1 DESCRI PTI ON RESI N COMPCSI TI ON, VARNI SH, RESIN FI LM AND

SEM CONDUCTOR DEVI CE USI NG THE SAME Technical Field [0001]

The present invention relates to a resiln conposition, a varnish, a
resin filmand a sem conductor device using the sane. Background Art
[ 0002] xide filnms (SiOx filnms) prepared by the chem cal
vapor deposition nethod (CVD net hOESCGRIPTS®ONon are currently used as
interlayer insulation filns for sem conductor devices. Due to a high
di el ectric constant thereof, however, inorganic insulation filnms such
as oxide filnms can hardly achi eve speeding up and upgradi ng of

sem conduct or devi CRESINACEMEDISAFLYN, OVGRNI SH meEyralrgLar enbei ng
studied for use as interlayer insulation filns having a | ow
dielectric constant. SgehIocyeudTORESERTCE $sane regusxed to have

excel | ent heat resistance, excellent electrical properties and also a
| ow dielectric constant. [0003] As such organic materials, polyimde
resins,
Technical Field
[0001]
The present invention relates to a resin composition, a

varnish, a resin film and a semiconductor device using the

same.

Background Art
[0002]

Oxide films (SiOx films) prepared by the chemical vapor
deposition method (CVD method) and so on are currently used as
interlayer insulation films for semiconductor devices. Due to
a high dielectric constant thereof, however, inorganic
insulation films such as oxide films can hardly achieve
speeding up and upgrading of semiconductor devices.
Accordingly, organic materials are being studied for use as
interlayer insulation films having a low dielectric constant.
Such organic materials are required to have excellent heat
resistance, excellent electrical properties and also a low
dielectric constant.

[0003]

As such organic materials, polyimide resins,



2 pol yqui nol i ne resins, polyguinoxaline resins and so on have been
studi ed. (For exanple, see Patent Docunent 1). I n general,
however, resin filns conposed of polyimnde resins have probl ens such
as | ow heat resistance, high dielectric constant and hi gh noisture
absorptivity. Consequently, due to reliability thereof, use of

pol yi m depdBEjuInolS nki Fekeds] %@W%JlmaQ.Q%@UQEQEngl SHRNIS SHGMRS 2
bi pol ar sem conductor el ement t he ot her hand,

pol yqui nddddie Jresiis. andwplés&wﬁi@xa%eepae&E'SDM@erm gher heat
resi stance, a lower dielectric constant and a | ower nnlsture

absorptivity thap 80880 RAIMIH, deeLeRi BS1 nEONEY S e b imide

pol yqui nol i ne resins and polqu|noxaI|ne resins are t ernD Ia ti

resins, theyaye.a p &QBhﬁﬁgtﬁ?&h tJLeyic{{P%e%tEa%gl bapes, tkll‘atihe"f by

exposure to tenperatures her than gl ass tranS| ron poin t her eof

and thus £ldeldsBALHRLAS, Of o 28T Oqg-g%%ts%[rgoggg%stl et be

retai ned during sem conductor prodiction [Patént
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resent |nve tion |$ to.provide a resin filmhaving a low dielectric
c 7L i

const ant “ARY &% c EFMERPPABAECT 51 hice, and a semi conduct or devi ce
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On the other hand, polyquinoline resins and
pelyquinoxaline resins have higher heat resistance, a lower
dielectric constant and a lower moisture absorptivity than
those of polylmide resins. However, since polyquinoline resins
and polyquinoxaline resins are thermoplastic resins, they have
a problem that they may change shapes thereof by exposure to
temperatures higher than glass-transition points therecof, and
thus circuit patterns of semiconductor elements cannot be
retained during semiconductor production.

[C005]
[Patent Document 1] Japanese Patent Application Laid-

Open No. 2000-195853

Disclosure of the Invention
Problems to be Solved by the Invention

[0006]

An object of the present invention is to provide a resin



Means for Solving the Problenms [0007] These objects are

achi eved by the present invention described in the followng itens
[1] to [22]. [0008] [1] A resimconposition conprising a
conmpound having a structure represented by forrmula (1) and a
crosslinking agent having in a nolecule two or nore groups capabl e of

causi Nng ac&H ild i MG eac Qs8] Lk g e fgﬁy r
t he conpoun 0609] [Cﬁgﬁlﬁg?HF%$%ﬂ|é§gﬁé%:4 aﬂ& | 189 %%e %%F

wher ei n '6bﬁé¥éﬂﬂ asnl) g Bgrh§s§ @ﬁéﬁgé&?boﬂgoeﬁepaéb 5%ré¥“t ®present

represented by forml a (2); to RO are respectlve y any o
hydrogen, ; &, JH:0up, havicpg ggvghﬁcgcﬁ"c—%&ft 1&% n Oﬁ.g\gnélfe [Qun
having 1 to 10 carbon at nms ot her than roup aV|ng an-arieyel

t t I d"X' is
0t RN BB Reh hBn e B AT
2), "A A 4 f | e bond, -0-,
fs?, _066@63 I1é%ﬁwm%hc"g5§ggn |ntebZrag¥ 2 o? i;pg;eRgo?s hydr ogen

or an organi c group haV|ng 1 or nore carbon atons and may be
identical with or different fromeach other when "g" is an integer of
2 or nore; at least one of RL to RO is the group having an alicyclic
st ruct ur éagven fRy Belyistonghe borklerst | east one of R1 to R is the
group having an alicyclic structure when Ro has the structure
representddObylfornula (2); and "*" and "*" represent a position to
be bonded to a different chem cal structure.
These objects are achieved by the present invention
described in the following items [1] to [22].

{0008]

[1] A resin composition comprising a compound having a
structure represented by formula (1) and a crosslinking agent
having in a molecule two or more groups capable of causing a
crosslinking reaction with the crosslinking agent and/or the
compound:

[0009]

[Chemical Formula 1)



5 [0010] [2] The resin conposition according to item|[1],
wherein Ro has the structure represented by fornmula (2) in the
conmpound haying the structure representgd by fornula (1). [ 3]
The resin conposition according to item[2], wherein at |east one R9
is the group having an alicyclic structure in the conmpound having the
structure repregsented by forrmula (1). [4] The resin
conposition acc dingFﬁD iten1[2]Fq§ [ 8 wherein the conpound hayi ng
the structure represefpted by fornuhNa (%) conprises, as "Ar" in
formula (2), a g ctures regﬁgsented by formul a
(3): [0011] [Che -

o

(Rg)g

—Y— Ar —Y— (2)

wherein in formula (1), Ry is a single bond or has a structure
represented by formula (2); R: to Rg are respectively any of
hydrogen, a group having an alilcyclic structure, an organic
group having 1 to 10 carbon atoms other than the group having
an alicyclic structure, a hydroxyl group and a carboxyl group;
and “X” is any of -0-, -NHCO-, -CONH-, -COO- and -0CO-;
further, wherein in formula (2), “Ar” is an aromatic group;
“Y” is any of a single bond, -0-, -S-, ~-0CO- and -C00-; “g” is
an integer of 1 or more; Rg is hydrogen or an organic group
having 1 or more carbon atoms and may be identical with or
different from each other when “g” is an integer of 2 or more;
at least one of R; to Rg is the group having an alicyclic
structure when Rp is a single bond; at least one of R; to Rg is
the group having an alicyclic structure when Ry has the
structure represented by formula {2); and “*” and “*%~
represent a position to be bonded to a different chemical

structure.



[ 0012] [5] The resin conposition according to item|[1],
wherein Ro is a single bond in the conpound having the structure
represented by formula (1). [ 6]s The resin conposition
according to any of itens [1] to [5], wherein the group having an
alicyclic structure is a group having an adamant ane structure.

[ 7] The reginpgonposition according to item[6], wherein the group
havi ng an adamant ane structure has an al kyl group having 1 to 20

car bon at ons. ][2] The [,?ésﬂ?h%o&n%%ismeﬁwé&éwf%&c&pri 100 159, 2y PLin

items [1] to [7], wherein the conpound having the structure

repr esent@dhgg £0L @ﬁﬁgcﬁ’é&reﬁ@%pir@s@nggheﬁy: zg%agrxv\mﬁtaﬁr ((%Plriglagbggﬁémpound

capable o causi ng a crosslinking reac

CRIPOUN poving. s LELLTRELL LN CATROS LLoBosEGOLd\ D (0,1 (em 8]

wher ei n e group capa Ing a cr ihg'reaction of the

d havi t f. ted b la (1) | bl e,
compound havi 10,15 AGHYL SBBRESER SR B (I kROl
10] Th i Lty di to. f it J1] .t 9], .
101 The pheSiBsEOmRacts o 36000, L0, 0 ple o LIL SIS, o,

structure.re resentgd b%,for I%gé} conprises a functional roug
havi ng a P&l VEPPYEBI BAVHRGt Tt CaSePRESEIBED apmatiar (1) -

causing a cross[lpking regction. . .
The resin composition according to item [{2] or [3],

wherein the compound having the structure represented by
formula (1) comprises, as “Ar” in formula (2), a group
selected from structures represented by formula (3):

[0011]

[Chemical Formula 2]



[11] The resin conposition according to any of itenms [1] to [10],
wherein the crosslinking agent and/or the conpound having the
structure represented by fornula (1) cgmrises a functional group
havi ng an acetyl ene bond as the group capabl e of causing a
crosslinking reaction. [ 12] The resin conposition according
to any of itenms [1] to [11], wherein the crosslinking agent has an
alicyclic st .\;ur~ esin conposition according to

any of iteng p12], wher ossl i nki ng agent is capable
of foLm ng a zole ring 1 on and ring closure
reaction. P4] The resinA poS1tion according to any of
items [1] tqg oRpPri sing a polyner of the crosslinking agent as
t he crosslishking agent. [ 15] The resin conposition according

to any of items [1] 8 to [14], wherein the conpound having the
structure represented by forrmula (1) has -CONH as "X" of forrmula (1)

and a carbox roup as any of 4 that is in the ortho-position
to a bond re ented by "*" Tan oxyl group as any of R5 to R8
that is in the ortho-position of ™X'. [16] TH&)resin

conposition according to any of itenms [1] to [14], wherein the
conpound haying the structuye represented by fornula (1) has - NHCO
as "X' of featfmy ras-apyxgf Rl to R4 that is
in the ort hi " and a hydroxyl
group as a ofposttion of "X'.

[17] The resin conposition according to any of itenms [1] to [16],

whi ch is obtained by dehydration and ring closure reaction of the
conpound having the structure represgnted by formula (1) of the resin
conposi tion. [18] A resi @ posi tion conprising a polyimde
resin obtaing dration and ring cl osure reaction of the
conmpound ha ) sented by formula (1) of the resin
conposition ¥ by item [ 15]. [19] A resin conposition
conprising a polybenzoxazol e resi n~offtai ned by dehydration and ring
cl osure ri %gi?n of the conpound having the structure represented by
formula ( % flthe resin conposition defined by item][16].

[20] A varnish conprising the resin conposition defined by any of
items [1] to [ 19} aMif ifviry&ecssltdent according to item 1], wherein

Rg is a single bond in the compound having the structure

represented by formula (1).

[6] The resin composition according to any of items [1]
to [5], wherein the group having an alicyclic structure is a
group having an adamantane structure.

[7} The resin composition according to item {6], wherein
the group having an adamantane structure has an alkyl group
having 1 to 20 carbon atoms.

[8] The resin composition according to any of items (1]
to [7], wherein the compound having the structure represented

by formula (1) has in a molecule two or more groups capable of



[21] A resin filmobtained by heating and/or irradiating 9 with
active radiation the resin conposition defined by any of itens [1] to

[19] or the varnish defined by item][20]. [22] A
sem conductor device conprising the resin filmdefined by item][21].
Ef fects of the Invention [0013] The present invention

provi des &, i8sid LOUMesHthRIngapable of Jiqhm,ng 1aagssiaﬂ?f &ﬁ@ 4 ng
| ur er

hi gh heat resistance and a | ow dielectric constant an avi ng

a high el astic mogubhs poda dgwddinggr gxpansion coelfleignt, And.a,

varni sh thereof; a resin rme € resi h compositi'on or

t he var ni t;n_s%{iﬁof; a_seni ctor_ devi.ce.comprising t resin
film el e°8 gggﬁt O?n%ﬁ%% aprcg\ﬁs \eislnangS| ﬁa%J%Jn%bs?hfteit&?

conprisin I i resin_precursor._w.th excellent he .
resi st anccce'b,nﬁ)aoéllt1 %P’rsygqlg? gﬁ%v? E%Ctaurfeesﬁer?r(?&%‘g?lat F%ﬁ%’wﬁﬁ sifg &
benzoxazoé eparb séi nprecursor w.th excel | ent hegt resi st ance.

The present dnventi Oa-furehdr “provi Ny FERFESPR Bht R ot i sing a

ool yi m de resin and a conposition conprising a pol ybenzoxazol e resin,
each resi® FEViINGR9RIABAL resistance and a |ow diel ectric constant
and further having a high elastic nodulus and a | ow |inear expansion
coefficient; var[ﬁggh”é%eﬂ?%?]ébf‘%o“‘ipé@i’-ﬁlf’fll RECPEFHRA §9 oAt ké A&sma (1]
conmposi tions or the varni shes thereof; and sem conductor 10 devices
Conprisiﬂﬁ’t%ﬂfr@§Pﬁeﬁplﬁ%? crosslinking agent and/or the compound

having the structure represented by formula (1) comprises a
functional group having a polymerizable unsaturated bond as
the group capable of causing a crosslinking reaction.

[11] The resin composition according to any of items {[1]
to [10], wherein the crosslinking agent and/or the compound
having the structure represented by formula (1) comprises a
functional group having an acetylene bond as the group capable
of causing a crosslinking reaction.

[12] The resin composition according to any of items [1]
to [11l], wherein the crosslinking agent has an alicyclic
structure.

{13] The resin composition according to any of items (1]
to [12], wherein the crosslinking agent is capable of forming
a benzoxazole ring by dehydration and ring closure reaction.

[141 The resin composition according to any of items [1}]
to [13], comprising a polymer of the crosslinking agent as the

crosslinking agent.

[15] The resin composition according to any of items (1}



Brief Description of the Draw ngs [0014] FIG 1 is a sectional
vi ew showi ng an exanple of a sem conductor device of the present
i nvention. Description of Synbols [001% 1: a sem conductor substrate
2: asilicon nitride layer 3: an interlayer insulation film4: a
copper wiring layer 5: a treated and nodified |ayer 6: a barrier

Icgyre;i Zg @ Al MRk rbayCind 0omfbRRMERdYCERE de¥hE AP RRAkRE
by formula (1) has ~CONH- as “X” of formula (1) and a carboxyl
group as any of R: to Ry that is in the ortho-position to a
bond represented by “*” and a carboxyl group as any of Rg to Rg
that is in the ortho-position of “X~.

[16] The resin composition according to any of items [1]
to [14], wherein the compound having the structure represented
by formula (1) has -NHCO- as “X” of formula (1) and a hydroxyl
group as any of Ry to Ry that is in the ortho-position to the
bond represented by “*” and a hydroxyl group as any of Rs to Rg
that is in the ortho-position of “X~,.

[17] The resin composition according to any of items [1]
to [16], which is obtained by dehydration and ring closure
reaction of the compound having the structure represented by
formula (1} of the resin composition.

[18] A resin composition comprising a polyimide resin
obtained by dehydration and ring closure reaction of the
compound having the structure represented by formula (1} of
the resin composition defined by item [15].

[191 A resin composition comprising a polybenzoxazole
resin obtained by dehydration and ring closure reaction of the
compound having the structure represented by formula (1) of
the resin composition defined by item [16].

[20] A varnish comprising the resin composition defined
by any of items (1] to [19) and an organic solvent.

[21] A resin film obtained by heating and/or irradiating



[ 0016]

Herei nafter, best nodes for carrying out a resin

conposition, a varnish, a resin filmand a sem conductor device of
the present invention will be described, A resin conposition
of the present invention conprises a conpound having a structure
represented by fornmula (1) and a crosslinking agent having in a

ool el S5 B o3 SLONPR ORI A EBBLIN ap

crosslinking reaction w em-ca
For mul ae ; )G TYo1- AArL = Y- . . ormul a § , ROis a
single bolnc?mosg Ffﬁa]lsqg s[lgrgllc?ﬁrréher e‘éar@enslesrlﬁ g‘&fl%f?ego%ﬁuf‘ eTZ 2;']t}]RI to R8

are respectivel vy, Of . hydrogen, a group having an alicyclic _.
structure, an o%gﬂi% gg?%%‘ a\ﬁq:r?& f%i‘%c%oc%‘gﬁ?ﬁ%%”ﬁ%ﬁbe SeeF ThAM
t he grougkﬁ%ge%gbani%§%0¥gigc structure, a hydroxyl group and a

;o and™ 'S

car boxyl

group. an hy of -0-, -NHCO, -CONH, -000- and

-000-. In fornmula (2), "Ar" is an aromatic group; "Y' is any of a
single bond, -0-, -S, -000- and -000-; "qg" is an integer of 1 or
nore; RO is hydrogen or an organic group having 1 or nore carbon

at ons and&ifeyrtisecifdehei Eavemiidm or different fromeach other when "q"
is an integer of 2 or nore; at least one of RL to R8 is the group
havi ng an [808yclic structure when Ro is a single bond; at |east one
of R to Rg is the group having an alicyclic structure when Ro has
the structure reiesssdatt bywvention provides a resin composition

capable of forming a resin film having high heat resistance
and a low dielectric constant and further having a high
elastic modulus and a low linear expansion coefficient, and a
varnish therecf; a resin film formed from the resin
composition or the varnish thereof; and a semiconductor device
comprising the resin f£ilm.

The present invention provides a resin composition
comprising a pelyimide resin precursor with exceilent heat
resistance, and also it provides a resin composition
comprising a benzoxazole resin precursor with excellent heat
resistance.

The present invention further provides a composition
comprising a polyimide resin and & composition comprising a
polybenzoxazole resin, each resin having high heat resistance
and a low dielectric constant and further having a high
elastic modulus and a low linear expansion coefficient;
varnishes thereof; resin films formed from the resin

compositions or the varnishes thereof; and semiconductor



12 fotula (2); and "*" and "**" represent a position to be bonded to
a different chem cal structure. [0018] By conprising the
conpound having the structure representgd by fornmula (1) and the
crosslinking agent, the resin conposition of the present invention
can have high heat resistance and a | ow dielectric constant;
o e g icean BrONs Cend LR8 LL LI BARE N0 & B vt ng (e
and a |l ow i near ‘expansion coefficrlen e conpound having the
structure represented by formula (1) includes a polyimde resin
precursor, a polybenzoxazol e resin precursor or the |ike.

Since the resin conposition of the present invention conprises the
crossl i n@Mgladescrastannegemé dhravomwnent in addition to the
conmpound having the structure represented by forrmula (1), it can
achi eve hil§Rédiheat resistance as well as a |ow dielectric constant.
Furthernore, the resin conposition of the present invention can

achi eve enhancB&Gpr dpeiti ez cfechtiighaél asiew mhduling and keaampilaearf a
expansi on coefficient. [0019] The conpound havi ng the

st ruct ur semdpioesiented Hyvioe mutf acHel )prafsenite ipresendbni nventi on
conprises an aromatic group as "Ar" of formula (2) when Ro has the
structure represented by formula (2). As an aromatic ring conposing
t he aronddssrgsapn ¢6rSwaisl e, there may be |isted benzene,

napht hal ed€01lamt hr acene, phenant hrene, a pol ycyclic aromatic ring
having 4 13 or nore aromatic rings, fluorene, pyridine, a

ni t r ogen-lcort seniipgngotyeycsilestaradrmtic ring, an aromatic ring
conprising these aromatic rings bonded to each other, and the |ike.
Parti cul a&r:l w, saniapomattecide dlgydravi ng any of structures represented
by formula (3) is preferable. Excellent solubility can be thus

provi ded 3:0 aa dakeéedbydsethdratprcaduciing a resin filmor a

sem conductor device conprising the resin film As "Y' of formula
(2), thersee mmyocbeeki siedng séiygte bond, -0-, -S-, -000- and -COO .
Anmong them -0- is particularly preferable in terns of solubility in
a solvents: a treated and modified layer

6: a barrier layer
7: a hard mask layer

100: a semiconductor device

Best Mecde for Carrying Out the Invention

(0016]

Hereinafter, best modes for carrying out a resin
composition, a varnish, a resin film and a semiconductor
device of the present invention will be described.

A resin composition of the present invention comprises a
compound having a structure represented by formula (1) and a

crosslinking agent having in a molecule at least two or more
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resi stance. [0020] [Chem cal Formul a 4] 14 [0021]
ound having the structure represented by fornmula (1) also
s, as Rl to Rg, any of hydrogep, a group having an alicyclic
e, an organic group having 1 to 10 carbon atons ot her than

p having an alicyclic structure, a hydroxyl group and a

e e T ek

(%rdg%l-g%igrggggﬁtgroup having 1 to 10 carbon atons ot her
group aV|ﬁg nalicyclic structure, there may be listed a

rﬁ%%17ﬁn et hyl group, a n-propyl group, an isopropyl group,
oup, "an isobutyl group, a tert-butyl group, a heptyl group,
0, an octyl group, a nonyl group, a decyl

,.a pentyl oup
d e e%%ﬁﬂgﬁ?ﬁegk organi ¢ groups substituted with
such as a fluoronethyl group. [0022]
Rs

R/ R,
/////E::zii ]RO
* Ry Ry R

Re
! _ (1)
X ek
7 Rs
(Rg)qg

—Y— Ar —Y— (2)

In formula (1), Rp is a single bond or has a structure
represented by formula (2); Ry, to Rg are respectively any of
hydrogen, a group having an alicyeclic structure, an organic
group having 1 to 10 carbon atoms other than the group having
an alicyclic structure, a hydroxyl group and a carboxyl group;
and “"X” is any of -0~, -NHCO-, -CONH-, -COO- and -0CO-. In
formula (2), “Ar” is an aromatic group; “Y” is any of a single
bond, -0-, -S5-, -0CO- and -COO-; “g” is an integer of 1 or
more; Rg 1s hydrogen or an organic group having 1 or more
carbon atoms and may be identical with or different from each
other when “g” is an integer of 2 or more; at least one of Ry
to Rg is the group having an alicyclic structure when Ry is a
single bond; at least one of R; to Ry is the group having an

alicyeclic structure when Ry has the structure represented by

a
a



The conpound having the structure represented by fornula (1) may
conprise hydrogen or an organic group having 1 or nore carbon atons
as R9. As the organic group having 1 of,nore carbon atons, there may
be listed the group having an alicycliC structure, an organic group
having 1 to 10 carbon atonms other than the group having an alicyclic

SUructureso and o N |1 k8 WHen,goNPLL 51 00, SUCROLIBALE, ILOUPS a5 U,

it is preferable that at | east one R9 conprises a group having an
alicycli re. r vi ng an.alicyclic structure, for
exanple,q%ﬁ%%%P#%&%bgé?F%?gﬁgaS%ﬁﬁ%ﬁ% eﬁ%ﬁ%fggrEIS cycl opropane
structure, @ %ﬁclobutane structure, a cyclopentane structure, a

cycl ohexarne &t ucture, a cycl oheptane structure, a norbornene
structure, an adamantane struycture or tge | i ke. Anbng them a group
havi ng an adamaf¥ an@"REtTAUreS SPRPUPEURETEYT phias T IE U Phe gr oup
havi ng an adamant ane structure is a group havi ng an, adamant ane

st ruct ur ERESF ROt GREFULanE ) b Shey %@SPR%EH“?&‘J%@@ a
group having an (aliphatic) _polycyclic framework structure such as an
adamant y|regﬁ%6uﬁ° ofit&haft §F Troupsesent ilaveRtiPngranpha e theidhakeaty |
group, a pentamantyl group, a hexamantyl group, a heptanmantyl group,
an oct angitSHSt§r6Gpangd Aonareht§legiciih, coasfessralieyeowR bupt tarfdinan
undecamantyl group. Further, there nmay be listed a group conprising a
pl ural i t P&§Videe agirgegps Rali ngpalpdly dyicdh elpssiewortubes votdiree lamd
the like. As the group conprising a plurality of the groups having a
pol ycycl ildrfeeanewpeksspnucoaf Bicidre Fhy bempost@dchaigrodpehavi ng an
oligo structure, a group having a poly structure and the like. Wen

t he groupthavdtngearpplgeyoted By aieworle stiyudhuiedes anpadaimardey|
group, for exanple, there may be listed a group having an

ol i goadammtianerstnucbur eai pel yickmgpsae Avi lad amaihy brgeotpos unh ds a

di (1, 3- adamant ane) group and di (2, 2- adamant ane) group; a

tri adamantijkle.group such as a tri (1, 3-adamantane) group and tri (2, 2-
adamant ane) group; a tetraadamantyl group such as a tetra(l, 3-
adamant ane) gr ogpnaadtiee teigia LodpadaRabhase) tigs s sah danaadagant yl
group such as a penta(l, 3-adamant ane) group and 16

pent a( 2, ZoagaTeeaney greyPlidkheptanpdamant wh gEQUR: SACe @S cdhent in
hept a( 1, 3- adanant ane) group and hepta(2, 2- adamant ane) group; a

hexaadamadih 16hoUB; AR @6&?@&@&%%1}&rt@féoist%uﬁgﬁﬁéd_@é‘%fﬁé’ént@cpw? a
decaadamantyl group; and an undecaadamantyl group. Further, there my

be | | Steddin@nauR1havidosy PALYANATBIANG SLbUCTULECONPL A N 1TARK
adamantyl groups, and the like. Wen t’he group having a polycyclic

framework, StyuGhungck$iad 59800 .heFFu&QﬁgrﬁQrgg%tlyési%r QU o%@?%gn
may be |isted the group having an ol i goadanantane structure 5R e

group havj . Str . ' amant vl. .group is
substitufggqg%bEggﬁgg@gggﬁgﬁgfé%régé:%égf%gé %?é%gaga %%O %%ﬁé%ﬁ ﬁ% a

plurality.. i nt.ane oups h as._a di (di amant ane oup, .a

i (o o serot bupo B PR e ohioded) SpRiipLon coo HEene

penta-(dizg&g%ine) group, a hexa(di amantane) group, a
hept a- (di ne) group, an octa(di amantane) group, a

nona- (di amant an group, a decag(di apantane) group and an B
undeca- (di amant i%%)c ‘g‘f}ﬁ?d }Edfﬁ-&@p tggv?%uﬁt&f%r%@?l?lf%ﬁed’ftetdr PYMEATERE?
groups such as a_di(triamantane) group, a tri-(triamantane) group, a
tetra(tridnaffar®f §regprtalperialq rGamEsase pgREApatic group as
hexa(triamantane) group, a hepta-(trianmantane) group, an
oct a(tri argnt &te)ogrudp, (&) nomen (o hagathansfryebuge zepresented by
deca(tri amant ane) ?roup and an undeca- (triamantane) group; a group
havi ng a fsmmvdii ti¢) of Atamansmedde ghodpsospehing the aromatic group,
di (tetraamantane) group, a tri-(tetraamantane) group, a

for example, there may be listed benzene, naphthalene,

anthracene, phenanthrene, a polycyclic aromatic ring having 4



hexaadamantyl group, a heptaadamantyl group, an octaadanmantyl group,
a nonaadamantyl group, a decaadamantyl group and an undecaadamantyl
group. More preferred groups are an adg ntyl group, a diamantyl
group, a triamantyl group, a tetramantyl' group, a pentamantyl group,
a di (1, 3-adanmantane) group, a tri (1, 3-adanantane) group, a

tetra(l, 3;adgmant 0 p 3- nt.ane Fou a
di(2,2-adanantan§?Q§%§g%,Egngsi(gg%géﬁgﬁaﬁggﬁ?fkgfoép?lgFggen
tetra(2, 2;adanan r . an ent a(.2, 2- adamant ape roup. By
introduc%ﬁg an aggﬁgﬁggﬁggg%gu%¥§ﬁ%§%ﬁs Ep”aapoﬁfapggéétﬁﬁ%gconstant
can be prov b roved w t hout

i ded .and i_st i st i
reduci ng %Oem:“;}%eirségll%sttg%lg% g%gmégf%%ﬁncﬁi bi%aﬁllr‘]j&dgd?:o\r:gﬁ@ ASF 1A SEp
h net h t hyl , | d a butyl
oroup. - a HiTbr SEPEbreBH oY e th o the B BieL Ky Eis oy o Seructures
|

fluoroeth roup, a fluoropropyl group and a_fluorobutyl group, and
the Iike EHEEY Br?ﬁ%a g?%’ud%é\ﬁerf&réﬁ’lgdar%ﬁeéﬁ@“é:t sadthi ety
Solubility in a solvent and heat 18 resistance can be inproved by
intr oduci‘?v?d’ &F HRY PEPBLuPSE ot Are dPdiftestanecst £oEt BFeduEiitg erresin
substitution with fluorine contributes to reduction in dielectric
const ant .£ilm or a ggaicrodpgten AGHT cogreds thavihg oeelnort igr-e
carbon atons other than a group having an alicyclic structure, RO is
preferably the BameYaschnfomydmi d2gr oipehavinay e tbiskedar béngdeons
as R1 to R8. [0023] When Ro is a single bond and there is no
"Ar" and 4rndR9 -0t hé-eonPemdatdvidiP-t.-heAsonycthere r-6pr ésent ed by
formula (1), at least one of RL to R8 is the group having an

al i cycli castigetlardy prnefhrsblbasy) tenmest iod sblthélatycyrcld cscsltvemdt ur e
in the conpound can be readily increased, so that a dielectric

const ant aofd tleetcorpouhdncan be reduced nore easily. [0024]

Al so, when Ro has the structure represented by fornmula (2) in the
conpound H&®i2Rdg t he structure represented by fornmula (1), at |east
one of R to Rg is the group having an alicyclic structure. One or
nor e gr ouhdndaviang Fammalacyelic structure nmay be present only as RO.
One or nore groups having an alicyclic structure may be present only
as RL to Rg. O, two or nore groups having an alicyclic structure may
be present 980t : From t he vi ewpoi nt of
reduci ng @@@ t he conmpound havi ng the
structure represe eferably has a high alicyclic
structure- ‘

(3)



A total anmount of the alicyclic structure contained in the conpound
having the structure represented by formula (1) is preferably from 20
to 85 w% nore preferably 40 wt % or ”?ﬁe’ and still nore preferably
60 W % or nore. In the cal culatron of a content ratio of the
alicyclic structure, even if the alicyclic structure has a

substi tuen[tooi2ri formula (1), hydrogen is used for the substituent. For
exanple, in thé case of containing an adamant ane structure, a

| ecul i ght.of adamnt f 136, diadamant f_ 188,
{71 adamant ane_of T3305 SRR G141 lnbir “CheF Bof e e uad P

calculation, In t@ﬁe\%gse of containi ng a group havi n% a plurality of

the pol yc§Ert- r PR SPTRELTT®s, S dehtasRendeadd GF9EBHERI nfng a

bi adamant ane, two .adanmantanes are used for cal culation (136 x 2).

Si mi | ar | XY SEVadEnaRt 3ndSYatC (R T calPRuPEERBAC] A PHR Reki@dofl

containing a triadamantane (136 x 3). In the case that the

conpound HavithFerhens e GRE up BN e B pFledie lthéd BpuPo PAULAS (a) 5Ly Pdioymer

having a repeating unit, a content ratio of the alicyclic structure

i s obt ai MedUYGtoHca GoRVERPXY At 9BH0W! arltk aaldaaPekyé srpuRt uPs Ebat araen

in a structure of the reEeati ng unit. For exanple, when the conpound

havi ng t RewincduénurdicEplésenteecbird orthine ay bs aipbéynere sathea as

repeating unit of the polyner is represented by the foll ow ng

fornul a, thee gronpens Rat ivhiah obitldi bedhasefobfbes, ddrasridegn aAs otlad

nol ecul ar wei ght of the repeating 20 unit of 1,027, a nolecul ar

wei ght oforgrrnadagaptanbawibh alicyld icardtonuattome ofhdB6tland tehenwroep

of adamantanes of 4: 136 x 4 / 1,027 x 100 = 53 (wt% . [0025] HOH

00 C NHHMa@ing0@26klicyclic structure, there may be listed a methyl
group, an ethyl group, a n-propyl group, an isopropyl group, a
butyl group, an isobutyl group, a tert-butyl group, a heptyl
group, a hexyl group, a pentyl group, an octyl group, a nonyl
group, a decyl group and the like, and these organic groups
substituted with fluorine such as a fluoromethyl group.

[0022]
The compound having the structure represented by

formula (1) may comprise hydrogen or an organic group having 1
or more carbon atoms as Rg. As the organic group having 1 or
more carbon atoms, there may be listed the group having an
alicyclic structure, an organic group having 1 to 10 carbon
atoms other than the group having an alicyclic structure, and
the like. When comprising such organic groups as Ry, it is
preferable that at least one Rs comprises a group having an

alicyclic structure. As the group having an alicyclic

structure, for example, there may be listed a group having a



Al so, the conpound having the structure represented by formula (1)
has any of -0-, -NHCO, -CONH, -000- and -000- as "X'. The
conpound having the structure represen%gd by formula (1) of the
present invention can be used as pol yphényl ene ether when "X' is -0-
in the fornula It can be used as polyanide when "X' is -NHCO or

- CONH- - an gg%%t et wﬁsar“ Kol Sy PR Bl <00 &8tuL%0t2%L In

t he case ci al y I'n 258 0 polyam

above- ment tructure an of Rl t.o . R4 that

ort ho- p05| éf%?%fianebgﬁau %B¥%Se%t%¥F%ﬁPax@n r&ﬁ$u5? RS to Rs that
is in the ort p&ﬁsltlg "X are carbox rou m%@
conpound HAVY CsErabtulE®r e Qﬁébﬂ?ﬂfqﬁ/ﬁgﬁu P&%( 1% mantane
pol yi m de reS|n recur ructure. In the 21 case that any of Rl
to R4 thatti*¥ S RE & hé%‘ésu FFER G & ERe BoRBEC TR PrEEEHE éd by "
and any of RS to R8 that is in the ortho-positiaon of "X' are each a
hydr oxyl 315 Ca0Fe SESHEEHA haPag- tHe- Stlvu BEELETRBBR es Sitte G TBYP
formula (1) has a pol ybenzoxazol e resin precursor structure. Heat
resi st ancé'Cdl¥ 5& PAPTRBFANAPFBYEF WL dd ecornyPshellngr srtadamantane
There may be nentioned the follow ng structure for exanple: when in
the for mitFuskures asNACBiniawy wiitRs ans! Riemsamaysbenlisieed for
orthoposition of "X" is a hydroxyl group; any of RL to 54 that is in
t he ort he¥®Als @ngreurhbavbny e pralsiartadd dy Poiyciysl ac hijdamewdrk
group; any of R5 to R8 that is in the neta-position of "X' and any of
Rl to 54 stratctivgel sutheapaan- posnanionl torcpe boddameptebemt®@p by " *"
have an alicyclic structure respectively; and Ro bonds to any of Rl
to 54 thatrissanmyilhgrorepa- poseétramiiiyl heduend ar epneseatedl byroidp, and
to any of R5 to R8 that is in the para-position of "X". [0028]

When t he reompamtglhgriong, t Achsptamdnyyg repiugs eahedcbymint il aedul), Bas
a polyimde resin precursor structure, it can beconme a polyim de

resin by rdehydnatilngrang, choségudnings ddweieahd an undecfait fihe
conpound having the structure represented by fornmula (1) has a

pol ybenzoxazgl.e restifled) eOuESDmaSt beCllikCedi & §AMuPEHPL1®ing a

pol ybenzoxazol e resin by dehydrating and closing rings thereof.

[0029] ZRurality of the groups having a polycyclic framework
structure and the like. As the group comprising a plurality of
the groups having a polycyclic framework structure, there may
be listed a group having an oligo structure, a group having a
poly structure and the like. When the group having a
polycyclic framework structure is an adamantyl group, for
example, there may be listed a group having an oligoadamantane
structure including a biadamantyl group such as a di(l,3-
adamantane) group and di{2,2-adamantane) group: a triadamantyl
group such as a tri(l, 3-adamantane) group and tri(2,2-
adamantane) group; a tetraadamantyl group such as a tetra(l,3-

adamantane) group and a tetra(2,2-adamantane) group; a

pentaadamantyl group such as a penta(l,3-adamantane) group and



In a nethod for preparing the polyimde resin precursor,

t he polyi

tetracarboxylic acid dianhydride with fﬁdianine conpound. As a net hod

f or causi

m de resin precursor can be obtained by the reaction of

ng the reaction, acid dianhydrfde may be hal f-esterified

wi th al cohols and then be reacted with a di am ne conpound. [0030]

As the tetracarboxylic_acid dianhydride having an alicyclic
struct uréa,er&‘?grzégﬁé?aﬂénﬁ@ﬂﬁ oer R o REREGTRYL ad BRI e @5 2

0031
represenﬁ%%ﬁ%%ltgvgdﬁpapq?g } group and epka(Z,E—adamantane) group;

(R

e followng forrmula (4): [ Chem cal Fornul ae

hexaadamantyl group:; an octaadamantyl group; a nonaadamantyl
group; & decaadamantyl group; and an undecaadamantyl group.

Further, there may be listed a group having a polyadamantane

structure comprising many adamantyl groups, and the like. When

the group having a polycyclic framework structure is a group
other than an adamantyl group, there may be listed the group
having an oligoadamantane structure and the group having a
polyadamantane structure, of which adamantyl group is
substituted each. For example, there may be listed a group
having a plurality of diamantane groups such as a di-
(diamantane) group, a tri-(diamantane) group, a tetra-
(diamantane) group, a penta-(diamantane) group, a hexa-
(diamantane) group, a hepta-(diamantane) group, an octa-
(diamantane) group, a nona-(diamantane) group, a deca-
{diamantane) group and an undeca-(diamantane) group; a group
having a plurality of triamantane groups such as a di-
(triamantane) group, a tri-{(triamantane) group, a tetra-
(triamantane) group, a penta-{(triamantane) group, a hexa-
{triamantane) group, a hepta-(triamantane) group, an ccta-

(triamantane) group, a nona-(triamantane)} group, a deca-

for exanpl e,

a

(triamantane) group and an undeca- (triamantane) group; a group

having a plurality of tetraamantane groups such as a di-
(tetraamantane) group, a tri-(tetraamantane) group, a tetra-

(tetraamantane) group, a penta-(tetraamantane) group, a hexa-



In formula (4), R1O is a single bond or has a structure represented
by formula (5), and R11 to R16 are respectively any of hydrogen, a
group having an alicyclic structure, aﬂ organi c group having 1 to 10
carbon atons ot her than the group havi & an alicyclic structure, a
hydr oxyl group and a carboxyl group. 23 In forrmula (5), "Ar" is an

aromatic group;. "Y._is.any of a single hond, -0-, -S:, -000- and
-000-; " qg:e?cs]:%z;’?rr1n AnE (ra%ér 96PN oF Shr%%eaf" (%ffliaé—lmﬁ‘%%ﬁéngﬁ?u%'n Bt §&tC
group havéqg:l or._nore. carbon at ons an&ﬁg&y be Ldengical with or
di f f er ent ‘YFERERLH 28R TRRRN * PO EFS5TEBGEEABE) 2957 Wvorde A8GR -
| east one, of Rn to Rmis the group ha%%ggﬁﬁn alicgclic structure when
Rnis a sﬁtr?dzlréaﬂjgﬁafmﬁhdgﬁ?uﬁ’e%&cy Bhée 7 (EGERACTRNE AR Iy r B Had Ay
an alicyclic s&ructure when Rn has the structure represented by
formul a (B8 1ike. Ameng s PTEARITEAeIAPBREL RES GHORSIEMERE Yor GaRATR
group having one or nore carbon atons, the group having an alicyclic
struct ur é aPhELoPganPe §rbUiraGg IEoUE - 16 ESF BRI RE BIS GtiRer @
than the group having an alicyclic structure are the sanme as those in
formul a PBNEIGOEY[ group, a Asexamaditilc dewampl asheptamentyl group, an
tetracarboxylic acid dianhydride having an alicyclic structure, there
may be |ixtté@enstylagapppxyé i eoraniantdilagnpdic,de Hagingntnl arkovent ane
structure and a fluorene structure such as 9, 9-bis(3,4-
di car box yisepempn y7- dradanentlyd addmeortarie gdicaphydr tdead®ahtyl group,
bi s[ 4- (3, 4-di car boxyphenoxy) - phenyl] - 2, 7- di adamant yl - f | uor enedi anhydr
i de and ¢ Fefirepdan3ndydi gaobox e Badamaaimpnpléngxyye, a
phenyl] - fl uor ene-di anhydri de; tetracarboxylic acid dianhydri de having
an adanaiteaedsteutyilr grand, s denyenelsstantgtlugecspcha@soctaadamantyl
1, 3- bi s(3, 4-di car boxyphenoxy) - 4, 6- di adamant yl - benzenedi anhydri de and
1, 3- bi s( Irbugi,car hoxyalaagarpntytdqignexyecaaddmbadzengr slip i kinde;
tetracarboxylic acid dianhydri de havi ng an adamantane structure and a
napht hal enrlestiadaihtbeylt gts@car bxyl peedstdedi @byl ide havhRgmantyl
adamant ane structure and an anthracene structure; tetracarboxylic
acid di anfpuiip, de Bakhagt A GEABNARES: iShanelur 6raid, aa bidhemdnty
structure such as 2,2'-bis(3,4-dicarboxyphenoxy)-5,5'-
di adamantgtoui, pRepyhrghanbydrdda,@nd 2121, Blaldndndh ey RPN p2- a
adanantyf%%e%txy)?biphenylydi%nhfﬁride;aand the |iKke. &n adgﬁantane
struct ur & f (1t ke .gLAURL BAY] Ngr&th ald ©etldag 15 BLHBAHE 5t ST b%%%g:l,e%t ed
amant ane struct

fromthe above-nentioned structures having an a ure as
a mninu itrq A_Blpdl it of ada e nmay be
optionalﬁtﬂggﬁéé?éghggéﬂg%ﬁgﬁr%ﬁ%ﬁ”sﬁ%%ﬁﬁﬁé% %?Q@%$§%€%f3%§ﬂ&To%§3]
The tetr roxyli I 'a9gy i de i n e structure
and a fIﬁ%?é%ééskﬁé%sﬁkgnggy éﬂéy%}ﬁ%@%?gg’%yaggggﬁgéfbmj]ﬁnﬁ%ﬁﬁgd?
for exampl.e. _Fi.rstl 2- . bromo-5-(1-adamantyl1) -t ol uene and

12 (1 adams Ty 2t mRab O Sh i o Hhash b R B caprrRgne
reaction,TonIomed by_a fIg@{enation reaction and a fl uorenonati.on
reacti on 16 SymthedPzBocdt redbMEiRGts19- arRntmnt§AR AUSENoREY Fhe
correspondLn% 2, 7-di adamantyl fl uorenone and,o-xglene undergo a
dehydr at i"6H S*EEEL FEAISFBNFOWEH B3P dPHavEst MehhPBRCE PO L2878t hyl
group to make a phthalic acid structure. Next, a dehydration reaction
usi ng acetSc-SiARVEr PE 8Plehklitkell & Foshfed Ahetldor, dErRye such as

synt hesi zing 9, 9-
a methyl group, an ethyl group, a propyl group and a butyl

group, a fluoroalkyl group such as a fluoromethyl group, a
fluoroethyl group, a fluoropropyl group and a fluorobutyl
group, and the like may be bonded to the group having an

adamantane structure. Solubility in a solvent and heat



25 bi s( 3, 4-di carboxy-phenyl) -2, 7-di adamant yl - f | uor ene di anhydri de.

Al so, 9, 9-bis[(3,4-dicarboxy-phenoxy)-phenyl] -

2, 7-di adamant yl - fl uorene di anhydri de can be synthesized as foll ows:
firstly, fluorene bisphenol having an éﬁanantyl group i s obtained by
a dehydration reaction of 2,7-diadamantyl fluorenone with phenol; the
fluorene bi sphenol is r acted wi th 4-fluoro-dinmethyl phthal ate so as
to be et HEPTHTER<S &PPhE? PRI Yo EHRACL RE ﬁpdﬁgk%i%r%d teciPd
treatnent(*o have a hthalate structure; and, a dehydration reaction
usi ng acet %?@%ﬂ?ﬁ&r? EUGEUFRe I5UEENEE, pBRPRE HBWE 1 Peredh Tlog3apeThe
tetracarboxyli ¢ acid dianhydride having an adamantane structure and a
benzene §FFU€F@P§eﬁa§°bée§9ﬁ¥h%%|%RHF%%iqgﬂ§lﬂoFP6ﬁFﬁ@tnEthod for
exanple. Firstl di hydr oxybenzene havi ng an adamantane structure is
synt hesi zed by %;h%n réads 67 erIpeiergfe? hWitimal dmeopvananantarieon The
di hydr oxybenzene is etherified wth 4-fluoro-dinethyl phthal ate.

Furt her, dtomgn@ehgseshankal greumytrvingian addciclict seatgmnte t Ronbke
a phthalate structure. Next, a dehydration reaction using acetic
anhydri deonsferadlli kbei sa@eramatedanmri@og,roubusasym hesi@iiiy carbon
1, 3- bi s(3, 4-di car boxy- phenoxy) - 4, 6- di adamant yl - benzene di anhydri de.

[ 0035] atoms EseRieto avar boxyl i c acid di anhydri de having an

adamant ane structure and a bi phenyl structure may be synthesi zed by

t he fol |l oioAag3iret hod, for exanple. Firstly, dihydroxy-biphenyl 26
havi ng an adamantyl group is synthesized by the reaction of

2, 2" -di hydr oxy- bipdrergy 1wl &hsindlonbodlarantaree Theno “Ar” and no Re
di hydr oxy- bi phenyl is etherified with 4-fluoro-di nethyl phthalate.

Further, id thedecgpetnal katime inglralygcarandepebdeh &AtHE Mo 1BKe
a phthalate structure. Next, a dehydration reaction using acetic

anhydr i de(lqr theibbke bﬁep@ffI@J wedrt hes eqfy drlans %}A%H@Shél@gmycllc
2,2 -bis(3,4-dicarboxy-phenoxy)- 5,5 -di adamantyl - bi phényl
dlanhydrléﬁiucture In this case, a ratio of the alicyclic structure in
the compound can be readily increased, so that a dielectric
constant of the compound can be reduced more easily.
[0024]
Also, when R¢ has the structure represented by formula
(2} in the compound having the structure represented by
formula (1), at least one of R; to Ry is the group having an
alicyclic structure. One or more groups having an alicyclic
structure may be present only as Rg. One or more groups having
an alicyclic structure may be present only as R; to Rsg. Or, two
or more groups having an alicyclic structure may be present as
both of Rgs and R; to Rg.
From the viewpoint of reducing the dielectric constant

further, the compound having the structure represented by

formula (1) preferably has a high alicyclic structure-



[ 0036] As the diam ne conpound having an alicyclic structure,
there may be nentioned a conmpound having a structure represented by
the following fornula (6): [0037] [Chenical Fornula 7] (29)q -Y-
Ar -Y(7) In formula (6), R0 is a sing bond or has a structure
represented by fornula (7); R21 to R24 and R25 to R28 are

respectiv f ogen, a group having an alicyclic structure,
an organf%héiéﬁén a5?¥g °17to 10 carbon atoms other 27

A total amount of the alicyclic structure contained in
the compound having the structure represented by formula (1)
is preferably from 20 to 85 wt%, more preferably 40 wt% or
more, and still more preferably 60 wt% or more.

In the calculation of a content ratio of the alicyclic
structure, even if the alicyclic structure has a substituent
in formula (1), hydrogen is used for the substituent. For
example, in the case of containing an adamantane structure, a
molecular weight of adamantane of 136, diadamantane of 188,
triadamantane of 240 or so on and a number thereof are used
for calculation. In the case of containing a group having a
plurality of the polycyclic framework structures, such as the
case of containing a biadamantane, two adamantanes are used
for calculation (136 x 2). Similarly, three adamantanes are
used for calculation in the case of containing a triadamantane
(136 = 3).

In the case that the compound having the structure
represented by formula (1) is a polymer having a repeating
unit, a content ratio of the alicyclic structure is obtained
from a content ratio of the alicyclic structure contained in a
structure of the repeating unit. For example, when the
compound having the structure represented by formula (1) is a
polymer and a repeating unit of the polymer is represented by
the following formula, the content ratio is obtained as

follows, based on a total molecular weight of the repeating



than the group having an alicyclic structure, a hydroxyl group and a
carboxyl group; and "X" is any of -0-, -NHCO, -CONH, - C00- and
-000-. In formula (7), "Ar" is an arongéic group; "Y' is any of a
single bond, -0-, -S-, -000- and -000-¢“*"q" is an integer of 1 or
nore; R29 is hydrogen or an organic group having 1 or nore carbon
atons and _may he.i tical with or different fromeach other when "q"
is an i ntuélglet?/O f 1282 ’ nBr@,W%?Iﬁaerdé‘fe% 82 RB12H3MEBRARE WHA gr oup
having an alicyclic, structure en R20 is a_ single bond; and at_ | east
one of RITHHRIE FgrPﬁEuﬁ?o%mﬂ%%;iw &n PAPPey cPf cadirirtanes wed:R20
has the structure represented by formula (7). In fornula (6),
t he aronfﬁ%Q:xgﬂoﬁp?' fé brb%%rﬁ %ﬁ(ﬁﬁi%ﬁaving one or nore carbon
atons, the %roup having an alicyclic structure, and the organic group
having 1 tt8Y28)carbon at ons other than the group having an alicyclic
structure are the sanme as those in fornmula (1). [0038] As
speci fic exanples of the di am ne conpound having an alicyclic
structure, there may be |listed aldi am ne c¢supound havi ng an
¢ such as

, ney, 9, 9-bis(4-
am no- 5- adamant yl phenyl) - f | uor ene &uni s DI s[ (4-
am nophenoxy) - phenyl) - 2, 7- di adgas | uosege; a di am ne conpound
havi ng an adanmant ang stryctHo-€  a benz Okict ure such as
4, 6-di (1-adamant,yl , 3-PLS(4- arthophenoxy begzene and
1, 3-bi s(4-am no 5-453 : Nrbxy) - benzene; HI~C287di ani ne conpound
havi ng an adanmgnt alte/S¥Tluct ure and a napht hal ene st ucture; a di am ne
conpound havi ngy an{adamant ane structure and an ant hracene structure;
a di am ne conpound havi ng an adamantane structure and a bi phenyl
structure gysh, as
2,2'-bis(i-anlkophenoxy)-S,S'-di(1-adananty1)-bipheny| and
2,2 -bis(4-am np-5-adanmant yl pheno -bi phenyl ; and the |ike. An
adamant ane str[ﬁgiﬁ@fghetﬁé§p§P8§pﬁﬁg%Fﬁgt h SSRGS TEPrGERDFRT Ry
be sel ected fionlire above-nenti oned _structures hav”&g}an adamant ane
struct ur & %A8UA3ni hi nlRT WY O B di N Chosi tP8NHDf THPaditant4Re as
structurg _nay be optionally selected fromthe range specified by
formula (£ [0039] The di am ne conpound havi ng an adamant ane
structure and a fluorene structure may be synthesized by the
fol | owi ng met hodf P gromBeamsl 8avEpgsehg, structure represented by
2- brono-5-(1-adamantyl) -t ol uene and 4-(1-adanmantyl)-benzeneboronic
aci d undéPgsuaasizuket coplrrRFIdadriventipol canede bysed fdauor enat i on
reaction and a fluorenonation reaction to synthesize correspondi ng
2, 7- di ageduphghyieneretvre. whEre "¢ iespondingtRe 7Eairad@vantyl can be
fluorenone is subject to a dehydration reaction with aniline, thus
synt hesi ziseg 8s9pbi pémidan witerp ety B)s- 2NRCOF( &x adammint yé)e «fd uor ene.
Al so, 9, 9-bis[(4-am nophenoxy)-phenyl]-2,7-di (1- adamantyl)-fl uorene
can be sywilyestezedwhsn it as: -dda-stdry ~ofbuor ene bi sphenol having an
adamantyl group is obtained by a dehydration reaction of
2, 7- di adamangyl fluorenone and phenol; the fluorene bisphenol is
etherified with 4-fluoro- 29 nitrobenzene; and further it undergoes

a reduction reaptitie d@4@hat, especTheldi A GAHROWEIpBAYLAGIAN
adamant ane structure and a benzene structure nay be synthesized by

the foll aw REeMBHHOL-méRF i SR t&udth et by dEhydroxyk,benzensg hayvihg
an adamantane structure is synthesized by ?he reaction of resorcinol

oL DloaRadBEBnt 808 £ INe by dii SagReangy s AREANPGL % <o &,

etherified with 4-fluoro-nitrobenzene. Further, it under goes

reductionppeagti of, 1t NESi 20T 4 Gsdi (1
adanantyl)?1,3-bis(zﬁgﬁ§%%%ﬂ noxféfﬁeﬁéené_ £3& cach a carboxyl

group, the compound having the structure represented by

formula (1) has a polyimide resin precursor structure. In the



[ 0041] The di am ne conpound havi ng an adanant ane structure and
a bi phenyl structure may be synthesized by the foll ow ng nethod, for
exanple. Firstly, dihydroxy-biphenyl h% ing an adamantyl group is
synt hesi zed by the reaction of 2,2'-di gdroxybiphenyl W th

1- br onp- adamant ane. The di hydr oxy- bi phenyl thus obtained is
etherified wth 4-fluorq-pitrobenzene.. Further, it _undergoes a

reduct i onca}'seea&hia%n?ntyhﬁg gyntﬁ'u%@i %Pﬂb S oln pjihg priho-position to the

am nophenoxy) -5, 5' -di (1-adangpt y1) - bi phenyl . [ 0042] .. For

aynt has: HOE FEPGEFEAERE Phorn S GHBOR Eei Hy Thehat: dEt bnethe
represented by formula (1), a tetracarboxylic acid dianhydride having
the stru@iiPePest&dent 8§ fRFAIEN B Nysgrsylagapar neie inFmavad
havi ng the structure represented by forrmula (6) is used. In the case
of usi ng Ravdrg &henetesrpBundrewmpiaiafy byadorhelagr 6 basisg t he
alicyclic structure represented by fornula (6), it is not necessary
to use tRPYYOENZOXABOXG| Fesbeipreiufnydsitdachaveng Hasd sesdstanes can
represented by fornmula (4) as the tetracarboxylic acid di anhydri de.
For exanpiee furnthes amboaredtioy uselecttioty scahbekylictuaes d Ghamhyday dee
having an alicyclic structure in place of "Ar" of fornula (5), which
is the foenflisnef Rhe Enlloving ssirictubeatforsexanpkér adeerboxylthe acid
di anhydride having an alicyclic structure in a nmain chain thereof my
be used. formuds tHE tet rEBGObDOXNY A®dtdi RNYGrt de, ia the ortho-
tetracarboxylic acid dianhydride conprising no group having an
alicycli gpostitiehune NRY be asegdrdsyIt hgduglr aagr bexy] ite &Gi that is in
di anhydride having an alicyclic structure in a nmain chain thereof,
for exanpme, cichevepsBythen! stk admt magaebexykicoract € dianhydri de
havi ng an adanmantane structure in a main chain thereof such as

1, 3- bi s( Jydtrotiyaaghexyphenyldr sdagBnkangaaNds in the meta-position of
2, 2-bi s(3, 4-di car boxyphenyl ) adamant ane; a tetracarboxylic acid

di anhydr irder haw Byl BfaRﬂB\idq rGhehst ther a0t P-0uPpBaYERGnafe the
adamant ane structure such as bis(3, 4-di carboxyphenyl ) di amant ane,

bi s(3, 4- uyn@a&@?&eaﬁeww QBN ANE aPIS63vA11ic structure

di car boxyphenyl )t et raamantiane and bi s(3, 4-

di car boxyhend: ) hexdananhane AdsCLbagalPoxvh| ¢ A%, el anydl dee
having a plurality of adamantane structtres in a main chain thereof

20 % YA RN A - an o any o

bi s( 3, 4-di car boxyphenyl')tri adanma
di car boxypheny traad nt ane.and _bis(3,4: .31
dicarboxﬁ%ﬁgﬁy#%%gxﬁ%g%ﬁane%%ggaapggf?é %r%%xy it acid dianhydride

having in ) n chain thereof an ether bond and an adamant ane
structureI ggghou havi d i

, p having an adamant ane structure or a plurality of
adamant ane stru&ture such as ,%é bi s(3, 4-dj car box phenoxy%
adamant ane, 2, 2VBF3( ,%JC%W%%?%% SiBH0LYT Sbbpaizhe spresented by
bis(3,4-d'ca$ﬁoxyghenoxy) di amant ane, bi s(3, 4-di car boxyphenoxy)
tri amant FE0UAS((3) 4028] R PHEXYPHEN PEPL Tt SEPERKFERE aferucture, "It can
bi s( 3, 4-di car boxyphenoxy) hexaamantane, bis(3, 4-di carboxyphenoxy)
bi adamant§TeMehes PILHimgde aF iy dhe mshydretiaganaft ahesing rings
bi s( 3, 4-di car boxyphenoxy) tetraadanmantane, bis(3, 4-di carboxyphenoxy)
hexaadanditeai®€t -1, 3- bi s( 3, 4- di car boxy- phenoxyphenyl ) adanmant ane,
2, 2-bi s(3,4- dicarboxy-phenoxyphenyl) adamant ane,
bi s( 3, 4- di car boyphehox yphawyind diaaingt dhe, structure represented by
bi s( 3, 4-di car boxy- phenoxyphenyl ) triamant ane,
bi s( 3, 4- diccanwiex\lphbaoxyphehybgnimtaadrmntaie, precursor structure,
bi s( 3, 4-di car boxy- phenoxyphenyl ) hexaamant ane, bi s(3, 4-
di car boxy-tplremoigphaayk) pbl pidemzoitand.e resin by dehydrating and
bi s( 3, 4-di car boxyphenoxyphenyl) tri adamant ane,

closing rings thereof.

