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DESCRI PTI ON BENZOXAZOLE RESI N PRECURSOR, .
POLYBENZOXAZOLE RESI N, RESIN FI LM AND SEM CONDUCTOR
DEVI CE TECHNI CAL FI ELD The present invention
relates to a benzoxazole resin precursor, a

pol ybenzoxazole resin, a resin filmand a

sem conduct or devi ce. 10 BACKGROUND ART As the
interlayer insulation filmfor sem conductors, oxide
films (SiOx filnms) prepared in accordance with the

chem cal vapor deposi (the CVD process)
are mai nly used at ph@§§ﬂﬁﬁﬁﬁﬁ§§€e due to the great
permttivity, the use of inorganic i nsul ation filmns
such as oxide 15 filnms is beconing difficult as faster
BENZOXAZOLM RESIN PRECURSOREP ﬁﬁbxﬁl\g
are reqU|red Therefore, the app I catl on organlc ’
mat er i al BRSTNOFIEMMAND SEMACOND USIIGR iDEVId®E ms  havi ng
a small permttivity is studied. For the organic
material used for the interlayer insulation film
= [ resi stance and el ectric properties and
—gé .uff 5quc?lltt|V|ty are required.
Her i de in ol ui nol i ne resins and
HEY Bt Sond UV LIBAE (LB By 2Pl i ctirect 4

pol y ' ne resi nS have
pd:y@mbﬁamé 844iA) a tdQh mfﬁadﬁd £ selﬁ?éoﬁﬁu&t%r datea!

Ref erence 1). wever, polyimde resins have dr awbacks
in that heat reS|stance 25 is poor, permttivity is

reat and noisture absorption is great, and the
%@Mml yi mi des has been limted to some
ondu.ct o s such bi pol ar
U0 i Ak TR BN ioRoRITR Ho® e otay oKl Slms
(SEGJ{ IEARIs) Ik¥pared in accordance with the chemical vapor deposition

process {the CVD process) are mainly used at present. However, due to
the great permittivity, the use of inorganic insulation films such as oxide
films is becoming difficult as faster semiconductors exhibiting more
excellent performance are required. Therefore, the application of organic
materials to obtain interlayer insulation films having a small permittivity
is studied. For the organic material used for the interlayer insulation
film, excellent heat resistance and electric properties and a small
permittivity are required,

Heretofore, polyimide resins, polyquinoline resins and poly-
quinoxaline resins have been studied as the organic material (for example,
refer to Patent Reference 1).

However, polyimide resins have drawbacks in that heat resistance
is poor, permittivity is great and moisture absorption is great, and the

application of polyimides has been limited to some types of semiconductor
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Al t hough pol yqui nol ine resins and pol yqui noxal i ne
resins exhibit a conbination of nore excellent heat -
resistance, a snmaller permttivity and 5 a snaller

noi sture absorption than the polyimde. resins,

pol yqui nol i ne resins and pol yqui noxal ine resins are

t hernopl astic, and patterns of the resins are deforned
when the resins are exposed to a tenperature higher
than the glass transition tenperature. This phenonmenon
occasional ly causes a _problemin the production of

elgments fach: 86 rhipolap e eondumor calements] froga tizn st dPaing if

Appl.i cation Laid Open No. 2000-195853 DI SCLOSURE OF
thﬁ—’ll[éhﬂﬁf@’éxm(]\l The present invention has an

obj g I.di-ng: 0 l.e 15 resin_pr.ecursor
i crenetEp AR SoBRR e PGt g sBHBE el o
coRHinREDE Of MAeLxcEBéMy héat ! W
The present invention hiz@g@%ﬂ%xtﬁ%,eé Sg%%lgégfpeg%ﬁ&%%%nd
a prsatledi mgisturEo hpbweprion athahetlie polyiaide fedifs ﬁblfrhhilﬁbline
exhi biting excell ent heat resistance and a smal |
regasARg Wgﬂqyl%ﬂmh@ewﬁi@omth%nmuwme apdipugtarhe of the
resin nikn1 %fTE% ggve obj ects cag be achi eved by, t he
TS SHR OGRS PORDOS LEFBS T £XPPRedr 191 3 EinRgrature highey
3 ( Z0xa I.n UhSOr conprisin
thad e, pltes bR RAC b fera el G PR RORRATR" dcalidndhly
callb&pdpRHIBANR! the YIB@uRThras¥ ket b RlcBaxy! i ¢ acid
compound, wherein the repeating unit is a first
r epéBatend Refetenchildh Japane@5Pateni pAdicacioad.idaar No.
ro consi sting of (a) repeating units obtained by
2 Qé@%ﬁéﬁ of a bi sam nophenol conpound

DISCLOSURE OF THE INVENTION

The present invention has an object of providing a benzoxazole
resin precursor which exhibits excellent heat resistance when a
polybenzoxazole resin is prepared from the precursor.

The present invention has a further object of providing a
polybenzoxazole resin and a resin film exhibiting excellent heat resistance
and a small permittivity and a semiconductor device using the resin film.

The above objects can be achieved by the present invention

described in the following in (1) to (23).
(1) A benzoxazole resin precursor comprising a repeating unit obtained
by reaction of a bisaminophenol compound and a dicarboxylic acid
compound, wherein the repeating unit is a first repeating unit which is a
group selected from a group consisting of:

(a) repeating units obtained by reaction of a bisaminophenol compound
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havi ng a di anondoi d structure and a di carboxylic acid
conpound hayi ng no di anondoi d structure,; (b)
repeating units obtained by reaction of a

bi sam nopheri ol conpound havi ng no di anondoi d
structure and a di carboxylic acid conpound having 5 a
di anondoi d structure; and (c) repeating units
obt ai ned by reaction a bi sam nophenol conpound havi ng
a di anondoid structure and a dicarboxylic acid
conmpound having a di anondgi d_structure. (2) The
hABRZG Aromenied firustueq,ard 2 disarhayla geif popwpoynd Baving

| S@S 0,second repeating unit obtained by
n??%g P%%”g%té“%Fgﬁninophenol conpound havi ng no

()i aRpBAGhE RS HIR AP r8a RonRs 0L )b{%xﬁi?ﬁgh & d
havi ng no di anondoi d structure. enzoxdazol e

haeisigmpdRewssiid dasetirbead 4 daaybenicticid dompathd Biving
wherein the dianondoid structure is bonded to a

afdimoondeidistyrature; entler 15 than the di anondoi d
tructure. (4) {he benzoxazol e resin precursor

(e JEPEHIRE | WRikh PhlBe by T5adtion 3) DisgEineRhenghcogpound

h of..th Lsam nophengl econpound havi ng no .
g s s E P PaRe R 1 ERERR e SR Piieg havine o
AR shaxipg. no di anondoi d structure are conpounds
havi ng the functional group other 20 than the
(A &renbetxakelo aesiheprectisbr Heectibay ox €00 khiéle sbMprises a
precursor described in_any one of (1) to (4), wherein
sqcpad apperdib nuitgbiyoed by degction bfadisaonimoghend compound

sel ected from a group consistjng of adapantyl group,.
b aE SRAaR! et AR Ao BB EE TSIt bping
n@gﬂﬁggﬁﬂﬁggmgkﬁﬂﬁl hexamantyl group, heptamantyl 25
group, octamantyl group, nonamantyl group, decamantyl

(30" OtH: beHHHREATB Fodin SheetRsor Rieadlap@N Y hnd oot (1) and (2),
tri adamantyl group, tetraadamantyl group

- wherdinatandinmpondgidosirnctvex da danded tb agfimepional group other

hept aad. amantyl group, octaadamantyl group,

ﬂﬁ%ﬁ@@dﬁﬁﬁﬁ@@PubﬁﬁﬁﬁyrﬁecaadanantyI group and
nggecaadamant vl group. ( The .benzoxazol Si

(o A B el Precamyrofscopet 3 4 oag. otel1) 1o
whB&i&! Bl NEr dhAEONFOLEL %i@ﬂﬁzﬁﬂ{ﬁﬁ?ﬁ? Hinfhind lgé\ﬁﬂg ‘no

(7) The benzoxazol e resin precursor described I n any
diap@ndbid Itriddutd)and Vil ediba:bbeylic/eid WoaipodhAURaeine ho

than the dianondoid structure has an acetyl ene bon
dipgionflnid semztezotcecampiundsr kaungothedfsctivheldgiaupasther

f.(1) t 7),
th%rrlxeth% digm)ondgid(stg*ucture.

(6) The benzoxzazole resin precursor described in any one of (1) to (4),
wherein the diamondoid structure is at least one group selected from a
group consisting of adamantyl group, aiamantyl group, triamantjrl group,
tetramantyl group, pentamantyl group, hexamantyl group, heptamantyl _
group, octamantyl group, nonamantyl group, decamantyl group,

undecamantyl group, biadamantyl group, triadamantyl group,
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10 wherein the dicarboxylic acid conpound is at |east
one conpound selected froma group consisting of

pht hal i ¢ acid, bisbenzoic acid and

bi phenyl di carboxylic acid. (9) The benzoxazol e resin
precursor described in any one of (1) to (8), wherein
t he di carboxylic acid having a dianondoid structure is
at | east 15 one dicarhoxylic acid selected froma
group consisting of adamant anecli carboxylic acid,

bi adamant anedi car boxylic acid and

ipigpprdamantvl gned). caeobodpmantstigtoup, bekB)dFhentyl group,

benzoxazol,e. resin precursor described in any one o

hepiagdarantyl \grome; rodtAadamantyl, epam | ngnamdamang! t Beoup,
; ' i t 0 ts of

R L B b R R T S8Pn pr ccur sor
) . . . hi Py f

O Fht Motz rost e LD 3Bt 1 . SSERE LR o),

wikbreinck he2liemoh dbidde pertdes hhy ah aPkASERL, hydr ogen at om
(Fgr an organic group; k represents an |]:r)1t eger of 2to

0Ble bsgonaepleesam pratuisensiesaii:dnoubySML6! €8 {4 o

ﬁﬁgnou consi.sti_ng atc%rou s represented by follow ng
WAST SR the fpoctional gropp ofher tiam thepdiag®ndoid structure has an

acetylene bond.

(8) The benzoxazole resin precursor described in any one of (1) to (7),
wherein the dicarboxylic acid compound is at least one compound selected
from a group comsisting of phthalic acid, bisbenzoic acid and
biphenyldicarboxylic acid.

(_S) The benzoxazole resin precursor described in any oﬁe of (1) to (8),
wherein the dicarboxylic acid having a diamondoid structure is at least
one dicarboxylic acid selected from a group consisting of adamantane-
dicarboxylic acid, biadamantanedicarboxylic acid and tetraadamantane-
dicaroboxylic acid.

(10) The benzoxazole resin precursor described in any one of (2) to (9),

wherein the first repeating unit and the second repeating unit are

~ components of a copolymer.

(11) The benzoxazole resin precursor described in (1), which comprises a

third repeating unit represented by following formula [1]:

N, N—C—Yy—C [



(Adm) rs") 25 (Admi (Adm) j 11 o(Adny---+"-0

wherein

R; and Ry each independently represent hydrogen atom or an
organic group;

k represents an integer of 2 to 1,000;

5 X1 represents at least one group selected from a group consisting of:

groups represented by following formulae [2-1] and [2-2]:
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p Admrepresenting adamantyl group which is a
smal l est unit of the dianondoid structure, p
representing a nunber of 1 or greater and 12 or
smaller, and i representing a nunber of 1 or greater
and 12 or snaller, and 5groups represented by
foll'owng fornmulae [3]: 15 Adm representi ng adamantyl
group which is a snmallest unit of the dianondoid
structure, p representing a nunber of 1 or greater and
12 or smaller, X2 representing ethynyl group or

propar gyl ether group, Z representing -0-, -SQC2-,
-CH2-, -0(CH3)2-, -C(CF3)2- or an aromatic 20 group, A
represe

tiag.ap aromati ¢ group having a functionality
;!r CTXreépresent | or 1, and q
I ntleger of 1 to{4, epresents

at |eas one g wup selected fr
groups represented by follow ng for

nsi sting of
25 10

p



10

15

20

25

Wrepresenting at

| east one group selected froma

group consisting of groups expressed by foll ow ng
20 -802-0 CF3cH3 -Q-0-- cF30H3 [5]

formul ae [5]:

p
(Adm),
N [
[ Ov (Adm}p v

[2-2]



groups expressed by follow ng formulae [6-1] and
[6-21: U---./ L.:,\ - CCCt CHCH CH (r/-1 Hp CQ C

10CH HC cii HP'CH h--S0 2 f

Adm representing adamantyl group which is a smallest wnit of the
diamondoid structure, p representing a number of 1 or greater and 12 or

smaller, and i representing a number of 1 or greater and 12 or smaller,

and
5 | groups represented by following formulae [3]:
(ll\dm)p
()I(Z)q
E_ p (Z)F__Ar__(z)r_@ (Adm) p—(X2) g 5 (X2) a—(Adm) p
10 Ve
N [5]
— Y g ) 3
EI}(Z){%’\ (Adm) p— 00) Aoy, —
oo ) (HMa-(dnp

X2) -
'zq O'(z)q | Q Q

(Admp  (Adm)p

15
Adm representing adamantyl group which is a smallest unit of the

diamondoid structure, p representing a number of 1 or greater and 12 or
smaller, Xo representing ethynyl group or propargyl ether group, 7
representing -0-, -S0g-, -CHy-, ~C(CHjg)y~, -C(CF3)9- or an aromatic
20 group, A representing an aromatic group having a functionality of 38 or
greater, r representing 0 or 1, and q representing an integer of 1 to 4; and

‘Yl represents at least one group selected from a group consisting of:

groups represented by following formula [4]:

25
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Cs \CHHC ¢ Cs BC \CH

Q’ﬁ@/ﬁ@

%
l/

>
¢

oy

P

N

25 5n CC CHFicCH 10 15

[4]

W representing at least ome group selected from a group consisting of

groups expressed by following formulae [5]:

(5]
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LCH G 200\ "ML, n#CH O; \--") 'CH \ CC HCCH 25

groups represented by followi ng formulae [7-1] and
[7-21: -

groups expressed by following formulae [6-1] and [6-2]:

B
g 0 ot

CH \\CH C\\CH

He”

[6-1]

10
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25 5 kj cc, cC\ CGCRRCCRC

an organi c group,

N [\’\/
\cJ: c’v\g
“CH HG// \\CH
—
\l\\ \ 7
# CHQ\(Q%QHZ
| L\ )
C*“CH
REN
I o
= /X
| \//@
G\\CH
—— _/C///,CH
S 7N\ 7
Sasa
N
C““‘CH

11

25 R representing

[6-2]



10

15

20

25

group expressed by followng fornula [8]; [8] 5 and
groups expressed by following formula [9]; [1\. (12)
The benzoxazol e resin precursor described in (1),

whi ch conprises a fourth repeating unit represented by
following formula [10]; H®® ) N A C Y2 (101

Ri O X NOR2 wherein RL and R2 each independently
represent hydrogen atom or an organi c group; 20in
represents a nunber of 2 to 1,000; X1 represents a
group selected froma gr.qu onsi sting_of the groups
repr esent e@owsﬁﬁ?%?%%d&é’gﬁo,ﬁofv@&ﬁwwaf §1- 11 omd Ehglir e

described in (il); and

N/ Nl
oy
C N G\\C

C-R

C

W

CR

e

\’-?.}/ \ 5 \[ ~
- G DR
C\’\ N / \/
AN # Gy pe c

' C-R R-C G-R R-C %CHR

| Cﬁz\jg-ﬁjc ﬁjsozﬁéc
4 \kG_R

&,
R-C OR R’
o [7-1]
K]
eI s g
/G// Chs &C ClJ Cg(;"\c
R-C” C-R R-¢” %R

\ . \A -
Saaw] Phat
C%‘

G C-R
~ CF3 /{C
C-R

12



..Y2 represents at least one group selected froma group
consi sting of 25 groups represented by follow ng N
formul ae [11-1] and [11-2]; 5 10 15 20 [11-2]
25(Adn) . (Adm) My p

Y roN C ¢ e
C-R R-C C-R Y \,
OR R_c// ok
\ 3 =
| : C:l 4 \[\ N/
4 S
T L) \E,]
C‘\“‘c N
R “o-R
l\\ (;/fCR
TRy o
@ \_/ A = [7-2]
15 G
N
C-R \ 2G-R
C-R ﬂj—o oA
S _./G{// S __
ey
\ . - -ﬁC"‘R ;
20 ﬂjo e H\jﬂ—,—\
AF = P —
2\ ,.\\; N\ 3¢
C\\ A
~C-R C‘\c-R
25

13



..and groups represented by follow ng
[12-21: C (Adnm) P(Adn) P--C G (M)
P- CeekC- (AdmM P 17 0 5 (Adnm) p
(TO 10G (Adm) p (Adn) P-CC (A dm)

R representing an organic group,

group expressed by following formula [8]:

5 and
groups expressed by following formula {9):
DES NS
Z =2 S [a].
10

(12) The benzoxazole resin precursor described in (1), which comprises a

fourth repeating unit represented by following formula [10]:

HoHo 0

15 N. _N—C—Y>—C [10]
,X1\ m
R0 OR»

wherein
R; and Ry each independently represent hydrogen atom or an
organic group;
20 m represents a number of 2 to 1,000;
Xy represents a group selected from a group consisting of the
groups represented by formulae [2-1], [2-2] and [3], which are described in
(11); and

Yo represents at least one group selected from a group consisting of

25  groups represented by following formulae {11-1] and [11-2]:

14



25 in-formulae f11-11, [11-21, [12-11 and [12-2],
Adra representing adamantyl group which is a small est
unit of the dianondoid structure, p representing a
nunber of 1 or greater and 12 or smaller, and
representing a nunber of 1 or greater and 12 or
snaller (13) The benzoxazol e resin precursor
ovd in iLlch further conprises the third
g unit (1 bed in (11). (14) The
f.'ole resi ecur sor des@gppbed in (1), which
' -ﬁting unit represented by
2 X wherein 15R1 and R2 each
i ndepe dentl represent hydrogen atom or an organic
group, esents an integer of 2 to 1,000;

5 W
Z a
\Gf—(Adm)p—g p

P [11-1]

20 - P

25
0 @
| @ O V—-(Adm)p wl__o._
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X3 represents at | east one group selected froma group

consi sting of groups represented by follow ng fornul ae’
[141: 20 19 o X2 representing ethynyl group or
propargyl ether, group, Z representing -0-, -SQO2-,

- CH2- , CXC}B/Z- -C(CF3)2- or an aromatic group, Ar
representing an aromatic group having a functionality
of 3 or greater, R representing a hydrogen atom or an
organic group, r representing 0 or 1, and g
S5representing an integer of 1 to 4, and gi nps
represented by follow ng fornul ae [ 151:

gl -

Fof> —-(Adrn)~—:- o T\
(dm);j (Adm)
TRy
O o
p
7“"” ' (Adm) |
“h oS N ok
N M‘kz o
p
{Adm) (Adm) ;
ol
3 X

16



20 X4 representing at |east one group selected froma
group consi sting of groups expressed by foll ow ng
formulae [161: 10 15 [161 and Y2 represents
at | east one group selected fromthe groups 20
represented by fornulae [11-1], [11-2], [12-1] and
[12-2] which are described in (11). (15) The
genzoxazole resin precursor described in (14), which
and groties reprepsnisdd | gpeating
unithﬁiscribed iny???fﬁgﬁgﬂ#ﬁgﬂ%%dﬁ$%}?%%ig%?'g uni t
described in (12). 25 (16) The benzoxazol e resin
precursor described in any one of (11) to (15), which

conprises a sixth repeating unit represented by
foEfE?ﬁng formula [17]; ( W 9

)

Gy :
C-(Adm)p  (Adm)p-C %ﬁ—(Adm)p

S A ~r Y
= 3 ' -
Gy
G- (Admp  (Adm)p-d G%—cAdm)p

Gy
%-admyp  Adwyp-& G

N 5
%CDU'C@C [12-1]
N
s (Adm)p-G G- (Adm) p bmz l ]
gc = P
&

Cs

| CHa (Adm) p- ¢~ (Ad
SERY e
& e CF3
(Adm) p-C - =
m) p G- (Adm) p )ﬁ:J"g%ﬂ:j
| . X
20 (Adm) p-C &b-(Adm)p
SRb '
"6y Ei:rsaf—[jj
C- (Adm) p &h di)
- (Adm) p
Ny G CFs
B
) ® cﬁg'jc\ e
C- (Adm) Cs
b G- (Adm) p
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YL C R dORZ 5 wherein Rl and R2 each independently

represent hydrogen atom or an organi c group; n
represents an integer of 2 to 1,000; X3 represents at
| east one group selected fromthe groups represented
by formul ae [14] and the groups represented by
formul ae[ 15]; and Y1 represents at | east one group 10
sel ected fromthe groups represented by fornulae [4],
the groups expressed by fornulae [6-1] and [6-2], the
groups represented by fornulae [7-1] and [7-2], the
group expressed by fornula [8] and the group expressed
by formula [9]. (17) A pol ybenzoxazol e resin
obtained by a ring-closing reaction with 15
dehydration of the benzoxazol e resin precursor

" described in any one of (1) to (16). (18) A

benzoxazol e resin precursor conmposition conprising at
| east two benzoxazole resin precursors selected froma
group si sting of benzoxazofé‘ esin precursors
descriggﬁ in (11) to (16), mhic%?conprises at 20 | east
one benzxazol e resin precursgr “sel ected from
benzoxazobe(héwia predddsopsCdescribbémin (11) to
(15). (19) A varnish which conprises the benzoxazol e
r esi ursor described inyany one of (1) to (16),
theiﬁéfgggnzoxazole resin deﬁcrlbgd in (17) or the
benzoxa §‘e resin precursoré%’ \gition described in
(18) and 25_ ani c. sol véent whi an .di ssol ve or
ﬁeéggﬁfzgxa%‘“@ Relin pr %Ch @dﬂ")

di sperse t ecur % he

pol ybenzoxaz resin or the ben zole resin
pr eor cordosi ti on. i/\ /5
CWE:§“ 0~

N
L¢Q§

N -
v G- (Adm)p ¢~ (Kdm) g {12-2]
h\
/lc\ = gﬂ—(Adm)p
J\ 7 M A
T g
C-(Adm) p

#C- (Adm) p E\joﬂ/cécm(ﬁ\dm)p
L —

3

T\ CaC—(Adm)p \
i 0 * ~—p A
ey e
\ Foe Ca
G~ (Adm) p ~C- (Adm) p

18
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(20) Aresin filmwhich is constituted with the

benzoxazol e resin precursor described in any one of

(1) to (16), the pol ybenzoxazol e resin described in

(17) or the benzoxazol e resin precursor conposition

described 5in (18). (21) The resin filmdescribed in

(20), which has fine pores having an average di aneter

of 10 nmor smaller. (22) The resin filmdescribed in
inRYmAse ¢f1- d Wl filmselected

froma g?ougggg%?l]’s#lzﬁ%} %?M%?g]ﬂ %9%’ rqpﬁg%ﬂngﬂ%ﬂg?mlaﬁgﬂ

bep WRich LGRS | id! ;
gl‘seir’)ri conductor s angqﬁg?g@% %ﬁ?ﬁﬁéaﬁg@c{g%hpﬁ&presegﬁag
a Austis Fndee atgﬁ\ahaew’?f %91 ' Lo d

descri bed in%g{ly one of (20 a?%%%??%ﬁ%é&%ﬁ&ﬁgdh@mber
of DEBERe RirQ O dHEnfadRAW NGS Figure 1 shows a

di agram schematically exhibiting a sectional view of
an enbodi nent of the semi conductor device of the
£resent invention. In the Figure, the mark 1 neans a
(18 e ke heneosrzae bssimpeectrser MebriBedrBand 2} Whidlc @rther
nitride film the mark 3 means an interlayer
CO’?H%‘E?%&% repaafing Heitrdaskribeddmftl)a copper wiring

daygr,,the mark 5 neans a |layer treated by
(Mhmgﬁ%q ben7ozazolereshpRechrsprdascaibedrini @), whigbrcompmises a

rk. f.neans, a hard K er, gnd th ark 100 means
St e Rt Sp GentER by folt o fm R RRED
EMBODI MENT TO CARRY OUT THE | NVENTI ON The

benzoxazol e /r es{n preﬁur?)r, t hespol ybenzoxazol e
resin, the esiﬂ fil miangi the segi cqnductor device of

the presenty | ti onpw-l -dgs in the

foll owi ng. |The be&g&azol e—?gsi n prgcursor of the 3]
present inventioh s> ﬁcorrpound conpri si ng afir?t
repeating uhRyOobtai neéd By the rea¢tion of a

- bi sam nophenol conmpound and a di carboxylic acid
Wheé%mpound, at | east one of which has the di anondoi d

stpuct u . Th ybenzoxazql e resin of the
pr%’ée?\’?&ie%%'eerﬁcpoﬁui@e&ﬁﬁg t EeRTegent fvdpegen gom or an
or ol ybenzoxazol e resin is obtained by the reaction of
& eg%fblpbenzoxazol e resin precursor described above.

n represents an integer of 2 to 1,000;

X3 represents at least one group selected from a. group consisting of:

groups represented by following formulae [14]:

R _
) ~ =
o 5:1./} DR
}}D_(Z) "r—Ar-(Z)FC/,\f 0’(2) q ()’(2) q d
R R

R—(X2) a 5 g-R RKda= /~KddR
\ 7 \ 4
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The resin filmof the present invention is constituted
Wth a resin conposition conprising the benzoxazol e '
resin precursor or the pol ybenzoxazol e resin.
The sem conductor device of the present invention .
gr%mptremtﬁi@ ethynysgrovp b ptepargyiectlebopenp, Z representing
e benzoxazole resin precursor of the present
+OventS0s-W-IOHpe dESCHbeqd +G(CRg) f-obt cud myonikttic group, Ar
benzoxazol e resin precursor of the present invention

' i CRIFREbEATIEY f 3 ter,
frez:rés&ﬁ'ﬁi@é&;z U Snh R ékoﬁgysﬁiiﬁg% 8 iﬁ&éﬁgcltbi glgﬁj(r) 3f 3 or greater

peating unit obtail ned

SR ' i imting 0 or 1, and
lg(lg Ou%g#%@g@ﬁ%%}ﬂ Gtk Srgliné@ Ry b iréprassmding 0 or 1, and q

the repeating unit is the first
repeating unit derived frgmthe bisam nophenol
rERNePeRHNE AhMeseE ofild2 3R i ¢ aci d conpound at | east
one of which has the di anppndpid strycturege. .
exanpl e, t%F@‘%Eéﬁ?ﬁ?%%e&t%g&’é(sﬁghoﬁfléﬁE?%Pfa@oﬁgj'i ses a
repeating unit obtained by the 25 reaction of a
bi sam nophenol conpound havi ng the di anondoi d

structurexand a di carboxylic ~acid_cenpound havi ng no
di am)ndstructure, a 24 o

X4 representing at least one group selected from a group consisting of

groups expressed by following formulae [16}:
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repeating unit obtained by the reaction of a

bi sam nophenol conpound havi ng no di anondoi d structure
and a di carboxylic acid compound having the di anondoid
structure or a repeating unit obtained by the reaction
of a bi sam nophenol conpound havi ng the dianondoid
structure and a 5 dicarboxylic acid conpound havi ng

t he di anondoi d structure. The di anondoid structure may
conprise functional groups other than the di anondoid
structure. As for the bi sam nophenol conmpound havi ng
no di anondoi d structure and the dicarboxylic acid

' conpound havi ng no dlannnd0|d structure, it is

pref l e e of \ i sam nopheno
conmplund hawin d sirugtfire|and the
clicarboxyli nd havi no~@i anondoi d
structure has a functlonal group ot her than the
dlanond0| {ucture When the above conbi nations are
~used,_ zoxazole resin precursor cogFr|S|ng t he

di ano oﬁd t ructyre=can obtalqéd -E
polybenzoxazole r \1n |nedgiron1 enzoxazol e
a h||

resin precursor c t/ t he e eIIent eat
reS|ngg§e, a-gpeat nodulus and a ﬁnall mttivity.
The resistance to noisture can al so be |nproved It is

preferas t he dlang ctu 8 gcri bed
above |'s ure havi When tgﬁ
diannnao' ure has an al ky rou SO|ubI|It ﬁ%

ents can be |nproved The di anondoi d
structyre e present i nvegAtl G a structure

the smal | est
e structure
conprising the adamant ane strctur g the snmal | est

uni t (nclude groups having a 1c skel et on
struct ?s‘adanantQI T giramantyl group
tri amant et ramant yl ent amant y|

gr oup, group, heptags gr oup

oct aman nonamant yl group, "decanmantyl group
roup. Further exanples include
gr oups haV|ng a plurality of the groups having a

pol ycyclic skeleton structure described

and
Yy represents at least one group selected from the 'grotips

represented by formulae [11-1], {11-2], [12-1] and [12-2] which are
deseribed in (11). |

(18) The benzoxazole resin precursor described in (14), which farther

comprises one or both of the third repeating unit described in (11} and the

fourth repeating unit described in (12);
(16) The benzoxazole resin precursor described in any one of (11) to (15),

which comprises a sixth repeating unit represented by following formula
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~above. Exanpl es of the group having a plurality of the
groups having a 5 polycyclic skel eton structure
descri bed above include groups having an
ol igo-structure or a poly-structure. Wen the group
havi ng a pol ycyclic skel eton structure is adamantyl
group, exanples of the group having an oligo-structure
or a polystructure include biadamantyl groups such as
di (1, 3-adamant ane) group and di (2, 2- adamant ane) group;
triadamantyl 10 groups such as tri (1, 3-adamant ane)
[igioup and tri (2, 2-adamant ane) group; tetraadamanty
groups such tetra(2, 2-adanant ane) group;
penta(l, 3- ad@pantﬁn ) gr ogip hept aadamant yl groups such

15 hept a(2, 23 a e)iignoup; as
tetra(13ad @E)a% pand _
R0 TOR, n [17]

wherein Ry and Ry each independently represent hydrogen atom or an
Qrganic group; n represents an integer of 2 to 1,000; X5 represents at least
one group selected from the groups represented by formulae [14] and the
groups represented by formulae[15]; and Y, represents at least one group
selected from the groups represented by formulae [4], the groups
expressed by formulae [6-1] and [6-2], the groups represented by formulae
[7-1] and [7-2], the group expressed by formula [8] and the group
expressed by formula [9].

(17) A polybenzoxazole resin obtained by a ring-closing reaction with
dehydration of the benzoxazole resin precursor deseribed in any one of (1)
to (16).

(18) A benzoxazole resin precursor composition comprising at least two
benzoxazole vesin precursors selected from a - group consisting of
benzoxazole resin precursors described in (11) to (16), which comprises at
least one benzoxazole resin precursor selected from benzoxazole resin
precursors described in (11) to (15). |

(199 A varnish which comprises the benzoxazole resin precursor .
described in any one of (1) to (16}, the polybenzoxézole resin described in
(17) or the benzoxazole resin precursor composition described in (18) and
an organic solvent which can dissolve or disperse the benzoxazole resin

precursor, the polybenzoxazole resin or the benzoxazole resin precursor
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pent aadanmant yl groups such as and

 penta(2,2-adamant ane) group; as hepta(1, 3- adamant ane)

group and groups having an ol i go-adanmantane structure
such as hexaadarnantyl group, octaadamantyl group,
nonaadamantyl group, decaadamantyl group and
undecaadanmant yl group; and groups having a

pol yadanant ane structure having a greater nunber of
adamantyl groups. Wen the group having a polycyclic

20 skeleton structure is a group other than adamantyl
@mopiti@xanpl es of the group having an oligo-structure
or a poly-structure include groups obtai ned by

28p| aBi repivhElmdarbantiyl carstitiptddn wikle Heo bpBzdiavbIag +&fin
ol i go- adamant ane structure or a pol yadamant ane _
Riepdsen rdesiibed fReany onp Al ey (36)pdhy pudyhenzekamiols oesin

t t IS a ntyl group as 25 described above
GrrHEN R D B Pebarip st niign yrgugs eHmdRscribed
igr@gps having a plurality of diamantane groups such as
bi (di amant ane)

(21) The resin film described in (20), which has fine pores having an
average diameter of 10 nm or smaller. _

(22) The resin film described in any one of (20) and (21), which is a film
selected from a group consisting of interlayer insulation films for
s'emiconductors, protective films for semiconductors and protective films
for etching.

(28) A semiconductor device which comprises a resin film described in

any one of (20) to (22).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagram schematically exhibiting a sectional view
of an embodiment of the semiconductor device of the present invention.

In the Figure, the mark 1 means a semiconductor substrate, the mark 2

‘means a silicon nitride film, the mark 8 means an interlayer insulation

film, the mark 4 means a copper wiring layer, the mark 5 means a layer
treated by modification, the mark 6 means a barrier layer, the mark 7
means a hard mask layer, and the mark 100 means a semiconductor

device.

THE MOST PREFERRED EMBODIMENT TQ CARRY OUT THE
INVENTION
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group, tri (di-amant ane)group, tetra(di amant ane) gr oup
pent a(di amant ane) group, hexa(di anmant ane) group,

hept a( di anant ane) - '

group, oct a( di amant ane) gr oup, nona( di amant ane) gr oup,
deca(di amant ane) group and undeca- (di anantane) group;
groups having 5 a plurality of triamantane groups such
as bi (triamantane) group, tri(triamntane) group,

tetr gy LRRBokaRAe APy PprRaRG { HA TN bxa50EPresin, the

hexa(tri amant ane) group, hepta(tri- amentane) group,

ré¥ihafilvh | AR Rha RIm B6AGRctoR OdELES ioRTTRBL FRREnY iBVErtion will be
deca(triamant ane) group and undeca(triamant ane) group;

desutilgrdbitpshd folicwging. pl ural ity of 10 tetraamantane
groups such as bi (tetraamantane) group, ‘
tri (Thier bemokardy psinppréeirsar tef thanprdésene) imremtipn is a
pent a(t etraamant ane) group, hexa(tetraamantane) group,
cdnapound somepriaintgaad)rsg reppatiogt apiteshtaimech bartde raastion of a
nona(tetraamant ane) group, deca(tetraanmantane) group
bigsamingnbenel eempanndtantky deavhoxyhirorydiaeaarousl, at least one

oA Bl et BB a1 “ofoup,

oo TR WAty Bt B o the TiaaBig, St s, piaraRerized
in? %ﬁ?ga@ge@d,ﬁﬁ%%@g&%gEﬁ%ggﬂ%ﬁ”ﬁfx%r%ﬂg&ﬁ% reaction of the
SB0SANLKL pILaHR.: fERLARARIRRLY! OF oub. 20

b
ocCt aadaman roup, nonaadamant gr oup,

dec v r&; :
e e L

coipaditibhy | c@hPuiRing ettha ey oAU, rBSH amaBdWsor or the
group, di(1,3- adamantane) group, tri (1, 3-adamant ane)
polyleszoxiaebleatcsin- adanant ane) group,
pent a( 1, 3- adamant ane) group, di (2, 2-adamant ane) group,
tri (Phe-sedticaddueturaheyicgrafuthe tpeesa(2 jvadambapa)ses the
ar ougnand penta(2, 2- adamantane) group are nore
regiefibnadsseribedealstieybenzoxazol e resin  obtai ned from

t he benzoxazol e resin precursor copprising the above |
st r vkhehenzararelentosin RuesukR of dbpspraret igFenbigyewill be

t he rmttivj,ty.and i nprove the noisture resistance.
de%mpg lﬂlti?ﬁrfohg%'i“ﬁ% t he adamantane structure descri bed

b | kyl h th t hyl .
5 e gt TS aper LD FhebdRspohy SsehbeR i o
' - hut v i
hebSB0LIL 50 B.BEsbE il el R UL LUE S by e
- | . N
rof 8 SPRATnSEOURL AU AL BRI, g compound
whdrelp the ¥Wiceahiddnid iditheonds Qe;?éa{tﬁéﬁé Uireit| ferPPH€Fbm the
to a functional group other than the di anondoid

bisih itipliesiol r@b@g}ﬂ@mﬁ RNt} edionildxyEiowpid compound at least
di amant yl et hyny -
one of which has the diamondoid structure. For example, the

benzoxazole resin precursor comprises a repeating unit obtained by the
reaction of a bisaminophenol compound having the diamondoid structure

and a dicarboxylic acid compound having no diamondoid structure, a
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_.group, triamantylethynyl group, tetramantylethynyl

group, pentamantyl- ethynyl group, hexamantyl et hynyl
group, heptamantyl et hynyl group, octamantyl et hynyl
group, rionamantyl ethynyl group, decamantyl et hynyl 15
group, undecamantyl et hynyl group, biadamantyl et hynyl
group, tri- adamantyl et hynyl group,

t et raadanmant yl et hynyl group, pentaadamantyl- et hynyl
group, hexaadamantyl et hynyl group,

hept aadamant yl et hynyl group, octaadamantyl et hynyl

réfRiing GBftosHaRAl b ahbYyrpktioh Wk biResc B @ipourd
group and undecadanantyl et hynyl group, 20

haviaogam: tHaphenipic stryoiiregnolip ,diaﬁrhmdicy&qw eompetiny hyving

tﬁégmu D s I',(i Qagaréiquﬁ]e%)gegéigégnibgwr s péd by the reaction of a

OB PER S S R R ABRE M EY o
; u n = :

SRR LERCCHSL BN b6 e Wit s Th

didmeetioad) st Afet Ul aa apadding ridee R {dmiD ro@p® Ukher than the

bi adamant yl phenyl et hynyl gr oup,

diemi crdindstyiicplueny et foynthe bisaoginophenol compound having no
d%a%tlgnadao?g n&g&%lmpeh earllydl %11:12 ygl]i\(/:grbgorxgﬂg "acid compound having no
diamondoid structure, it is preferable that at least one of the
bisaminophenol compound having no diamondoid structure and the
dicarboxylic acid compound having no diamondoid structure has a
functional group other than the diamondoid structure. When the above
combinations are used, the benzoxazole resin precursor comprising the
diamondoid structure can be obtained, and the polybenzoxazole resin
obtained from the benzoxazole resin precursor can exhibit the excellent
heat resistance, a great modulus and a small permittivity. The
resistance to moisture can also be improved. It is preferable that the
diamondoid structure described above is a structure having an alkyl group.
When the diamondoid structure has an alkyl group, solubility in organic
solvents can be improved.

The diamondoid structure in the present invention is a structure
comprising the adamantane structure as.the smallest unit. Examples of
the groups having the structure comprising the adamantane structure as
the smallest unit include groups having a polycyclic skeleton structure

such as adamantyl group, diamantyl group, triamantyl group,

tetramantyl group, pentamantyl group, hexamantyl group, heptamantyl

25
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__pent aadamant yl phenyl et hynyl group,

hexaadamant yl phenyl et hynyl group,

hept aadamant yl phenyl et hynyl group,

oct aadant ant yl phenyl et hynyl group,
nonaadamant yl phenyl et hynyl group,
decaadamant yl phenyl et hynyl group and
undecaadanant yl phenyl et hynyl group, 5

adamant yl phenoxyphenyl et hynyl group,

di amat yl phenoxyphenyl et hynyl group,

grougredcyhmhendx gpherny hehayaykylggesih, decamantyl group and
t et ramant yl phenoxyphenyl et hynyl group,

wadacamantyl pronpxy pHamthest lexayipley doplude groups having a

ﬂg‘g@g‘%&h{lﬁﬁ% %g%ﬁ/) g;%et@{ﬂ }%ﬂcgé r%ggb’ton structure described
Ak arantot ARl QRRNENNL SIVRY s BQHRey DPRBRNS hobtg 2

SEFSBD Kl RIIEA OAYRABRY |REOYENA 285 Phd@Rg: groups.having an
undecamant yl phenoxyphenyl et hynyl group,

digaddmattylebe ropylyhenydtatdly MyhegribeBroup having a polycyelic
tri adamat yl pheoxyphenyl et hynyl group,
qkélqt%émﬁw }ﬁl@‘%@ﬂ?@h@ rgrpephexamplgs ofiphe group having an

FERSRTERT ¥ b IROGHRIRGH dEHkady| bigHeman optams1gich as

a X n t R _grou e
O O T
gronpasadmad Vﬂi@h?ﬁ@éﬁﬁ'ﬁ%ﬂﬂé}grﬂﬁﬁBéhd%'ﬂg,@radadnantane) group;

decaadanant yl phenoxyphenyl ynyl group an

tatrdedamdaiwnt glopbenexyhhemy | @ty DptadimtaitanEX apRhgSs Qhd

theg?roup to which the dianondoid structure is bonded
tetRET 2 Tadamatane: hyRgupgr Qepteedaminld abowesi neudde as
20 fagngct bonal . groups such as, a functional group _
RS ARt onErbind < ST i (A BaBIAEY angtayD:
H3HO4HB 4 B hngggj r diyn i vin rou

a%d cfdopgﬁfa ) qu%@%ug@to \ %%%ggﬁéhanhghdgfﬁm£.and
Iebta(2isdathantoiilegrod® tdHough amaﬂ@h da$t e Yasmitahe
I's bonded to the functional group other than the
stiughitned obucks t rasct hexgadaineutyr qupep,s ucttaadameantyll 2@up,

roup, . n-propyl group, isopropyl group

p, ethyl
nﬁggggvpgﬁﬁ%ué&o?%obﬁ???d@@éﬂﬁgaﬁﬁo¥%rﬁn%uwvﬁegﬁ&imm%nmﬂ
h fl t hyl .
e AR Bl BBl BN A it ot STyt Bk Gb grgater
e Ly e tE Aol 1 tF ROl WBig o polyeyeti
skeleatrhstiractame it ¥ lgptremnytlet iiay ladgiouly] group, examples of the

trimet hyl adamant yl phenyl et hynyl group,
S drasheg | phenliBestypaiiregodup, paly-structure include groups

1 etrapet hyl bi adamant yl phenyl et hynyl . group, )
© t@rﬂ{l%‘m}yh 25 Sﬁﬁg&’ﬁ ﬁ%lwgtﬂﬁ"?\ﬁ@/lmg tRgigroups baving an

013%5?%%5%% oty Eﬁre%yn i??g%{ﬂ%%?%‘g%ﬁ%ﬂe structure when the

gldupTRHaRYh A 0B RO SR GLAY BtucllBYRy adamantyl group as
bi adamant yl phenoxyphenyl et hynyl gr oup,

destibartesbysebivida wtindry phezox mbemyleetdiysith gfagR adude
pent anmet hyl bi adamanyl phenoxy- 10 phenyl et hynyl group

SEPwsphastiag gophurality of dizmahtansr sweps suhert bifdiamantane)

exanpl es of the group other than the di anondoid
structure include functional groups having the

acetyl ene bond, biphenyl ene group, cyanato group,
mal ei m do group, nadimclo group, vinyl group and

cycl opent adi enyl group. Vh%§ t he above group is 15
present, solubility of the“0benzoxazol e resin precursor
into solvents can be inproved. Moreover, heat

resi stance of the pol ybenzoxazol e resin obtained from
t he benzoxazol e resin precursor can be inproved.

Anong the above groups, the functional group having
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25 the above group is present, heat resistance and, in
particular, the glass transition tenperature of the
obt ai ned pol ybenzoxazol e resin can be inproved. The
heat resi stance of the pol ybenzoxazole resinis

i nproved since the crosslinking density of the

obt ai ned pol ybenzoxazol e resin can be inproved due to
the presence of the functional group in the

benzoxazol e resin precursor. Wen an interlayer
insulation filmis obtained by 5 form ng a nano-foam
gopg t Hei(diol ybemzatazd| e gesip), |tetis{dRomtans)si bfup,
that  the shape of the nano-foamis maintained w thout
@Rj@ﬂ@gamﬁaﬁa eg; heesakfirmsaieny) groush ehertatkihmaktng)
density of ol nzoxazol e resin., The permttivity
FO%Phe i A8 13§§?¢¥ﬂ§ulat$@ﬁpflInﬁ@%ﬁ:Hﬁnﬂ%@ﬂﬁ sed SHWP,
dRatd1enaBONE) SR nd BplecnPTRRRARLS greo%p,n PSS S0,

risin repea
Bi ﬁmn@prﬁnqhawm%@d ohAsn guufﬂe gﬂﬁ oup
structure he blsan1nopheno conpoun awnér ’

triteriginantndoi grcsdpr, U etz @ribmamt £8P @udwh, h@\éhﬁqt@a,ﬁghgane)
structure of the diamondoid in. the nolecule. 1-1-1
%Péhm trrmm@@mw&ndgmn nghepea(di-anondenthne)  group,
s cture f. the abqve bi sam ngpheno

§ npl es @
awanrﬂw &’e‘)%nﬂ%ﬁ’w @aw%e t BB W Aeedtriampntage)

%%P & S A SR ATIAT S AR arpppchaving o plusatit of
tBiraadrahy shoOXY - e pQ@d‘hV Da%”an%?(@&raamagtane) group,

bi s(3- am no- 4- ydroxyphenoxy)adanantane an
thiltrhoanamand) hytoaxy pletradtetrianyGageaniens; pentaltetra-

conmpounds haV|ng pol yc cI|c skel eton structure of
atnﬁ%nt@InP)an%Tr%‘@r (feta Geirbrmastisn) agoup, hepta(tetraamantane)

%’B& 3 oa%F g@%gﬁﬁﬂxz ogﬁ’n ?ﬁ%ﬁ?ﬂ}ﬁgaman@ group, deca-

(ﬂz:tgaga;m%g@a?lgg( %TM LAAVRIRRY RL{h FRALANG) group. Among these

cadh g paamepiyl mnbaﬂﬁnbar&gdsg@iﬁpn Bt AmBANEF IR P SRYRNEI 191

nmant ane,
gﬂwlg{ >3 msaaﬂtmaytsd a&rbnpp NerxpGlaattyangotan ehpteeduam ngrodp,
ro
© ‘yﬁé’h%%h gﬁ?‘éﬁ’mﬂ?%amﬂ (B5OHYd Aesapoaniyhi rephe Hypdpraptaarizl

go @l Shiadomaniyl eroup triadamanty) graup. tetrpadamantl eroup,

éneHdaarantyP Hepy k%ﬁﬁﬁ@éﬁgﬁh 1
“bi s(3-am no- hy%lr oxyphenoxy)dlgargﬁght}}a\el}i) aa%am%xétyl group,

oﬁylddamnﬂylagrmqphmmyl)idia&mﬂngﬂﬂ@ decaadamantyl group and
bi s(3-am no- 4- hydr oxyphenoxy) - tri mant ane,
u@ﬁ@%@@ﬁﬁywﬁxy ST RYPOPTRS randpadamentyi =0 8padiancnty]

drox y tetr nt ane
gB %1{};{; ouR, ﬁ%’%l,)group, pentamantyl group, di(1,3-

adamantane) group, tri(1,3-adamantane) group, tetra(l,3-adamantane)
group, penta(l,3-adamantane) group, di(2,2-adamantane) group, tri(2,2-
adamantane) group, tetra(2,2-adamantane) group and penta(2,2-

adamantane) group are more preferable. The polybenzoxazole resin
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5 tetramant ane,

bIS(3 am no- 4- hydroxyphenoxy)heptanantane bi s( 3-

hydr oxy- 4- am nophenoxy) hept amant ane,

bi s( 3- am no- 4- hydr oxyphenoxy) - hexamant ane,

bi s(3- hydr oxy- 4- am nophenoxy) hexamant ane, bi s(3-am no-
4- hydr oxyphenoxyphenyDdi amant ane, bi s( 3- hydr oxy-4-am no
phenoxy-

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

I mant ane, 10

bl tef1Bch yideo x yhel - emizoceoken axyiph @pydursde RBiMpAE D the 3aBéve
i no- 4-

WB?%W SREMBRYBABNIhRe ataeaistaine, Heeeash ity psaymttizity mmd

 BRERTE e maintareitRaes. A Hee BroRIBBYSHRoRGaRgIme

{80 G RALANR abovo, aller] eran Sﬁé‘ﬁ%% eV FEkiRe Uyl graup,

Riphe5)0 14y, 01 %@1 ealaReand,
bi s( 3- hydr oxy-4- 15 am nophenoxypheny? hexa‘% l mug and

@csh’puuddgrmmnaagi dhwooddlyph gaoapd asnehshs uﬂﬁdrbmeaﬁﬁl group,

é %gas havi ng a pol yadamant ane structure having a

HIPPERST e BERID, niHerEPTeaiylt Beovad awdnflporefrombsgrouphmay be
?%15 am no- 4- hydroxyphenyl ki adamant ane, bi s( 3- hydr oxy-

P h enythk 'tﬁéj PROEA Sl on; aéga%lés hydpex %%Qz?p” YRt Qh"i‘&a

nt ane,

chaﬁ](o&dbw septietdreaid Mophan b | RGRABAA B SER A0 tfe

- hycl roxy- phenyl)tetraadamant ane,
dampeadh .'s!m@ytud:e amlnd@ hdamamy]bﬂ&sd@ﬂmbﬁm&hamantyle thynyl
bi s 3 an1no xyphenylkeptaadanantane

BPURIMIRYABR ﬁ{ﬂﬁ% ﬁy#r@@mr&a@ahmﬁlaneup, pentamantyl-

e@hgnié %&g’xy e Xdr o?%lgﬂaér&h tg’é’g’g’ga gwéltylethynyl group,

A -

gzozgms Tgn_ndmtmmybﬂyph&n @rytis, AstadambanHettysiB- BYANX Y-
adamantylethyny! group, tetraadamantylethynyl group, pentaadamantyl-
ethynyl group, hexaadamantylethynyl group, heptaadamantylethynyl
group, octaadamantylethynyl group, nonaadamantylethynyl group,
decadamantylethynyl group and undecadamantylethyriyl group,
adamantylphenylethynyl group, diamantylphenylethynyl group, tri-
amantylphenylethynyl group, tetramantylphenylethynyl group, penta-
mantylphenylethynyl group, hexamantylphenylethynyl group, hepta-
mantylphenylethynyl group, octamantylphenylethynyl group, nona-
mantylphenylethynyl group, decamantylphenylethynyl group and
undecamantylphenylethynyl group, biadamantylphenylethynyl group,
triadamantylphenylethynyl group, tetraadamantylphenylethynyl group,
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_ .phenoxy).triadamant ane,

bi s( 3- am no- 4- hydr oxyphenoxy) t et r aadamant ane,

bi s(3- hydr oxy- 4- am nophenoxy) t et raadanmant ane,

bi s(3- am no- 4- hydr oxyphenoxy) hept aadanmant ane,

bi s(3- hydr oxy- 4- am nophenoxy) hept aadamant ane,

bi s( 3- am no- 4- hydr oxyphenoxy) hexaadanmant ane, bis(3- 5
hydr oxy- 4- am nophenoxy) hexaadamant ane, ‘

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

bi s(3- hydr oxy- 4- am nophenoxyphenyl ) bi adamant ane,
prdpadanprblabersdedwyyh e naxghe nyidrasdd areriy whe nylethynyl

golps. ﬁ%ﬁ%%ﬁ%ﬁ%%&%ﬁ%@?@%ﬂ?%%% | SithsamAEphenyl
' - 4> ar 1)- 10
RhPhoT RSl AEISAARINEIAYL  Sitmox Spray Mt

plenylethynyl group and und d tylphenylet
adanantane,bis(3-hydroxy-4-gﬁ¥%ggﬁgh%£§gﬁ%ﬁy Ig%tagﬂgﬂ%

alaneagylphenoxyphenylethynyl group, diamatylphenoxyphenylethynyl
bis(3-anjno-4-hydroxyphenoxyphenyl)hexaadanantaneangb
&He8R, hySagapypherpropieavisthpheny Biewmad setaamantylphenoxy-
0 ds .havi ng the di anondoi d_structure_in the nmain
SRV IFURRREh i ave RERATCAERISPETEResyIibyaTle | BrouD,
shds, ' &@@% ‘=i sl 4- (4~am no- 3- roxy-6-
aganéﬁﬁgkgﬁgn ye%§§%§§%ﬁ1,§L¥%?a&%ﬁ&ﬁPﬁﬁsﬁgg%ﬂ@%Pgﬁﬂxl
efh @i} INQrdup, octamantylphenoxyphenylethynyl -
hydroxy-6-(3-adananty?adangﬁt§?¥Shgﬁgky§gﬁghyﬁf?T?fngg

phadvaxyrieayéthyogl Frobps decamantylphenoxyphenylethynyl grou
[ﬁf(4' nino-3-ﬂé9roxy-6-tetranantylphenoxy)phenylk 1,
and. - Bpagramanty Fbenprmianylethiiayhbevmirhi ddadanptdplodnoxy-
di,s not 20 lLimted.to the co unds descri bed
PERSY eyl S18un . iriada e iplnoxERbe R BYEHT ¢ B b ovetra
[ N¥="pe! i de Dbi ' | s _having
RO IR AR R ol AT AR e

etfiyl, @oupTRhbyhaGROMYLFRIRERPhMy] 1 36T Mhta-

aroup, undecamantyl group, pentaadamantyl group,
apargadarianyrydheonlethyeyt ssrdapantophadngniglighenoxyphenyl-
eﬁéga damant yl grou nonaadamant yl group,

WA daPRNPY | Hraapa ben RYipthygsdupgrowpg oleca-
adamantylphenoxyphenylethynyl group and undecaadamantylphenoxy-

phenylethynyl group. Examples of the group to which the diamondoid
structure is bonded other than the ethynyl group described above include
functional groups such as a functional groups having the acetylene bond,
biphenylene group, cyanato group, maleimido group, nadimido group,
vinyl group and cyclopentadienyl group to which the dianiondoid structure
1s bonded. To the diamondoid structure which is bonded to the functional
group other than the diamondoid structure, alkyl groups such as methyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
1sobutyl group and tert-butyl group and fluoroalkyl groups such as
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Exanpl es_of the conpound having an oligo structure
having a plurality of the above pol ycyclic skel eton

structure include
6, 6' - bi s(3-am no-4- hydr oxyl phenyl) -1, 1' - bi (di amant ane)

6, 6' - bi s(3-am no4- hydr oxyphenoxy) -1, 1' - bi ( di amant ane)
and 6, 6' - bi s[ 4- (3-hydroxy- 4-

am nophenoxy) phenyl]-1, 1" - bi (di amant ane). However, the
above conpound is not limted to the conpounds
ftewromietbrl stsvpe fagradibylegmup| Ssompromrigrasp tane fluorcbutyl

conmpound Eas tqﬁgftr cture jn agreenent with the
SFEFP nmAYoRe oPORIRE- di AMEO the sahoyet emoaps Tiad apgity Indenyl-

SRR RENE R P Bhsbaor B s, ot

4&&%%{3}1@@@1%11%1 T, otﬁg,g 95 QHRmRARY ggg{lﬁg@&%gpgﬁog@,

structure in th I sa henol conpo

tetiain iy leadyha 6fy0pleny@t iyl @dlp, TRk R¥IhyIhRWAmantyl-
|soprogyl group, n-butyl group, isobutyl group and
nhenylashyyyl growp abedndntytriealokypharydethgnglghrows dimethyl-

38 ) L it i e
.ncl udg 3. 3' - bi s(3-anj no- 4- .

RSSO plEa ittt _ e, Dyl Pameshipindamanted

PMndxyblrddyith( gl grou and ??nta%qet}%@i%dtag%a}%%{%%(ﬁ‘y

am no- 3- hydr oxyphenoxy) pheny1]- (5, 5",

vhetylebhmgdnrotpaes preferable.

3, 3" - bi s[ 444- am no- 3- hydr oxy- 6- (3, 5-di'net hyl adamant yl )

phen&kybhe pypsent invention, examples of the group other than the
0-1, 1' - bi adanant ane and

henyll.-(5,5, 7,7 -tetraneth
dga’xg,mt{%%@%sgg%{n&lucﬁa unctlongl groups having the acetylene bond,
Y VIRE ' - dj y1)-4.1' - bi adanmant ane
T eﬁrﬁ,}J t%ﬁe‘h%bé’gaeé‘é% n%‘%ul&%d hatbaide’ BRI e erow,
vORIPEHAGS sG-S %&tlb?éhiﬁlaiéiﬁrl agrdul® EWHER! B above group is
The bi sam nophenol conpound may be used singly o? in
p2ssenbndsilvbitity f dhe benzomzaleresinsrdchesoRriacesslvéMs can be

.introducing the dianondoid structure into a 34 0
UBPERTEn o p HEHEP Vo nBorin dresisiancex afpthe, polybenzoxazole resin

Bl A BT Bhep AL IR RemN G Ju o R BN DG OO

bi s(4 rt‘]ﬁé)’&[ﬂ%@@%ﬁ-&#%ﬁgﬁ gﬁﬁ'ﬁ,ﬁﬁc@fﬁ f& avin, tpﬁ atc%gflene

di br onpadanmant ane "ant n accordance
bénd edelpr&loashls. r eBeiinphas fob! HnaHnbiomilt kAP hAking Nehe

ortho-position of
acetylene bond include ethynyl group, phenylethynyl group, naphthyl-
ethynyl group, anthrylethynyl group, quinolylethynyl group, quinozalyl-
ethynyl group, alkylethynyl groups and propargyl ether group. Among
these groups, one or more functional groups selected from ethynyl group,
phenylethynyl group and ﬁaphthylethynyl group are preferable. When

the above group is present, heat resistance and, in particular, the glass

transition temperature of the obtained polybenzoxazole resin can be
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5 hydroxyl group and then reduction of the forned

nitro group into am no group; and

bi s[ 444- am no- 3- hydr oxyphenoxsdphenyl] - 1, 3- adanmant ane
can be synthesized from

bi s(4- hydr oxyphenyD- 1, 3- adanmant ane and
4-nitro-3-benzyl oxy-1-fl uorobenzene in accordance with
the etherification reaction, followed by renoval of
protection with benzyl oxy group and 10 reduction of
nitro ro%g' 1-1- 2 Bi sam nophenol conpound havi ng the
gnareyeddoilde shaatceastandsarfdbe nodivlaarfzumazule)maémgs duyproved
ot her thanﬁ% . di nDnd0|d structure anpl es of
Biiee P SFASRUR Y dhe Oh%ww?gp?lbrbemm@i@cxe@n can be

A B D I e
BOHR %@ﬁré@v | NG Leh h¥ﬂ Vi i Ttl) 11)19 ' ﬂ;ﬂ? hih fﬂ)t%gr?ed by

such as 2,2'-bis(3-hyd roxy anlnop enox

ﬁlrs:aﬂgniaﬂilyd ﬁidmyﬁashgltﬂelp&lyﬁﬁiﬁ@kﬁﬁﬂ@ FesiAn6k is made ossﬂole
2, 2" -'bi s(3-hydroxy-4-am nophenoxy) - 6, &' blsd|anan?

' ﬂ}ﬂﬂﬁbﬂlshﬁpe 9t Blag hahetfesin is mssatmmrbvveﬂmlutcaggmganﬂa due to

avj et hynyl napht hal such as 5 bIS(3 hydr oxy- 4-
Ié]i‘ OHB’Ei’ﬁél % 56 fr‘@sﬁ ’é’@d&d}ﬂ BAlyResEerRdotaessin.

