, structural isonmers of 1,3-bis(4-carboxyphenoxy)-5- ethynyl benzene,
st r uct ur amaleipnistes gofupl , Badimsida - groupoayd mmepayeyd a®up. The precursor

may have one or more crosslinking groups in the molecule.

As the precursor of a polybenzoxazole described above, compounds
comprising the structure represented by the above general formula [1] are
preferable.

The precursor of a polybenzoxazole resin comprising the structure
represented by general formula [1] can be obtained in accordance with a
conventional process such as the acid chloride process, the activated ester
process and the condensation reaction in the presence of an agent for
condensation with elimination of water such as polyphosphoric acid and
dicyclohexylcarbodiimide using at least one compound selected from
bisaminophenol compounds having a tetravalent group selected from the
groups represented by formulae (A) and at least one dicarboxylic acid
having a crosslinking group selected from the divalent groups represented
by formulae (B), (C), (D) and (E). 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 represented by general formula [1], such as

13



et hynyl benzene, , 5-(3-ethynyl phenoxy)i sophthalic acid, 5-(1-

et hynyl phenoxy)i sophthalic acid, 5-(2-ethynyl phenoxy)isophthalic acid, 2-
(1- et hynyl phenoxy)terephthalic acid, 2-(2-ethynyl phenoxy)terephthalic

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

| sopht halic acid, 5-(2-ethynylphenyl)isophthalic acid, 5-(3-ethynylphenyl)-
| sophthalic acid, 2-(1-ethynyl phenyl)terephthalic acid, 2-(2-

et hynyl phenyl )terephthal i c acid and 2-(3-ethynyl phenyl)terephthalic acid.
However the dicarboxylic acid is,not.limted . to the npoyngds,.descri bed as
he- exanphosthyR! apsvetuBmiden phsaylashThkE koS, SRETAARNERT! on- o
two or nore., The aboye.conpounds nmay be ed in ¢ i lon. Wth two or
more bi s_ﬁ{ﬁul%"b]f?@n eﬁ’é’rﬁ%{ﬁ 9%?3%?@% etWécgl%agg%??yﬁéﬁfs?r‘é%&;%%eént ed by R
n the dhygl 2bndbRtiBRa1 bER/GIRA! kY QbUUARNE Grdip8d ikl WithoREeSeN!

i nventi ofInelUde: a y groups and nonoval ent groups represented by

for mul aetlﬁé"&fo%%ﬁﬁkﬁ?g Pé‘é‘d(}i/dity.gr& %Bllyeilihfﬂéeﬂhlclﬁaééﬁo:lmotmﬁ thd eiyayp, anthryl

group, quinolyl group an dui noxalyl group. Exanples of the dicarboxylic

aci d haviRéletdie stifeeidd, ¢hbyhehytdthy ayDakslbtoicstrueture, W alkyilbghysidst i t uent
represented by R is phenyl group i1nclude 3-phenyl ethynyl phthalic acid, 4-

phenyl et bkélgt@btstahdtares;i the Bighanémd ekeldton ogtintiéalre corathel, indernal
phenyl et hynyl i sopht hali ¢ aci d, 5-phenyl ethynylisophthalic acid, 2-
phenyl et hyetyléme skélebat struatue, cadr bbebydinetyinyadcerdspivenwithca process 2-
similar to the processes described above using at least one compound
selected from bisaminophenol compounds having a tetravalent group
selected from the groups represented by formulae (A) and at least one
compound selected from dicarboxylic acids having a divalent group
selected from the groups represented by formulae (F).
Examples of the bisaminophenol compound having a tetravalent
group selected from the groups represented by formulae (A) include 2,4-
diaminoresorcinol, 4,6-diaminoresorcinol, 2,2-bis(3-amino-4-hydroxy-
phenylhexafluoropropane, 2,2-bis(4-amino-3-hydroxyphenyl)hexafluoro-
propane, 2,2-bis(3-amino-4-hydroxyphenyl)propane, 2,2-bis(4-amino-3-
hydroxyphenyl)propane, 3,3-diamino-4,4’-dihydroxydiphenylsulfone, 4,4’-
diamino-3,3’-dihydroxydiphenylsulfone, 3,3'-diamino-4,4’-dihydroxy-
biphenyl, 4,4’-diamino-3,3'-dihydroxybiphenyl,  9,9-bis(4-((4-amino-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((3-amino-4-hydroxy)phenyl)fluorene, 9,9-bis(4-((4-amino-3-hydroxy)-
phenoxy)-3-phenylphenyl)fluorene, 9,9-bis(4-((3-amino-4-hydroxy)-
phenoxy)-3-phenylphenyl)fluorene, 9,9-bis((2-amino-3-hydroxy-4-phenyl)-
phenyDfluorene, 9,9-bis((2-hydroxy-3-amino-4-phenyl)phenyl)fluorene,
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phenyl et hynyl - 1, 5-napht hal enedi carboxylic acid, 3-phenylethynyl-1, 5-
napht hal enedi car boxyl i ¢ aci d, 4-phenylethynyl-1, 5-naphthal ene-

di carboxylic acid, 1-phenylethynyl-2,6-naphthal enedi carboxylic acid, 3-
phenyl et hynyl - 2, 6- napht hal enedi car boxyl i ¢ aci d, 4-phenylethynyl-2, 6-
napht hal enedi car boxyl i c acid, 2-phenylethynyl-1, 6-naphthal ene 17

di carboxylic acid, 3-phenylethynyl-1, 6-naphthal enedi carboxylic acid, 3-
phenyl et hynyl - 1, 6- napht hal enedi carboxylic acid, 4-phenylethynyl-1, 6-

0L SR e L G ol oo
A i e R e R

0 2SR AR i AR ks AV it o

2, 2" - di phgpyh&Ulox3-S3triflRbRirestHylp kaiydiprsbhfie,aci d.2 #bis(4-amino-3-
4' - di phenyl et hynyl - 3, " 3" - bi phenyl di carboxylic acid,

5,5' - di phiepddoxy-epifludr@netlisiphoyybihopanexy! 22-bis(3tanfin6:4-hydroxy-6-

di phenyl et hynyl -3, 3'-Dbi phenyl di carboxylic acid, 2,2'-diphenylethynyl-4,4"-

bi pheny! dirifrntmoyéthylpleny)@opanedi p henyl et Byhabis(4aminbibhpdydxyic-ar boxyl i c

acid, 2,2-bis(2-carboxy-3-phenyl et hynyl phenyl g:r_opane,_ 2, 2- bi s(2-carboxy-

4- pheny| etriffugroshetiylpRersdinrepane.2- bi s( 2- car Bexhis(3raprHaay-by dyoxyr2-

henyl ) propane, 2,2-bis(2-carb - 6- phenyl et hyn henyl ) pr ne, 2, 2-

phenyl)p tr?ﬂuoromethy%hényl)(‘hexa u%ropr%pang, 2,yz-g{s&-anym)op&ﬁggroxy-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-
trifluoromethylphenyl)hexafluoropropane, 2,2-bis(4-amino-3-hydroxy-6-

trifluoromethylphenyl)hexafluoropropane, 3,3’-diamino-4,4’-dihydroxy-

2,2’-bis(trifluoromethyl)biphenyl, 4,4’-diamino-3,3’-dihydroxy-2,2’-
bis(trifluoromethyl)biphenyl, 3,3-diamino-4,4’-dihydroxy-5,5'-
bis(trifluoromethyl)biphenyl, 4,4’-diamino-3,3’-dihydroxy-5,5'-
bis(trifluoromethyl)biphenyl, 3,3'-diamino-4,4’-dihydroxy-6,6’-

bis(trifluoromethyl)biphenyl and 4,4’-diamino-3,3’-dihydroxy-6,6’-
bis(trifluoromethyl)biphenyl. The above compounds may be used singly
or in combination of two or more.

Examples of the dicarboxylic acid having an ethynyl skeleton
structure having a divalent group selected from the groups represented by
formulae (B) 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-
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bi s(3- car boxy- 2- phenyl et hynyl phenyl ') pr opane, 2, 2-bi s(3-carboxy- 4-

phenyl et hynyl phenyl ) propane, 2, 2-bi s(3-carboxy-5-phenyl et hynyl phenyl) -

propane, 2, 2-bis(3-carboxy-6-phenyl ethynyl phenyl)propane, 2, 2-bis(4-

car boxy- 2- phenyl et hynyl phenyl ) propane, 2, 2- bi s(4- car boxy- 3- phenyl -

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

hexaf | uor opr opane, 2, 2-bi s(3-carboxy-5-phenyl et hynyl phenyl ) hexaf | uor o-

Eropine, 2,2-b|s(4-carb?xy-2-p2eny:eLhyn¥}phenyl)hexafluoroproPane,hZ,ZI
i s(4-car - 2=phen . . - - -

. °5 ot ot DRy Bro e it > PR A s BB R T opan.

structurag], | . - 11,4351 15GCa V) S0 enylyetah ﬁﬁ#? nzene,

structurg#céégﬁgpg % d1}é?%?ggﬁ?§g§§§§§§ﬂ§ﬁ§#¥%ﬂﬁTﬁﬁgH@ﬁ§1E?%y y genzene,

5-(1-phenyg: ¥ SebbRARN A 4-8Hyhy1 2, 6-Auphthalenedicarboxyli

phenyletE%ﬁ?% _engxy I Sop tﬁgp?c aci d, SP?QLpﬁen?PetH@ﬁ?ﬁpﬁ?ﬁo&§%le

i sopht halgggq aci @-eWnbsﬂmEhtHMthat@@wa1icer epftidal | @-agliythylA;62-

phenyl et hynyl phenoxy) terepht halic acid, 2-(3-phenylethynyl phenoxy) -

t er epht haldghthaleheBcdrbopbhe utid, Rysthynybny8-haphtidlbatdicasisixdlictadid;

phenyl et hynyl phenyl )i sophthalic acid, 5-(3-phenylethynylphenyl) -

i sopht hal5-etlyaiyd;1,8-naphithalepedidayhyxylie ngéids e festhyhyl-l©G-nephthfdefe-

phenyl et hynyl phenyl )t erephthalic acid and 2-(3-phenyl et hynyl phenyl
t er epht halicarbwejytic ~ acid, 8-ethynyl-1,6-naphthalened?carboxylic Y a%iti), 8}/3’-)

diethynyl-2,2'-biphenyldicarboxylic  acid, 4,4-diethynyl-2,2’-biphenyl-
dicarboxylic acid, 5,5-diethynyl-2,2-biphenyldicarboxylic acid, 6,6'-
diethynyl-2,2’-biphenyldicarboxylic  acid, 2,2-diethynyl-3,3-biphenyl-
dicarboxylic acid, 4,4-diethynyl-3,3-biphenyldicarboxylic acid, 5,5-
diethynyl-3,3-biphenyldicarboxylic  acid, 6,6-diethynyl-3,3-biphenyl-
dicarboxylic acid, 2,2-diethynyl-4,4-biphenyldicarboxylic acid, 3,3-
diethynyl-4,4’-biphenyldicarboxylic acid, 2,2-bis(2-carboxy-3-
ethynylphenyl)propane, 2,2-bis(2-carboxy-4-ethynylphenyl)propane, 2,2-
bis(2-carboxy-5-ethynylphenyl)propane, 2,2-bis(2-carboxy-6-ethynyl-
phenyDpropane, 2,2-bis(3-carboxy-2-ethynylphenyl)propane, 2,2-bis(3-
carboxy-4-ethynylphenyl)propane, 2,2-bis(3-carboxy-5-ethynylphenyl)-
propane, 2,2-bis(3-carboxy-6-ethynylphenyl)propane, 2,2-bis(4-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-3-ethynylphenyl)hexafluoropropane,
4-ethynyl-1,3-dicarboxylcyclopropane, 5-ethynyl-2,2-dicarboxy-
cyclopropane, structural isomers of 1,3-bis(4-carboxyphenoxy)-5-

ethynylbenzene, structural isomers of 1,3-bis(4-carboxyphenyl)-5-
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Exanpl es of the dicarboxylic acid having the al kyl ethynyl skel eton
structure in which the substituent represented by Ris an al kyl group

i ncl ude 3-hexynyl phthalic acid, 4-hexynylphthalic acid, 2-hexynyl-

i sophthalic acid, 4-hexynylisophthalic acid, 5-hexynylisophthalic acid, 2-
hexynyl terepht hal i c acid, 3-hexynylterephthalic acid, 2-hexynyl-1,5-

napht hal enedi car boxyli ¢ acid, 3-hexynyl -1, 5-napht hal enedi carboxylic acid,
4- hexynyl - 1, 5- napht hal enedi car boxylic acid, 1-hexynyl -2, 6-naphthal ene-

3 g ﬁSéﬁ'@k@f@Bg%%}eEﬁiiP?L 56&?‘399%%*@%&@5@%%{ L%Ffédﬁ'eﬁ. c§ Egiiﬁyl;
' 3
E;;I[)ht hal enewlpggij%@%ﬁ}ﬂﬁﬁgqhg{;;%@ 8@@@%‘%@ 1@8@ | car boxy1 | c acid,

7-h I I -
i car boyl TR B R BT gé%ﬁ’}‘?%?"é‘%?‘%%‘i’“f’ TR

di hexynyl agid, 2' @J(menyﬁﬂphaﬁb@wéﬁe@h@nam 5.d2id, di hsxmyhyﬁy@hehyt)enyl

di carboxylic acid, 6,6 -dihexynyl - blphenyldlcar boxylic acid

di hexynyl ishph8halic ralcﬁhw - eﬂtshwlphenylaueopihth@m acddhﬁe(smyhyﬁylﬁhehybhenyl

di carboxylic acid, 5,5 -dihexynyl-3,3'-biphenyldicarboxylic acid, 6,6 19
di hexynyl JSZ),p:hthbllphengami car Belyéthynghihenyd)terepdithaligny| adidd' - bRpBeny| -

di carboxylic acid di hexynyl -4, 4' - bi phenyl di car boxyl i ¢ aci d,

2, 2- bi s( 2etlwndalagnsbmﬁphwaﬁwewd)%Ba(a@thynylphenyl)terephthahc acid.