[0029]



al kyl group. Further, substitution with fluorine contributes to
reduction in dielectric constant. As the tetracarboxylic acid
di anhydri de conprising no group having,an alicyclic structure, there
may be listed 9, 9- bis(3,4-dicarboxyph5%yl)fluorene-dianhydride,

9, 9-bi s[4-(3, 4- di car boxyphenoxy) - phenyl ] f1 uor ene-di anhydri de,

1, 3-bis(3,4- dicarbox heno benzene- d| hyd 2' -his
dicarboxyphenox§§ |pﬁéﬁ3 d%ﬁ?ﬁ?mééngn ?h@oi &@95%(ﬁﬁfﬁn %&ecurso;n
t he casevff u5|n t he % etracar bpx I|c acid dlanh¥dr|de conpri sing . the
group havitg TH &PIC§ Fi B° ¥+%%? e e PFEEHEEG TG R PR A 3T
IS not necessary.t.o use %hg di am ne conpound haV|ng t he structure
represent By o 85 (65 TERCATROFN LR RECorpenRddtEde widmA e, it
is allowed to use a dlanlne conmpound having an alicyclic structure in
pl ace of SLAMING COFPRHRG- (AS QMMQH?OﬁsfPHecﬁﬁﬁhﬂgatQﬁ TREGLiens opfif a
(6). That is, a diam ne conpound havi an alicyclic structure in a
mai n chaﬁ#%%qﬂﬁQ§%denE§YbEeu pHf—gyten Mﬁ@ewdﬁénﬁhéob@hﬁoﬁﬁﬁith?n be

di ami ne conpound conprising no group having an alicyclic structure
may be us&ERctas WhEhdpafiipeirempmmithvi ng an alicyclic structure in
a main chain thereof, for exanple, there may be listed a diam ne
conpound H&¥YBAY an adamant ane structure in a main chain thereof such
as 1, 3- bi s(4-am nophenyl ) adamant ane and 2, 2-
bis(4-anihopheh§l)ahanaﬂmam@paabdkahine agmpoumdahayﬁngdén damhng an
chain thereof a group having an adanmantane structure such 33 as

bi s( 4- amaigmlyeiyik) ditanettiare, thiesg4magmibeopleeryilonedi anatmaend having
bi s(4- am nophenyl )t et raamant ane and bi s(4-am nophenyl ) hexaamant ane; a
di am ne compourdubhavicagreseatamiby cirad taiheweaty dophwral (4): of groups
havi ng an adanmant ane structure such as bi s(4-am nophenyl)

bi adamant g0€31bi s(4- am nophenyl)tri adamant ane,

bi s(4- am nophenyl )t et raadamant ane and

bi s(4- am mopehdryl) Fexmatagast ane; a di am ne conmpound having in a main
chain thereof an ether bond and an adamantane structure, a group
havi ng an adamantane structure or a plurality of groups having an
adanant ane strdﬁiyre RBysh as 1, 3|QH2(4ﬁg§inophenoxy)adanantane,

2, 2-bi s(4- am no y) adamant aney "bi s(Z- am nophenoxy) di amant ane,
bIS(4 anlnophcno AN rlanantane ISTA: 3 'nophengi ) t et raamant ane,

bi s(4- am nopheno ane am nophen i) bi adamant ane,

bi s(4- am nophengk (
am nophenoxy)t ét raadamant ane, bi s(4-~"am hophenoxy) hexaadamant ane,

1, 3- bi s(4- am nophenoxyphenyl ) adamant ane
2,2-bis(4-anindghsnoxyphenyl)adanantanééﬂﬁis(4-anino-
phenoxyphenyl ) di amant ane, bi s(4-am nophenoxyphenyl)tri anant ane,

bi s(4- ami nophenoxyphenyl ) t{& /fgmant ane,

bi s(4- am nophenoxyphenyl ) heka nt ane, bi s(4-am no- phenoxyphenyl)

bi adamant ane, bi s(4-am no-p enoxyphenyl)triadanantane, bi s(4-

am no- phenoxyphenyl ) tetywaa tane and {(5)

bi s(4- am nophenoxyphenyl ) hexaadamant ane; and the |ike. An al kyl group
34 such as a nethyl'group, an ethyl group, a propyl group and a butyl
group, a fluoroal kyl group such as a fluoronethyl group, a

f1 uoroet hyl grogﬁbﬁ%@%@rﬁﬁro%% Jely %u%l%gﬂe bf I Horobh I rtgru C,tuz%gd

the I'i ke may be mantan Fuctlre’or

havi ng a st t ol ub n_a solvent and, heat

r e\s/: s?ancr}e%%%ng%gkgg héggmﬂ T o{/sg 5 IC% At otﬁjﬁlﬁga%%v rﬁsfﬁch%gﬁ any
Furt her, gy%_tltutlon with fluorjne contrlbuies to reduction in

di el ect ri%¢ &8HLPHRP, 2 b0u PRViME 3l @hirdCldRpBhRaCtorr i3 RFIREic

group haV|n%Paﬁ al,icy %|IC structure, there may be listed 9, 9-bis(4-
ani | i ne) f3505PeR8Y 18997 bF [ +%-CHRSp RGBSy PLBRENYIER| Hep edieoup having

an alicyclic structure, a hydroxyl group and a carboxyl group.




In a conbination of the tetracarboxylic acid di anhydride and the

di am ne conpound, both of the conpounds are preferred to have a group
having an alicyclic structure in order éo obtain a polyimde resin
with a lower dielectric constant and extel | ent heat resistance. More
specifically, it is preferable to use the tetracarboxylic acid

di anhydri.de havi t strusture represented by forpula (4) and the
di am ne 89 5ﬁﬁﬁqga§?ﬁg t%ﬁps%?d%i e §ERTRE bgyfbﬁﬁﬂ%hcﬁéf, t he
t et racar bax Iicbacid déanhygride havtﬁgbthe structure represented bﬁ
formul a (A)'93%dPPRE: di 3t neconpdtid i§%an afli ci®13e Wthvamarueé in
a main chain thereof; and the diam ne conpound having the structure

r epr esent®d ¥ SF oRfuliE CEPTREENt B Rt PR OIS Bardndi Andsy draife
having an alicyclic 35 structure in a main chain thereof.

In their SYRCRe8E8™S 3Rt A BDOHIANE cadi Fidhankydi fHerentd fdicanieaeh
conpound ot her than the above-nentioned tetracarboxylic acid

di anhydr id&@$railedi afi nés coppburis ey Be o xedef ort chyuodty mre 24t Ran.
[ 0044] In a method for preparing the pol ybenzoxazole resin
precur sorto Ros iexdinsl groukehpolnderz oxbizaydl resitruptecar goen cn be a
obt ai ned by the reaction of a bis o-am nophenol conpound with a

di car boxdinglacbdndonpodnat ustart tdne adi &;chicoRdelarethirodrcapt haeing
ester nmethod or the like. [0045] As t he bis-o0-am nopheno
conpound amawiligyehial styeticrstwhent Rig hatshehe sayubeurentdponeénaed

bi s- 0- am nophenol conpound having the structure represented by
formul a (4) formula (5As specific exanples of the bis o-am nopheno
conmpound having an alicyclic structure, there may be listed a

bi sami nophenol Tonpetmd Hhavingtas adarapiangrSip UGHY eraRdia fLugsene
structure such as 9, 9-bi s(3-am no-4-hydroxy-phenyl) -

2, 7-di (1tadangnbid) of| HEF€NEarithrd-ick(s3- aMeNgrdnBYREOXYg Sm alicyelic
adamant yl phenyl) -fl uorene, 9, 9-bi s(3-am no-4-hydroxy-phenyl) -

2, 7-di (3,s2xdickai-By ladd agededit yanid Id4h@N8aving 1 to 10 carbon atoms

9, 9- bi s[ (3- hydr oxy4- am nophenoxy) - pheny1] -2, 7-di (1- adamantyl1) - f |l uoren
e, 9,9- bjrskk3chYAr ox¥- draup NosorrRdamant 20Xy - pamE s ene,
9,9-bis[(3-hydroxy-4-aﬁ?ﬁ%ﬂ%enoxf%gghe%;%%?g?ged?%5€5- eHarcd i

di met hyl<lyadagaptykdagdanpniyird l4grene and 9, 9-bis[4-(4- 36

am no- 3- hydr oxy- 6- adamant yl - phenoxy) - phenyl] -2, 7-fl uorene; a
bisaninopqg@gkjconpound havi ng an adamant ane structure and a benzene
structure such”as 1, 3-bi s(3-hydroxy-4-am nophenoxy)- 4, 6-di adamant yl

benzene, 1’3'biSAéygﬁngfgﬁ'%k%gLQQESBf the tetracarboxylic acid

dianhydride having an alicyclic structure, there may be listed
tetracarboxylic acid dianhydride having an adamantane
structure and a fluorene structure such as 9,9%-bis{(3,4-
dicarboxyphenyl) -2, 7-diadamantyl-fluorene-~dianhydride, 9,9-
bis{4-(3, 4-dicarboxyphenoxy)-phenyl]-2, 7-diadamantyl-fluorene-
dianhydride and 9, 9%-bis[4-(3,4-dicarboxy-5-adamantylphenoxy)-
phenyl]j-fluorene~dianhydride; tetracarboxylic acid dianhydride
having an adamantane structure and a benzene structure such as
1,3-bis (3, 4-dicarboxyphenoxy} -4, 6-~diadanantyl-benzene-

dianhydride and 1,3-bis(3, 4-dicarboxy-3-adamantylphenoxy)-



adamant yl phenoxy) - benzene, 4, 6-di (1-adamantyl)-1, 3-bi s(4-

am no- 3- hydr oxyphenoxy) benzene, 4, 6-di (3, 5-di net hyl-1-
adamantyl) - 1, 3- bi s(4-am no- 3- hydr oxyph ?oxy)benzene, 4, 6-di (3-
(3, 5-di net hyl- 1- adamant y1) - ( 3, 5-di net hyf - 1- adamantyl))-1, 3-

bi s(4- am no- 3- hydr oxyphenoxy) benzene, 1, 3-bi s(4-am no- 3-

hyd -6-ad tyl - ph b d .. . . . .
4Y6r3?{1§§%5%%%$€¥fp%¥ Eg§§%4féﬁﬁ%§é QHVHfﬁkﬁpégaﬂéﬁﬁB¥?¥ﬁﬁ%ﬂﬁ??fﬁenz

ene; a bi sam nophenol c ound having an amant ane structure and a
naphthaléﬂé5§£W§8%ﬁP8;SgggFg%5$H%H%éhdﬁp@ggﬁggﬁa ARUPRGHET adanant ane
structure and an ant?nacene s%iucture; a bi sam nophenol conpound
havi ng arn SFRATEFPRFYELEr BELDr S ey A Ml BefyNIs fRLBRERRRNEANRS as

2,2' -di hydroxy-3, 3' -di am no-5, 5' - di adanant yl - bi phenyl, 2, 2'- _

di hydr oxy2%FUW$tadeadiods, Snihbragens shinysttyes 1 - g8aABRTNAT L1 5 Fisday| |
2,2' -di hydroxy-3, 3" -di am no-5,5' -bi s(3-(5, 7- ‘

di et hy 1-dt-2ayfgA g1 Ray3ng. gp nrpdanantengd S¥aHEy BF fbphenydirhenyl

2,2' - bi s(3-hydroxy-4-am nophenoxy) -5, 5' - di adamant yl - bi phenyl ,

2, 2" - bi s(T-MEFUSRy SYUCBNR A0S B2 adermiit AA-sheagkyrybhpheryl 5.8 2" -

bi s[ 4- ( 3- hydr oxy- 4- am no) phenoxy] -5, 5" - bi s(3-(3, 5-di net hy1-1-

adamant yldisidaimenyly) -biphenyl-dianhydride and 2,2'-bis (3, 4-dicarboxy-5-
2, 2" -bis[4-(3-hydroxy-4-am no) phenoxyphenyl] -5, 5" - bi s(3-(3, 5-di nethyl
- 1- adamamdanebitghehghex2) 2biphenyl-dianhydride; and the like. An

bi s[ 4- (4- am no- 3- hydr oxy- 6- adamant yl ) phenoxy] - bi phenyl and 37

2, 2' - bi s[ataénaanrosBrhytunayeH-adanpmrtuy hphengxyh- 51 bEydiisd 1-

adamantyl ) bi phenyl; and the |ike. An adamantane structure of the

group hawthaicanral naycbecssl éateddir®r oy Hee apekechedt { 6:048 tdi@uctures

above-nenti oned structures having an adamantane structure as a

m ni mum uidingAabi adbngnpese tsomafutdhesadammatiang shitiCt W 8iABYnHE

optionally selected fromthe range specified by formula (1). [0046]

The bi sapoaphAenobCeRRONASAMANY AHrudarantapepst fpeisnL19nd a

fluorene structure may be synthesized by the follow ng nethod, for

exanmpl e. Jellfe%icleW, f20Rr ORB- Pakde StanBlilbLyt ehuglgaanty .

4- (1- adamantyl) - benzeneboronic acid undergo a Suzuki coupling
reaction, rhekkewed by a fluorenation reaction and a fluorenonation
reaction to synthesize corresponding 2, 7-di adamantyl fluorenone. The

correspondi ng 2q{s '@Qﬁgﬁﬁ; l.uor.engng. | { ect hydr ati on
reaction with p%%%g* to o gﬁ#ﬁhﬁﬁuégggeg%%g% gﬁ%ﬁgﬁgéﬁﬁ%lgﬁ adanmanty
roup. Ni i f 0z | td a [ is

group c{a?:fa‘rﬁgng sfcﬁﬁcg{&é‘ arﬁ?ﬁ 219012 & s@%ﬂc%& Ngéxf%el P

perfornmed on the above-obtal ne uor ene DI spnheno

T2 AT 50k, LU S MBS e et
sbove- 0% gl ped f Luor g, sElenel, by g an adarmntyl grouw |

under goes deprotection and a reduction reacgtion, thus synthesi zing
9,9-bis[?§¥ﬁ§ﬁP Q¥ OB Gnf HOPhEHEEI2 phetA SOVP L AdaRedt i uor ene.
38 [0047}F The _bi sam nophenol conpound havi ng an adanant ane
st ruct ur & AP %D EEzBnELUPF BRI BR APé Oy APAe&i z EHOBSNIMALHWBY | owi ng
met hod, for exanple. Firstly, dihydroxybenzene having an adamant ane
st ruct ur €934 PRt FEsPYBEANBHL FRCIIRATBN 1SN LedorépAananith
1- br onbadamant ane or 1-brono- 3, 5- di net hyl adamant ane. The
di hydr oxyarwzenenehusTibt et resrosdénger frétaggmantyl fluorenone and
2- benzyl oxy-4-fluoro-nitrobenzene. Further, it undergoes deprotection
and a redwustilener sadeiron, at tebydyaitivesirgangion, followed by an
1, 3- bi s(3- hydr oxy- 4- am nophenoxy) - 4, 6- di adanantyl - benzene or
4, 6-di ( 3,&idiarmphy tedcadamaof yd )mek 1821 group to make a phthalic acid
bi s(4- am no- 3- hydr oxyphenoxy) benzene. [00481 The

structure. MNext, a dehydration reaction using acetic anhydride

or the like is performed thereon, thus synthesizing 9, 9-



Al so, 2, 2' - bi s(3- hydr oxy-4-am nophenoxy) -5, 5" - di adamant y1- bi phenyl or
4,6-di (3, 5-di nethyl-1-adamantyl)-1, 3- 39

bi s(4-am no- 3- hydr oxyphenoxy) benzene can be synt hesi zed by

et herifying the above-obtai ned di hydr o%y- bi phenyl having an adanantyl
group with 2-benzyl oxy-4-fluoro-nitrobenzene and perform ng
deprotection and a reduction reaction thereon. [0049] As the
di car boxytit CadirdLearReEHaPRERY hy an’ Hiadperene YarELEPEeRe there may
be mentioned a dicarboxylic acid conmpound having the structure

r epr esent®RRYFaARuI P %Y. 9, 9-bisdd 3gAedi FrEL@¥EMIaCXT) henyl] -

di carboxylic acid conpound having an alicyclic structure, there may
be |i st ed dicHeseRePty Laél dorens il s vidviencanebst puet el zaw o
fluorene structure such as 2, 7-di adamantyl fl uorene-9, 9-bi s benzoic
acid, 9, FWilews:ciipekyy3- adapeens | prramanofll hevéne, an adamantyl group
2,7-di (3,5-di methyl-1-adamantyl)fl uorene-9, 9-bi s benzoi c acid,

9, 9- bi s( 4-cattygiyeghbny 2) dehTdek bidamaradtifinuorfe Ae 7 -1 Oddmna(t:1

car boxy- pheny1) -2, 7-di (3, 5-di met hyl- 1- adamant y1) - f | uor ene,

9, 9- bi s[ (Hcaepoxy- phthorhdaphenstld -2, ubrdinad atephyhel | Leresested with
9, 9- bi s[ (4- car boxy- 3-adamant yl phenoxy) - pheny1] - f |l uor ene and

9, 9- bi s[ (4-fHalroxyiphehpkyph piwereydd -< Asditp3pe- dthetbyiled; further,
adamantyl)-fl uorene; dicarboxylic acid having an adamant ane structure
and a benzenedstrvesubtksuthe asydly Oyl 3nd5aéid treatment to have a
di met hyl- 1- adamantyl) - ( 3, 5-di net hyl - 1- adamanty1)) -1, 3-bi s(4-

car boxy- phemexyrbeszenetute 8- D@ (- MeEidn reaction using acetic
adamant yl phenoxy) benzene, 1, 3-bi s(4-carboxyl - phenoxy) - 4, 6-

di adamantadirjdengenerafde 11 Skdi s{ b didmed tpheasxy) - 4, 6-

di (3, 5-di met hyl- 1- adamantyl) - benzene; dicarboxylic acid having 40 an
adamant angggtryct ure and a napht hal ene structure; dicarboxylic acid
havi ng an adanmantane structure and an ant hracene structure;

di carboxylic acpge hawi R A Adamentang §iLHeTSF fadithA Ry Rleny!
structure such as 2,2'-bis[(4-

car boxy- =Rh o) -(1-ada (1
adananty%#%@%ﬁﬁﬁg%y$?¥%%gé§%i%f%%£gg%%ﬁ%%—gﬁggé#ﬁﬁ%;?%%éﬁ%xy)-

h 1 -hkj . 2! - bj _ ) .5 5 - ‘
i adamenty R eaREne] BYnihs SoERIeR dRIECRY Kok Sxggpte o Firsty,

di (3, 5-di - 1c t - bi - _pht.hal i Ld_hayvi .
adamant ars rUs EEAZERE ALl Rt Pe bR BT Sy 2 ihesized
d tyl I t hal i id, 3-(2-(2- ad tyl)eth | ) pht hal i
St Y YR U BeLhoRaf R SRR ) PRl e

d tyl).eth | ) pht hal i id, 3-(2-(1-(3,5- )

i ot hyl SO RBERSAG! §pHE ety £ 4 (i ed. iz Epuope-gimethyl

di et hyl adanmant yr net hynyl ) phthalic acid, 4-(2-(1-(3, 5- , _

di met hyl fgm Bf | eﬁwgpﬁtthélpid@rat?lea ahfebige hydnolysis and acid
di met hyl adamant yr net hynyl ) pht hal i ¢ acid; isophthalic acid having an
adamant arte S§-PgEFuE8 ’éﬁéeaﬁ Ry Atsststdecivgesudiesly a dehydration

4- (2-(1-adamantyl)ethynyl )i sophthalic acid, 4- 2- ( 2'_
adamant yI9esGy-RV Ppribphefiarie aiyfride or the like is performed

thereon, thus synthesizing 1,3~bis (3, 4-dicarboxy-phenoxy)-4, 6-
diadamantyl-benzene dianhydride.
[0035]
The tetracarboxylic acid dianhydride having an adamantane
structure and a biphenyl structure may be synthesized by the

following method, for example. Firstly, dihydroxy-biphenyl



5-(2-(1- adamantyl)ethynyl)isophthalic acid, 5-(2-(2-
adamantyl ) et hynyl )i sophthalic acid, 4-(2-(1-(3,5- dinethyladamantyl)
)ethynyl )i sophthalic acid, 4-(2-(2-(1, 3-

di et hyl adamant yr net hynyl )i sopht hal i c 48i d, 5-(2-(1-(3, 5-

di met hyl adamant yr net hynyl )i sophthalic acid and 5-(2-(2-(1,3- 41
dinethyl3?anantylflethéngléiso ht hal i ¢ acid;, terephthalic acjid having
an adamantBEne'SEruGCarenaNd RO hyhytydtesdegfe P¥uthe ageaction of
5-(2-(1- dggant I)ethynﬁL)tere ht hal i ¢ acid, 5-(2-(2-

adanant yl4- ﬁVHéWFF@F@ﬁ tREFREL ¢t eh Gqemeradgmsntanget fteadamant yl )
)ethynyl)terephthalic acid and5-(2-(2-(1, 3- .

di net hyl ai‘f&ﬁﬁ&@%ﬂ*i%?ﬁ?ﬁyﬂ) fereprrrefiad adite; ‘phtHarpcdimethavi ng an
di amantyl structure and an ethynyl structure such as

3- ( 2- ( 1- ditdPEdEfe) et FyRvR9phtifalundegeargs 3lkalie hydrolysis and acid
di amantyl ) et hynyl )phthalic acid, 4-(2-(1- dianmantyl)ethynyl)phthafic
aci d and Yeatmert dpamakeyd)phyamdipmtimidtereci diexsophtdsdlyidecaatod
having a di amantyl structure and an ethynyl structure such as

4- (2-(1- =Haareonyupenbyageliscophtdtide aoi dheddfRe(2s performed

di amantyl ) et hynyl )i sophthalic acid, 5-(2-(1-

di amant ylHhetdepmy f thesphyhahesiatigl Bt HBi(s233( 2-dicarbogy-phenoxy) -

di amantyl ) et hynyl )i sophthalic acid; terephthalic acid having a

di amant y|5,st' r-ddbdeecanglani phdyny | dixdHigindde .such as 5- (2-(1-

di amantyl )et hynyl )terephthalic acid and 5-(2-(2-

di amant yl )ieoBgnyl )t erephthalic acid; phthalic acid having a
tetramantyl structure and an ethynyl structure such as 3-(2-
(1-tetramantyl het byayd)athaldgneind, hdvidg(2n alicyclic structure,
tetramantyl ) et hynyl)phthalic acid, 4-(2-(1-

tetramantpHeh@t By biphthal bfe@Cd dditbthid Zabdng a structure
tetraamantyl) et hynyl ) phthalic acid; isophthali¢ acid having a

t et r amantydy SlseUeEHr 8yaRte A, £ v Sakbure such as 4-(2-
(l-tetranantyl)ethynyyl|sophthaI|c acid, 4-( -2 - 42
tetranantwbbgb?ynyl)isophthalic acid, 5-(2-(1-

tetramantyl) et hynyl )i sophthalic acid and 5-(2-(2-
tetranantmﬁ%ﬁﬁggqybggﬁgggt@?Iic acid; terephthalic acid having a
tetramantyl structure and an et hynyl structure such as 5-(2-
(1-tetramantyl )ethynyl )terephthalic acid and 5-(2-(2-

tetramantyl) et yl) epht hal i cggci d;Rj.sophthalic acid having a

bi adamant yl stﬁxzturﬁagnd an eth?al ﬁ%thure such as 3-(2-

(3-(1,1" - bi adama ) et hynyl ) pht $#c acid, 3-(2-(2-(1,1 -

bi adamantyl )) et Bynyl") pht hali c aci (2-(3-(1,

bi adamant yl f | et yL) pht hakitcc aci 2-(2-(1,1" -

bi adamant yl f | pht hal i ¢ aci -(7-(1,1'-(3,5,3,5" -
tetranmet hyl biadamantyl) ) )ethynyl)phthalic acid, 3-(2-(2-
(1,1'-(3,5,3 ,Rostet rRmmat hyl bi alapantigby 1 et hynyfl pht hal i c acid,
4-(2-(7-(1,1'-(3,5,3 ,5" -tetranet hyl bi adamantyl Met hynyl ) phthalic
acid and 4-(2-(2-(1,1'- (3,5,3 ,5 -tetranethyl biadamantyl) )

)et hynyl )phthalic acid; isophthalic acid having a bi adamantyl
structure and an ethynyl strugcture such as 4-(2-(3-(1,1"-

bi adanantyl))et hynyl)isopht hat'tag/geid, 4-(2-(2-(1,1"-

bi adamantyl fl et hynyl )i sophthal |c acid, 5-(2-(3-(1,1"-

bi adamantyl f| et hynyl )i sopht hal | ¢ aci d, 5-(2-(%3;1,1'-

bi adamant yI )) et hynyl ) i sophf talAr —adfid, 4- (2- (F01, 1' -

(215 0y LTI SN AP
i i i jd, 5-(2-(7-(1,1 -
(353, SERGPATSEGY DO SHANAnt U1 5 (1eet F i) Ped R Fl Fee el

respectively any of hydrogen, a group having an alicyclic

structure, an organic group having 1 to 10 carbon atoms other



43 and 5-(2-(2-(1,1'-(3,5,3",5 -tetranethyl biadamantyl))
)et hynyl )i sophthalic acid; terephthalic acid having a bi adamantyl
structure and an ethynyl structure such_as
5-(2-(3-(1,1'-biadanantyl))ethynyl)ter%ﬁhthalic acid, 5-12-
(2-(1,1 -bi adamantyl fl et hynyl )terephthalic acid, 5-(2-(7-
(1,1'-(3,%53', '-tetranethxl bi adapantyl)fl ethynyl)terephthalic acid
and 5- (2-{B £f ITe¥P5NaVIBY 2R3 LtHhiC SitgyaiREey| §)hydroxyl group
yethynyl)terephthalic acid;, phthalic acid having an adanmantyl
struct ur @hd £PFRERYLeBRGAPA 224 uct urls SWgh ofs =8¢ 2=§4CQ1- —CONH-, -
adanantyl(gﬂeg%kﬁethynyIXgﬂthalic acid, 3-(2-(4-(2-

e

adamant y| eCRPnyl ) Phideamd aadi’d, 3AE2-{9-qn-aromatic group; “Y”
adamant yl ) phenyl ) et hynyl ) phthalic acid, 4-(2-(4-(2- ‘
adamant yl )&y Ofehpaip) phetiadi @i d;S-3- (2L04- nd(3¢BR-; “g” is an
di met hyl adamant y1) ) phenyfl et hynyl ) phthalic acid, 3-(2-(4-(2-
(1, 3-di netrthAssdardnty by hphenyRpetbynydypinrhald @racirdande(@xévp
(1- (3, 5-di net hyladamantyl ) ) phenyfl et hynyl)phthalic acid, 4-(2-
(4- ( 2- (1,'3dingetlhpladamantyidYmp e ety mely) pet hdehtiagl dyitd or
(2-(4-(4-(1-adamant yl) phenoxy) phenyl ) et hynyl )pht halic acid, 3-
(2- (4- (4-diZFfademintfy bhpbeobxy) pde nyHarettayniils) pht hategeaceéfl,2 bor more;
(2-(4-(4-(1-adamantyl ) phenoxy) phenyl ) et hynyl ) pht halic acid, 4-
at least one of Ry to Ry is the group having an alicyclic
structure when Rz; is a single bond; and at least one of Ra: to
Rzo 1s the group having an alicyclic structure when R,p has the
structure represented by formula (7).

In formula (6), the aromatic group, the organic group
having one or more carbon atoms, the group having an alicyclic
structure, and the organic group having 1 tc 10 carbon atoms
other than the group having an alicyclic structure are the
same as those in formula ({1).

[0038]

As specific examples of the diamine compound having an
alicyclic structure, there may be listed a diamine compound
having an adamantane structure and a fluorene structure such
as 2,7-di{l-adamantyl)-fluorene-9,9-bis(4-aniline), 9,9-bis(4-
amino-5~adamantylphenyl)-fluorene and 9, 9-bis[ (4~
aninophenoxy) -phenyl} -2, 7-diadamantyl-fluorene; a diamine
compound having an adamantane structure and a benzene

structure such as 4,6-di(l-adamantyl)-1,3-bis(4-aminophenoxy)-

benzene and 1,3-bis(4-amino-5~adamantylphenoxy)-benzene; a



(2-(4-(4-(2-adamantyl ) phenoxy) phenyl ) et hynyl )pht halic acid, 3-
(2-(4-(4-(1-(3,5- dinethyladamantyl) )phenoxy) phenyfl et hynyfl phthalic
acid, 3-(2- (4-(4-(2-11, 3- dinethyl adagantyl)

) phenoxy) phenyl ) et hynyl )phthalic acid,“4-(2- 44 (4-(4-(1-(3,5-

di et hyl adamant yl ) )phenoxy)phenyflethynyl)phthalic acid and 4-

2-(4-(4- ntyl) enoxy. henyl |) phthalic
QC|8 fsé%%?ﬁ}1|c agggﬁﬁasgﬁgg' ¥%.§%§ﬁﬁtf gﬁﬁ?éf r%ﬁ%“%€2

phenyl et ch as
adanantypygﬁjny )é%hynfo %5%ht?mﬁﬁ§?4§? %Omﬂoﬁﬁd(ﬁaYﬁng an adamantane
adamant yl eth | )i sopht halic aci -(2 1-
adanantyl%%%? %&F%e?ﬁ ?)?%B ??ﬁﬂ?(?%ﬁﬁ%%urg f(3- %ﬁa%%Pe compound
adamant yl en e i sophthalic acid, 4-(2-(4-(1-(3, 5-
i ot hy ! SR g0 Bﬁ@%y%m G TR BLARFRYE 4o {piqiaze such
(2-(1, 3- dlnetgyladanantyl) phenyl)ethynyl)lsophthal|c acid, 5-

45 (1353, B2 ReFRG r AaRNRNRSA XY ptre vy it Ry AT FTRB Bkt Hhilgheradi and
(4-(2-(1,3- dinethyladamantyl f | phenyfl et hynyl)isophthalic acid,
(4- 44 CPiSdARARLYPY PrRsrial) pHEMENPEYhy hiPREBBbht and itheadiide .

(4-(4-(2- adanantyl)phenox%gghenyl)ethynyl)lsophthal|c acid, 5-

4- ( 4K 2538RBHREDE) PREROXYYS Henhee uinpHpl NEYbPHt dral d ol crild e
(4-(4-(2-adamant yl ) phenoxy) phenyl ) et hynyl )i sopht hal i ¢ aci d,

- (4- (SueLogebmay be selected from the above-mentioned structures

i met hyl adamant y1) ) phenoxy) phenyf | et hynyl)i sopht hanc acid, 4-

- (4- (4he2ifpgy, 3n adamantane structure as a minimum unit. A binding

i met hyl adamant yl ) ) phenoxy) phenyf| et hynyl )i sopht hanc aci d, 5-

(2-(4- (410Bi(t30B- of the adamantane structure may be opticnally

(2-(
5-(2-
4-(2-
4-(2-
(2-(
5-(2-
4-(2
di
(2
d
selected from the range specified by formula (1).
{0039)]

The diamine compound having an adamantane structure and
a fluorene structure may be synthesized by the following
method, for example. Firstly, 2-bromo-5-(l-adamantyl)-toluene
and 4-(l-adamantyl})-benzeneboronic acid undergo a Suzuki
coupling reaction, followed by a fluorenation reacticn and a
fluorenonation reaction to synthesize corresponding 2,7-
diadamantyl fluorenone. The corresponding 2, 7-diadamantyl
fluorenone is subject to a dehydration reaction with aniline,
thus synthesizing 2, 9-bis(4-amino-phenyl)-2,7-di(l-adamantyl}-
flucrene. Also, ¢,9-bis[(4-aminophenoxy)-phenyl]-2,7-di (1-
adamantyl)-fluorene can be synthesized as follows: firstly,
fluorene bisphencl having an adamantyl group is obtained by a

dehydration reaction of 2,7-diadamantyl fluorenone and phenol;

the fluorene bisphenol is etherified with 4-fluoro-



di met hyl adamant y1) ) phenoxy) phenyf | et hynyl )i sopht halic acid and
5-(2-(4-(4-(2-(1, 3- dinethyl adamantyl)

) phenoxy) phenyf | et hynyl )i sophthalic acid; 45 terephthalic acid
havi ng an adanantyl structure and a ph% yl et hynyl structure such as
5-(2-(4-(1- adamantyl)phenyl)ethynyl)terephthalic acid, 5-(2-(4-(2-
adamant yl ) phenyl) et hynyl )terephthalic acid, 5-(2-(4-(1-(3,5- )
dinethylé%@ﬁﬁ#%?%ﬁfﬁhe%?#)gFﬁ 5T ) e rBsifeRsse 2al ﬂ?égl?@-KQﬂCtlon'
(2-(1, 3-di t%ﬁladanantyl) ) phenyl ) et hynyl )t erephthal i c acid,
5-(2-(4-(4 £ damant yl ) phenoxy) phenyl ) et hynyl) t er epht hal i ¢ aci d,
5-(2-(4-(4-(2- adamanty|)phenoxy) phenyfl et hynyl)terephthalic acid,

5- (2- (4- (4_(1_F§?5d1am1ne compound having an adamantane structure and
di met hyl adamant yl f | phenoxy) phenyfl et hynyl )terephthalic acid and
5_(2_(4_(@qupqpf§35tructure may be synthesized by the following

di met hyl adamant yl f| phenoxy) phenyfl et hynyl )terephthalic acid; phthalic
aci d havityreddi éﬁﬁn??ﬁn@{? uctiliistdnd dippengdetibgnganes thawdingr ensuch
as 3-(2-(4-(1-diamantyl)phenyl)et hynyl)phthalic acid,

3- ( 2- (4- (Hagiaavaney BFphenyte el hiysyidhsistinald byachd, rda¢2ion of
(4-(1-di amantyl ) phenyl ) et hynyl )phthalic acid, 4-(2-(4-(2-

di amant yl)gseaeinpét Ry nbf Lpht dradadarsoitthne3- (Phé 4di{ydrboxy benzene thus
di amant yl ) phenoxy) phenyl ) et hynyl ) phthalic acid, 3-(2-(4-(4-(2-

di amant ylohildmexy fphehiky ef hyaw )gihtdradlve racndt rdbéRzérde ( F(xl-her, it
di amant yl ) phenoxy) phenyl ) et hynyl ) phthalic acid and 4-(2-(4-(4-

(2- di amaninerploeBoxy kphenyidethyaut )t hakisc sgatHesisophithad-ia @ci d
having a di amantyl structure and a phenyl et hynyl structure such as
4- (2- (4- (randinarant-y|, 3pbesyd) @t ivepHacsgnbbiakigeaci d, 4-(2- (4-(2-

di amantyl ) phenyl ) et hynyl )i sophthalic acid, 5-(2-(4-(1- 46

di amant yl )iphenyfl et hynyl )i sophthalic acid, 5-(2-(4-(2-

di amant yl) phenyl ) et hynyl )i sophthalic acid, 4-(2-(4-(4-(1-

di amant yl ) phenoxy) phane eldhgiyind saphhhakih Ca@bhtht A 2thdetbre and a
(2-di amant yl ) phenoxy) phenyl) et hynyl )i sophthalic acid, 5-(2-(4-

4-(1-di I Il thal | i i P
(405 L b oesen) e0s ok RN B 28 A ocron

t er epht hadd ' avi I a L yl

Struct ure Cuch ag 8T A oS SRR A B SR

acid, 5-(2-(4-(2- .di [ )terepht hal,i.c acid

5-(2-(4-%§¥§§1g§!gg%ﬁ???;% %ﬂ%ﬁg%%%gﬁ%lQét y%§1?f%r€%ﬁﬁ¥é%?x facid and

ot hal | ¢ e TN, PRG ol TR PR Goa Ul L Al ey eBLRpAg| Chos

structure.such as.3-(2-(4:(1- tetrama | ) phenyl) et hynyl )phthalic |

aci d, 3_(%&€&p %-lFe%E%%5h§§$35ﬁﬁﬁyfr3§%$ﬁ§ryﬁﬁfﬁﬁf?%é %1§£“Q%er' 1t

Cet 1 ananCYTFBRERSI FoERIRGF S P HEATh S A8, PABEASp LS 2,2 bis (4-

t et ramant yl.) phenoxy) pheny| ) et hynyl ) pht hal i ¢ acid, 3-(2-(4-(4-

(2-tetraﬁ§ﬁ€§Pﬁﬁﬁaﬁ8 y§p%e“ siﬁéﬂﬁﬁﬂnﬁgﬁﬂﬁappbeazid, 4- (2- (4-

(4-(1-tetramantyl ) phenoxy) phenyl ) et hynyl)phthalic acid and 4-

(2- (4- (4- (29¢édramant yl ) phenoxy) phenyl ) et hynyl ) pht hal i ¢ aci d;

i sophthalic acid having a tetramantyl structure and a phenyl et hynyl

structure such aBoR-Fynfhesiringesr RRARLYLYPhessi) ateawispirsbphil hal tlee

acid, 4-(2-(4-(2- tetramantyl)phenyl)ethynyl)isophthalic acid,

5- (2- (4- (Bkructure represented by formula (1), a tetracarboxylic acid
dianhydride having the structure represented by formula (4)

and/or a diamine compound having the structure represented by

formula (6) 1s used.

In the case of using the diamine compound comprising



47 tetramantyl ) phenyl)et hynyl)isophthalic acid, 5-(2-(4-(2-
tetramantyl ) phenyl ) et hynyl )i sophthalic acid, 4-(2-(4-(4-(1-
tetramant yl ) phenoxy) phenyl ) et hynyl )i sophthalic acid, 4-(2-(4-
(4-(2-tetramant yl) phenoxy) phenyl ) et hyn @)isophthalic acid, 5-
(2-(4-(4-(1-tetramantyl)phenoxy) phenyl ) et hynyl )i sophthalic acid and
(2-(4-(4-(2- tetramantyl ) phenpoxy)phenyl) et hynyl )i sophthalic acid;
terephthéﬁFEQ£9W§ hﬁyﬁﬁa a%g f 1A PGEUGPe TaREe 28BNt hyny |
structure_such as 5-(2-(4-(1- tetranantyl)phenyléethynyl)terephthal|c
acid, 5-(% r(“ﬂﬂ(ﬁz( o et FEmhRt JPY JHRGRASAEh Ry UpeekBpht fiaf 3 carRaxylic
5-(2-(4-(4-(1- tetramantyl)phenoxy)phenyl)ethynyl)terephthalic acid
and 5- (2- aC(wi CaaphyesifanBat iy pHh o sTemel FePhgagh e riep Hidranile
acid; phthalic acid having a bi adamantyl structure and a
phenyl et hifdyassthgctaEsasathonsl B (@i dignpydride. For example, it
bi adamant y1)) phenyfl et hynyl )phthalic acid, 3-(2-(4-(2-(1,1"-
b|adananﬂyiﬁﬂé@@ﬁ?fF@th?ﬁy&)ﬁﬁﬁﬂﬁﬂaRSQ¥ﬂhdc 4cfgd- d4afiByqddide -having an
bi adamant yl f| phenyfl et hynyl )phthalic acid, 4-(2-(4-(2-(1,1"-
biadananﬁ@ﬂ%%mﬂényBteuhynyé)iﬁnﬁkﬁda:odbP@x”Bo@Zf@ﬁm@ﬂa(ﬂﬁﬂ;-which is
(3,5,3,5 -tetranet hyl biadamantyl)))phenyflethynyl)phthalic acid,
3-(2-(4- (e Eo¥mul 3, 53R 5'int ébriawkd hyd) . That is, a tetracarboxylic
bi adamantyl1))) phenyl ) et hynyfl phthalic acid, 4-(2-(4-(7-(1,1"-
(3,5,3, Hcidetianby iyl dbi hskatmntanl )an)iphenyk) et bysyl}ohtdal ineiacicdain
4-(2-(4-(2-(1,1'-(3,5,3,5 -tetranet hyl
bi adamantykiEbEhenyl bet yay! ) pat, haki ehact g rdcd Zodsdriid G3id
(1,1 -bi adamant y1) ) phenoxy) phenyl ) et hynyl ) pht hal i ¢ acid, 3-(2- 48
(4- (4- (2dibnhyolh adamant ¥dyd ehanaxnikhery k) a&@may&ip&u& gk 1%%@ no
4-(2-(4-(4-(3-(1,1' - biadamantyl) ) phenoxy) pheny Iethynyl)phtha iC
aci d, 4- (g bdvifig- b4, A1 s @MUYk ure may be used. As the
)phenoxY)pheanIethYnyI)phthaI|c acid, 3-

(2- (4- (4-tefriatatbokPi be3ac i -d 0l gl 1 Licvel
b|adanantyl)))Shenogy)%h%%yl)éﬁhiﬁ&%?bhthgrﬁggag?da %E%%:?ZStruCture

(4-(2- (1,1} »(Ra3n3cn2int €hé le, th
b|adananﬁylf))Shgngxyiﬁheny thynyl)ghmﬁaffc act d may(%?(%fSted a

4-(7-(1 t
f)l ac(zlam(antti/et) %Eg}gﬁg}éy}phgﬁl I etaﬂmryqr) glvllf:1 a%?da%andanta(nf
(4-(4- (Zs(t]ﬁ.l)tuggfn r?té% eﬁtfhs ch ag. %31)13

bi adamanty phenoxy enyf SHCE &8 |sopﬁ%hé]ic acid

12 O S AL AR DL R gD

5 (2. (4. CIETTIo0) AAERRRTST THING FErhy AP P EaRRnalT Eoit i, 2. (2.

Eg Ei E%HFTH1C%dgggQ%¥%é%PP§P ééég:%%yﬁgglg%pg&gggﬁgagglgLrﬁtture such
bi adamantyl ))phenyl)e nyl)isophthalic acid, 4- s 4-(2-

(1,1 - (335 1553, faii arBp Ay PIRTRHACERNP I PSR Ry E| &t iynyl )i sopht hal i ¢
acid, 5-(2-(4-(7- (1,1'-(3,5,3",5" -tetranet hyl

bi adarrant%%f)a)rjvﬁﬁéfﬁ?ﬁné%hyﬁwyarst@g’fﬁ h&isd 3adi-d, 5-(2-(4-(2-

(1, 11- (3 31,5 -tetranet hyl b|adanantyl)))phenyflethynyl)lsophthal|c
aci d, q;q@¢bpzypgenyl ) tetraamantane and bis(3,4-

dicarboxyphenyl)hexaamantane; a tetracarboxylic acid
dianhydride having a plurality of adamantane structures in a
main chain thereof such as bis(3,4-dicarboxyphenyl)
biadamantane, bis{3,4-dicarboxyphenyl)triadamantane, bis{(3,4-

dicarboxyphenyl)tetraadamantane and bis (3, 4-



49 (1,1 -bi adanmantyl)) phenoxy) phenyl ) et hynyl )i sophthalic acid, 4-
(2-(4-(4-(2-(1,1' - biadamantyl) )phenoxy)phenyfl ethynyl)isophthalic
acid, 5-(2-(4- (4-(3-(1,1'-biadananty|%

) phenoxy) phenyf | et hynyl )i sophthal ic acPd, 5-(2-(4-(4-(2-(1,1" -

bi adamantyl) ) phenoxy) phenyl)ethynyl)isophthalic acid, 4-(2-(4-
(4-(7-(1,

bi adamant I}¥$%%g%é§3§3hE%%?gg%ﬁ%%QQS?%dbﬁ?ﬁ&PFErEEFH}iﬂ-?%id

(4-(4-(2-(1,21'-(3,5,3 ,5 -tetranet hyl ,
biadanant%ﬁﬁﬂ%?ﬁ&éﬁ&xi?ﬁﬁ@ﬁyF?e?H§?$HQQQﬂﬁﬂnq%%rﬁ8faéFd?t%@¥ibond and
(4-(4-(7-(2,2'-(3,5,3 ,5" -tetranet hyl _

bi adanmantdf)AYPRETERE) FRERTEYES hyh T JTWb STHEG énadfamaneans
(2-(4-(4-(2-(1,1'-(3,5,3,5" -tetranet hyl

bi adamantSAATEEEnEXy FpRERTR L BE Nyl | 9dastsptiengl sEruetdres epephtatalli 8-
acid having a biadamantyl structure and a phenyl et hynyl structure
such as BiA34-@3carbexyprheaerayamdanantsneny £l 8thyayd)4erephthalic
acid, 5-(2-(4-(2- (1,1 -biadamantyl) )phenyflethynyl)terephthalic
aci d, 5- (@Eqagbogyrhenexy| 3adaBantting ethian®t Hyldicarboxyphenoxy)

bi adamantyl))) phenyfl et hynyl )terephthalic acid, 5-(2-(4-(2-

(1, 1' - (3, G,a8Blanfaneet basdt hytdibdadaoryrneboryphemy hinethyny| )dbier Epht-hanc
acid, 5-(2-(4-(4-(3- (1,1 -biadamantyl)

) phenoxy )dikenybkephgnpkyl et ephidiedritcarasi this53( 2-04chdbéRyttaribzy)

bi adamantyl ) ) phenoxy) phenyfl et hynyl)terephthalic acid, 5-(2-

(4- (4- (7HekabmabBahed' bB5{B et ran@iMmbky@noxy) biadamantane, bis(3, 4-
bi adamant y1))) phenoxy) phenyl ) et hynyl )terephthalic acid and 5-

(2- (4- (4-diZalbokyphdnbx3) , brid@imai®idy,| bis(3,4-dicarboxyphenoxy)

bi adamant y1))) phenoxy) phenyl ) et hynyl )terephthalic acid; and the |ike.

An adamanierieasaidatHhe, 0bit e, Hr ik IR ABx3) | BY¥ShhgaRdfusidlr e
may be sel ected fromthe above-nentioned structures having an

adamant ang $ii4qBYue 428 a db 8k Pl AR MR Idherd 1D RALAGNPOSEL i P Of; e 4-
adamant ane structure nmay be optionally sel ected from t he range

SpeCifieQﬁQ%;E%&ﬁubﬁeﬁéky ﬁé%@iﬂ adamantaﬁghebnggt@Qﬁyééfb5§§ij

conpound havi ng an adamantane structure and a flubrene structure may

be Synthgﬁk%%QyBﬁehgﬁ)fakgﬂ .{ghé¢ﬂﬂygi3,mQﬁigéggg%gg?ﬁ%ééééﬁhenyl)

2- brono-5-(1- adamantyl)-toluene or 1-brono- mant'ane,
d 4 ] : b . g . .
Feact] on, 7o [ oGed by et lor oraty o Sas a1 bR ArS

ti . t [ ' I+ di_ad tyl fl
207 (3 N Ay et BB RO A e 2R  cepbfin T
2, 7-di adamant yl f1 . : .
> 7 (SRR SRR ) rasnaans B act-tiraho-
dehydrati [ ith.nethyl b te t btaip fl di_net hyl
di benzoat B WA RY AN Ak bALGT B Uty FANGH e LR BPBKY <P ARt BTy 1)
treatnent are perforned thereon, thus synthesizing
9, 9- bi s( &ATHBORTAPRERG 170, B3| JkirmAAOYoPERBOX PRV ) uor ene
bi sphenol havi ng an adamantyl group, which_ is an internediate
react ant SFIAFCSERTESPRENSNA CHRPOLEE syAthaskgl 950w HIGH iasd awmehhyl

nmet hyl 4-fl uorobenzoate and then
group, an ethyl group, a propyl group and a butyl group: a

fluorocalkyl group such as a fluoromethyl group, a fluoroethyl
group, a fluoropropyl group and a fluorcbutyl group; and the
like may be bonded to the adamantane structure or the group
having an adamantane structure. Solubility in a solvent and

heat resistance can be further improved by introducing an



51 subject to alkaline hydrolysis and acid treatnent, thus

synt hesi zi ng 9, 9- bi s[ (4- car boxy- phenoxy) - pheny1l] -2, 7-

di adamantyl - f | uor ene, 9,9-bis[(4-carbo§ - phenoxy) - pheny1] - 2, 7-
di (3, 5-di met hyl- 1- adanmantyl)-fl uorene. ?0051] The

di carboxylic acid compound having an adamant ane structure and a

benzene stuct y nt hesi.zed by .the foll ow ng nethod, .for
exanpl e. %ﬁ%ﬁ%:gf%ug?hy§§%§§%%nf%%€ l&ﬁ%ﬁanaﬁlg%aﬁéﬁﬁ §FW&E€&PEGFS
synt hesi zed by, the reaction. of resorcinol wth 1-bronoadamant ane or
1- br ono- F 5 STHRCAV AdafaRt SRETTTHEH ‘oxybenzene is etherified
wi th nmethyl 4-f|uoyrobenzoate and then subject to al kaline hydrolysis
and acid treat n@fit “ ¢h %tﬁﬁﬁﬁéhﬁﬁﬁﬁlﬁgaf}§-SFE?QYdrlde comprising no
carboxylthenoxy)z4,6-diadanant | - benzene or )

1, 3- bi s( ARV Eh8RoRY T SACEL @i { I U TS fet Fere- Ba¥rantiAgted 9, 9-
benzene. [0052] The di carboxylic acid conpound having an
adamant arfd e dcCdraTRRIYRP BRpheRlHo e retigna yRajdpe %y%ﬂ%@%ﬁkﬁ@rﬁy
the follow ng nethod, for exanple. Firstly, dihyd(oxy-bighenyl havi ng
an adamartiyfdtesyphescsyhr Resr vl bionaneWdaahyenide, 1,3-bis(3,4-
2, 2" -di hydroxy-bi phenyl w th 1-brono-adamantane or

1- br onp3,B-cgirperiphasarihbaneenahdi afityddrichey - Bi ghehys ({3, &t herifi ed
wi th nmethyl 4-fluorobenzoate and then subject to al kaline hydrolysis
and aci d diceabeeirhenhuy) byphémsl zbichrhy2irilgies p4d the like.

car boxy- phenoxy) -5, 5' - di adamant yl - bi phenyl , 2,2'-bis(4- 52

car boxy- pH€R6Ry) - 5, 5' - di (3, 5-di net hyl- 1- adamant y1) - bi phenyl . [0053]
For synthesi zi ng a pol ybenzoxazol e resin precursor having the
structure repredenties dysd arimisd nglxheatbt sacarbhaoghenclcigonpound
having the structure represented by formula (4) and/or a dicarboxylic
aci d conpoamtyhaidegcbhprssingtihe qepesentied bieformye{b) is
used. In the case of using the dicarboxylic acid conmpound
conpri si ng riukeugeouppbavenged hey atdayald g 4ast r uet Us endeplRRRed by
formula (6), it is not necessary to use the bis-o-am nophenol
conmpound Jxvithg themsheusbdbSuh® 56N etheb¥ihabiula fddraseddi®l by
bi s- 0- am nophenol conpound. For exanple, it is allowed to use a

bi s- 0- am MERNEAC! 6§OABOHAE Aavhiie MbrddBYC! | BoStdUGldie i1k pkace of
"Ar" of formula (5), which is the formula of Rhin formula (4). That
i's, a bisnaapkaopRengk §oaPORNK: %ﬂﬁ&rﬁf‘h@lv!iﬁécghcaﬂé}ﬁ@i[i eina
mai n chain thereof may be used. O, "as the bis-0-am nopheno
conmpound, I S5-0- api nok qggﬁri Lhg . QL O ving an
aIicycliéﬁgfgﬁgf%rgﬂhggggg ﬁ%e : Agﬂ?%g |s?032?hog %%%Iﬂggﬂg%und
havi ng a i gycl.l-CSt r:uc I i ai,n there for exanpl e,

t here na?k%%hﬁ¥s#EdR3’6?§?§gﬁy%gp ggglq%%%p&%hdghé%%%%n%ﬁxglf 31t ane
structure j [ hai n. t her eof. such as 1, 3-bis(3-am no-4-
hydroxyp%@ﬁ@ aggné%gﬁ E?lﬁ,iﬁ TS Fain SR QRS may be

hydr oxyphony ) adamant ane, o Fihies (4R2m0g; % BYdrexyRhnyl) adanant ane

comprising no group having an alicyclic structure may be used.
As the diamine compound having an alicyclic structure in a
main chain thereof, for example, there may be listed a diamine
compound having an adamantane structure in a main chain
thereof such as 1,3-bis(4-aminophenyl)adamantane and 2,2-
bis(4-aminophenyl)adamantane; a diamine compound having in a

main chain thereof a group having an adamantane structure such



hydr oxyphenyl ) adamant ane; a bi s- 0-am nophenol conmpound having in a
mai n chain thereof a group having an adamant ane structure such as

bi s(3- anmi no- 4- hydr oxyphenyl ) di anant ane33bi s(4- anmi no- 3-

hydr oxyphenyl ) di amant ane, bi s(3-am no-4- hydroxyphenyl)tri anmant ane,
bi s(4-am no-3- hydroxyphenyl )triamantane, bis(3-am no-4-

hydr oxy phehyl)s dreadmerhans ) 81 atantaneao<gds (4-

hydr oxyphenyl )t et raamant ane, bi s(3-am no- 4-

hydr oxy p rEmylodheydrint anenbade bilsi = aramiocPhenyl) tet raamantane and
hydr oxyphenyl ) hexaamant ane; a bi s-0-am nophenol conmpound having in a
mai n chailig Hergdhoghghyl dhekyadnigrroups dvinigeancagdammati@neing in a
structure such as bis(3-am no-4-hydroxyphenyl) bi adamant ane,

bi s(4- ammo-r3-dippdmoxyphieny| & blackneint arfe,groups having an adamantane
bi s( 3- am no- 4- hydr oxyphenyl ) tri adamant ane, bi s(4-am no- 3-

hydr oxyphemyddthurieadanhnbane) s bd s{BtrespHarAd-) biadamantane, bis (4-

hydr oxyphenyl ) t et raadamant ane, bi s(4-am no- 3-
hydr oxyprwnyio)mmwadaﬁraam@ﬁtaxbé,s(&@Mﬁ@ﬁﬁoghenyl) tetraadamantane
hydr oxyphenyl ) hexaadanmant ane and bi s(4-am no-

hydr oxyphefy lnikexaadanBphanel ) Hefd Safnatnephenak afOAROMREL Qe Ng i n
a main chain thereof an adamantane structure, a group having an
adamant angwiguGhUkemaknacRh i alhd Yo OF QPR NBYLATaAN AdABRLARG e
structure and an ether bond such as 1, 3-

bi s(3- am 4394+ r oxy X .@gangg =i - am. no- 4-
hydroxypﬁgﬁﬁé§?%%énén?g§g? %%3-b s(4%§%Fﬁ§F PQ stiuBlung-¢s a

hydroxyp%@%i%ﬁ%ﬂ%?@@ps Zhgx'r%iigs(a% aégf?\%héine structure such as

hydr oxyphenoxy ane, bis(3-am no-

hydrOXYpW?Qﬁﬁﬁ%%hagﬁ@héﬂﬁen9%§{§aéﬂgﬁ¥ﬁﬁ%' Byﬂtgg¥ggsnoxy>dianantane1

bi s( 3- am ro- hydr oxyphenox riamant ané, "Bi's m no- 3-
hydr oxyp [ i s(3:.am no-4- . .
nydr oy RS EEe PR ARaan e i ngpnenony) diamantane, bis(e-

oy LSRR AEe L 2R B85 Kononony) ot raanantane,
hydr oxyphenoxy) hexaamant ane, bi s(3- am no- 4- hydr oxyphenoxy)

by adamantt BB RE St et et
bi s(3-am_no-4- hydr oxyp enzxy;tria amant ane, bi s(4-am no- 3-
hydroxypﬁ5ﬁ6§§f¥gﬁﬁaa nf AR RIENgH T frdadamantane, bis (4~
hydr oxyphenoxy)t et raadamant ane, bi s(4- am no- 3-
hydroxypH@Hﬁ%%%@@??ﬁéaﬁﬁﬁﬁ?éﬁmﬁn?ﬁ%ﬂékﬁ%ﬁ(ﬁﬁ-4-

hydr oxyphenoxy) hexaadamant ane, bi s(4-am no- 3- _
hydroxypH@H@%W%ﬁé?&ﬁﬂHﬁﬁﬁ?@@ﬁﬁntaner 1,3-bis (4-amino-

1, 3- bi s(3- am no- 4- hydr oxyphenoxyphenyl ) adamant ane,

2, 2- bi s( R@RoxIPheRyd) sl gpherandperdrdiaddmantane,

1, 3- bi s(4- am no- 3- hydr oxyphenoxyphenyl ) adamant ane,

2, 2- bi s( #h@mioxyr3ehyd) styphetwxsypHers/d-addament ane,

bi s( 3- am no- 4- hydr oxyphenoxyphenyl ) di amant ane,

bi s( 4- amperdxlypiroyy pheanxyphesny )ik @rantiace,

bi s( 3- am no- 4- hydr oxyphenoxyphenyl )t ri amant ane,

bi s( 4- ampendxdyptieayy phehaxypteaty| )dird @rartiane,

bi s( 3- am no- 4- hydr oxyphenoxyphenyl ) t et r aamant ane,

bi s( 4- amigend=ypteayy phetoxymnemid t eliisxarantiane,

bi s( 3- am no- 4- hydr oxyphenoxyphenyl ) hexaanmant ane,

bi s( 4- ampiend=ypaeaxy ) hebBafhietney phenyld-hax adnBALABRyphenyl)

bi s( 3- am no- 4- hydr oxyphenoxyphenyl ) bi adamant ane,

bi s(4- amyierBmandaaxy PRE8 oxyAReY.ldhdN RLAN€ i adamantane, bis(4-
bi s(3- am no- 4- hydr oxyphenoxyphenyl’) t ri adamant ane,

bi s(4- am AA3-PrdnexyRIEAPXYPhENY dd 4 AdaBALANE 5 (4-amino-

phenoxyphenyl) hexaadamantane; and the like. An alkyl group



[ 0054] In the case of using the bis-o0-am nophenol conpound
conprising the group having the alicyclic structure represented by
formula (4), it is not necessary to usg t he di carboxylic acid
conmpound havi ng the structure represen &d by forrmula (6) as the

di carboxylic acid compound. For exanple, it is allowed to use a

di carboxylic¢c acid conpound having an .alicyclic structure in place of
e of TR (7] WL ATPEP( heh ORI £ 551Bro6 PROPEE TSR 670 Phat

is, a dicarbaxylic acid _compound having an alicyclic structure in a
mai n chai‘nﬂﬁgﬁ§8PPWa§ EgugEBﬂrkxi,gEﬁﬁhtﬁ¥%E @&r BoxyPPECRRTRYL group,
conmpound, iidicarbgf l'ic acid conmpound conprising no group having an
ali cycli @ ST Vi@ BEP us dt 1T IRCRYic 4158%y BPE acf o

having an alicyclic structure in a nmain chain thereof, for exanple,

t her e -mayP ¥R S0 thGakakeahani Rartndad Eoadihg, adamantane structure
bi adamant anedi car boxylic acid and 57 tetraadanmant anedi car boxylic
aci d. Fur?héiie gFoark PRVERgupn sadamaanarstijctgreup, Sembdiiyly dnoap,
a propyl group and a butyl group, a fluoroal kyl group such as a

f | uor onetdBAvagitodpd Jeptuseaesiytcyraup bea Muirgbeopiopybved dup and a
fluorobutyl group, and the like nmay be bonded to the group having an
adamant anigtstadystinge anSel kbl | grgup n Fugtheent sapst hisdtiaresiishance can
be further inproved by introducing an al kyl group. Further,

subst i t utfiorondineh chhtoibneesond ridditasidro ineddefleonria cbedteottr. C
const ant . As the dicarboxylic acid conpound conprising no
group havi ng ankal tioy cdliamiste uekpoandt benprimyndend igid Da%ing an
bi scar boxyphenyl f | uorene, 9, 9-bi s[ (4-car boxy-phenoxy) -

phenyl | f laldregma,icl sBrhts(4e cathoxy -mphenexi)yikesdenes-Bi 2 4-

bi s[ (4- car boxy- phenoxy) - phenyl | bi phenyl and the I|ike. In a
conbi nat izoni lghel) Fa ublk-ene; agj aaphenpd - campmee oard -gheay bpxmlderei d
conmpound, both of the conpounds are preferred to have a group having
an al i cyal,i%-1sis(Uchinh BobRe REEY - héh Liaai B 2 pglixbgnzoxazol e resin
with |ower dielectric constant and excellent heat resistance. Mre
speci fi calndhophlenbkyPHEHREAPL Cal® wRe 1t bi S- 0- am nophenol conpound
having the structure represented by formula (4) and the dicarboxylic

acid conpound hayi DO-448: i Wee hePkes et et by, f @éi{aegﬁ%?hwme

bi s- 0- am nophenol conpound having the structure represen

formia (ha ahd Whendheacbioxdhid, anlth AN NBYLAG: Al Lk

structure in a main chain ereof, and t i carboxyl'1 ¢ aci'd conmpound

having s, SlldClubeoLBPRESERL ot B s RRHA MULACLR) AN INE: o
bi s- 0- am nophenol” conpoun aving an alicyclic structure in a main
chain thqkﬁlr. i r_synthes m no

conpound an 1@i€aP8%¥%W#§egg!%l%t %ﬁhf%gﬁﬁfﬁé g%$gé€ﬁéﬁt'%ﬁ%£¥QEf§nd

Pam noP e iRIROEAdR 209; SLEALEO LS 886 EPURPHDYS MY DETLXEE.
to use the tetracarboxylic acid dianhydride having the
structure represented by formula (4) and the diamine compound
having the structure represented by formula (6), the
tetracarboxylic acid dianhydride having the structure
represented by formula {(4) and the diamine compound having an
alicyclic structure in a main chain therecf; and the diamine

compound having the structure represented by formula (6) and

the tetracarboxylic acid dianhydride having an alicyclic



[ 0055] A nmet hod for producing the pol ybenzoxazole resin
precursor will be described further in detail. For exanple, a
pol ybenzoxazol e resin precursor havingsgan adanantane structure can be
obtai ned by the reaction of the bi sam nophenol conpound havi ng an
adamant ane structure with the dicarboxylic acid conpound having an

adamant ang. StAUGIUNS 4ARa2R gﬁg@gl@héga%fﬁ s reaction nethod, for

exanpl e, there may be nentioned the acid chloride nethod.