Ehe pakRc I eOmE" %ﬁt%%%%ﬁf%aaom faperareansed due to
heDaltive BBy dr oxy4- am nophenoxy) - 2- adamant yl et hynyl nap
ht hal ene and

1., SBénzi3zdly dpexyeanisnn phepeixing-the FtatpeiankRichyay | Nap
hahalene blsananophenoé conpounds haV|ng '

1 2, 7- bi sadamant feth n Ifluorene 9,
9- bi ok E Q:ﬁoﬁﬂ nol compoung qlag?ng he dla%/mgndmd structure is

?X&iﬁﬁ&(ﬂcﬂ Sﬁgﬂignap HHR%‘BM&R{LGJ}%e %ia?mgh 01d 1”%?} Xn(ﬁ lﬁnyf

[ uor ene

?Irlsr 4B SmaitiopRedol eiMANERYS the/diahSAIRIPBLULELEY NYI

uor eneand

9, 9- Hixandples- afi nidred - dlywieoxlyipaiydph2nét bicstipathdt theube
bi s- am nophenol conpounds havi ng

| f1 rene
%{%ﬁpﬁlﬂ é}ﬁréﬁ% the Hradlesh ugitpidhg diamondoid structure such as
G Y1 AR ORNSAGIN. (LnBRIRE V! o WO RER % ammino-

4
‘“‘@%’?2?%‘%%8@%”bﬁé(%?ﬁ%ﬁ%‘sﬁeﬁ%xé?@%%ﬁ&e% Rty | B

g@nemand3-hydroxyphenoxyphenyladamantane; compounds havin
1, 4- bi s( 3- hydr oxy- 4- am nophenoxy) - 3- dlanantylethynylge

E@%@W@hcbﬂgéﬁkmbpﬁ@nﬁumtowbdhﬂddnhammhgde%hymmhﬂlmhéﬁyhs

%S(geglafl’g’ﬁﬁ? ﬂi‘gﬁﬁo’w@hapﬂ}%ﬂ&aﬂtﬁ%dhw&%hydmxyyﬁymn@mn)
%xlﬁght%e hy lbls(i?aa%fﬁ% Cfl' hydroxyp eny%¥1mar9tane 1& (?flyb Xy-4-

hér and
nthedi h
T

beﬂ;(ﬂyh}ﬂrbXpH&m;tino@héhylé&tramantane bis(8-amino-4-hydroxy-
3, 3' - di am no- 4, 4' - di hydr oxy- 2- adamant ylet hynylbi pheny
P enyl)heptamantane 1s(8-hydroxy-4-aminophenyl)heptamantane,

di a oxy-5-di amant yl et hynyl bi phenyl
b&#g "2y rgdﬂgﬁ"q%:éfpg y?hexa)llnantane y bis 3yhj¥dI‘OX}P -4- au)llmo
di hydr oxy- 6- trlanantylethynylblphenyl bi sam nopheno
compounds

amn
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15 havi ng et hynyl di phenyl sul fone such as

3,3 -di am no-4, 4' -di hydroxy-6,; 6" -

bi sadamant yl et hynyl di phenyl sul f one,

3, 3" -di hydroxy-4, 4' -di am no-6, 6 -

bi sdi amant yl et hynyl di phenyl sul f one and

3,3 -diam no-4, 4" -di hydroxy2, 2' -bi stri amantyl et hynyl d

phenyl sul fone; bi sam nophenol conpounds havi ng

et hynyl phenyl propane such as

2, 2- bh%(S am no- 4- hydr oxy-6- 20
WWﬁyp,pW@q@ﬂnppgpﬂahgdroxyphenoxy)dlamantane bis(3-

BBl S A DT ATRbY S h Y] phenyf L bro,

@maamasf{es i AT o hb L ARBAL YL L hyny L phe %%Jn%f4-

opane a

Ryc&nhyﬁlﬁé’no&@‘)iﬁ&a%iﬁtﬂh@xy 2- t et pAREY 31 %15&#‘4/ xR SLD

ropane; and bi sam nophenol conpoun avi'ng

@tmym@m@nyl fes(@fd mimoophpdangphuedkydBeptamantane,  bis(3-
- bi s(3- am no- 4- hydr oxy-6- 25
REFHyABHphy ppRERoplamsntineo biB-epene 4-hydroxyphenoxy)-

ea%lrbl %ggﬁglﬁghﬁdﬁﬁgcg %8 dlan%gg Iethyn H&P%ﬂé&hﬁﬁiﬂr
@h%&f&??ﬁ&ﬂéﬁ%ﬂxﬁyb&gﬁ{%%% af | l’i)%(%phyod?'g%fe 4%?111nophenoxy-
ey Ddjrda bl mariseliiyd BOARKEXATLIAEAP) ORANS tane,

However, the above compound iS not [imt
dﬁﬁuuhdsydesnnu@hdnab@&mnyBﬁi@@aﬁmﬁﬂpIes PR D8 nino-4-
s incl ude b| sam nophenol conpounds in which a
}B’ﬁﬂi apxERhany %trgmwﬁamm t hebist3- hmdmopxg 4-ambepdedoxy

2oL B, Po e AR inctl S fromighanaEbengy i
rﬁlﬁ%&%nt Yll)ls@' %Xﬂdﬁﬁg{%ﬁgﬁb}éﬁh%g‘g%% L aa %g%nt )i)lis(lﬂ'

group, hexaadanantyl

maﬂhmmbhmmphe@ﬁmmmﬁb 9r&MP:  bis(3-hydroxy-4-
oup, 10 undecaadamantyl group,

decaadarmnt
aiaaRhe éﬁyl%)@&mntdn&nanbmmmyl baoing, an oligo-
tr|a Bgnﬁy]grou tetramant yl phenyl group,

e~ and compounds having "a polyadamantane

structure havmg a still greater number of the adamantyl groups such as

bis(S-amino-4-hydroxyphenyDbiadamantane, bis(3-hydroxy-4-amino-
phenyDbiadamantane, bis(3-amino-4*hydroxyphenyl)triadamantane,
bis(3-hydroxy-4-aminophenyl)triadamantane, bis(3-amino-4-hydroxy-

phenyDtetraadamantane, bis(3-hydroxy'4-aminophenyl)tetraadamantane,
bis(3-amino-4-hydroxyphenylheptaadamantane, bis(3-hydroxy-4-amino-
phenyDheptaadamaniane, bis(3-amino-4-hydroxyphenyl)hexaadamantane,

bis(B-hydroxy-4-aminophenyl)hexaadamantane, bis(3-amino-4-hydroxy-

phenoxy)biadamantane, bis(3-hydroxy-4-aminophenoxy)biadamantane,

bis (3-amino-4-hydroxyphenoxy)triadamantane, bis(3-hydroxy-4-amino-
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group, hexamantyl phenyl group, heptamantyl phenyl
group, hepta- mantyl phenyl group, octamantyl phenyl
group, nonamantyl phenyl group; decamantyl phenyl group,
undecamant yl phenyl group, bi adamantyl phenyl 15 group,
tri adamant yl phenyl group, tetraadamantyl phenyl group,
pent a- adamantyl phenyl group, hexaadamantyl phenyl
group, heptaadamantyl - phenyl group,

W%Qﬁ%ﬂé, IQEGBJEmiﬁ%%ﬁ?ﬁ%ﬂ&ﬂi&ﬁ%&%ﬂetﬁt{%amane,

caadamant yl phenyl” group, undecaadamrarityl pheny
HE@YRy d A3 BAnYinopRBAFRYMERRMangd ame, bis(3-amino-4-hydroxy-
di amant yl phenoxypﬁenyl group, triamantyl- 20
phensyhaieadhogintdpe, t et r andis-phdroyydasmyiopbenopy)hepta-
pent amant yl - phenoxyphenyl group,
atexasnatingd, ph &b Synhény U-lgydeoxypheporybeghdamantane,  bis(3-
phenoxyphenyl group, heptamantyl phenoxyphenyl group,
hydraxprt sininghserosgphexsd dananpane, bis(8-amino-4-hydroxy-
nonamant yl phenoxyphenyl grou decamant yl - .
péwmapramslgblaglﬁ@mtmecbwz thy1dseeyidx engy@penyDbi-

i ad tyl- 25 ph |
I%ﬁi : pj(;cg%' 3 f(%%@@,ggglg{%&h%py])triadamantane, bis(3-

ag%%g%%&%@wﬁ%&pmtam, bis(3-amino-4-hydroxy-
phenoxyphenyltetraadamantane, bis(3-hydroxy-4-aminophenoxyphenyl)-
tetraadamantane, bis(3-amino-4-hydroxyphenoxyphenylhepta-
adamantane, bis(3-hydroxy-4-aminophenoxyphenylheptaadamantane,
bis(3-amino-4-hydroxyphenoxyphenyDhexaadamantane and bis(3-
hydroxy-4-aminophenoxyphenyl)hexaadamantane; compoundé having the
diamondoid structure in the main chain which may have the diamondoid
structure in side chains such as 3,3-bis[4-(4-amino-3-hydroxy-6-
adamantylphenoxy)phenyll-1,1-biadamantane, 3,3 -bis[4-(4-amino-3-
hydroxy-6-(3-adamantyladamantyl)phenoxy)phenyl}l-1,1’-biadamantane
and 3,8 -bis[4-(4-amino-3-hydroxy-6-tetramantylphenoxy)phenyl]-1,1"-
biadamantane. However, the above bisaminophenol compound is not

limited to the compounds described above as the examples. Further

examples of the above bisaminophenol compound include bisaminophenols

having pentamantyl group, hexamantyl group, heptamantyl group,
octamantyl group, nonamantyl group, decamantyl group, undecamantyl
group, pentaadamantyl group, hexaadamantyl group, heptaadamantyl
group, octaadamantyl group, nonaadamantyl group, decaadamantyl group

or undecaadamantyl group.
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37 0 ' hexaadamant yl phenoxyphenyl group,

hept aadamant yl phenoxyphenyl group,

oct aadanmant yl phenoxyphenyl group,
nonaadamant yl phenoxyphenyl group,
decaadamant yl phenoxyphenyl group, and
undecaadanant yl phenoxyphenyl group. The bi sam nopheno
conmpound may be 5 used singly or in conbination of two

or NMEEamples oﬁeﬂlbelt QSHgfo‘i’Hﬂ having dheRsrRPi@M®e having a

structure In t conpound, al kyl groups such

PRy | 08" Ot eélﬁ%e 9oy clicP’ eRYlet@h OUgtructure  include
I'sopropyl group, n-butyl "group, isobutyl group and

BGGtb1@(l$t-élﬂmﬂtb'@H]@y@Ftﬂzfyﬂﬂ)Mﬂwlkwblghamtah@h 856’ -bis(3-amino-
fl uor onet hyl | uor oet hyl group, 10 fl uoropropyl

grbydroapﬁhéhw)ohut “pi(dgrmeaptame) beahdnded,6’-bis[4-(3-hydroxy-4-
Exanpl es of the process for introducing the functional
gonpphenoxgphesyti Bibbi(diainantardur e |thUﬂ®rthdbe above
coupl i na reaction between _1-ethynyl adamant ane and

Rempgundt & rnpinitedi fo tthe caswdmMdsheleserihag| abwmpas the

haV| ng the d| am)n oi d struc&mﬂ SpeC| fically, the 15
Hefgap demg iasnthseeoapauy % ghate Ewmeement with

&?V'y\%&w@%%&‘%«ee g PEaebers he e dosi ol o ingnding of
BRS R RO BARA tES MObRGEE B Ao ek e, U5 oo ot those
@%&c@ éﬁ&}écé e 8£?{n| icetyl ene bond by sel ecting

suita 20 F2 Bi sam nophenol

conpayn ‘%hE ag@g% nﬁa@]ﬁgtmﬂ{i;o' Oaghtipichthe kfickure in  the

Bi sam nophe onpound havi ng a functional group

@Isaﬁimbgﬁé‘nolt e oA 0k SiroupkUERch as mefB$ANBIAH, ethyl

of the bi sam nophenol corrpound aving a functional

%Lf o) e Tyligiatp} isvpdopyioadeipd nshutydtgtoap] xwbudgl group and
i sam nophenol 25 conpounds havi ng
werirpmyyl grenyl enty ﬂylloi"mhka'b hetoaipensushicis ddu@on2ethyl sgroup,
éS hydroxy - 4 - am nop he noxy)-6, 6'- b isethynyl-

ndroethyh grouhal fweropropyl group and fluorcbutyl group may be
bonded. Examples of such compounds include 3,3-bis(3-amino-4-
hydroxyphenyl)-(5,5,7,7 -tetramethyl)-1,1-biadamantane, 3,3 -bis[4-(4-
amino-3-hydroxyphenoxy)phenyll-(5,5,7,7-tetramethyl)-1,1-biadaman-
tane, 3,3-bis[4-(4-amino-3-hydroxy-6-(3,5-dimethyladamantyl)phenoxy)-
phenyl] -(5,5",7, 7-tetramethyl)-1,1-biadamantane and 3,3-bis(3-amino-4-
hydroxyphenyD-(5,5-dibutyl)-1,I’-biadamantane. However, the above
compound is not limited to the compounds described above as the
examples.

The bisaminophenol compound may be used singly or in

combination of two or more.

As the process for introducing the diamondoid structure into a
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and2, 2' - bi s( 3- hydr oxy- 4- am nophenoxy) - 6, 6' - bi sphenyl et
hynyl-1,1'-bi- napht hal ene; bi sam nophenol conpounds
havi ng et hynyl (phenyl et hynyl) - napht hal ene such as

1, 5- bi s(3- hydr oxy- 4- am nophenoxy) - 2, 6- bi set hyny1-

napht hal ene, 1, 5- bi s( 3- hydr oxy- 4- am nophenoxy) - 2, 6- bi sp
henylet hynyl - 5 napht hal ene, 1, 5-bi s(3-hydroxy- 4-

am nophenoxy) - 2- phenyl et hynyl - napht hal ene and

1, 5- bi s(3- hydr oxy- 4- ami nophenoxy) - 3- phenyl et hynyl napht
hal ene; bi sam nophenol conpounds havi ng
sisaymiyop beredly tanhguyd- i exrenpke, shisld-asino-4-hydroxyphenyl)-

,9-bis-4-(3-h oxy- 4- am nophenoxy) phenyl- 2, 7-
gi%%&ﬂﬁﬁ%&%ﬁ%@ﬂ% ’sy)//nthesmed bg)r synthe)g)leing b)1/s 4-hydroxyphenyl)-

gﬁ%%@%lé?ﬁgé{%- ;?%4%2@?@%%@63&”@9%&%@%‘&’3 Ig)g&{]o}i :&ﬁzalcz&r%iagée %v?th
thd f@ieﬂgﬂ(ﬁ-ﬁ}&é%ﬁ&iﬁi Y AEREY BYERYrbkiot ¢ BiS EEM%lsItkolfloof

rene an

By@rdaivs gBowmand-thehyddaxsiphen Yk Zorfndd 8RR BHHES MY hiino

uor ene; bi sam nophenol conpounds havi ng

st odoriely{deamymy pthodzeryphenety)pbenyll-1,3-adamantane can
%é 3- bi s% 3-h gr oxy- 4- anmi nophenoxy) - 4- et h}ényl benzene,

® 3. Sy arhesiedr ox%‘-”ﬁ‘- antfigp S%Sﬂ)h‘ﬂwﬁﬁb vadarpsaigng e n sad
Aerh 2 el omk Sluprahamiap 4R Fegyr2aneR Ay e Assrifissdion
rebebiof( Jollowed b 1 of i i
Ry ar OxXy - 4- an nophenoxyy - 3- Bhasection with, penzyloxy group and
iHdwetibn of hétro lgrewgrpounds hayi ng

hynyndi phenyl ether such

fo.a funclional group athor the \ A CNGEEER |
et her i AL N5 G b ol : - ;
i hy dlifl}g%(}g!)%-_sgcﬁg;gg ﬁlg%%ﬁhny ipgleiﬁ%le omp Oéxtnﬁielrlffwmg the diamondoid

St s@ikcd D el %@@ﬁ&lﬁﬂﬁjﬂgaﬁﬂe%ove bisami
et hynyl (pheﬁ&i ey%hyny ) bi phenyl such as nophenol compounds
BcBidedi bishmondpknol dichyghoonis 2-hplviny | ethipy (ohicpBRONynyl)-
3,3 - cﬂ ?m no- 4, 4' - di hydr oxy- 5- henglln et hynyl bi phenyl

bipgphthalene such as 2,2’-bis(3-hydroxy-4-aminophenoxy)-6,6"

T AR AL AT R

R e S R e A I e

aoyipesmidsot@ying ethynylnaphthalene such as 1,5-bis(3-hydroxy-4-
3, 3' - di hydroxy-4, 4' -di am no-6, 6' -di phenyl et hynyl -
anisophenoxui 3, bvesaalashantylethynylnaphthalene,  1,5'bis(3-hydroxy-

BRI IERRY S5 io s T HRENOP AL ROGRRRISL b B drosy-
EAPASOR R SHRPREIN, R RIS SHER 28 i ydrony

4-aminophenoxy)-3 -adamantylethynylnaphthalene; bisaminophenol

- compounds having ethynylfluorene such as 9,9-bis-4-(3-hydroxy-4-

aminophenoxy)phenyl-2,7 -bisadamantylethynylfluorene, 9,9-bis-4-(3-

hydroxy-4-aminophenoxy)phenyl-2,7-bisdiamantylethynylfluorene, 9,9
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et hynyl phenyppr opane, 2, 2- bi s(3-am no- 4- hydr oxy- 6- pheny
let hynyl - 5

phenyf | propane, 2, 2- bi s( 3- hydr oxy- 4- am no- 6- phenyl et hyn
ylphenyO- propane and

2, 2- bi s(3-am no- 4- hydr oxy- 2- phenyl et hynyl phenynpr opane

; and bi sam nophenol conpounds havi ng

et hynyl (phenyl et hynypphenyl - hexaf | uor opr opane such as
2, 2- bi s(3-am no- 4- hydr oxy- 6- et hynyl phenyO-

hexaf | uor opr opane, 2, 2- bi s( 3- am no- 4- hydr oxy- 6- phenyl et
hyrﬁ;(?pﬁ@mqﬂ:hmoxyphenyl)-&7*bisadamantylethynylﬂuorene and

.2, 2- bi - hyd - 4- am no- 6- phenyl
ﬁ@@;%@%£££%3§¢@mﬁl ?1( 20 -bg%ég/man’?yr{]eph%nyl uoigge;%is-
- i am no- 4- oxy-2- pheny] et hynyl phenyChexaf |
%’}ﬂg%‘%é%%ﬁ% cr%nelg%%@%d}r& Vﬂ'ﬁ%uﬁghﬂﬁiﬂ)weggec?%ﬁﬁnﬁﬁy gt JrSKS-

k- Hat . v aunds. _
A A s i
1-apdhbpinaloxg)-aetiaseintele it dylbenRhs AT HBRISAYhroxy-4-amine-

conpounds havi ng et hyn. y1( phenyl et hynyOnapht hal ene and
Pheywry hopidenuiniylavhpuyibientenei ngnd  1,4-bis(3-hydroxy-4-amino-

t hyn 1enyl et hynybf | uorene are preferable. Wen the
Sy SR aaty S SR R 6e mbiaRmaeaienoh eompounds having
- 0 resipn at i, te rat.ures ca e
pc R T AT -

AS e nyd t hep. gt . Gt &gp' : e ..
é{tﬁ?ﬁjﬂt he Bﬁlyg a%yﬁeoxghg%) Idt”%:}%ﬁ}pot(;%’%d{}!E ?or xba%ﬁ#el{é%%ﬁ‘ynyl
diphphylngetl®act and c38-drndppld £dihpdd«hal-aganat thynyl-

conmpound. Specifically, the coupling reaction of a
Haheowydreiber bisapoverhenal compoireds bavttguethyafibiphenyl such

O . A S A o oy B, 53 minio-
4,4~dihydroxy-5-diamantylethynylbiphenyl and 3,3-diamino-4,4’
dihydroxy-6-triamantylethynylbiphenyl;  bisaminophenol compounds
having ethynyidiphenyl sulfone such as 3,3-diamino-4,4-dihydroxy-6,6-
bisadamantylethynyldiphenyl sulfone, 3,3’ -dihydroxy-4,4’-diamino-6,6'™
bisdiamantylethynyldiphenyl sulfone and 3,3 -diamino-4,4-dihydroxy-
2,2-bistriamantylethynyldiphenyl sulfone; bisaminophenol compounds
having ethynylphenylpropane such as 2,2-bis(3-amino-4-hydroxy-6-
adamantylethynylphenyl)propane, 2,2'518(3-amino-4-hydr0xy-6'di-
amantylethynylphenyDpropane, 2,2-bis(3-hydroxy-4-amino-6-triamantyl-
ethynylphenylpropane and 2,2-bis(3-amino-4-hydroxy-2-tetramantyl-
ethynylphenyl)propane; and  bisaminophenol compounds having
ethynylphenylhexafluoropropane s_uch as 2,2-bis(3-amino-4-hydroxy-6-
adamantylethynylphenyDhexafluoropropane, 2,2-bis(8-amino-4-hydroxy-
6-diamantylethynylphenylhexafluoropropane, 2,2-bis(3-hydroxy-4-amino-
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25 reaction, and the functional group can be

i ntroduced into the bisam nophenol conpound by the

am nation reaction wi thout reduction of the acetylene
bond by sel ecting the nost suitable catalyst. 1-2-2
Bi sam nophenol conpound hayi ng no di anondoi d structure
and no functional group other than the di anondoid
structure Exanples of the bisam nophenol conpound

oo PRI RSB 1t PR amino s
hgeg@%t@%t{laaa'hﬂeylaugmgﬁgl@wbﬁ@&sﬂaompaﬁe. However, the

-dl am noresorcin

above HoRfPpdifsd iénellc ilﬁﬁ&ﬁaxﬁbbﬁﬁ@ RBfipoRddRLMdsibedvalre as the
as

cl i hydr oxybi phenyl suc

eRamplés.am Perthed' eghiyleo xiyliwde yisagarilophenol compounds in
3, 3" -di hydroxy-4, 4' - di am nobi phenyl ; bi sarai.nophenol

widoh au gasuh avch Gislthadie hstorvoin \idi theefoylowdngds mucledato ethynyl
3, 3" -di am no- 4, 4' -di hyd. roxydi phenyl ether; conpounds

ghaw ‘ngpeianskeiybt @rosps ubexamapty | guovene bepsamaatyl group,
9, 9- bi 3(13- am no- 4- hydr oxyphenypf | uor ene and

ockagn Nl 4gvRupy HLeBRandr BRI heeryBRERy SHqUs repgecamantyl
conmpounds havi ng the skel eton structuie of

SFIGhpRERER antyl geoup, hexaadamantyl group, heptaadamantyl

géo: vi;’ :%ﬁéééﬁ%?@,%or%g rﬁ%%%@%%l §% SEP f %?F@a&ﬁmty 1 group,
B B AP v
g o S AN IR B0, e Em i pheny!
e

mARGiphdiyll ﬁoﬁ@%b%b?ﬁ{l@ﬂlehw g8bupP h@namantylﬁﬂiﬁﬂﬁ group,

t he above conpounds, at |east one bi sam nopheno

decatpattdphehel faslyf, nardddaen axmtyiphenisl gwoup dbiadamantylphenyl
di hydr oxybenzene, the conpounds havi ng

gmbivipy dtmagainphéyipheatyh egrouph eteatvapdamd v tiiphienyl t group, penta-
skel eton structure of fluorene and the conpounds
adrmmangylphensyk grovpn Iexaadageantydpbenyi gupwphiepfradamantyl-
preferable. 1-3_Dicar bo>ilyl i ¢ acid having the
Phanfosesin estradampatylphenyl gronp. morgpgamantylphenyl group,
havi.ng the.di amgndoi d struycture is a.dj carboxylic acid i
T LA R R Gl R i R
described above in the mol.ecul e and.i ot . .
Pl aleR Ty Hionp: e SLaman o P BRI Eoype g trigpants!
pﬂ&%%ﬁh&fxylt Ié%m?;?,' ¥Qﬁﬁ@ﬁ%ﬁbﬁeﬁ%&ﬁq Qleoup, pentamantyl-
phenoxyphenyl group, hexamantylphenoxyphenyl group, heptamantyl-
phenoxyphenyl group, heptamantylphenoxyphenyl group, octamantyl-
phenoxyphenyl group, nonamantylphenoxyphenyl group, decamantyl-
phenoxyphenyl group, undecamantylphenoxyphenyl group, biadamantyl-
phenoxypheﬁyl group, triadamantylphenoxyphenyl group, ftetra-

adamantylphenoxyphenyl group, pentaadamantylphenoxyphenyl group,
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5 further increased. 1-3-1 Dicarboxvlic acid having

t he di anondoi d structure Exanpl es of the

di carboxylic acid having the dianondoid structure and
no functional group other than the di anondoid
structure include adamant anedi carboxylic acids such as
1, 3- adamant anedi car boxylic acid, 10

2, 2- adamant anedi car boxyl i ¢ acid and

1, 2- adamant anedi car boxyli ¢ aci d;

dlanantanedlcarboxyllc aci ds such as
hexpadamanttiphedoxsartienxl/| i groap; d heptaadamantylphenoxyphenyl
4, 9- dlananéanedlcarboxyllc acid and

%ozpd. a¢tan %lﬁ@amelahewwb@nak. aroup, nonaadamantylphenoxy

s T RRR AR AP eroup, and  undeca
|
a]da%éﬁt'yﬁﬁﬁﬂb Ifﬂrfﬂgff? I fh@ggsg%ngﬂ%%noé S<’:01r11pouncil may be

t et ramant a. nedi carbox Cc aci

sed-siily amin cangth oo d 6 derd,

1, 6-tetranmant anedi car boxylic acid and

1, 8- tlist themgrtwunddivesy bbx yddacnahde structure in the bisphenol
bi adamant anedi car boxyl i c aci ds such as

cgnponpq, gikyhgrepmeetiichismpthil saayn icthylgrgupan promylgroup,

b klicarboxylic. acid,

ORI NP bR tb Rk grpre and fert-butvl group and
d 1

%%g%lg%gw@g?@gghgﬁgégtoxy |§wallc| 8&}5 A odtyt L group,

fhudreghps e i flaerobhuit el ga@uﬁm@ubbbaﬁddd 3"-(1,1,1"-
trladanantanggdlcarboxyl|c aci d,

2,2 (E];r;alnplqs ok theapraesstfan @)@D@mlbg)ﬂw funcaioind] group having
é ]% -tri ada &ﬁ ane dlcarboxyllc acid, 3,

6 Ond%d cEraERan, Bé%n £a% HE%yR! iuzeg agqagtion 'between

r box c a |d and
b T oot he
BheRANZ0bep aﬁaﬁ%gZQhBa\ﬂid}Boﬁddi@ xgrxl@mr% Skgbs&ﬁeauy, the
structure of the di anondoid structure such

conplihg sedettan hexyplera ipdozevantdrembodnbi B(u’aingaﬂkw Y-
eny0- adamant ane,
hydgozﬁfrgi(rgb%%ﬁeg@x%,tﬁﬁ@twem;xﬂaﬁﬁmmh@iamantane is conducted as

_ tg? g%%cggé(a:&@ n’%&? dl a nl group can be introduced into the

b@é&é&oﬁﬁém%gﬂ%ﬂa% f@qgﬁﬂ‘?&tlonbfesa(cgmlé g}rlki):hout Iﬁaductaon of

bi s(4-car boxyphenyQ ri amant ane oxyphe

the |ammmndmﬁ££e&m§3ﬂi@yﬁb@ﬂmﬁldm@ oRfAPRe,
bIS 4- carboxyphenyl)

ar ho o hen'
—ég—ﬁ—@éﬁl%% SREPS JAras o] jgreug.other than
tﬁgﬁf x&gﬂg@géx%gdanantane 1, 3- bIS(2 carboxyphenoxy)ada

bi 5 6 A0 P NEROKILSH; ABBAL AN Codlh i H0R1Y BNk

i amant ané,
gbow{ 2othar bdbxyphheoxyddbadadt aneching( 4ndanb oxxRREAGHE0]
ri amantane, 10 bis(3-carboxyphenoxy)trianmantane,
CQ)IiHQ()QH@Sar Hmwpﬂene aGmoylethpmybinaphthalene  such  as

% rboxyghenoxy%tetr amant ane, bi s( 3- car boxyphenox
2%3) gxy droxy-4-aminophenoxy. 6 6-bisethynyl- 1,1-binaphthalene
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amant ane, bi s( 2- car boxyphenoxy)t et raamant ane, 1, 3- bi s(4-
car-boxy-

phenoxyphenyDadanmant ane, 1, 3- bls(3 car boxyphenoxypheny0
- adamant ane,

1, 3-bi s(2- carboxyphenoxyohenyfladanantane,
bis(4-carboxy- 15 phenoxyphenyndi amant ane,

bi s( 3- car boxyphenoxyphenyDdi amant ane,

bi s(2- car boxyphenoxyphenyDdi amant ane,

bi s(4- car boxyphenoxyphenyO- trlanantane

Mk ( 3- ad HERA %y;ﬂw@ﬁ}r@pbea 16 isphanylethamipbiyl’-bi

BB B HshisRER Sl o raouees s vl (phenylothyny D
ﬁpﬁﬁﬁagﬁ%bgﬁwwqw Bﬁg%},lgﬁieot’&c? gﬁ é@ %in%’qg) 2,6-bisethynyl-

bI's( 2- carboxyphenoxy

AHEIBBRARALC aqiFBisiRu ngﬂ!ﬂ)xﬁrhﬁaﬂilmg g §Erﬂi§ﬁlﬂﬂfrﬁrleth¥ngl~

havi ng a greater nunber of ol i go- adanant’ane struct u

Ianﬂltha{b}nant yl grhtigds(8uniirasy-4-aminophenoxy)-2-phenylethynyl-
4- carbox heny1l) 1 1' - bi adamant ane,
haléaﬁbo% heh ials 3 hy droxssdmmminoahenoxy)-3-phenylethynyl-

Itﬁpiﬂ%ﬁa%% By B ER ol Gmppu Bl PainsbanelGhenylethynyD
fmo§é§e Caéﬂ%ypﬁgny%%ﬁ 4%1'113:@?0%% {@ﬂ&e%xy)phenyl-z 7-

bi s(2- car boxyphen

kmeﬁ:hﬁnﬁlﬂﬁlbﬁé(ﬁﬁ?heﬂﬂ?%sl 413 HBrdzc&xy E%Inﬁﬁ@ﬂﬁ&?cﬁfa@ﬁ?enyl 2,7-bis

1

bi s(3-car boxypheny0-1,1',1",1"-tetra-

maMhﬂmdﬂuorene ' 9,9-bis-4- (3 amino-4-hydroxyphenyl)-2,7-bis-
i carboxyphenyl& 1 ,1",1"-tetraadamant ane,
wflugzanso vande ;9)b11<31amm0aﬁéﬁﬁmxanbenyl> 2,7-bisphenyl-

i{éﬂu I SR Meine abymylpheny
e@%l}?)é)k%%?%%%i% gé)zsy)I éﬂb}s(S%y'd%)lﬁQ'%%gBﬁg&%oxg)'4-ethyny1~
bensdérit, car Ugaﬁmsﬂ@ﬂyéxylt& ‘Emihop hénB§PIBI HeaR Bthynylbenzene,
bi s(4- car boxy-
lpﬁbwg%wdaox;sf “4-pmipvphenoxahdaethndhepsine( 3- andboxy,gHasa-

-1,1',1", 1"- . .
@é%‘?’%’é%‘&ﬁ&ﬁ?%h%n%ﬁﬂ'@?Wmﬁﬁ@%&%ﬂi 1, 1' , hisamingphengl
Cgﬁi‘g ?ﬁﬂ‘ggr glc?%l/% en &W?ﬁlg)n op yiet&ynﬂdgagﬁ% afier such as

38 Sl Ameay- %Hﬂﬂ@@@:@‘@ﬁﬁﬁ)&}iﬂﬂyﬂy]dﬁﬂéﬂ?ﬂ%@ﬁ €3 Hni%d3-
rboxyphenoxyphenyl) 1, 1'-bi- 10 adanant ane

4pr si(tl&ydraxja@xy]hqﬂ}émphhmy@&yl 1eth]3r t shad a&aﬂﬂﬁﬁ’@mo 4,4~
d?lllysd(rg;:y"6-phenylethyny1diphenyl ether; bisaminophenol compounds
having ethynyl(phenylethynyl)biphenyl such as 3,3-diaminoc-4,4-
dihydroxy-2-phenylethynylbiphenyl, 3,3-diamino-4,4’-dihydroxy-5-phenyl-
ethynylbiphenyl and 3,3-diamino-4,4-dihydroxy-6-phenylethynyl-

| biphenyl; bisaminophenol compounds having ethynyl(phenylethynyl)-
diphenyl sulfone such as 3,8-diamino-4,4-dihydroxy-6,6"-diphenyl-

ethynyldiphenyl sulfone, 3,8’-dihydroxy-4,4"diamin0-6,6’-diphenylethynyl-
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car boxyl phenoxyphenyO-1, 1', 1"-tri adamant ane, bi s(2-carb
oxyl phenoxy-

pheny0-1, 1" ,1"-tri adamant ane, bi s(4- car boxyphenoxypheny
1H-1,1",1",1"-

~ tetraadamant ane, bi s(3-car boxyphenoxyphenyO-1,1',1", 1"-

tetra-

adamant aneandbi s( 2- car boxyphenoxyphenyl)-1,1",1",1"-te
tra- 15 adamantane; and conpounds having the

di anondoid structure at the main chain which may have
dipkeqylariipsied andr U3 Budientinod, 4alibydions 2% atiphsnylethynyl-

BoBeite ke Boadinoshencl " dorbpontds’) Hvide | athynyl-

Grény Rl Raag (Sl R " 20 MATA ol PRSI
Lo BihS boxy- l
o e B HRfIL LN IO yny
plemyDineeas, t 0 t h%,2dﬁﬁﬁ3®lwﬂiﬁxﬁﬂsdiﬁidbe@pﬁbﬁyﬁtﬁ5§1ﬂﬁ§ednyl)"
S

exanpl es. Further exanpl es include dicarboxylic aci

nyapangy prtht 28dns$Pranginud hydesanwbyhylgthgorylphenylpropane;
h amant yl . graup, octamantyl group, nonamantyl group
adlg‘cpgﬁwv%r’&gi}@p ,cowaeeg%wggeéuﬁyl(ab%ﬁa&aﬁw nyl-
y .QuD. _hept aadamant r ,
Lo RSN TG b 2 e P BOARRD S Yt ilenyD
HAGE AA6RPREH Ate, I1 O21D-1AKE- H4RERC ta BnyD)-
Exanpl es gl? tehe con'pk%ﬂnd hgl\%)i %gglg{l@{gléiyg%&g)tdrgﬂhe%re nyD
heaaflngroprogpanel i t3;2dfis(Griodpexshdviniigioss-phéyE¥Eyr§lphenyl)-
skel eton structure described above include
hexailugiopgepaimt afeyl 6, 82 bist3rmiry iy drokyt 2-phenylethynyl-

. 6' nhis(4-carboxyphenyl)-1,1"-bi (di gmant gne), .
BBy D RSP BRR B oAUk VAT £OBBPIng gy dpaibedhepsdiar
i BinbBhatidiflof twdlsCALAOXYP henoxy)p henyth 1, 1
- bi (di amant ane). However, the above conpound is not
I m teebited the slyeouwnasplegs! | hedieas: t it eXRIRIiRSHRshol
l ong as the conpound has the structure in agreenen
coiophunt e hdemgnia i fomctibnalherdipr sdaded d st ubisdfsnogiigiol
oSi ti f bondi_ng roup, havi ng. a pol ycyclic

n t he
¢ Paw‘% eﬁ%‘gnﬁoﬁth@ﬁ@wwlﬂ%wal)mmhth@@.ne and bisggnino-

[ .t he. ada tan tr ure in the
PR R B b RO SR B htortee iy Toreapble
Velidl kh@la®dPe cBrPpoRRY! is WRHP thé SERLARY lorIH %136%&%8&%(201.9
group, isobutyl group and tert-butyl group "an
rédinar baglk ydmpewmtpsessuaalbeamctddsag omet hyl group,
f 1 uor oet hyl groap,_lS flqorogropyl group and
f | uof8Bbe yrogass fpr matrodecing tlie duneiersl groupfother than the

i nel ud o
ASREYET Burubest e e bismyrinapbenoh corameiend deysample, the

. - | s - -
SN BR 1 gonlicdto n halpeengicd compeund) o PeariBedy
thd €0gdirh rehctidn-dfa halogéndted! &k havilg the structure of
- bi adamant ane) di car boxyli ¢ acid,

o8 h8'hydSoy nitdobaetdnel ahdl 'ethymdbsminane) disedr BaxXyhd hasic
acid, 3,3 -(5,5 -diethyl- 20

repcirongi aadndhe arfheyidonsdr tRIRYPi cancilk, introduced into the

3,3'.- 5'2di butyl-1, 1' - bi adamant ane) -
bls.’amm(gp enol compoXnd ]an the amination react)ion without reduction of
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di.carboxylic. . . S

aci d, 3, 3' - bi s(4-carboxyphenyl ) (5,5',7,7" -tetranmethyl) -
1,1 -

bi adamant ane, 3, 3' - bi s[ 4- (4- car boxyphenoxy) phenyli- (5,5
", 7,7 - tetramet hyO- 1, )

r - bi - adamant ane, 3, 3' - bi s[ 4- (4- car boxy-6- (3, 5-

di met hyl adamant yl i phenoxy) - phenyl | - (5,5 ,7, 7" -tetranet
hyl i bi adamant ane and 25 _

3, 3" - bi s(3-am no-4- hydr oxypheny1X5, 5"-di butyl)-1, 1?- bi
datcareiitlene bob v selectihpeha bmse sanableundalysi.not |inited
to the conpounds descri bed above as the 45 0
-2-9 __ Bi hen 5 b ving boxdihinondoiddstg
?ti%n of two or nore. As the

Mse singl or, in,.conhin
11 183

Hamondoid: structbire,r oup havi ng

t he ' [ . i ot he above. di carboxyl ic
aci dq?:%ﬁ%% ? tggfﬁléé(%#’ﬁpzl’eh& (?orﬁpoumP %avmg no d1amgné01d

Riadtdrd LaaORH FaMdtional 31ddp RALARRaA %h%yﬁtaﬁﬁ%idaﬁd s{rhgﬁlre
b r Wt

‘dibronnadanantane and bronpbenzene i n accor dance
inhladpr pedpbwiilafhesringact dibydrasylienzene such as 3,4-diamino-
bi s(4- car boxyphenyO- 1, 3- adar aant ane can be synthesi zed

TB§ORHIA e PERN L, DA BT rikelify Sisy At aminpoumis Hhanring

cég%t%lokéinjé) ; Iqlgﬁ :jnsH{:}'? L%%g’?ggﬁ%iatm{igg%,i} gdiylwsrér%xggirpk})lggyl and

. :493’%&&0%2343%;%@9@983&@1@%@?gdgé%%ﬁap%%%ﬁ”cto%%%uﬁag Ping

synt hesi z eri
dihgdrbxhdidhenyPherhed- ush adamBd-angn alH4 MeE N iroxydi

4- br onobenzoate, foll owed by renoval of the es%xfh%&%q¥l
etbet cearepounkls3 haviig ahbosiwdietonasirdchadi 6f) flliRene such as

di doid structure in_a functional 15 group ot her
%%‘3}%?51%@&1&9%%?@%%#&}&4%@9 Exams) es %9-bisié(4-amino-3-

I1G Al lic aci avi ng. the di ampndoj d structure_vija
P RN b S0P RBEr boR§YIRE A skeleion
stifebideof binaphthalene such as 2,2 -bis(4-amino-3-hydroxypbenoxy)-

1,Ibinaphthalene; compounds having sulfone group such as 3,%3-diamino-
4,4-dihydroxydiphenyl sulfone, bis(4-(4-amino-3-hydroxy)phenoxyphenyl)
sulfone and bis(4-(4-hydroxy-3-amino)phenoxyphenyl) sulfone; and
compounds having fluorine or a fluoroalkyl group such as 2,2-bis(3-
amino-4-hydroxypheny1)hexaﬂuoropropane. The above bisaminophenol
compound may be used singly or in combination of two or more.

Among the above | compounds, at least one bisaminophenol
compound selected from the compounds having dihydroxybenzene, the
compounds having dihydroxydiphenyl ether, the compounds having the
skeleton structure of fluorene and the compounds having the skeleton
structure of binaphthalene is preferable.

1-3  Dicarboxylic acid having the diamondoid structure
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3-adamant yl et hynyl pht hali ¢ acid and -

4- amant yl et hynyl pht halic 20 acid, ethynylisophthalic:
aci ds such as 5-amantyl et hynylisophthalic acid and

et hynyl terepht hal i ¢ aci.ds such as 2-

amant yl et hynyl t erephthalic acid and 3-

amant yl et hynyl t er epht hal i ¢ aci d;

ethynﬁbna hthﬁIeTedicarboxylic aci ds such as
2- amahft§| ARYRGIE 3o raing etlerli dlamsodpld cstacitdrans a

e R S U R
docti HRHSACAIRA Y bibigBite Znfl i ROPBEMYLa ) SBLAEY! hhen
hi§ cohippandrnisyl@thyiy Incthdus bF Rhe @ﬁbigﬂieﬁ%ﬂﬁaaé'sie%in can be

aci d; bis(carboxyet hynyl phenyDpr opanes suc
@?ﬂ“ﬁﬂ@@%ﬁﬁadboxy13- amant yl et hynyl phenyf | pr opane and

K oA 00XY G adid ason sothe dinm enderd sinaete
g ’né- gﬂ%}? ?%_@Lo??ﬁg_ iléa%ggipg}l%l ggnq}ﬂg%ln?; %ey ig%;(o%lcdlolijd? rsi%%t:t?ue:e

. | h 9 f 2
dndt GRF BeXioRmR EBLY cﬁh@% rﬁ_ﬁglﬂ 1504 %I_?eg}é?%%l/ogﬁ L%E%%%g% :mglu_de

4-adamantyl et hynyl- 1, c ar

stmmmdrytiaek dicayHosdlic Zacidi 6860 XY LB RmaRbARRRSrhoxylic acid

structural isonmers of 1, 3-bis(4-carboxyphenoxy *y ’
afamantanedingthoantie rmeid strdict, 2mdamaneamsEeoboxylic acid;

SRR St e 461 domezunaniopiosy o aid
O P D ETTOND b P St haerbonsbr i

ttiabiiHry hBaRAFBAKY Hic LRI RPBLRR! JC I%Cérgatst‘%gﬂyfagegic?gg?ox?zﬁg acid

2- (1- adamant yl et hynyl phenoxy)terep _
apdr tl,6mrigmartienaticasbokyliet iiay | tetraOukinthAedRERRAGME acids
dicarboxylic acids nmay be a group such

as
SHER REnt 7 et TRRgatage digprbormlic rdcidmhBytieatamymthngdiosiFhoxylic

ra tyl et hynyl grou nt amant yl et hynyl group,
ah@; aar?‘argﬁgy é?tﬁf}ﬁ’;?‘%‘t@‘?%ﬁﬁﬁb i%r?&#ﬂ?y%adﬁﬁ/w%agg@s@rﬁwxyﬁc

a | ef:hy RS- tyl eth | gr.oup ,
e amenty] ey By BT R BRI R, 01 " s hor

biadgmeartaneilicadokyladadant @t NN da @54 e)et%iﬁ%/rr}])ﬁ;ylic acid,

tri adanantyl et hynyl group, tetraadamanty
2%?" ‘&héébpdﬂfr@intt@ﬁe)dd?nwceti@@%/ hng r wt(l, ll"igiﬁdamlantane)‘
exaa ntyl et hynyl group, heptaadamantyl et hyny
d’&?iﬁﬁ?ﬂ?ﬁ‘%ﬁdéﬁéﬁﬂ*ﬁé apcargpeddis acids such as 1,37-(1,1,1-
: I et.hynyl group, ,decaadamant yl et hynyl group
oA ARG A5y R o I e emsmenbensbomytie
adamant ¥l@heny! Hl.amantyl phenyl ethynyl .-
agr oup, tr@anant@%%%@ﬁﬁ%{eggﬁwﬁ%&%p, acPc{] é’g(lf)i At
adennatar)diciieryliet heny| YIPYRT,17-triadamantane)dicarboxylic

acid and 3, 5”-(1,1’,1”-triadamantane)dicarboxy]ic acid; bisbenzoic acids
having a polycyclic skeleton structure of the diamondoid structure such as

1,3-bis(4-carboxyphenyladamantane, 1,3-bis(8-carboxyphenyl)-
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25 pentamantyl phenyl et hynyl group,
hexamant yl phenyl et hynyl group,
hept amant yl phenyl et hynyl group,
oct amant yl phenyl et hynyl group,
nonamant yl phenyl et hynyl group, decamantyl phenyl et hynyl
group and undecanmant yl phenyl et hynyl group; a group
such as bladanantylphenylethynyl group,
aicfeeit E arrant yI p %Jﬁh?ﬁglgggamantane, bis(4-carboxyphenyl)
ReRaagagRNt Bis@@%ﬁ%&&ﬁ)ﬁ% DHigHunthgxaad Mgiﬂtc}é&'boy'érphenyl)
phenyl et hynyl group, heptaadanantylphenylethyny
ddapiaitans! adsia(Pbayldphhebyiayhaa®ep, bis(3-carboxyphenyD-
nonaadanantylphenylethynyl group,
toeceacanent yhizieutestywhdnydteispnaniine, bis(4-carboxyphenyl)-
undecaadanant yl phenyl et hynyl group; a group such as
tettamarantaphe noxyishogtertyphenydtetmpamantane,  bis(2-carboxy-
dlanantylphenoxyphenyleth nyl group,

gapertarephbBiiet % ganploxyphgnexsadamantane, 1,3-bis(3-

tetra nt yl phenoxyphenyl et h rou
xgggﬁp%: Y y| ot hin'i gboxyphenoxy)adamantane,

bh@&%‘?ﬁ%@ﬂ%ﬁ’@?&i‘ﬁﬁﬁ%‘}ﬁet hy;ﬁly |bq%(%a%;]aoxyphenoxy)dlamantane,
b}%%yﬁgﬁ?%gwenox?}ﬁhg}% e hygg: bl% %ggtboxyphenoxy)triamantane
A

nyl eth .
| tr| a ’ﬁwﬂ] g’ox ‘S%Zﬁyfw Sy gr)(;%%,t?’ g4t yphenoxy)tetra

airﬁa_txftﬁﬁg arrarﬂlyq POANXYPREAYL FiOMaU I HLtawe,  1,3-bis(4-carboxy-
pent aadamant y phenoxyphenylethynyl gr oup,
phexaagimnylddahesweareheny| et hynyl 3-Bigs(BRrarboxyphenoxyphenyl)-
heptaadanantylphenoxyphenylethynyl group,
adamaatanani,gHpkEroasiahymheabkyolyényladgpmantane, bis(4- carboxy
nonaadamantyl - " 20 phenoxyphenyl et hynyl group,
rleccxgdenylylipnentanshenybistdrgasho poamhenyl)dlamantane

undecaadanmant yl phenoxyphenyl et hyny| r ou Amgng th
1&5% §ng p %@mggtaé}q%yﬁ ;s% ,c@g oxyphenoxyphenyl)

rgelggg.g{:%?é )3;: szgyl e% AV gr T })wﬁ%ane, bis(2-carboxy-
SR R B e
bl%{%ﬁ%ﬁ@@?ﬁ%ﬁ(? R T HeGstgponghencsy
phmggﬂﬁ%?g) ]%eny c ac c1ds Pawfg the diamondoid structure

haiagarant Aae- Iﬁxlﬁbeg'(ﬁ’aéﬁ)@i‘ﬁﬂhﬁleﬁfthﬁe aftfuctures and adamantyl
5-ethynyl-1, 1" -bi adanantane- 3, 3' -di carboxylic acid

grotips ahﬁ@h Pa&f Bisédplearb g lrGA)-DoXWih dadendaiey Bis(ieaboxy-
singly or in conbination of two or nore. To the group
pHeawilng, If-béadaradatmne ane sbis(@esrbokpphéreyRligVebiadamantane,
di carboxylic acids, aIkyI groups such as methyl group
bishydrbgxppipenyd) (it B/ trja damp.anitangr ob;d(Bg:amhpxyphmlirll, 1,17
group, isobutyl group and tert butyl roup and
trlfaldlammaklﬁl, bgﬁ(&qm‘bgﬂznhasylf)ﬂubnﬁ’nﬁtlagam@mape bls(4 carboxy-
f | uar oet hy mgr oup, f | uor opr og group and fl yor
ﬁpl da}’,be tebrasstn ws(Bisavbogyhgnyl)-1
dlnethyladanantyl

I
1, 1” ”-tetra-
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10 phenyl et hynyl group,

tri met hyl adamant yl phenyl et hynyl group,

t et ramet hyl bi adamant yl phenyl et hynyl group,

pent anet hyl bi adamant yl phenyl et hynyl group,

t et ranet hyl bi adamant yl phenoxyphenyl - et hynyl group and

pent anmet hyl bi adamant yl phenoxyphenyl et hynyl group are

preferable. 1-4 Dicarboxylic acid having no di anondoid
[TTehS 1541:(4- ' %&ﬁm.ic’@is j sl d-

af%tgnct i%ﬁl@l’ gP %Su(g é(l?trﬁté%ﬁ% a t%él.’ | hrrjmir;l o?%&%?l?gg?ﬁ?’e bis(4

RSB neky)-Nel HisgsaRonrhhe, aci ds jals-aartdxipRehbHa, 1°-bi-

group ot her than the di anondoi d structure include

adiagad gl | thia(@-gsrivaybhenekyly Dy -bidiRanthsar bbiydrearboxy-

aci ds havi ng phenyl et hynyl group and ot her 20

plicaaxPoyIF,i1t-tagidasearbeaep| es of bh€3-dhckutyphenogyrdjid 17-tri-

havi ng et hynyl group include ethynyl phthalic acids

adaotardens; eis(ZndrbbxiehémoxnildlaHdiriadaipmyapt hsk4-carboxy-

acid; ethyn.ylisophthalic acids such as s

phesoxyhiili,d0phrtesraadaepaatansy 5 bis(Sgayhesmienesy)-d, 1,17,17-

aci d, ethynyherephthalic acids such as, .

tetrapdgmartangpht hablﬁ@z'a%mxaﬁ egosyhildyilt-dr distrandaraantane,

kol I LIRS

SR RT e A -
o SN s PSR S SAELS Yoo R e, biso

i nyAf. ' uch . .
o P R ane o 8 cerboxyIphenoxy
pRedy IS 2re@itanaftSidly Ny ipdlarsdrbbk PpR&Eoxyphenyl)-1,1°,17,17-

bi s( car boxyet hynyl phenynexaf | uor opr opanes such as
te%ra'?dad&ﬁéﬁt&@é,boxy- 4-  epiRiIvhheyHeesaibhengDrpartel”-tetra-
an
adaabits(8- car bang - 5- et hip(Brtptioxnyphexakipbenph dp Xk, 1 -tetra-
4-ethynyl-1, 3-di carboxycycl opropane; 5-ethynyl-2,2- 10
adimanboxsic gotopepanads shavinguthe dsonendoids structure at the
1, 3- hi s(4-car boxyphenoxy)- 5 -ethynyl benzene; . .
main gheipr shick apay haye theadigmondpid shrweiayp pdiide shains such

o e B RS RA SSTTESAD. P58 e,

~{3rethynyl phengxy)i sopht hal,i ¢ aci d- Ty
3 B bR P SRR P Rl a5y Dpbengey)phenyll 1, 1-biad
-(l-eth | phepexytere- )| | 1.4 -1 1
oAt RSP Gl S oflhenoxyipheny 11
N - y| i id: . ..
bl i RsBL, ool ekt is . it o ke
corgobrRIN IOV PRGN ¥bbiS GRMHALL SnAAbd, Further examples include
(et hynyl phenyQt erepht hal i ¢ aci ds such as
dica1bbx§liBYy mdi@h e matifg e EMa£nt3ti Groapd hexamantyl group,
et hynyl phenyl pht hal i c aci ds. Exanples of the
hepitamaboxl | droudc i cbthmantgl Ereapl etdnanthngylogpoupcldedemantyl
20 phenyl ethyrtyl phthalic acids such as
gr@uphenydetayantylhtdraupc penthadwinantyl group, hexaadamantyl
4- phenyl et hynyl pht hal i ¢ aci d; phenyl et hynyl i sophthalic

growep dbestacilaasanty] gronyl ettaadamanfitdgrahpcnewiadazreatyl group,

5- phenyl et hynyl i sopht hal i ¢ _aci d;

depprdamantyhngtousr and tindecaadamgntzlich as
2- phenyl et hynyl terepht halic acid and
3- pbenyl et hynyl t erepht hal i ¢ aci d;
phenyl et-hynyl napht hal ene- 25 di carboxylic acids such
as 2-phenyl et hynyl-1, 5- napht hal enedi car boxyli ¢ aci d;
.diphenylethynylbiphenyldica%szylic aci ds such as
3,3 - _ o
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di phenyl et hyny1-2, 2' - bi phenyl di car boxyl i c aci d;

bi s(car boxyphenyl et hynyl phenynpr opanes such as

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

bi s(car boxyphenyl et hynyl phenyl Thexaf | uor opr opanes such
as

2, 2- bi s(2- car boxy- 4- phenyl et hynyl phenynhexaf | uor opr opa
ne; (phenyl- 5 ethynyl phenoxy)i sophthalic acids such

- | | ' j - .
&yl (AR SR handp LI She] e having o
;?u(*&liﬁh@f‘ AW RAVRIEA DoY) dye BB kR oe #¢libure described above

phenyl et hynyl phenoxy) - terephthalic acids such as
idckukted hany M (diy iy iaeRPey0 ide vl Caad, d; 6,8"His(4-carboxy-
(phenyl et hynyl phenoxy) pht hal i ¢ acids. Exanpl es of the
picsdl boXbi@idRaatindes), ot her t ha,&Hesti-carhoayphenoxy)-1,1-bi-
aci ds descri bed above incl ude 3-hexynyl phthalic acid,
(@ismaygtaneder ephtind | ¢ a6, @l:bigkhekymsibxypbenoxy)phenyll-1,1-bi-
napht hal enedi car boxyl i c acijd, ) o
(diagnantansly nyllowexer pithheahd vl ccompprynd cisagiog, limited to the

oI 28 tha APy ot 1hes A i 6pogpung, bas the
SPal RN Y8 Saheed WP LS OB RaRSH S B sraotue.
S CuB8 % A SRR A e % BB Stk s mot

' . I ds having the skeleton structure of
pgkﬁ?{;ﬁ%ﬁ}éhbﬁh&%

ace e nol ecul e of tol ane such as
4, 4 | i ' in the dicarboxyli
3 4. A HAL RS AR o B fin Mtomg stpuctugs i fhe dicarboxylic
abRlY | Ay @oﬁ:ﬁ@ SLAD o5 MEhYT SrehipbicRReDNEEHE, TH4F#dIS group,
i, 2-bi phen. yI enedi car boxylic acid and
isbp@oﬁjr]péﬁm@,eﬂﬁﬂit?hfgbm(% ivbaeyd grding ahbvert-butyl group and
di carboxylic acids may be used singly or in
flaordmlksd | gnowbs t saclor asoifhiordmmthyl heralnoy efluoroethyl group,
dicarboxYIic acids, at |east one dicarboxylic acid
flveremropy! fgroup eamd flnarsbptilhgtdup asay be bonded. Examples of

(et hynyl phenoxy)i sophthalic 25 acid, .
syHengeBrRyAde; 48 a1 3,8 -4, Artetramethyl-1,1-biadamantane)-

(phenyl.et hynyl ph ).-.0.sophthalic.,acid is . .
ASREROTHE G B (B oG oenacy by T ampgtane disagboxylic
t.ne cr J j.nkinhg, densi t f.the .finall t ai.ned,. .
adifty bers ooty &7t u Yok A dpalRghe RO B, acid,

k. 89 [ Q p Y@l s, 32 .
3 B8 Riungaoh o et el SRRED s Bl 5 B diethyl
. R » 2aken i1& .
L BB AR ORI RE ERE 3. B R bt PP, 12 Bl Bitnantanc)
didhibo PrRGAss, BE’o*’%iéMrL%rb@gﬂ)h@ﬁﬂg@,S’aﬂTb&tramethyl)'l,l’-
i ntroduced using a hal ogenat ed di car boxyli'c acid est'er
bifdaaftGRI boxylic aci d egfsehidVi-BarboyAsnky)henl-(5,5°,7,7-
Speci fical |y, phenyl et hynyl di carboxylic acid can be
tefingd thel- 10y-bohidaidanignean ester of 3,3"-bis[4-(4-carboxy-6-(3,5-
phenyl et hynyl di carboxylic acid using a 10 hal ogenat ed
digethylhdxybhtyDadietloetdreng- (6557 St-tatramgthybirdaalaritane  and
accordance with the coupling reaction wth
3, BHe el auimioyd-bpdroxfphé okl 5Hdinemb v, Epiadmenastaoe. Howeper, the
by hydrolysis with an al kali. The above
abowé aeredvwad soyopilingited taltheaentrounds desprthedfabovesatha e,
in accordance with a process in which the
t ol anedi carboxylic acid is 15 synthesized by preparing
stil bene froman ester derivative of benzoic acid,
foll owed by preparing the skeleton structure of tol ane
or a process in which the skeleton structure of tolane
is introduced froma benzoi d%ci¥ ester and a
phenyl et hynyl derivative in accordance with the Heck
reaction. 20The di carboxylic acid having the skel eton
structure of bephenyl ene




10

15

20

25

..described above can be obtained, for exanple, in

accordance with the process described in Journal of
Pol yner Science: Polynmer Letters Edition, Vol. 16,
653- 656 (1978). Specifically,

- 2, 7- bi phenyl enedi car boxylic acid can be obtai ned by

i odi nation of dinaethyl 4,4'-Dbiphenyldicarboxylate, 25
foll owed by renoval of iodine to obtain a biphenylene
conmpound and, then, renoval of the ester. 1-4-2
Di carboxylic acid having no di anondoi d structure and
exnrhplest | onal group other than the di anondoid
structure . Exanples of the above dicarboxylic
aci d Thepbere disarherykic aeidgsay bemised singlplor hakcpmbawitign of
%grgghthalic acid, 2-fluoroisophthalic acid and 5

703 ?%g?etrafluorotereplithalic acid. ;
Zl’ gh?lg%/ ls: gﬁ@{og?%% ?’%Ig i@t&?%&t&%#é{hea?unctmnal group having the
Badiondoph el ALLARREX thi CaBed diddrBoxylic acid compound, for
bi phenyl di car boxyli c acid,
examplpj s (Hslddromoppheyldxlyd-ailphemyinands synthesized from
4. 4' - bi s(3-car boxyphenoxy) bi phenyl ;
Hhptmeadaneatiang: Hary| i romobenzenthims accordance with  the

B SR BRI SoB5b o acamantane cam e

h I£arb Iy L APl S zoj C _acids.
St g S35 S8 Wl il SHRD 6 i an
Alcgllithitrh 0 folldwedoby 2601 8E eith 3aBborS Hidkey EQ& SRENZRI did;
acid, 4,4'-oxybisbenzoic acid, 3,4'-oxybisbenzoic acid
mb@,[ﬁg*@'gwghﬂxgpm&]&mﬂ];"l,3-adamantane can be synthesized

bi scar hgxyphen [ ne( hexaf | uqr opr opane)s such as

bZ £t ?Jg gr%/(godl} ngg’bﬁg ggp??lgﬁ)&wgys-l,g-adg..man)tane and methyl

Ll doSa ROV IRI AR Bhe Zardr Dhi aRHORY™ 1°

1232 bDa3h&AARONP MR A% Bd HOS R QBMBure in a functional

di carboxyli ¢ acids having the skel eton structure of
pthye thualthasliamondoid structure

9, 9-bi s(4- (4-carboxyphenoxy) phenyOf | uor ene,
9, 9- Bixapaples of the dieqphastricyacph dayingf theotienendoid structure

9, 9-bi s(2-carboxyphenypf| uorene and 9, 9-hi s(3-, ]

V&r 8?%/&‘%‘%%]%0% LI%P%% tgﬁd 0§%a?‘&%¥9%@%ﬁy| téfphanginde
A 4= D —car e - Dzt erph l.. and

o R s NAGES bR ARG Rk BAREI 0,

sachpeusddmatieledbpsyiphiid e Qtid fnd WPLARLIMN 1M Ralic

or nore. 1-5 Process for preparation of a‘benzoxazole

apigls i athpnelesopdthalio apidsséung tbe-hinnstylegpeslisaghthalic acid

ZgTh be ZOX%§0|G resin precursor conprising the first
apd Ry nrteisphthalih agds sehi ased amantisthaad tarephdfalicheeid
lySam. noph I 0 havi n he di a oid
B 3RPRO R BRI A et bR odicarboxyli
[ ; A he : .
e oo T PSR 0o b0l it e
Sentanii@etliynl-b®oyApehaldnd diavhag1ich eadh;armBa8$biphenyl-
structure or the reaction of the bisam nopheno
dirarpoodid havidsg s 5 agi adpididdea ast antgletlipn A k)2 thighenyl
di carboxyli ¢ acid having the dianmondoi d structure.
diegghpsves” gieid hangr due hisewantethyeud i Zrhinheriyldieathoaylic
acid chloride process. Specifically, the dicarboxylic
aci d descri bed above and thionyl chloride in an excess
anount are brought into reaction with each other in
the presence of a catal yst such as
N, N - di net hyl f or mam de’ at CIP




10 tenperature of the roomtenperature to about 130C
After renoving thionyl chloride in the excess anpunt
by distillation under a reduced pressure, the obtained
residue is recrystallized in a solvent such as hexane,
and a dicarboxylic acid chloride is obtained. The
obt ai ned di carboxylic acid chloride and the

bi sam nophenol 15 descri bed above are dissolved into a
pol ar sol vent such as N nethyl pyrrolidone and

R e R R e N A

haIRey RS b RedyIRoBh 8SE NG q,z*%ﬁb(%ia%cg(?c@ﬁﬁl%ﬁtﬁufﬂ&nyl-

as pyridine, and the benzoxazole resin ecursor

phempylimiopané;h diflcatboxyensaylpi@nyDhexdllBopfdpanes such as
benzoxazol e resin precursor conprising a functional

. 8e20eis(Zacarbpy ¢ramantidethynylnhepgl bitafluvedprophee rndb L bis-
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AT L IR AL M RN 1 e SR IR L SP——
o ' 1..000. d f I\ t

DSBS 30, AT B AR e P

pARARe; EXCRIMAMEaSO! Ubhhily ang M'Oﬁ,‘sa%tzﬁﬁéea}%g%ﬁeﬁoxy)-&

exhi bited. The active ester process nay
placentyflethyayhwindendil wraderal ipiR6RSH. 1,8bidA8 CAFEIANEReny])-
with the active ester process, for exanple,
pedamanitaefhysdbenzeane: pramdar édhpyylphenogact povhadic t heds,

A LR R
: : i be. . ' 5

e e L et AT BN
tceupihatiur Bcids Bh@heds 82-m’-&@e[ﬂianéy@eﬁls}ﬁym%ﬁsxﬂ&%gﬁ@aﬁc

2. Benzoxazol e resin precursor conprising the sec
aggeat Thg poition of theheadranaatyhzbiRyl afblip PLEC HAS Ofbove

- gonprising the first repeating unit described above
g ot

vinerciddipay she t hesroup odietly agedidmanivhéthynyl group,
escri 10 _above. ,The seco regeati ng unit can, be
R R R G S A A e
: . . . “d havi n 0,
EloADRUBL A SEAUSALE oA, e agREIRY Gy Bl B 00 10
gheayl soyurC emphingaitgldihgnFlegong, HepSahhidetHinl!l group and
descri bed above forms a pol ybenzoxazol e resin having
wedeshmaniplethomyl 1Ssupuatarpep such as bihdafiansletlspshterag,
unif and ihﬁ %gfond repeating unit may formthe
I Fredhypyl ngﬁ?‘élbur§‘?ﬁfa%ésarﬁ3%f(¥&ﬂ¥lyﬁﬁ]r BTOWR, apenta- -

i ] In the case of copol yner, the
R St ekl 0Ga F RS R BEL 4Ry hohfedampntot
dthensec re [ ' n f.a
s, Bt oy i 2 SR gntylethyny!
gropp) geemdamantylethynyl group and undecaadamantylethynyl group;

a group such as adamantylphenylethynyl group, diamantylphenylethynyl

' ,group,' triamantylphenylethynyl group, tetramantylphenylethynyl group,

pentamantylphenylethynyl group, hexamantylphenylethynyl group,
heptamantylphenylethynyl group, octamantylphenylethynyl group,
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As the bisam nophenol conpound.having no dianmondoid
structure and the dicarboxylic acid conpound havi ng no

di anondoi d structure used for the benzoxazole resin
precursor conprising the second repeating unit, the
bi sar ai nophenol conpound havi ng no di anondoi d
structure descri bed 25 above in 1-2 and the

di carboxylic acid conmpound having no di anondoi d
structure described above in 1-4, which are used for

{ N ecyr.sor risi the first
AR Bl B Dol oS8 PR D e et ”
hedsraxazny B ea§ithPhACkiaal aCOTRp Sich0ad !Bﬁam&aq{{g1 henyl-
repeating unit As the reaction of the bisam nop &nors
¢tay iyl gropditaiadadeindy B hehylethyiyd godpt f&rdﬂdﬁ%ﬁé&ﬁ?’wﬂeﬁﬂ-

acid having no dianondoid structure, the acid chloride
PERES STeEB cr ptigademantdnhetdethyant] goupheheemdamaftyl-

t.h tipn, the b | [

WERITETRY noPaREroror e e lahengle Gy arl crape, casta
' [ f t f.th d

G I R S PR R T

qucahdiabheylphaiyle Stip ndr i '
ar? d nore %frgf er'%b??ngy{% 1%O.ndvﬁg§@({aﬁggxrﬁ@éﬁlp 51%?9'1@%%1

grepeiat anggrosipwi $liln  khe aalamvstyieaoxeiealylahimyl group,

(ﬁolubili y and workability are exhibited. The
pranEylphbpoxypbsaglethymyl freunsbdamantyiphesosybhtipetiginy!
hl ori.d rocess. I n accordance with the active ester

P e e P BYP AR AYEY ) 1 212yP. cRevdAmREtyIphenosy-

QPR% y r ' hcar |i.c_acid .