2, 2- bi s(2-¢gar boxy e n hen
s I-foweve)§' the A ¥(yﬁc ac%g 28 not limited 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 bisaminophenyl compounds.

Examples of the substituent represented by R in the divalent groups
represented by formulae (C) used in the present invention include alkyl
groups and monovalent groups represented by formulae (H) such as phenyl
group, biphenyl group, naphthyl group, anthryl group, quinolyl group and
quinoxalyl group. Examples of the dicarboxylic acid having the
phenylethynyl skeleton structure in which the substituent represented by
R is phenyl group include 8-phenylethynylphthalic acid, 4-
phenylethynylphthalic acid, 2-phenylethynylisophthalic acid, 4-
phenylethynylisophthalic acid, 5-phenylethynylisophthalic acid, 2-
phenylethynylterephthalic acid, 3-phenylethynylterephthalic acid, 2-
phenylethynyl-1,6-naphthalenedicarboxylic acid, 3-phenylethynyl-1,5-
naphthalenedicarboxylic acid, 4-phenylethynyl-1,5-naphthalene-
dicarboxylic acid, 1-phenylethynyl-2,6-naphthalenedicarboxylic acid, 3-
phenylethynyl-2,6-naphthalenedicarboxylic acid, 4-phenylethynyl-2,6-
naphthalenedicarboxylic acid, 2-phenylethynyl-1,6-naphthalene-
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propane, 2, 2-bis(2-carboxy-5-hexynyl phenyl ) propane, 2,2-bis(2-carboxy-6-
hexynyl phenyl ) propane, 2, 2-bi s(3-carboxy- 2-hexynyl phenyl ) propane, 2, 2-
bi s( 3- car boxy- 4- hexynyl phenyl ) propane, 2, 2-bi s(3-carboxy-5-hexynyl -
phenyl ) propane, 2, 2-bi s(3-carboxy-6-hexynyl phenyl) propane, 2, 2-bi s(4-
car boxy- 2- hexynyl phenyl ) propane, 2, 2-bi s(4-carboxy- 3- hexynyl phenyl) -
propane, 2, 2-bis(2-carboxy-4-hexynyl phenyl ) hexafl| uoropropane, 2, 2-bi s(3-
car boxy- 5- hexynyl phenyl ) hexaf | uor opr opane, 2, 2-bi s(4-carboxy-2-hexynyl -

hevymyt -SSR bl Bl RGBSR i o
car boxypREY YRS FRRROMABIELE BT PO R m R e L i o
5- (1-hex %?ﬁtﬁ&l%’?ﬂ%ﬁ%&drﬁ idal i caagi d, %-ggeﬁgri%g_/ﬁﬁhﬁ@mam%@éma' e

acid, 2- exynyl phenoxy)t erephthalic aci

hexynyl paeaabyxyBEé epiiihal-pheAflethywyl B itaphithh RirAarbby kP ddial ig aci d,
5- (1- hexynyl phesrllyl )i sopht Ea?i%eacilngy 5- (2- hexynyl phenyl ﬁjsopht hal i ¢ aci d,

5- ( 3- hexjpmnéhptythyhgrl-&@hhbnthaleﬂ@did:arlﬂ)x&licheuMdV' [B)8diphienlybithy/hgl-i ¢ aci d,
2- (2- hexynyl phenyl ) -terephthalic acid and 2-(3-hexynyl phenyl)terephthalic
aci d. Ho@¥diphthgldicaxdokphy| i c satd,d i s4idiphenylethshnylid)® -lciphpayhds
descri bed as the exanpl es. The above conpounds nay be used singly or in
conbi nat idicarbbxylio acist, Hbrdiphehpledhyud-2.8rpmbeayldiegrimxylisextid.n6.66mbi nat i on
wh tWOdci)lghenylethynyl-z,2’-bipheny1dicarboxylic 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)propane, 2,2-bis(2-carboxy-
4-phenylethynylphenyl)propane, 2,2-bis(2-carboxyl-5-phenylethynyl-
phenyl)propane, 2,2-bis(2-carboxy-6-phenylethynylphenyl)propane, 2,2-
bis(3-carboxy-2-phenylethynylphenyl)propane, 2,2-bis(3-carboxy-4-
phenylethynylphenyl)propane, 2,2-bis(3-carboxy-5-phenylethynylphenyl)-
propane, 2,2-bis(3-carboxy-6-phenylethynylphenyl)propane, 2,2-bis(4-
carboxy-2-phenyléthynylphenyl)propane, 2,2-bis(4-carboxy-3-phenyl-
ethynylphenyl)propane, 2,2-bis(2-carboxy-4-phenylethynylphenyl)-
hexafluoropropane, 2,2-bis(3-carboxy-5-phenylethynylphenyl)hexafluoro-
propane, 2,2-bis(4-carboxy-2-phenylethynylphenyl)hexafluoropropane, 2,2-
bis(4-carboxy-2-phenylethynylphenyl)hexafluoropropane, 4-phenyl-
ethynyl-1,3-dicarboxycyclopropane, 5-phenylethynyl-2,2-dicarboxy-

cyclopropane, structural isomers of 1,3-bis(4-carboxyphenoxy)-5-

phenylethynylbenzene, structural isomers of 1,3-bis(4-carboxyphenyl)-5-
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nor e bi sam nophenyl conpounds. Exanples of the dicarboxylic acid having the
bi pheny| ene skel eton 20 structure having the dival ent group selected from
the groups represented by formul ae (D)

i ncl udel, 2- bi phenyl enedi car boxyl i caci d, 1, 3-

bi phenyl enedi car boxyl i caci d, 1, 4- bi phenyl enedi car boxyl i caci d, 1, 5-

bi phenyl enedi car boxyl i caci d, 1, 6- bi phenyl enedi car boxyl i cacid, 1, 7-

bi phenyl enedi car boxyl i caci d, 1, 8- bi phenyl enedi car boxyl i caci d, 2, 3-

o1 pheny! cRBeREBPRGRIpPEadt, - (EpBery REEURREE D SRhR SR 2D T "o (e
bi phony! chOAMURPRAYPheBaRDRRERET R, S Sk AMelorodey b

used si ngis\éppkléélﬁ'c CouRl ”aéa-iég-@yl%ielxieéﬁﬁgﬁ%llp'ﬁ%%xyﬁéﬁ@nltﬁéhﬁf dclte d%-gé-r boxyl i ¢

aci d having I nt erndl eton structure having t di val ent

group Fepgﬁéﬁﬂ%%;%\@h@ﬁ&k%%%ﬁ%;h&l{i‘&' ugded 4. é'-@tﬂhé{sqéﬂ@gﬁ%ﬂéﬂcﬁ{ﬁd d,

3,4' -tol andi car boxylic aci - tol andi carboxylic acid,

2,4 -tol apdepRtaiy| ieidCi &-(12pRenylotlgndishebA)yivbplethatici dasidd 5-(2-

2,2 -tol andi carboxylic acid. The above conpounds may be used singly or in

conbi nat i phenylethynylphenybisophehabove ncidandi da(dBphyhyletlamydphenyl)be

obt ai ned, for exanple, by preparing stilbene froma derivative of a

benzoi ¢ amoghtisaléc aawdd, 2-(1-phenylethynylphenyl)terephthalic acid, 2-(2-
phenylethynylphenyl)terephthalic acid and 2-(3-phenylethynylphenyl)-
terephthalic acid.

Examples of the dicarboxylic acid having the alkylethynyl skeleton
structure in which the substituent represented by R is an alkyl group
include 3-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-hexyny1-1,5-naphthalenedicarbokylic 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-
naphthalenedicarboxylic acid, 56-hexynyl-1,6-naphthalenedicarboxylic acid,
7-hexynyl-1,6-naphthalenedicarboxylic acid, 8-hexynyl-1,6-naphthalene-
dicarboxylic acid, 3,3’-dihexynyl-2,2’-biphenyldicarboxylic acid, 4,4-
dihexynyl-2,2"-biphenyldicarboxylic acid, 5,5-dihexynyl-2,2-biphenyl-
dicarboxylic acid, 6,6-dihexynyl-2,2"-biphenyldicarboxylic acid, 2,2’-
dihexynyl-3,3-biphenyldicarboxylic acid, 4,4’-dihexynyl-3,3’-biphenyl-
dicarboxylic acid, 5,5-dihexynyl-3,3-biphenyldicarboxylic acid, 6,6’-

19



synt hesi zing the tol an skeleton structure fromthe obtained stil bene or by
synthesis with introduction of the tolan skeleton structure using a
derivative of a benzoic acid ester and a phenyl ethynyl derivative in
accordance with the Heck reaction. Exanples of the dicarboxylic acid having
a divalent group selected fromthe groups represented by formul ae (F)

I ncl ude i sophthalic acid, terephthalic acid, 4,4'-biphenyldicarboxylic
acid, 3,4'-biphenyldicarboxylic acid, 3,3 biphenyldicarboxylic aci d,

ézgi RZBFE eWBl-tal Bipypadizer ,’fyiicil Aadit L};gﬁ desEns Bt Bl

0 é oxy HECEERRIE 487 £5 Gnegystyr 2%;&932% IERERR T %éi'gb.zs%ma. ¢ acid,
IS 4 I

2, 2- bi sE4a§§E’ xyp%g’ g}lg)ﬁélgﬂﬁ grglpfopa%gam %p%%?gqggé%ﬁix@gﬁ -

hexaf ! uorp&zfa?@nez 2%id(2- CHrBBk Eﬁl-hél»ay‘hylﬂh&gﬁlgdﬂoﬂhﬁér BOXBid(S. caE &Wéﬁ‘y?’l -

di et hyl bi phenyl di car boxylic ‘acid di met hyl - 3,3

di car boxyhé H in®( 12, RIYi L@ QFBbky 2l hékyhylph hfa/ bpzyl ic
acid, 3,3 fyﬁ?ﬁ%t??%lgurgp?me% hyI )-lﬁ@Z blﬁxenyl ﬁca?b%%?-wogam d, 2,2

bi s(t ri f 1 big(Bdomtbuxly)4-Rexphylphphehptepaar; boxyl2,2-He(3dcard oLy i5- h‘é)éyr(y‘l car bOXY‘

phenoxy) phenyl ) fl uorene, 9, 9-bi s(4-(3-carboxyphenoxy) phenyl)fl uorene,

4, 4' - bi s(pheaylhmopphenox?;2bisBeayboxy6hexynylithaglmopphenoyd-bigdeny!
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-dicarboxy-cyclopropane, structural isomers of 1,3-bis(4-
carboxyphenoxy)-5-hexynylbenzene, structural isomers of 1,3-bis(4-
carboxyphenyl)-5-hexynylbenzene, 5-(3-hexynylphenoxy)isophthalic acid,
5-(1-hexynyl-phenoxy)isophthalic acid, 5-(2-hexynylphenoxy)isophthalic
acid, 2-(1-hexynylphenoxy)terephthalic acid, 2-(2-
hexynylphenoxy)terephthalic acid, 2-(3-hexynylphenoxy)terephthalic acid,
5-(1-hexynylphenyl)isophthalic acid, 5-(2-hexynylphenyl)isophthalic acid,
5-(3-hexynylphenyl)isophthalic acid, 2-(1-hexynylphenyl)terephthalic acid,
2-(2-hexynylphenyl)-terephthalic acid and 2-(3-hexynylphenyl)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 bisaminophenyl compounds.

Examples of the dicarboxylic acid having the biphenylene skeleton
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3,4' -bi s(4-car boxyphenoxy) bi phenyl, 3, 4'-bi s(3-carboxyphenoxy) bi phenyl, 3,
3' : bi s(4-car boxyphenoxy) bi phenyl, 3, 3'-bis(3-carboxyphenoxy) bi phenyl ,

4, 4" - bi s(4-carboxyphenoxy) - p-terphenyl, 4,4'-Dbis(4-carboxyphenoxy)-m
terphenyl, 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(4-carboxyphenoxy)-mterphenyl, 4,4'-bis(3-carboxyphenoxy)-p-

t erphenyl, 4,4'-bis(3-carboxyphenoxy)-mterphenyl, 3,4'-bis(3-

B i e e P
I uor o 2 e TR OB0) D el -tée?-é%é%%%?%%%ﬁ%%mgaci%a,ﬂ: 2 5% o

car boxyprei PR bARTLE, aud| 1 ABRORRy Mo rRbbaale © gl 1B, > ™! S
car bOXyphBﬁﬂi%fyllé&%(ﬁé&boﬁ%rﬁé( ek bQ}@bi%fn@h?Ié‘ﬂeHR!&@BU&ﬁlid ugerne,1,pi s((4 22

car boxy- 3- phenyl ) phenyl ) fl uorene, bi s((5-carboxy- 3-phenyl) phenyl)-

f 1 uor ene, biylenyeratibahoxalipheryd,) pbSaiphehylenedécarbofyliy s adid| 2-2,3-
car boxyphenoxy) phenyl ) fl uorene, 9, 9-bi s(4-(3-carboxyphenoxy) phenyl) -

f 1 uor ene, biphehyibersdded rboxgtib caviph &b hiphenyhendditarborpkc id Sadd Z,74- ( 2-
car boxyphenoxy) - 3- phenyl ) phenyl ) fl uorene, 9, 9-bi s((4-(3-carboxyphenoxy) -
3- phenyl ) biphepylénadicamhoxylid a®id- bFeqm 4thesstaadpointpb tlos yProexsienyf ) -
the obtained coating film, 2,6-biphenylenedicarboxylic acid and 2,7-
biphenylenedicarboxylic acid are preferable. The above compounds may
be used singly or in combination of two or more.

Examples of the dicarboxylic acid having the internal acetylene
skeleton structure having the divalent group represented by formula (E)
include 4,4-tolandicarboxylic acid, 3,4’-tolandicarboxylic acid, 3,3-
tolandicarboxylic 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.

The above tolandicarboxylic acids can be obtained, for example, by
preparing stilbene from a derivative of a benzoic acid ester and
synthesizing the tolan skeleton structure from the obtained stilbene or by
synthesis with introduction of the tolan skeleton structure using a
derivative of a benzoic acid ester and a phenylethynyl derivative in
accordance with the Heck reaction.