Specifically, inshh (g{ff%g{:%xe%fesgogattglﬂégga%&g%%ffc acid dianhydride

N, N - di net hyl f or mam I carboxyl T ¢ aci an ‘excessi ve'anount
of thiony, Qs rer ted at roomtemerature to about 130C
After evé%%f2%%ﬁgg§&§8530§ﬁ§0%€?3%rﬁ%ﬁﬂ(¥ eb?%ﬁggtWﬁa£ﬁ%@% reduced

pressure, residue is recrystallized with ol.vent such as._hexan
to obtain Hi'CHFBERN %Cagi‘:ﬁgc#r%rﬂkf@lags L %é%{“}n?h%%ﬁ’%%}%mm ge
acid chl orjde, thus obtained, and, t he bi sam nophenol conpound are

di ssol ved™ % %’& &P%@W%ﬁ%zgﬁwas N- net hyl - 2- pyrrol i done and
N,N'-dine%g%ug?etanide, and reacted at -30C to about room

t enper atur€,” "Or at roomtenperature to about 80C or less, in the
presence of an acid 59 acceptor such_as E ridine, thus obtaining a
pol ybenzoxazol e FRs? MyrRRi<Hr PERPREG ENn gﬂaﬁ%&ﬁ?ﬁﬂ?%ﬁﬁﬁQ&ﬁuFéﬁl%
nunber of repeating units of the precursor is not specifically
linited RACPIESCEr abPy RO Det othie oOG.vyhemgorsEelpr et mMELRITGPTS t o
100. If the nunber of repeating units is in the range, especially

sol ubi | i tSATam® WHERADER Py Bhe msadiienwf a bis o-ampgemwhalf the
acid chloride nethod, the active ester nethod may be used. In the
active esta@mrawichedthf or degarpdeyl ezl icampbusdt vsing tPreparied by
reacting the dicarboxylic acid chloride and 1-hydroxybenzotri azol e,
and t he edtleridenpethddi saceave esbtwint metthedbiosamhaophkesol conpound at
roomtenperature or above as aforenenti oned. Al so, a termna
end of thd00dsiln precursor nmay be reacted with a nonofuncti onal
carboxylic acid conmpound or an o-am nophenol conpound. Solubility in
a sol vent and heattiieshst-ancanicapheaciuctigsuhdpipwady taherehyyclic

As the nonofunctional carboxylic acid conpound, for exanple, there
may be |istrettherzoyheebl asydee reradaimmat v vherzobsiaehertdl Gomdevand
the like. As the o-am nophenol conpound, for exanple, there may be

listed 2-tatinephesoktrdctadanbddydssdrad mPFerRRk1andsf he 1ike. [0056]
In the present invention, as a nethod for dehydration and ring

closure reacti ofsofpdder LOMNQARA RAKENENE DB §T & LUGh K SHHLR1CSBRLEARDY
formula (1), for exanple, there may be |listed a heating nethod, an

irradi at iRy iRt Redatskpg12n SELiMEIRNC B re may be listed a
bisaminophenol compound having an adamantane structure and a
fluorene structure such as 9,9-bis(3-amino-4-hydroxy-phenyl)-
2,7-di{l-adamantyl)-fluorene, 9,9-bis{3-amino-4-hydroxy-5-
adamantylphenyl)-fluorene, 9,9-bis(3-amino-4-hydroxy-phenyl)-
2,7-di(3,5-dimethyl-l~adamantyl)-fluorene, 9,9-bis[ (3-hydroxy~
4-aminophencoxy) -phenyl]-2,7-di (1-adamantyl)-fluorene, 9,9-
bis[ (3-hydroxy-4-amino-5-adamantylphenoxy)-phenyl]—-fluocrene,
9,9-bis[ (3-hydroxy-4~aminophenoxy) -phenyl] -2, 7-di (3, 5-

dimethyl-l-adamantyl)adamantyl~fluorene and 9, 9-bis{4-(4-



60 ray such as a microwave, visible light ray, Uv-ray and X-ray, and
using active radiation such as an el ectron beam and so on.
Hereinafter, nmethods for closing rings of the polyimde resin
precursor and pol ybenzoxazol e resin préBursor will be described.

In the present invention, a polyimde resin is obtained by
dehydration and ring closure reaction of the above-nentioned

pol yi mi dBdQ 7 " preEarYoP -agyreikahienaxyd rehgnsl ket nbusl uargnes @
carrying out a reaction by heating in a tenperature range of 150 to
300C for HiSARiRCRGEES 1t soRRORMErRAVING &d adeRgnirnA Shryalurmand a
irradiating with an el ectron beam In the present invention, a
pol ybenz B&iEsIne séshAtiRseopual nedl bys-ddlpy(dravidoaxand-anhnp ey -
reaction of the above-nentioned pol ybenzoxazol e resin precursor. For
exanpl e, 4Mferddagemantyhodsneerd, as, TdriniSnyydubxa-feamingrb-by heating
in a tenperature range of 150 to 425C for five mnutes to 24 hours,

i rradi at iadpnaeintly lovenayyandenzerali at ifrglivilt-adanastett + bn3-Heianid{ 0057]
In a method for preparing the pol yphenyl ene ether, for exanple, the
pol yphenydneme-Sthgrrocapphenobky dhareckrny, tdhé&-Hedst beaimétiay bilsphenol
conpound with an aromati c conpound having a difluoro group under

basi ¢ condidrisongl)FQO58bik N4 dameidrad-Hyalrofiy@panbRy) béezad yesteedl (Ber
exanple, the 61 polyester can be obtained by the reaction of a

bi sphenol (HevRawadhyi t h-adsheat Popyl3 G -G ind taQIPoUadahyn {18 jaai,d -

chl oride method or the active ester nethod. [0059] As the

bi sphenoly icompawado-BohyexaspbigendRenRnmnbe 1| Bshed a4 sihenol
conpound havi ng an adamant ane structure and a fluorene structure such

as 9, 9-bi 60X Y2 RBERY L) piRerdox PitAdAEAAL Khaf | uor ene and
9, 9- bi s[ (3- hydr oxy- phenoxy) - phenyI]- 2,7-di adamantyl fluorene; a

bi sphenoly ,@%qungdagghegl Dy 25lanBntAng 1S 4chYh o 2P ds 2 RGNARNA -

structure such as 1,

i S(3- hy dixihheantuhe4, 8- Gl adpimy ﬁogﬁ?%ﬁpgﬁné RLsplengl conpound

havi ng an adamant ane structur a na alene structlre; a

bl sphenol, LAEPeURd DRYLB0.A0 ARTANLANG ;OhENE! UER,BAG an ant hr acene

structure; I spnenol conpou g an adamantane structure and a

bi ph | .st h 2,25 - di.hyd -5. 5" -diad t.yl - bi |
and 2. 3 “oretioHbRRRYS RSyl sl AR s rE B Brer e b Tho o
l'i ke. Ther%%&gpg%angtsgé cture Sbe selectzd fronlthﬁ? .
above- nert’ oned "8t tet ures %aV|ﬁ%y§W“55§W§RP nECBPPIY B Y &

i ni j t. A _bindi iti f th t t t b
opti onal 1 -SBr&ePEa F FURTERE. Pihgt ARG BHod CByCRoFmASR B

2,2"-dihydroxy-3, 3’ -diamino-5, 5’ ~diadamantyl-biphenyl, 2,27 -
dihydroxy-3, 3’ -diamino-5, 5’ -bis (3, 5-dimethyl-1-adamantyl) -
biphenyl, 2,2’ -dihydroxy-3,3’-diamino-5,5’ -bis(3-(5, 7~
dimethyl-l-adamantyl) - (3, 5-dimethyl-1l-adamantyl))biphenyl,
2,2’ -bis(3-hydroxy-4-aminophenoxy) -5, 5’ ~diadamantyl-biphenyl,
2,2’ -bis(3-hydrory~4-amino-5-adamantylphenoxy)-biphenyl, 2,2’-
bis[4-(3-hydroxy-4-amino)phenoxyl-5,5" -bis(3-(3,5-dimethyl-1-
adamantyl}biphenyl), 2,2’-bis[4-(3-hydroxy-4-amino)phenoxy-
phenyi}~5,5'-bis (3~ (3,5-dimethyl-l-adamantyl)biphenyl, 2,2’-

bis[4-(4-amino-3-hydroxy-6-adamantyl)phenoxy]-biphenyl and



The di carboxylic acid conpound may be sel ected fromthe dicarboxylic
aci ds used for the pol ybenzoxazol e resin precursor. [0060] As the
aromati ¢ conpound having a difluoro grgyp, for 62 exanple, there may
be listed a difluoro conpound havi ng an’adamant ane structure and a
fluorene structure such as 9, 9-

bi s(4-fluprg-phenyl)-2, 7-di adamantyl -fluorene and 9, 9-bis[(3- |
fIuoro-pﬁgﬁgig?ﬁgﬁéﬁﬂifmi?9f %é%é%é%ﬁ}ﬁ_ aﬁ@ﬁ&ﬁé?erHP¥YL6§65Cﬁﬁﬁﬂﬁﬁd
havi ng ancfdanana Ee gtruigure and a henzene structure such as
1,3-bis(F awar.ﬁ eRERPY 21, B2 &l bBRZRRRNRE AN |Sigs tesRpshind
havi ng an adanmant ane structure and a napht hal ene structure; a

di f 1 uor o CENMFFIHE RAVIRY aR AbhGEmth e IUCioegr Badnke afe et tachdane
structure; a difluoro conpound having an adanmantane structure and

bi phenyl & #ECTEeM§RERCRSI2SPruGhyTaforvEng a8 adamantyne biphaipre
and 2,2'- bis(3-fluoro-phenoxy)-5,5'-di adamantyl - bi phenyl; and the

| i ke. ThéSadafahRtaHE Siitet JY ipgyingerseletordof ridm tatemantane
above-nenti oned structures having an adamant ane structure as a

m ni mum WEHRUCTALYE pavngepostiowmllaf e cddandnbrunehst ramye raparay lbe
optionally selected fromthe range specified by formula (1). [0061]
The conpdunddravilag (fhe structure represented by fornula (1) may have
a group capabl e of causing a crosslinking reaction with the conpound
or a crosdlO0dking agent to be hereinafter described in a side chain,
chain end or main chain thereof. Thus, solubility in a solvent and

heat resi st anceTleanbeamimpieesdlf dotbennd Espethqldry,addmans apeef er abl e
that the conpound having the structure represented by formula (1) has

a group capabteref agdusi AQuGr&fOSSHhitiuI@ MERCheOByMEhdsBzedDy the
crosslinking agent to be described below since in this case a

crossl i nkidg ofveagt nednheas ursr batagan .t hei seepeund-wghd-ie (1-
crosslinking agent, so that a crosslinking density of a resin film

can be i neased:andongaher 88 S4-2NCR RS 152RBN SANe DS Y QHEE

further. [0062]
undergo a Suzuki coupling reaction, followed by a fluorenation
reaction and a fluorenonation reaction to synthesize
corresponding 2, 7-diadamantyl f£luorenone. The corresponding
2, 7-diadamantyl fluorencne is subject to a dehydration
reaction with phenol to obtain fluorene bisphenol having an
adamantyl group. Nitration of the ortho-position of a hydroxyl
group is performed on the above-obtained flucrene bisphenol.
Next, it is reduced to an amino group, thus synthesizing 9, 9-
bis (3-amino~4-hydroxy-phenyl)-2, 7-diadamantyl-fluorene. Also,
the above-obtained fluorene bisphenol having an adamantyl
group is etherified with 2-benzyloxy-4-fluoro-nitrobenzene.
Further, it undergoes deprotection and a reduction reaction,
thus synthesizing 9, 9-bis{ (3-hydroxy-4-aminophenoxy)-phenyl]-

2, 7-diadamantyl-fluorene.



As the group capabl e of causing a crosslinking reaction, for exanple,
there may be listed a functional group having an acetyl ene bond (a
carbon-carbon triple bond), a biphenyl gge group, a cyanate group, a
mal ei m de group, a nadi mi de group, a functional group having a vinyl
bond (a carbon-carbon doubl e bond), a cycl opentadi enyl group and the
l'i ke. The gpayp capabl e of causing a crosslinking reaction is
preferred to have a pol yneri zabl e unsaturated bond in ternms of high
reactivity and i i oup _conprising
car bon and hydrogg%egﬁﬁgﬁo(ﬂ%gﬁgai?%ﬁgggnﬁé%%g%%?5%i§ﬁgm%¥§%§e

ni trogen gen,atomis_preferable since dielectric caonstant
can be ke%ﬂyg%ggr%é&grgoaﬁn% Iﬁ)%b?‘gr‘%ﬁt%aeugiaﬁ’gbg 8?8@%??%?(‘?#}3’3f%§@[i on
is especially preferred. .to_have an acetylene bond in terns of high
reacti vi tyan lPﬁcPS&E@&’hggf TR SncE T AL BN égﬂﬁﬂﬁQﬁﬁﬁngﬁnﬁhich a
crosslinﬁgbLe roug IS iptroduced into the conpoynd having the
struct ur € FeP%e§8ne8aTBY CRBT nEt BIYHTE 4 o ryBEPrAkZBR LY r B TRAFtHED
contained in a nDnonEr that_ will introduce the structure represented
by formul¥ BTG cFO5R| T TREPIRLIGFART 2Ry “Be LcBRPEP TR T n a

di fferent nonomer to be copol ynerized 64 with the nononer that wll
introducéhﬁﬁ§h§9@Q€F6P§aP%préé@h@é&yﬁyoﬁﬁbﬁﬂF%ﬁ%JBhUS obtaineghgs

di fferent nmononer containing a crosslinkable group may be a nononer
conpri si RFreridAeti sahh grioem? syt = ueeerpheénebponene § drunblenpl é-
As the nonomer conprising a functional group having an acetyl ene
bond, themglepgpesedepspbact hen fand eninegurtionersacibson, ditosr boxylic
aci d conpound having an acetyl ene bond, there may be |isted

5- pheny| etvmpagisizdopht hatbts biitydroxy-4-aminophenoxy) -4, 6~

5- (4- phenyl et hynyl - phenoxy) -i sopht hal i c acid, 5-ethynyl isophthalic
aci d, 5-(H-aeehpnylylpheneays -or shpftdiall, G-ddimdthyl-1-adamantyl) -1, 3-
5-adamant yl et hynyl -i sophthalic acid, 5-

phenyl et lpisyl4-adanmantahed toBycheaar:hobdnzenaci d and the |like. As a

bi sam nophenol conpound havi ng an acetyl ene bond, there may be listed
2, 7- bi sphaaykethynyl1-9, 9- bi s(4- hydr oxy- 3-am nophenyl)-fl uorene,

2, 7-di et hyny1- 9, 9- bi s(4- hydr oxy- 3-am nophenyl) - f | uor ene,

2, 7- bi sphenyl et hymy 1o s it i3 - ByAbe¥Nd 4having an adamantane

am no- phenoxy) - phenyl] - fl uorene, 2, 7-di ethyny1-9, 9-bi s[4-(3-

hydr oxy- 4taichorehanaxy) bpheayd -Sd Mpiene 8¢ bhesihkees{ A3y the
While there is no particular l'imtation to a nol ecul ar wei ght "of the

conpound RAMLAEnEhReShEHCt HEL Leninsent ed: byl § ordil k13 pRUADEr
average nol ecul ar wei ght (M) of the conpoundyls preferably from

3, 000 to12@i000nMRESRLES Er far , : 30,0 f¥§3¥1 e
nunber averégg ﬁglecu?ar 3£i%#%&%Pﬁ%ngiétg%glkgﬁegylgﬁ$t 0 tﬁé& Pgnge
or nore, I es: [ W i . heat_.resi ' t-he [
deconposé%FIi?%gyég%gyggiéggggggﬁvﬁbgtgFﬁggggaﬂgﬁtéﬁéqgﬂ §%Q§$%Pé8e
nmol ecul ar,.yel | he .upper_.lim f the range .qr, |l ess, a
naterialcﬁ%%%%%%?gkgéggﬁP%htBﬁ%ﬁ&%ﬁ Pt§%iﬁh% b %&3 %%a&°8e°§t3b|y
obt ai ned. rein, the nunber average lLecul ar wej ght ,.0f . the
recent TSR oF S8R B8 oL Y P Galr SR RoPRLaHA S W i -
measur ed. hy .t he.gel perneati.on chromgt ography (GPC). [0064

In the ré?%#eggﬁpos¥ Flon Ot th&SHHEs aniﬁge%T+%ﬁL3§94§'c Sund
havi ng t he sb%ucture re ;egented by farmula (1) nag be used in
conbi nat iOR TOESEROREr 2 nmbr eFLBEET Bl i e nPes; 3t adkrdanarediT ed
low dielectric constant, a desired high elastic_npdul us and a desired
| ow | i nedFPEERXhsPENZcdet {1 YRR zh e Laging-6pb ar bt py-dimethyli-
appropri at el nixin? two or nore conpounds w th advantageous
properti dsadedfentys) abéphdinht i on of a conpound having the group

capabl e of causing a crosslinking reaction with a conpound havi ng
Also, 2,2" -bis(3~hydroxy-4-aminophenoxy) -5, 5’ -

diadamantyl-biphenyl or 4,6-di{3,5-dimethyl-l-adamantyl)-1,3-



[ 0065] Next, a crosslinking agent will be descri bed. A
crosslinking agent of the present invention contains in a nolecule
two or nore groups capabl e of causing ? crosslinking reaction with
t he crosslinking agent and/or between ﬂe conmpound havi ng t he
structure represented by formula (1) and the crosslinking agent
(herei nafgt

. . i ool f d t | i_nkabl
crossl i nkajg & l%g)r_ §hg§?¥°’;&§p rgerlrhcgéf%)&geq%gep%c;[?%%iglbge 2r§¥§b§qﬁre%lli$ﬁ§r by

reaction,_ there may be listed a heatin t ho an irradiation npethod
usi ng an %&:%%ﬁ%%&? rggh?afﬂ§ﬁgﬁog " cg%ﬁ%xékoﬂﬁ?ﬁﬁ@mgnVighTaY%Rﬂ an
UV-ray and X_r%ﬁf and usin ,@@éive radiition S%fh as an el ectron
beam a mEIWEE W nF R Wet 0t A PERZYIQEYCAT IR ¥ T idroohsdizgnepaged
or so on; etc. Such nethods may be used |in conbination. Among them a
heat i ng. MECHEETLGIFEPEPABFE. O e 14 HOSHGTHER ABRHAPE | iy 9 -
pronote a crosslinking reaction, addition of unwanted conponents can
be i nhi bi t{¥82°3dnd side reactions are relatively unlikely to occur.
The crosslinkin agﬁnt of the present invention contains preferably
two to ten cros8fi RkabEECasus iicn agifprerpdend dmiv ing @npedfieyabie
two to four crosslinkable groups. Wien a nunber of the crosslinkable
groups i SietigRer thenpt may bdangrdnigaest andiearbessdl¢ rkiinh aawpsung
can be inproved and a resin filmw th high heat resistance can be
easi | y obitaiimed thehenruhbunenbep redferttissl dryosskmnkabk @) groups is the
upper limt of the range or less, an existing ratio of unreacted
crossl i nkabl e BsosipscificsrddnplEst bér tbe theadaseglics ddids compound
preferable. [0066] As the crosslinkable group, for exanple,

t here mayhabernk shedlachohiti omalctgryp thavengagnbacei ytene bond (a
carbon-carbon triple bond), a functional group having a vinyl bond (a
car bon- catikenbdayhlie bobd)haeingli Hdmgraup, s8riathféd dendgroup, a

bi phenyl ene group, a cyanate group, a cyclopentadi enyl group and the
| i ke. The&lccasski sBkabbeuge osipch saprafrmblpmantynel iorahe -9y, oupkavi ng
a polynerizabl e unsaturated bond such as an acetyl ene bond (a

car bon- cardeenitr kpka, bgngl)bﬁ@daz%a\ﬁjwﬁy—@oa@aﬁaﬁﬁm@&z@r AR Aol e
bond) in ternms of high reactivity and increased heat resistance. A

group conpri-¥iing, 6anbaBt ARL- NYMHRG8N AN 108LARID! bShIY KedR1i€r 0akam
such as a nitrogen atom and oxygen atomis preferable since

di el ectrig coAst@ntac88xPe KN 1) -ozfy-va%ﬁfa,la%ﬁ\ghepﬂfgﬁﬁlf%%&avg QA0 (4-

acetylene bond is especially preferable in terfis 0 reactivity

and 1 nor 58, eBhenos) S5 N0 (SHRGIAAL s -38hDRET U QN 9T OUP

havi ng an acetyl en ond, there rsted an e )

| ; ht |
AR B K A2 ROSCULELINY 412002

h 1-2- I - |- 3- but I 6-
PhenyL. 5 e (4 sapoarl & SR PR sty e B i ne, and
l'i phati tityted eth I h 1- | :
- but yny1® g 605, (4 STBRPY g EtH, B Hdx g g1 oup, SR ey
roup, a 3-hexynyl 0 and a, 4- hexynyl group; a,cyclic aliphatic
Subst | t uFEE By TORBEB S U S RO IOREA G BERIRY| 2 rasAmang ane
bi cycl o] 2, 2, 1] heptyl et hynyl group, an adanantylethynyI.?rou , a
3- cycl ohSEFESIFRoBYAY R BFDEPIE & NS UG SRFE- 8sbhit Y1 @?O&b?‘a

6- cycl ohexyl-5- hexynyl group and a 8-cycl ohexyl-7-octynyl group; an

Y, . .
al kynyl o ™g8yp ~dueHaman by Dl prdpyrilinsbhvdrdap damant i ymid bt sgdoup,
a 3-butynyl oxy group, a 2-hexynyl oxy group, a 3-hexynyloxy group, a
4- 68 carboxy-phenoxy)benzene, 1,3-bis(4-carboxy~-3-

adamantylphenoxy)benzene, 1,3-bis(4-carboxyl-phenoxy)-4,6-
diadamantyl-benzene and 1, 3-bis(4-carboxyl-phenoxy)-4,6-

di(3,5~dimethyl-l-adamantyl)-benzene; dicarboxylic acid having



hexynyl oxy group, a 5-hexynyl oxy group, a 2-heptynyl oxy group, a

3- heptynyl oxy group, a 4-heptynyl oxy group, a 5-heptynyl oxy group and
a 6-heptynyl oxy group; a substituted dfPnyl group such as a
but adi i nyl group, a phenyl butadiinyl group, a 1,3- pentadiinyl group,
a 4-cycl ohexyl-1, 3-butadiinyl group and a 2, 4-pentadiinyl oxy group;
and the |ﬁmédaﬂeWePSgéﬁraF%%%fa@cgé Jreirhednngi A-REcEIAtacet yl ene
bond may be substituted with a fluorine atom a nethyl group, a

net hoxy gHE@FPoxvlict PGdFoRRYRYY &t cuprsntepe Bkectinenpd em a
crosslinkabl e group selected froman ethynyl group, a phenyl et hynyl
group, a ¥hradepepBényEFuee hydidtagraoug,ica asdghhhyliey hymyddagraoipnea
phenyl but adi i nyl group, a t-butylethynyl group, an adamantyl et hynyl
group andIFBtdineeehyl adaipntyyetdymydtugeospchs apr 2f 2f abl =l (4-
Especially, an ethynyl group is preferable. Plural crosslinkable
groups i rrarbrdyecbeeormy-beebhk] saufe -Grl sdi3-f(@éredambénopl each- ot her .

[ 0067] As a specific exanple of such a crosslinking agent,

t her e mayademamentli) gredphenybsst j Mkimig [agent rbaviyAg-adstantotibrenoxy) -
represented by the following formula (8) or the like. [0068] [Formula
8] A(B) p(@enyl]-biphkaylLhi 8, 2ol @4 -cAboxs~pReabgani-g, group;, "B" is
a crosslinkable group of the crosslinking agent; and "p" is an 69

i nteger ofiadaMantglebipheher abhy B2 i-Hiedar-chr8Bk2—bRedd:y [-0069]-

As the organic group "A" in fornmula (8), there may be |isted an
aromati ¢ QOreyB-sd&Bta§1 a1 bidaamihalens ioyd,; ahhaRlibalene Hiawe, a8
fluorene group, a phenyl group, a diphenyl ether group, a biphenyl

group, a {d-pherkheuktenet §roUbqg anfli RSP LeRARE, 9L 0PN & - (2- (1-
di phenyl hexaf | uor opr opane group; a group having an (aliphatic)

pol ycycl iGiafda® tKnShH ar,_agdanmgntyl group, a
3, 5-di phen;?l gdg'%ﬁt 5%1%?%&%1&‘1512&1%}%@7@%%% ghg%qugdamant yl group, a

3,5,7,9- J£blar @gkﬂﬂggﬁgﬁ%é%ggﬁfgﬁggi14LQQQQ§Qanantyl group, a

1,2'- biadamantyl "gro mantyl “group, a

b adamanCy g Sp anay avg aNRR e Ll a2 |5 110 B Sdamnt

ol yoyel P Rnd o rE TR BT U AR BERT6T3 TR0 or more: and

i oo CHEPSS L Har et T ae R PG raan - A FniFornTa (8).

v amovor BB GTPBEST ROk bhF BT B s 36 Ror 8- by FUriaer

contain a linkin roup such as -0-, -NHCO, -CONH-, -000- and -000-.

A hydrogéHﬂﬁF@ﬁ#gﬁgFﬁﬁgﬁibb%'Qy%ﬂ%ﬁﬂ?ﬁﬂﬁ}lﬁea§&95??@u??ﬁ?iﬁ%ﬁi¥i3‘

LTl e st Sghaupity Sonet vy Yonceats ORoiR; lphihads Itk o @
having an adamantane structure and an ethynyl structure such
as 4-(2-(l-adamantyl)ethynyl)isophthalic acid, 4-(2-{2-
adamantyl)ethynyl)isophthalic acid, 5-(2-(1-
adamantyl)ethynyl)isophthalic acid, 5-(2-(2-
adamantyl)ethynyl)isophthalic acid, 4-(2-(1-(3,5-
dimethyladamantyl))ethynyl)isophthalic acid, 4-(2-(2~(1,3-
dimethyladamantyl))ethynyl)isophthalic acid, 5-(2-(1-(3,5-

dimethyladamantyl))ethynyl)isophthalic acid and 5-(2-{(2-(1,3-



70 It is especially preferable fromthe vi ewpoi nt of

i ncreased heat resistance that the crosslinking agent has a structure
capabl e of form ng a benzoxazole ring Q{ i ntranol ecul ar dehydration
and ring closure reaction, in addition®to a crosslinkable group
capabl e of causing an internol ecul ar reaction. It is also

preferabl e t .the crosslinkin ent s .a polycyclic framework
structureé%ﬁ%ﬁh¥%%?e PgY@iisgﬁﬁgyﬁﬁﬁﬁﬁﬁﬁﬁﬁa%ﬁs §§gﬁf L?E?ﬁ?éhallc acid
contributes to the reduction in dielectric consgant and provi des a

hi gher el'S8Hi MdFFGE2EHE"F Rk UF F Hear Bk SR STON ¥ deFETEFBHIe Jush
particular, jt, is _preferable that the crosslinking agent has a

bi adanant éié@?défﬁpéméptéﬁ)%&Eﬁﬁ#ﬂkﬁﬁ¥%ﬂﬁﬁ9§@&Fea§F celeiceldent
solubility in a solvent can be obtai ned. Having a bi adamant ane

st r uct ur E¢9aNgRERY) eHPYPrY) pREPRREM ‘6l % iafdéla S-dR-dilel@ctTi ¢ constant,
a high elastic nodulus and a | ow |inear expansion coefficient can be
obt ai ned. iAW AagRsGE L uehh ey R HstaRithgldapacad ar®d§t (Zyr Gupl 8-
propyl group and a butyl group, a fluoroal kyl group such as a
fIuoroneﬂ¢ﬁﬂeﬁ$ﬁéﬁﬁﬁmanﬁwég?@%hh@ylkﬁ&nﬂnhﬁﬁaﬂﬁﬁoﬁ@édOppht@ﬁkﬁQJaﬂﬂﬁ a
fluorobutyl group, and the like nmay be bonded to a group having the
bi adamanthengr aadddaneanylsstoettree Sol @i kithynyh atsottwerd sawh as
heat resistance can be inproved by introducing an al kyl group into

t he bi adairat®-drie diprmadaFhinetnengt rpidthaldc acid, 3-ka-{he present
invention, in order to obtain a lower dielectric constant, a higher
el asti ¢ mbiguwlaus yanedtayheivepht7dlid neard,expanrsi(ar coefficient with the
use of the crosslinking agent, a high ratio of the polycyclic

f r amewor la isintametyan @ thentyDepht0ssid idinD aagent (s (pref erabl e. The

pol ycyclic framework structure in the crosslinking agent is thus

pr ef er ablgi dnf=0ry20 etayA91 Wl haDI € darief;eriablby 881 W% 61d "MyEinstal | |
nore preferably 40 wt% or nore. In the calculation of a content ratio
of the palitepeliva btagewark shd Ued WdhyrMerthlictNeepohycysd ic. (2- (1-
framewor k structure has a substituent, hydrogen is used for the
subst i t uentamalri@ly 1§%8RPhLOI ) i BophenLase Lficontabnitng an adanant ane
structure, a nolecular wel ght of adanantane of, for instance, 136,

diananteugidmgn%quekh&gggp%ﬁg§hggaf¥g)é@1d§o5oq2aqg_a nunber t her eof

are used for calcul ati on. he case of containing a group having a

bl ur al | 130l kG IDQLGKEH | £ LOMTRAOIK SLLUGHU 85T p5_example in the

case of contal ni ng a amant ane, two adamant anes are used for

4 2 L Bl o S SEPERRAER B R0 L,

calculation In ase aining a ane
th hat_ t.h . nki t, . I havi ti
ni e SO ol oo CPRenibl Syl DA SRERGERF T ot e 2% coar il ng

t o bt ai f t ent ti f. th I ic f k
R N A T R R U A

f . : : . , .

7.7" - bi s (S EBEILIRERYPELhGRGEI RO 2Fis, BhERAL L, arkd HAYARE bi ad
amantane, a content ratio of the polycyclic framework structure in
the crosstSTHEMRGtageAETHELBRE s M Ph L T HINYdnsS ErHEEBES ofGh 135t &~ (2-

nol ecul ar meight of 879, a nolecular weight 72 of an adamantane with

pol ycycl i Pl yde pRyaY ) hthesld ca@id ndmdér (8f adamant anes of

2: 136 x 2/ 879 x 100 = 31 (wvt% . [0071]
tetramantyl)ethynyl)phthalic acid, 4-(2-(1-

tetramantyl) ethynyl)phthalic acid and 4-(2-(2-
tetraamantyl)ethynyl)phthalic acid; isophthalic acid having a
tetramantyl structure and an ethynyl structure such as 4-(2-

(l-tetramantyl)ethynyl)isophthalic acid, 4-(2-{2-



In the resin conposition of the present invention, a ratio of the
crosslinking agent is preferably from3 to 900 parts by weight and
nore preferably from5 to 400 parts by weight, with respect to the
conpound having the structure represenféd by formula (1) of 100 parts
by wei ght. [0072] A pol yner obtai ned by reacting the
crosslinking agents, in which the crosslinking agents are used solely
or in confif YiﬁeFﬁﬁngﬂ)ﬁﬁ?%th%&kﬁ Qﬁ%?rbg"dgédlrn the present
invention. In the case of containing the polynmer, there is an
advant age- S HAN2R LR RERMTPY &5 AR R Fha e dedsd y-6Bréfned in the
process of formng a filmof the resin conposition. [0073]
Si nce t he"§ MRty ipEShYPEh) dFoReh s anldinererbahatbs adied having
conpound having the structure represented by forrmula (1) and the
crossl i nld ig¢tagewntys ebnBrhare ornd ian jghpyowdi bteurburausech as 5-(2-
crosslinking reaction after formng a coating to increase a
crossl i nkilhg-edenmgiang vdh eghyegl ht ¢i¢phthasl idesciidbeddaboV2; (2he
crosslinking density can be further increased when the conpound
havi ng t heetstamacttyd ¢ ekepned eheedpiiyhdlaranalcad d; 1) shasthatiosstidkabliréng
group that is reactive with the crosslinking agent. 73 When
f or m ng randfegamahtein atrestarecapbdsint icamyofy it Berpeeseat sudty ey ipn2t-o
obtain a resin film if a crosslinking density of the resin filmcan
be i ncr eaged,l,ihebiagahaatytane iy midighthalocmathar esf (v thout, 17 -
causi ng aggregation of the nanofoamor the |ike. The resin
conposi t indinahite 1p) @8aphyL NYEEH4 DIt i d,unt-her (degipase a
di el ectric constant of a resin filmby form ng nanof oamfromthe
resin Corgiesiaaon voh ) ERRyRYESSNEnA TIvENLd Q) o (ebtainithe_resin film
[ 0074] In addition to the above-nenti oned conponents, the
resin CO'Hl%’iiafrdaQF&yQB)Eﬁﬁyﬂyﬁfﬁmhéﬁv@@di@) RRY 2CQRDIY S¢r addid ives
such as a surfactant, a coupling agent as typified by silane series,
a radi cali dddabdedhof Whib&hn [ orqa,sulf ur
radi cal by heating, and %a?g?ggﬁiﬁiﬁgﬁngé¥%§§3F??dgg%diang%egiary.
Al so, therasinac oSkt L u Y is
conposi ti(olrf j]gdg?gg'g nggﬁg%}é%w 10?1% |C%§a|a geggmggﬁ%ﬁ%%)ﬁ%h%%il%e as
a_pnot osenald | e (3d9nL.(1 V¥ & (A5 1 €Wl Ahlot, ik pYanml e, when

0

i ntroduci ng @ hydroxyl gfoup € Tesin conposition, or when having

- NHCGas " X" hy.d: | to R4
that 1o FREeGRYR Pt T e R D s PR S Te Rl e
hyd I ,aS, f to R8 that .is.i h i ,Of
hydroxyl BUR s, a0 oL ERLL0 B hat s ReiNeoot i ppRRI L on.of,
; Z:: 2 gg%&}:tﬁt:}%ﬁ i%; Qagﬁng%‘?gﬁg Sa abipao almafalnvc?;-l\l\gl”cl;:hggugg Oér?c? eannSIé[’gh\gf%yl

structure such as 4-(2-(3-(1,17 -
biadamantyl})ethynyl)isophthalic acid, 4-{(2-(2-(1,1'-
biadamantyl})ethynyl)isophthalic acid, 5-{2-(3-(1,1'-
biadamantyl))ethynvl)isophthalic acid, 5-{2-(2-(1,1’-
biadamantyl))ethynyl)isophthalic acid, 4-(2-{7-(1,1’-
(3,5,3",5 -tetramethyl biadamantyl)))ethynyl)isophthalic acid,
4-(2-(2-(1,1"-(3,5,3",5" -tetramethyl
biadamantyl)))ethynyl)isophthalic acid, 5-(2-(7-(3,1'-

(3,5,37,5" -tetramethyl biadamantyl)))ethynyl)isophthalic acid



wi t h a napht hoqui nonedi azi de conpound as a photosensitive agent. Wen
the resin conposition conprises a group containing a

phot o- crossl i nkabl e group |i ke a methacryloyl group, the resin
conposi tion can be used as a negative-&8rki ng photosensitive resin

conposition by using a photo initiator. The resin conposition
of the present invention can be_obtained by compounding the
conponent @ Gphr Gpriatidry  and- ar X1 ny THREmaesEY] In the case

of producing a resin filmand so on, the resin conposition of the
present iPAFRNEEYIlE ) peshenyb) septthakla apidii $erephphepbs e2@id esin
filmand so on, by dissolving or dispersing the resin conposition in
an or gani ®3Egly entoigdpabneysdf seresoing mpdbrrdiespanyingt rhet wrssisuch
conposition. As the organic solvent, for exanple, there nay be |isted
Nret hy 1- 29+ @i (dorié, 1y ~bhaganhatcy bnethyrlditeeebhthebt analed, 5- (2~
di met hyl sul foxi de, diethylene glycol dinmethyl ether, diethylene

gl ycol di 8thill, lét-lrerdadipethy) pachghyloole dighutyll iet betd, psom@H+ Ehe

gl ycol nonomet hyl ether, dipropyl ene glycol nononethyl ether,

propyl ene(glycdl3,BoR6nmét hykteshethycet ate, nethyl |actate, ethyl

| actate, butyl lactate, nethyl-1,3- butylene glycol acetate,

1, 3- but ylleneialayeglil) 3 sohonel hydr@ftheral inetadapld pyaugat e, (et hyl1’ -
pyruvate, methyl-3- nethoxypropionate, nethyl ethyl ketone, nethyl

I sobutyl k®txrme, s¢yeckepantangheni £3:m018XaN0REHhyvhoL § aby & iof ke By

tol uene, xylene, nesitylene and the like. O her organic 75 solvents
capabl e ofcidi;s pl%iand cobcHHSREY Shdthrt NRIAnRSIty1carRasthEof 4 he
present invention nay be al so used. These organi c solvents may be

used sol glerfif1 dthyeQIbsRatbenrof stMP L ymme. (4[QQL6] ~ An anount
of the organic solvent may be an anount capabl e of dissolving or

dispersirghgﬂg%t@qgbgeﬁgqu?g%%fp)ﬁggggltéﬂééiqu3L§2n@g_§§§CificalIy

limted. It rmay be appropr y varied for purposes. In general, a

sol vent CReRl 1 pReKat PLehyh 1 ANRIENAR L LOmTQoLe, 9B W% or it
0

may be about 70°to 95 Wt ute solution, 1t is used in an

arount of etk 290,59 Ui AT BE DAL o @resia 1 m T

resin e pr esent %I nventron is
b 1 e, WIS ORPKE P L OTRERL B 1 8 el
ereel entelfhAISRLAR R0 0L T OBl St S0P PR O
it IR E ek R e E A T
o O BT L S35t ShERETRI LR

(4-(2-(1, 3~dimethyladamantyl) }phenyl)ethynyl)phthalic acid, 3-
(2~ (4-(4- (l-adamantyl) phenoxy)phenyl)ethynyl)phthalic acid, 3-
(2-(4-(4-(2-adamantyl)phenoxy)phenyl}ethynyl}phthalic acid, 4-
(2-{4-(4-(l-adamantyl)phenoxy)phenyl)ethynyl)phthalic acid, 4-
(2-{4-(4-(2-adamantyl) phenoxy)phenyl)ethynyl)phthalic acid, 3-
(2-(4-(4-(1~(3,5-
dimethyladamantyl))phenoxy)phenyl)ethynyl)phthalic acid, 3-(2-
(d-{4-(2-(1, 3~

dimethyladamantyl})phenoxy)phenyl)ethynyl)phthalic acid, 4-(2-



Anmong them the resin filmis suitably used as an interl ayer
insulation film a surface protection filmfor sem conductors 76 or
an etching protection film [0078] By addi ng a

napht hoqui nonedi azi de conpound or the E#ke as a photosensitive agent,
the resin conposition can be al so used as a photosensitive surface
protection film [0079] In the case of using the resin film
as an intet1@yel-ilds@ration film the resin conposition is dissolved
in an organic solvent such as N-nethyl-2-pyrrolidone to prepare a
var ni sh, &¥eethyd agamansyli srhepdsedelmmd Jathapylophthebisubsid atrel 4-
such as a silicon wafer or a ceramc substrate to forma coating

| ayer. Metdvolds (for(2adpl. pir-dgme bley Vadtamiagit vlidlohedaogp) pheont | eighiby Ifeans
of a spinner, spraying by nmeans of a spray coater, dipping, printing
and rol | wodtalig. athe:cdabphghébieracisi trhenngubpeetiahantyyi sigriartthre
heat treatnment to renove solvent, thus providing an interlayer

i nsul ati amd id mhehylehayoadesvfuatyod Wudide st dsi(B-paecu+sor or a

pol ybenzoxazol e resin precursor, after renoval of solvent, the

pr ecur sor&ldnmrsytl) ebenty0) athondensedgiaghalaackican, and (2- ¢4-083} i nki ng
reaction by conventional nethods to prepare a polyimde resin or a
pol ybenz axazelre y18phanyt NEShpheV) thdichtaikiiid echayes-ipsybatjon film
conposed of a resin conposition conprising thereof. If a resin
changed féd&?ﬂa&ﬂ%r_l@@h%h%?@tﬁ?ﬁyﬁ) PEGHTRANL OhciRe BOkybenzpxazole
resin precursor is soluble in an organic solvent, after the polyimde
eI N Pr ekt 21 phBg @%MH?H;}PP@J&H&H&%@,&&@?Uﬁs?ﬁ— Y- (1-(3,5-
prelimnarily changed ?o a polyi'm de resin or polybenzoxazole
resin, a yafdinsh abdmRhepas eand )%{%quqgohg‘ﬁﬁagﬂc'géf layer;_ (a-
insulation filmcan be prepared by the sane thod. In this case,
there is eqd 4 i m j . _
pr ecur soror! the paryatns aaaaar et B SR b ERAER M acig, 5
heati ng treat,nent ,qf =a ¢ i Kt.ls sibl.e.ta,
reduce M TR o EheTREL Pt B L bR AR A Bt e
irradiation. _io_ A thickngss of the interlayer insulation filmis
not parti%ﬁjqérﬁy(ﬁiéﬁtég ggtgpreferably from0.01 to 20 pm nore

The i nt orLAVaT T RGEaPEn) | PRHT S DRO A RPPABALE| FEHY o osed

conmpatibi|]ty when Baving, 2 s chness L i ne 102098 L PR ccig, a- (-
(4-(4-(2-adamantyl)phenoxy)phenyl)ethynyl)isophthalic acid, 5-
(2-(4-(4- (l-adamantyl)phenoxy)phenyl)ethynyl) isophthalic acid,
5-(2-(4-(4-(2-adamantyl)}phenoxy) phenyl)ethynyl) isophthalic
acid, 4-(2-(4-(4-(1-(3,5-
dimethyladamantyl) ) phenoxy)phenyl)ethynyl)isophthalic acid, 4-
(2—(4-(4-(2~ (1,3~
dimethyladamantyl) ) phenoxy)phenyl)ethynyl)isophthalic acid, 5-
(2= (4~ (4= (1-(3,5~
dimethyladamantyl) ) phenoxy)phenyl)ethynyl)isophthaliic acid and
5-(2-(4~{4-(2-(1, 3~

dimethyladamantyl))phenoxy)phenyl) ethynyl)isophthalic acid;



In the case of using the resin filmas a protection filmfor

sem conductors, as in the case of using the resin filmas an
interlayer insulation film the resin %nposition is dissolved in an
organi ¢ sol vent such as propyl ene oxi de, diacetone al cohol and

N- et hyl yrrolidone to prepare a varnish, and the varnish is

appl i ed cﬁﬁﬁ%p&ﬁ bagaFopFiat BaELM% 13 3la0\3eN Yas SETUFERE®AVAfer or a
ceram c substrate. Methods for applying the varnish include

spi n- coaﬂﬂﬁ@yﬁﬁtﬁﬁaﬁé SEracEpraingtch 5t ayiRg (By (Aerans of a spray
coater, dippin printing and roll coatin A coating of the varnish
i s then §ﬁ§F@@%YﬂéPBP?V&geéhﬂﬂYk%ﬁeﬁaﬂéémﬁgﬁp eolfenbv2stl-viénht, thus
78 providing a protection film In the case of a polyimde resin

pr ecur soradgnaatydll pheny bxazloyey ¥ldsinepitéedisorncidf t &r (2-efovil- (S, 5~
solvent, the precursor is subject to a dehydration reaction to
prepare alipeityiydrdemaesiyh) bphenyplolotiemydl aeckphthsine ddiud, [F-o\2i-di4ng
a protection filmconposed of a resin conposition conprising thereof.
[ 0081) (2- (1A3thiokhbgaddmd diey Prigthectyilorthivhpll } 8efephfterltic waakl, y
limted but preferably fromO0.05 to 70 pm nore preferably fromO0.1
to 50 pm5-Tize (Brqéec¢t-adahizhiy l)pHErOEV] eyl heeXerY ] pid rdpraiedticon
properties on sem conductor elenents and excellent workability when
havi ng a ddilicckgegg~ijn-the(zange. [0082] Next, a sem conduct or
device will be described, based on a preferred enbodi nent. FI G
1is a s%ah@ﬁ@&lVbﬁ%@ﬁ??@@ér&ﬂ@'é%ﬁ@%@&eéﬁtﬁé@ﬂ@'£c39:f & (2- (4-
sem conductor device of the present invention. senlconductor
devi ce 10Q-qanpnri ses a sem conductor substrate 1 prOV|ded with an

el ement, a silicon nitride | ayer 2 provided on the sem conductor

substr at %ﬂ:.%ne%g}.hasmaﬂﬁﬁi% ﬁbl@&mﬁiy)'ﬂh@ny@) etﬁE}nyE_‘ @éi‘ékyl?d'hélrl%u lqdilyon

film3 provide he sili'con ni'tride’l ayer a copper wiring

layer 4 cRyeredwihb a baryies |ayer 6. The Interlayer
insulation film3 is provided with a concave corresponding to a

W TTNG PahRkRy1 38dnbhey EPRRRn ) dMen Y BEndnl ®) PLAYLESH 1LNCLRL D,

phthalic acid having a diamantyl structure and a phenylethynyl

structure such as 3-{(2-(4-(l-diamantyl)phenyl)ethynyl)phthalic
acid, 3-(2-(4-{2-diamantyl)phenyl)ethynyl)phthalic acid, 4-(2-
(4-(l-diamantyl)phenyl)ethynyl)phthalic acid, 4-(2-(4-(2-
diamantyl)phenyl)ethynyl)phthalic acid, 3-(2-(4~-(4-(1-
diamantyl)phenoxy)phenyl)ethynyl)phthalic acid, 3-(2-(4-(4-(2~-
diamantyl)phenoxy)phenyl)ethynyl)phthalic acid, 4-(2-(4-(4-(1-
diamantyl)phenoxy)phenyl)ethynyl)phthalic acid and 4-{2-(4-(4-
(2-diamantyl) phenoxy)phenyl)ethynyl)phthalic acid; isophthalic
acid having a diamantyl structure and a phenylethynyl
structure such as 4-(2-(4-(1-
diamantyl)phenyl)ethynyl}isophthalic acid, 4-(2-(4-(2-

diamantyl)phenyl)ethynyl)isophthalic acid, 5-(2-(4~(1-



A treated and nodified layer 5 is provided between the interlayer

insulation film3 and the copper wiring |ayer 4. A Hard mask
|l ayer 7 is formed on the interlayer insulation film3 (on a surface
opposite to the silicon nitride |ayer é?. [ 0083] In the

enbodi ment of the present invention, the sem conductor device 100
with the | nterlgﬁ? |ns atlon f|In1 IS descrlbed however, the
i 23

present eﬁg ?F%¥?¥ﬁ9% Licoggag, 5“(2"ﬁ?ﬁ42‘
sem conduct or xlce of _the present i nvention uses
above- neﬁPFﬁﬁ@& APERPYY R ER RS b the e ?ﬁé?ef%?éz (4 {4 (1~
excellent in dlnen5|onal accuracy and provides sufficient insulation,
t hereby pHEWREtHY) BREBPRBhPh AN IYEY 1Y éspabEhalyc amid, 4-(2-(4~(4-
above-nmentioned interlayer insulation filmis excellent in adhe5|on
to a wirigdiapertyihehenere) phanoctionyléisaphtheyiofagid, 5-(2-(4
sem conduct or device can be further inproved. Al so, the
above- nedﬂrdﬁedlﬁmﬂéﬁYéyhhemQEXNEhanmi)ﬁmhwﬂhéﬁleﬂphihiﬂmc(ﬁqﬂde@mdl6—
properties; therefore, signal |oss of a sem conductor device can be
reduced. (2-(4-(4FUEtHeenatiel givresye phieoyédethyeyl Aysrphitislliat kond;
filmhas excellent dielectric properties; therefore, wring delay can
be reduceéerephthalic acid having a diamantyl structure and a
phenylethynyl structure such as 5-(2-(4-(1-
diamantyl)phenyl)ethynyl)terephthalic acid, 5-(2-(4-(2-
diamantyl}phenyl)ethynyl)terephthalic acid, 5-(2-(4~(4-(1-
diamantyl)phenoxy)phenyl)ethynyl)terephthalic acid and 5-(2-
(4-(4-(2-diamantyl)phenoxy)phenyl)ethynyl)terephthalic acid;
phthalic acid having a tetramantyl structure and a
phenylethynyl structure such as 3-(2-{4-{1-
tetramantyl)phenyl)ethynyl)phthalic acid, 3-(2-(4-(2~
tetramantyl)phenyl)ethynyl)phthalic acid, 4-(2-(4-(1-
tetramantyl)phenyl)ethynyl)phthalic acid, 4-(2-(4-(2-
tetramantyl)phenyl)ethynyl)phthalic acid, 3-{(2-(4~{4-(1-
tetramantyl)phenoxry) phenyl)ethynyl)phthalic acid, 3-(2-(4-(4-
(2-tetramantyl)phenoxy)phenyl}ethynyl)phthalic acid, 4-(2-(4-
(4—(l-tetramantyl)phenoxy)phenyl)ethynyl)phthalic acid and 4-
(2= (4~ (4-(2-tetramantyl)phenoxy)phenyl}ethynyl)phthalic acid;
isophthalic acid having a tetramantyl structure and a
phenyvlethynyl structure such as 4-{2-(4-(1-
tetramantyl)phenyl}ethynyl)isophthalic acid, 4-(2-(4-{2~-

tetramantyl)phenyl)ethynyl)isophthalic acid, 5-(2-(4-{1-



80 Exanpl es [ 0085] The present invention will be hereinafter
explained in detail by way of exanples and conparative exanpl es;
however, the invention is not limted thereto. The foll ow ng net hods
are used to identify obtained conmpounds’ 1. Mass spectronetry
anal ysis (MS): neasurenent was carried out by neans of JMS-700 nass
spectroneter (manufactured by: JEOL Ltd.) by the field desorption
(FD) net KGFramantyl) phepy bhgift iy lddgiopsitsaléar aehd, hydtdgdm (@nd
nitrogen were each_neasured by nmeans of nodel 2400 el emental analyzer
( manuf actt@tedmgyp iy pepReny H eigkyron.) iscpathadhe enldr i frel dwld mdaddred
by the flask conmbustion titration method. [0086] (Synthesis exanple
1) teLgpReRE Y sPENA: BRIl gyl ddiny ity 1) sepBtive 5 @ -amfich043-(2- (4-
hydr oxyphenoxy) benzene> In a 300 nm. recovery flask, 75.0 g of
1- br onpadd@mdBt-§r&r¢BAt vhiobhen@ B ®hgnefl ) &LBydy hytsaxyterizenaci8?. 6-
mmol ), 25 nL of toluene and a stirrer were charged and agitated at
130 C for(2244hddr¢$lunderamitirogaerhehloow) pBehyehétwasy ¥ einmped hisfiéref r om
under reduced pressure to obtain solid. The solid was purified by
col um clacanabodr &phgs (4006 bt ai ning 23.0 g of
4, 6-di (1-adamantyl) -1, 3-di hydr oxybenzene (60.8 mmol ; yield: 81
tetramantyl)phenoxy)phenyl)ethynyl)isophthalic acid;
terephthalic acid having a tetramantyl structure and a
phenylethynyl structure such as S5-(2-(4-(1-
tetramantyl)phenyl)ethynyl)terephthalic acid, 5-(2-{4-(2-
tetramantyl)phenyl)ethynyl)terephthalic acid, 5~ (2~ (4~ (4~ (1-
tetramantyl) phenoxy)phenyl)ethynyl) terephthalic acid and 5-(2-
{4- {4~ (2-tetramantyl)phenoxy)phenyl}ethynyl)terephthalic acid;
phthalic acid having a biadamantyl structure and a
phenylethynyl structure such as 3-(2-(4-(3-(1,1'-
biadamantyl))phenyl)ethynyl)phthalic acid, 3-(2-(4-(2-(1,1"-
biadamantyl))phenyl)ethynyl)phthalic acid, 4-(2-(4-{(3-(1,1'-
biadamantyl))phenyl)ethynyl)phthalic acid, 4-{(2-(4-(2~(1,1"~
biadamantyl))phenyl)ethynyl)phthalic acid, 3-(2-{4-(7-(1,1"~
(3,5,3",5"—tetramethyl biadamantyl}))phenyl)ethynyl)phthalic
acid, 3-(2-(4-(2-{(1,1"-(3,5,3",5-tetramethyl
piadamantyl) ) )phenyl)ethynyl)phthalic acid, 4-(2-(4-(7-(1,1"-
(3,5,3",5" ~tetramethyl biadamantyl)))phenyl)ethynyl)phthalic
acid, 4-(2-(4-(2-(1,1"'-(3,5,3",5"  ~-tetramethyl
biadamantyl}) }phenyl)ethynyl)phthalic acid, 3-(2-(4-{4~-{(3~