B e apne A e BT BT sty beota

ramityljlenpkephsige ,Nechi 8 amiyIPRORAGH

descri bed above cgﬁhgi %?gﬁghtcinto Pgaction 3f?ﬂegggﬂd

gBeTer Ranagnariyheheaosy phafyleths nybograugyp ek adm b 8tydphenoxy-

ptplieg)r;l%[chjf’rlly .glrgtrul) )érfdougl({]eecar?l%%\’éﬁpg{agc(z:xeyi)s}’l'enylethynyl group; or a
group such as biadamantylphenoxyphenylethynyl group, triadamantyl-
phenoxyphenylethynyl  group, tetraadamantylphenoxyphenylethynyl
group, pentaadamantylphenoxyphenylethynyl group, hexaadamantyl-
phenoxyphenylethynyl group, heptaadamantylphenoxyphenylethynyl
group, octaadamantylphenoxyphenylethynyl group, nonaadamantyl-
phenoxyphenylethynyl  group, decaadamantylphenoxyphenylethynyl
group and undecaadamantylphenoxyphenylethynyl group. Among the
above groups, adamantylphenylethynyl group, biadamantylphenylethynyl
group, adamantylphenoxyphenylethynyl group and biadamantylphenoxy-
phenylethynyl group are preferable.

Compounds in which a carboxylic acid is bonded to the adamantane

gtructure such as 5-phenylethynyladamantane-1,3-dicarboxylic acid,
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20 3. Benzoxazol e resin precursor conprising the third
repeating unit The enbodi nent of the
benzoxazol e resin precursor of the present invention:
whi ch conprises the third repeating unit represented
by formula [1] shown above will be descri bed
specifically. The benzoxazol e resin precursor
conprising the third repeating 25 unit is a

o g e a4
R T N o R R
A8t ahbis, - dRABRILYHE AU 48d PE&IERhyl- ; PisdaRhntane-

the pol ybenzoxazol e resin prepared by using the
NBeEIESRGxy IR LB 8RS @lso YWEfe2Rbld. t VTR didabbkelieseid @ay be

preparing a sem conductor device can be inproved by

uded sim@leasean torhbihdtishilof$wol be mewberTothe gpeap ilging the
(10 of the third repeating unit is not 5 particularly
ddamébethnd striustyreeirethblaboveadichhsoxylcbaridsf allggeabupg such
is an integer of 2 to 1,000, nore preferably an

asnmegbyl @frospi etBpb gaedp nosprapyéfgoaipl yisepropyl egrenpom-butyl
10 to 80. When the nunber of repeating is within the
gxpBRelsohndel stanpkand (teribriylerosy) ard dlnospakigyd groups such as

enzoxazol e resip precursor in sol vent. i s excell ent.
fﬁ@rgmftﬁyisgamat,ifgﬁor&ﬁthm% BOOPEORHSFTOUR, R4 fygrrobutyl
conprising the third,repeating unit As for.th .
efPaR sy B Biedath natdtE A oahibe esoRus fip Budpdamanty!
il ng,the third.r N i X .

of8BPIP BT Sipdel SR el DT SR, BBy towre
R L e e e T e e
T IBRASERLD, foiFaiiRhsBifahathdt AR yIheHPP ethynyl group and
represented by fornul ae [ 2]
pentamethylbiadamantylphenoxyphenylethynyl group are preferable.

1-4 Dicarboxylic acid having no diamondoid structure

1-4-1 Dicarboxylic acids having a functional group other than the
diamondoid structure

Examples of the dicarboxylic acids having a functional group other

than the diamondoid structure include dicarboxylic acids having ethynyl
group, dicarboxylic acids having phenylethynyl group and other
dicarboxylic acids. Examples of the dicarboxylic acid having ethynyl
group include ethynylphthalic acids such as 3-ethynylphthalic acid and
4-ethynylphthalic acid; ethynylisophthalic acids such as 4-ethynyl-
isophthalic acid and 5-ethynylisophthalic acid; ethynylterephthalic acids

such as 2-ethynylterephthalic acid and 3-ethynylterephthalic acid;
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and [3] shown above, and. a dicarboxylic acid conpound
represented by fornmula [19] shown in the following, in
which Y1 represents a group selected fromthe groups
represented by fornulae [4], the groups 20 expressed
by formulae [6-1] and [6-21, the groups represented by
formulae [7-11 and [7-21 and the groups expressed by
formulate [8] and [9]. For exanple, a conbination of

t he bi sam nophenol conpound havi ng the di anondoi d

sty ' 0, ' ci.dshavi ng, nq.
SO A LS ERIRCINAS Cu30L MBI b hone
dizaploasydichavtidy tahel 2_53-@hh§ﬁ?pﬂ,%hpﬂth&fewaﬁa i€ acia;
di carboxylic acid having a tfunctional group othér than
disshyielpidoytiisarbesylic ecils sudoabi 4@t diethyfylid®-biphenyl-
5] sag nophenol conpound having the di anondoid
YRTRGEYYE, 24 cRPdar BEXJletlynidiZ2 tiphenyldmatmylic o nadid;
nd.{ he .di carboxylic acid having . a functiona
R A TR h SRS b G0ch 85, 4 i3 Babo1sed othynyl
SHAMrop reagihon Wit :ho ot her, i.n _accordapce )
o 830 o chad e "8 P B LB oy PR P mppnc:

]?ﬁ(mw%@q@bhﬁgﬂbhéhﬂﬁ{éx@ﬁﬁﬁip@ﬁﬁ BbsARAD 5 9%hiS0 hixy-4-
oot proner Ly Sueh e e et erm Ty
snaller permttivity, it is preferable that a resin

heediuezcnganen et pEpEyLilss fisarkery crdeptdpase puspsmyl-2,2-
I TR R L IO TE .
?ﬁt&y@ﬂlﬁ&i&eﬁé’ﬁ%ﬂrﬁ@ﬁlraﬂr Uhnds R el,%[beigﬁtgak%lbgkyplilien%)-5-
ethynylbenzene; (ethynylphenoxy)isophthalic acids such as 5-(4-ethynyl- -
phenoxy)isophthalic acid and 5'(3-ethynylphenoxy)isophthalic acid;
(chynylphenoxy)terephthalic acids such as 2-(I-ethynylphenoxy)tere-
phthalic acid; ethynylphenoxyphthalic acids such as 4-(4-ethynylphenoxy)
phthalic acid; (ethynylphenylisophthalic acids such as .5'(I-ethynyl-
phenyl)isophthalic acid; (ethynylphenylDterephthalic acids such as
2-(1-ethynylphenyl)terephthalic acid; and ethynylphenylphthalic acids.
Examples of the dicarboxylic acid having phenylethynyl group include
phenylethynylphthalic acids such as 3-phenylethynylphthalic acid and
4-phenylethynylphthalic acid; phenylethynylisophthalic acids such ag
4-phenylethynylisophthalic acid and 5-phenylethynylisophthalic acid;
phenylethynylterephthalic acids such as 2-phenylethynylterephthalic acid
and  3-phenylethynylterephthalic  acid; phenylethynylnaphthalene-
dicarboxylic acids such as 2~pheny1ethyny1-1,5-naphthalenedicarboxylic

acid;  diphenylethynylbiphenyldicarboxylic acids such as 3,3
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.. R100..R2[i.s]..15ln formula [18], Rl and R2 each

i ndependently represents hydrogen atom or an organic
group. Exanpl es of the organic group include alkyl
groups having 1 to 20 carbon atons such as nethyl
group, ethyl group, n-propyl group, isopropyl group
n- butyl group, t-butyl group, isobutyl group and
sec-butyl group, alkyl groups having 1 to 20 carbon
atonms 20 bonded via -0(=0)-0- and vinyl groups having

- a ded viia -(.0,:2)C. 1
ot PP 0 2SR R PR Sl add blastomaopulotumyt
bRe h i d,ghl erd. ] . active o
D st r Py 28y S ol Rt R
pEgeined nbifcdrbexdilmayhakyhyiphasy UhetiRiok sl of 884 | BRE  as
above and 1-hydroxybenzotriazole, and the obtained
8 hisQaparbony 4 hreavletbpheipblengbbetdthedombpugear e (phenyl-
br ou Ft into,.re céion wi.th each other at a 5
¢ Wéy%ﬁoﬂqﬁ alig Afide ngehaesr & (dphengleshynyiphenoxy)-

PERRGRARS Beld™' 8 ORGP REne Aop R aian; v omad
B oy Bt ShPalltfdyhenoxy

feoephillalic1dids havk aba\(@-paoiehlbde@ﬁyﬂﬁﬁﬁéh&@gterephthaﬁc acid;
specifically. It is preferable 10 that the benzoxazol e

fk WWM@W@E]@}@@W):{JQW@M #ads.hi Exhmplheaifithg divairboxylic
18 U ST, B LA
PUECHIAREHOIE! U0 A s R i
naphthalenedicarboxylic acid, 3,3’ -dihexynyl-2,2"-biphenyldicarboxylic
acid,  2,2-bis(2-carboxy-3-hexynylphenyl)propane, 2,2-bis(3-carboxy-5-
hexynylphenthexaﬂuoropropane, 4-hexynyl-1,3-dicarboxycyclopropane,
structural isomers of 1,3'bis(4~carboxyphenoxy)"5'hexyny1benzene,
dicarboxylic acids having an alkyl group and ethynyl group such as
5-(3-hexynylphenoky)isophthalic acid, dicarboxylic acids having the
skeleton structure of acetylene in the molecule of tolane such as
4,4’-tolanedicarboxylic acid and 3,4-tolanedicarboxylic acid, and
dicarboxylic acids having the skeleton structure of biphenylene such as
1,2-biphenylenedicarboxylic acid and 1,3-biphenylenedicarboxylic acid.
The above dicarboxylic acids may be used singly or in combination of two
or more. Among the above dicarboxylic acids, at least one dicarboxylic
acid selected from ethynylisophthalic acid, (ethynylphenoxy)isophthalic
acid, phenylethynylisophthalic acid and (phenylethynylphenoxy)-

isophthalic acid is preferable. When the above dicarboxylic acid is used,
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.The._.nunber..of repeating (k) of the fourth repeating

unit is not 15 particularly limted. It is preferable
that the nunber of repeating is an integer of 2 to
1,000, nore preferably an integer of 5 to 600 and nost
preferably an integer of 10 to 80. Wen the nunber of
repeating is within the above range, workability in

di ssol ution of the benzoxazole resin precursor in a
solvent is excellent. 20The third repeating unit and

e fourth repeatin nit may formthe benzoxazol e
HAE proetlibinechimaity S (g imal b o grnai palybemaear b sinccan
Fﬁiﬁﬁﬁa&%ﬁe of a copolyner, the copolynmer may conprise
Ird’repeating unit and the fourth repeating unit

as anys Ghe HrbARdFH ﬁ%@@%%d]ﬁé Ihg'%uﬁ‘ét'icgﬁi %%'ogﬁ o?ﬁegroé%rﬁeﬁhe

and a bl ock copol yner. repar

dmzendiid| gruestd) freotiiiple, GRBPFIcBENRT dbASHAU Wapanese
regeatlng unit ) As for the process for
BateaitniAnplichtion e haik Opehe Nesi200pr26d068 orag obpr usédlg In
the fourth, egeating unit, the benzoxazole resin

pre ré?&rw’égr? Bé’r%‘iﬁﬁf”hfg’@i Biagtipyal greup eaptheomttsduged using

[ ] ound,whjch is represented by )
R PO PR BP0 M1 ok FiESE%R e Bdregemahaving
DURyD Selipct : -
B T PR PRy R ERAABAR, B cap o
ethedobp obtudnirgpa e sstdrest fherdy0stihal didbogMeid iding a
the follow ng in which Y2 represents a group selecte
halggenated giearpexyliprad esterdistihefsartim@edtatih] i 4Reddance
and [ 12-2]..For exanpl e copbi nation of the
R 4R R BTER Gt~ LORDBh  head At Biihes o osesh i Femoring the
. di ear boxyl h.c acid having the
%F%ﬂ;%%gg:f str%!}%%%gﬁc%ha%gﬁlbr ought into reaction
W t h 'BacSb@telahdli@io%k ' ' QL -
process descri b%d gbove.@%%a%@%%?cﬂ fgpe%ﬁf’ﬁ%’ n
acvidamcesweth pr omesessmay héhiclsethd ntopd@ecaehotIR aeid is
chl ori.de process, In _the active ester process, a

PBHHSIFdDY Prepsrans siilbppe fione anisptarderietits affbeokoit hueid,
0T B Bl 1661 Fol G FiE gt af fetpresron amsornen
Peaet oy hh SAERLICB ARy % ok AP Hbg 8 ihaepig eia
estrpendt ur @henylkitieyl. derivative in accordance with the Heck
reaction. |

The dicarboxylic aéid having the skeleton structure of bephenylene
described above can be obtained, for example, in accordance with the
process described in Journal of Polymer Science: Polymer Letters Edition,
Vol. 16, 653-656 (1978). Specifically, 2,7-biphenylenedicarboxylic acid
can be obtained by iodination of dimethyl 4,4’-biphenyldicarboxylate,

followed by removal of iodine to obtain a biphenylene compound and, then,

removal of the ester.
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5. Benzoxazol e resin precursor conprising the fifth
repeating unit The enbodi nent of the benzoxazole resin
precursor of the present 25 invention which conprises
the fifth repeating unit represented by fornmula [ 131
shown above w Il be described specifically. It is
preferable that the benzoxazole resin precursor
conprising the third repeating unit and the fourth
repeating unit has the fifth repeating unit

PP €S aniesth g1k OLBM & dvidd SHOWL,ABOY 8 2kl iough the 1no

enzoxazol e resin prec

fientivhabgroip dthap ghdbehd @aiddhdBP8@UERG. UNit IS not

limted to that 5 having the fifth repeating unit.
The ntrdmmplasfolitbpedbiedidamponfictdved indlade pRiiedic 9ds such
unit is not particularly [imted. It is preferable
2hatsop Ehaﬂ’tﬁ’rt?é'#d»ofte?eé’&égﬂlﬁ ga¢id, afrfiuorespphtbalie acd and

, } e prefe l.y an.].ntegqer . 5. to 600 and npst
%’Fg#?g.’%%?‘y“ OtF’P?PZ%E?ﬁ%fa% b soy R HBROTHE AarBaragt as
[ i t 1 hin: i hegsab I e, .wor.kabi | i i1,
R e e abid, e s A BRI RIS Y il ST

ipheaylididzsbexsar) | entid, 4,4’-bi§@céﬂ%fc%ﬂe@ﬁ§?ﬁoﬁé@eﬁg’]i t and

the fourth repeating unit and the fitth repeati uni
‘hﬂyblﬁ@’mllbhsymimmxﬁnpﬂum}rlesriaphthe]en@&i@ﬁrlﬁ&yﬁc acids such

copol r or as,a sinple mxture. In the .case of a

obdriARtha lenedicagery heiacih,2 45apbHmlewdicnbotylia arid and
[ nkt . the,.fourth repeating. unit_and the

4 BRERH AP tintF e A eBRSEe B retst v eutiamst

&R haa, SPABRIIANdoR! 80K, SOPALUIRIYIPLhroic acid,

Preparation of the benzoxazol e reslh prec
4 &rpaybaibegzéibactd, B3 4-o@bisbbhAfc At arkDAS-6:8/bidHGizoic acid;
process for obtaining the benzoxazol e resin precursor

higragboximhgnywop ane(hexafheavprapamelt suth asbBGx@EzeIrBoxy-
r,esi recur sor, n be synthesized by the reaction of
B DR hanch S BONDGaRP RSP 0P &t 05 chE s ytarboxy-

 FREBhExd Alos e N 08 Told pying., b which X3 oo

propane; dicarboxylic acids having the skeleton structure of fluorene such

~as  9,9-bis(4-(4-carboxyphenoxy)phenyl)fluorene, 9,9-bis(4-(3-carboxy-

phenoxy)phenyl)fluorene, 9,9-bis(2-carboxyphenyl)flucrene and 9,9-bis(3-
carboxyphenylfluorene; and biscarboxyphenylterphenyls such as
4,4-bis(4-carboxyphenoxy)-p-terphenyl and 4,4"-bis{4-carboxyphenoxy)-m-
terphenyl. The above compound may be used singly or in combination of
two or more.

1-5 Process for preparation of a benzoxazole resin precursor comprising

the first repeating unit

The benzoxazole resin precursor comprising the first repeating unit

can be obtained by the reaction of the bisaminophenol compound having
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represents a _group selected fromthe groups o
represented by fornulae [141 25 and [15] shown above,
and a di carboxylic acid conmpound represented by
formula [20] shown in the followi ng, in which Y2
represents a group selected fromthe groups
represented by fornulae [11], [12-1] and [12-21. For
exanpl e, a conbi nation of the bi sam nophenol conpound
havi ng no di anondoi d structure and/or the

LA e T BT A
' ' (.d ' .t he. di doi d st
SRR B o UL G SRR SN

HESVHBNT BtMictivet BRI AHAdhhNHE P ﬁ%%ﬁ% 3¢ ;diéi’ﬁﬁndoid

above. The above conbination can be sel ect

sdesdtuee wotlichabadtivn objthet bipanpeighensl Q:Bm%)%uhﬂehaving the
rescribed permttivity can be obtained. For obtaining

flﬁ@lqné@;dh stiuctiteaenfighe divariosylipercid taving yhe idiamsndoid

gf%referabl thaﬁ 10.a.resin filmhaving fine pores is

DR FOFAERISS phirtheserocette feohan FaRstinn dnclude the acid

' ] I j tional,. gr aup, ot her .t han
B3t 99R0S00 SAVRIENA (hUTELL SRS CLIEC LA, anc
eSSl ATSoLE Sholsl iy RSP LALE A
ather R? thaphedende pdred ealyst rstph eSEN{IS - it RIS 2 n ale0M a

or an organi ¢ group. Exanples of the organic group
teayetaare | ofyihegrenm siempeiraigire tooalxpitc 33¢76h A foers ranoting

t%iocpgrﬁ gcg%f:)mgé 3}%8@%%%%&%?%{;@5 t%-y? &%@ﬁgﬁ%&? ggée’ar a reduced
HOBEY 19" 000 e L 8 AL U g g
heixayb, SidH BScaltBykyle: deild @hRRideak BRthiatHTs

The obtained dicarboxylic acid chloride and the bisaminophenol
described above are dissolved into a polar solvent such as
N-methylpyrrolidone and N,N'-dimethylacetamide. Then, the reaction is
allowed to proceed at a temperature of about -30°C to the room
temperature in the presence of an acid acceptor such as pyridine, and the

benzoxazole resin precursor comprising the first repeating unit (the

_ benzoxazole resin precursor comprising a functional group at the side

chain) can be obtained. The number of repeating of the first repeating
unit is not particularly limited. It is preferable that the number of
repeating is 2 to 1,000 and more preferably 5 to 100. When the number
of repeating is within the above range, excellent solubility and workability
are exhibited.

The active ester process may be used in place of the acid chloride
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25 bonded via -(0=)C . The active ester process nmay be
used in place of the acid chloride process. In the
active ester process, a benzotriazyl ester is prepared
by the reaction of the dicarboxylic acid chloride
descri bed above and 1-hydroxybenzotri azole, and the
obt ai ned ester and the bi sam nophenol described above
are brought into reaction with each other at a 5
tenperature of the room:tenperature or higher. 6.

azel e ' r SQr rising the sixth
é epeggfsi nghu%&t%%&éhcg %ﬁp{ tl%éa %rgé;l?eer%%?lg R'R&FSSy fgr example,
beaRxazfl EstefSMROARUT 07 EOTBE G e &igaxlngyuc acid
repeating unit, the fourth repeating unit and the
¢hlbtide r dgperibed gahovie t ath 9 -lijhrosydroteRadd, | M YR tprepared
represented by formula [17] shown above 10 al t hough
egtar yand obhez dieamiswphengle dasedrede aipyé séang Hehdrodgitd into
repeating,unit, the fourth repeating unit and the
¥9|3FF D B pacH otheT a6 @ W&quﬁmrﬁe%tg the torge tempengtuwrRor

IbP ST SAL DI Gbdve process, € NuMber of repeating
%%%'OP t he %

i Xth repeating unit is not particularly
2.1 MBéetbxalkblel @i 18EeHABE BothPalki ; .ing
is an 15 integer o to 1, ﬁk?InDFg%pre % g Hi QEH{
i nt edére bénfxtieol6OBsiantdcmmsbr pombeishly theafirdt e AGRINOImit
0 to 80. Wien the nunber of repeating is within the
%@@evéefﬂ aRgee mayr fuaihericomprisedihesstend mapeafinghmit described
enzoxazol e resin precursor in a solvent is excellent.
¥erniPe PERLEPRGHIRg FAth pn PO AATIE o thngormtian of a
ik r j [ the sixth .. i
g aStrol babThe o (ERESRAN USRS difphBivtic acia
ey hsiamendo@OoRPktaRY. Or as a sinple mxture. In
the case of a copol yner, the copol yner may conprise
t he tTier Henegraaelentgsimiprecurber tanptikinge featénpdurtipeating
and/or the fifth repeating unit and the sixth
%}g detqrihpd dhavedermp ¢ Relyhenzanerle eepnlhpving nadiamondoid
%&J [Rating copolynmer 25 and a bl ock copol ymer. 64
reparation of the benzoxazole resin precursor

CONPITihe bt tr@;?ezftiﬁg it and the second repeating unit may form the

benzoxazole resin precursor as a copolymer or as a simple mixture. In

- the case of a copolymer, the copolymer may comprise the first repeating

unit and the second repeating unit as any of a random copolymer, an -
alternating copolymer and a block copolymer.

As the bisaminophenol compound having no diamondoid structure
and the dicarboxylic acid compound having no diamondoid structure used
for the benzoxazole resin precursor comprising the second repeating unit,
the bisaminophenol compound having no diamondoid structure described
above in 1-2 and the dicarboxylic acid compound having no diamondoid

structure described above in 1-4, which are used for the benzoxazole resin
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benzoxazol e resin precursor conprising the sixth
repeating unit, the benzoxazole resin precursor can be
synt hesi zed by the reaction of a bisarni nopheno
conpound which is 5 represented by formula [21] shown
above, in which X3 represents a group selected from
the groups represented by forrmulae [14] and 1151 shown
above, and a dicarboxylic acid conmpound represented by

f I 19] . sh b i.n which Y1
b ap bl P AT st SRt BBREE 1 01 e
341 . B8 BIEP O oMY 2R260k0¥1d Qe 3fedfisdd BAhSh: the

; € groups represent ed by

detord repehtiteugitoups expressed by fornulae [81 and

[9]. For exanple, a conbination of the bisam nophenol
conpodm dchieaveagiono of utlet idseahimppbapoladdvitge no diamondoid
di carboxylic acid having no_functional group and/or

fiRectyre Angothp dicarkaxylie iepb hadingave thamondeidt stonetire, the
: t t han .t he..di doi d_st

BRI b e ST B RO e P kouns RavieRgte ot the

1e4RGLAORAL BEQHRAP5B efesﬁ{l} aﬁretcﬂ?so‘%' @S%Pﬂgi Sﬁog Wib&doid

and the dicarboxylic aci avi ng no anoridol

Sndtaie he siedhainst da BH eabaxy! i ¢ acid conmpound havi ng
a functional group other than the clianondoid

st r uéthe eawrabemof brepegtingi of dhe eswbndnragenhingachitotharot
T T A S
1058 AR BB Pl 3 gk haS yhE 35ERRex o nditine e
e o ne D ey ot fONIIBEY b LAY 2t Bfbited.

obt aiTiedaeste estan rodess rhaa e Nnegeldeimopla’d off@Ee riclieéhloride

above are brought into reaction with each other at a
nrepgrsr at Uy eacedrdamee rodhn thepactisteucatasr phoagher for example,

benzotriazyl ester is prepared by the reaction of the dicarboxylic acid
chloride described above and 1-hydroxybenzotriazole, and the prepared
ester and the bisaminophenol described above can be brought into
reaction with each other at a temperature of the room temperature or
higher similarly to the above process.

3. Benzoxazole resin precursor comprising the third repeating unit

The embodiment of the benzoxazole resin precursor of the present
invention which comprises the third repeating unit repfesented by
formula [1] shown above will be described specifically. |

The benzoxazole resin precursor comprising the third repeating
unit is a benzoxazole resin precursor comprising the diamondoid structure

derived from the bisaminophenol compound. When the third repeating
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The end of the nolecule may be seal ed by the reaction

w th a nonofunctional carboxylic acid derivative, an
aci d anhydride, a nonofunctional o-am nophenol or an

am ne derivative in accordance with the relative
anmounts by nol e of the bisam nophenol and the

di carboxylic 5 acid which are brought into the

reaction. 7. Benzoxazole resin precursor composition

In the present invention, when two or nore types of

t he benzoxazol e, resin precursors selected fromthe

Vet preetd: meedudusg pééﬁe yolyheavoragoleneesimipreparedelat vsing

nit represented by .fo a, [.1],. the 10 benzoxazol e
sPﬁeCBE%OJu}SSchr?%fin g.wgﬁ%abg’rfl'tll’? &@p@’é‘iqeﬁsg fompreparing a

R EEr AT, Y Bb et b e BT b R

by f orkeihamhBed] ofRepddign PERYE Q¥ akal @aif@%? Mﬁ%%@?ris not
havi ng a conbi nati on of at |east one of Fe thi'T
paapieatanhg lumiked.r dprie peateeablbythtothe haniidr, oft ehQHE i an
repeating unit represented by 15 fornmula [10] and the

e gen Qfegetat 1.880.umore rr@pfe@gbét e ibtegeorofill 4o [608)] and trhost

the s{xth repeatin nit represented by formula [17]
pengerﬁ*’ ed"a e%%feagéi’ thébe ?(%ztg‘ﬁen\”@é’?h Brepgpting is

i1l it fiet-abl e,. .t he.conpositio .
AP L8 gk SIS L0l bR BT R roi
Heeisbs O a solvent is excellent.

3-1 Preparation of the benzoxazole resin precursor comprising the third

repeating unit

As for the process for obtaining the benzoxazole resin precursor
comprising the third repeating unit, the benzoxazole resin precursor can

be synthesized by the reaction of a bisaminophenol compoﬁnd which is

represented by formula [18] shown in the following, in which X

‘represents a group selected from the groups represented by formulae [2]

and [3] shown above, and a dicafboxylic acid compound represented by
formula [19] shown in the following, in which Y represents a group
selected from the groups represented by formulae [4], the groups |
éxpressed by formulae [6-1] and [6-2], the groups represented By formulae
{7-1] and [7-2] and the groups expressed by formulate [8] and [9]. For
example, a combination of the bisaminophenol compound having the
diamondoid structure and the dicarboxylic acid having no functional
group, a combination of the bisaminophenol compound having the
diamondoid structure and the dicarboxylic acid having a functional group

other than the diamondoid structure or a combination of the
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having the third repeating unit represented by formula
[1], the 20 benzoxazol e resin precursor having the
fourth repeating unit represented by forrmula [10] and
t he benzoxazol e resin precursor having at |east one of
the fifth repeating unit represented by fornula [13]
as the essential conponent and, further, at |east two
precursors selected fromthe benzoxazol e resin
precursor having the third repeating unit, the 25

I ' having.the faourth
MERARAGHE | FoPaBAgCiiRhe ofe ; ditmopehur dorctnmni e
epdatt PRE™BerfZik : Sasadic
L oD MR M s himcBlal W FRACKRY b G eeia

lidvinigl o epeAionAl ¢olup, othBe theur i Bﬁﬁ# lob N
t he %i fth rep_eatg:tggbu%i t wth t‘thEeJhgi Xt 0?‘%8(@}{0?1}% %rﬁ Pe

repglsinio edadsior withibach dthipr fi atookf@ndet RUBPYeHeidEhloride
obtai ning the resin exhibiting excellent heat

Iressst dercsibgddaboee. snBhe vl cambinayioandanbbaisaleotd as
he resi%ﬁ%ihn1%ton1the resin as the objects.of the
dt&?%&%rﬁ’ 385 EAE joBieCt FRRPSTEY SRAh e pba bRt ermittivity can be
' ab eistandpei nt of providing a great . .
B T QP L AR it einedep Berinflhfe i e
efmbleahst andeRi Aim hdl] ' Y
If‘IJ[:he fourth repeati ngqﬁgﬁéjgiﬁ%b?%gqgi %&fegﬁéogt&%ﬁég%ﬂﬁﬂ%e’
tbarcobdinatich wf the rhiddnidephensldeaiug fthe brdod8oid structure
a%éﬁ%grtles as _the object of the present invention are

diearbexyliaasid aving the fooktibenizooapas endre pirefeTaisle.
pol ybenzoxazole resin will be described in the

fol | ow ng. Thqﬂpo benzo 1$Ie resin of the present
I nvention can ‘b& LaiQQQQ 2

X
R10/ ™0 R> [18]

In formula [18], R; and Ry each independently represents hydrogen
atom or an organic group. Examples of the organic group include alkyl
groups hgving 1 to 20 carbon atoms such as methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group, t-butyl group, iscbutyl
group and sec-butyl group, alkyl groups having 1 to 20 carbon atoms
bo:r_:lded via ~C(=0)-O- and vinyl groups having 1 to 20 carbon atoms
bonded via —(0=)C-.

0 0
ll H
HOC—Y,—COH

[19]

The active ester process may be used in place of the acid chloride
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15 by the ring-closing reaction wth dehydration of

t he benzoxazol e resin precursor described above. The

above reaction is, for exanple, the condensation

reaction or the crosslinking reaction. Exanpl es

of the process for obtaining the pol ybenzoxazol e resin

i nclude a process in which the benzoxazole resin

precursor is brought into 20 reaction under a

condition of 150 to 425C x 5 mnutes to 24 hours, a

Frocess i n_which the benzoxazole resin precursor is
190 adBdthe 2HIR e5tar PHIcess.| 3 @ﬁnzqirlaayigesieres‘sprmred by

BRCEBI0 cah e WIBR G, PRl RS Eordhid saoves and
2% ?Hpﬁzﬁb@hﬁéﬂr%fe DU bgﬁhgéd AR al‘ﬁi Qﬂ? Bug sammophenol

al néd by the réaction a reacti

ddscribeasbave URES | hraapht I RAG T k¥t hwﬁ:ﬁr QQ&‘W | ofHcPURt a
am no group or hydroxyl group of the benzoxazol e

ﬁem&raml@mfrtbewomdem@mzﬁmdenhrgimed by heating can
, organlc conpound WhICh ES deconposed or
£ TSl IRC Leas: B2qhing 16 : ag vnft

th p th the.
Lhe e???eiém%f%a%%r P weé‘%iﬁr%%ér"sr@gg?%ﬁe Sesont
96 ' RREH RBnhlKbeNZOXAZRk e [ Ra e IR tr%e}'ese]iﬂ:ed by

~interlayer insulation filmis fo

fofmtihe [Bilhstdwtu @hbve @6lIE thieVdeedibBd GpeEXNly. IITRYP preferable

i ncl ude am no group, hydroxyl group and isocyanate

t@ﬁé tibe benzoxazole meampresiretr tdrepsisingt theukhitd remetingeunit

ﬁﬁﬁg] rou |nclude 10 car boxyl group, socyanat e
WPR aPra e Bt FaerTiian eularag b mbove
anh drlde s_an r

aﬁ%‘?%@ B BL2URanF (LIRS R The B Sbaone

U O 1185 1QH R, Itﬁgd HeMan8¢hd fANEN , carboxyl

group and gl yc?dy groﬁg Efg%g géﬁgﬁd#%gH%ase resin

of t Hther santhiereofotdpgating (ke sdr itee thvabtlovepddihd Glo#dles not
polyoxyalkylenes pol y- met hyl net hacryl ate,

P33 191;131-}3@]&15:&11:@ yr ép@preﬁgﬁs}gqe yhaihthe puinpbestoérepeating is an
. | l.act | th d

LB VR gL B
p@é‘ﬂr&}ﬂkxyﬁﬁrﬁgé‘%&e& qaetop BT EHRARLE-1he ﬁ‘hﬁﬁ?ﬁﬁ repea%mg is

can be forne y using t e above resin
witinibetheal®va gang® veaithBilityah Fdsobitid D 8F tHRafhb-¥Eazole resin

oligoner is
precursor in a solvent is excellent.

The third repeating unit and the fourth repeating unit may form
the benzoxazole resin precursor as a copolymer or as a simple mixture.
In the case of a copolymer, the copolymer may comprise the third
repeating unit and the fourth repeating unit as any of a random

copolymer, an alternating copolymer and a block copolymer.

4-1 Preparation of the benzoxazole resin precursor comprising the fourth

repeating unit
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not particularly limted. It is preferable that the =

nunber - aver age nol ecul ar wei ght- of the reactive
oligoner is 100 to 40,000 and nore preferably 200 to

20, 000. When the nunber-average nol ecul ar weight is

wi thin the above range, aggregation of the nano-foam

i s suppressed, and 25 fine uniform nano-foam can be
formed. The glass transition tenperature of the

pol ybenzoxazol e resin i s not particularly limted.

[t isppr ap .t l.ass.transition of the

pol yb%%zfgif(gé%merg?éesgi %)riéb%ﬂ B8 PenPtrerazile thetnePrecursor

&repALiaR! ﬂie%@rth@regg%ﬁ\emlgg thé %eﬂ%tﬂ&%o]%erl%gﬁ'j é#e%lﬂﬁslog ncian

tenperature is withint ove range, the co

bé syihtieaizedXipanhe aBactiort b af Bﬁhﬁliﬁbﬂl[@d%@tc@h%%ﬁn&r@mch is
the 5 poé)ébenzoxaz[)I ? resin can be decreased. 9.
spprpgentied by formpglan 18] shewn sbioven inswhichp%y eebresants aheroup

benzoxazol e resin precursor, the pol ybenzoxazole resin
%?ﬁe"ctﬁ@ %Wé"h $lop 850108 TeBgsanRdth fororulee flomid 3bshowh absve,

ref er.abl,e that the precuysor, the resjin or th )
%%‘frﬁloé]ic paded aﬁ’l(i;féodﬁ?/%lﬁ“{lﬁ‘fﬂff’sﬁ}t%é’rys _Hmi"llﬁ @@rﬁh‘“‘m’ n
Giegfollotring|iv eRhichh VG repadkedis 20k Rp08c 1848 RGESR i eroups
precursor, the resin or the conposition, and the
eiptredenectl sy uforarniss [ihe disngr gh@nfisalsedrtObyample a
preparation of the resin film Exanples of the or ggnl’c
eopphigationned thie WeaminnpbeBobynmpbiiddnkaving the diamondoid

-butyrol gctone, N, N-di met hyl acet am de, di net hyl
davetuds god ee‘%ﬁ?ﬂﬁ@ﬁ&h@ Ia‘;@ogaﬂpﬁéﬂlhﬂmmnéoideﬂxucture can

' e gl ycol. di et yl ether, diethylene glyco .
S SO 5chiaf) Pl ead, O i isetmpnoe ik the acid
SHIBHAPYFREs B SMedMpaguEt hyl ether, propyl ene glycol
nmononet hyl et her acetate, rnethyl |actate, ethyl
| actate, butyl lactate, nethyl 1, 3-butylene glycol
acetate, 1, 3-butylebe glycol(h-nononethyl et her,
met hyl pyruvate, ethyl pyruvate, nethyl 20
3- met hoxypr opi obp{)e( e hH ket one, net hyl
i sobutyl ket one,Hicygl opz anonchycl ohexanone, [20]
t etrahydrofuran, toluene, xylene and nesityl ene.
Organi c solvents other than the organic solvents
descCrTledctdoystet §Rots 58 baSude@NG e g? thE Q& dfbride
the resin or the conposition is dissolved or :
Rffosgrsr s & thahetive gabircpmobaseat berpitiezl sedersinglepadéd by
Ln 25 conbination of two or nmore. The relative anmounts
the ERRCHEN A% 5B | dicazhoxplipr aeidr sbloridenalescribed above and -
) xazol e ,resi r t.,he.benzoxazole resin .
PRYARSIBRAEREIr RO Bis SHRINEE ST coso o Rissrsinpphenol
Racibey! ghdve |44 48 s ; zoxazol . resi
pr ecursor. . the pol'y %%?toxlgﬁz?(gl @F&gﬁng‘g&ltﬁ%& Sther ' a
teaipeoxiaxo o€ thiefddin PEApLFaafe SORRASELI on can be
conpl etely di ssolved or dispersed and can be suitably
5. Bengzoxazole resin precursor comprising the fifth repeating unit

The embodiment of the benzoxazole resin precursor of the present
mvention which comprises the fifth repeating unit represented by formula

[13] shown above will be described specifically. It is preferable that the
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5 selected in accordance with the application. In
general, the content of the solvent in the varnish is
about 70 to 95% by wei ght . In the varni sh of

the present invention, where necessary, additives
exanpl es of which include surfactants, coupling agents
such as silane coupling agents, typically, and

catal ysts such as radical initiators and 10 di sul fides
generating oxygen radical or sulfur radical by heating
can be used in conbination with the above conponents.
byngexagolp @gsin prreusIoTt ¢ prising ihe dhird reneatingeenit sord the

nd .t he diam no enoI ound has hydrogen atom as
PETE, PepAn By WRE bbb, LRk TRREPRE ALt Ye@ esepbed PRgormula

AP A kb e
fhlfﬁnl EFRR O LinGOARP YRE foﬁlhzﬁ ﬁéﬁégﬁlﬁg i i Bot Sist1 A6 td Igﬁat

phot osensitive resin conposition of the positive type
hyvingithe fifth cgehtimgtiin Wi t h a napht hoqui none azi de
conpound as the photosensitive agent. \Wen at | east
one ofbg peupksiz 6% agpeating Spn pfr sberfifth lanelaﬂlhg unit is not

BB IRRE SRt ol oF BapRC TR ot At HEERgAoy Te@ﬁéﬁpgéﬁs an
151@&(;99%%”@ HoePbg epsd. ;{%fe%b gnR% eix#gggqfv r i FPI BSst

used as the osenS| I've r SRR

PegFabKe ahy ﬂﬁae?é’r B8i 100 tb BC ONRLBAL ﬂh%nni%:@b@r %f repeatmg is
photoinitiator. Wen at | east one of the groups :
wihnetenstleoenane, wockaRAlityam dissclbtiah k¥ thebotdpxaade Fesin
1to 20 carbon atons or an al kyl group having 1 to 20
RISEHEAT &2 8riolvsmh deaxsallent.c(=0) - 0-, the solubility in

h n
the PR&P %Jﬁalr%pegtmg unit, the fourth repeating unit and the fifth

- repeating unit may form the benzoxazole resin precursor as a copolymer

or as a simple mixture. In the case of a copolymer, the copolymer may

comprise the third repeating unit, the fourth repeating unit and the fifth
repeating unit as any of a random copolymer, an alternating copolymer

and a block copolymer.

5-1 Preparation of the benzoxazole resin precursor comprising the fifth
repeating unit |

As for the process for obtaining the benzoxazole resin precursor
comprising the fifth repeating unit, the benzoxazole resin precursor can be

synthesized by the reaction of a bisaminophenol compound which is

_represented by formula [21] shown in the following, in which Xg

represents a group selected from the groups represented by formulae [14]

and [15] shown above, and a dicarboxylic acid compound fepresented by

formula [20] shown in the following, in which Y, represents a group
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69 the varnish can be inproved. 10. Resin filmThe ... ..

resin filmwll be described in the follow ng. The
resin filmof the present invention is constituted
with the 5 benzoxazole resin precursor, the
pol ybenzoxazol e resin, the benzoxazol e resin precursor
conposition or a resin conposition conprising these
conmponents. Due to the above conponents, the excellent
adhesion and di nensional stability can be exhi bited.
npl es of the application _of the resin filmijnclude

?fﬁ%@?ql ayer the grAEDF appusteRternly Emmwae flatle (b2-af endili-2].

bt B B BL3 chl LS bR e o
t

FAPRBILFO UE RS S50 UMD B b g o

fuelceiBh AN SLPRIAES Jh A0 ﬁleadilaﬁc%dn\a%ﬁi sthenre %ﬂn'a thi 302588k vlic
be advant ageously used for interlayer 1nsulation-

f¢ifl s visgtheckBamoatient stractlibe feahrie BRCLINEOMES kéattion with
films _for etching for sem conductors anong these
edsbl ptdgr iipraecordance wightthe acid ichloyistepprsicessodescribed above.

fil
T8 Pt el llBiohs B dso frleeons esin%‘?ligéytbamﬁhp piect
I h di
PSRl shil £8 it pPOCARIChUShTOHE" o8 BEThiRnat: o For
taiithk dhe rédh@@in Eé{vﬁ%ai é:ﬁgﬂgﬁﬁbl%tﬁgﬂﬁ dit 3§ grefe%able that

additives. he resin filmcan be Use

s urdsa efibn ohewtrigy eﬁria | purbsvisn dorpeat, oS M1 thiei pyriise, the
addi ng a naphthqu|none di azi de conpound as the
pebisatianiafithe Mgeminoniwanl haeinges fandtidnal isgows etheaghan

nt er,l r insul n fil
lt,he dllan}O%do?&/ gtrut':tu?rg afrfrlltdlI the dléarg]oxﬁm acid having the diamondoid

structure is more preferable.

HoN NH,
’XS\ORz [21]

In formula [21], R, and Ry each independently represents hydrogen -
atom or an organic group. Examples of the organic group include alkyl
groups having 1 to 20 carbon atoms such as methyl group, ethyl group,

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

" group and sec-butyl group, alkyl groups having 1 to 20 carbon atoms

bonded via -C{=0)-O- and a vinyl groups having 1 to 20 carbon atoms
bonded via -(0O=)C-.

The active ester process may be used in place of the acid chloride
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25 sem conductor, the type of the interlayer
insulation filmis not particularly limted. For
exanple, it is preferable that the filmhas fine
pores (a nano-foam when a smaller permttivity is
desired. The average dianeter of pores in the
nano-foamis not particularly limted. It is
preferable that the average dianeter is 10 nm or
smal ler, nore preferably 6 nmor smaller and nost

e &S alhyind Mx%res%%%hf%%ss % mﬁ%t}itaﬁgglg%/sgéxia ?ﬁepgleplaﬁed by

dianmeter is wthint abové T ange,

thee rpAGE®S Sofl TheX arRhbRIylic aRsidahessd |®@Er19é£P§6cf¥>é Ahd
| Ted.

permttivity in the pattern formation is exhib
Whpdradybenesiriazolel mnidsthes sbkaised leeter ndrel kliy ®isaminophenol
insulation filmfor sem conductors formng the
dpsppbedamboye e dwenshtapingo t eactione withr edelct other at a

obtained b he reaction of the, henzoxazole resin
tﬁ@@ﬁ?ﬁ‘brre C%it%‘ﬁ PHR feRetatyee of Ebﬁg’ﬁér descri bed above
VNI 8L 38 7 Re SUBRLUEALy ESRGHENG Mot GaLROXY] , graup,
am no group or nydroxyl group Tt sin
pr ecJe $9préfsraliedhastHe e eRIN 82648 ' oﬂng%a{ ;
cpnstitu?rngrthe above resin conpoéig%gﬁ#gvﬁén I%Q%the,
thivwh e perbdgatnit, she ded;th trhpe atimpuhitamdithecifth bepdinEanit
easily in the interlayer insulation film A nano-foam
hagnthfe spdhntapeasg wRit renreseatedbybfosmailad1dk shown above
ni c,,coppound i.ch is deconposed.qr scatjered at a
AR e s e WpPeriEng the thudogesatine
: . ] t - ..be added.
RS SA06! Rrsnhok il R9q e AER Fh B8 R e

tofthahRabiegrthegi-agaebedted ueg. car bon nano-tubes,
Ful | erenes, silsesqui oxane of the cage type,

cycl ddexnunter of gepviatingo fpo ufi dbe heixiin gegedtingh vay td nEt

poj.nt, organi c. cqnpounds having small volatility,
P?ﬁ?‘f“é]é’trg'ngg’}teélz oEF & pripie dhabikmarembexof aepeating is an

. i yper branch pol yners. ese
6B I B 0000 RE B O B M o6 HEsbb St most
pREBAILYG GANRRUASHNAY! 080, VB | NG BAY BE BPGhting is
organi ¢ conpounds having small volatility are
witlehbethabllwve \Whage, therkaBliity dnfdiesmlngoragite Hehzbsfdle Fdign
f oam ng. agent can be dispersed uniformy into the

PR ENARbR s0lvant 15 exsellénte nano- f oam can be obt ai ned by

a further .treatnent such.as, hegting and extraction
V\hen&{hﬁ tﬁiﬁ’iﬁiﬁﬁﬂ‘?gﬁé‘ée‘mmc% fpurth wncatiag umt padiprythe fifth -

I fathe it jnsulati-on filmis not
R R nfl, PGB BNEE I Y i the e ol
r§IA Qfrebirdos a8 4 QopdPmendr Y £ sRhpfcehdthe 7 1Pt se of a
When the porosity is smaller than the above snal | est

collymert hbe exopslynire peyschiopbrisy tHeathirfierepuffingi @i, the
decrease in the permttivity is not exhibited. Wen

foureh pemssiting avedle dard/arh éh@b%fﬁb gereatiost upal wayd tther sixth

repeating unit as any of a random copolymer, an alternating copolymer

and a block copolymer.

6-1 Preparation of the benzoxazole resin precursor comprising the sixth
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-10.i.s.the possibility that the mechanical properties =
of the film decrease, and the modul us and the adhesive

property decrease. The thi ckness of the
interlayer insulation filmis not particularly
limted. It is preferable that the thickness is 0.01
to 20 pm nore preferably 0.05 to 10 pin and nost
preferably 0.1 to 0.7 pm Wen the 15 thickness is
wi thin the above range, the adaptability to the
process |s excellent. For obtaining the interlayer

t for exanple, a varnish i's prepared by

Codi h it i SI t he
, b'ef;i%‘s} 'zt“agéfl? S@%ﬁg’%?@%‘”@%?ﬂm%? RResale Sy pousor
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83 AN A EAAEO08, D SO0 P

@Is&ﬂﬂle%m‘édp@ﬁ rthe &‘éﬁ&l&ﬁ oft aShish&RRopRFRN c%h;ﬁuﬁﬁr@mc
substrat e, E@gf the coating process include t

Fegtrapevded @asefwﬁglqo sbewngihege ainswhivheXg I‘QmGS@ptBawgroup

cQating process using a spr coater, the dip

rieted ml%lhfélep gmﬂﬂsmgepp*p@ﬁ;végé hynfprendae digl eoét Iilﬁg shown
t h 25frmadc ting filmis drie

B85 384, Rar B RS bR oo

slaneendave, o (wdacH IYQNreph étsetnlw aCERﬁﬁJ kdkiRg ﬁ&i%ﬂeoglno ps

are conducted to formthe pol ybenzoxazol e resin
idpeedented bayformulsu[4A! tlNgroups expressed by formulae [6-1] and

[6-2], the groups represented by formulae [7-1] and [7-2] and the groups
expressed by formulae [8] and [9]. For example, a combination of the
bisaminophenol compound having no functional group and the
dicarboxylic acid having no functionai group and/or the dicarboxylic acid
compound having a functional group other than the diamondoid structure
or a combination of the bisaminophenol compound having a functional
group other than the diamondoid structure and the dicarboxylic acid
having no diamondoid structure and/or the dicarboxylic acid compound
having a functional group other than the diamondoid structure can be
brought into reaction with each other in accordance with the acid chloride
process described above.

The active ester process may be used in place of the acid chloride
process. In the active ester process, a benzotriazyl ester is prepared by
the reaction of the dicarboxylic acid chloride described above and
1-hydroxybenzotriazole, and the obtained ester and the bisaminophenol
described above are brought into reaction with each other at a

temperature of the room temperature or higher.
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filmconstituted with the resin conposition conprising

t he pol ybenzoxazol e resin can be forned. Wen the
resin converted fromthe benzoxazol e resin precursor
is soluble in an organic solvent, a varnish 5
contai ni ng the benzoxazole resin is prepared in
advance, and the interlayer insulation film can be
obtained in accordance with simlar procedures. In
accordance with this process, the step of converting
resin is nat

t he Z0X e. resi ecurs o]
necels)’g]g‘? )?ni % frae Hagtec Fx@ét n‘t’e &Weﬂt%a"?@‘ﬁgmf Wik a

d. .1L.O0Wh
ARORRELLRAP BhallSaht MofA ally AL SARETacil MERAIE o
ﬁ:ﬂohﬁfmﬁﬁ‘b’mﬁgl Bldﬂenegh@mq&rhxp Sndifé aeﬂvgﬁvé L %E%J}Ea.ﬁ&?wnh

interlayer insulation filmobtalined above eatl ng
{Neerelatiee nesiunts ibymabk éfhigephiot iddphenbl hmiftﬁé ddcarboxylic
sem conductor, simlarly to the case of the interlayer
aaid which ene proughtantathe whciien.15 prepared by

O|VIno the benzoxazole resin precursor described

. KRGS AC BRI VHRESIEABN as propyl ene

carb at 0 hol_.and N—nethyl rroI don

and t et%FeSg?%%hVaﬁﬁggﬁq}s g%% |§g)ﬂ§'dn§ of " the
15412BRA0lS UebsidS ﬁe@&ﬂsb&onsél@cftgﬁ i ALRET ﬁ@i‘lfo azc()jle resin
substrate. Exanples of the coating process |nﬁ e ﬁ
pretatsophaviag ithe thirdaepsatiss ngitareppesenesd by tferraﬂtasnl] 2the
coating_process using_ a spray coater, the dipping
himgesazle rpenmuenutsny hovuthe fonath repeating ewétreprpsented

B S 0 B b S b o i
t Ctli
SO, 7S ) RN S5 g

hdengr at eshb¥eatidd nasc @BSIelabttht%E Wit Bhd h@idP $88hfing unit
conposition conprising the pol ybenzoxazole reSin can

Teprdspniast] byTHerrh hiac Iliﬂesthe ofoutrtle rppeding i wet fichpedeatatb by
artic rly i It
femula tjliﬁ ard ther%%th repeating unit represented by formula [13] with

the sixth repeating unit represented by formula {17] are mixed and used
as the benzoxazole resin precursor composition, it is preferable that the
composition comprises at least one of the benzoxazole resin precursor
having the third repeating unit represented by formula [1], the -
benzoxazole resin precursor having the fourth repeating unit represented
by formula [10] and the benzoxazole resin precursor having at least one of
the fifth repeating unit represented by formula [13] as the essential
component and, further, at least two precursors selected from the
benzoxazole resin precursor having the third repeating unmit, the
benzoxazole resin precursor having the fourth repeating unit, the

benzoxazole resin precursor having the fifth repeating unit and the
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- 4R nohdyprse

is preferable that the thickness is 0.05 to 70 pm and
nore preferably 0.1 to 50 pin. Wen the thickness is
wi thin the above range, the property of protecting the
sem conductor and workability are both excellent. 11.
Sem conduct or device 5A preferable enbodi nent of the
sem conduct or device will be described in the
fol | ow ng. Figure 1 shows a di agram
schematically exhibiting a sectional view of an
enbodi nent of the sem conductor device of the present
RIRFAERRTLR TeTMPRSHIRBRAIGRS A grpbmatimook aintrast eseqof the
em caonduct ar_ . strate 10 1.0on i ch, an ment i S .
SR SR R P R ke w50 S B EbR TeReaipunit
ivde I ¥4 F t mrcan
TSI PE D NBhe BUAE b et Ena My (DA ARTEACEUE Hhe
dthedpéint e@Bbtdihirigdehd tdsin 3xkibetidg CREARMt Mdat PEsiL@YEE athd
coated with a barrier layer 6. In the.
4 sed] ayenittvetyl and ebtdickng She depnefibn dinsmatte fepinmed the
in 15 ?ccordance_mﬁth_the,fattern for formng the
koSt gF thndresrptdnppriion Theyfoanrtl rapegisrggnitisneferable
ressions. - In,the interlayer inspl.ati.on film,
SRR noint of proy bR ek et eh s freafing
1St f;er t Lt e -
Rt PR raple frop the FREUEER: IpiPAERE Y Hestve vjopesty.
Ty fourth eedeadinpyuni dinki hatsieh @peatidzSRA6686h be used wHhin
the upper side (the side opposite to the side having
thaaamgkissich thiat the @rppdntie Jasothet ¢hgedtnefetHeayesent invention
i nsul at.i on g%lgn a_hard nmask |layer 7 is formed.
f %dinent, t he sem conduct or device

f§09ﬁﬁﬂ!ggokgﬁﬂg§ Fﬂterlayer insulation film3 is

S ; ) present invention is not limted
10t M oheARIYBe BRIROLHIFBEin will be describBE $n tRE following.. |

sem conduct or device of the present invention exFii bi t s
excelMhentolgberesvshevialresiaafrthe praswchtSinf-bh€ib€Ban be obtained
insul ation due to the use of the interlayer insulation
hye tle irmrgiclapidgereackions withaBphyduptioh obmhe dteneexdzele resin
exce the i ter%%zer insulation film has

|l ent. 5Sinc
p@%%‘équlén({esﬁlaﬁ‘égi PPV t ht A @Pove reaction 1s, for example, the

condensation reaction or the crosslinking reaction.

Examples of the process for obtaining the polybenzoxazole resin
include a process in which the benzoxazole resin precursor is brought into
reaction under a condition of 150 to 425°C X 5 minutes to 24 hours, a
process in which the benzoxazole resin precursor is irradiated with
ultraviolet light Qi' a process the benzoxazole resin precursor is irradiated
with electron beams,

When the polybenzoxazole resin is used as the interlayer insulation
film, a product obtained by the re.action with a reactive oligomer which

has a substituent reactive with carboxyl group, amino group or hydroxyl
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wiring layer as described above, the reliability of

" connecti on of the sem conductor device can be further

enhanced. Since the interlayer insulation
filmhas the excellent property of permttivity as
descri bed above, the | oss of signals in the
sem conductor 10 devi ce can be decreased. Si nce
the interlayer insulation filmhas the excellent
property of permttivity as described above, the del ay
in the wiring can be decreased. EXAVMPLES 15The present
gropanof omewbenzazezele srasit apregnrser spetichinché | decomipbsed by
eference to exanmples in the follow ng. However, the
%?%fg%%tcaﬁnn Entissn 440 Mg EeBRowRA (Heichxisnfewsupased or

FAGE T 508 oS AP IR SRR Dl Bl i o
PREANAN GRLIARRS Yebsurkddt MR +d 36 Lhove y&&a@,g? %‘tgﬁg foam

measur enent wasS conduct ed using an appar at us

¢arpbe b EER406d i the tpalyddnBx o RPENiIDRMSH! tHeOinterlayer
Ltd., The neasurement of 1-11-NWVR and 13C(1H)-NWR were

wentalearetlmis frmedonance frequency of 400 MHz and 100

N+E,u¢e%§eé%h§§Hé. ﬁ§ t he sol vent of the measurenent

a deut¥FgP ofPesibSHRER Keactiye iWihataahomy ngnonp| include
| ' 0 13 s used. 2. Infrared

asa%g&%lllos%( Bg@%&ﬁg& h aés%cge‘)src?:ﬁ% I\ll\%ggr%%duct ed in

accorEaaplest o thd@ubBritdat! fachRt h@anush i
appafatusﬁgf t he tygé 1640 manuf act ur ed %3&% %W&lndude

@ErveER1@roppigocyanade ghiags gndlylsidup Mokleid B@hydride group,
measur enent was, conducted in accordance with the fiel
Raleimids srpuprpyidmstitidaidesgnoypaandmearlateusronp. t he type

5 JM&; 700 f by N PPON DENSHI Co., Ltd. .
Exal @%P@h%@%%%gﬁ&mar%@aﬁiWékgﬂafﬁa?xyaosﬁeea rigclude
£ bRgyiAge SrAPRAM S hEANG KL glycidyl group.

Examples of the base resin of the reactive oligomer described above

include polyoxyalkylenes, polymethyl methacrylate, poly-o-methylstyrene,
polystyrene, polyesters, polyether esters, polycaprolactone, polyurethanes
and polycarbonates. Among these resin, polyoxyalkylenes and
polycarbonates are preferable. A fine nano-foam can be formed by using
the above resin.

The number-average molecular weight of the reactive oligomer is
not particularly limited. It is preferable that the number-average
molecular weight of the reactive oligomer is 100 to 40,000 and more
‘preferably 200 to 20,000. When the number-average molecular weight is |
within the above range, aggregation of the nano-foam is suppressed, and
fine uniform nano-foam can be formed.

The glass transition temperature of the polybenzoxazole resin is not
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10l n accordance with the follow ng three steps,

1, 3-bi s(3-am no-4- hydroxyphenyl )adamant ane was
obt ai ned. 1-1)Synt hesi s of

1, 3- bi s(4- hydr oxyphenyf | adamant ane (the first

i nternmedi ate conmpound) A 500 ml five-necked flask
equi pped with a thernoneter, a stirrer, 15 a reflux
condenser, an inlet for nitrogen gas and a di scharge
pi pe connected to a trap containing a 30% by wei ght
aqueous sol ution of sodi um hydroxi de was cool ed in an
pedigmany lmitedt hdt fis alsne,ferabﬁw that 0he 2asmltemisitodn of the
1,3 adamant.ang, 200 of

dib . h I d 2.6
PUYBARBRENE st i 425t P HHSRF@Nomere Rrefabiynd50 to

t i ¥ 20 at 0C f h
500 REhe I USRI RSP il B iR e iR pnee,

poured into 2,000 liters of acigic Ice water.
pdlgbérexarilé echinaandeghriaisedyer was taken out, washed
W th pure water -and a saturated aqueous sol ution of

12/h| ori de and poured into nmethanol to separate
t he duct. The obhtai ned %@${§9“°t was dried under a
r educed®PALEEHY ,méﬁaf%‘%a%e‘s HP SREPEAZUR FCHBRIPHEGOT,

] the absorption of .
[BSRIBEOANE b ol THA Bk [ ANS B8 Pramsition
ik B pRAMBISThaARYet ded i}
A B PRALBSUE e DASTRLA Mook 4hL clpot el WRsffpd
arhédispesdddhtovasn dipanic selvehnwdrice dhat dissslop Qurdispdrse the

1- 2) Synt hesi s_ of N
pregunspy (themesin on thy spmpppitisny Badahenekininedt srdutiec ondhe

{.nt er nedi at e ound . Into a 500 m _four-necked
PGt et 0T BiCiduion,oh it 2eSin Sy Bxoglen of the
] X se . . a 20% agueous
TEU oROBPAES Phnetedl, (Nabduft A Eagle T FRIAdRRE,
NN -@ipetdlyldddtdmatd)i idethyD QPN MR RAGRIRNERRS] dimethyl
obtai ned by repeating the above procedures was added
gthess ndiethyens i gne] udidgehyly eger odietdylenei plycollldgbuty] ether,
te eratB;cS at the gnsi de of the_flask was kept at 20
ngragee ghicehyronrmetbyl etbep. dinransienaalyaelgmpnemetiad ether,

t he evat.d on of .t he rature . ceased
SRR S B B hdDSndingY Bl heBlaskomtRER el rers ] tagate,
Heur . , r eagt, 0 ur I\ a
B8FT e AT SRSYABRLRLOREY MBSO LA
Bmpaocabtiyibyefhicl r abéthyl vBahesien tdthpur eysatle, anflethyl

dried. The obtained crude product was recrystal [ized
Fmepharyrrapiomatel . methyl ethyl ketone, methyl isobutyl ketone,

fieabdotficieht G0 Qiddlr Axitoisich of BeRRGT OB BB&QH&A tﬂé@ﬁ the

cyclopentanone, cyclohexanone, tétrahydrofuran, toluene, xylene and
mesitylene. Organic solvents other than the organic solvents described
above can be used as long as the precursor, the resin or the composition is
dissolved or dispersed. The organic solvent may be used singly or in
combination of two or more,

The relative amounts of the benzoxazole resin precursor, the
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The obtai ned product of recrystallization was dried

under a reduced 20 pressure, and 30 g of a product was

obt ai ned. " Wheh the product was exam ned, the
absorption of nitro group was found at about 1,500

cml and 1,370 cm+1 in the IR analysis and the

nmol ecul ar wei ght was found to be 410 in the mass

anal ysis. Therefore, it was shown that the product was
BEbeRERNG ISR AlELERIRRURE rdiin Lirdburdt deShSbi8bn and
1, 3-bis(3 - am no- 4-hydroxyphenyl) adanantane I'nto a
tRBGrFhnicRulvene ¢& A8t parditil Ay Liwest Wb Idhgdad IR BBRIMEEEsle resin
a Dinroth condenser and an inlet for nitrogen gas, 20
precafsor, ¢hBCcpslybaheskdvnid aebiro b cchaChenzuithzdlk wbsi@f precursor
et hanol were placed and, then, 8.6 g (0.021 nol es) of
cohpesdidoncanbe rcormilatedy clisgdued orlbdiapoesddadxod eands: suitably
added under stirring so that the added conpound

sklepti¢@ dnoacddrdahteivwithTthe lapplicatioul t dnt generalyr the gontent of
sol ution obtained by dissolving 15 of tin(H) _
thalsehvand i thedratmash ag sbout {0 tof95% harveishls added at

a tenperature o Sotglor | ower, over, 1 hqur. After 12 ..
hour 91 ¥hsr waeispyali hesprgsent dagartipadwhpre inacesigryn additives
and recrystal.lized, froma,m xed solution of ethanpl .
CXATPRIS G Yo MPFR dRGLHGE. SHREACBRES GO GERRG: iSikhsas silane

.hydr ol i [ ] f .
CHBRRE S A S YRl 888 Mg ana
OB BB BRSPS PG b
ufgé’&' TNﬂHzcéhﬁﬁnﬁtfoﬁ v?%ti B éc!}ﬁ}i@ﬁéﬁ’ﬂ'spt ion of proton

~group was found at 4 to 4.5 ppmin the NWR
anal yghén apdehbe ol QEURY bbnzdRhadle Wasinf prétdirkér Rend the

350 in the mass analysis. Therefore, it was shown that
didiginpplbiind coaspourtt bias (13 dvvige a- dbohy @k thepiteny kppresented by
adamant ane (a bi sanm nophenol conpound havi ng thi
Raj anbitmia theriepeatvlg upytsorapaenexied by Jermuanlihd1ab (131,
substituents) 20As the dicarboxylic acid, isophthalic
[1di and HE26} iinetherhentorazole desin Porcvoswnsmd Kosddaoinophenol
Ltd.] was used. 3) Preparation of a benzoxazole resin .
ccmaggg}a@or the varnish can be used as the photosensitive resin
composition of the positive type by wusing in combination with a
naphthoquinone azide compound as the photosensitive agent. When at
least one of the benzoxazole resin precursor and the diaminophenol
compound has a group having a photocrosslinking group such as
methacryloyl group as the group represented by R; and Rg, the varnish

can be used as the photosensitive resin composition of the negative type |

by using in combination with a photoinitiator.