Examples of the dicarboxylic acid having a divalent group selected
from the groups represented by formulae (F) include isophthalic acid,
terephthalic acid, 4,4’-biphenyldicarboxylic acid, 3,4’-biphenyldicarboxylic
acid, 3,3-biphenyldicarboxylic acid, 1,4-naphthalenedicarboxylic acid, 2,3-

21



phenyl ) fl uorene. The above conpounds may be used singly or in conbination
of .two 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

o csont i RoBREIdlene Bl BondiS B RSt ePho RURRHEEIOR T Catid b (o
i nk
I L R R R R R

Precursor g a@q 863’51% V\%ﬁﬁﬁeta&ﬂt e.ﬁ@’r&x dr2bf) atid ngag'&x‘k;ﬁls%ehQ it Oooaand

preferably 5 he above exceeds 1 ISCOSI y of
varni sh ppegar QC!Z Bl (4 LSSty y!)peo rﬁaCUQS.Z’)b 3- Qi‘lﬁﬁiyp%@ﬁ 4 becones
difficult. Theref o( such wa vgl)ge plpi not prleSl(ercab romypﬁe st%dpm nt

of practi ed- b1samhrb@tyrpmnymmﬂdﬂuoﬁ@tmpixye t he 262-bid(8%carboBgiHenyntn) 51
and preferably the relation: 23
hexafluoropropane, 2,2-dimethyl-4,4’-biphenyldicarboxylic acid, 3,3’-
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(3-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(8-carboxyphenoxy)-m-terphenyl, 3,3’-bis(3-carboxyphenoxy)-m-
terphenyl, 3-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-
carboxyphenyl)fluorene, 9,9-bis(3-carboxyphenyl)fluorene, 9,9-bis(4-
carboxyphenyl)fluorene, bis((2-carboxy-3-phenyl)phenyl)fluorene, bis((4-
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0.5 5 mM(mn) S 1 The values of mand n satisfying the relation:

(m m:n) <0. 05 nean that the nunber of the repeating unit having the
crosslinking group is small and such a structure is not preferable since
t he nunber available for the crosslinking is small and heat resistance is
not much inproved. The repeating units having the crosslinking group and
the repeating units having no crosslinking groups may be arranged in a

bl ock arrangenment or in a random arrangenent. The precursor of a

lyb I ' fith [ . b d d
001 YOS ORRGRS.§ R GhbbATLRRGEE .1 A8 B R,
f lyb ' ' d hb id
0 Ut SO e e YOURAIB R AEAR R R O A, 2

amount ar gy ARATHAANGky BhbAYRALGIHES | NIIdIBiAT9RaAloxybhE erature
t o about %OC ! _trhle Sg?eseglge of a cat al ys%s_(sgch?asoxykl, I\Pm}lggl@prn&m de.
Af ter theflpgp@idli NgODTBIEWU-(£Lailx9Phen6ky)pheAf])flusrdROVeg gyisfigabl ng under
a reduced pressure, the residue is recrystallized froma solvent such as
hexane andafbokiyphehoxy)3-phanylphehydfluckenes I9-bis (4 B-caiboxppBeRs:8H-
di carboxylic acid chloride is dissolved, in general, into a polar solvent
such as N3mtdnyihhemyl)fhioreinme amtl N}, SHbisli(4+é4-ogtlxyphnndey) Srphonpl)nat i on
wi th a bi sam nophenol conpound.

phenyl)fluorene. he 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.

The precursor of a polybenzoxazole resin of the present invention
can be brought into the condensation reaction and the crosslinking
reaction by heating and a polybenzoxazole resin can be obtained. In
general formula [1] representing the structure in the precursor, m and n
represent integers the total of which is 2 to 1,000 and preferably 5 to 100.
When the above total exceeds 1,000, viscosity of a varnish prepared by
dissolving the precursor is great and handling becomes difficult.
Therefore, such a value is not preferable from the standpoint of practical
application. m and n satisfy the relation:

0.055=m/(m+n)=1

and preferably the relation:
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The reaction is allowed to proceed in the prepared m xture at a

tenperature in the range of the roomtenperature to about -30C in the
presence of an acid acceptor such as pyridine and the precursor of a

pol ybenzoxazol e is obtained. In the precursor of a pol ybenzoxazole resin
which is obtained fromat |east one of the bisam nophenol conpounds 24
having a tetraval ent group selected fromthe groups represented by general
formul ae (A) and at | east one of dicarboxylic acid having a divalent group

sel ected fromthe gpeup nted by general fornulae (B), (C, (D and
(E), the repeating {)J%i'fél/{f‘gsﬁg%?arranged in a block arrangenent or in a

random ar tractune represented by general fornula [1],
t he repea?ﬁﬁggml;ér;klt?fsﬂlkrlhaé/(?ﬁgsatnﬁgﬁ%ggggIrlg%gfoﬁlg group and the repeating units
having no crossli n@lnﬂ%qu% may be arranged in a block arrangenent or in
a random arrangenent. e structure having the repeating units arranged

in a bl ocleahthagIAB HuhiBsr SEthHY RPLaHAe sk If te ctddsRARM SR W th
the follow ng acid chloride process. A bi sam nophenol conpound having a

tetraval eitsgalumdedrhetiridtare ihRogprforable Rivketieetfubibet Avalladt (A) and
a chloride of a dicarboxylic acid having a divalent group selected from
t he gr oupferriher essslinkingy i emall and (kdataresistaacs dsl riot md¢hnigepwvddt he
nol ecul ar wei ght is raised. Then, the bi sam nophenol conpound havi ng
The repeating units having the crosslinking group and the repeating units

having no crosslinking groups may be arranged in a block arrangement or
in a random arrangement.

The precursor of a polybenzoxazole resin of the present invention
can be produced in accordance with the processes described above. For
example, when the precursor of a polybenzoxazole 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 catalyst 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. The prepared dicarboxylic acid chloride is dissolved,
in general, into a polar solvent such as N-methyl-2-pyrrolidone and N,N-
dimethylacetamide in combination with a bisaminophenol compound.
The reaction is allowed to proceed in the prepared mixture at a
temperature in the range of the room temperature to about -30°C in the
presence of an acid acceptor such as pyridine and the precursor of a
polybenzoxazole is obtained. In the precursor of a polybenzoxazole resin

which is obtained from at least one of the bisaminophenol compounds
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a tetraval ent group selected fromthe groups represented by formul ae (A
and a chloride of a dicarboxylic acid having a structure contributing to
crosslinking which is selected fromthe dival ent groups represented by
formulae (B), (C, (D) and (E) are reacted. The order in the above
reactions may be reversed. A bisam nophenol conpound having a tetraval ent
group selected fromthe groups represented by fornmulae (A) and a chloride
of a dicarboxylic acid having a structure contributing to crosslinking

(52" SRR Tl S HED. U TG, ()
ol ot oq Beibral fmUla3A ARG IRACAPAHICaHRD oRid RV BNIOHONE
di car boxy%f&ﬁﬁ?ﬁ%l@cteﬁaﬂbﬁﬂgl% Sy i Bpr@bOe dSey geherhll foPRuldle (B, Ens

repr esent or nmul ae may be reacted. The structure having'the

repeati nghhd (B)) GHORSHabin GARE MLy delARgasEDIn @abloble apfOikieeh{dy

si mul t aneously reacting a bisam nophenol conpound having a tetraval ent
group sel gefred rahddid &frangemys. represented by fornulae (A), a chloride of
a dicarboxylic acid having a structure contributing to crosslinking which
i s sel ected frhmthbestrulituaé enprepenters by egemesehfarmwly [ldrvhe repe@Bing (C), (D)

and (E) and a

units having the crosslinking group and the repeating units having no
crosslinking groups 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
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) may be
reacted in advance and the molecular weight is raised. Then, the

bisaminophenol compound having a tetravalent group selected from the
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chloride of a dicarboxylic acid having a divalent group selected fromthe
groups represented by fornmulae (F). In the present invention, the organic
sol vent used for dissolving the precursor of a polybenzoxazole resin so
that the prepared solution can be wused as the material for insulating
films is different depending on the structure of the dissolved sol ute.
Exanpl es of the organic solvent include propylene carbonate, diacetone
al cohol, N-methyl-2-pyrrolidone, y- butyrol actone, N, N-di methyl acet am de,

5 R LA A R B i
ono- n- bUtYnBehav AR S, SIiEh £ S 138 @Plbs Soisen BB By °°

nononet hy(!E?‘i’ﬁ%‘fPer@ﬁ@b%\i'.e”e gl ycol nononet hyl ether acetate, nethyl
| act ate, ‘ethy actate, butyl lactate, nethyl-1,3-propylene glycol

acetate, 1, 3-bphy|Rpgetary qpiviﬁgfmiéoi‘&iéh\tingr%ﬁ%r arf@iged 1P YYAHEm et hyl
pyruvate and mnet hyl 3-met hoxypropi onate. he organi ¢ sol vents nay be used

si ngly orarrangeiienoat ¢om oObe t rodiucedr eby Theinpilegndfirly of rench@lgy benzoxazol e
resin of the present invention is 26 used, for exanple, in the follow ng
manner . Ailsaminehérsol proapeowet] having sstdtvavedehhgrpoupe celeetsd dfora the
pol ybenzoxazole resin into a solvent such as N-nethyl-2-pyrrolidone and a
sui t abl e grapperrepyasented hysformudae widfera whleride 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 dicarboxylic acid having a divalent group selected from the
groups represented by formulae (F).
In the present invention, the organic solvent used for dissolving the
precursor of a polybenzoxazole resin so that the prepared solution can be
used as the material for insulating films is different depending on the
structure of the dissolved solute. Examples of the organic solvent include
propylene carbonate, diacetone alcohol, N-methyl-2-pyrrolidone, -
butyrolactone, N,N-dimethylacetamide, dimethylsulfoxide, diethylene
glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol
dibutyl ether, propylene glycol monomethyl ether, propylene glycol
monopropyl ether, propylene glycol mono-n-butyl ether, propylene glycol
diacetate, dipropylene glycol monomethyl ether, propylene glycol
monomethyl ether acetate, methyl lactate, ethyl lactate, butyl lactate,
methyl-1,3-propylene glycol acetate, 1,3-butylene glycol 3-monomethyl
ether, methyl pyruvate, ethyl pyruvate and methyl 3-methoxypropionate.

The organic solvents may be used singly or in combination of two or more.

The precursor of a polybenzoxazole resin of the present invention is
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ceram c base plate is coated with the varnish. Exanples of the coating
process, i nclude 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. The coated filmis dried. Then, the dried

coating filmis treated by heating so that the solvent is renoved, the
condensation reaction and the crosslinking reaction take place and the
precursor is converted into the pol ybenzoxazol e resin. The obtained film

il mor T ey %%e%anﬂﬁven%ﬁ %*%e ik Bl 3 vEBEGh, ootk oc. ™
wher e ”ecﬁﬁﬁéva ERa kG glhgo]?ﬂghid:éﬁ%lé"%d\}\‘ﬂ HROLGARRAL 3 Such as

si |l ane coupl T ng gents an generators generate radicals such

as oxygenn. ﬁf@tﬁﬁi 2xwiirol§dﬂx{e%na adivi@lbl® ¥uppaiti siith o @Bﬂic@ﬁ%éfe&"o‘fea resin
conp05|t|on can be  prepared by using the precursor a pol ybenzoxazole I n

combi nat i garamhicibase phipbliBeautabRetldithe Iv@@nfghﬁpmmstdﬁth@h@ﬁe@ﬁfwﬁ tive
agent. The sem conductor device of the present invention conprises at

| east oneprdcebs indlate the ispirecoztyeg ptodess usingralspinneary ehie prayngpatirel fi | ns
for protecting surfaces which conprise the above insulating film
conpri si nproceke usirig beprax aeatiee, thesdippimhprocess thei prinfing professtandr esent
i nvention may be used, for exanple, as_the insulating interlayer filns of
mul ti - | aythe wokl; ngaﬁmg process. The coated film is dried. Then, the dried
coating film is treated by heating so that the solvent is removed, the
condensation reaction and the crosslinking reaction take place and the
precursor is converted into the polybenzoxazole resin. The obtained film
can be used as the insulating film.
The material used for the insulating film of the present invention
may further comprise various additives, where necessary. Examples of
~ the additive include coupling agents such as silane coupling agents and
radical generators which generate radicals such as oxygen radical and
sulfur radical by heating. A photosensitive resin composition can be
prepared by using the precursor of a polybenzoxazole in combination with
a naphthoquinone diazide compound as the photosensitive agent.
The semiconductor device of the present invention comprises at
least one of insulating interlayer films of multi-layer wiring and films for
protecting surfaces which comprise the above insulating film comprising
the polybenzoxazole resin.
The insulating film of the present invention may be used, for
example, as the insulating interlayer films of multi-layer wiring in

semiconductor devices. For enhancing adhesion, a semiconductor

substrate is coated with an adhesive coating material and an adhesive
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sem conduct or devi ces. For enhanci ng adhesi on, a sem conductor substrate
Is,coated wth an adhesive coating material and an adhesive 27 coating film
is formed. Exanples of the process for formng the coating filminclude
the spin coating process using a spinner, the spray coating process using
a spray coater, the dipping process, the printing process and the rol
coating process. The coating filmis prebaked at a tenperature above the
boiling point of the organic solvent so that the organic solvent is

LSS AP, SR By B L
cost ed il BB AOLS LO, SLa6RE PR Tkl DG SHTEIRD L 11

above an%l%ggm et sﬁf&WE&aﬁéﬁﬂl@ Jigf)?ﬁgg;[)ro?g%%hia iﬁﬂih%@&@é&sfﬁfﬁd s

prebaked ‘under the~ sahe “condition a scri béd abo so that the

organi ¢ sHeVRdll cb&ting YrREESs, brhepsytin@ il iseprbbakedf ad B tegnshirabave Af t er
the heat treatnment of the film an insulating interlayer filmcan be

formed. Aldventhledsoilihgtpeiht oftlidergamid ssleentiso bleatf the®xgalhye selventigs a film
in accordance with simlar procedures. To summari ze the advantages of the
present ireneotddoby vdporizateounadr thef ceatmog filenioxame endean mdifesivee present
i nvention exhibits

coating film is formed.