{1,1"-biadamantyl) ) phenoxy)phenyl)ethynyl)phthalic acid, 3-(2-



69.9% . [0087] Next, 22.0 g of the 4,6-(1-adamantyl)-1, 3-

di hydr oxybenzene obt ai ned above (58.1 nmol), 28.7 g of 2-

benzyl oxy-4-fl uoroni trobenzene (116 HQ%L), 32.1 g of potassium
carbonate (233 mml), 180 nL of N, N-ditret hyl formam de and a stirrer
were charged in a 300 nL recovery flask and agitated at 135 C for 12

hours under nitrogen flow . Reacti olution was filter hen
ndded o451 27 bh sy PaerpaY gy et E bt o
by filtration, washed with 1 L of ion-exchange water and then dried
under redGédd pressiheld s TeBt ai ning 40.5 g of

4, 6-di (1-adamantyl) - 1, 3- bi s(3- benzyl oxy-4-ni trophenoxy)benzene (48.6
nol ; yibﬁéﬂaBgnéﬁgl)Rﬁﬁﬁﬁﬂy)PhenYl)GFEXPYlE@P%P%}%ﬁ %qﬁﬁ,%_%ﬁ_?4ﬁ(fi
4, 6-di (1-adamantyl) -1, 3-bi s(3- benzyl oxy-4-nitrophenoxy) benzene

obt ai ned (2bd¥el (ABlBlamasiiyl)l phengxyi PREVY bbt Hadt PraCe@CEar bon
(1.40 mmol ), 273 nL of N, N-dinethylformam de and a stirrer were

char ged i(B-44308~ 1~ tlectvelrdr ¥/13dsle’ ahatagretlted at room tenperature
for 24 hours under a hydrogen atnosphere. Reaction solution was
filter edbandahhehyaddeshermxly Jiphehyilontbyehhhget kit asel i ¢- (2~ (4~
precipitate was collected by filtration, washed with 1 L of

i on- exchangez2wal ei.’ antl, $ hen dr-ited ramg&hyteduced pressure, thus
obtaining 24.0 g of 4,6-di(1l-adamantyl)-1, 3-bi s(4-am no- 3-

hydr oxy pheaexshenz enepleic 6y phenylyeehgnyBbpisehal O08g]d, 82 (2~ (4-
Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysi s (@reg7sheoywn’ bes pw,. 3T -dattaasieawylLhat t he obtai ned conpound is
a target product. Appearance: blown solid Ms (FD) (nmz): 593 (M)

El ement a'bi%@lglgxﬁi:ﬂ) Thewses £ eadhdriyayeesvhh ¥ phtha Tic McidHan® 48;(2N,

4.73; 0, 1 Actual neasurenment values (/%: C, 76.95; H

7.50; N, 4-7%%-(9-(10181(3,5,3",5 ' ~tetramethyl
biadamantyl)})phenoxy)phenyl)ethynyl)phthalic acid;
isophthalic acid having a biadamantyl structure and a
phenylethynyl structure such as 4-(2—-(4-(3-(1,17-
biadamantyl))phenyl)ethynyl)isophthalic acid, 4- (2~ (4={(2~
(1,1’ ~biadamantyl) )phenyl)ethynyl)isophthalic acid, 5-(2-{4~
(3-(1,1’~biadamantyl))phenyl)ethynyl)isophthalic acid, 5-(2-
(4-(2-(1,1’ -biadamantyl) )phenyl) ethynyl)isophthalic acid, 4-
(2-(4=(7-(1,1"-(3,5,3",5 ~tetramethyl
biadamantyl)}))phenyl)ethynyl)isophthalic acid, 4-(2-(4-(2-
(1,17-{3,5,3",5" -tetramethyl
biadamantyl)))phenyl)ethynyl)isophthalic acid, 5-(2-(4~(7-
{1,17~(3,5,37,5" -tetramethyl
biadamantyl))}phenyl)ethynyl)isophthalic acid, 5- (2~ (4~ (2~
{(1,1°-(3,5,3’,5' —tetramethyl

biadamantyl)))phenyl)ethynyl)isophthalic acid, 4-(2-(4-(4-{3-



[ 0090] (Synthesis exanple 2) <Synt hesi s of
4,6-di(3,5-dinethyl-l-adanantyl)-l,3-bh§(4-
am no- 3- hydr oxyphenoxy) benzene> synthesis was perforned in
the sane condition as in Synthesis exanple 1 except that 84.8 g of

4o, 3 AT AR AL A Lo R b RL RS 0,750
results of, mgss, ,spectronetry analysis and el enental analysis are
shown be|§%ﬁ%$ﬁé 3§ é&éEEM/that t he obtai ned conpound is a target

o oduct . AIERLANGES) BhEUE TP Aol A AL B Pl B E Al

93980 o ACtual IESSUETENC Nalues (104G TT10f M, 803 N
acid, 5-(2~-(4-(4-(2-(1,1'-
biadamantyl))phenoxy)phenyl)ethynyl)isophthalic acid, 4-(2-{4-
(4-(7-(1,1"-(3,5,37,5" -tetramethyl
biadamantyl)))phenoxy)phenyl)ethynyl) isophthalic acid, 4-(2-
(4-(4-(2-(1,1"~-(3,5,3",5"-tetramethyl
biadamantyl)))phenoxy)phenyl)ethynyl) isophthalic acid, 5-(2-
{4-(4-{(7-(1,1"~(3,5,37,5" ~tetramethyl
biadamantyl) ) )phenoxy)phenyl)ethynyl)isophthalic acid and 5-
(2-{4-(4~-(2-(1,1"-(3,5,3",5 -tetramethyl
biadamantyl)) )phenoxy)phenyl)ethynyl)isophthalic acid;
terephthalic acid having a biadamantyl structure and a
phenylethynyl structure such as 5-(2-(4-(3-(1,1"-
biadamantyl) ) phenyl)ethynyl)terephthalic acid, 5-(2-{4-(2~
(1,17 -biadamantyl))phenyl)ethynyl)terephthalic acid, 5-(2- (4-
(7-(1,1"-(3,5,3",5" -tetramethyl
biadamantyl)) )phenyl)ethynyl)terephthalic acid, 5-(2-(4-(2~-
(1,17-(3,5,3",5"-tetramethyl
biadamantyl)))phenyl)ethynyl)terephthalic acid, 5-(2-(4-(4-(3~-
(1,17 -biadamantyl))phenoxy)phenyl)ethynyl)terephthalic acid,
5=(2-(4-(4-(2-(1,1"'~
biadamantyl) ) phenoxy) phenyl)ethynyl)terephthalic acid, 5=-(2-

(4= (4-{7-(1,1"-(3,5,3",5"-tetramethyl



(Synthesis exanple 3) <Synt hesi s of

4,6-di (1-(3, 3" -biadamantyl))-1, 3-bi s(4-

am no- 3- hydr oxyphenoxy) benzene> A synthesis was perforned in
the same condition as in Synthesis exaRPl e 1 except that 121.9 g of
3-bronp-1,1' - biadamantane (349 nmmol) was used in place of 75.0 g of
1- bronoadamant ane (349, nmol ). [0093] Resul ts of nass
spect r onetYr aé‘ﬁ’&ltyélg }Bﬁﬁn%é@{‘ﬁ%ﬁl)ﬁﬁwlét&lrépéh%%l%e@‘bw. arKe 5-
data show that the obtained comgpuqd is a target product. MS (FD)

(m z): 86NN eI @inent &l ~4RaPy3i =2’ TaRdcrEEtExl figures (%: C,
80.89; H, 8.43; N, 3.25; 0, 7.43 Actual neasurenent val ues
(%: C, goagsrantyd)dophgrony gohenyl) 2 @ymyd0ssrephyhe hesiacickiamside 4)
<Synt hesis of 4,6-di(1-(5,5,7,7 -tetramethyl-3,3'-

bi adamanti® YLike3- bie (AdamaHers: BFdnekyphendxiyhdeizamehaving an

alicyclic structure may be selected from the above-mentioned
structures having an adamantane structure as a minimum unit. A
binding position of the adamantane structure may be optionally
selected from the range specified by formula (1).

[0050]

The dicarboxylic acid compound having an zdamantane
structure and a fluorene structure may be synthesized by the
following method, for example. Firstly, 2-bromo-5-(1-
adamantyl}-toluene or l-bromo-3,5-dimethyladamantane, and 4-
(l-—adamantyl) -benzeneboronic acid undergo a Suzuki coupling
reaction, followed by a fluorenation reaction and a
fluorenonation reaction to synthesize corresponding 2,7-
diadamantyl fluoxenone or 2,7-di(3,5-dimethyl-1-
adamantyl) fluorenone. The corresponding 2, 7-diadamantyl
fluorenone or 2,7-di(3,5~dimethyl~l-adamantyl}ifluorenone is
subject to a dehydration reaction with methyl benzoate to
obtain fluorene dimethyl dibenzoate having an adamantyl group.
Alkaline hydrolysis and acid treatment are performed thereon,
thus synthesizing 9, 9-bis(4-carboxy-phenyl)-2, 7-diadamantyl~
fluorene. Also, fluorene bisphenol having an adamantyl group,
which is an intermediate reactant of bisaminophencl compound

synthesis, is etherified with methyl 4-fluorobenzoate and then



A synthesis was perforned in the sane condition as in 84 Synthesis
exanple 1 except that 141 g of 3-brono-5,5,7,7" -

tetramet hyl-1, 1' - bi adamant ane (349 mmo?} was used in place of 75.0 g
of 1-bronoadamant ane (349 mmol ). (0095) Appear ance and results
of mass spectronetry_analysis and el enental anal ysis are shown bel ow.

The dat a SKORSENEE BhE2bbai el Yomicurad gcadt hFgetmeniodddus
Appear ance: blown solid M5 (FD) (mz): 973 (M") Elenental analysis:
Theor et i cnthiegdrdsg( Pog b5 [ G- arboyy-@henoxK) -phesyl D;2.6.57
Actual neasurenment values (/% : C, 81.40; H 9.10; N, 2.87; 0, 6.56
[ 0096] diadamantyl-£fluorene, 9,9-bis[(4-carboxy-phenoxy)-phenyl]-2,7-
di(3,5-dimethyl-1l-adamantyl}-£fluorene.
[0051]

The dicarboxylic acid compound having an adamantane
structure and a benzene structure may be synthesized by the
following method, for example. Firstly, dihydroxybenzene
having an adamantane structure is synthesized by the reaction
of resorcinel with l-bromoadamantane or l-bromo=-3, 5-
dimethyladamantane. The dihydroxybenzene is etherified with
methyl 4-fluorobenzoate and then subject to alkaline
hydrolysis and acid treatment, thus synthesizing 1,3~bis(4-
carboxyl-phenoxy) -4, 6-diadamantyl-benzene or
1,3~-bis{4~carboxyl-phenoxy)-4,6-di (3, 5~dimethyl-l~adamantyl) -
benzene.

[0052]

The dicarboxylic acid compound having an adamantane
structure and a biphenyl structure may be synthesized by the
following method, for example. Firstly, dihydroxy-biphenyl
having an adamantyl group is synthesized by the reaction of
2,2’ -dihydroxy-biphenyl with l-bromo-adamantane or i-bromo-
3,5-dimethyladamantane. The dihydroxy-biphenyl is etherified
with methyl 4-fluorobenzoate and then subject to alkaline

hydrolysis and acid treatment, thus synthesized 2,2'-bis(4-

carboxy-phenoxy) -5, 5’ -diadamantyl-biphenyl, 2,2’-bis(4-



(Synthesi s exanpl e 5) <Synt hesi s of

9, 9- bi s(3-am no- 4- hydr oxyphenyl)-2, 7-di (1- adamantyl)-fl uorene>

In a 3 L recovery flask, 300 g of 9, 9-bis(4- hydroxyphenyl)-fluorene
(856 nmol), 1 L of toluene and a stirref were charged. Under nitrogen
flow, 137 nL of 60%nnitric acid aqueous solution (1.8 nol) was
gradual l'y added thereto with agitating at 5C or |ess. After the
addi ti on,SAHE*H R 8F8xxé§5aaiféhﬁﬁiéﬂ SSYL e hpefanan &y ¥lor ishe rwdur .
Reaction solution was added to 1 L of ion-exchange water. Solid
precipitaﬂ@oﬁé% collected by filtration, washed with 1 L 85 of

i on-exchange water and then dried under reduced pressure, thus

obt ai ni ng 291. 1F§T o} YIRS Ry BPéXyeRzare @bharfBl Prlegorens
(661.0 mmol ; yield: 77.2% . [0097] Next, 118.9 g of

9, 9- bi s( Ay agokPe3shruebphenenrefanisdeny (27ouhanll), 28&ik-g-of

1- br onbadamantane (1.11 nol), 16.1 g of ferric chloride (100 nmol),

1, 200 g ciimesheppénecmpdurd stdvirar ther stechatyed repweSertadkedgvery
flask and agitated at 120C for six hours under nitrogen flow Sol vent
was renovedmuier éfid oandidera réthasdyldss acedt oomboana rsotiindg, tTlee
solid was purified by columm chronmat ography, thus obtaining 112.7 g
of 9, 9- bisg(dchydeoxypBenettephmnyfra@ 13- (@) ( isadaaant yl) - fl uor ene
(159 nmol ; yield: 58.9%. [0098] Next, 5 g of the

9, 9- bi s(4- hydr oky-Saanidaxphenyk)ing, ¥hedi{dadsewgnty Bcild domgoend
obt ai ned above (7.1 mmol ), 0.26 g of 10% pal | adi um acti vated carbon
(0.25 mMMohpri®iggothé et aly HafiHArn@NdlacyhilEest weEharged in a
100 nL recovery flask and agitated at roomtenperature for 24 hours
under a hygregentakinBgpherfulf t@r, rieacki apespbution-yWas fidd ehed,

sol vent was renoved fromthe reaction solution under reduced pressure
to obtai bigobi-dni ABENERL L dodRSoNAS ﬁﬁ(ilriW?t Bra00c Pl Pl rdX1R RN oMl b d
under reduced pressure, thus obtaining 4.4 g of

9, 9- bi s( FaHuNg- 4%%& OXYONSIW1) <01 frofinehio 1 2daRBOLN ) - fbYoRgRR {6, 8t
mol ; yield: 96.5%. [0099]

is allowed to use a bis-o-amincphenol compound having an
alicyclic structure in place cof “Ar” of formula (5), which is
the formula of Rip in formula (4). That is, a bis-o-
aminophenol compound having an alicyclic structure in a main
chain thereof may be used. Or, as the bis-o-aminophencl
compound, a bis-c-aminophenol compound comprising no group
having an alicyclic structure may be used., As the bis-o-
aminophenol compound having an alicyclic structure in a main
chain thereof, for example, there may be listed a bis-o-
aminophenol compound having an adamantane structure in a main
chain therecf such as 1,3-bis{3-amino—-4-
hydroxyphenyl)adamantane, 2,2-bis{3-amino-4-
hydroxyphenyl)adamantane, 1,3-bis(4-amino-3-

hydroxyphenyl)adamantane and 2,2-bis(4-amino-3-



86 Appear ance and results of nmass spectronetry anal ysis and
el emental anal ysis are shown bel ow. Thegzdata show that the obtained
conpound is a target product. Appearance: blown solid Ms (FD) (mz):
649 (Me) Elenental analysis: Theoretical figures (1% : C, 83.30; H,

7.46; N, Hyd2ixiybhehyd3 adamantahs} ualbigeasuma) m%@he%@huéém§éﬁﬁd Yaving
83.36; H 7.35; N, 4.36; 0, 4.91 [0100] (Synthesis exanple

<Synt hesisn of i he(3- BREREcA- AYEF QXY PhenYL) a% &damantane structure
di (3, 5-di met hyl- 1- adamant yl) - fl uor ene> A synt hesi s was

per f or medkiidn the FSaANB-6RRHLL i ORy@Sod yhrIH %ﬁ'&ﬁ%%@' € P Sagﬁtn _hat
263.9 g of 1-bronD-g?5- dinetthadar%&Dntaneh(lala nol massﬁ .

place of Ra8ckygnehyiybranpadanantane { Lkl ml) . [01011

hydroxyphenyl) triamantane, bis(4-amino-3-
hydroxyphenyl)triamantane, bis(3-amino-4-

hydroxyphenyl) tetraamantane, bis(4-amino-3-

hydroxyphenyl) tetraamantane, bis(3-amino-4-
hydroxyphenyl)hexaamantane and bis{(4-amino-3-
hydroxyphenyl)hexaamantane; a bis-o-aminophenol compound
having in a main chain thereof a plurality of groups having an
adamantane structure such as bis(3-amino-4-hydroxyphenyl)
biadamantane, bis(4-~amino-3-hydroxyphenyl) biadamantane,

bis (3-amino—~4-hydroxyphenyl)triadamantane, bis(4~-amino=-3-
hydroxyphenyl)triadamantane, bis(3-amino-4-

hydroxyphenyl) tetraadamantane, bis{4-amino-3-
hydroxyphenyl)tetraadamantane, bis{3-amino~4-
hydroxyphenyl)hexaadamantane and bis(4-amino-3-
hydroxyphenyl)hexaadamantane; a bis-o-aminophenol compound
having in a main chain therecf an adamantane structure, a
group having an adamantane structure or a plurality of groups
having an adamantane structure and an ether bond such as 1,3~
bis{3-amino-4-hydroxyphenoxy)adamantane, 2,2-bis(3-amino-4-
hydroxyphenoxy)adamantane, 1,3-bis(4-amino-3-
hydroxyphenoxy)adamantane, 2,2-bis(4~amino-3-

hydroxyphenoxy) adamantane, bis(3-amino-4-



Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysis are shown bel ow. The data show that the obtained conpound is
a target product. Appearance: bl own soéid MS (FD) (mfz): 704 (Me)

El emental anal ysis: Theoretical figure 4(/0/(): C, 83.48; H, 8.01; N

3.97; 0, 87 4.54 Actual neasurenment values (/%: C, 83.49; H
8.00; N, ,3.98; 0, 4.52 [.0102 Synt hesj s exanpl.e 7)
Zoynt hosi WPy ET ) e AN HOR 3 hR By HeRGRy )

phenyl) -2, 7-di (1- adanant.yl) - f | uor ene> , In a 1 L recovery
AR S bl e

5-(1-adamant yl) - 2- bronot ol uene (131 nnol), 200 nL of tetrahydrofuran
and a stilt PEDOKNY GEHIBRYC R4 e 4rd@dnoasni tr ogen at nospher e
for two hours to prepare a Gignard reagent. Next, in another 1 L
recoveryIﬂﬁg§%¥P§832xg)BFlﬂm%HﬁaQﬁkuﬁ%ﬁ@&?mﬁﬂénﬁbenzene (131 nmol ),
9.19 ng of bis(triphenyl phosphine)pall adi umdichloride (13.1 mmol),
300 nl ofhMEroxyRReneryy ARt hadmantatier disvidreméharged. A

t etrahydrofuran solution, which is the above-prepared Gignard
reagent , hagroxgyebenohg) eeorammertaria,r dgen 3-bownand-t he m xture was
refluxed for 12 hours. Then, 60 nL of 10% hydrochl oric acid agueous
sol ut i on hyalsoxdeednbhrel bépaamantdres ,nmbditsude awasor@f | uxed for 30

m nutes. After an aqueous |ayer was separated and renoved therefrom
t he reacthyirczgbbenoryhasxamsdecsvd t oi20G-Ehiab-8ah ydedegbsadixym
hydr ogencar bonat e aqueous sol ution, followed by renoval of solvent

under reducedmphessasl ebi S04 + i3 -OhiaicRedneasxyef bigshiyntainyy na
col um chr omat ogr aphy, thus obtaining 45.1 g of

471@4'0(-) di ( biadarantyd)42hpetbyipHeddxy)didihenwbnt288, So 0804 ;aniR)-G-
% hydroxyphenoxy) triadamantane, bis(3-amino-4-

hydroxyphenoxy) tetraadamantane, bis({4-amino-3-
hydroxyphenoxy) tetraadamantane, bis{3-amino-4-
hydroxyphenoxy)hexaadamantane, bis(4-amino-3-
hydroxyphenoxy)hexaadamantane, 1,3-bis{3-amino-4-hydroxy-
phenoxyphenyl)adamantane, 2,2-bis(3-amino-4-hydroxy-
phenoxyphenyl)adamantane, 1,3-bis(4-amino-3-hydroxy-
phenoxyphenyl) adamantane, 2,2-bis(4-amino-3-hydroxy-
phenoxyphenyl)adamantane, bis(3-amino-4-hydroxy-
phenoxyphenyl)diamantane, bis(4-amino~3-hydroxy-
phenoxyphenyl)diamantane, bis(3~amino-4-hydroxy-
phenoxyphenyl) triamantane, bis(4-amino-3-hydroxy-
phenoxyphenyl) triamantane, bis(3-amino-4-hydroxy-
phenoxyphenyl)tetraamantane, bis{4-amino-3-hydroxy-
phenoxyphenyl) tetraamantane, bis{3-aminoc-4-hydroxy-

phencoxyphenyl) hexaamantane, bis(4-amino-3-hydroxy-



88 [0103] Next, 43.7 g of the

4, 4" -di (1-adamantyl)-2-nmethyl -1, 1' - bi phenyl obtai ned above (100
nmmol ), 36.8 g of potassium di chronate g%ZS nmol ) and 200 nL of water
were charged in a 500 nL autoclave and”heated at 250C for 48 hours.
After cooling, precipitate was filtered and separated therefrom The
preci pitate was sh three tinmes with 200 ,nL of iqQn-exchange water,
filtered p&he&oggggfgggigh%gfnﬂ?n ?fbe’ad?ltsa(t‘j’édlmﬁ%grwgf%ﬁééi d aqueous
solution qof pH 1.for .hqurs. Solid precipitate was coll ected by
filtrati gie P@&“\)Glmgéé aﬁn*iﬂn‘?rfongéﬁéﬁ@EOméfBYdWﬁ%‘e times and
then with 100 m of thanqgl, followed by drying under reduced
pressur e,pb(erﬂ?sfiyé?ﬁfe&ﬁ’ﬁnalﬁ%lﬁa@t%efz PAsfiSC A aenAnbydy ¥ Y uor enone
(94.1 mol ; yield: 94.1%. [0104] ‘ Next, 66.4 g of the

2, 7- di (1-PAPAPEYPRERYE) G5t eAdRRNEHIR SBsdidnedinea8-Aer9xy41. 8 g of
phenol (444 nmmol), 203 nL of Eaton's r.eagjent (7.7 wt % net hanesul foni c
aci d sol RIHP=gPhenphosphadasapetitoxitde) (3aamiaostrhyedroxier e char ged
in a 500 nr, recover)l/ flask and heated at 150C for 12 hours under a
ni t r ogen RieReEyREcay 1At ebraadamanimsolhisi(dnaméachadhydormy -
tenperature, 30 nL of ion-exchange water was added slowy. An aqueous
| ayer wahsogaiyahedyahtet vaadanhbiitrareaf hdm(3Fhannosétvemtomyas renoved
under reduced pressure. Solid thus obtained was refined by colum

chr omat ogrhagplogyphbugl bbeaaadargpivehrz® gref bis (4-amino~3~hydroxy-

2,7-di (1-adamantyl) - fl uorene-9, 9- bi sphenol (120.1 mol ; yield:

81.1% . BenodIPhEnyl)hexaadiexdtarse Synthesosamasopeshier megniduridhe
sanme condition as in Synthesis exanple 1 except that 36.0 g of the

2, 7-di ( l-haadawgmahyhpihl ao6esed®, chdiirspherekogbkai aeshabame (58. 1
mmol ) was used in place of 22.0 g of 4,6-(1-adamantyl)-1, 3-

di hydr oxyhenzenee(58. §r8up! davity =rokiRnnEns2:brGcdird, & a

bi s(4- (3- benzyl oxy-4-ni trophenoxy) - phenyl) -2, 7-di ( 1-

adamant y hifdauetene £ ( 48oQpsMmd ving &l aBthadthinel 0P8t ture such Mext, a
synthesis was perforned in the sane condition as in Synthesis exanple
1 exceptkﬁﬂﬂgfégaﬁagtQi—ﬁhémﬁhéhinﬁyd%dﬁ§'henyl}adamantane, bis (5-
benzyl oxy- 4-ni t r ophenoxy) - phenyl) - 2, 7- di Fl- adamantyl)-fl uorene

obt ai ned 628 )Ay\@ﬁjf&gqp j I 0 g 4 6- -
di (1- adaﬁﬁ%ﬁ\éﬁf&% % %IF{?(Q% benzyl oxy-Hfﬁgﬁt)?ggﬁgﬁggg be}%lz%;f%e%a%mantyl

3-amino-4-hydroxyphenyl) triamantane, bis{5-adamantyl-3-amino-
4-hydroxyphenyl)tetraamantane, bis(5-adamantyl-3-amino-4-
hydroxyphenyl)hexaamantane, bis(5-adamantyl-3-amino-4-
hydrozyphenyl) biadamantane, bis (5-adamantyl-3-amino-4-
hydroxyphenyl)triadamantane, bis(5-adamantyl-3-amino-4-
hydroxyphenyl)tetraadamantane and bis({5-adamantyl-3-amino-4-
hydroxyphenyl)hexaadamantane; and the 1like. An alkyl group
such as a methyl group, an ethyl group, a propyl group and a
butyl group, a fluoroalkyl group such as a flucromethyl group,
a fluorcethyl group, a fluoropropyl group and a fluorobutyl
group, and the like may be bonded to the adamantane structure

or the group having an adamantane structure. Solubility in a



(46.8 mmol ), thus obtaining 34.6 g of 9, 9-bis(4-(4-am no-3-

hydr oxyphenoxy) - phenyl) -2, 7-di (| - adamant y1) - fl uorene (41.5 mmol ;
yield: 88.7%. [0107] Appear ance_and results of nass
spectronetry anal ysis and el enent al an%?ysis are shown bel ow. The
data show that the obtained conpound is a target product. Appearance:
bl own solid M5 (FD), (mz): 1,041 (M) Elenental analysis: Theoretical
figures (9 Wen§§a§§.éﬁ?tkfe%%%ﬁﬁn9Q dprgge Gurthpr ImProvegtiiyy)
nmeasurenent values (/9%9:.C _84.17, H_6.95 N, 2.70; 0, 6.13 [0108]

( Synt hesi‘@tdpamsiaggyn’ alkyl Q@Wﬁghegpgtggr, substitution with

2,2' -di hydroxy-3, 3" -diam no-5, 5" -bis(1- (3,3 -biadamantyl)) - bi phenyl >
fluerine contributes to reduction in dielectric constant.

As the bis-o-aminophenol compound comprising no group
having an alicyclic structure, there may be listed 9,9-bis(3-
amino-4-hydroxy-phenyl) fluorene, 9,9-bis(3-amino-4-hydroxy-
phenyl} fluorene, 1,3-bis(3-hydroxy-4~aminophenoxy)benzene,
l,3-bis{4-aminc-3-hydroxyphenoxy)benzene, 2,2’ ~dihydroxy-3,3'-
diaminobiphenyl, 2,2’-bis[4-(3~hydroxy-4-
amino)phenoxylbiphenyl and the like.

[0054)

In the case of using the bis-o-aminophenol compound
comprising the group having the alicyclic structure
represented by formula (4), it is not necessary to use the
dicarboxylic acid compound having the structure represented by
formula (6) as the dicarboxylic acid compound. For example, it
is allowed to use a dicarboxylic acid compound having an
alicyclic structure in place of “Ar” of formula (7}, which is
the formula of Ryy in formula (6). That is, a dicarboxylic
acid compound having an alicyclic structure in a main chain
thereof may be used. Or, as the dicarboxylic acid compound, a
dicarboxylic acid compound comprising no group having an
alicyclic structure may be used. As the dicarboxylic acid
compound having an alicyclic structure in a main chain
thereof, for example, there may be listed

adamantanedicarboxylic acid, biadamantanedicarboxylic acid and



A synthesis was perfornmed in the same condition as in Synthesis
exanpl e 1 except that 1362.5 g of 3-brono-1,1' - biadamantane (3.9
nol), 162.0 g of 2,2'-di hydroxy- blpheng% (870.0 nmmol ) and 250 nL of
t ol uene were used respectlvely in place'of 75.0 g of

1- br onbadamant ane (349 mmol ), 9.58 g of 1,3-dihydroxybenzene (87.0

| f § hus, ob 428. 1 di hyd
e a”?t(ezﬁsfﬁ?“f%an%?‘a%ﬁﬂﬁ% DITLET ety “TB50 it <0 OB, op

[ 0109] h% ﬁ 00 _nL_of %g%%nltric acid a peous sougilon @640
mol ) was T ifaf§e 95°BB0 L ¢ é??“%?a?kprSH 2?%0@963

2, 2" -di hydr Z bISé% 3, 3r-bi ad nantyl) bi phenyl_ (300 nmol)
was gradt% "?ya&‘dg UPhEFELH V\?’f‘?‘P%g?Ut |ar?gah§ HOr@REERY } HE kR £ on,

the m xtu was tated for one hour roomtenperature. Reaction
sol ution r@ﬁéﬁ%ﬁ:dgrﬁ%oo& n{lleﬂrqaﬁ?%ﬁéﬁ@@ dater . TRymEputyl
precipitate was collected by filtration, washed with 1 L of

i on- exch&T§¥PnatBf SR8 LhER TRY HPeL HonsedetRalibe, SEBWP OVRLIISY 3dr yi ng
under reduced pressure, thus obtaining 207.3 g of

2, 2" - di hyfdlPORPtans: SEFAFEREE 5, SolPs ity (80 32 - e kitkntamnyl hpabi pheny!
(255 mol ; yield: 85.09 91 [0110] Next, a synthesis was
per f or med Sisi Sthacsafgnc ﬁdflﬂﬁlﬁlaslmmosgﬁnit he’s&s’tewalmtpileg larexeddptl t hat
38.1 g of

2, 2" - di hyzdhoswy 3, Baridiew + roods B tubiief 1wl 8h 3f 1 ademarintk)ipubepheay|
(46.8 Mol ) was used in place of 39.0 g of 4,6-di(1-adamantyl)-1, 3-

bi s( 3- benaduckyod- hnt dbpheroxiy) henmsaat(.46. 8 mMmol ), thus obtai ning
32.4 g of 2,2'-dihydroxy-3, 3 -diamno-5,5"-bis(1-

(3, 3' - bi adamant4)Yrdidiempdox43clamidl coypehn QRnl%sinkgOhdlyroup
Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysi s havdnghawnabetowl 1 I het dlattashownkhat mhhenebt aéted caxpound is
a target product. Appearance: blown solid MsS (FD) (mz): 753 (M)

gl $r2rfsng albiarakysk§phdheor Bidtale f iQW-8S s[/(¥-caBooBd-Hdnddy) 10; N,
. 1 1 phenyl]fluorene, 1,3-bis(4-carboxy-phenoxy)benzene, 2,2’ -
bis[ (4-carboxy-phenoxy)-phenyl]biphenyl and the like.

In a combination of the bis-oc-aminophenol compound and
dicarboxylic acid compound, both of the compounds are
preferred to have a group having an alicyclic structure in
order to obtain a polybenzoxazole resin with lower dielectric
constant and excellent heat resistance. More specifically, it
is preferable to use the bis-o-aminophenol compound having the
structure represented by formula {(4) and the dicarboxylic acid
compound having the structure represented by formula (6), the
bis-o-aminophenol compound having the structure represented by
formula (4) and the dicarboxylic acid compound having an

alicyclic structure in a main chain thereof, and the

dicarboxylic acid compound having the structure represented by



4.25
3.66; O,

2,2'-dihydroxy-3,3'-dianino-5,5'-bis(35§-
di met hyl- 1- adanant y1) - bi phenyl >

Actual neasurenment values (/%: C, 82.92; H 9.15; N
4.27 [0112] (Synthesis exanple 9) <Synt hesi s of

A synthesis was performed in

the sanme condition as in Synthesis exanple 8 except that 948.4 g of
1- brono- 3, 5- di hyl adapant.ane (3.9 nol s used in place of
1,362.5 Sfoa—?“uq@? -’bF‘Bam- S PLgy ‘M&%&@s?@mﬁ‘aﬁn}‘? iy an

Appear ance .and.r.esults a; mass spectronetry anal ysis and el enent al

anal ysi s
a target

Y&Hdn SEEFGWAT S hER dat@ h SRt Raf PEREOEbt ai ned conpound i s

product. ﬁggearance: bl own solid M5 (FD) (mz): 540 (De)
In their syntheses, a bis o-aminophencl compound and

dicarboxylic acid other than the above-mentioned bis o-
aminophenol compounds and dicarboxylic zcid compounds may be
mixed for copolymerization.
[0055]
A method for producing the polybenzoxazecle resin
precursor will be described further in detail.

For example, a polybenzoxazole resin precursor having an
adamantane structure can be obtained by the reaction of the
bisaminophenol compound having an adamantane structure with
the dicarboxylic acid compound having an adamantane structure.
As an example of this reaction method, for example, there may
be mentioned the acid chloride method. Specifically, in the
presence of a catalyst such as N,N’-dimethylformamide, the
dicarboxylic acid and an excessive amount of thionyl chloride
are reacted at room temperature to about 130°C. After
evaporating excess thionyl chloride by heating under reduced
pressure, a residue is recrystallized with a solvent such as
hexane to obtain dicarboxylic acid chloride.

Next, the dicarboxylic acid chloride thus obtained and
the bisaminophencol compound are dissolved in a polar solvent
such as N-methyl-2-pyrrolidone and N,N’-dimethylacetamide, and
reacted at -30°C to about room temperature, or at room

temperature to about 80°C or less, in the presence of an acid



El emrental analysis: Theoretical figures (/%: C  79.96; H 8.95; N,
5.18; 0, 5.92 Actual neasurenment values (/%: C, 79.98; H,

8.94; N, 5.17; 0, 5.93 [0114] (Synt her8ni5§ exanpl e 10)

<Synt hesi s of 2,2'-dihydroxy-3, 3 -dianrno-5,5"-bis(1-

(5,5 ,7, 7 -tetranet hyl- 3, 3' - bi adanmant yr nbi phenyl > A synt hesi s
was perfaorned.in the same _condjtion as in _Synthesis exanple 8 except
that 1, SEECFEGC8r SHCBy BROPE SHLAS, Fhli RimaPRYY. 8, 20L BP SREATARCIRS
(3.9 mol)_was used in gl ace of 1,362.5 of 3-brono-1,1' - bi adamant ane
(3.9 nol SeF G PEFCUrsor haging o GAamid edsuPt § U6t URtiss As peEbesnetry
anal ysis and el,emental analysis are shown bel ow. The data show that

t he obt aiif@FatdMPolRd P8 {% RECPHGRICES AppedPafitBical bt isuitied Vs

(FD) (mz): 865 (Ni
but preferably from 2 to 1,000, and more preferably from 5 to

100. If the number of repeating units is in the range,
especially solubility and workability are excellent.

Instead of the acid chloride method, the active ester
method may be used. In the active ester method, for example,
benzotriazyl ester is prepared by reacting the dicarboxylic
acid chloride and l-hydroxybenzotriazole, and the ester
compound is reacted with the bisaminophenol compound at room
temperature or above as aforementioned.

Also, a terminal end of the resin precursor may be
reacted with a monofunctional carboxylic acid compound or an
o-aminophenol compound. Scolubility in a solvent and heat
resistance can be further improved thereby.

As the monofunctional carboxylic acid compound, for
example, there may be listed benzoyl chloride, 4-adamantyl
benzoic acid chloride and the like. As the o-aminophenol
compound, for example, there may be listed 2-aminophenol, 4-
adamantyl-2-aminophencl and the 1like.

[0056)

In the present invention, as a method for dehydration and
ring closure reaction of the compound having the structure
represented by formula {1}, for example, there may be listed a

heating method, an irradiation method using an active energy



93 El enental analysis: Theoretical figures (/%: C, 83.28; H 9.78;

N, 3.24; 0, 3.70 Actual neasurenment values (/%: C, 83.26; H,
9.78; N, 3.25; 0, 3.71 [0116] (Synt hes?8 exanpl e 11)

<Synt hesi s of 2,2'-bis(4-am no-3-hydroxyphenoxy)-5,5'-

bi s(1-(3, 3 -bi adamantyl)) - bi phenyl > | . A synthesis was perforned
in the sarf GO GSoR BdCFRAVSYRt hesT ks dnsind faéfxcHBrr@ﬁa%nﬁéwag’:of
2, 2" -di hydroxy-5,5"- bis(1-(3,3' -biadamantyl))-bi phenyl (58.1 mmol)
was used 3 pisdey Grtayeorgdbpt hom-guch guramt wlpctrandbegmir dfbezene
(58.1 mmol), thus obtaining 57.9 g of

2, 2" - bi s(F - 38BEARYREXGE- it tlupsiredery plessnaprigds (S Fheoipadarnmatlel) )
- bi phenyl (49.2 mol ; yield: 84.8%. [0117] Next, a synthesis
was perf gigfed iPFeche seinend opdl Yih e asp dal eSynsishas pseexanpt evill lexaeept
that 55.1 g of 2,2'-bis(3-
benzyl oxyesariitregphenoxy) - 5, 5' - bi s(1- (3, 3' - bi adamant y1))- bi phenyl
(46.8 mol ) was used in place of 39.0 g of 4,6-di(1-
adamant y1) - 1, 31hi 5li8- beagsi oxanwentiiionophepoXy) bbde ersss i(rd 6.s8 obirali hed
t hus obtaining 39.0 g of 2,2'-bis(4-am no-3-
hydr oxyphenaenydsabiocbi sfd- 8303’ cbiadasrardart)ipnbbpheny| alfdkde-6 Mol ;
yield: 88.8%. [0118]
mentioned polyimide resin precursor. For example, there are
methods such as carrying out a reaction by heating in a
temperature range of 150 to 300°C for five minutes to 24
hours, irradiating with UV-ray and irradiating with an
electron beam.

In the present invention, a polybenzoxazole resin is
obtained by dehydration and ring closure reaction of the
above-menticned polybenzoxazole resin precursor. For example,
there are methods such as carrying out a reaction by heating
in a temperature range of 150 to 425°C for five minutes to 24
hours, irradiating with UV-ray and irradiating with an

electron beam.
[0057]

In a method for preparing the polyphenylene ether, for
example, the polyphenylene ether can be obtained by the
reaction of a bisphenol compound with an aromatic compound
having a difluoro group under basic conditions.

[0058]

In a method for preparing the polyester, for example, the



94 Appear ance and results of nmass spectronetry anal ysis and
el enrental anal ysis are shown bel ow. The data show that the obtained
conpound is a target product. Appearance: blown solid MS(FD) (mz):
937 (14+) El enmental analysis: Theor et i &4l figures (/%: C, 82.01; H
8.17; N, 2.99; 0, 6.83 Actual neasurenment values (/%: C,
82.00; H_8.12;

. N, 3.02; 0, 6,86 [pll Synt hesi s _exanpl e 12)
25yt heol RIS S5nobs. QhiRLISE MG iclE HRARGAT. SE6A. bLephero:
bi s(3,5-di met hyl-1- adanmantyl) - bi phenyl > A Sénthe5|s was
per f or nedcqnﬁjot“%'él Y3 BoAdPRFRMESEF RrGhtavaeryngxakptie 1acik cept
that 29.6 of 2,2'-dihydro§% - ) _
5, 5' - bi s(@Rrdi WP fRFEod- a8kt IAYL Y FfE9H me58°¢. mol ), which was
obt ai ned by using 948.4 g of 1-brono-3,5- dinethyladamantane (3.9
nmol ) in pll@®8%f 1,362.5 g of 3-bronol, 1'-biadamantane (3.9 nmol) in
Synt hesi s exanRIe 8, was used in place of 42.0 g of 2, 2'-di hydroxy
-5, 5' - bi s(1- (328" th| bmienall Crmvophdny Fot 58 ampdml )thHareSyayhesi s
exanple 11.
listed a bisphenol compound having an adamantane structure and
a fluorene structure such as 9,9%-bis(4-hydroxy-phenyl)-2, 7~
diadamantyl-fluorene and 9,9-bis[(3~hydroxy-phenoxy)-phenyl]-
2,7-diadamantyl fluorene; a bisphenol compound having an
adamantane structure and a benzene structure such as 1,3-
bis (3~-hydroxy-phenoxy) -4, 6-diadamantyl-benzene; a bisphenol
compound having an adamantane structure and a naphthalene
structure; a bisphenol compound having an adamantane structure
and an anthracene structure; a bisphenol compound having an
adamantane structure and a biphenyl structure such as 2,2'-
dihydroxy-5, 5’ —~diadamantyl-biphenyl and 2,27 -~bis{(3-hydroxy-
phenoxy) -5, 5’ ~diadamantyl-biphenyl; and the like. The
adamantane structure may be selected from the above-mentioned
structures having an adamantane structure as a minimum unit. A
binding position of the adamantane structure may be optionally
selected from the range specified by formula (1).
The dicarboxylic acid compound may be selected from the
dicarboxylic acids used for the polybenzoxazole resin
precursor.

[0060]

As the aromatic compound having a difluoro group, for



[ 0120] Appear ance and results of nmass spectronmetry anal ysis
and el emental analysis are shown bel ow The data show that the
obt ai ned conpound is a target product. 295 Appear ance: bl own solid M
(FD) (n1z) 724 (M') El enental analy5|s Theoretical figures (/%:

C, 79.52; 7.79; N, 3.86; 0, Act ual neasurenent val ues
(/19%: G e?@“%’d 'HEhergomaK| by’ Jalzﬁtetsi %delPGEQIFOWB?%%é'Sﬁ%“@XéﬁpIe
13) <Synt hesis of 9,9-bis(3-(3,5-dinethyl-1- adananty%?

5

am no- 4- ﬁVHW@Q&ﬁﬁgnﬁiquFﬁggéﬁgga.fluorene structure such a
bis (4-fluoro-phenyl) -2, 7-diadamantyl-fluorene and 9,9-bis[{3-

fluoro-phenoxy) -phenyl]-2, 7-diadamantyl fluorene; a difluoro
compound having an adamantane structure and a benzene
structure such as 1,3-bis{3-fluoro-phenoxy)-4, 6-diadamantyl-
benzene; a difluoro compound having an adamantane structure
and a naphthalene structure; a difluoro compound having an
adamantane structure and an anthracene structure; a difluoro
compound having an adamantane structure and biphenyl structure
such as 2,2’ -difluoro-5,5’-diadamantyl-biphenyl and 2,2’ -
bis(3~fluoro-phenoxy)-5,5’ ~diadamantyl-biphenyl; and the like.
The adamantane structure may be selected from the above-
mentiocned structures having an adamantane structure as a
minirmum unit. A binding position of the adamantane structure
may be optionally selected from the range specified by formula
{1).
[0061]

The compound having the structure represented by formula
(1) may have a group capable of causing a crosslinking
reaction with the compound or a crosslinking agent to be
hereinafter described in a side chain, chain end or main chain
thereof. Thus, solubility in a solvent and heat resistance can
be improved further. Especially, it is preferable that the
compound having the structure represented by formula (1) has a

group capable of causing a crosslinking reaction with a



A synthesis was perforned in the sane condition as in Synthesis
exanple 5 except that 5 g of 9,9-bis(3-(3,5-

di net hyl- 1- adamant yl) - 4- hydr oxy-5-ni trephenyl)-fluorene (7.1 nmol)
was used in place of 5 g of 9,9-bis(4-hydroxy- 3-

ni trophenyl)-2, 7-di (1- adamantyl)-fluorene (7.1 mol). [0122]

Appear ancererel imdsukt agehtnasshs pesddainRid Ybeanal ¥sheeand € sl a
anal ysis are shown bel ow. The data show that the obtained conpound is

a target qraxdilcinkifppeananten bi@hts waldwdns @hied cMepbi) 44H Zohe 704
(M+) Elenental analysis: Theoretical figures (/%: C, 83.48; H 8.01

N, 3.97, dkogbliskAelhuabeABASHS CRIE & RS 1AM ngCdeB3idt ofta &elbn
N, 96 3.97; 0, 4.49 [0123]
film can be increased and heat resistance of the same can be
improved further.
[0062]

As the group capable of causing a crosslinking reaction,
for example, there may be listed a functional group having an
acetylene bond (a carbon-carbon triple bond), a biphenylene
group, a cyanate group, a maleimide group, & nadimide group, a
functional group having a vinyl bond {(a carbon-carbon double
bond), a cyclopentadienyl group and the like. The group
capable of causing a crosslinking reaction is preferred to
have a polymerizable unsaturated bond in terms of high
reactivity and increased heat resistance. Also, a group
comprising carbon and hydrogen and not comprising a hetercatom
such as a nitrogen atom and oxygen atom is preferable since
dielectric constant can be kept low. The group capable of
causing a crosslinking reaction is especially preferred to
have an acetylene bond in terms of high reactivity and
increased heat resistance. As an embodiment in which a
crosslinkable group is introduced into the compound having the
structure represented by formula (1), a crosslinkable group
may be contained in a monomer that will introduce the
structure represented by formula (1), or a crosslinkable group

may be contained in a different monomer to be copolymerized



(Synt hesi s exanpl e 14) <Synt hesi s of

2,7-di (3,5-di methyl-1-adamantyl)-9, 9-

bi s(3- (3, 5-di net hyl -1-adanmantyl) - 5- am no- 4- hydr oxyphenyl) - fl uorene>

A synthesis was perfornmed in the sane ebndition as in Synt hesi s

exanpl e 5 except that 206.5 g of 9, 9-bis(3-(3, 5-

di et hyl- 1- adanantyl)-4-h droxy;5-njtropheny1%-f|uorene (270 mol )

was used T hISEEe"GROTEE. BhgL of il gLingPRCRy §RExjEBucture represented

ni t rophenyl ) fl uorene S270 mol ), and 269.9 g of 1-brono-3, 5-

di met hy| ddarfeft®iné (1711 nol) was used in place of 238.1 g of

1- br onbadamant ane (1,11 nol). [0124] . Appearance and results of

mass spect r omet T2 afref §ientampreorese feaka dning s3 sczaes lindak lsepsarp

The data show that the obtained conpound is a target product.

Appear and&Y [Neght mpBPMeR SerPEi MBI FDFvnwtipnal, opouy Wa E ragrent al

anal ysis: Theoretical figures (A: C 85.16; H 9.01; N, 2.72; O,

3.11 acetNdengl bapdsufeneekanalaresAE/ We Bn@kRR e ongrisiog; aN,

2.53; 0, 3.15 [0125] (Synthesis exanple 15)
functional group having an acetylene bond, there may be listed
the following monomers. As a dicarboxylic acid compound having
an acetylene bond, there may be listed S-phenylethynyl
isophthalic acid, 5-(4-phenylethynyl-phenoxy)}-isophthalic
acid, 5-ethynyl isophthalic acid, 5-(4-ethynyl-phenoxy)-
isophthalic acid, 5-adamantylethynyl-isophthalic acid, 5-
phenylethynyl-adamantane—-1,3-dicarboxylic acid and the like.
As a bisaminophenol compound having an acetylene bond, there
may vbe listed 2,7-bisphenylethynyl-9, 9~bis (4~hydroxy-3-amino-
phenyl)-fluorene, 2,7-diethynyl-9, 9-bis(4~-hydroxy-3-amino-
phenyl)-fluorene, 2,7-bisphenylethynyl~-9,9-bis[4-(3-hydroxy—-4-
amino-phenoxy)-phenyl]-fiuorene, 2,7-diethynyl-9,8-bis[4-(3-
hydroxy-4-~amino-phenoxy)-phenylj~fluorene and the like.

[0063]

While there is no particular limitation to a molecular
weight of the compound having the structure represented by
formula (1), a number average molecular weight (Mn) of the
compound is preferably from 3,000 to 50,000, more preferably
from 5,000 to 30,000. When the number average molecular weight

(Mn) is the lower limit of the range or more, a resin film

with higher heat resistance (high thermal decomposability) can



97 <Synt hesis of 3,3'-bis(3-(3,5-dinmethyl-1-adamantyl)-5-

am no- 4- hydr oxypheny1)-5,5",7, 7' -tetranethyl -1, 1' - bi adamant ane>

In a5 L recovery flask, 48.4 g of

3,3 -dibronn5,5', 7,7 -tetranmet hyl-1, 1' éBi adamant ane (100 mvl ), 688 g
of phenol (7.3 nol) and a stirrer were charged and agitated at 155C
for 30 mnutes under nitrogen flow, After cooling the m xture to room
t enper at %, SHAP3 Y| o8 aiBRCex (g d hfanBmbaa s 2 veraese tiekestd aangeight
agitated at 80C for ten mnutes. Solid precipitate was col |l ected by
filtratiofffnlt Hén th&sHERSH LYt Lobftheradeschargdcqat ez Bate®rdledith
under reduced pressure, thus obtaining 50.6 g of

3, 3' - bi s(MRIYy GGRypRBAY $PLBLELITY 7in g aolaesthganlbe' sbalabamdritamed.
(99.0 muol ; yield: 99.0%. [0126] Next, 100 g of the

3, 3r - bi s(Enaidro%Pghanyhir SeerFgq noltestwlamewieybht, 1Mabi aflartent ane
obt ai ned above (196 mmol ), 375 g of 1-brono-3, 5-dinet hyl adanmant ane
(1. 53 mmidgsentg iofreanhpdr basa i polysinimncoriqie veddntmmod ) ec 20 Meioht
nesitylene and a stirrer were charged in a 1 L recovery flask and

agi t at ed retasl2@@ ber thhr gel hpersea tAfdrerchiremaviongapbiy vesrcf r om t he

m xture under reduced pressure, solid thus obtained was purified by
col um chr[@ga®ogr aphy, thus obtaining 32 g of 3,3 -bis(3-(3,5-

di met hyl- 1- adanantyl) - 4- hydr oxyphenyl)-5,5",7, 7" -tetranet hyl 1, 1' - bi ad
amant ane (38. 3 DNOthe yt&@dii ckbhpa¥itib813f] th@8present invention, the
4- hydr oxyphenyl)-5,51, 7, 71-tetranmet hyl- 1, 1' - bi adanmant ane obt ai ned
above (3&chpdi@k) ha?@8gnthef s@eedid nidpecardtadshir & myeS e 10hakged
inallL recovery fIasE. Under nitrogen flow, 10 g of 60%nitric acid
aqueous 30l Wsle@N1698cABRhALYES &f adialdyy rdded sdierelp pighhnagkt ating
at 5C or less. After the addition, the m xture was agitated at room
tenper at Weifs@hn@Be BOMEs i Re@ctdpssalddd.qr W@ﬁs@ggﬁd éodi]siLrle high

i on-exchange water. Solid precipitate was collected by filtration
washed wi nol i n e ,
thus obt & med g oer s a b Ao e R T T ek ey A

?é?,.yg;mﬁa?“ Dl PABIEDY bptatney oy ol RATRENY IndsIns AWEHAMANANC
3, 3" -bi - -.di e ~1- 1).- . . .
2 by on ol FELIY caja RERIBNLY Heoperties, sugh_ag;3 sombinatdon
bt ai d , | 5 f 10% | di i d b 5
o) "S5 B BshEpufianiBlilng thitk Uit BRapIE BT B5haYR oF oo Pon, (

recovery flask.and agitated at rqomtenperature for 72 hours under a
yar ooen ssainBrad i aer fodul (o CoMbrrnh REELRPIBaretl Eoltan

was renoved fromthe reaction solution ynder reduced pressure. Solid
thus obt &1 WEE S nadRet®i EARPYNGT Nagitngx Ehangerwatere arfPrfscaded
under reduced pressure, thus obtaining 28 g of 3,3 -bis(3-

(3, 5- di methyPrfdgakant y1) - 5- ani no- 4- hydr oxypheny1)-5,5' , 7, 7' -
tetraneth%hb%g%'-biadanantane (32.4 mmol ; yield: 90.6% . [0129]
Next, a crosslinking agent will be described.
A crosslinking agent of the present invention contains
in a molecule two or more groups capable of causing a
crosslinking reaction with the crosslinking agent and/or
between the compound having the structure represented by

formula (1) and the crosslinking agent (hereinafter may be

simply referred to as a crosslinkable group or crosslinkable



99 Appear ance and results of nmass spectronetry anal ysis and
el enrental anal ysis are shown bel ow. The data show that the obtained
conpound is a target product. Appear angg: light yellow solid M5 (FD)
(mz): 865 (M+) Elenental analysis: Theoretical figures (/%: C,

83.28; H 9.78; N, 3.24; 0, 3.70 Actual neasurenent val ues
(/%9: C 83.10;, H _9.70;, N 3.32; 0, 3.50 [0130]. (Synthesis exanple
16 groupE)nt Hegi %?t@cg-f&rsﬁpéﬁflﬁoﬂgﬁ byakimehyepcsion,

bi s(phenyl et hynyl) -fl ugr ene> . A synthesis was perforned in the

sane condﬁl"(elr&nméé) P gﬁ{:ﬁ‘ésﬁ“ BERS &Fhedeeph LRERAAZTA P graghod

9, 9- bi s(4- hydroxyphenyl)-2, 7-di brono-fluorene (290.0 mmol) was used

in pl ace WFP169AGTSFC20DEI HAN GRS a5 appdprofayes -visible light

bi adamantyl1)) - bi phenyl (300 mmol ), thus obtaining 156 g of

9, 9-bis- (Byhy Vox gy 32nfit Kobhenyand 2sArg) Besabe! Fadt @hkol 28058 ameh;

yreld: 82ﬂzz&ion beam, a method using a metal catalyst, radical
initiator, acid, base or so on; etc. Such methods may be used
in combination. Among them, a heating method is preferable
since it requires no additives to promote a crosslinking
reaction, addition of unwanted components can be inhibited,
and side reactions are relatively unlikely to occur.