When at least one of the groups represented by R; and Ry has an

alkyl group having 1 to 20 carbon atoms or an alkyl group having 1 to 20
carbon atoms bonded via ~C{=0)-O-, the solubility in the preparation of
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Under the stream of nitrogen gas, 31.5 g (0.09 nol es)
of 1, 3-bi s(3-am no-4- hydr oxyphenyDadanant ane was

di ssol ved into 200 g of 25 dried

N- et hyl - 2-pyrrol i done. After 17.4 g (0.22 noles) of
pyri di ne was added, the resultant solution was cool ed
at -15C, and 20.3 g (0.10 nole) of isophthalic acid
di chl ori de was added in small portions. Wen the
addi ti on was conpleted, the resultant m xture was

gg;ggggggg?ﬁﬁggﬁ&%&m hour. Then, the tenperature was

J uste oomtenperature, and the m xture was
$bi r Re&naint he room tenperature for 5 hours. The 5
reaction fluid was added dropw se as small droplets
i nt o Thé r¢ein dilaf will bt dbseibeddhahe fAM@vingr med
preci pitates were collected and dried, and a
benzoXhg gleginy Edion of rtbe upresenth anvargidrhés dionsituded dvith the

tructure was obtained. The nunber-average nol ecul ar
BRFGHELRIFSBr DFSreizoth 40P 1t BeRz e Zorie, (the hanzosazole

S i.ned using GPC manuf.actured hy. TOSO
BB Rl GAARR & o e BB e ire cnR ik faese
Mhpéhedfes CODHE B AHVROLSIOHBRE - t1b) o AR gg%u%?or?f nd
a resin film The benzoxazol e resin precursor o0 ai ned
Gilnoesioverd stizlsilioy vedbe exbibiedN- net hyl - 2- pyrrol i done and

filtered through a TEFLON (a registered trade nane)
filtExampiesaoly thaiapplitation oft thegresms fHlm dincdede Hherlayer

B T B SOy TS S B e
sREhen g, O A PIED HILEL .0 SO0, B0 PR
Platds boldeP rédisfiMas RRindédAlns @ﬁﬂﬁl@c&sﬁs,?&ﬂf 89h $lms
of a bi sam nophenol conpound having thé cli‘anondoi d

for ratchinge (etching stoppers) and adhesives. The resin film can be
advantageously used for interlayer insulation films, surface protective
films and protective films for etching for semiconductors among these
applications.

To the resin composition constituting the resin film, where
necessary, surfactants, coupling agents such és silane coupling agents,
typically, and catalysts such as radical initiators and disulfides generating -
oxygen radical or sulfur radical by heating can be added as additives.

The resin film can be used as the surface protecﬁve film having
photosensitivity by adding a naphthoquinone diazide compound as the
photosensitive agent.

When the resin film is used as the interlayer insulation film for a

semiconductor, the type of the interlayer insulation film is not

- particularly limited. For example, it is preferable that the film has fine
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25 1-1) Synthesis of tetramantane Tetramantane was
synt hesi zed in accordance with the process of W
Burns et al. [Journal of Chem cal Society, Chenical
Comuni cation, 1976, 893 (1976)1, 1-2) Synthesis of
1, 9-di bronotetramantane Into a 500 m four-necked
flask equi pped with a thernoneter, a 5 stirrer and a
reflux condenser, 200 m of carbon tetrachloride and

f ' 0.0l ac . 16.6 g
S A e R S i S S A

in snphd aREFAIONPIHBHET ofShdids! iR0the! RENb IOREN AL HbEpabticularly
the inside of the flask vias kept at 20 to 30C duri ng

lihgeadditt ii@?)-reféfthIe tiher gedliaviepaigd\dsameta Bt 80l i thrt B@aller,

el evation of the 10 tenperature ceased, the reaction

mae préfoveblyt 6 PMO6Leshdlbsr faumd heist Ipdederably e mum toresmaller.
reacti on product was poured into about 500 m of cold
Wherrtheand:rage rdidmepenilustitinwastleepboat esndn; adaptability in the
filtration, washed with pure water and dried. The .
pobeesisntxl exceldenpr eudcanwescelenty prapeityeds fpegmibigvity in the
et hano| . The obtained product of recrystallization was
pafiesn fopmation mexubidedd pressure, and 29.0 g of a

P o o5, TR I U DO e, S
5 0 . RBP4 S B S e o oo
I f sl t .Sh h h d . .
STIGHERE it ARSI BEGEOE r with h
réactivy 3figéﬂl@r@és%ﬁi|%\éﬁrgwwﬁﬁht d & QUcALLGt reactive with
n accordance w th the sanme procedures as those

cHWRAYE eupn aﬂi?nlglsg/f&%e &k %ﬁro%ﬁ?lt:-‘ sPb @R ThNeRNBERIoxazole resin

conpound in Exa e 1l except tha

plecrgbbrignas@l raght dbén4dk231daksiH presutipRdcdiktituaify the
of 1, 3-di bronpadamant ane (0. 022 nol es) used in Exanple

alovelrésihi e aniiion- 4 Wiyekt aky-abidvepiredyat & usedyntheneano-foam
was synthesized. 2) Dicarboxylic acid (no
cau bt forwent g3sily in the iaderlayediinsmiadion fitmaciAl nano-foam can
terephthalic acid chloride [manufactured by TOKYO L
e bgoreagtiom prdendingiof an organic compound which is
decomposed or scattered at a high temperature.
A foaming agent (a porogen or a pore generator) forming the
nano-foam may be added to the resin composition described ahove.
Examples of the foaming agent include carbon nano-tubes,
Fullerenes, silsesquioxane of the cage type, cyclodextrine, organic
compounds having a high melting point, organic compounds having small
volatility, surfactants, azobis compounds, organic oxides, dendrimers and
hyperbranched polymers. Among these agents, surfactants,
hyperbranched polymers, organic compounds having a high melting point

and organic compounds having small volatility are preferable. When the
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3) Dicarboxylic acid having a functional group

(5-phenyl ethynyl 5 i sophthalic acid dichloride) was
obtained in accordance with the foll ow ng steps.

3-1) Synt hesi s of 5-bronoi sophthalic acid (the first

i ntermedi ate conpound) Into a 1 liter four-necked

flask equi pped with a thernoneter, a 10 stirrer and a
droppi ng funnel, 99.18 g (0.55 nol es) of

5-am noi sophthalic acid, 165 ml of a 48% by wei ght
BbSkFeO Th Qi kg afdetht aRd ukal, Tthe Ofoathidl! lak€Rt WBLEheVREDersed
pl aced and stirred. The flask was cooled at 5C or
houfermlyAirgolthe ibenzatepds exkiby Aifsgohshdttadf.cdndbe htatned
nol es) of sodiumnitrite into 525 m of distilled

- hrrekiriher imadanent vph aehedting and sstteattivn whentho feaming

15 hour,, and an uepus.sol ution of a diazonium salt
GRent B e an S FRE COAOFBIY - neckod 3 1iter flask

dBrIH 3 liter flask —
- arophr g HPnata of e IR Rrer PGl o ERR SaPutgpty

GHRfeAUS Th{QiiedsaBROtIER thb pafostty48% toY7086 8Atmore preferably
hydrobrom c acid were placed and stirred. 20The fl ask

Vide 5836l e@han € porokdyes sneaibhrtthe nadiseabisresahbllénvaitie,
a diazonium salt obtained above was added dropw se to
theae do dhe posgbility ohag e suffGemts degxpassy in the adinittivity is

' | et t |.tant ni tirred at
DRiee B F e niyeh i or BT LaOR PR PO AbHe etk sabie there

Enﬁ%rp&sgﬁ)ﬂhﬁ; {dti ¢Ad Iﬁg(gfyrﬁéaqg)rgféréi%g cﬂqtﬂgtfﬁﬁl deAthegsre, and
the reaction mxture was cool ed by I'eaving
tHeafiditilghs dodete{dREiRIAGh Sty Aefa¥Er € separated by

filtration and washed twice with 2 liters of distilled
wat erTheThlickhess plethe interlayer insulation film is not particularly
limited. It is preferable that the thickness is 0.01 to 20 pm, more
preferably 0.05 to 10 pm and most preferably 0.1 to 0.7 um. When the
thickness is within the above range, the adaptability to the process is
excellent.

For obtaining the interlayer insulation, for example, a varnish is
prepared by dissolving the resin composition comprising the benzoxazole
resin precursor into an organic solvent such as N-methyl-2-pyrrolidone,
and a coating film is formed by applying the prepared varnish to a
suitable support such as a silicon wafer or a ceramic substrate.
Examples of the éoating process include the rotation coating process using
a spinner, the spray coating process using a spray coater, the dipping
process, the printing process and the roll coating process. Then, the

formed coating film is dried and treated by heating. After the solvent is

removed, the condensation reaction and the crosslinking reaction are -
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white solid substance was dried at 50C for 2 days

- under ‘a teduced ‘pressure, and 117 g--of “a crude- product

was obt ai ned. The obtai ned crude product was used in

the followng step without purification. 3-2)
Synt hesi s of dinmethyl 5-bronoisophthalate (the second
internmedi ate 5 conpound) Into a 500 m fl ask

equi pped with a stirrer and a Dinroth condenser, 110 g
of the first internmedi ate conpound (5-bronoi sophthalic
aci d) obtai ned above, 500 ml of nethanol and 10 g of a
coriretdd tf fatusthd poliybertoikazole resin) 26€Hhe andrlbher insulation
resultant m xture was heated under the 10 refl uxing

gbndi F‘P@ﬁtfu(bt?d 6 Wibhr s the\f txesi hecongsusitiant avinxdrigigg Washe
the cool ed m xture was

eaV| ng st andi ng,

%‘géig Aiesiesigean bg g pegs  (Vhen Fh%aemtc@mvermdjﬁph@the

ure was neutralized with a.5% wei ght
2%"%%%‘5%330 Kb SRSl H Rkl FhgihCHF IR s bt Vhnish
ERNEBANP" E6d r r @ﬁ%}gﬂ n
washed fevm ce%%ﬁgzﬁt%rsggo %& I sti I*l ga%ljtw% %ﬂ%ﬁ the
inbedayed indilhtios ofiind @b bt astaaineds 16l dR6r @S Ov%thogmﬁlar
days under a reduced pressure, and 109 g (0.4 nol es)
procelyreshy [n seprrdanies spth hhisapweeses thbtstémef c(mhetmg the

Synt hesi s of _ di net hyl

%‘*“&R’é?ﬁﬂq @ﬁﬁ}ﬁﬁl‘e%ﬁﬂ’f :‘*Féﬁoattllé %?Welst Wtrlgeielﬁﬂaé“mécﬁhat@agmg
GrRRAe R P sy BT Ritke GEEGEne e Apteeliel

ni tr oyeen e aBodosh i ik’ BFmed Oy gtﬂed& Oalgfééﬁ qgﬁ? )mgulatlon

. the second internedi ate conpoun

fﬂs@phtfh@ fite popdxt @imbd fahosdeby ireht@g(t@leQQﬁéQaﬁhﬁﬁla@ifon

fgrl pheny hosphl ne, 0.275 g (0.00144 nol es) of copper

186?'6‘@1 ahavegbyyh %f(ﬁm'ﬂ)l nol es) of 25 phenyl acetyl ene

wer e ace and str.eam of nitrogen gas was

o ¢ ORhEE e B ChIRL 8 Pt msfcg M eppionducto
[ ydea dr at ed

it e A LRI S A

pAbparedt be dibsuMial thel FEORRAEAS NS B%&éﬁi’e@egc%e& above
hour, 0.3 g (0.000427 nol es) of
lﬂt%fm orgsuiis Gelvephewgh phosplyiare) @abbadiey diassione aédhoy and
g and the resuyltant m xture was heated under the
;Ar][pﬁ'é'rq.;l e | the p¥ppgred warpish is applied to a suitable

support such as a silicon wafer and a ceramic substrate. Examples of the

coating process include the rotation coating process using a spinner, the

. Spray coating process using a spray coater, the dipping process, the

- printing process and the roll coating process. Then, the formed coating

film is dried and‘ treated by heating. After the solvent is removed, the
condensation reaction and the crosslinking reaction are conducted to form
the polybenzoxazole resin, and the protective film constituted with the
resin composition comprising the polybenzoxazole resin can be formed.

The thickness of the protective film is not particularly limited. It
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~....5. for 1 hour. Then, triethylamne and pyridine were
~o-fenoved by -dirstibl ationunder- a reduced pressure; and - -

a viscous brown sol ution was obtai ned. The obt ai ned

vi scous brown sol ution was poured into 500 nl of
water, and the fornmed solid substance was separated by
filtration.and washed twice with 500 nl of water,
twice with 500 mMl of hydrochloric acid 10 having a
concentration of 5 nole/liter and twice with 500 nl of
wat er. The obtai ned solid substance was dried at 50C

i gesferable dhae thtleshiks, is 0105 8976 |6n Ofngdindd BYéferably 0.1
5- phenyl et hynyl i sopht hal at e was obt ained (the'y

7‘5%) pm.  When) tigythitlowiss infvithipdhasbiovenrange, the property of
henyl et hynyl i sgpht hal ate (the fourth 15
Pﬁ teriRg the BeRYRPEUET apdivperkabilityaae bpthupxosdentd

Ilasge 'n%%%\%r echea thernmometer, a Di nroth condenser
mm—a—%géré—m—“g—l-ﬁ—ers of butanol and 180 g (2.72

I a 8 I
mol esh @f ﬁ?&lﬁé%%‘%@%@é@xsﬁﬁl&eg%ﬁﬁm FcPle aﬁgg’g%rwﬂ}]

pot assi um hydr oxi de was eat'| ng un

deddribddrig thedelidvwiag. To the obtained 20 solution, 80 g

(0.272 noles) of the third internedi ate conpound

( d| meFigure 5- ghoarsya didgrayl schepirtivallytedhildbing nedtdhol eiew
E](qua and e resultant m xture was heated under

oan p bimaisd |SPP‘B?Pr¥d&Ct°3’01QWW dhe PTeRe Nt dudnt i

cryst s@'@m’%‘%‘:@%gég%ﬁa AN i oo
e, Nk Bk O PRI g
uppeli gide dsi uppr-gifie by lﬁﬁgxhyeﬂl)yif Ithe B@ﬁlﬁ@n@h@to\ﬂ%bstrate an
interlayer insulation film 3 disposed on the silicon nitride film 2 and =z
copper wiring layer 4 coated with a barrier layer 6.

In the interlayer insulation film 3, depressions are formed in
accordance with the pattern for forming the wiring, and the copper wiring
4 1s disposed in the depressions.

In the interlayer insulation film 3, a nano-foam (fine pores) (not
shown in the Figure)} is formed.

Between the interlayer insulation film 8 and the copper wiring
layer 4, a layer treated by modification 5 is disposed.

On the upper side (the side opposite to the side having the silicon
nitride film 2) of the mnterlayer insulation film, a hard mask layer 7 is
formed.

In the present embodiment, the semiconductor device 100 using the

interlayer insulation film 3 is shown. However, the present invention is

not limited to the above embodiment.
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.....obtained. 3-5) Synthe3|s of 5-phenyl ethynylisophthalic
.- aci-d-di chloride - Into-a 2 liter four-necked flask .. 7 s

equi pped with a thernonmeter, a Dinroth condenser and a

stirrer, 82.1 g (0.24 noles) of dipotassiumb5

5- phenyl et hynyli sopht hal ate and 400 nml of

1, 2-di chl oroet hane were placed, and the resultant

m xture was cooled at 0OC. To the cooled mixture, 391 g

(4.5 noles) of thionyl chloride was added dropw se at

5C or lower over 1 hour. Then, 4 m of

di met B de OfHIR BB M R:0RAHcithr Qié;tfficeh ¥EERI g:’r@é@?l% 1\91%531:19& qﬂgﬁ’x&bits

and the obtained m xture was stirred .at 45 to 50C tor

8xdedlens dih@ndibhel atdueacse ant isoffididndt insalashs &0Oke6he use of

formed crystals were separated by filtration and

hes Frigrlaven msdafipn glesetibedt @boven therelinbility aff coanectidre is

Wavail|E g fluid were conbi ned and concentrated at 40C or
nder a reduced pressure. The obtained residue

was ek afle i GRY SXHEAGL O L B R0 Tha0loidh S b

et her an rtratron

tiaApt hgeexdd albchiVedi Movk! ahk Ofblié'l’aﬂ% 8f fc%ﬂﬂsa‘gon of the
pressure, and a crude product of a semisolid substance
wesicobdactoedevitheanbadarihepdubhnswls washed with dried
n- hexane and recrystallized fromdiethyl ether, and

13. 3 }inee p‘ﬁ’é?ﬁlﬂéqlhwfitsf@}plﬁlmhh% @h@wlbnrrrhmipem of

a d| arbo I|c ci,d . havi rou was
SRR e BRa n559, A boenyo shatals ae o Somigomductor
&@J}g&é@{.% ﬁe&%ﬁb&ihpr ecursor The reaction was conduct ed

I n accordance wth the sane procedures as those
condugined the idrerddydexaidRlfich ENECRAs ttﬂ@texcéllbﬂtzgro erty of
preparation of a benzoxazole resin precursor 8

PO DOGtinsy @s)deetﬁrlbed above, the delay in the wiring can be decreased
1, 9- bi s(3-am no- 4- hydr oxyphenyl i tetramant ane obt ai ned
by repeating the 25 above procedures was used in place

§3§3%$§%§ (0.09 nol es) of
-am no- 4- hydr oxyphenyl i adamant ane used in
Exanpie %r@%tlgm;entﬂm( Qvﬂ5bg0&éas§%1b9§ %?fée %tet‘lﬁchﬁy with

acid chloride and 15.
fsfobkeoy tetimmyldssnghe Iﬂcallavem@m Hotlico b, Ahb @oe it ahAOsidYis
repeatl ng the above procedures were used in pl ace: of
ng‘tf(‘% tfotlm%leea)anmlw sopler htlle ddextificadionhlobradeohisacd
and a tggcz[oxazole({esm precur sor was

cgmpé)lwgg _the f%’llowmg me 8 were used. _
1. Nuclear magnetic resonance analysis (1H-NMR, 13C(1H)-NMR): The

measurement was conducted using an apparatus of the type JNM-GSX400
manufactured by NIPPON DENSHI Co., Ltd. The measurement of

- IH-NMR and 13C(1H)-NMR were conducted at a resonance frequency of

400 MHz and 100 MHz, respectively. As the solvent of the measurement,
a deuterated solvent which was deuterated dimethyl sulfoxide DMSO-dg

or CDClg was used.

2. Infrared analysis (IR)* The measurement was conducted in
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... The nunber-average nol ecul ar weight (M) of the o
- ebtakned- bénzoxazol.e resin.precursor.-was obtained .- .. oL

usi ng GPC manufactured by TOSO Co., Ltd. and was found
to be 23,000 expressed as the value of correspondi ng

pol ystyrene. 10 Exanple 3 1) Synthesis of

9, 9- bi s(3-am no- 4- hydr oxyphenyO- 2, 7- bi sadamant yI -

et hynyl fl uorene 1-1) Synthesis of 1-ethynyl adamantane
151- Et hynyl adamant ane was synt hesi zed from 1-adamantyl
nmet hyl ketone [manufactured by ALDRI CH CHEM CAL
GorTRaMYoe Witk thd KEC i i

Foroozesh et al. [Chgﬂ?ggggghﬁ%igg%$s?g%%%ﬁgéu%§%8¥3?@m
164) nBymitthearal by PERKIN ELMER Company.

9, 9- bi s(4- hydr gxyphenyO-2, 7-di br onof | uor ene 20

. oMisiss eaalysi &Wég’he yeasqrarh¢ridr wan condraed imascordance

§’ 9 . . . .
B P B ohtd: [ CASARLLUSEE O200 0, ot he 1y
Yot AP LRt urdby NPPAY DERSHRR JdL 9677 (2002).

[9, 9-bi s(3-nitro-4-hydroxypheny0-2, 7-di brono] fI uOr ene
Into a 500 mM four-necked flask equi pped with a
Ekempbnkter, a 25 stirrer and a reflux condenser, 200
gl 59.64 nol es) of a 20% aqueous solution of nitric

ci yRbliesiy £f ey, bigaminephenoly comppondphasingothe diamondoid
% 9- bi s(4- hydr oxyphenyO0- 2, 7- di br onof | uor ene obt ai ned
%Egﬁgn%as added in small portions under vigorous

stirri,n e r . [ i de of e £l ask
was kllgptg cca?t; Q%%&et gﬂ %%%guﬁ%w%gchggdist ?posh.l’gf%% “gopigo-4-
lagitiokiienytls daatiitehe daaitdiieqel evation of the

tenperature ceased, the
1-1) Synthesis of 1,3-bis(4-hydroxyphenyDadamantane (the first

intermediate compound)

A 500 m} five-necked flagk equipped with a thermometer, a stirrer,
a reflux cohdenser, an inlet for nitrogen gas and a discharge pipe
connected to a trap containing a 30% by weight agueous solution of
sodium hydroxide was cooled in an ice bath. Into the flask, 6.47 g (0.622
moles) of 1,3-dibromoadamantane, 200 m! of phenol and 2.6 g (0.01 mole)
of aluminum tribromide were placed. The resultant mixture was stirred
at 0°C for 6 hours and, then, the reaction was allowed to proceed under
heating at 60°C for 4 hours. The reaction product was poured into 2,000
liters of acidic ice ﬁater- After the ice melted, an organic layer was taken
out, washed with pure water and a saturated agueous solution of sodium
chloride and poured into methanol to separate the product. The obtained
product was dried under a reduced pressure, and 3.5 g of a product was

obtained.
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5 reaction was allowed to proceed for further 1 hour.

- Then, ‘the reacti-on product was. pour.ed.i:nta about 500" ... . ...z

m of cold water, and the obtained crude product was
separated by filtration, washed with pure water and
dried. The crude product was recrystallized from hot

et hanol, and a solid substance was obtai ned. The
obt ai ned solid substance was dried under a 10 reduced
pressure, and 156 g of a product was obtai ned. Wen

t he obt ai ned product was exam ned, the absorption of

ni t r oWHe@Ughe S

cml and t hevglﬁ)ggl?%?,?g%txg?ﬁ?ﬁ% %ﬂreorm 0 o%%epv\gga#o%gggr oup

wias @80nd ;53,550 1t 13,200 the ! iR BirallY Sinalysi) Gridthe molecular
nol ecul ar wei ght was found to be 440 in the nmss

- waghisves fphadefoobe, 330 inetdhel Bashovmalydiat Theveforedut twas

s the ohj ect conpound. _1-4)Synthesis of
%%2"@‘2 & ‘g{%ﬁmﬁaﬁwes ﬂ?@t feprererpmdate ompsgadant yl -
LY Ny eng INLe.a,500 . four-necked flas
gtqzzi pp%%ﬁi{/}ml%? {18 a&t hléé %bsra%tnéﬁo rgahﬁ%fﬂxéﬁ? e%ygﬂ"ﬂlé'ﬁ?é'ﬁ?n%n (the
sdtbAd ihREnfididteesmpaasand a stirrer, 35.9 g (0.06 20
nol es) of [9,9-b|s{b-nltro-4-hydroxypheny0
- 2, 7-lnitbrao 5OP Tl doreneediletl afl ek eghipyed With% §héMnOB3ter, a
nol es) of triphenyl phosphine, 0.23 g (0.0012 nol es) of
doppeandodi wdlux] gowlegsen. 286 mb(®6% wbles) of a 20% agueous

1. et hynyl.adaymnt bt ai ned above. in 14), 72 nm of

SHUH abbd TP AgHantHo, Do SR ddfy of 2L pyeatesncor
- | fo .

BRI Bt RSt heinsd b resetinedhe ebove

@gﬁe?] angs tdRleabiak R gb%‘ic}f{seuwﬁér hedts %&Qﬁhgt e
g condition at 105C for 1 hours under the
tsmpeaatwk ati theogeidegafsthe flask was kept at 20 to 30°C during the
addition. After the addition was completed and the elevation of the
temperature ceased, the reaction was allowed to proceed for further 1
hour. Then, the reaction product was poured into ahout 500 ml of cold
water, and a crude product was separated by filtration, washed with pure
water and dried. The obtained crude product was recrystallized from hot
ethanol.

The obtained product of recrystallization was dried under a reduced
pressure, and 30 g of a product was obtained. -

When the product was examined, the absorption of nitro group was
found at about 1-,500 cm~1 and 1,370 em~1 in the IR analysis and the
molecular weight was found to be 410 in the mass analysis. Therefore, it
was shown that the product was the second intermediate compound.

1-3) Synthesis of 1,S"bis(B-amino-4"hydr0xyphenyl)adamantane

Into a 200 ml four-necked flask equipped with a thermometer, a
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_Then, triethylam ne and pyridine were renoved by

- di stilhati-on under a r-educed pressure, and a viscous

10
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brown sol ution was obtained. To the obtained viscous
brown solution, 200 m of water and 5 m of

hydrochl oric acid were poured, and the forned solid
Substance was separated by 5 filtration and washed -
with 500 m of water. The obtained solid substance was
dried at 50C under a reduced pressure for 1 day, and
27.2 g of a product was obtai ned. Wen the obtained

DR cotlienS@ahd ad, inldtefoRRSALRIA 80s 00 HQrat J%@éﬁlltrated
group was found at about 2260 to 2190 cm1 in the IR

bwditogblogic amd anie3thmil ef etienobeiagbplars £ml)rbek,8.6¢ (0021
e mass 10 analysis. Therefore, it was shown that

%q'%éetsg b dbetsepprd dRtergdiate compomidobtaindd shovdesissadited
9,9-bi.s(3-am no-4:-h h 0,2, 7- bi sad tyl eth

brach Bt 37 sRat 4o dgunt Prlnd et pastbechibpdy the
' t . ' . d d .

Heloliafy SRR lutidh S 6 IS ARBRL TR of M) chloriae

destel @ith @0asi bfHtHa R0 Wh ng! .
s D000 R Fas A4IBR AR oMBEL A8 B0°C or

Jo9e9- dpies (B-hoint.r cAftehyidr bayphefosridd 2rysthls adasmapalated by
gt hynyl | f1 uorene obt ai ned above was added under
Kratiomqand regprstediced déwm conputed sdlutioedodrethivec! and

fluid; To the rgsultant m xtur a, 20 sol utjon ]
1&6‘?’%?‘?%8’&%%?1 i s ?9#\%%@ hydgechlonde salt oy et by diobypedayith
' et I t f

Y s P e NER AR Bl B BTR SRl pPlssure,

aid/617ad 6f Aprelveepaisalbegidky. filtration and
recrystallized froma m xed sol ution of ethanol and

hydr o¥hewrthe rroduct Fire oisnainedd thy dbsodpkioni depsadn ofaGH
ﬁ%ﬂf)%%@ B4 tap 8185 &)Sx(::nr %Iiatueiazt;%grpti(m of proton of NH,
group was found at 4 to 4.5 ppm in the NMR analysis, and the molecular
weight was found to be 350 in the mass analysis. Therefore, it was
shown that the product was 1,3-bis(3-amino-4-hydroxyphenyl)-
adamantane (a bisaminophenol compound having the diamondoid
structure).
2) ]jicarboxylic acid (having no substituents)

As the dicarboxylic acid, isophthalic acid chloride [manufactured by
TOKYO KASEI KOGYO Co., Ltd.] was used.
3) Preparation of a benzoxazole resin precursor

Under the stream of nitrogen gas, 31.5 g (0.09 moles) of
1,3-bis(3-amino-4-hydroxyphenyl)adamantane was dissolved into 200 g of
dried N-methyl-2-pyrrolidone. After 17.4 g (0.22 moles) of pyridine was
added, the resultant solution was cooled at -15°C, and 20.3 g (0.10 mole)

78



10

15

20

25

25 from ethanol and dried under a reduced pressure, . . .
and 11.7 g of ~a-product: was--obt airnet. -~ WWAER - FE: it i i

obt ai ned product was exam ned, the absorption of the
et hynyl group was found at about 2,260 to 2,190 cm1

in the IR analysis, the absorption of proton of OR
group was found at 8.8 to 9.5 ppm and the absorption

of proton of NH2 group was found at 4 to 4.5 ppmin
the NMR anal ysis, and the nol ecul ar wei ght ~was found
to be 697 in the 5 mass analysis. Therefore, it was
shasuphithalic tded] dididbries wamaddad iWasmbNer@Rio8E! When the
conmpound. 2) Dicarboxylic acid having the di anondoid
aflfiionyvas completed Jthrdeasmitont edixiemr Wox ytiredagt d15°C for 1
%ichl i de gps synt hesi zed from

oYL 5 IR dEPSFHYXG Miae agingted pdihe seqm tempeyature, and

e Al bR, & "B oom neslneBpter o Buboweek cibe

%%a%glgﬁggﬁ?@gf%% vaéfd(.tlgég% %ﬁgﬂ% %gafﬁﬁﬁréplaﬁﬁﬁo 4 liters of

disBil led awate an @tk darek prédpRaidd, wd0collec®ld and dried. and a
1, 2-di chl oroethane, 9.16 g (0.077 nol es) of t hi onyl
benworpgde amesis. @reguEor 0b@8Bgnvhes Yiafiondoid structure was
t,r.i et hyl ammoni um benzyl chl oride were 15 pl aced, and
P& meksul tant nixture was heated under the refl uxi ng

condidy ON . . .IThe obtai ned .s t.i O S .
filt erir‘lg‘g F%R{bﬁg aﬁg#{giéor{ﬁ&tef Olr?.r Reegpt tcd‘(g‘)séﬂ? um%no}?/%?ed
baorRidlatREiDhré RN Rt i .
pressure, t hle ¥)<Ié‘cr ystal | iszg}tﬁiaoﬁ%d\\;gg&ggﬁm{%&{@gwgd by
BOSOn §ohekttheand veaso ftvaidn el be 020,006 WREtARER AaehadhRA of
under a_reduced 20 pressure, and 5.48 g of a product

¢rasespendingerplugtyrénsht yel | ow crystal s having a nelting
oiﬁt of 68 t When t he obtai ned product
s

) 69C. ..
PR HER o 2 eSS ption of the acid chlori de
gr OUPTHABeA AL r BROHEcchBY drRahel %l Ll al B8 L Sinto

anal ysi's, and ul"ar  wel g Wel
Niméftg12BswreBdanalandl GilteFOEreltOidh 4 THRSORNQMLRAL
‘the obtai ned conmpound was the obfgtt conpound? ¢ red
trade name) filter, and a varnish for coating was obtained. The obtained

varnmish for coating was applied to a silicon wafer using a spin coater,
dried in an oven under the atmosphere of nitrogen under the conditions of
90°C/1 minute, 250°C/1 hour and 330°C/1 hour, successively, and ‘a resin

film was obtained.

Example 2

1) Syuthesis of a bisaminophenol compound having the diamondoid

structure
1-1) Synthesis of tetramantane

Tetramantane was synthesized in accordance with the process of W.
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3) Preparation of a benzoxazole resin precursor

“The " reaction was ‘conduct ed ‘i n accordance withthe same: =

procedures as those conducted in 3) of Exanple 1

except that, in the preparation of a benzoxazole resin
precursor, 62.7 g (0.09 noles) of 5

[9, 9-bi s(3-am no- 4- hydroxyphenyl)-2, 7

- bi sadamant yl et hynyl] fluorene obtai ned by repeatlng

t he above procedures was used in place of 31.5 g (0.09
nol es) of 1, 3-bi s(3-am no-4-hydroxyphenyDadanmant ane
Baers ph aEiémmjneﬂ bf Gihdmizénl BogietP,. CRexfiiva® )Coddmunication, 1976,
1, 3-adanpnt anedi car boxyl i ¢ acid dichloride obt ai ned’ by
?% 8LY; fﬁE t he above procedures was used in place of 10

3 halic acid dichlorid d
i%%) Ex%?%ﬁ% M3 oﬂﬁﬁ&@r%h@gga&t&%&én;eg% prlegurg:):r \e/agse
bt | |
(s SF05, 200l R ALIRE 0 U ROUBotR ER.2 épSiater. o
ohrai nel o iofitix R AERRLH TODURE Y1 RYBEBER PR hoki oyl

was found to be 20, 000 expressed as the va ue 0
@b@ﬁ??escpghdl g bIﬁmBIeymene pExadiphad4 18)6 Sy Mb06esi molds) of
' - bi s(3-am no-4-hydroxyphenyl)-1,1' -bi adamant ane -
fft&ﬂ)men@nemb:#em%@bqy Wﬁfﬁe in, amali pattivas vader stirring.
| e flask equipped

§e RooRiebitne b By mo4ie PFFRCaSERT ket 00 fn B9igBRmns

r S4
ﬂﬁgaﬁgﬁﬁ?on%??¥§P% anan?@%giangafggépaggfgoﬁ§ﬂ%gpgéfthe
einpienoe veisedPpbRe edactaid whaeall®pel 18NS robatt ?J CrfeRer 1
heat ed under the refluxing condition at 155C for

hﬁmut ghenAthe readteompraduce wssp@bredanite dibatit Bhe mp efold

erature, 4.3 Liters of nethanol was added, and the
Wate , and a crude product was separated by filtration, washed with pure

water and dried. The obtained crude product was recrystallized from hot

ethanol. The obtained product of recrystallization was dried under a -

reduced pressure, and 29.0 g of a product was obtained. When the
product was examined, the absorption of bromo group was found at about

690 to 515 cm~1 in the IR analysis, and the molecular weight was found to

- be 450 in the mass analysis. Therefore, it was shown that the product

was 1,9-dibromotetramantane.
1-8) Synthesis of 1,9-bis(3-amino-4-hydroxyphenyltetramantane

In accordance with the same procedures as those conducted in the
synthesis of thelbisaminophenol compound in Example 1 except that
1,9-dibromotetramantane (0.02 moles) was used in place of 1,3-dibromo-
adamantane (0.022 moles) used in Example 1, 1,9-bis(3-amino-4-hydroxy-
phenyDtetramantane was synthesized. |

2) Dicarboxylic acid (no substituents)
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- pressu

obt ai ned mi xture was heated under the refluxing e
gonditionat 55C for 10 nmitnut'es.  The” for med SR

precipitates were separated by filtration, washed with
a flow of nmethanol and dried at 60C under a reduced
pressure for 24 hours, and 642 g of the product was
obtai ned (the yield: 93.7% . Wen the obtained product
was exam ned, peaks of proton were 5 found at 8.79 ppm
(211), 7.12 ppm (411), 6.67 ppm (4H), 2.12 ppm (411),
1.72 ppm (811) and 1.59 ppm (16H) in the NWVR anal ysis
in a HOyvshedbcabbuylioacidanerephthalse stidwhlethidd [mheufactured

B HEEER. AR oD LoLal SEL, Sopovnd. 1-2)

3y ki -Ri 1 £914- hyd henyl)-1,1'-bi ad t 10
?)nt Ql%rﬁg%’lncleércrl‘? gﬁ?q- eag ﬁ%ﬁ"@?ﬁ"% E%Oé’é’u I ppe IoI avm'atrrﬁh aa "
Loer 6@9%%3@100 fic!, alme:jf lgifv‘?ﬁgné. fLR6G6N H28r AR (Fp RbAJIEMyny1

Boghthil i abi iitgoiddIenys dbthided Di asBOMRNRitRRLAI 1BBSWing
in accordance with the process described above and 600
sepsf di chl oroet hane were pl aced, and a stream of

i.trogen gas was introduced into the flask. Wile the
Phe S 8E3s con biromosonstiniolacibelthar firsindaformetiate
Lrring, 27.30 g (0.260 noles) of a 60% by wei ght
c}t(lqﬁuge%dﬁ{ségsol ution of nitric acid was added dropw se.

The rgsyld antitdd HhyiRcMesd fﬁatskréf?ﬂ?géd %i?%:@%%%&ﬁel%fr, a

the inside of the flask of OC of Tower m nut es;
sirrer hedpedasppieg dhnfell 0938 £ 10 a35WwabRE) b5 abahbisbphtldlic
hours and at the roomtenperature w thout using the
pad.ek6d sd ofgr 8%yt weightHowrebromeic achband (136 méaf tistilled

A S S
doPiti S ?’2@*?%.?%{1 1%%%%012% g%hgg ((g.%g chgiegbn gfe srocﬁ‘ulglelqllﬂlqi%g into

5253 B At wated-wrdh QXS BRI ; B i _
s obtained (the yieldr 5708 2%\3/%%%% %ﬁ%ﬁ?@?ﬁgg%m“

hnodaot amsqeears suiddtion e ksdiabominat enltweseobiumel. atlnto a

.43 ,..16H), 1.70-1.80 811), 214 ,
f%%pegk_p&(gd&w}(%gslg mquiypea:b \ggg gag]’thgxm%memryg Fp)gm(lfoth

TONEEN R AT p IR BN
bromide and 45 ml of a 48% by weight hydrobromic acid were placed and
stirred.

The flask was cooled at 0°C or lower, and the agueous solution of a
diazonium salt obtained above was added dropwise to the cooled solution
over 2 hours. After the addition was completed, the resultant mixture
was stirred at the room temperature for 30 minutes and then heated
under the refluxing condition for 30 minutes. After the reaction mixture
was cooled by leaving standing, the formed precipitates were separated by

filtration and washed twice with 2 liters of distilled water. The obtained
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t he obt ai ned product was. the obJect conpound ;;S)M___”“
‘Synthesi s of- ‘

3, 3" - bi s(3-amn no-4- hydroxyphenyl) 1,1 -bi adarrant ane 5
Under the atnosphere of hydrogen, 31.04 g (0.057

nol es) of

3,3 -bis(3-nitro-4-hydroxyphenyl)-1, 1" -bi adamant ane
obt ai ned above, 2.42 g (0.00114 noles) of a 10%

pal | adi um active charcoal, 310 m of tetrahydrofuran
and 62 m of N-nethylpyrrolidone were stirred at the

whote seipeuhbianee fwhs 3idDut S50°Th &y, 23dayd woller a reduced

N- net hyl pyrrol i done was 10 added and, after the

prasgiea Andi b% 2ipba waedes piadueti whs obidineil nUThs phtdised crude
reacti.on uid was filtered. The filtrate

ul t ant
%@uﬁ ey vge b‘%mt]%%fq]-{?“@ééét% wihoulpugs Reramyed wat er .

f nce was
S e SV Bt Ui YR RPN R sotg g diace
tpsughanged water and dried at 60C under a reduced
pressure for 2 15 days, and 23.21 g of
3, 3' -Tnits (8- 300 nn} 4Amldrepaypienyid , 4' s@h@ﬂamta@@lrﬁfoth
t he obj ect conpound was obtai ned as gray powder (the
%ﬂnépasersﬂ,%) g élme fiet uﬁemeﬁbdtqoc@dpcm&\dé bexanisophithalic

3-1.69 2411
0SpfpEL Ahatay 50 mb G smpinar] anel 39 %pmé%nm&md
6
sq‘lﬁ’?"h"" AT e Plcer apd R r%é%wé% B B0 e e e
WBQEY 86ndiEiba Tbr WAR0HQUNA feR tl?L% x%éﬁlt'aﬂt &t S@fas oled
anal ysis. Therefore, it was shown t t he o ed®

ot bawitg wandiles thej mle&ﬁiﬂ@m@&va&éd@&&hﬁﬁﬁe @6 1 liter of

5- adamantyl eth \%(Isi sophthalic acid dichloride The
sl uﬁriruJi th@smweu Waaowaittidived withta Gheby

i e e RO
%A ZE G d R RITR 5y A1MeSod 364 W ARG Ot 2 liters of
distilled water. The obtained white solid substance was dried at 50°C for
2 days under a reduced pressure, and 109 g (0.4 moles) of dimethyl
5-bromoisophthalate was obtained (the yield: 89%).

8-3) Synthesis of dimethyl 5-phenylethynylisophthalate (the third
intermediate compound)

Into a 1 liter four-necked flask equipped with a thermometer, a
Dimroth condenser, an inlet for nitrogen gas and a stirrer, 99.7 g (0.365
moles) of the Vsecond intermediate compound (dimethyl 5-bromo-
isophthalate) obtained above, 1.1 g (0.00419 moles) of triphenylphosphine,
0.275 g (0.00144 moles) of copper iodide and 41.0 g (0.401 moles) of

phenylacetylene were placed, and a stream of nitrogen gas was introduced.

To the resultant mixture, 375 ml of dehydrated triethylamine aﬁd 300 ml
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91 0 phenylacetylene in the synthesis of the

=g tarboxylic-aci-d-havi ng-a—f uhcti-onal - group T EXAP] s e e e i

2. 3) Preparation of a benzoxazole resin precursor The
reacti on was conducted in accordance with the sanme 5
procedures as those conducted in 3) of Exanple 1 _
except that, in the preparation of a benzoxazole resin
precursor, 43.6 g (0.09 nol es) of
3, 3" - bi s(3-am no-4- hydroxyphenyl)-1, 1' - bi adamant ane
obt ai ned above was used in place of 31.5 g (0.09
abﬂehjdmmedgﬁmbﬁséSwaﬂunhhd mMﬂﬁhmyhhdnuﬁﬁeﬁﬂmmmhn;anE&ar
used in anple 1 and 36.1 g (0.10 nol e) of
eaﬂﬁWeQﬁI}lFmng gaehy Ay Consompiachor kheawt, &. igci®1 400483 moles)

B RS RERE SEet P bin A Guttrp Fopidhrpido, Spehe
n,gmmhfe WES 2o BLLEHE SRR LI LA ion o 2 oiliPEn

aver age nol ecul ar

ﬂﬂnzlo&ﬁﬁﬁl e meshl BRQGYLSmeVahdoRyddisd %wgrﬁ’&ea by

manuf act ur ed by 15 TOSO Co., Ltd. and was found to be

@tﬂ@@loaanwsad'edscd&]prasahue aofd & orgeeapdirdivingsolution was
nmpl € 5 1) Bi sam nophenol having the

ol ystyrene.
r?]q }}:}ﬁ%oﬂalesqbtg@}e@rw@scous brown solution was poured into 500 ml of

et APRSL S DR Ve Soamtal hreflfretion gnd
&am FOREYE S0 mF?‘ig‘P’FEe‘% ﬂw1‘§%vﬂ:ifggqul) gcdghaﬁm L&a

aci d yto

: Mlﬂg@h@ﬁd:diﬁl‘:ﬁﬂi&ﬂ WF aC blettdyy aﬁ@ tWReY RiABBD AP Qater.

Co., Ltd.] was used as the dicarboxylic acid.
The obtained solid substance was dried at 50°C under a reduced pressure,

and 80.6 g of dimethyl 5-phenylethynylisophthalate was obtained (the
yield: 75%).

3-4) Synthesis of dipotassium 5-phenylethynylisophthalate (the fourth
intermediate compound)

Into a 5 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and a stirver, 3 liters of butanol and 180 g (2.72 moles)
of potaséium hydroxide (85%) were placed, and potassium hydroxide was
dissolved by heating under the refluxing condition. To the obtained
solution, 80 g (0.272 moles) of the third intermediate compound (dimethyl
5-phenylethynylisophthalate) obtained above was added, and the
resultant mixture was heated under the refluxing condition for 30
minutes. The resultant mixture was cooled in an ice bath, and the
formed crystals were separated by filtration. The obtained crystals were
washed twice with 1 liter of ethanol and dried at 60°C lunder a reduced

pressure, and 90.35 g of dipotassium 5-phenylethynylisophthalate was
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3) Bi sam nophenol _having the dianmondoid structure 92 0

9, 9- bi s(3- Am no- 4- hydr oxypheny1) - 2, 7- bi sadamant yl et hyn
yl fl uorene synthesized in accordance with the sane
procedures as those conducted in Exanple 3 was used.
4) Di carboxylic acid having the dianondoid structure
51, 3- Adamant anedi car boxyl i c acid dichl oride

synt hesi zed in accordance with the sane procedures as
t hose conducted in Exanple 3 was used. 5) Preparation
8hta@ndiEnzoxazol e resin precursor The reaction was
conducted in accordance wth the sanme 10 , procedures

S)t BARh6AEAN6!Rbny bRyl sob ARl Eacta FGTRLaq N2t 1N

the preparation of a benzoxa resin pre
g (0.04b ard &isdr ddurnecked flask equipped with a th
1, 3- bi s(3-am no- 4- hydr oxyphenyl ?aggrmntjénea an%r%%lgteé.’ a
voth gondensepfand ‘a stirrer, 82.1 g (0.24 moles) of dipotassium
b
Ryt

(G20
- bi - am no: 4- hydr oxyphenyl) - 2, 7- bi sadamant yl et hyn
BPREREREPBHaalits s Rak sk 17k dishiproaoemireslaced,
= hi - am Nno-4- hydr axyph 1) -, 15 adamant ane
= i e R S
b 60D ik dTad)i oF tagd ] .(0, D5, 40l es) of
gi, 3-§ad amaznt gn gdéfl} cI: girﬂt())g{fﬁ ﬁ?%ﬁalg%eéﬁ%lﬂog %Péer ?gg (%\Tg'f g’“%?é" &yer 1
haurp| Sthenpft 20.0F djmeBhyli@orimd BideOhnd SORNHNA debRGbHe were

dichloride used in Exanple 1, and a benzoxazole res
“Bid@ uP&drthgagbtgines maxture OThe stivnddent 4% eioakP T e Bodfs,

A i S S et Sttt
i o P I8 R BF Rt B RRE S ap e
veishang dopdenat datingd bR ShadMASdaS k64 LY iSrer under a
reduced pressure. The obtained residue was treated twice by extraction
with 200 ml of diethyl ether and filiration. Diethyl ether was removed
from the extract by distillation under a reduced pressure, and a crude
product of a semisolid substance was obtained. The crude product was
washed with dried n-hexane and recrystallized from diethyl ether, and
13.8 g of 5-phenylethynylisophthalic acid dichloride (a dicarboxylic acid
having a functional group) was obtained (the vield: 19%).
4) Preparation of a benzoxazole resin precursor

The reaction was conducted in accordance with the same
procedures as those conducted in 8) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 45.5 g (0.09 moles) of
1,9-bis(S-amino-4-hydroxyphenyl)tetramantane obtained by repeating the
above procedures was used in place of 3156 g (0.09 moles) of

1,3-bis(3-amino-4-hydroxyphenyl)adamantane used in Example 1 and 10.1
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1, 9- bi_s(3- Am_ no- 4- hydr oxyphenyQ et r amant ane

‘-synt hesi-zed-in"-accordance wi't h-t he-'same  procedures -as-

those conducted in Exanple 2 was used. 2) Di carboxyllc
acid having a functional group

55- Phenyl et hynyl i sophthalic acid chloride synthesized

i n accordance with the sane procedures as those
conducted in Exanple 2 was used. 3) Dicarboxylic acid
havi ng no substituent Terephthalic acid chloride was
used simlarly to Exanple 2. 4) Bi sam nophenol having

£ He.ab amim)omﬁjt@taplﬂﬂiaﬂﬂcea&ﬂ%hland@l@{&316@ BO0.85 moles) of
hydroxyp. henyli -1, |'-biadamantane synthesized in
é@@@ﬂﬁéﬁb@%ﬁmhtﬁhﬁdl@s aetl plicklotdeesbimsnechdse repagiing ethe
i,n Exanp §u4 was use 5) . Di carboxylic acid having the

o Gice  Bitien R o R YO8 iy /10 wﬁm ﬁ%lﬁoﬁhthahc
d 15 .t
SrOCUTIPLAE Jhef i MoRRTRE A Hotsbafohle ooy wes

@maﬁﬁﬁparation of benzoxazol e resin precursors
The sanme benzoxazol e resin precursors as those

prepdfisd humBeaapéege? rdldewlane weighteBi®dof 7dhe obtained
Bl endi ng of benzoxazol e resi ns 20A benzoxazol e resin

hpnzexrzde reewnBLRoHrsdr wWae diteturidnogihen@GPC manufactured by
TOSO Co., Ltd. and was found to be 23,000 expressed as the value of

corresponding polystyrene.

Example 3

1) Synthesis of 9,9-bis(3-amino-4-hydroxyphenyl)-2,7-bisadamantyl-

ethynyliluorene

1-1) - Synthesis of 1-ethynyladamantane

. I'Ethynyladamantane was synthesized from 1-adamantyl methyl

ketone [manufactured by ALDRICH CHEMICAL Company, Incl] in

accordance with the process of Foroozesh et al. [Chem. Res. Toxicol., 10,

91 (1997)].

1-2) Synthesis of 9,9-bis(4-hydroxyphenyD)-2,7-dibromofluorene
9,9-bis(4-Hydroxyphenyl)-2,7-dibromofluorene was synthesized

using 2,7-dibromofluoren-9-one in accordance with the process described

in Macromolecules, Vol. 35, No. 26, p9673 to 9677 (2002).

1-3) Synthesis of [9,9-bis(3-nitro-4-hydroxyphenyl)-2. 7-dibromolfluorene
Into a 500 ml four-necked flask equipped with a thermometer, a

stirrer and a reflux condenser, 200 ml (0.64 moles) of a 20% aqueous

solution of nitric acid was placed, and 147.4 g (0.29 moles) of
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__having the dianondoid structure, the dicarboxylic acid
havi ng a functional group and the dicarboxylic acid

having no functional group which were obtained above
in an anount of 50% by wei ght and 50% by wei ght of a
benzoxazol e resin precursor formed with the

bi sam nophenol having the 25 di anondoi d structure and
t he di carboxylic acid having the di anondoi d- et hynyl
structure mhlch wer e obtai ned above were di ssol ved

h
B R o B0 P a8 f ot biinaled pmsspbged
BY sB1II G LiIVRS uﬁH@P @iﬂou@m% L3 @m&é&m PG Rside

havi ng 't he di anondoid structu
df, Bhdifk(sR- AmisnRepl: ly d20xy PEETY Greaim phaNS@YAh e 2% dhe

i n_accordance with the sane procedures as those

edditigotwess romBlededleaditheeslevatioh oRjhdianphotytd csaed,dthe
bstituent 10] sophthalic acid chloride

havhﬁ%d@%ﬁ? Hg'l‘%CP@%?@@N@EFﬁﬂikﬁkﬂ-hﬂur Then, the reaction

product was poured into about 500 ml of cold water, and the obtained

crude product was separated by filtration, washed with pure water and

dried. The crude product was recrystallized from hot ethanol, and a solid
substance was obtained. The obtained solid substance was dried under a
reduced pressure, and 156 g of a product was obtained. When the
obtained product was examined, the absorption of nitro group was found
at about 1,500 cm~1 and 1,370 cm-! and the absorption of the bromo
group was found at 690 to 515 cm~! in the IR analysis; and the molecular
weight was found to be 440 in the mass analysis. Therefore, it was
shown that the product was the object compound.
1-4)  Synthesis of [9,9-bis(4'hydroxy-3-nitrophenyl)-z,7-bisadamantyl-
éthynyl]ﬂuorene

Into a 500 ml four-necked flask equipped with a thermometer, a
Dimroth condenser, an inlet for nitrogen gas and a stirrer, 35.9 g (0.06
moles) of [9,9-bis(8-nitro-4-hydroxyphenyl)-2,7-dibromolflucrene ohtained
above, 0.79 g (0.003 moles) of tripl:'uenylphosphine, 0.23 g (0.0012 moles) of
copper iodide, 10.6 g (0.066 moles) of 1-ethynyladamantane obtained
above in 1-1), 72 ml of dehydrated triethylamine, 38 ml of dehydrated
pyridine and 0.25 g (0.00036 moles) of dicholorobis(triphenylphophine)-
palladium were placed, and the obtained mixture was heated under fhe

refluxing condition at 105°C for 1 hours under the stream of nitrogen gas.
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Co., Ltd.] was used as the dicarboxylic acid S|n1larly

-4 g Ex anple-2:---3) - Bi-sam nophenol- -havi ng-t he “di anondei-d--

structure

3, 3" - bi s(3- Am no- 4- hydr oxyphenyl) -1, 1' - bi adamant ane
synt hesi zed in accordance with the sane
procedures as those conducted in Exanple 4 15 was
used. 4) Dicarboxylic acid having the

di anondoi d- et hynyl structure

5- Adamant yl et hynyl i sophtlialic acid dichloride

BN, hesdthgthih hea8BQ PRI Be Wrdrl feieosedNBy REATBAMTLAndsr a
t hose conducted in Exanpl e 4 was used. 20 5)

1Rduped giressuref aadbendsxoaz dbrewre solmtipnewas scmtamd@der Tb hére
stream of nitrogen 15. 8 Déo 045 nol es
qbt@lrtﬁds‘(lacca%ﬁ *?F@Ml w?ml@n%ymﬁa mmﬁé gf hydrochlorlc
sol ved i nt f dried rrol i done,
ST oot bpuge o399 thet st Spl | BieRa: s Separathdl by
| 84, . 05
%ﬁ%&‘g@g)&d ﬁdgﬁ‘gg&mgf)%ﬁam oiff)L %]ﬁl oril d%ﬂv%g%éltg%féldgm(bgtame
waRldriedost 5OPS . uifered rbdiece@0ghidsk @it MRS1 G Waﬁﬂeﬂ? 2tNEf a
obtained m xture was stirred at -15C for hour
Pilednet whes oletmpesdat d%emeamwmeddpmduchawa@enammed the
tenperature, and the m xture was stirred at the room

ghsppRtion of Ehe sFhymyhsueup Wﬂﬁtfe\m@ ﬁé akput 3260 u 2189 emed in
Rdroayinany i g melcalB AR o Rleadae o P tes mass
Ay 8 SSANGLrore, it was ShOWn that the product was the object
compound.
1-5}  Synthesis of [9,9-bis(3-amino-4-hydroxyphenyl)-2,7-bisadamantyl-
ethynyllfluorene

Into a 200 ml four-necked flask equipped with a thermometer, a
Dimroth condenser and an inlet for nitrogen gas, 20 ml of a concentrated
hydrochloric acid and 30 mil of ethanoi were placed and, then, 159 g
(0.021 moles) of {9,9-bis(3-ni£ro'4"hydroxyphenyl)"2,7~bisadamanty1-

ethynyi]ﬂuorene obtained above was added under stirring so that the

added compound floated on the fluid. To the resultant mixture, a -

solution obtained by dissolving 15 g of tin(I1) chloride dihydrate into 20 ml
of ethanol was added at a temperature of 30°C or lower over 1 hour.
After 12 hours,‘ formed crystals were separated by filtration and
recrystallized from a mixed solution of ethanol and hydrochloric acid.
The obtained hydrochloride salt was hydrolyzed with water, recrystallized
from ethanol and dried under a reduced pressure, and 11.7 g of a product

was obtained. When the obtained product was examined, the absorption
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5 honmogeneously. Then, 18.1 g (0.05 nol es) of

5- adanantylethynyl|sophthaI|c acid dichloride was
added in small portions. After the addition was

conpl eted, the obtained m xture was stirred at -15C
for 1 hour. Then, the tenperature was adjusted at the
roomtenperature, and the m xture was stirred at the
roomtenperature for 5 hours. Then, the 10 reaction
fluid was added dropmﬁse as small droplets to 4 liters

of il éEH}}ﬂy‘?ﬁgé%‘g# fQE B P5eHPLT 8485 "‘n’g[lggh the TR

col | ect eéd a benzoxazol € e

QﬁM{y@@, the @lmapmm oﬂﬁi’dtoﬁ QRO LR wik Eﬁn‘ltfﬁ 8.8 tog 5 > pRm

ian1no phenol having the dianondoid structure an
aho alyrrpdioncolgrneien afNid: gtmm Mesdnundas fott 4ibnemin in

5The nunber - avera%‘Ee nol ecul ar wei ght (M) of the
HiMIR qugdys P%%Mﬂ@r W@mlstowav\é@lmbtcabmée‘? in the

act ured by .and was found
8%%“@%0@%?5?*‘8&%& w2s %ﬁ&%&oﬁ‘&éﬁ tained spranemRg was
R o3 K BRGousd, Exampl e 8 1) Bi sam nophenol and
di carboxyli'c acid used for the third repeating unit

2)- 1pidBrbayilieeRiERVingakb darhbRisliapRRgQld structure
1, 3- bi s( 3- Am no- 4- hydr oxyphenyl | adani ant anesynt hesi zed

i n 25, dddeammrtasedicatbaxpic seik dicidosde rvess apnthbsised from

cgag&ctedln Exanple 1 was used. 1-2) Dicarboxylic
aﬁéﬁ}}tﬁ@e%ﬂ%ﬁghm u@ﬁxd [manpfaspvedal i by ac ALDRICH

G L G S T RSFer ke iek he Kllarsing avisesivp ¢
Rl T
Iiawiatly dohdedsea MBI igdé0e0 3ty RydleHt 6UT3E Ermantanedicarboxylic
acid, 100 ml of 1,2-dichloroethane, 9.16 g (0.077 moles) of thionyl chloride
and 8.0 mg €0.00035 moles) of triethylammonium benzy! chloride were
placed, and the resultant mixture was heated under the refluxing
condition for 8 hours. The obtained solution was filtered in the hot
condition. After the solution was concentrated by removing the solvent
under a reduced pressure, the recrystallization was conducted by adding
hexane. The obtained solid substance was dried under a reduced
pressure, and 5.48 g of a product was obtained as Iight yellow crystals
having a melting point of 68 to 69°C.

When the obtained'product was examined, the absorption of the
acid chloride group was found at about 1815 to 1785 cm-! in the IR
analysis, and the molecular weight was found to be 261 in the mass

analysis. Therefore, it was shown that the obtained compound was the

object compound.
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9, 9- bi s(3- Am no- 4- hydr oxypheny0-.2, 7- bi sadamant y| et hyny

| fl uorene synthesized in accordance with the sane
procedures as those conducted in Exanple 3 was used.

10 2-2) Dicarboxylic acid having the di anondoi d
structure 1, 3- Adamant anedi car boxyl i c acid

di chl ori de synthesized in accordance with the sane
procedures as those conducted in Exanple 3 was used.

3) Bi sam nophenol and di carboxylic acid used for the

5 T bheyaeRG8h 0PE PaRbdxabBledebin Fi@figiophenol having a
functional group

9, 9- bT'lsd 3reEtion- 4viey de@RBENY ik - Rocbrdiddenamyh ethy N¥hine
| uorene was obtained in accordance with the foll ow ng
dros¢dypms 3 thdde Symbuvts] Snod) of Example 1 except that, in the
9, 9-bi s(3-njtro-4-hydroxyphenyl) fluorene (the first
RueParataen dtea cbensouaenle 205t Preseor.nB2flogr (h88kweles) of

P 0 T AABeon
SRR SIS 178 RS0 RUER SAOR 0uf0,f%1 5

(®08 Impet) | 69, 3BT -auii 864MSA Bk pHdaddRBintane used in

tenperature at the inside of the Tlask was kept at 25
BEople30Caudirdty ¢ Ke.1addiolé)oof 14-béambhtnmdibarbatylivascid

onpl eted and _the el evation of the tenperature ceased,
dirhlopidacbtareddy apraing theabeecrmegedures was used in place of

20.3 g (0.10 mole)} of isophthalic acid dichloride used in Example 1, and a
benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be 20,000 expressed as the value of

corresponding polystyrene.

Example 4
1) Synthesis of 3,3 bis(3-amino-4-hydroxyphenyl)-1,1-biadamantane
1-1) 3,3-bis(4-Hydroxyphenyl)-1,T’-biadamantane

Into a 10 liter four-necked separable flask equipped with a
thermometer, a stirrer, an inlet for nitrogen gas and a reflux condenser,
64.5 g (0.15 moles) of 3,3-dibromo-1,1’-biadamantane and 1032 g (10.95
moles) of phenol were placed, and the resultant mixture was heated under
the reﬂuxing condition at 155°C for 30 minutes. After the mixture was -
cooled at the room temperature, 4.3 liters of methanol was added, and the

obtained mixture was heated under the refluxing condition at 55°C for 10
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for further 1 hour. Then, the reaction product was

—-,Hpo.ula..e-d i‘nt-o-about 500 m Of col-d wat er . ‘and “a-cr ude- S e e L i

product was separated by filtration, washed wth pure
wat er and dried. The obtai ned crude product was
recrystallized fromhot ethanol. 5The obtai ned product
of recrystallization was dried under a reduced

pressure, and 70 g of a product was obtai ned.

When the obtai ned product was exam ned, the absorption
of nitro group was found at about 1,500 cm1 and 1,370
gifdtesN The fhRnad@rydibRatndwiehe sepdeted af HRLdn, Wagshed
found to be 410 in the nmass analysis. 10 Therefore, it
with = fAowrniihethanbbamd driedtat\is Crialet ianstlucet pramsdieator 24

. 3-1- S hesi f
é@ggggggﬁéﬁq$Pﬁéﬂi%géF%;§§ﬁgh?ﬁ?¢@ﬁ¢ﬁdﬁﬂﬁbﬁ%ﬁﬁﬂorene
th i nt.ee i at d) .l 500, m
{ our - WBERAther PLERIEE kit WRY kRakunah Sashudest Plptqn were

rar r u n
P o R L BB T RE PPl OB B2 e a0,
bl acway (8HY 228 §.500108 A16HD) 65) thef NMER amialysis in a DMSO-dg
i ntermedi at e conpound obt ai ned above was added in
sobrtion,pendi bnwasrdewnsthat ithg. obthmetdenpeheat uras dhet dlgect
i nside of the flask was kept at 20 to 30C during the
ORRYEn. After the addition was conpleted and the 20

on: o 8..1&r at ure _ceased, nthg,r.eaction was
EO P AR SRE LA R OR R LSRR o
r eactying a1 QAUE o MR fedkRHr B5) BRI HRA %itgoao tHbrRimERd an
wat er, and a crude product was separated by
ihidtt rfat | eftrog@sheds whilh puskrwaf ed5.a20d dr (RIH0 Thdle) of
obtaigfd crude product was recrystallized from hot

8 At hy dneayphemithad -piasduantehe rbtaipet dhl accatdzome28ith
8o et P A e oo, o
O iR BhL BT oMS o WhH Be Hhask

W esld@in WerBtHano®scel 4R ud dbrRirSReE, o7 JoNe (1886 moles) of
anal ysis. Therefore, it was shown that the product was
a $l¥oducweghi aneeomdidbuigor ofipouittaci Bwhs R A8 Mirbesise. ofThe
9, 9- bi s(3-ni tro-4-hydroxyphenyli -2, 7-di phenyl et hynyl 1

e EHR PEERE fYasHiFed ARR dprpeTiawp of Hep inside of thetilask of

B0, o e AT k5 o PRI B SOOI S

13%h %0192 (HRuPS a B a8 The %oﬁ:%mé%‘féﬁ%g Iv%%g&[{rrgl?%g% %16? waterfice

compound obt ai ned above, 0
biatth fitne 2 Hopho aplj then, 0h Begrtich DGR aDfiasredf £ 9BRSK solid
i odi de, 6.74 g (0. 0066 _
substance obtained by filtration was washed three times with 1000 ml of
ion-exchanged Wéter and dried at 60°C under a reduced pressure for 1 day,
and 31.04 g of 3,3"bis(3-nitro-4-hydroxyphenyl)-1,1"-biadamantane was
obtained (the yield: 57%).