Then, the adhesive coating film obtained above is coated with the
solution of the material for the insulating film of the present invention in
accordance with the same process as that conducted above and a laminate
structure is formed. A coating film thus formed is prebaked under the
same condition as that described above so that the organic solvent is
removed by vaporization and the film is dried. After the heat treatment
of the film, an insulating interlayer film can be formed.

A film for protecting the surface can be formed by forming a film in
accordance with similar procedures.

To summarize the advahtages of the present invention, the
precursor of a polybenzoxazole resin of the present invention exhibits
excellent solubility into organic solvents and, after being converted into
the polybenzoxazole resin, excellent properties under heating and is
advantageously used for insulating interlayer films and films for
protecting surfaces in semiconductors, insulating interlayer films of multi-

layer circuits, cover coats of flexible copper clad laminates, solder resist

films and liquid crystal-aligning films.
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excellent solubility into organic solvents and, after being converted into
t he pol ybenzoxazol e resin, excellent properties under heating and is
advant ageously used for insulating interlayer filns and filnms for
protecting surfaces in sem conductors, insulating interlayer filnms of

mul ti- layer circuits, cover coats of flexible copper clad | am nates,
solder resist filnms and liquid crystal-aligning filns. 28 EXAMPLES The
present invention will be described nore specifically with reference to

exanples in the foll ow ng. HOWEVGEEXA]UI?’ gsent invention is not limted
to the exanples. The glass transiftion tenperature, the heat deconposition

t enperat ure, ”[*hes%lrﬁ&ldt' b Xvéitsod t}g 1Hig g%gélgljﬁgg%g @rgpeg{fl%ol%ara r and a

filmprepared fromthe polyner synt esl z ive

Exanpl es \ﬁ@fe@efwmmnprres%%@qgns@mt Fﬂbmv&pIth@\ﬁr@&eﬂ‘fqhbeﬂﬁon(lé) d ass
transition tenperature The thernonmechani cal property of a fil mwas neasured

usi ng an notdiniitednd thdvbrdplesmnuf act ured by SEI KO | NSTRUMENTS Co., Ltd.
under a flow of the nitrogen gas at 300 ml/m nute under dynam c
def ormati on at Thef r glassncirankitionz tednipeeature, t ¢hpertadatr edev@snpaiiied at a
rate of 3C/ mnute. The peak top tenperature of tan 6 was used as the
temperature, the solubility and nﬁe dielectric constant of a polymer and a
film prepared from the polymer synthesized in Examples and Comparative
Examples were measured in accordance with the following methods.
(1) Glass transition temperature
The thermomechanical property of a film was measured using an
instrument DMS6100 manufactured by SEIKO INSTRUMENTS Co., Ltd.
under a flow of the nitrogen gas at 300 ml/minute under dynamic
deformation at a frequency of 1 Hz while the temperature was raised at a
rate of 3°C/minute. The peak top temperature of tan  was used as the
glass transition temperature. |
(2) Heat decomposition temperature
The thermogravimetric analysis of a film was conducted using an
instrument TG/DTA220 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
decomposition temperature.
(3) Solubility
A precursor of a polybenzoxazole in an amount of 1 gand 3 g of N-

methyl-2-pyrrolidone were accurately weighed and placed into a glass

sample container having a cap. After the content of the container was
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glass transition tenperature. (2) Heat deconposition tenperature The
thernogravinetric analysis of a fil mwas conducted using an instrunent

TG DTA220 nmanuf actured by SEI KO | NSTRUMENTS 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 deconposition tenperature. (3) Solubility A
precursor of a polybenzoxazole in an anount of 1 g and 3 g of N

Tl ST SCORT SO SR BN o
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was  eval uaf1gd e a&o%oengndm%{bxﬁ% riﬁ%l:d'é}lee s%%@@él?déc%a‘@a?%ﬁﬁ’d’”@het he

solubility was eval uated as poor. Dielectric constant The él ectric
capaci ty &flubilityl whyvebaliRdsda8gobp. accordance with the nethod of Japanese

| ndustrial Standard K6911 using HP-4284A PRECI SI ON LCR METER manuf act ur ed
by HEW.ET(®)PAMeMIDric constant
The electric capacity of a film was measured in accordance with the
method of Japanese Industrial Standard K6911 wusing HP-4284A
PRECISION LCR METER manufactured by HEWLETT PACKARD
Company at a frequency of 100 kHz. The dielectric constant was
calculated from the obtained electric capacity in accordance with the
following equation:

Dielectric constant = (electric capacity X thickness of film)

/ (permittivity in vacuum X area of measurement)

Preparation Example 1
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
the resultant mixture was cooled to -30°C while being stirred. To the
cooled mixture, 510.2 g (1.808 mole) of anhydrous trifluorosulfonic acid
was added dropwise slowly and carefully so that the temperature was not
raised at -25°C or higher. It took 1 hour before the addition was

completed. After the addition was completed, the temperature of the
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Conmpany at a frequency of 100 kHz. The dielectric constant was

fromthe obtained electric capacity in accordance with the

fol |l ow ng

equation: Dielectric constant = (electric capacity X thickness of filmn

(permttivity in vacuum X area of neasurenent) Preparation

Exanmple 1

Preparation of 5-ethynylisophthalic acid dichloride (1) Synthesis of

cal cul at ed

/

di net hyl
f our - neck
containin
di et hyl
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was cool e

5-trifluoronet hanesul f onyl oxyi sophthalate Into a 5 liter

ed flask equipped with a thernonmeter, a Dinroth condenser,

a tube
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(1.808 nohgy tHe %H&ﬁéﬂu\%a&ram&w@d %Ubi&iéba ffrl § hyass. a0URd shtapNide st ow y
ully so that the tenperature was not raised at -25C or higher. It

took 1 hopgadifrohtixtle addi pédiedafio £ MMPrLbLice Malte¥ ahldetladdighbors Was

the tenperature of the 30 reaction mxture was raised to 0C and
t he reactlayerv\andatheomglamm Iayecewdre fsepafatedur THehaqueoperlayer eva@s t hen
the roomtenperature and the reaction was allowed to proceed for

and car ef
conpl et ed,

raised to
5 hours.

Neatedtwiceely 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-[3,5-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
33.73 g (0.401 mole) of 3-methyl-1-butyn-3-ol were placed and the nitrogen
gas was passed through the flask. To the above mixture, 375 ml of
dehydrated triethylamine and 200 ml of dehydrated pyridine were added
and dissolved by stirring the mixture. After the flow of the nitrogen gas

was continued for 1 hour, 0.3 g (0.000427 mole) of dichlorobis-
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reaction m xture was poured into 4 liters of ice water and the aqueous

| ayer and the organic | ayer were separated. The aqueous | ayer was treated
twice by extraction with 500 m of toluene and the extracts were conbined
with the organic layer. The conbi ned organic solution was washed tw ce
with 3 liters of water and dried with 100 g of anhydrous nmagnesium

sul fate. Anhydrous nagnesium sul fate was renoved by filtration and tol uene
was renoved by distillation using a rotary evaporator. The resultant
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alliter four-necked flask equi pped wth a thernoneter,
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of dinmethyl 5-trifluoronethanesul fonyl oxyi sophthalate, 1.1 g (0.0419 nole)

of triphedg0 phbsyfhivager Gnd7 $heg fodmedl 4dlidodd)stahcesomeee sadirdéedartyy 33.73 ¢
(0.401 nole) of 3-nethyl-Il-butyn-3-o0l were placed and the nitrogen gas was
passed t Hiltrafion hadfwasled fwicehwithd®oemliof water, FIGmliof af hydimlittirid ed
triethyl aargi(ril ehf\?i%gzgocorﬂcer?zra(gﬁgygf[ a5t g{jolg irt(iezsj iarrlleci \évg(r) em?do(z'ev(sjlater. 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-
ethynylisophthalate was obtained.
(4) Synthesis of 5-ethynylisophthalic acid dichloride
Into a 2 liter four-necked flask equipped with a thermometer, a

Dimroth condenser and a stirrer, 80 g (0.3 mole) of dipotassium 5-

ethynylisophthalate obtained above in (3) and 400 ml of chloroform were
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and di ssolved by stirring the mxture. After the flow of the nitrogen gas
was continued for 1 hour, 0.3 g (0.000427 nole) of dichlorobis 31
(triphenyl phosphi ne) pal | adi um was qui ckly added and the resultant m xture
was heated under the refluxing condition in an oil bath for 1 hour. Then,
triethylam ne and pyridine were renoved by distillation in vacuo and a

vi scous brown sol uti on was obtai ned. The sol ution was poured into 500 ni
of water and the formed solid substances were separated by filtration and
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were placed and potassi um hydroxi de was di ssol ved into n-butanol by

heati ng uwderstitredr a&f HoxtonFOUSfdr t3 bourslo Aftéme thesehttaon mbtture omas 95 ¢
(0.344 nole) of 4-[3,5-bi s(methoxycarbonyl)- phenyl]-2-nethyl-3-butyn-I-ol
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under the refl uxing cond'{ion for, 30 mnutes. .. . .
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 was obtained.

Preparation Example 2
Preparation of 5-phenylethynylisophthalic acid dichloride
(1) Synthesis of 5-bromoisophthalic acid

Into a 1 liter four-necked flask equipped with a thermometer, a
stirrer and a dropping funnel, 99.18 g (0.556 mole) of 5-aminoisophthalic
acid, 165 ml of a 48% by weight hydrobromic acid and 150 ml of distilled
water were placed and stirred. To the obtained solution, a solution
prepared by dissolving 39.4 g (0.57 mole) of sodium nitrite into 525 ml of
distilled water was added dropwise over 1 hour and an aqueous solution of

a diazonium salt was obtained. Into a 3 liter four-necked flask equipped
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The m xture was then cooled in an ice bath. The formed crystals were
separated by filtration, washed twice with 1 liter of methanol and dried at
60C in vacuo and 88.87 g (the yield: 97% of dipotassium 5-

et hynyl i sopht hal ate was obtained. (4) Synthesis of 5-ethynylisophthalic
acid dichloride Into a 2 liter four-necked flask equipped with a
thernoneter, a Dinmroth condenser and a stirrer, 80 g (0.3 nole) of

di potassi um 5- et hynyl i sopht hal at e obtai ned above in (3) and 400 m of
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was cooled, crystals were separated by filtration and washed with 150 mi
of  chl or@blydnat heefigerati:e ehd°Cher 1&ed agd! thpuhguesis seRitimed and
concentrated at a tenperature of 40C or | ower. The obtai ned residue was
treat ed tdinzeniwm eselt peeparedvalidve2@@s rdddetl dioptshiyé oeti@ hewk. f iAfter ed.

Di ethyl ether was renpved fromthe extract by distillation in vacuo and a
seni - sol ithecaddisiopr wds complstedpthe medctioh enixtumbewps atirced whghe renm washed

with dry n-hexane and recrystallized fromdiethyl ether and 13
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
aqueous solution of sodium hydrogencarbonate. The formed precipitates
were separated by filtration and washed twice with 2 liters of distilled
water. The obtained white solid was dried in vacuo at 50°C for 2 days and
109 g (0.4 mole; the yield: 89%) of dimethyl 5-bromoisophthalate was
obtained.
(8) Synthesis of 5-phenylethynylisophthalic acid dichloride

In accordance with the same procedures as those conducted in (2) in
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(the yield: 19% of 5-ethynylisophthalic acid dichloride was obtained. In
accordance with the procedures simlar to those conducted above,

5-ethynyl terephthalic acid dichloride was obtai ned. Preparation Exanple 2
Preparati on of 5-phenyl ethynylisophthalic acid dichloride (1) Synthesis of
5- bronoi sophthalic acid Into a 1 liter four-necked flask equipped wth a
thernoneter, a stirrer and a dropping funnel, 99.18 g (0.55 nole) of

5-am noi sophthalic acid, 165 mM of a 48% by wei ght hydrobrom c acid and

150 m of Wighidi; Crsrete] t oy ey, '

sol uti on, %eggf%ﬁlﬁlgnE%%%g%)eaﬁéf%e?tdl ssoﬁ'ﬁng @Qé%jén %8) %? dr%% je(tat?&g?jd sodi um
nitrite i HremeSopHthalatedvad ubb®in WA ofBs5 20@EsH LRI épdﬁﬂ@ehy}.dlour and
an aqueous solution of a diazoniumsalt was obtained. Into a 3"[iter

f our - neckegiffuozemneehamdndfbn3dospisdplahuhiae TBOBt € (thedyil T TH%) 60Dg8Hser, a
dropping funnel and a stirrer, 94.25 g (0.66 nole) of copper(l) br oni de
and 45 nl bad(nzeth8%ytarbanyhhhenyly2-phemylethyari waswbtainkdced and stirred. The
resultant mxture was_cooled at a tenperature of OC or |ower and the
aqueous sol uti dn adcordantieawatidi tine same praspdnres apdheseresnduided idr wi se

over 2 hours. After _the addition was conpleted, the reaction m xture was
stirred a@ndnd4} gemPrepapaiion Ezample 3, dipetassivand 5t(Rarhanydetdynyhder t he

refluxing igo%ril%htaiaotg and  5-(2-phenylethynyl)isophthalic acid dichloride,

successively, were obtained.

Preparation Example 3
Preparation of 4,4’-tolanedicarboxylic acid dichloride
(1) Synthesis of methyl 4-ethynylbenzoate

In accordance with the process described in J. Org. Chem., Volume
57, 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
reaction mixture was kept being stirred for 2 hours in the ice bath and
then stirred at the room temperature for further 2 hours. The reaction
mixture was filtered and dried and 21 g (the yield: 87%) of methyl 4-
ethynylbenzoate was obtained.