The crosslinking agent of the present invention contains
preferably two to ten crosslinkable groups in a molecule, and
more preferably two to four crosslinkable groups. When a
number ¢f the crosslinkable groups is the lower limit of the
range or more, crosslinking density can be improved and a
resin film with high heat resistance can be easily obtained.
When the number of the crosslinkable groups is the upper limit
of the range or less, an existing ratio of unreacted
crosslinkable groups is small. Either of the cases is thus
preferable.
[0066]
As the crosslinkable group, for example, there may be

listed a functional group having an acetylene bond (a carbon-
carbon triple bond), a functional group having a vinyl bond (a

carbon-carbon double bond), a maleimide group, a nadimide

group, a biphenylene group, a cyanate group, a



[0131] Next, 35.9 g of the 9,9-bis-(4-hydroxy-3-nitrophenyl)-
2, 7-di brono-fl uorene obtai ned above (60.0 nmml), 0.79 g of

tri phenyl phosphine (3.0 mml), 0.23 g of copper iodide (1.2 mml),
13.4 g of phenyl acetyl ene (132 nmol), 6725 g of 100

di chl orobi s(tri phenyl phosphi ne) pal | adium (0.36 nmol ), 72 nL of
triethylamne, 38 nm, of pyridine and a stirrer were charged_in a 500
nL r ecover¥FiaradiE agianydi paren #d 1owe ide -t nflee ?Rﬁﬁ%%l$iﬁpéﬁ group
reaction solution was filtered, solvent was renoved fromthe reaction
sol uti on dhdEieirgaidedapferstianalsayarn hayiopt ai Redympsizasited with
500 nmL of 2 nol/L hydrochloric acid aqueous solution and then with
500 L ofulfétaidéred Perfofedd b3s dyianpuydeas pPeddcéd preswuragrbonus
obtaining 32.5 of 9,9-

bi s(4- hyohr@gﬂ-es%@mﬁﬁ opheny 1yimyl -rrsy pleewpirbrhy agipof | dorislee HEBOL) 71in
mol ; yield: 84.6% . [0132] Next, 20 nlL of concentrated

hydr ochl drdmmsacifdhigh meaotieitiarmild ir@r®agedf hehe resistance. A

9, 9- bi s(4- hydr oxy-3-nitrophenyl)-2,7- bis(phenyl et hynyl)-fl uorene

obt ai ned @&tyoape coRpr@simopl Fardmeh aarst inyrergeer endhaogedomnpr ias 200 anl
recovery flask. Wth agitating at roomtenperature, tin (l11) chloride
di hydr at ehedferbatgmdeashl yeda imi 2fbgdn Gftoat hadobxwasn gatashuald y added
thereto at roomtenperature. After the addition, the m xture was

agi t at ed pte feaamleespatat die€léotril? JwastantSebhdber RepPI tat.e nas
collected by filtration, washed with 100 nL of ion-exchange water and

then wit @ ivha0f giehpansting alid eurd yndr pbAE YRdesHd EdIcRd
pressure, thus obtaining 10.8 g of 9, 9-

bi s(3- amgie-reRydeoxyphesnd) o 2, rdH dhenyhelhyAd L) nbltdrane d;18. 6

mmol ; yield: 89%. [0133] 101 elemental analysis are shown bel ow.
The dat a ;shawikhak .t hg,abtaiad CoRROUAE FSnéc i ALl RARIUEYing an

Appear ance: |ight yellow solid
acetylene bond, there may be listed an ethynyl group; an
aromatic substituted ethynyl group such as a phenylethynyl
group, a naphthylethynyl group, an anthrylethynyl group, a 3-
phenyl—2—§ropynyl group, a 4-phenyl-3-butynyl group, a 6~
phenyl-5-hexynyl group and a 8-phenyl-7-octynyl group; a chain
aliphatic substituted ethynyl group such as a l-propynyl
group, a l-butynyl group, a 2-butynyl group, a l-hexynyl
group, a 2Z2~hexynyl group, a 3-hexynyl group and a 4-hexynyl
group; a cyclic aliphatic substituted ethynyl group such as a
cyclohexylethynyl group, a bicyclo{2,2,1]heptylethynyl group,
an adamantylethynyl group, a 3-cyclohexyl-2-propynyl group, a
4-cyclohexyl-3-butynyl group, a 6-cyclohexyl-5-hexynyl group
and a 8-cyclohexyl-7-octynyl group; an alkynyloxy group such
as a 2-propynyloxy group, a Z-butynyloxy group, a 3-butynyloxy

group, a <-hexynyloxy group, a 3-hexynyloxy group, a 4-



M5 (FD) (mlz): 580 (M+) Elenental analysis: Theoretical figures (/%:
C, 84.80; H 4.86; N, 4.82; 0, 5.51 Actual neasurenent val ues
(/9%9: C, 84.75; H 4.81; N, 4.85; 0, 5.59 [0134] (Synthesis exanple
17) <Synt hesi s of 68
4,6-di (1-adamantyl) - 1, 3- bi s(4- car boxyphenoxy) benzene di chl ori de>
A synthesis was perfornmed in_the same condition as in Synthesis
exanpl e DS POHNFEOLR, 92 g5 OREFELNAXYA STPMPor 8bEn2eRE ey UcPe/ rarsiup .
was used in place of 28.7 g of 2- benzyl oxy-4-fluoronitrobenzene (116
ol ), t Hus OBPAYRYAGXZ99DoEPofa 4-heptynyloxy group, a 5-heptynyloxy
4,6-di (1-adamantyl) -1, 3- bi s(4-car boxynet hyl phenoxy) benzene (48.6
mol ; yi E%PurBEntyp. 6FbeRsynyloxy gmaxt;, 2l substihubed atiblnylbup of
pot assi um hydroxide (85% (1.0 nol), 61.5 g of the
4, 6- di ( 1-saddmast plputagdibngl 49rea box phennlbuphdnory) benzene 200t di-ned
above (0.10 nol) and a stirrer were charged in a 2 L recovery flask
and heat egerttadiéhlydx gkonp 30a nd nugeinhdRgdetli, Grbsobdl i opnl waisswgoalred aand
solid thus precipitated was collected by filtration. The solid was
102 2,4-pentadiinyloxy group; and the like. A hydrogen atom of the
group containing an acetylene bond may be substituted with a
fluorine atom, a methyl group, a methoxy group, a
trifluoromethyl group or the like. BAmong them, a crosslinkable
group selected from an ethynyl group, a phenylethynyl group, a
(d-methylphenyl) ethynyl group, a naphthylethynyl group, a
phenylbutadiinyl group, a t-butylethynvl group, an
adamantylethynyl group and 3, 5-dimethyladamantylethynyl group
is preferable. Especially, an ethynyl group is preferable.
Plural crosslinkable grcocups in a molecule may be the same or
different from each other.
(0067]
As a specific example of such a crosslinking agent,
there may be mentioned a crosslinking agent having a structure
represented by the following formula (8) or the like.

[0068]

[Formula 8]

A=(B) (8)
In this formula, “A” is an organic group: “B” is a

crosslinkable group of the crosslinking agent; and “p” is an



washed with 2 L of ethanol and dried under reduced pressure, thus
obtaining 66.0 g of 4,6-di(1l-adamantyl)-1, 3-bi s(4-

car boxy- phenoxy) benzene di potassiumsalt (0.095 nol; yield: 95.0%.

[ 0136] Next, 62.5 g of the 4,628 (1-adamantyl)-1, 3- bi s(4-

car boxy- phenoxy) benzene di potassi um salt obtai ned above (90 mmol),
200 nmL of 1,2-dichloroethane and a stirrer were charged in a 2 L
recovery ¥1ERIer pler, 0178952 BYeiniadhy adhlistieger(fromml o vds
gradual |y added thereto with agitating at 5C or less. After the

addi tion, P9%5% of N, N-di methyl formami de and 1.5 g of hydroqui none
were added and agitated at 45 to 50C for three hours. After reaction
sol ution was fiPeekld, oxgniehtongue rréfodadieronda heSreddisirenmeyl bei on
under reduced pressure. Solid thus obtained was washed wi th hexane
and t hen ¥iethegstal birpadtaft ravetdngh etsher pinbpbtbblianai gup®@s8. & g of
4, 6-di (1-adamantyl) -1, 3- bi s(4- car boxy- phenoxy) benzenedi chl ori de (59.4
mol ; yi elapht861@¥e. gfF0tB7]a fluorend\ppeapancepandyiesubis, of nass
spectronetry anal ysis and el enmental analysis are shown bel ow. The

dat a showitdraeintileehebt giroed, canpopinghyils cacuigl, gat dppbenel sulAapsar ance:
light yellow solid M5 (FD) (mz): 656 (M) Elenental analysis:

Theor et i eatoud,gur esphedylptopdBe 2 odp ahdle; d€bhed(1Bdsar hFdproPahe

Actual measurenment values (/%: C 73.25; H 6.21; d, 10.75; 0, 9.79
group; a group having an (aliphatic) polycyclic framework
structure such as an adamantyl group, a 3,5-diphenyladamantyl
group, a 3,5,7-triphenyladamantyl group, a 3,5,7,9-
tetraphenyladamantyl group, a 1,1’-~biadamantyl group, a 1,2~
biadamantyl group, a 2,2’ -biadamantyl group, a 3,3"-diphenyl-
1,1’ ~biadamantyl group, a 3,37,5,5" ~tetraphenyl~1,1’~
biadamantyl group and a 3,37,5,5',7,7' ~hexaphenyl-1,1"-
biadamantyl group; a structure comprising the aromatic groups
and/or the polycyclic framework structures in combination of
two or more; and the like. However, the organic group “A” in
formula (8) may not be limited thereto. Moreover, as the
organic group “A” in formula (8), the structure comprising the
aromatic groups and/or the polyvcyclic framework structures in
combination of two or more may further contain a linking group
such as -0-, -NHCO-, —-CONH-, -CCO- and ~0CO~. A hydrogen atom
of the organic group may be substituted with a fluorine atom,
a methyl group, a hydroxyl group, a methoxy group or a

trifluoromethyl group.

f0070]



[0138] (Synthesis exanple 18) <Synt hesi s of

4, 6-di (3, 5-di met hyl- 1-adamantyl) - 1, 3- bi s(4-carboxy- phenoxy) benzene

di chl ori de> A synthesis was perffornmed in the sane condition

as in Synthesis exanple 1 except that 25.3 g of

4, 6-di (3, 5-di net hyl 1-adamanty1) -1, 3-di hydroxybenzene (58.1 nmol) and

17.9 g of met hyEt4if| %%P%%gjdéw@@(ffrgbﬁfﬁnlf)fmﬂet]@e uskivpadspestt vel y

in place of 22.0 g of 4,6-di(1-adamantyl)-1, 3-di hydrloxybenzene (58.1

mol ) andiEgeAsgohepthenzybbaycd- thajortdi taroseniekéng ldgemnoigs a

[ 0139] Appear ance and results of nmass spectronmetry anal ysis

and el eneftictarsl yepebiereoshdwmbel cwbehmxdabdeshongtbat t he

obt ai ned conmpound is a target product. Appearance: blown solid M

(FD) (m AntrAnbleku)lakEl debptabt amal rsd scing closurgheeaetlseml i gures

(/9: C 74.25; H 6.80; d, 9.96; 0, 8.99 Actual neasurenent

val ues (/24ditGon74023; cpsB6lBikalkle A BpaBl86oF04403ing an
intermolecular reaction.

It is also preferable that the crosslinking agent has a
polycyclic framework sitructure since in this case the
crosslinking agent itself contributes to the reduction in
dielectric constant and provides a higher elastic modulus and
lower linear expansion coefficient. In particular, it is
preferable that the crosslinking agent has a biadamantane
structure or an adamantane structure since excellent
solubility in a solvent can be obtained. Having a biadamantane
structure is particularly preferable since a low dielectric
constant, a high elastic modulus and a low linear expansion
coefficient can be obtained. An alkyl group such as a methyl
group, an ethyl group, & propyl group and a butyl group, a
fluoroalkyl group such as a fluoromethyl group, a fluoroethyl
group, a fluoropropyl group and a fluorobutyl group, and the
like may be bonded to a group having the biadamantane or
adamantane structure. Solubility in a solvent and heat
resistance can be improved by introducing an alkyl group into
the biadamantane or adamantane structure.

In the present invention, in order to obtain a lower

dielectric constant, a higher elastic modulus and a lower



104 (Synt hesis exanple 19) <Synt hesi s of

4,6-di (1-(3, 3r-bi adamantyl))-1, 3-bi s(4- carboxy-phenoxy) benzene

di chl ori de> A synthesis was perfornmed in the sane condition
as in Synthesis exanple 1 except that 3%. 6 g of 4,6-di(1-(3,3" -

bi adamantyl)) -1, 3-di hydroxybenzene (58.1 mml) and 17.9 g of nethyl
4-fl uorobgnzoate (116, mol re, used respectively _in place of 22.0 g

of 4, 6-di (‘EdarEReYE} o8, §2>8¥§w}%3& & 58210/ mbhy aFRFDlg K igof
2- benzyl ox -4-f|ugno itrobenzene (116 nmmol). [0141] ,
Appear ancddifd PeSdPPsT8F1Ruls SHedtHoialy Catdppeerind Br@heit 4P
anal ysis are shown bel ow. The data show that the obtained conpound is
a target ProdFesslAppénpapgent | iymrefguaddesol Tiee N yDclin framegpark
(Mt) Elermental analysis: . Theoretical figures (/%: C, 77.98,;
H 7.42, qﬁﬁucﬁpg?;10,tB?99r05311nquﬁnﬁﬂﬂntné§s@h@ﬁenreﬁ%IQh%Y(ﬂﬂ%m:2@,
78.02; H 7.46; d, 7.62; 0, 6.90 [0142] (Synthesis exanple 20)
to 95 wt%, more preferably 30 wt% or more, still more
preferably 40 wt% or more. In the calculation of a content
ratio of the polycyclic framework structure, even if the
polycyclic framework structure has a substituent, hydrogen is
used for the substituent. PFor example, in the case of
containing an adamantane structure, a molecular weight of
adamantane of, for instance, 136, diamantane of 188,
triamantane of 240 or so on and a number thereof are used for
calculation. In the case of containing a group having a
plurality of the polycyclic framework structures, for example
in the case of containing a biadamantane, two adamantanes are
used for calculation (3136 x 2}). Similarly, three adamantanes
are used for calculation in the case of containing a
triadamantane (136 x 3). In the case that the crosslinking
agent is a polymer having a repeating unit, a content ratio of
the polycyclic framework in the crossliinking agent is obtained
from a content ratio of the polycyclic framework contained in
a structure of the repeating unit. For example, in the case of
7,7"-bis(3,5-bis(phenylethynyl)phenyl}~3,3’,5,5 ~tetramethyl-
1,1’ -biadamantane, a content ratio of the polycyclic framework

structure in the crosslinking agent is obtained as follows,

based on a total molecular weight of 879, a molecular weight



<Synthesis of 4,6-di(1-(5,5,7,7 -tetranethyl-3, 3'-

bi adamantyl)) -1, 3- bi s(4-car boxy- phenoxy) benzene di chl ori de> A
synthesis was perforned in the sane copdition as in 105 Synthesis
exanple 1 except that 44.1 g of 4,6-di? -(5,5,7, 7 -

tetramet hyl- 3, 3' - bi adamantyl))-1, 3- dihydroxybenzene (58.1 mmol) and

17.9 g of thyl. 4- quorobe oat mer used res |ver
in place %?E %ﬁ s e Wa 19%§%%%%591 CYOdi ﬁHFB?E%@%i@%
mol ) and 2 | ox aoroni trobenzene (116 nnDI)
[01431 &% gﬁgﬁﬁrﬁ ééﬁang%%%ﬁt%#d% mass spectrometry anal ysis
and el enment al anal¥5|s are shomn bel ow. The data show that the

obt ai ned conpounH & tarkyet *pr8duct 31Appehl ance: bl own solid MS
(FD) (m z): 036 (M) Elenental anal ysi s: Theoreti cal

figures (/%07163, 78.81; H 8.17; O, 6.84; 0, 6.18 Act ual

measur enent values (/%: C, 78. 79 H 8.20; d, 6.82; 0, 6.19 [0144]
(Synt hesi s exanﬁpetgq)re51n comp051tlon of the present 1nvent10n, a

ratio of the crosslinking agent is preferably from 3 to 9060
parts by weight and more preferably from 5 to 400 parts by
weight, with respect to the compound having the structure
represented by formula (1} of 100 parts by weight.

[0072]

A polymer obtained by reacting the crosslinking agents,
in which the crosslinking agents are used solely or in
combination of two or more kinds, may be used in the present
invention. In the case of containing the polymer, there is an
advantage that a uniform resin film can be easily obtained in
the process of forming a film of the resin composition.

[0073]

Since the resin composition of the present invention
uses the compound having the structure represented by formula
(1) and the crosslinking agent in combinaticn, it is possible
to cause a crosslinking reaction after forming a coating to
increase a crosslinking density of a resin f£ilm. As described
above, the crosslinking density can be further increased when
the compound having the structure represented by formula (1)
has a crosslinkable group that is reactive with the

crosslinking agent.



<Synthesis of 2,7-di(1l-adamantyl)-fl uorene-9,9- bisbenzoic acid

di chl ori de> In a 500 nL recovery flask, 44.9 g of 2,7-di(1-
adamantyl)-fl uorenone obtained in the sanme manner as in Synthesis
exanple 7 (100 mmol ), 36.6 g of benzoic acid (300 mmol), 203 nL of
Eaton's reagent (7.7 wz% net hanesul fonic acid solution of

di phosphor us pepfexi 88 m AN Bhriid S e RN § Eﬁgége&ﬁﬁsﬁtﬂ% agl tated

at 150C for 12 hours under”a nitrogen atnbsp reaction

sol ution reached ;FQQM.t SAPEL AL £; ]aoq:e[giln()f ih@n- %%%‘%&ﬁ%@ﬁnﬁs

added sl owl y.  An aqueous | ayer was separ ated and renove

T o AP R er SRV LD OF IR LA LR Al O o S

pressure. thus obtarned was puritie am chrona<%§}§6ﬁy,

s SR Y17 LR L AP ATy ) e

acid (81 nmol; yi el
2, 7-di (1- adamant %)-f uorene-9, 9- hi shenzoic acj d obtained above (81
ol ) SOPTHES P Eh, ChREr odtiradESaRCaTS ST FEY i & e ged Fh a
2 L recovery fl.ask. Then, %78. $ of thionyl chloride (1.5 nol) was
gr adual | y"THEREd OPhEFBL SUMFRRT af TERATRy CatISEeGETREsSONFIy Ghhe
addition, 1.5 ni _of N, N-dinethylfornmam de and 1.5 g of hydroqui none
ver e addedSHid t4dimt RYe§OEPInG RYNGREY JroMhtbe REEFR. CHrReT Hidctifon
solution was filtered, solvent was renoved fromthe reaction solution
under redited 5EERSUL8VEREL PR FhiPGHIRithed FRasnwAsHed with hexane
and recrystallized wth diethyl ether, thus obtaining 39.4 g of
2, 7-di (1- [B8dfént y1)-f1 uorene- 9, 9- bi shenzoic acid dichloride (55.4
mol ; yield: 68.4%. [0146] Appear ance and results of nass
spectronetry ahal §3dst kol @ dienedbvanakysisned ecotmwentyesl owheThesin
data show that the obtained conpound is a target product. 107
Appear ancemdoisgiti opebfothg op Fres B (IFDjen(tiion) maylR2ofipt Ise additives
such as a surfactant, a coupling agent as typified by silane
series, a radical initiator which generates an oxygen radical
or a sulfur radical by heating, and catalysts such as
disulfides, 1f necessary.

Also, the resin composition may be used as a
photosensitive resin composition by adding a
naphthoquinonediazide compound or the like as a photosensitive
agent. More particularly, for example, when introducing a
hydroxyl group to the resin composifion, or when having —-NHCO-
as “X” of formula (1) and a hydroxyl group as any of R; to Ry
that is in the ortho-position to the bond represented by “*~
and a hydroxyl group as any of Rs £to Rs that is in the ortho-
position of “X”, that is, in the case of a polybenzoxazole

resin precursor, the resin composition can be used as a

positive-working photosensitive resin composition by using



El ement al anal ysi s: Theoretical figures (/%: C 79.31; H,
6.23; d, 9.96; 0, 4.50 Actual neasurenent values (/%: C
79.34; H 6.26; d, 9.87; 0, 4.53 [014@@( Synt hesi s exanpl e 22)

<Synt hesis of 2,7-di(3,5-dinethyl-1-ad ntyl)-fl uorene9, 9- bi sbhenzoic
acid dichlori de> A synthesis was perfornmed in the sane

condltlon |n esi s_exa excet t hat 50, 4 of ., .

507 (3 sy BoE SRR S SRR AR08 RO FoRBRi v i n
pI ace of 44.9 ¢ é 2, 1- d| 1- adamanty 120_ fl uorenope (100 muol ). [0148]
Appear ancdHid r@ ET‘tEh%f HEds Pecst ﬁ@f‘rﬂ}o’ﬁﬁ’i’éﬁ/%?saéiﬁ% ERBREAPIRY
anal ysis are shown bel ow. The data show that the obtained conpound is
a target apriﬁ'tm& chﬁﬁééPéﬁ}aée P SN Si01S @ MSTEROFYLAY L) ITE (B8 )

El emental anal ysi s: Theoretical figures (/%: C, 79.77;, H,
6.83: d rq;gg3cqmpo§1§70n can be used as a negative- worklng

photosensitive resin composition by using a phote initiator.

The resin composition of the present invention can be
obtained by compounding the components appropriately and
mixing them.

[6075])

In the case of producing a resin film and so on, the
resin composition of the present invention is preferably used
as a varnish to prepare a resin film and so on, by dissolving
or dispersing the resin composition in an organic solvent
capable of dissolving or dispersing the resin composition. As
the organic solvent, for example, there may be listed N-
methyl-2-pyrrolidone, y-butyroclactone, N,N-dimethylacetamide,
dimethyl sulfoxide, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, diethylene glycol dibutyl
ether, propylene glycol monomeithyl ether, dipropylens glycol
monomethyl ether, propylene glycol monomethyl ether acetate,
methyl lactate, ethyl lactate, butyl lactate, methyl-1,3-
butylene glycol acetate, 1,3-butylene glycol-3-monomethyl
ether, methyl pyruvate, ethyl pyruvate, methyl-3-
methoxypropionate, methyl ethyl ketone, methyl isobutyl
ketone, cyclopentanone, cyclohexanone, tetrahydrofuran,

toluene, xylene, mesitylene and the like. Other organic



Actual neasurenment values (/%: C 79.75; H 6.80; d, 9.21; 0, 4.16

108 [0149] (Synthesis exanple 23) <Synt hesi s of
9, 9- bi s(4- (4-carboxy-phenoxy) - phenyl) -257- di (1-adamantyl)-fl uorene
di chl ori de> A synthesis was perfornmed in the same condition

as in Synthesis exanple 1 except that 36.0 g of 2,7-di(1-adamantyl)-
f | uor ene-Wordsitsplrapeblobrdi dedsdlvire csane spemréngashe nrGyint hesi s
exanple 7 (58.1 mmol) and 17.9 g of nethyl 4- fluorobenzoate (116
mol ) werenred riespett thel presempt acerafti2?. Gag bé also used. These
4, 6-di (1-adamantyl) -1, 3-di hydr oxybenzene (58.1 mmol) and 28.7 g of
2- benzyl oxygatrifd worloentsobenzieseufdd Gataily) or[ @h58pmbination of two
Appear ance and results of nass spectronetry anal ysis and el enent al
anal ysi s ar enceleawn bel ow. The data show that the obtained conpound is
a target product. Appearance: light yellow solid M5 (FD) (nfz): 896
(Ni) El engmoalsianal ysi s: Theoretical figures (/%: C, 79.009;
H 5.85 d, 7.91;, 0, 7.14

An amount of the organic solvent may be an amount capable
of dissolving or dispersing the resin composition completely
and is not specifically limited. It may be appropriately
varied for purposes. In general, a solvent centent in a
varnish is preferably from 70 to 99 wt%, or it may be about 70
toe 95 wt%. For a dilute solution, it is used in an amount of
about 26 to 99 wti.

[0077]

Hereinafter, a resin film will be described.

A resin film of the present invention is obtained by
using the above-mentioned resin composition or a varnish
comprising thereof. The resin film of the present invention is
thus excellent in adhesion and dimensional stability.

The resin film, for example, may be used as an interlayer
insulation film or a surface protection film for
semiconductors, an interlayer insulation film of a
multilayered circuit, a cover coat of flexible copper clad
laminate, a solder resist film, a ligquid crystal alignment
layer, an etching protection film, an adhesive and so on.

Among them, the resin film is suitably used as an interlayer

insulation film, a surface protection film for semiconduciors



Actual neasurenment values (A): C 79.14; H 5.89; d, 7.87; 0, 7.10

[ 0151] (Synthesis exanple 24) <Synt hesi s of
9, 9- bi s(4-(4-carboxy-phenoxy) - phenyl) -2, 7-
di (3, 5-di met hyl-1- adamantyl)-fl uorene dfchl ori de> 109 A

synthesis was perforned in the sane condition as in Synthesis exanple
1 except that 39.2 .9 of , , _
2,7-diF3f§3d?hﬁ%ﬁ%ﬁ%gaﬁéﬂﬁﬁ?§+??I%B?%ne-9,9-bisphenol obtained in the
same nann%r in Synthesis exanple 7 (58.1 nmol) and 17.9 g of

met hyl 4- ﬁ%ﬁ%ﬂobenzoate (116 nmmol ) were used respectively in place
of 22.0 g of 4 6-dié1-adananty1)-1h3-dihydroxybenzene (58.1 mml ) and
28.7 g of 2-beR¥YyPEHNT-7 |RARTHATGHORSEMEZ L4 6COMRAYNG [TLEPE Like as
Appear ance and results of mass spectronmetry analysis and el emental
anal ysi s ARDEKEHISBELSR. 2TRRE dathke SIRF T IFeMPPRé L PR ar e doe GHFRUNG efs
a target product. Appearance: light yellow solid M5 (FD) (mz): 952
(14+) El éferit &hoapgeysisive surfacahumrtedtisen fidures (7% : C, 79.48;
H, 6.35; ?Ob72345; 0, 6.72

In the case of using the resin film as an interlayer
insulation film, the resin composition is dissolved in an
organic solvent such as N-methyl-2-pyrrolidone to prepare a
varnish, and the varnish is applied onto an appropriate
substrate such as a silicon wafer or a ceramic substrate to
form a coating layer. Methods for spplying the varnish include
spin-ceating by means of a spinner, spraying by means of a
spray coater, dipping, printing and roll ceoating. The coating
layer is then subject to drying and heat treatment to remove
solvent, thus providing an interlayer insulation film. In the
case of a polyimide resin precursor or a polybenzoxazole resin
precursor, after removal of solvent, the precursors is subject
to a condensation reaction and a crosslinking reaction by
conventional methods to prepare a peolyimide resin or a
polybenzoxazole resin, thus providing an interlayer insulation
film composed of a resin composition comprising thereof. If a
resin changed from the polyimide resin precursor or the
polybenzoxazole resin precursor is soluble in an organic
solvent, after the polyimide resin precursor or the

polybenzoxazole resin precursor is preliminarily changed to a



Actual neasurenment values (/%: C, 79.46; H 6.32; d, 7.42; 0, 6.73

[ 0153] (Synthesis exanple 25) <Synt hesi s of
2,2' -bi s((4-carboxy-phenoxy) - phenyl) - 535" -
bi s(1- (3, 3r-bi adamantyl)) - bi phenyl dichloride> A synt hesi s

was performed in the sanme condition as in Synthesis exanple 17 except

that 42 fmidel redi Y dEOXY) ¢ 7b 1 ,
55" - bIS?3 ag'3f bFadananty ??ﬁﬁﬁ%ﬁo fégeflﬁnnl)v%%?%?neéaln t he

same manngfe &%&ntﬁggE??éhs %%sﬁm jl%t%lrgggregplfégé(%atf&? film can

4-fl uorobenzoate (116 mmlj, were use inp

(
4 6 di ( LadampLyll by tﬂ%hygﬁ@w%“e 1g5§h£‘s W t%% £ 4:°hg need
yl oxy-4-fl uoronitrobenzene nmo esi's exanp e
R E A i e e T %@L%f e 45
obt ai ned p%.%e%%%xla‘%o et %g: Ig)reocguurcstor '%p %ai.:r:%ggg :Ln ghneg/el low solid
treatment cof a coating layer, so that it is possible to reduce
the time for the heating treatment or active radiation
irradiation.

A thickness of the interlayer insulation film is not
particularly limited but preferably from 0.01 to 20 pm, more
preferably from 0.05 to 10 pm and most preferably from 0.1 to
0.7 pm. The interlayer insulation film is provided with
excellent process compatibility when having a thickness in the
range.

[0080]

In the case of using the resin film as a protection film
for semiconductors, as in the case of using the resin film as
an interlayer insulation film, the resin composition is
dissolved in an organic solvent such as propylene oxide,
diacetone alcohol and N-methyl-2-pyrrolidone to prepare a
varnish, and the varnish is applied onto an appropriate
substrate such as a silicon wafer or a ceramic substrate.
Methods for applying the varnish include spin-ceating by means
of a spinner, spraying by means of a spray coater, dipping,
printing and roll coating. A coating of the varnish is then

subject to drying and heat treatment to remove solvent, thus



M5 (FD) (mz): 1,000 (M+) Elenental analysis: Theoretical figures

(/19%9: C, 79.26; H 7.26; d, 7.09; 0, 6.40 Act ual neasurenent
values (/%: C, 79.23; H 7.29; d, 7.12; 0, 6.36 [0155] (Synthesis
exanpl e 26) <Synt hesi s of 5-(1-adanmantyl et hynyl)isophthalic

acid dichloride> In accordance with the nethod disclosed in a
docurment Krevidiagoa Promastien afidliT.. Ehghbai mase,of JowaialindbePokyimer
Sci ence: Polynmer Chem stry Edition", Vol. 23, 1985, pp. 2527- 2537),
1- et hy ny | FattaveNsoan e rwas Pey vib dresd zaerb ifer amsin pronpadanmand Gie: {0b56]
tH of solvent, the precursor is subject to a dehydration reaction
to prepare a polyimide resin or a polybenzoxazole resin, thus
providing a protection film composed of a resin composition
comprising thereof.
[0081]

A thickness of the protection film is not particularly
limited but preferably from 0.05 to 70 pm, more preferably
from 0.1 to 50 pm. The protection film is provided with
excellent protection properties on semiconductor elements and
excellent workability when having a thickness in the range.

[0082]

Next, a semiconductor device will be described, based on
a preferred embodiment.

FIG. 1 is a sectional view schematically showing an
example of a semiconductor device of the present invention.

A semiconductor device 100 comprises a semiconductor
substrate 1 provided with an element, a silicon nitride layer
2 provided on the semlconductor substrate 1 (on the upper side
of FIG. 1), an interlayer insulation film 3 provided on tﬁe
silicon nitride layer 2 and a copper wiring layer 4 covered
with a barrier layer 6.

The Interlayer insulation f£ilm 3 is provided with a

concave corresponding to a wiring pattern, and the copper

wiring layer 4 is provided therein.



Next, 125 g of di nmet hyl 5-bronoi sophthalate (458 nmol), 1.1 g of

tri phenyl phosphine (4.19 mmol ), 0.275 g of copper iodide (1.44 mol),
64. 26 g of 1-ethynyl adamantane (401 mmpl), 375 ni of dehydrated
triethylamne, 200 nL of dehydrated py??dine, 0.3 g of dichlorobis
(triphenyl phosphine) palladium (0.427 mmol) and a stirrer were
charged in a 1_L recovery flask and agitated at 100C for one hour.
After reaction®sbFe@ton RS MAdidred Lag6kvent s ek Fisrsh &g thesm the
reaction sol ution under reduced pressure. Solid thus obtained was
washed wiiTHrefL2YEF Paﬁuéﬁéh%g@ﬁ&t%@%&h@héﬁpﬁpfhwar@%fl@%|4/-L
hydr ochl ori ¢ aci d aqueous solution, followed by drying under reduced
pressure, thus Bbiardimgek2rysyy Tofis1fegmed on the interlayer

bi s( met hoxycar bonyl ) phenyl) - 2- (1- adamant yl ) et hyne (344.9 mol ; vyield:
86. 0% . [igmsrijetion filmNeéxfon 3 Lswifasehprmrsite226 fhefspbicsi um
hydr oxi de (85% (2.72 nol), 120 g of the 1-(3,5-

bi s( met hoxyteddsodplypphéhnyl) - 2- (1- adamant yl ) et hyne obt ai ned above (341
nmol ) and a stirrer were charged in a 5 L recovery flask and heated
to reflux [0OB330 m nutes. Reaction solution was cool ed down and solid
thus precipitated was collected by filtration. The solid was washed
with 2 L of etbhanthe astbalinethtunderheeguesdnprassenisord,huseobt ai ni ng
132.49 g of 5-(1- adamantyl ethynyl) isophthalic acid dipotassiumsalt
(330. 8 MEdniicdAdQ%ror| 8368te 4@ with the NexbrldybrOi®éuldiion film 3
5- (1- adamantyl et hynyl ) isophthalic acid di potassiumsalt obtained
above (19 dm@lsk-rwasddi 56REVEH, IthLGrdscoft iBR=RXEHANTS N eriandd
filtered to renove insoluble matter. Then, 5 nol/L hydrochloric acid
was added-Hs>egor.esulting filtrate with agitating so as to have pH of
1. Solid precipitate was collected by filtration, then washed wth 50
mL of ion-i@gyehange water and dried under reduced pressure, thus
obtaining 6.1 g of 5-(1-adanmantyl ethynyl) isophthalic acid (18.9
mol ; yield: 9 0 &&gﬁ] : , : ts ‘

5- (1- adamant yl %ﬁ;@rﬁ?i) [ sopﬁﬁoﬁalﬁeglggiegkd}:g%t%rs%slé&{rﬁ sa teng tained
above (2 | ) e 3 1, 2= chi s nd,a. st re.
char ged ﬁ%la O%eréggggbﬁgﬁl%g€%9¥ﬁ§%?l%%%ﬁggggﬁtﬁ%gﬁylﬁ% SaR 65.5
mol ) was . N dded it itatin C ess. Al ter
the addi tl?%%%% Ligngs g‘ﬁl, R&‘Eig’lr;r%‘%if\ﬂf Aty L ﬁ%%‘f‘%yéd%%faﬁﬁlﬁ&%e
wer e addggugﬂqtagktagggrg$ 45 5o fg:tg&xﬁﬂy%g hougs. fﬁter reaction
sol uti on W&s FiTtered, “§6rvent WS 1o md\vea nPRESFEE%t i on sol ution
under redu%§g¥9re sure. Solid thus obtai ned was washed w th hexane
and recrystaritZéd¥ni th diethyl ether, thus obtaining 16.5 g of 5-(1-
adamant yl et hyn i sophthalic acid dichloride, (45 6 nmmol,; yield: 19%.
[ 0160] %p%% P 1S dEE ToPY RSN S pER T heltr Y drfal ysi s

and el enent al__anal ysis are shown bel ow. The data show_that the ,
excellent in adhesion to a wiring layer; therefore, connection

reliability of a semiconductor device can be further improved,
Also, the above-mentioned interlayer insulation film has
excellent dielectric properties; therefore, signal loss of a
semiconductor device can be reduced.
Further, the above-mentioned interlayer insulation film
has excellent dielectric properties; therefore, wiring delay

can be reduced.



113 obtai ned conpound is a target product. Appearance: white powder
M5 (FD) (mz): 290 (M+-2Cl) El enental analysis: Theoretica
figures (/%: C, 66.49; H 5.02; O, 18Y63: 0, 8.86 Act ual
nmeasurenent values (/%: C, 66.41; H 5.08; d, 19.70; 0, 8.81 [0161]
(Synthesi s ex | e 27) <Synt hesi s of
4,6-di(l-gﬁﬁﬁgggyl)-l,S-bis(4-aninophenoxy)benzene> A

synthesis was perforned in the sane condition as in Synthesis exanple

1 except
pl ace of
[0162]

that 17.2 g of 4-fluoronitrobenzene (122 nmol) was used in
28. 7 of 2-benzyl oxy-4- fluoronitrobenzene (116 mmol).
pearance and results of mass spectronetry anal ysis

and el enental analysis are shown bel ow. The data show that the

obt ai ned

conpotiRfl Piegerfyrieterprigduetill be hereinafter explained in
detail by way of examples and comparative examples; however,
the invention is not limited thereto. The following methods
are used to identify obtained compounds.

1. Mass spectrometry analysis (MS): measurement was
carried out by means of JMS-700 mass spectrometer
(manufactured by: JECL Ltd.) by the field desorption (FD)
method.

2. EBlemental analysis: carbon, hydrogen and nitrogen were
each measured by means of model 2400 elemental analyzer
(manufactured by: Perkin Eimer Co., Ltd.) and chlorine was
measured by the flask combustion titration method.

[0086]

(Synthesis example 1)

<Synthesis of 4,6-di{l-adamantyl)-1,3-bis{4-amino-3-
hydroxyphenoxy}benzene>

In a 300 mL recovery flask, 75.0 g of l-bromoadamantane
(349 mmol), 9.58 g of 1,3-dihydroxybenzene (87.0 mmol), 25 mL
of toluene and a stirrer were charged and agitated at 130 C°
for 24 hours under nitrogen flow. Solvent was removed
therefrom under reduced pressure to obtain solid. The solid
was purified by column chromatography, thus obtaining 23.0 g

of 4,6-di(l-adamantyl)-1,3-dihydroxybenzene (60.8 mmol; vield:



Appear ance: blown solid M5 (FD) (mz): 561 (M') Elenental analysis:
Theoretical figures (/%9: C 81.39; H 7.91; N, 5.00; 0, 5.71 Actual
measurenent values (/%: C, 81.35; H 7.88; N, 114 5.03; 0, 5. 74

[0163] (Synthesis exanple 28) @éynt hesi s of

2, 7-di (1- adarrantyl)-fl uorene-9, 9-bi s(4- aniline)> A synt hesi s
was perf |n the sane condition as in Synthesis exanple 7 except
t hat 41 4 aniline (444 mmol) was used in place of 41.8 g of
phenol @ i n Synt hesi s of

2, 7-di (1 s tyl) fl uorene-9, 9- bi sphenol of Synthesis example 7,
thus obt ai ni ng 75.8 g of 2,7-di(1-adamanty

f1 uor ene- 9, 9- bi Eeﬁtan??t‘he‘g QL 2he8 Amfol (L 9?*2%4“@3“5833%1 3~

dihydroxybenzene obtained above (58.1 mmol), 28.7 g of 2-
benzyloxy-4-fluoronitrobenzene (116 mmol}, 32.1 g of potassium
carbonate (233 mmol), 180 mL of N,N-dimethylformamide and a
stirrer were charged in a 300 mL recovery flask and agitated
at 135 C° for 12 hours under nitrogen flow. Reaction solution
was filtered and then added to 1 L of ion-exchange water.
Solid precipitate was collected by filtration, washed with 1 L
of ion-exchange water and then dried under reduced pressure,
thus obtaining 40.5 g of 4,6-di(l-adamantyl)-1,3-bis (3~
benzyloxy-4-nitrophenoxy)benzene (48.6 mmol; yield: 83.6%).
[0088B]

Next, 39.0 g of the 4,6-di{l-adamantyl)-1,3-bis(3-
benzyloxy-4~-nitrophenoxy}benzene obtained above {46.8 mmol),
1.49 g of 10% palladium-activated carbon (1.40 mmol), 273 mL
of N,N-dimethylformamide and a stirrer were charged in a 300
ml recovery flask and agitated at room temperature for 24
hours under a hydrogen atmosphere. Reaction solution was
filtered and then added to 1 L of ion-exchange water. Solid
precipitate was collected by filtration, washed with 1 L of
ion-exchange water and then dried under reduced pressure, thus
obtaining 24.0 g of 4,6~di(l-adamantyl)-1,3-bis(4-amino-3-
hydroxyphenoxy)benzene (40.5 mmol; vyield: 86.5%).

{0089]



[ 0164] Appear ance and results of nmass spectronmetry anal ysis
and el enmental analysis are shown bel ow. The data show that the
obt ai ned conpound is a target product. Appearance: blown solid M
(FD) (mz): 617 (M) Elenental analysi 82 Theoretical figures (/%: C
87.62; H, 7.84; N, 4.54 Actual measurenent values (/%: C, 87.64; H

7.87; N, 4.49 0165L SS%nth sis exanpl e 29) <Synt hesi s of
9, 9- bi s( 3, 4- di CBPBBXF D eﬁ?g)E%EWiWﬁ @f_mass spectrometry analysis and

adamant y1) - f | uor ene- di_anhydri de> A synthesis was perforned in the
sane condiiSTHNtd @ralygss are shown 'below. The data show that the

obtained compound is a target product.

Bppearance: blown solid

MS (FD) {(m/z): 593 (M%)

Elemental analysis:

Theoretical figures (/%): C, 77.00; H, 7.48; N, 4.73; 0O,
10.80

Actual measurement values (/%): C, 76.95; H, 7.50; N,
4,71; 0, 10.81

[0090]

{Synthesis exaﬁple 2)

<Synthesis of 4,6-di(3,5-dimethyl-1-adamantyl)-1,3-bis (4~
amino-3-hydroxyphenoxy) benzene>

A synthesis was performed in the same condition as in
Synthesis example 1 except that 84.8 g of 1-bromo-3,5-
dimethyladamantane (349 mmol) was used in place of 75.0 g of
l-bromoadamantane (349 mmol) .

{00911

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: blown solid

MS (FD) (m/z): 648 (M")

Elemental analysis:

Theoretical figures (/%): C, 77.74; H, 8.08:; N, 4.32: 0O,



Synt hesis exanple 7 except that 47.1 g of o-xylene (444 mml) was
used in place of 41.8 g of phenol (444ggmol) in Synthesis of

2, 7-di (1-adamantyl) -fl uorene-9, 9- bi sphenol of Synthesis exanple 7"
thus obtaining 77.2 g of

9, 9- bi s( 3 4&di net hyl phenyl) -2, 7-di (1- adamant y1) - fl uorene (120 nmol ;
yield: 80.9%. [0166] Next, 77.2 g of the

9, 9-bi s(3, 4- di ABLAYL AR Omedt vadied- ddRmangy1)7 Fgioneng ehtajned
above (120 mol), 89.0 g of potassi um pernanganate (563 mml), 1'L of
pyridine,s H30 il of gwater and a stirrer were charged in a 3 L
recovery flask and heated to reflux at 100C. After the beginning of
reflux, 3§ghogjof potassium pernanganate (245 mmol) and 160 nL of
wat er were addéed every 30 minutes, a total of four tinmes. Wen five
hours passed af ; i.nni f reflux, another 160 nlL of water
was added theré%gﬁtﬁf%%n%%%{ﬂr}ﬁ%gﬁgre was heated to reflux for another
si X hours. Reagt] t as,.Subj.ect,, to. hot filtration, and, then
sol vent was re?r%%/rgﬁj%% ercgfr)gd\lljégg&%grégégrebf%g%%%té’ ﬁa_tlégf'ﬁés%_
reaction sal ut_i3gg fo;{l owed by .additiqQn of 6 nol/L hydrochloric acid
of 400 M ESPd EHET BRI HGES under reduced pressure, thus
obtaining 36.6, g _of , . . .

9, 9- bi s( 3, 4- di Rar HEEETHeMPE) PerfognsdaiBntye faits sedirsomass; in

yi el d: 40‘?. t[?0167% Next, 35.1 q of the ,

9, 9- bi s( FYALEREAPHBXITBhENY 152 EPL tdiat1 12dafadt 91) 3tiRSteHe 1dbt ai ned
above (46 mmol), 34.5 g of acetic anhydride 3276 nmml ) and a stirrer
were charyédaMAnEang 1636D0HEL k &6y &15pcF FasRLafE fkated t afeflux.
Reaction solution was cool ed, and solid thus precipitated was washed
with 75 ArogradreeRyrnet hétd dmePdri ed under reduced pressure, thus
obtaining 29.7 g of 9, 9-bis(3,4-dicarboxy-phenyl)-2,7-di(1-

adamant y1)[°PP8ér ene di anhydride (40.9 nol; yield: 89.0%. [0168]
Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysi s are shewinlibeldivmaFse specarononry hatal el olsral kdemeonpound i s
a target product. Appearance: light yellow solid M5 (FD) (mz): 727
(M) El emedtyalsapaeyshewn below. The data show that the obtained

compound is a target product.
MS (FD) (m/z): 861 (M")
Elemental analysis:

Theoretical figures (%): C, 80.89; H, 8.43; N, 3.25; 0O,

Actual measurement valuss (%): C, 80.83; H, 8.49; N,
3.32; 0, 7.33
[0094]
(Synthesis example 4)
<Synthesis of 4,6-di(1-(5,5",7,7'~tetramethyl-3,3" -
biadamantyl})-1, 3-bis (4~amino-3-hydrozyphenoxy)benzene>

A synthesis was performed in the same condition as in



Theoretical figures (/%: C, 80.97; H 5.82; 0, 13.21 Actua
measurenent values (/%: C, 80.95; H 5.88; 0, 13.17 [0169]

(SyntheS|s exanpl e 30) <Synt hesi s of

3- bi s( 3, 4- di car boxyphenoxy) - 4, 6- bi s(4¢
(3 3' - bi adamanty1)) - benzene di anhydri de> In a 500 nL recovery
flask, 35.9 of 4, 6-di 3,3 - biadamantyl))-1, 3- dlhydroxybenzene

(55.5 mMoIYthEsis §X8RP P t BFERE F4NGr éﬁﬁt HaP4t é-P1amo 55 riol )y, 7’ 150
m J of N, Ndinethylformamde, 19.1 g of potassium carbonate (138.1
nol ) andieatrﬁ’fielt}(‘é’ll “wete~ @h@ﬁi@w% dg¥Paeelat vassesedrinl PUseer o
Reaction solution was filtered and then charged in 1 L of

i on- exchatigd Warér 1-Bspingagreeipinat S4fagmpddhed with 2 L of 117

met hanol and dried under reduced pressure, thus obtaining 51.8 g of

1, 3- bi s( 3,[#08¢ar boxydi met hyl - phenoxy) - 4, 6-bi s(1-(3, 3' -

bi adamantyl)) - benzene (50.2 muol; yield: 90.5%. [0170] Next ,
500 nL of n-bubppetyad3: Rrgl afespdttas sif uma by dsoxd deor(B85%) 20800 shmDé)g
51.6 g of the

1, 3- bi s( F1emincalbaxytiyaes hytehanmy bed o6 bi Bid -da3; 83" steivadaaantyd) ) - b
enzene obtai ned above (50 mmol) and a stirrer were charged in a 2 L
recovery ddtaskeandohpatnd 10 4 efdipetf @Prodchi.nutes. Reaction sol ution
was cool ed and solid thus precipitated was collected by filtration.

The solid was mppesh-amdd: HQwH s6fligon- exchange water and di ssol ved.
Then, 5 nol/L hydrochloric acid was added thereto with agitating so

as to be pH 1.u$ot#sh t hasz)pr ecizpi(iyai ed was col l ected by filtration,
washed with 100 nL of ion-exchange water and then with 200 niL of
et hanol, fol | opesndwy: £ i pnder reduced pressure, thus obtaining
45.5 g of 1, 3-bi s(3, 4-dicarboxy-phenoxy)-4, 6-bis(1-(3,3'-
biadamantyl)) - brOZENE {40 £ JURs (YeeLde, 9813%4; 1, 9.11; w, 2.88; o,
6.57
Actual measurement values (/%): C, 81.40; H, 9.10; N,
2.87; O, 6.56
[0056]
{Synthesis example 5)
<8ynthesis of 9,9-bis(3-amino-4-hydroxyphenyl)~2,7-di (1~
adamantyl) ~fluorene>
In a 3 L recovery flask, 300 g of 8,9-bis(4-
hydroxyphenyl)~flucrene {856 mmol), 1 L of toluene and a
stirrer were charged. Under nitrogen flow, 137 mL of 60%
nitric acid aqueous solution (1.8 mol) was gradually added
thereto with agitating at 5°C or less. After the addition, the
mixture was agitated at room temperature for one hour.

Reaction sclution was added to 1 L of ion-exchange water.

Solid precipitate was collected by filtration, washed with 1 L



[0171) Next, 44.9 g of the

1, 3- bi s(3, 4-di car boxy- phenoxy) -4, 6- bis(1-(3,3"-biadanantyl))-benzene
obt ai ned above (46 mmol ), 34.5 g of acg¢ic anhydride (276 mmol ) and a
stirrer were charged in a 500 nL recovery flask and heated to refl ux.
Reaction solution was cool ed, and solid thus precipitated was washed

with 75 s afordieathyhget heteanshdlried, undes hﬁééﬁege@ﬁ@éé%ﬁesstd}'és
obtaining 37.8 g of 1, 3-bis(3,4-dicarboxy- 118

phenoxy) -t Ribebink 3 329@1 ;ad@r@@teyJ@Jblgetruﬁ@erek@nbﬂymw@pﬁé}fﬁ‘}%

nol; yield: 87.4%. [017 Appear ance and results of nass

spectronﬁgj@bf@aglx%5§ gngmgienyﬂggi aalusi s are shown bel ow. The
data show that the obtai ned conpound is a target product. Appearance:

l'ight yell[@wog9lid M5 (FD) (miz): 938 (M) Elenental analysis:
Theoretlcal ?lgures (/9%9: C 79.29; H 7.08; 0, 13.63 Actua

measur ement val yese (/4. £g 6F 320-Hi s (4 0RyaLox 33 83 QbGRhy1) -

fluorene (270 mmol), 238.1 g of l—bromoadamgntane {1.11 mol),
16.1 g of ferric chloride {100 mmol), 1,200 g of mesitylene
and a stirrer were charged in a 3 L recovery flask and
agitated at 120°C for six hours under nitrogen flow. Solvent
was removed therefrom under reduced pressure to obtain solid.
The solid was purified by column chromatography, thus
obtaining 112.7 g of 9,9-bis(4-hydroxy-3-nitrophenyl)}-2,7-
di(l-adamantyl)-fluorene {159 mmol; vield: 58.9%).

f0098]

Next, 5 g of the 9,%-bis(4~-hydroxy-3-nitrophenyl)~-2,7~
di(l-adamantyl)-fluorene obtained above (7.1 mmol), 0.26 g of
10% palladium activated carbon (0.25 mmol), 15 g of
tetrahydrofuran and a stirrer were charged in a 100 mL
recovery flask and agitated at room temperature for 24 hours
under a hydrogen atmosphere. After reaction solution was
filtered, solvent was removed from the reaction solution under
reduced pressure to obtain solid. The solid was washed with
500 mL of hexane and dried under reduced pressure, thus
obtaining 4.4 g of 9,9-bis(3-amino-4-hydroxyphenyl)-2,7-di (1~
adamantyl}-fluorene (6.8 mmol; yield: 96.5%).

[0099]



- bi s(3-(4-phenyl et hynyl benzoic acid

Synt hesi s exanpl e 31) <Synt hesi s of
9
m

de) - 4- hydr oxyphenyl) - f | uor ene> In a lL recovery flask,
7.8 g of 9, 9-bis(3-am no-4- hydroxyph8fy1)-fluorene (100 mml), 200
g of dehydrated Nmethyl-2-pyrrolidone and a stirrer were charged.
Under nitrogen flow, 53.0 g of 4-phenylethynyl benzoic acid _chloride
(220 mol ) wasPHPEATARFS RSP IHEFeE WRER BRFERIIWRF Mt anaigeis Apper
the addition, the m xture was agitated at roomtenperature for five
hours. REFFIGFadoPhElEAF a3 R 1 PA 9 .of Therdahe Hmye thatekEhe
Solid precipitate was collected by filtration, washed with 1 L of
net hanol @ i§eh carpedndnéera rieafiasld possslire, thus obtaining 64.7 g
of 9,9-bis(3-(4- 119 phenyl et hynyl benzoic acid
ami de) - 4- hydr oRAppeersnge f |dlorvenesol82. 0 mol ; yield: 82.0%. [0174]
Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysi s are sMdwhFBel b z)Theéb4dPat(® show t hat the obtai ned conmpound is
a target product. Appearance: light yellow solid M5 (FD) (nfz): 788
(M) El enent al Eaeméysak: arfilgoriet:i cal figures (/%: C, 83.74; H, 4.60;
N, 3.55; 0, 8.11
Theoretical figures (/%): C, 83.30; H, 7.46; N, 4.32; 0O,

(
9
a
3

4.93

Actual measurement values (/%): C, 83.36; ¥, 7.35; N,

4.36; 0, 4.91
[0100]

(Synthesis example 6)

<Synthesis of 9,9-bis{(3-amino-4~-hydroxyphenyl)-2,7-
di(3,5-dimethyl-l~adamantyl)~-fluorene>

A synthesis was performed in the same condition as in
Synthesis example 5 except that 263.9 g of l-bromo-3,5-
dimethyladamantane (1.11 mol) was used in place of 238.1 g of
1-bromoadamantane (1.11 mol).

[0101]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: blown solid

MS {FD) (m/z): 704 (M")

Elemental analysis:

Theoretical figures (/%): C, 83.48; H, 8.01; N, 3.97; O,



Actual neasurenment values (/%: C, 83.52; H 4.72; N 3.60; 0, 8.16
[0175] (Synthesis exanple 32) <Synt hesi s of

9, 9- bi s(3-(4-phenyl but adi i nyl benzoic g&id
am de) - 4- hydr oxyphenyl) - f | uor ene> A synthesi s was perfornmed
in the sane condition as in Synthesis exanple 31 except that 58.2 ¢
of 4-pheQ%§putad||nyl benzoic acid chloride (220 nmol) was used in
pl ace of g of 4-phenyl ethynyl benzoic acid chloride (220 mmol).
[0176] nass spectronetré anql&sis

d |t f
and el enent al %ﬁﬁﬁ@ﬂnggégﬁ%gﬁ%&ﬁ%%épgﬁp (fhb fat £ 31 tha

obt ai ned ¢ %pound |§ a target product. Appearance: light yellow solid
120 M5 (ﬁ%» 36 (M) Elenental analysis: Theoretical figures

(/9%9: C, 84. 67 H, 4.34; N, 3.35; 0,
[0102]

(Synthesis example 7)

<Synthesis of 9,9-bis(4-(4-amino-3~hydroxyphenoxy) -
phenyl) -2, 7~di (1l-adamantyl) ~flucrene>

In a 1 L recovery flask, 3.19 g of magnesium (131 mmol},
40 g of 5-(l-adamantyl)-2-bromotoluene (131 mmol), 200 mL of
tetrahydrofuran and a stirrer were charged and refluxed under
a nitrogen atmosphere for two hours to prepare a Grignard
reagent. Next, in another 1 L recovery flask, 38.2 g of 4-(i-
adamantyl) -bromobenzene (131 mmol), 9.19 mg of
bis(triphenylphosphine)palladium dichloride (13.1 mmol}, 300
mL of tetrahydrofuran and a stirrer were charged. A
tetrahydrofuran solution, which is the above~-prepared Grignard
reagent, was added thereto under nitrogen flow and the mixture
was refluxed for 12 hours. Then, 60 mL of 10% hydrochloric
acid aqueous sclution was added thereto and the mixture was
refluxed for 30 minutes. After an aqueous layer was separated
and removed therefrom, the reaction solution was washed with
200 mL of saturated sodium hydrogencarbonate agqueous solution,
followed by removal of solvent under reduced pressure. Solid
thus obtained was refined by alumina column chromatography,
thus obtaining 45.1 g of 4,4’ -di{l-adamantyl)-2-methyl-1,1’-

biphenyl (103.5 mmol; yield: 79.0%).



7.65 Actual neasurenment values (/%: C, 84.55; H 4.32; N
3.42; 0, 7.72 [0177] (Synthesis exanple 33) <Synt hesi s of

9, 9- bi s(3-(4-phenyl ethynyl benzoic acid

ani de) - 4- hydr oxypheny1) - 2, 7- bi s( phenyl 8 hyny1) - f | uor ene> A

synthesis was perforned in the sane condition as in Synthesis exanple
31 EXCEptéhgﬁ%358'l g of 9, 9-bis(3-am no-4-

hydr oxyph

2, 7- bi s(phenyl et hyny1) -fl uorene (100 nmol) was used in

pl ace of 37.8 g_of 9, 9-bis(3-am no-4-hydroxyphenyl)- fluorene (100

mol ) .