When the obtained product was examined, peaks of proton were

found at 1.43 ppm (s, 16H), 1.70-1.80 ppm (m, 8H), 2.14 ppm (s, 4H), 7.07
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10 nol es) of ethynyl benzene, 72 ml of dehydrated
triethylamne, 38 ml of dehydrated pyridine and 0.25 ¢

(0. 00036 nol es) of

clichl orobis(triphenyl phosphi ne) pal | adi um were pl aced.
Under the stream of nitrogen gas, the resultant

m xture was heated under the refiuxing condition at

105C for 1 hour. Then, triethylam ne and pyridine were

e Y 7S] [ 1 r , ;

P T B bl S S T BB S BTnagd Rz (O in
thd MR dnulysiois HDMBOsd} svludmon.20Dhetefafe, ibtveas simowd that
m of hydrochloric acid were added, and the forned

t8ObbthineASroaaet was thepbjedtadnyodnd.t rati on and washed
with 500 nl of water. The obtai ned solid substance was

168)i efyathdsofIBdebis(3rardied-lprdesyphehyh-111dsipdaarahitane
20 28.8 g of a product was obtai ned. Wien t he
pr odlibtdexaghex atinveghetd eofalhguirpgemn 004t gy (05§ r owges) of
was found at about 2,260 to 2,190 cm1 in the IR
3 rhiySrsitrardchydroxsphenyl) 2k, Lnkiademartaneoobprned prbaey 2.42
it was shown thaglbhe

i? t he nass anal ysi s. Therefore,

epl@A03E nasolen dihia dl0%: erdiBdiame asogrcoal, 310 ml of
iR e 1% e G YRR AP TepLdopfengFe stirred at the
B 40 Ro BT RRR ST S SN AB pplipone was
AQUE ST Bt el Rl TR Jrnc BBl ] SETABIRES, the

T é}&me%ﬁk@gégﬁgi ?’%gogil%e{n%o .Of';ﬁ% @F&%&e"@é@ aBlegefopwise to

and, then, es third

1200 e16idbatékcbanped R k! aimediaRResoMBsdhadded wifehshed

stirring so that 'the added conpound fl oated on the
3fitied. with tdhemiast|doddntmoRt82E mh dfohdthanobkiml 630 ml of
by dissolving 15 g of tin(ll) chloride dihydrate into
iodGexdhanfzedt Wanet awds dededt £10°€ tndpe rmatredecat pgeGwe for 2
| ower over 1 hour. After 12 hours, forned crystals
dages; exrsb B2t g i3t his{3-aming-4rha dresmbenyl)- 1 Zédiadapmazntane
m xed solution of ethanol 10 and hydrochloric._ q&} d. .
of e dtieeh sosaponad seH drtedeed ap EragPompardte vieldi BA%).
wat e recyystallized fromethanol and.,dried under a
ey e Hhd Riaingh Fropat 374k cx pRBitepeaks of Brotdn were
1S3 eGRPLAHNE $), e (NHD), 6.35
DR e T R A R
2 0 : v dym t | a5 :
piidl Do & 5 PpEld 218 Bt BT LD Ppd 7 hyn (OFD in the
NRIR #@dlyaidihhe BMSORd ebluiionr ahdntled MbRcolaupveight was
found at 4 to 4.5 ppmin the NVR anal ysis, and the

follRHEGUh& 1285880 fhe WRSsd QHAN S, PPheflord) £ReadBBOwn that the

obtained product was the object compound.
2) Synthesis of 5-adamantylethynylisophthalic acid dichloride

The above compound was synthesized in accordance with the same
procedures as those conducted in 3-3) to 3-5) of Example 2 except that

l1-ethynyladamantane synthesized in Example 3 was used in place of
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anal ysis. Therefore, it was shown that the obtained
conpound was

9, 9- bi s(3-am no- 4- hydr oxyphenyO0- 2, 7- di phenyl et hynyl fl u
Orene (the bis- 20 am nophenol having a functiona
group). 3-2) Dicarboxylic acid having no substituent

2, 6- Napht hal enedi car boxylic acid dichloride was

synt hesi zed from 2, 6- napht hal enedi car boxylic acid as

sGIRUPREE if th RFSQERNGE thD SOGLASHH PRl 1Sing o
fﬁﬁﬁﬁgﬁﬁzgﬂo gri%i%;g%&{dﬂ%@ sor Under the stream of

nitrogen ga 0. 03 nol es) of

3}, aa&;pafcg»ﬁaﬁbm-wemramép&@ﬁy ane was

di ssol'ved into 200 g of dried met hyl - 2- pyrrol i done.

Af t eIThl/ . fec@tidh 2% a0! @mduefedy in diaoeombsceddeith tthe same
resultant m xture was cooled at -15C, and 6.70 g
pebcdiBiestdeshosd doadpbtdhlinc3laof Exihpie de exasptadbled in the
in small portions. After the 5 addition was caonpl eted,
préwaciiad nddambrhzoxazde wsin rexecarsorl 5¢3&org 10/§9umoles) of
Then, the tenperature_ was adjlust ed at the room

St Brhpe(Baaming- danl rorepheylir b Lubindemaniane pbiaiped ghpve was
tepperature for 5 hours. After, the mxture 0ol e i
uged ipggace fB 15 (@?@@9@@ off i&ﬁ@%'@(]@n&\r!\rﬁéfaaqxw?leny D
dr oxyphenyO- 2, 7- bi ad ntyle nyl f.1.yor ene _added X
AN B A BO e B daPRed. REAA 0 U I, 88 8 AgEmney
0. 033 I . of .1, 3-adamant anedi car [ e e
efipaniiePautane Bed e R TTE PUEHA"BREYY e eflyin place of
Lt C [ . . i j 1 e
2 00 AL s NGRS TS By 1, ond o
bEHLASLAL Alsih BReL OB \RAPEbBNEE, and he mixiure was
stirred at t roomtenperature for 5 hours. After the
15| r q;fl@t }xﬁlhlﬁbiqa%ﬁag‘@snﬁﬂé&tﬁdr atweidht, (M) 408 (Re O8btained
nol es) o
bOn£ize]e3 rasinn préeisdr oxyp ditgied? uging [HECY beddyfayidred by
uorene was added in small portions. After the addition
TR0 Gopllatlechnd veaofounden be 32000 verprsssed ¢¢ the value of
-15C for 1 hour. Then, the tenperature was adjusted at
carirespassiimg @opestareme, and the mixture was stirred at
the 20 roomtenperature for 5 hours. Te reaction fluid
was added dropwi se as snmall droplets to 4 liters of

di sti.ll ed water. The formed precipitates were
ExamnlePed and dried, and a benzoxazol e resin precursor

o] R R REER bR Bl bl e
e T L

adcBddndy GALE Bk YRR eOPtReRled' SisNthdRCesduitaa iy Ekabiple 1

was used.

9) Dicarboxylic acid |
Similarly to Example 1, isophthalic acid chloride [manufactured by

TOKYO KASEI KOGYO Co., Ltd.]l was used as the dicarboxylic acid.

3) Bisaminophenol having the diamondoid structure
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TOSQ Co., Ltd. and was found to be 22,500 expressed as
‘t’he-value-of -correspondi-ng pol ystyrene. Exanple 9.5 1)
Bi sam nophenol and di carboxylic acid for the third
repeating unit 1-1) Bi sam nophenol having the

di anondoi d structure

1, 9- bi s(3- Am no- 4- hydr oxyphenypt et r anmant ane

synt hesi zed in accordance with the sane procedures as
t hose conducted in Exanple 2 was used. 10 1-2)

Di carboxylic acid having a functional group

5- Phedphlsit(ayaylinsahtdrakysheng e, ¢ b dirh sery BIRY HEEIBSche
in accordance with the same procedures as those
sortesized L acerdaptewthide sassdproc2iuBissanioepbenhicted in
gnd d%ggrbox lic acid for the fourth repeating unit 15

XPPPEG S JfAh nol having the di anondoi d- et hynyl

I {6 1 +9,  9-bi,s(3- Am no-, 4- hydr oxyphenyl) - 2,

o bPLethBatic ard Day iy wer e SRR T
accorgance, w rogegur hos nduct ed.
in Exanpl e %h%ﬁeegcggﬁ&%h g) %ngiar %@&@P¥1§Qacgy&%ﬁ3€ %% mn
aduerdtirmponithi the bamet proced?les Frs iRt @nAdbEAr ROXYhifple 3

acid dichloride synthesized in
was used.
5) Preparation of a benzoxazole resin precursor

The reaction was conducted in accordance with the same
Jbrocedures as those conducted in 3) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 22.8 g (0.045 moles) of
1,3-bis(3-amino-4-hydroxyphenyDadamantane and 34.8 g (0.045 moles) of
9,9-bis(3-amino-4'hydroxy'phenyl)‘2,7"bisadamantylethynylﬂuorene were
used in place of 31.5 g (0.09 moles) of 1,3-bis(3-amino-4-hydroxyphenyl)-
adamantane used in Example 1 and 10.1 g {0.05 moles) of isophthalic acid
chloride and 13.1 g (0.05 moles) of 1,3-adamantanedicarboxylic acid
dichloride were used in place of 20.3 g (0.10 mole) of isophthalic acid
dichloride used in Example 1, and a benzoxazole resin precursor was
obtained,

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. énd was found to be 22,000 expressed as the value of

corresponding polystyrene.

Example 6

1) Bisaminophenol having the diamondoid structure
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~ Pressure,

accordance wWith the sanme procedures as those conducted

in~Exanpl' e '3 ‘was used. 3) Bisam nophenol and

di carboxylic acid for the fifth repeating unit 3-1)

Bi sam nophenol having no substituent

259, 9- bi s( 3- Am no- 4- hydr oxyphenyl ) f | uor ene was

synt hesi zed by introducing nitro group at the

ort ho-posi ti on of hydroxyl group of

9, 9- bi s(4- hydr oxyphenyOf | uorene used as the raw

material by nitration with nitric acid, followed by

conv el,Qihiﬁeéo&mdeiyldmxsgﬂwthm@naHtm grymphdmized in

reducti on lﬂ the presence of a pall adi um carbon :

eeretance, withothepsame Ryegedures A@sathes i swgductedmex Esample 2

%Eg%@ed 5- (4- Et hynyl phenoxy)i sophthalic acid
I'chl"ori de was synthesized in accordance with the

50! HowirBExy1RAREd ARy ﬁmc%ro%aﬂ%ro nthesis of dinmethyl
5- (4-nitrophenoxy)i sophthalate (the first internediate
conpaoiPieniyltley@ylkophitellic Aid chReldRGsyidt Bz RRRAdance

with a thernoneter, a 10 stirrer and a Dean- Stark

witdt tihe| sameopirogeqraea tag Shosea@riicted( 1. J68amplecs Wasfused.

i th 5- hyd i ht hal ate, 107.33 0.76 I

3 Blorbenan i berpens sstapy o o0 (070 mles)
N, N- dhm f ' and 190 .0f., t ol

o e AT e TR R e B R BR .
£orBisabaubShall havied &le Jigmqoﬁystfcﬁ&u&@act I on was

renoved as an azeotrope 15 with toluene. After the

r eact3,Brbis(3uithined-loalhberhheuyd-1,eakbiadamalnltahsl \W@Bthesized
added into 3 liters of ion-exchanged water, and the

1pr angordantg viph ébe sprmet pupcedunes mségbpa‘ tendanttel odBxbmpds 4
separated by filtration and washed wi th ion-exchanged
YAt ¥F°%4nd et hanol . The obtained |ight yellow solid

HUDBIAMSARS AL hednBline %%:}18{%33(1%%(:%‘1%8 r a reduced

iTSt Thnternedi ate

CONMP@iAda s Pt i op iR Ridl sy BB WRize P i 2édordance with
Synt hesi s of dinethyl 5(4-am nophenoxyli sophthal ate
thesansegoredires esrthdsatmdooabimByampleod arak dsetler egg
{glant-shaped flask, 66.24 g (0.2 noles) of dinethyl
- (Breppraiapmehbsszpraepatesinarecwsorshe fir st

I nt er’ﬂ%dis%tmee %%%gga{]z%le Gfe%?n gprecursors as those prepared in
Examples 2 and 4 were prepared.
7)  Blending of benzoxazole resins

A benzoxazole resin precursor formed with the bisaminophenol
having the diamondoid structure, the dicarboxylic acid having a functional
group and the dicarboxylic acid having no functional group which were
obtained above in an amount of 50% by weight and 50% by weight of a
benzoxazole resin precursor formed with the bisaminophenol having the
diamondoid structure and the dicarboxylic acid having the

diamondoid-ethynyl structure which were obtained above were dissolved
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.25 of a 10% pal | adi um active charcoal, 440 m of
- tetrahydrofuran-and 220 ml of ethanol were placed, and-

the resultant m xture was stirred for 24 hours under

t he atnosphere of hydrogen. The reaction fluid was

filtered wth Celite, and the filtrate was

concentrated under a reduced pressure. Hexane was

added to the concentrated fluid, and formned

preci pitates were separated by filtration. The

obt ai ned white solid substance was dried at 50C for 1

da-metleyiparnobidose ds phe solveaf, andl a56.rAfhghafingecontent of

éggon,% i nt ernedi ate conBound was obt ai ned (the yield:
folid zesin egmpgnantis of 30%rbyaweiehhpas prepared.

5- (44o0dophenoxy)i sophthal ate (the third internedi ate

conpound) Into a 1 liter four-necked flask equi pped

Wik Rph ¥ hermoneter, a 10 stirrer and a dropping

funnel, 450 m of ion-exchanged water, 75 m of a

DonBaahtiabphlersdl Havin€ tracdd nafofdbst#fct@ré 0- 15 nol es) of

di met hyl 5-(4-am nophenoxy)i sopht hal at e obt ai ned above

as t hle33ee8rtmimt éthyduosipheophipdamdntaece phkacddsizadd in

the resultant mxture was_stirred. The flask was

SBTRECa W Be pamerprogstirss o8| thoseropugadde Byample 1

] ing 12.42 g ( 0.18 noles) of sodiumnitrite
‘?%gg%’g m of ion-exchanged water was added dropw se

DY DicaPodlylidl2 ndNGe Ui BRhoE xtUre was stirred at

5C or lower for 40 mnutes, and an aqueous sol ution of

a ldi daeplithalis akid skieriad{abhatherddBETORNYAD RURET KOGYO
solution, a

Co., Ltd.] was used as the dicarboxylic acid similarly to Example 2.

3) Bisaminophenol having the diamondoid structure
3,3-bis(3-Amino-4-hydroxyphenyl}-1,I’-biadamantane synthesized
in accordance with the same procedures as those conducted in Example 4
was qsed.
4) Dicarboxylic acid having the diamondoid-ethynyl structure
5'Adamantylethynylisophthalic acid dichloride synthesized in
accordance with the same procedures as those conducted in Example 4
was used.
5) Preparation of a benzoxazole resin precursor
Under the stream of nitrogen gas, 158 g (0.045 moles) of
1,3'bis(3-amino-&hydroxyphenyl)adamantane was dissolved into 200 g of
dried N-methyl-2-pyrrolidone. After 17.4 g (0.22 moles) of pyridine was
added, the resultant mixture was cooled at -15°C, and 10.2 g (0.05 moles)
of isophthalic acid chloride was added in small portions. After the

addition was completed, the obtained mixture was stirred at -15°C for 1
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_...solution prepared by dissolving 27.39 g (0.165 nol es)
. Ofpot assi-um'i odi de 201 nt 033 mt-of 1onaexchaﬂged e

wat er was added. The obtained m xture was stirred at

5C or lower for 1 hour and at the roomtenperature for

1 hour. The formed precipitates were separated by
filtration, dissolved into 300 m of ethyl acetate and
washed twice with 200 mM of a 10% aqueous sol ution of
sodi um hydrogensul fite and twice with 200 ml of 95

i on- exchanged water. After the organic |ayer was dried
hwotth  dhilytg rthd Senmgresirel Wast djadted at RBe $66MaRBMpaRSture, and
renmoved by distillation under a reduced pressure. A
Shamixgsunes stirtaskanthawseora demgersinge f1b donrer udier the

BREHE e al‘?l% ?‘%ti':‘iﬁ%@a‘r@?%%%%oe%%i;ﬁf%qf“%%ﬁ% P emno-4-
LA b o BB GTR Sha0 b bR oina ctspvec
Bohbgbieot@ly. oW Rl d154bst 398 WageObLai £ ag%mg%%%i&-

subst ance separated by filtration was drie

isogbthadicr edidc elichinsids uwasf added daysmalld p3biidks. Aftel hge
third internedi ate conpound was obtained (the yield:
addyion was cgmplefed sthet pletginedotixtiupe tras stirred at -15°C for 1

44- ( 35.hyd - 3-nmet hyl-1- but [ ph 10

S B Vo SRR g, an
to E QU - f | ask i pped i t h

BRI U AR L RS S A e,

~ Helctiofeiidasas 2ddeBdehpasO8s @Eia?lsaro%fleggitﬂetf A¥drs of distilled

5- (4-i odophenoxy) i sopht hal at e obt ai ned above as t

whtard | Mber fedhed epreipgitatns, word TcojletRd0Qhddes), ahd a
tri phenyl phosphine, 0.23 g 15 (0.0012 nol es) of copper
heogazole resnpreguizE having 8 repéatagranily torstisutednditBlthe

%Ié?g&l%&e%% )ﬁ%{v%gge 311% Bh]@%e': hé)éfl O{ﬂ) gg‘@.)c%g]feman%f t],gee r(]i){C%.rI'géXejr(%lc
&1ig ﬁala%pgbﬁégﬁwétaﬂegykvag%%hgg) pal I adi um were pl aced.

Under the stream of nitrogen gas, the resultant

m xt UFlee Wasmbesheeragaderolbhidar efvbigdngveOndict RN @tained
105C for 1 hour. Then, 20 triethylam ne and pyridine
hoavzexazode veeinbpratiussar] wasi ditaimedensiagr @R achrpifagarsde by

a Vi ous byown solution was obtained. To the
@@gg o s Eass Yo Nndotoube a9 508 b expreserd wat e walge Sf
Cgif e%éoﬂ&"gf %%?&H,e%eaci d were added, and the forned
Sd?l su §t )

arnice” was separated by filtration and washed
with 500 Ml of water. The obtai ned solid substance was

dried at
Example 8

1) Bisaminophenol and dicarboxylic acid used for the third repeating

unit |

1-1) Bisaminophenol having the diamondoid structure
1,3-bis(3-Amino-4-hydroxyphenyl)adamantane synthesized in

accordance with the same procedures as those conducted in Example 1

was used.
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25 50C under a reduced pressure for 1 day, and 15.14 g

~of “the-fourth internedi ate conpound Wds obtai ned- (the. =~

yield: 7599 . 3-2-5) Synthesis of dipotassium

5- (4- et hynyDphenoxyi sopht hal ate (the fifth

i nt er medi ate conpound) Into alliter egg

pl ant - shaped flask, 450 ml of butanol and 47.53 ¢

(0.32 nol es) of potassium hydroxi de (85% were pl aced,

and potassium 5 hydroxi de was di ssol ved by heating

under the refluxing condition. To the obtained

$0) uthiefrbok§lid Gelfl KR4 nBRuBsitintdi et hyl 5-

[ 4- (3- hydroxy-3- nethyl-1-butyn)] phenoxyi sopht hal ate

obt ai lseghtlirdveaad chiveideduranufactiesdibgd MY ORNPBEN K VSO

addﬁg and the resultant m xture was heated under the
a6 L Fepscavedi as e diearberyli atidesmilany to dxantatl.

] Xxpure was, 10 .coo in an.ice bath, _and the formed .
D) Bttt HeaPuilic FRdaahiorTibe Bueeh reepating
gh¥stals were washed twice with 200 nl of isopropanol
separated by filtration and dried at 50C under a
2-adluBigarpinsiene]l havidg kBe AdarfoRdoil Mhihfltdiructure
i nter nedi at e conpound was obtained (the yield: 97%.
3- 2- 6),9%jsBhimiino-dthysr§x4pdichy B yh Piesuabayi aphithahs18uorene
acid (the sixth_ 15 internedi ate conpound) from
Fnipesiaad thnecordaraenyith the wamexatos habghese conducted in

L. Dot assi um 5- (;4- et hynypphenoxyi sopht hal at e obt ai ned .
%%%%%§W%§$&thiMeHmmauacmmmmdinanammm
®bhy 7 025 'E]ﬁﬁl ' 40 m of
ig)n- g%ﬁﬁé@fé%@@%gng@%go u Oié(?gtgj}lrp&tg%%nt s 20 were
r enoVigskAnlapasisinedichioxylib 288 f ididl@bri@aPymthesized in
Hydrochloric acid was added to the obtained filtrate
apserstanse i withniheusarp grecdsegasmslthofbeohdnered inoEkample 3
subst apnce was separated by filtration, washed tw ce
Wﬁﬁﬂﬂgﬂn-exchanged water and filtered tw ce. The

bty ' . dried at 50C.und . ,
PodoieRiftndRhaty SMOEREHIRG G wBR R P eRoating unie
g-my eBMﬁ%ﬁh@ﬁMl@g%ﬁn&%ﬂl gupthe yiel d: 96%.
3-2-7) Synthesis of 5-(4-et hynylré)qpﬁenoxyl sopht halic

aci d 99-bie(@rAmimef 4-hydrdeyphery PRy BiengkthABuBALIC was
acid . Into a 500 m four-necked flask equi pped
offtained ip pepordanee Fridnihefolpwing # stapsdenser, 9.88 g

00, BB RaARELr 05e
A 2= diae , 9.16 0. 077 nol f thi I :
I%E%g%dgieﬂegc?})g%. |a§ang (0. 0083(5 nol es;mo;eS) ° | ohy

trieThy ars0mmlufuRaRekbd GBI & ABpYE] Qvibh AC B nAfifedle,

resultant m xture was heated under the refl uxing

stioredi andm freflug dvmudenserTIRd00htl A(0neH reelbe)t HOR IS aguecus
filtered in the hot condition. After the solution was
Seid‘r‘il?é‘nt oLt Bilripy ackhovrfg Plareds orpdnt102nder (129 ethadest of

S e
9?55'81S%¥"j:1ydroxyphenyl)ﬂuorene was added in small portions under
vigorous stirring. The temperature at the inside of the flask was kept at
20 to 30°C during the addition. Afier the addition was compleied and the

elevation of the temperature ceased, the reaction was allowed to proceed
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...10 recrystal lization was conducted by addi ng hexane. -
~ Théobtai ried sol'i d substance was dried under a-reduced - - e

pressure, and 5.14 g of a product was obtained as
l'ight yellow crystals having a nelting point of 68 to
69C (the yield: 46% . 4) Preparation of a benzoxazol e
resin precursor 15Under the stream of nitrogen gas,
15.2 g (0.03 nol es) of
1, 9- bi s(3-am no- 4- hydr oxyphenyDt et ramant ane, 20.9 ¢
0. 03 Mol es) of
rdupihet 3-koicn o Thehy theoreastion o dudt-vesapauniey mtmmmtfsoo
? ? and 11.4 g (0.03 nmpl es) of
Gl ot G et mla Hyde BEySHEes Nnﬁéa@ndebméltéatwn washed

d 2 of ,dri rroI one. .
%#?2?15%% vl ey’ othsy e arile Budiar - was
f&ﬁy&ﬁﬁﬂkaqyﬁnqbggﬂ{ Jpas cool ed at -15C, and 10. 0 g

033 noles) of 5-p enylethynyllsophthallc acid

dl chlTid oletaitb BproducPoOadrydhBEhti0h was dried under a reduced
1, 3- adamant anedi car boxylic acid dichloride and 10.5 g

KBso83, Aol §9)g ofa prqdncemmpoptapinedoxy) i sopht hal | chaC| d
di chl ari de. were added |n smal |l portions. After the
addi 1Y/ BRD ViR PémpesRgduch wagmxamisad.niber absrpEonef nitro

S50 M S TR 1 TR
@itd th€MndlechR® ORI was found to be 410 in the mass analysis.
Therefore, it was shown that the product was the first intermediate
compound.

3-1-2) Synthesis of 9,9-bis(3-nitro-4-hydroxyphenyl)-2,7-dibromofluorene
(the second intermediate compound)

Into a 500 ml four-necked flask equipped with a thermometer, a
stirrer and a reflux condenser, 200 ml of carbon tetrachloride and 10 g
(0.063 moles) of bromine were placed, and 25 g (0.057 moles) of the first
intermediate compound obtained above was added in small portions under
stirring. The temperature at the inside of the flask was kept at 20 to
30°C during the addition. After the addition was completed and the
elevation of the temperature ceased, the reaction was allowed to proceed
for further 1 hour. Then, the reaction product was poured into about 500
ml of cold water, and a crude product was separated by filtration, washed
with pure water and dried. The obtained crude product was
recrystallized from hot ethanol. The obtained product of recrystallization
was dried under a reduced pressure, and 29.0 g of a product was obtained.

When the obtained product was examined, the absorption of bromo group
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tenperature for 5 hours. Then, the reaction fluid was
added dropwi sé as snall droplets to 4 liters of
distilled water. The formed precipitates were

coll ected and dried, and a benzoxazol e resin precursor
conprising the third repeating unit, the fourth
repeating unit and the fifth repeating unit 5 which
are random y bonded wa's obt ai ned. The
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained

benzoxazol e resi n precursor was obtained using GPC
wea foend atb ebowyfiﬁwm cmLtig thadB awedysisuant the melecular

ex s the va ue of correspondi ng
B’B’r%?’gt‘y?"ég Eg%n%‘ige H?Ld“ emagp saamlwégh e’ﬁbﬁreﬁa@ gy Veps
%‘%tﬁ%?h&%rggﬁﬁt Y F%ex“§‘/e§ H%%y]ilﬁer?eéla&fa SRERgPRLhy ny| £ 1
FBN togi r
Do e P IR 28, AEnslothyst
BhorBine dtheothitd intaemddpeepadpeukdvi ng t he di amondoi d
structure and a functional group

543- (Intq a Bﬂﬁdahé@man@c)keﬂeﬂwmwwp&tmm T the:lrIdOmeter a

ﬂlCh| r|d thesi zed i.n accordance w
BAR RE e es o] S ealst By foeReare. iS¢ (0.05 moles) of the

S PHENH ol OLAMATER] B0E) A SO0E! oL O e

SRR RthdsPRAR), VB EC(Q@'OQQ r@&lesﬁ&(co:;ng X ﬁ? %&R@ 0066

the cool ed flask, 2 vinyl b
1016185 8f rahysy)lbefizedeh r7aB( lofldelBidedesdnntietheglaifice 38 ml of
cP lh?z?isgte?lngyn}l&inand 0. 259 g (8 0%%%6 rrnt:)llolig)) of9 fhchlorobm(tnphenyl
phosphine)paﬂadium were placed. Under the stream of nitrogen gas, the
resultant mixture was heated under the refluxing condition at 105°C for 1
hour. Then, triethylamine and pyridine were removed by distillation
under a reduced pressure, and a viscous brown solution was obtained. To
the obtained viscous brown solution, 200 ml} of water and 5 ml of
hydrochloric acid were added, and the formed solid substance was
separated by filtration and washed with 500 ml of water. The obtained
solid substance was dried at 50°C under a reduced pressure for 1 day, and
28.8 g of a product was obtained.

When the product was examined, the absorption of ethynyl group
was found at about 2,260 to 2,190 em-! in the IR analysis, and the

molecular weight was found to be 641 in the mass analysis. Therefore, it

-was shown that the product was the third intermediate compound.

3-1-4) Synthesis of 9,9-bis(3-amino-4-hydroxyphenyl)-2,7-diphenyl-

ethynylfluorene (the bisaminophenol having a functional group)
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25 al um. num brom de was added in snall portions under

CStTTTINGY “The reaction was all owed to proceed-30C at~

for 1 hour. The obtained reaction mxture was dil ut ed
with 250 m of nethylene chloride and sl owy added
dropwi se into 2 liters of a 2% aqueous sol uti on of
hydrochl oric acid. The organic |ayer was separated,
and the aqueous | ayer was treated by extraction three
times with nmethylene chloride. The 5 organic |ayer and
the extracts were conbi ned and washed twice with 200

- ofIIéOZ"%?@QL@élfswsumkeidoﬂask ehyuihpedhivithi & theidlometer, a

\bn‘ wi ce with 200 m _of jon-exchanged water and tw ce
ERoBotpdengtr and agislrisios siizesanses. %bmlmfwaccmmemeted

LR PR R CHF off Sl BRI B il vad it ¢
@091 HRUO°HF REESHUL in@Bflehiafl %& %ﬁusﬁam above was

obt ai ned. our -
sdﬂﬂdow@&bmtixhlreg §eatmRBldAed @oxﬁbbﬁﬁ& Eloﬁﬂﬂi éh ﬁié’ﬂﬁ%d‘f‘ gg['o
0

“funnel, the crude product was dissolved into 260

ﬁienmw}ﬂargwmﬁmetea mhdti@l ohtagnéd B8 dimbledg AB g of tin(ID)
Iéfﬂg“if ert-but oxi de was added at the room
ate iRt P anhebietwnel inas addedaf rarteam@amre of

f d Th d |
g t‘ﬁom OB b B RPT B T hy HeBo@ riratialie were
EQréﬂeﬁVﬁyyﬁRgﬁ% d4he Qé\ﬂ:lg’gta]]ﬂ%é?i ol & %{1%98 ool G Qe gﬂ%rrlol

e organic |layer was séparate and the aqueous |

ames hyemhistid vicidXt Thet slaingidt Hydﬁ%bm()kﬂ%esaﬁf‘ |V@e[§ Hfdmﬂ;%d
organl c layer and the extracts were conbi ned
ater, t reprgsiallized2 oo ethfandd dnah- chmxhangmi Wai‘@ifuced

and once h, 20 f an aqueous sol ution of sodium
p@ﬁF%ed%m\im'}hé‘l %Pg‘éﬁﬂ‘f aingfli ed with anhydr ous

i o P BN oRaEed B ukve”t P%%‘%tﬁ@?m%daa%@m of the
508U bR, 8 1000 15 AL e
the\ablsonrtint of 9V ek BFESneriphyhe frutbat Bleofd 9l8)ppraAdd the

5P 8 ko 8t RATRSR s ot s oo oo NDER
analysis, and the molecular weight was found to be 581 in the mass
analysis. Therefore, it was shown that the obtained compound was
9,9-bis(8-amino-4-hydroxyphenyl)-2,7-diphenylethynylfluorene (the bis-
aminophenol having a functional group).
3-2) Dicarboxylic acid having no substituent

2,G-Naphthalenedicarboxylic acid dichloride was synthesized from

2,6-naphthalenedicarboxylic acid as the raw material in accordance with
the acid chloride reaction with thionyl chloride.

4) Preparation of a benzoxazole resin precursor

Under the stream of nitrogen gas, 10.5 g (0.03 moles) of

100



10

15

20

25

_The synthesis was conducted in accordance with the
sanme procedures as those conducted in the syntheS|s of-

t he di carboxylic acid having a functional group in
3-3) to 3-5) of Exanple 2 except that 5
3-ethynyl(1, 1' - bi adamant ane) synthesized in 2-1) was

"used in place of phenyl acetyl ene used in Exanple 2. 3)

Preparati on of a benzoxazol e resin precursor The
reacti on was conducted in accordance with the sane
procedures as those conducted in 3) of Exanple 1

B8 tegB-drhirtor 4 hydtdsgphenyl) ehanabine ©hs dideRsaXatdPbe0 g of
resin precursor, 52.3 g (0.09 noles) of 9,

drigsl N-meshyhd pyurolidpde oxdfiheiyyg £20.22 moles) of pyridine was

B A A o

1 49
P R AP OB ¥o R b SRR E i | A
£l detibR i £k c BBl USE Ghb sz@éu%@& rﬁfxt&?’e eZtGrd P Iail Q ]1:5% Qe 1

of isophthalic acid dichloride used in Exanpl e

lwurenTheaz theetemgsiratypeecay sdjustab aDﬂieai'oﬁﬁﬂtemperatufEh and
nunber - aver age nol ecul ar wei ght (M) of the obt ai ned
the maistaye Masrdsied pt dberson ’&ﬂa@amtlalenﬁed Sulséurg. GRfter the

r%?ﬁ%f%‘““red & atastt e 27 e @PYo00Re) ol dhhintpgmino-s-

gﬁ h f
BResetcan®-2 FAMB Raddldby RUILIEERS w8, fldeg ropwice and
(ﬁss%ive@. Eo:ﬁoéélmﬁ[fbl}o FHandB BoyP| h?ﬁ%)&ioq&q %Y]ld?a&démaﬁt

"-tetraadam 25 ant ane VVaS obtai ned i n accor nce wt
dlttaa*bf)xﬂrlllcowcnb dicldibeids . whs ljddByhtihesinalloportichs, After the

% -t et raadamant ane
diftory was. cpsqR a@d@%ﬁpaﬁn%@wwwgs Atigrgdnat -15°C for 1

th th f ka et al
BTy NBP pE P RIE T T Sty thigoon: te%mature and

thd Wilklire wad)stio¥dl HESHS rggm%eﬁﬁeq‘hMrg B 8L ARJATRALANE,

reaction mixture was cooled at -15°C, 174 g (0.03 moles) of
9,9-bis(3-amino-4-hydroxyphenyl)-2,7-diphenylethynylfluorene was added
in small portions. After the addition was completed, the obtained
mixture was stirred at -15°C for 1 hour. Then, the temperature was
adjusted at the room temperature, and the mixture was stirred at the
room temperature for 5 hours. Te reaction fluid was added dropwise as
small droplets to 4 liters of distilled water. The formed precipitates were
collected and driéd, and a benzoxazole resin precursor in which the third
repeating unit, the fourth repeating unit and the fifth vepeating unit were
bonded in blocks was obtained.

The number-average molecular weight (Mn) of the obtained

benzoxazole resin precursor was obtained using GPC manufactured by
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S5Into a 500 nm four-necked flask equipped with a

of carbon tetrachloride and 10 g (0.063 nol es) of
brom ne were placed, and 30.7 g (0.057 nol es) of
1,1',1",1"-tetraadamant ane obt ai ned above was added in
smal|l portions under stirring. The tenperature at the
inside of the flask was kept at 20 10 to 30C duri ng
the addition. After the addition was conpleted and the
el evation of the tenperature ceased, the reaction was
BOISENWED. t htdar modadhd frurddits ber 24,500 wxprddaed, ad fiee value of
reaction product was added into about 500 ml of cold
oerrespondine polpstydengr oduct was separated by
filtration, washed with pure water and dried. The
obt ai ned crude product was 15 recrystallized from hot
g&géﬁalg The obt ai ned product of recrystallization was
I'ed under a reduced pressure, and 31.8 g of a

Pr Oﬁk(étiazi%?h&m}@rﬁe(ﬁcar\%%?lié h&iaabt aldadrPr %@itn WAt
exam ned, the absorption of bronb group wa ouﬁd at
alouBiEDAiiaphbhbl kawing the dihachd®idnaluesie, and the
mol ecul ar wei ght was found to be 697 in the nmass
anal ysPdisGrivmitoddydroxspdenyDiethonantdiet  tdymthesdedt in
was ,3"-di£r no-l,l',1",'f-tetr%?danantane. 1-%?
RECAY e Wifl the same procedures as those conducted in Example 2
%Fggﬁgis(4;hydroxyphenyl)-l,1'31",1"-tetraadanantane

m five-necked flask equi pped with a
1-0Pr maPRekyliadiliHavehy a Fuh&iddbt gf@psenser, an inl et
for nitrogen gas and a di scharge pipe connected to a
t r ap ©henylethynydisdpitialiconeight adichbuiles ol dytitbesigfd 25n
sodi um hydr oxi de was cooled in an ice bath. Into the
acserdagce| Witk thessamg yrocebprepgisedosefconducted in Example 2
3 3"-qibronn-1;1',1",1"-tetraadanantane obt ai ned
YBoVEL 200 i of phenol and 2.6 g (0.01 nole) of
<l ] i i . . , . .
B e SRR LA T P CRAT P is SR FipdhlT o
7-@pc Bisamimphahblowedng ehp deceesidigdenyieatinguat 60C
for 4 hours. The reaction product was poured into
2, 00,9 bisdp Arginoatihgidrosiyphengd &, 7-bisadhremtykehygdfluorene
-neléed, n orgq&ic Iaygr was taken out, washed with
O ROSHAR I AT UPARCRITHABE SAHGATA HBPR AP SROST copdyrishin

ﬁ@%g%?f@ggsggured into nmethanol to separate a

pro obt ai ned product was dried under a
z—gﬂum&reawﬂaﬁd haReheléhe/di i was

obt ai ned. en the obf%inedgggﬁgggféaggﬁgianined, t he
absorlpd-Admaitahedieyeboxsdic greidd wWhishioeidad atmBadsdRdt O in
3,200 cm| _in_the IR analysis, and the nol ecul ar
ageoglsncosith dhadsame eoqaBires asHbosmsondmetbysinsExample 3
Therefore, it was shown that the product was

VBARULYY s(4- hydr oxypheny1)- 1,1', 1", 1"-tetraadamant ane.

Y BISURERGoPbod dicarhoylic acid for ho it remsatine umit
PURMBMaARophenol hEide 8lsubi@ucapnt ai ning 88.2 g

(0.122 nol es) of

3, 3" -0 -bis(3 ytimoxdhldroxkphaniDdore hé - t ®hs aadanBadiane by
.obtained by the repeated operations of the above
iptrocuginge $iltra6 gpovp (& 146 mothex)osifon of hydroxyl group of
3-fluoro-6-nitrophenyl benzyl ether and 300 m of

N, N-di met hyl formami de, 42.1 g (0.304 nol es) of
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_.20_potassium carbonate was added. After the resultant
m-xture was ‘stirred at 135C for 12 hours, -the reaction - -

fluid was filtered. The filtrate was added dropw se to
2,000 m of ion-exchanged water. The separated solid
subst ance was washed twice with 2000 m of nethanol

and dried at 50C under a reduced pressure for 2 days,
and 129.3 g of 3,3"-bis[(3-benzyl oxy- 25

4-ni trophenoxy) phenyl ] t et r aadamant ane was obt ai ned.
When t he obtai ned product was exam ned, the absorption
DH-biMydretyplienyd@divbeiduséd alkotHe 2aw0@atarial B chitration
1,370 cm1l in the IR analysis, and the nol ecul ar .
wishghtrigescif.o foltbwast by donyvessiom afnhennizo gralysinte amino
Therefore, it s, shown that the product was the
g;g}l]égxy r@g%%\é\gﬂp B‘j@?ﬂ?%@s”} ga]iqtﬁum carbon catalyst.

353" +0i S| 4-(44- am. Ro- 3- hydr oxyphenoxy) phenyl ] -
Eg%flbff('lar?’ixélfce {{gglgg}%%g chiohal g der the atnosphere
of h : : . : :
3 3y ey e a R s B b Rede rag synthesizpd fn
dcetigiahaa datimthiafdioohhairawtioaloves. 4. 96 g (4. 66 Mol e)
of a 10% pal | adi um active charcoal and 300 m of

NP di Poesriiippbiso phredringéhxie béd witropbenary)ispehtbodate 10he first
tenperature for 36 hours. After the reaction fluid was

ipfermaddafe ORPIIIY r at e was added dropwise to a nixture

f 2 m_ gf,- | 2. 000 i.on- h
ou o8 21 AR 0 e R b B BT AR R e,
irtBS adll th DR a i 1@ ek SRAYeRorP hppRit il 083 PR th@ed %ﬁﬂé’s) of

2,000 ni| of ion-exchanged water and dried at 50
dingehyla radydeskyisedghakaté or 7133 daygs, @5 66nfles)of of

- a_product was obtai ned. When t he obt ai ned

bilvonsaitrabenzsngni98dml tieNIhdampthydferafamidet and dO00A!1 of
oup was found at, 8 8 to. 9.5 ppm and the ahsorpti

BhiesPoren WReTEety Sisreraspb ahare wes omadribns tie

and : 0

AR 3000 e Ml e TR Mo FeiBied 8 A HR e

whBUWEliehal Wi riheteattiv@sluid was cooled, the reaction fluid was

3,3"-bis-[4-(4-am no- 3- hydr oxyphenoxy) -

meltedy intol 31' Litkts r of avneackaredametdy, Sywt hbsi prafuch was

diqarbqgilic aci d having the dianondoid structure

pyegriigied 4. 1he pEsypratafiprofust mas senaratch by aiiratioreaad
v?as%%tdavlvi@ﬁ clloﬁ'réxc C&I?gre%avggt%r wnh%tﬁggolf 0 Hh%vgb@%n%d ifg%.? %éllow

solid substance was dried at 50°C for 1 day under a reduced pressure, and

142.01 g of the first intermediate compound was obtained (the yield: 68%).

3-2-2) Synthesis of dimethyl 5-(4-aminophenoxy)isophthalate (the second
intermediate combound)

Into a 1 liter egg plant-shaped flask, 66.24 g (0.2 moles) of dimethyl
5-(4-nitrophenoxy)isophthalate of the first intermediate compound, 6.39 g
of a 10% palladium-active charcoal, 440 ml of tetrahydrofuran and 220 ml

of ethanol were placed, and the resultant mixture was stirred for 24 houxs
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- 3,3%-bi's(4=bronmopheny0=1,1", 1", 1" -t et r aadamant ane A

500 m five-necked fl ask eqU|pped with a thernoneter,

a stirrer, a reflux condenser, an inlet for nitrogen
gas and a di scharge pipe connected to a trap

containing a 30% by wei ght aqueous sol ution of sodi um
hydr oxi de was cooled in an ice bath. Into the cool ed
flask, 15.3 g (0.022 nol es) of
3,3"-dibronmp-1,1",1",1"-tetraadanmant ane obtained in 5
ander danetmositert hd hydmezqu. o Maureastias Tlidseas el ®ekh
in 1-1) and 1-22 of Exanple 11, 200 ml of bronpbenzene
grlte. 8nd (e ditmie syanfcontentiatedh tmidbr ofvi e upwst @ressure.

FRES 7 el thheoneimatos ﬂ»ai %ﬂm@r iR eppiedmore

t
ST T S e AL
B rfor Af 485 higed Qeré?ﬁic:ﬁ&dpre@éhl‘ér §5lqRy " af"ﬂ% second

taken out, washed with pure water an a sat
nqaﬂnaél%@bmhpmmncbﬁvasaﬁtalma@Kﬂ}mryxélld ap#h)poured into
nmet hanol to separate a product. The obtai ned product
N2e3)dr Syathasire of dimethrle § ﬁérleémheemxahebpiahalage dthen third
oduc%layévas obt ai ned. 15When the obtai ned product was"
© PHEPAPYGr ption of brono group was found at

abouty, 690, tohg I S et ckQ ey %ﬁgﬁé{ 8k 4 ﬁafﬁée{ér a

of Br was Int errent /SIS,

SERBE Whdla \&@cbﬁﬁhg\@ﬁﬁnélo%g rbpopﬁ:ngé':&:hhﬁ &J‘%&raﬁ@iss? 5 ml of a

anal ysis. Therefore, it was shown ?he product was
;@énmag{dﬁl mwqu)hemyll)anﬂ 145.20, &" (Oﬂiﬁr aadegnnsfanimeZiy]
2) Synt hesis_of

@f(*gam}pgp benaxyiisamhhelate) - ebtainad | 1abevet r mdaﬁahm amecond

Rl T S T T B
é%ﬁrrgﬂy '@ Q asR &roﬁacgaﬂ 9“(9@9‘},&%:?‘3}16.% so&utlon Ipr?Pared by

romophenyl tetra

@bécam@,d m42 epeat.ng hhﬂeaf)pﬁf 3édd§>ztih§ QfitriRe iBRPVES ml of
procedures were placed, and a 25 solution prepared by

i@nmhahz@ water yag @dmdmlv‘ése ovﬁr Ahtyhhieshi The irestant
of drg et her. was ad in s portions under
%tW? rﬂj s phgreth 2t 5" epewar 45& ntlﬁ@teFSns%ﬂe agf agRROuS

%‘erl ‘?tg dagzto t ﬁ%nls\%gts %cr:ag’ Ingp t%fneg a;[gg‘f VI%?{ F@H%P a
ﬁ@g@@lgsﬁwr@ aRasethe dh89 rgeeﬁidss)&di@s‘; dﬁ'rﬂo%%@mh%dlde '

proceed for further 1 hour by heating un

ineé BAxnhgf mnrednchamged whest, widaddehctTianchtaingd Hixviase was
poured to 325 ¢ 38 nnle@% of crushed dry ice, and
Ettﬁéeda%? ﬁa@tqrdﬁww qur hheus and at ithe refm fempesktre for 1 hour.

LOXI d onducted after 30 nutes. By adjusti

S Epnet afetp 0 Werear e acoind bY GHEHR: Kyt DeHl i 00
Igf g’etFZI Ear a(t):z)a(yap enyaf}1 de fvicq with 309 rul of Rad0%nadyeeus
PLEsHD LAt eddidnhehydseRaalmd bind | ki@t | @it Washed of
with pure water
ion-exchanged water. After the organic layer was dried with anhydrous

magnesium sulfate, the solvent was removed by distillation under a
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.10 and dried. The obtained crude product was purified
by recrystallization from hot ethanol. The obtained

solid substance was dried under a reduced pressure,

and 36.6 g of a product was obtained (the yield: 58%.
When t he obtai ned product was exam ned, the absorption
of carboxylic acid group was found at about 1,710 cm1
to 1,680 cm1l in the IR analysis, 15 and the nol ecul ar
wei ght was fount to be 779 in the mass anal ysi s.
Therefore, it was shown that the product was the

wdjuced roesprandA Shalbynhest sf hbxBndwasladded]'and a brown
-tetraadanantane)-bis§4-benzoic acid dichloride) Into
gugeo PreduGuvaTe BRRAraFEhs k Tapuicpdel piodmch waer reatsde by

d a.20 Dy th d 2l .3 0.0 f
S P e roRyoSoRhIe! efulplye, ABsaahmbbiet was
' 0f . - di chl -, et.h
Sy S Ak, 3B Sh SRR B8R hancl
{101 Q0GZht RIIew) salid ubsfahys AFAP BLEUTHEEN ZThe GBIQT h8R¢ance
were placed, and the resultant m xture was heate

sepdeatetiey flfrhtiso wgpscdiiel bit @G0°Condrhovsducedhrehire for 1

é;% ution was filtered in the hot condition. After the
» doABilse b the thirg: bdermedinte compoved waseelstaingd (the

r.ectysiallization was conducted by addi ng hexane. The
Y&%@a@éﬁ- solid substance was dri ed under a reduced

e ienBad of ufhothyl B B AL R IR AR miperory

VWhen t he obt ai ne was exa

isdplithalaaei(thectobiett Heghodipte\simpauy at about 1815 to
1785 cm1 in the IR 5 analysis, and the nol ecul ar

wei ghntovas50® mald fouy-veeked Gldsk eqrepped svishhal Visdrtmometer, a

Therefore, it was, sha t hat the obtai ned compound was
QWOB%jCQEfleWIﬁﬂﬂ}BP Inlet for nitrogen gas, 24.73 g (%?06 moles) of

dimethyl 5-(4-iodophenoxy)isophthalate obtained above as the third
intermediate compound, 0.79 g (0.003 moles) of triphenylphosphine, 0.23 g
(0.0012 moles) of copper iodide, 5.55 g (0.0066 moles) of 3-methyl-1-butyn-
3-ol, 72 ml of dehydrated triethylamine, 38 ml of dehydrated pyridine and
0.25 g (0.00036 moles) of dichlorobis(triphenylphosphine)palladium were
placed. Under the stream of nitrogen gas, the resultant mixture was
heated under the refluxing condition at 105°C for 1 hour. Then,
triethylamine and pyridine were removed by distillation under a reduced
pressure, and a viscous brown solution was obtained. To the obtained
viscous brown solution, 200 ml of water and 5 ml of hydrochloric acid were
added, and the formed solid substance was separated by filtration and
washed with 500 ml of water. The obtained solid substance was dried at
50°C under a reduced pressure for 1 day, and 15.14 g of the fourth

infermediate compound was obtained (the yield: 75%),
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.4) Preparation of a benzoxazole resin precursor The
reacti on was conducted in accordance with the sane 10

procedures as those conducted in 3) of Exanple 1
except that, in the preparation of a benzoxazole resin
precursor, 84.4 g (0.09 noles) of 3, 3" -bis [4- (4-

‘am no- 3-hydroxyphenoxy) phenyl1-1, 1',

1", 1mtetraadamant an e obtai ned by repeating the above

procedures was used in place of 31.6 g (0.09 noles) of
padamant ane used in 15

301 s(3-am no- 4- hydr oxyphe !
%‘% | §§’r1th§ﬁk? gf dipifaserum rﬁjF%qthap?fgplsenqumomhalate (the
F et ne).- bis(4-benzoic acid dichloride)
%%ﬁéﬁ%%%ﬁ@%ﬂ%gﬁgé¥¥lg§the above procedures was used in
pl acen@h 22014 | S let '

R o b & epﬁg%xgeéuggpp?gﬁ%%gé%%%’d@%gg torBidihnd 4753 ¢
(o3 uisles) srpotaibiring dtidrdkide BHNEIwaNeHR@Ed TRAhA CYtALsium
wei ght (M) of the obtained 20 benzoxazol e resin
ydrowideor andisselyed ibrdwbatzigngndePChamefifizimizuoadition, TASGhe

q%?}" Iagd. and was found to be 25,000 expressed as the
piedo polutione bl 1Oy wralss) epfe dimngthig | & 1443-bgdnoxy-3-

%%gﬁlﬁﬁlg%ﬁtg%???ﬁg{?%ﬁg})@i ggaq;gl o%ggtgggndab%%g | I?i tttpxg fourth
iBec¥in BisdeSeo il AP U R PREIVD rebudtant maikburd AL A34R
mant ane was obtai ned in accordance w th the fol oW ng
invdershepeflutink) Gydities fe 80 mdnutes. The resultant mixture was
3"-bi s(3-nitro-4-hydroxyphenyl)-1,1",1",1"-tetra-

@eleth inraraive bakht and tisoHrnedf opstalrewksdsddaastedeguiitpeidon.

S with thermoneter, a stiyjrer and a refl ux condenser,
'igptﬁ)oh?m(‘& 6&Y :

BIYeTEr WaSheshLaiise Hiih LO0uEtlopf #opropancl,
T T E RO
TSR AR A0 N S
3-2-6)  Synthesis of 5-(4-ethynylphenoxyisophthalic acid (the sixth
intermediate compound) from dipotassium 5-(4-ethynyDphenoxy-
isophthalate
Dipotassium 5-(4-ethynyl)phenoxyisophthalate obtaiﬁed above as
the fifth intermediate compound in an amount of 7.17 g (0.02 moles) was
dissolved into 40 ml of ioﬁ-exchanged water, and insoluble components
were removed by passing through a BC filter paper. Hydrochloric acid
was added to the obtained filtrate under stirring until pH became 1. The

formed solid substance was separated by filtration, washed twice with

~ ion-exchanged water and filtered twice. The obtained solid substance

was dried at 50°C under a reduced pressure, and 5.42 g of the sixth
intermediate compound was obtained (the yield: 96%).

3-2-7) Synthesis of 5-(4-ethynyl)phenoxyisophthalic acid dichloride from
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to 30C during the addition. After the addition was
conpl eted and the el evation of the tenperature ceased,
the reaction was allowed to proceed for further 1
hour. Then, the reaction product was poured into about
500 mM of cold water, and a crude product was 15
separated by filtration, washed with pure water and
dri ed. The obtai ned crude product was recrystallized
5« petiyatylpiHeanelisophthalic Blagl obt ai ned product of
recrystallization was dried under a reduced pressure,
and 7nts agbf md fpunvendke d sk eomdpprelvitetharhmmeter and a
obt ai ned pr.oduct was exagLned t he absorptlon of nitro

Emgqtéu;fowégnwuna%t bil935 modesi el Aild-ethwmd) nheroxy-

t IR d,th | ecul ht f d
B RRpES 40T HR The SR, @&?ﬁmg%@ﬁ Crareding, "o I ot
f’bclﬁﬂ% F)Ec?és’gh%?? ! gﬁ%dgc(gr oxy leeri;g/ ﬂf t{uof;yl cf,lom%e and 8.0 mg
(-Ot(ﬂlﬂ%aﬂaﬁahbﬁ&@ethy%ﬁ@iﬁhhﬁﬁ ben@fl chloride were placed and the

3, 3m bi s(3-am no- 4- hydr oxyphenyl1)-1,1',1",1"-tetra- 25
regulttant anmzettmret vaa lmwecmunﬁieu theeefesing amquu if@pachours.

'ﬂé‘?%ﬁ met er Di ntoth condenser and an inl et
regfinghg dyot éﬂ‘?ﬁh&]toéd ier Gap selution

aci d and 30 of et hanol %.B and t,hen, 17.1

v&ai (9085%_1113 )by yemoving thae 55vBnf (iaed S reduced pressure,

l%c%mtmﬁ&aoﬁ' &fﬁe nRUEQXYP ggﬂ% ;l]%x&ne 1"le -dbdiH88 AR

ant'ane obt ai ned above was ‘a er stirri ng So t hat

detaddedad divpaunder bl aatuedd @reédieef hod &.14¢ e product
resultant m xture, a solution obtained by dissolving
8¢ ghigfined ag |hg)htc1¢ﬂlgm atestainhaviage melton@ @oinit of 68 to 69°C

han added at a tenperature of 30C or | ower
@E%Vlié %§?5 After 12 hours, the formed crystals were

%tﬁgt §)| ol a be 5@{, a%l %gu{gﬁe%%ogl lized froma

and rochloric acid. 10

The abh @ ethenYEIEQGH! @flﬂﬁr&g@ht 2as wdr ol vaes WabRs) of

water, recrystallized from ethanol and dried under a
T Qdmsiédirpnﬂsmhydro;amﬁeﬁﬁ)fktgamﬁnmrm[ oziugt gWﬁ}SOB moles) of
obt ai ned When t he obt m}&qbpr oduct was exam ned, the

AP e §tﬁf6ﬁmo‘ff hp(riéff?@wheﬂy roemanagletymydiluerege indo11.4
g (0?0? B Ieslj ft{ﬂ? blske§ t I A chIrogyp%enyl) E{uorene were dissolved

into 200 g of dried N-methyl-2-pyrrolidone. After 17.4 g (0.22 moles) of
pyridine was added, the resultant mixture was cooled at ~15°C, and 10.0 g
(0.033 moles) of 5-phenylethynylisophthalic acid dichloride, 8.62 g {0.033
moles) of 1,3-adémantanedicarboxylic acid dichloride and 10.5 g (0.033
moles) of 5-(4-ethynylphenoxy)isophthalic acid dichloride were added in
small portions. After the addition was completed, the obtained mixture
was stirred at -15°C for 1 hour. Then, the temperature was adjusi:ed at

the room temperature, and the mixture was stirred at the room
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15 NH2 group was found at 4 to 4.5 ppmin the NVIR

- -anat ysi's,” and 't he ol ecular wei ght was found to be 753

in the mass analysis. Therefore, it was shown that the

product was 3, 3"-bi s(3-am no-4-hydroxypheny0O- 1, 1cl"

1" -tetraadamantane. 2) Synthesis of a dicarboxylic

acid having the dianondoid structure 203,3"-bis [4-(4

- Car boxyphenoxy) phenyl] - 1, "', 1",

1"t et raadamant ane was synt hesi zed in accordance with

the following 3 steps. 2-1) Synthesis of 3,3--bis [(4-

o poca s foy [5iers O x Thph et RReadtidn fluld whis-added dropwise as

t et raadanant ane To a solution containing 88.2 g (0.122

Hopbsiropletst@ litpissyfslistided wypter25 The formed precipitates were
nyl)-1,1", 17, r-tetraadamant ane synthesized in_ ,

@5@8%%&8@ dried an %é’i‘?ﬁz‘ﬂ?\“’é@i@‘dﬁ?%g RECCHPROS ccORIinine clde

' . ) 0.146,.nol es) o hyl . }
AR e iy Ve o B P Rt et oy R et wmit
whRich &e(x@nﬁ@ﬂﬂﬁﬁbﬁ&éd fhis BpEARSq UM car bonate was added.
After the obtalined m xture was stirred at 135C for 12
hour sThd heumbachiverngt| wislenilar f iveigitedMniherf ild rifined
was added dropwi se to 2,000 m of ion-exchanged water.
bengogazade rredins prdcyrsrbwaambsained wsishe@POreeuiadthred by

0 f. met hanol _ an ered at 50C under a reduced
%?ggsgrye 12%53]- an g@;\g,ﬁ)g gsbe ?é)?%qo expressed as the value of

Py - met hyl phenoxy) pheny11-1,1',1",r-tet
(%géﬁgﬁgﬁ%%ﬁ%ﬁa%gﬂ%%fained. When t he obtai ned product
was exam ned, the absorption of the 10 ester group was
found at about 1,730 to 1,715 cm1 in the IR anal ysis,
Fwanpleel(hol ecul ar wei ght was found to be 991 in the

nass, anal ysis. Therefore, it was shown that the
btEsaBdneRanel havings funstisbpberouponpound.

9,9-bis(3-Amino-4-hydroxyphenyl)-2,7 -diphenylethynylfluorene was
obtained in accordance with the same procedures as those conducted in

3-1) of Example 8.

' 9) Dicarboxylic acid compound having the diamondoid structure and a

functional group

5-[3-(1,I-Biadamantane)lethynylisophthalic acid dichloride was
synthesized in accordance with the following process.
2-1) Synthesis of 3-ethynyl(1,1-biadamantane)

A 500 ml] four-necked flask equipped with a thermometer, a stirrer
and a dropping funnel was cooled at -30°C in advance. Into the cooied
flask, 250 ml of vinyl bromide and 20.3 g (0.058 moles) of
3-bromo(1,1-biadamantane) were placed and, then, 6.0 g (0.022 moles) of
aluminum bromide was added in small portions under stirring. 'The

reaction was allowed fo proceed ~30°C at for 1 hour. The obtained
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2-2)Synthesis of 3,3"-(1, 1', 1",

| mt etraadamant ane) bi s(4- phenoxy-4. 15 benzoic acid

di potassi um sal t) ’ Into'a 5 liter four-necked
flask equi pped with a thernoneter, a Dinroth condenser
and a stirrer, 3 liters of n-butanol and 180 g (2.72
nol es) of potassium hydroxi de (85% were placed, and
pot assi um hydr oxi de was di ssol ved by heati ng under the
réﬁéﬁm'aﬂ%g%@g dw?}g oglsls.lﬂ-é}l tWRH2950PhAl HEdnetyléh® bhloride and
shwitt Ridvled4-draphaxy Maitay IPheresy bPhaney - dqdeods | solutien of
t raadanant ane obtai ned by repeating the above
hﬁﬂ@@c&ﬂmesmas e dreanid 1her asul sairatedt and es aqueous

eated under the refluxing condition for 30 m nutes.

I was ttdaded byiesttuadiow sheotiethsi mithrmetieylbat khlamde. The
the formed crystals were separated by filtration. The
opgarghtlayercand rojiet etsactereevmstmined gudwashead Fwicer with 200
et hanol and dried at 60C under a reduced pressure, and
ool 8 FPhorauepiogobitiomof dprdrogbleric acid, twipp Hithhg00 ml of

o L BEL TSR P A8 e Fion o
BR800, o 4R LR s
oA T LA it r «
#f@gaﬁ}f %Qﬁf' F’é% ) %Cr?e?% Efdmﬁenoxy 4- benzoi c

aci dhg'ap(g(ﬂﬁ%hy%élah&kec? ﬁ:«is tﬂﬁﬁéd"' wih a thermometer a
3, 3" , 1" -t et raadamant ane) bi's( 4- phenoxy- 4-

SUpRRE Qt'n‘%l @@k‘é’pﬁir{d"ﬁﬁ{ﬂél elhd Bhidproduct Fad Qissoedkiedo 250 ml
flask equi pped with a thernometer, a 10 Dinroth

oftdittettndrsuafoctide, sind 1311.4 24928 QOIE&) A pushesiymoftert-butoxide
3,3 "-(1,1,1" 1nt et raadamant ane) bi s(4- phenoxy- 4-benzo

whe aalded alf phe aveiL temakrituwet aifledobizdued sobuiBen wis stirred
1, 2-di chl oroet hane were pl aced, and the resultant :

attke moemdemmeshbareafond duyst hdheoebkainailxsalnsionzwasgthen

dlgéeng}%\?i% o t I %Eég}e%@-;q%hgle o %d g)glgr a{j({(f %degoei)\gitse into

ﬂiﬁ”‘“ : %%8%3 e?%as@&ﬁaiayéfj‘%é’%géﬁ%’r”%ﬁféené% § Birueous
lafey AT el ‘gt EraRaion i BPIRS B o (Rfbante
of 50 B ARG 5 B0 4 58 5200 o
10H%g<@fl é&%ﬁ?ﬁ%‘y%@ldpbﬁéé Writh DYoo gt af ned arq%bqgesdl’@.%mn of

treated tw ce extraction wwth 200 nl of diet

so81RAT chidrRINY | TIS ReFahB Iay@TRBAdfiEP Rt Qarﬁfﬁiﬁ@ﬁi njﬁa)gnesmm

distillation under a reduced pressure, and a crude

sufaeduadtheQblvdn WHsSRIntdFed BYSdisil LR SnadE airB@ihbed fi8ssure, and
crude product was washed with dried n-hexane and

a eAgley praluct 264k bhorned.et Tt wuberprodnd ®i8. pumified with silica
253,3"-(1,1',1", 1"-t et raadamant ane) bi s(4- phenoxy- 4- ben

colnmi chminthtdgciphgrgediédhe solvent of development: 90% hexane/methylene

chloride), and 3-ethynyl(1,1’-biadamantane) was obtained (the yield: 61%).