(2) Synthesis of dimethyl 4,4-tolandicarboxylate

A mixture containing 16.0 g (0.1 mole) of methyl 4-ethynylbenzate

obtained above in (1), 21.5 g (0.1 mole) of methyl 4-bromobenzoate, 0.288 g
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for 30 mnutes. After the reaction mxture was |eft standing and cool ed,
the formed precipitates were separated by filtration and washed twice with
2 liters of water. The obtained white solid was dried in vacuo at 50C for
2 days and 117 g of a crude product was obtained. The product was used in
the follow ng step without purification. (2) Synthesis of dinethyl

5- bronoi sophthalate Into a 500 ml flask equipped with a stirrer and a

D ntroth condenser, 110 g of 5-bronoi sophthalic acid obtained above in (1),

500 Nl of (i TeRble) %@otrg;fhequ@sh@s FREDITRECE, GBI R Ao PBE dopLRTP! aced

and heated under the uxi'ng c |t|on f ours ter e resultlng
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liter of distilled water. The obtai ned sol uti'on was neutralized wth a 5%

by wei ghttenfspiaoufe ssutaigad aintslothd FeflVidinggenadsd a8 ®C. THEnd Q! (Rd
precipitates were separated by filtration and washed tw ce with 2 liters

of disti |teatberatitiry . whise lobteaededinttli tthes alefiixiag dtoppdd. n vAeughat 50C for
2 days and 109 g (0.4 nole; the yield: 89% of dinethyl

5- br onoi depipdrature Q68 pHOA00dd. moky) & dididerabis(friphenylphosphine)-

5- phenyl et h | i sophthalic acid dichloride In accordance with the sane

pr ocedur e2al ﬁ%‘i/l!lnbé’éaﬁ: gddadtand ithe (repultangmixtawe rwas dieatsdinpider thexcept

7 . 365 f dimet hyl
that 99 reflu Qng con t1021 f% hoursy Tie 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.

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

Potassium hydroxide in an amount of 16.83 g (0.3 mole) was
dissolved into 450 ml 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
the refluxing condition for 18 hours. The reaction mixture was then
cooled. The formed precipitates were recovered by filtration and
dissolved into 1 liter of water. After insoluble residues in the solution was
removed by filtration, pH of the filtrate was slowly adjusted to 3 with a
hydrochloric acid having a concentration of 0.1 mole/liter. The formed
precipitates of 4,4’-tolandicarboxylic acid were separated by filtration and

dried and 6.7 g (the yield: 76%) of 4,4’-tolandicarboxylic acid was obtained.
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br onoi sopht hal ate was used in place of 125 g (0.365 nole) of dinethyl 5-
trifl uoronet hanesul f onyl oxyi sopht hal ate, 80.8 g (the yield: 75% of 1-[3, 5-
bi s( met hoxycar bonyl ) phenyl ] - 2- phenyl et hyne was obt ai ned. I n accordance with
the sane procedures as those conducted in (3) and (4) in Preparation
Exanpl e 1, dipotassium 5-(2-phenyl ethynyl)- isophthal ate and

5-(2- phenyl et hynyl )i sophthalic acid dichloride, successively, were

obt ai ned. Preparation Exanple 3 Preparation of 4,4'-tol anedi carboxylic acid
dichloride (1) 814 ' t = ot I -0a ce with

t he process de)s4(’:ri bégﬁlaincagg xcgﬂ;c Qéﬁeﬂbﬁ,ﬁh{ﬂ%ﬁéﬁb@%é% Lga%%gaggggdfgg §999
(1962), 4(@okynymbii)zoi60 agild ¢fhl DRidEhMRSethayiB! NepiAsd. ¢ ThN, béh5R! uti on
prepared by dissolving 24.7 g (0.15 nole) of 4- ethynyl benzoic aci

chl ori de itriefifylaimmbniwahr chiyridef andrg.gaml asfdelsionsl ehldrsde ivére 3Qedl of

met hanol cooled in an ice bath. After the addition was conpleted, the
reacti on segatheon hedempevatiird was 2sed antldbe mhaure wastheatedriundere was
kept being stirred for 2 hours in the ice bath and then stirred at the
room t enpéherefluxing conditiear for Hbheurs. THEo theceswltantrraaation weixtiie, t er ed

and dried and_2 the yield: 879 f methyl 4- ethynyl benzoate was
obt ai ned. 40 ml o Ig-h(exaneywas added./() The result%nt mixturg valas 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.

In accordance with the procedures similar to those conducted above,

3,4’-tolandicarboxylic acid dichloride was prepared.

Preparation Example 4
Preparation of 2,2-bis(phenylethynyl)-4,4’-biphenyldicarboxylic acid
dichloride
1) 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
added and the resultant mixture was stirred at the room temperature for 1
hour. The temperature was raised to 80°C and the reaction mixture was
stirred for 18 hours. The reaction mixture was added dropwise to ice
water and yellow precipitates were obtained. The precipitates were

washed twice with water, filtered and dried at 80°C in vacuo for 24 hours.
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(2) Synthesis of dinmethyl 4,4'-tol andi carboxylate A m xture containing 16.0
g (0.1 nole) of nethyl 4-ethynyl benzate obtained above in (1), 21.5 g (0.1
nol e) of nethyl 4-bronobenzoate, 0.288 g 35 (0.0011 nole) of

tri phenyl phosphine, 0.07 g (0.00037 nole) of copper(l) iodide, 250 m of
triethylamne and 37.5 m of pyridine was stirred and the tenperature was
raised until the refluxing started at 87C. Then, the tenperature was

| owered until the refluxing stopped. At this tenperature, 0.098 g (0.00014

nol e) of rgh Tola)l g{}ﬂgﬂ: i j de he
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and washe@hé Wiekd WgH5k6)S 60 dliiméthylit2121-dii@&@t1,af-‘bi%ﬂ'é}3{1&ﬁfa§b&%qa€€ QeMet was
pl aced into tetrahydrofuran and stirred under heating. Then, the m xture
was filt esledimdd as pellowtozypiaiat ure. After recrystallization fromthe
obtained filtrate, 14.7 g (the yield: 50% of dinethyl 4,

4' -t ol andi car bDupethyd @:8-dsiodaishd'cbiphehylicartbesiktef obtaied albandi fxar boxyl i ¢
acid dichloride Potassium hydroxide in an anount of 16.83 g (0.3 nole) was
di ssol vecn riraouBb ofi 26fg {B810Ramsile), A.08rg f2copper oiods8l: mwide.1df gdpfret hyl

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

A mixture containing 14 g (0.03 mole) of dimethyl 2,2-
bis(phenylethynyl)-4,4’-biphenyldicarboxylate obtained above in (1) and
120 ml of an ethanol solution of potassium hydroxide having a
concentration of 1 mole/liter were heated under the refluxing condition for

2 hours. The protection was removed with a dilute hydrochloric acid and
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t ol andi car boxyl at e obt ai ned above in (2) was added to the resultant
solution, the tenperature was raised and the m xture was heated under the
refluxing condition for 18 hours. The reaction m xture was then cool ed.
The formed precipitates were recovered by filtration and dissolved into 1
liter of water. After insoluble residues in the solution was renoved by
filtration, pH of the filtrate was slowy adjusted to 3 with a

hydrochl ori ¢ acid having a concentration of 0.1 nole/liter. The fornmed

preci pi f[a $109f gf'eéigm%l@(%] %‘rgfcgﬁg%%% C')@fdllgﬁ&ﬁ?ﬁﬁ?@sogv%% esq?g%a{éd pration

and drie and e vyl andi car bo I'C ac d was

obt ai ned. fAfratidh, Jﬁé&fﬁﬂd?Qécﬁ?ébﬁlh‘z‘e&cffdlnoi)trﬁh{éﬁdséi'@@ﬂ? o!frtoﬁfbn%rfaﬂat of 6.5
g (0.024 nole), 60 m of 1,2-dichloroethane, 10.013 g of benzyl

tri et hyl amethiansl (040 de) and B2 ¢ (the ofieldnioons)| ofc\RObisdshevetHyngg
together. The tenperature was raised and the m xture was heated under the
r ef | uxi ng 44reipheopldicarbo8yhoacisl wisobtenedsul t ant reaction mixture, 40 n
of n-hexane was added. The resultant mxture was filtered at a high

t enper at ure and) cmyxtures ofietd @t@itednolednof B2 thismhenylethiyayl)e wst al s
wer e recr){st allized froma m.xed solvent of 1,2-dichloroethane and hexane

and 3 g (t Wlélldéf’arh@%h‘bﬁmd tainedahavead vakof NeNagimpthyaroamidewas
obt ai ned. | Fgrondance WALl Lhe progedires simlar o those, condycted
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 5
Preparation of 2,7-biphenylenedicarboxylic 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.

Preparation Example 6
Preparation of 2,6-biphenylenedicarboxylic acid dichloride
In accordance with the process described in American Chemical

Society, Volume 11, No. 3, Pages 479 to 483 (1978), 2,6-biphenylene-
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3,4' -tol andi carboxylic acid dichloride was prepared. Preparation Exanple 4
Preparation of 2,2'-bis(phenylethynyl)-4,4"-biphenyl di carboxylic acid
dichloride (1) Synthesis of dinethyl 2,

2' - bi s(phenyl et hynyl ) -4, 4' - bi phenyl - di carboxyl ate D net hyl

4, 4" - bi phenyl di carboxylate in an anobunt of 25 g (0.092 nvole) was added
into 300 mMl of a concentrated sulfuric acid in conmbination wth 55 g (0.22
nole) of iodine. As the catalyst, 85 g of silver sulfate was added and the

resul t anty:m di:%r‘fi | g té}% [ tenperature for 1 hour. The

t enper at udrlgh\;\qfas rg\i,%:z%ag%ﬂgﬁ eg‘tnacf’ ga?%gction m xture was stirred for 18
hours. The reaction m xture was added dropwi se to ice water and yell ow
precipitates were obtained. The precipitates were washed twice with water,

filtered @ogmgid gd at 80C in vacuo for 24 hours. 37 The obtained dried
product was purified by extraction with nethanol using a Soxhlet extractor

for 24 hours ayadepd Ykiweldfi thRdnitrepermpalanele an¢.41lmdle) bhe, ybed(d: 85% of

di ret hyl 2,2'-diiodo-4,4'-biphenyl di carboxyl ate was obtained as yell ow

cryst al s.amimedthytdrdxbhehylitoaf] vbropiqpaseywas dissblved! iate 200tgpofh@s; above in

an amount of 26 g (0.05 nole), 0.08 g of copper iodide and 0.11 g of
N-methyl-2-pyrrolidone and 17.4 g (0.22 mole) of pyridine was added to the
resultant solution. After the obtained solution was cooled to -15°C, 21.6 g
(0.095 mole) of 5-ethynylterephthalic acid dichloride was added dropwise
slowly. After the addition was completed, the resultant mixture was
stirred at -15°C for 1 hour. Then, the temperature was raised to the room
temperature and the reaction mixture was stirred at the room temperature
for 5 hours. The reaction mixture was added dropwise to 4 liters of
distilled water in a manner such that the droplets were very small. After
the formed precipitates were separated and dried, a precursor of a
polybenzoxazole resin was obtained. The number-average molecular
Weight (Mn) of the obtained precursor of a polybenzoxazole resin was
obtained as the value of corresponding polystyrene in accordance with
GPC using an apparatus manufactured by TOSO Co., Ltd. and was found
to be 19,000.

The obtained precursor of a polybenzoxazole resin in an amount of

10 g was dissolved in 50 g of N-methyl-2-pyrrolidone. The obtained
solution was filtered through a Teflon filter having a pore size of 200 nm
and a varnish for coating was obtained. A glass plate was coated with the
varnish using a doctor knife. The coated glass plate was heated in an
oven under the nitrogen atmosphere at 70°C for 1 hour, at 150°C for 30

minutes and at 420°C for 1 hour, successively, and a film was obtained.
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bi s(triphenyl phosphi ne) pal | adi um were added into 120 m of pyridine and
the m xture was stirred at the roomtenperature for 1 hour. To the
resultant reaction mxture, a solution prepared by adding 12.5 g (0. 122
nol e) of phenyl acetylene into 60 m of pyridine was slowly added. The
tenperature of the obtained m xture was raised to 80C and the m 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

fil tratlorrhe%og)@rﬁxg bptwomné&ggagl ne%\n ginsm Thil pn Using a rotary

evapor at or ude product was o he crude product was dissol ved
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
tol uene (®Xalpe/%), 16 g (the yield: 68% of dinethyl 2,6 2'-

bi s(phenyl et hynyl )-4, 4'-bi phenyl di carboxyl ate was obtai ned. (2) Synthesis
of 2,2'-bi s(phénpreturgoy bf adpelybémznxanylediesin nmsydbtairal th adteddagictde A

m xture containing 14 g (0.03 nole) of dinmethyl 2,2'-

bi s( phenyMaththg| Jame probédunesydsdiesebconduated dhtE:‘cam;ileaﬂommepn thht and

120 m of _an ethanol sol ution of potassium hydroxide having

concent r aBileh & ©.085 emqlﬁ)erof/ve5é d@éhm!y]u%@eblnhﬁélﬂ@#atb@ﬂy@%mdt ion for
2 hours. 1&118r1 tee\afr:;sl 8Qe(¥va In p ace o %q éM gt((l;I 035%31%5 gf Q%‘%ﬁ?ﬁﬁtgﬁépmﬁghg and 38
acid dichloride. The number-average molecular weight (Mn) of the
obtained precursor of a polybenzoxazole resin was obtained as the value of
corresponding polystyrene in accordance with GPC using an apparatus
manufactured by TOSO Co., Ltd. and was found to be 16,000. Using the
above precursor of a polybenzoxazole resin, a film was prepared in
accordance with the same procedures as those conducted in Example 1.

The properties of the prepared film are shown in Table 1.