[0178] Next, 4hphéhrdnddcadd4f sdiil i sadamanisel )spedetdybttyl’ -

anal ysis and el enental anal ysis are shown bel ow. The data show that

t he obt aitiédredydpebRdingdaakergetl (t aunedt . Afp8atantepotasgitunyel | ow
solid M5 (FD) (mz): 998 (M) Elenmental analysis: Theoretical figures
(/9% : C Behrpmape 4128;mpplp 881 W0 BI4PL water were charged in a

500 mL sutoclave and heated at 250°C for 48 hours. After
cooling, precipitate was filtered and separated therefrom. The
precipitate was washed three times with 200 mL of ion-exchange
water, filtered and separated again, and agitated in sulfuric
acid agueous solution of pH 1 for two hours. Solid precipitate
was collected by filtration, washed with 200 mL of ion-
exchange water three times and then with 100 ml of methanol,
followed by drying under reduced pressure, thus obtaining 42.2
g of 2,7-di(l-adamantyl)~-fluorenone (94.1 mmol; yield: 94.1%).
[0104]

Next, 66.4 g of the 2,7-di(l-adamantyl)-flucrenone thus
obtained (148 mmol), 41.8 g of phenol {444 mmol), 203 mL of
BEaton’s reagent (7.7 wt% methanesulfonic acid solution of
diphosphorus pentoxide) and a stirrer were charged in a 500 mL
recovery flask and heated at 150°C for 12 hours under a
nitregen atmosphere. After reaction solution reached room
temperature, 30 mL of lon-exchange water was added slowly. An
agueocus layer was separated and removed therefrom. Then,
solvent was removed under reduced pressure. Solid thus
obtained was refined by column chromatography, thus obtaining
74.3 g of 2,7-di(l-adamantyl)-fluorene-9, 9-bisphenol (120.1

mmol; yield: 81.1%).



Actual neasurement values (/%: C, 86.52; H 4.49; N, 2.62; 0, 6.37

121 [0179] (Synthesis exanple 34) <Synt hesi s
of 9, 9-bi s(3-(4-ethynyl benzoic acid an%ﬂe)-4-
hydr oxypheny1) - f | uor ene> A synthesis was perfornmed in the

same condition as in Synthesis exanple 31 except that 36.2 g of
4- ethynyl %g@gzlc acid chloride (220 mml) was used in place of 53.0
g of 4- phenylethynyl benzoic acid chloride (220 nmol). [0180]

anal ysi < ar 2”2&@%%2?03%%%%&2{’6“ rew%ﬁévé"‘%‘ﬁ' Y gt %%%@e'gﬁﬁ%a%ﬁani :
e e SR R S8 AT e S
4.40; 0, adamantyl)-fluorene~9, 9~bisphenol obtained szhove (58.1 mmol)
was used in place of 22.0 g of 4,6-(l-adamantyl)-1, 3-
dihydroxybenzene (58.1 mmol), thus cbtaining 52.5 g of 9,9-
bis{4-(3-benzyloxy-4-nitrophenoxy)-phenyl)-2,7-di (1~
adamantyl)-fluorene (48.9 mmol; yield: 84.2%).

[0106]

Next, a synthesis was performed in the same condition as
in Synthesis example 1 except that 50.2 g of the 9,9-bis(4-(3-
benzyloxy-4-nitrophenoxy)-phenyl)-2,7-di (l-adamantyl) ~fluorene
obtained above (46.8 mmol) was used in place of 39.0 g of 4,6-
di(l-adamantyl) -1, 3-bis(3-benzyloxy~4-nitrophenoxy)benzene
(46.8 mmol), thus obtaining 34.6 g of 9,9-bis(4~(4~amino-3-
hydroxyphenoxy) -phenyl) -2, 7-di (l-adamantyl)~fluorene (41.5
mmol; ylield: 88.7%).

[0107]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: blown solid

MS (FD) (m/z): 1,041 (M%)

Elemental analysis:

Theoretical figures (/%): C, 84.20; H, 6.97; N, 2.69; 0,

6.15



10. 05 Actual neasurenment values (/%: C, 81.09; H 4.41; N

4.39; 0, 10.11 [0181) (Synthesis exanple 35) <Synt hesi s of
4,6-di (3,5-dinethyl-1-adamantyl)-1, 3- Qbs(4-(4-pheny|ethynyl benzoi c
acid am de) - 3- hydroxyphenoxy) benzene> A synt hesi s was

performed in the sane condition as in Synthesis exanple 31 except
that 64.9 g of , 6-di (1- 22 . . )
adanantyl)gl,3%%P§?§J§%%%%%§¥ﬁéﬂP@%ﬁ%ﬁeﬁé%b)H%hz%%ér%bgﬁiﬁé85(180
nmol ) ob%gLﬂﬁdCJnssqgthesis 2 was used in place of 37.8 g of

9, 9- bi s(3-"am’no-4-hydr oxyphenyl) - fl uorene (100 nmol). [0182]

Appear anc Oggg results of mass spectronetry anal ysis and el enent al
anal ysi s Aomn bel ow. The data show that the obtained conpound is

a target product(Syn gggéﬂgggmgyeo%? solid Ms (FD) (mz): 1, 057 (le)

<Synthesis of 2,2’ -dihydroxy-3, 3’ -diamino-5,5’-bis (1-
(3,3’ -biadamantyl))-biphenyl>

A synthesis was performed in the same condition as in
Synthesis example 1 except that 1362.5 g of 3-bromo-1,1/-
biadamantane (3.9 mol), 162.0 g of 2,2’ -dihydroxy-biphenyl
(870.0 mmol} and 250 mL of toluene were used respectively in
place of 75.0 g of l-bromoadamantane (349 mmol}, 9.58 g of
1,3-dihydroxybenzene (87.0 mmol} and 25 mL of toluene, thus
obtaining 428.1 g of 2,2'-dihydroxy =-5,5'-bis(1-(3,3"-
biadamantyl))-biphenyl (592.0 mmol; yield: 68.0%).

[0109]

Next, 200 mL of 20% nitric acid aqueous solution (640
mmol) was charged in a 500 mlL recovery flask, and 216.9 g of
2,2’ -dihydroxy -5,5'-bis(1-(3,3" -biadamantyl))-biphenyl (300
mmol) was gradually added thereto with agitating hard. After
the addition, the mixture was agitated for one hour at room
temperature. Reaction solution was charged in 500 mL of ion-
exchange water. Solid precipitate was collected by filtration,
washed with 1 L of ion-exchange water and then with 1 L of
ethanol, followed by drying under reduced pressure, thus
obtaining 207.3 g of 2,2’-dihydroxy-3,3’-dinitro-5,5/-bis{1-

(3,3’ -biadamantyl))-biphenyl (255 mmol; yield: 85.0%).



El enrental analysis: Theoretical figures (7%: C, 81.79; H 6.48; N
2.65; 0, 9.08 Actual neasurenent values (/%: C 81.77; H
6.45; N, 2.69; 0, 9.09 [0183] (Synthesbﬁ exanpl e 36)

<Synt hesis of 7,7'-bis(3,5-bis(phenylethynyl)phenyl)-

3,3 ,5,5 -tetranethyl-1, 1' - bi adanant ane> In a1l L recovery
fl ask, 48'ﬁn%£@f 7,7 -di bromn3, 3 ,5,5 -tetranet hyl-1, 11- bi adamant ane
(100 mmol ), 71,7280 g of 1, 3-di bronobenzene (5.00 nol) and a stirrer
were charged. Upder nitrogen flow 26.7 of aluninun1bronide,%100
mmol ) was graduBFF * add Rt ¢'aR PﬁrggFPﬁﬁiﬁ@ Hhe 1 RR (SRS APy S
After the addition, the mxture was agitated at 50C for seven hours.
React i on bl qag?ahﬁse§658§et6 SX¢eRft W atoI30L IngdPEcht of TEI R RPRY
aqueous solution. After an aqueous |ayer was 123 separated and

renoved thet FHEHETP-Pr 8f ~Bief bnb3 whis Riddisgansyily § —PhaBeny bci 4 t8at ed

was collected by filtration and dried under reduced pressure, thus
obt ai ni ng™wPH )5 Wgsotispd7inppdagesef 39.0 g of 4,6-di(l-adamantyl)-1,3~

di br onopheny1)-3,3",5,5 -tetranethyl-1, 1' - bi adamant ane (90.0 mol ;
yi el d: gdpggg_—qugg4pxy—4—nltrophenoxy)benzene {(46.8 mmol), thus

obtaining 32.4 g of 2,2’-dihydroxy-3, 3’ ~diamino-5,5'-bis(l-
(3,3’ ~biadamantyl))~-biphenyl (43.1 mmol; yield: 92.0%).
[0111]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below, The data show that the
obtained compound is a target product.

Appearance: blown solid

MS (FD) (m/z): 753 (M%)

Elemental analysis:

Theoretical figures (/%): C, 82.93; H, 9.10; N, 3.72; O,
4.25

Actual measurement values {/%): C, 82.92; H, 9.15; N,
3.66; O, 4.27

[0112]
{Synthesis example 9)
<8ynthesis of 2,2’-dihydroxy-3,3’'-diamino-5,5"-bis (3, 5-
dimethyl-l-adamantyl)-biphenyl>
A synthesis was performed in the same condition as in
Synthesis example 8 except that 948.4 g of l-bromo-3,5-

dimethyladamantane (3.9 mol) was used in place of 1,362.5 g of



Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysis are shown bel ow. The data show that the obtained conpound is
a target product. Appearance: white SO|Id M5 (FO) (mfz): 790 (M)

El emrental anal ysis: Theoretical flgureg (/99: C, 54.43; H, 5.33; Br,
40. 24 Actual neasurenent values (/% : C, 54.35; H 5.49; Br, 40.16

[ 0185] of the 7,7 is(3,5-dibronDpheny1)-
3,3 ,5, 537 QQQ%ﬁiLhyI%iafagBPﬁﬂ%%aﬁ%é%§1 t-ai ned above (50.0 mmmol),
40.9 g of élH%nylbenzene (400 nmol ), 3.5 g of

di chl or obil ( |phenylphosph|ne)palladlun1(5 0O mol ), 3.8 g of

copper (1) iodide (20.0 %ﬂg g of triphenyl phosphine (20.0
mmol ), 1 L of %\PP%%W%% d?ﬁfuétﬁ PEr B shepeeeeanptidy mnalgsis and
recovery flask. Under nitrogen flow, the mxture was agitated at 95C
for six HOGRENtRAaSNPOHSES| &T¢ ovhats hedded (Bhd datsf wicet Ghet Sbeid
precipitate was washed with 1 L of 2 nol/L hydrochloric acid aqueous
sol ut i on GHdiNgeh cpmpRurd i9fa IPpeicerodectt ol | owed by drying under
reduced pressure, thus obtaining 26.4 g of

7, 7' - bi s( 3, 5- bhppireniytet Hylppn) slodngl) -
3,3 ,5,5 -tetranethyl-1, 11- bi adamant ane (30.0 nmol ; yield: 60.0%.
[ 0186] M3 (FD) (m/z): 540 (M")
Elemental analysis:
Theoretical figures (/%): C, 79.%6; H, 8.95; N, 5.18; 0,
5.92
Actual measurement values (/%): C, 79.98; H, 8.94; N,
5.17; O, 5.93
[0114]
{Synthesis example 10}
<Synthesis of 2,2’-dihydroxy-3,3’-diamino~5,5"-bis (1~
(5,57,7,7"-tetramethyl-3, 3’ -biadamantyl) ) biphenyl>
A synthesis was performed in the same condition as in
Synthesis example 8 except that 1,581.3 g of 3-bromo-5,5'-
7,7" -tetramethyl-1,1’ -biadamantane (3.9 mol) was used in place
of 1,362.5 g of 3-bromo-1,1’~biadamantane (3.9 mol).
[0115]
Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance:; blown solid

MS (FD) {m/z): 865 (M%)



Appear ance and results of mass spectronetry anal ysis and el enent al
anal ysis are shown bel ow. The data show that the obtained conpound is
a target product. Appearance: white solid Ms (FD) (mz): 878 (M)

El emrental anal ysis: Theoretical figure%B(lwa: C, 92.89; H 7.11
Actual neasurenment values (/%: C, 92.95; H, 7.05 [0187] (Synthesis

exanpl e 37) <Synt hesi s of
7,7 -bis(3,5- d%?fh%%%r?ém%s-lﬁﬁs' ,5,5' -

tetranmethyl-1, 1' - bi adanant ane> A synthesis was perforned in
the same condi TFePresiFH SiHesi /&kanpt e8362%ixdbpt? 1184t ¥3933247 o
trimethyl silylacetylene (400 mmol) was used in place of 40.9 g of
et hynyl behZée (400 nmmol ), thus obtaining 35.9 g of 7,7 -
bi s(3,5-bis(trimethylsilylethynyl)phenyl)-3,3,5,5 -
t et ranet hyl- 1, Aty hdemrmunerent4 vagumsl (/Y] el@: 83.284 H,[ 0188} N,
Next, 10 g of the 7,7 -bis(3,5-
bi s(tri met-BplisPlyBefhynyl ) phenyl)-3,3',5,5' -tetranethyl-1,1' -

[0116]

{Synthesis example 11)

<Synthesis of 2,2’-bis(4-amino-3-hydroxyphenoxy)}-5,5'-
bis(1-(3,3’ ~biadamantyl)}-biphenyl>

A synthesis was performed in the same condition as in
Synthesis example 1 except that 42.0 g of 2,2’ -dihydroxy-5,5'-
bis{1-{3,3"-biadamantyl))-biphenyl (58.1 mmol) was used in
place of 22.0 g of 4,6-(l-adamantyl)~-1,3-dihydroxybenzene
(58.1 mmol), thus obtaining 57.9 g of 2,2'-bis{4-(3-benzyloxy-
4-nitrophenory)-5,5"-bis(1-(3, 3’ -biadamantyl))-biphenyl (49.2
mmol; yield: 84.8%).

[0117]

Next, a synthesis was performed in the same condition as
in Synthesis example 1 except that 55.1 g of 2,2’ -bis(3-
benzyloxy—-4-nitrophenoxy)-5,5" -bis (1-(3, 3’ ~biadamantyl))-
biphenyl (46.8 mmocl) was used in place of 39.0 g of 4,6~-di(1l-
adamantyl) -1, 3-bis (3-benzyloxy-4-nitrophencxy)benzene (46.8
mmol), thus obtaining 39.0 g of 2,2'~bis({4-amino-3-
hydroxyphenoxy) ~5,5’ ~bis (1-(3, 3’ -biadamantyl) ) -~biphenyl (41.6
mmol; yield: 88.8%).

[0118]



125 bi adanmant ane obt ai ned above (11.6 mml), 0.35 g of potassium
carbonate (2.5 mml), 150 nL of tetrahydrofuran, 75 nL of nethanol
and a stirrer were charged in a 500 nmiLotecovery flask. Under nitrogen
flow, the m xture was agitated at roomtenperature for four hours.
After reaction solution was filtered, solvent was renoved fromthe
reacti on sol ut i bppemckeice edut ecspléessofenaSeol sgedtnsnaaitvaianed yeas and
washed with 150 mL of 2 nol/L hydrochloric acid aqueous sol ution and
t hen wit kixG@nrhlobnatesoneard cdionedbdlyvwdr yIRg dandershoediead the
pressure, thus obtaining 6.4 g of 7,7 -bis(3,5-diethynyl phenyl)-

3, 3", 5, botitatinaaetbyipolnd 11 Hi adampdane ddbktl mol ; yield: 96% .

[ 0189] Appear ance and results of nass spectronetry anal ysis

and el enent al apgdysisScay 1hewhehow. The data show that the
obt ai ned conmpound is a target product. Appearance: white solid M

(FD) (mz): S7¢s(M) & enentady; apalysis: Theoretical figures (/%: C
91.93; H, 8.07 Actual neasurenent values (/% : C, 91.89; H 8.11

[ 0190] (Synt hegi&nﬁwlﬁé@sis: <Synt hesi s of 3, 3'-diethynyl
-5,5",7, 7 -tetranmet hyl 1, 1' - bi adanantane> In a 1 L recovery flask, 50
g of 3,3 -dibreMsPedicdt figures (/2): C, 82.01; H, 8.17; N, 2.99; O,
6.83
Actual measurement values (/%): C, 82.00; H, 8.12; N,
3.02; O, 6.86
(0119}
{Synthesis example 12)
<Synthesis of 2,2’ ~-bis{4-amino-3-hydroxyphenoxy)-5,5-
bis(3,5-dimethyl-l-adamantyl)-biphenyl>
A synthesls was performed in the same condition as in
Synthesis example 11 except that 22.6 g of 2,2’-dihydroxy -
5,5 -bis (3, 5-dimethyl-1-adamantyl)~biphenyl (58.1 mmol), which
was obtained by using 948.4 g of l-bromo-3,5-
dimethyladamantane (3.9 mol) in place of 1,362.5 g of 3~bromo-
1,1"~biadamantane (3.9 mol) in Synthesis example 8, was used
in place of 42.0 g of 2,2’ -dihydroxy -5,5"-bis(1-(3,3"-
biadamantyl))-biphenyl (58.1 mmol) in Synthesis example 11.
{0120]
Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the

obtained compound is a target product.



126 tetranet hyl-1,1' - bi adamantane (103 mmol ), 27 m of bronoet hene
(388 nmmol ), 500 m of dichloronmethane and a stirrer were charged.
Under nitrogen flow, 4.6 of aluninunl(ggl) chloride (33 mmol) was
gradual |y added thereto with agitating”at -15C. After the addition,
the m xture was agitated at -15C for one hour. Then, 20 m of
i on- exchange n?ter was agq)d the%ﬁt§ at - 15C. Reaction solution was
added to 200 p%?aﬁa%%ﬁ7L%%VH¥5 6ric acid aqueous sol ution. An
aqueous | ayer S ar at ed r ved therefrom and sol vent was
removed under &%dﬁ@ﬁﬁ b?&§§u%g% égﬁgd t hus obtained was dried under
reduced pressure, t hus. obtaining 63.4 g of 3,3 -bis(2,2"-
di br omoet hyl ) - B*8ReRLHL _Anatysfstthy1- 1, 1' - bi adamant ane (90.9 ol
yi el d: 88.2%. %0191 . . Next, 63.4 g of the
3,3 -bis(2,2 -8 %?%‘?r%ﬂe'f#yl%l-gusze@' (757 - et Fanet nyit- 7 -7 % pNaddnBAt abe
obt ai ned above (90.9 mmol), 200 m of N, N-di nmet hyl sul foxi de and a
stirrer Wersd charged in a 500 nL recovery flask. Under nitrogen fl ow,
28 g of potassiumtert-butoxide (250 mmol) was added with agitating
at room t enperAftirel MWasyreneatadailvesn/the @i xXtWw¥wds dgbfat Bd at
roomtenperature for 48 hours. Reaction solution was added to 400 nL
of ion-extifdrig® -wlt8L. An aqueous | ayer was separated and renpved
therefrom and sol vent was renoved under reduced pressure. Solid thus
obt ai ned Vi®@42ddi ed under reduced pressure, thus obtaining 31.5 g of
3,3 -diethynyl - 55,7, 7 -tetranethyl-1,1'-bi adanantane (84.1 mol ;
yield: 127 92. b4ntf&d0P]exAppaar AB¢e and results of nass
spectronetry anal ysis and el enmental analysis are shown bel ow. The
data show t hat t$entidsined EQEpbird3i$3astangeth r-aductamafppearance:
l'ight yellow solid M5 (FD) (mz): 374 (M) Elenental analysis:
amino-4-hydroxyphenyl) -fluorene>

A synthesis was performed in the same condition as in
Synthesis example 5 except that 5 g of 8,9-bis(3-(3,5-
dimethyl~-I~adamantyl)-4-hydroxy-5-nitrophenyl)-fluorene (7.1
mmol) was used in place of 5 g of 9,9-bis(4-hydroxy-3-
nitrophenyl)-2,7-di (1-adamantyl) ~fluorene (7.1 mmol).

[0122]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: light yellow solid

MS (FD) (m/z): 704 (M%)

Elemental analysis:

Theoretical figures (/%)}: C, 83.48; H, 8.01; N, 3.97:; O,
4.54

Actual measurement values (/%): C, 83.51; H, 8.06; N,



Theoretical figures (/%: C, 89.78; H, 10.22 Actual neasurenent
values (/%9 : C, 89.84; H, 10.16 [0193] (Synthesis exanple 39)
<Synt hesi s of 3,3',5,5'-tetraethyny1-1ﬁé - bi adamant ane>

synt hesis was performed in the same co

ition as in Synthesis exanple

38 except that 30.5 g of 3,3 ,5,5 - tetrabrono-1, 1'-bi adanmant ane (52

mol ) was n pl.ace of 50 g of
3,3 - dibr%#%ﬁ5cg %-& ?ranethyl-l,l'-biadanantane (103 mmol ). [0194]
pearance(ﬂggﬂresults of mass spectronetry anal ysis and el enent al

anal ysi s alf

own bel ow. The data show t hat the obtained conpound is

a target product, pear ance: Ilght yellow solid M5 (FD) (mlz): 366
(M+) El enent al AR¥NyResis example 14)

<Synthesis of 2,7-di(3,5-dimethyl-l-adamantyl)-9,9-
bis(3-(3,5-dimethyl-l-adamantyl)-5-amino-4-hydroxyphenyl) -
fluorene>

A synthesis was performed in the same condition as in
Synthesis example 5 except that 206.5 g of 9,9-bis(3-(3,5-
dimethyl-l-adamantyl)-4-hydroxy-5-nitrophenyl}-fluorene (270
mmol) was used in place of 118.9 g of 9,9%-bis(4-hydroxy-3-
nitrophenyl) fluorene (270 mmol), and 269.9 g of 1-bromo-3,5-
dimethyladamantane (1.11 mol) was used in place of 238.1 g of
l-bromoadamantane (1.11 mol).

(0124}

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: light yellow solid

MS (FD) (m/z): 1,029 (M%)

Elemental analysis:

Theoretical figures (/%): C, 85.16; H, 5.01; N, 2.72; O,
3.11

Actual measurement values {(/%): C, 85.26; H, 9.06; N,
2.53; 0, 3.15

[0125]

{Synthesis example 15)



Theoretical figures (/%: C, 91.75; H 8.25 128 Actual neasurenent
values (/% : C, 91.71; H, 8.29 [0195] (Synthesis exanple 40)

<Synt hesis of 7,7'-bis(3,5-diethynyl phenyl)-3,3",5,5"-

tetramet hyl-1, 1' - bi adamant ane pol ymar>97 In a 1 L recovery
flask, 18.0 g of 7,7 -bis(3,5-

di et hynyl pheny1)-3, 3", 5, 5'#92,% r 1' - bi adamant ane_obt ai ned_in

; anethyl-1 |
the sanme manner ~B¥PFReByHt 'S g%&ﬁﬁﬁé@7%@@@%1%:&@5@%%? =5~
m di met hoxybenzene and a stirrer were char %ed and agitated at 180C
for ten t?d‘i:‘ﬁ?.'%@é(&lfff}ﬁﬁp%’f‘ﬁ%?b% Yars’ rdld déF HEGMELEYL™bf L et hanol .
Solid precipitate was collected by filtration and dried under reduced
pr essur e, P3AFASELARRI ng 15.2 g of
7,7 -bis(3,5-diet hyn%/I]EJhenyl) -3,3',5,5 -tetranet hyl 1, 1' - bi adamant ane
pol ymer (yiel d: IB4249%)L Teaopiry Syaskests - éxanpf e3 4)-dibromo-
<Synthesis of 3,3 -diethynyl-55,7,7" -tetranethyl-1,1' - bi adamant ane
pol ymer> 5,57, 7,7 reframgthetolek y-iasans ageofl 180 3mall et BARy L of
5,5',7, 7 -tetranmethyl-1, 1' - bi adamant ane obtai ned in the sane manner
as in Symiexils (@xdnpbé) 38nd 45 i ofrel; Jrerdi whbhgryibend emgl tdhell gtof
di chl orobis (benzonitrile) palladiumand a stirrer were charged and
agi t at ed i&dt5 "I9FCf 80 miiruhesrendederi tnidgreog &l okl o fiReaciiodingothéi on
was added to 500 nL of methanol. Solid precipitate was coll ected by
filtrati onandedticedoondeenpetaioett pressir ef tbHscpbh@hdd Nater was
added thereto and agitated at 80°C for ten minutes. Solid
precipitate was collected by filtration, then washed with 7 L
of ion-exchange water and dried under reduced pressure, thus
obtaining 50.6 g of 3,3’-bis(4-hydroxyphenyl)~5,5",7,7 -
tetramethyl-1, 1" -biadamantane (99.0 mmol; yield: 99.0%).
[0126]

Next, 100 g of the 3,3'-bis(4-hydroxyphenyl}-5,5",7,7" -
tetramethyl-1,1"-biadamantane obtained above (196 mmol), 375 g
of 1-bromo-3,5-dimethyladamantane (1.53 mmol), 7 g of
anhydrous iron trichloride (44 mmol), 200 mL of mesitylene and
a stirrer were charged in a 1 L recovery flask and agitated at
120°C for three hours. After removing solvent from the mixture
under reduced pressure, solid thus obtained was purified by
column chromatography, thus obtaining 32 g of 3,3"-bis{3-(3,5-
dimethyl~1-adamantyl)-~4-hydroxyphenyl)-5,5",7,7' -tetramethyl-
1,1"-biadamantane {38.3 mmol; yield: 19.5%).

[0127]

Next, 32 g of the 3,3'-bis(3-(3,5-dimethyl-l-adamantyl)-



129 4.2 g of 3,3 -diethynyl-5/5,7,7" -tetramethyl-1,1' - bi adanant ane
polymer (yield: 84% . [0197] (Synthesis exanple 42)

<Synthesis of 3,3 ,5,5 -tetraethynyl-1%8r-bi adamant ane pol yner >

A pol ynerization was performed in the same condition as in Synthesis
exanpl e 41 except that 5 g of the 3,3 ,5,5" -

t et r aet hyhyiydrokyobieagtdirabt ahe7 obt-digtediniet hSyrihésisiatanple3d was
used in place of 5 g of 3,3 -diethynyl-55",7,7"-

t et r anet el nkd- bbagdandds abhenmd 01,9800 Etamil ect}oxPrepbs adridbra of
benzoxazol e resin precursor> In a 2 L four-neck flask provided
with a thdrimoret eereacbapyed hieanderns efecar@ rgn ragbkat amded4 n8tgo6én
the 4, 6-di (3, 5-

di met hy 1-fi-cadamanygy dx- $08- hi S fe o D -a3rfyplis0 ¥y PRENeXy ) PR NERNS was
obtained in Synthesis exanple 2 (0.10 nol) was dissolved in 800 g of

dried N rptdila12vypyaeeli gpagetndercmidgiegennt! aw sfel bpvweskPy hhger
addition of 17.4 g of pyridine (0.22 npol). The m xture was cooled to

-15C, andit2.581d4tQbnd, Bhe fm¥xture was agitated at room temperature for
tetramet hyl- 1, 1' - bi adamant ane- 3, 3' -di carboxylic acid chloride (0.095

ol ) was JAadally gdded: o AMdancihe addi Lhgoy the ™ @f”i%n“@%changad

agitated at -15C for one hour, then returned to roomtenperature

agi tated Jhlo,f | V8o noy rp(?%%i%i%@et GARCLBLYLEL AW, 11O ra?11], 94Ehea
with 500 ml of methanol and then dried under reduced pressure,
thus obtaining 33 g of 3,3 "-bis(3-(3,5-dimethyl-l-adamantyl)-
4-hydroxy-5-nitrophenyl )-5,5",7,7" —tetramethyl-1,1" -
biadamantane (35.7 mmol; yield: 93.2%).
[0128]

Next, 33 g of the 3,3"-bis{(3-(3,5~dimethyl~l~adamantyl)-
4~-hydroxy-5-nitrophenyl}-5,5",7,7  -tetramethyl-1,1’-
biadamantane obtained above (35.7 mmol), 5 g of 10% palladium
activated carbon (5 mmol), 300 mL of tetrahydrofuran and a
stirrer were charged in a 1 I recovery flask and agitated at
room temperature for 72 hours under a hydrogen atmosphere.
After reaction solution was filtered, soclvent was removed from
the reaction solution under reduced pressure. $Solid thus
obtained was washed with 2 L of ion-exchange water and dried
under reduced pressure, thus obtaining 28 g of 3,3’-bis(3-
{3,5~dimethyl-1l-adamantyl)}-5~amino-4-hydroxyphenyl)-5,5",7,7 -
tetramethyl-1l,1’-biadamantane (32.4 mmol; yield: 90.6%).

[0129]



130 nol) was added with the inner tenperature of the flask kept at 5C
or belowin an ice bath. Reaction solution was added to 4 L of
distilled water in small droplets, followed by collecting and drying
precipitate, thus obtaining a benzoxazdfe resin precursor.

nunber average nol ecul ar wei ght (W) of the obtained benzoxazol e
resin precursor_was 21,000, which_ is a _polystyrene equivalent

nol ecul ar wei ghtPRRAANSR IRF REEHS LS 08 RPES (FRERIFHIEd 2hl Y T8 odnd
Corporatiqgn). [0199] <Preparation of resin filnp The

above- nertiHREdbeABXHE bF 2 FR TP &@losor Bire glaray shed Ghatgthe the
9, 9- bi s(3-(4-phenyl et hynyl benzoic acid

ani de) - 4-HRFGlogGpRenyeyod | Lpra e sistaipreduichk - Synt hesi s exanpl e 31
were dissolved in N-nethyl-2-pyrrolidone and filtered with a Tefl on
(trade nane) fikprgazancst dilghd vadhpwhsébidcoating. The varni sh was
applied on a silicon wafer by neans of a spin coater, followed by
heating in an o¥&n{kideim/z)ni 86SgdM+at mosphere at 90*C for one mnute
and then at 400C for one hour, thus obtaining a resin film [0200]
(Exanpl e 2) ElemerAglesimalfyisim:was obtained in the same condition
as in the preparation of a varnish for coating and resin filmin
Exanpl e 1, exceptediwati dhl9 g gufreberiZ®xazo) e83 £53;n Hor €&CBSON, Was24; O,
altered to 0.5 g, and 0.1 g of 9,9-bis(3-(4-phenylethynyl 131
benzoi ¢ acitd am de) - 4- hydr oxyphenyl) -fl uorene was altered to 0.5 g.

Actual measurement values (/%): C, 83.10; H, 9.70; N,
3.32; 0, 3.50
[0130]
(Synthesis example 16)
<Synthesis of 9, 9-bis(3-amino~4-hydroxyphenyl)=-2, 7~
bis (phenylethynyl}-fluorene>
A synthesis was performed in the same condition as in
Synthesis example 8 except that 147.4 g of 92,9-bis(4-
hydroxyphenyl) -2, 7-dibromo-flucrene (290.0 mmol) was used in
place of 216.9 g of 2,2'-dihydroxy-5,5’-bis(1-(3,3’-
biadamantyl))-biphenyl (300 mmol), thus obtaining 156 g of
9, 9-bis- (4-hydroxy-3-nitrophenyl)-2,7-dibromo-fluorene {260.8
mmel; yield: 89.9%),
[0131]
Next, 35.9 g of the 9,9-bis-(4-hydroxy-3-nitrophenyl)-
2,7-dibromo-£fluorene obtained above {60.0 mmol}, 0.79 g of
triphenylphosphine (3.0 mmol), 0.23 g of copper iodide (1.2

mmol), 13.4 g of phenylacetylene (132 mmol), 0.25 g of



[ 0201] (Exanple 3) Aresin filmwas obtained in the sane
condition as in the preparation of a varnish for coating and resin
filmin Exanple 1, except that 0.1 g of 9, 9-bis(3-(4-phenyl ethynyl
benzoic acid anide)-4-hydroxyphenyl)-ﬂ#ﬁ%rene was altered to 0.9 g of

the 7,7 -bis(3,5-bis(phenyl ethynyl)phenyl)-3,3 15,5 -
tetramethyl -1, 1' - bi adamant ane obt ai hed i n _Synt hesis_exanpl e 36.
[0202] ( EREHoECRt SACFeEPROY PRI SR R EAAEE PR { Re3 S AT Kondid MnoSs

in the preparation of a_varnish for coating and resin filmin Exanple
3, excepftﬁqﬁ£hmé?§laeof3%eﬁ%o&%ﬂ%ﬂ%§@%§ﬁ ATk 8cBESBFehae ] tdederoin

0.5 g, and 0.9 of 7,7 -bis(3,5- . .

bi s( phenyd ety FERENGLY- Blask mmsl aditedpst AYF1185 1€ - foF deduiftntenes -

was altered to 0.1 g. [0203] (Exanple 5) <Preparation of benzoxazol e

resin prégﬁxgbﬁgactlon solution was filtered, solvent was removed from

the reaction solution under reduced pressure. Solid thus
obtained was washed with 500 mL of 2 mol/L hydrochloric acid
agquecus solution and then with 500 mlL of methanol, followed by
drving under reduced pressure, thus obtaining 32.5 g of 9,9~
bis(d-hydroxy-3-nitrophenyl} -2, 7-bis (phenylethynyl}-fluorene
{50.7 mmol; yield: 84.6%).

[0132)

Next, 20 mL of concentrated hydrochloric acid, 30 mL of
ethanol, 13.5 g of the 9,9-bis{4-hydroxy-3-nitrophenyl)-2,7~
bis (phenylethynyl)-fluorene obtained above (21.0 mmol} and a
stirrer were charged in a 200 ml recovery flask. With
agitating at rcoom temperature, tin (II) chloride dihydrate of
15 g dissolved in 20 mL of ethancl was gradually added thereto
at room temperature., After the addition, the mixture was
agitated at room temperature for 12 hours. Solid precipitate
was collected by filtration, washed with 100 mL of ion-
exchange water and then with 100 mL of methanol, followed by
drying under reduced pressure, thus obtaining 10.8 g of 9,9~
bis (3-amino~-4-hydroxyphenyl) -2, 7-bis {phenylethynyl)-£flucrene
{18.6 mmol; yield: B89%).

[0133]

Appearance and results of mass spectrometry analysis and



In a 2 L four-neck flask provided with a thernmoneter, a Dinroth
condenser and an agitator, 64.8 g of the 4,6-di (3, 5-
dinethyl-l-adanantyl)-l,3-bis(4-aninoi%ihydroxyphenoxy)benzene
obtained in Synthesis exanple 2 (0.10"ndl) was dissolved in 132 800
g of dried N-nethyl-2-pyrrolidone under nitrogen flow, followed by
the addity 7 pyr i di . nol T 1 .xt S at ed
o 60C a%nl%%?%ftgq{gagi{gggggs#%dé_ﬂlﬁw{ %e%.%w. 'Z}he &eca{ngﬁow %hg@ tﬁg

t et r amet - '~ bi tape- 3,3 -di lic acid chloride (0.070
nol ) vvas}%gtéaé&é%ﬁ ?oglg%ggg %?tae%af%&aﬁgirot%fo%ﬁ,‘ the m xture was

[ d 60C, f h T 7.57 f
ggbhgasle?Lynyfé?ééﬁéﬁéé%a ggé@&dygﬁﬁgyiag§%%9085 nmol ) was gradual |y

added with the %Q?ﬁ%%fegaﬁéqé%%ﬁ 8&ﬁ§he flask kept at 5C or below in

an ice bath. An oic acid chloride (0.015 nol)
was added with the inner tenperature of the flask kept at 5C or

bel ow. Reacti on®s8TRTdh A YSdded to 4 L of distilled water in small
droplets, followed by collecting and rying8Erecipitate, t hus

d

obt ai ni ng a benZBKEFHFEFediiHUFRscUr &di . C/ 80 ritmifer®Cdvdr afed2; O
nmol ecul ar_ wei ght (M) of the obtained benzoxazol e resin precursor was
16, 000, whi%dh is a pol ystyrene equival ent nol ecul ar wei ght neasured
by neans of a GPC (rmanufactured by: Tosoh Cbrporatiog%. [0204%
<Pr epar ati on of A¢®sdh measurement vafpnesabdye: fent§ondd BentoRazole
resin precursor of 0.9 g and 0.1 g of the 9, 9-bi s(3-(4-phenyl et hynyl
benzoi ¢ dci8biaki-de) 24- hydr oxyphenyl) - fl uorene obtained in Synthesis
exanple 31 were dissolved in NNnmethyl-2-pyrrolidone and filtered with
a Teflon (ittl8dé nane) filter to obtain a varnish for coating. The
varni sh was applied on a silicon wafer by neans of a spin 133
coater, foll owedshytinests ngamplan 1Gven under a nitrogen atnosphere at
90C for one mnute and then at 400C for one hour, thus obtaining a
resin film <Synthesis of 4, 6-di(l-adamantyl)-1,3-bis{4-carboxy~

phenoxy)benzene dichloride>

A synthesis was performed in the same condition as in

Synthesis example 1 except that 17.9 g of methyl 4-

fluorobenzoate (116 mmol) was used in place of 28.7 g of 2-

benzyloxy~-4~fluoronitrobenzene (116 mmol), thus cobtaining 29,9

g of 4,6-di{l-adamantyl)-1,3-bis(4-carboxymethyl-

phenoxylbenzene (48.6 mmol; yield: 86.1%).

[0135]

Next, 1 L of n~butanol, 65.°% g of potassium hydroxide

(85%) (1.0 mol), 61.5 g of the 4,6-di(l-adamantyl)-1,3-bis(4-

carboxymethyl-phenoxy)benzene obtained above {(0.10 mol) and a

stirrer were charged in a 2 L recovery flask and heated to

reflux for 30 minutes. Reaction solution was cooled and solid

thus precipitated was collected by filtration. The solid was



[ 0205] (Exanpl e 6) Aresin filmwas obtained in the sane
condition as in the preparation of a varnish for coating and resin
filmin Exanple 5, except that 0.9 g gk benzoxazol e resin precursor
was altered to 0.5 g, and 0.1 g of 9, -Bis(S-(4-phenerthynyI benzoi c
acid am de) - 4- hydr oxyphenyl)-fluorene was altered to 0.5 g. [0206]
(Exanple 7) LA resip filmwas obtaiined in the sanme, condition as
n the prEshegt otof b VhrtiaN T oA Bott iRy BRAST carINqTd RAGT Bk &npl o
5, except that 0.1 of ?,Q-bis 3- (4- phenyl et h n%i benzqic acid
ami de) - 4 BRGBRBAYY) 51 Ut dife deeks CH GPEaNEBEBL by BToAHE -
7,7'-bis(3,5-bis(ghenylethynyl)phenyl)-3,3',5 5' - ,
t et r amet [FFEPPXY~PRRAATHPRFRN O IR TEFSEHNSH At Res? OB Al e Vi€ 10:
[ 0207] (Exanpl e 8) Aresin filmwas obtained in the sane
condi ti of®a83%'n the preparation of a varnish for coating and resin
filmin Exangle 7, except that 0.9 g of benzoxazol e resin precursor
was alteré818610.5 g, and 0.9 g of 7,7 -bis(3,5- 134
bi s( phenyl et hynyl ) phenyl)-3,3"',5,5 -tetranmethyl-1,1' - bi adamant ane
was altered to I@}g_t,g_62.5 g of the 4,6-di(l-adamantyl}-1,3-bis(4-
carboxy-phenoxylbenzene dipotassium salt obtained above (90
mmol), 200 mL of 1,2-dichloroethane and a stirrer were charged
in a 2 L recovery flask. Then, 178.5 g of thionyl chloride
(1.5 mol) was gradually added thereto with agitating at 5°C or
less. After the addition, 1.5 mL of W,N-dimethylformamide and
1.5 g of hydroquinone were added and agitated at 45 to 50°C
for three hours. After reaction solution was filtered, solvent
was removed from the reaction solution under reduced pressure.
Solid thus obtained was washed with hexane and then
recrystallized with diethyl ether, thus obtaining 38.9 g of
4, 6~di{l-adamantyl) -1, 3-bis (4-carboxy-phenoxy)benzene-
dichloride (59.4 mmol; yield: 66.0%}.
[0137]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
cbtained compound is a target product.

Appearance: light yellow solid

MS (FD) (m/z): 656 (M)

Elemental analysis:

Theoretical figures (/%): C, 73.28; H, 6.15; Cl1, 10.81;



[ 0208] (Exanple 9) <Preparation of benzoxazole resin precursor>

A reaction was perfornmed in the sanme condition as in the preparation
of a benzoxazole resin precursor in Exanple 1, except that 64.8 g of
the 9, 9-bi s(3-ani no- 4- hydr oxypheny1) - 1837-di (| - adamant y1) - f | uor ene
obtained in Synthesis exanple 5 (0.10 nol) was used in place of 64.8
g of
4,6-di(3F5-§hﬁéthyl1-adananty1)-1,3-bis(4-anino-3-hydroxyphenoxy)benz
ene (0.10 nol), thus obtaining a benzoxazol e resin precursor.

A number aver agk< i e difagurREERRt VEMAFS of /T he Gbt’d-#éd Henfokhz it
resin precursor was 22,000, which is a polystyrene equival ent

mol ecul artdwePghe: nBas®red by neans of a GPC (nmanufactured by: Tosoh
Corporation). [0209] <Preparation of resin filnp The

above- mentPéA8d benzoxazole resin precursor of 0.9 g and 0.1 g of the
9, 9- bi s(3-(4-phenyl et hynyl benzoic acid

am de) - 4- hydr ox{fherhel)i-of lexampide @Bt ai ned in Synt hesis exanple 31
were dissolved in N-nethyl-2-pyrrolidone and filtered with a Tefl on
(trade nane) fi4sertiasiabtodi d,&—dand| ShdfrostiodatlitaglamBheyiarh) 3h was
applied on a silicon wafer by neans of a spin coater, followed by
heat i ng ioisdnA-adebokpdeiemoty tdagameaidiebpbei eeat 90C for one mnute
and then at 400C for one 135 hour, thus obtaining a resin film

[0210] (Exanpl eal)nthesis was performed in the same condition as in
Synthesis example 1 except that 25.3 g of 4,6-di{3, 5-dimethyl-
l-adamantyl} -1, 3-dihvdroxybenzene (58.1 mmol) and 17.9 g of
methyl 4-fluorcobenzoate (116 mmol) were used respectively in
place of 22.0 g of 4,6-di (l1~adamantyl)-1, 3~dihydroxybenzene
(58.1 mmol) and 28.7 g of Z2-benzyloxy-4-fluoronitrobenzene
(116 mmeol).

[0139]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: blown solid

MS (FD) (m/z): 711 (M")

Elemental analysis:

Theoretical figures (/%): C, 74.25; H, 6.80; Cl, 9.96;
O, B8.99

Actual measurement values (/%): C, 74.23: H, 6.81: C1,
9.98; 0, 8.%¢

[0140]



Aresin filmwas obtained in the same condition as in the preparation
of a varnish for coating and resin filmin Exanple 9, except that 0.9
g of benzoxazole resin precursor was altered to 0.5 g, and 0.1 g of

9, 9- bi s( 3- (4- phenyl et hynyl benzoi ¢ acil§4

am de) - 4- hydr oxyphenyl) -fl uorene was altered to 0.5 g. [0211]
(Exanpl e 11) Aresin filmwas obtained in the same condition
as in the prepatatioieors #xgawdesh? or coating and resin filmin
Exanple 9, except that 0.1 of 9, 9-bi s(3-(4-phenyl et hynyl benzoic
acid anide)-4-h§%ﬁ%ﬁ&ﬁﬁﬂéﬁf¥?ﬂﬂﬁuéﬁéhe(ﬁa%’z@x%ﬁ%ﬂﬁnRYMl)glg3obl§h@r
7,7'-bis(3,5-bis(ghenylethynyl)phenyl)-3,3',5,5'-

t et r anet [gEEPPXY-PhRRdaHPR RN D HidiHed 1ide>Synt hesi s exanpl e 36.

[0212] (Exanple 12) Aresin filmwas obtained in the sane
condi tion as i ntt$engrespar arisopeofoangdr bi sthé oramgoatanag tand eesim
filmin Exanple 11, except that 0.9 g of benzoxazole resin precursor
was alt erseththes@sSegamphel . &xapmf that' 306i.6(8, 88 4,6-di (1-(3,3' -

bi s( phenyl et hynyl ) phenyl)-3,3"',5,5 -tetranmethyl-1,1' - bi adamant ane
was al t ekdchdamarly) -1 136d{ 0213z (exarpke ($8) 1 <Breparaid Ay .¢f g of
benzoxazol e resin precursor>

methyl 4-fluorobenzoate (116 mmol) were used respectively in
prlace of 22.0 g of 4,6-di(l-adamantyl)-1,3-dihydroxybenzene
{58.1 mmol) and 28.7 g of 2~benzyloxy-d4-flucronitrobenzene
(116 mmel) .
(014173
Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
cbtained compound is a target product.
Appearance: light yellow solid
MS (FD) (m/z): 924 (M")
Elemental analysis:
Theoretical figures (/%): C, 77.98; H, 7.42; Cl, 7.67;
0, 6.93
Actual measurement values (/%): C, 78.02; H, 7.46; C1,
7.62; 0, 6.90
[0142]
{(Synthesis example 20)
<3Synthesis of 4,6-di{1-(5,5",7,7" -tetramethyl-3,3"~
biadamantyl))-1,3-bis(4~carboxy-phenoxy)benzene dichloride>

A synthesis was performed in the same condition as in



A reaction was perfornmed in the sanme condition as in the preparation
of a benzoxazole resin precursor in Exanple 5 except that 64.8 g of
4,6-di (3,5-dinethyl-1-adamantyl)-1, 3-

bi s(4- am no- 3- hydr oxyphenoxy) benzene (8310 nol) was altered to 64.8 g
of the 9, 9-bis(3-am no-4-hydroxyphenyl)-2,7-di (1- adamantyl)-fl uorene
obtained in Synthesis exanple 5 (0.10 nmol), thus obtaining a

benzoxaz Y& HESEA ﬁF%@H%%gf.eW%rﬁé}ata\ﬂérggé /b1 ectird (dweiym’ vy -
of the obtai ned benzoxazol e resin precursor was 16,000, which is a
pol yst yr & régaitbEf ept 3 hobbrdaeantivgi) gl - Sedd by dgobybersane of58a 1GPO
(manuf actured by: Tosoh Corporation). [0214] <Preparation of resin
film  mmol)TRadabdvd- aewf itsidy bdmidvazrebeneesta plecursyry) okre. 9 g
and 0.1 g of the 9, 9-bis(3-(4-phenyl ethynyl benzoic acid

am de) - 4-Uppdr srpphehyt3ly | inrrkrcotfaizded onoSyht hedi 6l -exdansirdy3l -
were dissolved in N-nethyl-2-pyrrolidone and filtered wwth a Tefl on
(trade ndnB)yrdibytepxyoecobeme n( 8 Mammicdd fod 28afi mgef Thearemviiosly-das
applied on a silicon wafer by neans of a spin coater, followed by
heat i ng ifiivamwrcovencbadeena (ild ogeri)at nosphere at 90C for one m nute
and then at 400C for one hour, thus obtaining a resin film [0215]
137 (Exangbe434) Aresin filmwas obtained in the sane
condition as in the preparation of a varnish for coating and resin

filmin Exanpl eagddsaxteptaridiats019s7906f nbes zexandidnat@yi Anpl @EUE SHHS
was altered to 0.5 g, and 0.1 g of 9, 9-bis(3-(4-phenylethynyl benzoic

aci d am @dQ)erdniYdr ox¥PHReNY lard |dnenednas . al t1es ethd0 Bow @hab0248]
(Exampl e 15) Aresin filmwas obtained in the same condition

as in th%bﬁ:%&ﬁ@ﬁakbﬂ%o@ﬁdaié’aé rﬂaigqeftog_x%@%bkng and resin filmin
Exanpl e 13, except that 0.1 g of 9, 9-bis(3-(4-phenylethynyl benzoic

aci d am de) - 4- hydroxypheny Whuareng was altered to 0.9 g of the
7,7 -bis(3,5-bis(phenyl et hynyl)phenyl)-3,3",5,5"-
tetramet hyl-1, Ljs bjmdangniane 10pkai ngey i n Synthesis exanple 36.
Elemental analysis:
Theoretical fiqures {/%): C, 78.81; H, 8.17; Cl, 6.84;
o, 6.18
Actual measurement values (/%): C, 78.79; H, 8.20; Cl1,
6.82; 0, 6.19
[0144]
{Synthesis example 21)
<8ynthesis of 2,7-di({l-adamantyl)-fluorene-2, 9~
bisbenzoic acid dichloride>
In a 500 mL recovery flask, 44.9 g of 2,7-di{l-
adamantyl)-fluorencone obtained in the same manner as in
Synthesis example 7 (100 mmol), 36.6 g of benzoic acid (300

mmol), 203 mL of Eaton’s reagent (7.7 wi% methanesulfonic acid

solution of diphosphorus pentoxide) and a stirrer were charged



[0217] (Exanple 16) Aresin filmwas obtained in the sane
condition as in the preparation of a varnish for coating and resin
filmin Exanple 15, except that 0.9 g %f benzoxazol e resin precursor
was altered to 0.5 g, and 0.9 g of 7, 708 bi s(3, 5-
bis(phenylethynyl)phenyl)-3,3',5,5'-tetranethy| 1,1 - biadanant ane
was altered to 1 g [0 ] .(Exanpl e 17 138 <Pre aration of imde
resin préﬁﬁ*é@? ated ol f%ga é&%éng%g Fa¥RYBF o%i GeW W3 h an
agitator, a ni en | | et pe.and a_nmaterial inlet, 53.3 g of the
4,6- di (f‘t&ﬂ’é ﬁtr 1) -A t?%l’-%(aft&RPnéﬁﬁéﬁb%)’b%?%ﬁje HEPTOSSTREEF UL,
obt ai ned Synt hesi s exanple 27 was dissolved in 800 of dried

N- et hyl - zoopﬁr 8Fi aaﬂeexe%@mﬁf O {86 PEPREd SRl X 00 Ed 2EHEEBE
under dry nitrogen, and 72.7 g of the 9, 9-

bi s( 3, 4- dix/&DHRY- BREAYATES, 0| {enoyeshihey ef X phuorieadi ARYERE deas
obtained in Synthesis exanple 29 (0.1 nol) was added thereto. For
five hourzemeiedr frpe Hddi reaptiethesslpitdononndas redues e veem
tenperature. Then, it was agitated for two hours at room tenperature.
And t hen Saldacthon cbtaineh wes rddddedoby Lodhmdi st Fbhabusadny i n
smal | droplets, followed by collecting and drying precipitate, thus
obt ai ni ng-hars olitdéniegi Mmpriecurgor, 7-di (1-Adarerderl JavidragenspPetul ar
wei ght (M1) of the obtained imde resin precursor was 24,000, which
is a pol ysispeaneieqacydl ¢fit mmdlecutialdaeisght .measured by nmeans of a
GPC (manuf actured by: Tosoh Corporation). [0219] <Preparation of
resin filmel4s] The above-nentioned imde resin precursor of 0.9 g
and 0.1 g of the 9, 9-bis(3-(4-phenylethynyl benzoic acid am de)-4-
hydr oxyphenyl) - fégioy e, Dhf aimetel 0, Pyal hesiSaxaiyal e B3liowene-9, 9-

di ssolved in N-nethyl-2-pyrrolidone and filtered with a Teflon (trade

name) fildibehn@oabt abNdacyed M ffvecaqatl ABo1THe200 mL of 1,2-
dichloroethane and a stirrer were charged in a 2 L recovery
flask. Then, 178.5 g of thionyl chloride (1.5 mol) was
gradually added thereto with agitating at 5°C or less. After
the addition, 1.5 mL of N,N-dimethylformamide and 1.5 g of
hydroquinone were added and agitated at 45 to 50°C for three
hours. After reaction solution was filtered, solvent was
removed from the reaction solution under reduced pressure.
Solid thus obtained was washed with hexane and recrystallized
with diethyl ether, thus obtaining 39.4 ¢ of 2,7-di(1-
adamantyl)-fluorene-9, 9-bisbenzoic acid dichloride (53.4 mmol;
yield: 68.4%).

[0146]
Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the

cbtained compound is a target product.



139 varnish was applied on a silicon wafer by neans of a spin coater,
foll owed by heating in an oven under a nitrogen atnosphere at 90C for
one mnute and then at 400C for one hour, thus obtaining a resin
film [0220] (Exanple 18) A rediPd fil mwas obtained in the
sanme condition as in the preparation of a varnish for coating and
resin filmin Exanple 17, except that 0.9 g of imde resin precursor
was altered to #PBILanGrd F1Eh§ $EL19°9- 8PL¥B- (4- phenyl et hynyl benzoic
acid anide)-4-q¥dro§£phen 1)-fluorepe was altered to 0.5 g. [0221]
(Exanpl e 19) 5 (FIR r &% *f i’ Wis) obt ai ned in the same condition
as in the preparation of a varnish for coating and resin filmin
Exanpl e 17, excebtmaHa@l @nBlysdp:9, 9- bi s(3- (4- phenyl et hynyl benzoic
aci d am de) - 4- hydr oxyphenyl) -fl uorene was altered to 0.9 g of the
7, 7' - bi s(3, 5- bi Bigrratdatihyfdgtrpherty?):3¢3' 7%, 3L~ H, 6.23; Cl, 9.96;
tetramet hyl-1, 1' - bi adamant ane obtai ned in Synthesis exanpl e 36.
[0222] (EBxadplé 20) Aresin filmwas obtained in the sane
condition as in the preparation of a varnish for coating and resin
filmin Exanpl eAd®jalexcepturehantOvalgesf (/%) deC,r e59.34pr EGuUBSDE; Walk,
altered to 0.5 g, and 0.9 g of
7,7 -bi s@385+bog(pheayl et hynyl ) phenyl) -

[0147]

(Synthesis example 22)

<Synthesis of 2,7-di(3,5-dimethyl-i-adamantyl)-fluorene-
9,9-bisbenzoic acid dichloride>

A synthesis was performed in the same condition as in
Synthesis example 21 except that 50.4 g of 2,7-di(3,5-
dimethyl-l-adamantyl)~fluorenone (100 mmol) was used in place
of 44.9 g of 2,7-di(l-adamantyl)-fluocrenone {100 mmol).

[0148]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compcund is a Target product.

Appearance: blown solid

MS (FD) (m/z): 767 (M")

Elemental analysis:

Theoretical figures {(/%): C, 79.77; B, 6.83; Cl, 9.23;
0, 4.17

Actual measurement values (/%): C, 79.75; H, 6.80; Cl,

9.21; 0, 4.16



140 3,3',5,5 -tetramethyl-1, 1' - bi adamant ane was altered to 0.1 g.
[0223] (Exanple 21) Aresin filmwas obtained in the sane
condition as in the preparation of a v rnlsh for coating and resin
filmin Exanple 1, except that 0.1 g 9 9- bi s(3-(4- phenyl et hynyl
benzoi c acid am de) - 4- hydroxyphenyl)-fl uorene was altered to 0.1 g of
the 9, 9- blﬁﬁg-&4-ethynyl benzoi c acid am de)-4-hydroxyphenyl) -
fl uorene & Phed in Synt hesi s exanpl e 34. [0224] (Exanple 22)
Aresin filmwa obtalned in tgg sane condition as in the preparation
of a varnish fofS¥H ??&feﬁﬁfﬂp & "3Fi Imin Exanple 1, except that 0.1
g of 9,9-bis(3-(4-phenyleth @y ben20|c acid
ani de) - 4- hydr oxyp¥erRa3Lis 1Pofefe ad 4al ¢ el ey Rhenp et ~Phenyl) -2, 7-
4,6-di (3, 5-dinethyl-1-adamantyl)-1, 3-bi s(4-(4- phenyl ethynyl benzoic
aci d anld@MJEBﬁ?@ﬁﬁﬁybheﬁbW9§%@ﬁi@%@ﬂéﬁﬂéﬁﬁed in Synthesis exanple
35. [0225] (Exanple 23) A resin filmwas obtained in the same
condi tion as i nAthEpiedia atsisowestoymedr i skthe graatangg tand pesim
filmin Exanple 1, except that 0.1 g of 9, 9-bis(3-(4-phenyl et hynyl
benzoi c @mn&haﬁﬁdeﬁxamﬁydrb%%phaﬁyrmaﬁl@6n@ng was2 af teér ed-admment yg) of
the 7,71-bis(3,5-diethynyl phenyl)-3,3",5,5 -tetranethyl-1,1'-
bi adamantfdmerebeaPnédbi spiSymt hesits: isveanpine tB€. same manner as in
Synthesis example 7 (58.1 mmol) and 17.9 g of methyl 4-
fluorchenzoate {116 mmol) were used respectively in place of
22.0 g of 4,6-di(l-adamantyl)-1, 3-dihydroxybhenzene (58.1 mmol)
and 28.7 g of 2-benzyloxy-4-flucronitrobenzene {116 mmol}.
[(0150]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: light yellow solid

MS (FD) (m/z): 896 (M")

Elemental analysis:

Theoretical figures (/%): C, 79.09; H, 5.85; Cl, 7.91;
O, 7.14

Actual measurement values (/%): C, 79.14: H, 5.89; Ci,
7.87; 0, 7.10

[0151]
(Synthesis example 24)
<Synthesis of 8,9-bis(4~-(4-carboxy-phencxy}-phenyl)-2,7-

di (3, 5-dimethyl-l-adamantyl)-fluorene dichloride>



141 [0226] (Exanple 24) Aresin filmwas obtained in the sane
condition as in the preparation of a varnish for coating and resin
filmin Exanple 1, except that 0.1 g qgfgad9, 9-bi s(3-(4-phenyl et hynyl
benzoi c acid am de) - 4- hydroxyphenyl)-fl uorene was altered to 0.1 g of
the 3,3 -diethynyl-5,5 ,7,7r-tetranmet hyl-1, 1' - bi adanmant ane obt ai ned

in Synthesis exanpietiddsid 0247 peldevamBlei85he same AdESiBRf BkMiyas
obtained in the sane condition as in the preparation of a varnish for

coating ancththResilk bkhApia Exax@d®: Lhaxeepb that 9, 1-@:i 0f, s—dimethyl-
9, 9- bi s(3-(4-phenyl et hynyl benzoic acid

ani de) - 4-hydr@enplheny ks ELHOL £Ne YR AT 88 1, i
3,3',5,5f-teﬁraet2y2yl-ﬁ,l'-biadéﬁgﬁ%aﬁ% obtg%%ggdiﬁggaﬁiégﬁismanner

exanpl e 39 :[0228Fh6EXampkendBd 7 (s8.1 Anb8Si Akl M SPLAINET 1,0

the sane condition as In tﬁg preparation of "a varnléﬂ éor coati'rng and

resin filapj 1 t 0. f . _
9,9-biS(éﬁ%ﬁﬁﬁﬁéﬂgpé?ﬁyﬁ%?éggﬁggigﬂ%§}&EEQ hspectively in place of

am de) - 4--hydr henyl): £l u e al tered t.0 0. of t

b s g ¥ B ansT Ly S 3 R aeRpled e .1 mmon)

CEnaammta30e R0V B 0L ALRER iy AR BB BN Ll (118301, .
[0152]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show That the
obtained compound is a target product.