2-2) Synthesis of 5-[3-(1,1-biadamantane)lethynylisophthalic acid
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~__was obt ai ned. When t he obtai ned product was

exam-ned; - the~absorption -of the aci-d chloride group”
was found at about 1815 to 1,785 cm-1 in the IR

anal ysis, and the nol ecul ar wei ght was found to be
1,000 in the mass analysis. Therefore, it was shown
that the obtai ned product was the 5 object conpound.

3) Preparation of a benzoxazole resin precursor

The reaction was conducted in accordance with the sane
procedures as those conducted in 3) of Exanple 1
éichepidd hat, in the preparation of a benzoxazole resin
precursor, 73.2 g (0.09 noles) of 10

3, 3" - bha ( Syuiltesis- avdn deomdyplednyih) atedrdahte 1%ithet thaadame
ant ane obtai ned by yepeating the above procedures was
BRI p S st odprlustell ipy 1B syBEEe of the dicarboxylic acid

Bl £ BoRTR LG BRI PSR BRI S it e
%—eﬁﬁ[‘ﬂ(1}1’7&ad&m&%@$ﬂ@2§&%?§g%}§éﬁg%.(ljl-‘pg§ NRXY- 13’- ip%ace of

enzoic acid dichlorid ove was use
phasdaaity2ie Jisgd (O EkdnkHe 2ol €) of isophthalic acid

di chl oride used in Exanple 1, and a benzoxazol e resin
Pr cReapssrtion of ahearerarole resin pMcsrsvunber - aver age

nol eglyl ar weight (Mh) of_ the obtained, benzoxazol e
resi g“}ﬁ cEaACEBR RS oftudustl Uy nicceranenUF Bt thed shye

TR RS oo hons B Rl TR, SO Bt b xS0k e o e
PrepRYRidiE fSa Fﬁeﬂm&ézﬁﬁ(fgsméﬁ%))ﬁl B8H% %t Zg.%i&glnfées) of

~four-necked flask equi pped with a thernone

% Bibis(Bramimd-4hy éfdxyphenplers iphehytetBy bRl fRiob@hes ) olRhined
sodi um netal_and 200 ml of n-octane were placed, and
ahovet wapevspduie piace f BhSi de(0h9 ttheles) @Ekl,3-bis(3-amino-4-
hydroxyphenylladamantane used in Example 1 and 49.5 g (0.1 mole) of
5-[3-(1,1"-biadamantane)lisophthalic acid dichloride was used in place of
20.3 g (0.10 mole) of isophthalic acid dichloride used in Example 1, and a
benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was chtained using GPC manufactured by

TOSO Co., Ltd. and was found to be 21,000 expressed as the value of

corresponding polystyrene.

Example 11

1} Synthesis of a bisaminophenol having the diamondoid structure
3,3"-bis-4-(4-Amino-3-hydroxyphenoxy)phenyll-1,1',17, 1" tetraadam

antane was obtained in accordance with the following 5 steps.

1-1) Synthesis of 1,1’,1”,1”-tetraadamantane
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..Wwas cooled at OC Into the cooled flask, 26.7 g (0.1
ot e)--of -1--di amant ane- di-ssol ved-i-n--100- m"-6f n-octane .7 IR

i n advance was slow y added dropw se under vi gorous
stirring. The tenperature at the inside of the flask
was kept at 0 to 5C during the addition. After the
addition 5 was conpleted and the el evati on of the
tenperature ceased, the reaction was allowed to
proceed for further 1 hour. Then, the reaction m xture
was poured into about 500 mM of cold water, and a
cr udeldr, DU Tetpeadd@RATtahe fddYeyhithédigdd Bhacchashed Wwith e
pure water and dried. The obtained crude product was
peeeysobMatzecks eoab. hilyinex dheprifibe Japhaj Well 50 MaUR} p277
éﬁgﬁ@ recrystallization was dried under a reduced
| ure, and 26.2 g of a product was obtai ned.
ien & he, obt ai ,.product was, exam ned, the absorption
of Bréyélr%%ﬁﬁs()ﬁ%gb ]E’fo%gﬁt’fa&‘d@ﬁa@ﬁpﬁ-) di sappeared in
the | 209l Sy I [ found.to
pe. 3700 (g Tl fBUE nbied BB KB Bk, Y Rep UG
stioen dritah defitixPéddidateVED0ml of Wk BhREORRLIARANe 22U 10 g
Synt hesis of 6,6 -di bronp-1, 1" - bi (di amant ane)
6T aneleish rofnhsorsbred weetre dplacedic cmdd #0c¢k 2ni(0 057 hgrod@srEof
rp,efgres as those conducted in 1-2) of Exanple 2
g)}cgp tezpacgmantanenotzmedpphaeye gfas added in small portions

e B0 BT ST A g o

angoddhauphietle 5aARRWN A\f&ft‘etgﬁl%t ﬁc{elﬁgg e goénﬁ?e(g?d #nd the

obt ai ned product was exam n sorptio

dponorg odthe vampératnge adasQ0tRO rSldictiMvhs allBwbB&o lfRoceed
anal ysi s, and the nol ecul ar weight was 532 in the nmass
fgnanithes 1 ey efliea, the regetioshmeduthess tdded indlaio a0
616%-‘%“ brono-1, 1'-bi (di anpntane). 25 3) Synthesis of

1) 81 (B AR ALY PEIHSH SPAF1 Jeprrateddy &l taation, ameshed

Whe [RA6L PR GONIES o 1R 2GRELIRAC Bl at ot Was

procedures as those conduct

@x6PAllzbA okl hbt @thhod5 "THOLERn& product of izati
6,6'-dibroino-l,l‘-bi(dianantane? mggjﬁgeg Fﬁm%tgggmg n

wastdrigd (Brde2 2 medes) pofssiye3 atidB osgadanpntlasewys 6Btdifed.
‘&Lsof Exanpl e .1, and ) '
hgn the §$§alélﬁfirmodumﬁtmwnmﬂ1)thq absoptiodi elrtanmanspup

obt.ai,ned | 5s S. _ nthesi s of

%%if”-“é’f{(%ﬁ T {ba@e - @%@C@dﬁ@b%@oiﬁﬁnﬁw, o thsi mplegelar

vsidht VY BESAS 10T el 697 i ' i '

feiht MY R 0)bG 087 i the ggsy Apalysjy; Therefore, it was

shown that the product was 3,3"-dibromo-1,1’,1”,1"-tetraadamantane.

1-3) Synthesis of 3,3”-bis(4-hydroxyphenyl)-1,1’,1”,1”tetraadamantane
A 500 ml five-necked flask equipped with a thermometer, a stirrer,

a reflux condenser, an inlet for nitrogen gas and a discharge pipe

connected to a trap containing a 30% by weight aqueous solution of

sodium hydroxide was cooled in an ice bath. Into the cooled flask, 15.8 g

(0.022 moles) of 3,37-dibromo-1,1’,17,1""-tetraadamantane obtained above,
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~Into a 500 m_four-necked flask equipped with a
“thernmometer, a stirrer and a refl ux condenser, -100--m -~ ..... . 7L

of a 96% aqueous sol ution of 10 sulfuric acid was

pl aced and cool ed at OC. Under vigorous stirring,

several drops of formc acid and 1.74 g (0.327 mol)

of 6,6"'-di bronpl, 1'-bi (di amant ane) di ssol ved into 50

m of carbon tetrachloride in advance were added.

Then, 25 m of a 98% formc acid was sl owy added

dropwi se over 4 hours. 15The reaction m xture was

pooratl of nilenabeuid 260 0.0 Bk ofal @minuANtriBroRtidd Webre

was obtai ned by extraction with 100 m of ether. Ether

mhesed eand e tppultapbniiziatveoms stivtednt 6%€ facé hoass and, then,

bt ai ned. The ogptained extract was dissolved into a 5%
ERarkioantraniakiored) ot praseedmmder theatingl ait FOTC diers4 hours.

T8 ¥PhafayBuf e e, sl b g ol cacih i crater
BFREthe ThE r@éﬂerd"f‘%gll %‘%ﬁgg\??%fengﬁ Ealé.{(\%t Sht, apgadn \%%)]:/1 pure

w th anhydrous so er was'renoved

wapar hdtd eaturafdl dqledsObolatibh WIUHdivAScHIBEAE N8R poured
When the obtai ned product was exam ned, the absor pFl on

igito Bnegraggp t¢ stepabatet a GROduct. 5 Thecobthinadl paphearess dridd
th& absoyrption of 25 carboxyljc acid was found at 1720
weerpeecited DrspeuR® A bhd|8/afissprodivgt Was ohtived ar

wei g was . ou to,be 463 . in the nmass an sis. .
Therefore, the ORtaedy DrRdYsh, Bh&*D t%%sabsorptmn of

oXyl 1 C acCl

| l%yc%‘oxgll %gzj@f%é 8 B %’,55?: &aﬁ,geéﬂé -2 ;4 'I&?%ﬁ%lgrs%sdgnd

i amant ane) - 6, 6' - di car

- thee maactlaonwehhtc angudsed i1 decqedancethd thald QnedfEs.

rocedures as those conducted in 2-3) of Exanple 11
wefiret Havag ghowy that the 3sodwttesds 837 thik(4-hydroxyphenyl)-

- bj (,dj,amant ane) - 6, 6' - di carboxylic acid was used in
&éei eﬁ%‘%‘%a?t@?’@% mol es) ~ of

BaP" - his{ifiogar hex enyihal, 1. 1" 1"-tetraad ntane.
V\hgn tF;e oﬁé‘lgi ﬁgd}égg?o%g% k\’/\%lszyleoﬁrﬁé RiToRheRo @%Fﬂ?ﬁt@ a
Afanbecamei d chlori de group was found at about 1815 to
1785 cm1 in the IR analysis, 10 and the nol ecul ar

wei ghifto aashutouncntainbeg 88X & 0.0R22 nwles AHBYSiS4-hydroxy-

herefore it was shown that the obtained conpound was

nheay, b}é@jt , EGbiApmantane obtained by the repeated operations of
the above procedures, 36.2 g (0.146 moles) of 3-fluoro-6-nitrophenyl benzyl
ether and 300 ml of N,N-dimethylformamide, 42.1 g (0.304 moles) of
potassium carbonate was added. After the resultant mixture was stirred
at 135°C for 12 hours, the reaction fluid was filtered. The filtrate was
added dropwise to 2,000 ml of ion-exchanged water. The separated solid
substance was washed twice with 2000 ml of methanol and dried at 50°C
under a reduced pressure for 2 days, and 129.3 g of 3,3"-bis[(3-benzyloxy-

4-nitropbhenoxy)phenylitetraadamantane was obtained.

When the obtained product was examined, the absorption of nitro
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5) Preparation of a benzoxazole resin precursor The
reacti on was conducted in accordance with the sane 15
procedures as those conducted in 3) of Exanple 1
except that, in the preparation of a benzoxazole resin

precursor, 53.01 g (0.09 noles) of
6, 6' - bi s(3-am no-4- hydr oxyphenyl) -1, 1' - bi (di amant ane)
obt ai ned above was used in place of 31.5 g (0.09

- bi - i - -_h:y X 91_ . .
LGS ooy JSPY et RO anlyes
ahdl thdih Sle2URAH 3REhOwiis dhidd ReXpd 11IC1 781 tHeCMad 8Balysis.

obt al ned by repeating the above procedures was used in

TR ref itdPaSsBowa. that Ak frodlict #aRthBabjectavnthound.

di chl oride used in Exanple 1, and a benzoxazol e resin
1pE)ecur s§ynitesiobt ¢f ne3]3” Wiel4(drhanrinaxd=hadmoxyphenokplphenyli-
wei ght (W) of the obtained 25 benzoxazol e resin

1pY dé) i statraadambndaned usi ng GPC manuf act ured by TGSO

Co., Ltd. and was found to be 20,000 expressed as the

val udlmder ¢her etsposphens 96 hixdyogene. 1848mm L00$88 malps) of

3 ,”g{){]szféﬁgr?%ﬁpﬁbmnﬁwWéﬂbﬁyxléglsl’;17”; ¥ terpadpmaptane
obiagned dpoveet St (86 mmdlgT PhcaRvanaLpdigmaackivs ehproos]
S5 U SRR AR TR Plod AL oo
tt%ﬁé%l"ascglrgofog{ ?%hﬁ%\?ie%af}é??rry‘eﬁé &%%%na%iﬁt \lfvraﬁeﬂltered, the
filtrate was added dropwise to a mixture of 200 ml of methanol and 2,000
ml of ion-exchanged water. The formed solid substance was washed
three times with a mixed solvent of 200 ml of methanol and 2,000 ml of
ion-exchanged water and dried at 50°C under a reduced pressure for 2
days, and 66.6 g of a product was obtained.

When the obtained product was examined, the absorption of proton
of OH group was found at 8.8 to 9.5 ppm and the absorption of proton of
NHy group was found at 4 to 4.5 ppm in the NMR analysis, and the
molecular weight was found to be 937 in the mass analysis. Therefore, it
was shown that the product was 3,8”-bis-[4-(4-amino-3-hydroxyphenoxy)-
phenyli-1,1°,17,1”-tetraadamantane. '

2) Synthesis of a dicarboxylic acid having the diamondoid structure
3,3”-bis(4-Carboxyphenyl)-1,1’,1”,1”-tetraadamantane was

obtained in accordance with the following 2 steps.

2-1) Synthesis of 3,3”-bis(4-bromophenyl)-1,1',17,1”-tetraadamantane

A 500 ml five-necked flask equipped with a thermometer, a stirrer,
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10 dissolving 97.28 g (0.4 nol es) of

3, 5-dini ethyl-1-bronpadamantane into 40 nm of diethyl
et her was added dropw se. After the addition was
conpl eted, the resultant m xture was heated under the
refluxing condition for 30 mnutes. The tenperature
was adjusted at the room tenperature, and diethyl

et her was conpl etely renoved using a vacuum 15 punp.

- . d . . . ‘
TR ALY BERSTARY i 4B e v
Bhndbell 85 D aNENBS ed 30PN SPeightt £4uddi solution of

addition was conpleted, the resultant m xture was

sbaaiRthyideidd Was'@blddkinanGes dathonThgy t¥e beuled flakke15.3 g
reaction fluid was poured into 400 nml of ion-exchanged

(o moks) reftEe” alibeorhbes U D1 2@etsabHamantane obtained in
di chl oronmet hane using a separation funnel. The sol vent
acecrdeenoweithudiengnme mvapdumsoas tHtve casduttedviasl-1) and 1-2)
di ssolved into 40 ml of hexane and purified in )
of Eramaplecksl, A00hm (o bepiniobangeste anil #n etk Ghmadgh efpryminum
(the solvent of devel opnent; hexane). The so] vept v&%%
tyibewpade waragplagedy apbeaeskitagiqnagure wapstirred at 0°C for 6
3,3 ,5, '-tetr%rrethyl.- .
hours 'and, then, the reaction was allowed to proceed under heating at
60°C for 4 hours. The reaction product was poured into 2,000 milliliters
of acidic ice water. After the ice melted, an organic layer was taken out,
washed with pure water and a saturated aqueous solution of sodium
chloride and poured into methanol to separate a product. The obtained
product was dried under a reduced pressure, and 13.1 g of a product was
obtained.

When the obtained product was examined, the absorption of bromo
group was found at about 690 to 515 cm~1 in the IR analysis, the content
of Br was 18.8% in the elemental analysis, and the molecular weight was
found to be 849 in the mass analysis. Therefore, it was shown that the
product was 3,3”-bis(4-bromophenyl)-1,1’,1”,1”-tetraadamantane.

2-2) Synthesis of 3,3”-bis{4-carboxyphenyl)-1,1’,17,1”-tetraadamantane

Into a 1 liter four-necked flask equipped with a thermometer, a
stirrer and a reflux condenser, 260 ml of dry ether and 68.8 g (0.081
moles) of 3,3”’-bis(4-bromophenyl)-1,1’, 17,1 tetraadamantane obtained by
repeating the operations of the above procedures were placed, and a

solution prepared by dissolving 15.1 g (0.235 moles) of butyllithium in 65

ml of dry ether was added in small portions under stirring. The
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25 1,1 -bi adamant ane was obtained (the yield: 47%.
Since the nol ecul ar wei ght was 327 in the nass

anal ysis, it was shown that the product was the

obj ect conmpound. 1-2) Synthesis of

3,3 -dibronp-5,5",7,7 -tetranethyl-1, 1' - bi adamant ane
Into a 500 M egg pl ant-shaped flask, 30.08 g (0.092
nol es) of 3,3 ,5,5 -tetranethyl-1, 1" - bi adanant ane

tg&&%g?nﬁ%}eagﬁj\fﬁe "i’ﬁgﬂéﬁdfgﬁgég n‘g éf]agl % t W€ orB&er during

nitrogen exane was
tfd %gﬁtieﬂd @\fﬁé}l thd QARG %@@%ﬁ%m\é@ 4181 the e3tatidip Bf the
at 0Cin an ice bath (0. 252 nol es) of

tém%wtu&r e sl and dedetib Qvafm@@omdeﬁa ocaddfonarther 1

brom de were added and the reaction was all owed to

HR@ a8e thehbin g2uhdeF $he Teflukeng @aatition.f | Then, A0 redctafn fluid
i on- exchanged water 10 was added, and the extraction

wild poayel ebe3Zing (738 maiidsbbﬁdrusheﬂb day Sepaanditie extraction
funnel. The sol vent was renoved using an evaporator,
vabll 895%6 splufion of potassium hydroxide was conducted after 30

3,3 -dibronp-5,5",7,7 -tetramethyl-1, 1" - bi, darrantane
NGRS obJEé’ctaébmdthﬁasﬁ-ﬁﬁﬁ‘éﬁi ntd aphacdig) gonddygn with

ﬁhgﬁgﬁgfa&i eigad é"[’m“?f gc?a%zo@?f’mﬁéésfa Jeb el iSrppgamantane
WL Easi S A cisty SRERVPLEDY Sisration.crshed nyith. e water
(BS80S BT Al
ﬁfpg& Rt re%gﬁﬂPpaST%%d oBtdifbl V¥ KE"dehsEhee Z\Qaésdﬁeﬂ under a
SFENARSAL S ¢ st 590
WE&U'th@nébﬂﬁhﬂé&”ﬁoduct was examined, the absorption of carboxylic
acid group was found at about 1,710 cm~1 to 1,680 cm~1 in the IR analysis,
and the molecular weight was fount to be 779 in the mass analysis.
Therefore, it was shown thatlthe product was the object compound. |
3) Synthesis of 3,37-(1,1°,17,1”-tetraadamantane)-bis{(4-benzoic acid
dichloride)

Into a 500 m! four-necked flask equipped with a thermometer and a
Dimroth condenser, 27.3 g (0.035 moles) of 3,3”-bis(4-carboxyphenyl)-
1,1,17,1"”"-tetraadamantane synthesized above, 100 ml! of 1,2-dichloro-
ethane, 9.16 g {(0.077 moles) of thionyl chloride and 8.0 mg (0.00035 moles)
of triethylammonium benzyl chloride were placed, and the resultant
mixture was heated under the refluxing condition for 3 hours. The

solution was filtered in the hot condition. After the solution was

concentrated under a reduced pressure, recrystallization was conducted
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was heated under the refluxing condition at 155C for
30 mnutes. After the m xture was cool ed at the room
tenperature, 4.3 liters of pure water was added, and

t he obtained m xture was heated under the refluxing 25
condition at 80C for 10 mnutes. The forned
precipitates were separated by filtration, and the
sol i d substance vvas m xed vvith 7 liters of pure water

R puRlibkofEyR (8 B; BHtRad SPGB GHATAY TLHEE omder o
fﬁ%ﬂg@%f?%ﬁ%”jéﬁ%lp %ﬁ?ﬁ@“@r‘?ﬁé%ﬁ%m yl)-1,1° -

bi ad Waﬁ%??@@u&ﬂ QRsy é)@éﬂiﬂ&?%he f'a‘!ﬁb@fptid}? of the

obt ai ne product was exam ned, the nol ecul ar wei ght

M88 duRdet Bt Wds ithuh e fRSSuaNE MSits, 1786 @eaksnofhe IR
proton were found at 9.10 ppm (2H), 7.12 ppm (411),
dhysiprand the rholeuladSveipit (243 Ljovarld t0. 186 §IGmix 1tZHeI) mass
in the NVR analysis in a DMSO d6 sol ution. Therefore,
drialy@is. sAhencfobat itt wasoditodmatiap ribduditameesd chmp@lupdcwas the
compound. 101-4) Synthesis of

obaeit domgBmd. t r 0- 4- hydr oxyphenyl ) (5,5',7, 7' -tetranet hy

)- 1,1 -bi adamant ane Intoalllter f our - necked
4| aEreI:@qatlppaf anpenzoxazakey mmecur@ﬁru nl et for
nitrogen gas and a stlrre 00 nol e) of, 3,
3' bl'glé ERAALHTy pHEsy | ‘3017( "‘%Cé?’f%’r%@hy‘f"}- 1h?|_9 Same

;_p_rglcea AN @B ose conducted in 3) of Example 1 except that, in the

preparation of a benzoxazole resin precursor, 84.4 g (0.09 moles) of
3,3”-bis[4-(4-amino-3-hydroxyphenoxy)phenyll-1,1°,17,1"”-tetraadamantan
e obtained by repeating the above procedures was used in place of 31.5 g
(0.09 moles) of 1,3-bis(3-amino-4-hydroxyphenyladamantane used in
Example 1 and 81.6 g (0.1 mole) of 3,37-(1,1',17,1” tetraadamantane)-
bis(4-benzoic acid dichloride) obtained by repeating the above procedures
was used in place of 20.3 g (0.10 mole) of isophthalic acid dichloride used
in Example 1, and a benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained
Benzoxazole resin precursor was obtained using GPC manufactured by

TOSO Co., Ltd. and was found to be 25,000 expressed as the value of

corresponding polystyrene.
Example 12

1) Synthesis of a bisaminophenol compound having the diamondoid

structure
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15 obt ai ned above and 770 nl of dichl oroet hane were

“placed, and a stieam of nitrogen gas was introduced

into the flask. Wiile the flask was cooled in a

nmet hanol /i ce bath under stirring, 25.20 g (0.240

nol es) of a 60% by wei ght aqueous solution of nitric
acid was added dropwi se. The resultant m xture was
stirred at a tenperature of the inside of the flask of
0OC or 20 Iower for 30 mnutes, at a tenperature of O

to 5G,ijh,a mater/ice bath for hour,s and at_the room
t _enpe%ét (g Bﬁt"fefepéfﬁﬁmh?ély abdh Eeteiaradapantame was

0 ) Sﬂ%%—%gr&%%t‘jvﬁﬂ tfljalf%lgovwﬁ% in:SLCer ed. A yellow

soll nce obt al ne P14 i on was washed

- 3-1i nesywichésid, 200 Inb-pfs(d -13ne griad,.
)i MeSywichésid, 200 3% ﬁis(w@ersmgfd}gﬁ?p%% ;5,3 ﬁg’,g&% &

~at 60C under a reduced pressure for 1'd

gdomhantane .
3;3'-bis(3-nitro-4-hydroxy5henyl)(5,5',7,7'-tetranethy
1) - 1, Into #i58Gmhrfpariceckes Baskiensbpetheithi el therboMeter, a

The obtaj ned product was é}o gomder. in the NAIR
Sges e SnErts woRtRser) PO CFE malesk by 20N panps
t S . . ohj 1- %~ / .
?@%3%@%%%%@%@5%%3@’fﬂi’%@%ﬁgﬁ %8‘91.@53%4-
PRy AT gt Sy o EebrdOni
the3sai s cadires- 4s lidseoxyiphenyd )it SERampBle’ 11t @b ardded in

met hyl ) -1, 1' - bi adamant ane Under the at nosphere of
spal pysHons gngder yigogowsstivnings) Tl texgperature at the inside of

3n-his(3-nitrqg-4- d henyl) (5, 51,7, 7' -tetramet hy
heael ol et AL BT ABERR b e Bthard Afuer Hod agiition
% B j l... 350 of .
2t Fahofiiaf Rl urgghik Fihe (EnbRRl R consto s° pifowion
whi rilledredt td BLode@@Nof EHRBEAIURGLE 0TI, NOW! SacliBB brodact
m  of N-methyl pyrrolidone was added and, after the
wes plonzerd infoxaboet HAE i iof rcell warter] Sarikd antyudieprodidoe was
uid was filtered. The filtrate was added

react.i fl. i .

W&b%ﬁegg’% }81‘51%@1% wieshod Wih-nase reafgeandairiad. fifke obtained
lid substange S shed 3 times with a m xed

e e e A N R

I on- mﬁﬁfbd’\ﬁﬁoﬁhcﬁﬁﬂreg{gy}s%gllﬁﬁtigﬂ Godifi88a AnhE N G688 ced

pressure for 2 days, and 534 g of

Bredurb) a(B7ard pof 4 phyducxyhsiyinedd, 5' , 7, 7' -tetra-

When the obtained product was examined, the absorption of nitro -
group was found at about 1,500 cm~! and 1,370 cm~! in the IR analysis,
and the molecular weight was found to be 813 in the mass analysis.
Therefore, it was shown that the product was 3,3”-bis(3-nitro-4-hydroxy-
phenyl)-1,1’,17,1""-tetraadamantane.

1-2)  Synthesis of 3,3”-bis(3-amino-4-hydroxyphenyl)-1,1’,17,1”-tetra-

adamantane

Into a 200 ml four-necked flask equipped with a thermometer, a
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20 net hyl) 4, 1- bi adamant ane was obt ai ned (the yield:

189 . The obtai ned product was purple granules. Wen
t he obtai ned product was exam ned, the nol ecul ar

wei ght was found to be 541 in the mass anal ysis, and

the following results were obtained in the NWVR

anal ysis. Therefore, it was shown that the product was

t he obj ect conpound 251-1-1-NWVR (8/ ppm DWVMS0-D6): 0.86
(s, Me, 1211), 1.05 (m Adm, 1.19-1.27 (m Adm, 1
7-1.40 ( Adm), 4.38_ (s, NH2), 6.33 (D, PH 210,
ugrothgongepsex gnd 6?161119§t§9r prirogen gag 2ol of agapeentrated

t hesi.s of.
BYbIERLR Siid, ad 4R Ly of ethgoh e, BhAsed a0 ey 334, &
0l 3218C1 ghoWsFhl QFi d8 3-pig(3-nitro-4- -1,1.17,17 .
@ By kel Sofs, 500 Dis§uitro 4 hydraxyphony]) Yl S5
adhmdantaheditaidaxybdve R6s ddded undePlstirdink 4d £1ff the added
four-necked flask equi pped with a thernoneter, a
wmyquend flodtedl oaf the fhoddedsethe 26@1ltdntoimidiyreptaheslution

d. 39.23 g (0Q.081 pol es) . of o _
fg),r%enleéi Mdﬁﬁﬁ(%vl@g, #g?g !e)t%z{ﬁm%%h%wdq,@hywéa drth2nal of

SPGB0 o) RS 2500y SRRPRRASY st

portions under stirrihg. The tenperature a e | nside
wetryshdlizbaskomas Kepid ablutda of ctlonesl ghd ilR@rédiforic acid.
addition. After the addition was conpleted and the
Breeqhiningd bydroeblorsleraltiwas dydedyes] withewntac técoystatized
|1 owed to ceed for further 1 hour by heating under
frgp0 tbrpohauth dred iR Buceh aRossRe FihdEiIcof h preRuct
Vas s into 325 g (7.38 noles) of crushed dry ice,
a O%g{egt raction with a 5% aqueous sol ution of
pot asghewnthy barihéele pedud ARUseeineht Bke FPsd¥bALA 88 proton
The filtrate was adjusted at an acidic condition w t%
diy@ldogrobiprwes foind, aaB® to 9.5 ppm and the absorption of proton of

YT, 7 -tetranmet -1, 1' - bi adamant -3, 3" -di.car box
NH; G0Ul 768 96n0 BeAoic Aot Rorbe VR Sl and the
fiJtration,, washed with ) er and dried. The _
e IR e A8 T b0 BEd oS i The G pralyss. Therefore, it
wecr |zt i =l ; oy al .
(P [RhE haR IR B el BB g hiE A pheny)
Tanid” 19 -¥8rpdainantpheduct was obtai ned (the yield:

58% . When the product was exam ned, the absorption of
2 arhusthesie ofieidicavhexflovamid Aavidl thiealipmbnddll dmduteo

1, 68%‘ ,\yl%_l in the | R anal ys)i s, anhd the nolecul ar

wei ght3 wasl4 btifarbaopberasyphenyll Inkds 1aatiperismantane
vgegsjesrérg{tﬁésgﬁep% %nng&%rdg’llfc%%itﬂ I%ﬁg fglpo%igrg%ﬂ&%%as.ms the

2-1)  Synthesis of 3,3”-bis[(4-carboxymethylphenoxy)phenyll-1,1,17,1-

Bt bkt hihk knRs né_ryQ{aIQL%e?é h@%a%?ec?dgfd tf" Ha S8R hina

tetraadamantane
To a solution containing 88.2 g (0.122 moles) of 8,3”-bis(4-hydroxy-
phenyl)-1,1’,17,1” tetraadamantane synthesized in accordance with the

same procedures as those conducted in Example 11, 65.4 g (0.146 moles) of
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-3,3" - dlcarboxyllc aC|d di chl ori de The synt hesi's was

conducted in accordance with the sanme 5 procedures as

t hose conducted in 2) of Exanple 3 except that 14.52 ¢
(0.035 nol es) of

55,7, 7 -tetranmethyl-1, 1' - bi adamant ane- 3, 3' - di car boxy
lic acid synthesized above was used in place of 7.85 ¢
(0.035 nol es) of 1, 3-adanmant anedi carboxylic acid, and

a ite.soli substance was obtained. 10Wien the
Bt AT P msentonta gk o Al of S dissomptivunamida 2.1 &

G501 BGRE) 8 Mol PalondRE Was, Added " A thaconipined
ﬁﬁf@ﬂﬁ)re vJ-asOgtlﬁeaAatpﬂ?C]fgﬁ ﬁ 1R0ds Ol:h%zr r( ﬁ%ﬁtﬂ F'hl%ere

NMR anal ysis in a CDC13 solution, ec

The Gitravasabadddd deopeisd 52 2 000 he oﬁ&ﬁﬁe@h@h & Srater. The
Therefore, it was 15 shown that the obtaine compound

f@aaledlﬁ’hdb?@ﬁtawnw@m mchsh8d tRiepwitdt 2600ah] of methanol and
%ein oxaégll i n precursor The reaction was conducted
Tordalic 4aqey H 18 u@%@rﬁﬁ%@ed&reg days, hasd 96.9 g of

L th
TR el AR B R RET 01 &2 war tomntgeg
%8s O8tambes) of 20
3, 3" - bi s(3-am no-4- hydr oxyphenyl ) (5,5 ,7, 7' -tetranet hy

|) - 1,Whehi tAdacktaianl rahicsiwes cahanged nt}@cgwo@lgﬁsﬁ of the
with the process of 1) was used in place of 31.
qsberngronp| eag faymd at about 1,730 to 1,715 cm~} in the IR ana1y51s and

'%§ buslg am no 1 IHEPeny danantane used in )
afmle agnwa’eﬂp_ 3 g in the mass analysis.
’ﬁxe"*—i'efoz"e, it Pdd %ﬁg\tvgy%hét %he obtained compound was the object
compound.

2-2) Synthesis of 3,37-(1,1',1",1”tetraadamantane)bis(4-phenoxy-4-
benzoic acid dipotassium salt)

Into a 5 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and a stirrer, 3 liters of n-butanol and 180 g (2.72
moles) of potassium hydroxide (85%) were placed, and potassium
hydroxide was dissolved by heating under the refluxing condition. To the
obtained solution, 269.6 g (0.272 moles) of 3,3”-bis[(4-carboxymethyl-
phenoxy)phenyl]-1,1,1",1"-tetraadamantane obtained by repeating the
above procedures was added, and the resultant mixture was heated under
the refluxing condition for 30 minutes. The resultant mixture was cooled
in an ice bath, and the formed crystals were separated by filtration. The
obtained crystals were washed twice with 1 liter of ethanol and dried at

60°C under a reduced pressure, and 269.5 g of a product was obtained.
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....hl.adamant ane- 3, 3' - di carboxylic acid dichloride
“obtai ned- above in 25 ‘accordance with'the process of 2)

was used in place of 20.3 g (0.10 nole) of isophthalic
acid dichloride used in Exanple 1, and a benzoxazol e
resin precursor was obtained. The nunber-average

nol ecul ar wei ght (M) of the obtained benzoxazol e

resin precursor was obtained using GPO manuf actured by
TOSO Co., Ltd. and was found to be 21,000 expressed as
the value of 5 correspondi ng pol ystyrene. Exanple 15

1) SynWiesi sheobbtained product was examined, the abso t10n of the
3, 3" - bi sk-(4-am no-3-h droxyphenoxy)phenyll 1rg
a@raﬁﬁa%ﬁ@ltlcﬁh@)ca sicid wias found at about 690 to 515 em-1

0 Che i Analvsie Phe coiapgoRRiwes Kormd Gube heskbthe slomental

S MR AL S e e

£AIFERS € The oD 18 wal- shoWi ai ¢ -
3, 39 bls(4ehygro;yphenyf) & %Ba gﬁgﬁ%gﬁgf% t }%é%’l

%raadajnah)tané)bﬁé(amﬂeﬁoxﬂy 4&5&1@0@ dcid ddftdBRias )salf.
enzyl oxy-4-nitro-1- fluorobenzene, 55.3 ¢ 50 400

%F es) mﬂq@@was@ﬁ uBBRALHO WAL B teird a8 @@ antarmbis(4-phenoxy-4-

N, N - di net,h m de were placed, and the resultant
I%Pﬂﬁ%ﬁsﬂgﬁﬂ %3 under the refluxing condition at

195 2Rt G e LB Aol
Dimroth condenser and a stirver, 249.5 g (0.24 moles) of 3,3”-(1,1,1”,1-
tetraadamantane)bis(4-phenoxy-4-benzoic acid dipotassium salt) obtained
above and 600 ml of 1,2-dichloroethane were placed, and the resultant
mixture was cooled at 0°C. To the cooled mixture, 391 g (4.5 moles) of
thionyl chloride was added dropwise at 5°C or lower over 1 hour. Then, 4
ml of dimethylformamide and 4 g of hydroquinone were added, and the

obtained mixture was stirred at 45 to 50°C for 3 hours. After the

. reaction mixture was cooled, formed crystals were separated by filtration -

-and washed with 150 ml of chloroform. The filtrate and the washing

fluid were combined and concentrated at 40°C or lower under a reduced
pressure. The obtained residue was treated twice by extraction with 200
ml of diethyl ether. Diethyl ether was removed from the extract by
distillation undef a reduced pressure, and a crude product of a semisolid
substance was obtained. The crude product was washed with dried
n-hexane and recrystallized from diethyl ether, and 118.5 g of
3,3"-(1,1’,1”,1”-tetraadamantane)bis(4-phenoxy-4-benzoic acid dichloride)

was obtained.

120



10

15

20

25

......20 separated by filtration, and the solid substance =~
-geparated:-by--fittrati-on-was m xed-with 1800 nl- of pure--

water, stirred for 30 m nutes and separated by
filtration. The solid substance separated by

filtration was m xed with 1800 ml of nethanol, stirred
for 30 mnutes and separated by filtration. The
separated solid substance was dried at 60C under a
reduced pressure 25 for 24 hours, and 69.1 g of a
product was obtained (the yield: 76.0%. Wen the

obt ai Wednptledubtained pesduitneds geakisedf thY abiipWeheof the
found at 7.93 ppm (21), 7.41-7.32 ppm (1411), ©6.96 ppm
aad1ghlogdeeznopm vad fousd 50 apmt( 2815 t2. R28HEm-(14H) the IR

1.86 ppm (811) and 1.73-1.69 ppm (161) in the NWR
%%ng §nidn€hé{ E@éﬂ%&%‘b Migtgkin wasHaref doebe i1i000am shewnass
%%ﬁ% { hef’{?‘nh%%‘:oge(?gjrtpvrvgg us%towvr\{a%hatith he %g&%@gop%gg&d was the

15
Sy
Shidet RiuSddtmad- am no- 3- hydr oxyphenoxy) phenyl | - 1, 1' - bi -
adamant ane Into a 1 liter egg plant-shaped

$) aBkepaBtidn @f aMehzomizo)e whin precursor

3,3"' -bis[4-(4-nitro-3-benzyl oxyphenoxy) phenyl] -1, 1' - bi
adanahheneeasbioal ek atoveicted] 1 ga¢@rdnmolesh dhea same
10% pal | adi ym active charcoal, /10 576 m of _
E@F?‘gwar%? Gﬂ}%‘-ﬁ § %?t%f ilRr & of dekample biexeent, thatd innthe

insi.de. h filled with hydroge .
{PRERGAL diE BLBRKAIAR Lddn 5ol MALL U0 8% mates) of
8- 8RS > 1%t i e in
O S R Ay RS AT AR B hined
by tdpenéitg theeboivé praded uvaswas dedd imptacd.of 3iis €(®09moles)

ion-exﬁgggged water, and the solid 15 conponents were
Hebahis Srmping pvderyrbanyBadamhataist usaveth Folangple 1 and

D o i gRael oF Sr 51158 7 eirassamagrandhietd wgmony ¢
Bl B Ba'AEnIbAAE) LEARSLALUES. LAk FhanBiBee 80903 %0d0

a product 1nt rmo rkKre

18blediol ebphtRgliey A&l dlicl drid&0used AMVBN LR OBLA H88nzoxazole

product was exam ned, peaks of proton were
resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be 24,000 expressed as the value of .

corresponding polystyrene.

Example 13
1) Synthesis of 1,1-bi{diamantane)

Into a 500 ml four-necked flask equipped with a thermometer, a
stirrer and a reflux condenser, 4.6 g (0.2 moles) of sodium metal and 200

ml of n-octane were placed, and the temperature at the inside of the flask
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found at 9.40-9.10 ppm (21), 7.27 ppm (411), 6.80 ppm_

4.60-4.20 ppm (21), 2.12 ppm (411), 1.78-1.69 ppm (81)
and 1 58 ppm (161) in the NVR analysis in a DVMSO d6

sol ution, and the nol ecul ar wei ght was found to be 669
in the 25 mass analysis. Therefore, it was shown that

t he obtai ned product was the object conmpound. 2)

Synt hesis of 1, r-biadamantane-3, 3" -dicarboxylic acid

di chloride 2-1) Synthesis of 1,

%r'asblca@l_aﬂaﬁt apee.3, 3jmtd €Ré beseydd Cﬂ@s@d,d26.7 e mole) of
synt hesi s was conducted in accordance with % he sane
privemcdntese akssohesie i diluatled! imrodtadd iaf affxaie! &addslowly
except that 34.69 g 5 (0.081 noles) of 3,3'-dibrono-
added groprase drtden ogerougssiiring. pThectenip3at e at (13 D8ide

es f . " .
SPY gk s Sspsac to 57C dusing: Hypraddisions Atarhe addition
t.ai : m.ned. the rptign
SPS Tolrli Bl A Bl B0GHER oHHBe TARDLNyq (8fe 0 Yih Boactin
&k lalidwddeo g%c@_@@ﬂrﬂﬁifﬁrth@?dl hber. oG 36 MBLaBh MBFure
found to be 359 in the mass analysi's. 10 Therefore, 1t
was hoed inhagbbhe 500t mil nfdeopd editet, @b a brudbpegtuct was
conpound. 2-2) Synthesis of 1,1
sepiaaakadehn BHeaton' washas wokypure vwated agdl dni¢die The obtained

Th hesi di d ith th

e PR S5 Sl BomBel Baoe 25 herontmineg nroguct
12. 10 f .

P RV RrLRE e deihdldadce TUGEY Rhesfiourd 242 ¢ of =

plvdviet was obeddedn pl ace of 7.85 g (0.035 nol es) of

1, 3- adamant anedi car boxylic acid, and white crystals

wer e Wheani thed obttieed tivedodit wian eskapriaddc thavabsexaivmefl Br
t he s%%pti on of the acjd chloride was found at 1,792

ghoar1(af abon 69R ta AAPyam 5D divampsatid By tho R 20alwsis and the
{nﬁ%{&%ﬁ‘t Vﬁ%il.g%% “Pa%r?cn(lﬁ!d_btb b%'&aéfi]ﬂ' t%z nggsrg ér?al_l?zéis.l ) %‘%e&%ge, it

a
was shown that the product was 1,1’-bi(diamantane).

~ 2) Synthesis of 6,6’-dibromo-1,1’-bi{diamantane)

The reaction was conducted in accordance with the same

| procedures as those conducted in 1-2) of Example 2 cxcept that 21.4 g

(0.057 moles) of 1,1bi(diamantane) synthesized above was used in place
of tetramantane used in 1-2) of Example 2, and the object compound was
obtained. When the obtained product was examined, the absorption of
the bromo group Was found at 620 to 515 cm~1 in the IR analysis, and the
molecular weight was 532 in the mass analysis. Therefore, it was shown
that the product was 6,6’ -dibromo-1,1-bi(diamantane).

3) Synthesis of 6,6-bis(3-amino-4-hydroxyphenyl)-1,1’-bi{diamantane)

The reaction was conducted in accordance with the same
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1.54-1.67 ppm (12H) in the NVR analysis in a CDC13

“sol'ution, and the mol ecul ar wei ght was found to be 395

in the mass analysis. Therefore, it was shown that the

obt ai ned product was the object conpound. 3)
Preparati on of a benzoxazole resin precursor 25The

-reaction was conducted in accordance with the same

procedures as those conducted in 3) of Exanple 1
except that, in the preparation of a benzoxazole

b AR GR LSS |
%' bi 5[2 (4- arrf\ ﬁ%ﬁ‘%“%%?%&g% enoxb%p egcﬁp]% that }1.7 ¢ (0.057

miolessdl anf a@,6t-diberoniot Bl igiddibm A% 606)0#R6 ey 'ih tgh&%eo bPEEE? ¢

crlbed above in 1) was used in place of
maje ng df3-dibromoadamantane used in 1) of Examgle 1, and

3 am no- 4- hydrox phen adamant ane used
t% Ellﬁ%&n@gh ﬁ\{JZ(}lamantane was obtained in 3
oths b| adamant ane- 3, 3 d| car boxylic acid dichloride
obtai ned in accordance with the process descri bed

Bb oY thBsig)of Wap- HQﬁ%ﬁ:aﬁtem a%‘%b%}gc ég(ﬁ%%l cHig ng o

i sophthalic acid di or | e used

4&hz Byatiisis 6f5 i Mbildiaei ke VG E - &E&ﬁio&?ﬁ

nunber - aver age nol ecul ar wei ght (M) the obt ai ned

10 béﬁﬁfb)@aﬁ'@ﬂ? en} Eygimnqvked (ftsbr equippobtwithed thisimem&RE a
., . Ltd. and was found to be

nanuf act.ur ed
’i'r%ﬁngxﬁr%%fﬁéﬁ Cﬁ%‘%ﬂ“ﬁ@r’v 300 embfofcer9a% parntiong solution of

t 6 hesi f . .
RO UER s TIAOR B cottag b ?4’?(1 - &3 ot‘?ﬁ?‘fﬂ\'@n‘&i@%ﬂng’
beny| of Vi t 2. s
% (I;Ya%rgﬁ%nc%f ﬁ&h%gg%&;gyeﬁ%)e()}l@ fi ot onl%%lr ogenz i dibromo-
tht (daar&@ﬁtme)e@gssplmdt igfoa@ed hi &ﬁkca@&}rﬁ t@txﬁzﬂl%mde in

%ﬁn of 3-fluorophenol, 83.8 g (389 mmol e)
’F—Qﬂ%’ﬁ%ﬂaﬁﬁ@a‘ffbn eThagp 25 mbbf 2080k farerie saiddwas SIoWIj‘r added

S e Bt B hour s under the otreamof nitrogen gas.
Igﬁpg‘?g?ﬁ?@ﬁoﬁ lngfxg'ﬁwa%g %Egrgé Iug%l élﬂ)&@t%}bhgll\rﬁg§gid water,
dzeveceis el g, sSaagonm ol of i g
was removed by vaporization, and an extract was obtained. The obtained
extract was dissolved into a 5% aqueous ammonium solution. After the
solution was adjusted at an acidic condition with hydrochloric acid, the
solution was treated by extraction with ether. The extract was washed
with water and dried with anhydrous sodium sulfate. Ether was
removed by vaporization, and 1.1 g of a product was obtained.
When the obtained product was examined, the absorption of Br
group (at about 690 to 515 c¢m-1) disappeared and the absorption of
carboxylic acid was found at 1720 to 1706 cm~1 in the IR analysis, and the

molecular weight was found to be 463 in the mass analysis. Therefore, it
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.25 reduced pressure, and 63.2 g of
4- (1-admant y1) - 3-f | uor ophenol was obt ai ned.

Then, into a 500 mM egg plant-shaped flask, 63.2 g
(236 mmol e) of 4-(1-admantyl)-3-fluorophenol obtained
above, 300 ml of dichloronethane, 24.5 g (236 nmol e)
of a 60% aqueous solution of nitric acid and a stirrer
rod was placed, and the resultant m xture was stirred
at 10C for 1 hour. 5 To the reaction fluid, 100 m of
a 1% aqueous sol ution of sodi um hydrogencarbonate was
wad showTHdas thantaluchyas b ditdiewantanb) fs6 rijcarboxylic acid.
epar at,ian. .funnel, .and the sol yent, renoved under a
ool '%F@%@%@ne?Ffeglbc{%?%ﬁbﬁé@l%%@ﬁg?%ﬁ%@%nce was
recry. 1] fr 1,200 m ,of 2-propanol, d 39.5
of 5?&%&%%@%% O%gl hf/ql}cg%&?dll- 11 u%'?c ﬁ&%’%"&be‘ﬁﬁgn é‘ﬁio Sathe
c@REARI AEEhose condubfdif 278 bibx£401P BRkeafitARe 16.2 g
| ask, 30.1 g (103 nmole) of
6.03mdaokes) Wh- Rithiltiamentahd)t)6 edicirhokenz el cbiaivaed in
above, 26.5 (155 mpl e) of benzyl bromde, 42.2 ¢
pRO6 ofn¥dl g (gfoiiﬁ’omh@} afB A bistiacarbogthenylot, I',1°, 1 tetra-
acetonjtrile and a stirrer rod were placed, and the
FLAPPPYHIC- 15 nixture was stirred at 100C for 5 hours.
The r [ il L L] and,, affer t.he .
e SR 88 et iRad b EmBR e phifrebif gf gho acia
dH16ri8eRabap SFhsSRuhE SURSHANGA WIS 7THCarer &4 thY IR nalysis,
filtration. The recovered solid substance was magﬁe
and rthe oindlarn@iromicight! eaanfduddi ®dbat 500 th whdemasds analysis.
reduced pressure, and 27.8 g of
Therpforgarthnvga )showpe kgt ¢he -ebtpingdr compound twab dhe evtgect
was obt ai ned. 1-2)Synthesis of
%",%PQ‘B}@[ 4- ( 4- ami no- 3- hydr oxy- 6- ( 1- adamant y1) -
he R o] The synt hesi s was
DNEPRBLERNBA%Eh thnadxazold AUABALANG,

I n accoradance wt e sanme procedures as

t hoseThoONdsitivd iwadl- dondaRetbdl- @) SdcoFdat®! evith eXE€Rhme
that 25 92.1 g (0.225 nol es) of

Brogadanganantthdie gorobrzed amy3)4of Exargre t T elzeeytetieat, in the
obt ai ned a ov%jmas used in place of 55.6 g (0.225
Rﬁgp@g&}u% of a benzoxazole resin precursor, 53.01 g (0.09 moles) of
6,6™-bis(8-amino-4-hydroxyphenyl)-1,1-bi{diamantane) obtained above was
used in place of 31.5 g (0.09 moles) of 1,3-bis(3-amino-4-hydroxyphenyl)-
adamantane used in Example 1 and 500 g (0.1 mole) of -
1,1-bi(diamantane)-6,6-dicarboxylic acid dichloride obtained by repeating
the above procedures was used in place of 20.8 g (0.10 mole) of isophthalic
acid dichloride used in Example 1, and a benzoxazole resin precursor was

obtained.

The number-average molecular weight (Mn) of the obtained

~ benzoxazole resin precursor was obtained using GPC manufactured by

TOSO Co., Ltd. and was found to be 20,000 expressed as the value of
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“synthesis in 1-1) of Exanpte 15, and the obj ect
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conmpound was obtained. It was shown that the obtained

conmpound was the object conmpound since the nol ecul ar

wei ght was 937 in the mass analysis. 5 2)Synthesis of

5- (phenyl et hynypadanmant ane- 1, 3- di carboxylic acid

di chl oride 2-1) Synthesis of

5- (phenyl et hynypadamant ane- 1, 3- di carboxylic acid

Under the atnosphere of nitrogen gas, 10 g (73 nmol e)

wirsadandinzgdystireheg (7.4 mmol e) of

N- hydr oxypht hal i m de, 80 nmg (0.31 10 nmol e) of

cobalt(H) acetyl acetonate, 9.2 g (90 mmol e) of

gthggﬁernzene and 150 ml of acetic acid were stirred.
%sul t ant m xture, a mxed gas containing 2.0

s SR PR 2 A HIRT SELE5 Ao 0 B PG e

XA SmYagasd i rred at 60C for 12 hours. The reaction
fluid was added into a 5 nole/liter 15 aqueous

) uBjathesfs Iy3)B' (K BHetisendtbiyt 1 obiatingint@fe and t he
solid substance was recovered by filtration. The

obt ailntaia &ditied egabbantribapad Slasiy PB e .4 mded of deamresium

i th I qyi h h d I 1. [
it N A R B LS EA%1 BF GHTBiRy 826, 80, 1 of
bt.ai - th |t f 1
HEyPRBeD Peo ZUCH, BRRPOLACHT, ey JELRH Bl iioy

dibR1diakloned g (0 EhasRsy sﬁy,Btﬁufemlgy@ﬂb&maa&ma R Res 40

compound was the object compound. Appearance:white

8Db| dfd diBhyFRthér wis 32ddedVelropeEeeneAfal Hialakiidon was
calculated (%9 C 74.06; H 6.21; 0: 19.73 found
compdeted, e meul{agh mixture was heated under the refluxing
condition for 80 minutes. The temperature was adjusted at the room
temperature, and diethyl ether was completely removed using a vacuum
pump. Then, a solution prepared by dissolving 48.64 g (0.2 moles) of
3,5-dimethyl-1-bromoadamantane into 600 ml of dichloromethane was
added dropwise. After the addition was completed, the resultant mixture
was heated under the refluxing condition for 5 hours. The reaction fluid
was poured into 400 ml of ion-exchanged water and treated by extraction

with dichloromethane using a separation funnel. The solvent was

removed using an evaporator. The residue was dissolved into 40 ml of

hexane and purified in accordance with the silica gel column

chromatography (the solvent of development: hexane). The solvent was
removed using an evaporator, and 30.70 g of 3,355 tetramethyl-
1,1-biadamantane was obtained (the yield: 47%). Since the molecular

weight was 827 in the mass analysis, it was shown that the product was
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2-2) Synthesis of

'5-(phenylet hynypadamant ane-'1, 3- di car boxylic acid

di chl ori de The synthesis was conducted in accordance
with the sanme 5 procedures as those conducted in 2) of
Exanpl e 3 except that 11.35 g (0.035 nol es) of

5- (phenyl et hynyl ) adamant ane- 1, 3-cl i carboxylic acid
synt hesi zed above was used in place of 7.85 g (0.035
nol es) of 1, 3-adamant anedi carboxylic acid used in 2)
of Exanple 3. \Wen the obtained product was exam ned,
heechiptspprdogndof the 10 acid chlori de was found at

ut, 1,815 t , (85 cm1 in_the IR analysis, and the
F2 eutiheste pEpe SRt D 8 6Eameet By 40 brdaagantane
anal ysi.s. r efio ' sho h he ct S
anal k3. WORT B0LEs ibnlSR Aot L N3 okE 0F B0NGHc 06
8,855,8 - R LOHEGEA-1TDDih @8RGk h Rhe SISt aGRMINESRAWAR weighed and

accordance with the same 15 procedures as those

danalict@ddemtBy sofeakx afphierokerxeep200hatl ,ofi dveldd@xane was
preparation of a benzoxazole resin precursor, 84.33 ¢
qdsledy apgd| a2 89lupipn was prepared. While the solution was kept at 0°C

3,3 -bi - (4:-am po-3-h -6-(1-ad fl ph
Rergiise Bl S &ah2 S Sl0B At e 7h DB BIRIARE . G 470036
. ' ' d i I f
BRsPEPIRT ST PLORRL, SRRIELAG ShalBR 458 on ey i 1o
Roesudrd anBaiane Tused reAckfmle ZQO%ﬁoﬁ@nle’%ccgaﬁgefdlwater
nol e) of 5-(phenyl et hynyDadamant ane- 1, 3-di car boxylic
was dddedhhod itte oittaitivedwith apddickane ewss cbndfi@ed using a

process described above in 2) was used in place of
sppagation dunrelyp Tde #flverfople Hamaved cisingissh bvapatetars edd

| ample, L. .and a Xazol e resin, precursor was
D051 Bell BB eRier . Gl SeRpa Y B BleRErgHent Vg the
HiedhGoRPEH DG L GBEAYEE Hefie RSN doPCUT
o%% ai nggﬁ)u@ ng ($% nanuggdgt%ryeeigl byﬁﬁtﬁéﬁﬁ% %ﬁt %.Olegﬁlc?r
Weight @LR04301Deh th AR BAPHE SIS S AShIE tHAL Hee Efod_uct was
correspondi ng pol ystyrene. Exanple 17 51) Synthesis of
tde3bjdst spuphyddoxy- 3- ani nopheny0-5, 5' -di (n-buty1)-1,1'
- bj' - ' -
1-3 Synthesis of 3,3-bis(4-hydroxyphenyD(5,5,7,7-tetramethyD)-1,1-
biadamantane

Into a 5 liter four-necked separable flask equipped with a
thermometer, a stirrer, an inlet for nitrogen gas and a reflux condenser,
48.4 g (0.1 mole) of 3,3-dibromo-5,5,7, 7 tetramethyl-1,1’-biadamantane
and 688 g (7.3 moles) of phenol were placed, and the resultant mixture
was heated under the refluxing condition at 155°C for 30 minutes. After
the mixture was cooled at the room temperatﬁre, 4.3 liters of pure water
was added, and the obtained mixture was heated under the refluxing

condition at 80°C for 10 minutes. -The formed precipitates were

separated by filtration, and the solid substance was mixed with 7 liters of
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adamant ane 1-1) Synthesis of 1-(n-butyDadamantane

“TTnto a L-liter egg plant-shaped flask, 4.9 g (0.2

nol es) of magnesi um was wei ghed and pl aced. Under the
stream of nitrogen gas, 80 m of 10 di ethyl ether was
added and stirred. Then, a solution prepared by

di ssolving 27.4 g (0.2 rml es) of n-butyl bromde into
20 M of diethyl ether was added dropw se. After the
addi ti on was conpleted, the resultant m xture was
heat ed under the refl uxi ng condition for 30 m nutes.

LeRper Aldr &iMes adi yet ﬁﬁnﬁﬁest heTheOBE RBERINEE Cwas
and di et hyl ether was 15 conpletely renoved using a

aepatatet ynfiltrdtien and dstddust 60 (hneder ededyced med;u/ner@r 24
21.5 g (0.1 nole) of 1-bronpadamantane into 300 m of
ktivehl endned.hageofwas - bigichly dhosphensD (AfX . &7 -teteameeid)-bd -

‘fr'iga#ﬂép %%%%eﬁa?ép%mefy& ds%%&“re The reaction
ui S‘Y ga? ebgl%ugﬁt%1 gfﬂloct nxlr%% eg zgthga( C‘&l%n %gecwre{ve?ggat

and by~ ex FTON Wi ororret ane usin

WEDP BRI Qhd LI ¢h thér E@asg Q¥ @i, WaRl @JE%chfq:mryﬁinn\Ge@nfound
evaporator. The residue was di ssol ved into 20 m

drex a0 ppan @Y. 12 egm @B 667dana ¢450) th42ﬂa)t"spﬂ>mc(a4ﬂé land

colum chr t he .solv devel opne
Qméﬁé’ﬁ@'—)% BHLD %glp wﬁv%@w%meggﬁ@ﬁofﬁ&aaﬁqf ; ”lé*teas?fore
and 7 f 1-n- adanmant ane was obt ai ned as
g rashat RSB brd PRt 5 e e hiRet CERBNS 01 o

an)a{‘j Sypthesis;© g ey ! g?%ﬁg&n@afl-hgﬁﬁ%xg%ﬁbxyi%ﬁﬁSif-tét%iu%gi%ﬁ}

{Q’Iglgwdﬂlgmt;{'ﬂ@se results showed that the obtained
conpound was the object conpound. 1H NMVR (400 MHz,

chl orfat®ranl d&er fBuid-nddkedsflasdd k)lmplaeGSW{th] a 6]116.1)::;1015&1:94‘5 an
(d, 611), 1.22 (m 411), 1.02 (m 21), ?i

k) for za)ltrrggnz gERemaft & AHBIsi 51 0§al%u WLy @0 o of

? g bl%% hydr gﬁ/i’rﬁ(%tg‘qc} tgtéar%%%ylﬂl,ll%mg amantane

obtained above and 770 ml of dichloroethane were placed, and a stream of
nitrogen gas was introduced into the flask. While the flask was cooled in
a methanol/ice bath under stirring, 25.20 g (0.240 moles) of a 60% by
weight aqueous solution of nitric acid was added dropwise. The resultant
mixtﬁre was stirred at a temperature of the inside of the flask of 0°C or
lower for 30 minutes, at a temperature of 0 to 5°C in a water/ice bath for 3
hours and at the room temperature without using the waterfice bath for
15 minutes. Thé reaction fluid was filtered. A yellow solid substance
obtained by the filtration was washed 3 times with 1,500 mi of
ion-exchanged water and dried at 60°C under a reduced pressure for 1 day,
and 35.44 g of 3,3-bis{3-nitro-4-hydroxyphenyl)(5,5",7,7-tetramethyl)-1,1-

biadamantane was obtained (the yield: 59%).
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10 1-2) Synthesis of 1-brono-3-(n-butyDadamant ane

lnto-a-200. ni--egqg-pl-ant--shaped -f-Fask,--8.-8 g (0.046 7

nol es) of 1-(n-butyDadamant ane obt ai ned above was

wei ghed and pl aced. Under the stream of nitrogen gas,
100 m of cycl ohexane was added, and a sol ution was
prepared. Wile the solution was kept at OCin an ice
bath, 15 8.8 g (0.063 noles) of t-butyl brom de and
0.4 g (0.0014 nol es) of alum num brom de were added,
and the reaction was allowed to proceed for 2 hours.