Example 3

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
21.6 g (0.095 mole) of 5-ethynylisophthalic acid dichloride was used in
place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride. The
number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 18,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same

procedures as those conducted in Example 1. The properties of the
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yel |l ow precipitates were obtai ned. The precipitates were separated by
filtration, dried and recrystallized froma m xed sol vent of toluene and
nmet hanol (90/10 v/v) and 12 g (the yield: 90% of 2,2'-bis(phenylethynyl)-
4, 4' -bi phenyl di carboxylic acid was obtained. A m xture of 4.5 g (0.01
nol e) of 2,2'-bis(phenylethynyl)-4,4" - biphenyldicarboxylic acid obtained
above, 1 m of N Ndinethylformam de and 100 ml of thionyl chloride was
heat ed under the refluxing condition for 6 hours and then the remaining

t hi onyl \C’é;ileﬁ'éw&ﬂfﬁs?xl‘eeéﬁb iapid gtillation in vacuo. The obtained crude
S a

pr oduct recrystallize rom m xed sol vent of hexane and chl orof orm
(90/10 v/v) and 4.0 g (the yield: 82% of
2,2 -bi s(phenyl et hynyl ) -4, 4" -bi phenyl di carboxylic acid dichloride was
obt ai ned. Examaptsar dance with the procedures simlar to those conducted
above, 2,2'-bis(naphthylethynyl)-4,4"-biphenyldicarboxylic acid dichloride
was prepar ed. ARsreparsiiri afma polyheinzokazdle pasiat was obftained in accordance
2, 7- bi phenyl enedi carboxylic acid dichloride In accordance with the process
descri bedwith the Beine p8medurémhaybose loontductedEdi Hxamplvol wxeegtt thdges 653
to 656 (1978), 2,7-biphen¥lene- di carboxylic acid dichloride was prepared.
Pr epar at | $h8mx P8 mole) of 5-phenyethynylisophthalic acid dichloride was used
in place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride.
The number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 16,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 5

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
28.8 g (0.095 mole) of 4,4’-tolandicarboxylic acid dichloride was used in
place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride. The
number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Litd. and was found to be 13,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same

procedures as those conducted in Example 1. The properties of the
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Preparation of 2, 6-bi phenyl enedi carboxylic acid dichloride In accordance
W th the process described in Anmerican Chem cal Society, Volunme 11, No. 3,
Pages 479 to 483 (1978), 2,6-biphenylene 39 dicarboxylic acid dichloride
was prepared. Exanple 1 Under a flow of the nitrogen gas, 36.6 g (0.1 nole)
of 2,2-bis(3- am no-4-hydroxyphenyl ) hexaf| uor opropane was di ssolved into
200 g of dry N-nethyl-2-pyrrolidone and 17.4 g (0.22 nole) of pyridine was
added to the resultant solution ﬁﬁter t he obtained solution was cooled to

-15C, 21. 1151)1%5 I yI terephthalic acid dichloride was
gw?%al(eq \MaEfQ Sﬁ%t er ?]f;

added dro d|t|on was conpl eted, the resultant

m xture was stirred at -15C for 1 hour Then, the tenperature was raised
to the room tenperature and the reaction mxture was stirred at the room
t enper at Ulxanhple & hours. The reaction m xture was added dropw se to 4
liters of distilled water in a manner such that the droplets were very
small. After theréarrser of negilpbéwdoxazoler e sive parsadletdivett il aceskdaacpr ecur sor
of a pol ybenzoxazol e resin was obtai ned. The nunber-average nol ecul ar

vei ght ( Mwitloftheheambétiopedhies erutlsase ainducped yheizamplkolleexcept rthaas

obtai ned as the val ue of corresgondl hg polystyrene in accordance with GPC

usi ng an 28rheatQ89remokedaf 3. dutdgndicmbasylic acid. dighlorides wasumskd in
place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride. The

number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 14,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 7

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
20.2 g (0.0665 mole) of 4,4’-tolandicarboxylic acid dichloride and 5.8 g
(0.0285 mole) of isophthalic acid dichloride were used in place of 21.6 g
(0.0956 mole) of 5-ethynylterephthalic acid dichloride. The number-
average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Litd. and was found to be 13,000. Using the above precursor of

a polybenzoxazole resin, a film was prepared in accordance with the same
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to be 19,000. The obtained precursor of a polybenzoxazole resin in an
ampunt of 10 g was dissolved in 50 g of N-nethyl-2-pyrrolidone. The
obtained solution was filtered through a Teflon filter having a pore size
of 200 nm and a varni sh for coating was obtained. A glass plate was coated
with the varnish using a doctor knife. The coated gl ass plate was heated
in an oven under the nitrogen atnosphere at 70C for 1 hour, at 150C for 30
m nutes and at 420C for 1 hour, successively, and a fil mwas obtained. 40

or ecar sobgredul pRcHERS bR i e BER o TR OB R ity e
sane pro ghggqgi?lﬁtms%og@?ggﬁtdﬁgein Exanple 1 except that 31.1 g (0.095

nol e) of ynyl phenyl di carboxylic acid dichloride was used
in place of 21.6 g (0.095 nole) of 5-ethynylterephthalic acid dichloride.
The nunber-average nol ecul ar weight (M) of the obtained precursor of a
pol ybenz®Raz@pte Besi n was obtained as the value of corresponding

pol ystyrene in accordance with GPC usi ng an apparatus manufactured by TOSO
Co., Ltd. and Agsetarsod dfaa pelyben@btazolés regint was obbaivied ihesttosddined a

pol ybenzoxazol e resin, a filmwas prepared in accordance with the sane
pr ocedur ewithsthehssgre poockdetres as théseacmidaicted in Example 1 except that 1.4
g (0.005 mole) of 2,6-biphenylenedicarboxylic acid dichloride and 18.9 g
(0.093 mole) of isophthalic acid dichloride were used in place of 21.6 g
(0.095 mole) of 5-ethynylterephthalic acid dichloride. The number-
average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 20,500. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same

procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 9

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
13.6 g (0.049 mole) of 2,6-biphenylenedicarboxylic acid dichloride and 9.9 g
(0.049 mole) of isophthalic acid dichloride were used _in place of 21.6 ¢
(0.095 mole) of 5-ethynylterephthalic acid dichloride. The number-
average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding

polystyrene in accordance with GPC using an apparatus manufactured by
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The properties of the prepared filmare shown in Table 1. Exanple 3 A
precursor of a polybenzoxazole resin was obtained in accordance wth the
sanme procedures as those conducted in Exanple 1 except that 21.6 g (0.095
nol e) of 5-ethynylisophthalic acid dichloride was used in place of 21.6 g
(0.095 nole) of 5-ethynylterephthalic acid dichloride. The nunber-average
nol ecul ar wei ght (W) of the obtained precursor of a polybenzoxazole resin
was obtai ned as the val ue of corresponding polystyrene in accordance with

O Cons! MO IRBOM! TSP alkThhA 39 pB2 JOFO Glng b RBhaBRrdoged 10 be

18, 000. Using the above precursor o ybenz z resin, 'l m was

prepar ed apalgbonAassletdsth, {1818RRs ppémqqh%caﬁiédb@%@itﬁodw%ﬁg in
Exanpl e 1. 'The properties of the 41 prepared filmare shown 1 n Table 1.

Exanpl e 4pfogudeays say thbs@ doadyubedz ox aERhmplesi.n Ths phifﬁ»irﬂég o tRecor dance
with the sane procedures as those conducted in Exanple except that 28.8

g (0.095 pwobmjredffilm pheshetvinyinyTaldedht hal i c acid dichloride was used in
pl ace of 21.6 g (0.095 nole) of 5-ethynylterephthalic acid dichloride. The
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained precursor of a
pol ybenzoxazol e resin was obtai ned as the val ue of corresponding
Example 10
A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
27.2 g (0.098 mole) of 2,7-biphenylenedicarboxylic acid dichloride was used
in place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride.
The number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 23,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same

procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 11

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
56.5 g (0.1 mole) of 9,9-bis((4-amino-3-hydroxy)phenyl)fluorene was used
in place of 36.6 g (0.1 mole) of 2,2-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane and 5.4 g (0.024 mole) of 5-ethynylisophthalic acid
dichloride and 21.5 g (0.071 mole) of 5-phenylethynylisophthalic acid
dichloride were used in place of 21.6 g (0.095 mole) of 5-
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pol ystyrene in accordance with GPC usi ng an apparatus manufactured by TOSO
Co., Ltd. and was found to be 16,000. Using the above precursor of a

pol ybenzoxazol e resin, a filmwas prepared in accordance with the sane
procedures as those conducted in Exanple 1. The properties of the prepared
filmare shown in Table 1. Exanple 5 A precursor of a polybenzoxazole resin
was obtained in accordance wth the sane procedures as those conducted in
Exanple 1 except that 28.8 g (0.095 nole) of 4,4'-tol andi carboxylic acid

di chl i s .0l f : 9 |
5|- gt h%lyl%ﬁlelygg}# ﬁ%ﬁ?%élgﬁg%gfcﬁcgﬁg&ng@leonlg%%%F ?{%‘,’g%%.ee Irr%g}eé:&lj ra_r wei ght
(M) of tv@@ifgﬂl@tMﬁ?%fpﬂﬁcBbﬁaﬁhe&fIt)l%cupéliry@ﬁfaz%mhﬁoi@ﬁlﬁ MWt Wiai ned as

t he val ue of correspondi ng polystyrene in accordance wth GPC using an

appar at upbtaiiddaekutlrd value bOROriesponditl palittyEsne dunkcdbldiRe 1wif}00. Usi ng
t he above precursor of a polybenzoxazole resin, a filmwas prepared in
accor dandgPa@ tdinghen apparatusanadufatussd bpd¥@SOodoyEitddand vixafqiml 1. The
properties of the 42 prepared filmare shown in Table 1. Exanple 6 A
pr ecur sortodfe h5,960ybéfsing&halabw@pr¢cum@r ofa polybenzoxarotoresnce film t h t he
same procedures as those conducted in Exanple 1 except that

was prepared in accordance with the same procedures as those conducted

in Example 1. The properties of the prepared film are shown in Table 1.

Example 12
A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
56.5 g (0.1 mole) of 9,9-bis((4-amino-3-hydroxy)phenyl)fluorene was used
in place of 36.6 g (0.1 mole) of 2,2-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane and 9.6 g (0.0425 mole) of 5-ethynylterephthalic acid
- dichloride, 12.9 g (0.0425 mole) of 5-phenylethynylisophthalic acid
dichloride and 2.0 g (0.01 mole) of terephthalic acid dichloride were used in
place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride. The
number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 14,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 13
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28.8 g (0.095 nole) of 3,4'-tolandicarboxylic acid dichloride was used in
place of 21.6 g (0.095 nole) of 5-ethynylterephthalic acid dichloride. The
nunber - aver age nol ecul ar wei ght (W) of the obtained precursor of a

pol ybenzoxazol e resin was obtained as the val ue of corresponding

pol ystyrene in accordance with GPC usi ng an apparatus manufactured by TOSO
Co., Ltd. and was found to be 14,000. Using the above precursor of a

pol ybenzoxazol e resin, a filmwas prepared in accordance with the sane

procedures as ihgeg & Oﬂew%p@hmr%;@g' gasl 3d. @egp(boP%ﬁélbf%gai 2lfig(s.Pr epar ed

filmare shown in recurso enzoxazol e resin

was obt ai aeslinon & 96%}&@11 kﬁﬂhbﬁ) 8pEn® hostee cted in
Exanmple 1 excgpt ?q g)\He 0. 066? ﬁEn R%%ed}%&%(gmgﬁdl car %g)gs#}l c acid

di chl ori deN.anethyl8- rrbﬁdeZ@EndDIBE‘B go.2 ﬁﬁﬂéﬂ&%}*ﬁdﬁ@'ﬁa@hﬁaé@% dewer e
used in place o 21 6 g (0.095 nole) of 5-ethynylterephthalic acid

di chl ori deesdlbantyohetion.avAfiegehepbletaihed sohitidri wad koolkedt fie - DA sed
precursor of a polybenzoxazole resin was obtai ned as the val ue of

cor respondbhqiomolmspym;he byn dissolvingcetdnbt hg GRQ.095 nopade) apparZlus

manuf act ur ed by TOS Ltd, and was found to be 13, 000. Usi 23_ t he above

precur sor bas(P anbbrtbmlirﬁ(ézlupbenﬁ@qarbaxth aridadichlanide del 400 aedordance
th th
w © %utyroéiactone was added slowly. After the addition was completed, the

resultant mixture was stirred at -15°C for 1 hour. Then, the temperature
was raised to the room temperature and the reaction mixture was stirred
at the room temperature for 5 hours. The reaction mixture was added
dropwise to 6 liters of distilled water in a manner such that the droplets
were very small. After the formed precipitates were separated and dried,
64 g of a precursor of a polybenzoxazole resin was obtained. The
number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 15,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 14

A precursor of a polybenzoxazole resin in an amount of 66 g was
obtained in accordance with the same procedures as those conducted in
Example 13 except that 55.0 g (0.095 mole) of 2,2"-bis(naphthylethynyl)-
4,4’-biphenyldicarboxylic acid dichloride was used in place of 45.5 g (0.095
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procedures as those conducted in Exanple 1. The properties of the prepared
fillmare shown in Table 1. Exanple '8 A precursor of a pol ybenzoxazol e
resin was obtained in accordance wth the sanme procedures as those
conducted in Exanple 1 except that 1.4 g (0.005 nole) of

2, 6- bi phenyl enedi car boxylic acid dichloride and 18.9 g (0.093 nole) of

I sophthalic acid dichloride were used in place of 21.6 g (0.095 nole) of
5-ethynylterephthalic acid dichloride. The nunber- average nol ecul ar wei ght

(M) of  thele9irad pedifpRENTIE Ry Bf1)-a,4 BRSO HARNARKBOLAIC S8id) dWdioRRb 2 ned as

the val ue of "corresponding’ pol ystyrene in accordarice with G°C using an
appar at uST@puhisdridwdapy mdle@Qaeaweight dMnd g tn@%bfamled preci@o2@f200. Using

t he above precursor of a pol ybenzoxazole resin, a filmwas prepared in

accor dangmlybdrvoxheoleamesirprwaedobgined nboske coakliectofd correbponging 1. The
properties of the prepared filmare shown in Table 1. Exanple 9 A

pr ecur sompodystyraed ybancodancd sitle GRC wasng bnhadppectatus amomifdeiured byi t h t he
same procedures as those conducted in Exanple 1 except that 13.6 (0. 049
nol e) of TO80Cahdadl andayassionadytioike 18,080di Eising thie above praugsor of 049
nol e) of isophthalic acid dich]oride were used in place of 21.6 g (0.095
mol e) of &PRYRPRYIXaZO KRR A gk Washrenprrd Haccprdanegmpath the same

procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Example 15

A precursor of a polybenzoxazole resin in an amount of 57 g was
obtained in accordance with the same procedures as those conducted in
Example 13 except that 31.9 g (0.0665 mole) of 2,2’-bis(phenylethynyl)-
4,4’-biphenyldicarboxylic acid dichloride and 5.79 g (0.0285 mole) of
isophthalic acid dichloride were used in place of 45.5 g (0.095 mole) of 2,2’-
bis(phenylethynyl)-4,4-biphenyldicarboxylic acid dichloride. The
number-average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 13,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Comparative Example 1