Appearance: light vellow soclid

MS (FD) (m/z): 952 (M')

Elemental analysis:

Theoretical figures (/%): C, 79.48; H, 6.35; Cl, 7.45;
o, 6.72

Actual measurement values (/%): C, 79.46; H, 6.32; Cl,
7.42; 0, 6,73

[0153]

(Synthesis example 25)

<8ynthesis of 2,2’-bis((4-carboxy-phenoxy)-phenyl)-5,5'-
bis (1~ (3,3’ -biadamantyl))-biphenyl dichloride>

A synthesis was performed in the same condition as in
Synthesis example 17 except that 42.0 g of 2,2"-dihydroxy -
5,5"-bis{1-(3,3’ ~biadamantyl))-biphenyl (58.1 mmol) obtained

in the same manner as in Synthesis example 8, 17.9 g of methyl



142 Aresin filmwas obtained in the sane condition as in the
preparation of a varnish for coating ahd resin filmin Exanple 1,
except that 0.1 g of 9, 9-bis(3-(4-phenylethynyl benzoic acid

am de) - 4- hydr oxyphenyl) -fl uorene was altered to 0.1 g of the

3, 3' - di ethynynobeszogt g {tebramel hyl wgre' ubeddanapiane pbl §Aed g of
obtained in Synthesis exanple 41. [0230] (Exanple 28) A resin
fil mwas, ebdal headdiamatbel sabhp3edbdiytiroryBasnizanthes5pt epanal j pn28f 7ag
varni sh for coating and resin filmin Exanple 1, except that 0.1 g of

9, 9- bi S&B iAb@lh;ejﬂ]{&:ﬁi’hyﬂflugﬁﬁﬁﬂtﬁoﬁghQene (116 mmol) in Synthesis
anlde) - hydr oxyphenyl)-fluorene was altered to the

3,3, 5, 9xahf iéa?thynyl 1, 1r - bi adamant ane pol yner obtained in
Synthe3|s exanpl e 42. [0231] (Exanple 29) Aresin filmwas

obt ai ned, i {F e same condition as in the preparation of a varnish for
coating % resin filmin Exanple 1, except that 0.1 g of

9, 9- bi s(3-(4-phenyl ethynyl benzoic acid .

ani de) - 4- hydr&ﬁ?ﬁ%@ﬁ?&%-fQQQ;Qﬁﬁ¥%&ﬁ;Qﬁt%ﬂ%ﬁi%Rﬁ?ﬁ?ﬁ@%f?ﬁ Felysis and
7,7 -bis(3,5-bis(phenylethynyl)phenyl)-3,3 ,5,5"-

t et r anetkgIental - akavhnt 250 ohewn nedlew. SyHitebi e eshaipltdas vl
0.05 g of the 3,3 -diethynyl-55,7,7 -tetranethyl-1,1'- bi adamant ane
obtmlunbtaﬁ&§®t©@$p@u@dahwla B&rg@ﬂZ@ﬁ@dﬁE&anple 30) 143

Appearance: light yellow solid

MS (FD) (m/z): 1,000 (M")

Elemental analysis:

Theoretical figures (/%): C, 79.26; H, 7.26; Cl, 7.09;
0, 6.40

Actual measurement values (/%): C, 79.23; H, 7.29; C1,
7.12; 0, 6.36

[0155]

(Synthesis example 26)

<Synthesis of 5~ (l-adamantylethynyl)isophthalic acid
dichloride>

In accordance with the method disclosed in a document
(Y. Okano, T. Masuda and T. Higashimura, “Journal of Polymer
Science: Polymer Chemistry Editicn”, Vol. 23, 1985, pp. 2527-
2537}, l-ethynyladamantane was synthesized from 1-
bromoadamantane.

[0156]



Aresin filmwas obtained in the same condition as in the preparation
of a varnish for coating and resin filmin Exanple 1, except that 0.1
g of 9, 9-bis(3-(4-phenyl et hynyl benzoiﬁggcid

am de) - 4- hydr oxyphenyl) - f| uorene was &1 ered to 0.05 g of the

7,7 -bis(3,5-diethynyl phenyl)-3,3" ,5,5 -tetranethyl1-1,1"-

bi adamant ane obgajned in Synt hesi s, exa 7. an .05 f, the
7,7'-bis(3,5-di%€%yhy:%ﬂé%ﬁgiF§%§EF§?5g?%g?$%h% é%ﬁﬁ%%af%_%45% mmol) .
bi adamant.ane pol_yner_obt ai ned i.n _Synt hesi s _exanple,40. [0233

(Exanpl o 35, CHEoSErREPoAL RO BB o PROLR ppedly sprSf copper
reaction was perforned in the s condition as in the preparation,of
a benzoxdiﬁf eréérﬁqg?agg}SO 4Vﬁyé&éﬁgﬂéef%YEXE@ﬁ?m?%ﬁ?&%4a@”gH@Plﬁhe
2,2 -di hydroxy -3,3 -diam no-5,5" - )

o1 (3. 5. 4 ettty 21 JSBEHARESS) b uAPIIBRY aPRBGTH nO By LT Sanpl e
9 (0.10 nol), was used in place of 64.8 of 4, 6- i )

di (3, 5- iFWRY D1 RadnEne§ 19497 RS- GinRpeayLphosphine) palladium
hydr oxyphenoxy) benzene éO.lO mol ), thus obtaining a benzoxazole resin
precursort0.427 mmalh aRer2 sk ager Msitec gharokei §ht 2 (M) ZFCIREY
obt ai ned benzoxazol e resin precursor was 15,000, which is a |

pol yst yr él@sdgandapehtaief ezul HI0 Veifgt omeabansd HREtREarsastianGPC
(manuf actured by: Tosoh Corporation). [0234] <Preparation of resin
filnp Thedbddiennwasi Shetie behz oxdizsirg mes irgmpredufson Wie Gceaafiond4
and 0.1 g of the 7,7 -bis(3,5-diethynyl phenyl)-3,3 ,5,5" -

t et r anet et ith- bhddanaataced ateaisvett .i nS&Yid hesis ataipled 8Zswer e
di ssolved in N-nmethyl-2-pyrrolidone and filtered with a Teflon (trade
name) fi lwseshetowdbhal n,ao¥atmm-sdxdreangeoataitey. atietvan nestth viag: ayipki ed
on a silicon wafer by neans of a spin coater, followed by heating in
an oven urde'l. aydrbrbfeniat sospheneals $eCutabnpnéobl sudd wnditylien at

400C for one hour, thus obtaining a resin film
under reduced pressure, thus obtaining 121.5 g of 1-(3,5-

bis(methoxycarbonyl)phenyl)-2- (1-adamantyl)ethyne (344.9 mmol;
yield: 86.0%).
[0157]

Next, 3 L of n-butancl, 226 g of potassium hydroxide
{85%) (2.72 mol), 120 g of the 1-(3,5-
bis (methoxycarbonyl)phenyl)-2-{l-adamantyl)ethyne cbtained
above (341 mmol) and a stirrer were charged in a 5 L recovery
flask and heated to reflux for 30 minutes. Reaction solution
was cooled down and solid thus precipitated was collected by
filtration. The solid was washed with 2 L of ethanol and dried
under reduced pressure, thus obtaining 132.49 g of 5-(1-
adamantylethynyl) isophthalic acid dipotassium salt {(330.8
mmol; 97.0%).

[0158]



[ 0235] (Exanple 32) <Preparation of benzoxazol e resin precursor>

A reaction was perforned in the sane condition as in the preparation
of a benzoxazole resin precursor in Eﬁqule 1, except that 70.5 g of
the 9, 9-bis(3-(3,5-dinethyl-1-

adamant y1) - 5- anmi no- 4- hydr oxypheny1) - f | uorene obtained in Synthesis

le 13 (0. 10 ol I 4 f : .
DA £a12. (Bl BRI R Pl R i) soopnene

hydr oxyphe 0.1 t hus obtal LN enzox zoI sin
precurso?%qg%éagggéggl e?ag5g$§%% NS 8RGI S 3%i§%$1PN%SS gveg
obt ai ned .be ox?zole resin grecur r _was z.ggo %héch IS a

pol yst yr éfie “Bqlitvaf et BT St WRsiShe Hedd (FEEBY e a aPC
(manuf act,ure h Cbr oration 023 <Pr epar ati,on of

il Themfﬁg\‘l‘gxﬁe PBREd U0 drBPb/bedt ites SoPd! 0% §iadaro
and 0.1 g of the, 7,7 - b|s§3 5-di et hynyl phenyl) - 3, 3

t et r anet rﬂ/fefui-"—lagaéahaﬁ e ot a%&tﬂﬁgsfxﬁt ABsFe lé%ﬁrmfb of7 lner e
dissolved in N-nmethyl-2-pyrrolidone and filtered with a Teflon (trade
name) fi1S8ic Brﬁﬁf-EFﬁa*éev‘éﬁ‘%%%—f@tﬁte@o’&‘m AyliTablonr nfhan washappl i ed
on a silicon wafer means of a spin coater, followed by heating in
an oven UHd&r 58 ﬁFtPégéﬁna@%®§EH§T@a§@r9@eﬁf@ﬁlﬁﬁeuﬁﬁ¢ﬁn¥?4ﬂﬂ§dthen at

400C for one hour, thus obtaining a resin film [0237]
pressure, thus obtaining 6.1 g of 5-{l-adamantylethynyl)

isophthalic acid (18.9% mmeol; yield: 29.5%).
(0159]

Next, 96.1 g of the 5-(l-adamantylethynyl) isophthalic
acid dipotassium salt obtained above (240 mmol), 400 mlL of
1,2-dichloroethane and a stirrer were charged in a 2 L
recovery flask. Then, 391 g of thionyl chloride (4.5 mol) was
gradually added thereto with agitating at 5°C or less. After
the addition, 4 mi of N,N~dimethylformamide and 4 g of
hydreguinone were added and agitated at 45 to 530°C for three
hours. After reaction solution was filtered, soclvent was
removed from the reaction solution under reduced pressure.
Solid thus obtained was washed with hexane and recrystallized
with diethyl ether, thus obtaining 16.5 g of 5-(1-
adamantylethynyl)isophthalic acid dichioride (45.6 mmol;
yield: 19%).

[0160]
Appearance and results of mass spectrometry analysis and

elemental analysis are shown below. The data show that the



(Exanpl e 33) <Preparation of benzoxazole resin precursor> A
reaction was performed in the sane condition as in the preparation of
a benzoxazol e resin precursor in Exanghq 1, except that 103.0 g of
the 2,7-di (3, 5-dinethyl-1-adamantyl) -

9, 9- bi s(3-(3, 5-di et hyl - 1- adanmant y1) - 5- am no- 4- hydr oxypheny1l) -

fl uorene Lngd. ] hesi I .10 nmol) was used in
p!;ce ofégggghggo?bﬁ?gyﬂé(%?g?éﬁﬁggﬁy??%égéghantyl)z1,3- u. .
bls(4-an1no-3-Q¥ggg§ggggpo%gip§qﬁﬁgﬁig0.10 nol ), thus obtaining a
benzoxazol e res precursor. nunber average nol ecul ar wei ght

(M) of the obtaln benzpoxazal.ge resi ecursor was 14,000, which is
a pol ystyrene g%%i@gpennuﬁéreggﬁa#ﬁmegaﬁ{ nmeasured by neans of a GPC

(rmanuf act ur ed - _Tosoh Corporation). [0238] <Preparation of resin
film The abovgiﬁﬁﬁ%%5ﬂe&”ﬁ§ﬁ§%§azole resin precursor of 0.9 g 146

and 0.1 g of t 7, 7' -bis(3,,5-di ethypyl phenyl)-3,3' , 5,5 - .
tetranet hyl-1, %%‘f%&?ﬁt (9%&%?6%’ i a' 't4r19ési§’s gxiﬁ'pl &la7l et ¥
di ssolved in N-nmethyl-2-pyrrolidone and filtered with a Teflon (trade
nane) fiFref-P8 obtain a varnish for coating. The varnish was applied
on a silicon wafer hy nmeans of a spin coater, followed by heating in
an oven under 4T oS BLESHHeralEes 90 ¥ orC ofé Hiliufle and®t at
400C for one hour, thus obtaining a resin film [0239] (Exanple 34)
<Pr epar ati®erVof Obehiz®kazol e resin precursor>

[0161]

(Synthesis example 27)

<Synthesis of 4,6-di(l-adamantyl)}-1,3-bis(4-amino-
rhenoxy)benzene>

A synthesis was performed in the same condition as in
Synthesis example 1 except that 17.2 g of 4-flucronitrobenzene
(122 mmol) was used in place of 28.7 g of 2-benzyloxy-4-
fluoronitrobenzene (116 mmol).

[0162]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
chtained compound is a target product.

Appearance: blown solid

MS (FD) {(m/z): 561 (M")

Elemental analysis:

Theoretical figures (/%): C, 81.3%; H, 7.91; W, 5.00; 0O,

Actual measurement values (/%): C, 81.35; H, 7.88; N,



A reaction was perfornmed in the sanme condition as in the preparation
of a benzoxazole resin precursor in Exanple 1, except that 32.4 g of
the 4, 6-di (3, 5-di nethyl-1-adamantyl)-
1,3-bis(4-anino-3-hydroxyphenoxy)benzéﬁé obtained in Synthesis
exanple 2 (0.05 nol) and 43.3 g of the 3,3 -bis(3-(3,5-
dinethyl-lh%%a§an%y} - 5-am no- 4- hydr oxyphenyl1)-5,5",7, 7" -

tetranetﬁyl iradamant ane obtai ned in Synthesis exanple 15 (0.05

nmol ) merioggggain pl ace of 64.8 g of 4,6-di (3, 5-

di met hy1l- 1- ntyl)-1, 3- bi s(4-am no- 3- hydr oxyphenoxy) benzene (0. 10
nmol ), thus obtaining a benzoxazol e resin precursor. A nunber
aver age nDIeculé?y%éhﬁﬁﬁs(Qﬁ?F@éﬁ #fé obt ai ned benzoxazol e resin
precursor was 16,000, which is _a polystyrene equival ent nol ecul ar

wei ght measur ed>BYynmeiss G £, Erei(Anadraer by od yorreso , 9-bis (4-
Corporation). [0240] 147 <Preparation of resin filnp The
above- mefd#e8) Benzoxazol e resin precursor of 0.9 g and 0.1 g of the
7,7 -bis(3,5-diethynyl phenyl)-3,3",5,5"-

t et ramet hyl- 1, 12 - syihamit afe eerdonaddi hn Sym rasies coxgiphien3aswer e

di ssolved in N-nethyl-2-pyrrolidone and filtered with a Teflon (trade
nanme) fi |Syathegiebesdamnpie var mixsiepftothebatl ngy.g e ardrldingh (ddd mppli ed
on a silicon wafer by nmeans of a spin coater, followed by heating in
an oven wedersadniihr pyene atfrosbhere cft pdeGof of 4 dhemmd Nutien sychthkeensat
400C for one hour, thus obtaining a resin film [0241] (Exanple 35)
<Pr epar atdifod, fF-dbéhzasazah eyt st nqreseos OFpisphenol A f eagitheriwas
performed in the sanme condition as in the preparation of a
benzoxazelxempési N, pteayrsotaimi kxaimlge glpfexcepdii t haddadhrd ) ef the
4,6-di (3, 5-di net hyl-1-adamantyl) -

1, 3- bi s( 4£1apirBae3shydp 0xyphenoxindenzene sokhal hedid d Syadesi s
exanple 2 (0.05 nol) and 29.0 g of the 9, 9-bi s(3-am no-4-

hydr oxyphepyéhi 2, 7- bi s(phenyl et hynyl) -fl uorene obtained in Synthesis
exanple 16 (0.05 mml) were used in place of 64.8 g of

4, 6-di (3, 5-di medjyesdaadanmi ¥hkulid- BEShds @3 ometry analysis and
hydr oxyphenoxy) benzene (0.10 nol), thus obtaining a benzoxazole resin

Precursolelemental AnBUPDES AVETAUKHA0W. arryeigita M)y @hathene
obt ai ned benzoxazol e resin precursor was 19,000, which is a

pol ystyr efpe efuhYabRpbuAR! £S W ala MRI O JaRasured by means of a GPO
Appearance: blown solid
MS (FD) {(m/z): 617 (M")
Elemental analysis:
Theoretical figures (/%): C, 87.62; H, 7.84; N, 4.54
Actual measurement values (/%): C, 87.64; H, 7.87; N,
4.49
(0165}
(Synthesis example 29)
<Synthesis of 9,9~bis(3,4~dicarboxy-phenyl)-2,7-di(1l-
adamantyl)-£luorene—~dianhydride>

A synthesis was performed in the same condition as in



148 (manufactured by: Tosoh Corporation). [0242] <Preparation of
resin filnp The above-nenti oned benzoxazol e resin precursor of
0.9 gand 0.1 g of the 7,7 -bis(3,5- dlethynylphenyl) 3,3,55" -
tetramethyl-1,1'- bi adamant ane obt ai ned-Li5n Synt hesi s exanple 37 were
di ssolved in N-nethyl-2-pyrrolidone and filtered with a Teflon (trade
nane) filter to obtain a varnish for coating. The varnish mas applied

on a sil |Sé’6‘ﬁhﬁ/§f-éreﬁ9mﬁ%%n§ %*C%’tsdﬁhf@tcégtérg PB| Povwekry Hedt FRGLY n
an oven under a nitrogen atnosphere at 90C for one mi nhute and then at
400C f or “gfe UR6Hr 17t RL3C®bRHI ﬁbﬁh‘ﬁ%§ﬁﬁnpﬂlﬁﬂ4fﬂgwgp (‘B AW tEe36F
<Preparation of benzoxazol e resin precursor> A reaction was
per f or re@fi &.t’hdidanedenant Yl onf axienaiie SpbépahardbrobfSythesis
benzoxazol e resin precursor in Exanple 1, except that 86.6 g of the
3, 3' - bi sE32f®18- di rethyg-dbtaining 77.2 g of 9,3-bis(3,4-dimethyl-
adamant yl) - 5- am no- 4- hydr oxypheny1)-5,5",7,7" -tetranmethyl 1, 11- bi adana
nt ane obthiengd) -8, Bydi hibsadamxanpl Je- fmor@nt0 (hid| pmovas wisddi:i B0place
of 64.8 g of 4,6-di(3,5-dinmethyl-1-
adamant y1X901683 bi s(4- am no- 3- hydr oxyphenoxy) benzene (0.10 nol), thus
obt ai ning a benzoxazol e resin precursor. A nunber average
mol ecul ar wei ghtiextVh)70f2 the okhal Bed-beardxazirtedeSi-phpheturgpT-Was
12,000, which is a polystyrene equival ent nol ecul ar wei ght neasured
by means qaf(1aaGRfeant$¢9) -fluorene obtained above (120 mmol), 89.0 g of
potassium permanganate (563 mmol), 1 L of pyridine, 100 mL of
water and a stirrer were charged in a 3 L recovery flask and
heated to reflux at 100°C. After the beginning of reflux, 38.7
g of potassium permanganate (245 mmol) and 160 mL of water
were added every 30 minutes, a total of four times. When five
hours passed after the beginning of reflux, ancother 160 mlL of
water was added thereto. Then, the mixture was heated to
reflux for another six hours. Reaction solution was subject to
hot filtration, and then solvent was removed under reduced
pressure to concentrate the reaction solution, followed by
addition of 6 mol/L hydrochloric acid of 400 mL. Solid
precipitate was dried under reduced pressure, thus obtaining
36.6 g of 9,9-bis(3,4-dicarboxy-phenyl)-2, 7-diadamantyl-
fluorene (48 mmol; yield: 40%).
(0167]
Next, 35.1 g of the 9,9-bis(3,4-dicarboxy-phenyl}-2,7~
di(l—adamantyl)-fluorene obtained above (46 mmol), 34.5 g of

acetic anhydride (276 mmol) and a stirrer were charged in a



(manuf actured by: Tosoh Corporation). [0244] <Preparation of resin
filmp The above-nenti oned benzoxazol e resin precursor of 0.45
g, another 0.45 g of the benzoxazole resin precursor obtained in
Exanple 1 and 0.1 g of the 7,7 -bis(3, @-dlethynylphenyl)

3,3 ,5,5 -tetranet hyl -1, 1' - bi adamant ane obt ai ned in Synt hesi s exanpl e

37 were solved in N hyl - 2-pyrrolidone and filtered with a
Yot lon ( SPRGEE naﬁE?V?Frfﬁ 3o B0 Kiartay SPnrehiyer ReacEAgn TRUution
varni sh was applied on _a silicon wafer by nmeans of a spin coater,
fol | oned By KESLFAg Fﬁda%%%nt%@rreglﬁr—wa@%n%%ﬁbas'ﬂr?éﬂréw&@ d6CEor
one mnute and then at 400C for one hour, thus obtaining a resin
film [o@£5Fl€E%aﬁpﬁ§hQV)amqbrcélﬁa%datqn@ﬁroﬁeﬁéﬁ%x@z%ﬁf%mees|trli1us
precursor > A reaction was perforned in the sane condition as
in the prdfaiainen2df’ ad behz7Hx@rAvlsel 3 dsidacpreewy sorenil )Béarpidd (1
except that 28.0 g of 4,4'-oxybis(benzoic acid) dichloride (0.095
mol ) wa@dayéﬂtvh)pfé@@r%nezﬁéﬁhkydﬂidE,5ﬂ97?7mO1; yield: 89.0%).
tetramet hyl- 1, 1' - bi adamant ane- 3, 3' -di carboxylic acid chloride (0.095
mol ), thud0Odb8ai ni ng a benzoxazol e resin precursor. A nunber
average nol ecul ar wei ght (M) of the obtained benzoxazole resin
precursor was 18pPOdramntd cind seaupobysf ynane amuuteairentrymahetyshs and
wei ght nmeasured by neans of a GPC (nmanufactured by: Tosoh
Cor por at ieQenent2502ah82¢6] s <Bfepicain @alel.r emid dddazhow that the
obtained compound is a target product.
Appearance: light yellow solid
MS (FD) (m/z): 727 ({(M")
Elemental analysis:
Theoretical figures {(/%): C, 80.97; H, 5.82; 0, 13.21
Actual measurement wvalues (/%): C, 80.85; H, 5.88; 0O,
13.17
[0169]
{Synthesis example 30)
<Synthesis of 1,3-bis(3,4-dicarboxyphenoxy)-4,6-bis(1-
(3,3"-biadamantyl) ) ~benzene~dianhydride>
In a 500 mL recovery flask, 35.9 g of 4,6-di(1-(3,3’'-
biadamantyl))-1,3-dihydroxybenzene (55.5 mmol), 19.0 g of
dimethyl 4-fluorcophthalate (114.5 mmol), 150 mL of N,N-
dimethylformamide, 19.1 g of potassium carbonate (138.1 mmol)
and a stirrer were charged and agitated at 135°C for 12 hours.

Reaction solution was filtered and then charged in 1 L of ion-

exchange water. BSolid precipltate was washed with 2 L of



The above-nenti oned benzoxazol e resin precursor of 0.9 g and 0.1 g of
the 7,7 -bis(3,5-diethynyl phenyl)-3,3",5,5"-
tetranethyl-1, 1' - bi adamant ane obtai ned in Synthesis exanple 37 were
di ssolved in N-nethyl-2-pyrrolidone add’filtered with a Teflon (trade
nane) filter to obtain a varnish for coating. The varni sh was applied
on a silicon wafer by nmeans of a spin coater, followed by heating_ in
an oven Hﬁ&@ﬁnﬁlnﬁpgoﬁéhegl?ﬁﬂﬁﬁKQQ9%9?d99€9F6Pr%nethﬁﬁuﬁhi%%%inﬂhgﬁ-ﬁt
400C for one hour, thus obtaining a resin film [024;! (Exampl e 38)
<Pr epar aSi OF & 35BA5 6% adoPEcFERFY Prediivd opbenoxy) -4 S TidcidR / Ras
performed in the sane condition as in the preparation of a

benzoxaz M@ eBSNEYpI eTREREENG n(Ehahpmels, véagréept 99 hal) 21.6 g of

5-et hynyl -i sophthalic acid chloride (0.095 mmuol) was used in place
of 42.8 gl8i78)5' 7, 7" -

tetramet hyl- 1, 1' - bi adamant ane- 3, 3' -di carboxylic acid chloride (0.095
mol ), thus obt aierng T bedz@fazcbetersln p3 €y sOf potassiumAhpdndeide
average nol ecul ar wei ght (M) of the obtained benzoxazol e resin
precur sor{8&&s 18P008meh} chli& @ qivlohst \ir, érbie ) 4-aderdrirodveldmeahyl -
wei ght neasured by nmeans of a GPC (manufactured by: Tosoh

Cor por at iphenoxly0248F~sPs epal Bt 3 /‘ovbiefdamasicplf § Foenzdbd obtainedlTBlove
above-nmenti oned benzoxazol e resin precursor of 0.9 g and 0.1 g of the

7, 7" - bi s((305mehoey hynyl phebydled,wiend dharged in a 2 L recovery flask
tetramet hyl- 1, 1' - bi adamant ane obtai ned in Synthesis exanple 37 were

di ssol ve@ndn nbagBEhyb- 2e Pyi£ of d:HQtTe ramchthisl t eXedvaidnh sa1hefibanwés rade
nane) filter to obtain a varnish for coating. The varni sh was applied

on a siligencwahar bylBansudipeshiitteat fhs £6l1oveds hy, heating in
an oven under a nitrogen atnosphere at 90C for one m nute and then at
400C for sQRe BeYhn. t s akhidainiiag Ai1%E81 Hifh 180 mL of ion-exchange
water and dissolved. Then, 5 mol/L hydrochloric acid was added
thereto with agitating so as to be pH 1. Solid thus
precipitated was collected by filtration, washed with 100 mL
of lon-exchange water and then with 200 mL of ethanol,
followed by drying under reduced pressure, thus obtaining 45.5
g of 1,3-bis{3,4-dicarboxy-phenoxgy)-4,6-bis(l-(3,3"-
biadamantyl))-benzene (46.7 mmol; yileld: 93.3%).
(0171}
Next, 44.9 g of the 1,3-bis(3,4-dicarboxy-phenoxy)-4,6-
bis{(1-(3,3’-biadamantyl))-benzene obtained above (46 mmol),
34.53 g of acetic anhydride (276 mmol) and a stirrer were
charged in a 500 mL recovery flask and heated to reflux.
Reaction solution was cooled, and solid thus precipitated was

washed with 75 mi, of diethyl ether and dried under reduced

pressure, thus obtaining 37.8 g of 1,3-bis(3,4-dicarboxy-



[ 0249] (Exanple 39) <Preparation of benzoxazol e resin precursor>

A reaction was perfornmed in the sanme condition as in the preparation
of a benzoxazole resin precursor in Eﬁ%%ple 1, except that 98.5 g of

t he

4,6-di ((1-(5,5,7,7 -tetranet hyl 3, 3" - bi adamantyl)) -1, 3-bi s(4-car boxy-

phenoxy) benzene gicEL rig 3 %t ined jn_Synthesjs ex%gg¥e 0 (Q..095
o) wmSTIEEUT) g PaBes oF - 13, B Jiagastys S Pbiafe i fayfvgras
bi adamant an -é 3' -di car boxyl | cid chloride (0.095 nol), thus
obtainind%a%ﬁ Az 8% ZOVéefési%$p cur sor. A nunber average
nmol ecul ar Eehg?t (M) of the obtained benzoxazol e resin precursor was
12, 000, whPehéi's a pol ystyrene equi val ent nol ecul ar wei ght neasured
by neans of a GPO (manuf act ured b{: Tosoh Corporation). [0250]
<Prepar ati on of ARREFFEFGY @Pd pepults of myes gRAELAERTIFGnagalysis and
benzoxazol e resin precursor of 0.9 g and 0.1 g of the
7, 7' - bi sE3e8eatathingl phdhyaye spwsbelow. The data show that the
tetramethyl-1, 1' - bi adamant ane obtained in Synthesis exanple 37 were
di ssol ve@biteiNegechpborn@yis o1 itdoisetapdotitbtered with a Teflon (trade
nane) filter to obtain a varnish for coating. The varnish was applied
on a silicon wokrpedsanmeand ightavspilawceatesd, fol l owed by heating in
an oven under a nitrogen atnosphere at 90C for one mnute and then at
400C for one hadfs, (Rhus(mott)ai 9i38g (M Fesin film [0251) (Exanple 40)
<Preparation of benzoxazol e resin precursor>
Elemental analysis:
Theoretical figures (/%}: C, 79.29; H, 7.08; 0, 13.63
Rctual measurement values (/%): C, 79.32; H, 7.05; O,
13.63
[0173]
{Synthesis example 31}
<Synthesis of 9,9-bis{3-(4-phenylethynyl benzoic acid
amide) ~4~hydroxyphenyl)-flucrene>
In a 1 L recovery flask, 37.8 g of 9,9-bis(3~-amino-4-
hydroxyphenyl)-fluorene (100 mmol), 200 g of dehydrated N-
methyl-2-pyrrolidone and a stirrer were charged. Under
nitrogen flow, 53.0 g of 4-phenylethynyl benzoic acid chlorigde
(220 mmol) was gradually added thereto with agitating at -
15°C. After the addition, the mixture was agitated at room
temperature for five hours. Reaction sclution was added to 4 L
of ion-exchange water. Solid precipitate was collected by

filtration, washed with 1 L of methancl and then dried under

reduced pressure, thus obtaining 64.7 g of 9,9-bis(3~(4-



A reaction was perfornmed in the sanme condition as in the preparation
of a benzoxazol e resin precursor in Exanple 1, except that 3.61 g of
4- phenyl et hynyl - benzoi c aci d chloridelé%.015 nol ) was used in place
of 2.10 g of benzoic acid chloride (0.G¥5 nol), thus obtaining a
benzoxazol e resin precursor. A nunber average nol ecul ar wei ght
(M) of the obtajned. benzoxazol e resi,n precuyrsor s 20,000, which is
5 Dbl yst FPERALBAIT IRl chEA T octi il BT JrEUanr By TS oY SReCPC
(manuf act yred by:  Tosoh rporation). [0252] <Preparation of resin
film (%z'gTﬁéoébo¥é? ht&%ﬁ%@'benzoxazole resin precursor of 0.9 g
and 0.1 g of _the 7,7 -bis(3,5-diethynyl phenyl)-3,3,5,5 - 153
tetraneth&@ll?i'-biadanantane obtained in Synthesis exanple 37 were
di ssolved in N-nmethyl-2-pyrrolidone and filtered with a Teflon (trade
name) filter to REAIMIIGE POhITSFVEEF 6Py . SPRTE BPeHryh aRasy appl el
on a silicon wafer by neans of a spin coater, followed by heating in
an oven GREBENHAAK| ERaFERiat s pHET! HL190C Bre sk anisherethall then at
400C for one hour, thus obtaining a resin film [0253] (Exanple 41)
<Pr epar atbdaipedbeprprand| ks resiargatepuosiors. A reaction was
performed in the same condition as in the preparation of a
benzoxazol e reshppgrmmwesorl lightEyadpbe 89lidxcept that 38.0 g of

9, 9- bi s(3-am no- 4- hydr oxyphenyl) - fluorene (0.10 nol) was used in

pl ace of 64.8 gi®f(¥N)6- hA=3,:5788 (M")

di net hyl- 1- adamantyl) - 1, 3- bi s(4- am no- 3- hydr oxyphenoxy) benzene (0. 10
nmol ), thus obt &&enmghtae benadxadel:e resin precursor. A nunber
average nol ecul ar wei ght (M) of the obtained benzoxazol e resin

precursor was Ifhd¥¥ht WHICIFiighiraspql/gst yCengs el il entsorohecrl 85; o,
wei ght neasured by nmeans of a GPC (manufactured by: Tosoh
Cor por at igqQn)i.

Actual measurement values (/%): C, 83.52; H, 4.72: N,
3.60; O, 8.16
[0175]
{Synthesis example 32)
<Synthesis of 9,9-bis(3-(4-phenylbutadiinyl benzoic acid
amide)~-4-hydroxyphenyl)-fluorene>
A synthesis was performed in the same condition as in
Synthesis example 31 except that 58.2 g of 4-phenylbutadiinyl
benzolc acid chloride (220 mmol) was used in place of 53.0 g
of 4-phenylethynyl benzeoic acid chloride (220 mmol).
[0176]
Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: light yellow solid



[ 0254] <Preparation of resin filnp The above-nenti oned
benzoxazol e resin precursor of 0.9 g and 0.1 g of the

7,7 -bis(3,5-diethynyl phenyl)-3, 3", §

tetramet hyl-1, 1' - bi adarmant ane obt ai ned-3% Synt hesi s exanple 37 were
di ssolved in N-nethyl-2- pyrrolldone and filtered wwth a 154 Teflon

(trade nane) fi) pish for coating. The varnish was
applied on a si ! % %ﬁha%%}% Eﬁ%ﬁﬂg gf a spin coater, followed by
heating in an oyen unde Eltrogen at nosphere at 90C for one m nute

and then at 400€-FBr" YS4Mus obtaining a resin film [0255]
(Exanpl e 42) <Preparatjon of benzoxazol e resin_ precursor>

reaction was pefFo?Fed$Ht thegse (Endi Er ofd & 1ﬁhtﬁe3ﬁre5ar§t§%n Of

a benzoxazol e resin precursor in Exanple 1, except that 28.8 g of
5- phenyl et-nyl - i sopht halic acid chloride (0.095 mol) was used in
pl ace of 42.8 g of

5,5',7, 7rt etr an®ehyal Mmeaspiensavavednes3(8%) diCartodpii & adi-d2; N,
chl ori de (0.095 nol), thus obtaining a benzoxazol e resin precursor.
A nunber Zav@rage fell&cul ar wei ght (M) of the obtained benzoxazol e
resin precursor was 18,000, which is a polystyrene equival ent

mol ecul ar [@&i7ght neasured by neans of a GPC (nmanufactured by: Tosoh
Corporation). [0256] <Preparation of resin filnp

(Synthesis example 33}

<Synthesis of 9,9-bis(3-(4-phenylethynyl benzoic acid
amide) ~4-hydroxyphenyl) -2, 7-bis(phenylethynvyl)-fluorene>

A synthesis was performed in the same condition as in
Synthesis example 31 except that 58.1 g of 9,9-bis(3-amino-4-
hydroxyphenyl)} -2, 7-bis (phenylethynyl)-fluorene (100 mmol} was
used in place of 37.8 g of 9,9%-bis(3-amino-4-hydroxyphenyl) -
fluorene (100 mmol).

[0178]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: light yellow solid

MS (FD) (m/z): 998 (M%)

Elemental analysis:

Theoretical figures (/%): C, 86.21; H, 4.48; N, 2.83; 0O,
6.47

Actual measurement values {(/%): C, B6.52; H, 4.49; N,

2.62; 0, 6.37



The above-nenti oned benzoxazol e resin precursor of 0.45 g, another
0.45 g of the benzoxazole resin precursor obtained in Exanple 1 and
0.1 g of the 7,7 -bis(3,5-diethynyl phgnyl)-

3,3 ,5 5r-tetranmethyl -1, 1r-b|adanantane obtalned in Synthesis exanple
37 were dissolved in Nnethyl-2-pyrrolidone and filtered with a
Teflon (trggdegpame) filter to obtain a varnish 155 for coating. The
varni sh was applied on a silicon wafer by neans of a spin coater,

foll owed by hea n a nitrogen atnosphere at 90C for
E%ﬁ'gtﬂ& *}8 0%‘6‘;-‘%;1% g5

one mnute and en at one hour t hus obtaining a resin

film [0257] (ggﬂgﬂﬁééﬁ%cﬁPf%p%r%tgo O£t§$%$OV| g% ?%&g amide)

pr ecur sor > our Ias

Zhgrgogg%gdroxyghgﬁgip gfﬁg@g&gr and an agitator, 64.8 g of the

di net hy1l- 1- ada bi s(4-a roxy henox nzene (0.10
o) obt ai ned- b SRS e e oA b UL SHBO8GR ot ot ed
N—nethyl rrolidone und nltrogen fI foII t he addition
of 1174 SYBRABILPAPRETRbE 25l OTSEEN 3@%%%@“%%& o ¥EBELRg
42.8 ¢ of 55,7 7ftetraneth 1- 1 1' - bi adamant ane- 3, 3f - dlcarboxyllc
aci d chIéFﬁ@ecbéoéggenﬁ? Wﬁ%o%ﬁzﬂﬁﬁmqsﬁdaéﬁeﬂla?@t%ﬁ thed &@tt ifon,
the m xture was agitated at 60"C for three hours. Then, 2.10 g of
benzoi c RERAYERFBYRHE Po08AEe mst)d s oxdaed (4720 el i nner
tenperature of the flask kept at 5C or below in an ice bath. Reaction
sol ution Wd388dHded to 4 L of distilled water in small droplets,
followed by collecting and drying precipitate, thus obtaining a
benzoxazol e resivpgarEWsEenmd resultspAchundes snattapaeislyeenhayshei gy
(M) of the obtained benzoxazol e resin precursor was 24,000, which is
a pol yst ylementgli gabinsisoder uarwiwdiedlow . nedsurded b yshoewatbadf the GPO
(manuf actured by: Tosoh Corporation). 156 [0258]
obtained compound is a target product.
hppearance: yellow solid
MS (FD) {(m/z): 636 (M")
Elemental analysis:
Theoretical figures (/%): C, 81.12; H, 4.43; N, 4.40; O,
10.05
Actual measurement values (/%): C, 81.09; H, 4.41; N,
4.39; 0, 10.11
{0181]
(Synthesis example 35}
<Synthesis of 4,6-di(3,5-dimethyl-1-adamantyl)-~-1, 3-
bis(4-(4-phenylethynyl benzoic acid amide)-3-
hydroxyphenoxy) benzene>

A synthesis was performed in the same condition as in

Synthesis example 31 except that 64.9 g of the 4,6-di(l-



<Preparation of resin filnm The above-nenti oned benzoxazol e
resin precursor of 0.9 g and 0.1 g of the 9, 9-bi s(3-(4-phenyl et hynyl
benzoi c acid am de)-4-hydroxyphenyl) - flgorene obt ai ned in Synthesis
exanpl e 31 were dissolved in N nethyl - pyrrolldone and filtered with
a Teflon (trade nanme) filter to obtain a varnish for coating. The

{ol | owod o HER¥LRG L A~ BT L%L&%%% Ryabi PR Sy Houe & ttaééedfor

one m nut nd then at 400C for hqur ,. t hus obt aj ni ng a resin
film [02@@?’ B%‘F%/’%e x{aﬁhqo'?%1 ©S& B8y Bpﬁﬁat FORC of &FoPé -
resin precursor> A reaction was perfaorned in the sanme

condi ti offas: Pnbﬁﬁé3pﬁﬁb%?aﬁ|Qﬁﬁ?ﬁXKQW&QHiéx§%BPée¥%si#PQMW&ﬂ}rsor in

Exanpl e 1, except that 20.6 g of 3, 3'-dihydroxy-4,4'-diam no- bi phenyl
(0 10 nol YX%%&83)used in place of 64.8 g of 4,6-di(1-adamantyl)-

1, 3- bi s(4- am no- 3- hydr oxyphenoxy) benzene (0.10 nol), and 19.3 g of
[ sopht hal i ¢ aci¥PrE&HTIE dad vesuflast 0f e dy: smmneﬁém aaplypdssang
Co., Ltd.) (0.095 nmol) was used in place of 42.8 g of
5,5, 7, 7elegensmbt Apalysis - pieaddmnm dedoy . 3' Thalidsdrebekyi thati the
chloride (0.095 nol), thus obtaining a benzoxazole resin precursor.
A nunber oireriagd molpcuhdriswed ghirgevhprofluthe obt ai ned benzoxazol e
resin precursor was 19,000, which is a polystyrene 157 equival ent
nol ecul ar wei ghtpreasanead biommassldfl a GPC (rmanufactured by: Tosoh
Corporation). [0260] <Preparation of resin filnp An attenpt
was made to di sg9l ven0. & )of 1t hesaboye- menti oned benzoxazol e resin
precursor and 0.1 g of the 9, 9- bis(3-(4-phenyl ethynyl benzoic acid
am de) - 4- hydroxg %ﬁ éi §ne obtained in Synthesis exanple 31 in
N net hyl-2- pyrr one vér, they did not dissolve therein.

Theoretical figures (/%): C, 81.79; H, 6.48; N, 2.65; O,
9.08

Actual measurement values (/%): C, 81.77; H, 6.45; N,
2.69; 0, 5.09

[0183]

{Synthesis example 36)

<Synthesis of 7,7’ -bis{3,5-bis(phenylethynyl)phenyl)~-
3,37,5,5 -tetramethyl-1,1’ -biadamantane>

In a 1 L recovery flask, 48.4 g of 7,7’ -dibromo-
3,37,5,5 -tetramethyl-1, 1’ -biadamantane (100 mmol), 1,180 g of
1, 3-dibromocbenzene {(5.00 mol) and a stirrer were charged.
Under nitrogen flow, 26.7 g of aluminum bromide {100 mmol) was
gradually added thereto with agitating at room temperature.
After the addition, the mixture was agitated at 50°C for seven
hours. Reaction solution was added to 2 L of 1 mol/L

hydrochloric acid agqueous solution. After an aqueous layer was



[ 0261] (Conparative exanple 2) <Preparation of benzoxazole resin
precur sor > A reaction was perforned in the sane condition as
in the preparation of a benzoxazole rqign precursor in Exanple 1,
except that 38.0 g of 9, 9-bis(3-am no-"4~hydroxyphenyl)- fl uorene
(0.10 nol) was used in place of 64.8 g of 4,6-di(1-

adamantyl) -1, 3- bIS 4-am no- 3- hydro henox )b nzene (0.10 and
36.8 g 0 efa§a6 ngalf%%‘f/ecb%ﬁﬁfy)r%ﬁlen ?V'I gl‘?:‘ﬁ?‘b?t?edé”’a(soaé@% 9ol )
was used | e of 42,

se U5 0selal gﬁa? 65101 P affn caRde8Ted Y oGt HoRion aergdried
chloride (0.095 nol), thus obtaining a benzoxazol e resin precursor,
A number 8Fa§8dH6?%c%¥%§s%ﬁﬁ@ﬂﬁhWﬁwﬁPtéﬁn%H% bt 2i he&’f HerzoRasdPed-
resin precursor was 20,000, which is a g éstyrene equi val ent

nDIeculaﬂlﬁéP@ﬁPhﬁ%é%hr%dﬁbﬁiﬁbaﬁ§tﬁﬁm§ t b irdanaed-apy: (98s8h
Cor poration). 158 0262&ﬁ<Preparat|on of resin filnp The

above- meRfPdRediBeAz 0%@ze¥ k- resin precursor of 0.9 g and 0.1 g of the
9, 9- bIS(3 4- phenyl et hynyl benzoic acid

ami de) - 4- hy)#Bdkyphenyl)-fl uorene obtained in Synthesis exanple 31
were dissolved in N-nethyl-2-pyrrolidone and filtered wwth a Tefl on
(trade nane) fiAppganagaebtaaidn resvakai sh fags coatatmgmetheg washvshs veasl
applied on a silicon wafer by neans of a spin coater, followed by
heati ng ieAearnbutnapatesia and rdgem defospherre alat@0€hber thae theut e
and then at 400C for one hour, thus obtaining a resin film [0263]

( Conpar abvicveiexdnpbepd)n&kPrepartaioat ekobntde resin precursor>

Appearance: white solid

MS (FD) (m/z): 790 (M%)

Elemental analysis:

Theoretical figures (/%): C, 54.43; H, 5.33; Br, 40.24

Actual measurement values (/%): C, 54.35; H, 5.49; Br,
40.16

[0185]

Next, 39.7 g of the 7,7 -bis{(3,5-dibromophenyl}-
3,3",5,5 -tetramethyl-1, 1’ ~biazdamantane obtained above {(50.0
mmol), 40.92 g of ethynylbenzene (400 mmol), 3.5 g of
dichlorobis (triphenylphosphine)palladium (5.0 mmol), 3.8 g of
copper{l} iodide (20.0 mmol), 5.2 g of triphenylphosphine
(20.0 mmol), 1 L of triethylamine and a stirrer were charged
in a 3 L recovery flask. Under nitrogen flow, the mixture was
agitated at 95°C for six hours. Reaction solution was added to

1 & of acetone. Solid precipitate was washed with 1 L of 2

mol/%L hydrochloric acid aqueous solution and then with 1 L of



A reaction was perfornmed in the sanme condition as in the preparation
of an imde resin precursor in Exanple 17, except that 10.3 g of

m phenyl enedi am ne (0.095 nol) was USﬁg in place of 53.3 g of

4,6-di (1-adamantyl) -1, 3-bi s(4- am nop ﬁoxy)benzene (0.095 nol), and
29.4 g of biphenyltetracarboxylic acid dianhydride (0.1 nol) was used
in place of ,72.7 9, 9-bi s(3,4-di carboxy-phenyl)-2, 7-di ( 1-

adananty B-FP0S! e ReTaPRRRYRY | (S LTGR) FER RSO SR Ry e de
resin precursor. A aver.age, nol ecul i ght, (M) _of the
bt a1 nod PGS PEsR- brEcot shr vAG.S6, SOBLBWRRER T &t ROl e v anG
equivalegt nol.ecul ar meig%é measured by neans of _a GPC 159,

( manuf actured 2hy: ~FBEBANELT bl ot adpEeBapnepf el dV dretEsi n
filnm The above-nentioned imde resin precursor of 0.9 g and
0.1 g of %n&%d:9- bi s(3- (4- phenyl et hynyl benzoic acid anide)- 4-

hydr oxyphenyl) -fl uorene obtained in Synthesis exanple 31 were
dissolvedfpiaﬂlnethyl-2-pyrro|idone and filtered with a Teflon (trade
name) filter to obtain a varnish for coating. The varnish was applied
on a silicon wakrpedpangsamndofregud ppnoé oy  sdasiiromed rtyy 2nadyEng and
an oven under a nitrogen atnosphere at 90C for one m nute and then at
400C f or edrimchsal, anhlgs bbtaiaighpwn bediow.f i Thm Ja0265howCohptar bl ve
exanpl e 4) <Preparation of imde resin precursor> A reaction
was perf ebiradned tbepsan® tomitamyetaprioduthe preparation of an imde
resin precursor in Exanple 17, except that 33.1 g of

fl uor ene- 9, 9- bi BfFeardrdare wh(i@<08blddl ) was used in place of 53.3 g
of 4,6-di (1-adamantyl)-1, 3-bi s(4- am nophenoxy) benzene (0.095 nol),
and 40.2 g of 2yd- a3tz di gasbamuy) - phenoxy- benzene di anhydri de
(0.1 mol) was used in place of 72.7 g of

9, 9- bi s( 3, 4- di cRrdmargahemal)ys3.s¢- di (1-
adamantyl) - fl uorene-di anhydride (0.1 nol), thus obtaining an im de
resin precursorrtheoreticdl MUREEesa\@Eagec mwéeay am wei ght (M) of the

obtained i mde resin precursor was 23,000, which is a polystyrene
Actual measurement values (/%): C, 92.95; H, 7.0%
[0187]
{Synthesis example 37)
<Synthesis of 7,7'-bis(3,5-diethynylphenyl)-3,3",5,5% -
tetramethyl-1l, 1" -biadamantane>
A synthesis was performed in the same condition as in
Synthesls example 36 except that 39.3 g of
trimethylsilylacetylene (400 mmol) was used in place of 40.9 g
of ethynyibenzene (400 mmol), thus obtaining 35.9 g of 7,7 -
bis(3,5-bis(trimethylisilylethynyl)phenyl)-3,37,5,5'-
tetramethyl-1,1’ -biadamantane (41.6 mol; yield: 83.2%).
[0188]
Next, 10 g of the 7,7’ ~bis(3,5~

bis(trimethylsilylethynyl)phenyl)-3,37,5,5 -tetramethyl-1,1~



160 equi val ent nol ecul ar wei ght nmeasured by neans of a GPC

(manuf actured by: Tosoh Corporation). [0266] <Preparation of resin
filne The above-nentioned i mde resin precursor of 0.9 g and
0.1 g of the 9, 9-bis(3-(4-phenyl et hyny]1250enzoi c acid am de)- 4-

hydr oxyphenyl) -fl uorene obtained in Synthesis exanple 31 were

di ssol ved .in, Nnmet hyl - 2- pyrrol i done d filtered with a Jeflon (trade
n:ame) f ﬂ%lié’rdaf‘@g%ﬁ‘fléi ﬁgﬁgg‘é‘? i%kﬁO‘F%rﬁgoaf{ IF“FF@% The" % r?li%%l?/@fsa i ed
on a silicon wafer nmeans, of spin coater, follLowed by heating in
an oven Gﬁﬁgpnétﬁiﬁ?gaeﬁmafhbsbﬁ%H§5éﬁf§@érPBVd6ﬂEuﬁ?%uté5éﬁdcﬁhgn at

400C for one hour, thus obtaining a resin film 026?%
Eval uat i GIf "0~ PHe 2PEsPNSEIFRRY 0P LR AP 599ExandI 690 1Mk or e iy
Conpar ati ve exan8$es 1 to 4 was conducted. Evaluation itens and
net hods drl@sds forfenstitrogreddions Shealisted e'ahdwh tiatefaBleraom ],
Solubility In a glass sanple container with a lid, 1 g of the
resin cofSIFSFPEHIEoRPHI APRY RPler benPbka¥ oreadiekith gsrletiosoraand t he
crosslinking agent or containing the imde resin precursor and the
crossl i nkiidgeagent scanens yasf reneradizor pher sbadohen weoltdlvdy gader
and agitated with a stirrer for one hour. Solubility was then
det er m newgdwrechprprsesence Iflichsdlusbbbtatnedrvabgerahed withh@50 ml
container. 161
of 2 mol/L hydrochloric acid agueous solution and then with
500 mL of acetone, followed by drying under reduced pressure,
thus obtaining 6.4 g of 7,7’ -bis(3,5-diethynylphenyl) -
3,3",5,5" -tetramethyl-1,1’-biadamantane (1l.1 mmel; yield:
96%) .
[0189]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
cbtained compound is a target product.

Appearance: white solid

MS {FD) {m/z): 574 (M%)

Elemental analysis:

Theoretical figures (/%): C, 91.93; H, B.07

Actual measurement values ({/%): C, 91.89; H, 8.11

[0150]
{(Synthesis example 38)
<Synthesis of 3,3'-diethynyl -5,5’,7,7" -tetramethyl-

1,1" ~-biadamantane>

In a 1 L recovery flask, 50 g of 3,3’ ~-dibromo-5,5",7,7'~-
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reduced pressure. Solid thus obtained was dried under reduced
pressure, thus obtaining 63.4 g of 3,3'-bis{2,2'-
dibromeethyl)-5,5",7, 7" —~tetramethyl-1,1’ -biadamantane (80.9
mmol; yield: 88.2%).
f01s1]
Next, 63.4 g of the 3,3"-bis{2,2'-dibromoethyl) -
5,57 ,7,7 -tetramethyl-1l,1l’ ~biadamantane obtained above (20.9
mnol), 200 ml of N,N-dimethylsulfoxide and a stirrer were
charged in a 500 mlL recovery flask. Under nitrogen flow, 28 g
of potassium tert-butoxide (250 mmol} was added with agitating
at room temperature. After the addition, the mixture was
agitated at room temperature for 48 hours. Reaction solution
was added to 400 wml of ion-exchange water. An aquecus laver
was separated and removed therefrom, and solvent was removed
under reduced pressure. 5Solid thus obtained was dried under
reduced pressure, thus obtaining 31.5 g of 3,3’ -diethynyl -

5,5",7,7"-tetramethyl-1,1’-hiadamantane (84.1 mmol; yield:
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92.5%).
[0192]

Appearance and results of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

LAppearance: light yellow solid

MS (FD) (m/z): 374 {(M")

Elemental analysis:

Theoretical figures (/%): C, 89.78; H, 10.22

Actual measurement values (/%): C, 89.84; H, 10.16

[0193]

(Synthesis example 39)

<Synthesis of 3,3’,5,5 -tetraethynyl-1,1’-biadamantane>

LA synthesis was performed in the same condition as in
Synthesis example 38 except that 30.5 g of 3,37,5,5'-
tetrabromo—l,1'—biadamantane (52 mmol) was used in place of 50
g of 3,3’-dibromo-5,5" -tetramethyl-1, 1’ -biadamantane (103
mmol) .

[0194]

Appearance and resulits of mass spectrometry analysis and
elemental analysis are shown below. The data show that the
obtained compound is a target product.

Appearance: light yellow solid

MS (FD) (m/z): 366 (M%)

Eiemental analysis:

Thecoretical figures (/%): C, 91.75; H, 8.25
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Actual measurement values (/%): C, 91.71; H, 8.29
[0195]

(Synthesis example 40)

<8ynthesis of 7,7 -bis(3,5-diethynylphenyl)-3,37,5,5" -
tetramethyl-1,1’ -biadamantane polymer>

Ina l L recovery flask, 18.0 g of 7,7’ -bis(3,5-
diethynylphenyl)-3,3’,5,5" ~tetramethyl-1, 1" -biadamantane
obtained in the same manner as in Synthesis example 37 (31.3
mmol), 340 g of m-~dimethoxybenzene and a stirrer were charged
and agitated at 180°C for ten hours. Reaction solution was
added to 1.5 L of methanol. Solid precipitate was collected by
filtration and dried under reduced pressure, thus obtaining
15.2 g of 7,7"-bis(3,5-diethynylphenyl)-3,3",5,5" -tetramethyl-
1,1’ -biadamantane polymer (yield: B84.,4%).