To tige rcﬁﬁﬁiﬂe@”&;f&dﬁbﬂ wak0Pelldw Qlowden- eke hha geMRvahetysis
was added, and the extraction with cycl ohexane was

skengduet eide dsliowing, separsashonnfilahghe Medushbwasnthenglject
renmoved using an evaporator, and 20 10.4 g of
cdmpopund- 3- ( n- but yOadamant ane of the object conpound

was t ligss i i

St IRMIF RBRy PYSGITp® 0 SFTEPHEN D TP o e
S| t ah ysi I

1 S by, TR AT GLNIR) TR D SRR LR O P

oghoyed & haty bl obtai ned conpound was the object

)

compound. 251H NMVR (400 MHz, chloroformd3):; 5 2.28
150 41Syntizsd of, RA)his@G-0Qire4dyroxypbany s, P17 tetra-
1.48 (d, 41), 1.22 (m 4H), 1.10 (m 211), 0.90 (t,
mgbyl)- Bl hiajgmer)ng ra/ z) : 270. 1 El enental anal ysi s:

calcylated G QL AhrdtorOn9dnleen, 35.44 g (0.059 moles) of
3,3"-bis(3-nitro-4-hydroxyphenyl)(5,5,7,7 tetramethyl)-1,1-biadamantane
obtained above, 2.50 g (0.00118 moles) of a 10% palladium active charcoal,
350 ml of tetrahydrofuran and 71 ml of N-methylpyrrolidone were stirred
at the room temperature for 26 hours. Then, 35 ml of N-methyl-
pyrrolidone was added and, after the resultant mixture was stirred for 15
minutes, the reaction fluid was ﬁitered. The filtrate was added dropwise
to 1,420 ml of ion-exchanged water. The formed solid substance was
washed 8 times with a mixed solvent of 710 ml of methanol and 710 ml of
ion-exchanged water and dried at 60°C under a reduced pressure for 2
days, and 5.74 g of 8,3-bis(3-amino-4-hydroxyphenyl)(5,5,7,7 tetra:
methyD‘l,l"biaciamantane was obtained (the yield: 18%). The obtained
product was purple granules. When the obtained product was examined,
the molecular Wéight was found to be 541 in the mass analysis, and the
following results were obtained in the NMR analysis. Therefore, it was
shown that the product was the object compound

IH-NMR (8/ppm. DMSO-Dg): 0.86 (s, Me, 12H), 1.05 (m, Adm),
1.19-1.27 {m, Adm), 1.37-1.40 (m, Adm), 4.38 (s, NH2), 6.33 (D, PH, 2H),
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SfoundC:. 60.99% H 8.01% 1-3) Synthesis of

U8 3T biis(4-hy di oxy - 3- ani nopheny0-5, 5' < di (n- butyk).-1, 1"

- bi adamant ane The reaction was conducted in
accordance with the same procedures as those conducted
in 1-1) of Exanple 14 except that 108.50 g 10 (0.4
nol es) of 1-brono- 3-(n-butybDadamant ane synt hesi zed in
accordance with the above process was used in place of
97.28 g (0.4 noles) of 3,5-dinethyl-I-bronpadamant ane
and 54.25 g (0.2 noles) of 1- bronD 3-

t re of 48.64 g (0.2
é.BF 4E) Pi?%i‘ﬂaﬁ W@t%ﬁslz}*iﬁeé"zbrﬂs

br'onoa arrantane and
B, BSyﬂih(eersbui 35(5 e Qb@dmnylan @'-BadwasneRiai rﬁefamam%ﬁnhc
the reacti on was conducted in accordance with the same
gpnddedidorede as t hose conducted in 1-2) and 1-3) of

Exanmpl e 14, and
Zlp - b| s PHnHRAgroX Y OB- afithdphésiyapeshe 1 ¥hi2damppyane-§,3"-
-b| %r} ge was obt ai ned. The mass anal ysi s
d using the obt ai ned product, and 20 the

m)l eq \j}/elll&lilt 9[519&{1 % %2%1 w‘;ﬁ?f egﬁ’%:%mﬂa%ter, a

was sﬁovvn t hat t ta| ne

£00podad. a reflux condenser 260 m1 of dry ether and 39.23 g (0.081
2) Synt hesi sof5,5",7, 7' -tetra(n but yl ) - 1X- bi adamant ane-

BoRE) afi B tokdbapoinice5 45 1 (¥ -thtehmethylel, ]2’3]c)1a®mmh’eams obftained
-di ( utyfladamantane 25Into a 1 liter eg

B&Oaﬂﬁnzhgggwrm&gf@ @131 8 S(O@Jtzowr&areféfbmd@ﬁebmgnlﬁdsg
U

s b Begftbintrs, 68 B,k AR, Trp edisdintnal

Iﬁﬁkﬂﬂﬁé %ﬂd@f‘ SPRESY, bkf‘hg't%?ﬁﬂe\%ﬁ%l K hﬁegmgﬁle oinﬁleeﬁ%ségg'as

butyl brom de into er was a

kbp@pa\ﬂ 9©°CAbi dowbh adwadhel tﬂhQHaMwQOlmAﬂéled;het A@dition was
resultant m xture was heated under the refl uxing

qgmldéﬁedoa:n& tire spvatinntdshe ThoBratorperasalk sheasaction was
enperature, and di ethyl ether

d
|P3%§99e#%ﬁ§véﬁem di figun 'C\Yaéa%W% UHRleT THhen refiuxing

%ﬂ@ﬂ " PR kel LY Bl e oMl o
Mkkpd fa@yp{c@cm dasCeihgsiGbovRh B 89%2)aguBb&s ?s%t%n of

of dichl oronet hane was added dropw se. After th
mdaksiwmnhydexoenpheteddudi@dt dfterr 88 uhiranés. mi R f1®trm was
heat ed under the refluxing condition for 5 hours. The

%}“@?ﬁi ora®f | @nd wessligogpedition: o wito rhydéeclil@mc exatihngedd

8178 APabfRl PSRt S s iinbl, bt e
%ﬁelgg i eaa@ﬁogeg,ta@atedmf Bske BsaA SR XA WG 204

¢ ane and purified I'n actordance vv|t
dgidd. CThe obtained crude product was purified by recrystallization from

hot methanol. The obtained solid substance was dried under a reduced

pressure, and 19.48 g of a product was obtained (the yield: 58%). When

the product was examined, the absorption of carboxylic acid was found at
about 1,710 em~1 to 1,680 cm~! in the IR analysis, and the molecular

weight was found to be 415 in the mass analysis. Therefore, it was
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15 gel colum chromat ography (the sol vent of

evaporator, and 8.20 g of 1, 3-di (n-butynadamant ane of
t he obj ect conpound was obtained (the yield: 33%.
The mass anal ysis was conducted using the obtai ned
product, and 20 the nol ecul ar wei ght was found to be
249. Therefore, it was shown that the obtained
conmpound was the object conmpound. 2-2) Synthesis of
1- brono- 3, 5-di (n- but yDadamant ane Into a 200 nl egg
Fhet tBieRRGb bl askwad thé dhjded Snthiip! es) of ,
1, 3-di (n-butyfl adamant ane "obt ai ned i n accordance with
2122 proc&yntB&sislesofi bays dhBvetraasetpl- U1ediaach 2ltased, s
Under the stream of nitrogen gas, 100 m of
eivartmrakigneiddishlogiled, and a sol uti on was prepared.
ared soluti.o s kept at 0Cin_an_ice

Wi | et h
balt he'”é‘? gsﬁ’rt‘f‘g?ﬁef%l Cé’gﬂunfﬁ\g?-lﬂutaﬁo ABRE d&idndthe. sage

0 ] r om.de re, added, .,an
PO Bl b BRI NGRS B BBt 5
0ewsd inddled)l bf &,5 H0P-tBtralethl1 AXB1ANARH WA S 3 MSrboxylic
added, and the 5 extraction with cydohexane was ‘
anddsotthesivsd ndose separadedoin fulagelof THE 0WEH mdss) of
renoved using an evaporator, and 12.65 g of
Sdgmargagedicarhazytiy nadidranedne ofhitehesadls] entbstance was
ﬁﬁgﬁﬁéﬂd was obtained (the yield: 849%. The

al ysis was conducted using the obtained

527 Fhep PG, Slabitl FRARS Rl AT Wil Aelion 13 he

£odRAHHRAs tHen@Riteout AMRAURE-1 Br Ble PENMAPES Saks of
3,3 -dibronp-5,5",7,7 -tetra(n-butyl)-1, 1' - bi adanant an
rroton werd lieusd/ at Adsl-$.66apre dh2HEt RA7RAppar H200end 0192

P15, 17455 éﬁ&%%ﬁgfjﬁ‘ﬁ%&@éﬁ 0 RSB %éﬁ%iﬁiné 6. Berpplesylar
P T L RO
dhdwhl @68 tE oBthiRdd BorkBodn W aSShe Sbject compoun

§ ‘i 1? or %xan‘pl e

3, 5-di net hyl- 1- br onbadanmant ane use

34, Pwperation of a benzoxazole resin precursor
‘3,3 -dibrom-5,5",7,7" -tetra(n-buty0-1, 1" - bi adamant ane
was dibteaiivedtiomhevamsendnatedsiia wesostamdac tveith ushagsame

lr}rggedqggg iage&d%{eogolill%ltubte%ﬁgn 3) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 48.67 g (0.09 moles) of
3,3 -bis(3-amine-4-hydroxyphenyl)5,5",7, 7-tetramethyl)-1,1’-biadamantan
e obtained above in accordance with the process of 1) was used in place of
31.5 g (0.09 mole-s) of 1,3-bis(3-amino-4-hydroxyphenyl)adamantane used
in Example 1 and 44.86 g (0.1 mole) of 5,57, -tetramethyl-1,1’-

biadamantane-3,3"-dicarboxylic acid dichloride obtained above in

"accordance with the process of 2) was used in place of 20.3 g (0.10 mole) of

isophthalic acid dichloride used in Example 1, and a benzoxazole resin
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-~ Therefore, it was shown that the obiained conpound vias
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t he obj ect conpound. 2-4) Synthesis of
5,5',7, 7 -tetrabutyl-1,1

- bi adamant ane- 3, 3' - di carboxylic acid dichloride

The synthesis was conducted in accordance with the
same 25 procedures as those conducted in 2-1) and 2-2)
of Exanpl e 14 except that

52.87gof 3, 3" -di bronp-5,5",7,7" -tetra(n-butyl)-1,1"-bia

HATRRIRRas sALN&S! zed in accordance with the process
descri bed above was used in place of 39.23 g (0.081

ol esThef ndnberdiver#0 -holoculbr /' wdifhi aWBHNWE- the | obtained
bi adamant ane used 21) of Exanple 14, and

Beryoxizdle tesin @mmly'&eﬂ_“{hs ebtained using GPC manufactured by
E%g}: - 3, 3' rboxylic acid dichloride of the
DS Choo it s s B 58 be 21000 expyarsersethe valie of

ﬁ}%sry@rlgﬂﬁ%?lyonduct ed using the obtained product, and

F‘é’?ﬁ was found to be 620. Therefore

it was shown that the obtai ned conpound was the object
conmpound. 3) Preparation of a benzoxazole resin
Preeptes®s 10The reaction was conducted in accordance
with the sane procedures as those conducted in 3) of
Bxanfathesis celpt 3,8hbis[4-(4ramre- frhygacatpbencxf phenyll-1,1-bi-
agfnzoxazole resin precursor, 53.7 g (0.09 noles) of

&nantanes_ hydr oxy- 3- an1nopheny1) 5,5 -di (n-buty0-1, 1

a tal dan e wth t
bR T o AR N e
4 RMimlees) of 1, 3-bi s(3 am no 4 hydr oxyphenyO-
adamant ane used in Exanple 1 and 62.0 g (0.1 nole) of

5,5' Ihtd" at at nabpt ilrhetkedi setarablea sk, % u@b;@ar ket a
ic acid dichloride obtained i n accordance with the

thegmenetels st stibeed, abduketifor 2)trogen geednidn pefhice caidenser,
, 0.1 I f, i ht hal d .di chl d d

Fadng ol SRad 5ok rohmuntsari s shinpresiameaitamsd

?btlai)ngfi FF:I ample -Iz-ih %gwgn‘ge(g Ss° rzﬁglgsﬁ%f s %lgg%yrlgng ght gro 1-

e obtaihe zoxazol' e resin pr

flrab&ebnes IR Q&ﬁw@%ﬁz@@tc&frgﬁﬁa&é&u&%@am &ﬂcﬁsge%ﬁ of

was found to be 23,000 expressed as the val ue of

Xav r(bsmomlfwgnmi@ﬁstvwrenp]acé’tﬁ and the resultant mixture was
heated under the refluxing condition at 135°C for 4 hours. After the

mixture was cooled at the room temperature, the formed precipitates were
separated by filtration, and the solid substance separated by filtration was
mixed with 1800 ml of pure water, stirred for 30 minutes and separated.
by filtration. Th.e solid substance separated by filtration was mixed with
1800 ml of methanol, stirred for 30 minutes and separated by filtration.
The separated solid substance was dried at 60°C under a reduced pressure
for 24 hours, and 69.1 g of a product was obtained (the yield: 76.0%).

When the obtained product was examined, peaks of proton were
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_Exanple 18 1)Synthesis of

3, 3" -bi s[4-(4-ani no- 3- hydr oxyphenoxy)phenyl .]1-5,5',7,7

"- tetrainethyl-1, 1" -bi adamant ane The reaction
was conducted in accordance with the sane procedures

as those conducted in 1) of Exanple 15 except that
51.08 g of 53, 3'-bis(4-hydroxyphenyl) (5, 5',

7,7 -tetraxnethyl)-1,1" -bi adamant ane obtai ned in 1-3)
of Exanple 14 was used in place of 45.45 g of 3,

3'-bi s(4- hydroxyphenyO- 1,1 -biadamantane, and 3,
Brungi af Z&Mppmnﬁ%ﬁ 3.41hy Seopyp HAFRX§P6hemyl (41), 6,66 ppm

-tetrarreth & 1' be amant aneV\?s obt ai ned. 10
)8 2. 23 ppm (4H), 1.86 ppm (8H) and 1.73-1.69 ppm

(51'6@) 1@% 1§ﬁ%)y9nt hed@@fqlagghﬂzmi dl':ﬁl%&‘&gi%l lﬂ; %a@%'hgwn

di chl ori

Bidtdnad ﬂgab%chﬁc@%%mﬁ&@%o&ggufﬁcar boxylic acid

I'n accor nce Wt same” procedures as those

p?mdusyﬁﬂles{@, (1;5 @m[@(ﬂﬁmﬁmgﬁyd}&@bhéﬁo?y)gﬁgnm| Bhi-
mihepieols ot by yl bonzene used in 2.1y of Exanpl e 16
gbt( ;, I?(Ei*égngnt y%&érp yggygDapdigg? Qlt'lz?l?eed 1ﬂa38kdl 88 Bb(?gx%)llc r\évglse) of
3,8™-bis[4-(4-nitro-3-benzyloxyphenoxy)phenyll-1,1’-biadamantane
obtained above, 2.12 g (0.02 moles} of a 10% palladium-active charcoal,
576 ml of tetrahydrofuran and a stirrer rod were placed, and the inside of
the flask was filled with hydrogen gas. While the pressure of hydrogen
gas in the flask was kept at 50 psi, the resultant mixture was stirred af
20°C for 72 hours and, then, the reaction fluid was filtered. The filtrate
was added into 3.6 liters of ion-exchanged water, and the solid
components were recovered by reprecipitation. The obtained solid
substance was washed twice in 13.6 liters of ion-exchanged water for 30
minutes under stirring, dried at the room temperature for 24 hours, and
58.2 g of a product in the form of dark red powder was obtained (the yield:
87.0%). |

When the obtained product was examined, peaks of proton were
found at 9.40-9.10 ppm (2H), 7.27 ppm (4H), 6.80 ppm (4H), 6.56 ppm (2H),
6.35 ppm (2H), 6.26 ppm (2H), 4.60-4.20 ppm (2H), 2.12 ppm (4H),
1.78-1.69 ppm (8H) and 1.58 ppm (16H) in the NMR analysis in a
DMSO-dg solution, and the molecular weight was found to be 669 in the

mass analysis. Therefore, it was shown that the obtained product was

the object compound.
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..The appearance and the results of the mass anaIyS|s
and the 20- el emental - anal-ysi:s ‘are shown ‘i-n.the’

foll owi ng. These results showed that the obtalncd

conmpound was the object conpound. Appearance: white

solid M5 (FD) (mz):382 MO El enental anal ysis:

25cal culated (%9 C, 75.36; H 7.91; 0:16.73 found

(NC 75.58, H 7.87 2-2) Synthesis of _ _

5- (1-adamant yl et hynypadamant ane- 1, 3- di car boxylic acid

di chl ori de The synthesis was conducted in accordance

B ByidesRar, DIARedHERGASS B%@&rh‘b&%ﬁé’ ﬁ&]ﬁqhg:ﬁ]loai

Exanpl e 3 except that 13.39

%] 1 Sgdtinmid yi Bl hyiaypacanan- amedicaab&ty@ﬂr&myl ic acid

was used |n | ace of 7.85 g (0.035 noles) of

1, 3- akdh#x thesidi @msbmyﬂu@eécun{ accordandthewithheghe same
t he absorption of the

&3?@%%?@%@%@3% ?rrlzni)o@wxammes Ve gxeomathas Aty g
OB, 5o A TP E EL,  o
MRS ML) BRB, 3-BebrBhREsI8L 7 1o 11166 2R1-9Cb- LS IR e,

When the obtained product was examined, the absorption of the

carboxylic acid was found at 1,710 to 1,680 cm~-1 in the IR analysis, and

the molecular weight was found to be 359 in the mass analysis.
Therefore, it was shown that the obtained product was the object
compound.

2-2) Synthesis of 1,1-biadamantane-3,3-dicarboxylic acid chloride

The synthesis was conducted in accordance with the same
procedures as those conducted in 2) of Example 3 except that 12.5 g (0.035
moles) of 1,1-biadamantane-3,3-dicarboxylic acid synthesized above was
used in place of 7.85 g (0.035 moles) of 1,3-adamantanedicarboxylic acid,
and white crystals were obtained.

When the obtained product was examined, the absorption of the
acid chlcride was found at 1,792 em~! in the IR analysis, peaks of proton
were found at 2.21 ppm (4H), 1.85-1.97 ppm (8H), 1.79 ppm (4H) and
1.54-1.67 ppm (12H) in the NMR analysis in a CDCly solution, and the
molecular weight was found to be 395 in the mass analysis. Therefore, it
was shown that the obtained product was the object compound.

3) Preparation of a benzoxazale resin precursor
The reaction was conducted in accordance with the same

procedures as those conducted in 3) of Example 1 except that, in the
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3) Preparation of a benzoxazole resin precursor

“The reaction-was- conduct-ed”tn aceoer-dance with the same . -

procedures as those conducted in 3) of Exanple 1
except that, in the 15 preparation of a benzoxazol e
resin precursor, 65.25 g (0.09 nol es) of

3, 3" - bi s[ 4- (4- am no- 3- hydr oxyphenoxy) pheny1]-5,5",7, 7'
-tetramethyl -1, 1" -bi adamant ane obt ai ned above in
accordance with the process of 1) was used in place of
31.5 g (0.09 nol es) of

ﬁreisabmdﬁ-oarra Moﬁé(ﬂﬂ@&ﬂé@ﬂﬁ%ﬂ&&é@ﬁa%@ﬁf #9099 oles) of
Exanple 1 and 41.94 g (0.1 nole) of

% 3 hiskdedhamiyd-8thydryadenasyphnayll; 131 djla@:imanydneCohaﬁirﬁd

di chl ori de obtalned above in accordance wth the
i9r Fcatdanse with,the H&"Q%i’-lﬂf?s?jﬁlﬂé&deamvezm B wag Oused inpllage of

1 5 BRS80S 5} b0k sl R i
AUhET s RVEL A S9BY gwh%om@bﬂm Sk %fmaﬂee 33%;‘&5?%5@11(:

25 benzoxazol e Festn precursor was obtalned

aeid) t ch@érid e 6b 12 n OB 660 d addeCritRRHe \fﬁ&:efsg ld@gcﬁl.%dbﬁ) ove in
21, 000 expressed as the value of correspondi ng

aéowsweéna plEx@awh|28.3¢ () By mdi@sefsbphthalic acid dichloride
3, g 3*3[4 (4- an1no 3- hydroxy 6-(3,5-dinethyl-1- 5

Use s R iXpspNE no A shkenzeRamlg resin prequssemives bbtained.' - bi
ada tane R?%S nt hesi s, of

5- (3, CLAES ISR peRight o Q. pf (iheo-obtained
H@!ntzé%%ﬂaz ¢&6in %recursmewﬁé/ rb'b%ﬁg& ﬁfgﬁ% ?ﬁo flagdel ured by

accordance wt sane proceaur es se con
TOSQ- €., ditdBeadphas 1Busd cePbe PRAO0 expressed as the value of

corresponding polystyrene.

Example 16
1) Synthesis of 3,3bis[4-(4-amino-3-hydroxy-6-(1-adamantyl)phenoxy)-
phenyll-1,1-biadamantane
1-1) Synthesis of 5-(1-adamantyl)-2-benzyloxy-4-fluoronitrobenzene

Into a 300 ml egg plant-shaped flask, 87.3 g (779 mmole) of
3-fluorophenol, 83.8 g (389 mmole) of 1-bromoadamantane, 60 mi of -
toluene and a stirrer rod were placed, and the resultant mixture was
stirred at 140°C for 24 hours under the stream of nitrogen gas. The
reaction fluid was left standing at the room temperature, and the formed
solid substance was recovered by filtration. The recovered solid
substance was washed with cold toluene and dried at 60°C under a
reduced pressure, and 63.2 g of 4-(1-admantyD)-3-fluorophenol was

obtained.
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5- (3, 5-di met hy1- 1- adamant y1) - 2- benzyloxy-4-fluoronitro

benzene was obt ai ned. Si nce- t he nol ecul ar wei ght
was found to be 410 in the mass analysis, it was shown
that the obtai ned conpound was the object 15 conpound.
1- 2) Synt hesi s of

3,3 -bis[4-(4-nitro-3-benzyl oxy-6-(3,5-dirriethyl)-
adamant yl ) phenoxyi phenyl-5, 5" ,7,7' -tetranethyl- 1,

| - biplarg ' e

separab 5 Tl e ek anf aRaod Shek 2 1788 umote) of
${1i-ndavantel-3-Mietopherolibts R@ARIE, 200 A of Aldniromethane,
condenser, 20 51.08 g (0.1 nole) of

21.5'g (936 mninlel ofq SRENgQ Y edisS0l T of eitranmtidywhdls Viieer

dgnmant apne qbt ained i n_accordance with the process
YGSER1 Lagetnand the sssRfnELLERe B8 sOBTe ¢OLOWE ol By

G Bl e BRI S b0 BTBE Y % paweqnsqselitiony of sedingn

WO AR ) S S .
O e RSP AR Ao Uebng «
sepaudtianfurmeltanidtheasliatveds tdered hildr of dedibéDpressure.
Wwas

condition at 135C for 4 hours. After the fluid
Theo| akdaimed: welid oenbstanppewat urerystatlizedadtanon1200i @nl of

was m xed W 10 Liters of pure water, and the
HRnrnoh i 0 5ee ahs Ciatpruattyh i Dot Beosmgrobenzene
v&%écflﬁﬁged The obtai ned solid substance was m xed with

1 Iters of methanol, stirred for 30 m nutes and
sepalated ool bdlt B3 I\ 8nt-ThSSERBIRL ofh $0Li[qosU

was then dried at g%dguﬂdergg redjkéd p?e ;ﬂ?é ﬁ%@ﬁgﬁ%f
Srdradamaniy ]t Dhydrggyol-fluopsgttabony@as obtdnbedalddae 26.5 g

[y}

yiel d: 85‘@. When the obtai ned product was exam ned,
(i;‘éz%weﬁp) e

ngyl heppideo 43 @ 2305, @M mi pRidssiurd catbqipite,
28033 g6 s BBl 2ad  sfiea PR wbssbkiond, oo eoEsltant
G T i TN A A
ahtiptafieetieb tittiraRd wls OREC btadRBng NR AR 85Im CRERRYAGire, the
separated solid substance was recovered by filtration. Tﬂe recovered
solid substance was washed with cold acetonitrile and dried at 60°C under
a reduced pressure, and 27.8 g of 5-(1-adamantyl)-2-benzyloxy-4-fluoro-
nitrobenzene was obtained.
1-2) Synthesis  of  3,8-bisl4-(4-amino-3-hydroxy-6-(1-adamantyl)-
phenoxy)phenyl] -i, 1-biadamantane
The synthesis was conducted in accordance with the same
procedures as those conducted in 1-1) and 1-2) of Example 15 except that

92.1 g (0.225 moles) of 3-(1-adamantyl)-2-benzyloxy-4-fluoronitrobenzene
obtained above was used in place of 55.6 g (0.225 moles) of
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adamant ypphenoxyl pheny1l-5,5",7, 7' -tetramethyl - 1, |

-bi adamantane 15 Into a 2 liter four-necked separable

flask equi pped with a thernoneter, a stirrer and an

inlet for nitrogen gas, 128.97 g (0.1 nole) of

3,3 -bis[4-(4-nitro-3-benzyl oxy-6- (3, 5-di met hyVadamant

yl) phenoxy] phenyl

-5,5",7,7 -tetranethyl-1, 1' - bi adamant ane, 160 g (0.8

Sblengylosf- 4 nitret Hidosobenkehodusal and the 29fhthbsief in 1-1) of

chl orof orm were placed, and the resultant 20 m xture

Kgample dpedndthe Bbjdes componodrisas Fhtamed219t masoshown that
and .t he obtai ned m xture was

t hanal s added,
@fﬁ Pﬁg%‘n% rEOPEP ARG VRS . then @bjesh commoupdypigeadde mohasalar
' %% i ght | ut | f
%%ﬁk%ﬁ%g{é}eﬁ%u ?Ig %ggﬁi, i ght aqueous sol ution o

¢ _ 90 m of a 5% by wei ght
BAUCHcEOLYL 00N 5ahheALHPIIIAURERAGALP A Ay 280
m of pure water, 25 successively, and a SO]]I
dighkiralece was obt ai ned by renoving the sol vent by

distillation under a reduced pressure fromthe organic
24y e Sysbhesinebs (pienslethiyaylad minagtansel. dtdicndoxiflieacid

sol i d[JC onent was dried,at., 60C under a reduced

press Pge?oﬁ%ezftmﬁﬁﬂé‘?reaﬁﬁ wigrogey gps, 10 gidé® wmole) of
j (t4h iceld: %:..sMhen th t al ne roduygt

DBRLAG 1 & (Fucmofdiol o Al B AR AL BE'H96 46ls1

RR016244 dobaBt(D3 RBP4 Ridate ! 944 g RO Mik) -of etRPnABMhzene
(41), 6.28 ppm (211), 2.17-1.15 ppm (501), 0.95 ppm
gri 139 ralnaf @eti8 appnwérE2dred. t He tRAr&Iudiamlt ySixsutd) adnixed
CDC13 sol ution., Therefore, it was shown that the

Fist wmbainipg Sdlibiterags cerhonoppaexide smddlin@ liters of oxygen was

1-4 nt hesi s of . .
%F@%F@f@fﬂ?%e%% oy bgyug: pad dhemixtrpgvas ptirred at
RS Xy lqahe . 55 s -1 .
@?bi adaﬁa@g?%' Vie Arﬁh(?iaﬁ%d IZ)Fatysera1 H?%%?gﬁ%%{édn%oﬁ%ﬂéker
@pieoppesolution af tHeIroEHIBker acid Rbéle@t Bt CPUHeRsgr i dolid

an inlet for nitrogen gas, 110.95 g (0.1 nole) of
Sibgtangiesyds tepompredobi3filiyaiiony - Thé 3btnidedreoliy Babsiannt ybis

hepoxyl pheny1- . .
IP‘%“%% ¥ 15)% Z%%{gﬁﬁ%- Wih_ pthe| diftie anehrgmaipeepbabovad

0 gdizchl or.onethane were ed, . and. t he
BE H80aMbn bnd - LN R R TRDA S AR g 2 E P iy £Sha
Wi bhtadncPNpPl et e sol ution was obtained. Then, 700 m ’
of acetonitrile and 410 m of pure water were added,
and the sippestaige wasd abat ki af thBembe9 MdLPHET Ahdlte
under the streamof nitrogen gas. To the obtail ned
aleeentad, andgsis are( shownpnethe dollewigicunlipes ossbilts tshowed

n, 20 ueous sol ution prepayed by dissolving 5.42 ¢
0 o SR e aB RS ShiECUsomRaRAL f Ly and
124. .nmol es f assi um carbonate into 2,600
L@ ™! eohadl gl

m o ter was slo ed dropw se using a dropping
funneyis (ADb én/Hhe reactyien was al lowed to proceed at
35C for 6 hours, the organic solvent |ayer was

obt aiEBledhebyalextalgds:i on usi ng a 25 separation funnel.
The purification was conducted in accordance with a
col umm opealstiaded Cat t € 7406 il 2L XTDM t enper at ur e
under a reduced ' :
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pressure for 24 hours, 87.1 g of a product was

product was exam ned, the nol ecul ar wei ght was found
to be 1,050 in the mass anal ysis, and peaks of proton
were found at 8.87 ppm (213), 7 28 ppm (411), 6.78 ppm
(411), 6.57 ppm (211), 5 6.11 ppm (211), 4.28 ppm
(411), 1.99108 ppm (5011), 0.88 ppm (12H) and 0.77 ppm
(12H) in the NVR analysis in a DVMSO c18 sol ution.
Therefore, it was shown that the obtained product was

t he obj ectfotpdd@ind. C:74.54 H: 6,42
2) Synt hesi sof 5,5',5",5",7, 7" ,7",7"-octanethyl -1,1", 1",

Z"ZDt etSyath@dan@ht@ﬁmeaymthmﬂhmgnuaneagﬁdlcdjrbdsﬁy@fcl deid
f Synt hesi s of
I-CB%' -5,5',7, 7" -tetramet hyl 1, 1' - bi adamant ane

| d .fl k, .30.08 (0,092
ol s 25t eS8 shad SoraRERA) 01 Boniam mibrbe. came
%Mc@&ﬁh%g Ad tljros]e) &id!@fm%)léf Pﬁﬁﬁ%ﬁé %189?9%@ 4l afleg5 g

der the streamof nitrogen

(ye3mherasngy Vs @dﬁ@ﬁayl@lﬁn?l)ﬁ@éﬂhhﬁ&hé@% caﬁmﬁfﬂ'c acid
While the solution 15 was kept at OCin an ice bath

Syntbegjzgd. alzﬁrem@s)usa‘d tinbplade mfoffiste @n®.@B58 1@0185) of
ig 0028 nol e& %{ﬁél um num brom.de were added, and the
Adangantanedigarhogalic gsidnwddad) v Examdess. To the

S o e s SRR i s

£QR UL Wak THuRd SERARE 1084 {:H“fell 5 £ Bl ﬁlo M:I\/e%e i) Alysis,

removed using an 20 evapor ator,

Sadrtheomblebiila?, Weidltt wagefolud - tb, Ee b36id m@aﬂﬁsgfaﬂalﬂfsm
obj ect conpound was obtained (the yield: 87%. Since
Therefayp ol M@rshmlgthah@s produdtrvashthendgsctanaippaing, |t
:ga shown .t ha rod ct was the object conpound.
%@9’&?%@? gbt e%m’@m 'TeBIIEPTeSUENOr ot anet hy1- 1, 1', 1"

R N T N AL L
procedures as those conducted in 8) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 84.33 g (0.09 moles) of
8,3™bis[4-(4-amino-3-hydroxy-6-(1-adamantyl)phenoxy)phenyll-1,1-biada

mantane obtained in accordance with the process described above in 1)
was used in place of 31.5 g (0.09 moles) of 1,3-bis(3-ammo-4-hyciroxy- _
phenyDadamantane used in Example 1 and 36.13 g (0.1 mole) of
5-(phenylethynyladamantane-1,3-dicarboxylic acid diéhloride obtained in

accordance with the process described above in 2) was used in place of

20.3 g (0.10 mole) of isophthalic acid dichloride used in Example 1, and a

. benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained

benzoxazole resin precursor was obtained using GPC manufactured by
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of Exanple 14 except that 162.4 g (0.4 noles) of

"3-bronmo-5,57,7, 7 - tetranethyl-1, 1 -bi adamant ane was
-used in place of 97.28 g (0.4 nol es) of :

3, 5-di et hy1- 1- br onpadanmant ane,

1", r-tetraadamant ane of the object conmpound was

obt ai ned. Since the 5 nol ecul ar weight was 651 in the

mass anal ysis, it was shown that the product was the

obj ect conpound. 2-3) Synthesis of 3,

3"-dj bromp-5,5" . 5",5", 7,7 ,7",7"-octanethyl -1,1',1", 1"

TESO 4@ankif atied Masofeurgote e 280p leantesshdpeditid aslue of

59. 89 94 0. 0%2 1:m)I es) of 10

FrEEPIEARNE BOBSWERRS._ oct gnaet hyl -1, 1', 1", 1" -t et r aadanma

nt ane obt ai ned above was wei ghed and pl aced. Under the

stream of nitrogen gas, 200 ml of cycl ohexane was

Bgdagle pnd a sol ution was prepared. Wile the prepared

solution was kept at OCin an ice bath, -39.2 g (0.252

ol Sm)thesist ofod)BYybisbt bydwbey ehamindph@ny - 5)O5E (wBLeH)- 10 -bi-

al um num brom de were added, 15 and the reaction was
neo proceed for 2 hours. To the reaction fluid,

Eaf Stofisnait £ O R R i ane " conduct e Usi ng a

separat The t [ ve Si an .
coanl 81 SM0asl e SOl G f SRS e
wae/ ‘welghefl a0at glesdly Waddr the shrent®lbf aAAREBRIARE 88@“ 1 of
t he obj ect conpound 20 was obtained (the yield: % .
Sty ather whecaddad wed géifirrads 80Rn| M tREuBS repared by

dg%%#)ysi s, it was shown that the product was the object
BOARET-De 49 G mplesl pEndutyl Ippmride §nto 20 it of Alethy! ether

t 1 --1.1',1". V. -tetra-
i AT rondage. o6, AT Fas comploneh theeresultant
S i t ' u§g§% . j th
pr ﬁ%ﬁﬁlﬁgsw%ze‘% ﬁg'g}eé? Ctgl% Jl S(@t e D%&gﬁﬁn\gfﬁ% @- Eei n‘g%rsre %Ee

texpopdterd dragxeipitetl RALthO Pohd t8mPbrature, and diethyl ether was
3,3"-di bronao-5,5",5",5",7, 7 ,7", 7"-octanethyl-1, 1", 1"
compleatelyr vemovedansing araonas psee. | Thehaesohiti@OpRPaged by

déggéﬂ’-?%% EELEE% 36-,15'11}@8)- ft Fbwpopgdamantans datmei0amel of

ooh p 14, a 5,5, 5" 5" 7, 7¢C
SRt R b X505 4 i e,
thd r38uldhsRmbiesyre WasaBbshedi GRIGQT tEE RBfiuld] | B
conmpound was obt ai neSd. 5\?\hen the o ta?ﬁ%%l%p?%d‘g%nv\%g 5
hewami (T, rephtionihad ptdsoporatd antcd2@h o gen -WRchfREAG ALy
about 1,815 to 1,785 cm1l in the IR analysis, and the

‘apg teeated by wEtetionsith dighdorcmndshany @sing 4 keparasion funnel.

nal ysis, Therefore, it was shown that the product was
T?xﬁ oS F%Etwa%nﬁ%ﬁ@d using an evaporator. The residue was

dissolved into 20 ml of hexane and purified in accordance with the silica
gel column chromatography (the solvent of development: hexane). The
solvent was removed using an evaporator, and 7.3 g of 1-(n-butyl)-
adamantane was obtained as a colorless transparent liquid substance {the

yield: 38%).
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3) Preparation of a benzoxazole resin precursor 10The
reaction was conducted in accordance with the sane
procedures as those conducted in 3) of Exanple 1
except that, in the preparation of a benzoxazole resin
precursor, 94.46 g (0.09 noles) of 3,3 -bis [4-(4-

am no- 3- hydr oxy- 6- (3, 5-di net hy1l- 1- adamant yl ) phenoxy) ph
en yl1]-5, 5 , 7,7 -tetranet hyl -1, r-bi adarnant ane

o0 5 ol T TGS MR IR PGB i and e
SR 30, A MR YA e

PhalBhe gbta ﬁn@d czmp%urﬂp&% h@%ﬁ?ﬂt]co mipound.t €t r aadaman

tane- 3, 3"-di carboxylic ac di chl ori de obtained in
accor dEhDBVR (400 IMHH addemfofm?2dg)dds 1rddés 3Hpy @ .Gfagm, 6H),
used in place of 20.3 g (0.10 nole) of 20 isophthalic

acisi(dier), ar2zlémugeD, 1rFEwanpie, 4.89ad3H) benzoxazol e

resin precursor was obtai ned. The nunber - aver age

mol ec MBKFDRi(ghit): (Mh)19#.2t he obt ai ned benzoxazol e
resin precursor was obtained using GPC manufactured by

TOSO Edemebtal mmalysss f ound to be 26, 000 expressed as

the val ue of 25 correspondl ng pol ystyrene. Exanple 20
1) Synt hesi salsilated C: 87.42%; Hp 12 58%

5-(2-(4-(1-(3, 5-di met hyl adamant phenyOet hynyl )
i sopht hal i wrd d di &ﬁ%ﬂ’@% 1 2§9rﬁ hesi s of

} Pilkébg&gaewgfe}l ﬂ%' adan?ﬁ%ﬁl\mﬁﬁaama&itgnﬁ or gt lhl e
T BB BIIIA § USEh moo o
ﬂ?ﬁ%@t&%&d% 9Re okﬁ:agﬁé? ta%\()]vgd‘ﬁ %ﬂ&eér?(il ﬁ:ll&&ﬁ{j Under

A'Stre I‘O en gas was Intro UCG I'nto

tillea trea @ thit E% a?sm 160 T&I'n!”@f %&oﬂ?ﬁéﬁ@ WAElddd¥e and a

ref uxing co n an o 10 bath tor 30 m nutes.

sbhefion 8P4 ﬁireﬁ%frewat VhiletheddedionRead RepORE 6°O8A an ice bath,

m xture was heated under the refluxing condition in an

08| gb&0.068 0malBs)mofut-batyb bhaide anid W.4 gefrdal£dmiodes) of
two | ayers. The fluid was cooled in an ice bath, and
altmmihowe brbmjéde weare added, andrthe weictionwesssdlavdéd ite gproceed
to obtain a white solid substance. The white solid
feuBshanrss whe thgkeaacsigm fluid, 100 mi of ion-exchanged water was

added, and the extraction with cyclohexane was conducted using a
separation funnel. The solvent was removed using an evaporator, and
104 g of 1-brom0-3'(n'butyl)adamantane of the object compound was
obtained as a colorless transparent liquid substance (the yield: ‘84%).

The results of the NMR analysis, the mass analysis and the
elemental analysis are shown in the following. These results showed
that the obtained compound was the object compound.

IH-NMR (400 MHz, chloroform-dg): & 2.28 (m, 4H), 2.12 (¢, 2H),
2.09 (s, 2H), 1.64 (m, 2H), 1.48 (d, 4H), 1.22 (m, 4H), 1.10 (m, 2H), 0.90 (, .
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.15 by decantation, stirred twice in 500 mM of a 2%

aqueous sol ution of sodi um hydroxi de and twi ce in 500
m of water and then filtered, and 7.8 g of
4-(1-(3,5-dinethyladanantyl)phenol was obt ai ned (the
yield: 37%. 1-2)Synthesis of

1-(1-(3,5-di met hyl adamant yO-4-tri fl uor onet hane-

sul f onyl oxybenzene 20Into a 100 nml four-necked fl ask
equi pped with a thernonmeter, an inlet for nitrogen gas
and a stirrer, 4.0 g (0. 0157 nol es) of

gHp1- (3, 5- dlnethyladanantyOphenoI obt ai ned above and

20 m pl aced. A stream of nitrogen
gas '¢ﬁ5%ﬂﬁgedm%356—the flask, and a sol ution was
prep Lrring. The obt ai ned sol ution was
cool egﬁg%&ﬁgﬂlft%% h an i ce/ nethanol bat h. Usi ng a
droppi ng fauMaghtedt 1 f gLHeFRENFNEAYI foni ¢ aci d

anhydri de was added dropw se. After the addition was

conpl et ed,fotthé obt &:rEEDI%UXHUBDIWAS stirred at the
roomtenperature for 2 hours. To the reaction fluid,

160 rynshess afl 3.8ckiskd-by dirky P @minopdfensl) S5 ulibt eltyl)-1,1-
@ﬁ@cous sol ution of sodiumchloride were added, and
BURR2d mi xture was transferred to a separatlon

f T d
washetbs aftions 1P otontadfed, 6F, &ielrdionq fuehs the 2t
Sl h28 Lfthpes bé&fﬂd‘c@é& ih ger) o-fm%}ﬂtsgl | e)ﬁ:‘égf a&ﬁ Y&@$50 g

renoved by distillation under a reduc pressure using

Cﬁ) 4 andey el apocab@ (n b mdbnthmbne synthesized in accordance
1- (3 5- cllnethyladanant | 1-4-trifluoronethanesul fo
‘V’r meaﬁbmswaef{ timepldcel of 98IR) g 1@41313)93) of

f%@@'ﬁ'@ﬁ%ﬂ%ﬁ%my@% 542515 ) 8:g0'gshoohibramers
GYEVRD %55 ‘ihane ad "h& i:lmo%lﬁ% f@uha %(?ICked(RséeaS k]gﬁ) of

equi ppe Y&F monet er ot h

3,6ldinetloyl- NbidR@AT GRS aRad aRdSE B 48k -hulP 190 '@)Qacdeééntane
nol es) of 15 benzene benzene obtai ned above, 0.4

was obtBned| Ehempfthe mepboy Masospidunted 6. é’ccgrddhc@()ﬂ:ﬂh the
nol e) of copper iodide and 1.1 g% (0.0134 nol es) of
SR PRYFeAELs #Y Hhosp-opdyeied 1 k2 andahd) af Examwle df, and

1 was | nt odu into flask., To the
D PRy R R RO s Bl AP s b PP dergpninncvwas
obagink@ M of dehydrated pyridi ne were added and
di ssol ved 20 under stirring. After the flow of

ni t r enmeas anabystonias eaduted dsih@¥he oBtadn8d pd@RA3and
nol eJ of di chl orobi s(triphenyl phosphi ne) pal | adi um was
ﬂhapn eyulaadfeeaghfawas tforend és bet®Tt  Mhrrafowe, iawahehbet that

ﬁn grthgreflux% d%gdltlonln an_oil bath for 1
gPrappd comppynd mAsHhe pbiech gopppedne were renoved by
2#' stil l%tﬁ@sﬂnd%’f a g ngl'l s lgetpa(nsn L%yﬁ 1, fl% a(?an\{.larslga%%s.?. 3-
dicarboxylic acid dichloride
2-1) Synthesis of 1,3-di{n-butyladamantane

Into a 1 liter egg plant-shaped flask, 4.9 g (0.2 moles) of magnesium

was weighed and placed. Under the stream of nitrogen gas, 80 ml of
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25 brown solution was obtained. The obtai ned viscous

brown sol ution was poured into 500 m of Wwater, and

the formed salid substance was separated by

filtration and washed twice with 500 m of water

twice with 500 Ml of a 5 nole/liter hydrochloric acid
and twice with 500 ml of water. The obtained solid
substance was dried at 50C under a reduced pressure,

and 1.5 g of

1&i1-(3,5-dineth | adamant y1) - 4- ( 3- hydroxy- 3-nmet hyl - 5

diethik iher) yeanadded el shirzadnedThemeaysdhtion opsdpared by

-4 n Si f ey .

Fispd St Rehyasies) of robviet Rypmaiderinde 2R gal of dietyhegher
iiar .- nec f.has [ d wth a

Frd A R T IBE BE PR il B phe gosuitan
lii%Fs Wis BeRiddaiRieait 2Pilnk ZodditiIH &) 3@ minutes. The
pot assi um hydr oxi de (85% were placed, and potassi um
tenyrd tucel wies adsistid sotheatbohy tdigddratigrel A& 1didthe] ether was
refluxing condition. To the obtained solution, 110 g
¢onplatelimpmeyed psing 4 vagusn divwen.hyTelamasalytipn prepared by

- (3- hydroxy-3- et hyl (1- put ynyl) ) benzene obtai ned . .
‘i’ﬁé@@‘é@é})i@d@m& %*Bm%caﬁmw adgaptanecebtatnsdrin

Uk ndj ti . ' es then ol ed

iRedeiles "D RV BRREY S BB PD ). g 006 ot
SRRk GhEthaHe Whb hHakd @Ropwile. ORKR} RS aeaﬁeﬁ)t@évgs Bloted.
washed twice with 1 liter of ethanol and dried at 60
thed eesudt ane dmdetchrpreas tredtedanahddi . thegreffuxing condition for 5
1-(4-ethyny|phenﬁO;s,S-dinethyladanantang was obt ai ned
hews. yilke geadimy Hluid was pogyedsinie R88irs] of iodiearshimyged water

5-(2-(4-(1-(3,5-di methyl adamant henyl)- 20 )

%‘%@ﬁ%bﬁidg%%f‘ﬁ%%%wfl fich Wﬁé}“ﬁ% Bt SBpratien fwael.
0 i -.pe fla ,pped it h_a

L Py, 8, USRS, DLRShaBGUBPE M e s

diiséJ1OGE i) edlthfehdiainerAd pdrfied ih AoA&RaHRL §8ikh The silica

di met hyl 5-bronoi sophthalate, 1.1 g (0.00419 nol es) of

gali ohemy| grovptivgraphy. @16 sglvedt O Idbd elapines)t: dfexan@peThe

i?dide and 106.0 25 (0.401 nol es) of

spiyeltet WipRy | FHBAYPD) - sagy| 8 hypvarerddorant and ob8i ned of

. I n stream of nitrogen g . 154
GG R R oL B R o 3y i e
yibdgt yp®y). 375 m of dehydrated triethyl am ne and 200 ni
of dehydrated pyridine were added and di ssol ved under
sti r (Thregmadd tenltdie wadsowndhicteilt igeRhgabhtimsd GaRBlhauadd -
for 1 hour, 0.3 g (0.000427 nol es) of
Gecnrlepdlsr greicbhampl found to be 249. Therefore, it was shown that

the obtained compound was the object compound.

2-2) . Synthesis of 1-bromo-3,5-di(n-butyl)adamantane

Into a 200 ml egg plant-shaped flask, 11.43 g (0.046 moles) of
1,3-di{n-butyl)adamantane obtained in accordance with the process
described above was weighed and placed. Under the stream of nitrogen

gas, 100 ml of cyclohexane was added, and a solution was prepared.
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5 phosphi ne) pal | adi um was rapi dly added, and the

“resul tant mxture was heat'ed Under theé refluxing

condition in an oil bath for 1 hour. Then,

triethylam ne and pyridi ne were renoved by

distillation under a reduced pressure, and a vi scous

brown sol ution was obtai ned. The obtained viscous

brown sol ution was poured into 500 m of water, and

the formed 10 solid substance was separated by

filtration and washed twice with 500 mM of water,

Wikide the prepoed rdolwfora whsneps/dti @°€F ixnydrioe kaok,i $.8ac (01063

and twice wth 500. M of water. The obtained solid
%%)ﬁégbw bgpmade apd @@‘bgﬁ? 14ampleg) o€ @lppuswn haomide

B bided Sh Bkl masaliawed 9 prreeng dpr iy SBpkhe
thakahe mag, abbhmeds (LRG¥hehskhd Waler ¥aslalled, and the
Synt hesi s of di potassium

bxtZetidn (vtithcyldhefBhd V-6 36BAEMAN ) using a separation funnel.
%henyl | et hynyDi sopht hal ate from di net hyl

he 2 splvept - @5 -rdnewehy atterem yeyaieaypet hydy G2sphg hof

lLate Into.a 5 liter four-necked flask equipped with a
| ?WQPWB%%@H@'B“W@W%WQE%? objegt soxPprRewaszobtained

' £ §40 but anol and 226 g (2.72 20 nol es) of

%g{g segl‘iu%%lﬁ’g/droxi de (85% were placed, and potassium
hydr ofh&len 3@sastiissielwad ' & r el dausd
condi tion. Toat hg obt ali %‘%Mggﬁ;?%‘ﬁ?ﬁ%sé}?“%nged(‘g&g@)‘ﬁ’Q“g‘d

thel me)ecalardiwaizhit yasHfolitdd (t4-Hel3%B, SPherefore, it was shown that
di net hyl adamant yld) ) phenyCet hynyQ sopht hal at e obt ai ned
dsohtained compindTines Bist elijecicconipotande was heat ed under

4137, SLLHALE R G828 1 ar, 20 s and dhen
\?\ggﬁre éfe\(/j\nSS(l;:ﬁe/th%\néiH] rv?atsl 2@gdg&%d0kf£ala@ceoqrdgxr1 5 t\%lit?l e same
procedures as those conducted in 1-1) and 1-2) of Example 14 except that
65.47 g (0.2 moles) of 1-bromo-8,5-di(n-butyadamantane synthesized in
accordance with the process described above was used in place of 48.64 g
(0.2 moles) of 3,5-dimethyl-1-bromoadamantane used 1-1) of Example 14,
and 3,3-dibromo-5,5',7, 7-tetra(n-butyl)-1,1-biadamantane was obtained.
The mass analysis was conducted using the obtained product, and

the molecular weight was found to be 653. Therefore, it was shown that

the obtained compound was the object compound.

2-4) Synthesis of 5,5,7,7-tetrabutyl-1,1-biadamantane-3,3"dicarboxylic

acid dichloride

The synthesis was conducted in accordance with the same
procedures as those conducted in 2-1) and 2-2) of Example 14 except that
52.87 g of 3,3-dibromo-5,5,7,7-tetra(n-butyl)-1,1’-biadamantane
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~liter of ethanol and dried at 60C under a reduced
pressure, and 142.8 g of di potassi um

5-(2-(4-(1-(3, 5-di net hyl adanant yMphenyDet hynyDi sopht ha
| at ewas obtained (the yield: 94%. 5 1-7)Synthesis of
5-(2-(4-(1-(3, 5-di net hyl adanant yl ) ) phenyDet hyny1) -

i sophthalic acid from di potassi um .
5-(2-(4-(1-(3,5-di net hyl adanant yl) ) phenyDet hynypi sopht
hal at e Di pot assi um

fth th 1) -
Reybrtitat 3 eaCSB’E‘gﬂnggfﬂ’!’ql hape THcay aarotined Ghose Brag used in
to 2 ( ,
plicaict BOPRCk (R b U5F gl ol A Cteraeptiyl 1,1
bRIFRYRhtEYe f hsdd &f- iprbft E&Qiéb?ﬁ%al? 0 %Po?’i%::’rr pﬁ@%&-%%tyl 1,1

the filtrate, a 5 nole/l ydroc

biddechamedae-353 idicirbxylitt ddid ARIGSIAGH ﬁlﬁt(ﬂ)ge(ﬂtcoﬂrpoﬂﬁ& was
the fornmed solid substance was separated

¢htiaineski on, washed twice with ion- exchanged wat er and
fi It d tw ce. The obt ai ned 15 solid substance was

dri ed & TEHE HHOBYS araseennciugtast E@@ﬁr@e abteing@ myodhct, and

e ,{qggd%gm;t AU
t%re?)%a%ﬁﬁieh%?%m%ﬁlgl Vgraést 1h}i/el Oai)&%\cr?acﬁ%nﬁ pﬁle nyDet hyny1l) -

$somupiaammmofddmﬁm;ﬁrszéefegm@-eﬁars{o4 (H3, 5-di met hyl -
20 adamantyl )) phenypet hynyDi sopht.halic acid
I nt o Hhe2 ydackipnf oras neweldudteid ask sgoidped with she same

RO FLHER o Ml pomciictesh it oot Fromsdy ot exept.tha i h
| ad t e

!ﬁ[t égfalgtébéél %b?%r?éﬁg%ia osgﬂg??g é[llﬁ%%% g@% g wggy es?

313’2:16@401%@69?@%&1%9%91 PEef(n- gﬁg,l} @g,_gfa%t%ﬁagﬁggés

m xture was cooled at O To the cdo ure
qbtaiBedohesomtanthinatly the htoessdeesutidh e dobode i QPWaS %s@& in

C or | ower ove(r 1 hour. Then, 4
place of 31.5 g. (0.09 moles) of 1,3-bis(3-amino- 4-hydroxyphenyl)-

adamantane used m Example 1 and 82.0 g (0.1 mole} of 5,5,7,Ttetra-

* butyl-1,1"-biadamantane-3,8-dicarboxylic acid dichloride obtained in

accordance with the process described above in 2) was used in place of
20.3 g (0.10 mole) of isophthalic acid dichloride used in Example 1, and a
benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be 23,000 expressed as the value of

corresponding polystyrene.

Example 18
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156 o m of dirnethylformam de and 4 g of

“hydr odui none were” added; and -the-obt-ai ed - M XEUFE Was - L L i

stirred at 45 to 50C for 3 hours. After the reaction
m xture was cool ed, crystals fornmed by the cooling
were separated by filtration and washed with 150 m of
chloroform The 5 filtrate and the washing fluid were
conmbi ned and concentrated at 40C or | ower under a
reduced pressure. The obtai ned residue was treated
twice by extraction with 200 m of diethyl ether.

BV et Byhtlstsie rofvvaSE’-biﬂi@*ﬁ%ﬁnﬁhﬁm-hﬁ&oﬁﬁﬂéﬁkyﬁ%enyg-5,5’,7,7’-
distil |ﬁlt| on under a reduced pressure, and a crude
peidatethyr L.a kiagrmemtane ubst ance was obt ai ned. The
crude Loduct was 10 washed wth dried n-hexane and

recrystar | FEEER: okt eafpctes Her acgerdapge 0 witlof the same
20 A 1= - di l.ad L enyf | et hynyl b50pht

pLegues & B G A B e T e Gk 230 s of

B2 baqte alyidad 2) R 1 1*-hi '

5- ( 2_-3114- (y? (’%ﬁ??d?’ﬁg’?’ﬂ"éd%ﬁ%ﬁey%’% oy fjjadamantane

ebtajngd bisophdhaifi Examipde di4hivas i d@dobha'ﬁlh%@ BPOYBABI B of
L}’?gn in the 15 follow ng. These data show that the

3 15(&dvésmyshanyids] thadsbpptmec oapdurk)3*-bis[4-(4-amino-3-

et EheibiRebihe { o Sranetala D, - was

st egoowder 20l R 1800-1770 cm 1 (carboxylic acid
chloride), 2260-2190 cm 1- (ethynyl group) MS (FD)

o aSyl)ﬂheB%f(MﬁQéslmantylethynyl)adamantane-1,3-dicarboxylic acid
dichloride

2-1)  Synthesis of 5*(1-adamantylethynyl)adamantane-1,3-dicarboxylic
acid

In accordance with the same procedures as those conducted in
Example 16 except that 14 g (87 mmole) of l-ethynyladamantane was
used in place of 9.2 g (90 mmole) of ethynylbenzene used in 2-1) of
Example 186, 5-(1-adamantylethynyl)adamantane-1,3'dicarboxy1ic was
obtained.

The appearance and the results of the mass analysis and the
glemental analysis are shown in the following. These results showed
that the obtained compound was the object compound.

Appearance: white solid

MS (FD) (m/z): 382 (M*)

Elemental analysis:

calculated (%) C: 75.36; H: 7.91; O: 16.73
found (%) C: 75.58; H: 7.87
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El ement al anal ysi s: cal cul ated C

CT72.26%  H'5T63% AT 15, 24% 0:- 6.88% 25foundC: .

72.41% H. 5.08% d: 15.70% 0: 6.81%2) Preparation

of a benzoxazol e resin precursor The reaction

was conducted in accordance with the sane procedures

as those conducted in 3) of Exanple 1 except that, in

the preparation of a benzoxazole resin precursor, 17.1
g (0.045 nol es) of
ggg-bis(s-anino-4-hydroxypheny|)f|uorene obtai ned in
2)) SynExesipl of B-6 -adtin24tyRetlvhHl fai -
3,3'-bis(3-anino-4-hydroxygﬁéngl 8%%%9?%%@%%L9(hmubaqdm

fefdigkdetide- 1, 1' - bi adanant ane obtained in 1) of

Exa e 14 re, used in place of 31.5 g (0.09 noles) .

of 1, 3™i Q’giﬁﬁisnd’i’%ﬁ repadesigghdny Becorddanmntvithi ehes adme
bR, & Dol edtte® 18 200 Baolen &l sxermt dhenrisony ¢
.83tk o -0 bl B B000ad ol 1 PRIBEE I acia
Te acid diichi or! 46 obt o neq aave why S uaan BB ARic

#d-20. 3 g (0.10 nole) of isophthalic acid dichloride
used nd a benzoxazol e resin precursor

nas M%?Eﬁg‘gp ‘l’ﬁ‘&%*’rf‘éia Ripfivet %r&@@lmﬂ dbe| ahsongiiightof the
G SR SR DR AR 3B 7SR B0 . the B s

obt al ne

S the uielet @ ab ewdBhQ0Ra e )f@ﬁtgtg %%gbeaﬁlbh{en \fﬁg}gﬁ% émillyf}'s.

correspondi ng pol ystyrene. : nparative
Biegefore op e othosoniieignte paodueg wi@ thebide Bghp o4 P
havi ng no functional group,

@s’j he bi sam nophenol

, SrenprAbinnos A bemzozpaete metin pireayisof nanuf act ur ed by
TO(Y@ KASEI tKGBYO Co., Ltd.] was used. 25 2)

Di car I]J:lgxyrf’f”f: 0 FHFaFPRGUHEf iR cEcetTdrng: omithAstitehesame

p?g%gﬁ?%a(%% L&f%%i%naﬂweﬁginn%) fo‘t‘”ﬁ;t{érongf‘é 1%:?(:%& that, in the
preparation of a benzoxazole resin precursor, 65.25 g (0.09 moles) of
3,3™-bis[4-(4-amino-8-hydroxyphenoxy)phenyl] -8,6,7,7-tetramethyl-1,1-bi
adamantane obtained above in accordance with the process of 1) was used
in place of 31.5 g (0.09 moles) of 1,3-bis(3-amino-4-hydroxyphenyl)-
adamantane used in Example 1 and 41.94 g (0.1 mole) of
5-(1-adamantylethynyladamantane- 1,3-dicarboxylic  acid  dichloride
obtained above in accordance with the process of 2) was used in place of
20.3 g (0.10 mole) of isophthalic acid dichloride used in Example 1, and a
benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained

benzoxazole resin precursor was obtained using GPC manufactured by

TOS0 Co., Ltd. and was found to be 21,000 expressed as the value of
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acid dichloride [manufactured by TOKYO KASEI KOGYO

- CorEtdi T was T used. - 3) - Preparati-on-of.:a’ berizoxazole’

resin precursor The reaction was conducted in
accordance with the same 5 procedures as those
conducted in 3) of Exanple 1 except that 19.5 g (0.09
nmol es) of 3, 3" -di hydroxy-4, 4'-di am nobi phenyl was used
in place of 31.5 g (0.09 nol es) of ‘

1, 3- bi s(3-am no- 4- hydr oxyphenyDadamant ane, and a
benzoxazol e resin precursor was obtained. The
runfespenvieaddydplaeul ar wei ght (M) of the obtained
10 benzoxazol e resin precursor was obtai ned using GPC
manuf actured by TOSO Co., Ltd. and was found to be

, 00 géﬁressed as the val ue of correspondi ng
Conparative Exanple 2 15 1) Bi sam nophenol

b t
”?ﬁé”%r B oot ANAIA G LiA00 PR Y o Shebgac iy 1-
d
32%%?5§n§%ﬁ€%d’%*ﬁwsﬁﬁp‘éﬁﬁ%e§%% 20513 DRl Reiate oo
iln1)34) Sehtltnpbe $(3VBaliteeryl- ﬁQd@ﬁlathqﬁﬁ%)ﬁé%l'o% Aehoro-
havi ng a functional group di car {i'c

aérobenperg a functional group, 5-phenylethynyl -
i soph Cld di chl ori de nt hesi zed i n accordance

alic S
Wi th {['tf]?@ §¥ eﬁ%soc‘@%ﬁjrwch@m‘%o@e sroomilaeice dwiith 3)heofsame
sed Pr.epar at i on a benzoxazol e
esfg]ril bF eca\ugfig eZﬁﬁgz'?tg }?oﬂ Wasf Bleed6i gxcept that
aq:ﬁ@m@amseim% 1hA8m ragd ag, thpse conducted
R A L b e G e S L R
adamantane, and  5-(3,5-dimethyl-1-adamantyl)-2-benzyloxy-4-fluoro-

nitrobenzene was obtained.

Since the molecular weight was found to be 410 in the mass
analysis, it was shown that the obtained compound was the object
compound.

1-2) Synthesis  of 3,3 -bis[4-(4-nitro-3-benzyloxy-6-(3,5-dimethyl)-
adamantyl)phenoxylphenyl-5,5',7,7-tetramethyl-1,1-biadamantane

Into a 2 liter four-necked separable flask equipped with a
thermometer, a stirrer, an inlet for nitrogen gas and a reflux condenser,
51.08 g (0.1 mole) of 3,3’-bis(4-hydroxypheny1)-5,5’,7,7'-tetramethyl—1,1’-
biadamantane obtained in accordance with the process described in 1-1) of
Example 14, 83.95 g (0.205 moles) of 5-(3,5-dimethyl-1-adamantyl)-
2-benzyloxy-4-fluoronitrobenzen obtained in 1-1), 55.3 g (O‘.400 moles) of
potassium carbonate and 1,000 ml of N,N-dimethylformamide were
placed, and the resultant mixture was heated under the refluxing

condition at 135°C for 4 hours. After the fluid was cooled at the room
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%g_ ’ Ynt esis 3"-bis[4-(4-nitro-3-hydroxy-6-(3,5-dimethyl)-

- adamantyDphenoxylphenyl-5,5,7, T-tetramethyl-1,1-biadamantane

Into a 2 liter fourmecked separable flask equipped with a
thermometer, a stirrer and an inlet for nitrogen gas, 128.97 g (0.1 mole) of
3,3’-bis[4“(4'nitro-3-benzyloxy-6-(3,5-dimethyl)adamantyl)phenoxy]phenyl
"5,6°,7, 7 tetramethyl-1,1-biadamantane, 160 g (0.8 moles) of trimethyl-
silyl iodide and 1,290 ml of chloroform were placed,.and the resultant
mixture was stirred at 25°C for 17 hours. Then, 215 m! of methanol w-as

added, and the obtained mixture was stirred for 10 minutes. The

“reaction fluid was washed with 1,290 ml of a 5% by weight aqueous

solution of sodium hydrogensulfite, 1,290 m] of a 5% by welght agqueous
solution of sodium hydrogencarbonate and 1,290 ml of pure water
successively, and a solid substance was obtained by removing the sclvent

by distillation under a reduced pressure from the organic layer obtained
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Tabpl e 1Synthesis of 8,3"bis[4-(4-amino-8-hydroxy-6-(3,5-dimethyl)-
adamantyDphenoxylphenyl-5,5',7, 7-te tramethyl-1,1-biadamantane

Into a 10 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and an inlet for nitrogen gas, 110.95 g (0.1 mole) of
3,3’-bis[4-(4-nitro-3-hydroxy-6-(3,5-dimethyl)adamantyl)phenoxy]phenyl-5
,5,7,7-tetramethyl-1,1"-biadamantane obtained above and 1760 ml of
dichloromethane were placed, and the resultant mixture was stirred at
the room temperature until a complete solution was obtained. Then, 700
m! of acetonitrile and 410 ml of pure water were added, and the stirring
was continued at the room temperature under the stream of nitrogen gas.
To the obtained mixture, 208.9 g (1.2 moles) of sodium hydrosulfite, an
aqueous solution prepared by dissolving 5.42 g (0.01 mole) of
1,1-dioctyl-4,4-bipyridium and 124.38 g (0.9 moles) of potassium
carbonate into 2,600 ml of water was slowly added dropwise using a
dropping funnel. After the reaction was allowed to proceed at 35°C for 6
bours, the organic solvent layer was obtained by extraction using a
separation funnel. The purification was conducted in accordance with a

column operation. After drying at the room temperature under a reduced

148

Sod lemdt



10

15

20

25

5 Solubility Aass transition tenperature (O

CTénper at Ui ot ther mal ~deconposition (C) Di l-ectric it e i

constant (-) Exanple 1

pressure for 24 hours, 87.1 g of a product was obtained (the yield: 83.0%).