A precursor of a polybenzoxazole resin was obtained in accordance
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aver age nol ecul ar wei ght (M) of the obtained precursor of a
pol ybenzoxazol e resin was obtained as the value of correspondi ng
pol ystyrene in accordance with GPC usi nhg an apparatus manufactured by 44

TGSO Co. ,

Ltd. and was found to be 22,000. Using the above precurso

pol ybenzoxazol e resin, a filmwas prepared in accordance with the s
procedures as those conducted in Exanple 1. The properties of the
filmare shown in Table 1. Exanple 10 A precursor of a pol ybenzoxazol e

conduct od "R Y8 AEGRLARIIR b ToditfucbaT T RERRRN Trextept THAE
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1.6 ¢
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n as t

le resin

e value of corresponding polystyrene in accordance with

GPC usi ng nidlepoPibphtisalidisifl atitMoeideas Ws&rplace lof 21.628¢0.085 rhelehd to be

23, 000. Using the above precursor of a polybenzoxazole resin, a fil

m was

prepar ed iofi 5asthghgitecep hihabictaedd dihiorige.ocedur es as those conducted in
Exanple 1. The properties of the prepared filmare showm in Table
Exampl e 11 Using the above precursor of a polybenzoxazole resin, preparation of

a varnish was attempted in accordance with the same procedures as those
conducted in Example 1. However, the varnish contained a great amount
of insoluble substances and no films could be prepared. Therefore, a
sample was prepared by heat treating powder of the precursor of a
polybenzoxazole resin under the same condition as that in Example 1.
The measurement of the glass transition temperature of the treated
sample was attempted using MDSC (a modulated differential scanning
calorimeter; manufactured by TA INSTRUMENTS Co., Ltd.; 2910MDSC)
under the condition of a rate of temperature elevation of 2°C/minute, an
amplitude of temperature of =2°C and a flow speed of the nitrogen gas of
30 ml/minute. No transition points were observed up to the temperature
of 420°C. The heat decomposition temperature was measured in
accordance with the same method as that used for a film. The results are

shown in Table 1.

Comparative Example 2

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
19.3 g (0.095 mole) of terephthalic acid dichloride was used in place of 21.6
g (0.095 mole) of 5-ethynylterephthalic acid dichloride. The number-
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A precursor of a pol ybenzoxazole resin was obtained in accordance wth the
sane procedures as those conducted in Exanple 1 except that 56.5 g (0.1
nol e) of 9, 9-bis((4-am no-3-hydroxy)phenyl)fluorene was used in place of
36.6 g (0.1 nole) of 2,2-bis(3-am no-4-hydroxyphenyl)- hexafl uoropropane
and 5.4 g (0.024 nole) of 5-ethynylisophthalic acid dichloride and 21.5 g
(0.071 nole) of 5-phenylethynylisophthalic acid dichloride were used in
place of 21.6 g (0.095 nole) of 5 45 ethynylterephthalic acid dichloride.
The nunmbep; avela96 ADLESH! Heighf! ggﬂ%( Mp) t8E thRafH¥al §Fe%u9§cﬁ596{505 of a

pol ybenzoxazol® resin was obtal n s the val ue of correspondi ng

pol yst yr epglyhana6£82 I8 Ne&si s @ftalifdd tantiRPPAIlAE UDS MBaYebasddigg by TOSO
Co., Ltd. and was found to be 15,000. Using the above precursor of a

pol ybenzoyaBatfrarRsinNaccdrdahd® wivhSGPCEAsihgtan aﬁpﬁﬁa}ﬁ@&ﬁﬁﬁuﬂdthré&ByS ame
procedures as those conducted in Exanple 1. The properties of the prepared
filmare 980 Go), Lablandlwakfenpd ¢o b2 18,p0@®cullsing tdfe abgvel peenzwraiol e
resin was obtained in accordance wth the sanme procedures as those

conduct edaipolEampixazdlecvesipta fihmtwas prépayefnlacrorddnaeef with the same

9, 9-bi s((4-am no- 3- hydr oxy) phenyl ) fl uorene was used in place of 36.6 g
(0.1 ol epragedmres s thosenconducteddinxkipampe ) 1. hdhef preparprespefidhand 9.6 g

(0.0425 nole) of 5-ethynylterephthalic acid
prepared film are shown in Table 1.

Comparative Example 3

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
19.9 g (0.098 mole) of isophthalic acid dichloride was used in place of 21.6 g
(0.095 mole) of 5-ethynylterephthalic acid dichloride. The number-
average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 24,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Comparative Example 4

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
27.4 g (0.098 mole) of 4,4’-biphenyldicarboxylic acid dichloride was used in
place of 21.6 g (0.095 mole) of 5-ethynylterephthalic acid dichloride. The
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dichloride, 12.9 g (0.0425 nole) of 5-phenylethynylisophthalic acid
dichloride and 2.0 g (0.01 nole) of terephthalic acid dichloride were used
in place of 21.6 g (0.095 nole) of 5-ethynylterephthalic acid dichloride.
The nunber-average nol ecul ar wei ght (M) of the obtained precursor of a
pol ybenzoxazol e resin was obtained as the val ue of corresponding

pol ystyrene in accordance with GPC using an apparatus manufactured by TGSO
Co., Ltd. and was found to be 14,000. Using the above precursor of a

pol ybenzoxagoh & 4 Fsiae ﬁoﬁéddﬁi"%i@ﬁ@@xﬁdo{' ’Bh@%ﬁﬁ@&c‘?g@%ﬁo{ ﬁ game

procedures as those conducted 1 n Exanple 1. The propert pr epar ed

filmare pBRMenzExdz € rdsinEXad®! shtathetd dddtle aallli®VoPfcdrbsspiddiggen gas,
36.6 g (0.1 nole) of 2,2-bis(3- am no-4-hydroxyphenyl)hexaf!| uor opropane was

di ssol vedpohistyrdn & adcoddancd\wivht GPIC Asimgr 210 hpparguanfadbfadtagrddby nol e)
of pyridine was added to the resultant solution. After the obtained

sol uti on TSOd.ehtd.cand $@s faund db bei230¢0. e Jdsing the aliovsqirecungod®f5 g
(0.095 nole) of 2,2 - bis(phen¥lethynyl)-4,4[-biphenyldicarboxylic acid
di chl ori de palyhemzaxageleyresput g fibinawa® peenareddticregord angeywithf thersarhe
addition was conpleted, the resultant_mxture was_stirred at -15C for 1
hour. TheRrogedaires raseithose éonﬂagterdail%eﬂxwphj%el-ro%hﬁta?ﬁp@m@ar@f 4hel t he

reacti on m xtur S stifred,
prepare% 1lm are shown in Table 1.

Comparative Example 5

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
0.28 g (0.01 mole) of 2,6-biphenylenedicarboxylic acid dichloride and 19.7 g
(0.097 mole) of isophthalic acid dichloride were used in place of 21.6 g
(0.095 mole) of 5-ethynylterephthalic acid dichloride. The number-
average molecular weight (Mn) of the obtained precursor of a
polybenzoxazole resin was obtained as the value of corresponding
polystyrene in accordance with GPC using an apparatus manufactured by
TOSO Co., Ltd. and was found to be 23,000. Using the above precursor of
a polybenzoxazole resin, a film was prepared in accordance with the same
procedures as those conducted in Example 1. The properties of the

prepared film are shown in Table 1.

Comparative Example 6
A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that

56.5 g (0.1 mole) of 9,9-bis((4-amino-3-hydroxy)phenyl)fluorene was used

51



at the roomtenperature for 5 hours. The reaction m xture was added
dropwise to 6 liters of distilled water in a nmanner such that the droplets
were very snall. After the fornmed precipitates were separated and dri ed,

64 g of a precursor of a pol ybenzoxazol e resin was obtained. The
nunber - aver age nol ecul ar wei ght (W) of the obtained precursor of a

pol ybenzoxazol e resin was obtained as the value of correspondi ng

pol ystyrene in accordance with GPC usi ng an apparatus manufactured by TOSO

Co., Lt d'ina;q'ru‘f@sof 086 @ t%) i {?f:‘l 1 A8P- ofUss ggoits@aﬁl?ﬂclﬁ-}@gﬁ%ﬂ?ﬁﬂéﬂgs-s a?re

pol ybenzoxaZol e resin, a m was prepared 1 n accofdan

procedur q&ﬁﬂd&@pﬁp@%@dﬂﬁaem.srg ks aEemble) THR 410 PpshdiyAdicakbéf\Aic Prepar ed

filmare shown in Table 1. Exanple 14 A precursor of a pol ybenzoxazol e

resin in aid dichloiidef 866z (D.0435 nuiiépofvedeplithatiealcid dichludidd anlde2 oaie
procedures as those conducted in Exanple 13 except that 55.0 g (0.095
mol e) of (B, mble)(ofdpdytithiadic lmeid/ dichlekide weire msad inliptaread31.6 ¢ (0I5

di chl ori de was used in place of 45.53 30.095 47 nol e) of

2, 2' - bi s(mpolenyvftihretiynylterephthalice pdidi divhberige.i c Bhe daulinbht-averhge The
nunber - aver age. nol ecul ar _wei %ht M) of the obtained precursor of a

pol ybenzdralesntar weightiEn)sfithe wdtainedmrecyrson of afpolhenzoparele rgsin

ol ystyrene i ccordance with GPC using an ar at us manuf act ur b
potysty was o{)ltaaineg as the va\imue of corresponcﬂng po ys%yrene in accorglance w(iet% y

GPC using an apparatus manufactured by TOSO Co., Ltd. and was found
to be 13,000. Using the above precursor of a polybenzoxazole resin, a film
was prepared in accordance with the same procedures as those conducted

in Example 1. The properties of the prepared film are shown in Table 1.

Comparative Example 7

A precursor of a polybenzoxazole resin was obtained in accordance
with the same procedures as those conducted in Example 1 except that
21.6 g (0.1 mole) of 4,4’-diamino-3,3’-dihydroxybiphenyl was used in place
of 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane and 19.3 g (0.095
mole) of terephthalic acid dichloride was used in place of 21.6 g (0.095
mole) of 5-ethynylterephthalic acid dichloride.

Using the above precursor of a polybenzoxazole resin, preparation of
a varnish was attempted in accordance with the same procedures as those
conducted in Example 1. However, the varnish contained a great amount
of insoluble substances and no films could be prepared. Therefore, a
sample was prepared by heat treating powder of the precursor of a
polybenzoxazole resin under the same condition as that in Example 1.

The measurement of the glass temperature of the treated sample was
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TOSO Co., Ltd. and was found to be 18, 000. Using the above precursor of a
pollybenzoxazol e resin, a filmwas prepared in accordance wth the sane
procedures as those conducted in Exanple 1. The properties of the prepared
filmare shown in Table 1. Exanple 15 A precursor of a pol ybenzoxazol e
resin in an amount of 57 g was obtained in accordance with the sane
procedures as those conducted in Exanple 13 except that 31.9 g (0.0665
nol e) of 2,2'-bis(phenylethynyl)- 4,4'-biphenyl di carboxylic acid dichloride
and 5.79 5 ) [ i O i O bl N T in place
and 51 th(tngdgéém%§ol}m2§% | &0 P10 dte A Cwithd o W iBfeh&iftiae ' RaHAflE

bi s(phenybgdiatind ) of. 4 - kembervhate Cadeixy lhédeCi Madngddtarédie byThaA
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained precursor of a

pol ybenz oKSSTRUNESNTSWES., diidai 2et0MPD SCeundériehefcoaditias pérdirat of

pol ystyrene in accordance with GPC using an apparatus manufactured by TGOSO
Co., Ltd.tenpexeturé elenatian bf 216/momte Ushramphitudsh of demperaingerofot: a

pol ybenzoxazol e resin, a filmwas prepared in accordance with the sane

pr ocedur e8°Gandnhadtow sperd ok the niteegemiges pf 3thalimisayses | B ansiion pr epar ed
filmare shown in Tabl e 1. Conparative Exanple 16% precyrsor of a

pol ybenz oR@AGE eWea Absgr¥edpini fedthe, teaparabwes fg420°C.  The heat

decomposition temperature was measured in accordance with the same

method as that used for a film. The results are shown in Table 1.
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with the sane procedures as those conducted in Exanple 1 except that 21.6
g (0.1 role) of 4,4'-diam no-3, 3 -di hydroxybi phenyl was used in place of

2, 2- bi s(3-am no- 4- hydr oxyphenyl ) hexaf | uor opropane and 19.3 g (0.095 nwvole)
of isophthalic acid dichloride was used in place of 21.6 g (0.095 nole) of
5-ethynylterephthalic acid dichloride. Using the above precursor of a

pol ybenzoxazol e resin, preparation of a varnish was attenpted in
accordance with the sane procedures.jéal?s1 those conducted in Example 1.
However, the varnish contained a gr £\ eai'm)unt of insoluble substances and
no filnms could be prepared. Ther?f ore, a sanple was prepared by heat
treati ng powder of the precurso@'%_ﬁ? a pol e#lz ox azetlabesdiglagheier t he sane
condition as that in Exanpl e frxansfiennedecompesitionf titp gl essstantinsition
tenperature of the treated sanpemtass atenepgaaedreusi ng MDSC (a nodul at ed
differential scanning calorinmetegy nmanufac{a@ed by TA | NSTRUMENTS Co.,
Ltd.; 291OMDSC) under the condition of a rate of tenperature el evation of
2C/ m nut litude of te ture of and a sp of the

ni trogen%’é@ﬂ8¥@ﬂgo m / m nut e. @Ngg(t,ar ansi ti oﬁ%oi nts &Jé(%v obsfe{rg\ged up to the

t enper at Example 220C. The heat =g8®nposi ti of2denper agosde was2.8pasured in
accordance with the sane nethod as that used for a film The results are

shown i n Examele3 conparative Bx#le 2 518 good

Example 4 >450 529 good 2.80
Example 5 452 523 good 2.88
Example 6 448 526 good 2.85
Example 7 440 522 good 2.85
Example 8 390 535 good 2.90
Example 9 >440 545 good 2.80
Example 10 >400 565 good 2.80
Example 11 >450 550 good 2.88
Example 12 >450 545 good 2.86
Example 13 456 547 good 2.82
Example 14 447 568 good 2.86
Example 15 415 523 good 2.85
Comparative Example 1  (>420) (527) poor na