{019¢6]

(Synthesis example 41)

<8ynthesis of 3,3 -diethynyl-5,5’,7,7'-tetramethyl-1,1"-
biadamantane polymexr>

In a 1 L recovery flask, 5 g of 3,3’ -diethynyl-
5,57 ,7,7 -tetramethyl-1,1" -biadamantane obtained in the same
manner as in Synthesis example 38, 45 g of 1,3~
dimethozybenzene, 0.1 g of dichlorecbis {(benzonitrile)
palladium and a stirrer were charged and agitated at 190°C forx
six hours under nitrogen flow. Reaction solution was added to
500 mL of methanol. Solid precipitate was collected by

filtration and dried under reduced pressure, thus obtaining
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4.2 g of 3,3"-diethynyl-5,5,7,7' ~tetramethyl-1,1"-
biadamantane polymer (yield: 84%).
[0197]
(Synthesis example 42)
<Synthesis of 3,37,5,5 —tetrasthynyl-1,1’-biadamantane
polymer>
A polymerization was performed in the same condition as
in Synthesis example 41 except that 5 g of the 3,3’,5,5 -
tetraethynyl-1,1’ -biadamantane obtained in Synthesis example
39 was used in place of 5 g of 3,3'-diethynyl-5,5",7,7" -
tetramethyl-1, 1’ -biadamantane,.
[0198]
(Example 1)
<Preparation of benzoxazole resin precursar>
In a 2 L four-neck flask provided with a thermometer, a
Dimroth condenser and an agitator, 64.8 g of the 4,6-di(3,5~-
dimethyl-l-adamantyl) -1, 3-bis(4-amino-3-hydroxyphenoxy)benzene
obtained in Synthesis example 2 (0.10 mol) was dissolved in
80C g of dried N-methyl-2-pyrrolidone under nitrogen flow,
fecllowed by the addition of 17.4 g of pvridine (0.22 mol). The
mixture was cooled to -15°C, and 42.8 g of 5,5',7,7'-
tetramethyl-1,1’-biadamantane-3, 3’ -dicarboxylic acid chloride
(0.095 mol) was gradually added. After the addition, the
mixture was agitated at -15°C for one hour, then returned to
room temperature and agitated for five hours at room

temperature. And then, 2.10 g of benzoic acid chloride (0.015
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mol) was added with the inner temperature of the flask kept at
5°C or below in an ice bath. Reaction solution was added to 4
L of distilled water in small droplets, followed by collecting
and drying precipitate, thus obtaining a benzoxazole resin
pracursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 21,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
(manufactured by: Tosoh Corporation).

[0199]
<Preparation of resin film>
The above-mentioned benzoxazole resin precursor ¢f 0.9 g
and 0.1 g of the 9,9-bis(3-(4d-phenylethynyl benzoic acid
amide) ~4-hydroxyphenyl)-£fluorene obtained in Synthesis example
31 were dissolved in N-methyl-2-pyrrolidone and filtered with
a Tefleon (trade name) fiiter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an cven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.
[0200]

{(Example 2)

A resin film was obtained in the same condition as in
the preparation of a varnish for coating and resin film in
Example 1, except that 0.9 g of benzoxazole resin precursor

was altered to 0.5 g, and 0.1 g of 9,9-bis(3~(4~phenylethynyl
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benzoic acid amide)-4-hydroxyphenyl)-£fluorene was altered to
0.5 g.
[0201]

(Example 3)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9,9-bis(3-(4-phenylethynyl benzoic
acid amide}-4-hydroxyphenyl}-fluorene was altered to 0.9 g of
the 7,7"-bis(3,5-bis(phenylethynyl)phenyl)-3,3’,5,5" ~
tetramethyl-1l, 1" -biadamantane obtained in Synthesis example
36.

[0202]

{(Example 4)

A resin film was obtained in the same condition as in
the preparation of a varnish for cecating and resin film in
Example 3, except that 0.9 g of benzoxazole resin precursor
was altered to 0.5 g, and 0.9 g of 7,7 ~bis (3,5~
bis(phenylethynyl)phenyl)-3,3’,5,5" -tetramethyl-1,1" -
biadamantane was altered to 0.1 g.

[G203]

{(Example 5)

<Preparation of benzoxazole resin precursor>

In a 2 L four-neck flask provided with a thermometer, a
Dimroth condenser and an agitator, 64.8 g of the 4,6~di(3,5~
dimethyl-~l-adamantyl) -1, 3-bis {4-amino-3-hydroxyphenoxy)benzene

obtained in Synthesis example 2 (0.10 mol) was dissolved in
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800 g of dried N-methyl-2-pyrrolidone under nitrogen flow,
followed by the addition of 17.4 g of pyridine {(0.22 mol). The
mixture was heated to 60°C, and 31.6 g of 5,5',7,7'~
tetramethyl-1,1’ -biadamantane-3, 3’ -dicarboxylic acid chloride
(0.070 mol) was gradually added. After the addition, the
mixture was agitated at 60°C for three hours. Then, 7.57 g of
5-phenylethynyl-isophthalic acid chloride {(0.025 mcl) was
gradually added with the inner temperature of the flask kept
at 5°C or below in an ice bath. And then, 2.10 g of benzcic
acid chleoride (0.015 mol) was added with the inner temperature
of the flask kept at 5°C or below. Reaction solution was added
to 4 L of distilled water in small droplets, followed by
collecting and drying precipitate, thus obtaining a
benzoxazole resin precurscr.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 16,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
{manufactured by: Tosoh Corporation).

[0204]

<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 9,9-bis(3~{4-phenylethynyl benzoic acid
amide) -4-hydroxyphenyl)-fluorene obtained in Synthesis example
31 were dissolved in N-methyl-2-pyrrolidone and filtered with
a Teflon (trade name) filter to obtain a varnish for coating.

The varnish was applied on a silicon wafer by means of a spin
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ceater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin f£ilm.

[0205]

(Example &)

A resin film was obtained in the same condition as in
the preparation of a varnish for coating and resin film in
Example 5, except that 0.9 g of benzoxazole resin precursor
was altered to 0.5 g, and 0.1 g of 9,9-bis(3-{4-phenylethynyl
benzoic acid amide)~4-hydroxyphenyl)-fluorene was altered to
0.5 g.

[0206]

(Extample 7)

A resin film was obtained in the same condition as in the
preparation of a wvarnish for coating and resin film in Example
3, except that 0.1 g of 39,9-bis(3-(4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.9 g of
the 7,7’ -bis(3,5-bis{phenylethynyl)phenyl)~3,37,5,5 —-
tetramethyl-1,1’-biadamantane obtained in Synthesis example
36.

[02071]

{(Example 8)

A resin film was obtained in the same condition as in the
preparation of a wvarnish for coating and resin film in Example
7, except that 0.9 g of benzoxazole resin precursor was

altered to 0.5 g, and 0.9 g of 7,7"-bis(3,5~
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bis (phenylethynyl)phenyl)-3,37,5,5/ -tetramethyl-1,1'-
biadamantane was altered to 0.1 ¢.
[0208]

{Example 92)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 64.8 g of the 9,59-bis(3-amino-4-hydroxyphenyl) -
2,7-di({l-adamantyl)-fluorene obtained in Synthesis example 5
(0.10 mol) was used in place of 64.8 g of 4,6-di(3,5-dimethyl-
l-adamantyl)~1, 3-bis (4-amino-3-hydroxyphenoxy)benzene (0.10
mol), thus obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 22,000, which is a polystyrene
egquivalent melecular weight measured by means of a GPC
{(manufactured by: Tosoh Corporation).

[0209]

<Preparation of resin filim>

The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the %,9-bis(3-{4-phenylethynyl benzoic acid
amide)-4-hydroxyphenyl)~fluorene obtained in Synthesis example
31 were dissolved in N-methyl-2-pyrrolidone and filtered with
a Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen

atmosphere at 90°C for one minute and then at 400°C for one
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hour, thus obtaining a resin film.
[0210]

{Example 10)

A resin film was obtained in the same condition as in the
preparation of a varnish for ceoating and resin f£ilm in Example
9, except that 0.2 g of benzoxazole resin precursor was
altered to 0.5 g, and 0.1 g of 9,9%9-bis(3-(4-phenylethynyl
benzoic acld amide)~4~hydroxyphenyl)-fluorene was altered to
0.5 ¢g.

(0211}

{(Example 11)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
9, except that 0.1 g of 9,9-bis(3-(4-phenylethynyl bhenzoic
acid amide)-4~-hydroxyphenyl)-fluorene was altered to 0.9 g of
the 7,7’ -bis (3, 5~bis(phenylethynyl)phenyl)-3,3",5,5"~
tetramethyl-1, 1’ ~-biadamantane cobtained in Synthesis exanple
36.

[0212]

{(Example 12)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
131, except that 0.9 g of benzoxazole resin precursor was
altered to 0.5 g, and 0.9 g of 7,7"-bis (3,5~
bis (phenylethynyl)phenyl)~3,37,5,5"  ~tetramethyl-1,1"-

biadamantane was altered to 0.1 g.
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[0213]

(Example 13)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 5
exXxcept that 64.8 g of 4,6-di(3,5-dimethyl-1l-adamantyl)-1, 3-
bis (4~amino-3-hydroxyphenoxy)benzene (0.10 mol) was altered to
64.8 g of the 9,9-bis{3-amino-4-hydroxyphenyl)-2,7-di (1~
adamantyl)~fluorene obtained in Synthesis example 5 (0.10
mol), thus obtaining a benzoxazole resin precursor. A number
average molecular weight (Mn) of the obtained benzoxazole
resin precursor was 16,000, which is a polystyrene equivalent
molecular weight measured by means of a GPC (manufactured by:
Tosoh Corporation).

[0214]

<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 9,9-bis(3-{4-phenylethynyl benzoic acid
amide)-4-hydroxyphenyl)-fluorene obtained in Synthesis example
31 were dissolved in N-methyl-2-pyrrolidone and filtered with
a Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0215]
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{(Example 14)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
13, except that 0.9 g of benzoxazole resin precursor was
altered te 0.5 ¢g, and 0.1 g of 9,9-bis(3~{4d-phenylethynyl
benzoic acid amide)-4-hydroxyphenyl)-fluorene was altered to
0.5 g.

[0216]

(Example 15)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
13, except that 0.1 g of 9,9-bis{3-{(4-phenylethynyl benzoic
acid amide)}-4-hydroxyphenyl)-fluorene was altered to 0.9 g of
the 7,7 -bis(3,5-bis(phenylethynyl)phenyl)~3,3’,5,5" -
tetramethyl-1,1"-biadamantane obtained in Synthesis example
36.

[0217]

{(Example 16)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin f£ilm in Example
15, exzcept that 0.9 g of benzoxazole resin precursor was
altered to 0.5 g, and 0.9 g of 7,7 -bis(3,5-
bis (phenylethynyl)phenyl)-3,37,5, 5’ -tetramethyl-1,1'~
biadamantane was altered to 0.1 g.

[0218]

(Example 17)
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<Preparation of imide resin precursor>

In a separable flask provided with an agitator, a
nitrogen inlet pipe and a material inlet, 53.3 g of the 4,6-
di(l-adamantyl)-1,3-bis{4~aminophenoxy}benzene (0.095 mol)
obtained in Synthesis example 27 was dissolved in 800 g of
dried N-methyl-2-pyrrolidone. Solution thus obtained was
cooled to 10°C under dry nitrogen, and 72.7 g of the 9,9-
bis (3, 4-dicarboxy-phenyl)=2,7~di {l-adamantyl)-flucrene-
dianhydride obtained in Synthesis example 29 (0.1 mol) was
added thereto. For five hours after the addition, the solution
was returned to room temperature. Then, it was agitated for
two hours at room temperature. And then, reaction solution was
added to 4 L of distilled water in small droplets, followed by
collecting and drying precipitate, thus cbtalning an imide
resin precursor.

A number average molecular weight (Mn) of the obtained
imide resin precursor was 24,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
{manufactured by: Tosoh Corporation).

[0219]

<Preparation cf resin film>

The above-mentioned imide resin precursor of 0.9 g and
0.1 g of the 9,9-bis (3~ (4-phenylethynyl benzoic acid amide)-4-
hydroxyphenyl)-fluorene obtained in Synthesis example 31 were
dissolved in N-methyl-2-pyrrolidone and filtered with a Teflon

(trade name) filter to obtain a wvarnish for coating. The



G ass transition tenperature (C) 402 411 415 442 396 402 428 425
Ther mal deconposition tenperature 498 508

139

varnish was applied on a silicon wafer by means of a spin
coater, folleowed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0220]

(Example 18)

A resin film was obtained in the same condition as in the
preparation of a wvarnish for ceoating and resin film in Example
17, except that 0.8 g of imide resin precursor was altered to
0.5 g, and 0.1 g of 8,8-bis{3-(4-phenylethynyl benzoic acid
amide) -4-hydroxyphenyl)-fluorene was altered to 0.5 g.

[0221)

(Example 19)

A resin film was obtained in the same condition as in the
preparation of a wvarnish for coating and resin film in Example
17, except that 0.1 g of 9,9-bis(3-(4-phenylethynyl benzoic
aclid amide)~4-hydroxzyphenyl)-fluorene was altered to 0.9 g of
the 7,7’ -bis (3, 5~bis(phenylethynyl)phenyl)-3,3",5,5" -
tetramethyl-1,1"-biadamantane obtained in Synthesis example
36.

[0222]

(Example 20)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
19, except that 0.9 g of imide resin precursor was altered to

0.5 g, and 0.9 g of 7,7'-bis(3,5-bis(phenylethynyl)phenyl)-
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3,37,5,5 -tetramethyl-1, 1’ -biadamantane was altered to 0.1 q.
[0223]

(Example 21)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
l, except that 0.1 g of 9,9-bis(3-(4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.1 g of
the 9,8-bis(3-(4-ethynyl benzolc acid amide)-4-hydroxyphenyl) -
fluorene obtained in Synthesis example 34.

[0224]

(Example 22)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9,9-bis(3-(4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.1 g of
the 4,6-di{3,5-dimethyl-1-adamantyl)-1,3-bis(4—-{4-
phenylethynyl benzoic acid amide)-3-hydroxyphenoxy)benzene
obtained in Synthesis example 35.

{0225]

{(Example 23)

A resin film was obtalned in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9,9-bis(3-{4~phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.1 g of
the 7,7’ -bis (3, 5-diethynylphenyl)-3,3’,5,5" -tetramethyl-1,1" -

biadamantane obtained in Synthesis example 37.
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[0226]

(Example 24)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
1l, except that 0.1 g of 9,9-bis(3-{4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.1 g of
the 3,3’'-diethynyl-5,5",7,7 ~tetramethyl-1, 1’ ~biadamantane
obtained in Synthesis example 38.

[0227]

(Example 25)

A resin film was obtained in the same condition as in the
preparation of a varnish for ceoating and resin f£ilm in Example
1, except that 0.1 g of 9,9-bis (3~ (4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.1 g of
the 3,37 ,5,5 ~tetraethynyl-1l,1’ -biadamantane cbtained in
Synthesis example 39.

[0228]

(Example 26)

A resin f£ilm was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9,%-bis(3-(4-phenylethynyl benzoic
acid amide)-~4-hydroxyphenyl})-flucrene was altered to 0.1 g of
the 7,7’ -bis(3,5-diethynylphenyl)-3,37,5,5 -tetramethyl-1,1’-
biadamantane polymer obtained in Synthesis example 40.

[0229]

(Examplie 27)
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A resin film was obtained in the same condition as in the
preparation of a varnish for cecating and resin film in Example
1, except that 0.1 g of 9,9-bis(3~(4~phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-flucrene was altered to 0.1 g of
the 3,3'-diethynyl-5,5',7,7‘-tetramethyl-1, 1’ -biadamantane
polymer obtained in Synthesis example 41.

[0230]

(Example 28)

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9,9-bis(3-(4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to the
3,3",5,5 -tetraethynyl-1, 1" -biadamantane polymer obtained in
Synthesis example 42.

[0231]

(Example 29)

A resin film was obtalned in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9,38-bis(3-(4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-flucrene was altered to 0.05 g of
the 7,7 -bis{3,5-bis(phenylethynyl)phenyl)-3,37,5,5 -
tetramethyi-1,1" -biadamantane cobtained in Synthesis example 36
and 0.05 g of the 3,3’-diethynyl-5,5",7,7' -tetramethyl-1,1"-
biadamantane cbtained in Synthesis example 38.

[0232]

(Example 30)



29 Exanple 30 Exanple 31 Exanple 32 Solubility Sol ubl e Sol uble
Sol ubl e Sol ubl e Sol ubl e

143

A resin film was obtained in the same condition as in the
preparation of a varnish for coating and resin film in Example
1, except that 0.1 g of 9, 9%-bis(3-(4-phenylethynyl benzoic
acid amide)-4-hydroxyphenyl)-fluorene was altered to 0.05 g of
the 7,7 -bis (3, 5-diethynylphenyl)-3,3/,5,5’ -tetramethyl-1,1" -
biadamantane obtained in Synthesis example 37 and 0.05 g of
the 7,7"-bis(3,5-diethynylphenyl)-3,37,5,5" -tetramethyl-1,1"-
biadamantane polymer obtained in Synthesis example 40.

[0233]

{(Example 31)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 54.1 g of the 2,2’ -dihydroxy -3,3’~diamino-5,5"-
bis (3, 5-dimethyl-l-adamantyl}-biphenyl obtained in Synthesis
example 9 (0.10 mol}) was used in place of 64.8 g of 4,6~
di(3,5-dimethyl-l-adamantyl)-1,3-bis{4~amino-3-
hydroxyphenoxy}benzene (0.10 mol), thus obtaining a
benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 15,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
(manufactured by: Tosoh Corporation).

[0234]
<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
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and 0.1 g of the 7,7f-bis(3,5-diethynylphenyl)-3,3",5,5" -
tetramethyl-1,1’ -biadamantane obtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidone and filtered with a
Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 20°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[(0235]

(Example 32)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 70.5 g of the 9,9-bis(3-(3,5-dimethyl-1-
adamantyl) -5-amino-4-hydroxyphenyl)-fluorene obtained in
Synthesis example 13 (0.10 mol) was used in place of 64.8 g of
4,6-di(3,5-dimethyl~1l-adamantyl) -1, 3-bis (4~amino—3~
hydroxyphenoxy}benzene (0.10 mol), thus obtaining a
benzoxazole resin precursor.

A number average molecular welight {Mn) of the obtained
benzoxazole resin precursor was 19,000, which is a polystyrene
eguivalent molecular weight measured by means of a GPC
(manufactured by: Tosoh Corporation).

[0236]
<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
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and 0.1 g of the 7,7"-bis(3,5~-diethynylphenyl)-3,3’,5,5" -
tetramethyl-1,1’ -biadamantane obtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidone and filtered with a
Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an coven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0237]

(Example 33)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 103.0 g of the 2,7-di(3, 5-dimethyl-l-adamantyl) -
9,9-bis(3-(3, 5-dimethyl-l-adamantyl)-5-anino-4-hydroxyphenyl) -
fluorene obtained in Synthesis example 14 (0.10 mol) was used
in place of 64.8 g of 4,6-di(3,5-dimethyl-l-adamantyl)~1, 3~
bis(4-amino-3-hydroxyphenoxy)benzene (0.10 mol), thus
obtaining a benzoxazole resin precursor.

A number average molecular weight {(Mn) of the obtained
benzoxazole resin precursor was 14,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
(manufactured by: Tosoh Corporation).

[0238]
<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
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and 0.1 g of the 7,7’ -bis(3,5~diethynylphenyl)-3,37,5,5"~
tetramethyl-1,1" -biadamantane obtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidone and filtered with a
Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 20°C for one minute and then at 400°C for one
hour, thus obtaining a resin £ilm.

[0238]

(Example 34}

<Preparation of benzoxazocle resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 32.4 g of the 4,6~di(3,5~dimethyl-l-adamantyl) -
1,3-bis(4~amino~3-hydroxyphencxy)benzene obtained in Synthesis
example 2 (0.05 mol) and 43.3 g of the 3,3'-bis(3-(3,5-
dimethyl-l-adamantyl)-5-aminco-4-hydroxyphenyl)-5,5",7,7" -
tetramethyl-1,1’-biadamantane obtained in Synthesis example 15
(0.05 mmol) were used in place of 64.8 g of 4,6-di(3,5-
dimethyl-l-adamantyl)-1, 3-bis{4-amino-3~-hydroxyphenoxy)benzene
{(0.10 mol}, thus obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 16,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
(manufactured by: Tosoh Corporation).

[0240]
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<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 7,7"-bis(3,5~diethynylphenyl)-3,3",5,5 -
tetramethyl-1,1’-biadamantane obtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidene and filtered with a
Teflon (trade name)} filter to obtain a wvarnish for coating.
The varnish was applied on a silicon wafer by means of a spin
ceoater, followed by heating in an oven under a nitrogen
atmosphere at 920°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0241]

{Example 35)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precurser in Example 1,
except that 32.4 g of the 4,6-di(3,5-dimethyl-l~-adamantyl) -
1,3~-bis (4-amino-3-hydroxyphenoxy)benzene obtained in Synthesis
example 2 (0.05 mol) and 29.0 g of the 9,9-bis(3-amino-4-
hydroxyphenyl} -2, 7-bis {(phenylethynyl)-fluorene obtained in
Synthesis exampie 16 (0.05 mmol) were used in place of 64.8 g
of 4,6-di{(3,5~dimethyl-1-adamantyl)-1,3-bis(4-amino-3-
hydroxyphenoxy)benzene (0.10 mol), thus obtaining a
benzoxazole resin precurscr.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 19,000, which is a polystyrene

equivalent molecular weight measured by means of a GPC
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{manufactured by: Tosoh Corporation).
[0242]

<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 7,7’ -bis(3,5-diethynylphenyl}-3,3",5,5"-
tetramethyl-1,1’-biadamantane obhtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidone and filtered with a
Teflon {(trade name) filter to obtain a wvarnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.
[0243]

(Example 36)

<Preparation of benzoxazocle resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 86.6 g of the 3,3"-bis(3-(3,5~-dimethyl-1-
adamantyl)—5-amino-4-hydroxyphenyl)-5,5",7,7" ~tetramethyl-
1,1’ -biadamantane obtained in Synthesis example 15 (0.10 mmol)
was used in place of 64.8 g of 4,6-di(3,5~dimethyl-1~
adamantyl)-1,3~bis (4-amino-3-hydroxyphenoxy)benzene (0.10
mol), thus obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 12,000, which is a polystyrene

equivalent molecular weight measured by means of a GPC
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{manufactured by: Tosoh Corporation).
[0244]

<Preparation of resin £ilm>

The above-mentioned benzoxazole resin precursor of 0.45
g, another 0.45 g of the benzoxazole resin precursor obtained
in Example 1 and 0.1 g of the 7,7'-bis(3,5-diethynylphenyl)-
3,3',5,5" -tetramethyl-1, 1’ ~bliadamantane obtained in Synthesis
example 37 were dissolved in N-methyl-2-pyrrolidone and
filtered with a Teflon (trade name} filter to obtain a wvarnish
for coating. The varnish was applied on a silicon wafer by
means of a spin coater, followed by heating in an oven under a
nitrogen atmosphere at 90°C for one minute and then at 400°C
for cne hour, thus cktaining a resin film.

[0245]

(Example 37)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 28.0 g of 4,4’ -oxybis(benzoic acid) dichloride
{0.095 mmol) was used in place of 42.8 g of 5,57,7,7"~
tetramethyl-1,1’ ~biadamantane-3,3" -dicarboxylic acid chloride
(0.095 mol), thus obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 19,000, which is a polystyrene
eguivalent molecular weight measured by means of a GPC

{manufactured by: Tosoh Corporation).
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[0246]

<Preparation of resin film>

The above-menticned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 7,7’ -bis(3,5~diethynylphenyl)-3,37,5,5" -
tetramethyl-1,1’-kiadamantane obtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidone and filtered with a
Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0247]

{Example 38)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 21.6 g of 5-ethynyl-iscophthalic acid chloride
{0.095 mmol) was used in place of 42.8 g of 5,5",7,7"-
tetramethyl-1,1’-biadamantane-3, 3’ -~dicarboxylic acid chloride
(0.095 mol}, thus obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 18,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
{manufactured by: Tosoh Corporation).

[0248]

<Preparaticn of resin film>
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The above-mentiocned benzoxazole resin precursor of 0.9 ¢
and 0.1 g of the 7,7 -bis(3,5~-diethynylphenyl)-3,3",5,5" -
tetramethyl-1,1’-biadamantane obtained in Synthesis example 37
were dissclved in N-methyl-2-pyrrolidone and filtered with a
Teflon {(trade name) filter toc obtain a varnish for coating.
The varnish was applied on a silicon wafer by means cf a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0249]

{(Example 39)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 98.5 g of the 4,6~-di({1~(5,5",7,7" -tetramethyl-
3,3’ ~biadamantyl))~1,3-bis (d~carboxy~phenoxy)benzene
dichloride obtained in Synthesis example 20 (0.095 mmol) was
used in place of 42.8 g of 5,5’,7,7"-tetramethyl-1,1’-
biadamantane=-3, 3’ ~dicarboxylic acid chleoride (0.085 mol), thus
obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 12,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
{manufactured by: Tosoh Corporation).

{0250]

<Preparation of resin film>
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The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 7,7'-bis(3,5-diethynylphenyl)-3,37,5,5 ~
tetramethyl-1, 1’ -biadamantane obtained in Synthesis example 37
were dissclved in N-methyl-2-pyrrolidone and filtered with a
Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

{0251]

(Example 40)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 3.61 g of 4-phenylethynyl-benzoic acid chloride
(0.015 mol) was used in place of 2.10 g of benzoic acid
chloride (0.015 mol), thus obtaining a benzoxazole resin
precursor.

A number average molecular weight {(Mn} of the obtained
benzoxazole resin precursor was 20,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
(manufactured by: Tosch Corporation).

f0252]
<Preparation of resin film>
The above-mentioned benzoxazole resin precursor of 0,9 g

and 0.1 g of the 7,7"-bis{(3,5-diethynylphenyl)-3,37,5,5"~
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tetramethyl-1,1"-biadamantane obtained in Synthesis example 37
were dissolved in N-methyl-2-pyrrolidone and filtered with a
Teflon (trade name) filter to obtain a varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0253]

(Example 41)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazocle resin precursor in Example 39,
except that 38.0 g of 9,9-bis(3-amino-4-hydroxyphenyl}-
fluorene (0.10 mol) was used in place of 64.8 g of 4,6-di (3,5~
dimethyl-l-adamantyl) -1, 3-bis(4—amino-3-hydroxyphenoxy)benzene
(0.10 mol), thus obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 18,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
{(manufactured by: Tosch Corporation).

[0254]

<Preparation of resin film>

The above-mentioconed benzoxazole resin precursor of 0.9 g
and 0.1 g of the 7,7’ -bis(3,5~diethynylphenyl)-3,37,5,5 -
tetramethyl-1, 1’ -biadamantane obtained in Synthesis example 37

were dissolved in N-methyl-2-pyrrolidone and filtered with a
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Teflon (trade name) filter to obtain a2 varnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0255]

(Example 42)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 28.8 g of 5-phenylethynyl-isophthalic acid
chloride (0.095 mol) was used in place of 42.8 g of 5,5",7,7 "~
tetramethyl-1,1’ -biadamantane-3, 3’ -dicarboxylic acid chloride
(0.0953 meol), thus obtalning a benzoxazcle resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 18,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC
{manufactured by: Tosch Corporation).

{0256]

<Preparation of resin film>

The above-mentioned benzoxazole resin precursor of 0.45
g, another 0.45 g of the benzoxazole resin precursor cbtained
in Example 1 and 0.1 g of the 7,7"-bis(3,5-diethynylphenyl)-
3,3",5,5"-tetramethyl-1, 1’ -biadamantane obtained in Synthesis
example 37 were dissolved in N-methyl~2-pyrrolidone and

filtered with a Teflon (trade name) filter to cbtain a varnish
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for coating. The varnish was applied on a silicon wafer by
means of a spin coater, followed by heating in an oven under a
nitrogen atmosphere at 90°C for one minute and then at 200°C
for one hour, thus cobtaining a resin film.
[0257]

(Example 43)

<Preparation of benzoxazole resin precursor>

In a 2 L four-neck flask provided with a thermometer, a
Dimroth condenser and an agitator, 64.8 g of the 4,6-di(3,5-
dimethyl~-l-adamantyl) -1, 3-bis{4-amino~3~-hydroxyphenoxy)benzene
(0.10 mol) obtained in Synthesis example 2 was dissolved in
800 g of dried N-methyl-2-pyrrolidone under nitrogen flow,
followed by the addition of 17.4 g of pyridine (0.22 mol). The
mixture was heated to 60°C and 42.8 g of 5,5%,7,7" -
tetramethyl-1,1’ -biadamantane-3, 3’ -dicarboxylic acid chloride
(0.095 mol) was gradually added. After the addition, the
mixture was agitated at 60°C for three hours. Then, 2.10 g of
benzoic acid chloride (0.015 mol) was added with the inner
temperature of the flask kept at 5°C or below in an ice bath.
Reaction solution was added to 4 L of distilled water in small
droplets, followed by collecting and drying precipitate, thus
obtaining a benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 24,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC

(manufactured by: Tosch Corporation).
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[0258]

<Preparation of resin fiim>

The above-mentioned benzoxazole resin precursor of 0.9 g
and 0.1 g of the 8,8-bis (3~ (4-phenylethynyl benzoic acid
amide) ~4~hydroxyphenyl)-fluorene obtained in Synthesis example
31 were dissolved in N-methyl-2-pyrrolidone and filtered with
a Teflon (trade name) filter to obtain a wvarnish for coating.
The varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 80°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.

[0259]

(Comparative example 1)

<Preparation of benzoxazole resin precursor>

A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 20.6 g of 3,3’ -dihydroxy-4, 4’ —-diamino-biphenyl
(0.10 mol) was used in place of 64.8 g of 4,6~di{l-adamantyl)-
1,3~bis{4~amino-3~hydroxyphenoxy)benzene (0.10 mol), and 19.3
g of isophthalic acid dichloride {manufactured by: Tokyo
Chemical Industry Co., Ltd.) (0.095 mmol) was used in place of
42.8 g of 5,5',7,7 ~tetramethyl~1, 1’ -biadamantane-3, 3’ -
dicarboxylic acid chloride {0.095 mol), thus obtaining a
benzoxazole resin precursor.

A number average molecular weight (Mn) of the obtained

benzoxazole resin precursor was 19,000, which is a polystyrene
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<Preparation of resin film>
An attempt was made to dissolve 0.9 g of the above-
mentioned benzoxazole resin precursor and 0.1 g of the 9,9-
bis(3-(4-phenylethynyl benzoic acid amide)-4-hydroxyphenyl)-
fluorene obtained in Synthesis example 31 in N-methyl-2-
pyrrolidone; however, they did not dissolve therein.
[0261]
{Comparative example 2)
<Preparation of benzoxazole resin precursor>
A reaction was performed in the same condition as in the
preparation of a benzoxazole resin precursor in Example 1,
except that 38.0 g of 8,9-bis(3-amino-4-hydroxyphenyl)-
fluorene (0.10 mol) was used in place of 64.8 g of 4,6-di(l-
adamantyl) -1, 3~bis (4~amino-3-hydroxyphenoxy)benzene {0.1l0
mol), and 36.8 g of 1,3-bis{4-carboxy-phenoxy)-benzene
dichloride (0.095 mol) was used in place of 42,8 g of
5,57,7,7"-tetramethyl-1, 1" -biadamantane-3, 3’ ~dicarboxylic acid
chloride {0.095 mol), thus obtaining a benzoxazole resin
precursor.
A number average molecular weight (Mn) of the obtained
benzoxazole resin precursor was 20,000, which is a polystyrene
equivalent molecular weight measured by means of a GPC

(manufactured by: Tosch Corporation).
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di el ectric constant as well by using each of the crosslinking agents

in place s@nckR@egboss! bOKE NHo AGMHY SniidhtEXaRBl eRed 40 4R °C for one
respectively. [0275] Next, an interlayer insulation filmand a

sem condyeh@r, d8kkCEL¥ALhiRg slescdihed 1 Exanpl e 44)
[0263]

(Comparative example 3)

<Preparation of imide resin precursor>

A reaction was performed in the same condition as in the
preparation of an imide resin precursor in Example 17, except
that 10.3 g of m-phenylenediamine (0.095 mol) was used in
place of 53.3 g of 4,6~di{l-adamantyl)~1,3~bis (4~
aminophenoxy)benzene (0.095 mol}, and 29.4 g of
biphenyltetracarboxylic acid dianhydride (0.1 mol) was used in
place of 72.7 g of 9,9-bis(3,4-dicarboxy-phenyl)-2,7-di (1~
adamantyl)-fluorene-dianhydride (0.1 mol), thus obtaining an
imide resin precursor.

A number average molecular weight {(Mn) of the obtained
imide resin precursor was 20,000, which is a polystyrene

equivalent molecular weight measured by means of a GPC



<Preparation of varnish for coating and sem conductor device>

The resin conposition obtained in Exanple 2 was dissolved in

N- et hyl - 2-pyrrolidone and filtered with a Teflon (trade nanme) filter
to obtain a varnish for coating. 1397 silicon nitride | ayer was
formed on a sem conductor substrate by known nethods. The varnish for

coating S %67 appl.ied. o tqg ilicon.,nitride |layer by nmeans of a
spin coaﬁ%@ng 8Cﬁ5§EgdgVn @ﬂs% é%“ﬁﬁﬁ?&lgn i'trogen atnosphere at 90C
for one nigg%ﬁ and then at 400C for one hour to forman interlayer
i nsul ati onFPfM with a thickness of 0.3 pm Next, a netal
wiring was forned on the interlayer insulation filmin a
predet er mi ned PAIRRATALIHULOHES A Ad1R>seni conduct or device. [0276]
(Exampl e 45) <Preparation of varnish for coating and
sem conduct or He®ideve-mentiongd ApdrR EBRPDIPETVH BBt &fnfd 9 g and
Exampl e 7 was di ssolved in N-nethyl-2-pyrrolidone and filtered with a
Tefl on (©r-add8 Ranehef Pt Pelpis B3 othatherylpdbvngh Peorzebatdadigl amide)-4a
silicon nitride |ayer was formed on a sem conductor substrate by
known netiydgeoxyPhenvai nfshofene cautdimpdnds Spprhedivretamrls |3lcorre
nitride |layer by means of a spin coater and heated in an oven under a
ni t r ogen ddtssodyhdr énali-9ech ¥ br2-ane mvligacanddt ikht eted00CH er Texféon
hour to forman interlayer insulation filmw th a thickness of 0.3
pm (tNexe, namaet 8L L er i y elEsaifmorenmedrohshhéor nt@at aywer The
insulation filmin a predetermi ned pattern, thus obtaining a
sem conduetrai stlewaeeapplied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 20°C for one minute and then at 400°C for one
hour, thus obtaining a resin film.
[0265]
(Comparative example 4)
<Preparation of imide resin precursor>
A reaction was performed in the same condition as in the
preparation of an imide resin precursor in Example 17, except
that 33.1 g of fluorene-9,9-bis{4-aniline) {0.095 mol) was
used in place of 53.3 g of 4,6-di(l-adamantyl)-1,3-bis (4~
aminophenoxy)benzene {(0.095 mol), and 40.2 g of 2,4~bis (3,4~
dicarbozxy)-phenoxy-benzene dianhydride (0.1 mol) was used in
place of 72.7 g of 9,9-bis(3,4-dicarboxy-phenyl)~2,7-di (1~

adamantyl)-fluorene~dianhydride (0.1 mol), thus obtaining an

imide resin precursor.
A number average molecular weight (Mn) of the obtained

imide resin precursor was 23,000, which is a pelystyrene



[0277] (Exanple 46) <Preparation of varnish for coating and
sem conductor 168 device> The resin conposition obtained in
Exanpl e 15 was dissolved in N-nethyl-2-pyrrolidone and filtered with
a Teflon (trade nanme) filter to obtaiﬂfgyvarnish for coating. A
silicon nitride |ayer was fornmed on a sem conductor substrate by
known net hods. .The varnish for coating was applied on fhe silicon
nitride |%%H&Va&§nﬁe§ﬁ eBFT%;s¥ﬁ+éhﬁxﬂ%%su§ﬁﬁ Egapgﬂn?noénady%ﬁ under a
nitrogen atnosphere at_ 90C for. one mnute and then at 350C for one
hour to fOPRMSEASEREEM Ber TPalul RITRFFAGYMwi th a thi ckness of 0.3
pm Next, a metal wiring is fornmed in the interlayer
i nsul ati o %P in a predeterm ned pattern, thus obtaining a
sen conduct or device. [0278] ‘ Rates of wiring delay of the
obt ai ned semni coheRRIHR - HEViesafdne févaPuat ed. The
sem conductor devices nmade by using the interlayer insulation filns
of Exanpl es 44Thdsakgite aeniEaneshdhidenpased miedrzsosemiicdnduet and
devi ce having the same structure as these sem conductor devices and a
Si 02 i ns@l.dt igorff thm PnOtkeist3 of 4 tierddgltdenyf. benioge detiady amddsi)ghal
delay tinme determ ned by converting an oscillation frequency of a
ri ng oscibydaayphasylisetdlasrame eMatlalatddorincByhehesns example Ad aere
result of conparing those, it was confirmed that the sem conduct or
devi ces afistshd vpriesani~navient + orphach llieksewantingi tedeyq waindh ian TeEnoa
of the rate of wiring delay, there was a

{trade name) filter to obtain a varnish for coating. The

varnish was applied on a silicon wafer by means of a spin
coater, followed by heating in an oven under a nitrogen
atmosphere at 90°C for one minute and then at 400°C for one
hour, thus obtaining a resin f£ilm,
[0267]

Evaluation of the resin films obtained in Examples 1 to
43 and Comparative examples 1 to 4 was conducted. Evaluation
items and methods are as follows. The results obtained are
shown in Table 1.

1. Soclubility

In a glass sample container with a lid, 1 g of the resin
composition containing the benzoxazole resin precursor and the
crosslinking agent or containing the imide resin precursor and
the crosslinking agent, and 3 g of N-methyl-2-pyrrolidone were
charged and agitated with a stirrer for one hour. Solubility
was then determined by the presence of insoluble matter

observed in the container.



169 rise of about 10%in Exanple 44, about 15% in Exanple 45 and
about 20%in Exanple 46. Industrial Applicability [0279] A
resin conposition, a varnish, aresin_filmof the present invention
and a sem conduct or device using the d&%e can be used as an organic
material to forman interlayer insulation filmwth excellent heat
resistanc? gxgellent el ectrical properties and also a |low dielectric
const ant, 8? 4 a seni conductor device conprising an interlayer
insulation filmw th excell ent heat resistance, excellent electrical
properties and®al®%f% J5WsFHe@&ctric constant. 170 CLAIMS 1. A resin
conposi tion conprising a conpound having a structure represented by
formula (1) anédalt cressiiafigenyaggerelRaveAPy the WBiessults8anabt &9 nor e
functional groups having a pol ynmerizabl e unsaturated bond: [Chem cal
Formul a TpmprOpgury-apg thexmyl decomposition temperature. The glass

transition temperature is a peak top temperature of tan &
obtained by measuring each of the resin films by means of a
dynamic viscoelasticity measurement device (product name:
DMS6100; manufactured by: Seiko Instruments Inc.) under a
nitrogen flow of 300 mL/min and at a heating rate of 3 “C/min
and a frequency of 1 Hz.

Thermal decomposition temperatures of the resin films
were measured by means of a TG/DTA measurement device (product
name: TG/DTA220; manufactured by: Seiko Instruments Inc.)
under a nitrogen flow of 200 mi/min and at a heating rate of
10 °C/min. Those are temperatures measured when the resin
films each exhibited a 5% reduction in weight.

[0269]

3. Relative dielectric constant

In accordance with JIS-¥K6911l, measurement of the capacity
of an adhesive film for semicconductor was carried out at a
frequency of 100 kHz and by means of a Precision LCR Meter
{(product name: HP-4284A; manufactured by: Hewlett-Packard
Development Company, L.P.}. Then, the relative dielectric
constant was calculated by the following formula.
Relative dielectric constant = (measured capacity x film

thickness) / (vacuum dielectric constant x measured area)



wherein in formula (1), Ro is a single bond or has a structure
represented by fornula (2); RL to R8 are respectively any of

hydr ogen, a group having an alicyclic %%ructure, an organi c group
having 1 to 10 carbon atons ot her t hart %he group having an alicyclic
structure, a hydroxyl group and a carboxyl group; and "X' is any of
-0-, -NHCEbQTO H, -000- and -000-; further, wherein in fornula
(2), "Ar S an aromatic group; "Y' is any of a single bond, -0-,
-S-, -000- and ;000-; "g" is,an integer of 1 or nore; Rg is hydrogen
or an organic g?bu%l¢ﬁﬁéﬁu?99 Smore carbon atons and may be
identical with SL%differe H fromeach other_when "qg" 171 is an
integer of 2 orZmdFELC IOt TERSUSFTRAT F REG FAHE GrdBF HaFi ng an
alicyclic structure when Ro is a single bond; at |east one of RL to
Rg is t h@SGrOEPeRaby nGeans apf e IHE It FUCEAr Baifieds RIFRRE qthed Product
structure represented by formula (2); and "*" and "**" represent a
posi ti on "é8ehe ENSnd A0t onanfIsiat batieMLEQN IRt €t uras: a maxiram
resin conposition according to claim1, wherein Ro has the structure
r epr esentl®@dopif dPnifaa@)ai eadiax ompeund hapdngethe structure
represented by fornmula (1). 3. The resin conposition according to
claim?2, Whéréin at |east one Rg is the group haying an alicyclic
structure in the conpound haying the structure represented by fornul a
(1). 4. The resin conposition according to claim?2, wherein the
conpound having the structure represented by fornmula (1) conprises,
as "Ar" in formula (2), a group selected fromstructures represented
by forrmula (3): [Chem cal Fornula 2]
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formula (1).

5. The resin conposition according to claim1, wherein Ro
Is a single bond in the conpound having the structure represented by

3is a group having an

6. The resin conposition according to claim1, wherein
the group having an alicyclic structuf

adamant ane structure. 7. The resin conposition according to claim 6,

wherein thg gr?up havi ng an adamant ane structure has an al kyl group
havi ng 1T881%0lcarbon atons. 8. The resin conposition according to
claiml,wherein.the 17
Example | Example | Example { Example | Example | Example | Example | Example
1 2 3 4 5 8 7 8
Solubility Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble
Glass transition
temperature 401 410 420 432 408 414 435 445
(C)
Thermal
decomposition 482 490 502 510 488 505 510 510
temperature
Dielectric
constant 2.5 28 2.3 23 24 2.5 2.2 2.3
Elastic
modulus (GPa) 74 7.3 7.7 8.1 7.3 7.6 7.9 8.3
Example | Example | Example | Example | Example | Example | Example | Example
9 10 11 12 13 14 15 16
Solubility Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble
Glass fransition
temperature 410 415 422 447 413 420 445 450
(C)
Thermal
decomposition 505 510 510 510 500 510 510 510
temperature
Dielectric
constan 24 2.6 2.2 2.3 2.5 2.6 23 2.3
Elastic
modulus (GPa) 7.2 7.5 7.8 8.2 7.5 8.1 7.9 8.4
Example | Example | Example | Example | Example | Example | Example | Example
17 18 19 20 21 22 23 24
Solubility Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble | Soluble
Glass transition
temperature 402 411 415 442 396 402 428 425
(C)
Thermal
decomposition 498 508 499 509 487 492 503 475
femperature
Dielectric
constant 2.7 238 27 26 2.5 2.5 22 2.1
Elastic
modulus (GPa) 8.7 6.9 68 7.0 7.2 71 84 8.1

(0272}




conpound having the structure represented by forrmula (1) has in a

nol ecul e two or
reaction with at

| east the conpound.

nore groups capabl e of causing a crosslinking

The resin conposition
according to claim8, wherein the group capabl e of causing a

crosslinking reaction of the conmpound having the structure
representggd Ry-fornula (1) is capable of causing a crosslinking
reaction w t h the crossl i nkl ng agent

10. The resin corrposr tion

accordi 119) to—ctai || t ORPOLHn RaviA the—stt u:__'
represemted by for g 1) W%r%éégp’% XHPE o%f P fﬁrgﬁ@“m i ’r”mptlf Ex%n;p!e
ol yner irzable—unsalurot-e -0 G 5
R obal r%%a?ﬂ% Sobis . 850y & b Solible; faggupé'!ei i lepnéblﬁal aBoble
1, wher ¢St FOsERHEs| i nkiln &ﬂ nt and/ar t he |conpound havi hg t he
st ruct uf @MPeElEsent ed4by foﬂ la (4B confdifses 42% unctd4®@nal Pbup 419
havi ng ahChcetyl ene bhond las thelgroup tapabl e of calsing a
crossl i hkheigalr eactj on. 12. Thelresin tonposilti on adcording to cllai m
1, wher ¢decompesition ossUBhkijngSgent 488s an 5§5icy05@6c st rafbt uf e 47913, 499
The resi kempeniesi t§ on according to clalm wherei n|the crpsslinking
agent i $Diekpiabl e of f.0 bnzpxazp ehydrat| o nd
ring cl osehsiant 14. ﬁ% re gacor g?tl %%£ rdgég o géairtg%f' 2.3
conpri siBrRsig 174 pol ymer of the cross|inking agent jas_the
crossl i NkbRgusagesnt | E%% Th§3resin130npo§ition Scordi®g tp eﬁ%intlfﬁ
wherein € comnmpoun " THE TR VEEERT 1o O NATp| (=9
has - CONH as " X" |of Ei.t3 rmrﬁg(%ﬁ apgl a| cagghoxy Qé‘é rpxm Ie;nyf%p% E‘xtiréple
R b sgu?rgﬁ tggppas_gz 5 HOSOHT S 68 " SarbiE P SR | SoluBE, Soluble
| I ™\ r\.)LIIC{ LA |9 Ul ( IU lJUO L9 JII Ul .
16. The 5 & S on din cl.aj efein, the oun
hayi ng IF pg@pﬁ%tufe ﬁ%pr gﬁf db 2fo nﬁﬁ 1)3 -N@%I) agﬁgg" o?m
formul a ard-a-hvdr oxodl group—as—any of P1 .o DAthat i-s—-ih-the
ortho-p RmEn to he bo nd represented by "*"| and a|hydroxyl roup as
any of R eqo@ptﬁgro[\ t %% iln e or tH8- ppsih? on of¥ x|. 5117 Tl‘i’r gsi 8
conposi {ieAReEMEyrdi ng tolclaim 1 which is ohbtainedlby deh dratl n
and ri ngPelegEure o the gqonpqund haying the strygtune sepresepyed byo
fornul al pABtaBf t hel resin lconposiltion. ' ' ' ' '
3§§Efu sopay| B2 | 85 | 83 | 84 | 73 | &1 | 75 | 85
Compar | Compar | Compar | Compar
Example | Example | Example ative ative ative ative
41 42 43 example | example | example | example
1 2 3 4
- Hardly
Solubility Soluble | Soluble | Soluble Insoluble | Soluble soluble Soluble
Glass transition
temperature 396 428 402 - 350 320 355
(C)
Thermal
decomposition 475 507 481 . 488 502 484
temperature
Dielectric
constant 2.4 22 2.5 - 3.0 3.3 3.0
Elastic
modulus (GPa) 7.8 8.3 7.0 - 6.5 - 6.4

[0273]




18. A resin conposition conprising a polyimde resin obtained by
dehydration and ring closure of the conpound having the structure
represented by fornmula (1) of the resii®5conposition defined by claim
15. 19. A resin conposition conprising a pol ybenzoxazol e resin
obt ai ned by dehydration and ring closure of the conpound having the
structure reprsehs eellgnr florarulTabler of anfie2r e Expowpdesi fli bn 4375the
defined by claim16. 20. A varnish conprising the resin conposition
def i ned lgfasksaitmarisahdoant engend tolsolanehtthe 2heral eddaprfidsmtdlotai ned
by heating and/or irradiating with active radiation the resin
conposi t itempeehitned Byrel dighl.an@ZheAheani cendscinre dead Gexcellent.
conprising the resin filmdefined by claim2l. 23. Aresin film
obt ai ned by heatExmmpia dr to dadhatrengobhibhl fict i ive a adilakhenahbea low
var ni sh defined by claim 20.

dielectric constant; thus, they are shown to have excellent

workability and also excellent dielectric properties.

Example 43 changes the preparation method of a
benzoxazole resin precursor based on Example 1. Example 43 is
shown to be able to achieve similar properties to those of the
resin film of Example 1.

Due to poor sclubility, no resin film was prepared in
Comparative example 1. It was therefore not possible to
measure a glass transition temperature, a thermal
decomposition temperature and a dielectric constant.

In Comparative examples 2 to 4, the thermal decomposition
Temperature was excellent; however, the glass transition
temperature was low and the dielectric constant was high.

(02741
The aminophenol compounds of Synthetic examples 1, 3, 4,
6, 7, 8, 10, 11 and 12 can also provide resin compositions
with similar excellent heat resistance and low dielectric
constant as well by using each of the aminophenol compounds in
place of the aminophencl compounds in Examples 1 to 16 and 21
to 43 respectively.

The dicarboxylic acid chloride compeounds of Synthetic

examples 17, 18, 18, 21, 22, 23, 24 and 25 can also provide
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resin compositions with similar excellent heat resistance and
low dielectric constant as well by using each of the
dicarboxylic acid chloride compounds in place of the
dicarboxylic acid chloride compounds in Examples 1 to 16 and
21 to 43 respectively.

Synthetic examples 28 and 30 can also provide resin
compositions with similar excellent heat resistance and low
dielectric constant as well by using each of Synthetic
examples 28 and 30 in place of Synthetic examples 27 and 29
respectively.

Further, the crosslinking agents of Synthetic examples
32 and 33 can also provide resin compositions with similar
excellent heat resistance and low dielectric constant as well
by using each of the crosslinking agents in place of the
crosslinking agents in Examples 1 to 43, respectively.

[0275]
Next, an interlayer insulation film and a semiconductor
device will be described.

(Example 44)

<Preparation of wvarnish for cecating and semiconductor
device>

The resin composition obtained in Example 2 was dissolved
in N-methyl-Z2-pyrrolidone and filtered with a Teflon (trade
name) filter to obtain a varnish for coating.

A silicon nitride layer was formed on a semiconductor

substrate by known methods. The varnish for coating was
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applied on the silicon nitride layer by means of a spin coater
and heated in an oven under a nitrogen atmosphere at 90°C for
one minute and then at 400°C for one hour to form an
interlayer insulation film with a thickness of 0.3 um.

Next, a metal wiring was formed on the interlayer
insulation film in a predetermined pattern, thus obtaining a
semiconductoer device.

[027¢6]

(Example 45)

<Preparation of varnish for coating and semiconductor
device>

The resin composition obtained in Example 7 was dissolved
in N-methyl-2-pyrrolidone and filtered with a Teflon (trade
name) filter to obtain a varnish for coating.

A silicon nitride layer was formed on a semiconductor
substrate by known methods. The varnish for coating was
applied on the silicon nitride layer by means of a spin coater
and heated in an oven under a nitrogen atmosphere at 90°C for
one minute and then at 400°C for one hour te form an
interlayer insulation f£ilm with a thickness of 0.3 pm.

Next, a metal wiring was formed on the interlayer
insulation film in a predetermined pattern, thus obtaining a
semiceonductor device.

{02771
{Example 46)

<Preparation of varnish for coating and semiconductor
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device>

The resin composition obtzined in Example 15 was
dissolved in N-methyl-2-pyrrolidone and filtered with a Teflon
(trade name) filter to obtain a varnish for cocating.

A silicon nitride layer was formed on a semiconductor
substrate by known methods. The varnish for coating was
applied on the silicon nitride layer by means of a spin coater
and heated in an oven under a nitrogen atmosphere at 90°C for
one minute and then at 350°C for one hour to form an
interlayer insulation film with a thickness of 0.3 wum.

Next, a metal wiring is formed in the interlayer
insulation film in a predetermined pattern, thus obtaining a
semiconductor device.

[0278]

Rates of wiring delay of the obtained semiconductor
devices were evaluated.

The semiconductor devices made by using the interlayer
insulation films of Examples 44, 45 and 46 were each compared
with a semiconductor device having the same structure as these
semiconductor devices and a 5i0:; insulation film in terms of
the degree of wiring delay. A signal delay time determined by
converting an oscillation freguency of a ring oscillator was
used as an evaluation criterion.

As a result of comparing those, it was confirmed that the
semiconductor devices of the present invention had less wiring

delay, and in terms of the rate of wiring delay, there was a



169

rise of about 10% in Example 44, about 15% in Example 45 and

about 20% in Example 46.

Industrial Applicability
(02781}

A resin composition, a varnish, a resin film of the
present invention and a semiconductor device using the same
can be used as an organic material to form an interlayer
insulation film with excellent heat resistance, excellent
electrical properties and also a low dielectric constant, or
as a semiconductor device comprising an interlayer insulation
film with excellent heat resistance, excellent electrical

properties and also a low dielectric constant.
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CLAIMS
1. A resin composition comprising a compound having a structure
represented by formula (1) and a crosslinking agent having in a
molecule two or more functional groups having a polymerizable

unsaturated bond:

[Chemical Formula 1]

R1 RZ Rs Rs
(1)
| Ry
K %
%
R; Ry Ry Rg
Rg)g
—Y— Ar —Y— (2)
wherein in formula (1), Ry is a single bond or has a structure
represented by formula (2); R; to Rg are respectively any of

hydrogen, a group having an alicyclic structure, an organic group
having 1l to 10 carbon atoms other than the group having analicyclic
structure, a hydroxyl group and a carboxyl group; and “X” is any
of ~-0-, -NHCO-, -CONH-, -CO0O- and -~0CO-; further, wherein in
formulia (2), “Ar” is an aromatic group; “Y” is any of a single
bond, -0-, -S8-, -0CO- and -CO0-; “g” is an integer of 1 or more;
Rg is hydrogen or an organic group having 1 or more carbon atoms

and may be identical with or different from each other when “g”
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is an integer of 2 or more; at least one of R; to Rg is the group
having an alicyclic structure when Ry is a single bond; at least
one of R; to Ry is the group having an alicyclic structure when
Rp has the structure represented by formula (2); and “*” and “W**”
represent a position to be bonded to a different chemical

structure.

2. The resin composition according to claim 1, wherein Ry has
the structure represented by formula (2) in the compound having

the structure represented by formula (1).

3. The resin composition according to ¢laim 2, wherein at least
one Rg is the group having an alicyclic structure in the compound

having the structure represented by formula (1).

4, The resin composition according to claim 2, wherein the
compound having the structure represented by formula (1)
comprises, as “Ar” in formula (2), a group selected from
structures represented by formula (3)}:

[Chemical Formula 2]
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(3)

\7

(L

O~

5. The resin composition according to claim i, wherein Ry is
a single bond in the compound having the structure represented

by formula (1).

6. The resin composition according to claim 1, wherein the
group having an alicyclic structure is a group having an

adamantane structure.
7. The resin composition according to c¢laim 6, wherein the
group having an adamantane structure has an alkyl group having

1 to 20 carbon atoms.

8. The resin composition according to claim 1, wherein the
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compound having the structure represented by formula (1) has in
a molecule two or more groups capable of causing a crosslinking

reaction with at least the compound.

9. The resin composition according to claim 8, wherein the
group capable of causing a crosslinking reaction of the compound
having the structure represented by formula (1) is capable of

causing a crosslinking reaction with the crosslinking agent.

10. The resin composition according to claim 1, wherein the
compound having the structure represented by formula (1)
comprises a functional group having a polymerizable unsaturated

bond as the group capable of causing a crosslinking reaction.

11. The resin composition according to claim 1, wherein the
crosslinking agent and/or the compound having the structure
represented by formula (1) comprises a functional group having
an acetylene bond as the group capable of causing a croesslinking

reaction.

12. The resin composition according to claim 1, wherein the

crosslinking agent has an alicyclic structure.
13. The resin composition according to claim 1, wherein the
crosslinking agent is capable of forming a benzoxazole ring by

dehydration and ring closure.

14. The resin composition according to claim 1, comprising a
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polymer of the crosslinking agent as the crosslinking agent.

15. The resin composition according to claim 1, wherein the
compound having the structure represented by formula (1) has
—-CONH- as “X” of formula (1) and a carboxyl group as any of R
to Ry that is in the ortho-position to a bond represented by “*”
and a carboxyl group as any of Rs to Rg that is in the ortho-position

of “X”.

l6. The resin composition according te claim 1, wherein the
compound having the structure represented by formula (1) has
-NHCO- as “X” of formula (1) and a hydroxyl group as any of R;
to Ry that is in the ortho=-position to the bond represented by
Wi

and a hydroxyl group as any cf Rs to Rg that is in the

ortho-position of “X”.

17. The resin composition according to claim 1, which is
obtained by dehydration and ring closure of the compound having

the structure represented by formula (1) of the resin composition.

18. A resin composition comprising a polyimide resin obtained
by dehydration and ring clcsure of the compound having the
structure represented by formula (1} of the resin composition

defined by claim 15.

19. A resin composition comprising a polybenzoxazole resin
obtained by dehydration and ring closure of the compound having

the structure represented by formuls (1} of the resin composition



175

defined by claim 16.

20. A varnish comprising the resin composition defined by claim

1 and an organic sclvent.

21. A resin film obtained by heating and/or irradiating with

active radiation the resin composition defined by claim 1.

22. A semiconductor device comprising the resin film defined
by claim 21.
23. A resin film obtained by heating and/or irradiating with

active radiation the wvarnish defined by claim 20.