When the obtained product was examined, the molecular weight
was found to be 1,050 in the mass analysis, and peaks of proton were
found at 8.87 ppm (2H), 7.28 ppm (4H), 6.78 ppm (4H), 6.57 ppm (2H),
6.11 ppm (2H), 4.28 ppm (4H), 1.99-1.08 ppm (50H), 0.88 ppm (12H) and
0.77 ppm (12H) in the NMR analysis in a DMSO-dg solution. Therefore,
it was shown that the obtained product was the abject compound.
2) | Synthesis  of 5,8,5”,5”,7, 7,7, 7 -octamethyl-1,1’,1”,1”-totra-
adamantane-3, 3”-dicarboxylic acid dichloride
2-1) Synthesis of 3-bromo-5,5",7,7-tetramethyl-1,1’-biadamantane

Into a 500 ml egg plant-shaped flask, 30.08 ¢ (0.092 moles) of
3,3.,5,5-tetramethyl-1,1-biadamantane obtained in 1-1) of Example 14
was weighed and placed. Under the stream of nitrogen gas, 200 ml of
cyclohexane was added, and a solution was prepared. While the solution
was kept at 0°C in an ice bath, 19.6 g (0.126 moles) of t-butyl bromide and
0.8 g (0.0028 moles} of aluminum bromide were added, and the reaction
was allowed to proceed for 2. hours. -To the reaction ﬂﬁid, 200 ml of
ion-exchanged water was added, and the extraction with cyclohexane was
conducted using a separation funnel. The solvent was removed using an
evaporator, and 3245 g of 3-bromo-5,5,7,7-tetramethyl-1,1-
biadamantane of the object compound was obtained (the vield: 87%).
Since the molecular weight was 406 in the mass analysis, it was shown
that the product was the object compound,
2-2) Synthesis of 3,3,3",3”5,5,5 57-octamethyl-1,1’,1”,1"-tetra-
adamantane

In accordance with the same procedures as those conducted in 1-1)
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of Example 14 except that 162.4 g (0.4 moles) of 3-bromo55,7,7
tetramethyl-1,1-biadamantane was used in place of 97.28 g (0.4 moles) of
3,5-dimethyl-1-bromoadamantane, 3,3,3",37,5,5,5°6"-octamethyl-1,1’,
1”,1”-tetraadamantane of the object compound was obtained. Since the
molecular weight was 651 in the mass analysis, it was shown that the
product was the object compound. |
2-3) Synthesis of 3,8"-dibromo-5,5,5",5”,7,7,7",7"-octamethyl-1,1’, 17,1
tetraadamantane

Into a 500 ml egg plant-shaped flask, 59.89 g (0.092 moles) of
3,3,3",3™, 5,5’,5” 5”-octamethyl-1,1',17,1”-tetraadamantane obtained above
was weighed and placed. Under the stream of nitrogen gas, 200 ml of
cyclohexane was added, and a solution was prepared. While the
prepared solution was kept at 0°C in an ice bath, 39.2 g (0.252 moles) of
t-butyl bromide and 1.6 g (0.0056 moles) of aluminum bromide were added,
and the reaction was allowed to proceed for 2 hours. To the reaction fluid,
200 ml of ion-exchanged water was added, and the extraction with
cyclohexane was conducted using a separation funnel. The solvent was
removed using an evaporator, and 63.26 g of 3,3"-dibromo-5,5",57,5”,
7,7, 7,7 octamethyl-1,1°,1”, 1" tetraadamantane of the chject compound
was obtained (the yield: 85%). Since the molecular weight was 809 in the
mass analysis, it was shown that the product was the object compound.
2-4) Synthesis of 5,5,5",5",7,7,7", 7" octamethyl-1,1’,1”,1”tetra-

)

adamantane-3,3"-dicarboxylic acid dichloride
The synthesis was conducted in accordance with the same
procedures as those conducted in 2-1) and 2-2) of Example 14 except that

65.52 g of 3,3”’-dibromb-5,5’,5”,5’”,7,7’,7”,7”"octamethyl'1,1’,1”,1”"tetra'
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adamantane was used in place of 39.23 g (0.081 moles) of 3,3-dibromo-
3,5",57,5™ tetramethyl-1,1-biadamantane used in 2-1) of Example 14, and
5,5°.,8”,5™,7,7 ’,7”,7”’~octamethyi' 1,1,17,1”tetraadamantane-3,3”dicarboxy
lic acid dichloride of the objeet compound was obtained.

When the obtained product was examined, the absorption of acid
chloride was found at about 1,815 to 1,785 cm~1 in the IR analysis, and
the molecular weight was found to be 776 in the mass analysis.
Therefore, it was shown that the product was the object compound.

3) Preparation of a benzoxazole resin precursor

The reaction was conducted in accordance with the same
procedures as those conducted in 3) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 94.46 g (0.09 moles) of
3,3’-bis[4-(4'amino-S-hydroxy'G-(S,5'dimethy1-l-adamantyl)phenoxy)phen‘
yl1-5,5,7, 7-tetramethyl-1,1-biadamantane obtained in accordance with
the process of 1) described above was used in place of 31.5 g (0.09 moles) of
1,3-bis(3-amino-4-hydroxyphenyl)adamantane used in Example 1 and
77.61 g (0.1 mole) of 5,5,5°57,7,7,7, 7 octamethyl-1,1’,1”, 1" tetra-
adamantane~3,3”’-dicariﬁoxylic acld dichloride obtained in accordance with
the process of 2) described above was used in place of 20.3 g (0.10 mole) of
isophthalic acid dichloride used in Example 1, and a benzoxazole resin
precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be ‘26,000 expressed as the value of

corresponding polystyrene.
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Example 20
1) Synthesis of 5-(2-(4-(1-(3,5- d1methyladamantyl))phenyl)ethynyl)
isophthalic acid dichloride
1-1) Synthesis of 4-(1-(3,6-dimethyladamantyl)phenol

Into a 2 liter flask equipped with a thermometer, a Dimroth
condenser, an inlet for nitrogen gas and a stirrer, 77.4 g (0.822 moles) of
phenol and 20.0 g (0.0822 moles) of 1-bromo-3,5-dimethyladamantane
were placed. A stream of nitrogen gas was introduced into the flask, and

the resultant mixture was heated under the refluxing condition in an oil

| bath for 30 minutes. Then, 800 ml of water was added, and the obtained

mixture was heated under the refluxing condition in an oil bath for 10
minutes to obtain a fluid separated in two layers. The fluid was cooled in
an ice bath, and the lower layer having an orange color was solidified to
obtain a white solid substance. The white solid substance was téken out
by decantation, stirred twice in 560 ml of a 2% aqueous solution of sodium
hydroxide and twice in 500 ml of water and then filtered, and 7.8 g of
4-(1-(8,5-dimethyladamantyl)phenol was obtained (the yield: 37%).
1-2) Synthesis of 1-(1-(3,5-dimethy1adaﬁ1antyD-4-triﬂuoromethane-
sulfonyloxybenzene

Into a 100 ml four-necked flask equipped with a thermometer, an
inlet for nitrogen gas and a stirrer, 4.0 g (0.0157 moles) of
4-(1-(3,5-dimethyladamantyl)phenol obtained above and 20 ml of pyridine
were placed. A stream of nitrogen gas was introduced into the flask, and
a solution was prepared under stirring. The obtained solution was cooled
at ~15°C in an ice/methanol bath. TUsing a dropping funnel,

trifuoromethanesulfonic acid anhydride was added dropwise. After the
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addition was completed, the obtained mixture was stirred at the room
temperature for 2 hours. To the reaction fluid, 100 ml of ethyl acetate
and 100 ml of a saturated aqueous solution of sodium chloride were added,
and the obtained mixture was transferred to a separation funnel. The
layer of ethyl acetate was taken out and washed twice with 100 ml of a
saturated aqueous solution of sodium chloride. Then, ethyl acetate was
removed by distillation under a reduced Pressure using a rotary
evaporator, and 5.4 g of 1-(1-(3,5-dimethyladamantyl)-4-trifluoromethane-
sulfonyloxybenzene was obtained (the yield: 88%).
1-8) Synthesis of 1'(1-(3,5*dimethy1adamantyl)'4"(3'hydroxy'3-methy1-
(l-butynyl)bexrlzene

Into a 100 ml four-necked flask equipped with a thermometer, a
Dimroth condenser, an inlet for nitrogen gas and a stirrer, 2.0 g (0.0051
moles) of 1"(1-(3,5'dimethyladamantyl}-4-triﬂuoromethanesulfonyioxy'
benzene obtained above, 0.4 g (0.0015 moles) of triphenylphosphine, 0.2 g
(0.0010 mole) of copper iodide and 1.1 g {0.0134 moles) of
2-methyl-3-butyn-2-ol were placed, and a stream of nitrogen gas was
mtroduced into the flask. To the resultant mixture, 10 ml of dehydrated
triethylamine and 10 ml of dehydrated pyridine were added and dissolved
under stirring. After the flow of nitrogen gas was continued for 1 hour,
0.2 g (0.0003 moles) of dichlorobis(triphenylphosphine)palladium was

rapidly added, and the resultant mixture was heated under the refluxing

~condition in an oil bath for 1 hour, Then, triethylamine and pyridine

were removed by distillation under a reduced pressure, and a viscous
brown solution was obtained. The obtained viscous brown solution was

poured into 500 ml! of water, and the formed solid substance was
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separated by filtration and washed twice with 500 ml of water, twice with
500 ml of a 5 mole/liter hydrochloric acid and twice with 500 ml of water.
The obtained solid substance was dried at 50°C ﬁnder a reduced pressure,
and 1.5 g of 1-(1-(3,5-dimethyladamantyl)-4-(3-hydroxy-3-methyl-
(1-butynyl)benzene was obtained (the yield: 91%).
1-4) Synthesis of 1-(4-ethynylphenyl)-3,5-dimethyladamantane

Into a 5 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and a stirrer, 3 liters of n-butanol and 226 g (2.72
moles) of potassium hydroxide (85%) were placed, and potassium
hydroxide was dissolved by heating under the refluxing condition. To the
obtained solution, 110 g (0.341 moles) of 1-(1-(3,5-dimethyladamantyl)-
4-(3-hydroxy-3-methyl(1-butynyl))benzene obtained above was added.
The obtained mixture was heated under the refluxing condition for 30
minutes and then cooled in a ice bath, and the formed crystals were
separated by filtration. The obtained crystals were washed twice with 1
liter of ethanol and dried at 60°C under a reduced pressure, and 81.1 g of
1-(4-ethynylphenyl)-3,5-dimethyladamantane was obtained (the yield:
90%).
1-5) Synthesis of dimethyl 5-(2-(4-(1-(3,5-dimethyladamantyl))phenyl)-
ethynyl)isophthalate from dimethyl 5-bromoisophthalate

Into a 1 liter four-necked flask equipped with a thermometer, a

‘Dimroth condenser, an inlet for nitrogen gas and a stirrer, 125 g (0.458

moles) of dimethyl 5-bromoisophthalate, 1.1 g (0.00419 moles) of
triphenylphosphine, 0.275 g (0.00144 moles) of copper iodide and 106.0 g
(0.401 moles) of 1-(4-ethynylphenyl)-3,5-dimethyl- adamantane obtained

" above were placed, and a stream of nitrogen gas
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was introduced into the flask. To the resultant mixture, 375 ml of
dehydrated triethylamine and 200 ml of dehydrated pyridine were added
and dissolved under stirring. After the flow of nitrogen gas was
continued for 1 hour, 0.3 g (0.000427 moles) of dichlorobis(triphenyl-
phosphine)palladium was rapidly added, and the resultant ‘mixture was
heated under the refluxing condition in an oil bath for 1 hour. Then,
triethylamine and pyridine were removed by distillation under a reduced
pressure, and a viscous brown solution was obtained. The obtained
viscous brown solution was poured into 500 ml of water, and the formed
solid substance was separated by filtration and washed twice with 500 ml of
water, twice with 500 ml of a 5 mole/liter hydrochloric acid and twice with 500
ml of water. The obtained solid substance was dried at 50°C under a
reduced pressure, and 137.3 g of dimethyl 5-(2-(4-(1-(3,5-dimethyl-
adamantyl))phenyDethynyl)isophthalate was obtained (the yield: 75%).
1-6) Synthesis of dipotassium 5-(2-(4-(1-(8,5-dimethyladamantylD)-
phenyDethynylisophthalate from dimethyl 5-(2-(4-(1-(3,5-dimethyl-
adamantyl))phenyDethynylisophthalate

Into a 5 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and a stirrer, 3 liters of n-butanol and 226 g (2.72
moles) of potassium hydroxide (85%) were placed, and potassium

hydroxide was dissolved by heating under the refluxing condition. To the

~ obtained solution, 137.3 g (0.301 moles) of dimethyl 5-(2-(4-(1-(3,5

dimethyladamantyl))phenyDethynylisophthalate obtained above was
added. The obtained mixture was heated under the refluxing condition
for 30 minutes and then cooled in a ice bath, and the formed crystals were

separated by filtration. The obtained crystals were washed twice with 1
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liter of ethanol and dried at 60°C under a reduced pressure, and 142.8 g of
dipotassium -
5-(2-(4-(1-(3,5-dimethyladamantyl))phenylethynyl)isophthalate was
obtained (the yield: 94%).
1-7)  Synthesis of 5-(2-(4-tl'(3,5'dimethyladamantyl))phenyl)ethynyl)'
isophthalic acid from dipotassium 5-(2-(4-(1-(3,5-dimethyladamantyl))-
phenyl)ethynyl)isophthalate

Dipotassium  5-(2-(4-(1-(3,5-dimethyladamantyl})phenyDethynyl)-
isophthalate obtained above in an amount of 9.6 g (0.019 moles} was
dissolved into 20 ml of ion-exchanged water, and inscluble substances
were removed by filtration through a 5C filter paper. To the filtrate, a 5
mole/liter hydrochloric acid was added under stirring until pH was
adjusted at 1, and the formed solid substance was separated by filtration,
washed twice with ion-exchanged water and filtered twice. The obtained
solid substance was dried at 50°C under a reduced pressure, and 80 g of
5-(2-(4-(1-(3,5-dimethyladamantyl))phenylethynyl)isophthalic acid was
obtained (the yield: 98%).
1-8)  Synthesis of 5(2-(4-(1-(3,5-dimethyladamantyl))phenyl)ethynyl)-
isophthalic acid dichloride from 5-(2-(4-(1-(3,5-dimethyl-
adamantyl))phenyl)ethynylisophthalic acid

Into a 2 liter four-necked flask equipped with a thermometer, a Dimroth
condenser and a stirrer, 121.1 g (0.24 moles) of
5-(2-(4-(1-(3,5-dimethyladamantyl))phenyDethynyl)isophthalic acid
obtained above and 400 ml of 1,2-dichloroethane were placed, and the resultant
mixture was cooléd at 0°C. To the cooled mixture, 391 g (4.5 moles) of

thionyl chloride was added dropwise at 5°C or lower over 1 hour. Then, 4
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ml of dimethyiformamide and 4 g of hydroquinone were added, and the
obtained mixture was stirred at 45 to 50°C for 3 hours. After the
reaction mixture was cooled, crystals formed by the coo]ing were

separated by filtration and washed with 150 ml of chloroform. The

. filtrate and the washing fluid were combined and concentrated at 40°C or

- lower under a reduced pressure. The cbtained residue was treated twice

by extraction with 200 ml of diethyl ether. Diethyl ether was removed
from the extract by distillation under a reduced pressure, and a crude
product of a semisolid substance was obtained. The crude product was
washed with dried n-hexane and recrystallized from diethyl ether, and
38.0 g of 5'(2‘(4'(1'(3,5-dimethyladamantyl))phenyl)ethynyl)isophthalic
acid dichloride was obtained (the yield: 34%).

The spectral data of 5-(2-(4-(1-(3,5-dimethyladamanty]))phenyl)-
ethynyl)lisophthalic acid dichloride obtained above are shown in the
following. These data show that the obtained compound was the object
compound.

5‘(2'(4-(1*(3,5-dimethyladamantyl))phenyl)ethynyl)isoiahthalic acid
dichloride (CygHygCla0y):

Appearance: ' white powder

IR: 1800-1770 em-1 (carboxylic acid chloride), 2260-2190 cm-1
(ethynyl group)

MS (FD) (m/z): 394 (M*+2C))

Elemental analysis:

calculated C: 72.26%; H:5.63%; Cl: 15.24%; O: 6.88%
found C: 72.41%; H:5.08%; Cl: 15.70%; O: 6.81%

2) Preparation of a benzoxazole resin precursor
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The reaction was conducted in accordance with the same
procedures as those conducted in 3) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 17.1 g (0.045 moles) of

9,9-bis(3-amino-4-hydroxyphenyDfluorene obtained in 3-1) of Example 9

and 24.3 g (0.045 moles) of 3,3-bis(3-amino-4-hydroxyphenyl}(5,5,7,7"

tetramethyl)-1,1’-biadamantane obtained in 1) of Example 14 were used in
place of 31.5 g (0.09 moles) of 1,3-bis(3-amino-4-hydroxyphenyl)-
adamantane used in Example 1 and 31.64 g (0.07 moles) of
5, 5,7, 7-tetramethyl-1,1-diadamantane-3,3"-dicarboxylic acid dichloride
obtained in 2) of Example 14 and 13.95 g (0.08 moles) of
5-(2-(4-(1-(3,5-dimethyladamantyl))phenyDethynyDisophthalic acid
dichloride obtained above were used in place of 20.3 g (0.10 mole) of
isophthalic acid dichloride used in Example 1, and a benzoxazole resin
precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by

TOSO Co., Ltd. and was found to be 25,000 expressed as the value of

corresponding polystyrene.

Comparative Example 1
1) Bisaminophenol compound having no functional group

As the bisaminophenol having no functional group, 3,3-dihydroxy-
4,4-diaminobiphenyl [manufactured by TOKYO KASEI KOGYO Co., Litd.]

was used.
2} Dicarboxylic acid having no functional group

As the dicarboxylic acid having no functional group, isophthalic
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~As clearly shown in Table 1, in Exanples 1 to 20, the "~~~ =77~

glass transition tenperature and the tenperature of

t hermal deconposition were high, and the heat

resi stance was excellent. In Exanples 1 to 20,
it is shown that the resins were soluble in 5
solvents, had small dielectric constants and exhibited
excel l ent workability and dielectric property. In

SOTPRAEAE SRR Sub B ARV KA BB, 110 v

aRFsurenments of the glass transition, the
tenperature of thermal deconposition and the

i ePsplaratior 0a bankowrbR rbineiechf®Si bl €.

The reaction was conducted in accordance with the same
procedures as those conducted in 3) of Example 1 except that 19.5 g (0.09
moles) of 3,3-dihydroxy-4,4"-diaminobipheny! was used in place of 31.5 g
(0.09 moles) of 1,3-bis(3-amino-4-hydroxyphenyladamantane, and a
benzoxazole resin precursor was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be 17,000 expressed as the value of

corresponding polystyrene.

Comparative Example 2
1) Bisaminophenol compound having no functional group (no
substituent)

As the bisaminophenol having no functional group, 9,9-bis(3-amino-
4-hydroxyphenyDMluorene synthesized in accord.ance with the same
procedures as those conducted in é-l) of Example 9 was used.

2} Dicarboxylic acid having a functional group

As the dicarboxylic acid having a functional group,
5-phenylethynyl- isophﬁhalic acid dichloride synthesized in accordance
with the same procedures as those conducted in 3) of Example 2 was used.
3) Preparation of a benzoxazole resin precursor

The reaction was conducted in accordance with the same

procedures as those conducted in 3) of Example 1 except that 34.25 g (0.09
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In Conparative Exanple 2, the dielectric constant was
great although the glass transition tenperature and
the tenperature of thermal deconposition were

excel | ent. The interlayer insulation film
and the sem conductor device will be 15 described in
the follow ng. Exanple 21 Preparation of a varnish for
coating and a seni conductor device The benzoxazol e

i . b ai i i
w8 SRSl AR B FARRL S 20 0B et ¢
(o;(?s} {nglsg SN 94N 2 TEELAN AR x i Sis 8RRt abtalea RAMR)S ¢ (0.10

, and ‘a varnish for” coat’l ng was obt ai ned.

eS| Jf i 5O 3tk SR dopH B aliboseill GHETRE @6 was Used tinaplacodf 20.3 g
sem conductor and coated with the varnish for coating

(0010 Biod Gf APYEhaliEheid QidiskiRE edat borgokasods rewis phentrast was
at 250C for 1 hour and at 420C for 1 hour, and an

obitafredl ayer insulation filmhaving a thickness of 0.3
i smwas forned. Then, a netal wring was
f or nEhle mmnsbemmvamgesmoleculaatweitht Prinkeof thveebtginadebgnzoxazole

was formed on the interlayer insulation fil mf8r d

realiopescuzare wass ehtainsddueingrGREvnarufpgiireh by Hed §o., Lid. and
Exanpl e 22 1) Bi sam nophenol conpound hayj ng the

was frvweddeibg 22:000axpressat@s she MWE’EH%FGS@PBEW bolystyrene.
9, 9- bi s( 3- Am no- 4- hydr oxyphenyO0- 2, 7- bi sadanmant yl et hyny
| f1 uorene synthesized in accordance with the sane

E;gg’f}geu E’o‘?l%w%lsfg E:‘ba?ga%iogso nvgelil*gtc%gdtizc@edlgsi%é %ﬂgl r%si:xgl PBP obtained in
Example 1 and the resin films obtained by the similar method as disclosed in Example 1
using the benzoxyazole resin precursor obtained in Example 2 to 20 and Comparative
Examples 1 and 2. The items and the methods of the evaluations are shown in the
following. The obtained results are shown in Table 1.
1. Solubility

A benzoxazole resin precursor in an amount of 1 g and 3 g of
N-methyl-2-pyrrolidone were accurately weighed, placed into a glass
sample container having a cap and stirred by a stirrer rod for 1 hour.
The solubility was evaluated by the visual observation on the presence or

the absence of insoluble substances.

2. Heat resistance

The heat resistance was evaluated from the glass transition

temperature and the temperature of thermal decomposition. For the

measurement of the glass transition temperature, an obtained resin film
was examined using an apparatus for measuring the dynamic

viscoelasticity [manufactured by SEIKO INSTRUMENTS Co., Ltd.
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.2)..Dicarboxylic acid having the dianondoid st ructure

1 3- Adamat anedi car boxylic acid synthesized in
accordance with the same procedures as those conducted
in Exanple 3 was used. 3) Reactive oligonmer which can
be deconposed by heating 15As the reactive oligoner,
pol y( propyl ene gl ycol)-bl ock-pol y(et hyl ene

gl ycol ) - bl ock- pol y(propyl ene gl ycol ) bi s(2-am nopropyl
et her) having a nunber - average nol ecul ar wei ght of

DSGUTIAC B Shhe defr%gelgHe%%yoS%ﬁ%Pem Egpnuﬁc{"e?r the

R SRR ARG 80
2 Hz -sidsgeaaiiorhirdydtyhb | thp e B8 9@5?'09 egh @W@ué&% as the
di ssolved into 200 g of dried N-nethyl-2-pyrroli

glase trappitdorytedp@@tam. es) of pyridi ne was added, the

resul tant solution was cooled at -15C, and 26.1 ¢

(o 107 FFothe) mapsuremetatihe seraderpaRTORE therrad iddca@Bposition,
|ned above.was added in small portions. After the

a‘a& Fa%ﬁd WEE T HHB I R GRa e B@Ieﬂgt tapﬁﬁwaﬁsefowasurmg

P d r ou ﬁgﬁﬂﬁ}ﬁf .
a%%ggedﬁg?n%ﬁde LEug}(()im P gn’p%?% ar e Ng é \Ag?tsd’
BGIDTAI2GH uhiler EROBLIBAPES Altvs&er Phs Bf @@@fﬁm‘\ﬁt debNGe
reaction fluid was cool ed at -15C, 40 .02 nol es

@mdpmry (¢r @py‘BEi‘l enfgligropétathteo Odlmtyiret d’fy |16F(élm1n and the

ycop- bl ock- propyl ene gl ycoDbi s(2-am nopr opyl
Ygﬂ%’ﬁ tuge 3, iy S“ﬁLﬁ%eﬁ%a\m g@vqifﬁhfemcaed\ﬁéﬁ glas uskd as

dro se in.small portions. After the
t%,g&gl%\é@tﬁ%gé)f%b eaol%ggs@f)flrred at -15C for 1
310melécﬁch@t§gggﬁ@ture was adjusted at the room
tenperature, and the reaction fluid was stirred at the

r oomTenplecaiccapidty 5f hAUEShesTRE Bimt bR &&ﬁﬁbh@&t&ﬁsuw%'
was added to 4 liters of distilled water as snal

meapired 4n ageorinace mﬂethepmethqd. afafapmness éndmzith&l:ﬁ&dldard
Rofeft ofie P BEbIBIORIAE] i n eSS bmanniaruria by

%t ai ned ?%%%gldém 2 &lna{or 2?”9%38}1‘(*3(,\@{& g‘ﬁnq gﬁq'ﬁ?eoand the
disletgicCGabnsRRYT dekUesulidted G50 a@@erdah}cg 29, Was fo‘ﬂtj}qung

to be 26,000 expressed as the val ue
equation:

Dielectric constant =
(obtained value of electric capacity X thickness of film) /

(permittivity of vacuum X area of measurement)
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.15 correspondi ng pol ystyrene. The benzoxazol e resin

precursor obtai ned above was dissolved into

N- net hyl - 2- pyrrol i done and filtered through a TEFLON
(a registered trade nane) filter, and a varnish for
coating was obtained. A silicon nitride | ayer was
formed on a substrate of a seniconductor 20 and coated
with the varnish for coating obtained above. The
fornmed coating | ayer was heated at 250C for 1 hour and
at 420C for 1 hour, and dablnlerlayer insulation film
having a thickness of 0.3 umwas forned. Then, a

nmetal wring nmanner uch t
prescri bed pa erl%ﬁE @I%?Snéan%wolnh ';5? Blelectnc
i nsul ation filmformed SBTRELETean Og ond §eRgAnt
devi ce was obtained. Exanp)e 23 ecompp8
procedures as those conduct & in Exarrpl(eC)21 were (=)
conducted except that—the foftow g conmpoments—were
Exgawledr the vageedh for cotlng. 5 1) BBGani noph&ddl
Ezompde®d havi nggodik di anond8bd st ruct uro 2.5
ExaByiie 8( 3- Am nogdedydr oxyphesty Cadanmant agus synt hesigzed
in accordance with the saﬁqu@ﬁ@pedures as those
Esanpieted in Exgpgd e 1 was 4ed. 2) Di cggdoxylic agjd
having no substituents 1QAs,;Lhg. &carboxylic acid,
EB:% élgal ic aci ? L&hl oride [ ufacture TOKYO El
Ltd. ] was used simlarly to anple 1. 73

ophenol co ound ha the di a doi d-eth I
E %%T ¥ _bis (% no- 4 h xyphenyérg
;faﬁlipg% amant yl etg yl ft uor éife synt hesi 288

EXamei8nce wit h8dk same pr"c}:@edures as ﬁ‘-"f@ose cond@c? ed

or higher

Elxg.mple 9 good 450 542 2.7
or higher
Example 10 good 442 535 2.7
Example 11 good 413 528 2.3
Example 12 good 419 : 525 2.3
Example 13 good 430 541 2.3
Example 14 good 440 530 : 2.3
Example 15 good 410 543 2.5
Example 16 good 450 541 2.3
or higher
Example 17 good 430 533 2.2
Example 18 gaod 450 534 2.5
‘ or higher
Example 19 good 415 532 2.2
Example 20 - good 416 522 2.5
Comparative poor -
Example 1
Comparative good 450 543 3.1
Example 2 or higher
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15 Exanple 3 was used. Dicarboxylic acid having the
di'anondoi d structure 1 3- Adamat anedi car boxylic
acid synthesized in accordance with the sane
procedures as those conducted in Exanple 3 was used.

- 5) Reactive oligonmer which can be deconposed by

heating 20As the reactive oligoner, .poly(propyl ene
gl ycol ) bi s(2-anmi nopropyl ether) having a nol ecul ar
wei ght of 4,000 [nmanufactured by ALDRI CH CHEM CAL
Conpanpy . S 6), Preparati.on of a
ARLgst S, SR TR R BPLaPHalSE T danay the elass

benzoxazolé”resin pre

tRnkHIRGE e fiPsrathoe Sl ¢Re %51&%3%%3)9 & tHtmal b({leézlmr:%)gsition

1, 3- bi s(3-am no- 4- hydr oxyph amant ane o

- wabnhizlnatdIhehegt (6kiSADcdOlag Skedliont.

9, 9- bi s( 3-am no- 4- hydr oxypheny0- 2, 7- bi sadamant yl -
et hyhy [Exagalend toeR8, iti issehowenl that 6h®@8sigs oferdrsoduble in

thyl- 2- lid . Aft 17. 4 0.22 I f
oYyl b e 0 e Al o sporin
. . 0..05 I foi ht hal i id
By Rt gelfofy Tl o3} of 1oopmnalic o
1, 3-Breshiperngit ERRYWY I fo 364 famsaaé)irag? gg%gg,garédwe%

added in small portions. Wen the ad
theo ppbie eliibilitye dnenpiey abeds@ramsnadbfisheGlads tAGSIRRI) the
tenperature, and the mxture was stirred at the room
tepepryarureuek theyma dreompositiore and Hikendielachsc wasstansvedte
t -1 40 g (0.01 nole) of poly(propyl ene
“‘8’11&?88{%?% s(2-ami noprapyl ether) having a _
nu r- . i.ght ,of 4.000 1 s added
e BC T A T
altRAgdh tHe ST EhaBRich teniREafilre sl Hetempe P re of Hormal
tenperature was adjusted at the roomternperature, and.
decchmpoeditd werd ¢éxcedemas stirred at the room tenperature
for 5 hours. Then, the reaction fluid was added to 4
i t ebhe Byterlpgey insalptign Bhm andsthel semicepd wior daftiee will be

f or. .precihpitates were coll ected and 15 dried, and a
deggﬂg%igggﬁee (ﬁié’?llﬂg'pr ecursor having a functional group
at the side chai ns was obt ai ned.

~ Example 21

Preparation of a varnish for coating and a semiconductor device

The benzoxazole resin precursor obtained in Example 3 was
dissolved into N-methyl-2-pyrrolidone. The obtained solution was
filtered through a TEFLON (a registered trade name) filter, and a varnish
for coating was obtained.

A silicon nitride layer was formed on a substrate of a semiconductor
and coated with the varnish for coating obtained above, The formed
coating layer was heated at 250°C for 1 hour and at 420°C for 1 hour, and

an interlayer insulation film having a thickness of 0.3 pm was formed.
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The nunber - average nol ecul ar wei ght (M) of the

obt ai ned benzoxazol e resin precursor was obtai ned
usi ng GPC manufactured by TOSO Co., Ltd and was found
to be 28,000 expressed as the value of 20
correspondi ng pol ystyrene. The benzoxazole resin
precursor obtai ned above was dissolved into

N- net hyl- 2-pyrrolidone and filtered through a TEFLON
(a registered trade nane) filter, and a varnish for

j i ned. he inter| fil dth
Com (BB BOHDUTERE SPEainetP by HaPBSbaarhcta Fie

p?&é&?fbgarﬁté’i’# Bak %rﬁé&%fnl"pﬁé‘ %%gﬁgg{ 'ﬁ?&ﬁ%ﬁéﬁ F1fC ormed

eval uati‘on of the resin m _ al ned resu s_are
abbeyanidh déablcenductbPHetiBewakabbahb@n of the pore size,

the small angle X-ray scattering nethod was used. 5
Table 2 Solubility '
HExample 22
1) Bisaminophenol compound having the diamondoid structure and a
functional group
9,9-bis(3-Amino-4-hydroxyphenyl)-2,7-bisadamantylethynylfiuorene
synthesize(i in accordance with the same procedures as those conducted in
Example 8 was used.
2) Dicarboxylic acid having the diamondoid structure
1.3-Adamatanedicarboxylic acid synthesized in accordance with the
same procedures as those conducted in Example 3 was used.

3) Reactive oligomer which can be decomposed by heating

As the reactive oligomer, poly(propylene glycol)-block-poly(ethylene

glycoD-block-poly(propylene glycol)bis(2-aminopropyl ether) having a

number-average molecular weight of 2,000 [manufactured by ALDRICH
CHEMICAL Company, Inc.] was used.
4) Preparation of a benzoxazole resin precursor

Under the stream of nitrogen gas, 62.7 g (0.09 moles) of
9,9-bis(3-amino-4-hydroxyphenyl)-2,7-bisadamantylethynylfluorene
obtained above was dissolved into 200 g of dried N-methyl-2-pyrrolidone.
After 17.4 g (0.22 moles) of pyridine was added, the resultant solution was
cooled at -15°C, and 26.1 g (0.10 mole) of 1,3-adamantanedicarboxylic acid
obtained above was added in small portions. After the addition was

completed, the resultant mixture was stirred at ~15°C for 1 hour. Then,
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G ass Tenperature Dielectric Pore transition

" tenperature of thermal deconposition constant size 10 7 °

the temperature was adjusted at the rocom temperature, and the mixture
was stirred at the room temperature for 5 hours. After the reaction fluid
was cooled at -15°C, 40 g (0.02 moles) of poly{propylene glycol)-block-
poly{ethylene glycol)-block-poly(propylene glycolbis(2-aminopropyl ether)
having a number-average molecular weight of 2,000 was added dropwise
in small portions. After the obtained reaction fiuid was stirred at -15°C
for 1 hour, the temperature was adjusted at the room temperature, and
the reaction fluid was stirred at the room temperature for 5 hours. Then,
the reaction fluid was added to 4 liters of distilled water as small droplets.
The formed precipitates .were collected and dried, and a benzoxazole resin
precursor having a functional group at the side chains was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be 26,000 expressed as the value of
corresponding polystyrene. The benzoxazole resin precursor obtained
above was dissolved into N-methyl-2-pyrrolidone and filtered through a
TEFLON (a registered trade name) filter, and a varnish for coating was
obtained.

A silicon nitride layer was formed on a substrate of a semiconductor
and coated with the varnish for coating obtained above. The formed
coating layer was h_eated at 250°C for 1 hour and at 420°C for 1 hour, and
an interlayer insulation film having a thickness of 0.3 um was formed.

Then, a metal wiring was formed in a manner such that the
prescribed pattern was formed on the interlayer insulation film formed

above, and a semiconductor device was obtained.
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(Q (€ . (nm Exanple 21 good 450 or higher 545 2.5
Exanpl e 22 B

Example 23
The same procedures as those conducted in Example 21 were
conducted except that the following components were used for the varnish
for coating.
1) Bisaminophenol compound having the diamondoid structure
1,3-bis(3-Amino-4-hydroxyphenyladamantane  synthesized in
accordance with the same procedures as those conducted in Example 1
was used.
2) Dicarboxylic acid having no substituents
As the dicarboxylic acid, isophthalic acid chloride [manufactured by
TOKYO KASEI KOGYO Co., Ltd.] was used similarly to Example 1.
3) Bisaminophencl compound having the diamondoid-ethynyl structure
9,9-bis(3‘Amino-4-hydroxyphenyl)-2,7-hisadamantylethynylﬂuorené
synthesized in accordance with the same procedures as those conducted in
Example 3 was used.
4) Dicarboxylic acid having the diamondoid structure
1.3-Adamatanedicarboxylic acid syntheéized in accordance with the
same procedures as those conducted in Example 3 was used.
5) Reactive oligomer which can be decomposed by heating
As the reactive oligomer, poly(propylene glycol)bis(2-aminopropyl
ether) having a molecular weight of 4,000 {manufactured by ALDRICH
CHEMICAL Company, Inc.] was used.
6} Preparation of a benzoxazole resin precursor
Under the stream of nitrogen gas, 158 g (0.045 moles) of
1,3-bis(3-amino-4-hydroxyphenyladamantane obtained above and 31.4 g
(0.045 moles) of 9,9-bis(3-amino-4-hydroxyphenyl)-2,7-bisadamantyl-
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good 450 543 2.0 2 or 15 or higher smal | er
““Exanpl & 23 good o :

ethynylfluorene were dissolved into 200 g of dried N-methyl-2-pyrrolidone.
After 17.4 g (0.22 moles) of pyridine was added, the resultant solution was
cooled at ~15°C, and 10.2 g (0.05 moles) of isophthalic acid chloride and
13.1 g (0.05 moles) of 1,3-adamantanedicarboxylic acid obtained above
were added in small portions. When the addition was completed, the
temperature was adjusted at the room temperature, and the mixture was
stirred at the room temperature for 5 hours. After the mixture was
cooled at -15°C, 40 g (0.01 mole) of poly{propylene glycolbis-
(2-aminopropyl ether) having a number-average molecular weight of 4,000
was added dropwise in small portions. After the obtained reaction fluid
was stirred at -15°C for 1 hour, the temperature was adjusted at the room
temperature, and the reaction fluid was stirred at the room temperature
for 5 hours. Then, the reaction fluid was added to 4 liters of distilled
water as small droplets. The formed precipitates were collected and
dried, and a benzoxazole resin precursor having a functional group at the
side chains was obtained.

The number-average molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by
TOSO Co., Ltd. and was found to be 28,000 expressed as the value of
corresponding polystyrene. The benzoxazole resin precursor obtained
above was dissolved into N-methyl-2-pyrrolidone and filtered through a
TEFLON (a registered trade name) filter, and a varnish for coating was

obtained,

The interlayer films and the semiconductor devices obtained above

were evaluated in accordance with the same methods as those used for
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446 549 2.1 1 or smaller 20 As clearly
shown in Table 3, the results of Exanplés 21, 22 and
23 show that the glass transition tenperature and the
tenperature of thermal deconposition were high and the
heat resistance was excellent. The products of
Exanpl es 21, 22 and 23 were soluble in solvents

evaluation of the resin film. The obtained results are shown in Table 2.
For the evaluation of the pore size, the small angle X-ray scattering

method was used.

Table 2
Solubility  Glass Temperature . Dielectric Pore
transition of thermal constant  size
temperature decomposition
(°C) (°C) (=) (nm)
Example 21 good 450 545 2.5 -
or higher
Example 22 good 450 543 2.0 2or
or higher smaller
Example 23 good 446 549 2.1 1or

smaller

As clearly shown in Table 3, the results of Examples 21, 22 and 23
show that the glass transition temperature and the temperature of
thermal decomposition were high and the heat resistance was excellent.

| The products of Examples 21, 22 and 23 were soluble in solvents
and exhibited significantly small dielectric constants and excellent
workability and dielectric properties.

Using the obtained semiconductor devices, the delay in the wiring
was evaluated.

The degree of delay in the wiring was compared between the

semiconductor devices obtained by using the interlayer insulation films of
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25 and exhibited significantly small dielectric

~constants and excel | ent workability and dielectric -

properties. Usi ng t he obtai ned sem conduct or
devices, the delay in the wiring was eval uated.

The degree of delay in the wiring was conpared between
the 30 sem conduct or devi ces obtai ned by using the
interlayer insulation filns of Exanpl es 21, 22 and
23 and sem conductor devices having the sanme structure

o IS ST BBkt 8 Bl
strudRueiPieshR¥ Ehed! ALb@NsHAt R flai AN ﬁﬁﬂgﬂ@%@%swas

out put frequency of a ring oscillator was use
b EUite 6¥alGRNBAT {HWsiR81 RETOLARNARS IR ﬁf E%lculation

sem conductor devices, it was confirmed that
frioemithe ndmsisponding eetpud frajueadyiof 4 MnadobedHRtor was used.
i nventi on showed snaller delays in the wiring, i.e.

Agrihe gesulh efcomparioe she parfbymabeastof Yhotse mitndmptar dvices,
..and i ncgeas [ he speed by out 20%.in _Exanples 22
itae S3SEEEST bribthe AFmAPPARCRE Ieviops obtained s the present
. I (la, ' e i pyention, the .benzoxazol,e
11?%% ?lr? ﬂp%ﬁ%s%%agfégv@%ﬁsg Ij%iéle o5 R dFox 89 OPETSASE 1R the
sIfOEl BY LbBa: 28%Eld EREnREaR 1 A8 MABSEsGAMNHRC R A

15l n&;ccor dance with the present i nvgnti on,sr%ﬁe ﬁﬁﬁout
201z deamnples 228zind 280d the resin filmexhibiting

excel I ent heat resistance and small permttivity and

the sem conduct or device using the resin filmcan be
Bé%. . I case of the benzoxazole resin

i i fic functional group,

exc Lhi ' i.n ' .
CXCoH] SokonSAKANL e SRR, TR0 BB spacte roin
pfeRfislaneridiht efhet PAybémaxatels WeBirDbxhibeiifX a%ebfedtl Réht

can be 1 nproved.
resistance can be obtained.

I

In accordance with the present invention, the benzoxazole resin and
the resin film exhibiting excellent heat resistance and small permittivity
and the semiconductor device using the resin film can be obtained.

In the case of the benzoxazole resin precursor having a specific
functional group, excellent workability can be maintained since excellent
solubility is maintained, and heat resistance after the ring-closure of the
oxazole ring can be improved.

When the resin film having fine pores is formed, in particular, the
resin film exhibiting excellent electrical propertiés (the dielectric property,
in particular), physical properties and mechanical properties can be

obtained.
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When the resin filmhaving fine pores is fornmed, in
particular, the resin filmexhibiting excell ent
el ectrical properties (the dielectric property, in
particul ar), physical properties and nmechani cal
properties can be 25 obtained. CLAIMS 1. A
benzoxazol e resin precursor conprising a repeating
unit represented by following formula [1] which is
obt ai ned by reaction of a bﬁﬁﬁgmphenol conpound
havi ng a di anondoi d structure and a di carboxylic acid
conpound havi ng no di anondoid structure: ( 1,117 N, N
CC Ri 0OR2 wherein R1L and R2 each i ndependently
represent hydrogen atom or an organic group: K
represents an integer of 2 to 1, 000;

1. A benzoxazole resin precursor comprising a repeating unit represented

by following formula [1] which is obtained by reaction of a bisaminophenol
compound having a diamondoid structure and a dicarboxylic acid compound

having no diamondoid structure:

Ho H0o 0 |
N.. N-C-Yi—C 1
X/

ROTORy k

wherein

R; and Ry each independently represent hydrogéh atom or an
organic group;
k represents an integer of 2 to 1,000;

X1 represents a group selected from a group consisting of:

groups represented by following formulae [2-1], [2-2] and [3]:
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Xi represents a group selected froma group consisting
of groups represented by follow ng fornulae [2-1],
[2-2] and [3]: 171 0
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(M1 (Adm) /%2 (M) O (IL P 172 o in formulae [2-1]
and [2-2], Admrepresenting adamantyl group which is a
smal l est unit of the dianondoid structure, p
representing a nunber of 2 or greater and 12 or
smaller, and i representing a nunber of 1 or greater
and 12 or smaller, (AW 0(,2) gl (AdmM p-(X2) g-

-0(2) g--(Adm P )-(2)

=/

N (
N N [
b
N
N (A
p
w}l [2-2]
Zh Oy
< o—},\/ (Adm)

(Adm) (Adm) j
Ah N t@] NS
P = l J A Lz

p

(?dm)i (Adm) ¢
Zh 0N N o
P Ot/ A 0T

p
(Adm), (Adm)
TN Y £ o T\\
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r'l 0(2) do(2) q (Mn P (Adm) P in-forrmula [3], Adm
representing adamantyl group which is a smallest ~unit
of the dianondoid structure, p representing a numnber

of 1 or greater and 12 or smaller, X2 representing

et hynyl group or propargyl ether group, Z representing

-0-, -S@-, -CH2-, -C(OH3)2-, -C(CF3)2- or an aronatic
igrfgramulae {23} @@d@'%g(ﬁm&eﬁmq ing %@amna\\tyh@roalp which is a

functional i of .3 or greater, r representing 0 or_ 1,
eFlrupt @ éﬁ? Aigugpdomt ﬁ}ggpf@p, P repregenging apumber of 2 or

r epy esen at |l east on roup sel.ected froma_group
EOR T h 2 OF AN AT ESURPERFRG aTBImbRF Ay L s araRser and

I%%S»ﬁ 17é 0 Wrepresenting at | east one group sel ected
na F'Bup consi sting of groups expressed by

followng fornmulae [5]: groups expressed by follow ng
formulae [6-11 and [6-2]: tjc

(Ai\dm) p
(X2)a

}‘\4—/ (Z)F—Ar—(Z)}—Cf/\f (Adm) p~(2) 4

- (Xg) g—(Adm) p

/LI/ 4~ [2]
N X
S 7D R
//\_,?‘ r‘g}\ (Adm) p- 0% C!\\-—/ \——7(}(2) g-(Adm) p

N .0)) (o)
0 e =0

(Adm)p  (Adm)p

in formula [3], Adm representing adamantyl group which is a smallest

unit of the diamondoid structure, p representing a number of 1 or greater

and 12 or smaller, X, representing ethynyl group or propargyl ether group,
Z representing -O-, -SO0g-, -CHy-, -C(CHg)s-, -C(CFg)y- or an
aromatic group, A representing an aromatic group having a functionality

of 3 or greater, r representing 0 or 1, and q representing an integer of 1 to

4; and
Y represents at least one group selected from a group consisting of:

groups represented by following formula [4]:

173 o



CHI CH 6\ CcCHC CHHC CCUHCHC h-S02

NN % \ N =\ 7\
L ijwlf 59 X n
ﬂ\\

X4
L

W representing at least one group selected from a group consisting of

groups expressed by following formulae [5]:

sJoclive
@‘@ =0 N —o”
e o VA VW,

CF3 CHs
—(— —C—
CF3 CHs
[5]
\0\'“ “"—/0/

groups expressed by following formulae [6-1] and [6-2]:
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175 0 CCC CH HoCH\ c\-1 CC CH HoCH

\’% =
o O
=N
C\\\CH
Ny N
S
w’ c\\GH o
NN K
[T
J Gy
HC CH
- CGHz
\\ H A
/C“//J CHS l '\'\]C
He” CH
NI
J )
C\“CH
® ¢ ®
~ CHz Y ’<C\\
CH

178 O
/] I\\ I \/
=X = N
C

\\\CH C\\CH
X\ S
e
2 \G

“en HE o

B
/C// CF3 S
He” SCH
S0 9
o AN
¥,
CH
NN L
| ~ CF3 | ,§]
SCH
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groups represented by follow ng fornulae 17-1] and

[ 7-21: \ CLIKCRCCGCRRC.* R representing
an organi c group, groups expressed by follow ng
formula [8]:

X
L3

Y
.
e
3

C
S HC/// \\CH C\\CH H ///C C\\CH

CH
NG N
C
\\CH C\\CH
CH [6'2]
o ot
' A
/I = /X ﬂjo L
@ \_7 <
5 CH
= A LJ 7S
5 7\ 7
Ao ﬂ\:\jo 2
(T = [ %
\_ \_Fpo
Csey Osen
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groups expressed by following formula [9]: 2.
(previous claim12, currently anended) The benzoxazol e
resin precursor according to Caim1, which further
conprises a repeating unit represented by fol |l ow ng
formula [101; ( 1;199 N, C y2-C R10/ X1.-'OR2 Werein
Itl and R 2 each i ndependently represent hydrogen atom
or an or gambupgrepesented by feldeming ﬁmn:iulaei 71l amnd 72l

1, 000;

N, X
”/\//J l\\ /] [\\ [ \/j
/\C o /\C P X
R R “ ¢
Yy NN
H/\p\’J ﬂ// ,] ﬁ\\' | \f]
R—c‘/”C Gy L% ¢ X
C-R R-C Y pod? N
C-R
N %
(o DRt
L \C\\\ /c’ = <
R-C CR p¢? e-R [
CHa
’ e CF3
CT%T7” N c(%
//c// CHs ’\]C E’\)’CFg [ &j
R-C \\G-—R R_Cf/ C§C-—R
AN K
) N-50; 4
Gy 7 <
GH3 B CQ‘C R
T &) l\\ng 7
3 ’\C{\\C - P CFS ’ ’g
“¢-R
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X1 represents a group selected froma group consisting
of the groups represented by follow ng fornmulae [2-11,
[2-21 and [3]: 179 o 180 0O (MY ("1

N 7N G C C
CRR-C  CR Ne-R % Y%or
X —
} o N A N \ //
|
7 Cp, L2 N0y
L i
N C
R SeR
l\\ \ C///GR [7-2]
T Baa®
J\7 2 -
C\\\C—R C-R
' oy
— L #OR [ J <
X 7\ 7
_C-R
ﬂ\j—o 3 C” H\E‘O 7\
A V= ®A =
\ ¥ \ ¥
Cser Osor

R representing an organic group,

groups expressed by following formula [8]:

and
groups expressed by following formula [9]:
178
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"> 0 (Adm (Admi N)-C9/ 0 (Adm) j (MMir0-71 p 181
O in formulae [2-1] and [2-2], Admrepresenting
adamantyl group which is a smallest unit of the

di anondoi d structure, p representing a nunber of 2 or
greater and 12 or smaller, and i representing a numnber
of 1 or greater and 12 or smaller,

AN N
(o | E/D:Ej - [al.

2. (previous claim 12, currently amended) The benzoxazole resin
precursor according to Claim 1, which further comprises a repeating unit

represented by following formula [10):

Ho#Ha 90
N. /N—G—YZ—G [10]

wherein

R; and Ry each independently represent hydrogen atom or an
organic group;

m represents an integer of 2 to 1,000;

X; represents a group selected from a group consisting of the

groups represented by following formulae [2-1], [2-2] and [3]:
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(f2) g(X2) q (AS) P(ldm P in forrmula [3], Adm
representing adamantyl group which is a smallest unit
of the dianondoid structure, p representing a numnber
of 1 or greater and 12 or smaller, X2 representing

et hynyl group or propargyl ether group, Z representing
-0-, -S@-, -CH2-, -C(Cl13)2-, -C(CF3)2- or an
aromatic group, A representing an aromatic group
haying a functionality of 3 or greater, r representing
O or 1, and q representing an integer of 1 to 4; and
Y2 represents at | east one group selected froma group
consi sting of groups represented by follow ng fornul ae
[11- Tnd 1I}21: 182 o

7 X z N

A [ J A X | | ¥
P

72 (adm)p & P

P

I}o@-mm)p {}o
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[11-2] 0 (Adrn) pfi tci.x (Adm(Adm (AdmM, (AdmM
6<" p and groups represented by follow ng fornul ae

[12-11 and [12-2]:

“q
=
{2

2

=
VR
o

ﬂ

\ 7/

[2-2]



S)C— (MOP (Adm) p-C % (MOP (Adm) p-C O0-eac
c).1

in formulae [2-1] and {2-2], Adm representing adamantyl group which is a
smallest unit of the diamondoid structure, p representing a number of 2 or
greater and 12 or smaller, and i representing a number of 1 or greater and

12 or smaller,

(ﬁ\dm) p
(Da

X A g A thlas

R

| 0 g—(Adm) p

=

A X
S 17O R -
’::I} TN (- 0y~ (=506 - (hdn

Ol(z) q (),(2) q Q Q

(Admp  (Adm)p

in formula [3], Adm representing adamantyl group which is a smallest

unit of the diamondoid structure, p representing a number of 1 or greater

and 12 or smaller, X, representing ethynyl group or propargyl ether group,
7 representing ~O-, -SO0y~, -CHy-, -C(CHg)y-, -C(CF3)y- or an
aromatic group, A representing an aromatic group having é functionality
of 3 or greater, r representing O or 1, and q representing an integer of 1 to

4; and

Y, represents at least one group selected from a group consisting of

groups represented by following formulae [11-1] and [11-2]:
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c\% C (Adm) p(My p-CC P c_(Adm) p CHai2 2C/J
G (Adm p C(lvm)pJ lvm)p4c 186 0

0, T, ~
\OWL@]LQ/ Q
e %L

Ol R
Clowimy-of Y

f11-1]
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Admin fornulae [11-1], [11-2], [12-1] and [12-21
representing adamantyl group which is a smallest unit
of the dianondoid structure, p representing a numnber
of 1 or greater and 12 or smaller, and i representing
a nunmber of 1 or greater and 12 or smaller. 3. The
benzoxazol e resin precursor according to any one of

d ai ms{ 1an , Which conprises further repeating
uni t nted by follow ng for . R2 (g9 C
Y2 C/ jln RO wherein R1 and epch

i ndepende repreFent hydr ogen lat orl dn organic

group; 31/ represent nteger of 2o 1,000; X3
represgntiy at hé%gt 0 groupﬁéﬁgectﬁ om the group
consi sty O“E;¢¢ [ 'J l§¢270

p

J—o S
= Lz
p
J i [11-2]
i _
gih = X N
- !—"~O—+//>~—(Adm) Wo—‘fi—/
(Adm); (Adm)
:: fl—o—i—'/f' [ @] }/\—-o—':/—\
(AT o
(Adm) ; (Adm) ;
“h N N R
R (o
P
(Adm), (Adm)j

184 o



of groups represented by following fornulae [14]: X2
representing ethynyl group or propargyl ether group, Z
representing -0-, -802-, -CH2-, -C(CH3)2-, -C(CF3)2-

or an aromatic group, Ar representing an aromatic
group having a functionality of 3 or greater, R
representing a hydrogen atom or an organic group, r
andpgrespstrepgesented by faldwing épmeslet 180l Jamd fk28kr of
1to 4, and groups represented by follow ng fornul ae

[15]: X4 representing at |east one group sel ected
froma_ group consisting of groups expressed by
fol |l ow formul ae [161: 188 0 \%ﬁ
2 ¥
% % (Adu) %
| C-(Adm)p ~ f‘Adm)p-GC G- (Adm) p
e I
-
c\\ Yy, G%
G-(Adm)p (Adm)p~C ¢- (Adm)p
=
T >y
Gy /
G- (Adm)p (Adm)pﬂGfC c\\c—(Adm)p

%}D‘ O_Céc [12-1]
(Adm) p- ‘- (Adm) A
m) p—G m) p g:jr&h—ﬂ:;L

CHs v (Adm)p—c% ¢~ (Adm) p

Y
(Adm) p~C e~ (Adm) p @:jj§;[j§
¢

(Adm) p- C- (Adm) p
. G$\ L 5
G- (Adm) p O~ (Adm) p
CHa
SN N 0P8
- céﬂiﬁl l:'ggj:i
C- (Adm) p C‘E\C—(Adm) p
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and Y2 represents at |east one group selected fromthe
groups constituting of a group represented by fornul ae
[11-11, a group represented by formulae [11-2], a
group represented by formulae [12-1] and a group

represented by fornulae [12-21: 189 -(Adm - P I
(Adrn)ir

g1 X

J o)

%Q”C
C-(Adm)p (Adm) p-C C-(Adm)p

\ W \ e
oW ()
N / ¢
C‘(Adm)p (Adm) p-C C- (Adm) p
=
L o $
mﬁ\ﬂsz Oﬁazmﬂ
[12-2]
No-hams %- (Adm) p

ﬁi:L | £ (A
~ =
O o)

C-(Adm)p

W

A

_a ¢°0~ (Adm)p

- Y
C///'C (Adm) p @—0 5

G@C—(Adm)p

N

| 0T o \

(o Shsa
N TCx

G~ (Adm)p Se- (Adm) p
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(Adm) Pksc- 191 G (Ado's) p(AS) p-cc\, (Adm

Adm in formulae [11-1], [11-2], [12-1] and [12-2] representing adamantyl
group which is a smallest unit of the diamondoid structure, p representing
a number of 1 or greater and 12 or smaller, and i representing a number

of 1 or greater and 12 or smaller.

3. The henzoxazole resin precursor according to any one
of Claims 1 and 2, which comprises a further repeating

unit represented by following formula [13]:

H H 0 0
| ] I 1
Ny _N—C—Y,—C [18]
3
V2 n
R0 0 R,

wherein
R; and Ry each independently represent hydrogen atom or an

organic groups
n represents an integer of 2 to 1,000;

X5 represents at least one group selected from the group consisting

‘of:

groups represented by following formulae [14]:

R = =
()l(z)q E/‘-__‘)'(Z)TQI—_:;’{

= | =
R R

[14]

— e I —p R—(X2)q,~= =(X2) 4R
R—(X2d X22q-R 2 X v
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CG (Mni) PO0-0 (AS) p-CC (AS) P [12-1] 802 04 C
(Adm) p cF3 CF -Kc- (Adlri) P coc-

X9 representing ethynyl group or propargyl ether group, Z representing
-0~, -805-, ~CHy~, ~C(CHgly-, -C(CFg)y~ or an aromatic group, Ar
representing an aromatic group having a functionality of 3 or greater, R
representing a hydrogen atom or an organic group, r representing 0 or 1,

and q representing an integer of 1 to 4, and

groups represented by following formulae [15]:

XX

OOy Uy
L0 Ll OO
o

X4 representing at least one group selected from a group consisting of

groups expressed by following formulae [16]:
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192 r'\C4 sC%CC (M1 p(Adm p-CC (Adm (DCt
C_ (Adll)p CHC 2/CH3e 2 C (AdMm p Qc

(18]

and
Yo represents at least one group selected from the groups

constituting of a group represented by formulae [11-1], a group
represented by formulae [11-2], a group represented by formulae [12-1]

 and a group represented by formulae [12-2]:
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C (AdM) p C% G (Adm) (AdM 'S 0- (Adm) p 193

O Tl
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Admin fornulae [11-1], [11-2], [12-11 and [12-2]
representing adamantyl group which is a smallest unit
of the dianondoid structure, p representing a numnber
of 1 or greater and 12 or smaller, and i representing
a nunmber of 1 or greater and 12 or smaller. 4. The
benzoxazol e resin precursor according to any one of
Clains;1 to wherei n the di anondoi d structure is
bonded| t nctional group othgr t he di anondoi d
str 5 The benzoxazol e rgsj
accor di any one of Clains 1|t rein the
di anondoi structurE of tje repeati repr esent ed
[

by f e [1],.[1P] 13] has an\al kyl group. 6.
The belfiz iazﬁ urs@?§acch g to Claim4
wher ei e u L 3up T t he di anondoi d

structure has an actetyl ene fbon e benzoxazol e
resin precursor according to any one of Clains 1 to 6,

; 199 N.
ACYl
i ndepe 3
group;_n presents an integer of 2 tio 1,000; X3

repres yat e one group(ééhectﬁv\. om the groups
represemte w-ae are _gescri bed in
Claim3 and the gfou ed by™~Tornul ae [ 151 as

194 0 defined in djai and Y1 represents at | east
one group selected firo 8 p
L , [11-2]
i
T Y \\
e O ;—(Adm)m—g_:_/
(Adm) (Adm) ;
“ 0 0N (LEE;;;] Py S
T 0"1‘"’ ! L |
A F [ J (= O =
P
R0 7Ny R
T O g Q\j;rO—*r//
Y
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groups represented by fornulae [4], the group
expressed by fornulae [61], the group expressed by
formul ae [6-2], the group represented by fornmul ae
[7-1], the group expressed by fornulae [7-2], the
group expressed by formula [8] and the group expressed
by formula [9], fornulae [4], [61], [6-2], [7-1],
[7-2], [8] and [9], all groups being defined in C aim
1. 8. ol ybenzoxazol e resin obtaingd by a
ring-ifzging reaction with dehydrati of the

benzo |l e resin precursor describ #n any one of

C ains 1G$o 7. 9. A benz xazole r gg;ecursor

conposi ti @+ P gorpri se8dit) Pekst twy.bepgpyazol e
resin precursors selected fromthe group consrstlng of

to 7, which conprises| it
resin precursor selec
benzoxazol & resin precursors desgfibed Gp any one of
Cainms 1 tols (Ada) m vAAdimho witi ch conpii-sekdinde
benzgQxazol e, resin precursor described |n any one of

d awﬁi;ﬁ;{iﬁ?, the pol ybenzoxazol e %gs scribed in
d ai he benzoxazol e resin pligc r conposition
descri bed ingflain19 and an orgagﬁp Zol v whi ch can

di I
the- pol ybenzairabBr ity Bei G LRE e§225222 eAdn) B

precursor conposition. 11. Aresin filmwhich is

constitute benzoxazole resin precursor
descri bed of Clains 1 to 7, the [12-1]
pol ybenzo oIe re | | described in d alwr8 or the

zgl'e resin pregw soi OSi scr d |n
@Fﬁﬁﬁﬁg 12. The reS|n§f|FﬁﬁgEcor 662
whi ch has fine pores having an aver dlane of 10
nmor smaller. 13, The re |qu ccording tovspy
one of Cla £l mﬁgﬁg resin frlnrag (Adm)p
filmseledte fro e group consi sting of an

interlai%g i sGH&t' fllnrfor sem cQnducmyr s,

ige filmfor 1 tors a tive

@(I(?ﬁr]r? or et ching. 14éénA Enduct Gﬁ@hl ch
ong 0

filmd bed ) [
iianl igs aresin film eS(CAII'(Ijmﬁ o~ | I’y/ ny Gal (n;;dm) D
o \
o Cham 6= (Adm) p
% CNEE D
(#
74 o
"= (hdm » "6~ (Adm) p

192 ©



X X
CJ gfa,\g
C-(Adm)p (Adm)p- c C (Adm)p

j::\/
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: /;
X
SV

C-(Adm) b (agmp-d G- (Adm)p
%
N ‘ g
mb\ﬂsz 0 0
L,j \& [12-2]
C (Adm) p C\cﬂ(Adm)p
l\\
/®_® ,@G (Adm) p
N\ 4 Vs
\C§ E\j—O_O
G- (Adm)p

20~ (Adm) p

/C (Adm)p Q—ggc

'l

G~ (Adm) p \

¢ o {0 DEEE
Pt f‘ O —
N oo

C~(Adm)p . %C—(Adm)p
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Adm in formulae [11-1], [11-2], [12-1] and [12-2] representing adamantyl
group which is a smallest unit of the diamondoid structure, p representing
a number of 1 or greater and 12 or smaller, and i representing a number

of 1 or greater and 12 or smaller.

4. The benzoxazole resin precursor according to any one of Claims 1 to 3,

wherein the diamondoid structure is bonded to a functional group other

‘than the diamondoid structure.

5. The benzoxazole resin precursor according to any one of Claims 1 to 4,

wherein the diamondoeid structure of the repeating unit represented by

formulae {11, [10] or [13] has an alkyl group.

6. The benzoxazole resin precursor according to Claim 4, wherein the

functional group other than the diamondoid structure has an acetylene

bond.

7. The benzoxazole resin precursor according to any one of Claims 1 to 6,

which additionally comprises a repeating unit represented by following

formula [17]:

AL |
N'Xg/ N—C—Y—C [17]
— . .

wherein Ry and Ry each independently represent hydrogen atom or an

organic group; n represents an integer of 2 to 1,000; X3 represents at least

one group selected from the groups represented by formulae [14] which

are described in Claim 3 and the groups represented by formulae [15] as
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defined in Claim 3; and Yy represents at least one group selected from the

groups represented by formulae [4], the group expressed by formulae [6-1],
the group expressed by formulae [6-2], the group represented by formulae
{7-1], the group expressed by formulae [7-2], the group expressed by
formula [8] and the group expressed by formula [9], formulae [4], [6-1],
[6-2], [7-1], [7-2], 8] and [9], all groups being defined in Claim 1.

8. A polybenzoxazole resin obtained by a ring-closing reaction with
dehydration of the benzoxazole resin precursor described in any one of

Claims 1 to 7.

9. A benzoxazole resin precursor composition which comprises at least two
benzoxazole resin precursors selected from the group consisting of the
benzoxazole resin precursors described in any one of Claims 1 to 7, which
comprises at least one benzoxazole resin precursor selected from the

benzoxazole resin precursors described in any one of Claims 1 to 6.

10. A varnish which comprises the benzoxazole resin precursor described
in any one of Claims 1 to 7, the polybenzoxazole resin described in Claim 8
or the benzoxazole resin precursor composition described in Claim 9 and
an organic solvent which can dissolve or disperse the benzoxazole resin
precursor, the polybenzoxazole resin or the benzoxazole resin precursor

composition.

11. A resin film which is constituted with the benzoxazole resin precursor
described in any one of Claims 1 to 7, the polybenzoxazole resin described
in Claim 8 or the benzoxazole resin precursor composition described in

Claim 9.
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12. The resin film according to Claim 11, which has fine pores having an

average diameter of 10 nm or smaller.

13. The resin film according to any one of Claims 11 and 12, wherein the
resin film is a film selected from the group consisting of an interlayer

insulation film for semiconductors, a protective film for semiconductors

and a protective film for etching.

14. A semiconductor device which comprises a resin film described in any

one of Claims 11 to 13.
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