Comparative Example 2 387 515 good 2.80
Comparative Example 3 370 515 good 2.90
Comparative Example 4 380 520 good 3.00
Comparative Example 5 375 515 good 2.80
Comparative Example 6 365 514 good 3.00
Comparative Example 7  (>420) (540) poor na

Note na: Data are not available since the measurement was not possible.
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A precursor of a pol ybenzoxazole resin was obtained in accordance wth the
sanme procedures as those conducted in Exanple 1 except that 19.3 g (0.095
nol e) of terephthalic acid dichloride was used in place of 21.6 g (0.095
nol e) of 5-ethynylterephthalic acid dichloride. The nunber 49 average

nol ecul ar wei ght (M) of the obtained precursor of a polybenzoxazole resin
was obtained as the value of corresponding polystyrene in accordance with
GPC usi ng an apparatus manufactured by TOSO Co., Ltd. and was found to be
13,000. Using tfé elpatly phasknrkn thef l‘esaﬂ‘iﬁolllyki@ale@xb,zﬁh% presursors dofi 4 m was

prepared in accordance wth he sqmne rocedure hose conducted in
Examl o 1. PARLSPFIBHOLG BRSIB PbEHESd3h GARBETALY G EARBRIeR MDA kadpeor.

oy LeEl GBI & R PAASHE5 éﬁ?ﬂ%‘sa"%@?ﬁﬂz‘)xaéﬁﬁﬁs{@%pﬁh g e
et of " ohreshisotsdhfelndiyip Mo rdshd #%@%%E%?ﬁ)%%‘a%aeﬁ%?@ﬁm Hee e
nunber - avgy g9RersSlaH Ain Wentithy(- M})yr%ha&?e QhHHIRES HEIRCHE @9%%:1%(1@

pol ybenzoxazol e resin was obtained as the val ue of correspondi
pol yst yr enHowevag,C @hdarstniv hdd Gicubidingt aﬁ\ea%p@@élaﬁaiﬁemﬁ%a%wgqsby TGO

Co., Ltd. and was found to be 24,000. Using the above precursor of
transition temperature was low and the heat decomposition temperature
was relatively low. In contrast, the precursors of a polybenzoxazole resin
of the present invention which were obtained in Examples were soluble in
N-methyl-2-pyrrolidone and films could be prepared. The resins showed

very excellent heat resistance and the object of the present invention could

be sufficiently achieved.

55



a pol ybenzoxazole resin, a filmwas prepared in accordance with the sane
procedures as those conducted in Exanple 1. The properties of the prepared
filmare shown in Table 1. Conparative Exanple 4 A precursor of a

pol ybenzoxazol e resin was obtained in accordance wth the same procedures
as those conducted in Exanple 1 except that 27.4 g (0.098 nole) of

4, 4" - bi phenyl di carboxylic acid dichloride was used in place of 21.6 ¢
(0.095 nole) of 5-ethynylterephthalic acid dichloride. The 50
nunber - aver age nol ecul ar wei ght (Nhingﬂﬁﬁe obt ai ned precursor of a

pol ybenzoxazol e resin was obtai ned as € val ue of correspondi ng

pol ystyrene in accordance with GPC using an apparatus manufactured by TGOSO
Co., Ltd. and was found to be 23,000. Using the above precursor of a

pol ybenzoxaz r i fy bR oRC, ' : anme
procedures as ? hg@g‘sggggagdé%ﬂ%&%&é%%g?éﬁ%Wn}hcg %?%%gg%?ae\gk%%h%‘fggnépr epar ed

filmare siroup ih haldctld,. Conparative Exanple 5 A precursor of a
pol ybenzoxazol e resin was obtained in accordance wth the same procedures

as those conducted in Exanple 1 except that 0.28 g (0.01 nole) of
2, 6- bi phenyl enedi carboxylic acid dichloride and 19.7 g (0.097 nole) of
i sopht hal iZe dcipgegursor ofi al @ oldremzoxezble repinagecorflirgl 16 Gaim 1, which

comprises a structure represented by general formula [1]:

H HO o H H o
| ! p: !I: ! | ]
N_ /N— —Y— “ /N— —7 e C «oee (1)
X RSN
R'0”" ~OR? m \RIO” " ~OR¢ n

wherein Rl to R% 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, n20, 25m+n=1,000 and 0.05=m/(m+n)<1
and arrangement of repeating units may be a block arrangement or a

random arrangement;
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(0.095 nole) of 5-ethynylterephthalic acid dichloride. The nunber- average
nolecul ar wei ght (Wnh) of the obtai ned precursor of a polybenzoxazole resin
was obt ai ned as the val ue of corresponding polystyrene in accordance with
GPC usi ng an apparatus manufactured by TOSO Co., Ltd. and was found to be
23,000. Using the above precursor of a polybenzoxazole resin, a filmwas
prepared in accordance with the sane procedures as those conducted in
Exanple 1. The properties of the prepared filmare shown in Table 1.
Conpar ati ve Exppmhfilde @)precursor of a pol ybenzoxazol e resin was obt ai ned
in accordance wth the sanme procedures as those conducted in Exanple 1
except that 56.5 g (0.1 nole) of

9, 9- bi s((4-am no- 3- hydr oxy) phenyl ) fl uorene was used 51 in place of 36.6 g
(0.1 nole) of 2,2-bis(3-am no-4-hydroxyphenyl)- hexafl uoropropane and 11.8

g (0.0425 nole) of 4,4'-biphenyldicarboxylic acid/dighloride, 8.6 g
(0.0425 nole) of ter alic acid di oride and 1 nol e) of
N6 g

i sophthalic acid dic e were us pl ace of g 895 nol e) of
5-ethynylterephthalic acid dichloride. The nunber-average nolecul ar wei ght
(M) of the obtained precursor of a pol ybenzoxazole resin S obtained as

the val ue of correspondi ng pol ystyrene in gccordance W th C.usi ng an
appar at us nmanuf act O Coj@fd‘.‘ was x

0 O  r0
F A%
gle
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to be 13,000. Using the above precursor of a polybenzoxazole resin, a film
was' prepared in accordance with the sanme procedures as those conducted in
Exanple 1. The properties of the prepared filmare shown in Table 1.
Conpar ati ve Exanple 7 A precursor of a polybenzoxazol e resin was obtained
in accordance wth the same procedures as those conducted in Exanple 1
except that 21.6 g (0.1 nole) of 4,4'-diam no-3, 3" -di hydroxybi phenyl was
used in place of 2,2-bis(3-am no-4-hydroxyphenyl)hexafl uoropropane and
19.3 g (0.095 Farheylaef(Bydrephthalic acid dichloride was used in place of
21.6 g (0.095 nole) of 5-ethynylterephthalic acid dichloride. Using the
above precursor of a pol ybenzoxazole resin, preparation of a varnish was
attenpted in accordance with the sanme procedures as those conducted in
Exanpl e 1. However, the varnish contained a great ampunt of insoluble

substances and no fil coul d be epared. There sanpl e was
prepared by heat treati powder pr ecur sof pol ybenzoxazol e
resin under the sane c tion as n Exanpl ¥le neasurenent of

the gl ass tenperature of ng treated safpl e was 52 attefpted using MDSC (a
calorimeter with a differerHal scanningChbperation of aQemperature cycle
node; manufactured by TA | NSTRUMENTS Co., Ltd.; 2910MDSC) under the

condition of a rate of i i i i
C C C C C‘
%o . S %H . HC cH .

c
Hc'

CH3s CF3
@ CH3 @ @ CF3 @
C ) (Y
1 oo . v CH .
Saa IR Rl &
c
%H . cH .
CHs CF3
(T & G
G, .
CH . CH
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tenperature el evation of 2C/ m nute, an anplitude of tenperature of 2C and
a flow speed of the nitrogen gas of 30 m/mnute. No transition points
wer e observed up to the tenperature of 420C. The heat deconposition
tenperature was neasured in accordance with the sane nethod as that used
for a film The results are shown in Table 1. 53 Table 1 d ass Heat
solubil- dielectric transition deconposition ity constant

tenmperat uretenperature (C) (C) Exanple 1>450523good2. 86 Exanpl e
2>450524go0d2. BSrimubp(B)-B8>450518g00d2. 84 Exanpl e 4>450529good2. 80 Exanpl e
5452523good2. 88 Exanpl e 6448525good2. 85

:c c\ 'c 'c c\ 'c
cH ¢ TH. v . H YcH .

. H

XL, A, L
iﬁ"(@ <

C C
%H . YoH .
osCH
X
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Exanpl e 7440522good2. 85 Exanpl e 8390535good2. 90 Exanpl e 9>440545good2. 80
Exanpl e 110>400565good2. 80 Exanpl e 11>450550go0d2. 88 Exanpl e
12>450545g00d2. 86 Exanpl e 13456547good2. 82 Exanpl e 14447568good2. 86 Exanpl e
15415523go00d2. 85 Conparative Exanple 1(>420)(527)poorna Conparative Exanple
2387515g00d2. 80 Conparative Exanpl e 3370515good2. 90 Conpar ati ve Exanpl e
4380520g00d3. 00 Conparative Exanpl e 5375515good2. 80 Conparative Exanpl e
6365514good3. 00 Conparati ve Exanpl e 7(>420) (540)poorna Note na: Data are
not avail abl e ForsmladéCydasur enent was not possible. 54 As clearly shown
by the results in Table 1, the precursors of a polybenzoxazole resin
obt ai ned in Conparative Exanples 1 and 7 had poor solubility in

N- net hyl - 2- pyrrol i done and no filns could be prepared. The

C
‘C\ ‘C\ ‘C\
R . R . R «
C C C C C C
& L)
g% £ % £ G
R R+« R R+~ R R «
C C C
& *®
g 5 £ Q
R R . R R .
CH3 CF3
b I ‘ L
& “ & %
R/ \Q N R, \R b
Saaw Saat
C‘c C‘C
R . R .
CH3 CF3
(T (4
C
* L)
C C
R . R
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precursors of a pol ybenzoxazol e resin obtained in Conparative Exanples 2
to 6 were soluble in N-nethyl-2-pyrrolidone and filnms could be prepared.
However, the resins had insufficient heat resistance since the glass
transition tenperature was | ow and the heat deconposition tenperature was
relatively low In contrast, the precursors of a pol ybenzoxazole resin of
the present invention which were obtained in Exanples were soluble in

N- net hyl - 2- pyrrol i done and filnms could be prepared. The resins showed very
excel I ent heat Feasukea(@®e2 and t he object of the present invention could be
sufficiently achieved. 55 CLAIMS 1. A precursor of a polybenzoxazole resin
whi ch conprises a crosslinking group in a nolecule. 2. A precursor of a
pol ybenzoxazol e resin according to Claim1, which conprises a structure
represented by general formula [1]: NNCY-C, N,.NCGZ-C ~1) R-O-x"
OR2 mR3~~x '"OR4 n wherein R1L to R4 each independently represent hydrogen

atomor a nonoval ent organic group, X represents a tetravglent group
selected from gr represe ) , two groups
represented by X be the $anmg w h other, Y

represents at |ea
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one dival ent group selected fromgroups represented by follow ng fornul ae
(B), (O, (D and (E), Z represents a divalent group selected from groups
represented by followi ng formulae (F), mand n each represent an integer
satisfying relations of mrQ n?0, 25mtn51, 000 and 0. 055m (m+n)51 and
arrangenment of repeating units may be a bl ock arrangenment or a random
arrangenent; 56 Formulae (A) 57 Fornulae (B)-1 H'"CH , HC#¢ NCH HC~ NCH % HC
11 "ICH, Hf *CH'CH . ICH 58 Fornmulae (B)-2 59 Formulae (O-1c¢ *C' R

O O

@-c:ec—@

Formula (E)

Formulae (F)

.00 00,
o0 0. B8
0. o

ST
OO0 00 0 O
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R Soc RRS02 60 Fornulae (-2 CCCCSCClICC.CCSCCSC RRRRR R 61
Fortrul ae (D) Formula (E) Fornmulae (F) 62 wherein X1 in formulae (A) and (F)
represents a divalent group selected from groups represented by foll ow ng
formulae (G: Formula (G -S02-, CF3 CH3 -0-, -C -C CF3 , CH3,

wherein X1 in formulae (A) and (F) represents a divalent group selected
from groups represented by following formulae (G):

Formula (G)

. O 0.
o0, 0" o0

~ ' I

o
o) o\\ OO

s
_ofp Lo
O O
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63 Rin fornmulae (C) represents an al kyl group or a nonoval ent group
selected from groups represented by fornulae (H: Formulae (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. 3. A polybenzoxazole resin which is
obtained froma precursor of a polybenzoxazole resin described in any of

daiml apdinGoinilde 0F) fbpr@ﬁ’é’fﬁ@'&?@él’k Def AL Q&%@aférﬁ%@?éh ISRl

reaction. 4. An insulating filmwhich conprises pol yben azole resin

descri bedfromh gﬂ)@pméi)reﬁent;@d&gﬂfo@mal@(m; devi ce which conprises at |east
one filmwhich is selected frominsulating interlayer filnms in nulti-|layer

wiring and fil Ferfmda&@protecti ng surfaces and conprises an insulating
filmdescribed in aim4. 65

O 00 0.
voslsoelvel

ﬁ:t::)

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.
3. A polybenzoxazole resin which is obtained from a precursor of a
polybenzoxazole resin described in any of Claim 1 and Claim 2 by a

condensation reaction and a crosslinking reaction.

4. An insulating film which comprises a polybenzoxazole resin described

in Claim 3.

5. A semiconductor device which comprises at least one film which is

selected from insulating interlayer films in multi-layer wiring and films for
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protecting surfaces and comprises an insulating film described in Claim 4.
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